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bp4pwqGqll pGw4~mpJWG pmnG w6[l qJmrtwmGmbumpJWG wnw2 tntJ12 

tuGq]lfl t qpb( WUJWhnt.J.hLPGW4~ntflJWUI} uuuqwupbppnt.J. L U(WpbGnl\: 

liJll tuG•lPll tmMwu hwuwp wGhpwdbzm t wtJbtwgGbt qJnlllWUJumb

uwltwG wpmwq(llllfJWG i>wtlwtGb[l[l, nppG ltwrblll t hwuubt unr hnrtbpp 

Jlllptuguwup t. qJm'lwmGmbumpJwfi wr•umGwt.J.hmmpJwfi pwpopwguwup: 

tJtp hwG[lWU(UU111lf'JWG uwlJwtjwhmlntflJWG UJWJUWGGhpnn'i wnwtJbt 

hpwuHUUJ. t qwnumu qJmrJ.wmGmbumpJwG wr•lJmuwt.J.bmmpJwG pwp,\pwgmun' 

qnJmpJmG mutgnrt mttuGntnqrwutrr lJwmwrttwqnpouwG L unr mttuGntn

qrwGhpll ubpqpuw[i zlinphptj, !lG~[I 4GU(WUUl!l l(llfllllUUlfibp!l hGwpwtjnpJlliU 

uljwqbguwuu L wOpwtjmG wpulUJllfllllflJillGGbpp 4wquwlJbpu(uwG[!: 

4npmumGhpn wnl1w hG qJmqwmGmhumpJwG qptpb pn[np pGwqwt.J.wn

ubpmu, UUJljWJU wnwt.J.ht ubi> <)wt.J.wtGbpjl b[i hwuumu WUUJUUWUJUlhlllflJWU 

i!Gwqwt.J.wnmu: 

ctwuw(iw4wltflg 4JillllWUlUU1bUI1lflJWG lJWpLnpwqmJG fuGq!lpGbppg uhlJU 

wtiwuGwuJtuhwLJtuG upbppubpp hbmwqw wt.J.bttugmuu L qpwGg JlGpGwpdbpJl 

J12bgnn1G t : liJll tuGIJPPL! htU2111111lflJWUp tnmoljp wtiwumGubpll tuGwupjl 6J•zm 

l(LUt[UUil(bpupJwup, wztutuUllUUllUfl qn[li>[lupwgGbt•P tlbutuwjwguwup . PUiU(hll 

GwL LUump lJbpwJpli pwqwJr umtqMwup: 

l'lntllfl mtuw41l l(bUI1WGpGbpll hwuwp wup11f12 MnwG I}Uf)Wgpmu 

uuJpmw4mgGbpp, t.J.pmwupOGtpp L hwGpwJpG GJmpbpJl hpuGwl1wG WllPJillfl[l 

tunmu: l'lwJg tunUJp GwtuwUJ.mmpwumuwG Ghpl(W.Jpu npwlju pwt.J.wpwp ~t. mbflp 

bG mubGmu uGGqwpwp GJmptpp ubD 4npmumGbp: l'lwtjtulrwG tiM Lrnpmumubp 

bG wunu.l tunmp ljmfuwqpuwG [}G~wgpmu (pwtjlt.J.mu t G[lw tunwtJbt uGGqwpwp 

uwuu ' mtrLGbtln): Uw qnJillflJillU mGtgnq mhtuGntnqpwGbpll wG4wu•wrmrJwG 

hbmLwGp t: 

lunUJ!l pwpopnpwtr GwtuwuJwmpwummu[l 4wrtw t wUJ.whntJbt GtpqubtntJ 

lJ!lZUl ljbpb[lp GwtuWUJ.WUlflWUUlUWU ubqwGnu.l Gnp' pppljbUlwt.J.npuw(i 

bqwGwtm: 
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Pp[lllbunutjnpnn!Q wnwliu lltUlllllll up~mgGbpj1 junmj1 ub11umuli t t!pGlt.. 

500+1100 l1q/u3 juU111LfljWG, 50+150 uu' bwtltutntl: 

Pp[lllbmwtlnpt[wb tunuJQ wt!pnll\)WllwG ltwu hwl1wt1np4wb junm[1 GlttUUI

tlwup '.uG[1 hbmt..Jwt wnwtlbtmflJntGGbpu. 

- [111bli~J ubi) juumq~JWli zGnphptl pp[lltbmGlipG wtlbtll htupuwp bG 

mb11w4mjuuwG t.. utwhbuuJwt[npuwG htuuwp, 

pppltbmGbJl[l hwUWJl ltWUillll GJmpbplb(i utwhtuli\)tlmu. 

- pp[lltbmGbpu l1wrnll bG u[LuhutwGtlbt pwtjwl1wli bpljwp cJwt.lwGwl1, 

ulili'lwrwr liJmpbp[l hwubuwmwpwptlmppljnpmumGbpntt. 

- pppl1bmGbp ltWJ11111 bG tqwmpwumtlbt Gwl.t fuwnGI1lJ111Gbp[lg , [unmp 

uliG'lWJ1lU]1 wpclbpQ pwpopwyGn11 lwtlJwtlnrttwa UlWppbp 

hwtlbtmtiGbpntl, 

- hwubuwmwpwp Lflnpp bwtlwtmu hGwpwtlnr t oquHultwr liJntflbll[l 

pwpoplpHU!Wl)ntU. 

- pppl1bmwt1nptjwb llbpbpp oqmwqnpomUQ hGwpwt[npmflJntG t U!WtJ1U 

tJmtlpli ubpbGwJtugGbt llbpwpwzjuuwG L, wGwuGwzblipbpmu llbpbpj1 

mtqwtjmfut.ltu G tuztuwmwGplibpu. 

- wGwumGGbpj1 L1bliqtuG[1 ptuzp t\pwtlnp wtip hwowp utwhwG\)4nu\ t 

tutlblll PPl pJl[lllbmwt[nptlwb [unm, pwG untlnpwltwG [95]: 

4.bpQ zwpwllfltlwupy ltwrbtll t bt[pwllwgGbt, np junmp L WJl ltbrbpp 

ppplJbmwttnpmun ljbpbpp Gwjuwutwmpwuult.lwG hbnwGltWJlWJ[IG b11wGwlt t, 

npG ocJwGJltUllmu t bpljpp ljbpwJpG pwqwJp pwpbtwtlliwGI! t.. wGwuGwulw

hlllflJnLGQ WP'lJmGwpbpwljwG hpupbJlp tlJ!w 'llibtmG: UwljwJG qJnt'lWUJGmb

umpJtuG Ub\) WJil bqwGwlJ[l GbpqGmU[! wpqb[wlttlmU t hwuwu1wmwujuwG 

ppJ!llbU1Wtl11J111ll ubpbGwGbpp pwgwljWJI1li~JWG UfWU1tiwnntl, qpwGg t.lzwllowG 1.. 

CitufuwquuwG hwowp l4wG hwuwutwuJwufuwG mbuwltwG t.. 4mpoGwl1wG 

hbmwqnull1lflJntGGbp: 

utiplJUIJl11Lfu hlliJUl~tldlu Ujl ztupp ppplrtimuttlnrnlltfl:ipti'lnuutip, npn~tgpg u[l 

t.fmult mullt1 npnzwlj[l tunullJtitnlfoJm'Uullp l1 LJ[lpwtjmt.f tit1 qtnllJ , UJntuutipu 
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qtn'l1t[n1tf ul1 tfzwljumlJ qnpo[Il!Jotugnllf, [llllt npnz ltnfptip lttumHgtlnrupwJilu l• 

tnlljuun[nq[nultm'U ulftlllruunnnflrhpm[ !Jptilrg llll1 wpqtupmgptit lr 4llflllln111f<!Jntll 

~ llu qtnti(: lJ[1 zwpp htiuuuqmnn'ltltip[l mun1 uuwu[lfllll toJmuu tip!} gmJg tiu tmlllt, np 

2tmph[Jtj ppjJlttiuHutjnptfmlJ qnpb[!UfOLUtJ[l tuu [IU 11htuum1 fOJUill l• tftiu urpuHu'lPntllll

ltw'iml [aJlllli. Plllll[UUHUtjnpll'l Ol)tlll[tliO lt U lllll[[llliU[lll lll mutJllt hllmutJljLllllllljjlll tlu. 

ptllj(j hwt.lbUWU!Wpwp tGbpqwmwp t.. UbU!WillUUlW(I bG : 

Ppjlltbulwt[npuwG qnpu[!GpwgQ mumuGwujlptlwu t nl pwt[LUIHUil t.. lllw 

tUJil ulipbGwGbpp hwztltutll[UWG[!GilhwGmp obpnqpl1w: 

'UtrltWJlU9tlllll wzJutUUIWGJ]l} G4pptlwb t ppflllbUiwtlnpowli qnpoQGptug[l 

munuHiwu[l(llllflJWU[! [, OllWl[WjpG wzjuwmwGpwjpG opqwGntl pp[lllbUIWL[llflllll 

ut:.pbGwJ[l tqwpwubmpbp[l tizmuwGG m hwztlWfllluwG ubpnqpl[lUJP uzwliUtUGQ : 
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I . lvOSf'l .PPf'l4:oSUtUl.PUU"U q.nrt>C"UfcTU8f'l ~oSUQOSOI-fcTBOI-"U "Uo.Pf'l 
"Uo.P4:UBf'lU ~1S.U4:l! 

1.1. luOSt> PPt>4bSU4.0PUU"U Solu"UOLnq.J->U"UoPC 

lvnm[1 l1wpbtl~ t ppfll1bmwtJ.npbt hbml.JWL bqwuwlJUbpntJ.. 

I. Ivnmh pfiwywu ,nnwguwup. w) tunmp huomu, p) twuwtJ.npmu, q) twub

pmu tunmp ~npwgmu upfi~t. 10.._ 12% tunuwtJ.ntflJWU, q) tunmp hwtJ.wpmu -

ppf14bmwl[npmu - pwpomu, b) ppf14bmubpp mb•lw!Jmtumu, q) ppf14bmubpp 

UJwhbumwtJ.npmu: 

Ppf14bmwtjnpuwu WJU b1J.WUW4[! L1wpnq t 4flpwntJ.bt UflUntnpU1WjpG 

hwubuwmwpwp pp~ mbqmuubp L znq 41Pdw mfibgOIJ. 2P2WUGbpmu, npulbiJ. 

huwpwt[np t tunmp wpwq u pGwt1wfi ~npwgmuu : 

"UztJ.wo biJ.wGwtw LWJG mwpwomu mGp UlfV-mu: 

II. '1-wzmmu tunmh uhG>L 55+35% bGew >nnwguwup, hbmwqw wLJmhy 

pwtiwhtunmum! mnwqtiwup . w) tunmp hGomu, p) twuwtJ.npmu, q) bGflw~npw

gmu up(i~L 55+35%, ll) hwtJ.wpmu - uwfipwgmU - pwpomU, b) U1b1J.Wtl1ntumu, 

q) tunm[1 ~npwgmu upG~L 10+ !2%, t) ppplJbmwtJ.npmu, u) ppplJbmGbpp 

hntJ.wgmu, fl) UJWhbumwtJ.npmu: 

Ill. Jvnmh wnhbumwlJwG ' npwguwup. w) tunmp hGomu - uwfipw~JIILU -

mbqwtJmtumu, p) ~npwgmu U!1fi ~L 1 0+ 12%. q) ppptjbmwtlnpmu, q) pppl1bmGbp[1 

hntJ.wgnu.l , b) tllWhbumwtJ.npmu: 

'-lbp2f1G bpltm mwppbpwlJGbp[! wtJ.btll qbpWI)WUbtll bu tunGwtJ. LJtllUw 

mGbgnq bp4pGbpmu: liJq b1J.wGwL1Gtpu mwpwotJ.wb" bG UGqtllwJmU, 

'1-wGpwJmU, Cl[bjgwppWJmU, q.t;puwGpWJnLU L UlfV-p npnz Gwhwfiqfibpmu: 

~WJWUU1WUp ~w(ipWUJbU1ntfljntGmU , npulbiJ. 4tl1uwG pwquwpGntjfl t , 

hGwpwtJ.np t ltflpwnbt pG~tllbU I, WJUU1bu L II ppfll1bU1WtJ.npuwG biJ.WUWIJUbpl}: 
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1.2. 1vnSt> PPt>4oSU4.0PUU"U Ub.Qo"UU"Ub'Pl! 

lunu1[! lJwpb!P t ppfll1bmwtJ.npbt zwp<Jw4wu u umwgpnuwp wqpbqwmub

pm[: Ppf14bmwtJ.nptJ.mu t pu~uJbu puwlJWU, WJUtllbu u wphbumw4wu ~npwgpwo 

tunmu: 

Cwp<JwywG pphybmwJhG hwtlwph>·UWUJb>Gbpn GwtuwmbutJ.wo b(i tunmu 

•1wzu1mu, wGu[12WUJbU twubppg hwtJ.wpbtm L ppplJbulwtJ.npbtnL hwuwp: "Upwfip 

pwqlJwgwo bG tunmp hwtJ.wpp~pg, uwfipwm[1~pg, ppfll1bmwtJ.npniJ. wztuwmwG

pwJpG opqwGpg L tJ.mtuwqpp~pg, npnGp hwtJ.wptJ.wo b(i ublJ 2P2WGw4f1 l[pw L 

hbGtJ.mu bG [!GpwgpwjpG wGptJ.Gbpp tJ.pw : 

Jvnmp zwp<JwljwG pppltbmwtJ.npniJ. UbpbGwGbpp wztuwmwGpp mbtuGntn

q[1WLJwG ututuwfi hbmLJWtG t. tunm[! twubppg hwtJ.wptJ.mu, uwfipwgtJ.mu L 

mpl[mu t ppp4bmwl[npn1J. WtllwpwmpG , npmbiJ.Pg u1wmpwump ppf14bmfibp[!, 

pbnfiwpwtjmq !Jmtuwqpp~p oqGmflJWUp, pwpotJ.mu bfi tjmtuwqpwup2ngfibpp 

ub2 : 

Cwp<Jw4wfi ppf14bmwl[npn1J. ubpbfiwfibpu 4wpn1J. bfi tllfibt pfipfiwqfiwg L 

L1gntJ.p : 

Cwp<Jw4wG pfipGwqGwg ppplJbmwtJ.npniJ. ubpbGwGbpmu pntnp 

ubtuwGpquGbp[l, WJ'l ptJ.mu L [IUpwgpwjpG UWU[!, qnpbmu bG wGhwmw4wG 

Gbppp(i Wjpuw(i z wp<Jp~p up2ngntJ.: Cw)1<1WljwG ppplJbmwtJ.nJlniJ. ubpbGwGb)lp 

oppGWLJ lJwpniJ. b(i tllfibtt " Qnu-'1-p)l" L " 4bt- 4Jmp" ·1>flJ1UWGbJ1p (Ulfl,) 

ubpbtiwfibpu: 

4gntJ.p pppltbmwtJ.npnq ubpbGwGbp[! untJ.npwpWJ1 4wtutJ.mu b(i 

U1J1W4mnppg, pu4 uttuwGpqUGbpp 2WJ1<1ntU[! ppwltwGwgtJ.mu t 4wu U1pW4U1nJ1p 

hqnpntfljWG Wti2WU1UWU !Pubnp, ltwu wnwG6p(i Gb)lppfi WJpUw(i zwp<Jp~p 

uf12ngntJ. : 4gntJ.p pppl)bmwtJ.npniJ. ubpbGwjp oppGWLJ l1WJ101J. b(i hwGqpuwGwt 

"QnG-'1-pp" ~JflJ1UWJP wnw2pu GumzGbJ1[! L " lwGqtu". "4.wmqp", "4bt-4Jmp", 

"lfwuubj-.bnpqjmunu" :j>p)luw(ibpp ubpbGwGbpu: 

Cwp<Jw4wG ppfll1bmwtJ.npn1J. ubpbGwubpu 4flpwntJ.nu1 b(i pGwL1wG 

~npwgnuintJ. PPf14bmwtJ.nptJ.niJ. tunmp GwtuwuJWU1pwumuwfi hwuwp: 
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lUJllUJPUP tugpl.jGbpmu ubO W[1UllU'1[11111Wl(WUnLfljnLGGbpp l)blljpnu1 'l<hjlU(l t 

tuuJwhmJbt ul:irtutJwO qwGqt[wO[I 6GzuwG mwl1 u1whbp1t wGhrwdbzm 

dwuwGwlJ[I: 

'1-p11zllwjpG wztuwmwGpwjpG opqtuGGb(lp hpuGwl1wG pbpmpJmGQ 

hwuwpljmu t GpwGg ljmpp W(llllWll(lllflWLIWUnLflJnLU(}, pb(lljWO ujlwljn(l 

qwGqljwap: UwliWJG l.jwnmgljwOpp UJW(lqnLflJnLG[! L wzjl.rwulwGpp hmuwtllm

flJnLGQ odwGrlw4bt bG, 11)1 rl(lwGp LLUJG li!JrwnmpJmG qmGbG p(l[ll.jbulwJ[lG 

uwuw~Gbpmu : '1-pwGgpg bG " .'ilnG-'1-pp", "lrbt-lr.Jmp", "lrnz" (UUL..), 

" SwwrmuJ", "'1-huGp" ('l-wGpw). ''Ul1nmuhl.j" (UljuU1(1Wt]lw),":Jnun", " lrtwuu" 

(q.hpuwGj1w) ~>jlpuwGhpp L ll5lll-2 (fl.muwuunuU) ppjlllhUlWJpG uwut]1~Gb(1Q: 

Cwnwynw1hG ubnuuwG tuqhylibn11y onwhw1hG wztuwmwGpwrhG 

onqwGGhnn pwrtllwywO bG zwnwljrtwJpG 'lwuwljnrmpJwup tug!Jl1Gb(111lj wGzwrd 

of1Pg, 11(111lU UjlllUlljlllU b(i ubll LILUU up pwGp lU(llllWllbGmrnG UlbltWliWJljWO 

hl1[11ljLUljGbp (Gl1 . lb,q) : QwGqljwOQ uwmmgljmu t OflWLIP Gbpu[} L hntmJwliGbpp 

uJu1u1uwG Qlipwgpmu ubrtutJmu t tu9[1l1Gbpp ut2. 11(1UlbrtJ1g tt ubrtutJwO 

qwliqt\Wb[l 'llll(lU t l)WlPU WU[1UJ1hWU1 dwulwtJbGp mbupnlj, 11(1Q hbulWQWJnLU 

pwdwGljmu t wGhpwdbzm trliWJlnLflJWG wnwGopG Pr!J4bmGbpp [63,70] : 

Pp!JllbU1lUlj11puw(i OfllUI.jWJ[lG uwuw~ Gbrmu p(lpl(bUHUljll(llllUU [}UflWUillU 

t wGQCi'lhWUl, 11(1[} L WUIWimljmu t wljbtll ubO W(llllW'l(lllJtWllwGmfJJnLU, pwG 

tl(lnzuwjpG t.'iwt.'itll~Gb(lp 'lbuJpmt.'i: 

::/GWJtUO ppbGg pwrop tGbpqwmwrmflJWUQ (20+30ll<-lm.d/m), OflWllwoL 

wztuwmwGpwJjlG opqwGGb(ll.!. q(lnzuwJrGGb(lp hbm upwupG, wnwtJbt ubO 

lJp(lwnmfJJillG bG qmbt dwuwGwl[tuliPY pppl1bmwlj11puwG ubpbGwGbpmu: 

OqwL1woL wztuwmwGpwjpG opqwGGbp mbqwliWJljwO bG "lJwuubj-l>b[lqJm

unG", "lwGrlbt(. " .2nG-'1-pp" ~>[lpuwGbpp ubpbGwGbrmu, pG~tqbu GwL mwppb(l 

b[1L1[1Gbrmu, tUJ'l pljmu L ubq unm uzwlltJwo tJmroGwL1wG GumzGtrmu : 

q.JljlllfljlllG mGp GwL oqwllwoL wztuwmwGpwjpG opqwGp ubll WJL 

mwppbpwl1 (GL1.l t), np(} pwql1wgwO t mqqwopq hwppmpjwG ut2 mbqwliWJljwo 

bplplt hwliWllPJl Ujmmljnq oqwl1Gbrpg : QwGqljwDQ uwmmgljmu t oqwl.jGbpp 
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W(lllllUP[lli uwl.jb[1LilljflpG L OltW4Gb(lp lljllllllllwG QGpwgpmu Ubfluljmu zwnw

t\![WJ[lli tu9[1l1Gbpp ub2, ll(llllb'l. L oLwljnrljmu bu pJ1p4bmub(1[}: Prp4bmGbpp 

hbnwgmu[! liWUlUI(lljmu t O'l.WLIP l1bGmpnGpg: 

CGbllwJbu wzhrwmwGpwrbu onqwGL] pwq4wgwo t wGzwpd 4twuwot.. 

t1wu lp1GwoL tugJ14pg, nrmu UjUlUlljmu t hwUWUjWUlWUlutuG aLp zGb4D (G4.1p) : 

CCibliWJ[lCi wztuwmwGpwjpG opqwGGtrmu pppl1bmwljnpuwG qnpO[!GfJtugG 

wli[lliqhwm t: 

CGbl.jwjpG wztuwmwGpwjpG opqwGGb(l[l pwpop 6Gzmt.'iGtr ~bG l.jwrn'l 

uulbrtOb[, pwgp lllJ'l, zljluwG mdb(lp hwrtpwhwpuwG hWUW(l UJWhWG21Jmt.'i t 
<)wplllbt pwljwl1wG md, npp UIUIU16wnm[ t. Wjll wzjuwmWUj]Wjpli opqwGlibp[l 

liP[llllllnLflJillG ~bG qmbt [58] : 

<lmtuwrmbHurhli wztuwmwGpwJhG onqwGGbnll pw'l.I.JwgwO bG nl'l.'l.Wopq 

'lwutut[npljwa bpltm dwUJLUt[bGwjpG ljmtuturl(lp~Gbppg, npnGg trtrwJGWlltuG 

wnw GgpGtru l.jwqumu bG umrwGI.JJmG (G4 . lq): 

<l>ntuW'lfl[l~Gbp!l dwulwiJbGGb(ljl zwpduwG QGpwgpmt.'i qwGqljwO[! 

