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q.JntqwmGmGbuwl.J.wG 1.J.bG11wGl1Gbpp upbpwmtjmpJwG l1wpnqmpJmG
GbpG wp11JmGwtJ.bm oqmwqnpc)t1m hwuwp wGhpwctt2m t GpwGg l.J.bpwl.J.pb1 
tlJwpctbp ' hwubq m uGG11wpwp wwnwgpnG 1.J.bpwluwnGmp11GtpmJ.: liJ'l 1.J.w
pLnp hpuGwluG11P.Pl! tntb"b1m L. ppwl1wGwgGt1m GUJ.wmwl.J.ntl wGhpwctt2m t 
mGbGw1 1.J.bpbpp wump pwqw L. l.J.bpbpG wGpwtlinG m wp11JntGwtJ.bm oqmw
qnpb"t1m hwuwp Gtp11Gt1 wnw2wtJ.np mbluGntnqpwGbp L. ubpbGwuwppw
tJ.npmuGbp: l,2tGp, np bpb Gwlul.J.PGmu qnpb"mu tpG hwuwwp ubpbGwJwgtJ.wa 
L. wtJ.mnuwmwgl}wc) 1.J.bpwgblubp, WUJ.W wGwuGwUJ.whntpjwup qpwql}nq Gbp
lJwJpU qJntqwgpwl.J.wG m :ptpubpwJpG mGmbumpJntGGbpG WJ'l hGwpwtJ.npm
pJmGGbp[! lmGtG: \,mJGpul.J. Iun2np :ptpubpwJpG mGmbuntpJmGGbpmu nl lil1-
WJG wwnwgpnG, WJL GwL. UJ.WpqwqntJG l.J.bpwluwnGmp11Gtp qpbpb lbG UJ.WUl
pwummu: liJll UJ.Wml'iwnml t1_, l.J.bpbp[! lGwluwUJ.wmpwumt1m 1.J.wu tJ.wm tqw
Gwl.J.nl} tqwmpwumt1m wp11JmGpmu libluwGpl.J.wl.J.wG L. uGG11wpwp mwppbpp 
1.J.npmmnGbp[! ubb"wGmu bG : 

UJuUJ.bu, lJnUJ.pm qhpbp[! ljhpwljpt1mg wnw2 luwGpwgGt1m 11hUJ.pmu ljh
pwmbqbpmu uGmu bG lunmp m b"qnmp 20-40% -{! npUJ.bu pwl}mtl.J.: ..:!,wmpl.J.wjpG 
ljbpbp[! luwGpwgtJ.wb- l.J.wu UJ.WhwG2tJ.n11 npwl.J.ntl luwGpwgGb1m 11btqpmu l.J.bG-
11wGm umwunpumutwlJ lbG IuunptJ.mu, uGG11wpwp mwppbpG wupn112mlpG lbG 
jntpwgl}mu L. G2wGwqwtlJ 1.J.npmumGtpp mbllPp bG mwwu: UpuwU1WUJ.WLWPW
UJ.Ulnt11Gbp[! atJ.wGw1m m luwGpwgGbtnt 11btqpmu qhGqwGpGbp[! qcttJ.wpm
pjwlip bG mmmu L. qwp6JWL 1.J.npmumGbp[! ubb"wGmu bG: lib"luw2pbpnl} hw
pmum L. qwpp wpmwqpmpJwG pwpopwguwG[! lupwGnq up1nuG m ubGwct{! 
wp11tG l}wqmg t, np mGmbuntpJntGGbpmu (pwgwnmpJwlip up pwGpup) lbG 
oqmwqnpb"mu: "lwmwhwl.J.wG lt, np hwGpwUJ.bmntpJntGmu ubq tintJ.P mwph
ljwG up2pG qwpGwml}ntpJntG[! l}tp2pG mwppGbppG 4wqut1 t [!GqwubG[! 1600-
17001.J.q: 

4bpbpp GwluwUJ.wmpwumuwG m wwnwgpnG 1.J.bpwluwnGmp11Gtpp 
UJ.Wmpwumuw(l Gbpqw tJ.wmpwpwqntJG tJ.P6w4!! uwuwup pwgwmptJ.mu t 
GpwGnl}, np Gwlul.J.pGpg uGwgwb" 4tpu2wl.J.n11 ubpbGwGbpp wpmw11Pn11wl.J.w
GntpjntG[! (2-6 m/ct) nt tGbpqwmwpntpJntG[! (23-110 l.J.t.lm) utc) bG L. tjrnpp 
w2IuwmwGpwjpG c)wtJ.w1Gtpp 11ttqpmu 1wwGp oqmwqnpc)bll! mGmbuwUJ.bu 
wpllJmuwtJ.bm lt: 

t.lbp1mb"b1ntl wGwuGwUJ.whntpjntGmu l.J.bpbpp 1.J.mmwl.J.uwG m u2wl.J.uwG 
1.J.PpwntJ.nq mbluGn1nqpwuhpQ L qnJmpJmu mubgnri ~pbuwubp[l 2whwqnpc)w-
1.J.wG m mumhuwl.J.wG gmgwGp2Gbp[!, bpl.J.wp mwppGbpp qpmwhbmwqnmwtiwG 
L. qnGumpmqmnpwGwluwqb"wjpG w2luwmwGpGbpp Wp11JntGpmu u2wtit1_, Gw
luwqc)t1 L. wpmw1wmpJmGmu Gtp11pt1 bGp pwquwpptJ. Gnp mbluGn1nqpwGbp, 
l}-inppwlwtli nt tGtpqwubmw11wluGwJn11 ubpbGwuwppwtJ.npmuGbp: 11-pwGg 
npn2 uwu[! pbptJ.bt bG umJG qppp hbllPGwl.J.Gbpp' UJ.pn:p. U."1.fctwptJ.bp11JwGp 
qbl.J.wtJ.wpwb" U.U.lfwpqwpjwffp m lf.fct.!1w1111wuwpjwGp 11nqumpwl.J.wG, 
U.q..lfwquwGjwGp, U.U.lJGwgwqwGjwGp m ..:!, . ..:!,.fltnntlijwGp pbqGwamwqwG 
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L. tljpn.<p. U. b. lJwpqwpjwGp qtt1wtJ.wpwb Cl-. Cl-. lJmuwjbLJwGgp qnl}mnpwl}wG, 
fl. . .:!,. Q.ppqnp3wGp, U.U .Up(mmwlJ.bu3wGp, U. Cl-.l).wi.J.p3wufl h w31ng pblJ.uwbm
wl}wu w111bGwfunump3mGubpnul, npnug GJmpbp[! GntjGUJ.bu wutJ.mtJ.1 aLmJ. zw
pw11ptJ.wa ta umJG qppmu: 

Q.pp12[! pwqlJ.wgwb t bplJ.m pwdGpg. 
-wnw2]1G pwct}1G[! G4}1ptJ.w0- t l}bpbpp lJ.mmw4uwG, GwfuwUJ.wmpwum

uwG m \llwnwg}1nG lJ.bpwfuwnGmp11Gbpp UJ.wmpwumowG wrrumGwtJ.bm mbtu
Gn1nqpwGbpp, qnJntj)JntG ntGbgnq L Gnp uzw4tlw0- ubpbGwGbpp Gl}wpwqpm
PJtuGI}, ubpbGwGhpfl [!GmpmpjwG[! h wztuwmwGpGbpfl l}wquwl}bpUJ.UWG[!, 

-bplJ.pnpf} pwdGmu mptJ.wO- bG Gnp uzwlJ.tJ.wO- ubpbGwGbpp mbumpJntG[!, 
hwztJ.wpl}Gbp[!, triwaGbpp G4wu11.lwup hwubuwmwl}wG tlhp1mO-mp3wG L qp
mwlJ.wG m wpmwl}[lwlJ.wG t}mpahpp lJ.wmwpuwG t11wGwlJ.Gbp[! h WpllJmGp
Gbp[!, mGmbuw4wG wpllJmGwtlb111mpjwG hpuGwtlnpnttl[! L wpmwr}PntpJmGnul 
GLpqpuwG gmgwGpzGbp[!: 

UGwuGwUJ.tuhntpJtuUp qpwri.tJ.m1 cumri.wgpwl1wG L. l)m12p m utb .<ptput
ptuJ):lu mGmbump3mGGbpJl uwuGwqbmGt11u m rit4tutlwpGhp[!, oqmtJ.t1ml. 
qp12mu pbpl[wa G3mphp}19, hw2nri.mp3wup lJ.wpnri. bG [!Gmpt1 l}bpbpp lJ.nunwl}
uwG L oqmwqnpauwG ppbGg hwuwp 1wtJwqmJG mttuun1nqpwGbpG m ubpbGw
Gbp[! L. tupllJmGwtjbm oq111wqn11at1ntJ l}bpw3)1G pwqwG' pwpapw9Gt1 l}tGriw
GpGbp)1 upbpwmtlmpjmGI} L. [!Gf1htuGpwUJ.bU wGwuGtuUJ.WhlllpjWG zwhmpwpb
J1ntj)jntG[!: 

Q.p121111) pbptjwb hbmwqnmmp3mGGbp)1 bqwGwlJ.GbpG m wpllJmGpGbp[! 
oqmwqwp 4UiGtG qJmri.wmGmbuwl}wG ubpbGwzpGmp3wG pGwqwtJ.wnp qp
mwl}wG wzfuwmnqGbpp L. Gwfuwqan11 pGdbGbp l}nGumpmlJ.umpGbpp, pG~UJ.bu 
GwL. qJntr1wmGmbutulJ.wG mumoGwl}tuG hwumtumntpjntGGbpp f'lWUwfunuGbpp, 
uwq}1umpwGmGtp)1 L muwGnriGtpp hwuwp: 
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PU&f\v l. 4bf'bf'P PvOHO-UQ.f'bf'Q b4_ vliluUfllUSPUUSlJUv 
SbltiuOUlCl-t>Ul..ibf'l..i m-lJbJlbl..iUl..ibf'C 

l. lrbf'bf'P Pv01'fcl-UC!-Pbf'Q, -'2PlIPU4Ul..i b4. 
~PQP4UlJbwlil..iP4U4Ul..i.:!,US401'0301'l..il..ibf'Q 

1.1. l;liplip}l pj11f}lwljwfi ljwq1[1J 

4bpbpp uGGqwpwpntJ1JntGI} qGwhwunJ.mu t 12J1upwl1wG 1.J.wquntj, L1w1n
ppwl}wGmJ1JWUp L uwpubtPntj)JWUp [I I]: 

Pmuwl}wG L. l}tGriwGwl}wG 4tptp]1 mwppbp]1 h]1uGwl}wG uwul} l}wqumu 
tG wbfuwb}1GI!, 2pwa}1Gl}, J1J1tlw0-}1GI! L. wqnml}: 

5wGlJ.wgwa l}bp pwril}wgwa t ~np GJntJ1bppg L 2p]1g : 
~np liJmplipnufl}wG hwGpw3]1G L. opqwGwlJ.wG uwubp: 4bpbp}1 hwGpw

JJ1G UWUI} pGm)1wqptjmu t hwGpw3J1G uGGqp mwppbpp wnl}WJnLJ1JWUp' lJ.w1-
9}1mu, ,'j:>nu.<pnp, uwqGbq}1mu, ti.wwmu, bplJ.tuj1, tqqpGa L. WJtG , npnG12 iPGmu bG 
mwppbp u]1wgmp3mGGbpp aLmj: lrbpp opqwGwlJ.wG uwul! pwqlJ.wgwo t bplJ.nt 
mbuwlJ.p G3mpbppg. wqnmw3pG (hmu UJ.pnmtp.G) L wGwqnmw3pG (hmu 6tupUJ. 
m ptul)tuGpwGjmp L. uqtJ.wapwjpG Gjntpbp): 

4bpmu nppwG zwm t 2ntfll}, tuJGpwG gwap t Gpw uGG11wpwpmpJmG[!: 
ltbpmu 2PP u1uipmGw4mpJntGl! mwmwGtJ.mu t LWJG uwhuwGGbpmu, oppGwl}, 
hwU1pl}wj]1G lJ.hpbpmu, tunmmo L. a11mnmu WjG 4wqumu t 14-18%, lJ.wGw~ tit
pbpmu' 60-85%, }1ulJ. wpuwmwtqmmqGbpmu' upG2L 90%: 

.Qmp!J lJ.wpL.np :ppq}1n1nq]1wlJ.wG qnpO-l}GpwgGbpmu h}1uGwl}wG 1mi)nq 
GjntpG m uwuGwlJ.pgG t: .'Qpp up2ngni.J. uGG11wpwp GJntpbpQ uwmwlJ.wpwptlmu 
tG opqwupqup. pn1np p2}12GtppG m h3mutjwapGbpJ1G: OtGbGw1ntl pwpap 111buw
lJ.wpwp 2tpuwu1wpmp3mG, 2ntPD uwuGwlJ.gmu t GwL 'LJ.bGqwGpGbpp uwpuGp 
2tpuwump6wup l}wpqwtjnpuwGu: lrtG11wGpGbpp opqwGpqumu 2PP u1wpmCiw-
4mp3mGI} lJ.wtutlwO- t GpwGg hwuwl}]1g L uGtlwumpJntGpg: lJwmqwzGbpp unm 
tuJG l}tuq1fotu t 72-80%, hwuw4wtJ.npGLpp unm' 50-60%: 

<!,wupw1}1u ljbpbp!J umGmu bG lJ.bGl'}tuGpGbp]1 uwpuG]1 pn1np P2P£Gbpu m 
hJmutJ.wapGbp{! L orqwGpqumu mGbG qwpLnp :ppq):ln1nq}1wqwG lJ.bGuwqnrO-m
GbmpJmG: l).pwG12 up 2wpp :ptpubGmGbpfl m hnpunGGbp]1 L1wnmgtJ.wapwJ[1G 
mwppbp tG, np tul}mptlwgGmu tG opqwG}1qup. qnpamGbmpJmGJ}, l}wqumu bG 
nulJ.pw3pG h3muqwa12J1 hpt112[!, uwuGwl19mu G3wpqw3pG m upmwunpwJJ1G hw
uwlJ.wpqbpp L UUJ.J1mwl1mgw3pG, wafuw2pwbGw3J1G, OW[lUJ.WJftU nt 2PtuJpG 
tJ.rntuwGwlJ.ntpjwG lJ.wpqwtjnpuwG[!: 

lrhGf1wGpGbpp h3mutJ.wapGbpmu hwJmGwpLptJ.bt bG 60 -pg wtJ.b[l hwG
pwjpG GJnt~bp: i).pwGp pwdwGtjmu tG bpqm tuupp' uwlJ.pnmwppbp (lJ.w19pmu, 
:pnu:pnp, lJ.tutPntU, Gwmppmu, uwqubq}1mu, 121np, ()'i)mup L. tuJtG) L upqpn
mwppbp (bp'LJ.wp, UJ.rUiGa, gpGlJ., lJ.npw1m, uwpqwGLg, Jil'l L. WJtG): 

lrw19}1ntU!! L. .'.jmu{mpl} l}wqumu bG qbG11wGm opqwGpqumu u1wpmGwlJ.
tJ.n11 pnlnp hwGpwJ]1G mwpptp)1 unm 70%-[!: lJnmwtJ.npwUJ.bu, l}w1g}1mup 99% 
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-D L. :pnu:pnp]1 80% -[! umGmu bG nul]pwJ]1Ci hJmuLJ.wapCibp]1 ub2: 4wig]1muG 
]12bgGmu t GJwpqwJ]1Ci hwuwl.J.wpq]1 qpqnwl.J.wCintpJntG{!, wqqmu wpJwG uw-
1.J.wpquwG LJ.pw: liJG zwm t uzwl.J.wpmJubp]1 mbpL.Gbpmu L. gnrimGCibpmu: 

-'bnu:pnp[! umCimu t l.J.np]1qwCijntf1WJ]1Ci flflntCibp]1 nt u]1 zwpp :pbpubGm
Gbp]1 l.J.wqu]1 ub2 L. 1.J.wmwpmu t watuw2pwaGwJ]1G i.Jm}uwCiwl.J.ntpJwG l.J.wpLnp 
:pmGl.J.g]1w: 

bpb l.J.wig]1mu]1 L. :pnu:pnp]1 U[WpmGwl.J.ntpJntGf! l.J.bpwpwc!Gmu wGpwlJ.w
pwp t !PGmu, l1tGqwG]1Gbp]1 uwmriw2I! hplJ.wGqwGmu t nw}u]1umlJ., ]1u4 hwuw-
1.J.wlJ.npCibp[!' nul.J.pwamap pnppnpmunq: 

Opqwtiwljwti wqnwwljwti ifj1wgmp1mtitibJ1]1g t hmu U[pnmb)1Ci[!, np pwri-
1.J.wgwa t ull!J:!mwl.J.mgpg L. wu)1qGbp]1g (nl ull!J:!mwl.J.mgwJJ:!G opqwGwl.J.wG 
awquwG wqnmwJ!J.G upwgmpJmGCibp): Ull!J:!mwl.J.mgp l.J.wnmgLJ.wapwJJ:!Ci pw
riwqpwuwubpG bG. watuwapG[!, 2pwa)1Gf!, pplJ.waJ:!GI! L. wqnmu: 

UU[]1mw4mgCibp[! l.J.bCiqwG)1Cibp]1 uGCiqp h]1uGwl.J.wG pwriwqp]1LCibp]1g bCi : 
4bp)1 UU[]1mwl.J.mgGbp]1 h!J.uGwl[wG pwriwqpwuwubp[!, npnGgp.g opqw

G]1quCi !J.p uwpuG]1 hwuwp u]1Gpbqmu t ull!J:!mwl.J.mg, wu]1CiwppmGbpG bG, 
npnGp !PGmu bG l[m}uwp]1Gb!P L. nl i.Jmtuwp)1Gb!P: fll i.)1n}uwp)1Gb!P (ltJwCipp 
hwuwp wCihpwc!bzm) wutJ.GwppmGbp]1g bG !Pq)1Gf!, ubp]1nG]1Ci[!, mp)1U[mn:flwCif!, 
h!J.um]1q)1Gf!, tbJ9)1G{!, :flbGJ1twtwG]1Cif!, LJ.w!PG[!, wpo)1G)1Ci{!, mpbnG]1G[!: Unw2]1G 
bpbp wu)1GwppmGbpf! hwuwpLJ.mu bG l.J.p]1m)11.J.wl.J.wG: L1-pwGp hwml[wU[bu 
wCihpwc!bzm bG }unqbppG L. pnlmGCibppG, pwCip np hwm!J.l[wJ!J.G l.J.bpbpmu 
qpwCig U[WpmGwl.J.mpJmGu zwm 12P.L t : 

Swppbp l.J.bpbpmu UU[)1mwl[mg)1 U[WpmGwl.J.mpJmGG wJull!J:!upG t (%). 
hwgwqqp pmJubpp tunmmu' 6-8, pwl.J.twqq]1 tunmmu' 12-16, hwgwqqp hw
m]11.J.Cibpmu' 8-12, pwlJ.twqq]1 hwm]1l[Cibpmu' 20-30, wpuwmwu1mmriGbpmu' O, 
5-1, pmuU[ntU, zpnmmu' 30-40, l.J.bGqwCiwl[wG awquwCi l[bpbpmu' 50-70: 
Pwpop l.J.bGuwpwCiwl.J.wCi wpctbp mCibG l.J.bCiqwCiwl.J.wG awquwG l[bpbp[!' ol[wCi, 
wpjwCi, uuwnuqpwjpG WLJntpf!, z!J.6ntl[{!, l[wp[!: LwLJ. l[hCiuwpwGwl[wG wpc!b
pnlJ. bCi pCimpwqplJ.mu pwlJ.twqq]1 pmJuhp]l UU[]lmwl.J.mgCibpf!. wnlJ.mJm]1, bpbp
Gml[]1, ntnn]1, unJwJ]1 L. WJtG: 

Opqwtiwljwti wtiwqnww1ftti iiftwgmp1mtitibp1J pwc!wGLJ.mu bG bpl[m 
}uup]1' wGwqnmwJJ:!G watuw2pbp L. awpU[bp: 

Pmuwl.J.wG awquwG lnp UJlllflI! U[wpmCiwl[mu t 70-80% wa}uw2pbp, pul[ 
l[bCiqwCim opqwG]lqumu' hwqpq 1-1,5% l[bGqwGwl.J.wG OULWJP oL.nlJ.~ Uatuw-
2pbpf! tGbpqpwJ]l twlJ.wqmJG WflPJntP. bG, pwG)1 np wpwq CibpaaLJ.mu tG L. 
htzmmpJwup mwppwtmaLJ.mu: 

Uatuw2ptp)1 tuup]l ub2 umGmu bCi 2wpwp, OULW, flWflWUflWUJntp L. u]1 
2wp12 mp]12 upwgmpJmCiCibp: 

fcl·wriwGpwGJntflD U[n!Puw}uwppq t, l.J.wqulJ.wa t gbtmtnq)1g L. )1Cil.J.mum]1-
pnq Cijntpbp]1g: '-lbp2]1GCibpu U[wpmGwl[mu bG !PqG]1G, npf! zwm l[wJmG t u]1lJ.
pnopqwG)1quGbp)1 GbpqnpampJwG Gl[wmuwup L. hwuwpJw l[bGqwGm lJ.nriu]1g 
lJ1 uwpulJ.mu: U]lwc!wuwGwl[ pw11wGpwGJmpG mG)1 uGCiqwpwp wpc!bp L. 
1.J.bCiqwGm opqwG]lqumu awnwJmu t CiwL. npU[bu pwtwumwJpCi GJmp: Y.hCiqw-
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!in1 wribumwunpuwJJ:!Ci hJmpmu llJ.wG pwriw CipwGJntflI! pWJPWJnrt :PbpubCim
!il1p: 

fcl-wriwGpwGJmpp U[WpmCiwlJ.mpJntG[! lJ.bpmu lJ.wtui.twa t pmJup mbuw
L1t1g L. qbqbmwg)1wJ)1 lflm!Pg: fcl-wriwGpwGJmpp pwpop U[WpmGwl[mpJntG[! 
L1bpbp]1 gwap uGCiqwpwpmflJWG CizwCi t : Urtnmmu L. Uflbrtmil hmu pwriwGpw
Gjntf1]1 U[wpmGwl[mpJntCi{! uba t ' u]lGLL. 40%, mump qpwGp pCimpwqpqmu bG 
gwap tGbpqbmpl[wlJ.wG uGCiqwpwpmpJwilp: 4 nl.J.nCiwqnpuwG i.)1nqmu hwqwp
LJ.wa tunmmu pwriwGpwGJmp]l U[WpmGwl[mpJntCil! l[wqumu t 20-22%, ti.ult 
awril[uwG l[mttmtl' 25% -pg wlJ.b!P: ~wm)1l[wJ]1Ci l[bpbpmu flWrtwCipwGjntpp 
UjwpmGwl[mpJntCiD 1.J.wtui.twa t hwm)1lt)1 phi.Jlml[wzwmmpJmGpg : fcl-wriwGpw
CiJmp]l gwbp U[WpmCiwl[mpJmG mCibG bqpU[mwgnpbCif! (2%) L. wpuwmw
U[lilillflCihp[! (unm 1 %): 4bCiqwCiwl[wG awqmu mCibgnri l[bpbpmu pwriwGpw
GJntfll! pwgwl[wJmU t : 

Pnwwljwti ljbpbpmif lfwpUJft U[WpmCiwl[mpJntCi[! lflnpp t (2-3%), pwgw
nmpJmCi bG lJ.wqumu Jmriwmm pmJubpp uhpubpf! L. qpwGg uzw4mu)1g umwg
LJ.wa UpbppCibp[! : lvnmwpntJUntU JmriJ:! pwCiwlJ.I! l[wqumu t 0,2-0,4%, arinmmu 
m tunmmu' 1,5-2, LJ.wpuwl.J.p m bq]lll(mwgnpbCi]1 hwmplJ.Gbpmu' 5-6, ol[Gwum
pmu' u]lGlL. 15%: 

4bCiqwGm uwpuGmu OWJlU[l! U[WhbumwJJ:!Ci tGbpqpwJJ:! WflPJlllp t: 4bG
qwGm opqwGpqumu wJG LJ.bpwaqmu t watuw2ptpp, l[bpbpp awpll!J:! m U[pn
mb]1G]l: 

CGnphplJ. 2tnuwhwrinpqwl[wGmpJwG gwap qnpawl[gp, bGpwuwzl[wJJ:!Ci 
awpll(f! awnwJmU t npU[bu 2tpuwl[wpqwlJ.np]1l: liJG i.JlnppwgGmu t 2tpump
JwG l[npmumCibpf! L. l[bCiqwGmG U[WhU[wGmu gpm]1g: 

Unwtig l/}lwwifjltitibpft hCiwpwlJ.np Lt l[hCiqwG]1 opqwG)1qu]1 4.JwCip]1 Cinp
UWL qnpamCibntpjntCi{!: 4bpbp)1 ut2 qpwCig pwgwlJ.wJntpjntCi[! 1.J.wu wCipwlJ.w
pwpmpjntCl[! hwCiqbgCimu t GJmpwlflntuwGwl.J.mpJwG tuwGqwpuwG L. hJ:!LlwG
rµnpJmGCibp]l wnw2wguwCi: 

UCiwuCiWU[WhwlJ.wCi upbppCibpmu (lJ.wp, om, u]lu, lJ.wpwq) npn2 i.U.1mw
upGCibp]l uwljwpqwl.Jl! mririwl]]l l]wtuLJ.wa t l]bpwpwctCimu CipwCig pwCiwl[mp
JntCipg: 4bpbpmu i.l)1mwu]1CiCibp]1 U[WhU[wGuwCi LJ.pw wqqmu bCi mwppbp qnp
anCiCibp. pmJuJ:! mbuwl]G m unpm[!, hnriu, lJ.wuwCi, LJ.bqbmwgpwJ]l 2p2wGI! L. 
WJtG: 

'-lbpft ifwpubfPmpJmti[! qCiwhwmqmu t [!GqmCiqwa qnpawl[gnlJ. [11]: UJG 
npnzbtm hwuwp wCihpwctt2m t qpmbCiwi., pt l{bpbpp hbm nppwG uGCiqwpwp 
Cijntpbp t uGrµnCibt l]bCiqwCi]lCi L. nppwG bG qpwG12 hbnwgbt PPP12P hbm, WJ
upGpG lbG uwpulJ.bt: 

'-lbpbpp utitiI)wpwpmpJmti[! npn2tfmiI t pntnp opqwCiwl[wG GJmpbpp 
U[WpmCiwl.J.mpJwup : 4bpbp)1 tCibpqbmpl[wl]wCi uGCiqwpwpmpJmGu qCiwhwm
qmu t l]bpwJJ:!Ci upwLJ.npCibpnlJ.: 
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1.2. li/Jp/Jp]l qwuwljwpqmlf[! 

Cum tGbpqpwlJ.wG wpclbJ;lp pntnp lJ.bptpJ! pwclwfit[mu tG b-wtlwtWJpG (1 
lJ.q qwuqt[wb-J! UIWPritGwlJ.mu t upG2_L. 0,6 qtpwupwt[np) L. tumwgt[wb- mbuwlJ.
utpp (1 lJ.q qwuqt[wb-J! UIWpntuwlJ.mu t 0,6 qtpwupwt[nppg wt[ttli): Cum 
b-wquwu Uiumu tu pmuwlJ.wu, qtuqwuwlJ.wu, uplJ.pnlJ.tuuwpwGwl.jwG L. 
J;lpupwlJ.wu upuptqp qtptp: q.npb-GwlJ.wumu J!Uqntut[wb- t qtpbpp htmhJWL 
qwuwlJ.wpqmuJ!. lJ.wGw2_ (uwpqwqtmuwJpU tunmwpmJubp), lJ.nUipm (tunm, 
b-qnm, uri.tri.), hJmpwtli (uptnu, utuwcl, wpuwmwUimmqGtp, ll!WLWPWUimntri.
ubp), tumwgt[wb- (hwmplJ., utputp, J;lnlUU!, zpnm L. WJLU), lJ.tuqwuwlJ.wu b-wq
uw(i (lJ.wp, zpnmlJ., uuw-nulJ.npwjpU m alJ.wu wump L. WJLU), mttuupl.jwlJ.wu 
wpmwqpmpJWU pwtlimlJ.utp (uUippmp, ZWJ:lwpp, UIWhwb-nGtpp, uuuqp, JillT\W
nwpll!WJpu), uuuqwjpG uuwgmlJ.utp, UplJ.pnlJ.tuuwpwfiwlJ.wu upuptqp (qpncl
Gtp, uplJ.pnpwJpu uu.i.Pmwl)mg), upuphmplJ. wqnmwJpG, hwupwJpu L. t[pmwup
UWJpG hwtlttmuuhp, hwuwl)gt[wb- lJ.bpbp: 

1.3. liwUW.! lj/Jp/Jp 

4WUW2_ qtptpjl ZWPJ:lPU tu qwut[mu puwlJ.wu L. uzwlJ.nt[p tunmhWpJ;lGtpt1 
m wpnmwt[wJptpjl pmJuhpJ!, gwuot[p tuomwpmJutpJ!: lunmwpntJU[!, 2_fiWJWb
ubb- 12wuwlJ.ntpJWU 2PP (70-80%), pumpwqpt[mu t uzwuwlJ.wtli uuGqwpwpm
JlJWUp: Cum tutpqtmplJ.wlJ.wu uGGqwpwpmpJWU L. UIPnmbpup UIWpmfiwlJ.m
PJWU lJ.wuw2_ tunmwpmJUJ! unmhumU t fumwgt[wb- lJ.bpbpJ!u, pulJ. upw UIPn
mhpGu wnwuauwGmu t pwpap lJ.huuwpwuwlJ.wu wpclhJ;lnt[: 4wuw2_ lJ.hpJ! UIW
pmGwlJ.mu t qtuqwum opqwupqupu wuhpwclhzm hwuwpJw pntnp t[pmwupu
uhpJ! L. hWUJ;lWJpG UjntptpJ!: 

4wuw2_ lJ.bpJ! wpnmwJJ!u zp2tuGmu qtuqwum lJ.bpJ! hpuGwlJ.wu wqpJmpu 
t, lJ.hpwpwclumu WJu lJ.wqumu t 26% -pg wt[htli: 

4wuw2_ lJ.bpbpJi l)wqu[!, Ltwtut[wb- pmJuhpp mhuwlJ.pg L. t[bqhmwgpwjp 
tlimtlig, unmwt[npwUihu WJuu.i.Pupu t UiGmu (%). 2mp' 60-80, UipnmtpG' 20-25, 
JlWT\WUJlWUJntp' I 0-18, nwpllltP' 4-5, wuwqnmwJJ!u uqt[wb-J;lWJpG UJntphp' 35-
50, hwUJ;lWJpU UJntphp' 9-11: 

4wuw2_ qtptpp hpuuwlJ.wu qwfiqt[wb-J! qtfiqwujluhpu umwGmu bfi pGw
lJ.wu UwpqwqtmpGCihppg, hwubuwmwpwp Il2_ utb- UWUJ! ' gwGot[p lJ.hptuhwfi
l}Wqutppg: 

lfwpqwqbmGwjpG tunmwpmJuhp[! pwclwut[nut bfi. hwgwqqp, pwl.jtwqqp, 
mtuppbp, t[GwuwlJ.wp L. pmfiwt[np mbuwl.juhpp: UubCiwzwm ufifiqwpwp wp
clbJ:lG mfitfi wnw2Jiu bplJ.muJ!: ~wgwqqpfitpJ! lJ.wqumu tfi pfiwlJ.wu lJ.hpwJpu 
htuGqwlJ.ubpJ! tunmwb-wb-lJ.mJpJ! hpuGwlJ.wu qwuqt[wb-[! : Uutuwtwtl ufifiqwpw
pmpJmuu m uwputwmpJmfifi muhG hwgwqqp tunmwpmJutpJ!' mjlun~hL.lJ.wfi , 

uwpqwqbmCiwjpG upqwfunm[!, utqwpntJUJ!, WfiJ;lpum, uwpqwqtmGwjJ!Ci ZJill
T\WfuntnJ!, IlWJqpWU[!, oqumlJ.J! L. WJLU: 
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4bGqwGpGbpp hwuwp wubGwwpclbJ;lWt[np lJ.wGw2_ tunmwpntJUJ! pwlJ.twq
ql1libpG bG (bpbJ;lGmlJ., wnt[mJm, lJ.npGqwG, pzwnt[mJm, u mUipG, mwtiintnn, 
11pm, tlPlJ. L. WJtG): f)..pwGJ;l UIWpmGwlJ.mu bfi ubb- J;lWGwlJ.ntpJWUp ll!PnmbpG L. 
111pt1z uGGqwpwp GJmpbp: 

1.4. Uf11nuw1flu lj/Jp/Jp 

UJ!tou[! uumpwJpG w2wGmu tuoznp t 112tpwt[op wuwumGGhpp L. n2.fuwp
lil1pp hJ!llCiwlJ.wu qtptppg uhlJ.G t : Uptnup UitumpwumuwG m UJ.Whuwu J!Gpwg
pmu ufiGqwpwp GJmpbpp l.jnpmumfitpJ! tunmp hwutuwmmpJwup (upu2_h 30%) 
t~bb- 2_hG (15-20%): Uptnumu hwuwpjw wupnq2nt[pfi UIWhUiwGt[mu tu qtpp 
uGGqwGJmptp]} L. t[pmwupufibpJ!: lfbb- GzwGwlJ.mpJmG mfip uptnUJ! lJ.bGqw
fiJ!Gbpp npnt[wJpfi hpt[wuqmpJmGGtpp qhu UIWJJ:lwpttm qnpb-ntu : 

Uptnuwguw(i tmpjntGG WJU t , op lJ.hpp ublJ.muwgmUJ! oqp ummJ;lpg 
qwqwpbgumu t whpnpwJJ!G pwlJ.mbppwul:ipp L. pnppnuwufilJ.bpp qwpqwgmuJ!, 
wpl}JntUJ;lntU lJ.wpfiwppt[wJpG pwlJ.mhppwGhpp qopb-mGtmpJwup wnw2wumu 
t lJ.wpGwJpG ppm, npJ! L. ppt[tgfimu t qtpJ!: 

Uptnuwguwfi hpuJ;lmu wnwt[ttwllltu J!CilJ.wb- t lJ.wpfiwppt[wJpG tuunpntU[!. 
pmJubpmu qmGt[m1.zwJ:lWPJ! lJ.wpfiwppt[wJpG pwlJ.mtppwGtpnt[ t[tpwb-t[mu t 
opqwGwlJ.wG ppmGhpp, ubb- uwuwup lJ.wpGwJpG ppt[p, npp lJ.mmwlJ.uwfiJ! qmq
J!Gpwg uJ!tnuwgt[ori. qwuqt[wb-p ppt[mpJntG(! pwpapwfimu t , pulJ. UJntU uplJ.pn
opqwGJiquGhp[! uwhwGmu bG: Lwt[ uptnumu lJ.wpfiwppt[p UIWpntGwlJ.ntpjntGJ! 
2-3 wfiqwu ubb- t J;lWgtulup ll!WpmfiwlJ.mpJntfipg : Umbri.b-t[mu t pH=4-4,2 
up2wt[wjp (2pwb-Gwjpfi pnuutpp lJ.mmwlJ.mu): liJq\l.ll1up ppt[mpjwG qtll!J;lntU 
ljbpJ! twtl t UIWhUiwfit[mu, J:lwGp np GpwGmu qwqwpmu t 02_ oqmwlJ.wp 
ujllJ.pnopqwGpqufibpp qtuuwqnpb-mfitmpJmliJ!: 

~w2n11. uJitnuwguwG hwuwp utb- uzwuwlJ.mpJmG mfip .t wwJpG hmupJi 
ppupwlJ.wG lJ.wquJ!: 4wpGwppt[wJpli pwlJ.mtppwfihpp qwpqwguwu hwuwp 
UJ.WhwG2t[mu t pwt[wpwp 12wuw4p ZWJ:l wpGbpp aL.nt[ hbzm tmb-t[nq wb-tuw-
2ptp: UJ!tnuwgt[nq qwGqt[wbmu ZWJ:lW[lp UJ.Ul[IIllUW'lJ.ntpjntGJ! ur2ru hwztlntl 
UibmJ:l t tliGp 1-1 ,5%: 

1.5. U/Juwd 

Uhliwc1}1 ut2 LWtl bG UIWhUiwfit[mu lJ.wGW2_ pmjubpp UUUl}W(IW[I L. 
lJ.bGuwpwGwlJ.wG wlJ.mfltl GJmpbpJ!: UJG pp ut2 qmqwlJ.gmu t uptnup L. tuomjl 
qpwlJ.wG pntn(I hwmlJ.mpJmGGbpJ! L. lJ.bGqtuGpGbpp lJ.bpwpwclGmu lJ.wpnq t 
t[mtuwppGbt 02_ upwjG tumnpG Ill uptnupG, WJL fiwL. Ul(IUUlU1Ulll!WLW[IUlll!UlillT\
Gbp}1G L., uwuGw4}1opbfi, tumwgpwb- lJ.bpbppfi : 

Utfiwcl UIWmpwumhtm hwuwp hmupp qwliqt[wb-p tunGtut[mpJmGG }12tg
t[mu t upG2_L. 45-55% -p utuhUwfifihpJ!: liJl} UIWJUwGGbpmu 2tull1 pwlJ.mbppw
Gbp}1 lJ.bGuwqnpb-mubmpJmGJ! qwqwpmu t, opp hhmL.wfiJ:lotl ubuwclmu Gzw
Gwl)wtli 12P~ opqwfiwqwG ppmfibp bG qnJwGmu, L. ZWJ:lW(lp uhb- J;lWGwlJ.m-
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pJntCi[! UJ.WhUJ.WCitJmu t: Ubuwclp UJ.WmpwumuwCi clwuwuwl.J. uuuqwpwp 
mwppbpp 4npmumubpl} 4wqt.'imt.'i bu 6-10%: 

1.6. Jumn 

Iunmn lunznp b112bpwtlnp wuwum!Hibpp m nLtuwpGbp)1 hwuwp MnwG 
2p2wumu 4wpL.np l.J.bp t L. UJ.Pnmbpu)1, hwupwJ)1u UJmpbpp m tUimwupuGbpp 
q!luwtlnp WflPJntpfibppg ubtiu: IunmG umwgtlmu t puwl.J.wu 1.J.wu wphbumw-
1.J.wG bflwGwtintl lunmwpntJUI} Lnpwgubtntl u)1uLL. 14-17% lunuwtJ.mpjmGn: 

Swppbp lunmwpmJubppg UJ.wmpwumtlwb lunmbpJ! (wntlntJUl, bpbpGml.J., 
1.J.npfiqwu L. WJLU) UJ.Wpmuwl.J.mu bu (Lnp UJmpbpp hwztlntl) 7-22% UUJ.pmwl.J.mg, 
18-36% pw11wupwGJmp, 5-12% unlu)1p, 16-28% tmb-tln11 wotuw2pbp, 34-282 
uqll.J.q 1.J.wpnmpG: libl.J. l.iq lumn(} UJ.WpmGwl.J.mu t 0.82-0.861.J.q (O[l Ujntpbp, 0.39-
0.52 1.J.bpwjpCi upwtlnp, 39-l 16q uwpublJ1 UJ.pnmbpu, 4.2-l 7.7q 1.J.w[gpmu, l.8-
2.8q .'.pnu.'.pnp, 92-237q uwpublJ1 4wpnmpCi L. hbmL.JWL pwCiwl.J.mpjwup hwfipw
JPU GJmpbp' 0.40-6. l Oq Gwmppmu, 3-l 4q 1.J.wlJ1mu, l.00-3.20q .'.pnu.'.j:>np, 4-l 7q 
1.J.wl9timu, 150.50-542. !0uq bpl.J.wp, 0.030-0.075uq 1.J.npwtm, 0.45-2. 7 luq upl.J.b1_, 
3.04-8. 70 UJ.'1J1Ga, 21.l 5-3 l.20uq g)1Gl.J., 0.1 I0-0.320uq 2mp, 13.02-129.30uq tiwp
qwubg [87]: 

Iunml! hwpmum t uwL. wupuwppmGbpntl L. tUimwu)1GGbpntl, npnGp lunm)1 
ubtuwu)11.J.w4wG uzwl.J.uwu zunphJ:itl hbzmmpJwup bG Jmpwgtlmti 1.J.buqwupubp)1 
1.J.n11u)1g: 

Iunm UJ.Wmpwumbtm hwuwp 1.J.wGw( lunmwpntJU[! hGabLm OUJ.mpuwl 
clwutibm[! hwgwqqpCibpp hwuwp hwul.J.wtlnptiwfi ul.J.)1qpfi t, pwl.J.twqqpubp)1 
hwuwp' 1.J.nl.J.nfiwtlnpuwfi, bwql.J.uwu ul.J.)1qp[!: liJq 2p2wfimu pmJubpCi mCibG 
wt.'ibCiwzwm mbpL.wlJw1mpJmfi L. UJ.WpmGwl.J.mu bG wnwtlbtwqmJG pwGwl.J.)1 
uGu!]wpwp GJmpbp, pp( pwqwCipwGJmp: 

OpUJ.buqjl umwGwup pwpap npwl.J.p lunm, lunmwpmJu)1 hwtlWPl! UJ.bmp t 
ul.J.ubL OUJ.mpuwl clwuqbmmu L. wtlwpmb1 8-10 opmu: "UmJG)1ulJ bpb tunm)1 (n

pwgmul! qwmwpi.lmu t pwpbGUJ.wum bIJ.wGwqwJ)1G UJ.WJUwGGbpmu, uGCiqw
pwp UJntpbpp [!Gqhwfimp qnpmumGbp[! qwqumu bu 20-30%, )1uq wGpwpb
UUJ.wum UJ.WJUwuubpmu' hwu.Gmu bG 40-50% -)1: 

q.nJntpjntG mGbG lunmwpmju)1 (npwguwG L. lunm u1wmpwumbLnt up 
pwGp bflwGwqGbp: 

Bptfwrt (n2 hwljwtfnptfwft) junmj1 hwtfwpmtf[!: IunmwpmJuu hGamu m 
pnriGmu bG hGawzbpmbpmu up pwG{1 clwu, WjGnthbmL. uwmGwG)1tlwtlnp 
i.p.ngluntl hwtlwpmu m 1wuwl{npmu bG: U}luLL. 30% pwnwuwb qwGqtlwbu 
hwtlw12)1nwpqng)1(nl{ hwtlwpmu bG IJ1.n12p qbqjlqGbpntl L. pnIJ.umu, np WJG 
(Il[lWUW u)1G(L. 20%: <!,bmn UJ.Wmpwuml{wb luntnl} IJ1.nluW11PntU bu m qbq 
qumu: P.hwptib, LWtl 1.J.lJ1Gp tunml! UJ.rnhbL uwpwJGbpmu l}wu pbpL. owbl.J.)1 mwl.J.: 
liJqUJ.J:lup UJ.WhbumwpwGGbpp pwgwtiwJntpjwG qbUJ.12mU lunmu qjlqmu bG 
.'.pbpUWJP mwpw0i1mu' hwmmq hpwUJ.wpwl.J.Gbpmu: 
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funmwpm;u}l l/bppfiwljwfi 2npwgmtf[! wljm}ltf pwtfwhwpmtfm/: OpUJ.buqp 
l1p6wmtlP 4WUW( qwfiqtlwb-1} l]W2U1ntt.'i UUWlnt clwt.'iwuwl.J.[! L. yrnppwgtlbG ub
!11Lufij14w4wfi m uuu!]wpwp GJmpbpp 4npmumGbp[! oqmwqnpb-mu bu wtimlttl 
ptut.'iwhwpt.'iwu b11wuwtil!' oqp mwpwgmtintl tiwt.'i wnwug 11PW: UJ!] b11wGw4u 
Un1wmwl1whwpt.'iwp t oqmwqnpb-bt lunfiwtl zp2wuubpmu: 

tubpqbmp4 0-wluubpl} i.J.mppwGmu bu L. wphbumwtiwfi (npwguwu clwt.'iw
(itulm 1.J.p6'wmtlmt.'i t, bpb lunmwpntJff[! l]WZtnmu pwnwt.'ibgGmt.'i bu upu(L. 40-
45% tunuwtlmpJntU[!: 

IunmwpmJup wl1m]ltl pwuwhwpmuntl tlbp2uw4wG (npwgmu[! 4wmwp
tjmt.'i t uwpwJCibpmu, pbpL. b-wol1bpp mw4 L. pwg hpwUJ.wpw4ubpmu: U}lGLL. 
35-45% pwnwuwb- qwfiqtlwal! 2 u pwpapmpJwup !]wpumu bu O!]wpwzlup( 
hwuw4wpqp tlrw L. u4umt.'i bu uwmmgbL O!]: 11-bqG mubunni t 4,5-5 u 
LWJfimpJmu :t.. 5-6 t.'i pwpopmpJmG: 

11-bq[! !]Cibtm mb11mu lunm[! (npwgumu bu zbpmbpntl (zbpmp pwpapm
PJntG[! 1,5-2 u t): bpp qwGqtlwbp lunfiwtlmpJntG[! zbpmj1 t.'iw4bpbu]1u p2Gmu t 
25-30%, !]wpumu bG hw2np1] zbpm[!: bpp 2r2wl1w up2wtlWJPP 2bpt.'iwumj1-
6wul! 20°c -pg gwc)p t L. hwpwpbpwl1wu tunuwtlmpJntU[! 75% -pg t.'iba, WUJ.W 
Ol][! mw12wgGmu bu: Unw2pu bp4m op[! o!]wt.'i'lJ1(Ubpu w2luwmmt.'i bu wu[!G!]
hwm, hbmn' t.'ipwJU gbpblm: UuapL.wjpCi b11wGw4pu lunmG j1GpGwmwpwgm
t.'ipg qbpa UJ.whbtnt hwuwp Ol]WU'lJ1(UbpCi wzluwmmu bu 1-2 clwu [!U!]up2muGb
pntl: 

ifwtfttfwrt junm}l hwtfwpmtf[!: Uw lunm hwtlw12btm wt.'ibuwwnw2wtlnp 
b11wuwl.J.u t: 8ptlwa tumnI1 hwt.'ibt.'iwmmpJwup uwt.'i1tlwbG mu)1 u)1 zwpp wnw
tlbtmpJmuubp : lunlll[! UWULtlWb hwtlwpblJ1u 2-2,5 wuqwu 4p6wmtlmu bu ub
luwG)14wl.J.wG l1npmumGbp[!: lunlll[! hw4bpmu qpw11bgGmu t i.J.mpp awtlWL L. 
LWtl UJ.WhUJ.wGtlmti t, 1.J.p6wmtlmu bu 4bpbpp IJ1.n!uwqpw4wG bwtuubp[! L. wtlblJ1 
nwgpnuw1 t oqmwqnpbtlmu i.Jmluw'1Pwup~mgubpp pbnuwmwpmpJntU[!: 

lJwllttlwb tunmp UJ.WlllpwumuwG hwuwp lunmwpmJU[! (npwgumu bu 
u)1G(L. 20-22% tunGwtlntpjntG[!: flwpbUUJ.WUlll b11wuwl.J.)1G hwl.J.bpl} !]Wpumu bu 
pmpqp aL.ntl, 2-3 op pn11Gmu bu !]W2UlntU tpwgmgp( (DpwGwtm hwuwp: lijl] 
aL.ntl qwpublJ1u luOUl[! LWtl pwuwhwptJ.mu L. wpwq (Opwumu t: U}lU(L. 20% 
lunGwtlmpJmu mubgn11 hwl.J.bp[! uwtilJ1(-hwtlwp)1()1g wuu)12wUJ.bu 1.J.wpblJ1 t 
tlmluw!]pbt UJ.whuwu mb11u: 

"1p)1quwaL. hwl.J.bpmu untlnpwpwp qwuqtlwb[! lJ1Cimu t 15-25 l.J.q, ]lul.J. 
TIPTI-1,6 uwulJ1(-hwtlwpp()1 up2ngntl UJ.Wlllpwumtlwb qtwCiwiJi.wpbpwj]lG hw-
1.J.bp)1 qwGqtlwau upG(L. 5001.J.q t: 

OpUJ.buqp umwuwup pwpap npwl.J.p uwtittlwb lunm, lunmwpmJU[! 
huabtmg upu(L. hwl.J.bpp hwtlw12bll:! UJ.bmp t mL.p 2-3 op: 

1. 7. Junmwump 

Iunmwump[! umwumu bG wphbumwl}wG bqwGwl}nl{ lunmwpmJU[! (D
pwgGbtm owGwUJ.wphnl{: liJ'l !]bUJ.12mU 1.J.bpmu wnwtlbtwqmJG (Wi.J.mtl UJ.Wh-
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UJ.wGtJ.mu tG uGfiqwpwp GJmptpn: IumnwpmJuJl l lJ.q -[! 1.1.J.WpmfiwlJ.nu.I to 6-0 9 
lJ.bpwupwtJ.np, 120-140 qp uwputiti UJ.PmntpG L. 200-250 uqp lJ.wpmnpG: , ' 

lumnwump[! qt.tuwtJ.npwUJ.bu oqmwqnpomu tG hwuwqgtJ.wo 4tp[! uGGqw
pwp Gjntptpm.l (UJ.pnmtpG, lJ.wpnmpG) hwpumwgGttm hwuwp: CGnphptJ. wpwq 
lnpwguwG, uGGq~pwp GJmptpp l}npmumGtp[! ltG wGgGmu 2-3% -pg, pu4 
l}wpnmpfi[! 5-10 Yo -pg: Iunmwumpp OUJ.tnpuwl ]unGwtJ.mpJntG[! 9-12% t: 

/.8. (Jl/flW 

4bpwJpG hw2tlt4.znmu npnzwqp l}bp mGp fiwL. b"IJ.ntn(!: np2m hwtJ.wvttm 
L. UJ.WhUJ.wGbtm qtuwmu b"qnm)l uGfiqwpwp wpdbp[!, qw]utJ.wa hwtn)ll}wJpG 
uzwl}wpntjUp tnbuwq)lg, l}wqumu t 0,20-0,38 l}tpwu}lwtJ.np: 

1 5nphGp b"IJ.ntnmu uwpub!}l GJntphpp [!Gqhwfimp pwGwl}[! qwqumu t 48%, 
tnwpptp ]untnwpmjubp)l ]untnmu' 44%: 5npbGp b"qntn(! UJ.wpmGwqmu t upGlL. 
0,17 % l}w19pmu, 1,11% l}w!}lmu, 0,08% :Pnu,'.pnp, 3,3 uqf4q UJ.IJ.Jlfio [83]: 

I ~.u-. lrnpnq[! Gzm.u t, np uzwljwpmJuhpp b"qninG mG)l pwpop lJbpwJpG 
wpdbp [84]: liJUUJ.bu, hptpGml}p b"qntn(! UJ.wpmGwl}mu t O, 17 qbpwupwtJ.np, 
wntJ.mJtnpGG m w2fiwGwgwG gnptfipfi[!' 0,20, qwpfiwfiwgwG gnptGpG[!, wzGw
GwgwG mwp~l}wGpG[! L. tlP4~fi[!' 0,22, pzwntJ.mJtn)lfi[!' 0,23, qwpGwGwgwG 
mwphl}wGpG[! 0,25, ppGopG[! 0,31, nuUJ.)1G[!' 0,32, qwptipG[!' 0,35, bqjlUJ.tnw
gnptG)lG[! L. unJwpG[!' 0,38, l}nptlJpG[!' 0,40: tL wtJ.hlti pwpop wpdtp mGp 
u11h11!!' 0,32-0,65 l}tpwu)lwtJ.np: 

t5Tl.ntnp oqinwqnpamumJ. hwt.1wuwpwlJ.2nmu ta pwIJ.wGflWGJntflp UJ.wpm
Gwl}mpJmG[!, np[! l}wpL.np GzwGwljmpJmG mGti l}tGl}wGm l}n11u)19 4tpbpp 
ufiGl}WUJntpbp[! wnwtJ.ttwqmJG lwillntl JntpwgGttm qnpomu: 

1.9. <ww}lljw;ftu ljbpbp 

..!.wmpl}wJpG l}bpbpG mGtfi pwpop uGGqwpwpmpJmG (l-1,34 qbpwupw
tJ.np 1 ljq -mu) L. 11wui.J.mu tG ]umwgtJ.wO- ljbpbp)l ]uuppG: 4w]utJ.wO- pJil.IJlwlJwG 
LJ.wqu)lg' tnwppbpmu hG wa]uw2ptpntJ. hwpmutn (hwgwqq}l hwuipl.J.Ghp) L. 
UJ.pnmtpGntJ. hwpmuin (pwtitwqqp hwinrl}Gtp) hwtnplJ.wJpG qtptp: 

<!.wgwqqp hwtnpl}wJpG uzwlJ.wpmJubppg hpuGwl}wGmu qtGqwGpGtppG 
l.J.hpwl}pmu tG tJ.wpuwl}ntJ., qwppntJ., tqpUJ.tnwgnpbGntJ., mwpbl}wGntJ. L WJLG: 
..!,wmpl}WjpG l}tphp[! up2pG hwztJ.ntJ. UJ.WpmGwqmu bG 8-10% UJ.PntntpG 2-8% 
6wpUJ., 2-10% pwqwGpwGJntp, 60-70% OULW L. l,5-4% hwGpwjpG GJmpbp': 

f!wljtwqqp hwtn)lljGtpnu.I qbGuwpwGwltwG ltiwpcttp uwput!}l UJ.PntntpG[! 
2-3 wfiqwu zwtn t, pwG hwgwqqp hwmpl}Gtpmu: lrwput!}l UJ.PntnbpG)l UJ.Wpm
Gwl}ntpjntG[! up2pG hwztJ.ntJ. l}wqumu t 20-25%, pul} unJWJ)l L umUJ.liGp hwm)l
l}Gtpmu' upGlL. 35%: ..!.wtnpltWJpG pwl}twqq!i uzwqwpntjubppg wubGwpwpop 
l}tpwJpG GzwGwlJmpJmGG mGtG ntnn[!, umUJ.JlG£!, unJwG, lJbpwJJlG mGq[!, tlPl.i.I! 
L. WJLU: UuhGwwpdhpwtJ.np l}tpbppg utl}(! ntnnG t. 1 4q -{! UJ.WpmGwl}mu t 1,17 
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l1l111LuupwtJ.np, 190 qp uwpubuJl UJ.pnmtpG L. zwm wupGwppmfitp (ltiqjlG, utpp-
11lij1G, tnppUJ.tnn,'.pwG): UnJWG wutGwuGfiqwpwp l}tpfi t, qpw ubpu[! UJ.wpmGw
lpnu t 30-45% UJ.Pnmt)1G: 

/.I 0. UptfWWWUjUJfWJlWUJWflll/Ubp 

UptlwtnwUJ.wtwpwUJ.tnmIJ.fibp[! pwctwGtJ.mu tG wpuwinwUJ.tnIJ.Jl L. UJ.WLW
flWUJ.tnIJ.Jl: UpuwtnwUJ.tnmqGtppG tJ.tpwptpmu tG 4tpwJ)1fi, 2wl}wpwJpG L. 
l1lww2wpwpwjpG t:iwqGl}bfl(!, 2w11qwl1[!, qwqwp[!, qnGqbq{!: fllwLWPWUJ.tnmTl.
!ibpp 2wpppfi qwutJ.mu tG l}wpmn:P)lw, qtinGw]uGonp£!: UpuwmwUJ.wtwpw
n1mmqGtp[! UJ.wpmGwl}mu tG 70-90% 2mp, 12Pl UJ.pntntpG' 1-2%, untn 1% pw
flWUj)WUJntfl : -0.wpUJ.bp hwuwpjw llJwG: 

UptlwtnwUJ.WLWPWUJ.U1ntIJ.Gbpp lllP GjntflntU qhpwqznmu tG pbpL. uwput
Ll1 wa]uw2pbp£! (OULW L. 2w12wp): UpuwtnWUJ.UlLWPWUJ.illntIJ.Ghpp lllP Ujntpp L. 
]umwgpwa l}hpbp)l uGGqwpwpmpjntG[! untnwtJ.npwUJ.bu hwuwpdtp bG: 

llnLnp mtuwlJ.p wpuwmWUJ.UlntTl.Gbppg wtltGwzwmG oqmwqnpO-tJ.mu t 
6wl}GqbIJ.£!: liJG UJ.WpmGwlJnul t u)12pG hwztJ.ntJ. 12% lnp Gjntp (i.J.mtJ.m]umpjwG 
uwhuwGGhp£! 7-25% t): 4tpwJ)1G 6wl}Gqtrm ]unznp b112tpwtJ.np wfiwumGGbpp, 
ni.luwpGbpJl L. uwuwup ]unqtpp l}bpwpwctpGGtpmu h)luGwljwG wa]uw2pwa
GwJpG l}bphppg t: 

1.1 I. Sbfuu}1/jwljwu wpwwlJl1mp;wu pw1/m1/jubp 

Cwpwpft WpWWl]fJnLpjWU pwtftm{/Ubp6 tfi 6wl}Gl}bIJ.WjpG uqntl}[! L. LJ.b
pwuwp{!: fcTwpu 6wlJ.Gqb11wJpG uqmtiti uGGqwpwpmpJntfil! pwpop l t, pwGp np 
WJG UJ.WpmGwl}mu t unm 90% 2mp: fllpnmt)1G)1 pwfiwl}[! 2% -pg W pwpopw
Gmu: liJq l}tpp lnp GJntj){! UJ.Wpmfiwl.J.mu t tlntn 60% wGwqntn tpmnpwljtn)ltl 
Gjntphp: ~npwgwa uqml.J.G mGp pwpop ufiGqwpwpntpjntG. l LJ.q -!! UJ.Wpm
Gwl}mu t 0,84 4tpwu)1wtJ.np: 4bpwuwp£! UJ.WpmGwl}mu t unin 60% wGwqnin 
tpmnpwljtn)ltl Gjntflbp : 

lvtfnptfw6 WflWWl]/Jfllj})WU pwtftm{Jubpft zwpppG bfi qwutJ.mu utl}Gmgp{! 
(oIJ.m wptnwqpntpJwG uGwgmlJ), w0-p4ti 0-pLbP£!, qwpt2pwjpG qpptn[!, 2wpw
pwufiqbp£! (qpnct): 

SlJ.mgpG )lpbGpg Gtpl}wJwgGmu t uUJ.lipm)l pwtJ.mtl} L. UJ.WpmGwl}mu t 
90-92% 2mp: Sqmgpp lnp GJntp[! hwpmutn t uwntnbpGntJ.: 

U0-)14P 0-pLhP£!, qwpb2pp qpptn{! L. qpnctGbp[! qwpb2p)1 wpmwqpmpJWG 
uGwgnpqGtpfi tfi : Uapl}fi oqtnwqnpamu bG j:.!WIJ.gpwhjntp UJ.WUlpwutnbLnt 
hwuwp, jrnlj 0-pLbP!!' wGwuGwlJ.bp: q.wpt2p)1 qpputp lnp Gjntp{! hpuGwlJ.wfimu 
pwql}wgwa t qwpm uGwgnpqGbppg L. O"twa hwtnpl}Gtp}lg: q.wpb2pp qpptn[! 
UJ.WpmGwl}mu t upGlL. 75% 2mp L. hwpmutn t UJ.Plltnb)1GntJ. (28%): 
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Slijuuftljwljwu owpuJ/1 I 4q -D uiw1mt!iw4mu t 9 44.wr 1..pwCimu ljwCi 
CiwL._2wm Jm11wimoJ1.i_ AL. D l}llmwu]1CiCibp: CGnphJnl pwpop tGbpqbm)l4 wpctb
p)l, owpuitpCi oqmwqnpamu bG hwuwljgtJ.wO- 4bpbpJ:! hwpumwgCibtm hwuwp: 

U{[l/1 WJlUIWJ]fllllPJWU lfuwgmljOhpj1g Ubt) G2wuw4mpJntCi mCip pblJ.JD, nt1[! 
hwi.lwpt{mu t LWtlwqmJG j1Jmwgw0- 4tp: 

8llll]WOWJ1UlWJftU WjJUJWIJjlJllj}jWU pwl]lmljfilipftg uto- mwpwO-mu mGbG 
JnlflWUlnt tl2W4Wpntjubp}1 (wpL.wO-wq)l4, \jtnW\lWtn, \jwGbtlt, UilJW) ubpobppg 
JOU\[! hwCibtmg htum UGwgwO- j:1IllUU{J:! L. 2PDU1£! : '1-pwCip hwpntUUl b(i U{pn
mb)lGn\l (uli2l1Ci[!' 30-40%), '.l>nu:pnpnq, B tuupti tUimwut1GGbpmt L. 4wpnmt1Cint[: 
UubGwLWtll! hwuwpl{nuI t 4tnwl{wmp IJIHUU{(!, npG mCijl LWtl ril1bmflq hwmlJm
fJJmCiGbp L. utwpmCiw4mu t 30-35% uwputLJi utPntnb)lG: 

1.12. lJMIJwOwljwO awqlfwu ljbpbp 

ltwpGwJpG, tlUWJpCi L. oljGwJpG ljbpbp[! pGmfJwqp4_nuI bfi pwpdp npwlJP 
utpnmb}lumt, mCitG uto- pwCiw4mpJwUp B tuupp i.l}lmwu}lGCibp L. hwGpwJ}lG 
CiJlllflbp: 

Uuwpww ljwp/1 tjmjuwpftOft!u pphCipg GbplJ.wJwgGnuI t pwpop npw4p 
UpbppGbpp tuwnGmpq' )_np L. pwpu Jmqwqplj4.wO- 4wpp, ~np 4tuflUWJpG 2}16m-
4J1, 4bfi11wuw4wa I, j1Jnhwpwpwqwfi 6wpuibpp m Jmqbpj1, hwfi12w1/1fi, t{)lmw
ll]lGwJtiG L. hwubq hwtlbtntllGbpp: 

~ljwO Wljlllf11J twtJ.wqmJG utajnnw4mgw1pG 4tpbp)lg t : liJG uiwpmCiw-
4mu t 60% uipnmbpCi : 04wG WJLntPI! umwgt{mu t ufiGqwJ]lG 64pg t, 04wG 
13wtjmtqpg: OqwG wumpml 4tpw4pmu tG qJntqwmGmbuwljwG ljbG11wG]1Cihpp 
i.lwm11w2j1Ci, ]1Jnqbp}lG L. pn).mGfibp)lfi, oqU1wqnpmnu tG hwuwt194_wo- 4tpbpp 
wpmwqpmpJmCimu, ljhpwpwctpGGbpj! hwpumwgGmiJ bG uuipmwljmgntl L. 
hwGpwJpG GJmpbpm{: 

ifuwjjz{i [, lfuwnuljpwjjJ[i Wljlllfl/J uiwmpwummu bG uwpqm hwuwp n~ 
u1t1mwfil1 i.lubqbGpg m 4hCiqwGpCitpp Gbpppfi opqwGGbppg, t. oqU1WqnpO-mu tfi 
L1tpbp UjWU1pwutnblm hwuwp: 'll.pnU1bpfip uiwpmGwl.jmpJm£il! 30-60% t: 

lfbpw1ftu IJJ7ndubp1J wpctbpwtlnp uui}lmwljmgw1U1UlwUpuwJpG ljbphp tu, 
hwuwl.jg4_wa \jhpbpp qbpwqwfig pwqwqpwuwu : ltbpwJJlfi l}JlnctCibpu wptnw
l}pmu bG uup tJ.bpwiJ2wljuwG l. unq:j:iwmwgt1mtnqwJpfi wpilJmGwphpmpJwG 
ahnGwpqntpJmGGbpf!: 

UOUiJWJftU lfuwgmljfibpjJ (obnfiwpljmpJntGGbpp hwuwpwljwljwG uGGl}}l L. 
mGwJ)lCi tunhwGng)l) uGCiqwpwp wpctbp[! l}wtut{wO- t uGGl)WJjlfi upbppGbpp 
U1buw4pg L. mwmwG4_mu t LWJG uwhUwCiGbpnuI: lJ112J1Gu 5-6 ltq pwtlmtltl! 
hwuwuiwtnwutuwGmu t l ljtpwujlwtlnpjl: UGGqwJpG pwt{1m4Gtpl! (UJmu qt
phpp htm JuwnGtJ.wO-) Ujbtnp t wnwitbtwlwl}l oqillwqnpO-bt tunqbpp ptnuwG 
hwuwp: 4bpwllflhLmg wnw2 ufifiqll uGwgml.jfibpl! l{wpw4wqbpO-mu bu: 
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1.13. <wupwJft(j ljliplip 

4tuqwGm opqwupqup wnf!, qwpqwgmt1£! t, J.uwGpp uihilrimpJntfi[! ljwj1J
l{w0- bu Il( upwjCi opqwCiwl.J.wli Gjntpbppg, WJtL. lJwl.9pntUp, :pnu'.pnp}l, uwG
qwfi]l, qnpw1ui]l, JDI}]l, :}>mnp}l hwuwLJlp wql)hgntpJmGpg: UpJmGwutnbqO-UwG 
t4pngbunuI ubO- qbp bG JuwrtntU tp4wpj!, UJ.'lPCi<'i[!, 4nPWLU1l! l. w1mhG[!: 
nu4PwJjlfi hJmut[w<'rpl1 oL.wt[npntU[! L. GpwGmu trwtnwpl{nq tJ.mtuwuw\jowG 
UJilngbuGbp{! utawiiwuwiip 1.J.wtutlwO- bu lJwl.9flmi.lp, ,'pnu:pnpp, i.lwqfibqpmi.lp, 
Gwtnppmu}l, 1.jwLJimup tJ.mJulJwuiwl.J.gl{wO- wqqtgmpJmfipg [82]: 

libGl}wupfihpQ hwGpwJ]lu U1Wppbp hJnICiwljwumu umwGmu tfi pmuw4wG 
ljbpbp}l u}12ngnl{: liJCi I)buwmu, bpp pCiwljwG trtptp]l hw2l}llG ~ wuiwhntltJ.mu 
1.J.bCiqwGpfibpp hwGpwJ]lG mwppbpp uiwhwG2[!, wGhpwctbztn t 4hpwpwdpG 
UU1gGbt hwfipwJ}lfi tpwgmg]l). lJbpbp: lthpwpwctGmiJ UJJU \jwo WJG hwGpWJ}lG 
tnwppbpp wQpwttwpwp urwpmGw4ntpJmfi}lg btGbtntJ., nptqbu hwGpwJ]lG. 
wwgw4tp oqmwqnpO-mo tG ljhpwtrrti wri, 4wtUin, 4wi_gJmtu)1 i:nnp.)1q, qflUJ.u, 
Utpqbt, UlpwtlbptnpG, gbntlitn, pbuumfiptn, ljpp, tllWJUlp unfupp, :j:inu:pnpwlJw-
19pmuwljwG wqbp l. Upqpnmwppbpp Wf'\bp: 

<.wfipwJpfi wwgw4bphpp oqwwqnpamul! ht2mwgGb1.m Gi.qwmwljmj, 
hwlll4wuitm tun2np L. uwCip t112tpwt.J.np wfiwuntGGbpj1 hwuwp, UJ.WUlpwmnmo 
bG pp]14bmGbp' 1.J.bpw411p wq}lg l. Up\jpnuiwp.pbp}l ]1Jwnumpl}}1g: liJiluilm)l ppp-
1.jbwfitp}l. uiwmpwumuwG wpmwI)pwuwu qwnmgt{bL t Upml.JwGmu, npmbq 
hwGpwj}l.G GJntpbp[! (I!wpwJl., mpwtlbpuipG) uwGpwgGbtnt hwuwp oqmwqnpO-
l{nttl t Ub[I 1.J.nqU}l.g UJ.WUlpwumtlwb JuU1Wgpwb Ill hwfipwjpfi qbpbp UwGpwg
GnJl. ubptCiwG (Glj. 8.16): 

lJllljpmnwppbpp ppupwljwG upwgntpJmGGbpl'tg pwgti, ljbGqwGpGbpp ltb~ · 

pwpwct)lGGtpmiJ oqlllwqnpO-mu bfi fiwl. mbqwljwG, n~ wtlwGqwqwG hwfipw
Jl1Ci wwgwljtpbp ' mpwtJ.bptnpCi, gtnwm, ptGumGpm l. WJtfi: 

Spwtfbpmftul! qJmqwmfiuibuwl.jwfi 4bGqwCi]1Gtpp 4bpwpwct]1G bG 
umgfimu hwfipwJ]lG mwpphp)l wGpw4.wpwp []lGbtnt l)bll!l2mu: liJG pmctp). 
hwupwJtiG 2ptpp CiuUlqwO-p t , UjWpmGwtimu t Untn 40% 4w19pmu, wCiGzwG 
pwGwljntfJJWUp :pnu~np, uwpqwGbg, uwqCibqpmu, Ujq)lGa, bpljwp, Gwmp]lmo 
L. WJL Gjntpbp: UnwtlbtWU{bU htujmG]l hG UpqGpp, <,wGpwl[wGp l. Qtpllmltli 
uipwljbpmpGGbpf!: 

Puwljwu gbnljiwilbpg CiwtuwuituitwO- hCi oqmwqnpO-bt bptp hpuCiwl.jwCi 
pfiwqwi.twnGbpmu. 

- 2P2WlJW Up2wl{wjpp 11.J.WhUjWGntpjWU, 
- wpilJntCiwpbpntpJwCi, 
- qJnn1wmGU1bumpJU1G' hnl}[! ullG11wpwp mwppbpti 4nunw4uwG m \jwp-

qwtlnpowG l. ljhfiqwG]lGbp]l ljhpwpwctfimu oqmwqnpO-uwfi uuiwmwljGbpnl{: 
PGw4wG gtnwmp oquiwqnpO-mU[! 2wm hbnwG4wpwjpG t, 2Gnphpt[ fipw 

tun2np hwupwJpG uiw2wpGbp}l: lJliwJG 1..nJbUpbpJwfip ghnJlim)l uiwzwpGtpu 
l}wqumu bG 400-500 u}l[]lnG umGGw [88]: 
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30 mwpmg wt.lhlll t, np pGw4wG ghnlllmGhpG oqmwqnpomu hG 4hGqw
GpGhpp 4hpwpwcJGmu Ulf\..,-mu h tiwutnGpwJmU, pu4 hhmwqwJmu Gwh 
~pwgw4wG hwGpwuitmmpJmGmu [89, 90]: <!,wjwumwGp hwGpwuthmmpJm
Gmu 4hGqwGpGhpp 4tpwpwcJGmu ghnlllmn nputhu 4hpwjpG hwt.lhtmu oqmw
qnpat.lht t 1978 p. q.q.q. U.lf.'1.wpw2JwGp 4n11upg h znzwiJihlll Wp'l.JntGpGhp 
hG umwgt.lht [91]: 

Plifiwnuftw[! 4wt.[wmhuw4 t, mGp tunGwt.lwiJintuwGw4wJpG hwm4mp
jntG, 4hGqwGpGhpp 4hpw4JluwG wp'l.JmGwt.[hmmpJntG[! pwpapwgGmu t 7-12% 
-nl[: lunphmpq t mpt.lmu WJG 4hGqwGpGhpp 4hpwpwdpG umgGht (Ilp Gjntphpp 
3% -p hwzt.lnt.l [95]: 

Unw2wp4t.ln11 (WIJlwpwcJpGGhpnl[ phGmnGpm mwll! 8-14% -nl[ wl[htwg
Gmu t 6mhpp, tun64npGhpp, hnpphpp h qwnGhpp pwzwO:n: f!hGmnGpm[! tupw
Gmu t wawG hwt.lhpp ot.[wmt.[mpJntG[!, twt.[wgGmu t ot.[hpp pGqmpwgpnG 
npw4n, pwpopwgGmu h w4mpt.[wgGmu t 6mhpp wpwq w6G m qwpqwgmu[!: 

f!hGmnGpm[! wp'l.JmGwl[hm t Gwh tunznp t112tpwl[np wGwumGGhpp 
4tpw4puwG qhutpmu: liJG 7-12% -nt.l pwpapwgGmu t 4ntlhpp 4wpGwmt.[m
pJmGn: f!hGmnGpm[! nLtuwpGhpp ppqwmt.lntpjntG[! pwpopwgGmu t 11-13% -nl[: 

Ubp 4wpappnl[, WJuop ghntlimGhp[! h UJmu oqmw4wp hwGpwjpG Wutwp
Ghp[! qJntflwmGmhumpJmGmu tWJfiwawt.lwt (hG oqmwqnpamu, npnl[hhmh WJll 
WutwpGhp[! uwGpwgGhll! zwm qdt.lwp t, qJntflWgpw4wG h :PhpuhpwjpG mGmh
untpjmGGhpmu GntjGpu4 wGhGwp: Otump, Gnp uzw44wa m wnw2wp4l[n11 
mGpt.lhpuwt uwGpp(G (G4. 8.16) WJUOp upw4 mhtuGp4w4wG up2ngG t, np[! 
hw2nqmpJWUp 4wpn11 t tmcrht hwGpwjpCi mwpphpp wp'l.JmGwl[bm oqmw
qnpauwG tuGqppGhp[!: 

1.14. C.liplipft pumpwqplip[! [, :Pftqftljwt.flijuwuftljwljw[i hwwljmp;muulip[! 

4hpwuzw4nrt uhphGwjntU 4hp[! hGpwp4l[mu t mwpphp pGntjpp Ghpqnp
ampJmGGhpp L zp2w4w up2wt.lwJpp (tunGwt.[mpJmG, 6Gzmu, oqp 2tpuwump-
6wG L WJtfi) wqqhgmpJwG: <!.wm4wuthu l[hpwuzw4t.[n114tphp[! hfipwp4l[mu hfi 
uhtuwGp4w4wG GhpqnpampJwG, npp cJwuwGw4 iJiniJintut.[mu hG qpwfig oh[!, 
(WIJluhp[! h :ppqp4w4wG hwm4mpJmfiGhp[!: 

4hpwuzw4nrt uhphGwGhp Gwtuwqahtliu uthmp t hwzt.[p wnGht 4hphpp 
wupmpJmG[!, hwm4wuihu wupmpJwG hwm4mpJmfiGhpp umwmp4w4wG h qp
Gwup4w4wG pfimpwqphp[! h :ppqp4wuhtuwfip4w4wu hwm4mpJmfifihp[!: 

5n11mGwjpG 4hphp[! (tunm, a11nm, tunmwpntJU, uhfiwcJ, uptnu) 4wqumu 
bu npn6nfl wGwumfiGhpp 4hpwpwdpfifihp}l h}ll.lp[!: '1-pwfig uhtuwG}l4w4wfi 
uzw4uwG hpuGw4wG oh[! 4mpmunl[ uwGpwgmufi t: liJq 4hphpp wupmpJntCl[! 
pGmpwqpl[mu t 4mpuwG mhuw4wpwp qpuwqpmpJmGnt.[' q0 (4l./u), 4mpuwG 
pwjpWJnrt twpl[wantpjntGnl[' 't'4U1p (lf"l) h 4mpuwG mhuw4wpwp wztuwmwG
pnl[' A "'4"'P (4Q/u2): 
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"lpn:ptunp U. ~.UbtGfl4nt.ll! umwmp4w4wG Y,mpawp4muClhpnl[ hpuuw
llnpht t gn11mGwt.lnp 4hphpp 4mpuwG oppfiw(wt}mtpjntG[! [75]: Cum Gpw' gn-
1puGGhpp zhpmp qh'.pnpuwgpwG [!GpwGmu t hhmhJwt ohnt.l. u4qpmu qwGw4I! 
lumwgfimu t zhpm[! h u4umu 4mpht: ShllP tu mGhGmu ut11uuwG wnwoqw4wfi 
L uttwump4 qt:pnpuwgpwGhp, 4mpuwfi qnpot!CipwgG u4ut.[mu t wJG utwhpg, 
bpp qwfiw4p 6pq[! hwuGmu t wfihpwcthzm uwhUwfip, wjupGpG P4U1p -p wnw
tlhtwqmJG CizwGw4mpJWG[!, nppfi hwuwutwmwutuwumu t 4mpuwG wnwt.[htw
qmJu mhuw4wpwp qpuwqpmpJntfi[! (q0), 

% = P4JJJp.mv. I b, ( l. l ) 

npmt11' P4U1p.max -[! 4mpuwfi qpuwqpmpJwfi wnwt.lhtwqmJCi CizwGw4mpJmfifi t, 
l_, ( P4U1p max=~L1hmax. npmh11' µ ] -[! O:pqp uwuzmwpG t , hmax -[!' t.lmpohpnl[ umwg-
4wa 4mpuwfi qpuwqpntpjwG qpwqpwup wuhGwuha pwpapmpjntG[!), b -Ci ' 
gn11mfifihpp zbpmp LWJUntpjntCi[!, u: 

lnnpuwCl twpt.[wampJntCl[!' 
T11u1p = Pi1u111max / (µ2b/lJJJJP} ( 1.2) 

npmt11 µz -[! qpwqpwup wpugpufihpp wnwfigpp uwuzmwpfi t (µz=0,2), l4uip - [! ' 

qpwqpwup l[pw 4mpuwfi mt11wuwup tp4wpmpJntfi[! (u): 
4mpuwfi mhuw4wpwp wztuwmwfip[!' 

· AJJJ4JJJP = p 4JJJpmaxµ2 /4JJJP !(bhJ (1.3) 

npmt11 'h2 -[! gn11mfifihpp zhpmp ppw4wG hwummpJmGG t (u) (h2=µ2 l4uip): 
liJumh'lPg html.mu t , np 

(l.4) 

WJUpGpG pl[wj}lG ubantpjWUp hwt.[wuwp t qwGw4P mhuw4wpwp 6Gzuw GG 
(!Um (l.l) -p: 

Cum unm:P. U.~. Ubtfili4nl[li' 4mpuwG mhuw4wpwp qpuwqpmpJwG 
u}l2pG ClzwGw4mpjntG[! mwmwfil[mu t 5,7-12 4l./u uwhUwGfihpmu: lunm}l 
qpuwqpmpJmfifi [!fiqmfihtnt.l 100%, npnzht t, np tunmwpmJu}l q}luwqpmpJntG[! 
80-90% t, ]m4 aqnmpfi[!' 55-60%, num npmu, wnl[mJmp wupmpJntCl[! 2 wfiqwu 
4mpp t umwgl[ht, pwG UJmu tunmwpmJuhppfi[!: 

4mpuwG [!Gpwgp(! pGmpwqpnfl up2}1G mhuw4wpwp wztuwmwGp[! 
4wquht t . tunmp hwuwp 5,7 4.2/u2, a11nmp hwuwp' 3,8 4.2/u2 h tunmwpntjup 
hwuwp · 4,8 4Q/u2: 

UupmpJwG hwm4mpJmGGhpp qtJGwup4w4wG pfimpwqphp[! npnzhtm 
Gutwmw4nl[ phtpwl[np gnqmGwt.[np 4hphp[! qpml[ht hfi nputhu wnw6qw
uwbntg}l4wuttwump4w4wu ClJntp: 

lu.U.fl.wtuuwmmtlifit!, mumuuwutJphtnl[ tWJuw4wG hwpt.[wapg hhmn gn-
11mfip 4tmhp]1 zwpduwfi qh:pnpuwg}lwjp m wpwqmpJmfifihpp [!Gpwgp(!, umw
ght t 4mpuwfi qpfiwup4w4wG wG4Jwu (yq) h hwpl[wap wpwqntpjwG (vh) u}l2h 
4wtul[wampJwfi hwt.[wuwpmun' 

tgy~ = l,25VVh I C0 , (l.5) 



npmbq co -G wnw6qwltwG (bpltwJGwltwG) wLJ1pGbpp UlwpwMwG wpwqmp-
JntGG t : . 

~wztlP wnGhtml. (1.5) pwGw6L.[!' UlJln:P. U.4.. UbtGlJ4mlG (lUI)mGmu t, np 
UltlJWL GJmppG L. ltppmflljwljwG wpwqmpJWG[l (vltr) qhwuwU[wmwu}uwGp GwL. 
ljU1puwG «yiu,» ltppm}l4w4wG wGqJmG[! : ~bUJL.wpwp, bph 1}1np6tpmJ. npnztlP Yti

11 
wGtiJmG[!, WU[W [lUUI (1.5) -)1 4wpbLJ1 t npnzbt GwL. hwp4wbp 4ppU1)1ljwljwG 
wpwqmpJntG(l' 

VltJi =0,5Cofg
3
yltP: (l.6) 

'1-pU1wp4btn4 ljppU1flljw4wG L. !2WJPWJnq (Vv) wpwqntpjmGGbpp up2L. 
hwpwptpmpJmGutpp uwupG hwpg{!' 4..j).BwgbGljnu wnw2wpljmu t hwz4wp-
4wJpG pwGw6L.mu UUJgGbt K1i=VPNltr qn[lbwljpg{!: 

CtpU1w4np U[LWUU1Jllj GJmpbpJl hwuwp K1i=l,3-l,5 : 
~hmL.wpwr, hwp4wop dwuwuwq pwJPwJnq wpwqmpJntG[! (V

11
) qLJ1Gfl. 

V11 =0,5Khc0tg3ytir: (1.7) 

U.lf4wpGn4I! pwquwpfl4 qpU1w4mp6tpn4 hwmnwUJbt t, np wn4mJtnp 
~np gnqmGGtpp 2WPI)4htm I)puwufll.fwtiwG uJ12flG wGtiJntG(l' y'I =21 o -p, pul1 
UUIWU1p4tul.f wGI! ' Yum = L 5° -Jl: 

0qUJwqnpohtn4 2wpl)utuG wGtiJmG[! ptww4nr }unU1wpmJubpfl GJmpbpfl 
hwuwp npU[bu wupmpJwG pGmpwqJlp, npG wpU1wgnimu t o = f (y) qw}u4w
ompJmG{!, 4wpb!P t qmGbt GwL. ajJGwUpljntpjwG hwUWU[tuUlwu}uwG qnpbw
lJ.]19{!, WJG wpUIWhtujUlbtn4 hbUIL.wt hwpwpbpntf!JWUp' 

Kq = Yq I Yw,: (1.8) 

Qum qpU1w4mpobpfl [75}, wn4mJU1p ~np gnr1mGCib[lp q}lGwupqmpJwu 
qnpawljpg(l U1wU1wG4mu t l ,2-1 ,5 uwhUwGCitpmu: 

liJI}U[pup pumpwqptrti wnlJ.wJntpJwG qbU[pmu, hwztlP wnGbtn4 (1.7) L. 
(1.8) pwuw6L.hp[!, npnz4ht t LWJGwljwG hwp4wofl p tuJptuJnq wpwqmpJwG 
GzwGwlfmp JntG(l' 

Vv = 0,5Khcotg3 (kq yuu,): (I.9) 

Yuui = 15° qtuwmu V Jl = 56 u/4: _ 

~wmplJ.wJpG lJ.bpbpp wupmpJwG UU1tuU1pljwlJ.wG pumpwqptpu wnw2pu 
wGqwu umwghL t UlJln:p. U.4..UbtGplfn4(1 [75): "Ulj. l.lw-mu GtpqwJwg4wo t 
Ciptu ljnqupg UUIWg4wo I}pwq[lwUGbppg ublJ.I! ' qwpm ubqUUtuu wz}uwmwG
pwjpG 11.Jlwqpwu{!, pulj Glj. I.Ip-mu' tupl}JmGpGtpp 4m1}1n}umpJwG opp
Gw~w1}1mpJmGGbJ1(1 '. 

PCi~U[bu utmwqClbp]l I}bU[pmu, WJUtnbq GmJGU[bU wz}uwmwGpwjpCi q}lw
qpwuGbp{! upG~L. pWJPWJntU{! GhpljWJwgCimu hG Gjmpmu qt'.pnpuwgpwGbpp 
qwpqwguwG tpbp pGntpwqpwljwG 4mttbp: UljqpGwlJ.wG tjmtw (0- 1) pGmpw
qpmu t ljnp]l ljU1pmlj 4hptw, npp [!Gpwgpmu U1baj1 t mGtGmu wnwaqwlJ.wG 
qt:pnpuwg]lw: bpqpnp11 tjmttmu (1-2) ljnpG ]12Gmu t L. qwuqwq t pwpopwGmu, 
np(l 41.fwJmli t, np hwmpljmu mbq]l t mGtGmu GtpppG uwhp L. UJtwuU1]1lj 

18 

{ljwnmgtlwbpwJpG) qb:pnpuwgpwGbp]1 wpwq qwpqwgmu: PbnGwtJ.nptJ.wbmp
,1wG hbmwqw ubbwgmu(l pbpmu t bppnpq' 4hp2GwywG t{mqpu (2-v), npG 

wt{wpmtJ.mu t pwqwGpp pwJpWJntun4' wnw2wgGbtntl }unp pwg l'ibqpbp (lib
owuwuwup LWJGwljwG mqqmpjtuUp): 

P,, \.. 

O "'-----~~ 
s lf''h.u 

12 

10 

P,, \, 

4l•0.44dd 

~wmpljGbpp wupmpJntG(l qGwhwm-
4mu t pwjpWJnrt lWP4tuOntJ3JWG ub
ompJntGn4 (D11 , lllw), np{! hwtJ.wuwp t 
ubquuwu dwuwGwljw4np ajiuwqpm
IJJWG[!: ~wUJ]lljwjpCi ljbpbppg wubGw
wump[l qwppG t: 

oe,_----,...-. ,=, lllpn:ptunp U .4..lfutGtil.fntl[l npnzbt t 
GwL. ut}uwfipljwljwG htuUJljmpJmGGbp]l 
WJL gmgwGpzubpJl' U[LWUUl}lljntf)JWG, 
41}upmGntf)jtuG, uwomgpljmpJWU p4w
JpG ubbntf)JntGGbp[! [75]: 

ITltwumpljmpJtuCi unqmtfi wnw2wp
ymu t npnzbL hbmL.JWL wpmwhtuJ-

0.10 0.20 o.Jo 0.40 o.so "' mmpJntG]lg . 

' 1 J ·'il o ·'fib E1 = 100 ( Sv - Os) I e, (1.9) ulj. . . q.wpm ubI]u• W qftwqpwu, fill 
(w) li l)JlWfig 1/mtftnjump;w{i opftfiwlwtjm1- e = tn [ 1/(1-\lf) ), (1.10) 
p;mfifibpf! (p). npmbq e- G U[Lwumplfmp.1wG gmgw-
PP-pw;pw;nl] ti/1qo, LJf -!]b.JmpuwgftwObplJ, G]lzG t, IV- G' ubquuwG hwpwpbpw
B-JunOwtfmp;mfi[J, S-fwptfwi>mp;mfio, 'I'- ljwG qt'.pnpuwgpwG, Sil- Ci' ppwljwCi 
hwpwpbpwljw{i l]b.]Jnpuwgftw{i tJ.bp2GwljwG ttupt{wompJntG{! (pWJ
PWJnq), lllw, Os-[!' hnumGntf)JtuG uwhuwG[!, lllw: 

~wumwU14wo t [75), np hwgwqqp hwmplJ.Gbpp hwuwp E1 = 9,5-10 lIITlw: 
liwomgplJ.mpJwG gmgwGpz[! a 11 mbuwljwpwp wz}uwmwfipG t: UJG 

hwtJ.wuwp t ' all = 0,7-0,9 Q/u3
, L. ywpnq t ownwJhl npU[bu hww]llfwJpG ljbpbp]l 

tfibqWUIW[lnLpJWG {!GI}htuGmp pGmpwqp]l~: ~wgwqqp Uzwljwpmjubpp hw
mpljGbppg wubGwuwomgplj[! mwpbljwGG t, hbUJn qwppG L. tJ.wpuwlj(l : 

q_pmw4mp6bpn4 npnztJ.bL t qwpm hwm]ll.fP pWJPWJUWG twptJ.wbntpJmG
Gbpp wnwtJ.btwqmJG L. CitJ.wqwqmJG uwhUwGGbp~' Du.max = 9,2 lIITlw, Dv min= 4, 7 
lJITlw, npnCip hpup ljwpnq bu hwGq}luwGwt uwGp]l~ ubpbGWJP wz}utuUlwG
pwjpCi opqwGGbpp hwztiwpljuwG hwuwp: 

~wU1plJ.w2wpqpl utpbGwGbpp hwztJ.wpljGbp]l hwuwp ljwpL.np t q]lmbCiwt 
GwL. hwUlpljwjpG lJ.bpbpp wupntpJWU hwmlJ.ntf!JWG 11.JlliwuplfwljwG pGntf)w
qpbp[!, npnGp umwgtJ.mu bu qpGwupljwywG ptnGtJ.wbmpJwG U[WJuwGGbpnuS, 
hwztlP wnGttn4 qt:pnpuwgpwJp wpwqntf)JntG[!: 

lllpn:pbunp U.'-l.lfutGpyn4}1G hw2n114hL t qpmw1}1npobpntl (75] qwpm hw
U1}11.fP hwuwp umwGwt wupmpJwG 11.JlGwupywljwG uwhuwCl[!' cr'I = 11 ,5 - 13,8 
lJITlw, hwp4wbp 4,8 x 10-5 -pg upG~L. 7,3 x 10-5 tl {!GqhwGmp tnL.nqmpJtuG U[WJ
uwGClbpmu: 
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Iu.U. D-w}Uuw111nqjJGG [92] WUJ.wgmgtl t, np iwpt[wbntpJmGGtp[! uwG
pwgGt1mg wnw2 hwt[wuwp tG GJntpp hnu12p JlltGwup4w4wG uwhUwGtiu (crh~), 

tiult uwGpwgGttm WlllJillllJUWG) ctwuwGwlJ. hwu(imu bG wupntpjWU JlltG wup-
4wlJ.wG uwhUwCij1G (cru~), np[! l.J.wpnri t npnztlt1hb1.11hJwtpwGwaLnt[. 

o-d~ = pV//ln(a/ x1), (l.l I) 

npmtri' p- G }ummpJmGG t, V11- G' hwptJ.wa}l wpwqmpJmG{!, a h x,- r!' hwuw
L1.J.w111wu}uwGwpwp wupnri2wlJwG hw111j1qp bplJ.wpntpjntU[! t hwpt[waj1g ht111n 
uGwgwa l'lh:Pnpuwgt[wa uwup bplJ.wpmpJmGn: 

Sh}uGn1nqpw4wG h mctwJJ1G hwzt[wpl.J.Gtpp hwuwp lJ.wpLnp t qp1.11bGw1 
Gwh hwm}ll\wJpG lj_bpbpp hpuGwlj_wG :ppqj1ljwuh}uwGti4wlJ.wG hw111qmp_1nLGGh
Pl! : 

<llpn:ptunp Q...lJ. Y:mlJ.111wG qj1111w1Jlnpahpml npnzt1 t 1.11wpptp lJ.bJlhpll 
:ppqjllJ.wlJ.wG L uh}uwGpqwlJ.wG hwmqmpJmGGbp[! [93, 94J: Urumuwl.J. 1.2 L.. 1.3-
mu pbpt\mU tu utq htmlll}2pppnl) hlllmplJ.wJ}1G lJ.bpbpp tJ.bpwpbpJWL npnz 
mtqtlJ.mpJmGGbp: 

Urymuwlj 1.2 

<wm}l/jwj}lO ljbpbpft wpmwp}lu 2lflt.Iwu qnpowljgft (/w) t.fb0mp1m60bp[! 

lunGw-
fw 

4hphpp 111buwqGhp[! l\ntpjnt- utmwqp t[1wjU1p pbmnG}l 
G[!, % Gqwmuwup GlJwtnuwup Gl)wUIUUlUp 

Q..wpm 2WPl}l\Wb"p I 1,8 0,40-0,50 0,42-0,51 0,60-0,75 
bqltUJ.U1WgnptGp. 13,0 0,50-0,60 0,49-0,58 0,62-0,7 0 

2wpqt[wap 
Olflnp 2wpqtJ.wap 9,2 0,42-0,50 0,46-0,53 0,56-0,6 8 
<!,wuwqgt[wa qbp 9,3 0,46-0,52 0,42-0,55 0,59-0,7 1 
Ul.l.J.PmwqmgwtlJ1111wul1-
GwJpG hwtlbtmtiGtp 8,5 0,77-0,60 0,50-0,60 0,61-0,75 
lunmwump 7,6 0,50-0,62 0,60-0,7 I 0,59-0,7~ 

D.wl}Gqhaj1111wztri 12,2 0,62-0,72 , 0,56-0,73 0,53-0,93 
lJwGpwgtJ.wa a11.n111 15,8-9,7 0,38-0,53 - -
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Urijmuw/j 1.3 

< wm}lljw1ftO ljbpbpft fibppjJO 2lf1t.IwO (/rJ m /jnIJWJftO 60zt.Iw0 (~) 
qnpowlj]Jg6bpft [, p6wljw0 pbpmp1wO w6ljjw6 (jJpp) t.fb0mpjm66bpf! 

lttpbpjl mhuwqGbp[! 
lunGwt[m-

fo !; ~~·P ' WU\11. 
pJntG[!, % 

11,8 0,70-0,84 0,26-0,32 32 
cl-wpm 2wpqtJ.wop 13, 1 0,79-0,98 0,24-0,28 36 
uqJ1UI1.11wgnptGp 2wpqt[wap 9,2 0,70-0,81 0,37-0,42 30 
fltnnti 2wpqtJ.wop 9,3 0,72-0,84 0,24-0,32 33 
.!,wuwl.J.gt[wa qtp 8,5 0,80-0,90 0,28-0,32 34 
Uu1j11.11wqmgwtlj1mwupGwjj1G 

hwt[t1nuHitp 7,6 0,53-0,75 0,20-0,28 utiGlh 65 
lunU1WUntP 12,2 0,58-0,73 0,22-0,30 65-68 
uwl.J.Gqtqp mwzhrt 15,8-9,7 0,3-0,5 0,15-0,20 60-70 
lJwGpwgt[wa arin1.11 

<!,wGpwJtiG 4tpbpj1g pwpwrin (NaCl) wump }unznppJmptriwJpG qwGqt[wa 
I:, pj1uj1wl)wG l)wqU[!' Na· 39,4 %, Cl 60,6 %: liJG WU{wqm iJlwJL mGj1, 
pwt{1wGgti4. t, mGp UUJ.p1.11w4, qnpz, qtriuw1.\mG, lJ.wUimJUI, 1.J.wpupp qmJGbp, 
1uupmpJntG[! 2 t , tu1.11mpJntG[!' 2,1-2,2 U11U3

, mGp JlnLJl ttblJ.tnpwhwrtnp11wlJ.w
lintpJmG, hbztnmpJwtlp 1mat[mu t 2rmu: 

Spml\.bptnpG{! pwpwlj_hw111}1\\WJ}1G, wump, hrilJ.uwG bGpwl.Jw WUJ.Ul(l t , 
wupmpJntG[! 1,5 - 2 t (5 -50 u<llw), }utnmpJntG[!' 1,4 -2,0 tn/1.13

: 

5bntl1U1Gbp[! [Sio4]4- h [Al04]5- 111b111pwtl}Ptpj1g qwqut[wa pJmptriwJJ1G 
l1ummgl\.wbpntJ. wumupGwupwlJ.wtnGbp bG, qwpapmpJntG[! 3,5-5,5 t, }umm
PJntG[!' 2-2,3 tn/u3

: 
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2. libPbPP. 'UUiuUlllUSPUUSUU'U DI-- UUPUPUU'U 
Sblu'UfiUlq.P.U'UbPQ b'1. Ub~b'UU'UbPQ 

lfumpwJpu zp2wumu 4tuqwGj1Gbp]1G 4tpw4pbtm hwuwp wGwuGw
UJ.whw4wG .'pbpuwJntu 4mmw4mu bu tunm, b-qnm, hwm]14wJpU 4bpbp, wp
uwmwuiwtwpwuimmqGbp t.. Gwfuwuiwmpwummu m wupwpmu bu u}1tnu, 
uhGwd t.. ppu]l.wguwG triwuw4ntl.' aqnm: 

lunmn, b-qnmn, hwm]14wJ]1u 4hptpn L wpuwmwuiwtwpwUJmmqGb[l[I 
UJwmpwumjl tl.]16w4mu qwzm]l.g mtqwipnfumu m wnwug Gwtuwuiwm
pwumuwG uiwhbumwt{npmu bG .'pbpt'iwJmt'i, ]1u4 uptnu]1, ubGwd}1 Gwfuw
UJWUlpwummU[I L. b-qnmp p]1u]1wgmu[I 4wmwpmu bG wGwuGwu1whw4wG 
.'pbpt'iwJmu, mumfl WJU pwdGnul: G4wpwqpt.J.mu bG u]l.wJG .'pbpuwJmu 4w
mwpt.J.nri ufltnu]1, utGwd]1 GwtuwUJwmpwumuwG L b-qnm]1 p]1u]1wguwG 
mttuGntnq]l.wGbpG m ubpbGwuwppwqnpmuGtp[I: 

2.1. Ujlfnujl u1wwpwutmfw[i wb/u0nfnqjlw[ibpf} [, tfbpbOwObpf} 

flpw4Jwt ujltnu UJ.Wmpwumbtm hwuwp wGhpwdbzm t wpwq L mzw
qpp qwGqt.J.wc7[1 ut4muwgGht ol}j1g, npUJ.bUq]l. l}Wl}Wflbgt.1.)1 pntJUll zGzhlI!, 
l:JGiu1tu GwL 4wGfutl.]1 pnppnuwuGl\hp]1 m whpnpwjpG pw4mtp]1wlibp]1 wq
l}bgntpjntG[I, hbmt..wpwp t..' uf1tnuwgt.J.nri qwGqt{wb-p pGpGwmwpwgmu[I: 

~w2n11 uptnuwguwG hwuwp wGhpwdhzm t Gwt.. qwGqt{wb-mu 4wp
qwqnpbt 2PP L. zwpwpp uiwpmGw4mpJntG[1 : bpp uptnuwgt.J.nrt hmup}1 tun
Gwt.J.ntpJntG[I 60-65% t L LWtl. ut4muwg4wb- t o'lJ.lg, wuiw WJU hw2nri t 
UJ.whuiwGt{mu, wGl\wtu zwpwpp UJ.WpmGw4m13JntG}lg: 65% L gwb-p p.mGw
t.J.mpJWUp urtnuwgt.J.nf! qwGqt.J.wb-[1 LWtl. ut4muwgGtwu znp Gjnt13bpl1 4npmu
Ul[I unt.J.npwpwp I 0% -)1.g iJl pwpopwGmu: 

U]l.tnuwgtl_nrt qwGq4wa]1 tunGwt.J.m13JwG 75% -pg pwp6p]1 l}tuwmu 
qwGqt.J.wapg wG2wmt.J.mu t hJmJ3, np]1 hbmLwGpnt.J. uwGptw4tGuwpwGw-
4wG U[lngtuGhp[I wpwq bG [1G13wGmli: liJu qtummu in[l Gjntpp 4npmum[1 
hwuGmu t 15% t.. wt.lbJli, np]l.g 5-6% -[I l\npimu t wG2wmt.1m1 hJmpjl hhm: 
Pwgjl qpwG]l.g , pwpop tunGwt{mpJwUp qwGqt{wapg umwgt.J.mu t pwpop 
1313t.J.ntpjwup L mhw6 hnmntl uptnu: 

4wGwi qwGqt{wap funGwt.J.mpJntG[I 4wpbJli t ]12tgGbt pwnwuhgGbtm 
6wGwuiwphnt.J., ]1u4 Junznp gnrimGwt.J.np pntjubppG[I (bq]l.uimwgnphG, wpt..w
b-wrtl14 t.. WJtG)' JuwnGhtnt.l uwGpwg4wo- iflP aqnmfl hbm: b13b w hw2nflll_mu 
uptnu]l. qwGqt.J.wO-p JunGwt.J.ntj3jntG[I 75% -pg p2tgGbL, WUJ.W uptnuwguwG 
dwuwGw4 u)14pn.'ptn[1WJ]1 l\bGuwqnpb-mGbmpJntG[I 4wpbJli t uwhUwGw
i!iwl\ht PPU}lw4wG uiwmpwumm4Gbpp oqmwqnpauwup: 

Uptnuwgtl_nrt pmJubpp uwGpwguwG zwl}i[I npnzt.J.mu t GpwGg JunGw
tlntJ3JntGmJ.: 65% L gwb-p tunGwt{ntJ3JWG l}hUJpmu uwGpwgt{mu t uJlGih 20-30 
uu: 'UmJGjlul\ mdhf! mnipwGuwG qtuwmu WJqUJ.tiu]1 qwGqt.J.wb-pg hJmr iJl 
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wG2wuit.Jmu: U]lwdwuwGlli4 wJG pwt.J.wtiwG twt.J. tumwGnn\ t : 70% L. wt.J.bJli 
!unGwt.J.ntpJWUp pntjubp[I Guiwuiw4whwpuwp t uwGpwgGbt 40-50 UU iWi!i]l.: 

UtitnuwguwG h]1uGw4wG hmUp[I ' bq]l.uimwgnpbG[I, wpL.wb-wq]l.4[1, unp
qnG, uml}wGwtumn[I, hwm]14w[IGl}hrtbG pmJubpG tG (ntnn, tl.]14, 4tpwJpG 
unuaj1G L. WJtG) L. GpwGg tuwnGnt[ll}Uh[l[I hwgwqq]1 uzw4wpmjubp]1 hbm: 
U]l.tnuwguwG hwuwp oquiwqnpb-mu bG GwL. pwquwuJw gwGnt.1.)1 L. pGw4wG 
tunmwpmJubp, wpuwmwuiwtwpwuimmriGtp, pwG2wpwpmb-mpJwG L. l}WZ
mwt.J.wpm13JwG 13wipm4Gtp: 

lunphmpq t mpt{mu u]1tnu]1 hwuwp bq]l.uimwgnpbG[I hmt{wpbt 4wp Gw
unuwJ]1G hwumGwguwG i!imtmu, wpL.wb-wq]l.4[1' b-wrtlJ.btm u4qpmu 4wu tpp 
b-wrt4hL t ut4 hppnpl} UWU[I, Untl}wGwtuntn[I' b-wri4wpntJLWJ}lG zp2wGmu, 
tliJl![I L ntnnr:f GhppL]1 wnw2.!JG 4wu bpqpnpl} hwp4wzwppp unuwJpG hwum
GmpJwG ipmi_mu: 

UjltnuwguwG wztuwmwGpGbp[I tiwquwqbpUJ.h!.lm Lqbmp t WUJ.Whnt.lbt 
hG6btm L l:upwuwmGbp[I L9Gbtm hwpwhnumpJntG[I, npG wuiwhnt.J.mu t 
pwpop npw4}l u]1tnu]1 umwgmu[I: 

bqpUJ.UlWgnpbG, wpL.wb-wajlq L. WJL u)l.tnuwgtlnrt uzwqwpntjUbp hwt.J.w
pbtnt hwuwp h]1uGw4wGmu oqmwqnpb-mu tG KC-2,6, KCC-2,6, KC-1,8, 
KCr-3,2 L. E-281 u]l.tnuwhwt.J.wp qnupwJGGbp[1: 

U}lfnuwhWt/JlJP ljgm/jl KC-2, 6 ljnrfpw10f! Gwtuwmbut{wb- t bq]l.uimwgn
pbG, wpL.wb-wq]l.4 L. WJL u]l.tnuwgtlnrt uzw4wpntjubp hwt.J.wpbtm hwuwp: 
4wpnri t oqmwqnpb-t.lbt GwL. gwGnt.1.)1 L. pGwqwG tunm[I hwt.J.wuhtm, ]1u4 
CK-3Y hwt.J.wppintl. qwhwtl_npbJliu' twubppg pwnwubgtl_wb- tunmwpmJU[I 
hwt{wpbtm hwuwp: Uqpbqwmwtlnpt.J.mu t T-74, )J.T-75, )].T-75M, MT3-50/52 
t.. MT3-80/82 mpwqmnpGbp]1 hbm: 

Upwq!]Opwg uft1nuwhwtfwp ljgm/P KCC "2, 6 ljnrfpwjOf} KC-2,6 u]l.tnuw
hwt.J.wp tinupwJGp t{bpwi!intumpJntG t, mG]1 u]l.LGmJG 4wnmgt{wb-pwJ]1G t.. 
mbfuGntnq]1w4wG ututuwGhp[I: ~]1uGw4wG Gumz]l.g mwppbptl_mu t mdb
riwgt{wb- t.. ltwnmgt{wb-pnt.l ipmjmfut.lwb- hwGqmrnGtpnt.l m 11tmwtGbpnt{: 
Uqpbqwmwt.J.npt.J.mu t T-150 t.. T-150K mpw4mnpGbp]1 hbm: ~wt.J.wpt.lnrt 

uzw4wpmJubp]1 pbppwmt{mpJmG]l.g ltwfut.J.wb-' 4wpbJli t wqphqwmwt{npbt 
uwL T-74, )].T-75, )].T-75M t.. MT3-80/82 mpw4mnpubp]1 hbm: 

U}l[nuwhwtfwp KC-1,8 ljnrfpwjOf} uptnUWJpU uzw4wpntjubp hwtlwpnrt 
90 uu pwJLnt.l 4mpnrt WUJ.wpwmjlg pwg]1, lllwmt.1.]1pwmmjl lllwhwG2ntl. tiw
pnri t ltwhwt{nptlht uwL funm hu6btm hwuwp 76,2 uu pwJtntl 4mpnri 
wuiwpwmnt.J., hbmL]l.g pwponri tunrtnt.lwl\ntl. L hwt{wp]l.int.J.: 

PwpopwgnrimG hq]1uimwgnpbG]1 hwt.J.wpmuG wuiwhnt.J.htm hwuwp 
KC-1,8 4nlipwJG[I hwuwwt.J.mu t nBK-1,8 hwpuwpwupntl, np[I pwri4wgwb- t 
nnurnp]l.g, qwu&)l.iJ.lg, gnrimuubp[I pbpnq onajlg L wGl}[lWl}WflOjliJ.lg: Uqpb
qwmwqnpt.J.mu tMT3-80/82, T-74, )J,T-75 L )J,T-75M mpw4umpGhp]1 hbm: 

[Jftfnuwbwtfwp ftOpuwquwg KCI'-3,2 ljmfpw10P h.fnHiw4wG hwuqmrn
ubpG bG' l}j1qhLWJ]1G zwpdplf!, pwpop wugmGw4mpJwG ]1.upuwquwg pppm-
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pwJ)lG f!Gpwgpf!, 6wqwtnwJ)lG hGa)lm, uwGpwgGnq wuiwpWtn[l, 2hpmw6n
qwtJ.np tllttwlJ.I!, pmGlJ.hp[l, 2IJ.PWJWO.nqwqnp t{lntuwqpJlll! h h)lqpnhwuw
lj_wpq(!: 

Nipuwquwg E-281 ljmfpwJUIJ hqltuimwgnphG, wphwowrUi4 h UJntu 
ulttnuwgtJ.nq u2wlJ.wpntjuhp hwqwphtmg pwgp, l}tnpnq wuiwpwm)l t{lntuw
phG hwqwp)ll mhqwqphtm qhuipmu lj_wpnq t LWuhp)lg pwnwuhgqwo tun
mwpmJUI! qhpgGhL uwUpwgGht h pwp6ht t{lntuwqpwup2ngpG: lmupwJG)l 
4.Jlw mhqwqpqwb t 170 6. md hqnpmpJwG q)lqhLWJ)lG zwpdpl: 

UrtJmuwlJ. 2.1 -mu phpqwb hG GlJ.wpwqrtJ.wo u)ltnuwhwqwp qnlipwJU
Ghp)l h)lliCiwlj_wCi mhluG)llJ.wqwG pGmpwqphpf!: 

lhymuwlj 2.1 
Uftfnuwhwlfwp ljmfpw1uubpft wbjuuftljwljw(i pumpwqftp!J 

5mgwCi]12Cillfll! KC-2,6 KCC-2,6 
KC-1,8 

KC1-3,2 
«BHXP» 

CCiqqrquwCi LWJCimpJmGn, u 2,6 2,6 l ,8 3,2 
lifltnWIJf1IlIJ.WqwfintpjlllCi[l, tn/ct 7,2 90 54 28 
YtnfiUWCi PWJlCfinlpjlllCil}, uu 100-250 60-200 
lfwCi11wgCinIJ. pupmqj1 1.4tnmJtn-
Ciurr vrtln, Ujtn/p 11,50 1325 1350 1420-2050 
'l]11w4]1 mrwuwq\1an, uu 1800-2800 1800-2800 2050-2550 
flllnCiuwG pwpapmpJmCin, uu 3500 3500 2900 
U2\uwtnwCijlwJ\1Ci wpwqmpJm-
fin, 4u/ct 3,5-8 12 3,5-10 9 
U.wCiwUjwphw J]lCi 
1muwpwgi.twavn. uu 200 200 200 400 
q.wpwr]ltnwJ]lCi 2_Wi{lll1in, uu. 
b[lqW(llllpjntCil} 5500 5650 5600 10380 
tWJCintpJmCin w2\uwtnwCipwJ\1Ci 
ril1r11mu 6720 
1wJGmpJmlin 
m11wGuuin(ltnWJ]1G 11\1111:imu 4560 4560 3110 4150 
pwpa1m1pJmlin 
w2\uwtnwCipwJ]1Ci q]lppmu 4000 
pwpapmpJmCin 
tn(lwCiu1.4npmwJ]1Ci q]lp11mu 3500 3600 4110 4030 
QwCiqJ.lwOl}, qq 3050 3800 2400 8850 
UUjwuwpqnIJ. wCioCiwqwqti[l 
tmnwlnnnnhum) I I 1 1 

JO-wnwuhgqwo m uwGpwgtJ.wo qwGqqwol! t{lntuwqphtm hwuwp wp
mwqptJ.mu t hwmmlJ. neE-12,5 mpwqmnpwJpG lj_gwuwm:~ : Oqmwqnpoqmli 
t Gwt. 2nre-4-887 A mpwlj_mnpwjpG lj_gwuwJL[l: liJG qnpowpwG)l lj_nqupg 
pwg t pnqGqmu ll!wmpwump uiwhuiwGpl gwGgnq: fl.pw mwpnqmpJntGI! 40 
t.'i3 t: 
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IupwuwmGhpmu qwGqtlwO-[l mmpwGhtm hwuwp oqmwqnpomu hG 
T--100, T-130 h ,1],T-75 mpwlJ.mnpGhp, Jrn4 u)ltnul! hwGhtm hwuwr oqmw
qn11omu hU gnqmUwtJ.nr lj_hph(l pw(lanq neK-5, CT3-0,8E, nee -5,5 pwr
oj1lGhp: 

Ivrwuwmwj)lG uiwhhumGh[ll! L9Ghtm h lJ.b[ll! 0-wolthtm wztuwmwGp
Lili[ll! 4wquwlJ.hpuimu hG hhmhJWL hhppwqwGmpJwtip : 'Vwtu 2p2wuiwml! 
u1hmp t uwpmp JliGp h mGhGw qnzm 0-wol}mw: bph uptnuwJpG qwGqtJ.wO-[l 
qhpfunGwtJ. t, wGhpwdhzm t turwuwmp hwmwlJ.Il ow0-4hL 0-qnm)l 40-50 uu 
;bpmntJ.: 

Iupwuwm[l L9Ghtm hhUg uqqppg upLnUWJPG qwUqqw0-1! mmpwGmli hG: 
UuhG op uptnuwgnu.'iG wqwpmhtmg hhmn wGhpwdhzm t qwUqtJ.wO-(! tpw-
9mgpl mmpwGht upUlh 4 d: <!,wmmL1 mzwrymtpJntG uthtnp t qwp6Ght uiw
u1hpp unm qwGqtJ.wop tumwguwCif!: bpp wnwCig oqnm wtJ.hLwgUhtm 
lupwliwmp ut2 L9Gmu hG 80% -pg wtJ.hJli tunGwtJ.mpjwup qwGqtJ.wo h 
owolj_mu pwqwGpntJ., wuiw wCihpwdhzmntpjntG l4w WJG mdhq mmpwGhr 
QwGqtJ.wbl! uthmp t mmpwGht upwJG L9Ghtm uipnghumli h turwuwm)l 
uwlJ.hphntjpntJ. hwtJ.wuhphgUhr UjG tpwgmgpl tnmpwUht LP uiwhwU2mu: 

Uptnup fupwuwtn[l L9Ghtm wpwqmpjntGI! uho wqqbgmpJmCi t pnqfinn~ 
u)ltnu)l uUCiqwpwp UJmphpp uiwhuiwUliwU m npwlJ.)1 4.Jlw: Oqp umtnpf! lJ.wU
!uhtm hwliwp Ciwtuopnp qpqwo qwCiqqwop pwd(ip 4.Jlw wuhCi op mnt{lwU
qnq qwUqqwop zhpmp hwummpJntU!! 80 uu -pg uiwlJ.wu luthmp t JliGp: liJI} 
uiwhwG2p tuwtummul! hwCiqhg(imu t uptnuwguwG pwgwuwqwG wpl}JntG-
1211: Iupwuwmmu 30-40 uu zhpumtJ. qwUqtJ.wO- qwpuhJliu pmuwqwCi P2P2Ghpp 
zGlhtmg wnw2wgwb wotuwppm qwqU wpwq hhnwUmu t: Uotuwppm 
qwqp uiwhuiwGmuCi wUhpwdhzm t nl u)lwJG qwGqqwop uh2 oqp umtnp[l 
qwUtuhtm, WJLh qwGqqwop tuunpuwG pwphUuiwum uiwJuwGCihp umhqO-htm 
hwuwp: Uotuwppm qwql! tupwUmu t lJ.wpGwpptJ.wJpU pwqmhppwfihpp 
qwpqwguwG[l, oqp ummpCi mdhqwgUmu t wCigwUlJ.wJli pwqmhppwGhp)l 
qwpqwgmul!: 

Iunphmpq t mpqmu 2,5 u pwpO.pntpJWUp uiwmhpntl tupwuwm[l L9Ght 
u)lUlh hphp opmu, pulJ. 3,5 u pwpapmpJwlip uiwmbpp qhll!Pmu' 5 opmu: 

U{ltnu)l tupwuwtnl! L9Cihtmg hhmn 4hPI! 0-wol}mu hG, npntl h qwfitunu.'i 
wotuwppm qwqp hhnwgmul! h qwCiqqwb)l uh2 oqp ummpf!: 

UJltnuwgtJ.nq qwUqtJ.wO-(! uhqmuwgUhtm twtJ. Gjntp t uinJlitp)lthGwJ)lfi 
pwqwGp[l, np)l hwummpJntCil! 0,15-0,20 uli t: 

JO-wqwUp!! lj_hp)l liwlJ.hphntJP)l 4.Jlw t{lnhtmg hhmn uihmp t bqphpf! 
0-wthL uiwm)l mwlJ., WjGnthhmt. pwqwUp)l wlipmw uwqhphu[l ow0-4ht 5-8 ut.'i 
hnrUi zhpmnq qwu 20-25 UU pht{lnq, lilfl tnnp{>nq, Oqntnp hwlj_hpnq h WJtfi : 
rcrwqwCip[l lJ.ponqGbp)lg qhpo uiwhbtm hwuwp u)lfilh npt.t GJmpntJ. 0-wolJ.hll! 
uthtnp t Cipw uwqhphntjp)lCi lJ.)lp 2w11 mwr 

Uptnu)l npwlJ.1! h)luUwlJ.wfimu uiwJtiwUwqnpqwo t ulttnuwgqnq hmupp 
mhuw4)1g, qwpqwgt.'iw(i t{lmJlig h u)ltnuwguw(i mhtufintnq)lwJ)lg: 'Vuiwmw
lj_whwpuwp t hq)luimwgnrhU!! t. unpqn(i u)ltnuwgGht hwm)llJ.)1 untiwJ)lG 
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hwumGwguwG tllmtmil: QwpqwguwG Gzt.lw<) ipmtmu bqpUJ.mwgnpbGpg 
UJ.WUlJlWUUlt.lW<) I LJ.q urtnup uGG11wpwpmpJnLU[! LJ.wqumu t 0,25-0,28 l.J.bpw
upwt.lnp, unpqilJpG[!' 0,23-0,24 l.J.bpwup.wt.lnp: 

bqpUJ.mwgnpbG}l h unpqnJ}l hwmpl.J.Gbp[! unUWJ}lG hwumGwguwG 
tllmtmil UJ.WpmGwlJ.mu bG 70-72% 2mp: liJ11 11tuwmu qwGqt.lw<)[! UJ.bmp t 
uwGpwgGbt 2-3 uu ub<)m13JWUp: 

bqpUJ.mwgnpbGp hwm}llJ.Gbp[! 1.J.wpGwunuwJpG hwumuwguwG ipmtmu 
UJ.Wpmuwl.J.mu bG 70-75% 2mp: \.,pwGpg GmJGUJ.bu umwgt.1.mu t uGG11wpwp 
u}ltnu, npp I l.J.q-(1 UJ.WpmGwlJ.mu t 0,20-0,22 l.J.bpwupwt.lnp: liJ111.l.J.Pup bqpUJ.
mwgnpbGp qwGqt.lw<)(I UJ.bmp t 1.J.mpwmbt 4-5 uu ub<)mpJWUp: 

Uphw<)wajll.J.[! <)wql.J.btm ul.J.qpmu UJ.WpmGwlJ.mu t 75-80% 2mp, mum}l 
uptnuwgGtttiu wGhpwdbzm t wt.lbtwgGbt b-qnm: 

U}ltuUJW [!U11b1J.bG uzwl.J.wpntjubp[! u}ltnuwgGbttiu mGbGmu bG 70% -fl 
uwhUwGGbpmu tunGwt.lmpJmG: UptnuwgGmu bG wnwGg tpwgmgp( tuwn
GmpqGbpp: 

µwquwUJW gwGnt.l}l h pGwlJ.wG tunmwpmJubp(I u}ltnuwgGmu bG, bpp 
l.J.LtiilwJwlJ.wG UJ.WJUwGGbp(I pmJubG mwttiu GpwGgpg UJ.Wmpwumht tunm: 

UpUWUlWUJ.WLWJlWUJ.UlnL'l.UUJl[I h pnumwGwjflG uzwl.J.wpmjubpfl 
UJ.mmqGbp(I u}ltnuwgGmu bG WJG l}bll.J.PmU, bpp hGwpwt.lnp (t UJ.tuhbt pwpu 
t.l}l!'.iwl.J.mu: 

UptnuwgGbtntQ wnw2 wpuwmwUJ.mmqGbp(I hwplJ.wt.lnp t l}bqmpg 
uwppbt, WJGmhbmh uwGpwgGbt h <)qnmp hbm tuwnGbtnt.l qqmzntpJWUp 
turwuwmmu mnipwGbt m pwqwGpnt.l ow<)l}tr ~Jmpwtti LJ.bp}l bpbp uwupG 
UJ.bmp t wt.lhtwgGbt ubl} uwu <)ri.nm: 

PwG2wpbqbG}l h l}bpwjflG wpuwmWUJ.UlntqGbpp qwGqt.lwbwjpG hw
t.lwpfl dwuwGw4wzp2wGmu l}mmwl}t.1.mu bG hul}wJwl.J.wG pwGwl.J.mpJwup 
1.J.wGw( qwGqt.lwo, hJmpwLti pwipml.J.Gbp, npnGp hGwpwt.lnp (t pwpu 
t.l.P!'.iwl.J.mu mwt wCiwumGGbppCi: 

Y:wri.wupp mbpL.Cibp[!, ubqwGfl L. 1.J.bpwJ}lG wpuwuiwUJ.mmqGbp}l, pG(
UJ.bU CiwL. zwpwp}l !'.iwl.J.Cil}bajl h 1.J.wpuin:PtJLP tllpbp(I l}wpblti t upprnwgGtr 

Y:wri.wupp mbpL.GbpJ! h WJlUWUlWUJ.UlnL'l.Cibpfl ippbpJ! wm}l bG J!Gl.J.Gmu 
pwpdp tunGwqmpJwUp, mump uptnuwgCibLtiu GUJ.wmwl}whwpuwp t qpwGg 
wt.lbtwgGbt uwGpwgt.lwo (DJl <)qnm: 

Y:wpmn:PtitP 1.J.wGw( ippbpJ! UJ.bmp t WUUJ.WJUWG u}ltnuwgGbt 8-10% 
b-ri.nm 4wu ppupwl}wG UJ.wmpwumml}Gbp wt.lbtwgCibtnt.l: 

\.,mjGpul.J. u}ltnuwgGbtm mbtuGntnq}lwG 1.1.J.WhUJ.WGbtm l}bll.J.PntU D( uflzm 
t hw2nqt.1.mu umwGwt pwpap npwlt}l 1.J.bp L. (DJl GJmpbpp l.J.npmuml! hwugGbt 
Gt.lwqwqntjG}l: PU(UJ.bU wut.lbg, utitnup npWl.J.J! UUOWUJ.UU UJ.WJUWGwt.1.npt.1.wo 
t pmJup tunGwt.lmpJwUp h GpwGmu UJ.WpmGwlJ.t.lnq zwpwpnt.l: Y:uipmlJ. 
}12bgGbt uptnup lJ.npmumGbpJ! L. pwpapwgGbt npwlti! hGwpwt.lnp t upwJG 
p}luflwl}wG UJ.Wmpwummlt Gbp}l oqmwqnpMwG !'.iwGWUJ.Wphnt.l: 
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.e11uflwl.J.wG UJ.WUlJltuumml.J.Gbp[! l}wpblti t wubGpg wnw2 oqmwqnp<)bt 

11tiqb1J.bG pwquwUJW L. upwUJW, pG(UJ.bu Gwh bppmwuwpl} hwgwqqfl tunmw
J'nLJubpJ! u}ltnuwgGbLtiu: 

Ivnqbpp L. pn(ntGGbp}l hwuwp UJ.Wmpwummu bCi 1.J.nup}lGwgt.lwo u}ltnu: 
UJG UJ.WUlJlWUUlmU bG WJGUJ.Pu}l lJ.bpbp}lg , npnCip hwpmum bG uUJ.Pmw
t11ugnt.l, hbzm uwput.lnq w<)tuw2ptpnt.l h l}wpnm}lGnt.l: Y:bpbpG [!Gmpmu bG 
wJG hwzt.lnt.l, npUJ.buqp tuwnGmpaj1 J!Gl}hwGmp tunGwt.lmrJmGJ! 1.J.wqup 60-
70%, pul.J. pn(mGGbpp hwuwp pwpap t.1.PmwupGwJl1G ufltnu UJ.Wmpwumbtm 
r1bUJ.PmU pmJtWmpt.lmil t tunGwt.lmpJwG pwpapwgmu, pwJg 75% -}lg n( 

wt.lbw: 

2.2. UWwdft u1wmpwuwtfwu mbfuun[nqftwubp!J [, tfbpWwubp!J 

UbGwdp 1.1.J.WUlpwumuwG wnwGaGwhwmlJ.m13JmGG WJG t, np tum.nw
pmJubpJ! upG(h 50-55 % tunGwt.lnt:PJWUp pwnwubgGbtntQ hbmn UJ.tuhmu bG 
hbpubm}llt UJ.WhbumwpwGGbpmu: liJU l}bll.J.PmU lJ.bp}l UJ.Whw<)nJWQnLU[! 
UJ.WJUWGwt.lnpt.lwo t D( u11wjG opqwGwlJ.wG ppmGbpfl 1.J.mml.J.uwup, pG(UjbU 
uptnuwguwG l}bll.J.PmU t, wnh pmJubp}l ub2 wnw2wgnq 2PP UJ.Wl.J.wul1 
hbmhwGpnt.l pwnwubgt.lw<) qwGqt.lwop «:PflqpntnqflwlJ.wG (npmpJWUp»: 
liJI}ll.J.Pu}l UJ.WJUruGGbpmu p2}12GbpG ppbGg ub2 bqwo 2mpG wt.lbtl1 mdb!J. bG 
UJ.Whmu, npp hbuihwGnt.l u}llJ.pnopqwGpquGbp}l ubo UWUJ! LP l{wpnqwGmu 
oquiwqnpoht WJG: UbGwdwgt.lnq qwGqt.lwomu uwGptwlJ.bGuwpwGwl{wG 
UJ.PngbuGbpG J!GpwGmu bG l}WUl}W'l., zwpwpp mpnhmUJ! mbajl t mGbGmu 
wGGzwG zwtllnt.l L. qqwLtinpbG UJ.wl.J.wumu t opqwGwl.J.wG ppmGbpp 
wnw2wgmUJ!: UwlJ.wJG WJfl UJ.WJUwGGbpmu l{wpnq bG qwpqwGwt pnppn
uwuGlJ.bp, WJI} }lul.t UJ.WUl!'.iwnnt.l wGhpwdbzm t lJ.bpJ! hmuwLtinpbG ublJ.muwg
Gbt ol}}lg h umbqobt wGwbpnp up2wt.1.wJP: 

~bpubmplJ.mpJntG[l l.J.wGtumu t n( upwJG pnppnuwuGl}bp}l qwpqwgmUJ!, 
WJl Gwh l}bpp pGpGwJpnLUJ!: P.GpGwJPUWG hbuihwGpnt.l mbajl bG mGbGmu 
uGGI}wpwp GJmpbp}l ob<) l}npmumGbp, qqwttinpbG }12Gmu t UJ.PnmbpGp 
uwpubLtintpjntG[!, qpbpb wupnq2nt.l}1G PWJPWJt.lmU t l}wpnmpGJ!: ~bpubmplt 
UJ.WhbumwpwGGtJpmu, ulJ.qpGwlJ.wG zp2wGmu, pmJubp[! 11tnhu zwpmGwlJ.mu 
t.G zGibt 1.J.twGbtnt.l 1.J.bpp uwuGplJ.Gbp}l up2L. bqw<) ol}}l ppt.lwopGJ!, wpmw
zGibtnt.l wotuwppm qwq, np[!, npUJ.bU u}12wt.lwJp, pntjubpp :ppqpntnqpwlJ.wG 
(npmpJtuG hbm ppwlJ.wGwgGmu t UJ.Whw<)nJwgmUJ!: CG(wnmpJWG ULPngbuJ! 
l}Wl}tupmu t UJ.WhbumwpwGGbpmu qwGqt.lwD-[! 1.9Gbtnt9 6-8 dwu hbmn: 
UGhpwdbzm t Gwh L9t.lnri. qwGqt.lw<)J! ttut.l uwGpwgGtr liJI} l}bll.J.IlmU UJ.W
hbumwpwGmu wnwGapG uwuG}ll.J.GbpJ! wt.lblti twt.l bG l}wuwt.1.npt.1.mu, l}flWGg 
up2L. ol}}l pwGwlJ.[! UJ.W4wumu t , h qwGqt.lw<)p mnipwGntUJ! hbzmwGmu t : 

UbGwdJ! hw!'.ibtP pntJL ppt.lwJ}lG hnmnt.l LJ.wGw( tunmwpntjubpfl 1.J.fluw
tunGwt.l qwGqt.lw<) t : 
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UIJqpntGpnphG uhGwc:J qwphtJ1 t UJ.wmpwumht pntnr tunmwpmJubppg, 
npnfig hfiwpwt{np t f}Wnwubgfibt Ujlfi~h UJ.Whwfi2t{n11 tunuwt{ntpjnLUI!: Pwp
opnpw4 4bp uwwfiwtm hwuwp wGhpwdbzm t tumnwpntJuhp[! hfiabt t{bqb-
111wgpwJp OUJ.UlpUWt w2wGmu, WJU t. }}ppbnfiwow114wt{npGbp1f tintinGw
\tWtUWG, puq hwgwqqpGbpJ.!' hwul}wl.jwtt'iwG ul.jqpnu'.i L wtJ.wpmbt upG~L 
ow114muG u4ut{tw: 

UbGwct}l wptnw11J1ntJlJWG mbtufintnq}lwG pwq4wgwo t hbmhJWL qnp
on11mpJmGGbppg. 

- hmua, pwnwubgilwfi hwi.lwp pntjubpp uzwqmu I.. twuwzwpbpjl 
ljwquwtJnpmu, 

- tWuwzwpbp}lg pwnwubgt{wo qwfiqt{wop hwt{wpnuI, uwfipwgmu h 
ttinluwl}I1wuti2ngGhpJ:iG pwpamu, 

- uwfipwgt{wo qwGqtJwcrp tlmtuwl}I1ntU UJ.WhburnwpwGGbp, 
- qwfiqtJ.wop t9ntU tupwuwmfibpp ut2, qwuqt{wop tnntllwfimu h hbp-

t'ibwp4 crwo4mu: 

<!,ntGOl! UJ.bwp t u4ubt tJ.w11 wnwtJ.nmJwG: Opt{w I!fipwgpmu hGatJ.nri 
mwpwontpJntUf! Ulbtnp t hwuwUJ.wtnwutuwufl pwnwubgmupg hbmn pntJub
PP utpbfiWJwt.i.wG hwtJ.wpuwfi hGtupwt{npntpjtnfiGhpflG: 

PGtuqwfi h gtuGntJ.P tumnwpntJuhpI! hwtJ.wphtm hwuwp oqmwqnpomu 
hU KCK-100, KCK-lOOA-1, KCK-120, Kfll{Y-75, KfUI-2,4, E-281, KI1P-l,5 
hGanq-uwfipwgfinq-pwpanq uhphfiwfihp[!: 

.Nipliwqliwg KCK-100 ljmfpw;li!J uwtuwmbutJ.wo t [!fiqhqhG h hwgwq
qfl lun111wpntjuhp[! hfiobtm t.i.wu twuwzwpbpjlg qwfiqtJ.WOf! hwtJ.wphtm, upw
ctwuwfiw4 uwfipwgGhtnt h tllntuwryiwup2ngCihppG pwpahtm hwuwp: lmu
wpwJfint{ 4wph\J1 t hwt{wpht fiwh pwpapwgnqmG uzw4wpntjubp' hqpUJ.tnW
gnpbfi I.. WJtfi: 

KCK-100 ljmfpw;O[J pw11qwgwo t qpqbtwJflG zwpctjl~nt{ pGpGwqGwg 
zwuujlflg, iiwGppwg, 4111pnq wUJ.wpwmpg, tltitwlJpg, zGb4.l:ig, ufimgnq 
qpmfiw4Gtp}lg, qwfiw4wJjlfi piipm4pg, hw4w4tnpp~ ubrnwqwzbp111pg, 
uptnuwmwp lunrimJ.w4jlg, qh:Ptb4mnppg, hp11J1nhw11npqw4ntl qhl.jwt{wpt{n11 
[!fipwgpwJflG uwupg, lugp4pg, 4gnpquwfi uwppjlg, t!lntuwppfitJ.nri wztuw
mwfipwJpG uwpvwt{npmuGhpp hwtJ.wpwomjlg, hwtJ.wpjltlJg h hGaw
ubpbfiwJpg: 

fllipuwquwg KCK-IOOA-1 ljmfpw;uu mup pwpap wGgmuwtimpJmG: 
UJG KCK-100 tinupwJGjl t{bpwt!lnJ.untpJntGG t: liwpnri. t wztuw111bt 5-25 % 
JunGwt{mpJwG hI11}hpmu: 

flupuwqfiwg KCK-120 ljmfpw;up KCK-100 4nupwJfilt t{hpwtllnJum
flJntG t: lrnupwJfil! hwuwuuJ.wo t phnfiwpwt!lnri wzJuwmwfipwJpfi opqwfip 
hb111 zwpc:Jpw pbnfiwt{npt{wontpJmfin 4wpqwt{npn11 wtJ.mnuwm qbqwtJ.wp
uwG hwuw4wpqntJ.: 

l/gmlft K!IKY-75 ljnrfpw;fi[J GwtuwmbutJ.wo t uhGwd, Junrnwump, 
uwGpwgtJ.wo Junm, ufltnu UJ.Wtnpwumbtnt hwllwp JunmwpmJuhpl! hGabtm, 
f!G~UJ.bu fiwlt twuwzwpbppg ~npwgwo qwfiqtlwol! hwtJ.wphtm, bqf!UJ.Ulw-
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q1111l1G lt W.Jl utitnuw.11JG u2wl.jwpm3uhp hGahtnt, lltiwctwuwfiwq uwG11wg
lilitlll h t!lntuw1J.PWUjl2ngGtppfi pwpahtm hwuwp: Uqpbqw111wtlnptjmu t T
l SOK Ulpwtimnpp hbUl: CwpcJwhwrinpqmuG jlpwljwfiwgt{nuI t mpwtiumpp 
hqnpntpJwG wG2w111uwG \J1ubnnt{: Uz_luwtnwGpwJpG opqwGGbpp pwpopw
lfllLUG ppwljwGwgt{mu t mpwljUlnpjl hpqpnhwuwtiwpqp t'.ip2ngnt{: linupwJG[! 
(>(l %-nt{ upopjlfiw4wfiwgt{wo t KCK-100 4niipwJfip hbm: 

'-lgmlfl K!IH-2,4 ljnpw;fi[! tllntuwppfimu t KY<l>-l,8 hGafl~-hwt{wpp~
lllufipfltliG: 'UwluwUlbUtlwo t gwfintllt m pGwtiwG tunmwpnLJubp{! hGahtm h 
ituuwzwptpjlg 13wnwuhgpwo qwfiqt{wo{! hwtJ.wpbtm, bqpUJ.mwgnpbG h WJL 
uj1tnuw3p(i uzw4wpntjUbp hfiobtm, upwdwuwfiw4 uwGpwgfibtm h tfmJuw-
111nuup2ngGbppfi pwpal:ltm hwuwp: Uqpbqwmwt{npt{mu t MT3-80/82 111pw4-
umpp hbrn: 

fl-nuwpw.;ftli KHP-1,5 hudft1-rfwupf111J Gw_luwUlhutJ.wo t _tunrnwpmJuhpf! 
huabpu, uwGpwgfibtm h tllnJ.uwqpwup2ngfibp}lfi pwpobtm hwuwp: Uqpbqw
rnwt{npt{mu t MT3-80/82 tnpw4Ulnpp hhm: Kl1P-l ,5I> ubpbfiwJp t{bpwlfm
jumufi t: QGqqp4uwG LWJfimpJntG[! 1,5 u t, wpmw11Jln11w4wfimpJntG[!' 0,7 
hw/ct: 

Urumuw4 2.2-mu pbptJ.wo bfi npnz iibpbfiwfibpp 111ttuGJl4w4wG pfim
pwqphpn: 

Uiz;nwwlj 2.2 
<.uam7-rfwupwgumz-pwpdmz iflipbuwubpft mbjuuflljwljwu pumpwqftpp 

5mgwfip2Ghpu KCK-100 KCK-120 K!IKY-75 KIJH-2,4 

<!.GowutptfiwJJl f!Gqqpquwfi 
LWJfintpJntfil!, u. 
tumnwpntjuhp hwtJ.wph\Pu 4,2 3,4 2,4 
bahwmwgnnhG hwuw12t1hu 3,4 3,4 2,0 

<!.wtlwpjl~jl twJGntpJntfi{!, u 2,2 2,2 l,8 

liprnwqpnflwqwGntf)JntG{!, tn/d. 
_tunmwpmJuhp hGatwu 36 43 28 22 
twuwzwpbp hwtlwpb\J1u 25 29 20 14 
bahwmmgn[lhCi hGoh1hu 90 108 54 30 

CwpdjltlJ hqnpntpJntG{!, a.met 200 250 

<.uatJ.wcr qwGqtJ.wop pwnwuhgmul! 4wquw4hpll!mu hfi WJfill!bu, np
UJ.buqll pntJubp{! t'.ijlG~L, UJ.WhwG2tJ.n11 JunGwt{mpJntG[! (pppbnfiwcrw11tiwtJ.np
GhpI! 50-60, hwgwqq}lGbp[! 45-60 %) pwnwuhG nppw(i hfiwpwtJ.np t wpwq, 
hwlJwnwti l}bUJ.l?nu'.i uGGqwGjntpbpjl la. tJ.P111wiijlGGbpjl 4npmumfibp[! 
ubowGmu bG: 

fcrwnwt'.ibgmufi wpwqwgGbtm hwuwp, wnw2wp4t{mu bG hfiawo pmJ
uhpjl uzwtiuwfi hhtnuJWL triwfitul}fibp[!. w) 6Utmu, p) huawzhpmp ZP2ntU h q) 
twuwzwpbpjl 2r2mu: 
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lwuwzwpbpp 4wquwtJ.npuwCi wG2wm t11.wGw4)1 11tuwmu hG6btmg 
hbum tunmwpmJub11I! fJwnwubgtJ.mu bG hGawzt11111mu: {mG6[! 4wpbtl1 t 
l.J.wmwphl mwppbp mbuwl.J.p hGaplGbpntJ.: 

PmJubp[! 6Utbtnt hwuwp oq111wqnpomu bG KITPH-3,0A, KIIC-5f, E-
301, KIIC-5f-l uh12bGwCibpJ!: 

{Gawzbpmmt'i tun111wpmJubpJ! zp2hlm, pGlUJ.bu Gwh pwnwubgqwa 
qwfiqtlwa(! LWUWqnpbtnt hwt'iwp oqmwqnpomt'i b(i rBK-6,0A, rBK-6,0r, E-
247 (q.ri..{) uwmGwGPi.twtJ.np tflngl:ubpJ!: 

tilitmliG wp111mGwtJ.bm t 4.)lpwnbt fJppbnGwaw11.4wtJ.np tun111w
pntjubpp, pGlUJ.bu GwL. p)lpbnGwow11.f.iwlf.np L. hwgwqqp pntjUbJlp tunmw
tuwnfimp11fibpp 11tuwmu: 

<.wgwqqpGbpp 6Utmt'iG puwum lmfip, npnqhbmt pwnwubguwfi mL.n
fllllfJJntG[! 11pwGpg wCiGzwG lwtllml t l.jpl'iwmt[mt'i: 

lvnmwpmjubpp t'izwl1uwG 111btuGntnqpwl.jwG mwppbpwtill [!UUlpntpJWG 
hwuwp t11.wGwl.jwjpCi UJ.WJuwCiGbpG mfibfi 1.jwpL.np CizwCiw4mpJmG: 

[c)-umwubgqwo qwfiqtlwo)1 hwtJ.w12mt.lJ!, uwGpwgmuJ! L. tflntuw11pwuI1-
2ngCibppG pwpanttlJ! qwmwptlmu t hwqwppl-uwCipplGbpp up2ngn4: Uju 
bpbp qnpbnIJ.lllfJJntG[! ubGwctp wp111w11-pmpjwG mbfuGntnqpwjp qtluwtJ.np 
oIJ.wl.jG t, npnl{ qqwtlrnpbG U}UlJUwGwtlnpqwo t 111htufintnqpwl.jwfi UJ.Pngbup 
qw111wpuwCi hw2n11mpJntCi[1: 

U-wGpwgtJ.wa qwGqtJ.wap 111h11.wtflnfuuwG hwuwp Gwfuwmbulf.wo qgw
UWJW rwtflp[! pntnp 4n11.ubppg L_ uwuwup qbphpg hmuwwnpbG owoqmu bG 
ubmw11wl{wG gwGgml_ L_ 64mG uiwumwnntJ.: Il-pwGntJ. pwgwm.Jmu bG pwp-
6btnt h tflntuwqphtm ctwuwGwlt qwCiqtJ.wop ltnpmumCihpn: 

[c)-wnwubgtlwb, uwGpwgi.J.wo qwfiqtlwo[! 10 4u -pg wi.J.btl1 hhnwt[n
pmpJwG t!pw GUJ.wmwtiwhwpuwp t tflntuwru1bt )lGpGwfJwtll wlf.mnubpbGw
Gbpml_, npnGg pwiJ1pp wn2hp L_ l.jn11.bpp UJ.UlUlbpp qbpL.p tcu1bpJ! UJ.btnp t 
qbmfipg pwpap tl1Gbfi 3-3,5 u, puq i.J.bph)1g' gwfiqwUJ.wmtl_wo: 

UbGwdp UJ.wmpwuumtU[I L. UJ.WhUJ.wGmu[! GbpqwJmt.lu 4wmwptl_mu t 
wzmwpwqwjpG L. l:upwuwmwjpG mpUJ.!1 uiwhbumwpwGGbpnu.l, npnGp 
uthmp t WUJ.whml_bG l.J.hpp hmuww UJ.WzmUJ.wGmun 011P umm12pg : liJll UJ.W
hwfi2pG wnwtl_bt wPtl pwtl_wpwpmt.l hG wzmwpw4wJpG mputl1 UJ.Whbumw
pwfifitpn: 

IupwuwmGbpmt'i ubGwct)1 uiwmpwumuwG wnwfi6Gwhwm4mpJmfiG 
WJG t, np wCihpwctbzm t pwnwubgtJ.wo qwGqtl_woG wGQCi$wm mntllwGbi: 
liJfi fJlllJL lP mwwu, np qwGqtlwoJ! pntJtWmpbl}1 2tpt'iwu111p6wGpg (35-37°) 
wtl_htl1 mw12wfiw: 

SntflwGuwG hwuwp uwmwGp bG pntnp tnbuw4p owCip pppmpwtlnp 
mpwl.jmnpGbp[!, hw111qwUJ.bu T-100, T-130 h )::LT-75 - J!: 

3mpwpwGLJmp fupwt'iwm wGhpwctbz111 t LQGht nl mz 3-4 optl_w 
J!Gpwgpmu: lvpwt'iwmJ! LQfihtmg hbmn tuGwupritl_ mntflwGtl_wo qwfiqtl_wop 
tl_pw UJ.bmp t tflnbl Gnp hCiatl_wo, uwGpwgtl_wo pntjubpp 30-35 ut'i zhpm, twtl_ 
111ntflwGbt L. owo4hl UJ.nwtrtittGwjjlG rw11.wGpntl_: [c)-w11.wCifJp t!pw pwpw4 
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1L1pmnq zw11. bG tnwtl1u 4PP' l.jponrtfibppg UJ.WzmuiwGbtnt hwuwp, trnl.J 
lUJGnthbmL.' 5 uu hwuUllllfJJWUp 0-11.nu1 L. 15-20 mi hWUUllllfJJWUp hnq: 

2.3. Uft[nuft m ubOwdft ljwuw2 qwuqlfwi/p p/uiftwljwu 
UJWtnpwuwmljulipnlf UJWhw<7n1wgub[m wlifuun[nqftwulipg [, 
ifbpbfiw1wgnufg 

.!2pt'iI1wqwG UJ.WmpwummqGhp[! (011qwfiw4wG pJ:)mGhp[!) qwufumu bu 
uiltnuwguwG m ubGwdwguwG [!Cipwgpmu mbajl mGbgn11. pnlnJl mtuwl.jp 
wGgwGlJ.ww tuunpt'iwG UJ.PngbuGbp[!, tuJmm qpowmmu bu h Gtl_wqwqm1uti 
hwugfimu 11PWGg hbm tiwuitl_wa ufiGqwGJmpbpp m l.jbuuwpwuwl.J.wfi wtimM 
liJntfJbpp l.jnpmumfihp[!: .!2tn1)1wqwfi uiwhwanJwguwfi dwt'iwGwlJ. watuw-
2pbpjl mpnhntt'iJ! l.jp6wmbtnt zunphjltl_ l.jpl.jGwqp wGqwu UJ.W4wumu t uJltnup 
[!Gl}hwGmp p13tl_mpJntGJ!, 1.jwGnGw4npqmu bG gwG4wl}l opqwGwl.jw(i ppm
Gbp!1 l.jmmwl.jmun h qpwGg Gnpuwt tflntuhwpwpbpmpJntGt!: \,uwG u.Ptnu
Gbpmu GbfuuwG UJ.pngbuGbpjl tiwufuuwG hbmhwGpntl_ 6wpUJ.wrpm .?J1 qnJw
Gmu, uul!1mwl.jmgwj)1G Cijntpbpp pwjpWjntU h 4npmum zp tl1Cimu, pul.j qwpn
tnpG[! qpbpb wupnIJ.~llltpjwup UJ.WhUJ.wGqmu t : 

Ubp hwCipwUJ.bUlntfJJWG mwppbp qnmj1Gb11p mGmbumpJmGGbpmu 
wpmwqpwqwG UJ.WJuwGGbpmu ltbpbpjl utwhwan1wguwG GUJ.wmwl.jntl tflnp
awpl.jtl_bt bG pwqutuf1)14. U}Wlll{lWUUlnt4Gbp' Gwmpjlmujl UJ.J:lpnumt:PJ1tn, 
0-aupwlJ.wCi wuhpqpp11, wunGpmt'i)l plrnmt:P)lm, Gwmp)lmu)l ppumt:Pfltn, t.1112-
Gwppm, phGqnJw4wG ppm, unpp)lGwppm, UJ.Pnuipnfiwppm, mwppbp opqw
fiwqwfi ppmubpp tuwnfimp11fibp: 

<Dnzp UJ.Wmpwumm4I! tiwGwl qwGqil_wap tl_pw gpmu tG 6bn12ntl., J:luti 
hbr1mqQ qwuwl qwGqtl_wojl ub2 umgGhtnt wztuwmwmwp qnpan11.mr1mCi
Gbp[! uhpbGwjwgGbLnt hwuwp oqmwqnpamu bfi 6bnpt1 gugm11, J1Gluibu GwL. 
fAH-8, OH-IO, Q)f{W-14, OBT-lA, OBT-lB, OD 1600-l upuql1lfihpQ, npnup 
uwtuwmbutl_wcr bfi WJQl1fihpmu tl_Gwuwtnmfibp)1 m hlitlwfi'll1trJmGGbp)1 11tu 
ppu)lu1lJ.wG UJ.WJpwpl1 hwt'iwp: 

Obnpp gGgmqG oqmwqnpatwu pwGtl_npGbpp w2fuwmwGpQ qcttj_wpw
Gmu t: liJu bIJ.wGwl.jG mfip zwm tflnpp wpmw11pnriwl.jwump1mfi, w2tuw
mwG12wJpfi 0-wtuumuCitpn uto- bu, pul.j UJ.Wtnpwumm4I! hwtl_wuwpw~wtl_l W. 
pwzfutj_mu qwGqtlwO-pG,mump wJG hbnwGl.jwpwJJ:lG lt: 

u2tl_wa upultl12_Gbppg hwubuwmwpwp ubcr qppwnntpjntCi t qmbt OBT-
1 A -.:.a: liJCi oqmwqnpobtl1u, phwpltb, ubawGmu t 4wfiwl qwGqil_wop UJ.Whw
anJwguwfi wp111wqpnriwlJ.wCintpJntGJ!, tflnppwfimu bfi wzluwmwGpwJpG 
awtuumuGbp[!, pwJg hGwpwt!np lt huqht qwGwl qwGqtl_wap ut2 umgtl_nq 
UJ.Wtnpwumml.jp pwGwf.il! h hwij_wuwpwlwlfl pwztumt.l[!: Pwg)l WJll, upuf.ipl(i 
mfip gwap zwhwqnpO-wqwG hmuwwmrJmG (pfJntGbpntl_ ztfltln11. ub11b
GwuwubpG m hwCiqmJgfibpJ! pwJPwJtl_mu hG, zmm bu zwpppg rµupu qwwu, 
hwml{wuibu UJ.nt.lutJ:l up2w11ppGbpJ!): 
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UpmwqpmpJmGmu hw2n11mpJwU'p oqmwqnpatJ.mu bu }1Gpuw2bu uwp
pwtJ.npmuGbp h ubpbGwGbp, npnGp mwUiu bG qqwUi wp11JntGp: ~puGwqw
Gmu qwuwl qwGqtJ.wap ub2 hbqmq UJ.wmpwummqGbp[! umgtJ.mu bG bpqm 
bqwGwqntJ.: 

Unw2ftu bf/wuwlj: OpqwGwqwG ppmGb11£! qwuwl qwGqtJ.wap ub2 bG 
umgGmu wGu}12wUJ.bu l}wzmmu' hG<ibtm-uwGpwgGbtm qwu twubppg hw
tJ.wpbtm-uwGpwgGbtnt h Lt1n)uwl}pwup2ngpG pwpobtm dwuwGwq: liJu 
l}bll.J.llntU qbp hwtJ.wpnq ubpbGwjp (KY<l>-1,8, KCK-100, E-281 L. WJLG) l{pw 
mbqwl}pmu bG 200 l mwpnqmpJwup pwp (opqwGwqwG ppmGbpp hwuwp), 
uwGpwgtJ.wa qbp[! l}bUJ.p Lt1n)uwl}pwup2ng m1111n11 )unqntJ.wltp tJ.bp2Gw
uwumu mbqwl}pntu bu gugmq' uwGpwgtJ.wa qwGqtJ.waG opqwGwqwG 
pptJ.ntl pp2btm hwuwp: 

gwp[! UJ.Wmpwummltntl 1.9Gbtmg hbmn hbpubmplt 41w4mu bu: ..!,Go}llP 
qnUUJ.PbunpntJ. pwpmu WUJ.WhntJ.mu b(i 1,5 - 2 upG 6G2mu: 1 U1 qbpp qwGq
tJ.wap hw2tJ.ntl 10-20 qq w2)uwmwGpwJpG tmDmwl1 uwmmgmu[! qwpqw
tJ.nptJ.mu t nbmpGb )unqntJ.wllP hpupmu 'lPtJ.wa hwmmlt anpwqp oqGmpJwup: 
lfwmmguwG qwpqwtJ.npntU[! qwmwptJ.mu t ub)uwupqwmnpp qnqupg' 
hG<il1lp )ugpqpg: '.JwLt1wtJ.npl1lp pntnp ubpbuwuwubp£! (pwpp Gbpppu uwqb
pbu[!, )unqntJ.wqGbp[!, anpwqubp[!, gGgntq[!) UJ.bmp t I]iGbG pptJ.wltwJmG: 

flhwpqb, wtJ.biP UUJ.wmwqwhwpuwp t qwuwl qwGqtJ.wap ub2 UJ.WU1-
pwumntq[! umgGbt mqqwqp hwtJ.wpbtnt h uwGpwgGbtnt dwuwuwq: liJ'l 
l}bUJ.pmu UJ.WhwG2tJ.mu t mGbGwt hwuwpw4 uwppwtJ.npmu L. pwgwntJ.mu bu 
tpwgmgpl aw)uubp[!: gWJ9 GqwpwqptJ.wa uwppwtJ.npntu[! lP WUJ.WhntJ.mu 
qwuwl qwuqqwat1 ub2 UJ.Wmpwummqp lwLi1wtJ.nptJ.wa umgGntu[!' l}W2U1P 
wGhwtJ.wuwpwlwLP pbppwmtJ.mpjwG L. ZP2Wl}wpobpmu anpwq[! <ibnpntJ. 
Lt1wltbtm-pwgbtm UJ.Wm6wnntJ.: OpqwGwqwG pptJ.l1 wql}bgmpJWUp hwm
ltwUJ.bU zmm t JlWJPWJlJ.ntU nt 2Wpppg l}ntpU qWlPU h(iaplp )unqntJ.wqW2WP[! 
h tJ.m)uwl}pwup2ngp pwLt1p[!: '1-wzmpg upGlh UJ.Whwanjwguw(i mbqG 
opqwGwqwG ppmGbpntJ. PPl?tJ.wa qbp[! mb11wLt1nJubtm [!Gpwgpmu p13tl}l up 
UWU[! gGl}ntU t qbpp qwGqtJ.wapg: lijGUJ.bU np, WJU bqwGwqntJ. UJ.WhWCTnJWg
Gbtnt ubpbGwGbpG m uwppwtJ.npmuGbp[! qwppp mGbG qwmwpbtwqnpauwG 
L. GUJ.wmtiJqwhwpuwp lt oqmwqnpabt uba mwpwampJmGGbpmu: 

upljpnpIJ b17wuwlj: OpqwGwqwG ppmGbp[! qbpp qwGqtJ.wap ub2 bG 
umgGmu )upwuwuimu' UJ.whwO"njwguwG dwuwffwq: 

lfbp qnqupg uzwqtlwa hbqmq UJ.WUlpwumntq(! UJ.IlUUJ.p uqmuntJ. gpbtnt 
ltwJwGpp u)ubuwG gmrn t mptJ.wa G4. 2.l -mu: liJG pwflljwgwa t 2p2w
Gwljpg (1), np[! uibqwljwJtJ.wa t [!GpwgpwJpG uwu}l (2) L. pwpoplp (3) l{pw: 
Cp2wGwljp l{pw unGmwdtJ.wa t nbqbptJ.mwp (4), npp tJ.bphp uwumu 
qmGtJ.mu t pbnGnq umlj[! (5), pulj GbppL.mu' 6wljwuiwjpG uwumu, twp 
)unqntJ.wlj[! (6): Cp2wGwljp l{pw unGmwdtJ.wa t GwL. UJ.nUUJ.£! (7)' ttbljuipw
zwpd}llP (8) hbm upwupG: fllnuUJ.}1 aanq )unqntJ.wlj[! tJ.1wljwGp (9) up2ngntJ. 
ut1wgtJ.wa t nbqbptJ.mwpp twp )unqntJ.wljpG (6): fllnuUJ.P u11n11 )unqntJ.wlj[! 
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ftmqnl{wqw2wpp (14) L. Lt1wqwGp (10) up2ngnl{ upwgtJ.wa t t.}mf1PwqpG (11), 
1jL.p2pGpu 0-wJpwuwumu hwqgtJ.wa t awJpwljwt (12)' hbqntlj[! gpbtm 
hwuwp: 11-bqbptlmwpp Gbpumu, hwmwqpg 10 uu pwpop mbqwljwJtJ.wa t 
juwnGnq )un11ntlwlj[! (13): liJu )unqntJ.wqp mpwuwqpa[! ubq IUntJU t: Iunqn
t(wqp bpqwpmpJwup wptlwa bG 2 uu mpwuwqantl wGgpbp ' ublj[! UJmupg 80 
iYu hbnwtJ.npmpJwG l{pw: Iunqntlwljp LWJGwqwG hwmtJ.wamu bpbp wGgp t 
mptJ.wa, ubq[!' wubGwGbppL.mu, pulj bpljntU[!' mqqw<ipq wnwugpp Gljwui
tYwup 45° - p uiwq L. l}Wp<iJWL GbppL. m1111tJ.wa Gq. 2.2: 

5 

12 

ulj. 2.1. [fllOrJL}fJ/! UjflUUJfll/ gph[lll /jWJWUJJft ujub/.fwu. 
1-zppwuwlj, 2-f!lipwgpw1ftu lfwu, 3-pwpdft.', 4-nhqhplfmwp, 5-umlj, 6-hfPft 
junl]nl/wlj, 7-UJDUUJ, 8-tfhljuipw2wpdft1, 9, 10-l/lwljwu, 11-l/lnl}JJwlj, 12-<}wJ
pw/jwf, 13-juwnunl] junlJnlfwlj, 14-JunlJnlfwljwzwp, 15-WUJW/jh JunlJnlfwlj, 
16-UWUlJl]W/j . 

3 

ulj. 2.2. Juwnuft1ft ljwnmgl/w0pw1ftu ujuhlfwu ([w1uwljw6 ljuiplfwap). 
1-pwp, 2-<}w1pwljwf, 3-junqnlfwlj 

lijl} ljWJWUp[! hbqmq UJ.WUlpwumntq[! gpbtnt hbm upwdwuwGwlj pwpp 
Gbpumu WJG )uwnGmu t, npUJ.buqp hbqmqp 2PWJPU )uwnGntpl}[! utpmw
tlnptl}l: gwGtJ.np[!, nbmpGb )unqntlwlj[! <ibnppG pnuwa, )upwuwmp bqpbppg 
npL.t ubljp ub2mt11mu qwGqGwa qwpnqwGmu t WUJ.whntJ.bt hbqmljp 
uwmmgmu[! )upwuwmp gwGqwgwa ljbmpG, np[! qmpmlj pwpbtwtJ.mu t 
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w2tuwmwG12P. uwCipmwpwhpqbG)lq UJ.WJUwGCihp[!: ~wuwqwpqmu hwumw
mmG 6CiuwG wntiwJmpJmG[! GUJ.wummu t UJ.WU1pwumm4)l gpuwG hwuw
lwlflmlfJWG[!: Il-pwu UUJ.wummu t GwL. tuwnfin11 uwpl)p wn4wJntpJmfin: liJ'l 
wutun bpw2tuwtJ.npmu tG wnw2wptitJ.n11 4wJWUJ2p LWJG ubpqpmun wpmw-
11pmp3mGmu: 

liwjWUJ)p 6w4wmwjpG uwumu U1h'lW'lP!J.wc) t WUJ.W4b tun11mtw4 (15), 
np[! hp4m c)wJpbpntJ. .hw11npqw4Pg t pwl)p hbm L. gmJg t mwtiiu ht11m4 
UJ.wmpwumm4p uwtiwpqwq[!: lvn11ntJ.w4p hbmL.mu wupwgqwc) ta uwCiq-
11w4Ghp (16), npnul) gmJ9 b(i U1WtPU. l) UJ.WUlpWUUlnt4p J2WUW4!! pwpmu, 2) 
pwppg qmpu bqn11 UJ.WU1pwumm4p pwGwq[!, 3) UJ.Whwc)nJwgtJ.n11 4wGwl 
qwfiqtJ.wc)p pwfiw4n, np[! hwuwUJ.wmwutuwGmu t pwnmu qmCitJ.n11 UJ.W1.11-
pwuU1m4p J)WGwtiPG L. 4) pwl)pg 1.114.Jwt pwCiwtiP UJ.WU1pwu1.11m4p qmpu 
qwtm ctwuwfiw4l!: 

~tmwqn1.11mp3mGGbpp wprumGnfitp[! gmJg bG mtJ.hL np 15 uu 
mpwuwqontJ. tfln'1Pw4p qbll.J.PmU ht11m4P c)wluul! 4wqumu t 7 u3/ct, pu4 
tuwnubtntl u11ttm 11tuwmu' 6,2 u3/ct: 

liwCiwl qwCiqtJ.wc)I! tfln2tGuwG UJ.wutpwummqCibpntJ. 4wpb1P t u2w4ht 
uwL. upulL. lupwuwm[! L9Ghm L. L9Cihtm [!Gpwgpmu: opp qwCiwl qwCiqtJ.wop 
tunGwtJ.mpJmGn 70% -pg pwpop t, GUJ.wlllw4whwpuwp t oqUJwqnpc)hL 
tp4pnp11 t11wGw4[!, wJupfipG' tfln2tGuwG opqwuw4wfi ppmG 2w11 mwt 
tupwuwmmu 2tpU1-2tpm l9tln11 qwuwl qwGqtJ.wop tlftw: UJ11 GUJ.wmw4P. 
hwuwp wnw2wp4qmu t oqmwqnpbht OlllY-50 tfln2nU1pl(!' Cinp u2wqtJ.wo 
w2tuwU1wCipwJpG opqwuntJ. (6) (Gq 2.3): 

2 

'&lj. 2.3. <l>nzMtiw{i UJWwf1wuwmlj gpn!] uwppwtfnpmt.f[! wnl/JwunIJ 
wpwljwnpjJ t./[lw hwtfwptjwif. 
1-wpwljwnp, 2-pwp, J-2wl/Jwl/npftl, 4-1/Jwljwu, 5-pwdwuftlubp, 6-gpnlJ 
opqwu 

<I>n2tfiuwfi UJ.WUlpwuUJm4 gpn11 4tuJwap[! pw114wgwc) t pmu4bppg (2), 
npG pp ut2 map. tuwnCipl L. 2Gt4-uamgpi, oqwuqpwg (4), qwG6JliP9 (3), 
Z'lPWJtu4wG tflntuwGgmuGbppg, pwctwGP.i tun11ntJ.w4Gtppg (5) L. gpn11 w2-
tuwU1tuCipw3j1G opqwCiCibppg (6): U2tuwmtuUJ2WJpCi opqllifiCihp[! m1111wCi4JmCi 
4mptJ.wonntl tun11ntJ.w4Cihp bfi, npnCig qtp2wtJ.npmpJmGGbpmu wptJ.wo bfi 
LWJCitu4Cihp mCibgn11 pwctwCiwpwp 0Ci4tp: <l>nzn~J:iw oqwu11J1iP. p4wCignJ1Ci 
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l1gwzmppbpm.J. wupwgtJ.mu t bnwpwztutim, puq i.J.hp2pupu bpqm pwctw
(iwpwp 4wp6 tun11ntJ.w4utpp p4wugpGbppg 3mpw12wGlJmppu 4gwzmppb
pntJ. wupwgtJ.mu t ut4w4wG w2tuwmwGpw3pG opqwG: 

-U4wpwqptJ.wo 4wJwGp{! GUJ.wmw4whwpuwp t hwpuwpwgCibt 4wGwl 
qwGqtJ.wc) umtflwGn11 U1pw4umpp tlftw (G4. 2.3): 

U2tuwmwCipG [!GpwCimu t hbmL.JWL 4hpUJ.. 
U1pw41.11npp hqnpmpJtuG wG2w1.11uwG wutnpg, 4wp11wGwJpG tflntuwGguwG 
llp2ngntJ., lljUll.1111'1 UnUbUUl(! hwqnpqtJ.ntU t tflnznmpwu U WlljW OI}WU'ltilllfi, 
UpwctwuwCiw4 2'1PWJW4WG tflntuwuguw(i up2ngntJ. zwpctuw(i Ub2 b(i 'lP!J.ntu 
uwL. pmuqbpGbpmu 1.11t11wtiw3tJ.wo tuwnGP.m L. zCib4-uGmgpm: <.ltp2pGu 
u1w1.11pwumm4G wG{!ui}llw1.11 hnunntl uwUJmgmu t pwctwGplGbppu (5), 
w3GmhbU1L. 011P. hnuwGnntJ.' gpnq opqwGubppG (6): 

2.4. 6Tjnwft uwjzJWUJWUlflWUUlUWU bTjWUWljUbJl/} [, ifbpbOw{]bJl/} 

UJu UJ.wpwqpw:pmu Gbp4w3w9Cimu tCip 4tpwJpG wpmw'lPwuwupg 
flntpu bqnmp u2wtiuwG t11wGw4Ghp[!, npnGgmu tJ.wnhtiip lP owtuutJ.mu, 
011n1.11(! u2wtitJ.mu t uwtuopnp, wupnq2 uumpwJpG w2wGp hwuwp: 

~bUJwppppmpJmG t utp4w3wgCimu 4wpCiwunuwJpG hwumuwguwG 
zp2wGmu bqpUJ.1.11W91lPhCi[! 011nmp hbm uptnuwgCibtm 1.11ttuCintnqpwG: <!,Ciopg 
ut4-tp4m op wnw2 hntJ.hwppl wqpbqwmp oqCimpJwup 11wzmhp{! uzwtimu 
bCi upqwGJmpntJ., ut4 mnCiGw qwGwi qwCiqtJ.wbpCi hpuq 4rtnqpwup hwztJ.ntJ.: 
Uqn1.11w3pCi UjntpntJ., UJ.W1.11tJ.mu bCi tflpbp{! L. uJ:iuiL. pbppwhwtJ.wp{! tiintlJ:iu 
JmpwgtJ.mu p2J12Citpp tin11uflg: liJ'l 'ltuwmu qhp{! wumu t wi.J.biP uuGqwpwp 
L. hwubq: lvnfiwtJ. uptnuwjpu qwfiqtJ.wc){! lupwuwUJj1 ut2 l9LintU bCi 
uwCipwgtJ.wo oqnmp hb1.11 upwup(i: lvpwuwmp ut2 wqntn(! pw2tutJ.mu t 
wtJ.biP hwtJ.wuwpwlwtfl: 

lfnqJ:itL.J:i uwpqmu LWJU 1.11wpwomu t UUlwght Ofl11Ulp lljWhwbnjwguwCi 
hbUJL.JtuL mbtuGntnqpwu: U11nU1j1 hbm tuwnCimu bG 4wGwl qwCiqtJ.wo, pbCi
qnJwppm, 4hpwJJ1Ci :Pnu:Pnp, 4hpw4pp w11: lvwnumpq(! mntflwClmu t u L. 
owo4mu uintiitvJ:ithfiwJpfi pw11wGpntJ.: 

<!.WJU1Up t, np wuopL.wjpCl t11wfiw4Gbppfi qcttJ.wp t tunfiwtJ. 011ntn{! 
untJ.npw4wG t11wfiw4ntJ. hwtJ.wpbt, hw4wtJ.npht L. qbq qGbt: lvnfiwtl c)'lnll1{! 
11tqj1 Ub2 pnppnuClmU t: "UUjWU1tu4whwpuwp t WjU uptnuwgfibt 4wfiwl 4h
pbpp' tnpwqqp. m hwgwqqp upwu3w tunU1wtuwnfimp11utpp, bqpUJ.UIWgn
pbfip, wpL.wow114J1, 4wpmn:PJ11P m wpuwITTwUJ.mm11Clbpp tflpbpp, 4w11wupj1 
mbpL.fibpp L. WJLpntjubpp hb1.11 tuwnfiwc): 

liJCi ZP2WCiCibpmu, nplllh'l bqplljlllwgnpbCip w6Cl mzwamu t, uptnup 
hwuwp hfiotwu mfitCimu t pwpop tunfiwtJ.mpJmu, hbmL.wUJ.bu L. umwgtJ.mu 
t gwc)pnpw4 uptnu: UJq qtuwmu 011mn tuwnCitm GUJ.wummu t Cipw npw4p 
twtJ.wguwa{!: 
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Pwpop funGwlj_mpjntCi mGhgn11 4wGwl qwGqlj_wb[! arinm]1 hbm ufltnuwg
Cihll! UJmu briwGwqCihpfl hwuhuwmmpJwup wtJ.bLJ! W[lllJntCiwtj_hm t, hpl(w
pwmh UJwhhtm [!Cipwgpmu pwgwntj_mu bCi lJ.bpbpfl l(npmumCibpf!, tJ.bpwCimu 
t qwCiqtJ.wal! wuhCi op 4hpwfuwnCimpq)1 wpmwqpwuwumu tj_hpwuzw4htm 
wGhpwctbztnnt}}JntU[!, qbp(! umwgtj_mu t tctwCi: G11nm[! UUJwummu t hJmpp 
CihpaMwCif!, 25-30 %-ml lJ.wCifutjmu bCi Cipw L. 10-15 %-ntj_' lnp CiJmpbpfl 
lJ.npmumCibp[!, fl2Cimu t l[hpp pptJ.wJCintpJmCi[!, UJWmpwump @CiwlJ.mu 
4p6wmtj_mu t pwgwfuwpptl.)1 m JlllllWPPtlfl 4mmw4mul}, wupn112mpJWUp 
tJ.hpgpwa 1,2-1,4 wCiqwu pwpopwCimu t ufltnu)l uCiCiqwpwpmpJntCi[!: L..bp
Mbtml. hJnLff!, oqnmf! tjlwtjlqmu t, fuwnfimpq)1 ub2 wtJ.btwCimu t znp CiJm
phpfl pwCiwlJ.f!, L. umwgtj_mu t pwpop uCiCiqwpwpmpJwup npwl.IJwt lJ.bp: 

Ubp 4wpappml, mCimhuwUJbu W[lllJmCiwtj_bm t a11nm(! UJwhwanJwgfihL 
tITTtj_wa m uwCipwgtJ.wa fuw11nqp tj_wq]1 wppwU1)1 hhm: 'tf.hp2)1Gu, pw11wG
pwCiJmppg pwgp, UjWpntCiw4mu t UjpnmbpCi, DWpUjbp, zw12wp h WJL oqmw-
4wp Cljntpbp, )1u4 znpwCiwtmCi qmq(!Cipwg wppwU1)1 ub2 GflWG WJ'l wpcth
pwtj_np Ujntpbpfl uba UUIU{! nzfilwfimu t L. h)1uCiw4wCimu uCimu t pw11wCi-
13wCijntp{!: 

Ivpwuwmmu uba 6GzuwG mwlt mm}lwGtJ.wa wppwmpg wCi2wmtJ.wb 
uCiGqtuGJmpbp{! CihpaatJ.mu bCi aqnU1)1 uh2, np{! qwnCimu t hwubq L. 
uCiCiqwpwp: 

Gqmn)l mITThltimpJntG(! pwpopwGmu t, bpp pp2tJ.mu t wqw2pmJ. L. 
hwpumwgtJ.mu fumwgpwa 4bphpntJ. l[wu tiwGpwgtj_wc) WflUWUlWUJLULWpw
UJ.UlntqGhpntj_: <I>w4 fugp4mu 30-40 pnUJb znq)lntj_ uzwtitJ.mu t h 6-8 ctwu 
hbmn mwp 4.)16wqmu mptj_mu l1bGqwCi)lCihp)1G: 

..R)1uflw4wCi uzwlJ.ntu[! pwpopwgGmu t aqnmp mmhLtimpJntfi[!, uwpub
LJ!mpJntfi{!, uGCiqwpwpmpJntfi(! L. qbpa t UJWhntu pnppnuwuCilJ.hpflg: 

..R]1u]1wqwG uzwqmuJ! lj_wITTwptJ.mu t lJ.pntJ., 4wppnGwmwJ]1G ztwuntJ., 
l[wmum]14 unl}WJnlJ., qam w14wLJ!ntJ., w11wpptJ.ntJ. t.. WJU~]1up4wmfihpntj_: 

libpwpwctGmu, wnwGg p)lupwlj_wfi uzwlJ.uwG, lJ.wpbLJ! t wtJ.htwgGbt 
qwpm 4wu 4_w1mw4)1 arinm: PG2_ tj_bpwpbpmu t wzGwCiwgwG hwgwpmJub
p)1 4nzm aqnm)1G, WlljW UjWpq ppuflwqwG uzwqmupg hbmn UIJG tj_hptuatj_ntu 
t uCifil}wpwp m twtJ. mmtJ.nri. l[hpp: Pwlj_wl[wCi t pp2h1 l(am Gwmppmup 
tmamwntJ. (ublt gbGmCibppG 4 qq), lllwhht 4-5 ctwu L. mwt qbGqwG)lGhppG' 
wnwGg ttJ.wCiwtm l(wu zhqn12w9Gbtm: 

'bmwppppmpJntG t Ghpl(wJwgCimu Ciwh wunGpwlJ.wJpCi 2PP qwu hh-
11.mlJ. wunGpw4p u)l2ngntj_ ori.mn)1 uzwtiuwG bri.wGwl(f!: l>ri.nml} l(wpbtJ:l t 
ilzwl(ht mq11wlJ.p l}bq]1 ub2: L..wfuopnp l}hqf! awal(mu bG pw11wfipnlj_, hbmn 
funqm.J.wlJ.n4. upul(mu wunCipwlJ. (ut4 umGGwJ]1Ci' 30 l(q): UzCiwCiwJpCi mw11 
hqwGwlj_GbppCi 4-5 op hhmn aqnm(! ll1WU1{1WUU1 t ·wumu lj_hpwqphtm hwuwp: 
U]lwJCi wCihpwcthzITT t hwfibt pwri.wGpf! h 1.[hp(! 011wt{lnfubl wunCipwqp 
wtJ.htgmqpg: lJ2wqmupg hbmn oqnm]1 uGGqwpwpntpJntCil! ubawCimu t 2-2,5 
wGqwu: gwgp qpwGpg, GpwGmu wnw2wfimu l 12wgwfuwpptJ.wJpCi wunGp-
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ruu, npn 3-4 wCiqwu wtlbtwgCimu t 4bpp UJpnmb]1Ci]1 pwGwtw: UunG]1w4w
.1l1G 211ntl uzwlJ.tJ.wo oqmnCi )1p uCiCiqwpwpnt}}JntCif! tli lJ.npgGmu CimJG)mlJ. 2-3 
lUUpu UjWhbtJ:lu: 

fl.hq wptj_wc) oqntn(! hbqml( wunCi)lwlJ.ntJ. uzwtibtfi wtJ.bLJ! hwpuwp t L. 
lUpllJmCiwtJ.bm: 

lJqntn[! hbqm4 wunCiflwl(ntJ. tizw4btm hwuwp qhq[! (17-20 m) ul(qpmu 
owatimu bfi 4x6 u 6 l(mnppg UjWtnpwumtj_wa 400-420 u2 nfil}hwCimp uw4h
pbu mCibgn11 awal.J.ngntj_: ..Rwumg UJWZUlUJWGtj_wa l.J.n11u]1g qbq]1 bpl(wpm
pjwtlp awotingn pnqCimu bfi lwupwglj_wa: UunCipwtm qbql1 ub2 umgfibtm 
hwuwp oqmwqnpamu bCi 2pumqp untj_npwltwfi fun11ntJ.wltCibp : Ivn11ntJ.w4]1 
ltbCiu1pnGw4wCi pCiflg (mpwuwq]1a1f 2 llJmJU) qmpu bCi qwtJ:lu 3-3,5 u bpl1w-
11mpJwup (1,5-2 llJlllJU mpwuwqantJ.) 5-6 Cihpwpl(pzGbp, npnCig awJpbpf! 
lmwqgtj_wo bCi L..upwglj_wo: 

3 

2 lI 

::::i:=c:t: ____ -----· 
3.35 ti 

::::t:=:o::f:_ :::::-_::> 
2" 1.5 lf.__ __ _, 

?AJ. 2.4. l51/fltn!J wtfnti}lw[/wlfnpbfm ujubtfwti. 

2 

l-O-woip1g, 2-tibpwpljjJ,1tibp, 3-ljbtiwpntiwljwti funEJntfwlj, 4-I]bq 

3mpw12wGvm11 CihpwptiPzp ump OWJPP tliJw lJ.wG 4 wGgphp' 2,5-3 uu 
mpwuwqantj_, npnfip zwfuuwmwoL. qwuwtJ.nptJ.wa bfi ppwppg l 0-15 uu 
htnw4npntpjwG l\Pw: 4bGmpnGwqwG funqntj_w4p l}Gl}hwGmp bp4wpm
PJntG(! h 6Jntql:ip)l pwfiwq(! qwfutj_wa bfi qbqp bplJ.wpntIJJmG)1g: L..tpwp
t1pzCihp~ mb11w'lPtJ.ntu bCi Jntpwpwfivmp 5 ubmpp tliJw: 4bCimpnCiwlJ.wG 
funqntJ.wq)1 hplJ.m GWJpbppG qwG zmmghpGhp ' wwgmgp~ pwctwGumGpGhp)l 
upwguruG hwuwp: lrtCimpnGwlJ.wCi funqn4w4)1 ub2mt11nu1 CimJGUjhu lJ.w 
zmmghp, npG pp hhpppfi u)1wGntu t 1.9wtj_npnq-uhpbGwJp gpumhnGp hh11m
lJ.wJpfi fun11ntJ.w4wl(wtjlmjppCi: 

gwpopwgGhtntJ. c)wal(ngp wqwm uwuf!, qhq]1 unmwtJ.npwUJhu uh2-
mbq[! umgGmu bG qtmGpg 1,0-1,5 u pwpopmpJwtip h c)wJpbppg 2-3 u 
hbnwtJ.npntpjwup Gbpwpqp~Cihp[!: lJwaqngJ! p2tgCimu bG upGzh qhmpG, 
WJGmhbmL. qqmJz L. qwfil}WfJ. pwg bG wGmu 3EA-2,6 1ywtj_npn11 wlj_mnuh-
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pbfiwJp hbqmqwJpG tun11n4_w4wqw!JmtJpl!: 17-20 w flbqp ub2 wunfiflwltli 
GbpumMwCi qn[lO{!Cipwg{! ml.mu t 1,5-2 <.twu, lib4 U1 oqnmp hu11lw[l 
owJuu4_mli t 30-35 ljq wunGf1wli.; "Ubpwpl.JL!wo wunfipwlj_p pwfiwl.Jl! npnztJ.nui 
t 1_9w4_npn11 ubpbfiLUJp uwljwpqw\jW(WtPntl: 5pumbnGfibppg wunfipwq}l 
uwhuwfi4_wo pwGwl.Jl! pwg pnqfihLnt9 hbmn fibpwplJP~fibpl! hwfimu bfi 
qbqpg L. bwoqngp btujph(ll} tlhp£Gw4wfiWUJ.bU wupwgCimli: t)T\ntnl} Owbtingp 
mw4 UJ.whmu hfi 6 -pg 7 or: t>wo4_ngl} hwGhLnt9 1-2 or hhum 011mnpg 
wunfipwqp hntnl! 4_bplllfimu t, nppg hbum l)bpwllJlmu bG wfiwumGGbppfi: 

lizwl.JtJ.wo mwpbl.Jwfip b11nmp uGGqwpwpmpJntfil! pwpapwfimu t 
uplizL. 0,39 l.JbpwJ}iG upw4_npp t.. l.Jpl)Gwl)p ubowlimu uwpm.{n11 UJ.(1ntnhpfip 
UJ.Wpmfiwl)ntpjntG!! (wllJmuwq 2.3): 

Urumuwlj 2.3 
lflilj ljq oqnmft UJWJlOlUW/jnipjnLUf! 

lJqmnp tJ.P6w4l! 
Li:bpwJpG lJwpuitn11 [c}wqwfipw-
upuntnp UJ.(lOUlbpfi , q GJmp, % 

~uzw44wo bqnm 0,22 5,0 37,8 
UunfipwqntJ. uzwqtJ.wb bqmn 
6 oppg hbmn 0,37 8,6 30,48 
9 oppg hbmn 0,39 10, l 30,4 
27 onha hbum 0 ,36 9,1 32,6 

UfiwumfiGbppfi uzw44_wb oqmnntl 4.hpwl)pbtliu UJ.bmp t ul)ubL 2-3 l.Jq -
pg L. zwpwpqw [!Gpwgpmu wJG hwugGbt upGiL. opwqwG unpliwJpfi : UjuUJ.P
up bllnm[! W l)wpbtli lllWL hllP qtG11wfipGl:ippG m l.JwpGwjpG zr2wGmu· 
uwmqwzpu: 

UwpwmntJli uwpqmu Oflnll1!! uzwl)mu bG lwP L. l)wmumplj unf!WJP 
tuwnGmp'll1tl' mririw4}1 Jupwl~wmmu : Ub4 mnfifiw arinm]l hwuwp 
owJuulf.mu t 25 4q ihwGqwo l)pp, 45 l)q qwmumpq unriw: lrpp[! L. w1lJ.wL1iG 
UJ.bUlp t tntObt 1-1,2 u3 WP uh2 : 

Iupwuwml! 19fihtnt ctwuwfiwq 011nmp zhpmbp(! 1montJpn4_ pp2mu bfi L 
mmpwfimu: Lgi.J.btmg hbmn owbtimu bG upfipbmJ:i4 pwqwufml{: 

UJ'1 bqwGwtintJ. uzw4bLnt9 hbmn aqnmp uuuqwpwpntpJntfi[! pwpopw
Gmu t u}lG}.L 0,45-0,50 l.JbpwJJ:!G upw4_np: 4n4_hppG qwpbtli t opw4wCi UlWl 
18-20, upGiL. ublj mwpbqwfi uwmqwzpu ' 10-12, puq ubq mwpbqwfipg 
pwpoppfi' 15-18 l.Jq bqnm: liJu 11tuwmu GmJGuitu Lllltl t , bpp oqnmp hbm 
fuwnfimu bfi fumwgpLUb qbpbp, uplnu, UWp L WJlU: 

<.tmLUppppmpJmfi t Gbpl.JwJwgGmu GwL. bqnm[! 4wmump4 unriwJni.J. 
uzw41:iLm L. tliw4. zbupbpmu uiwhUJ.wfibtm 11wGpwl.Jwfi «fcTnpmui 805» ~pp
liwJp wnw2wpljwb tqwuwq(!, npni.J. bqntnl! Mipwpq4_mu t 1>)1qplJ.wpp
u}lw4wG uzwl)uwfi t.. tunznp t112tpw4_np wCiwumGp hwuwp 11wnfimu wi.J.tw 
uwputw m uuuqwpwp: 
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«0-npmUJ. 805» -p b11wfiwqm{ 011mnp hpufiWJpfi uzwl)ntU(! 4_wmwp4mu 
t tuG[!fiflhunn' wztuwmwGpwJpfi qnpO[!Gpwgmu (G\i. 2.5), nppg hbtnn oqntnf! 
Ul)4_ntu t zbfipp ub2' UJ.WhUJ.wGhtnt hwuwp: .Rwfip np uzwl)l{wc) oqnmp 
JuumLpjntUI} pw4_wltwfi uhO t ( J 50 qq/u3

) , WUJ.W UIJU l)wphtP t UJ.Whbt gwfi
qwgwo tliw4 zhGpntu qwu pwg bpqfipp mwq L. 8-14 op hhmn uiwmpwum t 
lJ.hpwtwhLm hwuwp:. 

bpb uzwquwfi bfipwqw Oflntn{! ~np t , lllJUpGpCi ' I 0-16% -pg wtlhLP 
tunfiwl{ntpjntG W UJ.Wpntfiwqmu L. uzw\i4_ht t 6pzm, WUJ.W l)wmump4 
un11wJntJ. uzwlj4_wo c)qnui[! qwpbLP t UJ.Whbt 4-6 U hwumntpjtu Ci zbpuml{: 
li:wmumpq unqwJntl uzwlj4_wb arinuiJ:! tlinpowpl)tJ.bt t '1-wfi}iwJp mwpphp 
2(12WfifibpntU: <l>npa wpljuwfi W(lllJntfipfibp[! bqbt bfi qnhwgmgp(: 

'&{/. 2.5. «IJTnpnuq 805» tnbjuOn[nqjrwqwfi qi7}1 ujublfwO 

«0-npmUJ. 805» mbtuGnLnqpwlJ.wCi qojl wztuwmwGpti ul)qpmGp!! hbm
L.JLUtfi t. 
at\nmjl hwl.Jb11l! qwpmlmu tG l!fiqhwCimp qnfi tlhJh[lp l(Jiw, hw4t 11ti pblhlll! 
hwfiqmu L. ctwtqwtJ.bllwJpfi tlintuwriprinlf. (3) uwmmgt.J.mu bu qqnq pupmljpG 
(4), npmb11Pg' hw4_wuwpwiwtli hnupml wJfi mplf.nui t uwGpwguwG wuiw
pwm}1G (5) : lTwupwgi.J.wo oqntn[! pwppg (1) funlln1.J.wl.Jwzwpn4_ (6) UJ.OUUJ.p 
oqGntpJWtlp Uflt.lnq l{wmum}l4 unriwJ}l LntOnLJf3ntl 13p2tlmu t: UJGmhhmL., 
tuumCijlL}1 (7) uJ:i2ngn4_ PP2tlwb bflnml! zwpcttlbtml. tuwnCi tJ.nuLt h mpt.J.mu 
oqwlillPlliCi (8): ~bp2pGu ubo mdnlf. UJ.Wlllpwump oqnm[! uqmu t tqwhtum: 

"Vl)wpwqp4_wb mh]ufintnqpw4wfi qop wpmwripnflw4w fimpJntfil! 4 m/ct 
t , zwpctmufi umwGmu t mpwltmnpp hqnpmpJWG w G2wmuwCi Lliubnpg: 
<TJmhwfi2lJ.n1J. hqnpntpjntG[! 70 a . met t , qwfiqt}wb[! ' 2500 ltq, pbnGw4_npnq 
oqwu11Pm UJ.WU1[1WUU1p oqntnl! pwpo11wgGmu t 4 u t.. Gbmmu UpG(L. 14 u: 

39 



«rcrnpmUJ. 805» mbfuGntnqpllllJ.wG qp<Ji! lJ.om GwmppmU:ml qinpowplJ.iJ.bL 
t Gwh fl.muwmntllCimu: Umwgqwa wp'lJmGpGbp[! pbpqmu bu lllllJmuwlJ. 
2.4-mu: 

UIJJnLUW/j 2.4 
lfIJnwft pfttfftwljwfi ljwqtffi m ufifil)wpwpmp1mfi[J 

tfftfi1L. tf2w/jbf[! L. tf2wljmtfftg hbwn 

.ld.111.!hwltwG ltwaun, % 

uuuriwfiJmptpn 
b"!J.nm. ll!1Ci2_ h b-IJ.nm · ~b-nL Ciwm- b-rinm · 4wmumfl4 
uzw4mun, pflmumt uzw4b1mg Ulll\WJntJ. uzw4btmg 
fi.muwumwfi hhmn, fi.muwumwfi hhmn, '1-wu'1w 

Qmp 18,20 24,40 20,27 
'.:>np Ujmphp, WJll rtJ.mu' 81,80 75,60 79,30 

apqwfiw4wfi UJnLP 89,78 87,17 90,78 
UJ1111U1hflG 4,25 3,60 3,90 
OW[1Uj 1,06 1,41 1,89 
J3W!J.WUpWUjntp 45,03 41,02 41 ,75 

Pt'-l, WJll ptJ.mu· 39,44 41,64 43,24 
zwpwp 0,42 0,80 0,78 
ou1w 1,41 l ,54 1,45 

lTnluflP 10,22 12,83 9,22 
libnw 1hfi uhwtlnn 0,2 0,37 0,39 

t)qnmp uzwquwu CilJ.wpwqpiJ.wa bqwCiwqubp[! hw2nqmpJlllUp 4wph1}1 t 
oqmwqnpoht uhp hwGpwUJ.bmmpJwG qJmqwgpwlJ.wG h .'pbpubplllJpG mGmb
umpJmGCibpmu: 

2.5. Ufilfwwfiqmp1wfi tfft2ngwnmtffibpf! uft[nuft m ubfiwdft 
UJ w w p w u w tfw fi L. aIJ n w ft J2 ft tfft w lj w fi tf2 w lj tf w fi dw tf w fi w lj 

UqpbqlllmGbpp m ubpbGUlGbpp zwhwqnpauwG ctwuwGwlJ. wGhpw
dbzm t tuumnpb(i UJ.WhUJ.WUbL UUJ.UlUWplJ.nq UlUOCiwlJ.wqup lllZfulllUlillUpp 
wGqmwuqmpJntG[!: 

Uptnuwgqnq m ubGUldwgiJ.nrt qwGqiJ.wb[! fupwuwmGbpmu mntliwGbt 
pmJtwmpqmu t lllnw2pG h bplJ.pnpq qwpqp mpwlJ.mnppumGbppG, oqmw
qnpO-btntl upwJG [!Gllhlllump GzllluwlJ.mpJwG pppmpwiJ.np mpwqurnpubp: 
'1-pwGg wpwqmpJntG[! 4,5-5,0 qu/<.t -pg pwpap lUJ.bmp t LtiGp: 

UptnuwguwG m ubGwcttllguwG mbrm UJ.bmp t 6pzm [!Gmpbt: liJG 
2phnpGl:ippg m 2PP t6lllqCibppg hbnm UJ.bmp t LtiGp, pulJ. illbfllllUWU[!. Jnupp: 

Iupwuwm umGhtm mwpwbp[! UJ.bmp t hwpp LtiGp, tlinfuw'lPwlJ.wG up-
2ngubpp zwpctmGwlJ.ntpjwG hwuwp' hwpuwp, WJGmhq umGbtm h rpupu 
qwtm 6wGwUJ.wphGhpp pbpmpJmGCihp[! 20° -pg oho 2-UJ.hmp t LtiGhu: 

Iupwuwmmu mntiiwGuwu hwuwp UJ.bmp t wzfuwmp uhlJ. mpwtimnp: 
t)qnmp uzwtiuwCi UJmu brtwGwlJ.Cihpp hwU:huwmmpJwUp ppupwlJ.wCi[! 

hwuwptJ.mu t wuhGwwp'lJmGwiJ.hm[!: liJG GzwGwlJ.w1p pwpapwgGnui t 0-qn-
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111j1 uGGqwpwpmpJntG[!: lrbGqwGpGb[l[! hw6mnmtl bu mmmu WJ11UJ.Pup lJ.bp[! 
[, lipwGg opqwGpqU[! twtl t JmpwgGmu: 

lTzwlJ.U:UlG ctwuwGwlJ. oqmwqnpamu bu pmGwiJ.np ppupwlJ.wG GJmpbp, 
npnup 6pzm 2-UJ.WhUJ.wGh!lrn m oqmwqnpohwu lJ.wpnri hG wnw2wgGht pCi2_-
1qliu lJ.hGqwCipGbpl1, WJUUJ.bU tL uwp11lJ.UlGg pmGwiJ.npmuGhp: '1-pw hwuwp 
pj1upwlJ.wCi CiJmphpp UJ.WhUJ.wGuwG m oqmwqnpauwCi ctwuwGwlJ. UJ.whwu2-
ljmu t Oba qqmzmpjntCi, wCiqmwCiqmpJWU UJ.tuhwu2Cihpp fupuU1 UJ.WhUJ.W
limu: 

lrpp[!, wunlipwlJ.wJpG 2mp[!, upqwGJntp[! L. UJntU ppupwlJ.wCi Cljntphp[! 
tl[hU1p t UJ.Whbt hUlmmlJ. lJ.Ulhwqnpqwa zl:iCipbpntU h mhriwtlinfuhL hwUWUJ.W
mwufuwCi tliwlJ. mwpwCihpniJ.: 

.QpupwlJ.wCi Ujntphp[! UJ.Whhtm UJ.WhbumwjpCl zhCiphp[! UJ.hmp t LtiCihCi 
)np h pwqwpwp iwtlintl [!Clqwpawq: 

lrbpbp[! wunupwlJ.WJpCi 2pnq, l{pnq h UJnLU CljntpbpniJ. uzwqnq pwGiJ.np[! 
UJ.bmp t WUQUlO wup pdzlJ.wqw(i quumu m hlllUmtlJ. lllllU[!CipwgCibp h qpmb
!iw ppupwlJ.wu liJmpbpp hbm iJ.wpiJ.btm lJ.wunGGbp[!: 
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3. 1. l.fliJ1wfuwnfimJ11JUliJ1ft fi2wfiwljmp;mfip 

4bpbpp wprumGwtJ.bm oqmwqnpbtlwu, qnpmumGbpp GtJ.wqtguwG t. 
pwztuuwu w2tuwmwu12Cihpp liJ16wmuwu hwuwp tiwphnp uzwCiwqmpJmu 
ntGhu flPWUg uzwqmuu m uGfiqwpwp titpwfuwnumpqGtpp UjWtnpwummU[!: 
lf2wquwu hbmL.wu12ntJ. 1wtlwCimu tu l}tpbpp hwuwJ}lu hwmqmpJmuutrl! 
ubb"wCimu t uuuqwpwpmpJntU[!, WJU qwnumu t w4_ti.}1 rumpwuwpu: 4bplll~ 
fuwnuntpl}[! huwplll4_npmpJntU t mwwu LPPtl uh12buwjwgub1 qbphpp pwzfuntU[!, 
LW4.wgut1 b"qmn}l, glllb"pnpwq tumnp L. OJntu qnllj}lm ljbphp}l mmtwmpJntU{! t. 
12wup np pntnr mhuwqp qhphp{! pw2tu4.mu bG upwCiqwupg, mump, qp6wmt[mu 
t l}hplllpwztuuwu wztuwmwupuhpp 4.flw b"wtuu4.n11. dwuwuwq[!: 

Iun2np tq2hplll4_np lllCiwumuGbpp :ptpuwCihpmu m hwuwl.flpCihpmu h}lu
Ciwtiwumu oqmwqnpb"mu bu pn1np uCiuqwGJmphpn4 hwpmum tunGwtJ. qhpw
fulllnumpquhp, npnCip J:iphug npwqnl[ m hwuntl Ciuwu tu pwp6pnpwq hJmpwlJl 
lihphpj1u: lfw4.J1n-lij1ltfln hwtlh1muGhpj1 m UJntu l}hpwmbullltifihpp oqfimpJWOp 
lttpwpwdpuu qwpqw4_np4_mu t qhfiqwCim UJWhwu2pu hwuwUjwmwutuwu: 
4bGqwCij1Ghpp Uphpwm4_mpJntU[! pwp6pwgGhtm UUjwmwtintl l}bplllpwduj1 ut2 
Umgumu tu rumpwtSwpu wbJuw2ptp, puq pwp6p upbpwmm l}hfil}lllfipubpj1 
qhplllpwdCimu' litb pwCiwqmpJWUp hlllCipwjpCi UJntpbp, tl}lmwupGGbp, wop~ 
CiwppmCihp, UjWhUjwCibLntJ. wGhpwdbzui 2w12wpWUjpmnbj1GwJJ1fi hwpwpbpm
PJll~U[!: UJu l}bUJ12mu qbpu 1w4. t uwpu4_mu, qnpmumCibp[! 4_bpw!inui tG, OJ}[! 
wqmnmnq h qnpmumCibp[! Uhbwgunq tlinzhuuwCi pwiJinuubp .1_bu wnw2wGmu 
pwp6pwumu t qtuqwupubpp upbpwmtlmpJntG[!: ' 

Umuug Gwtuuwtiwu uzwquwG qmJ.tppu wnwu6j1u qbpwmtuwqubpn4. tih
pwqptwu l}flWUg up UWU[! uCimu l qhplllUWCiCibpmu, puq qbpwfuwnCimpq!ibp(i 
mmtlmu bu wupnq2mpJwup: 

CTqnmp, bqpUjmwgnphu}l gnqmuGbpp L. WJL uGwgmtiubpj1 mmbJltntpjntU[! 
qqwl.fl .1.wtlintl wl\_htwCimu t, bpp l}flwu12 uwGpwgumu L. tuwnGmu bu up1nupG, 
wpuwmwUJWLWflWUjtnmqubpjlG, tumwgpwa t. WJL qhpbppu: UJ'l qtpbp[! pp
upwqwu, 2tpuwpflllflwqwu, qb!iuwpllluwqwu qlllu pwpnpbpupl} hqwuwqCih
pmJ. uzlllqh!lm ubb"w!imu t uwh uuCiqwpwpntpJntG(!' upu.1_L. 2 wuqwu: 

Iunqhp}l!i qhpwqpmu bu jumwgtlllla (hwuw494wa)-wpuwmwUJ.m11.w JflG, 
tumwgpwb" (hwuwl.19t[wa)-qwpmn:PfltwJpli qhpwfuwnumpqGbpntl, jumlllgpwa 
(hwuwqgtJ.wa)-qbphpntJ. J,, uuuqfl uuwgmq!ibpmJ.: 

0 
Iunqhppu jumwgtlwb" (hllluwqg4_wb") qhpn4_ l}hpwqpmu tu .1_np, junliuitl (65 

-75 Yo) L. hhqmq (85-90 %) l[j16wqmu: ~np tl}l6wqmu qbpwqpb[lu junqhpfl pmuwCi 
;wzw6[! ubawumu t 1,6-9 % -n4., fluq junuw4 tl}l6wqmu qhpwl}ph!lm' 10,7 - 12,5 
Yo -n4., uflwdwuw!iwq qbphpp b"wJuuu upwtf.np pwzw6f1 4.flw iJinppwCimu t: 

UbphGwJwgtf.wb" tunznp nzluwpwpmb"wqwG .'pbpuwubpmu ni}uwpuhppCi 
qhpwqpmu hCi unpmG qhpwtuwnfimpq!itpnq h wwnwg}lnu hwmjlqwl[nptlwa 
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l1hpbpml: UJu qbpbp}l hpuGwqwfi wnwtJ.bLnLPJnLUI! pwztuuwG ilb12bGwJwguwG 
m wtJ.tnnUwunuguwG hGwpwtJ.npntpJmGu t, puq qbphpp pwztuntu[! ni}uwpw
pmbmpJmUmu wubuwwzfuwmwpwp qnpb[!Upwgubppg Ubl}u t : 

4bpwtuwnGmpqubpp UJWmpwummu[! huwpwtJ.npmpJtnU t inwwu pwp6-
pwgub1 gwbpnpwq l}m4pm l}tphpp mmtwmpJmG{!, qhphp{! hwl\_wuwpwtiznht 
nz upWJU (!Ulfl Uwpub[l UjpntnhpCip, WJL uwh (!UUl tl}lmwupGCibpp L. hwGj2WJPU 
GJntptpp pwCiwqp: · 

3.2. /rJn2nJ1 li!JpliJ1wtfnp wfiwumfifiliJlft hwtfwp 
lj lip w ju wnfi mp fJ fi Ii J1 ft UJ w w J1 w u uz tf w fi w J1 w w lJJ1 w tf w u Ii J1 

Iunphmpq t mptlmu tun2np t112tpwtf.np wGwumGCitpp!i utwt wGhpwdbzm 
uGCiqwGJmpbpntJ. hwpmum tunGwtf. qhpwfuwn!intpl}Ubp: Iunuwtf. qbpwwjuum
GmpqubpG ppb!ig npwqntl m hwuntf. unmbGmu hG pwp6pnpwq hJmpww 
qbpbppG: lfwqpn-t.ljl4fln hwtf.btmuubpp m UJntu 4tpwmhuwl}Gtpjl oqGmpJwtl'p 
4tpwpwdpG[! qwpqwtJ.nptf.mu t qhuqw!im UJWhwu2pG hwUwUjwmwufuUJG: 
4bGqw!if1Ubpjl ilpbpwmtlmpjntliD pwp6pwgGbtnt UlljWtnwl}m.J. ljbpwpwd!ip Uhl? 
hwp4w4np t UtngGht rumpwUwpu wafuw2php, puq pwp6p upbpwmm ljt!il}w
Upuhpfl qbpwpwdGmu' uba pwGwqmpJwtlp hwGpwJpG UJntpbp, tl}lmwupGGtp, 
wupuwppmGhp; UJWhUjwGhtn4. wuhpwdbzm 2wpwpwUjpnmhpGwJpu hwpwpb
pmpJmG: UJU l}hUJl2nLU l.tbp[! lWtl t uwputf.mu, Ltnpmumuhp[! tltpwGmu hG, 01}[! 
lthqmnmnq L. qnpmumGbp[! ubawgCinq iJin2bGuwu pwiJinGGbp :_bG wnw2wGmu, 
pwp6pwGmu t ljbGqwu}l!itpp uptpwmtf.mpJntU(!: 

Iun!iwtf. qhpwjuwnGmpqCihp UjWUiflUIUtnbtm hwt.lwp aqntn(! u2wqmU bG 
ubfuwGpqwqwG, 2tptlwjpU, pjlupwltwG, 2tpuwppupwqwu J,, WJL bl)_wGwqGb
pntf.: Cum npmu, qwG L. iJinp6GwLtwG h mpUJwJpG Gwfuwqahp: 

4bpwfuwnGmflllUbpp WfllllWl]lUIUWUhpp Gwtuwqabp uGmpbi.}lu UjbUlp t hwz
tlfl wnGbf. lthptpjl wpmwl}flntpJwG m tf.hpwuzwquwu hhnwCiqwpwJpG mhju!in1nqpw
uhp[! t. qpwG12 lJj1pwnht WJ!i mGmtumpJmuuhpmu, npn!ip mutG wGwumGGtpfl 
pwtlwpwp qJtuwpwGwq, w!ihpwdbzm qhpwmhuwLtGtp, qtpwupwpGhpp mjlUJWJpU 
qwnmJgGbp m qhGmpnuwLtwu qhpwJpG wGgmt.lntf. w!iwuuwztu12hp: Uptnwl}Pw
uwup qwnmgtf.wb"p[! Ujhmp t 1flGjl Ujwpq, zwhwqnpbntU[!' hbzm: 

3.2. 1. Unwfig pliptfw;ftfi m pfttlftwljwfi tlzwqtfwu ljlipwjuwnfimJ11JUliJ1 
UJ UJ lIJ J1 UJ Ulfl Ii[ nL UJ J1 lIJ WIJJ1 UJ tf UJ U Ii j1 

Utf.b[l wp11JmGw4_tm t junznp bt).2bpw\j_np wGwumGGbpJ:lG l.J.bpw4flbl tit~ · 
pwfuwnGmpq!ihpntl, npnu12 pwqqwgwa tu qnllj}lm, hJmpww, jumwgpwa qhph
ppg L. mwpphp hwtf.htmuutppg: 

4bphpj1 2tptiwjpG, ppupwqwu h qbGuwpwGwltwG uzwl}uwu hwUhuwtnm
~jwUp wwnwgjln(i qhpwfuwnGmflllGhpp Ujwtnpwumuw(i tnhfuGn1nqjlwG pwtJ.wqwu 
hwuwpwq t, U\WhwG2mu t iJinpp qwUJ.fltnwl m zwhwqnpawljwG awtuutp: 
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4bpw]uwnumpl}Gbpp Ujwmpwuuuiwu Ujpngbu[! 4wpb!P t I1pwqnp<)bL hnu
pwJpu briwuw4ml. L. pwpop wpmwru:mriw4wGmpJwup: 

4bpbp[! L. l}Pwug hwpwpbpmpJntu[! [!umpmu bu WJG hwztJ.mJ., np UjWmpwu
mp 4bpw]uwnGmp'lJ1 OUjmpuw1 ]unGwtJ.mpJntG[! !PGp 60-70 %: liJl}UjJlup 4bpw
]uwnGntpl}[! PPi unpmu t, hbzmmpJwup t t}m]uwl}PtJ.mu L. mptJ.mu 4bGl}wGpGbppu: _ 

4bpw]uwnGntpl}ntJ. 4bpw4pbLJ1u 4nt}bpp upbpwmtJ.mpJntG[! pwpopwGmu t 
upGiL. 15 %, pu4 1 g 4wp wpmwl}pbtm hwuwp t1bpbpp <)w]uuu p2Gmu t upuiL. 
7 % (4bpwmbuw4ubpu wnwGopu 4bpw4Ph1m hwuhuwmmpJwup): 

UGwumuGhp[! 4bpw]uwnGntpl}G mmmu hG 2 wuqwu tupwq, pwG pGw-
4wG t1Jlow4mu wnwGopG 4bpwmhuw4Gbp[!: 

UnwGg Gw]uGw4wG uzw4uwG wnwGopG 4hpwmbuw4GbpntJ. 4ntJ.bppG 
4bpw4pbLJlu l}PwGg up UWU(! uGmu t L. 4bpwmbrihppg uwppmu m pwt}mtu bu, 
pu4 4bpw]uwnGntpl}Gbpu mmmu bG wupnri2mpJwup: 

Up1nuG m ubGwct[! 4wphLJ1 t 4hpw]uwnGmp'lJ1 ub2 umgGht wnwGg tpw
gmgpi uwGpwgub1m: Uw4WJG hqpUjmwgnphGpg L. Ujmu hwum gnrimuwtJ.np 
uzw4wpntjubppg UjwmpwumtJ.w<) uptnup mmb!PntpjntG[! ub<)wgGbtm hwuwp 
l}PWGp GntJUUjhu uwGpwgGmu hG L. hjntutJ.w<)pGbpp bp4wpntpjwup 2wpqmu: 

t5rinmp, hqJlUjmwgnpbGp gnrimGGbpp L. WJL uGwgm4ubpp Gw]uWUjWlil
pwumuwG wubGwUjwpq hrtwGw4I! l}PwGg uwGpwgmuG t : UJ12pG upbpw
mtJ.ntpJWUp 4ntJ.bp[! mmmu bG 2 4q -pg Ili wtJ.bLJl gnpbGp iUWGpwgtJ.w<) <)rinm, pu4 
uwGpwgtJ.w<) <)rinmntJ. 4bpw4PbLJlu l}PwGg mmhLJlntpjntG[! ub<)wumu t 1,5 wGqwu: 

t5rtnmp L. l}WZUIWjpG WJL uuwgm4uhpp mmbLJlntpjntG[! qqwLJl iWt}mtJ. 
Uh<)wGmu t, hpp ]uwnGmu hG uptnup, wpuwmWUjWLWflWUjmn111uhpp, ]umwgpw<) L. 
WJL 4hpbpp hbm: t5rinm[! Ujhmp t uwGpwgGht 3-5 uu L. 2WMbL hjntutJ.w<)pGbpp 
hp4wpmpJWUp, pu4 wpUWUlWUjWLWPWUjmn111ubp[! Uwppbt 4bqmpg (uGwgnPl}WjpG 
4brtmnmtJ.w@tpJntU[! ill!htnp t wGgGp 4znp 3 % -pg) L. uwGpwgGht UJlGiL. 15 uu: 

lirthp[!, 4wppwupl}[! L. UJntu hwtJ.h1muGhp[! 4bpw]uwnGmpqJ1 ub2 bG 
umgGmu 1m@tJPp oL.ntJ.: 

SbriJl UjWJUwuubppg 4wJutJ.w<) 4bpw)uwnGntpl}Gbpp ub2 4wphLJ1 t umgubt 
4hpwpwctGp pn1np PWTtWl}pwuwuhp[! 4wu UpWJG up UWU[!: 

Pwriwl}Pwuwubp[! ]uwnGbtm briwuw4pg 4w]utJ.w<) wpmwl}pwuwubp[! 
LJ1Gmu bG Ujwpphpw4mu L. wG[!Gqhwm qnp<)nrimpJwUp ]uwnGpiGbpntJ.: Y.hp-
2pGubpu wtJ.bLJl 4wmwpb1wqnp<)i.J.w<) bG, WUjwhntJ.mu hG Ujpngbup hnupwJ
GmpJntG[!, ]uwnGhtm npw4I! L. pwpop wpmwl}Pnrtw4wGmpJntU(!: 

Upmwl}Pwuwuhp[! 4wpnri bG LJlGht GwL. wnwGg hwmm4 ]uwnGpiGhpp, 
npmbri uwGpwgtJ.w<) PWTtWl}PWUwuhp[! pmG4bp-iwt}lwtJ.nppiGhppg WG[!Gl}hwm 
uwmmgtJ.mu tu t}ln]uwl}Ppi}1G L. ]uwnutJ.mu pwz]uuwu q<)mu: 

Qum 4wnmgtJ.w<)pp hnupwjpG triwGw4ntl 4hpw]uwnGntpl}Gbp Ujwmpwu
mnri wpmwl}Pwuwubp[! pwctwGtJ.mu bu bp4m mpU!Jl. pwriwl}Pwuwubp[! upw
ctwuwGw4 2WPl}htm m ]uwnGh1m L. Gw]uopnp uwGpwgtJ.w<) PWTtWl}PWUwubp[! 
wu[!uqhwm qnp@rimpJwUp ]uwnGpiGbpmu ]uwnGb1m: 
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J.2. !. !. fTJwppbpwljwfi qnpO:m7mp;wfi juwnfi}l,!fibpm/ wpmwl)[1wzfwubp 

<TJ.wppbpw4wG qnp<)nrimpJwG C-12 ]uwnGpintJ. untJ.npwpwp 4wmwpmu 
l11i 4hpbpp 2tpuwjpu m ppupw4wG uzw4mu L. hbmn ]uwnumu: C -12 ]uwnGpi[! 
hwow]u oqmwqnp<)mu hu GwL. uwGpwgtJ.w<) 4bpbp[! ]uwnuh1m hwuwp: 

lTzw4tJ.bL bG UjWppbpw4wG qnp<)nrimpJwG unpp1wJpu pwzJulti-Juwn
lil1l_Ghp, npmbri uwupwgtJ.w<) PWTtWl}PWUwuhp[! ]uwnGmu bu l}bU!Jl pwz]uuwu 
mhrt[! zwpcttJ.h1m ctwuwuw4: 

PmtJ.nri wuwumuubpp hwuwp 4hpw]uwnuntpl}[! UjWmpwummu bu 
qwpmg, ]unmpg, up1nupg, zpnmpg, uwppg: Pwriwl}pwuwuhpp hwpwpbpw4-
9mpJntG[! 4w]utJ.w<) t 4hpw4PuwG t}lm!Pg: 

L,4. 3.1-mu pbptJ.w<) t UIJ'lU!Jlup wpmwl}Pwuwup mb]uuntnqpw4wG u]uhuwu: 

i r-----:-------------------L ________ i 

! ! 6 

i I s 
'-, 1 2 3 ! ! 4, ·~-

~ \W 

'1/~i I ' .,__,__. 

21 20 18 17 16 15 14 

ulj. J. J. l./bpwjuwnunlpl]Ubpft WflWWIJflWUWUfl mbjuun[nqftwljw{j ujubtfw{j 
......_ 

luwnGntpl}Ghpp UjWtnpwumuwG mb]uGn1nqpw4wG qnp<)-nGpwgG WJuU!Jl
upG t. 
hwmp4w:pmpwctG pGpuwpwt}l t}ln)uWl}PWUp2ngpg 19Gmtl bu hnpp (15) uh2, 
npmhriJlg GnppwJntJ. (10 4wu 14) uwmmgmu hu tJ.hg hwm pmG4hp-wupwpuhp (12): 
Pmu4hpGhppg hwmp4!! zGh4wJpu t}m]uwl}PpiGhpntJ. (11 L. 13) uwmmgmu hu umJu 
Gnppw (10 4wu 14) L. WJGmhhmL.' nnmwgpnG qwmpi (9): lTwpptJ.w<) hwmp4[! 
ummp t qnp@tu iflPU pmG4hp-4mmw4Jliuhp (8), WJGnthbmL. WG[!Gqhwm hnupntJ.' 
bp4m znqb]uwzpiGbp (7), npmbri WJU 15-20 pnUjhp [!Gpwgpmu 2 - 4 Up. oGzuwu 
mw4 znqpntJ. uzw4tJ.mtl t: Cnqh]uwztJ.w<) hwmp4G mriwp4mu bu bp4m 2WP'1JliGhp 
(6), hhmn' pmG4bp-uGmgpiGbp (5), npmbriJlg zGb4wJpu t}ln]uwl}PpiGbpntJ. (4) 
uwmmgmu 4znwJpu iWt}lwtJ.nppi_ (16): Qwpl}tJ.w<) hwmp4Jl znqh]uwzmu[! 10-15 % 
-ntJ. uh<)wgGmu t uwputuunpJntG[!: 

lupwuwmGbppg up1nu[! 19Gmu hu ]unpwgtJ.w<) pmu4hp-uGmgpllt (1) ub2, 
npmbriJlg ctwUjwtJ.huwjpu phppiwtJ.np t}ln]uWl}PPiGhpntJ. (2) uwmmgmu 4znw
JpG iwt}lwtJ.nppi (16): ..!,pwUjwpw4mu 4mmw4tJ.w<) ]unm(! CHY-0,5 l}bql}GpintJ. 
phnumu hG 2wpqJ1 (21): lTwGpwgtJ.w<) 4nU!Jlm 4bpbp[! ctwUjwtJ.bGwJpG pbpp
iwtJ.np t}ln]uwl}Ppi_ntl hwtJ.wpmu hG phpL. Oµi<)4Jl mw4: liJGmhriJlg pm1qnqbpntJ. 
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(19) lJ.bpJ:l hpmu hG qnui}lm qhpbp}l uGmgp( (18), WJGmhhml.t ctwuiwt\bliwJ}lG 
pbpj1~wt.J.np ttJntuwllfl}li.nt.J. (17) uwmrugmu lJ.2nwJpli 1wllJ1.UtJ.npp1: 

P.Ci12uwpwt\1 t\mtuw1wwu}12ng}lg UUJ.pmwqmgwt.J.}:lmwupCiwJpG hwtJ.h1mu
Citpl! l9fintu bu hnpp (15) ut2, np1.11bqpg Gnp}lwJnt\ (14) mqwplJ.mu tG 1.J.mmwl.J.}ll 
pmGlJ.bpfibp (3) L. uwmmgmu lJ.zntUJ}lG ~wllJwtJ.np}ll (16): 

lrbpwtuwnGmpl} ll!Wl.llpwumhtm hwuwp wpmwqpwuwujl OUJbpwmnpl} 
hbppwlJ.wCimpJwup pWfll.Ul}}lWuwuhpJ! uwmmgmu t ti2nwJpG lwtjlwtJ.nppl L. 
hulJ.mu qpwCig pwCiwl.J.pG: 

~Wt\1Wt\np}lwg PUITJ.WllflUIUUIUhpu l9UlllU bfi pw2tu'11-tuwnG}lw ut2, 
npmbq li)Cimu hfi GwL. wGhpwdt2ui pwfiwlJ.mpJwt'ip t'iUJp: lJwpJ! UJWhmu bG 
tun2np nhqbpt.J.mwpubp}l ut2, npll!huajl gmpm dwuwGwlJ. hGwpwtJ.np !PG}l WJU 
2nq}lnt\ mwpwgGbt= fl-bqbptJ.mwp}lg uwpJ! UJllOUJntl Uf\l\ntt'i t pw2tuP.HuwnGjli.}1 
tit)>, P.ult hw24}1(nt\ lJ.wpqwt}npt\mu t pwGwlJ.rr: 

J.2.1.2. Ufif}fi!].hwm qnp<7nl/nLPJUJU juwnuft;Ubpm/ wpmwIJ17wtfwubp 

UG{!Ul}hwtn qnpbnf\111.jJJUIU tuwnG}l~Citp}lg lWJU mwpwbn1.u b(j UU1U1gt1 
2CM-1, AH-100 L. HCK-3 -u: liJq tuwnCi)llGbpjlg htnwfilJ.wpwJ}lG t hwuwptJ.mu 
lICK-3 tiwCip}11-tuwnu}lm, npntJ.hbmL. 2wm 1wtJ. lJ.wpnqwfimti t uwGpwgfiht 
l.J.bpwtuwnumprm L. qwpoGht hwu1.Uuhn qwfiqtl.1.UO-: 

"UlJ.. 3.2-mu phptl.wO- htnwGlJ.wpwJpG hwuwptl.nri KOP-15 wpmwllflWUUJ
umu oqmwqnpb't\wO- t HCK-3 uwfip}ll-tuwnu}lw: 

'Ulj. 3.2. Lftw11wg}111fi ljlipwjuwnumpqfilipft KOPK-15 wpmw!JPwtfwuft uwppw
tfnpmtftllip}l wlirzwpw2}utfwti ujulitfwti. 
l-u}l111uj1 Ii ulifiwd}l utimg}l,1, 2, 14-1/m}uwlffeftltllip ABE04.000, 3-tfwtip}l,J-juwnti}l1 HCK-3, 
4-plintiwpwtfmrl. l/lJJ}uWIJJl/11, 5-ulitiwdft tf}lpwtillJWf 1wl/Jwtfnp}1,1, 6-juwwgpwo ljliplipft 
junrzm/wljwzwp, 7-juwwgpwo ljliplipft pmtiljlip-,1wl/Jwtfnp}l,1 OIIK2. l 20.000, 8-tinp}lw 
Hlff-10110, 9-plintinrz pmtiljbp, 10-hwtfwpnrz l/m}uwl}f1/l,J, 11-wptfwwwUJWfWflWUJumuz
filip}l tjm}uUJl]Jlftl TK-5E, 12-wptfwwWUJWfWfJWUJUWU]tilipft tfwpp]l,1-tfwtipftj_ HKM-5,0, 
13-mznwfl .!.Wl/Jwtfnpft.!., 15-wplfwwWUJWfWflWUJumuzulip}l .!.Wl/Jwtfnp}l1, 16-}uwwgpwo 
ljbpbpft gftljfnu OFM05.000, 17-rzbljwtfwplfwti tfwhwtiwlj, 18-juwwgpwo ljbpbpfl 
lfwumzgtfwtJ oqwtfl/]1,1, 19-Qr]nui}l uumgftl 
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Upmtul}fl.WUWUntU (Gl.J.. 3.2) l.J.wG h)1Gq mttuGntnq)1wl.J.wG qubp. 
- aqnm}l l.J.mmwl.J.uwG, Gwtuwll!wmpwmnuwG m lunpwtJ.npuwG qpa, np}l 

11!12 umfimu tfi unqtnGjlqwgtJ.wO- uGmg}ll IT3M-l,5 (JUIC-01) -I! L. CYf\ntn}l tJ.m
lttU11lfl.P2.t!. 

- u}ltnup lJ.wu ubGwd}l lJ.mmwlJ.uwG m LwllJwtJ.npuwG hnupwJpG q}lO-, np{! 
pwf\4wgw0- t qwCiqtJ.wawpwp wpmwl}fl.tln'l Il3M-1,5 uGmg}lLr.g L. u}11nu}l tjm
l11wqppll1.g, 

-tumwgpwb- qtpbpp lJ.mmw4uwG, i.unpwtJ.npuwCi L. mputuG q)10-, np{! 
t'lUf\l.J.tugwa t tpqm p11LCilJ.bp-lJ.mmwlJ.)1LCitpjlg, bplJ.m 1wl}lwtJ.npJ1Lr.g, tun'ln-
1jrn4w2wpbp}lg, oqwuqp.wg m g}llJ.tnGpg, 

-wpuwtnWll!UllillPWll!illntf\Gbp)1 q)1b-, np)l ut2 umGmu bfi tjmjuwllPJll. T-
5,0 -{!, uwCip}ll-pwpnpu}li. HCK-5 -I! L. wpUUJll1UIUJUllUIPWUJll111lf\Ubp}l lwllJwtJ.n-
11!1m . 

-tuwnGuwG, uwGpuwG L. lJ.hpwtuwnGmpqp mpuwG qpO-, npCi pp 4wqumu mG)1 
hwtJ.wpfl'l. tJintuw1lfl.}11., uwCip}ll-tuwnG}ll HCK-3 L. pbnCiwpwllJnq llJntuw1lfl.J1L: 

Lj1wnwg}mCi lJ.bpwtuwnGntpl}Gbpp uiwmprumnuruCi mbjufintnqpruqruCi 
qnpbJ!CipwgJ! }lpwlJ.wGwgtJ.mu t hbmhJWL hbppwl.J.wCimpJwtip: 

<Dntuwllflwuj12ngntJ. 0-f\lltnl! ptptJ.mu m ptnGtJ.mu t JIHC-01 uGmgp1: 
UCimg}llP- hwppwlJ.rr hplJ.m h}ll}fl.nq1wGGbp}l oqGmpJwup pwpopwGmu t L. 
hnqwlJ.U1uitp)l '-lrlw UJmtntJ.mu 60° -ntl qbajl. lJ.nGtJ.bbp-uGmg}lLr. lJ.nqul!: t5qnm{! 
11htjlU1lJ.wG 0-wGpmpJw°lip hwppwl.J.pg zwpdtJ.mu t 1.J.nGtJ.bhpp tlflw: 4.hp2j1Gu 
<)1lm.nrr uwmmgmti t uGmgpw (JIHC-01) UJmmtJ.nq lJ.mpnq pupmlJ.: (()-upllllJ.GhpJ! 
OlllllllJ! GwtuwUJbU uwGpwgGmu bG L. mqu.iplJ.mu uG11Lgflll1. zGblJ., WUJUI b"f\11U1p 
tlmtuw1lfl.Jlr CTqntnJ! 1wtJiwtJ.nptJ.mu t UIU1WUUU1jpG uttuwupquntJ., pul.J. zbpmp 
hwpflbgmul! lJ.wmwptJ.mu t aqnm)l tJintuw'lPP.W tlPWJP ppmbpntJ.: 

U}11nu£! lJ.wu ubGwd[! GmJGll!hu llJntuwqpwuf12ngpg phnfitJ.mu t hplJ.pnpq 
ufimgpl (Il3M-l,5): Iuwnuwfi q0-}1 hwtJ.wpnq llJntuwllflflL I}J!Wfip mptJ.mu bfi 
CimJCi utubUwJnt\, P,GLUJbu aqnm{!, pwJg ruJmnh'l qwGqtJ.wb"{! w uwGpwgtJ.mu, 
WJL ufimgJ1w ppmbpntJ. hwppbgtJ.nul t: · 

UpuwmwUJWLW[lWUJmmqGh[lJ! pGpfiwpwtjl tJintuwl}}lwuP.2ngntJ. pbnGmu 
hfi TK-5E tJintuw'lPPW J!Gqmfin'l pmfi4hp-ufimgflr liJGmhbmL., TK-5E 
t.J111tuwqpf11ntJ. wpOUIUlUIUJWLWPUlll!UllltflUh[ll! ummp bfi qnpb-ntu HKM-5 
t'iwGpflL-Pwpnpu}ll, npmbq tt\wgtJ.mu tu, pwptp}lg wG2wmtJ.mu, uwupwgt\mu L. 
t'imfimu pmfilJ.bp-lwtjlwtJ.np}ll, tuJutnbqpg t1' LwlJiwt\nrt\wb" pbnfitJ.mu hwt\wpnq 
t.Jmtuwqpp.l: 

lumwgpwb lJ.bpbpJ! WflllllllllPUIUWU bfi llJntuw'lPtJ.ntu wtJ.mmfopltLWJtiG 3CK
I 0 pbnfip1nt\ L. UJtlntu pmG4tp-lJ.mmwlJ.p.Lf! ut2, npmtqp.g 1wllJwtJ.np}11Gtpp up2n
gntJ. mptJ.mu tfi gplnnfi, pul.J. Gpwfipg'juwnliuwli qb"p hwt\wpnq t}mjuwl}{l)ll: 

UJutajrnm.J., lJ.bpwtuwnfimpqp 1wllJwtJ.nptJ.wO- pwqwqpwuwuhpJ! (0-qnm, 
u)11nu lJ.wu ubGwd, UlpUW1.11UIUJUILUIPUIUJU1111.flGbp L. tumwgpwO- lJ.bpbp) l}UlpU
t.jmu bG hwtJ.wpnf\ llJntuwllPP.W tlflw, npfi wli{!fil}hwm 2wpdmuntJ. l}fl.wfip hpn1.1S 
t HCK-3 uwfip}li.-tuwnu}lw {!fiqmGnq lug}llJ.: liJUtnbq pwqwl}}lwUwubpJ:! tpw
~mgjll uwGpwgtJ.mu bfi, tuwnGtJ.mu L. tJ.bpwO-tJ.mu hwuwubn 1.J.hpwtuwnfimpqp.: 
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IT}wmpwump qbpwtuwnGmpq[! HCK-3 uwGppl_-luwnGpi}l Gbp12hp uwumu 
mb11wlJ.wJtJ.wb UJ.mmtJ.n11 pl.hp[! pbnGwpwtlm11 qnGwqpg l}lltpu bG hwCimu h 
ZfWWJW{2bpplwJpG t.Pntuwqpp~mtpwpamu Unpfl.LWJpCi IJ.bpwpwzfuflr 

btGbtntJ. wCiwuGwpmbmpJwCi hbnwCiqwpwjpG UJ.whwG2Citppg h hwztJ.P 
wnGbtntJ. Ot4JlwpGwqwG hwGpwUJ.bmntpjwCi, hwmlJ.wUJ.bU flwUJ.npnctpbp, 
'1-CibUJ.PilUJ.bmpntJ.ulJ.P h WJL uwpqbpp tJ1nparf «~WjqJntT\UbpbCijU19ntU» qpmw
wpmwqpwqwG upwtJ.npuwG h «~WJqjnt'lGwtuwqbpg» flGumpumtmfl IJ.n11upg 
(UJ.pn.'p. U.b.lfwpqwpjwGp 11tlJ.wtJ.wpmpJWUp) uzwljtJ.bL t funGwtJ. ljbpwtuwn
GmpqGtp UJ.Wmpwumn11 WJGajlup UJ.Wpq mb}ufintnqpwqwG qpb, npfi wnwfig 
11cttJ.wpmpJWG qwpbJli t mb11wqpt1 h hwpq b11wb 11bUJ.12mU tJ.bpwywnmgbL [!Ulll 
mGmbumpJwG UJ.WhwCi2Citpp: 

L.q.3.3-mu UJ.llltnqbptJ.wb t ljbCiqwCipfibpp ljbpwpwctGmu oqtnwqnpbtJ.n11 
qptpb pn1np ljbpwmbuwlJ.Gbppg tuwnGmpqGbp UJ.Wmpwutnbtm [!Gl}hwCimp 
mbJuCintnq}1wqwG qpb"t!: 

ulj. J.J. funliwtf ljbpwjuwn{impqlilifl 11/WlllflWUlllllfl lllliju{in[nqftwljw{i qft<}. 
1-ljntqftcn ljliplipft HI'K-JOE rfwlipftl, 2-0flncnft, funcnft /, uftlnuft KTY-10 ljmcnwljft!
ufimgft!libp, J-hwrfwljglfw<} ljbpbpft pmfiljbp, 4-KJ{M-2,0 hwmjJljWf!WflIJN, 5-
hwcnftljw;ftli ljbpbflft pmliljlip, 6-W[lUWUJWllJW[WJIWUJlllnlfllilipft J1KC-5M lfwfip/11, 
7-pwpdnfl TC-40M ijmfuwfJJ7ftl, 8-dwcqwtfliliw;ftli ijmfuwTJJ7h, 9-hwuwljgtfw& 
ljbpbpft ,iwijJwtfnpft!, 10-ljliplipft HC-JOM fuwnli}l,i-uwlipftl, 11-uftqwli;mpfl, 
uwljpn-uftljpn /, Wj[ hwl/b1mulibpft [/JlOlllJPft pwp, 12-fun'lnl/wljw2wp, I J-tjJwljwli 

UJl}ajlufl lJbpwjpG wpmw1]1WUwuhp qnpbbt bfi zww mGmbuntpjntCiGb
pnui: CwhwqnpouwCi gmgwGflzCibp[! 1}]1WlJwG bG, lJbpwtuwnGmpl}}l mmbJlimp
JntCi[! 100 % t: L.tiwpwqptJ.wb wpmwqpwUWUJ! lJwpbJli t mt11wl}J1bL gwfilJw
gwo mCimbumi:iJmCimu, npmt11 lJw lJntJ.bpp npnzwtifl qrtuwpwGwlj: L.uwG 
qhUJ.12bpmu mbtuCin1nqpwtiwG qpb[! uCimu t fimJG[!, pwJg, tiwtutJ.wb wnwfiapG 
ljtpwmtuwljGhpflg, ljwmwptJ.mu bCi tiwnmgtJ.wopwJflCi npnzwlJ.P tJ1ntJ1ntum
pJmGGbp: liJUUJ.bU, bpb mfimtumf}Jntfi[! b11nm z.mCip, WUJ.lll ill mt11wqptJ.mu 
b"11nmp pmCiljbp, wpUWUlWUJ.WLWPWUJ.lnnlT\ l_ntCibCiw1m l}bUJ.pmu ' l1KC-5M 
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1flipbGw, pulj bpb ljntJ.bp[! qptJ.mu tG IJ.pp upwhmu, nptnb'l h [!um ljwp
OwmtJ.mpJwG umwGmu bG hwuwljgtJ.wo IJ.bp, WUJ.W lP mb11w1]1!.J.mu K.[(M-2 
hwmpljw2wr11Pz., pCiz.UJ.bu GwL. hwmplJ.P m hwuwljgtJ.wo ljbpp pmGljbpGbp h 
iwtJ1wtJ.nppz.: 

4najlm ljbp[! ljwpbJli t uwGpwgGbt IJ.Pg mb11w1]1tJ.wb lffK-305 ub12bGw
Jl1tJ. m pwpabt pmfiljbpfibppfi (tJ1npp qrluwpwCiwljCibpfl qbUJ.pmu), puq qbqp unm 
uwCirwgtJ.wb ljnajltn ljbpbp[! hCiwpwtJ.np t tJ1ntuwflllbt h tJ1npp pbpntpjwup 
hwppwl!fibppg pfipCiwpwtJ1 pwpabt pmfiqtpfibp (tunznp ~bpuwGbpfl. m 
hwuwJlipCibpp qbUJ.pmu): 

UjuajluntJ., fiUJ.wmwl!whwpuwp t pCiz.UJ.bu t.Im12p, WJCiUJ.bu tL tunznp 
wCiwuCiwUJ.whwl!wfi ~bpuwfibppfi IJ.Pg wnw2wpl!tJ.n11 ahntJ. ljwnmgbt IunGwtJ. 
4tpwJuwnGmpqCibp UJ.Wmpwumn11 wpmw'1Pwuwubp : UfihpwctbzmmpJWCi 
11bUJ.12ntU b"T\nml! ljwpbJli t ppupwljwG uzwljuwG bCipwplJbt l}bqbpnui, zbG12tpmu 
qwu tupwuwuifitpmu, pGlUJ.bu Gwh UJ.WhwbnJwgfibt UJmu ljtpwmtuwl.jfibpp 
hbm: Unw2wpl.JtJ.n11 l.ibpwjpfi wpmW'1J1WUWU[! hbnwCitiwpwJflCi t, wCihpw
ctbzmntpjwfi qbUJ.pntu hGwpwtJ.npntpjntCi t [!Gdbnmu wnwGg tJ.hpwtiwnmgmu
Cibpp, t11wb mbJufin1nqpwtiwG qomu wtJ.t1wgGbt hwliwUJ.wtnwutuwCi trwgmgpz. 
uwp12wtJ.npntuGbp h UJ.Wmpwumbt hwmptiwtJ.nptJ.wb m PPltl.ihmwtJ.nptJ.wb 
lJbpbp: 

J.2.1.J. dwuJiill/bUw;ftu tjm}uwlJJ1ft!/1 tfpw ljbpw;ftu pwi]WlJJ1wcfwubp 
l)wpun'l m juwnuni] wpmwl)pwcfwubp 

4bpwtuwnfintpl}fibp UJ.WU1J1WUUlllT\ WpU1W'1J1UIUU.1Ubflp Ubpbfiwuwp12wtln
pntUfibp[! 4Jl6wmhLnt m UJ.WpqtgGbtm GUJ.wmwljntJ. 4tpwJrfi pw11wqpwuwutpu 
JuwnGmu tG wGuf12wUJ.bu dwUJ.wtJ.bGwJrG tJ1ntuw'1PP.iP tJ.pw (3.4): 

UpU1W'1J1WUwuG wztuwmmu t hbmLJWL hbppwlJwfimpJWUp: 
Up1nu[!, ubfiwctu h ljnll[}lm lJbpbp[! tJ1ntuw11pmu bfi wpmw1]1wuwu m 

1.9fimu Ciwtuwumm12J!: 
CbGpp owljwmwJpfi uwumu hwuw4g4wo ljbpp L wpUWUlWUJ.Ulntr].Cibpp 

hwuwp mt11w'1J1tJ.Wb tG uGmgpl_Gbp: 
Up1nup., ubGwctp L ltnajlm ltbpbpp pmCiljbp-z.wtJ1wtJ.np}ll_Cibp[! (I, 2) mt11w

tiwJtJ.mu bfi wpmwflllwuwup wfigmUwJpCi fiwJuwummpmu WJCiUJ.hu, np 1]1wCig 
phnCiwpwtJ1n11 uwuhp[! qmCitjM ufltnup, ubCiwctp (3) L l.imaj1m qtptpp (4) 
z.wtJ1wtJ.nppz_fitpp J:!CiqntGn11 pmfiqhpGtpp tJ.pw: 

IT}wwpwump hwuwl.J.gqwb l.J.hpJ! 19Gmu tu pmGl.J.bp-uCimgtttll (9) ut2, 
npmhT\Pg uwmmgtJ.mu t pmfiqtp-z.wtJ1wtJ.nppz. (8): 

UpuwmwUJ.mm11Gbp[! pwpanui bfi pmfil.J.hp-uCimgp.z. (5), npmhT\Pg WJG 
mptJ.mu t ttJ.wgn11-uwGpwgGn11 utptGw (6), pul.J. WJGnthbmh' pmGIJ.bp-z.wtJ1w
tJ.nppl_ (7): 
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ulj. 3.4. dWUJWt.fliuwjflU l/Jn/ziWIJflflint./ ljbpw/ziwnuntpl]Uliflfl WJ7lflWIJJ1WUWUjJ 
wbftiunfnqflwljwu uftilicJw{j 

lJ1!4Pnhwtlhtmuubp}l tntb"nt]l'[! uwtuwlljwtnpwummu bG tuwnG}lzntU {16) 
L. tth4tnpwuwqu}luw4wu tllwtiwup {15) m gGgmq}l oquml'JWUp umgGmu 
4hpwtuwnumpq}1 ut2: 

Swppbp PWIJ.Ull}PWUWUbp{! zwtllwtlnp}lzuhp}lg hbppw4wGntl'JWUp L9tlntli 
bG hwtlw12nIJ. CTWUjWtlhGwjpG iJmtuwqp}12-tuwnuplJ1 (14) tlPw, pwpw4 zbptnb

pni.J. qwputtmu {!Utn LWJUlllJlJWU (upuzL. 20-30 uu): ~wuwuhn tuwnuntpl)[! L9tlntli 

t unpJltwJ}lu 4bpwpwztu}llJl (13) ub2 tiwu pwztuuwu umwgpnuwp qb"p tlPw 
( 11 ): 

J.2.2. S?bpt.fw;ftu, pfttiftwljwu 11 ljMuwpwuwljwu tizwljmtfm/ 
ljbpwjuwnumpl)fibp UJWmpwumbfm wpmwlJPwt.fwubp 

ctwuwuw4}1u LWJU rnwpwb"mu tu umwght WJU wpmwqpwuwubp{!, np
mbq tiwmwptlmu tp b"rinm}l znqbtuwzmu, 1.J.wl9}1ntuwtlnpmu L. WJL 12}1u}lwtiwu 
triwuw4utpni.J. uzwtimu, pUzUjbU uwL. hwuwtigtlwb" 4hpbp}l rymctwtJ.npmu: 

CTIJ.nmp 2tpuwJ}lu u2wtiuwu ctwuwuw4 uwtuopnp uwupwgumu tu b"qntn[! 
L. mmhLJ1ntl'Jntu[! pwp6pwguhtm hwuwp pp2mu w11w2pn4, znqttuwzmu m 
tuwnumu UJl1lU 4tpbp}l hbtn: ~wowtu hwuwtigtJ.wb" 4tpbp{! znqttuwzmu bu 
OIJ.nm}l hbtn u}lwu}lu: liJI} l)bll!l2ntu ut4 wuwumu}l optlw UjtuhwG2£! 4wpnIJ. t 
hwuuht 8-10 4q -}1 : 

UGhpwctbzm t ulJ.wm}l mGbuwt, np u}ltnu{!, wpuwmwUjWLWflWUjmmri
ubp[!, ubuwd[! L. UJl1lU 4tphp{! znqttuwznuS bu WJU l)bll!l2nt0, hpp wtumwhwp
tJ.wa tu LJ1umu tllmwtumntl L pnppnuutpni.J.: 

J2}1upw4wu bIJ.wuwtintJ. h}luuw4wumu b"qnm[! uzwtimu bu, npUjbUq}l wtlh
LWUW uuuqwpwpml'Jntu{!: .Q}lupw4wu uJntPI! mpnhmu t ()qnm}l l'w11wupw-
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l~.Jmp}l UjnLJ1ubpwJ}lu 4wnmg4wb"12£!, tntb-tlmu bu u}1LJ1gpmu}l wqbp[! L. uuuqw
LiJntpbp{! qlimumu bu wtlbtli hb2mwuwpu: 

lJqnm}l 4wl9}1ntuwgmul! (4Pwgmu[!) Gwtu4}1umu LWJunpbu tnwpwb"tlwb" 
l.p: 4}1p[! Ujbm12 t 4nquuw4}1 tuwnumpqubp}lg pntnpn4}1u qbpb" LJ1up L. ll!WPnt

Liw4}1 90 % -pg n2 Ujwtiwu 4wl9}1ntu}l 012u}lq: ~hwuqwb" 4PPI! Ujbtnll t wuu}12w
L4hu hwGqbgubt L. UjWhbt tuunpp 6L.ntl: lJqnmn uzwtimu bu illillll zbu12mu: liJU 
pp2mu bu 4pw4wpn4 L. Ujwhmu 24 ctwu, np}lg htmn wpqhu UjWtnpwum t 4t
pw4pbtm hwuwp: Lmb"ntJpntl PP2tlwb" b"qntn}l 2nqbtuw2nuSI! u}luzL. 1,5-2 ctwu 
Lwowmmu t 4wl9}1ntuwguwu Ujpnghu[!: 4wl9}1ntuwgtlwb" b"qntn[! zntu}l tnhw6 
Imm, qbq}lu t, tiwuwzwtlmu hpwuqntl: 4ntlbp}lu opw4wu 4wpbLJ1 t tnWL u}luzL. 
18-20 4q, 6 wu,uw4wupg u}luzL. 1 tnwpt4wG uwmqwz}lu' 4-6 qq, pwp6p mwp}l
p}l uwm11w2}1u 6-10 4q uzwtii.J.wb" tunuw4 ()qmn: 

lJqnm}l uzw4uwu hpuuw.1}1u L. h}luuwpptJ.w.1t1G bIJ.wuw4Gtp{! h}luu4wb" bG 
uwupwgtlwb" b"qntn[! tnwpphp PWIJ.WTllllllpJWU h}lu12tpml L. ppmutpntl PP2htm 
i.J.pw, np}l hwuwp oqmwqnpb"mu bu 4wmum}14 L. 4wl9}1muwgtlwb" unqw: 
lizwtitlwb" ()qnmu mu}l hw6bLJ1 hntn L. wuwumuuhp{! hwomwntl bu mmmu: 

Sttuu}14w4wu 4b"m uwmp}lmu}l tmb"mJpntl PP2tlwb" b"qntn[! 8-1 O ctwu 
hhmn, wnwug npL.t wwgmg}lz ti.J.wuwtm, Ujpmwu}l t 4tpw4phtm hwuwp: 
4ntlhpu opw4wu mtnmu bu 10-20 4q uzwtitlwb" b"IJ.nm, ut4 mwpttiwupg utb" 
uwmqwz1f 8-15 4q: 

lJqnm}l 12}1upw4wu uzwtiuwu (4PP 4wu WJL 12}1upw4wu Ujntpbp}l u}12ngni.J.) 
ctwuwuw4 wuhpwctbzm t UjWhUjwUbt tu}lutn uwtuwqqmzw4wG u}12ngwnmu
ubp, }lu4 pwui.J.npuhp[! Ujhm12 t LWtl b"wunl' LJ1ubu 12}1upw4wu UJntphp}l hbm 
LJ.wpi.J.btm wu4mwuqmp.1wu mttuu}ltiwJ}l 4wunuubp}lu m wztuwtnbu wpmw
hwqmumni.J.: 

4nUjpU1 4bpbpp tizw4uwu 4Luuwpwuw4wu bIJ.WGW4£! hpuu4wb" t upqpn-
4tuuwpwuw4wu UjpnghuGhp}l tlPw, np{! mbqp t mGhGmu tu}lm mmpwui.J.wb" 
tunuw4 qwuq4wb"mu: 

litlhtli pwp6p wprumu12Gbp}l tu hwuumu b"IJ.nmI! pwtimtp}lwuhpntl hw
pmum uw4wpq}1 hbtn u}ltnuwgutwu: 

~wtn}14WJpU 4bpbp}l uuuqwpwpntl'JnlU[! 4wpbLJ1 t pwp6pwguht qpnctw
tlnpuwu u}12ngni.J.: 4bp{! hwputnwgumu bG LJ1wpctt12 Ujpntnb}luntl L. B tuupp ttp
mwu}luubpni.J.: '1-pnctuhp}l uUjpmw4mgI! Ujwpmuw4mu t pwp6p mn4nu wu}l
uwpl'm: .!_btnL.wpwp, qpnctwtlnpuwu qttuwi.J.np UUjWtnw4u t' 4hpbpmu 4mtnw-
4ht hGwpwtlnp}lu zwtllni.J. ob() 12wGw4mp.1wup wu}lGwpl'nt: 

4·bpwpwdUntU Ujpnmbpup UjW4WU[! 4wpbLJ1 t lJ1WgUbt oqtnwqnpb"btntl 
4wppwu}lq L. WJL u}luptm}14 wqnmw.1Jlu u}lwgmp.1muutp ({!uqhwump uwputw 
UjpntnbpG}l 20-30 % -}1 zwtllntl): 

4wppwupq[! hwmp4w4np4wb" hwuw4g4wb" 4tp}1G wtlhtwgubIJ1u qwuqw
qmu bu IlillJilWJntUU m h}lqpnLJ1q[! L. UUjWUtnntu up4pnopqwupqu}l 4nqu}lg LWtl 
Jmpwguwu[!: 4wppwupqntl hwpumwg4wb" hwuw494wb" 4hp[! Ujhtnll t Ujwhbt 
znp ztu12mu, npntlhbtnL. uh() tunuwtlntpJWU l}hUjllntU 4wppwu}lq[! IlillJilWJtlntu 
t, L. 4hp[! 6tn12 t phpmu wunupw4}1 tnhw6 hntn: 
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tJqnmJ! UIUnuflUI4UIJpG 2rntl UZ,.UI4hlliu UJ.PnmhflGp L. uUJ..flmw4mgfl pwGw-
41! qqUitiinphG Uit1_btUICintU t (l 4q 0-qnmmU UpG2_L. 20-25 q UUif!UbW 1.1.J.f!Otnbflu), 
htmL.UIUJ.bu UitlbtUICimu t GUIL. uCiGl}UlflUiflntpJmGJ!: lTzUI4t1_wO- aqnmG mCip qnpz 
qntjG, hwgp hUil'.ibtii hntn, L. UIUUIUntCiCihpCi WJU tUit1_ tCi nttnntU: 

SGmhuntpJmCiGbpp i.pnpa{! gmJg t mtlbL np 0-11nmp L. WJL 4hpbpp 2tp
UWJflu Ill ppUpw4UIG Uzw4uUICi UIUbCiUI4Wtnlllf1htwqnpb-Y.UI0- UUippwt1_npntUJ! 

C-12 znqhluUIZP2.-luUinCipzG t: 

J.2.2. 1. C-12 znqbfuw2f11-Juwn6}11_/J h}ltfp}l ljpw ljwnmglfw<7 
WJ1UlWI]j1WUWUbfl 

l.Uilu4)1Gnu5 UIJU U1)1UJ.)1 4tpUIJ)1G Ulf1Ullll11J1UlUWUtpJ! llllJU 4)1.flUIOntpjntG 

mGtflG: 
CnqtluUIZfl2_-luUinGf12_ntU 0-11nU1J! UzUI4ntU tG lnlllflPtfl pf1UflUI4UIG Gjntpt

pmt: liJG oqlilUiqnpO-mu tG GUIL. npUJ.tu UJ.UiflptpUI4UIG qnpan11mpJUIG luUin

G)12_Gtp: 
L.4. 3.5-mu gmJg t mpt1_UI0- C-12 znqtluUIZP2.-luUinGptlt hfltip)l tlflUI 801-

323 Ulpl.l.J.UIJ)l.G GUiluUiqO-flG hUIUUIUJ.UllflUIUluUlGn11, lunGUitl 4bf1UiluUinGntf11} 

UJ.UllnfllllUlflO!J. 4tpUigtluf1 mtluGntnqflUI4UIG uiutuUIG: 
1 

.~ 
········-·--·····-·: 

ulj. J.5. f.thpWJ/lfi WjlUlWI]fJWUWUp whjuun1nqflwljw{i ujuhJfw{i (U1flUJWJ/lU 

uwfuwqflc> 801-823 ). 
1-CM-1,7 fuwnuft2, 2-hwtfwljgt/w!J ljhphpfl flK-6 pmuljhp-uumgfl2, J-TC-40 
t/Jnfuwl]fJ/1.!, 4-ufllnu/1 KTY-10 pmuljhp-2wt/1wt/npft.!, 5-ljhphp/1 «<ln19wp-5)) 
tfwupfl2, 6-ljnu;ftw ljhphpft HI'K-JOE tfwup/1.!, 7-ljnu;ftw ljhphpft KTY-10 pmuljlip-
2wt/Jwt/npflh 8-t1hljwpwljwu t/hpwtfpwpd, 9-YMI'-5 qphj.'jJhp, 10-TK-5E phnfiw
pwt/JnlJ t/JnfuWlJJlfl.!nt/ f!UljfllUfll/ pmuljhpuhp. WjlUWUlWUJW/WjlWUJUlflll/UhJlfl 
hwtfwp, JJ-Jr/J-12 u;ntfu;' {jhfJUJntn 2mJlf! hhnwguh[m hwtfwp, 12-wptfwww
UJUlnllJuhpfl l1KC-5M tfwupft.!, 13-C-12 2nqhfuw2ft.!-fuwnuft.!, 14-phnuwpwt/JnlJ 
lllBC-40 2uhlj, 15-plinuwpwt/JnlJ TC-40M t/Jnfuw1Jp/1.!, 16-ll13C-40M 2uhlj 
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4bf1UIJflG lllfllillll11J1UIUUiup GUiluUitnbut1_UI0- qnpO-n11mpjntGGbpJ! L. mblu
lintnq)l.UI4UIG qO-bpp UUiflpUit1_npmuGtpJ!. 

- 4nl.l.J.flm 4bpbpp UUIUfllll9ntU L. UUil.Ilntgmu luUinGflf YMf-5 qpbJ:jitpUIJflG 
J'lllf10fl2_, UtnUigflnGUip ttt4mpwhUI'l0fll}UI4ntl KTY-10 uGmgf12_-Plllf10fl2_, HrK-
106 UUIGflfl2. L. TC-40 Z!J.PUIJUian11Uil}np tlmluUI11J1flz, 

- wptiUitnUIUJ.lllllllflWUJ.mm11Gtp)1 ttlUigmu, UUICipUigmu L. UUimmgmu 
JtnunGp2_' TK-56 tlinlulll'lflfl2.-uumgf12_nt1_ 4ntlI1UI4f12., l1KC-5M ttlUign11-UUiupfl2_, 

- hUIUUI49tlUI0- 4tptp)1 4nttnUI4ntU L. UUitnmgmu' IIK-6 4nttnUI4fl2.
uCimgf12_, 

- uuuqUiflUifl tmO-mwubpfl UJ.Uitnf!Uiummu L. UUimmgmu' hUitltLmuGbp 
tqUihttm hUIUUifl CM-1,7 uUippUit1_npmuCibpnt1_ 4UIJUiup, 

- uptnufl UUIUflUigmu L. UUiwmgmu' tLt4mpUihlll'lnf11}UI4ntl ulilUigflnuwp 
KTY-10 2_UltPUitlnp)lawpa)12_, «'-l.ntqUip-5» UUIUf1p2_, 

- Plll'llll11J1WUUIUbf1)1 QUl}ntCimu L. luUinGmu' WBC-40 zub4UIJflG 
l}mluw11J1fl2_, C-12 luwnCifl2_ L. pbnuUipllltPll'l tlinluUI11J1fl2.Citp' W3C-40 zut4UIJflu 
l1 TC-40M Z!J.PUIJUI00'1Uitlnp: 

4tpUipUidCip JntfllllpUICiljntp Plll'lllll}fllllUUiu (4nUJ.Ji.m 4bptp, uptnu, Uif1Ulll
ll1UIUJ.tnnt'lubp, uuuqUipUip tmO-mJpCibp) GUiluUIUJ.UltnflUlUl.Ilmu ta hwuUI
n1wmUiuluUiu mtluCintnqpUI4Uiu qO-tpmu, pu4 hUIUUI4gt1_UI0- 4tpJ! 4mmUI4mu 
Liu L. luUIOUUUICi q)l.0- l_l1UIWU hWUUIOUIJU Ciwluopnp 4UiqUt1_UI0- Plll'lllll1J1UllflOUUp: 

4nt1_tpp 4UIU nlluUif!Citpp hUIUUlfl 4bf1UIJflCi luUinGntpqGtp UJ.UltnpUiutnbLtiu 

C-12 luwnGpzp ub2 l9Gntu bG uwGpwgpwO- 4nUJ.fltn 4bpbp L. I: l hwpwpbrmf3· 
Jwup uCiGl}UiflUIP tmO-mwntl UflUidUIUUICiUI4 lunCiUil}UigGnu.l: lvUinuflzl! 1/3-ntl 
t9tlbLnt9 hbmn UitlbtUigCimu bu UUIUfllll9fllllCT UlflUUltnUIUJ.lflOUJ.Utp m hUIUwl.jg
tlUIO- 4bfl L. luUinCimu: 5mpm optppCi 4tpUiluwnump11l! mUipUigCimu tu upCizL. 
20-30°: 

4bpbf1J! UzUI4btm hUIUUlfl qnLOflZfl L. tnlllp 2mp UtnUICintU bCi :jibpUUIJp 
4tumpnGU14Uiu 4wpuUIJUitnupg 4UIU A-721, KB-300 4wpuUiubppg, npnCip mt-
11UI11J1tlmu bu Ulfllnlll11J1UIUUIUntU: 

t>11nmf! L. u.fltnuJ! wpmw11J1UIUWU tu ptpmu 2ITTC-4-887 A, 2ITTC-4 

tnf1UI4mnpUIJpCi 4gnp'l.flzCibpnl} L. tgCimu 4P9 4Uinmgt1_UI0- 18x 18 u UUI4tptunl} 
orn0-4fl tnUI4: lJUIGppzGbppCi aqnm£! L. uptnuJ! 4mJmbpflg UUimmgmu bu YMf-5 
qptJ:PtplllJflCi pUipapznY.: 

UpUUitnlllUJ.tnnt'lCitpJ! TK-56 pmu4bp pUifldntu bCi mpw4mnpUIJpu 
pupCiUipUIL}lbpnt1_, hUIUUI4gtlwO- 4hpQ ITK-6 uCimgpz' .flCipCiUipUIL}l Uit1_mnutptCiUI
Gbpnt1_: 

L.4. 3.6-mu gmJg t mpt1_UI0- «linp Q.t'l.fl» qJnt'lUitnumbuUI4UIG lllttnUI4Uiu 
120tt2p GUilu4f1Cimu qnpan11 UICiUiuCiUIUJ.UihUI4UIG :ptpUUIJmu 4hf1UIJpu UifltnUI-
11J1UIUUiu)1 mtluCintnqpUI4UICi ulubUUICi: 

liJumb11 aqnmJ! L. t1_wmnpUI4 lunml! hCipUip4mu tu 2tpuwpfluflUI4Uiu 

tizUI4UUIG (4Uil.9)1nttiUigt1_UI0- unqUIJntl) L. l.l.J.UililflUIUmmu lunGUitl 
4hf1UiluUinCimpqCihp: 4nUJ.)lm 4bptpJ! UUIUflUI9CintU bCi I1fK-30E utpbuUIJnt1_ m 
l9Gmu C-12 znqbluwzflz-luUinGflz)l ut2: 
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U}11nun uwGpwgGmu bli «'Ul.tqtup -5» tituupJ:lLntl (2), qmmwtimu K1Y-
IO unpJ:lttuJpG qbpwpwzju):lLJ:l h):lupfl llPtu UJ.WtnpwumtlwO- qmmwltJ:lL-Lwtllwtln
PJ:lLmu (3) h TC-40M 2IJ.PWJtu!2bPJ:1LwJpli t):lnjuwI}PJ:lLntl 19Gmu C-12 znqbjutuzpL
juwnG):lLJ:l ub2: 

ulj. J. 6. «unp Q.b17jw q}nL!]WUJfiUJbuw[jwfi UjbUJw[jw[i pn[bpft [jbpw;}lfi 
WflU1W!JPWliwu}l UJbjufinfnq}lw[jwfi ujubtfw{i 

~wuwqgtlwo tibpJ! ):lGp liwpwt):l utpblituJntl (7) pbpmu 19Gmil bG Gnp):lwJJ:l 
(9) nuqmGuwG pmGqbpp ub2, tuJGmhbmh unp):lwG qbpJ! uwmmgmu t pmuqbp-
9P'-ltnG (10), }luti tltp2}1Gu TC-40M tllnjutuI}P}lLntl.' C-12 zmibluwz}lL-juwnGp2_ 
(5): 

.Q):lu):lwltwli 1momJPTI (1.J.w19pmuwgtlwb unqwJJ:l 2-2,5%-wGng) UJ.Wtn
pwuumtu bG jutunGpLmu (11) ubti wGqwu oqmtuqnpob1m hwuwp l.t UJ.nUUJ.ntl 
uqmu C-12 znqbjuwnG):lLubp):l ub2: 

4bpwJpU wpmwqpwiltuu}l wzjuwmtuup):l mbjuGn1nq):ltuqwG qnponupwgG 
(}GpwGmu t hbmL.JWl qbpUJ.. aqmn(} uwupwgGmu bu 20-30 uu Lwt):lntl L. 19Gmil 
juwnG}lLJ:l ub2' u}lGLL. UJ.WpmGwtimpJtuG 30 % -n (300-350 qq): liJGmhbtnL. 
wzjuwmwgGmu bCi juwnupm L. tutlb1wgumu 0-11nm):l pwGwqmpJntCiJ! UpCiLL. 500 
1.J.q: liJI} J!Cipwgpmu juwnGpLJ:l ub2 19Gmu bG 1m0ntJpJ!: CnqbjutuztiwCi nlipwgpJ! 
mL.mu t ubq ctwu, np):lg hbmn 0-qnmn juwnCiJ:lLmu uGmu t umntutlnpwUJ.bu 3 
ctwil: bpb qbpwjutunCimpq UJ.bmp t UJ.wmpwumbt, WUJ.W tl.bp2mu tutlbtwglimu 
bu tuJCi ptuqtuI}PtuUtuubpJ!, npnup LUJ.bm12 t znqbjuwztlbli h juwnCimu 10-15 
pnUJ.b mL.nqmpJtuUp: "lwmptuump qbpwjuwnlimpql} juwnGpLJ:l pbnGwpwtlln11 
zubqntl m TC-40M t):lnjuwI}PpL-pwpopLntl pbnCimu bli unpp1wJpG KTY-10 
1.J.bpwpwzjuJ:lL: 
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J.J. liliJ1wjuwn(Jmf11J(Jlif1ft WJ1WWIJJ1Wtfwulif1 junqwpnutwljw(J 
.'plif1uwalif1ft hwtfwJJ 

lvnqbp):lG qbpwqpmu bG jumwgpwa (htuilwqgtlwO-)-wpilwmwUJ.tnll.WJpG, 
j11mwgtlwO- (hwutuqgtlwO-)-qwpmn:PJ:lLWJJ:lG qbpwjuwnlimpqlibpntl, jumwgpwa 
(hwuwl.J.gtlwO-) qbpbpntl l.t uGCiajl uGwgmqCibpntl: UubGwmwptuO-tlwbn jumwg
pwa (hwtituqgtlwb)-wpiltutnwUJ.tnll.WJJ:lG juwnlimpqG t, bpp junq}l l.J.bpwpwct
lintu umglimu bG hwm):lqw2wpqtlwbp, hwm):lqwjuwnlimpqlibp, uwGpwgptu0-
111pilwtnwUJ.mmq, ztupwp):l h qbp):l 6tuqlil}bq, qwqwp, hwilwqgtlwO- uJ:ltnu, 
junmwump: Uunwlin qbptupwctlimu oqmtuqnpamu bG jumwgpwb qbp, p):lpbn
ti1uawql.J.wtlnp l.t hwgwqq):l juwnCintpI}Cibp):l uwGpwgtlwO- qwfiwL qwCiqtlwO-: 

lvnqbp):l hwilwp UJ.Wtnpwummu bG Ciwl.t jumwgpwb (hwuwtigtlwO-)
l1wpmn:PJ:ltwJJ:lG junGwtl qbpwjuwnGmpqGbp: bpb qwpmn:PJ:lw qbpwpwctGmu 
pum uGGqwptupr:npJwli qwqifotil t 20 % t.. wtlbJll, wUJ.W tuJCi znqbjuwzmil bG : 

4bpwqpilwG bpqm ol.tbp):l l}bUJ.pmu tL qbpbp):l wp111mGtutlbtnntpjwG 
ll!WJUWCilibp):lg ubqJ! ptuqwlipwlijntp):l utuhuwCiwtllwq UJ.WpntCituqntpjntGCi t' 5-
6 mnqnu):lg nL tutlbJll: ti.U.SpnGLmltJ:l mtlJwtlibpntl' junqbp):l qbpwpwctGmu 
pw11.tuGptuGJmp):l mnqnu):l ptupopwgiltuG hbm opqtuGwqwG GJmpbp):l 
1\LupubJllmpJmGG J:12Gmu t: 

lvnqbp):lG qwpbt_ll t qbptuqpbt Lnp, junliwtl (65-75 %) l.t hbqmq (85-90 %) 
jumwgptuO- (htutitul.J.gtlwb) qbpntl: t umnGwqwG qJnu1wmCimbutuqwG wqwqb-
1\ptuJmU qwmwptlwO- tllnpobpJ! gmJg bG mtlbt, np GUJ.wmwqwhtupilwp t 
jumwgpwb (hwtituqgtltub) qbpJ! junliwtltuglibt: liJI} qbUJ.12mU junqbp):l pmtituG 
nwztu6J! umwgtlmti t wtlbJll, pwG Lnp (1,6-9%) l.t 10,7-12,5 % junliwtltugpwa 
tJl16wqmu, ):luq qbpbp):l 0-tujuun u):lwtlnp 12w2w6):1 lb1w t):lnppwlimil t: 

~bqmq qbpwjuwnGmpqCibp UJ.Wtnptuummu bG Ciwl.t junqbpp qbpwptuct
limu oqmwqnpO-btntl uGGajl uGwgmqGbp, npnGp Ciwjuopnp tituppmu bG omwp 
wntupl.J.wGbp):lg l.t btllmu: 

lvnqbp):l hwutup jumwgptub (hwuwqgtlwO-)-tupuwmtuUJ.UlntflWJpG l.t 
!umwgptuO- (htuilwqgtJ.wO-)-tiwpmn:P}lLWJ}lG junGwtl 4tptujuwnGmpqGbp UJ.Wtn
pwumbtm mbjuGntnq):ltuqwG qnpO-J!Cipwgn pw11qwgtub t hbml.tJtuL h}lilGwqwG 
qnpan11mpJmCiCibp}lg. 