UlUlllllllU(ldljmt.'i t l)blljp ljmtuwqpp~ Gbpp ur2L [1GI.jw0 Gb'l.W911fl UlW(lWUjl, npmbq 

t. 6lizt.'iwG unul1 mliqp t mGbGmt.'i qwGqljwap wGQGqhwm ub'l.umt.'i [28] : 

<l>njUWI)(lp~wjpG wztuwmwGpwjpG orqwGGb(l[} tunmp pppl[bmwljnpuwG 

GuiWUJtulrnlj 11tnLu ~bG I.Jprwnljmu, pwGp 11[1 GpwGgmt.'i hGtupwlj11p ~t umbrtObt 

pwpop 6Gzmt.'iGb(1, pull PflPllbmGb(lp wGhpwdbzm tummpJmGQ wurwhntlbtm 

htuuwpl[ttmmgljwOpQ umwgljmt.'i t pwljwl1wG OwGr: 

UumnwGhL]w-znptuJWtJ11D wztuwmwGpwrhG OllQWGn ppbGpg Gbp4WJWY· 

Gmu t ZllflWJwtJnr ljmfuwGgmu. npmu ubrtlllltuG tug!Jlw Z'lflWJ~ o'l.wl1Gbpp L 

WULllllWGjlljp wmwuGb(lp u[12L [!GliLUD" mwpwapli t (G4. I[}): .'2wGqljw0Q 

L1WU111L9\jmu t lUJ'l UllU[llUUp[l L ZllflWJP zwpduwG dtuuwGwlr ub'l.t.'ilJmu, 

wnw2wgGbtnlj p(lp4bmGb[1, npnGp hbuwyljmu bG Wjli UjWhj1G, bpp ZllflWJtJ 

OltWll[} hbnwGmu t WUUlflWUjllJ.Ilg [69]: 

Uju t.'ibtuwGtJqt.'i[} GmJUUibu mwpwb"mt.'i ~~ qmbt tunmj1 p(l!JltbmwljnpuwG 

t.'ibpl:iGwGI:ipmu. pwGp nr hGwpwljnp ~t tullJwhnljbt ppp4bmwtjnpuwG hwuwp 
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l}JmztlwjtJG p[1pljhulwLin[IUWG uwu\Jl~Gb[lml. tunmp p[1lJLJbU1WL\n[ltlwG L\[lw 

awtuuqmu t 15+ 18 lt'-lm .ct /m tGb[lqpw , WlltW 4tWGqwljwjpG wztuwmwGpwjpG 

O[lqWGGb[lnl\ uwu!P~Gb[lmU' 5+7 lj'-l.uut/m: Ujl~pqwGp (Ulf\.,) t. P[IWntGztjhjq}l 

qjntq. ubpbGwGb[lp (Q.b[IULUGpw) pGum}lmmmGb[lp ltnqupg ljWUIW[It.IWO hbmw

qnmnLfJmGGb[ll} gmjg bG ml\bt, np WJI} bll.wGwljnt.l ljwpb!P t ppjlltbmwtjnpbl 

upG~L 74% tunGwqnlj3JWU tunm : 

UwltwJG WJ11UJI1UP pwpop tunGwqmpJWUP tunmp pppljbmwt.lnpmul} 

wnw2wgGmu t Gnp rJclt.lwpmfjntGGbp, pwGp np UJWhbumwqn[lmupg wnw2 

pppljbmGbp[! wGhpwclbzm t ~llflWgGbt u}lG~L l 0+ 15% tunGwqntpjwG, ll[l[l tunmp 

GwtuGWlJWG ~ll[IWgUwG hbm hwubuwmwa, hwuW[IL\nLL'i t mGmbUWU\bU n~ 

UUjWUlWljWhW[IUW[I: 

Q.twGqwltwJpG wztuwmwGpwjpG opqwGGbpu GbplJWJmuu qmGqmu bG 

uzwltuwG t.flmtmu L qbnt.u ltp(lWilntfjntG ~bG qmbt tunmp pppl(bmwqnpuwG 

pGwqwqwnmu : 

Sw[lpbp ppplfbUIWt.lnrnll. wztuwmwGpwj}lG opqwGGb[ljl ljlljnLj:JjntG 

mGbgn11 hbmwqnmmpJmGGbpp qbptmantfJntGU gmJg t mwwu. np GpwGg}lg 

wnwtJ.bt 4rrwnntfJmG qmwaGbpl} qpnzuwjpG L oqwlJWJ}lG ppplJbmwtJ.nrmq 

wztuwmwGpwjpG O[lljWGGbp(i bu : 

Prpljbmwqnpnll. rwnzuwJpG mbuwlJp wztuwmwGpwJ}lG opqwGGbpl} IWJG 

l(ppwnntfjlllU bu qmbt zGnphpt.l lJWnmgt.ltuap]l UtW(lqntpjWG t. wztuWLllWGp}l 

hmuw!Pnq:JJWG, uwljwjG WJll tlbpbGwGb[ll} gwa{l W{lUlWll{lllllWI.JwG bG: 

P{lpljbmwt.lnpn(\ OllWI.JWJpG wztuwmwGpwj}lG opqwGGbpf}, zGnphptJ. 

pJlpljbmwtJ.npuwG qnpaf}Gpwgp wGI}G!111wmmpJwG t. pwp6p wpmw'lrn!J.wl}w

GmJ3JWG wnwt.lbt hbnwGLJW[lWJpG bG, pwG rJpnzuwj]lGGbp[!: 

1.3. !uflSt> Prt>4bSU4.flrtfl.n.J Q.flrt5CufitU5t> 
fl~Ufl~lf\.,UUt>rfl~fit5fl~uubrt>~UUU~flSU4uUr4 

!unmp ub!J.tiuwG ljnpauGpwgG ulJut.lbL t hbmwqnuJt.lbt qbnt.u wGgwa rJWp}l 

30-WlJwG pqwljwGGbppG: !unm}l ub(\tiuwG qn{lO[!UflW9[! Gljwpwqpnll hpuGWLJwG 

14 

---

o pt1 u w~wt.IJmpJmGI} hwGrJtwwGmu t ub!J.tluwG 6GzuwG t.lmt.lmtumpJwG 

lJtUtutjwbmpjntUI} UlWflpbjl qnpanGGbpj1g: 

nGzuwG ltwtut.l.wampJmGu ul:illUL\nll. Gjntpp tummpJntG!Jg npnz hbll.}lGwlJ

Gbpll ljn!J.u}lg GbplJWJWgtJ.mu t wum}16wGwltwG, UJntUGbpjl lJmltitJg ' gmy~wj}lG , 

)1UlJ npnzGbpp 4mlutJg' hlmtbJ1PliLWlJWG :}>mGljgpwGbpll mbupnLI. [58] : 

uhpljwJmuu ubquuwG 6GzuwG oppGw~wt.lmtpJntG[! pGmpwqpnq wnwt.\bt 

uGrJmlib!P t hwliqpuwGmu 4..1"> . Ounpnt.1t1 l(nflu}lg wnw2WJllttJ.nq pwGw6LI} [50] . 

p = k[e"(p-po) -ll 
npmb!J. ' p-G ub!J.uuwG 6GzmuG t. u /uu

2
, p-G' pptJltbm}l tummfJntGI}. ljq/u3

, Po-G ' 

pppt1bmwtJ.npt.lnlJ. GJmp}l ultqpGwltwG tummfJnLU[I , ljq/u
3

, k-G L a-G ' tuUJpp]llj 

qnpawlt}lgGbp[!: 

U]1 zwpp hb!J.pGwlJGbptJ hbmwqnmntfjmGlib[ll} (32,36,50,68,98, I 02, l 04] 

gmjy b(i mt.lbt. np pp}llJGUIIUt.lnpuwG jugtlLJGbpmu 25+35 u /uu2 UtWJULUGGbJlnLU 

umwg tlmu bG wnwt.lbt wump ppjllJbmGbp' 500+800 ltl}l l'i3 tuuHILfJWI'ip : 

UbrtutlwG tug]lltGbpnu.l 6Gzmu[! hwqwuw11tJ.mu t hwljwoGzuwGI}, npG 

WllW2WGmu t tugplj]l U\WUlbp}l m ppjllJbUHUtJ.npt.lnlJ. UJnLJ3}1 u]l2L GIJ.WO ztjlUWG 

mclbppg L ubJlUlnpbG lJwtuqwb t tugjlltll UJW(lwubmpbppg m lijntp}l hwmltm

fJmliGbppg: 

UbquuwG [11gplj]l mbuwlw 4wtut.lwa t pp}lltbmwt.lnrmt t'ibpbGLUJp 

mbuw4]lg : '1-pnzuwjpG pp]ll(bunutJ.npn!J. ubpbGwGbpmu UGIJ.UUWG tuYilltGbp[l 

l(wpnq bG !Plibt pwgljwu t.llLUlt . }lulj OIJ.WljwoL uwuw~Gbpmu ' untJ.npwpwp pwg : 

~lUUWOWJG u}l zwpp hbmwqnmntpjntliGbp}l [32,36,50,74] , Ub!J.UUWG [1Jgjllj]l 

mbuwlJl! ZWUI ubi) wqqbgntfjlllU mGjl pp]lljbmwtJ.npuwG qnpO[IGpwgjl 

tGbpljwmwpmfJwG tJ.pw: UJUUtbu ' I}UUl 4..1"> . OunpmU1 I.Jnll.u!Jg ltwmWJll\.wu 

hbmwqnulntpjmGGbp]l [50], pwg ub!J.UUwG tug]lltGbpnu.l 10% [1mGwl\11LfJWG 

wnLI.mJuLtJ PP\14hmwqnpuwG 4pw awtuml.mu t 3,5+4 wuqwu wt.lbl~ tGbpqflw, 

pw(i ~!Wlt ubquuwG tuyflltGbpmu: UwltwJG hwubuwmwpwp uba WjlUlwqpnqw

LJwGmpjwG , j1G~Ujbu GwL pppljhUJGbpu l'iGzuwG mwl1 bpl1wr ctwuwGwlt utwhbtm 
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hGLUptul[npmpJ!llliGbpfl WUJLUhlllj_l~WLi ztinphfnl_ GbplJWJnLUU UlW)lWOnLU bfi qmbt 

uptuJG ptuy ubquuwli tugjllJfibJllJ : 

q.nJillflJni.u mLibynq funmp p[1plJbmw4nf1n'l ubpbuwGbr•G mGbfi mw[lpbfl 

6Lbpj1 ubttuuwG fugJllJfib[l, wJupupG ' ubquuwG fugp40b[1p twJOw4wG ljmp4wbp

Gbf1U UlW[lpb[l bG (lftllJl, pwnwtpuup L lllllJlWGljjmfip): 

UbttuuwG tugpljfl oLu uba zut4m4 wqqmu t Pf1PlJbmw4nf1Uwu qnpO[!fipwgp 

tGb[ll}WUlW[llllflJWU L. umwg4wa p[1pljbmGb[1p WU[lllLflJWU Lj_pw [30,50) : 

'1-tmzuwJJlG uwl.lt112.lib[1mU pflpLJbmwt{n[luwG qn[lO[!Gpwgu qtwGwJpu ub11uuwG 

tugplJGbp)l qbuwmu wnwt{bt PP.' tGb[lqWLilW[l t, pwG up WJt aLp fugplJnLU [50]: 

UwlJWJU U.U. '+muu1w~>unup t. D i' .. Q. 4Jhtt4bf1flP mumuGwuppmpJmGubp[! [30] 

qmJg bu mt{bt. n[l P.mf1wGwf1rJuu.\L L p[lqwoL ppplJbmubfll! w4bt.Jl wum[l hG, pwu 

qttuuwdL L quqwdL Pf1Pithulub[1[!: 

.!.bUJwqnuJn'lGb[lp ljnqupy [57] wmu\)W[1LJ4mu t hwlJw6Gzuwfi 4wP.t4wam

flJntfi[! ub'lUUwG !ugplJp L PflPlJbmwt{n[lt{nq UJmpp UJW[lWUbmpb[lpg. 

/d. ( I . ) 

P = :~ l e" -I , 

ll[1U1b'l ' p-G hwltw6uzmuG t , qo-G ' uGwgn[lllWJ!JG LJn'lWJpG 6Gzmul}, £-[!· ljnqwj)lG 

6uzuwG qnpowlJpyu, f -rf uh11uuwG fug!Jtt)l UJWmhp!J L GJmpp u)l2L httwa ztfluwG 

qnpawLJ!Jgu. t-u· fuyflLI!J UJW[lwqpau. u-a· fuYJlltr twJGwljwfi LJmpt{wapp 

t~wLJbpbuu: 

qo tlfiwynpqwJ)lO LJmtwJpD 6GzmU[! qtfuwt{npwUJhu ljwfut{wb t ubqut{wa 

qwuqlj_wop fummpJmGpg [33] L npnzlj_mu t hhmL.Jwt pwGw6Lnlj_. 

(/u =t:,p"'', 

n[JUJbtt ' e1-l] L. m 1-l] Lj_lnru.\GwltwG qnpawlJ)lgGbp bG: 

4wfut{wo 6uzuwfi mwlj ubttt14_wa qwGqlj_wap UJWhhtm dwuwGwlt)lg, uGw

gnpqwJ]lu LJilflWJpu 6Gzmun 4m4mfuLj_mu t hhmLJWl oppGwlwtJ.mtpJwUp [33]. 

q = q lm + ne - (Ba-n, )t I 
01 I) J. 

npmhtt ' t-G (JwGqlj_wDu 6Gzt~wG mwlj UJWhhtm dwuwGwltG t, m, n, B, Bu-G' 

qnpawlJ!JgGhp: 

16 

E lJil'lWJpU 6uzuw(i qn[lOW4PYl! qlfuwtjH[lWUjbu llwfuLj_w<) t p[1plJbmw

t{n[1L{llll qwfiq4wap ~pqp4n-ubfuwu!JllwltwG hwmlJnLflJmfiGbppg: 4nrtWJpu 

ofizuwu qn[1aw4gp 4wfut{wampJillU[! Pfl!Jl1hmw4npt{nrt GJmp!J funuwt{mpJmGpy 

WflUlwhwJmL{mu t hbml.JWL pwuwoLnLj_ [68]. 

t:=aW" +E, 

npUlbtf W-G pppljbmwL{n[lt{n'l Gjmpfl fummpJmGu t,%, E
0
-u' UJmpp pwgwpowlj 

2np Lj_powlJmu LJmtwJpu 6uzuwu qn[lawllll9l!; a- a L n-[!· qnpaw4pgfibp: 

<l)nvfl ouzmuGbflfl qbUJ.pmu (upG2.L 8 "U/uu2
) uljwmLj_mu t E -p LJwfut{wam

pJmG wnwGgpwJpu ouzmupy, pulj ouzmuGbpfl uho wpcthpuhpp qht4pmu E-[! 

11wnGmu t hwumwmmu [54]: e -p wpdbp[! l[wqumu t · t:=(),4+0,45 [33] : 

lugplJp UJWLilbpp p[lpljbmwt!npt{n'l Gjntpp hhm 2LflUwfi qnpaw4pg[! ljwfu

t{wo t wnwugnwJpG ou2mu)lg : "Unpuwt wnwGgpwJpu 6uzuwG u)lu2.L 2 "U/uu2 

wop qhUJpmu uljwmLj_mu t 2tJ.1uwu qnpawljgp GLj_wqmu, nppg hhmn 2tJ.lUWu 

qnpaw4g)l utampJntU[! ufimu t hwumwmmu L unmwt{npwttjbu ljwqumu t . 

f = 0,5 [57] : 4wfu4wb GJmpp funDw4mpJmG)Jg , 2tflUwu qnpawltP9[! Lj_mL{mtutJ.mu 

t f =0,5 + 0,7 Up\)wljwJnmu: 

Pwg ubttUUwu fuypljGbpmu, OJmpp ~J)lq)lljn-ubfuwu)l4w4wG hwmljmpJmG

Gb[lp 41IltJ.mtuuwu hbm 4wt4t{wa, ppp4hmwL{n[lUWG qnpO[!Gpwgp fuwfummu[! 

4wpqw4nf14mu t uhquuwG fu9ll4P hwf14mpt{wopflljw[1qwLj_npuwup [58]: 

4w[lqw4npLj_nq ljmpLj_wopnLj_ ubttuuwG fugpl[Ghp[! hbmwqnmt{bt bu <l.to. 

Ounpn4)l 4n'lu!Jg L wnw\)wplJ4bt t pwuw6L, npG wpmwgntmu t hw.ljw6GzuwG 

LJwtut{wompJmGu 4tnp L. m'l'lW!llJJmG LWJGwljwG ljmpt{wop mGbyn'l ubquuwu 

fugpljGb[lp Ujwpwubm[lb[lpg: 

4tnf1LJmpt{wapnLj_ uhquuwG fug/Jl[Gbpp hwuwp · 

( )

koo 

P _ qo do _%. 
- e d

0
-2Ltga E · 

DtqqwGlJJmG ljmpt{wovn4 uhquuwG fuypljGbpp hwuwp' 

p-% Go -% ( J
koz 

- E a
0
-2Ltga e' 
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h . k 2£ ( . ) I + v ( . ) npm lJ. 01 =- sma+ jcosa, k02 =-- sma+ jcosa, d-ll' lllnfl fugp~p 
rga 1.1ga 

u~qp!Jw~wll mpwuwqp(}fi t , L-~· fugp~p hp~wpmpJntlll_l, a-u· fugp~p wnw!Jgpp 

filiWUlUWUp UlWUlbpp vtpuw!J w!ilumG[!, v = 00 -G ' nLlJ.I).WGli.JwG ljnquhpp 
bo 

hwpwphpmpJm!l[!, a0 -!J ' uhquuw!J tugfl~p uljqpGw~wG ~mpl!w(}pmu mqqwG4-

JWil uh<) ~nqu~: 

liJU pw!JwoLhpp qmpu phpuwG uupwgpmu hhiJ.PGw~p ljnqupg ~llrpuGtJ.ht t, 

np llnqwJflll 6!lzmuGhpll mqqwhWJWY hG tugflljp wnwGgppll [58): UwljwJG WJ'l 

unmhgmu~ pmJtmmphtlt t uflwJG a -p tJ.mp(l wrdtpuhrfl qbuwmu: Pwgp WJlJ., 

hhiJ.fl!Jwljfl ~llllliflg hwztl.fl ~hll wnfitl.ht Gwt. ubquuwG )ugpqmu fiJmpp LWJfiwqwG 

qh~mpt'iwgpw!Jhp[!, npnGp a -11 lib(} W[ldbp!Jbpp qbuJPmU pwtJ.wqw!J ubb 

wqqhgmpJmll h!J tJnqllmu pppljhmwtJ.npuwll qnp<)[!Gpwgp tJ.pw: 

Ppp~hmGbpp npwljw~w!J gmgwGpzllhpp ()ummpJmG, wupmpJmG) tJ.pw 

qqwtlt wqqhgmpJmG t pnqGmu ubquuwG )ugp~mt'i 6GzuwG mw~ ubqutJ.wb 

qw!Jql!w(}p uGwtm dwuwGW~(! : 

U}ILilmJ!l 61lzuwG mwl1 )ugpl1Gbpmu pppl1hm!Jhpp u!lwt.m dwuw!Jwlj)l 

Wt[htwgmu~ Ut4WUU1ntU t ppflllhmGhplt )ummpjWil uhbwgt'iwG[! [24, 36, 50, 74, 

102, 105]: 

Pppljhmllbpp )ummpJwll llwtutJ.wbmpJmll(! tugp~mu p)lpljbmllhpp uGwtm 

dwuwGwljltg npnztJ.mu t tuULttpplj pwGwoLntJ. [33]. 

P, = aoPo +floP .... + a,t(P ..... - Po~ 

npmhq' P1 -ll tJ.hp2GwljwG )umntfljntGG t, P .. u, -G' uhqt'iuwG )ugp~mt'i PPlt~bmp 

fummpJntll[!, ao, .BoA -G ' tulllflPP~ qnpbwljltgGh)l[!, t-Il ' )ugpljmu ppp~bmGbpfl 

uGwtm dwuwGwtm: 

~bmwqnmmpJmGGbp[! gnlJg bG mtJ.bt [103), np fugpljmu ppflljbmGbpfl 

uGwtm dwuwGwljfl ubpphfl uwhuwG[!, npfl qhtllpmu umwgtJ.mu bG [!GqmGhtlt 

)ummpJwG t. wupmpJwG prpljbmGtr, 2,5 ti.Jl4 t: tiuzuwG mw4 ppflljbmGbrfl 

uGwtm olllmpuwt dwuwuw~ ~wphtlt t hwztJ.bt 5+ IStJ.r~ : 
18 

Prflltbmwl!npnq oqmltwJpG wz)uwmwGpwjpG orqwGGb(lp b[lllPw~wtJ.lw

llwG UlW[lWlibmphpp nrnzuwGG hG utJ.pptJ.w<) up ZW(lp hbmwqnmmpjmG!Jb(l 

[32,33,87 ,88): ~bmwqnmmpJmGGbrntl. hwumwmtJ.bt t, np hntntJ.wlluh(lp L1nqupg 

pppllhmwtJ.nptJ.nq GJmpp l1wn~uw!J a wG4JntU(! hwtJ.wuw)l t 2t1.1uwG q> wG4JWGI!: 

q. .4_. UnpntLP l1nqupg umwgtl.ht t ufl wrmwhWJU1ntpJmG, np[! hGwrw

tJ.npntfljntG t mwtltu nrnzbt uwm(lpgwJpG OltWliP R zwnwtJ.Ilrti! t. ubrtlitJ.mt 

qwGqtJ.wbp h hwumntflJnLU[}. 

R= 13 
p0bw\(2-A)' 

It= RA, 

[ 
. (sin QJ)] cos a = cos arcsm A.

1 

_ 
1 

• npmh"' A {- -1(•~{) -(•- ~) joo<a. 
13-G' wutnp ublt lllUlntJU1P [!Gpwgpmu uwutlt~P pnrtmGwllntpJmG[!, P0 -u · GJntflp 

uwmppgwJflG oqw4p zwnwtJ.qp hwrwpbpmpJntGI! uhrtun'l hntntl.wltp zwnwtJ.IJ.fJG, 

f = tgQJ-G ' hntntl.w~p uwllbpL.ntJflP hhm GJntflP ztJ.luwG qnrbw4!191!: 

Ivnmp pppllhmwtJ.n)luwu qnp<)nupwgmu bwtuutJ.nq tpptJ. tGbpqpmG 

npnztJ.mu t hwJmGp pwGwoLntl. [75). 

Ae= A,;;+ A., 

npmbq' Av
1
,-[! ppltltbmwtJ.npuwG tJ.pw Ow)uutJ.nrt Uib(lqpwG t, A,,-G· pppltbmGhp[! 

fugpLIP9 qmpu uqhtm tGbpqpwG : 

PppltbmwtJ.npuwG qnp<)nGpwgp tJ.pw Ow)uutJ.nrt tGb(lqpwG U.U. 4ntnumtJ.n 

[48) wnw2wp4mli t npnzbt' btGbtntl. upwtJ.np gnrtmGp uh(\uuwG tJ.rw bw)uutJ.n'l 

wz)uwmwGppg: "VztJ.w() bl).wfiwqntJ. hwztJ.wr~Gtr 4wmwpht.Pu hwztl.fl ~P wnGtJ.ht 

P!1Pl1bmllbpp qnJwguwG nupwgpmu gnl).mGGbpp upliJwGg hbm ztJ.lmuGb(l(!, np[! l.. 

ltwultwbp mw4 t qGmu umwgtJ.wb pwGwohb(lp hwtJ.wumpntflJnLfi(!: 

"VbrltwJmuu ppp~bmwtJ.npuwG qnpb[!Gflwgp mbuw~wpwp tGbpqwmw

pmpJwG npnzuwG hwuwp wnwtl.ht [!GqmGhLil t hwuwrtJ.mu 4..fl . Ounpntl.fl 
19 



I.Jnqupg WI!Wl>Wpi.J~nq pwfiwc'IL[! (50). 

A,~= c ~ [ ap0e-"r"(lie"r"i:~ -lit:"'"')_ L; S ( e"A'L~s -I) J 
npmbJf U-fi Juyfli.Jfl LWJfiwi.Jfl ltmptlwopp uwltbpbufi t. G-G' ~w41wpwctfip 

qwuqtlwb[!, L-[! ' Juypltfl bpltwpmpJntfi[!, S-[!' qpn2up [!U!JWYOI!· /i-G ' 

flGmtqpwtwJflfi tnqwpppup ~mtGI.JgJlwJp upu~nur 

liJil pwfiwoL[! qmpu t pbptlwb qpn2UWJpfi uwutJ!~Gtpp hwuwp, uwi.JwJfi 

npnz tJLwl{mJumpJmGGbp l)wmwpbtmg hbmn WJfi I.Jwpnq t I.Jppwnl{bt pppi.Jbmw

~npuwfi 0'1.WI.JWJpfi UWUIJ!~fibpmtf pppl)btnwl{nptfwfi qnpO[!fipwgp tnbUWlJW[lW[l 

tfibpqwmwpm!JJWfi npnzuwfi hwuwp: 

l).pnzuwjjlfi uwutJ!~fibpmu pppi.Jbtnfibpp JugpJ.tpg qnqm hwfiuwfi mbuwJ.tw

ptup tfitpqpwfi I.JwpbtJ! t npnzbt hbmLJWL pwfiwtJLnl{ [50). 

A=~ [~(p+ ~ xl-e-1+)- ~ h]. 
npmtq' p-fi 6fizmufi t qpnzup l{pw ppflltbmfitpp qmpu hpuwfi UJWhpfi, h-[! ' 

pppljtmfitpjl qntpu hpuwfi [!fi(}wgpmu qpnzup l!arwgp[!: 

Uwi.JwJfi Gztlwo pwfiwc'IL[! oqwJ.twoL uwutJ!~fibpp T}bUJpmu ~P J.twpnq 

oqmwqnpo~bt. pwfip np hwN!J ~P wnfi~wo fiJnt!Jp 2~mttf[! fiwJuwJuypJ.tp 

Ltll!J.WjpU UJWUlbpp hbm: 

O!J..wi.JwJpfi uwutJ!~Gtpmu, pwgr qwfiqtlwol! ub!J.t5btm L JuypJ.tJl utl> 

umgfibtm tfibpqpWJJlg, tfitpqpw t owJuu~mu fiwL qwfiql{WO[! wnwfitJpfi 

~W~lWpWctjlfifibpn~ l)Ul[lbtnt l{pw : 4WU1Wptlwb wzJuWUlWfipfib[lntU WJil 

tfibpqpwfi hw24J1 ~P wnfit\wo: 

Umwg~nq pppi.Jbmfibpp npwi.Jwltwfi ymgwupz!ibp[! (Jumm~JJntG, 

wupmpJmG) J.twJul{wo bfi fiwL Junmp mbuwJ.tflg, uwfipwguwfi wumr6wurg L 

Junfiwtlnt!JJntfipg : 

q.JnL'l.Wtnfimtuwl)wfi J.tbpW[lUlWil[lnt(JJWU Ubl> oqmwqnpotlmu bG ur 2W[lp 

Junmwmbuwi.Jfibp: liJil JunmwmbuwJ.t(ibp[! mfibfi mwppbp ~pqjli.Jn-ubJuwfipi.Jw-

4wfi hwml)mpJmfiGbp, npnfip Jupum tJLn~ wqqmu bG pp)li.Jbmw~npuwfi 
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qnpb[!fipwglt ~pw: Op)lfiwlt ' hbmwqnmm~JJmGGbp[! [46, 53] gmJg bG tnt\bt, np 

wnwl{bt LW~ tfi pppi.Jbmwl{npqmu wn~mJUl[! L bpbpfimJ.t[!: Snpfimi.J[! wl{btJ! 

qct~wp t ppjll.jbmwqnp~mu, pwfi wmtmJUl[!, L wtlbtJ! hbzm' pwfi oqnm(!: liJil 

pwywulptlmu t Gpw!intl. np hwgwqq)l pmJubp[!, npn!ip pwtlwJ.twG wnwoqwl.jw!i 

tfi, ubquuwG ctwuw!iwi.J utwhwGl>mu tG w~btJ! ubo 6!izmu, pwG pwJ.ttwqqjJfibp[!, 

npnfig zwpp)lG bfi qwuqmu wntlntJUl[l L bpbpGmi.JI! [ 112]: 

~p)lltbmwtlnpuwG hwuwp Gbp4wJmtlu wnwl{btwutbu oqmwqnpomu tfi 

pwJ.ttwqqp JunmwpntjUh[l[!, UWUfiWtlll[lWUJbU WlltlntJUl[!: 

Ivnmp owfipwguwu wum)16wG[!llwpLnp qbp t Juwqmtl pfi~utbu oUJ.mJltlwt 

JuUlnL(JJWfi pp)li.Jbmubp UUlWUWtnt, WJUUJ.bU lt iufiwumfifibpp l1nqu)lg 

pp)lltbmfibpfl mmbL.tmtjlJWG mtuwJ.tbmpg: 

up 2wpp hbmwqnmnqfibp)l mumufiwuppmpJm(ifibp[! [50,55,74,98,65] gmJg 

bG ml{bt. np uwfipwgtlwb Jumn)ly UJ.Wmpwumttwo ppflltbmGhp[l [!Utn ~wt)lbpp, 

oLp L JummpJWG wnwtlbL hwuwubn bfi, pwfi wupmwwl.jwG Junm):ly 

UJWLn[lWUUltlWO ppjlJ.tbtnGhp[!: Uwi.JWJU wupnql>wi.JwG Junm)lg UJ.WLn[lWUUJtlwb 

pppJ.tbmGbpp WO[llll(JJI!LU[! 2wm wtlbtJ! pwpc'lp t , pwfi uwfipwytlwo Junm):ly 

UJWUl[lWUUltlwo ppltlJbtnGbpltG[!: vzbGp fiwL, np wupn!J.l>WltWU Junmpg 

pppi.Jbmfibpp umwgtlwfi l{pw owJuutlmti t wtlbtJ! zwm tfibpqpw, pw!i 

uw!ipwgttwopg: 

lllwpqtlbt t, np finptlwt wupmpJwG L JummpJwfi ppplthtnGhp umwGwtm 

hwuwp qmptlwb Junmp.bpljwpmpjntfi[! utbmp t qbpwqwfiglt Jugpltlt LWJGOLjlJntG[! 

1,2 wGqwu: 

Ivnmp JunfiwqmjlJntG[! pppi.Jbmwqnpuwfi wfihpwctbzm 6Gztlwfi u 
qnpO[!fijlwgp 4WJntGilljlJWG tlrw wqqnq J.twpLnp qnronfiGbppg ubJ.tG t, n[lG 

wql)mu t GwL umwgtlnq pflpi.Jbtnfibpp JummpJwfi L wupmjlJWfi l{pw: 

q.pwi.JwGmpJWG qbptmomjlJI!lli[! [51 ,74, 102, 112) 9n1J9 t mwtJ!u, np wump 

L wGhpwctbzm JummJlJWfi pp!Jltbmfibp umwfiwtm hwuwp Junmp wnwtlbt 

[!fiqmfibtJ! JunfiwtlmpJntfi[! utbmp t qmGtlP 16+23%-p uwhUwfifibpntu: 
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~wuw6wJG 1971p. hwumwmtJ.wb wqpnqnnmhjuGpljwlJWG utwhwG£Gbpjl 

[83], ppjlljhmwl{npmupg wnw2 junmp junGwtJ.mpjntliiJ UJbmp t qmlitl.\1 12+ 18%-jl 

uwhuwGGhpmu: 

.Ni2UJbu wpqhG Gzl/bt t ' pppljhmwtJ.npmou junmp GwjuwUJwmpwumuwu 

twl{wqmJG hqwGwljGbppg ublJG t : t>p wnwl{htntflJmGGbpp z!inphjll{ pppljhmwl{n

pmUIJ junmp GwjuWUJWmpwumowG hbnwfilJWJlWJjlU llll]_llntpjntUGbppg t: 

Ulap hwGpwuthmmpJwfi UJWJUwGGhpmu, npmhq ljJ1luwG pwquwplintJfl t, 

lj)lpwnhl]l b(i L pGwljwG, L WjlhhumwljwG znpwgtlwb junmjl pppljbUlwtlnpuwG 

mbjufintnqjlwfihpiJ: 

PfiwljwG 21lJlW9l/WO junmp ppjlljbmwtjnpntU!J jlpwljwGwgtJ.ntU t zwpdw

LJWU ppjlljbmwtJ.npnq obphGwfihpntJ., npnfig GhpljwjwgtJ.nq hjloliwljwli 

UJWhwli£GbpG bG" UbpbGwjp UjlwtJ.np qwGqtJ.w()jl hwztlmt pwp6p 

wpmwqpnqwljwGmpjntGIJ, ljnUUJwljUlntj}Jntli!J L. gwbp ut.mwqwmwpntpjntUIJ: 

lijl} mbuwljbmjlg zwpdwljwli pppljbtnwtJ.npnq uhpbliwlihpmo liUJWtnWljw

hwpuwp t oqwljw6L wzjuwmwlipwjpli opqwGGhpjl ljjlpwnntpjntli!J: 

ltwmwpttwqnpbtJ.wb pppLJtmwtJ.npnrl ohptliwlibpjl umhqbUwG hwuwp. 

npiJ fil{wqwqmJG tGtpqtmpLJ ()wjuumuGhpntJ. lJWU[WhntJ.jl UJWhwli2tlnq wpmw

llP"'lwlJwGntpjntG, wlihpwdbzul t mumuGwupJlht pp\llthmwtJ.npuwG qnp()~GpwgiJ 

oqwljwJjlli wzjuwmwGpwJ\lG opqwGGbpmu L npnzbt Gpw OUJUlpllwt 

UJW[lWUhUlphp[!: . 

Oqwljw6L wzjuwmwGpwJpG opqwGGhp[! hbUlwqnmtJ.ht tli up zwpp 

hhmwqnmnqGtppltmlll\lg [32,33,87 ,88], npnlig mumoGwujlpmpJmGGbpiJ GtJ.jlptJ.bt 

hli hjlufiwljwGmu hntntlwlj)l ljnqojlg tunmjl uhquuwG qnp<)!Jiipwgjlli L hntntJ.wljjl 

m uwmpjlgwJpG oqwljjl hpljpwzwtllwljwG UJWpwuhmptpjl 6zmuwG[!: UwljwJG 

ppjlljhmwtJ.npuwG qnp()[!Gpwgjl tGhpqwmwpntpjntG!J L umwgtJ.w() pppljhmlihpjl 

npwljwljwG gmgwGjlzGhp!J juumnphG lJwtutJ.wb hG utqoowG jugjlljjl 6Lpg L. 

UJWpwuhmphp)lg : 

'1-pnzuwjpG uwol]12Gtpjl pwg uhquuwG jugpljGtpu hhmwqnmtlht hG L 

mtuwljwGnphG, L l/mp6GwljwGnptG, \lliiutbu GwL. mptJ.ht t Gpwlig hwztJ.wpljuwG 

22 

ubj}nqpljwli [57]: Uwljwjli Gzhlip, np WJI} ubJlOOwG tugpljGbpp ljjlpwnntpjntli[! 

oqwljwoL uwol]lzGhpntu Gutwmwljwhwpuwp zt Gpwlig hpljwp l]llibpn 

u
1
wm6wnntJ.: lugpljGhpjl hpljwpmpjntli[! hliwpwtJ.np t ljwp6wglihl GpwGg 

utwmhppG flhpmpJmli mwtm zGnphptJ., L umwgtlmu hfi ljnliw6L, ppqwoL LJWO 

uhUJw6L jugpljlihp: UJI}l)bUJpmu wlihpwdhzm t hwztl.\1 wnliht GJntflp LWJiiwltwli 

qh.'jmpuwg)lwli L jug)lljp wnwligpntl. Gnpuwt LtnqwJpG 6Gzmulihpp pwJlW'lPP.I.

Ghp[!, npnlip uhbwgGmu hli tugfJLJmU qpowqpmpJmG[!: liJ'llJllm\1 uhquowli 

tugflltlihp[! ibli hhmwqnmtl.hl "i mhuwltwlinpbli , Oi tJ.mpoGWLJwlinphG: 

~hG tmbtJ.wb GwL hwtJ.wpfJL-uwGpwmfJi\19 ppjlljbmwtl.npuwG uwutJ12Gb

ppG tunm)l uwmmguwG, GwjuliwljwG junGwtJ.wguwfi L pp)lltbmlibpp hntJ.wguwG 

hwpghp~ : 

l..bpljWJWg\}nq wztuwmw!ipp lill}WUlWljli t hpuliwl{npbt pppljbmwtJ.n)11l'l. 

utphGwlihpp utwpwubmphp!J L uzwljhtl}Jlwlig hwztJ.wpljuwG uhpnqplJW: 
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~nqfiLj_w() t 4tWfiw6u pwgw4 (\8), wztuWUlW<J Oil llnl[lU UqUWU hWUW[l: 

Pplt4bml1bpp oqw4wJltl1 tJ.mtuwqpp~[! hwmw4p wl1gplt (16) lip2ngnLj_ u)lwgtJ.wb t 

pbp pbnGwpwtJ.mq !JlntuwqpJlillG (20): 'VztJ.wa hwGqmJgUb[l[! unGmwcltJ.mu bl1 

[!l1pwgpwj)lG wl1ptJ.Gb[l)l (22) Lj_pw mbqwLIWJLj_wa ub4 [!Uqhwl1mp ZP2Wl1tu4)l (21) 

tJ.pw, np[! L19tJ.mu t mpwL1mnppl1: 

'LlJ.3. P[ll•lJbmwtJ.n[luwG hwuqmJgjl utubuwu : 

lvnmp ppp4bmwtJ.npuwl1 uhpbGwl1 wztuwmmu t hhmLJWt 4hpUJ: 

CwpcltJ.btntJ. qwzmntJ., ubpbl1wJ)l tunmhwtJ.wp)l~[! (I) ~npwgwa tunm[! 

LWUb[lpg hwLj_wpbtntJ., Uwl1pwgl1nq hW[lUW[lWUpnLj_ (2) uwl1pwgl1mu h 

UIUL.uwm)lll ubtuwG)lqu)l (3) Up2ngntJ. Ol)Wj)ll1 hnupp hbUl uwmmgmu t gplnnup 

turu1ntJ.wl1)1G (9): 5)14tnG)l tunqm!w4mu (9) mhqwllwJtJ.wa 4nG~mqnpmu (8) 

Ol)Wj)lG hnup)l wpwqnLflJnLU[! uMwGmu t' WfiW2Wgl1btntJ. 6Gzmul1bpp 

mwppbpmflJmG tunqntJ.w4)1 (9) mti.Jwt 4mpLj_wbp)l h 2PWJ)\G zwui!J4mu 2PP 

uw4wpqw4lt u)l2L, np)l zGnphptJ. 2nL[l[! 2PWJpl1 ZWUJP4P9 (5) tunqntJ.w4ntJ. (6) L 

26 

il"wJ[lWUJwl1w4ml (7) pwpopwl1mu L. tuwnl1tJ.mu t oqwJpl1 hnuppl1: 5!J4tnl1p 

tunqntJ.w4mli (9) 2nL[l[!, tuwnl1tl.htntl. oqwJpl1 hnupltG m LjmzpwGwtntJ., 

tunGwtJ.wgl1mu t tunmtt uwGpwgtJ.wa qwGqtJ.w<J[!: lJwGpwgtJ.wil" tunul[!, OllWJltU 

hnuplt hhm upwupG, tunqnLjw4pg (9) mpLjmu t 9P4tnGp (4) Ghpppu ppwG (II), 

npmhq mhqp t mGhGmu oqwJpG hnupp L ppp4hmwtJ.npLjnq GJmflp pwclwGmu : 

liJl1mhtmL wnwl1oGwgtJ.wil" h wl1hpwclhzm ~wLjmtJ. tunl1wtJ.wgwa PPlt4hmw

tJ.nptJ.nq UJnLfl[! mptJ.nul t oqw4wJltl1 uwmpltgwJ)l ( 12) tunnn~, npmhq L1wn~tlhtntl. 

uwutn'l hntntJ.w4Gtpp ( 13) 4nqultg ut•lutJ.mu t uhquuwG tug!Jlll1hp: Uhquuwl1 

tu9)1L1Gtppg qmpu hl1nq Pf1Pllhml1tp[! oqw4wJpl1 Ljmtuwqpp~p pbpp~l1hpp ( 14) 

t1p2ngntj_ hwtJ.wpLjmu L tJ1ntuwqpp~p wl1gpntJ. ( 16) mptJ.mu hl1 php phnl1wpwtj_mq 

Ltmtuwqpp~pG (20) m pwp6Lj_mu Ljmtuwqpwtl)12nyGhp[!: 

~wl1qtJ.wil"lt pwclwl1uwl1 wpqJmGpmu wnwl16l1wgLj_wil" oqwJpG hnup[! 

tuGyl1htntJ. l1hpppl1 (II) L wpmwpltl1 (19) ppwl1l1bpntJ. 4wquLj_wil" g!J4tnl1p (4) 

tunnn~ntJ. hnLj_wgl1mu t oqw4WJPU uwmpltgWJlt W[IUlwppG uwllb[!Lntjfl[! L. 

umwgLj_wa ppltllbmuhp[!: Pppl1bml1bpp hntJ.wguwl11} UUJWUUlmU t GwL 2PWJpl1 

zwUJplplLU (5) bqwil" 2Plt UJWpml1w4ntflJntU[!: OqmwqnpatJ.wb oqlt hLP[! upGntn[lUl 

ltpwL1wl1wgLj_mu t oqwliWJpU !Jlntuwqpp~p l1bpp}1l1 4LWUWJltU UjWUlp ( 17) h 

tlwmpltgwjpl1 oqw4lt ( 12) l1bppLp hpuplt up2L bqwb 4LWUWJltl1 pwgwL1ntJ. ( 18): 

lvnmp PPP4bmwtJ.n[1UWl1 WJU ubphuwl1 hULU[!WLj_npmflJllLU t UlWUlU 

PPP4bmwtJ.npmu[! 4wmwpht wl1u!J2WUJhu qwzmmu, twubpmu ~npwgtJ.wil" 

tunmpg: Ppp4hmwLj_n[lmupg wnw2 qwl1qtJ.wbl} tunl1wLj_wgLj_mu t, pull umwgtJ.wil" 

PPP4bml1hp[! hntj_wgtJ.mtl bl1' l1wtuwmhmlw<7 wqpnqnnmhtul1p4w4wl1 UJWhWG2-

ubppG hWUWUjWUlWutuwu: 

2.2. USU5POuUP PPPltbSU411f'UUu lJb.l2b'VU5P UlvblJU5P 
lJCUltOI-lJQ 

UJG ZP2Wl1l1bpmu, npmhq wGhGwp t tunmp pGw4wG ~npwgmu[!, GUJwmw

llwhwpuwp t umwgpnGwp bqwuwt1nLj ppp4bmwtJ.npuwG mhtuGntnqpWJP 

li!J[lwnmpJmU[!: UmwgpnGwp bijwGwllntJ. p(lp4bmwtJ.npuwG mbtuGntnqpwG 
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4wph!P t Ghp4wJwg!lhL G4. 4-mu phpt.lwb utuhuwJnt.l: Umwglm!lwp hqw!lw4nt.l 

pp)l4hmwt.lnpuwG mhtu!lnLnqpw4wG qpb!l pp uh2 [!Uqqp4mU t' tunmp 

uwmmguwG t.lmtuwqppw (I), oqmw4wp tuwn!lmpq!lhpnt.l LntbntJfP qUIU 2PP 

uwmmguwG hwuwqwpq[! (2), qhpwtuwn!lp~[! (3), pppqhmwt.lnpnq uwuwm ( 4), 

LntbntJ~P tuwn!lp~-~wt.llwt.lnppw (5), ppplJhmwt.lnpnq uwu!P~P hwqnpqwLm (6), 

2fl2WUWq[! (7), pppqhm!lhpp t.lmtuwqpp~[! (8), t.lmtuwqpwUp2119[! (9): 

I 

e=3=-~~=_::::=-~ R2=~-
ljl\ll \\\\~ 1 

'Ulj. 4. Umwgpnuwp hqwuwljm{ tunmp PJlpljhmwt{npuwu mhtuUntnqJlw4wU utuhuwU. 
I) tunmj1 uwmmguwu t.11ntuwqpj1~, 2) oqmwLJwp tuwnumpqUhrntl lmbmJpll 4wtl 211Jl 
UWUllltguwu hwuwljwpq, 3) 4hpwtutun(ip~ . 4) p[ipljhmwt{nrnq uwulJl~. 5) LntOlllJflP 
tuwnuj1~ ~wt.llwt{npp~, 6) PflP4hmwt{npuwu uwtllJl~ll hwqnpqwlj, 7) 2[12WUwlj, 8) 
ppj1ljhmuhpp ljmtuw11Jlp~, 9) t.llntuwqpwtlj12ng: 

Umwgpn!lwp hqw!lwl.tnt.l tunmp ppp\.thmwt.lnpuwG mhtuGntnqpwJp 

\.tppwnmpjntU[! h!lwpwt}npntpj11LU t mwwu umw!lwt wwnwgpn!l l.rhphp' 

pppqhmwt.lnpnq qw!lqt}wb[! GwpiWUJhu hwpumwg!lhtnt.l up\.tpnhwtlhtmu!lhpnt.l: 

u·wupwgt}wb' tunm[! L upqpnp1wn!lmpq!lhp[! t.lmtuwqpp~p (I) L tmbntJPP 

t!wmmguw!l hwuw1.twpq)1 (2) up2ngnt.1 mpt.lmu h!l tuwnGp~pG (3), nplllhll 

tuwn!lt.lhtnt.l L hwuwuhn qw!lqt}wbp t.lhpwbtlhtntl mpt.lmu hG pp)lqhmwt.lnpuwG 

OlJ.W\.twtJL uwuw~)lG (5): Uwuw~pg qmpu hltwb pppqhm!lhp[! hwt}wpt}mu L 

t.lmtuwqpp~p (8) up2ngnt.1 pwp6t}mu h!l t.1mtuwqpwup2ngGhp[! (9): 
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Iunmp pppqhmwt.lnpuw!l pG~uJhu zwpdwqw!l, WJUUJhU tt umwgpn!lwp 

uhph!lw!lhpp oqmwqnpauwup mhtu!lntnqpw!lhpmu hpuwGWLJWU wztuwmw!l

pwjp!l opqw!l[! pppqhmwt.lnpuwG oqwqwtJL uwuw~G t, puq w!lhpwdhzm 

wupmpJw!l L tummpJWU ppp4hm!lhpp umwguwG qpwt.lwqwG h!l uhiluuwG 

tugpq!lhpp L oqwqwllL uwu!P~P UJWpwuhmphpp 6pzm [!Umpntpjnt!l[!: 

CwpdwqwG pppl.rhmwt}npuw!l ubph!lw!lhpmu w!lhpwdhzm t WUJWhntlht 

pppqhmwt.lnpt}nq qw!lqt}wb'p w!l[!Gqhwm uwmmgmu L Gwtu!lwltwG tun!lwt}w

gmu: Pppqhm!lhpp utwhw!l2tlnrt npwqWLJWU gmgw!lpz!lhp WUJwhnt.lhLm 

UUJWmwqntl w!lhpwdhzm t GwtuwmhuGhL pppqhm!lhpp hnt}wguwG h!lwpwt}n

pmpJmfiGhp : Uh1J.Uuw!l tugpq!lhppg qmpu hqwb uh!J.Ut}wb' qw!lqt.lwb[! wnw!ltJpG 

pppqhm!lhpp pwdw!lhtm, umwgt}wb pppqhm!lhp[! hwt}wphpm L t.llntuwqpw

Up2ng!lhp[! pwp6hL11L UUIWU1Wltntl w!lhpwdhzm t uzwlthl pppqhm!lhpp 2WP'lP~

t.lmtuwqpp~: 

OlUhLntl t.lhp[! Gzt}wbpg, pppqhmwt}npuw!l uhph!lw!lhpp GwtuwqbUwG 

hwuwp w!lhpwdhzm t Ltwmwpht hhmLJWL hw!lqmJg!lhpp hhmwqnmnqlJm!l L 

UJWpwuhmphpp 6zmmu. 

I. Uh!J.UUw!l tugpqhpp, 

2. uwmppgwjp!l OIJ.Wl.rp L hntnt.lwl.r!lhpp, 

3. tunmp uwmmguwu UJULuwmpl.r hwuwt.rwpqp, 

4. tumnp Gwtuuwt.rwu tunGwt.lwguwG hwuwt.rwpqp, 

5. pppqhm!lhpp hnt.lwguw!l hwuwt.rwpqp, 

6. pppqhmuhpp 2Wf111PP-t.lmtuwqpp~p: 

~hmwqnmmpJm!l!lhpp hpuwG tlflw UJhmp t uzw4hL pppl.rhmwt}npn!J. 

uhph!lw!lhpp hwzt}wpl.rp uh~nqpqw: 
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3. PPt>ltbSU~Plffi"U q.nPt5(!"UfUU8C Ub'UJl.JU"U Iu8t>lt"UbPll.Hf 

3.1.40'UU4U'U Ub'l.U1JU"U lu8t>4'UbP 

PppljbmwtjnpuwG hwuwp tqwhwG24.n'l 6GzuwG tjlmfwjumpJwfi oppGw~w

tjmlf)JmGGbp[! (ljwju4_wo pppljbmw4_np4_nq liJmpp :j>~qjlljn-ubjuwu~ljwljwu 

hwmljmf)JmGGbppg t. uhrtuuw(i jugpljp ~wtjlhpjlg) npnzbtm hwuwp !1Jlli1Wp~bGp 

ljnGwl(WU ubll.uuwG jugjl~{!, np[! UJWlllljbptlwb t Glj . 5-mu: 

II 

............ 
-- · ~ 

Jl 

L 

UI) p) 
u4. 5. 4nGwljwG Ubll.UUWU tugJ14Il t.. GpwGnlU mdbjl\1 pwztuuwG utubUwG: 

CGqmGmu tau, np pp!Jljbulwtjnplj_nq GJnt!'ll! hwuwubn t t. jugJ14~ LWJGw

t1wa ljmptjwoumu 6Gzmu[! pwzjulj_mu t hwtjwuwpw~wlj_1: 

UbquuwG jugpljjl tqwpwubmpbpG bG . ummp!J ljlllptjwbpp zwnw~ll.!!' ~. 

tw~ ljmplj_wbpp zwnw~ll.[!. R, jugplj~ bpljwpmpJntG[!' L L bpljwJGw4wG 

wnwGgpp Gljwmuwup jugflltll UJWmbpjl pbpmpJwli wG4JmG!!' a: 'UJOLfll! tu91l4r 

ub2 uhrtut1_mu t cr 6GzuwG mwlj: 

Iugjlljp ummpp ljmptjwbpjlg x hbnwlj_npmpJwG tjpw wnwuaGwgGbup 

pp!Jljbmwtjnptjnrt Ujntp!l dx hwuuJnlflJUIUp U1Ul[1[1WljwG zbpm L q!Jmwp4bGp Cipw 

hwlj_wuwpwljznmpJmG[!: UJ!}Zhpmp !lrw wqqmu bu hblllLJUIL mdbp[!. 

I. 'Unpuwl mdif 
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dF,, =a,2n(R0 -xtga)~. (I) 
cos a 

npmbr( a . -[! lJn'lWJpli 6GzmuG t, wJupGpG 6GzmuG t jugp~p UJWmbpp !lrw, R,-[!· 

mwppwlJwG zbpul~ hpupp zwnwtUum · R, = (R0 - xtga ): 

2. Ctj1uwG ntd(l' 

dF1 = a,n(R0 - xtga )~ 2f, (2) 
cos a 

npmbr( f-(l Gjntp~ t. jugplJJl UJWUlbp~ uj12L brtwb ztjlUWG qnpowlJjlgG t: 

3. u·mmpp lJUlp4_wop~g x hbnw4_npmpJWG tjpw wnwGgpWJ~G mcJ[!' 

F, = a ,n(R0 - xtgaY, (3) 

npmbrf Ox·[! ummpp ljmp4_wop~g x hbnw4_npmf)JWG 4_pw wnwGgpwJ~Ci 6!izmuG 

t: 

4. lJmmpp lJmptlwbp~g x hbnwlj_npmpJWU !lrw wnwliguwJ!JG hwlj_wuw

pwljznnq md[! · 

F,._,~< ==(a, +da, )1r(R0 -xtgaY, (4) 

nplllbrt ' da,-J:l. dx bpljwpntflJWU lj_pw wnwGgpwJ!JG 6Gzuw(i tjlntjmjumpJmGG t : 

'-lbp[! Gz4.wb mdh[ll! UJ[lllJhlJlllbtntl jug~liP bpljwJGw4wG wnwGgpp tjpw L 

GpwGg qmUW[l[! hwlj_wuwpbgfibtntl qpnjp, lJUUIWUWGp UlW[1[1Wl(WU zbpmp 

hwlj_wuwpwlJznmpJWG utwJuwG[!. 

F, - F,._,{, - dF1 cos a- dF,, sin a= 0, 

a,n(R0 - xtga)1
- (a , + da,)1r(R0 - xtgaY-

- 27?fa..(R0 - .rtga~lx- 2na0 (R0 - xtga)tga · dx == 0 : 

Opnz aLwtjlnjumpJmGGbppg hbmn, lJumwGwGp. 

da, + 2a,(J +tga) == O: 
dx R

0 
-.xtga 

(5) 

(6) 

(7) 

liJUmhblllL npnzmu blip a .. 4n'lWJilCi 6Gzmu[!: 'Ulj.Sp- !lg bpt.mu t, np. 

a. =a, sina+a,.cosa, (8) 

nplllbq · a , -1! tu9114r ujwlllhp!l !lrw GJmpjlzwnwtlrtwJrG 6GzmuG t: 

t>p htpppu . a,.= a,., + q0 , (9) 
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npmh11· a,., -D zwnwl{qwJjiG nt'llllll~Jwup f1h~mpuwg!JwJ!J9 wnw2wgwb- 6GznuiG 

t: 

P-wt1_wt1wG 6zqpmm~Jwup 4Wilb!lJ t bG~wflpbt, np ubquuwG tug!J4mu 

ubillh[wO tunuJI} j1pbG llllul.npmu t npUJ.bu wnw6qwl1wG Gjmp, hbmt.wpwp 

wnwoqwl1wGnt~JwG mbumpjwG hwuwowjG 4wpnq hGp qpht. 

xtga I [ ( )] dy = dz = --=- a -11 a +a. , 
R

0 
E '' ·' · 

( 10) 

npmbq' dy-(! L dz-D hwuwuJwmwutuwGwpwp y L z wnwGgpGbpp Gt1wmuwup 

UJIIL~jl hwpwpbJlWlJwG qb~mpuwgpwGbpG bG (G4. 5p), xtga-G ' y wnwGypnl{ 

GJ1npp pwywpow4 qb~mpuwgpwG, E-G' ubilul[wO GJmpp wnw6qwl1wGmpJwG 

tYnqnq.n, Uz-D· z wnwGgpp lll'llllll~Jwup wnw2wgnq 6Gzmul}, ~-G' ITtmwunG!J 

qnp0w4f!YD: 

.Qw(ip 11)1 a., = CT, , WUIW · 

Ext f{ a f..l 
CT = ' +-CT : 

' ' R.(I-!l ) 1-f..l ' 
(I I) 

(I I) hw4_wmupmUI} mhqwqpbtntl (9)-p lib£, (9)-[! · (8)-p lib£ L (8)-1}' (7)-p 

uh2, liumwGwGp' 

da, + 2{f +tgaXc+tga)a, cosa + 
dx R0 - xtga 

( . ) Extg a ( )q 2 f + rga - - - - + 22 f + tga o cos a 
+ ~0-~ =~ 

R
0 
-xtga 

npmbq · £-[! linllWJpG 6GzuwG qnpOw4flgG t , E = __!!__ : 
I-j..l 

4wmwpbGp hhmLJWL GzwGw4muGbp[!' 