-wpilwmwUJ.WLWPWUJ.tnm11Gbp):l, htuUtuqgtl.wb uJ:11nu):l m jumwgpwo 
L1bpbp):l pwpamil l.t t):lnjutuqpmil 1.J.bpwJJ:lG tupmwl}Pwtiwu, 

- WplltuUlWUJ.WLWPWUJ.UlnLIJ.Cibpp qmmwqmu, ttlwgmu, uwlipwgmu l.t 
Lwt):lwtl.nptlwa uwmmgmu juwnCi}lL, 

- tiwGwL qtuGqtlwb}l (wilnwG[!) 4tuti htuuwtigtlwO- u}11nu):l (MnwGn) 
1\wlipwgmu l.t LwtJ:lwtlnptlwO- uwmmgmu juwnGJ:lL, 

- jumwgpwb qbpbp):l qmmwqmu l.t Ltutlltutlnptlwb uwmmgmu juwnGJ:lL, 
- junmp tl.bpwamu wump):l, qnnnwqmu l.t junmwump):l Lwt):lwtlnptlwa 

uwuimgmu jutunGpL, 
- uCiGqwpwp tmbmJpJ:l GwjuwUJ.wmpwummu l.t LtutJ:lwtlnptl.wO- uwmmgmu 

JuwnGJ:lL, 
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- pwqw11J1wuwuhpp tuwnGmu, .. wGhpwctt2umtp JWG 'lhuwmu tuwnGmp'lP 
mwpwgmu L. uiwmpwump tuwnGmp'lP pwpomu unpp1wJpG 4tpwpw2tutitli 
pmG4tp qwu umwgJmGwp 4tpwpw2tulitli pmG4tp-uGmgpi_: 

U-wGpwgtlwO- wpuwmwuiw1wpwuimmqGhpntl 4tpwjpG tuwnGntpl}GhpJ! 
uitmp t Gwtuwuiwmpwumt1pw2tumupg hp4m ctwu wnw2: 

JuwnGmp'lP ut2 WJUpwG UUUl}Wpwp Ujntphp 4wu 2mp hG umgGmu, 
npuituqp Gpw tunGwtlmpJntGJ! hwuGp 65-75 %-p: liJ'l J!Gpwgpmu imO-mJpmu 
lJwpqwtlnpmu hG GwL. up4Jlnmwpphpf!: '1-pw hwuwp oqmwqnpamu hG qmwa 
tiwr, pwqwfipwhjntp (wunwGJ!) L. WJtG: LmO-ntJPI! tuwnGpi_ hG uwmmgnui' 
t1Gt1ntl ul'J.PtlJ. wztuwmwGpp ctwuwGw41lg L. wpUlW11J1Ill'J.W4wGntpjntGpg: UG
[!Gqhwtn qnpan11mpJwG tuwnGpi_Gbpmu tntOntJpp u11uwG wpmwqpnqw4w
GntpjntGJ! 4wpqwtlnpmu bG WJUUJ.hu, npUJ.huqp tuwnGmpqmu wuiwhntltlP Gpw 
wGhpwctt2m pwGw4mr JntGJ!: 

gwqwqpwuwuhpp uwmmgmtiJ! pwctpGwJpG tuwnGpi_ 4wpqwtlnpmu hG 
[!um tmlJw1 qap wztuwmwGpp ctwuwGw4p, hwztlP wnGt1ntl mi.J.Jw1 4hpw
pwctpfiJ! L. tuwnfiptlJ. oqmw4wp mwpn11mp JntfiJ!: '1-pw hwuwp fiwtuopnp 
JntpwpwGl.Jmp qpa 4wpqwtlnpmu tG f!UIIl wpmwqpnqw4wGmpJwG: gwqw
qpwuwuhpp mhuw4J! 4wu @6w4J! t{lnt.fl.ntutwu (J!um :ppw4gpnG 4wqup 4wu 
funGwtlmrJwG) Gnppg 4wpqwtlnpmu hfi: 

Junqhpp 4hpwpwctfimu uGGl}p ufiwgm4Gtp oqmwqnpahlliu, tunGwtl 4h
pwJuwnGntpl}Ghp uiwmpwuumq mttuGn1nqpw4wG UJ.Pnghuiltu tlhpJ! G4w
pwqptlwa qnpanqmpJmGGhppG wtlhtwGmu hG uGGajl uGwgm4GhpJ! 4tqmnm
lj_wampJntfipg uwppntu[!, uwfipwgntUf! L. 2tpuwjpG uzw4ntu[!' 103-105°C 2tp
uwumpowGp UJ.WJuwGGhpmu, 30-60 pnuit tt{lmu1r lIGwgwa qnpanqmp
JntGGhpJ!' 4mmw4mu, i_wl}1wtlnpmu, tuwnGmu L. uiwmpwumjl tuwnGmp'lP 
umwgmu, GmJGG tfi: 

Junqhpp hwuwp Jumwgpwa (hwuw4gtlwO-)-wpuwmwuiw1wpwUJ.mqwJ}lfi 
mhuw41l JunGwtl 4hpwjpG tuwnfimpqfihp uiwmpurnmt1m hwuwp oqmwqnp
antli hfi mGp:pp4wglj_wO- KUC-uhppwJp uwppwt{npmufihpp 4nuui1h4mGhp: 

Junqwpmaw4wfi tunznp ~tpuwfitpmu m hwuwUipGhpmu WJ'l uhppwJp 
wuhGwtnwpwal}wa 4hpwjpG wpmwqpwuwuf! «MallK -6» -G t, npJ! 4wpnq t 
wnwGg 2nqttuw2t1m pmt{nq Junqhpp hwuwp wuiwhnt{t1 qhphpp Gwtuwuiwm
pwummliJ!: lijl} wpmwqpwuwuf! pwq4wgw0- t hhmL.JWl mhtufin1ncitiw4wG 
qahppg (G4. 3.7). 

- hwuw4gqwa (tumwgpwa) 4tphpp J!Gqmfimu, 1.J.mmw4mu L. uwmmgmu 
tuwnGpi_: Oqmwqnpantu hG TIK-6 pmGl.J.hp-uGmgprn, 

- W{lUWUlWUJ.WLWPWUJ.Ulntl'J.Ghpp' 6w4Gqhl'J.P 4wli 4wpmn:PJ11P J!GqmGmu, 
timmwl.J.mu L. uwmmgmu 1tlwGw1m, uwGpwgGhtm hwuwp L. qwfiqt{wap uw
mmgmuf! tuwnfipi_: Oqmwqnpantu hfi 18 u3 mwpnqmpJwfi tp4m TK-5E pmfi
lJhpGhp L. I1KC-5M 1.J.wu HKM-5 ttlwgnq-uwGpwgfinq uhphGwGhp, 

-tunmwumpp UJ.Wmpwummu, 4mmw4mu ufimgpi_ntU L. uwmmgmu tuwn
fipi_: Oqmwqnpamu hfi. KAY-2 2wpqpi_, IlCM-10 uGmgpi_, TC-40M t.fl.ntuwqppi_, 

56 

- 4wGwi_ qwGqt{wO-p' qwGwtlJ. uwGpwgmu L. uwtnmgmu fuwnfipi_ (wunw
lip): q.crntu oqmwqnpamu hfi t1t4mpwhwqnpqw4nt{ unpp1wJpfi KTY-10 
ljlipwpwzfujli_-uGmgp~, «Bonrap-5A » uwGpJ1i. L. TC-40M t{lntuwqppL, 

- 2PP4 4hphpjl' 1mantJpGhpp f!GqmGmu, Gwtuwuiwmpwummu L. uwmm
Hntli tuwnGpr Oqmwqnpamu hfi PMBU-2 mwGl.J., 

- 4hphpp tuwnGuwG m uwmmguwG' l.J.hpwpwctfipG hwuwuiwmwutuwG 
J'lllllP pwqwqpwuumhpp J!fiqmfimu, C-12-p ut2 tuwnfimu L. UJ.WUl{lWUUlp tuwn
limpqp pwpomu unpJ11wJpfi 4hpwpwztuJ1i. 4wu hnupwJpG 4tpwpw2tuuwG qajl 
uuiwgpnfiwp pmfi4tp-ufimgpi_: 

1 

~ 
......,,,~= 

ulj. 3. 7. f.Fliplip/1 uwftiWUJWWpWUIIllfw{j Kll,C-6000 wptnwl]pWUWu/1 tnliftifin
[nqflwljw{i ufuliuwfi. 
1-«Bonwp -5A)) lfwfip/1,i, 2, 5, l0-211pw;wdn1[wtfnp TC-40M, TK-5E, TC-4fX 
ljJnfuwIJJ1/1,iulip, 3-llCM-10 ufimg/1,!, 4-K/l,Y-2 pwp!J/1,i, 6- HKC-5M lfwfip/1,!, 7, 
12-ljliplipjJ C-12 juwnfi/1,ifilip, 8-PMBll,-2 wwfilj, 9, 13-WBC-40 2uliljulip, !l
ljlipwpw2fuP,i, U. wplfWWWUJW[WUJlfllllf[Ulip/1 uf12wu/.jjW[ wupwp/1 hliw p[n-
1.jwtfnptfwiJ wwpplipwlj 

UfihpwcthzmmpJwfi qhUJ.Pntu 4wph1P t C-12 Juwnfipi_ntu qhpf! znqhfuwzht 
4wu tuwnGmpqf! ounwGJ! mwpwgGht upGi.L. 35-40°C: '1-pw hwuwp wpmwqpw
uwumu fiwtuwmhut{wa t 4wruwJwmmG, npmu mh11wqpt{mu t KB-300 4wu A-
721A qn1np2pwqnJwgmgpi_: 

Junfiwtl l.J.hpwtuwnGmpqfihp UJ.Wtnpwumi.tmu hfi hwuw6wJfihgt{wa qnp-
0-nqmpJmGGhpntl: UpuwmWUJ.WLWPWUJ.Ulntl'J.GhpJ! TK-5E pmfi4tp-4mmw4ptlJ.g 
TC-40M php t.fl.nJuwqppi.ntl tnptlmli hG l1KC-5M -p pmG4hp WJfi hwzt{ntl, 
npUJ.huqp mwzumui UJ.WhUJ.wfi@ Gpw hwumwmmG uwqwpqw4J!: I1KC-5M -jl 
zGh4mu wpUWUlWUJ.UllWUJ.Ulnll'J.fihpJ! ttlwgt{mu hfi, hl.J!p untn uwGpwgtlmli t.. 
mptJ.mu hwtlwpnq phnfin'l lll3C-40 zGtq: liju fintjfi zGhlJ.l! IlK-6 ufimgpi_ntl 
uwmmgmu t tumwgpwa 4hphpJ!, npnGp Ujntu pwqwqpwuwuhpp hhtn upwupfi 
mptlmli hfi pwctpfiwJpfi tuwnGJ1i.fihppg uh4pG: 

Junmwump[I IlCM-10 t.fl.ntuwqpJ1i.-uGmgJ1i.ntl mpi.tmu t TC-40M php 
t.fl.nJuw11J1pi. L. lll3C-40 zGh4ntl' tuwnfipi_: 
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<!,wuwtigtl.wa uptnu[!, npJ:! untl.npwpwp UJ.bmp t 1J1wgmgP.2. uwGpwgGbt, 
wGup2wUJ.bu pwpamu bG TC-40M l{lnJuwrwP.2.: liJu ahntl. uwumtgmu bG Gwu 
4wGw2. qwGqtl.w~: lpwgmgp2. uwGpwgGbtm rituwrnu 4wGw2. qwGqtl.w~ 
uwumtgmu tG «Bonrap-5A» tiwu PCC-6E uwCipp2_Ghpp l{lnjuwf}llp2., pu4 
WjGmhbmu TC-40M l{lnJuwrwP.2.ntl. u lll3C-40 zGbltntl. l9GntU juwnGpw ut2: 

UGhpwdbzm junGwtl.ntPJWG 4.bpwjuwnGmpri umwGwtm hwuwp juwnGP.2.P 
Ub2 wtl.btwgCimU bG hwUWUJ.WUlWUjuwG pwGwltntpjwUp 2mp: 4bpwjuwn
Gntpq[! uiwpwgGbtm hwuwp Iun11nt1.wtiwzwpm.{ qntnpzp hfi uuigGmu juwnfip2_ L. 
UpwdwuwGw4 L9finui 4.bpwjpfi pwqwripwuwubp[!: 4bpWJpfi wpmwrwwuw
umU juwnGp2_Gbp[! hbppwtiwGmpJwLlp wzjuwmmu bG wGwumGGbpp 4.hpw
tiruwG qpw:PP.4.PG hwUWUJ.UIUlWUjuwG: ut4 pwdGp juwnCintU[! tnhntu t 10-12 
pnUJ.b: lvwnGpltig UJ.lllUlpwump l[bpwjuwnGmpq[! lliBC-40 zGhltntl. L. TC-40M 
l{lnJuw'lPP..1.ntl. phnGmu bG KYT-3A unpptWJpG 4hpwpwz.tuJ12. 4wu umwgpnGwp 
4tpwpwzJurw pmG4tp-uGmgP.2.: 

<!,wUwltgtl.wa 4.bpbpl} znqb)uwzbtntl. 4.bpwjuwnGmpqGbp UJ.Wtnpwumbtm 
hwuwp utiqpmu juwnGplJ1 ut2 L9Gntu bG 2mp, jumwgpwo (hwuwl194.wb) 
titpbpp pwdGp qwGq4.w0-)1g unmwtl.npwUJ.hu ut4m4tu wOqwu wt1.tw, qnlllr
zP.ntl. mwpwgGmu bG upG.1_L. 90-95°C, hhtnn hwuwl.194.wb 4.hp[! Iuwnfimu L. 
UJ.Whmu 30-40 PDUJ.b: lijGnthbmL. wtl.btwgGmu bu uuwgwa pwqwqpwuwutpu L. 
juwnOmu: 

<!,wt'iwju wGhpwclbm t !llGmu oqmwqnpO-bt wGnpw4 )umwgpwa 4.hpbp, 
npnGp t1.wpwltt1.wa bG !llGmu pnppnuCitpntl., ufiltbpntl.: liJu qbUJ.pmu )umwgpwa 
ljbp[! UJ.bUl.Q t tt[lbL I00°C 2tpumpJw G mwlj 1-2 clwu, WJGmhbmL }uwnGbt UJmu 
ljbpbpp hbm L. JuwnGmpqntl. lthpwli.Pbt GmJG opu: UGltwJpG l}wu l{lmwjumntl. 
4.wpw44wa wpUWUllllUJ.WLWPWUJ.UlntqGbp[! hl{lmu hG l 00°C-mu l clwu mL.n
qntpjwUp, )uwnGmu UJmU ltbphpp hhm L. wGup2wUJ.hu lthpwtirmu: liJri juwn
Gmprm W ltwph!ll UJ.Whht, pwG\1 np dwuwGwJ.i\1 [!Gpwgpmu obnp t phpmu 
pmGwl}np hwml[mpJntG: 

Pwqwrwwuwutpu juwnG\12. uwmmghtm mhJuGntnq\lwtiwG qahpmu 2.4wG 
hwmntlt 2.wl{lwtlnr\12.Cihp 4wu hwzttlt2.Cihp, mump qpwGp uwmmgmu bG mpqwa 
l}bpwpwclpG' hWUWUJ.WUlWU)uWG pwCiwJ.intpjwUp, l}Utn qabp\1 wz)uwmwCipp 
dwuwGw4)1, hwztl.htntl., np qpwGg wpmwrwn'lwJ.iwGmpJntfi[! hwumwmmG t: 

3.4. f.JbpwjuwnumplJUbflft wpmw1Jllwifwubp nguwpwpmowljwu 
!pbpuwulipft hwifwp 

DLJuwpwpmawtiwG .'phpuwGhpp wztuwmwGpp l{lnpau gmJg t 1114.hL, np 
mt.lJwt pGwqwt.lwnp wp111mGwt[hmmpJwG pwpdpwguwfi qwpL.np UJ.WJUWGG t ' 
qwquwqhpUJ.hL unpmG 4.hpw)uwnGmpqGbpp l.. wwnwgpnfi hwmpltwtlnpqwa 
lthphpp wpmwqpmpJmG: liJqllJ.Pu\1 4tphpp hpuGwl.J.wfi wnwtl.htmpJmfiu wub
Gpg wnw2 pwztuuwG uhphGwJwguwG m wqmnuwmwguwG hGwpwtlnpm
PJntGG t, pulJ. qhphpp pwzjumuu nlJuwpwpmampJmGmu wuhGwwztuwmwmwp 
qnp~Gpwgubppg ubl.tG t: 
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4bpwjuwnllmpqllbpp UJ.WtnpwutnntU[! hGwrwtl.npmpjtnG t mwwu pwpo
pwgllbt gwopnpw4 tinUJ.\lm titpbp\1 mmtwmpJntG[!, 4tpbp[! hwztl.bltznbt n2_ 
1\!1wjG {!UUl uwpubllt UJ.[lnUlhpGp, WJL [!UIII tUi111wupGGhpp L. hwGpwjpG Gjntphpp 
pwGw4)1: 

UnpmG J.ibpwjuwnGmpqGbp\1 UJ.WtnpwmnuwG qnp~Gpwgu J.iwqul}wo t 
hlitnhJWt l{lmtbp\lg. J.ibphp\1 uwGpmu, hwt1.wuwpw4znt1.wa J.ibpwpwdpG utnw
liwtm hwuwp t'ipzm 2_wl{lw4.npmu L. twtl juwnGmu: 

<!,wzt.{P wnGhtntl wJu UJ.WhwG2Ghp[! uzwl.Jtlht t mhjuGntnqpwtiwG ujutuw, 
npu pwqJ.iwgwa t 2_npu qabppg (Gq. 3.8): 

Ivmwgpwa J.ibpbpp qp~ pwql}wgwa t pbp l{lnJuw'lPPW9 (3), hw111P.ti.P 
lpnmwti.P2. pmGlthppg (4), .lJ.KY-l 2wpajllJ1g (5), wumpp 4.hpw0-4.wO- J.ibpbpp 
pmGltbppg (12) u MT.[l.-3A 2_tul{lwtlnpplltg (14): 
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ulj. 3.8. flguwpubpft hw1fwp unµmu ljbpwfuwnumpIJ6bpft Wf1UJWIJJ1Wtfwu]l 
mbJuOn[nqftwljw(i uJubtfw(i 

4nUJ.lltn qhphpp uzwquwG qp~ pw11lJ.wgwa t <l>H-1 ,2 .'pmpwclpppg (l), 
ltnUJ.\lm lJ.hphpp HrK-306 uwfippltig (2), bpltm KTY-10-p hpupp 4Jiw J.immwJ.iti2.-
2_wl{lw4.np)12_Ghp)lg (7 L. 26), hplJ.m php)12_WJ)1G php l{lnJuw'lPJ:i..1.Ghppg (8 L. 25), 
tphp KAY-2,0 4tpw2wpajl2_Ghp)lg (9, 23, 24) L. Junmp, b-qntnp hwuwp lJ.nnnw

lJ.P.2.-2.Wl{lwtlnpplltg (11): 
t5qnmp uzwJ.iuwG qp0-1} pwqqwgwa t TICK-5 uwGpp2_-pwpdplltg (19), 

KTY-10 4tpwpwztuP.w hpupp 4.pw 2.wl{lwtlnr)lwg (21), CT-2,0 ptpP.2.wJP.G l{ln-
1uw'lPP2.P9 (20), KTY-10 J.ibpwpwzJuP.2.Pg: 

IvwnGhtm L. UJ.wmpwump J.ibpwJuwnGmpqn uwmmghtm qll~ pwqJ.iwgwa 
t 2CM- l qbpbpp juwnGpLltg (15), CT-2,0 pbpp2_wJpG l{lnJuw'lPJ1W9 (16) L. KTY-
10 4mmw4)1.1. pmGlthppg ( 17): 

UnpmG 4tpwjuwnGmpqGhpp UJ.WtnpwumuwG mbJuGntnqpwlJ.wG qnpa
uGpwgl! qwmwpt1.mu t hbtnL.JWL 4.hpUJ.. 0-qntnl} uwGpwgGmu bG HTK-30E 
ubphfiwJntl (2) L. gltlJ.tnGp (27) oqGntpJwUp L9Cimu J.imtnwti.Pllt (26) ut2: 
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l.JqOUl{! fiwJ:uopnQ Uwfipwgfihllll L. 'lhqbpntU UJ.Whhtnt hWUWp oqmw
qnpbmu hCi <l>H-1,2 :pmpwdpp{! (I): bph ljmwwljtJ.wO- aqnUl{! Gw]:uopnp UwCi
pwglJ.ht t l.J.nupwJCimJ., WUJ.W pGpCiwpwt}l 2IlTC-4M l.J.gnpajlm aqnwntJ. pwpomu 
bG qphJ:PhpwJpCi Ilf-0,5)]. pwpopLntJ., mhri.wt}lntumu wpmw11f1wUwu L. 1.9Cimu 
ljntU1Wljpl-i_Wt}lllltJ.nppw (26) Ub2: 

Owt}lwlj_nptJ.wO- 0-qnml! QhPPiUlJpfi t}ln]:uwqppintl (25) uwwmgtJ.mu t hpljm 
KW-2 2WP'lPiCihp (23 L. 24), npmhri. tJ.tp2GwljwCiwuitu uwCipwgtJ.mu t: .2wp-
11lilGbpp wpmwrwn11wl.J.wCint!}JntCil! tiwtutJ.wa t aqnmp tunCiwtJ.mpJmGtig h 
2wpl}UwG {ugfllJ.fl UwfJ.bpfl wGgphpfl tnpwuwqapg: Upwwqpnri.wlJ.wfimpJntCi[! 
pwpopwgCihtm hwuwp UJ.hUl!l t oqmwqnpO-ht lnp {unm m aqmn, flulJ. uwqhpp 
wGgpbpp mpwuwqpb-{! uto-wgCibt uflCiiL. 16-22 uu (nIBiwpGbpp hwuwp lJ.majm1 
l.J.hpbpp uwCipwguwG i_Wt}l[! i_UJ.hUlp t 20-30 uu-pg wGgGp): 

Ivnm{! CimJCiuitu CiwJ:uopnp uwCipwgCimu tu l1fK-301l uhpbGwJntJ. (2): 
lJwGpwgtJ.wO- qwfiqljwb-{! {unqnlj_wlJ.wzwpntJ. L. gfllJ.tnfip (6) uf12ngntJ. mqwplJ.tJ.mu 
t lJ.mmwlJ.fl.S-i_Wt}lwtJ.nppi_ (7), nptnbllflg pbp qmJ:uwl}ppj_ntJ. (8)' K)].Y-2 2WP'lfli 
(9): 

lJwGpwglj_wO- funmG m 0-qntn{! o'lti hnupntJ. t}ln{uwl}PmU hG gplJ.tnG (10), 
llPI! mhqwl}PtJ.wO- t qmwwl}}li_-i_Wt}1wljnppj_p (l l) l}pw, WJGtnbajlg tt mwwu bG 
lJbpbpp 2CM-l tuwnGp,s (15): 

IlCK-5 uwGppi-PWPOfliOtl (19) UwGpwgpwO- ufltnU{! pwpolj_mu t i_Wlj1w
\j_npfli (21) L. umui12 qnpO-mu CT-2 pbppi_WJpfi t}ln{uwqpfli (20), n1mtl h 
mqwplp.l.mu 2CM-1 J:uwnCipi_ (15): 

<!.wmplJwJpG ljhp{! pbppi_WJpCi qm{uw11[1pi_nlj (3) uip\j_mu t timmwlJ.pj_ 
pmCilJ.bp (4), npmhajl.g UntUlp t qnpO-mu ,1:\KY-1 2WPllPi (5): lfwCipwg\j_wa 
hwmtilJI! o'lti hnupmJ. t}ln}uwqptJ.mu t qmmwltlii. pmGlJ.bpfl (12) gl"tlttnfi (13) h 
MT,1:\-3A iUlt}lw\j_nppintl (14) mp4mu 2CM-l {uwnGpi_ (15): 

U}llJpnmwpphp{! lJhpwJ:uwnCimpajJ ut2 bCi umgGmu AT)].-2 wt}lubwoh 
i_wt}lwtJ.npl"ti_ntJ. (22): 

f!ntnp lwt}lwtJ.nptJ.wO- pwri.wqpwuwuhp{! upwdwuwfiwl.J. ummp bG qnpO-mu 
2CM-1 {uwnGpi (15), npmhq tWtl ]:uumGtJ.mu hG: 

libpwJpG wpmw11[1wuwup mh{uGntnqpwlJ.wfi uwppwqnpmuGhp{! hbppw
t}ln{umu wpmwqpmu bG 15-20 m qbpw{uwnGmpq: 

DIBiwpwpmO-wlJwCi :ptpuwGhpmu lJ.bpwJ:uwnCimpqCibp UJ.Wmpwuumq 
qnpb-nq wpmwqpwuwup (Gq. 3.9) mb{uGntnqpwlJ.wfi u{uhUwJmU Gw{uwmhu-
4w0- t unpmG lJ.bpw):uwnfint}ll} UUlWUWt 28 % {unmflg, 20 % aqnmpg, 36 % uptn
upg, 6 % {umwgqwa lJbpbppg L. JO% uajm1wqmgwhwGpwJpG hwtJ.htmlifihppg : 
lvnm{! L. b-qnm{! uwGpwgqmu bfi HTK-301> uh12hfiwJnlj L. tlwmmglj_mu KTY-10 
qhpwpwztulilli hpu12p l}pw UJ.Wmpwumljwa l{mmwl}}ll i_w¢lwtJnpf!iCibp, npUlh
ajlg pbp t}lntuw11f1pi_fihpmf KW-2 2WP'lfli, WJfimhbmli mqwplJ.tJ.mu C-12 
tuwnGfli: 

UJ1tnU{! KTY-10 l}hpwpwztuf!i. pwpomu bG IlCK-5 pwpop,sntJ., t}lnJ:uw11f1ntU 
wpwwqpwuwu L. phppi_WJpG pbp t}lnJ:uw11ppi_ntl uwmmgmtl C-12 tuwnCi)l.i: 
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ulJ. 3.9. flpuwpObpft hwifwp unpm[J ljbpwjuWJ]UllfJl!J/1 WJIWWl]JlWVwu}l 
whjuun1nq/1wljwO ujuhifwu. 
1-unJlftw, 2-pmuljhfl, 3, 6, 14-pwf1IJ/1J.uhf1, 4, 16-KTY-IO IJhJ1wpw2JuhP hft!Ipft 
r./Jlw ljmwwljftJ. -J.Wl/lwtfnp/1}.uhp, 5-phpft,iw;ftO lfm/uwl]Jl/1}., J-funIJntfwfJw2wJ1, 
8-gflllln[J[Jbp, 9.C-12 juwJ][JftJ., 10-TC-4M 1/mjuwl]JlftJ., 11-u]l[nu/1 t/m/uWl]Jl/lJ., 
12-ifwp/1 U[DVUJ, 13-ifwpp wwpwgfihfm pwp, 15-junwft lfmjuwIJpftJ., 17-J!I'K
JOE VWUJl/11 

<!.wmpqw1mtpwct{! uwfipwgGmu hCi K)].Y-2 2wprifiintJ. L. qwpoJwt 
mqwpl{mu C-12 tuwnCiJ1i: 

liJ'l pntnP!! C-12 tuwnfip~mu tw4. {uwnGmu hG L. uiwmpwump lJ.bpw-
1uwnGmp1m TC-40M t}lnluwqpJ1intJ. pwpomu unpfltwJpfi l.J.hpwpwztuf!liifi L. 
mqwpl}mu pwztuhtm: 

Upmwqpwuwumu opwqwG \.twphlfl t UJ.WUlpwumht uj1Gi_L. 20 m qhpw
juumGmpq, np{! Gw{uwmhutJ.mu t 5000 nIBiwpp hwuwp: 

3.5. Ja-n1.0wpmowljwu :pbptfwObpft ljbpwjuwnOmpIJObpft 
wpmwIJ!lwtfwubp 

.0n~GwpmO-wlJ.w!i :t>tpuwGhpmu pnim!iGhppfi l}hpwl.J.pmu bG hwuwl}g\j_wa 
L hwuw4g4wa-wpuwmwUJ.U1ll.WJpCi lJ.bphpntJ.: .0nintGCibp)1.Ci hJmpw!li lthphp 
u1wwu bCi qhpw{uwn!impqCibpp oLntJ., npnGg IunGwqmpJntfi{! unmwl{npwUJ.hu 
40% t: 

.0nimfiGhpp hwuwp hwuwl{gtJ.wa-wpuwmwUJ.mIJ.wJ}l!i L. hwuw4gljwa
t1wpmn:P.titwJpfi lunfiwtl lJ.bpw{uwnfimpTjGhp UJ.Wmpwumhtm hwuwp oqmw
qnpatJmu hG Gq. 3.7 -mu pbptJ.wa mb{ufintnqpwJntJ. qnpanri. wpmwqpwuwubp{!: 

.0n_smCiGbpp hwuwp tunGwtJ ltbpwJ:uwnCimpqCihp U[WUlpwuUlbtm qhuwmu 
l1wpblf1 t oqmwqnpcrht KUC-uhppwJp uwppwtJ.npmuGbp: lizw44bt t hbppw
tjm{umu 8-10 m wpmwqpnqwl}wfimpJtufi wpwwqpwuwup Ulflll!WJ)l.G Gw-
1uwqpa' N2 805-50172: liJG l}wpnq t {unGwtJ. l.J.bpw{uwnGmp11ntl lllUJ.WhntJ.bt 20-
25 hwqwp pn~mGti: UwppwqnpmuCibpp wwl}wqumu npnz oltwt}lnJ:umpJmGGbp 
umgfihtntl' mhri.wqphtntl ATIC-6 {uwnGp~, wpmwrwwuwut! lJ.wpnq t 40-50 hw-
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qwp pntmGGbp}l hwuwp UJWU1pwumht tunGwtJ. qbpwtuwnGmpqGbp, oqtnw
qnpb'btntJ. wpuwlllWUJUliltrJ.Gbp, hwuwtigtJ.wb' u}l1nu, qwpGwJ}lG uGwgmqGhp L. 
WJl pGwltwG qbphp: 

3.6 lfbpwjuwnfintpl)Ubpft filjwpwqpzfwa WJ1U1WIJJ1Wl.fwubpnuf 
w2Juwwnrz hfttHiwljwfi zfbpbUwubpft m uwppwz/npmzffilipft 
ljwnmgzfwapf! [, w2Juwwwfip[! 

3.61. <wwft!Jw2wpIJ/11 tflipMwfibp 

UptnW'lPWuwubpmu hwm}lqwjpG lthpbp[! uwGpwgGbtm hwuwp oqmw
qnpb'tJ.mu bG KW-2,0, K.[{M-2,0, <fl-I L. u}l pwG}l nt ubppwqwG wpmw
l)pntpJWG hwtnpltw2wp11}ltGbp: 

KW-2,0 1.ihpbp}l mG}ltJ.hpuwt 2wP11liil! GwtuwtnbutJ.wb' t hwtnplt, bq}lUJ
tnwgnpbG}l 4n11Jlbp, tuntn, <'>'llntn 2wp11t1m hwuwp (Gq.3.10): ~}luGwltwG 
hwGqmJgGbpG bG. uGmg}l~, 2wp11n11 pupmlJ.ntJ. m oqwuri}l~ntl tug}lq, lf!wlJ.wGnt{ 
g}lq1nG, mri}lq L. hbtnw11wpa tun11ntJ.wltwzwp, hwtnpq}l pmGqbp, pnqwpl1n11 
uwppwt{npmuGbpp tpwqwquntJ. 30 tit.lm hqnpmpJwG ttblitnpwzwpctpr 

UGmgltil! pwqltwgwb' t bpqm yrn}uw'lPlttGbp}lg L. hwqwqmpptGbpntJ. 
pupmqp.g: "Lbp11L.p cfwUJwl}bGwJpG lf!ntuW11PPm Gw.tuwmbut{wb' t ltnUJpm 
lthpbpG [!GI)IltGbtm hwuwp, t{hpL.flG!!' zqpwjwanqwt{np t ' qbp[! qwGwqwtJ.np 
13upm'1}1G uwmmgt1m hwuwp: QwpI)IllJ. tugpti}l umtnpp wn2L. tnb11w11Ptlw<'>' t 
bpbp UJWpmpwaL.11wGwltGbpml qtnpnq pupmq: 4tnpnq pupmlt}l L. GbppL.p lf!n
}uWI}PPIB u}l2L. tnbqwl}Pt{w<'>' t hwqwqtnpfli flpptq: 

u{j. 3.10. l<.aY-2,0 {jliplipft m0/1lflipuW[ f'Wfl!Jftl. 
1-lfmpow;/10 plfpm{j, 2-pmOljlip · unpmO {jliplipft hwlfwp, 3-!]wOw{jwi.fnp plfpm{j, 
4-uhfJUlllJ l/lnfuw!JP/1), 5-[!0l]lltOnlJ l/lnjuwl]flh, 6-zppwOwlj, 7-t[ li{jwpw2wpdh 

Qwpl)Ilq pupmtil! ump6wJpG tnbuwti}l t: "Lpw wztuwtnwGpwJ}lG opqwG[!' 
nntnnpJ:!, pwqqwgwb t ijmbn}lg L. uqwl}wnwqGbppg, npnGg up2L. wnwGgpGbpp 
tJ.pw wqwtn mbqw'lPtJ.w<'>' bG tnpu wz}uwmwGpwJ}lG hqpbpm.J. 6n6t{n11 
ump6p(J.Ghp: U"mp!lpti}l up hqp[! uwztlbl.Pu tlbpwtnbqwqwJntU bG: Qwp11Jit fl 
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j1pwG}l <'>'w1tJ.nq qwlflwpplli Gbp11L.}l uwumu qw UJWUlnthwG, nppG upwgtJ.wb' t 
L\wGpwgtJ.wb' qhp[! l}mpu hwGbtm tun11ntJ.wq(!: 

Qwr'lPil! uwp11wtJ.nptJ.wb' t 4, 6 L. 8 uu mpwuwqb'p wGg11bpntJ. lf!ntuw-
11l1Gn11 uwqbpm.J.: 

~wm}lti}l qwGqtJ.wb'}l ut2 qmGtJ.nq ubmwqwqwG uwuGpqGbp[! nputJ.mu bG 
uwqG}luwqwG uwppwtJ.npuwG oqGmpJtiwp: ULIUJbpubmp-}lG11fltiwmnp£! pntJL t 
rnwLJ:iu 6zmb1 qhp}l uwmmguwG oUJmpuw1 11wGwqmpJntG[! L. huqb1 2wr'lPIB 
Lt bqmpwzwpct}ltlt pbnGwtJ.nptJ.wb'ntp JntG[!: 

KAM-2,0 ump!lwJ}lG hwmpqw2wp1lltm GwtuwmbutJ.wb' t pn1np mbuwq}l 
hwm}lqwJ}lG qbpbp[! L. hlllGI!WJP.G hllll\t1muGbp[! wump}l l\bpw<'>'blnt hwuwp 
(liq. 3.11): 4wpnq t wztuwmb1 UlplllW11PWUWUntu' UJntU titpwuzwtinri ut11tGw
utpp. m uwppllltJ.npmuGbpp hbm L. npUJbu pGpGmpntJG ubpbGw: ~puGlllqwG 
hwGqntjgGbpG bG. ump!lwj}lG 2WPI)Il'l pupmqntJ. L. Ol}WUri}ltntJ. tug}lq, lflwqwGntJ. 
~JPIItnG, mri}lq L. ·htmw11wpd tun11ntJ.wtiw2wpbp, t1bqmpwzwpct}lt L. pnqwpqnq 
uwp11wtJ.npmu: 

4 5 

Qwp11n11 pupmti}l w2tuwmwG11w
JpG opqwGp' nnmnp}l, qwnmgtJ.wb'p[! 
GntJG[!G t, pGt np KW-2,0 -pG[!: 

~wmpti}l uwmmgmul! 2wr11n11 
tug.114 qwpqwtJ.nptJ.mu t UJUlmtJ.nri 
lflwqwGntJ.: U"wGpwgtJ.w<'>' qwGqtJ.wbi:! 
Ol}WUri}lIB oqGntpJWUp uqtJ.mu t qb
UW gpq1nG, npmbri}lg liJtJ.mu t UJWp
lthp}l ut2: 

Uplllw'lPwuwumu mbqwqptJ.wb' 
2wr'1Pw 011wuri}ltG WUJwhntJ.mu t 
uzwqtJ.wb' qbp[! u}lGtL. 8 u pwpapm
pJntG uwmmgmu[!: 

Uwp11wl\npl}wb' t tJ:intuwppGnq 
uw11bpntJ., octwG11wlt hwpuwpwG11Gt
pntJ. L. 2wpqpi.11 wztuwmwG11!! qwp
qwtJ.npnl} uwpJ2bpntJ., }lGt np KW-2,0 
-pG[! : 

<l>-1 hwmptiw2wrajlm Gwtuw
mbutJ.w<'>' t WpU1W11JlWUWUntU 
}umwgpwb' qbpbp uwGpwgGbtm 

u{j. 3.11. K.LIM-2,0 umpow;ftu pwprJ/IJ.. hwuwp: 4wpbLJ:i t oqmwqpn<'>'bt GwL 
1-fumg, 2-o!]wlITJ/11, 3-.wmqwlfnp l/lw{jwO, npUJhU pGpGntpjntG ubphGw: 
4-g/lfJ[llO, 5-:P/l[lllflnIJ pbp, 6-[!UIJl11UlllJ zbplil/1, ~}luGwqwG hwGqmjgGbpG bG. 
7-t[liljwpwhW!Jllfl!JW{j 2P2WGwq, 2wpajli.11 ppwG, nnmnp, 

pwpap 6GzuwG oqwtiri}lt pmGlttp, 
gpq1nG, lflnzm wG2wmpt L. tthlitnpw
uwppwtJ.npmu: 
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U2JuwmwGp}l ul.J.qpmGp{! L. uhphGwJp 1.J.wnmgi.J.wO-p{! GmJGG hG, pGl np 
UJmu 2wpajllGhp}lG{!: 

Qwpajlm uwppwi.J.npi.J.wa t 2, 3, 6 L. 8 uu mpwuwq0-}1 wGgphpni.J. l}lnluw
ppGi.J.nq uwqhpni.J., npnGp hGwpwi.J.npmpJmG hG mwJllu umwGw1 mwpphp 
lwtlJ.up 1.J.hphpp uwGpi.J.wO-p: 

UGuwq umpnwJ}lG 2wpajlm uwqhpni.J. 2wpajll}l hwuhuwmmpJwtip mG}l 
npn2wl.J.}1 wnwi.J.htmpJmGGhp: lTwqhpni.J. 2wpajll}l w2JuwmwG12}1 UJ.pnghumu 
umpnhp}l UJ.mmuwG mqqmpJwtip uwGpwgi.J.wO- qwGqi.J.wb"Jl 2wpdi.J.h1ni.J. Jun2np 
uwuGpl.J.Ghp{! pw2Jui.J.mu hG hqpwJpG uwl.J.hpL.ntJPP i.J.pw, l}lwl.J.htni.J. wGg12hp[! 
l.J.wGJumu hG tjmpp uwuG}ll.J.Ghp}l twI!: 'l-w mqhl.J.gi.J.mu t GJmp}l }lGmhGu}li.J. 
mpnpmuni.J. L. tGhpqpwJp wGwpmwqpnqwl.J.wG 0-wJuuni.J.: liJI} phpmpJmG}lg 
qhpa t wGuwq umpnwJ}lG 2wpajlm: liJUUJ.hu, wGgwGg 2wp11}1m 26,4 % 
JunGwi.J.mpJwtip qwppG 1,13 uu uwGpwgGhJllu mG}l 3,6 m/d wpmwqpnqw-
1.J.wGmpJmG L. t1hl.J.mpwtGhpqpwJp 32,5 1.J.52nnqll.J.q mhuwl.J.wpwp 0-wJuu: liJI} 
qh1.1.J.12mu KJ(M-2 2wpl}}llG mG}l l}lnpp wpmwqpnqwl.J.wGmpJmG' 2,8 mid L. 
t1hl.J.mpwtGhpqpwjp mhuwl.J.wpwp 0-wJuul! 38 % -ni.J. wi.J.hJll t: 

UGuwq umpnwJ}lG 2wpajllmu hwm}ll.J.I! 0,8-2 uu lwtlJ.uhp}l uwhuwGGhpmu 
uwGpwgi.J.mu t uhl.J. gpl.J.Jll {!Gpwg12mu (lun2np uwuG}ll.J.Ghp[! hm lhG i.J.hpw-
11wnGmu), }lul.J. uwGpwguwG wumpnwGI! 1.J.wpqwi.J.npi.J.mu t umpnhp}l i.J.hp2w
i.J.npmpJmGGhp}l L. qhl.J.}1 u}12L. pwgwl.J.I! l}lnl}lnluhtni.J.: 

liJu 2wpq}ll}l nnmnp}l {!Gqqpl.J.uwG wGltJmGI! utawgi.J.mu t u}lGlL. 300°, 
umpnhp}l 2p2wqO-wJ}lG wpwqmpJntGI!' u}lGlL. 90 Uli.J., qhl.J.G wl.J.nuGhp}l Gl.J.wtn
uwup mG}l l}lnl}lnJuwl.J.wG j2illJl L. pwpopntpJntG, oajl 2p2wGwnmpJntG[! 1.J.w
mwpi.J.mu t tJ.lwl.J. hwuwl.J.wpqmu (Gl.J.. 3.12): 
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'Ulj. 3.12. UOcfw!] cfmp6'w;ft0 pwplJft)}J wbftJOn1nqftwljwO uftibcfwO. 
1-pmOljbp, 2-1wif1wtfnpft), 3-cfmp6'w;ft0 nnwnp, 4-l]blj, 5-t1filjwpw2wpd/l), 6-
cfwOpwgcfwO wuwft6'w0[! ljwpqwtfnp!] cfbftJwOftqcf, 7-pbnOwpwif1nI] pf,, 8-olJft 
zppwOwnmp;wO ftinI]ntfwlj, 9-pbn0wpwif1nI] zOblj, IO-pbn0wpwif1nI] ljwnmg
tfwl}pft ftiftimOp, U-pbn0wpwif1nI] ljwnmglfwl}pft wbup[! pmOljbpft ljnI]cfftg 

lirtJmuwl.J. 3.1-mu phpi.J.wO- hG 2WPl}Illl ut12tGwGtp}l hpuGwl.J.wG mhJuG}l
Ltwl.J.wG pGmpwqphp{!: 

Ulijmuwlj 3.1 
S?wplJnIJ tflipliuwulip}l h}ltfuwljwu wlijuu}lljwljwu pumpwqplipp 

K,llY-2,0 K,llM-2,0 <l>-1 
Upmwqpnqwl.J.wGmpjntG[!, mid. 

hwmpl.J. 2wpqhJllu 2 2 1-2 
Junm uwGpwgGhJllu 0,8 

52wpqnq pupml.J.}1 UJ.mmuwG wpwqm-
p JntG{!, UJ.m/pnUJ. t 2700 2700 2950 
t1hl.J.mpw2wpd}ll}l hqnpmpJntG[!, l.J.<lm 30 30 23,1 
c+wpwppmwJpG lwtlJ.hp{!, uu. 

hpl.J.wpmpJmG 28000 2200 1700 
lWJGntpjntG 1550 1550 2200 
pwpopmpJmG 3000 3000 2620 

QwGqi.J.wO-[!, 1.J.q 1300 1000 695 
u wuw n wGoGw 2 2 1 

3. 6.2. Uptfwu101UJWfWflWUJWnLIJ LlfwgnIJ-tfwupwgunIJ tflipliuwulip 

UpuwmwUJ.WlillPWUJ.mmqGhp[! 1i.J.wGw1m L. uwGpwgGt1m hwuwp wpmw
IJPWUWUhpmu h}luGwl.J.wGmu oqmwqnpamu hG HKC-5,0M L. HKM-5 utptGw
Uhp[!: UpuwmwUJ.WlillPWUJ.mmqGhp[! uwGpwgGhtm L. UJntU l.J.hphp}l htm Juwn
Uhtm hwuwp oqmwqnpO-i.J.mu t GwL. AIIK-10 wqphqwm[!: 

HKC-5,0M flfwgnIJ-wptfwwwljwp}12p GwJuwmhui.J.wO- t wpuwmwUJ.w1w
J1WUJ.mmqGhp[! 1i.J.wGw1m L. uwGpwgGhtm hwuwp (Gl.J.. 3.13): 

1 

'Ulj.3.13. HKC-5,0M 1tfwgmz-wpcfwwwljwpft2. 
1-ppft lfwOOw, 2-[!0puOcfwO pmOljbp, 3-zOblj, 
4-pcfpmljw;ftO cfwOp/l), 5-t1filjwpwzwpd/l), 
6-ppft UJllUUJ 

PmGl.J.hp}l ut2 191.J.wO- wpuw
mwUJ.w1wpwUJ.mmqGhp{! ul.J.qpmu 
11.J.wgi.J.mu tG, WJGmhtmL. uwmmg
i.J.mu uwGpwgGnq pupml.J.PG: 

Qwpl}Ilq pupml.J.I! wpuwmw-
1.1.J.WtwpwUJ.mmqGhp[! uwGpwg-
Gmu t 10-20 uu utampJwtip: 

HKM-5 tfwup}12-pwpnpu}12p 
GwJuwmhui.J.wO- t omwp wnwp-
1.J.wGtp npuw1m, wpuwmwUJ.W-
1wpwUJ.mmqGhp{! 1i.J.wGw1m L. hw
i.J.wuwpwlwi.J.1 uwGpwgGt1m hw
uwp (Gl.J.. 3.14): 
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'Ulj.3.14. UplfWU1WUJWfWf1WUJU1fllI]lilipft 
HKM-5 lfwliph 
1-zppwliwlj, 2-pwp hlinwgun11 tjmjuw
IJflftl, 3, 6 1 O-tfli{jU1f1W2Wf1dflllilip, 4-ppft 
lfwwmglfwli li1muw, 5-zuliljw;ftu 11/wg
lfwli UJWU1JWli, 7-pjiwlj, 8-uwhlfwliw
r.jJwljftl, 9-lfwlip/1,!, l I-z lililjw1/lli 1t/wg/11. 
12-cjwuuw, I 3-linwpli; 14-UJwwmhwu, 
15-t/Jwljwu 

U11Jmuwq 3.2-mu ptplj_wo bu Gltwpwqpt{wo wpuwmwuiwtwrwuimmq 
tlJ.wgm1-owGpwgunq otpbuwGbp)1 hpuGwl}wG tnbfuG)1l}wtiwu mtl.JwLuhp[!: 

Ulymuwlj 3.2 
Uplfwmwljmpnlf t.Ifipbuwubpft hftt.Iuwljwu mt]uuftljwljwu mt./Jwfubpf! 

BmgwGpzGbpp HKC-5,0M HKM-5 

UpmwllJln11wlJwGmpJntGJ!, ml o 5 7 

PbnGnq pmGl{bp)1 0-w\lww, U3 3 
Qp)1 owtuu[! lUI wpuwtnWl.l.}lnlllll. LtJ.wGwlnt 

65 200 hwuwp, L 
U-wGpwgtJ.wo qwCiqtJ.wO'[l pbnGhtm pwpopm-

1900 2050 p JntG[l, ou 
tLh4mpwzwpd)1tl1 hqnpntpJmG[l, qq_m 9 10,5 

q.wpwppmwJpG zwt.{1hp[1, uu. 
4100 2200 bpqwpmpJmG 

LWJGntpJntG 2600 1360 

pwpa pmp JntG 2900 2860 

~wGq\lWO[l, l}q 1250 900 

Ul.l.}wuwpl}nq wGoGwqwqO[l, uwpq 1 l 

J. 63. l/11UJ]1m ljf;pf;p lfwfipwgfinl/ lff;pf;(iwfif;p 

lmul/ltn lthphp{! owGpwgGbtnt hwowp Wf1U1WllJ1WOWuhpmO h!itlGw-
1.J.wGmo oqmwqnpomo tG «~tqwp-5», PCC-6B, HfK-30B obptGwGbp[l: 

«~iqwp-5» uwGp/lm GwtuwmhmJ.wo t UPLilU, W(1UWU1Ull.l.}UllllIJ.Ubf1, 
pnumwGwJ)1G uzwl}wpmJubp, lJwGwz qwGq4wcr, aqnm owGpwgGbtm hwuwp 
(Gq. 3.15): 
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w) µ) 

ulj. 3. /5. i/liplip/J «cf.nLQW[1-5» UWliflfll· 
1-lfwlipwglinI] pifpmlj, 2-upli[m hwpifwpwup, 3-ljwpnq pifpmlj, 4-ufi11ifnq 
LjJnfuWIJflftl, 5-ifwwmgnI] LjJnjuWIJ11/11, 6-zuliljft tjfippwtfnpmp;mu, 7-uw;p 

Uhqunq tfintuw11J1/11.ntl lthp[1 uwmmgt1_mu t ltmpnIJ. pupmlJ./lG, np[I Gwtuw-
1.l.}bu l}hp[! uwGpwgGmu t oJ1GzL. 20-80 uo: lijGnthbtnL. zGhlJ.ntl WJU OtnCimo t 
hplJ.pnpq lJ.mpUwG Wl.l.}Wpwm, npmhq zwpctwlJ.wG qwGwltCihpp oqCintpjWOp 
uwGpwgtJ.mo t opCizL. 2-10 ou L. GbppL./l uiwmmhwG)1g qmpu 2UlfltntJ.mo: 

li.hpp htm uhmwqwltwG owubp tiwu pwp [lCiltGbf.llu tthltmpwzwpct/lm 
w4mnowm wG2wm4mo t: 

PCC-6E &IfnmwuftlnuwljwpftN! GwtuwmhmJ.wo t l{nUlJ1m L. hJntpwiP lJb
pbp uwGpwgCibtnt Ill OpwctwowCiwq tfinfuWllJlW0)12ng l{wo wupwpowG UlhfJ.[1 
pwpobtm hwuwp (uq. 3.16): 4wphf1l t oqmwqnpoht GwL. l{hpwJ/lG wpmwllJlw
owup qomo: 

lihp[! abnpmJ. Olllmmgmo bG uGm
gj'l~-[lGqmG)1z, np)1g hbmn iJintuwqppz
GhpJ:! mwf.llu hG owtltn'l qpm
GwlJ.Gbp/lG: q.pmGwltGbpJ1g qmpu lJ.bpJ1 
zhptn{! wwgmgpz utqulj_mu t i.J.bpL.p L. 
GbppL.)1 UUlUpbpni.J., llljGmhbmL. owG
plllgl.J.mU ultllllJ.wnwttp qwGwltGhpni.J. m 
p/lwl}wphpwGGhpni.J. 21.l.}PUJtJ.mo tun11.n
\j_wlJ.wzwpJ1 ot2 L. qh:PLhltmnpni.J. m
qwpl}qmo wGhpwdbzm mqIJ.mpJwOp: 

li.mpUlllG hplJ.wpmpJntUI! lJ.illpqw
tlnptlmu t wmwuGwGtitJ.Gbpl) qwu 

. ljmpnIJ. wuiwpwmp ulJ.UJi.J.wnwljll lJ.pw
JP qwGUJqGbp)1 ptitJ.[l !JinluhLmJ.: 

UqnmwuplnuUJlJ.mp/11.G wpmw-
'Ulj. 3.16. PCC-6E (}11nwwuf11nuwljwpft1. llJ1tJ.mo t hplJ.m mwppbpwlJ.ntJ. umwgti-
l-2ppw6wlj, 2-2f1PWIJWfldt/n11 1Jfi:P1lilj- nGUJp, 17 qY.m hqnpmpJillOp t Lhlttnpw
ump, • MT3 80 
3-lfU1f1DI] uljwtfwnwlj' !JWUWljlifipjJ /, plifip/1 hwqnpqwlJ.n\l L. zwpdwlJwG - , 
/Jfiw, 4-uwupwdli UJWhftlulip L hwlfw- MT3-82 L. IOM3-6 mpwlJ.mnpGbp!i 
IJuipftl, 5-ifwiijnI] q[wliufip, 6-ifwwmgn11 hqnpntpjwG wG2wmuwG tJiuhn!i 
1/mfuw!Jpftlulip hwrinpqwqmJ.: 
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£/mqpm qbpbpft HI'K- 30£ ffwupft.!l! Gwtuwmbutlwb" t lJ.maj1m lJ.bpbp[! 
uwupwgGbtm, upwdwuwuwl{ hpl{wpntpJwt5p uwuu)ll}GbpG wG2wmhtm m 
ttintuw'1Jlwup2ng pwpohtm hwuwp (Gl}. 3.22): 

2 

1 

.......... 

11 

uf;. J. 17. C.nu;/11n f;liplipft HFK-JOE uwupftl. 
1-pftwlj, 2-WUIJflWIJWJldh J-uljwlfwnwlj/1 pf.,, 
4-zwpdwljwu . uljwtfwnwlj, 5-zwpdwljwu 
ut;wtfwnwf;ft pm;p, 6-IJliJ>1lil;m11p. 7-ljwp
qwtfnpftl hntfhwp, 8-wuzwpd uljwtfwnwlj · 
pm;pft hlim, 9-[]UIJillUl1l/ Jugftlj, 10-tflipu/i 
ulilfifnl/ l/lnJuwfJilft.!, 11-ulippuft l/JnJuwfJI1/J; 

4bp[! uGmgpi-pwpoptli up2ngnl{ mpt.lmu t [!GqntGnl) tugpl}, npmhl) [!Utn 
mbuwl{wpwp 42np omwp wnwpl{wubpu wG2wmt.lmu bu: liwupwgt.lwb
qwGqt.lwb"[! oqp hnuwGp)l mwl} ntl)'l.tlmu t tum1nt.lwlfw2wp L qh:Pthl.J.mnp]l 
uti2ngntl' tl11Jfuwqpwu)12ng: f2wuqt.lwb-p hnup[! l}wpqwtJ.npmu hG tunflntlw
l}w2wp[! qh:PthY.mnpti hhm upwupG mqqwopq wnwGgpp 2mr2l! UJ.Ultnhtntl: 

lfbpbCiwG U[Wtnpwummu hG hpl.J.m mwpphpwlJ.ntl. l}wtuntlJ1' mpwqmnpp 
hqnpmpJWU wu2wmuwu \}luhnfl hwqnpqwl.J.nl{ L umwg)lnGwp' tthl.J.mpw2wp-

dpili hwqnpqwl{nt.l: 
Urumuwl} 3.3-mu phptlwb" hG Gl.J.wpwqpt.lwb" uwCippi (uwCip!'ii-pwpoJ1i) 

ubpbGwCihpp hpuGwl{wG mttuGpqwlJ.wG pGmpwqphpu: 
UllJmuw{f 3.3 

lfwilflft.! ubpbllwubpfl hftuuwljwu mbjuuft{f w{fwu pumpwgpbpf! 

Upinw1}PnIJ.w4wfimpJmfin, m/ct. 
wpuwtnl.lllljUlntIJ.Cil:ip uwfipwgCil:iJliu 
u11prn, qwfiw~ qwfiqqwb' 
Junm, bqntn uwCipwgCil:iJliu' 
<t>njuwllJlwqwCi wpwqmpJmCin, qU/ct 
<llnjuw11pwup~mgpfi tiwu pmfiql:ipjlfi 
rl:inCil:itm pwp6pmpJntfiTI, uu 
'fiwCiWUJl.llphwJj\Ci 1muwpwgqwb'j2n, uu 
ttl:itiinpwzwpctjltli hqnpmpJmCin, 4'-ltn 
Q.wpwpjltnwJJ:!Ci ~wipul:ipn, uu. 
l:ipqwpmpJmfi 
tWJfintpjntfi 
pwpopmpJmfi 
Uwfiqqwbfl, 4q 
U wuw n wCiofiw w u , uw 
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«Y.il w 1-5» 

10 
5 

0,1-1 

22 

2400 
1330 
1350 
1175 
1-2 

PCC-6f> 

7 
2,5 
2,5 

2870 

3200 
1600 
382 
1450 

3 

HfK-30E 
3,5 

3350 
480 
30 

3350 
1350 
350 
1350 
4-5 

Upmwl}Jlwuwuhpmu oqmwqnpb"tlmu b(i TIK-6, KTI-10 L. KTY-lOA mpwlJ.
mnpl.UJPU lJ.bpwpw2tuJ:iw hpupp t{pw UJ.wmpwumt.lwb" lJ.hp[!GqmGJ:ii uumgJ:ii
iUJtPUJtlnpJ:iiCihp L MT wttiubwoL iwtliwtlnpJ:im: 

flK-6,0 uumgft.!-ifmfuwIJPft.!l! Gwtuwmbut.lwb" t pmulJ.bpCibp)lg iwtl1wt.lnp
t.lwb" tumwgtlwb" l}wu hwuwl}gtlwb" lJ.bphp[! tuwnGJ:ii uwmmghtm hwuwp: 
~wqljwgwb" t hnppqnuwl}wu L pbp tlin}uwqppi}lg: 

<!.nppqnuwl}wu tlintuw'lPJ:im UJ.wmpwumt.lwb" t hpljm uhlJ.gpwJ)lg: up. 
ubljgpwG pbnCiwpwtlit.lmt.l t, pulj UJmup t{pw mbqwt.lnpt.lwb" t mdwJ)lG 
l}WJl.UU1)[!: <DntuW'lJlPiWJpU dWUJ.wtlhG[! pwql}wgwb" t 2f1PWJP9 L ubmwqwl{wG 
pbpJ:iiGbppg: CwpctwhwqnpqnuS[! 2wpdpi-nbqmlJ.mnppg t : CwpdwhwqnpquwG 
lJ.wJWU1)p 2~2wGwlJ.[! hnqwlJ.wUJ.ntl upwgtlwb- t tlinfuwqpptli U[llltnJwCipu, np[! 
huwpwtlnpntpjntU t mw\llu UJ.UlnLUlwlJ.mJ. oqhL 2wpdwhwqnpquwG 2rwwG: 
eDntuw'lPPil} 2wpcfmt.l[! umwCimu t tthlJ.mpw2wpdpiJ:ig: 

K!l-10 l;bpf!Ul)ntfi}l.!-ufimgft.!l! Gw}uwmhut.lwb" t t{rn}uwqpwu}l.2ngubppg 
qwGWi qwuqt.lwb- m WpUWUlWU[UlilU].Ghp [!UqmGhtm L lJ.hpbpp «'-lntqwp-5» 
uwGpPi hwtlwuwpWillltP uwmmgbtm hwuwp: <!,puuwlJ.wG hwGqm19ubpG bu. 
2P2wuwl}, pmCil}hp, Uhpphp tlwmmgnq m iWtPwtlnpnq tlinfuwqpJ:iiUbp, phnuw
pwtlin'l. 2Gt4, l}hpbp pwpan11 ttintuwqppi, tthl}mpwhwqnpqwl} L qnpb"wplJ.nq 
uwppwtJ.npmu: ' 

lfwCipptli pbnCiwtJ.npmt.l[! l}wpqwtlnpmu hG iwtliwtlnpnq L GbppLp 
uwmmgn11 tlintuwqppiGbp]l ilti2L pwgtlwbpp ubb"mpJntG[! tlintlinJubtmJ.: UGm-
9PW w2tuwmwGpwJ)1G opqwGGbp(} 2wpctmun umwGmu bG tthlJmpw2wpdpi
Gbp)1g: 

flCM-10 uumgft.!-.!wt.ftwlfnpft.!l! Gwtuwmhutlwb" t tunmwump l}mmwl}btm 
L up2wfi4Jwt tlin}uwqpwu)12ng)1 u)12ngntl wpmwqpwuwufl 2nqh}uw2ri-tuwnGJ:ii 
uwmmghtm hwuwp: <!,puuwl}wG hwGqm19Gbpu bfi. 2p2wGwl}, oLwtlnp phpJ:ii
Gbpntl tlintuW'lJlPi, hw11npqw4, hw11npqnq \}luhn, mwptln11 \llubnp wum11wGtitl, 
qiwlJ.wG L wpqhtwlJ.nq t.lwhwG: 

UGmgJ:iit! 2wpdmt.l[! umwGmu t tthl}mpw2wpd)1iP9 npqGJwlfwJpG qwG
opi}l, UbUJ.woL tlinlfw1)1G L 2flPWJwljwG tlintuwGguwG up2ngntl: UGmgptli 
wpmw11J1n11wlJwGmpJntG[! l}wpqwtlnpmu bG ttiwlJwGnt.l: 

MT wt.ftubwdL. illltliwtJ.nppm Gwtuwmbut.lwb- t tumwgpwb" L hwuwljg
t.lwb- ljhpbp iwtliwl{nphtm hwuwp: <!,)1uuwl{wu hwGqmJgGhpu hG. nhqmljurnp, 
tuwnGJ:ii, pwctwGJ:ii pmGljhp, pwGt.lnpwljwfi tumg, pwpan11 tumi.nt.lwlj, wqiuh, 
bnwumpl'iwGwjpG ttinlJwGptl, 2wpdwljwu uwudbtn, ljwpqwtlnppi U[mmmwlJ., 
tw)l tun11nt.lwqGbp L b-wttln'l ttiwlJwG: 

lvmwgpwb" l}wu hwuwl}gt.lwb" l}bp[! L9tlmt.l t U[tnmtlnl) wqiutp t{pw L 
11tp)1intl qmpu hwGt.lmu: '1-mpu hwGtlnfl l}bp)l pwGwlm tiw}utlwb" t 2r2w
qb"wJpG pwgwl}p LWJGmpJwCi l}wpqwt.lnpmupg L wttiubp UJ.mmuwG wpw
qmpJmG)lg: ~wttiwtlnp)lm 2wpdmt.l[! umwGmu t tthl}mpw2wpdptlig' uhUJ.WOL 
tlinl}wJflU tlin}uwGgmunl{: 
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Urumuwl.J. 3.4-mu phptJ.~o bG GlJ.wplllqptJ.wa uGmgp2fitpp L. 2wtj1w
tJ.npp2Gbpjl hpuGwl.J.wG mbfuG}lqwl.J.wG pGmpwqpbp[!: 

Urunwwlj 3.4 
Uumgft~libpft /, ~wtjlwlfnpft!libpft hftuliwljwfi mbjufiljwljwfi pumpwgpbpl} 

Upmwrym11wl.J.wGmpJmG[!, U1/d, u /d 6-8 5-10 30-35 0,6-7,8 
tthltutpwzwpdflw hqnpmpJmGn, l.J.'-lut 2,6 5,2 1,5 l,l 
PmGlJ.bpfl U1LUpn11ntpjntG, u3

, 111 19 3 JO 
c+wpwp}1111lllj}1G 2wl}1ubp(!, uu. 

hpl.J.wpmpJmG 
LWJGmpJmG 
pwpapmpJmG 

QwGql}wbI!, 1.J.q 
U wuw n wG6Gw w u , Uill 

3.6.5. <PnjuWIJPftL6bp /, pwpdft2libp 

7740 
540 
630 
635 

l 

5570 
2850 
2000 
1550 

1 

4650 
2300 
1200 
1020 

l 

1575 
1060 
1260 
786 

1 

Upmw11Jlwtiwubpmu oq1.11wqnpomu bG TK-5,013, TK-3, TC-40C, TC-40, 
ill3C-40M, lllBC-40M l}1nfuw11JlpiGbp nt pwpafliGbp: 

TK-5,0E tjlnfuwIJPftLO l.iw}uwU1bm.jwo t 1.J.hpwghjubpmu nGrimGn11 pmGl.J.b
ppg wpUUllOWU}WtWPWU}\IlntflGbpn HKC-5M ubpbGw UWl.llntghtnt hwuwp: 
PLU111.J.wgwo t uGmgflwg L. 12trti2wJ}1G php l}1nJuwrir}lwg: @-hp tlinJuwrir}lm 
mb11wrirmu bG 45° wGltJwG utwq: Ub2U1bl\P ubqgpwG l'.ih'lI!wlJ.np t. wpuwmw
U}WtwpWU}Ulntfll.ibpp hnrm pwl}1l}mu t WJf}l.llbfl: CGbl.J.[! L. pbpJliWJpG l}m}uw
'lPPil! 2wpdmun u111i.uGmu tG wnwl.iapG tth41.11pw2wpd}l!Ghppg : 

Cbpbtjlwtjnp TK-3 tjlnfuwIJPft~o GwjuwmbutJ.wa t wpuwUJwU}wtwpw
U!UlntflGbp [!l.i11ml.ibtm, l}1n}uwrirhtm L. 3ITK-4 qwu UJmu lthpwu2wtin11 
ubpbl.iwGbppG uwmmgbtm hwuwp: Pw11qwgwo t zp2wuwqpg, w2tuwmwG
pwJ}lG opqwGGbp}lg L. hw11np11w4Jig: 

Cp2wGwltn hwqwpqwa t bpqm uhqgflwGhppg, ubqfl tlJlw wupwg4wo bG 
GbppL.fl utwptlnq ttiubn}I wnwGgpwl.J.wtGbp}I flpwfiGbpn, bpltpnpaj1 tlJlw' tJ.bpL.p 
1.11wGn11 lflubnfl ntflflillU}whGtpn' wnwGgpw4wtGhp}l )lpwGGbpp hbm: .ll-w 
wuiwhnt!mu t w2fuw1.11n11 211.PWJP wGhpwdt21.11 6q4_wootpJmGn: U2}uw111wG
pWJflG opqwGGtpn 2ll1pdmun umwGmu bl.i tthlt111pw2ll1pdpwg' upwumptiwGp 
npl}l.iw4wJpG PYn-120 nbqm41.11npp L 2rwwJw4wG ipnfuwGguwG up2ngnq: 

TC-40C umwgftnfiwp pbpNw1ftfi tjlnfuwIJPftH! Gwfuw1.11bmJ.wo t qwGw2_ 
qwGqtjwa L tumnwump l}1nfuwrirbtm hwuwp: ~fluGwlJ.wG hwGqm39GhpG bG. 
hw11np11wltwJfll.i, u}l2wGltJwt m tlhJl2l.iwJ}ll.i ubl19pwGtp, mwpt!n'l tlmhn, 
pbp)l~Gbp L ZflPW: Swunq ubl[gpwJfl 1.jpw mbqwl[ll1Jl.J.wo t mdwJflCi 1.J.wJWU!}, 
pu4 4.hp2l.iwJ}lG ipnfuwriPPIB ilflw' mwpt!nq lfluhnn: <l>nfuwrir}lw w2tuw-
1.11wl.ipwJpCi opqwun, phpp~l.ibpp hbm upwupu, bpqm ppwp qmqwhtm wl.i4_hp£ 

2rww t : 
J2bpft2w1ftO TC--40M tjlnfuwIJPftH! Gw}uwmbut.J.wo t }uwnGfltlig 65-80 % 

junuwqntpJwG U}wmpwu1.11fl lJ.bpw)uwnGmp11n l.J.bpwpwzJuP! pwpahtm hwt'iwp: 
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.!,puGwqwG hwGqntJgGbpG bG. 2wpdwhwf1np11wltwJflG, uf12wGltJwt m 
tJ.bp2GwjpG ubl.J.gflwGbp, Ulwfin'l ttiubnGbp, pbpfliGbp L. 2f1.Pll1: 

'-ltp2GwJflG utqgflwG uwppwtJ.nptJ.wa t nGqhwGmp pmGl.J.bpntJ., pul.J. 
2ll1pdwhu111nprill1ltll1JpGn' pbnGU1pwl}1n11 U}WU1nthll1GntJ.:Y.bpL.pg 2wpdwhw11np
l}wltwJflG ubqgfltuJfl ljpw U1bflwltwJtJ.wa t ttbl.J.U1pwhw11np11wltn: 

liJU l}1n}utul}PPIB w2}ull1U1wGpll1JpG opqwGn GmJGU}hu bpl.J.m ppwp 
qmqwhbn U1bf1wpw2JutJ.wa wGtJ.bp2 ZflPwGbp bG' pbp}1iGbpfl hbU1 upwu}1G: 

1113C-40M hwlfwpnc/ft plmunr1-2ubljp GwjuwU1butJ.wa t wpuwmum1.w
twpwU}mmqGtpn, }unU1wLJmpn, juU1wgpll117 l.J.bpn L. 1.J.wGw! qwGqt.J.wbI! juwn
GflwG pwpabtm hwuwp: .!,puGwqwG hwfiqmJgGbpG tG. jlpwl.i, w2JuwU1wl.i
PWJflG opqwl.i, 2wpd}1i-qwGa}1i, pbnl.inq pmfil.J.bp, L. bpbp qwl}1wpJ12Gbp: 

UzjuwU1wGpwJJ1G opqwGn 2GtltG t: CGbqp }1pwGn qbpL.pg pwg bpl.J.m 
phnGwpwqmq junnniGhpnq l'.inn t, npp tJ.pUl mhquuymtu tG ptnGn'l pmGl.J.hp: 
CGtltn 2wpdmuG UU1wGmu t zwpdJ12-qwGapwg: 

Uizjnwwlj 3.5 
<t>nfuwIJPftt!ubpft L pwpoftt!ubpft hft1.Hiwljwu mbjuuftljwljwu pumpwqpbpo 

T T T 
ill 

K T c c 3 
c 

8m9wGflzCibp[! - K - -
5, 4 4 - WBC -
0 3 0 0 

4 -40M 

fi c M 
0 
M 

Unmwnnn11w\.iwGmJJ1mGn, u1/d 5 2-3 40 40 40 40 
'-lbnbmh 1:nupanmp1ml.in, u 4-5 
Ja-bnnunwG wfil11mGn, wumh6wG 60-70 43 52 
ttbl.J.m pwz wpdp~ Gbpfl 
hqnnnrn 1mun, ti'-lm 3 1,5 1,5 3 2,2 2,2 
<+wpwppmwjpl.i !llll}1ubp[!, uu. 

bplJ.wpmp3mG 300 6280 7440 6155 4590 3970 
llllJGntpjmCi 800 770 680 675 670 600 

fpwnannmmtG 1670 1080 1450 1925 1010 950 
QwGmlwOn, Lia 920 510 550 650 326 280 
Uwwuwnlrnn wG6Ciwllwaun, uwnn 1 I 1 1 l 1 

11IBC-40M hwtjwpm(ft pbnfiwpwt/JnIJ 2ubljf} Gwjuwmbu4_wa t U}tuUl
pwump lJ.hpn fuwnGJi!Pg TC-40 l}1ntuw11pp~ uwmmghtm hwuwp : lfmGmu t 
wpmwrirwuwujl uwppwtJ.npmuGbpp wwl.J.wqup uh2: 4wpnq t oqU1wqpn01J.ht 
npll}hu wnwGapG ubpbGw: 

.!,puGwqwG hw!iqmJgGbpG bG. w2tuwmwG12wJ}l!i opqwG, 2wpdp2-nbqml.J.
mnp L. qwl}1wpJ1!ntJ. nG'lfitGnfl pntGl.J.bp: 

U2fuwmwl.i12w3pG opqwG[! 2GtqG t: C!ibl.J.fl ppwli[! 4,hpL.}lg pwg tinn t , np}I 
tlJiw mbqwrirmu bG [!GqmGn11 pmG4bp: UJG owblJ.tlmt'i t wnwGapG quU}wGw-
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1.J.wJtiu ..pwqwu mubgnq 1.J.w..pwptilm.J.: Ppwuti owl.J.wmwJtiu uwumu Ulbqw-
qptJ.wa t zwpdtil -nbqml.J.Ulnp: ,, 

li11Jmuwl.J. 3.5-mu pbptJ.wa bu ul.J.wpwqptJ.wa ..Pntuwqptilubpti L. pwp611l
ubpl1 htiuuwl.J.wu Ulbtuutil.J.wl.J.wu pumpwqpbp[!: 

J.66 Juwnuft1ubp,2nqbfuw2ft.! wqpbqwmubp b. ljwpuw1wmwu 
uwppwlfnpmtfUbp 

libpwuwpti L. utiqwujmpti UUlwgtinuwp CM- 1,7 tuwnutim uwtuwUlbutJ.wa 
t tunznp bq2bpwtJ.np wuwumuubpti :pbpuwubpmu uqmp[! L. 1.J.nUJ.tiU1 1.J.bpbp[! 
1.J.bpwuwpti L. utiqwuJmpti tuwnumpqntJ. hwpuillwgubLm hwuwp: liJu 1.J.bpwgb
tumu 1.J.wpblti t oqUlwqnpabL UJnlU ubpbuwubpti hbUl utiwutiu, tiulUJ.bU uwL. 
wnwu6tiu : 

<.tiuuwl.J.wu hwuqmrnubpu bu. zp2wuwl.J., tuwnutil, UJ.nUUJ., 1.J.bpwuwpti 
UlwpnqmpJmU, qilllil, pbnunq 6wqwp, nbqml.J.Ulnp, tLbl.J.UlpwuwpptJ.npmu, wp
UWUlmpw, tunqntJ.wl.J.wzwp: 

lvwnutilmu utiqwuJmp[! LmatJ.mu t U1Wp 2Pl1 Ub2 L. tuwnutJ.mu l.J.bpwuwpti 
hbUl' UtiulL. hwUwubn tuwnumpq UUlWgtj_bL(!: liJUmhbU1L. tuwnumpl}(! pbnumU 
bu PMK- 1,7 pwztutil: Swp 2mp[! UmUlp t qnpamu gwugtig , tiul.J. utiqwuJmp[! 
1.9umu bu 6bnpntJ.: 

lvwnutiw wztuwUiwupwJtiu opqwuubp[! zwpdmuu uUiwumu bu 
tLbl.J.Ulpwzwpdtiltig: 

BKC-JM ljwpuw-juwnuftlf! uwtuwUibutJ.wa t 1.J.wpUln:PtiL uuuqti uuwgml.J.
ubp uzwl.J.btm L. tuUiwgpwa 1.J.bpbpti hbUl tuwnubtm hwuwp: liwpblti t oqUlw
qnpabL wpUiwqpwuwubpmu 1.J.wu npui.bu wnwu6tiu wqpbqwUl (ul.J.. 3.18): 

UztuwUiwupwJtiu opqwuu' Ltiubn(! ptiwl.J.ubpti hbm, pwztutJ.wa t UJ.Ulm
Ulwl.J.wJtiu qantJ.: liJU 1.J.bp[! tuwnumu t L. znqbtuwztiwg pbnuwpw..pmu: 
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ulj. 3. 18. btftnq BKC-3M ljwp uw-juwntiftL. 
1-hW!JllpIJW/j, 2-qn[np2m junqnl/W/j, 3-pbntin!J ljnL/j, 4-pbntinq dwqwp, 5-/jWfJUW, 
6-juwntift.!, 7-pbntiwpwtftnq pljwtigp, 8-2ppwtiwlj 

C-2 ljbpbpft juwnuft2-2nqbfuw2ft.!l! uwtuwUibmJ.wa t hmu L. 65-80 % 
junuwtJ.ntpjwUp znqbtuwztJ.wa tJ.l16w1.J.mu 1.J.bpwJtiU tuwnumpqubp UJ.WUlpwu
mbLm L. ..Pntuwqpwuti2ng pbnubLnt hwuwp: 

<.tiuuwl.J.wu hwuqntJgUbpu bu. tipwu, ptiwl.J.wtJ.np Ltiubnubp, znqbtunqn
tlwl.J.wzwpti hwuwl.J.wpq, pbnuwpw..pnq zubl.J. m ..Pntuwqptil. pbnunq ..Pntuw
IJ(ltil. tuwnutiw hwqnpqwl.J. L. qbl.J.wtJ.wpuwu ui.whwpwu: 

Ppwuti ub2 UlbqwqptJ.wa bu tipwp qmqwhbn bpl.J.m utiwuuwu ptiwl.J.wtJ.np 
1fmbnubp: .CO-tiwl.J.ubp[! UibqwpwztutJ.wa bu UJ.UlmUlwl.J.wJtiu qantJ.: Cnqtiu qbUJ.11 
juwnutilli tipwu[! UmUlp t qnpamu tunqntJ.wl.J.wzwpntJ., np[! qUiutJ.mu t tuwnutiw 
Lpl.J.m 1.J.nqubpmu: 

Pbnunq ..Pntuwqptim pwql.J.wgwa t zqpwJti9 L. pbptilubptig, WJU awnwJmU 
I: 1.J.bp[! pmul.J.bpti ub2 1.9ubLm hwuwp: 

Pbnuwpwtl"ttil zubl.J.[! UlbqwtJ.nptJ.wa t tipwuti hwUlwl.J.tiu L. awnWJntU t 
4hpwJtiu tuwnunipq[! pbnuwpw..pnq ..Pntuwqptilti tJ.pw pbnubLm hwuwp: 

Pbnuwpw..Ptil ..Pntuwqptim pwql.J.wgwa t ..Pwl1 UlnttPl19. pbptilubpti zqpw
.IP9 L. hwqnpqwl.J.tig: UztuwUlntU t zubl.J.11 hbUl utiwdwuwuwl.J., UJ.WUlpWUUlti 
t1bp[! pwp6mu t 1.J.bpwpwztulil 1.J.wu ..Pntuwqpwuti2ng: 

UbpbuwJti opqwuubp[! zwpdmuu uUiwumu bu tLbl.J.Ulpwzwpdtiltig: 
l;bpbpft C- 12 juwnuft1-2nqbfuw2ft.!l! uwtuwUibutJ.wa t wuwuuwui.whw

IJ.wu :pbpuwubpmu 65-80 % tunuwtJ.mpJwU 1.J.bpwJtiu tuwnumpqubp UJ.WUlpwu
mbLm hwuwp (ul.J.. 3.19): 

UztuwUimU t wpUlwqpwuwuti hnupwJtiU Ulbtuuntnqtiwl.J.wu qamu 1.J.wu 
npui.bu tiupumpJmU wqpbqwUl : 

lvwnutilmu znqbtuwzbLmg wnw2 1.J.nUJ.tiUl 1.J.bpbp[! uwupwgumu bu utiulL. 
50 uu: 

3 4 

ulj. 3. 19. C- 12 juwntiftL-;nqbJuw2ftL. 
1-ftpwti, 2-pbntinq umlJ, 3-pftwljwl/np juwntiftl, 4-tftwjmb ljwtftwpftl, 5-qn[np2m 
junqnqwljtibp, 6-pbntiwpwtftnq 2tiblj, 7-dqwdnq, 8-I]ntiwljft ljwtftwpftl, 9-
pbntiwp wtjmq pljwtigp 

l;bpwUJwmpwumnlJ 3llK-4 wqpbqwm[! uwtuwUibutJ.wa t tunqwpmaw-
1.J.wu :pbpuwubpmu 1.J.wpilln:Ptill! LtJ.WUWLnt, znqbtuwzbLm L. Ulpnpbtm hwuwp 
(ul.J.. 3.20): 
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u/j. 3.20. 3flK-4 /jbf1WUJWLnf1WULnfll. 
1-pwf1bf1ft hwtfwptfw{i fugftlj, 2-2f1PWUJLnfllJLn0 wljmfttfwgOmz UWf1f!, 3-ttfwgw
mbq, 4-pnOwlj, 5-20blj, 6-zf1PWLnWf1 junqntfwlj, 7, l 7-t[b/jmf1W2Wf1dft10bf1, 8-hw
f/Df11JW/j, 9-pwzfuftl UWf1f!, 10-Juwzftl, 11-znqbljmmwljftl, 12-zOb/jft UJWLnjWO, 1J
Lnf1Df1UW0 20b/j, 14-qw0wlj0bf1, 15-pbn{iwpwljuJw(i 20blj, 16-ljn[iqf;{iuwmft 
junqntfwlj, 18-qwOdfll, 19-2nqhjunqntfwlj, 20-ljwljm11f1 

LlJ.wgwUihIJ.[! awnwJmU t 4wpU1n})1!P UIWLWputp)lg hnIJ.[! uwpphtm t. 
pwpbp]lg m UJmu }uwnumpqutp)lg wnwu6uwguhtm hwliwp: .QwpwhwlJ.wpJ:!il.! 
UJbqw4wJlJ.wa t ttlwgnq }ug]14)1 hwUJw4]1 wfigp)l U1U14: 

Uz}uwU1wfipwJ]1fi opqwfifihpf.! zwpdmuu uU1wCimu bu tp4m ttb4U1pw-
zwpdpiuhp)1g: 

Cnqt}uwzJ:!i iwfifi pptupg ubp4wJwgumu t }unpqmpnpq ll!WUibpnlJ. pbp 
qtwuwot. ppwfi: ::>wu)l ubpumu mtqwqpqwa t znqb}uwzri: 

Jlwz\uJ:ii uwppf.! fiwjuwmtulj_wa t 4wpmn~rll! iwfip fitpumli hwlJ.wuw
PWiWtfl pwz\uhtm t. iWUf.! LPM ptnuwY.nplJ.btm l}hll!11mu mqqwo)lq zub4fi 
wu2wmbtm hwliwp: 

Jltnuwpwt{lnq zlihq[! znqbjuwzlj_wa 4wpmn}p\l! iWu)lg UlWtPU t tnpnpnq 

zutti: 
Y.tp2)1fiu ptnuwpwt{lnq zub4)1 zwpmfiw4mpJmUfi t: 'Vpw fibppt.p lJ.bp2w

lJ.npntpjmumu wupwgY.wa bu lj_tg qwuw4utp, npnfip liwfipwgfimu tu 4wpmn
}p\l!: lfuptuwJp ub2 4wpmn}P\l! ptnfimu bu TK-3 t. TK-5.6 t{lnjuwqpJli uhpnlJ.: 

Cnqt}uwzlJ.wa 4wpmn}PII! 4wph!P t wuu)12wUibu pwp&bt C- 12 juwnfipi, 
PC-SA }uwnuJ:ii·PWZ\uJliubp 4wu KYM- 3,0A 4bpwpwz\uJ:ii 4gnpq)1i : 

BK-1 lil/JnlJ qwpuwfi fiwjuwmbuqwa t lJ.bpwpmwqpmpJwfi }unqwpm
b'w4wu ~bpliwfitpmu zJ:itw h junfiwlJ. 4hpwjuwnumpqubp UJ.wmpwumbtm 
hwuwp: lijfi bp4m hnp)1qnfiw4wn ppw4wtJ.np }uwnuJ:iifibpnlJ. utmwqw4wn 
mwpnqmpJmu t: tipwfi)l wupnq2 tp4wpmpJwlip ubpph)lg wugfimu t ptnfiw
pwt{lnq zuh4f.!, np)l }unnnw t{lw4mu t ubUiw6h unqfiw4u: 

4wpuwj)1 ub2 qntnpzp t umumU iilPU znqbmwp }unqntJ.wl{fitpnq, npnup 
znqt}unqntJ.w4wzwpp hblll u)lwgtJ.wb' bu 0npw4ubpnq: Y.tpt.]lg 4wpuwj)1 4.pw 
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4wu tp4m 4wt{lwpJ:iiuhp, uh41! uwppwlJ.nplJ.wa t z)1ptpwj]1U t{lw4wfinlJ. t. 
awnwJmU t ht{lnq 4wpuwJ)1 ptnuuwfi hwuwp, ]1u4 UJntUf.! t{lwtimu t 
ajlmwfigp[!: 

lfuptfiwJp wz}uwmwfipwJ)lfi opqwfifihpf.! zwpdmufi utnwfinui hfi 
tLh4UJpwzwpd]1ifihp]1g: 

lflipwjuwnfimpIJ.filip UJWmpwuumlJ A llC--6 wqpliqwmf! fiw}uwmhulJ.wa t 
}unqwpmawtiwu t. }unznp hq2tpwlJ.np wfiwumfifitp]l ~tpuwfihpmu uwfipwg
lJ.wa 4tptp]1g 60-85 % }unuwlJ.mpJwup 4bp)1wJ)1fi }uwnfimpquhp UIWlllpwumh
Lnt hwuwp (u4. 3.21): 

ulj. 3.21. ([bf1bf1]1 A llC-6 juwnOftl. 
l-pbnOwpw1/mq 2@/j, 2-pftwljwtfnf1 fuwnOftl, J-ftf1WO, 4-pbnOnq tjJnfuwfJI1ftl, 
5-pbnOwpwtjJnrz tjmjuW!]f1ftl, 6-qbljwtfWf1UW0 UJWhWf1W0 

Ppwfip 4.pw mtqw\.iwJmU bfi juwnfi]li}l pntnP hwfiqntJgfihp[! t. ubjuw
fipqufihpf.!: upwdwuwfiw4 WJfi b'wnWJntU t 4bptp pbnfihtm h }uwnfibtm 
hwuwp: 

Uqpbqwmu mfi)l p)lwl{wlj_np juwnfiJli fibp, npnfigpg JmpwpwfiiJntpf.! 
l{wqutJ.wb' t !Pubn]lg h tJ.bg p)1wl{Cihp)1g: 

Jlbnunq pbpJ:!iWJpU t{lnjuwqppifi ntfip hnppqnfiw4wfi I.. pbp Uwutp: 
PbnuwpwtlJ.htnt hwuwp oqmwqnpb'lj_mu t ubp)lwl{wfi wpmwqpmpJwfi TC-
40M pbpJ:iiWJpfi t{ln}uwqpJ:ii: 

Uqpbqwm)l 4wnmglj_wb'pf.! pntJL t mwJ.lm pbnfinq h ptnuwpwtlJ.nq 
t{lnjuwqpJ:iiubp[! mbqwqwJbt Jnp mwppbpwl{ntJ.: 11-w hfiwpwqnpmpJmfi t 
UlWtPll Wp11Jmfiwqbtn oqmwqnpabt wpmwqpwqwfi Uwqb~bu[! : 

AnC-6 wqpbqwmu 4wpbJ.ll t mhqwqpht 4hp]1 wpmulr}pwuwubp)1 mt}ufin
Lnq)1wltwu qamu ltwli wnwuo)lu oqmwqnpb"ht: 

UIJ.Jmuw4 3.6-mu phplJ.wa bu u4wpwqptJ.wb' }uwnfiJli Li znqtjuwzJ:!i 
ubpbfiwfibp)l h)1ufiw4wu mbjuu]14w4wn pfimpwqpbp[!: 

J.I:-721A qwpuw-znqliqn;wgmgft!!! fiw}uwmtuqwb' t l{hphpf.! znqhjuwzb
tm, zhliphp[! 2tnmghtm, 2mp mwpwgfibtnt t. WUWUUWUIWhw4wfi }bpuw
ubpmu mwpptp fiUiwmwqfibp)l hwuwp: liJfi pwqqwgwa t qwpuwJ]lg, 
ZP2WUWl.t)1g, lJ.wnbtWUJntf}WJpU WUIWpwmpg, wpliwmmpwjpg t. qbqwtJ.wpuwu 
tJ.whwu)lg : 
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UIZJlllUWI/ 3.6 
Juwnuft! /, 2nqbjuw2ftl ifbp/JUwubpft hftiiuwqwu wbfufiftljw/jwfi pumpwqpbp!J 

A 
c c 3 
M B n BKC- c - n K 5mgwupzuhp£! - -2 I K c 3M -I 

-6 
I, 2 -4 
7 

IutunCimpq UJWtnpwumh1m 2-8 
chuuruCiwtin, nnwb 
Srunnnntf1Jntfin, u3

, Im 6 1,8 3 3 12 1600 1 
UtnmunnnnwtiruGnu~ 1mCin, mid 3,9 5 2,5 2 5-!0 I 0,5 
ia-tirulJ.wtJ.np. ttiuhnGb[l(l UJUlUl-

uru(i runWQUU:llntCin, Ultnfnnwh 
30 6 3,7 7,6 

Q.111np.2m owtuu{! 1 tn qhp 
17nqhluw7h1m hruuwn, Im 

180 200 

t1hljmpw2rupd(l1}1 hqnpntf!JntCi[!, 15,8 5,5 8,5 14,6 4,4 3,6 
q'-1.m. tuwnG(l~(l 2 

UIUUWh 4 
!2hnCiuw(i nwnopnt~JmCin, uu 1720 
PbnCiwpwtji.uwfi 2200 2050 
nwnonn191mfin, uu 
Q.wpwp(ltnWJ(lCi ~wt.tiuh(ll!, uu. 

3900 3800 3900 3400 4215 4700 2470 bpqwpntpJntCi 
LWJUUlpjntG 2622 5000 1400 4400 2800 1520 1640 
nwnonnm1mCi 3385 3500 1850 1572 2400 2780 1520 

Qwfiol]ruon, llo 5400 1800 1900 1790 6100 1180 1620 
UUjwuwpljnq wGliCiwqwqlij!, I I I I I I I 
uwnn 

4.wf!uwG hnpfl.qnuwqwu t: 
Y.wnhtWCiJntPWJpU WUJ.wpwmt? pturt4tugwo t WJPPW9 L lJ.wnbttuliJntf![! 

uwmmgnq hwdwqwpqpg: Opuitu l}wnhttuGJmp oqmwqnpomt'i tG 'lflqbttuJ)1G 
lj_wnhttuGJmpp L. lJ.bpnupfip 1:3 hwpwphpmp1wup fuwnfimpq: . 

4.wpuwJp lJ.wnmgtJ.wopmu liru{uwmbutlwa bli up pwlip hwt'iwqwpqtp, 
npnGp wlJ.umuwmwgGmu bfi Gpw w2tuwmwGp[! h 2whwqnpomu[! qwp6Gmu 
wul}mwGq: UiJ.tnnuwm uwppfi wG2wmmt'i t l{wnhtwUjntpp t'iwmmgntt'i[!' pngli 
[!Gqhwml{htm. 2IllJll? Utuht'ituCitJ.wa uwqwp11wq)1g fl2Gttm h ljwpuWjntU oGzntU[! 
pUipopwGwtm qtu.ipmu: 

4.wpht}l t otnpntJ. qwpqwtJ.npbt 2PP uwqwpqwltl! L qn1npznt 61izmu[!, 
)lu~U{hu Gwh tJ.wnht WJPJlm h wGglibt tuJpt'iwG mwppbp nbctpuGhpfl.: 

.KB-JOOM 2nqbljwpuwu Gwtuwmhmlwo t qtphp znqhtuwzbtm, 2tnmg
uwfi h wGwufiUJUIWhtuqwli :j"lhpuwCibpmt'i tntuJ1pbJ1 liUJ.WtnwqGhJlntJ. qntnpzfl. h 
mwp 2mp umwCiwtm hwuwp: ~wqqwgwo t qwpuw3pg, WJP/ll.J!g Ii ql:il{wl{wp
uwfi iJ.whwfipg: 

liwf!UWfi UJ.lUUlJlUIUtntJ.wa t mwppbp lnJlWUwqa)l qtwGGtppg : 1,tpphp 
qtwfip wn21.i.}1 uwumu mt11wl}npt!wo t lJ.pwlJ.wpwGn: '-lbphmu wpmwp)1Ci 
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lltWGfl. tpqwpntf!JWUp, qmGtlmu t qntnpzm qmmwltfl.rn: liwpuwG uwppw
tjnptJ.wo t otnpp h tLhlttnpwqwG uGmgn11 UjilUUjntJ., qntnzf1.wmwpwgmgp1ntl, 
hwlJ.wGuunlwcrpwJfl.Ci uwppwl[npmuml, 2rw1wt11fl.1ntl h WUjUlhntlfl.1 ttiwlJ.wG
titpntl: 

liJPPl.l! ownWJntU t l{wnhtwGjntpwoqwjpCi {uwnGmpq UJ.Wtnpwumhtm 
hwuwp: liJPPW hpuGwlJ.wCi uwutpG hG. oqwu'lf11, tn11wGwJpG uwpp h :pnmntth
utGm: Oqwt'i'lflm 01}[! u11nn'i t LUjpUwG h lJ.wnhtwGjntp[! tltnzpwgGhtm hwt'iwp, 
!mlJ. tnrtwGwJpU uwpp[! U{WhUJ.wUmu t t[wnhLWGJntpp hwumwmmu tlwlJ.wp
qwlJ.[!: 

4.wnmgtJ.wapmu Gwfuwmhmlwo tG up pwGp hwuwlJ.wpqhp, npnCip 
wl[umuwmwgGmu bu wzfuwmwGp[! h zwhwqnpomul! qwpoGmu wGtlmwGq: 

opp pngG wG2wmlJ.mu t , 2mrl! uwhuwfiwJpG t'iwqwp11wqpg f12umu t, h 
l'iGzmul! qwpuwJnt.U pwpopwGmu t, wt[umuwm wG2wml[mu t l}wnbtWGJmp)l 
t'iwmwl}wpwpmU[! l}pwl}wpwG: Ul}mnuwmpl}wG upwdwuwGwl{ UIUJ.WhntJ.mu t 
2PP UJ.WhwG2tJ.n11 uw4wp11w4!! h qwpuwG qnpowptit1m UJ.lllhpG WJPPLP 
t1hlJ.mpwl}wnmU[!: 

Urumuwl{ 3.7-mu phptJ.wo hG qwpuwJwmwG uwppwlJ.npnu'iGhpfl. hpuGw
L1wG mhfuGfl.l{wqwG pGmpwqphJl[!: 

Urymuwlj J. 7 
lfwpuw1wwwu uwppwtfnpnufubpft hft1.Wwqwu wbfuuftlf wlf wu pumpwqpbp!J 

5mgwCiflzGhpD .[l.-72IA KB-300M 
Upmtul}JlnrtwlJ.wGntpJntli[!, qq/d 800-1000 400-450 
Q..ntnpzm nGzmuI! qwpuwJmu, qq/uu2 0,6-0,7 0,7 
'-ltunhttufiJntf!p o.q.q., % 91 
Q..ntnp2m 2tpuwutnpnwU[!, wumj16wG 130 
lituf!UWJP tntupnrtntf!jntG[!, l llOO 
lJwputuJp mwpwguwfi uwqhphuD, u2 14 
tth4mpwzwpdflll1 hqnpmpJntGD, l{'-lm 16,83 
Q..wpwppU1WJpG 1wtltubp[!, uu. 3,4 
bpqwpntf!Jntu 3100 2545 
LWJlintpjntG 1440 1550 
pwpapmf!Jmli 2280 2020 
QwUqtJ.wO[!, qq 1890 1490 
Uwwuwnlmn wGMiwllwaun, t'iwnn 1 I 

3. 7. c/>nppw2wl/1 m l:ubpqwjuuw;nrz ifbpWwubp t, qbpwjuwnumpl)ubpfl 
UJWmpwumifwO wbfuOnfnqftwljwu q&bp 

1'qwpwqptlwo ubpbliwfibpli m uwppwl}npmuUbp[! pwpopwpmwl}Jln
qwqwfi h tGhpqwmwp bfi: Il-pwligntl 4MUJ.tb4mwl[npl}wo lJ.hpwfuwnGmpqfitpp 
wpmwqpwuwubpD CintJGuitu pwpopwptntul}JlnqwlJ.wli m tGhpqwmwp bfi h 
CibpqwJpu '.pbpt'ibpwJpfi mGmhumpJmCiutp)l wfiwuCiwUJ.whwqwG :ptpuwfibpmt'i 
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l}JlWGg oqmwqnp()ntul! mfimbuwll!bu WJ.ll}Jmfiwtlhm 2t: 
otfibtntJ. ppwtlfl6wlttig, tJ.bp2flu mwufiwujwqnu.l ubp \.tfl11Upg b"wtJ.w1mfi 

qlltnwhhmwqnmwltwfi l.t qnGutnpmqmnpwGw}uwqbwJltfi wz}uwmwGpGbp bG 
mwptJ.bt itinppw2wtl1 m tGhpqw}uGwJnfl lthpwuzwltnri ubphfiwGbpp mnbqouwG L. 
wrmwl}JlfltpJmfimu Gbf111J.1uwfi mriqmpJwup: 

\,bppL.mu pbptlmu bfi Cinpwumbrib" ubpbGwfibplt qwnmgtJ.w()pwJpfi m wz}uw
mwu12fl hwuwnnm CiqwpwqpntpJntfil! L. ltbpw}uwnGmpqGbpp ll!Wtnpwmnuwfi mb}u
Gntnqllwqwfi qb"bpmu l})lwfig WJ.lilJmCiwtJ.bm oqmwqnpWwfi hGwpwtJ.npmpJmfiGbp[!: 

3. 7.1. <PnpJlW!Wi/l m Uili]lqwjuuw1nIJ unp lflipMwulip 

Ufiltw}u mGmbuwltwfi WJ.ll}JntfiwtJ.bmmpJntGpg, Uf1Ci2L. 18% }unfiwtJ.mpJWup 
.'pmpwdwJpG hwmpltGbp[! (tqlluimwgnphG, qwpp, tlwpuwti l.t WJLG) pwpopwpmw
'lPfl'1WltwG K,D,Y-2,0, K,L(M-2,0 L. <l>-lM UbpbCiwGbpl! hw2fl11mpjwup uwfipwgGmu bfi, 
pul.j l})lWfigpg wi!blP }unfiwtl. hwmpl.jGb.p{!' n2: Utp ltfl'1Uf19 utnbflb"tJ.wb' ymppw2wtl.1 m 
tfibpqw}ufiwJl1f\ Gnp uqqpmGpntJ. wz}uwumq m}1tlbpUWL hwm}lltwuwfip}12fibp[!, pwgp 
mGmbuwqwfi w)lilJmfiwtlhmmpJmfipg, mGbfi Gwl.t WJG wnwtJ.btntPJntfil!, np ltwpn
riwGmu hfi uwGpwgGbt 2np (Uf1G2L. 18%) l.t Uf1G2L. 36% }unGwtJ.mpJwup hwtnpl{Ghp[!: 
'1-w Guiwumntu t .'pmpwdwjpG hwtnp\.tGbpp uGGl}wpwp Cijntpbpp UJ.WhUJ.wfi!lwfil! L. 2n
pwgGbtm hwuwp wz}uwtnwfipwjpG m zwhwqnpb"w\.twfi <)w}uubpp }uGwjt1flnlflJWUJ}: 

\,np umbq<)tlwb" hwtnpqwuwfipp2 ubpb(iwfibp[! tiwnmgtJ.w()pntJ. UJ.W)lq bG L. 
tfihpqw}uGwJnfl: UtpbfiwGbpp pWUfl11 opqwG[! PWflltwgw() t hwpp ump6jl4_Gbppg L. 
wmwufiwi!np lttnflfl'1 qwGwqGhpjlg, npnGp l!nGmwdtJ.wb" bfi UbltmUb2: liJupGpfi, 
hwpp umpotilJGbp[! 2np hwmtilJGbp[! 2wpqmu bG, flult wmwufiwtlnp l}wfiw\.tfihp[! 
}unGwtl hwmplJGbpf! lJmpwmmu: 

\,lJ. 7.2 -mu pbptJ.wb" t WJll mG}14.bpuwt ubpbGwGbpp ltwnmgtJ.w()pWJltfi u}ub
uwfi, pu4 GlJ. 3.22 -mu' mmppbp wptnw11J.lfl'1ui4wfimpJwup Ubphfiwfihplt bpbp mwp
pbpwlJfihplt f!U wGm mbu : 
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vlj. 3.22. flLfiju//:;jJUW[ hwmftljwtfW0J1ft10/:;jJft bjJbp U1WJ1pbf1Wlj0/:;J1ft 
[!Ol)hwOmp mliUJll! 

.t.wmp4wuwGpp2Gtpp mb}uGlt4w4wG pGmpwqpbp[!. 
mwpphpw4Gbp. 1 2 

l:tb4mpwzwpdp2. 
uimmmwptJ.bp[!, uim/pnUJ. 
uGuwG twpmun. '-l 
hqnpmpJntG[!, 4'-lm 

lfwGpwgtJ.uH) hwmp4Cib)lp 
2,2 

2850 
220/380 

0,75 

uMmpJntfi[!, uu 0,25-0,30 

3 

0,55 

l;qpw2wtl1ubp[!, uu 380x325x820 240x310x410 190x260x340 
UptnWl}JlflflWl.jwfimpJntU[! 

(up2pG), 4q/d 170 100 60 
QwCiqtJ.wOJ:!, 4q 35 20 l 0 

t;pbp ubpl/Gwfib)lG tt wfigbt bG WJ.lUlWl}JlW4wG itinpawp\.tmufib)l, wpmw
'1PtJ.ntu bfi, bpwz}uwtJ.nptJ.wb" t l}JlWGg zwhwqnpb"wltwfi hmuwlJmtpjntGl!: 

liwmwptJ.wb" lWJfiwb"wtJ.wt mbuw4wfi l.t qtimwitinpafiwltwG hbmwqn
mmpJmfifibplt hpuwG tJ.pw ozmtJ.bt bfi hwmp4wuwfipp2CibJ.1fl ltwnmgtJ.w()pwJpfi 
L zwhwqnpb'w\.twfi UJ.W)lWUbtnphpl!: 

UGwufiwuiwhwtiwfi .'pbpuwfibpmu wpuWU1WUJ.WlWJ.1WUJ.U1nlflUbp[! uwfi
pwgfihtm hwuwp Gw}ulttifimu oqmwqnp()ntu tpfi HKC-5,0M L. HKM-5, ufltnu uwfi
pwgGbtm hwuwp' «';!.ntqwp-5», }untn, ()qnm uwClpwgfihtm hwuwp' IITK-305, 
HCK-3, :f>mpwdwJpcl hwmf14Cihp uwfipwgfibtm hwuwp' K.llY-2,0, Kll.M-2,0 L. <I>-
1 M ubpbfiwfibp[!: lijl} pntnJ.1 Ubpbfiwfibp[! pwpopwptnWl}PflflWl.jWCi m tfitpqwmwp 
Lfi L. tiwmwpmu bG ubl.jwltwfi qnp()nqmpJmG: '1-pwGg wptnwl}Pnqw\.twGmpJntG[! 
2-7 m/ct t, ttb4tnpwtiwG zwpdkGhpp hqnpmpJntG[!' 9-30 lt'-lm: 

.t.wztJ.'1 wnGbtntJ. ppwtJ.'16wlt!!' uzw\.tbt bGp hJmpwlJ!, \.tnUJ.Ptn L. 
jumwgpwb" l.jbpbp uwGpwgfinq hp4m tnbuwltti mGptJ.bpuwt ubpbfiwfibp, npnG12 
t!Jntflwgpw4wfi l.t :f>bpubpwJpG mfimbumpJmGfibpmu t}m}uwppfimu bfi tJ.hpn
hpzJwt pntnp ubpbGwfibppG, tl1nppw2witi bG L. tGbpqw}uGwJnriwltwG: liJq 
ubpbfiwfib.pfi wfigbt b.Ci LWpnpwurnr m wptnWl}pwl.jwfi qmpawpl.jmufibp L. 
Lpwz}uwtJ.nptJ.bt wpmwl}PntpJwfi: 

Sb}ufip\.twl.jwfi pfimpwqflPl!· 
l:th4mrwzwpctp2. 

uimmmwptJ.bJ.ll!, uim/pnUJ. 
ufiuwfi twpmul!, '-l 
hqnpmpJntGl!, 4'-lm 

Upmwrumriwl.jwfimpJntCl[!, l.jq/ct. 
}unm, b"qnm uwfipwgfiblJ!.u 
bqflll!tnwgnpbfilt gnqmGGbp 
}umwgpwb" qbpbp 
WJ.1UWU1Wll!illLWPWUJ.UlnlflUb)l 

q.wpw)lptnWJpfi 2wtl1uhpl!, uu 
QwCiqtJ.wOJ:!, l.jq 

2850 
220/380 

2,2 

600 
360 
420 
800 

600x610xl 200 
57 
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lil.j. 6.1 -mu phptlwo t mGplfbpuwt utpbGwGhpp wnw2pu mwpphpwl.jp 
4wnmgtlwopw3pG utubUwG, pulJ. G4. 3.23 -mu' qpwGg J!GqhwGmp mhupJ!: 

w) 

p) 

ulj. 3.23. <.JmpwJft, ljntljftlII u jumwgpwa lj/ip/ip lfwupwgum7 nLU/11/hflUWf 

lfbp/iUwubpft [!O!jhwOmp mbupf!. 
w) wnwpftO lip) bpljpnp!J mwppbpwljubp 

bplJ.nt ubpbGwGbpp wztuwmwGpwJpG u4qpmGpJ! GntjGG t ' l.jbpbpt! 
uwGpwgGntu bG hnppqnGwttwG qwGwttGbpJ!: . '1-pwGg l.jwnmgl{wopwJlJG 
tnwppbpntj}JntGG wJG t, np wnw2pG mwppbpwlJ.mu uwGpwgl{wo lJ.bpJ! qmpu t 
qwLtiu ttnqwJpG uttt qnGwl.jpg, putt bpttpnpqnuf bpttm: 

bpttm qnGwttGhpp Guiwmwl.jG l' bpp ui.wpl.jbppg ubttl! l.9tlntu t, t}lwtimu 
bG qnGwtw, l.9!.{wo uiwplJ.J! mhqwt}lntumu, qwmwpl.jmu L. Gnppg pp mbqfi bG 
qGmu, hbtnn bp4f1npq UJ.Wpl.jfi l l94ntU, L. WJilUJ.UU zwpmGwlJ.: 
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bpl.jpnpq tnwpphpwl.jp uwGppm tnwpphptlmu t GwL. GpwGntl, np GwL. 
tunmwump t ui.wmpwummu: 

bplJpnpq tnwpphpwlJll uhphGwJmU tunmp uwGpwguwG wpmwqpnqw
l1wGmpJntG(! l.jwqumu t umn 800 lJq/ct, putt tumnwump UJ.Wtnpwumh!lrn ' 120-
150 ttq/ct: 

lrwmwp4wo mbuwttwG L. qpmwt}lnpaGwl.jwG hhmwqnumtpJmGGhpp 
h!n~wG tjpw 6ztntlhL hfi mfiptlhpuwt uhpbGwJp l.jwnmg4wopwjpG L. zwhwqnp
l>wl.jwG ui.wpwuhmphpJ!: 

lrnth4mptl L. tunphpqwJpG mGmh
umpJmGGhpp wGwuGwui.whwl.jwG ~hpuw
Ghpp tthpwtuwnGmpqGhpp wpmwqpwuw
ubpmu hwGpwJpG l.jhphp(! ihG uwCipwgtlht, 
mutnp L. WJ'l GUJ.WtnW\tll hwuwp utphfiw
Ghp ihG uU1hqo4hr '1-w pwgwmp4mu t 
CipwGntl, np hwCipwJpG wGhpwdhztn tnwp
phpJ! ttbCiqwCipCihppG tnptlht hG qpupg 
umwgtlnq UJ.Wtnpwutnp hwuwttgttwo tthph
pp Up2ngn4: lihpl.jWjmUu WJq hGwpw4npm
}}jntGGhpt! il.JwG, pWJ9 l)hGqwCipGhppG hwG
I?WJpG mwpphp tnlllLnt wGhpwdhztnntpJmGn 
4w: 

Uhp 4nqupg umhqOtlhL t lutnwgpwo m 
hwGpwjpG l.jhphp uwGpwgGnq ntGtitlhpuwl 
uhphGw L. Gbpqptlht t ni upwJG wGwuGw
UJ.WhwttwG :ptpuwGhpmu, WJL GwL. WJL 

'Ulj. 3.24. Jumwgpwu u hwupw1/1u pGwqw4wnGhpmu (16, 17]: 
ljbpbp lfwupwgum7 mOJulbpuwi lil.j. 8.1 -mu phptlwo t tumwgpwo L. 
.lfbpbUw1ft [!O!jhwump mbupf! hwGpwjpG l.jhphp uwGpwgfinq mfiPtlhpuwt 

uhphGwJp l.jwnmgtlwopwJpG ututuwG, putt Gl.j. 3.24 -mu' J!GqhwGmp mhupJ!: 
OtGptlhpUWL l.jbpwuwGppiG mGp hphp tnwppbpwl.j (Gl.j. 8.16): .Pbptlmu hG 

11pwfig mttuGpl.jwlJwG pGmpwqpbp(!: 
mwpphpwq6hp I 2 3 

l:th4tnpwzwpdpi. 
UJ.tnmtnwptlbpJ!, UJ.tnlpnUJ. 
hqnpmpjntGJ!, 44.m 

Uptnwqpnqwl.jwGmpjntG(! 
(up2pG), 4q/ct. 

qwpp uwGpwgGh!lrn 
hqpuitnwgnptCi' 
pwpwq' 
tnpwtlhptnpG' 

2850 
5,5 

450 
590 
910 
830 

2850 
3,0 

260 
400 
610 
700 

2850 
2,2 

190 
310 
400 
610 
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l..hpl.JtuJntUU wzjuwmwapGtp hfi mwptlmil l.Jbpwtuumfimpqfibp}t wpmw
qpwuwubpp UJillU utphGwmuppllitlnpmuGhpp GwjuwqauwG, UIWUlpwumuwG 

m tllnp6wp4.muGtpti mqqnq:iJwup: 

3. 72. l/bpwjuwnfint[ll]UD[l/l UJWWflWUUJUWU wbjufin[nqftwljwu q<M[l 

~bplintU fi4.wpwqp4wo i.ltnppw[wi.lt uhphGwGtpp I!GmpmpJntfiI! L. mhju
finL'1qpw4wG qatpp 4.nUUILb4.tnunlnpntUI! 4.wlulJ.wb" t UIWUlpwumtlnTJ. l.J.hpw

juwnGntpJ}Cibp}l pCimJp}lg m owtlwwg: 
Q..Jmqwmfimtuwl[wfi L. tllnpp :ptputpwJpG mGmtumpJntfiGtpmu tqwa 

1.JbGqtuGpGbpli tlmpp qiluwpwGwl.JP hwuwp GntJGUihu Uihmp t l[tptp{! Gwjuw
UIWtnpwutnhl m lJ.hpw]uwnUntptjGbp UIWUlpUluUlb\., pwjg zwm UIW{lq t11.wCiw
lJ.ntl: liJU IJb~mu pwtlwl.JwG t, np mGmtuntpJntG{! abnp ptpti utq hwm 1.J.nll!Pm 
l.Jbflbpp uwGfl\12. (Gti. 3.23), utlt hwtn tt hwUwUiwmwu]uwG wpmw11J1n11.wltw
umpJWUp hwmptiwuwG[l}l( (Glt. 3.22) L. l.Jbpwjuwnlimp.qGtp.p UIWutp.wumuwG 
qnflb-JlGpwg{! qwquwl.JbpUitL Cil.J. 3.25 -mu ptptlwa mtjuGntnqpwtiwfi ututuUJJP 

hwuwowJG: 

2 

5 

6 

3 

fcTtpL. awaltti mw4. mt11w1.twJlJ.wa t 1.J.nll!Pm 
qtpbp\1 uwGpfliI! (6), IlflI! utiwctwuwCiwl.J. 
lJ.wmwpmu t juwnfiptli qbp: "lwmpg (1) lJ.wju
tlwb" t tiwpqwtlnptlnri twp 11nuwtintl wupwp (5), 
npp ut2 l.9tlwa t Ciwtuopnp uwGpwgtlwo 
'.pmpwdwJpG hwmllltI!: lfwfippi-juwnGJ1Ll1 (6) 
zntf12I! qwputlwa bG )umnti (7), t'.iwqGqbTJ.ti (8), 
oqnmp (9) L. utitnup (ubGwdp) (10) 4.ntJUlbp{!: 

4.bptp.[l uwGp.uwfi nt titrwjuwnfimprifitp[l 
Ujtutnpwmnuwfi wz]uwmwGpGtppG uwuCiwlt
gmu tu tpl.Jm uwpq, npnCig wzjuunnwGpwJ[lG 

qnpcrJ:ipI! tqwCifi t: · 
lJPCiiL. w2Juwmwfipfitpp uqutw, [!Ulil opl{w 

qtp.wpwdfill, 4.tG11wfil1Ghpj1 qJ.luwpwliwlJ.ti 

u(j. 
3

_
25 

l.JbpwjuwnfJmpIJObfl/1 hwuwp Gwjuwmtutlwo mtlJwL hbpJ:JJlfi pw2Ju-
U/WUJflwuuufwu UJWpqwqm;fJ tlnq l[tptp}l pwliw4.I! Uibmp t lJ.nunw4.hL pbpL. 
mbjufJntriqftwljwfJ ujubliw b"wb"lJP mwl.J., wJGmhtmL. qnpop t qptlmu 
uwfip\li-JuwnGJli uhphfiwfi (6) L. uJ1 pwfi4,np[! hbppwl.JwGmpjwUp hqwGntl 
tunmG m t'.iwltfillhTJ.I! uwmmgmu t uwGpJl~JlG, pul.} UJmu{!' OTJ.nmu m uJ.1tnU}! 
(ubGwd{!): upwdwuwliw4. pwgmu tG wupwpti I}l1Gwl.}{! L. uwCipwgtlwiJ hw
mplJ.G pGpGwhnu, liw)uopnp lJ.wpqw4np4wo I}l11iWlJ.\1 pwgl{wo12'19 13wtlltlmu t 
uwG11'1i-Juwnfi)1W ut~r P.hwplJ.t, up pwGp Ojl tuz\ututnhtmg htmn ptuGt\n11ut11I! 
zwm l}wpU[l:iUlnphfi Unmwtlnp nzmmpJWUp qtpwUlbUWl.J.Gbpp hwUWUjWUIWU
}uwfi pwaGbuwutpJ:! htpI:Jwl.J.wGntpJwup uwmmgmu bfi uwlipp~-)uwnGM1li, L. 

umwgt1_mu t pwtl,wpwp hwuwubnntpJWUp 1.Jtrw)uwnGmpq (I l): 
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lJP2pfi L. tunznp .'.J>bputpwJpG mGmtumrJmGGbpp hwuwp wnw2wpl.}mu 
liGp lJ.hpw\uwnGmpajl ll!Wtnpwumuwfi utptGwjwgtlwo t11.wGtul.J.I! (Gl.J.. 3.26): 

3 4 5 6 7 

ulj. 3.26. l./tpwfuwnumpl)@[I[} rf{ip{iuw;wglfwo lirzwOwljm/ UjWUJ{lWUUJU[Ill 
WflU1W1Jf1Wtfwu/1 ljwnmgl/w<7pwmbjufJn[nqftwljwu ujubtfw(J 

\.itpwjuwnGmp11Gtp)1 UjWlilJlWUlilUWG WJ1lilW11J1lUUWUU w2Juwmmu t 
htmhJWl qtpUI, fiwtuopnp opl{w mtlJwt hbJ1pliG UlJ1tlhti1p lJ.bphp{! uwlipwgGnui 
111 1.9Gmo bG hwi5wUitutnwuiuwG wupwpfihp{! (3, 4, 5, 6, 7): UurtimwlJ.mgw
llj:l.mwutiuwJJ1G hwtl.htmulibpi! hbqm4 tlJlt'.iwtimu 1..9fimu tG qtwGwJ\lG nbqtp
ljmwpJl (8) ut2: liJOnthtmL. tthlJ.mpwlJ.wli l]n6w4.I! ut11uttntl upwowuwGwl[ 
uL1umu tG wzjuwmtt uwGptii-tuwnfipL uhpbfiwG (9), UWUIWtlbGwjpfi tlmJuw
l\flP.il! (1), qtpwupwpGbpJl iwti1wqnpp(Ghp{! (10) L. uuwmw4.mgwtlJ1mwuJ1Ciw
.1rG hw4.ttmuGtpJ1 twJ.1 gGgnum: 

d-wUjwtl_bfiwJ}lG tllnJuwqpp,l}l l{rlw 1.9tJ.wa 1.J.hpbpp ztpmhpJ! (2), uurtimw
L1mgwtlJlmwupliwjpG hwl\ttmuGbpntl f:JJ124.t1mg hbmn, l..9tJ.ntu tG uwGJ1Jli-Juwn
liJ1tl1 ut2, tpwgmgp( tlwfipwGnui m ppwp htUl juumfil{htnt9 htmn ll!Wtnpwump 
L1t11wtuwnGntpflI! ptnfitJ.mu t unpJ1twJJ1G 1.J.bpwpwzJutii: 

li.tpw!uwnGmpqfitp[l Uiwtnpwumuwfi hqwGwlJ.Gbpl} L. utptGwuwppwtln-
11muGtp{! tfipw4w hG ljwmwpb1wqnpauwG: 

3.8. Wil/wwfiqmp;wfi uilijufiftljwfi /, hwljwhp1Jlihw1ftu tiftpngwnmtfOlipf! 
ljlipliflfl {jUJjuUJUjWll1f1WUU/UWU dwtfwawlj 

4.tptpti fiwJuwUiwmpwumuwG utpbfiwGtp'1 m uwp12wtJ.npmuGtpti l{rlw 
luzjuwmn11. wfio).112 UJ.tmp t humw4. qpmtGwfi wGqmwGqmpJwG qwGnGGhpl}: 

lifil{mwGq wzjuwmwGpp 4wfinGfibpJ1 htm owfinpwGwtm hwuwp Uibm12 t 
mumuGwuppbt h qJlmbGwt hbmL.Jwt mbuwl.JP hpwhwfiqGhpJ!. Ghpwow4.wG, 
w2JuwmwGp'1 mt11mu u4.qpliwlJ.wG, wtlbliopJw, Uitupptpwl.J.wfi: 

utpwb"wtiwu hpwhwGqwl{npuwG [!Gpwgpmu Gnp {!GqntCitJ.wo w zjuwtnnfJ.
lihJ1pfi Uihmp t bwunpwglibt wGtlmwfiqmpJwG uibjuGJ14wJp {!fiqhwGmp 4wGnG
llbpl1G, hp11bhp ctwuwfiwl.J. wfitlmwGqmi:iJwG L. tJ.Gwul\.htm 4wu pmuwtl_nptlttm 
IJbUjpntU wnw2tifi oqGmpJmfi gmJg mwtm t11.wfiwl.JGtppfi : l..tpwowqwG hpw
hwGqwtlnpmu wGgl]wgGbtmg htmn Jntpw12wfii.)nt[l pwGtlnpp hwuwp tpwgGmu 
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hG wGtl_mwGqntpjwG mhtuGpl.J.wJp Cl.hpwbwqwG L. 11\wpphpwqwG hpwhwqGw
tl_npuwG hwztj_wnuwG pwpm, npl! 11\Whll\wGtl_mu t Gpw wGoGwqwG qnpbmu: 

UztuwmwGpp mhqmu hpwhwGqwtl_npntUI! wGgqwgGmu hG Gnp t!Gl}ntG
tl_wb pwGtl_nppG wztuwmwGpp pnqGhJlm, WJL wztuwmwGpp i.tmtuwl}PhtPU qwu 
mhtuGntnqpwl.J.wG 11\Pnghu[! qmtutwu: liJG wGgqwgGmu t mtlJwL '.phpuhpwJpG 
mGmhuntpJwG qhqwtl_wpl! qwu uwuGwqhml!: <!,pwhwGqwtl_npuwG bpwqpntl_ 
Gwtuwmhutl_mu t wztuwmwGpwJpG mhqmu pwGtl_nppG bwGnpwgGht mtlJwt 
wztuwmwGpwJpG mhqwuwup qwquwl.J.hPU\iwmhtuGpqwqwG l.J.wGnGGhppG, 
wztuwmwGpwjpG mhIJ.P 6pzm qwquwqhpll\uwG Ill 11\Whll\wGuwG, WU\Whntl_Pi 
uwppwtl_npmuGhpp, tl_mwGqwtl_np qnmpGhpp, qnpbppGhpp, wztuwmwGpp 
wGtl_mwGq hqwGwl.J.GhppG: UGhpwcthzm t 11\WpqwpwGht tl_Gwmlhtm l.J.wu pm
Gwtl_nptl_htm l}hll\12mu wnw2pG oqGmpJntG gmrn mwtm l.J.wpql!: 

UuhGopJw hpwhwGqwtl_npuwG GU\wmwl.J.G wJG t, np mGmhumpJwG 
uwuGwqhml! huqnqntpJntG ppwqwGwgGp wztuwmwGpGhpG wGtl_mwGq l.J.wmw-

phtm tuGl}ppG: 
"lwpphpwqwG hpwhwGqwtl_npnttil!, Ghpwnhintl GhpwbwqwG L. wztuw-

mwGpwJpG mhqmu hpwhwGqwtl_npmuGhpl!, qwmwptl_mu t mwppG hpqm 

wGqwu: 
UztuwmwGpGhpG wGtl_mwGq qwmwphtm tl_pw pwgwuwqwG wql}hgm-

pJmG hG pnqGmu wztuwmwGpp wGpwtl_wpwp uwGpmwpwhpqphGpl.J. 11\WJUWG
Ghp[!: "lhmp t hhmL.ht wztuwmwGpp m hwGqump nhctpupG, wpmwl}PntpJm
Gmu wGGGwqwG hpqphGwJp 11\WJUwGGhp umhqbhL L. uwpl}nt opqwGpqup tl_pw 
GhpqnpbntpjntGpg 11\WZUlll\WGhtnt wGhwmwl.J.wG up2ngGhp oqmwqnpbht: 

UbphGwGhpp L. uwppwtl_npmuGhpp tl_pw pmJtwmptl_mu t wztuwmht WJG 
wGowGg, ntl12hp mumuGwupphL hG uwppwtl_npmuGhpp l.J.wnmgtl_wbpp m zwhw
qnpMwG hpwhwGqGhpl!, qpmhG wGtl_mwGqntpjwG mhtuGpl.J.wJp l.J.wGnGGhpl! L. 
qwpnIJ. hG tthl.J.mpwqwG hnuwGpp mwl.J. l!Gl.J.wb wGopG gmJg mwt wnw2pG oq
GntpjntGl!: Iupum wpqhttl_mu t uwppwtl_npmuGhpp tl_pw wztuwmht l.J.nquGwqp 

wGowGg: 
Uwppwtl_npmuGhpp mhtuGpqwl.J.wG tuGwupp m wGuwppmpJmGGhpp tl_h-

pwguwG hhm l.J.wll\tl_wb pntnp wztuwmwGpGhpl! qwphtP t qwmwpht upwJG 
tthl.J.mpwzwpctpm gwGgpg wG2wmhtnt9 hhmn: Upqhttl_mu t wztuwmht U\wh-
11\WGpi gwGl.J.wll\wmhpl! hwGtl_wb uwppwtl_npmuGhpp tl_pw: lJhphGwGhpG m 
uwppwtl_npmuGhpl! pnqwpl.J.htnt9 wnw2 wGhpwcthzm t hwunqtl_ht, np pntnfi 
hwGqmrnGhpG m hul.J.Pi uwpphpl! uwpppG hG: fipL.t hwGqmJgp wGuwppntpJrnG 
l}hll\Pmu uhphGwG upwgGht W pntJtrnmptl_mu: 

3mquwG, qwpqwtl_npuwG L. GnpnquwG wztuwmwGpGhpl! wGhpwcthzm t 
qwmwphL upwJG uhphGwG qwGqGhgGhtnt9 hhmn: 4mpnIJ. lllll\lllPWUlGhpl! qwu 
uhphGrnJp UJntU pwGtl_npwqwG opqwGGhpl! qGGhtnt L. qwpqwtl_nphint ctwuwGwq 
hwpqwtl_np t qwGluhL wqwm 11\Ulllltlhll!: liJ'l GU\wlllmqntl_ pwGtl_npwqwG opqw
Gp OWIJ.hpp up2L. l}GntU hG uhmw11wl.J.wG onq qwu lllJL aL.ntl wpqhtrnl.J.mu: 
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4hprnJpG wpmwl}Pwtiwumu ull\wuwpl.J.n11 wGoGwl.J.wqul! 11\bmp t 
wztuwmp qnuppGpqnGntl_ qwu zrnttl_rnpntl_ m qmpml.J.rnJntl_: 4wGww 11\hmp t 
uwqhpl! hwtl_wphG qJluwznpp mwq: 

4wpullljlllU1UlG l.J.ruJWGpGhpp UU\UlUUlpl.J.ntUI! qwmwpmu t uwuGwqp
llllllgtl_wb pppqwl}l!: liJu l.J.rnJrnGpGhpl! qmpowpl.J.hwu qnquGwl.J.p wGowGg Gtp
ljwJmpJntGl! wztuwmwGprnJpG qnmmu L. qwpurnJrumwGl! wpqhttl_mu t: 

ChGpmu tthljmprntwphpl! 11\hmp t hmuww 11\lllhll\wGtl_wb LliGhG uttuwGp
L1wljwG tl_Gwutl_wbpGbppg: liJG mhIJ.rnl}PntU hG uhmwqwqwG anll\wGp tl_pw, uh
L1mupiGhpp hbpuhmplj bwbqtl_wb tunqntj_wl.J.Ghpmu: UbqmupiGhpp up2L. pnpwp 
bpl.J.wpmpJmlil! 11\hmp t 2 u -pg wtl_hLli iLliGp, pul.J. trnpp ljmptl_wbpl!' 1,5 uu2 ni 
t4wqwu: 

tthljmpwuwppwtl_npmuGhpp wztuwmwGpp hmuwwmpJntGl! L. wGtl_mwG
qntpjntlil! ljwlutl_.wb hG ni uprnJG unGmwctmupg, WJL GwL. zwhwqnpMwG qw
GnGGhpp 6pzm 11\lllhll\wGmupg: tthl.J.mpwuwppwtl_npmuGhpp zwhwqnpMwG 
ctwuwGwlj wGhpwcthzm t hhmL.t pntnp uhmwqwljwG uwuhpp' uhphGwGhpp, 
tthl.J.mpwqwG zwpdpiGhpp, pnqwpl.J.nIJ. uwppbpp, tmuwtl_npnIJ. m 6wnwqwwn11 
wll\wpwmGhpp hpuGwquwtupGhpp L. tthljmpwljwG ljwphtGhpp m trnphpp 
t4rumJrnGGhpp hmuww hnqwGguwGl!: 

tthl.J.mpwuwppwtl_npmuGhpp mhtuGpljwljwG UU\wuwpljuwG L. GnpnquwG 
hbm ljwll\tl_wb pntnp µiztuwmwGpGhpl! 11\hmp t ljwmwpht uprnJG tthl.J.mpwqwG 
hnuwGpG wG2wmhtmg hhmn: 

bph uwpl}G t!Gl.J.ht t hnuwGpp mwlj, lllll\lll wGhpwcthzm t nppwli hGwpw
tl_np t wpwq GpwG wqwmht hnuwGpp GhpqnpbntpjntGpg: i).pw hwuwp wli2w
mmu hG mhqwl.J.ruJrnGpp rnJG uwul!, npp hhm ztlitlht t mmctn11l!: bph l}lll hliw
pwtl_np it wGht, lllll\lll upGiL. 100 tl_ntm tthl.J.mpwmhqwl.J.rnJrnGpGhpmu 11\hmp t 
tl_1rnJmh pnGwq mGhgnIJ. ljwgpGntl_ qwu WJL qnpbppntl_ qmpht trnphp[! 
(Jmpw!)rnGijntp trnp wnwGopG), phwpljh WJl} l}hll\PntU 11\hmp t hwqGht nhmpGh 
ohnGngGhp L. l.J.pl.J.GwljnzpljGbp: 

bph hGwpwtl_np it wpwq wG2wmbt tthl.J.mpwmhqwl.J.rnJrnGpl!, lllll\lll wG
hpwcthzm t up2ngGhp ohnliwpljht mmctwbpG hnuwGpwmwp uwuhppg 11\nl.J.htm 
hwuwp: liJ'l 'lhll\pmu ljwphw t mmcttj_nIJ.P znphppg pwzhi, hph l}PrnGp inp hG: 

Unw2pG oqGmpJrnli up2ngwnmuGhpl! ljwmwpmu hG hnuwGppg wqwmh
Lntg hhmn mmctwbp tl_P6wqpg htGhtntl_: bph qpmwqgmpJntGl! mbqG t, pwrn hp
qwp ctwuwGwq t uGwghL hnuwGpp mwq qwu hqbt t mzwpwip tj_pawqmu, 
WU\Ul wGhpwcthzm t upGlL. pctpzl.J.P qww Ulll\lllhntl_ht lPPtl hwGqpum: Q..pmwq
gntpjntG itPGhtm, pwJ9 zGiwnmpJntGl! 11\lllhll\wGhtm l}hll\Pntu wGhpwctbzm t 
znphpG wpowqhi, umhqbht pwpu o'lP hnup, uwpuplil! mpnpht m mwpwgGht: 
CGiwnmpJmG itPGhtm l}hll\pmu wGhpwcthzm t mrnt wphhumwljwG zliiwnm
PJntG L. ljwmwpht upmp uhpumu: 

UbphGwGhpp mhlulipqwqwG tuGwupp, wGtl_mwliqmpJrnli mhtuGpl.J.rnJp 
l.J.wlin!i!ihp[! U\Whll\Wlihtnt hhm upwctwuwGwl.J. 11\hUlp t tupum hhmL.ht 
hwljwhpl}hhwjpG up2ngwnmuGhppG: 
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ChGpmu, mhuwGhil1 mt11mu, UJ.htnp t qw!utlwo 1l1Ghu hpqhhwJpG wG
tlmwGqmpJWG qwGnGGhp[!, npnGg UJ.htnp t hhmt.hG m qwmwphG w2tuwmn11-
uhp[!: <T}tmp t hwqwhp11hhwjpG UJ.Whwqhtn[! qwhwtlnpht hWUWUJ.WtnwutuwG 
qntjpntl' pwh, qntJL, qwg)1G, qpwquwp)1i_, zwpdwqwG UJ.OUUJ.WJ)1G mh11wlJ.w
JwGp: St11wT}]ltlwo UJ.htnp t 111Gp wtlwqntl wpq11: 

::>np qhpu umh11omu t hpqhh wnw2w9Ghtm 4mwGq, mum)12tGp)1 Ghpumu 
t. wpmwp)lG 2P2WUJ.WillntU i_}l qwphil1 pn11Gt1 qbphp}l uGwgmquhp: 

~p11th)1 qhuwmu lJ.pwq[! uwpmu hG 2rmlJ., 6JntGnlj_, wlj_wqnlj_ h hn11nlJ.: 
4.wnlJ.n'l phGqpG[!, Jnt'l(! 2pnq i.}1 qwphll1 uwptr liJu 'lhUJ.pmu UJ.htnp t qnpo}l 
qGht qpwquwp}li_[!: tttqmpwqwG 1wphp[! WJplJ.hll1u wGhpwdhzm t wG2wmht 
hnuwupwhwmtil.l! qwu qwgumJ. qmptr liJu 11tuwmu UJ.hmp t hwqGht nhm}lGh 
ahnGnguhp, }luq nmphp}l mwq 11ut1 t}lwJtnh i_np hhGwpwG qwu nhm}lGh qnpq: 
tth4mpwqwu 1wphp[! 2pnlj_ hwGqgGht i.}1 qwphU}l: liJll UUJ.wmw!W hwuwp wG
hpwdhzm t oqmwqnpoht u}lwJG i_np wlj_wq: 
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4. ~USt>4U'-lDP4.UU f11' PPt>4bSU'-lDP4.Ul5 Lib.Pb.Pt> 
UPSU'l-PUUUUbP b'-l lJl::;.Qb"l...UUUP.QU'-lflPf1HJubP 

4.1. f!fil)hwump wlilllilJmp1muulip 

PuwqwG h11wGwqnlj_ qwGwi qwGqlj_wO[! inpwgGhil1u qnpintU bG ubo 
pwGwqmpJWUp uGGqwpwp UJmpbp: ::>npwguwG wphbumwlJ.wG bqwGwlm, npG 
l1pwqnpc)lj_mu t pwpop 2tpuwm.n}16wGfl mwq' pupm4wJ}lG l.npwGngGbpmu, 
hGwpwlj_npmpJmG t mwll1u lJ.wG!uht WJ11 lJ.npnwmGhp[!: Pwg)1 T}]lWGpg, l_npw
(ingGhpG WUJ.whnlj_mu hG lJ.bpbp}l wpmwT}]lmpJntGG wGltwtu ltlPUWJwltwG UJ.WJ
t~wGGbp}lg, huwpwtlnpntpJmU bu mwttiu wupnq2mpJWUp ubphUWJWgGht h wtl
umuwmwguht wpmwqpmpJntUt!: 

Pwpop · 2tpuwumfl6wGp mwl.J. l.J.wmwpl{n11 l_npwguwG hpuGwlJ.wG 
wnwGoGwhwmltmpJntG[! qwGwl_ qwGql{wbp wltGpwppwJ}lG tunGwlj_wqpltmuG 
t mwp qwqbp)1 hnupmu: ::>npwguwG [!Gpwgpmu 4wGw2_ qwGqtlwo}l 2tpuwu
tnfl6wG[! 70-75°C-pg iP pwpapwGmu, np[! hGwpwlj_npnt13JmCi t mwwu UJ.Wh
n1wGt1 l{}lmwuflGGtp[!, UJ.pnmtpG[! t. u3mu wpdhpwlj_np uG GqwGJm13hpt!: 
UwlJ.wJG qctlj_wp t WJll GJmptp[! bpl.J.wp ctwuwGwlJ. UJ.WhUJ.wliht: 4.hg wupu 
t4WhUJ.WCibtntQ hbtnn tuntnWLJntpntU lJ.wpntnpfip ltnpntUlO(! ltWqUntU t UOtnwl{n
(1WUJ.bU 30%: lfoUlwl{npwUJ.bu 5% hG l.J.wqumu Gwh lt2nwJ)1G qnpmumGhpt! ' 
11wmwplth1m, t}ln!uwT}]lhtm t. wump}l tJ.tpwu2wlJ.uwG ctwuwGw4: 

UJI} ltnpmumGbp[! ltp6wmn11 hqwGwlJ.Ghp}lg uttil! tunmwump)1 hwm)1ltw
l{npmufi m qwGwt qwGqtJ.wop lnpwgwo qmpl{wapjl ppjlqbtnwl{npmuG t: 
u-wu1l{wo lthphp[! UJ.WhUJ.wGbttiu ltwpmnpu)1 ltnpmutnGbp[! lJ.p6wmtJ.mu tu, )1ult 
L12nwj)1G ltnpmumuhp hwuwpjw l_hG wumu: Pwgp ll(1WU}lg, tnumhutJ.mu bu 
mwpnqmpjntUuhpG m UJ.Whhumubp[!, pwu)1 np UWUttJ.n'l i_npwgwc) ltwGwl_ 
qhptpp !utnmpJntG[! uhowumu t 2-3 wuqwu: ~wm)1ltwtJ.nrnl.wo t. ppplJ.bmw
l{npl{wa l.J.bpbp/1 uba uhtuwu/11.J.wlJ.wG wupmpjntG[! pmJt t tnwt/1u t}lniuwqphL 
gptJ.wo tl.J16w4mu t. phnCiuwu m pbnuwpwt}luwG dwuwuwl.J. oqtnwqnp.at1 
ubphuwjwguwG untJ.npwqwu u)12ngGbp: 

~wm)14wtJ.npqwa lthphpntl hw2nrimpJwUp l.J.bpwltrmtu tu mwpphp 
mbuwtW wuwumuGtp)1u, )1ult pp)1lJ.tmwtJ.nptJ.wo lJ.hptpntJ.' u)1wju tunznp 
tri2tpwtlnp wGwumGfihppG: 

Pp)1lJ.hmGhp)1 UJ.WmpwumuwG mttuGn1najlwJ'1 wnwGoGwhwmlJ.mpJmGG 
WJG t, np npUJ.hu ttwlthmwJ)1G GJmp oqmwqnpatJ.mu t nl_ pt tunmwump, WJL 
i_npwgpwa lJ.wGwl_ qwGqtJ.wa: ~wm)1lJ.wtJ.npuwG hwutuwmmpJwup pp)14tmCitpp 
t4wmpwummU[! hGwpwl{npmpjmG t mwll:iu 40-50% fl2t9Gt1 utpbGwGtp)1 
tubpqwmwpmpJmG[!, pwG)1 np mt!uGn1najlwqwG qnpO[!Gpwgflg 4f16wtntJ.mu t 
l_npwgpwa qwGql{wO[! wump)1 tJ.hpwot1m qnpbnflnLpJmG[!: '1-w i_npwgGnq 
wqpbqwm)1 wpmwrumriwlJ.wGmpJmG[! ubawgGmu t 5-15%-ntJ.: Pwgp ll(1wGpg, 
WJI} qwGqtJ.wbntu 1wtJ. hG UJ.WhUJ.wGtJ.mu uGGqwGJmphp[!: 

~wm)14wtJ.nptJ.wa h pp)1lJ.hmwtJ.npl{wa l_npwgpwa 1.twGwi lJ.bphpt! uGGqw
pwpmpJwtip unmbGmu bG tumwgpwa lJ.bpbpjlG, flul.J. lJ.wpmnflGfl UJ.Wpmfiwqm-
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pJwilp' qqwUi qtpwqwGgmu qpwGg: .;wmp4wtJ.nptJ.wo h pppqbmwtJ.nptJ.wo 
qbpbpp oqmwqnpomuI! umlnp1.uqwfi qbpbpp hwubuwmmpJwup 1,3-1,5 wGqwu 
p2bgGmu t wGwumGGbpp upwtJ.np pwzwt'ip tJ.pw 0-w}uutJ.nq uwpubUi tqpntnbpGp 
pwGwq{!: SGmbuwqwG hwztJ.wp4Gbp{! gmJg bu mtJ.bt, np wfiwu!iwtqwhwqwG 
upbppGbpp ppwgmupg zwhmpwpbpmpJntG{! wphbumwqwG inpwgpwo qwGwi 
qbpbpp oqmwqnpouwli dwuwGw4 bqbt t 1,5 wGqwu wtJ.biP, pwG. wfiwumli
GbppG untJ.npw4wfi bqwliwqlihpntJ. hwtJ.wpwo qhpbpntJ. qbpw4Pbwu: 

f!wquwpptJ. hbmwqnmmpJmGfibp{! gmJg bG mtJ.bt, np untJ.npwljwG bqw
Gw4ntl 4wliwi qwGqtJ.wO{! inpwgfibiPu wfipwpbGUJwum bqwGwljp qbUJPmU 
ljnpmumlibp{! 4wqumu bfi' 36,6-39,6 % illfl liJmpbp, 46,1-50,6 % tqpnmbpli h 
upGilt 99 % 4wpntnpG, pu4 pwpbfiUJWUUl bqwGw4P qbUJPntU hWUWUJWUlWU
}uwGwpwp' 21,0-21,4, 27,7-29,0 h upGih 97,2%: 

U4mptJ. pwuwhwpmuntJ. ljwCiwi qwliqtJ.won }_npwgGbUiu umwgtJ.mu t 
pwpopnpw4 twtl mmtJ.nq }unm, uwljwJG WJ1111bUJ!2mU I.tu 4npmumGbp{! qqwUi 
bu' 15-20 % illfl liJmpbp h 20-25 % UJPntnbpG: Cwm hbmwqnmnqGbp qmGmu 
bu, np uptnuwgfibUiu {!GqhwGmp 4npmumlibp{! 4wqumu bG 20-30 %: 

~CiwJwo ubGwd tqwmpwumbwu h UJWhtqwGbUiu mbuwljw!inpbG uGGqw
GJmpbpp 4npmumGbp{! iUJbtnp t 11-14 %-pg wtJ.btwGwG, pwJg qnpO-GwqwGmu 
qpwGp hwulimu bG 20 % h wtJ.biP: 

Opnzw4p nbdpuGbp tqwhtqwGbwu qwGwi qwGqtJ.wO-I! pwpop 2tpuwump-
6wGp mw4 }_npwgGbl£! wtqwhntJ.mu t uGGqwGJmpbpp h 1.J.PmwupGGbpp 
GtJ.wqwqmJli 4npmumGbp' 2-3% }_np GJmpbp, unmwtJ.npwtqbu 3% UJPntnbpG: 

L.liwl}ctJmwuI!, UbpopwtppljwJp UJWJilwGGtpmu ljwmwpwo hbmwqn
mmpJmGGbpG wulflmpbtntJ., Gbp4wJwgGmu t 4wGwi qwGqtJ.wO-{! mwppbp 
bqwGwljGbpntJ. tqwhwonJwgGtwu uGGqwfiJmpbpp UJWhUJwGuwG hbmltJWL 
tqwm4bp[! (WllJntUW4 4.1): 

Urum u w lj 4. 1 

Swppbp mbjulinfnqftw6bpm/ ljw6w1 qw6qlfwc7f! UJWhwc7n1wg6btftu 
ljbuuwpwuwljwu pbpp/1 UJWhUJwumtf(! UbpopwfP}l{jwJft UJWJtfwuubpmtf 

"lwhwbnJwguwCi mh)uCinLnqpwu 
Phppp 

uiwhuiwCimun, % 
lunm, qwzmmu 2npwgwo 37-50 
Uti1nu l(wCiw1 JunmJig' Jupwuwmutnmu 65-70 
Ufltnu, pwnwuhgpwo )unmpg' )upwuwmCihpmu pw11.wCipp mw\j 70-75 
(lupWUWtnWJflCi utCiwct) 
UhCiwct, pwnwuhq11wo_4wCiwiha' hhnuhmhl! wzmwpwl(Citpmu 75-80 
4hpwl(puwCi hwuwp pwpu hCi&t[w<) l(wCiwi, )unmwump l(wu 90-95 
pwp&p 2tpuwumpowCiti mw\j tnpwgpwo qwCiwi qwCiqt[wop 
\jmpt[w<)p 

4wCiw2 qwCiqt[wo (4.hCiuWJ!WCiwti.wCi J!hpp) 100 
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<!.wuwupmpbGw4wG wfiwuGwUJwhw4wG qpmwhbmwqnmw4wG pGump
umtmp mtlJwtGbpntJ. pwpop 2tpuwump6wG}l mwlj }_npwgGbl£! hCiwpwtJ.npm
PJntG t mwwu GmJCi uwljbpbpupg umwGwtm 1,6 wGqwu wtJ.bLli wo}uw2pbp, 7 
wGqwu wtJ.btP ljwpntn}lCi, pwfi untJ.npw4wu bqwfiwljntJ. }unmhwtJ.wpp qbUJPmtl: 

Iunmwump{! uUJ}lmwljmgp, tl}lmwupGGbpp h hwGpwJpG GJntpbpp ljwphnp 
W!J.PJntp t: Ublj ljq Iunmwump{! tqwpmGwljmu t upG}_lt 0,8 4bpwjpG upwtJ.np h 
200-270 uq ljwpntn}lG: 

.;wmp4wtJ.nptJ.wo L. pp}l4bmwtJ.nptJ.wo ljbpbp}l qwu ljtpw}uwnGntpl}Gbpp 
lfln}uwqpmuI! L. UJwhtumwtJ.npmuI! hwptlwp t: libpbp{! qpwfimtfibpp h ppp-
4btnfibpp oL.ntJ. oqtnwqnpobwu ljmpm4 4Ji6wtntJ.mu bfi ljnpmumGbp{! h fitqwu
mwtJ.np UJWJUwfifibp umbqOtJ.mu wGwuGwUJwhw4wfi :pbpuwfibpmu 4tpbpp 
pwz}uuwfi ubpbfiwJwguwCi m wtJ.mnuwmwguwG hwuwp: 

-
4.2. Ivmnwumpft wpmwlJPnLPJnLUf! 

4.2. J. lvnmwumpft wpmwlJPmp1wO mbjulinfnqftwli [, 
wqpnqnnmbjuliftljwljwli UJWhwuplibpf! 

Iunmwumpp wpmwqpmpJntfi[! pwpq tnb}uGntnq}lw4wfi qnpO-{!fipwg t : 
liJCi tqwmpwulf.lbtm hwtlwp tqbmp t oqmwqnpO-bt p}lpbnGwowqljwtJ.np pwq
UWUJW gwGntl}l }unmwpntjubp L. upwUJW pwpopuUJptnw4mgwjpfi {!fiqbqbG 
ljwfiw}_ qwfiqtJ.wo, WUJWhntJ.btntl }.npwgfinq wpmwqpwuwup ljnqupg fipwfig 
[!CiqmGmuI! 120-150 optJ.w [!fipwgpmu: 

Iunmwumpp pwpop npwlJI! ljw}utJ.wo t ljwGwi qwGqtJ.wo{! hfiobtm L. 
2pwqp4btm mhnqmpJntfipg, }_npwguwG h UJ.WhUJwfiuwfi mb}uGntnqpwGbppg : 

f!wquwpptJ. hbmwqnmmpJmfifibpntJ. WUJwgmgtJ.wo t , np }unmp uGfiqw
pwpmpJntG[! pGw4wG (qwzmmu) h wphbumwljwG bqwGw4ntJ. inpwgutwu 
upwmbuw4 it: 

UphbumwljwCi }.npwguwG bqwfiw4ntJ. UJWtnpwumtJ.wo pwpopnpw4 
}unmwumpp l 4q-{! UJ.wpmGwljmu t unm 0,85 4bpwjpCi upwtJ.np, 100-140 q 
uwpubJli. tqpnmbpfi, 200-240 uq 4wpntn}lG h 6-7 % tnwppbp wupfiwppmfibp: 

liwGwi qwfiqtJ.wo}l pGwljwfi }_npwguwfi dwuwfiw4 pwpbGUJwum bqwCiw-
4P l}bUJPntU qwpntnpCip 4npntUtn[! 4wqumu t upG}.h 50 % h wtJ.btP, pu4 
wphbumw4wG inpwguwfi qbUJpmu' w wGgfimu 10 %-pg: .;tmL.wUJbu, 
otnGmm t 1.J.bp2}1Gu, pwGp np WJU bqwGw4ntJ. UJWtnpwmntJ.wo }unmwump{! 
wnw2pGp hwubuwmmpJwup tqwpmGw4mu t 1,7 wGqwu wtJ.bLli tqpnmbpG, 4,5 
wGqwu wtJ.btP 4wpnm}lG L. 1,6-2,7 wGqwu wtJ.bLli ljbpwJpG upwtJ.np: 

Iunmwumpp }unfiwtJ.mpJntG{! UJbtnp t LliGp 8-12%-p uwhUwGGbpmu: 8%
pg gwop Llifibtm l}bUJPntU WJU zwm t lflnzpwGmu, h ubowGmu bG ljnpmum
Gbp{!, pu4 12%-pg pwpop }unGwtJ.mpJwG 11tuwmu }unmwump[! pnppnuGmu t h 
lfliwGmu: 
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4.2.2. Junwwumpft wpmw1JJ1wtfwulip 

lunmwumpjl uiwmpwumuwa mhqwuwuhp{! uwppwi.J.nptJ.wo hfi ABM-
0,65 L. CE-1,5 wqpbqwmGhpntJ., npnGg ubqnfiwJpfi wpmwqpnqwl.J.U1CimpJmCi
fibp{! qwqumu hfi hwuwuiwmwuJuwfiwpwp • 1924 L. 2988 mnfifiw: 

ulj. 4.1. ABM-0,65 wqpbqwmm/ fumnwumpft Wf1WW11JlWUUIUjJ ufuMwO. 
l-ABM-0,65 wqpbqwm, 2-33£-M U/WJ1lj ljwpn!J ubpbuw, 3-Pfl-1813 ljzbnp, 4- ljm

mwl;h pmuljlip, 5-BAfl-20-037 wt/umlfwui ljzlwp, 6-Hll,I'-10 Onp]lw, 7- OI'M-0,8A 
hwmftltwt/npftl 

11 10 9 

"Vlj. 4.2. CE-1,5 wqpbqwmnt/ funmwumpft wpmw!]pwlfwuft ufulilfwu. 
J-ljwuw1 qwOqt/wuft ABM-0,65 uumgft.!, 2-CE-1,5 wqpbqwm, 3-0TM-1,5 hww/1-
l;wt/npft.!, 4-HI.{I'-10 finppw, 5-BAfl-20-037 wt/mnlfwm ljzbnp, wnw2ftfi 
mwppbpwljnnf, ,aBK-250 ljznW!JJ1ll2UlllJ WUJWflWUJ. bpljpnpl)l1llf, 6-33£-M lljW{/lj 
ljwpn!J ulipbfiw, 7-Pfl-500 I'BM UJfWtn:jmpifw;ftfi zwpdwljwfi ljzlinp, 8-
t[bljmpwpbnuft.!, 9-zfibljw;po l/Jnfuw!JJ1Ji.!, 10-HUI'-JO finpftw, 11-lfbmw!JwljwO 
pmfiljbpfibp,jnlflWJ2WU,ljfllJ1{! ' 90 lf3 

Upmwqpwuwufl wztuwmwCip{! ljwquwljhpll!ntU hCi hphll hbppw\flnJumu, 
JmpwpwCiiJmpJ!' 7 dwu mL.nrtmpJwUp, pulj ubqnCimu' 120 opjlg ni ll!llllJwu: 
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r-UJ\:JP Cizi.J.wopg, hwzi.J.P hG wnCii.J.mU: tpwgmg)li U:hljwljwG dwU:' uwppw
i.J.npmU:Cihpp mbJuCipljwl.J.wG Ull!wuwpljU:wG hwuwp: 

UpmwqpwU:wumU: wzJuwmwCipfi {!fipwfimu t hhUJL.JWl l.J.hPll!· U:wCipwg
t.J.wo l.J.wCiwi qwCiqt.J.wO{! qwzmjlg mhqwi.pnJumu hG (4wCiwi qwCiqi.J.wofl 
fiwJuwll!wmpwumuwfi L. mhqwi.pnJuuwCi mL.nqmpJntfi{! ill!hmp t qhpwqwligfl 
1,5 dwU[!), 4.znmu L. pwi.pmu i.pnJuwflPJli-ulimgpw i.J.wpjl uh2: lrwCipwgi.J.wo 
qwGqi.J.wO-I! uGmgpi[! uwuimgmu t inpwgGnq pupmq: fcrUpnt4Jl ll!U1lilUWG ctw
uwCiwl.J. hling)lg qmpu bl.J.nq qwqhpp uiwp hnu12mu iilJlWUWtni.J., uwuG)llJCihp{! 
qwnGmu hG wi.J.htli phpL. L. mwpi.J.mu qhll!P gfllJtnfi, npmhq inpwgwo qwGqi.J.woG 
wG2wtnt.J.mu t oqp hnuppg L. iwt.Pwi.J.np}lini.J. wugunu1 uwCipfli: ULJntPI! uwG
PPW9 uqi.J.mu t Gpw 9P4tnli{!, npmhq hni.J.wgi.J.mu t, illll!W pwzJuPi zCih4ml. 
l}WtnWp4i.J.ntU ll!WJll.J.bpp Ub2: 

bph fill!Juwmhut.J.wo t JunmwumJlI! hwmpqwi.J.npht, wuiw i.J.hp2pG gf14-
tnCipg WJCi tnpi.J.mu t hwmpl.J.wi.J.npnfJ. UbphGw: 

lvnmwumpni.J. qwu hwmpl.J.wi.J.npi.J.wo ljhphpni.J. l9t.lwo uiwpqhp{! 33E-M 
ubphGwJnt.l lj_wpmu hCi L. qwpumu BTir-500 lJ.zhnpp tjpw qptJ.wb l{lwJmh hw
mw4)1G : 4znbtmg hbuin ll!illPlJ.hp{! hwuiwqfl hhui upwujlG tJ.bpgGmu hG t"l-103 
tthqtnpwpwpaflini.J. L. mhqwymJumu up2wG4.Jwt ll{Whhum, puq hwUJpqw4np
i.J.wO- wumpp ll!WPl.J.hp{!' ll!Wtnpwumjl IJ.bpp uiwhhum: bph ll!whbum{! qUJCii.J.mu 
t wpmwqpwuwupG 4)1g, L. ll!Whhumwi.J.npi.J.wo WLJntp[! ll!Whmu bCi gp4wo 
t(j16wlJ.mU:, Wll!W, t.PnJuwqpntU{! ljwphtli t ljwmwpbt TITE-10 ll!CiL.uwi.tintmu-
1lPJ1int.J.: 

BTM-1 tthlJmpnfiwJpG JunGwi.J.wiw'-Pntl. ll!illpphpwpwp ummqmu hCi wq
pbqwmpg rimpu hqnq wumpp JunGwtJ.mpJntCi{! L. i.J.bpgCimu Gumz' uGGqwpw
pntpjntCi{! npnzhtm hwuwp: 

lvnUJUILJntpp npllll.J.I! pfinpnztJ.mU: t qntJGni.J., hnmm.{, U:wGpwgU:wG wump-
6wfintJ., funGwi.J.mpJwUp, 2hpuwumj16wGni.J., wi.J.wqp L. ubmwqwqlllfi JuwnGmpq
Gbpp, l.J.wpnmpGfl , ll{pnmbpup L. pwqwCipwCijntpp uiwpmCiwl.J.mpJwtip: Opwl.J.Jwt 
JunmlllLJillPI! mCihGmu t umq qwliwi qmJG L. wnwGOCiw-hwmmq hnm: 

lvnmwumpp JunfiwtjmpJmG{! npnznuS hG qznhtm 4wu inpwgCihtm hwJm
Cifl hqwCiwlJ.ni.J., ljwu BTM-1 tthlJmpnCiwjpG funCiwtJ.wiw\fljl oqCimpJWUp: 

lvnmwumpmu ufiGqwGJmphp)l L. l.J.wpnmpGp pwCiwl.J.1! ljwJutJ.wa t ni 
upwJG Gpw inpwguwG bqwfiw4)1g, WJl CiwL. hbUJwqw ll!Whll!wCiuwG ll!WJUwCi
Cihppg: bpljwpwmL. (5-6 wutm) L. Ili Cill{WUutWt\np ll{WJUWCiCibpmU ll{Whhtm 
qhll!Ilmu Junmwumpmu qwpnmflGp ljnpmum{! ljwqumu t 50-60%: ltwpnmpGfl 
1.J.npump l.J.hCiuwpjluflwl.J.wG uhJuwG}lqU{! qhnL.u tJ.hp2Gwl.J.wUwuihu uiwpqt.J.wa it, 
pwJ9 Cipw tJ.pw wqqnq qnponCiCihp{! hwJmCijl bCi: '1-pwU12 hCi' tntJU{!, hwmlJwll!hu 
wpL.p, oqp ppt.J.wb"}lCi{!, Junmwumpp JunCiwtJ.mpJntCi{!, uti2wtJ.wJJlP 2tpuwump-
6wCi{! L. WJtfi: 

lntJUP wqqbgmpJWfi mwlj tunmwumpmu mbqfl t mCihGmu l.J.wpnmjlfip, 
Ptnpn:pptJl L. WJl wpcthpwi.J.np pjlnpjlujlwljwCi wljmjltJ. GJntpbpp wpwq 12wJ
pwJmU: llJ'l l.l.lWU16wnni.J. tt wfihpwdbzm t Jumnwumpl! ll{Whht t.Pw4 L. U:pCibg
i.J.wo ll!WhbumGhpmu: 
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4wpnU1)1Ci)1 4npntUU1J! 4wpbJJ1 t 4Jl6"wUlbL bpb tunUIWUntp)1 uwufip4Gbp)1 
u)12L. hqwo 01})1 pplj_wo)1GJ! i.tintuwp)1Gtl.)1 npL.t )1CihpU1 qwqntl (wqnlll, lilotuw
ppm qwq L. lilJLG): 

UpU1lll'lJ1W4lilG L. trnpnpwUinp UjWJUlilGGhpmu 4wU1lllptJ.U10 hhllllllqmnm
pJmGCihpJ! gmJg hG tntlhL np 4lilpnU1)1GJ! Lllltl t UllilhUjlllGtJ.mtl plllglllulill[lilG 
2tpulllutn)16U1Gntu' lllqnm)1 L. lilO!ulilpptl.)1 UP2liltlWJPntU, 4wu hph lilLJntpmu 
ll1tlhLll19tlJ.1 0,5%-wCing Ciwmppmup uitirnunq:Plilm: 

t>Cihplll qwqhpp up2liltlrnJpmu tumnwump)1 UjlilhuiwCiuwCi hwuwp wCi
hptudhzm hG hwmm4 hhptlhUI)11.J. UllilhhumCihp' hwtlwUjwtnwutuwG ulllppw
tlnpmuCihpntl: 

4wpntnpGp l[npmutn[! l[powtnhLnt tw4wG mIJ.PCihppg uhl[Ci tt tuntnlilLJntpp 
Uh2 hlill[U1opupl})1i Gjntphpp upul[mu(i t, np[! l[wpmnpGJ} UjillhUjWGntu t 
opupqwgmupg: '1-pwCigpg LliltlwqmJGG t uwCimntupG UWhUjwpwtn[!: <l>npahp[! 
gmJg hCi mtlht, np lilJU uwtUjwpwmntl (upCizL. 0,015%) 1.J.wJntGlilglj_wo 
tunmwumpJ! 6 wupu uiwhbJJ1u (tqwp4tpntl), GpwGnu~ UjWhUjwGtJ.mu t umn 
84% l[lllpntnpCi, pul[ U1TIU1Cig 'lJlW' Untn 4 7%: 

luntnlllLJnlpJ! tunphntpq t tnplj_mu UjWhht UjTIIJ1tppLh!illljpG pU1IJ.U1Uppg 
4lilt'i tupm l[Uinppg UjWtnplilutnlj_lilo UjWp4bpmu, npnGg mwpnqntpJntCi[! 30-35 
l[q t: UCiup2wuitu ll[lilpl[hpp uh2 llJtlnIJ. tuntnlllLJntpCi ntCip 35-40°C 2tpumpJmG, 
mum)1 hntlwgCihtm hwtllilp ill JG mhqwi.tintumu hG uti2wGl.J.Jllll UjWhhum, WUjW' 
hpuGwl[wCi, npmhq 01})1 hwpwphpwl[wG tunGwlj_mpJntGJ! 2-4% t: 

4.2.3. Ubplifiw61Jpft m uwppwlfnpnuf61Jpft ljwnmglfw'7pf! b. 
w2Juwmw6pf! 

Uphhutnllll[lilG znpwgtllilG hqwGlill[mJ. tumnwumpp UjwmpwumtllilG hlil
Ulllp oqmlllqnpb"lj_mu hG ABM-0,65, -l,5 L. M-804/0-l ,5 Ullll.J.CipzCihpp lilqph
qlllmCihp[!, npnCig wztuliltnlilGpp ul[qpmGpJ! GmJGG t: UpU1Gp pplilppg tnlllp
phptlmtl hG lilptnwqpnqllll[lllCintpJlilUp L. ljwnmglj_lllb"pwJ)1G npnz aL.liltlintum-
pJmGCihpnlj_: . 

Junmwump UJWmpwumnl/ ABM-0, 65 wqpfJqwmf! Gliltulllmhulj_llla t 
UU1Gpwglj_lilb" l[U1Glill qlllCiqlj_w~ wphhutnlill[lllG ,1.nplllgGhtm L. lilLJntpp tlh
pwb"htnt hliltllllp: 4lllpnIJ. t oqtnlllqnpb"tlht CilllL. .'pmpwdlllJpG hliltnpl[, uqmp L. 
lilJl qJmqwmCimhulill[lllG uphppCihp ,1.npwgCihtnt hlilUlilp: 

Uqphqllltnp hpuCiwl[wCi hwCiqmJgCihpCi hCi. l[lllCiwz qwCiqlj_wb"p uCimgpz, 
ZP2lllGwl[, lj_wnh1wGJmpwjpG lilUjwpwmmplil, l.J.pwl[wpwfi, inpwgCinq pupm4, 
znp qwCiqlj_w<)p 9P4tnCi, tunmwump}1 hWP hliltllill[wpq L. qbl.J.wtlwpuwCi qwhlllCi: 

litlmnuwm uCimgliil! i.tintuwqpwup2ngCihppg J!GqmCimu t uwCipwglj_lllb" 
l[wGw,1_ qlllGqlj_w~ L. hwlj_lilulilpwzwtli uwmmgmu lnpwgCinq pupml[: 4ll1tutlwb" 
tunGwtlntpJmGpg, uwmmgqnq l[wGwi qlllCiqlj_lilb"p pwCiwl[[! l[wpqwtlnpmu hG 
phnGnq i.tintulllflllPW wplilqmpJntGJ! L. qwCiqlj_lilop zhpmp hlilutnmpJmGn 
i.tintuhtntl: 

92 

4plll4wpwGJ! tJ.umbttuGJmpp wtqwpwUimpwJntl hwCiqbpa awnwJmu t 
hhqm4 lj_wnhtWGJmpG WJPhtm L. ,1.npwgCinq lllqhCim lllTilll2lll9Cihtm hlllt'illlp: 
4pwl[wplllG[! pwql[wglilb" t qlllqp:}>pl[wgtJ.wb" L. GwtuwJpUlllG tugpl[Ghppg, 
tthlJ.mpwt'iwqGpuwl[wG wG2U1mp,1_ i.pwl[U1Cipg, tJ.wnhtlllGJmpp ll[fiUUjpg, 
tlwnhtWGJntpp l>PLtnppg, tlwnhtwGJmpp mwplilgmgpltig, mpwGu.'pnpuwumppg, 
tJ.wnpltig L. lj_wnpw unt'ipg: 

tthlJmpwuwqGpuwl[wG i.pwqwG[!, l}liltulJ.wb" wptnlllb"tlnq 2tptlU1uUip6w
Cipg, tllllnhtlllGJmpp uwmmgmun U1lj_mnuwm ljlllpqliltJ.npmu t: t.l.lilnhtw
GJmpwJpCi hwtllilljwpqG mCip liltltnnuwm l[lllnmgtlwb-11, npG lilG2WlllU1ntU t 
tlwnhtwGJmpp uwmmgmtl[!' pngn hwCiqlhJJ1u: 

ulj. 4.3. funmwump UfWU1f1WUUJfll] ABM-0,65wqpbqwmft ljwnmgt/wc)pw
UJbjuun1nqftwljwu ujulizfwu. 
I- !pnpumuljw1fl oIJwlfl]/l,1, 2-!pnpumuljw, 3-qwqwt/nptfwu jumg, 4-wJplfwu jumg, 
5-bpljpnpIJ hwpt/WUn!] pflwbp, 6- hftIJJ1nqzwu, 7- f!UIJflLUnI] t/wp, 8- ljnut/bJbp, 9-
wnw2flu hwpt/wun!] pflwbp, JO- Ljlm/m1wgun1] pflmbp, 11- UJmmwwljw1flu 
l/lnfuWIJJ1fl1, 12- pbp l/lnfuwIJJ1fl1, 13-ptfpmlj, 14- pf;nuwpwl/ln!J ,1wl/lwt/npfl;, J5-
,1npwgwu qwuqtfw<Jft pwdwufll gflljfnU, 16- qtfuwt/np OI]WUI]/l,!, 17- Wijmpfl 
pbnuwpwLjJnI] ;ublj, 18-pbnuwpwLjJnI] 2umqw1flu l/lwljwu, 19- wumpfl pwdwujJ,1 
gft{jfnlifl OIJWUI]/l,!, 20- Wljnlflfl pwdw/ifll gfl{jfnU, 2/- hntfwglinI] gft{jfnlift Ol]WUI]/l,!, 
22- hntfwgun!] gfllj1nu, 23- hnt/wgun!] gflljznufl pbnuwpwl/lnl] 2umqw1flu tjJwljwu, 
24- OIJW/unI]nt/wljw;wp, 25- UWI], 26- lfwupjJ,1, 27- <Jwup lfwu{ifllj{jf;pjJ wu2wwft,1, 
28- ,1npwgun1] ptfpmljfl qzwu, 29- lifl2wulj1wz q1wu, JO- ubppfl{j qzwu 

4plill[wpwCiD tumwgmgpi oqwl.J.ntl upwgtJ.lilb- t Ujtntnlj_nq ,1.npwgGnq 
pupml.J.PG: CO-Upml.J.P CihppL.p tllill.J.hpL.mJpp lJ.plil bnwl.J.gtllilb" hG b"ntllilb" ppwl[Cihp' 
l_nplilglj_nq qlllCiqtJ.wb"D tulllnCihtm L. i.tintulilIJPhtm hlilulilp: 

~nplllgGnq pupml.J.D wn2L.pg upwgtJ.wb" t lilJpUwCi tugpl}PG, pul[ hmLpg' 
tunqnlj_lill.J.wzwpp up2ngmJ. lnp qwGqtllllb"p gpl.J.tnGpCi: 5}11.J.tnG[! lnplilgwb" 
qwCiqlj_lllb"D ll1G2liltnmu t oqtnlilqnpb"lj_lilb" qlilqhpp hnuppg L. }12hgCimu Gplil 
wplilqntpjntGJ}: Bpl.J.LnGp GhppL.p uwumu mhqlllIJPlJ.wb" t ,1.llltPWlJ.npnq l[lllnmg
tllilb"p, npG lilUjlllhntJ.mu t znp qlilGqtJ.lllap hwlj_lilulilpWlliltP Ullltnmgnttl!} 
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2wp11JltlJG: Qwpl1Jlrn ump6wjpG t, znpwgwa qwGqt{wal} uwGpwgGmu t t. 
tlhpwamu wumpp: lfwGpwgtln112wtflul! lJ.wpqwt{npmu hG: 

Qwpl1JltlJ t. gJllJ.tnGp uJ12t. mt11w'1Jlt{Wa t pwpnpupz: 
Iunmwumpp twp hwuwlJ.wpq[! pwqqi.µgwa t gJllJ.tnGpg, zwljlwt{npptlJg t. 

phnGwpwlj1nq 2GhlJ.Jlg: ~wlj1wt{npJ1rn mh11w11pt{wa t gJllJ.tnGJl Gbppt.p uwumu, 
wump[! hwt{wuwpwzwlj1 uwmmgmu t phnGwpwlj1n11 2GhlJ.pG: '-ltp2J1Gu WJG 
tlmtuw11pmu t 11tt.ajl phnGwpwlj1n11 wGgphp[!, npnGg lJ.wUJ.tlwa bG tunmwump 
hwt{wpnq UJ.wplJ.bp[!: 

'lhlJ.wt{wpuwG t{whwGwlJ.[! lJ.whwt{npt{wa t pnqwplJ.Jlz, hulJ.Jlz t. UJ.WhUJ.w
GJlz uwpphpnt{, npnGp lJ.wGfunuI bG tthlJ.mpw2wpapzGhp[! qhppbnGt{wampJm
Gpg: 

Uqphqwm[! mh11w11pt{mu t awaqwa 2tGpmu' hpuphpp t{pw: 
UqphqwmGbpp pntnp uhfuwGpquGhp[! 2wpamuG umwGmu tG tthlJ.mpw-

2wpapzGhppg: 
Jumnwump UJWmpwuumf/ M-80410-1,5 wqpbqwm[J Gwtuwmhut{wa t 

lJ.wGwz qwGqt{wa, aqnm t. qJmqwmGmbuwqwG wpmw11pmpJwG WJL upbppGhp 
znpwgGhtm m uwGpwgGhtm hwuwp: 4wpbLJ1 t oqmwqnpaht Gwt. wpuwmw
UJ.WtwpwUJ.lllnt'l.Ghp znpwgGhtm hwuwp: lijl} l}bUJ.PntU, UJ.Wmt{ppwmmp 
gwGlJ.ntpjwUp, wqpbqwm[! qwpn'l. t qnUUJ.tblJ.mwt{npt{ht wpUWUlWUJ.WLWPW
UJ.lllnt'l. uwppnq, ttlwgnq t. uwGpwgGn'l. uwppwt{npmufihpnt{: 

<!,puGwlJ.wG hwGqmJ9GbpG tG. tlwnhtwGJmpp uwppwt{npmuGhpntl lJ.pw
lJ.wpwG, znpwgGn'l. pupmlJ., phnGn'l. lj1nfuw'1PJ1z, uta gJllJ.tnG' zwlj1wt{npptlJ hbm, 
qlJuwt{np Ol}WU'l.Jlz, bplJ.m ump6wjpG 2wpl1JlzGbp, lj1npp gJllJ.tnG Ol}WU'l.Jlzntl t. 
2wt.J.1wt{nppzntl, UJ.Wpqbp[! lf]Gn'l. uwpp t. tthlJ.mpwuwppwt{npmuGbp: 

liJPPlC! hwpuwphgt{wa t WJUUJ.bu, np hGwpwt{np LJlGJl oqmwqnpaht 
JlGzUJ.bU 11JlqhtWJJ1G, WJGUJ.bU ti awGp hh'l.ntlJ. tlwnbtwGjntp, npG WJPPl t ummp 
qnpamu nhqhpt{mwppg' ~Jltmpp, wmwuGwGJltlwJJlG UJ.nUt.ajl t. tthlJ.mpw
mwpwgmgptlJ up2ngnt{: lfwmmgtln'l. t{wnhtwGJntpp pwfiwlJ.C! qwpqwt{npt{mu t 
tthlJ.mpwuwqGpuwlJ.wG lj1wlJ.wGnt{: .Png[! hwGqzhtm l}bUJ.PntU ~nmntthlihGmp 
hbm upwgt{wa tthlJ.mpwuwqGpuwlJ.wG lj1wlJ.wG[! l}Wl}wpbgGmu t t{wnbtw
Gjntpp uwmmgmU[!: lpwgmgpz wUJ.whntlJlz t hwuwpt{mu t{wnhtwGJmpp 
UJ.nUt.ajl, qlJuwtlnp 011wu'l.JltlJ t. pbnGnq lj1nfuw'1PJ1W tthlJ.mpw2wpapzGhpp 
nt'l.hlJ.wUJ.uwG hwuwlJ.wpq[!: CJ.iJuwtlnp lj1nfuw'1PJ1W lJ.wGqwnJ111hUJ.pmu lJ.wGq t 
wnGmu t{wnhtwGJmpp UJ.nUUJ.[! t. hwlJ.umwlJ.[!: 

fcrupntlJ.[! Gwfuwmbut{wa t uwGpwgt{wa lJ.bpwjpG qwGqt{wo[! lJ.wu wpuw
lllWUJ.WLWPWUJ.mntqGbp[! znpwgGbtm hwuwp: ~npwgfin'l. pupntlJ.[! 2wpat{mu t 
qwG6ptlJ uJ12ngnt{: "lmmuwG wpwqmpJntG[! qwpqwt{npmu bG t{wppwmnpnt{: 

.PbnGn'l. lj1nfuw'1PJ1ll:! uwGpwgt{wa qwGqt{wO[! uwmmgmu t znpwgGn'l. 
pupmlJ.pG: UJG pw'l.lJ.wgwa t php t. hnppqnGwlJ.wG uwuhppg: .PhnGn'l. lj1nfuw
'1PPzG mGJl lJ.wGwz qwGqt{wap t. 1Jwpmn~Jll'1 2tpmp hwummpJntG[! lJ.wpqw
tlnpn'l. UwmGwjpG UJ.lllmt{n'l. UbfuwGpqu: 11-pw wpmw'lJln'l.wlJ.wGntpjntG[! 
lJ.wpbLJl t lj1nfubt 6bnpnt{, oqmwqnpatintl wGwump6wGwjpG lj1nfuwGgmu: 
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Uta gJllJ.tnG[! qwGqt{waG wG2wmmu t oqmwqnpat{wa qwqhpp hnuwGppg 
t. WJG hwt{wuwp pwctpGGbpntl mwum 2wp11JltlJG lJ.wu lj1npp gJllJ.tnGpG : 

CJ.iJuwtlnp 011wu'l.Jlm pupmlJ.Jlg znp qwGqt{wo[! mh'l.wtlintumu t uba 
gJllJ.tnG t. [!GqhwGpwUJ.bu qmpu t U'l.ntU znpwgGhtm hwuwp oqmwqnpat{wa 
wqbGm[!: 

lfmp6wjpG 2wpl1Jlm pw'llJ.wgwa t ppwGpg, ump6JllJ.Ghpntl nnmnppg, 
t{mlj1nfutln'l gwGgplJ.Gbppg t. hw'l.npl}wlJ.Jlg : liJG znpwgwa qwGqtlwo[! qwpo
Gmu t lllLJmp: 

<l>npp gJllJ.tnG[! 2wpl1JltlJg 011wu'l.Jlzntl hwGmu t wumpl}, ol1Jl hnuwGppg 
wG2wmmu hwt{wuwp pwapGGhpntl, uwmmgmu UJ.WplJ.bp[! lf]Gn'l. uwpppG, 
tuwnGptlJG lJ.wu hwmplJ.wtlnpptlJG: UqphqwmG w2tuwmmu t hh'l.ntlJ. tlwnhtw
GJmpnt{: lijG mh'l.W'lJlntU bG awalJ.wa 2tGpmu hpupbpp t{pw: 

Iunmwunip UJ.Wmpwumn'l. wqphqwmGhpp hpuGwlJ.wG pGmpwqpwlJ.wG 
mtlJwtGhp[! phpt{wa hG WllJmuwlJ. 4.2-mu: 

~npwgGn'l. lJ.hpp npwlJ.Jl t{pw twqwG wq11tgmpJmG t qnpamu znpwgGn'l. 
mt11wlJ.WJWGpJ1 w2tuwmwGpp nbctpu[!: 

~npwgGnq pUpmlJ. umGn'l. qwqhpp 2tpuwump6wG[! UJ.WJUwGwt{npt{wa t 
lJ.wGwz qwGqtlwap tunGwt{mpJwup: 

UlljnLUW/j 4.2 

Junmwump UJWmpwumnl/ wqpbqwmubpft h]11.fUw/jwu mbfu8ft/jw/jw8 
p8mpwqpbp[J 

5mawGhJCibnn ABM-0,65 M- 804/0 -1 ,5 
UpmWTJJlllfllll4wCimpJmfi{!, mid 0,65 1,5 
'-lwnb1wfiJlllHh crwtuun, uu/d uhCi lL. 120 230 
tih4mpwzwpd]1>Cihp]1 hqnpmpJ11tCi{!, ti'-lm 101 ,5 210 
q.wpwp]1mwJjJCi ~wtjlubp{!, uu. 

h114Wfllllj}JlllU 20936 21250 
lWJfintpjntfi 8224 7640 
pwpopmpJmfi 8960 8000 

QwCiutlwcrn, uu 15240 40000 
UUJwuwptinri wfi6fiwlJ.wqU{!. 

U:bjuwfijl4 1 1 
pwCitJ.np 2 3-4 

75-80% tunGwtlmpJwUp lJ.wGwz qwGqt{wap qbUJ.PmU 2t puwump6wG[! 
UJ.bmp t UJ.WhUJ.wGht 500-600°C-p uwhuwGGhpmu: UtlhLJl twtl gmgwGJ12Gtp hG 
umwgt{mu 600-650°C 2tpumpJwfi ctwuwGwlJ: liJu l}bUJ.pmu znpwgtln'l qwGq
tlwO[! pGmpwqpt{mu t hbml..JWL ppupwlJ.wG gmgwGJ12Gtpnt{: \,pw znp Gjntp[! 
UJ.WpntGwqmu t 6,6-7,2% 2wpwp, 75 uq lJ.wpnmpli, 16,5% uwnmbpG' t. 12% 
UUJ.pmwlJ.mg: 

Uqphqwmpg 11mpu hlJ.n'l. w2tuwmwa qwqhpp 2tpuwump6wG[! UJ.bmp t 
LJ1Gp 11O-lI5°C, pulJ. tunmwumpp tunGwt{mpJntG[!' 8-12%: 
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f!wowCiwpwpp gJ14tnCif1g 1}11tJ1U tt4wo lnpwgwo qwCiqtl_wap 2bpuwmnp-
6wCi[! 55-75°C t : Qwpqbtm L. UJCiL.uwmJ14w4wCi ipntuwqpuwu uupwgpmu 
tunmwumpp 2bpuwump6wuu Ji2umu t, uw4wJG uiwp4tpu l.9tlbtm uiwhpCi 
qtnL.u uGmu t pwtJ.w4wCi pwpap (38-52°C): 

<,tmwqnmmpJmGubp[! gmJg tCi mtl_bt, tph tumnwumpfl 2tpuwumf16wuu 
Untnwtl_npwuihu 50°C t, WUJW 4wpnmpup opt{w 4npntUU1(! qwqunu.l t uJiGiL. 4%, 
pwgp l}JlwGpg, uiwmwhmu tG uwL. hpqthp qtuwtp: 

~wztlJi wnGhtntl WJI}, junphmpq t mpt{mu opGLL. uiwpqhp[! 1.9Gbw 
tunmwump[! lJ1Wgmgfll hntl_wgCibt: lijl} UUJWtnw4ntl pwowCiwpwp gfllJtnCipg (2) 
(2wpqJiiJig) hbtnn tnbqwl}JlmU hG lJ1Wgmgfli gfllJinG (4) (GlJ.4.4): liJptfn'1 
uwuGpqCibp[! tp4m gJ14inGuhpmu hwugGmu tu uwptlhL, mump uiwhhummu 
hpqhhfl hGwpwt{npmpJntG[! pwgwnt{mu t: 

Cwm hhmwqnmnqCibp [49, 53) hpuCiwt{npbt tG, np lJwuwi qwGqt{wop 
mhpL.Gtpmu L. gnqmGuhpmu 4.Pmwu)luGbpCi m uuGqwGJntpbp[! upwmtuw4 ibG 
pwztutJ.mu: 

ulj. 4.4. /unUJWljlllflft fPwgmgftl hm/wgtfw{j b. hwljwhpf]lihWjjJO tf2wljtfw[j 
ujubtfwO. 
l-ABM-0,65 wqpbqwUJft pw2nq junqm/wlj, 2-pwdwOwpwp gftlj[nO, 3-pwp!J}l/, 4-
fPWgmgft! gftlj1nO, 5-wumpft hmft hwuwljwpq, 6-wumfl!l gft!/1nO 1.Jmfuw!Jf1n11 
junqnc/wljw2wp, 7-wump[J OIJWJ/10 hnupftg wOpwUimz gftlj[nO 

StpL.Gbpmu UJwpmGwlJ.t{nq lJ.wpnmpG[! 6-10 wGqwu, lllJlnmbpG[! 2-3 
wuqwu zwm t, pulJ. pwqwGpwGJntp[! 2-3 wGqwu PPL• pwG gnqmGubpmu: 
upwawuwGwq, wnt{mJmfl, bpbpGm4}1, qnpliqwCitJ Gmpp mtpL.GbpI! pwpap 
2tpuwump6wGwJf1G mt11wlJ.wJwCipubpmu inpwgGbLtiu hwnwtu WJpt{mu hG, 
hwqwnw4 qbtllPmU gn11mliCibpp }unGwt{mpJntU(! GnpUwJtJg pwpap t LtiCimu: 
UJI} lllwm6wnn4 wzjuwmwGpGhp bG mwpt{mu lnpwgGbtmg hbmn mhpL.GtpCi 
m gnqmuCibpG ppwppg wG2wmtim m11qmpJWUp: 

Qnpwgubtnt9 hbmn mbpL.ubpu nt gnqmuGbpG wu2wmtim hwuwp UU-U
mu oqmwqnpomu hfi «Qpqqwq» qmJim {Ciq. 4.5): Qnpwgunq pupm4}1g }unmp 
uwGpt.twopu oqwuajllntl mqwpqmu tu qmpifl [!GqmGnq pmGlJbp (1), pu4 
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WJGmbajlg ' i Willwtl_npflLntl (2) qmpl (3): ::>wipwtl_npflLCi wuiwhntl_mu t 
qwuqtl_wap hwt{wuwpwlwtlt uwmmgmuu qhUJp jumgu L. pwgwnmu t 
pmGlJ.bppg oqJi uhpoamuu: Oqwuajlm (4) qmpl nt{ phnuwpwiptJ.nq wGgppg 
GhpMmu t OI}[!, np[! tnbpL.GhppG zwpomu t qtnqp gfllJ.tnG (5), puq owGp 
uwuGplJ.ubp[! (gnqmup) qmplmu wG2wmtl_mu m pwipt.fmu bu ubppL.: 

"UntjG GUJwtnw\lllu ownwjnq qtnpifl hbmwppppp u}uhtlw t uzw4t.fbt CiwL. 
Lptnt{WjnLtl {CilJ.. 4.6): lunmp uwCiptl_wb"p[! pbnunq awqwpp (3) tun11n
t{w4wzwpnt{ wG[!Gqhwm mpt{mu t Uitmnt{nq u4w4wnw4pu (5): 4.bCimpnuw-

4 3 2 .--+----,.---

l 

- -....... 

ulj. 4.5. <<!2/lqqwq» qUJjJ/ft w2juwUJwOpft ulj. 4.6. apljwuUJjJowO UfOb.UwUJftlj qUJjJ-
mbjuOn1nqftwljwO ujuhtfwO lft ujuhtfw{j 

tumJu mop wqqhgmpJWUp qwGqt{wb-[! gpt{mu t L. Jun11ntJ.wqwzwpp (2) 1.llWmtJg 
wGqpwqwnGwtnt.f, [!CilJ.umu CibppL.' lJ.nGp (6) tlJiw: liJ'l [!CipwgpnuI mbajl t 
mGtGmu qmuwu wnw2J1G titmw: UJGmhhmL. uwGpt{wo junmp uGwgwa uwuu 
4nGnt{ uwhmu t L. hwt{wuwp, pwpw4 zbpurnt{ l.9tlntu qmuwG oqwqwaL. 
wn4wq[! (7), npmbq mhqfl t mGbGmu qmuwG hp4flnpq tiimw: SbpL.GhpG 
wnt[wlJ.ml (2) hhnwGmu bu qbtqfl pwowCiwpwp gJllJ.tnG, puq gnqmCiGbpp 
uwuupqGbpG [!GlJ.Gmu bu gwa: 

'.:>npwgGnq wqpbqwmp Gw}uwlllwtnpwumuwG n1 4wpqwtJ.npuwCi hpw
hwGqu m wztuwmwupp awuwGw4 mwpptp pumJpp wGuwppmpJmuGbpp 
wnw2wguwG l.llWtn6wnubpu m l}JlwCig tJ.hpguwG b11wuw4ubp[! phpt[wo bG [22] 
-mu: 

4.2.4. UOtfmwOqntpjwO mbjuOftlJwO [, hw1Jwhp1]bhwjft0 
tlftpngwnmtfObpf! jumnwumpft wpmwI]pwtfwubpmtf 

Qnpwgunq wqphqwmu zwhwqnpotttiu wuhpwohzm t. 
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- wubG op ummqbt hw4whpl)hhwJltG qmJPlt wn4WJntpJntG)} L. uiwm-

rwum wutw, 
- wqpbqUllOJ! qnp0-wp4ht upwjG OWJUWjpG wql)wG2wCil} U1Wlfll9 hbmn: 

Upqhplmt'i t' 
- wqptqwtnl! w2)uwmbgGht wCiuwpp t'iJlUiil.ntmt'ihmp)l qtummu, ahnpnil_ 

uwppbt iUllflUl\l_np)lm, uimmmwqwj)lCi tfln)uwl}P)lll}, tfln)uwl}P)l2Ci m pbn-

Gwpwtfln112GbqJ!, 
- w2)uwmwGpll ctwuwGw4JnUlhl1. Cinpnqt1 wqpbqwml}, 
- tth4mpwuwppwil_npmuGbpJ! u)lwgCiht iwpuwG mwq, hnqwGgJ12 iUifibtm 

qhuipmt'i, 
- 2wp'1Ptlt l}llGm4D pwgbt w2)uwmwCipp ctwuwGwq: 
Uqphqwwft tthlJwpwuwppwlfnpnufubp[J UUJwuwpljhtftu t1h4mpwunG

mJOPI! Uibtnp t UJ.WhUlwOp «ttb4mrw4wJwfipp 2whwqnpO-t'iwG 4wGnCiGbp)}» 1. 
«UuiwnpiGhplt tth4mpw4wJwCipGhpp mh)uGJ14w4wG 2whwqnpb"UwCi qwCinCi
GbpI! h UUJ.Ulnp2Gtpp t1ttimpw4WJU1GpCibpp zwhwqnpMwCi l)bUlpmt'i wG4mwCi
qntj}JWG mb)uCipqwJp 4wCinCiGbp1!» -ti qnpbnq UIWhwG2Citpl!: 

Uqpbqwmp ubmwqwltwCi 4wnmgtlwb"p{! L. t1h4mpWUJ.WhwpwCijl jlpWCiD 
UJ.htnp t hmuwUi UiGbCi, puq qpnJwtiwCi tlllPD Ujlwgil_wb" tJlCijl t1ttimpw
ll1UlhU1pwCip ppU1Cip l\PWJP hn11U1CiguwG hbqmJuJlCi: t1bqmpwUJ.WhU1pwGp 

qnGhpl} tllbmp t t'ip2m pwGwUin4 tflw4il_wa [ICihG: 
~pmwupCiwJ)1G )unmwumpjl wpmulilJlwuwumu t1tqmpwuwppwt\npmu-

GhpJ:! uitmp t l1llll2tnUJ.WCitlwb" [IGbG iJin2mg. ttblJ.mpw2wpdJ1iGbp1!' iJiw4, 

ttb4U1PllllWPhPI!' UlilllU\WUlb )un11mlw4Gbpnu'i: 
t1tti.mpU1UJ.whwpwCi)1 h UJntU t1tqmpwuwppw4npmuCibpp CinpnquwCi 

w2tuwmwCipCibpJ:! uitmp t 4wmwpbt uJ1wJG twpnu'ipg hwCibtnt9 htmn: "Unpnq
t'iwCi ctwt'iwCiw4 wCihpwctt2m t wCi2wmht CibpwGgt'iwCi hnuwCiwhwm\1m h ttrwG 
qw)uht UltW4Ultn. «QupwgGb( wz)uwmntu bG uwpqpl.J.»: 

<w!JwhpIJbhw;ftO UJW2WUJWfimp;m0: CtCipl! qwu hwmm4 bw0-4\l_wa 
hpU1UJ.UlJ1W4t!, nptnbfl mb11wtiwJtlWU t wqphqWUll!, UJ.hmp t hWUlllU\UllllUIU
)uUJGhG uUJCihpqpbGw JP• wCitlmwGqmp Jlllfi mh)uG)l4wJp, hwqwhpqthwJflCi 
wCitlmwCiqmpJwCi qnpb"n11 uiwhwG2GhrflCi L. 4whwlj_nptlwb" tJlGhG 4wJO-UJ.wh-

UJ.U1Gfl2ntl: 
Uumpp uiwhhumJ:! hw4U1hpqbhwJ)1G UIU1Uln\l_ 1.4htnp t U1nwG0CiU1gl]_wO-

tf1Cilt zhCipltg, npmh11 mbqwqptlwb" t wqphqWUll!'. UuntPI! UJ.UlUlpUIUUlhtmg 
hbtnn 48 dwU UJ.Ulhbtm hwt'iwp UJ.bUlp t ntCibCiUll up2wCil.LJWt2hCip, l}W UOlJUlllhu 
UJ.hUlp t hwl.jwhpqbhUljpG uiwmbpntl ublJ.muwgil_wb tflCifl wqphqwmpg h 
UJ.WUlJIWUUlp WUntpp hllufiw4wfi UJ.Whbumjlg: lJli2mfi4JU1l UJ.UlhbUU1ntU UlLJOlPJ! 
48 ctwu 1.4wht1mg hbum 4wphtl1 t mb11wi.tintubt J:!Cil}hwCimp uiwhbum: 
luntnUIUntPD hwmtilJ.w\l_npb[lu up2wCi4Jw1 UIWhbutn UJ.htnp 1t: '1lwmpwumfl 
wumpp wn4WJntpJwfi qbUJ.PmU wpmwqpwt'iwumu m UJ.Whbumnu1 wpqhttlmll t 
0-)ubt, 4wmwpht ttblJ.mpwqwqwbnwtiguwCi h WJL CinpnqiiwCi w2)uwmwCipCibp: 

\.l.wnbtwCijnt!)Ultnwp tunqm\wqCibpJ! UJ.btnp t [lfib(i ubmwqwqwG L. 

mCibCiwfi iJiwljnq crnpwqfibp: 
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b"pb pupmqmu WJptlnuS t qwuq4wb(!, WUJ.W wCihpwctb2U1 t . 
- wCiuJ12wtqbu lJ.wGqCibgGbt wqpbqwtn{!, i.tiw4bt 1np qwaq4wajl g)llJ.tnCi)l 

ol)wuaj'ltlJ mwpwc}uwCi )unqnil_w4)1 qn.Ciw4J:!, 
- uiwpptpwpwp UJ.UlmbgCiht flUpntql!, 
- pwgbt 2wprlfitlt pbnCiwrwi.pnq qnfiwlJ.[!, 
- UUJ.UIUbt, u)lfi2L. rlipnt4ntli WJptlbll! IlUll)Wpjl, 
- lipwgCibt pupmqp, znp qwliqtlwbfl 9P4tnfiti oqwurtflw m iwi.tiwiJ.np)liJl 

ttb4mpw2wpctfl2Cib{11! L. pn11Gbt, np WJpl\.wb: qwCiqtlwoCi m un)upp{! 2WP'lPiP 
pbnCiwtlnpnq )unnntlJg qmpu qwCi: 

UJ[ll]_wa qwfiqtlwb"J:! pupmqpg htnwgCibtmg hbmn wfihpwctb2m t WJfi 
uwpbt L tnbqwtfln)ubt wGl\unuCiq tnhfl: lfwppht h Jntllht pn1np hwCiqmrnubp{!, 
nptnbrtflg wfigb1 t wJptlwb" qwCiqtlwb"J:!: 

Upqttitmu t. 
- 1npwgfinll pupmlJ. liwmmgbt i.twm uwCipwglJ.wb 1.J.wu ut4 op wnw2 

hCiowa nt wupwg4wa qwCiql\wUI}, 
- UlWUlpUlUUl)l WLJlllPI! U!Whbumwlj_npbt WJU zbCipmu, npmbq U\G'l.Ul

'lJ14Wa t wqpbqwtnl!, pCiztqbu Ciwh u1mu 2tuptrmli, npnfip ibCi Ciw)uwmbu4wa 
lJ.PuiwupCiwJ)lG funmwump uiwhbtm hwliwp, 

- w2)uwmbt UJ.wplJ.bp liJGnq w2Iuwmwliwumu' wnwfig oqwtfln)umpJwCi: 
Uqpbqwmp w2h.JwtnwCip)1 dwuwfiwlJ. uhpbuwlj_wp{! UJ.Wptnwqnp t . 
- u)l2m qmCilJ.bt w2tuwmwCipwjpCi tnbqmu h hbmhbt fiw)uwmbutlwa 

2tpuwum)l6'wfiwJpG nbdpt'ipG nt wqpbqwm)1 pntnr hwCiqntJgfibpp Cinpliwi_ 
w2Ju wmwCippCi, 

- upGiL. wqpbqwm)1 w2)uwmwfipp utiutlblI! hwunqtlhL np pnl.flp hwCi
qmJgCibpl} uwpppG bu, 

- hbmLbt, np u)ltJ1tln1mubtnpl} tflfip uwpp)1Ci, wnqGbt, np lj_wnh1w
UJntpU1J\1G WUJ.Wpwmfibpp t'ipwgmpJmCiCibppg l]_wnhtWfiJntp hnup, 

- WLJlllPI! zUJ.Whbm.nwi.tnpbt (!Ul}hwump uiwhbummu, wnwCig bp4m op 
Up2U1U4JWl U}WhbuUlntU UJ.Whbtnt, 

- hpqbhp l.jwu t}pwpp l}buipmu wu2wmbt pntnp ltb4mpwuwppwlj_npmu
Ubpl}, 2_tnlliUl up2ngCihp 6bnGwp4bt uiwmwhwp{! t}bpwgCibtm hwuwp, 

- wqpbqwm(i Ill 2hUpl} uwpmp UJ.Ulhbt, zbupmu t}wnbtWCijntp ttqWhbt= 
<!.w4whpqbhwJpG wfil\.mwfiqmpJwCi hrnuwp 2tupp unm, npmbq wz)uw

umtu t wqpbqwtnl}, 'f Ghprnctt2m t mCibCiwt n2 UJ.mltwu ,1,npu 4pwqt'iwp)12, 
wlj_wqntl l9tlwa 0,5 t'i mwpnqmpJwllp wpqq, bpqm pwh, lJ.bnwonq, tJlCiq h 
wumpowG: SwCipp pwpapwGwt.nt hwuwp UJ.btnp t [IGp hwmmlt wumpowfi : 
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4.3. <ww}lljwtfnptfwa Lt. pg}lljbww tfnptfwa ljbpbp}l 
WflWWIJ[lfllj}jfllU[} 

4.3.1. <ww}lljwtfnptfwa ljbpbp}l wptnwIJ[lmp;wO wbjuOn[nq}lw;}l 
wnwOdOwhwwljmp;mOObpp 

<!,wmpl.J.wtlnpJ.lwa qtptpp wpmwripmpJwG mtfufintnqpwfi pwfJ.1.J.wgwa t 
htUlUJWL qnpOnfJ.ntpjmfifitppg. qtpwjpG PWfJ.Wl}flWUWUtpp uwfipwgmu, fuwn
Gmu, qtpwJpG qwGqJ.lwap funGwl{wgmu L. uwtitmil: lfwuwzl! uwmppgwJp 
wnl{wl.J.Gbpmu 15-18% funCiwl{mpJwCi l.J.bpwJpfi fuwnGntpflf! upwctwuwGwl.J. 
qmGJ.lttnl{ funCiwl{mpJwCi, 2tpumpJwCi L. utfuwCipl.J.wl.J.wG 6GzuwG wqqtgmpjwG 
mwl.J. oL.wtJ.nptj_mu t hwmpl.J.Citpp: liJCi otnp t ptpmu uta fumntpjntG, LWtl 
unpmGmpJmfi, ipnfuwflPmUCi m lllwhtumwtj_npmurr htzmwumu tu: 

<!,wmpl.J.wtlnrtwu qtpp pwfJ.wflPwllwutpf! tCipwpl.J.J.lmu tfi hpflPn2tp
ilwJpG uzwljuwG, npp htmL.wCipntj_ hwgwqqp 1.J.nttutmpwGtpp OULWG L. 
ljtpwfuwnGmpqGtpp UJntU pwfJ.1.J.wgmgfll uwutpf! uwuGwqpnptG tltpwaJ.lmu 
tu zwpwpp, npf! pwpopwgCimu t hwmpljwtj_nptj_wa qtpp uGGqwpwpmpJntGf!: 

~pqpntnqflwljwG L. wputwflPwl.J.wG tj_mpotpp WMJntGpGtpf! gmJg tu mtlti, np 
hwmpljwJ.lnptj_wo unGnljtptpp wnwtlttmpJmGG wJG t , np 30-40%-ntj_ pwpopwGmu t 
ll1PflU1tpGp Jntpwgntilf!: liJfl ljtphpp JntpwgntUf! hGwpwtJ.npmpJntG t mwwu lJlWgGht 
UlJlTIUlbpGp lllwlJwuf! npn6I1IJ. wGwumGGtpp ljtpwpwctCimu: 

4.3.2. Pp}lljbwwtfnptfwa ljbpbp}l wptnwl][lmp;wO wbju6n[nq}lw;}l 
wnwOdOwhwwlj1Jtp;mOObpp 

PppljhmwJ.lnpntUf! ljm4ptn ljtptpp, hwmlJwuitu funmp, lllWhlllwGuwG 
wnw2wtlnp hfJ.wGwqGtppg t: 

PppqtmwJ.lnpuwG f!Gpwgpmu Gwfuopnp upGi L. 5-7 uu tpqwpmpJwG 
uwGpJ.lwa 1.J.wuwl qwGqJ.lwbf! (tunGwJ.lmpJntGI! 15-20%) 450-1000 qq/u3 fumnt
PJWUp uhfJ.Utj_mu t : "lwmpwump pppl.J.hmGhpG mGhG 12-13% funGwtlmpJmG, 
npf! uiwhhtm [lGpwgpmu ti2Gmu t upGlL. 10% -p: 

Pppl.J.hmCitpp zGnphfltl l.J.hCiqwGpGtp[l l.J.hpwJpG, tlPmwupGwJpCi, hwGpw
JpG L. WJthwtJ.ttmilGtpp up2ngntl umwGmu tu wwnwgpnG qtp: 

Pppl.J.htnwJ.lnpJ.lwo funutf! uta awJ.lwllt uiwhtutnGtp zl1 uiwhwu2mu, 
ipnfuwllPtLl'tu utfuwGpl.J.wl.J.wG, uiwhuiwutlltu uGGflWGJmptpp lJnpmumGtpf! 
ipnppwGmu tu: UGwuuwuiwhmpJwG hwuwupmptGwl.J.wG pGumptnmmmu 
ipnpobp hG wptlbt 1.J.wGwi qwGqtlw<Jf! qwzmmu inpwgGbtm L. pppl.J.bmGbp 
lllwmpwumhtm mtfuGntnqpwGtpp hwutuwmwl.J.wG qGwhwmwqwGf! uiwp
qhtm hwtiwp: ltwGwl qwuqtj_w<Jf! t'ltL t hphpCiml.J.p L. hw6wpp fuwnumpri, 
ptppwtntj_mpJnLGf!' 165 g/hw: lfbl.J. htqmwppg umwgJ.ltt t. funtnp ut2' 24,l 
1.J.bpwJpCi upwtj_np, 3,2 uwputw UlJlnmtpG L. 0,15 1.J.wpntnpG, pppqtmmu 
hwUWU1WU1WUfuwGwpwp' 36,6, 4,1 L. 0,57: iunmp 1 1.J.q lll[l Ujntpp ut2 
lllWpmCiwl.J.tJ.bt t 0,6 qtpwjpG upwJ.lnp, pppl.J.tmmu' 0,8, pul.J. 1.J.wpmnpGp pwGw-
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4.ntpjntUf! hwuwlllWUlWUfuwfiwpwp ' 26 L. 127 uq: CwpwpWU1JlnU1bpGwjpG 
hwpwptpmpJntUf! bfJ.tL t 0,2 L. 0,75: 

UphtumwqwGnptG funGwJ.lwqpl.J.J.lwo qwGwl qwGql{wapg pppqtmGbp 
lllwmpwumtLf!, riwzmmu lnpwgwo fumnp hwutuwmmpJwtip, qqwwnpt G 
qpowmmu t hwtlwpttm m lllWhttm ctwuwGwl.J. ufifiriwfiJmptpp qnpmumGtpf! 
(wfJ.Jmuwq 4.3): 

lfivnzuwlj 4.J 

UOOI]wO;mpbpjJ ljnpmuwObpp ju1Jwjlg Lt. wphbuwwljwOnpbO junOwtf wqpljtfwa 
ljwOwz qwOqtfwa}lg Ufwwpwuwtfwa pp}lljbwObpjJ UfWhUfwOt.fwO dwt.fwOwlj 

( JO wt.f}lu), wnljnuObpntf 

LJ.wzmmu lnpwgwa UphtumwljwGnphG 

funm funGwJ.lwqpljJ.lwa 
lJwGw> qwGcnlwo 

<.::I i:J <.::I i:J PWfJ.Wl}[lntp jntGf! <.::I .=s' 3 .=s' s- E' 3 .::r c.. c.. 3 3 '::l 3 <.::I .::r 
'::l 3 .... ..1:l i::: <.::I 3 3 i::: <.::I '::l <.::I <.::I <.::I 

<.::I 5 <.::I <.::I 
<.::I 5 Cl, 3 3 3 '::l <.::I 3 3 3 '::l 3 ;::l 

~ 3 3 ;::l 3' '::l .c .... 3' '::l ?i:: ";:T 3 .c 3 i::< i::: ";:T '::l .c 3 3 1:l 3 1:l <.::I c.. 
3 3 3 1:l <.::I c.. .c i:J i::: i:J i::: 3' .::r .c 1:l 3' .::r 

'.;.>np GJntp 8,7 12,6 21 ,3 1,2 5,7 6,9 
lttpwjpCi upwtj_np 18,9 24,2 43,1 1,8 11 ,7 13,5 
lfwputw U1JlnmtpCi 14 19 33 5,7 7,7 13,4 
Cwpwp 1,2 71,4 72,6 0,4 0,3 0,7 
ltwpmnpfi 48 39 87 2 12 14 

LJ.nCip fl.nutnntlP qJmfJ.wmGmtuwqwG pGumpmmmmu qwmwpJ.lwa 
illnpotpf! gmrn bu mtJ.tL np 11w2mmu lnpwgwa funmp ut2 lllWhlllwfitltt ta Gpw 
ul.J.qpGwlJwG lllWpmGwl.J.mpJwG l.J.bpwjpG upwJ.lnpGtpp 47-53%-f!, uwputw 
U1Jlnuthpfip 29-53%-f!, 1.J.wpntnpup 5-16%-f!: UfltnuwgGtwu l.J.hpwJpG upwtj_np
Ghpp 1.J.npmumGtpG fl2tt tG upGiL. 26-34%, uwputlfl lllPnutbpCif! ' uflGl L. 16-34 L. 
1.J.wpnmpGf!' 70-76: lttptpf! Cinp mtfuGntnqpwCitpntl hwJ.lwphlltu (wphtumw-
1.J.wG lnpwgmu, hwmpl.J.wtlnpmu qwu pppl.J.tmwJ.lnpmu) WJfl 1.J.npmumGtpf! 
1.J.wqiltt tG hwuwlllwtnufuwGwpwp' 3-12, 3-22, 23-33%: 

CwpwpWU1JlnU1tpGwjpG uto hwpwptpntpjntGf!, hwtj_wpttm m lllWhbtm 
UlJlngtumu uGGqwGJmptpp f!GJ}hwGmp l.J.npmumGtpp ipnpp wGtLf! L. f!GJ}hw
Gpwlllhu WJGlllflup 1.J.wpL.np gmgwGflzGtp, JlGl lllflupp hG l}lnJuwripuwG ipnpp 
awfuuhpf!, lllWhtumGtp}l owJ.lwtGtpp l.J.p!'iwtnntUf! L. l.J.hphpl! ljbCiriwCipCihppCi 
pwzfuhtm utptGwJwguwG m wJ.lmnuwmwguwG hGwpwJ.lnpmpJmGGtpf! tl4w
JmU tG pp}ll.J.tmGtp}l wnwtJ.ttmpJmGGtpf! 11wzmmu lnpwgwa funtn}l hwutuw
mmpJwilp : 
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lJliwJU junmj1g, j1Gtuitu CiwL. mwppbp lJ.nuitim lj_bpbp}1 m hwtJ.btmuubp)l 
tuwnumpqubp)lg wwnwg)lnu hwmJl'tiwtJ.npt{wo m pp}lltbmwtJ.nptJ.wo titpbp 
UjWtnpwumbtm mttuuntnq}lwubp(! L. ubpbuwubp)l hwuwtl1PI! 62mbtnt, 
u)lwcfwuwuwti unp utptfiwfitr m uwppwtJ.npmufibp umbqO-btnt mqqntpJwup 
UJJ1n:p. U.b.lfwpqwpJwfip qbqwtJ.wpmpJwup lntJ12 wzJuwmwfipfibp bG mwplJ.bl 
«<!.WJq.Jntq ubpbuwjwgmu» q)lmwwpmwqpwl}wfi u}lwtJ.npmumu (Q.UU). bl}hL 
bfi WJU bqpwl}wgmpJwfi, np hwGpwuihmntpJmfimu pflpl}hmfibp)l UJ.wmpwmn
uwfi wzjuwmwfipGbpf! tiwpbtl1 t lj_wqiiwlj_bpuitt bpbp bqwfiwlj_ntJ.. I) tiwfiwi_ 
qwuqtJ.won hGobtmg hbmn qw2mmu i_npwgGbt, t{hpwobt twubp)l, pp)ll}bm 
uiwmpwumnq l}nupwJG)l oqGntpJwup hwtl.wpbi, pp)ll}bmw4npbL m wfiu)l-
2wuibu pwpobt mpwl}mnpwJ}lCi l}gnpqpi_: UJu mb)uGntnq)lwG fiwjuwmbut{wo t 
hbnwtJ.np, pGwl}wG L. ubpbGwhwpuwp JuntnhwppGbp)l hwuwp, 2) Jumnp 
pp)lqbmwtJ.npntU(! l}wmwpbt q)luwumwg)lnGwp ubpbGwGbpnt{, wfiuJ12wuitu 
qw2mmu' Junmn pGwl}wu qwu wphbumwqwG bqwfiwqntJ. i_npwgGt1mg hbmn: 
uwtuwmbut{wo t, l)WpOJWL hbnwt{np, pWJ9 ni_ ubpbfiwhwpUW)l Junm
hwppGbp)l hwuwp L. 3) l}hpwJ)lG juwnGmpqfibp)lg wwnwgfmG pp)lqbmfibp 
uiwm11wumt1 wGu)12wuitu :ptpuwJntU, umwg)lnfiwp mb)ufintnq)lwl{wfi qo)l 
oqfintpJwup: 

Pp)lltbmwtJ.npuwfi WJq bqwfiwl}fibpn )lpw4wfilllgfibtm hwuwp umbqot{bL 
bG hwuwuiwmwujuwG ubphGwGbp: 

4.3.3. <wmjJ/jwlfnplfwu m ppftljbmwlfnJJlfwu ljbpbp/1 /, 
ljbJJwjuwnfintp!]fibpjz wpmw!Jf1mp1wfi wqpnmbjufi/lljwljwfi 
Ujwhwfipfibpf! 

lfwuwi_libpf! UJ.bmp t l{wpnqwGwG hwmtJqwtln11t1 h pplJl}bmwtl.npbL 
)lfii_Ujbu WLJmp)l tl.bpwOt{wo L uwlipwgtlwO- junm[!, WJUUjbU tL l}bpWJ)lG 
Juwnfimpqfibflf!: <!,wmrtiwt.lnpnq L ppplthmwt.lnrnq CiJmpp JunfiwtlmpJmGn I 0-
12%-)lg pwpop 2.Ujbmp t Ll1fi}1: lfwuthtmg wnw2 Ujbtnp t qwGqtlwO[! )unGwtJ.wg
Ght 16-20%-)1 uwhuwfiGbpmu: Pr)lqhmwtlnrtlnq )unmp uwGpwgtlwb gnqmfi
fihpp hpljwpntpJntG[! Ujbmp t Li1fip 20-100 uu uwhuwfiGbpmu: Pp)lqhmGhp)l 
)ummpJntfi[! Ujbtnp t Li1fi)l 500-800 ljq/u3

, wnwtlhtwqmJG i_wipbp[!' 50x50x80 uu 
(mpwuwq)lo[!' 60 uu), fitl.wqwqntJG i_wipbp[!' 30x30x30 uu (mpwuwqpo[!' 40 
uu): <!,wmpl}wtlnpuwfi L pp)ll}bmwt.lnpuwli f!Gpwgpmu uwuitlnq qwliqtlwo}1 
mwpwguwG 2tpuwmnj16wGl! 2-UJ.bmp t pwp<\pwGw 85°C-)lg: <!.ntlwfiwimg 
hbmn hwm}1ljGhp)l h pp)lqhmfibpp 2tpuwum)lt'.iwun 2r2wUJ.wm)l 2tpuwump
nwfi)lg I0°C-pg wtlht11 i_ll!btnp t Ll1fi)l, Jluti qwpnm)llip qnpmumfibp!}' ni_ wtlhll15 
%-)lg: 
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4. 4. l.;bpbpjz hwmjzljwlfnpt.fw(i Ulf1WW!Jf1WUWUbf1 

'-lt112tiG UlWUUWUJwltGhr)lG Gwju4)1Ci U)lntpjntfimu L. Ubp hwGpWUjbmm
pjntGmu 2wm bG qwnmgt{bt hwm)lltwt{nptJ.wo qtpbp wpmwqptim ubpbuw
Jwgt{wo obnGwpl}ntpJntGGbp: 

Iunmwump L. hwm}lqw4nptiwo qbptp wpmwqpnq hwuwwp ubpbGwJwg
t{wo wpmwqpwuwubpp l}wnmguwu L. zwhwqnpouwu hbmwppplJp ipnpo t 
lJ.mmwlJ.tlwO- Umwl{rlnUJ.n\]l bpltrwuwu)l mGmbumpJmGGbpmu: UJumbq Jmpw
pwGvmp wpmwqpwuwu Gtp4WJwgumu t u)l hwuwwp, np pwqqwgwo t 
qLfuwtlnp wpmwqpw4wG uwuGwzbGp}lg L. 4)19 octwfiqw4 ztiGmpJmuubp}lg : 

«fltpwctw1lihGu4ti» unijjunqmu bpqm U'-llf-0,65 wqphqwmntl mwpbqwG 
UJWtnpwumntu bG ujlui_h 2000 U1 wntlntJUllJ hwm)lqwtJ.nptlwo WLJill)l: 

Upmwqpw~WUf! pwq4wgwo t ubpbGwJw4wli pwctwGuntGplJg, hntlwgGnq 
pwcfu}lg, UJ.wmpwumti 4hPI! bpqwpwmL UJ.whbtm UJ.Whbmnj1g: 

ulj. 4. 7. UmwlfflnUJn!}l bfllfflwcfwup <dlzflwdw;fitfiuljfi» um/junqmu hwmftljwtfnJl
tfwa junmwumflft Wf1U1WIJJIDipJwfi dbnliwpljmp;wfi UJ[W{if!. 

1-lfbpbfiw;wljwli pwdwficfntfip, 11-hm/wgfinIJ pwdftfi, ffl-junmwumJ1ft UJWhhum, /
pmlilfbJ1-ufimgft.!, 2-c.npwgfinq WqJ7bqwwp tjJnjuWIJJ1/lc, 3-c.npwglin!J wqJ7bqwm, 4-
hwmftljwtfnpp~, 5-!Jbljwtfwpzfw(i ljbm, 6-pbpwcfmwv 

UbpbliwJwlJ.wfi pwctwfiumfipG mG)l hhtnLJWL i_wiphp[!. LWJlinLpJmG' 24 u, 
hp4wpmpJntG · 18 u, pwpopmpJmfi' 8,5 u: <!.ntlwgunq pwd)lGl! UtpbGwJwl.J.wu 
pwctwliumlip)l zwpmGwqntpjntliG t (6 u): UbpbliwJw4wli pwdwliumlipmu 
mhqw4wJtJ.wo bfi bp4m ABM-0,65 wqpbqwm L. OfM-1,5 hwm)lqwl{np)lt: 

QwGqtJ.w()u wqphqwmGhp)lG uwmmgtim hwuwp oqmwqnpomu hG pmulJ.hp
ufimg}1i_, npJ! UJ.wmpwumt.lwo t bpljm KTY-IOA ljbpwpw2Ju)li_fibpp pwtJ1pbp)lg : 
<!.wmplJ.wt.lnptiwo tiinmwumrl! Ujwhbum lfJGhtmg wnw2 wwgmg)lt U}l pwGfl 
cfwutJ.w [!upwgpmu hntlwgGmu bu hwmm4 gwGgwtinp mwpnqmpJmliGhp)l ut2: 
<!.wmJ:ltiwtinpl{wo l}bp[! Ujwhhum bG lf)Gmu UjGL.uwmr4 ipntuw11J1)1i.ntl.: 

Umwtl.Jlnll!nw hpltrwuwumu qnpofiw4wfi 4)1pwnmpJmG tu umwgh1 GwL. 
Ul)lUjWJ)lG uwjuwqantl UjWtnpwumtl.wo junmwump h hwm)14wtlnptl.wo l.J.bpbp 
wpmwqpnq pwquwmhuw4 WJL t\bnfiwpl}mpJmG!ihp: 
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ulj. 4.8-mu gmjg t tnpqwb L)ltRtlwlJ.wu hwupWUibtnntpJWU q_]IlU\W

Uifitnbuwqwfi 2JlfiwpwpntpJWU fiwfuwqbwJpfi pfiutnptnnttnp \jnqupg uzwqqwb 
fiwtuwqbntl tunmwumpp L. hwmpqw4_npqwb qbpbpp wpmwrymtpJWfi 

obnfiwpqmpjwCi llltwfin: 

ulJ. 4.8. fuflll1WljfllJ1/1 /, hwmft[Jwtfnptfwu [Jbpbpft WJ1ll1WIJJ1fllf}JWU dbnuwp[JmpjWU 

U/fWUf! (f!um Lftmt/. uwfuwquft). 
1-[Jwuw1 qwuqtfwuft uumgftllibp, 2-1npwgumz wqpbqwmft flblJwtfwpifwu [Jbmbp, 3-
M-80410-0-1,5 (CE-1,5) 1npwgtimz wqpbqwwubp, 4- OI'M-1,5 hwwftl/wtf npftlubp, 5-
hwmft[Jwtfnpft!ft flb!Jwtfwpifwu [Jbmbp, 6-unpftwtibp, 7- BAn-20-0,37 wtfwnifww 

IJ2bnpubp, 8-pmu[Jbp-[Jmww!Jft1ubp 

ul/. 4.9. KTY-lOA ifnpftfWJftti [Jbpwpw2fuft1ubpf! ABM-0,65 bp1Jw1tiw[Jwu 
qnl)q wqpbqwUJtibpft hbm hwifwUJbflb[m ujubifwti. 
1- KTY-lOA -ft hftiipft l/f1w pmu[Jbp-utimgfllubp, 2-pmu[Jbp-uumgft!ft junqntfw[J, 3-
ABM-0,65 wqpbqwwft t.jJnfuw1JPft1ubp, 4-ABM-0,65wqpbqwUJft qb[Jwtfwpifwu 

[Jbmbp, 5-hnp 

4ppwnmpJmfi bfi qmht CiwL. tunmwump m hwmpljwqnptlwb ljhpbp 
wptnwl}{ln'l mhqwuwuhpp wJCitajmp mbfuCintnqpwlJwfi utubuwfihp, npmb'l. 
qwCiw~ qwfiqqwbp uumg.flw ttintuwphu oqmwqnpbmu bu KTY-lOA unpJltwJpCi 

lJ.hpwpw2tuJ1w pwqipbpn (Ciq. 4.9 L. 1.10): 
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u[J. 4. JO. KTY-lOA ifnpftfWJftti [Jbpwpw2fuft1tibp[J 1npwgtinl/ qmqwhbn qmJq 
wqpbqwmubpft hbw hwifwmbflb[m ufubiiwti. 
1-pbpwifmwp, 2-hbtiwpwtiw1ftu 1npum, 3-[Jbpwpw2fu/11/1 bplJw1tiw[Jwu ijmjuw-
1JJ1/11ubp, 4-[Jbpwpw2fu/11/1 fWJuw[Jwu t.jJnfuwfJJ1ft1ubp, 5-1Jbpwpw2fuf11ft !f1wgmgf11 
t.jJnfuW!JJ1/11, 6-«r.f.n[QWJ1-5JJ ifwtipft!ft t.jJnjuWl]J1/11, 7-1npwgtinq wqpbqwwft 
t.jJnfuWIJJ1/11, 8-,mpwgtinq wqpbqwmtibp, 9-ifwupft!ft 1J1Wgmgft1 t.jJnfuwfJJ1ft1, 1 O
«r.f.nfqwp-5JJ ifwupft1, 11-qb[Jwtfwpifwu [Jbmbp 

Ubp hwCipwUibtnmpJmfimu hwmplJ.wtlnpuwfi wpmwl}{lwuwubp bu ljw
nmgtlbt ~pwqqwfip, UCipp, Umb$wfiw4_wfip, fcrw\llfip, UL.wfip L. LUJL ZPl!Wfi
fibpmu: 

Ufipp zr2wfip lfwpwwlJ.P 4nttnCitnhuntpjntCimu «~WJqJntquhpbCiwjwgmu» 
q_uu- qnqupg Ciwtuwqb4_wb L. qwnmgtlwb wpuiwl}{lwUwun (Cilj. 4.11) 
pwqqwgwb t 4.JlmwupCiwgqwb tunmwumppg, tunmpg m bqnmpg, tumwgpwb 
ljbphppg, qhpwJpfi hwtlhtmU!ihppg qhpwfuwnfimpqfihp Uitutnpwutnhtm m 
hwmpljwqnphtm mhtufintnq~wqwfi qbhppg: 

~pmwupfiwg4_wb tunmwump Uiwtnpwumn'l qJlbn pw'lljwgwb t qwCiwi 
qwfiq4_wbp pmCilJ.hp-iw$wqnpJ1wg, «~tqwp-5» uwCipJlwg, ABM-0,65 
wqphqwmpg L. $ntuwllPJliCihpp hwuwqwpqpg: 

lunmp L. bqnmp <lPbn PW'l\jwgwb t pmCiqhp-~w$w4_npJ1iubppg, KW-2 
2WPflPiP9 L. oqwtun'lntlwlJ.wzwppg: 

lumwgpwb lJ.hphpp qpbn pw'l.\jwgwb t pmCiljhp-itu$wtlnpJ1iCihppg, 
zCihlJ.pg, hwmpqw:j>mpwctp pmCiqhp-~w$w4_nppiCihppg , K,ZJ;M-2 hwmplJ.w-
2wpqpwg, pwpaJlwg L. tun'lntlwqwzwppg: 

4hpwJ]lfi hwtlbtmufihpp qpb-[! pwqljwgwb t lJ.hpwuwp]l L. u]lqwfiJntpp 
CM-1,7 tuwnCiJlwg L. tun'lnqwqw2wppg: 
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"&lj. 4. I/. lfwpwljlljft hwmftljwc/npc/wu ljlipwjuwnump!JOlipft wpmw!]pwlfwuft 
hwmwljwqft'7f!. 
1-qwOqc/wuft ljmmwljftn.wlftwc/npft,i, 2-J(KY-2 mOftc/lipuw1 ljlipwlfwupft,iulip, 
3-ljWUW,! qwuqc/waft ((</.n[qWp-5» uwupjJ,!, 4-ljWUW,! qwuqc/woft pwpdftj_, 5-
ABM-0,65 c/ftmwuftuwgc/wu junwwumpft wqpliqwm, 6-hwmftljw:jmzpwdu 
f!U!Jfl1Unfl pmuljlip, 7-HaI'-10 unpftw, 8-2ulilj, 9-hwmftljw:pmpwdft pmuljlipulip, 
10-Juwnuft.i 2ulilj, JJ-pwpoft2, 12-K/{M-2 hwmftljwpwpIJ/12, 13-uwupwgc/wu 
qwuqc/w<7ft ljmmwljft). pmfiljlipfilip, 14-fuwnu/l,! 2ulilj, 15-lfwqliftu, l6-1m<7n11pft 
f!U!Jfllli/l,!, 17-0I'M-/,5 hwmftljwc/npft,i, 18-finpftw1ft f!U!Jflzli/l,! pmuljlip, /9-Hl.{I'-
100 finpftw, 20-ljmmwlj/l,! pmfiljlip, 21-pwpdft,i, 22-CM-1, 7 fuwnuft2, 23-
gftlj[nfifilip, 24- HI'K-30E lfwlipft)., 25- Of/Wfunl/nc/wljw2wp, 26- C-12 fuw2ft.i
fuwnlift,1, 27- BKC-3M fuwnlift,i, 28- UJflUUJ, 29- TC-40M pwpdft,i, w-t[liljmpw
uwpplipft uliOjwlj, p- hwfiqumft uliOjwlj, q- qwpuw1wmmfi 

.:,wmplJ.wi.J.nptJ.wb qhpw}uwnfimpqp qpb{! pwqlj_wgwb t pmCiqhp-gplunfipg, 
pmfiqhp-i.wlftwlJ.nppi.Citppg, tuwnfipi_-zfih\Wg, uwqfipupg, OrM-1,5 uwqGpzp 
hwmplj_wi.J.npplJlg, {!fiqmCinq h phnfinq pwpc:\pi.fitppg: 

lihpWUJ.WtnpWUUlUWfi WplflW'lJlWUWUp wz}uwmwfipfi {!fipwfimu t hhtn
hJWL lJ.hpUJ.. uwfipwgtJ.wb qwfiw2_ qwfiqtJ.wb-1} phptJ.mu t wptnW'lJlWUWU I., t_glJ.mu 
pmfiqhp-i.wlftwlJ.nppi.fitpp ut2, npmhajlg uwmmgi.J.mu t ABM-0,65 wqphqwmp 
i.npwgfinq pupmlJ.: bph uwfipwgi.J.wb qwCiqlJ.wb{! w hwuwuiwmwu}uwCimu 
UJ.Whwfi2lJ.nq i.wlfthppfi, WUJ.W wqphqwm umgfihtmg wnw2 «l.ln.tqwp-5» 
uhphCiwJntl. WJU Cinppg uwfipwgCimu bCi: Uqpbqwmmu 2pwqpqlJ.wb qwCiqlJ.wb"I! 
i.J.hpwbi.J.mu t wumpp h mhqwlj1n}ui.J.mu hwuwUJ.wmwu}uwfi lJ.mmwIWi.-
2.WlftwtJ.nppi.: 

::>np }unmD h bqnmD pmfiqhpfihppg mptJ.mu t K,ll.Y-2 uwfippi.fihppfi: 
lfwCippi.fitpmu umwgi.J.wb WLPwCiuwfi qwfiqtJ.wb{!, wfigfihtni.J. 'lJlWCig 
oqw61izuwCi }unqnlJ.wlJ.fihpnlJ., uwmmgi.J.mu t hwuwUJ.wmwu}uwfi qmmw!Wi. 
i.wlftwi.J.nppi.: lumwgpwb IJ.hphp{! ljln}uw'lJllJ.ntu hfi lJ.hpwUJ.wmpwumuwfi 
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WplnW'lJlWUWU I., zCih\W up2ngml i_gtjmu {!fi1µufiuw(i pmfilj_hp, npfi mCip 3 
pwdwfiumCip, npnCip 1.J.wpnq hfi bwnwJhL mwpphp hwmpqw:}:>mpwdp (qwpp, 
hqpuimwgnphCi h WJLfi) hwuwp: QCiqmfiuwfi pmfil.J.hppg ljln}uW'1JlP2.ntl hwmp-
1.J.w:}:>mpwd{! uwmmglJ.mu t hwmpl.J.w2wpqpi., npmhajlg oqwuajii.ntl. ljln
}uw'lJllJ.mu t hwUWUJ.WUlwu}uwfi 1.J.nunw!Wi.-i.wlftwtl.nppi.: 

lihpw}uwnfimpqp pntnp pwqW'lJlWUwuhp{! lj_mmwIWi.-pmCiqhppg, mtl.Jwt 
qhpwpwdfip(i hWUWUJ.Wtnwu}uwfi 2_WljlwlJ.nplJ.htnlJ., wCigCimu hfi zCihlj_wjpCi 
}uwnfipi., npmhq uwqCipup up2ngntl. uhmwqwlj_w(i uwuhppg wfi2wmlJ.htnlJ., 
l.J.hpwfuwnfimpqp ohnlJ. uwmmglJ.mu t OrM-1,5 hwmplJ.wlJ.npnq uhphfiw: 

UtnlJ.lglJ.nq hwmpl.J.Cihpp npwl.J.I! qw}ui.J.wb t qhpwJpfi qwCiqi.J.wbp 
}unfiwlJ.mpJmfipg: .:.wmlJ.wUJ.hu npwl.J.Jwt hwmpqfihp hCi umwglJ.mu qwCiqlJ.wbp 
14-16% }unfiwlJ.mpJwfi qhll.J.PmU: P.uq pwfip np i.npwgCinq wqphqwmpg 
umwgi.J.nq wumpp }unCiwlJ.mpJntfi{! mwmwCilJ.mu t 8-10%-p uwhuwCifihpmu, 
mump wCihpwdhzmmpmfi t qqwglJ.mu hwmpqwlJ.nphtmg wnw2 qwfiqlJ.wb{! 
PP2hL l.J.hpwuwpp, upqwCiJntpp tntbmwnlJ.1.J.wu 2pnlJ.: 

.:_wmpqwtJ.nplJ.wb qwfiqlJ.wb{! UWUtPWQ finppWJillJ. ljln}uW'lJli.J.ntU t 
UJ.WUlpwump qhphpp pmfil.J.hp: 

«.:_WJqJntflUhphfiWJW9ntU» q_lilf -{! uzwl.J.ht t hwtnpqwlJ.nplJ.wb lj_hphpp 
UJ.wmpwumuwCi mh}ufintnqpwqwfi u}uhuw (Ciq. 4.12), npnlJ. hwmpqwi.J.nplJ.wb 
qhptu}uwnfimpqCihp tpfi UJ.Wtnpwummu l<Twtltfip zp2wfip Upwqwbp untl.}unqp 
nituwpwpmbwqwCi ~hpUWJntU: 

"&!/. 4.12. f<Jwljlfift 2ppwuft Upwqwoft n,!fuwpwpmbwljwu umlJunqft hwmftljw
c/npc/w<7 qlipwjuwnumpIJft wpznw!]pwuwuft hwwwqwqftbf!. 
1-HI'K-30E ljnUJftm qliplipft uwfipjJ,i, 2-KTY-10 Uflnwft Lt funmft ,iwl/Jwc/npft)., 3-
K/{Y-2 mfiftc/lipuw1 ljlipwlfwlipft)., 4-2CM-1 fuwnuft,i, 5-fumwgpwu ljliplipft 
pmfiqlip, 6-fumwgpwu qlipft pwpdft,i, 7-hwwftljwc/npc/wb ljlipwfuwnumpIJft 
pwpo/l,!,, 8-ABM-0,65 c/ftmwuftuwgc/wb funwwumpft wqpliqwm, 9- ljwuw,i 
qwfiqc/wuft ,iwlftwc/np/l)., 10-CM-1, 7 qlipwuwpft Lt uftqwfiJmpft fuwnfijJ,i, I 1-
hwmftljwc/npnfl wqpliqwm, 12-lfftljpnhwc/li[mlffilipft 2wl/Jwc/npft2 
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lihpwjuwnGmp11mu oqmwqnpomu ttiG. tunm m ITT].nm, hwuwlJ.gtlwa L. 
tumwgpwa ljhphp, tUimwupGwgtlw<t. tunmwump, lJ.hpwuwpp L. upqwGJmpp 
llllOntjp: 

Iunmp L. ITT].nmp mhtuGnLnqpwlJ.wG qamu wz}uwmwGpwJpG uwnghuG 
J:!fipwGmu t hhml.JWL lJ.hpUJ. funUlJ:! L. ffilnUlJ:! uwGpwgfimu tpfi WK-306 
Uwfipplntl, IlpJ:! mhqwlJ.wJtlWb tp wpUlWl}PWUwupg qmpu' owblJ.P mwlJ.: lfwG
pwgtlwo qwGqtlwO-J:! KTY-10 lJ.mmwlJ.pz-lwtllwtlnrrwg mp4mu tp KW-2 
lJ.hpwuwGppltiG, npmhq tlhpwottmu tp wumpp l. gplJ.tnGp up2ngntl wfi2wm
tlhtntl oqpg l94ntli 2CM-1 tuwnfiplti uh2: 

~wuwlJ.gtlwb qhpJ:! TK-6,0 pwpapln4 l94ntli tp J:!GqmGnq pmGqhp, wJGm
hbml. pmGqhpfl mwq qtnGtlnq lwtllwl[npfllti up2ngn4 tnp4mu tuwnGfllflG: 

Iunmwumpp qamu lJ.wGwl qwGqtlwbJ:! lwi!lwtlnpJlltig mp4mu tp ABM-
0,65 wqpbqwmpG: 

lihpwJpG hwl[htntliGhpp qbmu lJ.hpwuwpJ:! L. upqwGJntpJ:! CM-1,7 tuwn
Gpltig tunqnl[wqwzwpntl mpl[mu tpG lwtllwtlnpfll, puq 4tp2f1Gflg tt' hwmflqw
l[npnq wqphqwm: 

IuwnGplmu uiwmpwum4wa qbpwtuwnGmpqJ:!, ABM-0,65 wqphqwmmu 
umwg4wa tUimwupfiwg4wo tunmwumpp hhm uhqmhq, Ghpoa4mu tp OfM-1,5 
hwmplJ.wtlnpfllti uh2, npmhq JlP24ntu t qhpwuwpp, upqwGJntpp LntbntJpntl l. 
hwmfltiwtlnptlmu: ~wtnplJ.wtlnp4wa qhpwtuwnGmpqJ:! qmmwqmu tflG wupw
pmu qwu $ntuwqpwup2ngntl mhqwipntumu uiwhhum: 

lihphpJ:! hwtnplJ.wtlnphtnt hwuwp oqmwqnpbntu tpG OfM-1,5 uwu!PlGbp : 
U}lfill. uwli!Pz umutm lJ.bpwtuwnGntpl}J:! wumpfl pmGlJ.hp-1.J.mmwlJ.fllmu 

tunGwl[wgtlmu tp upGlL. 14-17%, flGtnhfiupl[ tuwnfi4mu l. lwipwt[nptlwb 
uwmmgl[mu uwuwz: lfwuwlflg hwmpqGhpG pGpGwhnu umtnp tpG qnpamu 
GnppwJfl ut2, WJUnthhtnl. wGgGmu hntlwgGnq uwppwtlnpmun4 m uiwhhutnw-
4npmun4: 

4.5 C.bpbpfl ppflljbmwlfnptfwfi wpmwlJPwt.fwubp 

~wmplJ.wtlnptlwb qbpbpJ:! uiwmpwummu hG Gwtuopnp lJ.wGwz qwliqtlwO-{! 
qwu lJ.hpwJpG tuwnGmpqGhp{! wphbumwqwG hqwGwqntl znpwglihLnt9 l. 
wumpp tlhpwoh1mg hbmn: f!pplJ.hmwtlnptlh!liu qwliqtlwO-I! znpwgGnq wqpbqw
tnpg qmpu qw1mg hhtnn w UtnGmu 2wpqpz l. wumpfl w tlhpwatimu, WJL 
$ntuw11ptlmu t lJ.mmwlJ.Pz-uGmgpz, wuiw' pppqhmwtlnpnq uwu!Pl: 

f!ppqhmwtlnpuwG hwuwp oqmwqnpbntU bG fffiC-3BHM, TI6C-6, fffiY-
1,3 uwuwzGhpJ:!: 

"'UlJ.. 4.13-mu tnpl[wo t wphhumwlJ.wG hqwGwqnl[ lnpwgl[wo qwGwz 
lJ.hphp, lJ.wpGwunUwjpG hwumGmpJWG hwtnpqw:pmpwctwJflG uzwqwpmJuhp L. 
mwpphp qhpwjpG tuwnGmpqGhp ppflqhtnwtlnpnq TIEC-3BHM uwppwl[npuwG 
mhtuGnlnqpwqwfi utuhuwG: 
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ulj. 4.13. DEC-3BHM uwppun/nptfwu wbjuun1nqftwljwu ujubtfwu. 
I- tjJnjuwIJPft!, 2-pmuljbp-ljmmwljft,1-,1wt/Jwl/npft,1, 3- tftnfuwIJPft!-uumg/l,!, 
4- ppftljbmwifnpnl/ tfwtf/}1,i, 5- pbnuwpw1/ml/ tftnfuwIJP/l,!, 6- junuwifwgunI/ 
hwtfwljwpq 

Uwppw4npntUJ:! pwqqwgwa t qmmwlJ.Pl-lwtllwtlnpflltig, $nluwl1Pfll
uGmgpl}lg, uwu1l[nq qwGqtlwbpG 2mp uwmmgnq hwuwlJ.wpqpg, pppqhmw
tlnpnq uwu!Plflg l. pbnGwpwipnq $ntuw11Pflltig: 

limmwlJ.flz-zwtllwl[npflzG flphGflg CihpqwJwgGmu t KTY-10 qhpwpwztuflz, 
npflg hwG4wa t J:!GpwgpwJltfi uwu{! qgnpqpz qwnmgl[wbpfl hhm upwuflG: 
UztuwmwGpwJJ1G opqwGGhpp zwpdntUJ:! qwmwptlmu t np11GwlJ.wJflG qwGapl}l 
uf12ngntl' 41.J.~Ul hqnpmpJWUp tthlJ.mpwzwpdflltig : 

CqpwJw6nqw4np ipntuw11Prz-uGmgJ1m itwnwJmU t timmwtipz-zwipw
l[npflltig qwGqtlwbJ:! uwuwwu uwmmghtm GuiwmwqflG: 

lfwullJ.nq qwGqtlwoflG 2mp uwmmgh1m uwppJ:! pwqqwgwo t t'.iGzuwG 
pwppg, tinuuwhuwmnppg l. :PnpumG4wJJ1g: 

f!ppqhmw4npq uwli!lizI! pwqqwgwa t uwlitn11 uwpppg, $ntuw11Pflltig , 
zwpdwhwqnpqwlJ.Pg, zp2wGwlJ.Pg L. qhqwtlwpuwG UJilllUlJlg: lfwulnq lJ.wnmg
tlwbpJ:! hnpflqnCiwlJ.wG mhqwpwz}utlwb oqwqwJflG uwmppgw t: UJG pwq
lJ.wgwa t 60 uhll}wal. 11wGwlJ.Ghppg: lfwmppgwJJl wGgpbp{! l. pppqhmGhpp 
wupmpJntGJ:! qwph!li t qwpqwtlnpbt hf111PwlJ.UitiwlJ.wG uwppfl oqGmpJWUp: 
Oqwqwal. uwmpflgwJmU mbqwl}Ptlwb hli bpqm wqwm uimmtlnq uwutn11 
qpmGwqfihp: lfwuww i!lntuwllPfllI! 2rwwJwanqw4np t, Gwtuwmhu4wo t 
uiwmpwumfl ppfllJ.htnGbpJ:! hwtlwphtm l. phnGwpwipnq ipntuwllPfllflG uw
tnmghlm hwuwp: 

<l>ntuw11Pf1IB zwpdntUJ:! qwlioflw l. ubuiwal. $n4wJflG $ntuwGguwG 
uJ12ngn4 qwmwp4mu t uwuwl}l mqqwapq Uiuhnpg: 

f!hnliwpwipnq $ntuw11rflm UntJfiUjhU 211PWJWOilflWtlnp t, zwpdwhw
qnpqmU{! qwmwp4mu t tthlJ.mpwzwpdpl}l uJ12ngn4 l. Gw}uwmhutlwO- t uwu
!lilflg ppflqhmGhpJ:! wtlmnunpfl!li qwu qgnpqp pwippfl ut2 [9Ghtm hwuwp: 
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4hphp[! ppp.4tmw4nphtm mhfuCintnqp.w4wG qanu.5 uwultill! tnhqwrymtu 
hG inpwgCinq mhqwljwJWCipp hhm: lJllCilL. 12-14% funCiwtJ.mpJwup inpwgwa 
4wuwl qwCiqtJ.wan umCimu t ljmmwqpl-lwt}lwtJ.nppl, npmtri WJCi [!Utn 
junCiwtJ.mpJwCi m 2tpuwutnp6wCip hwtJ.wuwptJ.mu t, WJCimhhtnL. umtnp t 
qnpbmu t}lnjuwqpp.l-uCimgpl, wll(w' ppfl.4hmwtJ.npnq uwulfllP [!CiqmCinq pig fl.Ir 

lJwultil}l [!GqmGnri. jugpljmu qwCiqtJ.wbJ! ljbCitnpnCiwjunJu mdp lt uitntntJ.nri 
uwubpp wqqtgmpJwG tnwlj pw2Iui.tmu t oriw4w6L. uwmppgwJp CihpppG 
uw4tpL.ntJppG: 

'\..,4 . 4.14-mu tnpt.jwa t aqntnp L. WJL 4hPWJpG fuwnGmpqCihpp pppljhtnw
tJ.npuwG mh}uCintnqpwl.jwG u}utUwG: 

.PppljbmwtJ.npnq aqmnpfi }uwnCimu hfi }umwgpwa ljhphp L. wtJ.htwgGmu 1-
2% -wGng uwpp tmbntjp: liJI} GmJG tnh}ufintnqpwljwG qantu brtnmpCi ljwphlti t 
}uwnGbt CiwL. mppz ljhphp: 

.PppljhmwtJ.nptJ.nri uwppwtJ.npmuGhpG wzjuwmmu tu wnwCig lnpwgGnq 
wqphqwmp, np[! hGwpwtJ.npmpjmCi t mwwu p£hgGht U(WmpwumJ:t ljhpJ:t 
J:tGpCiwpdhp[!: 

ulj. 4.14. {:JI]mnft ppftljbmwlfnplfw{j mbfulin[nqftwljwli ujublfwli. 
/- <PH-1,2 :pmpwdftp, 2- pmliljbp-ulimgft.!libp, 3- pmuljbp 'juwwgpw<7 ljbpbpft 
/Jwlfwp, 4- pmliljbp ' lfftljpn/Jwlfb[mlflibpft /Jwlfwp, 5- 2ubljw;ftli juw11lift2, 6-
CCK-6 pbnlinl] ljmjuw11J1ft2, 7-nEC-3BHM ppftljfJmwlfnpnI] lfwlf!}l2, 8-TCK-6 
pfJnliwpwljJnI] ljJnfuwllJ1ft2, 9-ppftljbmlibpft pmliljbp-ljmmwljft2 

Uqmnn <l>H-1 ,2 :pmpwdJ:tpntl (1) uwGpwgCiniu L. pwpamu hCi IICE-12,5 
ljgwuwJlflG: TI3-0,8 pwp6flH! uwfipwgpwa brtnmn 1.9fimu t KTY-IOA 
unpflLWJpfi ljhpwpwzjuJ:tl}l hpupp t.jpw U(WtnpwuuitJ.wa pmGljhp-uCimg}ll}l Oh£ 
(2), WJfimhhutlt WJU umutp t qnpantu juwnG}ll (5): .PmCiljbpGhppg WJUtnhq hfi 
1.9tlmu GwL. }uuiwgpwa ljhp[! L. upljpnhwtJ.htmllCihp[!: IvwnCitlwa qwGqtJ.wO[! 
TCK-6 t}lnJuwllPP.lntJ. (6) uwmmgtJ.mu t pppljbmwtJ.npnq IffiC-3)1{11M uwuLtil 
(7): lllwmpwump ppJ:lljhtnGhp[! hw£npq TCK-6 t}lnjuWI1JlJ:llnY. (8) r.gtJ.mu hG 
pmGljtp-ymuiw4PlP (9) ut2 lt hntlwfimu: 

llO 

UJqUIJluJ:t mh}ufintnqJ:twljwG ujutUwG qnpaGwljwGmu 4wpblf1 t fihpqGht 
gwG4wgwa mfitnhumpJmGmu, lt uiwpmwqpp l}l Ciw}uopnp lnpwgfibtm hwuwp 
mGhCiwt pwCiljwpdhp tnhqw4wJWCipGbp: ~puGwJJ:tG lntOnLJpntJ. Ciw}uopnp 
uzwljtJ.wa brtnmp.g LtiwnwgJ:tnG PPP4htnGhpJ:t uiwmpwumntU[! hCiwpwtJ.npm
PJnLU t mwwu uCiCiqwpwpmpJntCi[! pwpapwgfibt 1,5 wGqwu: liJqUIJlup brtnmn 
PPJ:l4hmwtJ.npnq uwuLtilJ:l wz}uwmwCipwJJ:lCi opqwCiCihpp 6GzuwG mw4 wtJ.hlti 
twtJ. t 6L.wtJ.nptJ.mu: 

4.6 <ww}ll;wlfnplfw& /, pp}ll;bwwlfnpt/w& l;bpbp llfWwpwumnlJ 
ntuftt/bpUWf Wfll.TlWl)flWUWUbp 

~lltGJmup hwmm4 4nfiumpm4mnpw4wu pJmpnJp 4nqup.g uzw4tJ.ht L. 
uhppw4wG wpmw11J1mp3wG hG mptJ.bt tPwnwgpnG hw1.11p4w4nptJ.wa L. ppJ:t.4h
mwtJ.nptlwa 4hpwJllwnCimpqCihp wpmw11J1nq OIIK-2 L. OIIK-3 uwppwtlnpmu
Cibpp ww4wqutp: 

Cibpbp lfwlf[nlJ OJJK-2 uwppwt/npnufubpft lfJW/;wqlfp (G4. 4. 15) Gwjuw
tnbui.twa t }unmwumppg ljwu ljmippGwgtJ.wa 4hphppg hwmpljGhp, pGlU(hu GwL. 
4tnpmtlwa }unmpg wnwG6pG tiwu junmp, brtnmp hwztlh4zntlwa hwtJ.htmU:Gbpp 
L. }umwgpwa ljbphpp juwnGmpqCihppg ppp4htnfihp uiwmpwutnhtm hwuwp: 

lpwljwqup ut2 umGmu hfi hhmL.JWL uwppwtJ.npmuCihp[!. wump hwtlwpnq 
zCiblj, pmCiljbp, }unmwufltpp ljwu hwuwljgt.jwa ljhpbpp lwt}lwi.tnppl, fuwnCipl
ufimgfll, uwuLtil, 2mp uwtnmghtm hwuw4wpq, qntn112P. uwmmghtm hwuw
ljwpq, finppw, uiuL.uwmhuwljwtJ.npuwG jugpljntJ. hntlwgmgpl, 4J14Ciwqp uwu
Lhtm hwuwp qwCiqtJ.wal! tJ.hpwqwpafibtm 9P4tnfi, hni.twguwfi m uiGL.uw
mhuwljwt.jnpuwG oqwuajll: 

Ivnmwump 4wil hwilw4gtlwa 4tphp hwmJ:l4wtlnptlltu htuUWU(W
tnwujuwCi wqphqwmGhpJ:lg WLJnLJl[! zGh4ntl 1.9i.tmu t pmCiljhpJ:t ut2: J2mfi4hppg 
lwttiwtJ.npJ:tl}l uJ:l2ngn4 WJU ummp t qnpamu }uwnGJ:ll-uGmgp.l (wCihpw
dhzmmpJWU J}hUIPntU 4wphllt t uwmmght qn1_11pzp 4wU: 2mp), WJCimhhmL.' 
uwu\lll: UfigfihtntJ. uitnmtlnq qpmGwljCihpp L. uwmppgwjp op2ntl qwGqtltub[! 
uta ofi2uwG mw4 umCimu t uwmppgtuJfl wGgphpp ut2, wJfimhhmL. uwm
ppgwJp 2nLP21! uimmtlnq qwfiw4Ghp[! hwmpljGhp[! 4mpmu hfi wfihpwdhzm 
lllitPUhpJ:t: 

4mpmtlwa hwmpljfihp[! ummp hCi qnpantu hntlwgmgJ:ll, npmhq zhptnhpp 
ut2 oqwuajlai_ tPlmu t hntJ.wgGnq L. lnpwgGnq oq: ~ntJ.wgmgfllmu hwmpljfihp[! 
wfihpwdhzm 12wGw4mpJwup 4mmw4tJ.btmg hhmn 1.9tJ.mu hfi i.ttp2GUJ4wfi 
mtuwtiwtlnpuwfi jumg: 
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"Vlj. 4.15. l/bpbp tfwcft_mz Ofl}l/-2 uwppwtfnpmtfubpft lflW/jwqtf[!. 
1- qn[np2ft tfwwmgb[m hwtfwljwpq, 2-pmp tfwwmgb[m hwtfwljwpq, 
3, 6- Ujulitfwwbuwljwt/nptfwu Jugbp, 4-2ublj, 5-pmuljbp, 7- unpftw, 
8-gftlj[nu, 9-.!wt.ftwtfnpft.! 

f!pp4tmwtJ.npuwG ctwuwGw4 (npwgGnq wqptqwmpg oqwUqp(p hnupntJ. 
qwGqtJ.wb]} umfimu t 9P4tnG, npmtq WJG wG2wmtJ.mu t oajlg: liJUmhtmL. 
qmpmtJ.wb°pl! 1.9tJ.mu t ipnJ:uwqpplti tlrw, nppg htmn' J:uwnfip(-Ufimgplti ut2: 
UGhpwcttzmmpJwG qtu.wmu WJG 2pntJ. tunGwtJ.wgGmu tG: Iuwnfip(-ufimgplti 
ut2 (WtllwtJ.npp(ntJ. qwpt\ll t lilWl GwL. hwuw4gtJ.wb qtp: 

'1lGL.uwtunqntJ.w4wzwpmu J:unmp L. bqnmp qmpmtJ.wb°pl! pGmtfiuM 
tuwnfimu tCi: '-ltp2Gw4wGwuitu pntnP pwqwqpwuwuhpl! tuwnCitJ.mu tCi 
J:uwnCip(-UGntgplli ut2, npmtqpg qwfiqtJ.wb"D ummp t qnpbmu UWU\ll(: 
<!,tmwqw qnpbnqntpJmCitpn qwmwptJ.mu tCi wJCiuitu, pfi(UJ.hu hwmpqw
tJ.npuwCi ctwuwfiwq: f!pp4tmp wupmpJntfil! qwpt\ll t uwhmfi qwpqwtJ.npti, 
tlm'-PnJ:uhtntl uwmppgwJp uwutn'l wntJ.w4fihpp tp4wpmpJntfil!: 

UzJ:uwmwGpwJpG opqwGCitpp zwpctwhwqnpqwqGhpl! tttqmpwzwpctp(
CitpG tCi, npnCip uCitJ.mu tCi 380/220'-l twpuwCi gwfigpg: 

OllK-3 uwppwtfnpmtffibpft hwtfwqwpqf! GntJGuitu GwtuwmtutJ.wb t 
J:unmp uwGptJ.wbpl} pppqtmwtJ.nphtm, pfi(UJ.hU GwL. J:unmwumpn L. 4tpw
J:uwnCimprm hwmpqwtJ.npttm hwuwp: 
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ulj. 4.16. l/bpbp tfwcft_mz OllK-3 uwppwtfnpmtf(ibpft JJlW/jwqtf[!. 
l-1wlfiwt/npft1, 2-Juwnuft.!, 3-utimgft.!, 4-tfwtifP.!, 5, 7-ol]wtfIJ/11ubp, 6, 10-
unpftwubp, 8-hntfwgumz uwpp, 9-wt/tnntfww fJ2bnpubp, 11-ljmww/jft.! pmuljbp, 
12-dwUJwt/btiw1ftu l/ln/uwfJPft.!, IJ-tfwtff}11-ppftljbwwtfnpft.!, 14-Juwnuft.! 