A, =2(J+rgaXe+rga)cosa, 

( 
Esina 

A, = 2 f +tga)-( -), 
R0 1- f..l 

A,= 2(.f + tga)cosa: 
( 12) hw4_wuwpmU[! lJ[!GflmGp hbmLJWL mbup[!. 

da , + A, a=-A,x+A)qo. 
dx R

0 
-xtga ' R

0 
-xtga · 
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( I2) 

(13) 

( I4) 

(14) wpmwhwJmmpJmGG !JpbG!Jg Gbp4wJwgGmu t wnw£!JG 4wpq!J 

qOwJ!JG q!J:}>bpbGg!Jwt hw4_wuwpmu, np!J tmb-UwG hwuwp W2 uwu[! hw4_wuw

pbgGmu bGp qpnJ!J. 

da A - ' + I =0 : (15) 
dx R0 -xtga 

( 15) wpmwhWJUIIIlfJIILG[! j1pbGpy Ghp4wJwgGmu t pwctwGl{nq tlml{mtuw-

llwGGbpnl{ hwqwuwpmu, npl!, npnz oLwl{mtumpJmGGbppg hbmn, LmGqmGp 

hbUILJWL UJbup[! ' 

da a 
- ·'=-A--' 
dx 'R0 - xtga 

( 16) 

(16) hwtJ.wuwpuwG tmOmu[! lJ!lJGjJ' 
A, 

a, =c(R
0 
-xtga);.,-;; : (17) 

( 17) wpmwhWJUllllfJWG uh£ c hwumwmmG[! tlmtuwppGmu bGp U wGhWJUI 

~mtGlJ9pWJIIl\ [27]. 

( )-~-
cr .•. = U R0 - xtga '·'" : (I8) 

(I 8) ~>ntGliYPLUJp wnw2pG 4wpqp wbwGgJWW 4!lJG!J. 
da dU ( )~ ( ).cl __ , 
-' =- R0 - xtga '•" -UA, R0 -xtga •.•·• : 
dx dx 

(!9) 

( 18) L ( 19) hwtJ.wuwpmuGbp[! mhqwqphtntl. ( I4) hwtJ.wuwpuwG uh2 L 

liWUJWphLJIL[npnz oLwtJ.mtumpJmGGbp, 4uUJWGw(ip ' 

dU A,x - A,x 

dx (R
0

- xrga);;~· ' . 
(20) 

t>Gmhqpbtntl. (20) hwl[wuwpmU[!, liumwGwGp' 

( ) 

( )

I ~ 
A R -"'- A R -xt•a -;;;; U=- ___Lj)_ __ q_o_ (R- xtga)'••" 2 0 .~ , + c,: 
~~a E+~a ~a~a-~ 

(2 I) 

(2 I) hwl{wuwpmU[! mbqwqpbtntl. (I 8)-p ub2, 4umwGwGp ' 

A,R0 q. A, (R0 -xtga) ( \:"L 
a=--· ---- - +c R -xrgaru: 

' A,rga E + rga . rga(rga- A,) ' • 
(22) 

c1 hwumwmmG[! npnzmu bGp htGhtntl. u4qpGw4wG UJ.WJUwGGbppg, bpp 

x=O, CT, = a o. 

_ A,R0 q. A,R0 R';, 
CT

0 
------ - +c, 0 , 

A,rga. E+tga rga(rga-A,) 
(23) 
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llflUlhrtpg' 

c, =(~tla• A,Ro +-q_o -]. 
A,(A, -rga) c+tga · 

(24) 

liJGmhbmlo (24) hwt{wuwpmu11 mbrtw•lflhtm[ (22)-p ut2, 4umwGwGp' 
.c'L 

a = A2 (R0 - xtga) +[a _ A2 R0 ]( 1_ xtga)'Ka + 
' A,(A, -tga) 0 A,(A, -tga) l R0 

CJo [l xtga);~ ]· +-- 1--- -1. 
t:+tga R" 

(25) 

(25) hwt{WUWJlnLU[! WJllllWhWJlllnLU t l(nGw4wG uhrtUUWG tugpl(p 

wnwGgpp bpL(WJGpnt{ wnwGgpwJpG 6GzuwG pwztuuwG oppGw~wt{lmpJmGJ1: 

a wGtumG[! hwt{wuwphgGhtntl qpnJ[l, (25) wpmwhWJllllllfJntGI] l(Wflhlfl t 

oLLut{mlubt, llWflOGhtntl l(ppwnhlfl qtwGwjpG uhquuwG tugpl(Gbpp hwuwp, npp 

hwuwp oqmt{mu hGp uwhuwGGbpp mbumpJmGpg: 

bpp a-t 0, a, ~>mGl(gpwJp uwhuwG[! LILf!Gp. 

A,(R -Ax) A,R tga '-'" lima =lim - " ' +lim a - o 1--x + [ ] 
~ 

,..,. ' ,..,. A,(A, -tga) u...o 0 A,(A, -tga) ( R ) 

[ "' l (26) 
+lim-q-"- (1- xtga);;;; -I : 

, .•• £ + tg a l R
0 

Uwl(WJG, pwGp np a= 0-p qhuwmu A, = 2}£ l.t A
1 

= 0, WU(W' 

~ [ ~ ] . . tga ·~" . q
0 

tga '•" 
/tma, =a0 ltm(l--xJ +ltm- (1--x) -1: 
<HO u - •0 R

0 
u...O £ R

0 

(27) 

A 

(27) hwt{wuwpuwG 
[ tga ]'·''' lim 1--' -x wGqwu11 l(Wflll'l hGp Gbpl(WJWgGht 

1r~u Ro 

hblllLJWL mhupnt{' lim(l + 11 )~ = e', WJUpGpG' 
(1-.() 

( _!~~) 

[ J ..,_ [ ( JJ·-·- Air 
I a t~a I a _rx_a_, --· -

/im 1- ~. x = ~!!!J I+ 1- ~. x Ro = e No : 

u...O 

(28) 
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(28) hwt{wuwpmUJ1 lllhrtWI}Jlhtnt{ (26)-jl ut2, 4mGbGwGp' 

211· [ 2fr J 
a,=a0e~· +~e---.; -1: (29) 

(29) wpmwhwJu•mpJmG[! tlmt{pG hwu[!G4Gmu t qtwGwJf!G ubrtuuwG 

tugf!4Gbpp wnwGgpp bpL(WJGpnt{ wnwGgpwJpG 6GzuwG pwztuuwG oppGw~w

t{mLpJmGGbpjl hbm, npnGp umwgt{bt tpG mwppbp hhmwqnumrtGbpp l(nrtuf!g 

[13,20]: 

btGbtntl WJG U(WJUwGjlg, np tuglllif! twmu wnwGgpwJjlG a, 6Gzmul1 

hwt{wuwp t qpnJp, (25) wpmwhwJmmrJmGpg npnzmu bGp a. 6G2ntUf1, npf1 

wGhpwctbzm t L bpl(WflnLfJWUp tugpl(pg pp[ll(bmwt{npt{nrt GJnLPf1 qbUif! qmpu 

ubllUbtm hwuwp: liJU[lGpG aL = 0 l}bll!J!ntU {25) wpmwhWjlllntpjntG[! l(Wflblfl t 

qpbt hhmloJWL mbupnt{. 

a = _q_. -- A!Ro 1- Ltga ''"-I + A, 1- Ltga ''". (30) 
[ ][( )

A l ( J_ .. o'L 

o c+tga A,(A, -rga) R
0 

A, -rga R
0 

• 

q.tWGWjpG ubrtuuwG tugpl(Gbpp hwuwp, bpp a= 0, hWUWU(WlllWutuwG 

oLwt{mtumpJmGGbp[•g hbum, (27) hwt{wuwpmupg l1mGbGwGp' 

[ 

2fd. l 
a

0 
= ~ e -«~ · -I : (31) 

(30) wpmwhWJlllnLPJWG uh2 tu9P4P ummpp 4mpt{wbpp Ro 2Wnwtlfllll1 

l(wpblfl t wpmwhwJmbt tugf!4l• twll zwnwtl•lntl, WJul•GpG umwgtlnrt PI•fllihmp 

2Wnwt{rtntl' 

R.=R+Ltga: (32) 

L 
lllwpqhguwG hwuwp umgGhGp ..1. =- uhompJntGf1 L (30) hwt{wuwpuwG 

R 

ut2 mhqwqphtntl (32) L ( 13) hwt{wuwpmuGbpf1, 4umwGwGp L hp4wpmpJWG 

l1nGw4wG tugf!4Ghpmu pppL(bmwt{npuwG hwuwp wGhpwdbzm wnwGgpwJpG a. 

6u2uwG 11Jlll2UWG t{hp2Gwl(WU wpmwhWJllllllpjntGf1. 
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(33) 

(33) wpunuhWJUllllf)JWU Oh£' OmUOlJ. qo uGwgnpqwj)1G l[OlJ.WJpU 6Gzmun 

npnzLjmu t t>.U.'lntqntJ.[l l[nqu)1g wnw£'wp44.nlJ. pwGwoLntJ. (20] . 

npmbtf t:, -n L. ffid} qnrawl[)1gGh[1 bG, p-(i' pfl)1lthm)1 JummpJntG[!: 

EwG)1 np Gbpl[WJwgtJ.wa mhupntJ. (33) hwtJ.wuwruwG tJ.hrlmamrJmG[! 

qdtJ.wp)1G JuGqpfl t, WUjW WJG Gbpl[WJWgGmu bGp a0 -)1 ltwJutJ.wantpjntGGhp)1 

qpw~>J1ltGhp)1 UlbupntJ.: UJ'l fiutwutwltntJ. (33) hwtlwuwp-uwG uh2 mhf1W'lflhtntl 

t:, t:,, k , m,, a, L. f.1 hwumwmmG ubamrJmGGbp)1 L qnrawl[)1gGhr)1 wpdbpGbp[! · 

WJG tmamo hGp tthl[Ulfli1GWJ)1G hwztlJll ubpbUWJntl: ~wumwmmG 

utumpJmGGtr)1 wtldbpGtpn nGqmumu hfip · t: = 0,43, .l' = 0,3, t·, = 0,9. to-7
• 

m, = 2,4 [! 7,1 8]. a= 4,6 I ·10-'_ k = 0,339 [50,57]: 

~wztlwp4Gbp)1 wp•umGpGtpu ptrtJ.wa hG Glt.6+ t 1-mu: 

'U4.6-mu mpt[wa bG pp)1l[bmwtJ.npuwfi hwuwp wGhrwdbzm wnwGgpwJ)1fi 

6CizuwG ltwJutJ.wantpjmGGbp)1 4flW~>)1ltGhfl[! uht1UUWG Jug)14)1 hfll[WJUWl[wfi 

wnwfigpll Gltwmuwup UJWmbp)1 phpuwG wGlumG)1g: 

J2wG)1 np u)1 zwpp hhfl)1Gw4Ghp)1 hbU1wqnmmpJmfiGbp gmJg bG U1tJ.hl. np 

U1wppbp pp)14hU1wtJ.nptlnlJ. fiJntfh[1)1 qhu[pmu uhlJ.uuwfi Jug)14)1 UjWU1h[1J1 hhU1 

GJmphp)1 2tl1uwG qnraw4)1gGtru tlmtlmJutlmu hG 0,4+0,7 uwhuwGGtrmu, wlllw 

a" =a( a) qpw~>)1l1Ghp)1 ltwnmg uwG dwuwGwlt uGqmGht hfip' f = 0,5: 

12p)14hU1wtlnpljnf1 GJntfp wnwoqw4wGmpJwG unqnqG nGqmGht hGp ' 21'U/uu2 L 

35u/uu2 [29,57]: 
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10 20 

"U4.6. PpJ14l:imwtJ.ntnlwu wmuGgpwJJlG a 0 oGzuwu 4wtmlwbmpJmGGb£ll! tugJllJJl 
bp4wJGLu4wG tunwGypp Gl[WUll.huup upw utwmbp]l pbpmpJLUG wG4JmG]1g: 

ulJ.6-)1g htJLmu t. np a wGluwG utawgmuntJ. ubawGmu t pp)1t1tmwtJ.nr

uwG hwuwp wGhpwdbzU1 tiGzmtS[!, uGq npmu oGzuwG utawgmu[! A= 2 

hwpwpbpmrJwtSp Jug)1l[Ghrl•ntunm•u wtJ.bLJ1 )1GmhGu)1tl t, trp a= 6°, )1ult A= 1 

hwpwphflntf)JWUp Jug)1ltGhp)1 llbU[pmu' Ul[UWU a= 12° -)1g: bph wzJuwU1wG

plUj)1G JugJll[GhpJl hwuwp WJil wGtumGGhflG uGqmGhGp wnwtJ.bt hwtJ.wGwltwG, 

wlllw wnw2)1G qhu[pmu pp)1l[hU1wt[nruwG hwuwr wuhrwdhzU1 ouzmul! unUJ 

b[thp wGqwu uta 4LJ1G)1: 

(33) hwtlWUW[lnLU[! U1WLPU t GwL A ubUntf)JWU l[wJutJ.wamf)JllLGU a-)1g , 

ao -)1 hwumwmmG wpdhpGbflplJhuJPmU (Gl[.7): t>filll!hu htlLmu t qrw~>)1ltuhr)1g, 

a"-)1 gwu4wg wo wrcthp!t I}hun:m•u, ltwJutJ.wa a -)1g, U1hrt)1 t mGhGmu GmJGw

ltwG t!JntJ.mJumrJmG: UhawgGhtntl a wu4JmG[!, A uhamrJmG[! t!Jnppwumu t: 

CGq npmu, A uhomrJwG l[U1flmlt GtJ.wqmu G4wUJtlmu t a -lt 0-)1g u)1ulL. tO+ 12° 

tlmtJ.mJumpJwG u)1£'WlJWJpmu: 
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3.2. nl-·'1 '1U"V430i'"U 4SP4.Ut:>P-04. Ub'1U1JU"U lv5t>4"Vbf' 

'1-)unwp~tGp utquuwG Jug)llJ, npG )lphG)lg GtplJWJwyGmu t a
0

, b
0 

ummp)l 

m a, b tw)lLJtnptJ.wbpGtp)l ~nqutpntJ. L L tp~wpm~Jwup hwmw<) pmpq (GLJ.I2): 

UJI} pmpq)l hwlJwq)lp LJmlWJ~G G)lutnbp(! tplJWJGw~wG wnwfigp~ filJwtnuwup 

mGtG ~tpuwG u)lLGmJG a L fJ wGtumGfibp(}: 

z 

u, 

l G, 

x dx 

"U4. I 2. f.l[lqwdL utquuw!i lu9)14)l ututuwli L P!l)l4hmwtln!ltiutG qn[lb[!Gpwgmu wqqnq 
mdbp!1 pwzfumti)} G[lwtimu: 

Ubquuw(i jug~4)1 umtnp)lttuJGw4wli 4tnptJ.wbp)l UJWpwq)lb(} hwtJ.wuwp t 
U0 = 2(a0 + b0 ), )lulJ uwl(bpl:iun' S0 = a0b0

: 

'1-)ltnwpl(bGp ul:iquuwli Jug)ll(~ bplJWjGpntJ. umtnp)l 4tnptJ.wbppg x 

hl:inwtJ.npntflJWG 4pw qtnG4nll, dx hwutnnLflJWUp pp~l(btnw4nll4flll Gjntfl~ 

tnwppw4wG zbptn)l hwtJ.wuwpw4znnt~jntli(!: Swppw4wG zl:iptnp UJWpwul:itnpl:ipG 

l:;(j ' 

a, = a0 - 2xtga, b, = b0 - 2xtg{J, 

U, = 2[a0 + b0 - 2x(tga + tgfJ)l 

S , = (a0 - 2xtgaXb0 - 2xtgfJ) : 

Swppw4wG zbptn)14Pw wql}ntU l:ifi hl:imLJWL mdbp[!. 

I. UnwGgpLUJ)"dl mdbp(}' F, =a.,S, L F .. ~. =(a, +da, )S., 

42 

nptnl:ill' a, ·I! Jug)l~p ummpp l(tnp4wbppg x hl:inw4npm~JwG 4Pw qmGtJ.nll 

4tnp4wbpmu wqqnq wnwGgpwJflG oGzmuG t, da, -1!' dx l:ip4wpntflJWG 4Pw 

wnwGgpwJ)lG oGzuwG lflmpnJuntflJOLG(!: 

2. y L z wnwGgpGI:ipntJ. wqqrul Gnpu~l mdbp(!' dF"Y' dFnz: 

3. <!.wuwu(wtnwuJuwGwpwp wnwGgpGI:ipntJ. wqqnqzlfluwG mdbp(!' 

dF1, = fdF,,, L dFr, = JdF,", 
nptnbrf f -l! wptnwppG ztJ.1uwG qnpbw4pgG t: 

ll)pnJI:i4tnl:itn4 GztJ.wb mdbp(! x wnwGp)1 4Pw, fipwGg qmuwp(! hwtJ.wuw

pbgGhtn4 qpnJfl h 4wtnwpl:itn4 npnz ol!wtJ.mjum~Jmfifihp, LtutnwfiwGv tnwppw

l(wG zbptn)l hwtJ.wuwpw4znntfljWG hwtJ.wuwpntU(! hbtnLJWL wptntuhWJlnnlflJWfi 

UlbupntJ.. 

da,S, +dF,., (J + tgfJ)cosfJ +dF,,,(J + tga)cosa = 0: (34) 

"V4. 12-~g LJwpnq bGp Gzht.. np • 

d - 2b __!!!___ F,". - a"'. "" fJ , ' . cos 
(35) 

dF," = a.,, 2a, c:: a , 

nptnl:ir( a .,. -[! L a .. , -1! ppp4btnwtJ.np4nll GJntfljl finpuwl l(nflWJpfi l'iGzmuGI:ipfi l:iG 

Jugp4Jl UJWtnl:ipp tl.Jlw, npnfip GmJGU(l:iu hbztnmpJwtip l(wpbLJl t npnzl:i( btGhtntl. 

G4 .12-)lg . 

a .. ,. = a ,. cos a+ a , sin a, 

a., =a, cos /3 +a .. sin /3. 
(36) 

nptnbq' a,. -1! !J a , -[! ppp4l:itnw4nptl.nll GJntfl)ll'iGznuiGbpG bG y !J z wnwfigpfil:ipp 

nlllllnlJljtuUp: 

t>p hbpflpG' 

a, =a,, +q0 , 

(37) 
a, =a,,+ q •• 

npmbq · a ,,-[! L u ,,·£! l'iGzmuGI:ipG bG, npnGg wqqbgmpJwfi mw~ y !J z wnwGgp-

Gbpp mqqmpjwup tnbllfl t mfib(imu fiJntflp qb~mpuwg)lw , q. -ll' Jugp4Jl u~qpmu 

uGwgnpqwJJlG 4nllwJJlG l'iuzmuu: 
43 



UnwoqwLJwfimpJwfi mhumpJwfi hwuwdwJfi (uhquqwo junm[! [!fiqmfihtntl 

wnw<\qw4wfi) y L z wnwfigpfihp~ nL!J.IlntpJWUp PP~4hmwl{npqnJl UJntp~ 
hwpwphpwqwfi qh~>nJlUWg~wfihp[! 4l/lfihfi. 

2xtga I f ( )] 
dy = --= -ta,.,- J.1 ax+ a,, . 

a0 E · 

I 2xtgfJ I r ( )'l GZ=-b-=£La,1 -J.1 a _,. +a,
1 
r 

0 

(38) 

lmahtntl (38) hwqwuwpmuu o-,.,-j1 L a,,-~ fiqwmuwup, qumwfiwfip · 

2xE (rga tgfJJ J.1 a.=-- --+J.l- +--a-
,, 1- f.l' a

0 
b

0 
I- J.1 ··• 

2xE (tgfJ rga] J.1 . . a =-- --+J.l- +--a. 
'' I- J.1

2 
b0 a

0 
I- J.1 ' 

(39) 

ShllWIJJlhtntl (39) wpmwhwJmmpJmfiu (37)-~. (37)-u' (36)-~. (36)-[! ' (35)-~. 
(35)-u· (34)-~ Ub£ L qwmwphtntl OJ1112 dLwl{mlumpJmfifihp, 4umwfiwfip · 

_da __ , +[2(/ +tgflXc+tgfJ)cosfJ + 2(/ +tgaXc+tga)cosaJa + 
dx b0 - 2xtgfJ a.- 2xrga ' 

4£ ( ) a(rga tgfJ] ( )q x 1-..:_ - ,- f+tga cos -;; +J.l b- +2 f+tga 
0
cosa 

+ J.1 0 0 + (40) 
a0 -2xrga 

x 1£_1- (f + tgfJ)cos J tg__f! + J.1 I !fa_)+ 2(! + tgfJ)q. cosfJ 
I-1-1 ,..,l b

0 
a

0 +---=--- -
b., - 2xtgf3 0, 

npmh11' c = ~-fi 4n'lWJjlfi ofi2uwu qnpowq~gfi t : 
1- J.1 

(40) wpmwhwJmmpJntfi[! jlpbfi~g fihp4wJwgfimu t bp4pnpq lJwpq~ qawJ~fi 
qjl~>hpbfigjlwt hwqwuwpmu, qwqul{wo ppqwdt. ubquuwu fug~Lifihpjl hwuwp: 

UwLIWJfi qnpafiwqwfimu wl{blJ! hw6wfu 4~pwnqmu bfi ubUJwdt. ubquuwfi 

fugjllJfibp, bpp a 4wu jJ wfiqJmfifibpjlg lib4!:! hwqwuwp t qpnJjl: 

bfipwqpbtml, np jJ = 0, (40) hwqwuwpmuu 4mfibfiw hbulLJWt mbup[! ' 

44 

do-, + [ 21 £+ 2(! +tgaXc + rga)cosa]a, +x 4EJ.1.(tg~ + 
dx h0 a0 - 2xtga b

0
a

0
(l- J.1 ) 

. x --~(! +tga)sina+2(! +tga)q.cosa 
2! a I- J.l-+-%+ 0 =0: 
h0 a.- 2xrga 

4wmwphfip hhmLJW[ tizwfiw4ntUfibp[!' 

k = 2.fc 
I bo ' 

k, = 2(! + rga Xe + rga)cosa. 

4EJ.1.( 
kJ = ( ,rga. 

a0b0 1- J.1 

k = 2/ 
• b • • 

4£sina ( ) 
k~= { ')f+rga, 

a0 1- .u 
k. = 2{.f +tga)cosa : 

(41) 

(42) 

ShllW'lJlhtntl LJWU1Wpqw(} tizwfiwqmufibpl} (41) hwqwuwpuwfi Ub£, 

4mfihfiwfip' 

do- ( k J- kx+kq -' + k, + ' a-, +kJx+k.q0 + ' • • =0: 
dx a0 - 2xtga a.- 2xtga 

(43) 

(43) hwl{wuwpmU[! wnwt{hL pwpq mhuw4~ q~:phphfigjlwt hwl{wuwpmu t, 

npu, npuJbu LJwfinfi, wfiwtJlm~lJnphfi ~jl tmoqmu: liJIJ hwqwuwpuwfi tmMwfi 

fiUJwmw4ntl Ubp 4n11UJlg 4J1pwmtbL t MH-7 wfiwtnqwJ~fi hwz~~ ubpbfiwJntl 

UniJhtwtlnpuwfi b11wfiw4[!: 

'Uzqwo ubpbfiwfi hfiwpwqnpmpJmfi t mwtJlu qjl:j>bpb(igjlwt hwqwuw

pmuubpu ~fimbqpbt hp4m bqwfiw4ntl: Unw2~fi brtwfiw4u. np[! hjlufil{wo t 

wowfiguwfi 4wpqjl pwpopwguwfi t{pw, LWJfi LJjlpwnmpJmfi ~jl qmbt: 

(43) qjl:j>hpbfigjlwl hwqwuwpntU[! tntabtnt hwuwp ubp 4nrtujlg 

oqmwqnpotlht t tmMwfi hp4pnpq brtwfiw4J:!, npJ:! hjlufiqwo t wowfiguwfi 4wpq[! 

p£bgGbtnt qpw: 

UJq filljwmw4ntl (43) qjl:j>bpbfigjlwL hwqwuwpmUJ:! pbpmu bGp tmMwfi 

hwuwp hwpuwp mbuyjl. 
45 



d;, = -k,a , -k,x- k.q0 - q1(xXk,a , + k,x +k6q0 ), 

I 
npmh11.' q1(x)= a -2xtga 

0 

Pwg)l WJfl, umgGhGJ2 G2wGw4muGhp' 

Y = (k,a, + k3x + k4% ), 

Z = (kp, +k5x + k6%~ 
dx 

x=t t.. -=1: 
dt 

(44) 

<!.w2tlP wnGhpnJ.llwmwptJ.wb GzwGw4muGhp[!, (44) hwtJ.wuwpmU£! L1wphtJl 

t GhpliWJwgGht hhml.JwunrJU hwtJ.wutupmuGhp)l hwuw4wpq)l mhupntJ.' 

I. da, = -[q1(x)z + Yl 
dx 

II . Y =(k,a, +k,x+k.q.), 

Ill. Z = (k,a , + k,x + k6q0 ~ 

IV . dx =I: 
dt 

(45) 

(45) hwtJ.wuwpmuGhp)l hwuw4wpq)l tmMwG [!G~wypmu oqmtJ.mu hGp 

Gwt.. u4qpGw4wG U!WJUwGGhp)lg . hpp x=O, a , = a 0 : 

(45) hwtJ.wuwpmuGhp)l hwuw4wpq)l wnw2)1G hwtJ.wuwpmu[! gmJg t 

mwtlJu, np a, -)1 wnw2)1G 4wpq)l wbwGgJWIQ hwtJ.wuwp t t;o(x )z t.. Y 

wGqwuGhp)l hwGpwhwztJ.w4wG qmuwp)lG, wJu)lGpG )lGmhqpwmnp)l ummp)lG 

mptJ.mu t q1(x )z + Y uhbm~JntG[!, )lull hwmu umwGmu hfip a, uhOmpJmG£!, 

tJ.hpgpwb hwl1wnwl1 GzwuntJ.: liJflllhll!PnLU )lGmhqpllil mdh'l.wgmg)li)lG mptJ.mu t 

GwL ullqpfiwliWU ao UIWJUWU[!: 

t;o(x) ~mtGLIYPWJ)l umwguwG hwuwp oqmwqnpbtJ.ht t BH-1 0 lli 

qbwJGOLflJWG ptn4£!, np)l ummp)lG mptJ.ht t x uhbmpJmG[!, t.. np[! 4wpqwtJ.nptJ.ht t 

hwuwawJG q1(x)-)1 hwp~hguwG 4np)l: t;o{x) :j>mG4g)lwJ)l hwp~hguwG 4np[! 

phptJ.wb t G4.13-mu: 
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:4. , u., 

'V4.13. t;o(x) ~>mfi4g!lwJr qbwJ!Ifi hwppbguwfi qpw~J!Itm: 

Pwquwll!wU1l1uwG oll!hpwg)lwG llwmwptJ.mu t £0-4 pwquwUJwm4uwG 

Ptn4)1 tJ.pw: 

(45) hwtJ.wuwpmuGhp)l hwuw4wpq)l wnw2)1G hwtlwuwpuwG LntbUwfi 

umpml1mmpwJ)lfi ufuhuwG phptJ.wb h G4 .14w-mu, )lu4 G4.14p,q,f}-mu phptJ.wb hG 

uGwgwb hphp hwtJ.wuwpmuGhp)l LmMwG umpmlltnmpwJ)lG ufuhUwfihp[!: 

(44) hwtJ.wuwpuwG tmMwG [!Gqhwfimp umpm4mmpwJ)lG ufuhuwG 

umwght hGp · u)lwgGhtntJ. x, y, z L q" uhbmpJmuuhp)l mdh'l.wymg)liGhp)l 

hwUWU!WUlwufuwli bwjphp[! (GL1. I 5) : 

Umpm4mmpwj)1G ufuhUwGhp)l uh2 umfillil L)lnfuwGguwG k qnpbw4)1yGhp[! 

npn2tJ.hL h(i ' hLfihtntJ. hwUWUJWUlWufuw(i uwphUwm)llJW4w[i OUjhpwg)lwj)lG 

uwuGw4gnq uhbntpjntGGhpj1 uwuzmwpwJ)lfi tJ.mfuwqwpa LIWUJ)lg: 
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·I 

'l 

115· ·-I(I)IX) Z·Y] 
d\ 

-z 

q) 

U.•~OI -.·w l • l 

V, •X ~. 
-X 

p) 

"Llt. 14. (44) IJI11>hphGgjJwt hwtJ.wuwpuwu tmMwG tilJ2wu4Jwt um[lmljmnt[lWJpu 
utut.uwuhp[l: 

lJlj.IS. (44) IJP1>b[1bugpwt hwtJ.wuw[lULUu tmbUwu [IGIJhwump umpntljUlnt[lWJ!IG 
utubuwu: 

48 

= 10 l{ntm 
J.l... uflwl{. ' 

uln1:.1 l J.l .• =-, 
x,l:l, 

J.l . = u .. , .... 
m a .tmu' 

J.l - u,,.,, J.l OOIJ.i . II 
f'(x) --( -) - , f'(x k = ' •(x)J'"'"c' 

(/J X '''" 

npmhr].' f.lv 0 ·U UntUJUWJflU LWflUWU UWU2U1WpG t x l{mqmtuwljwu~ t-nl\ tlmtuhlflu, 

U,,,,,., = U ' '"" = U,.~, = U 2 .~, = U ''"" = 1001\ntm-~' mdhqwgmgp1Ghpp ummnhpp L 

hiJ}hpfl 4J1w wnwl\htwqmJG LWpmu~. CT, .,,,q.,...,. z,g,. x,~,, rp(x),,., -~· uhitntpJntU

!ihpp wnwl\htwqmJU wpdhpllhp: 

Clif}ntfihtnl\' 0", = 500' q. =50' rp(x L =I' Z,,., = 1000 L x,g, = 40 uflwl{np, 

fitGhliwtnl\ uhitntpjmli!ihpp UWU2UJWPWJflU hwpwphplllpjnt!i!ihp~. npn2ntU 

hup hw241UJ. mdhqwgmgp1Gbpp l\mtuwugmu!ibpp qnpitwljflg!ibp~. 

k, = _&__ = 0,25, 
f.luo 

k5k, = J.l"x k
1 
= k

1
, 

J.l"·' 

k2 =./:!.;,_k5 =0,04k5 , 

J.l , 

k9 = J.l,.,.. k = 2,0, 
J.l,(.. )t-

k3 =Lk2 =0,5k2 , 

J.l"·· 
k,k7k8 

= f.la,. k, = 0,08k,, 
J.l , 

k7k8kll = J.l".• k~ = 0,05k4' 
J.l,o 

klO = Lk6 = o,05k6 : 

J.l,o 

lfuwgwit tjlntuwltbJlUJnq mdhqwgmgpLGbpp tjlntuwliguwu qnpitwl)pgubp~ 

hwqwuwp h(i upwt.J.npp: 

(44) hwqwuwpuwG tmituwG, pGLuthu GwL tjlntuwGgutuG qnpitwljpyuhpfl 

npn2uwG dwuwuwlj mpt.J.ht hG hhmLJWL uwhUwliwjpG uhitntpjntG!ihp~ . 

£ = 20+ IOO'V/uu2
• a0 = 4 + !Ouu, b" = 2 + 7uu, a= o + 30°, 

u. = 0 + 50'V/uu2
• q. = 0 + 8'V/uu 2

• e = 0,43, f = 0,3 + 0,7 : 
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MH-7 wfiwtnqwjpfi hwzlijl2 uhphfiwfi 4wpqwtjnphtml fi4. 16-mu phpt[w<) 

ufuhliwJntl L tmahtntl (44) hwt[wuwpmU£!, WJlll)ntfipmu umwfimu hfip a, = J(x) 

4wtut[w()mf}JntU[!, ll(l£! fit1.16-mu phpt[wb q(lw~J/14/1 mhupnt[ wpmwynttJ.mu t H-6 

tth4tnpnfiw-l'iwnwqWJPWJpfi ougfltnqpw~JP tll(lWGp t[(lw : 

6",u1t.ft.f ' 

~ 

"' ~ 10 
....... 

~ J'...... 
L l"" X. t.ft.f 

I 
"Ul{. l6. a, = J(x) !jlmtil19ltwJp qrw:t>flltlt tnhup~. nr~ wptnwgntl{mu t H-6 

ougfttnq(tw:t>lt tltitwfiJt tl!tw l.t npft oqfim~Jwup npn2l{nu! t uhf1uuwli tugltltft L 
h[!I.JLU[!ntpjnt fi~: 

.Qw(Jp ll(l q(lW~lflllfi p(lhfipy Ub(lliWJWgGmu t uhquuw(J tuY/14/1 h(14WJUW

I.Jwfi wnwuypntl wnwGgpwJflG l'iuzuwG pwztumu, Wll}W tug/14/1 L h(14wpmpJmG[!, 

111111 'lhuJPmu ao wl1wugpwJpG l'ifizuwfi mw4 p(lflllhtnGh(ll! qm(lu hG uhquJ!mu 

fugfl4flg , 4Wpni[ t ll(lnztlht WJU UIWJUWupg, 11(1 fugfl4fl hwmu Ujntflp tl(lW 

wnwGgpwJflG a, l'iGzmu[! hwJ!wuw(lJ!mu t qpnJp: UJUL11PU11tl, [!Utn G4.16-}1 

qpW~l/14/1, fugfll1fl L hp4W(lntpjntU[} l1Uh(14WJWgG}1 lln(lq}luwmCih(lp u4qpfiw4h

tn}lg upG2_L 411pp x w11wGgpp hhm hwmuwu 4hmu hqw<) hh11wtln(111LflJntG[!: 

MH-7 wfiwtnqwj}lG hwzlijl2. uhphGwjp tl(lW 4tutnw(1J!w<) hwztJ.w(14Gh(1}1 

W(lqJmGpmu umwgtlht hG a .. = J(L) llwfut[w()mpJmGGh(l[! a,a0 ,b0 , f h E ub<)m-

flJntGuhpp mwpph(l W(ldbpGh(lp qhuwmu, n(lnGp ph(ltlw() hG fil.[ . l7+20-mu: 

Ni2_u1hu h(lhmu t ul.[. 17-mu ph(lJ!w() q(lW~lpl.[uh(l}ly, uMwgCihtntJ. tuyfl4lt 

hp4WJUWLIWU wnwGgpfl fi4wmuwup ll}Wtnh(lp !}hpuwG a wCiliJntG[!, 

50 

Pllfl4hmwt[n(luwfi a.. l'iuzmu£! uhawGmu t : CGq n(lmu, upu2t.. a -11 n11nzw4fl 

wpdhpGhp£! ao -p uhbwgmuu uupwfimu t wGGzwG, a -/1 hhmwqw uhi>"wgmu£! 

phpmu t a 0 -p pumhGupt[ wl'i~: 

~ ~1-+-++----~----~ 

zo lO (I' 

ui.J.l7. Prfti.Jhtnwl{nruwfi hWULU[lLUfih[!LUdhztn ao Ofi2UWfi UbUJLU6l.t UhflUUWG tugftliit 

UJLUtnh(lft phpuwfi a wfi4Jmliftg I.Jwtut[w<)mpJtuli qrw:t>fti.Jlihr~: 

UJUUJhu, tugflllfl L=3uu h(14wpmpJwfi qhll}pmu, a -p W(ldhp{! l[t11t[mfuhtntl 

10°-pg upu2_h 20° h 20°-~g upfi2_h 30°, a 0 -p W(ldhp£! hWUWU}WtnWufuwfiwpW(l 

4oMwGw 1-flg upG2_h 5 "V/uu2 h 5-~y u~u2t.. 24"V/uu2
: Iug~4fl L=8uu t 114wpmpJwG 

qhll}pntu a-~ 5°-g u~fi2_h 12° t[tnt[tnfumpJntU[! hwGqhgfimu t a0 -p 5-pg upG2_h 

45"V/uu2 wtJ.htwguwfi (fi4 . 18): 

llJ'lll}PUP ll}Wtn4h(1£! tl4WJnLU t WJU uwupG, 11(1 Pllfl4htnWtl11(1UWU hWUW(l 

wGh(lwdhztn uphumJG l'iGzuwG qhll}pmu 4w(lhL/1 t hwuGht ppfl4htnwJ!n(1UWfi 

tugfll1fl h(14W(lnLflJWU t[tnp(lwyuwG, tugfll1fl wnwfigpp G4wmuwup ll}WtnhppG 

tnWtntl npnzwl[p !}hpntpjmfi: 0(1pUw4, PU2_lllhU hphmu t Ci4 .17' 18-py, 250uu 

h(14W(lntflJWG uhquuwG tug/14/1 hw4wqp(1 ll}Wtnh(lpG wnwfigpp G4wmuwup 
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mwtmt 2,5° ptpmpJmG, tp4wpmpJmU[! 4wptt11 t l}lnppwgfibt 50uu-n~, np[! 

UUJ.WUUlntU t ppft4bmwLtnpn!J. utptGwGtpp tqpw~wl}ltpp u UbU1W!J.WU1WJlnLj'}JWU 

L!mppwguwG[!: lijq UntJU llliWJlUbppg bpumu t, np a wli4JWU utbwgntU[! 

go+ 12° -ntl, UUJ.wummu t tu9lt41t tp4wpmpJWU l}lnppwguwG[! 2+4 wGqwu: 

•vvvvvv v v v v 
~ ' 

1.J4. 18. Ubf!liliwfi (ug(14(1 L bp4wpnLJ'!JWli ppft4bmwtjnpuwfi a0 wnwugpwJftG 6lizmli!Jg 
L (ugft41t bp4wJGWltwli wnwligp(l G4wmowop UJ.Wmhpp phpowG a wll4Jmfipg 

4w(utjwilmpjwll qpw~ft4Ghp[!: 

(44) IJft:!JbptGgfttut hwLtwuwpuwG [ntbntU[! hUWJ1WL!npmpJmG t mwwu 

qmfibt ppft4bmwLtnpuwG hwuwfl wfih[lwdbzm t'iGzuwG h tug!J41t bf14wpmpJWU 

llwtuLtwbmpJmGGbp[! pp!J4bmwLtnJ1Ltn!J. UJmpp :Pftqp4n-ubtuwfip4wltwG 

hwmljntpJmGGbppg (f WJ1U1WppG 2Lt1uw(i qn[lbw4gftg u E wnw6qwljwGmpJWU 

UniJmtllg): 

L.ll.l9-mu GtpljWJW9L!Wb qJ1W1lllllfib[l[! gntjg til mwwu, np ubbwgfibtntl 

UJmpp f 2lfluwG qnJ1bWllft91!, tugft41t bp4wpmpJntU[! l}lnp[lwfimu t, pull 

wGhpwdb2m t'iGzmu[! ubbwGmu: liJUUibu, a0 -p I 0-pg upG~u 501../uu2 lf!m!mtum

PJWU uwhuwGGbpmu f zlf!uwG qn[lbWlll191! wLtbtwgGbtnL! 0,3-pg upG~u 0,7, 

tugft4P bpl(wpmpJntU[! l}lnp[lwfimu t I ,25+ I, I wGqwu: 
52 

Ill l.m[ 

" 

l>4.19. Ubf!Oliwli tug!JlJ!J L bplJWJlnLJlJWU L pp(llJbmwtjnpowG a. wnw!igpwJ!Jli 
6lizuwti, tu9lt4ll hpl(wJ!itullwfi wnw!igp(1 li4tumowop UJ.Wmbp(l pbpliwfi a wli4Jmfi!Jg 

lJLU(lnlwilmpJWU qptu~l(l41ibJl[!: 

L.l1.20-pg GljwmtGp , np a 0 -It mwppbp wpdtplltpp qbUJ.pmu UJmpp E 

wnw6qw4wGmpJwG unqmllt utbwgmul! hwllqtgumu t tuY!t41t tpliWJlnLpJWU 

LjmppwguwG: Oppliwl1. an= 101../uu2 t'iGzuwG qtuumtu wnwllqwljwGmpJWG E 

unqmllt 20-pg upG~u 401../uu2 w~btwgmun~ tuYft4ft L tpljwpmpJntU[! l}lnp[lwlimu 

t 1,45 wfiqwu,ftu4 a 0 = 601../uu2 t'iGzuwG qtuwmu' 1,2 wGqwu: 

.utf 
20 

~ 

ct 

' c:./1 i -I 
1'- ...:: 7 li .. / ' :u.w' 

lL.-"1 v .IL / 
" 

[A" / 
.. _It r---, / 
~ / /I/ 1/ 

o..,, .-.ru· 

1.J4.20. Ubf!liliwll (ugll4!J L tpljwplllJ'!JLU!l, PJl(lljbmwtjnpuwli ao wnwligpwJ!Jii 6tizmlill9 
L PPilljhmwtlnJHinll UJillJ'!ll E wnwdqwlJwllntpJwti Oll1Jllltr9 ljwtuLtwilmpJwti 

qpw~>ftljlibp[!: 
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nuznulfihpp (ul.j.22, l.jnp 3) pwztuuwu oppuw~wtjmtpJntfiuhpf!, jugpl.jp a= 6°, 

G0 ::: 6uu, b0 ::: 4uu U)W[lWubUl[lb[lp hwuwp: 

1.,4. 21. MH-7 wututnqwJ{lfi hwztl.lll litutfiwJmt (48) hwiJ.wuwrmliGhrll hwuw4wpqp 
tmMwli uutrmltmmrwJpfi ujubliwG: 

6.'"/rll' t-----,--------,,-----r------, 

0 4 & X rw 

1.,4. 22. ~nfiw4wli L ubuJw6L uhquuwG Juyfl4fihpfl hp~wJiipniJ. wnwGypwJJlfi L Gnpuwl 
LilliJWJP t'iuzmuGbrfl pwzjuuwfi oppuw~wlj11HfJI1lGlihJ1(!: 

I ,3. UnwGgptuJ{lfi oliznuifihpfl pwzJumun 4nlitu~wG L ubll!tudL Jugf14Ghpmli, 2. GnpliWL 
4nqwJ{ll.i t'iOzuwG pwztumun 4nGw4wl.i jug!t4fihpmli, 4,5. Gnrliwt 4nqwJ{ll.i t'iuznu1fihpp 
ptuztunnll! uhuJwaL JugJILtlihpp bp4m tflnjuhw4wqf1Jlll!WU1bpn1J.: 

56 

PG~Ujhu bpt.mu t Gl.j.22-pg, ubUJw6t. ub'luuwu jugpl.jp bpi.JwJGpm[ u , 

wnwugpwJpfi l'iGzuwG tltmfmJumflJWU oppGwiwtfmtpJmu~ l.jpmu t GmJG pfintJPIJ, 

pG~ lJnuwl.jwG ub'l.uuwG jugpl.jmu: 

"UntJG Gl.jwppg bpLmu t, np a,,,. L a.,~, finpliwL41l'l.WJi:JG 6Gzmuuhp~ jugpl.jp 

ul.jqpmli mfibG wnw~btwqnLJG wpahp~. WJui:JGpG, bpp x=O, upwGp hwl[wuwp hG · 

0'.,_.0 = (c +sin a )a, + (}0 , 

a.,~,· = ca ... + qn : 
(49) 

UbrtuuwG tuYJtlJP hpl.jwpmpJwup WJil 6uzmuGbpi:J hhunuqw tjwtjmtum

f!JmGG (!GpwGmu t I.JnGwlJWu ubrtuliwu juyplJGhpp 6GzuwG tjwtjmjumJ}JWfi 

fiuwGmpJwup: 

4 t. 5 l.jnpbppg (fil.j.22) bpLmu t, np ublljwoL tugltl!P qmqwhbn tqwmhpp 

t.J.pw 0'.,~, GnpUWL I.JnrtWJpG 6Gzmliubp[! ubi)mpJwup GzwuWlJWJj'mpbG Ljtnpp bG, 

pwG jugplJp hpl.jwjGWlJWU wnwGypp Gl.jwlllUWUp phptjwblllflJillU mfibgniJ. 

lljWtnhpp t.J.pw wqqn11 a.,,., finpuwl I.JnrlWJPfi 6fizmuGbpJ.! : Pwg{t WJil, /1rgjlltJ1 

wnwugpp hpl[Wjfipntj 0'.,~, 6Gzntu[! tltnppwfimu t wt.J.htP uhb pfimhfiu[ttjntpjWtlp, 

pwfi a.,., ofizmli[!: 

Q-[wuwot. L UJppquwjwot. jug[11.jfihpp hplJWJfipnt.J. unpuLUL l.jnrttUJPG 6GzowG 

tjmtjmjuliwG oppGwiWLjlntflJlllfi~ umwliwtm hwulllp (46) L (47) hw~wmupnu.l

fihpmu mh11.wqpmu hfip · a= 0: 

(50) 

(50) W[1li1WhWJL11nLflJnLl.i[! Lllnt.{PG hwu[!Gl)Gntu t 4..P . Ounpnt.J.p L P .U . 

'l-ntqntjp Ul11W9WO W[1U1WhWJU1nLf!jntufibppfi [32,50,47], ll)l[! htUUUlWlllntU t 

l)wmwptjwb hbmwqmnmpJmufibpp 6zqpU11llf!Jillfi[! : 

3.4. 4UQlJO® Ub'lUUU"U lv5t>4"UbPOI'lJPPt>4bS"UtPt> 'l-01'-PU <!.PUU"U 
nt-ctQ 

4wqumJ.p ub'l.uuwfi tugpl.jfibpmu (Glt.23) pppl.jhmfibp£! flntpu li'l.ml mau 
npnztjmu t hbUli..JWl W[ltnWhWJLnnLf!JWUp. 
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F,=F,1 +F,11 , (51) 
npu1h1f F, -fi l1wquml.l1 fugj1ljfihp.mu pp.j1lthmfihp.j1 qmp.u uquw(i ntdfi t, F,1-l}' 

tugl:llil:l ptp LLtwmhp mfitgniJ. uwuj1g ppj1l(htnwtlnp.4n'l UJmpj1 uh!J.uuwfi ntd[!, 

F,11 -n' fugj1ljj1 hwumwmmfi ljmp.ttwup mfitgniJ. uwuj1g pp.j1ljhmfihp[! qmp.u UIJ.niJ. 

<!.WJUlUj1 t, np 

F, = SoO'o, 
F,1 = 500'01, (52) 

F, = SO'ou • 

npmtq · So-G ljwqunttl:l ljmpttwupntt utquuwu tu91:1411 ummu}l ljmpttwuur 

uwt1tptuu t , S-[! · ljwqunttr l(uip4wuvn4 utquowu tugl:l411 twl:l l(mptlwbul:l 

uwljtphu[!, 0'0 -fi' ppj1ljhmwttnp.uwfi hwuwp wfihpwdhzm 6Gzmu£!, 0'
0 1 

-[! ' 

ubquuwfi fug!ll(j1 wnwuguj1 fil(wtnuwup tqwmhpJl phpmpJmfi mGhgnq uwuj1g 

ppj1ljbmwttnp.tlnq UJmpj1 qmpu UllUWG hwuwp wuhpwdhzm 6Gzmu[!, 0'
1111

-[!. 

utquuwG tugl:llii:l hwumwmmfi LWJGwltwfi ljmptlwbp mfihgnq uwuj1g ppj1ljhm

atpj1qmpu UflUWU hWUW(l wfihpwdbzm 6fizntu[!: 

(52) wpmwhWJmmpJntU[! mhqwqphtn4 (51 )-p Ubi?, l(umwGwfip ' 

s 
O'o = O'ol + -O'ou : (53) 

So 
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4tnp LWJUwljwfi ljmptlwbp mfibgnq uh!J.uuwfi }ugj1ljfibpj1 qbtqpmu O'or 

6uzmu[! npnzttmu t (33) wp.mwhwJmntpJwup, }mlj 0'011 -[! ' {31 ): 

fiLIJ.flWUljJmG LWJGwljwG ljmptlwbp mGbgnq uh!J.uuwfi fugpl(Gtp.p hwuwp 

0'01 1.. 0'011 6GzmuGhp[! npnzttmu bG ' tmbhtn4 (43) qj1:j>hptGgj1wL hwttwuwpmu[! 

MH-7 wGwtnqwJI:lG hwzttl:l~ uhpbGwJntl, [!UUl filj.l5-mu phptlwb ump.ntljmmpw

JI:lfi ututuwJj1 : 

'-l.bp£! Gzttwu 61..n4 npnzhtn4 0'01 1.. 0'0 11 l'iuzmufibp£! 1.. Gpwfig wpdbpGhp.[! 

mhqwqphtn4 (53) hwttwuwpuwG ut2, ljwpnq tGp npnzht ljwqun4}1 utquuwfi 

fugj1ljfibpmu ppj1ljbmwttnpowfi hwuwp wfihpwdbzm 6uzmu[!, hbml..wpwp 1.. 

hwuwtqwmwutuwu mdu: 

3.5. <!,P.fllbPPOlt>-4 Ub'1.UU1H.~ fu5P.4'LbP 

4wmLupttwu hbmwqnmmpJmfifihpj1 wpqJmfiuutp[! gmJg bfi mtlht. np 

wnwllhL ljj1pwnhtll ltwpnq ta tllfiht mqflwUljJmfi ljmpttwuun4 ljwqun4}1 

ppj1ljbmwttnpuwfi fugj1l(fibp.[! [2] , npmtq wtqwhnttttmo t j1G~tqbu ppj1ljhmw-

4npuwa hwuwp wGhpwdhzm ouzmu[!, WJfitqbu tt tug}lljmu ppj1ljtmfitpp ufiwtm 

wfihpwdtzm dwuwfiwlj[!: 

UwljwJfi ljwqunttl:l ljmpttwupntt tugj1ljfihpp wnwfi6j1fi uwubpp uj1wguwa 

mtqmu wGgmu£! hwp.p ~t. np£! hwfiqhgfimu t ljwquwttnptlwb ppj1ljtmGbpj1 npnz 

!2WJ!2WJUWU, uj1wdwuwfiwlj UUibqubtntl npnzwljj1 6uzmu: Pwgp Wjfl, fugj1ljj1 

uhU(Wdl.. uwumu ppj1ljbmw4nptlnq UJillfl[! WU[!UqhWUl bfipwpljtlmu t 

qt:j>npuwg}lwJ}l, np}l pGmtGupttmpJntU£! tug!IliP ubtqwdl.. uwup wupn!J.I? 

bp.ljwJU12n4 hwumwmmfi t , ~UWJWb np hbmqhbmb utbwgGbtntl pppljhmwttnptlnq 

GJmpp tummpJmG[!, qh!~JnpuwguwG hwuwp ljtqwhwfil?tlhfi wnwtlht utu mdbp: 

'Lzttwu tpl..mJp£! tpptufi hwugfimu t pppljtmwttnpuwfi tugpl(fitpp tugwfiuwa, 

np£! uwpphl£! wztuwmwmwp, qdtlwpt.. n~ 'lJntppG qnpu t : 

btfibtntl tlhp[! Gztlwbpg, utfi12 WllW\?Wpljmu hfip pp}lljbmwtlnpnq UhpbUWJP 

utquuwfi mqqwfiljJmfi ltmpttwuun4 tugplj [8], np}l tpljnL G}lumhp£! upuJwGg 
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- Un!Ulpp UOUl(lUJ~IlU4tuu 4tnp~Uibpp um4tipuun' So=aobo. 