"Vlj. 4.17. <wwftljwt/nptfwc} Ii ppftljbtnwtfnptfwc} ljbpbp UfWtnpwutnb[m hnupw1ftu 
wbJutin[nqftwljwti uJubtfwu. 
1, 10, 12, 14-TCK-6 lfinfuw1J11ft.!Ubp, 2-CE-1,5 .!npwgunrz wqpbqww, 3-rzbljw
t/wptfwu ljbw, 4, 15- Juwwgpwc} ljbpbpft pmuljbp-ljmwwljft1ubp, 5-Juwwgpwc} 
ljbpbpft tfwwmgtfwu 2ublj, 6-0I'M-1,5 hwwftljwtfnpft10bp, 7-CM-1,7 tfwpft 
Juwntift.!, 8-Hl.{I'-10 tinpftwObp, 9- hwwftljubpft pmuljbpubp, 11-tfwupwgtfwc} 
Junwft pmuljbp-uumgft.! (KTY-10), 13-flCE-J)f(HM ppftljbwwtfnpnrz tfwtifP.!, 16-
tfwtipwgtfwc} mznwft pm{iljbp-utimgft.! (KTY-10), 17-HI'K-30E tfw(ipft.! 

lfwUptJ.wb J:untnl! pppqtmwtJ.nptJ.mu t htmL.JWL mttuUntnqpwqwCi uj:utuw
Jntl (Gq. 4 .16): lfwGpwgtJ.wb qwfiw( qwCiqtJ.wbl! 19tJ.mu t pmGljtp-(wl}!wtJ.npplti 
(1) Ub\?, WJUnthhtnL. Unttnp t qnpbntU fuWnfipl (14), J:uwnfitjmU U UtnfintU 
uwu\llnppqtmwtJ.npp( (13), npmtq qpmGwqGtpn uimmtJ.btml qwCiqtJ.wbl! 
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ubqumu bG uwmpjlgwJjl tugti4Gbpjl ub2: .Ppj14bmGbpG umwgtlmli bu onqjl 
oLntl, wJGmhbmL UJ.mmtln11 hwpuwpwGp[! ryiwGp 4mpmu t Gwtuwmbutlwb
Lwtlrnntl: .Ppj14bmGbpJ! 1.94mu bG c:twuiwtlbGwjjlG Y.mtuwryijlLjl tlJlw L 
mbqwlJ.mtutlmU l}bUJ.jl Gnpjlw (6): .Ppj14bmGbpjl hbmwqw uzwtiuwG, jlGLuibu 
GwL tunmwumpjl hwmj14wtlnpuwG mbtuGntnqpui4wG UJ.pngbuG [!GpwGmu t 
OITK-2 uwppwtlnpuwG uirngbujlG hwuwGuwG: 

5wG4wgwb- mGmbumpjwG uiwJowGGbpmu 4wpbl11 t hwmp4w4nptlwb-
4bpbpjl wpmwryintl3JWG mbtuGntnqjlw4wG qb-bp hwtlwpbt hwUWUJ.WmwutuwG 
ubpbGwGbpntl m uwppwtlnpmUGbpntl: -u4. 4.17-mu mptlwb- t WJl}lajrnjl opjl-

Gw4: 

4. 7.<w;wumwunnf u2wljlfwO-ljbpbpft ppj1ljbmwlfnpifw(j 
umwgftnuwp [, ifnpft[WJftU ifbpbuwubp 

1970 -wl1wG 13tlwtiwGGbpjlg utiuwb- q..Jnll1WU1GmbumpjwG libpbGWJW9-
uwG L ttbtimpjl'.pj14wgpwJjl hwJ4w4wG qjlmwhbmwqnmwtiwG jlGumjlmm
mmu uirn'.pbunp U.lTwpqwpJwGjl, hbmwqwJmU' .:!,wJ4w4wG qJm11wmGmbuw-
4wG wtiw'lbupwJmU GwL uipn'.pbunp U.I&wptlbpl}JwGjl hwuwmbq qb4wtlw
pntlJJWUp ()wGpw4zjln qjlmwhbmwqnmw4wG L Gwtuwqb-w4nGumpm4mnpw-
4wG wztuwmwGpGbp bG mwptlbt ppj14bmwtlnptlwb- 4bpbpjl wpmwryimpJwG 
umwgjlnGwp L unpjltWJjlG ubpbGwGbpjl umbqb-UwG mqqmlJJWUp (.:!,.4. NQ 
488545, 30.06.75, NQ 649363, 04.11.78, NQ643117, 28.09.78, NQ677719, 16.04.79, 
NQ 680685, 28.04.79, NQ 7220094, 26.12.79, N2 790491, 21.08.80, N2 816423, 

01.12.80, N2 1140367, 15.10.84): 
.Ppj14bmwtlnpuwG uwuww wnw2j1G opj1Gw4I! (G4. 4.18) 1975p. tlmp-

6wp4tlbt t .:!,.:!, CwhmlijwGjl zp2wGjl IulJl.Ili XXII hwuwqmuwpjl wGtlwG 4nt
mGmbuntlJJWG wGwuGwUJ.whw4wG :)JhpliwJmU: 

' 

' .. := , ·~··. ···0~ , __ . . . , lii~IL,,,.~"f'li"',"~. 
ulj. 4. li flE~ip°iiftt;mwtfnµtfwO d~tf/}llft l/o~:iio~iµ mbup[J 

lTwUtPLI! pwqtiwgwb- t zp2wqb-ntl l}Wuwtlnptlwb- tugp4Gbpntl (2) Uwmpjl
gwjpG oqw4jlg (1), 4nGw4wG nbl}nt4mnpjlg (3), lJ.lntuwGguwG mmlJ.ljlg (4), 

2wpqj1L-tlrntuwrwtiwg (10), ltb4mpwzwpc:tjlwg (5): lTwmpjlgwJjlG oqw4mu 
mbqwtiwJtlwb- bG bp4m uwtitn11 hntntlw4Gbp (6), npnGp hnl}wtiwuibpntl Ujlwg
l{wb- bfi mwpjlwG (7), np[! 4nzm ujlwgl{wb- t 4nGw4wG nbl}mtimnpjl mwptln11 
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wubnjlG (8): lTwmpjlgwjjlG OflW4jl tlbpjlG liwumu mbrtw4WJtlwa t ppj14bmw
tlnpuwG GJmpjl uwmmguwG pmG4bpJ! (9): .Ppj14bmGbpjl hwuwuiwmwutuwG 
bp4wpmpJmGGbpG WUJ.whntlmu t 2wpl}j1L-Y.mtuwrwrm (10): 

.Ppj14bmwtlnpUwG uwuwm wztuwmmu t hbmLJWl 4bpUJ.. ppj14bmwtlnp
tlnrt GjntpJ! pmG4bpjlg (9) uwmmgtlmu t uwmpjlgwjjlG oqw4jl GbppjlG tunnnL, 
npmbq, 4wnLtlbtntl ubriunri hntntlw4Gbpjl 4nriujlg, ubqlitlmli t ubquuwG 
tu9114fibp: UbquuwG tu9114Gbpjlg ppp4bmw4nptln11 GJntp[! qmpu t qwwu 
tumwgtlwb- dwUJ.wtlbGjl mbupntl, np[! 2wpl}jlL-lJ.lntuw'lPPLntl (10) pwc:twGtlmU t 
wnwGojlG ppj14bmGbpjl L mbqwlJ.lntutlmli l}bU}jl lJ.lntuwryiwuj12ng: 

libpwtuwnGmpl}Gbpjl ppj14bmwtlnpuwG wnw2j1G wpmwl}pwuwuJ! Gbp
rwtlbt t tunznp bq2bpwtlnp wGwumGGhpjl uwmqwzjl pmuwG .:!,.:!, '"Vwjlpjl zp2w
Gjl oritlwP'lP hwuwwpmu (G4. 4.19): 

~· ~ 

ulj.4.19. lfbpwjuwnOmpI]Obµft ppftljbmwtfnµtfwO WJ1lllWIJl1Wtfwu 

liJ'l wpmwryiwuwumu ppj14bmwtlnpuwfi uwuwwg pwgjl ubp 4nqUjlg t 
uzw4tlbt GwL 4bpwtuwnGjlLJ! (.:!.4 N2 639491, 07.09.78, N2 695686, 13.07.79, N2 
747464, 21.03.80, N2 884663, 03.08.81, NQ 1166784, 08.03.85), npjl 
tiwnmgtlwb-pwJjlG utubuwG pbptlwb- t G4. 10. l -mu: 

<ljltGJmujl hwmm4 4nfiumpm4mnpw4wG pJmpnG WJI} tuwnGjlLG oqmw
qnpb-bt t qwGqtlwb-wjjlG pnqwp4tlnq lJbpbp uwtitn11 OITK-3 uwppwtlnpmUGbpjl 
wwtiwqumu (G4. 4.16): 

Ppj14bmwtlnpuwfi wpmwqpwuwumu umwgjlnGwp ubpbGwfibpJ! ppj14bm 
l[wpnq bG UJ.Wmpwumbt jlGLUJ.bu l}WZU1Wjjlfi UJ.WJUwGGbpmu ojlGLL 15-20% 
tunGwtlmpJwG Lnpwgwb- tunmjlg, WJGUJ.bu tt mGmbumpJWG UJ.WJUwGGbpmu 
ABM mjlUJ.jl wqpbqwmGbpjl up2ngntl' wphbumwtiwGnpbG Lnpwgwb- tunmjlg: 

Ppj14bm UJ.Wmpwuumq umwgjlnGwp uwppwtlnpmUGbpJ! unpjltWJjlGGbpjl 
hwubuwmmpJwUp mGbG up zwpp wnwtlbtmpJmGGbp. 
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I) qwzmmu ppp4hmwtlnpn11 uhphGwG 4wpnf1 t wztuwmht opw4wG 12 
d, np[! pwgwmptlmti t upGntnpmWJpG UJWJUWGGhpp l}mtltn]untpjntGbpntl, pu4 
umwgpnGwp ppp4bmwtlnpn11 ubpbGwG' wupn112 op[!, 

2) umwgpnGwp UJ.WJUwGGhpmu hGwpwtlnp t UJ.wmpwumht tl1wnwgpnu 
ppp4bmGhp, 

3) tunuwtl tiwuw mGhgn11 2r2wuubrm1u, npmt11 huabtmg hbmn tiwGw( 
qwuqtlwbp puw4wu (npwgniun qdtlwpwumu t' umwgpnGwp UJ.WJdwuGbpmu 
wphbumw4wu (npwguwli up2ngntl qwpbtl1 t WJU PPP4hmwtlnph[, 

4) umwgpnGwp UJ.WJUwliubpmu pppqbmwtlnpn11 wqpbqwmubpp wpmw
qpn11wljwlimpJmun pwpop t, pwGp np qwphtl1 t 4wpqwtlnpht ljwuwi 
qwuqtlwbp wu[!liqhwm uwmmguwu hnup[!, 

5) umwgpnuwp UJ.WJUWGubpmu pppqbmwtlnpuwli wztuwmwupuhp[! 
4wphtP t ywquwybpUJ.hl WUp0'l2 UlWptlW [!UflWgpntU: 

UwljwJG umwgpnliwp pppljbmwtlnpmuG mup npn2 pbpmpJmGGbp: ri-w 
wnw2'1G hhpppli tlhpwphpmu t tlmtuwqpwljwG bwfuubpp ubbwguwun' 
hl:inwtl.np qwzmhppg ljwuw( qwuqtl.Wb[! UJ.bmp t t}lnJuwlJilhL umwgpnuwp 
pppljbmwtlnpnfl uwppwtlnpmuubpp unm: Umwgpnuwp ppp4tmwt1.npuwu 
dwuwuw4 wzJuwmwupwJpu bwfuumuuhp[! ubbwumu bu upu(h 0,78 
uwpq.d/m, pu4 11W2U1WJPU ppp4tmwt{npuwG dwuwuwlj WJU ljwqumu t 
nu11wuhu[! 0,57 uwpq. dim: Umwgpnuwp uwppwtlnpmuubpp oqmwqnpbtuun 
ljWUJ.t{Wb t ubb bwfuubp)1, hwm4WUJ.bu' lj_wnbtWUJmp)1 hbm: Otum)1 WJU 
GUJ.wmwljwhwpuwp t oqmwqnpabt hpuuw4wGmu WJG 2r2wGGbpmu, npmt11 
]unmp hwi.J.wp)1 dwuwuwlj mh11muubp[! zwm bu h wpL.nm ophp[! pp(: 

Otdhfl wphwJ)1G l'.iwnwqwJpmunlj_ 2r2wGuhpmu ywuw( qwuqi.J.w0-)1 
pliwljwG (npwgmuu )1pwljwuwgi.J.mu t wpwq, mum)1 WJ!}UJ.fmp i.J.wJpbpmu 
hw2n11mpJWUp ljwphtl1 t oqmwqnpO-ht uwL. wph)1 mwlj (npwgwO- tunm[! 
wuuJ:i2wUJ.bU qwzmmu unp)1LWJPU pp)1ljbmwi.J.npn'l UwUtP(-hwi.J.wp)1(Cibpni.J. 
(ljnupwJuuhpntl) pppljhmwt{nphtm t11wuwtiJ:!: 

Pppljhm UJ.Wmpwumn11 unpplwJ)1u uhphuwuhp)1 wztuwmwGpp uljqpmGpJ:! 
hbmL.JWLG t. tunmJ:! hwi.J.wpl{mu t LWuhp)1g, uwupwgt{mu h mpi.J.mu pppybm 
UJ.WUl[lWUUlOfl UWUtPLJ1G, npmbrUig UJ.WUlJlWUUlp pppljbmubp[! pbp tltnfuWlJIIPW 
u)12ngni.J. l9i.J.ntu bu l}mfuwl]JIWU)12ngp ut2: 

f!p)14hm UJ.WUl[lWUtnOfl jlupGwqGwg !, qgntl.J:i ubpbuwubpp twywu 
wnwuouwhwmljmpjntUU WJG t, np 11flWUp ljwpn11 bu wztuwmbt wphwzwm 
zr2wuubpmu, npmhfl hGwpwi.J.np t qwpl'.i dwuwuwtimu puw4wG (npwgmu 
ljwmwpht LWUbpmu: Ubp hwGpWUJ.bUlntpjwG zwtn 2p2wGlibpmU, hwmqwUJ.l:iU 
hhnwl.J.np pGw4wG tunmhwppGbpmu, GmJGUJ.bu hw2n11mpJwup ljwpbtl1 t tunm)1 
ppJ:lljhmwl{npmUJ:! qwquwljbpUJ.hL wGuj12wUJ.hu 11w2mmu: liJ11 GUJ.wmwqntl.. 
uzwljl.J.hL t qwzmmu tumn pp)14tmwt{npn11 CTKE-2,0 ljm.lpwjG[!, np)l wztuw
mwGp)1 mhfuGntnq)1wljwG ufubuwG phpt{wb t ulj. 9.1 -mu, pulj [!Gqhwump 
mbup[!' ulj. 4.24-mu: 
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'Ulj. 4.20. flKE-2, 0 ljgm!ft ppftljbwwlfnptfwu ljntfpw16ft !JUl)hwump wbupfJ 

ITKE-2,0 ltgntl)1 pp)14hmwi.J.npuwG ljnupwJuI! pw11qwgwO- t zp2wGwy)1g 
hwi.J.wp)1L)1g, uwup)1L)1g , UJ.uhuwm)1y tun11nt{wljwzwp)1g, g)1ljtnG)1g, pppljbmw~ 
l{npn11 uttuwu)1qu)1g, 011wljwoh tltntuw11flplflg, pbnliwpwtiin'l ttintuw11flpi_)lg 
hhuwpwuwJ)1li wu)1tl.uhp)1g L. zwpdwhw11npl} uttuwGpquJ:ig : ' 

lrnupwjGu wzfuwmmu t hbmL.Jwt ljbpUJ.. 
twuhpmu (npwgwO- tunmJ:! 4nupwJup hwl.J.wp)li.ni.J. hwl.J.wpl{mu i, mpl{mu t 
uwlipJ:ii.. np[! wJG uwGpwgGmu t 50+80uu bpqwpmpJwli uwuli)1qlihpJ:i L. 
UJ.uhuwm)1lj tun11ni.J.wyw2wpntJ. uuimmgmu pp)1ljbmwi.J.npuwli Uhfuwli)1qu)1G : 
Pp)1ljbmwi.J.npuw(i ub]uwli)1qup pmliljbpmu ]unm)1 qwuql.J.wb"[! GwfuWUJ.hU 
tunGwt{wgi.J.mu t L. hntm{wqlibpml ut11ut1.mu ut11uuwli fug)1qGbp: Umwgi.J.wO
ut11ut1.wO- dwUJ.wi.J.buuhpJ:! 011w4wJ)1li 2wr11J1i.-tlintuwlJilpi.nt1.. pwdwlitJ.mu bu 
wnwua)lli pp)1ljbmlibp)1, hwl{wptlmu h mptJ.mu bu pwpan11 t}lnfuwqp)1i., np[! 
pwpomu t tlintuwqpwu)l2ng)1 ub2: 

4nupwJli[! wqpbqwmwtJ.nptJ.mu t T-1 SOK mpwqump)1 hbm: 
Ubp 4n11uJ:ig umbqb"i.J.wO- TIKI>-2,0 pp)1qbmwtlnpuwG qnupwJli[! (<!..tl. N2 

1519575, 08.07.89) fuU<!.IJ -mu hwuwpi.J.mu tp wnw2pGJ:! i, ni.ui.ntl i.tp qp2mu 
um., -mu bpljnt hwJmG)1 :p)lpuwubp)1 (Qnli f}.pp h lwliqbt) qn11uJ:ig wp
tnwl]JltJ.nq qnupwJlilibpjlG: lllwmwhwqwli l.t[l, np t.l.fltliJmu)1 hwtnmq qnGum
pmljtnnpwqwli PJntpnli obnGwumtu bqwtl ITKI>-2,0 ljnupwJli)1 uwfuwqb"Uwli L. 
qwliqtJ.wb"wJpli wptnWl]J!OtflJntU[! qwquwqbpUJ.hLnt qnpbpli: 

4.8. Ufh/mwuqmp1wu mbfuOftljwO Ii hwljwhpTJbhw1ftO 
tiftpngwnnu.IObpf! hwwftljwljnptfwO m ppftljbwwljnptfwO 
UlflWWIJPWti'wubpnttf 

<!.wm)1qwtJ.npi.J.wO- h pp)1ljbmwtlnpi.J.wa ljbpbp UJ.Wmpwumn11 wpmwqpw
uwubpmu UbpbGwlibp)1 L. uwppwlj_npmulibpp tl.flw pntJtwmptJ.nul t wzfuwmbt 
WJG wGowlig, ni.J.pbp qpmbG ubpbGwGbpjl qwnmglJ.wO-Vr! i, mbfulipywljwG 
uUJ.wuwpqntil[!, wGtlmwGqnipJwu mbfuuJ14wJ)1, hwqwhpqbhwJ.flu wutJ.tnwuqm-
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pJWG hpwhwGqGbp[! u ttblp.npwl.1wG hnuwGpjl mwlt [!Gtiwojlu wnw2jlli oqum

pJmG{! gmJg mw1m 4wunuGbp(l: 
tth4tnpwuwppuu.\npnuHibpjl unlimwctuwCi, tnbl:uCijllJ.wlJ.wG tuuwupjl u 

unpnquwG ctwuwuwl.j wGhpwctbztn t 11.tlJ.wtJ.wptJ.bt ttblJ.tnpwuwppwtJ.npmuubpjl 
unGmwctuwCi m wGtJ.tnwGqmpJWCi tnbl:u£iJ14wJp 4wCinGGbpntJ.: Pntnp wztuw
mwGpCibp[!, 4wuitJ.wo mttuGj14w4wG uuiwuwp4uwG, 1m11.uwCi m Gnpnquwu 
hbm, 1.J.wmwpbt upwJG ttb4tnpwzwpdJ1iGbpjl wu2wmtJ.wO- t.Ui6w4mu u wG2wm
uwG hnuwGpwwG2wtnfliP i.tPw wupwgGbt CiLUluwqqmzwgGn11. UJlLUl.J.wtn. 

«~ujlwgGb \, wztuwmmu bu uwpajll.J.»: 
UztuwmwCipjlg wnw2 uitmp t utnmqbt ubpbCiwJjl uwppjlCimpJntG[!, 

UjWzmuiwuw4wG gwGgtpjl wnlJ.wJmJ3JmGG m wupwgmli(l, hwunqtJ.bi., np 

hw4whpqthw3j1G qmJPl! lPM t (lipw4uwpJliGbp, pwhbp l.t wtJ.wqm.J. wp4£l), 
uzmwuitu ummqbt tth4mpwuwppwtJ.npmuCitpjl hnqwGguwCi uwppjlGmpJmGu: 
~jl pmJtWUiptJ.mu wztuwmb1,, bpb i4W hn11.wGgmu 1.J.wu WJU wGuwpp t : 

UztuwmwGpjl ctwuwCiw4 W 4wpblJ1 ubpbGwJjl unm pn11.Gtt 4nquGw411 
wuowug, qGGbt, uwppbt, Jiltrl.bl ubj:uwCijlquGbp[1, 4wpqwtJ.npt1 l.t hLUGht UjWZtn
UjlllUW4WG gwCigtpu, LUztuwmt1 uttuLUG}1quGtpmu otnLUp wquml.J.}l m 
tu4:tngGbp}l ctwuwGw4 : UGhpLUctbztn t hbtnl.tbt, np l.J.bp}l hbtn u}lwu}1Ci ubpbGwJ}l 
ub2 iUG4GbG omwp wnwp\.tLUGbp, pwG}l np qw 4wpn11 t hwCiqbgCibt tJ.pwpGbp}l: 

UGhpLUctbzU1 t wztuwtnbt u}1WJG hwpuwp hwqmumntJ., pntnp 1.J.n6w4utpu 
4n64wo, uwqbp[! qtluwp4ntl 4wu qtluwznpntl owotitJ.wo: c+}lzbp ctwuwGw4 
wzjuwmwGpwJjlli tnbrtU Ujbtnp t tWtl tmuwtJ.nptJ.wo lJlG}l: lJbpbGwGbpp nt 
uwppwtJ.npmuGbp}l unGtnwduwu, zwhwqnpouwu l.t GnpnquwG ctwuwuw4 

u}lwJG oqtnwqnpobt uwpp}lu qnpoppCibp: 
t1b4tnpwuwppwtJ.npntuGbpmu tiwu tth4tnPwtwpbpmu t{lnpp}ll.j wG

uwppmpJmCiCibp GlJ.wtnbLl1u uittnp t ubpbGwG 4wuqCitgubi., wCi2wmbt hnuwG
pwwu2wtn}liU 1.t 4wGibl ttblttnpwunCitnJnp}lG: '1.pqbh}l qbUjpntU wutl}l2wuitu 
4wGqCibgGbt ubpbGwG, wG2wUibL hnuwCipwu2wtnJ!iU l.t obnp wnCibt hpqbhU 

tJ.bpwgub1m wCihpwctbztn u}l2ngubp: 
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5 . .;.UUU4tNUIJ 4bflbflP. UflSU'l-flUUUUbfl b'-l 
Ul::;Rb~UUUflRU'-UlflO~lfVbfl 

5.1. < wtfwljglfw<} ljhphp Ii IJllWOg 02wOwljmp;mOI} 

Cl-Jnt11.LUtnCiUibuw4wCi 4tCiqwCi}lGtpjl l.t 1mimGGbp}l lJlwpctbp 4tpw4pmuu 
qwquwqtpuihtm qnpomu hwU:w4gtJ.wo 4hpbp}l GzwGwtimpJmGu zwm ubo t : 
c+}lmw4wCi m wpmwqpw4wCi tlJnpobp[! gmrn bCi tm\bt, np u1wpctbp 
hwuwl1gtJ.wo 4tpbp}l oqtnwqnpomuu hCiwpwtJ.npmpJmG t mtJ.bt lJ.bGqwGpCibpflg 
UtnWCiWt Wnllil[bt pwuwqntpJWUp upbpp, upwctwuwCiwlJ. p2tgGbt 4wp)1, uup, 
a@ l.t UJntU wuwuGwpm()wlJ.wCi upbppCibp}l wpU1Wl}PntpjWU tWW l.J.bpbp}l 
owtuu[!: Unwuo)1G 4bpbp[1 ibG uiwpmGwlJ.mu 4bCiqwCim hwuwp wuhpwctbzm 
pntnp uGCiqwmwpptpu: Y.bpbp}l tuwnCiuwCi l.t u)lwctwuwuwl.j UUj}ltnwlJ.mgw
t.Uimwu}lCiwjpG hwtJ.b1muCibpntJ. hwpumwguwu wpllJmGpmu umwgtJ.mu t 
lJlwpctbp 4tpwtuwnumpq' hwuwtigtJ.wo l.ttp: 

lpwpcthp hwuwtigtJ.wo qhptpu hCiwpLUtJ.npmpJntG tu mwlJlu UICimbuht 
qb.'pflgpm uui}1UiwlJ.mgwJJ1Ci l.J.bpbp(l, 6}lztn oqmwqnpot1 uuGqwpwp UJmptpu 
qbCiqw(ipCibp}l h}luCiw4wCi 1.J.bpwpwctumu, ubpbCiWJWgGbt 4tpbp}1 pwztumUI} u 
}l2tgCibt upbppCibp}l WpU1LU!]JlnL}'lJWU wztuwmwCipWjpCi owtuumuCibpl}: 

./,wuw4gtJ.wo ltbpbp}l 4:tntuwqpntti(l hbzmwgfit1m, uiwhbumwpwCiCibp}l 
0-wtl_wtCibp[! 4:tnpp'i.ugCibtnt I.. 4bpwpwztuuw(i w ztuwmwCipCibpl} ubpbUWJWg
Cibtnt m wtJ.mnuwmwgCibtm fiuiwmwtintl l}PWCip tppbu!i hwUI}l4wtJ.npmu tCi: 

./.wuw4gtJ.wo 4tptp}l LUpmwqpw4wu qnponqmp3mCiubpG bG. hmupj1 Gw
tuwuiwmpwummu, UlUUpwgmu, 4nttnWl.J.ntu, iWl[1wtj_npntU, juwnCintU U UjWU!
JlWUlnp 4tpp qmUiwtimu: UCihpwdhzUimp3wG qtuipmu hwm}ll.J.wtJ.npmu bCi: 

.;_wuw4gl[wo ltbp(l UjWtnpWUtnntU bCi UWCipwgtj_wo hwm}ll.J.WJpCi pwqw
l}pWuwubpp hbm UUj}lUiw4mgwt.Uimwuj1Ciw3j1Ci hwtJ.h1muCibp tuwnGbtntJ.: 
UtnwgtJ.mu t lJlwnwg)lnCi hwuwqgtJ.wo 4tpbp)1 tuwnCimpq, np(l 4tCiqwCi)1Cibp}1 
m pnimGCibp}l :pj1qjm1nq}lw4wCi uiwhwCi2J1g t1Cit1ntl. hwtJ.wuwpw4zmtmu t 
UjpOU1b)1Gwjj1G, l{llmwuj1Ciwj)1Ci uGGqwpwp GJmpbpntJ. u uj14pnmwppbpntJ.: 

Y.wtutJ.wo CizwCiw4mpJmCij1g' uuipmwl.J.mgwl{llmwu}lCiwhwCipwJ}1Ci hwtJ.b
tmtiCibp(l Cibpwnmu bCi WJCiui}lu}l pwqwqpwuwubp, npnCip hwpmum bCi 
UUj)1Uiw4mgCibpntJ. m t.lPUiwuj1CiCibpntJ.. zrmm, 04wG, uuwnu4pwJJ1Ci m tunUip 
wump, qpnctfihp m hwfipLUJpfi l.J.bpbp ' 4wt.Uic, wq L WJtG: tJmgCimu bCi GwL 
\.tbfiuwpwCinpbCi wl.tm}ltl Ujntpbp' u}l\ulnmwppbp, hw4wpj1nUI}l4Gbp, hnpunu
Cibp, pmdpi UjWUlpWUUintltCibp u WJlU: 

.(.wuwl{gtl.wb 4tpbpp h)1uuw4wu pwri.wqpwuwutpCi l:iCi hwtn)14wJpG 
ljbpbp[!. bq)luimwgnpbCi, qtup}l, tJ.wpuwl}, gnpbCi, 4npt4, Uiwpt4wCi, unpqn l.t 

hwmp4wpwl.t1wqqj1 (uj1ubn, t.Ui4, nuUj, 4bpwJJ1Ci pw4tw, unJw): .(.wgwqqjl 
pntjUbp)1 hwtnp4Cibpp hwliwp pCintpwqpwl.J.wCi t OUlWJp UbO UjWJlnLUWqnt
j:)JnLUI} (upCiil.t 70%), UUjpUIWltntgCibpl} 4wqUntU b(i I0-25%, OWJlU}l} u)1Ciil.t 15%: 
Pwl.J.1wqq}l hwmj14Citpmu uui}lmwl.J.mgCibpp uiwpmGw4mpJmCi(l 2-3 wCiqwu 
zwtn t , !JJltU hwuwp tL lu!lphmpq t tnptl.mu hwtn)11.J.Gbp}l tuwnCimp'ltig hw-
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Uwygt{w<) yhphp UJ.llilllpwumht WJGUJ.hU, nptqhuqp hwgwqq}lGhp[! I.JlGbG 60-
65%, }lult pwlttwqqpGhp[!' 15-20%: <!,wuwygtJ.w<) yhphpp ywqumu hwmpyw
tuwnGmpI}[! ywqumu t 80-85%, uGwgw~' 15-20% -[!, majnnwymgwtlflmw
upGwJ}lG hwtJ.htmuGhpG hG: 

<!,wgwqqp L. pwlttwqqp hwmpyGhpp oqmwqnpMwG wpllJmfiwtlhmm
PJntG[! pwpapwGmu t, hpp titGriwGpGhppG ybpw411mu hG hw2tltti2nqw<) 
hwuwygqw<) yhphpnq: liJI} rituwmu ljbphpp mbuwl(wpwp <)wJ:uuu Gt{wqmu t 
hwuwpJw 4114Gwljf1: .(,wmlJ.wUJ.hu I}W Gljwmbl.Jl t pnlGwpm<)ntpJmGmu [81]: 

.(,wuwygt{w<) ljhphpp J:unGwtJ.mpJmG[! UJ.hmp t I.Jlfip 14-15%, omwp tuwn
GmpI}Gbp(} nl wtJ.hl.Jl. uhmwqwljwG' 10-25 uq/ljq, wqwqwJpG' 0,5%, hwmp
lJ.wlwl}lwywG ljwqU[!' 10% -pg nl wqhl.Jl, uwpuhl.Jl UJ.PnmhpGu' 25% -pg nl UJ.W
qwu, pwqwGpwGJntp[!' 8% -pg nl wtJ.hl.Jl : 

btGhtntl Gbpljw UJ.WJUwGGhppg, GbppL.mu 2wpwrirtJ.mu hG hwuwygt{w<) 
ljhpbpp wpmwqpmpJwG nwgpnGwt hqwGwlJ.Ghp[!, GhpywJwgt{mu hG bqw<)
Gbppg twtJ.wqmJG L. Gnp u2wyqw<) uhpbGwGbpG m uwppwtlnpmuGhp(}, flGlUJ.hu 
GwL. w2J:uwmwGp]1 UJ.W2lllUJ.UlGntpJntGG m zp2wlJ.w up2wtJ.wJp}l UJ.illhUJ.W
GntpJwG ljwGnGGhp[!: 

5.2. < wtfwljglfuu} ljbpbpfl Wfl/IJW!]f1fll/}JWU ljwqtfwljbpUjUWU 
lJ/WJUWUilbpf! 

l..hpyw UJ.lUJUWGGhpmu hwuwlJ.gtlw<) yhphp}l l}lnpp ohnGwpljmpJmGGh
pmu L. :phpuhpwJpfi m up2mGmhuw1pG wpmwqpwuwubpmu mhJ:uGntnqpwqwG 
qnp<)nqmpJmGGtpn hwuhuwmwpwp I!Pl UJ.bmp t I.JlGhG: OppGwy, uUJ.flmwljm
gwtlflmwupGwJpfi hwtlhtmuGhp[! GwJ:uypGmu wGuf12wUJ.hu qnp<)wpwGGhpmu 
tpG UJ.Wmpwummu L. pwtJ.wywG pwpq qnp<)nqmpJmGGhp tpG ywmwpmu: 
L.hp4wJmtfu Gzqw<) l}lnpp wpmwrirwuwuhpG WJI} hwtlhtmUGhp[! UJ.Wmpwump 
tJ.P6wymu UJ.hmp t olmp phphG: l..wJ:uypG qnp<)wpwGGhpmU UJ.wmpwumqw<) 
hwuwygtlw<) ybphp[! hpuGwywGmu hwmptiwtlnpmu t}lG, }lu4 Ghp4wJpu wp
mwI}JlwUwuhpmu hwuwygtlw<) yhphpp hwmpljwtJ.npmU[! hwqtlwqhUJ. ywpnq t 
I.JlGht: 

.(,wuw4g4w<) yhphpp wpmwqpmpJwG hpzwmwytJ.w<) <)wGp m pwpri uwp
pwtlnpmuGbp UJ.whwG2n11 qnpo11qmp1mGGbp[! 411nwmhtmg hbmn wpmwqpw
uwuhpp L uhpGwuwppwtlnpmuGhp}l ywnmgtJ.w<)p[! GzwGwywl.Jl lwl}lntl UJ.wp
q4mu t, pwGwy(! l}lnppwGmu, L. wuhGwljwpLnpu' ywUJ.flmwt GhpI}JlmUGhpG hG 
G4_wqmu hbzmwGmu t zwhwqnp<)ntU[!: 

.(,wuwygtlw<) ybpbp}l :pbpuhpwJ}lG tiwu up2mGmbuwjpG wpmwqpwuwuh
pmu Gwtuwmhuqmu hG hhtnL.Jwt mhJ:uGntnqpwywG qnp<)nqmpJmGGhp[!. 

-hmup}l umwgmu, omwp tuwnGqw<)pGbppg uwppmu L UJ.Whbumwqnpmu, 
-hwmpywj}lG lthphpp l}lnJ:uwI}IlmU, uwGpmu L timmwymu hwUwUJ.w-

mwuJ:uwG pmGlthpGhpmu, 
-uwGpqw<) hwmfltiwJpG pwqwI}Jlwuwuhpp lwl}lwtJ.npqw<) uwmmgmu, 
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-uUJ.JlmwymgwtJ.PmwuflGwJ}lG hwtlhtmuGhpp ynunwymu pmGybpGbpmu L. 
lwl}lwtJ.npqw<) uwmmgmu, 

-hwuw4g4w<) ybphpp pwqwI}JlwUwuhpp IuwnGmu, 
-wGhpwcttzmmpJwG qtuwmu hwuwl.1.9tJ.w<) ybphpfl fuwnGmpriGtpp 

hwmptiwtlnpmu, 

-UJ.wmpwump yhpl1 wGuf12wUJ.bu uwmmgmuu l}lnluwI}Jlwuf12ngpG ywu 
tqwhhumwJpG pmGqhpGhpj1G: 

.(,wm}14wJpG PilllJ.WI}JlWUwuhp[! UJ.whhumwtJ.nphtm rituwmu, tunGwtJ.m
pJntG[! ~UJ.hmp t wGgG}l 15-16% -}lg: ..:.wmpy[! hpltwpwmL L. wGqnpmum UJ.wh

UJ.~Ghtm hw~wp lunGwtJ.mpJntG[! UJ.bmp t I.JlGp upGlL. 13%, flult 2tpuwumfl6w
G[! unm +IO C: lllwhbumwpwGGhpmu funGwtJ.mpJntG{! L. 2tpuwum}16wGC! pwpo
pwGwl.Jlu, wym}1tlwGmu t hwmpljll lthfiuwqnp<)mGhntpJntG[!, pGl G mqb4gtlmu t 
w<)fuw2php}1 mwpp_wtm<)muntJ. L lfiJ1 GJntpbp}l 4npmumGhpntl, wpwqwGmu t 
upl.J.PnopqwGpquGbpfl qnp<)mGbmpJntG[!, wnw2wGmu hG pnppnuGhp, wtJ.htw
Gmu bG uGGI}wpwp GJmpbp}l ltnpmumGtpu: 

UUJ.flmwtimgwtlflmwupGwJ}lG m hwGpwJpG hwtlhtmuGhp}l UJ.WhUJ.wGuwG 
ctwutitmu tiwfutJ.w<) t GpwGg ywqupg tiwu UJ.WhUJ.wfiuwG ll.J.WJUwGGbpflg L. 
ywpnq t tnwmwGtJ.bt l - 4 wupu: q_wpGwG L. wzGwG zp2wGmu, bpp 01}}1 hwpw
phpwywG tunGwtJ.mpJntG[! I.JlGntu t 80 %-pg pwpop, tunphmpri t mptJ.mu WJI} 
hwtJ.htmUGhp{! UJ.WhUJ.wG.ht 3-4 zwpwp: · 

lllwhhmnwqnptJ.nq pmuUJ.}l m zrnmp funGwtJ.mpJntG[! UJ.bmp t I.JlG}l 6-8 %, 
J:unphmpri t mptJ.mu UJ.whht wnwfiopG, hwmwljlJG L9tlw<) tJ.Pnwtimu, 2,5 u-pg nl 
w~bl.Jl pwpopmpJwUp: lllwhUJ.wGuwG [!Gpwgpmu uphpp}l 2tpuwumpnwfi[! 35-
40 C-pg pwpop lUJ.bmp t I.Jlfi}l: ..:.wGpwJpG l}hpbp[!, hwml}wUJ.bu wq[!, UJ.hmp t 
UJ.illhUJ.wfiht lnp zhGpmu L pmJL llllilll_, np I}JlwGg funGwtJ.mpJntG[! pwpopwfiw: 

53. <wtfwljglfwc7 ljbpbpfl qnjntpjlllll mubgnl/ 1/mppw,1wl/J 
Wfl/IJW!]f1Wtfwubp 

l..wlu4f1Gmu, Junznp UJ.hmwywG qnp<)wpwGGhpflg pwgp, qnp<)ntu t}lu uwL. 
hwuwygtJ.w<) lthphp}l u}12mGmtuwJflG ohnGwpympJmGGbp, npnfip oqmwqnp
<)mu t}lG mhqwywG hntUJ;![!' pwtitwqq}l u2w4wpmJubp, wntJ.mJm}l funmwump, 
pmuUJ. L uUJ.}lmwl}mgwtJ.PmwupGwJpG hwtJ.htmuGhp, npnfip umwgtJ.mu tpG 
hwuwygtJ.w<) 4hpbpj1 UJ.bmwl(wG qnp<)wpwGfihp}lg: 

..:.wuwtigtJ.w<) l}hphpp l}lnppwlwl}l wpmwqpwuwubpp ywquwljhpUJ.UwG 
hwuwp illPUlillI}Jlwtlmu tpG yhpw- L. hwtnflywuzwltnq up zwpp wqpbqwmubp' 
OKU, Of'M, ABM, K3C, 3AB L. WJtfi: 

<!,wuwt194w<) yhphpp wpUlWI}JlntpjWU Up~mfimhUwjpG qnpbwpwGGbpmu 
oqmwqnp<)ntu tpG MYK3-35, MYK3-50, OKU-10, OKU-15, OKU-30, OKU-50 
wqphqwmfihp[!: Cwm l}hUJ.Phpmu I}JlwGg hhtn upwupG qnp<)ntu · tpG funm
wumpp UJ.wmpwumuwG ABM wqpbqwmu, Of'M hwm}llJ.wtJ.nppl [! L hwm}llJ.w
u2wtinq 3AB L K3C mbuwlJ.fl wqphqwmfihp[! : 
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.C:,wubuwmwpwp uba mwpwamu tpG umwgb1 OKU-15, OKU-30 L OKU-
50 wqpbqwmfibp[!, npnfig tnb}uG)14w4wG pfimpwqpbpf! pbptjmu bfi wrumuw4 
5.1-mu: 

Cfil}hwfipwtqbu, WJU mbuw4p wqpbqwmCibpG oqmwqnpamu tpfi 
4nttnCitnbumpJmGCibpmu, }unphtnfitnbumpJmGCibpmu L u)12mGmbuwJtiG qnpaw
pwCiCibpmu ubipw4wu :f>mpwctwJpCi hwm)14)1g m qCin4}1 uUJlimwlJ.mgw-
4}1mwupCiwJpCi L hwCipwJ)lCi hwtJ.btmt1Cibp)lg tJlwnwgpnCi hwuwlJ.gtJ.wa 1.J.bpbp 
wpmwl}Jlbtm hwuwp: Upwfip oqmwqnpOtJ.nu} bCi fiwL 2wp114.wa hwm)14)1g L 
hwpumwgGnri PWIJ.Wl}JlWUlUUbp)lg (lunmwump, zpnm, WIJ.bp L WJtfi) hwuwpwl.J. 
4bpw}uwnCimpl}fibp tqwmpwumbtm hwuwp: 

Urunwwl; 5.1 
OKU mftll/fl wqpliqwmubflft mlijuuftf;wf;wu pumpwqplifll! 

5mgwCipzubp[! OKU-15 OKU-30 OKU-50 

Upmwl}Jlnrtwl.fwCimpJmClf!, m/ctwu 2 3 6 
Pmfil}bpfibpp pwfiwq[!, hwm. 

hwmp4)1 hwuwp 2 2 6 
wumnh hwuwp 4 6 6 

Pmfil}bpfibp)l tnwpnlJ.ntfJJntfi[!, u3
• 

hwm]14]1 hwuwp 6,3 9,2 38,4 
w11mnh hwuwn 18,4 36 38,4 

luwnCi]lz)l tnwpnlJ.ntfJJntCi[!, u3 1,54 1,54 1,54 
SbrtwltwJtJ.wa t1bqmpwzwpct)l.1_fib- 50,9 83 130,11 

IP'1 pCinhwGmn hQnnm91mfin, l.i'-lUl 
Utqwuwpl}nri wfioCiwlJ.wqli[! 2 3 8 
c+wpwp)ltnwJpfi iwtllbp[!, uu. 

bpl}wpntfJJntfi 13700 16540 17700 
twJfintpJmfi 5040 6640 14510 
pwnonm91mfi 6770 7470 9080 

CfirPiwfinrp qwficuJwap, m 8,32 11 ,57 18,00 
Sbqwl}WJUWU uwqbpbU[!, u2 48 57 106 

OKU-15 wqpliqwm[J pwql.J.wgwc) t 1.J.bpbpfi [!Gl}mCibtm, 2wpqb1m L 
_luwnfibtm tnb}llCin1nq)lwl}wfi qabp)lg : 

lrbpfi [!Gqmfibtm L 1.J.bpw}uwnCimpq tqwmpwumb1m q)la[! pwql.J.wgwa t 
l'.iblJ.Pwtlnp qwqqwh)lg, Juwnfi)lz)lg, liwqCipuwl}wG uwppn4. Cinp)lwJ)lg L 
Cinppwjp zCib4)1g: tibIJ.Pw4.np qwqqwh[! pwlJ.l}wgwa t [!Ciqmfinq pmGl.J.bp)lg , 
c'.ibIJ.Pbp)lg L. pbnfiwpwipnq }unnn.1.n4. zCib4)1g: luwnGpm lJ.wqlitJ.wa t pmCilJ.bp)lg, 
mqqwopq Juwnfinq zCib4)1g, pbnCinq Junrtntlwl.J.pg L pbnCiwpwtllnlJ. }unnnz)lg : 

lrbpbp)l 2wpqliwCi q)lG(! l}wqumu bu bp4m hwm)ll}wJ)lfi pmCilJ.bpfibp[!, 
.1_wipwtJ.npn1J. zCiblJ.[! L 1.J.bpbp)l 2wr'lJ:liI! (K.J:(M-2)' g)11.J.1nCi)l hbtn li)lwu)lfi : 
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CCirµnCiuwfi, iwtllwtJ.npuwfi, Juwnfiuwfi L pw!J.Wl}pwuwubp]1 mpuwG q)lb-£! 
l1wqutJ.wa t inpu pmCi4bpGbp)lg, npnfip fiw}llwmbutJ.wa bfi wump)l hwuwp L 
mCibCi zwtllwtJ.np)lzCibp, fibppL)l nLIJ.1J.w6]1q L pbp zCib4fibp: 3 mpwpwCiLJmp 
pmfi4bp)l fibppL]l }llnnnz)l mw4 tnblJ.Wl}[ltlwb- t awtJ.w1wJpG .1_wipw4npp.1_, npG 
wtqwhntJ.mu t 4tpbpp hw4.wuwpl.UzllltP L l'.ipzm uwmmgmu[!: 

OKU-JO wqpliqWm[J 4wqt14wu t Cintjfi hpuCiw4wCi wzJuwmwCipWJ)lCi 
opqwGCibppg L ub}llwfipquCibp)lg, mfi]l:f>)14wg4wa t OKU-15 wqpbqwmp hbm: 
SwppbpmpJmCifi WJfi t, np OKU-30-fi wump]l hwuwp mfi)l tJ.bg pmCilJ.bp, bp4m 
K,D,M-2 2W[11}]1z L ubu OwtJ.wtJl hwtn)14WJ)1Ci pmu4bp: 

OKU-50 wqpliqwm[J pwlJ.lJ.lllgwu t bp4m OKU-30 wqpbqwmfibp]lg, npnfi 
g)lg t1b4Ci oqmwqnputlmti t hwtnp4£!, pu4 bpl.J.pnpilf! ' Wl(lblJ.bU[! uzw4btm 
mb}ufin1nq)lw4wfi qabpmu: f1. mwppbpmpJmfi OKU-30-p, OKU-50 wqpbqwmfi 
mfi)l bpbp KLJ:M-2 2wpq]l.1_: 

OKU tnpUJli wqpbqwmCibpCi wz}uwmmu bfi hbtnLJWl tnb}llfin1nq]lw4wG 
u}llbt1wJn4. (Cil.j . 5.1 ): -!.wmp\.jf! tnp4.mt1 t l'.iblJ.PwtJ.np qwqqwh)l [!CirµnfiuwCi pmCi-
4bppg (1), npmb11 uwpptJ.mu t 4n11uGw4]1 wnwplJ.wCibp]lg L. wfigfibtn4. }uwnfip
.1.n4. (2) umfimu t finppwjp (3) ub2: \...nppwfi hwmp\.j[! uwmmgmu t uwqCipuw-
4wfi qm]lz)lCi (4), npmb'l. WJU uwpptJ.mu t ubtnWIJ.W4wCi 4brtmnmtJ.wampjmCi)lg 
L zCibl.jntJ. (5) nLIJ.W[l\.jtJ.mu hwuwtqwmwu[u wG hwmp\.jWJpfi pmfil}bp: <!,wulll
fiuwCi mlJ.lln4. utqpmwqntgwtfilmwu]lfiwJpCi L hwCipwJpCi hwtJ.btmufibp[! uw
mmgtJ.mu bfi wump]l pmfi4bp: 

11 

ulj. 51. <wlfwljgtjwu ljbpbpp OKL{-30 wqpbqwwp wbjuOnfnqpwljwfi ujublfwfi 

Ubipwl}wCi hnu1p)lg hwpumwgfinri hw4.b1muCibp UJWtnpwumbtJlu }uwn
Gpz)l pbnCiwpwtllnrt }unnnm tllwl}mu bCi L. Gpw ub2 19Cimu hwtlbtmufibp)l 
pwriwqpwuwubpf!: SblJ.11 t mCibCimu }uwnGbtm tqpngbu[!: UJCimhbmL pwgmu 
bG JuwnCipz)l pbnfiwpwlfinri p.mnn.1.£! L UJWtn(l WUtn]1 hwtJ.btntU[! Cinppwjp L zGb4)1 
(5) up2ngntJ. mriwpl}mu wumpp pmfil}bpfibp]1g npL.t utl}u: 

<!.wm]14£! pmfil.J.bppg iwtllwtJ.npnlJ. zGblJ.ntJ. uwtnmgtjmu t 2wpajlz)1G (6), 
WJI} qbtqpmu liwmmgliwG ]1CitnbCiuptJ.ntpJntfi[! 1.J.wpqwtJ.npmu bu ipnipnfubtn4. 
zGbqp tqtntnliwCi hwow}umpJntfi[!: liwCipwg4wa qwfiq4wa(! oqwli1J.Pin4. 
umbqOtJ.wa ol})l hnuwfip]l oqfimpJwlip JunrintJ.wltwzwpntJ. mqwp44mu t gJ14tnfi 
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(7), npmtajlg ummp t {\npomu 2wpqptli zGbiI (8) L. pwdwGtJ.mu [!utn wumpp 
pmGqbpGbpp: 

PmGqbpGbpntu pbnGtJ.wO- hwmpqlllJpG pU1qU1qpU1uU1ubp[! L. UU{pmw1Im
gU1tlfltnU1upGU1JpG hwtlbtmU:Gbp[!, U{lllhlllli2tlnq ptuGlllqntpJtuU:p m hlllptupb
pmpJtuU:p, (!UU1 OU{bpwmnpp hpwhwGqp wtJ.mnuwtn mptJ.mu bG GbppL.p zGbqpG 
(9), npG pp htpppG mwwu t mqqwo pq zGbqpG (I 0) upwdwuwGwq tlln}uw
qpbtm L. wG[!Gqhwm juwnGbtm hwuwp: <llwmpwump qbp[! juwnGbtm L. 
tllnjuwqpbtm uwngbu[! wtJ.wpmtJ.mu t pbp zGbqmu (11): 

SbjuGntnqpwqwG U{pngbu[! wtJ.mnuwmwgGnq up2ngGbp[! L. huqnq-Gwjuw
qqmzwgGnq wqqwGzwGGbp[! hbzmwgGmu bG ull{wuwpqnq wGoGwqwqup 
wzjuwmwGp[! L. hGwpwtJ.npmpJmG bG mwwu umwGwt tuJGU!Jlup hwuwqgtJ.wO
qbp, npp nptulil! w mwppbptl_mu hwuwqgtJ.wO- qbpbpp wpqJmGwpbpwqwG 
wpmwqpmp JmGpg umwgtJ.wO-pg: 

\,qwpwqptJ.wO- OKU mpll!Jl wqpbqwmGbpp qppwnmuntl qbpwjuwnGmpq
Gbp[! hwmpqwtJ.npbtm hwuwp Cipw qnU:U{tbiimmu wtJ.btwgGmu bG HTK-306 m 
KW-2 qbpwuwGpp~Gbp L. orM mpll!Jl hwmpqwt[npnq uwppwtJ.npmu: 

MfK-306 ubpbGtuJntl uwCipwgGmu bCi qnll{pU1 qbpbp[!, KW-2 ubpbCiw
Jntl tJ.bpwO-mu bCi wumpp m liJCimu hwuwll{wmwujuwG pmGqbpGbp[!: liJCim
hbmL. hwmpqw:pmpwdp, ull{pmwqmgwtlJ1mwupGtuJpG hwtJ.btmU:Cibpp, 0-qnmp L. 
juntnp U{tumpwump pwqwqpwuwubpp juwnGmpq[! uwmmgt[mu t hwmpqw
t[npplfl pmGqbp, junGwt[wGmu m hwmpqwtJ.nptJ.mu: 

\,q. 5.2 -mu pbpt[wO- t GqwpwqptJ.wO- bqwliwqntl hwmpliwtJ.nptJ.wO
IibpwjuwnGmpqlibpp wpmwqpntpjwG mbjuGntnqpwqwCi ujubUwG: 

ulj.5.2. OKJ..I cn/uqft wqpbqwcnubpnt/ hwcnftljwtfnptfwc> ljbpwjuwnumpIJObpft 
UJWcnpwucnt.fwu mbjuun1nqftwftwu ufubtiwu. 
1-t.fwl], 2-pbnuwtfnpt.fwu Junnn1, J-ljbpw1ftu hwtf b1muubpft Juwnuft1, 4-unpftw, 5-
cfwquftu, 6, 8-zubljubp, 7-gftlj1n[i, 9-gpnlJ uwpp, 10-zublj, 11-MM-2 hwmftljw
pwpIJ/11, 12-hwmftljw!pmpwdft pmuljbpubp, 13, 14-wlJlwut.fwu qwuqtfw(}ft 
pmuljbpubp, 15-1wcftwtfnpft1ubp, 16-ubppf,ft zublj, l7-m1J1Jwdftq zublj, 18-0I'M 
hwcnftljwtfnpmlft ubpMnl] junl]ntfwlj, 19-Ur]ncnft {, Juncnft UWUJlftl l1I'K-30E, 20-
pndiljbp-gftlj1nu, 21- MY-2 ljbpwcfwupft1 
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5.4. <wuwljglfw<7 ljbpbp]l wnwpwpljlfnlf WflWW11f1WUwubp]l 
1.jwnmglfw<7pw1]10 ujuMwObpf! Ii bpw2JuwlfnplfnlJ lfbpbOwObpO m 
uwppwlfnpnuf{ibpf! 

3mpwpwG~mp wpmwqpwuwup mbjuGntnqpwwqwCi ujubuwG U{btnp t 
qwnmgbt hwuwqgtJ.wO- qbpbpp wpmwqpmpJwG qwquwqbpll{U:tuG m zwhw
qnpb"UwCi qwGnCiCibppli hwutull{tutnwujuwli: liwjutJ.wO- mbjulipqwqwli hwqbg
tJ.wO-mpJmlipg, wpmwqpwuwup mbjuGntnqpwqwG qnpb"[!Gptug(! qwpnq t t11Gbt 
pwpq qwu U{tupq: 

~wuwqgtJ.wO- qbpbpp U{wmpwumuwG wubGtull{tupqwqntJG bqwCiwqG tuJG 
t, np pntnp pwqwqpwuwubp[! Ciwjuopnp Gw}utull{tutnpwumtJ.bt bCi, mbqw
tJ.mjutJ.bt wpmwqpwuwu m l9tlbt hwutull{tumwujuwG mwpnqmpJmGGbpp (3 L. 
4) ub2 (Gq. 5.3): Upmwqpwuwumu mbqwqtuJtJ.tuO- t [!GqhwmmuGbpnt[ qnpb"nq 
juwnGp~ (2), npf! umbqO-tlbt t ubp qnqupg L. GbpliwJmuu mwptJ.mu bG qpmw
tjmpo GwqwG hbmwqnmmpJntGGbp: 

1 

ulj. 5.J. <wt.fwljgtfwc) ljbpbp/1 UjWpqwqntjU Wf1WWl]J1WUWU 

UpmwqpwuwuG wzjuwmmu t hbmL.JtuL qbpll{. Jmpwpwli~mp pwqwqpw
uwu U{tuhwG2tln11 mnqnuwJpG hwpwpbpntpJtuU:p Iiznmu m liJGmu bG 
[!liqhwmmulibpnt[ qnpO-nq Juwnliptli (2) ub2: Opnz ctwuwCiwq wz.tuwmbtmg 
hbmn, U{tuppbpwpwp wwwlwtllntl ummqmu bli JuwnGtJ.wb"pp hwuwubnmpJwCi 
tlfll'itulil! L. JuwnGuwli qnpb"[!Gptug(! zwpmGwqmu tuJGpwG dwuwGwq, upGlL. np 
utiiwgtl.Jl hwt[wuwpw~wtll .tuwnlit[wb" hwuwubn hwuwqgtJ.wO- qbp: liJlimhbmL. 
JuwnGJltlig qwmwpqmu bG hwuwqgtJ.wO- qbp[! mwpnqmpJwG (l) ub2 L. 
mqwpqmu l!Um GzwliwqmpJwCi: 

~wuwqgt[wO- qbpbpp U{tumpwumuwCi wnw2wpqtJ.wO- U{tupqwqmJG qw
nmgtJ.wb"pntl wpmwqpwuwup wpmwqpnqwqwCimpJntlil! tllnpp t: \,wJuCiwqwCi 
hwztJ.wpqlibpntJ. w3Ci qwqunu.I t 220-240 qq/hbpp: Phwpqb, lllJI} pwCiwqmpJmG[! 
LPM pwtJ.wpwp t tllnpp m up2pG ubO-ntpjwG .'!>bpubptujpG mGmbuntpjmGGbpp 
hwuwp: 

lvnznp .'!>bpubptuJJlCi mlimbumpJmCiCibpp m up2mCimbuwJpG wpmwqpw
uwubpp qwquwqbpll{uwG hwuwp wnw2wpqtJ.mu t hwuwlJ.glj,U10" qbpbpp 
u1wmpwumuwCi hwubUwmwpwp pwpq, ptujg wz.tuwmwmwp qnpb"nqmp jntCi
libp[! (hwmqWU{GU qbptuplllqtuqpWutuubp(! ~llltPWtJ.npnfl) ubpbfituJWgtj_wQ
WpU1tul}pWUlUU (Gq. 5.4), pn1np mbuwqp qbpbpl! uwGpwgt[mu bu wpmwqpw
uwumu qwu qpg pwdwliumCipmu: 
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Upmwl}JlwUwul! pwrJ.f.twgwo t uui)1mwf.tmgw4J1u1wu)1GwJJ1G hwtlhLmU
Gbpp pmG4tpGbppg (3), npnGp mGbG }lpt;Gg Jntpwhwrnm4 iwl}1wl}nppiGbp[! (6), 
wnwGapG lJ.bpwmtuwlJ.Gbpp pmGLJ.bpGhp}lg (5), ppbGg wnwGapG iwtJlwtJ.nPJ'li
Gbpntl (6), lJ.bpwpwqwl}JlwUwubp[! hwuwuiwmwuJ:uwG pmGLJ.b11Gbpj1 uwmm
gnrJ. qmJ:uwllJlptlJg (4), pnlnp mbuwqp qbpwmbuwqGbpG [!GqmGn11. m qbuiJ! 
4tpwJ:uwnGp}. mt11.wtJmJ:unq l}mJ:uwl}fl}l}.}lg (2) L. ·wG[!Gqhwm qnpbnqntpjwllp 
J:uwnG}li]:lg (l): 

1Jwu11wgnLl.l1---------. 

5 

1 

ulj. 5.4. <wlfwljgqw<)" ljbpbpfl llfWU1flWUU/UW0 lfbpbOWjWgt/W(} W[JUlWIJ!lWUUJU 

UJ1UlWl1JlWUWUCi wztuwmmu t hbmL.JWL hbppw4wCintflJWUp. UJ.Whhumw
pwGGtppg optJ.w hwuwuiwmwutuwG pwGw4Gbph 4bpwpwqwrirwuwubp(! mb
riwtfinJ:umu bG qhpbpp Gwfuwll{wmpwumuwCi mbqwuwu: U1umbq uw!ipwg
Gmu bG L. ntTJ.Wpqmu pwctwGwpwp zCibqwJpCi tfinluwqppl (4): '-lbp2pGu uw01m
gmu t hwliwl'!wmwutuwG pmGqhpCitppG: illwmpwumtJ.nlJ. hwuwqgtJ.wb [J.bpp 
pw11.w11Pwl}wqupg lJwtutJ.wa' pmGqbpGbpp mw4 mbTJ.w4wJtJ.wa l.WtlJwtJ.nppl
atpp btpbp[I Gwtuopnp 4wpqwtJ.npmu bCi: ~wtJ.1wtJ.np}liGbpf! qbpbpp m hwtJ.b
tmtiCibpp ll{WhwG2tJ.nTJ. pwCiw4mpJmGCibpf! pmCiqhpCibppg pwg bG pnf"\Gmu 
hnppqnGwqwG, tJ.bpL.pg pwg, zGbqwJpCi tl.mtuwqppl}l ut2: liJCi mbqwl}1n}umu m 
uwmmgmu t wG[!Gl}hwm qnpan11mv1wup J:uwnGfll : illwmpwump hwuwqgtJ.wa 
4bp[! mt11wtfin}umu tG uiwhbumwpwG ljwu (!Um uiwhwG2w11l}ll : ltbptpp m 
hwtJ.btmuGbp}l ll{whtumwpwGCibp[! mGmbuwll{bu Guiwmwqwhwpuwp t qwnm
gbL WJ1lnWl}JlWUWu}1G LJ.pg L qpwGg t}lnJ:uwqpmuGhp[! qbll{}l W[1U1WIJJ1WUWU 
LiwmwpbL umwg}lnuwp uJ12ngGbpntJ.: Dpuitu qmluwllJlpzubp qwpbtJ1 t oqmw
qnpbht zGb[J.wJpG[!, 2'1JlWJWpbppzwJ}lG[!, ctwL4wtJ.bGwj}lG[I L. GntJG}luq U}GL.
uwmpqw4wG[!: 'l-pwGg [!GmpntpJntG[! U}WJUwGwtJ.nptJ.wa t qbpwJpG pw11.w
'lflWUwubpp ~pqpqwubJ:uwCi}l[J.wqwG hwmqmpJmGGbpntJ., t{lnfuwqpuwG hbnw
tJ.npntpJmCintJ. m pbpmpjwCi wGl.umGntJ., tfintuwriPuwCi ll{WhwCi2tJ.nri wpmw-
11J1nriwqwCimp1mGntJ., qhpbpp qnpmumfibpp m wqummtJ.hLnt pwgwnmuntJ. L WJL 
l'!WJUWGGbpntJ.: 

126 

. Unw2wplJ.l}nq l}m}uW11J1}1iCibp[! 4wpbt}1 t lljWmpwumbt wphbumwGngw
.1l1G tl{WJUwGGbpnu.l: 'Uq. 5.5-nu.i pbptlwb bG libp qn11.upg U}WmpwumtJ.wb 2Gb4-
ubp}l Gum2Gtpl!: 

'UIJ. 5. 5. UphbuwwOngw1/1u UfWJU1U{i(ibp11uJ UJWU7f11UUU7l/1UO' z0blj0bpf1 OlimzObp 

~wuw4gtJ.wo- 4hpbpj1 wnw2wp41.J.wb wprnwqpwuwubpmu qtpbp[! uwG-
11wgGt;tm hwuwr trw2tmutJ.npnu.l bCip oquiwqnpbbt ubp qnqu}lg u2wtit.J.wo L 
turmwqpmpJwG UjWJuwGGtpmu J:lrbCig wpqwpwgpwb t{lnppwlwtfi m 
l.Gtpqwubunuri.wJ:uGwJnri. ubptCiwCihp[!. 

- lJ.nuiflm qbpbp[! UwGpwgGbtm hwuwp' Ci4. 3.23w-mu Gt pljwJwgtJ.wb 
utptGwG, 

- qmaj1m l.J.bpbp[! wumpp t.J.bpwbbtm hwuwp' Gq. 3.23p-mu GbplJwJwg
L!wa uhpbGwG, 

. - J:umwgpwc) qbpbp[! UwGpwgfibLm hwillllp ' Cil.J.. 3.22-mu GbplJWJwgtJ.wc) 
1\b1~bGwGbp[! : P.um npmu l}Jlwfig [!GtnpmpJmG[! qwJ:ul}wo t wpmw11J1wuwup 
wpmwqpnqwlJ.wGmpJntGpg, 

- hwCipwJ}lG L. [!GqhwGpwuitu qnzm nt hwmpqw1}1G qbpbp[! uwGpwgGb
Jnt hwuwp ' Gq. 3.24-mu Gtp4w1wgtJ.wa utptGwG, 
. - lJbpwj}lG pwrJ.wqpwuwubp[! L uuwmw4mgwtl.J1mwuj1Gwj}1G hwtJ.btmu

libp[! J:uwnfibtm L. hwuwubn hwuw4g4wb 4hp t4wmpwumh1m hwuwp ' G4. 
3.23w-mu Cibp4wJwgtJ.wb ubpbGwG, 

- npuihu CibpwpU1W11J1Wliwuw1}1G lfintuw11J1}1}.Gbp Cilj. 5.5-mu Gbp4wJwg
tjwb" 2GtqwjpG t.pnJ:uw'lJ1pi Gbp[!: 

PmGqtpGbp[I qwpbtJ1 t uiwmpwu01bt gwCiqwgwb tdwG m mbrJ.wljwG 
G.Jmpbppg, lwlfiwtJ.nppi GbpCi [!Cimpbt brJ.waGbppg: 'U2b!ip , np pmG4bpGbp}1 m 
l.llll}1wtJ.nppzGbp}l GwJ:uwqbUwCi m U}wmwpumuwG ntTJ.qntpjwUp ubp 4nriu}lg 
h~mwqnmwqwCi L. 1.J.nGumpm4umpwCiwJ:uwqbw1}1G wzJ:uwmwGpGbp mwptJ.mu 
t.G: <l>npowpwpwqwG q}1mwhbmwqnmwqwG wztuwmwG12 Cibp bCi mwptJ.mu 
CiwL [!Gl}hwmmuGtpntJ. qnpb"nflntpJwUp tuwnGpl}l uiwmpwump Gum2}1 4wnmg-
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tJ.w{)pwJjlfi tqwpwutmptpjl L. zwhwqnpawljwfi nhct}luubp)l oll!mJltiwtwguwu 
mqqmpJwUp: CmmntJ. 44wquwl.Jbp1.4lJ.hCi 11J1WUg wpwwI}J1wqwCi tJlnpawpl.Jmu
CitpCi m Citp1111uwCi wztuwmwCipCibp{!: 

t>fiLUihu mtufimu tfip, hwuwljgtJ.wa l.J.bpbp)1 U1wmpwumuwCi ~tputpwJJ1Ci 
L. u)12mCimbuwjpfi \}lnppwlw\}1 m PPL 4wll!JlU1U~l (ibpqpmufibp U1WhwU2nri. 
wpmw1111wuwutpp fibp11J1tiwfi hCiwpwtJ.npntpjntfifihpJ! qwfi, UCimu t, np 11f1WCip 
tuhtwgp L. hwztJ.bCil.Jwm oqmwqnpffilbfi: 

5.5. Ulilfmwliqmp;wfi mlijulift{jwfi L. hwljwhpIJlihw;ftu 
tfjlpngwnnuf{ibplJ hwtfw[fglf wO- ljbpbpft WJ1U1WIJ11Wtfwubpnuf 

<!,wuwqgtJ.wa qbphpp wpmw1111wuwumu ll!hmp t tuummpJwUp U1Wh
U1Wfiht wfitlmwfiqntpjwCi mhtuGJlqwjp, wztuwmwCipp UIW2UllllWCintpJWfi, 
hwlJwhpqthwJpG nfiflhwCimp qwCinCifibpJ!: <!,wuwqgtJ.wa qhphpp wpmwqpw
uwumu wnw2wCimu t CizwGwqwlJl pwGwqmpJwtip \}lnzp: liJG wnw2wGmu t 
hntUpp Uwppuwfi, Utufipuw(i, fuwnfiuwfi, 4znhtnt lt UJ.WUlpWUUlp Uphppp 

\}lwphpwtJ.npuwG qnput!GpwgGbpmu [81]: 
<l>nzjlG zbpmntl Gumwa ljwu tqwn!Jwa tl)lnwl.Jmu hpqbhwtJ.mwGq lt, pngjl 

wnlJwJmpJwfi qtuwmu wJptJ.mu t uwqtptuntJ., wnwfig mwpwai.J.htm zbpmjl 
Gtpu{!: UwqwJfi, bpb jlCiL-np uiwwnwnntJ. Cimnwa l}lnztiG pwpapwGw oq (oq)l 
1.Jmpml.J zwpchuU, hwpt.J.wa L. WJtCl), WUJ.W lJwnw2wfiw tuwnfimpajl pnfiqlJ.btnt 
tJ.mwGq: <l>nzm pnUl.Jmu qwpn11 t wnw2wGwt hbmLJWl ll!WJUwfi(ibpmu. \}lnzjlCi 
npnzwq)l )ummpJwup t lt ht21.11 pngwtlwnitm1, pnfil{tlhtm hwuwp oq[! UJ.Wpm
Ciwl.Jmu t pwt.J.wpwp pwUwqmpJwUp pptJ.wa)lG, pwt.J.wpwp 2tpuwum)lnwUntJ. 

2tpumpJwU WJU!Jmp)l wnqwJmpJwU qtuwmu: oph WJfl qnpanGCitppg utl.Jn 
pwgwl.JwJmU t, wui.w pnGIJmu w tJlGp: 

"Vumwa \}lnzjlG npnzwlJjl ll!WJUwGfibpmu qwpn11 t )lGpfiwpnGljl[bL: 
3 (!um uwu)lmwpwl.JwG Cinputp)l, wz)uwmwfipwJ)lG mbqwuwu)l 1 u oqmu 

1.}mzm 1.JmmwquwCi tummpJntCiJ:! Llllbmp t wCigGp 4 uq-Jlg: Uz)uwmwCipp 
pwpbGui.wum ll!WJUwGCibp umtqb-t1m hwuwp wpmw1111wqwCi L U1Whhu1.11w
pwCiwjpCi zhCipbpmu wGhpwctbzm t uzmwuitu l[tpw9Gb1 l}lnzm wnw2wguwG 
02wtuGhpJ:!, hbmL.bt wupnri.2 oqwtunri.ntJ.wljwzwp)l wpmwb-MwCi Cinpuwt 
wz)uwmwGppG, :PP.tmphpJ:! LWtl hbputmpl.JwgtJ.wb- m wz)uwmwGpwj}lG tl)lnw
ljmu ll!whht: f!ntnp mttuun1nq)lwqwfi L l}lntuw1111wqwG uwppwl[npmuGhpJ:! 
ll!bmp t uwppJlG lJlubu: 

Upum111f1w!Jwu lt UJWhbmnwpwCiwjpU zbGpbpmu wGhpwcthzm t upzm 
U1WhU1wGbt uwppntpjntfi: 

4wjajl wnw2wguwG WlJ.PJmp 1.JwpnlJ. tG lJlGbt mnwmjll.JwqwG titqmpw
qwfimpJwCi Uigpbpn: <!,wuwl.Jgl[wa qbpbpp atnGwpljmpJmfiUbpmu rwwGp 1.Jw
pnq tG wnw2wGwt l}lntuwqpwqwu ub)uwGpquCitpmu, jlCipGwhnu tunri.nl[wq
Gtpmu zwpctl{nq uphppp z\}lmupg, ump6wJpG 2wpqflLGtpmu, qpmCiwl.JwJJlCi 
qwqqwhfitpmu, )uwnGpLGtpmu lt uwqnl[ wGgGnq uwGpwgl(wa uphppmu: 
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UmwmJ14w4wfi tLh4mpw4wGmpJmCipg ljwjb'p wnw2wguw(i l{mwuqpg 
1umuw\}1htm hwuwp wupnri.2 uwppwl[npmun ll!htnp t hnqwfigtr 

UpmwqpwljwG L ll!WhtiutnwjpCi ztCipbpmu 1.Jmpml.J wpqbtt.J.mu t pwg 
l111wltJl oqmwqnpantUJ!. t1tlt1.11pwqwqwJ}lfi bnwqgmu, qnquwG 1wull!, lWll!Ulhp 
[, WJ1Ci : Upqt1l[mu t a)utw: Ufihpwdhzm t htmLb1 tthltmpw1wuuitpp htpub1.11)1-
lJ11LJlJWUt! L Uzmwll!hu qpwfig tlPWJpg uwppt11{1nzpu: 

Ulllwuwpnqnq wGaCiwl.)wqul!, )1Cictbfibpwmb)uG}l4w4wCi wztuwurn11GhpJ! 
tqbmp t hbmL.b(i, npui.tuqp ubpbGwCibpJ:i m uwppwtJ.npnuSCibpp PllLDP UJ.UlUllJ.nri. 
t\wutpu hmuwlJl ll!ill2UlUJWCil[wc)- LJlGh(i WUntp ll!WUll[wpCibpnl(: UbpbCiwuhp}l 
m uwppwl[npmufibpp finpnqmun, qGCimun, uwppmul! qwpblJl t 1.Jwmwpt1 
1I!1wJG pnlnp ll!Ultni.J.nri. hwGqmJgfitpp lPPtl l.)wCiqwnpg hhmn: Uwppwi.J.npmu
(il:ip}lu UU1wuwp4nq wCia[! U1hmp t hpwhwCiqwl[nptJ.wb' LJlCip wGl[mwGqmpJwfi 
u1ttufip!JwJ}l l.jwfinCifihpntJ.: 
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µuctP'U 2. 4t;f't;f' lJL,U4fl'l Ub.£!b'UU'Ut;f'p-<!_t;SUQflSfl1'fcT3U'U, 
UPSUf}..f'U4U'U <Dflf'OUf'4flHfvbf'P fll' S'USt;UU4U'U 
Uf'f}..3fl1' 'U U '-l_t;S01'fcT3U'U Uf'f}..301' 'UJ:!'Ubf'C 

6. 40'11.PS b'-l-<!.301:-fcTULP 4bf'bf'P UU'\.Jf'p'.)'Ubf' 

6.1. fl1fij11/bpuwf ifwfipftffi ljwnmgcfwr}p[} Ii w2fuwwwfip[} 

lfwupflL utptuwJfl nuqhwump mtup[! mptJ.wa t uq. 3.23w -mu, flult qw· 

nmgtJ.wapwJflU up.ibuwu' uti. 6.l -mu: 
8 Uhptuwu pw11tiwgwa t qtwuwaL 

pmultbpflg (8), hwpp 11wuwqpg (3). 
npfl tll1w mt11wltwJtJ.wa tu 11wuwtit 
utiwmuwup qpppfl 4wpqwtJ.npuwuf 
ppwtiubp (4): f}..wuwq[! 4mu11p oqum 
pJWUp uumwo t wuup2wUJ.tu ttt4 
mpwzwpdJlLP (1) tJiutnp tJ.pw: 

lJhpbUWU wzJ:i.iwtnntU t httnuJW 
titpl.l.{. atnpp qnpapputpntl 4tp1 
1_9Cimu tu pmGqtpp (8) ub2, l.l.{111tntlrn 
qwuwtin (3) uwupwgumu L ppwlj 
ubpfl (4) tin11upg wnw2wgn11 oqp 
hnuwUp[! UWUpwgtJ.wa qbp[! l}nt(1U t 
m11wpqmu: 

f}..wCiwqp (3) uqwmuwup ppwlt-
ubpp (4) 'lPPPI! tJ.mtJmJ:i.lttntl uwuptJ.wa 
qtp[! qmpu nu1wpltnrt oqp hnuwupp 
ntd[! ubawumu qwu tJ.mppwumu t : 

'Ulj. 6.1. <.;mpwtJ1, ljmq/1ui L juuiwgpwa 4wll1WPPLI! (6) pmJl LP tnwt.Pu, np 
ljfipfip cfwupwgUn!J ntU/11/fipUW[ cffipfiUWJ/1 qtUtnpnUWJ:i.lntJU ntdp hwpqWl}j1UWUp 
ljwllmgt/wdJJw;flu ujuficfwu UJ.mmtlnrt 4tp[! pmuqbpflg qmpu qw: 

DWP J:i.inrintJ.wqp (10) ummpflu mtriwqwJtJ.wa gwCigp (15) ipnipnJ:i.impJnt

Gntl tiwpqwtJ.nptJ.mu t titpp uwuptJ.wapfl Lwipu1r . 
UhpbUWJfl zwhwqnpMwCi Wpl}JmuwtJ.tmmpjntU[! pwpapwgubtm Gl.l.{W-

mwtintl wGhpwdbzm t mtuwqwu L qpmwtJ.mpauwqwu htmwqnmntpJmuut
pml oUJ.mpuwtwgubt mtp.iuntnqpwltwCi m tiwnmgtJ.wopwJpU UJ.Wpwutmpbp[! L. 

zwhwqnpawtiwu ntdpuubp[!: 

6.2. fl.nwnpwJftfi ljbpwifwfipftffi wbJufin1nqftwljwfi 
UJWpwifliwpbpft oUJmftiiw1wgmif[} 

4tpwuwupplti mtp.iuntnqflwtiwu qnpanupwgmu qwplillp uzwuwqmpJmU 
mup uwupwgtlnri UJntpp uwupuwu wump6wu[!' Lwl\1Utp[!: liJ'1 qnpanupwgp 
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npwqwqwu gmgwupzutpn qwJ:i.itJ.wa tu up zwpp wpmwppu qnpanCiutppg, 
npnug ut2 qwplillp qtp mCibCi qwCiwqutpp pwCiwqu m uptJ.wapn, pupmqp 
(qwCiwl}ll) 2p2wqb"wjpU wpwqmpjntU[! L Ol}p hnuwupp uppqwjGntpjwG 
wumpowGn, npp wqqtgmpJwUp qmpu t 21.l.{pmtJ.mu uwCiptJ.wa qwGqtJ.wan: 

f}..pmwpqtup qtpp uwGpuwCi mtp.iuntnqpwqwu qnpb"nupwgp hwztJ.wplJ.11 
mbumpJntU[!: 

QwCiqtJ.wb"[! uwuppL t uwmmgtJ.mu tJ.bpLpg L upCiLL. pmuqtpp hwmwlJPCi 
hwuCiblB qmpmtJ.mu t : 4mpuwu wnwtJ.btwqmJCi pwpapmpJmun qwJ:i.itJ.wa t 
liwJ:i.l L. wnw2 qwuwqp qmpn11 uwjpp m pmCiqbpp hwmwqp up2L. t11wa 
hbnwtJ.np~tpjntUpg : fl.nmnpp l.l.{Ultnuwu wpwqmpjmupg L. qwuwqGbpp ptJ.Pg 
l1wJ:i.itJ.wa qwpbl.P t qtpp uwupuwu Lwipun' h-[! ipnppwgutt hmax-P9 (Ciq. 6.2): 

-<!.wztJ.wpl}ll Ul.l.{WtnwqntJ. qpmwpqtup utq UwUpWUJntpfl qmpuwu qnpa
[!Upwgn: 

4mptJ.ttnt9 hbmn UJntp[! hbppwqwu h; pwpapmpJWU hwugGbtm hwuwp 

l1UJ.whwu2t1.ti t = ~2;; chuuwuwq: liJ'l nupwgpmu qwuwtin l.l.{tnmtJ.wa 4l.PCifl npn

zwqp wu4Jwu mwq' 8 =rot (uq. 6.2), npmt11 oo-u 11wuwqp l.l.{tnmuwu wu4Jm
liwJflU wpwqmpJmuu t: -<!.wtJ.wuwpbguttntl w nw2pu L tpqpnp11 wpmwhwJmm
pJmUubpfl dwuwGl!.lqubp[!, umwgtJ.mu t. 

! = ~2;; : (6.1 ) 

UmwgtJ.wa wpmwhwJmmpJntG[! 
hpup t 11wnumu, oqp qptiwl}PntpJwCi 
pwgwnuwu l.l.{WJuwuutpmu, qwl.l.{ 
hwumwmbt UwUpWCijntpfl qmpmtiwG 
pwpapmpJwU' h; L. qwuwqp lJPGbUw
mpqwqwu oo ntdpufl up2L.' up 1.tn11.upg, 
UJntU ltnriupg' qwuwqubpp pwCiwqp 
hpuuwtJ.npuwu hwuwp: f}..pmwpqbup 
wnw2pu qwUJ.P' co = q> 1(h;) ipnipnp.i
uwu oppuwLwipmpJntU[! nnmnpfl UJ.mm
mwptJ.tpp ipnipnp.iuwG npwqw4wu 
quwhwmuwu Ul.l.{wmwqntJ.: luUl}Pp 
pwgwhwJmtiwG hwuwp (6.l) hwtlw
uwpuwu ut2 wu4JmUwJflU wpwqm
PJntU[! wpmwhwJmbup UJ.mmmwptJ.t-

; pntl (n), Wl.l.{W umwgtJ.wa wpmwhwJ-
'&lj. 6.2. f./fipwcfwupflliJ mfijuun[nqflwljwu mmpJntU[! tmbttml n-p utiwmuwup 
flw2tJwpljf1 ujuficfwu qumwuwup. ' 
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n == 308 /g: 
7r V-2"h 

(6.2) 

Umwgt\.wO- wpmwhwJUmtpJWU Uh2 wCihWJUl t 9 wCil.J.JmG{!, npp ubb"m-
Jntfi{! qw)ut\.wo t nntnnpp t\.(lw up hwppntpjWU t\.(lw mhqwqwJt\.Wb' qwGwqfih

~J:!. ptlJ:!.g: P.CiiUJ.bU tupI}bfi Cizl{hg, opj1Ciwiwl]_mtpJwG npwqwqwG qfiwhwmuwG 
hwuwp \\_bpgCibGp 11wuwqfibpp .PP4.t!' N, wJI} 11b1.1J.J2mU 9=27t L. (6.2) pwfiw6L.{! 

qmGhGw hhtnliJWl mhup~. 
(6.3) 

4hpwuwGpj1iJ:l nnmnpj1 UJ.mmmwp4_bpj1 (n) tltntltn)uuwG oppfiwiwt.Pm
pJmfiI! qw)u\\_wb qhpp uwGpuwG ubantpJmfipg (h), qpw:ppqnpbfi Cihpl{w1wg-

\\_wb" t Ciq. 6.3-mu: 
n, 

LijUl,(1 

1200 

1000 

800 

600 

400 

200 

\ 

\ 
~ 

['... 
""-. 

"" r--
N=2• 

........_ -- N=1 ----~ -
o 1 2 3 4 5 6 7 8 9 10 h,utf 

ulj. 6.3. [[bpwuwupft1]1 nntnnpft UfUllllUIW{Jt/lipft (n) lJW/ut/WanLpjntU[} 
lJwuwljulipft pt/ftg (NJ li IJlipft uwupuwu {h) wuw/1owuftg 

UU1wg\\_wo l!ltl.JwLGhpp tl_b(lLntOntpJntGI! gntJ9 t mwtflu, np nmnn(lp UJ.Ulm
mwpl\hpp i.pnt}1n)umpJmG{!, UJ.WJUwfiw4_np4_wo uwfipwgtl_wo uwuCiflqp iwtltu
nl\ unm t hf1UJ.hppnLw4wG 4np)1G, I!fill npmu, uquwb utuuCipl.J.CihpJ:!. npnzwl.J.P 
w'qiupg l\bp2)1Gj1u wnwt\.bt qqw!P wol! hwfiqhgfimu t UJ.mmmwptl_btifl wCiGzwG 
~nppw~uwfi: untJG qpw:}>pqp t\Pw Gqwmmu bCip, np nppwCi ubO-wGmu t qw
Gwl.J.Gbpfl p}1t\.I!' N-I!, wjGpwG UJ.Wl.J.wu pGmbGu}ltlmpJwUp bG qinppwGmu nn
mnpp UJ.Ulmmwpt\.hPI! uwGpwguwG h ubompJmGflg l.J.w)ul{wa: 

<llmmmwptl_bp)l qintltn)uuwG wGhwUwiwtltntpJmG{! qw)utl_wo qwfiwl.J.
Cihpp ptlPg L. 4tpp uwfipuwG wumpl'iwGpg uqmu t wJG umpjlG, np pwquw
mhuwq 4tphpjl mGpiJ.hpuwL uwGppiJ:l wpwqmpJwfi qintltn)umpJUIG hwuwp 
wfihpwdbzm t nfim(lhL wJGUJ.)lup zwpctwpbp, np{! hfiwpwl{npmpJmfi l.J.uiw l.jw
mwphl UJ.uinunwptl_bpp uwhmfi' wfiwum):!.l'iwGwqwfi l.J.wpqwl{npmu: liJq GUJ.w: 
mwqnl\ 4wph!P t l!fimpbL qimJmtuwl.J.wfi hnuwfipp hnw:pwq wupfi)upnCi zwpdpi 
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hwuwtpbtnt\. t\.wppwmnpwJ)lCi qwCi6J12nt\., 1.J.wu {!Chnpbt hwuwUJ.wmwu)uwCi 
hqnpmpJWCi hwumwmmCi hnuwCi12J1 tthl.J.mpwzwpctj12: CwpctwpbpuwCi hwuw-
1.J.wpqmu, bpb 1.J.w Jmqwuaj12, UJ.tnmtnwpt\.bp{! gwCil.J.w\lJ t 1.J.wpqwt\.nrhL hj111pn-
2wpctj12nt\., hwuwqwpq{! hwuwtpbt.nt\. UJ.tnmmwpt\.bpp 1.J.wpqwt\.npp2nt\.: 

UjdU I}j1tnwpl.J.bCiJ2 ( 6.2) wpmwhWJtnmpJWU bpl.J.pn(lI} 4 WUJ.I!' 11wGwl.J.Gbpj1 
fltlP LWt\.WpquwG UUJ.Wtnwqnt\.: lmll"bLnt\. (6.2) wpmwhwJUlnLIJJmGI! 9-p Gl.J.wm
uwup, 1.J.umwGwGp. 

(} = : J¥ : (6.4) 

Umwgt\.wo wpmwhWJtnmpJwCi t\.hpLmll"mpJmG{! gnljg t mwLJ:lu, np bpqm 
hwpL.wG qwGwl.J.Gbpp hbnwt\.npmpJmGt! pGmpwqpnq e wG4.JwG Lllit\.wpl.J.t\.wo 
ub<TntpJmOt! 1.J.w)ut\.wo t uwGplliP pupmqp wG4.JmGwJpG wpwqmpJmGpg (ro) L. 
uwGpt\.nq Gjntpp tnbuwqpg (hi): lijuj1GpG, uwG(lt\.nq Gjmpp 1.J.mpuwG pwp6pm
pJntGI!' h-{!, wGUJ.WJUwG l.J.w)ut\.wo t wqpmnb)uCipl.J.wl.J.wG UJ.whwG2Gbppg, np{!, 
'111 htpp)lG, npnzttmu t mtl.Jwl GJmpp uwGpt\.wb"pp wGhpwcttzm iwqiutppg: 

Cwpwqpt\.wb" mbuwqwG hbmwqnmmpJmliGbp{! l.J.WUJ. bG hwmnwmmu 
tnb)uCinLnqpwl.J.wG UJ.wpwubtnpbpp L. uwGppiJ:l l.J.PCibUwtnpqwl.J.wG nbctpup uJ12L., 
np{! qbnhu pwt\.wpwp hwuwphL iJ:l l.J.wpbLJ:l: 

P.pwl.J.wlirllU nnmnpwjpCi qbpwuwCippiJ:l wz)uwmwG12wJpG qnpo{!Gpwgp 
ppwl.J.wGwguwG hwuwp UJ.whwG2t\.mu bu huqwJwlJ.wG tGbpqbmpqwqwCi ow)u
umuCibp: Uju hwCiqwuwCip{! wCihpwctbztnwpwp phLWil(lilLU t lJ.bpwuwGppiJ:l 
UJ.wpwubmpbpp twl{wpl.J.uwCi JuCiqpp tm<rntut! qwUJ.bL tCibpqbmpl.J.wqwCi b'w)u
umuCibp{! fit\.wqwqmJCiJ:l hwugCibtm hwpgp hhU1, np{! qw)ut\.wb" t qwGwl.J.P 
hplJ.rWitutlttul.J.tuG 61.tpg, iwtltuhppg, CipwGg ptlPg, nnmnpp w2tuwmwCi)2WJpG 
nbctpupg L. WJLCi : Ll-)lmwpl.J.hGp WJI} JuCiajlp{!: 

Ll-wCiwl.J.GhpJ:i PtlP OUJ.mpuwtwguwG hwuwp, npnzbCip nnmnpp UJ.Ulmmw
pt\.hp{!, lJ.wUJ.htnt\. wJCi CiJmp)l timpuwCi qnpb"{!Cipwgp hbm: liJll CiUJ.wmwl.J.nt\. 
qwmwphCip l.J.mpt\.nIJ. fiJmpp, qwfiwl.J.P Lt pmu4bpjl hwmw4Ji tltn)uwqqbgmpJWG 
mdwJ)lCi t\.hptmompJmCi: 

CfiflIJtfibCip uwCipt\.nq fiJilLPI! qmGt\.ntU t qwfiw4Ji 1.J.mpnq UWJPP l{WUWJW
lJ.wCi M l.J.bmnut liJCJ l.J.hl!lp ®Pill! 1.J.npnztlP r, \jl phhnwJJ:!.Ci qnnpajlwCimGhpnt\.: 
liwuCip4Ji (M) pwgwpowl{ wpwqmpJntCil! pwqqwgwO- t Vh hwpwpbpwl{wG L. 

v U1 mhqwtltn)uwl.J.wCi 2112wq0-Wjpli wpwqntpjntCiGbppg ' VP = vh + v\11 : 

Ll-wGwl.J.P L. CiJmp)l tltn)uwqqbgmpJwCi ctwuwCiw4 wnw2wfimu t npnzwl.J.P 
oGzmu, np)l wqqhgmpJwCi l!lwl.J. 1.J.mpt\.mu t M uwuCiP.l.J.tr UJq oGzuwG pwgw
hwJmuwCi UUJ.WU1Wl.J.nt\. npnzhCi11 zwpctuwCi pwCiwl.J.P unuhCimCihpj1 tnwppbpm
PJilLU{! l h 2 l.J.htnhpmu (Gl.J.. 6.4). 
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v. 

11M = M2 - M1 = mhv.2" - r1V01 " ): 

UJ'l f}Gpwgpmu uwpullp abnp 
phpwo tGbpqpwG qnpnz® hhml..JtUl 
hWJUlGp wpmwhWjtnntpJWUp. 

E = OJ!:l.M = mm~2V02" - fiV01" ), (6.5) 

npmb11 co-G l}wGwltfl U{UlU1UWG wGlLJm
GwjpG wpwqmpJmGG t: 

UpmwhwJmhintl qwGqtlwop utom
pJntGJ:! p fumntpjwup, qumwGwGp qwG
qtlwop t. qwllwqp tj1nfuwql}hgmpjntGpg 
wnw2wgwo oGzmuJ:!. 

Pi= @phVa2n - 'iVa1n): (6.6) 

Umwgtlwo wpmwhw1mmp1mGn ppb
u{j. 6.4. fJ..wfiw{jjJ, qwpun/nq fi;mpft t, Gpg GbpqwjwgGmu t tJLhpp pwuwaLJ:! 

pmfi{jlipft hwmwljft tfinjuwq1Jligmp1wfi uwhuwGwi.pwq z pqntl qwuwqGl::ipp 
mdw1ftfi lflif1tnt<>n1p1wfi ujulilfwu 'll::iUWJl hwuwp [169] : 

lrhpwuwGpuwG qnpoJ:!Gpwgmu qwGqqwop tuwnGuwG hhmL.wGpnq l}W
Gwltfl tUiw oGzuwG qnpntumJ:! npnzbLnt GU{wmwqntl tuuqflpJ:! qpmwpqbGp 
nGqhwGntp l}bU{pmu' hwuwqwpqntu mb11wqw1tlwo bG IJWGwqGhp z tlbp£>wtlnp 
ptliJ.g upG~L. r=oo hwm, WJUpCipG U{tntm.J.n'l l}WCiwqG ppbGpg CibpqwjwgCimu t 
upY,wo hqpntl hwuwmwpwo uqwtlwnwq: liJ'l qtuwmu GzwCiwljtintl oGzuwfi 
hCipw1Jp4.n'l wnw2wgwo qnpmumJ:! l}wfiwqCihpp ptliJ. mwppbpntpJmGpg' 

P = 11P , umwgqmu t . 
~=' 2o 

M=P,=«>- P,=•o =wp[r2(V,,2" - V0 J - 'i(v;2" -v:J]. (6.7) 

n[ltnbf1 V,,2" l.. V01n -{! hWUWU{WtnwuJuwGnpbG l}WUWltp t wp l.. tfottnp}l mbqw

uwubpmu pwgwpawlJ. wpwqmpJmGGl::ipp 1.4PnJbltgpwGbpG bG qowJpG wpwqm
pJwCi tWW (Gq. 6.4), v:

2
• L. v:,n -{! hWUWU{WUlWUfuwGwpwp pwgwpowJ.i wpw-

qntpjntGGbpp 1.4PnJhlJ.gpwCibpl} ror -p tlJlw z.o ptlntl l}WCiwltCibpp l}buwmu: 
4wmwpY,wo hhmwqnmmpJmGCibpntl hwumwmqwo t [169}, np Ltnpwqpo 

l}WCiwltp qbU{pntu mnmgplJ. uwuntl wztuwmhl]!u uwuCipltfl hwpwphpwqwG 
wpwqmpJntGI} (Vh) dwuwCiwlJ.p l}Gpwgpmu U{tnmuwG m11qmp1wup t}lnppw
Gmu t , pult qnqwtlnp uwuntl wzJuwmtwu uhowGmu t : 

<,wpwphpwlJ.wG wpwqntpJntGGbpp tjmtj1nJumpJmGJ:! npnztjmu t Utnnl}nltt 
hw1mup mbumpJmG}lg [ 168]. 
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tl ~ = K, !ru;-1 cos fJ, } 
(6.8) 

tlV2 = K, fr(J}/"2 cos/}, 
z 

npmt11' tl v, L. /1 V2 -n hWUWU{WtnwutuwGnphG ummpp L. twp unm wpwqm
pjntGCibpp t}lm}lntumpJntGCihpG hfi, K, -I}· Utnnl}nijl qnpowqpgJ:! K = o 6-0 8 
lJ.wfuqwo U{tnmuwG wpwqmpjntGpg: Oppw G ul::io t UJ.lllllluwCi w~w~mp;mG~ 
wJCipwu uho t l}CimpY,mu K,-f}: liJUUJ.PunY, umwgY,mu t . ' 

!lP = p co (r211 V2 - r1 tl V 1): 

Oqmtlhtntl UmnqnJ]l pwGwol..pg' 

tlP = m2 p K,Jr cos Ph2 
- fi2 ) : (6.9) 

z 
CtJniwu qnpowltgp qqwl]! utompJwG qtuwmu wtlhl]! t ubowGmu hwpw

pbpwqwG wpwqmpJntGJ:!, mump fuGl}ppG l}Gl}hwCimp mhup mw tm hwuwp 
npnztlht t GwL. ztj1uwG mdJ:! l}WCiwltp L. ltmptln'l qwGqtlwo]l up2t.: 

'1-wCiwltfl UWJPP hplJ.wpmpJntGJ:! npnzY,mu t hhml..Jwt wpmw hwJ
umtpJwup. 
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PUlUil:iU hpLmu t tlbp2]1G WJ1U1WhWJU1nLPJWU (6.13) tlhptmbntpjntG]lg, 
hwuwlJ.wpqmu ISGzuwG IJ.npmum[! lJ.wt1nJ.wa t GwL qwGwlJ.Ghp]l ptl]lg (z), mum]l 
npnztlhL t qwGwqGhp]l wJG pwGwlJ.[!, np]l qhuwmu ISGzuwG IJ.npn1um[!' LlP -G, 
lJ.umwCiw GtlwqwqmJG wpdhp: 

liJI} UUJ.WU1WIJ.ntl wawCighGp (6.13) WJ1U1WhWJU1ntpjntU[! L hwtlwuw-

' d°MI 0 phgGhCip qpnJ]l dz z=zo = . 

_f _ ( ri - 'i )[(__!_ + 2z°''I )vi~ + (J_ + 2z"UI )v2~, ]-~· cos fl(ri2 + 'i2 )vi = 0 : (6.14) 
4cosfl 2 b, 27Z1j b2 2m-2 z"UI 

Oqmtlhtntl Yn=q>(Q) wpmwhWJutntpJmG[lg L mbriwtJmtuwlJ.wG wpw-

qntpJntfil! wpmwhwJmhtntl tqmmmwptlhpntl' mr = wn L GzwGwlJ.htntI. 
30 

2 ( I I ) Go - 2 -2-l +-2-J ' 
fl cos fl b1 D, b1 D1 

(D=2r) 

a,= 
2

3 (~+~), :r cos fl b1 D, b2 D2 

a = 1.359(!:_)
2 

K, cosfl (D 2 +D2) 
2 f Q (D2 - Di) 2 I ' 

uutwg4mut. a0Z~U1+a1Z~U1-a2 ==0 : (6.15) 

Umwgitwa tunpwCiwpq wum]16wG]l hwtlwuwpuwG tmamu]lg uiwpq4mu 
t, np wJG · mCifl ublJ. ]lpwlJ.wG wpuwm, pwG]l np WJI} hwtiwuwpuwG 
ajmqp]luflGwCiml! ]lpwlJ.wfi uiwpwuhmphp]l lJhuwmu mG]l pwgwuwlJ.wG wpcthp: 
Zo111-]1 ]lpwlJ.wG wpuwm[! hhutLJWL mhupG mG]l. 

Z
0

U{ =[-(ml +k)+,Jk2 +2kml J/3 +[-(ml +k)-.Je +2kml r) -m, (6.16) 

( 
1 I ) - 2-l + - 2 -l 

m = a D, h, D, h, )' 
6 I I 

( D lb 2 + Dlb 2 
\. l I 2 2 

( )

2 4 2 2 
K = - l.066K, !!__ cos fl Di +DI : 

Q f (D D{ I I J 
2 - i Di b1 + Di b2 

I l 2 2 

(6.17) 

4wmwphtn4 uwpl:iUwm]lqwlJ.wG npnz oliwtJ!ntumpJmGGhp, K-p pwGw6L[! 
lJ.umwGw hhmLJWL uthup[!. 
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(
D J K D

2 
+D

2 

K = - 3.95 - 2 
-' cos2 flsin 2 fl ; ~ : 

Di f Di - DI 
(6.18) 

J2wG[l np 6'Gztlwfi qnpum[l ubbmpJntU!! qqwIJmpbfi qwtutlwa t GwL p 
wGIJ.JwG uhampJmCiflg, GmJCi 6Lntl npnztimu t P-)1 wpdbp[!. 

~I 
dPlP=PoUI 

= 0, 

-vi+'ifO --f 2 1
• -- ·z - 1

--
2 +z 2 1 =0 : (6.19) :rK, { 2 2 \ 2 3 D - D ( Q J [( b + b J ( D + D J] 

z 16 cos
4 fl :r!J1b1 b

1
b

2 
:rD

1
D

2 

lmb-htntl (~ . 19) hwtlwuwpmU[! P-]1 GIJ.wmuwup lJ.umw!iwGp. 

sin2/J =~(Q)_z _3 (D1 -D,J(b1 +b2 D,+D1 J · 
OU{ i b 2 i + ' fl n D1 1 :rK, Di + D, b1b2 flD

1
D

2 

(6.20) 

CGl}llwGpwui.hu, wupmpJwfi mhuwlJ.hm]lg , GuiwmwlJ.whwpuwp t 
[!CiqmGht b,D, = b2D2, npmhri D2 > Di. mumfl 4hpLmu php4wa pwCiw6Lhp[! 
lJ.umwCiwG wnwithL 4]1pwnwlJ.wG pfimw. 

tr DI +D2 
m=---~ 

6 b, +b2 , 

K = -3 .95( Di) K, sin 2 fl cos 2 j Di + D,
1 J: (6.21) 

D, f 1-'lDi - D,1 

4wmwp4wa hhutwqmnmpJmGGbpp hwuw6wJG mCihCip lJ.hpwuwGp]lzfl 
14wpwubmpbp]l hhtnliJWL oui.mpuwiwgitwa wpctbpGbp[!. 

K, = 0.65, f= 0.05, sinp = 0.5, 
sin2 2fl 3 
--

4
-=16, D1 = 5uu, 0 2= 25uu, 

b, = luu, b2 =2uu, m = 5.23, k = -561.6, z,,
111

,,,4hwm: 
UMwgGbtntl f = 0.1 , umwgtimu t. k = -280.8 Ii Zo

111 
.s 5 hwm: 

Ct}luwG qnpawlJ.g]l wpcthpp f = 0.075-)1 qhUJ.pmu umwgtlmu t z = 2-3 
qwGwlJ.: . 

6.3. C.bpwlfwfipPLIJ qwpnl/ l]Wfiwlj/1 UJWpwlfbwpbpp hftlffiwl/npmlf[! 
junwwpm1ulip lfwfipwgfilitJw 

Unw2w111J.tln11 lJ.bpwuwGpflz uhpbGwG Gwtuwmhuitwa t lJ.nU!]lm L Gnp 
hG64.wa fumnwpm3ubpp uwGpwguwG hwuwp: 

liJU UJ.Wpwqpw:pmu mumuGwuppmu b!ip Gnp hGatiwa funtnwpmjuhpfl 
1iwplipwguwG qnpbz!Gpwg{!: 
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lvmnwpmjuhp uwfipwgfinq qUlpnq qwfiwqp aL.p L. UJ.WJ1WUhU1pbpp 
hpufiwqnpmU:[! qwmwpqmu t' hw2tllt wnfibtntl bpqm l}wpL.np 14whwG2. 

- qbpp uwpmp l}mpmu' pwgwnb1nq hJmpwG2wmntu[!, 
- GqwqwqmJCi tGbpqbmpqwqwfi owfuumuGbpJ1 wtqwhnqmu: 
PGwqwG t , np ubpbGwJfl wpU1w11Pnqwl{wfimpJntG[! GntjGtqbu l{wpL.np 

tqwpwubUlp t , uwlf.wJG Gpw ubowgntu[! iUJ.bmp t ppwl}wGwgtllt u2wl}qnq 
hmupp npwlf.wl}wu gmgwuf12Gbpfl wGl}LiwG hw2tll1G: 

Unw2w11Ptlwo 14whwu2ubp[! pwqwpwpt1m hwuwp wGhpwdb2m t 
hw2tllt wnut1 qwuwqfl UJ.mmuwCi wpwqmpJmCiG m qmpnq UWJJlP bpl}pw
iwt}lwl}wG oL.[! L. l]Wfiwqfibpp PPtll!. UJ.llllilUlUU tnt1Jw1 hwppmpjlUU ub2, npfi pp 
hbpppCi l}wGfunpn2mu t l}tnpmqnq CiJmpp UWUlntguwu utompjntli[!: 

liqwqwqntJCi tCibpqtmpqwqwCi awfuumuCibpnq CiJntpp qmpntu w14whnqt1m 
qnpomu l}wpL.np G2wCiwqmpJmCi mlip qmpuwu ntdpup 6)12U1 [!UtnpntpJntli[!: 

UwJPntl l}mpuwCi nbdfluCibp[! bpbpfi bCi. l}Ulpmu hwUlmuml, qmpmu 
wnwCig uwhmup L. qmpmu uwhmunq: .C:,wmmunq l}UlpuwCi tlitpqtmjllf.wlf.wG 
owfuumuCibp[! wnwqt1wqmJCiCi bu, pwCip np qpw qnpo[!CipwgCi ppw4wuwfimu 
t pwpap wpwqntpjwfi U1W4' ubo 4tifibmpqwl}wfi tfibpqpwjnq: libpl}W hpufiw
fuCiajlpfibpp imauwCi hwuwp qmpuwCi iwqwqmJCil! uwhmuntl [!Cipwgnq nbdpuCi 
t, npp qbUJ.PntU uwJpp qpw unpuw1 hwl}wqquwfi pwgwpawl} wpwqmpJntG
fibpp up2L 4wquwo s wfi4Jmfi[! utbmp t pwqwpwpp s ~ cp UJ.WJUWU[! (cp -Ci 
2t}luwCi wCi4Jmfifi t UWJPP L. qmpqnq Cijmpp up2L.): 

.C:.pup [!fiqntGbtml. 4mpuwfi uwhmumJ. nbd]1u[!' hbmwqnmbCip l}mpnri 
UWJJlP bp4Jlwiwt}lwqwG oL.[!: 

.C:.wJmG]1 bCi uwhmunq l}mpuwfi qnpowl}gp npn2uwG' wl}wqbupqnuCibp 
'-l.'1l. Q..npJwi4]1Cip L. '-l.U. cttwqnqul}m bqwCiwl}Cibp[!: .C:.wuwawJCi '-l."l . Q..np
Jwi4PG]1, uwhmup qnpowtiPgl! pCinpn2tlmu t l}mpnri UWJPP 4PCibuwmp4w4wG 
UJ.wpwubmpbpnq, ]1ul} {!Utn '-l.U. ctbiPqnquqm' WJI} qnpO-wtiPgl! pCinpn2qmu t 
UWJ[lP qpwjnq uwuCip4ti hwpwpbpwqwCi L UWJp]1 mbqwlfinfuwqwCi 2wpdmu
Gbpnq: lijutqbu, {!Ulll '-l."l. Q..npJwi4PCi]1 uwhmup qnpowl}]1g{!' E-{!, qwCiwtiP 
uwJp]1 2wpduwCi pwgwpawq wpwqntpjwG 2n2wlfinq pwfJW'lPPW (V,) hwpw-

pbpmpJmGG t Cinpuw1 pwqwqpplJlfi' Vn, WJUpCipG E: = v, 'npp ubbntpjntU{!, 
v. 

npnq ppwqwfiwgqmu t uwpmp qmpmu, lfinpp tubpqbtnpl}wl}wfi 0-wfuumuGb
pnq mwmwfitJ.mu t E = 6 - 8 uwhmuubpmu: 

.C:.wuwawJG '-l.U. cttwqmJ.uqm' uwhmup qnpO-wtiPgI! qwCiwl})l uwJp)l 
tlPwJntl CiJmpp hwpwpbpw4wu mtriwt}lnfumpJwG hwpwpbpmpJmCiCi t pwgwp
owq mbqwlfinfuntpjwG ubantpjWU{! (uq. 6.5): 

.C:.p2JWL bpqm bqwGwqGbppg ubp wnw2wqptJ.wO- fufillPP 1mauwfi Citqw
mwqnq hwuwUJ.Wtnwufuwfi hfluCiwqnpqwbntpjwup {!fimpntpjntG l}wmwpbtm 
G14wmwqntJ., qwmwpbfip 11Pwfig hwubUwmwl}wCi tJ.bp1mampjntG{!: 

.C:.wuw<iwJG '-l.U. cttwqnquqm ubpnl}]14WJP L oqmqb1ntl Gl}. 6.5-pg, l}w
pliq bCip qpb1 [150]. 

138 

ulj. 6.5. Uwhnu.Ift qnpowljgft hwztjwpljw1ftu ujulilfwu (rww <l. U. d'bt}lqntjuqm) 

V cosr; . 
e = ~. hwuw<iwJfi G4. 6.5 -p V = Vh . ( ) , mump E1= tgs coscp -smcp : 

{ vµ . µ sm r; - <p 

q_JntllWtnfitnbuwltwfi u2wl}wpntjUhpp J.impuwfi dwuwfiwl} UJ.OfJ.UJ.Wlll)l 
hbtn zt}luwG qnp0-w4tigl! mwmwGtJ.mu t tgcp = 0.4 - 0.8 uwhuwCiGbpmu 
(cp = 22 - 38°), mump sincp = 0.37 - 0.62, coscp = 0.93 - 0.79, pu4 E1 = 6 - 8 

L. s = 82 - 83° [59]: 
vh 

'-l."l.Q..npJwi4f1Gp mwppbpwtintl 4wpn11 bCip qpbt e" = Vtg,;-tgrp, 
n 

npmbllPg' s = 81 - 82°: 
UJuUJ.Pumt, qtp1mo4wa mwppbpwltfibpm{ hwumwtnqbt t, np UJ.WUltiJ. 

qnpanqmpJwG {PGi14tu ajtmwptimu t '-l.U. cttwqnqu4pG) 4mpn11 w14wpwm)l 
qbtqpmu uwhmup qnpaw4gp hbm 4w14qwa UJ.Wpwubmpbp{! 4wpb1P t 
hwzqwp4bthwtJ.wuwpwUJbu, {!Ulll hwpuwpmpJwG' I 4wu II t11wGw4nq: 

"UJmpp lttnpmu{! nnmwgpnG 4bpwuwfippimu, nu111wapq uwmmguwG 
qbUJ.PntU, hGwpwqnp t ppw4wGwGw qwGw4fl 4mpn11 UWJPP gwG4wgw0-
4tmmu, mumfl uwjpp 4npmpJmU{! tqbtnp t 1PGJ1 WJUUJ.J1upfi, np wfiljwfu fiJmp)l 
L. UWJPP t}lnfuwqqbyntj}JWU l}bmpg' UWJJ1l1 wupnq2 bpqwpntpjwUp wtqwhntJ.tl)l 
uwhmuntJ. 4mpmu: Unw2w11Ptlwb UJ.WJUWfi{! pwqwpwpt1m hwuwp wfihpw
db2m t, np UWJPP pn1np 4bmbpmu 2wnwtll111 tJ.bltmnpfl (r) L. Cinpuww uf12h 
qwquqwa wfi4Jmfi{!' a -G, iPfip hwutnwtnmfi (G4. 6.6}: UJI} wfi4Jntfi{! (a) 
4w14qwa t s wfi4Jwfi (fi4. 6.5) hbm s = 90 + a op)lGwiwtllmpJJWUp, mutnp, 
4wpnri blip qpbt' a = 90 - 83 = 17°: U14wgmgbfip fiwL. np a wfi4Jwfi WJI} 
wpdbp{! ppnp wUJ.whnqmu t fiJmpfl uwhp{! 4tnpnri uwjpp bpltwJfipntJ.: 

L}..pmwpltbfip WJI} mwppbpwlj{!: UJI} fi tqwmwljnq [!UI}ntfibGp, np Gjntpp L. 
uwJpfl hwfiajt14uwfi M ljbmmu GJntflI! qmfiqmu t wfiltwJmG hwqwuwpw-
42nmpJwCi 1}]1ppmu' tiuwhp tiwu w uwhp: lizqwa UJ.WJuwup qbUJ.pmu fiJnLPI! 
tnb11wlfinfuqmu t zp2wqbwJflG wpwqmpJwfi' mr-fl m1111mpJwup, upwu hw4w
nw4 m1111tJ.wa 1}]1uwljwJmU t zlfiuwG F md{!: 
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w) p} 

Ulj. 6. 6. fJ-w(iwljjJ ljWfJfllJ UWjfJfl bpljfJW1Wiftwljw(i d[,jJ 
hfttfuwl/nptfwu mdw;ftu ujuhtfwubpf! 

lfJmu 4nqupg, F mctp unpuwl pwqwl}(lpiJlg Fsina wnw2wgwb Fsinatgqi 
zlfi.uwu ntd!! tunrnul}Oumtu t Fcosa znzwlfi.nq pwqwl}(lpiJlu, npl! aqmmu t 
uwhtgubt UJntPI! UWJPP znzwlfi.nqp mq11mpJwup: °lJJmpp uwhmtiml 4mpuwu 
hWUW(l WUhpwcttzm t WUJ.WhntJ.bt 

Fcosa> Fsinatgq> UJ.WJUWUI!, npmtqpg umwgtJ.mu t ctga > tgqi, qwu 
a < 90 - qi: (6.22) 

UJuUJ.PunlJ., tpb uwjppu mwup WJUUJ.tmp qnpmpJmu, npp gwuqwgwb 
4bmmu a < 90 - 38 = 52°, 4wu a-p lfi.nlfi.ntuuwCi mppmJpp uwhUwCiCitpmu 
l!Umpbfip gwfiqwgwb wpcttp, WUJ.W qw111.whntJ.bCip fiJmpp 4mpmu uwhmuntJ.: 

~tmwqnmbCip a= const qnpp uwptuwmpqwqwfi mtupl!: 
~wuwowJCi fiq. 6.6p-p qwpnq tCip qpbL p = \j/ + (90 - a), npmbq P-Ci qnpp 

znzwlfi.nqp qwquwb wfi4Jmfifi t x -bpp wnwCig12ti l}(lwqwCi mqqmpJwCi htm: 
'1-b4wpmJwCi qnnpqpfiwmw4wu hwuw4wpqmu npnztCi12 4npp x L. y 

4nnpqpuwmCitpJ! L. tgp -p npnzuwCi wpmwhwJmntpJntu!!' tg/J = dy : 
dx 

~WUWOWJU uq. 6.6p-p qwpt!P t qptt. x = TCOS\f/, y = rsin\j/ L. npnzbt dy L. dx 

UbbntpjntuCibpi! Y -I! L. X -l! wbwfigbtntJ. I!UUl \j/ -p, Wjupu12u' ddy = y', !!!..._ = x'. 
'I' df/I 

x' = r'cos\j/ - rsin\j/, y' = r'sin\j/ + rcos\j/, 

t /3 _ 
1 

( } r' sin 'I'+ r cos 'I' 
g -cga-'I' = , . : 

r cos 'I'- rsm 'I' 

ltwmwpttml npnz uwphuwmpqwqwfi oL.wlfi.ntumpjntuutp,umwgtJ.mu t. 
1+tga·tgf11 r'sinf11+rcosf11 r'tgfll+r dr dr , . = , npmtqpg - = rtga - = tgadf/I 
tga-lgfll r cosf11-rStnf11 r'-rtgfll df/I ' r ' 

pCimtqpttmg htmn · 
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r = roctga·41: 

Oqtmlttml 17 < a < 52 UJ.WJUWUpg, I!Ul'lntUttml a = 45°, 4npp hwtJ.wuw
pntU!! 4umwuw wnwtJ.tL UJ.Wpq mtu12. 

r = r0c41: (6.23) 
UmwgtJ.wb hwtJ.wuwpmul! pptupg utp4wJwgumu t tnqwpppuw4wu 

ulll.J1pwr 

64. fJ-wfiwljjJ ljmpnl/ bqpjJ bpljpw1wtftwljwfi u;wpwtfbmpbp]l 
h}ltffiwlfnpnttf[! 

'1-wuw4p upuwu wu4Jwu uhbmpJWU OUJ.UlpUWLWguwu tJ.tpwptpJWL 4w
mwptJ.tL tu pt' mtuw4wu, pt' qpmwlfi.np6fiw4wu tp4wpwmL. hbmwqnmm
pJmuubp' uquwb '-l."1. q.npJWiltltupg UpUiL. utp opbpu: 1iztu12, np upuwu 
wu4Jwu twtJ.wp4uwu tuuqppl! p u4qpwfit qw111.tJ.wb t bqtl gnqmup uw12mp' 
wnwug 6uttiwu 4mpuwu htm, WUJ.whml.btntl uwL. 4mpuwu huwpwtJ.nppu iWlfi 
utJ.wqwqmJu qpUWl}(1ntpJmu: 1iztu12 uwL., np gnqmfip 4mpuwu mttuun
tnqpw4wu npw41! L. bwtuutJ.wb tfibpqpwu npnzw4p 4wtutJ.wbntpjWU ut2 tu : 

ltmpuwu qnpb{!upwgl!, np111.bu qwuwltlt 4mpn11 UWJPP L. gnqmup lfi.ntuwq
l}bgmpJwfi tuuqpp, pwtJ.w4wu pwpl} t L. WJI} t UJ.WUlOWil!!, 0(1 hwpgl! UpUi L. 
hpuw tL mumufiwJ.JpptJ.mu t: 

ltmpuwu qnpbl!upwgp mumuuwuppmpJmfifitpl! u4utJ.bt tu qpmwlfi.np6-
uw4wu hbmwqnmntpJmuutpntJ. L. hwutt tu pwlJ.wljwu LntP2 hw2nqntpJntfi
utpp, umwgtJ.wb m4.Jwtutpl! t11tt tu pwtJ.wpwp ozmmpJwu, uw4WJU WJI} 
wu4Jwu L. wpmwppfi qnpbnuutpp 4wlll.J1 uwptuwmpqwqwu wpmwhwJUlnt
pJmfiutpl! mutgtL tu tulll.J1pp4 pumJp, npntJ. wuhuwp t pwgwhwJmtt qmpuwu' 
np111.tu qpuwupqwqwu qnpb{!upwgp ppwqwu tmpJntUI!: 

ltmpnq w111.wpwmubpp qwmwpttwqnpbtiwu qpmwqwfi hpumu12utpu 
wnw2pu wuqwu uzw44.tt tu wqwqtupqnu '-l. "1. q.npJwiltltfip qnqupg (70]: 
"tiztJ.mu t, np uwhmunlJ. zwpctmul! htzmwgfimu t qmpuwu qnpbl!fipwgl! L. hw
mmuntJ. qmpuwfi hwutuwmmpJwup qqwumptu lfi.nppwgumu t qwuwltlt tJ.pw 
wnw2wgwb mcttpl!: ltmpuwu mtumpJwfi tJ.tpwptpJWL huqwJwqw(i t 
'-l. "1. q.npJWiltltup utpl}(lntU!!: Stuw4wunptfi hwumwmtJ.tg, np uwhmuntJ. 
qmpuwG ctwuwuwq unpliwt mctp uhbmpJntU!!, npl! wuhpwcttzm t qmpuwu 
hwuwp, lfi.nppwfimu t: 

Unw2pu wuqwu, PUiUJ.tU uztJ.tg tJ.tpL.mu, q.npJWiltltufi t oL.wqtp111.tL 
uwhmup qnpbw4gp hwu4wgmpJntU(!, npu flptupg GtpqwJwgumu t UWJ(lP 
wpwqntpjwfi znzwlfin'l Vt L. finpuwt V0 pwqwqppifitpp hwpwptpntpjntU!!. 

v, 
e =-v=tgr, 

n 

npmtq t -u uwhmup wfi4JmGCi t: 
ltmpuwu mtumpJwfi htmwqw qwpqwgmuu qw111.tJ.wb t '-l. "1. q.npJWiltltCip 

wzwqtpmCitpp L. htmL.npqfitpp wfitJ.wu htm' '-l.U.cf-t!PqntJ.u4P, b .lf.q.ntUlJW(l 
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[64], .'.b.~WJG'lPJ:ttuu (F.Heindrichs) [174], '-l.4tnm (W.Klot) [176], 
ti . .'.b.'-lwuJ:ttbGqn [63], U.3m.P.zUiGutifl [70], fct.<D.bqnpmJ.w [69], b.U .~nunJ 
[49], 3m . .'.b."UmJ.pqm.J. [128], U.<ll.[c)-wptJ.bp'lJWG [163], fl-.l-mGpqtp (R.Koniger) 
[149], 4.Cnqgb (K.Schulze) [178], "U.ti!l-pnqqntJ. [68], "U.b.fl-bqGpq [148, 149], 
4twmu 'l-nptbp (Klaus Dobler) [175] h zwm mppzGbp: 

QwpqwgGbtml '-l.<ll. Cl-npJwztiflGp qmpuwG mbumpJwG hpuGwqwG 'lPntJp
Gbp[!, '-l.U. d-btliqm{utiflG qwu1 hwumwmbg UWJpntJ. GJmpp tJ.pw Gnpuwl l'.iGzuwG, 
znzwJ!mTJ mctp, qmpuwG tunpmpJwG h qwGwtifl znzwllln'l mqqmpJwUp mbqw
lllntumpJwG up2h: ~pup [!GtµuGbLntl J:tp hbmwqmnntpjntGGbpp Wp'lJmGpGbp[!, 
'-l.U. d-btliqntJ.utiJ:tG mqqmu umgpbg uwhmup qnpawqgp hwuqwgmpJwG ut2. 

s, 
t:=-

sa ' 
npmbq S1 -G GJmpfl mbqwzwpctG t UWJPP tJ.pwJntJ., s. -G' GJmpp pwgwpowq 
mbqwlllntumpJntG[!: 

Cl-JmqwmGmbuwqwG pmJubpfl qmpuwG mbuwqwG m UJ.pwqmflq tuGaji.
pGbpfl tmb-UwG mbuwqbmflg pwtJ.wqwG LntP2 Gbpl}PmU mGp "U.b. fl-tqGpq[!: ti 
mwppbpmpJmG GwtutiflG hbmwqmnmpJmGGbpfl, WJI} ptJ.mu '-l.<ll. Cl-npJwzq}1Gp 
h '-l.U. d-btliqntJ.uqm, "U.b. fl-bqGJ:ttil! qmpuwG qnpa[!Gpwgmu hwzl{Jl t wnGmu 
upuwG wGtiJwG qpGbUwmpqwqwG mpwGu.'.pnpuwgflwG h qwGwtifl UWJPP 
pbpuwG wGqJwG wqqbgmpJntG[! qmpuwG qnpb"[!Gpwgp tJ.pw h mwppbpwqmu t 
qmpuwG bpbp qtuw' GnpuwL pbp h uwhmuntJ.: ~bmwqwJmU mptJ.mu bG WJ'l 
bpbp ohbpfl hwubUwmwqwG qGwhwtnwqwG[!: 

~pup [!GqmGbtntl. obnpp qbpwGrµn qnpanqmpJwG uqqpmGpwJpG mwppb
pmpJmGG m wnwtJ.btntpJmGGbp[! hwJtnGp qtnpnq wtqwpwtnGbpp hwubUwmm
PJWUp, utp bpqwpwtnh hbtnwqnmntpjntGGbpp, Wp'lJntGpmu uzwtibL h wnw-
2wptitL bGp GbpqGbt wptnw'lPntPJWG ub2 qbpwGqm uqqpmGpntJ. wztuwmnq 
nntnwgpnG qmpnq WUJ.wpwtnGbpp up [!GtnwGpp: ~wgwhwjtntJ.bL t, np LWtJ.w
qntjG uqqpmGp[! pbp-zbqwaji.p uwhmuntJ. qmpmuG t: ti mwppbpmpJmG upGzh 
WJctU qwtnwptJ.wa hbtnwqntnntpjmGGbpp qtnpnq WU[WpWtnGbpp uzwqmuGbpp 
hpupmu UJ.Wptnwaji.p [!GqmGmu bGp GppwgnqmG h hwumwgnqmG qJmqw
mGmbuwqwG pmJubpp unp.'.pntnqpwqwG, wGwmnupwqwG, .'.ppqpqwmbtuGntn
qpwqwG, uttuwGpqwqwG hwtnqmpJmGGbp[! [163]: liJutnbq wGhpwctbztn bGp 
hwuwpmu GzbL up zwm qwphnp mtl.Jwtli uwupG, np[! tJ.bpwpbpmu t uwhmup 
qnpawqgp LWtJ.wpqtJ.wa ubantpjwG tnwtnwGuwG uwhuwGGbppG' E = 6 -12: 

.f!wGp np qbpwuwGppzGbpp qqwtli uwumu oqmwqnpatJ.wa t wGhbGwpwG 
qmpuwG uqqpmGp[!, mump, wnw2wpqmu bGp ptp-zbq uwhmuntJ. qmpuwG 
ctwuwGwq tiPJ:tmflqwqwG wpwqmpJntG[! tJ.bpgGbt 3 u/tJ. uwhuwGGbpmu: QGq 
npmu, pbp-zbq qmpuwG hwuwp UWJPP twtJ.wpql{wa wGtiJmGGtpG bG. 

- UWJPP pbpmpJwG wGtiJmG[!' 20 - 25°, 
- zbq qtnpuwG wGtiJmGrf 80 - 85° (uwJpp h gnqmGp bpqwJGwqwG 

wnwGgpp up2h qwqutJ.wa wGtiJmG[!), 
- uwhmup wGtiJmGrf 80°30' - 85°15' [163]: 
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UztuwmwGpJ:t ctwuwGwq qwGwtifl upuwG wGtiJmG[! bGpwpqtJ.mu t qpGb
llwm}1qwqwG tnpwGu.'.pnpuwgpwjp (auir) h wGtiwtu UWJPP qnpmpJWG ohpg 
lJtnptJ.nq GJmpp uwhp[! UWJPP tJ.pw WJGUJ.}lupG t, np pwgwpowq tnbqwlllntum
p.JntG[! utnwGmu t tntl.JwL qbtnmu Gnpuwwg zllluwG wGtiJwG mwq zbqtJ.wa 
hwqwqquwG hwuwqnpp mqqmpJntG: '-lbp2J:tG hwGqwuwGp[! pntJL t mwwu [!G
qmGbt upuwG wGtiJwG (au~) ubampJwG t1lnt1lntumpJmGGbp[!' tgauir = tgaurcoscp, 
nptnbl'J.tig upuwG wGqJwG wGhpwctbzm ubampJntG[! qnpnzl{Jl hbtnhJWL wpmw
hwJtnmpJwUp. 

QGqmGbtntJ. <p = 30°, amr = 25°, umwgl{mu t aur = 28°: 

6.5. <wwnufm/ ljwptfwu OUJtnfttfw[ wpwqmpJnLUf! Li 1JfufwfJPnLpjm6[! 

OtTJl'J.WOpq uwmmgmuntJ. qbpwuwGpfliGbpJ:t ub2 Gjntp[! (p.intn, aqnm) 
l1mptJ.mu t bpqwJGwqwG wnwGgppG mqqwhwJW9 hwmmunl{ qwu uwhmuntJ.: 

UJU nLTJTJnlPJWUp qwmwptJ.wa hbtnwqnuunpJntGGbp[! pntJL bG tnwtliu, np
lqbu tGbpqwtuGwjnTJ h uwpmp qtnpmu WU[WhntJ.nTJ qtnpUwG nbctpu wnw2wr
l1t1 uwhmuntJ. qmpmU[!: QGq npmu, pGitqbu GztJ.bt t qpwqwGmpJwG ub2, uwhm
ll]1 qnpawqgp OUJ.IRpUwL wpctbp[! mwmwGtJ.mu t E = 6 - 10 uwhuwGGbpmu: 
.:.wptJ.wantJ. qtnpb1m qnpb"[!Gpwg(! qbnhu tJ.bp2GwqwGwuibu lfl pwgwhwJtntJ.wa : 
l,,zbGp Gwh, np tJ.bp2pG !0-WUJW qwu pwjpWJUWG uttuwGJ:tqwjp qpntjpGbpfl 
]1limbGufltJ. oqmwqnpantU[! qJntTJWtnGtnbuwqwG pmJubpfl qmpuwG pwlinq 
opqwGGbpp ui.wpwubmpbpp OUJ.tnflUwLwguwG hwpgmu h gnqmGGbpp qwnmg
l[wapp m .'.ppqpqwmbtuGntnq}lwqwG hwmqmpJmGGbpp uwupG obnp pbptJ.wO
lllnwtJ.bL hwtJ.wutnfl mtl.JwtGbp[! hpup bG tnwtliu Gnpntl.}1' ctwuwGwqwqpg 
q\1mwmbtuGpqwqwG wnw2[!GpwgpG hwuwhntGz, qpmwpqbL qmpuwG qnpa-
11lipwg[!: 4mpuwG qJ:tuw1wmpjwG GtJ.wqwqmJGp pbpuwG h uwpmp qtnpmu 
lUUJ.whm{b[lll hwpg[! llfltnwpqbtliu wnwGo Gwhwtnmq mzwqpmpjntG tl[btnp t 
qwpoGbt qmpuwG wpwqmpJWG[!: liJU mqqmpJwUp qwmwpl{wa hbmwqnmm
p.JmGGbpntJ. hwumwtnl{wa t, np qwGwtifl wpwqmpJwG hpuGwtJ.npuwG ctwuw
liwq wGtqwJUwG tqwpmwritir t hwzl{Jl wnGbt GJmpp ub2 1wpmuGbpp wUipGbpfl 
mwpwauwG wpwqmpjwCi ubantpjntG[!, WJG hwztJ.ntJ., np qmpuwG ctwuwGwq 
mlibGwG tnbTJwqwG h [!GqhwGmp tJ.mpp qb.'.pnpuwgpwGbp: 

::>ui.whtqwGbtntl. tJ.bp[! GztJ.wa tl[WJUwGGbp[! qmpuwG qpuwqpmpJntG[! 
qqwtlinpbG qwl'.ip h qhwGqbgGp tGbpqwawtuumuGbpp wtJ.btwguwG[!: 

'l-pGwupqw4wG pbnGtJ.wampJwG tiflpwnuwG uiwpwqwJmU uwpuGp ut2 
tunw2wGmu bG 1wpmuGtp (utquuwG m uwhpfl) h qb.'.pnpuwgpwJJ:t tpqwJGW
l1wG m 1wJGwqwG mwmwGuwG wUipGbp: 

'l-flmwpqbGp wnw2wqptJ.wa tuG'lPfl tJ.bptmampJntG[! qb.'.pnpuwgflwJJ:l 
l1pqwJGwqwG m LWJGwqwG mqqmpJWUp, Gwtuwuibu hwzl{Jl wnGbtntJ. GwL 
htmhJWL qpmjpGbp[!: Ul:ip hbtnwqnmmpJmGGbpntJ. hwumwmtJ.wa t , np qwGw-
11]1 upuwG ohpg qqwtlinpbG qwtutJ.wa bG pb' qtnpuwG aji.Uwl}PntpJmG[!, pb' 
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qnponu1m1gp mhtufintnqpw4wu npw4n: fl.wfiw4r upuwfi hphp aL.hppg' hp4-
4n11uwfip, tlhpL.pg L. fihppL.pg, nnmwgpnfi 4hpwuwfipp(fihpp hwuwp twtlw
qmJfin fihppL.pg upmufi t, mump umJfi mhuw4wu hhmwqnmmpJmfifihpn ppw-
4wuwgtlht hfi UflUWU WJI} aL.p tlPw (fi4. 6.8): 

"1twump4 wtlipfihpp mhqwl}mtumpJmfin qwGw4fl uw4hpL.n1Jpp mqqm
PJWUp' U(t) =, V nn(Ev)t, mutnp Gpw hwuwuiwmwutuwG wpwqntpjntG!} 4tliGp. 

dU(t) ··v 
V(t) =--= f V (& }i& (6.24) di 0 "11 v v , 

npmhq V(t) -G uwufip4p uitwump4 mhqwl}mtumpJwG wpwqmpJmGG t : 
"1twump4 wtlipfihpp mwpwMwG wpwqmpJmfin npnztlmu t 

V"·' = ~ hwjtnGp pwGwaL.ntl, nptnhq Gjntpp tummpJWU (p) l}ml}mtum

pjntGG pp hhpppG wpmwhwJmtlmu t GmJGuihu hwJtnGp pwGwaL.n4. 
l 

p =Po -- , mump, umwg4mu t. 
1-&v 

V = 1-&v. da . (6 -25) 
nn Po d&v . 

~w2tlti wnGhtntl tlhp2pG WfllliWhWjtnntpjntG!}, UlLWUtnp4 qp:pnpuwgpwjp 
wUipGhpp t'.iw4wmp mwpwMwG wpwqmpJntG!} 4tliGp [68]. 

Y{iJ = _··J da . ( 1- &v Jd&v (6.26) 
o d&v Po 

'-ltp2pG wptnwhwJtnntpJntGGhpmu Po -G Gjntpp tummpJntGG t upG(L. 
qh:pnpuwgpwG, Ev-G' hwpwphpw4wG owtlWLWJ)lG qh:pnpuwgpwG' Ev=Ex+Ey+E,, 

ax +av +a, da 
a= · , - -G a - E <qwpmu-qt:pnpuwgpw» 1})1Gwup4w4wG l})lw-

3 d&v 

qpwup znzwl}lnqp phpmpJwG wG4JwG mwGqhGuG t, pwgp WJ'l' da = K, K -G 
d&v 

qh:pnpuwgpwJ)l <)wtlwLWJpfi unqmtG t, a -G' twpmun wnwaqw4wG wtlippg 
hwptlwop ctwuwGw4: 

E 
~wztlti wnfihtntl GwL. K = ( ) , npmhq E -G wnwaqwlJwGmpJwG 

3 l-2v 

unqmtG t, v -G· "lmwunGp qnpow4flgn, (6.26) wpmwhwJtnntpJwG )lGtnhqpm
upg npnzt[mu t qwGw4fl zwpctuwG pntJLWtnphtli wpwqmpJmGrf 

vnn(t)si l.f [1 + ~k(t)- lf J: 
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PmJuhpp gnrimGGhpp hwuwp wpuwmwmw4 wpmwhwJtnntpJmfin 
oqmmu t 1-p, mump' 

Vn;,(t)s± fK : (6.27) 
3 V-P: 

~hmwqnmmpJmGfihpntl hwumwmtlwo t pmJuhpp gnrimGfihpp wfiwmn
uwunp:Pntnqpw4wu pwpq 4wnmg4wopn, npnzw4r L. oppGw(wl}l l}lnl}lntutlnrt 
uiwpwuhmphpntl: ~wumwmtiwo t GwL., np gnrimGfihpp 4mpuwG qnp<)nGpwgn 
ntrth4gt[mu t wnwaqwlJwfi, UllWUU1p4 L. uwomgp4 qt:pnpuwgpwfifihpnl[, 
mump, 4mpuwfi qnponupwgfi mumuGwu)lptwu uitmp t h)lup nuqmfihL hwz
tJ.wp4wJpG wJG unqtw, npmtri hwztlti hG wnGtimu Gztlwo hphp qh:pnpuw
gpwGGhpn: StlJwL qhuiPntU GuiwmwlJwhwpuwp t oqmtlht lfwputlht-Jmtum)l 
aL.wl}lntutlwo uhtuwGp4w4wG unqhtlig (G4. 6.7): 

er 

.__ ___ __,r=~~~--' 
't2lfi 

ulj. 6. 7. ifwpuc/b[-:bnfuwft oliwtftnfucfwa ubfuwOftljwljwO unIJbljJ uJulilfwO 

P, 
........................... 

p 
' c, 

.----r--f-::7---------~:· - ...... 6·:;~·· 
•• P, 
a+cp 

ulj. 6.8. 8nqm0ft ljwpuwO qnpO[}Opwgft hw2cfwpljw;ftO ujulilfw O 

~WUWOWJU phptj_w<) uhtuwGp4w4wG unqhtli, 
a=au + • 2, (6.28) 

Eu=V.t, CJwn = cr, (6.29) 
npmhq a -G qmuwpwJpG twpmuG t , au-G' twpmun Ufl'lPP qh:pnpuwgpwjpg, •2- G' 
2l}luwfi twpmun (4wtut[wo 2l}luwG qt:pnpuwgpwJpg), v. -n' qt:pnpuwg)lwJ)l 
wpwqmpJmGn, t-G' qt:pnpuwgpwJp mL.nqmpJntfi!}, aw -G' wnwaqw4wG twpmun: 
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iltGbG12 (}' J = K J . i: tl ' fluti Tz = Ku . v.t (npmhri_' Ku -G uwmugpl{mpjwG 

qnpO-wtiPgG t ( ~j), Ku -G' uwhpfl qnpowl}flgn (U/u2)): 

Sbqwqpbtnt.J. cr" h r 2 tibbritpJmGubp[! (6.28) hwt.J.wuwpuwG ut2 umwgt.J.mu t. 
O'(t)=K,;·i,;+K.,V,t: (6.30) 

lfJlllU lJnrttiflg . 
cr(t)=cr"'(t)=EE"' , 

lt E(t)=·Eu+EUJ=Eu+Eu, 
(6.31) 
(6.32) 
(6.33) i:(t) = i:,; + V, · K., : 

<!.wuwmbq tmcrbtmg umwgt.J.mti t. . 
na(t)+O'(t)= K,;i(t)+K.,V,t, (6.34) 

K npmbq n -[! nbtw4uwgflwJp dwtiwGw4G t, n = _,; : 
E 

4mptiwG dwuwGw4 qt:pnptiwgflwJfl wpwqmpJ11tG[! tibO- t, hbmltwpwp 
WJG 4wpblll t [!GqmGbt hwmnwmmu' E1(t) = v. = const: Oqmwqnpobtml. WJIJ 
ll!lllJUwG[! h pGmbqpblflt.J. (6.34) wpmwhwJ11111tpJntG[!, umwgt.J.mu t. 

O'(t )= nv,[ E - K,,(1-~ J] + Ce-'1
": (6.35) 

DfimbqpuwG C qnpO-wl}flgl! npnzt.J.mti t ul}qpuwtiwu ll}WJUwGflg. 
t = 0, cr(O) == cro, 

npmbq cro -G u4qpGwqwG twpmuG t hwpt.J.wofl uLtqpmu. 
C=cro-nV.[E-K0 ): 

Sbriwqpbtnt.J. C-p wpdhp[! (6.35)-fl ut2 umwgt.J.ntu t LWptiwu t.J.bp2uw1.twu 
:Pmuqgpwu ' qwtut.J.wa dwuwfiwl}pg. 
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"(t )= "''-;\ + K"V,t + nV,(E-K"{ 1-e-; J (6.36) 

ulj. 6.9. lwpmlffibpft fllf[f[fllp]Wlfp gnf[mfift l]lijmjlUWgftwJft wpwqmpjntfifib]lft 
npn2lfw{j ujublfwfi 

04tntlhLntl hwztlwpl{wjpfi ufuhUwjpg (Gl{. 6.9) umwgtlwb (6.36) hwtlwuw
pmu[! qwGwl}p t.J.hppG h Gbpphp Gpuu1bpp t.J.pw wnw2wgwo twpmuGbpp hwuwp 
l![!GqmGhG hhtnltJWL hwuwtqwuiwufuwG 01hu12hp1J. 
1jhppG Gflumfl hwuwp' 

"• (t) = " ' ' -; + V,,K.t + n V,,(E - K" {I - e -; } (6.37) 

Cihppltfl Gpump hwtiw11 ' 

"'(t )= " ,,-; + V,,KJ + nV,,(E -K.{1-e-;} 

" ~ " ~ ., 
~ 
~ ~ 

20 

0 ~ 
5 10 15 

ulj. 6.10. Bnf[muft ljwjllfw(j mdft P,, ljwju!/wan1pjfllU[l IJWUWljft 2WJ1dlfw{j 
wpwqmp]ndiftg V,, 

liJdu npnztGp v1.1.t v2• wpwqmpJmGGtpp ubampJmGCibp[!. 

( ) Cos(a+<p) () Cos<p 
V1,. = V. & . ( 

2 
) , V2,. = V. & . ( 

2 
) , 

sm a + <p sm a + <p 
mmnp' 

f) _.:_ ( ) cos{a+rp) [ ( { -;Jl a,\t ==a0e "+V. & . ( ) KJ+n E-K11 1-e ., 
sm a+2rp 

a 2(t)=a0e-; +V.{c). (°s<p )[K
11
t+n(E-K

11
{l_e-;ll· 

sm a+ 2<p \ 

(6.38) 

(6.39) 

(6.40) 
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npmh11 Vq(E) = Vq(t)/cfo, Vq(t) -G l}wGw41t 2wpctuwG wpwqmpJntGG t pntJUP 
LWJGwlJ.wG hwppmpJWG ut2, do-G' pntJUP up2pG tnpwuwqpCt[!: 

'1-wfiw4P wpwqmpJntG[! npnzt[mu t wpqhG hwJmGp wpmwhwJmmpJm
G)lg' 

v, (t) = {-v:( l-C,h'(t)- P, ~: [(1-C,h'(1)[c, ,c, + f" (6.41) 

npmh11 Ve-Ci u4qpGwlJ.wCi wpwqmpJntGG t, P0 -G' u4qpGwlJ.wG t'iGzmti[!, h(t)-G ' 
qwGw4P mt11wqm)umpJmG[!, C0, C1 L. C2 -(! qnpetwlJ.pgGhp hG, 

0 - , I - ptg a en + - , C _d0{J+tga) C-d0{J+tga)[ 2 ( 1 Poll 
m m ~I-p0 / p 2p 

C2 =do(/ +tga)[ptg2a( en 1 ll· 
m ~I- Po Ip 

f -(! qwGw41t L. pmJup up2L. ztj1uwG qnpetwlJ.pgG t, a -G' qwGw41t upuwG 

wGlJ.JmG[!, m -[!' phptJ.wet qwGqtJ.wCt[!, m = m1m2 
, m1-[! L. mr (! hwUWUJ.Wtnwu

m1 +m2 

luwGnphG pmJup L. l}wGwlJ.p qwGqtJ.wetGhp[!: 
liJulll.PuntJ., P1q L. P2qmdhpp hwuwp 4umwGwGp. 

Pi·= ff dg{0'0e-~ -V.(c) ~o((a+<p\ KJ+n(E-K {1-e-~Jl· 
4 sm a +2<p " \ 

(6.42) 

I'i· = !!__5_{0'0e -~ - V.(c) . ~os <p )[KJ + n(E - K { 1- e -~J]: 
4 cosa sm a +2<p "\ 

liwmwphtntl npn2 oL.wtJ.m)umpJmGGhp L. hwztJ.P wnGhtntl qwGwlJ.p upuwG 
wGlJ.JwG oUJ.mptiwtwgtJ.wer uMmpJmG[!, npG wUJ.whnt[mu t gn11mGp 4mpuwG 
qpuwqpmpJwG Gt[wqwqmJG uhetmpJmG [164]' a= 90 - 2q>, umwgtJ.mu t . 

~. =: d+-,e-; -R(,·}.<in~[ K,,t +n(E-K.(1-e; J l 
1[ d2 { _I_ [ { I J: I'i· =--0

- 0'0e "-v.(c)cos<p KJ+n(E-K 1-e-;;- , 
4 cosa u 

(6.43) 

Pq = P1q + P21Jcosa1 lJ.wu 

P, = d+.6o-,e°' -0.BV,,(,·{ KJ+n(E-K.(1-eO] ]<,··~ +w,~)}' (6.44) 
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Umwgt[wer wpmwhWJtnmpJmG[! (6.44) mGptJ.hpuwt t L. lJ.wphl.}l t oqmw
qnpethL gwGlJ.wgwCt uzwlJ.wpmJup gn11mGp hwmmuntJ. lJ.mpuwG UJ.whwG2tJ.nq 
md[! npnzhtm hwuwp, lJ.w)utJ.wet pmJup '.p)lqplJ.wlJ.wG, mh)uGntnqpwlJ.wG L. 
ut)uwGplJ.wlJ.wG hwmlJ.mpJntGGhppg L. qwGw41t zwpduwG pmJtwmphl.}l wpw
qmpJmGpg: 

PhptJ.mu t tmMwG oppGwlJ. hhmL.JWL wnw2wqptJ.wet UJ.WJliwGGhpp 
hwuwp: 

J2wG)l np u2w4wpntjuhpp tnpwuwqerhp[!, pGLUJ.hU liwL. GmJG qwzmmu 
ilJlwGg '.ppqplJ.wlihluwGplJ.wlJ.wG hwmlJ.mpJmGGhp[! mwmw GtJ.mu hG LWJCi 
uwhllwGGhpmu, mump hwzt[wplJ.tJ.n11 uhermpJmGGhpp up2pGwgt[wer wpcthpGhp 
umwGwtm hwuwp uhGp npnzht hGp h = 100 uu hwummpJwtip L. 70 uu 

ff 2 .r.r2 [WJGmpJwUp zhpmp hwuwp: liJupGpG, 4d0 = 70xl00 = 7000uu : QGqmGht hCip 

l.iqpUJ.mWgnphGp gn11mGGhplt uwhpp zi.p.uwG qnpetwlJ.pg[!' tgq> = 0.4 - 0.5 (q> = 

22 - 27°), qh'.pnpuwgpwJlt unqmm' E = 33 - 35 'U/uu2
, ITlmwunGti qnperwlJ.pg(! ' 

v = 0.008 -0.04, pwwwJn11 lJ.nGmwlJ.mwJpG twpmu[!' cr = 14- 18 'U/uu2
, lJ.mpuwG 

lJ.ppmplJ.wlJ.wG met[!' 70- 80 'U, uwetmgplJ.mpJWU qnpCtw41tg[!' K.i = 0.3 'U-tlfuu2
, 

uwhpp qnperwlJ.pg(!' K., = 20,5 'U/uu2
, wupmpJwG uwhuwG[!' a 0 = 38 lJlllw = 38 

u /uu2
: 

'-lhpl) G2tJ.wer mtl.JwtGhpp hwuwp umwgtJ.ht tG lJ.mpuwG mctp (Pq) L. 
qwGw41t 2wpctuwG wpwqmpJwG (Vq) uti2L. GlJ.. 6.10 -mu phptJ.wer qpw'.plt
lJ.w4wG lJ.WUJ.[!: PhptJ.wer mtlJwtGhplt t[hptmCtntpJmG{! gmJg t mwl.}lu, np Pq = 
q>(Vq) '.pmGlJ.gpwG mfip pmJL tiGmhGutitJ.mpJwG hwqwqwpo hwuhuwmwlJ.wG 
lJ.wUJ.: 

u2hGp, np WJU mtl.JwtCihp[! upwGqwUWJG hWUWUJ.WUlWUluwG hG uhp 
lJ.n11upg ppwlJ.wGwgt[wer qltmwi.p.npowGwlJ.wG hhmwqnmmpJmGGhpntJ. umwg
tJ.wet tntl.JwtfihppG, npnfip lJ.wmwptJ.ht hG nnnwGwlJ.wJpG hwmtiw tJ.pw: Shuw
lJ.wG L. qpmwi.p.npOGwlJ.wG nwGwUJ.wphntl umwgtJ.wer mtl.Jwtfihpp mwpphpm
pJmGu LP qhpwqwGgmu wnwtJ.btwqmJGI!' 7% -[!: 

6.6. fllfijnjbpuwf tfwfipftdi UJWpwtfbwpbpft hfttifiwlfnpmtf[! ljnujftw 
ljbpbp[! hwplf wO-nlf tfwfipwgfibt.ftu 

ShuwlJ.wG hhmwqnmmpJmGGhpp GUJ.wmwlJ.G t npnzht m11P11 qwGw41t 
twtJ.wqmJG UJ.wpwuhmphp[!, npnfig qhUJ.Pmli lJ.wUJ.whntltJ.P lJ.hplt uwGpwguwG 
npw4(!, ubpbGwJp pwpop wpmwqpn11w4wGmpJntG[! L qnpet{!Gpwgp i.p.npp 
tGhpqwmwpmp JmG[!: 

limpn11 qwfiw41t OUJ.mltliwt UJ.wpwuhmphp[! npn2tlht hG hpuGwlJ.wGmu hner 
uwpuGp uh)uwGplJ.wJp qpmJpGhpp oqGmpJWUp: PWJ9 wlJ.GhWJU1 t, np pmjuhpp 
gn11mGGhp)l lJ.mpmuwG ctwuwGwlJ. UJ.hmp t hw2tl.P wnGtJ.hG GJmpp tJ.wppp L 
41tpwntJ.nq mctp lJ.wlutJ.werntpJmGGhp[!: .!,hmLwpwp, pmuwlJ.wG glllJ.mGp lJ.mpmuwG, 
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2wpquwfi, uwfipwguwfi dwuwfiwlj UJbtnp t hw2t1Ji. wnCiht Jlpwljwu :PJlqpljw
ubJuwup4w4wu hwtnltntPJntCiubpl!: 

liJU UJWpwqpw:pmu pmJup gnqmu{! f1Pmt.[t1 t npUJbu wnwoqw4wu
uwc)mgp4-UJtWmnJ14 Ujntp Lt qb.'jmpuwgpw(ibpp m lW(lntuubpp 1.jwJut.[wc)mpJWU 
oppuw,1.wl{lmpJmufihpI! npn2t1m hwuwp I!Cimptlht t .Ppuqwup lillilhlI! (u4.6.1 l) (45]: 

2 

3 

ulj. 6.1 I . ri.a:pnptfwgftwlibpft u [W[Jnltflibflft ljwfuljwcm1p;wli hw2lf.wpljwjjJ{j 
tfn!Jb[. 
1-p timp w qpnuf t UJDLP/l wnwdqwljwti hwwljmpjmti[! (l;bjmplfwgftwti), 
2-liljwpwqpmtf t 2tjltfwli !Jb:Pnptfwgftwli, 3-plimpwqpmtf t li;mpft tfwumgft
ljmp;wli hwU1ljmnmli[J (1Jb:Pnptfwgftwli) 

(
de I da) } a==ah+K dt - E---;Jt, bppa > ah, a=EE , lippa:S:ah, (6.45) 

npmbq /1 -Ci ppw4wu 1wpmufi t 4mpmtlnq pmJuJl gnqmup llJ1w, E -Ci' fiJmpJl 
wnwoqw4wGntpjwli unrµn[D, ah -I!' 1wpuwG hnumfintpjwG uwhUwuI! upwdw
uwCiw4 gnqmup ubquuwu Lt oquwu dwuwuw4, £ -!!' pntJuJl gnqmup 1.J.mpmuwu 
qnmm hwpwphpw4wu qt:pnpuwgpwfi, K -fi' hwubuwmw4wumpJwfi qnpc)w-

4P9l1' dwuwuwl.J.pg 1.J.wtut.J.wer ( K = 3 µ 1 , µ -Ci uwermgpl.J.mpJwu qnpc)w4pgfi t, 
E 

E-fi' wnwoqw4wGmpJWU unrµn[D) , t -u' ljmpmuwfi dwuwCiw4I!: 
Oqmwqnpc)htntl hwpwphpw4wu qt:pnpuwgpwJp (i;) Lt fiJmpp qh{>npuw

gJlw.1'1 wpwqmpJlllU (V,) 4wlutJ.wbmpJntUI! (i::= V, t) , er >cr11 qbuwp hwuwp 
umwgtJ.hL t. 

K da +Ea= E(Kv +a ) : (6.46) 
dt £ h 

P.fimhqphtntl (6.46) qp{>bpbugpw1 hwt.lwuwpntti[! 11-p li4wmuwup Lt 
oqmwqnpbbtntl u4qpuw4wu UJWJliwGGbp{!, bpp t = O, a= O'h qbuwp hwuwp 
umwgtJ.bL t. 

a = a + a = a + K V 1 - e ( 
- Et l k) 

h I) h £ ' 
(6.47) 

npmbq a" -fi nb1wpuwgpnu (qp!iwup4) 1wpmufi t: 
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11-wuwljp wzfuwtnwupwjpCi uwljbpbuubpp tWW LWpmuCibpJl pw2fuuw(i 
oppuw.1_wl{1mpJmGuhp[! npn2t1m UUJWtnw4ml 4mpuwu hwuwp {!fiqmfihup 
htmltJWl hwztlwpltwJJlfi unl}hlI! (u4. 6. I 2). 

x, 

a,=a, a, 
a, 

ulj. 6. f 2. ri.wliwljft lll2/11WUllllUJJlllJ/lli lfwljbpbufibpft t./J1lll [Wpmlflibpft pw2fuuw fi 
opftliw,1wtjlmp;mlilibp[1 npn2b1m hw2lf.wpljw;/1li tfn!Jb[ 

<.w2t1Ji. wnfihtnt.J. fuliqpp 1mblilllG uwpbuwmpljw4wu pwpqmpJmG!ibp{!, 
lUJU ll!wpqbgCibtm Gll!wmwl.J.ml [!GqmCitJ.ht bG npnz bupwl}llntpJmGubp (hpUJn
pbqfihp), npnug oqmwqnpbntli{! w 1.J.wpnq twljwfi wqqbgmpJmCi mGbGwt 
tupllJmupp t'izmmpJwfi t.[pw: 

Lwpmuuhpp pwz!umli[! qwuwqp mbqwuwubpmu [!Ci11mGt.[wb t hwt.[wuw
pw,1.wi.{1: 5nqmup CiJmpp L. qwuwljp 21.{1uwu qnpbwl!P9I! 4wlut.J.wb qwuw4p 
;wpduwu wpwqm}}JntCipg (VJ l!Ul}ntCitJ.wb t npnzbt hbmLJWL tuu.iJlPP4 pwfiw
t\l.1p oqGntpJwup ' 

rp = 'Pmax [0,3 + 0, 7(1+0,2V)]: (6.48) 

Unwoqw4wu-uwbn1gpl.J.-UJtwumJ14 uJ12wtlwJPJ1 l}hll!pntu {!UqmCitlht t, np 
L1mpmuwu ctwuwuwlt wnw2wumu bu nhtwpuwgpnfi (qpuwliJ14) twrmuubp 
(a,) : 4mpU1uwu {!Upwgpmu 11wuw4I! hw'lPwhwpmu t gnqmup 4nzm UJlllmbpp 
[, qpwug upwgt.J.wb 1.{1wl{lm4 qnpbt.J.wbpp pbtJ14CihpJl flPUWl}PntpjlllliGbp[!: 
f<rhtJ146bp{! upwdwuwuw4 bntlmu L. 4mpmtlmu bu : ').wuw\tlJ. 2wpduw(i 
wpwqntpjlllU ubbwguw!i hbm ubbwGmu bG pu.1_UJbU 1.jn2U1 UJWU1bpp, WJUll!bu tt 
qnpert.J.wb"pp mpnpulllG (lumwguwG) qpuwqpmpJmCiubp{!: .(.bmliwpwp, qwfiwltJl 
,i wpduwu wpwqmpJmCipg t ltwtutlwb u"_Jl ubbntpJntU{!: 

bfipwl}lltlntli t , np wtJ.b1.9m4wJpG t'i!izmliI! uwbmgp4 up2wtlwJpmu pn1np 
mqqmpJmuutpntl mwpwbtlmu t hwt.[wuwpw.1_wtJ.1, Jlu4 t'.iuzuwu wnwtlh1wqntJU 
1updt pubp{! tiwtut.J.wb bu qb:pnpuwgpwJp wpwqmpJmfipg: 

.Pmulll4wG gnqmGp 4mpmuwG qpuwqpmp.1wu md{! hnppqnuw4wli 
mqqmpJwup npnztlmu t hhmliJwt pwuwaltnt.[. 
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~ = P.x +Pix + ~x + p4x • (6.49) 

npmtq' 
01 

n _ b
0

J2 sin(a + x). dx2 P., = b Ja1tgadx1> 'ix - a 2 , 
0 0 cos a cos a 
~ ~ 

~, =b Ja3 sinrpdx3 , P4 , =b Ja4 sinrpdx4 , (6.50) 
0 0 

b -Ci qwGwtiP LWJGntpJmGCi t, <Jr, <J2, <J3 li IJ4"'l!' LWJlmUGhp[! mhqwuwuhpmu, 
npnGp npn2t1.mu tG (6.47) pwGwoLp oqCimpJwUp. 

v;, =!..cosrp, (i = 1,2,3,4), (6.51) 
X; 

V-G lJ.tnptnuwCi wpwqmpJmGG t, x; -G' mbqwuwubp}:l l}nnpl}flCiwmGhri~: 
X· 

ti =--1 
-, (i == l,2,3,4), 

Vcosy 
(6.52) 

umwgl\hL bu LWJlmUGtpp npn2uwG wptnwhWJtnntpJmGGbp[!, npnGp mctbpfl 
pwGw6Lhpp (6.50) ut2 uihqwqphLnt9 L. pGtnbqpbtmg hhmn umwgl\bt hCi P1., P2., 
PJx. P4, tiMntpJmGGbpp Ci2wCiwl}ntpJntGGbp[1: UJGnthbtnli, oqtnl\hLntJ. (6.49) 
wptnwhWJtnntpjntGpg, UtnWgl\ht t l}fluwqpntpjWG mctp uhb"ntpjntU[l l}tnptnUwCi 
ctwuwGwl}. 

P, =bhcosy uc+-cosy 1--cosy 1-e +b x { 
KV [ KV ( -Eui /KVcosr)~} 1sin(a+rp) 
a 1 Ea1 cos a 

x {ac cos(y- rp)sin(a + rp )+KV cos r[I - KV cosy x(l- e-Ea2/KVcosr )l} + 
a2 Ea2 j 

+ ba3 sin rp{ac cos(y- rp )sin rp + KV cosrx[t- KV cosy(1-e-£u3/KVcosr )l}+ 
a3 Ea3 j 

+ ba4 sin rp x {uc cos(y- rp)sin rp+ KV cosy[! - KV cosy(1-e-E•4 /KVcosr )l} : (6.53) 
a4 Ea4 j 

a 
flpn2htnl\ l}mpmuwG lj_pw b"wtuul\wb w2tuwtnwGp[! (A= f Pdx) wnwGopG 

0 
mtqwuwutpmu' hw24wplJ.l\hL t l}mpuiuwG hwuwp wupn112 w2tuwmwGpp 
(Ax= A1x + A1x + A1x +A4.J uhb"ntpJntG!!. 

A, =bhcosy aca1+KVcosr l--cosyl-e I sr +bl x { [ 
KV ( -Eu /KV co )~} sin(a + rp) 
Ea1 , cos a 

x {",a, co•(r - • )•fo (a+ ~)+KV'°'+- ::, '°' r(I - ,-'"''" ro., l]} + 
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{ 
( ) 

[ 
KV (l -Ea3/KVcosr )~} +ha3sinrp aca3 cosy-rp sinrp+KVcosy 1- Ea

3 

cosy -e J + 

x ba4 sin rp{ aca4 cos(y- rp)sin rp +KV cosy[ 1- ;~ cos y(l - e-Ea4 /KVcosr )]} : (6.54) 

'1-wGwl}fl b"WJPP upuwG wGl!JwG 01.11mpUWL uhb"ntpjntG[! (a =ao) npn2l\hL t 

l\2x -P Gl\wqwqmJG U!WJUwGpg' a;~ I a=ao = 0 (6.55) 

L1wu 2[c1 sin(a0 +rp)+c2 ]cosrp+c1 sin2(a0 +rp)cosa0 = 0, (6.56) 

0>pmruj' c, ~ ",a, oo.;ty - ~) , c, o KV co•+- ::, co• r( 1-e -Ea}{v "°' Y)} 
UJull!Punl\, (6.56) pwGwolip oqGmpJwUp l}wphl.P t npn2tt l)wGwtiP b"wJpp 

upuwG wGtuwG (a0) oll!mfluwL utb"mpJntG[!: 
. .QwGp np gnqntG[! l}mpl\mU t l}wGwl}fl hwpl\wb"fl up2ngnl\, htmLwpwp, 

11t1Gwup4w4wG twpmuGhp[! l}wphl.P t npn2tt hw2l\wp4hLnl\ hwpl\wb"p ctwuw
liw4 gnqmCifl 'lflCiwupl}wl}wG mtqwi.pnfumpJmG[! (Gl}. 6.13): 

\,l}. 6.13-mu Ox(tJ -Ci gnqmGfl mtqwtflntumpJmGCi t hwpl\wb"fl ctwuwuw4, 
,),,,1,-G ' gnqmGp uw4tplintJpfl lj_pw mpnpuwG l}h~npuwgpwJfl uhb"ntpJntG[l, MN
p · hwpl\wb"fl ctwuwGwl} wt.Ppfl uiwpwb"uwu hwppntpJntG[!, AB -G' wt.Ppfl 
mwpwb"UwG wqwm uwl}hplintJpfl hwppntpJntG[l: 

'1-pGwupl} uihqwtflnfuntpJwG ctwuwCiwl} gnqmG[! ohnp t phpntU V,,(t) 
1upwqmpJmG: 

'1-flCiwupl} mctfl uhb"mpJntG[! qwCiwl}fl gwGl}wgwb" l}htnntU npn2hLnt 
hwuwp oqml\hL hCip hhtnLJWL wpuiwhWJUlntpJmGflg' 

( ) ( ) (vx - Va )2 (6 57) 
P,, x =a,, x ·A=pl0 A 

2
ox(t) , · 

npuihq <Jq(x) -[! qpCiwujll}wl}wCi twpmuG t qwGwl}p x l}huimu, lo -G' mctjl 
ptpuwG hhnwl\npntpJntG[!, A -G' qwGwlJ.p li gnqmG}:l tflntuwqqhgmpJwG tiwlJ.
Lphu[!, p-G' gnqmCifl GJmpp tuumtpjntG[!, Vx-1!' qwCiwlJ.fl qb"wjpu wpwqmpJntG[! 
x lJ.huimu, V0 -Ci' gnqmCifl lJ.mpuwG wpwqntpJntG[!, ox(t) -G' hwpl\wb"p ctwuw
tiwlJ. gnqmGp uihqwtflnluntpjntG[!: 

5nqmCifl wmul\htwqniJG mhqwtflntumpJntG[! npn2l\ht t hfl2JWL wpmw
hwJUlntpjmGGhpnl\. 

(6.58) 
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.S.(t) 
0 2dN, 

2 

·-·- ~ 

i .S,(t) 
i~-----+-l:;j 
j .S. , F !.· """"'-if-N--''-:F, 

'Ulj. 6.13. <.wpt.{wc>ft dwtfwOwlj gnf}mOft IJ}10wtfft/J wbIJwlfmfump)luO 
hw2t.{wpljtfwu tfnl)Of 

npmhq do-G gm1mG)l mpwuwqpbG t, V0-G umwglJ.hL t V0 = ; , Ve = /-% -lJ.g, 

Yc-G .w[)lplJ. mwpwbuwG wpwqmpJmGG t, G -G' gnqmGp GJmp)l uwhpp unqmm, 
V.,-G gnqmfip l[mpmuwG wpwqmpJmfi1r ..:,tmltwpwp, 

maxP,,(x)=ploA (v,-vJ1 =ploA(v, -vJ2 (vo) : (6.59) 
2maxt5x(t) 2d0 V, 

~wGwaltmu qO-wJ)lG wpwqmpJwfi(V,.) max ubO-OtpJntfi[! npn2lJ.hL t 
hbtnliJWL pwfiwoltnlJ.. 

max~=cvxlx=i=cvl , (6.60) 

npmbq f -t! qwGwlJll U!tntnUwG wnwGgp)lg upfilli OWJPI! bqwo hhnwlJ.npm
f>JntGG t: 

fl.wGw4J1 OWJpmu max ntcl[! npn2tlhL t WJU pwGwoltnq. 

maxP=pl0A(maxV,-v.)2(~) : (6.61) 
2d0 lmaxV, 

fl-wGwlJll hwpqwop clwuwGw4, gnqmGp 4mpmuwG uiwJUWGt! 4[)1Gp · 
maxP,,(x)~ P,. (6.62) 

Px-C! gnri.mGp 4mpmuwG mdG t, npl! npnzi.J.nui t (6.53) pwGwoltjl. oqGmpJwup: 
..:.tmwqnmmpJmGGhp[! hjl.uGwlJ.npmu bG, np qJntf1.wgpw4wG Li :ptpuhpw

JJ1G tnGtnhumpJntGGbpmu 4m.ajnn 4bphpj1 uwGpwguwG hwuwp Gutwmwtiw-
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lnupuwp t oqmwqnpahL Gnp u2w4i.J.wo hnppqnGw4wG U!tntnlJ.nri. hwpp qwGw
lpnl. utphfiw: 

6. 7. flifi/u/bpuw[ tfwfipftdJ UJWpwtfbmpbpft hfttffiwlfnpmtf[! ljm1Jftm ljbpbp[! 
pwplJilmmtfm/ tfwupwgublfw 

fl.)lmwp4tg)1Gp 4nll!)ltn 4tphpj1 gnqmGfitp)l uwhmumJ. 4mpmhtm Li 
hwpi.J.wO-nlJ. 2wr11tlm qnpb]}fipwgGtpG wnwfiopG-wnwGa)lG: liJumtri. i.pnpa t 
wpi.J.mu q)lmwp4hL gnqmfip uwfipwguwG G2lJ.wO- hp4m mbtufinLnqpw4wG 
t111pO[!fipwgGhpt! upwclwuwfiw4 [53] : 

lim.ajlm 4hphpt! 2wpqnmbtml uwGpwgGhtm hwuwp wubGwwpllJmfiwlJ.htnt! 
hUJUwpi.J.mu t 4mpmul! bpl.J.wpntf)JWUp mtri.wtltntubtni.J.: liJ'l [!GtnpntpJntG{! U!WJ
uwfiwlJ.nplJ.wb t GpwGnlJ., np wJu ntclput! hwuwpi.J.mu t UJmu tp4m nhclpuGhpp 
(hwmmuni.J. Li uwhnufoi.J.) tjpwtyluwfi WJ111Jntfip (G4. 6.14): bpp ~ = 0 - p, mhl'J.P t 
mGhfimu hwmmu, finpuwl t'iG2mupg 2n2wt11nri pwfJ.WllPPll! · NT = 0, pu4 2t11uwG 
mdG wt'imu t upGlli wnwlJ.btwqntJG G2wuw4mp1mut!· Fmax, hpp s :::=: cp (npmhq cp -G 
qUJGwltli Li gnqmfi)l up2Li 2t11uwfi wfi4JmGG t t, wnw2wGmu t 2n2wt11nri. m.cl, pGm 
lii4wummu t 4mpuwfit! lfi.npp finpuwl 6G2muni.J. (N), npG pp hbpppfi hwGqbgfimu 
I. qwGw\tll 1.J.mpnri. bqp.lJ. 1.J.hmbplJ. wpwqmpJwG gwG4wUi lfi.nppwguwG{!): 

N,\\\ F-N, 

N., -------- Nv 

'Ulj. 6. 14. Uw1pnt.{ ljwptfwO nlid/1tfOli
J1ft ujulitfwO 

limpuwG qnpO[!Gpwgp tlhrtmO-OtpJwfi wpl}JmGpmu hpuGwqnplJ.hL t, np 
~1nri.mfijl. hwmllwfi clwuwGw4 (s = 0) Gnpuwl 6G2m.U[! (N), hwGq)luwGwtnlJ. tipqp 
tuqquwG wpllJmGp, 1.4hmp t !PGp WJG1.4pupG, npll!huqp WJI} qhll!pmu wnw2w
HWO LtuplJ.wO-OtpjntG[! qhpwqwGg)l Gjntpjl. wupntpjwG uwhOwG[!: bp4pnpq 
nbcljl.u)l clwuwGw4 s < cp, GJmp}l 4mpuwG hwuwp uiwhwG24.nri. 6)1ql! (No = R) 
CimJGU!hu uitmp t GJmpmu umhri.o)l 2wpqnmi.J.btm hwuwp gnqmGlJ. wupmpJwG 
uwhuwG]1g uto twpqwompJmG: ~Gw4wG t, np WJI} qtuwnui 4umwGwGp Na-pg 
li2wuw4w1P lfi.npp Gnpuwt 6G2mu' N, pwGp np No = N/coscp: 

'-lmpuwG hppnpq ntclpu[! ll!PmwGp lt gnqmGp uwGpuwG tnll.JwL mttufintn
ql1wJp hwuwp, pwfip np WJI} T]hll!12mu 4mpmun 4wmwptJ.mu t LPPtl muhpp 
nhclpunq, Op{! 4wpnri. t hwGqtgGht Gjntp)l GqwqwqntjG 2WPI}l1U1UWG tiwu 
pntnrntl]1G l2wpqnmuwG: 

..:.w2tl]1 wnGhtnlJ. gnqmGp twplJ.wowqh.'}lnpuwgpnG tl]16w4!! [, 4tnpwmuwG 
tlwuwGw4 qh!pnpuwgtiwJfl tGbpqbmp4w4wG gmgwGJ12Gbp{!' ~ wG4JwG ouimP.
UWL GzwGw4mp1wG npn2uwG Guiwmw4n4. qptnwp4tfi12 gnqmGp 4tnpuwG-2wp-

155 



qnu111wu qnpb-I!Gpwgp tlJiw wqqnq wpmwppu qnpbnGGtpn' Ilwfiwqp UjWpw
utmphp[! L. Gpw w2JuwmwGpp qpGtuwmpqwqwG ntdpuGtpn: 

Qwpqnmuwu Ilh~npuwgpwJp htm mtqwqwG Ilh.'pnpuwgpwJp hwuw
mt11uwu wM Ujnmtfigpwl tGtpqpwu qtlJ.Cip. 

TI= IlUl + I10, (6.63) 
npmt11 IlUl -Ci gm1mCip tpl}wJCiwl}wCi phtlJ.l}Citpp mt11wl}wCi oquwfi m ut11uuwfi 
Ujnmtfigpwl tfitpqpwu t, Ilo -Ci' 2wpqnmmupg l}mpi.twcrpp mptlwqbp bnuwfi 
UJ.nmtfigpwl tutpqpwfi, np[! UJ.WJUWCiwtlnptlwO- t ppwp tlJiw tpl}wJfiwqwfi 
pttlJ.l}fitpp oCizmuni.t. 

oE 2ir 
n = - fc: 2rd<p 

in 2 0 ' 

l 
2
" M

2
ds D 

2
"( l l )

2 

' nlf =-I-If -=- f --- rd<p: 
2 0 D 2 0 r1 r 

(6.64) 

npmtqu E -Ci gnilmCip GJntpp wnwoqwqwfimpJWCi unqnttG t, D -G' q1wGwJpG 
4n2mmpJntG[!, M 0 -G ' 0-nnq unutGm[!, r L. r 1 -n' gnqmfip zwnwi.Uiqfil:ip[! 
2wpqnmmupg wnw~ L. htmn, o -G' ptpt{wO- hwummpJmG[!, E -n' hwpwpl:ipw
qwu qt.'tmpuwg}lwfi : 

lllnmtGgpw1 tGtpqpwCitpp pCimtqpw1Gtpn hwzt{wpl}t1m hwuwp E, r L. r 1-[! 
wpmwhwJml:iup cp -nt{: Cum hw2t{wpl}wJpCi uJuhUWJP (u4. 6.15) qwpl:itlJ. t qpl:it 

_!__.!_= d<p+da d<p 

ds+l'!.ds 
(6.65) 

r ds' 

npmt11 du -G (l-1) qmpl{wcrpp 2P2Wf!wpop wu4JmCiG t: 
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y 

p 

w) 

'Ulj. 6.15. £J.b!pnpuwgftw1ft UJmnbtigftwf tfibpqftw1ft npn2uwfi hw2t/wpljw1ftli 
ujublfwfi. 
w) bpljwjliwl;urii nu11Jmp1wup pwplJllmlfwfi mwppwljwfi qnmm hwlfwp, 
p) fWJfiwljwfi nd,1}mp1wup pwp1J11mlfwfi mwppwljwfi qmnnc hwuwp 

da = d( dfJJ + !!_), 
ds r 

(J) 
1'!.ds =du --ds, ds = rd<p, 

r 

(6.66) 

(6.67) 

u L. co -G' qtml:ipp znzwtlinq L. zwnw4_qwJpG mtqwtlinJumpJmfifibp[!, npnfip 
qmCii.tmu tG gnqmGp LWJUWl}wfi qmptlwapp up2}lfi uwqhpl:iupfi: 

du 
.!,wzt{ll wnut1ntl (6.66)-pg da -p GzwuwqmpJmCin L w = - , GwL [!Ciqmut

d<p 

int{ Ms = 0, umwgt{t1 t. 

l l l ( d
3
u du) 

-;;---;:-=7 d<p3 + d<p: (6.68) 

.!.wpwptpwqwG Ilh.'pnpuwgpwjp utbmpJntU[! qwpl:itlJ. t npnzl:it [!UU1 htm
liJWl wpmwhwJmmpJwCi. 

c: = y( ~ J = [(r-(J) )cos <p - u sin <p{~ J, (6.69) 

npmtq p -G l}npp [!Gpwgp4 zwnwi.Uiqfi t: 
QGilntfibtml co L. u -G npUjl:iu tlinpp utbmpjntGGtp L. wfimtut1nt{ l:ipqpnpq 

L1wpqp ttinpp utampJmGGbp[!, umwGmu tGp. 

c: = .!_ ~~2 
- 2rdu / d<p )cos 2 <p - ru sin 2<p : 

p 
(6.70) 

.!.wzi.Ui wnGt1ntl (6.70)-pg L. (6.68)-pg _!_ _ .!_ CizwGwqmpJmfiGl:ip[!, (6.63) 
'i r 

wpmwhwJmntpJmCifi [!GillltGl:it t htmL.Jwt mtup[!. 

n" ~ '~ ; , ~' oo<' •-3rn«n 2,)+ l2{l ::, }' ( :~ +:. J} (6.71) 

Qwpqnml{t1mg htmn gn11mup hwl{wuwpwqznmpJwu UjWJUwGpg htmt-
4mu t, np ql:i~npuwgpwJp Ujnmhfig}lw1 tfitpqpwu Ujl:imp t oqmp Gl{wqwqmJCip. 

d
6
u d

4
u d

2
u l8r

5 
( 2 ) • 

-+2-+-= - --1-u sm2<p (6.72) 
d<p6 d <p4 d(/ 0 2 p2 , 

npmtq u -G lllmwunGp qnpbwqpgu t: 
P.uml:iqpt1ntl (6.72) hwl{wuwpmun, umwgtll:it t . 

ll = c, + C2<fJ + (c3 cos <p+ C4 COS<p )<fJ +Cs COS<p + c6 cos<p + :
5 
2 (1- u

2 )sin 2<p :(6.73) 
<5 p 
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t>Urnbqpuwa hwuUiwUimUUbp[! npn2tlmu ta u4qpaw4wa UJWJuwUUbp)1g' 

tr d 2u 
u == 0, bpp <p = 0, 2 , 3/2n L. d</ = 0, bpp <p = 0 L. n, WJ'l qbUJ.pmu uUiwgtlmu t. 

C 1 = C2 = C3 = C4 =Cs= C6 = 0: 

liJUUJ.]rnntl, qb:f>npuwgpwJp lJlJ:ltl UJ.nUibUgpwt tUbpq)1wG 4mGbGw 
wubGwtJmpp G2wGwlfntpJntG[!, bpp. 

5 

u =~(l-u2)sin2<p: 
2i5 p 

co -G npn2btm hwuwp oqUiwqnpotlbt t hbtnL.Jwt If w]ui.twompJntG[!. 

du r
5 

( ) (JJ=-=-- l-u2 cos2<p: 
d<p '52 p2 

(6.74) 

(6.75) 

SbIJ.wqpbtntl (6.74)-)1g u -)1 G2wGwlfntflJntG(! (6.71) hwtlwuwpuwG ut2, 
uUiwgtlmu t UJnUibGgpwt tGbpqpwJp wprnwhwJtnntflJnLUJl, np[! hwUWUJ.wmwu
]uwGmu t gnIJ.mG)1 4wJntG hwtlwuwpwlf2nmpJwG UJ.WJUwGpG. 

n = (i5E ~ )~3 
/ p

2 f (1- 4~~:2 }-u2 )l (6.76) 

GnnIJ. unubGUlp L. lfnpntpjwU u)12L. lfw]utlwompJWU hwuUIWUlUWU hwuwp 
oqtnwqnpotlbt t [!GqhwGpwgt.lwo mdbpp L. [!GqhwGpwgt.lwo 4nnpqpGwtnGbp)1 
tlbpwpbpJLUL LwqpwGdp UibuntflJnLU[!. 

a(~ J ~ ~ ,g,'[ t ]-/(~u')(l/ p')l (6.77) 

OtGbGp ___!!!!_ = M = P,,u,r 
a(lj p) & 2 ' 

(6.78) 

nptnbIJ. P""' -[! UUlWUiplfwlfwG pbnGtlwontpjntGG t: 
(6.77) L. (6.78) wptnwhwJtnntpJmGGbppg utnwgt.lmu t. 

~ tri5rJ[2(1/p)- r4(~~ui )(l/p)J]= p;"' r 

4wu (6.79) 

(6.79)-)1g npn2htntJ. lfnpmpjwG l/p ubontpjntG[!, lfwpht'1 t (6.75)-}1 
oqGmpJwUp hw2tJ.wplf bt COmax -(! (hpp <p = 0) . 

(6.80) 
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trnpuwG qpUwu)14w4wa md)1 (PJ npn2uwG hwuwp oqtnwqnpot.lbt t 
hbu1 L.JWL hwjtnGp wptnwhwjtnntp JntG[!. 

Pq = Kq Pu"', (6.81) 
nrrnbIJ. Kq -G q)1Gwup4w4wa qnpowlfpg t, 

K,, =Vi,,,,~ I , (6.82) 
gwu.,, 

Y4m -G 11wGw4Ji hwpt.lwop wpwqmpJmGG t lftnpuwG dwuwGw4, co""'-u 
uuiwUiplfwlfwG qmuwpwJ]lG qb:Pnpuwgf:lwG utnwtn}llJwlJwG md]l lJPpwnuwG 
l]bUJ.IlmU, Pum =mg, m - n' pbpt.lwo qwGqt.lwb"[!, m1 -n' m2 - n' pmJu}l qwGqt.lw
Dn: 

(J)UUl: (1)2 + (J)Ul~ ' (6.83) 
npuibIJ. co2 -U' qb:f>npuwg]lwG t 2wpqntnt.lbtm dwuwGwlJ (6.80), com~ -n· 
mpnpuwG qb:pnpuwgpwG: 

com~ ubOmpJntG(! npn2bt bGp <!,bpg}l hw4wuwpmu}lg . 

{J} = 3 9tr
2 

( 1 - u
2 

) Pu~ 
u"' 16 tr E r

11 
' (6.84) 

npuibIJ. r0 -!! gnIJ.mGf:l u}12}1G 2wnwtl)1IJ.G t hwptlwof:l lfppwnuwG UlbIJ.ntU: 
liJUUJ.pun4, qrituwpwjpG qb:pnpuwgf:lwJ]l ubontpjntG(! lJlliGp. 

(J)u"' = (J)P + (J)"'" = (1- u2) :: 2 + 3 ..2_(_I -_u_2 )-Pu_~ ' 
i5 p 16 n E r11 

(6.85) 

nptnbIJ. p -G npn2tlmu t (6.79) wpmwhwJmntpjntG]lg qw]ut.lwo Pum -]lg: 
liJuUJ.}lun4, hw2tl)1 wnGbtntl (6.82) L. (6.85) hwtJ.wuwpmuGtpu, q)1Gwu}l

t1w4wG qnpow4g}l G2wGwympJntG(! 4UiGJ1. 
,----:,-;-~~~--;:::=========' 

Krlfl{j =vu _!_{(1-~2r: + 1 i.(_1-_u2)_Pu~), 
g i5 p 16 n E r11 

(6.86) 

1 { (1 - u
2 
}

5 
9 ( 1- u2 ) p 2 ) Pwu =Kwu ·PuU1 =V11 - 2 2

11 +J- -- __..!!!!!_ : 
g i5 p 16 tr E r11 

(6.87) 

(6.87) hwt.lwuwpmul} tJ.bptmobtm UUJWUiw4nt.l WJU GbplJwJwgt.lwo t qpw
:t>J14w4wfi uibupntJ.' oqwwqnpohtnt.l bqpUJIIlWgnpbG}l gnIJ.ntGp hbUIL.Jwt UjWpw
ubtnpbp[!. E = 33,0 - 35,0 u<llw, u = 0,04 - 0,07, r0 = 20 uu, op= 5 uu, J.,"' = 0,45 
(Gq. 6.16): 
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ulj. 6.16. 'J.wliwljft Wpwqncp;wli /, hWUWUjWUJWUjuw{i ljmptfw{i mdft 
qpw!pftljwljwli opftliw1wi.ftmp;mlilibp[! ljwjulfwc> gnrzmlift ljnpmp;wli 2wnwlfrzftg 
(IJwliwljft Obpqnpc>mp;mliftg) 

4mpuwG qnpO{!Gpwg}l hjluGw4wG lt}lGtuwm}lltwltwG L. tGtpqhm}lltw4wG 
gmgwGp2Gtp{! pGmpwqptJ.mu tG qwGwlt}l 2wpduwG wpwqmpJmGntJ. m 
ltmpuwG mdntJ., npnGp ujWJUwGwtJ.nptJ.wcr bG q!Juwtlnpwu.ibu gn11mGGbp}l L. 
pmJubp}l UJmu opqwGGtpp 4wnmgqwop}l wnwG6Gwhwui4mpJmGGbpntJ. m 
:ppqp4wub)uwG}14w4wG hwmtimpJmGGbpntJ.: 

6.8. q.pmwtjlnpdlipft wpl]Jmlipubpf! 

StuwtiwG hbmwqnmmpJmGGbp}lg umwgtJ.wcr pwGw6L.bpjl h}luwG tJ.pw 
4wmwp\J.hl bG 4nGumpm4mnpwltwG hw2l{wplJGbp, Gw)uwqcrtJ.ht L. u.iwmpwum
\J.ht t mG}ltJ.bpuwt 4tpwuwGpJli ut12tGw, np}l {!Gl}hwGmp mhup[! phptJ.wcr t 
G4. 3.23 -mu: 
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l>Glu.itu tlhf1L.ntu hp2wmw4bL tG12, wnw2wrtitln11 4brwdwGf1plfl mGp
t[tpuwtmpJmG[! 4wJwGmd t GpwGmd, nr iUWJWO WJU hpdGwtiwGmd Gw)uw
u1butJ.wcr t tinu.ipui 4hpbp uwGpwgGhtm hwdwp, uw4wJG hw2n11mpJwtip dwG
pwgGmu t GwL. wpuwuiwu.iwtwpwu.iuimqGbp, uptnu, utGwd L. )umwgpwo 
L1h11hp : 

q_pmwtJ.mpobp{! 4wuiwptlbl bG tp4m tJ.mttntJ.' Gw)uGw4wG L. hpuGwtiwG: 
liw)uGw4wG q}lmwt}mpobpp Gu.iwmw4G t t11ht twpnpwmnp u.iwJOWG

Citpmd Gw)u u.iwpwu.iuGpwgntJ., hbuin' owGpwptnGtJ.wcr, wz)uwuitgGht 4tpw
uwGpplfl tJ.mp6wp4tJ.n11 Gom2{!, l{hphwGht tiwnmgtJ.wcrpwJpG L. 2whw4np
ow4wG pbpmpJmGGbp{!, 2m4ht L. oh12hGwG u.iwuipwumbt hpuGwtiwG qpmw
tlmpobpp hwowp: 

<!,pdGw4wG qpmwt}mpobpp Gu.iwmw4G t uuimqbl L. 62uitt mbuw4wG 
hbmwqnmmpJmGGbppg umwgtJ.wo wp111mGpGbp{! L. npn2bt wJG 4wnmgtJ.wcr-
12wJpG m zwhwqnpowtiwG u.iwpwdbmpbp{!, npnGp mbuw4wGnpbG ibG hbmw
qnmtJ.br 

q_puiwtJ.mp6Gw4wG hbuiwqnmmpJmGGbp{! hGwpwtJ.npmpJmG timwG 
hwumwmbt tJ.hptmcrw4wG hbuiwqnmmlJJlllGGtpp wp111mG12 Gtpp hwtJ.wumpm
PJntG{! L. 4wmwpbt uwptuwmp4w4wG wpmwhWJUlllllJJmGGbpp 62mmd: liJG 
mh)uGntnqpw4wG qnpo{!GpwgGhp{!, npnGg owptuwuip4w4wG tJ.bptmcrmpJntGI! 
11dtJ.wp t blJ.bL hw6w)u GwL. wGhGwppG, qpmwt}mp6Gw4wG htmwqnmmpJmG
CibpntJ. hGwpw4np t 11wp6bt wpmwppG qnponGGtpp L. twwJpG u.iwpwubmptpp 
t}m)u4wu.iw4gmpJntGI! wpuiwhwJmht tuu.ihpp4 :pmG4gpwGtpntJ.: 

q_pmwtfmp6Gw4wG hbuiwqnmmpJmGGt1rntl hGwpwtJ.np t GwL. hwumw
tnhL «42WJj2WjdwG ub)uwGp4WJP» l}PntjpGbpp 4flpwm.lwG wpl}JmGwtJ.bmm
PJlllU{! L. umbqcrht m tJ.hp2Gw4wGwu.ihu 62mht 4mpnq l}wGw4Gtpp tp4J1WiW-
41w4wG 6L.{!, 2wpduwG hbmwqop wGhpwdt2m 6L.p oqmwqnpouwG hGwpwtJ.n
pntpJmGI! hwpp 2wpdtJ.n11 4mpn11 wu.iwpwmGbpmu L., np iwtJ.!wqwGg 4wpL.np t, 
tGhpqw)uGwJn11 timpn11 qwGw4Ghpp uptJ.wcrpp twtJ.wqntJG wG4JmG{!: 

<DnppwlwtJ.!, mGptJ.bpuwL tGtpqw)uGWJDlJ. 4tpwuwGpjliGbpp qpmwi.J.mp6-
Gw4wfi hbmwqnmntpjntGGbpntJ. hGwpwtJ.np t blJ.hl UUlWUWL mumuGwuprtJ.nq 
hwow4wpqp tGbpqbm}14w4wG L. mt)uGntnq}lw4wG pGmpwqpbp{!, npnGg wn-
4wJmpJmG{! lwtJ.!wqwGg 4wpL.np t ubpbGwGbp}l 4nGumpm4mnpw4wG Gw
tuwqauwG dwuwGw4 hwuw4wpqp twtJ.wp4tJ.wcr u.iwpwubmpbpG {!Gmptwu: 

lfwGpwgGn11 qwGw4Ghpp twtJ.wqmJG 4wnmgtJ.wcrpwJ}lG m 2whwqnpow
l1wG u.iwpwdbmphpI! ' qwGw4Ghp}l 6L.{!, updwG wG4JmGI! L. nnmnp}l wpwqm
pJmG{!, npn2htm Gu.iwmwltntl tp4m 6L.}1 l}WGw4Gbpp q}lmwi.J.mpobpp dwdw
Gw4 wGhpwdt2m t t11ht i.J.mi.J.mJuhl uwGpwgtJ.1111 4bpbp}l (lunm, crqnm) )unGw
tJ.mpJntGI! (W), nnmnpp u.immuwG wpwqmpJmG{! (w) L. l}WGw4Ghp}l upuwG 
wG4JmG{!: liJGmhbmL., umwgtJ.wcr mtlJwtGhp{! u2wlttJ.ht L. 4wnmgtJ.bt bG 
uwGpwgtJ.wo 4tpbpp :ppw4gpnG ltwqu}l, ut12tGwJ}l wpmwrnmqw4wGntpjwG m 
tthltmpwtGhpq}lwJ}l ow)uu}l tjmtJ.!n)untpJ WG op}lGwiwtJ.!mpJmGGbpp qpw:ppq
GhJl{!, npnGg uwGpw4p4}1m tJ.bptmcrmpJmGGbp}l h}luwG tJ.pw npn2tlhl bG u.iw
hwG2l{n11 u.iwpwutmpbp}l ou.im}luwt ubOmpJmGGhp{! [23]: 
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"UUJjulUUJ.hu UJ.U1pmU1ajlp l}CirµuCihtml l}CitnptJ.wb qnpbnCiCihpp wCil.jUJ]umpJWCi 
UJ.lllJUWCi[!, hhmwqnmtJ.n11 nnmUJgpnCi mCiPtJ.hpuwL t)mppWiU1tJ1 l.jhpwuwCippw 
qpmwt)mpahpp UJ.LWCiwtJ.npuwCi hwuwp l}Cimpt)ht bCi' l.jbpp ]unCiwtJ.mpJntfil} (Wp), 
qwCiwl.jp upuwCi wCil.jjntfil} (a) L. nnumpp UJ.mmuwCi wpwqmpJmfil} (V0 ): OpUJ.hu 
oUJ.mpllwtwguwCi UJ.Wpwtlbmphp l}fimptJ.hL bfi hpbpl}' wpmwqpn11wl.jwCintpjntCi{! 
(Q), ttbl.JmpwtCibpqpWJP bw]uul} CNtt) L uwCiptJ.wb- l.jbpp :jiptul.jgpnfi l.jwqUI} (di): 

q.pmwllJnpabpp CiUJ.wmwl.jCi t t11ht mwpphp ]unfiwtJ.mpJwCi tlwfipwgtJ.n11 
l.jnll.J.Pm l.jhphpp (]unm, brinm) :jipwl.jgpnCi l.jwqujl, uwfipJ:lw wpmwqpn11w1.JwCim
PJWU L tfihpqhmpl.j bw]uuhpp hpuwCi tJ.pw Cizmht tlwCipwgfinri qwfiwl.jCihpp 
OUJ.mptlwt aLD (l.jnp, maj111), upuwCi wfil.jjmfi{!, upt)wb-pp uhUJ.waLmpJwfi 'lPPPD 
(tlhpL, pt fihppL) L UJ.illmUwCi wpwqmpjntfi{!: 

lfmmptuJpfi L twwJpCi ubbntpJmfifihpp :jimfil.jgpnfiwt 1.jwUJ.!! pwtJ.wl.jwfi 
b-wtJ.wtmCi t L UJ.Whwu2mu t l.jwmwphL utb- pwCiwl.jmpJwtlp mwpwpumw tJ.mr
ahp: '1-pwfip l.J.peiwmhtm L UUJ.lUillWl.jWULUl9 hhmwqnmntpjntfiCihp l.jwmwphtm 
UUJ.Wmwl.jml wJumb11 fimJCiUJ.bU qpmwllJnpahp)} l.jwmwptJ.ht hCi bpl.jm t)mqntJ.: 

Unwpftu rjmqft CiUJ.wmwl.jCi t tribL hptlfiwtJ.npbt L. npnz UJ.wpwubmpbp 
qmpu pn11Cibt hjlufiwqwfi hbmwqnmmpJmCifibppg: 

q.pmwt)mpabpl} qwmwptJ.bt bfi upCiil.i 30% ]unCiwtJ.mpjwfi ]unmp m bt\nmjl 
uwfipwgtlwfi hwuwp: 

q.pmwtJ.mpabpjl wpl}JmCipfibpl} tlzwl.jbtmg hbmn qwnmgtJ.bt bfi ]unmp m 
b11nmp uwCiptJ.wbpp :jipwl.jgpnCi 1.jwqup (d0) t)mllJnjuntpjwCi qpw:jipl.jCibp)} l.jw]u
tJ.wb ]unCiwtJ.mpJmCipg (W), 25° uptJ.wbpjl wCil.jjmCintJ. mt\Pri m qnp qwfiwqCibpp 
mhuwl.jpg L. uptJ.wb-pp uhUJ.waLmpJWCi ajlpppg tlwajl wnl.jWJnLPJWUp m wnwfig 
tlwajl, npmtl nnmnpjl UJ.mmmwptJ.bp[! tribt bCi hwumwmmfi' 2850 UJ.U1/pnUJ.: 

Ivnmp m bt\nmp uwCiptJ.UJbpCibpjl :jipwl.jgjlnfi l.jwqtljl t)mllJn]umpJu1fi qpb
ph pntnp qpw:jipqCibpp oppCiwiwtJmtpJmCiCibp)} gmJg bfi mtJ.bL np ]unCiU1t}mpJU1Ci 
t)mllJn]umpJWCi 14-30 %-p uwhUwCifibpmtl hwtlwpJW :ppwqgpnfi qwqtlbp)} ibCi 
t)mllJn]utJ.mu: '1-w uzwuwqntU t , np tunCiwtJ.mpJWU WJI} uwhtlwfil} twl.jwCi wq
qbgmpJmfi w mCihgbt ]unmp m bt\nmp :jipqpqwub]uwCipl.jwqwCi hwmqmpJmfi
fihpp tJ.pw: 

Unw2pfi llJnqji qpmwllJnpabpp wpllJmCipCihpp tJ.bptmbmpJntCil} gmJg t 
mtJ.ht, np fibppLjlg uptJ.wb qnp qwfiwqp oqmwqnpMwCi I}bUJ.pnu) majlri 
qwCiwqp hwuhUwmmpJwUp tlwCippw wpmwqpn11wqwCimpJntfiD pwpapwCimu 
t 8-10 %, jmq tth4mrwtCihpqpwJp bw]uuCi fl2Cimu' 20-25 %: UwqwJfi J:lfiiUJ.bu 
tJ.bpLmU tpCip tJ.hptmbhL qnp qwCiwqCihpl} ]unm)}, hwmqwUJ.bU b°l"}Oll1{! UwCipwg
Cimu bfi uwhmtlntJ., tlwuCiJ14D bpqwpmpJWUp ibCi 2wpqnmmu: liJI} qnpb-n11m
PJntCil} hw2nrimpJwUp t l.jwmwpmu majlri qwCiwql}: ~hmL.wpwp, wnwCig hwz-
4.P wnCibtm hwmqwUJ.bU CibppL.jl uptJ.wb-pntJ. qnp qwCiwqp tJ.hpl} fibpl.jwjwgtJ.wb 
mfimbuwl.jwCi qpwqwfi gmgwCijlzCihpl}, bpwz]uwtJ.npmtl bfip qnUJ.pm l.jbpbp 
uwfipwgfin11 UbpbfiWJnLU oqmwqnpbbt maj111 qwCiwl.j: "UmjCi l.jbpwtlwCipflintU 
qnp qwCiwqfi oqmwqnpbbt qwCiwi ]unmwpmjuhp[! uwCipwgCibLJ:lu: 

{;pljpnf111 rjmqft qpmwqmpabpp CiUJ.wmwqCi t t11bt Cizmht maj111 qwfiw4p 
uptJ.wbpp twtJ.wqmJfi wCil.jjmCil}, npp qhUJ.j:!nLU tlwCipfli ubphCiwjp wpmwqpn11w-
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lJLUUntpjntCil} qhwufijl wnwtJ.btwqmJfip, tCihpqpwJp bw]uu[!' fitJ.wqwqmJCip L. 
t\[1wdwtlwCiwq 1.jhpbpp tlwCiptJ.wc)pjl :jipwqgpnfi qwqtlfi m uwCiptJ.wbpp npwqn 
l1pwtJ.wpwphCi qnnmb]uCipqwqwCi UJ.WhwCi2fihp)}: 

"U4. 6. 17-mu phptJ.wb- hfi qwCiwqp uptJ.wbpp wfil.jjmCipg (aq) qw]utJ.wb 
[unmp uwCiptJ.wbpp :jlpwqgpnfi qwqujl (du) t)mllJn]umpjwCi oppCiw~wt)mtpJmfi
lihpp qpw:jipqfihp[!, jluq Ciq . 6.18-mtl ' b11nmp: 

d,% 

0~5~_.J=-~"'=--~-="':,-------,~~~. 
a. •• 

ulj. 6.17. Junwft !Iwupt/wap/1 .jJpwljgftnu ljwq!Ift (d.r) ljwJut/WOnlf>JnlU[I 

nclfPfl IJWuwljft upt/w<)pft wulj;mu/1g ( a,J 
d,% 

1<d<2 

15 25 35 45 a. •• • 
ulj. 6.18. l5flnUJft !Iwupt/wapft .jJpwljgftnu ljwq!Ift (d.r) ljwJut/WOnlf>j111U[J JJIT//Jl/ 

I]WUWljft upt/wopft wulj;muftg (a,J 

bpqm qhpwmhuwqCibpjl tlwCipwgtlwCi qtuwmu tL twtJ.wqJmCi :jipwqgpnCi 
L1wqu L. tlwCiptJ.wbj:!p npwq t umwgtJ.mu qwCiwqCihpp 25-35° uptJ.wbj:!Cihpp 11tuwmu. 
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- tunmp hwuwp 1-2 uu uwuGpl.J.Gbpp 12wGwq[! qwqumu t 25-33 %, 2-3 uu 
uwuGpqGhp!!' 33-34 %, 3-5 uu uwuGpqfibp[!' 17-19 %, 5 uu-pg ubb" uwuGpqfibp[!' 
11 - 15 % L. 2wm uwGpwgtJ.wcY 1 uu -pg tlm12p uwuGpl.J.p 12wuwq(! qwqumu t 
[!Ul}WUbu[! 6-7 %, 

- 0-qnmp hwuwp 1-2 uu uwuGpqGbpp 12wuwq{l qwqumu t 30-37 %, 2-3uu 
uwuupl.J.Ghp{l· 30-32 %, 3-5 uu uwuGpquhp[! 18-20 %, 5 uu-pg ubb- uwuGpqfihp[!' 
7-10 % L. 2wm uwGpwgtJ.wb-' I uu-pg lJ1n12p uwuGpl.J.Gbpp 12wGwq{l· qwqumu t 
[!Gqwubu[! 6-10 %: 

UptJ.wb"pp wuluntfil! 25-35° uwhUwupg tlmppwGwilm uwGpwgtJ.wb- uwu
upqubpp 12wGwqu wtJ.htwumu t, pwjg bpqwpmpjwUp gnqmuubpp \?WpflOtntJ.w-
0-mpJntLI(! 2wm t tJ.m12pwGmu L. uwGpwgtJ.wb- LJ.bpbp)l npwl.J.1! qnnmhtuGpqwqwG 
UJ.Whwu2uhppu ll1 pwtJ.wpwpmu: UptJ.wb"pp wutumu[! G2tJ.wb- uwhuwGpg pwpa
pwGwJllu wumpowuwpwp :ppwqgpnG qwqti(! tJ.wmwumu t, pu4 {lUtn bpqwpm
pJwG' uwuGpl.J.Gbpp 2wpqnmtJ.wb-mpjntG[! LWtJ.wGmu: 

4bpbpp uwGpwguwu hwuwp wnw2wpqtJ.nq Ub}2bfiwjp l}WUWl.J.Gbpp LW
tJ.wqntJU uptJ.wb-J;!p wG4.Jmu[! tJ.hp2uwljwuwUJ.bu {lutnphtm hwuwp wGhpwdh2m 
t mubGwt GwL. ubpbGwjp wptnwl}PnqwqwGntf}JWG m tGbpqwmwpntpjwG 
tJ.bpwpbpJWL mtl.Jwtuhp: 

q.ptnwtJ.mpohpp tntl.Jwtfihpp u2wl.J.uwu wpl}JmG12uhp)1 hpuwG tJ.pw qw
nmgtJ.hL hG majlq qwGwl.J.p hwuwp Q = f1(aq) L. Ntt = f2(aq) :pmul.J.gpwGhpp 
qpw:f>pl.J.uhp[! tunmp L. 0-qnmp uwupwguwG qhUJ.12mu (Gl.J. . 6.19 L. 6.20): 

Q, 
ljq/ct 

4501-;;;;;;;?5;;;;;=-1-~----t----1 

ulj. 6.19. f../bptfwfipftl tfbpbfiwjft wptnWl]plll]WljWUfllfJjfllU[J (Q) ljwful/w<f nLrJ}J!] 
l]Wfiwljft uplfwapft wulj1muftg (a,J. I. mzntn tfwfipwgfib!]w, 2. funtn tfwfipwgubtJiu 
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N t1, 
4itm.ct 
ljq 
0.0110,r----+---t--+---+-+-1 

0·0060'='5---="1-=-5 __ 2,_.,5,----3_._5 __ 4.._5_a-,a--', ,, 

ulj. 6.20. f../bptfwupft1 tfbpbUwjft t1bljtnpwtfibpqftw1/1 tnbuwljwpwp <fwjuu[J (%} 
ljwfulfw<f nLIJftIJ l]WUWljjJ uplfwapjJ WU{jjnLUjJg (a,J. /. cff]fllfl tfwfipwgfibtJlu, 2. juntn 
tfwfipwgubtJiu 

\,q. 6.19-mu phptJ.wb- qpw:ppqpg 2wm gwJtnmu bpL.mu t, np bpqm mhuw-
4)1 qhptpp (tunm, 0-11nm) uwGpwguwG qbUJ.pmu tt qwuwqp uptJ.wc)pp wGtuwG 
Ul:ib-wguw(i hwUWUJ.WUlruutuwu wptnW!}PilflW4wumpJmGG [!U4Gmu t , hwml.J.w
UJ.bU tunmp uwupwguwG dwuwfiwq: 

bpqm tnhuwqp qbpbp)l uwGpwguwG qbUJ.l2mU tt wptnwl}PnqwqwumpJwG 
GtJ.wqntU[! pwgwmptJ.mu t upwGntJ., np np12wu uptJ.w0-12)1 wG4.JntG[! utb-wGmu t , 
WJGpwG l}WGwq[! ubc) uwqhpbuntJ. t hwptJ.wb-mu qbpwj)lu qwGqtJ.wb-pCi L. 
l.J.hpwJ)lu hJmutJ.wb-pGbpp 4tnptnntU[! npn2 lwtJrntl tJ.bpwb-tJ.mu t mpnpuwu m 
6tittiwG L. WJll tUtnwqp l.J.hp[! m2 t f}Otpu qw!lJu ubpbuwjp pmuqbp-tugpqpg: 

~wmqWUJ.l:iU tunmp uw(ipwguw(i wptnwl}PnqwqwuntpJWU t{rn12pntpjntCl[! 
L. hwuhuwmwpwp wtJ.bJll pumbuuptJ. utJ.wqmu[! pwgwmptJ.mu t GpwuntJ., np 
tunmp nl uuwuh2 gnqmGubpp hJmutJ.wb-pubpp qtnptnuwu l}PUW!}PntpJmCiG 
wtJ.hJll uhb- t, pwG b"l'\ntnp uuwuh2 gnqmGGhpp: 

\,l.J.. 6.20-mu phptJ.wb- qpw:ppqpg gwJmmCi bpL.mu t, np bp4m mbuwqp 
l.J.hpbpp (tunm, 0-qnm) uwupwguwG l}hUJ.i2ntU tt qwuwqp uptJ.wb-pp wG4.Jwu ub-
0-wguwun hwUwUJ.wmwutuwG ttb4tnpw4wG tGhpqpwJp mbuwqwpwp 0-wtuul! 
t.lhc)wfimu t, qwpOJWL hwml.J.wUJ.hu tunmp uwCipwguwG dwuwuwl.J.: 

~wuqwfiwJll t, np hpqm mhuwqp 4l:iphpp uwGpwguwu qbUJ.pmu tth4mpw-
1.J.wG tCibpqpwJ)l b-wtuu)l ubb-wgmU[! UJ.WJUwGwtJ.nptJ.wb- t qwuwqp uptJ.wc)p)l 
wCi4.Jw(j utb-wguwu[! hwUWUJ.WmwutuwG uwGpwgtJ.nq qwuqtJ.wb-pu qwuwl.J.I! 
Ube) uwqhphuntJ. hwptJ.wb-htnt qpUW!}PntpJWU md)l ubb-wgmuntJ.: p(jl tJ.bpwph
pmu t tunmp uwupwguwG yPW tthqtnpwqwu tuhpq)lwjp hwubuwmwpwp utb-

165 



erwtuupfi, WUjW WJUUibTj UnlJUUjbU UjWUIOWil[! Iunmp Il( ufiwub2 gnrimGGbpp 
hjntutlw(rpGhpp l}mpuwG hwuwp uher met UjWhwG2t1m hbrnL.wG12G t : 

Q.pmwt}mpahpp oqGmpJmup umwgtJ.wer qpw'.ppl}Gbpp tJ.bp1mermpJntG[! 
gmJg t mwijlu, np, ppn12, 11wGw4J1 uptJ.wb12J1 wuhGw1wtJ.wqmJG wG4JmG[! qtnG[!
tJ.mu t 25-35°-p uwhuwGGhpmu, npmlhbmL. 11wGwl}p uptJ.w0-12J1 25-35°-J111hll!12-
mu tunrnp m Crl'}nrnp :ppwl}gpnG l}wqti[! hwuwUjwmwutuwGmu t wGwuGwpm-
0-wqwfi U[WhwG2CltppG, uh12bGWJJ1 wptnW11PDl'}WqwGmpJntll[! GzwClwqwlb 
pwpop t LJ1Gmu' 350-430l}q/d, t1l:il}mpwl}wfi tGbqJ1wJJ1 0-wfuu[! gwbp' 0.0070-
0.0085 4. '-ltn.d/4.q: 

6.9. UpwW1Jf1Wljw6 t/Jnpdwpljmu6bpft Wfl!)Jnt6p6lip[J 

Uptnw11Pw4_wG t}lnpowpl}muGtp):i GUjwtnwl}G t ummqt1 qwmwpt1w
qnpertJ.wer L. hpuGwtJ.nptJ.wb" UjWpwubtnpbpntJ. qhpwuwGpp( ubphGwjp wztuw
lilmGwl}mJJJntCl[! bpl}wpwmL. zwhwqnpauwG (}Gpwgpmu, tJ.bp hwGht l}wnmg
tJ.wer12wJpG m zwhwqnperwqwG pGntJFp phpntpJmGGbp[! L. zmqhi; U}lwctw
uwGwq wGhpwctbzm t bqt1 npn2t1 ubpbGwJp tnbfuClpqwmCimbuwqwG hpuGw
tJ.npuwG pn1np wGhpwctbzm hwztJ.wpqfihpp t1wtitmwJJ:iG gmgwGpzCll:ip[!' UUjW
uwpqnq wfiafiwqwqup pwGwl}[! (uwp11), t}1wumwgp ctwuwjpG m hbpf>wtJ.m
tuwJpG wpmw'lPnqwl}wfimpJmGGbp[! (qq/ct, qq/hhpf> ), t1bqmpwqwG tGhp
qpwJp mbuwqwpwp 0-wfuu[! (lt'-lm d/4.q): 

<l>npowpl}muGhp(} l}wmwptJ.l:it hG <!.wJltwl}wCl qJm11wmGhU1buwl}wG wl}w-
11MpwJp f!w1whntJ.p.mp mumufiwl}wG mGmhuntpjwG wGwuClwUjwhwl}wG '.pbp
UWJP 4tpwuzw4uwfi mbqwuwumu: 

<l>npabpp wp11.1mG12Gbp£! uzw4.t1mg hbmn umwgtJ.bL bG. 
-[!UU1 dWUW(Wt}lntUClhpp hbpf>Wt}lnfuwjpCl 7 dWU[! 0-wfuutJ.bL t. UWj2ntp 

wztuwmwG12p qwmwpuwG tJ.pw' T11 = 3,2 ct, octwfi11wlt qnpb"nqntf)JntGGbpp l}w
mwpuwG L. £!G11up2uwG tJ.pw' T 0 a= l,6 ct, ubpbGwJp mttufiJ:ilJ.wl}wG UUjwuwpq
uwG qnpb"nqntpJntfiGbpp l}wmwpuwG tJ.pw' Tu= 0,8 ct, ubphGwG wztuwmwfipp 
GwfuWUjWU1]1WUtnUwG tJ.pw' Tw2 = 0,4 ct, tnbfuGpqwl}wfi wGuwppntf)JWU UJ.W
pwUjntPllP tJ.bpwguwG tJ.pw' T lll = 0,6 ct, qwquwqbpUj(WqwG UJ.Wtn6wnGhpntJ. 
UjWpWUjntpaji tJ.pw' T4 = 0,4ct, 

- 9PltLWJpG wpmw11pnqwqwClmf>JmG[! tunm uwGpwgGtwu· Q9iu=360 qq/ct, 
b"Tjnm uwGpwgGblbu' Q9 = 420 l}q/c!, 

- hbpf>wt}mfuwjpG wptnw11PnqwqwGntf)jntGI} funtn uwGpwgGbttiu' 
Qhtu = 1150 qq/hhpp, b"Tjntn uwGpwgGbttiu' Qh9= 1340 l.J.q/hbpp, 

- hbppwt}lnfuwjflG ctwuwjflG wpmw11Pn'lwtiwGntpjntG[! funtn uwGpwg
Ghttiu' Oaiu= 164 l}q/ct, 0-qntn uwGpwgfiblbu' Qug= 190 qq/d, 

-t1bqmpwl}wG tGbpqflWJfl bwfuu[! hhpf>wtJ.mtufl ubl} c!wutJ.w hwuwp. funtn 
uwGpwgGhttiu· 0,0183 q'-lmct/4.q, aqnm uwGpwgGbLf1u' 0,158 l.J.'-lmct/4.q, 

- mhtuun1nqf1wqwG UUJ.wuwpl}uwG qnpaw4J191f K., = 0,8, 
- mhfuCln1nqf1wqwG qnpb"[!ClJlwgf1 hmuwttimf>JWG qnpawqflgl}· K.,,h = 0,76: 
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UU1wgtJ.wer U1tl.Jw1Ghp[! gmJg hG mwttiu, np wnw2wpl}tJ.wb l}bpwuwG
PPW mhfuGpqwqwG mtl.Jw1Gl:ip[! pwtJ.wqwG pwpap hG: 

Ub12hGwJp mGrnbuwqwG wp11.1mGwtJ.l:irnntpJwG hwztJ.wpqClhp[! qwmwph-
1m hwuwp npUjhu h1wqbmwJpG mtl.Jw1Ghp [!GtnptJ.bt hG tunmp m bl'}ntnp uJ12J1G 
hbppwtlmtuwJJ1G wptnW11P1?-'1WltwGmpJnLG[!' Qh11=1245 qqibhpp, t1bqmpwqwG 
tGtpqpwjp opwqwG bwfuul! uJ12pG hbppwt}mfuwJJ1G wptnw11PnqwqwGntpJWCi 
hwuw6wJG' 0.0087 q'-lmctf4.q , UU[Wuwpqnq wG6Gwqwqu[!' 2 pwGtJ.np: 

6.10. llt6/11/lipuw[ ljlipwifw6pft,ljl wliju6ftljww6wliuwljw6 
gmgw6ft26lipf! 

'l..bpl.J.wjnttiu ubp hwGpwUjbtnntfJmGmu qnUjpU! qhphp uwGpwgGnq t}mp
pw(Wt}l uhphijw qnJntpJmG (ntGp: 4nUjptn qbpbp[! uwGpwgGbtm hwuwp hwub
uwmwpwp tunznp '.pbpubpwJpG mGmhuntj}JmGGbpmu oqmwqnpbmu hG wp
tnwllPtJ.n'l illl<-30E uhpbGwG: Unw2wpqtJ.n11 uhphGwJp tnGU1buwl}wG gmgw
GpzGbp[! hwubUwmtJ.bt bG WJ11 ut12bGwJp hbm: SGmbuwqwG hwztJ.wpqGbp l}w
mwpbtnt hwuwp WllJntuwq 6.1-mu pbptJ.wb bG wnw2wpqtJ.nq L. filK-30E ub
pbGwJp lllbfuGpqwqwG pGmpwqpwl}wG (b1w4.btnwjpG) mtl.Jw1Gbp[!: 

Unw2wpqtJ.wb ub12tGwJJ1 mGmbuwqwG wp11.1mGwtJ.btnntfJntG[! npnztJ.bt t 
£!G11hwGmp L. mbm11l}wpwp qwUjptnWL Gtp11PmuGhpp (Wt}lbpntJ., zwhwqnpbw
qwG 0-wjuubpp t}lnt}lntumpJntGntJ., 6tn12J1 wztuwmwGpp mGlllbumuml, qwU[p
mw1 Ghp11PmuGbpp t}lnfuhwmmguwG ctwulJ.hmntJ.: 

1..np qhpwuwGpptl> Gbp11PnLU£! qnJntfJntG mGbgnq filK- 30E ubpbGwJJ:i 
hwubuwmntfjwup t}ln12p t L. up2J:iG '.pbpubpwJpG tnGtnbumpJmGGhpJ:i wGwuGw
UjwhwqwG '.pbpuwGtpp hwuwp mGmhuwUjl:iU wp11.1mGwtJ.bm tilbGJ:i: 

UJvnwwlj 6. 1 

~/p 
b1wqhmwJpG mtl.Jw1Clbpp Ub12hGwfibp(} 

wCitJ.wCimU[! IITK- 30E 1..n11 wnw9wnlnlnn 
l UpmwllPnqwqwGmp Jntfi[!, m/ct 3,50 0,39 

2 <!,bpf>wt}lntuwJpG t}lwumwgp 11 ,17 1,245 wnmwnnnnwuwGm91mfin, m/hbmi 

3 t1ttimrwzwpctptl> hqnpmpJntG[!, qY.m. 30 3 

4 t1hqmpwtGhpqpwJ)1 mbuwqwpwp 
77,8 8,7 

erwtuun, ti'-lm .o/rn 
5 QwGqtJ.wb[!, qq 1350 57 

6 UUJ.wuwpl.J.nq wG6ClwqwquI!, uwp11 4 2 

7 Cl-fl.GI!, 11PWU 672368 99000 
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U!ijnLUUJlj 6.2 

::.>wipp 
lJhphCiwCihp[! 

<!,Ip BmgwCipzCihpp wCitJ.wCintU[! upwtJ.np l1TK- '\.,np 
306 ubQb!iw 

l <!,bppwipnpiwjpCi wpmwI}(ln11w4wCintpJntCi[! m/hbpp 11 ,17 1,245 

2 <!,bppwtlintup up2pCi ctwuwjpCi U11d 1,60 0,18 
wnmwnnnnwuwCinw 1mCin 

3 <!,bppwipnpip ctwuwCiwl1p oqmwqnpMw!i 
cinnawtitiqn 

0,46 

4 SbpiGp4w4wCi UUJ.WUWf14UwCi qnpaw4pg[I 0,80 

5 StpiGntnqpw4wCi qnpb'[iGpwgp % 0,76 
hmuw1hnm1wCi cinnawlttiqn 

6 tLbl.J.mpw4wG tGbpqpWJP mbuwl.J.wpwp l.J.tJ.U1 .ct/ 77,8 8,7 
awtuun U1 

7 Lcwuitimw1 awpiubp[! I}(l/Ul 4118 595 

8 CwhwqnpawqwCi awpiubpf! qp/m 1461 348 

'\.,np ubpbCiwJntJ. 4nUJ.Ptn 1.J.bpbp[! uwCipwgGbJllu zwhwqnpaw4wCi awpiub
PI! 4wqumu bCi 348 I}(lltn, pu4 qnJntpJntCi mCibgn11 l1TK-30E ubpbGwJntJ. uwCi
pwgCibJllu' 1461 qp/m: liJll zwm 4wplo.np wzpiwU1tuup[! unp ubpbGtuJntJ. tiwmw
pbJllu zwhwqnpawl.J.wCi awpiubp[! tlmppwCimU bCi 1113 I}(l/m-ntJ., WJUpCip(i' UilUl 
4,2 wCiqwu: CwhwqnpawtiwCi awpiubpp p2bgntu[! 4wqumu t 76%: 

'\.,np uhpbCiwJp CibpI}(lmuntJ. mwpb4wCi mCimbutJ.mu t 240281 11pwu, pul.J. 
ipnpihwmmguwCi ctwul.J.bmri l.J.wqumu t unm 6 wupu: 

CwhwqnpiJw4wCi lo. mCimbuwtiwCi wuipniptJ.wa gmgwCipzCibp[! pbptJ.wa bCi 
W11.JillUW4 6.2-mu: 

611. bqpwljwgmp1mOObp [, qnpO-OwljwO w11wpwpljmp1mOObp 

L <!,wCipwUJ.bmmpJwCi <t.Jm11wgpw4wCi lo. .'pbpubpwJpCi wCiwuCiwUJ.whw-
1.J.wG mGmhumpJmCiCibpp wpmwI}(lw4wCi qnpan1CibmpJwCi tJ.hptmiJmpJntCiJ:! 
gmrn t U1wLtiu, np 1.J.nUJ.PU1 4bpbpp wntiw uwCippiCibpJ:! pwpop wpmwqpn11w4wCi 
bCi, tCitpqwmwp m ubmw11wmwp, qpwCig zwhwqnpantu[! hwCiqhgCimu t zwhm
pwpbpmpJwCi uw4wpqw1.J.p l.J.U1pm4 CitJ.wquwG lo. pCiw4wCiwpwp ipnppwawtJ.wt, 
tCihpqwpi!iwJnll. ntCiPtJ.bpUWL 1.J.hpWUWUflpiCibpp uzwl.J.uwCi piCiqpp[! hpWtnWUJ. t 
m wpqpwl.J.wCi: 

2. <!,pup uCiqntCibtntl gn11mCip uwhmuntJ. 1.J.mpuwCi qnpb'[!Gpwgp WUJ.whn
tJ.muu UWJPP hpl.J.wpmpJWUp, uwhmup qnpawl.J.gp 6-8 uhantpJWUp, l.J.bpwuwCi
PPill CitJ.wqwqntJG tCihpqhmpl.J.wl.J.wCi awpiumuGbp UUlWUWLill hwuwp wGhpw-
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dbztn t l}WUW4ti 4Lnpnrt bqp[! aL.wtJ.npbL Lnqwptipuw4wu UUJ.tipwJll 4npntJ., 
ro:?:5uu u4qpaw4wa zwnwtJ.11.ntJ. L. 15u/tJ. 2f12wqawJtiG wpwqmpJwup: 

3. lizw4tJ.wa t gn11mGti bp4wJGwl.J.wG otrwmuntJ. 1.J.mpmuwG oUJ.mpuwL 
wpwqmpJwG L. hwuwUJ.wtnwupiwG ajluwI}(lmpJwG mctp npnzuwG hwztJ.wpl.J.p 
mbumpJmG, umwgtJ.wa bG hwuwUJ.wtnwupiwG hwtJ.wuwpmuGbp, npnGgmu 
hwztJ.P t wnGtJ.wa qwGwl.J.P zwpctuwG wpwqmpjwG ubampJWG uwhliwGw
Lj1w4mu[!, np[! UJ.btnp t Ljmpp JllGp mtl.Jwt pmJup gn11mGmu UJ.tWumpl.J. qb.'pnpuw-
9pwGbpp wJllpGbpp mwpwMwG wpwqntpJntGpg : 

4. Swppbp wG4JmGGbpp (aq=l5, 25, 35, 45, 55°) mw l.J. uptJ.wa 1.J.np lo. m11.Ji11 
11wGwl.J.Gbpp qpmwqmpobpp wpI}JntGpGbpp tJ.bptmampJntG[! gmrn t mtJ.hL, np 
upGiL 30% pinGwtJ.mpJwup 1.J.nUJ.Pm 4hpbp uwGpwgGbJllu 1.J.np qwGw4Gtpp 
oqmwqnpMwG qbUJ.pmu wpmwqpn11wl.J.wGmpJntG[! pwpopwGmu t 8-10% -ntJ., 
tml.J. tGtnqpwjp awpiu[! qmppwGmu t 20-25% -ntJ., LWtJ.wGmu t .'ppwl.J.gpnG 
L1wqli[!, pwGp np 1.J.np qwGwl.J.Gbp[! uwuGpl.J.Gbp[! uwGpwgGmu bG uwhmuntJ.: 
Uwl.J.tuJG WJU I}bUJ.pntu uwuGpl.J.Gbp[! bpl.J.wpntpjwup ibG 2wpqnmtJ.mu (qw 
hwtnl.J.WUJ.bU 2WU1 tJ.wm t Cl'll.nmti I}bUJ.pmu), L. uwGptJ.wa l.J.bpp npWl.J.[! ill hWUW
UJWUltuUpiwGmu wGwuGwpmaw4wG UJ.WhwG2GtppG: Drnmp, 1.J.np qwGwLtGbp[! 
GUJ.tutnwl.J.whwpuwp t oqmwqnpabt 1.J.wGwi pinmwpntjubp uwGpwgGbJllu: 

5. UmwgtJ.wa oppGwiw1pmpJntGGbp[! hwumwmmu bG, np uwGpwgtJ.nrt 
L1bpp pinGwtJ.111pjntGpg 1.J.wpitJ.wa' 30-40%-ntJ. p2Gmu t ubpbGWJP W(lU1WI}(ln-
11wl.J.wGntpjntG[! (30% pinGwtJ.ntpJwG qbUJ.pmu' unm 100-1201.J.q/ct): 

liwGflPiP wpmw11pn11w1.J.wGntpjntGG wnwGg uw11.]i oqmwqnpMwG qbUJ.
pmu uw11hLnt hwubuwmnmpJWUp w!'.imu t WJUUJ.bU. pinm uwGpwgGbLtiu 
40-901.tq/ct , a11nm uwGpwgGbJllu' 35-80 ljq/ct: liJI} qbUJ.pmu .'ppwljgpnG Ltwqup 
80%-G t pwtJ.wpwpmu wGwuGwpmawl.J.wCi UJ.WhwG2GtppCi Qunznp .'ppwl.J.gpwCi 
wtJ.btwGmu t unm I 0%-ntJ.): 

liwGpwgtJ.n11 ljbpp pinGwtJ.ntpJtuCi wop qbUJ.pmu w!'.imu t Gwlo. tCibpqpwJp 
awpiu[!, (!UUl npmu, uw11.]i wnl.J.WJntpjtuUp CintjG pinCiwtJ.ntpjtuCi ljbpp uwCipwg
uwG l}bUJ.pmu tCibpqpwJp awpiu[! unm 50 lj~m.ct wtJ.bJll t umwgtJ.mu, pwCi 
wnwGg uw11.]i: 

6. 4nUJ.Pm l.J.hpbpp uwGpwguwCi hwuwp GUJ.Wtnwl.J.whwpuwp t uwGppi 
uhphGwJmu oqmwqnpahL Ciwlo. m11.Ji11 qwCiwlj, npp uptJ.wap[! JllGp Cihpplo.pg lo. 
wnw!ig uwll.P: liJI} qbu.mmu umwgtJ.mu t w!iwu!iwpmawl.J.wCi UJ.Whw!i2CihppCi 
hwuwUJ.wmwupiw!i 4bphpp hwmpl.J.wiwtliw4w!i 4wqu, twtJ.wqmJCi npwl.J., 
wnwtlbtwqmJG wpmwqpn11wl.J.wGmpJm!i lo. tth4mpwtGhpqpwJp CitJ.wqwqmJCi 
awpiu: D111.P11 qwGwl.J.p l}hUJ.pmu uwGpwgmu[! tiwmwptlmu t hwptJ.wantJ., 
wnw!ig uwuGpl.J.GbptJ uwhhtm, mump, l.J.bpp uwGptJ.wap[! 2wpqnmtJ.mu t Gwlo. 
tp4wpmpJWUp (hwLnl.J.wUJ.bu a11nmQ qwnumu t qwpuwG): liJq qbUJ.12mu 
uwGptJ.wa 1.J.hpbpp mtnhJllmpJntGQ hwu!imu t l 00% -p, 4hCiqwGm phpw!ip 
!unnnm iP tJ.GwutJ.mu, awuhtm tlflw 2wm tCihpqpw ill awpiutJ.mu lo. wuhGwl.J.w-
11Lnp[!' twtJ.wCimu t l.J.hpbpp uwpubJllntpjntCi[! : 

<!,wztJ.P wnCibtntJ. Ciwlo. a11nmp uwupwguwCi qpmwipnpohpp W[lI}JntCipntU 
L1wnmgtJ.wa hwmp4wiwtliw4wCi 4wqup qpw.'pp4w4wCi ipnipnpimpJmCiCihpp 
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oppfiwlwlfmtpjntCiGbp[!, qnUJlnn qbpbpp uwGpwguwG hwuwp lill!wtnwqwhwp
uwp t oqmwqnpO-bt majl.q qwGwqm\, wnwGg uwajl uwGp}1l ubpbGw: ttb\.itnpw
zwpdplti hqnpmpJntG[! ll!btnp t tllGp 3 4'-ltn, 1.4tnmtnwptJ.bp£!· 2850 ll!m/pnll!: 
~liwjwO- qnp qwGwqfibpp hwubUwmmp1wup wpmwqpnqwltw!intpjntli[! 12-
16% qGt\wq}l, ttblJ.tnpwtGbpqpwjp owJuu[! 7-8% lj_wojl, uwqwj!i wub!iw-
1.jwplinp[!' uwGpwgi.J.wO- ljbpp npwlJ.[! lJ.pwpopwfiw: 

7. bplJ.m mbuwltP lJ.bpbpp. (luntn, 0-qnm) uwfipwguwG qbll.)pntu tt 
qwfiwljp upt.\w<)pp w!iliJw!i uhowguw!i hwuw1.4wtnwuJuwfi wpmw11pnqw
ljwfimpJmfifi [!UqUntU t, pulj ttb4tnpwtlibpqpWjp tntmw4wpwp OWJuU[! UbOW
UntU, hwtnlj_WUjbU Jumnp uw!ipwguwG dwuw!iwlj: flpni.J.hbtnh, nppw!i uptJ.wO-pp 
wfi4Jntfi[! ubowfimu t, Wjfipwfi l}WUWlj_[! Ubo Uwlj_bpbunt.\ t hwpi.J.wontU lj_bpw
jpU qwGqi.J.wO-pG, l.i lJ.bpwJpli hJmm\wO-pGhpp 4mpmu11 npnz lwlfintl tJ.bpwoqmu 
t tnpnpuwli m MtUWU, !iwli WJll tl.PowtiP IJ.bp[! mz t qmpu qwwu ubphfiwjp 
Jugp4pg: <!.wtnl.J.Wll!bU Juntnp Uw!ipwgUw!i wptnwqpn11wqwlimpJWU t}1nppm
pjntCifi m hwubUwmwpwp wi.J.hlti. p!imh!iupq GtJ.wqmun l.i tthlJ.mpwt!ibpqJlwJp 
owJuup. ubawgmun, pwgwtnptJ.mu t fipwfinq, np Jumnp nl ufiwuhl? gn11mulibpp 
h1mui.J.w0pGhpp lJ.tnptnuwG ajiuwqpmpJm!iG wqbllt ubo t, pwG oqntn}1 uGwub2 
gnqm!ifibpP.Gn: 

'l-wfiwtiP uptJ.wO-pp 25-35° twtl.wqmJfi wfitiJwfi uwhUwfiGbppli hwuw1.4w
mwuJuwfi qbpbpp .'ppwlJ.gpnG 4wqun hwtiwUjwtnwuJuwGmu t wfiwuGwpm
owqwfi 1.4whwfi2fibp}1fi, ubpbfiwJp wptnwqpnqwlJ.wfintpJmfin GzwGwtiwtll 
pwpop t' 340-430 4q/d, tth4tnpwtfibpqp.wjp owJuul! gwO-p' 0.0070-0.0085 
4'-ltndf4q: 

8. lrntajltn ljbpbpp uwGpwguw!i twt\wqntjG .'ppw4gpnG 4wqu li uwGpwg
uwfi npwlJ. t umwgqmu nulti1111wGw4P 25-35° uptJ.wapjl qbuwmu. 

- JuntnP. hwuwp 1-3 uu uwuGplJ.fibpp pwliwlJ.n lJ.wqumu t 58-67%, 3-5 uu 
uwufipljGbp[!' 17-19%, 5 uu-pg uba uwufi}14fibppfin' 11-15% li l uu-pg t}1npp 
uwuGJ14Gbpp pwGw4n' nGqwubun· 6-7%, 

- bqntnp hwuwp 1-3 uu uwufip4libp}1 pwfiw4n 4wqumu t 60-69%, 3-5 uu 
uwufi}1lJ.Gbppfin' 18-20 %, 5 uu-pg ubb uwuGpljfibppfi1f 5-9%, l.i 1 uu-p.g t}1npp 
uwuGp4Ghpp pwGw4n' t:!fil}wtibG[! 6-10%: 

9. lrbpbpp UwCipqwOp{! t}1nppwgfibtm hwuwp fill!wmwtiwhwpuwp t 
mqpq l}WCiwlJ.n tnbqwqpbl upuwG tJ.bplip ajippntJ. l.t ubpbGwG wzJuwmwgGbt 
uwqp wnljwJnt.PJWUp: liJ'l qtuwmu JunfiwqmpJwfi 18-22% Gnpuwl uwhuwfi
Gbpmu pmmp luu-pg t}1npp uwuGplJ.fibpp pwfiwl.J.n ljwqumu t 6-8%, 1-3 uu 
uwuGf14GhpflGn' 62-66%, 3-5 uu uwuGplJ.fibppun· 13-16%, 5-uu -pg uba uwuup4-
libppfi1!' nGqwuhfi{! 6-9%: liJI} wubfil! pwgwwpqmu t fipwGnq, np fiw}u wnlJ.w t 
uwq(! Lt qwfiwlJ.p upl\wc)pn tJ.bpl.tpg t: U1u qtuwmu qwGwtiP tJ.bpL.p 4nqupg 
up4wa pbp uwlJ.bpbup l\pw wql}Oq IJ.tnpuwG qpuwqpmpJwG mdpg wnw2wgwo 
finptiwt hwqwqqbgmpJwfi mctp mqqwopq Pcosa pwqwqp}lm uwfipwgt\wo 
uwufipl.J.Gbppfi hpmu t qbtajl l\bpl.t, pmJL w tnwwu npUjbuq}l znnn qmpu qwG, l.t 
qpwGg up UWU{! finppg t 4tnptnqmu Ill uwfipl\mU: lijU qb1.4pmu, phwplJ.b, 
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tll.pbfiwJ}l wptnwqpnqwqwfimpjntG{! GtJ.wqmu t, }1u4 ttb4mpwtfibpq)lwJp 
ilwJuul:!· ubowGmu: 

1 O. Sfimbuw4wfi wpllJmfiwqbtnmpJwfi gmgwGpzGbpp tJ.bptntompJmfipg 
niwpqtJ.bg, np ljntajlm lJ.bpbpp uwfipwguwfi wnw2wp4tJ.nq ubpbfiwJp GhpqpmU{! 
qwfiqt\wb'wpwp wpmwqptl.nri HrK-30Il-p hwubuwmmpJwUp mhuwlJ.wpwp 
1whwqnpb'wlJ.wfi b'wJuuhp{! t}lnppwgGmu bfi unw 4.2 wfiqwu: '\..,np tibphfiwJ}l 
librqpmuntl mwpbqwfi tnGtnhut\mu t 240281 qpwu, jmlj t}lnJuhwtnmguwfi 
tlwuqhtn[! qwqumu t untn 6 wupu: 
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7. IuSutN.U!:) 4bf'bf'p UUuf'P~ubf' 

7.1. (Jl;pli{iwfibpp ljwnmgtjwopf! /., w2fuwmwfip[! 

'-1.hptmO-btntJ. pwpap wptnWflllil'lW4tuG (K)J,Y-2,0, K)].M-2,0, <1>-lM) L. 
mwppbp uwuCiwqbmCihpp m q)1mwl}wG wztuwmn11Citp)1 UJ.wmpwumwa gwap 
WpU1Wflllil'lW4tuGmpJWUp hwmpl}W2WPI}Pi ubpbGwGbp)1 l}wnmgtlwO-pGbpf! L. 
wztuwmwCipp ul}qpmCipCibpJ!, umt110-ht bCip t)1nppwiwt)1 m tCibpqwtuCiwJn'l 
ubpbCiwCihp, npnCip wCighL tG LWJCi wptnwl}llwl}wCi t)1npawpl}muGbp L. CihpI}ptJ.hL 
tupUltul}llntpjntGmu: UmnpL. mptJ.mu t WJI} uhpbGwCibpp tiwnmgtJ.wO-pp L. 
wztuwmwCipp CiqwpwqpntpjntCif!: 

7.1. l. Uljwtfwnwljw;jJfi hwmftljwpwprJft! 

Unw2wpl}tJ.n11 hwm)1tiw2wpq)1tlJ (Cil}. 7.1) wztuwmwCipwJpCi opqwCi[! qn

JntpJntCi mCibgn11Citppg mwppbptJ.mu t CipwCintJ., np umpnpl}GbpJ! (6) tinzm 
u)1wgtJ.wO- bG uqwtJ.wnw\.lll (4) tJ.pw: '1-w GzwCiwl}mu t , np uJ1GiL. ubpbGtuJp 
pnqwpl}mti(! wztuwmwCipwJ)1Ci opqwGu wpqbCi hwtJ.wuwpw4zntJ.wO- t: 
~bmL.wpwp, WJU ubpbCitujp UJ.Whwu2tJ.n11 pn11wpl}n11 unuhGUlJ! pwtJ.wl}wG)1 
t)1npp t qnjntpjntCi mCibgn11 hnqwl}wUJ.bpntJ. upwgtJ.wa umpn)1l}GbpntJ. 2WP-
1lJ1iCibp)1 hwubuwmmpJwup: 

ulj. 7. 1. Uljwlfwnwljw1ftu hwmftljwpwp11ft!ft ljwnmglfw<}pw1ftu ujulitfwu. 
1-ftpwO, 2-wljnuwlfnp tfwljbpf.JJJLJp, 3-nnmnp, 4-ul;wlfwnwt;, 5-pftwljubp, 6-
tfmpifftlj, 7-ljwtjiwpft.!, 8-tfWI], 9-tfwupwgunlJ jugftljnuf pwgwljft ljwpqwlfnptfwu 
tjinpwlj, lO-jumzn1, 11-funlJnlfwlj, 12-pmuljbp, 13-tfin{jwJftO tjinjuwugnnJ, 14-
ttblJmpwzwpdft.! 

UqwtJ.wnwl}wJpG hwm)1l}w2wpq)1tlJ wztuwmwGpwJ)1G opqwGu nnmn
pwJpCi)1 hwubuwmmpJwtip mCi)1 hbmL.JtuL wnwtJ.hLntPJntCiCibpJ!. 

- umpnpl}CibpJ! (6) r-waL. bCi L. pwztutJ.wO- 2wtuuwmwj)1Ci oLntJ., 2wpq)1tlJ 
tuglt4G wupn112 LWJCimpJwup umpn)1l}Gtpp 4n11u)1g uGqqpl}t.J.wa t, 
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- ul}wtJ.wnw\.lll tJ.pw umpn)1l}Cibpf! zwnwtJ.ajl Cil}wmuwup Ciumwa bCi 
tu_JCitajm)1 wCi4JwCi mwl}, npJ! hCiwpwtJ.npmpJntCi t mwJ1rn, npUJ.buq}l wl}nuwtJ.np 
t~wl}bpLntJp)1 l}n11tp)1 Gl}wmuwup umwg4}l hwm)1\.lll m1111whwjwg hwptlwO-, 

- umpn)1l}CibpCi mCibCi t}mpwl} (9), np)1 oqCimpJwup l}wpbJ1i t t)1m)1ntuhL 
2wpq)1tlJ tug)14)1 pwgwl}rf umpnpl}Gbp)1 L. wl}nuwtlnp uwl}bpLntJp)1 u)12L., 

- ul}wtJ.wnwl})1 tJ.pw Gumwa bCi l}nzm u)1wgtlw0- p)1wl}Cibp (5), npnCip 
tuubCiwl}wpn nwCiwUJ.wphntl hwm)14Ci m11wp4mu bG 2wpI}uwG qnm)1 L. wpqh
Lwl}mu i2WPI}tlw0- hwm)1l}Cibp)1 pwt}1tlh1J! hwtn)1l}w2wpq)1tlJ uwajl tJ.pw: 

lTzwl}tJ.wa wztuwmwCipwJ)1Ci opqwCiCi mCi)1 u)1 zwpp wnwtlhLntpJntCiCibp 
t.11wO-Gbpp hwubuwmmpJWUp L. hw2n11mpJWUp l}wphJ1i t oqmwqnpO-bt 
qJm11wg)1wl}wCi mCimbumpJmCiCibpmu ~mpwctwJ)1Ci hwm)14 uwCipwgCibtm m 
hwgwhwtnp\.lllg WLJntp UJ.WUlpWUtnbtnt hwuwp: 

~hmwqnmtlhL m nzmtlhL hCi Gnp uzwtitlwO- ul}wtlwnwl}wJpG hwm)1l}w-
2wpq)1tlJ 411.mmgtlwapwJ)1Ci UJ.WpwubmpbpCi m zwhwqnpO-wl}wCi nhct)1uCibpf! L. 
tnptJ.hL q)1mwqnp0-Ciwl}wCi tunphntpI}Gbp [61 , 93, 94): 

7.1.2. fl.nmnpw;jJfi mfiptjbpuw1 hwmftljwtfwfipN 

P mwppbpmpJmCi ul}wtlwnwl}wJ)1Ci hwm)14w2wpq)1tlJ, nnmnpwJ)1CiCi mCi)1-

t[bpuWL t' uwCipwgGmu t uJ1GiL. 36% tunCiwtlntpJtuCi ~mpwctwJ)1G hwmpl}Cibp, 
pwpap wpmwruin11wlJ.wCi t L. CiwtuwmbutlwO- t qJnt'lwg)1wl}wCi m ~bpubpwj)1Ci 
wCiwuGwUJ.whwl}wCi mCimhumpJmCiCibp)1 hwuwp: 

ul}. 3.22 -mu pbptlwa t mwppbp tuptntul}lln'ltul}wGmpJtuG ubpbGwGhpp 
bph12 mwpphpwl}Cibp)1 J!GqhwGmp mbupJ!, )1u4 Cil}. 7.2-mu' qpwCig l}wnmgtJ.wO-
pwJ)1Ci ututuwCi: 

ulj. 7.2. fliuftlfbpuw[ hwmftljwtfw{j
pft1ubpft ljwnmgifwopw1ftu ujulitfwu. 
1-tfiwljwu, 2-hwpp tfmpifftlj, 3-ol]w{j, 
4-lfnwu, 5- uljwlfwnwlj, 6- wnwugp, 
7- wmwtfuwlfnp fJWOwlj, 8-UJwm1wu, 
9- tfb{jmpw2wpdft.!, 10- pmuljbp, l l
fum1nlfwlj, 12- q[wO, 13- tfWI] 

~wmpl}wuwCip)1tlJ l}wnmgtlw0-pwJ)1Ci ututtiwJ)1g bpL.mu t , np Cipw pwfin11 
opqwuu pw11l}wgwa t hw2npqwpwp unCimwcttlwO- hwpp umpnpl}Cibppg (2) L. 

wmwuCiwtlnp qwGwl}Gbp)1g (7) : fl-nmnpCi wGu)12wUJ.bU Gumwa t ttblJ.mpw
zwpct)1tlJ (9) LJ1ubn)1 tJ.pw L. Untpnpl}fibp(i Ill I}WUWl}fibp(i wztuwtnntU b(i 
hwpt.J.w0-wj)1Ci mctbp)1 Cihppn: 
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<!.tmwqmm.[ht L. 6zmtlbt bfi finp uzwl}l{wb" nnmnpwJJ1fi mfipl{bpuw1 hwmp
l}wuwfippi.}1 l}wnmgl{wbpwJJ1fi UJ.WpwubmpbpG m zwhwqnpO-wqwG nbdf1uGbp{! 
L. mpt.[bt qpmwqnpO-Gwl}wG tunphmpqGbp [18, 19, 27]: 

7.2. Jumwgpw& ljbpbpft tfbjuwuftljwljwu pw;pw;tfwu 
hftiIOwlfnpmiif! 

:bmpwdwJJ1G hwtnpqp ublmuGpqwtiwG !2WJUWJntU{! pwgwhwJmhtnt 
hwt'iwp, wnw2J1G hhpppfi UJ.bm12 t UJ.Wml!bpwgmu mGbGw1 t'ibluwGpl}wqwG 
hwml}mpJmGGbpp t'iwupG: 

~hnGwl{npuwG dwt'iwGwq hwmpqmu wnw2wGmu hfi t'iJ14pn6w12bp, 
hbtnwqtuJmu mdJ1 ubO-wguwG hbtn 6wpbp{! uqumu bG qwpqwGw1 L., bpp 
l}PtuGg ubO-mpJntG{! wGgGmu t uwht'iwGwJJ1G wpdbpJ1g, hwmJ14I! !2WJ!2WJl{mu t 
~np hwmJ14Gbpp t'ibluwGJ1qwqwfi pWJPWJUwfi qpmwpqmuGhp{! gmJg bCi 
mwtJ1u, np hwmJ14Gbp{! qnpgGmu hG J1pbGg wt'ipmpJntG{! Gnpt'iw1 iwpmuGbpJ1g 
qwu qb.'.pnpt'iwgJ1wGhpJ1g, L. qpwGg J,2WJl2WJUWG ubtuwfiJ1qtl{! Ciuwfi t l)ltupmCi 
UJULJ3J1 pWJ!2WJUWU qnpb{!Gpwgw1}1G, WJUJ1Gpfi {!UpwGmt'i t t'iJ1WJLI 
wnwoqwqwG, wnwGg l.lJ.tWumJ14 qh.'.pnpt'iwgJ1wGhpJ1 qwpqwgt'iwG: '1-pw~ 
hwl}wnwq, tunGwl{ hwmpqGbpJ1 pWJ!2WJntt'i{!, npl.lJ.bU qwGnG, qw-mwpt.[mu l 
l.lJ.tWutnJ14 qb.'.pnpt'iwgJ1wGbpJ1 wnl.jwJmpJwt'ip: 

Upmw12J1G mdhpJ1 wqqhgmpJwG mwq wnw2pG t}mt1mu hwmpltlJ l.jbqlt{! lt 
t'ip2m4I! bfipwpltt.[mt'i bfi npnzwltlJ qb.'.pnpt'iwgJ1wJp, npJ1G hbmltmu t hwmpl.jp 
wu11mp1wG Lt qnzmmpJwG npn2 w6: <!.bmltwpwp, hbmwqwJntU l.lJ.Whwu2t.[mu 
tG wt.[btJ1 t'ibo mdbp hwmp4J1 t.[bp2Gw4wG !2WJ!2WJUWG hwt'iwp: <!.wmpqGbpp 
pwJpWJt'iwG (2wpqt'iwCi) hwuwp wt.[btJ1 wpllJmGwt.[bm bG l.lJ.Wppbpwl{wG 
qpGwupl{wqwG mdhp{!: Unw2wp4mt'i bGp hwmpqGtpp ubluwGp4w4wG pwJ
pwJmt'i{! l{wmwpt1 t'ibmw11b ump6hpJ1 qpGwupl{wqwG hwpt.[wO-p up2ngnl{: liJI} 
qbl.lJ.Ilmu umwmpl{wl.jwG mdhp{! qwpnq bG w6bt ujl pwGp hwpJmp wGqwt'i, 
l{wlut.[wO- mdjl 4J1pwnt'iwfi wpwqmpJmCipg: 

Ubp munu.YfiwuppmpJWU Gl.lJ.wmwl{fi t' npnzbt pwGt.[npw4wG opqwfiGbpp 
qnGumpmqgjlwGbp[! WJU l.lJ.WJUWGGbpjl hwt'iwp, bpp hwmjlqGbpp uwGpwguwG 
tlJlw 0-wluut.[wb" tGbpqjlwG 4LJ1Gjl wubfiwGt.[wqwqmJG[!: 

<!,wmpqGhpjl uwGpwguwG 6jlzm uwpbuwmpqwqwG GqwpwqpmpjmG[! 
pwt.[wl{wG pwpq tuGl}}1p t, npnz qhl.lJ.phpp hwuwp wJG qwpnq t LJ1Gb1 fimJfipuq 
wGhGwp: .:!,bmL.wpwp, uwGpwgGn11 utpbGwJjl pwfit.[npwl{wG opqwfiGbpjl 
uwpbUwmpl{wqwG t'inqb1wt.[npuwG, hwzt.[wpqt'iwG lt GwluwqauwG hwuwp 
l{l.lJ.whwG2tlbG npn2w4J1 unmhgmuGbp, npnGg wpl}JmGpGbpp 4Jlpwnmu[! pmJ1 
l{mw l.lJ.WpqhgGbt Gzt.[wO- tuGqppGbpjl 1mamuGbp[!: 

.:!,wmJ14P t}mpowpl{muGtp{! gmJg hG mwtJ1u, np iwpuwG qpw.'.pjll{Gbp[! 
uqqpGwtiwG l)lm1mu l{mpm4 wnmu tG, np{! pGnpnz t wnwoqwtiwG qb.'.pnp
uwgjlwGhpp wnw2wguwG[!, hbtnwqwJmu GpwGg w6[! qwGqwqmu t, np[! 
pwgwtnpt.[mu t GbppjlG uwhpjl Lt l.lJ.twumJ14 qt.'.pnpuwgJ1wGtpjl wnw2wguwup: 
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• Lup2J1fi l)lmtmtl hwmJ14P uwqtpL.nlJJ3P tlJlw wnw2wfimu tfi 6wJ:!bp L. qpwfig 
l(wpqwgmtl[! pbpmu t hwmjlqp pwJpWJntu: 

<!,ttnwqnmmpJmGGhp{! gmJg tG mt.[bi., np hwmjlltlJ wupmpJwG uwht'iwG{! 
t1Gwhwmt.[mu t PWJ!2WJll'1 1wpuwG ubO-ntpjwup (crp). np[! hwt.[wuwp t LJ1Gmu 
hwmjlqjl GJmpp ubquuwG dwuwGw1.jw4np qpuwl}PntpJWG!! (cro): 

<I>npobpp wp11JmG12Gbp{! pntJL tG mt.[t1 npnzbt J1G~l.lJ.bu wnwoqwl{wG, 
1uJGl.lJ.hu t1 l.lJ.LWumpti qb.'.pnpuwgpwGbpjl uwhuwGGbp{!: Unwoqwl{wG qb.'.pnp-
1YwgpwGbpp qpw.'.pJ14I! untn t majlq qO-jlG, puq l.lJ.LlllUUlpq qb.'.pnpuwgjlwGbppG{!' 
111qwpppuwqwG l{npjlG, wGwtJ1mp4nphG l}PwGp Gl{wpwqpt.[mu bG hhmltJWL 
1upmwhwjtnntpjntGGbpjl uj12ngnt.[ [18). 

(7.1) 

(7.2) 

nptnbq Ewu, Euiu -G hwUWl.lJ.WlllwutuwGwpwp wnwoqwl{wGntJ')JWU lt l.lJ.LWUU1p
ltlllJ3JWU qb.'.pnpuwgpwGbpp uwht'iwGGbpG hG, crw.u, crui.u -G' wnwoqwl.jwGm
JIJwG Lt l.lJ.1wumpl{ntJ')JwG ubquuwG iwpmuGhpJ1 uwhllwuubp[!, Ewn. Eui1-G' 
11mw6qwl{wGmpJwG lt l.lJ.LWUllljlqmpJWU unqnqGbp[!: 

lll1wutnpl{mpJwG unqnLU! npnzt.[mu t hbmL.Jwt pwGwoL.nt.[. 
EUJl = l 00 (all - crh)/i:s, (7.3) 

11ptnb'l. cr12, crh -{! 12wJ12wJn11 m hnumGmpJwG iwpmuGbpG hG : 

7.J. <.wmftljft IJftOwiiftljwljwO wtfpmp;wu pOmpwqplipf! 

.QwG):l np hwmpl{p uwfipwgmU{! qwmwp4mu t l.lJ.Wppbpwl{wfi qpfiw-
1\!1J.iwl.jwG mdjl (hwpt.[wO-jl) u):12ngnt.[, mump uwGpwguwG mhtuGn1nqjlwqwG 
14pngbup mumuGwuJ1pntpJtuG dwuwGwl.j qwpL.np GzwGwl.jntJ')JmG mG):l 
hwm):ll{p wupmpJwG gmgwu):lzGbp):l npnzmu{!, hw2t.[J1 wnGb1n4 Gwlt mdjl 
111qquwCi wpwqmpjwCi ubO-ntpjmCi[!: "\.,uwCi hhmwqnmmpjntGCihp l.jwtnwp4ht bCi 
hwml}wl.lJ.bU :b. q.. lll1nlunt.[J1 qnqupg, np{! bl{b1 t WJU bqpwl{wgmpJwfi, np 
pWJ!2WJn11 aj1Gwup4 md{! tiwtut.[wo wpwqmpJmCijlg qwpbtJ1 t npn2t1 hbmltJWL 
pwfiwoL.n4. 

Pmax = kmVh I !\ t, (7.4) 
11f1Ulb'l. Pmax-l! wqqnq uwpujlumu pWJPWJfl'l mdCi t, ill-!!' hwtnpl{p qwCiq
t[wb{!, !\ t-G' mdp wqquwG dwuwGwq{!, k-G' hwp4wop dwuwGwl{ qh.'.pnpuw
~1!1WJP hbtnL.wG12n4 tCibpqpwJp qnpumjl qnp.0-wqjlg{!: <l>np.6hpn4 umwg4bt bG' k 
~ 0.86 - 0.9, pul{ ~ t = (4.8 - 7.3) x 10-54: lJJmu l{nqupg, tpp Vh= 30.0 u/4, 11}1-
liwuj14 uwhuwGwjpG twp.mu{!' u 11.u=l2.73 lJlllw, pul{ bpp Vh =26.l U/4, 12WJ
(>WJ4mu bG hwtnpl!Cibpjl untn 18%-[!, jluq bpp Vh=65.5 u/t.[, 65 %-{!: lJPWJU vh = 
( 100-114) u/t.( l}bl.lJ.IlntU IJWJIJWJt.[mu b(i hwtnpl{Cibpp unm l 00 %-[!: 

<I>npobp{! gmJg bG m4bi., np l{wlut.[wo hwmjlltlJ tunuw4mpJwG wutnp
l'iwGjlg qb.'.pnpuwgjlwGbp.G {!GpwCimu bG wmuoqwqwG - l.lJ.LWUtnpl{ qwu 
1unw6qw4wG - uwbmgjlq - l.lJ.Lwumpl{ qb.'.pnpuwgjlwGbpp wnl{wJntpJtuUp: 
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lijll l}hU}pnu.l hwmpl(p ru1uwup4w4wu wupmpJWU uwhuwli{! npnztJ.mu t 
htmL.Jwl pwliwaL.mJ.. 

a IJ" = p Vh2 I In (10 / 11), (7.5) 

npmbq p -Ci hwmpqp ]umntpJmCiG t, Vh -Ci' hwptlwap wpwqntpjntCi{!, lo -Ci' 
hwm}14}1 u4qpGw4wG tp4wpmpJmCi{!, 11-I!' qh.'pnpuwgpwjpg hhurn tJ.hp2uw4wG 

hp4wpmpJntGJ:!: 
PwGwaL.pg (7.5) hpL.mu t, np a l).u-G hpuCiwqwCimu 4w]utlwa t wqqnq 

mdp wpwqmpJmlipg L. uwlipwgGnq uhphliwJp Gw]uwqMwG hwuwp, Gpw 
wpl}JntliwtlhmmpJmGI! uM"wgGhtm Gu:1wmwqntl, uitmp t uhawgGht uwG
pwgun11. opqwGp uimmuwG wpwqmpJmG{!: lfJmu qnqupg, mumuGwup
pmpJmGGhp{! gmJg tG mtJ.ht, np hwmpqGhpp uwGpwguwG, 2wpquwCi uumghuI! 
opzm Gljwpwqphtm L. UIJ'l ]uG11J1PI! tmahtm hwuwp ljwpL.np GzwGwtimpjntG 
mGp hwptJ.wanq opqwGp L. hwm)14p tfin]uwqqhgmpJwG map opzm npnzmu{!: 

QGqmCihGp, np umpoI! hwptlwan1u t hwmp4}1G pp pwGtlnpwltwCi 
uw4hphu}1G m1111whwJU19 wG4Jwc:i mw4, mump hwptJ.wap map }luuimtUI! 
wnw2pu unmtguwup 4wphlJl t npnzhthU1JL11Gp pwGwaL.ntJ.. 

J = M (Vu - V.i), (7.6) 
npmtq J-G map puuimtuG t, M-r!' umpop qwGqtJ.wb-J:!, Vu L. V ,1'-G ummpp 
wpwqmpJmGI! hwptlwap u4qpmu L. tlhp2mu: 

t>hwpqt, WJU pwGwaL.p qppwnmpJmGJ:! ppw4wG ]uGqppGtp tmahtm 
hwuwp ]upum unmwtJ.np t L. uiwhwG2tlmil t wJG 4]lpwnht npn2 tlbpwuiw

hmuGtpntJ.: 
bpb J:!GqmGbGp hwptJ.wbp dwuwfiwq hwmp4}1 wqwui wGl(uwG wpw-

qmpJmGrf Vh, ump6]l pwGtlnpwqwG uwqhphupG mqqwhWJW9 nt!J.!J.ntpjwUp, 
Vhu = 0, UIU}Ul hwmp4p l{pw wqqnrt map pUU}ntLUI! qnpnzi.lP hbtnhlJWl U1Jlll1U1-
hU1JL11ntpjwUp. 

Jh = m V1,, (Vhu = 0), (7.7) 
nrmtq' m -I! hwuip4}1 qwGqtlwaG t , vh -G' hwrtlwap awuwGw4 hwmpqp 
umwgwa UIJlWqmpjntU{!, llJlI! hwtlwuwp t umpop 2UIJ10UUIG wpwqmpjUIU{!: 
JlwGp np hwmpljp qwliqtJ.wb"J:! ump6p qwliqtJ.wapg 2wm tjmpp t, mump 

V" =Vu(I+: ), (7.8) 

npuih!J. Vu, V-i-G umpop uqqpGw4U1Ci L. tJ.hp2GwqwG wpwqmpJmGCihpG hG: 

q.npaGwtiwG ]uG'ltipGbpp hwuwp Vu ""V Li: 
JlwCip np hwptJ.wap dwuwGw4 wz]uwmwGpp up UUIUI! 4}1Gbmpq 

tubpqpwjp mbupntJ. aw)uutJ.mu t hWU1}14}1 h umpop zwpduwG l\flUI, puq UjntU{!' 
hwmp4}1 1.t umpop qb.'pnpuwgpwjp, mump qnpaGw4_wCinpbG ump6p 
qb.'pnpuwgpwj}l l{pw aw]uutlwa tCihpqpwCi hwtJ.wuwp t qpnjp: <!,bmL.wpwp, 
tGtpqpwJJ1 WJG uwu{!, np{! aw]umJ.mu t hwU1p4}1 qh.'pnpuU1gpwJ'1 (uwGpwg
uwG) l{pw, UIJU l}hU}pntU 1.jlJlGp oqmwqwp wz]uwmwCip: lfJmu ltn!J.Upg, hwmp-
4}1 wqwm wGquwG owGwll!WPhI! hwptJ.wap dwuwGwq 2wm tfinpp t, mump 
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hwm}14p zwpctuw(i 4}1Cihm}14w4wCi tCihpqpwCi Uljl} OUIUUIU}Wphp l{pw qnpaCiw
L1wunphCi CimJCiuihu 4lJ1Ci}1 qpnJp hwtlwuwp : 

UJuui}rnmJ., wupn!J.2 aw]uutlwa wz]uwmwCipI! 4tJ1Cip. 
A0 =At1 +Ah+A1J, npmhlJ.Jlg' Al}=A0 -At1 -Ah, (7.9) 

11pmt11. Ao -Ci wupn11.2 aw]uutlwa wz]uwmwCipCi t, Au -G' umpop zwpduwCi 
t1j1Cihmp4w4wu tCitpqpwG hwptlwap ctwuwuw4, Ah -Ci' hwm}14}1 zwpauwCi 
t1j1Cihmp4w4wu tCihpqpwCi hwptlwapg hhmn, AIJ -If hwmp4}1 qt:pnpuwgpwJp 
1\pw aw]uutln!J. tGl:ipqpwCi. 

vi Vi mV2 

,i =M-"- At1=M-" A =---h · (7.10) 
I'O 2 ' 2' " 2 ° 

Shqwl}Phtml. (7.10)-I! (7.9) -p ut2, umwgtlmu t. 

(7. 11) 

Jlwlip np umpop hwuwr Vu"" Vq, pulj hwllljl.4}1 wrwqntpJmGJ:! hwrtJ.wapg 
hbum· vh ""Vq, tJ.t112Gw4wG pwCiwal.tCi {!Ul}mlimu t hhtnL.JUIL U1bUpJ:!. 

mV2 mV2 

A =--" =--" · (7.12) 
I} 2 2 . 

UqGhwJm t, np hwptJ.wap awuwliwq tfin]uwqqhgmpJWCi ma{! l]1 tiwpnq 
LlmpopG zwpaht zwpduwCi hwqwnw4 mqqmpJUIUp, ntulllp Gpw zwpauw G 
l1j1Cihmfl4wl}wG tCibpqpwG CimJCiuitu tiaw]uuJ.ti1 hwmp4p uwGpwguwCi l{pw: 
.!.bml.twpwp, hwllljl.4}1 qt:pnpuwgpwJp l{pw aw)uutJ.nq tfibpqpwG 4'1P4Gw
llJwtn4tJ.P, 

A l/ =A0 q= mV,/ =mV} , (7.13) 

npU1blJ. Aoq -G wGtJ.wCitJ.mu t hwui}14p 2wpquwG (uwCipwguwCi) oqmwltwp 
l:Cibpqpw: 

UJu pwCiwaL.I!' (7.13) uiwpmGwl}mu t npnz umnwtlnpmi:iJmG, npntJ.hhmL. 
hw2J.ti1 ifl wnGtJ.mu hwmp4}1 wnwaqwl}wG qt:pnpuwgpwJJi. tJ.hpw4wGqGuwG 
t{pw aw]uutJ.nq wz]uwmwlip{!, np{! uhp qbuipp hwuwp 4tJiG)1 tGhpqpwJp 
l}npmum: liJ'l uhantpJntG{! qCiwhwU1btm hwuwp u4qppg pGGwplttlmu bG ni 
wnwaqw4wG hwptJ.wb"J:!, WJupCipG umpOJ:! L. hwU1J14I! odmtlwb- ibli npL.t 
wnwaqw4wum13Jwup: <!.wptJ.wb-}1 awuwGw4 hp4muG tt 4hGpwp4tJ.bCi ublJ.uilwG 
11b.'pnpuwg}1wJ}1, L. pwGp np hwll1}14Ci m ump6J:! hwuwptJ.ht hG ni wnwaqw4wG 
1\wpupCiCihp, UIU}Ul uhlJ.UUUICi qt:pnpuwgpwCihpCi wupn11.2wU1bU 4uiwhU}wGtlbG, 
LllJU}1CipCi hwl.J.wqwpa qb:pnpuwgtiwuhpJ:! qnpaCiwqwCinphG hwtJ.wuwp ljlJlGbG 
qpnjp: 

UJuui}1untJ., qh.'pnpuwgpwJp tJ.hpwl}wGqCiuwG hwuwp aw]uutlwa t Cihp
qltwG CimJCitiibu hwtJ.wuwp 4tJiG1' qpnJti: 

lijdU pCiGwpqhGp wnwaqw4wG hwptJ.wb-J:!: l>Ciiuihu hU1JU1G}1 t, wnwa
qwqwG hwptj_wc)p ctwuwGwq UIJU tCihpqpwG, llPI! aw]uutlmu t w nwaqw4wu 
qh.'pnpuwgtiwJp tJ.hpwtiwGqCiuwCi l{plll, pCimpwqptJ.mu t tCihpqpwJp tJ.bpw-
4wGqGuwCi qnpaw4gp (µ) u)12ngntl: lfmpo}l L. hwlllpqp hwptlwap qnpa{!CipwgG 
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ppw4wuwfimu t tp4m tlinqntJ.: Unw2pfi tlinqmu hwmJ14U L umpnu ubJJ.UtJ.mu bfi 
uJ1CiiL Gpwfig wpwqntpjntGCibpp hwtJ.wuwptlbtn, 11J1WGpg hbmn {!fipwfimu t 
hp4Pnpq tlimm' hwptJ.wop qnpO{!UpWg(!, npp nGpwgpmu UbJJ.UUWU 
qb:pnpuwgpwfibpp up uwun u4umu t tJ.bpw4wuqfitJ.bt L hwptJ.woG wtJ.wpmtJ.mu 
t WJfi ctwuwuw4, bpp ump6[! L hwm}14I! upuJwGgpg wG2wmtJ.mu bfi L, 
qwfutJ.wo GpwGg qwGqtJ.woGhpp uhffiltpJmGpg, umwGmu bG mwpphp 
wpwqmpJmfifibp: CGqmfibfip hwmpqp L umpnp uqqpfiwqwQ wpwqm
i:iJmfifihpI! hwuwU1.wmwufuwCiwpwp Vu.h L Vu.~: ~wptJ.wop wnw2}1G tlinqp. tJ.bp-
2mu hwmpqp L umpnp wpwqmpJmGGbp{! GzwCiwqhGp U-ntl, puq hp4Pnpq 
tl1m\J1 tJ.bp2mu wpwqmpjmGCibp{! GzwGwqbGp hwuWU!WlOWUfuwCiwpwp Uhtl L 
U 0t1: Cwpctuwfi pwGwqG wnw2}1G tlinqmu GzwGw4hGp P1, puq bpqpnpq 
tl1mtmu'P2, hbmLwpwp qwph\]1 t qpb( 

P2 =µP1: (7.14) 
OqmtJ.html zwpduwG pwfiwq)l wpdbpGbpp pwGwaLbppg, wnw2)1G L 

bptiPnpq tlinqbp)l hwuwp qumwfiwGp. 
wnw2pG tl1m!J1 hwuwp' 

bpqpnpq tl1m!J1 hwuwp' 

Pi =-m(U-Vuh),} 

.fi = M(U -Vuu), 

Pi = -m(V11<1 - U) '} 
Pi= M(V<l-U) : 

(7.15) 

(7.16) 

Unw2)1G tl1m!J1 tJ.bp~mtu hwm)lqp L umpo)l wpwqmpJmGI! (U) npnzhtm 
hwuwp hwtJ.wuwpbgGbGp (7 .15) hwtJ.wuwpmufibp[!. 

m(U-Vuh)+M(U-V.;u)=O, (7.17) 
npmbajig umwgtJ.mu t. 

t . 

U = mV11u + MVtf</ (7.18) 
m+M 

..Qwfi)l np Vhu"' 0, UlUIW (7.18) -I! q{!GqmG)l hbmL.JWL mhup[!. 

u = vtf<//o+ _:.): (7.19) 

OqmwqnpbhtntJ. (7.14) qwum L (7.15), (7.16) hwtJ.wuwpmufihp[!, umwgtJ.ht 

µ(U-V11J :v"<li=u :} 
µ(U - Vuu) - Vu<! U . 