- tnU1(1(1UI4mu ztlptnp (lliJUlll4tUU 4tnp~mbpp UjUipWqpbn' U,=2(ao+b,), 

- UllU(l(llli4UIU ztiptnp IWJUU14UIU 4tnp~U1bpp UUI4tiptiun' s.=aob., 

npmbq tu9P4P tWJfimpJmG[! npnzqmu t [!Utn (55) wpmwhUIJtnntpJwG' b,=2Y: 

Stuppw4mu 2upmp ~(lUI tuqf1-ntU tiu' 

I. nmwugputjpU mdup[!' 

P, = axSx, 
P,+cb =(ax +daJS,, 

(56) 

npmurf cr,-[! umtnppg X htinUI~npnt[OJWU ~[lUI UIOUIUgpUijjlU 6uzmuu t, dcr, 

-n· dx tip4wpnt[OJUIU ~[lUI wnwugpUIJPU 6Uzuwu lflnlflnJunt(OJntUn. 

2. y L z mqqmraJmUUUpn~ UIQfl-011 unpUUII ntdUp[!' dPny. dPnz: 

3. y L z mqqm[OJmuutipn~ tUQf1-0112lfluwu mdtipl!' 

dP1y = fdP,,y, 
dPJz = JdP,,z ' 

nptnbrf f -l! U1(1tnU1ppG zlfluwG qn(lbU14pgG t : 

(57) 

fllpnJb4tnbtml G21lmb mdbp[! x wnwligpp qpUI h hmqUiuwpbgGI:itn~ qpnJp, 

4ummGU1Gp tnUippUiltwli 2bpmp hU1\lUIUtUpU1lt2nntpjwli hmqwuwpmUI!. 

da,S, + dP,,,(f + tga)cosa + .fdP,, = 0, (58) 

nptnbq' a-G tntlJUit 4bmmu J'ugj14jl Ujpn:pptl} pGmpUiqpnq qbpG mwpqwb 

2n2mlfln'l}l4mqumb mli4.JmGG t x mnUIGgpp hbtn. 

I 200 
tga = f (x) =- 2 : 

(x+20) 
(59) 

dx 
"V2bGp, np dPny=a,.2a-- h dP,, = 2a,,b,dx, 

· cosa 

nptnbq' Ony h Onz -[! ppp4btnUI\lnp\l!Ul Ujntpp 411IlUP9 Jugp4p UJWUlbpp qpw finpUUIL 

6GzmufibpG bfi, npnfip ppbGg hbpflpG' 

a .... =a_. cosa +ax sin a, 
a,,= a , , (60) 

62 

cry, crz -I!' Gjntpp WllW2tUQpwb 6G2muGbpG bG y h z wnwGgpGI:ipp mqqmpJWUp. 

a ... = a ... l + qo, 

a , =a,, + q0 , 
(61) 

Oy~o crz1--£! • ubquuUIG tu9P4P LUIJGU14UIG lttnP\lUibpp y t. z UlnUIGgpGbpjl 

mqqmpJmGGI:ipntl qb~mpumgpw wnw2wguru1 6uzmuul:ip[!, qo-G' ubquuwu tugllltll 

Ul(qpmu ufiwgn[lllWjpG 4n'llliJPU 6Gzm UI! : 

Ubquqwb J'untn[! [!GqmGI:itml nputbu wnm6qwltwG fiJmp, [!UUl wnUiaqUI -

4wlimpJwfi tnbumpJwG y h z wnwGgpGbpjl mqqmpJntGGbpnq hwpwpbpw4wG 

qb:PntlliwgpUIGbpjl ubbmpJmGGI:ip[! 4tJ1GbG' 

b -b 1 
£ =-"'--0 = - [0" -j.l(O" +O" )] 

.v b E _. , ·' : 1 ' 
0 

1 -----£ . =0=-[0".1-j.l(O" +0" .1)], 
- E . ·' ' 

(62) 

npmbq' E-G ppp41:itnUiqnpqnq GJmpp Ulnw6qUI4wfimpJUIG unqnqG t, J.L-G' 

fllmUiunGjl qnpbUil(pg[!: 

lmbl:itn\l hwqUiuwpmuGI:ip[! cryl t. cr, 1-p G4wtnUU1Up, b,-Jl ubbntpjntGG 

[!GqmGI:itntl [!Utn (55) Ul[ltnUihUIJUlntjljUIG t. bo=60uu, 4utnwGU1Gp' 

Ex J.l 
0" = +--(J 

'
1 (l-f.l')(3x +60) 1-j.l ·' 

0". = Exj.l + __!!___ CJ : 
. I (1- J.l 2 )(3x + 60) 1- J.l ' 

(63) 

Pntnr umUigtlmb ubbmpJmGGbpl} mbqUiqpbtnll (58) hUitlWUUI[lUUIG ub2 h 

ltwtnwpbtnll npn2 6t.wtimtum~JmGGbp, 4utnUIGwGp' 

dax 
dx +a/pl(x)+lp2 (x)=0, (64) 

npmbq' ql1 (x), CV2(x) -[! x-Jlg 4UIJ'uqwb qnpbU14pgGbp bG. 



qJ(r)= c--- +-
[ 

[r(x+20f -2oolx+20) ]( 200 J 2c 
1 ~ JO(x+30)./(x+20}'+2002 x+20 a0 ' 

qJ,(x)= ~x [ [r(x +20Y-2oolx+20) +2f.l]+ 
- 3(1- J.1" Xx + 20) !O(x + 30 }J(x + 20 )"' + 2002 au 

[ 
[t(x+20)

2
-2oolx+20) 2] 

+qo +-. 
10(.r +30)./(x+20}' +2002 ao 

WJUU1bq t = ___1!_ -n ltnJlWJ~G ouzuwu qnpD'wlj~gu t : 
1-j.l 

(65) 

q> I L (jl2 ~mtUltg~wubp[! Gbpljwjwguhup qpw~~4Ghp~ UJhupmJ., npnup 

pbptjwo hu UlJ . 26-mu: q>I L (jl2 ~mtfiltg~wGbp~ wpdhpubp[! npnzhllm [!GU1ptJ.ht bG 

hbUJLJwt UJwpwubU1php[!. f = 0,6, l..l = 0,3 , e = 0,43, ao = 40uu L E = 35"'U/uu2 (57]: 

liJGmhbUJL npnGmu bGp wJu UJWpqwqmJG hwtJ.wuwpmuGhp[!, npnGp 6zqppU1 

ltpGmpwqpbu ubplJwJwgtjwD' qpw~~ltuhp[! : liJil GUjwUlwltntl. tpwgGmu bGp 

wrumuwlj 1-[!, hwztjwpltGhp[! ljwUJw[lbtntl. I L II qpw~lt4Gbp~ hwuwp (27]: 

~ 0 , .... = :g. 0 , 
-o a- o. 
-= 
~0 
.0 
c:. g. 0 

"" 

05 

04 

03 

02 

01 

0 

1(1)1 

~ 

~ 

Ci 
<>: 

,5 

Ci .., 
0 .,. 
...... 
"' fo 
d 
cr 
9. 

1 

,5 

0 

lw2 

/ 
v 

/ 

0 20 40 60 80 10 0 120 140 160 180 200 

0,021 0,033 0,039 0,042 0,043 0,044 0,045 0,045 0,045 0.046 0,046 

Uli tt lfuru /uQ]:lq]:llipqmpntpJ•uu~. uu 

- · 

~ -v I-"" 

/ 

0 20 40 60 ao 100 120 140 160 180 200 

0,28 0, 78 1,0 1 1, 127 1,H 1,259 1,294 1,326 1, H4 1,36 1, 374 

UUnuuru luohi1h Uni1mnnuauuup. uu 

L.q. 26. q>1 L cp2 ~mui.J.yjlwutpp qpw~plJfihp[!' qwjUl{w(} tuYP4P hpi.J.wpnt~Jntfipg: 
64 

UJumuwl! I 
Pf=-2··-T3 -----4-·-r--;- · T-·6 .---· - -- · 7·----- ,-8- ·-9-· ~~o l i 

I I -
I I _c. c. §" ,:. =- ~ ~ 1 -A e ,.. c - -
~ I .. c:. .=r = = .::1' V) ...c I -_5. - = - = '"! t I <l <l 

I I x + x I 
' I 

y( X1 ~X) I 
V) y(x1 )+ y(x,) 

.,.. .,.. 

!I~ 
.... r- 0 oc ~ 

i l ! ~~~ 8_ r- .,.. a-
c; 

~ I 2 0 0 

I l 
__ y(.j:y;) 

;::; 
~ I ~ y{x1 }y{x, } 

a- .,.. ;;; .,., 
J2 J ~x1 x., -o .., .., 

0 N 
-o ""<~". 0 c; 

0 0 o. 0 

! I 
0 

' 

=: i I 

i 3 1 xl ~x .. y( X1
; X) 

V) oo I "" .,.. .,.. 
"' ! [ ~ ~ y{x1 }y{x, } M M "' N 

- I o. q 8 N 

0 0 0 

r T 
){~) ~ I . y(x1 ) + y(x,) 1 I 2x1x. ; r- 00 r-i4- -o .... 0"> 

~ 
r- 8 N .... 0 • q 

· x1 +x, x1 +x, • 0 2 0 0 
0 0 

! X + X i o (XI + X ) 
V) 00 2y(x1 )y(x, ) ~ .,.. 

~ 
M 

: s _ 1 __ , - y-- ~ -o M ~ 
r-

"!. y(x1 ) + y(x,) 
<' I 

! 
2 - I . 2 q 

0 0 0 0 0 

I 2x1x. y(~J .· 
· -o · 2y(x1)y(xf) . : ~ . 

I ! \0 
. ,... V\ 

~ I~ 
.... 0"> ~·: 8 ~ 

x1 +x, 
.... 0 0 y(x

1
) + y(x2 ) x

1 
+x, .. ·o 0 

17 y(..{Y;) 
;::; ~- I y(x1 ) + y(x, ) ~ r-

v-. 

~x1 x. 
..0 M 

\0 "<I" r- N 00 
\0 0 o . 8 o. 

o " - 2 d 0 0 

- L___ -
__ , 

UJumuw41tg hbUJLnui t, np qpw~p4Ghp[! qwpb!P t hwppbgGbt [!UU1 6-pq 

UJnqp UjwJuwGGbpp, puq qw Gzwuw4mu t, np qpw.'l>ttltuhp[! ljwpnq bu 

X 
GbpqwJwgtJ.hL y: - - + c opfluwlwtftmpJwup (27]: 

ax+b . 

UU1wgtJ.wD' UjWJUWG[! tJ.hp2uw4wG 6ztnbtm UUjWtnW4ntJ. qptnwpqbGp 

qpw~pljGbpp qbwJf!G hwpflbgmun' Y=f(X) qpw~~qubp[!, npmbq' Y =.:: L X=x: 
y 

Cum tJ.bp[! GztJ.wD' UJWJUw!lGbpp, hwztJ.wpltGhp[! t. qpw~lt4uhp[! pbptJ.wb' bG 

04.27-mu: 
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-~-r-----,-
160 

140 

1 

120 

100 . 

80 

60 

40 

20 

~ooor l l : . , I 45oo 1 

4000 - l I _ __.! 
3~00 -

3000 -

2500 

2000 

1500 

1000 

I 

~ 
-I 

I 
I 

160 ! 180 1 200 

-~--, j 119 I 132.4 __ . 145,6 

"Ult. 27 cp 1 It cp2 :j>mfiltgpwGtpll qowJpfi hwpptguwG qpw:j>llltfihp(!: 

i"G~uthu hphmu t qpw:j>f14GhJ1pg, 4hUJhfl[! tllntlPG qUJGtlmu hG mqpq qohpp 

tlflw, hhUJl.oWplllJl WJl} qpw:j>pltGhJlp qowjpG hWJlf}hgntU[! 6p2Ul t t. <1>1 m <1>2 

:j>mGLJgpwGhJ1[! lJWJlhtP t GhJllJWJWYiiht hhUJltJWL UJhupm!' 

tp, (x) = _x_ + c,, 
a,x+b, 

tp,(x)=-x-+c, 
a

2
x+b

2 
-

66 

(66) 

npUJlilf a,, b~, c., a2, bz, Cz qnpow4pgGhp[! npn2mu hGp, htGhtml. qpw:j>p4Ghpp 

npn2w4p wpahpGhppg ' a1=27, 76, b1= II II ,8, c1=0,0211, a2=0,74, b2=25,2, Cz=0,28: 

(64) qp:j>bphuypwl hwttwuwpuwu [!Ul}hwGmp tmomU[! l(tuflhtP t 

Ghpl(tujwyGht hhU!ltJWL UJhupntl [27). 

npUJhq' 
----..._ 

0 ' = )x)(- Jtp,(x) · .u(x)dx+C~ 

,u(x) = e fiP, (x )dx : 

(67) 

(68) 

(66) WflUJtuhUJjUlntpJmUpg <1>1 wpahp[! UlhiJ.Wl}flhtntl (68)-p Uh~ h 

l(tuUltuflhtntl npn2 oltwtlmtumpJmUGhp, l(UUJtuGwGp' 

[ -'-.,, )· 
e "' . 

,u(x)= ( x+b }~ . 
a, o 

(69) 

{ 
,, l l l-..-r1 X 

z9{x)=tp,(x)·.u(x)=(a,x:b, +c,) (a~x .. ~bJ .. ;i : (70) 'l12tuGtulJhGp 

(70) t. (69) WJ1U1WhlUJUllllfJJ11LUUhJ1[! UlOIJ.lUl}flhtntl (67)-p uh~. lJmGhGwGp' 

[ [ 

[

I ) l l " . +~", X 

ax+b ' x e"• I 
a. J 'r· /'• -~---+c,.!. ~; dx+C =-( )(- Jo(x)dx+c): (71) 

. .. ,., a,.\+b, 1 (av+!J) ' ,UX f! tt, - - 1-" I n, 

UU!wgttwo hwtlwuwpuwG tmontU[! hh2U1tugGhtm GuttuU!wlJntl LJwnmyhGp 

!9(x)= f(x) :j>mGLJgptujp qJlw:j>plJ[! GwtulJpGmu [!UU!JltlWD" uttuJ1WUhU1J1hpntl 

(GLJ.28): 

Q.pw:j>plJpg h l(WU!tuptlwb htu2tlwplJGhppg htGhtntl' 0= J(x) ~mtGLJgpwG 

lJwflllll hup tPntuwppGht wnwtlhtutWflq WflU!tuhWJUllllfJJWUp, np(! hGwrwtlnpm

pJmG lJU!tu tntohtm qp:j>hJ1hGgpwthtutltuUUJJ1lllU[!: Q.pw~plJp qotujpG hWflf}hgntU[! 

phptlwb t GlJ. 29-mu, [!GrpuGhtntl Y=lgx t. X=x: 
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so .-.-, I I I I I I I I I I I I I I I I I I I I 
~50 
"' 

! 

0 

40 
I 

30 

20 

j-1 
. I I j 

,.~ ___ I 
10 I I : 

,.r.rl 
"l 

I 
.10 I I I I I I I 

~-=-:: o 1 20 ~~-- 60 8o 1 100 120 140 _ _1_~-L~~~~ 
o=25 25 I 14 6,9 2,86 1,14 J 0,41 0,12 .. 0.009 -o,034 J -o.051 1 -o,057 

cr=30 3o i 11 I 8,3 3.46 1,38 i o.~ 1 

1 

o, 16 o.o22 _,-o,0291-o.049 1-o.os66 

<1=35 35 l 20 1 9,7 4,06 I ,63 I 0.604 . 0,194 .. _· 0,036 . -o,0244 -o.047 -0,056 
·cr=40 40 22,9 II 4,63 ' 1,86 0,69 J 0,23 0,048 -o,02 