(7.20) 

~wtJ.wuwpmufibpp (7.20) hwuwqwpq{! hwuwmbrt tmbhtntJ. µ-p 
u4wmuwup, umwgtJ.bt t. 
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(7.22) 

Sb11wqphtntJ. µ -p wpdbp{! (7.22) -pg, (7.20) -)1 ut2, umwgtJ.bt t . 

m+M (7.23) 
V,"1 = (1 + µ)~Vuu '} 

M 
Vu</ = -(1 + µ) m + M Vuu: 

~wptJ.wop ctwuwGwq 4}1Gbm)lqwqwG tGhpq)lWJP qnpmumGhp[! npnzbtm 
hwuwp, {!fiqhwGmp uqqpGwqwfi qpfibm)lqwqwfi tfihpq)lwfi Gzwuwqbfip Ko -
ntl, )luq hwptJ.wop tJ.hp2mu' K -ntJ., WU1.W 4wph\]1 t qpht. 

_m 2 M2 2. 
K0 -K --2V.v;+l(Vue -Vu). (7.24) 

Sh11wqphtn4. V 0u L VutJ wpdbpfibp[!, (7.23)-)lg qnpnzbup tGbpqpwJ)l 
L1npum)l ~K -)1 tJ.hp2uw4wu pwfiwaht{!. 

mM 2 2 
M = K 0 -K = (1- µ )Vtfu : (7.25) 

2(m+M) 

-ilwGp np hwU1}14J1 qwGqtJ.wb{! zwm-zwm tlinpp t umpn)l qwGqtJ.wo)lg, 
WU!Ul m + M"' M , pu4 v htj"" Vuu "'Vutj"' V.i, WUIW tfibpqpwj)l qnpum)l ubffilt
pjntU{!, np{! u)lLfintJfi dwuwGwq wnwoqwqwG qb:pnpuwg)lwJ)l tJ.bpw
~wfiqGuwfi wzfuwmwGpG t ' Al\b.J>• (7.25)-pg npnztJ.bt t. 

m z z 6) M = AJJb:J>.</ = 2"(1- µ )Vu , (7.2 

11pmh11 V/ -Ci umpn)l zwpduwG wpwqmpJntGG t hwptJ.wo)l dwuwGwq, µ -Ci ' 
tGhpqpwJ)l tJ.bpwqwGqGuwfi qnpowqpg(!, m -(! hwm)lq)l qwfiqtJ.wb{!: Q.np0Gw
L1wu fuuajlpfibp tmbhtm hwuwp, npUl.hu wnw2)1u unmhgmu µ = 0.3-0.4 (gnphfi)l 
hwmJ14)1 hwuwp): 

~wmpqp 2wpquwG (uwGpwguwfi) oqmwqwp tfihpq)lwG, np(! btufuutJ.mu t 
u)lwJfi qb:pnpuwgpwJ)l tJ.pw (7.12), pwquwUl.wmqhtntJ. (1 - µ2

) -ntJ. umwgtJ.ht t 
oqmwqwp tfihpqpwG' hwzll}l wnfibtntJ. tubpq)lwJ)l WJG qnpmumfihp[!, npnGp 
bwfuutJ.mu bG wmuaqwqwfi qb:pnpuwgpwJ)l up uwup tJ.bpwqwGqGuwfi hwuwp: 
UJmajmntJ., A 0 q.t -Cl qnpnzll}l hbmLJWtpwfiwabmtJ.. 

- - 2 2 
Aaqt = A,

1
b:J> = (1- µ )mV<I : (7.27) 

U)mu qn11uJ1g, hwm)lqp qb:pnpuwgpwJp tJ.pw owfuutJ.nrt wzfuwmwGp[! 
(tfibpq)lwfi) 4wpb\]1 t hwztJ.bt 4twUl.hJpnfi)l hwJmfi)l pwfiwoL.)1 oqfimpJwup. 

A = P1J/ili ''5,1Jta = (K2 p i ) '5uu1 (7.28) 
!Jb/> 2 I] ' UUI 2 ' 

11pmt11 K l\ = P q]lfi I P "'" = O@G I Oum , P u 111 L P q]JG-I! hwUWUIWUlwufuwGwpwp 
umwmpqwqwfi L ajJ.GwupqwqwG mdbp)l wqqbgmpJmGGbpG bll, Oum L Oq~G -{!· 
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WJll mctbppg tunw2wgwb mt11wt.Pn}umpJmCiCibpJ!, Kq-Cl ' ajlCiwupq qnpb'wqpgJ!: 
Oqmwqnpbbtml (7.27) l.t (7.28) hwi.J.wuwpmuCibp{!, umwg4.ht t. 

(7.29) 

UJuajmm.J., hwptlwbp ctwilwCiwq mctp ajl!lwupqwqwCi K'l qnpbwlJ.'191! 
npn2t1m hwuwp lJ.UJ.whwCi2tl.Ji hwztlhl upwJCi hwmptiP qt:pnpuwgpWJP 
ub<)mpjnt!lJ! mctp UU1WU1pqwqwCi 4.PpwnuwCi qbUJ.pntU (O'um), puq Pum -1! 
npnzi.tmu t i.pnpaCiwqw!l nwCiwUJ.wphntl: · 

Unw2w1y11.J.wo }uCiqpmu umwi.npq qh.'.pnpuwgpwJp ubbmpJntCiCi 
w!lhpwctbzm t npnzbt hp4m qbUJ.J2P hwtiwp. w) bpp wq11n11 met(] m!lp hwmpltlt 
bpqtuJCiw4wCi wnwCigp)l m1111mpJntCi{! l.t p)' bplJ.wJClwqwCi wnwCigppCi 
m1111whwJwg m1111mpJntCi (Ciq. 7.3): 

opp wqIJI1'1 mctCi wnwCigpCihpll Cl4wmuwup mCip 4wuwJw4wCi (13) 
m1111mpJmCi, WUJ.W WJCi upzm 4wpblll t pw11qwmht bpqm wnwCigpCibpp 
nlfJTJnliJJWUp: 

Pu';,> = Psin f3 , 

npmb1113 -Ci bpqwJCiwqwCi wnwCigpp hbm wqqn11 Pum mctp qwqtiw<) wCi4Jm.CiCi t: 
IT}wpqntpjWCi hwuwp hwmp4l! bp4flW,1_Wi.J.mpb(i {!UllfltCi4ntU t llflUJ.bU 

twUJ.unpq, pwCip np WJCi pp bpqpw2tui.J.1wqwCi UJ.Wpwubmpbpntl zwm CiuwCi t 
ltPUl unpajlCi: 

liJu }uCiqppJ! 1mbbtm hwuwp wClhpwctbzm t oqml.{t1 wnwoqwqwCimpJWCl 
mhumpJwCi mwpw<)w4wCi uwpoCip (ttPUJ.Un}lajl) qb:pnpuwgtiwJp hwzt1.uwCl 
hwi.J.wuwpmuCibppg : 

liJuajmntJ., mCibCltutntl O'um-1! t. KIJ/lc;-p wpcthp(! (7.29)-pg, qwphlll t npnzbt 
ajlCiwup.4 mctl! l.t qpCiwu]lq mt11wljm}umpJnLCiJ!, oqmwqnp<)btm.J. hbmliJWL 
w pmwhwjmmp J mCiCibpJ! · 

(7.30) 

p!2) 

"'" 

'Uq. 7.J. <wwf1!/jJ uwwwft/JwqwO J]b.J>nplfwgjJw;/1 zfbt>mp;wO npn2lfwO 
hw2lfwplfw1ftu ufubiJwObp. 
w) bpp wqlJIIIJ mdO mOjJ hwwjJqjJ bpqw1uwqw{i nLIJIJnLPJnLU /., 
P) bpp wqIJnl] md{i mOjJ hw111jJljjJ wnwOgpjJO flll]!]Whw1wg flll]IJfllj}JnLu 

Unwaqwutiubmpti4 mwpwbwqwCi uwputi!iCibpp qb:pnpuwgpw!lbpf.! t. 
1wpmilCibpJ! npnzhtm hwtiwp hwpuwp t oqm4ht luw!llJ.btP tJ:in}uwqbpUJ.mupg: 
1 ln{f(x)} .'.pmCi4glltuJp n -qwpqp }uwCiqbuwCi i.pn}uw4hpUJ.muCi mCip hbmliJWl 
lllhUpJ!. . 

00 

H. {f(x)} =/(A,)= fxf(x)J.(A.x)dx, (7.31) 

11pmb11 J0 (/...x)-[! n-qwpqp Pbubw .'.pmClqgpwCi t: 
~WqWl}tupo t.Pn}uwqhplJ.lnLUJ! l.J.tPCllt 

0 

H~' {f(A)} = /(x) = J,if().)Jn(A.x)d).: (7.32) 
0 

"' 
UJu qbUJ.12mu ~f (x)jt:a < oo l.t f(x) ~mCiqgpw!i uwhuwCiwtJ:iw4 t x-p 

0 

lfl2W4lllJJ2nLU: 
\,mJCi at.ml f{r,z) :Pm!iqgpwJjl hwuwp luwCilJ.htP qm}uwqbplJ.lntUJ! r

l1nnp'l}1Ciwmp hwuwp ljmCibCiw hbmhJWL mbupn' 

H. {f(r,z)} = ].(A,z) = f if(r,z)Jn(r,).)dA,, (7.33) 
0 

l•u4 hwqwqwpo tlln}uwqbpUJ.nttl[! l.J.LllCl]l' 

H-1
{/(A.,z),A.-H} = f(r,z) = fA/(A, z )J.(r,A.)dA.: (7.34) 

0 
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Ubp tuGqpp hwuwp lJ.wphnp GzwGwlJ.mpJmG mGp lvwGlJ.blP t}lntuwlJ.bp
UJ.nlU(! qpnJwlJ.wG m wnw2}1G lJ.wpqbpp hwuwp' 

o 
H1 {

0
rf(r,z),r-)4}=-A.H0 {.f(r , z),r-)4}, (7.35) 

H 0 {f(r,z),r---) 4} = fo{4 ,z) = JrJ(r ,z)J0 (4,r)dr, (7.36) 
0 

H 0 {ilf (r, z),r---) A.} = ( !2

2 - 42 JH0 {f(r,z)}, (7.37) 

nptnbTJ.' il -G Lwuitwup OUJ.bpwtnnpG t : 
U"Jmu lJ.n11uJ1g ' 

H 0 {ililf(r,z),r-)4}=(!
2

2 -42JH0{f(r,z)}, 

{ ( )

2 , (7.38) 

H 1 :rt.f(r, z),r---)4}=-4 !2

2 -4
2 H 0 {f(r,z)}: 

uztJ.wa wptnwhwjtnntpJntGGbp[! 6J1ztn bG, bpb 

rf(!j,z)---)0 h {:r Jf(r,z)---)0, bpp r=O h r=oo: (7.39) 

Oqmwqnpc)bt.ntl (7 .7) - (7.9) wptnwhwJtnntpJmGGbp[!' hwpunGpl.J. h 
pphwpunGplJ. hwtJ.wuwpmuGbp[! qtwGwJpG lJ.nnpl}}1GwtnGhpntJ. lJ.wpblP t pbpbt 
untJ.npwlJ.wG llP:PbpbGgpwl hwtJ.wuwpmuGbpp: 

lfwGpwguwG dwuwGwlJ. hwtnplJ.[! bGpwplJ.tJ.mli t hpuGwlJ.wlimu bplJ.m 
mbuw4ft hwptJ.wap' bplJ.wJGwlJ.wG h LWJGwlJ.wG wnwGgpGbpp ntfJ.TJ.ntpJwlip : 
LiwliWJWlJ.wG filTJ.TJ.IllPJWUp hwptJ.wap qbUJ.12ntU, J1GiUJ.bU GzbgpGp, WJG lipztn 
lJ.wpblP t tJ.bptmabt bplJ.m pw11w'1PJ1iGbpp t}lntunLTJ.11.whwJwg wnwGgpubpp nLTJ.11.m
pJwlip (bplJ.wJGwlJ.wG h LWJGwlJ.wu): <!,btnhwpwp, bplJ.m wnwligpGbpp m1111mpJwlip 
tuG'1Plt tmc)ntli[! huwpwtJ.npmpJmli lJ.tnw hwztJ.bt twpmuGbp[! h qb:pnpliwgpwGbp[! 
gwGlJ.wgwa lJ.wliwJwlJ.wG wli4.Jwli tnw4 hwptJ.wap hwliwp: 

.Qwup np hwptJ.wap dwuwliw4 ubqwGpg lJ.uiwhwli2$ npnzbt ®GwliplJ.w
lJ.wG ntdp ubampJlllG[! 1}}1GwliplJ.wl.J.wG qnpawlJ.gp up2ngntJ. hwliwowJG (7.29) 
pwGwohp, np[! lJ.wtutJ.wa t umwtnJ14wlJ.wG qb:pnpuwgpwJpg (Oum), mutnp, 
ulJ.qppg wGhpwdhzm lJ.IPGp npnzhL umwmpl.J.wl.J.wG mdp wqqbgmpJmGpg 
hwtnplJ.p twptJ.wawqb:pnpuwgpnG $6wlJ.[!: UJu tuGl}}1p[! tmabtm hwuwp 
gnpbGp hwtnplJ.[!, pGiUJ.bU !izbgpGp, lJ.wpbilt t CibplJ.WJWgGbt liwpbliwtnplJ.npbG 
«t1Puiunpl}}1» tnbupntJ., npp hwztJ.wplJ.wJpG utubuwGbp[! GbplJ.wJwgtJ.wa bG GlJ. . 
7.3-mu: 

Ll-b:pnpuwgpwGbpp h twpmlilibpp pwfJ.WflPPiGbp[! qtwGwJpG lJ.nnpqpGwtn
GbpntJ. (r,cp,z), lJ.wtutJ.wa LJwi.Uir tnbTJ.wt.PntumpJmGGbpp :pmGlJ.gpwJpg (ct>), 
lJ.wpbiP t GbplJ.wJwgGbt hbtnhJWL tnbupntJ.' 

182 

2GUr = - ::: , 2GUz = [ 2(1- v )il - !2

2 }l>, 

a = ~(vil - ~)<l> a = ~(vil - _!_~)<l> (7.40) 
rr oz or2 ' 'l''I' Oz 2 or ' 

au= ![(2-v)il-::2 ]<l>, Tn = :r[(l-v)il-::2 ]<l>: 

UJmnbTJ. LJwi.Uip tnb11wt.PntumpJmGGbpp :PmGlJ.gpwG UJ.btnp t pwtJ.wpwpp 
hbtnhJWl UJ.WJliwGpG. 

L\L\<l>(r, z) = 0: (7.41) 

PphwpunGplJ. hwtJ.wuiupuwG (7.41) hwuwp oqtnwqnpabtntl IvwGlJ.blP 
qpnJwlJ.wG lJ.wpqp t}lntuwlJ.bpuimuG [!UUl r -lJ.nnpl}}1Gwtnp (7.39), lJ.utnwGwGp 
untJ.npwlJ.wG 'lP:PbpbGgJ1wthwtJ.wuwpmu (r - [! t.PntuwppGhtntl A- ntJ.). 

( 
02 )

2

"' 
- 2 -42 fr<t>(r,z}.!0 (A.r}dr=O 
oz 0 

t1wu (~2

2 -42
)

2

<1J 0 (4,z)=0, (7.42) 

nptnbfJ.' <IJ0 (4,z)= H0 {<t>(r,z),r---) 4} : 

f"tGtnbqpbtntl (7.42) wptnwhwJtnntpJntG[! utnwgtJ.mu t. 

<IJ 0 (4,z)=(A+BA.z~-Az +(C+DA.z~", (7.43) 

ll[IUlbTJ. C, D, Ah B pGtnbqpuwG hWUUlWUlntGGbp[! lJ.wtutJ.wa bG A. UJ.Wpwubtn
flP9 h npnztJ.mu bG tuG'lJlJ1 bqpwjpG UJ.WJUWGGbppg: 

Ll-b:PnpuwgpwGbpp h twpmuGbpp :pmGlJ.gpwGbp[! (7.40) npnzbtm hwuwp 
wCihpwdhzm 4.IPCip mCitGwt <l> 0(4, z) :pmCilJ.gpwJp tJ.bp.2GwlJ.wCi wpdbp[!: 

St11wt.PntumpJntGGbpp h twpmuGbpp hwuwp oqtnwqnpabGp qpnJwlJ.wG h 
wnw2}1G lJ.wpqbpp lvwGlJ.blP t.PntuwlJ.bpUJ.mUGbp[! (7 .35 - 7.36). 

2GH1{ur}= 

"' 0 00 0<1> d d 
= 2G J rUJ1 (4,r}dr = ----, f r-11 (4r}dr = --H0 {<t>(r)}= 4-<iJ0 (A.z ): (7.44) 

0 Oz 0 or dz dz 

OqtnwqnpabtntJ. hwlJ.wqwpo ohwt}lntump JntG[!' utnwgtJ.bt t. 

2GU r = 2GH1-
1 {Ur}= f 42 d!o J 1 (A.r )d4 : (7.45) 

'UntJG ohwtJtntumpJntGGbp[! lJ.wtnwpbtntJ. UJntu tnbTJ.wtJtntumpJwG U,, -p 
GlJ.wtnliwup' utnwgtJ.mli t . 
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.!,bmL.wpwp, 

O'zz = JA.[(1-v)d;~o -(2-v)A.
2 d!o } 0 (A.

2
µA. : (7.49; 

limJUIJ.!bU, 

(7.50) 

(7.51) 

crrr L. crqiqi :PmCiqgpwGbpp npn2mli[! IJ.!hmp t pGCiwp4bt wnwGopfi, pwfip np 
crrr L. crqicp w2 uwubpp (7.40) luwfiqh!l1 aL.wtJ.mfumpJmGGbp[! qwmwplJ.btm hG 
qpnJw4wG L. wnw2pG qwpqbpp hwuwp: 

crrr -p hwuwp wnw2pG[! IJ.!bmp t hw2l{t1 Lw1J.11wup hwl{wuwpmli[! 
hbmL.JWl mbupntJ.' 

a2 <D 1 a<D a2<D 
~<ll =--+--+- : 

8r2 2 ar 8z 2 

'1-pw hwuwp crrr (r, z) -[! qumwfiw hhmL.Jwt mhup[!. 

u (r z)=- --(1-v)~<ll +--: a [ a2
<t> J 1 a

2
<D 

rr , az 8z2 2 arr 

(7.52) 

(7.53) 

U2 uwup wnw2pG wfiqwup hwuwp IJ.!bmp t 4wmwpb1 luwfi4bll1 
tltnfuwqbplJ.!ntU[! qpnJwqwG qwpqp, pu4 hpqpnpqp hwuwp' wnw2pG qwpqp: 
~wt{wuwpmpJwCi tltnfuwqhp1J.!mlipg hbmn (hpqm wfiqwufihpp hwuwp tl) 
l{hp2Gwqwfiw1J.1bu umwgt{mu t. 

O'rr = 1A.[vd3~o +(1-v)A.2 d (i)o]Jo(k)dA.-.!.. fA.2 d CDo J,(k)dA.: (7.54) 
0 dz dz r 0 dz 

limJG qnpbn'l.mpJnuGGbp[! qwmwph1mg hbmn mnwgt{mu t GwL. crqxp-p mhup[!' 
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O'""" = v f A.(dJ~o - A.2 d CDo JJo(A.r )a'A.+ .!.. JA.2 dCDo J ,(N-)dA. : (7.55) 
0 dz dz 2 0 dz 

liJUIJ.!pum.l, ubp fuGqpp[! tmbbtm hwuwp 41J.1whwG24Jl (7.43) wpmw
hWJUlntiJJWG oqGmpJwlip 4wmwpb1 pn1np pfimbqpmufibp[! qwfut{wb A. IJ.!Wpw
ubmppg (A. - r): 

liwfu wfihpwctb2m t t'i2mt1 fuGqpp bqpwjpG IJ.!WJUWGGbp[!: bpb [!Gqm
libfip, np ub11.uuwfi qtuwmu mfibfip npn2w4P mpnpuwfi uw4bpbu (Sm), hbmL.w
pwp LWpmuGbpp ubbmpjmGG WJI} uwqhphup t{pw 4ll1Gp. 

p 
O'o =-: 

S,,, 

.!,bmL.wpwp, qwpbll1 t qpb1 bqpwjpG IJ.!WJUWG[!. 

lipb z=O, u,, lz~o =-uo, rn l,~o =0 : (7.56) 

.Qwfip np 'pn1np mb11.wtltnfumpJmCiCibp[! L. twpmufibpG wfit{bp2mpJwG ut2 
uwpl{mu bfi, hhmL.pwp (7.43) wpmwhwJmmpJmfimu qmfibfiwfi12 C=D=O, L. 
<ll0 (k )-[! qmfibfiw hbmL.JWl mbup[!. 

¢ 0 (k)=(A+ Bk )e-"" : (7.57) 

luwfi4bll1 mpwGu:pnpuwm[! mctp hwuwp 4ll1Gp. 
00 

H 0 {u(r), r ~A.}= 50 (A.)= fm0J0 (N-)dr: 
0 

Oqmwqnpbbtntl bqpwJpfi IJ.!WJUwCiGbp[! (7.56) L. (7.48) twpmuCibpp 

h wllwp pwfiw6h~; ::;:~~~ : ::~ v ),!' <i> 0 = -ii 
0 

{ ,\} bpp z = 0 '} 

dz dz 
2-

d <l>o ( ) 2 -v -
2
- + 1- v A. <ll0 =0: 

dz 

(7.58) 

Oqmwqnpbbtntl. (7.57) hwt{wuwpmll[! L (7.58) hwuwqwpq[!, umwglJ.bt bfi 
A L. B-p wpctbpfibp[!. 

(7.59) 

01Gbfiw1ntl. A L. B uMmpJmGGbp[!, mb11.wtltnfumpJmGGhpp L. iwpmufibpp 
hwuwp umwgtl.bt bG hbmL.Jw1 wpmwhwJmmpJmGGbp[!. 

2CUr = - J(l-2v- k ):;0 (A.)e-.<z J 1 (k )dA. , 

2CU, = J[2(1- v )+ k Po (A. )e-.<z J 0 (A.r )dA., 
0 

(7.60) 

(7.61) 
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O'rr =-l~-(l-kp0 (i)e-.<z 10 (-1.2}/A.+± J[(l-2v)-k]0'0ll) e-.<z J 1(A. z}IA., (7.62) 
0 0 

O' 'l"P = -2(1 + v )f A.a0 (A}~-.<z 10 (A. r }iA- -(<7" + <7,J (7.63) 
0 

a,, =-JA.(1 +Az)e-"'O:o(,.i)10 (A. r }:IA., (7.64) 

O'rz = -z J -1.2cr0 (A. )e-"' 11 (A. r}tA.: (7.65) 
0 

t>CimtqpwtCihplt hwztJ.muI! 1.J.wUwJwl.J.wCi pbnCitJ.wapp hwuwp 1.J.wuitJ.wo t 
p p 

utc) l}dtJ.wpmpJmfiCitpti htm: Ubp fuCi'lflmu, pwCilt np <70 = - = --2 , bpp 
Su, 7raui 

0:;;; r:;;; a L. cr0 = 0 L., tpp r > a, htmhwpwp cro (A.)-lt hwztJ.wpl.J.ti pwCiwoL.{! 
1.J.wpmwhwJmtlti htmL.JWL mtupntJ.. 

1.J.umwuwCip. 

p 00 \_, 

<70(A.)=-
2 

frJ0 (A. rpr = <7011(A.a) : 
7ra 0 

(7.66) 

<7
0
(A.)= p Jim 11 (A.a) =PA. : (7.67) 

fr a->O a in 21r 

fitCihuw1ntJ. cr0(A.) wpdhpCihpf!, 1.J.wmwphtntl (7.60) L. (7.65) -ti tiumt
qpnurntp{! twpmuCitpti L. mtqw$nfumpJmCiutpp hwuwp, umwgtJ.ht tu CipwCig 
tJ.hp2wtJ.np pwCiwohhpf!. 

U = _P_[E__- (1 - 2v )-r ] 
' 4mJR R2 R+z ' 

U = _P_[z(t - v)+ ~] 
' 4mJR R 2 ' 

p [( ) R r2z] a =-- l-2v ---3-, 
rr 27rR 2 R+z R 3 

(7.68) 

a =·-p-(l-2v{ _:_ __ R_J. 
'l"P 2trR 2 1._ R R + z 

npmhq R = ~z2 +r2 
: 
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Ujutqpum{, mCitCiwtml pntnp mtqwtlJ.nfumpJmCiCitpp h twpmuCitpp 
pwqw1wpiCihpf!, 1.J.wphtl1 t npnzht hwmpl.J.p gwCil.J.wgwc) hwmtJ.wc)pmu mtqwtlJ.n
tumpJntCiCihp{! h twpmuCihpf!: 

b"pt uiwhwCi2tJ.mu t npnzbt hwmpl.J.pCi hwptJ.wb-htm qpCiwupl.J.wl.J.wCi mdp 
ubampJntCi{!, wuiw ul.J.qppg uitmp t npnzbt hwmpl.J.ti umwmtil.J.wl.J.wCi 
mtqw$nfumpJntCi{!: 

OpltCiwl.J., hwmpl.J.lt wnwCigplt h wnwCigppCi mqqwhwjwg mqqmpJmCi
Cibpntl wutCiwuM umwmtil.J. mbqw¢.nfumpJmCiCihpf!, hwuwowJCi (7.68) pwCiw
ahti,wJuuitiultCi tu. 

1) 5: - PUlfl ( - ) 
uuin.max - 27lGb 3 2v' (7.69) 

(7.70) 

'1-b:pnpuwgtiwJti uhontpjntCiCibplt wpdtpCihp{! bpl.J.m l}btqpbplt hwuwp 
mbqw'lflbtntJ. (7.58) hwtJ.wuwpuwu ub2, 1.J.umwCiwup qpuwupl.J.wl.J.wu qnpaw-
1.J.tigubpp tJ.bp2Ciwl.J.wCi pwCiwoL.bpf!. 

1) K(I)= vi/ (1- 2)4,.Gmb 
TJ Plif µ 3-2v ' 

UU/ 

(7.71) 

2) K(2) = VI/ (1-µ2)4,.Gma: (7.72) 
TJ ?\2f 3-2v 

UUI 

'1-tiuwutil.J. mdp utampJmCiCihpf! npnzbtm hwuwp oqmtJ.ht tCip htmL.JWl 
hwJmCilt pwCiwahtptig. 

p(2) = K(1) p (1) == 2V (l - 2 )4,. Gmb 
max 1/ 1/ uu1 If µ 3 _ 2V • (7.73) 

p(1) ==K(i)p (2)== 2V (l-µ 2 )47rGma: 
maxq 1/ uui I/ 

3
_

2
V (7.74) 

OptiCiwl.J., tpp µ = 0.4, G = 0.74· l 04 1.J.qmd/uu2
, a= 0.03 uu, b = 0.015 uu, v = 

0.25, m = 10"3/980 l.J.q, V11 = 6.0 u/tJ., WU}W 

p(l) = 1200 (l-0.16) 3•14 ' 0•74 '
104 

.lQ-J ·0,03 == 18 55/j ntd = 185 50-
maxq 2 5 · 980 ' q ' ' 

' 

p(2l =1200 (1-0.16) 3•14 · 0,74 ·l0
4

•
10-

3
·0,0lS =1430/j md==l430u : 

maxq 2,5 · 980 ' q ' 
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7.4. Uljwlfwnwt;w;ft6 hwwftljwpwpl]/11/1 wbuwljw6 
hbwwqnwmp;m66bpft 6UJwmwlj[! L. WJ1'1fm6p6bp[! 

Sbuwl.J.wCi hbmwqmnmpJntCiCibpp filll.wmwl.J.Ci t bflbt npnzbt hwmp1.J.w-
2wpajiili 1.J.wnmgqwb-pwJpfi lll.Wpwubmptpu h Ciwtuwqb-btm m lll.Wtnpwumbtm 
hwuwp qmpu pbpbt pntnp wCihpwabzm hwzqwpl.J.wJpCi pwfiwahtpu: DI-ump, 
wnw2 bfi pwz\J.bt h tmb-\J.bt hbmhJWL IuCiajipCitpu. 

- npnzbt uwmmgn11 tunnnW. tw\J.wqmJCi mt11u. 
- npnzbt ppwl.J.p Cil.J.wmuwup hwmpl.J.p zwpauwfi oppGwlwtP.mpJmGu, 
- npnzbt wl.J.nuwqnp uwl.J.bphntJpp L. umpopl}Cibpp hpuGwl.J.wCi lll.Wpw-

ubmptpu, 
-npnzbt umpopl.J.Gbpp lll.UlUlUWG wCihwqwuwpw~w1.pntpjwG qnpb-wl.J.Pgu: 

7.4.1. ifwwmguw6 junnnlft fWlfwqnLJ6 wbl/ft npn2mlf[! 

lfwmmguwfi tunnnW. tw\J.wqnlJG mh'lti npnzmuu hGwpwqnpmp1mG t 
UlWWU nwgpnfiWL oqmwqnpb-bt UWfipwgCinfl tugpl}p 0-W\j_W[! U Wlll.Whn\j_bt 
hwmpl.J.Cibpp uwmmgmuu wnwCig tuwnG\J.btm uwCipwgqwb- qwGqqwb-p hbm: 

Unw2w11f1\j_wb- IuCiajipGtpu wpllJmGwqbm tmO-btm hwuwp wfihpwabzm t, 
np tunnnW.g uGl.J.Cin11 hwmpl.J.u ppwl.J.PCi hwGajilll.P WJG lll.WhpCi, bpp ppwl.J.u b-wb-1.J.bL 
t uw'ltifi, WJupCipG hwmpl.J.P uGl.J.Gbtnt awuwfiwl.J.u ll(btnp t 1.J.wqup. 

'P - 'P 
t ~......o....P __ 

OJ 

(7.75) 

npmb11 <p" -Ci ppwl}Gbpp mhflWllflOWCi 1.J.bGmpnGwl.J.wCi wGl.J.JmGG t, <p" = 2n/k (k -
G ppwl.J.Gbpp pwCiwl.J.G t), co -Ci' uwGpwgGnq pupml.J.p lll.UlmuwG hwow
tumpJmGu, <p -fi ' tunnnW. 1.J.bGmpnCip mt11wl.J.w1uwfi wGl.J.JmGu uw'lti 0-wJpw
uwup ownwqwJPp Gl.J.wmuwup: 

Ivnnnw mh'lti npnzuwG hwzqwpl.J.wJpG ututuwG pbpqwb- t Cil}. 7.4-mu: 
~wmpl.J.P uGl.J.Ghtm pwpapntpJmGu t 

awuwGwl.J.P uGpwgpmu l}wqomu t . 
gt2 g 

h=-=-2- 2 (27r-krpf: (7.76) 
2 2k OJ 

UGgpp l.J.bCimpnGp 2wnw4}111u npnz
qmu t w1umt11Pg . 

h sin fPu g(Z;r -kqi )2 sin IPu 
Ri. = 2 = 2 , (7.77) 

'1 sinrp 2k2w2 sinrp 

ulj. 7.4. Junnn!}l mbl/ft npnzuwu npmt11 <jlu -u uw'lti 1.J.bGmpnfiwl}wG 
hwztfwpljw1ftu ujufJlfwu wG4JmGG t, <pu = Lu/Ru, Lu -u' uw'lti 
Wflh'lli bpl.J.wpntpjmGu, Ru -u' uw'lti Wflb'lti zwnwqpqu: 

lfwmmgn11 tunnnlP. l.J.bGmpnCip 1.J.nnpajIGwmGtpu' 
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.L 
Stn-" 

X g(Z;r -<pk )
2 

ZR11 • ( L11 ) = 2 .--sm -+rp , 
"' ZK

2w sin rp ZR11 (7.78) 
.L sm-" 

g(Z;r - ,,J,.)2 
ZR ( L ) }". = '!"' .--·cos - 11 + qi : 

"' ZK2w2 sin rp ZR. 

0-pwl.J.P GqwqwqmJfi zwnwqprm hwmpl.J.PG hmGajilll.hlllu npnzqmu t 
hbmuJWL wpi.nwhWJUllll):}JWUp. 

g(21Z" - rpk )1 ( 'Pu . 'Pu J ro = 2 cos-+ ctgrpsm- : (7.79) 
2kw 2 2 

(7.77), (7.78). h (7.79) hwqwuwpmuCitpu gmJg bG mwwu, np uwmmgnq 
tunnnlP. lll.Wpwubmptpu' R4, Xru h Yiu, hpuGwl.J.wGmu 1.J.wtuqwb- bG pupml.J.P h 
uw'lti lll.Wpwubmpbppg' k, co, Lu h Ru: 

titGbtn\J. l}nGumpml.J.tnnpwl}wG qwmnqmpJmGGbppg h i.p.npabpp i.ntl.Jwt
Gbppg uwmmgn11 tunnnw 2wnwqp11G ufil}Iltfi\J.bt t ' ~ = 75 uu, uw'lti wqh'lti 
bpl.J.wpmpjmGu' Lu= I 76 uu h uw'lti Wflh'lP 2wnw4}1111:!' Ru= 150 uu: 

l,1.J.. 7.5-mu gmJg t mpqwb- uw'lti wqb'lti zwnwq'lti Gl.J.wtnuwup uwmmgn11 
JunnnW. mt11wl.J.w1uwG <p wCil.J.JwG 1.J.wtuqwb-mpJmGu ul.J.wqwnwl.J.P lll.UlmuwG 
hwowtuwl.J.wGmpJmGpg (co), mwppbp pwGwl.J.mp1wup ppwl.J.Gbpp (K) qtuwmu: 

"' nWI) 
q.pw:Ppl.J.wl.J.wG oppGwlwi.p.mpJntG

Gbpp qhptmO-ntpJmGu gmJg t mwwu, 
np uwtnmgn11 tunnnili mb11wl.J.WJUWG <p 
wGl.J.JmCiu hpuGwl.J.wGmu l}wtuqwb- t 
ppwl.J.Cibpp pwGwl.J.Pg (K) h uwGpwg
Gn11 ul.J.wqwnwl.J.P lll.UlmuwG hwow
tumpJmGpg (co): Uwl.J.wJG WJI} wGl.J.JwG 
utb-mp1mGu zwm ipnpp t h uwmmgnq 
tunnnW. mt11G uGmpblllu UCil}IltGmu bG, 
np WJCi lll.hmp t qmCiqp lugpl.J.p bpl.J.
pnpq pwnnpqmu h hwfiajilll.muu lll.hmp 

0 
250 300 350 ro, 1/L[ t mh'lti mGbGw ppwl.J.p hnppqnGwl.J.wG 

u lj. 7.5. rp =! {mK) .'jm1uljgftw1ft llPPPP awuwGwl.J., npCi Wlll.whnqmu t 
ljwjutfwompJWU opftuw,iwt.]lmpjmuufJp[! tugpl.J.p 0-w\J.wtil wubGwtW\J. oqmwqnp-
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amurr <,tmL.wpwp, (7.77), (7 .78) L. (7.79) hwzi.twpqwjpli pwliwaL.hpli 
{!liqmlimu hli hhmL.JWL mhup{!. 

R =g(2n-<pkf 
4 2K2

m
2 sin <p' 

(7.80) 

_ g(2n - <pk )
2 

) Xiu - i i ctg<p, 
2K m 

y = g(2n-<pk Y 
lu 2K2m2 

(7.81) 

r = g(2n - <pk )2 ctg <p : 
0 2K2m2 

(7.82) 

~ = 75 uu qtuwp hwuwp cp = f (ro,K) :PmliqgpwJp qpw:j"Jpq{! phpi.lwa t liq. 
7.6-mu: 

Q..pw:j"Jpqpg hpL.mu t, nppwli ZWUl t ppwqlihpp pWliWq{! (K), Wjlipwli 
tlinpp t cp wli4Jntli{!: 

btlihtni.l liwL. uwlipwgi.two qwliqi.twop mh11wtlinJuuwli L. uw'l.P wligphppg 
qmpu u11uwli wlihpwahzmmpJmlipg litqwmwqwhwpuwp t ppwqlihpp pwliwqli 
{!Gqmliht' K = 3: 

Iunnnl}l qhlimpnlip zwnwi.l'l.P (~) qwJui.twampJntli{! cp wli4Jmlipg phpi.lwa 
t liq. 7.7-mu, tpp K = 3 L. ro = 250, 300, 350 L. 400 lli.t: 

cp, ~--~---~---
llW I} bpJ! K 

300 350 ID, 1/ll 

cp, 
llWI} 
0.04 t--- -+--_,,_, __ __, 

o,___--J... __ _.__ _ ___, 
0.05 0.075 0.1 R,.., ll' 

'Ulj. 7.6. rp = f (m K} :pmuljgftw1ft qpw:PftfJl!, 'Ulj. 7. 7. rp = f (Rlt,CtJ) ljwjutfwbmp1wfi 
bpp Rq = 75lflf /, (/Ju= tr/2 qpw:jJ]llj[!, bpp K = 3 

"Utqwmwqwhwpuwp t {!liqmliht' Rq = O,lu: 

7.4.2. /iJ"ftwljft 61jwu11Iwlfp hwmftljft 2wpdlfw(i opft6w2wtftmp1m6p 

..!,wmpq{! ppwqni.l zwpcfi.lhtm cfwuwliwq lipw 4.Pw wqqmu hli hhmL.JWL 
mahp{! (liq. 7.8). awlipntpJwli' G =mg, qhlimpnliwJumJu' F4iu = mro2r i, qnpn
IPUJwli ' Fqnp = 2mrovh, zq.uwli' Fzt/I =IN= I [Gs in (cp.+rot)+Fqnp]: 
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[c)-pwqni.l hwmpqp zwpauwli qti:pt
phligpwt hwi.twuwpmuli mlip hhmL.JWL 
mhup{!. 

mr = F~ +mg cos(<p" + CtJt )- F
1
., :(7 .83) 

Sh11wqphtni.l F4iu L. Fzt/I mahpp lizw-
liwqmpJmlilihp{!, umwgi.lht t. 

mr = mm2r + mgcos(<pu +mt)

- l[mgsin(<p. +mt)+2mmr]: 
Opnz aL.wqmJuntpJntlilihppg hhmn L. 

{!liqmlihtni.l cp0 = rt/2, umwgi.lht t. 
'Ulj. 7.8. <wmftlj[! pftwljntf 2Wf1dlfbffll r + 2/ai-- CtJ

2r = -gsin (i)(- gf COS(i)(: (7.84) 
hw2tfwpfJw1ftu trjublfwfi 

Umwgi.twa qp:j"Jhphligpwt hwi.twuwpuwli {!liqhwlimp tmamuli mlip 

hhmL.JWL mhupr. 
1 r:+A)+Bm 't 1(A-r:)-Bm 't . 

r=""2 0 e'~ +"1 0 ervi +Acosmt+Bsmmt:(7.85) 
Ai-Ai Ai -Ai 

<,wmpqp zwpauwli hwi.twuwpmut!' 

V = ·,-. = A.i(r0 +A)+ Bm A. eAi t +Ai (A- r0 )-Bm A. eA.2t _ 
uib~ Ai -Ai l Ai -Al 2 (7.86) 

- Am sin mt + B m cos mt : 

Umwgi.two (7.85) L. (7.86) wpmwhwJmmpJmlilihpmu hwumwmmlilihpp 
wpahplihpli tli. 

Ai= (-I+ ~l + 12 
)m ~ 0, A.2 = (-I - ~l + 12 

)m ~ 0, 

B= g . 
2m2 (1 +I). 

(7.86) hwi.twuwpmut! gmJg t mwum, np ppwqp liqwmuw.up hwmpqp 
zwpauwli wpwqmpJntlit! qwJui.two t ztliuwli qnpawqgpg (f) L. uqwi.twnwqp 
UJ.mmuwli hw6wJumpJntlipg (ro): 

r = ./{rot) :pmliqgpwJp qpw:ppq{!, hpp r0 = O,lu L. hwmpqp zq.uwli 
qnpawqpgt!' I= tg 15° = 0,268, ptpi.twa t liq. 7.9-mu: 

Oqmi.lhtni.l qpw:ppqpg' qwphtl1 t npnzht ppwqp 4.Pw hwmpqp IlPPPI! 
mi.lJwt awuwliwqp hwuwp: 

"Uq. 7.10-mu phpi.lwa t r = l(m, mt }tiwiui.twampJwli qpw:ppq{!: 
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r, 

0.1 

I/ 
v v 

~ 
~....-----

u 
0.20 

0.15 

0.05 

0 0.2 0.4 0.6 0.8 1.0 1.2 rot, nw11 

ulj. 7.9. r =/(mt) .'pmliljgftw1/1 qµw.'pftll!J, liµp r0 = O,llf b.f = 0,268 

Oqu11.lb1nt.l filj . 7.9 u 7.10-mu pbpt.J.wb qpw~pljfibppg ljwpbtli t npn2t1 
uwufipljp 2wpduwfi wpwqmpJmfi(! ppwljpg UJ.nljt.J.b1m UJ.Whpfi ' 

(7.87) 

i', 
ullJ. O(lJ! ro, llJ. 
60 

50 

40 

30 

20 

10 

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 rot, nw11 

u lj. 7. 10. <wmftljft 2W[Idlfw{j W[IWqnL]JJWU (r ) ljwjutjwumpjmu[J uljwtjwnwljft 
U/Wmlfwu hwowjump1muftg (m) b. dwuwliwljftg 

fcTpwljpg uwufipljp UJ.nljt.J.b1m wpwqmpJntfi(! ljwJut.J.wb t fiwu fiJmpp 
~pqpljwutJuwfipljwljwfi hwmljmpjntfifitppg, Uwufiwl{npwUJ.hU Ujntpp 2tPUWU 
qnpbwljgpg (j), npp qpw:t>pljwljwfi ljwJut.J.wbmpJntfi(! ptpl{wb t filj. 7.11-mu: 

Uljwl{wnwljpg UJ.nljt.J.t1m UJ.Whpfi uwufipljp 2wpduwfi wpwqmpJwfi 
pwqwqpp~fitp[!. 

Vr = rR , Vr = mR, 

npmtq R -[! ppwljp l{tp2fiwuwup ljnpmpJwfi zwnwt.J.Pqfi t: 
fcTpwljpg UJ.nljt.J.t 1m dwuwfiwlj tppt.J. wpwqm pJntfi[!' 
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(7 .88) 

v' = f,, ..-----r------r--.----r--..----r------,-----. 
u/it 
60t----+---+- +--t--t----+---+-+I 

O""'"-~--'~...L-~--,-.L__.,-J--....,.-1----' 
0.2 0.4 0.6 0.8 1.0 1.2 1.4<0t,nw11 

ulj. 7. 11. V, =/ (wt, /).'pmliljgftw1ft qµw.'pftll!J, liµp m = 300/tj 

x u y wnwfigpfibpp nu1qmpJwUp hwmpljp wpwqmpjntU[! 41Pfip. 

Vx = rR coscp"I -mR sin cp"I'} 

Vy = rRsincpui +mRcos mt: 

(7.89) 

(7.90) 

fcTpwljpg UJ.nljt.J.b1mg hbmn hwmplj[! ljwmwpmu t wqwm pnpw: 
.:.w2t.J.wpljwJpfi uJubliwJpg (filj. 7.12) npnzt.J.mu t uwufipljp pnpwp hbmwqpb"[!, 
npfi wpmwhwJtnt.J.mu t hbtnuJWl hwt.J.wuwpmufibpnt.J.. 

X i= Vxt, } 
gt2 

Yi =Vyt-l : 

lmnpajlfiwmfibpp wuzwpd hwuwljwpqmu' 

x = Rcos cpui + Vxt, } 
/ 2 

y = Rsincpui + Vyt-L : 
2 

<!,wt.J.wuwpmuutpp hwuwljwpq[! (7.92) hwuwmtq 
umwfimu t fip uwufipljp p npw p ht mwqbp hwt.J.wuwpmU[!' 

g 2 (Vv gRcoscpui ) y =---X +X -· + + 
2V 2 V V 2 

" x x 

( 
V gRcoscp ) + R cos cp tgcp - _t_ - ui : 

ui ui V 2V 2 

x " 

(7.91) 

(7.92) 

tm<'>"t1mg htmn 

(7.93) 
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y 

ulj. 7. 12. fTJnljtfbfm UJWhftO lfwuOftlj/1 wpwqmpjwO nµnzllwli 
hw2tfwplf w1Jili ujubl.fw 

0-npwp ctwuwGwq uwuGpljp wpwqmpJmG{! npnztJ.mu t (7 .91) hwtJ.w
uwpmuGtpp l}}l:ptptGgmupg 

74.J. Uljnuwc/np tfwljbpWi11p/1 t, tfmpaftlj6lipft hftuuwljwu 
UJWpwtfbmpbpft npnzm tflJ 

(7.94) 

0-pwltlig 1.4nljtJ.htmg htmn hwUlplm ljwmwpmu t wqwm pnpw L 
ppwljwGwGmu t wqnuwtJ.np uwljhpL.ntjpp Gqwmuwup hwpl\w<)n: lwl\wqmJG 
W{HlJntGp UUlWUWtm hwuwp gwGljw\}1 t, np hwptJ.WO!} l}lGp Wl}f!uWtJ.np 
uwqhpLmwti Gqwtnuwup nll\f\WhWjWg: 0-pwtiPg 1.4nljlJ.htmg hhmn hwtnplm 
zwpch.J.mu t !}Utn (7.93) pwGwoLp' hhmwqO-ntJ. ti wpwqmpJmG[! tlim\mtulJ.mu t 
[!Utn (7.94) hwl}wuwpuwG: UwljwJG ppwqp l}tp2wl}npmpJmGpg upGlL. 
wljnuwl}np uwljhpL.mJpJ'l Gputnhp[! hhnwl}npmpJntCi[! ljwpo t, L. pnpwu 
\lrwti.wGwGmu t ~npr ctwuwGwqwhwu\\.twcrmu: ~hmL.wpwr, nrnz unmw
t}npmpJwUp [!GqmGl}mu t, np ctwuwGwltli WJ'l hwml}wcrmu hwmpltli wpw
qmpJmCi{! uGmu t wGtlintlintu: 

.2wGp np ppwljGhp[! tnhf\W\.iWJl}Wcr hG zwnwtJ.ajl aoOOaoAUwup, Wl4W 
wqnuwl}np uwqhpL.ntJPP Cipumhp\1 wG4JmG{! ajlmwpqqmu t zwnwtlll.P 
Gljwmuwup (Glj. 7.13w): 
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. aj ~ 
ulf. 7. 13. <ftuliwlfwO UJWpwlfbwplipft npnzllwO hwzlfwplfw1JiO ufuliliwO. 
w) wlfnuwtfnp uwljbpum1p/1, p) l.fmpr5ftlf0lipft 

Opuituajt wuiwhntJ.l\P <p = 90° wG4JmG, wGhpwcttzm t hhtnL.Jwl UJWJUwG{!. 

a 
- :: /3, (7.95) 
2 

ll[llflhl\ a -Ci wljrtuwtJ.np uwljhpL.ntjpp hpljm Cipumhpp up2t. qwqwpCihpp 
wG4JmGG t, ~-Ci' lP!n-l L. zwnwtl11wJpG wpwqmpJmliCibpp uti21.t wli4JmG!}, 

v 
fgjJ:: -' : (7.96) 

Vr 

UqnuwtJ.np uwqhpL.mJpmu tpqm G}lutnbpp u}12L. qwqwpp wGt.umCit!' 
v 

a= 2arctg_r_: (7.97) 
Vr 

Uqnuwl}np uwljhpL.mJpp qwqwpGhpp pwpopmpJntG{! (h) npnzhtm hwuwp 
uqqpmu npnzl}mu t tpljm Cipumhpp up2L. hpupp tpqwpmpJntCi[!: 

Cum qpmwtlinpohpp mtl.JwtCihpp' hwmfl4l! LWtl uwGpwgGhtnt hwuwp 
wfihpwdhzm t, npuituqjl hwpqwoGtpjl pwCiwtm ljwqup 30 - 40: <.tm1t...wpwp, 
w4nuw4np uwqbphnlJpmu qwqwpfibpp pwliwq[! {!CiqmGtJ.nu) t' n = 20: 

<.wpqwap qnpo[!GpwgCi uqumu t fugpqp hpqpnpq 4tupg L. qtp2wCimu 
upCilL. uwl1lt wqhflli zwnw4Jirm: liJupCipG, fugpltli wljnuwl}np wztuwmwCipw
JpG uwufl ljhCimpnCiwljwCi wG4JntCi[! qwqumu t. 

- 37' <flu 
~-T-~-T· ~~ 

nrmtq <i'PUJ -Ci ppwlJll uimuiuwG wCi4JmCiG t l4ntiuwCi uiwhpCi, <pu -Ii· uwl\P w11tl\P 
4hGtnftnCiwljwCi wCi4JntCi{!:Uljnuwi.J.nr uwljhpL.ntJf}P Cipuuitpp U}12L. h}lupp 
bpqW{lntpjntCi{!' 

a=!l_(37l' -<p - <p"): 
n 2 Put 2 (7.99) 

Uljnuwl}np uwytpL.ntJPp qwqwpuhpp pwpopmpJmfin' 
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h= - a-= RVr (3" - .Prui - 'Pd): (7.100) 
2tg a 2n vr 2 . 2 

2 
lfmpopl}Gbp}l J.wtlJ.bp[! L. umpo}14}1 mbIJ.wtiwJtiwG wG4JmG[! npnztJ.mu t 

hbmL.JWl UJ.WJUWG}lg' wl}nuwtJ.np uwl}bpL.ntjp}l jntpwpwGiJntP G}lum}lG 
hwmpl}[! UJ.bmp t hwptJ.wb}l bpl}m wGqwu}lg wtJ.bt}l (Gl}. 7. l3p): 

01Gt1ntJ. WJl} UJ.WJUWG}lg, [!GqmGtJ.mu t' 
h 

--;::2a1 , (7.101) 
a 

cos-
2 

npmbIJ. a 1 -[! npnztJ.mu t t1Gt1ntl wlJ.nuwLJ.np uwlJ.bpL.ntJPp qwqwpGbp}lg ump-
6}14}1 O]. ubb t hbnwtJ.npntpjntG}lg L. umpt'iplJ.[! zwnwtJ.IJ.P Gl}wmuwup 
tnbIJ.Wl}WJUWG y wG4JmG}lg p wG4JwG zbIJ.LJ.WbntpjntG}lg , WJU}lGpG p =P -y, L. 

a 1 = 2/tgp : (7 .102) 

C ubbmpJntG[! npnzLJ.mu t upGmuGbpp pbnpbUwjpg. 

( )
2 2 2 

r + h + c = e + 2er cos /3 + r : 

flpnz oL.wtlJ.nfumpJmGGbp}lg L. hwqwuwpuwG tmbmupg hbmn umwgi.J.mu 
t. 

€ =-rcosf3+~/cos2 
f3+2r(h+c)+(h+c)

2
: (7.103) 

npmbIJ. c -G wl}nuwtJ.np uwl}bpL.ntJPP qwqwpGbpp L. umpopl}Gbpp u}12L. pwgwl}G 
t: 

SbIJ.wqpb1ntJ. (7.103) L. (7.102) wpmwhwJmntpJmGGhp[! (7.101) -mu L. 
l}wmwpb1ntJ. npnz ohwtlJ.nrmtpJmGGbp, umwgGmu bGp. 

. h 
p=arctg : (7.104) 

[ ~r2 cos2 fJ+2r(h+c)+(h+cf-rcosfl ]4cosf 

lfmpr.l}ll}Gbpp tnbIJ.Wl}WJUWG wG4JmGG WJUUJ.pU}lG t. 

r =fl- p = p-arctg h :(7.105) 

4cos%[ ~ r 2 cos2 p + 2r(h +c )+ (h + c)
2 

-rcos fl] 
tipbGg hbpp}lG a L. p wG4JmGGbp[! npnztJ.mu bG (7.92) L. (/.97) wpmw

hwJmntpJmGGbpntJ.: 
lfmpopl}Gbp}l bpl}wpmpJntG[! npnztJ.mu t hhmL.JWl UJ.WJtiwG}lg' 

(7.101) UJ.WJUWG}lg l}wpbt}l t qpbt. 
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C.s = 2a1 (7.106) 

h h 
eu=--=--: 

a cos fl 
cos-

2 

(7.107) 

lfmpt'iplJ.Ghp}l pwGwl}G (z) [!Gtnph1m hwuwp UJ.bmp t ubpbGwG pwLJ.w
pwp}l hbtnL.JWl UJ.WhwG2Ghp}lG. 

- UJ.bmp t umpt'iwJ}lG qwzmG [!Ulll uwGpwgGnIJ. fug}ll}}l tWJGntpJwG tppLJ. 
[!Gqqpl}LJ.ll., 

- umpo}ll}Gbp}l pwzfuuwG hbppwl}wGmpJntG[! ].UJ.bmp t fuwfum}l pupml}}l 
umwm}ll}wl}wG L. q}lGwu}ll}wl}wG hwtJ.wuwpwl}znmpJntG[!, 

- umpo}ll}GbppG hwm}ll}Gbp}l upwcJwuwGwl} hwptJ.wbGbp}l PPtl!! UJ.bmp t 
WUJ.WhnLJ.P. umpOWJ}lG ul}wtJ.wnwl}}l zwpcJuwG wGhpwdbzm hwtJ.wuwpw
J.Wtlmtp jntG[!: 

b1Gt1ntJ. WJI} UJ.WhwG2Gbp}lg, umpOWJpG utiwtJ.wnwl}}l hwtJ.wuwpwl}znm
pjntGG WUJ.whnLJ.b1m hwuwp, umpo}llJ.Gbpp pwGwl}G wGhpwdbzm t [!Gmpt1 
hbtnL.JWl zwpppg. 

z = 2, 4, 6, 8, 12, 16, 24, 32: 
Unw2}1G UJ.WJUWGG WUJ.WhntJ.tJ.mu t umpo}14}1 tWJGntpjwG [!GmpntpjWUp. 

b = B- 81 

2 
(7.108) 

npmbIJ. b -G umpo}14}1 l}npwgwb uwu}l 1wJGntpJmGG t, B -G' uwGpwgGnIJ. fug}ll}}l 
1.WJGntpjntG[!, 81 -[!' uw_GpwgGnIJ. ul}wtJ.wnwl}}l hwummpJntG[!: 

lJpwcJwuwGw4Jw hwpLJ.wbGbp}l pwGwl}I! npnztJ.mu t GJmp}l uwmmgm
upg L. umpt'iwjpG ul}wtJ.wnwlJ.}1 UJ.mmuwG hwowfuntpjntG}lg btGbtntJ.: 

'-lwp4JwGwlJ.wG uwmmgmul!' 

Q 
q=-- , 

3600 
nptnbIJ. Q -G Gjntp}l OWUWJpG uwGpwgmuG t, l}q/d: 

Ubl} UJ.lllntJm}l cJwuwGwlJ. uwmmgmul! 41PG}l. 
q21l" 

q"'"'=-: 
(J) 

(7.109) 

(7.110) 

QGqmGhtntl, np hwpqwbG (!Um umpobp}l pwzfuLJ.mu t hwtJ.wuwpwJ.wtlJ., 
WJI} qbUJ.pmu u}lwcJwuwGwlJ. hwptJ.wbnIJ. hwm}ll}Gbp}l qwGqqwb[! npnztJ.mu t 
hbtnhJWl wpmwhwJmmpJmG}lg. 

M = qllJ"' = 2JZQ 
z 3600mz ' 

npmbIJ. z -I! umpobp}l pwGwl}G t: 
lJpwcJwuwGwl} hwptJ.wbGbpp PPtll! 41PG}l. 

(7.111) 

M q 2JZQ 
n=-=-= (7.112) 

m1 m1z 3600mzm1 ' 

npmbIJ. m1 -I! ubl} hwm}14}1 qwGqtJ.wbG t: 
(7.112) wpmwhwjmntpjntG}lg bpL.ntu t , np u}lwdwuwGw4Jw hwptJ.wb

libp}l PPtll! ntIJ.PIJ. hwubUwmwl}wG t 2wpajltlJ wpmwqpnIJ.wl}wGmpJWG[! L. 
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hw4w11wpo hwub1hnw4wG ump6wjpG utiwtJ.wnwtW UJlntnUwfi wpwqmpjwG[! 
m ump6pl.J.Gbpfl 12wGwl.J.pG: 

\,1.J.. 7.14-mu pbptJ.wo t n=/(Q, z) qwtutJ.wampJwG qpw:pfll.J.[!, bpp ro=300 nwiYtl: 

n 
tirµ o, ~qld 

0 4 8 12 16 20 z 

vlj. 7.14. n =I (Q, z) ljwjutjWOTll/}jWU qpw!pft/j[J, bpp w =JOO 11wrjltf 

Cf.pw~pl.J.}lg bphntU t, np hwptJ.wb'Gbpp wubGwl}wjntG qntnpG WUjWhntJ.tJ.mu t 
ump6p4Ghpfl z=l2-20 ptlfl qbUJI!mU: UJq ctwuwGwq wptnwl]JlnqwqwGmpJntGflg 
qwtutJ.wa upwctwuwGwl.J.Jw hwptJ.woGbpp pfltlt:! qwqumu f n=2-10: 

7.4.4. Uiupaftljulipft UjUJUJtfwu wuhwtfwuwpw1wl/Jl1lpJWU qnp<Jwljgft 
npn2mtf{! 

lfotpnpltfihp[! hwmpqfibppG hwptJ.wotum tnbIJ.P t mfibGmu pupmltp 
u.immuwG hw6wtumpJWG GtJ.wqmu h [!GqhwGpwu.itu tuwtumtJ.mu t u.itnntJtn
Gbp}l hwtJ.wuwpwlwipmp JntG[!: "ltntnliwfi wGhwtJ.wuwpwlwipmp JWU 4wpqw
tJ.npuwG hwuwp wGhpwdhzm t npnzhL wGhwtJ.wuwpwlwipmpJwG qnpowqgp 
ubOmpJntG[!: 

<!.wuwoWJU zwpctuwG 12wGwlJ.fl u.iwhUJ.WUUwG ophGj:!p WJU 4wpblfl t 
GbplJ.WjwgGbt-

m V2 - m V1 = -S, (7.113) 

npmhri. V1 -[! uwuGpltp zwpduwG wpwqmpJmGG t, V2 -[!' uwuGfllW zwpduwG 
wpwqmpJntG[! hwptJ.wopg hbtnn, S -I!' hwptJ.wowJpG puu.intLU[!: 

OqmwqnpO-htntl ump6wJpG ul.J.wtJ.wnwl.J.fl Gl}wmuwup fiJmpwqwG qbtnbpp 
hwuwl}wpqp qtluwtJ.np unuhGtnp ipnipntumpJwG pbnpbU[! tiPpwntJ.wo 
w4GpwppwJ}lG mdbpfl UJ.tntnuwG 0 wnwGgp}l GlJ.wmuwup, umwgbL bG12. 

I(m2 -m1)= ~S'hP, (7.114) 
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nptnbfJ. I -G ump6wJ}lu ul.J.wtJ.wnwl.J.}l }lubpgpwJ}l unubfitnfi t, ro1 -[!' ump6wJf1Ci 
ul.J.wtJ.wnwtW wG1.J.JmGwJp£i wpwqmpJntG[! upGlL_ hwptJ.wo[!, ro2 -[!' ump6wJpfi 
ut1wtJ.wnwqp wul.J.JmGwJflG wpwqmpJntG[! hwptJ.wapg hbmn, S' -1f 
hwptJ.wowJpU pUUJntLUJ!, S' == - S, hp -G' hwptJ.wowJflG pUUJntlufl pwqml.J.[!, hp 
= rcosy: 

UbampJmfiGbpfl GzwGwl}mpJmGGbp[! tnbIJ.Wl}[lbLntJ., umwgtJ.bt t. 
k k 

l(m2 -mi}== I(-S)h = -2:m(V2 -Vi}rcosy, 
i:::. J i= I 

nptnbIJ.Pg 

-fm(V2 -1-';)rcosy 
(J)2 = __.:.:i=:.:...l _____ + w,' 

I 
npmbIJ. n -[! upwdwuwGwl.J.Jw hwptJ.waGbpp pwGwqG t: 

fm; =nm== M, 
i=I 

npmbfJ. M -[! upwctwuwGwl} hwptJ.wanri. hwtnpl}Gbpp qwGqtJ.waG t: 
Unw2flfi hwptJ.wo}l ctwuwuwl.J. 

V11 =KV, 

V21 ==cvrcosy+K2V , 
hw2npqw4wG hwptJ.woGbpp ctwuwGwl}' 

1-'; 2 =K{J}Ycosy+K3V, 

V22 =cvrcosr(l+K2 )+K4V, 

v; 3 == Kcvrcosy(l + K)+ K 5V, 

V23 = cvrcos r( l + K2 + K 4 )+ K6V, 

Vi4 =~rcosr( K +K3 +K 5 )+K7V, 

V24 ==mrcosr(l+K +K4 +K6 )+K8V, 

v;n =mrcosr( K +K3 +K4 + ... +K" + ')+K 2n-1v, 

V2n = mrcosr(l + K 2 + K 4 + K2(n-•)) + Kn+•v: 

(7.115) 

(7.116) 
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f (V2 -Vi )rcos r = rcosr± (v2 -Vi)= mr1 cos2 r{M + (k- l)x 
i=l i=l 

x[(n-l)K +(n-2)K3 +(n-3)K5 + ... +(n-n)K2
"-

3]}+ 

+rcosyV(l-KXK +K3 +K5 +K7 + ... +K1(n-•l): 

.QwGp np hwtnJ.14Ghpp hwuwp K = 0 - 0,4, UllqW K5 L ljlnpp lllUl}WUGbpJ! 
4UipblJ1 t UIGtnhubt: liJ1111btqpmu umwgtlmu t . 

ti(v2 -V1)rcosy= wr2 cos2 r{ n+ (k-1{(n-l)K + (n-2)K3 
]} + 

(7.117) 

+Vrcosy(t-K{ K+K
3
+K

5
} 

<.UIUUllqUlUlUiufuwli !izwGw4mpJmCiGhpl! (7.116) L. (7.117) hwtlwuwpmu
Gtpjlg mhflwl'}llhtml. (7.115) -mu, umwgtJ.mu t. 

-Mwr2 cosy 
a>2 = !OJ )( 

x {n+(K - ti(n - l)K +(n - 2)KJ +(n-3)K
5 

Il - MVrcosr(t-KXK +K
3 

+ K
5 L a>I: (7.l IS) 

lw 
lTmp6wJltli u4wtJ.wnw\tll zwpctuwG wGhwtlwuwpwlwl!lmpJwG qnpow4lt91! 
4npnzt.lJ.1 hbmLJWl wpmUihwJmntpJmGjlg. 

c5 = w, -w, = 

W1 

Mrvr 2 cos2 r{ n+ (K -1{(n- l)K + (n-2)KJ + (n-3)K5 
] } + MVrcosy(t-K{K + K3 + K1

). 

= .(7.l 19) 
lw . 

t.JpwctwuwGw4Jw hwptlwoGtpp PM!! (n) npnzt.1.mu t (7.112) -pg, )1u4 n = 
f(o.>, m1) L. n=f (Q, m1) tiw.tut.1.wompJmCiGbpjl qpw:Plt4Gtpu pbptJ.wb tu G4. 7.15 
L.7.16-mu: 
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n 

'l.AJ. 7.15. n = / ( m, mJ) .'jJndiljgftw;}l qpw.'/J}llj[!, lipp Q= JOO ljqld, z = 16 

n 
7 m1 

6 

5 

4 

.3 

2 
1 

100 200 Q, l.jq/ct 

'Vlj. 7. 16. n = I (Q, mi) .'jJmOljg}lw;}l qpw.'/J}llj[!, bpp, w =JOO nwI]ll/, z = 16 

vlj. 7.16 -mu UJ.WUlljhptJ.wo t wGl.LJntGWJltG wpwqntpjntGpg (co) L. ump
OWJltG utiwtlwnUil.W ltGhpgltUIJP unutGmtig (I) 4w.tutlwo zU1pctuwG wGhw
qwuwpW(Ul\jlntpjUIU qpw!ppljJ!' o = f (co, I) : 
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ro, nw11/ll 

J ,tiqu' 

"Ulj. 7.17. <5 =I ( w, I) :PmfiljgftwJft qpw:Pflljf!, hpp K = 0,4, Q = 300 ljqld,, r:: 
0,15tf, y::3r/ 

c5 
bri~ J, 
tiqu' 

0.05 

0.04 

O.oJ 

0.02 

0.01 

0 100 200 300 400 Q, ljq/d 

"Ulj. 7.18. <5 =I (I, Q) :pmfiljgftw1ft qpw:Pflljf!, hpp, w = 300 nwl]it/, r = 0, 15 If, 
K=0,4, y::3r/ 

K 

"Ulj. 7.19. <5 = f (K, I) :pmfiljgftw1ft qpw:Pflljf!, hpp w = 300 nwl]lt/,Q = 300/jqld, 
r =0,/5 If, r =Jrf, f=tg 15 

Q..pw~plJ.pg 'tpLmu t, np ffi < 300 nwq/!J. wGlLJmGwjpG wpwqmpJWU qhUJ.
pmu Ump6wjpG ulJ.wiJ.wnwlJ.P wztuwmwG12p wGhwiJ.wuwpw]_wt}lmpjmGD uha 
t, 12wG ffi > 300 nwq/iJ. wGlLJmGwjpG wpwqmpJwG qhll.J.I1mO: lfmp6wjpG 
ulJ.wiJ.wnwlJ.P wztuwmwG12p hwiJ.wuwpwi_wt}lmpJmUD lJ.wphJ.ll t utawgGht fiwL 
omp6wJpG ulJ.wiJ.wnwlJ.P pGhpgpwJp unutfimp utawgmuniJ.: 

t.,4. 7.18 -mu pbpiJ.wa t ump6wjpG ulJ.wiJ.wnwlJ.P pGbpgpwJp unutGmpg (I) 
l.t hwmplJ.w2wpajli.P wptnWl}Plll"[WlJ.wfimpjmGpg (Q) lJ.wtuiJ.wa zwpctuwG 
wGhwiJ.wuwpwi_wt}lmpJwCi qnpawlJ.gp (o) t}lnt}lntumpJwfi qpw~ti4D' o = f(I, Q), 
tm4 filJ.. 7.19-mu' hwmplJ.p wnwoqwlJ.wGmpJwG iJ.bpwlJ.wfiquuwG qnpawlJ.gpg 
(K) L ump6wjpfi ulJ.wiJ.wm.i!lJ.P pfihpgpwJp unuhfimpg (I) lJ.wtuiJ.wa zwpctuwfi 
wGhwiJ.wuwpwi_wtlimpJwCi qnpawlJ.gp (o) tlintlintumpJwG qpw~ti4D' o = f (K, 
I), npnfip hGwpwiJ.npmpJmG bfi mwJ.llu Dfimphtm ump6wjpG ulJ.wiJ.wnwlJ.P 
wGhpwcthzm UJ.WpwuhmphpD, hwz!J.P wnGbtniJ. uwGpwgtlwa GJmpp pwfiw
lJ.wlJ.wG L npwlJ.wlJ.wG UJ.WpwubmpbpD: 

7.5. U/jwl/wnwljw;ftu hwmftljwpwp11ft.!ft qftmw1/mpdfiwljwfi 
hb111wqnmmp;mfifibpft wplJ)mfipfibpf! 

SbuwlJ.wG hbmwqnmmpJmGGtpniJ. npnz!J.ht tG wnw2wplJ.iJ.nrt hwmplJ.w-
2wpajlj_p hpufiwlJ.wfi lJ.wnmgiJ.wapwjpfi utwpwuhmphpD L zwhwqnpauwfi 
nhctpuGtpD: 'l-pwGg hpuwG !J.pw hwziJ.wplJ.!J.bL Gwtuwqb-!J.ht L UJ.wmpwumtlht t 
tlinpoGwlJ.wG Gumz: Q..pmwtlinpohpp tuGqppGtpG tfi hrtht. 

- npnzht ~mpwdwjpG hwmplJ.p uwfipwguwG unqmm, 
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- npn2bt hwpt[wopg hbtnn wqnuwJpCi uwlJ.tphntJppg hwtnplJ.p WUl1JlW-
f)Wpouwu wGILJmG{!, 

- npn2tt hwtnpqw2wpfllitli wptnwf)pnqwqwumpJntU{!: 

7.5.1. .J>mpwdw1ftu hwmftljft tfwupwgtfw[i tfm1m!ft npn2mtfp 

liwfuwrntut[mu t utnwCiwt hwplJ.wop mclp L. pwCiwlJ.P wqqtgmpJwCi 
oppUW}.Wt{lntpjntGCitp{! :pmpwclwjpU hwtnplJ.p uwCipwguwu J.lpw: 

<.ttnwqnmmpJmGCitp{! qwmwlJ.hL hfi twpnpwtnnp tnhqwlJ.wJWUpp LJ.pw, 
npp qwnmgt[wapwJpCi ufubuwu ptpt[wo t CilJ. . 7 .20 -mu: 

:---o---: t I 
I I 

' ' I I ,____ --- -'----,~ 

ulj. 7.20. .Jm1pwdw1ftu hwtnftljUlipjJ zfwupwgzfwu zfn1J111tft npnzziwu 
[Wpnpwwnp wlirzwlf w1wupft ujulizfwu 

ShqwqwJwCip{! pwqqwgwa t wt{lut}lg (1), npl1 qtumpnumu wupwglJ.wa t 
tunqnlJ.wq (2): h.mqnlJ.tuqp J.lpw hwqglJ.wa t hwplJ.wanq oqw4 (3), np{! wqwm 
qwpnq t 2wpclt[t1funqnlJ.wqp tpqwpmpJtuUp: 

CJ>npap uqqpmu wiputp ut2 L9lJ.ntu t hwtnpq, WJUnthtmL. hwplJ.wof1m 
pwpawglJ.mu t npn2wlJ.P pwpapmpJmfi (H) L. pwg t pnqut[mu: f!wpapmpJntUI! 
t{lnt{lnfu4.t1 t htmL.JWl uwhuwfifihpmu' H = 0,4, 0,8, 1,2 L. 1,6 u: 

Cuqut1n4. gwa L. hwlJ.w12t1ntl. wpwqmpJmCi, hwplJ.wapm hwplJ.waniu t 
hwmpqutpp 2tpmf1Ci hwplJ.wawJpCi Ph mctnlJ., npp wpI1.JmG12mu 
hwmpquhp{! uwupt[mu tu: 

<.wplJ.wap met(! qwpqwlJ.npt[mu t hwpt[wb-P.lJl m qwCiqlJ.wcrp L.. H pwpa
pmpJwG t{lnt{lnfumpJmCinlJ. L. npn2LJ.mu t httnhJWL hwJtnCip pwuwahnlJ. [55]. 

Pi.= m(K + l)v Li, (7.120) 
T 

npmtq K -Ci lJ.hpwqwuquuwu qnpb-wqpgu t hwpt[wap clwuwuwq (l!urimut[mu t 
K = 0), V -Ci hwplJ.wcrpl}l wpwqmpJmCiu t hwpt[wcrp UJ.Whpu, UllJ., t -Ci' 
hwplJ.wb-p clwuwuwtil! ({!Cil}mCit[mu t t = 0,0005 4.): 
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<.wplJ.woptli wpwqmpJntUI! npn2t[mu t hhmL.Jwt pwuwahnt[. 

V =~2gH : (7.121) 

<,wpt[wop}.p qwuqt[wol! (m) t{lnt{lnfut[ht t httnL.JWL uwhuwuubpmu. 3, 3,5, 
4, 4,5 L. 5 qq: 

lfwupwgtl.tt tu gnpbup, qwpm L. tnwptlJ.wG}l 15,0%, 16,0% L. 17,0% 
tunuwt[mpJwfi hwmpqutp: 

<.wm}llJ.P tunuwt[mpJntUl} npn2ttm hwuwp oqtnwqnpat[tt t wpwqwgt[wo 
utpnq (oqtnwqnpcrt[tt t BCT-4 tunGwt[tul wip), T = 20° 2truwutnpO:wur uhUJW
lJ.mu, httnL.JWL pwuwaL.nt[. 

w = [100 - A( s - :O ) J-l(r -20 )>m]. c1.122i 

npmtq A -Ci hwtnplJ.Citpp qwCiqlJ.woCi t CiwfuCiwlJ.wCi }_npwgCittmg htmn, q, B -
Ci ' tunGwlJ.mpJWU UJ.WpmCiwlJ.ntpjntU{! hwmplJ.Citp{! CiwtuCiwlJ.wCi }_npwgut1mg 
ht tnn, %, T - Ci · ut CiJwlJ.P 2tpowutnpO:wGI!: 

4wtnwplJ.wa qptnwtJ.mpohrf1 wprumupmu f1 hwJtn tu h4bt mwpptp fun
CiwlJ.mpJwCi hwmp4utpp npn2 hwmlJ.mpJmGCihp: lljutnbq 18%-pg pwpap 
funCiwlJ.mpjwU hwmplJ.Cihp{! qnpoCiwqwCimU hCiwpwlJ.np }.t UwCipwgCitt upCi}_L. 
wump qwnuww, puq 15% L. gwbp tunGw l\mpJwfi hwmpqutp}l pwqwCip{! 
ht 2umtpjwUp t uw (ipwglJ.tr UJCimhtmL. uwuplJ.wa qwCiqlJ.w <'t{! wfig t qwglJ.tt 
hWUWUJ.WUlWUfuw(j uwqtpnlJ. L. npn2l[t1 t UWUpl[wapp hwtnplJ.W}.Wt{lwlJ.w(i 
4wqun: 

btCibtnlJ. tnwpptp hwtnplJ.w}_wt{lwqwu G2wGwqmpJmGCitp}lg, npn24.ht t 
uwCipuw(i wutnpowCil! (M) {!Utn httnLJWL pwCiw aL.}1. 

M = (0,5Pa + l,5?i + 2,5P2 + 3,5f'.i )! P , (7 .123) 

nptnhq Po -Ci uwupwglJ.wa hwm}lquhpp qwuqt[wau t tnmt{l}l hwmwqpu, Pi. P2, 

P3 -I!' 1, 2 L. 3 uu wug12hpn4. uwqhpp J.lpw uuwgwa :ppwqgpwCitp}l qwuq
LJ.wautpu tu: 

q.ptnwt{lnpahpp m4.Jw1Gtp}1 u2wquwu wprumupmu umwglJ.ht bu htmhJWL 
:pmulJ.g}lnfiwt ljwfut[wampJmCiCihp{!. 

-M= f(Ph)' uwupuw fi unl}ntll! (M) qwtulJ.wa hwpt[wap mclpg (Ph) tnwpptp 
12wuwqmpJwup hwplJ.wautpp (nh = 5, 10, 15 L. 20) L. hwpt[wb-pl}l mwpphp 
fi2wGwlJ.mpJWU 42f1nCit pp (G = 3, 3,5, 4,5 L. 5 qq) l}hUJ.12mu, 

-M=f (nh)' uwupuwfi unl}ntlJ! (M) qwfulJ.wb- hwpt[wautpp pwuwqpg (nh) 
hwplJ.wap mclp mwpptp G2wuwqmpJmCiutpp (Ph = 29, l, 27,72, 25,2 L. 28,0 qli) 
l}tUJ.Pmu, 

-M=f (G)' uwupuwu unl}ntli! (M) qwtulJ.wa hwplJ.wapl}l mwpptp fi2w
CiwqmpJwG qwCiqlJ.wautppg (G) L. hwplJ.wautpp pwfiwqmpJwfi hwUWUJ.W
mwufuwG u2wuwqmpJmfiutp}1 l}tUJ.12mU: 

llJ'l pntnr qwtulJ.wb-mpJmGCitp{! tnwpptp mtutuqp hwmpquhpp htuuwp 
ptpt[wa tu [61] qpw:ppqutpp rntupnt[, npnug 4.tr1mb-mpJntfi{!, oppfiwq gnphup 
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hwuwp, gmJg t mw1Jrn, np hwuwl.J.gtlwo l.J.bpbpp wpmwqpmpJwCi Citqwmwl.J.ntl 
1.J.nuliJtn uwupttwbp (M = 1,8 - 2,6 uu) wtqwhntlbtm hwuwp wCihpwctbztn t hw
tnpl.J.CibppCi hwpttwobt 5-15 wCiqwu, hwuwuiwmwu}uwCiwpwp 28,0-17,0 1.J.v 
mctntt: 

U}l2pu uwCipmu (M=l,0-1,8 uu) wtqwhntlbtm hwuwp wCihwpctbztn t hw
tnpl.J.PCi hwptlwb'bt 20 wCiqwu 17,0-43,0 1.J.v mdntl 1.J.wu 15 wCiqwu 20,0-47,0 1.J.v 
mctntt, 1.J.wu 10 wCiqwu 25,0-52,0 l.J.\.i mctntl, 1.J.wu 5 wCiqwu 32,0-57,01.J.v mctntt: 

\.impp uwCipmu (M == 0,2-l,O uu) wtqwhntlbtm hwuwp wCihwpctbztn t 
hwmpl.J.CibppCi hwpqwobt 20 wCiqwu 43,0 1.J.\.i -pg utc} mctntl, 1.J.wu 15 wfiqwu 
47,0 1.J.v -pg uto mctntl, 1.J.wu 10 wfiqwu 52,0 1.J.\.i -pg utc} mctntt, 1.J.wu 5 wfiqwu 
57,0 l.J.\.,-pg ubc} mctntt: 

Cl-pw:ppl.J.Gbpl} gmjg bG tnw\lJu fiwL, np 15-20 hwptlwc}Gbpp i.pmpn}um
PJWG uwhuwGGbpmu uwGpuwG umpn\l! (M) i.pni.pn}u4mu t 2wm wGGzwCi, 
hwml.J.wuitu hwpqwc}jl map (Ph) utc} GzwGwl.J.mpJmGCibpp qtuwmu: nwmp 
hwptlwb"Clbpp pwGwl.J.l! tqbtnp t l}GqmGbt 15 -pg ni wtlb\ll: 

~bpi} zwpwqptlwb'l} hGwpwtlnpntpjmG t tnW\lJU l}fimpbt hwptlwb'p map 
(Ph) ubc}mpJntfil! L hwpl\wcrGbpp PPtll! (n1i) btGbtntl wfihpwctbzm uwCipuwG 
unqm\lJg (M): Cum qpwGg GzwCiwl.J.mpJntGGbpp 1.J.wpb\ll t npnzbL hwmpl.J.w
uwGppi ubpbCiwGbpp wz}uwmwGpwjpG opqwGfibpp qwGqttwcrp L wpwqntjwG 
OtqUlpUWL CizwCiwl.J.ntpjntliGbp[!: 

7.5.2. <wptfwaftg htiwn wljnuw1ftu tfwljliplin11pflg hwwflljft 
WUIJllWlJwpdtfwu wuljjwu npn2mtflJ 

~wptlwc}pg hbtnn wl.J.nuwjpCi uw
lJ.bpLntjppg hwtnpl.J.P wCiqpwqwpMwG 
wG4JmGl! npnzbtm hwuwp oqmw
qnpc}tlwc} t pbpwajlp hwppmpjntG, npp 
wCi4JmG!! 1.J.wpb\ll t i.pni.pn}ubt, uimmb
tntl 0 wnwGgp}l 2mp2£! (Gl.J.. 7.21): 

~wmpl.J.P wqwm wCil.J.muG wuiwhntl
tlmu t mqqwdpq mqqwuiwhml: UGl.J.
uwG a L wCiqpwqwpMwG p wG4JmCi
Gbpl} iwt.Ptimu bG w Ci4JmGwiwt.Pntl: UJI} 
wCi4JmGGbp}l illltPUWCi tntlJwtCibpl} pbp
ttwcr tG wllJmuwl.J. 7.1-mu: 
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n 

ulj. 7.21. <wrnftljft WUTJllWIJWpdzfw{j 
wulj1mu{} npn; bfm uwppft ujubzfw u 

.c. 
c.. ~ 

,J.:l -:;' 
<d .e. 
§' Ill. 

-e 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

UllJmuwlj 7. 1 

Swppbfl rnbuwljft hwrnfl[/ubpft hwzfwp WUTJllWIJW[ldzfw{j fJ wuljjw{j 
ljwjut.fwompJm u[J w uljzfwu a w uljjmuftg 

5npbli Swpbqwli Q.wpp 

w li43mli wlil!Jmli wlil!Jmli 

w lirww- WUl}pW- WUl}pW-
wli4uwli,a wu4uwli, a wu4uwli, a 'lwpouwli, P 'lwpouwa, P l}wpouwli, p 

18 44 22 47 18 45 

. 16 37 20 45 20 46 

22 51 19 43 24 56 

15 34 24 49 19 43 

19 45 16 40 25 58 

23 54 23 49 23 48 

20 45 24 52 19 43 

16 38 19 41 22 49 

22 51 18 44 21 47 

19 . 44 15 40 21 42 

au= 19° Pu = 440 au = 20° Pu = 450 a 0 - 21° Pu - 480 

Oqmwqnpcrtintl wl)Jmuwl.J.p ml\Jwtfihpl! · npn2tlhL bfi a u -p L Pu - p up2p
Gwgqwc} wpctbpfibpl!, npnGp pbpqwc} bu uJmGwl.J.Gbpp tltp2mu: 

au L Pu ubc}mpjntfiGbpG mGb(i qnpcrGwl.J.wG u2wfiwl.J.mpJmU hwmp1.J.w2wp
ri}1tli ump6pl.J.Gbpp mtqwl.J.WJUWG m qwpqwqnpuwG hwuwr: 

7.5.J. <wwftljwpwpfJft.!ii wpUJWIJflflfJWljwump1w6 npn2mtf[J 

Q.pmwi.pnpdbpp ml\JwtGbpp tlbptmcrntpjwG hpuwG tlrw 1.J.wnmgtlbL bG up 

zwpp qpw:ppqfibp [61]: 
~wmplJ.w2wpajltli up2pu wpmwqpnqwl.J.wGntpJntG[! 1.J.w}uqwc} t pmGl.J.bpp 

uwmmguwG wGg12p uwhwt.Pwl.J.wGp pwgtlwbpp mwppbp iwt.Pubppg ' Qu = f. 
(S), np£! npnztlhL t uwajl mwpptp mpwuwqc}p. (2, 3, 4, 5 L 6 uu) wGgptpp L 
wz}uwmwGpwjpG opqwGp tqtnmuwG mwppbp hw6w}umpJntGGbpp (2000, 
2500, 3000, 3500 L 4000 uim/pntq) hwuwp L 1.J.wnmgtlhL bG hwuwuiwmwu}uwG 
qpw:PplJ.Ghr [ll], npnGg op)1Gwl.J.Gbpl} ptpqmu bG CilJ.. 7.22-mu: 

Q.pw:pplJ.Cibp}:lg bpLntu t , np pmCil.J.bpp uwmmguwCi wCigpp uwhwi.pwl.J.wfip 
pwgtlwbpl} ubc}wgGb\lJu (0,5 S - S) hwtnjllJ.w2wpajltli wpmwqpnqwl.J.wCimpJntCiTI 
(Qu) ubc}wCimu t: OppCiwl.J., gnpbCi uwGpwgGb\lJu d = 4 uu mpwuwqcrntl wGgpj1, 
wz}uwmwCipwJflG opqwGp tqtntnuwCi n = 3000 tqm/pntq hwow}umpJwG L pmCi-
1.J.bpp muhwt.Pwl.J.wCiP. 0,5 S pwgqwbpfl qt uwmu hwmj11.J.w2wpllf1w wpmwqpnqw-

207 



qwGmpJmG1f Qi1 = 52,9 qq/ct -p. pu4 bpp uwhwt}lwqwGp pwgi.J.wbpn S t, WUJ.W 
wpmwty1n11w4wGmpJntGI! tllGmu t Qi1=77,0 qq/ct: 

Q""1! 4000 Q 11"2 ~-~----.-4-0_0_0---, 
ljq/d ljq/d 

60 

48 

36 

24 

12 
0.25 

Q"'12 
ljq/d 

60 

48 

36 

24 

12 
0.25 

0.5 0.75 S,thl 
w) 

4000 

0.5 0. 75 S,tltl 
q) 

601----4----r¥£..-~~ 

0.25 0.5 0.75 S,tltl 

p) 

'IAJ. 7.22. Qi1 = f (S) ljwjulfwamp1wO 
qpw.'pftljObpf!, bpp tiw1Zft wOgpbpfl 
wpwtfwqflqp' du = 3 tftf, wzjuwwwO
JlWJ/10 opqw0/1 UJLnLntfwO hw6wjum
f1Jnt0[!. fl= 2000, 2500, 3000, 3500 [, 4000 
UJLn/pnUJ. w) g11pb0, p) wwpbljwO, 
q)qwpfl 

').w pwgwmpi.J.mu t GpwGnl{, np hwm}ltiw2wr'lliw wpmwty1n11wtiw
Gmp3wG (Q0) l{pw wqqmu t lllJGUJ.Pup ubbmpjntG, flGiUJbu hwmp4Jl l{WJplJ.Jw
GwlJ.wG uwmmgmuG t (qi1) 2wpqn11 fugpq: <!.wmpqwuwGpflw wpmwty1n11wqlll
GntpJmGn (Qi1) t}lnt}lnfui.J.mu t m'lfl11 hwuhuwmwqwG GJmpp l\wJplJ.JwGwqwG 
uwmmguwli (qi1) Gqwmuwt'iwp, w1upGpG pmGlJ.bpp uwhwt}lw4wGp utOmpJwup 
pwghl.Pu l{wJP4JwGwqwG uwmmgmuI! hwuGmu t qi!max uhmupjwG, fluq pmGqb
pfl uwhwt}lwqwGI) 0,5 S zwt}lnl{ pwgbl.Pu i.J.wJP4JwGwqwG uwmmgmuD hwl\w
uwp t qi!min U:bOntpJWGJ:): 
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'VntJG ohrli.J. t qwmwp1Jmu Gwh qwpp h i.J.wpuwq uwGpwgGtwu: 
.t.wmp4w2lllP'lPW u}12}1G wpmwqpn11wqwGmpJntGI! qlllfui.J.wO hwmp

ltW2WP'lPW U!zfuwmwGpwJpG opqwGp uimmuwG mwppbp hwowfumpJmG
Gbppg' Qi1 = f (n), npnzl{bL t pmGqbpp ulllhwt}lwqwGp plllguwG mwpphp ub
<)mpJmGGbpp (0,5 S, 0,75 Sh S) h uw'lfl wGgphpp mwpphp mpwuwqObpp (2, 3, 
4, 5 h 6 uu) hwulllp h qwnmgi.J.hL bG htuUWUJ.WUlwufuwG qpw:ppqGbp [61] : 

'-ltp1mOt1nl{ WJI} qpw:ppqGhp.J! mtuGmu tGp, np. pntGqtpp uwhwipwqwGp 
pwguwG ubOmpJwGn qmqJ!Gpwg hwmpqw2wp'lliw lllpmwty1n11wqwGmpJntGI) 
tlbOwGmu t: liJ'l oppGtuztutJlntpJmGn wntiw t Gwh wzfuwmwGpwJpG opqlllGp 
UJ.Ulntmwpi.J.bpfl pwpapwgutllG ctwuwGwq: OppGwq, d0 = 4 uu mpwuUlqOni.J. 
UlGgpbp mGbgn11 uw'lfl oqmwqnpb'UwG qhUJ.pmu, hpp pmGqbpp uwhwtJlwqwGp 
plllgi.J.lllapJ! 0,5 S t, puq wzfuwmwGpwJ}lG opqwGp uimmuwG hwowfumpJntGI!' 
n = 2000 uim/pnUJ, WUJ.W gnphG uwGpwgGbl.Pu hwmfltiw2wp'lliw wpmwty1n11w
ltwGmpJmGn' Qi1 = 24,8 qq/ct, bpp n = 2500 uim/pnUJ., UlUJ.W Qo = 36,5 lJ.q/ct, hpp 
n = 3000 UJ.m/pnUJ., WUJ.tu Qi1 = 52,9 lJ.q/ct, n = 3500 uim/p.nUJ., Qi1 = 63,4 lJ.q/ct, n = 
4000 UJ.m/pnUJ., Q0 = 74,8 qq/ct: 

Q.pw:Pfl4Ghppg, bphmu t, np hwmplJ.w2wp'lPw Qo wpmwqpn11wlJ.w
GmpJWG l{pw m1111wlj]mpbG GbpqnpOmu t uwGpwgGn11 fugplj mpi.J.n11 hw
mpljGbpp l{wJplJ.JwGtulJ.wG uwmmgmuD· q": 

~wgfl WJI} ubOmpJntGpg, Qo wpmtuty1n11wljwGmpJtuG tJlnt}lnfuntpjwG 
l{pw utOwuitu wqqmu t hwmpljw2wP'lPW wzfuwmwGpwJpG opqwGp 
uimmuwG co hwowfumpJtuG t}lntJlnfump3mGn: ').w pwgwmpl{mu t GpwGni.J., np 
U!zfuwmwGptuJpG opqwGfl UJ.mmuwG hwowfump3wG pwpapwguwG hhmhwG
vni.J. pwpapwGmu t umpopljGtpp uimmuwG wpwqmpJmGn (Vo), wl{htwGmu tG 
hwpl\wOGhpfl pPi.J.I! (nh) L. mctn (Ph), pG2uitu GwL. wlj_nuwl\np uwljhp.L.mJpp 
Gl.J.wmuwup hwmpljGbpp hwpi.J.wOGbpp pwGwljG m mctn: liJ'l wubGni.J. hwGqbpo 
ubOwGmu t ZP2WUJ.UlntJmp wpwqmpJntGI) (V2), qmpu hlJ.n'l qwGqi.J.wOp pwGw
lJ.I!, hbmL.wpwp · Gwh hwmplJ.tu2WP'lPiP wpmwty1n11wlJ.wGntpJmGn: 

'VmJG oppGwzwt}lmpJmGGtpn 'lPmwplJ.i.J.mu bG Gwh qwpp L. mwphlJ.wG 
uwGpwgGhl.Pu: 

4wnmgi.J.bL bG Gwh qpw:Pfl4Ghp, npnGp gm3g bu mwwu wpmwty1n11wlJ.w
GntpJwG lJ.wful{wbmpJmGn uw'lfl wGgphpfl mpwuwqbpg' Qi1 = f (do), pmG'-!hpfl 
uwhwt}lwtiwG}l pwgi.J.wbpfl mwpphp uhbntpJntGGhpfl (0,5 S - S) L. wzfuwmwG
PWJflG opqwGp uimmuwG hwowfumpJmGGtp.p (2000-4000 UJ.m/p.nUJ.) l}hUJ.llmU: 

Q.pw:pfllJ.Gbpp i.J.bp1mOntpJntUI! gmJg t mwi.Pu, np wGgpbpp mpwuwqpO{! 
2-6 uu wl{htwgGhl.Pu wpmwty1n11wlJ.wGmpJmGn hwuwuiwmwufuwGwpwp 
ubOwGmu t, np{! pGmpwqpwtiwG t mwph'-!wGp L. qwpm hwmp4Gtpp hwuwp: 
5npbGp uwGpwguwG{) i.J.bpwphpn11 qpw:Pt14Jlg hphmu t, np wzfuwmwGpwJpG 
opqwGfl uimmuwG n = 3000 uim/pnUJ. hwowfuwqwGntpJwG h pmGlJ.hpp uwhw
tJlwlJ.wGfl 0,5 S pwgi.J.wbpp qtuwmu, hpp oqmwqnpihlhL t do = 2 uu mpwuwqbp 
lllGgpbpni.J. uw11, hwmfllJ.w2wr'lPw wpmwty1n11wtilllGntpjntGI)' Ou= 15,2 lJ.q/ct, 
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tpp du= 3 UU, wuiw Qu = 38,8 ltq/ct, bpp du= 4 uu, wuiw Qu = 52,9 4q1ct, tpp du = 
5 uu, wuiw Qu = 63,0 ljq/ct, tpp du= 6 UU, wuiw Qu = 87,9 ljq/ct: 

Q.pmwqmpotpm-1. umwg4_w<) m4..JwtCibpn4_ 4wnmg4_tt tu CiwL. htmL.JWL 
:PmliljgpnCiwt ljwuitpp qpw:PJ14Gbp(! (61]. 

-M =f (n) hwmpljGtpp uwGpuwG unqmll!' ltwtmJ.w<) wztuwmwlipwJJlG op
qwG]:l uimmuwG hwowtumvJmlipg pmGljtpp uwhwtltwltwGJl mwppt.p pwg
t!w<)put.pp (0,5S, 0,75S L. S) L. uwajl mwppbp mpwuwq<)tpntl wCigptp]:l (du= 2, 
3, 4, 5 L. 6 uu) qtuipmu, 

-M = f (S) hwmJ14Citpp uwupuwCi unqntll!' ljwtut!w<) pmliljtpp uwhwttiw
ltwCip pwg4_w<)ppg hwmpljw2wpqpzp wztuwmwlipwJJlCi opqwCip uimmuwCi 
mwppt.p hwowtumvJmlilitpp (n = 2000, 2500, 3000, 3500 L. 4000 uim/pnui) L. 
uwajl mwpptp mpwuwq<)t.pnt-1. wCigptpp (du= 2, 3, 4, 5 L 6 uu) qt.uipmu, 

-M = f ( du) hwmJ14Gtpp uwGpwguwCi unqnLLI!' ljwtut!w<) uwajl wGgptp]:l 
mpwuwq<)pg hwmpljw2wpajlzp wztuwmwGpwJJlli opqwlip uimmuwG mwppbp 
hwowtumvJmliCit.pp (n = 2000, 2500, 3000, 3500 L. 4000 uim/pnui ) L. pmliljtpp 
uwhwtj1wljwCip pwgt!w<)pp (0,5 S, 0,75 SL. S) qtuipmu: 

4wnmg4_w<) qpw:pplj Gt.pl} gm Jg bCi mt.I.ti., np wztuwmwGpwJpCi opqwCip 
uimmuwli hwowtunt}}JlllU ut.<)wguwCi l}blll!2ntu (2000-Jlg upGzL. 4000 uim/pnui) 
hwmp4utpp uwCipwguwCi UOI}nlll! (M) t!rnppwlimu t: Oppuw4, gnpbGJl hw
mpljlitp(! uwGpwgCibltiu oqmwqnp<)btnt-1. du = 4 uu mpwuwq<)ntl uwqtp L. pmCi
lttpp uwhwtj1w4wli(! pwgbtntl 0,5 S, wztuwmwCipwJJlG opqwG]:l uimmuwG n = 
2000 uim/pnui hwowtumvJwli qblll!2mu uwlipuwG unqmll! ' M = 1,52 uu, bpp n = 
2500 ll!Ul/pnll!, lllll!lll M = 1,35 uu L. tpp n = 4000 uim/pnui, lllll!W M = 1,24 uu: 

PmCiltbp]:l uwhwtj1wljwGJ1 pwg4_w<)p(! uMwgGtLtiu 0,5 S-pg uplizL. S, 
uwlipuwG unqntll! (M) ut<)wCimu t: Oppuw4, wztuwmwGpwJJlG opqwCip 
ll!tnmuwCi hwowtumpJmCi(!' n = 3000 lllm/pnlll t, uwajl wCigpbpJl mpwuwqJl<)I!' 
du = 4 uu, pmu4tp]:l uwhw4_1w4wup pwg4_w<)pQ' 0,5 S, Wll!lll uwCipuwli unqmll!' 
M = 1,37 uu, pulj uwhwtj1w4wup 0,75 S -p qtll!pmu' M = 1,42 uu L. S zwttiml. 
pwgbltiu' M = 1,48 uu: 

lJwaj:t wCigpbpJl mpwuwqp<)y} 2-6 uu ub<)wgutwu uwCipuwCi UOI}nlll! (M) 
uMwCimu t: Oppuw4, wztuwmwCipwJpCi opqwGJl ll!U1ll1UwCi n = 3000 uim/pnll! 
hwowtumpJwCi L uwhwttiwtiwGp 0,5 S pwg4_w<)pp qtUI!2ntU, bpp uwajl 
wligpbpp mpwuwqp<)(!' du= 3 1.SU, Wll!W M= 1,1 5 uu, bpp du = 4 uu, Wll!lll M = 
1,37 uu, tpp du= 5 uu, lllll!lll M = 1,50 uu L. tpp du= 6 uu, lllll!W M = 1,83 uu: 

liJI}lllPUP ll!llltn4tp t u4wm4_mu GwL. qwpm L. mwpbljwCip hwmpljlibp(! 
uwlipwgCitwu: 

Q.pw:PJ14Cib11mu Cibpljwjwgt!w<) qpmwtjrnpobpp wpl}JmGplitpp 4.rnttintum
}}JWli oppCiwzwtltmvJmCiGbpp hwuwqpmu]:lg m 4_bptm<)mvJmCipg, hwz4.Jl wnlit
Lntl CiwL. 4bpbpp uwGpwguwG Ciltwmuwup GtpljwJwg4_w<) wGwuGwpm<)w4wG 
ll!WhwG2Gbp(!, npnzt-1.bL t, np wnw2wp44_nri hwmpljw2wpqpzp wztuwmwGpw
JpG opqwGp wutGwoll!mJluwt ll!tnmtnw}}4_bp(! lllttnp t LtiGtCi 3000 UIU1/pnll!, 
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11mG4tpp uwhwqiwljwGp pwgt!w<)p(!' 0,5 S, uwajl wCigpbpp mpwuwqp<)y}' 4 uu 
L wtJ.tlti' 5 L 6 uu: 

liJI}ll!Pup ll!lllpwubmpbpp l}bll!pmu, ljwtutJ.w<) ljbpbpp mtuwljpg, 
hwmpljw2wpqpzp wpmwqpnrJ.wljwGmvJmG(! mwmwCitJ.mu t 60-120 4q/ct 
uwhuwCiGtpmu: 

7.5.4. <wmftljwpwplJ/12fl wpmWIJPn!Jwljwump1wu OUJmftuw1wgmlf1J 

Q.]:lmwqinpoGw4wG htmwqnmmpJmGGbpJl L mt-1..JwtGbpp uzwtiuwCi 
[!GqhwGmp triwGwljGtppg pwgp oqmwqnp<)tJ.bt tG GwL qinpobpJl ll!LWfiwtJ.np
uwG UW}}buwmpljw4wG mtUOL}}JOLU(!' tltnpotpp Wpl}JmGpCibpp uzwtiuwG L. 
qnp<){!GpwgGtpp pwquwqnp<)nG uwvtuwmpljwljwCi unqbtCibpp tiwnmguwCi 
triwGw4Gbp(!, l}Pllll!bpupnG tJ,tptm<)mpJOLU(!: 

<IlmmtJ.nri utiwtJ.wnw4'1 wpwqmvJmGJlg L pmCiljt11J1 uwhwqiwljwGJl 
pwgtJ.w<)ppg ltwtutJ.w<) hwmpljw2wpajlzp wptnW'lflnriwljwGmp1wG ttintltntum
pJmGCi mumuGwuppbtm hwuwp QGmptJ.bL t wupm12wl.J.wG pwnwljmup 
hwtJ.wuwpuwG uwvtuwmpl.J.wtiwG unqb( 

(7.124) 

11pU1~f[ K -Ci i < j --qnp<)nGGbpp J)'1tJ.Ci t , y -(!' OllltnJluwtwguwCi ll!Wpwubmp(!, X;, 
Xi -Ci Oll!mJltiwtwguwG qnp<)nGGtp(}: 

luG'lflJl UIWJuwGJlg Oll!tnJlilwtwguwli ll!Wpwubmp t wpmwl}PnqwljwGm
PJntG(!, Jlulj oll!mpuwtwguwCi qnp<)nGGbp(! ll!UlmtJ.011 u4wtJ.wnw4p UIU1m
mwptJ,tp{! L. pmG4tpp uwhwtJ.1wl.J.wGp pwgtJ,w<)pp ub<)nLpJntG(!: 

11-tqpbupwJp hwtJ.wuwpuwG qnp<)wl.J.pgCibp(! hwztJ.wpl.J.tJ.bt tG htmLJWL 
hwt!wuwpmuGtpntJ.. 

I 4 2 s 5 
b0 = -- I:Y. +- I;Y,, +- Y, 

9 u=I 9 u=5 9 
I s 

b; =-I:X;,,Y" , i=l,2 
6 u=I 

J4 J S 2 }9 
h;; = -

6 
I:Y. +-

2 
I:X;. r. --

3 
I: Y. , i = 1,2 

u= I u=5 u=S 

(7.125) 

<!.wmpljw2wpqpzp wpU1W'lflnriw4wGmp1wCi 4_pw wqqnri hpuGwljwCi 
qnp<)nGGtp[! pbptJ.w<) bG Wf[JOLUWlj 7.2-mu: 
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Urymuwlj 7.2 
CJnpvnuubpft mwpwtjmjutfwu tfwljwp!]wljubpu m tfftpw!JwJpbflf! 

q.nponfifihpJ! 
Swpw$njuuwfi 
uwqwpqwqfihpJ! lllUlntjtnfihpfl pfltl.J!, pmfiqhpfl uwhw$w-

lll tn/pn lll qwfip pwgl{wbpJ!, uu 

~pufiwqwG uwqwpqwq (0) 3000 7 
4.hphfl uwqwpqwq (+) 3500 14 
'Vhpphfl uwqwpqwq (-) 2500 10,5 
Swpw$njuuwfi u)12wtiww 500 3,5 

Urynwwlj 7.: 
fTJfwuwlfnptfwu tfwmpftgw 

<l>npafl hWUW[JJ! 
q.np@GGhp 

<l>npafl hwuwpJ! 
q.nponfifihn 

X1 X2 x, X2 
l + l +l 6 -1 0 
2 -1 +l 7 0 +l 
3 + l -1 8 0 -1 
4 -1 -1 9 0 0 
5 +l 0 

Uqwl{wnwqwJpfi wzjuwtnwfipwJpfi opqwfip uimmtnwpl{bppg h pmfi4.bpfl 
uwhw$w4.wfip pwgl{woppg qwjul{wo wpmwrum11w4.wfintpJwfi Ollltnfltiwtw
gmUJ! tiwtnwpl{ht t KoHo-2 llltwfip oqmwqnpomunl{: 

Utnwgl{wo wpl}Jmfipfibpp hfluwfi l{pw 4_wqul{wo uwmpflgwfi phpl{wo t 
w!J.Jmuwti 7.3-mu: 

li1J.Jmuw4p tntl.Jwtfihpfl hpuwfi l{pw npnzl{ht hfi nhqphupwJfl hwl{w
uwpmufihpp qnpow4]1gfihpJ!, h umwgl{ht hfi wupn112wtiwG tnhupnl{ hhtnLJWL 
hwl{wuwpmuGhpJ!. 

d = 2uu, y = 18,12 + 3,88X1 - 2,717X2 + l ,8lX12 - 0,783X22 - l,l25X1X2, 

d = 3uu, y = 42,16 + 41,3X1 - 23,0X2 - l, 1X1X2 + 60,85X,2+ 61,05X22, 

d = 4uu, y = 61,81+15,85X1 - l2,37X2 - 0,2167X12+ l ,633X/ - 2,125X1X2, 

d=5UU, Y = 86,l8l + 5,96X1 +0,18X/ -7,9X2- l,67X12+ 2,l75X1X2; 

d = 6Uu, Y = 99, 32 + 9,8X1 + l3,6X2 - l ,l33X/ - .l,467X/+ 2,675X1X2: 

Umwgl{wo hwl{wuwpmufibp[! l{hpwol{ht hfi up zwpp qpw:ppqfihpp [61], 
npnfigpg ubtiJ! pbpl{wo t G4. 7.23-mu: 

21 2 

3000 

\ 
\ 

\ 
\ 

\ 

ulj. 7.23. <.wwftljwpwpIJftlft Wf1WW!J/1fll[W/;Wfimpjfllfi[J ' f;w/utfWU uljwtfwnwljfl 
UJWmwwptfbpflg /., pmfiljbpft uwhwlftwljwlift pwgtfwr)pft cfb<fmp1mliftg cfwTJft 
wfigpbpft d11 = 2cfcf -ft qbUJpmcI 

q.pw:ppqGhpfl l{bptm@tpJntG(! gntJg t tnl{ht., np uwT\ll mwpphp CizwCiwqm
PJntfiGbpfl (d~ = 2-6 uu) l}bl.llPntU hwtnpqw2wp'lfltlt wpmwqpn11wqwfintpJwfi 
tnppntjp(! pfimpwqpn!J. ntpl{wqohpJ! hWUWl.llWUlWUjuwfimu hfi Upfipuwpup 
ahflG: 

q.pw:Pfl4Ghpflg hplilltU t. np hwmfl4w2wp'lfltlt wpmwqpn!J.wtiwGmpJntGJ! 
pwpapwfimu t uqwl{wnwtifl lllmmmwpl{hpfl pwpapwguwfi(! h pmfiqhpfl 
uwhw$wqwfip pwgl{wbp~ uh@tpJWGJ! qmq(!fipwg, uw!J.]l wfigphpfl pntnp 
tnpwuwqobpfl (d= 2-6 uu) hwuwp: 

Uqwl{wnwqfl llltnmmwpl{bpfl wl{htwguwfi l}hl.llPntU hwmfltiw2wp'lfltlt 
wpmwqpn11wtiwGmpJntfiJ! pwpapwfimu t wl{bIJ1 wpwq, pwfi pmfiqbpfl 
uwhw$w4wGp pwgl{wopfl uhowguwfi <twuwfiwq: 

Umwgl{wo fiJntphpJ! hfiwpwl{npmpJmG hfi ml{ht hwmnwtnht hpuGwtiwG 
ub@tpJntfifihpfl. wptnwqpn!J.wtiwGntpJwG, wzjuwtnwfipwJflG opqwfip llltnnt
mwpl{bpfl h pmfiqbpflg hwmp4)1 uwmmguwfi uh@tpJwG ufl2h :pmG4.gpnfiwt 
4.wlll: "lwhwfi2l{nq wptnwqpnqw4wGntpJwUp hwmpqw2wpl})llfihp Gwjuwqob
IJ1u tinfiumpmtimnpfihpf!, oqml{htnl{ umwgl{wo qpw:pp4Gtppg, qwpn!J. bfi npn;!bt 
wzjuwtnwfipWJpG opqwfip llltnnttnwpl{hpfl 01.lltnfltiwt GzwGw4ntpJntfi(! h 
hwuwlllwmwujuwGwpwp pntfiqhpfibpflg hwmfl4fl uwmmguwfi ubompJntfi(!: 
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7.6. f1.nwnpw1ftu mufttfbpuwl tfbpbuw1ft wbuwljwu 
hbwwqnwmp1muubpft UUfwwwljp L wpqJmupubpf! 

<!.btnwqmnntpjntCiubp]l Ulljtutnwqu t bqbt u2w4bt WJUU}]lup tubpqw
tuCiwJnTJ. l!lnpptuzllllP mli]ll[bpuwt Ubpbliw, np(! qwpnflWUW uwG(lwgCibt UpCiiL. 
18% (np qnJntpJntU mubgn'l 2w(ltl]lzCib(1[! hw2n'lntPJWUp p(lwl[wGwgCimu bCi) L. 
tl]lGiL. 35% tunliwt[ntpJtuli .'pmpwdwJ]lCi hwtn]lq[!: Ubp l[nqtl]lg uzwqt[n'l hwtn]l
l[wuwGp]liu ]lp w2tuwtnwupwJ]lG uqqpmGpnt[ qnJmpJmu mCibgn'l umpl'iwJ]lu 
2wrrlfliCibp]lg h]ltlGwqwCimu UJbtnJ2 t tnwppbptjJi GpwGnt[, np hwpp ump6fllt
Cibp]l hbtn uflwu]lu U}htnp t wztuwmbG GwL. qtnpnq qwCiwqGbp: 

CG11hwGpwUJbu, tlmp6wJf1Ci 2WP'1Jliubpmu hwtnflqGbp[! qtnGl[mu bu g]lq
LWJ]lG (l!Ciflhwtnt[nTJ.) pbnut[wampJwCi tnwq: bpp hwtnpltGbpfl tunGwt[mpJntG(! 
18% -flg wt[b[]l zt, inp t, JntpwpwGiJmp hw2np11 hwpt[wafl ctwuwuwlt hwtnfl-
4mu l[Gwut[wapGbp]l pwuwltn tlbawGmu t, ]lult wupmpJntCiG nGltGmu: 
lTwGpuw!i nupwgpmtl uwqbpbuwJpu hwpt[waCibpfl z!inphflt[ hwtnpqmu 
wnw2wGmu bu u]lqpnl'iwpbp, npnGg hbmL.wGpnt[ wupmpJmli!i ]12Gnu.l t, L. 
mb'lJl t mubCimu pwwwJmu (2wpqntu): Iutnwgpwa qbpbpfl 2wpl}tlwCi 
uttuwG]lqufl uwuflu nG11hwump U}Wtnltbpwgmul! hwCiqbgGmu t GpwG, np 
uwlipuwCi 11fluwtl]14wltwG ll!(1ngbufl hflupmu [!Gl.J.wo t rlflGwtl]14 ubqumunt[ 
pWJPWJntU(!, bpp ll!(1ngbuG [!Gpwumu t t}1tupm(i pWJPWJUWU utubuwjnl[, 
wJuplipG ll!twutnfll.J.wl.J.wu qb.'pnpuwg]lwGbp]l u1GGqwtn qwpqwguwup: .c!,wp-
4_wo]l ctwuwCiwti inp hwtn]lltlt JlWJPWJntU[! tnb'lJl t mCibCimu wqupwppnphCi, 
UJLWUtnjll.J.wqw(i qb.'pnpuwgpw z]l qwpqwCimu, WJU]lCipCi Ulb'lJl t m(ib(imu 
l!ltupmG pWJpWJnttl' wnw2wgCihtntl upwJCi wnw<\qwqwCi wtiupwppwJflCi 
qh.'pnpuwgflwCihp: 

Ubtuwu]14wl.J.wCi CibpqnpmnpJwCi tnwl.J. l!lntutJ.mu bG hwtn]l\.ifl 6L.[!, 
iwt}luhp[!, hwtnl.J.mpJntU{! L. '.liflq]lltwl.J.w!i tjJiawlll!: 

UztuwmwGpwJ]lCi opqwCifl twt[wqmJG UJWpwtlbtnpbp(! npnzbtm hwuwp 
wGhpwctbzm t qfltnbliwt .'pmpwdwJ]lCi hwtnfll.J.Gbp]l hwm\.intpJmGGbpjl ]lpwqwCi 
pGntJPI! (uP.CiiL. 35% tunGwt[mpJwCi) L. pbnuwt[npi.twampJwCi UIWJUwCiubp(!, npp 
ctwuwCiwl.J. wCiUJWJUwCi mh'lJl 1.J.ndihCiw flPWCig pWJilWJntt.i!!' uwupwgmun: '1-w 
t tuGflPp wnwGouwhwtnLtmpJntU{!, L. WJfl UiwhwG2G t npnzmu {!utn wupmpJwu 
qbpbpp l!lnpowpqtlwCi ubpn11li m wupmpjwCi hwtnl.J.ntpjntlilibp[! punpnzn'l 
gmgwCiflzGbp[!: uzmhtntl U}WJUWGGbpl} L. uhpbCiwJp wztuwmwGpwjpCi nhdpu
Cibp(!, npp dwuwCiwq UpuiL. 35% tunuwtlntpjwCi tlzwql[nr]. .'pmpwdwjpG hwtnfl
qp JlWJilWJntU(! qwpm1 t huwpwtlnp i}lGbt tCibpqpwJ]l wubCiwpfli awtuubpnl[, 
qwqubt t hhtnwqnmmpJwG hfluGwqwG CiU}wmwq[!: 

Iunliwt[mpJwG Ciztlwo uwhuwCimu wztuwmwCipwJpG opqwGr l!lntuqnpan-
11.mpJwCi UjpngbU(! hwtnfll.J.lt hbtn zwtn pwpq t, L. WJ'l Ujpngbup l'iltztn 
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Uwpbuwtn]llJ.wqwCi hwl[wuwpuwCi qwqubll! qwlljl[Wa t uba qcJl[wpntpjntGGbp]l 
hbtn: 

Unw2wpqtl.n'l hwtn]lqwuwGppz]l qwnmgt[wapwJ]lCi LWt[wqmJG UJwpw
ubtnpbp£! npn2hLnt, flPWCig 2whwqnpawqwG hmuw\lmtpjntGCi nt w(ltnW
flPnflwqwCintpjntCi{! pwpopwgGbtm L. tGtrqwtnwrmpJntCi{! l!ln1111wgCibtm GUJw
tnwqnt[, tnbuwqwCi hbtnwqnumtpJmCiGbpp tuGflllpCibpCi bCi h'lht. 

- npnzbt hwtn]lqutpn uwCipwguwCi tu9P4 uwtnmgn'l tunnnw tnh'lw11puwG 
twt[wqmJCi tnb'l£!, 

- pwgwhWjtnbt .'pntpwdwj]lG hwtn]llt]l ubtuwu]lqwltwCi PWJ12WJUWu 
pGntJP{! h npn2hL w2tuwtnwGpwJpCi opqwuCibp]l twt[wqmJu oL.bpu m zwl!lubpG 
WJCi UJWJUwGubp]l hwuwp, npnGg 11tuwmu hwtnpltCibpp uwCipwguwG '1fiw 
awtuut[wa tubpq]lwCi qi}lCip wubGwCit[wqwqmJCi(!, 

- npn2bt w2tuwtnwCipwjpG opqwGCibp]l t[pw wnw2wgn'l f1]lCiwu]14w4wG 
mctbp(!, 

- h]luGwt[npbt wtnwuGwt[np 11wGw4.P wnwtl.btmpJntCi(! hwpp]l Ciqwtn
uwup L. npnzbt wtnwuGbpp up2L. t}lnu]ll1Cibpp oL.I} hwtn]lltlt W(l'lJntGwl[btn 
qtnpowCi lljWJUWCi]lg, 

- npn2bt umpl'i]lltuhpp L. qwuwqGbp]l '1fiw LtwfuuwCi wCigpbp]l IlPPP!!, np]l 
11hUipmu hwpt[wawJ]lCi mctbp]l wqqbgmpJntCi[! qwtuuwu wnwCigpCibp]l t[pw 
4oqmjl qpnJ]l, 

- npnzbt hwtn]14t1 2wpctuwCi hbtnwq]lan hwpt[wa]lg hbtnn h h]luuwt[npbt 
qb4wJ]l t[pw wLtnupltubp]l tnbqwpwztutlwu hbnwt[nrmpJmCiCibp£!, 

- wtll!lnt}lbt hbtnwqntnmp3wu wpllJmCipCib(l(! L. tntut qnuutnpmlttnnpwqwCi 
hutnwlt wnw2w11qmp3mCiCibp: 

7.6. I . ifwupwgtfwu jugftlj hwwftljubpft tfwwmgtfwu i. 2wpdtfwu 
qnpO-f!Opwgubpft mumtfuwuftpmpJmulibpf! 

.c!,wtnpltCibpp uwupwguwG tunnnw twtlwqntJG tnhTJ.lt npnzmul! CiU}wuUJmu 
t hwmpqwuwCippz]l wpmwqpnqwlJ.wCimpJwG pwpopwguwGn L tCihp
qhmpqwl.J.wu awtuubpp fl2bguwCil! : <+nJntpJntG mubgn'l hwU1pqw2wp'lJliGbpp 
hwuwp WJ'l tuGrlflpJ:! t}mpobt bu tmtl"bt tl]l pwCip mwppbpwqCibpn4_ [61, 118]: 
Uwl.J.wJCi tlbp2Gwl.J.wu tmamun w utnwgtlbt: 

UJfl tuGri]lp(! tmcrbtm · hwuwp ubGp ri]lmwp4bt blip bpbp mwppbpwlt 
(a4. 7.24). 

l) tlwtnmgmu l'iwl.J.wtnjlg (wubuwtl"wJpwhh'l qtuwn' ltb!impnGflg) (Gl.J.. 
7.24w), 2) uwmmgnu.l wpUJwqbGtnpnG]lg (ult. 7.24p) L. 3) uwtnmgmu tlbpL.]lg 
(Gq. 7.24q): 
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w) p) q) 

ulj. 7.24. ifwupwglfw{j fugfllj hwmj1ljubpf11Iwmmglfw{j mwppbpwftubp[!. 
w) lfwmmgmlf ljbumpnuj1g, p) lfwmmgmlf wpmwftbumpnuftg, 
q) lfwmmgm If l/bpliftg 

Unw2pG l}bUWntU hwtnpqGbpl} pmGqbppg Jun11ntJ.wqntJ. zwpatJ.mu bG 
uwi.nmguwG Junnnl l.t ui.nGmu uwGpwguwG Jugpq: lijutnb'l, hwmpqGbpl! 
JuwnGtJ.btntJ. UJUltnwqwG zwpauwCi ub2 qmGtJ.nq hwmpqCibpp hnu12pu, qbCimpn
CiwJumJu mabpp Gbp12n pntn[l qnqubpntJ. zwpatJ.mu bG l}bUJp ump6pqGbpp l.t 
l}WCiwqGbpp awJpwuwubp[!, wGilflWl}lllnCimu, WUJUI Cinp bGpwpqtJ.mu ump-
6pqGbpp l.t l}wGwqCibpp hwptJ.wawJpG mabpp wql}bgmpJwGI!: 

liJU mwppbpwqmu uwGpwguwCi Jugpqmu hwmpqGbpp zwpauwG pGntJPU 
zwm pwpl} t L upGlL uwGpwguwCi ppwqwGwgmuI! uzwGwqwllt tCibpqpw t 
awJuutJ.mu: 

bpqpnpq l}bUWmu hwtnpqGbpu pmCiqbppg Jun11ntJ.wqnt.I. zwpatJ.mu bu 
uwmmguwG Junnnl L UJmmuwG wnwug12pg tJ.bpL ' zwnwtJ.'llt up2pG uwupg, 
umumu uwupwguwu Jugpq (Gq. 7.24p): liJumbq, p mwppbpntpJmli wnw2pG 
mwppbpwqp, hwmpqGbpu qbGmpnCiwJumJu mdbpp Gbp12n zwpdtJ.mu bG upwJG 
qbUJlt tJ.bpL, tui!ltJ.mu l}bqwJp wqnupqubpp UJllltnbppG, tJ.bpwqwnGmu, WUJW 
bCipwpqtJ.ntU umpl'ipqClbpp nt l}UIUwqClbpp hwptJ.wapG: liju l}bUWntU, wnw2pGp 
hwubuwmntpJUIUp, tubpqpwjp awJuUI! tPOl2[l t, pwjg L[llllgmgpl wzJuwtnwG12 t 
UJWhwG2tJ.mu hwmpqGb[l[! pwpopwgCibtnt L uwGpwgun11 opqwGGbppG hwug
Gbtm hwuwp: 

bppnpl} l}bUJ12mu hwmpqCibpu pmGqbppg m1111w6pq uwmmgtJ.mu bG 
uwGpwguwG Jugpq L umm12 qnpabtm UJlllhpG bGpwpqtJ.mu hwpt.l.waGbpp (Gq. 
7.24q): UqGhwJtn t, np wJu mwppbpwqmu tGbpqpwJp awJuuu hwubuwmwpwp 
i!ln12p UJbtnl2 t LltGp, puq hwtnpqw2wpq}llfl wptnwqpn11wqwGmpJntCl[!' Uba: 
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bpb12 l}bUWb[lp hwuwp mbuwqwG l}Wmn11mpJntGGb[ll! hwumwmtJ.bL bG 
qpmw1.}m6bpntJ. l.t 6zmt.l.bi., np ppn12 hwmpqGb[ll! pmGqbppg uwGpwguwG tugpq 
uwmmguwG OUJmpi.lwt mwppbpw4I! bppnpl}G t · tJ.bpl.tpg m1111wopq uwmmgmul! 
(Gq. 7.24q): <!,wmpqwuwGpltl ub12bGWJP ipnpowpquwG oppGwqGbpl! UIJ'lUJbU tL 
UJUIUl[lWUUltJ.bt bG : 

7. 6.2. <wpifwO-ftg hlilnn hwmftljft 2wpdlfwfi hlimwqO-ft npn2mifp 

lJmp6I! hwi.npqpG qwtiwJwqwG a0 wG4JwG i.nwq hwptJ.wablltu, hwtnpqp 
zwpcttlwG hbmwqap hwt.1.wuwpntUI! qwpbllt t npnzbt hbml.tJWL hwzt.l.wpqwJpG 
hwuwqwpqp oqGmpJwi.lp (G'lj_. 7.25): 

VY = V0 sin a0 - gt,} 

V, = V0 cosa0 : 

(7.1 26) 

<!,wi.npqp hbi.nwqap qwi.lwJwqwG qbi.nmu x l.t y qnnpq}lGwi.nGbpI! npnztJ.mu 
bG hbtnl.tJllll hwJi.nGp pwGwol.tbpntJ.. 

x = V0t cosa0 , } 

gt2 (7.127) 
y = V0t sina0 -- : 

2 

Up1.nw12ubtntJ. (7.127) hwtJ.wuwpmuGbpp hwuwqwpqpg t -p ubantpJntGI!, 
qui.nwGwGp hbi.nwqap hwtJ.wuwpmuu l}bqwptnJWG qnnpq}lGwmGbpntJ.. 

gx2 
y = xtga0 - 2 2 . (7.128) 

2V0 cos a0 

Y Vyr-A-vo 

......,""'==±=----><- ~\ 
0 v. 

uft. 7.25. <.wpf/wuftg hbtnn hwmftftf1 2wpdlfw{j hbmwqaft npn2lfw {j 
hw2f/wpftw1ftuhwlfwftwpq[! 

.!.wmpqp wGgwa 6wClwUJU1php hnppqnGwqwG uwnbqgpwG npnzb1m 
hwuwp l}Cll}ntClbtntJ. x = S, y = -H L mb11wilflbtntJ. (7.128) -p ub2, qumwGwGp S
p Gqwi.nuwup 12wnwqmup hwtJ.wuwpmu' 

S 2 
- 2tga0V0

2 cos2 a 0S - 2V0
2 cos2 a 0 = 0 : (7.1 29) 

lmabtntJ.12wnwqmuti hwtJ.wuwpntU[! qumwGwG12 . 
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S= ~ cosa0(v0 sina0 +~V02 sina0 +2gH} (7.130) 

ITJ.whtuu24mu t npn2tt uwL hwul}pUjwl}wg l}bl}wJp Ujwtnjlu hwmft4lt 
hwp4wabtnt wu4.Jntu[! (a): '1-pw hwuwp oqm4tu11 hbmwqaft (7.128) hw4w
uwpuwu 'lft,'.pbphug}lwwg. 

~I =tga- gs : (7.131) 
~a=S v; COS

2 a 0 

t>ul} wul}uwu pwpc:\pntpJmu[! (H) npnztlht t (7.128) pwuwol.tjlg, hpp x = S, 
y = -H, WJUUj}lun4. 

gS2 . 
H = 2 2 -Stga 0 • (7.132) 

2V0 cos a 0 

iltq}lq hwp4werjl qhlljl/ntU, bpp a0 = 0, hwu'lftUjwl}wg UjWtn}lu hwp4werjl 
wu4.Jmut! npnz4ht t. 

I 
gS 

I a --- · g ao=O - V:2 · 
0 

(7.133) 

fchlwJ}lG hbmwqnmmpJmGGbpt! gmJg hG mwlft.u, np uha wpwqmpJntG
Gtpp qhlljpmu, hp.p V 0 = (20-40) Ultl, hbtnwqjlCtt! unm t mq}lq qb"pfi (a = a 0): 

<!,wp4werp ctwuwGwq, ojlG~h hwuqplljwqwg UjWtn}lfi hwptlwb"}l ctwuwliwtm 
l}npnztlfl 

hbml.twpwp' 
s 

t=--
Vo cosa0 

(7.134) 

Op}lfiwl}, bph 4tpguhfi11 wugw(t nwuWUjWph}l hnpjlqnuwl}wfi Ujpnhl}
gjlwG S = 15 uu L wpwqmpJntfit!' V0 = (20-40) 0/4, WUjW t -}1wpcth11I!4tllfijl (ao 
= 0, mq}lq hwp4werjl ctwuwfiwl})' 

t = 0.007 tl, tpp V 0 = 22.0 u/tl, 
t = 0.004 4, hpp Vo= 40.0 u/4: (7.135) 

<!,wp4wer}l ctwuwGwl} hwtnf14P w(igw(t nwuWUjWphft tlJiw (u}lG~L 

hwfiajn.qwqwg UjWtn{!) erwtum.J.wa t ctwuwGwl}fi mGhliwtmg hbmn, l}wp.hlf1 t 
npnzht UjWtnp tlJiw wl}nuGhpp hbnwtlnpmpJntfi[!: 

liJq ctwuwfiwl}}l (t) uupwgpmu wqnufibp}l hbnw4npmpJntG[! npnzbtnt 
hwuwp, Gwtu npnz4bt t t ctwuwfiwl}mu wqbq}l tpqwpmpJntUt!. 

f =rpR=wtR=Vq<>t , (7.136) 

npmbq Vq~-t! umpn}l hwp4wer}l qbtn}l qb"wJ}lfi wpwqntpJntGG t , R-t!' hwtnpq}l 
hwp4wer}l qbtnjl hhnwtlnpmpJntU{! UjtntnuwG wnwfigp}lg: Ubp opjlfiwl}}l 
hwuwp umwgtlbt t. 

E=(o.001-o.004)vq<>: (7.137) 
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P -I! UjWtnjl tlJiw wl}nuuhpjl hhnw4npmpJntuu t: bph [!uqmuhGp Vq~ = 5.0 

u/4, £ = (O.o35- 0.020 )u, 4muhuwu11. £ = 25 uil: 

7.6.J. <,wmftljwtfwOpftlft qwOwljft wzjuwmwOpw1flO tfwljbpbuft 
wmwtf[Jf;pjJ tf]l2b. 1/mujJ/jObpjJ pOmpmpjmOp pum hwm]lljfl 
wpI]JmOwtfbm ljmpmtfw[J UJWJtfwO]l 

<!,wmjll}[!, qwGwl}pG tut.J.1tlh(Iltg hbmn, ttinupqmil qwmwpmu t pwpq 
zwpctmu L l}tnptn4ntU t: ITJ.whwfi2tlmu t npn2hl ttinu}ll}jl OUjtnjlUWl c:\l.t{! WJfi 
UjU1JUwun4, np l}tnptnntU[! l}wmwptl}l tGhpqpwJp tltn11p awfuuni.t: 

Iuu'lftpt! tmb"htm hwuwp hw2tlwpl}wJpu unrihtG [!ump4ht t hwuwc:\wJu n4. 
7.26-jl: 

"&!/. 7.26. Uwwtffiw1ftu lfmujJ!/fibpft £!fiwpmp1wfi hw2 tf111p!Jw1ftu ujulitfwfibp£! 

<!.w4wuwpwq2nmpJwfi UjWJOwfijlg umwg4mu t. 
P +FR cos~0° -rp-a )= Gcos(9o0 -rp)+ NJ,} 

l ) l ) (7.138) 
N +FR sinl_90° -rp-a = FP + Gsin~90° -rp , 

npmbq p -Ci hwmj14}1 zwpduwu ntdCi t , FR -{!' qwCiwq}l tqtnmntuj1g 
wnw2wgwa qhfimpnfiwtumJu md{! (FR=mw2 R), N -{!' tltnuP.tiP uwqbptup. tlJiw 
hwmj14ti hwqwql]Ilq finpUWl ntd[!, f-!}' hwmj14ti h ttinu}ltiP uwqhpbujl tlJiw 
2ttiilwfi qnpaw4tig{!, Fp ..fi' qmpmnq ttinupqjl tlJiw qbGmpnuwtumJu mctu 

( Fp == m V2 Ip ), p -G' ttinuj1l}jl l}npmpjwfi 2wnwtl}lq{!, v -u' hwmj14}1 zwpd

uwu wpwqmpJntfi{!, m-[!' hwmp.qp qwuqtJ.wajl ubb"ntpJntGJ!, G-fi ' hwmj14}1 
qwuqtJ.wap 42}1.n[!: 

lmahtntl (7.138) hwuwl}wpq{! P-p Clqwmuwup, umwg4ht t . 
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P = m{[g(sin <p+ f cos<p )}-wi R[sin(<p +a)+ f cos(<p +a))+ 

vi l 
+psin(a+<p)( 

(7.139) 

.!?wGp np P m<ft! lllnupltll uwqbpbu)1G wnw2wgwa hwm)14)1 2wpct)1~ mctG 
t, np(! u)1wctwuwGw4 awjuuqmu t hwm)14)1 qmpmuwG hwuwp, mum)1 qpw 
uhc)mpJWG lllnppwguwG qbuwmu, lJ.lllnppwGw Gwh qmpmuwG wpqJmGw
qbtnntpjntG{!: 

bpb q):lmwplJ.bGp WJG qtuwn. bpp qwGwlJ.l! nuJli11 t (4lnu)1lJ.GbpG m 
wmwuGbp(! pwgwlJ.wJmu bG), WUIW p =co, htmhwpwp, (7.139) pwGwah)1g 

bphmu t, np Gpw qhp2pG wGqwun aqmmu t qpnJ)1' 
vi 
-sin(a + p)= 0 : 
p 

liJuajmnq, WJfl Ubampjwfi ~wlllnq 44lnppwfiw P mct)1 ubantpjntG(!, np(! 
lJ.ptp)1 WJil ~w$ntl qmpmuwfi wpqJmGwqbmmpJwG GqwquwGn: ~bmhwpwp, 

ubp qwGjuwmbumuGhpn' wmwufiwqnp qwGwqGbp)1 wlJ.GhwJm wnwtlhtntPJlllG
Gtpn hwppp (ntrtlllt) hwubuwmmpJwup, 6)12m hG: 

Ilputbuq}l npn2tGp qwGwltll lllnupltll Outtnpllwt aL{!, oqmqhGp zwpctqn11 
mctp tpumpbumup utWJuwGpg, qwjuqwa cp lllnlllnJuwqwGpg' 

~~ ={[g(cos<p-/sin<p))-wiR[co~<p+a)-fsin{a+<p))+ 

vi } + pi(<p) [p(<p)co~a+<p)- p'(<p)sin{a+<p)) "'0: 

(7.140) 

.RwGp np, ump<'.ip $nupltll ahn qwjuqwCr t lllnuplJ.p $mpnJuuwfi 
lJ.npmpJwG 2wnwqq)19' p(cp ), wutw hwqwuwpmun tmb"tlbt t p(cp) -)1 Gqwmuwup: 

(7.140) wpmwhwJmntpjwG aLw4lnJumpJntG)1g h 41n12p wGqwufitpti 
wfimbubtnt9 hbmn, umwgqbL t. 

'( ) i( )wiR cos(<p+a)- fsin(a+<p) cos{a+<p) 
p<p+p 'P vi · ( ) +p(<p) · ( )"'0 : (7.141) 

sm a + <p sm a + <p 

11-}l:t>bpbGgpwt hwqwuwpmuG ppbG)1g GbplJ.wJwgGmu t f!bnGm\llp q)1-
:t>hphGg}lwthwqwuwpmuG nGqhwGmp mbupnq, npp tmamuG t . 

_1_ = Q(<p)J<t>(<p) d<p 
p(<p) Q(<p) 

(7.142) 

npmt11 
Q(<p) =efg(q>)d1>, (7.143) 

g(qi) cos(a+<p) <t>(qi) :o a/~ cos(tp+ ~)- f sin(qi+a): 
sin(a+qi)' V sm(<p+ a) 
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St11wl}flbtntl g( q> )-)1 wpcttpn (7 .143)-)1 ut2 h )1fimtqpbtntl, umwgqbL t . 
. Q(<p)=sin(a+<p): (7.144) 

Oqmwqnpahtntl Q(cp) L <P(cp) :pmGqg)1wGbp{!, (7.142) hwqwmupuwG )1G
mhqpmu)1g umwgtlhL t p(cp )-)1 qhp2GwqwG :i>mGqg)1wG' [27] 

p(<p)=-;~[1 - /sin(a + <p)lntg( a:<p )] : (7.145) 

fhGbGwtntl p(cp) -jl wpctbp{!, u)1wctwuwGwq wGmtubtntl lllnpp uMm
pJmGGhp{!, P -)1 hwuwp umwgtlhL t . 

P ~ m{ ; : ) sin(a + ~ )-m' R[sin(a + ~ )+ f ms( a + ~ )J} , (7 .146) 

npmhI).p(cp}-G npn2qmu t (7.145)-)19: 
~wmpltll 2wpctuwG GqwqwqmJG w2Juwmwfip{! (dU) dS 6wfiwutwph)1 

qpw npnzqmu f 
dU =PdS: (7.147) 

U"jntU qnI).u)1g , WJil w2JuwmwGp{! awjuuqmu t hwm)1ltll lJ.mpmuwG qpw h 
hwqwuwp t ' 

dU= Piiwdy qu>' (7 .148) 

npmhrf P
4
ui-G hwm)1tW lJ.mpuwG mctG t qwGwltll lllnupltll WUPDI\2 6wGwutwph)1 (S) 

qpw, Yti"' -G' hwm)1ltll qpw Ptiui mct)1g wnw 2wgwa qmpmuwG Junpmp JmGn: 

.RwGp np A lim ""2.Ji)roY1iw , 

mum)1 P""' "' ' *"' 2J2Jr0y""' , (7.149) 

npmbf1 ro-G hwm)1ltll u)12)1G 2wnwtl)111G t : 
Oqmwqnpabtntl (7.146) L (7.147) hwqwuwpmufibp{! L (7. 147) m (7.148) 

utwJuwGGhp{!, umwgqmu t. 

2r""' fi.JroY1i.,,dyl/.,, = 

{

v i } : (7.150) 
= m p(<p) sin(a + <p )- w2 R[sin(a + <p )+ f cos(a + <p )]p(<p )d<p . 

t>Gmbqpbtntl wpmwhwjtnntpjWG hpqm UUIU{!, npn2tlbL t Ytiui uhampJlllfi(! . 

qwu 
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(7.151) 

x "]{v 2 sin(a + tp )-w2 Rp(tp )[sin(a + ip)+ f cos(a + tp )]}dip: 
0 

<!.wztUi wnCihLntl pCimbqpuwCi qdtJ.wpmpJmCil!, wJG hwpuwp t l}wmwphL 
unmwtJ.np hqwCiwl}ntl (uhqwCip 4wu UpUU[unCip): 

OppCiwlJ., utqwCiUbpp pwUwoLntJ.. 

A (Yo+Yn ) Y = o.<p -
2
-+ Yi+ Y2 + ... + Yn-1 , n = 6, 

f...<p=90o, f...<p=90o =15o=3,14""026 
6 2,6 ' 

y = V2 sin(a + <p )- p(<p }1>2 R[sin(a + <p )+ f cos( a+ <p )], (7.152) 

p(<p )= - ;~ [1- f sin(a + <p )lntg( a: <p)]: (7.153) 

(7.152) L (7.153) pwCiwoLbpmu V-Ci hwmJ14'1 zwpduwCi wpwqmpJmCiCi t 
l}mup4J1 uwl}bpbup l}pw, npl! 4wtutJ.wa ump6p U[tntnUwCi qawJpCi wpwqm
PJntCipg (Vo), npnztJ.mu t l!Utn Ill.\,. PmNbCil}np wnw2wp4wa pwCiwoLp [50]. 

V = a[ ( ~
2 

+ b }-
2t9'o -(bcos<p0 + csin <p0 )] : (7.154) 

npmhq V0 = (J)R, a= _I_ b = 2Rg(2f2 -1~ c = 4Rgf: 
4f2 +1' 

Oppuw4, ro = 285 lltJ., R = 10 uu, V0 = 2850 uU!tJ., a= 0.735, f= 0.3, 
b = 20.1000. (-0.82)= -1.64. 104, c = 4.10 . 1000. 0.3=1.2. 104 , 

V = 0.73{(
4
·
104 

+l.64·104 )e-06
1'-1J -l.2·104] = 

0.735 

= 102.J3.8. 0.735-1.2 = 102 b.8-1.2 = 126 uu/tJ.: 

UmwgtJ.wa pwUwoLbp[! hGwpwtJ.npmpJmG hG mwLJlu npnzhL hwmp4J1 
'lJlCiwupl}wl)wG wupmpJwCi uwhuwGI}, ump6p hwptJ.wafl dwuwCiwl} hwmp4J1 
l}pw wnw2wgnq qpGwup4 md[!, hwptJ.wapg hbum hwmp4J1 zwpduwG hhmw
qJlb"!!, qbl}wJp hwG'lJlU[wl}wg U[WtnpG hwmp4J1 hwptJ.wap wG4JmGI! L wGl}uwCi 
pwpopmpJntCil!, qwCiwl}p wmwuCibpp up2L IJ1nup4J1 l}npmpJWCi zwnwtUiIJ.I}, 
1J1nupl}p uwl}hpbup l}pw hwmpl}p zwpdJll mdG nt zwpduwCi wpwqntpJntGI}: 
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7.6.4 . .::wmftljwuwOpft2mu hwmftljft m pbppbpft uwljbplill1Jpft 
1jmjuwql)bgmp1wO hwlfwOwljwO ifnIJbfwlfnpnufp [, 
wpl]JmOwlfbmmp1mOp hwplfwr7ft I]bl1Jl2mif 

Sbuwl}wfi hbmwqnmmpJmCiCibpntJ. pwgwhwJmtlhL t hwmpl}wuwCipp~mu 
hwmpl}p m qbl}wJp pbppbpp uwl}bpLntJpp IJ1ntuwqqbgmpJwCi qnpa-1.!Cipwg[! L 
hpuCiwljnptJ.bL bu hwptJ.wap wpllJmCiwtJ.bmmpJwCi pwpopwguwCi mIJ.PCibp[! [27]: 

<!.wmpl}wuwCippiJ1 pmCil}bppg pw..ptJ.nq hwmpl}Cibpl!, uba wpwqmpJwUp 
pnlbtntl U[tnmtJ.nq opqwGGtpp hwptJ.waUtppg, hwptJ.wamu bG qlwUwJpG lu9'14r 
CihpppCi U[WtnhppCi L qpwCig phpphpp uwl)hpLntJpCihppCi, tJ.hpwatJ.mu uwCip 
l)mnpGhpp m ljhpwqwnGwLntJ., qwpOJWl hwG'lJlU[ntU U[tnmtJ.nq opqwGGbppG, 
lJpl}pG tGpwplJtJ.mu hwptJ.wap, L lllJl}U[hu hwmpl)Ghpp uwGpwguwG 
qnpb"!!Cipwg[! zwpmGwl)tJ.mu t upG~L uwIJ.Pg qpwGg qmpu qwlI!: 

<!.wptJ.wap U[whpG, qpwGpg hbmn L U[llltnpg tJ.hpwqwnGwLJlu hwmpl)[! 
zwpdtJ.mu t l}wUwJwl}wG mqqmpJmGGhpntJ.: 

<!.wptJ.wap, U[lllmpg tJ.hpwqwnUwtnt, JlUlU[hU CiwL l}mtuwqqbgmpJwG 
qnpQnGpwgl! Gl)wpwqpbLnt hwuwp U[WhwG2tJ.mu t unqbtwtJ.npbL pG~U[hU 
hwmpl)p zwpduwG hwtJ.wGwlJwG mqqntpjntG[!, wJGU[hU tL hwmpl}p L U[lllUlp 
hwptJ.wap pUU[ntLUP ubantpJwG wprumGwtJ.bm !!GtnpntpJwG hwtJ.wGw
l}wGmpJntCil!: 

<!.wptJ.wap dwuwGwl}, phppp l}wu U[llltnp uwl}hpLntJpp znzwlJ1nIJ.'1 L hnpp
qnGwl}wG wnwGgpp up2L wU4JmG!! CizwGwl}bGp ,8-ntJ., hwmp4Jl hwptJ.wap 
mqqntpJwG L hnppqnGwl}wG wnwGgpp up2L wG4JntG[!' a- ntJ., pu4 
wGqpwqwpouwG ntIJ.IJ.nLf:lJWG L U[Wtnp Uwl}hpLntJpp znzwqmrtJ1 hbm l}wqutua 
wG4JmG[!' y-ntJ. (Gl}. 7.27): 

V" 

y 

0 x 

z 
uq. 7.27. UpwqnlfJJndJ{]bpjJ hw2tfwpqw1}1a 11Jublfw{] 

bpb hwptJ.wap OLIJ.IJ.OlflJnLUI} GzwCiwl}hGp v; wGqpwqwpoUWGI}' v: pu4 
U[tntnuwG wG4JntCiwjpG wpwqntpjntCiGhp{!, hwUWU[wmwutuwuwpwp w 'L w '; 
wll[w wpwqmpJntGGbpp pw11wqpplCibp£! 'x,, y, 

v; (fJ)=v; cosfJ-vy' sin/3, VY
1

(.B)=Vy
1 

cosfJ+v; sin/3, (7.155) 

223 



npmh1f v~' v~ L. V~( {J), VA {J) - G hwmpl.J.p wpwqntpjntGGhpp PWIJ.W'lPPl
GhpG tG upG~L. uiwmp phppp uwl.J.hpL.ntJppG hwptJ.wb"hll! (x, y L. x'b y'1 
1.J.nnpajlGwmwJpG hwuwl.J.wpqhpp Gl.J.wmuwup): 

<llwmp npL.t phppp uwl.J.hpL.ntJppG uiwmwhwl.J.wG wGltJwG mwl.J. hwptJ.w
b"htmg hhmn, wGqpwqwpauwG wpwqmpJmGGtpp pwqwqpp~Gtp~. phppp 
uwl.J.hpL.ntJPP wnwGgpGhpp Gl.J.wmuwup, 1.J.npnztJ.hG htmL.JWL wpmwhwJmm
pJmGGtpntJ.. 

vx" (fJ) = v xii (fJ )cos /J- vy" (fJ )sin /J, v y
11 

(fJ) = v y
11 

(fJ }::os{J + v," (fJ )sin{J, (7.156) 

npmhq V'~, V'~ L. V'~(/3), V'~) - G hwmpl.J.p wpwqmpJwG pwqwqpp~GtpG tG 
phppp uwl.J.hpL.ntJpp 1.J.nnpajlGwmwJpG wnwGgpGhpp Gl.J.wmuwup hwp
tJ.wb-pg hhmn: 

liwuwJwl.J.wG (uiwmwhwl.J.wG) wGltJmGGhpp mwl.J. hwptJ.wb-nq hwmpl.J.
Gtpp hwptJ.wb"~ (npnGg utb"mpJntGGtp~ pwtJ.wpwpmu tG {J :'.:: - a lllWJUWGpG), 
1.J.wphJl! t unmwpl.J.hL GnpuwtpwztuuwG .'pmGl.J.gpwJp up2ngntJ.' qpnJwl.J.wG up2pG 
wpcttpntJ. L. «i1» ajluuihpupwJntJ.: <llwmp uiwmwhwl.J.wG phppp uwl.J.hpL.ntJppG 
hwmpltP hwptJ.wb"p hwtJ.wGwl.J.wGmpJmG~ hpuGwl.J.wGmu uiwJuwGwtJ.nptJ.wb- t 
pp zwpctuwG (pnpwp) wpwqntpjwG L. hwptJ.wb"p UJ.WhpG zwpcttJ.nq umpl'.ip 
ajlppntJ.: .Rhppp uiwmp uwl.J.hpL.ntJpp htm hwptJ.wb"p wGqpwqwpauwG 
wGltJmGGtp~ upzm tL 1.J.wphJl! t ~GqmGht UJ.Wtnwhwl.J.wG itintuwqqhgmpjwG 
wGltJmGGtp (y' L. y"). OqmtJ.htntJ. PpnmGJwG zwpctuwG pGmpwqppg, hwptJ.wb-p 
L. wGqpwqwp6uwG wGltJmGGtpp hwtJ.wGwl.J.wG pwztuuwG tummpJmGGtpp 
.'pmGl.J.gpwG 1.J.wphJl! t qphL hhmL.JWL mtupntJ.' 

$(a,P)= ~[e{lz~)J°[o{ ;~, )-oxp( (2a2:fl'J] (1.1s1) 

bpp fJ ~ - a, WUJ.W <P(a,fJ)=O, npmhq eif(x)= ~·Jexp(-t2 }:tt-G 
"'" 0 

hwtJ.wGwl.J.wGntf}JWG pGmtqpw1G t: 
Ubp qhUJ.PmU pwztuuwG .'pmGl.J.gpwJp tummpJmG~ (7.157) pwtJ.wpwpmu t 

GnpuwtJ.npuwG UJ.WJUWGpG' 
+oo 

J<P(a, p)dp = 1 : (7.158) 

bpp hwmpltP zwpctuwG (wGl.J.uwG) wGltJmGGtp~ pwtJ.wl.J.wGpG qtpwqwG
gmu tG uiwmp wl.J.nupl.J.p uwl.J.hpL.mJpp hhm hwptJ.wb"Gtpp uiwmwhwl.J.wG 
wGltJmGGhpp ajluUJ.hpupwJpG (a<<L1), pwztuuwG .'pmGl.J.gpwJp tummpJmG~ 
<P(/3,a) itintuwl.J.hpuitJ.mu t untJ.npwl.J.wG Gnpuw1 pwztuuwG tummpJwG 

.'pmGl.J.gpwJp' 
(7.159) 
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<.wmpltP wGl.J.uwG ipnpp wGltJmGGtpp qhUJ.PmU (a >> L1) UJ.WJUWGwl.J.wG 
hwtJ.wGwl.J.wGmpJmG~ hwuwUJ.wmwutuwGmu t fl.http hwtJ.wGwl.J.wGmpJwG 
tummpJwG .'pmGl.J.gpwjpG' 

<P(/J, a)= (p / L1 2 )exp(- /3 2 
/ 2L12

): (7.160) 

<llwjuwGwl.J.wG hwtJ.wGwl.J.wGmpJwG .'pmGl.J.gpwJp hpuwG tJ.pw (7.158) 
npnztlhL t GwL. uiwmwhwl.J.wG hwptJ.wb"p wGltJwG up2pG· wpcttp~ L. 
ajluUJ.hpupwG' 

fJ 
_ 1-erf(A) 

< >- a ( ) , (7.161) 
er/ A 

npmhq A= a/JU. L. <P(fJ)= (< /3 2 > -< fJ >2 )Yi: (7.162) 

< /J > ui~mwhwl.J.wG wGltJwG up2pG pwnwl.J.mupG npnztJ.mu t hhmL.JWJ. 

wpmwhwJmmpJWUp. 

</32 >=L12 [e1:f(A)j-1{1+ };-Aexp(-A 2 )-4A 2 [1-erf(A)]}: (7.163) 

(7.161), (7.162) L. (7.163) pwGw6L.tppg htmL.mu t, np hwmpl.J.p zwpctuwG 
pwtJ.wl.J.wGpG utb" wGl.J.uwG wGltJmGGtpp qhUJ.Pmu (a» L1) UJ.wmwhwl.J.wG 
wGltJwG up2pG i.lhb"mpJmG~' < fJ >--+ O, pul.J. qpwGg qpuUJ.hpupwGtpG 

~GqmGmu tG pphGg wnwtJ.t1wqmJG wpcthpGhp~' 
D(fJ) = L1 : (7.164) 

<.wmpl.J.p zwpctuwG ipnpp wGl.J.uwG wGltJmGGtpp qhUJ.PmU (a~ L1) qpwGg 
up2pG wpcttpp wnwtJ.t1wqmJG utb"mpJmGGtp~ L. GtJ.wqwqmJG ajluUJ.hpupwGtp~ 
1.J.Jl!GhG' 

< fJ >--+ ~7r/2L1 (7.165) 

(7.155), (7.156) L. (7.157) pwGw6L.hppg hhmL.n1u t, np hwmpltP wGl.J.uwG L. 
wGqpwqwpauwG wpwqmpJmGGhpp 1.J.wtutJ.wb"mpJmGGtp~ npnzhtm hwuwp 
wGhpwcthzm t uzwl.J.ht up unqhL np~ Gl.J.wpwqpp hwmpl.J.~ uiwmpG hwptJ.wb-p L. 
UJ.Wmpg wGqpwqwp6uwG ppwl.J.wG qnpb"~Gpwg~: 

<.wmpl.J.p Ill UJ.Wtnp uwl.J.hpL.ntJ(Jp itintuwqqhgntpjwG L. hwptJ.wb-p pUUJ.IllLUP 
tJ.hpwl.J.wGqGuwG qnpb"wltPg~ npnzhtm hwuwp qpmwpl.J.tJ.hL t hwmpl.J.p L. UJ.Wtnp 
itintuwqqhgmpJwG qnpb"~Gpwg~ hwpljwb"p ipnpp wpwqmpJmGGtpp hwuwp: 
liJ'l qhUJ.PmU 1.J.wphJl! t wGmhut1 pGlUJ.hu hwmpl.J.p, WJGuitu ti UJ.Wmp (1.J.wu 
vhppp) uwl.J.hpL.ntJPP UJ.1wumpl.J. qh.'pnpuwgpwGtpp utb"mpJmGGtp~: 

<,wptJ.wb-p qnp~Gpwgp unqt1wtJ.npuwG zp2wGwl.J.Ghpmu, oqmtJ.htntJ. 
hwptJ.wb"p puUJ.mtup hwztJ.hl.J.znp hwtJ.wuwpmupg (utb"mpJmGpg), 1.J.wphJl! t 
npnzhL hwmpl.J.p L. uiwmp (1.J.wu phppp) uwl.J.hpL.ntjpp hwptJ.wb-p Wp'l]ntGpmu 
hwmpl.J.p qb"wJpG zwpctuwG wpwqmpJwG (V) L. UJ.mmuwG wGltJmGwJpG 
wpwqmpJwG (w)tlintuwl.J.hpUJ.mu~: 
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liJumhq UlwpphpwqtlhL t hwpl}wbp bpqm 11tuw · hwpl}wbu [!fipwfimu t 
UJ.Wtnp uwqhpl.ntJPP 4.Pw uwhhtntl L wnwug uwht1m: 

~wpl}wbp nupwgpmu qbwJpfi L wCiqJmGwJpCi wpwqmpJmuuhp)1 
qwjul}wbmpJntfi[!, hpp hwpl}wau [!Cipwfimu t wnwug uwhh1m, UJ.hmp t 
pwl}wpwp)1 hhmLJWL UJ.WJUtuCi)1Ci. 

lv;(,B)+ w ~(,BXdu /2~ :o; 3,5µu(l + k Xv';(,B)], (7. 166) 

npmhri. du -Ci hwm)14)1 u)12)1u mpwuwq)1bCi t , k - Ci' pUUJ.nttup Cinpuw1 pwqw-
11PPW l}hpwqwuqfiuwfi qnpawqpg[!, V'..:, w ~ -n· hwuwUJ.wmwujuwGwpwp 
qbwJ)1Ci L wGqJmfiwJpu wpwqmpJmGGbp[!, µu -a· umwmpq zt)1uwCi qnpbw4)1gn 
hwmp4)1 L UJ.Wtnp up2L: 

Unwug uwhb1m, hwpl}wbpg hbmn, hwmp4p wpwqmpJwu pwqw-
11Ptizubp[! t)1njuw4bpUJ.l}mu bu hbmLJWL 4wjul}wbmpJwup · 

v;(,B)= % v:(,a)- ~duw: (,8), v;(,a) = -kv;(,a1 w: (,8) = -2 v~~): (7 .167) 

(7.166) wfihwl}wuwpmpJWU juwjuu1uwu 11buwmu hwpl}wbG uupwCimu t 
uwhpp wn4wJntpjwup, L hwU1p4p m pbppp t)1njuwq11bgmpJmfipg hbUln 
wpwqmpJwG pwqwl}Pp~Cibpp 4wjul}wbm13JmGubp[! 4tJ:!Cibu. 

v;(,B) = % v;(,B )+ µq&0 (1 + k )v;, (,8), v>~(,B) = -kv; (,8), 

w;(,B)= w:(,a)+5µ
1

&0 (l+k}c0 v;(,B) , (7.168) 
du 

npmbri.'µ'1-G ajluwu)14w4wu zt)1uwu qnpbw4)1gCi t, &o-G' gmg)1z, npCi [!Grµuumu 
t ±I wpctbpGbp · 4wjul}wb hwm)14)1 hwpwpbpwtiwG wpwqmpJwfi L UJ.WU1)1 
uw4bplilltJp)1 znzwt)1nq)1 up2L 4wquwb wG4JntG)1g ' 

& 0 = sign[v;(,B)+ d{ w;(,a)]: (7 .169) 

flpnztlhL hu puUJ.m1ur wprumuwl}hUl l}bpwqwuquuwu qnpbwqpgCibp[! 
U[wm)1G hwm)14Jl hwptlwbjlg hbum · 

k,=w;·;vJ, k,,=(v:;v:) L k,,,=(w;·du/2vJ, (7.170) 

npmbq kb kn [, k,,-0 puUJ.nttup wprumuwl}bm l}bpw4wuqCiuwCi qnpbw4)1gCibpu bu 
xLy wnwugpCibpp mri.ri.mpJwup h hwmj14)1 zwpctu U[Ultnt'iwu ctwuwuw4: 

Oqmwqnpbbtntl wpwqmpJmGGbpp pwqwl}I1)1zubp)1 t)1njuw4bpU[ntUGbpI! L 
hwpl}wbpg hbtnn hwmj14)1 UJ.Wpwubmpbpp qwjul}wbmpJmGtf (7.166), (7.167) L 
(7.168), 4wpbtJ:I t npnzbt )1uUJ.m1u)1 wpllJmCiwl}bm l}bpw4wuquuwCi qnpbw4)1g
Gbp)1 hwuwp l}bp2wl}np wpmwhwJmnt}}JntCiGbp[!: 

bpp hwpl}wbu I!UfltuCimu t wnwfig uwhmu)1 (7.166), umwgl}mu t. 
jcos /J-z sin/J +Awl::;; 3,5µu(l + k ~z cos /3 + sin/Jj, 
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k1 = [%{cos ,8- z sin .B)-* Aw }os .8- k(zcos .8 +sin .B)sin ,8, 

kn = k( cos .8 + si:,B}os .8 +[%(co; .8 - sin,8 )-*Aw }in,8, 

kw= -%{cosfJ-sinfJ)+*A",, (7.171) 

npmbri. z = tga = V~ /v~ -Ci hwm)14)1 wCiquwCi mri.ri.mpJWCi mwCiqbGuCi t, 

AUJ = d tJw~ /(2v~ )-a· UJ.Wpwubmp · 4wju4wb hwmf14P wCi4JmGwJpCi wpw

qnt}}Jmfipg upEizL hwpl}wb[!: 
PuUJ.mtufl 4tpw4wuquuwCi wpllJmGwljbm qnpaw4pgCibp[!, bpp hwptlwbCi 

nupwumu t wnw(ig hwmpqp uwhbtm, npnzl}mu b(i hbmLJWL wpmwhWJlllnt
fljntGGbpp oqCintpJWUp. 

k, = l(cos,8- zsin,8)- µ q(l + k )c0 (sin ,8 + z cos ,B)Jcos ,8-k(z cos ,8 +sin ,B)sin ,8, 

kn =k( si:,8 +cos,8 } os,8+[( co;,8 -sin,8 J-µq(l+k}c0( si:,8 +cos,8 J}in,8, 

k., =A,,, -% µ 1 (1 + k )c0 (sin ,B+ z cos ,8), &0 =sign( cos P- zsin P +A"' ): (7.172) 

(7.171) m (7.172) wpmwhwJtnntpJmGCibp[! L hwm)14)1 hwpl}wbp wu4JwCi 
UJ.wJuwuw4wu hwl}wuw4wumpJwG pwzjuuwCi ~muqgpwCi huwpwl}npmpJmCi 
bu mtlbL npnzt1m hwpl}wbp puUJ.m1uj1 l}bpw4wuqfiuwu wprumuwl}bm qnp
bwl.Jpgubpp hwl}wuw4wGntpjwU pwzjuuwfi ~mGl.JgpwGbpI! UJ.WU1)1 uwqbpb
l}ntjpp ajlppp Ciqwmuwup. 

\fl(n,a) = [II>(,B.a )<p·(,B)d,B r <1>(,8.a )<p·(,a): (7.173) 

liJumbri. n = rp{/J), ip'(,8)-a l}bpwtiwuquuwCi qnpaw4gp ununumCi tiwju

l}wbmpJmGG t UJ.wmwhwtiwu hwpl}wbp wG4JmCipg L llJIW wawCigJwtJ:lg: 
liwmwpl}wb hbmwqnmmpJmGGbpI! hfiwpwl}npmpJmG bu mwtJ:lu npnzt1 

puUJ.m1up l}bpwtiwuqfiuwu wpllJmCiwtttm qnpbw4pgCihpI!: ~wpl}wbp t)1npp 
wG4JmGGbpp 11tuwmu llJIWGp qwpnq hfi uha tJ:!Ght uh4)1g : 

~tuptlwbp wCil.iJtuU ubbwguwG[! qmqI!Cipwg hwtlwCiwtiwumpJWCi jumm
}}JWU pwzjuuwu ~mfi4gpwjp uj12w4WJP[! t)1nppwumu t, puq PUUJ.IllLUP 
tlhpw4wfiqfiuwCi qnpbw4)1gfibpp up2pu wpctbpCihpI! tJ:!Gmu bfi ub4)1g t)1npp: 
PUUJ.m1up bpqwJCiwqwfi l}hpwqwfiqfiuwfi qnpb{!upwgubp[!, 4wjul}wa pbppp 
tiwu UJ.Wm)1 wGhwppmpJmfipg m 6L)1g, 4wpnq bu I!firimuh1 UJ.wmwhw4wCi 
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ubantpJmfifibp, npnfip 6zqpflm qclt.l.wp t finpuwt.l.npht npLl pwzfufll ~mCiqgpwJp 
oqfintpjwup: 

7.6.5. <wplfwr7nl/ tfmp6bpft wzjuwmwupwjftu tfw!Jbpbuft tfw2lfw0pft 
Jwtftft npnzmtif! 

Pfiwl.J.wCi t, np hwmpqwuwfipplfibpp (hwmpl.J.w2wpajllfibpp) wztuw
mwfipp nfipwgpmu ump.6}11.J.fibpfl hwpt.l.wanlJ. L. qwfiwl.J.fibpfl 1.J.mpn11 uwuhpl! 
uwzt.l.mu bfi {fiq. 7.28): 

Spt.l.ht t uwzt.l.wapp ubampJwfi mbuwqwfi hpufiwt.l.npmun L. qwnmgtlhL bfi 
uwzt.l.wapp qpw:t>fl4Cibp' 1.J.wtut.l.wa zwhwqnpauwfi mL.n11mpjntfipg [18]" 

lufiajipl! tmcrbtnt hwuwp [!fitnpt.l.ht t ump6pl.J.fibpfl wztuwmwfipwjpfi 
uwqbpbuCibpp uwztJ.wapfl hbtnLJWL hwzt.l.wpl.J.wJ}lfi hwuwl.J.wpq[! {fiq. 7.29): 

lfw2t.l.wb"pp ubampJmfin npnzlJ.bt t '1-.q.wp.mlJ.P pwfiw6L.p oqfimpJwup' 

c(~)= d!i(~) =ka(,;)Vt=k r(;)vt (7.174) 
d~ AEJ f 2AE ' 

nppg bpL.ntu t, np uwztJ.wapp pwzfuuwfi oppGwlwtflntpJntfil! LJ.wtut.l.wa t 
finpuwt twpuwfi (a(~)) qwu znzwtJ:mq twpuwfi (r(~)) ~mCiqg}lwjpg: 
Pwfiw6L.mu k -Ci hwplJ.wap pCiuit:ifiuplJ.mpJwfi qnpawl.J.Pgfi t, V -u· hwmpl.J.P 
wpwqmpJntfil! ump6pfi hwfiqpUJ.btm dwuwfiwq, E -Ci' ump6}1 ubmw'lP 
wnwaqwqwfimpJWfi Ufll}ntll!, t -Ci. uwzuwfi dwuwfiwql!.f-1!' ump6}1 L. hwtnpl.J.P 
ufl2L. ztfluwfi qnpawl.J.Pgl! hwmfllJ.l! umpl'ip uwqhpbumJ. zwpduwCi dwuwCiwq, A -
Ci . uwqbpbun: 

ulj. 7.28. ifntp6ftl;ubpjJ Ii IJWUWljabpjJ uw2lfw0pjJ Wl fuWWWUj]W)flU 
lfwl;bpbulibpjJ [!O!]hwump wbup[J 

lijul.l.J.Punlj_, fuCiqpp tntantU[! hwfiqbglJ.bt t Untp6fl wzfuwmwfipWJ}lfi 
uwqbpbup tlp.w finpuwt (a«JJ qwu znzwtJ:ln11 (r(W LWPntUfibpp ~mfiqgpwjp 
npn2uwun: 
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?A;. 7.29. Uiup6/1 w2fuwwwupw;ftu lfwl;bpbuft uw2lfwm11p;wu 
hw2lfwpljw;ftu ujublfwu 

UztuwmwCipwjpCi uwl.J.bp.hup tJ.pw hwmpl.J.P wql}uwCi mdbpn· Cinpuwt L. 

znzwtJ:mq. ~z =f'ocosa, r0 , =f'o sin14i, ~x=gsin~, r0x =%C05aQ, (7.175) 

np.mbq Po L. q0-fi z L. x mq11mpJmfifibpm.t hwpt.l.wan11 mdbpfi bfi : 
lfmp6p wztuwmwfipwjpfi uwqbpbupfi mwppwqwfi hwpt.l.wap hfiwpwt.l.np 

tnblJ.wtflnfumpJmfifibpp hwt.l.wuwp.mufibpfi mfibfi 

faa,, V(x,z)dF- fr,, av(x,z)dF=O, 
F (}z F ax 

far,, U(x,z)dF- f axx au(x,z) dF = 0 (7.176) 
Faz F Bx 

mbupn, nptnh'l crxx. L. CTzz -n hwUwUJ.wmwutuwfi wnwCigpfibpp mqqmpjwup 
finpuwt h znzwtJ:mq twpmufibpfi bCi, V( x,z) L. U( x,z}n' z h x wnwCigpCibpp 
mqqmpJmCifibpnt.l. mb11wtflnfumpJmfifibpl!: 

V( x,z) L. U( x,z) mbqwtJ:mfumpJmfifibpp :t>mCiqgpwfihpn t.l.hptmabtnt.l. 
.'.bjntpbp upfimu L. qnupfimu wfit.l.hP.2 zwppbpfl oqfimpJwup L. umwgt.l.wa wpmw
hwJtnntpJmfifibppg V,,(x,z) L. U(x,z) wpdbpfihpl! mh11w11f1htnt.l. (7.176)-p ub2, 
umwgt.l.mu t . 

f aa,, V" (z )cos a"xdF + fr., (aJV)z )sin a0xdF = 0, l 
F az F 

far., U)z)sina"xdF +fa xx (aj~J)z}cosanxdF = 0 : 
F (Jz F 

(7.177) 
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OqmwqnpbhLntl ~nt4J1 {!fiqhwGpwgtlwb ophG12I! hwpp LWPtlwbwjpG 
tlJ16"w4J1 hwuwp, GnpUWL (crxx. crzz) t. 2n2wl{lnq (r.,) LWpmuGhpp hwuwp umwg
tfhL hG hhmhJWL wpmwhwJUlntpjntGGhpf!. 

azz = 
1
_:2 {~~(z)+anvUn(z)]cosanx-(1~ v )anVn(z)sinanx}, 

Uxx =~~nUn(z)+vV~(z)]cosanx, 
1-v 

'xz = _(E )[u' (z)-anVn(z)~inanx: 
2 l+v n 

(7.178) 

<!.Gwpwtlnp mhqwl{lnfumpJwG pwGwot.hpG (7.193) pfitnhqph1nt hwuwp 

npn2tf hL bG aa,, m 0' zz wpmwhwJmntpJmGGhp[! t., mhqwllflbtntf (7 .177)-p 
az oz 

ut2, umwgtlht t. 

J{ ~;'(z)+a,,U~(z)]cosanx- 1 ~ v (a.)v; (z )sina.x} cosa.xdF = 0, 

J{[u~' (z)+anv;(z)]sin2 anx + l~v x 

x Ju~(z)sinanxcosa,,x- f[ap.(z)+ vvn(z)]cos
2 
a.x }dF = o: (7.179) 

~w2tlJ1 wnGhtntl, np hwtnp4Gbpp wqqhgmpJntGpg umpnp tWJClw4wG 
qh:}:>npuwgpwGhpl! 2wm l{ln12p hG t. qnpaGw4wGnpbCi hwumwmmG uhampJmG
Ghp bG (U,,(z) = canst t. Un(z) = 0), (7 .179) pwGwot.bppg umwgtlwb wpmw
hWJUlntpjwG pGmbqpmupg hbtnn umwgtlht t. 

v;' (z) sin 2a.c + 2a.c + v ' (z { 1- v) 1- cos2a.c + 
4an '\ 2 4 

1- v V ( ) sin 2a.c - 2a c 0 +a -- z n = : 
n 2 n 4 

(7.180) 

2w= 1-cos2a.c (1-v)a 
sin 2anc + 2anc 2 n ' 

A,2 = 2a.c-sin2a.c(l-v)a;: (7.181) 
sin 2anc + 2anc 2 

(7.180) llJ1:}:>hphGgpw1hwtlwuwpmuI! 4wphtJ1 t qph1hbmhJWl tnhu12ntl. 

v:' (z )+ 2wv: (z )- A.2 V.{z) = 0 : (7.182) 
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'1-p:}:>hpbGgJ1w1 hwtlwuwpuwG (7 .182) pfimbqpmupg hbmn umwgtlbt t 
Vn(z) :}:>mG4gJ1wJp wpmwhwJtnntpJwCi tlbp2Gw4wu mbu{2[!. 

V (z)= V e-(w+r)z[l- shyz e-r(h-z)] : (7.183) 
n max shyh 

liJuuUiuntl, V( x,z) :}:>mu4gpwJp hwuwp 4muhGwfi12 hbtnhJWl wpmwhwJ-

mmpJntfi{!. v(x, z) = vm .. e-(w+y)z [ 1- ::~ e-y(h-z) ]cosa.x : (7.184) 

Vn(z) :}:>mG4gpwjp wptnwhwjtnntpjnt!l[! (7.1 83) tnbqwllflhtntl ('r,,)-p 
pwGwot.p uh2 (7.178) t. hw2tlJ1 wnGhtntl, np Un(z) = 0), 'txz -p hwuwp 4umw
GwG12 hhmhJWl pwGwdl..£!. 

r = __ E_{a e-(w+r)' [ l- shp e-r(n-z)]}v sin ax· (7 185) 
rz 2(1+ v) n shyh max n • • 

(7.185) pwGwot.mu wGhWJUl t V max ubampJntG[!: liJG npn2t1m hwuwp 
oqmt{hG12 umpnp w2tuwmwG12wJpG uw4bpbup tlrw (OS z S h) hwtlwuw-

" pw42.nntpjwG hwtlwuwpmupg' f • x, dzl x=o = q0 cosa0 : (7.186) 
0 

SbIJ.Wllflhtntl txz -p wpdh12£!, J1Gmhqph1mg hbmn 4umwfiw!l12 . 

V = 2(1 + v). % cosa0 • 

max [ ( ] (7. J 8 7) 
E 1- a.e- w+r )h - ;a. [(chwh- e-P. )-!!l__shwh] . 

w+ r A. shyh a. 

Vmax -p wpctb12£! tnhIJ.Wllflhtntl (7.186)-p uh2, umwgtlmu t 'txz :pmu4gpwjp 
tlhp2Gw4wG wpmwhwjtnntpjntG{!' 

q cosa e-(w+r)z[1- shp e-r(n-z)]sin a x 
0 . 0 shyh n 
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2v I q0 cosa0 
O' ----· x 

xx - -(rv+y)h 

(l-v) [1-a.e ]- {a" [(chwh-e-?l> )_!!!_shwh] 
w + r A. shyh a. 

-(oar)'[( ) ychyz-wshyz -r(h-z)]} x e w + r + e cosa.x, 
shyh 

(7.190) 

a-,,=-(1~v)·I[ /3-<rv+r)c ] -:·';[(" - _)., -r I- .:.._ _ -~ chwc-e-rc - --:::- shwc 
w +r A. 2shyc r 

-(1J+i'lx[(- -) ychfx- mshfx -y(c-x)]} /3 x e OJ + r + - e cos . z ' 
sh')'C 

(7.191) 

P, sin a e-(w+rl•[1- shfx e-r(c-x)Jsinf3 z 
0 0 shfc n 

npmhq' 

(7 .193) 
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I 
n · -(w.+f~[l shpc -r(c-x)J l r, sma e ---e 

~(z)= k~ 
0 0 

shfc : (7.195) 

/3.EA [1-f3.:_-(w~';:]- f/3. [(chmc- er'")-~shmc] 
w + r ;.,2 shyc r 

DtGhGwtntl uwzqwapp uhampJntGGhpp 1>mGl.igpwGhp[! hptiwJGwtiwfi {OS 
z S h) L tWJGwtiwG {OS x S c) mqqmpJwup' wztuwmwGpwJpfi hwppm
pJmGGhpp uwtihphuGhpp hwuwp tiwnmght hGp 'l{lwfig qpw1>pltGhp{! L 
tuumpGhpu: 

lfmp6p wztuwmwfipwJpG hpltwJGwtiwG hwppntpJwG uwtihphup qpw 
{OS zS h) uwzqwapp uhantpJntGGhpp qpw1>pltGhp{! tiwnmghtnt hwuwp hwz
qwptitlht hG hwUwUJ.wmwutuwG gmgwGpzGhp[! hhtnLJwt mt.lJwtfihpp hwuwp. 

2w=0,07, .-1? =0,02, r=0,146, w=0,035, A. =0,141 , a. =0,45, 

shyh = shl,022 = 1,2060, e->" = 0,3606, (J) + r = 0,181, (J)h = 0,245, k = 0,002, : 

0 Vt 100·6,6·106 
2 • 

a 0 =30 ,ka:EA=k 6 =8,25·10 k , q0 sma0 =0,5q0 , 
" 0,2 . 2 · 10 . 2 · 1 

8,25·102 
· 0,5%k = 4,125q0 ·k·102

, k = 2·10-3 = 0,002, ~(x)= 8,25% : 

<.wztlht hfip fiwL ~(x)-p hwuwiqwmwutuwfi gmgwfipzfibp[! umpop 

owtiwmwjpfi hwppmpjwfi qpw' OS x Sc hhmLJWL mt.lJwtfihpp hwuwp. 
Jr 314 - -

c = 2 utf, /3. =-;; = ~ = 1,57, r = 0,900, w = 0,0021, ~ = 0,902, r "" A., 

- - Vt 100 . 6,6·106 
2 

e >< =0,36, shyc=shl,8=3,0, k--=k 
6 

=k·0,67 ·10, 
/3; EA 2,465 · 2·10 ·2·1 

Vt 2 2 Po cosa0 - 2 - = P0 • 0,86 · k · 0,67 · 10 = 0,516·10 q0 · k, 
/3.EA 

k=2·10-3
, ~(z)=0,576·10-2 · P0 ·2·102 =l,152Po: 

lljfinthhmL tiwnmgtlhL hfi ump6p hptiwJfiwtiwfi L owtiwmwJpfi hwppm
pjntfifihpp uwtihphufihpp uwzqwapp lJimpntumpJWU qpw1>ptiwtiwfi oppfiw~w
lJintpjntfifihpG m umpop hpltwJGwtiwG L owtiwmwJpfi hwppntpJntfifihpp 
uwtihphufihpp uwzqwapp tuumpfihp{! [18) (Gti. 7.30, 7.31, 7.32, 7.33): 
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Ll.(Z), 
ml 

0,16 

0,12 

0,08 

0,04 

\. 

""~ ~~ Ll,(Z)=f(h) 

............. r--__ -1---r---.. 
0 I 2 3 4 5 6 7 b,ull 

'Ulj. 7.30. Uiup6'ft w2fuwmwupw1ftu lipljw1uwljwu hwppmp1wu lfwljlipliuft 
lfw2lfwump1mu[J !l(z) lJULn lipljwpmp1wu (h) 

. "' ~ ll(X) 
ull 

~ 
"'--

0,20 

.......... 
~ Ll,(X)---f{C) 

0,15 

.............__ 
r---....._ 

r---r---__ 

0,10 

o,os 

0 O,S 1,0 1,5 C, 1111 

'Ulj. 7.31. W11p6'ft 6'wljwmw1ftu hwppmp1wu lfwljlipliuft lfw2lfwump1mli!J 
!:i(x) [JUlfl [W]Unl/}]WU (c) 

I ,61-1---1----1---+---l--+--+----t----j 

l.,2i:.i' ~--l--+----1---4----+--+----'l----i 

0,811--4---+--+-----lf---i---+---+---I 

0,41----l----1----+---l--+--+----t----j 

0 2 3 4 5 6 7 

'Ulj. 7.32. Uh1ptift lipljw1uwljwu /, owljwmw1ftu hwppn1PJm6ulipft 
lfwljlipliuubpft tfw2lfwump1wu tUJJmpulip!J 

8 

2.4 ~(x), [~(z)] 

2.0 

1.6 

1.2 

0.8 

0.4 

0 2 3 4 5 6 7 h(c) 

'Ulj. 7.33. Uh1p6'ft lipljw1uwljwu /, 6'wljwmw1ftu hwppmp1muulipft 
lfwljlipliuulipft lfw2lfwump1wu :pmuljgftwulipft 1/m1/mfump1wu 
opftuw1wtftmp1muulip!J . 

~WUlpqWUWCippw UntpfipqCibpp w zJuwUlWUpWJpU Uwqbpbu(ibpp Uw z-
4_wbpp l.WtPP npnzmuCi twqwCi CizwCiwlJ.mpJmCi mCip qpwCig lJ.wpbpwguwCi 
Ulbqwuwubpp 6zqpU1UWU h hWUW\llWUlWUJuwCi uzwqmuCibpntJ. bpqwpwqbgm 
J)JWU pwpapwguwCi qnpamu: ri.mpu pbptJ.w a pwCiwahbpf! h qwnmgtJ.wa qpw 
:PplJ.Cihp[! hCiwpwtJ.npmpJmCi bCi Ulw!liu npnzhL ump6plJ.Cibpp bplJ.wJ CiwqwCi h 
fiwqWUlWJpU hwppntpJntUCibpp UWqbpbuCibpp Uwz4_wapp oppUWl.WtPnt
J)JntUCibp[! h qnCiqpbUl l.Wtlihp[!' qwJutJ.wa ubpbCiwJp zwhwqnpMwCi Ulhnqm
}}JntCipg: 

7. 7. fl.nmnpw1ftu muftlfbpuwf hwmftljwlfwupft2ft qftmwt/mpdbpft 
ljwmwplfwu Olljw111w/j!J, brzwuwljUbp!J li. wpIJJntOp tibp!J 

SbuwqwCi hbUlwqnUlnt}}JWCi wpqmCipCibpp h qnCiuU1pntlJ.U1npwlJ.wCi hwz
tJ.wplJ.Cibpp hpuwCi tJ.pw uzwlJ.tJ.bL t mCiPtJ.bpuwl hwY<;::Iwuw Cipfll. UbpbCiw, npp 
lJ.wnmgl(wapwJpCi uJubuwCi pbptJ.wa t CilJ.. 7.34-mu: 

7. 7. 1. <l-ftmwt/mpdbpft ljwmwplfwu tilljwmw/j[J 

q.pUlwipnpabp[! lJ.wU1wptJ.hL bCi bpqm ipnqntl' CiwJuCiwlJ.wCi h hpuGwqwG: 
\,wJuCiwlJ.wCi ipnpabpp qwUiwpuwCi uuiwUlwlJ.Ci t bqhL hwU1plJ.wuwCipptli 

wnw2pu Ciumzf! (CilJ.. 7.34) ipnpawplJ.hL h npnz uiwpwubUipbp 6zU1hL wCiup2w
uitu Ulbqmu, wnwCig Junp qpUiwqwCi ubpnqCibpp uzwquw Ci, w uiw qpU1wipnp
cbpntJ. l(bp2CiwqwCiwuitu UUlntqhL h 6zU1hL Ulbuwqw(i mumuCiwuppntpjntG
Cibpnl( uUiwgtJ.wa wp11JmGpCibp£!, hbUiwqnUlbL m npnzbt WJCi qwnmgtJ.wapwJpG 
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L. zwhwqnpmuqwa UJ.WpwutmphpJ!, npna11 mtuwqwanpta .1_ta mumuawupp
tlht: 

<l>npawpwpwqwa hhmwqnmmpJma
atpp aUJ.rntnwqa t hqht-

1. vwtuGwqwa tf1npahpntl npnzht 
umpnpqahpp L. 11waw4atpp hwummpJnt
al!, hpqwpmpJntal}, 11waw41}, 1!a11qpquwa 
trnJampJmal! (uwapwguwa tugptiP), 
tth4mpwzwpctpiJi mhuwqJ!, hqnpmpJm
aJ!, UJ.tnmmwptlhpJ! L. wztuwmwa11wJpa 
tth4mpwqwa utuhuwa: 

2. ~puGw4wCi tf1npabpntl Cizmbt pw
Cinq L. octwfi11w4 opqwCiCihpp 4wnmgtlwg-
11wJpCi UJ.Wpwuhmphpl}, npnCig ctwuwGw4 
4wUJ.whntltlP 10-36% tunGwtlmpJwup 
hwmpqfitpp uwGpwguwG npwqG l}UUl 
qnnmhtuGpqwqwG UJ.WhwG2Ghpp: 

'&lj. 7.34. fl.nwnpw1ftti mtifttlbpuwf 3. Opnzht zwhwqnpmuqwCi gmgwCipz-
hwwftljwtfwtipftlft [Jti!]hwtimp wbupfJ Ghpl} L. O'zmht OUJ.tnptiwt m mGmbuwUJ.hu 
mCimbuwUJ.hu wpllJmClwtlhm nhctpuGhpJ!: 

4. liwmwpht qpmwqnpbawqwG wnw2wplJ.mpJntGGhp: 
q_pmwtfmpohpJ! tiwmwptlhL ta trnpnpwump L. wpmw'1Pw4wG UJ.WJUwG

Ghpmu: 
OpUJ.hU tf1npowp44nq CiJmp [!Gtnptlht hfi qwpp, gnphfi L. hqpUJ.mwgnphG: 

fipUJ.hu qGwhwmnq · gmgwGpzlihp [!Cimptlht hG 8-39% tunGwtlmpJwup 
hwmplJ.Ghpp uwGpwguwG npwqG l}UUl qnnmhtuGplJ.wlJ.wCi UJ.WhwG2Ghpp, tf1wu
mwgp wpmw11Pn11wlJ.wCimpJntG[l (lJ.q/ct), tGhpqwmwpntf)Jnta[l (lJ.'ltn. d/lJ.q) L. 
WJL zwhwqnpbwlJ.wG gmgwGpzGhp: 

7. 7.2. 'Uwjufiwljw{i qftmw1/wpdbpft ljwmwplfw{i lfbpnIJ6bpp l.i 
Wfll)}nLfip{ibpp 

tizmuwfi hGpwlJ.w UJ.rnpwuhmphp[l pwquwqwfi hG L. wfihpwcthzm t 
uhbwbwtlwt tf1npohp lJ.wtnwphl_, npl! upztn 2t, np hGwpwtlnp t: Otutnp, 
tf1npohpp 11wGwlJ.[1 UJ.rnlJ.wuhgtlhL bG GwtuCiwlJ.wG qptnwtf1npahpntl: 

btGbtntl ~mpwdwjpG hwmplJ.Ghpp mhuwtiPg m tunCiwtlmpJmGpg, 
qpwlJ.wCimpJwG mtlJwtGhppg L. lllflwlJ.mplJ. tf1npohppg, tf1npowplJ.uwG hwuwp 
UJ.rntnpwumtlbt hCi hwpp umpnplJ.Ghp L. wmwuGwtlnp 11wGwlJ.Ghp (GlJ.. 7.35): 
l).pwGg hwummpJntGCi l}Citnptlbt t' h=2 L. 3 uu, hplJ.uipntpJntfil!' C = 70 L. 88 uu, 
11wGwlJ.[1' n= 22 L. 24, wnwGg11Ghpp 11wGwlJ.[1' nw=2 L. 4, [!G11qplJ.uwG trnJCim
pJntG[l (uwGpwguwCi tugptiP trnJGntpJntG[l 1.J.wu wnwGg11Ghpp hplJ.wpmpJntG[l)' 
b = 54 L. 64 uu: 
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q_p.mwtfmpohpJ! gntJ9 ta mtlti_, np 3 uu hwummpJrna umpopqahpJ! 2 uu-p 
hwuhuwmmpJwup hwmptiw2wpajliJi wpmw1ymqw4wampJmal! pwpapwgamu 
hG upa.1_L. 10% L. upwctwuwaw4 mCihG pwpap zwhwqnpbwqwa hmuw!PmpJntCi, 
hwmqwUJ.hu 2np (upa2L. 14%) m up2pa .1_npntpjwa (14-16 %) hwmpqahpp 
uwapwguwa 11huwmu: 

w) 

p) 

'&lj. 3.35. Ui11ptijlljtibpft [, I]Wtiwljtibpft. 
w) ljwmugwcfw()pw1/1fi ujubtfwtibp!J lip) [Jtiql1wtimp wbupbpf! 

Upmw'lPn'lwlJ.wGntpjwG pwpapwgntti[l pwgwmp4mu t hwutn umpoplJ.-
Ghpp wztuwmwGpwjpG (hwptlwbwjpG) uwlJ.hpbuGhpp uhbmpjwup, hhmL.w
pwp L. uwCipwguwG tugplJ.mu umpnplJ.Cihpp [!G11hwfimp hwptlwbwJpG uwlJ.h
phup uhbmpjwup, npp 11huwmu umpnplJ.GhppG hwuhuwmwpwp zwtn hw
tnplJ.Gbp bG hwG11pUJ.ntu: 
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~wmpqwuwGpptlJ wpmw'lJlwlJwG tWJG i.pnpawpqmuGhpn gmJg wt.J.hgpfi, 
np CT-3, CT-45 L. 651 UJ.Il'l.UJ.WUlGhppg UJ.WmpwumtJ.wO- ump6pqGhpp L. 
qwGwqGhpp uwzn hwuhuwmwpwp i.pnpp t 65f-p unw, puq wuhGwuhbn' CT-3-
p unm: UwlJwJCi 651 UJ.Il'l.UJ.WUlI! pwGq t, qctt.J.wp t hGpwpqtJ.mu uh}uwGpqwqwG 
uzwquwG L. upzm ,1.t, np hhzmmpJwup t ohn12 phptlmu: fltump, tnGtnhuwqwG 
wpIJJmGwtJ.hmmpJwG gmgwGpzCihpn hwzt.J.P wnfihtnt.J., nGmpht hGp CT-45 
UJ.nqUJ.wmn, npn zwm twt.J. t hGpwpqqmu uh}uwGpqwqwG m 2tpuwJpG 
uzwquwG L. hwuhuwmwpwp tctwG t: 

Q.pmwi.pnpohpp ctwuwGwq 88 L. 70 uu hpqwpmpJwG ump6pqGhppg m 
qwGwqGhppg hwuhuwmwpwp pphGg twtl qpul.nphgpG wnw2pGGhpn· 88 uu: 
liJu qhUJ.Pmu uhowght t uwGpuwG wump6wGn L. GzwGwqwJ.ll pwpopwght 
wpmwqpnqwqwGmpJmGn: '1-w pwgwmpqmu t GpwGnq, np 70 uu-p hwuhuw
mmpJwup 88 uu hpqwpmpJwup ump6pqGhpp m qwGwqGhpp hwpqwO-wjpG 
wpwqmpJmGG m pGhpgpwJp unuhGmn oho hCi, hhmL.wpwp uho hG GwL. 
hwmpqCihflI! 2wpqhtm L. uwGpwgfihtm hwpqwO-wJpfi mcthpn: 

CGtnptJ.ht bG 12 ump6pq L. 12 wmwufiwt.J.np qwfiwq, npnGp hwt.J.wpqbt bfi 4 
wnwGg12p qpw zw}uuwmwoL.: lTwGpuwfi }ugpqmu qwGwqGhpp nGqqpquwfi 
twJGmpJmGn qwqliht t 54 uu: 

~wmpqfihpp uwmmguwG mhqG nGmphtm hwuwp tlinpohpn qwmwpt.J.ht hG 
hpqm mwpphpwqnq. wnw2pfi' uwmmgmun qwmwptlhL t pupmqp qhGwpnfipg, 
hp4flnpq' pupmqp wuhGwqhpL.p owupg: Q.pmwi.pnpahpp wp11JmG12Ghpp 
qhptmO-mpJmfin gmrn t mtlhL np qhpL.pg uwmmguwG qhUJ.Pmli qhGmpnGwqwG 
uwtnmguwfi hwubuwmntpjwup WflU1W'lJln11wlJwGmpJmGn ubo t unm I ,7 
wGqwu: '1-w pwgwmpqmu t CipwGnq, np pupmqp qbpL.p uwupg uwmmghtf1u 
hwmpqGhpG nfilJGmu hfi WUUP2WUJ.hU ump6pqfibpp nt qwGwqCihpp hwp
tlwO-wjpG qnmp, puq qhfimpnGpg uwmmghtf1u hwmpqGhpfi uqqpmu uqutlmu hG 
UJ.Ulmtlbt L. 4hfimpnGw}umJU mdntl qwuwqfihpp mqqmpJwtfp zwpdtlht qhUJ.li 
wz}uwmwG12wJpG qnmp, L. Gnp u4umu t uwCipuwG qnponGpwgn: Iltump, 
nfimpt{ht t pupmqp qhpL.pg, wfiup2wUJ.hu pmGqhppg uwurntguwG hqwGwlJn: 
ShuwqwG qwmnqmpJmGGhpp hhm hwunfilJGmu t: 

<l>npowpqtlht hG pmGqhppg hwmpqGhpp htpp wGg12p mwpphp ,1.wi.puhp L. 
mwpphp qwnmgtlwbl2p i.pwqwfiGhp: ~wuhuwmwpwp twtl wpqJmG12Ghp hG 
umwgt{ht htpp wGg12p 56 x 56 Liu ,1.wt.Pun L. wnw2nGpwg-htmnGpwg i.pwqwGn, 
num npmu, pmu4hppg hwmp4utpp twp wGg12p 56 x 56 uu ,1.wt.Pun hwuwpt{bt t 
01.lJ.UlpOWt: 

lTmp6pqfihpp (qwGwqGhpp) L. }ugpqp wz}uwmwfipwJpG uwqhphup up2L. 
1wtlwqmJG ptugwlJI! npnzhtm hwuwp qpmwi.pnpahpn qwmwpt{ht hG 2-8 Liu 
pwgwqp hwuwp: UnwtJ.btwqmJG wpmwqpnqwqwumpJntGG t umwgtlbt 4,5 uo 
pwgwqp I}hUJ.Pntu: 

lTwfipuwfi }ugpqp wz}uwmwGpwjpG uwqhphup qpw UJ.Wmpwumtlbt bG 
tntuppbp aL.p, }unpntpjwCi L. hbnwt{npntpjwG wqnupqGbp L. i.pnpawplJtlbt: Uuh
Gwpwpap wpmwqpnqwqwfimpJmGG umwgtlht t, hpp wqnupqGbpp }unpm
pJmGn bqbt t 3 utf, UJ.WUlbpfi ppwp Ciqwwuwup mqqwhWJW9 L. ppwppg 
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hhnwqnpmpJmuGbpn' 10°-p wG4JwG mwq: ShuwqwG hhmwqnmmpJmGGhppg 
umwgqwop uwhuwGuhpmu t: 

7. 7.3. <J11Hiwljwti qftmwtjmpdlipft liIJwtiwljtilipf! 
[, WflllJllltip{ifip[! 

~wmpqwuwfippl}l UJ.Wpwuhmphpn tJ.hp2Gw4wGwUJ.hu hpuGwt{nphtm L. 
qnpO-GwqwG wnw2wpqmpJmGuhp wuh1m hwuwp qpmwi.pnpahpn qwmwptlht 
hG hhmL.JWL hqwfiwqGhpmJ.: 

IlpUJ.hu qfiwhwmuwG gmgwGpzubp nGqmfit{ht hG uwGpuwfi npwlJn 
(qpwGm1wuhmpwqwG qwqun), wpww'lJlnqwqwGmpJmGn L. tfihpqwmwpm
pJmGn: 

<l>npowpqt{nq UJntphpn· qwpp, gnphfi, hqpUJ.mwgnphG, wphhumwqwG 
hqwuwlJntl }unuwqwgtlht hu 8-39%-p uwhUwGhpmu: 

UphhumwqwGnphu }unGwqwgGhtm hwuwp wfihpwcthzm 2PP pwuwlJn 
npnzht bfip hhmhtJWl pwfiwahmt.J.. 

G - G [ 100 - Wu 1) 
P - " 100-Wt/ ' C

7·96) 

npmhq' G2 -u wtlhtw~t{nq 2PP 4zpnfi t, qq, Gh -Ci· }unGwt{wguwG hGpwpqqnq 
hwmpquhpp qzpnn, qq, Wu L. Wtl -G hwOWUJ.Wtnwu}uwGwpwp hwmpquhpp 
uqqpGwqwu L. qhp2uwqwu }unGwqmpJmGuhpG hG, % : 

lvnGwqwguwG nGpwgpmu 2PP qnpmutn t tf1Gmu, qw hwzt.J.P wnub1m 
hwuwp i.pnpapg wnw2 }unGwtJ.wgqwO- wupn112 (G2 + Gh) qwGqqwon qzntlht t, 
umwgqwo qwGqqwO-Ghpp mwppbpmpJmGn (G2~) hwfiht hG12 G2-pg L. (7. I 96) 
pwGwoL.n 6L.wt.Pntut1mg hhmn mtlJw1 mbuwqp }unfiwqwgqwo hwmpqGhpp 
ppw4wu JunfiwtlmpJmGn npnzhtm hwtfwp umwgtlht t hhtnL.Jwt 
wpmwhwJmmpJmGn. 

IOO(GP -G 1.)+G.W 
w" = p, '' " : (7 .197) 

G"+GP+GPti 

l>mpwdwJpG hwmp4 uwupwgunq opqwGGhpp tnhuwlJn (hwpp ump
opqGhp, ph wtnwuGwtJ.np qwGwqGhp), 'lJlWGg qwuwqnpmpjmGn L. pwGwlJn 
ozmhtm L. iwtiwqmJG mwpphpwlw npnzh1m hwuwp tlJ ljwphJll uwhUwGw
i.pwqtJ.ht upwJG hwmpqwowGppl}l wnwtJ.h1wqmJG wptnw'lPnqwqwGmpJwG 
qGwhwtnuwup: liJumhq ljwpL.np GzwGwqntpJntG mGp uwGptJ.wbl2p hwtnpqw
lwi.pwljwG 4wqun, WJUPG12G, uwGptJ.wbl2p lilltPUh[lI! nppwGntJ. hG hwuw
UJ.WUlWU}uwGmu wfiwuuwpmO-wqwfi UJ.WhwG2fitppu: ~htnhwpwp, mwpphp 
tnhuwqp uwGpwgGnq opqwGGhpp, 'lJlWGg qwuwqnpmpjwG m pwuwqp, 
pfilUJ.hu GwL. uwqp wnlJtuJntpjwG L. wnwug 'lJlW, mwppbpwljGhpp i.pnp
owpquwG ctwuwGwq wGhpwcthztn t hqh1 npnzht GwL. uwGptJ.wbl2p hwtnpqwlw
i.pwqwu qwqun: 
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<l>npobplt pwClwlm 4J16wmb1m Cluiwmwltntl hwmltLtwuwCipptlJ tlrw 
mbqwrynJ.bl t u)ltuJU dhu=5 uu mpwuwqanq wCigpbp mClbgnq uwq: vzqwa 
mwppbpwltCibp)l hwubuwmntIJJtuCi m wpllJntCiwqbm wztuwmwCip)l qClwhwm
uwCi hwuwp fllU tiltwCiqwuwjCi pwqwpwp t: U]lwctwuwClwlt, qmpobpJ! 
Ltwmwpqb1 bu wnwClg uw'llt: 

Q.wpm, tq)luimwgnpbCilt L gnpbCi)l qpwum1wubmpwltwCi ltwqUJ! npnztlbl 
t lwpnpwmnp IJ.lWJUWCiCibpmu 5, 3, 2, 1 uu w(igpbp m(ibgnq mbuwLtwtlnpnq 
uwqbplt hwl.J.wpwantnq: Umwgqt1 bu 5 uu-)lg uba, 3-5 uu, 2-3 uu, 1-2 uu bt 1 
uu-)lg qmpp lwl}1ubp)l uwuCi)lltfibp)1 ltntJU1bp: lizntlbt b(i lJ.ntJU1bp)1 qwfiq
qwaubpJ! L. npnztlbL mwppbp ubCYntIJJWfi hwm)lltwqnpqwa mwppbp mbuwlJ.)1 
hwm)1lJ.Cibp~ qwfiqqwa(ibp)l mnLtnuwJ)1fi pwCiwltntIJJntCiubpJ! hbmL.JWl pw
GwoLnq. 

dq=q,,,100/Qfi % ' (7.198) 
npmbq q~-1! wnwuo)1fi :ppwltg)1wubp)1 qwfiqqwau t, lJ.q, Qfi -!!· fiumz)l 
J!Cil}hwfimp qwfiqqwb"[!, lJ.q: 

Unqnpwpwp, ubpbfiwJ)l wzfuwmwfip)l wpllJntfiqbmntpJntCif! qCiwhwmmu 
b(i ubqnfiwJ)lCi, hbpIJwtiintuwJpfi, hbppwl}1ntu)l tit.Lt ctwul.J.w L. g)llt1wJ)1Ci 
wpmwrirnqwlJ.wCintIJJntCiCibpnq: .J2wfi)l np q)lmwl}1np6bp)l CiuiwmwltCi t bqb1 
6zmh1 uwupwgnq opqwuCibp)1 Ulbuwltf!, qwuwlJ.npntpJntfi[! L pwCiwltf!, mum)l 
uwhUwCiwl}1wlttlbt bCip u)1wJCi gJ.11.\twJ)lfi wpmwrirnqwlJ.wfimpJwCi npnzntunq' 

Q9=3600Ghp/T9 ltq/ct, (7.199) 
npmbq Ghp -Ci pmulJ.bp)1 ut2 l9tlwa hwm)lltCibp)l qwCiqqwaCi t, ltq, Tg-Ci' 
uwCipwguwCi mLnqntpJntUf!, q: 

<!,wm)llJ.wuwCip)ltlJ tubpqwmwpntIJJWfi gmgwCi)lzCibpf! npnzb1m hwuwp 
q)1mwl}1np6bp lJ.wmwpbtJ1u oqmwqnpaqt.1 b(i hwuwuiwmwutuwu lwl}1)1z_ 
(wuuit.pubmp, tln1mubmp, qwmubmp), hwz1lJ:ll (t1hlJ.mpwlJ.wCi hwz1l)lz_) L 
octwCiqwlJ. uwppbp: 

Q.)1mwl}1np6bp)1 CiuiwmwLtCi t bqbt' npnzt.1 t1hlJ.mpwlJ.wCi tfibpq)lwJlt 
mbuwlJ.wpwp awtuul! mwppbp mbuwlt)l m tunfiwtlntIJJWU hwm)1lJ.fibp)1 L 
uwqbpp flblllPmu, upw:pwq m bnw:pwq gwCigbp oqmwqnpabtJ1u: 

<l-pmwtjlnpohp{! qwmwpqt.1 b(i bplJ.m l}1m1ntl: 
Unw2hCi thm1h CiuiwmwlJ.Ci t bqbi, Ltwtuqwa mwppbp mbuwlt)l hwmplJ.

Cibp]l (bq)1uimwgnpbCi, qwp)1, gnpbCi) tunuwqmpJntfi)lg, hwmJ:iLtwuwfip)ltlJ 
wztuwmwCipJ:i lnpu nbct)luCibp)1' 

I) uw'llt (dhu =5 uu) wnlJ.WJnlpJWUp Ltnup)1Ciwgqwa opqwClfibpnq, 
2) uw'llt (dhu =5 uu) wnlJ.wJntpJwup hwpp ump6)1lJ.fibpnq, 
3) wnwfig uw'llt lJ.nup}:lfiwgtJ.wa opqwfifibpni.J., 
4) wnwfig uw'llt hwpp ump6)1ltCibpnq, 

l}1np6wpquw(i tup'l]ntfip(ibp)l qbp1mantpJWU h)low(i tlrtu, [!UUl UtuCipqw()"plt 
hwm)llJ.wlwtliwLtwfi Ltwqu)1 L wpmwrirnqwlJ.wCimpJwCi, 6zmb1 hwmplJ.wuwu
p]ltlJ OIJ.lUl]lUWL Ltwnmgi.J.wap(! (J!UUl uwupwguw(i opqw(i(ibp)1 mbuw4.)1 L 
qwuwtJ.npntpjwCi) L wztuwmwup)l nbct)lU[! (tunuwqntpJWU lJ.wpqwtJ.npmu(i J!UU1 
hwm]llJ.bp)l mbuw4.)1): <l>np6bp)1 pwCiwltJ! lJ.p6wmt1m uuiwmwLtntl oqmw-
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qnpatlbl t u)1wJfi dhu = 5 uu Ulpwuwqanq wugpbp mCibgnq uwq: l).w upwuqw
uwJCi pwqwpwp t mwppbp mbuw4.)1 nt qwuwqnpntpJWU uw(ipwgCinq opqw
(i(ibp)1 wztuwmwup)1 hwubuwmwtiwu quwhwmwlJ.wCiJ! mw1m hwuwp: flCiz_
uitu Cizqbg, l}1np6bpf! Ltwmwptlhl b(i CiwL. wnwfig uw'llt: 

bn!.Jpnnn thm1h CiuiwUltultCi t bqbt, Ltwtutlwa mwppbp mbuwlt)l hwm)llJ.
Cibp)l tunfiwqmpJmfi)lg m uwqbpJ:i wfigpbp)l mpwuwqapg, npnzb1 6zqpmi.J.wa 
uiwpwubmpbpml hwm)lLtwuwfipptlJ wpmwrirn11wltwCintpJntfiCi m tfibpqwmw
pntpJntfi(!, L. umwgqwa wp11JmCipCibpJ:i qtp1mampJwfi h)luwfi tlrw h)1uCiwlJ.npt1 
uzwti.LJ.wb hwm)llJ.wuwfip)ltlJ zwhwqnpbwlJ.wCi nbct)lufibp[!: 

Q.)lmwl}1np6bp)1 mtlJw1Cibp)1 h)luw(i tlrw Ltwnmgtlhl bfi mwppbp hwm)lq
(ibp)l (bq)luimwgnpbfi, qwpp, gnpt.Ci) tunfiwtlntIJjntCi)lg Ltwtutlwo uwfipqwap)l 
qpwfim1wubmpwltwfi Ltwqu)l :PmCiltg)lnfiw1 Ltwuitp)l qpw:PJ:iltCibp' w) uw'llt 
(dhu = 5 uu) wnlttuJnlIJJWUp 4nup)1Ciwgqwo opqw(i(ibpnq, p) Utu'llt (dhu = 5 OU) 
wnlJ.wJntpJwdp hwpIJ ump6)1lJ.Cibpnq, q) wnwfig uw'llt Ltnup)1Ciwgqwo 
opqwCiCibpnq, q) wnwfig uw'llt hwpp ump6)1ltfibpnq wztuwmwCipwjpCi nbct)1u
Cibp)l qblllPntU [19, 27]: Opuibu oppfiwlt pbpqwo t bq)luimwgnpbfi)l qpw:PJ:ilt!! 
(Cilt. 7 .36): 

Q.pw:P)lltfibp)l qbp1m0ntpJntCiJ! gmJg t mwtJ1u, np uw'llt wnqwJntpJwfi 
qbUlPntU pn1np mbuwlt)1 hwm)lltCibp)l hwmJ:iLtwz_wl}1wltwCi Ltwqu)l l}1nl}1ntum
pJntCiCibp)1 op)1Cill!z.wl}1mpJmCiCibp(i m(ib(i lintJCi uqqpmfip[!' tunfiwqntpjwCi 
pwp6pwguwCiJ! qntq[!Cipwg I uu-)lg l}1npp L 1-2 uu uwuCi)lltCibpJ:i mnqnuwJ)lCi 
pwfiwltJ! l}1nppwCimu t, )lult 2-3 uu L 3-)lg ubo uwuCi)lltfibp)lfi[!' pwp6pwfimu, 
)lfiz_uibu Ltnup)lliwgqwa, WJUIJ.lbU tt hwpp uwCipwgCinq opqwliCibp)l flblllPntU: 
liJfl op)1Ciwz_wl}1ntpJmCiCibpf! pwgwmpqmu bfi Cipwunq, np tunfiwqmpJwfi u)lfiz_L 
18%-)1 uwhuwfifibpmu hwm)lltfibpf! z_np bfi, tfitupmu, uwfipwgfinq opqwufibp)l 
hwpqwap Gbppn l}1zpqmu L. uwfip uwufi)lltfibp)l bfi qbpwoqmu, )luq bpp 
tunfiwtlntIJJntfi(! pwp6pwumu · t hwm)1ltCibpp tlitupmCimpJmfiCi [!Ciqfimu t, 
qwn(imu bfi IJ.lltuum)lltwltwfi qwfiqqwo L qctqwpntIJJWUp bfi uwfipqmu: 

<!,wm)lltCibp)l tunuwqntIJJWCi u)lCiz_L 18%-)1 uwhuwCiCibpmu hwubuwmwpwp 
uwCipwguw(i ltutl npwlt bCi gmgwpbpb1 hwpp Untp6)1ltCibp[!, tunCiwqmpjwCi 
pwp6pwguwCi[! qntq[!Cipwg hwut.Uwmwpwp )1pbfig iwtl bfi riruLnpb1 
Ltnup)lCiwgqwa uwCipwgCinq opqwfi(ibp[! : 

<!,wU1)1ltw2wpajltlJ wzfuwmwCipwJ)lfi CimJCi nbct)lu)l riblllPntU (uw'llt wn
LtwJntf}JWUp) uwfipuw(i lWtl gmgwCi)lzCibp t riruLnpbt bq)luimwgnpbCi[! u)lCilL 
36,6% tunuwtJ.mIJntUf!, np)l uwhuwfifibpmu uwfipqwgp)l hwm)1Ltwlwl}1wqwfi 
Ltwqu[! hwuwpJw qwnCimu t u)lw6ntJL (dq = 18-32%): 
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q) IJ) 
u/j. 7.36. U<JftUJmwgnplilift tfwfipt/w<)p/1 hwmftf;w2wtftw/jwfi 
ljwqtf[! (dq) /jwjut/wf7 junfiwt/ntp]ntfiftg (W). 
w) tfw!Jft (di111 =5 tftf) wn/jWJlllfJJWtfp ljntfpftfiwgt/wf7 opqwfifilipnt/, 
p) tfw!Jft (<fi111 =5 tftf) wnl;w1mp1wtfp hwpp tfmp6/1/jfilipnt/, 
q) wnwfig tfw!Jft ljntfpftfiwgt/wf7 opqwfifilipnt/, 
I]) wnwfig tfw!Jft hwpp tfmp6ftljfilipnt/ 

30 W,% 

<+wpm L. gnpbGp hwmpqGbpp uwGpwgmun hwubuwmwpwp LWtl t 
qwmwpqmu tunGwtJ.mpJmGu 24-28% pwpapwgGbtm qbuwmu: lvnGwtJ.mpJwG 
hbmwqw pwpopwguwG ctwuwGwq hwmpqwuwGppm tntJ.mu t' uwGptJ.wO-pJ:! 
qwnGmu t tuonp, L. uwflll wGgpbpu tJ1w4tJ.mu bG : 

Q.pw:)>pqGbpp tJ.bptmO-mpJmGn hwumwmbt t, 
I. gntnp mbuwqp hwmpqGbpn lnp, tunGwtJ. L. qbptunGwtJ. ll:IWJUwGGbpmu 

uwGpwgGbtnt hwuwp Gll:lwillwqwhwpuwp t oqmwqnpO-bt qnuppGwgtJ.wO
uwGpwgGnq opqwGGbp' ubti m ub2 qwuwtlnptlwO- hwpp ump6pqGbp L 
wmwuwCiwtJ.np qwCiwqCibp: 

2, tmuppCiwgtJ.wO- opqwCiCibpntJ. hwmptiwowCippm wGwuGwpmO-u1qwG 
ll:1WhwCi2CibppCi hwmpqCibpp uwGpwgowG lwtJ1ubpntJ. pwtJ.wpwpmu t bqpll:IUlW
gnpbGp tunCiwtJ.mpJwCi upCilL. 36,6%-p, qwpm opGlL. 24,7%-p L. gnpbGp upCilL. 
28,4%-p uwhuwGGbpmu: 

UnwCig uwajl hwmpqwuwCippm tJ1npowpqtJ.bL t CintJGll:lbu qnuppGwgtJ.wO
uwGpwgGnq opqwGGbpp L hwpp ump6pqGbpp mwppbpwqGbpp hwuwp: 

<+pw:P.tiltGbpp lJ.bptmO-mpJmGu gmJg t mtlb1., np WJU qbuwmu hu hw-mplt
Cibpp uwGpwguwG npwltntl ppbGg LWtl bG qpuhnpmu qnuppCiwgtJ.wO- uwCi
pwgCinq opqwGGbpn: 

lJwajl pwgwqwjntpjwCi qbuwmo, pCil tunup, qmpmq pwpopwCimu t UbpbGwjp 
wpmwqpl1IlwqwCimpJmCiJ:!, pwJg hwmp4wlwt.PwltwCi qwqun tJ.wmwGmu t: 

~wmpqwuwCippw wztuwmwGpp WJU nbctpop ctwowGwlt hwmpqwlw
tJ1wltwG tiwqup hwubUwmwpwp LWtl gmgwGpzGbp mCibCi' bq.tilllmwgnpbGu, 
hbmn qwppCi: 

liJUll:lbu, tunGwtJ.mpJwG 6,6 - 36,6% -p uwhowGGbpmu I uu-pg tJ1npp h 1-
3 uu lwtJ1up bqplllmwgnpbCip uwCiptJ.wO-pn ltwqubL t 15-5%: <+wpm qbuwmu 
Jou-pg i.pnpp h 1-2 uu tunGwtJ.mpJwG 9,95 - 17,4 % uwhUwGGbpmu 
uwGptJ.wO-pJ:! qwqobL t 30 - 20%: '.:>GwjwO- gnpbGp :)>pwqgpnCi qwqun qwpm 
hwubuwmntpJWUp pwptJ.np t , PWJ9 nGqhwCimp wnuwup qnhwgmgpl lt: 

lvnCiwtJ.mpJmGn 36,6%-p uwhUwGG wGgGbL.tiu bqplllmwgnpbCiCi WJthu w 
uwCipwGmu, hwmpltCibpn qmpu bG qwL.tiu wupm12wltwCi tJ..ti6wqnq: liJq 
bphmJPn qwpm h gnpbCip qbuwmu wnw2wCimu t tunGwtJ.mpJwG 28%-p 
uwhuwGCi wGgGbL.tiu : 

~wmpqwuwCipplG wnwGg uwajl oqmwqnpO-bL.tiu qwpbL.ti t umwCiwL 3 uu
pg ubO- uwuGpqGbp, upwctwuwGw4 Wll:IWhntJ.btntJ. pwpop wpmwqpnqwqw
CintpjntG: liJlllll.tiu.ti ubO-mpJwCi uwuCipqGbpu bpb wGwuGwll:lwhmpJwCi hwuwp 
lll.timwGp lbCi , Wll:IW ulll.tipmp wpmwqpmpJwCi hwuwp ll:lbmp ltl.tiCibCi: 

P.Glll:lbu wuwgpGp, mwppbp mbuwti.ti hwmpqGbpp uwGpqwbpp hw
mp4wlwt.Pw4wG qwqun hbmwqnmbL.tiu mtlJwtGbp bG tJ.bpgtJ.bL npnzbtm Ciwh 
uwGpuwCi wpmwqpnqwqwCimpJmCiu qwtutJ.wO- hwmpqCibpp tunCiwtJ.mpJmCipg 
hwmpqwuwCippw wztuwmwGpwJpG GmJG lnpu nbctpuGbpp qbuwmu: 
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w) p) 
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q) !]} 

ulj. 7.37. <wgw/Jwu1/1ljw1/10 lizwljwpnLJubpft lfwOplfwO 
W[llnWIJ[1J)l/Wl/W0111pj11101J ' Q, /.jwjui.fwii junOwtfntpjntOftg (W) 
/Jwm/1ljwlfwOpftg1 UJWflpbfl wzjuwwwOpwjftO 11bdftlIObp/1 !JOUJJlnLtf. 
w) lfwrz/7 (<1',.J =5 lflf} wnlfw1mnwlfp 1.jnlfp/10wgt/wt} opqwOObpnt/, 
p) UWl/ft (dlul =5 lflf} W11/.jWjfllj}JWUp /Jwpp lfmptfftljObpm/, 
q) wnwOg lfwl/]J l.jnlfpjJOwgt/wii opqwOObpm/, 
IJ) wnwOg lfwl/]J /Jwpp lfmptf/1/jObpntf: 
0 -bqftUJUJWgnpbO, 0 -gnpbO, LJ-qwpft 

Q.pmwqmpobpp wpl}JmG1,2Gbpp qpw:pp4w4wG wpmwhwJmmpJmGGbp(! 
pbptlwb bG a4. 7.37-mu: 

Q.pw:PJ14Gbppg w4Ghwjtn bphmu t , np pnLnp mbuwtiP hwmp4Gbpp h 
hwmplJ.wuwGpptli w2tuwmwG12wJpG nbapuGbpp rituwmu tunGwtlmpJwG 
pwpopwgt.iwG(! qmq(!Gpwg wpmwqpnqwlJ.wGmpJmGG '12Gmu t (hwmlJ.wui.hu 
20% -pg hbmn): 

Cum wptnWI}PnqwlJ.wGmpJWU ubbntpjwG l}WPOJWL hpuGwtlnptlmu t, np 
lJ.nuppGwgtlwb uwGpwgGnq opqwGGbpG mGbG wnwt.lbLntpJmGGbp hwpp 
umpoplJ.Gbpp hwubuwmmpJwup : 

Q.pw:PplJ.Gbppg ui.wpqt.lmu t , np hwmp4wuwGpptli inpu nbapuGbpG t L 
wnwtlh1wqmJG wpmwqpnqwlJ.wGmpJmG bG qwpqwgGmu hwmp4 Gbpp junGw
tlmpJwG uJ1G2h 17%-p uwhuw GGbpmu, WjGnthbmh lJ.mpmlJ. Gtlwqmu t: 

UJUUJ.bu, uwqp wnlJ.wJmpJwup lJ.nuppGwgtlwb uwGpwgGnq opqwGGbpnt.l 
w2tuwmbLtiu, hwmplJ.wuwGpptli wptnwl}PnqwlJ.wGmpJntG(! pn1np mbuw411 
hwmplJ.Gbpp uwGpwguwG awuwGw4 tunGwtlmpJwG upG2h 17% -p uwhUwGmt.i 
lJ.wqumu t 266 - 210 4q/a, pu4 tunGwtlmpJntG[! uJ1Gih 36,6% pwpapwgGbltiu 
Gt.lwqmu t upG2h 80 4q/a: Ujumbq qpwtiwGG WJU t, np, WJGmwubGwJGPtl, 
tunGwtl m qbpjunGwtl hwmplJ.Ghp[! ub1,2bGwG t.iwGpwgGmu t , l}W 2wm LW4. t, 
pwJ9 mGmbuwlJ.wG Wpl}JmGwtlbmmpJWG mbuwlJ.bmpg pGiUJ.bU qGwhwmbi., 
hwmp4Cihp[! inpwgCibt h ub1,2bGwJp wptnwl}Pnqw4wCimpJntG(! pwpapwgGbi., pb 
2npwguwCi tlrw wtlhtnpq bwjuubp iwGbt, uGGqwpwpntpjntG[! tli2hgGh1 h 
ub1,2bGwG gwbp wpmwrum11wtiwGntpjwup 2whwqnpbbt: ~Gwjwb wnwGg 
mGmbuwlJ.wG hw2tlwp4Gbpp upwG2wGw4 tiwpblti t wubt, np Gui.wmwlJ.whwp
uwp t hwmj14Ghp[! uwGpwgGht pGwlJ.wG tunCiwtlntpjwCi UJ.WJUWCiGbpmu, PWJ9 
mbtuCiplJ.wmfimbuwtiwCi hpuGwtlnpuwG tuGqppCibp[! LntbbLtiu 4wphl'1 t WJ I} 
hwpgbp[! GmJCiUJ.bu 2n2wtJ1hr 

'VlJ.. 7.37 q-mu pbptlwb qpw:pp4Cihp[! gmJg bG mwLtiu, np wnwGg uwqp 
mwppbpwlJ.Gbpmu hwmplJ.wt.iwGpptli wpmwqpnqwtiwGntpjntG[! hwmplJ.Cibpp 
tunGwtlmpJwG 6,6 - 36,6%-p uwhuwGGbpmu pwtlwlJ.wG pwpop t h lJ.wqumu t 
tinuppGwgt.lwb uwGpwgGnq opqwGGbpp qtuwmu 380 - 280 4q/ct, pu4 hwpp 
umpoplJ.Cibpp rituwmu' 400 - 330 lJ.q/ct : Y.tp2pG mwppbpwlJ.mu wpmwl}Pnqw
lJ.wGmpJmG[! hwubuwmwpwp ubb t, npnt.lhbmh hwpp umpop4Ghp[! junGwtl 
hwmplJ.GbppG hwptlwbmu, oqumu m qmpu bG 2UJ.Ptnmu: CGqhwGpwUJ.bu, bplJ.m 
qbuwmu tL uwGptlwb1,2p iwtJlubp(! uba b(i h, pUiUJ.bU tlhpLnLu wuwgpG1,2, 
wnwGg uwqp ub1,2bCiw(i UJ.hmp t oqmwqnpbhL hwmmti GUJ.wtnw4Cibpp hwuwp: 

Unw2pG tJlnqmu 4wmwptlwb hbwqnmntpjmGGbp[! hwt.lwumpwgGmt.i bCi, 
np inp, junGwt.l h qbptunGwtl hwmp4Ghp[! uwGpwgCihLm hwuwp Ciui.w
mwlJ.whwpuwp t oqmwqnpbbt lJ.nuppCiwgtlwb opqwGCibpnt.l wnw2wrtitln11 
hwmplJ.wuwCippi[!: ~bmhwpwp, hwmptiwuwCipptli w2tuwmwG1,2p qCiwhwmuwG 
tlhr2CiwlJ.wG gmgwCip2Cihp[!' wptnwl}PnqwlJ.wGntpjntGG m tCibpqwmwpmpJlllU[! 
mwppbp uwqbpp wntiwJmpJwCi qtuwtpmu npn2t1m qpmwtJlnpabp(! lJ.wmwp
tlhL hG upwJCi tinuppGwgwt.lwb uwGpwgCinq opqwCiCibpntl hwmptiwuwGpptli 
hwuwp: 
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Pbptlmu bG bptiPnpri tflnt[jl hbmwqmnmpJwG wpriJmGpGbp[! L tlhpLm
antpJmGn: 

PUiUJ.bu wuwgpGp, qpmwtfinpohpn 4wmwptlhL bG 4nuppGwgtlwa uwG
pwgGn11 opqwGGbpntl hwmp4wuwGptlJ tlrw, mwppbp uw11bpp (dh11=3, 4 L 5 uu) 
L tLh4tnpwgwGgbpp (bnw:pwq 2,2 44.tn, upw:pwq 1,6 44.tn) oqmwqnp0ntun4: 
Umwg4wa wpriJmGpGbpp qpw:pp4w4wG wpmwhwJtnntpJmGGbp[! pbptlwa bG 
[19, 27) wzfuwmmpJmGGbpmu, pu4 G4. 7.38 - mu npUJ.bu oppGw4 pbptlwa t 
bqpUJ.mwgnphGp hwuwp: 

Q.pw:pp4w4wG wpmwhwjtnntpJmGGhp[! gmJg hG mtlhL, np bpbp mbuwtiP 
hwmp4Gbpp uwupwguwG l}hUJ.12mu tL funGwtlmpJwG pwpopwguwG[! qmq
[!Gpwg wpmwqpn11w4wumpJmGG [!G4Gmu t, pu4 uw11bpp wGgpbpp iwtfiubpp 
ubawguwGn qmqnupwg ' pwpopwGmu: '1-pwup oppuwiwtfi hpLmjpGbp bu: 
liJumhri 4wpLnp t tlhpLmahL, pb np mbuwltti L funuwtlmpJwG hwmp4ubpp 
uwGpwguwG wptnw11Pn11w4wumpJr'ltGu m tLh4mpwhGbpqpwJp mbuw4wpwp 
awfuu[! ltGi uwhuwGGbpmu b(i tfintfinfutlmu uw11bpp wGgpbpp ubampJmGpg 
L tLh4mpwgwGgp tnbuw4pg (bnw:pwq, upw:pwq) 4wfutlwa L 6ztnhL (!Utn 
wuwuGwpmaw4wG UJ.whwG2ubpp, pb n'p uwrihpG oqmwqnpahL wnwtlhLWiWtP 
wptnWl}Pnriw4wGmpJmG L uwupuwG npw4 WUJ.WhntlhLnt hwuwp: 

llJUUJ.bU, hwmti4wuwGppi[! bnw:pwq gwGgntl wzfuwtnhlltu bqpUJ.tnW
gnphup uwGpwguwG wpmwqpnriw4wGmpntG[! funGwtlmpJwG 11 ,5 - 33%-p 
uwhuwuGbpmu (G4. 7.38 w) t}1nt}1nfutlmu t 5 uu wGgphp mubgn11 uwritpp 
rihUJ.12mu 272 - 131 4q1d, 4 uu -lt rihUJ.12mu· 248 - 120 4q1d i.. 3 uu-p qhUJ.12mu 
tunuwtlmpJwG 11,5 - 28% uwhuwuGbpmu· 215 - 137 4q/d: 

Q.wpm hwuwp funGwtlmpJwu 8 - 34% uwhuwGGbpmu wptnwl}Pn11w4w
umpJmG[! t}1nt}1nfutlhLt 5 uu wGgphp mGbgnri uwribpp qbtLtPntu 216 - 98 4q/d, 4 
uu -p flhUJ.12mu funuwtlmpJWU 8 - 25 % uwhuwuubpmu' 182 - 124 4q/d l. 3 uu-p 
11hUJ.12mu' 163 - 106 4q/d: 

5npbGp hwuwp funGwtlmpJwG 10 - 27% -p uwhuwuubpmu wpmwqpn11w-
4wumpJmG[! tfint}1nfutlhL t 5 uu mpwuwqantl wGgpbp mGhgn11 uw11hpp 
11hUJ.12mu 232-197 4qld, 4 uu-p 11hUJ.12mu' 207 - 136 4q1d L 3 uu -lt 11hUJ.12mu' 176-
125 4q/d: . 

~wmp4wuwGppm utiw:Pwq gwGgntl wzfuwtnblltu bqllUJ.mwgnphGp uwG
pwguwG wptnWl}Pilf\W4wGmpJntU[! funGwtlmpJWU 11 ,5 - 33% -p uwhuwGGb
pmu tfintfintutlhL t 5 uu wGgpbp mGbgnri uwrihpp qbUJ.12mu 242 - 122 4q1q,-i 4 uu
p 11hUJ.12mu' 212 - 115 4q1d i.. 3 uu-p 11hUJ.12mu· 176 - 126 4q/d: 

Q.wpm hwuwp funGwtlmpJwG 8 - 25% -ti uwhuwGGbpmu wptnw11Pn11w-
4wGmpJmG[! tfintfintutlmu t 5 uu wfrgpbp mGhgnri uw11hpp rihUJ.12mu 188 - 140 
4q1ct, 4 uu-p ritUJ.12mu' 155 - 108 4q/d L 3uu-p11tUJ.12mu' 133 - 103 4q1d: 
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ulj. 7.38. C/mipftwuwgtfwu pwumz opqwuulipnlf hwmftljwliwupftlft 
wpmwIJPnrzwljwump1wu (Q~b) tfm1/mjutfwu opftuw,1wtjlmp1muuliplJ' 
ljwfutfwu liqftUJmwgnpliuft hwmftljulipft funuwtfmp1muftg (W) 
L liwrzllpft wugplipft ,1wtjlulipftg( du). 
w) linw:pwq gwugft !JliUJpmtf, Pt1=2,2 lj</..m, 
p) liftw:pwq gwugft !JliUJJlmtf, Pt1=1,6 lj<f..m 

5 npbGp uwGpwguwG wpmwqpn11w4wGmpJntG[! funGwtlmpJwG 10-27% -p 
uwhUwGGbpmu t}1nt}1nful(mu t 5 uu mpwuwqanl( wGgphp mGbgn11 uwrihp]l 
11hUJ.12mu 202 - 152 4q1d, 4 uu -lt 11hUJ.12mu' 176 - 128 4q/d L 3 uu-p rihUJ.12mu· 147 
- 114 4q/d: 

UG4wtu tLh4mpw4wG gwGgp mhuw4pg (hnw:pwq 4wu upw:pwq) pnLnP 
hwmp4Ghpp (bqpUJ.mwgnphG, qwpp, gnphG) qhUJ.pmu funGwl(mpJWU pwpopwg
uwu[! qmq[!Gpwg tth4tnpwtGhpqpwJp mhuw4wpwp awfuul! t}1nppwGmu t: 

liJUUJ.bu, hnw:pwq tth4mpwgwGgpg oqml(hltiu bqtiUJ.mwgnpbGti 11 ,5 - 33 
% funGwl(mpJwG uwhUwGubpmu (G4. 7.39w) tLh4mpwtGbpqpwJlt mbuw4w
pwp owfuul! t}1ntfinful(mu t 5 uu wGgpbp mGhgn11 uw11hpp rihUJ.12mu 0,0077 -
o,o 17 44.m.dfltq, 4 uu -lt 11tUJ.12mu' 0,0086 - o,o 18 44.m.dfltq, 3 uu-ft 11hUJ.12mu' 
0,010-0,016 44.m.dfltq: Q.wpm hwuwp 8-32% funGwl(mpJWG uwhUwGGbpmu 
tth4tnpwtuhpq}1wJp mhuw4wpwp awfuul! t}1 nt}1nful(h1 t 5 uu wGgpbp mubgn11 
uw11hpp qhUJ.12mu 0,0 I 04 - 0,022 4'-ltn.d/4q, 4uu-p qhUJ.12mu' 0,012--0,0177 
44.tn.dfltq, 3 uu-ti qbUJ.12mu' 0,0144 - 0,0213 44.m.dfltq: 5nphGp hwuwp 10-27% 
funuwl(mpJWG uwhuwGGbpmu ttb4mpwtGhpqpwJp mhuw4wpwp awfuu[! 
tfintfinful(mu t 5 uu wGgpbp mGbgn11 uwrihpp qbUJ.12mu 0,0097-0,0114 44.m.dfltq, 
4uu-p qbUJ.12mu· o,o 107-0-016 44.m.a/4q, 3uu-p qhUJ.pmu· 0,0123-0,0l 77 
44.m.d/4q: 

U}lw:pwq gwGgti qbUJ.12mU UJ.Wtn4hp[! hbtnl.JwLG t: 
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w) p) 
'&lj. 7.39. f.Jncipftwuwglfwo pwunrz opqwuulipm/ hwmflllwciwur1ft,ift lfliljmpw
tulipqftw1ft mliuwljwpwp owjuuft NN tftmjm/ucfwu opftuw~wtftmp1muulipf!, 
ljwjulfWO liqftUJtnWgnpliUft hwtnftljulipft junuwlfnLpjlllUftg' W {; cfwrzlipft wugplipft 
~wtftulipftg du.w) linw:pwq gwugft rzliu1pmcf, Pt1=2.2 ljc[m, 
p) ciftw.'jJwq gwugft IJliUJpmcf, P,_1=!.6 lj<lm 

bqpUJ.mwgnpbGp 11,5-33% junGwtlmpJwG uwhuwGGbpmu (G4. 7.39p) 
tth4mpwtGbpq]1wJp mbuw4wpwp b"wJuuI! tllntllntutJ.mu t 5 uu wGgpbp mGbgnq 
uw11bpp IJbUJ.Pmli 0,0067-0,013 44.m.ct/4q, 4 ut'i-p qbuwmu· 0,0077-0,014 
44.m.d!lJ.q, 3 uu-p qbl.l.J.Pmu· 0,009-0,013 44.m.d!lJ.q: 

Q.wpm hwuwp 8-25% junGwtlmpJwG uwhuwCiGbpmt'i ttb4mpwtGbpqpwJp 
mtuw4wpwp b"wJuuI! t.Pnt.PnJutlht t 5 t'iu wGgphp mGbgnri uw11bpp qbuwmu· 
0,008-0,0113 44.m.d/4.q, 4 uu-p qbl.l.J.Pmu· 0,0l07-0,0154 44.m.df4.q, 3 tlu-p 
qbl.l.J.Pmt'i' 0,0123-0,016 44.mct/4q: 

5npbGp hwuwp 10-27% junGwtlmJ>JWG uwhuwGGhpmu ttb4mpwtGbp
q}lwJp mbuw4wpwp b"wJuuI! tJ1ntllntutlbt t 5 uu wugpbp mGbgnIJ. uw11bpp 
qbUJ.Pmli 0,0077-0,0l 04 44.m.ct!lJ.q, 4 uu-p qbl.l.J.Pmu· 0,009-0,013 44.m.ct!lJ.q, 3ut'i-
P qbUJ.Pmu· 0,011-0,014 44.m1ct/4q: -

<!.wmp4wt'iwGp)llti wpmwqpnIJ.w4wGntpjwG L ttb4mpwtGbpqpwjp mbuw-
4wpwp b"wtuup qpw:pp4Gbp)l tlhptmb"mpjntG{! gmJg t mtlbt hbmhJWffi. mwppbp 
hwmp4Gbpp tunGwtlmpJwG 8 - 33% -p uwht'iwGGhpmu bnw:pwq ttb4mpw
gwGgpg wztuwmnri htump4wuwCipplti wpmwqpnqw4wGmpJntGI! h ttb4mpw
tGbpqpwJp b"wJuuI! hwUWUJ.WlllwujuwGwpwp bq)lUJ.lllWgnpbGp I)bl.l.J.PlllU 
4wqub1 bG 120-270 4q/ct h 0,0076-0,018 44.m.dllJ.q, qwpm qbuwmu· 100-215 
4q1ct L 0,0104-0,021 44.tn.d/4.q, gnpbGp qbuwmu· 125-230 4q/ct L 0,097-0,0177 
44.tn.d!lJ.q: U}lw:pwq ttb4mpwgwGg'1g wzjuwmbE<;e GmJG junGwtJ.mpJwG 
uwhuwGGbpmt'i WJI) ubb"ntpjntGGbp{! bqpUJ.lllWgnphGp I)GUJ.PlllU 4wqt'ih1 bG 120-
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2404q/ct h 0,0067-0,014 44.m.d/4.q, qwpm qbuwnuf 100-1904q/d h 0,008-0,016 
44.m.ct/4q, gnpbGp qbuwnuf 110-200 4q/ct h 0,0077-0,014 44.m.df4.q: 

Uui.pmpl{wb" mtl.JwtGbp{! gntJ9 bG mwwu, np bnw:pwq ttb4utpwgwGgpg 
oqmtlb!Pu hwmp4wuwGppll! wnwtlbtwqntJG wpmwqpnIJ.w4wGmpJntG{! bqpUJ.mw
gnf1hG'1 qbuuintu hwuGmu t 2704q/d-'1 L qpw(i hwliWUJ.WU1wujuwGn11 ttb4mpw
tGbpqpwJ]1 b"wJuuI! 4wqunnl t 0,0076 44.m.d!lJ.q, pu4 upw:pwq gwGgpg oqmtlb!Pu 
hwliwUJ.wmwujuwCiwpwp umwgtlmu bG 240 4q1ct L 0,067 44.m.d!lJ.q: 

PGLUJ.bu mbuGmu bGp, mGmbuw4wG wpqJmGwl{bmmpJwG mbuw4bmflg 
upw:pwq gwGgpg oqmtlhlI! dtnGwmm t, 1 4q bqllUJ.LnWgnpbCi uwGpwgCib!Pu 
ttb4mpw4wG tGbpqpwJp b"wJuuI! ]12Gmu t 0,0009 44.m.d-ntl, pwJ9, flhwp4b, 
wpmwqpnIJ.w4wCimpJntU{! CimJGUJ.bu f12Gmu t 30 4q/ct-n4: \,uwG wpqJmGpGbp 
bG umwgl{mu Gwh qwpm L gnpbGp hwuwp: Uw4wJG tGbpq'1wJ'1 b"wjuup p2b
gntU{! zwm LGlliG t, 4wpb!P t hwztl'1 lwnGbt L wnw2GmpJntG{! mtut bnw:pwq 
gwGgpG, t'iwGwl{wGq, np WJI) I)bl.l.J.PlllU wpmwqpnIJ.w4wGntpjntU{! ubb" t: 

7. 7.4. <wwftljwifwfip/l(ft ljwnmgtfw'7ptuj}lfi li. zwhwqnpt7wljwfi 
UJWpwifbwplipft OUJWftVwfwgmif[! qftww1/mpdlipft 
UJfWfiwtjnpifwfi wliumpjwifp 

<!.wmp4wliw~pplti 4wnmgtlwb"pwjpG h zwhwqnpb"w4wG 1.1.J.tupwubmpbp{! 
6zmbtm hwt'iwp, pGLUJ.bu zwpwqpbt bGp tlbphmu, uwGptlhL bu mwppbp junGw
tlmpJwG bqpUJ.mwgnpbG, qwpp L gnpbG: 

Q.pmwtllnpobp[! 4wmwpl{ht bG bnw:pwq m upw:pwq ttb4mpwzwpdplGb
pnl{ h oqmwqnpb"tlbt bG wGgpbpfl mwppbp mpwuwqflb" mGbgnIJ. uw11bp: 

liwmwptlwb" qpmwi.pnpobpfl wpqjntGpmu UJ.Wpqtlbt t, np hwmf14w
uwGpplti wpmwqpnIJ.w4wGmpJwG l{pw wubGwubb" wqqbgntpJntG bG pn11Gmu 
uwCipqnIJ. hwmf14Cihpfl junCiwtlntpJmfiI! (X1) h uw11bpfl wGgpbpfl mpwt'iwqflb"I! 
(X2): 4.bp2pGGbppu uflwdwuwGw4.Jw wqqbgntpJwG h hwmp4wuwGp'1lti 
wpmwqpnIJ.w4wGmpJwG 4wJuqwb"mpJwG uwpbuwmp4w4wG wputwhwJmm
}}JntGG umwGwtm hwuwp {!Gtnptlbt t bplJ.pnpq 4wpqp hwtlwuwpmu L k0-2 
UJ.tWGwtlnpuwG uwmp}lgw: 

<!.wtlwuwpuwG qnpb"w4.PgGbp{! hwztlwp4tlbt bG hbmhJWl wpmwhwJmm
}}JntGGbpntl. 

1 4 2 8 5 
b =--IY +-IY +-Y 

O 9 11=1 
11 

9 u=S 
11 

9 
9 

' 

1 8 
b; = - IX;11 Y., , i = 1,2, 

6 11=! 

14 1s 2 19 . 
b;; = - LY11 +- LXi11Y.1 -- LY11 ' I= 1,2, 

6 11=! 2 u=S 3 u=S 
1 4 

bl2 =-IXi11Y11 : 
411=! 

(7.200) 
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~wztJ.wplitJ.bL bCi nbqpbupwJp hwtJ.wuwpmuCibpp qnpbi.utiPgCibpp wpdhp
Cihp[! L mnwgtJ.hL wpmwrumqwtiwCimpJwCi npnzuwCi wpmwhwJmntpJmCiCibp(!. 

upw:pwq tthlitnpwtiwCi zwpdptli rituwmu 
bqpuimwgnphCip hwmpti Cihpp uwCipwguwCi hwuwp' 

y = 192,6 - 31,2 X1 + 32 X2 - 14,8 X1 2 + 1,66 x/- 3,25 X1 X2, (7.201) 
qwpm hwtnp4Cibpp uwCipwguwCi hwuwp' 

y = 143, 1 - 20,8 X1 + 24,8 X2 -12,5 x/ + 0,95 x/-4,25 X1 X2' (7.202) 
gnpbCip hwtnp4Cihpp uwCipwguwCi hwuwp' 

y = 168,8 - 21,8 X1 + 25,0 X2 - 15,2 X1 2 + 0,33 xl - 4,25 X1 X2: (7.203) 
bnw:pwq ttblimpwtiwCi zwpdptli qbuwmu. 
hqpuimwgnphCip hwmp4Gbpp uwGpwguwu hwuwp' 

y = 231,0- 36,0 X1+32,1 X2 - 21,3 X12 - 0,83 X22 + 5,75 Xt X2, (7.204) 
qwpm hwmptiubpp uwCipwguwG hwuwp' 

y = 164,8 - 26,5 x1 + 30,8 x2 - 12,8 x1
2 + 13,l xi2 - 5,25 x1 x2, (7.205) 

gnpbup hwmptiutpp uwupwguwu hwuwp' 
y "" 192,6 - 26,2 x, + 30,6 X2 - 18,5 x/- 7,0 xl + 4,0 X1 X2: (7.206) 

fl.bqpbupwJp hwtJ.wuwpmuGbpp qpuuitpupwubpp hwuwuhnntpJntG(! 
quwhwmtJ.bL t [!um :hpzhpp (wtlJwupzp 

s2 
F - I 

h --2 ' 
Sz 

(7.207) 

npmbq Fh-Ci :bpzbpp 2.wtlJwurzr hwztJ.wptiwJpu wpdbpu t, S i. Si-!!· hwuwuiw
mwutuwuwpwp wnwtJ.btwqmJu qpuuibpupwubpp wpdbpubp[!: 

<I>npauwtiwu mt!JwtCibpp qpuuitpupwu hwztJ.wptitJ.bt t hb1.11L.JWL wpmw
hwJmntpJWUp . 

i(yj -yf 
S.2 =~j=_I __ _ 

I n-1 
(7.208) 

np1.11t11 y =ti Y; /n -!! tirtiutJ.nq tlJnpabpp uti2tiu wpdbpu t: 

fl.bqpbupwJp hwtJ.wuwpuwG qnpaui4pgGhpp Cizwuwtiw!ltmpJWU wump-
6wG[! npnztJ.bL t hbtnL.JWL wptnwhWJtnnLpJWUp. 

S(b;) = ~Sv 1 
, (7.209) 

· nN 

npmbq qptnwtlJnpobpp tJ.hpwptnwflllb!ltntpjwG S/ qpuuibpupwu npnztJ.bL t 
hbtnLJWL wptnwhwjtnntpjntGpg. 

s 2 =_!_f s2 
: c1.210) 

y N i = l I 

q.npbwtiPgGbpp Cizwuwtiw!ltntpjwCi hwztJ.wptiwJpG ubbmpJntu[!' 
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t =-™- . 
h S(b;) . 

(7.211) 

:hpzbpp 2-wtlJwupzp hwztJ.wptiwJpu F11 wpdbpubp(! hwubuwmbtntl WrtJm
uwtiwJpCip Fwq=3,6 hhtn, uiwpqtJ.bL t, np pntnp qbuwbpp hwuwp qpuuibpupwu 
hwuwuhn t : 

q.npbwtiPgCibpp uzwuwtiw!ltntpjwCi WJU wpcJbpCibp(!, npnCip tlJnpp bu 
twq = 2,26 ubbmpJntupg, wpmwputJ.mu bu (7.201-7.206) hwtJ.wuwpmuGbppg L 
tJ.hp2puubpu UtnWUntU tu hbtnLWL tnbUp[!. 

y=l92,6-3l,2x1 -32,6x 2 -14,8x; -3,25x 1x 2 , 

y=143,1-20,8x1 -24,8x 2 -12,5x;-4,25x 1x2 , 

y=l68,8-21,8x1 -25,0x 2 -15,2x: -4,25x 1x2, 

y=231 ,0-36,0x1 -32,lx 2 -21,3x:-5,75x1x2 , 

y=l64,8-26,5x 1 -30,8x 2 -12,8x: -13,lx;-5,25x1x2 , 

y=l92,6-26,2x1 -30,6x 2 -18,5x: -7,ox; -4,0x 1x 2 : 

(7.212) 

UmwgtJ.wb hwtJ.wuwpmuubpntJ. tiwnmgtJ.bt bu hwmp4wuwupptli wpmw
IJPn'lwtiwumpJWU qpw:Pl1tiubp(! tiwtutJ.wb hwmptiubpp tunuwtJ.mpJwu wump-
6wCipg (X1) L. UWl\P wugpbpp tnpwuwqbpg ( X2) (uti. 7.40 L. 7.41): 

UmwgtJ.wb nbqpbupwJp hwtJ.wuwpmuGbp[! tJ.bptmbbtntl tiwpb!lt t wubt 
hbtnL.JWL bqpwtiwgmpJmuCibp[!: 

I. ~wmp4wuwupf1tli wpmwqpn'lwtiwumpJwCi tl.pw wnwtJ.bt ubb wqqb
gmpJmG tu pn'lGmu hwtJ.wuwpuwG qbwjpG t:Pbtimubp[!, npnGp pntnp hwtJ.w
uwpmuubpmu tL pwgwpawti wpdbpGbpntJ. ubb bu UJmu wGqwuGbppg: 

2. ~w1.11p4Gtpp tunGwtJ.mpJwCi wtJ.btwguwCi hbm hwmptiwuwGpptli wp
mwqpnqwtiwumpJntG[! GtJ.wqmu t, puti uwl\P mpwuwqbp ubbwguwG hbm wJG 
wnwtJ.hL wpwq t wcmu : 

3. lJllw:pwq ttblimpwtiwu zwpdpl£! bnw~wqntJ. tlJntuwppGb!ltu hwmptiw
uwGpptli wpmwqpn'lwtiwGntpjntG[! gwjtnntG wpmwhwJtntlwb tlJntlJntum
PJntCiubp w tirmu: 

4. lfllw:pwq ttb4tnpwtiwG zwpdp(ntJ. wztuwtnn'l hwmptiwuwGpptli hw-
uwp hpwztuwtJ.nptJ.mu b(i ' 

- bqpuimwgnpbup uwGpwguwG hwuwp. 
w) tunGwtJ.ntflJntCi[!' upG(L 33%, 
p) uwl\P wCigpbpp mpwuwqpb"(!' 3, 4, 5 uu, 
- qwpm uwupwguw(i hwuwp. 
w) tunGwtJ.mpJntCi[!. upCi(L. 25%, 
p) UWl\P wugphpp tnpwuwqpb[!' 3, 4, 5 uu, 
- gnpb(ip uwCipwguw(i hwuwp . 
w) tunuwtJ.mpJntG[!' upCi(L. 27%, 
p) uwl\P wGgphpp mpwuwqpb[!' 3, 4, 5 uu: 
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x, 

(+1,0) 

3.0 
(·1 ,- 1} {·1,0) (·1,+1) 

11.5 21.0 30.5 W,% 

w) 

d,SB 

5.0 
(·1,+1) 

4,0 

3,0 
(· 1,-1) 

10.0 

d,H 

5.0 

4,0 
(·1,0) 

3.0 
(· 1,· 1) ( 1,0) 

6.0 17.0 

p) 

x. (•1,+1) 

(·1,0) (·1,+1) 

18.0 26.0 W//I) 

q) 

x, 

{+1,0) 

(· l ,•1) 

26. 0 w. ~.-

'&lj. 7. 40 U]lw.'j>wq tfli/jwpwljwu 2wpd/1,1m/ w2fuwwnTf hwwftljwuiu[ipft1.ft 
iupwwfJJ1nTfwljwump;wu qpw.J>ftljulipf!' ljwfutfw<J hwwftljulipft 
funuwtjmp;muftg (X1) f., tfwT/Ji wugplipft wpwtfwqaftg (XJ). 
w) liqftU/wwgnpliuft , p) qwpm f., q) gnpliuft hwwftljulipft hwtfwp 

5. bnw{>wq t1btimpw4wG zwpdplntl wz]uwmn11 hwmpqwuwGpJlw hw
uwp bpwz]uwtJ.npt[mu bG' 
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- bqlnqmwgnpbGp hwuwp. 
w) ]unGwt[mpJmGc!' upGLL. 33%, 
p) uwajl wfigpbpp mpwuwqJlacf 3, 4, 5 uu, 

- qwpm hwuwp. 
w) ]unGwt[mpJmGcf upGlL. 32%, 
p) uwajl wfigpbpp mpwuwqpb'J:!' 3, 4, 5 uu, 

- gnpbGp hwuwp. 

d,ss 

s.o 

4.0 

3.0 

d,ss 

5.0 

x, 
4.0 

§: ( .. 1,!l) 5 (+1 ,0) 

..!- ...:. 

3.0 
(·1,· 1) (·1 ,0) (+1 ,-1) 

11.5 2 1.0 3!l.5 W,% 8.0 17.0 26.0 W,% 

w) p) 

d,ss ., 
s.o 

4.0 ~ 

.!.-

3.0 

10.0 18.0 26.0 W,% 

q) 

'&lj. 7.41. bnw.'j>wq tfli/jwpwljw(i 2wpd/1,1nt/ w2fuwwnTf hwwftljwtfwupft1.ft 
wpww1JJ1nTfwljwump;wu qpw.J>ftljulipf! ljwfutjwa hwwftljulipft 
/unuw tjmp;muftg (XI) f., tfwT/J1 wugplipft wpwtfwqaftg (XJ). 
w) liqftU/wwgnpliuft , p) qwpm [, q) gnpM/1 hwwftljulipft hwtfwp 

w) ]unGwt[mpJntGJf upGlL. 27%, 
p) uwaj1 wGgpbpp mpwuwqpb'J!' 3, 4, 5 uu : 

7.8. <!,wwftljwpwp!Jft2filipft filipIJPtfwfi l/ftow/jf! L wpwwIJPw/jwfi 
ljmpdwpljmtffibpft wp!]Jlllfipfibp[! 

"V4wpwqptJ.wa u4w4wnwtiwJpG L. nnmnpwJpG hwmptiw2wpqpl ubpbGw
Gbppg wpmwrwmpJmGmu qwGqtlwawpwp Gbprwtlmu bG nnmnpwJJlG bpbp 
mwppbp hqnpmpJwUp m wpmwrwn11wtiwGmpJWUp hwmpqwuwGpplGbpJ!. J!Ulll 
npmu, WJI} hwmp4wuwGppl GbpJ! mwpwb'mu bG umwgb1 nl upwJG qJm11w-
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mCimbuwtiwG wptnWIUlnLPJmGmu, WJl GwL ctn11ntlJlqwmGmbuw4wG mwppbp 
pGwqwt.J.wnGbpmu' bpz)14)1 wptnWIUlnLPJmGmu lwuwG uwGpwgGbtm hwuwp, 
tPJ!Wpfllp)l wptnWIUlnLPJntGmu zwpwpwt.J.wq uwGpwgGbtm hwuwp, 4PUJ.w4-
Gbpmu unLpCi w11wtm, lnpwgt.J.n'l ljwGwlJ:lGbp)l wpmwllllnLPJntGmu, Ciwpmw
pwtqbmw4wG hmzwpowGGbpj1 wphbumwGngGbpmu' W11Jmuj1 L WJl pwi.pnG
Gbp)l ljmnpGbp[! uwGpwgGbtm hwuwp L WJtG : 

Upmwllllwl.JwG t.PnpowpqmuGbp[! (5-7 mwpt.J.w) gmJg mt.J.bgj1G, np nnmn
pwJ)lG hwm)lljwuwGpJ:li ubpbGwGbpG mGbG mGmbuwqwG L zwhwqnpcrwqwG 
pwt.J.wpwp gmgwG)lzGbp: CwhwqnpcrwqwG hmuwlJ:lmpJwG qnpcrwqpg[! hwu
Gmu t 0,92-)1: 

~wm)lqwuwGpJ:liGbp)l hwpwmLmpJntG[! h)luGw4wGmu UJ.WJUWGwt.J.np
t.lwcr t umpCi)lljGbp)l m qwGwqGbp)l, J:lGitqbu GwL uw11bp)l pGw4wG uwzt.J.wcr
pnt.J.: bppbuG ubpbGwJ)l jug)14 ui.wmwhwqwG Gbppwi.pwGgn11 omwp wnwpqw
Gbp[! t.J.Gwumu bG uw'lJ:lG, ump6)14Gbpflu m qwuw4GbpflG, hwCiwju L qtwfiwJ)lG 
UJ.WU1p pbppbpp(j: 

lfmpCiflqubpfl m qwGwqGbpfl uwzwqwJmGmpJntG[! pwpopwgfibtm UUJ.W
mwqnt.J. q)lmwmbjuGflljwljwG ufl2ngwnmuGbp[! mwpt.J.bt bu bpbj2 m1111mpJwup. 

- Ujntpfl [!UU1pntpjwup' i.pnpowpqt.J.bL bG CT-3, CT-45 L 65r UJ.IlflUJ.WU1-
Gbpj1g ui.wmpwumt.J.wcr ump6)14GbpG m qwGwqGbp[! L [!Gmpt.J.bt t hwubuw
mwpwp mz uwzt.J.nrt 65f UJ.IlflUJ.WU1[!, 

- 65f UJ.IlflUJ.WU1[! pwGq t, qCit.J.wp t bGpwpqt.J.mu ubjuwufltiwqwG uzwq
uwu L u)lzm it, np hbzmmpJWUp t obnp pbpt.J.mu, mum)l wzjuwmwGpGbp bG 
mwpt.J.bt CT-3 ui.n11ui.wm)lg ui.wmpwumt.J.wcr ump6)14Gbp)l m qwGw4Gbp)l hw
pwmLmpJmG[! pwpopwgGbt 2tpuwp)lu)lwljwG uzwljuwG t11wGwtint.J. [18, 90, 
130): ~w2nrimpJmuGbp[! znzwt.PblJ:l bu, 

- i.pnpobp bu wpt.J.bt CT-3-)lg UJ.WU1flWUtnt.J.wcr umpCi)lljGbp)l wzjuwmwu
pwj)lG mb11wuwubpmu qwpcrp hwuwamtt.J.wbpj1g ui.wmpwumt.J.wcr p)lpb'lJ:lqGbp 
qtqgGbt [130]: liJJ} Gtqwmwqnt.J. uzwqt.J.bt t GwL tUJ.opu)lqwJ)lG unu)lG<i [131]: 

lfbpbGwJ)l Jug)14 ubmw11wqwG uwuG)lqGbp wwt.PwGgb1m hwuwp wnw-
2wpqt.J.bt t oqmwqnpcrbt uwqG)lu: 

U-zwqt.J.wcr mbjuG)lqwqwG i.pwumwpqpbp)l h)luwG tlJlw «ttbqmpnG» <l>PQ 
1998 p. 4wquwqbpUJ.bL t wnw2wpqt.J.wcr hwm)lqwuwGp)llJ:l qwGqt.J.wcrwJ)lG wp
mwllllntPJntG[!: 

7.9. UlwljtfwO- hwwftljwlfw(]pft10bpp wOwbuwljw{] 
WJ1IJ.JmOwtfbmmp1wO gmgwOftzObpf! 

~wupwtqbmmpJmGmu L wpmbp4PGbpmu uzwqt.J.wcr t.Pn12pwlwtP hwm)l
ljwuwGpJ:liGbp)l hwubuwmwqwG mbjuu)lljwmGmbuwqwu gmgwu)lzubp)l t.J.bp
tmcrmpJntG[! gmJg t mtlbt. np ubp uzw4wcr mfi)lt.J.bpuw1 hwm)ltiwuwfip)llJ:l 
mbuwljwpwp t1bqmpwljwG tGbpq)lwJ)l crwjuuu m ubmwqwmwpmpJntG[! 
h)luGwqwGmu i.pnpp bG, )luq wpU1WIU1Il'lW4wGmpjntG[!' ubcr: ~wmljwtqbu LW
t.J.wqmjG gmgwG)lzubp mG)l 2,2 4q_m hqnpmpJwfi bnw:pwq ttbl.JmpwqwG 
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zwpdJ:lintl wzjuwmnrt hwm)14wuwGpJ1m' 0,01 4q_m.ct/ljq, 15,9 4q/ljq_m, 6,29 
(qq/ct)/ljq: 

bpb hwztl)l wnGbGp, np wnw2wpqt.J.n11 ubpbGwGbp[! uwupwgGmu bG uwL 
20 %-)lg wtlblJ:l, uJ1GiL 36 % JunGwt.J.mpJwG hwm)lqGbp[!, wtqw umwgt.J.mu t, np 
WJU ubpbGwu )lp upgwqpg[! intG)l [!UI}hwupwtqbu: 

7.10. q_puzwqnpotiwljw{] bqpwljwgmp1m{]{]bp (,, wnwpwpljmp1mOObp 

1. Uqwt.J.wnwqwJ)lG wzjuwmwGpwJ)lG opqwGnt.J. hwm)lqw2wpqJ:li ubpb
GwJ)l twt.J.wqmJG qwnmgt.J.wcr12wJ)lG tqwpwubmpbpG m zwhwqnpcrwqwG nb
d)luGbp[! h)luGwt.J.npt.J.wcr bG : lfbpbGwG ui.wmpwum t wpmwllllntpJwG hwuwp: 

2. fl.nmnpwJ)lG wzjuwmwGpwJ)lG opqwGGbpnt.J. hwm)ltiwuwGpJ:liGbpG 
mfi)ltlbpuwt bG' uwGpwgGmu bG uJ:lGiL 36 % JunGwt.J.mpJWU hwm)14Gbp[!: fl-w 
GzwGwqmu t, np lnpwgGbtm hbmLwGpnt.J. qnpmumGbp[! qwGJubtm Gtqwmwtintl 
:pbpubpwJj1G mGmbumpJmGGbpmu :pmpwdwJ)lG hwm)lq[! qwpblfl t oqmw
qnpcrbt hwt.J.wpuwG ui.wh)lg uquwcr: 

3. Unw2wpqtln11 hwm)lqwuwGp)llJ:l mbuwqwG hbmwqnmmpJmGGbp[! 
hGwpwt.J.npmpJmG bG mtlbt npnzbt- hwm)lqubp[! uwGpwguwG Jug)lq uwmmgnri 
JunnnlJ:l mbrtwlllluwG twt.J.wqmJG mb111!' t.J.bpL)lg m1111wo)lq, hwm)lqp tlJlw 
wqqnq I})1Gwu)14urqwG mctbp[! lWJGwqwG L bp4wJGwqwG nt'l'lnlPJntGGbpnt.J.' 

hwuwui.wmwujuwGwpwp ?.~~ .. = 185.5 'U L I:~;!, = 143.0 'U, hwpt.J.wcr)lg hbmn 

hwm)lqp zwpctuwG hbmwqcr)l hwt.J.wuwpmu[! qbqwpmjwG qnnpl})lGwmubpnt.J. 
(7.128), hwm)lq[! hwG'lJ:ltqwljwg ui.wm)lG hwpt.J.wcr)l a wGl.l)mG[! (7.133), ump6)1 
hwpt.J.wcr)lg hbmn uJ:lfiiL hwfil})ltqwljwg tqwm)lG (qb4wJ)l) hwpt.J.wcr)l 
ctwuwGwq[! (7.134)' t = 0,025 tl (bpp V0 = 6,0 Ultl) L t = 0,015 tl (bpp Vo= 10,0 

u/t.J.), qbljwJ)l tlJlw wqnu)lljGbp)l hbnwt.J.npmpJntG[! (7 .137)' e = (0.125 - 0.075) u 

(bpp Vqo = 5,0 Ult.J.), ump6j1ljGbp)l L qwGwljubp)l tlJlw qwjuuwG wGgp)l 
twt.J.wqmJG I1PPP1!' C"" 34 uu: 

4. 'UwjuGwqwG q)lmwi.pnpobpnt.J. npnztlbt m Cizmt.lbt bG. umpCi)lqGbp)l m 
qwGw4Gbp)l hwuumtpjntG[!' 3 uu, bpqwpmpjntG[!' 88 uu, UJnLp[!' CT-45, pwGw-
41!' 12 hwm, wnwGgpGbp)l p)lt.J.[!' 4 hwm, uwGpwguwG jug)14J:l twJGmpJntG[!' 54 
uu, pmGljbp)lg hwm)14Gbp)l btp)l wGgp)l iwtltbp[!' 56 x 56 . uu, ump6)14Gbp)l 
(qwGwljGbp)l) L Jug)lqp wzjuwmwGpwj)lG uw4bpbu)l (qb4wJ)l) u)12L pwgwlj[!' 
4,5 uu, wljnu)lqGbp)l junpmpJmG[!' 3 uu, w4nu~4Gbp)l ui.wmbp)l qwquwcr 
wul.l)mG[!' 90°, )lpwp)lg hbnwt.J.npmpJntG[!' 10, t1ttimpw4wG zwpct)lm' 
4AM80B2Y3, 2,2 4q_m, 2850 tqm/pnUJ., ttbqmpwzwpct)llJ:l wzjuwmwGp)l 
t1bqmpwqwG ujubuwGbp[!' wum11waL (bnw:pwq 380q_), bnwGl.l)mGwoL 
(u)lw:Pwq 220 q_): 

5. q.)lmwt.Pnpobp)l qwmwpuwG wnw2)1G t.Pmtmu, qwjut.J.wcr mwppbp 
mbuwqp hwm)lqGbp)l JunGwt.J.mpJmG)lg, hwm)lqwuwGp)llJ:l wzjuwmwGpJ:l inpu 
nbct)luGbp)l' 1) uw'lJ:l (dh.s = 5 uu) wnqwjntpjwup qnup)lGwgt.J.wcr opqwfiubpnt.J., 
2) uw'lJ:l wnqwJmpJwup hwpp umpCi)lqfibpnt.J., 3) wnwGg uw'lJ:l qnup)lGwgt.J.wcr 
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opqwfifitpml_, 4) umwfig uwqp hwpp ump6)14fitprilJ., i.pnpawp4uwfi wpl}Jntlip
litp)l h)luwu lJ.pw 4wnmglJ.wcr qpw'.p]14fitp)1 tJ.tptmO-mpJntfi{! gmJg t mwi)lu, np 
{!UUl uwfiplJ.wcrp)l qpwGmtwtitUlpw4wfi 4wqu)1 h wpUlw'lPn11w4wfimpJwfi 
pntnp mtuw4)1 hwU1)14fitpI!' lnp, tunfiwlJ. h qtptunGwlJ. 4.)law4mu, uwupwgfittm 
hwuwp UUIWU1W4whwpuwp t oqmwqnpO-tt 4nup)lfiwglJ.wcr uwlipwgfin11 
opqwfiutp: 

lmup)lfiwglJ.wcr opqwfifitpnlJ. hwm]14wuwfip)lm qnnmttuu)14w4wfi UIW
hwfi2fitp)lfi hwU1)14fibp)1 uwfipwguwG lwi.putpnlJ. pwlJ.wpwpmu t tq)lUI
Ulwgnpbfi]l tunfiwlJ.mpJwfi u)lfilL 36,6%-)1, qwpm u)llilL 24,7-)1 L gnptu)l u)lQlL 
28,4%-)1 uwhUwGGbpmu: 

~wm]14wuwfip]llli wpmw'lPn11w4wfimpJntU{! pntnp mbuw4)1 hwm)14fibp)1 
uwfipwguwfi ctwuwfiw4 tunfiwlJ.ntpjwfi u)lulu 17 %-)1 uwhUwfifitpmu 4wqumu 
t 266 - 210 4q/ct, )1u4 tunfiwlj_ntpJntfiI! u)lGlt.. 36,6 % pwpapwgfiti)lu filj_wqmu t 
u)lfilu 80 4q/ct: lijfintwUtUWJfi)llJ., tunfiwlJ. U qtptunfiwlJ. hwm)14libp{! ubpbfiwfi 
uwfipwgumu t: 

6. q.pmwi.pnpatp)l 4wmwpuwfi bp4pnpq t.Pmtmu, 4wtulJ.wcr mwpphp 
mbuw4)1 hwU1)14Gbp]1 tunGwlJ.mpJmG)lg (11,5 - 33 %), uw11tp]1 wfigptp)l mpw
uwqcr)lg (3, 4, 5 uu) h ttb4mpwgwug)1 mtuw4)1g (tnw'.pwq 2,2 4'-l.m, u)lw'.pwq 
1,6 4'-l.Ul) 4nup)lfiwglJ.wcr uwfipwgfin11 opqwufitpnlJ. hwm]14wuwup)llli wp
UlW'lPn11w4wfimpJwCi m ttb4mpwtubpq]lwJ]1 Ultuw4wpwp crwtuu)l qpw'.p)14-
uhp)1 lJ.tptmO-mpJntGI! gmrn t mwi)lu, np mwppbp hwm)14Citp)1 tunuwlJ.mpJwCi 8 
- 33 %-)1 uwhuwuutpmu tnw'.pwq ttt4mpwgwug)lg w2tuwmn11 hwm]14w
uwfip)lw WPUlW'lPD'lW4wCintpjntG{! h ttb4mpwtutpq)lwj)1 crwtuut! hwUWUIW
UlwutuwGwpwp bq)llllmwgnpbG)l qbUIPntU 4wqumu tG 120 - 270 4q/ct h 0,0076 
- 0,018 4Y.m.ct/4q, qwpm qtUIPmu' 100 - 215 4q/ct h 0,0104 - 0,021 4Y.m.ctf4q, 
gnptfi)l qtUIPmu' 125 - 230 4q/ct L 0,097 - 0,0177 4Y.m.ctf4q: U)lw'.pwq ttt4m
pwgwag)lg wztuwmbi)lu UntJU tunGwlJ.mpJWU uwhUwaatpmu WJI} utcrntpjntU
(itp[! tq]llllmwgnpa)l qtUIPmu 4wqumu ta 120 - 240 4q1ct h 0,0067 - 0,014 
4Y.m.ct/4q, qwpm qtUIPmu' 110 - 190 4q/ct t.. 0,008 - 0,016 4Y.m.ct/4q, gnpta)l 
11tUIPntti' 110 - 200 4q/ct t.. 0,0077 - 0,014 4'-l.Ul.ctf4q: 

~awpwlJ.npmpJwfi qtUIPntU al4wmw4whwpuwp t oqmwqnpO-tt tnw:pwq 
ttt4mpw4wu gwag: U]lw'.pwq)l qtUIPmU pntnp Ultuw4)1 hwm]14litp)1 m 'lPwag 
tunawlJ.ntpjntCiCitp)l L uw11tp)1 qtUIPntil hwm)14wuwup)ll)l wpmw'lPD'lW4W
ampjntaI! I!Ci4Cimu t u)12)1a hwzlJ.nlJ. 13-17 %-nlJ.: 

7. ~WU1)14wuwup)ll)l WpU1W'lPD'lW4wampJwa lJ.pw wutawutcr wqqt
gntpjmau ta pnqumu uwaplJ.nq hwm]14atp)1 tunuwlj_mpJntaI! h uwqbp)l wag
ptp)l mpwuwq)11t{!: Y.tp2)1autp)lu u)lwctwuwuw4Jw wqqtgmpJwa h hwU1)14w
uwap)lw W(lUlW'lPnqw4wampjwa 4wtulJ.wcrntpjwli uwphUwU1)14w4wU wp
mwhWJUlntpjmaa umwCiwtm hwuwp oqmwqnpcrlJ.bL t q]lmwt.Pnpatp)l lllLW
awlJ.npuwa UltumpJntCi{!: UUlwglJ.wcr ntqpbu)lwJ)1 hwlJ.wuwpmuGbpnlJ. 4wnmg-
4.tL bu WJI} utantpjmaatp)l '.pma4g]lnGwt 4wllllt qpw:p)14abp tnw'.pwq h 
u)lw~wq zwpct)llabpnlJ. wztuwmnq hwm]14wuwGp)llatp)1 hwuwp: q.pw~]14at
p)1 lj_tptmO-ntpJwa h)luwa lJ.pw wplJ.wcr bu qnpO-Gw4wG wnw2wp4mpJmGGbp: 
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8. Sbtua)14wmamtuw4wa wpl}JmawlJ.tmmpJwa hwzlJ.wp4Cibp{! hwumw
mmu ba, np qnJntpjntG mGtgnq i.pnppwlwtP hwm)14w2wpq)ll utptawatpp 
hwubuwmmpJWUp uzw4lJ.wcr maptJ.tpUWl hwmp4wuwuppl)l Ulbuw4wpwp 
ttt4mpwtatpqpwJp crwtuua m ubmwqwUlwpmpJntUI! h)luGw4wamu i.pnpp tu, 
)1u4 wptnW'lPilflW4WGntpjntG{!' ubcr: ~WU14WUibU LWlJ.wqntJU gmgwGpzatp m(ip 
2,2 4'-l.m hqnpntpjwG bnw'.pwq ttb4mpw4wCi zwpctplnlJ. wztuwmnq hwm)14w
uwup)lm' 0,014Y.m.ct/4q, 15,9 4qf4'-l.m, 6,29 (4q/ct) 4q: 
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8.1. lfwfip/1lli ljwnmgtfw<'Jpf! li w2fuwmwlip[! 