bL : ~: :::-_ ';~: l:~ _L:;;: L:~ h":: I :::: 
-o,045 l -o,0554 

~~~~ . . ~:~;-~-
--a=25 - - a=30 - - - a=35 --a=40 - - - a--45 ...... a= 50 

'UlJ. 30. cr, = f(x) ~mtull9flwJfl qpw~fll.Jn : 

'l_,lJ. 31-mu phptlwb qpw1>J1ltJ1g npnzmu hGp qpw:PJ1ltJ1 L x wnwGgpJ1 

hwmuwG lthmhpp wpugpuGhp[!, npnGp uhquuwG )ugJ1ltP wGhpwdhzm 

hplJwpmpJmGGhpG hG UjwhwGs>tlniJ. cro ulJqpGwlJwG 6Gzmu[! umwGwtm hwuwp: 

t>ulu1tu hpLmu t qpw~plJpg, JugplJp ummpmu 6Gzmu~ 25 'l_,/uu2-pg 50 'l_,/uu2 

qwpoGhtm hwuwp pwtlwltwG t )ugplJJ1 hplJwpmpJntU[! 145 uu-pg qwpoGhtl57uu, 

np~ wumu t WJU uwupG, np ppplJhmwtlnpuwG qnpb"[!GpwgJ1 tGhpqhmJ"llt 

gmgwGJ1zGhp[! uhbWUjbU lJw)utlwb b(i PllPlJhmwtlnpuw(i )ugplJp hplJwpmpJWU 

opzm [!GmpmpJmGJ1g: 
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0,3 ·. 
'!, 
< 
;J 

s 0,2 

0,1 

·. 

0
110 1~0 180 

-0.1 .._ ____________ L _________ _ I x,uu 
_____ l__ ______ L _____ l__ 

--a=25- -o=30- - - a=35 --0=40--- 0=45 .. ... · a=50 

'UlJ. 31. cr, = f(x) ~mGlJg~wJ~ x-p~ hbm hwmuwG tlfls>wlJwJJ)I!: 

UtquuwG JugplJJ1 ulJqpmu 6Gzuwu utbmpJwG L JugplJp hplJwpmpJwG uf1s>L 

ltwtmlwb"mpJWU qpw:P!lltl! phptlwb" t GlJ . 32 -mu: 

~ 160 [ _ _J __ ~-~--+--~:;J-~.r~.,~~~~=f==~-__j ~155 . 
a 
ii: 

~ 150L-~~~~==+--i---t--1--r--t--J---r-~-~ .i 145 . 

~ ' i 140 . cro, l1tu u2 
135 J • j 

IL ··- 1
2
]5· · _ [ _-_ · 1~~s_t· -~~ii-__ -- _l~s-~-± - 1~~ ~~±~ ~ ~o~~~ 

ulJ. 32. UlJqpuml.Jwu 6uznu.f~g )ug)1l1~ liplJtu(lnt(ajUIU lJm)u~tubntpjtuU qpul~~lJ[!: 

1-ulUIIIu IIpl.muf t qpm:j>pl{pg, pppl{IImmyiiptfwu ouzmun tfiibtuguiitm 

hmtfwp wuhpwdiiztn t tfiibutguiit Jugpl{p tipl{tupnt[aJntUI}, null npnttf tUJll 

tfiibwgmtf n tfJ1ul L 6uzutuu 40u/tf tf2 wpdiipn tniiilP t muiiumtf w4tJLP pumiiuupy: 

gppl{IImtuynptfwu 6uzumu tfiibmraJmun l{wpii[p t npnziit l.(,.t-.Ounpnyp 

l.Jnlltfpg mntu\)tupl{tlnll pmumouny [57]. 
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O"o = k[ea(Pma;cPo) -1], (77) 

npmurf Po-b l!llfl4limwtjnptjnrt UJm(d~ u4q!!uw4mu jutnm(dJmuu t, a ll k-u' 

tjmpaburlJurb qnpbllllJJlguup[!, Pmox-[! uuqt.ft.fwu jug~4mt.f J!J1~4utnmtjnptJnrt UJOI(d~ 

mmutjuJluqmJb juumqaJnruu, npu npnztjmt.f t humllJurt tt.fu[~J1~4 pwumalmtj [57]. 

_ P~ -aoPo +a, pot 
pnlil.\ - fJ, , 

o + a,t 
(78) 

npmllrt' pp-b uuJwgtJnrt PPIJ4uuJuuJlll )uumt(dJnrbu t, t-u· ullrtt.ft.ftuu jug~4mt.f 

!!P!J4umurtjnptjnrt bJnr(<ljl tf'iruqnr dtut.ftuutu4[!, <X<J. 13o. a,- u· ~npa'irtulJmu qnpbm

l(jlgbhp[!: 

CbJlnr'iruJ ml <X<>=0,471, 130=0,496, a,=7,45·10-3 
[ 48], t==20tj [25], a=4,61 ·1 o·3

, 

k=0,332, pp=700 4qlt.f3 ll Po=70 4q/t.f3 ~57], 4umwutuup· Pmox= I 052 4qlt.f3
, np[! 

tnhrtlll'lPiitntJ (77) hurtjwmupt.fmu t.fu2, 4npnzuup I!P~41Junm!nptrwu hmt.ftup 

tuuhpurduzm Ciuznnf [!. O"o = 31 u/t.f t.f2
: 

u4. 32-ntt.f j!Uptjtub qpm:pjllJjlg, [!Uln ummgtjuro Ciuzt.furu t.fubm(<lJlUll, 

[!lllnpmt.f u'itp UUI"(UUlUU Jugjll[jl UJ14lll[lnt(OjntU[!, 11J1[! 4mqtfnrt.f t' L = 149t.ft.f: 

72 

4 . .PPfl.4bSU6fl.'U UUUl.fl.O'UbPfl. UUSPfl.8U6fl.'U O'l.U4fl. b'-t ../.lllll'-l.U4fl. 
lllUPUUbSPbPfl. tiCSllH.J'C 

lfwmp~gwJ~G oqw4~ L hwtntJ.wli~ U(wpwtlbmpbp~ npnztlwG htuuwp 

wGhpwdbzm t hwztl]l wnGbt pp~4bmwtJ.nptJ.ml GJIIlfl~ ~*(t]llJn-tlbjuwG~4tu4tuG 

hwm4ntf}jntGGbp~ wqJlbgntf}jntG[! hntmJw4~ l(nqu~g GJmpjl l(tun~uwG 

[!GJlqp4uwG wG4.JwG tJ.pw, np~g L UbOWUIOU 4wtutJ.wb bG uwut]1~jr tU(lUlWlJJln

'ltu4wGntpjmGG m bp4pw~wtJ.lWl(wG ll!W[lWUbmpbp[): 

4.1. ~filfit.l..U4'Vbf't> 4fi'l.Ul>5 'V6flf'(O-t> 4Uf1.0UU'V C'U'l-Q-P4UU'V 
U'V45fil''VC 

~nlntJ.w4Gbpjl 4nqu~g pp~4bmwtJ.nptJ.nq GJlllfl~ 4wn~uwG J1GqqplJt!wG tuG-

4JmGu npnzmu bGp btGbtntJ. U(WJuwG~g, np hntntJ.wl(jJ hbUJ GJmpp laquwG l(bmmu 

ztjlUWG 6Gzmuu UfbUlp t ubi) LJWU hwtJ.wutU(l t]tGp znzwtJ.lnl"(llt<.ttp)lG (Glj.33). 

a,,.;::: az, (79) 

npmbt( ()"!~·-[! ztJ.lUWG LW[lntUG t. O"z-G' znzwtjllll)lUI[lntU(}: 

L.L1. 33. trwutJl~jJ uwmpllgwJjJG ot)Wlill t. hntmJwl!ll U(LUJnuubuJilbpll npnzuwG 
hwztJ.wp~wJpG utubuwG : 
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(80) 

npmh1f au -~ hntm.J.wl!P tJ.pw Gnpliwt 6GzmuG t, f = tgtp -G' z\f!owG qnpbwl!pgl}, 

tp-G ' ztjn'iwG wGl}JntUI}: 

PpplthmwtJ.npLjnq Gjmpp lJnqupg hntntJ.wl}p tJ.pw wqi}nfl Gnpliwt L znzw\f!nq 

6uznuHlhp[! npnztJ.mu bu, htGhtntl ppfllthmwtJ.npuwG 6Gzmupg. 

~bmt.wpwp' facostpi =a sin !pi , nrmbqjlg · 

f==tgtpi , ltwti tp=tpi : 

Cum Gl} . 33-fl tpi =a- tp2 , hbmL.wpwp' a== tp + tp" 

npmh1( a0 -!i l}tun~uwG J!uqqpl}tiwG wG4JmGG t: 

Cum upGmuGhpp pbnphup l}wpnq hGp qpbt 

. (sin !p) a 0 = !p+ arcsm - - : 
A.-I 

(81 ) 

(82) 

r R-r 

sin tp2 sin(a0 - !p2 ) 

(83) 

(83) hwtJ.wuwpntUI! l}tull{ t hwumwmmu lJWlliUWG }!Ul}qpl}uwG a wG4JwG, 

GJmpp L hntntjwl}Jl up2L bqwo ztjtuwG tp wGluwG L hntntjwl}p m uwmppgwJpG 

oqwl!fl zwnwtJ.flqGhpp A. hwpwpbpntpjwG tilt2L. npnlip qpw~pljlihpp mbupntJ. 

phptJ.wa hli Glt. 34, 35-mu: 

Niiutbu bpLmu t Glt . 34-pg, PPitltbmwtjnpuwG UJnt!Jit qpbpb pntnp tp 

ztjtuw!i wGljjmGGbpp qbutpmo A.= 2 + 3 wpcJtpGbpjl uwhuwGGhpmu 4wniuwli 

J!GqqpquwG wG4Jwli \f!ntJ.1ntumpJntG1! mbqfl t mGhGmu wtJ.blP jlGmhGuptJ., pwG 

A.-It wtjh!P uta wpdhplibpp qtuwmu: 

"l,l}. 35-pg hbmt.mu t , np (!UI}q[lltliwfi wG4JntG}! lJwtutJ.wb ppp4hmwtJ.nptJ.nq 

GJmpjt ztjtowli wGtumGpg Ljmtut.J.mo t qawJpG 4wtutJ.wbmpJwOp, uGq npmo, A.-It 
Ljtnpp wpdhpubplt qbll{pmo Ljmtjmtuuwli plimbGujtt.J.mpJmli[! wt.J.blP \f!npp t wumo : 

74 

UJumt'l)lg htmt.mu t, np btGhtml lJwn~uUIG wutuwn utbmpJmGpu t. 

l}Wni UWU qnpa~Gpwgp l}tujntGntpjntuflg, UUJWUltuljwhtupuwp t uwmpjlgWJpU 

oqwl}p L. hntmlw4r utpwuwqabpp hwpwphpmpJmG!! tJbpgGbt A. == 2,4 + 3,5 

uwhuwGGbpmli : 

ao 
0 

100 

3 3.5 4 
Ulj .34. 4wn~uwG j!Gqqplj1huG wG4JwG ljwfuLjwilm~JniUI} UWU1flj1gwJjlG OllwlJp L 

hntnLjwljjl mpwuwqbbftjl hwpwpbpm~JntGjtg, a0 = J(A.): 
ao 

0 

~ ~~ 
vlj. 35. 4wnillwG I}GilqpljllwG wG4JwG ljwfuLjwilmpJlliUJ! Pf1!11JhmwLjn[1Ljml GJmpjl 

zljluw!i wGIJJmGjtg, a0 = f(tp): 
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4.2. PPP4bSU4JlP4Jl-'l. u30Hi}p li0-'l.UP5 ~OL04.li4P '-LPU U.'l'l-0-'1. 
n"UCUU"U 01-·ctbre bt.l. ~UUU.'lOPP 4PPlifl.UU"U 4bSC 

~nlmtw4Gbpp 41UJ.llpg ppJlllbmwtJ.npuwG hwuwp wGhpwdbzm 6GzmU£!, np£! 

nuwJ.wb t uwmppgwjpG OfiWLitt zwnwtJ.qntJ., LIW[lbltt t npnzbL t.I..P.OunpntJ.tt 

ltntluJlg W11W2WP4L!nq pwGwoLmJ. (57]. 

a=k(ed,•. -t~l-1), (84) 

npmbfl' k-G L c-G ljlnpoGwl1wG qnpbwllttgGbp bG, p,-[!' ubqutJ.wb" qwGqLjwbp 

tummpJmG[!, P0 -fi' qwGqtJ.wb"p u4qpfiwltwfi tuuJmpJmfi[!: 

PtJPllbmwtJ.npLjntl qwGqtJ.wbp L umwgtJ.nfl ppp4tmGbpp tummpJWU LIWUJ[! 

npnztJ.nul t [!UUJ Gl1. 33-p. 

~r(R 2 -R1 )Bn =~r(R1 -R2 )Bp 0 ~0 A ~' (85) 

npmbqpg' 

R2 -R1 

Y,. =-,--~Po: (86) 
R- -R; 

ll[lUibl]' R-[! uwmppgwJilfi OI]WliJl zwmuljpqG t, Ro-G' uwufipl)p ltwn~uwG 4bmmu 

zwnwtlJlrw, R,-[!· mL!JwtlJbmmu zwnwtlprl.(!, p,-r!' mL!Jwt 4bmmu qwfiqtl_wbp 

tuuJmpJmfi[!: 

QwGqtJ.wbp ubqutJ.wb" L ul1qpfiwL1wG tJ.pl'iw4Gbpmu tuulntpJmGGbpp 

UlWppbpmpjntU[! . 

( R~ -Rg)· p,. -Po = Po R 2 _ R; . (87) 

"ULI.33-pg [!UUJ upGmuGbpp pbnpbull 4wpnq bGp qpbL 

r R-r R 
--=--=-·'-
sin rp2 sin rp1 sin a ' 

(88) 

r R-r R, 

sin(a- rpJ = sinrp, =sin a' 
(89) 

(90) 
sin(a- rp1) sin acosrp, -cos a sin rp1 • r 

. . =smactg(/)1 -cosa=--, 
sm (/)1 sm rp, R - r 

npmbqpg' 

76 

ctgrp, = (·/i~-;:- + cosa) 
sina , E.=). , 

r (91) 

sin a (-1 -l)sina 
t g (/) - = --'-,..---'--;----

1 ( r ) I+ (-1 -l)cosa' ···-· +cosa 
R-r 

(92) 

. tgrp, (-1 -!)sin a 
Stn (/) = = -;==~==:=="===:=====:':" 1 

Jl+(tgrpJ ~1+2(-i-l)cosa+(-i-1f' 
I 1 + (-1 -l)cosa 

em~ 1 = , 
v1+(rgrpJ ~1+2(-1-l)cosa+(.-i-IY 

(93) 

npmbq' f{J1-[! L rp2 -[! uwmppgwJttG oqwllfl L hnLntJ.wlltt 4bGmpnGGbpp G4wmuwup 

uwuGttLJp IlPPVl! pfinpnznq wGtumGGbpG bG: 

Rx zwnwttqp uMmpJntG[! 4lttGp. 

R =(R-r) sin a= (R-rW1+2(.-i-l)cosa+(-i-IY 
' sin rp1 (-1 -I) ' 

2 (R-r)'( ( ) ( )') R, = (-1-i}' 1+2 .-1-1 cosa+ -1-1 : 

~bmL.wpwp. 

_ _ (R; -R,.;)- cosa-cosa0 
p, Po- Po R2 - R; -Po 1- cos a ' 

(94) 

(95) 

Oqmtlbtntl (95) hwttwuwpmupg, n1m2mu bfip hnLntl.wliJl tlPPPl! pfinpnznq 

a 11 wG4JmG£!, npp qbUJpmu wGhpwdbzm p...,, tummpJwG ppJlllbmwtlnptl_nq 

qwGqtlwbl! uwmmgttmu t ubtluuwG tugJ14GbppG . 

a, =arcco{I-A(l-cosa0 )), (96) 
P..,., 

npmbq' P,.,, -G ubquuwG tugJllrGbpmu ppfl4bmwttnpttnq liJmpfl wnwtthLwqmJ!i 

tummpJmGG t, Po -G' PPfl4bmwttnpttnq qwfiqtlwbfl tumntpjntG[!: 

Ppf14bmwttnpttnq GJmpfl wnwtlbtwqmJG tummpJntfi[! 4wpbtJ1 t npnzbt 

hbmL.JWL pwGw<.\L.ntJ. (33]. 

_ Pf'll -aoPo +a,pot 
P,..,,- a , 

Po +a,t 
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(97) 



npmbq' PP1,-~ umwgqnq pppltbmGbpp tummrJmGG t, a0 ,/J0 ,a,-G' ll'tnpl!GwltwG 

qnpawltpgGbp~. t-ubquuwG tugpltfibpmu pppltbmfibp}l qmGtJ.btm ~twuwGwlt~. 

t2:15tl(llt: 

a
0 

= f( a
0

, ::. J LtwtutJ.wOmpJwG qpw:pptm pl:ipqwO t GI.J. 36-mu, np~ 

hGwpwtlnpntiJJntG t mwtJ1U npnzbt hntmlwltP llP!1UI! punpnznq wGI.umG~. btGbtntJ. 

pppltbmwtJ.nptJ.nq Gjntpp hwmi.JmpJmfiGbppg 1.. pppi.JbmGhpp utwhwfi2tfnq 

tummpJnLGpg: 

ao 

18 

16 

14 

12 

10 

40 45 g) ffi 

'b4. 36. au = f(a0 ,A I ~mlllltgl'twJp qpw~>l't41!: 
Pm,.) 

ao 
0 

(95) hwl{wuwpmu~ mbqwqpbtntf (84) hwl{wuwpuwG ub2, LtumwGwGp' 

( 

,.1\>«,.a....:o;ao ) 
a, = k e l-c.~a -I : (98) 

<!.ntntfwltp tl(lw finpuwt 6Gzmu(! tupG}l' 

( 

<••a~ ~ 
u ,_5__ k J"O:O.." -II'+?.(A-I)oo,a+(A-1{. 

" cosq7
1 

l+(A.-l)cosa 
(99) 
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<!.ntm.lwi.J}l tl(lw Gnpuwt 6GzuwG pwzf:umu~ utwmltbptlwb t Glt. 37-mu L Glt. 

38-mu pbpl{wo- qpw:P}lltGbpmu, Yp1, = 700qq/u3 tummpJWUp pp!JlthmGhp 

umwGwtm hwuwp: UbquuwG f:ugltltGbpmu qwGql{wbp wnwl{btwqmJG 

tummpJmG~ npnzl{bt t (97) pwGwot.mt, ~GJ}mGbtnl{' a0 = 0,471, Po= 0,496, 

a, = 4,45 ·10-J [33], t=20tlplt, Pa = 70Ltq/u3
: 

ct;utuu2 

4) 

ID 

a> 

a~ 

14 3) 40 00 fD 
'b4.37. Cl = f(a) :j>mfi4gflwJp qpw~>fl41! qbltwPlllJWU IJ.nnpqpfiwtnwJI'tfi hwuwiJ.wpqnui: 

<!.ntnl{UiltP !lJlw ubquoUIG 6Gzmupg wnw2wgn11 md!! n11nzbtm hwuw11 

· qpmwpi.Jbfip hntml.wltp mwppwLtwG uwltbpbup tl(lw wqqiUJ. mdrf 

{ e"""<~~';!' -l )~1 + 2(A. -l)cosa +(A. -1)2 

dF = a,brda= · ( ) brda, ( 100) 
I+ A.-I cosa 

npmbq' b-G hntm{wltp LWJfimpJmGG t: 

<!.ntm{wlt!li.Jnqu!lg tunm!l uhquuwG ~G!}wgpmu hwuwqnp mil~ ltlltG!l. 
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k e'''' I.:Z.~~ -1 )1+2(A-l)cosa+(A-1)2 
( 

n~a-..'""• J 
F;=b:'J-- , , da : 

N 

<-;l 

::: 
~ 
~ 

au 

I 
0 

"' 

/ \ 
/ . 

//(/ 

(101) 

ulj. 3H. a= .f(a) ~HuGLI!JilWJ)I qpw~lpq(!, 4tunmgt!wb hntntltu4fl ubqunq llw4bpLnLJPP 
tlptu: 

.:.ntn4wljp LJ1111UPQ tunmp Ubi1UUWG fugpljGhp umgGnq hwuwqnp llLO[! . 
0 

F2 =br Ja ... n..,da=bra,_ ... ,a11 , 

a" 

(102) 

npmh11' cr"·"'"'-[1 wnw~btwqnLJG 6Gzuwfi wpdhpG t, np[! n1mz~mu t (99) wpmw

hwJUJillflJWUp a.=a.H wpdbpp hwuwp L hntn~wljp m~wt UJWpwubmphpp 

l)buu:mtu hwumwmmG ubbntf}JntG t: 

.(.ntnt!wljp 4J!w wqqnq 6GzuwG md[!' 

( 
{e'1•"'::27-~ -1 1+2(.-l-1)cosa+(A-lr l 

F = F; + F2 =b1 "J ( ) da+a,"",a11 : (103) 
"'' I + A - l cosa 

.:.ntmJ.wljp 4pw wqnnq hwuwqnp mdp llPPPI! pGnpnznq wG4JmG[!. 

80 

ah = r;al + F2a2 , (104) 
Fl +F2 

npmh•t' a
1
-l! F1 mdp •lPPPI! pGnpnznq wG4JmGG t, a 2-l!' F2 mdp llPPPI! pGnpnznq 

wfi4Jmfi[!: 

"Jaa,rda 
a ..:":2."---

1 a1f • 
ja,rda 

0 

J a a.,_"'" rd a 
a "" _a". 

2 0 - 2 
J a,. 11'\iiX rd a 

a,, an 

Shqwqphtn~ wpdhpGhp[!, qmGh!huGp. 

k(e.,,,"·~~:~~ -1)J1 + 2(.-1 -l)cosa+ (.-1 -tY 
"J a ----------- --- - -- - -- ---- ·· rda 

1 +(A -l)cosa 
al = a., ( ".a-..,•ao J 

k erPo1-:,--;;-;;- -1 )J1 + 2(A -l)cosa +(A -1Y 

a1 ----------------·-· ---·-------- ·-- ·- rda 
1 +(A -l)cosa 

"'' 

au. 
a2=2. 

(105) 

(106) 

(101) L (106) wpulWhWJUlnLJ}JflLfiGhpp Uh2 UtnGIUl pGmhqpwtGhpp npnzt.lwG 

Gujwmwljn~ GzwGwlJhtn~ cosa = x, a= Arccosx, sin ada= dx. x" = cosa11 • 

dx dx . 
x

0 
= cosa

0
, da == -.- = .J , , ljumwGwGp 

sma 1-x-

{ e'''' ~~:t!•• -1)J1 + 2(A -l}x +(A -lr 

F
1 
=br'J ~ d.t , 

'• (l+(..-1.-l}x 1-x-

(107) 

k(e'Ao'~~:a• -l)JI+2(A-l)x+(A-1)
2 

"J Arccosx ·- · ·--·· ··--·- ··-- --··--·-·---·- , - ---· · rdx 
a au (l+(A-l)x}!G? 

1 

a, k(e'Po·~~:"" -I)JI+2(A-l)x+(--l-l? 
J - - ----- ------- ----- - ---- rdx 

"o (l+(A-l)x}Jl-7 

(108) 

~. G 
1
,._ ,

1
, A- Jl+2(A-I}x+(A-l)

2 
A_ ArccosxJ1+2(..-1.-l}x~(A-lf L 

uzw W'!utn't - \ ~ , 1 - }Jl-(l+(--l-l)x}\'1-x2 (l+(A-l)x l-x
2 

[!GqmGhtntl. A= 2,4, ljwnmgmu hGp A= f(x), A1 = f(x) qpw:PfllJGhp[!, npnGp 
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:pmlil!gpwfibpml. (64.39, 40): 

0.4 o.s a 
ui.J. 39. A= f(x) ~m!i4gpwJr qrw~r4IF 

X 
Q4 Q5 ns Q7 na 

'U4. 40. A1 = f( x) :pm!iljgpwJil qpw:PP4n: 

ns 

1.7 

1.6 

1.5 

1.4 

1 

ltwtulj_w() A-lt ubbntpjntGflg A= f(x) l.t AI= f(x) :pmGljgpw!ibpp Ub2 

umfinrt qnpbwljpgfibpp ubbntpjntlifibpp pb(ltJ.Wb' bfi WllJnLUWlj 2-nui: 
82 

Urumuwlj 2 

A a b c al bl cl 
2,2 1,12996 -0,140755 -1,01354 -0,106939 1,94078 0,753283 
2,4 I ,22037 -0,117330 -1,00991 -0,106403 1,81546 0,640869 
2,6 1,26415 -0,121866 -1,01083 -0 109509 I 72544 0,555233 
2,8 1,34671 -0,100299 -1 ,00738 -0,443021 2,52184 0,748550 
3,0 I 40456 -0,092564 -1,00619 -0,432041 2,38340 0,665287 
3,2 I ,45890 -0,085350 -1,00507 -0,424492 2,27542 0,598300 

(107) u (108) hwlj_wuwpnuHihpp ub2. l!ULnwfiwGp. 

F1 =br}k(e''~>'-;~:~ -IX a+ c!Jdx, (109) 

(110) 

(I 09) wpmwhwJmmpJmfip mbqwl}flbtml. (I 03) wpmwhwJmntpJwfi ub2, 

lJmfibfiwfip' 

(

xll ( o 'l-\)~ X b ) ) F = br Jk e l-.r -I a+--. dt + 0'"·"'" arccos(xH) : 
·'o c+.l 

(III) 

P.fimbqpbtnll. (109) (110) u (Ill) wpmwhWJUlnLflJntGGbp(!, umwGmu bfip 

hntm{wqp t.(pw wq'lnq mdbp(! u qmuwpWJpG F mdp lJppumuwG l.jbmbpp, npnGg 

l.jwfulj_tubmpJntGGbp(! pppl!hmwtjnpiiwG GJmpp f zlfltiwG qnpawl.jgpg l.t 

tiwmppgwJpG ortwl!p m hntmtwllr zwnwlj_qGbpp A hwpwpbpmpJnt!ipg 

qrw:J>pljwljwG mtuon4 pbrn{wb bfi Glj . 41..;.43-mu: 

P.li~UJ.bU bpLmu t Gl.j . 41-nu! pbptJ.wa qpw:j>pljpg , pppl!hmwlj_npt.J.nrt fiJmpp 

zlfluwG qnpawljgp ubawgmtintJ. hntm{wl!p tJ.pw WqJlnrt mdbp(! ubb'wfimti bG: Cfiq 

npmu UJmpp ubrttitiwfi ntd(! lflmtmtulj_mti t wGGzwG, pulj ubrttitl.wb' qwfiqlJ.wb(! 

fugpljGbp umglinrt iuctp lflmpn}umpJntfii! wnwlj_bt qqwLil t: 
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140 .----------r-------r------r--------, 
~ 
;;: 

120 --------- - --·- - ------·· ··--------
100 -··-------~ --- . . ---~- -: ~---- -·-·--- -· -~. 
80 - - --~"--~- --=---·----1-------1-------·----· 
60 ·--·- --- --------·· - ---- ---·- - ·------ -

40 ·- - -·-·- - --- ---·- --··- -··-· ------- - - ·· --

20 -·- ··----- - - -- ·----·-- - - ----- ··--- -----··----·--· •. 

0,5 0,6 0,7 0,8 0,9 f 
--F1 - • ·F2- •F 

1>4. 41 . .c!,ntml.w4~ !J.pw Wq'lJlll mdb[lll 4wfu4wbm(}Jmli!ih[11] P[ll14bmw4np4nq liJmpll 
zlflow!i qnpbw4g~g: 

.c!,ntn4w4fl!J.pw wqqnq mdbp~ 4wtu4wb uwmppgwJflll ortw4fl m hntn4w4~ 

zwnw4rtllbp~ A. hwpwpbpntflJmllflg t)ln4mtutJ.mu t ll4. 42-mu pbp4wb 

op~!lwllW.1_W4JOtf}jWUp: 

~ 140 
:r 
~ 120 

100 

80 

60 

40 

20 

0 

-......... .........._ .... -- ----.... __ 
- ------- -- ---

2,2 2,3 2,4 2,5 2,6 2,7 2,8 2,9 

--F1-- F2-F 

-- - -

I. 
3 3,1 3,2 

1>4. 42 . .c!,ntm.J.w4~ !J.pw wqqnq mdb[111 4wfu4wbnt(}Jmfifihpt] owmpl1gwJI1fi ortw411 m 
hntn4w4Jlzwnw4qfib[111 A. hw(lwph(lnt(}Jmfipg: 

84 

<!.nln4w4~ !J.pw wqqnq qmuwpwJflll mdj1 4~pwnuwll 4bm~ pllnpnzml 

wll4Jwll ubbntf}jnt!l[} 4wtu4wb ppfllJbmw4np4nrt lljnt(}~ Z41UWil qnpil-w4g~g l.t 

uwmp~gwJflll oqw4~ m hnln4w4fl zwnw4qllbpfl A. hwpwpbpnt(}Jmllflg (pbp4wb 

t ll4 . 43-mu): 

11 a..· 

S+--~-----+--4---T----4---+----4--~ 

~ ~ ~ ~ ~ ~ U W M 
->.=2,2 -->.=2,4- - ·>.=2,6- ->.=2,8- • ·>.=3,0 --).=3,2 

1>4. 43. <!.ntn4w411!J.pw wq11nll mdl1 4tJpwnowfi 4bml1Ill1Jlp(] pfinpnznq wfi4Jwfi 4wfu-
4wbmpJntfi(] p[1tJ4hmw4np4nq liJlllfli1Z4ltlwfi qnpbw4gl1g L. owmppgwJI1fi oqw411 m 