<l>\upmG m 1.J.nzm 4bphp uwGpwgGnrt mGpt{hpuwt uhphGWJP J:!Gl}hwGmp 
mbupJ:! mpt{wb t Gq. 3.24 -mu, tiul.J. tiwnmgt{wbpwJpG ufuhuwG' Gl.J. . 8.1-mu: UJG 
PP qwnmgtlwbl:lntl L. wzfuwmwGpp ul.J.qpmG1:1ntl Ullll(lphpt{mu t tlhp{! Gljwptu
qpt{wb hwmp4wuwGpplGbppg (Gq. 7.1 L. 7.2) GpwGnt{, np uwGppl nnmnp{! 
mhrtwl}pt{wb t hnppqnGwqwG, L. wztuwmwGptuJpG opqwGGhpJ:! hwpp ump6pq
Gbp hG: bpb hwmpqwuwGpplGbpmu pnln'l uwuGpl}pG hwqwqqmu m uwGpwg
uwGI} Guiwummu tpu fugp4}1 qtwfiWJflG UJ.llltnp t{pw Ujwtnpwumt{wb phppbp{!, 
lllUJ.lU WJU ubpbGWJntU WJI} :pmul.J.gpwG qwmwpmu hG qllllUUljpG uwajl (3) t{pw 
mb11wqpt{wb 1.J.wpbp hwuw6mttlwbppg uiwmpwmnt{wb qmpplGbpJ:! (2): 

fiLGpt{hpuwt uhphCiwG wGgbt t twpnpwmnp m wpmwqpw4wG tJlnpawp
ti.muGbp{! L. wGwuGwUJ.whwqwG :ptpuwGhppg pwgp, Gbpl}pt{mu t awL. dn11n
t{pqwl.J.wG mCiwhumpJwG WJL pGwqwqwnGhpmu. wGwumGGhpp hwuwp w11w
JpG pppqhwUbpp, funmwpmJuhppg flhJp m pmpwt{bm hwuhumGpGhpjl, qpUJ.ujl 
uiwmpwmnuwG wpmwqpwuwuhpmu L. WJLntP : 

lfwGpplp qwnmgt{wapwjpG L. zwhwqnpawqwG UJ.Wpwuhmphp{! npnzbtnt 
hwuwp qwmwptlhL bG mbuwqwG L. qpmwqmpaGwqwG hhmwqnmmpJmGCihp 
[17, 19,26]: 

ulj. 8.1. Juuiwgpwv [, hw(ipw;/16 ljbpbp 
tfw(ipwg{in!J mOfttfb1wwf tfbpf;fiwJft ljwnmg· 
tf w VJ2w1/10 ujubtfwO. 
1-tfwuptfwvpft hwtfwpft1, 2-lj111pft16/ip, 3-1.fw!J, 
4-hwppwlj, 5-l:fbljwpw2wpdj1,!/1 Lftu/in, 6-
l:fbljwpw2wpd/1,!, 7-pmOftbp, 8-tjJwftwO, 9-

1 ifmplfj1ljObp, IO-vwljnu1ljf;{i /Jwu1wlj, I l -UJwplj 

8.2. Uiup6ftljlilipm/ tfwfipwgtfmz fi1mpj11/pw wql)nfJ m dbp/1 
npn2nuff! /, tfbp[nt<'Jmp1mfi[! 

DtGpt{bpuwl l}tpw2wpaj1l utptGwjmU Gjmp{! UwGpwgt{mu t Gwfu 
ump6pl}Ghpp hwpt{wapg, WUJ.W Gnp qtwGwjpG uw'lJl t{pw mh11wti.w1tlwb 
l}mpjllGbpp ltn11opg : bpl.J.m l}buwmu lt uwGpwguwG pamtGu}ltlmpJntG{! hpuGw
qwGmu 1.J.wfut{wa t hwmpl}GbppG ump6plJ.Gbpp hwpt{wbp UJ.WhpG wnw2wgn11 
l}pGwuplJ.wqwG mdbpp uhbntpJmGpg: UJI} mdhpp wnwt{htwqmJa uhbntf}Jnta{! 
npnzhtnt hwzt{wpqwJpa hwuwqwpq{! phpt{wb t al.J.. 8.2-mu: 
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UbptawJJ1 wz{uwmwapp chuuwawl.J. ump6pl.J.abp{! 1.J.wmwpmu ta mwppbp 
pamwti zwpdmuUhp, mwmwamuatp, npnap tiwUJ.tlwb ta palUJ.hu uwGpwgtlnrt 
Gjntpp ajlUWl]Jlnlf}JWU, WJUUJ.hU tt qpwGg pwpl} zwpduwG hhm: ~hmwqnmm
pJmGahp{!' mnww}14w1.J.wG m ajlGwu}ll.J.wl.J.wG mdhpp npnzmo(!, L. tlhrtmbm
pJntG{!, hawpwt{npntpjma 1.J.mwU OUJ.UlPUWLWgGht uh1:1hGwjp wzfuwmwG1:1wJJ1G 
nhdpu{! L. wUJ.whntlhL wnwtlhtwqmJG wpmwl]JlnrtwtiwUntpJmG: 

ulj. 8.2. UhiplfftljObpft mdw1ftO 
hw2tfwpljubpft hwtfwljwpq. 
1-tfmplfjllj, 2-nnwnp 

luGl]Jlti tntbntu{! UJ.WpqhgGhtm UUJ.W
mwl.J.ntl ump6j14}1 qwuqt{wbi! l.J.humpnuwg
tlhL t tip bwfipmpJwG 1.J.hGmpnGmu (c): 
~wuwqwpqmu r -{! nnmnpti zwnwl\lJ11G t , 
ro -G ' wGl.J.jmGwjpG wpwqntpJntU(!, Re -G' 

ump6'14Jl bwGpntpJwG qhGmpnGti (c) hh
nwt{npmpJntG{! UJ.tnmuwG l.J.hGwpnGtig (o); 
cp -G ' A hnl}wl.J.wl.lj}l Gl.J.wmuwup ump6j11.J.j1 
UJ.lflmuwu wGl.J.Jntfi{!, C-{!' ump6j14}1 bpl.J.w
pntpjntU{!, a -Ci' ump6j14}1 qwquwb wG-
1.J.JmG{! qwGqt{wbjl UJ.U1UluwG zwnwt{'lJl 
(Re) Gljwmuwup, QdIJ -G' uti2wtlWJflP 'lJl
uwl]JlntpJwG mdl}, Ntitu -G' qwGqt{wbpg 
wnw2wgn11 qhGmpnGwfumJu ntd{!: 

IuGajlp{! tmbhtm GUJ.wmwtintl npnztlht 
t ump6'14Jl t{pw wqqn11 mclhppg umw-
2wgn11 unubGmGhpp ubbmpJmGGhpJ:!. 

- ump6p4p qwuqt{wbpg pGhpg)mG 
mclp unubGmJ:!' 

M1,u=-l,.{p(t) , (8.1) 

npwhrt cp(t) -Ci ump6j14}1 UJ.UlmuwG (zb11uwG) wGl.J.JmGG t, Im -I!' ump6p4}1 
qwGqt{wbti tiGbpgpnG unuhGmJ:!' 

(8.2) 

npmbrt m -n ump6'14Jl qwGqt{wbG t , ~------:-:-
Re = ~t; +r2 + 2( rcos<p(t), (8.3) 

npwbrt Ce-G qwGqt{wbp hbnwt{npmpJmGG t A hnl}W4lllUJ.P9: 
- up2wt{wjpp 'lJlOWl]JlntpJntGpg wnw2wgn11 unubGm{! 

Muq =c¢>(t), (8.4) 

npwt11 c -G up2wtlWJPP 'ltiuwqpmpjWG qnpbw4}lgG t, np{! gmjg t UIWLPU 
unuhGtnp ubbntpJntGI} uptut{np wGl.J.JmGwjpG wpwqntf}JntGjlg (t..uq), 

- qhGmpnGtu\untJU mdpg wnw2wgn11 unubGmJ:!' 
M""' = N It/uh, (8.5) 

npmhrt' 
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h=fcsina, (8.6) 

i'.l AOC-pg' 
. rsina 
sma=--, 

RC 
(8.7) 

Nlt/u = mm 2 Rc : (8.8) 

~WUWUlWtnwutuwG tihantpjntGGhpp wpdhpGhpJ:! UlbIJ.WllllhtntJ. (8.5)-p Uh2 
umwgtJ.htt. 

2 rsin<p 2 • 
Mlt/u =Nlj/uh=mm Rcfc--=mm ( .rsm<p, (8 .9) 

RC 
- UlllltntJ.nIJ. nnmnppg wnw2wgnIJ. unubGtn{!' 

M,vU1=Msinmt, (8.10) 

npmhIJ. M-J:! unuhGmp uwpupumu utompJmGG t: 
OqtntJ.htntJ. UltntntiwG ctwuwGwlt unubGtnGhpp hwtJ.wuwpw4znntpjwG 

UlWJUWGpg, umwgtJ.ht t. 

Im<P(t )+ ci>(t )+ mm2 (rsin<p = M sin mt: (8.11) 

.:!,wztJ.P wnGhlttntJ. wGhwuwuhn, n~ qowJpG qp.'phphGgpw1 hwtJ.wuwpuwG 
pGtnhqpuwG uwphUwmp4w4wG qcttJ.wpntpjntG[!, UljG ppwltwGwgtJ.ht t unmw
tJ.np hIJ.wGw4ntJ., oqmwqnpohtntJ. hhtnhJwt UltupqhgmuGhpJ:!. 

sin1p;,;(1p-~;} (8.12) 

ShIJ.wrwhtntJ. (8.12)-l! (8.11)-p ut2 , UtnwgtJ.ht t. 

Im<P(t)+ci>(t)+mm 2 ec{<p- ~) = Msinmt: (8.13) 

Oqmwqnpoh1ntJ. 

_:__ = 2n 
Im ' 

M -
-=M 
I"' 

(8.14) 

GzwGwltmtiGhpJ:! (8.13) hwtJ.wuwpmuG [!GqmGht t hbtnhJWL mhupJ:!. 

<P(t) + 2mj>(t) + P2 <p - K 2 
<p3 = M sin mt: (8.15) 

UmwgtJ.wo n~ qowJpG l'lP:PhphGgpwt hwtJ.wuwpntUJ:! (8.15) pGmtqptJ.ht t 
uhtuwGpltwJp tJ.wppwgpnG hIJ.wGw4ntJ.' fi.ptngp ubpnqntJ.: 11-pw hwuwp 
UltntntiwG wG4JwG .'pmGltgpwG J:!GqmGtJ.bt t hbmhJWl mhupntJ.. 

1p(t) = lfJo sin( mt+ e)' (8.16) 

nplllhIJ. <p0 -G UltnUltiwG wG4JwG zbIJ.mtiG t (wtilllllltnntq{!), 8 -G' u4qpGwltwG 
zbIJ.ntUJ:!: 
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(8.17) 

nptnbIJ. A= <p0sin8, B = <p0cos8, WUlW (8.16)-pg umwgtJ.ht t. 
1p(t)= Acosmt +Bsinmt: (8.18) 

<p (t) .'pmGltgpwG (8.15)-p ut2 tnhIJ.WllllhJOt hwuwp Gwtu hwztJ.wplttJ.ht t. 
i>(t) = -m(A sin mt - B cos mt), (8 .19) 

¢(t) = -m2 (A cos mt+ B sin mt): (8.20) 

ShIJ.wrwhtntJ. <p (t), tP (t) h ip (t) uhbmpJntGGhpJ:! (8.15)-p uh2, umwgtJ.bt t . 

m2 (A cos mt+ Bsin mt)+ 2nm(A sin mt - B cos mt)-

- p 2 (Acosmt + Bsin mt)+ k2 (A cos mt+ B sin mt )3 
= M sin mt: (8.21) 

"lwpqhgGhtmg hhtnn umwgtJ.ht t. 
{m2 

- p 2 XAcosmt + B sin mt)+ 2nm(A sin mt - B cos mt)+ 

+K2 (Acosmt +Bsinmt)3 = Msinmt: (8.22) 

liJGmhhmh (8.15) hwtJ.wuwpuwG hwuwp 4wqutJ.ht hG tJ.wppwgpnG 
hwtJ.wuwpmuGhpJ:!' , 

2

"Jt<P(t) + 2ntP{t )+ P21p(t )- K 2 1p3(t )- M sin mt ]cosmtdt = 0, (8.23) 
0 

2

"Jrq:;(t )+ 2ntl>~ )+ P2<p(t )- K 21p3(t )- M sin mt ]sinaxdt = 0: 

P.Gmhqph1m hwuwp Gwtu mhIJ.wrwtJ.tt hG ipw4wqohpp 
wptnwhwJUlntpjwG ubompJmGGhpJ:! (8.21)-pg. 

2 tr / w 

J [{m2 
- p 2 XAcosmt + Bsin mt)+ 2nm(A sin mt - B cos ax)+ 

0 

+ K 2(Acosax + Bsinmt)3 
- M sinmt]cosmtdt = 0, 

2ir/ w 

J [{m2 
- p 2 XAcosmt + B sin mt)+ 2nm(Asin ax -B cos mt)+ 

0 

+ K 2 (A cos mt+ B sin mt )3 - M sin mt ]sin mtdt = 0: 

SbIJ.wrwt1ntJ. 

(A cos mt + B sin mt )3 =..!..[A 3 (cos 3mt + 3 cos mt)+ B3 (3 sin mt - sin 3mt) + 
4 

(8.24) 

uti2ti 

(8.25) 

(8.26) 

+ 3AB sin mt cos mt(A 2 sin 2 mt+ B2 cos2 mt)] (8.27) 

wptnwhwJtnntpjntGJ:! (8.24) h (8.25) pGtnhqpwttuJpG hwtJ.wuwpmuGbpp ut2, 
umwgl[mu t. 
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21'/~ J \[ (m 2 
- P 2 XA cos mt+ B sin mt)+ 2nm(A sin mt- B cos mt)]+ 

0 

+ R 2 .!.[Ai (3cosmt +cos 3mt )+ B3 (3sin mt - sin 3mt)+ 
4 

+ 3AB(sin mt cos mt XA sin mt+ B cos mt)]- M sin mt }cos (J)tdt = 0, (8.28) 

21'/~ 
Jt[ (m2 - P 2 XA cos mt+ B sin(J)t )+ 2n(J)(A sin wt- B costVI )]+ 
0 

+ R2 .!.[A3(3cosmt + cos3mt )+ B 3 (3sin mt - sin3wt )+ 
4 

+ 3AB(sinmtcosmtXAsinmt + Bcosmt)]- M sin mt }sinmtdt = 0: (8 .29) 

Pfimtqpbtntl (8.27) L. (8 .28) wpmwhwJtnnLpJmfifibpJ! umwgtJ.hL t A L. B 
qnpb"wl.J.!igGbpp Gljwmuwuwp hwtJ.wuwpmufibpp hhmL.JWL hwuwl.J.wpqJ!' 

(m2 
- p 2 )A - 2nmB + 2.e (A 3 + A2 B )= 0, (8.30) 

4 

(m 2 - p 2 )s- 2nwA -ik2 (B3 + B2 A)= M: (8.31) 
4 

ShIJ.w'1Phtml (8.17)-pg AL. B utb"mpJmGfihpJ!, umwgt.Jmu t. 

(m2 - p 2 )cose - 2nmsin e + ie'Po 2(cos8 +sine )cos2 e = 0, (8.32) 
4 

(m2 -p2)sin0-2nmcos0-ik2ip2(cos8+sin0)sin 20= M: (8.33) 
4 'Po 

Pwquwlllwtnl.Jhtntl (8.31) hwtJ.wuwpmUJ! sin28-ntl L. (8.32)-1!' cos28-ntJ., 
umwgtJ.ntu t. 

(m2 -P2 )cos0sin 2 0-2nmsin3 8 + 

+ 2.K2<p~ (cos0 +sin 8 )sin 2 E>cos 2 8 = 0, 
4 

(m2 -P2 )sin 8cos2 8-2nmcos3 0-

_2.K2<p~(cos 8+sin8)sin2 8cos 2 8 = M cos2 8: 
4 'Po 

q..muwphtntl bpljm hwtJ.wuwpmufibpJ!, umwgtJ.ht t <p0-p 
htmL.JWL wpmwhwjtnntpJntfiJ!. 

(8.34) 

(8.35) 

Gl.J.wmuwup 

(m 2 -P2Xcose+sine)sin0cos0 - 2nm(sin 3 0+ cos3 e)= M cos2 0: (8.36) 
'Po 

ITJ.wpqbgGhtntQ htmn' 
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'Po = [(a>'-P2)sin20-2nw(2-sin2e)Jsin0+cose): (8.37) 

Cfil}ntfihtml, np zwpchlwfi uljqpnuf uljqpCiwl.J.wfi tllnqmu, 8 = 0, mnwgtlhL 
t wtltw lllwpq wpmwhwJmmpJmfi' 

M M . 
'Po=--=--- : 

2n(J) 2n(J) I., 
(8.38) 

U]lfintUJ! QnLJQ t 
IllIJ.IJ.lllpJmCifi mfip: 

mwurn, np uwpupumu zbqnttiJ! llltnUitiwG hwljwnwlj 

UJulllpuntl, mCitCiwtntl 
lJUifip' 

<p0 utb"ntpJntGJ!, wfil.J.JwG ztquwfi :}>mfiljgpwfi 

ip(t) = <p0 sin wt : (8.39) 

'1-wfiwl.J.p hwptJ.wb-p ntdJ! npnzhL tfip hhtnL.JWL wpmwhwJmmpJmfipg. 

Mwl} umwgtJ.mu t (8.1) wpmwhwJtnmpJmfipg' 

mbqwl}phtntl (8.40)~'1 uh2 umwgtJ.bt t . 

P /,,. ••() 
11/11i = --<p t : 

RC 
¢(t )-p uhb"mpJntGJ! npnztJ.bL t (8.39)-pg' 

¢(t) = - m2<p0 sin mt : 

(8.41)-pg npnztJ.ht t P!Jlla-P tJ.bp2GwljwG uhb"mpJntGJ!' 

P 
!,,. 2 • 

1lf11i ='Po Rm sm wt 
c 

(8.40) 

Mpu =- I ,,.¢(t), npJ! 

(8.41) 

(8.42) 

(8.43) 

1.J.wu hwztJ.P wnGttntl <po-'1 utb"mpJmGJ!, (8.38)-pg mnwgtJ.ht t. 

P 
Mm. 

JJPu =--smmt : 
2nRc 

lfwpupumu ajl.Gwupl.J. mdJ! npnztJ.hL t hbtnL.Jwl lllWJUwfipg' sinwt= 1, 

Mm 
maxPJJPu=-- , 

2nRc 

c 
npmtq 2n = - , L., pwGp np <p(t) = <po, WlllW 

Im 

(8.44) 

(8.45) 

Rc =~R! +r2 +2ecrcosip(t) =~R! +r2 
+2fJCOSfPo : (8.46) 

M-1! nnmnpp lllUimuwG unutfimfi t, npJ! npnztJ.mu t hbmL.JWL pwfiw<'iL.p 
oqGmpjwup' 
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2 

M = I .::!.__ : (8.47) 
m 2 

<!,bmLwpw(l, maxPIJ!iu-P hwuwp umwgtJ.bL t CiwL bpl}(lnpq pwCiw6L[I' 

P mRc 3 
max ,,1, {j =-m 

4n 
Onh0w[{.r=58lftf, m=251/t/, l=l50lftf, c=l,15ulft/, m=0,ll ·/0 -3 ljq, 

2n=~ O,ll 5 =4651/tJ. 
!"' 0,11 ·152 ·10-3 

' 

0 l l · 10-3 
• 15. 253 

maxPflu=' =2,771.)qmct=27,7'U, 
I/ 9,30 

maxP9flli fiE 
QUU7 = K , K,, = mRC -<5- , Dum = 0,2 uu, 

I/ g ~ 

2 77 
K =25·15 :.:26,8, Q "' =-' -=0,1031.)qmct=l ,OJ'U: 

I/ U 26,8 

'UztJ.wb UJ.W(lWUbmpbpp qbUJ.j2nLU l}wpblti t WUJ.WhntJ.bL ump6):1qfib(lp 
hwptJ.wbp wnwtJ.bLwqmJCi met' maxP'll,6 = 27,7 'U: 

8.J. Uiup6ftljubpft tfw2lfwc7pft wnw2wglfwu wbuwljwu hfti.Iuwlfnpmi.I[! 

lumwg(lwb L hwfipwjpCi l.Jbpbp uwCipwgfinq mfi):ltJ.bpuwl ubpbfiwJJ:l pw
Cinq O(lqWCiCib(l[I ' hnp):lqnCiwl)wCi Unt(16pq Cibp"[I, wz]uwmwCip):l ctwuwCiwl.J 
qmCitJ.mu bCi zwm bwCi(l UJ.WJUWCiCibpnu.l, hwml}wUJ.bu hwCipwJJ:lfi l)bpbp' mpw
tJ.bpmpCi L j2lll(llll11. uwCipwgCib\lrn: lijf1 llJ.WJUWfiCibpmu wzjuwmb\lJu ump6):11.)
CibpJ! bCipwpl)tJ.mu bCi ):lCimbGutitJ. uwztJ.wbp):l (Ciq. 8.3): 

lTw2tJ.wbpu wnw2wfimu t unuppbp UJ.wm6tunCibpntJ., pwrn ubbwuwuwup 
J!Clqmumu bCi, np wJCi m11.J:lq hwubuwmwl)wG t hwptJ.wbnq uwuCip4.J:l wM 
l)):lfibm):ll) tfibpqJ:lwJpfi (am V) L hwqwqwpa hwubuwmwl)wfi GJmp)l 
(ump6p4.J:l) hnup):l 4wu mbqwzwpctp fitJ.wqwqmJCi LWfltJ.wbntpJWG[! (r): bpb 
[!Uf1ntCibCip hwztJ.wplJ.J:i hpupntU .'b)l.Cip wnw2wpl)ntpjntCl[! [154], WUJ.W uwztJ.wb
pp j2WCillll}J! l)npn2tJ.li hbmLJWL wpmwhWJUlntpJWUp. 

v2 
Q" =cf(a)~, (8.48) 

' nptnbq c -Ci hwumwmmCi ubbntpjntCi t mtlJWL Cijntpp hwuwl)wpqp hwuwp, !(a) 
-Ci' hwptJ.wbp (qpnh}l) wCi4.JwCi :j->mCiqg):lwCi, V-Ci' hwptJ.wbp wpwqntpjntCi[!, r -
Ci' ClJmpp GtJ.wqwqmJCi LwptJ.wbmpJntfiJ! hwptJ.wb}l UJ.Pngbu}l 2tpuwumpowCi}l 
~~~: ' 

<!,wtJ.wuwpmu}lg (8.48) hbmLmu t, np uwztJ.wbpJ! UJ.bmp t hwubUwmw-
1.J.wfi \lJCip hwpt[wbnq uwuCifllJ.J:i qwCiqtJ.wbpCi L hwptJ.wbfl wpwqmpJwCi pw-
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nw4mumCi: liJTl wpmwhwJmmpJmClmu qpnhfl wCilJ.JwCi wqqbgmpJntClJ! hwztJ.li t 
wnCitJ.wa, pwJg uwpbuwmfl4npbCi w npnztJ.bi: 

<l>npabp):l mtlJWLCibpflCi hWUWUJ.WUlWUjuwfibLnt L uwbmgfl4 Cijntpbp}l 

uwztJ.wbpp tJ.pw qpnhp wCilJ.JwCi wqqb
gntpjntCi[! hwztJ.li wnfihLm fiUJ.wmwl)ntJ., 
AflmbpCi wnw2wpl.J.bL t hbutLJWL hwtJ.wuw
pntU[! [45]. 

QP =.!_m(Vsina-Vi/~"1>) . .!., (8.49) 
2 e 

npmbq Qp -Ci Cijntp):l uwztJ.wb"pCi t b"w
tJ.WLlllJpCi upwtJ.npCibpntJ., m -"[I' uwztJ.wbp 
wnw2wgCinq wM uwuCipl.J.Cibpfl qwCiq
tJ.wb"J! V - Ci ' hwptJ.wb"fl wpwqmpJntCl[!, 

ulj. 8.3. ifw;tfwif Jfmptfftljfilipft v, rm~J-G , 1, h hl.J 1.J.wG h wb" uw CJ 
ofi!]hwfimp mliupo I/fl '1fl1•Ulp w • nppg 9 P 2 

J!Clqhwmt[mu t, e-G' wGhpwctbzm tGbpq}lwG u}lwt[np b"wtJ.wtti hbnwguwG hwuwp: 
.'bflCip (8.48) L A}lmbpl1 (8.49) pwCiwaLbp[! hwztJ.li bCi wnCimu uwuCifll.J)l 

tCihpq}lwJfl l)ppmpl)wqwCi Cizwuwl.J.mpJwCi uwuflfi umwhqwgmu[!, npflg CibppL 
qwqwpmu t «l}l]u(lntCi» uwztJ.wbp"[I L qpnhfl wCi4.JwCi CitJ.wqwqmJCi WpfljntCiw
tlhm CizwCiwl)mpJntfiJ!: Upf1JntClpmu J!ClqhwmtJ.mu t «Uwbntgpl.J.» uwztJ.wbpJ!: 

<!,wUWOWJfi (8.49)-fl, qpnhp wfilJ.jwCJ Ubb"wgmuntJ. UwztJ.wb"pCJ Wfi[!Uf1hWU1 
w6mu t, wJuflCipCi l4w uwhUwCiwl}lwqmu: UJq pwCiw6L.bpmu hwztJ.li W 
wnCitJ.wb" uwuCifllJ.J:i hwptJ.wb")l mdfl hnp)lqnCiwl)wCi pwqwqpflw qbp[!, npJ! 
mbuwl)wCinpbCi 1.J.wUJ.tJ.wb" t «Uwb"mgpl.J» uwztJ.wbpp hbut : UGhpwctbzm t CiwL 
mzwqpntpjntCi qwp6fibL WJG pwCip tJ.pw, np hwptJ.wbfl wCi4.JwCi ubb"wgmuntJ. 
uwztJ.wbpJ! qmppwGmu t : <!,wztUi wnCibLntJ. uwztJ.wbpfl WJfl hwmqntpjntCiCibp"[I' 
wnw2wpl)tJ.bL t uwztJ.wbp)l pwCiwl.J.l! (bwtJ.WLWJflCl 4npump uflwtJ.npCibpntJ.) 
npnzbLm Cinp pwGw6L [18], npfi flpbCi}lg Cibpl.JwJwgCimu t l}l]upmCi L uwbntgpl.J 
uwztJ.wbpp ptJ.tilpwCiw4wCi qmuwpJ!, hbmLwpwp, wnwt[bLwqmJCi uwztJ.wb"pw
J}lCi 4npmumCibpJ! UJ.bmp t hwUWUJ.lllUllllU]uwCitCi qpnh}l wG4.JwG u)l.2wG4.JwL 
CizwCiwl.J.mpJWCiJ!, wJuJ:lCipCi. 

QtI = m {rcosa-V"~)J ·J_+~{vsina-V"~117)J ·-1-, (8.50) 
2 eh 2 eni11 

nptnbq vtiflfhJ, Vq/''I) i! 4PflmflqwqwCi wpwqmpJmCiCibpCi bCi, npnCigpg CibppL 
uw2tJ.wbp[! qwqwpmu t , eh, em,, -I!' WJCi tCibpqpwCibp[!, npnCip wCihpwctbzm bu 
uwztJ.wb-11'1 u):lwtJ.np awtJ.wJ.ll htnwguw(i hwuwp: 

Uwl.J.wJfi wnw2wpqtJ.n11. hwztJ.wpl)wjpCi pwfiw6L.J! (8.50) pwtJ.wl)wCi pwpq 
t eh, em,,, Vq/J, Vq/m'I) UbbntpJmCiCibp[! npnzhLnt hwuwp: 

lTwztJ.wbp}l ]unpmpJntCiJ! npnzbLnt hwuwp wJumbq 1.J.wpbJ.ll t oqmwqnpb"bL 
WJU llJ.lllJUWfi"[I, np ump6flqp uwl.J.bpbuflCi UwuCi):llJ.J:i hUJ.Ulllfi UJ.WhflCi uwufifll.J.}1 
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lj}lGhmpqwljwG tGbpqpwG t.[bpwqmtut.[nul t uwuGpljp MttlwG L. ump6pqp 
uwzt.[wO-pp UJ.mntfigpwt tGtpqpwJp: 

titlttlwG t.[pw tfibpqpwJp qnpump hwt.[wuwpnttl[! qwqtlbtm dwuwGwq 
mi.mnwGmtl[!, 2tpUWJpG L. WJL bpL.ntjpGhp[! wGmbutlhL tG, wjupGpG. 

mV2 p(mq)o(mq) 
_.!!:i.. = f} f} 1.wu mv2 = p(mq)o(mq) (8.51) 

2 2 '1 mq fJ fJ ' 

npmb11 m ·[! uwuGpqjl qwGqt.[waG t, V,,111 -G' hwpt.[wap m1111wopq wpwqm
PJntG{!, P,/n"v, /Jr/ (mIJ) -D' m1111wopq ajlGwupqwqwG mctbriD L. 11b:Pnpuwg)lwGt111}: 

lfJntU 4.n11upg, hwUWOWJU ~bpgp wpmwhWJUlnLPJWU (46] . 

5(mq) = (pJmq) )2/3 
f} K , (8.52) 

npmbq K = __±__ · JR R - I!' uwuGpqp zwnwtlflq[!, K, = l -£v1
2 

, 
3JT (Ki +K2)' Jr, I 

1-v2 

Ki = -E2 , E1' E2' VJ' V2 -[!' hwULUUJ.WUlWUtuwGwpwp uwuCiplj}l L. ump6plj}l 
Jr 2 

Ujntpbpp wnwaqwqwGmpJWU UOI}llttfibpl} L. "lmwunGp qnpawlj}lgfibp{!: 
(8.52)-pg lJ,/mfJ)_D mb11w11Jlbtntl (8.51 )-p ut2, umwgt.[bL t. 

o\"') 0 ( m;, r' (8.53) 

npmbq V,,,IJ -D hwpt.[wa)l mqqwapq (m1111whwJwg) wpwqmpJmGG t: 
K-p wpdhp[! (8.53)-)1 ub2 mbqw'lllbtm wpllJmfipmu, umwgt.[bL t 

uwzt.[wap)l tunpntpjwG t.[bp2Gwqwfi GzwGwqntpjntGI} uwuG)lqp mqqwhwjUJg 
hwpt.[wap ctwuwfiwq' 

D(mq) = ( 3n(K, + K 2 ). V 2 ]
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. fJ r;: m mq . (8.54) 
4vR 

.ilUJGjl np Ulllhp)l dUJUwfiwq uwzt.[wb"p[! mb11Jl t mGtGmu GwL. hnppqn
Gwqwfi pwqlll11J1Ptlig, mmnp uwzt.[wb"pJ:! npnztlbt t GUJL. hnpjlqnCiwqwG mdpg: 

4.wmwphtntl hwUWUJ.WUlWUtuwfi bCipw11JlnLPJntGGbp' wnw2wplJbt blip 
uwzt.[wb"p)l ubtuwG)lqu[! GuwGtgfiht ubmw11fl qmpuwG[! qwu ump wCi4.JwG 
mwq upqpnmwzhqGbp)l hwCiuwGJ:! (Gq. 8.4): 

SwzbrtJ:l L. umpl'ip4.):l hwpwptpwqwG qh{>npuwgjlwGbpfi bu. 

o~(x)=Ph+T(x), oAx)=-T(x), (8.55) 
BUI B,, 

npmb11 T(x)-g zwpdtl.nq (znzwtJ:mll) mdG t qmpuwG uwqtpbujl tlPw, B,m B,, -G' 
hwUWUJ.WUlWUtuwGwpwp mwzb11fl L. Untp6p4.):l qnzmntpjntCiGbpg ubquuw(i 
qhUJ.PntU (Bw= Bin /Jlflb,r,, ftulj B,,= E,, b,, h,,, npmbTJ 'E,n, E,, -Ci mwz b11fl L. ump6p4.):l 
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UJilWOqwljtuGntpJWU unqnqCibpG bfi, blfl, /Jin -fi' mwzt11Jl (uwzt.[wb"pjl) LWJUnt
pjntGg L. funpntpjntUJl, b,,, h,, . .(i' umpopq)l LWJGntpjntCig L. hwumntpjntG[!}: 

l-i. 
w) p) 

ulj. 8.4. <w2lfwpljWjftu ujubtfwulip. hnpftqnuwljw[i (w) /, nll]!]Wdftq {p) 
mdlipft qnp'7n1Jmp1wu dwzfwuwlj. 1 - ww2li1J (zfw2lfwc)p), 2 - zfmplfftlj 

~mlj):l opbGpp hwuUJowJG, qb{>npuwg)lwfibpp L. twpt.[wompJntGGbpp up2L. 
qw hwubuwmwqwG qwfut.[UJO-ntpJmG, wJupGpfi. 

Kc~o'(x)= r'(x), ~o'(x)= ~o~(x)-~8Ax~ (8.56) 

npmtq Kl/U7 -G qnzmmpJUJG qnpawlj}lgG t qmpuwG qhUJ.Pmtl: 
Oqmwqnpb"htntl (8.55) L. (8.56) wpmwhUJJUlntf}JntGGhpJ:!, umwgtlhL t. 

r'(x)= Kl/U7[r(x{ B~ + L )+P{ B~ )J (8.57) 

t. hwztlfl wnGhtntl, np r(x) = T°(x) (r(x) - [! znzUJtJ:inq LWPt.[UJantpJntGG t) L. 

Bu>>Bw' T"(x )- oiT(x) = oi Ph, (8.58) 

2 Kl/lfl Kl/111 
npmt11' OJ = - = (8.59) 

B111 E111bU18111 

P.Gmbqpbtntl (8.58) aji{>bpbfigpwL hwt.[wuwpntUJ:!' I}lltpu bfi pbpt.[bt znzw
tJ:!nq md)l (T) t. twptJ.wO-mpJwG (r) GzwGwqmpJmGGbpJ:!' 

T(x) = c1chwx + c2shmx - Ph, (8.60) 

r(x) = T
0 (x) = m(c,shlilX + c2chmx ): (8.61) 

IuCiqpp tntamug qwfut.[wa t w;i wpdbppg, pwfip np WJG hGwpw
tJ.npmpJntG t mwUiu (8.59) -pg npnzbt uwzt.[wb"p)l tunpntpJmfig (/J111): 

UGhwJm c, L. C2 hUJumwmmGGbp[! npnzbtm hwuwp oqmwqnpOtl.bL bu 
htmL.JWL UUJhuwfiwJ)lG UJ.WJUwGCibp[!' bpp x 0 = 0, T(O) = 0, WUJ.W (8.60) - pg 
C, =Ph, bpp x ==f, r(l) = 0, (8.61) - pg C2 = - Phthw f: 

C1 L. C2.P wpdbpGhp[! (8.60) L. (8.61 )-)1 ut2 mbqtu11J1htmg hbmn, t.[tp2-

GwqwiiwUJ.bu umwgtlht tfi . T(x) = Pi,[chw(l - x) -1], (8.62) 
ch OJ 

267 



T(x) = -mP,,[shm(l - x )] : 
chm! 

(8.63) 

CCiqmCibtntl UJWJL'iwCiJ:!, np mw2trm UJntitJ.mu t, bpp maxr=ru11 (rll/1-fi 
UJLWumptiwtiwCi 2n2wtl1n11 twptJ.wO-mpJmCiCi t), umwgtJ.bt t. 

max Tl_ =mPh(shml)= TUJ
1 

tiwu mthml= TUJL, V=t,,,.,P): {8.64) 
~ ~~ ~ 

bpi.int 4nIJ.L'iJ:! pwqL'iWUJWtn4btntJ. f"' -ntJ.' umwgtJ.bt t. 
TUJ..,/III 

ml thml = -' -· 
III Ph . {8.65) 

<!_UIUUIOUIJU J:!UqntCitJ.wa bCipwqpmpJUIU' rUJ/111 = Pm umwgtJ.bt t 
ml"'thml"' =l, npuibIJ.Pg ml"' =1,2: (8.66) 

<!.w2i.J.P wnCibtntJ., np (8.58)-pg m2 =Kit"'/ B, = K1t"'/(E"'<5"'b"'1 (8.66)-pg 

Kl/IIlt2,,,/(EIIl<5/Ilb/II)= 1,44 tiwu <Sh= Kl/IIl12,,,/(1,44E/Ilb/II): (8.67) 

.J2wCip np mctu qnpamu t npUJbu qpCiwupti, WUJW <5~h) =µ,,<Sh, (8.68) 

npuibq 'µIJ -Ci mctp hnppqnuwtiwu pwqwqpptlJ qpCiwuptiwtiwu qnpawtiPgCi t, 

UIJUpCip(i µ,, = Vh~ g~h , (8.69) 

qwu, oqmwqnpO-btntJ. {8.67), (8.68) L. (8.69) -J:!, umwgtJ.bt t. 

<5~h) = Vhlh ~ Kit"' , (a* 1l): (8.70) 
1,2 gE"'b"' 2 

liJuUJ'PuntJ., umwgtJ.bt bCi uw2tJ.wO-pp mqqwopq tunpmpJmCiJ:! mqqwhwJwg 
hwptJ.wO-pg, V,,,q = Vsin a qbUJpmu. 

<5~mq) = [ 0,751l K:;f 2 m(V sin a )2 r5

, (8.71) 

L. uw2tJ.wb-pp tunpmpJmCiJ:! hnppqnuwtiwu hwptJ.wO-pg, VJ,= Vco.su qtuwmu. 

5(h) =VI"'~ Kit"' cosa (8.72) 
,, 1,2 gE"'b"' ' 

uw2tJ.wapp qmuwpwJpCi L'ibampJntCiJ:! 4tliCip. 

<5,, =[0,751lK:;f2 m(Vsina)2]
215 

+VI"'~ Kit"' cosa, (8.73) 
R 1,2 gE"'b"' 

npuibq fw , b"' -Ci uw2tJ.wapp bp4wpmpJmCiCi m LWJCimpJmCiCi bCi mw2bIJ.P 
timpuwCi qtuwmu, Kl/"' -Ci' tin2uimpJwCi qnpawtiPgJ:! timpuwCi qtuwmu: 
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UuuugtJ.wO- pwCiwoL.bpJ:! (8.71), (8.72) L. (8.73) hCiwpwtJ.npmpJmCi bCi 
lilUIUlU npn2bt hwmptiwuw(ipptlJ Untp6p4Cibpp UU12tJ.U10-p(i J:!Ulll Ill1111UIOpq 
tunpntpjwCi, J:!Ulll umpoptip bpl.iwpmpJUIU L. qpwCig qmuwpwjpCi ubampJillUJ:!: 
lijq pwCiwoL.bpp tmO-muntJ. tinCiumpmtimnpCibppCi tunphmpq t tnptJ.mu u2wtibt 
ubpbuw2puwtiwu L. ump6p4Cibpp hwuwp 0-watimJpWJpCi Cinp CiJmpbp, npnCip 
uw2tJ.wapp utiwmuwup timub(iw(i pwpop qpuwqpn11wtiwCimpJmCi: 

8.4. l/bpwtfwuuftljubpft 2wpdtfwu opftuw1wtflmp1muubpf! 
ljbpw2wpIJft!.ft Obpumtf 

Y.wpL.np t pwgwmpmpJmCi tnWL CiwL. nnmnpp CibppL.p ump6p4Cibpp ow
tiwmwJpCi L'iwu]l uw2tJ.wapp L. tl1nup4Cibpp wnw2wguwCi tJ.bpwpbpJWL (Ci4. 8.3): 

.J2wCip np L'imp6p4CibpJ:! bCipwptitJ.mu bCi wpmwpbpuwCi uw2tJ.wO-pp, npJ:! 
hbmL.wCip t L'imp6p4Cibpp L. uwCipwgtJ.n11 CiJmpp uwuCip4Cibpp up2L. hwpwpbpw
tiwu 2wpctL'iwCi, WUJW Ciwtu mumuCiwupptJ.bt bu WJil uwuCip4Cibpp 2wpctuwCi 
oppCiw(wtllmpJmCiCibpJ:! 4tpw2wpqp(p Cibpumu: 

libpw2wpqptlJ w2tuwmwCipp ctwuwCiwti uwCipwguwCi tu9P4 L9tln11 CiJntpJ:! 
(gnpb(i, qwpp, bqpUjtnWgnpbCi, pwpwq L. UIJLU) ump6p4CibpntJ. 2wpqnmtJ.mL'i t L. 
L'ipwctwuwuwti Ujtnmwtiwu 2wpctmu umwCimu: 

IvCiqppJ:! tntO-btm hwuwp qpmwptitJ.bt b(i uwCipwgtJ.n11 hmupp L'iwuCip4Cibpp 
tJ.pw wqqnq mctbpJ:! L. WJil mctbpp wqqbgmpJwCi mwti uwuCip4Cibpp 2wpctuwCi 
pCintjpJ:! {Ci4. 8.5) [ 18, 26]: 

libpw2wpqptlJ w2tuwmwCipp ctwuwCiw4 CiJmpwtiwCi uwuCiptiP tJ.pw wqqniu 
bCi 0-WCipntpJwCi' mg, pCibpgpwJp' molx L. CinpuwthwtiwqqbgmpJwCi' N mctbpJ:!: 

ITlpnJbl.imbtntJ. pntnp mctbpQ tinppCi, A titmmu mwptJ.wO- 2n2wtl1n11P tJ.pw 
umwgtJ.bt t. 

ma/xcosa-mgsina=O, (8.74) 

npmbq m -Q L'iwuup4p qwCiqtJ.wO-Ci t, 4q, m-fi' uwuCip4Cibpp Ujtnmwtiwu 
2wpctL'iwCi wCitiJmCiwJpCi wpwqmpJntCiQ, l/tJ., Xi!' uwuCiptiP UjtntnuwCi 2wnw
i.J.P11Q, L'i, g-Ci' wqwm wCitiuwCi wpwqwgmuQ, u/tJ.2, a -Ci' 2n2wtl1n11P L. x -bpp 
wnwCigpp up2L. wCitiJmCiQ: 

l hnuJe 

ulj. 8.5. C.bpw2wpIJP)]l w2fuwmwfJpjJ dwtfwfJwlj tfwfJpwglfnrz hmtfp}l 
IJ}JppjJ hw2lfwJ1ljw;}lfJ ufubtiwfJ 

Yo 
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<,wtJ.wuwpmupg (8.74) hbmLmu t. 
w2x 

tga=-: (8.75) 
g 

<l>nfuwppGbtntJ. tga = dy L. Ulbll.W'lflbtntJ. (8 .75)-p Uh2' umwgtJ.ht t. 
dx 

dy a/ 
-=-x: 
dx g 

(8.76) hwtJ.timwpmuG pGmbqpbtm wp11JmGpmu, umwgtJ.bt t. 

(8.76) 

OJ2 
y = - x 2 + C : (8. 77) 

2g 

.C:.wuwowJG uqqpfiwJ.iwfi UJ.WJUwfifibpp, pfitnbqpuwG hwumwtnntGI!' C = 0: 
QGqmfibtntJ., np x0 = r +l, umwgtJ.ht t. 

2 

y
0 
=~(r+e)2, (8.78) 

2g 

npmb11. r-(! nnmnpp pupmtiP 2wnwtJ.P11.fi t, uti, C -I!' umpnptiP bpJ.iwpmpJmG(!, uu: 
11-w GzwfiwJ.imu t, np UJ.wpwpnJl! qwqwpf! qmfitJ.mu t y-Gbpp wnwfig

l2P tJ.pw' 4tpw2wpl}}lilt tiwt.Pwppilt uwtitpL.ntJppg YohbnwtJ.npmpJwfi tJ.pw: 
UJuuJl!untJ., 4tpw2wpl}}lilt w2fuwmwfi12p ctwuwfiwJ.i hmupp uwfipwgtJ.wb 

L. 2uwfipwgtJ.wb hwmpl.ifibp(! qmfitJ.mu hfi UJ.lflUlwl.iwfi 2wpduwfi tit2 up uwpufi~ 
mbupntJ., npp wpmwppfi uwtitpL.ntJPI! qtwfi t, puti GbpppG uwqbpL.ntJPI! 
UllflUlUWfi UlWPWPiltllP11 (GJ.i. 8.5): "Vtiwppg bpL.ntU t, np umnppfi umpnptiGtpG 
wzfuwmmu bfi wtJ.bJl! 0-wfipwpbnfitJ.wO-, pwG tJ.bppfi: 11-w WUJ.wgmgmu t fiwL. 
a4. 8.3-mu pbptJ.wO- tmuwfitiwrI!: 

3mpwpwfiiJmp umpnpJ.ip pwfin11. uwup bptiwpmpjntfi npn2tJ.bt t (8.77) L. 
(8.78) hwt\wuwpmufihpp titipwnuwfi wp11Jmfipmu: , 

Unw2pfi umpl'.ipJ.ip w2tuwmn11. (pwfin11.) mt11.wuwup hpl.iwpmpJntfil! 4Jl!fij1 
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(/ )
2 2ghl 

/ 1 =l+r- +r --2-, 
(l) 

/ 3 =I+ r - (1 + r )2 - 2g~3 
, 

OJ 

(8.79) 

(8.80) 

(8 .81) 

( )
2 2gh,, 

I =l+r- l+r ---
11 2 ' w 

(8.82) 

bpb pupmqp UJ.unnuwG hwnwfumpJntGI! G2wGwqtG12 Q, WUJ.W qwpbJl! t 
npnzbt uwGpwgtJ.wb uwufipqGbpp UJ.mmuwfi hwnwfumpJntfiI!' 

'Ir\ (e-a }rn 
w=(e-a"',,.~ ljwlfw= "' , 

30 
(8.83) 

npmt11. a111 -fi mt11.wUJ.UlntJmp qnpbw4tig t L. npn2tJ.mu t iJrnpobpntJ., n i!' qbpw-
2wpl}}ltli tthqmpwqwG zwpdptli UJ.UlnLU1WptJ.hpI!, UJ.UllpnUJ.: 

UJUUJ.puntJ., qbpw2wpl}}ltli wzfuwmwGpp dwuwGwq, ppnp, umnppfi 
2wp12hpmu mt11.w'lfltJ.wa umpnpqGbpG wztuwmmu hG wtJ.hJl! 0-wGpwpbnGtJ.wb, 
pwG tJ.hppG zwppbpmu mt11.wl}Jlt\wbGhpI!, puq Ghpumu qmGtJ.n11. uwGpwgt\wb 
qwGqtlwUI! hwuwubn it, 'lflW mwpphp zhpmbpG mGbG mwpphp fummpJmfi, 
puq uwufipqfihpp zwpdnulI! mwpwpGmJP t: UJq wubfiI! pfinpnzmu t Jmpw
pwfiiJmp 2wp12mu mt11.wtiwJtJ.wb umpnpqfihpp uw2tJ.w0-12r oppfiw2w1.pntpjntfi
fihpI!: 

<llmmwqwfi zwpduwfi hbmL.wfipntJ. uwfipwgtJ.wb L. qpuwuwfipwgtJ.wb 
qbpwJpG qwfiqt\wbI! pfihpgpnG mdbpp wqqhgmpJwfi mwq uh11.utJ.mu t 2wpl}}ltli 
qtwfiwJpfi u1.4q}l fihpppfi uwtitpL.ntJppfi : Uqumu t qnJwfiwt uwfipwgtJ.wb 
qwGqiJwbp wnw2pG zbPUlI! Wjfipwfi dwuwfiwq, upG2L. fipw hwummpjntfi(! 
hwt\wuwpt\mu t hwtiw2wp11p2 uwuhpp fibpppfi uwtitpL.mJPpfi L., fipw 
fiqwmuwup uwhbtntJ., tiwmwpmu t 2r2wfiwqbwjpfi 2wpdmu, upwdwuwfiwti 
uwGptJ.wapfihpf! uwll.P wGgpbppg rµupu hfi pwt.PtJ.mu, puti fipwfig mb11.bpfi 
WUI!fiqhwm wwgGmu t bpl.ipnpq zbpmpg wfi2wmtJ.n11. qwfiqtJ.wb(! (fiti. 8.6): 
Unw2pfi zbpmmu uwCipwgtJ.wb qwfiqtJ.wbp fummpJntfiI! pwtJ.wtiwfi ubb t , 
npntJ.hbmL. uzmwUJ.hU qmfitJ.mu t hpqpnpq' zwpctwtiwG zbptnp, 6fi2uwfi mwti: 
<.tmL.wpwp, wnw2pfi zhpmp zwpduwfi wpwqmpJntfiI! hwuhUwmwpwp t.Pn12p t 
L. unmwtJ.npwUJ.hu oppfiw2wiJ1tJ.wb' 2p2wGwqbwJpG: 

UJGnthhmL. utiutJ.mu t hptipnpq zbpmp oL.wt\npntuI!: t> tnwppbpntpJmG 
wnw2pfi 2tpmp, hpqpnpq 2tpmI! qmGtJ.mu t wfiI!fiqhwm UJ.mmwqwfi zwpctuwfi 
ut2 L. uwufipqfihpI! tiwmwpmu hG pwpq zwpdnur UJ.mmt\btntJ. umpllpl.ifihpp 
hhm tipwupfi, upwdwtiwGwq 2wpdtJ.mu hfi qhUJ.p qtwfiwJpfi UWTJ.I! L. wnw2pfi 
zbptnp hhtn 2'111.J.htntJ., uw11.ntJ. 2wfigwa uwufipl.ifibpp hbm upwupG pwpopwfimu 
qbuJl! tJ.bp, pG2UJ.bu GwL. UJ.tnmtJ.mti m11.11.wopq wnwfigpp 2mP2I!: bpl.ipnpq zbptn(! 
GmJGUJ.bU mGp ubb fummpjntG, npntJ.hbtnL. uzmwUJ.bu qmGtJ.mu t wqwtn 
wGtiuwG wpwqwgmuf! K wfiqwu qbpwqwGgn11. qbGmpnfiwopq wpwqwguwfi 
wqqbgmpjwG 1.nw4, 

(8.84) 

4bpw2wpqpilt Gbpumu UJ.WJUwGwtiwfinpbfi wnwGofiwgtJ.bt t fiwL. bppnpq 
zbptnI!, npI! J.iwqutJ.wb t ummp qnpan11. hmupp wJfi uwufipl.ifibppg, npnfi12 
wGup2wUJ.hU hwGqpUJ.htntJ. tJ.bpL.p umpl'.ipl.ifibppG, qbn ihG hwugpht J.ibGmpnfiw-
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JumJu nutbpp wqqbgmpJwCi mw4 upwCiwt b[lltPnpq 2tpmpCi: liJu zbpmp Jumm
pJmCin utO it h npnztlmu t pbnCiuwCi wCig12p qpppntl: 

blj. 8.6. .2wpIJftlft lfwtipwglfwti jugftljmlf qwtiqlfwuft 2bpwbpft 
qn1wglfwti ujublfwti 

liJm.ajmntl, qtnCitlbtntl wCinCil}hwtn zwpcluwCi ut2, 2wpqpiti Cibpumu 
iUWCiptlwcr L lPPtl uwCiptlwcr qwCiqtlwcrCitpn UjWJUWCiw4wCinpbCi pwclwCitlmu 
bCi bpt12 zbptnp: Cwpcltlbtntl WJI} zbptnbpp up2wtlWJpmu' ump6p4Citpn uw2-
4mu bCi, TIUtn npmu jntpWJ2WUiJntp zbptnntU Untp6p4Cibpp uwztlwa}2p pCimbCiup
tlntpjntUTI mwppbp t L. 4wJutlwcr t up2wtlwJpp JummpJmCipg, CipwCimu ump6p4-
Cibpp qcrwJpCi wpwqmpJmCipg m wCigwcr 6wCiwuiwphp tp4wpmpJmCipg, uwCi
pwgtlwcr qwCiqtlwap zwpcluw(i pCimjppg: 

'1-ptnwplJ.tlbt b(i JntpWj2WCiijntp 2wp12mu qtnCitlnq ump6p4Cibpp uwztlwa12p 
oppGwiwtlimpJmCifitpn, npnCi12 umwgtlbt bCi qpmwtiinpobpp wpl}JmCi12mu, L. 
l}PWGg hpuwCi tlPw 4wmwptlbt bCi wfiwUimp4 tlbptmcrmpJmCiCibp: 

1,,4. 8.7 -nLU (ibp4WJW9tlWO bfi bpb}2 zbptnbpntU W2JuWutWO UW2tlWO 
ump6pl.j_Cibpp hwuwuiwmwuJuwCi uJubUwCitpn, pu4 Ci4. 8.3-mu' l}PWCig TICil}
hwCimp mtu12n: 

<I>npowplJ.tlnq 4tpw2wpqpintU ump6p4Cibpp bmJpwuwubpp wpwqm
PJntGTI ltwqumu t 64,9 u/tl: PbnCiuwG wGg12pg Gbpu pwtiitlnq hmu12n, hwGqp-
1.llbtntl WJl}utPUP ubcr wpwqmpJwup uimmtlnq wnw2pCi L bpltPnpq 2wp12tpp 
ump6p4GbppCi, 2wpqnmtlmu t, umpcSp4Gtpp hbtn ut.iumu t Ujtntntlbt L l}PwGg 
bfipwp4mu wpmw12tpuwfi uwz4wcr12p: 
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32 

I 
0 <TT. -.., 

48 

I 
0 ·$- ·-.., 

I 
0 <TT. -... 

Ill 

tOt1,3 

112 

40 s 

104,S 
112 

!LI 

ul 

l:ipl11u.1fi1u41uli 
tf1u2l!wl)n1f)Jn1U 

blj. 8. 7. /, II L. Ill 2wppbpj1 lfw2lfwO- lfmp6ftljtibpft tilfm2tibpft ujublfwtibpf! 

<1>npowp4uwCi clwuwliw4 uwzuwG pGmbGuptlmpJntGTI qGwhwmtlbt t 
ump6p4!ibpp ltnpgpwcr qw!iqtlwcrntl, pu4 uwztJ.wcrmpJWU bpltPWiWtPnLf}JntCiTI' 
Ujpn.'.ppLWiWtPP oqGmpJwup : 

"Vl.j_. 8.7 I-pg bpL.mu t, np ump6h4!ibpp uwztlwcrmpJmCin u4qpGw4w!i uw
umu mGp qawJpG plimJp L. w6mu t mtlJwt 4tmp wGgwcr 6wCiwuiwphp!i m 
qO-WJpG wpwqmpJWGTI hwubuwmw4w!i : <!.bmwqwJmu uwz4wo12n 4pmu t 
pGmbCiuptJ. pCimJp L. 4wmwp4mu t 4npwqantJ.: liwztlwantpJwCi pCimbGuptlm
pJm!in hbmLwG12 t WJU pwGp, np ump6p4Gbpp bqpwuwumu' uwzuwG 4npw
qowjpCi hwmtlwantu, qcrwJpG wpwqmpJmCin 1,3-1 ,5 wCiqwu qtpwqwCigmu t 
up2pCi uwup qcrwjpG wpwqntpjwCin: Upwqntpjw!i ubcrwguwCin qmqnCif}wg 
uwCipwgtlwcr uwuGp4Gbpp 11Puwl}PntpJmCiCi w6mu t ni qowJGnphfi, L. WJI} 
l}}1UW'l(1ntpjwCi ubantpJmGn uhcrwuihu 1.j_wJutlwcr t up2wtlwJpp JummpJmGpg: 
lJwuGwtlnpwutbu tntlJwt up2wtJ.WJ(1TI hpltPnpq zbputCi t, npmh!J. uwCipwgtlwb 
qwCiqtlwcrp JutnntpJntCil} up 12w!ip wCiqwu qbpwqwCigmu t u4qp!iw4wG Jumm
pJwlin' 

(JJ2 

P = Puq-(r+l) : 
g 

(8.85) 
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Unw2jlu h bpl{Pnpq 2wp12bpjl ump6jll[ubpjl uwzt[wbmJ3JWU hwubuwmm
j}JntGf! gmJg t mwtliu, np 2WP'lJli. 19t[n11 hntUp[! qpbpb i.Jl wq11mu bpl[pnpq 
zwp12Jl ump6jlqubpjl t{pw, h bplJ.LUJGwl1wu uwztJ.wb)l[! zwm i.Gi.Jlfi t 4bpjlu 
2wp12Jl ump6jll[Gbpj1 uwzt[wantpjwG hwubuwm (ul[. 8.7): UJUl.Ilbfl qbpwltlnmu 
t ump6pljubpp 6wl[wmwjjlG uwztJ.wbntpjlllU[!, npf! ljwqumu t 4-6 uu: '6.wl[w
tnWjpU WJuurJlup jlumbGurtJ. uw2tJ.wb12I! hbmhwu12 t WJU pwGjl, np WJU 2wp12mu 
qmGtJ.n'l ump6pqubp[! wztuwmmu bu bp\.rpnpq zbpmp ubpumu h wztuwmwu-
12w1j1G uwu[! uwhUwuwit1wl[tJ.mu t bp4flnpq 2tpmp hwuuimpJwup: liJu 
ump6j1q(ibpp 6wlJ.wl.IlWJpU uwztJ.wbmJ3JlUU pumbuuPtJ.ntflJWU t{pw qqwtlinpbG 
wqqmu t GwL. wnw2jlu zbpm[!: lJmp6J14Gbpjl wzJ'uwmwGpjl GwJ'uGwl[wG 
2P2WUntU WJI} wqqbgntpjntU{! 2wm uba t h uwzt[mu bu wt[btli wpwq: 
<!,bmwqWJntU uwz4wbntpJWG ubbwguwu hbm ubawumu t pwgwl.J.u untp6jltrJ1 h 
hwtiw2wpl}jli.Jl uJ12L., npfl zunphfltJ. ump6jllrJ1 6wqwmwJpU uwzt[wbntflJWU 
wpwqnt13JmGG [!Ciljumu t m uwzt[wbp/1 ubbntfJJntU[! ltWJmuwGmu: Uztuwmwu
!2P DmupwpbnGt[wantpJwG mbuwUlumGpg ujl2J1G zwp12bpp untp6pl[ubpG 
w2tuwmmu bCi hwubUwmwpwp pbph U!WJUWGCibpmu, 12wG l\bpflu zwp12bpjl 
ump6Jlltubp[!, npnup uzmwlllbu qmut[mu tu 19t[n11 hmu12\1 wGuJ12wlJ.wG 
wqqbgmpJwG mwlj: 

UmnppG zwp12bpj1 ump6j1ljGbpu (ul{. 8.7 III) wztuwumu5 bG wubGw
awGpwpbnGt[wa uiwJuwGubpmu, L. qwGqt[wap hpuGwljwG uwu{! uwGpwgGmu 
b(i l')pwG12: Ujq umptiplJ.GbpG wztuwmmu bG bpqpnpq zbpmjl ut2, npu mGjl 
wnwtlblwqmJG hwummpJmG: lJmp6pqubpj1 ubb qbwJj1u wpwqntpJtuG 
hbmuwGpntJ. upwGg wn2u qnJwumu t uwGpwgt[wa u i_Uwupwgtlwb uwuG}ll{
Gbp/1 tumwgmu, jlul{ hbtnup uwumu' upplJ.WJ}lG qnmjl, npmb11 uwuGpl[Gbpp 
zwpctuwG wpwqmpJmGG wtlbtl1 uba t : <!,wuwawJu ~bnGmtlip opbu12p, wpw
qntpJwG ubbwguwu hbm 6uzmri[! tjmppwGmu t, npp U!Wm6ummJ. wnw2wGmu 
t umptipl[Gbp}l 2wpdmuG wpqbtwltn11 6uzmuGbpp mwppbpntpJmG: liJri mctbpp 
wqqbgmpJWU mwl[ 2wpctt[n11 uwuGj1lJ.ubpG wpwqnpbG i.lwzmu bu ump6J14ubp}1 
tiwl[wmwJpu uwl{bpL.ntJP[!, Gpwu mwtntl. lttnp wug12p aL.: "Uuwu uwzt[wbm
flJWU U!WU16wn bu qwnGmi.l uwGpwgt[wa L. uba tummpJmu mubgnl') WJU 
uwuGjll[Gbp[!, npnG12, qmutlbtn4 ump6pl{Gbp}l 6wl[wmwJpU uwup m qtwUWJpG 
uwajl U!Wmp u}l2u, LJ.wmwpmu bG mbflWJpG urmmwl{wG "i. umwg}lnGwp 
zwpctmuGbp: '1)uunwljwG 2wpctuwu wpl}JmG12mu umwgt[mu bG pupmqp 
urmmwljwG wpwqmpJntG{! up pwup wGqwu qbpwqwGgn11 wGljjmGwjpG 
wpwqmpJwup Ultnmt[nl'J. pwquwppt[ «qwJtliljnGGbp», npnup mGbG pw4wl.J.wu 
mctbri wpmw12bpuwG hwml[mpJmG: lJwuGpljubpp qwGqt[wapg qnJwgwa 
«qwJltiljnuGbp[!» wGgpbp bu pwgmu ump6pqGbp}1 t{pw, npnGg mpwuwq}JaG, 
w6blntl, hwuGmu t 6 - 8 uu-p: 

4wmwpt[wb hbmwqnmmpJmGGbp[! L. wGwtlim/14 tlbrtmampJmGGbp(! 
hGwpwt[npntpjntG bu mt[bt [!Utn zwppbpr [!Gmpbl ump6pl.J.Gbpp UJntPI! u 
wurwhnl[bt 'lfJWUg hwl[wuwpWi_Wtjl uwzt[wbp[!: 
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8.5. l/bpwlfw!ipftdJ lfmptfjJljfibpft m IJWfiwljfibpft bpljwpwljbgmpJwfi 
pwpdpwgifw!i hbmwqnumtpJmfifibpft Wf11lJmfipfibpf! 

4bpwuwGp/1i. ub12bGwGbpmu w2tuwmwG12wJpG opqwuubpf! ump6j1ljGbpG 
m qwGwljuhpG bG, npnGp wztuwmmu bG l}jluwupl.J.wljwG uzwuwtjlntu mdhpp L. 
uzwtrtlnl'J. GJmpbpp ltn11u}lg pGmbGu}ltl uwztlwapp ubp12n: fllwmwhwljwu i.t np 
'lflWG!2 wpwq uwztlmu bG, bpljpwi_wtjlwlJwu mbupn ljnpgumu (Glj. 7.5, 7.6, '8.3, 
8. 7), ubpbGwJp wptnw'lflnriwqwGmpJmuG /12bgumu, tGbpqwmwpnl)nLflJntGI! 
pwpapwgGmu u 2wp12pg qmpu bG qwwu: "Uwtunpq pwctpuubpmu WJ'l hwpgbp]:! 
uwupwuwuG 12uuwpl{t{bt bG: · 

lJmp6plJ.Gbp]l h qwGwljGbpp hpljwpwlJbgmpJmun pwpapwgubtm Guiw
mwl.J.ntl hfluGwl[wGmu aqmmu bu l}Pwu12 Ulwmpwumhl wt{b[]l npwl.J.Jwt 
Ull1f\UlWtnGbppg: UJqurJlup unmbgmu bflbt t [11, 26] ' hwubuwmwl[wG tjlnp
awpljuwG bG bGpwplJtlbl 30, 45 h 65r urnriuiwmubp)lg UJ.Wmpwumt[wa 
ump6pljubpu m qwGwljGbp]:! L. WUJ.wgmgt{bl t , np 65r Ull1f\Ulwm}lg u.rwm
pwumtlwaGbpp awnwjmpjwG ctwuljbmn hwubuwmwpwp uta t : UwlJ.wJG WJI} 
ubmwrin pwfilj t L. hb2mmp1wup abnp i.J1 pbpt{mu: UJ!] urwm6wnnt[ wnw-
2wpl[t{b1 t ump6pqGbpG m qwuwljutpn Ulwtnpwumbl lll11f\U!Wll1 45-)lg: 

5wbp watuwaGwjpG Ull1'1U!Wll1fibppg U!WU1pwumt{wiJ ump6pljubpj1 L. 
l)WGwl[Gbpp uwzwljwjntGmpJntG[!, hbmuwpwp u bplJwpwljbgmpJntG(! pwpa
pwgGbtm GUJ.wmwlJntl hpuuwpwp wztuwmwGpGbp tu12 ljwmwphl m.q.q., 
lllfln.'.pbunp Q...<!,nt{ubtjlJwGp hbm hwuwmbl'J. [ 15, 89, 90, 129, 130, 131]: Cum 
npmu*hbmwqnmmpJmGGbp[! mwptlbt bG bplJm m1111mpJwup. 

ump6}1ljGbpjl L. l)Wfiwljubpfl uwzwlJ.wJmGmpJwG pwpapwgntu[! urJlfil] 
u}l2wt{w3pmu ljwppnGpmpwguwG (2hpuwpj1upwljwG uzwljuwG) u}l2ngntl 

* ump6pl.J.Gbpp h qwuwl.J.Gbpjl awnwJmpJwu ctwuljhm}l pwpap~gmul! 
)1Gmbuup4 uwzt{nfJ. mb11wuwubpmu Gnp uzwl.J.tlwb l9WGJmpbpntl tUJ.opu)lqwjpG 
unupGOCibpntl [131] ljwpap hwuwamltlwa12b p}lpbf!Gbp unuuablm up2ngntl: 

Unwpftu bIJwfiwlj: liwzwljwJmGntpJmGn pwpapwgubtm hwuwp wnw-
2wpl.J.tlmu t ump6plJGhpG m qwuwljGbp]:! Ulwmpwumbt gwbp watuwauwJpG 
lll11f\U!WtnGbpjlg L. bGpwplJ.bl qwppnG}JmpwguwG: lrzwljt{bl bG mttuGninqjlw
ljwG nbct}luGbp(!, mptlbl bG lllflngbup .'.p}lqpl.J.w12}lupwljwu h}lumupGtpn h npnz
tlht uwzwl.iwJmU lJ.wppnGpmpwguw(i zbpmjl hwmqmpJmGGbp{! [4, 90, 129]: 

'l..lj. 8.8-mu gmrn t mptlwa lll11'1U!Wm 30 (1) h 45X-p (2) ljwppnu}lmpwg
tlwa zbptnp lj~pbpntpjntG[! 20, 30, 40% WfljlUU wajl U!WflntGwljmpJWUp 
tuwnGmpl}{! 550 C-}1 U!WJuwGubpmu mwpphp mL.nrimpJwup U!Whbtmg hbmn 
[129]: Pbpt[wa qnpbp(! 9ntJ9 bu mwwu, np ppnp 550°C 2tpuwump6wup mwlj 
mwppbp mL.nrimpJwup U!WhbLtiu ump6flljGbpp L. l}Wfiw4Gbpj1 qwpapmpJmG!! 
pwpapwGmu t: 

Upmw'lflntpJwu urwJUwGubpmu ljwmwpt{wa qpmwljlnpabpJ! hwu
mwmmu bu, np 2tpuw12pu}lwqwG uzwl.J.muntl umwgtlwa ljwppnGpmpwJ}lG 
'lJl.'.pmqtlwa 2tpmJ! twlllhu 'lflwltwG t wqqmu umpnplJ.Gbpp m qwGwljGtpp 
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tiwJntGntpJWG tIPw: '1ln11uiwm 30-pg uiwmpwumtlwO- l}wppnGpmpwgtlw0-
ump6plJGbpp u l}wGwlJGhpp lJwJntGmpJntG[! 1,7-1 ,8 wGqlllU uhO- t umtnpwqwG 
2hpUWjpG Uzllll}UUlG hwuhUwmmpJWUp: 

HV, 1200 

1100 

1000 

900 

800 0 2 3 4 0 1 2 3 4 0 1 2 3 4 
w p q 1, dwt.f 

vlj. 8.8. llJnl{U{WUl JO /, 45 X-/1 ljwppnu/1Ulf1Wglfwif zlipwft ljwpqzmpjl1lU[!' ljwfu
lfwif Ufpngliuft wunl]mp;muftg 55rf C-ft inwlj hliwu;w1 juwnumpl)ulipft l)liufpmu. 

w) 20% K,Je(CN)6, I 0% K1CO; /, 70% zj1w;wft wuntfu, 
p) 30% K 1Fe(CN)6, 10% K2C03 /, 60% zj1w;111ft womju, 
q) 40% K 4Fe(CN)6. 10% K2C03 /, 50% tj1w;w/1 wifmju: 

upljpnpl] bl/wOwlj: lfmp6p4 Gbpp m l}wGw4Gtpp wztuwmwGpwjpG 
uwl{bpltnLJpGbpp 2tpuwppUpw4wG tiwpO-pwguwG triwGwtiJ! hwuhuwmwpwp 
uiwpq t L. ppz O-wtuutp t 111whwG2mu: UwtiwJG WJ!} wztuwmwGptujpG 
uwqbpltntJpGbpp tlPw uwzwl{wJmG zbpmp hwumntpjntGJ! hwuGmu t upGzL. 0,6 
uu-p: 4hpwuwGppzGbp}l Gnpuwt wztuwmwGJ2p u4q_pGw4wG zp2wGmu (phnGw-
4.npqwO-mpJmGpg tiwtutlwO-' 1-3 wu}lu) lJwppnGpmpwgtlwb ump6p4Ghpp m 
11wGwl{Gbpp uwztlw0-12G wGGqwm t: UwqwjG WJI} zhpmp uwzl\ttnt9 hbmn 
pGmhGuptl. uwzqwO-pp oppGwzwtlmtpJmGn GmJGG t uGmu: liJll uiwml'.iwnntl t1 
wnw2wptitlmu t ump6pl{Ghpp m l}WGwtiGhpp hpl{wpwl{bgmpJwG uhO-wguwG 
hpqpnpl} t11wGtuql!' pGmbfiuptl uwztlw0-J2p qnmpGhpmu mhqwl{WJhl l}wpap 
hwuwomttlwO-pp ppphlJ.P4Gbp: 

Untlnpwpwp GuwG l}hU{phpmu oqmwqnpb-tlntU tG ppphqfll{Ghpp wupwg
uwG mwpphp hqwGwlJCibp' unuGomu, qn11mu, uttuw!ip4w4wG wupwgmu: 
fl.pw!igpg wub!iwuiwpqJ:! u tctw!il! unuGomuG t: 

4wG mwppbp unupGoGhp, npnGg zwppmu }lpbGg mhqG mGhG tuiopup11w
JJ1G tuhctp hpupntl L. mwpptp l9WfiJmphpntl uiwmpwumtlwb unu}lGoGhp[!, 
npnGp octtmlwO- hG pwpap wupmpJwUp L. 2tpuwl{wJmGmpJwUp [77, 45, 144]: 
~Gwjtub tuiopupl}WJ!ifi tutctti hjlupp tlPw qnJntpjntG mGhG UhmwqGhp lJ1119Gnq 
mwpphp mbuwl}p m npwl}p unu}lGoGbp, pwJg WJ'lutflup unupG6Ghpntl uhmw-
11wtiwG upwgmuGhp[! zhG ri}luwGmu ajlGwuptiwl{wG hwptlwc)wJpG mcthpp 
GbpqnpmllpJWG!}: 
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UbmwqGhp 4uigGnq unup!io!ibpp mhtuGntnqpllll}wG u ZlllhlllqnpO-wl}w!i 
hwm4mpJmGGbp[! plllpopwgGhtm Guiwmwtintl l}wmwptlht hG hplJwpwmL. 
hbmwq_m.nmpJmGGbp [89, 130], L. umwgtlbt t Gnp tuiopupl}UIJpG tuhctn4. unupGo 
[15, 131]: 

8.6. l/bpwpwpl}]l/ t.fbpbUwJmt.f tfwOpwglfw()-1.jbpwqwOqlfw()"ft b!J2ft 
ljwpqwlfnptfwO t.fwpbt.fwwftljwljwO tfnIJbf!J 

IumwgpwO- u hwGpwJpG 4hphp uw!ipwgGn!J. mG}ltlbpuwt Ubpb!iwJp 
pw!in!J. opqwGGtpn' hnppq_nGw4lllG Ump6p4Ghp[!, wztulllmwGp}l UWUUlfiwlJ 
qmG4mu hG zwm btllGp uiwJUW!iGbpmu, hwmlJwuibu hwGpwJpG l}hpbp' mpw
tlbpm}lG u pwpw!J., Uw!ipwgGbtlm: lijl} utWJUwGGbpmU wztuwmbtlm Ump6}llJ
Ghp[! hGpwplJ4.mu bG pGmb!iuptl uwztlwO-pp (G4. 8.3): 

Cl-punuqmpohpp tupl}JntGpGbpm.1. 6zmtlbt bG uwztlwbpp wnw2wguwG 
oppGwlwtJ1mIJJmGGbp{!, mwppbp Gjntpbp}lg utlllmpwum4.w0- ump6plJGbpp 
0-wnwJntpJWG ctwuqhmGbp[! L. uiwmpwumuwG Gjntpp nGmpmpJUlG mGmbuw
qwG gmgwGpzCibp[!, mp4.bt tu Gwlt uwz4wapp wnw2wguwG mbuwqwu hpu
GwtlnpntU{!, nnmnpp Gbppltp ump6}ll}Gbpp (G4. 8.7) 6wqwmwJp!i uwu}l uwz
tlwcrpp L. t}1nuplJ!ibpp wnw2wguwG 4.bpwphpJllll pwgwmpmpJmGGbp: Pntnp 
hhmwq_nmnqGbpf! hwGqmu b!i hbmuJWl bq_pwqwgmpJwG' tiwmwptJ.wO- hbmw
q_nmmpJmGGbp[! lt wGwU:im}l4 tJ.bptmbntpjmGGbp[! hGwpwtJ.npmpJmG hG mtJ.bt 
J!UUl zwpphpp [!Gmpbt Ump6p4Gbpp Gjntp[! L. wuiwhm{bt l}jlWGg hwt1_wuwpw
lwtJ1 uwztlwcrpn: <llwmwhwqwG zt, np hwmp4wuwGppzGhp}l «4JtuGpJ!» hplJw
pwgGbtm Guiwmwtintl ubmwqGbpml q_pw11tln11 uwuGwqbmGbpG wnw2wpqmu 
tG ump6p4Cibpjl uwzwqwjntGntpjntG[! pwpopwgGbtm Gnp blJ.WGwqGbp: 

S.q.p. U.UwpquJwGG wnw2wp4mu t uwzwl{tuJntGntpJntGJ! pwpopwg
Ghtm Guiwmwtintl ump6pl{Gbp[! uiwmpwumbt 65 r 111n11111wmjlg [27]: 

<llpn:Ptunp Cl-.U.~mlubtJ1JwGG wnw2wp4mu t umpl'ipl{Gbp[! uiwmptllumbt 
hwutuwmwpwp tctwG watuwO-GwjpG utn!J.uttumpg L. uwzwl{wJmfimpJntG[! 
pwpopwgGbt 2hpuwp}lupw4wG t11wGwtintl: tJpwctwuwGwlJ Gw wnw2wp4mu t 
ump6}14Ghpp uwztlnri mt11wuwuhpmu Gnp umbqO-tJ.wO- tuiopu}ll}wJJlG unuG6ntl 
tiuigGbt l{wpap (uwzwtiwJmG) pjlpb11Gbp: 

fl..'11. <llbmpnUJtuGJ!, U .Y..~ntlhwGGpuJWGJ!, U.U .lfwpqwpjWG{! mbuwqwG 
tlhrtmbmpJmGGbp}l hpuwG tIPw, wnw2wpl}mu bG num zwppbp}l J!Umptl 
Untp6}llJGbpjl GjntpJ! L. wuiwhntJ.bt l}jlWfig hwtlwuwpwlwtJ1 Uwztl.wcrpJ!: 

~nppqnGwqwG hwppntpJwG ut2 wztuwmnlJ. ump6pqGbpp hpqwpw
qbgmpJtuG pwpopwguwG tl.bpwpbpJWl tiwmwpt1_wb pntnp qjlmwqnpbGwl{wG 
wnw2wpl{mpJmGGbpJ! ouimptiwt ltG: 

Y.tpL.mu pwgwmptlbg, np umnpjlG zwppbpjl ump6pqGbpG wztuwmmu bG 
wubGwO-wGpwpbnfitlwb uttuJUtuGGbpmu L. qwGqtlwb}l hpuGwl{wG UtuUJ! uwG
pwgGmu bG l}jltufip: lfmp6p4Gtpp wn2u qnJwGmu t uwGpwgtlwb m zUwGpwg
ttwa uwuGpqGbpp tumwgmu, }luq hbmL.p uwumu' uppl{wJpG qnmp, L. uwGpwg
t1_wO- m ubb tummpJntG mGbgnq uwuG}llJGbpJ!, qmGtlbtntl ump6plJGbp}l 6wl{w-
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tnU!JpG ulliu}l m qllliUU!J}lG UU!T\11 UJ.llitn}l u}12h, l.J.U!tnllipmu bG tnbqtuJ}lG 
UJ.tntnll14UIG ni umll!g)mGU!p 2U!pctmuGbp: 'l-pU!GIJ UJ.Wtnl'.iUin bG qUinGmu 
umpl'.ifllJ.Gbpfl flGmtGufltl O:wl.J.wtnU!JflG uw2t.J.wcrpfl h 4.tnp tuGgpfl UinW£UigutuG(!: 

Ubl.J.GU!pUIGtlwcr hphntJpGhpfl ltmp tJ.bptmbntpJntG(! h lJwtnU!ptJ.wcr qfltnUI
tflnpotpn gmJg tG mtlbL np l.J.U!pb\ll t' hUitnlJU!UJ.bu umnpflG 2ll1PPP umpl'.if14-
Cihpfl ll12lull1tnll!Gpfl OU!CipU!pbnGtJ.wbntpJntG!! pbphUigGb1_, Ull12tlll10-p(! tflnppll!g
Gh1_, u2U!l.J.t.J.U!cr 4tpp npwltn pwpopwgGht h upwctwull!Gwl.J. utptCiwJfl wptnUI-
1ymqll1lJwCintpJmCil! ubiJwgCibt nt t1hl.J.tnpU!tCibpqptuJfl GU!ltJUl! tflnpptugfibt 2U!ill 
ht2m OU!UU!UJ.U!phmf qtUIGUIJllG uWT\11 tlJlw UJ.Wtnpwumbt 4LpwqwGqt1_wO-ti 
uwCiptJ.wcrpl:i wumtiO:wCi(! lJU!pqU!tJ.npnq pUigtlUI<)-pntJ. UJ.WtnmhwCi: 

lJwCipwgtJ.wil" qwGqtllliil"p twl! 4llipqwtlnpnq UJ.tutnmhwGfl 'lPPPl! pbptlwcr 
t GlJ. 8.10-mu: UnqGwltti (1) oqGmpJU!up lJU!pqU!tlnptlmu t uwCipU!QtlU!iJ 4tpU!
qwGqtJ.wO-p twp illltll(!, npnt.J. h' uwGptJ.wcrpp hwmti4witutllwl.J.wG 4wqti(!: liJI} 
tuuhG[! GUJ.tuummu tG U!ptnU!qpnqUilJU!GntpJtuG m uwGptJ.wcrpfl npU!lJ.Q pwp
opwgCibtmg pwgp GtlwqbgGht umpl'.ip4Cibpp uw2tJ.Uib"p(!, pU!popU!gCibt 2lllhw
qnpaw4wG hmuw\llntpJntfi{!, f12h9Cib1 tfibpqwmwpnt}'JntfiTI h uhmwqw
tnwpmpJntG(!: 

~ll ~ ulj. 8. /0. lfWUJ1Wglfw0- qwuglfwO-ft 
G!Jlf! {jwpgw!fnJlflll UJwmmhwuft 
fJft /1/Jf!. 
1-umzuw{j, 2-gzwuw;ftu tfwlj, 3-mIJ
tznJll), 4-UjWWillilWu 

SbuwlJwCi hbtnU!qntnntpjntGCitpp UUJ.WtnwlJ.G t :pmGlJgpnfiUIL lJ.WUJ. 
hUiutnUimt1 uUIGpUigtlUIO- qUIGqtlUiap twp pU!Gwl.J.P m UJ.UitnmhwGp pll1g
tlUIO-J2}1, PUiUJ.bU UU!h ump6}1lJ.Gbp}1 UJ.tntnliwG WpU!qntpJU!Ci \, ctwuwGwlJ.11 up2h: 
Utnwgtlwo Wpll.JmG12Gtp[! hGwpwtlnpmpJmG lJtnUIG hpuGwtJ.npbt qpwCig 
hwitwutnp uhantpjntCiGhpp tllntlmltJntpJWCi untnUitJ.np uwhUwCiCihp[!· qptnUI
tflnpotp}l l.J.UitnWpuwCi btwltttnwJpG mtl.Jw1Citpp (!GmpmpJwCi hwuwp: 

4bpw2wp'1f1iP w21uUitnUIGp!1 qnpb-[!Gpwg(! pGGwpl.J.btm hwuwp l.J.wphnp 
G2wGwlJntf!JntG ntGp 1.J.bptuJpCi qwGqtlwb-}1 2wpquwG ctwuwGwl.J. uwuG}llJ.Cibpp 
zwpduwG oppGwiwtllntpjwG npn2mu(!: 

libpwqwGqtlw0-}1 2wpquwCi nGpwg12mu hwptlwbnq umpnhpp lJnqupg 
uwuGpl.J.Ghpl! tGpwpl.J.tlmu bG wG4wGnCi pwpq 2wpctuwCi, np[! hpuCiUil.J.wCimu 
pwgwtnpt1_mu t lj_tpwqll!Gql{U!op m umpl'.itpp hlliptlwcrpg hhmn uwuGpl.J.Gbpp 
2wpctmunt.J. h JlpwCig tflnltJwqqhgntpjntCintl m u)l2wt.J.wjpfl !}}1UWI}PntpjntGntl 
[26]: 

fllllipqbgt.J.wa hw2tJ.U!pl.J.U!JpG hwuwlJ.llipqmu uwuCipl.J.Ghpp tuwnCimpl}}1 
qwGqt{wb'fl 2Uif1dntU[! Gtpltw1wgt.J.bt t hhtnhJUIL I1P:PbphGgflwt hwt.J.wull!pull!fi 
oqGntpJwup [76]. 

278 

(8.86) 

nptnhq p -G uU!uGplJ.Cibpp ltJU!nCimp'lfl qwCiqtJ.U!op tummpJntGCi t, U; -Ci' 
qwfiqtlwap 2wpduwG wpwqnt}'JntCi[!, D-G' uf12wtJ.U!JflP l}fl'.pmqpwJfl qnpaw-
4P9l!, x; -G' uwuGfll.J.Cihpfl IJPPI?P lJ.nnpl}pCiUitnCibp[! (x1 = x, x2 = y, X3 = z), q. -G' 
umpt'ibpp hU!ptlU!iJpg hbtnn uU!uCil:il.J. Cibpl:i pCitnbCiufltlmp JntCi{!, t -Ci' dU!uwCillilJ.l!: 

lJUiuCipl.J.Gtpp up2U!tltuJPP tummpJntGJ! (po) npn2t.J.bt t hhmhJllil hlliJmGp 
pwGwohntl. 

Po= mNo, (8.87) 
nptntq' m -!! uU!uGplJGbpp tuUinGmp'lfl qtuGqtlwcrG t, V0 -G' UU!uGplJGtpp 
tuUinGmpajl 0-UitJ.U!lli Qumgp 0-wtlwm): 

lJwuCiplJCihpp 2llifldliwG wpwqmpJtuG (Um) npn2uwCi hwtJ.wuwpntU(!, 
hw2tl'1 wnGt1m{ uf12wtlwJpfl ajlUWI}PntpJntG(! uf12f1Gwgtlllicr utpnl}nt.J., Gtpl.J.w
Jwgtlbt t hbtnhJWl mtu1mtl [57]' 

m au., = A.(u - u ) (8.88) ' ot ' m 

nptnbq U; -G Up£llit{WJPP up2f1G wpU!qntpJntGG t, /.... -G' qwCiqtJ.wap uwuGpl.J.Citpp 

1.J.n2mmpJtuG qnp~lJ.1191! 1.J.wtut.J.wcr dwuwfiwl.J.llg, utlfu, m;-Ci' uwuGplJ.11 qwGqtJ.wOJ!: 
Nimtqpt1nt.J. (8.88) hwtJ.wuUipntli[! ltutnUICiwG12. 

~ __ , 
U., =U; -Ce m; : (8.89) 

PGmbqpuwG C qnpcrwl.J.llg[! 4wph\ll t npn2t1 hhU1hJUil u4qpGwlJ.wfi 
1.l.J.UIJUWCipg' 

t = 0, Um (0) = Uo = Cilo R;, (8.90) 
npUlbl'\ Uo -G uwuG)llJp 2wpctliUIG ulJ.qpGwl.J.wG wpwqmpJmGG t umpnp 
hwpt.J.wop dwuwGw4, Cil0-li' umpnp UJ.tntnuwCi U!pwqm~JntG(!, R; -G UU!uGplJp 
htnwl{npntpJU!Ci lJnnpl}flGwtnfi t UJ.tntntlll!Ci ll!nwCigpp GlJU!tnuwup: 

Shqwl}PhLntl (8.90)-l! (8 .89)-p ut2, 1.J.utnwCiwG12. 
(8.91) 

<!,bU1hwpwp, 

[ 
-A-'-] - 1-e m; 

um =U; I : 
-A-

l +e m; 

(8.92) 

' lJ112wtlwJpp U; up2pG wpwqntpJntCiD Cihpl.J.wJwgtJ.ht t lmtpJhp pCimtqplli\ll 
oqGmpJwup' 

(8.93) 
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npmbq co = 2rr/T (co -fi qwuqtl.wc))1 tqwppbpwljwfi hw6wfuwljwfimpJmfiG t, T -
(i' mwtnwfiuwfi tqwppbpmpjntU{!), k = 2n/(i (k -G wwpwj)1U l]bljtnnpG t , C-G' 
u)12wl]wJpmu uwuG)1lj)1 hfiwpwl]np 2wpduwG bpljwpmpJntG[!), r-[!' uwuG)11.JP 
2wnwtl.P11 l]bljtnnp{!, ljwfutl.wc) X; pwqw'lPJ1lGbp)1g, d¢; (w,k )-Ci ' u i wpwqntpJUlU 

:bmpqb)1 aji:ptpbGg)1wL pwqwflP)1l{!: 
.QwG)1 np uwuG)1ljfibp)1 fuwnfimpqG mfip l}tp2fiwljwfi lwlJ'!bp, WUJ.W 

qwfiql]wc))1 u)12)1fi wpwqntpJntfil! GbpljwJwg4.bL t :pmpqt)12wpp)1 oqumpJwup (57]' 

_ U +h,y+hy z+hz +oo ei(mt+kr) 
ui = r r r r ~r/J(OJ,k'}dxdydz, (8.94) 

U y z - oo h,hyhz 

nptnbq' hx, h Y• h , --!} qwfiq4.wc))1 Quwnfimpajl) u)12)1G ~wlJ'!bpG bu: 
PutnbqpbLntl (8.94) wpmwhwjtnntpJntU{!, umwg4.bL t . 

fl; = J Jff ¢(n, v )zi(wi+kr)d¢(OJ,k ), (8.95) 

(8.96) 

npmtq nv = Kv hv I 2 (v= l , 2, 3), 

¢(n, v) = IT exp(2in.}- l 
v=I 2inv 

3 

npmbq' fl -Ci wpmwqpJWtP u)1utlnlfi t: 
v=I 

-oo 

npmbq <pi (co, k)-G ljwjul}wiJ t ~ (co, k) qnpowljg)1g ' 

( )
- -12 1/(n,u~ ( )- -1

21J(n,u) -
'P; m,k - 2 2 2 ¢ OJ,k - 2 2 2 Uo , (8.98) 

-1+m(i) A +mw 

npmbq U0-G ump6)1lj}l tqmmuwfi hwmnwml}wiJ wpwqmpJmGG t npn2wlj)1 
UJ.mmJmfibppg hbmn, U0 -fi unmwl]npwtqbu hwtl.wuwpl}mu t qwGql]wiJ)1 
tqmmuwG wpwqmpJWfi{! (U;): Oq1114.bLntl WJfl Gljwmwnmu)1g L (8.98), (8.97) 
hwl]wuwpmufibppg Ui - )1 hwuwp umwgl}bL t . 

U;::::U0 , (8.99) 
npmbq co0 L ko -fi co L k ubiJntpJmGubp)1 hwumwml]wo wpdbpGbpG tfi: 

:bmpqtp qnpowljpg(! qwfiqtlwbp ro wpwqmpJwG hwuwp L k npnzwljp 
:P}lpul]wiJ wpdbpfibp}l qbtqpmu GbpljwjwgtJ.bL t . 

l X Y Z T 

a;(m,k)=-- J J J Ju;(x,y, z}/(ox+kr)dxdydzdt, (8.100) 
XYZT 0000 
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(nptnbq x, Y, z -I! qwuqtJ.wc)}l u)12)1GwgtJ.wc) ljnnpq)1Gwmfibpu bG), WUJ.W 
qdtJ.wp lt uljwtnbL bpp co L k-u hwtJ.wuwp bu qpnJ)1, (8.100)-)1g umwgtJ.mu t ai 
(0, 0) = U; (x, y, z, t) wpwqmpJWG u)12)1G wpdbp{!: 

.ilwG)1 np, qwuqtJ.wc))1 2wpduwu dwuwfiwlj uwufi}lljfibp{! ljwmwpmu bG 
wfihwtJ.wuwp 2wpdmufibp, htmLwpwp 2wpduwG pfimpwqpuwfi hwuwp 
hwpljwtJ.np t oqmtJ.bL qwfiqtJ.wc))1 u)1~)1G wpwqmpJwfi (Ui) L u)12)1G jummpJwfi 
(S) qwqwiJ1wpfibp)1g: 

lvwnfimpqp u)12)1fi futnmp Jntfi[!' 

S = m/V, (8.101) 

npmbq v -Ii qwfiqtJ.wc))1 u)12)1G c)wl}WLfi t, ID-{!' fuwnfimpqmu uwufi)1ljGbpp 
qmuwpwJ)1fi qwfiql]wc){!, np{! futnntpjwG up2ngnl] ljwpbtl1 t qpbL' 

m=npV, 

npmbq' n -I! uwuG)1ljfibp)1 pwfiwljfi t V c)wl]wLmu: 
SbqwlJ.Pblntl (8.102) -[! (8.101) -'1 ut2 umwgtJ.bL t . 

- nV s = p-=-: 
v 

(8.102) 

(8.103) 

opt mbuwljwpwp c)wl}Wl.1! juwnfimp11)1 hwuwp G2wfiwljbGp Vo-ntl, WUJ.W 
WJfi ljl]npn2tl.P. 

Vln=V0 : (8.104) 

St11wqpbLntl (8.103) -)1 ut2 umwgl}mu t. 
v s = p-: (8.105) 
Vo 

UJuUJ.)1unl}, bpb fuwnfimp1µuu V = V0, WUJ.W fuwnfimpajl ljnfighfimpw
g)1wfi (S) hwl}wuwp l.Jtl1u)1 juwnfimpajl jummpJWU{! (p)' S = p: otJ., pwfi)1 np 
ljnfigbfimpwg)1wfi W ljwpnq Ube) 1.lifibLfummpJmG)1g, WUJ.W 

V ~Vo: (8.106) 
opt fuwnfimpqp qwfiql}wop qp:pmq)1WJ)1 qnpc)wlJll.gI! IPCiJl hwjmfi)1, WUJ.W 

u)12)1G wpwqmpJwG L jummpJwG ljwfutJ.wompJntG[! hwuwowJG Pmu)1GLuljm 
h)1tqnptq)1, mnwgl}mu t. 

(8.107) 

<.tmLwpwp, npnzwlj}l uiwplJ'!wlj owl}ww hwuwp hwuwtiwJfi (8.86)-J:i, 
umwgtlbL t. 

(8.108) 

npmbq q -Ii fuwnfimpqp (uwGpwgl}wiJ qwGql]wiJ}l) tw}l )1G111tGu)1tlmpJmfifi t : 
OqmwqnpiJhLntl Oumpnqpwquljm mbumpJntli[! [70] Li npn2 }lGmbqpwLfibp 

wp111whWJl1lbLntl qwfiql]wo)1 npn2wlj}l A0 uwljbpbunl}, umwgbL bfip. 
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as - as ( \_,. f-=-civ + fU;S cos(n,x; }iA = f D-cos n,x; JlU1 + q f dv, 
Vo a1 Ao Ao OX; Vo 

(8.109) 

npmt11 dA-G qwUq4.wap mwppwltwCi uwt.ttpL.ntJPP uwt.ttptuu t , cos(n, x;) -U' 
A0 uwlthphup Unpuww L. i -p wnwUgpp up2L. wUltJwCi LtnupUmu[!: 

.QwCip np (8.109) hw4.wuwpuwU ut2 pUmtqpw!P L. ajl:jitpbCigpw!P uh2 
1.twU hwJmUp 1.twtut.J.wampJmUUhp' 

Jas dV =~ JsdV, (s .110) 
Vo at at 

hbmL.wpwp, fuwnCimpajl qwUqi.J.wap V aw4.w!P pwCiwlJ.I! ltwfu4.wa dwuwuw
lJ.pg, lJ.npnzi.J.P. 

Q(t)= fSdV: (8.111) 

fqdV == qc- f a(t)SdV, (8.112) 

npmh11 qc -Ci Cijntpp twp pUmbUuPi.J.ntfJJntCiU t : 
flpnz oL.wl}mfuntfJJntCiCibp lJ.wmwphtntl L. oqmt.J.btntl (8.109) wpmw

hwJmntpJmGpg, umwgi.J.hL t. 

aQ(t) + JU;Scos(n,x)iA = J~(DS)cos(n,x;}iA - Ja(t)SdV +qc :(8.1 13) 
at Ao Bx; Vo 

Umwgt.J.wa hwt.J.wuwpmu[! (8.113) gmrn t mwwu CiJmpp tqwhtqwGuwCi 
ophGp[! Yo aw4.wtmu: 

~bmL.wpwp, pUmbqpw!P Ao ubampJntG[! uwlJ.bpL.ntJfJP hwuwp gmJg t 
mwwu qmuwpwJpU qwCiq4.wap ubantpJntCi[! Uzi.J.wa uwlJ.bpL.ntJpni.J.: 

lJjntu 1.tn11upg uwlthphup gwGltwgwa lthtnp hwuwp uwuUplJ.p fuwnCimpqp 
hnup[! l.J.wph!P t UltwpwqphL tplj_m hnupp u)12ngnt.J.. 

U;Scos(h, xl) -hnupp hnppqnuwlJ.wU zwpdmuU t, 
as 

D-. cos(h,xi) -'lJ1:PmqpwJ)1 hnupp zwpctmuU t: 
axz 

Jlw(ip np q)1:pmqpwj)1 zwpduw(i qpwajlhGtn[! zwm ipnpp t, wtqw 

~(Ds)~ o L. DS=const=Kv lJ.wu S=Ko: (8.114) 
~ D 

lrhpwuwuUplJ.Ubpp tuwnUmpajl zwpduwG ctwuwUwlJ. ubq wi.J.h!P zwm 
htmwppppmu t fuwnfimpq)1 twp Q utb"ntfJJntG[!, mump, wfigpp OUJ.mpliwL 
rWPPI! npnzhtm hwuwp uwUpwgi.J.wa qwUq4.wap twp u11uwU pUmbUu)14.m
PJntG[! UzwUwlthtni.J. q• L. hwzi.J.ti wnUhtnt.J., np a (t) ubampJntG[! l.J.wfu4.wa ~t 
uwuGplJ.Gbp)11.tnnpqpGwmUtp)1g, WJU lJ.wph!P t (8.113) pwuwoL.ntu l}ntpu hwlihL 
pUmbqpw!P mwtiflg : ~wzi.J.ti wnlihLnt.I. Gz4.wa GlJ.wmwnmuubp[!, uiwpqhgmu
fitppg hbmn (8.113) 'lJ1:PbptUg)1wL hwt.J.wuwpntU(! [!Gl}ntUbt t htmL.JWL mtup[!. 

282 

d~~I) = -a(t )cos(n, xJQ(t) + q0 , (8.1 15) 

npmt11 qo = q· + qc, qo-G [!Uqhwump twp pumhuup4.mpJmGCi t : 
Umwg4wa q)1:ptptCigpwL htui.J.wuwpntu[! (8.11 5) pCimhqpttm hwuwp 

Ciwfu npnztlhL t a(t)-11 utampJntCi[!, oqm4.ttml (8. l 00) pwCiwoL.pg: U}12puwgCit
Ln4. WJCi, utp qtuwp hwuwp umwg4.hL t . 

u(t)= U; 'sk(mkr)~r : (8.116) 
R o 

l>Umtcfpt tntl (8.11 6) hwt.J.wuwpntu[!,umwg4.tL t . 

a(t) = ~ k*r; -1 ~iwt , (8.117) 

npmt11 R ·[! qtwUwJpG uwllti zwnwi.J.ti11Ci t , r ; -a· uwuUptW i.J.hltmnp zwnwtl.11111!: 
lJJmu 1.tn11utig · 

cos(n,xJ= 1 
, (8.118) 

~l +(rjz;)2 

npmb11 z; -U uwuCipltp ajlppp m1111wopq lJ.nnpqpUwmu t : 
(8.103)-pg a(t) L. (8.104) -pg cos(n, x;) ubampJmGUbp[! mbqwqphtntl. 

(8.102)-p ub2, q)1:pbpbCigpwl hw4.wuwpntu[! lJ.[!CiqntUp hbmL.JWL mbup[!' 

dQ(t) = ~(eikr,_ 1) ei- =Q(t) +qo : 
dt kR ~l +{rj z;)2 

(8.119) 

U; f ikr; 1) l (k ) 
kR\e - ~ ( \2 = If/ ,z; ' 

l + r) Z; J 
(8 .120) 

(8.119) -pg lJ.mnwUwGp. 

(8. 121) 

'1-p:pbptCig):\wL hwt.J.wuwpmu[! (8.121 ) p Gmbqphtm GtqwmwlJ.ni.J. hwpuwp t 

l.J.wmwpht hbmL.JwL Uzwuwl.J.muubp[! · 
· · dr 

1 = e'"'' , d1 = iro e""' dt, dt = - : (8.122) 
ioJi 

St11wqpttnt.J. (8.122) GzwUwlJ.muUtp[! (8.119) qti:ptpbUgtiwL hwt.J.wuwp
uwU ub2, umwgt.J.mu t. 

dQ(r ) + lf/(k,z;) Q(r)= ..i2_ : 
d r iUJ (iUJ )r (8.123) 
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hCimhqph1ml, umwgtJ.ht t. 
-fv(k,z;)dJ q I lll'(k,z;)dr l 

Q(r)=e ;., lc+i f-e ;., drj= 
IOJ r 

-ll'(k,z; )!.-[ % f I \Jl(k.z; )!.- l = e '"' c +- -e '"' dr : 
iOJ r 

(8.124) 

<.wtJ.wuwpnu'imu (8.124) pGmbqpwrn hw2tJ.t1m hwuwp oqmtJ.bt tG11 
ll'(k,z; }!.-

e iw zwpppg ' 

J J'_r l/fT l/f2T2 l/f3T3 
f-e'"' dr=lnjrl+-. +-(· )2 + (" )3 +... (8.125) 

T IOJ IOJ 4 !OJ 18 

UwhuwCiw¢w4tJ.h1ntl wCil{hp2 zwppp 4 wCiqwunl{, (8.124) hwtJ.wuwpmu[! 
[!Ul}ntCibt t hbtnl..Jllll tnbup[!. 

Q(r )= e -~r[c +!f.2.-(1n r +(J!_)r +.!..(Y!_))2 r 2 +_!_(~)3 
r 3 + ... J]: (8.126) 

IOJ !OJ 4 IOJ 18 IOJ 

Oqmwqnpat1ntJ. hlUJtnCip bqp.wJpCi llJ.lUJUlUU(! (t = 0) 4wphlli t npn2t1 C -p 

ubampJmGJ!: 

t = 0, Q (0) = 0 tiwu m£ibGw1ntl eirot = -r, lllllJ.W, I.. mbqwl}[lbtntl 8.126 -p ut2, 

npn2tlml'i t. 

c=-[~+.!..(~)2 +_!_(~J3]: 
IOJ 4 IOJ 18 !OJ 

(8.127) 

St11wl}[lt1ntl C -p wpdhpJ! (8.126) -ti ut2, umwgl{mu t qwuql{wap twp Q 

ubampJntG[! 4w}ul{wa t dwl'iwuw4pg. 

Q(t)= e-~e;"'' ~o [1nje;""I +~(e'"'' -1)+ 
lOJ IOJ 

(8.128) 

fipUJ.buqp npnzbt 0(t) uwpupumu wpdbp[! 4w}ul{wa q1wGwJP.£i uwflll tJ.pw 
wGgpp qppppg (z), oqmtlbt tGp q> qnpaw4gp max ubampJmGpg: 

Cum (8.120)-p' 
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(8. 129) 

WJU 4mCibCiw max wpdhp, hph Zi = Zmax, npmbq' Zmadl wCigpp bp4Pw~unp.w4wu 
4hCimpnCip 4nnpqpCiwmCi t: 

<,tmhwpwp, hpb Z; = Zmax. WllJ.W 

fl; ( iwr- l) 
V'max = kR e I - 'r==( ==J=2 

I l r; + Zmax 

(8.130) 

Shqwqpt1ml. (8.130)-l! (8.128)-p ut2, umwgtJ.mu t. 

Omax =e_\Jl~;• ei<" '{~o [1nle;"' 'I+ V'_m k"' ' -1}+ 
IOJ IOJ 

(8.131) 

liJULajlunl{, uinwgtlbt t Omax-l!' 4w}ul{wa Zmax-P9 m t tnhnqmpJmCipg, 
pCi~UJ.bU Ciwh qwCiql{wap fl; up2pG wpwqmpjnt.Cipg: q.npaCiw4wCi }uCiajipCibpp 

tmO-UwG hwuwp fl;"" U0 = 0JoR0 (w0-G UJ.tntnuwCi wCi4JmCiwJpCi wpwqmpJmGCi 
t, Ro -Ci' qwCiql{wap awCipmpJwCi 4hCitnpnCip hbnwl{npmpJntCi[! UJ.tnmuwG 
wnwCigppg): 

.QwCip np wz}uwmwGpp dwuwuw4 Q(t) 4tpwqwCiql{wa(! qmpu t ilfltlmu 
uw!lP 4wpqwl{nptln11 wCigppg, WUJ.lll WJCi bCipwp4tlmu t wCigpp qpuw
rymtpJwCi[!: <,tmhwpwp, hwz4j1 wnGt1ntl wCigpp qpuwl}[lmJ1JnLG[! maxQ(t)-p 
l{tp2Gw4wG ubampJntCi(! npnztlbt t . 

maxQ(t) = µQm ax ' (8.132) 
npmbq' ~l -Ci wCigpp twp aw}uup qnpaw4pgCi t I.. mqqwCi4JmCi wCigpp hwuwp 
lllJCi hwl{wuwp t'µ:0,625: 

'1-mpu pbpl{wa pwCiw6h[! (8. 111) hCiwpwl{npmpJmCi t mtlbt npnzb1m 
hpZJllll ubantpjntGCibpp :(:>mG4gpnGw1 4WUJ.(! I.. hwzl{wp4Gbpnl{ hpuCiwl{npbt 
l}[ltuGg hwl{wump ubampJmGCibpp ¢n¢n}uuwCi unmwl{np uwhuwGGbp[!, npnG£l 
hpup tu hwCiqJmwgb1 qpmw¢np6bpp 4wmwpuwG t1w4bmwJp£i m4.Jw1Gbpp 
azUluwG hwuwp: 
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8. 7. l./mpft!tibpft m tfmpoftljtibpft f!UW pwpdpmp1wti mbqwpw2Jutfwti 
OUJmfttiw1wgnuif! [., f]flwtig t/Jlw wql]Jll[ IJfttiwtlftljwljwti 
mdbpft npn2mtlf! 

libpwuw(JpflliJ ((14.8.l) 4mpflz(jbpfl (2) L. ump6p4(jbpfl (9) pbn(Jtlwom
PJnLUU m uwztlw~[! hwtlwuwpwzwlfl qwroGbtm L. wztuwmwupp npw4n 
pwpapwgGbtm tuGajlpGbpfl tmb-UwGG t Gtlliptlwb GwL. WJU 1.4wpwqrw:Pn: 

litpwuwGrrlli wztuwmwGpp dwuw(Jw4, 4tpwqwGqtlwol! 2wpqb[Ilt m 
uw(JrwgGbtm [!(jpwgpmu 4brwqw(Jqtlwbp owCipmpJwG 4bGtnpnG[! qwtutlwo 
ctwuwuwltflg, qwGqtlwap. tumwguw(J[! qmq[!Gpwg zwnwtlriP mqqmpJwup 
WG[!(jqhwlll wamu t, np)l hbmL.wupntl lhwtlwuwpwqzntlwb qwGqtlwafl 4)1Cib
tnpl.jw4wo unubCitn[! CintJG1.4bu w(Jf!Gqhwtn ubaw(Jmu t : Opnz dwuwGwltflg 
hbmn awGrmpJwG 1.jbCitnpnGfl zwnwtUiq-tlh4ump[! qnpoCiwltwGw1.4tu qwnGmu 
t hwmnwmmG, I}PW hbtnL.wGpn4, hwutnwmmG t qwnGmu CiwL. qwGq4,wap 
ltf!Gbtnpl.jwltwG unubGtnfl utampJntG{!: 

lfJmu ltnqupg' qtwGwaL. uwriP wztuwmwGpwJpG 1.4wmp uwltbpL.ntJPP 
4.Pw 6GzuwG ntd(! GntJG1.4tu utawGmu t L. qnpaGwltw(JnpbCi riwnGmu hwumw
tnmCi: 

-RwGp np lthpwuwGppliJ qtwGwJpG uwriP wztuwmwGpwJpG 1.4wmp 4.Pw 
[!Utn pwpapntpjwG 11t1.4P GtppL. 6GzuwG ntd[! ubawGmu t, htmL.wpwp, 
qtwGwJf!G uwajl 4.Pw [!Ulll pwpapmpJwG ltmrfl2Gtpp hwtlwuwp tnbqwI}PuwG 
ritl.4l2mu rirwGg 4.Pw 6CizuwG md{! J.ipwztutlii wGhwtlwuwrw2wlfl, npl} 4hwG
qtgGp umpap4Gtpfl n2 wp11JntGwtlbtn wztuwmwGpfl L. wGhwtJ.wuwpw2wlfl 
uwztlw~fl: 

litnpp2utpp. wztuwmwupp wpllJntGwtJ.bmntpJntG[! pwpapwg(Jbtnt Citqw
tnwltntl 1.4whwCi2tlmU t ripwGp tnbqwI}PhL WJG1.4tu, nr1.4tuqfl wub(i up lttnrP.lli 
4.Pw ltiGbG hwl{wuwp auzuwG mctbp: ~btnL.wpwp, ltmr)12Gtp)1 hbnwtlnpm
PJntGG [!Ulll pwpapntpjwG qt1.4P GbppL. wG{!Gqhwm ltlflnppwGw: -RwGp np, {!Utn 
uw'l.P tunpmpJwG 6GzuwG mdf! pwztutlmu t qbwJpG ophG11n4., w1.4w 41.4w
hwG2tUi 6GzuwG qpw:PP.ltI! (tU!Jmp[!) pwdwGbt hwtJ.wuwpwubpa uw4bphu
Gtp)1: liJq qb1.4l2ntll pwdwlitlwa uw4tptuGtp)1 awGpntpjwG 4tGmpnGGbpmu 
wq11illl hwuwqnr mdbpf! ltttiGtG upUJwGg hwtJ.wuwr (P1 = P2 = P3 = ... = Pn =P): 

liJq tuGllPrl! tmcrbtm hwuwp wnw2P.G hhpppG 6GzuwG mdtpp pwztuuwG 
qpw.'l>Pltl! tqbtnl! t pwctwGht hwqwuwrwuhpa uw4hpbuCibpp (G4. 8. ll): 

bpb oGzntU{! qtwGwjpG UW'l.P tqWtnp 1 upwtJ.np LWJGntpjmG mGbgnq 

uwltbpbup 4.Pw CizwGw4bG11 <Jo, Wtqw hwuwtqwmwutuwG ntdhpp ubcrntpjntG
Cibp[! ltt\1GbG. 
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(8.133) 

h , ;:. 
h, P, C, 

h, / h, 
/ P, - C, H 

h. I 
-

C, 

/ P, 
~ 

G, 
/ P, 

- -G. 
/ " " 

/ ""'-2 1 

ulj. 8. I!.' l;:mµJ1.iulipft WJ11]jfllUWl/lim tnlil]wpw2Jutfw{i 
hwzlfwpljw1ftu ujulitfwu 

h·2 H2 
Oqmwqn[lbhtntl hhtnL.JWL hwutuwmmpJntG[! ' -'-. = - (npmtq i-G 

1 n 

pwpapmpJwG hwuwpG t , n-[!' mbqwuwubpp Ptitll!), tiumwGwGp. 

h; =HJf , (i= l, 2, .. .,n) : (8.134) 

Umwgqwa hwqwuwpmu{! (8. 134) hGwptm,\npmpJntG 4mw ltmpp2Ghp[! 
uwajl 1.4wtn)1 l\pw riwuwtlnrbt WJG1.4bu, nr qpwGg l\pw wqritG hwqwuwp 
6Cizm!lwjpG ntdbp : 

liJ'l mctbp(! npnzbtm hwuwp ltwrttti t oqtntlbt uimmuwG ctwuwGwlt 
2hwumwmttwo qbpwqwGqtlwbp 1.j)lGbtnpl.J.wltwG unuhGtn)l ubontpJntGpg: '1-pw 
hwuwp oqtnqbGJl hbtnL.JwL hwztlwpqwJJ:lG hwuwltwpq)lg (lilt. 8.12): 

~hwumwmtlwo titrwqwGqqwop uimmuwG ctwuwGwlt 4pGhmp4w4wG 
unutGm)lg wnw2wgnq ajlCiwupq mcttpp tll[lnJbl.igpwGbp[! n L. n1 - mqqmpJntG-
Gbpp l\pw 4ltiGbG. 

F(t )cos tp{t) = Lm<P(t )2 - L,. , (8.135) 

F(t )sin <p(t) = Ln/iJ...t )+ 2lmef>(t), (8.1 36) 

nptnbq Lm(t) -G 2hwtlwuwpw4zntlwo qwGqqwop ltf!Gbtnp4wqwG unubCitnG t' 

1.J.wtutlwo ctwuwGw4J:lg, 
(8.l 37) 
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nptnbq m -I! 4bpwqwCiqt.J.wbp ubbmpJmGG t, r(t) -Ii' 4bpwqwGqt.J.wbp owGpm
pJwG 4bCitnpnGp zwnwlJ.llq-t.J.b4tnnpl!, hwzt.J.wb UJ.tntnuwG wnwGgppg, q>(t) -Ci' 
zwnwlJ.llq-t.J.b4mnpp UJ.tmnuwG wCi4JmG!!: 

'Vlj. 8. 12. ~hwumwmt.fw(} ljfJpwqwuqtfwi}jJ ljjJuf;mj1ljwljwu umff;umft 
hw2tfwpljw1ftu hwuwljwpq 

flwGwoL.bpmu (8.135) L. (8.136) L,.ri>(t )2, Lmi/J(t ), 2lm<i>(t) L. Lm -l! hwuw

UJ.wmwujuwCiwpwp 4bpwqwCiqt.J.wbp 4bCimpnGwJumJU, znzwipnq, 4nppn!liup 
pCibpgpwJp L. pCibpgpwJp mdbpG bG, npnGp wnw2wGmu bG 1WGbmp4w4wG 
unubCimp wGhwt.J.wuwpw~wip ipnipnjuuwG UJ.Wtn!'.iwnnt.J.: Y:btnbpnt.J. GzwGw4-
tJ.wb bG 11f1wGg wowGgJwtCibpCi l!Utn dwuwCiw4p : 

<!,wzlJ.ll wnCihlnt.J., np 4bpwqwGqt.J.wbp (m) L. wG4JmCiwJpfi wpwqmpJWCi 
(co) ubompJntGGbpl! qwfiqtJ.wbp UJ.tntnuwCi dwuwGw4 qnpbGwtiwGnpbCi uGmu 
bG hwumwmmG (m=m0=const L. w=w0=const), mump, qwCiqt.J.wbp pCibpgpwjp 
unubGtn!! (Im) L. UJ.tntnuwCi wCi4JwG ubantpjntCiGbp!! q>(t) hwUWUJ.Wtnwujuw
Gwpwp 4!lifibCi. 

(8.138) 

Oqmwqnpbblnt.J. wowCigpwtGbpp uhompJmCiCibpl! umwgtJ.wb wpmwhwJ
mmpJmCiGbp!! 4uCirµnGbCi hbmhJWl mbu12l!· 

Lm<i/(t)= mor2(t)· m0
3 , LmiP{t) = m0r

2(t)m0, l 
( ) 

(8.139) 
2im4>(t) = 4mor(t )r(t)· mo2 L. Lm = 2m0 r

2 + rr · m0 : 

Sbqw11f1btnt.J. (8.139) wpmwhwJtnlllpJmCiCibpl! (8.135) L. (8.136) hwt.J.wuw
pmuCibpp ub2 L. wpmwpublnt.J. F(t) ubbmpJntG!!, umwgtJ.bl t. 
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tg<p= m0r2(t}m0+4mor(t)r(t)wo2 (8.140) 

m0r2 (t )w0
3 - 2mo ~2 (t )+ r(t )r(t )~0 

Y:p!'.iwtnblml no Wo-rn.J., hwzlJ.ll wnGblrn.J., np !Vo= 0, WUJ.W (8.140) hwtj_w

uwpnurn !!GrµnGmu t hbtnLJWl mbu12l!· 

2~2 (t) + r(t )r(t) j+ 4wor(t )r(t )ctg<p - wo 2 
r

2 (t) = 0: (8.141) 

Umwgt.J.wb qb~bpbGgpwl hwt.J.wuwpmul! (8.141) pGtnbqpbtm hwuwp 
hwpuwp t 4wmwpb1 hbtnLJWl GzwCiw~muCibfll!· 

r2(t)=y(t), 2r(t)r(t)=y(t), 2r2(t)+r(t)r(t))=.Y(t) L <p= wot: (8.142) 

Sbqw11f1htnt.J. (8.142) wpmwhWJI!tnntpJmGGbpl! (8.141)-p ut2 umwgtj_nu.l t . 
.Y(t )+ 2w0y(t )ctgrp(t )-w0 

2 y(t) == O: (8.143) 

'Unppg GzwGw4hlnt.l' 

y(t) = 77(.; ), npmbq .; = (wot+ ~ ) L hwz lJ.ll wnGblntl <p = mot (8.143) 

hwt.J.wuwplllU!! 4!liGp WJuUJ.PupG. 
77"(.; )- 277'(.; )!gwot - 77(.;) = O : (8.144) 

liJuUJ.Punt.J., (8.144) IJ.P~bpbCigpwl hwt.J.wuwpmuG !!GqmGmu t hbtnLJWL 
tnbUJ2I!' 

(77(.;)cos .;)" == 0 : (8.145) 

Y:p4Gw4p pGmbqpbtntl (8.145) hwt.J.wuwpmul! 11(~) -p Gtiwmuwup, 
umwgt.J.mu t. 

77(.;)= q +.;c2: 
cos.; 

Oqmwqnpbbtnt.J. 11(~) L. y(t) tiwJut.J.wompJmGGhpu umwgt.J.ht t. 

CJ + (wot + !!... }2 
y(t )= . 2 

sm w0t 

tiwu hwzlJ.ll wnGblntJ., np y(t) = r 2 (t l mump 

CJ +(wot + !!... }2 
r2 (t) = . 2 : 

smw0t 

(8.146) 

(8.147) 

(8.148) 

c1 L. c2 hwumwmmGCibpl! npnzbtm hwuwp 4wpb!li t oqmwqnpbbl hbmLJWl 
UJ.WJUWU!!. 

pwGp np, npnzwtW UJ.llllllJtnGbppg hbmn zwnwlJ.llq-t.J.blJ.mnpp (r{t)) tlintlin
jumpJntCil! qnpbCiwlJ.wGnpbG qwqwpmu t (r{tc)=rc=const) L. zwnwt.J.IJ.P mqqm-
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pjwup wpwqmpJmfi[! fimJfill/hu qwnfinu.l t hwmnwmmfi (V0=0), mump, 4wph\}1 
t qpht hhtnL.Jllll ll/WJUWU{!. 

hpp (8.149) 

L. t=tc, :1t=1c=O: (8.150) 

Shrtwiyihtnt.J. (8.149) ll/WJUWfi{! (8.148) -p uh2, umumwgt.J.ht t . 

2 q +( wotc +f }2 . 
Ye = 

sin wotc 
(8.151) 

dr 
(8.150) ll/UlJUw(ifi oqmwqnpO-htm hwuwp UwL npn2tfip dt UbompJntfi{!. 

. [ C1 + ( w0t +; )c2 ]cos wot - C2 sin wot . 
r(t) == wo . (8.152) 

2r(t )sin 2 wot 

Shqwl}Phtnt.J. r(t)-p wp.ctbp{! (8.148)-p uh2 l.J.mnwfiwUp. 

. {[c1 + (wot+% )c2] cos wol - C2 sin woi} . . 
r(t)= woJsmwol. (8.1 53) 

2sin
2wot -[c1+(wo1+%)c2] 

Oqmwqnp.0-htm.J. (8 .150) ll/WJUWfi[! L. 6L.wt}l.ntuhtnt.J. (8.153) hw4_wuwpmU[!, 

umwg4.hl t C1 

L. C~~[:~~c~:::~(:;:,'1 hwtl)wuwpmu]D' l (
8

.

154

) 

C2 sinwotc - wotc +; coswotc == C1 coswotc: 

Lmohlntl (8.154) hwt.J.wuwrmiufihp.p hwuw4wp.qn Ci L C2 -p fil1wmuwup, 
4mUhfiwfip. 

sin wot 
(8.156) 
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Cwnwi.Uu1-t.J.h4mnpp L. ctwuwfiw4p 4wtut.J.w0-mpJwfi qpw:f>pl1I! pbpt.J.wO- t 
11it1. 8.13)-mu: 

r(t}, 
uLl 

1.0 

0.8 

0.6 

0.4 
0 

/ 
v 

~ 

4 

-
v ~ v 

/ 
v 

8 12 16 t, it 

'Ulj. 8. I 3. C.b[lwqwOqlfw!JjJ iJw01m1p;wO [JMiwpnOjJ 2wnwlfIJ-l/bl;wnf1fi 
l/Jm/mjump;mOIJ ljwfutfw!J dwr.fwOwlj}lg 

Q..p.w1>r4P.9 tpL.mu t, np bpp 4hpwqwfiqt.J.w0-p. ll/tnmuwfi ctwuwUw4l! 
1\qumtu t' t0 = 20 4., wu1w l.J.bpwqwUqtlwO-p 0-wfipmpJwfi l.J.hfimpnfifl. 2wnwt.J.Prt-
1jl1qump.{! oqmmu L pp 4.tp.2fiwl.J.wU utO-mpJwfi1f rc: <,tmhwpwp, WJfl ctwuwfiw
IJinU (t0= 20 t.J.) wfihwt.J.wuwpw42nt.J.wo 4hpwqwfiql.j_wO-fi umwfimu t pp hwt.J.w-
11tupw42nmpJWfi t.J.P6w4l!: 

.Qw(ip np ubq hhmwpppp.mu t ajJ.Gwup4w4wG map uhbntpJntfi{! ll/tntnt.lwfi 
dtuuwfiwl.J. 4tp.wqwGqt.J.wO-p hllltlwulllplll42ntlw0- t.J.Pow4mu, mump, 4wpnr1 bfip 
1111112ht WJfl uhO-ntpjntUJ! LJ.hplll2WPTJJ1.W uwajl w2fuwmwfipwjp!l U!lllmp t.J.p.w, 
oqrntlhtntl hwJmfip pwfiw6L.pg [118]. 

() B 3+v 22() 
ai t =A+-( )2 ---rWo r t, (8.157) 

rt 8g 

11pmhrt A L. B -fi hwutnllltnntfi uhO-mpJmlifibp bG, y -G' LJ.bpwqwfiq4_w0-fl. 
t)wtlwtwJpfi l.J.2pn[!, v-u' l.J.bpwqwfiqtlwop '1lmwunfip qnpO-wlJPgJ!, g -a· wqwm 
111G4uwfi wp.wqmpJmfin: 

<,wumwmmCi ubO-ntpJm!lGbpJ:! ( A L. B ) npn2htm hwuwp. LJ.wpnq bGp 
11qm4_bt htmL.JWl U!lliJUWGGbppg . 

r(t ~ l=O= ro, Wll/W a r = (o) = 0, '

1
, 

tpp (8.158) 
r(t~l=lc==rc, WU/ill O'rc=-;wo2rc2, 
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np1.11hri.' r0 -G u4qpGw4wG tll16w4mu 4tpwqwGqtJ.wap awGpmpJwG 4tG1.11pnGt1 
4nnpqpGwmG t, r0-G' UJ.ll1muwG dwuwGw4 hwumwmtJ.wb- 4tpwqwGqtJ.wb-p 
b-wGpmpJwG 4bGmpnGp 4nnpq)lGwmQ, hwztJ.wb- UJ.ll11.11uwG wnwGgpflg: 

St11wl}Pbtntl (8.158) UJ.W.JuwGGbpQ (8.157) hwlj_wuwpuwG ut2, u1.11wgtJ.mu tG. 

I
A + 4-~ rmo 

2 
r0 

2 
= 0, l ro- 8g 

B 3+v 2 2 r 2 2 A+----rmo r =--wo r · 
r} 8g e g e . 

(8.159) 

~wuwmh11 tmb-btntl. (8.159) hwlj_wuwpmuGbpp hwuw4wpqf! A L B 
hwu1.11wmmGGhpp G4wmuwup, umwglj_mu tG. 

A= -[.r_wo2 re 4 - 3 + v yrvo2 (re 4 - ro 4)~[ I l· 
,, 8<> v 2 2 
"' "' re - ro 

B [ 
r 2 4 3 + v 2 r 2 2 )~I re 

2 
ro 

2 l = -U>Q I(; - --yruo v·c - ro : 
g 8g r 2 _ v 2 

\ c '0 

(8.160) 

St11wllPbtntl ALB hwumw1.11mGGbpp ubb-ntpJmGGbpf! (8.157) hwtJ.wuwp
uwG ut2, umwglj_mu t cr2(t)-l1 tl_tp2Gw4wG :PmG4gflwG 4wtutl_wb- dwuwGw4flg. 

a(t)=-[Lwo2rc4 - 3+v rwo2~c 4 _,.04 )l[ I )+ 
g Sg J r/-r0

2 

[ 
r 2 2 3 + v 2 { 2 2 )~ re 

2 
ro 

2 
3 + v 2 2 () ( ) + -wo re --rwo \re -ro { r -rwo r t : 8.161 

g Sg 1;/ -ro2 f2(t) Sg 

litpw2wpqptlJ. qtwGwjpG uw'lP wztuw1.11wGpwJpG UJ.Wmp tJ.pw 6GzuwG 
mdQ (twpntuQ) npnzbtm hwuwp (8.161) hwlj_wuwpuwG ut2 mt11wt}PbGp t=tc L 
r(t)=R (tpp mGtGp 4tpwqwGqlj_wap hwumwmlj_wb- tll16w4) npmt11' R -(! 
wztuwmwGpwJflG tugp' qtwGwJpG uwqp UJ.Wmp zwnwtll111G t): 

Pq = u,. t=te = -[r. wo2rc 4 - 3 + v rwo2h 4 - ro 4 f 2 I 2 )] + 
r=R g 8g \ re -ro 

[ 
r 2 2 3 + v 2 ( 2 2 )~ r/rn 2 

3 + v 2 2 + -wore ---rwo re -ro { 
2 2

t:
2 

--rwo R : (8.162) 
g Sg \re - ro JX 8g 

:JLwtlJ.ntumupg htmn 4u1.11wGwGp wtl_blfl UJ.Wpq wp1.11whw.11.11mp.1mG' 

P11 =-Lw02 j[1-ro~J[ ;·c
4 

2)+ 3+v[k2+ro2-R2)_ro2; 2]):(8.163) 
g R re -ro Sg R 

Oqmlj_b]_tltJ. 4tpwuwGpM1 mtl.JwtGbppg, 4wpblfl t npnzbt qpGwup.4 mdp 
ppw4wG ubb-ntpJntGQ: 
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'1-wGw4Gtpp 4n11wJflG uw4tpLnLJPp 4,pw 6GzuwG mdf! Ctwpmuf!) npnzbtm 
hwuwp oqmtJ.bGp 2p2wGwJ)lG twpuwG pwGwoL.pg' 

( ) B I+ 3v ? 2 ( ) a t = A------rmo-r t : 
rp r2(t) 8g 

(8.164) 

x ,. -r. +-- +-- . ( 
2 2 r/ r0

2

J 1+3vR2]· 
• o R1 8 

(8.166) 

Ubp l)hUJ.Pp hwuwp npnztlbt tG 4tpwuwGpptlJ. UJ.Wmfl Gnpuwlfl (Pq) L. 
znzwtlJ.n'lP (Fq) m1111mp.1wup qpGwup.4 6GzuwG utb-mpJmGGhpQ, bpp y = I 0·3 

4qmd/uu3
, R = 23 uu, ro = 12 uu, re= 23 uu, V= 0,30: lijl) ubb-ntpjmGGbp(! mt11w

l)Pbtntl (8.163) L (8.166) pwGw6L.tpp ut2, umwgtJ.bt tG ' 
Pq = 112,90 4qmd/uu2 L. Fq = 312,42 4qmd/uu2 

: 

.QwGp np UJ.Wlllp pwp6pmp.1wup mt11w1lPtJ.wb- t 5 4mp)ll, htmL.wpwp 
wutG up 4mpptlJ. tJ.pw 4Lf1GbG hbmL.JwL 6GzmuGbpQ' 

Pq 112,9 2 
P41 = - = -- = 22,584.qmd/uu , 

n4 5 

F11 312,42 2 
F41 =-=--=62,484.qmd/uu , 

n4 5 

npmt11 n4 -G f!Ulll uw'lP pwp6pmp.1wG lj_mppzGbpp pp.tJ.G t: 
fltGbGwtntl lj_mpptlJ. 6wlj_wmw.1pG L. 4.n11wJpG uwlj_tptuGbpQ, 1.J.wpblfl t 

npnzhL GwL. l)pGwufll.J. mdhpti ubampJmGGbpf!. 
PIJllG = P41 A(j =22,58x l,2xl ,2=32,66 lj_qmd L. 
Fq~G = F41 A4=62,48x0,6x1,2 = 45,00 lj_qmd, 

npmt11' A(j L. A4 -G hwuwu1wmwutuwGwpwp lj_mpptlJ. 6wlj_wmwJf1G L. 4.n11w.1f1G 
uwlj_tptuGtpG tG : 
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.QCiCiwplJ.mu]1g bpLmu t, np UJ.mmuwCi ctwuwCiwlJ. wnw2wCimu bCi ubb
mctbp, npnCip hCiwpwt.J.npntpJmCi bCi mwi]1u uwCipwgCibtm CiwL pwt.J.wlJ.wCi lJ.nzm 
CiJmpbpri: 

8.8. flllift1jlipuw1 lfwlipft)}l liwjuliwljwli q]lwwrjmpdlipft lillJWWW/jf! 
b Wfll]jfllfij}filipf! 

8.8.1. uwjuliwljwli q]lwwlfmpdlipft UllJWWW/jf! b julilJ/lplilipf! 

Iumwgpwb- L hwCipwj]1Ci lJ.bpbp UwCipwgCinq mCi]1t.J.bpuwt UwCippl Ciwluw
qb-btm hwuwp wCihpwctbzm t mCibCiwt uwCipwgCinq lug]14]1 (uwri]1) mpw
uwq]1b-tJ, pwpopmpJlllUtJ, ump6]11J.Cibp]1 bplJ.wpmpJlllU[!, LWJUntpjntCiCi Ill hwu
tnntpjntU[!, nnmnp]1 t.J.pw qwCiwlJ.Cibpp pwCiwlJ.tJ, ]1pwp]1g hbnwt.J.npmpJmCitJ, 
ttblJ.mpw2wpct]1l]1 hqnpmpJmCitJ, nnmnpp UJ.tntnUwCi wpwqmpJmCitJ, qtwCiwJ]1Ci 
uwf[)1 t.J.pw lJ.tnp]1lCibp]1 pwCiwlJ.ri, qpwCig i.tintuw11wp6 11wuwt.J.npntpjntCiCi Ill 

llPPPI! L WJL UJ.Wpwubmpbp: 
'Unp uzwlJ.t.J.nq mCi]1t.J.bpuwt uwCipP2.l1 CiwluwqMwCi hwuwp pt.J.wplJ.t.J.wb

btwlJ.btnwJ]1Ci mtlJwtCibpp npnzuwCi CiUJ.wmwlJ.ntl wCihpwctb2m t CiwluCiwlJ.wCi 
q]1mwi.tinpobpnt.J. 6zmbt npn2 qbmwtCibp]1 m hwCiqmJgCibp]1 lJ.wnmgt.J.wb-pCibp]1 
6L[!, umwgt.J.wb- mtlJwtCibp]1 hwubuwmwlJ.wCi t.J.bptmb-mpJwUp npnzbt lJ.wnmg
t.J.wb-pwJpCi m lJ.]1Cibuwm]1lJ.wlJ.wCi UJ.WpwubmpbptJ L 2whwqnpMwCi nbct]1uCibpri: 

Unw2wplJ.t.J.wb- luCiq]1pCibp]1 tmb-muri hbzmwgCibtm CiUJ.wmwlJ.ntl b-pwqpt.J.bt 
t i.tinpawplJ.bt. 

- mwppbp mpwuwqb-]1 qtwCiwJ]1Ci uwqbp' du= 350, 530 L 620 uu (CilJ.. 8.14), 
- mwppbp mpwuwqb-]1 wCigpbpnt.J. qtwCiwJ]1Ci uwqbp · dwa = 3, 4 L 5 uu, 
- mwppbp bplJ.wpntpjwCi' Cu = 125, 205 L 250 uu (CilJ.. 8.15) m hwu-

mmpJWCi' au= 2, 3 L 4 uu L mwppbp pwCiwlJ.]1 ump6plJ.Cibp · nu= 5, 7 L 9, 
- qtwCiwJ]1Ci Uwri]1 t.J.pw lJ.tnpJ:ilCibp]1 tnbf[W11PUWCi mwppbp mbqwpwz

IumuCibp, @ppbp (CilJ.. 8.20) L pwCiwlJ.mpJntCiCibp' n4m = 5, 6 L 7, 
- ttblJ.mpw2wpctpl)1 mwppbp hqnpmpJmCiCibp' NtL = 2,2, 3,0 L 5,5 lJ.<lm, 
- nnmnp]1 UJ.tntnUwCi mwppbp wpwqntpjntCiCibp' nll!m = 700, 1400, 2100 L 

2800 UJ.tn/pnUJ., 
- mwppbp mbuwlLti m lunCiwt.J.mpJwCi (W, %) uwCipwgt.J.nq CiJmpbp' qwp]1, 

bq]1UJ.mwgnpbCi L lJ.nzm wq: 
<+]1mwi.tinpobp]1 wp11JntCipCibp[! qCiwhwmbt bCip hbtnLJWL lwtliwCi]1zCibpnt.J.. 

UbpbCiwjp wptnW11PilflWlJ.wCintpjwUp (Qa), ttblJ.tnpwtCibpq]1wj)1 b-wtuunt.J. (Ntbu) 
L uwCipt.J.wb-p]1 hwm]1lJ.wlwtliwlJ.wCi lJ.wqunt.J. ( dh): 

'UwluCiwlJ.wCi q]1mwtlinpobp]1 CiUJ.wtnwlJ.Ci t ]1pwlJ.wCiwgCibt wqllflf[ qnpb-nCi
Cibp]1 WJCiuLtiu]1 hwpwpbpwlJ.gntpjntCi, npp 11bUJ.l2lllU hCiwpwt.J.np i]1Ci]1 hwuCibt ubpb
UWJp wnwt.J.btwqntjCi wptnw11PnrtwlJ.wCimpJwCi L ttblJ.mpwtCibpq]1wJ]1 Cit.J.wqwqntJCi 
b-wluu]1, WJu]1CipCi, npnzbt du, dwa, n4m, Cu, au, nu, Ntl' nu1,,,, W CizwCiwlJ.mpJmCiCibp[!, 
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npnCig qbUJ.l2lllU Qa = max, Ntaa = min L hwm]1lJ.wlwtliwlJ.wCi lJ.wqU[! (dh) 
lJ.pwt.J.wpwp]1 wCiwuCiwpmb-wlJ.wCi UJ.WhwCi2Cibp]1Ci: 

ulj. 8.14. Swppbp mpwtfwq<Jft q[wOw1ftO UWf/UJl 

"&lj. 8. 15. Swppbp bpljwpmpjwO tfmpDftljObp 

P.CilUJ.bu mbuCimu blip, q]1mwi.tinpabp[! pwquwqnpb-nCi bCi: '1-pwCip pbpt.J.wb
bCi 8.1 Wf[JlllUWqmu: 
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Un rnww[f 8. 1 
lfnnn12w 1hG QnnanGGbn 

5mgwG]1zGbp]1 
du, dwG, *n4"'' 

" 3" 
wut.1.wGnu.lt} Cu, au, nu, Ntt> 

5 c:: **W ,,. c:., 

U:U: uu hwm uu uu hwm 44.tn 
c:: --... s % 

3" 

Swpwtjmtuuwu 350-
3-5 5-7 

125-
2-4 

2,2- 700-
uwlnunnwlm 620 250 5-9 5,5 2800 15-30 

lfw4wp11w4Gbp]1 3 3 3 3 3 5 3 4 4 
pwGwtm 
4.bpt.]1 

620 5 7 250 4 9 5 2800 28 
U:wltwnnwu 
lJli2]1G 485 4 6 187,5 3 7 3,5 1750 22,5 
G1wGwum"l}intGn 
SwpwtjrntuuwG 80-

l l 
45-

U:]12w4wJJ2D 90 80 
l l 1-2 700 3-7 

L.. bp12t.]1 350 3 5 125 2 5 2 700 15 
tlWUW[\1)WU 

* lfwajl 4Pw 4mp]1lGbp[1 mbriwpwztuU:wG m mbrtw'lPU:wG aj1ppbp]1 
tjrntjrntumpJmGGbpf} pbptl_wa bu u4. 8.20-mU:: 

** lrbp]1 mbuw4Gbpl1 wq11hgm.13JwG mtl.Jwtuhpf} pbpt.[wa bu mbpummu: 

8. 8.2. q_ ft UJ w l/lfl[l d Ii J1 ft bIJ U1 (j w lj (j f; J1 (j fl[ Ul[l l]j fl[ (j j2 (j f; J1 [! 

Unw2wlllltl.wa tuG!}]1pGbpt} tmO-htm hwuwp W1)Jmuw4 8. l-mu pbptl_wa 
qnpanuGbp]1 UbantpjntUGbp]1G hwU:wuiwmwutuwG U[Wtnpwumtl.bt bG 3 lwtjmti 
UbpbGwGbp (G4. 8.1 6): 
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uq. 8.16. Juwwgj1WU fl[ hwlipw;ftli ljbJ1bJ1 VWlij1Wglinlf mliftlfbJ1UWf 
bJ1bp wwf1pbJ1 LWt/iubJ1ft tfbpbuwlibJ1ft [!li1Jhwlimf1 wbuf!l! 

UbpbGwGbp]1 U:blilwrtb hwppw411 tJ.pw mbriwriptl.wa bG ttb4mpw4wG 
zwpct]1rn I.. 4bpbp]1 pmG4bf11}: ~wppwl[]1 Gbppl..}1 uw4bpbu}1G 'lPtl.wa q1.wGwJ]1G 
U:wrtG pp ljmp]1lGbpntl_, ttb4mpwztupct]1l]l []1ubnti 411w U:nGmwcttl_wa t U:mp6]11.J.
Gbp]1 nnmnpf} (G4. 8.17): 

ulj. 8. J 7. fltli/ulbJ1UWf tibpbUw;ft UJUUJJ[! UbJ1JJUftg (pWUIJl/WU lfft6wljmtI) 

L..4. 8.18-mu uiwm4bptl_wa t nnurnpf} ump6]14Gbpntl. (DG11 npmu, 0:]1 pwG]1 
ump6]14Gbp nnmnp]1 4PWJ]1g hwGtl_wa I.. ]1pwp 4nf1P]1 tjmtl_wa bG wnwG6l"tG), 
U:wGpuwG tug]1l[]1 awqnmlJ.bG hwmwl.J.J!, q1.wGwJtiG UWfl(! hwt.[wptlwa \., bpl.J.m 
GdmzGbpf} tjmt}wa tl.ti6w4mU: (tl.bpt.]1Gt} 4mp]1lGbp]1 hbm hwtl_wptl_wa, ]1u4 
Gbppl..]1Gt} · wnwGg lJ.mp]1lGbp]1) I.. 'lPwGg GbpJ2W1tU: wztuwmwGpwJ]1G !}]1ppntl. 
qwuwi.tnpt.1.wa bG 4mPJ1lGbpt}: 

uq. 8. I 8. [ltliftl/bJ1UWf tibpbliw;ft wzjuwwwlipw;ftli Oj1qwlilibJ1ft wbup[! 
hwlfwplfwu u wnwliduwglfwu l/ft6wljlibJ1nctI 

3mpwpWGlJnLP qnpanG]1 hbmwqnmmpjwG hwuwp U:zw4tlbt t Jmpop]1-
Gw4 briwuw4, l.J.wmwpt}bt bG hwuwuiwmwutuwG 11wmnrimpJmGGbp m 
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qhptmampJmGGbp: 1..zbGp, np uqqpmu hhmwqnmtlht m 6zmtlht bG wJG 
qnpanGGhp[!, npnGp tu}1um hwuwhwpwphpwqgwqwG qwtq lmGbG hwubuw
mwpwp ztUm qnpanGGbpp hhm: 

'Utp12hntu pbpqmu tG WJ'l qnpanGGtpp npnzuwCi uhpnqGtpG m wp'lJmGp
Ghp[!: 

1. Q..twCitUJpG uwritpp qplll GwtuwmhuqtUa dwu = 3, 4 h 5 uu mpwuwqahpp 
wGgphpf! 6}1zm bG rrGmpqwa h pwqwpwpmu bu GbpqwJwgqtUa tqwhwG2-
GbppG: 11-pwGg qhpwphpJWL qpmw¢np6GwqwCi hhmtUqnmmpJmGGhp{! phpqwa 
hG hw2npq tqwpwqpw.'pmu: 

2. Cum wnlll2llll}Pqwa tuGl}}1pGhpp' wGhpwctbzm t rrGmpht nnmnpp 
tqmmutUG otqmplitUL htU6wtumpJmGrr, npp qtuwmu qmGhGtUGp ubphCitUJP 
plllpop lllpmwl}PnrttU!iwGntpjntG, tthqmptUtGhpqpwjp GqtUqlllqntjG atUtuu, 
qhphpp uwGpqwbpp ttUtlwqmJG hlllm}14lllllll¢wqwG qwqu, ump6pqGbp}1 
hwuhutUmwpwp PPl uwzqtUOp h WJtG: lijt} wuhG[! tmahtm hWUlllp qwmwpqht 
hG hwuwtqtUmwutuwG qpmw¢np6bp, npnGp ppwqwGwgtlht hG Gq. 8.16-mu 
phpqw<) u}12}1G ubO-mpJtUG uwGppw u}12ngnq: liJq Gtqwmwqnq ut12t GwJp 3 
4~m hqnpmpjwG ¢n¢ntuw4wG hnutUGpp wupGtupnG tth4mpwzwpct}1H! 
¢ntutUp}1Gtlht t hwumwmmG hnuwGpp' 4II0112 Ml, 3 4~m hqnpmpJtUU 
tth4mptUZtUpctpl_nq: UmhGl}}1 (Gq. 8.19) qptU hwqtUpqtUa tth4mptUqtUG 
uwp12tpp u}12ngnq tth4mPlllZlllpct}1lP (nnmnpp) UJ.mmmwpqhp[! ¢n¢ntutlht 
hCi uiwhtUG2tlnri uwhutUGGhpmu' 700, 1400, 2100 h 2800 uim/pnui: liJll 
tqmmmwp h mw uwG w h t Gn uw nGw nt ) WU 

vlj. 8.19. Q.jJww1/mpdbpfl t1bljwpwljw{i uwppbpfl 
[JU!]hwump wbup[J 

Q..pmw¢np6hp{! gntjg hG mtlhL np ump6}14Cihpp wptUqntpJwCi wtlhtwg
UtUU{! qmqrrGpwg wtlhLwCimu t wpmtUl}PnrttU4tUCimpJmGrr h ltUtltUGmu htUm}1-
4llllllltPlll4wG qwqurr: UwqwJCi hwpg' tUJG t, ph np12lll~G uhawgCiht ump6}14-
Ghp}1 tUpwqmpJntG{!, n~pG t twtltUqntJG utUhUtUG{!: 
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.!.wJmGp t , np nnmnpp tquimmwpqbpp wtlhLwgmuG wnw2}1G hhpppG 
tqwhwG2mu t tqmmqnri wztuwmwGpwJpG opqwGGbpp hwqwuwpwqznmpJntG[! 
tqwhtqwGht, np[! qwtqqw<)- t 6zqppm ubphGwzpGmpJwG zwm pwpl} tuGl}}1pGhpp 
hhm, puq hwGpwtqhmmpJwG wpl}JmGwphpmpJWG Ghpqw tqWJUWGGhpmu 
l}pwGp wGhGwp t Lnt<)-bt: .!,bmhwpwp, htGhtntl qnp<)-nrt GuwG ubphGwGhpp 
mttuGpqwqwG pGmpwqpbppg h ¢np6}1g, Guiwmwqwhwpuwp bGp hwuwpht 
qnGqphm ubp wnw2wpqw<)- mG}1tlhpuwt ut12tGwGbp}1 (Gq. 8.16) qpw mtriw'lPhL 
LWJG mwpw<)-mu mGhgnri 2850 tqm/pntq tqmmmwpqhpnq ¢ n¢ntuwqwG hn
uwGpp bnw.'pwq wupGtupnG ttbqmpwzwpctplGhp : 

3. Q..twGwJpG uwri}1 qpw qmpplGbpp 6pzm 1}}1ppnq mtriwpwztumul! 
qwphnp GzwGwqmpjntG mGp ubphGwjp WJlU1Wl}pnriw4wGntpjwG pwpopwg
uwG, tthqmpwtGbpqpwJp <)-wtuup ¢nppwguwG h uGwgwa pntnp gmgwGpz
Gbpp twtlwguwG hwuwp: liJ'l tuG'lPPr! tmahtm h 6}1zm hqpwhwGqmuGbp 
qwmwphtm Gtqwmwqnq qpmw¢np6hpnq qGwhwmtlht hG qmppl Ghp[! qtwGw
JPG uwri}1 qpw hpqm 1}}1p12ntl (6wqwmwJ}1G m wGl.LJmGwjpG) m mwppbp ohntl 
mtriwpwztuuwCi pntnp hGwpwqnp mwpphpwqCihp[! (Gq. 8.20): Optqhu 
qGwhwmuwG llll¢wGpz 0-wntUJhL t wpmwl}pnriwqtUCimpJntG[!: 

U 1-6tUqlllmtUJpG 
1}}1p12ntl 

Ur tUGl.LJmCitUJpCi 
1}}1ppnq 

P,-6tUqlllU1WjpCi 
1}}1ppnq 

P r tUGl.LJmGwjpCi 
1}}1ppnq 
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Q. - tuwn(! mb11wpwztutJ.wO-

'1- - m1111wapq ajtpppg hbnwgtJ.wO-

b - m1111wapq ajtppntJ. 

Cl-1-<'.iwltwmwJpG 
'lPPPntl 

Cl-2-wGlJ.JmGwjpG 
'lPPPntl 

'1-1-<'.iwtiwmwJpG 
'lPPPntl 

'1-i-wG4JmGwJpG 
llPPPntl 

b 1-<'.iwlJ.wmwJpG 
ajtppntJ. 

bi-wG4JmGwJpG 
ajtppntJ. 

"Vlj. 8.20. CJ.1wuw;ftu lfwlJft t/Pw ljmpftlubpft mb!jw!JPlfwu mwppbf1 
mb1jwpw2jumlfubpf! /., rJfippb[lf! 

Q.pmwljmpabp[! tiwmwptJ.bL bG 3 4'-lm hqnpmpJmG lt 2850 Ujtn/pnUJ 
UjtnmmwptJ.bp mGbgn11 ttblttnpwzwpdp(ntJ. wztuwmnrt mGptJ.bpuwt uwGppill 
tJ.pw hbtnhJWL t11wuw4ntJ.. 

npUjbU uwGpwgtJ.nrt Gjmp [!UU1ptJ.bL t UtnlllUl}UlpU1UljpG tunGwtJ.mpJWU 
qwpp: <!.wJmGp t11wGwtintJ. npnztJ.bL bfi wpmw11pn11wtiwGmpJmGGbp[! h wp
l}JntGpGbpp hpuwG tJ.pw tiwnmgtJ.bL G4. 8.21-mu pbptJ.wO- ajtwqpwU[!: lTwGp
tJ.wO-pp npwltl! qGwhwmtJ.bL t wwntJ. qGGbtntJ.. qpmwtf!npatpp JmpwpwGlJmp 
mwppbpwltp ajtuwg GzwllwlttJ.bL bG 5 pwtntJ. qfiwhwmuwG ptJ.wllzwGfibp: 

'1-pwqpwupg wtiGhwJmnptfi bphmu t, np owtiwmwJpG 11pppntJ. mt11w
'1PtJ.wa 4tnpp(fibpp l}bUjpntU Uwfipplll wptnw1]pn11wtiwfimpJntG[! qqwLti (Wtf!ntJ. 
(25-45 %) uta t wfi4JmfiwJpG ajtppntJ. mbqw'lPtJ.wO- 4tnpp(Gbpp oqmwqnpauwG 
hwUbUwtnmpJWUp: Uba b(i fiwh UwfiptJ.wapp hwmpltlll(llltflWltwfi gmgwllpz
fibp[! (pwtbp[!): '1-w pwgwmptJ.mu t fipwGntJ., np hwmpltfibp[! 4mpp(fibpp <'.iw
tiwmGbppG hwptJ.wabt.Pu wGup2wUJbu Lj1zptJ.mu tu, pu4 wfi4JmfiwJpfi qwqwp
fibppG hwptJ.wO-tt.Pu tinmptJ.mu h hpuGwtiwGmu wfil.LJmG 4wqun11 tin11tppfi 
hwptJ.wO-bt.Pu uwhmu m hbnwGmu tG: 

'1-pwqpwupg bphmu t, np owtiwmwJpG ajtppntJ. mt11wpwztutJ.wO- ltmptiL
Gbpp !]hUJPmU wutGwpwpap Ulpilllll'lPfl'lllllJ.wGntpjnLG[! (255 4q/ct) h LWtJ.wqmJG 
hwmplJ.w(wtf!wltwG 4wqU[! (5) umwgtJ.bL t b 1 mwppbpwtimu, pu4 wutGwgwap 
wpmwl}Pn11wqwGmpJnLU[! (86 4q/ct) h wGpwtJ.wpwp hwmplJ.w~w¢w4wG ltwqU[! 
(3) Q.1 mwppbpwljmu: lTfiwgwa mwppbpwljGbp[! up2wfi4JwL mt11 bG qpwtJ.mu: 
UmwgtJ.wa oppGw(w¢mpJmGGbp[! pwgwmptJ.mu bG hbmhJWL lJ.bpUJ. 

Q,1----,.---,--,~~---.--.-~-~~-,....-,,.........-~~--.--.--,....-~--,r-r-.----i 

~q/dl----'-...L.......&~~--'-L---'-~~...L.......l'---'-~~---L.-'-~~~ ............. _._-----i 

250 

200 192 

150 

100 

50 

0 
t:;1 t:;, 

"Vlj. 8.21. !110ftt/bpuw1 tfwupftlfl wpmW!J[ln!jwljwump;muu m tfwuptfw<)pft 
/Jwmftljw2wcf1wljw{i ljwqlfft npwlj[! quwhwmnlj pw[b[lf! c;1wuw;ftu tfwlJft t/PW 
ljmpftlubpft mwppbp mb1jwpw2Jumlfubpft li 1Jftf1p bpft l]bUJpmlf 

Swppbpw4 b1-mU timpp(GbpG ppwp ltUJwa bG, GpwGg up2h pwgw4 (ltW, 
mump lt hwmp4Gbp[! hwptJ.wO-mu bG timpp(Gbpp owtiwmwJpG uwupG, 
tf!zptJ.mu, wG'1Pw11wnGmu h Gnppg hwptJ.wamu hw2nr11 tumup timpp(GbppG, 
lllU'lPWl}WnGmu, h WJl}UjbU zwpmGw4 m UwGptJ.wO-p[! hwutuwmwpwp zmm t 
uw11Pg 11mpu qwwu: t>u4 tpp ltmpp(Gbpfi ppwp Gtiwmuwup pwgwltntJ. bG 
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lllh'lWllfltJ.wa !PCimu, WJll llhllJilmU hwptJ.wan11 hwU1]1l.[Cibp]1 Up UwuCi nlfl'lWl.[p 
pwgwl.[Cihp]1g wCigCimu t wnwCig uwCipwCiwtm: "l_wpq t, np CiuwCi qtuwtpmu 
WfllllWl}Pn'lwtiwumpJmCin CitJ.wqmu t: Puq wpmwqpn11wl.[wCimpJWCi CitJ.wqhg
uwCi mwppbp uhampJmCiCibpCi wnw2wumu hCi qmp]12_Cihp]1 qmJ:uwqwp6 
mh11wpwztut1.wmnpJWCi mwpphp t11wuwl.[Cibp]1g l.[wtutJ.wa: 

liJuajmntJ., wnw2wpqtJ.mu t l.[mp)12_Cihpn uwllP tJ.pw mt11wpwzJ:uhL b 1 

mwppbpw4ntl' 6w4wmwJ]1Ci qpppm-1. h wnwCig pwgwl.[p (Ci4. 8.20 b 1) : 

4. lTmp6]14Cihp]1 hp4wpntpjntCiCihp{!, qtwGwjpCi uw11hp)1 mpwuwqahp{!, 
hhmhwpwp h tth4mpw4wu zwpct)12_Cihp]1 hqnpntpjntCiCihpCi ]1pwp hbUl t}lntu-
4WUJ.W4gtJ.wa hCi: '1-pwCigpg ub41! t}lnt}lntutwu, t}lnt}lntutJ.mu hCi Ciwh UJntUCitpn: 
liJI} UhantpjntCiCihpp :t>mu4gpnUWL 4WUJ.!! npnzhtnt, tl_hptntOhtnt h qplllwqnpa
Ciw4wCi hhmhntpjntCiCibp 4wmwphtm UUJ.Wtnw4ntJ. Ci4. 8.16-mu pbptJ.wa uhpb
CiwCibppg t}lnppp tJ.pw mt11w4WJhL bCip 350 uu mpwuwqantl uw11n. l}PWCi 
hwUWUJ.WlfiWu):uwCi 125 UU hp4wpmpJWU Ump6]14Cihpl! h 2,2 4'-ltn hqnpntpJWU 
tth4mpwzwrct]1m, hpl1[1np11P (u]12pu]1) tJ.pw · 530 uu mpwuwqantJ. uw11I!, llflWCi 
hWUWUJ.WlfiWLI):uwG 205 UU hp4wpmpJWU Untp6)14Cihpl! h 3 4'-lm hqnpmpJWU 
tth4mpwzwrctJ12.I!. hppnpqp tlflw · 620 uu mpwuwqantJ. uw11n, l}PwCi 
hwUWUJ.Wtnwu):uwG 250 UU hp4wpmpJWU ump6)11.[Cihp{! h 5,5 4'-lm hqnpntpJWU 
tth4mpwzwpct]1w: liJuUJ.PuntJ., umwgtJ.hL hCi bphp U1WJ1php 4wnmgtl_wapwJ]1G 
2_Wt}lubp]1 m hqnpntf)JWU uwCippl_ UhpbCiwCihp: 

liJ'l utpbCiwGbp]1 wzJ:uwmwCipwJ]1Ci opqwlHibp)1 m tth4mpwzwpct)12_Cihp]1 
UJ.WflWUhU1php]1 OUJ.tnpUWLW9UWU UUJ.Wtnw4ntl hphp uhpbCiwCibp]1 qpmwt}lnp-
6hpntJ. npnztlhl hG qwpm, hqpUJ.mwgnphCip m pwpw'1J1 uwCipwguwCi wptnwl}Pn
'1W4wCintpjntUI!, tth4U1pwtGbpq)1wJ)1 awJ:uun. uwCiptJ.wbpp hwm)14w2_wt}lw4wG 
4wqu)1 m4.JwtCibpntJ. l}PWGp qCiwhwmtlhL h q]1mwqnpaGw4wG tJ.hptmantpJmG
Cibp bu 4wmwptJ.hL hwUwUJ.wmwuJ:uwG t11wuw4CitpntJ.. num npmu, pntnr 
uw11tp]1 wCigphpp mpwuwqatpn t11hL bG 5 uu, npl! hGwpwtJ.npmpJmG t mtJ.ht 
umwCiwtm hwubuwmwpwp pwpop WflU1Wl}Pn'lw4wGmpJmG h wGwuGw
pmaw4wu UJ.whwG2utppCi hwuwUJ.wmwuJ:uwG hwm]14w2_wt}lw4wG 4wqu: 

q.wpm h hq]1UJ.mwgnphCi]1 hwm]14Ghp]1 J:unGwtJ.mpJntGI! t}lnt}lnJ:utJ.ht t 
15-30 %-]1 uwhuwGCihpmu: PntnJl tth4mpwzwpct]12_Cihp]1 UJ.lllmmwptJ.hpn t11ht bG 
ppwp hwtJ.wuwp' 2850 UJ.tn/pnUJ.: 

lTwCipwgtJ.n11 4hp]1 u4qpuw4wu J:unGwtJ.m13JmGI! npnzbt bCip hbmhJWL 
UJ.WJlq pwGwohhpntJ.' 

W/v = G, -G2 100% (8.167) 
G, ' 

nptnh'l G1 -l! 4zntJ.wa qwCiqtJ.wOG t u)1G2_h i_npwuwm, 0 2 -I!' 4zntJ.wa qwGqtJ.wb-f! 
2_npwgCihtmg hhmn: 

"lwhwG2tJ.n11 J:unGwtJ.mpJWU hwm]14Ghp umwGwtm hwuwp hwm]14Ghp]1 
tlflw 1.9tJ.n11 wCihpwctbzm 2PP pwGw4mpJntUI! npnztJ.hL t hbmhJWL hwJmG]1 
pwCiwohntJ.. 
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[ 100-Wu~ ) G =G -I 
U/ 

1
' 100-W ' 

lfbfi 

(8. J 68) 

npmh11 Gh -G J:unGwtJ.wguwG bGpw4w hwll1]14Gbp]1 4zpnCi t, Wu4 h W4bp -!!· 
hwuwUJ.wmwu):uwGwpwp hwm]14Ghp]1 u4qpGw4wG h tJ.hp2uw4wG J:unCiwljm
pJmGGhJll! llln4nuGbpntJ.: 

c+pmwt}lnpobpp uzw4tl_wa tn4.JWtUb)lp W[1'1JfilUpCibpp hpuw(i tlflw 
4wnmgtJ.ht hG qpw:pp4Gtp [17, 19]: '1-pwCigpg qwpm hwuwp phptJ.wa bG u4. 
8.22-8.24 - mu: 

c+pw:t>]14GhJ1I! gmJ9 bG mtJ.hi, np umwGqwpmwJpG 16-18 % J:unGwlj,nt]3JWU 
t}lnp6wp4tJ.wa pntnp 4hpwmbuw4Cihpp uwGpwguwG W[1lfiWl}Pfl'lW4WGntpjntCi
Ghp{!, mu mp L' tth4mpwtGhpq]1wJJ1 GtJ.wqwqmJG aw):uuhp{! t}lnt}lntutJ.mu bG 
CimJG oppGW2_Ult}lntpJWUp: 

5,5 4'-lm hqnpntpjwG tth4mpwzwpctj12_ntl_ uwGpj12_mU J:unGwtJ.mpJwG 
GztJ.wa uwhuwGGbpmu wpmwqpn11w4wGmpJntG{! qwpp uwGpwgGh!Pu 4wquht 
t 450 4q1ct, bqpUJ.mwgnphG]1 qtuwmu' 590 4q/ct, ]1u4 pwpw'llt qtuwmu· 910 
4q/ct: lljl} ubantpjntGGhpl! GmJG op)1Gw2_wt}lmpJwUp bG t}lnt}ln):utJ.mu Gwh UJntu 
hp4m uwGppi_Gbpmu: 3 l.['-lm hqnpntpjwG tth4mpwzwpd]12_ntl uwGp]1i_]1 wpmw
l}Pn'lw4wCintpjntG{! 4wqtiht t. qwpm qhuwmu' 260 4q/ct, bqpUJ.mwgnptG]1 
qtuwmu' 400 4q/ct, pwpw'1J1 11hUJ.pmu· 610 4q/ct: 2,2 4'-lm hqnpmJ3JWG tth4-
mpwzwpct]12_ntl uwGpp2_mU WJll ubanlpjntGGtpn hWUWUJ.WtnwuJ:uwGwpwp 
4wqubt tG · 190, 31 o L 400 4qtct: 

lunGwtJ.mpJwG 16-18 %-p uwhUwGGbpmu tth4mpwtCibpqpwJ]1 mhuw4wpwp 
awtuul! 5,5 4'-lm hqnpmpJwG tth4mpwzwpct]12_ntl uwGpp2_ntl qwpp uwGpwgGhtilu 
4wquht t 0,0120 4'-lm.ctftiq, hqpUJ.lllwgnphG]1 qtuwmu' 0,0092 4'-llll.dftiq, pul.[ 
pwpwl'Jll qtuwmu· 0,0059 4'-lm.ctftiq: liJ'l ubampJmGGhp]1 GzwGw4mpJmGCihp{! 3 L 
2,2 4'-lm hqnpmpJWU tth4mpwzwpct]1i_GbpntJ. UWCi[1]1i_Gbpmu hWUWUf.WtnwuJ:uw
Gwpwp 4wqubt bG. qwp]1 uwGpwgGhtllu' 0,00115 h 0,0112 44.m.ctftiq, hqpUJ.UlW
gnpbCi uwGpwgGh!Pu' 0,0074 h 0,0069 q'-llll.ctftiq, pwpw11 uwGrwgGb!Pu' 0,0049 L. 
0,0052 4'-lm.ctftiq: 

<!.wll1]14w2_wt}lw4wG 4wqu)1 t}lnt}lnJ:umpJmGGhp{! Ghp4wJwgGnq qpw:t>J14Ghpp 
tJ.bptmampJntG[! gntJ9 t mtJ.ht, np 5,5 4'-lm hqnpmpJwG tth4mpwzwpct)12_ntl 
uhpbGwj]1 wpmwrym11w4wGmpJmGGbp]1G hwUWUJ.WmwuJ:uwGn11 J:unGwtJ.mpJWG 
16-18 % uwhuwGGhpmu (Gppwqap4GhpntJ. GztJ.wo) qwpm qtuwmu u)1Gi_h 1 uu 
utantpJwG uwGptJ.wbvl! 4wqutt t 27 %, 1-2 uu-rGn' 25 %, 2-3-pG[!' 21 %, 3 uu-]1g 
uta uwCiptJ.wbJ1I!' 27 %: bqflUJ.U1wgnphCi]1 11huwmu upCii_h 1 uu uhompJwG 
uwGptlwbJ1I! 4wqutt t 40 %, 1-2 uu-J1Gl!' 33 %, 2-3 uu-rGI!' 23 %, 3 uu-)1g uta 
uwGpl{wbp[!' 4 %: J2wpwl'Jll qhUJ.PmU u]1Ci i_h 1 UU ubanL}}JWG uwGptJ.wbJ1I! 4wqUbt t 
47 %, 1-2 uu-J1Gn · 38 %, 2-3 uu-P.Gn • 13 %, 3 uu-)19 uto uwGptJ.wbvn · 2 %: 
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a., Ntctli, 
l{q/ct ti~ui/ct 

U1 

500 18 

400 16 

300 14 

200 12 

100 10 ~--L----'----"-'-~--' 
0 10 20 30 W,% 0 10 20 30 W,% 

ulj. 8.22. fl1u/u/bpUWf UWUJ1ft1ubpft Ul[IUlUJ- ulj. 8.23. tfb{jwpwtubpqftw;/1 wbuwljw
l)[lfll/WfJwump;mu[J (Qo), ljwjulfw<f qwpm pwp <fwjuuf! (NtuoJ ljwjulfwif qwpm jun
funuwlfmp;muftg (w,i UlW[lpbp hqnpmpjWU UUJlfnLpjmUftg (w,I UJW[lpbp hqnpmpjWU 
(NtJ t1bljwpw2wpdftlubpft 1JbUJ12nllf (NtJ tfb{ju1pw2wpdj1,1ubpft !]bUJpnnJ 

3 lJ.'-1.tn hqnpntpjWU ttblJ.tnpwzwpctplm.J. mfi}ltlbpUWL tiwfipplJ1 qptnwtJlnp
abppg utnwgtj_wcr qwpm uwfiptj_wcrpp hwtnplJ.wiwtJlwlJ.wG lJ.wquG map 
hbtnL.JWL uiwmqbp[l. upfilL. 1 uu tibcrmpjwfi tiwfipt.J.wcrp[l lJ.wqtiht t 30 %, 1-2 UU
pfi[!' 22 %, 2-3 uu-rfil!' 14 %, 3 uu-pg oho uwfipt.J.wcrp[! ' 34 % : bqpuitnwgnpbGp 
11bll!I!mti upfilL. l uu ubcrmpJwfi uwfipt.J.wcrp[l lJ.wqtibt t 47 %, 1-2 uu-pfi[!' 35 %, 
2-3 uu-pG[l · 12 %, 3 uu-pg ubcr uwGpt.J.wcrp[l · 6 %: .l2wpwajl 11bll!I!mu utiuiL. 1 uu 
uhontpJwu uwupt.J.wcrp[l lJ.wqubt t 42 %, 1-2 uu-rnl!· 32 %, 2-3 uu-pli[!' 21 %, 3 
uu-pg ubcr uwGpt.J.wcrp[!' 5 %: 

2,2 4'-lm hqnpmpJwfi tth4mpwzwpctpintl mfilitlhpuwt uwfippw qptnw
i.pnpabppg umwgt.J.wcr qwpm uwlipt.J.wcrpp hwmplJ.wiwtJlwlJ.wG qwqup wp
rumupfibpfi b<L utifiiL. I uu ubampJwfi uwupt.J.wcrp[l qwqtibt t 38 %, 1-2 uu-pfi[!' 
19 %, 2-3 uu-pG[!' 10 %, 3 uu-pg ubcr uwGptlwcrp[l· 33 %: bqpuitnwgnpbap 

11tll!I!mu utiuiL. 1 uu ubcrmpJwfi uwupt.J.wcrp[l qwqubt t 41 %, 1-2 uu-P.fil!' 24 %, 
2-3 uu-pfi[!' 21 %, 3 uu-pg ubcr uwfipt.J.wcrp[!' 14 %: .12wpwajl 11bll!I!mu utiaiL. I 
uu ubampJwfi uwfipt.J.wcrp[l qwqubL t 37 %, 1-2 uu-pu[!' 31 %, 2-3 uu-pa[l· 23 %, 
3 uu-pg uta uwGpt.J.wcrp[!' 9 %: 

Utnwgtlwcr wprumfipubpa wui.pntJltlwcr bu wrumuwq 8.2-mu: 
Cutn qbpwtnbuwlJ.Gbpp wptnw11PnqwqwGntpjwG L. ttblJ.tnpwtGbpqpwjp 

crwtuup t.Pnt.PntumpJwu wrumuwq 8.2-mu wutJlnt.Ptlwcr qpmwtJlnpabpp wp
llJnLGpGbp[l gmJg bu mwwu, np qwpm tituupwguwfi dtuuwuwlJ. ttbqtnpwt-
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w) 

10 20 30 W,% 

p) 

ulj. 8.24. lJ.wpm tfwuplfw<)pft hwwft
ljw1wl/Jwljwu ljwqtf[! {d1J ljwjulfwa 
junuwlfmp;muftg (w,> wwppbp hqnpm
p;wu (w-2.2 l;<lw. p-3,0 lj<lw, q-5,5 
lj<lw) tfb{jwpw2wpdft1ubpft l)bUJpmtf 
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GbpqpwJp b"wtuul! ubb" t pwG, bqplJ.lU1wgnpbGp L. pwpwajl: lvnGwtJ.ntpJwG 
wtJ.btwguwG[! qmq[!Gpwg pwpwrm qwnGmu t t.PtupmG L. hbzU1 t uwGpwGmu, 
uw4wJG G4. 8.22 p-G gmJg t illwtlm, np tunGwtJ.mpJwG wtJ.btwguwup ubpbGwJp 
wpU1w'1flnlJ.w4wGmpJmGG [!G4Gmu t: L).w pwgwU1ptJ.mu t GpwGntJ., np 6pzU1 t' 
tunGwtJ.wgGhlltu pwpw!J.[! hbzU1 t uwGpwGmu, pwJ9 tunGwtJ. uwGptJ.wb"p[! 
uwqbppg qdtJ.wpntpJwUp t qmpu qwlltu: 

P.pwmbuw4wG t, np uwGppl.P lth4U1pwzwpdpl.P hqnpntpJntG[! ubb"wgGt
Lltu wpU1W'1flTI'lw4wGmpJntG[! GmJGuitu pwpopwGmu t, wJG lt GzwGw4wllt 
lwt.PntJ.. qwpm hwuwp 2,2 4'-lU1-p qblJ.lPmu' 190 4q/d, 3,0 4'-lm-p qblJ.lPmu ' 
260 4q/d, pu4 5,5 4'-lU1-p qblJ.lPmu' 450 4q/d, lth4U1pwtGbpqpwJp U1buw4wpwp 
b"wtuul! GtJ.wqmu t zwU1 lGl.PG lwt.PntJ.' 12,0, 11,5 L. 11,2 4'-lU1.d/U1: 

Urumuwlj 8.2 
CJ-ftwwijmpdlipftg uwwgt/wa wwpplip hqnpmp1wu uwupft2Ulipft 
WflWWIJPflTfW/jWUntpjntfifilipjJ, t[li/jwpwtfilipq}lWj}l awjuulipjJ fll 

ifwfipt/wapulipft hwwft'1w2wl/Jwljw{j ljwqulipft wuijJnij1 wi/Jw[filip[! 
16-18 % junfiwt/mp1wu [, ifwqft 5 uu wpwtfwqitnt/ wugplipft qliUJj2mif 

lfwGpplti wpU1wqpnqw4w- ttb4U1pwtGbpqpwJp 
li:bpbpp GntpJntG[!, 4q/d b"wtuu[!, 4'-lU1.d/U1 

U1buw4Gbp[! 
5,5 4'-lU1 3,0 l}'-lU1 2,2 4'-ltn 5,5 l}'-lU1 3,0 4'-lU1 2,2 4'-lU1 

1 2 3 4 5 6 7 

Q.wpp 450 260 190 12,0 11,5 11,2 

bqplJ.lU1WgnpbG 590 400 310 9,2 7,4 6,9 

.Jlwpwq 910 610 400 5,9 4,9 5,2 

Urymuwlj 8.2 -ft 2wpmuwljmp]ntfi[! 

lfwGptJ.wb"pp hwtn}14wlwt.Pwl}wG 4wqu[!, % 

5,5 4'-ltn 3,0 4'-ltn 2,2 4'-ltn 

< luu l-2uu 2-3uu > 3uu < l uu l-2uu 2-3uu > 3uu < luu l-2uu 2-3uu > 3uu 

8 g JO 11 12 13 14 15 16 17 18 19 

27 25 21 27 30 22 14 34 38 19 10 33 

40 33 23 4 47 35 12 6 41 24 21 14 

47 38 13 2 42 32 21 5 37 31 23 9 

lfJmu l}bpwtnbuw4Ghpp hwuwp WJI} gmgwG}lzGbpp t.Pnt.Pntum13JntGGbp[! 
qpbpb GntJGG bG: 
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bpbp hqnpntpJwG uwGpplGbpp wztuwU1wGpp npwl}w4wG qGwhw
U1w4wG[! U1WLnt L. wpU1wqpmpJwG m Gbpl}flUwG hwuwp hwUWUjWU1wutuwG 
qpU1wqnpb"Gw4wG wnw2wp4mpJntGGbp wGbtm Guiwillw4ntl wGhpwdbzU1 t 
tJ.bptntb"bt qpillwt.Pnpobpp wpI}JntGpmu UU1wgtJ.wb" uwGptJ.wb"pp hwU1p4wlw
t.Pw4wG 4wqu[!: 

<,wztJ.P wnGbtntJ. l}bpbpp uwGpwguwG wGwuGwpmb"w4wG UjwhwG2Ghp[!' 
tunznp t112tpwtJ.np wGwumGGbpp hwuwp hwU1p4wJpG 4hpbpp uwGptJ.wb"pp 
lwt.Pubp[! UjbU1p t LltGbG 1-3 uu, tunqbpp hwuwp' upGlL. l uu, pnlmGGhpp 
hwuwp' lnp l}hpwl}ptwu 2-3 uu L. tunGwtJ. l}bpwqptwu'upGlL. l uu [75], wUjw 
[!UU1 W'lJnLUW4 8.4-mu pbptj_wb" WUtPiltP U1tlJwtGbpp 5,5 4'-lU1 hqnpntpjwG 
lth4U1pwzwpdplntl uwGppl.P 4nqupg tuillwgpwb" 4hpbpp uwGptJ.wb"pp 27-40 %-[! 
ttinpp t 1 uu-pg, pu4 4-27 %-[! · utb" 3 uu-pg, 3,0 l}'-lU1-p qblJ.lPmu' 30-4 7 %-G t 
ttinpp l uu-pg L. 6-34 %-[! uM t 3 uu-pg, 2,2 l}'-lU1-p qhlJ.lPmu' 38-41 %-G t ttinpp 1 
uu-pg L 14-33 %-[! utb" t 3 uu-pg: 

I> Gl}wU1p mGbGwtntJ., np U1tlJwtGbpG uU1wgtJ.hL bG 5 uu U1pwuwqb"ml 
wGgphp mGbgnq uwqbpp oqU1wqnpMwG dwuwGw4, uwqhpp t.Pnt.PntuntpJm
GntJ. 4wpbJll t gwG4wgwb" hwU1p4wlwt.Pw4wG 4wqu wuiwhntJ.bt: liJGmwub
GwJGPtJ., 3 uwGpplGbpp wztuwU1wGpp wp11JntGpGhp[! l}flwl}wG hG, uw4wJG 
OlJ.lU1pUwtwgGbtm 4wppp[! l}w: 

8.8.3. ?..,wjuuwljwu qftwwijJnpdlipft wprymupulipft t/lip[mOr!tpJmfi[! Ii 
WflWWIJPfllj}jnLUfllU W2/uWWflT/ nzfijJt/lipUW[ ifwfipft2filipft 
OUJW}lUW[Wgifw{j jufiIJftpfilip[! 

Unw2wp4tJ.wb" mGPtJ.bpuwt uwGpltlGbpp tJ.bpwpbpJWl qpmwt.Pnpobpp L. 
tnwppbp pGwqwtJ.wnGbpmu l}flwGg zwhwqnpMwG wpI}JntGpGbp[! gmJg bG 
tnwlltu, np ubpbGwGbpp l}wnmgtJ.wb"pwJpG u4qpmGp[! npztn t [!GtnptJ.wb", 
1lflWGp mGPtJ.bpuwt bG, l}wpnq bG uwGpwgGbt pntnp tnbuwl}p 4hpbp[!' 
hwtn4wUjbu !ppqp4wuttuwGpl}wl}wG hwtnl}ntpJntGGbpntJ. ppwppg 4U1Pnt4 
tnwppbptlnq tutnwgpwb" nt hwGpwjpG: Uwl}wJG hbtnwqntnntpjntGGbpp m 
t.Pnpowp4muGbpp [!Gpwgpmu ti hwJtn tu h4hL LnLP2 pbpmpJmGGtp. 

-ubpbGwGbpp wztuwtnwfipp [!fipwgpmu 4tpbpp uwGptJ.wb"p[! hwtJ.wptJ.mu 
m tumwGmu t uwGpwguwG tumgp hwtnw4P (qtwGwJpG uwajl tnw4p) zp2w
q[!b"wJpG wG4JmGGbpmu L gwG4wgwb" tnpwuwqb"p wGgphppg (2, 3, 4, 5 L. 7 uu) 
qdtJ.wpmpJwUp t qmpu qwwu: lfwGptJ.wb"p[! wtJ.btnpq wGqwu l}wtnwpmu t 
ZP2WGwoL zwpdmu, wtJ.bllt t uwGpwGmu L wumpp tJ.bpwb"tJ.mu: L).pw hbtnb
i.J.wGpm.[ tJ.wtnwGmu t uzw4tJ.nq 4tpp hwtnpl}wlwtlinqwG 4wqu[!, [!GqGmu t 
ubpbfiwjp wptnwl}flnqw4wfintpjntU[!, ubb"wfimu ltbl}tnpwtGbpqpwjp b"wtuu[!, 

-tumgp hwtnw4ti m qtwfiwJpG uwajl wfi4JmGwjpG ZP2Wqb"ntJ. pwquwpPtJ. 
UjtnntJtnGbp 4wtnwpbtnt hbtnLwfipntJ. 4hpbpp uwGptJ.wb"p[! GbppL.p ump6p4-
Gbpp b"wJpbppG wnw2wgGmu t oppGwlwtlimpJwG lbGpwp4tJ.nq uwztJ.wb"p
Gbp: lil}. 8.3-pg bpLmu t, np tJ.bpL.p umpopl}Gbp[! uwztJ.mu bG oppGwlwtlinpbG, 
pu4 GbppLpGGbptf uwztJ.btnt hbtn upwupG !J.PwGg tJ.pw wnw2wGmu bG GwL. 
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lunp wfigpbp: '1-w GzwGwqmu t, np, ppnp, Gbpphp uwfiptJ.wopp zbptnp uwuGJ:i4-
Gbp(! 4wmwpmu bG pwp11 zwpdmu· zp2wqoml mt11wtflntuwl.J.wG h upwctwuw
!iwl.J. ump6pl.J.!ibpp Gl.J.wmuwup' UJ.tnmwl.J.wfi: 

<l>wumnpbG, GztJ.wo bp4m pbpmpJmGGbpG ppwp hbm 1.J.wUJ.tJ.Ulo bG: bpb 
hGwpwtJ.np tlJGp uwGpwgtJ.wo zbpm[! hwmwl.J.wJpG uwupg dwuwCiwl.J.pG rµupu 
hwGbt, GzwGllll.J.mu t l.J.tJ.bpUlfiw uwh bpl.J.pnpq pbpmpJntG(!: 

4.bptmompJmfi!ibpp h]luwfi i.tpw hGUlpwtJ.np t11wtl qmGbt tmbmli(!' wnw-
2wpl.J.l[bg qlWUWJ]lG Uwflll i.tpw pwgbl UJ.WUlnthw!i, npp 2WtPU(! 1.J.wpqwtJ.npqntu 
t nLflflWOp zumqwjpG tflwl.J.wGni.J. (Gl.J.. 8.27): 

·~ 
~ -

w) p) 
ulj. 8.27 CJ-[WOWjftO lfwTJft i/Jlw pwgtjwq UjWUJDLhwOft wbupf!. 
w) Otjwqwqm10 pwgtjwc)p, p) wnwt/b[wqnLJO pwgtjwc)p 

UpmwqpwqwG ipnpawplJ.muGtpn gmJg mtJ.bgpG, np, ppnp, wnw2wplJ.m
PJntG[! wp111mGwqbm t L. upwdwuwGwq Guiwummu t 4 zwm 1.J.wphnp uiwpw
ubmpbpp pwphtwtJ.uwGu' uwGpqwcrpp hwmplJ.w2wtflw4wG 4wqup, wptnlllqpn
flW4wGmpJwG pwpapwguwG, tth4mpllltlibpqpwJp mbuw4wpwp owfuup h 
uwztJ.wapp GtJ.wqbgUUlG : 

4wmwpi.J.wo 4wnmgi.J.wO{:!wJJ:iG i.pni.pn]l.lmpJmGGtpn <!,<!, wpmnGwqpwJ]lG 
tlwp2ntpJntG(! 6wGw2bt t GnpntJp h npuihu qJntUl wpmnGwqpbt (N2 1500 A2, 
23.01.2004 p.) [10): 

SbuwlJ.wG hbmwqnmmpJmGGbpnq npnztlht h hpuGwqnptJ.bL bG. 
- uwlipwgl\n'l GJntpJ:i i.tpw ilntp6J:i4Cibp]l wq11n11 mdbpJ.!, 
- uiwmmhwGp pwgtJ.wcrpp m uwGpqwopp btpp :pmGlJ.gpnGwt lJ.wll\(!, 
- qtwGwJpG uwfJ.P tJ.pw num pwpapmpJwG ilntp6p4Gbpp mt11wpwzfuilwG 

oppGw2wtflmpJntG(! h wqqn1111puwuplJ.w4wG mdbp(!: 
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Q.pmwtflnpabpp GUJ.wmwltG t bqbt' npnzbL mwppbp mpwuwqop wGg{:!b
pnq UWflbpp oqmwqnpouwG 11tuwmu uw!ipp2 ubpbGwjp wpmwqpn11wl.J.wGm
pjntG[!, ttbl.J.tnpwtGbpqpwJp 111buw1.J.wpwp owfuul! h hwmpl.J.w~wtflwqwu 
1.J.wqU(! upG2h uiwmmhwGp pwghtG m qpwGpg hbmn, tJ.bptmb-ht Ulp11JmGpGbp(! h 
qn!il.J.pbm qpmwqnpcrGw4wG wnw2wpl.J.mpJmfiGbp wGbt: liJ'l (!Gpwgpmu 
hbmhbt ump6pl.J.Gbpp uwzqwcrpp wnlll2wguw!i oppGw2wtflmpJUlG(!: 

8.9. <J11Iuwljwu qftwwljmpdbpft r7pwqftpf}, bIJwuwljilbpu m 
Wfl!JlnLUj)UOflf! 

8.9. 1. q_ftwwl}mpdbpft illlJwwwljf! L juuIJftpubpf! 

Sbuwl.J.wG hbmwqmnmpJntGGbpp m GwtuGwl.J.wG qpmwipnpobpp h wp
qJmGpGbpp hpuwG i.tpw GwfuwqcrtJ.bt m UJ.WmpwumtJ.bt t 1.J.wmwpbtwqnpoqwcr 
mGPtJ.bpUWL UWUJlp)]l Gumzn (GlJ.. 8.28), npp mb]lJGpqwqwG p!intpwqpbpG bG. 
tth4mpwzwpctpw hqnpmpJmG(!' 3,0 44.m, uimnnnwptJ.bp(!' 2850 uim/pnll\, 
uwflll mpwuwqpo[!' 530 uu, ump6plJ.Gbpp bplJ.wpntpJntG(!' 205 uu, ump6pl.J.Gbpp 
m uwlJ.P up2h pwgwl.J.l! ' 5 uu, ump6plJ.Gbpp pwGwlJ.l!' 6 hwm, Ulll'lJ:l tJ.pw 1.J.111pp2-
fib ' 6w wmw G, mb w wztumu ' m wo , wmuG 

ulj. 8.28. lfwwwpb[wqnpqtjw<l mOfttfbpuw[ ulj. 8.29. fTJwwmhwOft pwgtjwi}p!J ljwp-
lfllpbOw1ft [!OI]hwOmp wbup!J qwtjnpnrz lfbjuwOftqllft wpwwpftO wbup!J 

L,4. 8.29-mu gmJg t mpqwcr uiwmmhwGp pwgqwop[! qwpqwqnpnq 
ubfuwGpqup wpmwppG mhup(!: UJG pwqlJ.wgwcr t uiwmnthlllfip tliw4lllfipfi 
upwgqwo m1111wopq 4nppg (i.tpwu wupwgqwcr t ULtuP) h ubpbGtujp htuppw4J:i 
i.tpw wGzwpct wupwgtJ.wo UWGI}Ilw4pg: 
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OtGPl\bpuwt uwGpptli hpuGwqwG qpmwtlinpobpp GtqwmwqCi t' ummqb1 
ubpbGwjp lJ.wnmgqwapwjpG oL.wttintumpjmGGbpp W[II1JntGwl[btnmpjntfi{!, 
!'.izuibt uibuwqwG hbmwqnuimpJmGGbppg uuiwgqwa wpllJmGpGbpl!, tlbptmab1 
L. uwhUwCibt ubpbGwJp zwhwqnpMwG oUJ.mpilwt nbctpuGbpJ:! mwppbp qbpbpu 
UJ.WhwG2tJ.nrt hwtnp4.wiwttiwqwG qwqunq uwGpwgGbtm hwuwp: liJI} wubGfi 
ppwqwGwgfibtm L. qnpaGwqwG bqpwqwgmpJmGGbp wGbtm hwuwp wfihpw
ctbzm t bqbt. 

- uuimqbt uwfiplttli wzjuwtnmfiwqmpJntU{! L. mfititJ.bpuwtntf)JlllU wuuip-
1'.iwG{! mwppbp mbuwqp pmuwqwG L. hwGpwJpG qbpbp uwGpwgGbtm hwuwp, 

- npnzbt UJ.WtnmhwGp tliwlJ. tJ.ti!'.iwqmu (wJupGpfi upfiiL. uwGpf1i ubpGwj]l 
qwmwpbtwqnpb"blJ:!) uwGpptli wpU1W'l{lnrtw4wGmpjntGI!, ttblttnpwtGbpqltwJt· 
awtuul! L. hwmp4.wiwttiw4.wG qwqul! UJ.Whbumwl[npl[wa mwppbp qbpbpp 
ppwqwG 16-22 % junGwqmpJWfi UJ.WJUWGGbpmu uwGpwgGbttiu, uwajl 2, 3, 4 L. 
5 uu mpwuwqati wGgpbpp qbuwmu, 

- GuwG qpmwttinpabp qwmwpbt UJ.wmmhwGp wnqwJmf)Jwup' uiwppbp 
pwgl[wapfibpp qbuwmu, 

- hwuwqpbt bpqm mwppbpwqGbpp ttinpobpp wpI1JmGpubpJ:!, tlbptmb"bt L. 
l}wuiwpbt qnpaGwqwG wnw2wpqmpJntClGbp: 

8.9.2. Q.}1wwtjJnpdlip}1 {jwwwptfw(i tfliJWIJUOJl[J 

q_LWUWJ]1G uwajl tl[lw pwgqwO- UjwtnmhwG]1 ulJ2ngnq libq hbtnWp[lppnq 
UJ.Ulpwubmpbp{! qwpqwqnpbtnt L. pwpbtwtlbtm UUJ.Wtnwqnq umuipwjpG 
qnpanGGbpJ:! ti.nGqpbmwgqbt bCi L. J:!Gmptlbt-

- uwajl wGgpbp]1 mpwuwqO-bpl}' d.,a = 2, 3, 4 L. 5 uli, 
- UJ.WtnmhwG]1 pwgqwbpl}' hut= 0, 3, 6, 9, 12 L. 15 uu, 
- liwfipwgqnq qbpbplJ mbuwqGbpJ:!. libpbGwjp mfititJ.bpuwunpJwG 

wuui]1owfi[! qGwhwmbtm hwuwp · qwpp, bqpUJ.mwgnpbfi, junm, wppwm, 
pwpwq L. tnpwqbptn]1fi, ubpbGwjlJ zwhwqn[lo-liwfi nbctlJlifibpCi OUJ.tn]1uw
LW9 Gbtm hwuwp · qwpp, bqpUJ.mwgnpbG, pwpwf[ L. mpwqbpmlJfi: 

OpUJ.bU hbmwqnmmpJwG hLPWJ]1fi ubantpjmfifibp qwmwpbtwqnpaqwa L. 
ni tiwmwpbtwqnpaqwb' ubpbfiwfib[1]1 hwuwp J:!Gtnptlbt bG. 

- uwGppi_ ubpbfiwJ]1 wptnW'l{lnqwqwGmpJmUJ:! (Qh), 4q/ct, 
- ttblttnpwtGbpq]1wJp mbuwlJ.wpwp awjuu[! (Ntoh), 4<ltn.ctf4.q, 
- uwGpqwbp]1 hwtnlJqWi_WtPWqwG qwqlil} (dhh), %, 
- Unt[1!'.ilJ4Ghplt uwzqwbpp i.WtP[! (q), %: 
lirtJmuwq 8.3-mu pbpqwb' bG qnpanGGbpp mwpwtlintuliwG l}G11qp4mu[!, 

npnGp h]1uGwqnptlbt bfi ub~bGwfibpp wzjuwmwGp]1 wpI1JmGpGbpmt: 
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Uiz;muwlj 8.3 

5mgwG]lzGbpp wfiqwGntuQ lJmuinw 1hfi onnb'nfiGbn 
dwri, llU h, .. , uu 

SwpwtlinjuuwG uwqwpqwql! 2-5 0-15 

lfwqwpl}wqfibpp pwGwq{! 4 6 

<lbpL.p uwqwpqwq{! 5 15 

Uli2ltCi GzwGwqmpJmGI! 3,5 7,5 

SwpwtlinjuuwG Uft2W4WJl2l! 1 3 

~bpppG uwqwpqw4.l! 2 0 

q_puiwttinpobpp CltqwmwqG t brtbt' ppwqwCiwgGbt wqqnri qnpb'nCiGbpp 
WJGUJ.liup hwpwpbpwqgmpJmCi, nplt qbuwmu qwpbllt t hwuGbt lJ.wmwpbtw
qnpaqwa ubpbfiwJp wnwt.lbtwqntJG wpuiw11pnriwlJ.wGmpJwG, ttblJ.mpwlJ.wG 
tGbpqpwJp CltlwqwqntJG b"wjuup, hwmplJ.wiwtliwqwG qwqup twtlwqmJG 
npwqp L. umpopqubpp lJ.wGnGwtlnp m hwtlwUW[IWiWtP uwzp: lijupGpu, UJ.btnp 
t mwppbp 4bpbpp hwuwp npnzbt d.,a L. hut ubb'mpJmClGbpp OUJ.tnpuwt 
GzwuwqmpJntfiGbpQ, npnfig qbuwmu Qh = max, Ntoh = min, q = min, rulJ. 
hwui]14.wiwtliwqwG qwqul! qtnGtJ.ti wuwuuwpmawlJ.wG UJ.whwu2Gbp]1 
uwhUwCiubpmu: 

lfnu.npwJpG qnpb'nGGbpp mwpwtlintuuwu uwlJ.wpqwltl! L. u]12wti.wmfi 
WllJ.WhntltJ.bt t hbtnhJWl 4bpUj: 

I. lfwqbp]1 tl[lw wGgpbpp uipwuwqpb'Ci (!fitnptlbt t' btGbtml qnJmpJmG 
ntGbgnq L. uzwtitlwb" ubpbfiwGbp]1 zwhwqnpauwG WpllJmfipGbpjlg: 

fllwmpwumtlbt bG 2, 3, 4 L. 5 uu mpwuwqb'p wfigpbpntl uwqbp, npnGp 
wGhpwctbzmmpJwG 11huwmu ttinttintutlbt bG: 

2. q_LWUWjpu uwajl tl[lw pwgqwa llJ.WUlnthwGp pwgqwbp]l i_WtPI! 0-15 uu 
uwhuwGGbpmu tlintlintubtm hwuwp zumqwJ)lG ttiwlJ.wCip qnpJ:! 11mpu t hwCltlbt 
ubpbfiwj]1 hwppw4.]1g, tl[lwG UlU[IWgtlbt ULWP, )lult hwppwqp tl[lw mbf[W'l{ltlbt t 
uwCi1111wlJ.: q_pmwttinpabpjl ctwuwuwq UJwmmhwup l}lwqwCip pwgqwapp 
i_WtPUI! hwumwtnmG tqwhbtnt hwuwp ubpbClWjp hwppwqp tl[lw uibqw'l{lqbt t 
hbrtmJUWJpCi uL.bnJ:ii (Clq. 8.49): 

01.PWJpCl ubc)mpJmGCib[lJ:! npnztlbt bG hbmL.JWl aL.nq: 
1. lfwupJ:ii ubpbuwjp wptnW'l{lnrtwltwGmpjntGJ:! npnztlbt t hwjtnGp 

bqwfiwqnq: 
q_pmwl}lnpobppg wnw2 uwGpwguwG bupwqw qbp]1 tunGwqmpJntG[! 

ummqtlbt t hwuwUJwmwujuwG pwGw4]1 fiumzGbpJ:! inpwgGbtm L. (8.167) 
pwGwoL.ntl npnzbtm bqwGwqnq: opb qbpp junGwqmpJntU[! 16-22% uwhuwfi]1g 
pwpop t bqb1_, lllllJ.W pGwqwG bqwGwqnq junfiwqmpJmGG f12bgtlht t: opb qbpp 
junGwqmpJntU{! gwap t hr[b[., WUJ.W (8.168) pwGwaL.nq hwzqwp4tlbt t upGi_L. 16-
22% junGwtlmpJwfi uwhuwfil! hwugfinrt wGhpwctbzm 2PP pwGwlJ.1!: 
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citwuwJpu uw11bpp ¢mjlntumpJmuGbpml wuiwhml.tlhL t pntnp 4 mpwuw
qap wGgpbpp wn4wJmpJwtip ¢npabpp huwpwtJ.npmpJmuubp(}: 

q.pmw¢npabp(} unptiwt tunuwtJ.mpJwfi (16-22%) 4bpbpj1 hwuwp 
qwmwptJ.bt t UJ.Wtnnthwfip $W4 nl upfill.t 15uu pwgqwapfibpp l.i pntnp 4 
mpwuwqabpp (2, 3, 4 l.i 5 uu) wfigpbpntJ. UWflbpp hwliwp: 

2. tth4mpwtubpq)lwJ)1 mbuw4wpwp awtuun npnztJ.bt t hwJmfi)l 
t11wfiwqntJ.: 

3. lfwfiptJ.wapubpp hwmti4wiw¢w4wu 4wqlibp[! pfiiuitu uwtufiw4wu, 
WJfiUJ.bu tt h]1uuw4wfi q]lmwtJmpabp)l ctwuwfiw4 npnztJ.bt t 3, 2 l.i I uu wfigpbp 
mfibgn11 mbuw4wtJ.npn!l_ uw11bp)1 hwtJ.wpwamntJ.: 

4. lfmpo)14ubp]1 uwztJ.wap)l opruwiw¢mpJntUD (al.ti}) npnztJ.bt t mbun11w-
4wfi qfifimlintJ., )1u4 liwztJ.wapp iw¢D' ltznhtm up~mgntJ.: 

q.pmw¢npabp)1 awtJ.wl.I! ¢nppwgubtnt, pwjg u)lwctwuwfiw4 hw tJ.wum)l 
wprumupfibp umwfiwtm hwuwp oqmwqnpatJ.bt t qtimw¢npabp)1 uitwuw
tJ.npliwu mbumpJntU(} [30, 63, 119]: 

8.9.J. q.junwifmpdbpft Wf11JJm6p ubp!J f, lflipfmamp1m6[J 

q.pmw¢npabpj1g umwgtJ.wa mtl.Jwtubp(} uzw4tJ.bt l.i umwgtJ.wa wp11Jmup
Gbp)1 h)luwG tJ.pw 4wnmgtJ.bt bu qpw.'.P)14 fibp: 

Qh, "V4. 8.30-mu pbptJ.wa wuwuuw-
1.iq/d uiwhmpJmumu oqmwqnpbbtlt pmuw-
1000 4wu l.i hwupwJpG l)bpbpp uwGpwg

uwfi hwuwp wnw2wpl[tJ.n11 3 4'-lm 
hqnpntpJwu t tbltmpwzwpctpw m 5 uu 
mpwuwqap wugpbpntJ. tiw'lP qbUJ.
pmu uwfipj1.1_ ubpbuwJp wpmwmm
'l.wl[wfimpJmu(} (Qh), 4wtutJ.wa uwu
ptJ.wapJl hwmpltwiw¢w4wfi 4wqu(} 
4wpqwtJ.npnfl uiwmmhwGp pwgtJ.wa
I1P9 (hui) qpw:P]14ti mtl.Jwtfibp{! gmJg 
bu mwtltu, np ubpbuwu muj1tlbpuwt t 
li 4wpnfl t hw2nqmpJWUp uwfipwg
Cibt n.1_ UPWJU WUWUUWUJ.WhntpjntUntU 

o 3 6 9 12 h~, 1111 wtJ.wu11wpwp oqmwqnpatJ.n'l. tunmu 
u lj. 8.30. /1nwwljwti Lt hwtipwjftti qbpbpft nt tumwgpwa 4bpbp(}, WJL uwl.t ]nt

tfwtipwgtfwti Wf1U1W!Jf1nIJw/jwtimp1mtil! (Qn) pwhwmm4 ufifiqwpwp m pmctw4wu 
ljwJulfwU, UJWwmhwtift pwglfwc}pftg (hU/). uzwuwl[mpJmfi mCibgnq mwppbp 
1-wppwm, 2-Junw, 3-qwpft, 4-hqftUJWW- UJ.WpmGw4n11 wppwm(} l.i hwCipwjpCi 
gnpliti, 5-mpwlfbpwftti, 6-pwpwq 4bpbpltg · hwm4wUJ.bU pwpwf[U m 
tnpwtJ.bpmpfil}: uzbup, np Wflj;1WU1 UWUpWgUblPU UWUPPlP Wptnwqpnqwqw
UntpjntUI} (uiwmmhwu)l ¢w4 l.i upu.1_1.t 15 uu pwgtJ.w<Jj;1)1 qb1.1J.I1mu) 4wqtiht t 60-
125 4q1ct, tunm uwupwgubt)lu ' 90-220 4q/ct, qwp)l uwupwgubttiu' 180-360 4q/ct, 
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bqpUJ.Ulwgnpbu uwGpwgGbttiu' 330-490 4q/ct, mpwtJ.bpmpG uwGpwgubLJ1u' 640-
750 4q/ct, pwpw!l_ uwGpwgubLJ1u' 760-960 4qlct: 

UbpbuwJ]l wpmwqpn!l_w4wGmpJwG gmgwG)lzubp{! qpbph pntnp 4tpwmb
uw4fibp)1 hwuwp twtl bu : Uw4wJu qJntf[w9]1w4wu l.i .'.PbpubpwJ)lG mfimb
umpJmufibp)l hwliwp WJI} wprumfipGbp(} pwtJ.wpwpn'\u bu wuwufiwpmaw4wfi 
uiwhwfi2fitp)lfi, qw w bplimu: UJI} 4wpl.inp hwpg)l uiwmwutuwfi(} l.i 4nfiqpbtn 
qrmwqnpafiw4wu wnw2wp4mpJmfiubp wubtm hfiwpwtJ.npmpJmfifihp(} mwwu 
bu uiwmmhwfill pwgtJ.waptJg m uwriJl wugpbpp mpwuwqa)lg lJwtutJ.wa 4 mh
uw41"t 4bpbpJ1 (qwp)l, bq)lUJ.mwgnpbu, pwpwfl, UlpwtJ.bpm)lfi) uwfipwguwu wp
mwqpn11wl)wfimpJwfi, ttt4mpwtfibpqJ1wJJ1 awtuu)l l.t uwfiptJ.wap]l hwmr4wiw
¢w4wfi 4wqu)1 qpw.'.P]14fibp(} [1 7]: flpuibu op]1uw4 WJI} qpw.'.P)llJGbp)lg u4. 8.31 -
8.36- mu phptJ.wa bu qwpm hwuwp: 

lfwfipplti W[lU1WllllnflW4wumpJWfi l.i ttt4mpwtubpq]lwjp awtuu)l qpw
,'p)ll)fibp(} gmJg hu mwtltu, np uw!l_)'I w figpbpr mpwuwqa)lg (dwfi) m 4hpbp)1 
mbuw4]1g 4wtutJ.wa' pfiwl)wfinpbu wpmwqpn11w4wfimpJmfiG m ttb4mpwtubp
q]lwJJ1 awtuuD uzwuwl.J.wtti i w¢bpntJ. ¢ n¢ntutJ.mu bfi : UJUUJ.bU, UJ.WUlnthwG)l 0-
15 uu pwgtJ.wap)l uwhuwGGbpmu qwpm uwGpwguwu wpmwqpn!l_w4wGmpJmuu 
m ttb4tnpwtGbpq)lwJ)1 awtuuD hwuwuiwmwutuwGwpwp dwfi = 2 uu-p qbUJ.I1ntU 
4wqumu bG . Qh = 75-160 4q/ct l.i Ntoh= 41-49 q'-lm.ct/m, dw6 = 3 uu-)1 qbl.l.J.I1mu' 
130-250 4q/ct ·1.i 24-12 44.m .ct/m, dw6 = 4 uu-)1 qhUJ.I1ntu' 160-31 5 qq/ct l.i 19- 10 
4'-lm.ct/m, dwfi = 5 uu-p qbl.l.J.I1mu' 220-400 4q/ct l.i 14-8 44.m.ct/m : bq)'IUJ.tnW
gnpbuJl uwupwguwG W[IUlWfJpll!l_Wqw umpjntuu m ttbl.J.mpwtGhpq)lwj)l awtuuD 
hWUWUJ.WUlWUtuwuwpwp dwfi = 2 UU-)1 qbl.l.J.I1fllU 4wqumu bu. 120-235 qq/ct l.i 
26-13 4'-lm.ct/m, 3 uu-)1 qbUJ.I1mu' 180-325 4q/ct l.i 17-9 4Y.m.ct/m, 4 uu-)1 
qbuwmu' 260-415 4q1ct l.i 12-7 44.m.ct/m, 5 uu-)1 qbUJ.I1ntu' 330-485 4q/ct l.i 9-6 
4'-lm.ct/m: .Qwpw!l_)'I uwupwguwG wpmwqpn!l_w4wumpJmGG m ttb4mpwtubp
q]lwJJ1 awtuuD hWUWUJ.Wtnwutuwuwpwp dwfi = 2 uu-r qbUJ.I1ntU 4wqumu bu. 
280-540 4q1ct l.i 11-6 44.m.ct/m, 3 uu-r qhUJ.I1mu ' 490-725 4q/ct 1.i 6-4 4'-lm.ct/m, 4 
uu-p qb1.1J.I1mu' 660-870 4q/ct 1.i 5-4 l)'-lm.ct/m, 5 uu-)1 qbl.l.J.I1mu· 800-975 4q1ct 1.i 
4-3 l[4.m.ct/m : SpwtJ.bpm)lu]l uwupwguwu wpmwqpn!J.wl}wumpJmuu m 
ttb4mpwtubpq)lwJ)1 awtuuD hwuwuiwmwutuwGwpwp dw6 = 2 uu-)1 qbl.l.J.I1mti 
4wqumu bu. 200-400 4q1ct l.i 15-8 4'-lm.ct/m, 3 uu-p qt uipmu· 355-535 4q/ct l.i 9-6 
4'-lm.ct/m, 4 uu-)1 qbl.l.J.I1mu· 460-650 4q/ct l.i 7-5 4'-lm.ct/m, 5 uu-p qbl.l.J.I1mu' 635-
765 4q/ct l.i 5-4 44.m.ct/m: 

q.pw,<p)14w4wfi opruw.1_w¢mpJmGubpu m wu¢n¢tJ.wa ptJ.wJ)lu ubom
pJmfiGhpu nt!l_flw4)1 gmjg bu mwttiu mwpphp mpwuwqa)l w GgpbpntJ. UWflbp)l m 
hwm)14wi w¢wqwG 4wqug 4wpqwtJ.npn!l_ uiwmmhwGp pwgtlwbpGtpr qbUJ.
pmu uwfip)llti wpmwqpn11w4wuntpjwCi l.i ttt4mpwtubpq)1wj)1 awtuu)l ¢n¢n
tumpJU1U uwhUwuubp(}, (}Utn npmu, )lpnp, wnw2wp4tJ.n11 ubpbuwG t ubpqw
tuuwJn!J. t l.i mu)l pwpap mbuw4wpw p wpmwqpn!l_w4wumpJmG: UJI} wubuD 
zwm l}PW4wu bu, pwjg qwpaJWl .1_bu UJ.wpqwpwGmu uwfip)llti zwhwqnpauwu 
ouim)luwt nbctpuubp(}: 
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o.,~--,-----r---r---,----. 

4q/ 

75011----t----+---+---t----1 

600t---+----+---t---+----i 

450t---+---+---t---+----i 

0 3 6 9 12 h ,1.hl' 
~ ulj. 8.32. q_wpm tfwtipwgtfwti l[bljwpw-

ulj. 8.JI. Q.wpm tfwtipwgtfw{j WJ1U1WlJJlfl- ttib ,J, ,J, b /, -'" rju 17\T ) 
rpq1,WJ1, UJ uw'fwpwp vw U[J l' •t/t/J, 

f/W/jWtifllJJjfllti[J (Q1J, ljW/zll/Wo UJWUJfll- /jWjzll/WO UJWUJmhw{}ft pwgt/wopftg (h,q} 
hwup pwgt/wr)ppg (h,,J wwppbp wpw- wwppbp wpwtfwqop wtigpbpnt/ (dwoJ tfw
tfwqop wtigpbpm/ (dwrJ tiwrzbpft, 3,0 ljcf.i:: rzbpp, 3,0 ljcf.w hqnpmp1wti t[bljwpw2wp
hqnpmp1wti ttblJwpwzwpdftlft f..t 16-22 % dftlft f..t 16-22 % Juntiwt/mp1wti I]bugm1tf 
funtiwt/mp1wti IJbUJJlmU 

Uuwuuwpmawtiwu ui.whwu2ubppg bLubtml, mwpphp l.ibpbpp (qwpp, 
hq}lui.mwgnpbu, pwpwri, mpwtJ.bpmpu) uwupwguwu npw4}1 quwhwmuwu m 
uwupptlJ. zwhwqnpawtiwu nbdpuubpp OUJ.LnpUWtwguwu UUJ.WLnwtintJ. wpmw-
1ymriwlJ.wumpJWU L. ttbl.impwtubpqpwjp awtuu}l npnzuwfi qptnwqmpabpp 
[!upwgpmu npnztJ.bL bu uwL. l.ibpbpp uwuptJ.wap}l hwm}ltiw2.wt}lwtiwu 4wqu1f 
tiwtutJ.wa ui.wmmhwup pwgtJ.wbppg uwribpp mwppbp mpwuwqap wGgpbppg: 
Cl-pw.'P}ltiwtiwu oppuwLwt}lmpJmuubp[! pbptJ.wa bfi [17] -mu, }luti npui.bu 
oppuwti qwpm hwuwp pbptJ.wa bu a4. 8.33-8.36 -mu: 

Q.pw'.pplJ.ubp[! gmjg bu mw!Pu, np pnLnp lJ.bpbpp UwuptJ.wapp hwmplJ.W2.W
t}lwlJ.wu tiwqU[!, tiwtutJ.wa uwribpp wGgpbp}l mpwuwqapg m ui.wmmhwu}l 
pwgtJ.wapp ubampJmupg, t}lnt}lntutJ.mu t umJfi oppfiwi_wt}1mpJwUp : fTJ.wmm
hwup pwgtJ.wbpp (hui) ubawguwfi[! qmq[!fipwg uwqp pnlnp mpwuwqabpntJ. 
(dwa) wugpbpp qbui.pmu 1 uu-pg t}lnpp (<1) L. 1-2 uu i_wt}lub11J1 uwfiptJ.wbpfibp)1 
t}lnt}lntumpJWU lJ.npbp[! l.itnpmti p2fimu bu, pul.i 2-3 UU L. 3 UU-pg uba (>3) 
uwuu}ll.ifibpp tinpbp[! ' pwpapwumu: 

OLUbtntJ. wuwu(iwpmowtiwfi UJ.Whwfi2fibppg, 4 tnbuw4}1 l.ibpbpp uwup
tJ.wapp hwm)11.J.wi_wt}1wtiwfi tiwqu}l umwgtJ.wa wpl}Jmfipfibp}l tJ.bptmampJmU[! 
huwpwtJ.npmpJntU t tnw!Pu hpuuwtJ.npbt muPtJ.bpuwt ubpbfiWJP WpJ}JmfiwtJ.btn 
zwhwqnpauwfi OUJ.LnflUWL nbdJ1ufibpfi [!Utn l.ibpwtnbuwtifibpJ1: 

314 

d .. , 
tnµ d., 1111 %. 

50 

40 

30 

20 

10 

3 6 9 3 6 9 12 h~,\fll 

w) p) 

d,.i!t d,.,, 
% trµ d., 1111 % tnµ d., u:11 
50 50 

40 

30 
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q) IJ) 
ulj. 8.33. q_Wpm tfwtipt/wt}pft hWUJpljW,!Wt/JW/jwti ljwqtf[J (d,,,J ljwfut/WO 
UJWuimhwtip pwgt/woppg (h,,J 3,0 ljcf.w hqnpmp1wti tzbljwpw2wpdftlft Ii 16-22 % 
funtiwt/mp1wti f..t wwppbp wpwifwqop (dwr) wtigpbpnt/ tiwrzbpft I]bUJpmtf. w) 2tftf, 
p) 3 tftf, q) 4tftf, IJ) 5 tftf 

Cl-J1mwt}lnpabp)1g umwgtJ.wa wpJ}JmfipfibpJ1 tJ.bpLmantpJmfi[!, npUJ.bu op}l
uwlJ. lJ.wmwptJ.mu t qwpm uwfiptJ.wapJ1 hwuwp, pulJ. UjntU lJ.bpwmbuwlJ.Gbp)1 
tJ.bpwpbpJwt' pbptJ.wa bfi bqpwtiwgmpJmfiGbpmu m wnw2wp4mpJmfifibpmu: 

Ivnznp brt2bpwtJ.np wuwumfifibpJ1 hwuwp tumwgpwa l.ibpbpJ1 uwfiptJ.wa
p)1 i_wt}lfi [!ULn (181]-fl UJ.btnp t !PfiJ1UJ1fii_L.2-3 UU, puti [!ULn (81]-J1 ' 1-3 UU: 
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q.wpm uflGiL. 2-3 uu uwGp4_u.uap wu1whntJ.mu hG pntnp 4 mpwuwqap 
wGgphpnq UWflhPl! uwGptJ.wapp illl'tPI! 4uapqwtJ.npnr1 lJ.lw4wGp 0-15 uu pwg
tJ.wapGbpp qbuwmu (G4. 8.33), hf)h llwztlfl iWnGhup 3 uu-pg uha uwuG}14Ghpp 
pwGW4J!, np[! i.pw4wG}1 15 uu pw91tJ.waptJ L. hwUWUJ.WtnwutuwGwpwp 2 uu 
mpwuwq0-}1 wGgphpm.J. uwf1P qhUJ.Pn•u 4wqumu t l7 %, 3 uu-ti qtuwmu· 22 %, 
4 UU-p qhuwmu· 24 % L. 5 UU-p qtwwmu' 30 %: 11-pwGg hwUWUJ.WtnwutuwG 
uwGpltifl wpmwqpnf1w4wGmpJmGGh -pG bG. 160, 250, 315 L. 400 4q/ct, ttt4mpw
tGhpqpwJ}1 O-wtuurf 19, 12, I 0 L. 8 4q_m.ct/m: 

lTwGpplfl zwhwqnpauwG WJq nhctpuGhppg wuhGwqwww4f1Pm 5 uu 
mpwuwqO-lt wGgphpnq uwf1P L. ¢wqL11Glt 15 uu pwgtJ.wbpp qhuwmu umwgqwa 
wpl}JmGpG t . wpmwqpn11w4wGntf)JnnGn' 400 qq!o, ttt4mpwtGhpqltwJlt 0-wlu
uyf 8 4'-lm.ct/m, pwjg 3 uu-pg uha Ut. .. mGlt4lihpp pwGw4n 4wqumu t 30 %, npn 
w hwUwUJ.wmwutuwGmu wGwuGwpruaw4ll.IG UJwhwG2GhppG: 

q.pmwlJ.lnpohpp ctwuwGw4 ni .Up wu1;:mr12wqwG (z2wpqqwb) hwmp4 W 
G4wmt1_ht: 3 uu-pg uhb uwuGp4fihp.(! hp4wp mpJwtlp 2wpl}fltnlj_wa hwtnfl4GhpG 
bfi bflb(, npnGp num wGwufiwpmJa"hpp 4wpappp, hhzmmpJwup 4wpn11 hG 
tuunp.tJ.hL 4hGqwGm umwunpumu nt JmputgtJ.ht: Ubp 4wpappnq' 4mlhpp m 
hppG2fihpp L. hwuw4wtJ.np pmlJ.n'l 4hGquaGpfihpp qhpwpwctGmu 4wph!P t 
oqmwqnpO-ht uwfiplj_wopp WJI}ll.J.Pup h·.wm}14wzwipwqwG 4wqu mfihgn11 qwppG, 
hwm4wUJ.hU uha q!.luwpwfiw4p qhuwimu: 

lunznp hq2hpwlj_np 4hGqwfipGhplp lJ.lnp p q!luwpwGw4fl L. {!GqhwGpwUJ.hu 
uwm11wzr hwuwp qwppG 4wph!P t Ul.Wfipwg Ght 2, 3 L.4 uu mpwuwqap uw11hpp 
oqmwqnpantum.l, t.Pw4wG}1 pwgtJ.wb"p!{! 4wpqwtJ.nph1ntl 0-6 uu uwhuwfiGhpmu: 
liJI} qhuwmu uwGpplfl wpmwqpnqwljiwGntpjntGJ:!, tthqmpwtGhpqflwJlt bwtuun 
L. 3 uu-pg ubb uwuGplJ.Ghpp pui1 Ciw4n hwuwuiwmwutuwGwpwp 2 uu 
mpwuwqap wGgphpntJ. uwf1P qhUJ.Pnuu IJ.wqumu hu. 75-100 4q1ct, 41-31 4.'-lm. 
ct/m L. 3-6%, 3 uu mpwuwqap qhUJ.Pnu:i.r 130- 150 qq/ct, 24-20 4.'-lm. ct/m L. 5-9%, 
4 uu -lt qhUJ.PntU' 160-190 IJ.q/ct, 19-16 Ul.J.'-lm.ct/m L. 7-l 1%: lipl}JntfipGhpJ! qhptm-
0-btm IJ.wpflpn zlJ.w, qnpoGwlJ.wCimu !Wwwnb!li hfi : 

lunznp t112hpwt.J.np 4.hfiqwGpGbpb hwuwp 2-3 uu uwGptJ.wap WUJ.Whnt.J.mtl 
bG pntnp 4 mpwtlwqap wGgpbpntJ. · uw11hp. [! ipwqwGp 9-15 uu pwgqwapp 
uwhuwGCibpmu: '-lbp2f1Gu pwgwmp.qm.1.u t CipruGntJ., np t.PwlJ.wGp 9 uu pwgt.J.wO-
PP m1111wo}1q uwhUwGwqobpmu (GIJ.. 88.33) I uu -pg ipnpp L. 2-3 uu uwfipt.J.wap
Ghpp 4nphp[! hwG'lflUJ.ntU hG L. zwpctt.J.mtu gwlilJ.w!P m.qrimpJntGGbpmf l uu -pg 
¢npp uwuGp4Ghpp pwGw41! Gqwqmu t:, pu4 2-3 uu -!ifil!' womu: 

lThphCiwjp wztuwmwGpp WJU n!bctpup (9-15 uu pwgtJ.wopp) UJ.WJUWG
CihpmU 2 uu mpwuwqop wGgphp.nq -uwf1P oqUlwqnpMwG qhuwmu 1-3 uu 
uwuGp4Ghpp pwGw4n IJ.wqumu t 65--66%, 1 tlu -pg ¢npp uwuGplJ.GhpflCitf 
26-7% L. 3 uu -pg uha uwuGP.4Gbp}1GJ-1! · 9-17%: 3 uu mpwuwqap wGgphpml 
uwf1P qbUJ.PmU l-3 uu uwufifl4Ghp}1 pl.Al1Gw4t! 4wqtlntu t 61 - 70 %, I uu -pg 
¢npp uwuGfl4Gbppfi{!' 26 - 8 % L. 3 uu - -pg uho uwuupqGhpltGn' 13 - 22 %: 4 uu 
tnpwuwqap wGgpbpmJ. uwf1P qbuwmu 1-3 uu uwuupqfihpp pwGw4n 4wqumu t 
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62 - 68 %, I uu -pg lJ.lnpp uwuG}14Ghp}1Gn' 23 - 8 % L. 3 uu -ltg uha uwuGfllj_Gt
p}1G!!' 15 - 24 %: 5 uu wGgphpntl UWflP qhuwmu 1-3 uu uwuGplJ.Gbpp pwGwlJ.I! 
IJ.wqumu t 61 - 60 %, l uu -pg ¢npp uwuGp4GbpflG!!' 19 - 6 % L. 3 uu -pg uba 
uwufip4CibppGn' 20-30 %: 

Swpphp mpwuwqap wfigphpnt.J. uwrihpp oqmwqnpMwG qbll.J.Pmti pbptJ.wa 
mn4nuwJpG gmgwGpzGbpfi ppwppg wnwfiaGwUJ.hu zwm ibfi mwpphptJ.mu: 
Oppfiwq, i.pw4wfip 9 uu pwgtJ.wapp qbUJ.PmU l-3 uu uwuG}14Gbpp mn4nuwjpG 
pwGw4mpJmCifibp(! 2 uu mpwuwqap wGgphpml uwq oqmwqnpahwu IJ.wqumu 
t 63%, 3 uu-p qhUJ.Pmu· 64%, 4 uu -p 11tUJ.Pmu· 62% 1.i. 5 uu -r 11tUJ.Pmu· 60%: 
liJumbrt uwfipplfl wztuwmwGpwjpCi nhctpup ozmuwfi hwuwp tJ.6nn11 GzwGw-
4ntpjntG ntGhG wpmwqpn11wlJ.wCimpJntGCi nt tthlJ.mpwtfibpqpwJp awtuul!: 
'1-pwfig UhampjntGCihpJ! hwUWUJ.WUlWutuwfiwpwp 4wqUmU hfi. 2 UU tnpw
uwqap wfigpbpnm.J. uwf1P qbUJ.PntU' 125 IJ.q/ct L. 24 4'-lm. ct/m, 3 uu -}1 qbll.J.Pmu' 
175 4q1ct L. 18 4'-ltn. ct/ui, 4 uu -Ji qhUJ.PmU' 225 4q/ct L. 17 4'-lm. ct/m, 5 uu -p 
11hUJ.PntU' 290 4q/ct L. 11 4'-lui. ct/m: 

fclnintGCihpp hwuwp qwppfi uwfipwgfibtm L. UflCiiL. 2-3 uu uwufipqfibpp tJ.hpw
bhtnt hwuwp uhphGwJp wztuwmwfipwJpfi nhctpun tunznp t112hpwtJ.np wGwumGCihpp 
oppGwqntJ. ozuihgpfip, WJUlllbfl Cinppg ub4Ciwpwfihtnt qwpppJ! z4w: 

Iunqbpp . hwuwp qwppfi upfizL. I uu uwufip4Cibpp tJ.hpwahtm hwuwp 
wGhpwcthzm t oqmwqnpO-ht I uu mpwuwqap wGgphpnt.l uwri: 

OtumuCiwuppntpjntCiGhpJ! gntjg hfi lllWJPU, np uwGp4_wO-pp zWlJ.lubp(! 
qwpqw4_npn11 UJ.WtnmhwGp wnqwJntpJwG qbUJ.PmU pntnp ump6P,4Cibpp 
uwztJ.wampJntG[! hwtJ.wuwpwzw¢ t [!Gpwfimu: liJupGpG, nnmnpp GbppL.p 
untp6}1qGhpp atujpwuwubpntu wGgphp zbCi wnw2wfimu (Gq. 8.3): '1-w wpqbG 
qpw4wG hpL.ntjp t: lTmpopqfihpp uwzt.J.wO-ntpJwG qnpO-[!Gpwgp mumuGwuppm
pJntGGbpJ! zwpmfiw4t.J.mu bG: 

UJuUJ.PuntJ., qpmw¢npohpp wpl}JntfipGbpp hwubuwmmpJmGCi m tJ.bptm
Ontf)Jntfi(! gntjg bfi tnWJPU, np qhpbpp uwGptJ.wO-pp hwmpqwzwlJ.lw4wG 4wqup 
npwqn, hhmL.wpwp, wpuiwqpn11wlJ.wGmpJwG pwpopwgmuG m tthlt.mpw
tGhpqpwJp awtuup CitJ.wqhgntU{! L. umpopqGhpp uwztJ.wantpjwCi GnptiwtwgmuG 
m bp4wpwlJ.bgmpJmGn UJ.WJuwfiwtJ.np4_wo hG uw11bpp wfigpbpp zwlJ.lubpntJ. L. 
wuhGwtiwpL.npn' uwGptJ.wapp zw¢ubp[! qwpqwtJ.npnfl UJ.WUlmhwGp pwgtJ.wO-
pmJ.: 

8.10. lltfi/n/bpuw[ tfwfipft.!ft fibplJ[ltfwfi 11/ufw/j[! [, wpmw!JPw/jwfi 
tftnpd wpljnuffibpft wprpm fipfibp[! 

OtGpt.J.bpuwt uwGppm Ghpqpt.J.bt t wptnwqpmpJWG hpbp pGwqwtJ.wn
Ghpmu. 

-pmuw4wG phJbpp L. hwuhumGpGbpp wpmwqpwuwumu, 
-hwGpwJpfi mwppbpntJ. hwpumwgtJ.wa WflWJpfi ppplJ.buiGbpp wpmwqpw-

uwumu, 
-umG4fl wpuiwqpmpJwG obnGwpqntpjntGmu, 

317 



-wphwc)-wqlj}l pw1.pml}ubpp ozwl}OWU WpU1WIJ.PWOWUnt0, 
-tumwgpwc)- m 4m1.J.tim l}bpbpp owupwgowu h l}bpwtuwnump11ubpp 

UJ.wmpwm.nowu mbtuuntnqpwl}wu qb-tpmo: 
Pntnp puwqwqwnubpmo tL obpbuwu gmgwpbpbL t zwhwqnpb-wl}wu h 

mumbuwtiwu pwpap gmgwupzubp: 

8.10.1. Pmuwljwfi plijbpft m hwifbifmfipfibpft wpwwl][lwi.fwu 

Puwtiwu bqwuwtintl ozwl}wpmjubppg UJ.WU1pWUU1qwc)- pbjbpu Ill hwobomu11-
ubp(} hWUllPUl.llUntO bu tl}ntnqpwUJ.bU owpmp h pl.llpapwpdbp Opbpl}ubp, npnug 
UJ.whwu2wp4l! mwpbgmwpp wnmo t ubpppu m wpmw11pu zmtiwubpn1.o: nmmp, 
btubtntl zml}wJp UJ.whwu2ubppg, «-<!.Ulfo UITlC uwfuwqillh U.UbhpwpJWUl! 2000p. 
Lrmm owpqp fchi1.owuJwup mwpwc)-l.llzr2wup Oamu qJmqmo hpoubt t pmul.lll}wu 
pbJbpp h hwobomupubpp wpml.llIJ.Pwowu: ilpUJ.bu hn1.011 oqmwqnpc)-ti.mo bu 
Ull.llpptp mbuwlj}l pmJubp h b-wnbpp mbphubp, npnup Gl.llfuopnp inpl.llgumo, WUJ.l.ll 
ol.llupwgumo m 19umo bu qbqbgp4 ahl.lltJ.npqwb- pqpb mnUJ.Pwtiubpp ut2: 

PmJubp[! h mbpL.ubp[! inpwgumo bu uwtu pul.lll}wu bqwuwl}nq, hwmmti 
hwppwl}ubpp tIPw (u4. 8.34), WUJ.W tJ.bp2uw4wu inpwgmou m '.pbpobumwgmou 
tiwmwpmo wphbumwtiwu bqwuwtintJ., hwmm4 fugpl}ubpmo (ul}. 8.35): '.)np 
hmOp(! owupwgumo bu l.llnw2wpl}tln'l obpbUl.llJntl (lil}. 8.36): 

'.)np hmopp owupwgow(i hwowp i.pnpal.llpl}qbL bu t.nl.llppbp mbul.lll}p 
ompDWJPU owuppiUbp h hp2JWL UITlC-u hl.lltJ.wumpjntU t mtJ.bL OpWJU mliptJ.bp
UWL Ol.lluppwu, hbmhJl.llL UJ.l.llpq UJ.l.llmDl.llnntJ.: 

q.nJntpJntU mubgnq omp6wJpU 2WPllPiUbpp pbppl.lltJ.np 11bl}bpl! ibu 
l}wpnIJ.l.llumo ompnpl}utpp hwptJ.l.llb-utpntJ. pninIJ. 021.lll}wpmJubpp owuupl}ubpl! 
Ol.llUpl.llgGbt, mIJ.IJ.l.lllj}l pbppbpp tIPw1ntl uwhtgumo bu, wumpnwuwpwp 
tumwgumo m timmwtimo fugpl}mo, wpllJmupmo wztuwmwupwJpU opql.llu
ubpl! tugwuqmo bu, ttb4mpw2wpdlii!! l}wuq t wnumo, hwnwtu WJptJ.mo m 
2lliPPP9 11mpu qwwu: 

'Gnp Ozl.lll}tlllib muptJ.bpuwl 01.llUPPW l.llpU11.llIJ.PWl}l.llu i.pnpawpl}moubp(! 
gmJg bu mtJ.bt, np obpbuwu hw2nqmpJwOp owupwgumo t ml.llppbp mbuwl}p 
pntjUbp L. ownbpp mbphubp, (}UU1 UJ.Whwu2tJ.nIJ. hwt.npl}l.UiilltPl.lll}WU l}wqop: 
Cl.llhwqnpMwu (!Upwgpmo tmp2 tuwi.pwumoubp ibu wnl.ll2wgbt: 

UpmwIJ.Pwtiwu i.pnpawpl}moubpl! tiwml.llptJ.bL bG mwppbp pmJubpp m 
mbphubpp owupwgowCi hwowp L. npnztJ.bL bu i.pwumwgp op2pu h owpmp 
dwOwJpu wpmwIJ.PnIJ.wtiwumpJmU(}, mbuwl}wpl.llp tubpqwb-wfuubp(! L. wztuw
mwuplllJPU m Zllihwqnpb-wl}lllu b-1.llfuubpl! (lllrumul.lll} 8.4): 
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ulj. 8.34. flm;ulipfl L mlipMlipft puwljw{j li!JWUW/jncf /npwgifw{j 
hwppwljulipft IJUI]hwump mliupo 

ulj. 8.35. Uphliumwljwu li!JWUW/jncf 
/npwgtfw{j m !pliptfliumwgtfw{j jugft mliupfJ 

ulJ. 8.36. n1uf1c/lipuw1 uwupfllu ftp 
w2fuwmwmliqn11I 
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<l>np61:ipp 
op hp{! 

Urumuwlj 8.4 

/ldiptfbpUWf tfwfipft8J WflUllUIJPW/jwfi tfmpdbpft Wfl!]jntfipfibp[! 

Ubpl:iGwJp w2tuwuiwupp m 
Uuiwgt.J.wo Wf!'lJmCipCil:ip[! 4wuqwnutpp ctwuwCiwljl! 

Td, 
Tod, ct T "'' ct 

TU!, T~aq. 
Gd1, ljq W.i~2-d • Wdw~.d• ct ct cf I.JO cf I.mid 

Unw2pG op 2,0 0,7 0,8 0,6 4,1 232 56,6 116,0 

bp41mr11 op 1,8 1,1 1,2 0,9 5,0 245 49,0 136,I 

bp(lnpq op 2,3 0,9 1,1 0,8 5,1 256 50,2 111 ,3 

uJ12tiul! 2,0 . 0,9 1,0 0,8 4,7 244 51 ,9 121 ,I 

lill)muw4 8.4-)1.g tpLmu t, np pmJubp)l. m mbphGbp)l. uwGpwguwG 
11tu.wmu wnw2wr4t.l.n'l mG)l.t.J.bpuwl uwGp)l.lJ:i. u)l.2)1.G ctwuwJ)l.G wpmw11Pnqw
lJwGmpJntG[! lJwqumu t 52 lJ.q/ct, )1.u4 uwpmp ctwuwJ)l.G wpmw'lPnfJ.wlJwGm
pJmG1f 121 lJ.q/ct: 

ttblJ.uipwtGtpq)l.wJ)l. mbuwlJwpwp aw}uu[! 4wqubt t 0,018 lJ<lui.ctf4q: 

8.10.2. <wupwJftfi mwppbpntf hwpumwgtfw& WlfwJftfi ppftljbmfibpft 
wp w UJ1Jf1UJ tf w u 

4:tG11wG)l.Gbp)l. Gnpuwl lJbGuwqnpamGbntflJWG hwuwp opqwG)l.qtl[! UJ.huip 
t umwGw hwGpLUJ)l.G rnwppbp)l. pwt.J.wpwp pwGw4: ~wGpwJ)l.G uiwpphp[! 
uwuGwlJ.gmu bG opqwGpqup Gjmpwt}mfuwGwlJ.mpJwG UJ.PnghuGbp)l.G : ~wGpw
J)l.G mwpphpp u[l2ngmt opqwG)l.qumu lJwUJ.t.J.mu h mwpwat.J.mu t flflt.J.wa)l.GJ!, 
rµupu t pbpt.J.mu wa}uwflflnt qwq[!, uwpuG)l. p2J:i.2Gtpmu UJ.UlhUJ.wGqnui t 
ouunrn)l.4 nGzmtl[!, npG wGhpwcthzm t uGG11wGJntf1bpp GtpaauwG h JmpwguwG 
hwuwp, umbfJ.at.J.mu t wpJwG h hJmu4_wapwJpG hJmpp .flnLJL hpuGwJ]1G 
up2wt.J.wJp, 4wpqwt.J.npt.J.mu t Pfltlwh)l.uGwJpG hwt.J.wuwpw42nmf1JntG[!, wnwGg 
np)l. wGhGwp t lJbGuwqnpamGbntpjwG Gnpuw[ [!Gpwgp(!: ~wGpwJ)l.G mwpphp[! 
umbqamu bG hwtlwUJ.wmwu}uuiG u)l.2iut.J.wJP Gwh '.l>hputGmGbpp, hnpunGGtp)l. 
h t.J.)1.mwupGGbpp qnpamGhmpJwG hwuwp: 

Qpp, UJ.PntnbpGp, wa}uw2ptpp h nwpUJ.bp)l. t.J.m}uwGwlJ.mpJntGJ! 4w}uqwa 
t hwGpwj)l.G uiwppbp)l. pWfJ.W'lPill.fljntG)l.g h hwpwpbpwlJgntj}jntG)l.g : ~JntU
t.J.wapGbp)l. Gnpliwt qpqnnfJ.wlJwGntf1JntG[! GmJGUJ.bu lJw}ut.J.wa t hwGpwJ]1G 
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u1wppbp]1g : ~wGpwJpG rnwppbp)l. oqGmpJwUp opqwG)l.qumu t.J.Gwuwqhpaqmu 
bG GJmpwt}m}uwGwlJ.mpJwG [!Gitwgpmu wnw2wgwa ItntGwt.J.np GJntithp[!: 

4hGqwG]1GhpJ! hwGpwJpG mwppbp hjluGwlJwGmu umwGmu bG pmuw4wG 
4tphp)l. u]12ngnq, )1.u4 bpp pGwlJwG lJbphp)l. hwztl.)1.G w WUJ.Whnqt.J.mu hwGpwj)l.G 
mwppbpp GlJwuiuwup GpwGg UJ.whwG2t!. wGhpwctbzm t lJbpwpwctpG uuigGbt 
tpwgmgJ:i.i hwGpwJJ:!G lJbpbp' lJ.bpwqpp Wl'J., 4wt.J.)1.n, lJ.wigjlmu)l. Ptnp)l.q, q]1UJ.u, 
ubpqbi., mpwt.J.hpmpG, gbnltitn, lLPP, tliwJm)l. un}upp, '.l>nu'.l>npwljwigpmuwlJ.wG 
wqhp Li u)l.4Jlnmwppbpp wqbp: 

~wGpwJ)l.G tpwgwljbpbp)l. oqmwqnpamUJ! hbzmwgGbtm GUJ.wmw4nt.J., 
hwmlJwUJ.bu }unznp h uwGp t112tpwt.J.np wGwumGGbpJ:i hwuwp, UJ.wmpwummu 
bG pppljbm-LtiqwT[wpwpbp' lJ.bpwqpp w'lflg h u)l.qpntnwppbp]1 }uwnGmp11Ghp)l.g: 

~wGpwJpG upqpnmwppbpnq hwpumwgt.J.wa w'lfl ppJ:iljbmGhp)l. oquiw
qnpantul! 4nt.J.bpp lJ.bpwpwcl)l.GGtpmu 'lPwlJwG t wqqmu lJnt.J.bp)l. wnmwwl.JwG 
t.J.)1.nwlJ)l. t.1.Pw h pwpapwgGmu t lJ.wl'Gwt.J.ntflJntG[! 10,4% -nt.J., ljwp]1 JntfJ.WJGm
PJntG[! ' 2,3% -nt.J.: 

~wztl.)1. wnGbtntl., np Gbp4WJmuu uplJpnmwppbpJ:i p)l.u)l.wlJwG u)l.wgm
JlJntGGbp ibG wpmw'lPt.J.mu h abnp pbptm lJ.wUJ.t.J.wa t rictt.J.wpmpJmGGbp)l. m 
'.i>J:!GwGuwljwG uba aw}uubpjl hbm, qJntfJ.WUlGtnbuwlJ.wG q)l.mntpjntGGbp)l. pb4-
Gwam C\..lfwpmpJWGJ} 200lp. 4:nmwJp]1 uwpqjl Upnt.l.JwG]1 mwpwawzp2wGmu 
ljwnmghL t pp)l.lJ.bm-LtiqwfJ.wpwpbpjl UJ.WmpwumuwG wpmwqpwuwu (Glj . 
8.37), npmbq oqutwqnpat.J.mu bG ni wt.J.wGriw4wG hwGpwjpG tpwgwljbpbp' 
pwpwfl, mpwt.J.bpmpG, wuUJ.PnUJ.bL pbGumGptn, gbnltim h WJLG: liJu ritu.wmu 
wGhpwctbzm t hwm4wu.itu pwpWfl{!, mpwt.J.bptn)l.Gp m gbnLtitn)l. WUJ.wpGbpJ! 
uwGpwgGhL h wump)l. t.J.bpwatr Unt.J.npwpwp, wump WUJ.wpGtpu uwGpwgGmu 
bG hqnp m pwpapwpmwqpnflwlJ.wG qGriJ:ilJ.wJ)l.G wT[wgGbpnt.J.: UwlJwJG Gztlwa 
wpmw11pwuwumu wJriUJ.J:!u)l. wT[wg oqtnwqnpatm tnGtnbuwUJ.bu wpllJmGwtlbm 
it: 

ltlj. 8.37. Ppftljliw-lftqwfJWJJWJ1lif1ft Wf1U1Wl)pwlfwuft [Jli!Jhwlimp wliup!J 

321 



(c/bpLft wp wulj1mu111if muftcfbpuw1 ifwupftlu t) 

ulj. 8.38. flJw1.11pwu1.11ft ppftljb1.11-tJiqw17wpwpbp 

Upmwqpwuwumu l}mpowp4tlbt bG mwpphp 4wnmgl}wb"pp ump6wJpG 
2wpqp(Ghp: f!wJg qpwGgpg n( ub4[! W 4wpnqwgbt mpwt{bpmpGp m gbnlflmlt 
WlJ.lWpGb(l(! uwGpwgGbt: liJq 2wpqp(Ghpp ump6p4Ghp[! wpwq uwztlbt m 
zwpppg qmpu bG b4bt.. bppbuG uwGpwguwG )ugp4mu )ugwGl}bi., qb:pnpuwgt{bt 
bG l.t GmJGpu4 ttb4mpwqwG zwpdp,w zwpppg qmpu hwGbt: 

f!ppl{bm-Jliqwqwpwpbpp lJ.lWmpwumuwG wpmwqpwuwumu Ub{l qnqupg 
wnw2wpql}nq mGPtJ.bpuwl uwGpp(p bpqwpwml.t wpmwqpwqwG l}mpowpqmu
Gbp(! gmJg mtJ.bgpG, np WJG wpmwqpmpJWG mb)uGntnqpwl{wG lJ.lWhwG2GtppG 
LPPtl pwl}wpwpmu t , WlJ.lwhnt{mu t wqwJpG pppqbmGtrmu (G4. 8.38) ul.JlGnq 
mpwt{brmpGp Lt pwpwqp uwGpwguwG lJ.lWhuiG2l}nq hwmpqi.u(wl}1wqwG 
qwqti(!: UbpbGwJp zwhwqnpb"wqwG hmuwJlimpJmGG m ump6pqGbpp bpqwpw
qbgmpJntGI! hwuwlJ.lwmwu)uwGmu bG hpwhwGqmu mpl}wb" GnpuhppG: 

<l>npowpqmuGbpp [!Gpwgpmu ubpbGwG gmgwpbpht t zwhwqnpb"wqwG L. 
mGmhuwqwG twl}wqntJG gmgwGpzGbp: 
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<l>npobpp Ultl.JwtGbpp uzw4uwG wpl}JmGpGbp[! UlpwtJ.bpmpGp qhuwmu 
pbptJ.wa hG WllJmuw4 8.5 -mu, pu4 wajl qhuwmu' WllJmuw4 8.6 -mu: 

UT/}nwwlj 8.5 
fldiju/bpuwf lfw6pft.!ft Wf1UIWIJPW/jw6 1jmpdwpljmlf6/Jpft wp11Jm6p6bp[! 

mpwlf bpmp6p IJbUjJ!mlf 

UbpbuwJp wz)uwuiwupp m 
UU1wglj_w<) wp'lJmupubp[! 

<l>npohpp 4wuqwnubpp ctwuwuw4uhp[! 

ophfl[! Tu, 
Tod. d Tu,, d 

TUJ, TQa~, Guz• Wu~9.d• Wuwp.d• 
d ct ct 4q 4q/ct 4q1ct 

Unw2pu or 
2,4 

1471 607 813 
1,8 0,3 0,3 -

bpljpnpl} Ofl 
3,6 

2085 579 802 
2,6 0,7 0,3 -

bppnpq op 
0,3 2,7 

1577 584 830 
1,9 0,5 -

Ul12'1un 2,1 0,5 0,3 - 2,9 1711 590 815 

lillJmuw4Gbp 8.5 Lt 8.6-pg bpl.tmu t , np mpwl}hpmpG Lt 12wpwq uwGpwg
GbJliu mGPtlhpuwt ubphGwJp up2pG dwuwJpG wpmwqpnqw4wGmpJntG(! hw
uwlJ.lwmwu)uwGwpwp 4wqumu t 590 Lt 940 4q/d, pu4 uwpmp dwuwjpG 
wpmw1wnqw4wGmpjntG[!' 8151.t 1175 mid: 

UT/}nLUW/j 8.6 
fl16ftlfbpuwf lfw6pft.!ft wpmwl]pwljw6 ljmpdwpljmlf6/Jpft wp11Jm6p6/Jpf! 

pwpwI/ft I]bUjJ!mlf 

Ubpbuwjp wz)uwuiwu12'1 m 

<l>npohpp 
4wuqwnuhpp UUlwglJ.w<) wpllJmupubp[! 

ctwuwuwljuhrl! 
opbp[! 

Tu, T"" . TUJ, TQa~, Gu2• Wul>\>.d• Wuwp.d,4 
ct Tod. ct ct ct ct ljq 4q/ct q/ct 

Unw2tiu op 
2,1 0,5 0,1 - 2,8 3347 1252 1582 

bpljpnpl} op 
1,8 0,3 - - 2,1 1571 748 863 

bppnpq op 
2,0 0,4 0,2 - 2,6 2132 820 1080 

U1whun 2,0 0,4 0,1 - 2,5 2350 940 1175 

ttbqmpwtGbpqpwJp mbuwqwpwp b"w)uu{! mpwt{bpmpGp l)hUJPntU 
umwgtlht t 5,08 44.m. dim, puq pwpwajl qbuwmu' 3, 19 4Y.m. dim: 

8.10.3. Jumwgpwo lj/Jplipft u2wljlfw{i mbju6n[nqftwljw6 qo/Jp 
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fuUiwgpwO- qbpbp uwupwguh1m hwuwp 12 mupiJ.bpuw1 uwupplubp b(i 
ubpqwJmt.'iu w2JuwUimu ubp hwupwUjhUimpJwli mwppbp qjntflwgpw4wu h 
1'hpubpwJpfi mfimbumpJmfifibpmu: 

flpuitu oppuw4 fibpqwjwgGmu bfip CwhnulJwfip «liqpnuuiwuwp4mu» 
PPQ mnhuwjpG wfiwufiwuiwhwl}wfi ~bpuwjp qbpbpp Ciw]uwu1wmpwumuw(i 
wptnlllllPWUwumu 3,0 4'-ltn hqnpmpJwfi t1t4mpwzwpdplntl mfip4_bpuw1 uwu
PPW wpmwripwl}wfi tlJnpawpl}mufibplJ wpllJmfipfitprr: 

Snhuu1JlJfi wfiwuCiwUJ.whwqwfi ~bpuwJmt.'i UJ.Whmu bfi 560 pm2np br12t
pw4_np wfiwumG, nplJg · 240 4n4_: liwfi pwpapw4lJp 4n4_bp, npnfig mwpbl}wfi 
qwpuwm4_mpJmfirr hwuumu t 9000 4q -ti: liburiwfilJCibplJ 4bpwpwdGmu opw
qwfi ihngfimu bG 400-600 4q ]umwgpwa l}bpbp (qwplJ, bqlJUJ.mwgnptfi,bppbuG 
gnpbfilJ 2wpqnG): 

flt(jlJ4_bpUWL UUlUfllJlP WptnUll]pWqWfi tlJnpawpl}mufibplJ dwUUlUUll} UlllU{llllg
lj_bl bfi qwpp h bajlUJ.tnwgnpbfi: Dp.Cilh 2-3 uu qwplJ h bqliUJ.tnwgnpbfi uwGpwgfibtm 
hwuwp uwCiplj_waplJ l}wpqw4_npuwfi li!WUlnthwG]l pwg4_waprr tlJntlJnJubt bfip 0-15 
uu-ti uwhuwfifibpmu: Oqmwqnpb-4.hL t 5 uu tnpwuwqO-lJ wugpbpntl uwrr 

<I>npawp4muubplJ UitlJwLCihpp u2wquwfi wpllJmGputrrr pbp4_wa bu 
wrumuw4 8.7 L. 8.8 -mu: 

Ulljmuwlj 8. 7 
fldij11/bpuw1 tfwfip]12ft WflUJWI]JJWljwfi tjmpdwpljmtffibpft WflIJ.JnLfipfibpf! 

<]Wfllll I].fiUjflnLtf 

lTb12bGwJ[1 w2IuwmwG12[1 m 
UUJwgiJ.wo w1111JmGpGb11n 

<I>npabp]l ltw GqwnCibp[1 ctUJuUJCiwlt11 

011bp11 
TUI' W.i1i2.d, WUWD.d• T.i, ct Tod• ct Tui, ct 

ct Tnu~· ct G.iz, l.J.q l.J.q/ct l.J.q/ct 

Unw2]1Ci op 1,5 0,4 0,6 - 2,5 372 151 244 

bpl.J.pnp11011 1,9 0,4 0,4 - 2,7 388 143 204 

lJli2]1Ci11 1,7 0,4 0,5 - 2,6 380 147 224 

tth4UipwtGbpqlJwJti 0-w]uurr uUiwgtlbt t. qwpm l)bll!Pmu' 13,4 4'-lm. d/m, 
bqpUJ.tnwgnpbfip l)bll!Pntu' 7,9 4'-ltn. d/tn: 

Ulljmuwlj 8.8 
f11fi]lljbpuw1 tfwfip]12ft wpwwl]Jlw/jwfi tjwpdwpljmtffibpft WflIJ.JnLfipfilip!J 

bqftUJtnwgnpbfi]l I].bUjflmtf 

lTb11bCituj[l wz[uwmwCi11]1 Ill 
UUJwgiJ.wo wpfJJmCipCitpn 

<l>nJ10bJ111 l[wGqwnCib]1]1 ctruuwGwlJ.11 
O[lbpl} 

T.i, ct Tod, ct Tui, ct T"I' ct Tnu~,.ct G.i1, 1.J.q WUjl£.O• Wuwp.d• 
ua/ct lia/ct 

Unw2[1Ci OJl 1,6 0,4 0,3 - 2,3 590 256 368 

bpl[pnpT) op 1,4 0,4 0,3 - 2,1 554 264 394 

lJl12]1G11 1,5 0,4 0,3 - 2,2 572 260 381 
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UUiwg4_wO- wpllJmGpGtprr gmJg bfi Uiwitiu, np mGlJtlbpuwt uwuprl!! 
juUiwgpwO- l}bpbp uwupwgGbltiu UntJUUJ.bu wpl]Jmfiw4_bUI t: 

8. 11. f11uftlfbpuw1 tfwup]12ft wfiwbuwljwu WflIJ.Jmfiwlfbwmp1wfi 
gmgwuft2filipf! Ii lJllWfig lflip1mamp1mfi1J 

fitfilJ4_bpullll uwfipplti tnbuw4wu Wp1]JmGw4_bmmpJWU gmgwfilJ2fibp{! hw2-
4_wp44_w0- bfi hwJUlfilJ ub1mqGbpnlj_ h wpl]Jntfipfibpl} pbp4_w0- bfi Ulll.JntUwq 8.9 -mu: 

UI1Jmuw4 8.9-mu pbpiJ.wO- bfi CiwL. UibjuGn1nqlJwqwu qnp<J{!UpwglJ hmuw
ItimpjwG, htppwtlJn]ulJ dwuwfiw4lJ oqmwqnpauwfi L. ubpbfiwJp tnb]ufilJ4w4wG 
UUJ.wuwpl}uwfi qnpO-w4lJgfitprr: 

lill.Jmuw4mu pbp4_w0- mtlJwtfihprr gmJg bfi Uiwitiu, np mfititlbpuwl uwfippm 
4wpnflwGmu .t tnb]ufilJqwtnfimbuw4wG twtlwqmJG gmgwfilJ2Gtpntl WUJ.Whntlhl 
wGwufiwUJ.whmpJmUmu oqmwqnpb-4.11I1 qpbpb pntnr pmuwqwfi h hwGpwJlJG 
0-Wqmu mGbgnq qbpbplJ uwfipwgmufi rrum wfiwufiwpm0-w4wfi UJ.whwG2GbplJ: 

?' 
..c:., 
@. 

1 

Ulljmuwlj 8.9 
f11uft1/bpuw1 tfwfip]12ft wpwwl]Jlw/jwu Ljmpdwpljmtffibpft /, wuwbuwljwfi 

m 2whwqnpawljwfi hwp2lfwpljfibpft WflIJ.Jmfipulip!J 

c:.. UpU1W11[1WUWUb[l c:: 
?' 
a ..c:.,..c:., WllWJ\JU tuUJwgpwo ..c:., c:.. c:.. <;:; J.:l J.:l unhlibUJCibnh libnbnh ..c:., ...... d 

BmgwGpzCibp\J wGlJ.wCintu[! -5- J.:l Cl. 

30 s:l>..o ..c:., a d - .;,. c::' c:.. 
() a .a J.:l d a a s J.:l 

=' J.:l ?' ..c:., c:.. 0- 3' c:.. a<;:; §. s a ..c:., c:: 
::i a Cl. 0- C'> 

- .c:: s J.:l 

a: c: 
OpiJ.w uti2tiG ctwuwjtJG 

l.J.q/ct 52 590 940 147 260 
WJ1U1Wnnm1wuwCin1131mG11 

2 lTwpmp ctwilwJ\!Ci 
wnUJwnnm1wuwCim131mCi11 l.J.q/ct 121 815 11 75 224 381 

3 UztuwUJwCipwJtiG O-Wiuumu- uwp11.ct/ 
20 3,4 2,1 6,8 3,9 

Cibnn U1 
4 li7\uWU1WUW[lO[l 1111/uu 2,31 0,20 0,13 0,82 0,46 
5 bbliUJnwtGhnohwth owluun \j~Ul.ct/Ul 18 5,1 3,2 13,4 7,9 

6 tLhlJ.mpwtGbpq!J.wJti 
qpwt!wLtwG 0-WJuun 11pll.J.q 0,45 0,17 0,12 0,33 0,20 

7 CwhwcinnowuwG owluubpJl nn/Ltq 3,2 3,1 1,2 1,3 0,6 

8 Sh!uCinLnq!J.wlJ.wG qnpb-[!Gpwgti 0,74 0,83 0,96 0,81 0,86 
hmuU11tm1131wG qnpb-wlthqp 

9 
<!,bppwtflniu]l ctwt!wGwlJ.]1 

0,43 0,72 0,80 0,65 0,68 
OUUlUJUnnouwG unnb-wlihan 

10 lTbpbGUJJ]l mbiuGtilJ.wlJ.wCi 0,67 0,88 0,95 0,77 0,83 
uU1wuwnut!wG qnnowuh<iP 
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8. J 2. CJ.jJmwqnpaOwljwO bqpwljwgmpJmOObp /, wnwpwpljmpJmOObp 

1. Unw2wp4tlhL uzw4tlht L. ¢npowpl.J.tlht t ¢nppwlw¢, tfihpqw}ufiWJilll. 
L. mfititlhpuwt ubpbfiw, np[I uwfipwgGmu t pmuwqwfi (qwpp, gnpbG, 
bqpUJ.UlWgnpbfi, }unm, oqnm, W(lUWtnWUJ.tnntq, wppwtn) L. hwfipWJpfi (pwpWI\, 
mpwt{bpmpfi, gbntlJm) owqmu mfibgnq pntnp l.J.bpbp[I: liJG pp 4wnmgqwopntl' 
hnppqnfiwlJ.wG wz}uwmwGpwJpfi opqwGGbpntJ., qtwfiwJpfi Liwilti t{pw mbqw
qpt{wa 4wpop hwuwomt4.w0£2pg UJ.Wmpwumt{wa 4tnPPlfibpnt{ L. w2}uwmwfipp 
u4qpntfipn4_' UWfipqwcrp[I }ugpl.j}1g l}nt(lU hwfinrt 4wpqw4_nppl UJ.WU1nthw(in4_, 
mwppbpt{mu t qnJmpJmfi mfibgn11Cihppg L. CinpmJp t (<!.<!. qJmmp wpmnfiwqpp 
N2 1500 A2, 23.0 l.2004p.) : 

2. \,w}ufiw4wfi qpmw¢npobpp wpl}Jmfipfibpp l{hptmbmpJwup hpLifiw
t{nptlht bfi 2,2, 3,0 L. 5,5 4'-lm hqnpmpJwfi ttt4mpwzwpctplfibpnt{ mfipLj_bpuwt 3 
uwfippl LibpbGwfibpp qtwCiwjpG UWflP wGgpbpp tnpwuwqobp[!' 2, 3, 4 L. 5 uli, 
nnmnpp UJ.mmmwpt{bp[I' 2850 UJ.m/pnUJ., qtwCiwjpCi UWflP t{pw 4U1PPlfibpp 
lltipp[I' 6w4wU1WJpG, Ulb11wpw2}umu[1' m1111wopq m wnwfig pwgw4p, uw11hpp 
mpwuwqpb-[1' 350, 530 L. 620 uu, ump6p4Cihpp hp4wpmpJntfi[!' 125, 205 L. 
250 uu: 

3. fitGPtlhpuwt uwfipptli wz}uwUlwGpwjpG opqwGGbpp 4wnmgt{w0£2w
Jpfi UJ.WpwubUlpbpp m 2whwqnpow4wa nhctpuGhpp OUJ.Ulpl.lwtwguwfi GUJ.w
mw4ntl uUlwgtlhL bfi up zwpp hwzt{wp4wJpG pwCiwoL.bp L. npnztlbt bG. 

- umpt'iplili hwpt{wop wnwtlhtwqntJfi 11Pfiwup4w4wG mcf[I (maxPIJl!n = 27,7 \,) 
L. nnU1Ilpp UJ.mmuwfi unuhfimu (3,6 'Vu), 

- uwfipwgqwa qwfiqLj_wap twp pwfiw4p m UJ.WmmhwGp pwg4,wapp, 
pfilUJ.bU CiwL. ump6p4Ghpp UJ.UltnUwCi wpwqmpJWG L. ctwuwCiwlJ.li up2L. 4w}ut{w
ompJWCi 4wUJ.hpu, 

- 4tnPPlfibpp m uwGpplfibpp [IUUl pwpapntpjWCi OUJ.UlpUWL mbqwpw2-
}umuu, 

- qtwCiwjpCi UJ.WUlpfi 6Cizuwfi Cinpuwt L. znzwtlJnI\ lltifiwup4w4wfi mcthp!}. 
P rjlfi = 11,29 lJlllw L. Frjln = 31,24 lJlllw, 

- JmpwpwfilJmp 4U1pplfl t{pw 6Cizmufihpu' P41 = 2,26 lJlllw, F41 = 6,25 
lJITlw L.11PGwup4w4wfi mcthpu' Pl\lln = 327 \, L. FIJ!!n = 450\,: 

4. Cl-pmwqmpobp{! hwumwUlmu bG, np UJ.Wtnmhwfip pwgt{wop[! npUJ.bu 
4wpL.np qnpanCi ubpbGwJp wptnwqpnqw4wfimpJwfi pwpopwguwCi qnpamu' 
3,0 44.Ul hqnpmpJwG tth4U1pwzwpctpw L. 5 uu mpwuwqap wfigphpnt{ uwilti 
qhuwmu, 4w}u4_wa uwCipt{wapp hwmp4wlwi.tiw4wfi 4wqu[1 4wpqwt{npnq 
UJ.Wmnthwfip ipw4 L. upfilL. 15 uu pwgqw0£2pg, mfititlhpuwt ubpbfiwJp 
wpmwqpnqw4wGmpJmGu qwpp uwfipwgfibJ.tiu qm¢n}ut{mu t 180-360 4q/ct, 
bqpUJ.UlWgnpbfi uwfipwgfib[Jiu' 330-490 4q/ct, }unm uwGpwgGb[Jiu' 90-220 4q/ct, 
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wppwm uwfipwgfib!liu' 60-125 qq/d, pwpwq uwfipwgfib!liu' 760-960 qq/ct, 
mpwt{bpmpfi uwfipwgfib!liu' 640-750 4q/ct uwhuwfifibpmu: 

5. lllwmmhwfip pwgt{wopp ubowgmU[I UWflP pntnp lw¢up (2, 3, 4, 5 uu) 
wfigpbpp 11huwmu qpw4wfi wql}bgmpJmfi t pn11Gmu uwfipplfl wpmwqpn11w-
4wfimpJWG pwpopwguwfi L. ttt4mpwtfibpqpwjp mbuw4wpwp ow}uup Cit{w
qbguwfi t{pw' UJ.Wtnmhwfip 0-15 uu pwgt{wopp uwhuwfifibpmu wpmwqpn11w-
4wGmpJmfiG nt ttb4mpwtfibpqpwjp ow}uu[I hwUWUJ.WUlWU}uwfiwpwp. qwpp 
uwfipwgfib!liu uwilti 2 uu wfig12p 11tuwmu l.[wqumu bG 75-160 qq/ct L. 41-19 
44.m.ct/m, 3 uu -ti 11huwmu· 130-250 4q/ct L. 24-12 44.m.ct/m, 4 uu-p 11huwmu' 
160-315 4q/ct L. 19-10 4'-lm.ct/m, 5uu-p11tuwmu' 220-240 4q/ct L. 14-8 44.m.ct/m: 
liJI} gmgwGpzGbp[I fimJfi oppfiwlw¢mpJwUp ¢n¢n}uqmu bfi CiwL. UJmu 
4bphpp uwGpwguwfi ctwuwfiw4: 

6. Cum wfiwufiwpmow4wG UJ.WhwG2Ghpp, qbpbpp uwfiptlw0£2p hwtnp-
4wlw¢wqwfi 4wqup t{bptmompJWUp hpufiwt{npt{ht bfi mfipqbpuwt ubpbfiwjp 
wpqJmfiwt{bm zwhwqnpauwfi OUJ.mpuwt nbctpufibp[I. 

- upfilh 3 UU qwpnt UWfipqwop WUJ.Whnt{ntU bfi pntnp 4 UlpWUWqOp 
wfigpbpnq UWI\bp[I UWfipqwopp lilltlJU[I qwpqwqnpnI\ UJ.Wtnnthwfip 0-15 UU 
pwgt{w0£2Gbpp 11huwmu: '1-pwfig hwuwUJ.wmwu}uwfi uwfipptli wpmwqpn-
11w4wfimpJmfifibpfi bfi . 160, 250, 315 L. 400 4q/ct L. tthl.J.mpwtfibpqpwjp ow}uu[!' 
19, 12, 10 L. 8 44.m. ct/m, 

- }unznp h112hpwt{np wfiwumfifibpp ¢npp qttuwpwfiwlJ.11 L. [lfiqhwfipwUJ.bu 
uwm11w2p hwuwp qwppfi GUJ.wmw4whwpuwp t uwfipwgfibt 2, 3 L. 4 uu wfig
phpntl uw11hpp oqmwqnpomuntj_, ¢wl.J.wfip pwgt{wop[I 4wpqwtlnpbtntl 0-6 uu 
uwhuwfifibpmu: liJI} 11huwmu uwfipptli wpmwqpn11w4wfimpJntfi[I, tth4mpw
tGbpqpwJp OW}uU[I L. 3 UU-pg ubo uwufip4fibpp pwfiW4[1 hWUWUJ.WUlWU}uW
fiwpwp 2 uu mpwuwqop wfigpbpntl uwilti l}hUJ.PmU 4wqumu bG. 75-1004q/ct, 
41-314'-lm.ct/mL.3-6%, 3 uu mpwuwqop l}hUJ.Pmil' 130-150 4q1ct, 24-20 44.m. 
ct/m L. 5-9%, 4 uu-p qhuwmu' 160-190 4q/ct, 19-16 4'-lm.ct/m L. 7-11%, 

- qwpm 2-3 uu uwGptJ.w0£2 WUJ.whntj_mu bG pntnr 4 mpwuwqop wfigpbpnt{ 
uwqhp[I ¢w4wfip 9-15 uu pwgqwapp uwhuwfifibpmu: 

7. bqpUJ.mwgnpbfip hwubuwmwpwp hw2n11 hwmp4wlw¢w4wfi 4wqubp 
hfi umwgt{mu 2, 3 L. 4 uu mpwuwqop wfigpbpntl uw11hpp oqmwqnpauwfi L. 
4wpqwt{npnq UJ.Wtnnthwfip ¢w4wfip 0-6 uu pwgqw0£2Gbpp 11huwmu, npnfip 
pwqwpwpmu hfi 4hG11wGpGbpp npn2 }uupp L. hwuw4gqwo 4hphpp wpmwqpm
pJWCi UJ.whwfi2Ghppfi: U}lfilL. 2 uu uwfipqwo uwufip4Ghpp pwGw4J:l UJ.Wtnmhw
Gp ¢w4 tJ.P6wl.[mu 1.J.wqumu t 96%, UJ.wmmhwGp 3 uu pwgtj_wopp 11hUJ.Pmil' 
94%, 6 uu pwgqw0£2p qhuwmu' 89%: '1-pwfig hwUWUJ.Wmwu}uwfi ubpbfiWJp 
wpmwqpn11w4wfimpjntGG m tth4mpwtfibpqpwjp ow}uu[I UJ.WtnmhwGp ¢w4 
tJ.P6w4mu 4wqumu hG. 120 4q/ct L. 26 4'-lm.ct/m, 3 uu pwgtlwopp 11huwmu' 125 
l.J.q/ct L. 24 44.m.ct/m, 6 uu-p qhuwmu 140 4q/ct L. 22 4'-lm.ct/m: 

bqpUJ.tnWgnpbfip uwfipLj_wopp LWtlwqmJfi hwmp4wlw¢w4wfi 4wqu t 
oL.wqnpt{ntU fiwL. UJ.Wtnnthwfip pwg4_w0£2p 11-15 UU-p uwhuwfifibpntU: 
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8. faupwqu m mpw4_hpwpu[! upulL. 2 uu uwupwgCihtm hwuwp wuhpw
ctbzw t oqmwqnpabt 2 uu wGgpbpml. uwqbp L. uwGptJ.wapp lwt.Pul! 4wpqwt.J.n
pbt UJ.WtnmhwGp upulL. 6 uu pwgtJ.wapntJ.: liJI} ctwuwGw4 upulL. 2 uu uwuup4-
Ghpp pwGw4£! UJ.wmmhwfi}l t.Pw4 tJ.li!'.iwljmu 91% t , 3 uu pwgt.J.wapp qtuwmu' 
89%, 6 uu pwgt.J.wb"pp rituwmu' 86%: 'l-pwGg hwliWUJ.lllWWUtuwG uwGppw 
wpmwqpnqw4wGmpJmUu m tth4wpwtGhpqpwJp awtuu£! UJ.WmmhwGp t.Pwq 
tJ.P!'.iw4mu 4wqumu tu 280 4q/ct L. I 1 4'-lm.ct/w, UJ.Wmmhwup 3 uu piugt.J.wapp 
qtuwmu' 300qq/ct L. 10 tp-ltn.ct/m L. 6 uu-p qtuwmu· 325 4q1ct L. 9 q'-lm.ct/m: 

.:,wGpwJpG 4tptpu 4hliqwGpGtpp 4tpwpwctGmu oqwwqnpamu tu 
[!uqwutG[! 0,3 -0,7 %, mump, 4wphl.P t oqwwqnpabt uwGpwguwu gwu4wgwa 
ntctpu L. uwGptJ.wapG wugqwgGtt uwqtpnt.J.: 

9. 4tptpp uwGptJ.wopp lliltPuhp[! 4wpqwtJ.npnIJ. UJ.WtnmhwGp wn4wJm
pJwup umpop4utpp uwztJ.wompJmU(! hwtJ.wuwpwlwt.P t [!UpwGmu, pum lw
t.PwqwGg 4wpL.np t uwfipt.J.wapp 4wJmG npw4p WUJ.WhntJ.uwG, uhptGwJp 
zwhwqnpb"w4wu hmuwl.lmtpJWU L. tp4wpwqbgmpJWU whuwu4JmGpg: 

10. UpmwqpwqwG ..pnp6wpljmuGhp[! L. mttuGp4wmGwhuw4wG wpl}Jm
GwtJ.hmmpJwG hwzt.J.wp4 uhp[! hwumwmmu tG, np qnJmpJmu mGhgnq t.Pnppw
lliltP 4tpwuwGpplGtpp hwutuwwmpJwup uzw4t.J.wa mGPtJ.hpuw1 uwupplGbpp 
t1h4tnpwtGtpqpwJp wtuw4wpwp b"wtuuG m utmwqwwwpmpJmG[! t.Pnpp tG 
(hwuwUJ.wmwutuwGwpwp 32 L. 24 %-nt.J.), pu4 wtuwtiwpwp wpmwqpnqwltw
umpJmU[!' uha (29 %-nt.J.): Cwhwqnpb"w4wu awtuubp[! 1 4q tumwgpwa 4tptp 
uwGpwgfibt.Pu [!Gqwubfi(! 0,6-1,3 qp. t , puq hwfipwJpG 4tptp uwGpwgGbt.Pu' 
1,2-3,2 qp.: Unw2wp4tJ.n11 tlhphuwJp 4wpL.np hwwqwGpzutppg t GwL. WJG, np 
hGwpwtJ.np t ppw4wGwgCiht hwGpwJpG 4tptpp uwGpwgmu: 

UbptGwGtpG wGghL tG hwuw4nquwGp lt b"wtJ.wtmG wpwwqpw4wG 
t.Pnp6wp4muGbp, Gtpqp4.tt tG qJmqwgpwqwG m .'.ptputpwJpCi wGmbumpJmG
Gbpmu L. hwuwUJ.wmwufuwG wpwwqpwuwutpmu: 
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9. Y.bf'bf'P. Pf'P.Y.bSU<Ulf'UU'l.J lfu.Qbl..UL.bf' b'-l 
UUf'.QU<Ulf'DHfubf' 

9.1. Ppftljbwwlfnptfwu tfbpMwubpft ljwnmglfwgpw1ftu ujubifwubpf! 

.:,wJwumwGp <!,wGpwUJ.bmmpJwG 41.PliwG pwquwpGmJp t, mump lt 
wGhpwctbzm t 4ppwnt1 tunwp ppp4tmwtJ.npuwG mwpptp mttuGntnqpwGtp: 
Unwt.J.bt pwpbGUJ.wum 41.Pliw mGbgnq zp2wGGbpmu, npmbq hGwpwtJ.np t 
tunmp lnpwgmu[! 1wutpmu, 4ppwntt.P bG zwpctw4wG utphGwGtpntJ. tunmp 
ppp4tmwtJ.npuwG mttuGn1nqpwGhp[!, pu4 WJU zp2wGGbpmu, npwtq tunmp 
lnpwgmu[! twuhpmu hGwpwtJ.np lt' qppwntt.P tu umwgpnGwp tqwGw4ntl. 
tunmp ppp4twwtJ.npuwG mttuGntnqpwGbp[!: 

9.1. /. Cwpdwljwu ppftljbwwlfnptfwu tfbpbuw;ft wbfuunfnqftwljwu 
ujubtfw;ft uzwljnttff} 

.:.wzt.J.P wnlihtntl. qnJmpJmCi mGtgnq utptGwCitpp ptpmpJmGGtpCi m wnw
ll_ttmpJmGGtp[!, wnw2wp4t.J.t1 t Gnp zwpctwqwG ppp4tmwtJ.npuwG otptGw: 

Unw2wp4mpJwG tmpJmGG WJU t. tunmp ppp4tmGtp UJ.Wmpwumnq 
uwppmo, npG 'mGp owGppwG opwgwa tunmp hwt.J.wppl, owGpwmpm zwp
ctwphpp UJ.GL.uwmplt ottuwupqup lt gpq1nGp ops,mgnt.J. 4wUJ.tJ.wa t ppp4tmw
tJ.npuwG owot.Pw hbm, npG mGp oqwtiwJpG owo1wuwJp L. owotn11. hn1n-t.J.w1.t
Ghp, [!GI} npmo, gplt1nfiG mGp wpmwppfi lt Gtpppfi ppwGfihp, pu4 ppp4tmw
tJ.npowG OWOLPlG mGp oqw\.twJpfi t.Pntuwqppl, npp ppwG[! hwowmtqt.J.wb" t 
9P4tnGp wpmwppG ppwGp htm, pu4 9P4tnGp wpmwppG lt GtpppG ppwGutpp 
op21.t mtqw4wJtJ.Wb" t op2wu4Jw1 p[lWU, D[l[! Ghppp(i ppw(ip htm 4wqtimti t 
2PWJpG zwUJ.p\.t, pu4 gp41nup owwmgnq tunqnt.J.w4mu mtqw4wJtJ.wa tCi 
\.tnG.'.pmqnp L. 2PWJpG zwUJ.}lqp htm hwqnpqw4gtJ.nIJ. 2pwtunqnt.J.w\.t, npp 
b"wJppG mtqw4wJtJ.wa t . tugwGwjpG 4wt.PmJp, npp tugwGp unGm t.J.pw 
wupwltgt.J.wa t quUJ.wliwltwJpfi hwpp ppwlt' oqp hnupp wqqtgmpJwG mw4 
2PP hnup[! 4wpqwt.J.nph1m hwuwp: 

liJu wnw2wp4mpJwG tmpJmG[! UJ.WpqwpwGtJ.mo t G4. 9.1-9.3 -mo 
ptpt.J.wa qawqptpnt.J.. G4. 9.1 -mti UJ.Wut4tpt.J.wa t tunmp ppp4tmwt.J.npuwfi 
zwpctw4wG obphGwJp ututuwG, Glt. 9.2 -mo' ppp4tmwtJ.npowG owut.Pw 
hwGqmJg(!, u4. 9.3w -mu' 2PP twp 4wpqwtJ.nptiwG UlllflPP wztuwmwGpwjpG 
utuhtlwG 4wt.PmJpp t.Pwlt tJ.Pnwltmti lt G4. 9.3p -mti' GmJG[! 4wt.PmJpp pwg 
tJ.Pnw4mu: 

lvnmp ppplttmGtpp UJ.WutpwumowG uwppG mGp tunmhwt.J.wppl (1), 
npp uwGpwgGnq hwpowpwGpp (2) twp wGgp(! UJ.Glttiwmp4 uttuwGpqop (3) 
up2ngnt.J. upwgt.J.wb" t 9P4tnGp (4) tunqntJ.wqpG (9): 
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'Vlj, 9.1. Cwpdwljwu ppftljlimwtfnptfwu tflipli0w1ft ujubcfwu 

19 

'Vlj, 9.2. Ppftljlimwtfnptfwu hwOqnLJgft ujubcfwu 

5pl.J.tnCip CitpppCi qtwCiwJpCi ppwCi[! (5) UJ.wmpwumt{wa t 2PWJpCi 
zwUJ.ltl.J.lt mtupnt{ h unCimwctl{wa t uwmppgwJpCi oqwl.J.ltg (12) m U:wU:tn'l 
hntntlwl.J.Citppg (13) pwql.J.wgwa pppl.J.hmwt{npU:wCi liwU:I.lt~p t{tphp U:wumu: 
QpwJltCi zwUJ.ltl.J.pg qmpu t qwl.ltu 2PP tunqnt{wl.J. (6), npp awJppG qpt{wa t 
2PP twp 1.J.wpqwt{npuwCi uwpp[! (7), np[! mhqwl.J.wJi.J.wo t gpl.J.tnCip tunqnt{wl.J.lt 
(9) qtCimpnGmu: 5pl.J.tnCip tunqnt{wl.J.p mtlJwt hwmt{wamu oqp wpwqntf}Jw!i 
utawguwCi GUJ.wtnwl.J.nt{ mtqwl.J.wJt{wa t 1.J.nCi~mqnp (8): 
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p) 

'Vlj. 9.J, .52µ/1 hnup[J ljwpqwtfnpnlJ hwuqnl}g/1 w2Juwmwupw1ftu ujubcfwu 

5ltlnn!ip wpmwpp!i qtw!iwJlt!i ppw!i[! (19) UJ.wmpwuun{wa t pppl.J.hm
!ihpp mhqwipntmiw!i oqwl.J.wjp!i ipntuwqpp~p wpmwpp!i qtw!iwjp!i UJ.WUlp 
hhm hwuwmhq: gppl.J.hm!ihpp mhqwipntuuw!i oqwl.J.wJp!i ipntuwqpp~!i 

[!!iqqpl.J.mu t phpp~!ihp[! (14), w!igpm.J. (16) hwmwl.J.[! (15) h !ihppp!i qtw!iwJlt!i 
UJ.WUl(! (17), npp t{hpp!i liwup h uwmppgwJlt!i oqwl.J.lt (12) !ihpphp hpupp 
up2h f}nq!it{wo t qlWUWJpU pwgwl.J. (18), DpUJ.hUqp wztuwmwo 011(! qntpU 
qw: gppl.J.hmGhpp oqwl.J.wjpG ipntuwqppm hwmwl.J.lt w!igpp (16) up2ngnt{ 
upwgt{wo t flhp phn!iwflwilinq ipntuwqppwu (20): l.,zi.J.wo hwGqntJ9Ghp[! 
un!imwdt{mu t!i [!Uf}wg(1WJp!i w!ipt{!itpp (22) t{pw mhqwl.J.wJi.J.wb uhl.J. 
[!Uqhw!imp zp2w!iwl.J.lt (21) i.J.pw, np[! 1.J.gt{mu t mpwl.J.mnpp!i: 

Qpp twp l.J.wpqwt{npuw!i uwpp[! (7) pwql.J.wgwo t tugw!iwJp!i 
1.J.wilintJppg (23), npp un!im t{pw wupwgi.J.wa t hwpfl Jlpwl.J. (24) h flPWl.J.1! 
ul.J.qp!iwl.J.wG qpppp t{tpwqwpoGnq quUJ.w!iwl.J. (25): 

Ivnmp pppl.J.tm!itpp UJ.wmpwumuw!i uwppp wztuwmwGpp ul.J.qpnt!iI!I! 
httnhJWlU t . qwzmmu zwpdi.J.ttni.J. tunmhwt{wpp~[! (1) ~npwgwo tunm(! tW
utppg hwt{wpmu t, uw!ipwg!inq hwpuwpw!ipnt{ (2) U:w!ipwg!imu h UJ.Uh
U:wmpl.J. uttuw!ipqup (3) up2ngnt{ oqwJpG hnupp hhm uwmmgmu gpl.J.tnGp 
tunqnt{wl.J. (9): 5pl.J.tn!ip tunqnt{wl.J.mu oqp hnupp wqqtgntf}JWU !itppn 1.J.wp
qwt{npuw!i uwppp 1.J.wilimJpp (23) un!im t{pw wupwgt{wo hwpfl flPWl.J.1! (!il.J., 
9,3w) (24) UJ.Ultnt{ttni.J., pwgmu t 1.J.wilintJPI! (!il.J.. 9.3p) h 2mp[! h!iwpw
t{npntf}jntG t umw!imu wpmwhnutt 2pwtun11.ni.J.wl.J.pg (6): 5pl.J.tn!ip tunqn
t{wl.J.mu (9) mtqwl.J.wJl{wo 1.J.nG~mqnpmli (8) oqp hnupp wpwqntf}JntG[! ut
owGmu t' wnw2wg!ihtntl 6!izmu!itpp mwpptpmJlJntG tunqni.J.wl.J.lt (9) mtlJwL 
1.J.mpt{wapp h 2PWJlt!i zwUJ.ltl.J.mU: 2PP U:wl.J.wpqwl.J.p up2h, npp z!inphpi.J. 2ntPI! 
2pwJpG zwUJ.ltl.J.ltg (5) tunqnt{wl.J.nt{ (6) h 2PP twp l.J.wpqwt{npuwCi uwppp (7) 
up2ngnl{ pwpopwCimu h tuwnCit{mu t oqp hnuppCi: li:wtui.J.wa 1.J.nCi~mqnpmu 
oqp hnUI!P wpwqntf}JntCipg, ipnipntui.J.mu t 1.J.wilintJPP flD'l.nt!iwl.J.ntflJntCi[!, 
qpwCint{ pul.J. 1.J.wpqwl{nphtntl pppl.J.tmwt{npt{nq CiJntflp tunuwt{wguwCi wump-
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l'.iwCi(!: 5J14tnCimu 011}1 hnupp pwgw4wJmpJwCi 11bt4pmu qul4wCiw4fl (25) 
zCinphfltl tiw1.}mtJPI! tJ.bpwqwnCimu t u\.iqpCiwl}wCi qppp}1Ci, tJ.1wl1btm.J. 2PP 
l'.iwCiwl4wph(!: 5J14tnCip JunqntJ.wl}mu (9) 2mp(!, JuwnCitJ.btntl oriwJflCi hnuppCi 
m 1.ImzpwCiwtm.J., JunCiwtJ.wgCimu t Junmp uwCipwgtJ.wa qwCiqtJ.wal!: 
lJwCipwgtJ.wa JunUl(!, O!lWJpCi hnupp hbm upwupCi, JunqntJ.wti}lg (9) UlptJ.mu t 
gfltitnCifl ( 4) CitpppCi JlpwCi (l 1 ), npmtq mt11P t mCitCimu oriwJJlCi hnupp h 
pppl}bmwt[nptJ.nq CiJmpp pwctwCimu: liJGmhbmh, wnwGoGwgtJ.wa h wGhpw
ctbzm iWt}mtJ. JunCiwtJ.wgwa ppJ14bmwtJ.nptJ.nq CiJntp(! mptJ.mu t 011.wl}wJJlCi 
uwmppgwjp (12) Junnni, npmtq, tiwnitJ.btntJ. uwutn!J. hntntJ.wl!Cibpp (13) 
4nquflg, ut11.utJ.mu t ut11.uuwG JugJll}Gbp: UbquuwG JugJltiGtppg qmpu tl}nq 
ppfl\tbmGbp(! oqwtiwJJlG t}ln}uwqpplJl pbpJliCibpp (14) uf12ngntJ. hwtJ.wJ:!t.Jmu h 
t}lnJuwqp)llJl wCigpntJ. (16) mptJ.mu tCi pbp pbnCiwpwt}lnq t}lnJuwqpplJlG (20) 
m pwpotJ.mu t}lnJuwqpwuf12ng: 

QwGqtJ.wap pwctwCiuwCi wpl}JmCipmu wnwCioCiwgtJ.wa oqwJflCi hnUJ:!I!, 
wGgCibtntl CibpppCi (11) h wpmwJ:!pG (19) flpwCiCibpntJ. l}wqutJ.wa 9PlitnGp ( 4) 
JunnnintJ., hntJ.wgGmu t oqwl}tuJ}lG uwmppgtuJp wpmwppG uwltbphntJPI! h 
umwgtJ.wa ppJll}bmCibp(!: Pp)ll}bmCibp)l hntJ.wguwCil! Gl4wummu t Ciwh 2pw
JJ1Ci zwu:tP4mu (5) tqwa 2mp(!: Oqmwqnpffi.lwa oqp btp(! upCintnpm flpwtiw
Ciwgt[mu t oqwl}tuJflCi t}lnJuwqpplfl CibpJ:!pG qtwCitujpCi l4WUlp (17) L. u1.ump)l
gwjpCi oqwti}l (12) Cibpph)l hpup)l u)l2h bqwa qtwCiwjpCi pwgw4nt[ (18): 

'ubp4wJwgtJ.nq }unmfl ppJl\.ibmCibpp l4WmpwumuwCi uwppp 2Pfl btp)l 
tiwpqwtJ.npuwCi hwpuwpwGp(! hGwpwtJ.npmpJmCi t mwLJlu ppp4tmwtJ.npm
upg wnw2 4wpqwtJ.npb1 pp)l4tmwtJ.nptJ.n11 qwCiqtJ.wap JunGwtJ.wguwG hwtJ.w
uwpwiwt}lmf)JntG(!, np(! GwJuwmbutJ.wO- t wqpnwCiwuCiwpmowl}wCi l4W
hwCi2GbpntJ.: UbpbCiwCi hCiwpwtJ.npmpJmG t mwLJlu ppp4tmwtJ.npmuI! l}w
mwpbt wCiuJ12wl4bu qwzmmu, 1wubpmu inpwgtJ.wo Junmpg : Pppl}bmwtJ.n
pmupg wnw2 qwCiqtJ.wO(! JunGwtJ.wgtJ.mu t, umwgtJ.wa ppJltitmCibp{! hntJ.wg
tJ.mu bCi' CiwJuwmbutJ.wo wqpnwCiwuCiwpmO-wl}wCi l4U1hwG2CitppCi hwuw
l4wmwuJuwCi: 

9.1.2. UmwgjmOwp pp}1ljbmwlfnplfw0 lfbp bOw;ft 
ljwnmglfwupw-mbjuOnfng}lwljwli ujublfw;}l tf2wljmtfp 

lijCi zp2wGCibpmu, npmb!J. wCih Ciwp t Junmp pCiwl}wCi inpwgmu(!, Ul4W
mwl}whwpuwp t umwgpnCiwp bqwGwtiml pppl}bmwtJ.npuwCi mbJuCintnqpwJp 
tiJlpwnmpJntCi(!: Umwg)lnCiwp bqwCiwl}ntJ. pppl}bmwtJ.npuwG mbJuCintnqpwCi 
l}wpbLJl t Gbpl}wJwgCitL Cil}. 9.4 -mu ptptJ.wa u}ubtiwJntJ.: 

UmwgpnGwp b11.wuw4ntJ. pppl}bmwtJ.npuwCi mbJuCin1nqpwl}wG qpaG 
(!Ciqqp4mu t ' Junmp uwmmguwG t}lnJuwqpflm (1), oqmw4wp JuwnCimpq
GbpntJ. 1mamJpp 4wu 2PP uwmmguwG hwuwlJ.wpq(! (2), l}hpwJuwnCi}lil! (3), 
ppp4bmwtJ.npnq UWUtPl{! (4), tntantjpp JuwnCipi-iWtPWtJ.nppl{! (5), pppl.J.bmw
tJ.npuwCi uwuww hwqnpqw4I! (6), zp2wCiwt.m (7), pppl}hmCibpp t}lnJuwqp}1m 
(8), t}lnJuwqpwufl2ng{! (9): 
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Umwg)lnCiwp tqwGw4ntl Jumnfl ppp\.ibmwtJ.npuwG mbJuCintnq}lwjp l.ifl
pwnmpJmCi(! hCiwpwtJ.npmpjmCi t mwLJlu mnwCiwt LJlwnwgpnCi 4bpbp' ppp
l}bmwtJ.npt[nq qwCiqtJ.w~ CiwJuwl4hU hwpumwgCibtntJ. Up4f\nhwtlbtntt.1Cibpntl: 

IJwGpwgtJ.wa Juntn(! h uf14flnJuwnCimp11Gbp(! t}lnJuwqpplJl (1) h Lnt
amJpp uwmmguwCi hwuwl}wpqp (2) u}12ngntJ. mptlmu hCi JuwnCiplJlCi (3), np
mbq JuwnCitlbtntl h hwuwubn qwCiqtJ.wap tJ.bpwatJ.btntl mpi.J.mu bCi pppl}bmw
tJ.npuwCi oqwl}woh uwuLJllJlCi (4): 1JwuLJliP9 llfltpu t4wa pp}1\.ihtnCibp(! hw
tJ.wptJ.mu h tJ.mJuwqp)llJl (8) u}12ngntJ. pwpotJ.mu bCi t}lnJuwqpwu}12ng (9): 

ulJ. 9.4. Umwg/muwp b17wuwljm/ junwft pp/lljbwwlfnpuwu ljwnmglfwO]}w
mbjuun[nqftwljwu ujubl.fwu. 1-junmft uwmmguwu l/JnjuwfJflft.i, 2-oquiwljwp 
juwnump1;ubpnl/ fmiinzJpft ljwu ppft uwumzguwu hwuwljwpq, 3-ljbpwjuwnuft,i, 
4-ppftljbmwlfnpnq uwutft,i, 5-ffllclnljpft juwnuft,i-,iwl/Jwlfnpft,i, 6- ppftljbww
lfnpl.fw(j uwu1/1,!.ft hwqnpIJwlj, 7- ; ppwuwlj, 8- ppftljbwubpft tjmjuw1]J1/l,!, 9- l/Jn
Juwwwuftpng 

lunmp ppp4bmwtJ.npuwCi pCi1_l4bu zwpctwl}wCi, WJCil4bu t L umwglmCiwp 
ubpbCiwCibpfl oqmwqnpauwup mtluCintnq}1wCitpmu hpuCiwl}wCi wzJuwmwCi
J:!WJ}lCi opqtuCil! ppp4tmwtJ.npuwCi oqw4woh uwuLJliG t , Irnti wCihpwctt zm 
wupmpJwCi h JummpJwCi pppl}tmfibpp umwguwCi qpwtJ.w4wCi tCi utquuwCi 
Jug}14Cibp}1 h oqwl}woh uwuLJliP l4Wf1wutmptpp l'.ipzm (!GmpmpJntCi(!: 

9.2. Pp}lljbmwlfnplfw{i lfwlitftllibp}l w2]uwmwlipw;ftli opgwlilibp}l 
IJWUWljwpgmlfp 

P pp4t1.11wtJ.npuwG UWUtPiCibpp wzJuwtnWCiJ:!WjpG opqwGCitp{! qwuw
l}wpqtJ.mu bCi (Cil}. 9.1). w) qpnzuwl}wJpCi, p) zCitl}wJpCi, q) nnmnpwJ}lCi, q) 
tJ.mJuwqpJliWJpCi, t), q), t) oqwl}woh uwmppgwJpCi zwnwtJ.qwJpCi Jugpl}Cib
pntJ., I!) wumqwGtJ.w-zll.PWJwl}wCi, p), ct) ctwl4wtJ.bCiwJ}1Ci, ctw), ctp) qpmCiw
l}tuJpCi [47, 54, 58, 72, 136, 138, 139, 141 , 142, 143] mbuwl}Citpp: 
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ulj. 9.5. C/bpbpft ppftljbmwtfnpuwu uwulft1ubpft w2Juwmwu12w1ftu opqwuubp[! 

<!,pzwmwl.J.tJ.wb uwuUizCibppg qnpbCiw4wCimu LWJU mwpwonu.I bCi 
umwgbt 11Pnzuwl}wJpCi L. oqwl}woL. wz)uwmwCipwJpfi opqwCifibpJ:!: l).pnzuw-
4wJpCi wz)uwmwCipwJpU opqwfifi ppbCipg Citpl}wjwgCimu t UfWhwG2tJ.n11 mp
tJ.wqbntJ. L. LWJUWl}wCi hwmmJpntJ. )ugp4, npp ub2 hbm{!fipwg-hwUJ:!Cipwg 
zwpdmu t l}wmwpmu I}Pnzuwl.m: lJwuttiwCi )ugpl}J:! l}wpnq t !lifiht pwg l}wu 
..pw4 mput}l: i2wg )ugpl}p J}h1.l.ll2mu hwl}wqwpo 6Cizmul! uwutuwG J:!Cipwg
pmu wnw2wGmu t )ugpqp UjWUlhpp hbm qwuqtJ.wbp zi.puwfi zClnphptJ., pul} 
i.pw4 )ugpqp J}btqpmu' wuzwpct hbuwpwup zClnphptJ.: bpl}m mput}l )ugpl}fib
pmu tt uwilttl.nIJ. qwCiqtl.w~ mp4mu t {!UI}Iltfinq tqwmnlhwfip(i L. llPnzuw\lll 
11tut}l wnw2 zwpctuwfi ctwuwfiwl.J. ubqutJ.mu t: ct>wl} Jugptimu I}Pnzuwqp ut4 
f!WJtP J}h1.l.ll2IlLU mbqp t mfitfimu qwfiqtJ.wbp )umwgmu Ubl} ppp4tmp UUlW
gmuntJ., pu4 bpl}pnpl} pwJLntl. htfiwpwfip hwuwtqwmwu)uwfi htnwgmupg 
hbmn ppwl.J.wfiwgtJ.mu t pppl}bmp hpmu{!: 12wg )ugpl}p J}h1.l.ll2mu pppl}tmp 
)umwgmufi m hpmUI! l}wmwptJ.mu t I}PilZUWl}p ut4 pWJtntJ.: 

l).11nzuwtiwJpfi uwuUitlJ. wnwtl.htmpJmfifi WJfi t, np mfip gwop tCihpqw
mwpmpJmfi L. wuiwhntJ.mu t qwfiqtJ.wbp CltJ.wqwqmJfi uwfipwgmu, npJ:! UJWJ
uwfiwtJ.nptJ.wb t uwutuwfi 6Cizmul! )ugpqp wnwCigpp bpl.J.wJfipntJ. mqqtJ.wb 
tlifihtm hwfiqwuwG11ntl. [54, 153, 171]: fcTt' lflwl}, pb' pwg )ugpl}fitpntl.11Pnz
uwl}wJpfi UWU!lizfihpp hpufiwl}wfi ptpmpjlllUI! hwutuwmwpwp gwbp wp
mwrumqwl}wfimpJmCifi t: <!.wJmfip t, np t1.tp2pfiu hpufiwl}wfimu l}w)utJ.wo t 
)ugp\lll (pppl.J.hmfitpp) zw¢utppg, I}Pnzuwl}fibpp f}tl}lg L. I}Pnzuwl}p zwpctuwG 
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hw6w)umpJmfipg: lJwuww wpmwl}Pnqwl}wfimpJwfi pwpopwgnu.II! llPnz
uwl}Citpp ptl}l utawguwfi 6w(iwtqwphml. pwpqmpjmfiCitp l}wpnq t wnw-
2wgCiht qwuqtJ.wbJ:! )ugpl}mu pwz)uttm )ufil}Pmu, rymzuwl}p zwpchlwfi 
hw6w)umpJWCi utbwgmuI! pwgwntJ.mu t, pwfip np WJfi uwhuwfiw¢wljtl.mu 
t qwuqtJ.w~ 6Cizuwfi mwlj tqwhhtm tqwhwfi2tJ.n11 ctwuwfiwljntJ., pulj ppp
ljtmfibpp zw¢utpp ¢mpn)umpjntUfi wupuwum t WJU tqwm6wnntJ., np hw
UWtqwmwu)uwCinu.I t uwhuwCitJ.wb wfiwuGwpmbwl}wG tqwhwfi2fitpp(i : 

lJwmppgwjpG uwutlizfihp[! pwctwGt1.mu tG tpl}m )uupp. w) oqwljwoL. 
uwmppgwJntl. uwutlizfihp, p) hwpp uwmppgwJntl. uwutlizGbp: 

linw2pG mput}l UWUtPzfibpG J:!fiqhwGmp qbUJpmu ppbGgpg Cibpljwjwg
Gmu tG zwnwtJ.qp bpljwJfipntl. mtqwljwJtl.wb )ugpljGtpntl. oqwqwoL. uwmpp
gw, npp ut2 mbqw11PtJ.wb hG UWULilf1 hntmJ.wqGbpI!: '-ltp2pfiCihppu tqmmuw(i 
J:!Gpwgpmu oqwqwoL. uwmppgwjp Gtpppfi qnqwjpfi uwljbpL.mJpp tJ.pw 
mbqp t mfitGmu qwGqqwbp pnCJmu L. uqmu uwutuwfi )ugpqfitp, npnCigpg 
qmpu tu qwllm uwuttJ.wo qwfiqtJ.wbp ctwuiwtJ.tfifitp, npnfip tt pwctwu4mu 
tCi npnzwqp tpljwpmpJwCl qmnpfibpp (pppqbmfibpp): liJUUJpup uwuUizfibpp 
uwmppgwfibpCi mfibCi ubo ptJ.ntJ. uwutuwfi )ugpljfibp, npnfip wtqwhnt\mu bCJ 
uwutlizfibpp pwqwqwfiwzwi.J.1 pwpop wpmwl}PnqwqwfimpJmfi, npI! L. hpup t 
hwCiajmwghL I}PWCig wubCiwtwJCi mwpwbuwfi hwuwp: liJu uwuUizCibp[! 
4wpnq tCi !lifibt )1Lf1f1Wopq L. hnppqnCiwqwfi uwmppgWJntJ.: Dtqqw6pq UWU1-
ppgwjp wnwtJ.hLnLJ>JlllUJ:! wzJuwmwfipwJpCi opqwfifitpp 4wpqw4npuwG 
hwpuwpwtJ.bmmpJmCifi t , pfiztqbu GwL. uwmppgwJlt L. hntntl.wqfibpp wpwq 
¢n)uwppfiuwfi hfiwpwtJ.npmpJlllU[!, puq hpufiwqwfi pbpmpJmfiCibpCi tG' 
qwfiqtJ.wop wfihwtJ.wuwpwzw¢ uqmUJ:! pntnP UWULUWfi )ugpqfibp, uwutlitlJ. 
qwnmgtJ.wbpp pwpqwgmul!' qwfiqtl.wbJ:! uwmppgwJp Cibpppfi zbpmbpJ:! 
uwmmghtm hwuwp wfihpwcttzm ut)uwfipqup wnqwJmpJwCi tqwm6wnntJ., 
uwmppgwJp L. hntmJ.wqCibpp wfihwt1.wuwpwzw¢ uwztl.wbmpJmfi[!: 

<!,nppqnCiwqwfi uwmppgwJntl. UWU!lizfibpmu qwfiqtl.wb[! pfipfiwhnu l}bp
UJntl. uwmmgtJ.mu t tJ.bpL.pg, npfi wtqwhmtmu t Cipw hwtJ.wuwpwzw¢ pwz
)umul! pntnp uwt.ltuwCi )ugpqfibppCi, pfiztqbu fiwL.' uwmppgwJp L. hntntJ.w4-
fibpp hwtl.wuwpwzwlfl uwztJ.wompJmfil! [39, 41, 126]: 

OqwqwowL. uwmppgWJntl. tlWU!lizCihpJ:! !lifimu bfi. 
- wCizwpct uwmppgwJntl. L. fipw wnwugpp zmJ.121! tqmmtJ.nq 

hnintJ.wqfibpntJ., 
- UJmmtJ.nq uwmppgwJntl. L. fipw wnwfigpp fiqwmuwup wCizwpct 

hntntJ.wqCihpntJ., 
- uimmtl.nq uwm11pgwJntl. L. G11w wnwCigpp zm112I! uimmlJ.nq hntnlJ.wqCitpm\: 
Unw2pG mtuwqp uwuUizCibpCi oqmwqnpb\{mu bfi hwmpqwlJ.npuwu L. 

pppl.J.bmwlJ.npuwfi GtqwmwqnlJ., bpqpnpq mbuwl.J.I!' upwJCi hwmpl}wtJ.npuwCi, 
puq bppnpq mbuwl.J.I! qbnL.u qnpoCiwl.J.wCi qppwnmu zmCip: 

<!,wpp uwmppgwJntl. uwuwzubpCJ ppbClgpg fibpl.J.wjwgfimu bfi hnppqn
CiwqwCi J}pppntl. hwpp uwmppgwCibp, npnCip mCibCi uwutuwCi )ugpl.J.Cibp L. 
tqmmtl.n114nfiwoL. uwt.ltnf1 hntntJ.wl}Cibp: fcTbL. WJU mput}l qnCiumpmqgpwCJbpJ:! 
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npuibu WJJ}UJ.llU)lu uiwpq bu L. hwpuwp zwhwqnp(Jt.Xwu hwuwp, WJUnthwu
l}bpo, ubb- pwpqmpJmuGbp bu wnw2wgumu qnuwoL. hntmlwqubp)l uwhmu
ubp[!, npnup u)l tinriu)lg hwGqbgumu bu wpwq uwzlJ.wb-mpJWU, )luq UJntU 
qnriu)lg' gwb-p wpmWl}PilflWqwlimpJWU L. ubb- tubpqwmwpntpJWU [60): 

liJuUJ.llum{, pbpl{wb- uwmp)lgwj)lU uwuwzubp)l qwnntgl{wb-pubp)l l{bp
tmb-ntpjntU(! pmJL t mw!Pu bqpwqwgubt, np wubCiwwpqmuwl{bUl qnpaCiw
qwu uzwuwljmpJmuu mubu · oriwqwoL. wuzwpct uwmp)lgwJntl L. Gpw 
wnwugp)l zntP2I! uimml{nri hnLnl{wqCibpnl{ pp)lqhmwl{npuwCi uwuwzubp[!, 
pwup np qwuql{wb-]1 hwl{wuwpwzwtll urimil[! uwiltuwG Jugpqfihp, l}Pwug 
pwl{wqwuwzwi.P ubb- PJ:itll! Lt uwilttlwb- ctwuiwl{bu]1 WU[!Cil}hwmmpJntU(! 
wuiwhnl{mu bCi pwpop wptnwl}Pn'lwtiwCimpJmU, )luq uwmp)lgwJp m hntn
l{wqubp)l hwl{wuwpwzwtll uwzl{wb"ntpJntG[!' wzJuwmwupwJpG opqwu)l 
hwubuwuiwpwp ljWjntG zwhwqnpawqwu hmuw!lmtpjntCi: 

4bphp)1 pp)lqbmwl{npuwu mbJuuntnq)lwqwu qb-bp)l qwnmgl{wb-pwJ)lu 
L. zwhwqnpb-wqwu uiwpwuhmpbp[! hwzl{wptihtm L. uwjuwqb-htm hwuwp 
umnpL. phpl{mu bG wnwuopu uhphGwuwppwl{npmuubp)l l{bpwpbpJWL qw
mwpl{wb- q}luiwhhmwqnmwljwu wzjuwmwupGhp)l wpl}Jmupubp[! L. l{bp
tmb-mp JntU[!: 

9.3. Bnl/muwtfnp [, ppftljbmwtfnptfwo ljbplipft .'pftqftljwtfbjuwupljw/jwu 
hwmljmp;muubpp 

4bpbpp l{bpwuzwquwu, pwpMwu-pbnuwpwi.p.uwu L. uiwhuiwuuwG 
(wnwuouwuitu pp)lqbmwl{npl{wb-) wzJuwmwu12Gbpp ubpbuwJw\jwG u)12ng
ubpp uwJuwqMwu hwuwp qwphnp uzwGwqmpjntU mubu WJUUJ.pUp ~pq)l
qwuttuwu)lqwqwu hwmljmpJmliubp)l ONp)lm )luwgmpJntfi[!, )1fillll'1u)lp tu 
tnwppbp UWl.jbpL.ntjpUbp)l ztJ1UWU qnpawqpgubp[! (wul!Jmuubp[!), UWl{WtW
JpU qwuql{waubp[!, Junuwl{mpJntU[!, wupmpjntU[! L. WJLU: 

liJ'l m1111mpJwilp qwmwpl{wa q}lmwhbmwqnmwqwu wzJuwmwup
ubp)l wpl}JntUpubp[! pbpl{wa bG qpw~pqlibpp mbupnl{ [2, 28, 126): 

Cl-pw~}lljubpp tlhPLntb"ntpJntG[! gmJg t ml{bt, np hbmwqnml{n11 qhpbpmu 
JunCiwl{ntpJWU wl{btwgmu)lg uhpppu zi.p.uwu wultJntU[! CiwJu uhawGmu t upulL. 
wnwl{btwqntJU wpctbp[!, np)lG humumu t W=l6-25% Junuwl{mpJwG qbuwmu, 
WJUmhbmL.' ul{wqmu, [!GI} npmu, mwpwqqp pmJubp)l tunmp hwuwp qi1=61°, 
np[! mh'lP mGp W=l6% Junuwl{mpJwu qtuwmu, )luq mwpwqqp pmJubp)l 
tunm)l, wzuwuwgwG gnpbup b-flntn)l L. hwuwqgl{wb- qbpbp)l Juwnumpajl 
hwuwp' qi1=56°, W=25% qtuwmu: UntlmJmh Junui)l hwuwp cp, -p wnw
tlhtwqmJG wpctbppG hwuwui.wmwuJuwGmu t 18% JunGwl{mpJmU, wzGwliw
gwu gnpbu)l Of1nui)lu' 24%, puq wm.[mJtn)l Jun mp L. b-flntn)l JuwnCimpajlu' 20%: 

4bpbpp Junuwl{ntpjWU WO[! uuiwummu t <p wul!Jwu L. y OWl{WtWJ)lU 
qwuql{wap utawguwu[!: J2wG)1 np pppqtmwl{npuwu [!Cipwgpmu npwqw
qwfi mbuwqbmpg twtlwqmJU pp)lljbmubpu umwgl{nuI bu btWUJmpp 16-20% 
junCiwl{mpJwu qbuwmu, wuiw oqml{btntl qpw~)lljubpp mtlJwtubp)lg, qwpb!P 
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t npnzht qi -p, <Jl1 -)1 L. y -)1 ouimpliwt wpctbpubp[!, npnup wuhpwcthzm hfi 
oriwtiwoL. pp}lqbmwl{npuwu uwiltliz)l uiwpwuhmphp)l hwzl{wpquwu hw
uwp: liJI} wpdbpuhp[! pbpl{wa bu WllJillUWq 9.1 -mu: 

OriwljwoL. pp)lqbtnwl{npuwu uwuwzti uwutn'l qtwuwljGhpp l{pw ubp
qnpb-n'l twpmu[! npnzbtm hwuwp wuhpwctbzm t hwztl)l wnGbt ut11ul{wa 
lthp)l L. uwlituwG Jug)lqubp)l uiwmhppfutn umwm)lqwqwu L.fq ajlCiwu)lqwqwG 
ztti.uw(i qnpawqpgubp[!: 

futn -p L.fq -p wpcthpubp(! npnztlht bu mwpphp JunGwl{mpJwG wnl{mJmp 
junm)l pp)lqbmwl{npuwG [!Gpwgpmu, twpnpwmnp Ulbf1wtiwJwup)1 l{pw: 
Umwgl{wa wpl}Jmupubp[! pbpl{wa bu liq. 9.11 -mu: 

Ulijmuw/j 9.1 
lfbpbpp wpmwppu m ubpppu 2tJitfwu wulJ.Jmuubpp u owtfw1w;pu 

qwual/wo/1 wpdli12ubnn 

t5wlJ.WLWJ)1U 
Upmwppu l_,bpppu 

4bpbpp wGl{wumul! qwuql{wa(!, 2tJ1uwG zi.p.uwu 

4q1u3 wGl!JntG[!, wGl!JntG[!, 
wum)H'iwG wumh6wu 

Umjn11mti tunm 42-43 32-33 55-56 
Swpwqq)l pntJubp)l Junm . 49-52 32-33 58-60 

UzuwGwgwG gnnpbG)l 
25-27 28-29 54-56 

I ffiinm 
Unl{mJtnp junm)l (70%) L. 

wzuwfiwgwu gnpbu)l a11nmp 33-34 27-28 58-59 
(30%) JuwnGmpq 

Swpwqq}l pmjubpp tunmp 
(55%), wzuwCiwgwG gnpbGp 

41-43 25-27 52-53 
Of1nm)1 (15%) L. hwuwljglj_wa 
llibn'1 luwnumnn 

Cl-11w:j>plJ.ubpp lJ.bptmbmpJntli[! gnljg t mtlbt, np ppplJ.bmwl{nptln'l 
qwuql{wa)l W Junuwl{mpJwu ubawgmu)lg umwmpqwqwu L. q)luwu)lqwqwu 
ztti.uwu qnpb-wq)lgubp[! uwJu womu bu up.ult. )lpbug wnwl{btwqmJu wpctbp
ubp[!, npnug hwuumu bu W = 19-21 % Junuwl{ntpJWU l}hll!pntu, )luq W -p hb
mwqw ubawgmupg fum -p L. fq -p wpctbpubbp[! i.p.nppwumu bu, [!UI} npmu, 
Junuwl{mpJwCi pntnp wpctbpub11P. qbuipmu futn -}1 wpctbubpu wl{b!P ubO bu, 
pwu fq -p: liJCiuibu np, W =16,5% qtui1m1u mGbCip fum=0,7 L. fq=0,52: 

<!.wzl{wplJ.ubpmu hwplJ.wl{np t oqmwqnpabt Gzl{wa zi.p.uwG qnpow
ti)lgubp)l hbmL.JWL wpctbpGbp[!' fq=0,55 L. fum =0,75: 

lwpnpwmnp qpmwi.p.npobpnl{ npnztlbt bG uwL. pp)lqbmubpp zi.p.uwu 
qnpb-wti)lgfibp[! mwppbp CiJmpbp)l L. pp)lqbmubpp Ciqwmuwup: 

Umwgl{wa wpl}Jmupubp[! gmJg bu ml{bt, np p wutuwu uhb-wgmu)lg 
ubmwriP hbm pppqbmubpp ztl1ilwu qnpb-wti)lg[! uwJu womu t upulL. )lp 
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wnwtJ.btwqmJfi wpclbp[!, np[! mbajl mfi}1 npnzwY.ti p -bpti hwuwp, tiuti WJUnt
hbml.t p -p hbmwqw w6tifi hwuwuiwmwufuwG GtJ.wqmu t : PppqbmwtJ.nptJ.n11 
qwfiqtJ.wO-ti mbuw4}1g ltwtutJ.wa' lo qnpawlfgti wnwtJ.btwqmJfi wpclbpfibptifi 
hwuwu.iwmwufuwfimu bfi npnzwlJ.ti p wfili.Jmfifibp: UJuu.ibu, ltnpfiqwfiti 
funmtig uiwmpwumtJ.wa pptilJ.bmfitpti hwuwp WJI} wfilumfi{! hwtJ.wuwp t 
135° -p, ltwpfiwunuwJtifi hwumfintpJwfi tJ.1m1mu lnpwgpwa tJ.~puwlJ.ti, 
wntJ.ntJmp L. wzGwfiwgwfi gnpbfip a11nmp p~pqbmfibpti hwuwp· 90 -ti, tiuti 
qwpmn:Plllti tJ.1pbpp pptilJ.bmfibpp hwuwp 67 -ti: Uw pwgwmptJ.mu t hwuw
uiwmwufuwG uzwqwpntjubpti gn11mGGtpti hwmqntpjntGfibpntJ., tifilUJbU Gwl.t 
wJfi ipwumntJ., np mtlJwL wG4JmfiGbpti qtumtpmu pptilJ.bmfibpti tunpqm
pnpqmpJntfi{! pGmpwqpn11 Gpwfig Y.n11utpp tJ.pw uiwpwpntwlJ.bpU( 6bJWbp[! 
qwuwtJ.nptJ.wa bfi wJGutbu, np Guiwummu bu wnwtJ.btwqmJG zt11uwG mcJ'1 
wnw2wguwfi[!: U}1wcJwuwGwlJ. GlJ.wmtJ.mu t, np ubmwajl hbm wnwtJ.btw
qmJG zt11uwG qnpcrwlttigGbpG m(ib(i ltwpmn:PtitP tJ.1pbptig U(WmpwumtJ.wcr 
pptilttmGbp[! (f.i =0,5), tiulJ. GtJ.wqwqmJG wpclbp[! lJ.wpGwunUwJtiG hwumfim
PJWU tJ.rnttntU tj_wpuw4pg UJ.WmpwumtJ.wO- pptilJ.bmGbp[! (f u =0,335): 

q_pw:PtilJ.Gbpti tJ.bp1mampJmG[! GwL. gmJg t mwttiu, np p wfilJ.jmutig 
lJ.wtutJ.wcr' tJ.1wJm!1 (Gppwtnwfumwltp) hbm PP'1lJ.bmGbpti zt11uwG qnpcrwlJ.ti9I! 
ilJntlrntutJ.mu t hwuwfiuwG oppGwlwlJ.mtpJwup, pGlutbu f.i -{!: UwlJ.wJfi f.i -ti 
hwubuwmmpJwUp f~, -ti ptJ.w1}1G wpclbpGbp[! uba bu' 90° -ti qtu.i12mu tJ.wp
uwtiti pppltbmGbpp hwuwp f~,=0,55 (f.i=0,335), pulJ. wntJ.ntJmti pptilJ.bmGbpti 
hwuwp f ~,=0,43 7 (f .i=0,3 5): 

q_timwtlrnpobpntJ. npnztJbt t Gwl.t pptilJ.bm[! pppltbmp hbm 2tJ.1uwG f P 

qnpawqgp lJ.wful{wO-mpJntG[! p wGY.Jwfi ubO-ntpJmfitig bplJ.nt l}bll.(J;lbpp hw
uwp, npnfigpg Jmpw12wGl.)ntp[! pGmpwqpl{mu t fipwfinl{, np bpp p=0°, 
Gpwfig bpltwJGwltwG wnwGgpGbp[! qmqwhbn bu, tiulJ. 2wpcll{n11 L. wGzwpcJ 
ppplJ.bmGbpp u.iwpwpntwlJ.b11u.i nbrwtpti qwqwpGbp[! hwltwajlp Y.n11ubp bG 
m1111tlwa: 

1) CwpcltJ.n11 pptilttmti u.iwpwpntwltbpU( 6bJWbpp qwqwpGbpf! m1111tlwa 
bfi zwpcluw(i hwltwnwlt nl'l.'l.nLPJWUp: 

2) CwpcltJ.n11 pptiltbmp urwpwpntwltbpu.i 6bJWbpp qwqwpGbp[! m1111tlwcr 
bfi zwpcluw(i m11q11tpjwUp: 

Unw2J1G qtuwmu p -Ci o0 -pg uba wpctt12Gtp {!Gqmutttiu mbqp t mGb
Gmu fp-ti t1m12pwgmu wnwtJ.b1wqmJG wpcJt12tig' 1,17, utiGlL. GtJ.wqwqmJG 
wpclbp[! · 0,98, np{! mbqp mGp p=l 80° qbttwmu: bpp p=0°, fP-ti ubawqmJG 
wpclbp[! U(WJUWfiwtJ.npl{wa t ppplJ.bmGtpti gn11mGGbpp utiUJwfig hbtn 
zw11ltwu.itlbtnt wnwl{b1wqmJfi hfiwpwtJ.npmpJmfiGbpml, L. [!Gl}hwltwnwlJ.1f P -
wfiY.JwG ubawguwGI! qntq[!fipwg fµ -ti tJ.111ppwgntU{! pwgwmptj_mu t gn11mfi
fibp}1 zw11lJ.wu.itJ.wmnpJwfi pnttwguwup: 

bplJ.pnppq qbll.!J;lmU p -fi o0 -pg upfill.t 180° utawuwm hwfiqbgfimu t fp-P 
Gl{wqwqntJG wpctbp}1g (0,71) utiull.t wnwtJ.b1wqmJfi wpcJt12p (0,95) w6uwG: 
p=0° qbU(pmu f P-ti fitjwqwqmJG wpcJb12 {!Ul}ntfibLI! pwgwmptJ.mu t fipwGntJ., 
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np mbajl t mGbGmu pppqbmp uwhmu wnwGg gnqmfiGbpp uti21.t zwqlJ.wu.i
uwG wnlJ.wJmpJwfi: t>uq p -p 1.t fµ -p hwuwmb'l. ubawgnul[! gn11mGGbpp uti2L. 
wnw2wgnq zwqqwu1uwfi hbml.twfio t : Utmwajl hbm pppqtmti zt11uw(i qnp-
0-wqgp lJ.wtmJ.wO-ntpJntfi[! YP fummpJmfitig gntJg t mtlbt, np YP -ti ubawgmil[! 
pbpmu t f.i -ti wpclbJ;lfibpti ubawguwfi pntnp hbmwqnmtJ.wO- uwqbpl.tntpJGbpti 
hwuwp: '1-w pwgwmptJ.mu t fipwfintJ., np wnwtJ.bt uba fummpJmG mfibgn11 
pptilJ.bmfibpfi umwgtJ.mu bu uwutuwG uba 6Gzuwfi qbu.iJ;lmU, npp wp11JmG
omu pptilJ.bmGbpp ut2 umGnq gn11mGGbpp qwnmgtJ.wO-J;lfi wtJ.blti pGmbGutitJ. t 
tuwtumtJ.mu' hwfiqbgfibtntJ. qpwfig :Pl1qpqwubfuwGtilJ.wqwfi hwmqmpJmG
fibpti, uwuGwtJ.npwu.itu, ztJ.1uwfi qnpO-wlJ.gti tJ.mtJ.111fumpJwfi : 

9.4. Jlpflqbwwlfnplfwfi UblfUUWfi jugftqfibpft UJW[lWUblll[lbflft hw2lfwp/j[! 

PptilJ.bmwtJ.npuwfi qnpO-[!Gpwgti lJ.wJmfintpJmfiG m tfibpqwmwpmpJnt
fi{!, tiulu.itu Gwl.t umwgtJ.n11 pptilJ.bmGbpp npwlJ.wlJ.wfi hwmqwGpzGbp[! ubaw
UJ.bu lJ.wtutJ.wa tu ut11uuwfi tugtilJ.Gbpp 61.tpg 1.t lwtJ.rnbppg: UbquuwG fugptr
fibp[! 4wpn11 bu Ltifibt' trnGwoL., q1wGw6L., ppqwol.t, utu.iwoL., U(ppquwJw6L., 
4wqumjp L. t4wmbpp u.ipn:}ip1fibpp i.pntJ.mtuuwG WJL optifiwlwilJmpJmGGbpntj: 

9.4. I. lmfiwd[, ub!flflfwfi jugjlljfibp 

PptiltbmwtJ.npuwfi hwuwp t4whwG2tJ.nq 6Gzuwfi tJ.mtlrnfumpJwfi opti
GwlwlJ.rntpJmfifibp{! (1.rwtutJ.wa ppptrbmwtJ.nptJ.n11 fiJmpti :ppqptrwubfuwGtitrw
ltwG hwml1mpJmfifitptig 1.t ut11uuwfi fugptrti l wtlrnbptig) npnzbtm hwuwp qp
mwplttJ.bt t trnGwol.t ut11uuwfi tugtitrI!, np{! u.iwmtrbptJ.wa t u4. 9.6 -mu: 

y 

x 

z 

L 

w) p) 

ulj. 9.6. Cm{iwd[, uli1ztitiwti jug/1/j[! [, tipwtimt.f mdlipft pW}jutfw{j ujulit.fwti 
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QGl}ntGtJ.hL t, np pp)14tmwtJ.nptJ.n11 GJntpf! hwuwutn t L. jug)14)1 LWJGw-
4.wG 4.mptJ.wa1m1u l'.iGzmuI! pwzjutJ.mu t hwl.J.wuwpwlwifl: 

UtquwG jug)14)1 UJ.wpwuhmphpG hG. ummp)1 4tnptJ.w~)1 2wnwtlfl11I!' 
Ro, twfl 4tnptJ.w~)1 zwnwtlflri.I!' R, jug)14)1 tp4wpmpJmfi{!' LL. hp4wJGwtiwG 
wnwGgpfl Gtiwmuwup jugfl4)1 UJ.Wtnhpfl phpmpJwG wG4JmG{!' a : l.,Jmp{! 
jug)14)1 ut2 utqutJ.mu ta 6GzuwG mwti: 

Jug)14)1 ummpfl 4tnpl.J.w~)1g x hhnwLJ.npmpJwG tJ.pw wnwG<.\GwgtJ.ht t 
pp)14.hmwtJ.nptJ.n11 GJmpfl dx hwummpJwG mwppwtiwu zhptn L. l}jtmwp4.tJ.hL 
Gpw hwtJ.wuwpwtiznmpJntG{!: liJ'l zhpmfl tJ.pw wq11mu tG hhtnL.Jwl mdhp{!. 

1. l.,npowt md{!' 

(9.1) 

npmhq O" n -{! 4.n11wJ)1G l'.iGzmuG t jug)14)1 UJ.Wtnhpfl tJ.pw, Rx-I! mwppw4wG 

2tpm)1 h)1up)1 2wnwtlfl11I!' R, = (R0 - xtga): 

2. CifluwG mdl!' 

dx 
dF1 =an2n'{R0 -xtga)--J, (9.2) 

cos a 
nptnhq f-I! fiJmp]l L. jug]14]1 UJ.llltnhp]l u]12L. hqwa 2\fluwG qnpawtiflgG t : 

3. lfottnp]l 4.tnptJ.wap]lg x htnwtJ.npmp JWG tJ.pw wnwGgpwJflG ntd{!' 

F, = a,Jr(R0 -xtga)2, (9.3) 

npmt11 a,-{! ummp]l 4mptJ.wap)1g x htnwtJ.npmpJwG tJ.pw wnwGgpwJ]lfi 
oGzmuG t: 

4. lfmmp]l 4.tnptJ.wap]lg x+dx htnwtJ.npmpJwG tJ.pw wnwGgpwJflG 
hwtJ.wuwpwqznnq ntd{!' 

Fx+dx =(a, +da,}!r(R0 -xtga)2, (9.4) 

npmhq da, -I! dx tp4wpmpJwfi tJ.pw wnwGgpwJ~G l'.iGzuwG iflniflnjumpJmGG 
t: 

4.hp{! GztJ.wb mdbp{! UJ.pnJh4tnbtnl.J. jug)14fl hp4.wJGw4wG wnwGgp)1 tJ.pw 
L. GpwGg qmuwpl} hwtJ.wuwptgGhtntJ. qpnJ]l, umwgtJ.hL t mwppwqwG zhptnfl 
hwtJ.wuwpwqznmpJwG UJ.WJUWGf!. 
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F, - Fx+dx - dF1 cos a - dF,, sin a = 0, 

a,7r(R0 -xtga )2 -{a,+ da, )7r(R0 -xtga )2 -
-2nfan (R0 -xtga ';ix -2Jra0 (R0 -xtga ~ga · dx = 0: 

flpnz <.\L.wiflnjumpJmGGtp]lg htmn, umwgtJ.ht t. 
da, +2an(j+tga)=O : 
dx R0 -xtga 

(9.5) 

(9.6) 

(9.7) 

U1GmhtmL. npnztJ.ht t O"n tin11w1]1G 6Gzmt.l(!: L,4.9.6p - ]lg tpL.mu t, np. 

npmt11 O" -I! jug)14fl UJ.Wtnhpfl tJ.pw GJmpfl zwnwtJ.11.wJflG l'.iGzmuG t : y 

(9.8) 

(9.9) 

npmtq O" yl -I! 2wnwtJ.11wJ)1G mqqmpJwup 'lh:PnpuwgflwJflg wnw2wgwa 

nGzmuG t: 
.PwtJ.wpwp l'.izqpmmpJwUp tiwphtfl t t Gpwl}ph1, np jugfltimu utqutJ.wa 

juntn{! )1ptG l}PuL.npmu t npUJ.hu l}h.'pnpuwgtJ.n11 GJmp, htmL.wpwp, wnwdqw-
4.wGmpJwG tnhumpJwG hwuwdwJG l1wphtfl t qpht-

xtga 1 [ ( )] 
Ey =Ez =--=- CTyJ -~Lax + crz , 

R0 E 
(9.10) 

npmtq & Y L. &z -{! hwi.lwUJ.wmwujuwGwpwp y L. z wnwGgpGhpfl Gtiwmuwup 

GJmpfl hwpwphpw4wG 11t.'pnpuwg)1wGtpG tG (G4. 9.6p), xtga-G' y 
wnwGgpntJ. GJmpfl pwgwpdw4 11t.'pnpuwg)1wG, E-G' utqutJ.wa GJmp]l 
wnwdqwqwGmpJwG Ulll}lltll!, a ,-{!' z wnwGgpfl mqqmpJwup wnw2wgn11 
6Gzmi.l{!, µ-G' ITJ.nuuunG]l qnpawti]lg{!: 

J2wG)1 np a Y, =a,, WUJ.Ul. 

Extga µ 
a ,,1 = ( ) +--ax: . R0 1- µ 1-µ 

(9.11) 

(9.11) hwtJ.wuwpntU{! mtqwl}PhtntJ. (9.9)-]1 ut2, (9.9)-I!' (9.8)-)1 ut2 L. 
(9.8)-I!' (7)-]1 ut2, umwgtJ.hL t' 

da., + 2(/ +tga)(s+tg
2
a)a xcos

2
a + 

dx R
0 

- xtga 

(! +tga)Extn
2
) +2(/ +tga)%cos2 a 

+ Ro I - µ = 0, 
~ .,-xtga 

npmt11 E-I! tin11wJ]lG l'.iGzuwG qnpawtiflgG t , t: = _f!_ : 
1-µ 

liwmwphtntJ. hhtnL.JWL GzwGwtimufih{!' 

A, = 2(j + tga Xt: + tg 2a )cos2 a , 

(j ) E sin 2a { ) 2 
A2 = +tga { ),A3 =2f+tgacosa, 

R0 1- µ 

(9.12) hwtJ.wuwpmU{! 4I!fil}lltfi]l hhtnL.JWL mt up{!. 
da A, A2x+A3%. _x+ a= 
dx R0 - xtga ' R0 - xtga 

(9.12) 

(9.13) 

(9.14) 
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(9.14) wpmwhwJmntpJmGG ]1pbG]1g Gbp!JwJwgGmu t wnw2]1G 1Jwpq]1 
q<)wJ]1G 'lJ:l:PhphGg]1w1 hwtJ.wuwpmu, np]11m<)muI! !JmGhGw hhtnL.JWl mhupQ. 

_ % A2 (R0 -A1x) ( ).:!!... 
O'x - ( 2 ) ( ) +c1 R0 -xtga 1ga: (9.15) 

\6+tg a A1 tga-A
1 

c, hwm.nwmntGQ npnztJ.mu t' h1Gh1ml u!JqpGw!JwG UJ.WJliwGGhp]1g, hpp 
x=O, ax = ao . 

(9.16) 

c, = (J_J1:a [a + A2R0 + % l: 
R0 ° A1(1ga-A1) (6+tg 2a) 

(9 .17) 

UJGmhhmL. (9.17) hwtJ.wuwpmliI! mhf1WTlflhtntl (9.15) -]1 uh2, umwgtJ.ht t · 

er =( % + AiRv J[(i xtgaJ~ 1] A1x (i xtgaJ~ 
' (e+tg 2a) A1(tga-A1) -Ii; - + (tga-A,) + -Ii; cro 

(9.18) 
(9.18) hwtJ.wuwpmuI! wpmwhwJmmu t ljnGwoL. uh11uuwG fug]11J]1 

wnwGgp]1 hp!JwJGpntJ. wnwGgpwJ]1G oGzuwG pwzfuuwG op]1Gwlwt[mtpJntGQ: 
a wG4JmGQ hwtJ.wuwphgGhtntl qpnJ]1, (9. I 8) wpmwhwJmntpJntGQ 

!JwphiJ:l [ oL.wtlmfuhL l}WpoGhtm.J. 4}lpwnhJ]1 q1wGwoL. uh11uuwG fug}llJGhp}l 
hwuwp, np}l hwuwp oqmwqnpITT.l_ht t uwhuwGGhp}l mhumpJntG[!: 

bpp a~ 0, ax :PmG!Jg]1wJ]1 uwhuwGI! IJJ]1G}l. 

I. 1· ( AzRo qo J[( xtgaJ';~ J Im a = Im + I - -- -1 + 
a ... o x a->o A1(tga-A

1
) (6+tg 2a) R0 . 

(9.19) 
A1 

. A2 x ( xtgaJ'ga +hm +lim 1--- a 
a->O (tga - A,) a->O Ro o 

.!1wG]1 np a= 0 -]1 l}hUJ.pmu A1 = 2/6 L. A
2 

= 0, mum}l' 

limax = O'o Jim(!- tga xJ~ +Jim% [(1 - tga xJ~ - I] : (9.20) 
U->0 X->0 Ro u-+O 6 Ro 

(9.19) hwtJ.wuwpuwG . ( rga );i;; wGqwliQ !JwphiJ:l t Ghp!JwJwgGht 
hm 1--x 
a__,.O Ro 

hhtnL.Jwl mhupntJ.' Jim(l + n )~ = ec, WJU]1GpG' 
n->0 
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A (-;J 
( )

__L [ ( )]- A1·' 
t a tga t a _tga., -- : lim 1-Lx =lim 1+ 1-Lx Ro ==e ~ 

x->0 Ra a->0 R0 
a->0 

(9.18) hwtJ.wuwpmuI! tnbf1Wl}ph1ntJ. (l 5)-]1 uh2 , umwgtJ.ht t' 

a,=,,//;'+~ [ e-%'• -'} (9.21) 

(9.21) wpmwhwJmmpJntGI! J]1ntl.]1G hwliQGlJGmu t q1wGwoL. uh11uuwG 
fug]14Ghp]1 wnwGgp]1 hp!JwJGpntl. wnwGgpwJ]1G oGzuwG pwzfuuwG op]1Gw
lwtJ.mtpJmGGhp]1G, npnG11 umwgtJ.ht hG mwpphp hhmwqnmn11Ghp]1 1Jn11u]1g 
[44, 95]: 

b1Gh1ntl. wJG UJ.WJuwG]1g, np fug]14]1 htpmu wnwGgpw.1]1G a x oGzmliQ 

hwl{wuwp t qpnJ]1, (9.18) i:t.ipmwhwJmmpJmG]1g npnztJ.mu t a 0 OGzmuQ, npQ 

wGhpwcthzm t L hp!JwpmpJwG fug]14]1g pp]1lJ.hmwtJ.nptJ.n11 GJntPI! l}hUJ.]1 l}ntpu 
uh11uh1m hwuwp: UJu}lGpG' aL = 0 l}hUJ.pmu (9.18) wpmwhwJmntpJntG[! 

lj[!GrµnG]1 hhmL.JWl mbupQ. 

ao= A2L (1 _L1ga)1;~-( q0 ·+ A1Ro J[i-(i-Ltga)t;~ l (9 .22) (A1 -tga) Ro (E+tg 2a) A1(tga-A1) Ro 

Q..1wGwoL. uh11uuwG fug]11JGhp]1 hwuwp, hpp a= 0, hwuwuiwmwufuwG 
oL.wl}mfumpJmGGhp]1g hhmn, (9.22) hwtJ.wuwpmu]1g umwgtJ.mu t ' 

a 0 = ~ [ e %'' -I} (9.23) 

Ph[ltl_w<) wpmwhwjtnntpJmGGhp]1 uh2 umGnrt q0 uGwgnpqwj]1G ljnqw

J]1G oGzmliI! npnztJ.mu t P..U.'1-n1qntl.]1 wnw2wp!Jw<) pwGwoL.ntJ. [67]. 
Qo = E1Pm1, 

npmhrt 6 1 - {! L. m 1-[! qnp<)w1.J.]1gGhp hG, p - G' pp]1qhm]1 fumntpjntG[! : 

.!1wG]1 np Ghp4wJwgl{w<) mhupm.J. (9 .22) hwtJ.wuwpuwG tJ.hp1m<)mpJntGQ 
l}ctl{wp}lG fuGl}}lp t, WUJ.W WJG Ghp4wJwgtJ.mu t 0'0 -}l 4wfutJ.w<)mpJntGGhp]1 

qpw:P]14Ghp~ tnhUiint.J. [41] : UJI) UUJ.WU1W4ntl (9.22) hwt1_wuwpuwG uh2 
mh11wqph1ntl 6, 6,, k, ml,~. L. µ hwumwmmG uh<)mpjntGGhp]1 L. qnp<)w4}lg-

Gbp}l wpctbpGhp{!, WJG tm<)tJ.mu t t1h4mpnGwj]1G hwztl.J:ll uhphGwJntJ.: 
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~wuITTwmmG tibampJmGGtpp wpdb121.ibpG [!l.iqml.iiJ.mu bG' A.==!:_, e = 0,43, 

Ro 
µ = 0,3, e, = 0,9 ·I 0-1

, m1 = 2,4 [66,67], a = 4,61 · I0-3
, k = 0,339 [127, 134]: 

't,q. 9.7 -mu mpqwo hG pppl)bmwtlnpuwn hwuwp wl.ihpwdhzm 
wnwGgpwJpG oGzuwG, utquuwG Jug]lti)1 bpljuiJGwlJ.wG wnwGgpp Gl.J.wm
uwup UIWtnbpp ptpuwCi wCil!Jmupg Ljw]utJ.wb"ntpjntGCibpp qpw'.p)1l.J. Gbpl!: 

.QwCi]l np tip zwpp hbllfl.Gwl.J.Ghpp hhmwqmnntpJmCiCihp gmJg bG miJ.bt, 
np pppljbmwtJ.nptJ.n11 mwppbp Cijntpbp]1 qbuwmti ubqtiuwCi ]ugpl.J.fl UIWtnbpp 
hbm CiJmpbpp 2tJ.1uwG qnpowl.J.pgubp[! l.}mtjln]utlmti tG 0,4+0,7 uwhUwG
Cibpmti, wt4w a 0 = a(a) qpw.'pplJ.Cibpp ltwnmguwG dwtiwCiwlt t!GTjiltCitlhL t' 
f = 0,5: Pppl.J.hmwtlnptJ.nt\ GJmp]i. umwaqU1qwGmpJwG unqnqCi [!CiqmCitJ.bt t ' 
2 l't,/002 1., 35't,!tiu2 [78, 136]: 

"' \\ 
91---M>-+---+---+--i~+-+--+---+---t---J~+-+--+---+---1 

\\\ 
81----~\~~~~~+-+---+--+--t---i~t--+--+---+--t---i~l---l 

7r---H-<~--+--t---i~t---t---+---+--t---i~t---t--+--+---1 
\\~ 

61----l---'~-+--+---4~1---+---l---4----l---4~1---4----1---4----1 

\ :~. 
51----+--,-;.~~.1----+--+---+--t---t~t---+--t---+--+---+~t------< 

41----+--~,\~~~~~-,-+---+~+--+--+---+---+---+~+---+---+---+----< 
31----+--+-''~·~'~·..r--1---+--+---i~l---+--+--+---t---4~1---l 

\ '· ... • ...... 
21-----t---t--'P'~·~~·--=-+--i~t--+--+---+--t---i~f---l 

~· .:. ~:: :::· ~:.:..-:~~ :::: -·· 
0 4 8 12 16 20 24 28 

--s=10 -·-··· s=20 -·-· s=10 -·· -s=30 a, wum 

ulj.9. 7. Apftljbmwlfnprfw{i wnwug{!Wjftu G"0 lfu2lfw{j ljwjulfwompjnLU[J 

U/;I]rflfwu fugf![jft /;pljwpmpJWU m b!J!ft ljwptfwapft 2wnwifI/f1 ,1, hwpw
p/;f1ntpjm6ftg {, Jugftljft wnwugpft uljwwlfwlfp Uf1W UJWU1Uf1/1 pbpmp1wO 
a wulJ1muflg 

a U1Cil!JwG utawgmuntJ. tibawfimu t pp)ll.J.bmU1tJ.npuwG hwuU1p wG
hpwcthzm O:Cizntti(!, (!Gq npmu, nGzuwfi uhawgmtil! A.= 2 hwpUlpbpmpJtutip 
Jugpl.J.Gbp)1 f"\blllJ;!nLU llltlblfi )1GmhGuM t, bpp a= 6° , pulJ. A= 1 hwpwpbpm
f)JUltlp Jugpqfibpp rituwmu' ul.J.uwa a= 12° -pg: bpb wztuwmwupw1]1.Ci 
Jug]ll.J.Gbp]l hwuwp WJfl wUlumGfitpfi {!GqmGhGp wmutlhL hwtJ.wGwlJ.wG, 
wu.iw wnw2]1.G qhuwmu pp)1qbtnwtjnpuwG hwuwp wGhpwdbzm O:Gzmtil! 
untn hpbp wuqwu ilbo ln]lfip: 

(9.22) hwtjwuwpnttil! mwwu t GwL. A. uhantpJwfi 1.J.w]utJ.wam131mG1! 
a -]lg, 0'0 -p hummwITTmG wpdhpGhpp qhuwmti (Cil.J. . 9.7): f1fig.l{hu tpwuti t 
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qpw.'p}lqGbp)1g, o-0 -)1 gwGqwgwb wpdtp]l qbuwmu, qwp.1qwb a -]lg, tnhajl t 
mCibCimu CintJCiwqwG l}lm.}m]umpJmli: Ubb"wgCiliLntl a wGLunlil!, A. titb"m
pJntGI! l.}mppwGmu t, I!UT\ npmu, A, ubb"ntpJwCi qtnpmq Ciqwqmu CiqwuHjmu t 
a -)1 0-pg ti)1G~h 10+ 12° l.}ml}lnp.rntpjwG up2wtiwm mti : 

Phpqwa qpw'.p)1qGhp)1 qhptmb"mpJntUI! h!iwpwqnpmpJnt!i t mwlJlu 
Gwl.. tnptJ.wcr pp)1l\hmunJ.npuwCi 6Cizuw!i hwuwp npnzbL wzJuwmwG~wJpG 
Jug)1ti)1 ouim)1tiwt uiwpwuhmpbpl!: Op)1Gwq' a 0 = 20 'V/uu2 nCizuwCi qtui-

pmu wGhpwdhzm t npnzhL wztuwmwGpwJpG ]ugp4p a h A. Uiwpwutm
phpl!: liJu f"\bUipmu Gl\. 9.7 -]lg l!litnptJ.mti t G"0 = 20 't,/Uu2 6GztiwG[! hwuw

tqwmwu]uwunt\ A.= A-(a) 1.J.npl!: liJf"\ L1npp lj_pw wnwGaGwg1jmti t wJG hwm

qwcrl!, npmbq Gqwmqmu t A. -]1 wpdb12!1 n~ lfmpml1 Ciqwqmu: Ulf Gbpli t , np 
WJTj hwmtJ.wb[! hwUWUIWtnwu]uwCimu t a -p wpdbp)1 8 ..;- 12° up2wlfwm]1G li 
A. -p 2-pg u)1Ci~li 1,6 wpdbp[!: 

(9.22) hwqwuwpntli[! wpmwhwJmmu t CiwL pp)1l1bmwiJ.npuwG wCihpw
dbzm 6GztiwG lfw]uiJ.wb"mf)JmGGbpl! ppplJ.hmwtJ.nptJ.nq GJntf)]l tib]uwG)11.J.w
lJ.wG hwmqmp1mGGbp]1g, tiwuCiwtJ.npwUibu ppplJ.bmwtJ.nptJ.nq Gjntf)}l wpmw
p)1G ztjltiwG qnpawlJ.gpg (Gq. 9.8) L. wnwaqwljwGm131wG unrµulJlg (Gl\. 9.9): 

A. i..---
~ 

3.Sl---+-+--+---+-+--t-l-~..i-9--+-+-t--I 

3-
___ ..__~--

/V' 
2. 51----1--+--4;<---+----+-~___,>---+---+---+--+--+---+---< ............ 

21----1----+-.H-/-+----+......-+~f==r--·-~·---,-----·+-+--+--~ 
I .. ... ~·-

, ... -·"" .-·,......--
1.51---t----+t--.I: >---t-+_-.-+-_.--. I-,_-. _:b..-.... ..-f~r--;---r---i 

,' _;• 

/. './ 
0. 5 >---r/.H.' .+--+---+---t----t---i-t---+--+---t---+---t---J 

i/ 
o~..._~~~~~~·~,___~_,__~~~~ 

0 10 20 30 

-f=0.3 -----· r-o.s 
40 50 

-·-·f=0.7 

60 
'1, \,/till' 

ulj.9.8.PpftljbmculfnplfwO wnwOgpw1flu o-0 6u2lfwO ljwjulfwr)111p1muf! 

UUI[VlfwO Jugftljft f;pljwpmp1wO m amft ljwptjwap}l 2wnwt/rzli A 
hwpwpbpn!pjmOftg /, 01mpft 2 l/JlfwO qnpuwljgftg 

Cl.}11lU1G qnpaw4gp. ubaU1gtiU1G hbtn pppltbmwtJ.nptiwG hwtiwp wGhpw
dbzm t'.iuzmti(! w6mu t uiwpwpn!P op)1Gwl wlflntpjwtip: lijq WOI! wtJ.bLll 
]lGmhfiu.titJ. t mbajl mGbGmti -1 - )1 tita wpctbJ;!Gbpp qhUIJ;!ntti: ~hmL.wpwp, 

Jug)1!W hwumwmmG b(llJ.wpntpJwG t. twp qmptJ.w~p zwnwtJ.flll qtuwmu, 
titcr ztjluwG qnpawl.J.]lg mGtgn11 fiJmp pp)1lJ.bmwtJ.nphlJlu, wGhpwdhzm t 
l!fitnphL uiwmtpp nl uta pbpmpJmCi mfihgn11 (8 + 12°) uhquuwCi JugflqGtp : 
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Pppqhmwt\npt\nq Gjntpp I zqniwG (\npO-wqflgu uhO-wgGhtnt\ 0,3-pg uflG!L. 

0,7, qwfulJ.wO- pppqhmwtJ.npuwG wGhpwdhzm 6Gzmupg, A. -fl uhO-ntpJntG!! 

1.J.mppwGmu t 1,3+1,8 wGqwu: 
PppqhmwtJ.nptJ.nq Gjntpp uhq WJl uhfuwGpqwqwG hwmqmpjntG t 

GJmpp wnwaqwqwGmpJntG[!, npl! pGmpwqptJ.mu t E wnwaqwqwGmf!JWG 
unl}lltLntJ.: 4wfutJ.wO- pppqtmwtJ.nptJ.nq Gjntpp wnwaqwqwGmpJwG unqnl\Jig, 
ppflqhmwtJ.npuwG hwuwp wGhpwdtzm 6Gzmul! l.jmtjmfutJ.mu t qO-wJflG 
optGpnt\: liJUUJ.hu' upL.GmJG wnwaqwqwGmpjwG unqnqm\ Gjntphp pppqh
mwtJ.nphtl1u, A.= 2 hwpwphpmpjwup fugflqGtpmu ppJ1qhmwtJ.npuwG hwuwp 
wGhpwdhzm 6Gzmu[! 6+7 wGqwu uhO- t, pwG A.= l hwpwphpmpJwup 
fugpqGhpmu : t>p hhpppG A. uhO-ntpJntG!! qwfutJ.wO- t pppqhmwtJ.nptJ.nq Gjmpp 
wnwaqwqwGmpjwG unqmwg: 

A. 

2.5 

2 

1.5 

0.5 

0 

E, vil.fll' .- -· -· .... - --·· --- ----· ..... ..... --- i.-----
,/' 

--
;;. --.- -~ 

-~~ V" 

i'/ 

If 
o 1 o 20 30 40 50 G, t.flJu' 

-E=20 •••• E=35 -·- E=50 

'Ulj.9.9. .Ppftljln.nwlfnptfwfi wnwfigpwJftfi a-0 66ztfw{i ljwfulfwumpJnLfi[I 

uluztitiwfi Jugftljft 1Jpljwpmp1wfi m b!J!ft ljmplfwc}pft zwnwlfqft A. 
hwpwp1Jpmp1m6ftg Li fi1mpft wnwdqwljwfimpwfifi E lfnIJIIL/}lg 

UGhpwdhzm pppl!hmwtJ.npuwG 6GzuwG gwGl!wgwO- wpdhpp 11hUJ.12mu, 
ppfll!hmwtJ.nptJ.nq GJmpp wnwaqwtiwGmpJwG unqmtl1 ubO-wguwGu hwuw
UJ.Wmwutuwfi, A. uto-mpjntG{! 1.J.m12pwGmu t qO-wjpG oppGw!w1.J.mtJ1JWU~ : 
Ppfll!hmwtJ.nptJ.nq GJntJ1p wnwaqwtiwGntpjwG unqmiu ubawgGbLntJ. 20\,/Utl -
mg uflG!L. 50"V/uu2, a-

0
=10 +60"V/uu2 up2wtiwJpmu A. ubO-ntpjntG!! 1.J.mppw-

Gmu t 1,32 + 1,28 wGqwu: 
Pppl!hmwt.J.npuwG uwuw~Gbpp wzfuwmwGpwJflG fugpl!Gbpmu ubqu

uwfi ntd!! umbqm\mU t fugptiJl ll.J.WU1bpp hbm ppptibmwt.J.nptJ.nq Gjntpp 
z1.J.1uwG mdhpp hwzt.J.PG: PG!UJ.hu hwJmfip t, ztj1uwG mdhPI! mqpq hwuhuw
mwtiwfi tiwtut.J.wampJwG ut2 bG fiJmpfl tinqupg fugfltiJl UJ.Wmhpfl tJ.pw 
wnw2wgnq finpuw1 qnqwJflG 6GzuwG mdbppg: 

"Vnpuw1 tinqwJpG oGzntul! 1.J.ln1.J.1nfut.J.mu t fugpl!fl 1w1GwtiwG L. hpqwJ
GwqwG wnwGgpGbpp mqqmpJmGGhpntJ.: liJI} 1.J.ln1.J.1nfumpjwG 4Jiw wqqnq 
hpuGwqwG qnpanGGbppg t fugptiJl ah!!: 
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11-pmwpqhGp qnGwaL. uhquuwG tugflqp hpqwJGwqwG wnwGgpnt\ tinriwJpfi 
6GzuwG tj1m.J.mfumpJwG opflGw!wtJmtpJmGu: UhquuwG fugfltiJl hpl!wJGwtiwG 
wnwGgpntJ. l!nqwJflG 6GzuwG pwztumu[! umwglJ.mu t' (9.8) wpmwhw1mntpJwfi 
ut2 mbqwqphtntJ. (9.18), (9.11) L. (9.9) wpmwhWJUlnLJ1JntGGtpu. 

-( Extga µ J 2 . 2 ( % A2R0 ) a-,,x - ( )+ - -a-, +% cos a+sm a ( 2 )+ ( ) x 
R0 1- µ 1- µ s + tg a A, tga - A1 

(9.24) 

[ 

A1 I A1 (ll xtgaJ'ga I A2xsin
2 

a (i xtgaJ•ga . 2 • x - -- - + + - -- CT0 sma. 
R0 ) (tga- A1) R0 

Umwgt.J.wO- wpmwhWJUlnL.J1JWG t\hp1mO-mpJWG GUJ.WU1Wl!nt\ WJG Ghptiw
JWgt.J.mu t qpw:ppqp mbupnt\: UpmwhWJU1nL.J1JWG ub2 mbqwqphtm\ ppfll!b
mwtJ.npt.J.nq GJnt.J11! pGmpwqpnq qnp0-wltl1gfihpfl uhO-mpJmfiGtpu L. uhquuwfi 
fugfltiJl UJ.Ulpwuhmphpfi [!GrµuGhtnt\ a= 6°, R = 3,2 uu, umwgl\mu t 

a-.x = J(x) qwfutJ.wO-mpJntG[!, np[! qpw:Pfll!P mhupnt\ mplJ.wa t Gti. 9.10-mu: 

I I I I I -- Unwl1gew1~\J 61.lzllw\J pwztumllo s, \.Jflftl' 
. . ... ............... \...npllw1 6\J2llw\J pwztumllo . . . . 30 .. . .. . . . . . 
r--r--~ --·. ' 

20 

10 ' 
'•, 

'• '• 
................ 

0 
0 2 4 6 x, 1.hJ 

ulj. 9.10. Unwfigpw1ft6 Li {inptfW[ IJnIZWJ/lfi 6[iznitf{ibpft pwzjumtfp ljnfiwdl..i 
UIJIZtft.fw{i Jugftljft WllWfigp/1 IJpljWjfipnlf 

"Vti. 9.10 -mu phplJ.wa 1 qnpl! flphGflg Ghptiw1wgGmu t wnwfigpwJflG 
oGzuwG pwztumul! ubquuwG tugflqfl hptiwJGwqwG wnwGgpnt\: t>G!UJ.bu 
hpLmu t qpw:ppqpg, lu9Pl!P uqqpmu, hpp x=O, wnwGgpwJpG 6GzmuG mGp 
wnwtJ.hLwqmJG wpdbf21! L. hun\wuwp t pppqhmwlJ.npuGwG hwuwp wGhpw
dhzm 6Gzuwfi[!' a-x = a-0 : Jugp@ hplJ.wJGpml WJll 6Gzmu[! t1m12pwGmu t L. 

fugfll!fl tJ.bp2mu hwlJ.wuwpt\mu qpnJp' a-i = 0 : 

"VlJ. 9.10 -mu phplJ.wa lJ.nPI! wpmwhwJmnu'.i t qnGwaL. uhquuwG fugfltifl 
hplJ.wJGpntJ. Gnpuw1 qnqwJpG oGzuwG pwztuuwfi oppGw!w1.J.lmpJntG[!: lugfltiJl 
utiqpmu, bpp x==O, wJq 6Gzmlll! wnwt1.t1wqmJGfi t L. hwt\wuwp t' 

( ) 
2 . 2 

a-. 0 = €<Y0 +% cos a + a-0 sm a: (9.25) 
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UJCinthhmL., x-]1 utawguwfi hhm a-. -u ipnppwCimu t, L. )Ugl1l}jl tJ.bp2mu, 

bpp x=L, hwuCimu t pp CitJ.wqwqmJCi wpctbppfi ' hwtJ.wuwp uCiwgnpl}WJpCi 
l}n11wJpCi 6CizuwG[!, npG wnw2wGmu t pppqbmwtJ.nptJ.n11 CiJmpp twJGwqwG 
qb:}>npuwgpwJp hwztl}lG: 

4nCiwaL. ut11uuwG )Ugpl}Gtpp qmptJ.wapp UJWpwqamJ. Cinpuw1 tin11wJpfi 
o!izmuu pwzlutJ.mu t hwtJ.wuwpw~wtj1: 

Q.1wGwaL. )Ugjll}Citpp tpl}wJCipntJ. Gnpuw1 4flllWJJ1Ci 6CizuwG itmtlmtuuwfi opp
Ciw~w41mpJntfil! umwGw1m hwuwp (9.25) hwtJ.wuwpuwG tfu2 mh11wqptJ.mu t ' a= 0: 

a-.,= &a,+%: (9.26) 

(9.26) wpmwhwJmntpJmGu iPntl}lG hwti[!Cil}Cimu t ~ . .P.Ounpntl}l L. 
.P.U.'1-n1qn\ijl umwgwb wpmwhwJmntpJmGGtptiG [67, 127, 136], np hwu
uiwmmu t qwmwptJ.wa hbmwqnmmpJntGCibpp 6zqpuintpJmfil!: 

9.4.2. flLTJTJWlilijmli ljmpl/wbpm/ ul:iTJtftfwli jugftljlil:ip 

'1-puiwpqtJ.mu t ut11uuwfi )Ug]ll}, npG jlpbfipg Citpl}wJwgCimu t 
a0 , h0 ummpp m a, h btpjl quiptJ.wapCibp}1 tin11tpntJ. L. L bpqwpntpJWUp 

hwuiwb pmpq (Ciq.9.11): UJI} pmpqp hwqwl}}lp l}n11wJ]1Ci Cijluuibp[! hpl}WJUW-
4wG wnwGgpp Gqwmuwup mCibG phpuwG upLGmJG a L. fJ wG4JmGGhpu: 

UbquuwCi )Ugjlqjl umuipp tWJCiwqwCi l}uiptJ.wbpp UJWpwqjlau 
hwtJ.wuwp t U0 = 2{a0 + h0 ), tmti uwqbphul!' S0 = a0h0 : 

'1-jlmwpqtJ.mu t uh11uuw(i lu9J14'1 bpl}wJCipntJ. umuipp qmptJ.wc)-ppg x 
hbnwtJ.npmpJwfi t.IPw qmCitJ.nq dx hwuuimpJWUp ppj1qbmwtJ.nptJ.n11 Cijmpp 
mwppwl}wCi zbpmp hwi.J.wuwpwqznmpjmGu: Swppw4,wG zbpmti UJWpw
ubtnpbpfi hu' 

a, =a0 -2xtga, h, =h0 -2xtg/J, U, =2[a0 +h0 -2x(tga+tgf1)1 

S, = {a0 -2xtgaXho -2xtgfJ): 

SwppwqwG zbpui]l t.IPw wqqmu hfi hhmL.JWl mcttpu: 
1. UnwGgpwJpfi mdhpl!' 

npmh11 a , -[! )Ugpltti umtnpp qmptJ.wbppg x hhnU1tJ.npmpJwG t.IPw quiGtJ.n11 

quiptJ.wapmu wqqn11 wnwGgpwJpG 6GzmuG t, do-, -!!' dx hpqwpmpJwG t.IPw 

umwCigpwJJ1G 6GzuwG tllntllnJUmpJmGu: 
2. y L. z wnwGgpGbpntJ. wql}Illl Cinpuw1 mctbp[!' dF "Y' dFnz: 
3. <!,wlilllUJWUlwu)UwGwpwp wnwGgpGhpntJ. wqqn11 ztlluwG mctbp[!' 

dFh = fdF. . L. dFr, = f dF., , 

npmt11 f -I! wpuiwppG ztlluwG qnpawlttigG t : 
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z 
a, 

a, a, 
y 

z a, 

x 

'hq.9. I I . Ppqwdli ub!]tftfwfi jug/lljjJ Ii fipwfimtf pp/lljbUJUJlfnptfwfi 
qnpl7f!6pwgmtf w qfJ111J mdbpft pwzjutiwfi ujubtfwfi 

IT}pnJbl}mt1m-l CiztJ.lllb- mcttpu x wnwCipfl t.IPw, Cipwfig qmuwpu hwtJ.w
uwpbgGt1ntJ. qpnJfl L l}U1tnwpt1ntJ. npnz aLw!J.m)UmpJmGCibp, umwgtJ.bt t 
tnwppwqw(i zbptnfl hwtJ.wuwpwl}znmpJWCi hwtJ.wuwpmuu ' hbtnLJWl wpmw
hWJUlnLJ:lJWG tnbupntJ.. 

da, S, + dF., (J + tgfJ)cos fl + dF.Y (J + tga )cos a = O: (9.27) 
"Uq. 9.11 -pg l}wpbiP t Cizbi, np' 

dx dx 
dF •• = a •• 2h, --, dF =a 2a -- (9.28) 

- - cosa nz nz x cosfJ ' 

nptnbf1 a.Y -I! L a., -I! pppl}bmwtJ.nptJ.n11 CiJmpp Gnpuw1 tin11wJpfi 6!izmufibpfi 
b(i )Ugpqp UjWtnbpp tlPw. 

a._v =aycos
2
a+a,sin

2
a , a,., =a,cos2 /J+a, sin2 {3, (9.29) 

npmt11 av L. a, -[! pppl}bmwtJ.nptJ.n11 UJntpp 6CizmuCibpG bG y L. z wnwCigp
Cibpp m1111mpJwup: 

.Pp hbppjlfi ' 

(9.30) 
npmh11 av, -l! L. a,1 -[! 6GzmuGbpG bG, npnCig wqqbgmpJwCi mwq y L z 

wnwCigpGbpp m1111mpJwup tnbT\11 t mGbCimu GJmp}1 qt:}>npuwgpw, % -Ci' 
lugpqp uqqpmu uGwgnpT}WJpG 4n11wJpfi 6Gzmuu: 

UnwaqwqwGmpJwfi tnbumpJwfi hwuwawJCi (ut11utJ.wb' )Unmu [!Ciqn1Cih-
1ntJ. wnwaqwqwG) y L. z wnwGgpGbpp m1111mpjwup pppqtmwtJ.nptJ.n11 GJmpp 
hwpwpbpwqwG rit:}>npuwgtiwGbp[! tilPGbG. 
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1xtga 1 J 1xtgf3 1 [ ( )] (9.31) 
6 Y =- - =-£[ a,,

1 
- µ(a, + a,1) , 6 , =-·-b -=E a ,1 -p a,+ 0"_,1 : 

a0 o 
Lmabtml (9.31) hwtlwuwpnu'i{! a , 1 -J:i L.a,1 -J:i Gqwun'iwup, umwgtlbt t. 

= 1xE ( tga + tgfJ ) +_!!_O", O" = 2xE, ( tgfl + µ tga)+_!!_O",: (9.32) 
a .. , 1- µ i au µ bu 1- µ , , 1 I - ,tr l bu au 1- µ 

Sbnwqpbtntl (9.32) wpmwhwJumtpJntG(! (9.30)-p, (9.30)-rf (9.29)-p, 
(9.28)-l!' (9.27)-p ub2 L. l)wmwpb1ntl npnz 6L.wtlmtumpJmGGbp, umwgtlmli t' 

d<5, [2(f +tg/JX&+tg2/J)cos2 fJ 2(f +tgaXs+tg
2
a)cos

2
a] + 

-+ + O', 
dx b

0 
- 2xtg/J a0 - 2xtga 

x 4E 
2 
(J + tga}cos2 a(tga + µ tg/]J+ 2(J + tga)q0 cos

2 
a 

1- µ ao ho + (9.33) 
+ a0 -2xtga 

x 4E 
2 
(f +tg/J}cos2 /J(tg/3 +µtga)+2(J +tgf3)q0 cos

2 fJ 
I-µ ho Go -O + - , 

b
0

-2xtgf3 

npmtri. £ = _!:!_ -G l)nqwJl1G 6GzuwG qnpawl)pgG t: 
1-µ 

(9.33) wpmwhwJmmpJntG(! tpqpnpf1 qwpqp qawjpG flll!pbpbfigllw1 
hwtlwuwpmu t, qwqut.{wa ppqwoL. ubquuwG tugflqGbpfl hwuwp: Uwl)wJfi 
qnpafiwl)wfimu wtlbtJ:i hwl'iwtu qppumt1.mu bG ubll!woL. ubri.uuwG tugpqfibp, 
bpp a qwu fJ wG4JmGGbppg utqn hwt.{wuwp t qpnJp: 

t;Gpw11f!btntl. np f3 = 0, (9.33) hwqwuwpmu[! l)mGtGw htmL.JWl 

mtup[!' 
dCJ' [ & 2{J+tgaX£+tg2a)cos

2
a] _ 4Eµftga + 

_ .r + 2/-+ - - a, +x { 2) 
dx h

0 
a0 - 2xtga h0a0\1- µ 

2£ (9.34) 
x ( 

2 
)(! + tga )sin 2a + 2(f + tga )q0 cos

2 
a 

2/ a0 1- µ = O · +-q + . 
h

0 
° a0 - 2xtga 

(9.34) flll:PbpbGgpw1 hwtlwuwpmun pwpfl l, np(! wGwtJ:lmfll)npbG tl1 
1
matlmu: liJll hwttwuwpuwG tntMwG fill!wmwl)ml l)llpwnt.{t1 t MH-7 

wGw1nqwJpG hwz\fil~ UtpbfiwJml unqt1wl\npuwG tnwGwlm: 
(9.34) hwtlwuwpuwG tmauwG dwuwfiwq mpl\bt bfi hbmL.Jwt ubOm-

})JntfiGbpp uwhUwGwjpG wpdtvfibp[!. 
£=20+100"U/uu2, a

0
=4+10uu, b0 =2+7uu, a=0+30°, 

a
0

=0 + 50'U/uu2, q0 =0+8"U/uu1 , £ =0,43, f=0,3""0,7: 
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MH-7 wGw1nqwJpG hwzifil~ ubpbfiwJntl (9.34) hwtJ.wuwpuwfi tntb-uwfi 
wp113mfipmu umwgtlbt t a,= f(x) ljwfutlwbmpJntfi(!, np[! Glj.9.12 -mu 

ptpLj_wb" qpw:ppqp mbupntJ. wrmwgn1tlmu t H-6 t1t4u1pnfiw-6wnwqwJPWJpfi 
ougp1nqpw:pp tqpwfip tlrw: 

x, uli 

ut;.9. 12. a, '== J(x) :pmfil;g}lw;p qpw:P/11//1 w/Jup[!, np[! wpwwgn1l/nuf t 

H-6 ougfl/nqpw:p/1 tl;pwfi/1 l/[lw I.. np/1 oqfimp;wtfp npn2tfnztf t ubqtftfwfi 
fugftljj1 L /Jpf;wpmp;mfi!J 

.I2wup np qpw.'ppl1fi pptGpg Cibpl)tuJtugfimu t utriuuwG tu9'14I1 
bp4wJGw4wG wnwGg12ntl wnwGgpwJpG nGzuwG pwztumu, Wll!W tugpl)p L 
tpqwpmpJntlil!, npj:l qbll!l2ntu a 0 wnwfigpwJpG 6Gzuwfi mw4 ppJ:l4bmfibp{! 

qmpu bG utri.uiJ.nu'i tugpl)tig, ljwpm1 t npnztlbt WJfi ll!WJUWGpg, np fugpqp 
twmu fiJntJ)p tlrw wnwfig12wJpfi CJ', 6Gzmut! hwtJ.wuwptJ.ntu t qpnJp: liJu

ll!J:luntJ., {!Ulll Glj. 9.12-p, tugpljp L bpqwpmpJntfi{! 4Gtp4wJwgGp qnnplltiliwm
Citpp uljqpGw4tmflg upfiiL. ljnpfl x umwGg12fl hbm hwuiuwG ljbm[! t11wa 
hbnwtlnpmpJntli(!: 

MH-7 wGw1nqtuJpfi hwzt.Uii ubpbGwJp tlrw ljwmwpt{wo hwztJ.wpl)Gbpj:l 
wp'l)ntfipmu umwgtlbt bG CJ'0 = J(L) ljwtutlwO-mpJmGGhp[! a,a0 ,h0,f L. E 

ubb"mpJntGGbpj:l mwppbp wpdbpfibpp 11tll!I1ntu [41 ]: 
UbbwgGt1ntl tugpl)p bpljwJfiwljwG wnwfigpp G4wmuwup U!WmbpJ:i 

pbpuwG a wGljjmGJ!, utawumu t pppljbmwtlnpuwG a0 6G2muJ!, I!fi'l npmu, 

upGiL. a -p npnzwqj:l wpdbpGbp[! a 0 -11 ubb'wgmun [!GJ}wfimu t wCiCizwCi, a -

p hbuiwqw ubawgntu(! pbpmu t (}' 0 -p pfimbfiu}1tl wl'.ip (Gq. 9.13): 

UJUll!bu, tugpl)ll L=3uu bpljwpnt):'}JWG 11tlll12mu, a -'1wpdbp[!1Jmqmfub-
1ntl I 0°-flg upfiiL 20° L 20°-pg upGiL. 30°, CJ'o -fl wpdbp{! hWUWU!WUlWutuw

Gwpwp tiutawGw 1-pg lillG~L. 5 "U/uu2 L. 5-pg uj1G~L. 24'U/uu2
: Ivgpl)p L=8uu 
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hpl}wpmpJwG qhuumu) a -ti 5°-tig utiGlL. 12° i.pmjmfumpJntG[! hwGqhgCimu t 
a 0 -p 5-pg upGlL. 45L:./uu2 wl{btwguwG: 

L,ulf 

0 

-·-.. s=O 

5 10 

--s=5 

15 20 25 <l, WUlll 

•••••• s=10 --s=20 
........ s=30 -·-.. s=40 • . . s=50 

ulj. 9.13. Uli17lflfwu jugj1ljj1 L b111Jwpmpjwu ppflljlimwl/nplfwu a 0 wnwugpw

Jftu 6u2mupg li Jugf1ljf1 lip!Jw1uwljwu wnwugpft uljwmuwlfp UJWmlipft pliplfwu 
a wuljjmuftg ljwjul/WOnljJJWU opj1fiW.J.Wl/JJJljJ)lllUUlifl[! 

liJl}utPUP uiwml}bp[! tJ.4wJntU t WJU uwupG, np pppl}bmwl{npuwCi hw
uwp wGhpwdh2m upL.CintJCi 6G2uwG qhuipmu l}wphllt t hwuCiht pppl}hmw
tJ.npuwCi lu9P4P hpl}wpmpJwG tJ.mppwguwCi, lu9'14P wnwCigpp Cil}wITTuwup 
uiwmhppG mwtntl npn2w4'1 phpmpJmG: P.Ciluthu bpLmu t Gl}. 9.13-pg, 250uu 
hpl}wpmpJwG ubquuwG lu9'14'1 hwl}wajlp uiwmbppG wnwGgp]1 Gl}wmuwup 
mwtntl. 2,5° pbpmpJmG, bpl}wpmpJntG[! l}wpbllt t tJ.mppwgGbt 50uu-nl{, np[! 
Guiwummu t pppl}bmwtJ.npnq ubpbCiwGbpp hqpwlwtlibp]1 L. ubmwqwmwpm
pJwCi tJ.mppwguwG[!: liJI} CimJG Gl}wpGtptig bpL.mu t, np a wCi4JwCi 
utawgmU(! 8° - 12° Guiwummu t fug]1l}]1 bpl}wpmpJwCi tJ.mppwguwG[! 2-4 
wCiqmu: 

(9.34) ryi:ptpbCigpwt hwtJ.wuwpuwG tmO-ntU[! hGwpwtJ.npmpJmG t 
ITTwlltu qmGbt PP'14bmwtlnpuwG hwuwp wGhpwclt2m 6G2uwG L lu9P4P 
bpl}wpmpJwG l}wful{wO-mpJmGGhp[! pppl}bmwl\nptJ.m1 GJmp]1 ~]1qpl}wuhfuw
Gpl}wl}wG hwml}mpJmGGbp]1g ( f wpmwppG 2t.PuwG qnp0-wl}g]1g L E wnwo-

qw4wGmpjwG unqmlltg): 
UbawgGbtntJ. GJmp]1 f 2tJ.1uwG qnp0-w4'19l!, fug]14]1 bpl}wpmpJntU[! 

tJ.mppwGmu t, ]1ul} wGhpwclt2m 6G2mti[! ubawGmu (\,4. 9.14): liJuuitu, 
a 0 -p 10-tig upGlL 50L:./uu2 tJ.mtJ.mfumpJwG uwhuwGGbpmu f 2t.PuwG qnp

owl}pg[! wtJ.btwgGbtntJ. 0,3-tig upGlL 0,7, lu9'14P bpl}wpmpJntG[! tJ.mppwGmu t 
1,25-1,1 wGqwu: a 0 -]1 mwppbp wpclbpGhpp qtuwmu GJmpp E wnwoqw4w-
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l L,U l 

18 

16 

14 

12 
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0 
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.... .. - ::.~ ---~ ... ..... .. 

-~ ~ 
.,c;,% v 

(./ff 

~" , 
'/ 

0 10 20 30 

- • ·f=0,3 ••• f=0,4 --f=0,5 --t=0,6 -t=0,7 

ulj.9.14. UliifUUWu jugflljft L lipljwpnzpjwfi [, ppflljlimwl/nplfw(j 

wnwugpw1ftu 6u2lfw(j (a0 }IJwJul/w0n1pjnzO[! ppftljlimwl/npl/mz U]nzpft 

2l/Jlfw(j qnp~wljgftg (f) 

GmpJwG unrpnllt ubO-wgmU(! hwGqbgGmu t fug]1l}]1 bpl}wpntpJwG 
tJ.mppwguwG: UJuuitu, a 0 =10 L:./uu2 6G2uwG 11tuipmu, wnwoqw4wGm

pJwG E un11m11t 20-pg u]1GlL 40L:./uu2 wtlbtwgmunl{, fug]14P L bpl}wpntpJl1lU[! 
tJ.mppwGmu t 1,45 wGqwu, pul} a 0 = 60 L:./uu2 6G2uwG qtuipmu' 1,2 wGqwu: 

L,u~ 

18 

16 

14 

12 

10 

8 

6 

4 

2 

0 

-- -
---- -- -c::.-c:::: :..-- .I •• - --1_...........- .. '--

~ t:::=-- -- i-- -
i....- ,_ -

b. ~.--
. - Lo- • . -i..--

F~ i.- .... 

f/ 
Ji 

I 
f 

0 10 20 30 40 o,'lA'itl ~ 

--E=20 --E=25 ·--E=30 - • ·E=35 - -E=40 

ulj.9. 15. UlilfUUwfi jugflljft L lipljwpnzpjwfi [, ppflljliu11ul/nplfwu 

wnwugpw1ftu 6u2lfwu (a0 ) ljwful/w0n1p1muf! ppftljlimwl/npl/nl/ fi1mpft 

wnwdqwljwunzp1wu lfnl)mtftg (E) 
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UbUJ.WOl.t UblJ.UUWG tugpqGbpp wupn11.2 bpqwjGpml LWJGwqwG 
qmptJ.w<)pG nllJ.lJ.WG'1JmG t: UqGhwJm t, np ubUJ.w6l.t tugpqGbpp Jmpw
pwGLJmp qmjq hwqw!]J1p UJ.Wmhpp tJ.pw wq11mu bG mwppbp tlbompJwtlp 
Gnptlwt qnlJ.WJpG 6G2muGhp: Iugpqp hpqwJGwqwG wnwGgpntJ. WJJ} 
6G2muGhpp pw2tuuwG 011pGwi_wt}lmpJmGGhpf! npn2htm hwtlwp, tmbtJ.mtl hG 
(9.30), (9.31) l.t (9.32) hwtJ.wuwpmuCihp{! any l.t anz -ti Ciqwmuwup: ShlJ.Wl}Pb-

tntl /3 = 0 l.t hw2tJ.P wnCihtntl (9.34) hwtJ.wuwpmU{!, umwgtJ.ht t hwtJ.wuwpmtl

Cihpp hhml.tJWL hwtlw qwpqf!. 

da, [ 2/ e 2(.f +tgaXe+tg
2
a)cos

2 
a] 4Eµftga 2/ --+ -+ a +x (+-q + 

dx h0 a0 - 2xtga x ·h0a0 1-µ 2
) h0 ° 

x (
2
: 2 )(.f + tga )sin 2a + 2{.r + tga )q0 cos2 a 

+ ao 1 µ = 0 , 
a0 -2xtga (9.35) 

E sin 2a ( 2 ) 2 2 
anv = ( )X+ e+tg a COS a , +%COS a, 

· a0 1-µ 

2Etga 
anz = ( )px+ea, +%: 

a0 1-p 

(9.35) hwtJ.wuwpmi5Ghp!1 hwuwqw11q{! tmotJ.hL t MH-7 wGwtnqwJpG 
hw2tlPi. uhphGwJntJ.: .!,wtlwqw11q!1 tmauwCi t wp'lJmGpmu umwgtlbt hG 
m11.11.wG4JmCi qmptJ.wopntJ. uh11.tluwG tugpqp hpqwJG1:mtl wnwCigpwJpCi l.t 
Gn11i5wt qnlJ.wJpG 6G2muCihpp pw2tuuwCi 011pGwi_wljmt?JntCiGhp[l, tugpqp 
a= 6°, a0 = 6uu, b0 = 4uu UJ.Wpwtlhmph[lp hwtlwp (Ciq. 9.16): 

l'>Gi_UJ.hu hpLmu t Gq. 9.16 -pg, uhUJ.w6l.t uh!J.tltlwCi tugpqp hpqwjGpntJ. 
a, wnwGgpwjpG 6Ci2uwCi LjmLjmtumpJwCi oppCiwi_wljmtpJmG{! qpmtl t GmJG 

pCimjp{!, pGi_ qnGw6l.t UblJ.UUwG tugpqmtl: "VmjG Gqwppg hpl.tmu t, np anvx l.t 

an,, Cinpuwl qn11.wJ!1G 6G2muGbpf! tugl1qp uqqpmu mCihCi wnwtJ.htwqmJG 
wpcthp, hpp x=O, GpwGp hwtJ.wuwp hG' 

0"11Y 0 =(c + tg2a )cos2 
O"x + q0 cos2 a , O",m = l:O"x + q0 : 

Uh11.UtlwCi tug!1qp hpqwpmpJwUp WJJ} 6G2muCihpp hhmwqw LjmLjmtum
l'JntCiCi f!GpwGmu t qnGwol.t uh11uuwG tugpqGhpp 6G2uwG LjmtJ.mtumpJwG 
GtlwGmpJwtlp: 
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0 2 4 6 x,lflf 
-- UnwllgewJ~ll 6ll2lfwll pw2funLlfl! tp4wfllenit 

----- vnplfWL 4n'lWJ~ll 6ll2uwll pw2fumll[! lu9~4~ 
pte lllwrntri~ tri4willenit 

-·-· vnplIWL 4n'lWJ~U 6ll2uwll pw21\Jml1[! lu9~4~ 
qmqwhlin lllWLnlip~ lip4wJllenit 

ulj. 9. 16. U11wugpw1ftu /.; unpuw[ ljnrzw1ftu <fu2muubpft pw2/umlf1J ubu1wdu 
ubrzuuw(j JugftljjJ wnwugpfl bpljwjupm/ 

4npbppg (Ciq.9.16) hpLmu t, np uhUJ.w6l.t tuglitiP qmqwhbn UJ.Wmhpp 
tJ.pw anzx Cinpi5wt qnlJ.wjpG 6Ci2mtlGhpf! tlhbntpjwtlp qqwtJmphG t}lnpp hG, 

pwG tu9P'1P hpl},wjGwqwG wnwGgpp Gqwmtlwtlp phptJ.wompJmG mGhgnlJ. 
UJ.WU1hpp tJ.pw wql}nlJ. anyx Gnptlwt qnlJ.WJPG 6G2mi5Cihp{!: Pwgp WJJ}, tugpqp 

wnwGgpp hpqwJCipntl anzx 6G2muI! LjmppwGmu t wtJ.htJl uhb pCimhCiuptJ.m

PJWUp, pwCi anyx 6G2mu{!: 

"lppqtlwjw6l.t tugpqGbpp hpqwJGpntl Gnptlwt qnlJ.WJpG 6Ci2uwG 
t}lnt}lntuuwG oppCiwi_wt}lmpJntG{! umwCiwtm hwtlwp (9.35) hwtJ.wuwptlwG 
uh2 mh11.w11Ptlht t a = o: 

(9.36) 

(9.36) wpmwhwJmmpJl1lUI! tJlntJ.'1G hwtl{!CiqCimu t '-l.t>.OunpntJ.'1 L. 
t>.U.'1.nNntJ.'1 umwgwb wpmwhwJmnt13JmGGbppG (67, 127, 136], npf! 
hwumwmmu t qwmwptJ.wo hbmwqnmm13JmGGhpp 62qpmm13JmG{!: 

9.4.J. Ppftljbwubpft IJilLflU hptfwu md[! ljwqtfm/ft ubIJtftfwu Jugftljubpftg 

4wqtlntJ.'1 uhlJ.tltlwG tugpqGhppg (Ciq. 9.17) pppqhmGhpf! l}ntpu UlJ.IllJ. 
met{! npn2tJ.mtl t hhml.tJWl wpmwhwJmm13JwUp. 

(9.37) 

npmbr].' F. -Ci qwqtlntJ.'1 tugpqGbppg pppqhmGhpp l}nl[lU U!J.UWG mctG t, Fr.1 -I!' 

tugpqp 13hp UJ.Wtnhp mGhgillJ. tlwupg pppqhmwtJ.nptJ.IllJ. G JmJ3I! l}ntpu UlJ.IllJ. met{!, F.u -

I!' tugpqp hwumwmmCi qmptJ.w<)p mCihgillJ. tlwupg pppqhmGhpf! l}ntpu UlJ.IllJ. met{!: 
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uq. 9.17. l/wqtfm/fl Ubf'/tftfwO fugflljft hw2tfwp{Jw1/lO ujubtfwO 

-o!.WJU1Gp t, np 
F, = S0u 0 , F,1 = S0u 01, F. = Su0u, (9.38) 

npmb11 Su-G qwqun@ 1.J.mptlwopntJ. uh'l.ut'iwG tugJ14r t'immpp 1.J.mptlwopp 
uwl.J.hpbuCi t, S-TI' qwqun@ qtnptlwanntl UbflUUwG jugpl.iP twp qmptlwopj1 
uwqbpbu{!, u 0 -G' pppl.J.bmwtlnpuwu hwt'iwp wGhpwclhzm 6Gznuiu, 0'01 -I!' 

ubquuwG fugpqp wnwGgpj1 Gqwmowt'ip uiwmbpp pbpmpJmG mGbgnq uwupg 
pp)11.J.bmwi.lnp4_nq GJmpp qmpu t'iqowG hwuwp wl1hpwctb2m 6u2muu, 0'011 -r!' 
ub'l.ilt'iwG jugjll.J.P hwmnwmmG LWJGwqwG qmptlw()-p mGbgn11 t'iwupg 
ppplJ.btnGbp)111mpu ilquwG hwuwp wGhpwclb2m 6G2mt'i{!: 

(9.38) wpmwhWJlllntpJntUI} 111bqwl}]1btntl (9.37)-J:! ilh2, umwgtlhL t' 
s 

O'o = 0'01 +-O'ou : (9.39) 
So 

4tnr LWJGwlJ.wG qmptlwbp mGbgnq ub'l.t'iuwG fugpqGhpp qhUJ.Pmt'i u 01 

6GzmUJ:! npnztJ.mu t (9.23) wpmwhwJmm.r1wup, )1ul.J. u 011 -I!' (9.21): 

Otq'l.wCilumu LWJCiwqwG qmp4_wop mutgnq ut11uuwG fugpl.J.Ghpp 
hwt'iwp a 01 L a-0 11 6G2nulCitp{! npnztlmil bG' tmbbtntl (9.34) !})1.'.pbpbCigpwt 

hwtJ.wuwpmU{! MH-7 wGwtnqwJpG hwztl.Jii UbphGwJntl: 
4.bpl! G2i.J.wa aL.ntl npnzbtn4. u 01 L. 0'011 6G2muCibpJ:! L. GpwGg wpdtp-

Gbpl! tnb'l.Wl}]1btntl (9.39) hwtlwuwpuw(i Ob2, l.J.Ulph!li t npn2bt 1.J.wqt'intl}1 
ub'l.UOWG lugpqCihpmtl pppqbmwtlnpilwCi hll.IUUl{l wuhpwclb2m 6Ciznt0'(}, 
hbmL.wpwp L' hwUWUJ.wmwujuwG md12: 

9.4.4. <Juqbppnlfi[j ubIJtftfwli jug]l[jlibp 

4wmwptlwb hhmwqntnntpjntl1Gbpj1 wpl}JntGpGbp{! gmJg tG mtJ.bi, np 
wnwtJ.bt l.J.)1pwnb!li 1.jwpn'l bG !liGht lllll.'l.Wi11.J.jmu qmptlwo12n4. l.J.wqun@ 

356 

pppqbunu4_npuwu juypqubpJ! [42), npmh11 wu1whntltlmt.l t pu~111tu pppljbmw-
4.npuwu hwuwp wuhpwdhzm ouzmul!, WJGuibu tt jugpljmu ppplJ.bmGbpp 
oGwtm wGhpwctbzm ctwuwGwlJ.1!: 

Uwl.jwJU 1.jwqun@ 1.J.tnptlwapn4. jugpl.J.ubpp wnwuopu uwuhpp upwg
owG mt11mu wugmt.ll! hwpp ~t, np{! hwuqtgGmu t l.jwqt.lwtlnptlwb pppl}hm
Gbpp npn2 ptuJpWJt'iwG, t'ipwchut'iwGwlJ. umb'lobtn4. npnzwl.J.p 6uzmu: Pwgp 
WJI}, jugpl.jp UbUJ.WOL. owumu pppl.jbmwtlnptlnrt Ujlllj}I! WU{!Ul}hWtn bupwpl}
tlntU t qh:pnpt'iwgpwjp, npp pGtnhGuMntpjntGI! Wjl} uwup wupmw bplJ.wJU
pnq hwmnwmmCi t , ~Ciwjwc) np hbmqhbmb uMwg Cihtntl pppqhmwqnpqnq 
UJmpj1 jummpJntCil!, qb:pJ;lpt.lwguwG hwuwp l.J.llJ.whwG2tJ.tG wnwtlbt otc) 
mdhp: L,z4_wc) tpL.mJrl! tpptuG hwCiqtgGmu t ppj1lJ.bU1wtJ.npt'iwG jugpl.J.Gbpp 
jugwCiowG, llj1{! tlwpphill wzji.1wU1WU1Wp, l}dtlwp L. lli l}jntpjl (i qnpc) t : 

btCibtntl i.J.bp£! Cizi.J.wc)pg, wnw2wpqi.J.nui t ppj1l.J.bmwtlnpn11 t'ibQbUwJp 
uh11t'iowCi nuv1wGl]JmG 1.J.mptlwbpntl lugpl.J. [3], npj1 bpljm Cipumhp{! upt.lJwGg 
qmqwhbn bG, j1ul.J. bpl.J.m Gpmnbpp bqpwqobpl! tJmtltnlutJ.mu bu f(x) opJ:!Ciw-
2wtltmJ3JWUp WJUllJ.bU, np WUJ.Whntltlp jugpl.J.P l.J.tnptJ.wapp uwhm(i tltn11pw
gmt'i L. pppl}bmwtJ.nptJ.m1Gjntf3p11h:Pnpt'iwgpwJp pumbGuMmpJwCi GtJ.wqmu: 

4wpb!li t {!GrµnCibt, np ubqt'it'iwG jugp4p n~ qmqwhbn Gputnbpp 
bqpwqabpjl uwn:PlitCibpl! tltntltnjutJ.mt'i bu hpUJ.bppntli oppGw~wt}lmpJwt'ip, 
npj1 hwtlwuwpntt'i{! l}wpb\ll t lllWL hhtnLJwt mbui;mtJ.. 

y = f( x ) = (bo -bk)K +bk, (9.40) 
( b0 - bk )x + 2K 2 

npmbq' b0 - G jugpl.J.p t'innnpmt'i qmptlwbpp LWJUnt}}JntGG t , bk - G' fug jll.J.}1 
twmu qll1ptJ.wapp LWJUlllf3JntG£!, K - Ci' qnpp 6L.1! p11m}}wqpnq qnpbwl.J.Pgl!: 

-o!,bmwqnmmpJmCiubpl! gmJg hG mtJ.ht, np htGhtntl. wqpnwGwuGwpmbw
qwG UJ.Whwu2uhppg, pp)1qbmGhpp 1.J.mptJ.w<Jpp OllJ.mpt.lwt ~wtltl! 40x40ut'i-G t , 
hbmLrnpwp, lugpqp twp owu)1 ~wt}1bpJ! l.j_wpb!li t 4_bpguht akxbk==40x40uu: 
Iugj11.J.j1 unnn12p ~wtlthpG l!fimptJ.bt bu' btGhtntl umwgtJ.n11 ppjlqbmGbpj1 wupm
f'JnLGpg. aoxbo=40x60Ut'i: 

K qnpmul.J.gp ouim)1ilwt 2wtJ.ll! npnzbtm GUJ.wmwqni.J., Gpw mwpphp 
wpdhQGbpp hwowp 1.J.wnmgtlbt bG Y==f(x) ,'pmGl.J.gpwJp qpw.'.l>JiqGhpI! (uq. 9.18): 

L,q. 9.18 -mt'i phpt.J.wc) cww.'.ppqGhp)1 tlhptmbmpJntGI! gmJg t mwwu. np 
K qnpbwqgp ouimptiwt uhbmpJmGJ! 1.J.wph!li t I!Gl}mGht' K=200, np{! wnwi.J.bt 
twtl t WllJ.Whntlmt'i jugpl.J.j1 LWJGntpjwG uwhmCi tltnppwgmt'i12 L l}b.'.Pnpt'iw
gpwJ)1 j1GmhGuMmpJwG Citlwqmlll!: -o!,bmL.wpwp, p.igplJ.)1 llJ.pn.'.Pp!li t}1nt}lnlum
pJmGI! qwpb!li t GtpqwJwgfibt htlllL.JtuL op)111wLWtPntf3JWUp. 

y == f (x ) = 20x + 600 = b, : (49.1) 
x+20 2 
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---K=100 -----·· K=200 --K=300 
u/j.9.18. Y=l(x) .Jmtfiljgftw1ft qpw:PM!l (uaqtftfwu Jugftljft atiiiyCfAJ 

ul;. 9.19. Ppft/jamwlfnptfwu Jugft/jft hwz lfwpljw1ftu ujul;tfwu 

ulj. 9.19 -mu pbpt{wa hwztlwpltwJpu u)ubUwJntJ. ubquuwu )ugpljmu 
pppljbmwt{npuwu 6u2uwu ljw)ut{wampJmuubpD ubriuuwG )ugpltJl utwpw
ubmpbppg UJWpqwpwubtm hwuwp, 1}]1tnwpljtJ.bt bu )ugpljmu wqqnri mdhpD: 

Ubriuuwu )ugpljp ummppg x hbnwt{npmpJWU t{pw wnwuouwgtlbt bu 
Ujntpp dx hwutnntpjWUp tnWppwljwu zbpUI Lt 1}]1tnwpljtJ.bt WJI} 2bptnp 
hwt{wuwpwljznmpJntUD: 

IvgpltJl L zbpU1}1 bpljpw~wt}l.wljwu UJwpwubmpbpu tu. 
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- unnnpp umn tWJUWljwG ljmpt{wbpp utwpwqpaD' U 0=2(a0+b0), 

- Umtnpp unUl LWJGwljwu L1mpqwapp uwljbpbuD' So=a0b0, 

- mwppwljwu 2bpmp tWJGwljwu ljmpt{wapp utwpwqpaD' U,=2(ao+b,), 
- tnwppwljwu 2bpU1p lWJuwljwu ljtnpt{wbpp uwljbpbuD' S,=a0b., 

npmbri )ugpljJl tWJUntpJmGD npn2t{mu t DUtn (9.4 l) wpmwhwJtnmpJwff b,=2Y: 
Swppwljwu 2bpU1p t{pw wqqmu bu' 
I. wnwugpwJpG mdbpD' 

P_r = crxSx, px+clx = (crx + dcrx)Sx, (9.42) 

npmbri cr, -D ummppg x hbnwt{npmpJwu t{pw wnwugpwJpu 6u2muu t dcr -
D' dx bpljwpmpJwu t{pw wnwGgpwJpu 6u2uwG t}l.mJi.n)umpJntUD: ' " 

2. y Lt z nLflflntpJntGubpnt{ wqrpiri unpuwl mdbpD' dP11y, dP11,: 

3. y Lt z mririmpJmGubpnt{ wqqnri ztJ.1uwu mdbpD· 

dPfy = f dP,.v , dP1, = fdP.,, 

npmbri f -D wpmwppu 2t}1.uwu qnpawljJlgu t: 
(9.43) 

<llpnJblttnbtml uztJ.wa nutbpD x wnwugpp t{pw Lt hwtf.wuwpbgubtntl qpnJp, 
umwgqmu t U!Wppwljwu zbpU!p hwtf.wuwpwljznmpJWU hwqwuwpntUD. 

daxS_, + dP • .vCf + tga)cosa + fdP,., = 0, (9.44) 

npmbq a.-u uitlJwt ljbmmu )ugpljp lllPn:Ptim pumpwqpnq qa}1G mwpqwa 
znzwt}l.nri}1 ljwquwa wGltJmuu t x wnwugpp hbm. 

! '( 200 tga = x) = : 
(x+20)2 

(9.45) 

npmbri cr"Y Lt crn,-D pppljbUlwt{nptJ.nri UJmpp lJnriupg )ugpljp UjWtnbpp tJ.pw 
unpuwt 6uzmuubpu bu, npnup pphug hbpppu' 

2 • 2 
any = a y cos a+ax sm a , a nz = a z, (9.46) 

cry, cr,-{! · GJmpp ltnqupg wnw2wgpwa 6UzmuubpD y Lt z wnwugpuhp}1 nlilrimpJwup, 

(9.47) 

cryi. cr,1-D' uhriuuwu }ugpljp lWJuwljwu ljmpqwapp y Lt z wnwugpubpp 
mririmpJmuubpntJ. qb:t>npuwgpw wnw2wgunri 6uzmuubpu bu, q0- u · ubriu
uwu )ugpljJl uljqpmu uGwgnpqwJpu ljnriwJpu 6u2muD: 

Ubriut{wa )untnD DUl}ntUhtntf. npUjbU wnwoqwljwu Ujntp, DUln wnwo
qwljwumpJWU mbumpJwu y h z wnwugpubpp mririmpJmuubpntl hwpw
pbpwljwu qbl>npuwgpwubpp ubantpJmuubpD ltltiubu' 
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(9.48) 
I 

t:, = 0 = -[a,1 - µ(ax+ a,1)], E . 
npmbri. E -G pppl}bmwtJ.nptJ.nri. GJmpp wnw6qwl}wGntpjwG unqnqG t, ~t-G' 
lllmwunGp qnpawl}pgj!: 

Lmobtntl hwtJ.wuwpmuGbpj! cry1 L. cr,1-P Gl}wmuwup, bx-P ubampJmGG 
j!GqmGbtntl num (9.41) wpmwhwJmntpJwG L. b0=60uu, umwgtJ.mu t ' 

Ex µ 
a = +--a 

yl (l-µ 2 )(3x+60) 1-µ x• 

Exµ µ 
a,,= (1-µ 2 )(3x+60) +1-µax : 

(9.49) 

UmwgtJ.wa pntnp ubOntpJmGGbpj! mbflWI}PbLntl (44) hwtJ.wuwpuwG ub2 
L. l}wmwpbtntl npnz 6L.wtJ.miumpJntGGbp, umwgtJ.mu t' 

dax +axtp1(x)+tp2 (x)=0, (9.50) 
dx 

npmbri. <p 1(x), <p2(x)-I! x-pg 4wiutJ.wa qnpawl}):lgGbp bG. 

<p1 (x)=[[f(x+20}2-200](t:(x+20~
4 

+200
2

)]+ 2/t:' 

20(x+30)(x+2o)((x+20) +2002
) ao 

Ex [[f(x+20)2-2oo](x+20)3 2/µl 
'P2(x) = +-- + 

3(1-µ
2
)(x+20) 20(x+3o)((x+20)4 +2002

) a_o 

[

[f(x+20)2-2oo](x+20)3 211 
+qo 4 +- ' 

20(x+3o)((x+20) +2002
) ao 

(9.51) 

WJumbri. t: =_!!__I! tinri.wJ):lG 6GzuwG qnpaw4):1gG t: 
I-µ 

<p 1 L. <p2 :}lmGl}gpwGbpj! Gbpl}tuJwgtJ.mu bG qpw:}lpl}Gbpp mbupntJ., npnGp 
pbptJ.wa bu Gl}. 9.20 -mu: <p 1 L. <p2 :}lmGl}gpwGbpp wpctbpubpj! npnzbllrn j!Gmp
tJ.bL bu hbmL.JwL lll.wpwubmpbpj!. f = 0,6, µ = 0,3, c= 0,43, a0 = 40uu L. E = 

35'V/uu2 [133]: 
liJGmhbmL. npnGtJ.mu bG wJG lll.tupqwqmJG hwtJ.wuwpmuGbp[!, npnup 

6zqp):lm l}pGmpwqpbG Gbpl}wJwgtJ.wa qpw:ppl}ubpj!: liJI} Glll.wmwl}ntl LJ1Wg-
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tJ.mu t W11Jmuw4 9.2-n. hwztJ.wpl}Gbpn l}wmwpbtntl I L. II qpw:}l):ll}Gbpp 
hwuwp [56]: 

<p, 
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0.021 
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0.015 

<p, 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

/ 
,,,.~ 

( 

J 
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~ 
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'Ulj. 9.20. f/J1 l.t (/)2 :pm6ljgftw6lipft qpw:p/1lj6bp!J' ljwfulf.wo fugftljft 
bpljwpmp;m6ftg 

li11Jmuw4pg hbmL.mo t , np qpw:}l):ll}Gbpj! l}wpblli t hwppbgGbt j!UU1 6-
Pll mnflll lll.WJutuGGbp):l, }ml} qw GzwGwl}mu t, np qpw:}l):ll}ubpj! l}wpnri. bu 

x 
Gbpl}wJwgtJ.bL y =--+c oppGwlwlflmpJwup [56] : 

ax+b 
UmwgtJ.wa lll.WJuwGI! tJ.bp2Gwl}wG 6zmbtm Glll.wmwl}ntl I}):lmwpl}bGp 

qpw:p):ll}Gbpp qawJ):lG hwppbgmul!' Y=f{X) qpw:}l):ll}Gbpn, npmbri. Y = ~ L. X=x: 
y 

Cum tJ.bpn GztJ.wa lll.WJuwuGbp):l, hwztJ.wpl}fibPI! L. qpw:}l):ll}Gbpi! pbptJ.wa 
bG Gl}. 9.21 -mu: 
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2 3 4 5 6 7 8 

c::.. 
.0 
c::.. c::.. c::.. c::.. = .§ = t:: .=r .=r .=r' 
::: --...... 

x1 +x. 
y(~) 

-a N y(x1) + y(x2) 
N 

0 v M 
N N N -a 

2 o· 0 

2 o· 

v V) N 

~x1 x. Affi) -a 0-, -a ~ y(x1 Jy(x2 J 2 -a . V) 
0 0 o· 

x1 +x. y( x,; x ) 
-a N N 

~ v N 
~ y(x1 Jy(x2 J 

0-, 

3 N -a 2 0 
o· o· o· 

2x1x. 
y(~) 

t"-
y(x1)+ y(xi) 

N - t"- M -a N v. N 4 X1 +x2 "' 0 0 
X1 + X2 o· 0 

2 o· 

x1 +x" 2 y(x1 )y(x2) "' 0 N 
5 - 0 

2 - y(x1) + y(x2) 0 
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lJ.runwwlj 9.2 
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'&lj. 9.21. rp 1 [, rp2 :pndiljgftwubpft qaw1ftu hwppbglfwu qpw:pftljubpf! 

t>GiUJ.bu tpLmu t qpw'.lip4Gtptig, titmhpl! lltmU1G qmGt\mu tG mqpri. 
qatp}l t\Pw, htmLwpwp, WJ!} qpw:P}l4Ghp}l qawJ}lfi hwppbgmul! l'i}lzm t L <.p, 

m <.p2 :pmGtig}lwGbpl! tiwpbllt t Gbpl!WJWgGbt htmLJWL mbupnt\' 

qi1(x)= x +c1, qi2(x)= x +c2 , (9.52) 
a 1x+b1 a 2 x+ b2 

npmbq ai, bi, c1, ai, h2, c2 qnpawti}lgGhpl! npnztl.bt bG, htGhtntl. qpw:P'14Gbp}l 
npnzw4}1 wpdbpGbp}lg' a 1=88,9, b1=1279, c1=0,0147, a2=1 ,5692, b2=51 ,36, 
c2=0,0707: 

(9.50) l}}l'.pbpbGg}lwt hwt\wuwpuwG i!Gl}hwGmp tmamill! tiwpbllt t Ghp
qwJwgGbt hhmLJWL mhupnt\ [56]. 

ux= µ(x/- Jqi2(x)·µ(x)dx+ c} (9.53) 

f'P (xYJx 
npmtq' µ(x)= e 1 : (9.54) 

(9.52) wpmwhWJUlntpJmG}lg <Pi wpdhpl! mbqwl}Phtnt\ (9.54)-p ut2 L 
tiwmwphtntl. npnz 6Lw1.}mfumpJntGGhp, umwgtl.ht t. 
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(9.55) 

(9.56) 

L. (9.56) m (9.55) wpunuhwJmmpJmCiCibpJ! mbqwllf1html (9.53)-)1 ut2, 
umwgtJ.bt t' 

_ (a,x+b1)-;;r ( x J e "' _ I ( )· (9.57) •1 [ [ (_.!_+q)x : l -
ax - (I l -r -+c,.. ~ dx+C --() -r .9(x)dx+C. --1qx a2x+b2 fax+b)' µx 

e "I ' \: I I "i 

UmwgtJ.wO- hwtJ.wuwpuwCi tmO-mUJ! hb2mw9Cibtm CiUj_wmwqntJ. qwnmg
tJ.bt t fJ. = J(x) .'.pmCiqg)lwJ)l qpw.'.p)lliJ! CiwJuli)lCimu J!CimptJ.wO- UJ.Wpwubmpb

pntJ. (Ciq. 9.22): 

u 
3.5 

3 

2.5 

2 

1.5 

0.5 

0 
0 20 

_/ 

-~ 

40 60 

U-lj. 9.22. fJ. = f (x) .'pmliljgftwJft qpw.'pft'-1[! 

~ 

' ~ 
/ 

~ 
, 

q.pw.'.p)lq)lg L. qwmwptJ.wO- hw2tJ.wpqCibp)lg btCihtntJ.' fJ. = J(x) .'.pmCiq

g)lwCi qwpbJ)l t tlinJuwp)lCibt wnwtJ.ht U)_wpq wpmwhwJmmpJWUp, npJ! 
hCiwpwtJ.npntpJmCi qmw tmO-btm 11J1.'.pbpbCig)lwt hwtJ.wuwpmUJ!: fJ. = f (x) 
qO-wJ)lCi hwppbguwu qpw.'.p)lqJ! pbptJ.wO- t Ciq. 9.23 -mu, J!CilllltCihtntJ. Y=lgy L. 
X=x: 
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:::::::: 1 
c 
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"&lj. 9.23. fJ. = f (x) .'jm1liljgftw1f1 q<Jw1f1li hwppligtfwli qpw.'J>ft'-!l! 

<!,wppbguwCi qpw.'.p)lqJ! pCimpwqptJ.mu t hbmL.JWL hwtJ.wuwpuwup, 
Y =a+ jJX, ,------ (9.58) 

npmbq a= - 1,653, p =0,5922+1,653 =0 011226: 
200 ' 

q.pw.'.p)lli)l hwppbguwCi wpl)JntCipmu umwgtJ.mu t, np fJ. = f(x) .'.pmCiq

g)lwCi UbO-wqntjCi 62mmpJWUp qwpbJ)l t tlinJuwp)lCibt hbmL.JWL wpmwhWJ
lllntpjwUp' 

B=a3·b/, (9.59) 
npmbq lga3 =a L. lgb3 = p, hbmL.wpwp' a3 = 0,0222 L. b3 = 1,026: 

(9.59) hwtJ.wuwpmu)lg B-)1 wpctbpJ! mbqw11rttntl (9.57) hwtJ.wuwpuwCi 
ut2 L. )lCimhqphtntJ., umwgtJ.mu t. 

A_ 

a, =-
1-(f9(x)dx+C)= (a,x

1
+b,)u,' (-_!!i__·b

3
x +c) 

µ(x) (;;;-+c1)x lnb3 
e 

(9.60) 

C hwumwmmCiJ! npn2tJ.mu t uqqpCiwqwCi UJ.WJUwCiCibp)lg, bpp x=O, 

_11_ 

b a,' _11_ a , er = __ 1 __ 3 +Cb a, 
0 lnb3 I ' 

(9.61) 

(9.62) 
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(9.60) wptnWhWJUlillJ)Jntfil} gntjg t UlWtPU utqUUWfi ]:ugpqntU Ofizuwfi 
i.pni.pn]:umpJntfil! ]:ug)1q)1 l:ipqwJfipm-l: Utquuwa ]:ug)1q)1 ununpp unm 6Gzmul! 
l}fiqmfittml a0 = 25, 30, 35, 40, 45, 50-U/uu2, qwnmgtJ.mu t O'x = f(x) 
:PmfiqgpwJp qpw:PJ141! (Gq. 9.24): 

~ 

0 

~ ~ . 
.,> ~ ~ ' 

',\;'. 

~ ~ ~ 
'-' .'~ ~ ....._, ......__ 

30 

20 

10 

0 20 40 61) 80 100 120 140 160 100 .tuO 

-10 -
x,1hi 

- . 25 --- 30 - -35 -40 -45 -50 

ulj. 9.24. <7'x = f{x) !pm{iljgflWJ/1 QflW.'pftlj[J 

l'filUJ.l:iU l:ipLmu t qpw:ppqpg, ]:ug)1q)1 tpqwJfipntJ. ummpp wGgppg u)1fi},L. 
50-60uu hl:inwtJ.npmpJmfil! 6Gzmul! )1Gmhfiu)1tl. qhpuintl. i.pnppwfimu t, 
WJGmhhmL 6CizuwG i.pnppwgmul! J}wnGmu t wGGzwG: Ut11uuwfi tug)14}1 
l:ipqwpmpJmGI! npnztlltu uitmp t hwztlfl wnGl:it, np ]:ugfllllt twmu 6Gzmul! 
UJ.l:imp t hwtJ.wuwp lltG)1 qpnJp: ~hmuwpwp, ]:ugptifl l:ipqwpmpJntfil! qwpbllt t 
npnzl:it' oqmtJ.l:itntl. ax = f(x) :PmGqgpwJp qpw:ppqpg, npp hwuwp utawgtJ.wa 
uwuzmwpntJ. qwnmgtJ.mu t WJ'l qpw:f>pqGbpp wpugpufibpp wnwGgpp hbm 
hwmuwG u)12wtiwml! (fiq. 9.25): 

"Uq. 9.25 -mu pbptJ.wa qpw:f>j14flg npnzmu l:iGp qpw:PJ14J1 L x wnwGgpp 
hwmuwG ql:iml:ipjl wpugpuGl:ipt!, npnGp u utquuwG ]:ugj14}1 wGhpwctl:izm 
l:ipqwpmpJmGGl:ipG l:iG uiwhwG2tJ.nrt a 0 uqqpGwqwG 6Gzmul! umwGwtm 
hwuwp: NilUJ.bU l:ipumu t qpw:f>j14flg, ]:ugpqp ummpmu 6Gzmul! 25\,/uu2-
50\,/uu2 qwpoGl:itm hwuwp pwtJ.wqwG t ]:ugpqp bpqwpmpJntfil! 91 uu-pg 
qwpofibt I I 5uu, npl! wumu t WJG uwu)1G, np pppql:imwtJ.npuwG qnpbl}Gpwgp 
tGl:ipqbmpq gmgwG)1zGl:ip[! utbwuibu qw]:ut.{wa bG pppqbmwt.{npuwG ]:ugptifl 
bpqwpmpJwfi 6j1zm t!GmpmpJmfipg: 
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ulj. 9.25. O'x = f(x) :pmliljgftw;jJ X-fl/1 wnwOgpft hbui hwuiifwO ifjJpwljWjJJ[J 

Ul:iquuwfi ]:ug)1q)1 uqqpmu 6Cizuwfi ul:ibmpJwfi L. ]:ugpqp l:ipqwpmpJwfi 
u)12L. qw]:utJ.wbntpjwfi qpw:Pti41! pl:iptJ.wb t fiq. 9.37 -mu: 

PfilUJ.l:iu l:ipL.mu t qpw:ppqpg, pppql:imwtJ.hpuwfi 6Cizmul! ul:iawgfil:itm 
hWUlUp wfihpw'dl:izm t Ubawgfil:it ]:ugpqp l:ipqwpntpJmfil}, l}fi'l npmU WJ'l Ul:i
awgntUI} upfilL. 6Gzuwfi 40-U/uu2 wpctl:ipl! ml:iajl t mfil:ifimu wtJ.l:illt pfiml:ifiujltJ.: 

120 

95 

90 

~ 

~ 
.... __, 

/ 
/' 

[/ 
~ 

,_,; v 
v 

25 30 35 40 45 a . t.11111 2 

ulj. 9.26. Uljqpliwljwli oli2n11.f/1g jug/1ljft bfllfWflnLJJjWO 
!/ w Ju c/ w m11µ 1 w u q11w:pf1!/0 
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.PpfllJ.hmwtlnpuwG 6G2uwG uhompJntGJ! qwphtlJ t npn2ht ~.P..Ounpmjp 
wnw2wpqwO- pwGwohntl [ 136]. 

a-o = k[ea(Pmax-Po)_ l], (9.63) 

npmhrt p0-G ppfll.J.hmwtlnptlnri GJmpfl ulJ.qpGwqwG J:ummpJmGG t, a h k-G' 
l}mp6GwlJ.wG qnpowqflgGhpJ:!, Pmacl! uhquuwG J:ugflqmu ppfll.J.hmwtlnptlnrt 
GJmpfl wnwtlhtwqmJG J:ummpJmGJ:!, npJ:! npn2tlmti t hhmhJWL tuUl)lpfllJ. 
pwGwohntl [136). 

(9.64) 

npmhrt Pp-G umwgtlnri ppfllJ.hmGhpfl J:uumtpJmGG t, t-G' uhquuwG J:ugflqmu 
ppfll.J.hmwtlnptlnrt GJmpfl uGwtm ctwuwGwlJ.1! t, cxo, 130, a

1 
-I!' tlmp6Gwl.J.wG 

qnpowl.J.tigGhpJ:!: 

QGqmGhtntl cx0=0,47l, ~0=0,496, a 1=7,45·l0·3 [67], t""20tl [173], 

a =4,61·10-3
, k=0,332, pp=700 1.J.qlu3 h p0=70 1.J.q/u3 [136], umwg4mu t' 

Pma•= 1052 1.J.q/u3
, npJ:! mhqwqphtntl (9.64) hwtlwuwpuwG ut2, qnpn2bGp 

ppfll.J.bmwtlnpuwG hwuwp wGhpwctt2m 0G2mul!' cr0 = 31 'U/uu2
: 

'Ul.J.. 9.26 -mu phptlwo qpw:Pfll.J.flg, J:!UU1 umwgtlwo 6G2uwG uhompJwG, 
J:!Gmptlmu t uhquuwG J:ugfll.J.fl bpl.J.wpmpJntUJ:!, npJ:! 1.J.wqumu t' L = 98uu: 

9.5. Ppft{Jbtnwlfnplfwfi lfwu1ft!£ibpft lfwtnpftgw1ft£i OlJW{Jft Li hn[11lfw{Jft 
UJWpwlfbtnpbpft 62wqpmlf[J 

lJwmpflgwJflG Ol'\Wl.J.l1 h hwtntlwl.J.fl uiwpwubmphpfl npnzuwG hwuwp 
wGhpwctbzm t hwztjp wnGht ppfll.J.hmwtlnptlnl'\ GJmpfl :Pflqfll.J.wub]:uwG]"iqw-
4wG hwmqmpJmGGbp]"i wqqhgmpJntGJ:! hntml.wl.J.fl 1.J.nl'\uflg GJmpp 1.J.wnluwG 
[lGqqpl.J.uwG wGlJ.JwG tlflw, np]"ig t.. ubowuitu 1.J.wJ:ut}wo bG uwutlJlfl wpmw-
11Jlfll'\WlJ.wGmpJmGG m hpqpwlwt11wl.J.wG uiwpwuhmphp[l: 

9.5. I. <n[nlfw[Jfibpft {/nl]lf]lg fiJmpft {Jwn1lfwu [Jfil)qp{Jlfwfi wfiljjmfi[J 

~ntntlwl.J.Gbpntl pp]"il.J.hmwtlnpt.lnl'\ GJmpfl 1.J.wnluwG J!GqqplJ.uwG wGlJ.Jm
GJ:! npn2l.Jmu t' htGhtntl WJG U[WJUwG]"ig, np hntnt.!wl.J.fl hhm GJmp]"i huiuwG 
qbmmu 2l}luwG mct[l uitmp t ubo qwu hwt.1wuwp tlJGfl znzwl}lnl'\liG. 
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~<!> ?_ ~' (9.65) 

npmbrt F21jl-[l 2t11uwG mctG t, F2-G' 
2nzwt1mri m6J!: 

Cl}1uwG 6Gzmti[l npn2tlmu t 
hbmhJWL pwGwohntl. 

F;_<l> = jFG , (9.66) 

npmbl'\ F'r, -I! hntntlwl.J.]1 t.lJlw Gnp

UWt mctG t, f = tgrp -G' 2l}luwG qnp

owl.J.]lgJ!, rp -G' 2l}luwG wGlJ.JmGJ:!: 

ulj. 9.27. ifwlI!ft;jJ lfwtnpftgwjjJU OlfW/j/J 
U. hntnl/wljft UfWpwlflitnplipft 

.Ppfll.J.hmwtlnrtlnri GJmpfl 1.J.nri
uflg hntntlwl.J.fl tlflw wqqnq Gnptiwt 
h 2nzwl}lnri mctbpJ:! npn2t1mu bG, 
btGhtntl ppfll.J.bmwtlnpuwG 6G2m
uf1g. npnzuwu hwzqwpljw1ftu ujublfwu 

F;; = F cos (/Jp ~ = F sin (/Jp F2<t> = fF'a = jF cos qJ
1

: (9.67) 

~bmhwpwp' jFCOSfPi =Fsintp
1

, npmbriflg' f = tgrp1 , 1.J.wu rp = rp
1

: 

Cum Gl.J.. 9.27-fl rp1 = a-rp2 , hbmhwpwp' a= rp+rp1 , (9.68) 

npmbrt a0 -G 1.J.wnluwG [lGl}qpl.J.uwG wGlJ.JmGG t: 

, r R-r R 
Cum uflGmuGbpfl pbnpbufl -.- = . : 'U2wGwlJ.btntl - =A, 

smrp2 sm(a0 - rp2 ) r 

h 1.J.wmwpbtntl npnz 61..wl}lnJ:umpJmGGbp, umwgtlmu t' 

. (sinrp) a0 = rp+arcsm -- : 
-i-1 

(9.69) 

(9.69) hwtlwuwpmul! l.J.wui t hwumwmmu lJwn(tiwG J!Ul}qpl.J.uwG a 
wGlJ.JwG, GJntpfl h hntntlwl.J.fl uf12h bqwo zl}luwG rp wGlJ.JwG h hntntlwl.J.]1 m 

tiwmpflgwJflG oqwl.J.fl zwnwtlflrtGbpfl A, hwpwpbpmpJwG uf12h, npnGp 
qpw:Pfll.J.Gbpfl mbupntl pbptlwo hG Gl.J.. 9.28, 9.29 -mu: 

P.G(U[bu bphntu t Gl.J.. 9.39 -fig, ppfll.J.hmwtlnpuwG GJntpfl qphph pntnp rp 

zl}luwG wGlJ.JmGGbpfl qhU[pmti A.= 2 + 3 wpctbpGhpfl uwhuwGGbpmu 
qwn(UwG [lGqqpquwG wGl.J.JwG l}lnl}lnJ:umpJmG[l mhrifl t mGhGmu wtlblfl 
flGmhGufltl, pwG A. -ti wtjhlfl uho wpctbpGbpfl qtuipmu: 

'Ul.J.. 9.40 -fig hbmhmu t , np [lGqqpl.J.uwG wGlJ.JntG[l 1.J.wJ:utlwo 
ppfll.J.hmwtlnptlnrt UJntpfl zl}luwG wGlJ.JmGflg, l}lnJ:utlmu t qO-WJflG 1.J.wJ:utlwom
pJwup, [lfi'l npmu, A. -ti l}lnpp wpcthpGhpfl qhU[pmti l}lntlmJ:uuwG flGmhGufl
tjmpJntG[l wtlhtli l}mpp t tlJGmu: 
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UJumbajlg hbmL.mu t, np, blGblntl ljwnzuwG wCiluwG ub()mpJntGpg L. 
ljwniuwG qnp()[)Gpwgp 4wJmGmpJmGpg, filljwmwljwhwpuwp t uwmpltgw
Jltfi Oflw4[1 L. hnlntlw4'1 mpwuwq()hp[1 hwpwpbpmpJmGn tJ.bpgfibL 
-1=2,4+3,5 uwhuwGGhpmu: 

- <p=15 -··- <p=20 ·-·- <p=2S · -<p=30 -- <p=35 

--- <p=40 ·---·- <p=45 •••••••• <p=SO --<p=55 

ulj.9.28. l/w112tfwfi f!UlJCJJllJtfwfi wfiljJWfi ljwjulfwiln1p1mfi[J tfwwpftgw1/1fi 

Ol/wlffl [, lmtnlfwlj/1 wpwtfwqobp/1 hwpwpbpmp1mfijJg a 0 = J(-1) 

20 25 30 35 40 45 50 qi 

- A.=2 -··- A.=2.2 -·- A.=2.4 --- A.=2.6- - A.=2.8 
----- A.=3 •••• A.=3.2 ••••••• A.=3.4 -- A.=3.6 

ulj. 9.29. l/w112tfwfi [1UlJCJJ1ljtfwfi wfilj1wfi ljwjulfwiln1p1mfi[J 

pp/1ljbwwlf11plfmz fipupft 2l/1tfwfi wfilj1mfijJg, a 0 = f (rp) 

9.5.2. PpftljbwwtfnplfnIJ u;mpft {jnIJUfig h111ntfw{jft tfpw wqIJnrz 6u2tfwu 
mdbf1£! /, hwtfwqnpft {jftpwntfwu ljbm£! 

.:.ntmJ.wljGbplt ljn11ultg ppJ1ljbmwtJ.npuwG hwuwp wGhpwdbzm oGzmun, 
npn nLflfltlw() t uwmppgwJltG Oflw4P. zwnwtJ.flntJ., l}wpblli t npnzbL ~.P.. 
Ounpntlll 4nfli.l'1g wnw2wpljtJ.nfl pwGwoL.ntJ. [136]. 
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a-=k(ec(px-Po)_l), (9.70) 

npmbfl k-G L. c-G ympaGwljwG qnp()wljltgfibp bfi, P, -n' ub11thlw() qwfiqtJ.w()lt 

tummpJmGn, Po -G qwGqtJ.w()lt uljqpGwljwG tummpJmGn: 

Pp'14bmwtJ.nptJ.nfl qwGqtJ.w()lt L. umwgtJ.nfl PP'14bmGbp'1 tmnmpJwfi 
ljwum npnztJ.nu.l t num Glj. 9.27-'1. 

;r( R 2 
- ~ )Bp0 = ;r(R2 

- R;)Bpx' (9.71) 

npmbajlg' 

Rz-R2 
Px = R2 -R~ Po' 

x 

(9.72) 

npmbfl R-n uwmpttgwJ'1G Oflw4'1 zwnwtll111G t, Ru-fi' uwufi'14'1 ljwniuwfi 
ljbmmu zwnwtl.P.fln, R,-n' mtl.JwL ljbmmu zwnwtl.Pfln, p, -n' mtl.JwL ljbmmu 

qwGqtJ.w()p tummpJmGn: 
QwGqtJ.w()p ub11utJ.w() L. uljqpfiwljwfi tl.Powljfibpmu tummpJmfifibplt 

mwppbpmpJmfin' 

(R2-R2) 
Px - Po= Po R~ -R~ : (9.73) 

"Ulj. 9.27 -ltg num uttGmufibpp pbnpbup 4wpnf1 bfip qpbL 
r R-r Rx 

--=--=- (9.74) 
sin <p2 sin <p1 sin a 

r R-r R, 
sin(a-rp

1
) = sin<p

1 
= sina (

9
·
75

) 

sin(a-rp1) sinacos<p1 -cosasin<p1 • r 
9 6

) 
. = . =smactg<p1 -cosa=--, ( .7 

sm<p1 sm<p1 R - r 

npmbajlg' 

(_r +cosa) 
R-r f!.. __ 1, Cfg<p1 = ---. --- A (9.77) 

sma r 

sin a (-1-l)sina 

tg<p1 = ( r ) = l+(-1 - l)cosa' 
--+cosa 
R-r 

(9.78) 

. tg<p1 (-1-l)sina 

sm<p
1 = ~1+(tg<p1 )2 = ~1+2(-1-l)cosa+(-1 - 1)2' 

1 l+(-1-l)cosa 

cos<p
1 

= ~l+(tgrp1 )2 = ~1+2(-1-l)cosa+(-1-1)2' 

(9.79) 
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nptnl:irt <p1 -u L <p2 -I! uwmppgwJpCi oriw4p L hnLntlw4p 41:iCimpnCiCibpp 

u4wmuwup uwuCi]14J1 '1PPPI} pCinpnznri wCilumCiCibpCi l:iCi: 
R, zwnwtJ.'1J1 ubiJm13JntCiI! 4tf1Ci]1. 

(9.80) 

R =(R-r)sina = (R-r)Jl+2(A,-l)cosa+{A,-J)2 
x sin<p

1 
(A,-1) 

R; = ~~=;J: (1+2(,A,,-l)cosa+(A,-1)2): 

<!,tmhwpwp. 

_ (R;-R6)- cosa-cosa0 • 
Px - Po - Po Ri R1 - Po l · - , -cosa 

(9.81) 

OqmtJ.htntl (9.81) hwtlwuwpmupg, npnztJ.mu t hntntlw4}1 '1J1ppl} 
pCinpnznll aH wCiluntCiI!, np}l qhUJ.pmu wCihpwdbzm Pmax p.tmmpJWCi pp}lqb

mwtlnptlnll qwCiqtlwiJTI uwmmgtlmu t uhlluuwCi )ug}ll}Cibpp.Ci. 

aH = arccos(1-___&_(l-cosa0)), 

Pmax 

(9.82) 

nptnbll p
1110

, -Ci ubl\UUWCi )ug}lqCitpnu1 pp}ll}bmwtlnptlnll Cijntp}l wnwtlbLtu

qntjCi p.tmm13JmCiCi t, Po -Ci' ppp.qbmwtlnpt{nll qwCiqtJ.wb]1 p.tmmpJntCi{!: 

Pp}ll.J.bmwt{nptlnll fiJmpp wnwtJ.t1wqmJCi p.tmmpJntUJ:! l.J.wpbtfl t npnzbt 
hbtnL.JWL pwCiw6L.m.J. [66]. 

Ppr - aoPo +a, pot 
Pmax = a t , 

Po +a, 
(9.83) 

nptnbll Ppp -I! umwgtlnll pp]14btnCibp}l p.itnmpJmCiCi t , a0 , /30 ,a, -Ci' tlmp6Citu-

4wCi qnpbwti.]1gCil:ipQ, t-Ci' ul:i11uuwCi )ugpl.J.fihpmu pp}ll.J.l:iUlCibp}l qmfitJ.l:itm 
dwilwuw4u, t ~ 15 tlr4 [ 171 ]: 

= f( k _.A_) tiwp.tt{wbmpJWU qpw~}14I! pbptlwb t Ci4. 9.30 -
a" ao, -

Pmax-

mu, npQ huwpwt{npmpJmCi t mwtflu npnzht hn1nt{wti.]1 rWPPU pCinpnznri 
wCilumCi{!, btCibtntl. pp}14btnwl{nptJ.nll CiJntf)}l hwm4mpjntCiCibp}lg h pp}14btn
CibpJ:l UJ.WhwCi2i.Inll p.immpJmCi}lg: 
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UH V .... ,,. 
18:1--+-+--+--+--+--l--t--+--l-,.-.--t--."'+----1., ~~ _,__, 

161--+-+--+--+--+--+---+-"""'"'_"-.... +-,...+=" "--+ ·---__.....,..+--l 
.,,,,,- ,,,.,. __ ,,. .,..,. ...... . 

141---t-----t---t---l---bo>""l--~~---+...-"f---+--t-c.---I ...... ...... .... _.......--
12!--+--+-"'"""'"'-+...-4-""~-,....,,~ .. _··-1--,i.....~l..--'~--l__Jl--l 

L--"' --: - ,,.- ......... ,_,.. ,_..-,,,,,,,.,...,. 
1 Of--f:-::w.+"~--'f' '--lbo--F-t--+-+---+--+--+--+--i 

~:. ............... ......... 
81--+,_..~~-+--l---i!--+-+-+--+--l--+--l--l 

6 
30 35 40 45 50 55 60 U0 

-k=0.06 ........ k=0.08 -----· k=0.1 --- k=0.12 

ulf. 9.30. = f ( k - ___8,_J .Jmdi[fgj1w1ft qpw.'pftl/[J 
aH ao, -

Pmax 

(9.81) hwtJ.wuwpntU:{! ml:il\WfJPbLntl (9.70) hwtlwuwpuwCi ot2, umwgl{mo t' 

(J' r = k( /PO co~:~::;ao -1 J : (9. 84) 

<!.n1ntJ.w4p i.J.pw Cinpuw1 nCizmUI} 4tf1Cip ' 

_ 

2 

_ k(e<Aico~:~:;;ao -1J(l + (A,-l)cosa)2 

O'n - O'r COS (/JI - 2 
(I+ 2(1-l)cosa +( ...t -1) ) 

(9.85) 

<!.ntntJ.wti.]1 i.J.pw CinpUWL nCizuwCi pwzp.tmU:I} UJ.WU14bptJ.wb t u4. 9.31 -mu 
h u4. 9.32 -mu pl:iptlwb qpw'.ppl}Cil:ipmu, Ppr = 700 l}q/IS3 p.tmmpJWU pppqbm-

Cibp UU1WUWLl1l hwuwp: Ubl\UUWU )ugp4Cibpmu qwCiqtlwb}l tuntutlbtwqntjCi 
p.tmmpJmCiu npnztlhL t (9.83) pwCiwoLntJ., {!CiqmCibtntl' a0 = 0,471, /J0 = 0,496, 

a, = 4,45 .10-3 [64], t=20tlPl.J., p 0 = 70 l.J.q/u3
: 

a, vll.Itf2 

80 
60 
40 
20 

0 

\ 
\ 
~ 

........ -
12 16 20 24 28 a 

u{f. 9.3 / . O' = f (a) .'pmu{fgftwjft qpw!pftl/[J J]li{fW[Jl)JWU {fnnplJ}iuwr.nwjftU 

hwtfw{f wpqnuJ 

<!.n1ntl.wl.J.}1 tlPw ublluuwCi nCizmu}lg wnw2wgn11 mdQ npnzt1m hwuwp 
ajlmwpl.J.lJ.bL t hntmlw4}1 mwppwlf wCi uw4bpbu}l i.J.pw wqI}lll\ llldI!' 
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ulj. 9.32. a= J(a) :pmuljgftw1ft qpw:Pft!Jl!, ljwnmgtfwii hn1ntfwljft 

uliqtfnq tfwljlipluJ11pft t/J1w 

(9.86) 

(9.87) 

.!.nLmJ.wlJ.p 1.J.nriupg flmtnJ:! utriutLntl fugplj_Gtp umgGnrt hwuwqnp ntdJ:!. 
0 

Fi = br Ja •. m .. da = bran.m.,.aH, (9 .88) 
au 

npmt11' crn.mad! wnwtltLwqmJG 6GzllwCi wpctbpG t, np(} npnztlmu t (9.85) 
wpmwhwJmntpJwup a =aH wpctbpp hwuwp h hnLntlwl.JP mtl.JwL uiwpw
ubmpbpp qbuipmu hwumwmntG utbmpjntG t: 

.!.nLntlwl.JP tlPW[Wql}(Illl ~3~(i ntJOJ:!' 2 J 
a,,k /Ai~ - I (l+(A. - l)cosa) : (9.89) 

F=F;+F;=br J ( 2 ) da+a.,_nw.au 
"'' 1+2(A.-l)cosa+(A.-1) 

.!.n1mlwtip i.tPw wql}Ill'\ hwuwqn11 mctp 'lP[IIll! pfinpn2n11 wfill)mfil!' 
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a h = F;a, + F2a2 (9.90) 
F; +F2 

npmt11 a 1 -I! F 1 mctp 11PP!2l! pGnpnzn11 wGll)mGG t, a2 -I!' F2 mctp qppp(} 

pGnpnzn11 wGll)mG[}: 
au 
Jm;nrda 

a =-ao~--
1 aH 

fa'nrda 
ao 

0 

J aa •. m"'rda 
a2 :: _aH_O ---

fa n.ma<rda 
a H 

al = a,, k( /P,co~~;o:o;ao - l )( l + ( 1- l )cos a )2 
J 2 ~a 

a, . (1+2(1 - l)cosa+(l-l)) 

a =a" 
2 2 

(9.91) 

(9.92) 

(9.87) u (9.92) wpmwhWJU1nt}}jntCiCit11p ut2 llmfin11 pCimbql\WLCibpp npnzuwG 
Guiwmwtintl GzwGwtitLntl cos a= x, a= arccosx, sinada = dr:, x11 = cosaH, 

(9.93) 

(9.94) 
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_ (I+ (A. - I )x )2 Arccosx l.t [!GqmGbpnl A,= 2,4, lJ.wnmglJ.bt bG 
A, - ( i ) r;--:; 

1+2(A.-l)x+(A.-1) vl-x2 

A= f( x), A1 = f (x) qpw:Pti4Cib[l[!, npnGp hwppbgfibtni.J. t}lnfuw[lpCitfbt bG 

wnwtlhtlllW[lq' A= a +-b- l.t A1 = a1 +-b1
- :pmCi4gpwGtrmt{ (u4. 9.33, 9.34): 

c+x c1 +x 

0.8 

0.7 

0.6 

0.5 

A 

21--~-1-~~-+-~~-1-~~.J--~---4-#-~-l 

0.4 0.5 0.6 0.7 0.8 0.9 x 
"Ulj. 9.33. A= f (x) :pndiljgftw;ft qpw!pftlj[J 

~ 
,,.,... 

~ 
,,.,..... 

~ 

/ 
v' 

,,/ 
, 

/ 
/ 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9x 
"Ulj. 9.34. A1 = f(x) :pmfiljg/1w;ft qpw:Pft!/!J 

Liwfut{wb A. -p ubcrntpJntGpg A= f(x) l.t A1 = f(x) :pmCi4gpwGbpp ut2 

umGn11 qnpbwl.WgGb[lp uhcrmpJmfiCihpf! pbpt{wcr hCi wrumuw4 9.3 -mu: 
Un1muwlJ 9.3 

A. a b c a1 bl C1 

2,2 -0 141 -0,65 -1 18 1,94 -3,44 2 65 
2.4 -0,256 -0,714 -l,198 2 29 -4,83 2,75 
2,6 -0,35 -0,76 -1,21 2,7 -6,89 3,04 
2,8 -0,412 -0,784 -1,21 3,324 -10,9 3,69 
3,0 -0,455 -0,794 -l,212 4,14 -17,49 4,57 
3,2 -0 484 -0,794 -1 ,21 5,53 -32,3 6,16 
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b b 
..:.wrpbgtlwa A= a+-- l.t A1 == a 1 +-1

- :pmCiqgpwCiCibpl! lllhqw-
c + x c1 +x 

l}[lbtni.l (9.93) l.t (9.94) hwt{wuwpmt!Cihpp ot2. qulllwCiwfip. 

F; =br J k /PO~ -1 a+-- dx, (9.95) 
'H ( x-cosao ) ( b ) 

xo c+x 

' H ( x-cosao J( b ) J e"PO~ - I a 1 + -'- dx 

a l = '~1 (/POx-~~:ao -1J(a + c, b+ x) dx : (9.396) 

xo c+x 

(9.95) wpmwhwJlllntpJntCif! mbriwflPbtntl (9.89) W[llIIWhWJlllntpJwG 
ot2, 4m!ihGwCip ' 

['1 ( ~ J( b J J F=br xo k / Po 1-x -I a+ c+x dx+an. max arccos(xH): (9.97) 

P.Gtnhqpbtnt{ (9.95) (9.96) l.t (9.97) wpmwhwJtnntpjntGGb[l[!, urnwgt{mti 
hG hntntlwltti t{pw wqqnq mcJh[l[! l.t qmuwpwJ'1Ci F mcJp tiPrwntiwG qhrnhp[!, 
npnGg 4wfutlwbntpJmGCihp[! pppqbrnwtlnpuwG GJntpp f 2tJ1uwCi qnpcrw4g]1g 

l.t uwmptigwJtiG oqw4p m hntni.lwl.W zwnwtl]111Gbpp A. hwpwpbpntpJntGpg 
q[lw:PtilJ.wqwfi mhupntJ pb11LJ.wb bfi fil1. 9.35-9.37-mu: 

F, I.ill -·--·-· ... .--·- . 
100 ~---1'----1~--l=-"~!=---l~--1=:.o---l'----I .--·-- ·- ----- i.---- -

.,,,..·--....:. ----- ----
so1--~--~1---~1--~t--~t--~t--~t----j 

601----11----1~--11----11----i,------il----11----1 

401----!l----11----11----11----ll----!l----ll-----I 

201----11-----i~---il----11-----il----11----11----1 

0 .6 0 . 7 0 .8 0.9 
·······F1 --·F2 -·-F -Expon.(F1) 

. "Ulj. 9.35. <nfntfwljft tfflw wqIJnl/ mdbpft fjwjutjwomp;mfifilip!J 
ppftljbwwtf npt.fnl/ fi;mpft 21/Jlfwfi qnpowljgftg 

fl.GllllhU bpl.tmti t a4. 9.35 -tig ppp4hlllwt{n[lt{nri GJntpp 2t}luwG 
qnpcrwqgj1 ubcrwgmunt{ hntmlwl.W t{pw wq11n11 mcJhpf! ubcrwGmu bG: CGq 
npmu, GJmpj1 ub11uuwCi mcJ[! tJmt}lnfutlmu t wGGzwG, pulJ. uhqut{wcr qwGq
t{wcrf! fugtilJ.Ghp umgGnq mctp t}lnt}lnfumpJntGf! wnwt{bt qqww t: 
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f,4\J ........_ 

100 t-""--:-_t-' ....... """c--t---t---+---t----i 
................. r--..._ 

•• l -.............. 
80r--~-+~-·-··,..-,.~.-•• ~~----~~1--~-+~--t 

•••• ~r--._ ........... ,_ ---........... 
601--~-+~~-+-~~+-~-·-+'··~·--.~---=='--J .......... 

---....... __ r-----1-----i------
2.2 2.4 2.6 2.8 3 3.2 A. 

--·F, -----F2 --F 
ulj. 9.J6. <nfnlfwljft lfpw WQl)flif ntdbpft ljwJulfWo17LpjnLUUGp[! 
lfwwpftgw;ftu Oifwljft m hnfnlfwlj/1 z wnwt/ftifubpft A 
hwpwpbpmp;mu/1g 

a, 
WUlll 

14r------t-=--.d-~-t---t~----t-~-+-~t---+~-t----J ,_ 
131----t--..~.--+-~+-----1--~~-=---+----=~-~+---1L-----I -....... r--. ..... 

-
12r-----+-~.~--+-~-t---t-·----'-.• 'P"'-+......,.~.~~-•• -_+.-_-,~.~---1 -·- -·-111---+--::t--~+---t---·-t--·~-~· -;u.---i---~.~~~--=:-J.~---j ~r---__ 

1of--..+...o=-!~-t---L:::=t::::t::~~~__J.~ 
.... ······· ······ 

······· ······ ······· ······. 9t----+-~-t-~+---f~-+-~-+-~~=v. ........ o../------1 --. 
----~--1---i----•--1---- --

8L._--L~.....L.~.L----1~---'-~-'-~L-----L~-'----' 

0.5 0.6 0.7 0.8 0.9 f 
--1=2.2 ...... 1=2.4-1=2.6-·-1=2.8···-1=3.0· -1=3.2 

Ulj. 9.37. <nfnlfwlj/1 t/JlW UIQl)flI/ ntdft ljftpwnlfUJ{j ljbwft 1Jftpp[! punpn}flI/ 
wulj;wu ljwJutfw0n1p;ntu[! ppftljbmwifnptfnif u;mp/1 2l/llfUJ{j qnp<}wljgftg [, 
lfwmpftgw;ftu OifWlj/1mhnfnlfwljft2w11wt/ftrzubp/1 A hwpwpbpmp;muftg 

~ntntlwl.J.P t[pw wqqnri. qmuwpwJpCi mop l.J.ppwnuwfi ti.tmn pCinpnznri. 
wfil.J.JwCi utbmpJmCin' 1.J.wtut[wb" pppl.J.bmwtlnpt[nri. CiJmpp ztl1uwCi qnpbwl.J.gpg 
t. uwmppgwjpCi ori.wl.J.p m hntntlwl.J.p zwnwt[pri.utpp A, hwpwptpmpJmlipg, 
ptpt[wb t lil.J.. 9.37 -mu: 
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9.5.3. ifwt.I/}11fl uli!ft.fnl/ qm1qP {hn[m/wlj-lfwmppgw1Pu Of/Wlj} 
oqmwljwp qnpc7nlfnLPJWU qnpiJwljfigf! 

Pppl.J.bmwtlnpuwu oqml.J.wJllG uwuJll~Gtpu mutu pwpop tutpqwmw
pm~Jmfi, npp UJ.WU10Wnfitppg ubl.J.[! UWUtnri. hntmlwl.J.p uwh12fi t uwmppgw
JPU ori.wl.J.p wztuwmwfipwJpfi uwl.J.bpbull fil.J.wmuwup: Uwl.J.wJG oqwl.J.wolt 
pppl.J.bmwtlnpuwu uwuJll~Gbpp utqunri. ori.wl.J.Gbpp uwhj2p bphntJF[! upfi~lt 
wjcJU pp~ t mumufiwupptlwb: 

lJwutnri. hntntlwl.J.p uwhpp qnpb"wl.J.gp (E) tlmtlmtumpJWU hwJmGp opp
fiw~wtlmtpJwfi [59) hwuwowJG 1.J.wpbJll t ori.wl.J.wJpG pppl.J.bmwtlnpuwu 
UWUJlli}l o.q.q. npnzbt html.JWL wpmwhWJUlntf}JWUp. 

17 = 1- c (9.98) 

E -[! npnzi.tmu t ul.J.. 9.38 -mu ptptlwb ututuwJp hwuwawJCi: 
y 

ulj. 9.38. Ubiflinif hnLntf wljfl uwhpft qnp<}wljgft npnzliwu 
hwzlfwpljw;ftu uJublfw 

.Qwfip np utri.unri. hntntlwl.J.£! 1.J.wpblti t ajlmtt npUJ.bu wfiptl, np[! qtnpt[mu 
t qt:pnpuwgt[nri. uwl.J.tptuntl, WUJ.W hwuwawJCi [62) uwhpp pCimpwqpuwu 
gmgwCip2£! R0 lllntmlwl.J.P t[pw qnpbnq oqwqnmm CinpuwJll Cil.J.wmuwup 
hwuwqnp mop ptpuwu 8 wCil.J.JmCiCi t : 

lJlizm Ro moCi mri.ri.tlwb t hntntlwl.J.p oqwqnmm 1.J.bmp zwpcJuwfi htmw
qb"pu znzwtlmri., mump hwuwawJCi wCiwJllmlll.J. tpl.J.pw~wtlmtpJwfi, 8 wCil.J.Jm
fi[! npnzt[mu t htmltJWL wpmwhwJmmpJmGntl. 

B 
K2 -Ki 

tg = ' 
l+K1K2 

(9.99) 

npmtri. K1 -[! Ro mcJp l.J.ppwnuwCi 1.J.bmntl wugfinri. CinpuwJll wCil.J.JmCiwjpCi 
qnpbwl.J.pgfi t, K2 -[!· CimJCi 1.J.bmnt[ wfigCinri. htmwqbp Gl.J.wmuwup znzwqmT\P 
wul.J.JmCiwjpCi qnpb"wl.J.Pg[!: 
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k, wGllJmGwJ)lG qnpb"wl.19)1 npn2uwG hwuwp GbpljwJwgtlmu tG ut11un11 
hn1ntlwtiti oqwqmnm 2wpctuwG hwtlwuwpmuGbpJ:! (hwuwawJG Glj. 9.38 -)1). 

x1 = rco. s(a,~ + v ),} 

y 1 = rsm(a0 + v ), 
(9.100) 

npmbq x1 l.t Y1 -I! hntm.J.wlj)l 011wqmnm A ljbmp ljnnpajlGwmGbpG bG, r -1!' 
utqunq hn1mjwlj)l 2wnwtltiIJ.£!, v -Ci ' mwp)l,tll 2r2wqwpa)l J:!Gpwg)llj wGllJm
uu: 

'V4. 9.38 -pg bpl..tmu t, np 

a~= 360° -v, (9.101) 

npmbIJ. v -Ci ut11un11 hn1ntlwtiti 2r2wqwpa)l wG4JmGG t, np{! hWUUIUJ.Wmwu
tuwumu t mwpJliJ:! 2r2wqwpo)l wGllJU1GJ!: 

CI-1wGwlil..t Gbpp)lG uwljtpbuntl hntntlwl.JI! 1.jgnp11muntl q1npuwG qbtqpmu 
ljw hbml.t.Jw1 hwpwpbpmpjntGJ!' 

R.iv=rv, (9"102) 

npmbq Ru-I! uwmppgwjpG OIJ.wliti w2tuwmwGpwjpG uwljbpbup 2wnwtl/111G t : 
tJpp q1npmul! mhT\ll t mGtGmu uwhmuntl, (9.102) wpmwhwJmntpJntG{! 

abnp t pbpmu hbml..tJUll mbupu' 
R"v = r4v, (9.103) 

npmbIJ. r4 -Ci uwu1n11 hntntlwtiti lj)lGbuwm)lljwljwG 2wnwtl/111G t, np{! uwhp)l 
l}blljpntU ubb" t LtiGmu bpljpWiWtPWl.JwG 2wnwtlTJlig: 

(9.103)-J:ig mGhGp. 
- R., 
v =-" v: (9.104) 

r4 

(9. 104) -{! mbqwl}pbtm.J. (9.101) -)1 ut2, tllntllntumpJmGpg htmn 
umwgtlmu t . 

360° - a' 
v= or4: 

R.i 

(9.l 05) -I! mt11w11pt1ntl (9.100) -)1 ut2 umwgtlmu t. 

[ 
360° + (R.i I r4 -1 )x~ l 

x 1 = rcos , 
R0 lr4 

Y1 = rsin[360o + (R.i I r4 - I)x~ l: 
R.i lr4 

lfwu1n11 hn1ntlwltli oqwqnmm Gljwmuwup, WJuJ:!GpG 
Gljwmuwup, Cinpuwtti wG4JmGwJ)lCi qnpb"wlitigI! npn2tlmu t 
hWjtnG)l wpmwhWJUlnLf)JWUp. 
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(9.105) 

(9.106) 

(9.l 07) 

(9.106) -I! aji:PbpbGgt1ntl uum a~ -)1 l.t Wp11Jm.G12Gtp{! mbqwqpt1ntl 

(9.107) -'1 ut2, umwgi.tmu t. 

[
360° +(R.ilr4 -l)x~]· kl= tg . 

R0 lr4 

(9.108) 

k2 -I! ljwpblti t npn2t1 hntntlwlj)l oqwqnmm ljbm)l 2wpctuwG hbmwqb-)1 
hwtlwuwpmuGbp)lg: 

<,n1ntlwlj{! uwmp)lgwj)lCi OIJ.wliti w2tuwmwGpwj)lG Uwljbptuntl q1nptlh-
1Jiu Gpw 011wqnmm gwGl.jwgwb" 1.jbm)l (Glj. 9.38) 2wpctuwG htmwq)lb"G mG)l 
h)lUJ.ng)llj1n)lajl mtu12, np)l hwtlwuwpmuGbpG tu. 

Xi = (R.i - r )cos v + r4 cos( a~ + v ),} 

Yi = (R.i - r )sin v + r4 sin(a~ + v ), 

npmbIJ. x2 1..t y2 -{! h)lUJ.ng)llj1n)lajl A 1.jbm)l ljnnpajlGwmGbpG bG: 
Sbqwqph1.ntl (9.105) -I! (9.109) -p ut2, umwgtlmU t. 

( ) ( 360°-a~) [360+(R.i l r4 -I)x~l 
Xi = R0 - r

4 
cos + r4 cos , 

R0 I~ R0 I~ 

-( " ) " (360° -a~ ) " [360+(R0 1r4 - l)x~]· Yi - R0 - r4 sm + r4 sm . 
R.i lr4 R0 I r4 

(9" 109) 

(9.110) 

CwpctuwG hbmwqb"p ljtmp Gl.Jwmuwup 2nzwtJ.mT\ll wG4JmGwJpCi 
qnpb"wljltgI! (K2) npnztlmu t hbmltJWl wpmwhwJmmpJmG)lg. 

k2=dy 2 : (9.111) 
dx2 

(9.110) -I! aji:pbpbGgb1ntl {!UUl a~ -)1 1..t wp11JmGpGbp£! mbqwqpt1ntl 

(9.111) -)1 ut2, hw2tlti wnut1ntl, np µ = R0 Ir, umwgtlmu t . 

µ - - cos - - cos 
( 

r4 ) [360+(R.il r4 -I)x~l (µ l) (360°-a~) 
r R0 I r4 R0 I r4 . 

ki= (µ ) "(360°-a') ( r4 ) " [360+(R0 1 r4 -I}'Z~i · (
9

.1
12

) - 1 sm 0 - µ - - sm - --'---"---"- "---'-
R.i 1 ~ r R0 I ~ 

Stqwqpt1ntl (9"108) 1..t (9.11 2) -I! (9.99) -mu, u)l 2wpp al..twlfmtumpjmG
Gbppg hbmn, umwgtlmll t. 

(µ-I)cosa~-(µ-~) 
tgfJ = (µ ) : - 1 sina~ 

(9.113) 

(9.113) -)lg umwgtlmu t" 
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_ [ ( l)cos(a~ +B)] r4 -rµ-µ- : 
cosB 

(9.114) 

Uwhpp qbuwmu' 
r4 = r+ilr, (9.115) 

npmbfJ. .:l, ·I! hntml.w4}12wnwtll'J.11 tpLwtiwJbtli w6G t: 
Sb11wqpbtntl (9.115) -n (9.114) -p ub2 , umwgtlmu t. 

ilr=r(µ-1f1 cos(a~+B)]: (9.116) 
1 cosB 

.:!.wJmGp t [59], np uwhpp qnpaw4}1gn hwtlwuwp t' 
M 

f; = --. (9 .117) 
r + ilr · 

Sb11wqpbtntl (9.116) -n (9.1417) -ti ut2, umwgtlmu t. 
l 

f; = (9.118) 
l+ l 

(µ-if l _ cos(a~ + B)] 
1_ cosB 

UJfimhbmL (9.118) -n mt11wqpbtntl (9.98) -p ub2 umwgttmu t 011wtiwoL 
ppptibmwtlnpuwCi uwuww uwutn11 qmJqp o.q.q. -p npn2uwCi wpmwhwJmm
PJntU[!. 

TJ= l+(µ-if1 _cos(a~+B)]: 
1_ cosB 

(9.119) 

011w4woL ppp4tmw4npuwfi uwuJ.Pw ub11un11 qmJqp o.q.q. 4wtuttwa t 
fipw tpl}pwzwtflwlJ.wfi UJ.Wpwubmptppg (µ), ppplJ.hmwtlnptln11 GJmpp :ppqp
lJ.wutjuwCiplJ.w4wCi hwmlJ.mpJmCiCitppg (yfi, cp, cpi, fu"' L Fq) L ppp4tmw4np
uwG mtjuCintnqpw4wfi qnpa{!fipwgp UJ.Wpwutmptppg (y1, y): 

«l.wppp -2» hw2tlfli utptCiwjp tlrw hWUWUJ.WmwujuwG hw2tlwplJ.Gtp 
lJ.wmwpt1m.l mnwgtlwa lJ.wJutlwampJntG[! (9.119) tlbpwbtlbt t qpw:pp4p 
(G4. 9.39): 

L.4. 9.39 -pg bpLmu t, np µ hwpwpbpntpJntGpg lJ.wJuttwa TJ utam
pJntfi[! tflntflntutlmu t tplJ.m oppCiwlwtflmpJwup: Unw2pG oppGwlwlflm
pJmGmu µ -p ubawGw1ntl Cil.jwmttmu t Y\ -p tflnppwgmu ut4pg upCilt.. Citlw
qwlwtfln µ=1 +sin(cp+cp,) qbUJ.pmu: QmJqp o.q.q. µ=l,O utampJntfi[! pwgw
mptlmu t GpwGntl, np mtlJw1 qbUJ.pmu mwppll! L hn1ntlw4}1 wnwGgpGbpl} 
hwu[!fi4Gmu tu, np wpllJmfipmu hntntlw4n tlbpwa4mu t mwpttn'1flg mwfin11 
wGtlfl, npn UJ.mmttmu t uwmppgwJpfi 011w4}1 l1tpumu: 

382 

ulj. 9.39. O!]Wljwdli ppjJljtunwlfnpcfw(j cfwcfil1.!lJ UUl/Ulll] q1111q/1 
o.g.q. ljwjutfw0n1p1111fl[J µ hwpwplipmp1111fljJg 

~t - 11 1,0 G2wl1w4mpJmCipg ubowCiwtliu TJ -p ubompJntfil} tlmppwGmu t 
a wCi4JwG w6p UJ.Wtn6wnml., L npUJ.bU hbmLwCip, a~ , npnCip mGbCi wnwtlb-

1wqmJG G2wuw4mpJmfi µ=l +sin(cp+cp,) 11bUJ.pmu, ]}Um npmu, ri -p Citlw
qwqmJCi wpctbpl} 4wqumu t 0,91 L mb'1fl mup cp+cp,=90° -p ctwuwuw4: 

bplJ.pnpq oppCiwlwtflmpJmGmu l +sin(cp+cp 1) G2wuw4mpJmCipg µ -p 
ubawgmuntl u4qpmu 4wmwpttmu t Y\ -J1 4mpm4 ubowgmu upGlL wnwtlb1w
qmJCi G2wGw4mpJntfil}, npl} mt'1fl t mGtGmu µ::::2 ,5 11tUJ.pmu (cp+cp 1) -p pn1np 
wpctb12fitpp hwuwp: UJfinthbmL, µ -p ubawgmuntl Y\ -p ubompJmGCibp[! 
Gtlwqmu tG: liJllUJ.PUP oppGwlwtl1mpJmfiG w4GhwJm t, pwgwmptlmu t 
wG4JwG a~ qmtlmJumpJWU pfimJpmJ.: 

q..pw:pp4pg (G4. 9.39) CiwL CilJ.wmtJ.nlU t, np GJmpp wpmwppl1 L GbpppG 
2tlluwfi wCi4JmG11tpp qmuwpp (cp+cp 1) ubowgmuntl Y\ ubampJntfil} !J1nppw
Cimu t, npl} pwgwmptlmu t wCi4JwG hWUWUJ.WU1WUjuwl1 utowgmuntl: 

L.4. 9.39 -mu fitp4WJWgtlwb l.jnpbpp tlbp1ma11tpjntUJ} gmJ9 t mwwu, 
np bpl.J.m UGfJ.U11f1 hntntlwl.J.Cihpntl Of1Wl.J.WjpCi pppl.J.bmwtlnpuwCi UWUWlnLU 
pCimpwqpwl.J.wGCi WJU t, np µ -p G2wGw4mpJntUJ} UJ.bmp t 2,0 -pg ubo tlifip: 
Ub11un11 qmJqp wnwtJ.t1wqmJfi o.q.q. umwgtlmu t µ=2,5 -p qbUJ.pmu: 
q..npoCiwlJ.wfimu ~1 -p G2wuwl.J.mpJmCi[! 1.J.wpbtli t [!fimpb1 2,2-3,0 uwhuwG
utpmu, npl} wfiG2wG t pwpopwgfimu ri -p utompJmGCi pp wnwtlbtwqmJfipg : 
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9.6 Ppj1/jlimw1/npifw(j uwu!ft.!ft mwpft.!ft 11JWpwulimplipft hw2lfwp/j[! 

9. 61. lfwu1.ft2ft wwpft.!ft u1mmuwu hwlfwjump;mfi[! 

SwpptlJ U[tmnuwu hwt'iwfumpJntu[! uzwCiwlJw!li wqqhgmpJmu mup 
pCiiU[hu uwuww zwhwqnp<)wqwu gmgwupzCihpp, WJLIU[hu t1 mnwgt.J.nq 
pppqhmuhpp npw4Jl (wupmpJwu, tummpJwu) t.J.pw: Ommp, tnWPPiP 
utmmuwu hwt'iwfumpJWG ouimpuw1wgmuCi mup l}wpt..np uzwuwqmpJmu: 

4wmwpt.J.w<) hhmwqnmmpJmCluhppg [108] hWJUlCip t. 
60L 

(9.120) 11=---

k Yiu h t 
l 0 

r 
npmhq L-[! uwu1n11 wnt.J.wl}Ghpp hpqwpmpJmGG t, k -G' uhqunq hntnt.J.wq
Ghpp pwGwq[!, Yiu -G' uwmppgwJpCi oqwqp Ghpumu uwmmgt.J.nq GJmpp 
tummpJnLGJ:!, y -G' uhqut.J.wo uJmpp fummpJntU[!, h1 -G hn1nt.J.wqnt.J. pnCit.J.w<) 
GJmpp zhpmp hwummpJntG[!, to -G' uwu1n11 wnt.J.wl}Cihpmu 6GzuwG mwq 
U[Whuwfi dwuwuwlJl!: 

h1 ub<)mpJntCi[! npnzt.J.mu t uq. 9.40 -mu phpt.J.w<) hwzt.J.wpl}wJpG ufuh
UWJp hwuwawJu: 

w) p) 

ulj. 9.40. OTJtuljwdL ppjJljbwwtjnptfwti tfwtf1./ll]l UftupwtfbwpbpjJ 
npnztiwti hwztjwp{jtuJ]lti ujubtfw 

h
2 
= AB =OB - OA: 

[108] -Jig hWJtnfip t CiwL., np 

(9.121) 

1 µ 1 . 
OA = -D 1 - 2~(1-cosa) : (9.122) 

2 µ 

Sh11w11Ph1nt.J. (9.122)-[! (9.121) -p, WJUnthhuiL. (9.121)-[! (9.120)-p uh2, 
hwzl{ll wnGh1nt.J., np OB=l/2D, umwgt.J.mu t, 
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(9.123) 

> ,Jh Cih ,1 [39] -900+( + )' . sin(q>+q>) ..,wz•1pWn tn'I ,np a- <p <fJ1 u a$q>+q>1 +arcsm ', 
p-1 

(9.123) wptnwhWJillnLf)JnLU[! uhpl}WJWgt.J.mu t qpw.'ppqwqwCi tnhupnt.J. 
(Gq. 9.41): 

600Hlit!- ---+- ---+----c,..., 

500 ,....._ _ ___. __ _,__.,,_.,,'"-< 

300 Hlll~-+----'i-A'-~7-"'lr---f 

2001-~-+~~-++--+--l 

2.0 3.0 µ 

q>+q>,=80';0,M 
600 ~---+----+----1 

5001-1\Wl----f---+----t 

400 t-1\\tt----t---+---::;;""1 

300 1-'ilm---l+--\->,-,..l"~~::::i 

2001-~-+--'v.:~~-r--l 

600 ----1----t----t 

3001-Wi~--f--\--:lr":l-'&-~71 

2001-~--t-n~~--T---l 

100 ~_23~~::..._-1-...:'.:::.-='....J 
q>+q>,=70';0,M o.__ _ __cc<---=-"c---' 

1.0 2.0 3.0 µ 

n MMH·'~ ~-~--~-~ 
q>+q>,=90';0,M 

600 Hlffi----+---+----l 

500 t-Htt1:----+----t----1 

400 f--1111<1----+---+----l 

300 1-'lllt\--t-\-'\-\--+-='"--=~ 

o o'---- --'----'----' 
1.0 2.0 3.0 µ 1.0 2.0 3.0 µ 

ulj. 9.41. SwpjJliJ UJWwtfwti hw6wjump1wti (n) ljwjutjwiJn1p1mtitibp[1 
µ hwpwpbpmpJmtijJg 

liq. 9.41 -pg uqwmt.J.mu t, np mwpptlJ uimmuwu hwt'iwfumpJmu[! (n) 
4wtut.J.w<) µ -pg tJ1mJ1ntut.J.mu t hpl}m oppCiwiwtJlmpJwUp: Unw2J1u oppuw
iwt.J.lmpJmfimu, WJUpupu ~l -p uh<)wgmU(! 1,0 -pg upuiL. l+sin(cp+q>1), n -[! 
Ljmppwumu t oo -pg upCiil.. pp Cit.J.wqwqmJu uzwuwqmpJntu[!: n -p aqmmu[! 
wuuwhuwCimpJWU µ~ 1,0 qhU[pmU pwgwmpt.J.mu t h2 -p hwuwuiwmwufuwCi 
6qmmunt.J., npU[hu hhmL.wup, uJmpp uhqut.J.w<) zhpmp h -[! qpnJp: UJIJ 
qhU[pmu uhqut.J.w<) uJmp[l t'iuzuwCi mwti U[Whhtm mpt.J.w<) to dwuwCiwlJ.p 
WU[Whnt.J.mli[! h2 -p ub<)mpJWU t.J.mppwgmu[! huwpwt.J.np t hwuwmwufuw
liwpwwp n - p uh<)wguw(i OWUWU[Wphnt.J.: n -p ut.J.wqwqmJU Cizwuwqmpjnt
G[!, np wnqw t µ=l+sin(cp+cp1) qhll[Pmti, h2 -p wnwt.J.h1wqmJG CizwCiwqm
JlJWCi hhmL.wupCi t: tJpqpnpq oppLIWiWtJlntpjntUnLU uqwmt.J.mu t ut.J.wqw
ljnLJU uzwuwqmpJmupg n -p ub<)wgmu, np[! UnLJLIU[hU pwgwmpt.J.mu t h2 -ti 
hwuwuiwmwufuwG t.J.mppwgmunt.J.: 

385 



liJuu1.tmmJ., 011wl.J.w6h ppfll.J.billwl}npuwu uwuww bpl.J.pwlw41w4wo 
UJ.WpwUbillphp[! tflmJmtubLirn, UJ.Whw02lJ.n11 wtipntpjwO h futnntpjwU ppfl
lJ.htnGbp umwGw1m GUJ.w1.11wlJ.mJ. u21.11wlJ.wG 1.11pl}w<) dwuwOwlJ.wup2ngmu 
OJmp[! 602uwG 1.11wlJ. UJ.Wht1m 6wGwUJ.wphnlJ., wGhpwdbzill t hwtiwUJ.w
mwujuwGwpwp \].mtjmjub1 uwollttlJ. illwpptlJ. UJ.ll1illUwG hwnw{untpJmGu: 

9.6.2. ifuu.Iljllft wwp}llft UJWWlll] Lfnillifim[! 

J2wGf1 np hnppqnfiwtiwu illhqwpw2tutJ.w<) ppf14bmwl{npuwu uwullta~ 
hwGajmwfimu t hn1nGnu ubjuwGplJ.wtiwG hwuwlJ.wpq, WUJ.Ul mwpptlJ. 
UJ.ll11.11n11 unubGmu (M) npn2t1m hwuwp oqmwqnp<)tJ.mu bG ub{uwGfll}wlJ.wG 
hwuwl}wpqp 11p.'.pbpbGgpw1 hwtJ.wuwpmuCibpu uGl'lhwGpwgl{w<) 4nnp11P
GwmGbpmu, WJUpGpG' lwqpwGdp bplJ.pnp11 lJ.wpqp hwl{wuwpmuCibpn: 

"\..,lJ.. 9.42 -pg bphmu t, np 011wtiwJf1G ppf1l}bmwl{npuwG uwuL11lG f1pb
Gpg Ghp4wJwgCimu t wqwumtpJwCi ub4 wumpnwGp hwuwlJ.wpq, pwCip np 
Gpw 'll1Pl2U npn2l{mu t upwJCi 00, illWPPlP 2p2wqwp6p v wCiLIJmGnl{, npn h 
[!Gqmfil{mu t npUJ.bu uGqhwfipwgl{w<) lJ.nnpqpfiwm, mump, WJil hwuwl}wpqp 
hwuwp LwqpwGdp bplJ.pnpq lJ.wpqp hwtJ.wuwpmuu lJ.wpbLl1 t fibplJ.wJwgGbt 
hbmhJWL mbupntJ.. 

(9.124) 

npmhq v =w -Ci mwpplp wfiltJmGwJpfi wpwqmpJntGG t, Q1 -If uuqhwfipwg
tJ.wa md[!, T -Ci' hwuwlJ.wpq}1 lJ.}1fib1.11}1lJ.wlJ.wG tGbpqpwCi: 

T=T,+T2 , (9.125) 

npmbq T, L. T2 -n hwuwUJ.wmwutuwGwpwp ub11un11 hn1nl{w4}1 h 1.11wpptlJ. 
lJ.pCibmplJ.wl}wG tfibpqpwCibpCi bG: 

Opnzb1ntJ. T, h T2 fi2wfiwl}mpJmGGbpu mbuwtiwG ub{uwGplJ.wJp hwJm
Gp pwGwahbrmtJ. h 1.11bqwqpb1ntJ. (9.125) -p ub2, u1.11wgl{mu t. 

T = _!__(D-d)2(9m1 + 2m2)v2
, (9.126) 

48 
npmb11 m1 Li. m2 -n hwUWUJ.wmwujuwCiwpwp ub111Sn11 hn1nl[wlJ.}1 L. mwpptlJ. 
qwGql{wafibpCi bfi: 

(9.126) wp1.11whwJ1.11mpJmCipg u1.11wgtJ.mu bG' 

ar = o (9.127) av ' 
:~ = ;

4 
(D-d)2

(9m1 +2m1 )v: (9.128) 

CGilhwCipwgtJ.w<) mdn (Q1) npn2b1m hwuwp 001 mwpptlJ.Ci mpl{mu t 
hGwpwl{np wGLumfiwJpG mh11wtJ.mtumpJntG' ov (G4. 9.42): 
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(J) 

CV 

y 

0 x 

u(j. 9.42. <.npftqniJw(jw[J mbIJwpw2JutfwO' ppj11jbmwtfnpifw[J ifwif1ft1J1 
l/1Wflfltft Ufll1ll1nl] ifnifb[Jwft npn2ifw(] flW2t/WfJ{jWJft(j ujubifw 

J2wGp np pppl}bmwl[npuwCi uwuwrn illhqwpw2jul[w<) t hnppqnGwtiwG, 
WUJ.w illW(1PW UJ.1.11illUwG hwppmpJmGmu hwuwlJ.wpqp l{pw Gbpqnp<)mu t 
upwjG UJ.ll1illil'l unubfi1.11tf M: liJq J1hUJ.pmu hfiwpwl[np mb11wqmjuntpjwCi 
(ov) l{pw WJil unuhGmp mwppwl}wfi w2tuwmwG12u hwl{wuwp t. 

oA = Mov: (9.129) 
lJJmu l}n11upg' WJil unlibGmp mwppwtiwG wzjuwillwGpl! npn2l[mu t' 

oA = Q,ov: (9.130) 

(9.129) h (9.130)-pg u1.11wgl{mu t. 
Q1=M: (9.131) 

St11wqpt1nl[ (9.127), (9.128) h (9.131)-n (9.124)-fl ut2, umwgl[mu t. 

.!!__[_!__(D-d)2(9m
1 
+2m2)v]= M: (9.132) 

dt 24 

lm<)t1nl[ (9.132) -n, npnzl[mu t mwpf1lJ1 wGLIJmGwJpG wpwqwgmul!. 

t:=v= 24M : (9.133) 
(D-d)2(9m, +2m 2 ) 

Ubqun11 hn1nl[wlJ.[! 2wpduwfi ub2 qfin11 2J12Wqb"WJpG P ntd[! npnzbtm 
hwuwp oqillwqnp<)l{mu t 01 wnwGgpp Gtiwmuwup hn1nl[wlJ.p hwpwpbpw
l1wG 2wpduwCi 4ftGbtnplJ.wtiwfi unubGmp tJ.mtJ.m{untpJwCi pbnptuu: q.ptnbliw-
1nl[ ubqunq hn1nl[wltf1 h mwpptlJ. wCi4JmCiwJf1G wpwqwgmuGbpp up2h 
tflnjuwqwp6 4WUJ.£!, WJil pbnpbup hpuwCi l{pw umwgl{mu t. 

P=2_m 1(D-d)v: (9.134) 
4 

Sb11wqpb1nl[ µ=D i d-Ci h (9.133) -l! (9.134) -p ub2, 61....wtflnjumupg 

hbum mwpplJ1 UJ.1.11mn11 unubG1.11}1 npnzuwG hwliwp umwgl[mu t hbmhJWL 
wp1.11whw Jillntp JntG l!' 
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M = P(9m 1 +2m2 Xµ-l)D : 
6µml 

(9.135) 

UpmwhwJtnbLntl hntnt.J.wqp L. mwppiJi qwfiqt.J.wofibp[! GpwGg iWt}1ubpp 
up2ngnt.J., hwztlJi wnfibLntJ. WJG, np hnLntlw4!! qlnpt.J.mu t uwmppgwJp 011w4Ji 
fibpumu, umwgt.J.mu t. 

M = k(p - l)P[9nDb +4ac,u{.u - l)] 
6nµb ' 

(9.136) 

npmb11 a L. c -G mwppiJi LWJGntpJmfiG m hwummpJmGG bfi : 
Cp2wqowJ[1G P met{!, np[! umGmu t (9.136) wpmwhwJutmpJwG ub2, 

hwGqpuwfimu t 2n2wt}m11 met (R2) , npp wpetb12!! utb'lWl}flbtntl (126) -p 
(2.104)-pg (9.136) -p ub2 umwg~mu t. 

M = k(µ-l)Rl9nDb+4ac.u(µ-l)]cos(a~ - p~ )tge : (
9

.137) 
6nµb 

(9.138) wpmwhwJmmpJwfi t.J.bpLmOntpjwG fi14wmw4nt.J. Gpw tmomU[! 
4wutwptJ.bL t «"Uwppp -2» tLb4utpnGwJpfi hwztlJii ubpbGwJ]l qpw hbuthJWl 
hwumwmmfi 14wpwubmpbpp qbuwmu' b=0,035u, a=0,06u c=0,12u, k=l: 
Umwgt.J.wo mtl.JwLGbpp hpuwG qpw qwnmgtJ.bL bG qpw:f>pqGbp, npnGp 
pbpt.J.wo bfi fiq . 9.43 L. 9.44 -mu: 

M,Ji\nn - - - --- -

M ..... .--------r----,-~--

18f--~--f------1--I 

161---1-+--~-"-'~~ 

µ 

'Ulj. 9.43. Swpftlft u1mmmz tfntfWu1ft (M) ljwjutfw<7mp;mu[! 
µ flwpwplipmp;muj1g 

L.4. 9.43 -pg bphmu t, np mwppiJi 14mmn11 unubfitn{! µ -pg 4wtut.J.wo 
t}mt}mtutJ.mu t fimJG14bu {!UUl bpqm oppGwiwiJ1mpJmfifibpp, uwhUwGw
t}1wqt.J.bLntJ. ~t= I +sin(q>+q>1) CizwGwqmpJmGnt.J.: Unw2pfi oppGwiwY.mtpJmGmu 
14mmn11 unubGtn{! ubowGmu t qpnJpg upfiih pp wnwt.J.bLwqmJG G2wGw-
4mpJntG[!: bp4pnpq oppfiwiwY.1mpJmGmu M -p ubompJntG[! wnwt.J.btw-
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qmJfipg t}m12pwfimu t u4qpmu qmpm4, pu4 WJfimhbmh uwpt.J.n11 pfimbfi
uPt.J.mpJwUp: 

M, lj\Ju 
q>+q>,=90'; 

0 2 0.9 ~ 
. 40 

36 

32 

28 

24 

20 

16 

12 

8 

4 

o.__ __ __, _ __ ___J, _ __ ~ 

1.0 2.0 3.0 µ 

'Ulj. 9.44. Swpft!ft 111mmnq tfntfWmft (M) ljwjutfwvmp;mu[! 
µ hwpwplipmp;muftg . mwpplip u2wuwljmp;muulipft !JOUJJlnLU 

SwrPiP 14mmn11 unubfimp ubowgmufi wnw2pfi oppfiwiwtJimpJmfimu 
pwgwmpt.J.mu t hnLmlwtiP qpw wqqn11 2n2wt}m11 metp (R2) hwuw14wmwu
tuwfi t}mt}mtumpJmfint.J., pfii14bu fiwh mwppiJi bpqwpmpJwfi ubowgmunt.J.: 

bpqpnpq oppfiwiwY.1mpJmfimu R2 metp t}m12pwgmU[!, ifiWJWO 111wppiJi 
bpqwpmpjwfi ubowguwfi[!, fi14wummu t M ubompJWfi tJin12pwguwfi{!: 

L.4. 9.43 L. 9.44 -pg bphmu t fiwh, np M ubontpJwfi qpw CizwCiwqw!P 
wqqbgmpJmfi t pn11fimu 011wY.P w2tuwmwfi12wJpfi uwqbpbup D mpwuw
qpo[!, {!Uut npmu D -p ubowgmunt.J. mwppiJi 14mmn11 unubfiutl! ubowfimu t 
won11 pfimbfiuPt.J.mpJwUp: 

~wuw<'iwJfi fiq . 9.46 - mu fibpqwJwgtJ.wo qpw:ppqp, pppqbmwt.J.npt.J.n11 
fiJmpp wpmw12pfi L. fibp12pfi 2t}1uwfi wfi4Jmfifibpp qmuwpp ubowgmunt.J. 
UlWppiJi 14ututn'l UnUbfiut{! UbOWfintU t, np[! pwgwutptJ.mU t WJ!} etWUWfiWq 
hnLnt.J.w4Ji qpw qnp0n112n2w1Jm11 metp ubowgmuntJ.: 

L.4. 9.44 -mu gmJg t mpt.J.wo ub11un11 hntnt.J.wqfibpp 12wfiwqp (k) 
wqqbgmpJntfi{! 14tnutn'l unubfiutp {M) ubantpJwfi qpw M=f{~t) :tJmfiqgpwJp 
wnqwJmp1wfi qb1412mu: Ub11un11 hnLnt.J.wqfibpp 12wfiwqp ubowgmul! fi14wu
mmu t UlWppiJi 14tnutn'l UnUbfiutp qutpm4 UbOWgUWfi[!, muutp, O'lWqWJpfi 
ppp4bmwt.J.npuwfi uwU!PiGbpp fiwtuwqMwfi etwuwfiwq k -p CizwCiw4m
pJmfi{! 2 -pg ubo il4bm12 t t.J.bpgfibr 
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0~~---:::"-;-~---:::~~-----:~..-~----,--'--.:-~-~.1__~~' 
0.6 0.7 0.8 0.9 1.0 1.1 D,tl 

ulj. 9. 45. Swpj1)}1 UJmtnn!J tfmfbOmft (M) ljwjulfw()n1p1mOf! 
tfwmp]lgw1ftO 011wljj1 tibppftO mpwtfwqc7j1g (D) 

8.0 

50 60 70 80 <p+<p,' 

ulj. 9.46. Swpft)}1 UJWWnlJ tfntfb{im]l (M} ljwlfw()n1p1mO[J 
ppj1/jbmwlfnplfnl/ Ojmp]l Wf1U1Wpj1{i [, {ibpp/10 2t/ltfw!i wu/jjmuubpft 
qnu.fwp]lg (rp+rp1) 

Umwg'-l_w<) WJ1'1JntGpGbp]1 4.hJltntb'ntpJntG[! pmJL t mw[]1u bqpwqwgCitt, 
np oqwljwJ]lfi pp]1ljtmwtJ.npuwCi uwulfl(Cihp]1 Ciwluwqb'uwG ctwuwCiwlj mw
p]llJl ilinpp ll.J.tnUlnlJ. unuhGm WUJ.Whnilhtm UUJ.Wtnwljnil wGhp.wcttzm t µ -]1 
CizwGwqmpJmfiu ptpLw4l1 UJ.whht, ]lG(UJ.hu fiwL ubqunq hntntl.wlJ.Gbp.]1 pw
GwlJ.I! (Uh<)wgfiht: 
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9. 7. O!Jwljwdli ppftljlimwtfnptfwfi tfwtILf12ft tftnJuwIJPft1-2wpTJft2ft 
UJWpwtfliwplipft hw2tfwpljf! 

9. 7. 1. </JnjuwIJPN-pwplJ.ftt'ft ljwrzmglf wapu m w2Juwwwupf! 

Oqwl[woL pp]lybmwilnpuwG UWULP(Ubp(i mub(i hwmm4 pwctwfip( 
hwpuwpwGp, npJ:! uwup.{wb' Iunmw2hptnJ:! l}bpwomu t mwppbp bpywpm
\3JWU pp]ll.J.hmutp]l: 

lijl} hwpuwpwGpJ:! (Cil[. 9.47) WUl}PWl}WJlOUnr]. p]lpbajlyfibp]l 2wpp t, 
npnfip mhqwljwJilwb' bG Jntpwpwfil.)mp lug]llj]l wfigp]l unUl L. pbp bfi 
uwuluwu Iug]lyuhbp]l hpl.fwJGwtrwu wnwugpfibp]l Gljwmuwup: L,ztJ.wb' 
hwpuwpwfipG mG]l u]l zwpp pbpntpJntGCihp. 

l) lug]lljCitp]lg flntp.u tljw<) uwuttl_w<) Iunmwztp.m[!, htu'-l_htn'-1_ wu11p.w
l}wp.0]1( p]lpbaj!G, l}h~np.uwgl}mu t L. IJPW bpljwpmpJwup IunmwCiJmpJi. 
wGhwuwubnmpJWfi UJ.Wtn6wnn4 ljtnpwml}nLu L ilhpwmjmt.I t mwppbp 
tpljwpmpJwG pp]lljbmuhp]l, 

2) Iumnwztpm]l wphbumwljwG l}h~npuwg]lwu hwuqbgumu t PP'14hm
Cihp]1 wupnLpJwfi ljmpm4 wfiljuwG, htmltwpwp L' pwpMwG m phnCiwpw$
uwG owuwGwtr qpwfig t11zpuwCi, 

3) lug]1lfGhp]l tw]1 wfig12]111'11.lwg wCiqpwqwpo]1( p]1phTJ.ltlf Cibp]1 wnlf w
JntpJmGCi wnw2wgrinuX t wwgmgp( l})lt.lwl}pmpJmG, npfi wilhl.P t ub<)wgCimu 
uwut.Pw UJ.whwfi24.n11 hqnpmpJmuu: 

l:JtGhtntJ. 4_hp.nh]12Jwt.Pg, uzw4tJ.hL h fiwiuwqb'tJ.ht t PJ1'11.J.hmCihp.p 011wljw-
0L ipnluwqp]lnwpq]l(, npu hCiwpwtJ.np.mpJmfi t mwt.Pu lug]lqfihppg qmp.u 
bljw<) IunmwzhJlUll! pwowCiht u]lLCimJfi bp.4wp.ntpjwfi pp.]lqbmCibp]l, wnwGg 
G4.wqbgGbtm rirwug wup.mpJntG(! {25]: 

a 1 2 

ulj. 9.47. Ppft/jbtn!ibpft OfJW/jwali t/JnfuW1J11/l,J.-pwpIJfl.!.ft ujubtfwu 

<l>niuwqp]lnwrrlJlm (Gq. 9.47) oqwqwoL llJ.WUlJWG t, np.[! hwmwlfpG 
mfi]l phnfiwpwipuwfi wfigp (4): lllwmJwGG wupwgtJ.w<) t pppqbmwtJ.npuwfi 
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tiwul]ltlJ oqw4.wah t.iwmppgwJp (I) wpmwppG Ujwm)lu, )1u4. t.iwmp)lgwJ}l 
tit2 mtqwtl_nptl_wa tG qtwCitlwti.utp[! (2): 1Tlwtnjwu}1 ut2 4wuquw4utpp (6) 
utp12hp bwJptppu wupwgtl_wa tu 12tpp(utp[! (5), npnu12 4wGquw4Gtpp 
tl_bphp b-wJptpml npnzw4.p htnwtJ.npmpJmuutpp tJ.pw wupwgtl_wa tu 
oqw4.wah tiwmppgwJp tJ.tppG uwup htuwti.tmwJpu hwuqnLJ9P (8) tJ.pw 
mtqw4.wJtlwb qtwCiwmwuuwtlnp wupqpu (7): Q.lwuwmwuuwtlnp wuPtll! 
zwpctuwu t.it2 t '1Ptlmt.i wumqwuqp (9) oqumpJwt.ip: 

H, 

w) 

q) 

ulj. 9.48. f:!pj1lj/im{jbpf1 OlJW{jwd/., t/Jn}uWl]flflj_ -pWf1!Jft)}1 UJW[1Wtfbtnpb[1/1 
npn2lfwu hw2J./.wpljw1ftu ujublfwubpf! 

cJ>ntuwqpp(-2W[1llP(U wztuwmmu t htmhJWL 4.tpUj: 
cJ>ntuwugtiwG uttuwupqt.ipg umwuwtntl Ujmmw4wu zwpdmt.i, wumqw

uMI:! WJU L}lntuwugmt.i t qtwuwmwuuwtJ.np wu)lqpu WJUUjtU, np 4wuquw4-
ubp[! wupqp htm upwctwuwuwti. UjUltntJ.ttntl, hwptlwbmt.i h pp)lti.tmutpp tu 
pwdwumu oqwti.wah uwmppgwjpg 11mpu tti.wa tunrnwuJmpp uwuttJ.wa 
OWUjwtlbGutp[!: .J2tpp(Gtp[!, Ujtntntlttntl oqw4wah UjWUljwGp ut2 qpwGmt.i 
tqwa ppp4tuiubp[! mtqwl}lntumt.i tu ptnuwpwl}lt.iwu wug12[!: 4wuquwti.
utpp zwpctmu[! UUjwummu t WJU pwupu, np hwG'lPUjntU[! uwlittlwa tunmw
Gjntpp OWUjwqbuGtpp htm mtqp t mGtCimu hwptlwaGtpp ahml: t;pt 
tunmwuJmpp dwUjwtJ.bu[! UjWtn4.bpwgGtup npUjtu pwpawti.wJpG htawCi, 
WUjW upw tJ.mwGqwtJ.np 4.mptJ.wb-121! 4.tJlGp oqw4.wah uwmppgwJ)l wpmwppG 
ljnqwJpG uwljtphmJPp unm, npmtq h dwUjwtJ.bu[! ljmpwuitl_mu t pp)l4.tm
utpp. [!GI} npmu, ljmpwmmu[! mtqp t mGtGmu wl![!upwppnptu h wnwGg 
anuwG: l).w pwgwmptJ.mu t qnpawqptJ.nq 6Gzuwu hwptlwbwJpu pGmJpntJ. h 
dwUjwtl_tu)l ljwnmgt.J.wapntJ., )lulj tltr2)1Gu pwqljwgwa t t.iwt.ittlwa tunmw
GJmpp u)l zwp12 ztpmtp)lg, npnGgpg ut4 qmJqp uwljtphnLJPJ1 uwhuwup tJ.pw 
tt uitajl t mutGmu OWUjWtl_tGp 4.tn[lWUlntU[!: ~tmhwpwp, OWUjWtlbGp 
4.mpwmtl_nq uwul!· pp}14.bm[!, qnpaCiwqwCimu tlt 11t:jmpuwgtlmu h UjwhUjw
Gmu t ljwquwtlnpuwu [!Gpwg12mu umwgwa wupmpJntCi[!: 
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9. 7.2. Ppftljlilnuhpft tjJnfuwIJf1ft1-9wpr1.ftl.ft u1wpwtftnnplipft /, 
w2Juwwwupw;ftu nlidfttiulipft hfttiuwlfnpmt.f£! 

Unw2wpqtl_nq tJ.mtuwqpp(-2WPllP(P Ujwpwutmpbp[! Ujtm12 t utpmnptG 
l1wllltlwa l]lCitG ppp4tmGtpp wGwuCiwpmawljwG 11jwhwG2Gtp)1G hwilwUjW" 
u1wutuwCinq C tpljwpmpJwG h oqwljwah ppp4tmwtlnpnq t.iwutJilJ:l UjW[lW'-
utmphp)l htm: . 

UJu tl_mtuljwUjwljgmpJmGGhp[! pwgwhwJmhtm hwuwp qpmwpljhG12 
9.48 Ciltwpmu UjWtnljtptJ.wa ututt.iwGtp[! [25]: 

lilj. 9.48w -pg tphnmu t, np umwgtlnq ppp4tmCitp)1 tp4wpmpJni.G[! 

lttJiG}1' 
l = H - D. + Vdt"" (9.l 38) 

npmtq H -I! oqwqwah uwmp)lgwJ)l tug)14.)1 twp wGg12pg upu(h 2wp11P(
ljwuquw4.I! tqwa htnwtJ.npmpJmuu t , u, V 0 -u' uwuttlwa tunmwuJntpp 
dwUjwtltup zwpctuwu wpwqnLpjntCi, tiltl, 4J, -u' dwuwGwlj{!, npp {!UpWg}2ntU 
tlmtuw11p}1(-2WPrWll! zwpdtJ.mu t tp4.m hwphwG 4.wGquwl1Cihpp rWPPI! 
pumpwqpnq wG4JwG (WL}lntl, tl, D. -G' pppljtmp ti.nmpuwCi UjWhpu dwUjw
tltup uCiwgwa uwup tp4wpmpJntU{!, ti: 

~wjtnup t, np 
L 60 

vd =-, t"' ==-, 
t

0 
Zn in 

(9.139) 

npmhq L -I! uwmppgwJpG (uwutuwG) tugplJ.Gtpp tplJ.wpmpJmCiu t, u, t., - G' 
6Cizuwu mwlJ. tunmwuJmpp tugpqmu uuwtm ctwt.iwuwlJ.[!, tJ.plJ., n"' -G' 
t}mtuwl)ppnwpqptlJ UjtnmuwCi hwl'.iwtumpJntU[!, pnUj·1

, Z -[!· ptp}l(Gbp)l . 

(qwuquwlJ.Gtpp) PM!!: 
(9.1 39) -I! mtqwqpttntl (9.137) -)1 ut2, umwgtlmu t . 

60L 
l=H-6.+-- , 

Zt0n in 

(9.140) wpmwhwJmmpmupg qmunuS tu12' 
60L 

(9.140) 

(9.141) 

P.u(Ujtu tphntu t (9.141) wpmwhwJmmpJmu}lg, L}lntuwl)[1p(-2WPrWIB 
Ujtntnt.iwu hwl'.iwtumpJntG{! lJ.wtutlwb t pp)lljtmwtlnpuwu tiwul]ltlJ uwutuwu 
tug)lqutp)l tpljwpmpJmupg, wGwuCiwpmawqwu UjwhwCi2utp)lG hwuwUjW
mwutuwGnq pp)llJ.bmCitp)l tpljwpmpJmG)lg, uwhuwutJ.wa H tpqwpmpJmG)lg, 
tiwilttlwb tunmwGj ntp)l OWUjwtJ.tG)l qmpmmupg htmn uuwgwa uwu)l 
tpljwpmpJmupg, 4.wGquwqutp)l pqpg h 6UzuwG mw4. tunmwCiJmp)l tiGwtm 
ctwuwGw4.pg : 

(9.140) wpmwhwjtnriLpJmGpg tphnLu t , np ppp4tmGtp)l 11jwhwCi2tln11. 
tp4wpmpJmG wUjwhntlttm hwuwp uwht.iwutlwa tp4.wpmpJmG{! Ujtm12 t 
tlmpp l]lG}l l+D. utampJmG)lg' 
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H <I+ 1:1 : (9.142) 
CfiqmfibpnJ. l:l=0,02u L.}luwGwtml, np. L=0,05u, umwGmu bGp H<0,07u: 
H ubcrmpJwfi OUjtn}ltiwt wpctbpubpl! opozbtm hwuwp 11J1mwpqbGp Gpw 

wq11bgmpJntfil! tlio]uwl}P}ll}l hpqpwlwtJ.1wl1wu UjWpwubmpbpp, uwufiw
qopwUjhu pbp}llfibp}l (qwu UjWtnJwfi}l) LWJGmpJwfi l}pw: 

~p.}lqbmfibp}l mhqwtJ.rntuuwfi {!fipwgpmu tliotuw'lPJ1W UjWtnjwfi}l ub2, 
JmpwpwGi.Jmp pbpJ1w uom wnw2wumu t pppqbmCibpp trmJmbp.)1 tqppquw: 
ITlpwl.J.mplJ.wG gntJ9 t mw!Pu, np qntJtnbp}l tqppquwJp hpqwJfiwl.J.wG 
qmptJ.wcrpl!, }lfilUjbu qw bp.Lmu t Gl.J.. 9.48q -pg, u}l UjwmlJ.bp t , OP.I! pwqlJ.w
gwcr t pbppl}l pwpopmpJwG li twJGntpJwG mqqwG4Jmfimg L. fintJfi pwpopm
pJwfi bnwfi4Jmfimg: 

vlJ.. 9.48q -}lg bplimu t. op pppqbmGbp)1 lJ.ntjtnp VP crwt.J.wll! hwtJ.wuwp r 

VP4 = HPB11(~ LP4 +a} (9.143) 

opmbri Hv -fi pbppl}l pwpop.ntpJntfifi t, Lp4 -fi' pp.plJ.bmfibp.)1 lJ.mJtnP l.llPJ1q
uwJ}l bplJ.uipntpjntUI!, Bl' -(j ' pbppw LWJUntpjntUI!: 

Li,4 -fi wpmwhwJtnbtotJ. H11 -ntJ., npnzt.J.mu t pppl.J.hmfibpp qmJmp 
Ujp.)1quwJ)1 qwGqtJ.wcrl!' 

[
1 Hu l mP4 = yPHl!BI! ---+a ' 
2 tgtpp 

(9.144) 

opmbq YP -fi ppplJ.bmfihp}l owtJ.wtWJ}lfi (l.J.mmwqwJ}lfi) qwGqtJ.wcrG t, <pp -u· 
pppqbmfibp}l qntJtn}l pGwqwfi pbpntpJwfi wGlJ.JntGI!: 

b"pb pbp}llfibpp p}ltl.G l!fiqntfibfip Z, npnfip UjtnmtJ.mu bG ot/1 polll·' 
hwnwpmtpJwup, wUjw tlin]uw1wpw wpmwl}PnqwlJ.wumpJntGI! tr!PG}l' 

QUI= 60Zmp4nUI : (9.145) 

(9.141) li (9.144) -I! mbriw'lPbtotJ. (9.145) -}1 ut2, umwgt.J.bt t. 

3600y11 LHuBu(_!_ Hu + aJ 
2 tgtpu 

QUI= [e-(H-D.)]to . (9.146) 

OqmtJ.btntl WJfi tliwum)1g, np tlintuwp]1w Q"' wpmwl}PnrtwqwfimpJntfi[! 
UJbtnp t hwtJ.wuwp tlifip ppP,qbmwtJ.npuwfi uwu!PL}l Q wptnwl}PnqwljwGm
PJWfit!, (9.146)-pg qmGbCiwGp' 

B = Q[e-(H-1:1)]t0 : 

11 

( 1 H l 3600y
11
LH

11
B

11 
- -

11-+a 
2 tgtpl! 

(9.147) 

CfirµnfibtntJ. Q=5000 qq/chuu, yp=400 qq/u3,L =0,15 u, to=8 tJ.p.q, cpp=45°, t=0,05 
u, l:l=,02 u, a=0,05 u, (9.147) wpmwhwjtnntpJwG hwuwowjfi ljmfibfiwfip B11 

ubbmp3wCi qpw:t>]1lJ.wljwfi qw]utJ.wampJmfil! H uwhUwfit.J.wcr LwtliP,g {fiq. 9.49): 
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0.4 

Q=SOOO 4q/ct, l=O.OSu, t.=8, 

L=0.15u, q>P=45°, H2,u: 

o.__ _____ _,_ _____ ~----~ 
0.03 0.04 0.05 H, lI 

ulj. 9.49 . ./2bp/11ubpft fWJunLpJWU (Bp) ljwjutfwm11p1mu[J uwlufwutfwu 
H JfMmp1muftg, pbpft1ubp/1 pwpdpmp1wu (Hp) wwppbfl wfldhpubflft 
hwlfwp 

vlJ.. 9.49. -pg bplimu t , op H-)1 utcrwguwfil! qmql!Gpwg Bp ubcrmpJntfil! 
tlmppwGmu t : "1-w pwgwmpt.J.mu t pbppLGbp}l Ujtnmuwfi hwawtumpJwfi 
hwuwUJwmwutuwu tlmppwgmuot.J., opt! uwu!PL'1 hwumwmmfi wpmwl}Pn-
11wqwGmpJwfi l}bUjpmu UJWhwG2mu t phpplfibppg JntpwpwGLJmpp qpuwg 
pppqbtnfibpp qntjtnp tqppquwjp owt.J.w!P ubou19ntu l.t, npUjbU hbtnl.twfip, fipw 
u1wpwuhtnpbp)19 ubl1J1, uwufiwtJ.opwu1hu Bv LWJUnLPJWU ubcrwgmu: 

vlJ. 9.49 - mu pbptJ.wcr qnpbp.)1 t.J.bptmcrmpJntUI! gmJg t mwwu, np H 
ubbmpJWU OUjtn}luwt wpdbj;!I! 0,06 u t: lijU l}bUj12ntU pbppl.11 pwpopntpjntUI! 
tlmtlmtubtnttl 0,06-0, 12 u, fipw twJfintpJntfi(! tlmtlm]ut.J.mu t 0,325-0, 14 u - }1 
uwhuwufibpmu: UJuUJltuml_, H11=0, I u qbUJpmu umwgqmu t ' Bp=O, 185 u: 

(9.141) wpmwhwjtnnLpJDLU[! u1wmqbpbtnt.J. qpw'.ppqnpbfi (fiq. 9.50), 
bqpwqwgtJ.nul t, np qwfiqfiwqfibp.]1 (pbpplfibpp) z ptl.)1 ubcrwgmul! hwfi
qbgGmu t tJ.m)uw11p.J1l-2wp'lJ1LP n~, UJmmuwG hw6w]umpJwfi tlinppwguwfi, 
puq uwuwfit.J.wcr H LwtJ.1J1 uhcrwgmupg n"' -fi utawfimu t : 

1'4. 9.50 -pg bqpwqwgt.J.mu t fiwL., np. Z -p 6 - )1g tlinpp wpctbpfibp.)1 
l}bUJpmu nl)i hwnw]umpJntfil! lJ.mpmq wnmu t , )1uq 8 - )19 ubcr Z -bp)1 
wpdbpGbpl! hwfiqbgfimu bu n"' -]1 wuuzwu Ljmppwguwfi: <!.bmL.wpwp, oqw
qwoli pppqbmwt.J.npuwG uwu!PL}l 5000 lJ.q/dwu wptnwl}PnriwlJ.wfimpJwfi 
l}bUjpntu qwfiqGwqfibp}l (pbp)1l Gbp)1) ptl.)1 OUjtn)1tiwt u)12wqwjp Ujbmp t 
hwuwpbt 6-8: UJu qhUjpmu H==0,06 u wpdbp)1 hwuwp o"' -'1 wpdbpGbp}l 
tliotJ.mtuuwfi mppntJPI! 19-14 pnUj_, t: 
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l=0.05lf, i:l=0.0.2lf, t0=8L[p4, 
L=0.15lf, H,lf 

'&[/. 9.50. <l>nfuwlJ!lft!-pwp1Jftd1 UfUJUJlfwti hw6wjump1wti 
[/wful/wompJntti[! [/wtiqtiw[/tilipft (plipft!tilipft) pwtiwljftg, l/lippfttitilip/1u 
pwpdpmp1wti (Hp) wwpplip wpdliptilip/1 hwlfwp 

OriwlJ.woL. ppplJ.hmwt.J.npuwG uwuww oriwlJ.woL. tltntuw11f1p~-2wpqpw 
UJ.Wpwuhmphpp GuwCi OUJ.U1puw1wgntU[I hGwpwt.J.npnt}}jntG t mwwu uwu1-
t.J.wo funmp OWUJ.wt.J.hG{! pwctwGht UJ.WhwG2t.Jnq hplJ.wpnt}}jWCi L. wtipnt}}JWG 
ppplJ.bmCihpp: 

9.13. <t>njuwIJPft.!-PWflIJft.!nllf ppftljbwfibpft wbifwt/mjutfwfi hw1fwp 
wfihpwdli2w hqnpmp;mfif! 

<Dntuw11f1p~-2wpajl.~mu ppplJ.hmCihpp mhriwtlmtuuwG hwuwp wGhpw
cthzm hqnpnt}}JntG[I npnzt.J.mu t hhmL.JWl wpmwhwJtnnt}}JntCipg' 

N ui = 0,000105M 111nui lJ.4.m, (9.148) 

npmbq Mljl -Ci tltntuw11f1p~-2wpqpw UJ.tnmuwG unubGmG t, 'Vu: 
UGmbut1nt.J. ppplJ.bmGhpp lJ.ntJtnp ztltntU[I UJ.WtnjwGp lJ.nriuGwjpG 

UJ.Wtnbpp hbm, umwgt.J.mu t' 
M U1 = 0,5(Du + Bp)zPP4 = 0,5JZGP4 (nu+ BP} (9.149) 

npmhri Du -G oriwlJ.woL. uwmppgwJp wpmwppCi mpwuwqpoCi t , u, Pµ4 -G' 
ppplJ.hmGbpp lJ.mJmp ajl.UW11flnL}}JntG[I hwfl}}whwph1m hwuwp qnpowqpt.J.nri 
md[I, 'U, f-[1 ppplJ.hmGhpp lJ.mJmp uwhpp qnpaw4.}lg[I, Gµ4 -G' ppplJ.hmGhpp 
lJ.ntJmp awGpnt}}JWG ntd[I, 'U: 

<!,wjtnGp t, np 
GP4 = 9,8lmP4, 

npmhq 111p4 -Ci ppplJ.hmGhpp lJ.mJmp qwGt.J.wbG t , lJ.q: 
(9.144) -t! L. (9.150) -t! mhqw11f1htnt.J. (9.149) -p uh2, umwGmu hCip. 
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(9.150) 

M = 4,905JZr H B (.!.. Hp +aJ(nu +BJ (9.151) 
U1 p p p 2 tgrpp 

liJCimhhmL. mhrtW11flhtml (9.141) -[I, (9.147) -[IL. (9.151) -[I (9.148) -p 
ut2 L. pwCip np D.i=D+2L, npnzt.Jmu t ' 

N. ~ 8,5810-• fQ D+ 2L Q~ -(1- ~]t, l 
3600r LH p .!. _P_ +a 

p 2 tgrpp 

(9.152) 

(9.152) wpmwhwjtnntpjwCi hwuwowjCi, ppplJ.hmwt.J.npuwCi UWUIP~P L. 
i.pnfuw11f1p~-2wpqpw hwJmCip UJ.Wpwuhmphpp flhUJ.pmu lJ.wpnri hCip qmCiht 
oriwt1waL. UJ.WUIJWCimu ppplJ.hmCihpp mtriwt.J.mtuuwG hwuwp UJ.Whwu2t.J.nri 
N4, hqnpntpjwCi qpw:jlplJ.wlJ.wCi lJ.wtut.J.wompJntG[I uwuww wpmwl}pnriwlJ.w
CimpJmGpg: liJU UWUJ.WtnwlJ.nt.J. (9.152) wpmwhWjtnntpjwG uh2 tnhflWflpt.J.mu 
hCi u1wpwuhmphpp hhtnL.JwthwumwmmG wpcthpGhp[l' / =0,5, L=0,15, 1=0,05 
u, H =0,06 u, i:l=0,02 u, t0=8 t.J.plJ., Yv=400 lJ.q/u3

, H4,=0,l u, q>µ=45°, a=0,05 u: 

O'-------'--------::-::-':-:-----:::--:---;-'. 
2000 4000 6000 Q,ljq/ct 

'&[/. 9.51. </>nfuw1Jp/1!-2Wf11J/1g1 017w[fwdli UJWWJtUtimlf ppft[flimOlipft 
mli17wtftnjulfwti hwlfwp wti/Jpwdli2 m hqnpmpjwti (N</J 
[fwful/wompjntU[! lfwlILf12ft Wf1U1Wllflfl17Wl/WU/Jlj}j1Jlti/1g (Q) 
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..!,wzl.\.wplJ.Cibpp wprumu12mu umwg1.\_w0- ljnpbpl! CibpljwJwg1.\_wO- bG GlJ.. 
9.51 -mu, npmbajlg bpl..ntu t, np ppplJ.bmwtl.npuwG uwuww Q hqnpntpJwfi 
ubawgnull! hwGqbguntu t tl.mJuwrwp~-£WPI}PW UjWtnJwCimu ppplJ.btnGbpp 
mt11wtl.mJuuwG hwuwp UjWhwG2tl.n11 hqnpntpjwG ubawguwG, !!Ul) npmu, 
qpmwplJ.4.wa qtuwtpp hwuwp (D=0,5-1,lu, Q=2000-3000 lJ.q/dwu) N.p 
ubampJntUI! W qbpwqwGgmu 0,06 lJY.Ul -I!: 

9.8. OIJwljwdu ppftljliinwlfnpcfwu cfwcffhft hWIJflJIIJW/jft UJWhwuplfnIJ 
hqnpmp;wu hw2lfwplj[J 

011wlJ.w6L ppplJ.billw4_npuwG uwuJ11zGbpp hw11npqwlJ.P UjwhwCi24.n11 
hqnpmpJntGI! npnz4_mu t hbmLJWt pwGw6Ln4_. 

N = O,OOOl05Mn lJ.'-lm, (9.153) 

npmb11 M -I! . mwppll! UjUlmn11 unubGUlG t , Liu, n -I!' tnwppll! UjmmuwG 
hw6wJuntpJntU1!, pnllj-1

: 

St11wqpb1n4. (9.123) L (9.138) -I! (9.135) -mu, umwg1.\_mu t. 
N= 0,0021(µ-l)yLR[9nDb+4acµ(µ- 1)]cos(a~-/3~)tge : (9.154) 

7rµy"bDt{I- 1 -2µµ~ 1 (1- cosa)] 
(9.154) wpmwhwJUlntpJntGI!, hwztl.P wnGbtntl. rwwGmu uwuGwlJ.gn11 

ubO-ntpJntGGbpp GzwGwlJ.ntpJntCiCibpl!, gntJ9 t tnwJ1lu, np 011wljwJpG ppplJ.b
mw4_npuwG uwuJ1lzp hw11npqwlJ.P UjWhwG24.n11 hqnpntpjntlll! lJ.wJu4_w0- t 
Gpw bplJ.pwzwt11wlJ.wG UjWpwutmpbppg, ppplJ.bmwtJ.np4.n11 GJmpp :ppqplJ.w
ubJuwGpljwlJ.wG hwtnlJ.ntpJntGGbppg L tnbJuGn1nqpwlJ.wG qnpUDGpwgp 
Ujwpwubmpbppg : liJI} wpmwhwJtnntpJwG 1mauwG wpl)JmGpGtrl! qpw:Pti
lJ.wlJ.wG wpmwhwJmmpJwUp, pbp4_w0- Glj. 9.52 L 9.53 - mu: 
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N.4~ui cp+cp,=90' 
D,ll 

240~~~~1--~~--1~-~~--1~~----'-~"'-j 

o1L.o~~~-2~.0~~~7J7.o~-~~~4~.o~~~~µ 

u{j. 9.52. 017wljwd{., ppftlllimwtfnpcfwfi cfwcftft2}1 fJW!]flflIJW{jft 
UJWhwfiptfnlJ hqn11mp;wfi (NJ ljwfutfwump;mfill µ hw11wpli11mp;muftg 

160 

140 

120 

100 

80 

60 
50 

2.2 
r-

I 

µ 
I 

2.6 
r-

I 
I 

60 

D=0.9 u, µ 

µ 3.4 ,--

I I 
I I 

I I 
I 

70 80 (cp+cp,)" 
ulj. 9.53. O!]w{jwd{., pf1ft{jbmwtfn11cfwfi cfwcftft2/1 hWl]flfllJW{jft 
UJWhwuptfnlJ hqn11mp;wfi (NJ ljwjutfwump;mfill fi;mp/1 w11mwpftfi {., 
fibppftu 2 t.ftcfwfi wfilj;ndiubpft qmcfwpftg (<p+<pi) 

lilJ.. 9.52 L 9.53 - pg bpLmu t , np µ -p ubO-wguwCil! qntql!Gpwg, ppplJ.b
mw4_npuwG uwuJ1l~p hw11npqwlJ.p UjWhwG24.n11 hqnpmpJntUI! (N) t.Pnppw-
Gmu t: , 

lilJ.. 9.53 - pg GlJ.wm4_mu t, np Gjmpti wptnwppG L GbpptiG 2tllllwG 
wCilJ.jmuGbpp qmuwpti (cp+cp 1) utawguwCi dwuwGwlJ. hqnpntpJntGI! (N) \}mp
pwGmu t wG GzwG : '1-w pwgwmptJ.mu t mwptill! UjtntnuwG hw6wJumpJwG 
tlmppwgmuntJ. [, Gpw UjUlUlfl'1 unubGtnp ubO-wgmuntJ.: liJI} UjWJUWUU WlljW
hntJ.tJ.mu t pptilJ.bmubpp UjWhwG2tJ.n11 npwlJ.l! UjWhUjwGbtm GUjwtnwlJ.ntl mw
PPW uimmuwG hw6wJumpJntU1! lJ.wpqw4npt1ntJ..: 

liJuajmntJ., N -ti GtJ.wqwqmJG hGwpwtJ.np ubO-mpJntGG WUjwhntl.tl.btnt 
hwuwp, oqwlJ.wJtiG ppplJ.bmwtJ.npuwG uwuww GwJuwqO-uwG dwuwCiwlJ. wG
hpwdbzm t GwJuwmbubt µ -p utawgmu, WJUpGpu ubqun11 hntntJ.wlJ.ubpp 
t.Pnpp mpwuwqabp: 

9.9. OIJwljwdu ppftljliwwlfnpcfw{j cfw cflftdJ 
tulipqwmwpmp;wu hw2lf wpljIJ 

011wlJ.w6L pptilJ.btnwtl.npuwG uwuJ1lw mbuwlJ.wpwp tubpqwmwpm
PJntGI! npnztJ..mu t hbtnLJWL pwGw61...ntJ... 

N 
3=- 4.'-lm.d/m: _· (9.1 55) 

Q 

St11wrwt1ntJ.. (9.167) L (9.154) -I! (9.155) -ti ub2, umwgtJ.mul . 

399 



3 
_ 5,833·10-7 ,uR[97l'Db+4acµ(µ- l)]cos(a~ - fJ~)tgB 
- 2 b2D2(l ) : (9 .156) 7l' r -cosa 

(9.156) wpmwhwJmmpJwG lmO-UwCi wp'lJmCipCibpn qpw:t>tilJ.wlJ.wCi 
mbupml GhplJ.wjwgtl.wO- hCi CilJ.. 9.54, 9.55 L. 9.56 -mu: 
3.4~Lf1.d/Lf1r----~--~~--~ 

cp+<p,=90° 
D,LI 

5"--c-----~--~'-------~ 
1.0 2.0 3.0 µ 

ulj. 9.54. Orzwljwdli ppftljlimw-
1/nptfwfi tfwtI!ft!ft uiliuwljwpwp 
tfilipqwmwpmp1wfi (J) ljwful/w-
07J1p1mfi[] µ /JwpwpbpmpJmfiftg 

3,lj'-1.ui.ct/ui ,--------.----.------~---
D=0.9tI, µ 

50 60 70 80 cp+cp,' 
ulj. 9.55. Ppftljbwwl/nptfwfi tfwtI!ft!fl uiliuwljwpwp tfilipqwmwpmpJwfi 
(J) ljwful/w07itp]mfi[] fiJmpft wpmwpftfi Ii fibppftfi 2 l/ltfwfi 
wfilj1mfifilipj1 qmcfwpj1g (<p+<p1) 

'UlJ.. 9.54 -tig hpL.mu t, np 3 = j(µ }:t>mCilJ.gtiwG tJmtJrntutJ.mu t hplJ.m 

optiGwlwtjrntpjwUp: Unw2tiu optiGwlwtjmtpJmClmu, hpp µ -G ubO-wGmu t 
utiGlL. 1,5, uwuwl}1 mhuwlJ.wpwp tGbpqwmwpmpJmGn (3) npnz lwtJmtl 
tJ11112pwGmu t , nptig hhmn pwp<'ipwGnui t upCilL tip wnwtJ.hLwqmJG GzwGw
lJ.mpJmGn: 3 -ti t)mqmtumpJwG WJ1lll!tiuti pGmpwqpti UjWpqwpwGuwG hw
uwp tlhPLmO-hGp N = j(µ)(Gl.J.. 9.52) L Q=j{µ) (GlJ.. 9.58) :pmGl.J.gpwGhpn 

400 

wnw2tiG optiGwlwtjmtpJwCi hwuwp : t>Ci lUjhu CilJ.. 9.58 L. CilJ.. 9.52 -pg hpL.mu 
t , µ -ti uhO-wgmilntl N hqnpmpJmCin tjmppwGmu t uwptlbLntl, pulJ. Q wpmw
rymqwlJ.wCimpJmCin' wonq tiumbCiutitl.mpJwUp: flmmti , µ-ti woti ulJ.qpCiwlJ.wCi 
2p2wGmu qmppwCimu t 3 -Ci: ~t -Ci 1,5 -pg wtlhl.P uhO-wgCihLnt ctwuwCiwlJ. Q 
uto-mpJmCin tJmppwCimu t wtJbl.P tiumbCiuptl, pwCi N -n, npn L. ll!WUlOWn t 
qwnCimu WJI} mhqwUwumU 3 -p UhO-wguwCin: bp4pnpl} optiCiwlwtjmtpjnt
CimU, WJutiGpCi µ -Ci 2,0 -tig UhOwCiwlm l}hUjj2ntU, tjmppwCimU t mhuwlJ.wpwp 
tGhpqwmwpmpJmCin, npn CimJCiUjhu pwgwmptl_mu t N -ti L. Q -ti hwuwll!w
mwutuwCi tjmtJmtumpJmCintJ.: 

3,4qui,d/U1 
2.0 

- r -~ 

25 

cp+cp,=90° 
µ 

~ 
I/ 20 

-

15 - ? r ? 
.....__ I v -
i---~ I 

10 
0.6 0.7 0.8 0.9 1.0 1.1 D,ll 

ulj. 9.56. Orzwljwdli ppftljbuiwl/nptfwfi tfwtflft!/J wliuwljwpwp 
tfilipqwuiwpntp]Wfi (J) ljwful/w07itp]mfi[] tfwwpftgwj ftfi orzwljft 
filippftfi uipwtfwquftg (D) 

'UlJ.. 9.55 -tig GlJ.wmtl_mu t, np GJmpti wpmw12pG L. Ghp12tiG ztJluwG wG
LumGGhpti qmuwpti (cp+cp1) uto-wgmuntl_ PPti4hmwtl_npuwCi uwuwl}1 mhuw
L1wpwp tGhpqwmwpmpjmGn uhO-wCimu t, np~ UjWUlOWn t qwnGmu 
Q=f{cp+cp1) :j>mCilJ.gtiwJti wtlhlti tiumhGutitl tJln12pwguwun (CilJ.. 9.59), pwG 
N=./(cp+cp1)(CilJ.. 9.53): 

(9.156) wpmwhwJmntpJWG L. CilJ.. 9.57 -mu GhplJ.wJwgtl_wO- lJ.nphpti hb
mwqw tl,hpLntO-ntpJmG~ gmJg t mwltiu, np uwmptigwJtiG oqwl.J.ti wztuwmwCi
pwJtiG uwlJ.hptuti D mpwuwqO-ti utO-wgmuntJ. PP'1lJ.hmwtJ.npuwCi uwuww mb
uw4wpwp tCihpqwmwpmpJmG[! tJln12pwCimu t: '1-w CimJGUjbU pwgwmptl_mu 
I. N=f{D) L Q=f{D) :pmGl.J.gtiwGtpti hwUWUjWUlwutuwCi tJlntJlntumpJmGGhpntJ.: 

liJuutJ1untJ., tl_hpn phptJ.wO- GJmpti tlhPLmO-mpJm.Cin hCiwpwtJ.npmpJmCi t 
mwwu lJ.wmwphL hbmL.Jwl hqpwlJ.wgntpjntGGbpn: OqwlJ.wJpG pppljbmw
tlnpuwCi Uwultil)1 mhuwljwpwp tGhpqwmwpmpjwG tJlnppwguwCi[! 1.J.wphlti t 
hwuCihL hbmLJWL nultiCihpntJ.. w) uhO-wgCihL uwmp)1gwj)1Ci oqwl.J.ti wztuw-
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mwGpwJpG uwljbpbup D uipwuwqb-p hwpwpbpntlJJmGu uwuinq hntmlwlJ
GbpJ:i d mpwuwqb-J:l Gljwmuwup, WJuJ:lG12G hwumwmmG D -J:i l}bUIJ2ntU 1.J:inp
pwgGbt d -G ljwu hwumwmmG d -J:i 'lbuipmu ubb-wgGbt D -G, p) GJntPU ppp
ljbmwtJ.npbt wpmwppG L. GbpppG 2tJ.1uwG wG4JmGGbpp tjrnpp qmuwpp 
'lhuipmu: 

9. JO. 01zwljwdli ppftljbwwtfnptfwti tfwtffiJ,!}1 
WflUlWIJPflIJW/jwtintpjWU hw2tfwf1/j[J . 

OqwljwoL. pppljbmwtJ.npuwG uwuwlfl wpmwqpnqwljwGmpJntUt! npn
zbtm hwuwp l}pmwpljtJ.mu t Glj. 9.57 -mu uiw1.11ljbptJ.wb- hwztJ.wplJwJJ:lG 
ututuwG: 

OqwljwoL. ppJ:iljbmwtJ.npuwG uwi.ltrlfl w2tuw1.11wGpp t!UlJW9{2ntU 1.11w
PPlP ublj lllUllllJUlp ctwuwGwlj jntpwpWUDntP hntntJ.wlj uwuimu t UJmpp 
WJGuiJ:iuJ:i b-wtJ.wt, DPI! hwtJ.wuwp t uwuiuwG tugplJGbpp b pwpopntpJWU[! 
hwtJ.wuwp hwummpJWUp, uwmppgwJpG oqwlJ}l D w2tuw1.11wGpwJpG uwl.J.
bpL.mJpp mpwuwqb-pG hwtJ.wuwp wp1.11wppG mpwuwqb-ntJ. L. D1 GbpppG 

0 

'Ulj. 9.57. 01zwljwdl.t ppftlj!Jmwlfnplfw{i uwu/}J.!ft 
wpmw1J11nlJw{jwump1wu npn2lfw{i Jiw2lfwpljw1ftu ufu!JLJw 

mpwuwqi'tntJ. bpL.wlJwJwlJwG 011wlJJ:i b-wtJ.wttiG, npt! hpuGwlJwGmu lJwtutJ.wb
ta pnGuwG wG4JmGJ:ig, D L. d ubbmpJmGGbppg : 

liJI} 011w4J:l i'twtJ.wm hwtJ.wuwp t. 
V=1141f{v 2 -D1 ~: (9.157) 

UJl} l}hllll211lU uwuwlfl wpmwl}PnqwlJwGmpJmGt! lJwpbJll t GbplJwjwg
Gbt hbmL.JWL wpmwhWJUllll})JWG mbupntJ.' 

Q = 60KruVn lJq/ct, (9.158) 

npmbq k -G uwutn11 hntntJ.wlJGbpJ:i pptJ.G t, Yu -G' pnGuwG uiwhJ:iG uwutnri 
hntntJ.wlJJ:i wztuwmwGpwJJ:iG uwlJbphmJpJ:l L. uwmppgwJpG oqwlJp up2h 
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6uttJ.wb- GJmlJli fuuintlJJntG]}, ljq/u3
, n -u' mwpplfl uimuiuwG hwowtumpJmGt!, 

-I pnui : 
(9.157) -I! mbqwl}pbtntl (9.158)-J:i ut2 u1.11wgtJ.mu t. 

Q = 15k.nyubn(D 2 -D1
2

) ljq/ct: (9.159) 

'Ulj. 9.67 -pg bplilltu t, np 
DI =20A: (9.160) 

'10A01 -mu ljppwnbtntl ljnupGmuGbpp pbnpbUwG L. Gljwmp mGtGwtntJ., 
IIJl 001=1/2(D-d), A01=112d L. µ=D/d wuiw oLwl}lntumpjntGGbpJ:ig htum 
u1.11wgtJ.mu t. 

1 µ-1( ) OA=-D 1-2--1-cosa : 
2 µ2 

(9.161) 

UJuuiPuntJ.' 

D 1 =D 1 - 2µ ~ 1 (1 -cosa): (9.162) 
µ 

UJGmhbml>, (9.162) -I! 1.11b11w'lPbtntJ. (9.159) -ti ut2, umwgtJ.mu t. 
D2 

Q=30K7ry
11
b-2 {µ-1X1-cosa)n: (9.163) 

µ 

<!.wJuiGp t, np uwilttJ.nq GJmpJ:l pnGuwG wG4JntGt! npnztJ.mu t' 
a=90°+arcsin{µ-l): (9.164) 

~1<:: l+sin(<p+<p1 ) uiwJUwGp 'ltuipmu a wG4JmGt! npnztJ.mu t hb1.11L.JWL 
111p1.11whWJU1ntpjntGpg [126]' 

a~ <p + <p
1 

+ arcsin{µ-1) sin(rp +'Pi): (9.165) 
µ-1 

(9.163) wpuiwhwJ1.11mpJntGt! (9.164) t, (9.165) -ti hbui pGmpwqpmu t 
lllJUllJwoL. ppplJbuiwtJ.npuwG uwuwlfl wptnwl}PnIJ.wlJwGmpJwG lJwtutJ.wb-m
p.JmGu Gpw bplJpwlwlflwljwG uiwpwutmpbppg L. ppp4t1.11wtJ.nptJ.n11 GJmpp 
h1u1.11ljmpJmGGtppg, bpp uiwpplfl uimmuwG hwowtumpJntGt! [!Ul}mCitJ.mu t 
11puitu hwumwmmG ubb-ntpjntG: UwlJwJG htmwqnmntpjntGGbpt! gmJg bG 
uuuwu, np pppljb1.11Gbpp uiwhwG2tJ.n11 npwlJwlJwG hwmlJwGJ:izGhpG wuiwhn-
1ILtm hwuwp uwuwlfl uiwpwubmpbpG m ppplJbmwtJ.nptJ.nq UJmpp hwuilJm-
11.1mGGtpt! 1.J:inl}lntutwu wGhpwctt2m t hwuwuiwmwutuwGwpwp lflnl}lntubt 
liu1L. 1.11wpplfl uiuimuwG hwnwtumpJntGt!: UJGuihu np (9.163) wpmwhwJuim
p.JwG ut2 n -J:l 4wuw1w4wG wpctbpp 1.11bqwl}PntUt! uwuwlfl umwgtJ.wb-
111pmwl}Pn1J.wljwCimpJwG UIWJUwGmu lfl lJwpnq wuiwhntJ.bt pppljbuiGbpp 
1111uhwG2tJ.n11 npwlJI!: <!,bmL.wpwp, uwutrlP wpmwl}PnqwljwGntpjwG hw2-
1l1uplJGbpmu wCihpwctbzui t hwztl}l wnGht uiwpplfl uimmuwG hwowtumpJwG 
Ij11nlmtumpJmGGbpt!: <!,buiwqnmmpJmGGbpntJ. umwgtJ.ht t mwpplfl UIU1U1UWG 
lnunwtumpJwG npnzuwG hbuiL.JwL pwGw<ll>t! [126). 
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120L 
(9.166) n = ---r-~=========;-

K ~ t0D[l- 1-2~;i 1 (1-cosa)l 
npmhrt t0 -Ci 6GzuwG mwl} pp}1l1hmwt1.nptl.nri UJntp}1 UjWhwdwuG t , WJupCipG ' 
L bpl}wpmpJwCi tu9rl.intl. pp}ll}hm}l wGguwu dwuwuwl}[!, K -u· uwtitnlJ. 
hntntl.wl}Gbp}l pwCiwl}[!, y -u· uwu1uwG tug}ll} ·uqtl.btntg wnw2 pp}lljbm}l 
tummpjntG[!: 

(9.166) -[! mbriwqpbtntl. (9.163) -}l ut2 L. oL.wl}lntumpJntGGhp}lg hbmn 
umwgtl.mu t uwutlii}l wpmwqpnqwljwGmpJntG[! pp}ll}hmGbp}l UjwhwG2t1.n11 
npwl.JG WUjwhntl.htm UjllljuwCimu. 

Q = 18007rybD~[l + 1-2µ~ 1 
(1- cos a)]: (9.167) 

lo µ 

(9.167) wpmwhwJmntpjwG tl.bptmantpjntU{!, Cil}wm}l mGbGwtntl. (9.164) 
-[! L. (9.165) -{!, gmJg t tnwtliu , np oqwtiwoL. pp}ll}bmwt.1.npuwG uwiltlitll 
wpmwqpn11.wl.JwCimpJntU[! mri}lq hwuhuwmwl}wG t uwmppgwj}lG oqwl}}l 
wztuwmwGpwJpG uwljbpL.ntJPP mpwuwqa}lG, uwutilwG tug}ll}Gbp}l pwpo
pntpJwG!! L. bpl}wpntpJWG[!, tug}ll}Cihpmu qmGtl.nq pp}lljbtnGbp}l tummpJWG{! 
L. hwl}wqwpo hwubuwmwl}wG t 6GzuwG mwlj pp}ll}bm}l UjWhwdwu}lG: 
Upmwqpnqwl}wCintpJWU l}wtut}wantpjntG[! µ L. (<p+ <p1) ubO-ntpjntGGbp}lg mG}l 
wCihwubuwm pwpq pGmw: 

lfwu1uwG hn1nt1.wl.iCibp}1 p}ltl.[! l}lwumnpbG w Cibpqnpamu uwuww 
wpmwqpn11.wl}wCimpJwG tl.J1w, pwG}l np pp}ll}bmGbp}l uwhuwGtl.wO- wupm
pjntCiG m tummpjntG[! UjWhUjwfibtm Ull.jllllllllll}ntl., UJntU hwtl.wuwp UjlllJUWG
Gbp}l qbll.\l2ntU, uwutilwG hntntl.wl}Gbp}l ptl.}1 hwuwuwuCiwl}wG ubO-wguwG{! 
qmq[!Gpwg mwpptlJ. uimmuwG hwt:iwtumlJJntG[! Ujbmp t l}lnppwgGtr f!wg}l 
lllJ'l, (9.167) wpmwhWJillntiJJntG[! tl.l.iwJmU t µ=D/d hwpwpbpntpjwG WJGl.l.\P
u}l huwpwtl.np {!GmpntiJJWG tlwu}lG, np{! mwppbp gnqmCiwtl.np l}bpwmbuwlj
Cihp}l hwtlwp l}wpnlJ. t WUjWhntl.ht uwuUitlJ. wnwt1.t1wqmJG wpmwqpnqwl}w
GntiJjntG: 

(9.167) wpmwhwJmntpjwG wtl.htli hwGqwuwGwlJ1 t1.tp1mampJwG 
hwtlwp WJfi UjWtnl}bphCip qpw,:P}ll}nphG, Cipw ut2 tltnCinq l}ml}lntuwl.JwG
Gbp}lG mw1nt1. hbmL.Jllll PtlWJ}lG wpdhpGhp{!' y=1200l}q/u3

, b=0,035tl, L=O, 15u, 
t0=8tl.J11.J: 

lfwuww wpmwqpn11.wl.JwGmpJwG l.Jwtut.1.wompJntfil! µ L. (<p+<p1) ubam
lJJmGGbp}lg uiwml}bptl.wa t 9.58 L. 9.59 -mu: 

"Ul}. 9.58 -pg Gljwtmlmu t np µ -G l}miJmtuhlJ1u pp}ll}bmwtl.npuwG uwtl
WW wpmwqpnqwl}wCintiJJntU[! l}ml}mtutl.mtl t bpl}m op}1Gw2_wl}mtpjntG
Ghpntl., [!Gq npmu' wnw2pG}lG pfinpnz t Q -}1 wpctbpGbpp Gtl.wqmu, }lul} bpl}
pnpqpG' w6: bpp, µ~ 1, Q -}1 oqmmu[! npnzwlt}l uwhuwG}l pwgwmptl.mu t 
GpwCintl., np WJU qtuumiu mwp}lip UjtntnuwG n hwtSwtumpJntG[! oqmmu t 
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wCitl.hp2mpJwG: Uw CizwCiwl}mu t , np µ -p I -pG pwtl.wljwuwi wl}l umn 
wpdhJ2Cihpp hwuwp, lllJUpUJ2U, hph UWUIJl!J. hntntl.wl}Cihpp wztuwmwG12wJpG 
uwljhpLntjpUhpp L. uwmppgwjpU OIJ.W\jp up2L. wnl}w t UntjUpulj zwm tlm12p 
mwpwompjntG' UJntpp pnCiuwG zbpmp hu zwm l}ln12p hwumntpjwG qtuwmu, 
wll.jw Ujwhwu2t1.mu t mwpptlJ. Ujmmuwu hwowtumpJwCi wut1.h112 uha 
wpdt12, npUjbuqp wll.jwhmltl.p 6GzuwG mwl} GJmpp wuhpwdbzm ll!whwdwu 
L. npUjhu hbmL.wG12' pppl}bmCihpp Ujlllhwu2t1.n1J. wupntpjntU L. tummpJntU: 
Up11JntUJ2ntU ~l -p 1 -pG unm wpdb12Gbpp hwuwp, i UWJWO- Ciztl.wO- hu zhpmp 
t1.m12p hwummpJWU[!, uwuww wpmwqpn11.wl}wCimpJntU[! l}wpn!J. t umwgtl.ht 
pwtl.wl}wuwiwl}l uha: Q-npO-CiwljwCimu ~t -p 1 -pu unm wpdbpCihpp hwuwp 
pppl}bmwtl.npuwu uwuUii I! l}wpn!J. t wztuwmbt, pwup np wCil}wphtli titliGhp 
uwmppgwj}lCi oqwlt}l wqwm tunnni mu WUjWhnt1.t1 Gjntpp uwmmgmu L. zwtn 
qd4wp l.JtliCibp }lpwl}wCiwgCibt mwpjltlJ. Ujmmmu i wl}lwqwCig uhO- hw6w
tumpJwup: 

~l -Ci 1 -pg u}lGiL. 2 w6btliu Q ubO-ntpjwCi l.itnpntl} Citl.wqntli[! UjWJUlllUW
tl.nptl.wO- t mwp}ltlJ. UjillillUWG n hwt:iwtumpjwG hwUWUjWillWUtuwG Citl.w
qmuntl., i UWjlllCT lUJU qbll.jpntu hu L. h ubantpjntUCihpG w6mu hCi, }lulj ~l -Ci 
2 -}lg utiuwa w 6btliu Q -}l ubawgntti[! Citl.wqwqntJU wpdhppg UntJUUjhu 
pwgwmptl.mti t n -}l l}lnl}lntuuwG pCimJpntl.: 

Q; mJd~---~----~~--~ 

3.0f--------''ri,<------+-------1 

2.0 .---=----.,,-'-::----~=--~ 
1.0 2.0 3.0 µ 

"&lj. 9.58. Oqwljwdlt ppftljbwwtfnpuwu uwutft1/1 
wpww1Jimqwljwum.p;wu ljwfutfwom.p;mu!J µ hwpwpbpmp;mupg 

f!wg}l w j q, Gl}. 9.58-}lg bpLnttl t, np hpl}pnpq op}lGwi wtlmtlJJWG qtui
pmu Q -}l l}tnpntl} w6[! Gl}wtntl.ntu t ~l -G 2 -}lg u}lui L. 3 w6blJ1u: UJGnthbmL. Q 
-}1 wouwu pCimbGu}lllmpJntG[! l}mpml} [!G\}Gmu t : Uw GzwGwl}mu t, np µ -G 
2,Ujbmp t lJ1G}1 3 -}lg uba: lfJntU l.Jn11.u}lg , ~l -}1 wpdbpGbp[! ill!bmp t tliGbG GwL. 
2 -}lg l}lnpp, pwG}l np WJ'l qhUjpnttl mwp}ltlJ. Ujillll1UWG hwtSwtumpJntGG 
wCihwtlbUwm wtl.hl.P }lfimhCiu}ltl. t w6mu, pwG ~t -G 2 -pg ubawfiwwu, np[! 
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1.J.hwGqbgGp (GntJG wpmw1ymqwl.J.wGntpJwfi UJ.WJtlwGmu) tlwt.IL.Pll! hwqnp
qw4p hwuwp. UJwhwu2tJ.nq hqnpmpJwCi t.lb<)wguwfi: 

Q,Ul/ct 

50f--~~~--.J1--3~~~-----t"""""'-~~~-t~~~~-, 

Y=1200 4q/ll ; t0=8L1; 

40 
D=0.9 ti; L=0.15ll 

'Uq. 9.59. OIJwlfwdL ppftl/bmwlfnruiwO tfwtfljJ.ljl 
Wf1U1Wl]J1lllfWl/WUmp;wtJ qwjulfwuntpjnLUf! O;mpft Wf1U1WflftU /, ubpp/18 
2tf1uw8 wtiq;mtiubpft (rp+rpJ) qnufwpftg 

liJUUJ.flumt, t.lwt.ILJllfl pwt[w4wGwlwtl1 t.lb<) wpmwqpnrtwl.J.wfimpJm( 
wUJ.whntJ.btm hwuwp µ -Ci UJ.bmp t mwmwfitlti (2,2-3) up2wt1wmmu: 

t_,4. 9.59 -pg bpL.mu t, np. fiJmpp wpmwppfi L. Cibpppu 24Juwu wfi4JntG
Gbpfl (q>+q>1) qmuwpfi wotwu 011wlJwoL. PP'14btnwt[npuwfi t.lwutti~'1 wpmw 
qp.nqwlJwumpJntCi{! GtJ.wqmu t: liJfl bp.L.ntJllI! pwgwmptJ.mu t Gpwuml, nr 
(q>+q> 1) -Ci wobttiu, 0)1 4nqu)1g t.lbb'wfimu t uwu1n11 hntntJ.wlJ.Cibp)1 hbtn CiJmpt 
pnGuwG wfi4JmG{!, WJUpfipG' Ujntpfl J;!lllUW4J:!, IlPI! Ull\WUUlntU t wpmw 
qpnqw4wumpJwG w6pG L., UJmu 4.n11uflg, Cit[wqmu t mwptiw UJ.rnmuwc 
hw6wjumpJmfiJ:!, npI! GUJ.wummu t wpmw11Pn11w4wumwwu CitJ.wquwCi{! 
Uw4wJCi lllWPPW UJ.tnmtiwu hwt'iwjuntpJwG GtJ.wqnu1{! mbflli t mfibfinu 
wt[btJi flGtnbfiuptJ., pwfi pnfiuwu wfi4Jwfi ub<)wgmti(!, np{! tJ.bp2'1fi hw2tJ.m 
hwGqbgGmu t uwt.ILJllli wp.tnw11Pnqw4wumpJwfi ipnppwgt.lwfi: 

9.11. O!Jwljwdlt ppftljbwwlfnpt.fw[i tfwt.f1/1J.ft hfttfuwljwO 
llJWpwlfbwpbpft hwzlfwplj/1 ifbpnlJ[! 

4wmwptJ.w<) hhlllwqnmmpJmfiubp{! hGwpwtJ.npmpJntG bu lllwLJlu h)1u 
fiwt{npt1 oqw4wllL. ppplJ.btnwtl_np.uwG uwuttiw hpt.lfiw4wa UJ.wpwuhuipbp[I 
l).pw hwuwp btw4htnWJpfi mtlJwtfibp bu uwuww UJ.Whwu2t[n11 wpmwqp.n 
T]tuljwCimpJntG{!, ppp4tmwtJ.nptJ.n11 GJntpp :f:>pq)1ljwubfuwGpljw4wG hwm4m 
pJmGCibp[! L. mbtufin1nqpw4wa qnp<){!Gpwgp UJ.Wp.wubmpbp{!: 

4wmwp.l{wb hbmwqnmntpJntGGbp}1fi hwt.lwUJ.wmwufuwG lJ.wp.htJi 
lllWL uwuLJlw hpt.1uw4wfi UJ.Wpwtiblllp.bp.p l!CilllpmpJwG L hwzt[wp4)1 hblllb 
4JWL hbppwlJwGntpjntU{!: 
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1. lfwuww uwu1uwu qmjqp wnwt[b1wqmJG o.q.q. wUJ.whmltlmti t 
µ=2,2-2 ,8 uwhtiwGGbpmu: .::,bmLmpwp, µ -11 J:!GmpmpJmGCi J!Utn wnwt[btw
qmJG o.q.q. wCihpwcJb2m t 4wmwp.b12,2-2,8 uwhuwuGbp.mu: 

trwuww ut.[wqwqntJG mbuw4wp.wp. tubp.qwmwp.mpJmG WUJ.WhntJ.b1m 
mbuwG4JmGpg gwu4wL.P t J!Utn huwp.wt[npmpJwG {!Citnp.b1 µ -p t.lbc) G2wGw-
4mpJmCi: Uw4wJG ~t -p t.lbc)wgmt.lnt[ UJ.btnp t 4mpm4 t.lbc)wuw mwp.Jlll! 
UJ.tntntiwfi hwt'iwjumpJntfi{!, np.J:! tJ.wmwgCimu t uwuLJllP qjluwujl4wu: Otutnjl, 
lfltLJWL qbUJ.pntu µ -'1 u2wuwlJ.mpjWU OUJ.tnpt.lw1 uwht.lwG[! UJ.btni;! t (!Ul}JllUbt 
2,2-2,8: 

2. Cum uwuLJlw UJ.WhwG2tlnq wptnwqpnqw4wCintpJWU (Q) L. ~l -jl t.lb
CtntpJWU, hwuwowJU (9.167) hwztJ.wp.4mu bfip t.lwmppgwJjlfi oqw4.P w2tuw
mwupwjjlu t.lwlJbp.bup mpwuwqjlG-{!' 

D ~ 1800")ilD ~ [1 + J1-2µµ~ 1 
(1-,ow) l (9.168) 

3. Qum hwJtnfip µ L. D -p hw2t[wp.4mu bCip ubqt.lnq hntntJ.wlJfibpjl 
mpwuwqp<)u' 

d=D: 
µ 

4. lfwuttiw UJ.mmuwG hw6wtumpJntG[! hwztlwp.41.[mt.I t (!Um (9.123) 
wp.mwhwJmmp JwG: 

5 . .:.n1m{w4.1l t[p.w qnpbnq Ru finp.t.lwt L R1 znzwtlJn11 mctbp.{! hwztlwp.-
4mt.l bu12 (9.67) wpmwhwJtnntjpjntGCibpntJ.: Qum Rn - p t.lbbnt}}JWG 4wp.bLJl t 
{!Glllp bt wnwugpw4wt fibp.: 

6. Swptiw UJ.llltnnq untibCitn(! hwztlwp4tJ.mu t (9.138) wp.tnwhWJlilnt
pJntfintl: Qum hwJmfip UJ.Ultnnq unubfilllp 4wpbtJi t hwztlwp.4bt tnwp.pw 
LJlubn(!: 

7. ~pplJ.bmwt[npt.lwfi t.lwutJiw hw11npqw4f1 UJ.WhwG2tln11 hqnpmpJntG{! I 
hw2tJ.wp4t[mt.I t (9.154) wptnwhwjtnntpjwt.lp: Cutn hWJlllfip hqnpmpJwG L 
mwppliJ ll\Uunt.lwu hwnwfumpJwfi lJ.wpbtJl t [!Citnpbt hwUWUJ.wmwufuwG 
t1t4mpwzwpctp~ L uwutJiw hw11npqwlJ.p nbqm4tnnp: 

9. 12. Junwft ifwwmgnu.I[! ppftljbwwlfnptfw[i tfwtf1PJ. 

Iunm)1 pp)1lJ.bmw4npmufi wnw2wp.lJ.tJ.n11 lJnupwJGp ti)12ngntJ. 4wmwp
l[mt.I t hbmL.JWL ljhpU!: 

Lwubpflg hwtJ.wptJ.wCt tumnl! hwt[wppl-t.lwfippllig pp.pljbmw4np.t.lwfi 
tiwt.ltJ1l uwmmgtJ.mu t UJ.GLuwmplJ. ubfuwfipqu}l L gJllJtnCip u)12ngn4: 5plj1nfip 
fibpp)1fi q1wGwjpG ppwfiI! UJ.llitnpwumt[w<) t 2PWJpG ZWU\J:lljp tnbupntJ. L 
tinGtnwdtJ.wb t ppp4btnwtJ.nptiwfi tiwtiLJlliJ t[bpLp uwumu: Qp.wJpfi zwUJ.J14)1g 
l}Iltpu t qwLJlu 2pwfun11nt[w4, np.)1 <)wJppu gt'tlJtnGp fun11ntJ.wljp 4bGmpnumu 
l}p.qwb t CtWJflWUJ.wfiwlJ.: 5.P4tnfi)1 tun11ntJ.w4.P tntlJwt hwmt[w<)mu ollJl wpw-
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qmpjwfi Ubowguwfi Ull!WU1w4ntl mbqwtiwJtlwo t 4nfi.'pmqnp: 5p4tnfip wp
U1Wj2pfi qLWUWJpfi ppWU[! ll!WU1pWUU1tlWO t ppp4bmfibpp mbqwtJmJuuwu 
oqw4woL. t}lnJuwqpplli wpmw12pu qLwfiwJpu ll!WU1p hbm hwuwmbq (u4.9,l, 
9.2): 

5p4tnup Junqntlwtimu mbqw4wJtlwo 4nfi.'pmqnpmu oqwJpu hnu12p 
wpwqmpJmfiI! ubowfimu t' wnw2wgubtml 6uzmuubpp mwppbpmpJmfi 
Junqntlw4p mtlJwL 4mptlwb"j2p L. 2PWJpu zwll!Ptimu 2PP uw4wpqw4p up2L., 
npp zunph}ltl 2mp[!, 2PWJPU zwll!P4pg, Junqntlwtintl L. OWJPWll!Wfiwtintl 
pwpopwfimu L. Juwnfitlmu t Ol}WJpfi hnu12pfi: 5p4tnfip Junqntlwtimu Juwn
fitlhtntl oqwJpfi hnu12pu m ¢nzpwuwtntl' 2mpn Junfiwtlwgumu t Junmp 
uwupwgtlwo qwfiqtlwo[!: lfwupwgtlwo Juntn[!, Ol}WJPU hnu12ti hbm Upwupfi, 
Junqntlwtipg mptlmU t gp4tnup fibpj2pfi ppwu, npmbq mbqp t mfibumu oqw
Jpu hnu12p L. ppp4bmwtlnptlnri fiJmpp pwdwfimu: liJumhbmL., wnwuofiwg
tlwo L. wfihpwdbzm iWtlmtl Junfiwtlwgwo ppp4bmwtlnptlnq UJnLPI! mptlmu t 
oqw4woL. uwmppgwJp Iunnni, npmbq, 4wnitlhtntl uwutnri hntntlwtiubpp 
4nqupg, ubqutlmu t ubquuwfi Jugp4fibp: 

Qwuqtlwop pwdwuuwfi wpl}Jmu12mu wnwfiofiwgtlwo ol}WJpfi hnupI!, 
wfigubtntl fibpj2pfi L. wpmw12pfi ppwfifibpntl 4wqutlwo gp4tnup Junnnintl, hn
tlwgfimu t oqw4woL. uwmppgwJp wpmw12pu uw4bpL.ntJPl! L. umwgtlwo ppp-
4hmubp[!: gpp4bmubpp hntlwguwfi[! UU!WUU1mU t uwL. 2PWJpfi zwll!Ptimu 
bqwo 2mp[!: Oqmwqnp<)tlwo oqp btpI! upfintnpm ppw4wuwgtlmu t oqw4woL. 
tlmJuwqpplli ubpppu qtwfiwJpfi ll!Wtnp L. uwmppgwjpfi oqw4}1 fibppL.p hpUj2p 
up2L. bqwo qtwfiwjpfi pwgwtintl (fi4. 9.1 ): 

lunmp ppp4bmwl{npUwfi fibp4WJWgtlnq ubj2bfiwfi hfiwpwtlnpmpjntU t 
mwi}1u ppp4bmwtlnpmupg wnw2 Junuwtlwgubt qwuqtlwo[!, np uwJuwmbu
tlwo t wqpnwuwuuwpm0w4wu ll!Whwu2ubpntl, L. Wll!whntlbt ppp4bmubpp 
hntlwgmun: 

~wtlWPPi-uwfippllig ppp4bmwtlnpuwfi uwui}1w uwmppgwJpfi oqw4 
ppp4bmwtlnptlnq fiJmpp uwmmgmu[! ppw4wuwgtlmU t Junqntlw4fibpp up 
12wfip mbqwuwubppg pwIJ.4wgwo ll!uL.uwmp4 t}lnluwqppinlf: 

9.1 J. fl)[jf,tfwwftq tftnfuwIJPftlii u1wpwtflnnpbpft npn2mtf1J 

ITJ.fiL.uwmp4 tJmJuw1111PiP hpuuw4wu hwuqmJgubpfi bu oqwJpu Junqn
tlw4wzwrI!. pbnfiwpwt}lnq uwppwtlnpntU[! (gp4tnuI!) L. oqwUIJ.lti 12wuhwp[!, 
npp qbp[! tiwmwpmu t uwfipplli uwupwgunq plipnt4l!: 

ITJ.CiL.uwmp4 tJmluwllPPiP ll!Wpwubmpbpp npnzliwu hwuwp, btubtntl 
ppp4bmwtlnpuwu uwuww wfihpwdbzm wpmwqpnqw4wumpJmfipg, fiwlu 
npnzl{mu t oqp wfihpwdbzm btpI! hbmL.Jwt wpmwhwjtnntl'Jmupg. 

.9oq [) u3 /tl, (9 .169) 
3600rnp0 q 
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npmbq .90 q -l! wfihpwdbzm oqp 12wuw4a t, u3/tl, .9 -fi' ppp4bmwtlnpuwu uw

uww wpmwqpnqw4wumpJmfi[!, 4q/dwu, m-[!' Juwnfimpqp 4znwjpu 4nugbfi
G 

mpwgpwfi, rn = _fi , Junmp mbqwt}lnJuuwu l}bll!12mu m-p wpdb12u I!fiqmu-
Goq 

tlmu t m = 0,3+0,8 uwhUwfiubpmu, Gfi -fi' ppp4bmwtlnptlnq fiJmpp uwmm

gntU[!, 4q/tl, G0~ -I!' oqp uwmmgmuI!, 4c¥tl, Paq -I!' oqp JummpJmfiI!, 4q/u3
: 

ITJ.CiL.uwmp4 t}lnJuwqppintU hpufiw4wfi wzJuwmwupwjpCi ll!Wpwubmp[! 
lunIJ.ntlwtiwzwpmu oqp hnu12p wpwqmpJmuu t, npp ubompJmfiI! tiwJutlwo t 
ppp4bmwtlnptlnq UJntpp 6wJupuwfi wpwqmpjmupg . 

v 0 q = Bvti , (9.170) 

npmbq B-u ppp4bmwtlnptlnq UJmppg tiwlutlwo qnpow4pg t, Junmwoqn
mwJpfi fiJmpbpp hwuwp B=2+2,5, v ti -u' fiJmpp 6wJupuwu wpwqmpJntfiI!: 

1.,Jmpp 6wJupuwfi wpwqmpJmfi(! 4wpbi}1 t npnzbt' qpmwp4btntl uwufip-
4}1 hwl{wuwpwtiznntpjWU ll!WJUWUI! mqqwopq JunqnIJ.ntlwtintl zwpdtlbi}1u. 

R=mfig, (9.171) 
npmbq g-Ci wqwm wu4uwu wpwqwgmufi t, mfi-l!' uwuup4}1 qwfiqtlwoI!, 
rn~ = (pfi - Poq )s'z, pfi -[!' ppJ14bmwtlnptlnq Cijntpp JumntpjntU(!, Paq - I!' oqw-

Jpfi hnupp JumntpjntU(!, p = 1 244q/u3
, S-I!' uwuup4p LWJfiwtiwu 4mptlwo-

oq ' 

pp Uw4bpbu[!, U2
, /-[!' uwufip4}1 bp4wpntpjntU[!, U, R-I!' Uwufip4p qpuwqpm

pjwfi mdr!, npn 4wpbi}1tnpnzbt1.,Jmmnfip pwfiwoL.ntl. 

R=kp0 qS(v 0q-vtlY, (9.172) 

npmbq K-Ci qnpow4}1g t, np[! tiwJutlwo t uwuup4ubpp oL.pg, oqp zwpduwu 
pfimJppg L. Junqntlw4}1 mpwuwqopg: 

Sbqwqpbtntl wpdbpfibp[! (171) WJ1U1WhWjU1ntpjWU ub2 L. tiwmwpbtntl 
npnz oL.wt}lnJumpJmuubp, 4wpnq bfip npnzbt uwuup4ubpp 6wJupuwu wpw
qmpJmCi[!. 

1 
vtl =-- (173) 

B-1 kp0 q 

lfwmmguwu JunIJ.nlfwtimu uwuup4ubpp 6wJupuwu wpwqmpjwCi 
tiwJutlwompJntfiubpI! ppp4bmwtlnptlnt\ UJntpp JummpJmupg L. uwuup4Cibpp 
bp4wpmpJmfifibppg pbptlwo bu u4. 9.60 L. 9.61 -mu: 

L,4. 9.60 -pg L. 9.61 -pg bpL.ntu t, np wntlmJm ppp4bmwtlnpbi}1u {npp 
JumntpjntU[! 4wqumu t unmwtlnpwll!bU 704q!u3), tiwJutlwo uwufip4Cibpp 
bp4wpmpJmupg, 6wJupliwu wpwqmpJntU[! 4wqumli t' v ti = 4 + 8 Ultl: 
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- 1=0.04 - - - l=0.08 ------· 1=0.12 ••••••·•··· 1=0.16 

"Ulj. 9.60. lfwutiftljtihpft 6wfuptfw{i wpwqmp;wti ljwfutjwomp;mtitibpp 

tfwutiftljtihpft fucnmp;mtiftg, v ti = f(pfi) 

0.04 0.08 0.12 0.16 l,lilI 

--- r-40 -··-·" r-50 -·-·- r-60 - - r=70 

---· r-80 ·-----· r-90 •••••••••• r-100 

"Ulj. 9.61. lfwutiftljtihpft 6wfupciwti wpwqmp;wti ljwfutjwomp;mtitihpp 

tfwutiftljtihpj1 bpljwpmp;mtiftg, v ti = f(l) 
btGbtntJ. oaj1 wGhpwdb2m btppg h wpwqmpJmGpg, qwpnq bGp npn2bt 

.tun'l.ntJ.wt.iP wCihpwdbzm mpwuwqpa[!. 
;.:___-=---------~ 

D= (9.174) 
9 

900mp0 qnB I G - Pori g 

(B-1) kp0 '1 

IunqntJ.wltp mpwuwqap tiw.tutJ.wampJmCiCibp[! qpw.'.)?J14P mbupntJ. 
pbptJ.wa bG G4. 9.62 -mu: 

uq. 9.62w -mu pbptJ.wO- t .tunqntJ.wt.iP mpwuwqa}1 t.iw.tutJ.wampJntG[! 
OilWJpU .tuwnCimpaj1 m tinGgbGmpwgpwjpg' D = J(m) , uwur}1w h ppplJ.bmw

tJ.nptJ.n'l. GJmpp hbmhJWL UJ.Wpwubmpbp}1 qtuwmu. 9 = 2500 qq/dwu, 
pfi = 70qq/u3

, /=0.05u, B=2,3: uq. 9.62p -mu pbptJ.wa t .tunqntJ.wt.iP mpw-

uwqap lJ.wtutJ.wampJntCi[! uwur}1tlJ wpmwrymqwlJ.wGntpJntG}1g D = f(9) , 
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PG= 70 qq/U3
, l =0.05u, B=2,3, m=0,7 UJ.WpwUhmph11}1 l}hUJ.J2lllli: uq. 9.62q -

mu pbptJ.wa t .tun11mlwt.W mpwuwqap lJ.w.tutJ.wampJntU[! ppplJ.bmwtJ.nptJ.nq 
GJmp}1 uwuGpqGbpp hpqwpmpJmGpg' D = f(l), 9 = 2500 qq/dwu, 

PG= 70 qq/t1
3

, B=2,3, m=0,7 UJ.Wpwubmpbp}111bUJ.1mtU: uq. 9.6211-mu pbptlwO

t .tunqntJ.wlJ.p mpwuwqap lJ.w.tutJ.wampJntG[! ppplJ.bmwtJ.nptJ.n'l. GJntpp }umm
pJmGpg' D = f(pfi) , 9 = 2500 qq/dwu, m=0,5, l =0.05u, B=2,3, m=0,7 
1.4wpwubmpbpp l)bUJ.12mu: 

D,LI 

I'\ 
D,LI ~--~-~---~---, 

0.45 

0.4 

0.36 

0.3 

0.025 

~ 

f'-.. 

"'"" I"'--- r---...._ ----0.3 0.4 0.5 0.6 0.7 0.8 0.9 m 
w) 

D,LI 

0.32 

0.30 

0.28 

0.26 

'\ 

"' " "'-... .... 
"'-... 

I"--.... 

D,LI 
0.35 

0.34 

0.33 

0.32 

0.31 r----t-..... 0.24 0.30 

I"" 

0.04 0.06 0.08 0.1 0.12 L.~ 50 
q) 

2000 2500 3000 u,4q/ct 
p) 

"' r-.... 

60 

"'-

70 
ll) 

~~ 
--...... 

80 p,4q/L13 

"Ulj . 9. 62. Iumzm/wljft wpwtfwqO-ft ljwjutjwO-mp;wti qpw.J>ftljtibpp. 

w) D = f (m), p)D = /(9), q)D = f (l), q)D = J(pfi) 

5J1lJ.tnGj1 u}12CiwUJ.wmp Cibpp}1G mpwuwqpO[! npn2tlmu t , btCibtntJ. WJCi 
utWJUwG}1g, np g}14tnGmu oaj1 hnup}1 wpwqnpJntG[! UJ.hU1l? t tjmpp r}1G}1 Ol)W
J}1G .tuwnCintpl)mU qmGtJ.nq uwuG}1qGbp}1 wubGwtjm12p uwuG}14P ow.tupuwCi 
wpwqmpJmCi}1g, v 9 < v ti: 5'1lJ.tnGmu oaj1 hnupp wpwqmpJntG[!. 

_ ( D9 J
2 

V g -Voq D ' (9.175) 

npmbq v9-G gJllJ.tnGmu oaj1 hnupp wpwqmpJntCiG t , D9-G' g}141nCi}1 u}12Ciw-
1.4wm}1 GbpppG mpwuwqpa[!: 

.!,wztJ.}1 wnGbtntJ. (9.170) hwtJ.wuwpntU[!, lJ.mGbCiwCip · 
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(9.176) 

npmbajlg ' 

(9.177) 

litiwmp mCibCiwtntJ., np 9P4tnCimu wCihpwdbzm t oqwJpCi hnuppg 
wnwCioCiwgCiht mwpphp tp4wpmpJwCi uwuCip4Cibp, w1.4w 9P4LnCip up2Ciw-
1.4wmp CibpppCi mpwuwqpCr[! i.J.bpgCimu hCip hwztJ.wptiwJpCipg 1,5- 2 wCiqwu 
Ube), WJUpCip(i' 

D
9 

= (1,5 + 2 )D.,fii: (9.178) 

lvn'lmlwtiwzwpmu oajl zwpduwCi dwuwuw4 oCizuwCi tinpmumGbp[! 
npnzt.Imu tG hbmL.JWL pwGwoL.ntJ.. 

Poq = Pz<J> + P111 '1, (9.179) 

npmb'l. Pz<J> -I! ztj1uwG tinpmumG t, p 111 q -[!' mh'l.WJpG qpuwqpmpJntGGbp[! 

hw'l.Pwhwpbtnt LJ.pw oCizuwG tinpmutnfibp[!: 
Ctj1uwG tinpmumCibp[! npnziJ.mu bG hbmL.Jwl pwGwoL.niJ.. 

2 
L Poqv 

P
1

<J> =A.--- lflTJ.w, (9.180) 
D 2 

npmb'l. A. -Ci ztj1uwG qpuwqpntpjwG qnperw4pgG t, L -[!· tunqniJ.wtiwzwpp 
bptiwpmpJntCi[!: 

Ctj1uwG qpuwqpmpJWfi qnperwtili91! 1.4n'l.1.4wmb tunqniJ.w4Gbpp rib1.4-
pmu, tiwtutJ.wer tun11.nt.Iwtip mpwuwqerpg, tiwph!ll t npnzbthbmL.JWL 1.4wpqbg
t.Iwer pwGwoL.ntJ.. 

A.= 0,0125+ 0,0011 : 
D 

(9.181) 

Sh'l.WJpG qpuwqpmpJmGGhp[! hpuuwtiwumu 1.4wJuwGwtJ.nptJ.wer bG 
tun'lntJ.w4p erG4p m tun'lntJ.wtimu mh'lw4wJtJ.wer 4nG~mqnpp wntiwJntpJWUp 
L. npnztJ.mu tG htmL.Jwl pwGwaL.ntJ.. 

p 0 qv!q[ [D)2 l P111.q. =-
2

- K.;a.;% +.;~ +.;q JJ": +.;0~ , (9.182) 

npmh'l .;a -G erGtimu wnw2wgwc) qpuwqpmpJwG tinpmumGhpp qnperwtiPgG 

t, "PI! tiwtutJ.wer t erGtip wG4JmGpg, .; R -G' erGtimu wnw2wgwc) qpuwqpm-

pJwG tinpmumfihpp qnperwtiPg(!, np[! tiwtutJ.wer t erGtiP tinpmpJwG zwnwtJ.ajl 

L. tun'lntJ.wtip mpwuwqerp !!.._ hwpwpbpmpJmGpg, K-G ' hwuhuwmwtiwGm
D 

pJwG hwumwmmCi qnperwtiPgl!, K=0,73, .;~-Ci' tinG~mqnpmu tun'lntJ.wtiP 

412 

4mptJ.werpp uwhmCi i.J.m1.jmtumpJmCipg umwgtJ.nq tinpmumCibpp qnperw4pg[!, 

c;11 -Ci ' ajl:pmqnpmu tinpmumCihpp qnperwtiPgl!, D 1-t! ' ajl:pmqnpmu tun11.n-

tjw4p timpt.Iwerpp mpwuwqpCr[!, .;0w -I!' tun11.nt.Iwtip twmu tinpmumCibpp 

qnperw4pg[!: 
Cum qnJntpJntCi mCihgnq hbmwqnmmpJmCiCihpp, tun11.ntJ.w4p a= 180°, 

R D 
- = 3 L. - = 2 1.4wpwuhmphpp qh1.4PntU 4wph!ll t [!CirimCiht' .;a =2, 
D DI 

.;!!_ =0,15, .;~=0,1, .;q =0,4, .;bt11 =l [43]: 
D 

"6.Cizuwu LPPtl tinpmuml! 4!llCip. 

Poq v;q ( L ( D )
2 l Pi=Pz1J>+P111q.=-

2
- A.D+K.;a.;%+.;~+.;" JJ": +.;01~ : (183) 

''1CiL.uwmp4 tunqni.J.wtiwzwphpmu, bpp tun11.nt.Iwtiwzwpntl mhqwi.J.mtu
tjmu t ppp4tmwtJ.nptJ.n11. Ujntpp L. orip tuwnCimpq, oCizuwCi tinpntUill(! tiwpb!ll 
t npnzhthbmL.JwtpwCiwaL.ntJ.. 

Ptu = p 1_(l+Cm): (184) 

<!,wzi.J.P wnCihtntl CiwL., np ppp4tmwtJ.nptJ.n11. UJntp[! mhqwtj1ntutJ.mu t 
mqqwapq mqqmpJwup, w1.4w OCizuwCi LPPtl tinpmum[! 4wpn11. t npnztJ.ht 
hbmL.JWL pwCiwoL.ntJ.. 

P11u = (1 +mXA- Poq)gh+ Ptu(l +x)= (1 +mXA- Poq)gh+ P1 (1 +cm XI +x), (185) 

npmbq C -Ci qnperw4pg t, tiwtutJ.wer tuwnCimpqp mh'l.wtj1ntuuwCi wpwqmpJm
Gpg, v tu = 15 + 20 ult.I wpwqmpJntCiCibpp rit1.4pmu, C = 0,58 + 0,4, h-[!' tun mp 

tnb'l.wtJ.mtuuwCi pwpapmpJntCi[!, x-1!' hwumwmmCi qnperw4pg(!, x=0,170,15: 
lvn'lntJ.wtiwzwpntJ. ppptitmwtJ.nptJ.n'l CiJmpp mh'l.wt'1ntuuwCi hwuwp 

LqwhwCi2tJ.n'l hqnpmpJntU[! npnztJ.mu t hhmL.JwtpwCiwoL.ntJ.. 
P = .9oqP

1
tu '-lm: (9.186) 

(9.169), (9.170), (9.173), (9.183), (9.184) L. (9.185) wpmwhwjtnnt}3JntCi
Cihp[! tnh'l.W'1PbtntJ. (9.186) wpmwhWjtnntpJWU Uh2 L. tiwmwphtntJ. npnz 
oL.wtj1ntumpJmCiCibp, umwgtJ.mu t ' 

p-~ -Poo)g[(l+m)h+ B
2

l(l+CmXl+x)[J..!:._+K,ga,gR +,;.. +~(}2)
2 

+.;\;wJJ :(9.187) 
3600np00 1k(B- If D 0 D, 

(9.182) wpmwhwJmntpJntU[! hCiwpwtJ.npm13JntCi t mw!llu npnzbt 
ppp4bmwtJ.npuwCi uwuww uwmmgn'l. 1.4CiL.uwmp4 tj1ntuwqpp~[! wztuwmbg
Cibtnt hwuwp 1.4whwG2tJ.n'l hqnpnt}3JntG[!, btGbtntl ppp4tmwi.J.nptJ.n'l UJmpp 
:ppqp4wubtuwup4w4wG hwmtimpJmGCihppg L. tj1ntuwqppll1 tiwnmgtJ.wer
pwJpG 1.4wpwubmpbppg: 
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P,44.111 ••••• ···· ·· 51---;--+--l---l---l--i----l---l-,-•• ~'"'-'--l---l--~ 

····· ····· 4,51---;--+--+---+---+.-•• ~._...=---+---+---l~-l---l--~ 

····· 4t-----t---t------:-;crl-~·~··~·---+---+--+--+---j'----±...-"""I--~ ,...... .. ...... -i.····· ---· ----3.5 t----t--+--t---+---+--_~~.~--..--!'~-l---+----+---+----l ---· --- __ .,..., .. -..... ---~ 
31-----+--+-~----~-~--+---f----,f--:=l.----'l"~-+--+-=-+----l 1ii---- , .- .......... ---- .,_._. 

-- - • -- - -- - L---- i..---2. 51----+_-_-±:_=---~~-=.,;~----l::~=-r-1-...... -F--+---j---+--+-~ 
2'----'~~==-L--_ ___L_ _ _J__.J..___JL___J_ _ __L _ _L__ . .L__L____J 

0.04 0.08 0.12 0.16 0.2 1,1111 

.......... m=0.4 ·--····m=0.6 ---· m=0.8 -- m=1 
'Ulj. 9.63. fTJ.fil.alwm/1/j ljmjuWIJflft)}l hqnpmp;wfi ljwjutjwomp;mfi[! 

tfwufi/1/jfibpft bpljwpmp;muftg P = J(l) 
P,44.Ul .....-------...-----.----~--~--~-~---~--~ 

0.4 

-··-· l=0.04 

0.6 

-- 1=0.08 

0.8 

------ l=0.12 

-·-·· l=0.16 --- 1=0.2 ••••••••• 1=0.24 

ulj. 9.64. fTJ.[jl.aJwm/1/j l/JnfuWIJflflffe hq11[7fllpjUJU ljwjutjUJcmipjfllU[! 

juwnfimpIJft UJWpmfiwljmp;muftg P = f(m) 

m 

"lGL.uwm}l4 tJlnJuw11pP.m w2JuwmwgGbtm hwuwp UJ.WhwG2tln11 hqn
pmpJwG qpw{>P,4Gbp[!, tiwJut{wa uwuGP,l}GbpP, I bp4wpmpJmG}lg L. Juwn
Gmpqp. m l}nGgbGmpwgP,wJ}lg, phpt{wc) bG GlJ. 9.63 -mu L. 9.64 -mu: 

P.G2.UJ.hu bpL.ntu t GlJ. 9.63 -}lg, lJwJut{wc) uwuGP,4Ghp}l uMmpJmGp.g, 
UJ.WhwG2t{n11 hqnpmpJntG[! ubowGmu t ntq}lfl hwubUwtnwlJwG 4wUJ.nt{, [!GT} 
npmu, JuwnGmp11P. tjmpp 4nGgbGmpwg}lwJlt 11hUJ.PmU 6G2uwG wop pGtnbG
u}ltlmpJmGG wt{hi}l pwpop t: 

'U4. 9.64 -pg hbtnL.ntu t, np wtfbtwgGbtntl JuwnGmpqp. 4nGgbGmpwgp.wG, 
UJ.WhwG2tln11 6G2mu[! Gt{wqmu t, [!G'l npmu, Gt{wquwG P,GmhGu}ltlmpJmG[! 
wnwtfbt G4wtnbi}l t JuwnGmpqp. 4nGgbGmpwgP,wJP. tjmpp wpdbpGbpp 
11tuwmu: <!,bmL.wpwp, UJ.GL.uwmti4 tJlnJuwllJ1lt2.Ghpp. UJ.WhwG2t{n11 hqnpmpJwG 
iJmppwguwG GUJ.wmw4nt{, wGhpwdt2m t wt{htwgGht JuwnGmpqp. 4nGgbG-
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mpwgP,wG: UwljwJG JuwnGmpqp ljnGgbGmpwgP,wJP. 2wm ubc)wgmu[! pbpmu t 
Jun11m{wljw2wpp. JugwGuwG[!: <!,bmwqnmmpJmGGbp[! gmrn bG mtfbL np 
JuwnGmpqp ljnGgbGmpwgP,wJP. qnpc)wljgp. Gnup.Gwt wpdbp[! m = 0,6 - 0,8 t: 

9.14. Ppftljbmwlfnplfmz 6JnlPf! jun6wlf wg6nrz hwuwljwpqfl 
UJWpwubmpbpft 02mmup 

UqpnmbJuGP,ljwljwG UJ.whwG2Gbp}lG hwUWUJ.WmwuJuwGnri. L. UJ.whwG2-
t{n11 JuumtpJwG m wupmpJwG ppP,ljbU1Gbp umwGwtm hwuwp W = 10 -12 % 
JunGwt{mpJwG Junm(! ppP,ljbmwt{npmup.g wnw2 wGhpwab2m t JunGwt{wgGbt 
u}lG2.L. W = 18-20 % : PpP,ljbU1wt{npt{n11 Gjntp[! JunGwt{wgGbtm GUJ.wmwljnt{ 

UJ.GL.uwU1P,lj Jun11nt{wljw2wpp. uwmmgnri. Junri.nt{wtimu mb11w11pt{wo 4nG.'.pm
qnpmu mbriw4wJmU bGp OwJpwUJ.wGw4ntl 2pwJun11nt{w4, np[! uwmmgmuG 
umwGmu t hwumwmmG uwljwp11w4 mGbgnri 2PP mwpnrimpJmG}lg, 
t4wmpwumt{wo 2PWJP.G 2wUJ.P.4P. mbupnt{ L. mbri.w4WJt{wc) ppplJbmwt{np
uwG UWUW2.P }lpwGp. t{bpp.G uwumu (G4. 9.65): 

'Ulj.9.65. .Pp/1/jbmwtjnptfnfJ fi1mp/1 junfiwtjwgtfwfi 
hwtfwljwpqft ujubtfwfi 

4nG'.pmqnpmu 011P. hnupp. wpwqmpJwG hw2tlJiG mbajl t mGbGmu 6G2-
uwG wG4mu, npp. 2Gnph}ltl 2PWJ}1G 2wUJ.}l4P.9 2mp[! hnumu t 11bUJ.p uwmmg
uwG Junri.nt{w4 L. JuwnGtfbtntl ppp.4tmwt{npuwG GJmpjlG JunGwt{wgGmu t 
wJG: 

QpwjjlG 2wUJ.ti.4mu h!J.WO 2PP. uw4wp11w\i}lg c)wjpWUJ.WGw\ip tnbri.w
l\WJUWG wnwtfbtwqmJG pwpopmpJntG[! npn2htm hwuwp pbpbGp c)wJpw-
1qwGw4P. twmu 2PP 6G2mu[!, npp. 11bUJ.PmU mhajl t mGhGmu 2PP wp
mwhnup. 

(9.188) 
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npmtq Pup-I! upGntnpmwJpG 6GzmuG t, p 2 -l!. 2PP tummpJntGJ:!, p1-l! . tun11n

l{w4mu pwgwpow4 6Gzmul!, t'lp-G' nuzuwG 4npmumGbp£! tun11nl{w4w

zwpmu (2pwtun11nl{wtimu 2PP tlinpp wpwqmpJntGGtpp l.t tunqntJ.wLifl tlinpp 
bpl}wpntfJntGGbpp UJ.WU16wnnl{ LinpmumGbp(! l}wpbt.lt t wGmtubJ., t'lp "'0 ): 

q.pbtntl tunqnl{wlJ.mu b-wJpWUJ.WGwLifl mtqw4wJuwG hwmtJ.wamu 
µt;nGmt.Pfl hwtJ.wuwpmun pmqntJ.wtifl btpfl 4mpl{wapp GlJ.wmuwup, umwg
l{mu t. 

(9.189) 

npmtq Poq -n oajl tummpJmfifi t, Poq = 1,241.J.q/u3
, v1-l!' l}nG~mqnpmu oajl 

hnupfl wpwqmpJntGJ!: 
Sbqwl}JlbtntJ. wpcttpfibpJ:! (120) hwtJ.wuwpuwG ut2 l.t lJ.wmwpbtntJ. npnz 

61.twtlintumrJmGfitp, l}wpnq bGp npnzbt uwmmguwG tunqnl{wqmu umwmp
l}wl}wG uGwgnpqwJpG auzmuJ:!. 

(9.190) 

.2pwtun11nl{wlJ.pg 2PP wpmwhnup mbqp lJ.mGbGw WJfi qbUJ.pmu, bpp 
UGwgnpl}WJpU 6uzmul! 2PP uwl}wpqwLifl tJ.pw' P~G ~ 0, htmhwpwp, awJpw

UJ.Wfiw4p wnwtJ.biwqmJU pwpopntpJmGn 2pwJpfi zwUJ.liljmu tqwa 2p}1 
uwl}wpqwl}pg 41.PGp. 

(9.191) 

~wztj}l wnGbtnl{, np qnG~mqnpmu oajl wpwqntpJntGl!' v1 = v( ~ J l.t 

uzwGw4btntJ. A= ( ~1 ), (9.173) h (9.191) hwtJ.wuwpmuGtppg umwgl(mu t. 

h = B2J(pG - Poq}A4 
wn. 2kp

2
(B-1}2 

(9.192) 

(9.192) hwl{wuwpmul! hfiwpwtJ.npmpJmG t mwt.ltu npnzbt pwpmu tqwa 
2PP uw4wpqw4}1g OWJPWUJ.UWLifl mtqwqWJUWG wnwl{btwqntJU pwpo
pntpjntG{!: Qpp uwtitphmJpflg OWJpwUJ.wGwLifl mt11wl}WJUWfi wnwtJ.btw
qntJG pwpopmpJwfi 4wtutJ.wampJmfifibp£! UJ.Gl.tuntlinfuwl}JlflW l.t ppflltbmw
tJ.npl{nq qwuqtJ.wap UJ.Wpwubmpbppg qpw~pJ.iwtiwG mtupnl{ pbptJ.wa tG u4. 
9.66-mu: 
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0.1 

7 

1.4 1.6 1.8 2 1.4 1.6 1.8 

w) ~) 

ulj. 9.66. S!pft liwljbp/,.mjpftg qwjpWUJWUWljft mblfWljWjUWU 

wnwl/b1wqm1u pwpdpmp;wu ljwful/wU!1zp;mfifibp[!. w) hwn = J(I, A) · 
J. I= 0,04 u, 2. l = 0,08 u, 3. l = 0,12 U, 4. l = 0,16 U, 5. l = 0,2 U, 

6. f = 0,24 iJ, 7. f = 0,28 iJ, p)hwn = J(pG,A) '/. p = 40 ljqlif, 

2. p = 50 ljq/i.I1, 3. p = 60 ljqlli3, 4. p = 70 ljq!i.I3, 5. p = 80 ljql i.I3, 

6. p = 90 ljq/u3
, 7. p = 100 ljq!Lf3: 

h,LI 
0.15 

0.125 

0.1 

0.075 

0.05 

0.025 

A 

Qpp twn l}wpqwtJ.nptJ.mu t awJpwUJ.wfiwlJ.fl mpwuwqafl tlintlintuuwup: 
tlwJpwUJ.wGwLifl mpwuwqpb'J! npnztJ.mu t htmhJWL pwGwol.tntJ. . 

7rd2 
q=µ-..}2g(hw 0 -h), (9.193) 

4 
npmtqpg' 

d= 4q 
µ7r ~2g(hwn - h) ' 

(9.194) 

npmbq q-u 2PP owfuuG t, u3/l{, µ-G' awtuufl qnpawl}pg{!, h-l!' OWJPWUJ.UWl}fl 
u1bqwltwJUwu l.t pwpmu 2PP uwtiwpqwl}Gbpfl mwpptpmpJntGJ:!, u: 

Qpp awtuul! npnztJ.mu t btfibtntl 4nupwJUfl wpmwqpn11wtiwGmpJmU}lg 
L pppqbmwtJ.npl{nq qwGqtJ.wb-p tunfiwtJ.wguwu wGhpwctbzm mntinuflg. 

t'lWQl0-4 

q = 36p2 , (9.195) 

npmtq Q-u· tinupwJGfl wpmwl}Jlnqwl}wfimpJmuu t , qq/ctwu, t'lW -a· tunGw
t(wguwG wGhpwctbzm mntinu(!: 

(9.195) hwtJ.wuwpmul! mt11wqpbtnl{ (9.194) hwl{wuwpuwG ut2, 
t1umwGwGp. 

(9.196) 

(9.196) hwtJ.wuwpntUJ:! hGwpwtJ.npntfJntU t mwt.ltu npnzbtm OwJpw
UJ.Wfiw4f1 mpwuwq}lb'J!, btGbtntl ppp4tmwttnptln11 qwuqtJ.wap tj}16wl}flg 1.t 

417 



ppp4bmwtlnpn11 4nupwJGp tiwnmgtlwb"pwJpG m 2whwqnpb"wltwG uiwpw
ubmpbppg: 

liJuuibu, W=l2% tunGwtlmpJwG, uwuGp4Gbpp I= 50 uu bpltwpmIJJWU 
L. p., = 70 4q/u3 tummpJwG wntlmJUl[!, Q=25004q/ctwu wpmwf1Pn11wltwGm

JlJwup pppltbmwtlnpuwG tinupwJGntl pp}lltbmwtlnpbtliu, [!UI]mGbtntl A= 1,6 
[48], umwgtlmu t' hwn=0,08u : QGI]mGbtntl h=0,03u, b"wJPwuiwGw4}1 mpwuw
qpb"[! 4tliGti' d=0,0074M=7,4uu: Umwgtlwb" wpctbpGbpG oqmwqnpb"tlbt bG 
ITKE-2,0 ppp4bmwtlnpuwG qnupwJGp GwtuwqMwG [!Gpwgpmu: 

9.15. Ppftljliwwtfnpt.fwu t.fwtI1.ft!./1 /, uwwgtfmz ppftljliwulipft 
hntfwgt.fw{i hwt.fwljwpq 

PppljbmwtlnpuwG uwuw~mu pp}lltbmGbpp 4wquwtlnpmu£! ppwqnpb"
tlmu t utquuwG tug}14Gbpmu ppp4bmwtlnptln11 GJmpp L. tugplj}l uiwmbpp 
u}12L. wnw2wgwb" 2lfluwG mctbpp 2Gnph}ltl, npp hhmL.wGpntl mwpwGmu bG 
pp}lltbmwtlnpuwG uwutlil_G m umwgtln11 pp}lltbmGbp[!: 

Q.}lmwlflnpobpl1 [!Uf)Wgpmu l_WlfltlbL t UWUWl.P uwmppgwjpG OflW4}1 
mwpwguwG 2bpuwumpl'.iwG[! 011w4}1 uiwmbpmu mb11wltwJtlwb" flbpuw
qmJqp oqGmIJJWup: lfwmppgwJpG 011w4}1 mwpwguwG 2bpuwumpl'.iwG[! 
npn2tlbL t uwGpwgtlwb" L wupn112wtiwG wntlmJtn[! pp}lltbmwtlnpbtliu: 011w
ltwJpG uwmppgwJ}l mwpwguwG 2bpuwumpowG}l tiwtutlwb"mpJntG[! uwuww 
w2tuwmwGpp ctwuwGwlt}lg qpwli}lltnpbG UJWmlthptlwb" t G4. 9.67 -mu: 
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ulj. 9.67. 011wlJw1ftO liwcnpftgw1ft cnwpwglfw[i pbpliwuuiftt5w0ft 
ljwfulfwomppuO!J ppftljbuiwlfnpl.fw[i ifwli/}11/1 w2fuwcnwCipft dwliwCiwljftg 

4wmwptlwb" hhmwqnmmpJmGGbpp tlbptmb".mpJntG[! gmJg t mwwu, np 
uwuww w2tuwmwGpp wnw2}1G 5 -10 pnUJhmu 011wltwJpG uwmppgwJp 
2tpuwumpowG£! l}WGl}w'l t pwpopwGmu: liJI] [!Gpwgpmu uwuww ub11uuwfi 
tug}lqGhpmu ut11utlwb" L. 4n2mwgwb" GJnLJll! pwwwJtlmu t L. pwpu ppp4bmw
tlnptln11 GJmpp uwmmgmu[! WJ'l tug}14Gbp wGG2wG t Uifimu: 
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UJullj}luntl, pwGp l}hn ub11uuwG tug}14Ghpmu pwgwtiwJmu t ut11utlwa 
GJntflp mt11w2wpct[!, tiwu mt11w2wpctp wpwqmpJntG[! wGG2wG t , oriwtiwoL 
uwmppgwG mwpwGmu t hpuGwltwGmu pp GbpppG uwltbpLmwntl hnLntlw4-
Gtpp qLnpuwG hw2tl}1G, tiwu WJ'l GmJG uwltbpL.mw}l L. hnLntlw4Gbpp 4nriupg 
mt11w2wpcttln11 tunmp qwGqtlwb"p 2lflmupg: 

bpp tug}14Ghppg tlhp2GwltwGwuibu l}ntpu t u11tlmu tugp4Gtpmu ltn2-
mwgwb" qwGqtlwb"[! L. tugp4 t uwmmgtlmu pwpu qwGqtlwb", utiutlmu t 
uwuww Gnpuwl L. ltwJmG w2tuwmwGp[!, WJupGpG tumwgtlwb" qwGqtlwb"[! 
npn2w4}1 wpwqmpJwup wGgGmu t tug}14}1 bpltwJGpntl: UJI} qhuiPmu uhb" 
2lfluwG mctbpp wnltwJmJlJWG hbmL.wGpntl tug}llj}l uiwmbp[! mctbri mwpw
Gmu tG, np[! L. hwGqbgGmu t uwmppgwJpG 011w4}1 pGmtGu}ltl mwpwguwG 
upGl_L. npn2w4}1 uwhuwG: 

-U4. 9.67 -mu pbptlwb" qpwli}llt}lg htmLmu t, np wupn112wtiwG tunm 
pp}lltbmwtlnpbtliu mwpwguwG WO[! wtlbtli pGmbGu}ltl t L. 4wJmGwguwG 
2bpuwumpl'.iwG[! wtlhtli pwpop, pwG uwGpwgtlwb" tunm(! pp}llthmwtlnpbtliu: 
liJI} pwgwmptlmu t GpwGntl, np wupn112wltwG tuntn(! pp}lltbmwtlnphtliu 
hntmlw4Ghpp 4n11u}lg wtlbtli I1Pl. t tiwnl_tlmu, np[! pbpmu t mwp}lw ub4 
uimmJmp [!Gpwgpmu lu9P4 uwmmgtln11 ub11utlwb" 2bpmp hwummpJwG 
L!rnppwguwG, oG2uwG mw4 ut11uuwG tugtiltmu qmGtln11 GJmpp uGwLm 
dwuwGwqp L. tumni.pjwG uhb"wguwG, L. npUJhu hbmL.wGp, 2lfluwG mcthpp 
libb"wguwG: 

Pp}lltbmGbpp 4wquwtlnpuwG [!Gpwgpmu 2tpumIJJwG wn4wJl1L!'Jl1LU[! 
octwGl]wltmu t pppqbmGbpp uwuG}14Gbpp 4uil.n11wltwGmpJwG[!, uwtiwJG 
L11wpwgwb" pppltbmfibp[! mb11wlflntumufibpp [!Gpwgpmu 2wm t fi lfl2ptlmu: 
l1Ghpwctt2m wupmpJmfi L. tummpJmG wuiwhntlbLm Guiwmwt.intl ppplthmw
tjnpuwG uwiltlil.fibpmu uibmp t GwtuwmbuhL pp}lltbmGbpp hntlwguwG hw
liwltwpq: 

lfbp 4n11upg' u2wtitlwb" pppltbmwtlnpuwG UWUWl_llLU uwuww ppwGp L. 
umwgtln11 pp}llthmGbpp hntlwgmil[! ppwqnpb"tlmu t Ol}WJpG L 2PWJpG hn
qwguwG up2ngntl, oqmwqnpb"bLntl pppltbmwtlnpuwG mbtuGnLnqpwJntU 
qnpb"wb"tln11 uifiL.uwmp4 lflntuW'lPPW9 rµnp u bltn11 Olli! L pppltbmwtlnpuwfi 
li.1mpp tunGwtlwguwG hwuwp wGhpwctb2m 2mp£! (G4.9. l, 9.2 L 9.3): 

~ntlwguwG hwuw4wpqp 4ppwnmpJntG[! pbpmu t uwmppgwJpG oriwltp 
L, pp}llthmGbpp mwpwguwG 2tpuwumpl'.iwGp upGl_L. 30-40% p2tguwG: 

9.16 Utf wuIJw/jwu pp/1/jliwwtfnpt.fwu t.fwt.flft1ulipft ljwnmgtfw (}pjJ 
pwpli1.wtft.fw{i qftwwqnpMwljwu unp wnwpwpljmp1muubp 

9.161. C1wwwpli1.wqnp<7tfw<7 OIJW/jwd/, t.fwwpftgw1ntf 
ppftljliwwtf npt.fw{i t.fwtI!ftt! 

4wmwptlwb" mbuwtiwG hbmwqnmmpJntGGbp[! gmrn tG mwwu, np 
rn1wltw6L. pp}lltbmwtlnpuwG uwiltlil.Gbp[! 4wpn11 bG wuiwhntlbL pwtlwltwG 
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UbO WJ1U1WJ1Jlfif[Wlj_WfinLpjnLfi, pulj_ fipwfig mbuwlj_WJ1WJ1 tCibpqwmWJlill
f}Jntfi[!, hwtlwlllwmwujuwG UlW[lWtlbmpbp[! Dfl2U1 [!Gmpbt_llu, qwpnIJ. t 
lwGgGtt 20 l.j~m.d/ui -pg: Uwl.jwJG, qnpafiwl}wfimu hwuwpjw wubGmphp 
GlJ.wmljmu bG hplilltJpGbp, bpp oqwl.jwoli ppjll}bmwt.J.npuwG uwu\P2Cibpp 
2whwqnpawqwli wpmwqpnIJ.wqwCimrJntG[! pwt.J.wqwGpCi uba t, jluq GpwGg 
Ulhuwqwpwp tfibpqwmwpmpJmG(l hwuwpJw bpljm wfiqwu uba t hwuw
UJ.wtnwujuwfi hw2t.J.wpqwJpG G2wGwljm13JmGGbr*g: Pwg)1 IlflWGpg, Ultl.JWL 
mbuwtip uw!l\P).Gbpmu fitiwunjmu bG fiwli pwgwuwlj_w(i bplilltJrGbp' gn
IJ.mGfitp}l 2wm uwGpwgmu, np[! pwgwuwpwp t wqqmu WJflUlJrn}l qbptpp 
oqmwqnpbuwG dwuwfiwlj npn6nIJ. lJ.bGqwCi}lGbpjl 1>Jlq}lntnq}lwJ}l t.J.pw: 

{JtCibtml t.J.bp[! 2wpwqptJ.wa)1g u2wlJ.tJ.bt t lJ.wtnwpbtwqnpatJ.wa oqwlj_w
JJ1G uwmp)1gwJntJ. Gnp ppplJ.hU1wtJ.npuwG uwutJ12. (GlJ.. 9.68 li 9.69), np)1 
hwuwp umwgtJbt t IvU<!,lf hbajlGwlJ.tuJjlG t.J.4wJwl.jwli [91]: L.n11 uwmpflgwG 
hfiwpwt.J.npm13JmG t mwtJ1u J12hglibt uwui}lw tGbpqwtnwpmpJmG[!, tlinp
pwgfihL pppqhUlwtJ.npuwG ctwuwliwlj gnrimGwt.J.np qbpbpp uwGpwguwG 
mnljnun li upwdwuwGwlJ. pwpopwgGbt uwutnri qmJqp pnGuwG mfiwlJ.m
}}JntG[!, np[! WUJ.whntJ.t{mu t oriwlJ.wJpG uwUlppgWJfl GbpppG 4nIJ.WJ)1G uwlj
bplimJp}1G m1111whwjwg mb11w1yuJ.wo pmpwqGbpntJ.: 

+ + 

u/j. 9.68. fEWUIWflb[W{jilfliilfwii OI[W/jwd[, LJWWf1ft9WJnq 
ppftljbwwlfnpi.fwu tfwtflftdi ljwnmglfwiipw;ftu ujubtfwu 

P[ljlqhmwt.J.npuwG uwuwrti w2JuwmwGpp dwuwGwq CiJmp[! pnCitJ.mu t 
hntntJ.wlJ.Gbpntl (2), utriui.tmu li hpt.J.mu oriwtiwJpfi uwmppgwJp (1) uwutnri 
wm[wqGbpp (4) ub2: Pmpwqlibpjl pwgwl.jwJmpJwG dwuwGwl.j ubriut.J.wa 
fiJntp[! hGwpwtJ.npmpJmfi mG)1 uwhbtm 011wl.jwj}1G uwmppgwjp GbpppCi 
(w2JuwmwfipwJJ1G) tinriwJpG uwqhpbujl G4wmuwup, np(l hwGqbgGmu t 
gnIJ.mGGbpp tpwgmg}ll uwGpuwG, UWUtPW WJ1U1Wl}IlDIJ.WltwGmpjwG J12hg
uwG li tGbpqwUlwpntpjwli pwpopwguwfi: Ampwqfihp[! tpwgmgfl( qpuw-
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'&lj. 9.69. lEwwwpbfwqnpiilfwii OTJW/jwd[, tfwwpftgw;ft 
!JUI}hwump mbupp 

qpmpJmG 2_hG uUlbqamu. npp hw2tJ.PG fiJmp}l uwhp[! hwuGmu t GtJ.wqw
qmJfip: 

9. 16.2. Cwnwr./IJWJ}IU L UJU1U1W/jw{j zwpdnufnrj UWU[fll/ 
wzjuwmwupw;}Iu opqwunrj OIJwljwdL ppftljbmwrjnptfw{j 
tfwtf1.h 

9. 16.2. l. llimftft.!/1 ljwnmgrjwifp}I uljwpwqpmpJm{il! L 
wzjuwmwup}I uljqpm{ipf! 

Q.npaGw4wumu oriwtiwot.. pppljhU1wtJ.npuwG uwot.fl(Ghpfl tiwnmg
qwap[! lllwpq t, UlbjuClntnqjlwljwG qnpa(}GpwgG wG[!Gf1hwm t li mlip 
pwtJ.wlJ.wG pwpop WJ1U1W11PDrtw4wCimpJmG: U}lwdwuwGwl.j, GuwG uwt'i!l12_
GbpG mGhG Gwt.. twqwG phpmpJmGCibp' ubqunq hntnt.J.wqCibpp t.. uwmp}1-
gwJJ1Ci oriwtifl w2JuwmwGpwJJ1G t'iwqbpbup G4wU1uwup ubqutJ.wo GJmpp 
uwhpjl wnqwJnLPJnLG[!, np[! hwCiqbgGmu t P£lfl4bU1wtJ.nptJ.nrt GJmpp (w$flg 
wt.J.b!P uwCi[lwguwG t.. uwuww tCib[lqwmwpmpJwCi pwpo[lwguwG: liJ11uUiuJ1 
uwutJ12.Ghp}1 pwpop tGbpqwmwpmpJntfi[! wnw2wgfimu t Gwt, fi2wOwl.jwtl1 
ubampJwUp 2n2wtiinIJ. mdbp, npnGp wqqmu bu uwtitn11. hnLntlw4fibp}1 t.J.pw: 

btGbtnt.J. tJ.bpnhp2JWlP9, u2wq4.bt t $npp tfibpqWU1WpntpjWG oqwqwol.t 
pppqbmw4.npuwu uwuw2. [92], npmu hwuwmhri.tlht bG oqwqwoli uwut.fl~
Gbp}l 11Pwti.wa lJ.nIJ.llbp[!: 
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'1pp4hU1w4_npuwG uwulfl~I! (Gl.J.. 9.70) pwql.J.wgwo t ppwGpg (1), npp 
4.pw hw4_wp4_wo t uwU1ppgw.1pG OlJ.WlJ.TI (2), npG mGp zwnw4_qn4 U1b!J.wpwz
tu4.wo uwiltilwG wn4.wl.J.Gbp (3): J->pwGp Gbpumu (I) lJ.nzU1 U1bqwlJ.wJ4_wo t 
wGzwpd qtwGWU1WUGwljnp wGp4_ (5), OJI[! U1bf"lwpwztu4.wo t J}UU1 zp2wqop: 
liJG hGwpw4_npmpJntG mGp UJ.U1U14_btm pp wowGgpp (7) zmr21!: q_twGw
U1WUp (6) hbU1 lJ.wn~uwG ub2 t qU1G4_mu wmwuGwGp4_[! (8), OJI!} tiiwlJ. ppwGp 
(9) L. wowGgpwlJ.w1Gbpp (10) up2ngn4 UUU1WO t WpU1wlJ.bGU1poG tlJubnp (11) 
4.pw: lijG UJ.UlUlljmu t uwulfltli ppwGp (I) ipopwl.J.p (13) ub2 mbqwlJ.Pljwo 
wnwGgpwlJ.wtGbpp (12) 4.pw: UGp4.flG (8) lJ.nzU1 upwg4_wo t hwppwl.J.TI (14), 
npp 4.bpL.mu mb11w11P4.wo t lJ.nG[! (15): lJwU1ppgwjpG 011wtiP (2) 4.pw hw-
4_wp4_wo t l}GI}ntGn!J. pntG4bPTI (16): 

ulj. 9. 70. Cwmut/TJWJ/IU [, UJWWW/jwu z wpdnufm/ UWU[DT/ 
wzjuWWWUflWjjJU opqwfimj OTJW/jWOU pflfJ/jbwwlfnptfw{j tfwtfljlgJ 
ljwnmglfw0pw1ftu ujubtfwu 

PpplJ.bU1w4_npuwG uwutlJ~G wzluwillmu t hbU1L.JWL l.J.bpui: UpU1wlJ.bGU1-
pnG Lflubnp (11) UJ.U1U1UwG c:twuwGwlJ. wGp4.fl (8) wnwGgpl} UJ.U1U14_mu t 
Lflubnp (11) wnwGgpp GlJ.wU1uwup J}UU1 e zwnw4_11n4. zp2wqop: UwlJ.wJG, 
pwGp np wGp4.fl (8) pntnp WU1wuGbp[! lJ.nGU1wlJ.U1p ub2 bG qU1G4_mu wGzwpc:t 
wGp4.fl (5) q1wGwU1wUGbpp (6) hbU1, wGfl4.G (8) ul.J.umu t UJ.U1U14_bt pp 
wnwGgpp ZnLP2TI Lflubnp (11) UJ.U1U1UWG hwlJ.wowlJ. nLIJ.!J.nLpJwlip : liJq c:twuw
Gwl.J. wGp4.fl (8) wmwuGl::ip[! qtnp4_btn4. q1wGwU1wUGl::ipp (6) 4.pw.1n4., GpwG 
UU1pUJ.mU l::iG [}lul::iop (11) l.J.l::iu UJ.U1nLJU1P TIGrwgpmu zwow4_ajl m1111mp.1wup 
U1l::i!J.wtflntu41::iL 2e -p ~wtfln4 L. upwc:twuwGwlJ. pl::i124.l::iL WU1WUGl::ipp tnl::i!J.w
pwztuuwG J2WJLP lJ.l::iupG hwilwUJ.wU1wutuwGn11 wG4.JmGn4_: liJupGpG 
UJ.U1U14_mu t wGp4.fl WU1WUGl::ipp pwGwlJ.PG hw4_wuwp UJ.U1mtnwp4_1::ipn4. Lflul::i
op wpwqmpJntGpg tflnpp wpwqmp.1mGn4 L. lJ.wU1wpmu t zwow4_'lfl m1111m-
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1>.1wup e wuun}lU1ntI}n4. L. tlJubn}l (11) UJ.U1U1UwG hw6wlump.1wG[! hw4.wuwp 
hwnwtumpJmGn4 U1WtnwGmuGbp: 

lJwiltnlJ. hwppwl.J.[! (14) (wJG ppbGpg GbplJ.w.1wgGmu t tlflUJ.uwaL. ul.J.w-
1[wnw4, npp ubo wnwGgp(! ipnpp t uwU1ppgWJpG hntn4.wl.J.p GbpppG U1pw
uwqopg, hw4_wuwp t hw11np11wlJ.wjpG Lflubnp WpU1wlJ.bGU1pnGmpjWG 
L1plJ.GWUJ.WU1plJ.pG) 4.nzU1 GUU1WO t wGp4_p (8) 4.pw L. Gpw hbU1 tiwU1wpmu t 
llWU1ppgwjpG OlJ.WlJ.'1 (2) GbpppG uwl.J.bpbun4. GntjGwlJ.wG zwpc:tmu: liJ11ut1Jup 
11buwmu [}lubnp (11) 4bu UJ.U1nLJU1p [!Gpwgpmu uwutn'l hwppwl.J.[! (14), uwu
Gw4_npwuibu Gpw uwiltn'l ab uwl.J.bpbu[! (Gl.J.. 9.70p, q), zwnw4_ajl nLIJ.lJ.nL
pjwUp U1b!J.wt'1ntu4.mu t 11but1J UwU1ppgwJpG 011w4p lJ.bGU1pnG[!' ab bqpwjpG 
•1Jlpp}lg UJnLU a'b' ajlpp[!, WJUpGpG 2e hbnwljnpmpjwG ~wip, L. upwc:twuw
Gwti pbpljmu t wGp4.fl (8) wU1wUGbpp U1b!J.wpwztuuwG pwJ[}l lJ.lrnpG hwuw
UJ.WU1wutuwc:t wG4.JwG U1wl.J.: U.111 c:twuwGwlJ. uwU1ppgwjpG 011wl.J.p Gbpumu 
wqwU14_mu t hwuwuiwU1wutuwG U1wpwompJmG, npG pulJ.mJG 1.94mu t 
uwU1mg4.nlJ. GJmpn4_: lpubnp (11) hw2np11 l.J.bu UJ.illnLJU1p c:twuwGwlJ. uwiltn'l 
Uwl.J.bpbul} U1blJ.WtPnlu4_mu t a'b' ajlpppg a•b• ajlpp[!, WjupGpG zwpd4_mu t 
7wow4_ajl nLIJ.OlflJWUp UWU1ppgwjpG OlJ.WlJ.p GbpppG lJ.nlJ.WjpG (wztuwU1wG
J2WjpG) uwl.J.bpbup lJ.nlJ.U[! L. upwc:twuwGwlJ. ll!U1U14_ntu t wGp4.fl (8) WU1WU
Gbpp pwztu4.w0-mpJwG pwJtlJ lJ.bupG hwUWUJ.WU1wutuwG011 wG4.JmGn4_: U.111 
11buwmu U1bajl ~. mGbGmu GJmpp ub11umu L. Gpw hpmil[! uwutn'l wn4_wl.J.Gbpp 
ub2, WJGnthbU1L. twp wGgppg I}fltpu bG qwlflu ppplJ.bU1Gbp[!: 

liJuut1Juo4_, wnw2wplJ.4.nlJ. uwulfl~mu hwuwtnb!J.4.bt bG OlJ.WlJ.WjpG L. 
lJ.PozuwlJ.uwG uwulfl~Gbpp 'lPW4wG tin!J.ilbp[!: lijupGpG, pppl.ibU1w4_npuwG 
qnpOl}Gpwgl} U1bajl t mGbGmu wG[!G11hwtn L. zwnw4_ajl mlJ.lJ.nLpJWUp uwiltn'l 
hwppwlUt (14) U1WU1WGnqwlJ.wG zwpdntun4_: liJll qbuwmu pwgwn4_mu t 
UWU1ppgwjpG OlJ.WlJ.'1 wztuwU1wGpwjpG uwl.J.bpbup GqWU1UWUp UWULOIJ. 
hwppwlJ.P m ub11u4wo GJmpp uwhpl}, L. lJ.U1pmlJ. ipnppwGmu t uwiltnlJ. hwp
pwl.J.p 4.pw qnpon11 znzwtiin11 md[!, npG wnw2wGmu t GJmpp ub11uuwG ajluw
lJ.PnLpJmGpg, npl} UUJ.WUU1ntU t qnpOl}Gpwgp tGbpqwU1wpmpJwG p2bguwG[! 
L. hwGqbgGmu pppl.J.htnw4_np4_nq Gjntpp w4_btnpq uwGpwguwG 4Jt6wU1uwG[!: 

'Ul.J.. 9.70p -mu UJ.WU1l.J.bp4_wo ttlJUJ.uwaL. uwutn'l hwGqmJ9p ututuwJpg 
bpL.mu t , op Gpw uwutn'l uwlJ.bpbuGbpG wp4_wo bG tlintiintuwlJ.wG l.J.npn4, 
opG ppwlJ.wGmu WJ!} uwlJ.bpbuGbpn4. Gb11wgGmu t Gjmpp pnGuwG qoU1pG L. 
GUJ.WUU1mu, upG~L. uwiltolJ. wn4.wl.J.Gbpp hpmli[!, ubqu4_wo GJmpp uwuGwtip 
uwhpp wnw2wguwGI}, L. opuibu hbU1L.wGp ' GUJ.wuU1mU uwillflIB WJIU1WlJ.PO
qwlJ.wGmrJwG p2bguwG[!: 

lJwlitnlJ. hwppwlJ.P ubquuwG uwl.J.bpbup GlJ.wU1uwup GJmpp uwhpp 
ljbpwguwG hwz4.flG wptnwlJ.Pn11wlJ.wGmp.1wG pwpapwguwG GUJ.WU1wl.J.o4 
uzwl.J.4.btt lJ.wU1wpb1wqnpo-4wo- UWULOIJ. uwpp (Gl.J.. 9.7 1), npp hwuwp UU1Wg-
4bL t luU~lJ hbajlGwlJ.wjpG 4.1.J.wJwlJ.wG: 
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l.i.qw1.11wljJ1G hwuCihLm hwuwp uwutn'l uwppp uu11un11 uw4tphuI! 
i.qwmpwumtlwb t qtwGwol.: liJ'l uw4tphup w11h'lP hp4wpmpJmU[! npnztlmu 
t hhml.Jwt wp1.11whwJ1.11ntpjwup. 

MN= 2nR 
z ' (9.197) 

np1.11t11 R -I! uwmppgwJpfi 011w4}1 wzfuwmwGpwJpG uw4tpbu)1 zwnwtl}111u t, 
Z -I!' qtwfiwmwuliwtlnp wG)ltl}l w1.11wufibp)1 PPtlC!: 
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2e A A 
-· ._e 

! ! 

"&lj. 9. 71. f./wwwpli[wqnpOlfwo tfwtf/_nl/ uwppft 
ljwnmgtfwopw;ftu ufuhtfwu 

"&lj. 9. 72. f./wwwplifwqnpotfwo tfwtffnl/ uwppft 2wpdtfwu ujulitfwu 

lpuhnp ut4 lPPtl tql.llnLJl.llP I!Upwg12mu UWULD'l UUl(112P (14) 2n/Z 
zp2wriwp6p dwuwuw4 (u4. 9.71 L. 9.72) M2 L. N lJ.bmbp[!, npnfi12 pfimpw
qpmu hfi uwutn'l uwppp MN ut11un11 uwlJ.bphup hwlJ.wajlp tltp2wtlnpmpJwG 
rWPl2£!, uw1.11ppgwJpG 011wlJ.)1 wzfuw1.11wfi12wJ)1G uwlJ.bphup hh1.11 hwu[!GlJ.Gmu 
tu: '1-pw wpl}JntGpmu 1.11h11P t mGhGmu. w) uwutn'l uwpp)l wupn112 ut11un11 
uwlJ.hpbum.J. UJntpp hpntuI!, p) UJntp)l hpntuI! pntnp wntlwlJ.Ghp)l ut2, np[! 
fitqWUl.llntU t uwuttitlJ. wp1.11WflP0'1WlJ.wfintpjWU pwpo(lwguwfi[! : 

9. ] 62.2. ifwtftiJl]l hWf/ll[l!]Wljfl unpUW[ tuJflgft/j[DftlJWJftU ljgnpl]UWU 
lipljpw!wtf1wljwu mwpplifll! 

.RwG)l np qp1.11wplJ.tln'l uwutlilmu uwutn'l uwp12}1 hwuwtqw1.11wufuwG 
zwpdntUI! ppwlJ.wGwgtlmu t w1.11wuGwJpfi qntJqp ttq)lgplJ.tnpqwJpG lJ.gnp11m
un4, mu1.11p, phptlmu hfi WJll lJ.gnpquwG npnz bplJ.pwlwl}lwlJ.wG mwppbp, 
n(lnfip oq1.11wqnpbtlhtm hfi hh1.11wqw hhmwqn1.11mpJntCifihpmu: 

CoEK ttq)lgJ14tnJ1qfi (G4. 9.73) wnw2wfimu tr zwnwtl11ntl zp2wqO-p qtn
pmu)lg rµz zwnwtJ.qntl zp2wqO-p tlPwJntl lJ.wu rqz zwnwtlqntJ. zp2wq0-)1 qtnp
uwG dwuwGwlJ. rµ7 zwnwtlqntl zp2wqO-p Ghpuntl: 

f Y 

Y--4--
~wuwut:n 

~tn~ 

"&lj. 9. 73. tUjftgft/jfnftIJft wnwpwgtfwu Ii unptfw[ /jgnpIJtfwu 
wwwtfuwuftt/ft wmwtfft UJ11n:Pftzft ufulitfwu 

Unwfig uwhpp nnnuwfi qhi.q12mu rµ2 zwnwtlqntJ. zp2wqop hw1.114wO-mu 
wnw2wgn11 a wGlJ.Jntfi(! hwtlwuwp t. 

a=360° _.c... , (9.198) lJ.wu a=360°~, (9.199) 
rP1 rP1 

np1.11hq r -(! qtwGw1.11wuGwtlnp wGptl}l zwnwtl}lqG t, rµz -Ci' w1.11wuGwfiptlP 
pwdwupl zp2wqop zwnwtl}lqf!, rqz -G' qtwfiw1.11wuGwtlnp wfi)ltl}l pwdwupl 
zp2wqo)1 zwnwtl}lf!: 
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rpz h rqz uzwCiw4ntpjntCifibpJ:! npnztJ.mti bfi hbuihJWl hWJUlfip pwCiw
ahbpntJ. [87]. 

rP1=ez=e(z-l), (9.200) r<11 =rP2 +e=e(z1 +l)=ez, (9.201) 

npuibq' z1 -(! wuiwtiCiwCiptJ.P tJ.pw wuiwUCibpp pwCiw4Ci t, z -l!' qtwCiwmwti
uwtJ.np wGptJ.P WtnwtiGbpp pwGwlJ.l!: 

q_pmbuwtntl r h rpz tibb-mpJmCifibpJ:!' tuwgplJ.tnpajl hwJtnUp hwtJ.wuw
pmtiubpntl lJ.wpblll t npnzbt C0E'K' lJ.npp lJ.btnbpp tinnpajluwmCibpJ:! uiwpw-

Ubmpw4wfi mbupntJ.. 

x=~+r )cosv-rcosr+rPi v,} 
Pl f 

l ) r+r y=v+rP
1 

sinv-rsin--P1 v, 
r 

(9.202) 

npmbq v -u rpz zwnwtJ.qntJ. wCiptJ.P 2P2WlJWpap J:!Upwgp4 wG4.JmfiG t : 
P.tiwGwtntJ., np WJl}UWUP 4wn)_tJ.wbpfibpmti r=e, (9.202) wpmwhwJmm

PJOLUfibpJ:! qwpblll t qpbthbmLJWL mbupntJ.. 

x = (e + rpz )cos v - e cos e +erPl v '} 
(9.203) 

~ ) 
e+r 

y= e+r sinv-esin--P2 v: 
Pl e 

Quui (9.203) wpmwhwJtnntpJmfifibpp npnztJ.mu bu lJ.bmbpp qnnpajl
uw1.11ubpl}, f!Utn npnfig qwnmgtJ.mti bfi tuwgp4.tnpajl m hwtiwubn lJ.npbpJ:! 
(G4. 9.83), h npnztJ.mti t wmwtiGwGptJ.P lllPn:Ppll!: 

9.16.2.J. lrwlflftilJ WflWWIJPflIJW/;WliDLpjWU /, lfwlf[nIJ uwppft 
UJmmlfw{j hwtiwjumpjwli npn2mlf[! 

L}..pmwpqtJ.nq lJ.wnmgtJ.wopml pppqbmwtJ.npuwG uwuww wztuwmwGpp 
qnpa[!Gpwgmu uwutnri. uwpp[! qwmwpmu t pwpl} zwpctmu: ..12wGp np WJG 
zwpcttJ.mu t pG~uibu 2r2wqawjpG, WJGuibu tL zwnwtJ.qp mqqntpJWUp, mutnp, 
WJU qbuipmu uwuww hpuGwlJ.wG uiwpwubmpbpp npnzuwG hwuwp uibtnp t 
oqmwqnpbbt wnwGoGwhwtnmq ubpnajlqw: 

..12wGp np uwutnri. uwpp[! pwqqwgwo t bpqm ubpuwiittJ.nq MC L NF L. 
bp4_m uwutnri. MN h CF uwlj_bpbuubppg (Gq. 9.74), wuiw WJl}UWLIP uwuw
).ntU ppp4_blilwtJ.npmti[! ljwll1wp1.jmu t wGuuqhwll1 qnpanqmpJwup, hbtnLJWL 
bpljm !JinttbpntJ.. w) uwtuuwljwG uwutmu, p) tJ.bp2GwqwG ubqumu h uwutnri. 
wntJ.w4GbpntJ. UJntpp hpmu: 

Unw2pu !JintLP [!Upwgpmu uwutnrt uwppp rc/z wu4.JmuntJ. 2P2Wl}wpap 
ctwuwGwlj GwtuGwljwu uwutnq uwljbpbu[! (oppuwqp hwuwp MC -G) tnb
qw1JmtutJ.mu t up bqpwJpG MC q]lpppg UJntul!' M'C': liJl} dwuwGwq ubqu
tJ.mu t WJI} tiw4_bpbup L UwtnppgwJpU oqwqp wztuwll1wUpWJpG Uwqbpbup 
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tip2h qmGtJ.nq UJntpJ:!: lTwtitnri. uwppp JntpwpwCiLJmp hbppw4wfi 2rc/z wCi-
4.JmCimJ. 2P2Wl}wpop hwtiwp MC tiwlJ.bpbu[! qpwqbgCimti t M"C", M"'C"', 

M
1
v C1

v L WJL ajlppbp (CilJ. . 9. 74w), t'L wiJ.blll ubqtibtntl GJntp[! : UprumGpmti 
qnJWGmti t ubqtitJ.wb- UJntpp oqwlJ., npp wpmwppCi mpwtiwqpb-J:! hwtJ.wuwp t 
D -p, pu4 GbpppCiJ:!' D' = 2(0M'): liJl} oqwqmti UJmpp tummpJnLUJ:! CizwCiw-

o, 

q) 

IummpJntGJ:! npnztJ.bt t hbui
hJwt hWJtnfip wptnWhWJUlnL
PJWUp. 

Y1 = Y ::,~, , (9.204) 

'IA;. 9. 74. U-wi1i_nrt uwppft ll/UJUJl.fwli hw6w
Jump1wu /, l.fwlf1ft!P wpwWIJJ1fl'lwiJwump1wu 
npn2l.fwu /Jw2tfwp/jw1ftli ujubl.fw 

nptnbq ru4 - l! Gjntpj1 ulJ.qpGwlJ.wG 
tuumtpJmfifi t, kk1 -1!' Gwtufi w-
4.wfi UwUtUwG MC uw!J.bpbup k 
lJ.buipg wnwtJ.btwqmJG hbnwtJ.n
pntpJntG[! tipfi~L uwmppgwJpG 
oqwlJ.p GbpppG UwlJ.bpbu[!, M'S' -
!!' MC uwlj_bpbup M lJ.btnj1 GtJ.w
qwqmJG hbnwtJ.npmpJntG[! tipG).L 
uwmppgwJpG oqwlJ.p GbpppG 
uwlj_bpbu[! : 

-u4. 9.74p -j1g ' 

kk1 = Ok1 +001 - 0 1k, 0 1k = 0 1A + Ak, Ak = 0 3k - 0 3A: (9.205) 

'103MA -pg bphntti t, np 

npmbq MA=0 1B=0 1P-PB: 
q_plilbGwtntJ., np uwutnri. uwppp uba wnwGgpp bplJ.wpmpJntfi(! !Jinpp t 

tiwtnppgwJpG oqwlJ.p Gbpppfi uipwuwqapg 2e ubantpJwUp, 4.wpblll t qpbt. 

0 1P=_!_(D-2e) : (9.207) 
2 

f!wgp l}Pwfipg, GlJ.. 9.74p -pg bphmu t. 

PB=02P-02B, (9.208) 02B=~(02M)2 -(MB)2 : (9.209) 

1 1 
-<,wzi.J.P wnGbtntJ., np 0 2 M = -D h MB= -B 1111 , umwgtJ.nu.1 t. 

. 2 2 

0 2B = _!_~ D2 
- B2 

Uli : 
2 

npuibq Buu -[! uwutnri. MN tiwlJ.bpbup LWJGntpJntGG t : 

(9.210) 

Sbqwqpbtntl (9.210) -[} (9.208) -mu, G4wtn]l wnUbtntl 0 2P=D/2, utnwg
tJ.mu t. 
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PB=~( D-~D2 
-B

2
uu): (9.211) 

"Vbpwnt1ml (9.207) h (9.211)-I! umwgt[mu t. 

AM=±(~D2 -B2uu -2e): (9.212) 

1 
Sbqwl}Pbtntl (9.212) -I! (9.206) -mu h hwztl.P wnGbtntl 0 3M = -D,, 

2 
umwgt[mu t. 

03A=±~D1 2 -(~D2 -B2 uu -2ey , (9.213) 

npmbq D 1 -u GwfuGw4wG uwu1uwG uw4tpbup mpwuwqpiJG t : 
Sbqwl}Pbtnt[ (9.213) -I! (9.205) -)1 bppnp11 wpmwhwJmntpjwG ut2, 

hwztilJ. umGt1m.[ 0 3k=D1/2, umwgt[mu t. 

Ak = ±[ D, - ~-D-, 2 --(-~-D-2 --B-2 u-u --2-e )-
2
]: (9 .214) 

St11w11Pbtnt[ (9.214) -u (9.205) -p bplJpnpq wpmwhwJmntpJwG uh2, 
hwztilJ. wnGbtntl O,A==B00/2, umwgqmu t. 

O,k =±[ B
00 

+D, -~~D-,2 --(-..J_D_2 --B-2u-u --2-e)-
2 l (9 .215) 

Sbqwl}Phtntl (9.215)-11 (9.205) wnw2J1G wpmwhwJmmpJwG ut2, hwztilJ. 
wnGt1m.[ Ok1=D/2 h 001=e, umwgt[mu t. 

kk, = ±[ D +2e-B
00 

-D, +~--~-/---(-..J_D_2 ___ B_2_uu ___ 2_e )-
2

] :(9.216) 

"V4. 9.74q -pg hpL.mu t, np 

S'M' =OS' - OM', (9.217) OM'= ~(OA')2 + (M'A')2, (9.218) 

OA' = 001 +O,A' = e+..!.B00 = ..!.(B00 +2e): (9.219) 
2 2 

Cl-pmbGw1m.[, np M'A'=MA L mbqwqpt1nt[ (9.212) h (9.219) -11 (9.218) -
p ut2, umwgt[mu t. 

OM' =±~D2 
+4e(B00 -~D2 

-B2
uu )+8e2

: (9.220) 

St11w11Pt1nt[ (9.220) -11 (9.217) -p ut2, hwzt[p wnGb)_llt[ OS'= D/2, 
umwgt[mu t. 

S'M' =-i[D-~D2 
+4e( B00 -~D2 

-B
2

uu )+8e
2 l (9.221) 
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6.02 M'B -pg (GlJ. 9.74q) umwgt[mu t. 

M'B = ..!.s
00 

= (02M')sin~ = ..!.Dsin n: (9.222) l}wu B00 = Dsin~: (9.223) 
2 z 2 z z 

liJGmhbmu, mbqw11pt1m{ (9.216) L (9.22 l) -11 (9.204) -)1 ut2, hwztl.P 

wnGbtml (9.223) -{!, umwgqmu t. 

n( 1-sin~) +2e -D, + D 1
2 

- ( Dcos~- - 2e )
1 

Yi = Yu4 (9.224) 

D- D
2 +4eD(sin~ -cos:)+ 8e

2 

bp4pnp11 tP.nqp {!Gpwgi;imu UWULll'l uwpi;ip ub11un11 uw4bpbuQ Up 
bqpwjpG MN qppppg UJntU M 1N 1 qpppQ mt11wtP.nfut{bLJ1u (GlJ. 9.7411) 
MNN1M 1 UJ.Wml}bpm[ uwhdwGwtP.wlJt{wo GJmpp zbpmQ ut11umu L hpmu t 
UWll[Tl'l wnt[wl}Gbpp ut2, {!Utn npmu M,N, N'M' UJ.lUtnl}bpnt{ uwhuwGw4'1wlJ

qwo WJl1 zbpmp up uwuG mGp y, fumntpjmG, pu4 N'M' NM UJ.WU1l}bpnt{ 

uwhuwGwtP.wlJt[wo UJntU uwun' Yu4 fumntp.JmG: 
lfwu1n11 uwl}bpbup ut4 zwnwt[11wJJ1G mt11wtP.nfuntpJwG ctwuwGw4 

uwu1n11 wnt{wl}Gbp hpt[n11 GJntpp qwGqt[wiJQ hwt{wuw~ 4LJ1Gp' 

m, = (ru4S M'N'NM + y,S M1N1N'M' y;, (9.225) 

npmt11 s M'N'NM -I!' M ?V'.NM UJ.WU14bpp uwlJbpbuG t, s M1 N1N'M' -[! ' M INI N'M' 

UJ.rnm4bpp uwl}bpbul!, b -G ' Gjntpp ut11ut{wo zbpm]1 pwp6pntpjntG[!: 
"VlJ. 9.74q -]1g bpLmu t, np 

SM'N'NM =(MNXMM') : (9.226) 

Cl-]1mbGw1nt{, np MM'= PP' , GlJ. 9.7411-]19 npnzt{mu t. 
MM'=OP'-OP: (9.227) 

1 
.£wGp np OP' = OM' L OP= -D-G, wUJ.W (9.220) -l! mb11w11Pb1nt{ 

2 
(9.227) -mu, hwztilJ. wnGt1nt{ (9.223) -I!, umwgt{mu t. 

MM' ~H D' +4eD(,;n;-oo< )+Be' -D+2e} (9.228) 

St11w11Pb1nt{ (9.228) -I! (9.226) -p ut2 u qpmbGw1nt{, np MN=B.i.i, hwzt[p 
wnGbtm[ (9.223) -I!, umwgt[mu t. 

SM'N'NM = ±[ ~D-2_+_4_e_D_(_s1-.n-:---co_s_:_)_+-8e-' -D+2e]n,;< •(9.229) 

M,N ,NM' ui.wmlJbrfl uwljbpbu[! hwl(wuwp t . 
(9.230) 
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vl[. 9.7411-pg bpL.nu5 t, np 

SMiN i NM =2eBdd =2eDsin tr: (9.231) 
z 

St11w11pbtml (9.229) L. (9.231) -u (9.230)-mu, umwgtJ.mu t. 

S "'"'"" " H 2.+ D - D' + 4eD( si< -oos ~) + &e' JD si< , (9 .232) 

SbqwqpbLntl. (9.229) L. (9.232) -u (9.225) -mu, umwgtJ.mu t. 

l 
(9.233) 

-{r1-r01J D2
+4eD(sin:-cos:J+8e

2 : 

lfwutn'l uwppp bpl[m uwutn'l uwqbpbuCibpntJ. hptJ.n11 CiJmpp qwuqtJ.wau 
z 2wnwtJ.11wJJ1Ci mb11wtllnJuuwCi ctwuwCiwl[, WJuJ'lupu ut4 ui.mmJmJ'l ctwuw
Ciwl[, hwtJ.wuwp 4UiCiJ1. 

m2=kzm 1 qq/ui.m, (9.234) 
npmb11 k -Ci uwutn'l t'iwl[bpbuCibpp pwCiwqu t (k=2): 

liJ'l rituwmt'i uwuww pnlll.bwqwCi wpmw'1Pn11wl[wuntpJmuu hwtJ.w
uwp 4UiuJ1. 

Qpnui=m2n=kzm1n l[q/pnUJ., 

npmb11 n -u uwt'itn'l uwppp lll.Ulmt'iwCi hwt'.iwJumpJmuu t, pnlll.- 1
: 

lfwuww ctwt'iwJJ1Ci wpmw11Pn11wl[wCimpJmuu 4UiuJ1. 

Q=60Qpnui=60kzm1n l[q/ct: 

St11wrwbtntJ. (9.233) -u (9.236) -mu, umwgtlmu t . 

Q = 30kzbDnlr1(D+2e)- y04 (D - 2e)-

-{r, - r"' D' + 4eD(sin~-ooS:) +&e' }in: ' 

(9.235) 

(9.236) 

(9.237) 

m1 qwCiqtJ.wamJ. UJntPD tJ.bp2CiwqwCi ut11t'imt'ipg hbmn, WJUpCipG t'iwutn'l 
wntJ.wqCihp hphtm uqqpCiwqwCi 2112wGmt'i, mGp y jummpJntCi L. tJ.hpwatlmt'i th 
hwummpJwUp 2tpmp: liJ'l 11tuwmt'i qwpbUi t qpht-

m1 =yhbBdd =yhbDsin!!_: (9.238) 
z 

(9.233) L (9.238) -u hwuwmt11 tmO-htmg htmn umwgtJ.mt'i t. 
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h=-
1 ~1 (D +2e)- y04 (D-2e)-2y 

-{r, - r",) D' +4eD(si< -oos: l + &e' l (9.239) 

Sbqw'1Pbtntl (9.239) -u (9.120) -p ub2, umwgtJ.mu t liwutn'l uwppp 
lll.mmuwCi hwt'.iwJumpJwCi npn2uwCi hwuwp hbmL.JWL wpmwhwJmmpJntUJ}. 

n = 120yl , (9.240) 

k1{r1(D+2e)- r.4(D-2e)- (r, - r.4) D' +4eD(sin~- cos.;.)+ 8e2
] 

npmt11 n -[! uwutn'l uwppp lll.UlUlt'iwCi hwt'.iwJuntpjntCiu t , pnui.·1, 4i -Ci' UJntp[! 
6Ci2uwu mwl[ lll.Whbtm ctwuwCiwl[u, tJ.: 

St11wryibtntJ. (9.240) -u (9.237) -mu umwgtJ.mu t uwt'iUitli wpmw11Pn11w-
4wCimpJwu npn2uwu hwuwp hbmL.JwL wpmwhwJmntpJntCi[!. 

Q = 3600yzbD_!_sin tr qq/ct: 
t0 z 

(9.241) 

(9.240) L. (9.241) wpmwhwJmmpJmuCitpmu uu11mutJ.mu tu hbmLJWL 
hwumwmmu lll.Wpwubmpbpf!. y=l200qq/u3

, 1=0, 15t'i, k=2, t0=10tJ., 
Yu4=50qq/u3

, D=l ;ou: 
liJu wpmwhwJmntpJmuutpu tmabtmg hhmn umwgtJ.wa mtl.JwtubpmJ. 

qwnmgtJ.bt bu UWUtn'l uwppp lll.lnUlUWU hwt'.iwtumpJWU L UWUWW wpmw
'1Pfi'lWl}wCintpjwCi qpw~J14Cihpu' qwJutJ.wa CipwCig hpuuwl[wG lll.wpwt'ibmpb
pjlg [65]: 

lfwt'i1n11 uwppp ui.mmt'iwCi hwt'.iwJumpJwCi l[wJutJ.wampJmCiu uwmpjl
gwJpu 011wqp ubpppu mpwuwqapg qnpbpp tJ.bptntO-ntpJntGu gm.Jg t mwUiu, 
np uwmppgwJJ'lu oqw4Jl Citpppu mpwuwqjlau (D) t'itawgutwu t'iwt'itn'l 
uwppp hwt'.iwJumpJmCiu (n) ipnppwCimu t: '1-w pwgwmptJ.mt'i t uwt'i1n11 uwp
pjl CiwJuCiwqwCi uwutt'iwCi t'iwqbpbup wnw2J1Ci ub11t'itJ.n11 GJmpp pwuwqp t'ib
ampJwlip: UpmwqbumpnGmpJwu (e) t'itawgmt'iu umJulll.bu Gui.wmnmu t n -)1 
ipnppwguwuu, npu pwgwmptJ.mt'i t ut11utJ.n11 GJntp)1 pwuwqp t'ibawgmuntJ.: 

lfwutn'l uwpp)1 lll.U1U1UwG hwt'.iwJumpJwu qwJutJ.wampJmuu qLwu
wmwuGwtJ.np wut.J.jl tJ.pw wmwt'iubp)1 pwuwq)1g qnpbp)1 tJ.bptmO-mpJmuu 
gntJ9 t mwUiu, np qtwuwmwt'iuwtJ.np wGtJ.jl tJ.pw wmwuGhp)1 pt.J.jl (z) t'itaw
gmuu Cilll.wummu t n -jl wGGzwG pwpapwgt'iwGu: '1-w pwgwmptJ.mu t t'iwu
tn'l uwpp)1 LWJCimpJwG (Buu) ipnppwgmuntJ., npui.tu hhmL.wGp' GwJuuwqwu 
t'iwt'ittJ.n'l CiJmpjl 2tpmp JummpJwu (yi) tJ.mppwgmt'imJ.: 

liutllntllhtntl. umwgtJ.wa Wfl'lJntGpGhpu, qwphlli t hqpwqwguht, np 
pntnp qpmwpqtJ.wa 11tuwtpmt'i n t'ibantpJmGu ipnipnjutJ.mt'i t hwuht'iwmw
pwp nl t'iba uwht'iwuGhpmt'i ' 21-34 pnlll.-1

, npu, pGwqwGwpwp, pbpL.wgumt'i t 
Gpw Olll.UlJ'lt'iwt G2wCiwqntpjwCi npn2t'iwCi JuCiqlipu: 
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lfwuttitll wpmwrymqw4wfimpJwfi 4wJutJ.wb"ntpJmG{! uwmppgwJpfi 
oflW4P fihpppfi mpwuwqbpg 4npbp}1 ttimrntumflJWfi oppfiw[w..PmpJmGGhp{! 
gmJg tfi mwttiu, np uwuLJ1w wpmwrymqwtiwumpJmGn uhb"wumu t D mpw
uwqap utawgmuntJ. ntrtP'l qap ophfipntJ., np{! pwgwmptJ.mu t uwu1.nq uwppp 
uhl1 UjU10LJU1P dwuwuwq uhqutJ.nq UJnLPP hwUWUJ.WUlWU}uwu uhbwgmumJ.: 

. lfwuttiw wpmwrymqw4wumpJwG 4w}utJ.wb"ntpJmfiQ q1wuwmwuuw
tJ.np wutijl i.l£lw wmwuCihpp ptijlg 4npbpp ..pmpntumpJwfi oppCiw2.w..Pm
pJmGGhpQ gmJg hfi mwttiu, np q1.wuwmwufiwtJ.np wfitJ.P tlJlw wmwuGhpp ptJ.ll 
UhbwgntU{! qnpafiwl}wGmu W wqrµuu UWULPW wpmwqpnqwl[wfintpjwfi 
i.l£lw: J2wfip np Wjl} uhawgntU{! up tinflUpg ..pnppwgumu t uwu1.nq uwl{hphu}1 
\_WJfintpjntfiQ, pul{ OJOLU l.J.nflupg' hwUWUJ.WtnWu}uwfiwpwp UhawgCintU t 
uwu1.nl'l uwpfljl zwnwtJ.qwjjlCi mhqwt}lntunt))JntCifihpp ))PtJ.I! Gpw ub4 uimmJ
mI1 cJwuwfiwtr lipl}Jntfipmu uwu1.nq uwppp uhl{ UJ.umtJU1)1 dwuwuwl.J. uhqu
tJ.nq fiJnt):)p pwuwq(! qnpafiwl{wfimu w l}ln}utJ.mu: 

'1-tnnwpqtJ.wa qpw'.ppl[Cihpp tJ.hp1.mantpjntGI} gmJg t tnwlltu, np mtl.Jwt 
4wnmgtJ.wavJ1 uwUtl12.G mfip pw4wqwfi pwp6p WJlU1Wqpnqwl[wfimpjntU: 
UJuUJ.hu, fimJfiJ1u4 D=0,4u -ti 11tuwmu Q -ti utb"mpJntG(! l{wqumu t 2,84 
mid: 

9. 16.2.4. ifwtff]ll]l lfpw qnpitn![ mdbpft m tfntfb6w6bpft, UJWhwuplfn![ 
hqnpmp1wu t.. t0lipqwwwpmp1wu npnzmuf! 

Stl.Jwt 4wnmg4w0pJ1 ppp4hmwtJ.npuwG uwuww wztuwmwGpp ctwuw
Gwq Gpw i.l£lw qnpamu hfi hhmL.JWl mcthpJ:!. w) uwutuwG wntJ.w4fihpmu 
hptJ.nq fiJmpp hw4,wqqhgntpJWfi Ro met{!, p) 4hGU1pnGwtumJU ntd(! (P4), npfi 
wnw2wCimu t uwutn11 uwppjl m wmwuGwi.J.np wutJ.P, qtwCiwmwuuwlJ.np 
wG@ wnwfigpp fil[wmuwup, wpmwl[bfimpnfi mhqwqph1mg, q) wmwuGwfi-
4.P i.J.pw 2r2wqb"wJpCi P mcJ[!: 

~ md[! npnzi.Imu t hwuw6wJG fiq. 9.75 -p, hhmL.JWl wpmwhwJU1nt-

1nmCim.J.. 
R

0 
= a

0
MNb, (9.242) 

npmhq cr0 -G uwu1.nq wntJ.w4fihpp uh2 uhqutJ.wb GJntflP hpuwG 6Gzmufi t, 
MN -n' UWULOfl uwppp UWULUWfi uwl[bphup hpl[wpmpjntU(!, b -G' uwti1.nfl 

uwppp hwuumt13JmG{!: 
Sbqqwphtni.I (9.197) -D (9.242)-mu, umwgtJ.niu t. 

R 
_ na 0bD . 

o- . 
z 

(9.243) 

J2wCip np wmwuCiwGt{ll L. fipw hhtn 4nztn upwgqwb" uwu1nl1 uwppp 
()wfipntflJWfi l{hCimpnfin wpmwqbmu t e 2wnwtJ.qn4 zp2wGwqpb, wuiw fipw 
t\Jlw qnpbmu t LJ.hGmpnCiw}untJu mcJ, np(! hwtJ.wuwp t' 

,.2n 2 
P. t[ 

Ii == mwue 900 ' 
(9.244) 
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npmhq Ott -fi wpmw4hfimpnfi L1mhn}1 uimmuwfi hw6wjumpJmfifi t, pm.4·1
: 

UU1wufiwfitijl tlJlw zp2wqbwJJlfi md{! npnzt\mu t tiwmwpt1. hhU1L.JWl 
l)WUlOflnlflJOLfifihp{!: 

lfwu1nq uwppp up2ngmJ. wmwuGwfiPtJ.G {!fiqmfimu t (Ro-P~) -pfi hwtJ.w
uwp phnGtJ.wb"ntpJmfi: liJq pbnutJ.wb"ntpJntG{! pwz}utJ.mu t q1wGwmwuuwt}np 
wutJ.11 wmwuuhpp hbm 4wniuwfi uh2 qmGtJ.nq wutJ.P wmwufihpp up2L., fimJfi 
11UlflnLflJWUp (Gq. 9.76): 

"Vlj. 9. 75. ifwtf[nq uwppft lfpw qnp<flirz "Vlj. 9. 76. Cppwq<>w1ftu mdft npnzuw(i 
mdlipft hw2t/wpljw1ftli uJulizfw hwzqwpljw1ftu ufuliiiw 

t>wb"tiuwG qnpbw4J1g[!, np[! pfimpwqpmu t l}wnitJ.wa wmwuGhpp 
qmJqhpp flPtl.1!, mtl.Jwt 4gnpquwfi hwuwp hwtJ.wuwp t zl2 -p, mump, wmwu
uwfitJ.ll JmpwpwGLJntJl 4wnitJ.wa wmwup tlJlw qnpb"mu t hhmL.JWL met(!' 

2(R -P.) 
R = 0 4 : (9.245) 

z 
.!,wuwliwJfi G4. 9.86 - p, zr2wqb"wJpCi ntc1(! hwtJ.wuwp 4LltGp. 

i=z / 2 

P== 2;Rcos&;, (9.246) 
i=I 

npmhq Ei -G R mdp mqqmpJwfi h q1.wfiwmwufiwtJ.np wfitJ.P i -pq wmwup h 
wmwufiwGt{ll wmwup zttiuwfi qhmpg wGgqwgtJ.wb" wmwufiwfiptJ.P zwnwtJ.ajl 
tJ.pw p2hgtJ.wa nt[\qwhwjwgp up2L. l{wqutJ.wa wfi4JmGG t: 

Sbflwqpt1.n4 (9.245) -(! (9.246) -mu' umw~tJ.mu t. 
2(R0 - P4) i~z 12 

p = LCOS&; : (9.247) 
z ;~1 

E wG4Jntfi(! npnzt1.m hwuwp ajlmwp44mu t Gq. 9.76 -mu Ghp4wJwg
lJ.wb hwztJ.wp4wJ}1G ututuwG: 

C'O l:lc;co, -r9· tgc = -' -' : 
I C'C' 

I 

J2wGp np l:lk00k' -[! hwtJ.wuwpwumG t, WUJ.W 

(9.248) 
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k0k' = 2k0E' = 2k00sin~, . 2 
npuibq a 1 -I! bpqm hwpL.wG WU1Wt.Wbppg qbajI 
zwnwtlJ1qCitpp 1.Jwquwa qbCitnpnCiwqwCi wCi4JmCiG t: 

(9.249) 

4hGmpnG /l2hgqwo 

Q.pmbCiwtntJ., np koO=rq_z, umwCimu bCip. 

k k, 2 . a1 
o = rqlsm2: (9.250) 

\.,ntJCi hwzqwpl.JwJpG u}uhL'iWJP9 Gl.JwmtJ.mu t , np 
k0C'=k0k'-k'C' : (9.251) 

Q.pmhCiwtml, np k'C' = r, L. mh11wqpbtntl (9 .250) -I! (9 .251) -mu, 
utnwgqmu t . 

k0C' = 2rql sin'~ - r: (9 .252) 
2 

.M0C'c; -pg npnztlmu t. 

c;c' = k0C' sin fJ : (9.253) 

a 
Q.pmbGwtntl, np fJ = 90° ---L, L. mbqwqphtntl (9.252) I! (9.253) -mu, 

2 
umwgqmu t. 

(9.254) 

k0c; = k0C' cos fJ = ( 2rql sin ~1 
- r }in ~1 

: (9 .255) 

U}ubUWJP9 (Cil.J . 9.76) CiwL. bpL.mu t, np 
c;o1 = 0 1k0 - k0C~ : (9.256) 

Q.)lmbGwtntJ., np 01ko=rw L. mbri.wqpbtntl (9.255) -[! (9.256) -)1 ut2, 
uwwgqmu t. 

C'O' (1 . a1 ) . a1 
1 =rwo.n - rqlsm2 -r sm2 : (9.257) 

Sbriwqphtml (9.254) L. (9.257) -[! (9.248) -mu, aL.wtfi.n}umpJnt.CiCibppg 
hbmn umwgqmu t. 

&
1 

= arctg Pz - tg --L : l r a l 
( 2rql sin ~1 

- r }as i 2 
(9.258) 

434 

4wuiwpbtntl CintJCiwCiuwCi 11wmn11mpJntCiCibp, oquiwqnpbbtntl Cil.J. 9.76 
mu pbptJ.wb hwzqwpl.JwjpCi u}ubuwCi, ppwp hbui 2tfi.4.n11 wuiwuCibpp 

t.111.Jpnpri qntJqjl hwuwp umwgtJ.mu t. 

&2 = arctg[( rPl ) - /ga1]: 
2rqz sina1 - r cosa1 

(9.259) 

l>pwp hbm 2tlitln11 wmwuCibpp gwCiqwgwb qnt.Jqp hwuwp E; wCi4JwCi 
11GI]hwCimp wpuiwhWJU1ntpJntU{! qwpnrt t mGhGwt hbuiL.JwL mbup{!. 

&; = arctg Pl tgi --L , 

r 
r a] 

( 2rql sini ~1 
-r )cosi ~1 2 

(9.260) 

npmtri. i=l , 2, 3, ... , z/2: 
2tr 

Q.ptnbCiwtntl, np r=e L. a 1 = - , L. mt11wqpbtn4. (9.200) L. (9.20 l) -I! 
z 

(9.260) -mu, umwgtJ.mu t. 

&1 =arctgl z-l -tgi!:.l: (9.261) 

( 2z sin i : - l )cos i ~ z 

St11wqphtntl (9.261) -[! (9.247) -mu 4wpbLJ1tnpnzht2112wqbwJ)1Ci met[! 

(P) WU1W1.HiwCitlJ1 tlrw: 
Q.)lmbCiwtml P -Ci, npnztJ.mu t Mwin unubCit.nQ wmwL'iCiwCitlJ1 qpw. 

Mwo.n = Pr0 , (9.262) 
nptnbq r0 -[! wmwuCiwCitlJ1 l.JbCitnpnCipg up2J1Ci hbnwtJ.npmpJmGG t upCi2_L. 
WUlWUUWjpCi qnt.Jqp ztfi.uwCi l.Jbtn{! : 

1.,4. 9.76-pg Ciqwmqmu t, np 
1 i=z / 2 . 

ru=-IOP: 
Z / 2 1=1 

01C; = ~,C, 1 : 
sm&1 

(9.263) 

(9.264) 

Sbrtwrwhtnll (9.257) -[! (9.264) -mu, hwztl}l wnGhtntl a,=211/z, 
umwgqmu t. 

(2 . . 1r ) . . 1r r - r sm1--r sm1 -
; Pl qz z z 

0 1C = ---->.-----'---
sin &1 

(9.265) 
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Sh11w11ph1ntl (9.200), (9.201) t.. (9.265) -I! (9 .263) -mu, hwztlti wnGhtntl 
r = e umwgJ.lmu t. 

1 (2 . . ,. 1) . . ,. . z- - zsm1-- sm1-
2e l=Zf2 Z Z 

ru=-;t1 r ]: 
. z-1 .n 

sm arctg - tg1 -

( 2zsini~ - l)cosi~ z 

(9.266) 

UpmwljbGmpnG I.Pubnp 4fiw unubGm}l npnzuwCi hwuwp oqmwqnpa
t.J.mu t hqnpmpJwCi hwJ.lwuwpmu(!. 

77Mtt ntt + M WUlnw1n == 0, (9 .267) 

npmhrt' Mtt -[! wpmw\jhGmpnG I.Puhnp 4fiw unuhGmG t , nwu• - (!. wmwuGwG
tl}l uimmuwG hwnwtumpJmGI!, ri -Ci' t.PntuwGguwG o.q.q. (ri=0,995): 

(9.267) -pg npnzt.J.mu t . 

(9.268) 

n 1 
Q.pmbGw1ntl, np _tt == i.,,, umwgJ.lmu t' MtL = - -.-M Will ' (9 .269) 

nWUl 171.,, 
npmh11 i~, -Ci wmwuGwJpCi t.. tuiPg'11.itn}111wJpCi ljgnp11uwG t.PntuwCiguwG hw
pwphpmpJmCiG t : 

SbfJwIIBhtntl (9.247) t.. (9.262) -(! (9.269) -mu, umwgJ.lmu t. 

2r0 (R0 - P4 ) i=zl 2 
MtL = . :Leos&;: (9.270) 

171.,,z i=I 

Q.pmbGwtntl MtL t.. ntL - Ci, npnzJ.lmu t uwuI.Pw hw11np11wtiti uiwhwG2J.ln11 
hqnpmpJmCil!. 

N = - Mttntt lj~m: 
9555 

(9.271) 

Q.)1mbCiw1ntl, np i~,=z1=z-1 , hwztl}l wnCihtntl (9.270) -(!, (9.271) wpmw
hWJU1nLpJntCi(! GbpljwJwgJ.lmu t hbmhJWl mbupntl. 

2r ( R0 - P,, }nt i=zl 2 
N = Ul " l Leos&;: (9.272) 

955577Z(z -1) i=I 

Sh11w11rt1n4. (9.243) t.. (9.244) -(! (9.272) -mu, umwgJ.lmu t. 
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--------- ------------- -

(9.273) 

Q.pmbGw1ntl, np ntt=i"'=npz=(z-l)nP2' (9.273) wpmwhwJmmpJmG(! 
ljwph!.P t qph1 hbmhJWl mhupnJ.l. 

ru - --mwue nt 
z 900 l i=z/ 2 

2 
[

na0bD n
2
(z-l)ntt

2
) 

N = 'L eos& : (9.274) 
9555'7Z i=I ' 

P Gljwmp mGbGw1ntl, np np2=n, t.. mhfJWIIBhtntl (9 .240) t.. (9.261) -(! 
(9.274) -mu, ljwpb!.P t npnzht uwuI.PtlJ hw11np11wlj}l uiwhwG2J.ln11 hqnpm
PJmG(!: 

CG11mGhtntl, np cr=35lJ<Tlw, b=0,035u, mwu=50ltq t.. ri==0,995, t.. 1mah1ntl 
(9.274) wpmwhwJmmpJmG(!, umwgJ.lwa mtlJwtGhp}l hpuwG 4fiw ljwnmgtlht 
bG uwuI.PtlJ hpuGwljwG uiwpwubmpbppg tiwtutlwa uiwhwG2tln11 hqnpmpJwG 
t.Pm.}mtumpJwG qpw:ppljGbp(! [65] 

liwuI.PtlJ hw11nr11wljp uiwhwG2tln11 hqnpmpJwG ltwtuJ.lwampJmG(! 
uwmppgwJpG OIJ.wljp GbpppG mpwuwqapg qpw{-ipljwljwG op)1Gw~wi.pm

f'IJnLGGbp(! gmrn bG mwI.Pu, np D mpwuwqap ubawgmu(! Guiwummu t 
hqnpntf'IJWG (N) ubawguwG(!, np(! pwgwmpljmu t hwuwuiwmwutuwGwpwp 
uwu1n11 uwppp uh11un11 uwljhpbup tWJGmpJwG ubawgmunJ.l, npp hbm
t..wGpnJ.l, ubawGmu t Gpw 4fiw pbnGJ.lwampJntG(!: liJll GntJG Gljwppg bpt..mu 
t, np wpmwljhGmpnCintpJwG (e) ubawgmuntl Gwt.. ubawCimu t hqnpmpJmCi(! 
(N): '1-w pwgwmpJ.lmu t wmwuGwCitl}l zwnw4fJ}l ubawgmun4, npntl t.. 
ubawGmu t unuhCimG WJll wGtl}l 4fiw: 

lJwuI.P~P hw11np11wltp uiwhwG2tln11 hqnpmpJwCi tiwtuJ.lwampJmG(! 
q1wGwmwuCiwtlnp wGptl}l wmwuGbpp ptl}lg ltnpbpp tlhp1mantpJntG(! gmJg t 
mwI.Pu, np z -p ubawgmul! CimJCiuibu Guiwummu t N -p pwpapwguwG(!: Qum 
npmu N -p wnn mbfJ}l t mCibCimu upG~t.. wJG uiwh(!, bpp z=20, nppg hhmn N -
p ubampJntG(! qnpaGwljwGmu uGmu t hwumwmmG: '1-w pwgwmpJ.lmu t 
ZP2WqcrwjpG md}l h uwu1n11 uwppp U}tntnuwCi hwnwtumpJWU hwuwuiw
mwutuwG t.Pnt.PntumpJmGnJ.l: 

lfwuI.PtlJ mbuwljwpwp tGbpqwmwpmpJwG npnzuwG hwuwp oqmw
qnpaJ.lmu t (9.155) wpmwhWJUlnLf'IJnLCi(!, npmu mh11wIIBhtntl (9.241) t.. 
(9 .274) -I!, umwgJ.lmu t. 

2 
(

na0bD n
2
(z -lfntt

2
) rt ---m e n 

U 0 Z WU 900 t[ joz / 2 

3 = 'Leos & : (9.275) ,. ' 
I 1199,5171z2bDLsin- i=I 

z 
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lmahtml (9.275) wpmwhwJmntpJmG[!, umwgi.J.wa mtlJwtGhpp hpuwG 
i.J.pw qwnmgtJ.ht hG UWUtPW hpuGwqwG UJ.Wpwuhmphppg qw)utJ.wa mhuw
qwpwp tGhpqwmwpmpJwG qpw.'ppqGhp[! [65]: 

lfwuttiw mhuwqwpwp tGhpqwmwpmpJwG 1.tw)utJ.wampJmGn uwmpp
gwJpG 011wqp GhpppG mpwuwqapg 1.tnphpp tJ.mtlJ.n)umpJwG oppGwiwtlJ.m
pjntGGhp[! gmJg hG mwttiu, np D mpwuwqap uhawgmuntJ. uwuttiw mhuw-
1.twpwp tGhpqwmwpmpJmGn GtJ.wqmu t: '1-w pwgwmptJ.mu t GpwGntJ., np 
mtlJwt 11htqpmu hqnpntpJntG[! (N) uhawGmu t GtJ.wq pGmhGutitJ.ntpJrnUp, pwG 
uwuttiw wpmwl}pn11wqwGntpjntG[!: 

lfwuttiw mhuwqwpwp tGhpqwmwpmpJwG qw)utJ.wampJmGn qtwGw
mwuGwtJ.np wGtJ.P i.J.pw wmwuGhpp ptJ.Pg 1.tnphpp tlJ.ntlJ.n)umpJrnG oppGwiW
tlJ.ntpJntGhp[! gm.Jg hG mwttiu Gwt., np e wpmwl.thGmpnGmpJrnG t. z -p uhaw
gmun UUJ.WUUlnLU t 3 -p UhawguwGn N=f(e) t. N=j(z) oppGWiWtlJ.ntpjntGGh
ppG hwuwGuwG: 

-<!.hmwqw tJ.bptmantpJntG[! gmJg t mwttiu, np GuwGwmpUJ. ljwnmg
tJ.wapp uwuttiw Gw)uwqauwG dwuwGwq tGhpqwmwpntpjwG GtJ.wqwqntJG 
GzwGwl.tmpjntG WUJ.WhntJ.htnt UUJ.Wtnwl}ntJ. wGhpwdhzm t D -G tJ.hpgGht Uha 
uwhuwGGtpmu, pulj e -G ' tlJ.npp: z -p uhampJmGn ljwphtli t nGmpht gwfil.tw
gwa uwhUwGGhpmu, pwGp np WJG twl}wG wql}hgntpJmG w pn11fimu mhuw
lJ.wpwp ajlUWl}pntpJWG t. uwuttiiP UJmu UJ.Wpwuhm[lhpp i.J.pw: e -p GzwGw
l}ntpJmGn gwGlJ.wtti t tJ.hpgGht O,Olu -pG hwtJ.wuwp: 

StlJwt lJ.wnmgtJ.wapp uwuttiw tGhpqwmwpntpJntG[! 011wlJ.wJpG ppplJ.h
mwtJ.npuwG uwu[lw hwuhUwtnntf}jlllUp 9,6-9,9 lp-lm.d/m -ntJ. tlJ.npp t , WJ
upGpG unm hpl}m wGqwu: 

9.17. Pp]lljbwwtfnptfwfi tfwtIIfl,!fibp]l qftwwlftnpafiwljwfi 
hbwwqnwmpJmfifJbp]l tfbpnIJfibpJ! [., wpIJJnLfipfJlipJ! 

4bphpp PPPlthmwtJ.npuwG qnpa[!Gpwgfihpp mbuwljwG hhmwqnmm
pjmGGhpp wp11JmGpGhpG ummqhtm, umwgtJ.wa hwztJ.wpljwjpG pwGw-
61..hpmu hwuwUJ.wmwu)uwG qnpawlJ.PgGtpG m uhampJmGGtpu npnzhtm t. 
t'izmhtm GUJ.wmwlJ.ntJ. wGhpwdhzm t 1.twmwpht qpmwtlJ.npahp: Umnpt. zw
PW11PtJ.mu hG qpmwtlJ.npahpp tiwmwpuwG bpwqppu, uzwlJ.tJ.wa uhpnqGhpG 
m mnhGl}Ghp{!, umwgtJ.wa wprumGpGhp[! l..11Pwfig tJ.hptmantpJntGI!: 

9.171. 01/wlJwdt.. pp]lljbwwtfnptfwfi tfwtIIfl,!fibp 

Oqwljwat. pppljhmwtJ.npuwG uwlitliiGhpG wuhGwzwm mwpwamu hG 
umwghL t. UJ.WmwhwlJ.wG it, np hpuGwl.twG hbmwqnmmpJmGGbpn GtJ.PptJ.wa 
hG 11pwGg LtwnmgtJ.wapp t'izmuwG t. lJ.wnmgtJ.wapwJpG UJ.wpwubmphpp m 
zwhwqnpawljwG nbctpuGhpp OUJ.UlPUWLWQUWfi )uGqppGbpp tntOUWUI!: 
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'l-pmwtjmpahpp hwUW[l uzwljtJ.ht hG hwliWUJ.Wtnlllu)uwG uhpn11Ghp t. 
umhGl}Ghp m uhphGwGhpp GumzGhp [2]: 

'l-pmwtlJ.npahpp hwUw[l npUJ.hu pppljhmwtJ.nptJ.n11 Gjntp oqmwqnpOtJ.ht t 
Gw)uwUJ.hu 5-10 uu hpljwpmpJwUp liwGpwgtJ.wa wntJ.mJmp )unmn: 3mpw
pwGvmp tlJ.np6 tiwmwptJ.ht t ppplJ.hmwtJ.npuwG GJmpp W = 8 - 28 % )unGw
tJ.mpJwG up2wljrnJpp 6 mwpphpwljGhpp hwuwp: 

3mpwpwGvmp tlJ.npap mwpphpwlJ.n lJ.pl.tGtJ.ht t 10 wGqwu t. wprumGp
Gbpp uzwqliwG dwliwGw4 oqmwqnpatJ.bL umwgtJ.wa wpdhpGhpp up2pG uw
phuwmplJ.wqwG uhantpJntGGhp[!: 

ltwmwptJ.wa qpmwtlJ.npahpp wprumGpmli umwgtJ.hL t, np tlJ.np6GwljwG 
tntlJwtGhpp uhantpJmGGhpp zh11muGhp{! GpwGg up2pG uwphUwmpljwljwG 
utampJmGGtppg ihG qhpwqwGgt13%-n: 

U/j. 9. 77. </Jnpdwpwpw/jw{j fWpnpwtnnp umliuIJ/1 ujulit.fwu. 
1-Uli!JUUWU jugftlj, 2-ulilJUUWU jugftljft 2wpdwljwu UjWW, 3-fgWl/nplfw{j 
pmuljlip, 4-jumwgmgft1, 5- jumwgmgftlft hft1Jpnq1wu, 6- un!JOW/j, 7- un!Juw
ljft [!Opwgp[! 1wlfinlJ nlinumww, 8-nlinuwwmft 2wpdwljwu ljnuww/jm[! unlJ
uwljft hlitn /jWUJfll/ pwqmlj, 9-unlJUW/jft [!upwgpft hft1JPnq1wu, 10-T-40/75 
pwdwuwpwp, 11-.;mIJft pwp, 12-K/1-500 hft1JPnlfIJft1, lJ-J:1lilJmpw2wpdft1, 
14-pwpdp lfu2uwu lfimlJ1w/j, 15-hft1JPnq1wuulipft lfwwmglfwu lfinlJPW/j, l6-
wnwugpw1ftu mdft 1wlfiliwu mdw1wlfift mliuqnml/ft1. 17-2lfiuwu mdlipft 
1wtjllfwu mdw1wt/Jft mliuqnwl/ft1, Prwnwugpw1ftu mdft 1wlfiuwu mdw-
1wt/J, Pr2lfiuwu mdlipft 1wlfitiwu mdw1wtjJ 

OpUJ.hu htrnlJ.hmwJpG mtlJwtGhp hG ajlmtJ.hL uhquliwG )ugplJ.P UJ.Wpwuhm
ptpu (hpljwpmpJmGu' L, UJ.lllmhpp phpuwG wGl.JJmGu' a, ummpp ljmptJ.wb"pp 
iWtlJ.hPI!' a0 , b0 ) L. pppljhmwtJ.nptJ.llTJ. GJmpp )unGwtJ.mpJntGI!: f!pp4tmwtJ.n[1UlllG 

uGpwgpmu iwtlJ.tJ.ht tG pppljhmwtJ.npuwGG wGhpwdhzm t'iGzmun t. umwgtJ.wa 
pppl}hLnGhpp npwljwl.twG gmgwGpzGhp[! {)utnntpJntfil!, wupntpjntGI!): 

Cl-pmwtlJ.npahpntJ. npnztJ.ht hG Gwt. uhquuwG )ugpljp UJ.Wmhpp t. pppljh
mwtJ.nptJ.n11 Gjntpp (wntJ.ntJm) ztlJ.uwG qnpawljpgGhpl!, GJmpp W=8-28% )un
GwtJ.mpJwG up2wljwwmu: 

Q.pmwtlJ.npahpp ljwmwpuwG hwuwp twpnpwmnp umhGajl ljwnmgtJ.wa
pwjpG u)uhUwG phptJ.wa t GlJ.. 9.77 -mu, pul.t t!GflhwGmp mhupt!' Glj. 9.78-mu: 

439 



?A;.9. 78. Lwpnpwtnnp umMIJ/1 [JOI]hwump wbup[J 

UmhGq[! (Glt. 9.77) pwqltwgwO- t zp2wGw4Jig, npp tlJ1w unGmwcttJ.nul t 
ut11uuwfi ]ugpq[!: Uhquuwfi Ju9P41:! pw11qwgwO- t fihpphp (18) h 1.J.hpl.tp (19) 
uw\llqGhppg, npnGg up21.t qmGtJ.mu hG hpqm qnqwJpG UJ.Wmbp{! (I): 
Uh11uuwfi ]ugpqp fihpumu hhm[!Gpwg-hwu[!fipwg zwpctmu t qwmwpmu 
unqGwq[! (6), nppG zwpctuwG ut2 t qGmu hpqpnq1wGI! (9): PppqbmwtJ.npuwG 
GJlllPI! ]ug]14 uwmmgtJ.mu t phnfiwl}npuwfi pmfiqhppg (3), uhqt'ipLfihpp (4) 
oqGntflJWUp, npnGg zwpctuwG ut2 t qGmu hpqpnq1wG!! (5): <!,prymq1wGGtppG 
wz]uwmwGpwjpG hhqnt4D {Jntfl[!) uwmmgtJ.mu t Jmllfl pwppg (11), Jmllfl 
1.lllfllti (12) Li tJmqpwqGhpti (14),(15) up2ngntJ.: 5mllfl uqpm zwpctuwG ot2 t 
qpl}mt'i t1hqmpwzwpctplti (13) up2ngnq: 

4ppwm\nq mctl! npnzbtm hwuwp hpqpnq1wGp u]ungwqnpp h un11Gwqp 
up2Li mt11wtiwJqwO- t Jl,1 mhGqnuhmpwqwfi mctwLwifl, npp tlJlw unuGatJ.wO
bG qwup2wJpG u]uhUwJntJ. upwgtJ.wO- mhGqnm$Lfihp: 

4ppwnqn11 wnwGgpwJpG <'iGzmu[! npnzqmu t hhmhJw1pwGwahnq' 
Fwn -F'lfill 

Pwn = S (9.276) 

npmh11 fwd! wnwfigpwjpfi mct!i t, npfi umwgtJ.mu t Jl,1 mctwLwiflp 
gmgumGppg, Tqw!!' unqGwqp h ]ugpqp UJ.Wmhpp t'ip2h wnw2wgwO- ztJulwG 
mctl! (npnzqmo t ]ugpqmu un11Gw4lt UJ.WpwUJ. [!Gpwgpp 11hll.lpmu), S-[!' 
unqGw4fl <'iwqwmwuwup uwqhpbu!!: 

Un11Gwqp zwpctuwG ctwuwGwq 4J:ipwnl\n11 <'iuzuwfi iflnifln]untpJntfil! 
npnzhtm hwt'iwp wGhpwcthzm t uhbnht unqGw4}1 mbqwzwpctu ut11uuwG 
]ugpqmu: liJ'1 Gll.lwmwqnl\ oqmwqnpO-qmu t nhnumwm (7), np]l zwpctwqwG 
qnGmwqml! qnzm upwgtJ.wO- t unqGwqpG (8) 10-w4fl t'ip2ngntJ. (Ciq. 9.77): 

Un11Ciw4]1 mhqwzwpctp iflmjm]umpJmGGhpp qpwfigntu{! qwmwpl}mu t 
oug}l1nqpw.'.pp GWll.IWtlbGp 1.J.I1w, UJnLU ll.IWPWUbmpbpp qpwGguwG hhm 
hwuwmt11: q..pwGgmu[! qwmwptJ.mu t zGnphpl\ iflmlm]uwqwG '1fluwqpm
flJWG ZllflWJmt'i hnuwGpp mctp tJrnifln]uuwG, npCi wnw2wfimu t nhnumwmp 
zwpctwqwCi qnGmwl.J.mp mh11wzwpctjlg: 
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PppqhmuntnpthuG qnpO-[!Gpwgjl tlJlw ut11uuwG ]ugjlqjl lllwpwuhmphpjl 
mum1rnwujlpmpJwfi Gll.lwmwLtntJ. ]ugJilt!! lllWmpwumtJ.ht t tJrnifln]utJ.n11 
UJ.WmhpntJ., npnGg oqGntpJwt'ip iflnifln]utJ.mu hG GpwGg lllwpwuhmphp[!' 
a0 , a, L, LP L2 : 

L,ulI 
15~--i--L-~,,....1..-=b±==:f=:::t::::J__J 

/,,..... 
10r---t--+-+-+--+---l----l----+---l---l--~ 

5 // - - - - - - - .- ... - - - -f------i'--++--..,.-.-+-=--+---l-~--l-~-1----l-~-I---~ 

/ - ~~: ·.-~:. 7:;;.:. .::::: .:::::. --.-.:..· . .:.::.:: 
0 .____,_,£=:::::~:.i'"-;~_._. ---'-·-·--·-· -'-'--·• ·_-_. L-_·_·-....L.• --·· -...L~_ .. _-_ •• .J..-_·_·-_•.i_____J 

0 10 20 30 
- a=O - - - a=S ·······a=10 -·-·- a=15 - .. - .. a=20 

'Ulj. 9. 79. flpftljlimwtfnpuwu 6u2uwu ljwjutfwump1mO!J uli17lflfwu 
jugftljft lipljwpmp1muftg, a 0 x b0 = 40 x 50 lfu 

L,ulf r----r--.---r--.,c----r--,---~~-~~ 

18~=t==t=:l=:r::::t~~t=:t=t~ 16 1-
14 i---;-----i--,.,-~---t--+---l--+--~--l-----I 
12t---+--+-~~/--+-_+--__,f---1---1-~-l-----l 
10r---t----l-lf--/-t----l--+--l-------,t--:......l--L4---I 
81---;--~l~/_,,...~-~-+-----+-----l·---t-~----1~-t-~ 

J / 
6i-----t----c/f-h/:-'---t----ir---+--+---+-•• --~-=-~-,_{--~ 
4r---;--r-7t--r-'~----=·~-=·=-·=·~·=·=··~--~-~------i_,_,,=t-----" 

£, , ... ..:-:. -:.-=.:. ~ ... .:. -::_.·. =···- ·-·· -··-2 i-----r~n.,~~~_...'f-----1~-+--i-~+---+~-+----l 
0 L-----=---'---'----'--'--....1-.-.J.._--l _ __L____J 

O 10 20 30 cr,t../lflf' 

-a=O - - -a=S ••••••• a=10 - ·-·- a=15 -··- a=20 
'Ulj. 9. 80. /2pftljlirnwtfnpuwu rfu2uwu ljwfutfw<l!np1mOlJ uli17lfuwu 

jugftljft lipljwpmp;muftg, a 0 x b0 = 40 x 60 uu 

ct>npaGwl.J.wG uwppp tlPw l.J.wmwptJ.wO- iwpnpwurnp iflnpuhp]l wp11JmG
pmu umwgl\bt bG mwppbp UJ.Wpwt'ibuiptpm.J. ubUJ.wah ut11uuwG ]ug)lqGbpmu 
pppqhmwtJ.npuwG qnpO-{!Gpwg{! pGntpwqpnfl ougp1nqpwuwGhp: Ougfl1nqpw
t'iwGbpp uzwqmt'ipg hbum uuiwgtJ.bt bG pppltbmwtJ.npuwCi wCihpwctbzm 
<'iCizuwG up zwpp qw]uqwO-ntpjntGGbp uhquuwG ]ugpl.J.jl hpqwpntpjntG}lg, 
npnGp pbptlwO- bG fiq. 9.79-9.81 -mu: 

l.,zl}wO- pntnp qw]utJ.wO-mpJmGCihp{! umwgtlht hG W=16% tunGwl}m131wG 
wnl}mJmp pppqhmwtJ.npuwfi qhll.IPmu, a0 x b0 = 40 x 50 uu, a0 x h0 = 40 x 60 uu, 

a0 x h0 :::: 40 x 70 uu unnnpp Ltmpqwbpp Lwiflhp t. a = 0, 2, 5, I 0, 15, 20° 

wnwGgpp Gqwmowup UJ.wmhpp phpuwCi wG4JmGGhp mGhgn11 uhlllwah 
ubqt'iuwCi ]ugplJCihpmt'i: 
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L,ull 

251-----1-~--1-~-1-~-+-~+--~+---l~-+~-+-----1 

201----f~-+~-+--7~--;__-+~-t-~--t-~+-~t----j 

// 
151-----1-~-+v--c....i-~-+-~+--~+---1~-+.-•• -•• -•• +----i 

········ ······· .......... ········ 101-----1-~-4<~-l-,...--LF'='-+-~+-----i~-+~-t-----1 

/ ....... ··· -------i-----
1-----l---J.'..........j.:"~·..,...-~-~ .......... .,,,__,_,,.-~·=..:.~=...:·=+"'~·====i=-~·--·./----! 5 I I .. "' ·- . _........ · ··- ·· ·· '-··-· 

16:~::.~·-·· 
OL----'E.:...-'-~-'-~-'--~-'-~......_-----"'------'-~--'-~ 

o 10 20 30 cr,v/uu' 
-- a=O .......... a=5 - - - a=10 -·-·-a=15 - .. -··a=20 

uft. 9.8/. flpflftbmwlfnpifWU DUJUW{i ftwjulfWUJJl/}jfllU[! UbIJiiiJW/i 
jugftl/ft hpftwpmp;muftg, G0 x b0 = 40 x 70 if if 

.PGlUJ.bu hplintu t GLt. 9.79-9.81 -pg, ppplthmwtJ.npuwG oGzmliJ:! uhp
mnp.hG LtwJutlwO- t uhq.UUwfi lu9Pltlt hp.l.J.wpnt}}Jntfi)lg: Uh11uuwfi lu9Pltlt 
bpltwpnt}}JWG uhO-wgntU(! hwGqbgGmu t ppplthmwtJ.npuwG 6GzuwG ubO-wg
uwG, npJ:! iJ1nJut{mu t UJ.Wpwpnl.P oppGwlwiJ1mIJJwup: 'uzbGp, np Jugpltp bp
LtwpmpJwG iJ1npp wpcthpGbpp qtuwmu ppplthmwtJ.npuwG 6GzuwG wop 
pGmbGuptJ.ntIJJntGJ:! iJ1npp t : lugpl.J.P UJ.wtnbpp IJhpuwG wGl.tJwG uhawgntu{! 
pbp.mu t pp.jl.qbtnwt.J.npuwfi oGzuwG wojl. pfitnbGuJ:i.4.mpJwfi ubawgmu: 
U1iwgw0- pntnp hwtJ.wuwp UJ.WJuwGGhpmu lu9PltJ:l. ummpp lttnpt{wbpp uba 
lwiJlbpp qbuwmu Jugpl.J.P bpltwpnt}}JntGJ:! uhO-wgGbl.Pu pppltbtnwt{npuwG 
oGzuwG won tnb!lP t mGhGmu wnwtJ.ht iJlnpp pGtnbGuptJ.mIJJWUp: liJUUJ.hu, 
Jugpl.J.P Go x bo = 40 x 50 uu L. a= 0 UJ.Wpwubtnphpp qbuwmu, ubO-wgGbtntJ. 

Jugpl.J.P bpqwp.nt}}JntG(! ujl.fi~L. lOuu, ppjl.qhmwtJ.np.uwG ouzmul! hwuGmu t 
3,5'u/uu2

: lugpqp hpqwpmp}wG hbtnwqw ubO-wgmUJ:! upGlL. 16uu, pbpmu t 
oGzuwG wo up.GlL. 26"\..,/uu : Iugpl.J.P ummpp Lttnpt.J.wbpp GmJG lwiJlhpJ:l. L. 
UJ.Wtnhpp a = 5° IJhpuwG qtuwmu, lu9P4P hpqwpntIJJWG ubawgmu(! upGlL. 
6 uu phpmu t pppqhmwtJ.npuwG oGzuwG wop upGlL. 21 'u/uu2

: 

G0 x b0 = 40 x 60 uu L. a= 0 UJ.Wpwuhtnphpp qhUJ.pmu Jugpqjl. hp.qwpm-

pJmGn ubO-wgGhtn~ upGlL. L=lO uu, tnb!lP t mGbGmu oGzuwfi ubawgmu 
ujl.filL. a-= 3,2 "\..,/uu : L-p hbtnwqw ubawgmun upfilL. l 6uu, mwt.Pu t oGzuwG 
wo upfilL. lO'u/uu2

: a= 5° -p qtuwmu L-p utawgmun upfilL. 6 uu hwfiqbg
Gmu t a- -Jl uhbwguwu uJlGlL. 4"\..,/uu2

: 

Shuwqwfi L. iJlnpofiwqwfi mtlJwtfihpp hwuwtnhqmun a-= J(L,a) 
qwlutJ.wO-mpJwfi qnphpp tnbupntJ. (fiq. 9.82) gmJg t mwt.Pu, np tnbuwltwfi L. 
iJlnpofiwqwfi tiwlutJ.wO-mpJmfifihp.n t.PmJjlfi hwuufi4fimu bG, L. wnwtJ.btwqmJfi 
zhqmul! qwqumu t 6%: 
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-~ 
1ol--+--l----l-----t-:d---4-~:::::t::;;;:i;:.....-~-:::::.-!-~ 

~:::-: - - -- -
Br--+--+-+.-<j~'-t---l-+------4---1---J--+----1-------j 

6~-t---Hf-t--J~+--t:-:-~:::-;t.,....,j..-~c!;j----l 
I ·····~·:.:.:·::.:.:.···- -.. ··------ .,....._... ... 

4~-t--lt-7"~r ..... ~.._.+-+'""""'"l'-'~·-~·;;.+--·-'-'l'-=..:.··~ 
I.~~:~~ .. ·= ·:: ·· . .. ~ ..... - . 

21----H~~~:--l-i---J--·~~l--·+·--1---· +--+-"-".J....-----j ti 
o~-"'---'---'------"'------'---'---'---1~_t___-'--_J__J 

0 10 20 30 40 cr,v/uu' 
-- a=O - - - a=5 ··•••·•••·· a=10 - a=10 

-·-·- a=15 -··-· .. a=15 - • - · a=20 • • · a=20 

ulj. 982 Ppftljbmwlfnplfwli 6lizliwli mbuwftwunpbli t, t.ftnpdliwftwu 
umwglfwu ljwjulfwbmp;mlilibpf! jugftftft u;wpwifbmpbpftg . 
- mbuwftwli, -- t.ftnpdliwftwli 

UtnwgtJ.wO- a= f(L) LtwlutJ.wO-nt}}JntG!ibpJ:! nu111tJ.mu bG tpuUJ.nGbGgpwl 
:PmGltgpwjp mhupntJ.. 

(9.277) 

nptnhfl c1-I! L. Ci-I! Jugpltlt G0 ,b0 Li a UJ.wpwubmphpltg LtwlutlwO- iJ1npofiw-
4wfi qnpO-wqpgGbp hfi, npnfig wpctbpfibpJ:! pbptJ.wO- bG WllJmuwq 9.4 -mu: 

Urunwwlj 9.4 

b0 XG0 = 40 x 50uu b0 x G0 = 40 x 60 uu b0 XG0 = 40 x70 uu 
ao 

' C1 C2 (j 0 

' c, C2 ao 
' C1 C2 

0 0,59 0,33 0 1,65 0,3 0 3,44 0,20 
2 0,47 0,74 2 1,23 0,62 2 3,06 0,36 
5 0,19 1,22 5 0,87 0,84 5 2,52 0,49 
10 0,09 1,93 10 0,72 1,12 10 1,96 0,66 
15 0,39 2,58 15 1,47 1,33 15 2,32 0,79 
20 1,07 3,2 20 3,36 1,52 20 4,11 0,91 

(9.277) 4wlutJ.wO-mpJntfi{! t.Pwpctbp lli wpmwgntmu ppp4htnwtJ.npuwfi 
qnpQ-ufipwg{!, pwfijl np w pwt.J.wpwp.t.J.mu t.J.tp2uw4wG UJ.WJUWGJ:!: UjupGpG, 
bpp L=O, umwgt.J.mu t a-= O,lc, , wJfi qhuwmu, bpp UJ.btnp t l.Pfip a-= o : 
UwltwJG hwubuwtnhtnt.J. C1 L. C2 qnpawl.J.Pgfibpp ~tJ.UlJpfi wpctbpfibp(! a- ub-
0-ntpjillU hbtn, Gzbfip, np a- ubO-nt}}JWfi wpctbpGbpp hwubuwtn c1 uham
PJntfi(! zwm iJlnpp t , hbtnL.wpwp (9.277) hwtJ.wuwpntUJ:! pwtJ.wpwp ozqptnm
pjwup 4illphl.P t Ghpqwjwgfiht hhmL.JWl mhupnq. 
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a = O,lc
1

( ec,L -1): (9.278) 

Lwpnpwmnp qpmwipnpohpp wpl}JntGpGhp{! hGwpwtJ.npmpJmG hG mtJ.ht 
qwnmgh1m pppqh111wtJ.npuwG oGzuwG qwfutJ.wampJntGGhpp qpw:p]1qGhp{! 
uhT\uuwG fugpqp hpqwJGwltwG wnwGgpp Gqwmuwup ll{Wtnhpp phpuwG a 
wG4JmGpg: uq. 9.83-9.85 -mu phptJ.wa hG WJ'l 4wtutJ.wampjntGGhp]1 qpw
:PJ14Ghp{! l=3, 5,7,ll,13uu hpqwpmpJmG L a0 x b0 = 40 x 50 , 40 x60 , 

40 x 70 uu um111pp qmptJ.wc}p mGhgnT\ uhT\uuwG fugJ14Ghpp hwuwp: 
a,w UUl ,--,---.,.- --,--r-::::::::;;:;.-==F=:::;:==;;i;;;;;=::i----i 

141----1-~--+~__.~~+----+----1---I--+--+--~ 
121----t---+------+---+----+---+--+--+-----i 
101----i----1---./--1----+---+---+---l--+--+-----i 
81----1---1,1--/--+____,--..i-~-"'--=-~-~.::::J'--=-~--1----+-----f----! .... -
61----l-~4-J~~~---+---+---+---l--4--+-----i 

4 I 1 ..... ' - -f----l--1~~---±: .......... ~-====J---"""""t---"+-"""""'-t==:...+---l 
// "" ........................................ .. 

21----i....,..,,.--+~~c;._=l-.~=+---+-C...:..:..:.-'-'F-:..:.=+"'"--+-----i 
If' v..-·· . ..... - . . -·- -·- -·-0 '----'~"----"'-"'-~''-'------'-......... -~·=-="~'·~·~·-::.......i· _-_._·-~·-·-_'"_._____, 
0 10 20 30 cr,v/tltl2 

-- L=3utl - - - L=Sutl - - L=7utl 
........... L=9ull -·-·- L=11ull -··-··· L=13utl 

uft. 9.83. Pp/1/;bmwt/nplfw{j lfu2lfw(j !/W/ut/LUUTJl/}jfllU[! UbflUULUU 
jugfl!/fl wnwugpfl U!/WUJUWUp UJWU1bpfl pbplfw{j w(iqjm{iflg, 

G0 x b0 = 40 x 50 uu 

a,WUUl 

20r---r---+---+---t--=---f-----t----t-----r---t- ---; 
/-

151---+---+---~-----+-_-_-+-_-__ _.. ____ --lf--__ -~ ___ ---+---I 

10 f---+---+-.1<---+--,----1"=--~r----+----l---+----+---I , / ____ -- --- -- --
Sf---1---+-/+--~/~~q.._....,-__..L!l'-'-.. ~"~"·~·~"~"~"~"~'~"~"~ .. ~·~"~ .. ~··~·~ .. ~··_ .. _ .. I--~ 

I '/ ... --· -·-· -·-·- ·-·-·-·- - -~ .. ,.. ..- ,_ .. _.,._ .. 
O'---....l..L.~~JJ<--.:../Lj..__......._,.-=.::..:."_-_._.L __ .. _-_·~----''---_.__ _ __.__ _ _. 

o 10 20 30 cr,v/tlt12 

----- L=3 utl - - L=5 utl - - - L=7 utl 
........... L=9 utl -·-·- L=11 utl _,,_, .. L=13 utl 

uq. 9.84. Ppfl!/bwwt/npi.fw(j lf(j2lfw(j qwJut/w0n1pjntU{! ubquuwu 
jugfl!/ft wnwugpfl (iqwwlfwlfp UJWU1bpfl pbpi.fw{j wu!/.Jmuflg, 

a0 x b0 = 40 x 50 uu 
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0 10 
L=5utl 
L=11ULJ 

20 30 
- - - L=7utl 
_,,_,, L=13utl 

a;v/Llll2 

L=9ull 

uq. 9.85. Ppftqbwwt/nplfw(j lf{j2lfw(j qwjut/WOnl/}jfllU[! Ubflliuwa 
jugft{jft LUllWUgpft uqLUUJUWUp UJWU1bp/1 pbplfw(j WUf/jntUjJg, 

a0 x b0 = 40 x 50 uu 

PhptJ.wa qpw:jlpqGhppg hpLmu t , np a wCi4JwG ipnipnfumpJmGu pw
tJ.wqwG wq11tgmpjntG t pnTjGntu ppJilthmwtJ.npuwG oGzuwG tJ.pw : lijull{hu, 
a= 0 w11cthpp I}bll!J2mu, wJupGpG ll{[lpquwJwoL uhT\uuwG fugpqGh11mu, 
ppp4h111wtJ.npuwG u oGzmuG uG11mGmu t p(l GtJ.wqwqmJG wpcthpu: a -G 
uhawgGhtJiu uJiGlL npn2w4Ji wpcthp, u -Ji wpcthpu 1jmtltntutJ.mu t wGGzwG, nppg 
hhmn a -ti wou 1.trmu t pG111hGuptJ. pGmJp: OppGw4, L=5uu h[lqwpmpJmG L 
G0 x b0 = 40 x 70 uu ummpp qmplj_wc}p mGhgnT\ uhT\uuwG fugp4Ji hwuwp a -.P 

uhawgmuu O-pg utiGiL 10° hwGqtgGmu t u -Ji 0,2-Jig uJiGlL 6 u/uu2 wop: a -ti 
hh111wqw Utawgmuu uJiGiL 20°, phpmu t u -Ji wo uJ1GlL 40 u /uu2

: 

q.pw:PJ14Gl:ippg html.mu t GwL, np ltwtutJ.wa a -Jig , u -Ji wop pGmhG
uptJ.mpJmGu wtJ.t1wGmu t , uhawgGt1ntJ. lu9P4'1 hpltwpmpJmGu: liJull!hu, 
L=7uu tpqwpntpjntG L Go x bo = 40 x 50 uu ummpp 4mptJ.wa12 mGbgnTj 

Ul:iTjUUwG lu9'14'1 hwuwp a -G uhawgGhtntJ. 0-pg uJiGiL 8°, (J -G uhawGmu t 
I-pg uJiGiL 15 u/uu2

: L=9uu hpqwpntpJwG hwuwp, a -Ji GmJG uJi2wltwwJi 
11tuwmu, u -Ji wpcthpu utawGmu t 1,5-Jig u.PGiL 36 u /uu2

: 

q.pw:pp4Gtpu tJ.4wJmu tG, np u = f(a) :pmG4gpwJJ1 ipm}mtuuwG 

pG111tGu.PtJ.mpJntG{! GtJ.wqmu t, ul:iawgGhtntJ. fugJi4Ji ummpp 4111ptJ.wc}pp 
iwtjlutpu: 

PUill{l:iU wp11tG GztJ.l:it t, (9.278) hwtJ.wuwpuwG ut2 u111GnTj c1 L c2 

qnpawqJigGtpu qwfutJ.wa t u utTjuuwG fugp4Ji ll{wpwubmpbppg, WJ'l ptJ.mu L 
a wG4JmGpg: ~l:i111Lwpwp u =/{a) ljwfutJ.wampJmGGtpp qpw:jlpqGl:ipp 

hpuwG tJ.pw qwpbt.P t qmGbt c, L C2 qnpawqpgGtpp uwphuwmJiltwqwG 4WU!{! 
a wG4JwG hl:im: 
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lillJmuwlJ. 9.4 -mu phptJ.wo c1 = J(a) lJ.wp.ntwampJmGn pphG}lg GhplJ.w

JWgGmu t UJ.W[lWPllL htmhwpwp, WJG lJ.wpttti t wpmwhWJUlht hhUlUJWl 
pwquwGqwu}l mtupntJ.' 

(9.279) 

npmtq c3, c4, c5, c6 -n tugplJ.P ummp}l wGgpp lwtlitppg lJ.wtutJ.wo 
ipnp6GwlJ.wG qnpowlJ.pgGtp tG: 

liJI} qnpowlJ.PgGtp}l npnzuwG hwuwp oqmwqnpotJ.ht t '.)tppzhp 
ptJ.hpp oqGmpJwUp lJ.nptuwgpnG hwtJ.wuwpmuGtpp hwztJ.uwG utpnl}I! [2] : 
c3,c4 , c~ L. c6 qnpowlJ.PgGtpp wpcttpGtpn ptptJ.wo tG WilJmuwlJ. 9.5-mu: 

UiijntUW/j 9.5 

Go xb0 ,uu C3 C4 C5 c6 
40x 50 0,6922 -0,1385 0,00786 0 
40x60 1,6535 -0,2036 0,00765 0,00034 

40 x 70 3,44 -0,1855 -0,00335 0,000715 

btGhtntJ. WilJnLUWlJ. 9.4 -p mtl.JwtGhp}lg, C2 = J(a) :pmGlJ.g}lwG lJ.wpttti t 

wpmwhwJmht htmhJWl op}lGwlwtJ.mtpJWUp. 

C2 = C7 + CsaC<) , (9.280} 

npmtq c7, cs, CJ-I! uhUJ.woh utquuwG tug}llJ.P ummp}l lwiputp}lg lJ.wtutJ.wc) 
tJ.mp6GwlJ.wG qnpowlJ.pgGtp tG: 

<!,wtJ.wuwpuwG ut2 mbqwl}PbtntJ. a = 0, lJ.umwGwGp' c2=c1: <!,tmhwpwp, 
c7 uhO'ntpjntG[! hwumwmmG UhOnlJtjntG th tJ.bpgtJ.mU t WilJmuwlJ. 9.6 -}lg: 

Cs h C3 qnpowlJ.PgGtp}l JttlWJpG ubc)mpjntGGtpn npnztJ.mu tG GmJG 
bqwGwlJ.ntJ., pG1 c1 h c2 qnpowlJ.PgGtpn: liJI} GUJ.wmwlJ.ntJ. tnqwp}l11umu tGp 
(9.280) hwtJ.wuwpmun. 

lg(c2 -c7 )=lgc8 +c9 lga: 

(9.281) 4nptuwgpnG hwtJ.wuwpuwG umwgtJ.wo 
pbptJ.wc) bG WilJillUWlJ. 9.6 -mu: 

G0 x b0 ,UU C7 Cg 

40x50 0,3317 0,227 
40x60 0,301 0,214 
40 x 70 0,2 0,1025 

(9.281) 

Urijmuwlj 9.6 

C9 

0,8467 
0,5796 
0,6487 

(9.279) h (9.280) wpmwhWJUlnLflJlllGGhpl} mtqwqphtntJ. (9.281) 
hwt{wuwpuwG ut2, lJ.umwGwGp pp}llJ.bmwtJ.npuwG 6GzuwG lJ.wtutJ.wO'ntpJwG 
tuUJ.pp}llJ. hwtJ.wuwpmun, lJ.wtut1.wo ubquuwG tug}llJ.p hplJ.wpmJJJmG}lg h 
tplJ.wJGwlJ.wG wnwGgp}l GlJ.wmuwup lJ.nqwJ}lG UJ.Wmhp}l ptpuwG wGlJ.JmG}lg, 
htmhJWl wpmwhWJUllllflJWG mbupntJ.. 
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" " ' "ro-... 
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9.282) 

0 
.. .. --- i:-::- 5 6 7 a,uu 

6 7 a,uu 
-L=3uu ·····L=4uu 

q) a=10' 

-- L=3uu 

I)) a=15° 

ulj. 9. 86. Ppj1ljbwwt/nptfw O o02tfw O ljwfut/wl7!11p1mO[J 
ub1ztltlwO /ugftljft tfmwpft ljwpt/wc)pft 1w10mp1mOftg 

Oug}ltnqpunhuGtp}l uzwlJ.ihuG mtl.JwtGhp[! hGwpwtJ.mpmpJntG tG m~tt 
L1wnmghtm ppplJ.hmwtJ.npuwG 6GzuwG lJ.wtutJ.wompJmGGhp[! tugfllJ.}l umtn
pwJpG lJ.mptJ.wap}l lwiptppg, UwuGwtJ.npwUJ.hU G0 lwt.J.1}lg: 

l.rlJ..9.86 -pg htmLmu t , np utowgGhtntJ. utquuwG tugplJ.P ummpwJhG 
t1mptJ.wapp G0 lWJGmpJntGI}, pp}llJ.hmwtJ.npuwG a- 6GzmuI! tJ.mppwGmu t : 

ltwtutJ.wa Go -}l utc)mpjntG}lg O' -}l tJ.mppwguwG }lGmtGu}ltJ.ntpjwG tJ.pw 

t~bc) wql}hgmpJmG t pnqGmu utquuwG tugplJ.P L hplJ.wpmpJntGI! h UJ.WmbJl}l 
pLpuwG a wGlJ.JmG[!: UtquuwG tug}llJ.P L hplJ.wpmpJwG utowguwG hbm 
tu6mu t a- -}l ipnppwguwG }lGmtGuptlmpJntGI}: l.rmJG 1.4wmlJ.hpG t 
lil1wmt1.mu a ruGY.JwG utowguwG qhtqpmu: 

Utquuwu tugplJ.P ummpp lJ.mptJ.wopp lwiputppg ppplJ.hmwtJ.npuu.iG 
<'ilizuwG lJ.wtut{tUompJwG uwptuwm}llJ.wlJ.wG wpmwhwJmmpJmG umwGwlnt 
litqwmwlJ.ntJ. 9.5 h 9.6 WilJmuwlJ.Ghp}l mtl.JwtGhp}l h}luwG tJ.pw lJ.wnmgt{ht bG 
(9.279) hwtJ.wuwpuwG Uh2 UmGnq C3, C4, C5, Cfo C7, Cs , h C9 tJ.mpoGwlJ.u.iG 
qnpowlJ.PgGhp)l lJ.wtutJ.wompJmGtp}l qpw'.p}llJ.Ghpl}, npnGg uzwlJ.uw~p 

umwgtJ.ht tG ub1.4w6h tugplJ.P ummp}l lJ.mptJ.wap}l G0 tWJGmpJmG}lg C3, C4, c5, 
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c6 =3,575·I0-4 (ao-s), 

-0,3975a 
c =I 856·e 0 8 , , 

-0,2549a
0 c7 =1,251 ·e 

c9 = 7,2554- 2,1493a
0 

+ 0,172a~: 

(9.283) 

(9.283) W[1UlWhWJU1ntpjntU{! U1hJJ.WrytbtmJ. (9.282) -p Ub2, tiwpbtli t 
npnzhL ppptihmwtlnpuwG oGzuwG ubbmpJntG{!' tiwJulJ.wb" Jugptifl hptiwpm
PJntGpg, Jugptip bptiwJGwtiwG wnwug12p utiwmuwup uiwmbp)l pb12uwu 
wGtiJmlipg h umm12p timplJ.wb-pp LWJGmpJm.Gpg: 

4wquntl)l ub11uuwu Jug}ll!Cibpp bptiwpmpJmCipg tiwJulJ.wb" ppptitmw
tlnpuwG oGzuwG tiwtutJ.wb"mpJmlilibpp npnzuwG t)lnp6hp}l tiwmwpuwG 
dwuwuwti tu9P4P UJ[l)lquwjw6h uwup LWJGwtiwG timplJ.wb12p 2_wt)lubp(i 
{!UI}m.GtJ.bL t a1 x b1 = 40 x 40 uu: Uhuiw6h uwup ummp)l timptJ.wb"pp 2_wtl.1hppg 

t)lnt)lntulJ.bL t upwjG Go LWJGntpjntG[!, puti pwpapntpjntU{! uGwghL t hwumw

UlntU h hwtJ.wuwp b0 = 40 uu: OtpbUG, uhquuwG Jugptip utuiw6h uwup 

bptiwpnti)JntG{! tiwJulJ.wb t u}lwJG ummpp timptJ.wb-pp 2_Wtl.mhppg h ljnqwjpG 
UJWuthpp ph12uwu wGtiJm.Gpg. 

L1 = Go - a1 : (9.284) 
2tga 

4wquntl)l ubquuwG Jug)lti)l [!GflhwGmp tptiwpmpJntG[! hwuwuiwmwu
JuwGmu t L > L1 uiw1uwG)lG : 

<l>npahpp wpllJmGpGhpp uzwtimuntJ. umwgtl.hL bG qpw:j>)ll!Gbp, npnu12 
pbptJ.wb bG Gl.J.. 9.87 -mu: 

"Uztl.wb" qpw'.ppl!Ghp[! gmJg bu mwt.tiu, np tiwquntl)l ubquuwG Jugpti
Gbpmu ppptihmwlJ.npuwG oGzuwG tiwJutJ.wbmpJmG[! Jugptip hptiwpmvJmG)lg 
[!GpwGmu t bpl!m oppGw2_wt)lmpJWUp. Jugptip utuiw6h uwup hwuwp, 
WJUPU(1U, hpp Jugptip hptiwpmpjntU[! ubbwgGmu tG12 qpnjpg u]lG2_L. L1, mbJJ.P 
t mGbGmu oGzuwG timpmti wo: Utiuwb L1-pg, L-p hbmwqw ubbwgmupg a -
p wop pGmhGuptJ.ntpJntli{! qqwtlinpbG [!Gtiumu t h GlJ.wmtJ.mu t a= J(L) 
oppUW2_Wt)lmpJWU t)lnt)lnJuntpjntG: 

<!.wubuwmbtntl. ppptitmwtJ.npuwG qnpb"l!Gpwg{! mwppbp ummpp 
timptJ.wb-!2p 2_wt)lubp mGbgnq ut11uuwG Jugpl!Ghpmu, mhuGmu tG12, np 
utuiw6h uwup tinJJ.WJpG uiwmhpp uphGm.JG pt12uwG wGtiJwG qtui12mu h 
uhb"wgGbtntl. Go -G, tiwtulJ.wb Jug)lti)l bpljwpntpjntGpg ppptibUiwtJ.npuwG 
oGzuwG tJ.rnt)lnJuuwG pGmbGuPtl.mpJntG{! uhb"wGmu t : UJuuihu, a= 15° h 
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ulj. 987. a o02tfwO t/ml/mfump1mO[] ljwjulfwO- ljwqtfm/ft ubqtftfwO 
jugftljft L bpljwpmpJmOftg 

a0 = 50 uu ub11uuw(i tugpti)l UJWpwubUipbp)l I}hUJ12ntU, Jugpti)l bpl!wpntpjwG 

ubbwgmu!! 8uu-pg upli2_h JOuu hwGqbgGmu t a -)1 ubbwguwG' 22"U/uu2-mg 
uJluiL 30"U/uu2

: 

"UntJU UJWJUWGGbpp I}bUJ(1IllU ubbwgGbtntl. Go -G upG 2_h 70uu, (j -p 

utbmpJmG{! tit)lnt)lntutl)l 40-pg upu2_h 50 "U/uu2 (Gti . 9.87): a -p wop 
pGmbGuplJ.mpJwG ubbwgmu{! pwgwmptJ.mu t GpwGntJ., np twp timptJ.wb"p)l 
hwumwmm(i 2_wt)lubpp h I}hUJ12ntU UntUlpp timplJ.wbpp ubb 2_wt)lubp)l 
UJWJUwGGhpmu pp)ll!bmwtJ.nptJ.nq qwGqtJ.wb(! bppwptitJ.mu t ubb tinG-
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mmpwjpG qb:t:JnpuwgpwGbpp, npp lllWUlOwnmJ. ubb"wGmu t Gpw wnwaqw
LJ.wCimpjntGJ}, hbmL.wpwp L.' ubquuwG m mbqwzwpdp 'ltiUWl}PntpJmGGbpl}: 

SbuwlJ.wG L. tllnpaGwlJ.wu lJ.npbpp (GlJ.. 9.88, 9.89) hwubuwmmpJmun 
gmJ9 t mwJllu, np tllnpaGwlJ.wG mtlJwtGbp}l zbqmun mbuwlJ.wG}lg W. 
qbpwqwGgmu ±8 % -n: 

L,ui.I 

15 
::::-::: - - - -

10 

5 

0 
I/ 
0 

IL 

/ 

5 10 20 35 a,\,/lili' 15 25 30 

1tm11b1.Jw~wl.J - - - Ultuw~wl.J 
'"&lj. 9.88. fTJp/Jqtfw1wali ulifltitiwti jug/llj/J lipljwpmp1mtiftg 
ppftljliwwljnptfwti 6ti2tfwti ljwjulfwamp1mtitilipft qpw.'pftljp 
a0 xb0 = a 1 xb1 =40x 40 tftf 

L,ul.I .--.---.-----.--------,-------.--~-~--~--~~ 

16~===t===t===J====t=::::~~~==:t:::]~~-=~-==j --14 
12i---r---+---+-::~..A-q-,..-----t--c=.,...P.....,,,-~--·-.....,_.::~~·w~~-~·~·-··_.·~-----1 
101---t---l-----,~~L-..,·,_...-.:1~-~·;:#~~~ .... ~~~~ .. ~-"+:_·-.~"-""+·-·---+---l------l 

// .... .;.·-. ........ 
8t----t~-+17~,.~~~:=~"·+-~+-~l--~~--l--~--l-----I 
61---+---,~~7.>i(..~~~~·4"_----1~-+---l-----l----l---l---l 

/.~" 
4t----t/.-.~-~l~~or-~t---t~-l-~--+-~+-~-+-~f-------l 

2i---~,~--+---t---ll---+---l--+--+----t----l 
0'--~.L---'----'------L-__j_ _ _J_ _ ___J_ _ __J _ ___:L___J 

10 20 30 40 a,\,fliu' 
--- a=5 - - - a=5 -·-·-a=10 
-·-·-a=10 ........... a=15 · · • · a=15 

'"&lj. 9. 89. lfwqtfnt/ft ulifltitiwti jugftljft lipljwpmpJmtiftg ppftljliwwlfnptfwO 
6ti2tfwti ljwjulfwan1p1mtitilipft qpw.'pftljtilip!J, a0 x b0 = 50 x 40 tfif 
-wliuwljwti, -- 1/mpatiwljwti 

a= f(L) :PmfilJ.gpwfi hwUwUJ.wmwu}uwCimu t tpulllnfibugpwt tlln

tlln}uuwCi ophfippfi: lijl} TIUl}ntfibtntJ. npUJ.bU hpUp, pbptJ.wu Ujntpbpp uwpb
UWUlpqwqw(i uzwlJ.mupg hbmn umwgtJ.bt t qwquni.J.P ubquuwG }ugplJ.Cibpmu 
}ugplJ.p bplJ.wpntfJJntfipg qw}utJ.wb" pppqbmwtJ.npuwfi oCizuwG tlintlin}uuwCi 
op}lfiwlwtllmIJJntfil} [2]. 

()" = ()" + 0 le [eCJ J (l-l) ) -1] 
I ' JO ' (9.285) 

npmbq a 1 -n qwquni.J.P }ugplJ.P ubUJ.waL. uwupg pppqbmwtJ.nptJ.nIJ. fiJmpp 

qmpu hpuwG hwuwp wfihpwdbzm oCizmufi t, npu }ugplJ.p mtlJwt lllwpw
utmpbpp hwuwp npnztJ.mU t (9.278) tUUiltppl.J. pwfiwaL.ntJ., C10-D' }ug}llJ.P 

450 

ummpp lwtliubppg lJ.w}mJ.wb" tllnpaGwlJ.wG qnpb"wlJ.pgu, cwn' hwumwmmG 
tllnpaGwlJ.wG qnpb"wlJ.Pgu, c11=0,215: 

ao = 50, 60u 7QUU wpdbpCibpp l}bll!PntU C10-P ubb"ntpjntGCibpu hwuw-

lllWUlWU}uwGwpwp lJ.UiGbG' C10=40, 66, 86: 
Sbqwl}Pbtm.J. a 1 -}l wpdbpu (9.285) hwtJ.wuwpuwG ub2, umwgtJ.mu t 

lJ.wquntJ.P }ug}llJ.P bplJ.wpmpJmGpg ppplJ.bmwtJ.npuwu oGzuwu tiinpauwlJ.wG 
lJ.w}utJ.wb"mpJmGu. 

(9.286) 

(9.286) wpmwhWJUlnl):}JWU Ub2 C1 L. C2 qnpb"wqpgubpu tJ.bpgtJ.mU bu 
WIJ.JmuwlJ. 9.4 -pg, }ug}llJ.P uhUJ.waL. uwup mtlJwt 1.1.J.wpwubmpbpp hwuwp: 

'VlJ.. 9.90 -mu pbptJ.wb" bu tiinpauwl.J.wfi mtlJwtfibpp hpuwfi tJ.pw 
1.J.wnmgtJ.wb" 1.J.wquni.J.P }ugplJ.ubpp UJ.Wmbp}l pbpuwu wfiY.Jmuuhppg lJ.w}utJ.wb" 
pppl.J.bmwtJ.npuwfi ouzuwG 1.J.w}utJ.wb"mpJmfifibpp qnpbpl}: 

a,\,flili' 
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,;"' 
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....... 
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.-' v 
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-·-·-· -· ·--·· -·· ..... ...... 
7.5 10 

---- -· ... -- -.. - --
~--·- -· ~-- ·- ··--

12.5 15 17.5 a,WUUl 

--L=5ul.I - - - L=7ul.I -·-·-L=9ull -··-··L=11ul.I 

'"&lj. 9.90. a = J(a) .'pmuljgftw1ft qpw!J>ftljOlipp, lipp · a0 = 50 utf 

PUlUJ.bU bpL.mu t filJ.. 9.90 -mu pbptJ.wb" qpw:pplJ.Pg, a 
0 

= 50 UU-p l}bll!

pmu utb"wgGbtntJ. a -Ci, pp}lqbmwtJ.npuwfi oCizmtil} womu t, J}Ci'l npmu 
pbpuwCi wfiY.Jwfi tlinpp wpdbpfibpp l}bll!Pmu fiqwmtJ.mu t a -p wop wtJ.blli 
Ubb" pumbuuptJ.ntpjmfi: ~wgp WJJ}, a -p wop ubb" pumbCiuPtJ.ntpjntU t 
uqwmtJ.mu L-p ubb" wpdbpubpp qbll!Pmu: Oppfiwl.J., L=5, 7, 9 L. l luu wp
ctbpfibpp hwuwp, a wGY.Jwfi 6-pg upfii_L. 10° tlJntlln}umpJwfi l}bll!pmu a -G 
hwUWUJ.WUlWU}uWCiwpwp Ubb"wfintU t 12, 15,5, 19, 24-pg Upfii_L. 14,2, 18, 23, 
31,5 'V/uu2 

: 

lJbbwgfibtntJ. a -Ci UpCilL. 14°, pp}llj_bmwtJ.nptiwu a oCizmUJ} hWUWUJ.W
UlWU}uwCiwpwp ubb"wfimu t upulL. 15, 19,5, 25, 35,5'V/uu2

: IugplJ.P UJ.Wmbpp 
pbpmpJmupg qw}utJ.wo a -p tllntlln}uuwu WJl}uUtUP oppGwi.wtllmpJntUD pw
gwmptJ.mu t CipwfintJ., np a0 -p tllnpp wpdbpCibpp qbuwmu a -p ubb"wgntUJ} 

hwugfimu t }ug}llJ.P ublllwoL. uwup qwpowguwfi: UwlJ.wJfi }ugpl.J.p ubUJ.waL. 
uwupg pp}lqbmubpp l}fltpu hpuwfi hwuwp wGhpwctbzm 6Cizmun ttintiin}utJ.mu 
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t wGG2UIG, hbmhwpwp, ppp4tmwtlnpuwG lPPtl 6G2mun hpuGw4wGmu 
4Uitu1.J.wO- t tu9P4P uwpqUtuJwaL. uwup hp4tupntpjntGpg: 

4wqunt!P ut11uuwG tugp4fi tlltupwub01pbppg ppp4bmw4.npuwG ou2uwu 
4tututJ.tu0-ntpjUIU UwpbUwtnp4w4wG wpmwhWjtnntpjntUJ] UtnWUUltnt 
hwuwp (9.279), (9.280) L. (9.284) wpmwhwJmmpJmfiGbp{! mt11w1JP1.J.mu bu 
(9.286) wpmwhtujUlntpjWU ut2. 

[ 
{ ( «])= ] [ (i ~i ]] a=O,I (c

3
+c

4
a+c

2
a 2 +c

6
a 3

1
e """" '"'"-I +c

10 
eq' -,,ga -I : (9.287) 

(9.287) hwtJ.wuwpuwfi Oh2 Utnfin11 C3, C4, C5, C6, C7, Cg L. ~ 
qnpiJwlJligfibpp uMmpjntCiCibpJ! pbptlwa bG 9.5 h 9.6 U111JntUtulJ.Gbpmu: 

1'4. 9.91 -mu pbptJ.wa hfi l}lnp6bpl1 m4.Jwtfihpl1 h)luwG 4.flw 1..J.wnmgtJ.wa 
pp)14hmwtJ.npuwG 6G2uwfi 4wtutJ.wampJmGGtpn 4wqun4.J1 ut11uuwfi tugJ1411 
ummpti 4tnp1.J.w<)pti lwl}lubppg: 

a,\,/uu" 
40 

35 

30 

25 

20 

15 

/ 
~ 

/ - ---J / ,, 

/ , 
I 

5 6 7 a,UU· 
-- L=7uu - - L=9ull 

w)a=l5° 

a,\,flllf 
40 

35 

30 

25 

20 

15 

..-... -..-,,,. ,. 
_/ 

/ ~ 
~ . ..-_ . ..-

~ ....-:::,.,.....;--
..-·-

5 6 7 a,uli 

-·-· L=Suli - - 'L=7uli 
-- L=9uli 

p)a = 20° 
ulj. 9.91. l/wqtfm./ft uluztitiwti jugflljft lfmtnpfl ljwptfwc)pfl 1wr/Jubpflg 
ppflljbwwtfnptfw{j a tf£i2tfw[j ljwjutfwan1p1mu£ibpfl qpw:pftljubp[] 

Pfi~Ulbu bpL.mu t G4. 9.91 -Ilg, ubawgGhtntJ. G0 -G, a PPl14bmwtJ.npuwG 
oGzmun utiJwGmu t: a wG4JwCi I 0°-15° wpctt12Gtpp qblllJ2mu WJCi ultqptig 
J!Upwfimu t wnwtJ.ht pGmbfiuptJ., WJUnthbmL. Go -ti ubawgmU{! 50- 60 uu-pg, 
a -11 woti tiumhGutitJ.mpJntfiJ:! GlJ.wqmu t: a= 20° -11 qblllJ2mu a -p wpcttpn 
G0 -pg 4wtu1.J.wb- womu t m11P11 hwuhUwmw4wfi: a= 10° wCi4JwG wpctbpl1 

qblllpmu Oo -G ubowgfibtn4. 50-pg utiGlL. 60uu, a -Ci uhawfimu t 23-pg upGlL. 

451'/uu2
, tiu4 a0 -p utowgnu!I! 60-tig upGit. 70uu-ti phpmu t a -11 wo 45-tig 

utiuit. 46,3 -U/ou2
: 

a= f(G0) 1..J.wtul.J.wb-mpJmfin uwpbuwmp4wlJ.wG mbupntl wpmwhWJ-

tnhtm hwuwp oqmwqnpbi.lmu t (9.287) tuuwrl14 pwfiwaL.{!, Gwtuwlllhu Gpw 
Uh2 UlhllW'lPhtntl tugJ1lJli G 0 lWJUntpjntGtig 4wlml.w0- l}lnp&Gwl[wfi qnpow-
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lJligfibp)l ubontpjntfifibp{!' Ci, C2, C3, C4, C5, C6, C7, Cg U C9, npnfig WpclbpCibp!] 
phptJ.wa bG (9.279), (9.280) h (9.284) wpmwhwJumtpJmCiutrm1u: 

Cio = f(a0 ) 4wtutJ.wompjntUJ] 4wpb\ll t Cibp4WJWgCibt hbUlUJllll uwpb

uwmp4w4wG wpmwhwJumtpJwup [2]. 

Cw= 23a0 - 74: (9.288) 

(9.287) hwl.J.wuwpuwfi Ub2 (9.283) u (9.288) WpUlWhWJUlntpjntfifibppg 
tnbllW'lPbtntJ. l}lnp6fiw4wG qnpowlJligGbpp UbampjntfiGbpJ:!, umwgtJ.mu t 
ppp4tmwtJ.npuwCi a 6fi2uwfi l.J.wtutJ.wampJntGt! 4wqun1.J.P ut11uuwu tu9P4P 
bp4wpmpJntGpg, uhll\w6L. uwujl ll\Wmbpp pbpuwfi wfi4Jmfipg L. ummpjl 
4mptJ.w<)pp lwl}lubppg: 

<l-timwl}lnp6bpntl npn2tlbt bfi Gwh [2]. 
- ut11uuwu tu9P4P lllwmtpp htm ppp4tUlwl.J.nptln11 tunmp zl}luwu 

qnpb-w4l19J!, 
- uwfipwgttwa tun mp L. PPl14hmfibpl1 lulilntpJntU{!, 
- ppJ14bmwtJ.nptJ.n11 Cijntpl1 (wntJ.mJm) tunCiwtJ.mpJWG wqqbgmpJntfi{! 

PPl14hmwtJ.npuwCi tillzuwG 1.J.pw, 
- PPl14bmGbpp wupntpJmfin: 

9.17.2. lJwmwpli[wqnpulfwO' 017wljw1ft6 ifwmpftgw1nl/ 
ppftljlimwlfnpifw{i ifwif[}12 

1'4. 9.68 -mu GhpltwJwg\j_wb- t 4wmwpbtwqnpbi.lwb- 011wlJ.wJl1G uwm
pjlgwJn\j_ ppJ11..J.hmwtJ.npuwa UWU\ll~)l 1..J.wnmgttw<)pwj)lG ututuwG, u4. 9.69 -
mu' 4wtnwphtwqnpbi.lwb- 011.wltwJtiG uwmptigwJti !]Gqhwfimp mbup!], 
u4. 9.92 -mu' lwpnpwmnp-wpmwl}PWl}wu Ul0'1.WYWJWUJ2p ljwnmgl}wapw
mhtufintnqpwqwfi ututuw~, J1u4 fi4. 9.93 -mu' twpnpwtnnp-wpmtul}Pwltwfi 
mh11w4wJwfipJ1 J.!GqhwCimp mbup{!: 

ulj. 9.92. Lwpnpwwnp-Wf1WWIJPW/jw{i wb11w1Jw1wupfl 
ljwnmgtfw{}pwwbjutin[nqflwljwu ujubtfwti 
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'Ulj. 9.93. Lwpnpwwnp-wptnwl)f1wljwti tnli!]wljw;wtipft 
ljwnmglfwilpwwlijutin1nqftwljwti ujubtfwti 

Sb11wtiwJwGp[! (Ciq. 9.92) pw11qwgwa t uwmmgn11 ¢n}uw'1{1}1W9 (2), 
qbpbpp tuwnCi}lwg (!), 2PP pwppg (11), pppqbmwtJ.npuwCi uwuwwg (20), 
pbnCiwpw¢n'l ¢n}uW'1{1PW9 (35) L. pppqbmCibpp ¢n}uw'1{1wtip2ngpg (36): 

Pppqbtnwtl.npuwCi uwuwm pWl'J.qWgwa t 011wtiwJ}lG uwmppgwjpg 
(24), npp Cibpumu mb11wtiwJtJ.wa bCi mwppl (21), ub11un11 hntntJ.wqCibp (22), 
qnl'J.WJpCi uwqbpbuGbpp t!pw pmpwqfibp (23), pppqbtnCibpp 011wqwjpG 
¢n}uwqpJtnwpq}lwg, npCi pp hbpppG pwl'J.qwgwa t uiwmJwfipg (25), 
pbpplCibppg (32) L. uwCipwgCin11 qwGqCiwqpg (33): Pppqbmwtl.npuwCi uwul.Pl 
hWl'J.npqwl.J.I! pw11qwgwc) t A02-92-6 uwqfipzp 75 q<lm hqnpntpjtUCi ttbq
tnpwzwpdpwg (27), qgnpqpwg (28), wpwqntpJntCiCibpp umt¢pg (29) (MA3-
500 wtl.mnunp}ll.P) L. qnCiwqwCi nbqmqmnppg (34): 

Sb11wqwjwCip[! wz}uwmmu t hbtnL.JWL qbpui: <l>npawpqtl.n'l qbp[! 
uwmmgnq ¢n}uwqppln4. (2) ummp t qnpamu }uwnCipl (!), npmbq }uwnCitl.mu 
L. [!Utn wCihpwdbzmmpJwCi }unCiw4.wg4mu t upCilL. uiwhwCi24.n11 wump6wG[!: 
liJGmhbmL. CiJntPI! ummp t qnpamu pppl.J.bmwtl.npuwCi uwul.Pl (20), npmbq 
pnfitl.mu t UWULll'l hntntl.wqfibpntl. (22) L. hptl.mu Ol'J.Wl.iWJpG uwmppgwjp (24) 
uwtitn'l wntl.wqCibpp ut2: liJq wntl.wqCibppg qmpu bqnq ubl'J.UlJ.wa GJmpp 
dwuiwtl.bGCibp[! hwuwuiwmwu}uwCi lw¢ntJ. qmpwtntl.mu bCi uimmtl.nq 
qwCiqCiwqntJ. (33), npnfip WJGnthbtnL. pbpplGbpntJ. (32) tnbl'J.w¢n}u4mu bCi L. 
uiwmJwCip hwmwqp wCigppg pw¢4.mu ¢ntuw'1PPW [!CiqmGnl'J. pmGqbpp 
(35), hbtnn' ¢n}uw'1{1wUp2ngp (36) ub2: 

11ppl.J.bmwtJ.npuwCi uwuww t!pw Ciw}uwmbutl.wa bCi uwppbp' qnGwqwCi 
nbqml.J.mnpp wpwq[!Cipwg J.lmbnp uimmnq unubCimp L. oqwqwJpG uwmpp
gwJp mwpwguwfi 2tpuwump6wCip lw¢uwCi hwuwp: 

lTwuww uiwhwCi2tJ.n11 hqnpmpJntfil! npnztJ.bt t hbtnL.JWL hwJmGp 
pwCiwaL.ntl.. 
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N = M ui111up2n1 (9.289) 
up2 9555,3 ' 

nptnh'l MUjUld~2 -I! 1.Pubnp t!pw uimmn11 unubCitnp up2}1Ci wpdbpCi t, 'Vu, nt -I!' 
qwpqwGwjpCi 1.Pubnp uimmuwCi hw6w}untpjntCi[!: 

SwpJllP uimmn11 unubfimn npnztl.bt t. 
M 111 = iM Ujl11UP2, (9.290) 

npmb11 i -Ci uwuww hw11npqwqp ¢n}uwCiguwCi p}ltl.Ci t: 
lTwul.Pw wpmwqpnqwqwfimpJntfil! npnztl.ht t hbmL.JWL pwfiwaL.n4. 

Q = 3600 G, (9.291) 
t 

npmbq G -Ci pppqbmw4npuwfi uwul.Pw wztuwmwfipp t dwuwCiwqwup-
2ngmu umwgtl.wa pppqbmCibpp qwCiqtl.waCi t: 

lTwuww mbuwqwpwp tCibpqwmwpmpJntCil! hwztl.wpqtJ.mu t hbmL.JWL 
pwCiwaL.n4. 

3 = Nup2: 

Q 
(9.292) 

PppqbtnCibpp wupntpJntG[! npnztl.hL t hbtnL.JWL pwCiwoL.ntl.. 

PPP 
YrP = V' (9.293) 

pp 

npmbq Ppp -I! pppl.J.btnp qwCiqtl.waCi t, q, VPP -I!' pppqbtnp awtJ.wLI!, uu3
: 

11ppqbmGbpp wupmpJntCil! hwztl.wpl.J.tJ.bt t hbtnL.JWL pwCiwoL.n1.I. 

(9.294) 

nptnbq Illii"' - Ci npwtiJwt pppl.J.btnCibpp [!Gtnptl.wa qwCiqtl.waCi t , mu4 - Ci ' 
pppqbmCibpp [!CitnptJ.wa }uupp uqqpCiwqwCi qwCiqtJ.waCi t: 

PppqbmGbpmu qbpp qtnptl.wampJwG uwuCipqGbpp up2}1Ci bpl.J.wpm
PJntGI! npnztl.hL t hl:i.tnL.JWL wpmwhWJtnntpJwUp. 

I = l1m1 + l2m2 + ... + l;m; (9.295) 
up2 m • 

nptnbq li, h, ... Ii -G JntpwpwCilJntp :ppwqgpwjp uwuGpl.J.Gbpp u}l2}1Ci bpqwpm
PJntCiCi t, m1, m2, .. ., mi -Ci' JntpwpwCilJmp l:ipwl.J.gpwJp uwuGpqCibpp qwCiq-
4.waCi t: 

lJwlituwCi wntJ.wqCibpmu qmCitl.nq Gjntpp }ummpJntfil! npnztl.bt t 
hbtnL.JwL pwfiwaL.n4. 

(9.296) 

npmbq P wn -I! ubq wntJ.wqmu qtnCitl.nq ubqutJ.wa GJntpp qwCiqtJ.waCi t, V wn - I!' 
wn4wqp awtl.wLI!: 

455 



4wtnwptlwb" qptnw!Jmp0Ciw4wG hhmwqnmmpJmGGhp[! Gl.llwmw4 mGhG, 
01.lltntJUwgGbLntJ. pmpw4Cihp]1 oh[! h iwtlmbp[!, htJUCiwtJ.nphL pp]14tmGtp]11.llwtn
pwumuwG npw4£!, ]12tgGhL 011.w4wJ]1G pp]14hmwtlnpuwG uwu!J1W. tGhpqw
tnwpntpJntGI! L. pwpopwgGhL ppj14hmwtJ.npuwG qnpb-[!Gpwg]14wJmGmpJmG[!: 

UJUmuw4 9.7 -mu phptlwb" hG qpmwtlmpohpntl npnztlwb" ppj14hmGtp]1 
npw4w4wG gmgwGj1zGhp[! L. uwUIJ1iP h]1uGw4wG l.llWflWUhtnphp[!: 

PGil.llhu hpL.mu t WJUntUwl[pg, pmpw4Gbpj1 zwpphpp pwGw4£! qnpb"
Gw4wGmu W wqqmu uwUIJ1W wptnwqpn11.w4wGmpJWG t!Pw L. u]1L.GntJG clw
uwGw4 tw4wG wqqtgmpJmG t pn'l_Gmu tfitpqwtnwpmpJWU h pp]14htnfihp]1 
npw4w4wG gmgwG]1zGhp]1 t!Pw: UJUl.llhu, upwJG tlhpL.]1 2wppj1 wn4wJm
l'JWG hwuhuwtnntpjwup hp4m zwppntl pmpw4Ghp]1 tnhqw4wJntUG wnw-
2w9Gmu t hqnpntpJWG uhb"wgmu 44 -]19 uJ1Gih 61,1 4'-ltn L. tnbuw4wpwp 
tGhpqwmwpmpJwG' 13 ,5 -pg u]1GiL. 18,0 4'-lm.cl/tn, J1Gil.llhu Gwh uwuGj14-
Ghp]1 tp4wpmpJwG l{lnppwgmu pp]14htnfihpmu' 13 -]1g uJ1GiL. 10,8 uu L. 
ppJ14htnGhpj1 wupmpJWU wtJ.hLWgmu' 0,81 -pg uj1GiL. 0,79: 

U!J.Jmuwlj 9. 7 

Pmpwqutp}l 
Pmpwqutp}l utti zwpu 

.N~ 5mgwu}1zuhp£! 
tlhg tlhg 

rn uw(i l n uwG 
pwnwqmu}l ti1np 

3,44 3,31 3,57 2,95 

61 , l 44,0 57,3 41 ,2 

18,0 13,5 16,05 13,97 

10,8 13,0 11,2 12,4 

0,79 0,81 0,8 0,81 

PmpwlJ.Ghpp Ol.lltnJ1uwt oh [!Gtnphtm GtqwmwlJ.ntl lJ.wtnwptlht hG 
uwtnppgwGbpp hwuhuwrnw4wG tjrnpowplJ.mufitp: Unw2J1G uwmp]1gwJ]1 
t!Pw hwtlwptJ.wet hG h'l_hL tJ.hg ltnquwGp pmpwlJ.Ghp (11 uu lJ.n11.un4), 
hplJ.pnpl}[! ' pwnwymup ( 19 uu lJ.n11.untJ.) h hppnplJ[!' lt.tnp (19 uu mpwuwq®tJ.) 
LWJGwqwG lJ.tnptlwOJ2ntl: Cum npmu pntnp pmptUlJ.Ghpp hpywpmpJmGGhp[! 
hqbt tG hwumtUmmG h hwtJ.wuwp 20 uu -]1: 

ll.IlJnmwlJ. 9.7 -p mt!Jwtfihpp tlhptmetmpJntG[! gmJg t mwt)lu, np uwut)lw 
wnwtlhtwqmJG wpmtUqpn11.wltwGmpJmG umwgtJ.mu t pwnwlJ.mup pmpw4-
Gbpj1 wnlJ.WJntpJWG IJbuwnu'i, )lult. GtlwqwqmJG[!' 4tnp LWJGwlJ.wG 4mptlwOJ2ntl 
pmpwlJ.Ghpj1 qtuwmu: 4tnr pmpwlJ.Gbpp wnltwJmpJwG l}hl.llilmu uwuww 
GtlwqwqmJG wpmwrnm11wlJ.wGmpJntG[! pwgwmptlmu t pmpwqGhpp lJ.nqwJflG 
uwlJ.bphuGhpp GlJ.wmuwup GJntpj1 uhet uwhpntl: J2wnwlJ.mup pmpwlJ.Ghpp 
wnwtlhtwqmJG tUptnwT}flnqw4wGmpJntG[! qmqwlrntlmu t Gwh UtUut)lW. wnw
tlhttUqmJG rnhuwlJ.wpwp tGhpqwmwpntpjwG[! (16,05 lJ.'-ltn.d/m), npG tUnw2w-
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Gmu t pmpw4Gtpti 4nqwJJ1G uw4hphuGhpj1 wnwtJ.hLwqmJG tWJGntpJWup, L 
np[! Ul.llWUtnntU t Wjf} uw4bpbufihpj1 h hntmlw4Gbp]1 OW4WtnWJl1fi uwup UJ12h 
GJntpp ubt4mupg qtiuwqpntpjwG uhb"wguwG[!: l.tlwqwqmJG tGtpqwmwpm
pjntG[! (13,5 4'-lm.ct/m) umwgtJ.mu t tlhg 4n11.uwGp pmpw4Gtpp qtuwmu: UJ!} 
pmpw4utppG hwullll.llWtnWutuwGmu t GwL ppp4btnGbpp twtl npw4l! uwuGJ14-
Gbpp UM bp4wpmpJntG L. ppJ14btnGhpp wupntpJntG: 

<!.btnL.wpwp, [!utn hpuGw4wG gmgwGpzGbpp, wubGwol.lltnPUWl[! hw
uwptlmu tG tlbg 4n11.uwG)l LWJGw4wG 4mptJ.wet12ntl pmpw4Gbp£!, mump, hb
mwqw qptnwtlmpohp[! 4wmwptJ.t1 tG WJl.llJ1u]1 pmpw4Gbp mGbgnq uwmp]1-
gwjpG O'ltU4Cibpp t!Pw: 

<!.wuwowJG tUfiwuGwpmetw4wG 1.llWhwG2Gtpp' ppJ14htnGbp]1 npw4w-
4wG gmgwGpzGhppg wul4Gw4wpL.npGhp[! hwuwptlmu hG uwfipt!wetpp hp-
4wpmpJntG[! (C.ip2), tUUpntpjntG[! (\JI) L. tummpJntG[! (ypp): 

C}.pmwl{lnpohppg mnwgt!wet mt!JwLGhpp h]1uwG t!Pw 4wnmgtlht hG 
C.ir2, \jl L YPr l.llWflwuhmphpp qpw.'p]14Ghp[!, 4wtutJ.wet pmrw4Ghp]1 hp4wpm
pJmGpg rnwppbp 4tpwmhuw4Gtp]1 hwuwp [39]: 

C}.pw.'p]14Ghpp tJ.bptmompJntU[! gmJg t tntlht, np pp]14hmwtJ.nptJ.n11 4hph
pp wuhGwl{lnpp 4mptlw0)2G (C.ip2) wnw2wGmu t pmpw4Ghpp pwgw4wJm
pJwG dwuwGwq: UJu qhl.llilntU C.ir2 -p uhetmpJntG[! 4wqumu t . gnphG]1 
oqnmp hwuwp' 6,6 uu, wntJ.mJtn]1 tunm]1 hwuwp' 9,6 uu, wntlmJmp tunmp L. 
gnphG]1 aqntnp tuwnGmpqti hwuwp' 10,7 uu L. 4npGqwGp hwuwp' 12,8 uu: 

Ul:ib"wgGhtntl Cpmp -[!, Cujl9 -[! u4qpmu uhawghL t, J1u4 WJGmhhtnL.' l{lnp
pwgtr C.ip2 --'1 GtlwqwqmJG GzwGw4ntpJntG[! Cpmr =0 ritl.llilmu pwgwmptlmu 
t 011.w4wJJ1G uwtnppgwjp wztuwmwGpwjpG uw4tphup G4wtnuwup G.Jntpp 
GzwGwltw[]1 uwhpn4, npG wnw2w9Gmu t iwl{lpg wtlht)l uwGpwgmu: Pm
pw4Ghpj1 wn4WJntpJntG[! umhqomu t wwgmgJ:ii IJpUwqpmpJmG, npQ 
tunmuqninmu t ut11ut1wa GJmpj1 uwhppG L. npj1 zGnphJ:itl fil.llwuinmu ' CuJi2 -'1 
utowguwG[!: UwlJ.wJG Cpn•r -p wGiwl{l uMwgmuG wnw2wgGmu t pmpwlJ.
Gbpp lJ.n11.wJJ1G uwlJ.hphuGhpp h uhqun11 hntntlwlJ.Ghpp owlJ.wtnwJpG uwlJ.
hphuGhpp uJ12L. GJmpp wwgmgJ1i tnpnpnu1, npn Gtqwummu t C.iJi2 - p hwuw
tqwmwutuwG l{lnppwguwfi: 

Q.pw-!>J1ltfihpp tlhptmompJntG[! GwL. gmJg t mtJ.hL np umtJ.mJtnp tunmp 
ppplJ.hmwtlnpuwG ctwuwGwlJ. uwCipt!wetpp wubGwuhet hplJ.wpmpJntG[! 
(Cup2ma.> hwtJ.wuwp t 15,3 uu, hpp pmpwlJ.p hplJ.wpmpJntG[!' Cpmr=lOuu: 
4npGqwGp tunmp h gnphGp aqntnp ppplJ.htnwtJ.npuwG ctwuwfiw4 C.ip2max -[! 
hwtJ.wuwp t hwuwtqwmwutuwGwpwp l 9Uu h l 3,3uu, Cpmr=20uu -p qbl.ll-
12mu, J1u4 wntJ.mJtnp tunrnp h gnphGp et11ninp tuwnGmpqti ppp4hrnwtJ.npuwG 
dwuwGwlJ. Cup2rnax= l 4,3uu' Cpmr=l 5uu -p l}hl4pmu: UJutqpuntl, ppplJ.hmwtlnp
tln'l GJmpp -!>j1qJ1lJ.wuhtuwGj1lJ.wlJ.wG hwmlJ.mpJmGGhpG twlJ.wG wqqbgmpJmG 
mGhG pmpwlJ.Ghpp Ol.llmJ1uwt hplJ.wpntpJmGGhpp [!GtnpntpJwG tuGqpmu: 

4wnmgtJ.wet qpw-!>]1lJ.Ghppg GlJ.tUtntlht t Gwh, np Cpmr - p uhetwgmuntJ. 
wupntpjwG (\JI) h tummpJWG (Ypr) GzwGwlJ.mpJmGGhp[! l{lntJ.mtutJ.mu hG Cup2-J1 
l{lnl{lntumpJWU[! hWUWl.lllllillWUtutUG: UJUl.llhU, Cpmp -ti uMwguwG ctwuw-
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fiw4 u4qpmu \jJ -\1 fi2wfiw4mpJntfi(! uhO-wfimu t upulL. wnwtJ.htwqntJU(!, J1u4 
Ypp -[! ipn12pwfimu upfilL. fitJ.wqwqntjU(!, pu4 WJfinthhmL. fi4wmtJ.mu t hwuw
uiwmwuJuwfiwpwp \jl -Jl tiin12pwgmu L. Ypp -Jl uhO-wgmu: liJl}uiJlUJl UIWU1-
4hp[! pwgwmpiJ.mu t fipwfintJ., np ppJ14hmfihpJ1 wupmpJntU[! pwpdpwumu t 
uwfiptJ.wb12J1 hp4wpntpJwfi ubO-wguwfi hw24.Jlfi (hp4wp uwufip4utpfi Jlpwp 
hhtn LWtJ. hfi hjntutJ.mu): .PpJ14hmfihpJ1 JummpjUJU P\?hgmU(! uwfiptJ.w0-12J1 
bp4wpntpJwfi uhO-wgmuntJ. pwgwmptJ.mu t fipwfiniJ., np Jun2np uwuup4fibp\1 
tiP2L. ubbwfimu t wqwl.ll mwpwO-ntpjntfi[!: 

<!,hmwqnmtJ.nri wupnri2 fiJmphppg pJumu t, np ppp4htnfibpp wnwtlhtw
qmJfi wupmpJntfi(!, wntJ.mJtnJl Junmp ppp4hU1wtJ.npuwu ctwuwfiw4, 4wqtiht t 
0,84 Cpmr"'I 0 uu bpl.t_wpmpJwtip pmpw4ubpp J}hll!l2mu: 

Opn2tJ.wO- t fiuiL. ppJ14hmwtJ.npuwCi qnpO!}fipwgmu fiJntpp uwuCip4hpp 
uwfipwguwfi wuU1p6wfin (€), npu wtJ.hLJl w4CihwJU1 t pumpwqpmu gnrim
CiwtJ.np 4bpbpJ1 uwuCiJ14CibpJ1 uwfipwguwu qnpO!}upwg(!: 

€ uhO-ntpjwu 4wJutJ.wantpJntfi[! pntpw4fibpp bp4wpntpJntfipg bpLmu t, 
np ubO-wgCibtntl Cpmp - [! uwupwguw(i wuU1p6wCi[! ipnppwfimu t UPCilL 
fitJ.wqwqnlJfi(!, tiu4 wJCimhbmL. pwpdpwumu t : UJ11uiPuJ1 uiwm4bp[! pwgw
tnptJ.mu t C0~2=.f{Cpmp) :pmCi4gJ1wJP hwuwuiwmwuJuwfi ipnipnJumpJmufibpntJ.: 

'UJntPJl uwCipwguwu wubfiwubO- wump6wCi[! ppJ14bmwtJ.npuwCi 
ctwuwuw4 u4wmtJ.bL t gnpbCip ITTi_nmp unm, pu4 wubuwtiin1211l!' wntJ.ntJtnJl 
Jumnp unm: BnpbGp b"t\mn\1 ppp4bmwtJ.npuw(i dwuwfiw4 £ -p wnwtlbtw
qmJfi fi2wfiw4mpJntU[! pwgwmptJ.mu t WJl} fiJmpp wpmwppu L. fihpppfi 
2tiiuwCi qnpbw4pgfibp}l ipn12p G2wfiw4mpJwtip, np[! pbpmu t uwutnri qmJqp 
pnfiuwCi muw4mpJwfi tJ.wmwguwu[!, L. npuibu hbmL.wfip ' ubO-wlimu t 
uhqutJ.nq liJmp}1 plimhfiuPtJ. uwh12n oqw4WJJ1fi uwmppgwJp Cibpppfi 4nqwJpfi 
uw4bpbup fi4wmuwup: £ -Jl fitJ.wqwqmJCi u2wfiw4mpJntCi[! wntJ.mJtnP Jumn}1 
ppp4tmwtJ.npuwu ctwuwfiw4 pfimpwqptJ.mu t Cipw hwubuwmwpwp pwpdp 
2tiiuwfi qnpawqpgfibpmJ.: 

.!.htnLwpwp, ppp4hU1wtJ.npuwfi ctwuwfiw4 gnqmCiwtJ.np 4hphp}1 uwCi
pwguwfi wump6wCip GtJ.wqwqntJG G2wGw4mpJntU(! wuiwhntJ.htm mbuwfi-
4Jntfi}1g wCihpwcth2m t pmpw4fibpp hp4wpmpJmCiu [!fitnpht 10-20 uu - Jl 
uwhUwCiGhpmu: 

.Pp}14btnfihpp wupmpJwfi L. JuU1ntpJwfi tJ.pw tw4wu wql}bgmpJmfi t 
pnqumu 4tphpp JunuwtJ.mpJntfiI! (W): ltwmwptJ.wO- hhmwqnmmpJmfifihpntJ. 
uiwpqtJ.hL bfi \jl=.f{W) L Yrrf=(W) :pmu4gpwfihpp tfintlinJumpJwfi oppfiwlw
ipmpJmCifihp[! L. 4wnmgtJ.bt 11Pwfig qpw:pp4fihp(!: 

Q.pmwipnpdhpntJ. hbUlwqmntJ.bL bu fiwL pp}14hmwtJ.npuw(i uwuLJlw 
tfihpqhtnp4w4wfi gmgwfip2fihp[!: Opn2tlht hfi pmpwqp bp4wpntpjwfi L. 
4tpbpp JunfiwiJ.mpJwfi wql}bgmpJntfi[! mwppllt uimmnq unuhfitnp (M), 
hqnpntpJwfi (N) L. mhuw4wpwp tfihpqwmwpmpJWfi (3 ) tJ.pw L. 4wnmgtJ.ht 
l}pwfig qpw:PJ14w4wfi oppGwlwtfimpJntCiCihp{!: 
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UmwgtJ.wa qnpbpp tJ.hrtmantpJmGI! gntJ9 t UlwLJlu, np pmpwqfihpp 
bp4wpntpjntfi[! uhO-wgfih!lm uwuLJlw tnhuwqwpwp tfihpqwmwpntpjntfi(! (3) 
pntnp mumu(iwupptJ.nri qhphpp hwuwp uqqpmu tJ.mppwumu t uJlfilL. 
CitJ.wqwqmJfi[!, WJfinthhtnL.' utO-wGmu: Shuw4wpwp tfihpqwmwpntpjwG (3) 
ipnipnJuntpJwfi WJflllllmJl oppfiw~wipmpJntfi(! pwgwmptJ.mu t N=J{lpnip) 
:Pmfi4gpwJJ1 hwuwuiwmwuJuwfi tiintlin}untpJmfintJ. L. Q=f{fpmp) .'f>mfiqgJlwJp 
uhawgmuniJ.: 'U4wtntJ.mu t fiwL, np wuhuwpwpbfiuiwutn UIWJUtUCiCihpmu 
uwuLJlw fitJ.wqwqntJG tGhpqwmwpntpJntG wn4w t wmJ.ntJtnJl JunUlp ppp4h
mwtJ.npuwfi ctwuwGw4 L. 4wqumu t . 13-13,5 4'-lm.ct/m, pntpwl}libpp 10-20 uu 
tp4wpmpJwfi hwuwp: 3 -p wnwtJ.htwqmJfi li2wfiw4mpJntfi(! mhll.P t mfih
fimu gnphGJl 0-qnmp ppp4hmwtJ.npuwfi ctwuwliw4 L. 4wqumu t . 27,2 
4'-lm.ct/m, pmpw4fihpp 20 uu hpqwpntpjwCi hwuwp: 

Sbuw4wp111p riJ'lUU1I}]1ntpjwfi (3) WUlWtP uta fi2wuwl}ntpjntli[! gnphlip 
aqnmp PPlt4tmwtJ.npuwfi ctwuwuw4 pwgwUlptJ.mu t uwuLJllP wpmw1111nriw-
4wGmpJwu lfin12p u2wuw4mpJntfintJ.: 

.Pmpw4fitpp pwgw4wJntpJntU{! fiuiwummu t , npuituqp wntJ.ntJtnJl 
iuntnp pppl}hmwtJ.npuwfi ctwuwfiw4 3 utampjntli[! pwpdpw(iw upulL. 21 
4'-lm.ct/m, pu4 gnph(ip aqmnp flhll!l2mu' upfilL 37 4'-lm.ct/m: 

UuipntJ.1htntl tJ.hpl} 2wpwqptJ.wO-[!, umwgtJ.mu t, np pmpwqfihpp wnqw
JntpJntfi(! fiuiwummu t PPJ14hU1wtJ.npuw(i uwuLJlw W[1U1Wl}(1IlflW4WfintpjWU 
pwpdpwguwUI}, tuhpqwmwpntpJwU liiJ.wqhguwG(!, pppqbtnubpp wupntpJwU 
m npw4lt pwphtwtJ.uwfin: 

9.17. J. CwnWt/l]WJftfi /.., Ujtntnwljwfi 2wpdnufnt/ Ol]Wljwd[, 
ppftljbmwtfnplfwfi lfwtf/_/Jj 

tiCi~uitu 9.16.2.1. hupwuiwpwqpw:pmu wmJ.hg , npuihuqp l12hg4.Jl oriw-
4wdL. pppqhmwtJ.npuwG uwuLJllJl tfihpqwmwpntpJntU[! L ppp4hmwtJ.npuwG 
qnpb"[!Gpwgmu gnrimfiwl\np 4hpbpp uwCiptJ.wGl!}l mnltnul}, u2wltiJ.hL t 
u4qpmupnpb(i Gnp uwuLJlw 4wnmgtJ.wO-p, npp w2JuwmwG12wJpG opqwG(! 
ltwmwpmu t 2wnwtJ.qwJpG m ll!UltnwqwG 2wpctmu (Gq. 9.70): 

Shuwl.J.wfi hhmwqnmntpJntGGbp]l h)luwfi tJ.pw [!fimptJ.ht bu uwuLJllP 
hpufiw4wa uiwpwuhmpbp[! L. uiwmpwullll}ht lfinpdGwqwG Gum2l!: 

lfwuLJllJl uwmppgwJJlG oriwl.J.fi mup pwnwl.J.mu)l l.J.mptJ.wb"l!ntl (35x35 
uu) 24 uwutn11 wm.J.wl.J.Ghp, npnGg hpl.J.wpntpJntU(! 140 uu t, UWUlppgwjpG 
oriwl.J.)l w2Juwmwu12wJpG uwl.J.hphup mpwuwqpO!}' 0,404 u: lfwui_n11 uwppCi 
mCip ubO- wnwfigpp mqqmpJwUp 0,384 u hpl.J.wpmpJntfi, pul.J. t1Jn12p wnwugp)l 
mqqmpJwUp 0,25 u: Lpuhnp wpUlwl}[lnriwl.J.wGmpJntfiD 10 uu .,qtwCiwmwu
CiwJJlG tiinJuwfiguwCi PPtlt! 17 t : · 

Q.ptnwipnpdbp[! · 1.J.wUlwpiJ.ht bu uwutnri uwppti w2JuwmwCi12wJpG L. 
uwmppgwjpCi oqwqp Uwl.J.bphufihpp uplL. pwgwqp pwgwl.J.wjntpjwU UIWJUWfi
fihpmu: lfwlittlnri fiJntPD tribt t 16,4% JunuwtJ.mpJwCi wntJ.mJtnJl Junm: <!,h
UlwqnmmpJmfiCihpJl [!Gpwgpmu ~wtlitlht hG uwuLJllJl wutnp tJ.pw unuhfitn(!, 
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WJ'l 1.Jlubn)l uimmuwG hwnwtumpJmGn, tunm)l 4mpt.J.wbp)l tunuwt.J.mpJntCi[! 
u)luih pp)l4hmwt.J.npmun h pp)l4hmGbpmu, uwGpt.J.wbp)l uwuG)l4Ghp)l hp4w
pmpJmfin: <!,hmwqnmmpJwG wp11JmGpGbp[! pbpt.J.wo bu G4. 9.94 h 9.95 -mu: 
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m,% m,% 
lvmnti ljutflt{WllJ!I! llf1'1tituillt11 

80 Lffllltll Pf1'1tituiwt{n11nul'I! 80 

60 £.rtir =9. 72tltl 60 l.rri2=9. 72tltl 

40 40 

20 20 

0 10 20 30 40 50 f ,tltl 0 10 20 30 40 50 f ,tltl 
ulj. 9.94. Um/nl}tn]l junwft uwufiftljfibpfi f!Ulll .:ppwljgftwfibpft 
wbI/wpw2Juuwfi hftuwnqpwlfw (W=l6,4%) 

M""'=5440\,LI 

M"",=4890\,LI 

ulj. 9.95. fTJWWDI/ lfnlfbfitn]l ougftfnqpwlfwfibpft op]lfiwljfibp. 
w) wnwpwpljcjw<} uwlftJi,!]J uwlffnI/ uwppft, p) um/npwljwfi 
0£/W{jWoli lfwlftJl,!]J WWflftffe 

"U4. 9.94 -)lg hpliniu t, np uwuG)l4Cihp)l pwztut.J.wompJmfin u)lCilh 
pp)l4hmwt.J.npmun h pp)l4hmuhpmu, num :ppw4g)lwGhp)l, GmJGG t h unm t 
tpuuinGbGgjnut op)lCiwlwt)lmpJWU[!. hp4m 11huipmu tL 0-10 uu .'.}lpw4g)lwG 
mG)l wuhuwzwm qwuqt.J.wan (u)luih pp)l4hmwt.J.npmun· 74%, pp)l4hm
Ghpmu' 79%): UGwgwo .'.}lpw4g)lwGhpG num qwGqt.J.wo)l 4mpm4 mwppbp
t.J.mu bu Gt.J.wqwqmJG)lg: Op)lGw4)1 hwuwp, uwGpt.J.wo qwuqt.J.womu 10-20 uu 
.'.}lpw4g)lwG 4wqumu t 14%, )lu4 pp)l4hmGbpmu' 16%, 20-30 uu .'.}lpw4g)lwG' 
6%, pp)l4hmGhpmu' 2% h WJLG : '-lhp2wuihu, h)lumnqpwuwGbp)l t.J.bptmom
pJmGn hwumwmmu t, np wnt.J.mJm)l tunm)l uwGpt.J.wop)l pp)l4bmwt.J.npmuG 
wnw2wp4t.J.wo uwulJlimU hwGqhgGmu t u4qpuw4wG GJmp)l wGGzwG 
uwGpwguwG : bpb t.J.bpwhwzt.J.wp4hGp uwuG)l4Ghp)l pwztut.J.wompJntuu num 
:ppw4gpwGbp)l, wuiw umwgt.J.mu t, np u)lGih pp)l4bmwt.J.npmun uwGpt.J.wo 
tunm)l uwuG)l4Gbp)l bp4wpmpJmGn 9,72 uu t, )lu4 pp)l4hmGbpmu' 8,17 uu : 

lTwGpuwG wumpnwun 4wpb1.Jl t wpmwhwJmht hbmhJWL pwGwalint.J.. 

R -R c = upu~2 pu~2 100 %, 
e upu~2 

(9.297) 

npmb11 C.sp11~2 h Cp . .s~ 2 -1! hwuwuiwmwutuwuwpwp uwuG)l4Gbp)l bp4wpm
pJmubpG bu u)lGih pp)l4hmwt.J.npmun h pp)l4bmGbpmu: 

Oqmt.J.btnt.J. (9 .297) pwGwah)lg, npnzt.J.bL t , np mt.l.Jwt 4wnmgt.J.wop)l 
uwulJlimu wnt.J.mJm)l tunm)l uwupwguwG wumpnwun 4wqumu t 16%: 
<!,wubuwmmpJwG hwuwp mh11h4wgGbGp, np wnwGg pmpw4Ghpp 011w4w
J)lG unt.J.npw4wu uwulJlimu wnt.J.mJm)l tunm)l uwGpwguwu wum)ll'.iwun 4wq
umu t 68%, )lu4 10 uu hp4wpmpJwG uiwpq pmpw4Ghpnt.J. uwUlJlimU' 48%: 

"V4. 9.95 -mu phpt.J.wo bG wnw2wp4t.J.wo h unt.J.npw4wu 011w4wJ)lu 
uwulJliGbp}l wztuwmwGpwj)lG opqwuGbp)l uimmn11 unuhGm)l oug)ltnqpwuw
ubp)l op)lGw4Ghp, npnGp umwgt.J.ht bu wnt.J.mJm}l tunm}l pp)l4hmwt.J.npuwG 
dwuwGw4, bpp wpmw11Pn11w4wumpjmuuhp[! unmwt.J.npwuihu UillJUU bu 
h'lht: liJuuihu, wnw2)1G uwuwimU wpmw11Pn11w4wGmpJmGn b11ht t 1,21 
mid, )lu4 hp4pnpqmu' 1,32 mid: UztuwmwGpwJ)lG opqwG}l uimmuwu hwl'.iw
tumpJntG[! wnw2)1G uwuwimU 4wqobt t 16 pnui·1

, }lu4 bp4pnp11mu ' 53 pnui-' : 
UztuwmwGpwJ}lG opqwGGbp)l uimmn11 unubumGbp)l Gzwuw4mpJmuGbp[! 
hwuwuiwmwutuwGwpwp 4wqobt bu 5440 h 4890 "Vu: 

<l>wumnpbG, wnw2wp4t.J.wo uwuwiJl mbuw4wpwp tGhpqwmwpm
pJntU[! unm bphp wGqwu t)lnpp t umwgt.J.mu, pwG unt.J.npw4wu 011w4wJ)lu 
uwulJliUbpmu: '1-w pwgwmpt.J.mu t hhmhJWt 4hpui: "Vwtu wnw2wp4t.J.wo 
UWULPiillU qnpoGw4wGmu pwgwnt.J.wo t uwmp)lgwjjl.U 011w4)1 wztuwmwu
pwj)lG uw4bpbujJ. G4wmuwup uwutn'l uwppjJ. h ppjJ.4hmwt.J.npt.J.n11 GJmpjJ. 
uwhp[!, hp4flnpq' wnw2wp4t.J.wo uwuwimU npnzw4Ji. wpmw11Pn11w4wum
pJmG wuiwhnt.J.htm hwuwp uiwhwG2t.J.mu t uwutnri. uwppjJ. uimmuwG unmw
t.J.npwuihu bpbp wGqwu t)lnpp hwnwtumpJmG, pwG unt.J.npw4wu uwuww 
mwpjJ.iJl hwnwtumpJmGG t : 
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UJUU!}1Unq, wnw2wptitJ.wb' uwuww tiwnmgtJ.w~(i wutiwutiwb' ml.ip 
wnwtl.t1mpJml.il.itp un4_npwtiwG 011wtiwJ}lG uwuJ.P2Gtpp hwutUw111mpJwup, 
}ll.i2U!hu u111wgtJ.n11 ppp4t111Gtpp npw4ntl., WJGU}hU t1 tGtpqh111fl4w4wG 
gmgwGpzuhpntJ.: 

9.18. 01/wlJwdf,,ppftljbmwljnplfwfi lfbpbfiwfibpft 
hw2lfwpljlfwfi lfbpnIJftljwfi 

Ppp4t111wt{npuwG ut12tGwGhpp hwzt{wptimul! h Gw}uwqamuu wGhpw
cttz111 t u4ut1 ut12tGwJp u}uhUWJp uzwtiuwup, npp hwuwp, t1Gt1nt{ pGwti[l
UWJwtiwG U!WJtiwGGtppg, wGhpwcthz111 t O:z111h1ppp4t111w4_npuwG111h}uun1n
qpwG : UJG zr2wGGhpmu, np111hq wGhGwp t }un111p pGwtiwG 2npwgmuf.!, 
l.ill!w111w4whwpuwp t u111wgpnl.iwp ppp4t111wt{npuwG 111h}uGn1nqpwJp 411-
pwnmpJntl.if.! (G4. 9.4): 

UJG zp2wuGhpmu, np111hq wphp nwajlwgpwG pwt{wtiwG pwpop t h 
}un111p 2npwgmU[! hl.iwpwt{np t T}WZUlWjpG U!WJUWGGhpmu, GU!Wl11W4whwp
uwp t zwpctwtiwG ut12tGwCihpnt{ ppp4h111w4_npuwG 111h}uGn1nqpwJp 4ppw
nmpJntG1! (u4. 9.1): 

f1G2U!hu u111wgpnGwp, WJUU!hu h zwpctwtiwG ppp4h111w4_npuwG ut12tuw
Cihpmu hpuuwtiwG wz}uw111wG12wJpG opqwG[! ppp4t111wt{npuwG uwuJ}l2G t : 

Ppp4t111w4_npuwu uwu1P2utppg wnwt{t1 111wpwat{waGtpG tu T}Pnz
uwJpCi h oqwtiwoh uwu1P2Cihpl!: Ppp4h111w4_npuwCi qnpal!Cipwgp wGuGl}hw-
111mpJml.i h pwpop wpmwT}PnqwtiwumpJmG wutwhnt1.t1m hwuwp Cill!w
mwtiwhwpuwp t ppptitmwt{npuwl.i oqwtiwoh uwu[l2Citpp 4flpwnmpJmCiu: 

Ppptitmwt{npuwCi oqwtiwoh uwu1P2Cihpmu hpuCiwtiwG wztuw111wCi
}:!WJpCi opqwCiCihpCi hG uw111p}lgwjpCi oqw41!, ubqunq hn1ntl.w4Cihpl! h 
utquuwCi }ugfl4Cihp[!, npnCigmu wCiup2wll!bu ohw4_np4_mu hCi ppp4h111Cihp[!: 

UhquuwG }ugptifl ohpg h U!WPWUhmphppg hCi tiw}u4_wb' flG2U!hU 
ppp4t111wt{npuwu uwti!PLJ1 wp111wT}Pnqw4wGmpJml.if.!, WJGU!hu t1 u111wg4_nq 
ppp4t111Cibpp npw4w4wu gmgwl.ipzGhpl!: 

btlilltml 4wnmgtfwapwJpu mlluwu4.Jmupg L µpfl4llmwtfnptfwu ori.w-
4woL tfwutfl2ullpmtf llqpw2wtlillpp m tfllmwqwmwpnt{aJWu utfwqllgtfwu 
huw11wtfnpmzaJmuullppg, untfnpwµwp oqmwqnpatfmu llu 4wquntfp 4m11tfwa
pntf ullri.tfuwu fugp4ullp (ulj. 9.96), Wjupupu UUIJ.UUWU }ugfl4ullp[! mullumtf llu 
t.j1mfmfuw4wu L hwu111wmm.u twJuwljwu 4mptfwapullp: 

4wquntlfl utquuwG }ugfl4Cihp}l U!WpwuhmphpG tG. }ugptifl L tptiw
pmpJmGI!, a0 xb0 , ab x~ um111pp h twti 4111p4_w~Cihpp 2wtliuhp[!, }ugfl4'1 

tlintl.m}uwtiwG q111p4_w~ mGhgnq uwup U!WUlbpp ph12uwCi wCi4.JmGGhpl! 
hplJwJGwqwG wnwG912ti GlJ.w111uwup: 
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bh 
uft. 9. 96. Ppftl/llll1Ull/np if wfj Ol]Wl/wd li 
uwtfiftl/1 w2/uwll1wflpw;ftfl opqwflft 
hw2ifwpftlllJft& ujuliifwfj 

lugp4p hpqwpmpJntGI! npnztJ.mu 
t' t1Gt1nt1. pppqh111wt{npuwG hwuwp 
wGhpwcthzm o:Gzmupg: "lwhwG2t1.n11 
}u111mpJWCi pppqh111Ghp u111wCiw1m 
hwuwp wGhpwcthz111 t, np ppp4t111w
t{npuwG o:Gzmul! hwt{wuwp [lGp 
}ugpqGhpmu wnw2wgwb' hwqwO:~
uwGI!: 

41np LWJGwqwG 4111pt{w~ntl. 
qwquntlfl utquuwG }ugp4Gtpmu (4n
GwqwG h q1wGwJpl.i uwuhpntl.) hw
qwO:Gzmti[! npnzt{mu t ht111hJw1 pw
CiwoLnt{. 

(9.298) 
So 

Jugptifl 4nCiwoh uwup lJ.nri.upg wnw2wgnq <Y01 hwlJ.wql}IltU[! npnzt{mu t 
hh111L.Jw1 wp111whwj111ntpjntGpg. 

a= AzL (I- LlgaJ ,;~ - ( qn + A,R0 J[l (t Ltga J-,:~] ·(9 299) 
" (A1 -tga) R0 (c+tg'a) A

1
(tga - A

1
) - -Ii; . . 

Jugpqp tinGwoh uwup hpqwpmpJntG[! npnzt{mu t hpqpw2wtflnphG. 

L 
_R0 -R . 

4nfi - --• (9.300) 
. 2tga 

lugfl4fl 4nGwoh uwup twp 4111pt{w~p zwnwtlfl11C! uwhUwGwtj1wqt{mu 
t u111wg4_n11 pppqh111Ghpp zwnwt{qnt{ h 2uth111p t qhpwqwGgp 25uu-n: 

L.4.9.8 -mu pbp4_wa qpw
3
:Pfl4Ghpp t{hp1mampJwG hpuwG tl.P~. t1Ghtntl 

utWJtiwGpg, np 600-800 lJ.q/u }ummpJwG pppqh111Ghp u111wGw1m hwuwp 
wGhpwcthz111 t 25-35 L./uu2 O:Gzmu, }ugfltifl 4nGwoh uwup U!WIIlp phpmpJwG 
GnupGwt wpcth12[! qwphJ}l t [!GqmGht a= 6-10°, 12wGp np a= 6 - I 0° U!WUlp 
ph12mpJmG mGhgnq uhquuwG }ugplJGhpp hpqwpmpJntG[! 2-3 wGqwu tjm12p t 
u111wg4_mu qmqwhhn aGp2Ghpn4_ U!Wmhpn4_ }ugpqGhpp hwuhuw111 , np[! h 
hwGqtgGmu t uwuJ.PLJ1 ut111wqw111wpmpJwG Gt{wquwG[!: 

lvgpqp q1wGwJpG uwumu wnw2wgnq hwqwO:Gzmul! npnzttmu t hh111-
hJWL wpmwhWJUlntpjntGpg. 

<You = ~(O" -<Yo1): (9.301 ) 
SI 

lugptifl q1wGwJpG uwumu wnw2wgn11 hwqwo:Gzmti(! qwphJ}l t npnzhL 
Gwh hh111hJWl wp111whwj111ntpjwtip. 
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q ~L-L4nGl ao =....!lL eRo -l : 
[ 

2/ l 
& 

(9.302) 

<!.wuwmb11 LmbbLntl (9.301) L. (9.302) hwtlwuwpmuubp[!, umwumu bup 
Y.tnp 4mptlwb12ntl ljwquni.lJl tugJllJ.Jl [!UqhwGmp tp4wpmpJntU[!. 

L = ~ln((a -ao, )(Ro )c + l)+ L40a: 
2fc %i R 

(9.303) 

Q.npbGwljwG hwztlwplJ.Gbpmu Ubll\w6L. L. ll\PJlqUwjw6L. uwubpntl 
lJ.wquntijl tugJllJ.Gbpmu hwlJ.w6uzmU[! npnzbtm hwuwp lJwpbtJl t oqmwqnp
bbt hbmL.Jwt tuu.tJlpJllJ. pwuw6L.[!. 

er= 0, 1( c
1 

{ e''L•m• -1) + Cio ( ec,,(L-L.,) -1)), (9.304) 

npmbajlg tugJllJ.Jl bplJ.wpmpJntU[! lJ.tJlup. 

1 ( 1 Oa - c1 ( e''L~• - 1) ] L=-ln +l +L ' 
C

11 
CJO "-'' 

(9.305) 

npmbq C1, C2 L. C10 qnpbwljpgubpp ubbntpjntuubp[! tlbpgtlmU bu WllJntuwlJ. 9.4 
-pg, pulJ. c 11 qnpbwlJ.Jlg[! hwumwmmG t L. hwtlwuwp' c11=0,215: 

c1 H c2 qnpbwlJ.JlgGbp[! lJ.wpbtJl t npnzbt GwL. hbmL.JWL wpmwhwJmm
pJmGJlg. 

(9.306) 
c2 = c7 +c8a'9 • 

C3, C4, C5, CG, C7, Cg L. C9 qnpbwlJ.JlgGbpJl libbmpJntUGbp[! pbptlwb bu 9.5 L. 
9.6 wllJmuwlJ.ubpmu: 

IugJ14J1 ubuiw6L. uwup bpljwpmpJntU[!' 

L 
_a0 -a,,. 
u--- . 

2tga 
(9.307) 

011111wu4Jmu lJ.mp4wb12ntl lJ.wquni.lJl tugJllJ. ubpp bWJl lJ.mptlwbpJl 
2_wl):lubp[! uwhuwuwl):lwlJtlmli bu umwgtJ.nq ppJllJ.bmubpJl 2_wt}1bpnlJ. L. .)_UJbmp 
t qbpwqwGgbu a. x bk= 40x40 uli-[! [152]: 

IugplJ.ubpJl ummpp lJ.mptlwbpp 2_wl{lubpG nGmptJ.mu bG ' btGbtntJ. 
umwgtlnq ppplJ.bmubpJl wupntpJmupg: UbquuwG tugJllJ.Jl uGwgwb pni.np 
hwumwmmu 11\WflWUbmpbpp 11bU112ntU, wnwlJ.btwqntJU tummpJwU L. 
wupmpJwG pppl{bmubp umwgtJ.mu bG 50x40 uu ummJ2wJJ1G wGgpJl 
iwY.mbpnlJ. tugJllJ.Gbpmu: 

IugJ14J1 ubuiw6L. uwup uiwmbpp pbpmpJmGu numptJ.mu t UJWhwu2tJ.n11 
wupmpJwG ppJllJ.bmubp umwGwtm UJWJuwupg L. wuhpwctbzm hwlJ.w6uzmu 
umwGwtm hwuwp tugJllJ.Jl bplJ.wpntpJWU ubbntpJWU tJ.pw wqqbgmpJwu 
wump6wGJ1g : UQp LtnriuJlg qwmwptlwb hbmwqnmmpJmuubppg umwgtlbt t, 
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np tugJ1ljJ1 ubll\w6L. uwup 11\Wtnbpp 011\tnJluwl pbpntpJwG uti'JmpjntG[! 
ljwqumu t a= 8+ 12°: 

(9.303) L. (9.305) wpmwhWJtnntpJmuGtpp ub2 umGnq wuhpwctbzm 
pppljtmwtlnpuwu ouzmu[! npnztlmu t 4..1'.0unpm.1}1 ljnqupg wnw2w114tlnr1 
pwGw6L.ntl [132]: 

a= k[ e"(P,~-Po) - I J, (9.308) 

npmbq Pma• -[! ubri.uuwu tugJllJmu UJntpJl wnwtlbtwqntJU tummpJmGu t, p 0 -

G' UJmpJl uljqpuwlJwu tuumtpJntG[!, a -G L. K - u' Y.mp6GwlJwu qnpbwlJ.Jlg
ubp[!: 

Ubri.uuwu tugJlljmu UJmpJl Pm .. wnwtlbLwqm1u tummpJntU[! npnztlmu t 
hbmL.Jwl pwGw6L.ntl [67]. 

Ppp - a oPo +a, pot P..,,. = 
11 

, (9.309) Po+ aot 
npmbq Ppp - umwgtln11 ppJllJ.bmubpJl tummpJmuu t, t-G' ubquuwu tugJllJ.mli 

GJntpp uuwtm ctwliwuwlJ.[!, t;;:: 154 [173], a 0 ,/J0 ,a, -G' Y.mp6uwljwu qnpbw

ljpgubp[!: 
Ubqu4wb ppJ1lJ.bmwtlnptln11 UJnLIJ[! wnwu6J1u iwlJ:lwpwctpuubpntl 

lJ.mpmbtm hwuwp ubquuwu tugJ14l! lJ.whwtlnp4mu t [!Urµu un11 uwuntl: 
lugplJ.Jl [!UqntGnq uwup uiwmbpp pbpmpJmGG [!Gqmutlmu t ubb UJntpp 

11\Wtnbpp hbm zt1.1liwu wu4Jmupg, npuibuqp tugJllJJl [!Gqmunq uwumu Gjntpp 
ubqumu mbajl 2_mubuw. 

tglf ~ tg<p = f : (9.310) 

lugplJ.Jl {)Urµttunri. uwup bplJ.wpmpJmuu nuqmutJ.mu t Lna=3-10uu: 
n11111wu4Jmu lJ.mptlwbpnlJ. tugJ14J1 l)Gqmun11 uwup LWJUntpjntG[!. 

a"" = a0 +2L~0tg1f: (9.311 ) 

4mpn11 bqpbpp hwummpJmuG numptJ.mu t h = 2 + 3 uu: 
Ub11uuwu tugJ14J1 2_wl):lubp£! npnzbtmg hbmn, lJ.wpbtJl t npnzbt 

tugtilJubpp pwuwtm' ziu: Utri.uuwu tugJllJ.Gbpp pwuwtin npnzqmu t ' btubtntl 
uwmppgwjpU oriwlJ.Jl UJWpwqbpg L. lugplJ.p l)UllntUnIJ. uwup LWJGmpJmupg. 

Ziu = Z7!Rh ' (9.312) 
a~G + 

nptnbfl R-n uwmppgwJpu 011wlJ.J1 zwnwi.lJ111u t, npp tJ.pw mb11wpwztutJ.wb bu 
ut11uuwG tugltlJ. ubp[!: 

01nnwuy 1mu ymmJwbpml, hhuibnpnihy uinnl>h1ml wwmbnm! ub11uuwG 
tugltlJ.Jl uiwmbpp 11\Pn:PJll.E (ul{. 9.19) numpqmu t , btubtntl umwgtJ.n11 ppplJ.bm
Gbpp OUJmpuwt 2_wl):lubppg' a x b = 40x40 uu L. tugplJ.Jl ummpp 2_Wl):iubppg ' 
a0 x b0 =40 x 60uu: IugplJlt bpljwpmpJwtip ouzuwu pwztumun npnztJ.mu t 

hbtnL.JWL pwuw6L.nq. 
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( a1x + b1 )~ [-1(1-bx) + ~] • 
a, (_1_+c

1
)x In b

3 
3 ~ 

ea, b1"' 

(9.313) 

npU1hfl a1=88,9, b 1=1279, c1=0,0147, a3 = 0, 0,0222 L. b3 = 1,026- tug)1lJ11 
npnzwl.J.)1 OUJ.U1)1ilwt l4wpwuhU1php)1 11h1.1.J.12mt1 hwpphguwu qnpbrnl.J.)1.guhpu 
tu: 

Ull1wgtlnr1 pp)1lJ.hU1Cihp)1 wuhpwdbzU1 p lull1ntpJWCi (9.309) wpU1w-

hwJU1ntpJmCi)1g npnzhtntl uhquuwu tug]11.J.mu pp)11.J.hll1wtlnpuwu ClJmp)1 
wnwtlhtwqmJCl Pmax lull1ntpJntCl{!, (9.308) pwuw6L.ntl npnztlmu t pp)11.J.hll1w-

tlnpuwu wuhpwdbzU1 O'o 6Ciznu.'i{!, WJGmhhU1L. Gl.J.. 9.26 -mu phptlw<) qpw

~)11.J.)1.g, I!Ull1 ull1wgtlw<) 6fizuwG uh<)mpJwG, npnztlmu t ubquuwG tug)11.J.)1 L 
hpl.J.wpmpJntG{!: 

UhquuwG tug)1lJ11 ull1wgtlw<) UJ.wpwuhU1phpI! ull1mqtlmu t , btGhtn4. 
WJU UJ.WJUWG)1g, np tug]11.J.)1 hWUU1WU1ntG l.J.U1ptlwc)p mGhgnq uwumu pp)1-
4hU1Ghp)1 qll1Gtlhtm dwuwuwl.J.I! UJ.bU1p t wug i)l.G)1 15 tl -pg [173]: liJI} 
dwuwfiwl.J.I! npnztlmu t, htfihtntl lug]11.J.mu bqw<) GJntp)1 qwGq4.w()-)1g , zwtl1w
pwdfi)1 qwGqtlw()-)1.g L. mwp)1z]1 uhl.J. UJ.ll1ntJU1)1 {!Gpwgpmu zwtl1wpwdG)1 
ll1hqwzwpd)1 dwuwGw4)1g. 

nm 

npU1bfl m = -
9

- -I! zwtl1wpwdGj1 qwGq!J.w<)fi t : 
z · z~" 

(9.314) 

liJCimhhU1L. 1.J.wpbi)l. t wGgGht UWU1p)1gwJ)1G oqwl.J.jl L. hntntlwl.J.Ghp)1 
zwtlihpjl npnzuwG[!, np]1 hwuwp {!Gmphtntl uwll1p!19wJ)1G oqwl.J.)1 L. 

R 
hntntlwl.J.fihp)1 zwnwtltiqCihp)1 - =A. hwpwphpntpJwG wpdbp{!, npnztlmu t 

r 

hntn4.wl.J.Ghp]1 1.J.nqu)1g pp)1l.J.hll1wtlnp4.nri. fiJmp)1 1.J.wnzuwG {!Ciqqpl.J.uwG a0 

a 0 = q:i + arcs in(~~~) : (9 .315) 

~ntntlwl.J.)1 I})1.pp{! pfinpnznq a"4 wGY.JmG{!, np)1 qhl.l.J.I!mtl wGhpwdhzU1 

p 111,., tull1nLpJwG pp)1l.J.hll1wtlnptln11 qwCiq4.w~ UWU1mg4.mu t uhquuwG 

tug]11.J.Ghp, l.J.i)l.G)1. 

a ul1 =arccos(1-~(l-cosao)): (9.316) 
Pmax 

~ntn!J.wl.J.)1 uwl.J.bpL.ntJpmJ. Gnpt.'iwt 6CizuwG pwztumul! 1.J.pGnpnztlti 
hhU1L.JWl WpU1WhWJU1ntpJWUp. 
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k (ecA
00

~~;0:o;a• -1J (l+(.:t -l)cosa)2 
err l :(9.317) a - --- --'---,-------''-------..,...-

" - cosq:i1 - (1+2(.:t-l)cosa+(.:t-1)2) 

~ntntlwlJll tlPw wql}TI'l qmuwpwJ)1G md{! L. WJI} md)1 1.J.jlpwnuwG l.J.hll1[! 
npnztlmu hG hbmL.JWL pwGwaL.hpmJ.. 

[

a,, k(e""'~ -1)(1+(A.-l)cosa)2 ]· (9.318) 
F = F; + F; = br f { 2 ) da+ O'•.•=a,, 

a,, 1+2(A. -l)cosa+(A.-l) 

0 11 
k( e°p/0~::.,:o;a,, -1J(1 + ( .:t -1 )cos a r 

Ja 2 rda (9.319) 
a., (1+2(A.-l)cosa+(.:t-l)) 

a 1 = ( J , a =a" 
011 

k e°P:
0

~:;~";
00 

-1 (1 +(.:t- l)cosa )2 
2 2 

J ( 2 ) rda 
a 0 1 + 2 (A. -1) cos a + ( .:t - 1) 

r;a, +F2a2 a h = , (9.320) 
F; +Fi 

npll1hfl F,-[! pp)1l.J.hll1wtlnptln11 GJmp)1 ubqunq 6GzuwG mdG t, Fr I!' uhqutlw<) 
qwGq4.w~ lug)11.J.Ghp tlU1gGnq ntd[!, F-{!' hntntlwlJll tlPw wql}TI'l qmuwpwJpG 
md{!, a, -I! ' F 1 md)1 l.J.)1.pwnuwG l.J.hU1{! pGnpnznq wGY.JntG{!, a 2 -[! ' F2 md)1 

1.J.]1.pwnuwG l.J.hll1{! pGnpnznq wGY.JntG{!, a"4 -I! ' hwuwqnp F md)1 lJllpwnuwG 

l1hll1I! punpnznq wGY.JmG[!: 
f"lumbqpwtGbp]1 hwz4.mil[! qwmwptlhL t hwuw1.J.wpqz]1 tIPw : 
QGU1pbtntl UWU1pj1gwj)1G oqwlJll R zwnw!J.q)1 uh<)mpJntU{!, [!UU1 uwui)l.z)l. 

U1ptlw<) wpU1WI}Pnqwl.J.wGmpJWU, npnztlmu t mwp)1z)1 uhl.J. l.l.J.U1nLJU1p [!Upwg
pmu ubquuwG lug)11.J.Ghp uq!J.nq qwGqtlw<)I! L. mwp)1z)l. U!ll1U1UWU hw6wtum
pJntU{!. 

(9.321) 

(9.322) 

npmbq b-Ci hntn!J.wl.J.)1. tWJUntpjntGG t : 
~ntn!J.wlJll tlPw wqqnq mdbp{! hwflPwhwphtm hwuwp mwp)1z)1 

wGhpwdbzm 1.1.J.illmuwG unuhCim{! 1.J.i]1.G)1. 
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T.,, = F(R - r )sinau4 : (9.323) 

Swp}lzp wnwCigpm! wqrµiq zwnwtJ.11wJpCi ntd{!. 
F3 =Fcosau4 : (9.324) 

Pppljhtnwt{npuwCi uwu\Pm wzfuwtnl.llgCihtnt hwuwp UJWhwCi2t{n11 
hqnpmp JntU{!' 

1lnF(R-r) . . 
P = T OJ= smau4 ~m. "' 30 

(9.325) 

U}lwt{np qwCiqtJ.want{ pp}lqhtnCihp umwGwtm tjpw tthltmpwtGhpq}lwJ}l 
mtuwqwpwp awtuun' 

p 
p = - q~m. ct/m: 

[) 
(9.326) 

CwrctwqwCi pppqhmwt{npuwCi uhphCiCil:ipmu pppqhtnwt{npuwCi CiJntp}l 
uwmmguwCi uhfuwCipquG pphCipg CihpltwJwgCimu t utCiL.uwmplJ. t}lnfuwqplti, 
npp h}luGwqwCi hwGqmJgGtpCi tG oqwJpCi funfJ.nt{wlJ.wzwp[!, phnCiwpwt}lnq 
uwppwt{npmul! (g}llttnGn) L oqwu11Pa!, npp qhpl! qwmwpmu t uwCip}lzp uwCi
pwgCinq pupmltl!: 

"lCihuwmhlJ thntuwnnh~h UJwpwuhmphp[! npnzhtm hwuwp, hwztl}l 
wnCihtntl. pppqhmwt{npuwG uwliLliiP wGhpwcthzm wptnwllJlnfJ.wqwGmpJntG{!, 
npnzt{mu t oqp wCihpwcthzm htp[! L. wpwqmpJntG[! hhtnL.JWL wpmwhwJ
mmpJmGCihppg. 

(9.327) 

B 
v = -- (9.328) 

on B- l kpon 

npmhq [)0 n -{! wCihpwcthzw oqp pwCiwlJCi t, u3/t{, [)-Ci' ppplJ.hmwt{npuwCi 

uwuww wptnwllJlnriwlJwGmpJntG{!, ljq/ct, m-{! ' fuwnGmpqp ltznwJ}lG ljnGgbG
G 

mpwg}lwG, m = -" , tumn}l whqwt}mfuuwG qhUJpmu m-p wpcthp{! {!Cirµi1G-
Gon 

i.J.mu t m = 0,3- 0,8 uwhuwGCihpmu, G" -I!' pp}lljhmwt{npt{nq GJmpp uwwm

gmli{!, ljq/t{, G0 n -!!' oqp uwmmgntli{!, ljq/t{, Pon -!!' oqp futnntpjntG{!, ljq/u3
, 

B-Ci' pp}llJ.htnwt{npt{nri Cijntp}lg ljwfut{wcr qnpcrwljpg{! (tunmwcrrintnwJpCi 

CiJmphpp hwuwp B=2-2,5), V 011 -n' oqwJpCi hnupp wpwqmpJntG{!, g-Ci' 

wqwm wCiljuwCi wpwqwgmli{!, l -!!' uwuCiplJ.P hpljwpmpJntCi{!, k-Ci ' qnpcrw
lt}lg{!, np{! 1.J.wtut{wcr t uwuCiplJCihpp 6L.pg, oqp zwpctuwG pCimJppg L. tun11n
t{wljp mpwuwqcrpg: 

btCihtntl. oqp wGhpwcthzm htppg L. wpwqmpJmCipg, npnzt{mu t 
tunrint{wl.Jp wGhpwctbzm mpwuwqpcr{!. 
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[) 
D = r-------"-----;=;r===='i'= 

900mp0 n1lB l 
(9.329) 

(B-1) 

5ltlttnCip up2Ciwutwmp GbpppG mpwuwqpb"{! npnzt{mu t hbmL.JWL 
pwCiwal.nt{. 

D
9 

= (1,5 - 2 )D../B: (9.330) 

Iunqnt{wl.Jwzwpmu oqwJpCi tuwnCimpqp zwpctuwCi ctwul.llCiwl.J 6CizuwCi 
l.JnpmmnCihp{! npnzt{mu hCi hhtnL.JWL pwGwaL.nt{. 

Ptiu=(l +mAA -Pon)gh+Po;:{.ti+K~a~~ +~+~(~J +~tu}+C~l +x) , (9.331 ) 

nptnbfl i;a -Ci crCiqmu wnw2wgwcr qptiwllJlmpJwCi l.JnpmuwCib[lp qnpowlJ.PgCi 

t tiwtul[wcr crGlJ.P wCilJ.JmCipg, i;.!l -G' crGl.Jmu wnw2wgwcr !lPliwqpmpJwG 
D 

1.J.npmumCitpp qnpcrwl.Jpg{!' qwfut{wcr crCilJ.P l.JnpmpJwG z wnwt{llP L. 

funqnt{wl.J.P mpwuwqcrp .!!.._ hwpwphpmpJmCipg, K-Ci' hw
1
utuwmwl.JwCim-

D . 
pJwCi hwuwwmmCi qnpcrwtitig{!, K=O, 73, i;~ -Ci' l.JnCi:pmqnpntu tun11nt{wl.Jp 

l.Jtnpt{wcrpp uwhmG t}lm}lnfumpJmGpg umwgt{nfl. l.JnpmumCihpp qnpcrwl.Jpg{!, 

i;r, -Ci' !lP:Pmqnpmu l.JnpmumCibpp . qnpcrwl.J.Pg{!, D1-l!' qp:pn~qnpmu tunrin-

t{wl.J}l qmpt{wcrp}l mpwuwqpcr{!, i;brn -{!' tun11nt{wltti htpnui ljnpmumGhp}l 

qnpcrwl.J.Pg{!, C-G ' qnpawl.J.Pg l.Jwtut{wcr fuwnCimpqp mhriwt}lnfuuwCi 
wpwqmpJmCipg, v tu = 15 - 20 u/t{ wpwqmpJmCiCihp}l qhuwmu, C = 0,58 - 0,4 , 

h-!!' tunm}l mhqwt}lnfuuwCi pwpapmpJntG{!, x-l! 'hwumwmmG qnpcrwl.Jpg{!, 
x=O,l-0,15, L -!!' tunrint{wqwzwp}l bpqwpmpJntCi[!, A. -G ' zt}1uwG 
qpuwqpmpJwCi qnpawqpg{!, np[! utn11utwmh tun11nt{wl.Jfibpp qtuwmu 
tiwtui.J.wcr tun11nt{wl.J.P mpwuwqcrpg qwph\}1 t npnzht hhtnL.JWL UJwpqhgt{wcr 

' . 0,0011· 
pwCiwaL.nt{ A.= 0,0125 +--: 

D 
Iunrint{wqwzwpnt{ pppqhmwt{npt{nq CiJmpp mhqwt}lnfuuwCi hwuwp 

utwhwu2t1.n11 hqnpmpJmGn npnzt{mu t hhmL.Jwl pwGwaL.nt{. 

P .9(/;n-Poq)g [(l+m)h+ B't(1+CmX1 + x)(,i.!:+K~; +~ +~(.E_J' + ~ J}: (9.332) 
3600np0q 2k(B- l )' D a ~ " D, bw 

lfwmmguwG tun11nl[wqmu mhqwqwJt{wcr crwJpwUJwGwq}l wnwt{h
twqmJG pwpapntpJntCi{! 2pwJ}1Ci zwuwqmu bqwa 2PP uwqwpqwq}lg ltll1Ci}l 
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(9.333) 

11pmhq A = ( ~1 J-uwmmgn11 tu111111tJ.wlJ.P L. q11G'.pmq11pp Ulpwuwqahpp 

hwpwphpmpJmGG t: 
Qpp O-wtuul! 11p11ztJ.mu t' t1Ght11tJ. q11upwJGJ1 wpmwrw1111wlJ.wGmpJmGpg 

L. pppqhmwtJ.11ptJ.n11 qwGqtlwO-p Ju11GwtJ.wguwG wGhpwahzU1 m11qnupg . 
~WQl0-4 

q = ' (9.334) 
36p2 

11pmhq Q-G' q11upwJGJ1 wputwrw1111wlJ.wGmpJmGG t, qq/d, ~W -G ' tu11Gw
tJ.wguwG wGhpwahzm m11q11u[!: 

b1Ght11tJ. 2PP wGhpwahzm awtuuJ'tg, 11p11ztJ.mu t awJpwUJ..wGwlJ.P 
U1pwuwqp0-[!. 

d=-1- ~WQ u· 
300 µp27r~2g(hwn - h) . 

(9.335) 

Uh11uuwG l:ugplJ.Ghppg uhqutJ.wO- qwGqtJ.wbT! qmpu t qw!lm h11a 
dwUJ..wtJ.hGp oL.ntJ., 11p[! WJfimhhmL. oqwqwoL. 2wp11Jli-tl111tuwqpp).p oqGm
PJWUp pwawGtJ.mu t wnwGopG ppplJ.hmGhpp (GlJ.. 9.47): Cl-pmwtJ.mpohpp 
wp!J.JmGpfibp[! 911lJ9 hG mtJ.bt., 11p ppplJ.hU1Ghpp qmpwUlntU[! ppwqwGmu 
mh11'1 t mGbGmu uwmppgwJJ'tG 011wlJ.Pg k = 20 uu hhnwtJ.11pmpJWG tJ.pw: 
UmwgtJ.1111 pppqhmGhpp hpqwpmpJntG[! tJ.hpgtJ.mu t wqp11wGwuGwpmaw
qwG UJ..WhwG2GhppG hwuwUJ..wmwutuwG' Lp=50uu: Qwpajl)_-tJ.mtuwqpJ'ttli 
lJ.wGqGwlJ.P hh11wtJ.11pntpjntG[! uwmppgwjpG OlJ.WY.J'tg lJ.UiGJl' 

l=k+LP, (9.336) 

PppqbmGbpp wnwtJ.h1wqmJG hpqwpmpJntG[! lJ.!llGJl' 

(9.337) 
.9 

L p.wn =LP+ ' 
6011 <1lz11ztufXlb 

11pmt11 11<1>-fi tJ.mtuwrwJ'tw UJ.mmuwG hwowtumpJmGG t, zu-G' phpJ'tlGhpp 
pwGwq(!: 

.l2hpp).Ghpp tWJGmpJntG[! L. pwpopmpJntG[! 11p11ztJ.mu tG hhmL.Jwt 
pwGw6L.bp11tJ.. 

(9.338) 

c2 {LP + k\2 + 8abztutg<p LP + M LP + k ( 
H = J z - c LP + k) 

2(LP +k}g<p , (9.339) 

11pmbq c-fi qmJmp tJ.bppG hwpp uwup bpqwpmpJmGG t, [!GqmGtJ.mu t ' c=Lp: 
PpplJ.bU1Gbpp mhqwtJ.mtumpJwG hwuwp wGhpwdhzm hq11pmpJntG[!. 
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A .9 ~CD= - = --gf1r(R + l) YJ.n: 
· T 3600 

(9.340) 

lum11p pppqhmwtJ.11puwG q11pbI!Gpwgp tGhpwmwpmpJntG[! 11p11ztJ.11u1 t 
ppplJ.hmw411puwG uhphGwJJ't wnwGopG hwGqmJ9Ghpp tGhpqwmwpmpJmG-

Ghpp qmuwp11tJ.. 
A = ,\ . .i. + Aui.CD. + A2 CD. + Aii . .i. + Aco + A11 , (9 .341 ) 

11pmh11,\ . .i. -G pppqhmwtJ.11puwG uwuww tGhpqwmwpmpJmGG t , Au1.<1>.-G' 

UJ.GL.um.}mtuwrwrw tGhpqwmwpmpJntG[!, A2 <1>-Ci ' ppplJ.hmGhpp 2wrf1Pl-tl111-
tuw11PPlP tGhpqwmwpmpJntG[!, Ah . .i.-G' tu11mp hwtJ.wpp)_-uwfipp).p tGhp
qwmwpmpJntG[!, A<1>-G' phnGwpwtJ.11111 tJ.mtuwqpptli tGhpqwmwpmpJntG[!, 
Au-G' uhphGwJJ't pwpzwJJ'tG qpuwqpntpJwG hwrtPwhwpuwG tGhpqwmwpm-

pJntG[!: 
PpplJ.hmwtJ.11puwG lPM tGhpqpwG lJ.UiGJ't. 

Ap .i =Aubq+A4ui+A.iui. (9.342) 
npmh11 A4ui-G ut11utJ.wO- zhput[! wnwGopG iwt11wpwapGGhpp qutplllbtm tJ.pw 
awtuutJ.1111 tGhpqpwG t, utquuwG tu9'1lt'1 ummpp qmptJ.wapp 50-70uu 
tWJGmpJmGGhpp qhUJ.pmu qmpuwG mhuwqwpwp tGhpqpwG qwqumu t l ,8-
l ,35q'-lm.a/m, A.iui-G' uh11utJ.wO- zhpm[! tugJ'tlJ.Ghpp uh2 UutgGbtnt tJ.pw 
awtuutJ.1111 tGhpqpwG, ut11utJ.wO- qwGqtJ.wbT! l:ugJ'tlJ. umgGhtm hwuwp 
UJ.WhwG2tJ.11q mhuwqwpwp tGhpqpwG lJ.wtutJ.wO- l t )_wtJ.1wpwaGp qwGq
tJ.wapg L. qwqumu t ' A.iui=8,3 q'-lm.a/m, Aubq-1!' ppJ'tl1hmwtJ.11puwG GJmpp 
ut11uuwG tGbpqpwG: 

PppqbmwtJ.nptJ.1111 GJntPI! ubquuwG tugplJ.Ghp umg G1111 tGbpqpwG 
qwphlli t npnzhthhmL.JWtpwGwoL.ntJ.' p=Autq+A.iui: (9.343) 

..!.wtJ.wpp).-UwGpJ'ttli tfihpqwmwpmpJmG[! 11p11ztJ.mu t [!Um [!GmptJ.wa 
hwtJ.wpp)_-UwGpptli hq11pmpjwG: 

UbphGwJp pwpzwjpG ajluwrwmpJwG hwrtPwhwpuwG tJ.pw awtuutJ.1111 
mhuwqwpwp hq11pmpJmG[! 11p11ztJ.mu t hhmL.JWl pwGwoL.ntJ. . 

"G v A11 =111 ut11. ut11 lJ.'-lU1.d/U1, (9.344) 
.9 

11pmhq f
11 

-G uhphGwJJ't pwpzwJJ'tG ajluwqpmpJwG q11pawqpgG t, G,1t11-G' 

pppqhmwtJ.11p11q uhphGwjp qzpn[!, Yutp-G' pppqhmwtJ.11p11q uhphGwjp wpw

qntpjntG[!: 
PppqhmwtJ.11p11q uhphGwJp hq11pntpJmG[!. 

P=A -9 q'-lm, (9.345) 

npmh11 A-G q'-lm.a/m, .9 -G' m/a: 
.?,wzt!wnlJh OnhfiwlJ . CwpwrwtJ.wO- uhpnqplJ.wJ11tJ. qwmwpht zwpawqwG 

ppplJ.hU1wtJ.11puwG uhphGwJp hwztJ.wpq[!, 15 -1 8 % tu11GwtJ.ntpJwG wntJ.mJmp 

ppplJ.hmwtJ.11puwG hwuwp: 
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btwl.JhtnwJpfi tntl.Jwtfihpfi bu. wpmw1ym11.wl.JwumpJntfi{!' 25001.)q/ct, 

ppp4hmwt{npt{n11. UJmpp }utnmpJmfir!' p 0 = 701.)q/il3
, umwgt{n11. pppl.)btnfibpp 

}utnmpJmfiI! · pP = 7001.)q/il3
, ilwilLJ1lli Lf1uhnp UJ.tntnilwfi hwow}umpJmliI! · 

n = 70UJ.tnlpnUJ. : 
liwtnwpt{wa hbtnwqnumtpJmlilihpI! gmg bli tnt{ht, np pppl.Jbmwt{np

ilw!i oqwl.)woL. i.lwi.lLf1lubpmil ubUJ.w6L. L. UJ.PpqilwJwoL. ilwubppg pwq4w
gwO- uhqi.li.lwli }ugpl.Juhpp aL.I! OUJ.tnpilwt t [24): 

lugpl.)Cibpp twp l.)tnpt{wb]:!p lwtJ.mhp{! uwhtlwCiwipwl.)t{nttl bfi umwgt{n11. 
pppl.tbtnfibpp 1.Jtnpt{wb]:!p ~wipubpnt{ L. ~UJ.btnp t qbpwqwligbfi 
a,. xbk =40x40i.li.l: 

lugpl.)Cibpp ilmm11p l.)tnpt{wb]:!p lwtJ.mbp{! {!Utnpt{mil b(i ' btlibtntl 
umwg~nq pppl.)btn!ibpp wilpmpJWU plimpwqpbppg L. {!liqmlimi.l bli' 
a0 xb0 = 50x40i.li.l: 

lugpl.)p UbUJ.woL. ilwup UJ.Wtnhpp ph11mpJwli wlil.)Jntli{!' a= 8° : 
lugpl.tp ubUJ.woL. i.lwup bpl.Jwpmf!JntUI! npnzt{mi.l t (9.303) wpmwhwJ

tnmpJmlipg' L = 35,6 i.li.l: 
4wqilmj}1 uh11.ililwli }ugpl.)p I!lil}hwlimp bpl.)wpmpJntli[! npnzt{mi.l t 

(9.305) wptnwhwjtnntpjntlipg, nptnbq' c11=0,215, a0 = 50 tltl-p flhUJ.pmi.l' 

C10=40, k = 0,332, a= 4,61·10-3
, a0 = 0,471, {30 = 0,496, a, = 4,45·10-3 

qnpO-wl.)pglibpp L. t=20tJ. -p fiw}uliwl.Jwli wpdh11!ihpp qbuwmil (9.308) L. 
(9.309) hwt{wuwpmi.lCibpp hwi.lwtnb'l. tntanti.lpg umwgt{mil t' 
er = 48,2 'U/i.li.l2: 

c, L. c2 qnpawl.)pglibpp wpdb11!ihpI! npnzt{mil bli (9.306) wpmwhwJtnm
PJntlipg, {!Ul}ntlibtntl' c,=0,09727, c2=0,725, C3=0.6922, C4 = 0,!385, 
C5 =0,00786, c6=0, C7= 0,3317, c8=0,227, C9=0,3467: 

Utnwgt{wO- wpdhnlihp[! tnhflWl}Pbtntl (9.305) wptnwhwJtnntpJwli ilb2, 
umwgt{mil t ubUJ.woL. L. UJ.ppqi.lwJwoL. ilwubppg pw11.1.JwgwO- 1.Jwqiln~ 
ubqi.li.lwli }ugpl.)p [!CiqhwCimp bpl.)wpmpJntU[!' L= 145i.li.l. 

Ubqi.lt{wa qwliqtl.wO-li wnwliopli lwtJ.1wpwdplilibpntl. l.)tnptnmilli WUJ.W
hntlhtm hwi.lwp ubqili.lwCi }ugpl.)£! 1.Jwhwtl.nptl.mil t uliqmlinq i.lwuntl., npp 
UJ.W(lWtlbtnjlb(l(! l.)Lf1!ib(i. 
uu11mun11. ilwup UJ.Wtnhpp ph11mpJntU{!' 

lgl/f ;:: tga = fem. ' 

16% }unCiwtl.ntl'JWCi wmlntJtnp hwi.lwp J; . ., = 0,7 , hbtnL.wpwp' I/I;::: 35° : 

Qli11mut1.mu t' I/I= 45°: bCi13w}ugpl.Jp hpl.Jwpm13Jmuu uli11mut1.mu t' L=5 uu, 

bu13w}ugp4p LWJUnt13jntU{!' anp =Go + 2Lnplgl/f = 60ili.l, l.Jtnpnq bqpbpp hwu

tnnt13JntU(!' h=2,5 oil: 
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Ubqi.li.lwu }ugpl.Jlibpp 12wliwl.JI! npnztl.mil t (9.312) wptnwhwJtnntf!JWtlp, 
{!Uflntlihtntl.' A= 2,4, Z=2, f = 0,5 [155] L. R=450 tltl UJ.wpwi.lbtnphp.{!: 

ZiuQ=45.2, I!lil}mlitl.mil t' Z1uQ=45. 
Uh11.ililwli }ugpl.Jp umwgtl.wa UJ.wpwi.lbtnp.bp.£! utnmqtl.mil hli, hwztl.P 

wnuhtntl. WJ Ii UJ.WJtlw!i[!, np }ugpl.J.p hwutnwtnm!i 1.J.tnp.tl.wb]:! mlihgnq ilwumi.l 
pppl.Jbtn!ibpp qtnlitl.htnt dwilw!iwl.JI! UJ.htn11 t ubO- LJ11ip' t > 15 ti.- [ 173): 

lugpl.Jp UJ.ppqtlwJwoL. i.lwumi.l pppl.Jbtnlibpp qtnlitl.htm dwilwliwltI! 
npnztl.mil t (9.314) wptnwhwJtnmpJmlipg L. hwtl.wuwp t' t = 26,2 4.rilJ.: 

Qumpt1.wa UJ.wpwi.lbtnpbpmf (9 .315) - (9 .326) pwCiw6L.bpntl., hwilw-
1.Jwpqw tl.Pll• "Mathcad" 0-p_wqpp oqlimpJwtlp npnztl.ht t ilwmppgwJpli oqw4p 
L. hntntl.wl.J.P UJ.wpwi.lbtnpbp[!. a

0 
= 59'12', aH = 14', F1 =9,561.)'U, F2 = 87,24'U, 

n=6l,7UJ.tnlpnUJ., F = 96,8lfG, a H = 9°22', 

q = 0,338\.iq/UJ.tn, F3 = 95,55\.i'U , T = 4,1354'Uil, P=26,71lJ.'-ltn, 
P=l0,68 1.J<ltn.d/tn: 

Ubqiltl.wO- zbptnli wnwCiopli ~wiJ1wpwdpCi!ibpp l.Jtnpbtm ti.PW aw}uutl.n'l. 
tlihpqpwli ' A4m=l,8 44-tn.d/tn: 

Ppp\.ihtnwtl.npilwli i.lwilLf1lli tlihpqwtnwpmpJntli{! npnztl.mil t' 
Ap0=p+A4m=l l,841 l.)<ltn .d/tn: 

Qurimlihtntl. B=2,3, m=O, 7, i;a = 2, i; R = 0,15, i;4 = 0,1, i;n = 0,4, 
D 

C = 0,5, i;bw =I, K=0,73, x=0,125, H=2,5i.l, L=3i.l L. l = 0,04 i.l, (9.327) -

(9.335) pwliw6L.bpm.I. hwztl.mil bu UJ.UL.i.lwtnpl.J tJ.m}uWl}PPW UJ.Wpwi.lbtnphp{!. 
oqp hnupp wtl.hpwdhztn hWI!' .90 n = 1,4 il3 /ti., oqp hnu11p wpwqm13JntU(!' 

v 0 n=9,86 tllt!., i.lwtnmgnq }unqmlw\.ip tnpwi.lwqpa{!' D=0,425 tl, 9Plttnlip 
up2liwUJ.Willp tnpwi.lwqpO-[!' DQ=0,9 tl, }unqntl.wl.Jmi.l 61izi.lwli 1.Jnpmutn!ihp{!' 
Piiu=2,606 l.)'U/i.l2, UJ.liL.i.lwtnpl.J ipn}uWl}PPW wz}uwtnhglihtm hwilwp UJ.W
hwli2tl.n11. hqnpm13Jmliu' Plll.'11=3,649 l.)<lm: 

UtnwglJwO- UJ.Wpwi.lbtnpbpnt.\ {!Utnpt{mil t KY<I>-1,8 }untnp hwt{wppl
i.lwlipwmpl£!, npp uwlipwgCin'l. pilpntl.J[! 1.Jwtnwpmi.l t oqwilqpll! qbp: KY<I>-
1,8 }untnp hwt{wppl-i.lwlipwtnplli hpi.lliwl.Jwli gmgw!ipz!ibpli bli' qwliqtl.wau-
1600 l.Jq, UJ.whwli2t{nq hqnpm13Jmliu' Ph.0 =13,2 l.)<lm: 

Qliqmlibtntl. pppl.Jbtn!ibpp bpl.J.wpmpJntli[!' Lp=5 uil, 2W(1'1P~-tlin}uwl}Pp
W UJ.mmilwu hw6w}um13Jmliu' n<1>=17 UJ.tn/p, l.)wliqliwl.Jlibpp 11wliwl.Ju' z"'=4 L. 
oqtntl.htntl. (9.336) - (9.340) pwliwoL.bppg, npnzmil bli 2wpqfll-tlin}uwl}PPW 
UJ.W(lwtlhtnphp[!. l = 70 tltl, B=l40 tltl, H=lOO tltl, P2.<t>=l,2 l.)'-ltn: 

OqtntlhLntl (9.340) - (9.345) pwliw6L.bppg L. pilwliwtntl i.lbpbliwJp l.tzpnli 
m wpwqm13Jntli[!, npnzmi.l bli pppl.Jbtnwt{npnq i.lbpbliwJp UJ.Whwli2t{nq 
hqnpm13Jntli{!: Qliqmlihtntl.' G=29000 'U, vw1.=5 l.)tl/d, i.lbpbliwJp hqnpm13Jntli[! 
4LJ11ip' Pu= 89,7 l.)<ltn: 

Qutn UJ.whwu2tl.n11 hqnpnt13Jwli , wqpbqwmwtl.npilwli hwi.lwp uumpt{mi.l 
t T-150K wlit{wt{np tnpwl.)tnnpu: 
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lf2wqt.J.wb" libpnqpLJ.wu h}lup t hwGajmwgbL ITKE-2 ppflqbmwt.J.npliwu 

4nupwJu}l L. ITE-2 ppflqhmwtJ.npliwG uwu[}llJl GwjuwqMwCi hwuwp [120, 

128]: 

9.19. Pppljbmwlfnpuwfi lfbpbfiwfibpp fibp!JPl.fwfi 1./}ufwljp li 
wpmwl)J1wljwfi tftnpdwpljnuffifJpp wpf)Jmfipfibpp 

Pp}lqbmwt.J.npliw(i umwgpnuwp uwulJlm (ITE-2) I 979p. ubpqpt.J.bt t 
<.wJwumwGp. ..(.wCipwui.hmntpJwfi bl).tJ.wp'lll tun2np t112tpwtJ.np wGwumu
ubp}l UWUll)WZfl ptnliwu hwtiwlJlpmli (4.19): 

Ppflqbmwl}npliwCi 4nlipwJCi[! (TIKE-2,0) GbpqptJ.bt t linmww)l liwpqfl 
4nU1WJPJl mCimbuntpjntumu, Jiu4 wpmwrwhtm m uhpqGbtnt uurwmwqntJ. 
mhjuGJi4wLJ.wu tJ.1wumwp'lJlbpG [!uqmubt t 4.ptCiJntuJi hwmm4 qnGutnpm4-
mnpwqwu pJmpnCi (u4. 4.20): 

UmwgJinGwp uwu[}lm t{1npowpqlJbt t ..!.wJWUU1wGJi <!,wupwUJ.btnntpjwG 
Cwhmu.1wGp wGtJ.wu mGmbumpJmumu L. b11tJ.wpq}1 hwuw[}lpmu: 

<1>npowp4muutpp. [!upwgpmu lwtJ.ulht bu ppj1qbmwtJ.npuwu qnpb"
f!UpwgJi tubpqwmwpmpJmuu L. umwg4_wa ppJiqbmubpjl tummpJmfiu m 
wlipmpJntUI}: 

Sumbuw4wu 1.Jmpowp4muGtp}l I!UJlwgpmu n2mtJ.bt tu qnupwJu}l 
tnbfuupqwmutnbuwqwu L. zwhwqnpO-wqwu gmgwGJ12Cibp[!: 

9.20. Pppljbmwlfnplfwfi ubpbfiwfibpp mfimbuwljwfi 
wp1J.1mfiwlfbwnzp1wfi gnzgwfiftlfibp!J 

.PpjlqbmwtJ.npliwu 4nupWJlifl mlimbuwqwu wp11Jmliwt.J.bmntpjntli[! 
umwliqwpm bl).wliw4n4 wuhuwp t hw2lJwpqti., pwup np utp hwupwUJ.bmm
pJmlimu, Jlulurtu liwL. U"l..!, bplJ.pubpmu, l4w qwCiqtJ.wb"wpwp wpmwqptJ.n11 
uwjuwmpui.: UJU qbUJ.I!ntU 4hpbpp l.l.lWU1pwumliwli L. wuwumliGbppli qbpw
l.Jpbtm hwliwp [!litnptJ.bt t hwqwtJ.nptJ.wO- 4tpbpp urwmpwumuwli L. qbpwLJ.p
uwu mttuuntnqj1wu: <.wztJ.wp4Gbp tiwmwpbtm hwuwp mptJ.hL tli Jmpwpwu
lJmp mttuGntnqpwjp Ol.l.lb[lwgpwGbp[!, G2ttntJ. oqmwqnpb"t.J.n11 ubpbuwubp[! 
[2]: UJumhbmL. qnJmpJmu mCibgnq bqwliwqntJ. hw2tJ.wpqtJ.hL bu 2whw
qnpb"wLJ.wG awjuubpJ:!, L. npnztJ.ht t ubq pppqhmwtJ.npnq qnupwJGp U1wphqwG 
wpll)mliwtJ.bmmpJntli[!' 1486425 'lPwu: Ub4 mnliliw pppqhmjl hwztJ.ntJ. 
mGUlbuwqwG wpl}JmuwtJ.bmmpJntul! qwqlimu t I 981,9'1flwti/m: 

9.21. q..pmwqnpiffiwljwfi bqpwljwgnzp1nzfiUbp [, wnwpwpljnzp1mfifibp 

1. Pp}lljbU1wtJ.npntli[1 tunm}l uwtuwlllwmpwumuwli LWtJ.wqntJG m 
hbnwGLJ.wpwjpG bqwGwqubppg ubqu t: Ubp hwCipwU1.btnntpJwCi pwquw
pGntJP LJ.[}ltiwJp UJ.WJtiwGlibpmu qppwnb[}l bu L.' pGwLJ.wli, L' wphbumwl.Jwli 
nwGwurwphntJ. }_npwgtJ.wb" tunmjl ppfllJ.bmwtJ.npuwu mbjuGntnqjlwubpn: 
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2. Puw4wu nwuwui.wphmJ. lnpwgt.J.wb" tumn}l pp}lqbmwt.J.npnu1!! 4w
mwpt.J.mli t 2wpctw4wu libpbuwubp}l oqumpJwlip: '1-pwGg ubp4wJwgtJ.n'l 
h}lliuw4wG ui.whwG2ubpu bu' libpbGwJ}l li}lwtJ.np qwuqtJ.w0-}1 hw2t.J.ml pwpop 
wpmw1ym11w4wumpJntu{!, 4nliurw4mmpJntU[l L. gwO-p ubmw11wmwpm
PJntul!: UJq mhuwqbm}lg 2wpctw4wu pp}14bmwt.J.npnl) libpbuwubpmli Gurw
mwqwhwpliwp t 011wtioL. wztuwmwupwJ}lu opqwuuhp}l lj}lpwnmlil!: 

3. Pp}14bmwt.J.npuwu 011w4woL. uwliLJilCibpmu umwgt.J.n11 pp}14hmubp}l 
npw4w4wu gmgwu}12Cihbpl! L. liwu[}llJl tuhpqwmwpmpJntul! h}lliCiw4w Gmu 
4wtut.J.w0- bG Ubl).UUWU tug}ll.J.ubp}l oL.}lg L. lwl}1Ubp}lg: btubtnt.J. pp}14bmGhp}l 
npw4w4wu L. uwli[}llJl tubpqbm}14. gmgwu}12ubp}lg' UUJ.Wtnw4whwpliwp t 
ntl)l).wu4.Jmu 4mptJ.wb"pm! 4wqlintl}l ubl).liuwG tug}14ubp}l l!}lpwnmpJntU{!, 
npnCig lwqmbpCi bCi. tw}l l.J.tnptJ.w~I!' 40x40 uu, ummp}l qmptJ.wb"p!!' 60x40 
uu, Ul.Wtnbp}l pbpliwu wu4.JmG[t' 8 , tug}ll!}l bp4wpmpJntu!!' 145 uu: 

4. Cum pp}14tmwtJ.npuwu ol).wqwoL. liwli[}llubpmu uwmmguwCi L. 
tubpqbm}14 gmgwu}12Citp}l' uwuLJilP OUl.U1}1UWL Ul.Wpwtibtnpbp(i bu. uwmp}l-
9WJ}1U Ol).w4}1 2wnwtl}ll).[1' R=450 liu, liwmp}lgwJ}lu Ol).w4}1 L. hntmJ.w4}1 
2wnw~}ll).Gbp}l hwpwpbpntpjntul!' y=2,4, mwp}llJl UJ.tntnliwG hwnwtum
flJntU{! n=70 urm/pnur: Umwgl}wb" ui.wpwubmpbp}l qbuwmu uwli[}llJl wp
mwqpn'lwtiwumpJmul! 4wqlimu t Q=2500 qq/dwli: 

5. <.wztl}l wnGbtml pp}14tmwtJ.npuwu {!Gpwgpmu CiJmp}l GwfuuwtiwCi 
JunuwtJ.wguwu L. ppjlLJ.hmubp}l hntJ.wguwG wuhpwctt2mmpJntul!' uwmmg
liwu ubtuwu}lqti{! wnw2wpLJ.tJ.mu t urwmpwumbt uruL.uwtJ.mtuwqp}llJl 
UlbupntJ., nt[I CiwfuwmtutJ.mu t ppp.LJ.bmwtJ.npuwG CiJmp}l tunCiwtJ.wguwG L. 
ppI1LJ.hmubp}l hntJ.wguwu hwliwlJ.wpq, jluLJ. pppLJ.bmutp}l hntJ.wguwG hwuwp 
oqmwqnpO-ht tnbjuGntnq}lwlJ.wu qnpa{!upwg}l hwliwp wuhpwdhzm Ol}Wjpu 
hnu11u m 2mp{!: 

6. PpjlLJ.bmGbp}l npn2w4.}1 lwt{1ubp}l ui.whui.wumli{! pjumli t wqpnqnn
mbfuu}lLJ.wLJ.wu UJ.Whwu2ubppg, pulJ. WUpntpJWU WUJ.WhntJ.ntU[l ubb"WUJ.bu 
UUJ.WUtnntli t libfuwCi}lqwqwu LJ.npmumGbp}l utJ.wqliWU(!: Unw2wr4.tlnri. 
2wpq}ll-tjmfuwqp}lm b"wnwJmti t WJq uui.wmwLJ.ubp}lG: fhumuuwu}lpmpJwu 
{!upwgpmli umwgtJ.wO- qwfutjwDmpJmuubpl! huwpwtJ.npmpJmu bu umbl).antli 
npn2~L 2wpq}ll-tlmtuw'lP}llJl bplJ.pwlwt{lwLJ.wu L. tubpqbm}14. ui.wpwlibm
pbpl! btUbtntJ. ppplj_btnwtJ.npUWU UWU[}llJl UJ.WpWUbU1pbppg; 

7. Unw2wptitJ.wO- qwmwpbtwqnpO-tJ.wb" Ol)W\iWJJ1U uwmp}lgwjnt.J. ppp-
4btnwtJ.npuwu uwu[}lm, np}l uwmp}lgwJp ubp12}1u ui.wmbp}lu mbl).wlJ.wJtlmli 
bu pmpwLJ.ubp, un4npwLJ.wu 011wLJ.wJ}lu pp}lLJ.bmwtJ.npuwu uwu[}llGbp}l hwub
uwmmpJwup mu}l 11[1WLJ.wu Wpll)ntGpCibp: '1-mpu bG pbptJ.bt LJ.wnmgtJ.wb"
J;2WJ}lu L. zwhwqnpb"wLJ.wu UJ.Wpwlibmpbp}l hw2tJ.wpLJ.uwG pwGwoL.hp, q}l
mwtjmpobpnt.J. n2mt.J.bt L. mbuwlJ.wu hw2tJ.wplJ.ubpntJ. h}luuwlJnptJ.bt tu pm
pwlJ.fibpntJ. 01).WlJ.WJ}lu Uwtnp}lgwubp}l Ulflll)ntuwt.J.bmntpjntU{! L. hbnwGLJ.w
pwjpu hwmLJ.wuflzubpf!: 

8. vnp uLJ.qpmupntJ. w2tuwmn11 wnw2wp4tJ.wO- zwnwtJ.11wJ}lu L. urmmw-
4wu zwpcJmumJ. 01).WqwoL. PPfl4hmwlJnpliwu uwli[}lm unlJnpw4wu Ol)Wqw-
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<'iL. ppfll.J.t1.11wt.J.npuwa UwU[}liatpfl hwutuw1.11mpJWUp mafl amJauitu qpw-
1.J.wa WpllJmapatp: '1-mpu ptpt.J.wb.pwawtiL.tp[! L. qfl1.11wtJ.inp<'itpfl wpl}Jntap
atp[! hawpwt.J.npmpJma ta 1.11t.J.tt LWt.J.wpl.J.tt uwu[}lifl uiwpwut1.11ptp{!: 
Sa1.11tuwl.J.wa hwzt.J.wplJ.atpnt.J. hfluawt.J.npt.J.tt t anp uwu[}lifl atpqpuwa 
wpl}Jntliwtlt1.11mp3nta{!: · 

9. PpfllJ.t1.11wt.J.npuwa utptawatpfl hwzt.J.wplJ.fl L. awJuwqauwCi hwuwp 
wnw2wpl.J.t.J.tt t hwuwuiw1.11wu]uwa utpnqplJ.w, mp wutJ.intJ.it.J.tt ta ppfl1J.t-
1.11wt.J.npuwa qnpb{!apwgfl nu111mpJWUp IJ.w1.11wpt.J.wb ht1.11wqn1.11mpJmCiatpfl 
Wpl}Jntapatp{!: 
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10.1. !HiI].hwOmp wlilllilJmp;mO[}bp 

lit!iqwatiatpfl hwuwp hwztlhlJ.zntlwb IJ.hpwjuwnampqatpfl' unpm!i , 
tunawt.J., qpwanqwgt.J.wb IJ.wu ppfl!J.t1.11wt.J.np~wb, uiw1.11pwu1.11mU{! auiwu1.11mu 
t IJ.tptpfl wpl}Jmawt.J.t1.11 oq1.11wqnpb"Uwa{! L._ 4taqw!ifl!itpfl uptpw1.11t.J.mpJwli 
pwp<'ipwguwaI!: 

lihpwjuwnampqatpfl wptnwqpwuwutpmu oq1.11wqnpb"qn1J. utph!iw!it
pflg m uwppwt.J.npmu!itpflg hfluaw4waI! hwuwpt.J.mu t IJ.hptpfl Juwnaflw, np{! 
aw]uwuiw1.11pwu1.11t.J.wb LJ.tptp{! juwnamu m uiw1.11pwu1.11mu t uiwhw!i2t.J.n1J. 
4.tpwjuwnampqatp{!: Iuwnuflifl 1.11ttuufll.J.w2whwqnpbwqwa gmgwati2atpn 
azwawqw[}l iwtJ.int.J. wqqmu ta wp1.11wqpwuwufl 1.11tjuantnqflwti.wa qb"tp 
u1.11an1J. utptawatpfl {!atnpmpJwa tlPw: 

Qal}hwapwuitu, Junznp t1J.2tpwt.J.np wawumaatpfl 4.tpwJfla wpmw
qpwuwutpfl utb uwumu oqtnwqnpbmu tfla {!al}hwmmuatpnt.J. qnpanlJ. C-12 
Juwnaflw: f}.w ut1.11w1J.wmwp tp L. matp pwt.J.wlJ.wa pwpq LJ.wnmgt.J.wb"p : 
L,tpl.J.w1flu :ptputpw1fla 1.11a1.11tumpJmaatpmU WJI} Juwnafliatpfl oqmwqnp
bntU[! 1.11a1.11tuwuitu wpl}Jmawt.J.t1.11 it: Uwl.J.wJa C-12 -a mafl awL. wnwt.J.ttm
pJma· ITTJ.nmfl 2tpuwpfluflwqwa uzwl.J.uwa qnpb{!apwg{! hw2n1J.ntpJwUp 
wuiwhnt.J.htm mtuwalJ.jmaflg : 

Unw2wplJ.t.J.mu t IJ.tptp[! Juwnattm L. IJ.tpwtuwnampqatp uiw1.11pwumt
Lnt hwuwp oq1.11wqnpbbt wa{!aqhw1.11 qnpbnl].ntpjwa Juwnafli, flu4. 4hpw
pwctafl 20% -flg wt.J.t[}l b"IJ.ntnl! pflllflwgatl wauf12wuitu qtqtpmu [20, 21 ]: 

litphpfl wa[!al}hwm qnpbnlJ.mpJwa Juwnafli qnJntpJma imafl: liJI} 
auiwmwlJ.fl hwuwp oqmwqnpb"qtt ta WJL aJmptpfl hwuwp qnJmpJma 
matgnl]. Juwnafliatp , npnGp J:!UlTI npw\.lil L. wp1.11wqpnqw4wGmpJwa ihG 
pwt.J.wpwptt atp!J.wjwgt.J.wb" uiwhwG2atp{!: litpwjuwnampqatpfl wpmw
IJ.PWUwutpn1U tJ.inp<'iwpqt.J.tt ta wG{!Gl}hw1.11 qnpbnlJ.mpJwa zGtl.J.wJfla 
W3C-40, hwuwl.J.gt.J.wb 4.hptpfl 2CM-1 JuwnafliatpG m l.J.wt.J.wtuwnafli CM-
246 ut12tGwG: UwlJ.wJG qpwGgflg ni uhl.J.I! ifl wuiwhnt.J.tt LJ.tpwjuwnampq
Gtpfl uiwhwa2t.J.nq hwuwutnmpJntG{!: 

UJuuiflunt.J., waI!aqhw1.11 qnpbnl].ntpjwa IJ.tptpfl Gnp Juwnaflw umtl].
amU{! wpqflwqwa juaqflp t , npfl tmbntU{! qauiwu1.11fl 4hpbpfl wpl}Jmaw
t.J.tmmp Jwa pwp<'ipwguwa{!: 

liJu pwctGmu ptpt.J.mu ta anp uzwl.J.t.J.wb wa{!aqhwtn qnpbnlJ.mpJwa 
JuwnGflifl 1.11tuw4wa L. qfl1.11wtJ.mptiawqwa hb1.11wqn1.11mpJmaatpfl wpl}Jmap
atp{! [I 11 , 112, 113, 145], npnap hflup ta hw!iqfluwgtl wnw2wpl.J.t.J.wb 
Juwn!iflifl IJ.wnmgt.J.wbpwJfla uiwpwut1.11ptpfl hwzt.J.wpl.J.fl , awtuwqauwa , 
uiw1.11pwu1.11uw!i L. wp1.11wqpmpJm!imu Citpqpuw!i hwuwp: Up1.11wqpwl.J.w!i 
t.J.inp<'iwpl.J.mu!itpfl wpllJm!i12mu ouimfluwtwgt.J.tt t!i l.J.wnmgt.J.wbpwJflli L. 
zwhwqnpbwl.J.w!i uiwpwut1.11ptp{! : 
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Iumnp L. 011nmp u2wlJ.uwG utptGwGbpp qantl '-lJi.tCiJmup qt.P.iwtlnp tlmp
awpwpwlJ.nGumpmlJ.mnpwlJ.wG pumptnmmu 1980 ptjwlJ.wGpG Y.w1wgpwa 
npn2muntj [145) Gnp uzwlJ.tjwb 4tpbpp tuwnGJi.m Gbpf[pbt t 4tptpp qpwGm
twguwG L. ppJ14bmwtjnpuwfi unqtnGwgt{wo OITK-2,0 uwppwtjnpmuGtpp 
4nuuut4mntu L. 4wmmnp.4 Ulll}WJntj Of[nmp uzw4uwG JIOC-1 mttuGntnqpw-
4wG qbmu: .!.w1wumwGmu WJG 1979p. Cibpf[ptJbt t "UwppJi.Ji. 2r2wGJi. tunznp 
t112tpwtjnp wGwumGGbpp uwm11w2Ji. pmuwG hwuwLJi.pmu L. UpmlJwGJi. 
zr2wGp PwtwhmUnnp wGwuGw111whw4wG .'ptpuw1mu [126, 145]: 

10.2. Unwpwpljl/mz juwnliftffi ljwnmgtfwO-pw1ftli ujulufw1ft 
hfttlliwtfnpnu.f[! 

li:bpbpp tuwnfipzGbpp 4wnmgtjwapGbpp L. 2whwqnpow4wG gmgw
GpzGbpp t{bptmomp1mGu [145] gmJg t mt{bJ., np wGuGqhwm qnpon11mpJwG 
qnJntpJmG mGbgnIJ. npnz tuwnGpzGbp, mGbGwtntJ pwpap wptnwl}pnIJ.w4w
GmpJmG, zbG WUJWhnt{mu tuwnCimpl}}l pwtJ.wpwp hwuwubnntpjntG, UJntuGt
PD' w111whntJ.btntl tuwnGmpl}}l 111whwfi2tJn11 npw4, mGbG gwbp wptnwl}Pn
IJ.WlJ.wfimpJmG, bppnpq tumup tuwnGpzGbpG mGbG pwpq 4wnmgqwop, npp 
111wm6wnntj uwhUwGwt{1w4 4Ji.pwnmpJmfi bG umwgtr 

btGbtntJ. tjtpu zwpwf[pqwopg ozwljqbt t wGul}hwtn qnpan11mpJwG 
4tpbpp tuwnGplJi. 4wnmgt{w0-pwjpG Gnp ututuw, npu UJWZUlUIWGl{bt t 
luU.!,lf-p hb'lJi.GwlJ.wJpG tl4WJW4wGGbpntj [96, 114): luwnGplJi. w2fuwmwfi
J2WJJ1G opqwGu pwquwuGpwgpwJ}lfi 2Gtlj t, npp qwtwpGtpu hbppw4wfim
PJWUp uG11hwmtJ.mu bG ut4 PWJLP zwt}mtj: 

Unw2wp4tjnIJ. tuwnGpz£1 (G4. 10.1) pw114wgwb t ppwGpg (1), twp 
tunIJ.ntjwl.j.Jlg (2), pwquwuGpwgp uGqhwtntjnIJ. zGb4Ji.g (3), 4wtJ.1wppLJig (4) L. 
pbnGn11 pmfi4bppg (5): PpwGu hnl)w4w111tpntj (6) wupwgtJ.wb t 2r2wGwljpG 
(8): "ltnmmw4wJpG uttuwGpqup (7) oqGntpJwUp tuwnGptlJ ppwGu 4wpn11 
mt11w4wJtl.bt hnppqnGp G4wmuwup npnzwlJ.p wGl.LJmGnt{: 

ulf. JO. I. ~bpbpft juwnlift!ft lfwnmg!fwi>pw1ftu ujubtfwu 

lijl) tuwnGplJi. wnwGaGwhwtn4ntpjntG[} zublJ.p wupnIJ.2 bp4wpntpJWUp 
tJ.1WpntjpGbpp wn4w3mpJntGG t L., upwctwuwGw4, tJ.1wpmJpGbpp [}Gqhw-
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mmuGbpG num wnwGapG nu})wgpGbpp: fl..w w111whm{mu t fuwnCintpl}p 
hnupp uwuGplJ.Gbpp 2wpctuwG htppw4wGmp1wup uGI}hwmmu ctwuwGwqp 
zwm wGGzwG uJ12w4wJpmu: .!,nu12Ji. hbppwlJ.wG uwuu fuwnGtjmu L. pnzmu t 
tjbpL., npp hbmL.wG12ntj fuwnGmpqp pWIJ.Wl}IlwUwutpu LWtl fuwnGt{mU bG L. 
mt11wt)mfutjmu qbutJi. twp tun11wt{wlJ.: 

Unw2wr4tln11 zGb4wJJ1G fuwnGplJi. 4wnmgtjwopwJpG wnwGaGwhwm-
1.J.ntpjntGGbppg btGbtntl wGhpwctt2m t htmwqnmmpJmGfitpp ,uJ12ngml npnzbt 
Gpw hwuw111wmwufuwCi 111wpwutmptp(}, uwuGwt{npw111tu wptnWf[pllf[W-
4wGm111mGu, zGt4p. 111mmuwG hw6wfuntpjntGu L. WJtG: 

J O.J. Juwnliftffi WJlWWIJllfll/WIJwlimpJmli[! 

<!.wJmGp t [88], np zGb4wJpG fuwnGptlJ wpmwf[pnIJ.w4wGntpJmGu 
npnztjmU t UUU1 hbmL.JWl wptnwhWJU1nlpJWG. 

Q=900(D2 -d 2 }rtulflVwClfl1 m/ct, (10.1) 

nptnbf[ D -G zGbljp wpmw12Ji.G tnpwuwqpoG t, u, d -G' zGbl.j.J\ LJi.ubn~ 
mpwuwqpou, u, Ytu -G · tuwnGmpqJi. bwtjwtwJpCi qwGqt{wau, m/u . 'ti -G 
tuwnGplJi. 111wm1wGJ1 l9UwG qnpowtiJi.gu, Vu, -G' tuwnGmp,'lJi. mb11wt)mfuuwG 
wpwqmpjntCiU zGbtiJi. wnwG912Ji. bp4wpntpjWUp, U/t{, C -G wptnWl}PllIJ.W4w
GmpjwG t{mtjmfuntpjwG qnpbwlJ.Ji.gu' 4wfut{wb UJWtnjwGp })t12mpjwG wG
l.LJmGpg, ll'i-u' wpwqm})JWG qnpowljJi.gu. hw2tl.Ji. t wnGt{mu 2Gt4mu GJmpp 
qwCiqt{wa(l. zmnunm qwLU: 

U]lwuGpwg12wJJ1G wGuGqhwtn qnpan11mp1wG 2Gt4p hwuwp V ui 

utampJmGu npnztJ.mu t. 

V = Sn ultJ. (I 0.2) 
UI 60 > 

nptnbf[ S -[} iJlwpmJpGbpp pwJtG t, u, n -U' zGbl.j.Jl uttnmuwG hw6wfumpJmGu, 
pn111t-1: 

Pwquwufipwgp zuh4ntJ. tuwnfiptlJ wnw2wplJ.tJ.n11 4wnmgtJ.wopmu 
htppw4wGntpJwUp ut4 !2WJLP zwtJ.1 [}Gl)hwmtJ.n11 qwtwpp wnlJ.wJntpjntGU 
hwuw111wmwufuwG n2mmuGbp t umgGmu tuwnGntpl)p wnwGgpwJpG 
mt11wtJ.mfumpjwG V ui wpwqnt})jWG Ubbnt})JWU npnzowG ut2: 

U4GhwJm t, np V ui -G hwtJ.wuwp t' 

v = ~ Uf>l (10.3) 
UI T 't> 

npmb'l L -U fuwnCiptlJ wzJuwmwGpwJpG bplJ.wpntpJntGfi t, u, T -G' tuwnCiptlJ 
wupn112 bplJ.wpntpJWUp fuwnGmpl}}l uwuGpl.j.Jl wfiguwG ctwuwGw4u, tJ.: 

T -G npnztJ.mu t hbtnL.JWl qwtnnIJ.mpJmGGbpntJ.: IuwnGmp'lJi. gwGqw
gwO- uwuGJi.4 uG4Gbtntl. zGblJ.Ji. wnw2Ji.G qwtwpp qnpon11mpJwG qnmp, Gpw 
ut4 111mmJmJ1 ctwuwGwlj wnwGgpp bp4wpmpJwUp mb11wt)mJutJ.mu t S hb-
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nw\.\npmpJmG, np!} hwi.twuwp t UJU1ntU1wljwJpG qb-Jl pwjtJlG, hw2np11 ctwuw
Gwljp {!Gpwgvmu' 

s 60 
to=-=- tl: (10.4) V,,, n 

Cum WJ'l ctwuwGwltli uwpuwG, uwuGJ1lm 11mpu t qwtJlu wnw2J1G 
qwlwpp qnpb-nrimpJwfi qnmmg L. npnzwlJll ctwuwGwljJ1g (t'

0
) hbmn umGmu 

bpljpnp11 qwLwpp qnpomGbmpJWG qnU1p: 

..QwGJl np bplJJmp11 qwLwpG wnw2J1GJ1 Gljwmuwup mbriwzwrctttwo t 
2rclz wGljjmGntl, WUJW 

. 60 
t0 = - , (10.5) 

zn 
npmtri z - I! zGbl.J.Jl [!Gpwgl?Gbpp ppqG t : 

.:.wzljJl wnGbtntl, np wupn112 tp4wpmp3wup Ltwpnri bG mbriwpwz)uqwo 
JliGhL LIS qw1wpGbp, Wlljw zGbl{Jl pn1np ipwpmjpGbpp GbpqnpompjwG 
qnmmu uurnGpqGbpJl qmG4hLnt ctwuwGwLw' 

60 L 
T0 =-·-: (10.6) 

n S 
QG11hwmmuGbpp wnl.J.w1mp3wG Ujwm6wnnq uwuGJlqGbpjl qwGqwnp 

ctwuwGwl{[!, npnGg PPtl!! ubqnl{ l{lnpp t qwLwpGbpJ1 pljJlg, zGbl)J1 wupn112 
bpljwpmp1wup hwqwuwp t . 

zn S (I 0. 7) T~ = 60(~ - lJ: 
QGqhwGmp ctwuwGwlJI!, npp [!Gpwgpmu uwuGpqG wGgGmu t JuwnGJltli 

wupn112 bpljwpmpjwup, hw4wuwp t' 

T=Ta+r; = ~0[(1+;)~-;J 
Sbriw'lPhLntl (I 0.8)-1} (10.3)-p ub2, umwgqmu t. 

(10.8) 

v •• [( ~)L T 
60 I+; s-; 

(10.9) 
"ltml? t Gzbt, np (10.9) wpmwhwJmmpJntG{! 6Jlzm t z .:: 2 -Jl hwuwp, 

pwGJ1 np z {!GpwgpGbpp pwGw4G wGuwhUwGmp1wG hw4wuwpqbtJ!u, 
hwpL.wG qwLwpGbpJl LWJGw411 1.J.mpiiwopGbpJl mtriwiimJumpJwG wGljjmGu 
l}wnGmu t qpn, L. iI1wumnpbG umwgtlmu t utljl}GpwgpwGp hno zGbq: UJq 
l}bUJpmu (I 0.9) wpmwhwJmmpJmGu 1.J.bpUJwpwGwl{ln)utlmu t (I 0.2)-p: 

UJGmhbmL., mbriw'lPbtntl (I 0.9) -{! (I 0. I) -p ub2, umwgtlmu t [!Gqhwm
tl.nri pwquwuGpwg12 zGbqwJJlG JuwnGJitli wpmw'lPnriwl.J.wGmpJwG npnzuwG 
hwuwp qbp2Gwl.J.wG wpmwhwJmntpJntG{!. · 
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Q • 15n(D' -d' )r<V "' C (i +~"!,_~ mid' 

z s z 

(10.10) 

IuwnGJlzJl hpuGwqwG UJwpwubmpbpj1 wqqbgmpJmGG wpmwrumriw
ljwGmpJwG tlJiw UjwpqwpwGhLm GUjwmwqntl (10.10) wpmwhWJUlntpJntG[! 
GbplJwJwgtlwo t qpw:PJllJwljwG mbuvntl (Glj. 10.2 L. 10.3), npj1 hwuwp 
(! O. l O) wpmwhwJmmpJmGmu mbriwllPtlhL bG hbmLJWl h~umwmmG 
ubb-nLpJmfifibp{!. D = 0,4 u, d = 0,1 u, S = 0,4 u, n = I 80 pnUJ , lJl = 0,8, 
ll'1 = 0,5, c = 1: 

Q,Ul/d Q,Ulld 

14.0 
O.J>B --

./ 
v,...-

12.0 

o:W 
10.0 

0.06 -V'"" o~ 
., 

i---~ 

..... 

10.0 

8.0 

6.0 

o~ 

oM.f 

8.0 

6.0 

4.0 
i~2: 

' L=2.0ll 
4.0 y,Ul/tl' 

2.0 

2.0 :r,_U1/ll' 

0 
0 2.0 
23456789 

2.8 3.6 L,m 

ulj. 10.2. fuwn0ftlft WJ1WWl1JWIJW/jW0m- ulj. 10.J. fvwnOftlft WJ1WWl]j7nIJW/jW0fll
p)WU (Q) ljwjutfwamp;mOf! [!Ol)hw1.11mu- p;wO (Q) ljwjutfwifn1p1mO[J 20filjft liJ1 /jW-
OliJ1nt/ 20liljft 1JOpwgpOfiJ1/1 pt/ftg (z) f1nLpjm0ftg (L) 

P.GlUJ.bu Glj. 10.2-pg bpL.mu t , zGhlJl1 {!fipwgpGhpp pwfiwltl1 (z) utow
gmuntt juwnGJltli wpmwl}PnriwqwGmpJmG{! (Q) utawGmu t: Qum npmu, z -p 
GzwGwljmpJntG[! wGuwhuwGntpJWG{! unm hwugfibLnt ctwuwGw4 Q ubom
pjntli{! oqmmu t npnzwqp hwumwmmfi GzwGwljmpJWG, np{! mbajl t mGb
Gmu untlnpwljwG ubq[!GpwgpwGJl zGbqp wnljwjntpJwG flbUJ.pmu: Q -p Gtlw
qwqmJG GzwGwqmpJntG{! JliGmu t z = 2 - J1 11tui.12mu, npn pwgwmptlmu t 
zGblJl1 UjU1U1uwG tlJiw ctwuwGwljJ1 ubo bw)uuntl WJG UjWhpg, bpp qwGq4wbp 
uwuGJ1qGhpl! 11mpu bG qwllm GwJulJ.JlG qwLWPP Gbpqnpb-ntpJmGJlg, upGl L. 
wJG UJWh[!, bpp WJll GmJG uwuGJlqGbp[! umGmu bG hw2np11 qwLWPP 
GbpqnpontpjwG qnmp: P.ulj pwGp np z- p ubowgmuntl tntlJWL dwuwGwlj{! 
l{lnppwGmu t, WUJ.W )uwnGJlzp wpU1Wl}Pll'lWltwG11tpJ11tG[! hWUWUJ.WlflWU
juwGwpwp ubowGmu t : 

L.q. l 0.2 L I 0.3-pg Gqwmmu bGp GwL., np ~plj[!GpwgpwGp {!Gqhwmqnri 
zGbljnq 2 u bpl{wpmpjwG JuwnGpl[! 0,04 m/u uJ12pG cnuqwtWJJlG qwGq
qwonq (znp qbpwjuwnGmpqGbp) pwriwflPwuwubp[! )uwnGh

3
Lm qbUJ.IlmU 

wUJwhn4tlmu t Q = 6,0 m/ct wpmw'lPnriwl.J.wGmpJmG: 0,08 m/u ow4wLwJJ1G 
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qwCiqtlwO-ntl (tunCiwtl ljtpwtuwnCimpqCitp) pwt).WI}I\Wilwutp tuwnfit!Pu 
tuwnCipl]l wpmwflPnt).wljwCimpJntCil} hwuCimu t 12 m/d: 

ulj. 10.3-pg Ciljwmmu tlip, np tuwnCipl]l hpljwpntfJjntCil} wCiCizwCi t 
wqqmt.I Cipw wpmwI}I\nt).wljwCimfJJWG tlPw: <,tmLwpwp, tuwnGpl]l UJ.Wpw
uhmptpp l}fiUlpntflJWfi dwuwfiwlj fipw hpljwpntfJJWfi hpufiwt\npntUfi Wfi
hpwdb2U1 t ljwmwptL' htGhLntl tuwnGmpriP npwljwltwG gmgwGpzGbppg L 
ubptCiwjp tlitpqwmwpntpjntCipg: 

10.4. Cubl.jfl u1wwt.fwu hw6wfunlJJ]nLUJ! 

Unw2wpljtlwO- ljwnmgtlwO-pntl tuwnCiJllmu 4tphpp tuwnCit.lwli qnpo-
1}CiflW91} ljwmwptlmt.I t wtlt!P pCimtCiuPtl, tpt WJfl qtl.ljpntu wnltw t 
Uwufipljfitpp hwpwptpwljwfi tnht).Wt}1ntuntpjntfi 2fit4p UWljhptupfi , npl} 
hliwpwt}np t 2libljp UjUlUlUWli npn2wljp hwowtumpJwli ritUJ.PmU: 

Opl.ljtuqp pwgwhwJmi.Ui tuwnlipl]l UJ.wpwt.ltuiptpp L tuwnGt}nt). lijnt
pbpp :j>pqpljwuttuwlipltwljwli hwmqmpJmlilitpp wqqtgmpJntlil} 2litljp 
UJ.mmuwli hwowtumfJJwli l\pw, riPmwptil\.mu t G4. 10.4-mu ptpt\wO- hwz
tlwplJwJJlli ututuwli: 

UJumtt). zlitljwjpG tuwnlipll} Ulht).Wflptlwo t hnppqnGJl GlJ.wmuwt.lp 8 
wCilI.JwCi mwlj: lfwuliplJ.litpp flllPWP uljqpCiwljwli UJ.whpCi 2litljp lJ.mptlwO-pl} 
tnbt).wpwztutlwO- t hnppqnliwlJ.wG, wJupGpli uum x wnwligpp : 

l).pmwpljtlmt.I t npn2wljp liJntflwlJ.wli A uwuliplJ., npl} mtt).wpwztutlwo t 
zCitljp t.lwljbptup tlPw: liJfl uwuliplJ.p tlPw qnpomu tfi htmL.JWL mdtpl}. G = 
mg -li' 0-wlipmpJWli ntdl}, Fz.p -u' zt}1uwli ntdl} 2lihljp t.lwljhptup liqwmuwup, 
F4iu -Ci' ljtCimpnCiwtumJu ntdl} L. F4 Ci' lJ.nppn!Pup ntdl}: 

<!_wUWOWJfi lilt. J0.4 -p, l}UUl zlib-
1.jp uwljtptup t.lwuliplJ.p 2wpdmuCi 
wnwligpp liLiwmt.lwt.lp 41PliJ1 ntt).t).W
hwJwg htmL.JWl UJ.WJUwCip flUUJ.Pntu. 

F°zlf, +mg sinfJ' ~ Fq/11• (I 0.11) 
npmtt\ [J' -li wlJ.lipwppwJpli 2wnwtl-

2' t\P phpntpjwli wlilI.JmliCi t hnpp
qnliwljwli hwpflnlfJJWli liljwmt.lwup 
I}}1mwplJ.tlnt\ lJ.hmmu: 

ulj. 10.4. Cubljp 1qmmcfwu hwlfwjum
PJWu npn2cfwu hw2rfwpljw;j1u ujubcfwu 

<!.wJmCip t , np Fqfu = m ol r, 
F,,lf,=fN L. Fq=mmU0 , 

npmht\ f -u uwulipljp wpmwppG 2t11t.lwG qnpowljpgCi t, N -u' 2Cih4J1 
l.'iwlJ.hptup Gnpuwl hwlJ.wqqtgmpJntCil} uwuGJ14J1 l\pw, U0 -li ' uwuGp4J1 
zwpduwli hwpwphpwlJ.wli wpwqntpjntCil} zCih4J1 uwljbpbup CilJ.wmt.lwt.lp 
wnwligppli ntt).t).WhWJwg ntt).t).ntpjwt.lp, r -u' htnwtlnpntfJJntfil} 2Gtljp 
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wnwCigppg uJ1CilL. t.lwuCiJ14'1 mbt).wpw2tuuwCi qbtnl}, m -1} ' uwuCiJ14J1 qwCiq
tlw0-1}, m-Ci' 2Cibqp UJ.tntnuwCi wCilumfiwJJ1Ci wpwqntflJnLCil}: 

<,wuw6wJli Ciq. l0.4-Jl' . 
N= mg cosy+ Fq cos§ · cosfJ ·cosy , (10.12) 

nptnbt). y -Ci A qbmmu 2Cit4J1 uwqtptup Ciqwmuwup 2n2wt}1nt\ hwpfJntfJJnt
Cintl uwuCiJ14J1 qtnrtlttm wCilI.JmCiCi t : 

q.pmtfiwtntl F4 - Ci L. N -1}, umwgtlnui t. 
F

2
1/, =f m (g + 2m U0 cos§ · cosfJ)cosy , (10.13) 

(10.13) wpuiwhwJuintpJmCimu U17 ubO-ntflJntfil} t}1nt}1ntuw4wli t L. 4wtu
tlw0- t 2Citqp UJ.wpwutmpbppg: 

Sht).wt}I\htnt\ F°zlf, L. F qfu -'1 CizwCiwqntpJmCiCihpl} (10. I l )-mu , 6L.wtlmtum-

flJntCiCitppg htmn umwgtlmu t . 
u = (02r-g(Jcosy +sinfJ') ullJ.: (10.14) 

0 2 f (0 cos§ cos fJ' cos r 
(10.14) -pg tpLmu t , np.tlwuCiJ14J12wpduwCi hwpwptpwqwCi wpwqm

flJntCil} hwtlwuwp t qpnJJl htmLJWl UJ.WJUwCip rit~pmt.I ' 
olr- g(fcosy+sinfJ)~O: (10.15) 

(I 0.15) UJ.WJUWfil} hCiwpwt\npntpjntCi t UlWlPU npnzhtnt wCilI.JmCiwjpCi 
wpwqntpJwCi (w0) '4wu 2Cit4p UJ.UlUluwCi hwowtumpJwCi (no) wJCiUJ.J1up Ci2w
CiwqntpJmCi, npp dwuwCiwq uqumt.I t uwuCiJ14Jl hwpwpbpwqwCi uitt).wt}1n-

tumpJmG: 
(I 0.15)-Jlg npn2tlmu t. 

% == ~(Jcosy+sinfJ') Jill: 
r 

q.pmtliwLntl, np m0 = rmo , umwgqmu t, 
30 

30 g (! . fJ') -1. no = - - cos r + sm pnUJ. . 
7r r 

(10.16) 

(10.17) 

y L p' wCilI.JmliGhpl} npnzhtm hwt.lwp oqmtJ.mu tlip lilj . 10.5-mu phptJ.wO

hwztJ.wpl\WJpCi ututt.lwCihppg: 
a', p' L. y wCilI.JmCiGtpu npnzhtm hwuwp zlihljp uw4tptup A lJ.hmntl 

wligljwglimt.1 tCip ABC 2n2wlJ1nt\ hwppntfJJntG (lilj . 10.5w): liJfl dwuwliwlj 
AB, BC, AC qotpCi umwgtlmt.I tCi Ci2tlwO- hwppntflJntlil} zCitljp uputmppwJP 
oy'z', oxz' L. OY'x' hwppntfJJntGGtpp hwmuwG wpll]ntGpmu, AB, BD L. 
AD -G' o "Yz, o"xz L. o "yx qnnpriPCiwmwJpG hwppntflJntCiGhpp htm: 

ulj . I 0.5w-pg mlitfip a'= a - 8, (I 0.18) 
npmtt). · a' -G hnppqnGp CilJ.wmuwup A lJ.hmntl wGgCint). 2n2wtJ1nt\ m 
UJ.tnntmwlJ.wJpG uwlJ.hphup L. tpqwJGwlJ.wG-ntt).t).U16pq hw11pntpJntGlitpp 
hwmuwG qop pbpmpJwG wGllJmGCi t, a -Ci ' CintJG qop ptpmpJwG wGllJmGu 
x'z · wnwfigpntl wCigGnt). hwpflntflJWCi Ciljwmt.lwup: 
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B 

. . w) p) 
ulj. 10.5. a' fl [, r wtiljjnttiti!Jpft npn2lfwti hw2lfwpljw1ftti ufu!Jtfwti/Jpf] 

P' wG4.JwCi npnzuwG hwuwp ajlmwpqtlmu t Gq. IO.Sp -mu phptlwcr 
hwztlwpqwJ)1Ci ufuhUwCi: 

QuUl qnu)1GmuCihp)1 phnphu)l, ~OAD-)lg umwgttmu t. 
(OD')2 = (O.A)

2 
+ (AD) - 2 (OA)(AD)cos(90°-p): (10.19) 

~AO" D' )1 ' O,A " " 
1 - 9 AD = sin{J' , ~00 1A -)lg 0 1A = (OA)cos15, wJq qtuwmu' 

AD'= (OA)cosi5 · 
sin{J' · (10.20) 

~00 .. 1D' -)lg (OD°)2 = (00"1)2+(0"1D)2: (10.21) 

~oo",D' -)lg 00"1 = (OA)sin15, ~0 .. 1AD' -)lg 0
1
"D' = 0 1"A = (OA)cosi5, 

tg/J tg/J 
WJ1l 1lhuu;1mu (10.21) wpmwhwJtnntpJmGI! qmCibGw hhtnL.JWL Ulhup[!. 

(OD')2 = (OA)2( sin
2 i5 + cos

2 8 J: (10.22) 
tg2{3' 

ShqwllPhtntl (10.20) L. (10.22)-1! (I 0.19)-ntU, oL.wl.jrnfuntpjntGGhp)lg 
hhmn umwgttmu t. 

• 2 cos
2 i5 cos2 i5 cosi5 

sm 8+--=l+- --2--sin/J· (10.23) 
tg2 /3 sin 2 /J' sin {J' · 

~htnwqw oL.wlfmfumpJmGGbp)lg hhtnn (10.23)-1! phptlmll t hhmL.JWL 

tnhun)l' . /3' sin{J 
E' Sill =-- : (10.24) 

coso 
. sin (J)f 

J2wG)1 np /3 = (J) t, WUJ.W /3 = arcsm--: (I 0.25) 
coso 

a wG4.JmCil! npnzbtm hwuwp qpbCip UJ.mmmwt.iwJ)lG qcr)l hwttwuw
pmuGbp[!, np)l tlrw qtnCitlntU t A qbtn[! (hwUWOWJG Gq. 10.4 h 10.Sw-)1). 
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x' = -rcos(J)t, y ' = rsin(J)t, z' =ct, (10.26) 

npmhq c -Ci hwumwmmG ubcrntpJmCi t: 
dy' r(J)COS(J)( 

liJ1111hUJ.12mu' tga =- = (10.27) 
dz' c 

Umwgtlwcr wpmwhWJtnntpJntCi{! (10.27) UJ.wpqhglihtm hwuwp oqmw
qnpcrbGp hhtnL.JWL wpmwhwJtnntpJntG[!' 

2;r 
h =-C, (10.28) (J) 

nptnhq' h -[! UJ.lflnLtnW4WJ)1G qcr)l pWJLU t : 
h(J) 

(10.28)-)lg c--· (10.29) - 27'. 

QGqmGh1111.J. h = 2r, WJll llhuwmu· c = !:!!:... : (10.30) 

" Shqw11Phtntl (10.30)-[! (10.27)-mu, umwgttmu t . tga = n cosml (10.31) 
qwu a = arctg(n cosmt), (10.32) a'= arctg(n cosmt) -15: (10.33) 

OpnzhGp y wG4.JntCi[! (liq. 10.Sw): 

~AEO" -)lg qwph[)l t qpht. 
AO" 

tgy= O"E: (10.34) 

Qum mf[)lq wCi4.JwG qwqwp)lg h)1UJ.nphGmq)1 ttrw )12hgtlwcr 
lllf[f[WhWjwg)l uwu)1G tnbuntpJWG ~ O"BD -)lg UUlwgtlntU t . 

(O"E)2 = (BE) (ED): ( 10.35) 
~ O"BE -)lg' (O"E)2 = (O"B)2 

- (BE)2
: 

liJ1111tuwmu. (O"B)2 - (BE)2 
= (BE)(ED): (10.36) 

\,q. I 0.5w-)1g hpL.mu t. 

BE=BD-ED, nptnhq' BD=J(o"Bf +(O"D)2' 

BE=J(o•s)2+(0"D)2-ED: (10.37) 

ShrtwllPhtntl (10.37)-1! (10.36)-mu, umwgtlmu t. 

(O"D)2 
ED= (10.38) 

J(o·s)2 +(O"D)2 

~ O"ED -)lg' (O"E)2 = {O"D)2 - (ED)2
: ( I 0.39) 

Shqw11Phtntl (10.38) -[! (10.39)-mu umwgtlmu t. 

O"E=(O"D) 1 (O"Df (10.40) 
(o·s)2 +(O"D)2 

~ AO"D L. ~ AO"B -)lg qwph[)l t qpbt 

O"B = AO~ L. O"D = AO" 
tga' tg/3' ' 

WUJ.W. 
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O"E =AO" 1- tg2a' : 
tg/3' tg2a' + tg2 /J' 

Sh11.wrwt1m.J. (10.41)-1! (10.34)-mu, uUlwgt.J.mu t . 
tg/3' 

tgy = -;======== 
tg2a' 

l--~---
tg2a' + tg2 fJ' 

Shqwrwt1ml (10.25) L (10.33)-1! (10.42)-mu, uUlwgtJ.mu t. 

tg(arcsin _si_n_w_t) 
coso r = arctg-.=================== 

( ncoswt-tgo ) 

1-( tr cos mt_ ;g:tr)c~s mt ~t(go . sin mt )2 
+tg arcsm--

1+7r cos mt. tgo cos 0 

~LwtJrn}ut1ntl (10.43) wptnwhwJtnmpJntG[!, uUlwgtJ.mu t. 
1 

cosy= 

1 ( tr cos mt - tgo ) sin
2 

mt 
+ 1 +tr cos mt_· tgo + cos2 o - sin 2 mt 

(I0.41) 

(10.42) 

(10.43) 

(10.44) 

Stqwrwttntl (I 0.25) L (10.44)-1! (10. l 7)-mu, mnwgtJ.mu t zCibljJ1 
U}UlUlUWfi CitJ.wqwqmJfi hwl'iw}umpJntfi[!. 

n -
- 30 g[f l +sinmt (10.45) 0 

tr r 
1 

( ncosmt-tgo ) sin
2 

mt coso 
+ l+trcos(uf·tg8 + cos2 8-sin2{uf 

(I0.45) wpUlwhwJUlntpJntfi(! tJ.bp1mb"btnt fiU}WUlwl.J.ntl WJfi fibpqw
JwgtJ.mu t qpw:ppl.J.nptfi (fil.J.. 10.6, l 0. 7 L I 0.8): 

lilJ.. 10.6-pg tpLmu t, np wt -p utb"wgmuntJ. utb"wGmu t fiwL n0 -p 
CizwCiwlJ.ntpjntfi[!: fl-w pwgwUlptl_mu t ajluwrwmpJwfi utb"wgmuntJ., npfi 
wnw2wfimu t zCiblJ.P U}UlntUlllllJ.lllJpfi uwlJ.bptuntJ. uwufiplJ.[! qtll.}}1 tlbp 
zwnwtJ.11.wJpfi mqqntpJwUp zwpdtJ.bt'1u, (!UUl npmu, no -Ci utb"wCimu t upCi(L 
npnzwlJ.P nouwh uwhuwCi[!, np[! pfimpwqptJ.mu t (rot)uwh -p npnz CizwCiw-
1.J.mpJWUp, npp ctwuwGwl.J. uwuGpl.J.jl Ulbqwl}l.n}uuwfi 71puwrwmpJmCiG m!ijl 
wnwtJ.bt wqmJCi Cizw!iwlJ. mp Jmfi: 

UJ11 CimJCi Cil.J.wppg tpLmu t, np zCiblJ.P ptpmpJwCi 8 wCil.J.JwCi uM 
wpcttpp qtll}l?mu no= f (rot) :Pmfiqgpwfi wl'imu t wtJ.blli pfimtfiutitl, jlulJ. 8 -jl 
uhb" !izwCiwlJ.mpJillU hwuwp no -p uwhUwCiwjpCi CizwCiwlJ.mpJlllU(! hwUwU}w
UlillU}uwCimu t (rot)uwh -p 1.}l.npp CizwCiwlJ.mpJwCi[!: 
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10 20 30 40 50 60 70 BOrot 

~~+-~~lllff"'=t--+--+--+-~ 

401---~~~r't-+---t---t-"1 

30 h#~:+-\.+-l~d--'"-t--t--t--1 

20 ~~-i=-+-+--t--+--r--i---i 

10 khh,k--,rl.---.J.-.lr--.\r-f;;-,-:;/ 

10 o 10 20 30 40 50 60 70 80 rot' 

ulj. 10.6. CObljft UJWWUWU Ot/wqwqm10 hwrfwjumpjWU (n) ljwfut/wiim

pjnIU[J Opw t/Jlw w brzwpw2Jut/wii ljbwft wt wOl;JmOftg 

0.2 0.3 0.4 '·" 

ulj. 10. 7. CObljft UJWWUWil uwhlfwuwjftO Ot/wqwqm10 hwr5wjumpjWU (no) ljwju
t/wiimpjmO[J r hbnwt/npn1p1mOftg, npft t/Jlw lfwuuftlj!J hbnwgb[ t 20bljft wnwOgpftg 

tlbp[! zwpwrwtJ.wb"[! tJ.1.J.wJntU t wJfi uwupCi, np zCibl.J.p tqmntUllll\.J.lllJpfi 
uwl.J.bptup tJ.pw, wnwfigppg npnzwlJ.p r htnwtJ.npmpJwfi tJ.pw, mtqwpwztu
i.J.wb" gwfilJ.wgwb" uwufipl.J.Jl Ulb11.wl}l.ntuntpjntfifi wtqwhntlt1m hwuwp wfi
hpwctbztn t, npU}bUqp zCiblJ.P U}UlUlUwfi hwl'iw}untpjntfi(! nouwh CizwCiwljm-

f)JntCipg utb" wuJl: 
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66.5 ':----L--___J.--,L-------'----' 
0 10 20 30 40 '{j. 

ulj. !0.8. Cubljft UJUlUlUWU uwhtfwuw1ftu uc/wqwqm} U hwlfwjumpJWU (no) 
ljwjuc/WOJJl/}jfllU[l hnpftqnuft uljwwtfwtfp U[IW pbptfw{j wuljjmuftg (<5) 

~tmwqwjnttl nouwh utampJWU[! qwlitlwlitlil) zlitqti ll.lillillUWU uwhuw
UWJtili litlwqwqmJU hw6wtumpJmli: 

nouwh -ti lizwliwqmpJWU tlJlw r utampJWU wqqtgmpJntU[! ptptlwa t liq. 
10.7-mu: '1-pwutig tpL.mu t, np r -[! utawliwlntl utilii L. 0,2 u, nouwh -ti lizwliw
qmpJntlilibp[! uqqpmu litlwqmu tu lf!nIJp tiumbliutitlmpJwup, WJlimhtmL. (r = 

0,2 - 0,3 U lizwliwqmpJWU qtuwmu)' utc) plimtuutitlmpJWUp: r -[! 0,3 u-tig 
uMwuw1m qtuwmu nouwh-'1 w6J1 tiumtliutitlmpJmliJ:! unptig uuqlimu t : 

l.rq. 10.7-mu ptptlwc) qnptpti htmwqw tltJ1Lntc)ntpJntli(} gmJ9 t mwwu, 
np zutqp uwqtphup uqwmuwup uwuupqp zlfiuwu qnp~wtigti uMwgmumJ. 
zlitqti lllillUlUWU litJ.wqwqmJU hw6wtumpJWU lizwuwqmpjntlilitp(} utc)w
limu tu: 

Clit4ti ptIJmpJwli o wli4Jwli wqqtgmpJmliu lipw ll.lillUlUwli litJ.wqw
qmJli hw6wtumpJwli tlJlw gmrn t mptl,wc) liq. 10.8-mu: '1-pwutig tpL.mu t, np 
0 -'1 utc)wgmuntJ. nouwh -[! uqqpmu w6mu t upliiL. PJ1 wnwtltLwqmJU lizw
liwqntpjntU[!, WJUnthtmL. ti2lintu utiliiL. litlwqwqntJU lizwuwqmpjntU[!, nptig 
htmn wulizwli utc)wumu t: liJI} qtllll)ntU wlihpwcttzm t lizti, np nouwh -ti 
utc)mpjwli wuqntU[! mtqp t mlitlimu lipw lfintJ.mtumpJWU hwutuwmwpwp 
ni utc) uti2wqwJpmu, iwliglittntJ. 1,5 pnlll-1 uwhuwuu: '1-w htiull t mwwu 
hwumwmbtnt WJU upmpu, np 0 utc)ntpjntU[! qnpc)uwqwlimu ill wqqmu nouwh 
-'1 lizwliwqmpJwli tlJlw: 

I 

10.5. Cliblj}l lfwljbpbu}lg ljbpjJ pnJ.nIJ lfwuli}lljlibp}l 2wpdlfwli 
hlw1wqobpf! 

Unw2wpqtJ.nri. tuwnutiimu qtptpp tuwnliuwli npwqti pwp6pwguwuu 
UUJ.WUillilfJ. mwpptptig ubqu tL zlitqti uwqtptutig uwuutiqubpti pntiwu t 
tipwuti tJ.bpL.ti wqwm mwpwc)ntpJmli: CunphPtJ. lipw, np uwuutitiutpu fJilintU 
tu zlitqti uwqtptup mwpptp qbmtptig mwpptp wpwqmpJmliutpntl, WJI} 
uwuupqlitpti wqwm pntiwl1 htmwqc)tp[! Ltmpmq mwpptptJ.mu tu tiptlig 
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u.1wpwutmptpmJ., tium Ull.lWUUlntU t uwuutiqutpti LWtl gpUWU[!, WJUtiUIJU 

upwlig Lwtl tuwnuuwuu: 
Clitqti uwqtptutig wqwm pninfl liJmpti uwuutiqutpti htmwqatp[! 

npnztLm hwuwp ajnnwpqtliIJ t liq. 10.9-mu ptptlwa hwztlwpqwJtili ututuw-

utpu: . 
Clitltti uwqtptutig lllnquwli lllwhtiu qtpti qwliqtlwati (m) wpwqmpJnt-

li[! uzwliwqtlil) V0, zutqti uwqtptutig pnitlnt lllwhtiu uwuutiqu muti Xo, Yo L. 

z0 qnnpqtiuwmlitp[!: 

y, 

z, 

w) 

ulj. 10.9. Uqww pn1nIJ tfwuuftljubpft hbwwqobpft 
npn2tfwu hw2c/wpljw1ftu ujubtfwulip[l 

v, 

~) 

' x ' 
' 

I 
y 

x 

U limtutJ.mu t oqp qpuwqpmpJmliu L. uliqmlitJ.mu, np uwuutiqutpli tipwp 
Lt(i hpmu, mtl.Jwl uwuutiltti tlJlw qnpc)ntu t utiwJU c)wlipmpJWU met(}, npli 

mqqtJ.w~ t mri.ri.wotiq utp12L., wJutiu12u y wnwug12ntJ. (liq. 10.9p): 
Y.nnpqpuwmutpti wnwug12ti tlJlw mg mctti lllJlnJtqgtiwutpu qwqumu tu. 

P, =0, Py=-mg, P, = 0: (10.46) 

lJwuutiqp zwpctuwli qp.'.ptptugtiwl hwttwuwpmulitp[! qwutli. 
mx =O, my = -mg, mi =O : (1 0.47) 

UmwgtJ.wc) hwtJ.wuwpmulitp[! (10.4 7) tiumtqptLntJ., mnwgtJ.mu tu. 

X. - C y' - -gt+ C Z = c3 : (1 0.48) 
- l ' - 2' 

Q-timtliwLntJ., np t = 0 qtlll12mu V 0 wpwqmpJWU pwqw qptiiutpu x, Y L. z 
wnwligl]litpti tlJlw mlitli npnzwqti lizwliwqmpJmlilitp, umwgtJ.mu tu. 

c
1 
= V

0
,, c2 = V

0
y, c3 = V0 , : (10.49) 

UJI} qtuwmu ( I 0.48) hwtJ.wuwpmulitpu [!liqntlimu tu hbmL.JWL mtuIJu. 
x = V y· = V: - gt z = V0 : (10.50) 

' Ox' O.v ' z 

t>umtqptLmg htmn umwgtJ.mu tu. 
gt2 . 

x =Vo t+ c4 , y = V0 /+c5 --, z = V0,t+ c6 • • . 2 
(10.51) 

bpp t = 0, WUJ.W x = Xo, y = Yo L. z = zo: 
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Sbri.w'lllhtml. uqqpGwl.1uiG UJWJUwGGbp[! (10.51)-mu, mnwgiJ.mu bG. 
C4 = Xo, C5 =Yo, c6 = Z0 : (I 0.52) 

Sbqwryibtml (I 0.52) -[! (I 0.51) -mu, umwgtJ.mu bG. 

- ~2 
x -X0 + V0,t, y = y 0 +V0 /--, z = z0 + V.0 t: (10.53) . 2 z 

UmwgtJ.wa hwtJ.wuwpmuGbpJ! (I 0.53) ppbGgpg Gbpl.twJwgGmu bG 
dwuwGwqp. gwGqwgwb t UJWhjlG 2Gtqp uwqbpbupg CiJmpp uwuCipqCibpp 
pnpwp qnnpqpGwmGbpp npn2uwG wpmwhwJUlnLf}JntGGbp: 

(10.53) hwtJ.wuwpmuGbpnuI wGhwJmGbp bG hwuwptJ.mu x0 , y0 , z0 , Y0 ., 

Yoy h Yo, uhbmpJmGGbpJ!: liJq ub®tpJntGGbp[! npn2tJ.mu bCi Gq. 10.9w-j1g. 
x0 = x01 =Reos/], (10.54) 

Yo= Y01 cosJ = Rsin/JcosJ, (10.55) 

z0 = z01 cos J, (I 0.56) 

npmbq Xoi. Yo1 h Zo1 -[! 2Ghqj1 tiwqbpbupg GJmpp uwuGpl.J.Gbpp pnpwp UJWhpG 
qnnp'lJ1GwmGbpG bG ox1y1z1 qnnp'lJ1GwmGbpj1 hwuwqwpqmu, 8 -G' hnppqn
Cip Ciqwmuwup 2Gtqp pbpmpJwG wG4JmG[!: 

<!.wJmGp t, np 

z = _!:_arcsin~ (l 0.57) 
o1 21f R , 

npmbq h -[! 2Ghqj1 UjU1nlUlWl.J.U1JpG qap J2WJtCi t: 
Sbqw'lllhtntl. Yo1 = Rsin/J G2wGwqmpJmGu (I 0.57)-mu, umwgtJ.mu t. 

h/J 
Zo1 = - : (J0.58) 

21f 
Shqw'lllhtntl. (10.58)-u (I 0.56)-mu, hwztlJl wnCihtntl. h = 2R, mnwgl{mu t. 

z0 = R/J cos J : (I 0.59) 
1f 

CGhl.J.p uwqbpbuml. uwuGpqp zwpduwG dwuwuwl.J. Cipw hwpwpbpw-
1.J.wG wpwqmpJmCiJ! untJ.npwpwp zbqtJ.wa t 2Ghl.J.j1 wnwGgpp Cil.Jwmuwup £ 

wG4JmCinl{ (Gl.J.. 10.lOp): 
Yox. Yoy h Yoz-1:! npnzbtm hwuwp 'lJ1mwpqtJ.mu t Gq. IO.IO-mu phpl{wa 

hwztJ.wpl.J.wJpCi u)ubuwG: 
lllmml[nq zGbqp uwqbphuntJ. uwuGpqp 2wpduwG '1J1.'.pbphGgpwt hwtJ.w-

uwpmuGbp[! qmGbGwG hbmhJWt mbup[!. 
mx1 = F~tu cosf3' - F1" , cos&cosfl', 

mji1 = F~/u sin/3' - mg- F1t/, cos&sin/3', (10.60) 

mz1 =Flt/tsin(s + .;)sin8: 

<.wJmGp bu' F~/u =m ol r, (10.61) F1t/1 =fmgcosy: (10.62) 
E> wGtiJmG[! npnzhtm hwtiwp qpmwpqmu bGp ti. OBC, ti. A'OC h 

ti. A'OB -G (Gq. 10.lOp), npmbq}1g' 
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t fl' sin8=~ : 
tgy 

(10.63) 

£ wG4JmGJ! npn2htm hwuwp qpmwpqtJ.mu t Gl.J.. I 0.1 Op-mil CibpqwJwg
l[wa hw2l{wpl.J.wJpCi u)ubuwG: 

p 

'UlJ. 10.10. U-wuliftllft 2wpdtfwli pwgwpdwlj wpwqmpjwli pwifW!Jf1/1.Jlibpft 
npn2tfwli hw2lfwpljw1ftli ufubtiwlibp[J 

UCiUlbubtml. qnpntJ1uJwCi ntd[! (t}mpp GzwGwqmpJmG mGbGwtm UJWm-
6wnntJ.), qmGmu bGp, np zGbqp uwqbpbupfi zn2wtltnq hwppmpJmGmu 
uwuGpqp tJ.pw wqqmu hG awGpmpjwG mcJp mgsiny PWll.W'lllPll! h 
1.J.bGmpnGw)untjU F4tu ntd[!: lijl} bpqm mcJbpp hwuwqnp[!, PUlUJbU Fz~· zt:Puw(i 
mcJu, pbpl[wa t zGhqp wnwGgppCi mqqwhwJwgp Gqwmuwup £ wG4JmGntJ.: 

F4tt., F h mgsiny mcJbpp bnwG4JmGmg (Gq. I 0.1 Op) uum upGmuCibpp 
ptmpbu}l umwgtJ.mu t. 

F~/u mgsiny 
-si-n~[l-80--"--(~s· +.;)( sins ' 

(I0.64) 
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npmb11' S -G mgsiny mclp m1111mpJwG t. zCib4}1 wnwGg12}lu m1111whwjwgfl 
ufl2t. wG4.JmGG t: 

~hw!Jmtut1n4. (10.64)-I!, umwgtJ.mu t. 

tg& = mgsinysin~ 
F""' -mgsinycos~' 

(10.65) 

'1-pmwplJ.btntJ. AO'B, A'OC t. A'BC bnwGljjntG}lGbpI! (GlJ. . I 0.1 Op), 
umwgtJ.mu t. 

sin f3' 
~ = arccos-.-: (10.66) 

smy 

Sb'lW'lflbtntJ. (10.61) u (10.66) -I! (10.65) -mu, ot.wtJ.mtum13JntGflg hburn 
umwgtlmu t. 

g~sin2 r-sin2 /J' 
& = arctg 2 . : (I 0.67) 

w r-gsmj3' 

Sbqw'lflbtntl (10.61) t. (10.62)-[! (10.6)-)1 ut2, umwgtlmu t. 

Xi = Vx = a}rcos /J' - f gcos&cos /]', 

Yi =VY= w
2
rsinf3'- g- f gcosy cos&sin/J', (10.68) 

ii = V, = f gcosysin(& +~)sine : 
.R.wGfl np r UbOmpJntGI! tlim.Pntuw4wG t, WJG wpmwhwjmbGp x1 t. y 1 -

ntl: 
'LuwG <'iLntJ. (10.54) t. (10.55) -}lg umwgtJ.mu t. 

x, = r cosm t, (10.69) y1 = r sinm t · cos 8. (10.70) 
(10.69) t. (I 0. 70)-pg umwgtJ.mu t. 

x 
r=-i-, (10.71) r= . Yi : (10.72) 

COS (J)f SID wt · COS <5 
Sb11w'lflbtntl (JO. I I) t. (10.72)-I! {I 0.68)-mu, umwGmu tGp. 

.. · w 2 cos /3' 
X1 = Vx = x1 - f gcos-;cos&cosfJ', 

COS(J){ 

.. · w 2 sin /3' 
Y1=V.=. 

0
y 1 -g-fgcosycos&sinf3', (10.73) 

sm (J)/ cos 

i 1 = V, = f gcosy sin(&+~ )sin 0: 

Stqw'lflbtm.\ (10.25), (10.44), (10.67), (10.66) t. (10.63)-I! (10.73)-mu, 
umwg!Jmu t bpljpnpq 4wpqfl qp:ptpbGgflw1 hw!Jwuwpmu: 

'1-pmwplJ.btntl uwuGw!Jnp qtuw, hpp 6 = 0 (hnppqnGwljwG mbqwpwztu
t1wo zGb4m.j tuwnGfli), (10.73) hwtlwuwpmuGbp[! <'it.wqrnfutlmu tG hbtnhJWL 
mbu12)1. 
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.i\ =a/xi - -=====fr===g====;=== 

I 
g 2 

ffCOS
4 cut-I 

ff + 2 2 
ff cos wt (J) x1 - gs in cut cos (J)f 

(10.74) 

Yi = w2 Yi - g- -r========r=
1
=g====== 

l 
g 2 

7r cos4 (J)f-1 
7r +--~~---~--

ff2 cos (J)f w 2 Yi - g sin cut cos (J)( 

(10.75) 

.. fgtgwt 
JrCOSWllr- cos- (J)( - I z, = ( ' , J x 

x ;rcos(J){sin(JJ/ I 
I ;r 2 cos'wt-I 

I+ g 2 (1r'cos'w1-t) + l+ g'(1r2 cos'w1-l) 

;r 2 cos2 (JJ/(w";1 -gsinw1) ;r 2 cos'w{w";1 -gsinw1) 

:{10.76) 

'1-)1:ptpbGgpw1 hwtJ.wuwpmuGbpp (10.74), (10.75) 'u (10.76) hwuw4wp
q}l 1momtiQ hGwpwtJ.npnt13JmG timw npnzbL hbmwqop ljbmbpfl x1, y 1 t. z 1 

ljnnpqflCiwmGbpQ, zGbljp uwljbphuntJ. GJmpfl uwuG}lljGbpp zwpcluwG wpwqm
PJntGGbp}l UJPnJbljgflwGbpfl' V,i, Vy1 t. Vzi. V0 ., Vay, Vo,, GzwGw4mpJntG
GbpQ t. (10.53) hwtJ.umwpmupg uwuGpljGbp}l pnfliPl1 clwuwGwljpg 4wp.iiJ.wo 
x, y 'u z qwtutlwompJmGGhpQ: 

10.6. ifwuuftlfulif1ft pnftmft qnpO'[Jupwgft & wu11pw11wf1dft2/1 
wq11bgmpJnLUf} juwnUft2/J wpmwlJ[lnqwlf w(}mp1wu lfpw 

Unw2wpljiJ.wo fuwnGflifl wnwGaGwhwmljmpJmGGhppg t zGbljp tlJw
pmJpGtpfl uwljbpbuflg uwuLifl4Ghpj1 pnflw)l hGwpwiJ.npmpJntG[! UJ.WtnJwG)1 
!Jbpt.)1 wqwm mwpwompJmG: UutG11, np tuwnGuwG pwpap wpl}JntU(l[!, 
pn1np WJL qnponGGhpfl hbm upwupG, WUJ.whntltJ.mu t uwuG)1ljGbp)1 mwpphp 
u4qpGwljwG wpwqmpJmGGhpp hwztJ.PG, pwGp np pnflwfl UlWhpG GpwG11 
uib11wpwztuiJ.wo hG JllGmu zGbljfl wnwGgp}lg mwppbp hhnw4npm13JmGGhpp 
(r) iJ.pw (Glj. 10.1 I w): liJI} clwuwGwlj zGblj}l wnwGg12flG unm q111GiJ.n11 pn2n11 
uwuGpljGbpp up UWUJ}, intGbGw1ntJ. pwtJ.wpwp uljqpGwljwG wpwqnt~JntG t. 
lhwuGhtntl tuwnGpzp ljwtlJwpfliflG, QGljGmu bG gwO-: lFwuG}l4Ghpfl UJntU 
uwuhp, hwuGb1n4. ljwtlJwpfllJlG, hwpiJ.wob1n4. m GpwGflg llln44.btntJ., uljqpGw-
1.jwG wpwqmpJmGnl.\ GntJUUJ.bu QGljGmu tG gwO-, uum npmu, uumG)14Gtp}l 
bpljm uwutpG tL uwhUwGwtlJwlj4mu tG npnzwlj}l uwhuwGwj}lG ru,uh = 
I 

- Duwh ubompJntGniJ, bpp uwuGpljp tuwnG}llP ljwtlJwpfliJlG hwuGbJllu wpw-
2 

qmpJntGQ hwtJ.wuwpiJ.mu t qpnJp: 
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liJuliJPum.l, UJmp]l uwuu]14Gtp]l pntbm mwppbp u4qpuw4wu wpwqmpJmG
Gbpml L. lj_bpWl}WilO!! mwppbp op]1Gwtwt}1ntpJWUp wpwqmpJntuGbpnlJ. j!Ul}
hwuntp qwuqlj_wa]l ut2, Cill.J.wuumuS t tuwnumpajl hwuwubnmpJwG tuilJ.wguwG!!: 

4bpwtuwnumpl}fl hwuwubnmpJWU tt wlj_blfl twlJ.wguwul! 4wpblfl t 
hwuCiht tuwnu]lifl 4wt}1wp]lifl mw41! wG4JwG mw4 WU'lflWl}Wpo}lt p]lpbq
Gbp]l tnbll.tu'lflntilm\. (G4. 10.12): 

z 

~ ~ 
vlj. 10.11. Vjntpft wnwligpw;ftli wpwqmp;wli [, juw11lift8J Wf1111Wl)[1fl
rzwljwlimp;wli npn2Lfwli hw2tfwpljw;ftli ujuhlfw{i 

vlj. 10.12. UOI]flWl)Wj1dft,wtj ljbj1wjuwnliftlft ljw11mgtjwupw;ftli ujuhlfwli. 
1-pftpbq(ibp, 2, J-hn1Jw{jw11Jlif1, 4-ljwpqwtjnpftl pftplirzlibp, 5-6li17J2, 6-hbrzm1u 

y 

Unw2wpl}lj_wb qwnmglJ.wapwJ]lG wnwuoGwhwm4ntpJntGJ! huwpwtln
pntpJmG t mw[.}lu t}1nfubt wGqpwl}wpo}lt p}lpbll.J1g wGl}PWl}wpowa uwuGJ14-
Gbp]l m11.11.mpJmGG m wpwqmpJwG ubbntpJntGJ! L. zwpctuwG hbmwq}lO'J!: 

4wnmglj_wapwJ}lG wnwGoGwhwmqmpJmGGbpJ! nt u}lwJG wql}ntU hG 
4bpwJuwnGmpl}fl npwl}}l lJ.pw, WJL Gwt. tuwnG}lifl wpmwl}Pnqwl}wGmpJWG: 
Ul}GhWJUl t, wGl}pwqwp6}1t p}lpbqGbp]l pwgwl\WJntpjwG l}hll.jpntll tuwnG}lifl 
wpmw11Pn11.w4wGmpJntUj! t}lwl} zGb4}1 hwubuwmmpJWUp 4t}lnppwGw ctw
uwGwl}}l hwztl]lG, npp j!upwgpmu pmua uwuupqubpj! qmGlj_mu bu ll.J.WU1-
JWG'1 lJ.hph}l wqwm mwpwampJmGmu h tbG mbqwt}lntulJ.mu wnwugp}l m11.-
11.mpJwtip: UGl}PWl}UlpO}lt p}lpt11.Gbp]l wntiWJntf)JUlU l}huwmu WUl}PUll}WP
owa uumG}14CibpQ GJmp}l j!GqhwGmp qwGqlj_wa'1 zwpduwG hwtiwnw\.j mq-
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qntpjwdp uibqwtlmtuiJ.mu bu u}12]1G hwzlJ.ntl f;. Suti£ twt}1nlJ., npj! UUjWUUJntu t 
wpUJW'lflOT\W4wGntpjWU t}1ntlmtuuwGj! t}1nppwguwu 4wu Ubawguwu 4nqtij!: 

liJI} l}hUjJ:!ntU piwnu]ltmti UJntp}l uibqwt}1ntuuwG wnwGgpwJ]lG wpw

qmpJntG!! hwlj_wuwp 4Lf1G]l. 

L t;.S n v = - + ___!!l!L_ o/tl 
UI T 60 ' 

(10.77) 

npuib11. t;. s011£ -I! zGb\.lll ut4 ll.J.UlmJui}l dwuwGw4 uwuG}l4Gt11}l u}l2}lu 
wnwGgpwJ}lG uibqwt}1nlumpJntGG t(t;. S011£ -I! 4wpn11. t LflGbt pwgwuw4wG 

4wu l}PW4wG): 
T ubampJntG!! npnzlJ.mu t hbuiL.Jllll wpmwhwJmntpJmGnlJ.. 

T = T ljl.4.q . + T' o + T" o , (10.78) 

npmbq T~, 4 'l -G zGb4}l t}1wpmJpGbp}l pntnp ljmplJ.wbpubp]l qnpanqntpJwG 
qnmmu uwuu]14Ghp]l qmGtlbtnt dwuwGw4G t , T'o -!!' zGb4}l u]l 4mplj_wcrp}l 
qnpbnqmpJwG qnmmg uwuG}lljGhp)l bw)l L. GpwGg ummpj! hbppw4wG 
4mplj_wbp]l qnpbnqmpjWG qmn]l umGbtm UJ.Whbp]l u]12L. dwuwuwtil!. T" 0 -!!·' 

uwuG}l4Gbp}l pn}ltp]l ctwuwGw41!: 
.2wG]l np tuwnG}lifl pbnun11. pmG4b11l1 mw4 qmGlj_mu t GlJ.wqwqmJG!! 

zGb4)1 t}1wpntjp]l ub4 l1uiplJ.wcrp, Wll.J.W uwuG)14Gbp]l pnflWI! t}lwpntjpGbp}l 
wnw2]1G 4mptlwcrpntl if1 4wmwplj_mu pbnGlJ.n11. GJntp}l hnup}l wntiwJntpJwG 
UjWU16wnnlj_: fltum}l' 

r;=t"''P( ~ -1J. (10.79) 

npmbq t1111£ -I! zGb4}1 t}1wpntjp}l ub4 4mplj_wO"pntl ZU!Pmtlwb uwuG}14Gbp}l 

pn}lw }l u}12}1G dwuwGw4G t : 
Sbqwl}Pbtntl (10.6 ), (10.7 ) L. (10.79)-1! (10.78)-mu, umwgtlmu t . 

T= 
60 [2~+(~- 1)(.!.+1"1 ..!!_)}: 
n S S Z 'P 60 

(10.80) 

(I0.80)-1! (10.77)-mu mbqwl}Pbtmg hbmn, umwglj_mu t. 

Vu, = ; 0 [ L ( L )( 1 n ts,,,l: 
2-+ --1 -+t -s s z <f/ip 60 

(10.81) 
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Sbqu11Pbtntl (10.81)-I! (10. l)-nui, umwgtlmu t wG11Pw11wpopintl pwq
uw[!Gpwgp J:!Gllhwmtlnq zGbqwJpG )uwnGpi}l wpmwqpn11wqwGmpJwG npnz
uwG hbmuJWl wpmwhWJUlntpjntG[!. 

Q/u=l5n(D
2

-d;}rlJllJl1cnlM,,,+ L (L )( I "]]: (10.82) 
2-+ --1 -+t -s s z U/ip 60 

UGhpwdbzm t npnz bt ~ S0~2 h t0~2 wGhwJm ubbmpJmGGbp[!: 

10. 7. lfwufijlljfibpfl tfjlpjlfi wnwfigpw;jlfi mbqwlfmjump;ntfi[! 
pnflmft hwzt/ftfi 

~ S0~2 ubbmpJWG npnzuwG qnpb[!Gpwgmu [!fiqmGtlmu bG hbtnhJWL 
U}WJUWGGhp[!. w) hnppqnGp Gqwmuwup )uwnG!li l! tnhflWl{WJtlWb t 0 
wGtiJwG mwq, p) wG11Pw11wpopl ppphajl bpqwpmpJntG[! hwtlwuwp t. 
S/cosA.-p, npmhq' A. -G )uwnGJliP qwt.J.1wpJliP Gqwmuwup wG11Pw11wpopl 
ppphajl pbpmpjwG wGtiJmGG t: 

luwnGpiJl Gbpumu tlhph fihmtlwb uwuGpqGhp[! qwpnq bG zwpdtlht 
bpqm ohntl. 1) ubb uqqpGwqwG wpwqmpJmG (V0) mGbgnq uwuGpqGbp[! 
hwuGmu hG wGl1Pwriwpopl pjlpbqGhppG, hwptlwbmu 11PwGg, i.uGqpwqwn
Gmu h gwb bG [!fil{Gmu U0 wpwqmpJwup, npp mqqmpJntG[! hnppqnGp hbm 
qwqumu t ~0 wGtiJmG, 2) i.pnpp uqqpfiwqwG wpwqmpJmG mGbgnq uwuGpq
Ghp[!, lhwuGhtntl WG11PWf1Wp6pl pppbf\GhppG, wqwm [!Gl{fimu bG gwb: 

11-pmwpqhGp wnw2}1G qhU}J2[!: 
'Vq. l O. ll p -pg bphmu t , np 01 ti bmpg pnwb uwuGpq[!, 2wpdtlhtntl 

qnpwqpb hbmwqbntl, hwptlwbn1u t wGqpwqwpopl pppbajlG B1 qbmmu, 
wG11Pw11wnGmu t GpwGpg h [!Gl{Gmu )uwnGpi}l wnwGgpwJpG qmptlwbl)p 
bGpw11Ptln11 hwppmpJwG tlPw B2 qbmmu: UJ11 qhU}pmu Gpw bpl{wJGwqwG 
~ S mt11wt.J.m)umpJntG[! hwtlwuwp l{!liGp. 

~s = ..!!!i_ _ e , (1 o.83) 
cos8 

npmbfl y
82 

-[! B2 qbmp wpugpuG t, E-[!' hbnwtlnpmpJmGG [!Utn zGbqp 

wnwGgpp, npp tlPw qwmwptlmu t uwuGpqp pnJlwl!. o -Ci ' hnppqnGp 
Gqwmuwup zGbqp wnwGgpp pbpmpJwG wGtiJmG[!: 

'-lbph Gbmtlwb uwuGpqp zwpduwG dwuwGwq Gpw tlPw wqqmu hG 
bwGpmpjwG md[!' G =mg h 011P 11PuwqpmpJwG md[!' R = KwmV2 (Kw -Ci 
wnwqwuU1WJGmpJWG qnpbwqpgG t , V-G' uwuGpqp [!Gpwgpq wpwqmpJm
G[!, m -[!' uwuGpqp qwGqtlwb{!) (Gq. 10.13w): 

.2wGp np 11Pmwpl{tln11 qbU}Pmu uwuGpqGbpp zwpdmti[! mbajl t 
mfihGmu i.pwq mwpwbmpJmGmu, mump hwztlwpqGbpp dwuwGwq hwztl}l 
i}1 wnGtlmu pwum 11Ptiw11PmpJwG md[!: 
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'-lbph Gbmtlwb qbpp uwuGpqGbpp zwpduwG llP:PbpbGgpwt hwtlwuw
pmuGbp[! qptlmu bG hbmhJWL mbupntl. 

m dVv = R , (10.84) m dV, = -G- R , (10.85) 
dt .v dt , 

npmbq Ry h Rz -[! ollP 11Ptiw11PntPJWG mdp ll!POJbl{gpwGbpG bG hwUWU}WU1WU
)uwGwpwp y h z wnwGgpGbpp tlPw, Vy h V, -[!' uwuGpqp [!Gpwgpq wpw
qmpJwG ll!PnJbl{gpwGbp[! hwUWU}Wmwu)uwGwpwp y h z wnwGgpGbpp tlPw: 

h. .. z. 

------~ ... --
--------- B, 

v ... 
_______ ... __ ... v. 

u lj. 10.13. Juwnuft1mcf cfwuuftljulipft pnft!pft hlimwqvft 
npn2cfwu hw2lfwpljw;ftu ujulicfwulipfl 

2 R R " K v2
· c+pmbGwtntl, np Ry= Rcosa = KwmV cosa h z = sma = will sma, 

umwgtlmu bG. 

dV 2 ) dV, K V2 • (10 87) 
_ Y =K V cosa, (10.86 --=-g- w sm a , · & IU & 

npmhq a -Ci uwuGpqp [!Gpwgpq wpwqmpJwG mqqmpJwG h hnppqnGp up2h 
wGtiJmGG t: 
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(10.86 L. 10.87) hwtjumwpnuHitpu tmohtm hwuwp oqmwqnpotlmti hCi 
[55]-mu phptlwo hqwCiwlm, wJupCipCi l}l.ntuwppCihtiltl sina -Ci K, sin2a -ntl L. 
cosa -Ci' Ky sin2a-ntl, npmhq' K, L. Ky -u hwumwmmCi qnpowqpgCihp hCi L. 
npn2tlmu hCi hhtnL.JWL wpmwhwJtnntpJmCiCihpntl. 

_1 __ 1 £.ntg(ao + ,;J 
K, = ;;::~ ao , (10.88) KY = :

0 

4 
, (10.89) 

Shqwl}.flhtntl sina L. cosa -ti u2wuwqmpJmCiCihpu (10.86) L. (10.87)-mu, 
mnwgtlmti hCi. 

dVY _ 2 dV 2 ( ) 
dt-KwKXY, (10.90) d; =-g-KwK,V,, 10.91 

t>Cimhqphtntl (10.90)-u, hw2tlti wnCihtntl uqqpCiwqwCi lllWJUWCiCihpu' 
t = 0, Vvo = V

0 
cosa0 , umwgtlmti t. 

V = dy = V0 cosa . (l0.92) 
y dt l-(KwKyV0 cosa0 }. 

t>Cimhqphtntl (10.92)-u, hwztlti wnCihtI1tl uqqpuwqwu lllWJtiwuutpu' 
t = 0, y0 = tcoso, umwgtlmu t. 

y = £.coso --
1
-£.n[l-(KwKXo cosa0)]: (10.93) 

KwKy 

t>umhqphtntl (10.91)-u, hwztlti wnuhtntl uqqpuwqwu l.llWJtiwuutpu' 
t = 0, V,= V 0 sin a 0, umwgtlmu t. 

V, =dz=~ g tg[arctg(~KwK, V0 sina0 )-~gKwK,tl: (10.94) m KWK, g 

liJ umhhmL., pumhqphtntl (10.94)-u, hwztlti wnuhtntl uqqpCiwqwCi 
lllWJUwuutpu' t = 0, z = e sin o, umwgtlmti t. 

. 
1 

co{ arctg( ff v0 sin a 0 )-~t] 
z = f.smo + KwK, f.n ( ~ ) · (10.95) 

cosarctg r-~-2-V0 sin a 0 

Umwgtlwo wpmwhwJmmpJmuutpu (10.93) L. (10.95), pphugpg 
CihpqwJwgumu tu uhmtlwo uwuupqp zwpctuwu hhmwqop lllPnJhqgpwuhpp 
lllwpwuhmpwqwu hwtlwuwpmuuhp: 

J:!w(ip np uwuupqp pnpwu ppwqwuwumu t upu~L. WUl}.flWqwpopw 
ppph11tiu hwptlwotw (B1 qhm), wlllw WJil uwuupqp pntiwti wnwtlhtwqmJCi 
pwpapmpJmuu hwuqpuwCimu th utompJmCiu (Ciq. 10.1 lp): 
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h uhompJmCiu npnzhtm Ul.llWtnWqntl lllWpwuhmpwqw(i (10.93) L. 
(10.95) hwtlwuwpmuCihpu CihpqwJwgtlmu hCi qwCinCiwqwCi mhupntl: '1-pw 
hwuwp (10.93) wpmwhwJmmpJmCipg npnztlmu t uwuCipqp pntiwti t ctwuw
uwqu upu~L. wCil}.flwqwpap~ ppph11PCi hwptlwotw. 

K K (ecosb"-y) 
l-e w Y 

t=----
KwKyVO cosa0 

(10.96) 

Shqwl}.flhtntl (10.96)-u (10.95)-mu, umwgtlmti t uwuCipqp 
hhmwqop lllPnJhqgpwJp qwCinCiwqwCi hwtlwuwpmuu. 

zwpctuw(i 

1 
z = £.cos8+--x 

KWKZ 

[ [ffK . J ~ (l KwKy(lcoso-y))~ cos arctg _l!; __ L-V0 sm a
0 

- - e 
g K,.K,V0 cosa0 ( ) 

xf.n J : 10.97 

cosarctg( ~K~K, V0 sina0 

B 1 qhmp qnnpajlCiwmu npnzhtm hwuwp, (10.96) hwtlwuwpmupg pwgp, 
wCihpwcthzm t mCihCiwt CiwL. A1A2 qop hwtlwuwpmuu, npu qnJwght t 
wCil}.flwqwpapw hpqwJCiwqwCi m mqqwopq qmptlwapntl: 

OA 1Ai-li9 (Ciq. 10.1 lp) uum upCimuCihpp phnptup umwgtlmu t. 
H-Stg2 OA2 

sin[9o0 
- (o +}. )] = sin(9o0 + 2)' (10.98) 

npmhq H -u hhnwtlnpmpJmCiCi t uwuCipqp zwpctuwCi hhmwqop uqqpCiwqwCi 
qhmpg upCi~L. tuwmutiw qwl}l.wppm: 

(10.98)-pg umwgtlmti t. 

( ) 
cos}., 

OA2 =H-Stg2 ( ): 
cos 0 +}., 

liJil qhlllpmu A1A2 qop hwtlwuwpmuu liltiCip. 

z = (H _ Stg2) Cr 2 
) + ytg(o +}.,): 

cos 0 +}. 

(10.99) 

(10.100) 

..!,wuwmhq tmbhtntl (10.97) L. (10.98) hwtlwuwpmuCihpu, umwgtlmu t 
8 1 qhmp wpugpup (YBi) npnzuwCi hhmL.JWL wpmwhwJmmpJmCiu. 

( ) 
cos}., ( ) . 1 

H-Stg2 ( )+yB
1
tgo+2 =f.smo+--x 

cos 0 +}. KWKZ 

[ (fFK . J ~ {l KwKy(lcoso-YB1 ))~ cos arctg ........!!!....V0 sm a 0 - ~ - e 
xf.n . g KwKXocosao : (10.101) 

cos arctg( ~ K~K' V0 sin a 0 J 

499 



Sh11w1Jphtml (10.101)-pg umwgtl.wb Ys1 lizmliwljmpJmlin (10.100)-mu, 
npn2tjmu t B, ljhmp opajlliwwn' h ubampJmCin. 

h ( ) COSA 
=z81 = H-StgJ., (s: )+y81 tg(8+A.): 

cos u +A. (10.102) 

Uliqpwl}wpopl pppbajl(i hwptjwbp UjWhpfi uwufipljCi mfip v, 
wpwqmpJntCi, npCi m1111tl.wb" t hnppqnCip liljwmuwup cx1 wlil!JwCi mwlj (Cil.J.. 
10.l lp): 

ex, wCil!Jmfin npn2tJ.mu t hbmL.JwL hwJtnfill wpmwhwJtnntpJmlipg. 
dz 

tga
1 
=- : 

dy 
(10.103) 

Sh11wqphtntl. (10.92), (10.94) L. (10.956)-n (I 0.103)-mu, umwgtl.mu t. 

(

eKwKy{t coso-YB1) J& 
a, = arctg _q_ x 

V0 cos a 0 KwK, 

x tg{arctg(J K,,,K, v. cos a )- ~ rl - KwKy{l coso-YB, l] }) . ( ) 
q o o K KV. l e . 10.104 

iu Y 0 cosa0 

c+pmhliwtntl ex, wfil!JmGu, hmuwowJfi Glj. I 0.11 p-mu pbptjwb" hwz
tjwpljwJpfi pwfiwoL.p, ljwphLP t npn2ht wGljuwG 0 wGl.!JmGu. 

e =a, - (90° + 8 +A.): (10.105) 
UCiqpw!Jwpopl pppbajlfi hwptj_wbp UJwhpfi uwuCipqp v, wpwqmpJmGn 

l.J.wpb!Jl t npnzhL hhtnL.Jwl wpmwhwJtnntpJmGpg. 

v. vi vi 
I= ' B1 + YB1 ; (10.106) 

SbflWIJJ1hLntl (10.92) h (10.94)-D (10.106)-mu, hwztJ.11 wnGbtntl. (10.96)-
uwwgtjmu t. f!, 

V, = &,tg2 
{ arctg( )¥v0 sin a0 )-

l - e K,,,K y(lcosS - YB1 J} 2 2 
-JgKwK, + ~o COS a 0 

K K v. cosa 2Ku1Ky(lcosJ - yo,) 
w Y o o e 

(10.107) 

Uliqpwqw110Jll pppbajlli hwptj_wbhtmg hbum wGqpw!JwpotJ.n'1 uwu
CipljG uwwGmu t U0 wpwqmpJntG, np]} hwtj_wuwp t. 

Uo = ~u;n +u;, , (J0.108) 

npmh11 Don h Uot -G hwuwUJwtnwuJ:uwCiwpwp wGqpwqwpotJ.n'1 uwuGplJ.P 
wpwqmpJwG UJPnJbljgpwGbpG bG finpuww (n) L znzwt.Pnaji ('r) nt'1'1ntpJwup 
wnwfigpGbpp t{pw, wfiqpwqwpotJ.nf} uwl.J.bpbup Gl.J.wwuwup (Glj. IO.I Ip): 

<!.wptjwb"p tnbumpJntGJlg [156] hwjtnG[l t, np 

Uon = - ~Vin= - K~ V, cos 8, (10.109) 
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Uot = (l - x)V,t = (1 - X) V, sin 8, (l0.110) 
nptnbf} V111 h V,t -fi hwUWUjwtnwuJ:uwGwpwp tlwJP Ufil.J.Cin11 uwuGpljp 
wpwqmpJwfi UJPOJbl.J.gpwfihpCi hfi wfiqpwriwp0Cin11 uwljhpbup Cil.J.wtnuwup 
CinpuwJlt L. znzwi.pnaji m1111mpJwup wnwCigpCibpp t{pw, K~ -G' tj_hpw
l1wCiqGuwfi qn11crwljpgn hw11tJ.wcrp dwuwfiwlj, x-G' wqGpw11pwjpG zi.puwG 
qnpbwltpgy: 

Shflwriphtntl. (10.109) h (IO.I 10)-n (10.107)-mu, umwgtl.mu t. 

Uo = ~~K~ cos2 e+(l- xY sin 2 e: (10.111) 

<!,wuwowJG GIJ.. 10. l lp-p U0 wpwqmpJWG m1111mpJmGn hnppqnlip 
Ciljwmuwup tiwqumu t Po wfil!JmCi, np]} hwtj_wuwp t. 

~o = 90° - (Q- 8), (lO.l 12) 
npmh11 n -G wliqpw!JwpouwG wfil!JmliCi t hwptlwcrp dwuwfiwq: 

<!.wptlw<}p tnbuntpjntGpg [156] hWJtnfip t, np 

Q = arctg[ I ~"X tg0) : (10.113) 

UJuUJliuntj_, uwulipqGbp]} U0 wpwqmpJwUp, hnppqnGp liqwtnliwup p 
wGl.!Jwfi tnwq, wGqpwriwpopl pppbajlG hwptl.wcrhtmg hbtnn B1B2 hbmwqcrml 
nfil{Gmu hfi gwcr (fiq. IO.I Ip): 

UJI} rihUJpmu hwuwowJfi fiq. l O. l3w-p uwufipljp zwpduwCi ajl'.phphG
gpwl hwtj_wuwpmufihpfi utnwgtj_mu bG hbtnL.Jwl tnbupntj_. 

dUv dU 
m-- =R, (10.114) m-' =-G+R (10.1 15) 

dt _y dt z, 

npmb11 Ry L R, -1! hwuwUJwtnwuJ:uwGwpwp oajl ajluwqpntpJWG mdp 
UJPnJbljgpwGbpCi bCi y L z wnwGgpGbpp t{pw, Uy h U, -]}' wCiqpwriwpotlw<} 
uwuGpqGbpp ]}Cipwgplj wpwqntpjwCi UJPnJbljgpwGbpf! hwULUUJWtnwuJ:uw
Gwpwp y L_ z wnwGgpCibpp t{pw: 

q.ptnbGwtntJ., np Ry = Rcosp =Kw mU2cos~ L_ R, = Rsinp =Kw mU2sinp, 
mnwgtj_mu t. 

dU 
__ Y ==-KwUi cos/] , (10.116) 

dt 

nptnbfl p -fi wfiqpwriwpowcr uwufipljp ]}Cipwgplj wpwqmpJwG m1111mpJwCi h 
hnppqnCip uJ12L. wfil.LJmfifi t : 

(10.116) L. (10.117) hwtl.wuwpmuCitpn tmcrbtm hwuwp oqtnwqnpcrtj_mu 
bfi (10.86) L. (10.87) hwtl.wuwpmuCibpp LntcruwCi t11wCiwlJ.Gtpu: UJri qbUJpmu 
umwgtj_mu bG. 

I 
---1 

K = cos/]0 

z1 tg/Jo - /Jo 
(10.118) 

fntg( ~+f) 
/Jo 

(10.119) 
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dU, ==-(g-KwK, u;), (10.121) 
dt 1 

flfimhqphtntl (I 0.120)-[! L. oqmwqnpbbtni.J. uqqpfiwqwfi UJ.WJuwfifihp[! ' 
t = 0, Uy= U0 cos Po, umwgi.J.mu t. 

(10.122) 

l>fimhqpbtntl (I 0.122)-n L. oquiwqnpbhtntl uqqpfiwqwfi UJ.WJUwfifihp[!' 
t = 0, y = Ysi. umwgi.J.mu t. 

(10.123) 

P.fimbqphtntl (l 0.121 )-I! L. oqmwqnpbhtntl uqqpfiwqwCi UJ.WJUWCiCibp{! ' 
t = 0, Uz = U0 sin Po, umwgtlmu t . 

dz = U , = ~ g th[Arth~ K"'K'1 U0 sin /30 - ~gKwK,1 tl: (10.124) 
dt K"'K 'I g 

Mimhqpb1ntl (I 0.124)-(! L. oqmwqnpbhtntl uqqpfiwqwfi UJ.WJuwCiCihp[! ' 
t = 0, z = h, uuiwgi.J.mu t. 

( ~ l 
1 

ch Arthf--gg_i, U0 sin/30 

z =h+--en : (10.125) 

K.K,, c{ hth~ K.: ,, U
0 
,;n p, - ~gK.K,, 1] 

liJuUJ.PuntJ., (10.124) L. (I 0.125) wpmwhwjmntpJmCiCihpCi pphCigpg 
CihpqwJwgfimu bCi wfi11Pw11wp6i.J.wb uwuCipqCihpp zwpctuwCi hhmwqbp 
UJ.pnJhqgpwCihpp UJ.Wpwubmpwqwfi hwtJ.wuwpmuCitpn: 

4wCinCiwqwCi hwtJ.wuwpmuCihpCi wpmwhwJtnhtm hwuwp (10.123) 
wpmwhwJmmpJmfipg npnzi.J.mu t uwuCif14P gwb pn~htm ctwuwfiwltn' 

1 K w K YI \y-YB1 ) 
-e 

t=-----
K ,.K YI U0 COS /30 

(10.126) 

Sbqwl}Pbtml (10.124)-[! (I 0.123)-mu, umwgitmu t. 
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1 
z =h +- -x 

KUJKZl 

e r: J)) : (10. 129) 
x n [ · ~ I K K fl- eK..,K,1v-YB1 

K..,K,
1 

• vg .., 'I~ 
ch Arth --U o sm /Jo - ...!..--K----'-K--'--u--n--

g "' z1 o COS P o 

y
81 

L. y82 uhbmpJmfifihp[! npnzhtm fiUJ.wuiwqml wfihpwdtzm t 
q}lmhfiWL CiwL. uwufipltP uqqpfiwqwfi wpwqntpJwfi (Vo) uhbntpJntfi[! l.t 

m1111mpJntCi[! (a0 wfiltJmfi[!), pfi~UJ.bU CiwL. H Ubbntpjntfi[!: 
\,q. 10. l lp-pg bpl.ntu t, np 

. a 0 = 90° +8: (10.130) 
Iuwnfiptli wztuwmwfi11J1 f!Cipwg11mu uwufipltP CibmntU[! UJ.WillJWfip 

tJ.hpL.p wqwm mwpwbntpJntfi mhajl t mfihfimu WJfi UJ.Whpfi, hpp zwnwtl}lrt[!, 
npp i.J.pw uibqwpwztui.J.wb t uwufipq{!, [!Ciqmfimu t hnppqnfiwqwfi qpp11, 

11wCifl np WJ'l qhuwmu uitlJwl uwufipqfi wqwmi.J.mu t pp i.J.pw qnpbnq 

wpmw11f1Ci phnCitJ.wbntp Jntfiflg : 
bpp Cihuimu[! qwmwpi.J.mu t zwnwi.J.qpfi mqqwhwjwg, npp i.J.pw 

mt11wpw2tui.J.wb t uwufipq[!, WUJ.W Cihmi.J.wb uwuCipltP pnpwp uqqpfiwqwfi 
wpwqmpjntfi[! hwi.J.wuwp t. 

V
0 
=~D1 , (10.131) 

60 

npmhq n -I! zCihltP UJ.tnmuwfi hwowtumpjntGCi t , pnUJ.·
1
, ~D -Ci ' hbnwtJ.npm

pjntG{!, npp i.J.pw zCiblW wnwGgppg uwuCiflltt! hbnwghL t GbmuwCi UJ.Whpfi, u: 
\,IJ. 10.1 lp-pg bpl.ntU t CiwL., np 
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I 
H =1D+Hw.u1' (10.132) 

npUlbll. D -Ii zubljp WpUlwp)11i illpwuwq)1ali t, u, Hw.Ul.-G' 1.11bqwlJ.wjuwG 
lllilP{!, np{! plimpwqpmu t ziibl{P qbpL.p qb1.11pg wqw1.11 1.11wpwantpjwli 
pwpapmpJmGI!, u: 

'1-p1.11wpqblip bp\jpnpq qbUJ.PI!, bpp uwuGplJ.Gbp{! hnppqnGp Gqw1.11uwup 
ao wGltJwG 1.11wl.J. Gb1.11tlmu bG t}lnpp V0 wpwqntpJmGntl l.t, lhwuGbtntl wGq
pwqwpapl pppbqliGbp, wqw1.11 tl.WJP bG {!Gl{Gmu: t>GlUJ.bU hWj1.11Up t, 
Wjl}UJ.l1UP hb1.11wqpb'{! pwqqwgwa t bpl{m uwubppg ' pwpopwgnq l.t tlWJpt2: 
<!.b1.11wqap pwpapwgnq 6JmqG wp1.11whwJ1.11tlwa t UJ.WpwubUlpwl{wli (10.93) 
L. (10.95) hwtlwuwpmuGbpp 1.11bupnq, ti.Glut.bu GwL. 4wGnuw4wG (10.97) 
hwtlwuwpuwG 1.11bupntl: 

q_wJPt2 OJmajl UJ.Wpwub1.11pwqwG hwtlwuwpmuGbflI! npnzbtm hwuwp 
wGhpwctbzUl t q1.11Gbt uwuGpl{P pwpopwguwG wubGwpwpop lJ.bUlp hmax L. 
Yma'. l{nnpqpGw1.11Gbp[! (GI.{. 10.13p): '1-pw hwuwp (10.94)-mu GzwGwqmu 
bGp V, = O L. npnzmu uwuGpqp tlhptwp t~ ctwuwGwq[!. 

11 0 

a,c1g( ~v,,;oa,) . 
I ~gK,UKZ 

(10.133) 

Sbqwl}fl.hLntl (10.133)-I! (10.95) l.t (10.93)-mu, u1.11wgtlmu bG. 

hmax = Zmax = esinc5 + K/U\K, en ( ~ I : 
cosarctg V~V0 sina0 ) 

(10.134) 

Ymax = ecosc5 ---en I- g :(10.135) 
1 

[ (KnKyV0 cosa0 ~rctg~K"K2 
V0 sina0 ] 

KnKr ~gK.K, 

lfwuGpqp pnflw)1 hb1.11wqap t..[wJPt2 OJntajl qb1.11p opqpuwmp UJ.Wpw
ubU1pw4wu hwqwuwpntU{! Ull1Wgtlmu t (10.121) pli1.11bqpw1 hwqwuwpntU[! 
4pl{Gwqfl PUUlbqpb1mg hhll1n t = 0, U, = 0, z = hmax ultqpGwqwG UJ.WJUWG
Gbpp qbUJ.pmu. 

(10.136) 
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q_wJpt2 6Jmajl l{buip wpugpup UJ.Wpwubuipwl{wli hwtlwuwpmUI! 
Lntb°bLnt hwuwp npnztlmu t ub1.11tlwa uwulipl{p hbuiwqap wubliwpwpap 
qbui)1 wpwqntpjUIU uzwuw4mpjntU{!: '1-pw hwuwp (l0.13 l)-I! UlbflWflJ1bLntl 

(!0.92)-mu, u1.11wgtlmu t. 

V = ~gKwK, V0 cosa0 : (I0.! 37) 

Yhma. ~gK,,,K, -KwKyV0 cosa0arctg( ~K:, V0 sina0 ) 

liJl1 ribuwmu, hwztl.P uinlibtntl (l 0.137)-I!, (10.135) wp1.11whwJ1.11mpJntliI! 
qptlmu t hb1.11l.tJWL uibu1mtl. 

e s: I e V0 cos a0 
Ymax = cosu --- n : 

KwKy VYhmax 
(10.138) 

q_wJpt2 OJmajl qb1.11p wpugpup UJ.Wpwub1.11pwl{wli hwtlwuwpmU{! 
u1.11wgtlmu t (10.120) hwtlwuwpntUI! l{pl{liwl{P plimbqpblmg hbuin, hb1.11l.tJWL 
uqqpliwqwli UJ.WJUWlilibppg hb1.11n' t = 0, Uy= Vyhmax. y = Ymax: 

I [lv. cos a );r ( ~1 y =ecosb"-Ken ~ 0 l-K,,,KyVyhmaxlJKy1 : (10.139) 
w yhma.x 

Umwgtlwa (10.139) wpmwhWJUlntpJntGpg npnztlmu t. 

/= 1-e l Kw Y Vyhmax ) : (10.140) 
l [ KwK) lcO!;O-+lnVncosan _y ll 

KwKyVyhmax 

Sbqwrlflbtntl (l 0.140)-I! (I 0.136)-p uh2 u1.11wgtlmu t hnppqnlip G4w1.11-
uwup a 0 wGltJwG mwl{ lib1.11t..[wa wqwm pnlnfl uwuGpl{P hbmwqap t..[w1pt2p 
6Jmajl 4wunuw4wu hwt..[wuwpmU{!. 

z = esinc5 +-
1
-x 

K,,, 

(10.141) 

<!,wuw1.11bq 1mab1n4. (10.128) l.t {I 0.141) hwt..[wuwpmuGbp{!, u1.11wgt..[mu t. 
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(10.142) 

(10.142) wpmwhtuJUlntpjntG[! hGwpwl{npntpJntCi t mwwu npnzbt 
wqwUl pnzn'l uwuG)lltP hhUlwq)lb"i! zCibltP hnp)lqnGwl(wG wnwCigpwJ)lG 
l(mpl{wb"p)l hwppmpJtuG hhm htuUll{h1m Ys2 lthm)1 wpugpu[!: 

liJuui.Puml, {I 0.129) L. (10.142) wpmwhWJUlntpJmGGhpp oqGmpJwup 
qwphlti t npn2t1 y82 CizwGwqmpJntG[! hnppqnGp Gl(wmuwup ao wG4.JwCi 
Ultuq CibUlt{wb" uwuCi}lqGhp)l pnpzp}l tpl(m 11tui.php}l hwuwp, )luq 'lfltuCip 
Ulhfltu'lflh1nl{ (10.83) wpmwhWJtnntpJmCimu, qwphlti t qUlGht GwL. 
uwuG}lqGhpp hpl(wJCituqwCi UlbfltutltntuuwCi ~ S uhb"mpJntG[!: 

U1imu t npnzht wJG uwhuwCiCihp[!, npnfigmu }lpwl{wg}l hCi {l 0.129) L. 
(10.142) wpUlwhwJtnntpJmGCibp[!: P.Cizui.hu Gwtuq}lCimu wul{wb" t , WJ'l 
uwhuwGCihp[! uwhUwCiwip.wql{mu tfi GhUll{tub" uwuCi)ll(Ghp}l ul(qpCiwqwG 
V0uwh wpwqmpJmCiCibpnl{ tr:, npui.tu hhmL.wGp, rP = 112D1P zwnwl{qp 

GzwCiwl(mpJmCiGhpnl{, npp l{pw mhfltupwztul{wb" hG zGhl(p l{pw uwuG}lqGbp[! 
GhmuwG ui.whpG: CuUl npntu, mGbGw1nl{ Vv-Ci, uwuG}lq[! Ltwmwpnu.I t 
lUJCil.l.!.Pu}l hhUlwqb"nl{ zwpctmu, np[! 2nzwip.mu t WU'lflWl}tup6)1z pppbqpG: 

Opui.huqp npnzbGp t2 ctwuwCiwq[!, npp [!Cipwgpmu uwuCi)lq[! 2wpctl{t1ml 
[!Ulll hhmwqb"}l l{tuJpt2}1OJmqnl{2n2wiitmu t wCiqpwqwp6pz p)lphqpG, qphGp 
zwpctuwCi hhmwqb"pCi 2n2wtltn'lP hwl{wuwpmu[! (Ciq. I 0.13p): 

dz =tg(5 +1): (10.143) 
dy 

l"lCiUlbqph1nl{ (10.120) L. (10.121) hwl{wuwpmuGhp[! L. oqmwqnpb"h1nl{ 
uqqpCiwqwG ui.w1uwGGhp[!' t = 0, Uy = Uyhmax UUltugl{mu hG. 

dz =-J g th(~gKwK,,t): (10.144) dy Vyhmu , {10.145) 
dt K K dt 1-KwKy/yhmax! w z 

f!wctwCih1nl{ {l 0.144)-n ( l 0.145)-}1 l{pw L. wpl}JmGp[! mhfltul}phtml 
(10.143)-ntu, umwgl{mu t . 
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__ l_~ g (1-K K v uw1i tk)th~~gK K tk)=tg(5+1), (10.146) vuwh K K IU YI yhmax \ w z1 
yhmax 1u z 

npmbq' 

v uwh = ..fiK:K:vouwh cosao : (10.147) 
yhm.,. ( /K::K, ) 

JgKwK, -KwK,Vouuihcosa0arctg v~Vouwhsina0 · 

Lmb"btml {l 0.146)-[!, hwzt{ll wnGt1nl{ (10.147) tupUltuhWJUlntpjntG[!, 
l(wpblti t qUlGbt t2 ubb"ntpJntG[! qwtul{wb" V0uwh -)lg: 

UG11pw11wp6)1z p)lptqp hbUl uwuCi)lltP zip.uwCi l(bm)l l(nnp11)1GtuU1Cibp[!, 
hwuw6w1fi (10.136) L. (I0.139)-)1, ltiPCihfi. 

K - 1 

. I [ oo' 0"1g( J¥v, .. , ,;n a,) r ' 
z. = esm5 +-en i ] 

Kw ch.J gK,0 K,1 tk 
(10.148) 

= e co 0 - _l_ en[( VOuwlr cos a (/ )Ky' 11 - K K V"'"" t )K;,'] :{l 0.149) 
Yk S K V""'" ~ w Y I yhmax i 

w yhmax 

lJJmu Ltnflu)lg, wG11pw11wp6)1z p)lptqp hhUl hpl(wJGwl(wG-ntflflW6)1q 
hwppntpJwG hwmuwG qb")l hwl{wuwpnttl[!, tuJu)lCipG uwufi)lltP zwpctUwG 
hbmwqb")l Gl(tiIUluwup znzwip.nqp hwlJ.wuwpmu[! Ghpl(w.1wglJ.wb" t (10.100) 
wpmwhwJmmpJmGnl{: liJ'l 11tui.pmu (10.148) L. (10.149)-[! Ulhfltu'lflbtntl 
(I 0.100)-mu L. 1mb"h1nl{ uUlwgl{wb" wpUlwhw1mmpJntG[!, hwztjJJ wnGhtml. 
(10.146) L. (10.147) wpUlwhwJmmpJmGGbp[!, l(wpblti t npnzbt uwuG)lltfl 
GbmuwG uwhuwGwJ)lG ul(qpGwl(wG wpwqmpJwG (Vouwh) GzwGwl(mpJntG[!, 
np[! Ltwui.whnt{ll Gpw wqwm pn)lw[!, tujupGpG wnwGg hwUlhtnt Gpw 
hhUlwq)lb"!! wG'lfltul}wp6)1z p)lphqp hwppmpJwG hhUl: 

lJJmu qnqu)lg, WJ'l wpwqmpJntG[! hwlJ.wuwp t' 

V. = _tr_nD_l=uw~h 
Ouwh 

60 
{10.150) 

(l 0.150)-}lg npn2l{ntu t. 

D = 60VOuW/1 . 
luwh • 

Jrn 
{10.151) 

liJuui.Punl{, Ys2 uhb"ntpjntG[! npn2t1m hwuwp {I 0.129) tupU1WhWJUlnt
f}JillU[! 6}1zm t D, ~ D1uwh GzwCiwl(mpJtuCi qhui.pmu, )luq (10.142)-n' D1 ~ D1uwh 
IJbU.JJ!nttl : 

~wuw6wJCi qmpu phpl{wb" pwCiwoL.)1' Ys2 CizwCiwl(mpJmCin l(wpblti t 
hw2l{wpl(h1 hwuwl(wpqzp l{pw: Shflwqph1n4 Ysi-1! (10.83)-mu l(wpblti t 
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npnzhL zGb4li t.11wpmwti zwnwt.IfllJ t.!Pw mhqwpwztut.lwo gwG4wgwo 
uwuGpltli bpltwJGw4wG L'.S mhqwt.lmtumpJmGu: 

CGt4p tjlwpmJpp zwnwt.lajl hpltwpmpJwlip mbqwpwztutJ.wo uwuGp4-
Ghpp up2pG hpltwJGwltwG L'.S01 mbqwtjlntumpJmGu hwtJ.wuwp t ' 

l 
ti.Sot = - 2:1'.S , (10.152) 

m 

npmhq m -U zGhltli tjlwpntjpp zwnwtJ.ajl tp4wpmpJwlip qwputJ.wo uwuGp4-
Ghpp pptJ.G t l/2do -pg utiGiL. 112 D up2wtiwmu: 

S tp4wpntpjwlip tuwnGpintli liwuGpltGbpp up2pG hpltwJGw4wG L'.Sufl2 
tnbqwtjlntuntpJntGU zGbltp liblt urmmJtnp ctwuwGw4 4LliGp. 

l 
L'.Su1,P = -2:t1.S0 1 , (10.153) 

m, 

npmbq m1 -u S hhnwtJ.npmpJwG t.!Pw tuwnGpiti wnwGgpp tp4wpmpJwlip 
qwputJ.wa uwuGp4Ghpp pptJ.G t : 

10.8. lfwutiftljtilipft pnftm/1 uftpftti dwuwfiwljf! 

lfwuGpltli pntiwli up2pG ctwuwGwltu (tufl2) npnzbtnt hwuwp GntJGurtu 
qpmtJ.mu t bpltm flhurP, I) GbmtJ.wo uwuGp4Gtpu ihG hwuGmu upGiL. 
wGqpwriwpalii ppphqGbp, hpp GbmuwG urwhpG GpwGp riwuwtJ.nptJ.wo bG 
zGhltp t.11wpntJpGbpp t.!Pw zGbltli wnwGgppg l/2D1 '.S l/2D1uwh hbnwtJ.npm
flJWG t.!Pw, 2) uwuGp4Gtpu hwuGmu bG wGf}Pwqwpapi pppbqGhppG, bpp 
GpwGg qwuwtJ.nptJ.wa mt11u GbmuwG urwhpG pGmpwqptJ.mu t 112 D1 ?: 1/2 
D1uwh llllliJUwGntJ.: 

Unw2pG qhurpmu uwuGpltli pnliw li ctwuwGw4u hwtJ.wuwp t' 
t1= tq1 +tfl21' (10.154) 

npmhq tq1 -u uwuGti4li tJ.bptwti ctwuwGw4G t , tfl21 -u' wuhGwtJ.bpL.p ajlpppg 
uwuGti4li tJ.wJpt2pti ctwuwGw4u utiGiL. tuwnGpiti wnwGgpwJpG ltmptJ.wopp 
hnppqnGwltwG hwppmpJmGu: 

lfwuGti4li tJ.bptwti tq1 ctwuwGw4u npnztlmli t (10.133) wpmwhwJmm
PJntGpg: 

lfwuGpltli tJ.wJpt2pli tp21 ctwuwGw4u npnztJ.mli t zs2 = Ya2tgo-G {l 0.136) 
wpmwhwJmmpJmGmu mbqwqpbtntJ.. 

SbqwqpbtntJ. {l 0.133) L. {l 0.155) -u {l 0.154) -mu, umwgtJ.mli t. 
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(10.156) 

(10.156) hwtJ.wuwpuwG ut2 Ys2-U npnztJ.mu t uum (10.142) wpmwhwJ
mmpJwG: 

bpltpnpq qhurPntli uwuGpltp pnliiPP ctwuwGw4u hwtJ.wuwp t' 
tu = tq1 + tfl22 , {l 0.157) 

npmbq ti\, -u uwuGti4li tJ.bptwti ctwuwGw4G t lil!GiL. wGqpwriwpalii pppbajlG 
hwptJ.woblI!, t1122 -u' ppphajlg wGqpwriwpatJ.wo uwuGp4u lil!GiL. tuwnGliili 
wnwGgpwJpG hnppqnGwltwG ltmptJ.wapp hwppmpJmGG li2Ghtm ctwuwGw4u: 

tl\1 -ti GzwGw4mpJmGu npnztJ.mu t (10.93) L. (1 0.95)-u (1 0. 100)-li ut2 
mhqwqphtntJ.. 

. I co{ arctguK~K, V0 sin a 0 ) - ~gKwK,1~2 ] 
esm o +--en =(H -StgA.) x 

K.,K, [ ~ . ) (10. 158) 
cosarctg V~V0 sm a0 

x ct A. ) + {ecos o - -
1 

- .en[! - (KwK YV0 cosa0 )t~ J}tg(J + A.): 
cosJ + A. KwKy 2 

t1>22 -u npnztJ.mu t z82 = y 81tg5 -G (10.125) wpmwhwJmmpJmGmu 

mhqwf}PhtntJ.. 

(l 0.159) 

OtGhGwtntJ. t1 L. tu -p GzwGw4mpJmGGbpu, npnztJ.mu t zGbltli t.llwpmJpp 
zwnwtJ.ajl hpltwpmpJwlip mbqwpwztutJ.wo uwuGp4Gbpp pntiwli uti21iG 
ctwuwGwtiu. 
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(I 0.160) 

s tpqwpntpjwfi Juwnfi)l~mu qmfitln11 uwufi)lqfihp)l pnpwp up2pfi 
ctwUWUWlJ.[! zCihlJ.p UhlJ. UlUlntjUlp hwUWp npnzl{ntU t hhtnhJWl wptnW
hWjUlntp jntfinl{. 

(10.161) 

Ujutajmnl{, (l0.81), (l0.83), (10.129), (10.142), (10.152), (10.153), 
(10.156), (10.158), (10.159), (10.160), (10.161) h UJntU ufl2wfilJ.Jwt pwfiw
ahtp{! hfiwpwl{npntpJmfi tfi mwwu npnzhL JuwnfiflW wpmwqpn11wlJ.wfim
pJntfil! qwJul{wb" fipw hpuGwqwG uiwpwutmptptig: 

10.9. ifwu{iftlj[Jbpft Liftpft[J wnwugpw1ft[J wbf/wtftnjump1m[J[J pnftwft 
hwzt./f1{i [, p11ftwft Liftpj1li dwifwOwlj[J hnpftqnliwljwO wb17wl]flt/W<T 
z[Jbljnt/ ]uwn[Jft2mu 

l0.7 h 10.8 uiwpwqpw:putpmu zwpwqpl{wa fiJntphp)1 tlhp1mantpJntGl! 
gntJ9 t mw\lm, np ii S h ti, n uMntpJntGfibpp npnzmul! npnz tw!Jmtl qctl{wp t 
umwgl{wa pwGwaL.tpp pwpqmpJwG uiwmnwnnl{: upwctwuwfiwlJ., hwJmGp 
t, np qnpafiwlJ.wGmu tnhJufin1nqpwlJ.wfi qahp)l uM uwumu Juwnfiptfihp[! 
mhqwqpmu hfi wJfiuitu, npl.lfhuqp fipwfig wzJuwmwfipwJpfi opqwfifihpp 
wnwfigpfihp[! mtqwl{npl{wa LflCihfi hnppqnGwlJ.wfi, pfim uuiwummu t 1}}1Wfig 
uiwmpwmnuwfi ptphwguwfi[! h hwpuwpwl{hmmpJwfi[! qap fiwJuwqWwfi L. 
pn1np hwfiqmJgfibpp mbqwqpuwfi ctwuwfiwl.J.: fltump, htmwppppp t 
qpmbfiwi., pt nppwfi bfi phphwfimu ii Sh ti. II uhantpjntGGhp)l. hwzl{wpl.J.Ghp[! 
s == o uiwJuwfip 'ltuwmu: 

<!.nppqnfiwl.J.tufi U1hf1Wl}}14Wa (8 = 0) JutunfiflW hWUWp ii SU ti, II Ubant
pjntfifibp[! npnzb1m Guiwmwqnl{ @mwplJ.tl.mu tu fil.J.. 10.14 L. 10.15-nul 
pbpt{u1a hwz4wplJ.wJ)1fi uJuhUwfihp[!: 

<!.wuwawJfi Cil.J.. 10.14p-p, ii S utampJntfi[! hwl{wuwp l.J.LflGp. 

L'l S = Ya2 - t: (10.162) 

Ysrl! npnzhtnt hwuwp llJ:i.mwpl.J.l{mu t zGbl.J.lt tj:IwpntJpf! 01 l.J.htn]lg 
uqqpfiwl.J.wfi V0 wpwqmpJmfinl{ mqqwaflq qhph fihmqnq uwufi)llJ.p zwpctuwfi 
htUlwqpa[!: 
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z 

u. 

x 

D 

w) 

z 

Ye, 

l'l 

ulj. 10.14. LJ S /, twtfMntpjntOObpft nf111ztlw0 hwzljwpljw1ftO ujubtfwObfll! 

ubml{wa uwufi]llJ.fl hhmwqflal! (GlJ.. 10. l 4p) tntlJwt qtuipmu pwqqwl}}1-
t{mu . t hpl.J.m uwuhpp, npnfigpg jntpwpwfil)ntp[! pfimpwqptJ.mu t pp 
zwpctuwfi ophfipnl{: ~hmwqap wnw2pfi uwu[! npnzl{mu t, t1fittntl Vo 
ul.J.qpfiwl.J.wfi wpwqmpJmfint{ mqqwaflq uwufiplJ.p zwpctuwfi ophfil)pg, flul.J. 
bpl.J.pnpq[!' npnzwl.J.lt pwpapmpJmfipg U 0 uqqpfiwl.J.wfi wpwqmpJmfintl fitm
tlwa uwufipl.J.lt zwpctuwfi ophfiJ:lnl{, tpp Gtmuwfi mqqmpJntG[! hnpf!qnfi]l htm 
1.J.wqumu t ~o wfilJ.Jmfi: 

Ll-pmwpl.J.hfip uwufipl.J.p zwpctuwfi htmwqap wnw2pfi uwul!: 
'-ltpL Clhmqwa uwufif!l.J.'1 zwpctuwfi ctwuwfiwl.J. (fil.J.. 10.15w) Gpw t\Jlw 

wqqmu tu awfipmpJwfi met!!' G = mg L ollJ:i. q)1uwl}}1ntpJwfi met{!' R = 
KwmV2

: 
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'&lj. 10.15. Juwnuft!nuI lfwuuflljulipft 
pnftmft hlimwqaft npn2lfwu hw2lfwp
ljw1ftu ujulilfwUbp!J 

y 

0 1----..,.---t----....... -- y ._ __ ~o, 
q) 

Otqqwojlq tlhpL GhmtJ.wb" uwuuj14j1 zwpduwu l}J:1~hphugpwl hwtJ.wuw
pmtl[!, hwtlwowJG G4. I 0.15w-j1, qpl{mtl t hhmLJWL mbupntJ.. 

dV 
mdt=-mg-KwmV2

: (10.163) 

t>Gmbqphtntl (10.163) hwtJ.wuwpmUJ!, hwztljl wnGbtml ulJ.qpGwtiwG 
UJWJUwGGhpJ!' hpp t = 0, V = V0, umwgtJ.mu t . 

V =dz= J g tg[arctgJKw V -~gK 1) · dt Kw g 0 w . (10.164) 

Nimbqphtntl (10.164) hwtJ.wuwpntU[!, hwztljl wnGbtntl. u4qpGwlJ.wG 
UJWJUWGGbpJ!' t = 0, z = 0, huwpwtJ.npmpJmG t mwwu npnzht. 

z =-'- In oo{ a'ctg~V0 -FYK.:t) . 
Kw co{ arctg~K; J 

(10.165) 
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(10.164) L (10.165) wpmwhwJmmpJmGGhpmtl V0 wpwqmpJwG GzwGw
lJnLJ3JnLU[! npnzl{mu t £!UU1 (10.131) -p: 

OpnztJ.mtl t WJU uwhtlwGwjpG D1uwh = 2ruwh Gzwuw4mpJntG[!, nppg 
tJ.hpL uwuup4u mGp pwl{wpwp u4qpuw4wu wpwqmpJmG, npu1huqp hwuup 
wuqpwqwpapl ppptajlu: 

t>GlUJhU Gwlu4J1Gmu, GzwGwlJ.hGp u4qpuw4wG wpwqmpJmG[! Vouwh, 
npjl dwuwuwti uwuGp4£! hwuGhtntl wuqpwqwpopz pj1phaj1G qwnGmu t qpn: 

Vouwh -[! npnzhtm hwtlwp npnzhup WJG uwhuwGwJpG t.,w11 dwuwGw4J!, 
np!1 [!Gpwgpmu uwuGJ14£! hwuumu t wGl}PwqwpaJll ppphajlu V = 0 wpwqm
pJmGnl{: '1-pw hwtlwp (10.164)-mu mhqwqphtntl V = 0 Gzwuw4mpJmUJ!, 
umwgl{mu t. 

arctg ~Vouw/J . 
luw/J = CV 

vgK,u 
(10.166) 

.ilwGjl np uwuGp4£!, hwuGhtntl. wGl}PwqwpoJll pjlphajlG, £!G4Gmu t B1 
t1hmmu (u4. 10.14p), WUJW (10.166)-I! mhqwl}Phtm! (10.165)-mu, umwgtJ.mu t. 

1 1 

z s1 = K," en ( f&v J : 
cos arctgVg Ouw/J 

(10.167) 

Ujmu lJ.nqupg, B1 lJ.hmp opaj1GWU1£!, hwuwowJG G4. I0.14p-p, hwtJ.wuwp t. 
z81 = H - (S - t) tgA.: (10.168) 

<.wuwmh11. tmi'Yhtntl (I 0.167) L (I 0.168) hwtJ.wuwpmuGhp[! L. qpmhuw-
;r n 

1ntJ., np Vouw/J = 6Q Dluw/J , umwgtJ.mu t. 

D1u1u/J == ~ JKg tg{arccose-K'" [H-(s-t))i.11.< }: (10.169) 
;rn w 

liJuUJJlunl{, bpb uwuGJ14GhpJ! zuh4p wnwGgpjlg mhqwpwzlutJ.wa bu 
1/2D 1 > 1/2 Diuwh hbnwtJ.npmpJWU tJ.pw, WUJW WUl}PWl}WpOpz ppphajlG 
hwptJ.wb-htm UJWhjlG Gpwup 4wpnq bu muhGwt npnzw4p V 1 wpwqmpJmG, 
np[! upzm uhb" lJ.LllGJl qpnJpg: 

'1-pw hbm tiwUJtJ.wa' hhmwpppjlp t hhmLht D1uwh -jl t)mt)mlumpJWU 
oppGwzwt)rntpJWUJ! tiwlutjwa tuwnGlllP UJWpwuhmphppg: U4GhWJU1 t , np 
wnwuojlG uwuGp4Ghpj1 pnjlwjl wuhuwuha pwpopmpJntU[! 4LJ1Gj1 ( = S 4wu 
A = 0 l}hUJPmU, Ilfll! uuwgwb pn1np hwtJ.wuwp UJWJUWGGhpp qhummu 
punq:lwqpmu t D1uwh -p GtJ.wqwqmJG GzwGwlJ.mpJmGJ!: 

Sbqwqph1ntJ. t =SL Kw= 0,15 u· ' GzwGwlJ.mpJmGGhpJ! (10.169)-mu, 
npnz hwztJ.wplJ.Gbpjlg hhmn l1wnmgtlhL t D1uwh =/(H) :pmu4gpwJp qpw:PP4I! n 
-p mwppbp uhb"mpJmGGbpjl qtuwmu (GlJ.. I 0.16): 
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D""'"' LI n pnuf' 

0.35 0.40 H, 11 

ulj. 10.16. D1uw1t -/1 tl'bc>mp;wO ljwjulfwcmzp;mOo juwnOft2f1 ljwt/Jwpft!ft 
uili11wpw2fuziwO pwpdpmp;mOftg (H) 

Lit.i. 10.16-pg bphmu t, np H pwpapmpJWG ubb-wgmuntJ. D1uwh -[! 
utb-wumu t, np[! tJ.mppwgGmu t upG~h t.iwtlJwpJ:l~ pn~nIJ. uwuG)1t.iGtpp pw
Gwt.in: CGbl.iJ:l UjtntnuwG hwt'.iwfuntpJwG (n) utb-wgmuntJ. D1uwh utb-ntpJntG[! 
tjmppwumu t: 

D1uwh = f (H) l.inpbpp hbUlwqw tlbfltntlrntpJntU[! gmJg t UlwtlJu, np 
t.iwtJ.1wppwu hwuGnfl uwuCi)11.iGbpp Ubb- pwuwt.i WUJWhntJ.btnt UUjWtnwt.intJ. 
(2GbL1J:l tlJubnp mpwuwqpb[! 0, 15 u-J:l qbllJpmu) zubt.i)1 llJUltnUwG hw6w
funtl3JntG[! 350 pnUJ-1 -pg tjmpp Ujbtnp t J.PCip, put.i t.iwtl1wp)1~p tnb1].wpu-12tu
uwG pwpapm11Jmfin' n~ wtJ.l:iJ.P 0,36 u-119: CGbt.i)1 wpmwp)1G mpwuwq)1Cln 
~UJbmp t 0,4 u-)19 tjmpp tJ.bpgGb1_, pwGp np hwt.iwnwt.i qbUJpmu wpl}bG n = 
150 pnUJ·' -J:l ctwuwGwt.i uwuGJ:lt.iGtp)1 uba uwun ~bCi t.iwpnIJ. hwuGbt tuwnGJ:lW 
t.iwtJ.1wpJ:ltliG: 

Y1 wpwqmpJmGn npnzbtm GUJwmwt.intJ. npnzbGp uwuG)11.ip pn)1w)1 te1 
ctwuwuwt.in upG~h wGqpwqwpop~ pJ:lpbajlG B1 t.itmmu hUJtlbLD, npp hwuwp 
(10.165) h ( 10.168) hwtJ.wuwpmuGbp[! hwuwmbIJ. tntb-btmg hbmn umuigtJ.mu t. 

1 { ff Kw[H-(S-l)tg.t}ttncos(arctgJ¥vo)) 
181 == ~ arctg __!!!_V0 -arccose ' g :(10.170) 

\fgKw g 
1· 

St11wqpt1ntJ. (10.170)-l! (10.164)-mu, umwCimu tGp. 

I Kw[ll-(S-i)tg.l}tlnco{arctg ~Vo J] 
V, == tg arccos e g : 

w 

(I 0.171) 
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V1 wpwqmpJmCintJ. wCiqpwl}wpafl~ pflpl:iajlG hwptJ.wb-l:itlm uwuGflqp 
LuCit.iuwG wGt.iJmG[! t.iwqumu t 0, np[!, hwuwaw1G Gt.i. 10.14p-mu pl:iptJ.wb
hwztJ.wpt.iwJpG ututuwJp, hwtJ.wuwp t' 

8=A.: (10.172) 
U0 wpwqmp1mGn npnztJ.mu t wJGllJbu, )1G~uitu uiwpwqpw~ 10.7-mu h 

Gbpt.iwJwgtJ.mu t hbmhJWL wpmwhw1mmp1wup. 

U0 == Vi~K: cos2 A.+(1- x)2 sin2 A.: (10.173) 

...:.wuwawJG Gt.i. 10.14p-J:l' wpwqmpJwG nuv1mpJntG[! hnpfiqnGJ:l Gt.iwm
uwup t.iwqumu t Po wCit.iJmG, npn hwtJ.wuwp t. 

Po= 90° - (0 + 0): (10.174) 
(10.113)-n (10.174)-mu mt11wl}pbtmg hbmn, hwztl.P wnGbtntJ. (I 0.172)-n, 

umwgtJ.mu t. 

Po= 90"-[ A+arctg(1 ;: tgA )] : (10.175) 

liJul.lJPuntJ., uwuCiJ:ll.il! wuqpwqwpop~ pppbajlg UJnl.itJ.btml U0 wpwqm
~11wup, hnppqnfip fit.iwmuwup Po wGt.iJwG UlWl.i B1B2 hbUlwqb-ntJ. [!Gt.iGmu t 
(Gt.i . 10. l 5p): liJ'l ctwuwGwt.i uwuG)1t.iti tJ.pw qnpb-mu bG b-wGpmpJwfi met[! ' 
G =mg o'lti 'ltiuwqpmpJwfi met[!' R = KwmU2

, h uwuGpqp zwpctuwfi qJ:l~b
pbGgpwt hwtJ.wuwpmuGbp[! qptJ.mu bG htmhJWL mbupntJ.. 

dU dU 
m--v ==-K mU2 cosf3, (10.176) m--' =-mg+K"'mU2sinf3:(10.177) m w m 

UU1wgtlwb- (10.176) L. (10.177) hwtlwuwpmuGbp[! tmobtm hwuwp 
oqmtJ.mu bCip (I 0.116) L. (10.117) hwtJ.wuwpmufibpp tmMwfi fimJfi t11wfiw
L1pg, h uUlwgtlmu bfi. 

dUv z dU, - K K U2. -=-KwKPy• (10.178) ---g+ "'z z' (10.179) 
dt dt 

UmwgtJ.wb- (I 0.178) h (10.179) hwtJ.wuwpmuGbp[! pGmbqpbtntJ. L. hwztJ.P 
wnGbtntJ. uqqpCiwqwG llJWJUWfifibp[!' t = 0, Uy= Uo cosPo, y = C, U,= U0 sinPo, 
z = z81= H - (S - C) tgA., umwGmu tCip. 

U = Uo cos/Jo (10.180) 
Y KwKyU0 cosf30t+l' 

y ==-
1
-en(KwKPo cosf30t+l)+e, (10.181) 

KwKy · 

U,==~ g tg(Arth~K"'K'U0 sinf30 -~gKwK,), (10.182) 
K,,,K, g 
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(10.185) 

Sh11wrwttntl ( l 0.185)-l! (l 0.162)-mu, umwgJ.lmu t uwuGpljp 6.S hpljwJ
GwljwG mt11wtJlntumpJWU LtwtutiwontpJntUI! tuwnCipllJ. U\Wpwuhmphppg' 

(I 0.186) 
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fuwnfipllJ. S bpqwpntpJWfi t.J.pw qtnfiJ.ln'l UWUfipqfihpp up2pfi bpqwJfiW
L1wG 6. Si1~2 mh11wtlmtumpJntGI! pnpwp hwztIPG ljwph\}1 t npnzbt' oqmwqnp
abtntl (10.153), (10.154) L. (10.186) wptnwhwJtnntpJmGGhpl!: 

6. S -I! npnzht.lm wGhpwdbzm t hwztIP wnGhi, np wfiqpwriwpapllJ. 
ppph11Ghpp wJqtajlup mb11wpwztuuwG dwuwGwlj (Gq. 10.14), bpp Gwtunpq 
ppph'lP tl_hp2wtlnpntpJntGI! hwul!GLtGmu t hw2npqp uljqpp hhtn, WU\W Gw
tunpq pppb'lti tlhp2wtJ.npmpJwG unm wGqpwriwpawo uwuGpljGhpp Up uwu[! 
hwpJ.lwomu t hw2npq pppb'lti m1111w6pq up2fiwll!wtnpG, h wGqpwqwnGwtml 
GpwGpg, zwpdJ.lmu qwGqtj_wop mh11w1.!mtuuwG hwljwnwq nt'l'lntfJWUp: 
'1-pw wprumGpmu tuwnGpllJ. wptnwqpn11wtiwGmpJntGI! tJlnppwGmu t: 

liJfl bpL.ntJPI! pwgwnbtm Gll!wtnwljnJ.l, WU'lPWl}wp6p,!, pppb11Ghpl! 
ll!btnp t mh11wljwJtJ.hG WJGll!bu, np1.4huqp Gwtunpq ppph'lP tlbp2wtlnpmpJwG 
h hw2npqp uqqpp up2h i}lGfl Cuwh hhnwtJ.npntpJmG: 

Cuwh hhnwtlnpmp JntGI! npnzJ.lmu t hhtnhJWl l}WtnnqmpJntGGbppg: 
liG'lPWIJWp6fli ppph'lti tlhp2wtlnpmpJmGmu, wGquwG 0 wfiLIJwG mwq, 

uwuGpltl!. hwpJ.lwohtntl pppb'lPG V wpwqmpJmGntl, wGqpwl}wnGmu t 0 
wGLIJwG mwq U wpwqntpJmGnJ.l: CGqmGhtntl, np wGqpwqwpawo uwuGpljp 
pnliiPP hbmwqop uqqpGwljwG uwul! GhpqwJwgGmu t m'l1111 qpo (pnpwp 
oho uljqpGwljwG wpwqntpjwG L. tjmpp lllwpwampJWU ritll!pntU), WJ'l 
uwuGjlql! pnpwp dwuwGwlj W zl.Jltlfl hw2npl} p)1ph'lti U)12GWU\Wtnjl hhm: 

4wmwphtntl npnz ohwtjmtumpJmGGbp [126], umwGmu blip. 
StgA. 

(10.187) 

Sb11wqphtntl X = 0, Kq = 0,5, S = 0,35 u GzwGwljmpJmGGbpl! (10.187)
mu, hwUWU\Wtnwutuwfi hwzJ.lwpljGhppg hbtnn qwnmgtJ.bt t fuw// = f (i) 
~mtGljgpwJp qpw'.t>r4l! (Glj. 10.17): <l-pw:ppljpg hpL.mu t, np tuwnGp,!,p 
L1wtJ1wppiti Gqwmuwup WUflPWl}WPOPi p]lph'lti phpntpJWG A wGLIJwG 
ubowgnu1ntJ. Cuwh hhnwJ.lnpmpJntGI! ll!htnp t ubowGw: 

liJUU\punJ.l, Ghpphp uwhuwGntl hwztlwpquwfi qnpol}Gpwgmu (10.186) 
wpmwhWjtnntpjntGmu c ubontpjntGI! t4hmp t tJ.hpgGbt luwh> O[ll! npnzJ.lmU t 
[!Utn (I 0.187)-jl, puq tlhphl1 uwhUwGntl' S -I!: 

ti1~2 dwuwGwLtl! npnzht.lm GmJGll!hu qpmwpljJ.lmu t bpljm 'lhlllll · I) Gbm
J.lwa uwuGpqGhpl! .l,hG hwuGmu upfiih WU'lPW'lWPOPi pppbqGhpl!, hpp 
GhmuwG ll!WhpG GpwGp tnbqwpwztutlwo bG zGhqp tJlwpmJpGhpmu, Gpw 
wnwGgp]lg l/2D1 ~ l/2D1uwh hhnwJ.lnpmpJwG t.J.pw , 2) uwuGpqfibp[! hwuGmu 
ta wCiqpwqwpof1i pjlpt11Gbppfi, bpp Gtmuwa 1.4whpfi GpwGg mt11wpwztu
uwfi tnh'll! pCimpwqpJ.lmu t 1/2D1 > l /2D1uwh lllWJUwCinJ.l: 
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0 5 10 15 20 
u/j. 10.17. luwil llbomp]WU /jwfut/wumpJmU!J juwnu/1,ift /jwl}lwpft,!]J 
Oljwmllwllp WUl)JlWlJW[lO}l,J pftpbl/}1 pbpmpjWU wulj1m6/1g ().) 

UnU12pu qhUJ.pmu liUiufiJ14P pnJ1w'1 oUiuwfiwl.J.I! hllltJ.llluUip t' 
t1 = tit + tr2, (10. 18 8) 

npmbq tit -fi Ulllufipl.J.p tJ.hpL. pnibtm awulllfiUil.J.fi t, tr2 -G' UUiufipl.J.fi pp UIUb
GUilJ.hpL.p '1PPl2P9 upfiiL. JuUinfi'1iP hnppqnfiwl.J.lllfi UinlllfigpUIJpG 4mp4.UIO-pp 
hwppmpjntfi '12fit1m OUIUlllfiW41!: 

tit -G npnzlJ.mu t Cu,uh awuwfillll.J.pfi hU1uUifiuwfi L. hwlJ.UIUUip t. 

t<l = ~g~,u arctg~:w V0 : (10.189) 

t1,2 -I! npn2t1m hwuUip oqmtJ.b1 bfip Gl.J.. I 0.15q-mu pbptJ.UIO- hU1ztJ.Uip
l.J.U1JpG uJubtiwjpg: 

Opn2U1lJ.p pU1p6pmpJmfipg uU1ufiplJ.P Uifil.J.uU1fi 11'1.'pbpbfigJ1U1L hU1lJ.wuU1~ 
pmufi mup hbtnL.JWL mbup[!' 

dV 2 
m- = -mg+KumV : (10. 190) 

df I 

· bpl.J.m UIUqUiu pfimhqph1ntl. (I 0.190) hwlJ. U1Ulllpntli[! L. hlllztJ.'1 U1nfib1ntl 

u4qpfiwlJ.wu UJ.WJUUififibp[!' t = 0, V"' 0, Z = z111,. = ;w en [ l[f J , 
cos arctg _ w V 

g 

umwgtJ.mut. 

(10.191) 
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SbqUI11pt1ml z = o uzUifiUil.J.mpJmfil! (10.140)-mu, 6L.Uil{lnJumpJmfipg 
hbum umUigtJ.mu t . 

(10.192) 

Stq:~t:[Oa~~~(h; :.2))~ ~~:hi 88)(m", :;~m;]t 
iJgl\.w Vg cos arctg _!!!_Vo 

g 

(10.193) 

bpl.J.pnp1111tuwmu uUiufipl.J.p pnpwp oUiuUifiUil.J.1! hUitJ.Uiuwp t . 
tu = tr + twu, (I 0.194) 

npmhq tr -fi uwufipl.J.p pnibtnt awurufiUil.J.fi t upfiilt lllUl}JlWlllllP6Pi pppbqpfi 
hwptlUIO-h1m UJ.lllh[!, tw6 -I!' wfiqpUiqUip6UI0- uwufipl.J.p wfil.J.uUifi OUIUUifiwlm 
upfilL. JuUinfiplti hnppqnfillll.J.Wfi wnwfigpllljpU 1.J.mplJ.Uib-pp uwl.J.bpbu[!: 

Sbqwqph1ntl (10.170) L. (10.184)-I! (10.194)-mu, umwglJ.mu t . 

1 { P'· .. [,,_,,_,,.,"·'"{ ... f'ii,. :} 
!11 = CV arctg - V0 - arccos e + 

VgKw g 

I 
ch( Arth~ V0 sin /30 )) (IO. l 9

5
) 

+ ~ Arth~KwKz V0 sin/30 -Arch -KwU~(s-thA ] 
gKwKz g e 

q..pmhfiU1tntJ. t1 L. tu-[!, [!Utn (10.160) L. (10.161) pU1fiU16L.bpp l.J.U1pb1'1 t 
npnzh1 UUIUUpl.J.P pnpwr up2pu awuwfiwl.J.[!' tup2: 

UjutqpunlJ., (10.81), (10.153) L. (10.161) U1ptnU1hU1JtnntpJntfifibp[!, hU124.P 
U1nfih1ntl (10.152), (10.160), (10.186), (10.193), (l 0.195)-1! L. UjntU up2U1fil.J.Jllll 
pU1fiU16L.bp[!, hfilllpUilJ.npmpJmfi hCi tnllltPU npnzht hnppqnGU1lJ.U1fi mhqw
'1P4.UI0- Juwnutiw UiptnU1l}JlnqUil.J.UICimpJmfil! 1.J.wJulJ.U!b CipUI hpufillll.J.UICi 
UJ.Uipwubmpbppg : 

CCiqmfih1ntl hwumUimmCifibp[!' D = 0,4 ti, d0 = 0,1 u, y = 0,04 m/u
3

, l.jl = 

0,5, \jl1 = 0,8, c = 1,0, s = 0,35 u, Kw= 0,15 u"1
, ~ = 0,35, l.J.UimwptJ.b1 bu hw

UWUJ.UltlllllUJuUIU hU124.U1pl.J.fibp L. l.J.UinmgtJ.b1 qpUI.'ppl.J.fibp [126], npnfig tJ.bp-
1mO-mpJntU[! gmJg t mlJ.bt, np A. -p ubO-U1gmuntJ. JuUinfiplti wpmUiqpnqUil.J.UI
fimpJntfi[! (Q) ul.J.qpmu ubO-wfimu t upfilL. wnU1lJ.b1UiqntJfi[!, pul.J. UIJCimhhmL. 
l}m12plllfimu t: f1..lll plllgwmplJ.mu t .:1 Sur2 L. t~r2 ubO-mpjntfifibpp hwulll
UJ.llltnwuJulllfi tlml{lnJumpJmfinlJ.: 4npbpj1 hhmlllqlll lJ.bp1mO-mpJntU[! gmJg t 
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unJ.bt, n11 WGllJmG[! 21°-pg ubc) rrGmpbtG wGpuwum t, pwGj1 np hwlJ.wnwlJ. qbUJ.
pmu ]uwnG!1tlt wpmwrymflwlJ.wGmpJmGu lJ.wpnfl t lJ.wu tJ.mppwGwt, lJ.wu tt 
wGuzwG pwpopwGwr umuwG OUJ.UlPUWL uwhuwuQ hwuwptJ.mu t 14-21°-Q: 

JO.JO. fuwnlifldJ qftwwtftnpdliw!Jwli hbwwqnwmpJmlilibpft <7pwq}Jfl!J 
L ubftnl)li bfl!J 

UG[!Gqhwm qnpc)nqmf!JWG zubl.JwJpG ]uwnGp2_p qpmwtJ.mpotpp b"pw
qppu t. 

I) zGbl.jp tJ.1w1rnLJf!Gbpp qtwGwJ[lG l.jU1ptJ.wb"pntJ. ]uwnGptlt mumuGw
uppmpJntG[!, 

2) zGblJ.p tJ.1wf!mJPGbpp lJ.nGwlJ.wG 1.J.mpt[wb"}2nt[ ]uwnGptlt mumuliwup-
pntpJntG[!, 

3) hbUluJWL LLIWJlwUbmpbpp OUJ.UlpUWL uzwGwlJ.mpJntliubp!1 pwgwhwJmmtiQ, 
- tuwnGmpllP hwuwubnnt}}JntG[!, 
- ]uwnGptlt WJlU1Wl)pnqwlJ.wGmpJntG[!, 
- ]uwnG'1lP hwqnpl)wlJ.p UJ.whwG2tJ.nq hqnpmpJntG[!, 
- ]uwnGplp mbuwlJ.wpwp tGbpqwmwpmpjntG[!, 
- hnppqnGp GlJ.wmuwup ]uwnGptlt ppwGp pbpm13JwG wG4.JmGQ, 
- ]uwnG'1lP lJ.wtJ.1wpptlt GlJ.wmuwup wuryiw11wpopl pppbqGbpp 13t12m-

}}JWG wlilJ.JntG[!, 
- zGblJ.j1 UJ.U1U1UwG hw6w]unt}}JntU[!, 
- zGblJl1 tJ.bpLp lJbmpg ]uwnGptlt lJ.wtJ.1wp!1lti mbqwlJWJUWG pwpapnq}jllLG[}, 
4) t1tpw]uwnGmp11'1 hwuwubnmp.1wG tJ.pw juwnGtJ.nq pwqwryiw

uwubpp uwmmguwu wql)bgmpJwli mumuGwuj1pmp.1mfi[! L. ]uwnGpi_Jl 
hpuGwlJ.wG u1wpwubmpbpp ozmmuQ: 

Cl-pmwtJ.mpoGwlJ.wG hbmwqnmmpJmGGbpQ lJ.wmwptJ.bt bG twpnpw
mnp-wpmwryiwlJ.wG mbqwlJ.w.1wGpGbpp tJ.pw · wGwumGGbpp uwmqwzp 
pmuwG Gw]ulJ.pG liwpppp zp2wGp bqtJ.wpll'1 hwuwwpmu L. 4wt'1GpGnJp 
zr2wGj1 4wt'1GpGnjp mGmbumpJmGmu: Oqmwqnpb"l[wb" mbqwlJ.WJwGpGbpp 
hpuGwlJ.wG hwuqmJgGtprr bqbt tu zGblJ.j1 tJ.1wpmJpGbpp qtwGwjpG L. 
lJ.nGwlJ.wfi lJ.mptJ.wc)pGbpntJ. ]uwnGpi_GbpQ: ..!.bmwqnmmpJWG qnpb"QGpwgmu 
oqmwqnpb"tJ.bt bu hbmL..1w1 lJ.bpwmbuwlJ.GbpQ. ubliwct, uwGpwgtj_wc) b"qnm, 
unpmG m hwmplJ.wtJ.nptJ.wb" hwuwlJ.gtJ.wb" lJ.bp L. WJtG: 

CGblJ.p tJ.1wpmJPGbp[! lJ.mptJ.wb"p mlibgnq ]uwnGplntJ. twpnpwmnp
WJlU1Wlll1l!J4wG mbqw4WJwGp[} (G4. 10.18) pwq4wgwc) t . ]uwnGJ1lP9 (!), 
ctwUJ.wtlbGwJpG tJ.in]uw11ptiwg (2) L. hbqmlJ. hwtJ.btmuGbpp uwmmguwG 
uwpppg: UJI) uwppQ pwq4wgwb" t ppw4w4np ]uwnGplntl (I5) pwppg (I I), 
UJ.mfoI'19 ( 12), JunrtntJ.wtiwzwpbppg (13) L. tjrnzpwgGnq b"w.1pwUJ.wliw4pg (8): 
IO-pwlJ.wtJ.np ]uwnGp1_Q (15) zwpctmuG umwGmu t tJ.inlJ.wJpfi tJ.in]uwGgmuml 
(16) ttb4mpwzwpctptltg (17), pu4 tqnULlJ.Q (1 2)' mqqw4p tth4mpwzwpdptltg 
(1 8): ..!.bqm4p uwmmgmul! qbUJ.p ]uwnGpl 4wpqwt[npt[mu t tJ.1w4wGml (14): 
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K•) 

3 

ulj. I 0.18. Lwpnp wump-W/IWWIJJ11llljwu ljw1wup/1 ujubifwu (lubljft tf1wp1111pub11/1 

q1wuw1ftu ljmp tfw<)pntf fuwnu/1g1 '1bmwqnmmp1wu bw!Iwp) 

·[ .:>.._,.~ ·~r 
.'~ ~ ,. 

··J 

ulr 10. 19. l/bpbpft Juwnulfwu qnpq;upwg/1 [!0r]l1wump mbup[! 
juwnu/1g1 ljwtf1w11ft!f! hwOtfwa tf/ufwljrmf 

tuwnGpi_[! (1) pwq4wgwb" t tqwm.1wGpg, npp ub2 mbqwt[nptJ.w b" t bp4-
[!Gpwg zGb4 (7): CGtlJll mpwuwqpb"[! 0,4 u t, 0,4 u PWJtntJ. wptJ.wb" bu tJ.lW\}nLJ
pGbpfl 4mptJ.wc)pGbp, wz]uwmwGpwJpG tp4wpmp.1mun 2 u t : luwnGptlt zlih41:! 
tqmmtj_mu t 7,5 44.m hqnpmpjwli L. 2880 pnUJ.·1 hwnw]umpJwG t1t4mpw
zwpctptltg (3): t1t4mpwzwpctptlt UJ.U1mmwptJ.bp[! '12hgtJ.mu bG 16 tJ.m]uwGg
uwG ptJ.ntJ. qLWUWjpG nbllflt4mnpntJ. (4) L_ Zll.flWJW4wG tJ.in]uwGgmuntJ. (5): 

3mpwpwGl.Jmp tJ.inpopg wnw2 ]uwnGmpll'1pwqwl)Pwuwubp[!4zntJ.bt L. 
hwt}wuwpwi_wtj1 qwpmJ.hL bG dwUJwtJ.bGwjjlG tJ.rn]uWl)PPW (2) tJ.pw, npmb
llJlg uwUlmgtJ.bt bG ]uwnGp1_: PbnGwpwtJ.inri. 4gw]unqntJ.wltlig UJ.Wu1pwum)1 
4t pw]uwnGmpq[! mptJ.bt t tJ.m]uWl)PWUP2ng (9): 

CGt4p tJ.pw tlJ.UlUlnrt unubGmp ubb"ntpJntGQ iwtJ.ltJ.bt t mbGqnubmpw-
4wG mtl}llGbpp 4wup2w4J1 oqGmp.1wup: 

CGttiP tqmmuwG hwow:EaoAOaoYA ZflPWJwl[wG tJ.m]uwGguwG wumriw
GPtJ.Gbpp hwtJ.wpwb"ntp oqGmpJwtip tJ.mtJ.m]utlhL t 90-265 pnUJ..

1 
-jl uwhuwGGb

pmu: 
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.(.nppqnGlt G4wmt'iwt'ip zGb4]1 pbpntpJwG wG4JntG£! tlintlinJutlbt t 0-15°-lt 
uwht'iwGGbpmt'i: 

~wt'ibuwmmpJwCi hwuwp tlmpawp4tJ.bt bu wnwCig 4mptJ.wc)p]1 t'ib4 
[!Gpwg Lt [!Ul}hwmtJ.nq tliwpntjpCibpm.J. bp4£!Cipwg zCib4Gbp: '-lbp2]1Gltu 
[!Ul}hwGmp mbu b tlwc) t Ci . 10.20-mu: 

ulJ. 10.20. bplJnupwg li nliTJhwim/mz 
2ubljw1ftu Juwnli/l}.ft nufJhwump mbupn 

OpUJ.buqp npnzbCip wCi11pwriwp-
0]1i p]lpbl'l.Jl pbpntpjwG wCi4JwCi wq
l}bgntpJntfi[! 4bpwtuwnumpl}]1 npw-
4]1 lJ.pw, UJ.WtnpwumtJ.bt t tuwnCilttlt 
hwmm4 4wtl1wp]lt: @-]lpbqfibp[! 4w
tl1wppt]l hbtn u]lwgtJ.bt bfi hnl}W-
4WUJ.bpntJ. Lt hwmmti hwpuwpwCip
Cibplt t'i]12ngntJ. A. wCi4JmCi[! tl1ntl1ntu
tlbt t UJ.WhwCi2tJ.n11 uwhtiwCiCibpmt'i: 

Upt'iwtnwUJ.tnmqGbp]l TK-5 tlm
tuw11p]lt]l uGmgltiJl pwqwJti hltt'iwG 
tJ.pw UJ.WU1pwumtJ.bt L. tlmpawp4tJ.t1 
t Ciwl.t q1wCiwjpCi bp4[!Cipwg [!Ufl
hwmtJ.nq zCib4ntl tuwnCiJit, npjl mpw
t'iwq]lc)[! bqb1 t 0,4 t'i, tliwpmjpCibplt 
PlllJl[!' 0,35 u l.t wz)uwmwCipWJltCi 
bp4wpntpJntCi£!' 2,lt'i: liJqUJ.]lup zCib-
4Ji. lltubnjl UJ.tntnt'iwG hwowtumpJm
Ci[! tl1ntl1n)utJ.bt t 112- 330 pnUJ.- 1-lt 
uwht'iwCiCibpmt'i: 

CGb4]1 tliwpmJpCibpp qnCiw4wCi 4tnptJ.wc)p mGbgnq )uwnCilttntl 1wpnpw
mnp-wptnwflPw4wCi mbqw4WJWUJ2[! (G4. 10.21) pwq4wgwc) t . tuwnCipt]lg , 
dwUJ.wtJ.bCiwJpCi JIT-10 tl1ntuwllPltIB9 (1 6) l.t 2Plt4 pwri.w11pwuwubp[! t'iwmm
gnq uwpppg: 

luwnGP.tl! UJ.WtnpwumtJ.bt t wpt'iwmwuimmqGbpp TK-5 tllntuwllPP.IB 
uGmgpt]l pwqwjp l{pw l.t pwq4wgwc) t pbnCinq pmG4tpntJ. (2) jipwCipg (I) L. 
pbnGwpwtl1n11 qgwtunri.ntJ.w4P.9 (3): P.pwCi[! (I) tllwtitJ.wc) t WUflPWflwp61tt 
pltpbrJ.GbpntJ. 4whwtJ.nptJ.wc) 4wtl1wPltintl (6): luwnCiPiJ1 zCib4G (5) mGp t11w
pntJpCibplt 4nuw4wu timptJ.wcrp 0,45 t'i wnwtJ.b1wqmJCi mpwt'iwqc)ntJ., 0,35 t'i 
CitJ.wqwqmJCi timptJ.wcrpntJ., tllwpntJpCibpp mbqwpwztuuwCi 0,35 t'i pwJ1ntl L. 
2,1 t'i wztuwmwCipwjpCi bplJ.wpntpJWUp (Ciq . 10.22): ~wri.npl}wlJ.p ttb4tnpw
zwpctpt]l (7) hqnpntpJntG[! 7,5 4'-ltn t , tlmbnp UJ.tntnt'iwG hwowtumpJntG[!' 
2880 pnUJ.-I : ttblJ.tnpwzwpctpt]lg zwpdntt'i[! UbUJ.WoL. tlm4bpntJ. tllntuwCigtJ.ntU t 
q1wCiwJpG nbrpnlJ.mnppCi (8) (tllnJ:uwCigt'iwCi pJi.tl[! hwtJ.wuwp t 16-lt), nppg 
2TJ.PWJW4wfi tlln)uwCigmuml_ tuwnGpt]l wubnjJG: Cri.pwJw4wCi tlm)uwGgm\Sn 
pwq4wgwc) t wumqwCijJ.tJ.Gbppg (9), (l 0) L. 2TJ.PlllJP9 (l l ): 
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p) 
ulj. 10.21. Cubljft tJnupnljp ubpft ljnuwoli ljtnpl/wO]lnl/ Juw11uft.']1 [WPllJlWlflllJl
IU[ltnWl)flW/jwu tnb!]wljw1wlip. w) ljw11111glfwcipwmbjuun[nqftwljwu ujuMwu. 
p) nul)hwump wbup[! 

ulj. 10.22. <l>wpmjpubpft ljnuwo[, ljtnplfwbpm/ zubljjJ [!uTjhwump tnbUJl[! 

Qplt4 pwI]_WflPWt'iwutp t'iwmmgnq uwpp£! pwq4wqwc) t bptp gfigmq
(ibpm.J. tun11ntJ.w4lJ.g (12), tun11i11.l_w4w2wpltg (1 3) L. oqwt'il'l.Jlt fibppg (14) l.t (15): 
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JuwnG}ltli 2Clbqj1 UJ.UnnuwG hwuwfumpJntfiI! t{lmpnfut.lbt t 112-330 pnUJ.· 1 

uwhuwGGhpmu, 2rwwJw4wfi l}mfuwGguwG wmnriwfipt.lGbpp hwi.twpwbnLp 
oqGmpJwup: 

CGb41l t.ltpl.tp qbmpg luwnfiptli qw¢wp}ltli mt11wpw2J:uuwG pwp6pm
PJntfi[! (Hzp) ¢nl}mJ:ut.lbt t ppwfip Lt qwl}1wpptli uJi2L. 2t.lbtbpfibp Ulhf\wllflhtni.t: 
UJqUJ.pup uwmmgmuG wuiwhnt.lbt t Hzp-p ¢nt.lmJumpJwG 0,05 - 0,20 u 
uwhuwfi(!: 

3mpwpwGLJmp ¢npojlg wnw2 fuwnfimprl}l pw11wqpwuwubp[! 42nti Lt 
hwt.lwuwpwiwl}1 qwput.lbt bG ¢n):uwqpptli dwUJ.wt.lbGfl t.lJ!w: 

Umwgt.lwb qbpwJ:uwnGmprl}l npwq[! qfiwhwmt.lht t hwuwubnmpJwUp: 
4bpbpf1 JunGwt.lmpJnLU(! npn2t.lht t {!UqmGi.tw<t b11wGw4ni.t: 
Juwnfiptli hw11npqwqf1 hqnpntpJntU{!, mbuwqwpwp tGbpqwmwpm

pJntG[! Lt wpmwqpnriwqwGmpJntG[! npn2t.lbt bG GwJ:u\illGmu Gljwpwqpi.two 
t11wGwqGbpml: 

q.pmwl}mpobpfl mt.lJwtGbp[! uzwqt.lhL bG uwpbuwmpqwqwG tlPl'.iwqw
qpmpJwG h11wGwljGbpml: 

I 0.11. Juwnu}18J q}lwwlfwpduwljwu hbwwqnwmp1muubp}1 
wptymupfibpJJ 

10.11.1. 4bpwjuwnump!Jft npwljf! 

JuwnGpiJl wzJuwmwfipjl qfiwhw\IIUWG hpUGwqwG iW¢wGJ1zCibp!lg t 
u\Ilwgtj_wb qbpwJ:uwnfimp'l/1 npwlm, np(! zwm hwl'.iwJ:u pfimpwqptj_mu t 
hwuwubnmpJwup: 

vnp uzwqtJ.wb wfi(!fiqhwm qnpbnf\ntpjwG JuwnGjliJl qpmwl}mp6bp{! 
hGwpwtJ.npmpJmfi bfi mtJ.bt pwgwhWJUlbL U\Ilwgqwb qbpwJ:uwnGmpqp 
hwuwubnntpjwfi qwJ:uqwbmpjntG(! zGb\ill UJ.mmuwG n hwl'.iwJ:umpjntGpg, 
2Gtqp tj_tpl.tjl ljbmpg JuwnGfliJl ljwl}lwpjltii mtqwpw2J:uuwG H2p pwpopm
pJmfi}lg, tuwnGjliJi qw4_1wpjltli fiqwmuwup wfiqpwqwp6Jii ppptriGtpjl 
pbpmpJwG "A wGljjmGpg, hnppqnfip Gqwmuwup J:uwnGjliJl ppwGp pbpmpJwG 
6 wGljjmGpg, fuwnfitj_nq ClJmpbpfl uwmmguwG q pwfiwqfibpflg L. tuwnfimp
qmu ummqpi pwqwqpwuwu!l c UJ.wpmGwqmpJmGpg: 

Unw2wpqtj_wb tuwnGflintl. qbpbpp fuwnfiuwG wpllJmfiwt.lbmmpJmG{! 
hfluGwtJ.npbtm UUJ.WUlwqntJ. hwutuwmwqwG ¢np6wpqmufibp bG qwmwptJ.bt 
untJ.npwqwG ubq[!Gpwg L. (!Gqhwmmulibpml bplmGpwg <:UwfiwJ/lG zGtqGbpntJ. 
JuwnGJ1iGbpj1 t.lJ!w: 

4hUlwqnU1ntpjwG wpllJmGpGbp(! pbptJ.wb tu qpw!ppqfibpp mbu1m4.: 
vq. 10.23-mu pbptj_wb t J:uwnfimpqp hwuwubnmpJWU (0) qwJ:uqwbm

pjntUI! 2Gbqp UJ.mmuwG hwl'.iwJumpJmG!lg (n): Cl-pw:ppqpg tpl.tmu t, np 2Gt41l 
uimmuwG hwl'.iwfumpJwfi pwp6pwgmunq qbpwfuwnfimpqp hwuwul:mm
pJmfifi wtJ.btwfimu t JuwnGj1iJ1 bpljm qwnmgqwbpfibpj1 hwuwp tr 'l-w pw
gwmpqmu t GpwGnq, np qbUJ.ll JuwnGpiJl jlpwfip qbpl.tp wqwm mwpw-
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ompJmfi uwuG{lqGbpjl Gbmt.lbtm Lt Gtppl.t p2Gbtm dwuwfiwq qwqwpmu t 
Gpwfig wnwGgpwJpG mt11w¢nJ:umpJntfi(!: liJl1 [!Gpwgpmu zGh4I! J:uwnfimu t : 

v4. l 0.23-pg Gwl.t bpl.tmu t, np wnw2wrtii.tn11 tpq[!Gpwg I!fi11hwmi.tn11 
¢wpnljpfibpnt.l qtwGwjjlG zGbqnt.l J:uwnClJiiG UIUJ.Ulhni.tmu t J:uwnGmprl}l 
wi.ttiti LWt.l npwq, pwG rnGqhwmi.tnri ¢wpmjpGbpnt.l ubq(!Gpwg zGbqnq 
J:uwnfipil!: liJUUJ.bU, zGbqp UJ.UllIIUWfi hwl'.iwJumpj ntU{! Ubawgfibtml 112-pg 
upGilt 330 pnUJ.-1 wnw2wpqqn11 qwnmgqwapp J:uwnGjliJl unm J:uwnfimpqp 
hwuwubnmpJmGG wt.lbtwGmu t 55,1-jlg uJ1Gilt 65,5 %, pulJ. itlbpwlJ.wnmg
tj_wo J:uwnClpimu' 51,5 - 58,9 %: CG11hwmqn11 t}lwpmJpGbpnq bpq(!Gpwg 2 Gb
qntj_ J:uwnGJlintU twtJ.npwlJ. J:uwnfimpqp umwgmU(! hbml.twfip t 1.J.bpbpp uwu
fi!lqfibpjl hnupp 1.J.wpl'.i dwuwGwlJ.ntl. qwClqwnfitpjl: 

0,% q=1 .571.jq/uU', c=5.73% 
5: 0 

H,P=0.05 U', u=O 

~ ~ 
100 150 200 250 300 n, iqlll 

uq. /0.23. l//;pwjuwnOmp!Jft hwliwubnmpjwO (8) ljwjutfwmllpJmO!J20bl/ft 
Ujtntnlfw(j hwr5wjump1muftg (n), i)rznwft junOwtfwgliwO TJbUJpmlf 

btfibtntl qbpI! zwpwqpqwbpg , hbmwqw hbmwqnUlmpJmGGbp{! qw
mwptJ.bt bfi upwjfi {!fiqhwmtJ.nf\ bpq{!Upwg z!ihqntJ. J:uwn!iJ1i!ibpmu: 

4bU1wppppmpjntU t GbpqwjwgGmu UJ.Ulpqwpwfibt z!ihqp UJ.UllIIUWfi 
hwl'.iwJ:untpJwfi wqqbgmpJntfi[! J:uwnfimpqp hwuwutmmpJwfi t.lJ!w: 

vq. 10.24. -mu CibpqwJwgtJ.wo qpw!ppqfibpp tJ.bptntbmpJntfiI! gmrn t 
mwitiu, np n -p ubbwguwG uqqpfiwqwG qmttmil (u!lGil.t 225 pnUJ.-

1
) J:uwnfimp

qp hwuwubnmpJmfifi wtJ.htwfimu t wqblti pfimbfiu/ltJ., pwfi ittp2mu (n > 225 
pntq.1) : liJUUJ.bU, n -I! UbbWfiWWU 90-!lg Upfii h 225 pOUJ.-I Ubfiwd[! UUlfipwg
i.tw0.0'1lllilj1 hbm J:uwnfititiu J:uwnfimpqp hwuwutnmpJntGG withtwGmu t 84 -
119 UpfiiU 92,l o/o, puq n -I! 225 -pg Upfiilt 265 pOUJ.·I pwpopwgfibtnt qbUJ.POlli' 
92,l -pg upGilt 93,2 %: tipzm WJqUJ.Pup hpltntjp t Gqwlilqmu fiwl.t oqnmp 
J:unfiwqwguwfi qtuwmu, npmhq hbmwqnmtlht bfi n-p tlJnt}ln):untf}JnLGI! 112-
pg upGiL. 330 pm.t(1 up2wqwjpntU (Gq.10.23): 4tml.twpwp, J:uwnfintpqp tWlJ. 
npwlj, wJupfipG wqhlti hwuwuhnmpJntG, wUJ.whntlbtm hwu_\"P UJ.bmp t 
zCibqp UJ.UllIIUWfi otqmpuwt GzwCiwqmpjntfil! hwuwpbt 300 Jlfilll : 
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86f----7"'tbt'f---,~~-->,---,-+----+---~ 

84i---.r:.....-.;~~~-+----+--~-+---~ 

80 120 160 200 240 n, 1.11111· 

ul1- 10.24. JuwnumplJft hwlfwubnmp11110 (Q) !JwjulfwompjlllO[! zOblJft 

UJmmtf1110 hwlfwjump1mOftg (n). 
1-uMwd[J U!znm/1 hbm, 2-uMwd[J pwtfp1111Jf1 ubptfbpft IJbqLfl hfim, J-ubuwd[! 
hwmPIJ111lfnpl/1110 hwtfw!/glfwo !Jbpft hbm, 4-ubOwd[J unpmO hwtf1111Jgl/1110 
!Jbpfl hlim 

IuwnlimpllP hwuwubnmpJwli ilJlw 4tpbpp juwnlip.i_ uwmmgbtm (q) 
wqqbgntpjmli{! npn2btm hwuwp 11Pmwp4tlip u4. 10.25-mu pbptJ.wO- qpw
:Ptilm: u4wpti 4npbp{! gmJg tli mwtlm, np 11PmwplplwO- pntnp 4tptpj1 uw
mmgmuu wt{btwglibtlm fuwnCimpllP hwuwutmmpJntU{! lit{wqmu t uwpt{n11 
pfimbliupt{mpJWUp L. npn2w4}1 q ubo-mpjwli hwuutttiu ufimu t hwumwmmfi: 
UJu111t.u, ubfiwou unpmli hw1htri:Jgt{wb 4t.pp ~bm juwnlibttiu Juwnlimflllp 
hwuwubnntpjntfi{! lit{wqmu t 93,6-pg upli.i_L. 88 %, bpb uwumtgmuli wt{btW
limu t 1,3-pg upli.i_L. 5,2 4qfi-l: bpp uwmmguwfi li2wliw4mpJntliI! hwulimu t 
5,2 4q/t{, JuwnlimpllP hwuwubnmpJntli{! ulimu t hwumwmmli L. hwtJ.wuwp t 
88 %: IuwnfimpllP hwuwubnmpJwli lit{wqmu t u4wmt{mu uwmmguwa wyh
twguwfi qtuwmu: LI-w pwgwmplj_mu t Juwnlip~mu 4t.pbpj1 l9ilwli ~tlbtw
gmuny L lipwlimu wqwm mwpwampJwfi tltnppwgmuml: IuwnfimpllP hwu
mwumtG hwuwubnmpJntfiI! uwmmguwfi 5,2 4q/q-p qt11111mu hwuwptJ.mu t 
uwhuwClwJ\lfi L. juwnClptli wpmwqpn11w4wlimpJmli{! limJliuitu hwulimu t pp 
uwhUwGpfi L. uwmmguwG htmwqw wtJ.htwguwG ctwuwfiwlJ. ~'1 pwp6pw
limu: 

Ummqp~ pwqwqpwuwup (ubfiwd) 111wpmfiw4mpJWU (c) wqqtgm
pJmun juwnlint[lllP hwuwuhnmpjwfi tlrJw 4wphtlJ t nupnfibt Clq. 10.26-mu 
ptpywa qpw:pp4pg: 
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0=1801.11111·' 

i--:~~-7Y---t----!r O=Oo 

54L._ _ _J_ _ _L _ _ L.__~...l----:'-::------:--' 

1.0 2.0 3.0 4.0 5.0 6.0 q, ljq/I{ 

u!J. 10.25. JuwnOmpIJft hwtfwulmmp11116 e 1Jwjulfwi>mpjm6[! !Jbfllip[! Ju111116/ll 

tfwmmgfi[m (q) pwOwlJmJJ1mOftg. 
1-ufiOwd[l U!znm/1 hfim, 2-ufiOWd[! pwtfpw!Jfl ubptffip/1 IJli'lL/1 hlim, J-ub6wd[! 
hwmfl!Jwlfnplfwo hwtfw!Jglfwo !Jfip/1 hbm, 4-ub6111d[! unpmO h111tf1111Jglf1110 

!Jbpft hlim 

0,% 

94 

92 

90 

88 

86 
60 70 

n= 1801.11111 ·' 
o=0° q=3~q/i.t 

80 C% 

u!J. J 0.26. JuwnOmplJft h111tfwubnmp11110 fJ 1t111Jul/womp1mO[J ummq/1/ 

pl11f[Wl]J1Wtf111uf1 UJl11pm61111Jmp1m6flg (c). 
1-ubOwd[! 01Jnmft hbm, 2-ub6wd[! p111tfp111!/ft ubptfbpft ltli11Lft hlim, J-ubOWd[! 
hwmft!Jwlfnplfwo hwtiw!Jglfwu !Jbp/1 hbm, 4-ubOwd[! unpmO h111tfwljg lfwu 

ljbpft hbm 

u\i . 10.26-pg tpLmu t, np c -j1 ubO-wgmuntJ. JuwnClmpqp hwuwutnm
pjntU[! (8) 4wpnT\ t wtlbtwliwt L fi4_wqt1_, np{! l}wju4_w0- t UJmU juwnCltln'l 
PWT\Wl}PWUWU\1 :PJ:tqpl}wutjuwCl\14w4wfi hwml}mpjmClfibp)lg, uwufiw4_npw
UjbU upw aw4_wtwJpfi qwfiqtJ.wapg: Oppfiw4}1 hwuwp, uhliwctp (aw4_wtWJ\lfi 
qwGqtlwb{!' 150 4q1u3) L. crqmn)l (0-wtJ.wtwJpfi qwfiqywb{!' 32 qq/u

3
) Juwn

Gmpqp hwuwp c -fi uhO-wgClttntl. Cll}wm4_nuI t 8 -p utO-wgmu, np[! pwgw
mp4_mu t l}hpbpp UhO awtJ.WtWJ}1U qwuqqwap UjWpmClwlJ.mpJWUp: 
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Urnwgljnq 4bpwluwnumpajl npw4p tlJiw tw4wu wq11bgmpJmG mub(i 
tuwnG}ll]1 bp4pwiwlj1w4wu uiwpwubrnpbp{!, npnGg pt{mu' hnppqnGjl G4wrn
uwup tuwnGjll]l ppwGp pbpntpJwG 8 wG4JntG{!: Li4. 10.27-mu pbpt{wb" t 
tuwnGmpriJl hwuwuhnmpJwG 0 4wtut{wb"mJ3JwG qpw:PJ14I! 8 wG4JmGjlg, npj1 
hwuwowJO 8 wG4JwG Ubb"wguwG l}bUJ.pmu tuwnGmp'lP hwuwubnmpJmuiJ 
wi.J.btwGmu t hbrnwqnrnt{nq pntnp 4tpwtuwnGmp11Gbpp hwuwp: liJ'lUJ.Jlup 
opjlGwlwljlntpJntG(! pwgwmpt{mu t GpwGnt{, np 8-ji ubb"wguwG 11tuipmu 
4h11b11Ji uwuGjll1Gb11(! Gbrnt{mu bG 4tphpjl hnupp wnwGgpwJpG rnbqwttJn
lumpJwG hw4wnw4 mqqmpJWUp L. Guiwummu wt{btJi npw4nt{ tuwnGuwG[!: 

8,% r------.------,----~ 

C=83% 

94~---~~---__Jl__ ___ __J 

0 5 10 o0 

ulj. 10.27. !uw110mJ7IJP hw tfwubnmp;wO 6> ljwjulfw<Jmp;mull hnpftqnOfl 
Ol1wwtfwtfp /uwnOft,!fl flf1w0fl p bpmp;wO wuljy116ftg (o). 
1-ubUwdLI <Jqnwfl hbw, 2-ubOwdlJ pwtfpwljp ub11tfbpft /jbIJLP hbw, 3-ubuwd{} 
l11um/1/jwtf1111tfwcJ hwtfwljgtfwu ljbpft hbw, 4-ubUwdLJ unpmu bwtfwljgtfwu 
ljbpft hbu1 

luwnGJlll1 hw2np11 4wpW1p UJ.Wpwubmpbppg t zGh4Jl t{bpl.tp 4hmpg 
4wlj1wpjllJ1 mbqw4wJUwG pwpapmpJntG{!' H2P -G: H2P -Jl wql}bgntpjntG(! 
tuwnGmpqp hwuwubnntpJwG t{pw uiwpqhtm hwuwp 4wrnpt{bt bG up zwpp 
hbmwqnumtpJmGGbp ((!um b"qnmp tunGwt{wguwG): Urnwgt{wb" wpl)JmGp
Gbpf! phpt{wb" bG 04. 10.28-mu: 

Li4. 10.28-Jlg bpi.mu t , np H2p -Jl ut<'l"wguwG u4qpGw4wG z112wGmu 
luwnGmpqp hwuwubnmpJmG(! ubb"wGmu t wt{btJl JlGmbGujlt{, pw(i H

2
P-Jl ubb" 

Gzwuw4mpJntGGbpp dwuwGw4: '1-w pwgwmpt{mu t GpwGm{, np Hw-'1 ljmpp 
GzwGwL1mpJmGGbpJ1 cJwuwGw4 Ghtntlwb" uwuGJ14Gbpf! tuwnGjlljl LJ.wlj1w
PPLJ1G hwptlwb"btm 1.t GpwGJlg wGl}Pwl}wnGwtm uiwhpG wpwqmpJmGGbpG 
mGbGmu bG utb" GzwGw4mpJntGGbp, Jlu4 uwuGJ14GhpJ1 pnJlmJl cJwuwGw4f! 
ljmpp t, J1Gm GUJ.wummu t hwUwubnmpJWU J12tguwG(!: H

2
P -p uhb"wguwG 

hbm 4wi.J.1w11)1L)1G hwpt{wb"nq m GpwGjlg wGl}Pwl}wponq uwuGJ14Ghpp wpw
qmpJmGGbpf! i.J.mppwGmu l.t unmhGmu hG jlpbGg uwhuwGpG' qpnJJlG hwt{w
uwp, npf! 1.t wnw2wgumu t uwuGJ14GbpJ1 pnJlwJl dwuwGw4J1 hwuwuiw-
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mwutuwu uhb"wgmu, l.t npUJ.bu hbrnl.twGv' tu wnGmpT}jl hwuwubnmpjwG 
wt{htwgmu: 

uft. 10.28. !uw116mpl)}l hwtfwulinmp;wu e ftwfutfwmup;mOlJ 2uliftp tflipLft 
ftbwftg ljwtflwpft,!fl wbIJwftw;tfwu pwpdpmp;muftg (H2p) cJl]mnft funuwtfwg-
1.fwu IJbUfpmtf 

Li4. 10.28-mu pbpt{wb" rntlJw1Ghpf! hGwpwt{npmpJmG bG mwtJlu bqpw-
4wgGt1, np H2p -'1 ouimJ1uw1 GzwGw4mpJmG(! UJ.bmp t (!GrµnGht 0, 15 u, pwGJl 
n11 l}pwGJlg uhb" f!G11mGbij1u tuwnGmp'lJl hwuwubnntpJntG(! qnpb"Gw4wumu 
w ubb"wGmu: UwlJ.wJG WJU 11tuipmu L.u WJU l}wqumu t 79,3 %, np(! gw b"p t 
pmJ1wmpbtJ1 GzwGw4mpJmGpg (85 %): 

Uuljlni.J.1t1nt{ t{bpf! zwpwl}Ptlw<'l" GJmpf!, hpuGwtlnptlmu t, np q1wGwaL. 
f!Ul}hwm ttJwpmJpGbpnt{ bpl}f!Gpwg zGh4nt{ tuwnGplf!, npp zGb4J1 t{bpl.tp 
4tmpg 4wt}1wpplf! rnhqwpwztut{w b" t 0,05 u pwpapmpJwUp, l.t zGh4Jl 
uimmuwG hw6wtumpJntG(! 180 pnUJ.-1-Jlg i.J.mpp Lt, wUJ.whnt{mu t luwnGmpl}p 
UJ.WhwG2t{nq npw4 mwppbp 4hpbp tuwnGbtJiu: 

IuwnGmpajl npw4I! pwpb1wtlh1m GUJwrnw4ntl, hwml}wuit u 4nUJ.pUl 
4.hpbp(! lunGwt{wgGbtm hwuwp, npG mGjl l}wp"l.tnp GzwGwl}mpJmG ppJ14h
mwt{npuwG tiwu hwtnjlJ.iwt{n11uwG dwuwGw4, uzw4tlbt t WUl}PWl}WflOPl 
uwppnt{ tuwnGjiL: liJG pptGjlg Ghp4wJwgGmu t up zwpp ppptqGtp, npnGp 'A 
wG4JwG rnw4 wupwgt{wb" bG 4wi.J.1wpjllJ1 hwppmpJWG(!: liJ'lUJ.PUJl tuwnGplJi 
hbmwqnmmpJwG wpl)JntGpGbpf! b"qntn[! funGwt{wgGbtm 11tuipmu pbptlwb" 
bG G4. 10.29-mu: Li4wpjlg bp"l.tntU t, np f!GrihwrnmuGtpntl qtwGwjjlCi zuttimJ. 
fuwnGjlLmu 4wlf!wpJli '1 hwppmpJwG G4wrnuwup wG11pw11wpapl ppptqGtpp 
pbpntpJwG 'A wG4JntG[! 0 - 20° utb"wgGbtJlu, fuwn Gmp'lP hwuwubnmpJmGG 
w6mu t 79,3-flg uflGLL. 87,9 %: 'l-w pwgwmptlmu t uwuGJ14GbpJ1 wtlbtJl 
flGtnbGuJltl gpt.J.btm.t, np{! L. WUl}PWl}WflOWb" uwuGJ14Gtpp tnwppbp u4qpGw
lJ.wG wpwqmpJmGGbpJl hbmL.wGp t : UGl}PWl}WfloflL pflptqGbpJl hp4wpm
JlJWUp hwpt{wb"fl UJ.WhpG j.lwuGf14Gt p{! pwpapwGmu bG mwppbp Lwi.J.rnnt{: 
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l:uwnGmplJll npwl{G tt wtlhl.P pwpopwgGhtm Guiw111wqn4 lizwlttlht t 
Gnp )uwnGpi, npp zGbl{G mGjl [!Gqhw1114n11 ltnGwqwG tj1wpmJpGhp: liJf) )uwn
GliiP hb111wqmnntpjwG wp11JntGpGhp[! GntJGuihu phptlwa hG Gq. 10.29-mu: 
\..qwppg bphntu t, np )uwnGmpqp hwuwuhnmpJntG[! [!Gqhw1114n11 ltnGwl{wG 
zGhl{n4 )uwnGpintU w4hlli LW4 t, pwG [!Gf}hw1114n11 tj1wpmjpGbpn4 qtwGwjpG 
zGhltm1 )uwnGptmu: 

\..q. 10.29-p l{nphpp hh111wqw 4hptmampJntG[! hwu111w111mu t, np 
)uwnGptll qwt):iwpptll Gl{w111uwlip wG'lflWl}WJ16p,1_ IJpph11Ghpjl oui111pliwt 
wGltJmG[! 15-20° t, pwGp np WJf) wGltJwG hb1.11wqw uhawgmli[! phpmu t 
hwuwutnmpJwG wGG2wG w4hiwgmu: A. wGltJwG WJf) uwhuwGmu )uwn
Gmpqp hwuwubnmpJntG[!, npG umwg4bt t [!Gl}hwmmuGbpn4 qtwGwJ]1G 
zGbqn4 )uwnGpintli, l{wqumu t 86,8 - 87,9 %, pul{ [!Gf)hw1.11muGbpn4 qnGw
qwG zGhltn4 )uwnGp,1_mu' 92,8 - 93,4 %: 

e,% 

C\J~hwu11tn11 <11w\Jw1~\J zllt4nlj Juwo\J~1 

75~~~...L......~~.......L...~~-L~~---l 

0 5 10 15 ')..,0 

ulj. 10.29. fuwnumpIJ/1 hwlfwulmmp;wu e. ljwfulfwomp;mup fuwnuftlft 
ljwt/Jwp/1;/1 bwppmp;wu uljwwlfwlfp WUIJJ1WIJWpdft,!f1 pbpmp;wu wlilj;muftg 
(;I.,) <fl711m£1 /unliwl/wgubfm IJbUJpmlf 

UjUUJpun4, )uwnGntpl}p wuhGwtw4 npw4G WUjWhn44mu t [!Gl}hw
U1ntUGbpn4 z!iblJ.n4 )uwnGptmu, npG mGp t11wpmJpGbpp l[nGwqwG 
lJ.1.11p4wapGbp : 

10.11.2. Juwnuftift WflUlWIJPllIJW!/WUlllj}jlllUf! 

4bpw)uwnGntpl}Ghpp uiwmpwumuwG wpU1tul}J1WUwubp Gwjuw
qahlliu qwphnp GzwGwlJ.mpJmG mGp )uwnGp.1.}1 wptnW'lfln11wlJ.wGmpJntGI!: 
f).pwGn4 t UJWJuwGw4np4wa qhphpjl Gw)uwuiw1.11pwu1.11uwG m )uwnGp.1. 
uw1.11mguwG pntnp mh)uGntnqflwljw!i qahpp uhph!iwGbpp m uwppw4npmu
Gbpp !!GtnpntpJntG[!: 

4.hp[! 2WJ1tul}Pl\wapg htCihLn4, qwmwpl\ht bG up zwpp qpmwtjmpobp, 
npuituqp npnzhL )uwn!ijll uw1.11mg4n11 qhphpp (q) )uwn!intpl}ntli ummq]1.1. 
pwqwrwwuwuf1 (c) UjWpmGwqntpjwG, zGhljf1 ui1.11muwG hwow)untpjwG (n), 
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hnppqnCip Gqw111uwlip )uwnCi]1tll ppwG]1 phpntpJwG wGltJwG (o) h zGhl{p 
4hphf1 qh111f1g )uwnGptll qwi.Jiwpptll m!HJ.WIJilUWG H2p pwp6pmpJLUG wq11h
gmpJntG1! wnw2wp44wa l[wnmgtlwb-}2]1 zGhl1wJf1G )uwnGptll wptnwl}Pn11w
l[wGntpJwG tlJ1w: 

L.4. 10.30-mu php4wa hG )uwnGJ1iP wp1.11wllJ1n11wl[wGmpJwG (Q1u) 
tlmi.Jin)untpjwG oppGwtwtlintpjmGGhp[! )uwn!i4n'l 4hphpp uw1.11mguw!i 
ubampJmGpg (q) 4w)u4wa: 

Qfu, U1/d 

20.0 

16.0 

12.0 

8.0 

4.0 

n=1B01m1.11 
·1 

<5=0' 

/"° 

/ 
/ 

0 1.0 2.0 

~ 3 
ii 

~ 
~ 

0,/ ~- -/ 

~""' ..1. - - -

3.0 4.0 5.0 6.0 q, ljq/q 

ulj. 10.30. /uwnuftz/1 Wj1WWl]fl11ljWljWumpjWu (Qfu} ljw}ulfw®1pjlllU[! fuwnu/1,! 
lfwmmglfnIJ ljbpbpft pwOwljftg (q). 
1-ubuwdp inznwft hbw, 2-ubliwdl1 pwlfpwljft ubplfbp/1 f.JbT/l.tft hbw, 3-ubliwdf! 
hww/11.jwlfnplfwo hwlfwljglfwo ljbpft hbw, 4-ubliwdf! unpmli hwlfwljglfwo 
ljbpft hbw 

q.pw:f>f1ltf1 111tl.Jwtlihp[! gmJg bG mwwu, np q -f1 uhowgmum/ juwnG}ltP 
WJ1U1Wl}pn11wlJ.wGntpjntG[! ulJ.qpGwqwG 2112wGmu uhawGmu t nt'lP'l hwuh
liwtnwlJ.wG oppGw.1.wtj1mpJwup: Up1.11wl}Pn11wqwGmpJwG (Q1u) WJl}utpup 
libawgntlil! Gl{w1114mu t u]1!i.1.L. npnzwltp uwhuwCiwJpG GzwGwl[mpJntG!! 
(Qiuuwh), np[! plimpwqp4mu t jntpwpwGijntp tnhuwlJ.P Iuwn!iptll hwuwp quwh 
uw1.11mguw!i GzwGwqmpJmGn4: UwhuwGwjpG uw1.11mgntu[! (quwh) uhawgGh
ij'lu WJ1111W'lJ1Il'l.WlJ.wGntpjwG uhantpjntG[! uGmu t hwu1.11wmmG h hw4wuwp 
Qiuuwh-p, npl! pwgw1.11p4mu t quwh GzwGwqmpJwG hwuwp tuwnGpw pn11wp
l{n11 m Gwljmpjwup: \..11. 10.30-pg Gljw1.11Ljmli t Gwh, np o = 0 h n = 180 pnut·' -
p l}htl!l2mu )uwnGptll wptnWl}Pilf1WlJ.wGmpJWG wnw4htwqmJG uwhliwGwjpG 
CizwGwltmpJmGGhp{! hw4wuwp hG. uhGwdp m aqntnp )uwnGmplJll hwliwp' 
Qtu.uwh = 10 m/cJ quwh == 2,8 qq/4-f1 l}hUjpmu, uhGwcJ]1 m pwupwlJ.P uhplihpp 
juwnlimpl}p hwuwp' Otuuwh = 13,6 m/cJ quwh = 3,8 ljq/4-p l}hUjpntli, uhGwcJp m 
unpmG hwuw4g4wa ljhpjl )uwnGmplJll hwuwp' Qiuuwh == 17,5 111/d quwh = 4,9 
qq/4-Jl qhUJpmu, uhGwcJjl m hwmj1qw4np4wa hwuw4g4wa lJ.hpp )uwnGntpl}jl 
hwuwp' Otuuwh = 20 mid quwh = 5,5 ljq/4-f1 l}hU112ntli: 
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4bpwjuwnGmpqmu ummqp~ pwqwlJPwuwup UJ.WpmGwltmpJwG (c) 
wqqhgmpJmG[! juwnGflw wpmw1JPnqwlJ.wGmp3wG tlPw GhpltwJwgtlwO- t ul.J.. 
10.31-mu: 

· n=180pnu(1 

o=o· 

8.0 .=::----~---...1.._ __ __J 

60 70 80 C% 
"Ulj. 10.JI. Ivwnuftlft wpww1J11nl/wfJwump.1wu (Qp) {jwfulfwt7n1p.1mul! 

fuwnumplJllitf uwmqft.! PWl/WIJ11wtfwuft UJwpmuw{jmp.1muftg (c). 
1-ubuwd!J ifIZmnft hbw, 2-ubuwd[! pwtfpwljft ubptfbpft fJbIZb.ft hbw, J-ubuwd[} 
hwwft{jwlfnplfwii hwtfw(jglfwii ljbpft hbw, 4-ubfiwd[J unpm(i hwtfwljglfwii 
ljbflbfl/1 hbw 

Cl-pw:f>pl.Jpg (Gl.J.. 10.31) hpLmu t, np c -p wt1t1wgmumI Q,., -G up qhUJ.
pmu wtlh1wGmu t, flul.J u3mumu' lfmppwGmu: liJUUJ.bu, ubGwctnt1 (O-wt1w1w
JflG qwGqtlwO-l! ' ) 50 4q/U

3
) m 0-qmnntl (32 4q/u3

) c -p ubo-wgnu1ntl juwn!iflw 
wpmwqpnqw4wGntpjntU[! ubo-wGmu t , pw!ip np Wjf1 qhUJ.pmu uhO-wumu t 
juwnGmpqp O-wt1w1w3pG qwGqtlwG[}: UhGwdpg m pwupwltfl ubpuhpp 
ltbqLpg juwnGmpq UJ.wmpwumhlflu c -G ubO-wGwlflu juwnGp~p wpmwqpnqw
qwGntpjntfi[} tlmppwGmu t, np{! pwgwmptlmu t juwnGmpqp O-wt1w1w3~G 
qwGqtlwO-p hwuw UJ.WmwujuwG lfinppwgmun4: 

Cl-pmwtlmpohpp dwuwGwq pwgwhwJmtlht t !iwL juwnGflw flpwufl 
pbpmpJwG wGllJwG (&) wqqhgmpJwG pGntJPl! Gpw wpmwqpnqw4wumpJwG 
tlPw: 

"1.,4. 10.32-pg mhuGmu bGp, np & wfillJwG ubO-wgmuntl juwnGpw 
wpmwqpnqwqwGmpJntU{! lfinppwGmu t: 'l-w pwgwmptlmu t Gpwuntl, np 
juwnGpw wnwGgpp bpqwpmp3wup 0-wGpmpJwG mdp mgsin& pwqwqpp~G 
mqqtlwO- t wupnq2 qwGqtlwO-p mhqwlfinjumpJWG[! hwqwnwq: liJ'l mdp 
GbpqnpO-mpJwG mwq Gtlwqmu t uwu!ipq!ihpfl mhqwtfinjumpJwG wpwqm
PJntG[!, mump L' juwnGJlifl wpmwqpnqwqwGntpjntG[!: liJUUJ.l:iu, hwuw6wJG 
G4. 10.32 -p, ubfiwdl! pwupwqp ubpuhpp lJ.hqLp hhm juwnGhL}lu juwnGpw 
wpmw1JPnqw4wGmpJntG[! l}lnppwGmu t 13,6-pg upuiL 7, l m/d, hpp & 
wullJmG[! uhO-wGmu t 0-pg upGiL 15°: PU1_UJ.hu mbuGmu hGp, UIJU qbummu 
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wpmwqpnqwltw!imp3mGl! !itlwqmu t hwuwpJW hpltm wGqwu: P.hwpl.J.h, 
upwdwuw!iwlt umwgtlmu t pwpop hwuwuhnmp3wG lJ.hpwjuwnGmpq: 

n=180rinu(
1 

4 .QL_ ____ ..___ ____ ...._ ____ ...,. 

0 5 10 s 
"Ulj. 10.32. Juwnuft.!ft wpww1J11nl/wfJwump.1wu (Qp) ljwful/w'"11p.1mu1J hnpftqn
uft uljwwtfwtfp ftpwuft pbpmp.1wu wufJ.1muftg (o) . 
1-uMwd[J iilznwft hbw, 2-ubUWd!J pwtfpwljft ubptfbpft fJbIZb.ft hbw, 3-ubfiwd/} 
hwwftljwl/npl/wO- hwtfw{jgl/wii ljbpft hbw, 4-uMwd[J unpndi hwtfwl1gl/wu 
ljbpft hbw 

lvwnGp~p pwpop wpmwl}]1nqwqwGntpjntG L upwdwuwuw4 pwp6p 
hwuwuhnntpjwG 4tpwjuwnGmpq umwGw1m hwuwp WJUmhq GntjUUJ.bU uhO
qhp tu qwmwpmu 4wlfiwpflw tlPw hwtlwptlnq wGqpwqwpofl ~ pflphq!ibp[!, 
npG wpqhG tlwqopnp WUJ.wgmgtlbt t : 

CGh4p UJ.mmuwG hwnwjumpJntG[! (n) Lu twqwu wqqhgmpJntu t 
pnq!imu juwnGflw wpmwl}]1nqw4wGmpJwG tlPw: "1.,4. 10.33 -mu pbptlwO
qpw:}lpt.iflg G4wumtu blip, np n -fl uh0-Wgmunt1 uhO-wGmu t uwL juwnuflw 
W]1U1WIJPilllW4WGntpjntU!! (Qiu): 'l-w pwgwmptlntu t juwnGntpl}p uwuGpq
Gbpp wnwGgpWJpG mhqwlfinjumpJwG wpwqmp1wu uh0-Wgmunt1: .c!,hmwqw 
tlhp1mO-mpJntG1! gmJg t mtlht, np juwnGflw wnwtJ.h1wqm1u wpmwqpnqw-
4wGmpJmG[! qwqumu t 25 mid, 2Ghl.J.p UJ.mmuwu hwnwjumpJwG 265 pnUJ.-1 

Gzw!iwl.JmpJwG qhUJ.pmu: 
CGbltfl tlhpLfl qhU1P9 juwnGflifl 4wl}lwpflw tnhqwl.JWJUWG Hzp pwpo

pntpjWfi wqqhgntpjntG{! juwnGflw wpmwqpnqwlJ.wumpJwG ttrw hhmwqnm
tlht t Q-qnm{! junGwtlwgGhtm qnpG(}Gpwgmu (G4. 10.34). pwgwhWJtntlbt t , np 
H2P utO-mpJntGG wGGzwG t wql}ntU juwnfip~fl wpmwqpnqwqwumpJwu tl.Pw, 
{!UUl npmu, Otu = f (H2p) -'PmGqgpwJfl lfi.nlfinjumpJntG{!, ltwlutlwa 2Gbltfl 
UJ.mmuwG hwnwjumpJmupg (n), mhajl t mGl:iGmu mwpphp 6Lntl. n -fl hwub
uwmwpwp lfinpp GzwuwqmpJmGGl:ipfl l}hUJ.Pmu (164 -225 pnUJ.- 1

)' Otu -u 
ubO-wGmu t : Otu -fl WJllUJ.flUp lfinlfinjuntpjntU{! pwgwm]ltlntU t 2fih4fl uwl.J.
hphupg uwuGfllJ.Ghpp GbmuwG wpwqmpJwG (V0) hwuwUJ.wmwujuwG tlmlfin
jumpJmGntl, np[! hpuGwl{wGmu qwjutlwa t 2Gbltfl UJ.mmuwG hwnwjumpJm
Gflg (n): 
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Oru,1.11/d 1--,-----,-------,----.----~ 

C=83% 

80 120 160 200 240 n,pnuf1 

uq. 10.JJ. Juwnuft.!/J WJ1UlW!]J7n!JW[/wfJmp;wfJ (Q/u) [/wjutfwump;mfJ[J 20bl/ft 
u1mwtfwfJ hwowfump;mfJjJg (n). 

1-ubfJwd[! 07[11mft hht.n, 2-uhOwdf! pwcfpw[/ft uhptfbJJft {/b!JLft /Jt;m, J-ubOwd[! 
l1wwf1[/wtfnJ1tfwo hwtfwqgtfw<> [/bpjJ hbm, 4-uhfJwdf! unpmO hwtfw{/gtfwu 
qbp/1 hbm 

0,.,1.11/d 

10.0 

9.0 

8.0 

7.0 

6.0 

5.0 

4.0 

3.0 

300 
~ 

.... ' -
-

L.... 

A.=15°, n,pnllj · 1 

--- --
I-" --

B_5 

~ 
I 

0.05 0.15 0.15 H2~ 
ulf. J0.J4. JuwnfJh/1 WJ7WW!]J7fl!JW!/WfJntpjlUU (Q/u) qwjutfwcm1p;nzfJ[! l fJh/ 
tfbpl.tft l;bmftg l;wtfzwpft.!/J t.nh!Jwl;w;tfwfJ pwpapmp1nzfJjJg (H

2
p) · 

<!.wubUwmmpJwG hwuwp ulj. 10.34-mu pbptJ.wet t mhuwqwu qnp(! 
~4htnwqbntJ. qnp(!), npu hwztJ.wpljtJ.ht t (10.10) pwfiw6LntJ.: flu2U1bu bpLmu t, 
pqm qtuwmu tt Qtu = f (H,p) :Pmfiqg}lwfi mup tllntllntumpJwfi upL.GmJfi 

pfimpwqppl!: H 2P -jl tnbuwqwfi L qpmwipnpofiwqwfi lizwuwljmpJmfifibp}l 
2t11.muu ltwtutJ.wet H2P -}lg qmfitJ.mu t 2,2 - IO %-}l uwhUwfiubpmu: 
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10.11.3. Ivwnfiftlft tfilipqlnnftl;wl;wO gmgwfift2illip[! 

Iuwnfi}l2fibp}l uwtuwqMwfi awuwuwq qwpL.np uzwuwqntpJmfi mfip 
qptnbuwl wztuwtnwfipwJ}lU opqwfiuhpp '4J!w wqrµu1 pbnutJ.wbntpJntUI!, 
}lfi2U1bu fiwL hw11.npqwl}}l UJ.whwu2tJ.n11. hqnpmpJillUI!: fl.pw hbtn lJ.wUJ.tJ.wet 
qptnwqmpofiwqwfi hbtnwqntnmpJntUfibpp l!fipwgpmu 4wmwptJ.ht t zGhltli 
l.Pubn}l tJ.pw UJ.UlUlll!J. unuhump 2wtltmu, np}lg hhtnn zuhltli hwjmUp UJ.U1U1UWU 
hw6wtuntpJwfi L tuwnfi}l2/1 wpmw11Pn11.wqwfimpJWU qhUJ.J]ntu hwztJ.wpqtJ.bt 
bu tuwnGJ12/1 hwqnpqwqti UJ.WhwG2tJ.n11. hqnpmpJntG[! L. ml:mw4wflWfl. 
tfibpqwmwpmpjmG(!: UtnwgtJ.wet WP'lJntGpGbp(! qpw:pp4fitpp 6L.ntJ. pbptJ.wet 
tu liq. 10.35- 10.40-mu L. WIJ.Jmuwlt 10.l-mu: 

M,UJl11,vlf 

1.0 2.0 3.0 4.0 5.0 6.0 q,ljqlll 

uq. JO.JS. COhl//1 lf1uhn/1 tfpw UJUlUlll!J tfntfbOmjJ (MU/UJ qwjutfwump;mfJ[! 
fuwnfJftl tfwmnzgt/nl/ qbphpft pwOwqjJg (q). 
1-uhfJwd[! OI]nmft hht.n, 2-uhfJwd[! pwcfpwqft uhptfhpjJ !/h!JL/1 hbt.n, J-uh/iwd[! 
hwt.nftqwtfnptfwc)" hwtfwqgtfwa- qhpft hht.n, 4-uhfJwd[! unpmfJ hwilwlfgtfwo 
{jhflft hhm 

'Uq. 10.35 L. 10.36-Jlg bphmu t, np uwtnmguwu q uzwuwqntpjntGI! ub
etwfiwtlJ.u zGbqp 1.lmbnp 'tJ.pw UJ.mtnn!J. unubfitn[! (MU(m) L. Ulwhwfi2tln11. hqnpm
pJntfi(! (Nru) ubb"wfimu tu uf1G2L. npnzwltli uwhuwuu: UJfimhhmL uwtnm
gmufi wtJ.htWgfibtlJ.u WJ'l UbbntpjntUUhp(! UUntU b(i hWUUlWUlntU, WJU}lfip(i 
tuwnfiJlm hwufintu t pp uwhuwfiwJpfi pn11.wpquwG mfiw4ntpJwGu: liJ'l GntJfi 
qpw:Jipqfihp}lg hphmu t uwL, np pntnp hbtnwqntntJ.n11. tuwnumpqfihp}l hwuwp 
UJ.tntnnlJ. unuhutnp L. hqnpmpJwu wubfiwuhb" CizwGwqmpJmGGhp(! hwuwuiw
tnwutuwGwpwp hwtJ.wuwp hG. Mwn. = 190 'Uu L. Nwn = 3,5 q\.f.m: 
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n=180 1m111·' 

15=0° 
1.0 t----t---t'---r-+--n-7"f~:....._-+-----+----1---l 

3.0 5.0 6.0 q,4qill 

lrlj. 10.36. Juwnliftffi hwqnpIJWljft LIJWhwli2tfnrz hqnpmp1wli (Np) ljwfut/wwn
PJnLUf! ljbpbpft lfwwmglfwli lfbmnp1mliftg (q). 
1-ubliwdf! Ur[nwft hbw, 2-ubliwdf! pwlfpwljft ubplfbpft ljbrzlift hbw, 3-ubliwd[! 
hww/1/;wtfnpl/wo hwlfwljgl/wo ljbp/1 hbw, 4-ubliwdf! unpmli hwlfw/;gl/w<> 
ljbp/1 hbw 

M..,.,,l,,tl 

240 

200 

160 

120 

80 

40 

n= 180 rmu,-1 
1--......,.,...--+-----()=0o, q=3 4q/l[ 

2 

60 70 80 C,% 

lrlj. 10.37. Clibljft lf1ubnft t/pw u1wwnrz lfnlfbliwft (M,""J ljwfutfwompJmli[! 
fuwnlimpIJmlf uwmqft.! pwrzw1Jpwcfwuft u1wpmliwljmp1mli/1g (c). 
1-ubliwdf! <>rznwft hbw, 2-ubliwdf! pwlfpwlj/1 ubplfbpft f;brzlift hbw, 3-ubliwd[! 
hwwftljwtfnptfwo hwlfwljgtfwo ljbpft hbw, 4-ubliwd[! unpmli hwlfwljgtfwu ljbpft 
hbw 

lrlj . 10.38. fuwnlift.!/1 hwrznpfJwljft llJWhwli2l/nrz hqnpmp1wu (N,,J ljwful/w
rJr11p1mli[! juwnlimpl]flilf uwmqft.! pWT]WIJf1Wclwuft tLJWJ1mliwljmp1mlij1g (c). 
1-ubliwd[! iJ"qnwft hbw, 2-ubliwd[! pwcfpwljft ubpcfbpft ljbrzli/1 hbm, 3-ubliwd[! 
hwwftljwl/nptfwiJ" hwlfwljgl/w<> ljbpft hbw, 4-ubliwd[! unpmli hwlfwljgtfwo ljbpft 
hbw 

IuwnCit[nq qhphpnui ummqpj_ pwqwqpwuwup (uhuwd}l) UJWpmuwljm
PJWfi (c) wqqhgntpjntll[! M 111111 L. Niu uhampJntfiuhpp tJ.pw qwphlii t <'.izmbt fiq. 
10.37 L. 10.38-mu phpt[wa qpw:ppqubpp t[tptmampJwup: UJ11 qpw:pp4utppg 
tpL.mu t, np uhCiwd[! aqmnp hhm }uwnuhwu c -ti uhawgmunt[ M,4"' L. Niu 
utampJntfifibp[! tltnppwGmu hG, pGll} hhmL.wGp t crqnmp UJWpmGwqmpJWU 
Gl{wqtguwG, npp awtJ.wtWJpG qwGql{waI! hwutuwmwpwp iJmpp t, pwG 
uhGwdpG[!: UpllJmGpmu }uwnllmpajl awtJ.wtWJflG qwGqt[waI! uhawGmu t, 
}uwnGpj_p ppwG[! l9tJ.mu t qhptp}l l{!npp pwGwqnt[, npJ:! L. wnw2w9Gmu t 
2Gt4p l{pw ptnGwt[npt[wampJwG tltnppwgmu: 

vq. 10.39 L. 10.40-mu phpt[wa qpw:ppljGhpJ:! gmjg hG mwLJ1u MU(Ul L Nru 
uhampJmGGtpp tltntltn}umpJntUJ:! qw}ut[wa hnppqnGp Gl.J.wmuwup }uwnGp~p 
ppwGp phpntpjwG wG4JmGpg (6): liJ'l GqwpGhppg hpL.nu1 t, np 15 wCi4JwG 
ubawgmunl{ UJUllllllfl unutGmp (Muim) L. hqnpmpJwG (Niu) GzwCiwqntpjntG
GhpJ:! uhawCimu tG, npJ:! pwgwmpt[mu t }uwnGmpqp uwuCipqCitpp wnwCig
pwjpli tnhqwl{!n}umpJwG ajlUWl}PntpJWU uhawgmum}, pGm hhmL.wGp t 
}uwnGp>Jl wnwGgpp hpqwpmpJwtip qnpanq awGpmpJwG mdp pwqwl}Pp>.}1: 

537 



538 

M"'.,.,t.ll 
n=180pnuf' q=3 (lq/4 

240 

200 

160 

120 
4 

80 

40 
0 5 10 

uq. 10.39. Cubq/1 tfiub11ft l/pw u1mmnq lfmfli{iwft (M,yu,} qwfut1womp1mul! 
hnpj1q11uj1 u{/WUJUWUp ftlw11uft2/l ftpwup pbpmp1wu IUU{/jl11U/lg (o). 
1-uli{iwd[! 07-/nUJ/1 htiUJ, 2-uli{iwd[! pwlfpwqp ubplfb11ft [/bqlift hbUJ, 3-ubuwd[! 
h w u1 /1 lj w t/np t/w u h w If w {/gt/ w u [/ b p/1 hb UJ, 4-u li{j w d[! unpm u h lll Ulll qg t/w u 
lf li11/1 hbu1 

0 5 10 

uq. I 0.40. Juw11uft2P hlllfJJJfll]lll[//l UJWhwupt/nq hqnp111p1wu (Np) [/1Uftlt/w
m11pjl11U[! hnpftqnuft u{/wll11fwlfp ftlw11uft,!]1 ftpwup plipmp1wu wuljjmuftg (o). 
1-uli{iwd[! 07-/nUJft hbUJ, 2-uli{iwd[! pwlfpwqp ubplf/ipft [/bqt,p hbUJ, 3-ubullldf! 
hwUJ/1[/wt/npt/wu hwlfw[/gt/wu [/bpft hbUJ, 4-ubuwd[! unpmu hwlfw{/gt/lllu 
l/bp/1 hbUJ 

UlljmuwlJ JO.I 
Juwnuji!ft wpmwlJJ1nIJwlJwunr.p1wu, hqnpmp1wu L2ubljft tfwb11j11/pw 

UjUJUlflll tfmfbumft u2wuw1Jmp1muubp[! 

Juwnumpq 5mgwupzuhrn 

Cubljp Ujtmnuwu hwowtumiiJntli[!, 
nnw·' 

90 126 180 225 265 

Upmw11Pn11wljwlintflJnlLII}, 4,2 7,7 10,l 13,8 14,6 
m/ct 
Clibljp Uiutmp tlrw Ujmmnq 

165,4 166,7 189 225 227,8 Ubuwctn linubumn, vii 
aqnmp hbm 

<!,qnpntflJntGI}, Lj'-lm 1,52 2,2 3,49 5,2 6, 18 

Sbuwljwpwp tubpqwmwpm-
0,362 0,26 0,345 0,376 0,423 

JJJntlip, u'-lm·ct/m 
UpmwqpnqwljwlintflJntli[!, 

5,4 9,1 13,6 16,2 18,5 
m/ct 

UbGwcti:! Clibljp Uiubnp t111w Ujmmnq 105,9 143,5 185 208 236 pwlipwljp linliblimn, vu 
ubplibpp 

<!,qnpntflJntG[!, lj'-lm 0,96 1,84 3,42 4,78 6,43 
ljbqt.p hbm 

Sbuwljwpwp tGbpqwmwpm-
0,178 0,202 0,252 0,295 0,348 

JJ 1mun, u'-lm·ct/m 
UpmwqpnqwljwGntflJntG[!, 

9,5 12,9 20,1 22,8 25,2 
m/ct UbGwctn 
CGbLjp Uiubnp tlflw UjIDmnq 140,5 171,7 194,3 211 ,7 hwmpljw- 120,8 

l{npl{wo linlibGmn, vu 

hwliwljgl{wc) <!,qnpntflJntGI}, Lj'-lm 1,1 1,8 3, 16 4,48 5,76 
ljbpp hbm Sbuwljwpwp tGbpqwmwpm-

0,115 0,14 0,157 0,196 0,22 
JJJntlin, li'-lm·d/m 
UpmW11Pn11wljwGntflJnLU[!, 8,1 10,4 17,5 20,0 22,1 
m/ct 

UbGwctl} CGbLjp Uiubnp tlflw UjUlmnq 
176 177,8 186 201 208,4 unpmG linlib.Gmn, vii 

hwuwljgl{wo 
<!,qnpntflJntlil}, lj'-lm 1,62 2,34 3,44 4,64 5,67 

ljbpp hbm 
Sbuwljwpwp tubpqwmwpm-

0,232 0,257 0,20 0,212 0,197 
JJJmlin, ti'-lm·ct/m 

Urumuwl.J. I 0.1-mu fihpl.J.wjwgtJ.w<) mtl.JwLfihp[! 9ntJ9 hfi mwwu Mu11n l.t 
N uhbmpJntfifihpp tltmpnJuntpJwfi pfint]}}[!, pfi~u.Jhu fiwl.t Juwnfipll! wpmw
;nqwl.J.wfimpJwfi l.t mhuwl.J.wpwp tfihpqwmwpntpjwfi l.J.wJutJ.wompJmfifihp[! 
zfihl.J.p U.Jmmuwfi hwl'iwJumpJmfipg: liJq WllJmuwqpg hpl.tmu t , np n -'1 
uh<)wgmuntJ. MUjin l.t Niu fi2wfiwl.J.mpJmfifihp[! ub<)wfimu hfi: -'1-w pwgw
mptJ.mu t Juwnfipll! wpmwqpnqwl.J.wfimpJwfi pwpopwgnuintJ., npp hhml.twfi
pntJ. pwpopwfimu t fiwl.t w2Juwmwfi12wJpfi opqwfip tJ.pw phnfitJ.w<)mpJntfi[!: 
UllJntuwl.J. 10.1-p 1114.JwLfihp[! tJ.l.J.wJntU hfi fiwl.t, np pnLnP qpmwpl.J.tJ.w<) 
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juwnCintpqGbp[! uiwmpwumb[}lu JuwnGpzll mbuw4wpwp tGbpqwmwpm
f!JntG[! w wGgGmu 0,423 1.J.t.ltn·ct/m-pg, pul.J. UJwhwG2t1n11 hqnpmpJntG[!' 6,43 
1.J.t.lm-pg: '1-w wumu t WJU uwupG, np tuwnGplJl hw11npqwl.J.}1 hwuwp lPPtl 
pwtlwpwp t oqmwqnpb-bt 7,51.J.'-lm hqnpmpJwG ttbl.J.tnpwzwpct}l)_: 

10.12. ltbpwjuwnuftffi ubpfl!JUWu t.fjulw/jlJ, wpwwfl!lw{jwu 
lfmpdwpljmtf{ibpft wpIJJmupUbplJ {, wuwliuwljwu 
wp1JJmuwtfbwmp1wu gmgwuftzubplJ 

4wmwptlwa hbmwqninntpJmGGbpp wprumGpGbpp hpuwG t1Pw Gw
Juwqatlbt h UJWtnpwumtlbt bu wG[!Gqhwm qnpb"n11mpJwG ltbpw.tuwnGp)_Gbpp 
!Jlnpawpwpwl{wG GumzGbp. I) [!Gqhwtntlnq !JlwpmJpGbpntl qtwGwJpG zCib
l{ntl tuwnGp)_, 2) [!Ciqhwmtlnq !JlwpmJpGbpntl l{nGwl.J.wG zCibl.J.ntl tuwnGP.r liJq 
tuwnGp)_Gbpp l{wnmgtlwb-pwJpG GnpmpJmGGbpp hwuwp umwg4_bt bG lvU~lJ 
hb11PGw4wJJtG tl4WJWl.J.wGGbp [3 l, 36, 96, 114]: 

~bmwqnmmpJwG wprumGpGbp[!, WJI} pt1mu Ciwh [!Gqhwtn4.n11 
$wpntjpGbpn4_ qLWUWJpG zCibl{ntl tuwnGpzll l{wnmg4_wb"pG [!UI}mGtlbt bG 
Junwp. m aqntnp uzwl.J.uwG ubpbfiwGbpp qb-ntl ql.tuwtlnp !Jlnpawpwpw-
1.J.nGutnpml{npwl.J.wG pGumpmmmp. (p. t.l}ltGJmu) l{n11uJtg L oqinwqnpb"tlbt bG 
l.J.bpbpp uwutuwG OTIK-2A unqbnG}lqwg4_wb" uwppwtlnpmuGbpp hw4_wpw
amp uzwl.J.uwG ctwuwGwl.J.: StlJwt 1.J.bpwJuwnGJtm hw2nqntpJWUp wGgbL t 
UJbtnwl.J.wG !Jlnpawpl.J.muGbp[!, npnGg wprumGpGbpp hpuwG tlPw npnzmu t 
J!GqmGtlbt wpmw m mfimu Gb fib m hwuw 30.06.1983 . [ 126): 

i ·c 

ulj. 10.41. /uwnuft2iJ [JUljhUJUllljJ tnliUj}[J OllK-2A UUljJJlUlt/npnufulipft 
p pft!/ litn w lf np If w u If w!l tftlft hli tn 

lrb4 OTIK-2A uwppwtlnpmuGbpp Cibpqpuw(i inwpbl.J.wG tnGtnbuwl.J.wG 
wpf}JinCiwtlbmmpJmG[! 1.J.wqubL t 2238 nmp., Gwtuwmbu4_wa mwpbl.J.wG 
pnqwpl{mu[!' 350, tnwpbl.J.wG tnGmbuwttwG zwhmJp[!' 783,3 hwq.nmp[}l: 
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~bmwqmnmpJWCi wprumGpCibp[! GmJCi pCiumtnnnunp l.J.n11upg oqmw
qnpbl.lbt bu 1.J.bpbpp pp}11.J.bmw4_npuwG OI>K-1 uwppw4_npmuCibpp uzwl.J.uwG 
ctwuwGwl.J.: 

Q(iqhwm4_n11 !JlwpnlJpCibpn4_ qtwCiwjpG zCibl.J.n4. uzw1.J.4_wb" Juwnupm 
pp}ll1bmw4npuwG uwu[}lzll hbm wGgbL t qbpwmbu)_wl.J.wG ummquwG h 
bpwzJuwtlnp4.bL t GbpqpuwG ~WJwuwwG}l mGwbumpJmGCibpmu (Ultm, 1982 
p.)[126): . 

QGqhwmt1n11 t11wpntJpGbpntl 4nuw4wG zGbltntl JuwnG}lm OTIK-2,0 
uwppwtlnpmuGbpp l.J.wqumu 1984 p . Gbpqp4.bL t 4w[}lG}1GnJ}l mGwbumpJm
Gmu: 

lrzwl.J.tlwa ltbpwJuwnGp).Gbp[! hw2n11mpJwup 4wpn11 bu wzJuwmbt 
GwL mwppbp 4tpwJuwnGmpqGbpp wpmwqpwuwubpmu' hwmltwUJbu Jun
Gw4_ 1.J.bpwtuwnGmpqGbpp t4wmpwumuwG: 

QwGqtlwb-wpwp wpmwqpt1n11 C-12 tuwnG}ll.Jl hwubuwmmpJwup 
uzwlttlwa 1.J.bpwJuwnGpzll (UJWJUWCiwl.J.wG uwl.J.G}lz[! ' CK-25), tnGmbuwltwG 
wprumGw4_bmmpJwG hwz4_wpl.J.Cibp[! hGwpw4_npmpJmG bu mtlbt umwGwtm 
hbmhJWL mttuG}ll.J.wmCimbuwl.J.wG gmgwG}lzGbp[! (wrumuw4 10.2): 

. Ulljnww[j 10.2 
lf)wljt.fw<l juwnuftffi hfttfuwljwu wbfuuftljwwuwbuwljwu gmgwuft2Ubp1J* 

Ng Gb CK-25 C-12 
l 25 10 

3 
4 466 2900 
5 7,5 17,0 
6 600 600 
7 0,0394 0,2 
8 0,0372 0,58 
9 0,045 0,287 

10 3630 

*) '1-pwuwqwCi CizwGw4muGtp[! ptpi.J.wit tli liwtu4tilimu umwgi.J.wit 
nmpt.Plibpni.J. L. 1111wup i.J.hpwithtCi puwutn ~mlip, npni.J.htmL. l}pwli11 mCitli 
hwuttiwmw4wli qliwhwmtiwli pGmJp: 

10.12.1. !uwnutfwu f, ppft[jbwwlfnptfwu uwwgftnuwp wbqw[fw1wup 

lrzwl.J.tlwa wG[!Gqhwm qnpanqntpjwG qtwfiwJpG [!Gqhwtn4_n11 zfibl{ntl 
1.J.bpwtuwnG}lm h pppl.J.bmwtlnpuwfi uwuLJltG oqmwqnpb-4.bL bu l.J.bpbpp 
JuwnGuwG m pppl.J.bmw4_npuwG umwgj:mGwp mb11wl.J.wJwCipmu, npJ! 1982 p . 
Gbpqptlwb- t b11ht Junznp t112tpwtlnp wGurnmGGbp}l uwmqwzJt pwuwG 
bl)tlwpqp hwuw[}lpmu, [!Utn npmu, mb11wl{wJwGp[! UJWtnpwumbt t pG).UJbu 

541 



unpmG, WJGtqbu tt pppl}bmwtJ.npt!wb l}tpwtuwnGnLpl}Gbp (Gt}. 4.19): Ubl} 
mbfuGntnqjlwl}wG qb"p tflwm.nwgp mGmtuwl}wG wpl}JmGwl[bmmpJmGG (!Utn 
qbpwmbuLwl}wG tflnp<iwpl}muGbpp wl}mp mwpbqwG qwqtibt t 15,2 hwq. 
nmL.P [126): 

10.12.2. l/bpbpjI lfwif[lfwfi OflK-2, 0 uwppwlfnplfwfi[! ljftg 
<7rznwjI fiwjuWUJWUlflWUUJUWfi qjI<7 

OnK-2,0 uwppwl[npuwG zwhwqnpMwG tflnp<i[! gmJg t mt!bt, np wJG 
wp11JmGwt!bm t oqmwqnp()-l[mu tunmhwtJ.wpp zp2wGmu: lJGwgwb dwuw
Gwltww2wGmu WJG w wztuwmmu: Pwgp 11pwGpg, hp11Gwl[npt{bt t, np 
uwppwlj_npmumu LmGbGwtn4. wztuwmmGwq tuwnGpL, tinuiPm qhpbpp 
qmplJ.wb"pG wGhwlJ.wuwpwLwtfl t tunGwlJ.wGmu, np[! pwgwuwpwp t wq11mu 
umwglj_wo pppqbmGbpp npwl.J.p tJ.pw L. Glj_wqmu t uwppwt!npuwG wpmwl}Pn
qwtiwGmpJntG[!: 

btGbtntJ. t{bp[! zwpwl}Plj_wb"pg, 4wL.PGpGnJP mGmbumpJntGmu Gbp
'1P4.bt t OnK-2,0 uwppwtJ.npntu[!, np[! qwhwtJ.nptJ.wb t bqbt c)qnmp uzwquwG 
L. uwuL.PL uwmmguwG mbtuGntnqjlwqwG qb"nlJ., npp hwGqmJgGbppg ubq(! 
bqbt t Gnp uzwqtJ.wo tuwnGJ:lLI!• zGb4J1 lj_lwpntJpGbpG mGbghL bG qnGwqwG 
timpt{wb'p: ABM-1,5 wqpbqwmp hhm OITK-2,0 uwppwl[npuwG mbfuGntn
qpwqwG ufubUwG L. oqnmp qllb"!! pbplj_wo t Gq. 10.42-mu, pul) uGl}hwGmp 
Ulbup[!' G4. 10.43-mu: 
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'&(j. 10.42. ABM-1,5 wqpliqwwfl hliw OflK-2,0 uwppwlfnplfw(J Ii 
mzmnft qvft wlijuun[nqftw(jw(i ujublfw(i 

'&(j. 10.43. onK-2A uwppwlfnpmlfmlf vqmnfl qvfl [!Ul)hWUnI[l UIDU/2[! 

UwppwtJ.npmuG wztuwmmu t hbmL.JWL qbptq: .!.G<it!wb" L. uwGpwgt!wb 
tunmwpmJUI! mbqwtflntut!mu m 194.mu t pmGl.)bp-Lwt11wt{nppw (I) ub2, 
npmbll.Pg tflntuw'1PJ:lLnt! (2) uwmmgt!mu t ~npwgGnq wqpbqwm (3): 
'.:>npwgwb uwGpt!wc)p[! qttuwt{np gptitnGpg (5) wG2wmlJ.mu, tunqm{wqnt{ (7) 
umGmu t hw2np11 gJ:ltitnG (9) L. t1mtuw1w}1Lnt{ (13) uwmmgt{mu tuwnGpL
uGmgpL (22), wJGmhbmL. ummp t qnpomu pppqbmwl{npuwG uwuwL (14): 
<I>ntuw11pJ:lLP (13) t!bp2Gwuwumu Lnp qwGql{wb"[! 2pnt{ tunGwt{wgt!mu t : 
Qmp[! mpt!mu t uinuu1nt! (23): trwuwwg (14) 11mpu bl)nq ppplJ.hmCibp[! 
t{mtuw'1PJ:lLnt! (24) L. GnppwJnt! (16) uwmmgqmu bG hnt{wgGnq uwppwt{np
uwG[! (17), npmbll.Pg hnqwgqwo pppqbmGbp[! GnppwJnt{ 19qmu bG qmmwtiPL 
pmGqbpp (15) ub2: liJ'1 pmGqbppg pppqbmGbpG pGpGwpwq1 pbnGqmu bG 
tflntuwqpwufl2ng h mtqwtlmlmlmu uiwhu1wGuwCi l\WJp: 

t5qnmp qpb"G wzfuwU1ntu t hbU1L.JWL qbptq: t5qntn(! uwGpwgqmu t 
lffK-30E uwCipplnq (6) L. UWU1ntgqmu b"qmnp pmGqbp-Lwq1wqnpp~pG (8): 
UJG ppbupg GbptiwJwgGmu t KTY-10 qbpwpwzturw pwlfip, npp wztuw
mwGpwJflG opqwGGbpp zwpdmuG ppwlJ.wGwgl{mu t ttbtimpwhwqnp11wtinl{: 
PmGqbp-Lwtflwqnpptllg (8) b"qnm(! pbppLWJpG l}mtuw11pplntl (l l) uwmmg
qmu t WG[!Gl}hwm qnponr1mpjwup zGbtiP tflwpmjpGbpp qnGw<iL qU1pl{wo
pnq qhpwjuwnGpL ( 12), npp tJ.pw mtqwqwJl{wo t junGwl{wgGnq uwpp: 
IuwnGpLmu c)qnU1p junGw_qmpJmGG wupnq2 qwGqtlwomu uiwhwG2tln11 
Lwtflml hwqwuwptgqnLu t: liJGmhbmL. wzjuwmwGpG [!GpwGmu t (!UU1 l\bp[! 
Gzqwo utubuwJp: 

Unw2wpqqwb" qpb"[! hGwpwqnpmpJmG t mwL.Pu qmpmq pwp<ipwgGbt 
OnK-2,0 uwppwqnpuwG wptnwl}PnqwqwGmpJntU[! L. mwph\.twG phnGtlw
b"ntpjntG[!: 
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liJ'l qbt1 ubpl}PmUpg uiwpbltwu uiuuibuwtiwu wprumuwt1.tuimpJntG[! 
l1wqubL t 15,2 hwqwp nmpw: 

10.1 J. Q.flmwqnp<>-uwljwu bqpwljwgmp1muubp [,, wnw2wpljmp1muubp 

I. c+npbwpwGCibpp wpmwl}Pwb l.J.bpbpp JuwnupiCibp[! ].bCi hwuw
uiwmwuJuwCimu ctwuwCiwqwlJ.pg uiwhwCi£CibppCi' mGbCi tJlni:ip wpmw
l}PnT\wlJ.wCimpJmCi, pwp'l 1.J.wnmgtJ.wbp L. ].bCi wuiwhntJ.mu uibjuCintnqpwltwG 
qnpb[!Gpwgp wCi[!CiqhwuimpJmCi: 

2. lllwhwCi2tJ.nT\ npwl.J.P lJ.bpwJuwnCimpq, upwctwuwCiwlJ. pwpap 
W[lUlWl}Pilf[WqwCintpjntCi qwpblP t WutWhntJ.bL pwqu[!Cipwg zCiblJ.wjpCi 
juwnCipintJ., npp tJlwpmJpCibpu mCibCi hbppwl.J.wu [!Cil}hwmmuubp [36, 114): 

3. lJ2wlJ.tJ.wa Juwnupw wpmwqpnqwlJ.wGmpJntU[! lJ.wJutJ.wb t 
wpmw12pCi h Gbp12f1Ci mpwuwqbbppg, w2JuwmwCipwJpCi bplJ.wpmpJmCipg, 
uimmuwCi hwt'.iwJumpJmutig, tJlwpmJpubpp j:lWJW9 m zubl.J.p [!GpwgpGbpp 
P4P9: CCibl.J.P l}Cipwg12Cibpp PMI! tJlnJubtntJ., JuwnCiflll! wpmwl}PnT\wlJ.wCim
pJntG[! ubbwCimu t, pul.J. wzJuwmwCipwJpCi bplJ.wpntpJntU[! ubbwgCiblPu' 
tJ.m12pwCimu: 

4. CGbl.J.P uimmuwCi CitlwqwqmJCi hwl'iwpmtpJntCi{! lJ.wJutJ.wb t zCiblJ.p 
uwl.J.bpbup tl.£lw uwuCipl.J.P mbf\wpw2Jumuflg (r, cot) wpmw12f1Ci 2tJluwCi 
qnpbwl.J.gpg Lt hnpflqnCip Ciqwmuwup zGbl.J.P pbpmpJwCi wCi4JmCipg : Qum 
npmu, pntnri ajlmwplJ.tJ.wb l)butpbpp hwuwri WJ'l hwl'iwJumpJntCi{! uibmJ:! t 70 
11nui·1-pg tJln12p aJiup: 

5. Unw2wpqtJ.nT\ JuwnupintU l.J.bpbpfl LWtl JuwnCiuwCil! uuiwuumtu t 
WJCi qnpbnCiJ:!, np zCibqp uwqbpbupg uwuCiplJ.Cibp{! CibmtJ.mu bCi JuwnCiPiP 
ppwCip tJ.bphp wqwm mwpwampJmCi, LWtl Juwnumu t mbT\P mCibCimu 
2CinphPtJ. WJU pwGp, np mwppbp uwuCiplJ.Cibp GbmtJ.mu bG zCiblJ.p uwl.J.bpbup 
mwppbp qbmbppg mwppbp wpwqmpJmCiCibpntJ., Lt wp111mG12mu WJ'l uwu
Ci'1l1Cibpp wqwm pnpwp hbmwqbbp[! mwppbptJ.mu bu ppbGg uiwpwt~bmpb
pntl: 

6. CGbqp hnppqnCiwqwCi mbf\wpwzJuuwfi Lt uimmuwCi 150 pnui·1 

hwl'iwJumpJwCi qbuipmu JuwnGmpqp hwuwubnmpJmCi[! l.t Juwnupw 
wpmwl}PnT\wlJ.wCimpJmCiJ:! qbpbpp wnwtJ.btwqmJCi uwmmguwfi qbuii:imu, 
ubGwct m bqnm JuwnCiblPu, qwqumu bG 89 % Lt 10 m/ct, ubCiwct m pwupwqp 
ubpubpp l.J.bf\l.t Juwnutwu ' 89,5 % Lt 13,5 m/d, ubGwctl} hwmpl.J.wtlnptlwb 
hwuwLtgtJ.wb \.tbpp hbm' 87,5 % L. 17,45 m/ct: 4bpwJuwnfimpajl hwuwub
nmp.1wu Lt wpmwl}Pnf\wqwumpJwG pbptlwb lizwuwlJ.mpJmCiubppu hwuw
uiwmwuJuwCimu bG 3,0, 4,0, 5,21.J.q/tl uwmmguwG GzwuwlJ.mpJmuGb[lt:!= 

7. ~nppqnGp Gl.J.wmuwup zGbl.J.P pbJ2ntf>JlllU 8 wG4Jwu ubbwgmUJ:! 
Ciuiwummu t juwnGmpajl hwuwubnmpJwu LWtJ.wguwGI} Lt JuwnCiplti wpmw
'lPnT\wlJ.wCimpJwCi tJln12pwguwCil}: 5nf\mGwtJ.np Lt unpmCi l.J.bpbpp JuwnCiuwG 
ctwuwGwq WJ'l wCiltJntCi[! 5°-pg pwpdp iutbmp t tlbpgCibJ., 12wlifl np hwl.J.w-
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nwti. 'lbuwmu juwnutiw wpmwl}Pn11w1.twumpJmU[! lJ.mpmlJ. [!fil.J.umu t, pul.J. 
juwnumpajl hwuwubnmpJntCi[! wtlblwumu t wuuzwu: · 

8. Cubl.J.P uimmuwCi hwl'iwjumpJmCil} wtlbLwgCihtlm juwnCimpajl hwuw
ubnmpJmCil} h juwnCiplli W[lUIWl}flilflWlJ.wCimpjntCil} ubbwCimu bu: Pnln[l 
hbmwqnuitJ.nq Ujntpbpp hwuwp zubl.J.P uimmuwCi hwl'iwjumpjWCi wubCiw
ouimpUWL CizwuwlJ.mpJntCil! hwuwptJ.mu t n = 225 pnui·

1
, 12wup np WJ'l Cizw

CiwlJ.mpJmupg pwpapp 11tui12mu hwuwubnmpJmCiu m wpmwl}PnqwlJ.w
umpJmU[! ubbwumu bu zwm wuCizwu: 

9. lvwnupw L bplJ.wpmpJWU ubbwgntUI} upCiih 1,6 -2,0 u Ciutwutnmu t 
juwnumpajl hwuwubnmpJwU pumbCiuptJ. pwpapwguwuI!: UtJ.hlP ubbwgmuI! 
twl.J.wu wql}bgmpJmU Hi pnqumu hwuwubnmpJWU tl.£lw, mump JuwnCipll! 
bplJ.wpmpJntUI} lutbm12 t 2,0 u-pg ubb l}Umpbt: 

I 0. 4bpwJuwnCipll! hwqnpqwl.J.P uiwhwCi2tJ.nT\ hqnpmpJmCil} h mbuwl.J.w
pwp tCibpqwmwpntpJntUI! ubbwCimu bCi uwmmguwu ubbwguwu, wzJuw
mwu12wJpCi opqwup pbllntJ)JWU wu4Jwu h ll!UlUlUWU hwl'iwJumpJWU Ubbwg
UWUI} hwubuwmwltwCi; ~w24P wnCibLntl pnlnP ajlmwplJ.tJ.wb qbuipbp[! · 
lJ.bpwJuwnupw hqnpmpJWU wnwtJ.bLwqmJU uzwCiwlJ.mpJntU[! 1.J.wqumu t 6,4 
1.J.4.m, pul.J. mbuwqwpwp tCitpqwmwpmpJntCil!. 0,48 1.J.4.m.ct/m, zCibl.J.P 
uimmuwCi hwl'iwJumpJntU[!' 265 pnui·1

: UwlJ.wJCi juwnUPiP wnwtJ.bLwqmJU 
wpmwl}PnT\wlJ.wumpJntU L. JuwnCimpajl hwuwubnmpJmU wuiwhntlblnt 
uuiwmwlJ.ntJ. utbmp t zCiblJ.p uimmuwG hwl'iwJumpjntUI! uiwhbL 225 pnui·

1
: 

11.luwnGpw 1.J.wtJlwppllJ tl.£lw mbf\wlJ.wJtJ.wb wCi'lPw'lwpapi pppbf\
ubpp wnlJ.WjntpjntU[! uuiwummu t Juwnumpajl hwuwubnmpjWU wtJ.btWQ
UWUI}: Ulil}PWl}W[lOPl pflpbf\ubpp pb12mpJwG wG4JwG ubbwgntUI} 0-pg upGih 
12° o = o0 qbuwmu Guiwummu t (Jqnml} 2PP hbm JuwnCibLm hwuwubnmJ)JWG 
pwpapwguwG[! 83 %-pg upuih 87 %, pul.J. o = 15°-p 'lbut12mu' 85,5 %-pg 

upuih 93,s %: 
12. Stl.Jwl pwdGmu zwpwqptJ.wb CiJmpbpCi [!CiqmCitJ.bL bCi Junmp m 

bqnmp uzwtiuwCi ubpbCiwCibpti qbntl qtluwtJ.np tJlnpawpwpwlJ.nCiumpmlJ.
Ulil[lWlJ.WCi pCiumflmnnnp (p. 4.fltCiJmu) ltnf\Upg l.J.bpbpfl hwmplJ.wtJ.npuwCi h 
ppplJ.bmwtJ.npuwCi hwuwp unqbnCipqwgtJ.nT\ uwp12wtJ.npmuCibpp (OITK-2,0) 
JuwnCiplti h bqnUll} lj_wmumpl.J. unqwJntJ. u2wlJ.uwCi JIOC-1 qbp JuwnCipi
nbwlJ.mnpp uzwlJ.uwCi hwuwp: 

13. UCil}Cil}hwm qnpbnf\ntpJWCi lJ.bpwJuwnCiPiI! umbL t l.J.bpbpp JuwnCi
uwCi L. ppfllt bmwtJ.npuwCi umwgflnCiwp mbT\wlJ.wJwCi12p l.J.wqumu, np[! 1979 p. 
hw2nqmpJwUp wCigbL t qbpwmbuiwltwCi ummqmuubp[! Jun2np bf\£bpwtJ.np 
wCiwumCiGbpp uwmf\wzp pmuwCi bf\tJ.wpajl hwuwwpmu: 
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!Clmri.p o~ubp: IClrJ.llp iwlfluo 60x84 1/1s : 

SUJwqpmlJJnLU[! o~ubp: 35.4 UIUJ. llwllmt. 
28.3 h[lWUlW[lW~lW~w(j llwllmt: 

"lwl.llllbp 232: SUJWQWUW~ 200: 
·----·----

"IWJWUIJlWUjl UjbUlW~w(j Wq[lW[lWJpU hwllW[UW[lWUjl UlUjW[lWU 
Sb[lJWU 74 



"&lj. 4. I/. lfwpwljlljft hwmftljwc/npc/wu ljlipwjuwnump!JOlipft wpmw!]pwlfwuft 
hwmwljwqft'7f!. 
1-qwOqc/wuft ljmmwljftn.wlftwc/npft,i, 2-J(KY-2 mOftc/lipuw1 ljlipwlfwupft,iulip, 
3-ljWUW,! qwuqc/waft ((</.n[qWp-5» uwupjJ,!, 4-ljWUW,! qwuqc/woft pwpdftj_, 5-
ABM-0,65 c/ftmwuftuwgc/wu junwwumpft wqpliqwm, 6-hwmftljw:jmzpwdu 
f!U!Jfl1Unfl pmuljlip, 7-HaI'-10 unpftw, 8-2ulilj, 9-hwmftljw:pmpwdft pmuljlipulip, 
10-Juwnuft.i 2ulilj, JJ-pwpoft2, 12-K/{M-2 hwmftljwpwpIJ/12, 13-uwupwgc/wu 
qwuqc/w<7ft ljmmwljft). pmfiljlipfilip, 14-fuwnu/l,! 2ulilj, 15-lfwqliftu, l6-1m<7n11pft 
f!U!Jfllli/l,!, 17-0I'M-/,5 hwmftljwc/npft,i, 18-finpftw1ft f!U!Jflzli/l,! pmuljlip, /9-Hl.{I'-
100 finpftw, 20-ljmmwlj/l,! pmfiljlip, 21-pwpdft,i, 22-CM-1, 7 fuwnuft2, 23-
gftlj[nfifilip, 24- HI'K-30E lfwlipft)., 25- Of/Wfunl/nc/wljw2wp, 26- C-12 fuw2ft.i
fuwnlift,1, 27- BKC-3M fuwnlift,i, 28- UJflUUJ, 29- TC-40M pwpdft,i, w-t[liljmpw
uwpplipft uliOjwlj, p- hwfiqumft uliOjwlj, q- qwpuw1wmmfi 

.:,wmplJ.wi.J.nptJ.wb qhpw}uwnfimpqp qpb{! pwqlj_wgwb t pmCiqhp-gplunfipg, 
pmfiqhp-i.wlftwlJ.nppi.Citppg, tuwnfipi_-zfih\Wg, uwqfipupg, OrM-1,5 uwqGpzp 
hwmplj_wi.J.npplJlg, {!fiqmCinq h phnfinq pwpc:\pi.fitppg: 

lihpWUJ.WtnpWUUlUWfi WplflW'lJlWUWUp wz}uwmwfipfi {!fipwfimu t hhtn
hJWL lJ.hpUJ.. uwfipwgtJ.wb qwfiw2_ qwfiqtJ.wb-1} phptJ.mu t wptnW'lJlWUWU I., t_glJ.mu 
pmfiqhp-i.wlftwlJ.nppi.fitpp ut2, npmhajlg uwmmgi.J.mu t ABM-0,65 wqphqwmp 
i.npwgfinq pupmlJ.: bph uwfipwgi.J.wb qwCiqlJ.wb{! w hwuwuiwmwu}uwCimu 
UJ.Whwfi2lJ.nq i.wlfthppfi, WUJ.W wqphqwm umgfihtmg wnw2 «l.ln.tqwp-5» 
uhphCiwJntl. WJU Cinppg uwfipwgCimu bCi: Uqpbqwmmu 2pwqpqlJ.wb qwCiqlJ.wb"I! 
i.J.hpwbi.J.mu t wumpp h mhqwlj1n}ui.J.mu hwuwUJ.wmwu}uwfi lJ.mmwIWi.-
2.WlftwtJ.nppi.: 

::>np }unmD h bqnmD pmfiqhpfihppg mptJ.mu t K,ll.Y-2 uwfippi.fihppfi: 
lfwCippi.fitpmu umwgi.J.wb WLPwCiuwfi qwfiqtJ.wb{!, wfigfihtni.J. 'lJlWCig 
oqw61izuwCi }unqnlJ.wlJ.fihpnlJ., uwmmgi.J.mu t hwuwUJ.wmwu}uwfi qmmw!Wi. 
i.wlftwi.J.nppi.: lumwgpwb IJ.hphp{! ljln}uw'lJllJ.ntu hfi lJ.hpwUJ.wmpwumuwfi 
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WplnW'lJlWUWU I., zCih\W up2ngml i_gtjmu {!fi1µufiuw(i pmfilj_hp, npfi mCip 3 
pwdwfiumCip, npnCip 1.J.wpnq hfi bwnwJhL mwpphp hwmpqw:}:>mpwdp (qwpp, 
hqpuimwgnphCi h WJLfi) hwuwp: QCiqmfiuwfi pmfil.J.hppg ljln}uW'1JlP2.ntl hwmp-
1.J.w:}:>mpwd{! uwmmglJ.mu t hwmpl.J.w2wpqpi., npmhajlg oqwuajii.ntl. ljln
}uw'lJllJ.mu t hwUWUJ.WUlwu}uwfi 1.J.nunw!Wi.-i.wlftwtl.nppi.: 

lihpw}uwnfimpqp pntnp pwqW'lJlWUwuhp{! lj_mmwIWi.-pmCiqhppg, mtl.Jwt 
qhpwpwdfip(i hWUWUJ.Wtnwu}uwfi 2_WljlwlJ.nplJ.htnlJ., wCigCimu hfi zCihlj_wjpCi 
}uwnfipi., npmhq uwqCipup up2ngntl. uhmwqwlj_w(i uwuhppg wfi2wmlJ.htnlJ., 
l.J.hpwfuwnfimpqp ohnlJ. uwmmglJ.mu t OrM-1,5 hwmplJ.wlJ.npnq uhphfiw: 

UtnlJ.lglJ.nq hwmpl.J.Cihpp npwl.J.I! qw}ui.J.wb t qhpwJpfi qwCiqi.J.wbp 
}unfiwlJ.mpJmfipg: .:.wmlJ.wUJ.hu npwl.J.Jwt hwmpqfihp hCi umwglJ.mu qwCiqlJ.wbp 
14-16% }unfiwlJ.mpJwfi qhll.J.PmU: P.uq pwfip np i.npwgCinq wqphqwmpg 
umwgi.J.nq wumpp }unCiwlJ.mpJntfi{! mwmwCilJ.mu t 8-10%-p uwhuwCifihpmu, 
mump wCihpwdhzmmpmfi t qqwglJ.mu hwmpqwlJ.nphtmg wnw2 qwfiqlJ.wb{! 
PP2hL l.J.hpwuwpp, upqwCiJntpp tntbmwnlJ.1.J.wu 2pnlJ.: 

.:_wmpqwtJ.nplJ.wb qwfiqlJ.wb{! UWUtPWQ finppWJillJ. ljln}uW'lJli.J.ntU t 
UJ.WUlpwump qhphpp pmfil.J.hp: 

«.:_WJqJntflUhphfiWJW9ntU» q_lilf -{! uzwl.J.ht t hwtnpqwlJ.nplJ.wb lj_hphpp 
UJ.wmpwumuwCi mh}ufintnqpwqwfi u}uhuw (Ciq. 4.12), npnlJ. hwmpqwi.J.nplJ.wb 
qhptu}uwnfimpqCihp tpfi UJ.Wtnpwummu l<Twtltfip zp2wfip Upwqwbp untl.}unqp 
nituwpwpmbwqwCi ~hpUWJntU: 

"&!/. 4.12. f<Jwljlfift 2ppwuft Upwqwoft n,!fuwpwpmbwljwu umlJunqft hwmftljw
c/npc/w<7 qlipwjuwnumpIJft wpznw!]pwuwuft hwwwqwqftbf!. 
1-HI'K-30E ljnUJftm qliplipft uwfipjJ,i, 2-KTY-10 Uflnwft Lt funmft ,iwl/Jwc/npft)., 3-
K/{Y-2 mfiftc/lipuw1 ljlipwlfwlipft)., 4-2CM-1 fuwnuft,i, 5-fumwgpwu ljliplipft 
pmfiqlip, 6-fumwgpwu qlipft pwpdft,i, 7-hwwftljwc/npc/wb ljlipwfuwnumpIJft 
pwpo/l,!,, 8-ABM-0,65 c/ftmwuftuwgc/wb funwwumpft wqpliqwm, 9- ljwuw,i 
qwfiqc/wuft ,iwlftwc/np/l)., 10-CM-1, 7 qlipwuwpft Lt uftqwfiJmpft fuwnfijJ,i, I 1-
hwmftljwc/npnfl wqpliqwm, 12-lfftljpnhwc/li[mlffilipft 2wl/Jwc/npft2 
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