hntn4w411zwnw4qfihpl1 A. hw[1wph[111LpJmfil1g: 

4.3. PPt>4bSUt.UlPUUI.J UUULt>~t> UPSU l).PWlU4UI.JOl-[c)-3nl-·I.JC b4. 
<!.QOPOf-[c)-301-I.JC 

Pp~lJbmwtJ.npuwll UWUW.1.P UlWJ1P.1.~ ub4 UjUlOIJUl~ ~llf}Wgpmu ubrtuuwll 

tu9~41lbp Uq4nq qwllq4Wb[} 4wJ1bW t npnzbt hbUll.tJWL pw!lwot..n4. 

_/ 2 2\L [ 2 (R-rf( ( ) ( )2)~ q=u\R -R,1 pP11 =nhp11 R- (A.-if 1+2..1.-1 cosa;1 + A.-1 ')= 
(112) 

R
2

( 1) = 2nhp11 J. 1-J. (1-cosa;J, 4q/Ujm : 
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Swpp~p wnwGgpnq wqqntl zwnwqqwJ!JG mdjl lflmjmJumpJwG q!Jwqpw

uwG, 4wtut{w0 pptJ4bmwlj_nptlnq Gjntp!J 2l\1Uwfi qnp()w4gpg L. UtuUl(lpgwjpG 

oqw4p m hntmJ.w4p zwnwtJ.qGbpp A hwpwpbpmpJntGjlg U!WUllJbptJ.w<) t 

G4. 46-mu: l).pwqpwuwJ!Jg hbmLmu t, np ubbwgfibtnl\ A-fi, mwpp1_p wnwGgpntJ. 

wq1p1q mctn tflnppwfimu t, [!Gq npmu ). ::; 2,4 wrcttpfih[lp qhll!pmu WJfi mbfJJ:l t 

mGbfimu wnwtJ.bt pfimbfiuptt: 

140~~----~------~------~------~----~ 

120+-~~--~k--------4---------+---------r--------, 

100 j ' " - ~ • • - • J =---- ........, 1 j 1 

so I :::::,........._ -1- _ - · · ~ . · -- .L===-- -= 1 

sol I I I f -- j 
40 A 

2,2 2,4 2,6 2,8 3 3,2 

--r=o.s- -r=0,6 · · - r=0,1- - r=o.s --r=0,9 

u4. 46. Swpp~p wnwfigpml Wqllll'l mdp IJ.wfut[Luirntpjntfi[l PJIPIJ.hmwtJ.nr!J.nq UJntflll 
ztlJuwG qnpbwiJ.gpg L. uwmppgwJ[lfi oqwiJ.p m hnln!J.wiJ.J! zwnwLJ.qfibJlp ). 

hwpwpbpmpJmupy: 

PptJ4hmwttnpuwG uwutP~r wztuwmbgfihtnt hwuwp UJ.whwfi2tlnq 

hqnpmpJmfin' 

tr 11 F(R- r) . 
P=T"'w sma,,,'-lm: 

30 
(117) 

Pppl)bmwtlnpuwfi qnpbJ!Gf}tug[! pfimpwqpnll 4wpt.npwqmJG gmgwlif!z t 

upw~np qwfiq~wontt pppl)bmGhp umwfitutnt LJ.pw awtuutlnq hqnpntpjntG[!, 

Wjupfipfi mhuw4wpwp hqnpmpJmfi~. 

p 
p = 0, lt'-lm.ctwu/mnGfi : (I 1 8) 
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Sbuw4wpwp hqnpntpJwG 4wtutlwompJmGGbpl1 ppfllJbmwtJ.nptlml GJmpji 

z..puwG qnpbw4gpg, UWUlppgtujpG OllW4P m hntntlw4p zwnwt{rtGbpfl A 

hwpwpbpm~JntGpg L. uwmppgwJpG oqwlrp zwnwljqpy, UJ.WullJbpt{wa bG 

G4.47-mu h G4. 48-mu: ttG!UJ.hu bpLmu t qpwqpwuGhppg, pp!Jlrhmwtlllpt'iwli 

mhuwltwpwp hqnpntpjntfi[!, 4wJulj_wb i!PP4hmwt{npt{mt Gjntpp hwm4ntfljntG

Gbppg L. uwt'itP!P bp4pw~w41w4wG UJ.Wpwubmpbpflg ( f = 0,5 +0,9 , A= 2,2 + 3,2) 

..pnqmJuqmt'i t 9,95 + 10,1 54'-lm.dwu/mnGG uwhuwGGbpmu, [!Gq npmu wnttmJulp 

hwr.Iw(l WJfi t.twqumu t 10+ 10,054'-lm.ctwu/umGG: Ur . 48-pg hbmL.mu t, np 

uwmppgwJ!JG oqw4jl zwnwtt!J'lD q[lbpb ~jl wqqmu mhuw4wpwp hqnpmpJwG 

ttpw: <I>npdhp[! gmjg bfi mljbl, np uwmp!JgwjpG ottwlrtJ OUJ.UlpuwLzwnwl)pil[l. npp 

!Jblljpntu WUJWhnttttmu t Gjntpjl uwmmgntt'i[! Q=2500lrq/ctwt'i W[JUlUll)[lllf[W-

4wGntpjntG umwfiwtm hwuwr. 4wqumu t R=450uu: 

p ,ljtl.Ul.dunl/um!i!i 
10,2 , --------- -- ------ -.------------------- -------·-- ·---- -------- ·· ·- --- ---··· - ---- -- -- - · -- ·· - ·-··-· -- -·-·· .... -

. , 
10,1 t-------+------i-------::--r-4-:_----,,.......~:=..____; 

1o 1 •• ·~,........... :::;;;:>.,......:;G""'·- I I i 

' f 9,9 J__ ________ -J... _______ ~------:;,------~0,9 
0,5 0,6 0,7 0,8 

••• A=2,2 - A=2,4 - - A=2,6 --A=2,8 - - - A=3,0 - . - - A-=3,2 

uiJ.. 47. PppiJ.bmw!J.npuw(i mbutul(WJIW(l p hqnpnLflJWli ljwfu!J.wirmjlJnLU~ 
ppf14bmw!J.np!J.nrr UJntjlp 2t11LiwG qnpirtu~gpy L. Liwm(l!JYWJilfi oqwltfl m hnLnlJw4[1 

zwnw!J.qCihpp). hwpwphpmpjllllipy : 
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10,06 - - • - • ··--- -··-- ----· 

10,04 ~====1====+---~--==:::F===F-==-4 

10,02 1------+---~----~-=~~f-~=-==-==r--1 

10 1----+----1-------l-----1----~--~.~~ 
m ~ ~ ~ ~ ~ ~ 

• • • A-=2,2 --A-=2,4 --A-=2,6 - - A-=2,8 

u4. 48. PpJl4bmwtJ.npuw(i mbuw4wpwp p hqnpmpJWU 4wtutJ.wbmpjllllil! uwmpjlQWJfl.U 
oqw4f1. R zwnwtJ.I}}lg: 
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5. IufiSfl. UUSfil-SfiHJl:! l!Pfl.llbSUt.UlPUU"l. lru.Ul...fl.Ofl.l. 

Lwuhppg hwtlwpttwb tunmn hwttwp!Jl uwGpwm!JlP9 pppl.jhmwttnpuwG 

uwuflllllfi uwmmgttmu t UjGI.tuwmpl.j uotuwGpqup lt 9P4tnG!J up2ngntt: 8!J4tnGp 

lihpp!JG qtwGwjpG ppwG(!, UjWUlpwumqwb 2PWJpG zwuflll.jp mhupntl, 

unGmwctttwb t pppl.jhmwttnpuwG uwufllllt tlhpltp uwumu: QpwJpfi 2WUjpl.jpg 

qmpu t qwfllu 2PWiuiUJ.ntlwl.j, npp bwJppG gpl.jtnGp tuniJ.ntlwl.jp l.jhGmpnGmu 

qpqwb t b"WJ[lWUjwGwl.j : 8!JI.jtnGp turulntlwlr!J mtlJwt hwmtlwbmu oqp wpwqm

JJJWG uhbwguwG UUjWUlwlrntl UlGIJ.WI.jWJtlWb t 4nG~mqnp: 8fl4tnGp wpmwppG 

qtwGwjpG ppwfil! UjWU1[1WUU1tlWb t pppl.jhmfihpp mhiJ.wtJmtuuwG OIJ.WljWjpG 

tJmtuW'lPPlP wpmwppG qtwGwjpG UjWutp hhm hwuwmhiJ. (GI.j .2,3): 

8114tnGp tuniJ.ntlwl.jmU mhiJ.wl.jwJtlWb l.jnG~mqnpmu 011WJpG hnupp 

wpwqmJJJmGn ubbwGmu t, wnw2wgfihtntl 6Gzmufihpp utwpphpmpJmG 

tuniJ.ntlwl.jp mtlJwt l.jmptlwbpfl u 2PWJpG 2WUjpl.jmu 2PP Uwl.jWMtUI.jp Up2t., np!t 

zGnph!Jtl2nt[1(! 2PWJpG zwUjpl.jpg tuniJ.ntlwl.jntJ.u b"WJ[1WUjWfiw4ntJ. pwpopwfimu L 

tuwnGqmu t oqwjpG hnuppG: 8lJ4tnGp tuniJ.ntJ.wl.jmu tuwnGtJ.htntl O'lWJpG hnuppG 

m tJmzpwGwtntJ.' 2mp~ tunGwtJ.wgGmu t tunmlt uwGpwgtlwb qwGqtJ.wbl!: 

lJwGpwgqwb tunm(!, oqwJltfi hnuplt hhm upwupG, tuniJ.ntJ.wl.jpg mpqmu t 9P4tnGJt 

uhpppG JtpwG, npmhiJ. mbiJ.P t mGhGmu oqwJpG hnupp L ppfll.jbmwttnpqniJ. GJmpp 

pwctwGmu: UJGmhhmlt wnwGoGwgtJ.wb lt wfihpwcthzm lwtJ.lntJ. tunGwtJwgwb 

pppl.jhmwtJ.nptlniJ. GJnLP!! mptJ.mU t OIJ.WI.jWJpG uwmppgwJp tun11% npmhiJ. 

l.jwnltJ.htntl Uwt!tniJ. hntntlwl.jGhpJt l.jniJ.Ultg uhiJ.UtlntU t ubiJ.UUwGtugltl.jGbp: 

Qwfiqtlwbp pwctwGuwG wpiJ.JmGpmu wnwGoGwgtlwb O'lWJJlG hnupl! 

wligfihtntl Ghpp!JG lt wpmwppG ppwGGbpntl l.jwqUtlwb gJtlllnfip tunnn~ntl 

hntlwgGmu t OIJ.WLJWJpG uwmppgwJlt wpmwppG uwl.jbpumJJJI! lt umwgtJ.wb 

pppl.jbmGhpn: l!ppl.jbmGhpp hntlwguwGn GUjwummU t Gwlt 2PWJpfi zwUjpl.jmu 

GIJ.Wb 2PP UjwpmGwl.jmpJntG(!: Oqmwqnpbqwb oqp hWI! upGntnpm 

ppwl.jwGwgtJ.mU t OI}WI.jWJltG tJ.tntuwqpltllt Ghpp}lG qtwfiwJ}lG UjWUllt lt 

uwmppgwJ}lG OIJ.Wltlt fihppltlt h}lUpp up21.t bl}wb qtwfiwJ}lG pwgwl.jntJ.: 
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"I.Jhpl[lUJWYtlntl tunm)l pp~ltblllwqnputuG utpbGwG hGwpwqnp!JlflJntG t 

mwwu pp~\tbUJwqnpmu~g wnw2 tunGwtJ.wgGbt pp~l[bmwqnpqnq qwliqqwo(!, 

np[! Gwtuwmtuqwo t wqpnqnnmttuGj14w4wG UJwhwficrfibpntl, L wUJ.whntlbt 

pp~lthmfibp~ hnqwgmu[!: 
.!.wqwp[12 uwfit1WU1~211Y pp~l[bUJwqnpuwG UWUW2~ UWUlp~gWJ~G oqw4)1fi 

ppjllJGUHUqnpqnll fiJmpjl UWUlnLYlllU[! ~pWlJWUWgqmu t tunqnqwltfibp[1 Ujl pwfi~ 
mbqwuwubppy pwqltwywo utfiLuwm)ll(t[mtuwqp)12ntl: 

5.l.lfl"Uli4.UUSP4 <l>fliuU'1-Pt>:)P lflUPUUbSPt:;Pt> nrncnHJC 

lfllil..uwm~lt ttwtuwqp~2~ h!Juliwltwli hwGqmJgGtpG tfi hwfiq~uwfimu 
oqwJ~G tunqntlwltW2WP(!, phnUWflWti1Dll. uwppwtlnpmU(! (g~lttnG(!) 1.. oqwufltl2 

pwuhtup[!. np~ qhp[! 4WUlWpntU t uwfipwmll2~ UlUGpwyGnq flUpnt41!: 

lflGLuwmlllt t1mtuwqp~2~ UJ.Wpwutmphp~ npnzuwfi hwuwp, Gwtu htlihtntl 

pp~4hmwtlnpuwli uwutMl wGhpwdtzm wpmwqpnqwltwfimpJmG~g , npnzmu blip 

011~ wlihpwdhzm twl!. np£! 4wpm1 t npnztlht hhml..JWl wpmwhwJulntflJWUp. 

() 3 ()0~ = ,u /tl , (119) 
3600mp0~ 

npmhq' 00~ -[! wlihpwdhzm oq!1 pwliw4G t , u3
/tl , tJ -fi' pp~ltbmwtlntJt!wG uwuw2~ 

wpmwq(lnllWltwGmpJmli[!, 4o/dwu, m-[! · tuwnlimpq~ 4znwJ~Ii 4nGyhlimpw-

y~wG · m = ii.. p.mm~ mhqwtlmtuuwli qhutpmu m-~ wpdhpli [!liqmlitlmt! t 
Go~ 

m = 0,3+ 0,8 uwhuwlilihtunu. Gij-1!· pp~ltbmwtlnptlnq liJmfljl uwmmgmu[!, 4o/tl. 

COl\-[!' Ollll uwmmymu[!, ltqltl, Poq -[!· 011~ tummpjntU[!, 4q/uJ: 

lflliLuwlllll4 t11ntuWt1P~2mu h!lUUWllwG wztuwmwGpwJilG UJ.WpWUbU1p[! 

p.mqntlwltwzwpmu Oil~ hnup~ wpwqmpjntGii t, np~ uhbntflJOlU[! 4wtutlwb t 

ppllllhmwtlnptlnq UJlllfl~ 6wtupuwli wpwqmflJnLG~g . 

vm, =Bvfi, 
(120) 

npmbq' B-fi pp)14bmwqnptlml GJmfl~Y ltwtutlwb qnpowltPY t, tunmwoqnmwJ~G 

GJmphp~ hwuwp 8 =2+2,5, v,; -fi ' UJmp~ owtupuwfi wpwqntflJntfil!: 
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"UJmfl~ 6wtupuwli wpwqmflJlllGI! 4wptw t npnzbt' q~mwpl.(ttntl uwuG~lt~ 

hwtlwuwpwlfznmflJWii UJ.WJUWG[! ntr}qwo~q tunlln'lntlwltntl zwpdtltwu. 

R==m6g, (121) 

npmbq' g-G wqwm wli4uwli wpwqwgnuiG t, mu-1!' uwuG~lJ~ qwliqtlwb[!, 

mij = (pij- Poq}s't , pij -[!· pp~lthmwtlnptlnq UJillfl~ tuumtflJlllU[!, Po~-[! · OJ}WJ~Ii 

hnup~ tummpJntG[!, Po~= 1,24llq/u3
, S-[! · uwuli~4~ LWJGWllwG lfmptlwbp~ 

uwltbJlbU[!, u2
, /-[! ' uwuG~l[~ bp4wpmflJnLG[!, U, R-[!· uwuG~lJ)l q~uwqpntf!jtuG 

md[!, 1111[! 4wpbW t npnzhL "UJOLUlnGI1 pwGwol..ntl . 

R == kp 0~S(v .. 1 - v 11 y, (122) 

npmbq' K-G qnpow4~9 t , np[! 4wtutlwo t uwuli~lllibp~ oL~g , oq~ zwpduwfi 

pGmJfl~9 t. tunqnqw4)1 mpwuwqo~y : 

SbqWI}Phtml wpdbpfibp[! ( 121) wpmwhwJmmpJWG tiber L llwmwpbtntl npnz 

oLwtlmtumflJntGGbp, l.(wpnq blip npnzhL uwuGilltGbpj16wtutJt!wfi wpwqmpJmG[! . 

I 
VII==-- (\23) 

8-1 

lJwmmyuwG tunqntlw4mu 6wtupuwG wpwqmflJWfi 

ltwtutlwompJmGfibp[! uwufijll[fibp~ bpltW[llllflJlllGfihp~g L pp~4hmwtlnpqnq 

GJmp)l tuulmf!Jmfijly ptpqwo bG Gl[ . 49-mu L 50-mu: 

10 v.tl/l1. 

9 

8 

7 

6 

5 

4 

3 

2 
40 50 60 70 80 90 100 

-1=0,04 -1=0,08 --r-0,12- -1~0.16 

L.l.(. 49. lJwuGil~!ibpll 6wtupuwG wpwqmpJWG l.(wtutJ.wbmpJmGfihpl} llwuGj1~Gbpj1 
tummpJmGjlg, v 11 == f(Pu) : 
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10 

9 I I l . . . -- .- ___ ....-
8 

7 

6 

5 

4 

3 

2 +--------+--------+---------ll,tl 
0,04 0,08 0,12 0,16 
-p=40 --p=50 --p=60- 'p=70- -p=80 --- p=90 • • • p=IOO 

L.q. 50. lJwuli~44lihpJ1 owtupuwu wpwqmpJwli qwtuqwbnLJ:IJnLillil:ip[! uwuliJ1qlihpp 
l:ipqwpmpJmlipg, vii= J(l) : 

'U4. 49-py L 50-py hpLmu t, np wnlJ.mJm[l pppljhmwlJ.npblJ'!u (npp 

Jummf)JnLU[! 4wqumu t unmwlJ.npwU{hu 704qlu\ ljwJulJ.w~ uwuGJ'!4Ghpp 

hp4wpm[JJmG[ly , nwtupuwG wpwqmpJmU[! ljwqumu t v6 = 4 +8u/lj_: 

b tlihtnlJ. oqr wGhpwcthzm twpg L wpwqmpJmGpg , ljwpnq blip npnzht 

Jumlmlwltfl wlihpwdbzm mpwuwqfl~l! -

D= I - (124) 

Jvnqmjwl!P mpwuwq~p ltwtulJ.wbm[JJmGGhp[! qpw~>pljp mhupnlJ. phplJ.wa 

hG Glj . 51-mu: 

'Ulj . 51 w-mu phplJ.wa t tulliJ.nlJ.wljp mpwuwq~p ljwJulJ.wampJntG[! oqwJpG 

JuwnGmpqp m ljnlighGmpwgpwJpg' D = f(m) , uwdlJ'!~p L pppljhmwlJ.nplj_nq UJnLPfl 

hhmLJWL U{Wpwuhmphpf1 qhll{pmu. 13 = 2500\.jq/dwu , p" = 70ljq/u3
, l =0.05u, 

B=2,3: 'Ulj . 51p-mu phplJ.w~ t tunqnlJ.wljp mpwuwqap ljwJulj_wampJntU[! uwuLJ'!~ll 

wpmwqpnqwljwGm[JJmGf1g · D = !(13), Pu = 70ljqfu3
, l =0.05u, B=2,3, m=0,7 
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U{W[!WUbmphpp l}hll{pmu: 'Ulj. 51q-mu phplJ.w~ t tunqml.wljp mpwuwq~p 

ltwtulJ.wampJntU[! pp[lljhmwlJ.nplJ.nq UJmpp uwuGpljGhpp hp4wpmpJmGpg ' 

D = J(l), 13 = 2500\.jq/dwu, Pu = 70ljq/u3
, B=2,3, m=0,7 U{Wpwuhmphpp l}hll{pmu: 

'Ulj. 51q-mu phplj_wa t tunqnlj_wljp mpwuwq~p ltwJulJ.w~mpJntU[! pppljhmwlj_np-

4.nq UJmpp tummpJmUJlg ' D = f(Pu ), 13 = 2500LJq/dwu, m=0,5, l =0.05u, B=2,3, 

m=0,7 U{wpwubmphpp l}hll{pmu: 

,u D.u 
QJI 

Q4!d Q:J; 

04f 
Q34 

Q32 

Q..llq!u3 
3D) :ml 

m 
Q3 Q4 Q5 

Q~v 
Q~ 

0.01 

a.,.- .u 
p) 

031. 
034 

032 

I 
ED ~ 

q) ll) 

L.q. 51 . lunqnqwqp mpwuwqbfl lJwtutJ.wbmpJwli qpw~>f14lil:ip[! . i.u) D = f(m) , 

p)D=f(tJ), q)D=J(l), q)D = f(Pu) : 

5ptnnGp Ufl2UWU{Wmp Ghpp[IG mpwuwqp~[! npnzlj_mu t , htGhtnlJ. WJG 

U{WJdwGpg, np gflljtnGmu Ol}fl hnupp wpwqnpJnLU[! U{bmp t lj_mpp LJ'!Gp oqwjpG 

JuwnGmpqmu qmGlJ.nq uwuGplJGhpp wubGwlJ.mpp uwuGpljf1 owtupuwG 

wpwqmj}JntGpg, v 9 < v11 : 5flljtnGmu oqp hnupf1 wpwqmpJnLU[!. 

V y =V.,.1 (~J. (125) 
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npmbfl' v\1-G g!J4tnGmu oqp hnupp wpwqmpJmGG t, Dy-G ' gplJLnGp u!J2GWutwmp 

Gbpp!JG mpwuwqpb"[! : 

<!.w2tlll wnGhtntl ( 120) hwtlwuwpmu[!, 4mGbGwGp' 

v \I = Bv •{ ~ r < v tl , (126) 

llllUl bflpg' 

D
9 

> D.fB: (127) 

P GlttUUl)l mGt.GwtmJ, np gplfLnGmu wGhpwdh2m t oqwjp!l hnuppg 

wnwGMiwgGbt uuuppbp bpliW[llllflJWU uwuGpq!lbp, WutW 9P4tnllp u!J21lWutWUlp 

!lbpp)1G mpwuwqpb"[! tlbpgGmu tllp hw2tlwr4wJp!l!Jg 1,5+2 wGqwu ubo, 

WJUpup(j ' 

D9 =(1.5+2)D.J8 : (128) 

lunqntlwltw2wpmu o11P 2wpduwG dwuw!lwl1 oG2uwG ljnpmumGbp[! 

npn24mu hG hbml.JWL pwGwa hml.. 

Po~ = Pz4> + P111 . ~ • (129) 

npmbat· p1<1l -[! 2tJ1uwG 4npmum!l t , p111 ~ -[!' mhqwj)lG qpuwqpmpJmGGbp[! 

hwqpwhwphtm tjpw oG2uwG qnpmumGbp[!: 

Ctj1uwG 4npmumGbp[! npn2t1mu bfi hbml.JWL pwGwOl.ntj. 

2 
_..{~Po~ v lJIT)w, 

Pz<ll- D 2 (130) 

npmbfl ' ..1. -li 2t1.1uwG qpuwqpmpJwll qnpb"w4!JgG t, L-[! · tunqn4_wliW2W[lp 

b[lliW[llllflJnLU[!: 

Ct1_1uwG qfluwqpmJJJWG qnpow4f19l! utnrtutwmb tunqntlw4Gbpp 'lbutpmu, 

4wtutlwb" tumtn4_wli!J tn[lwuwqopg, 4wpbtP t npn2h1 hbtnuJWL utwpqbgtlwb" 

pwGwoLntl. 

-1 = 0,0125 + 0,0011 . 
D . ( 131) 

96 

SbqwjpG qpuwqpmpJmliGhp[! hpuGwl1wGmu utWJUWGwtlnptlwo bG 

tunqntlw4J1 b"Gljp m tunqntlw4mu mbqw4WJtlwo L1nG~mtqnpp wn4WJnLPJWUp h 

npn2t1mu bG hhmhJWL pwGwal.ntl. 

_ Po~v~, 1 D , [ ( )2 l Pll1.~ . --2- K,;a,;z +;4 +;~ D, +;tLI1 , ( 132) 

npmbq' ;a -G oGltmti wnw2Wgwb" qpuwqpmpJWU ltnpmumGbpp qnpb"WllflgG t. 

4wtutlwb" b"G4fl wGlumGI% ;R -G ' oGltmti WI1W£W9WO IlPUW'l[lnLflJWU 
v 

l1npmumGbpl1 qnpowl1P9[!, ltwtutlwo b"Gltfl l1npmp]wG 2wnwtlqp h tunqntlw4)1 

mpwuwqb"p !!... hwpwpbpmpJmllpg, K-G' hwubUwmw4wGmpJWG hwumwmmG 
D 

qnpb"wqpg[!, K=0,73, ; 4 -G ' 4nG~>mqnpmu tunqntlw4fl 4mptlwb"pp uwhm!l 

tlmtlmtumpJm!lpg umwgtlnq ltnpmumGbpp qnpb"wltfl9[!, ;~ -G ' qp:j>mqnpmu 

4npmumGbpp qnpb"w4pg[!, Da-[!' q)l~mtqnpmu tunqntlwliP 4u1p4wb"pp 

mpwuwqpb"[!, ;.LI1-[!' tunrtntlw4)l twmu 4npmumGbpp qnpow4)lg[!: 

Cum qnJmpJmG mGbgnq hbmwqnumtpJmGGbpp, tunqntlwlt)l a= 180°, 

!!._ = 3 h.Q_ = 2 UIW[lWUbtnpbpp qbutpmu 4wpnq b(ip [!Gqm!lb( ;a =2, ;R =0, 15, 
D ~ ~ 

;4=0,1 , ;~=0,4, ;.LI!=l [19): 

'6G2uwG LPP44npmum[! 41PG)l . 

P1 = P1Cil + P111 . ~ . =Po~ v ~,, [..1.~+ Kqa,;R +q4 +,;~(.Q_)
2 

+q•LI1]: (133) 
2 D /) D, 

IT)Gt..uwmflll tunqn4_w4w2wpbpmu, bpp tunqn4_wliW2W[ln4. mhqwt1mtu4.mu t 

pp)ll1bmwt{npt{nq GJmJl)l h oq)l tuwnGmpil, OG2uwG L1npmum[! 4wpb1P t npn2bL 

hbmhJWl pwGwohntl. 

Pru=p1 (1+Cm) : ( 134) 
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<!.hmt.wpwp, u1ut.uwmpl1 ttJnfuw•lPP.?.fihpp U[Whwfi~ntnq hqnpm~JWU ttJnvpwguwfi 

fiUJwmwl1ml wfihpwdhzm t wlj.htwgfiht fuwnfimpqp l1nfighfimpwgpwfi: Uwl1WJU 

fuwnfimpqp qnfighfimpwgpwjp zwm uh()wgmul} hwfiqhgfimu t funqmtw4wzwpp 

fugwfiuwfitr <!.hmwqnmm~Jmfifihp[} gmJg hfi mt.lht, np fuwnfimpqp qnfighfi

Ul1lwgpwJp qnp()wqgp finupliwt wpdhVI! ' m = 0,6 + 0,8 t: 

5.2. PPt>ltbSUt.I.OPt.I.Oll. "U30HaC luO"UUt.I.UB"UOll. <!.UUU4Uf'q_p 
~UPUUbSPbPt> fiCSO~UQ 

Uqpnmhfufi]•qwljwfi UJWhWfi2fihppfi hwuwU[wmwufuwfinq L U[Whwfi2t.lnq 

fummpJWU m wupntpjWU pppqhmfihp UUIWUWtnL hwuwp, W = 10+ 12% 

.?_npmpJWU funm[! pppl1hmwt.1npmupg WllW\) wfihpwdhzm t funfiwt.lwgfiht upfi.?_L 

w = 18+20%: 

Pppllhmwt.lnpt.lnq Ujnt~[! funfiwt.lwgfihtm UU[wmwl1nt.1 U[fiLuwmpl1 

funqnt.lwl1wzwpp uwmmgnq funqnt.lwl1ntU mhqwqpt.lwb qnu:pmqnpmu 

mhqwl1WJnLU hfip b"WJJ1WU1wfiwl1nt.l \)pwfunqnt.lwlt, npl} uwmmgmufi umwfimu t 

hwumwmmfi uwqwpqwq mfihgm1 2)1]1 UlWfllllllllfjnLUpg, 11£11} U[WU1)1WUU1tlw<) t 

2flWJpU ZWUJpljp mhupnt.l t. mhqwljWJtlw() pppl1hu1wtJ.npuwfi UWUlP.?_P ppwfip 

t.lhppfi uwumu (fiq. 54): 

'Vlt.54. P[1p4l:imwl{nptJnq liJnt.flp funfiwl{wguwti hwuw4w[1qp uful:iUwfi: 

ltnfi!\>mqnpmu oqp hnuvp wpwqmpJwfi hwzt.I.Pfi mh!Jl• t mfihfimu ouzuwfi 

wfiqmu, npp zunphpt.l 2JlWJpfi 2WU!P4P9 211lfl[} hnumu t qhuJp uwmmguwfi 

tunqnt.lw4 L fuwnfit.lhtnt.l pppqhmwt.lnpuwfi UJmppfi funfiwt.lwgfimu WJfi: 

S!pWJpfi [WU[pqmu h•tw() 2J1P uwqtupqwqpg ()wJf1WU[wfiwl1P mhqwl1WJ

uwfi wnwt.lhtW4ntJU pwpopntpjntU[! npnzhtnt hwuwp phphfip /)WJflWU[WUWl[p 

twmu 2PP ouzmu[!, npp qhU[pmu mhqp t mfihfimu 2J1P wpmwhnup . 

( 138) 

npmhq' Pdp-[} upfintllflUlWjpU 6Gzmufi t , p~ -[} ' 2PP fumntpjntU[}, PI-[}' fumtnt.lw

linLU pwgwpowlt 6Gzmu[!, t!..p -a· 6uzuwu l1npmuu1fihp[! funqnt.lwqwzwpmu 

(2PWflmqnt.lw4mu 2PP t.lmpp wpwqm~Jmfifihpjl L fumlnt.lwl1P t.lmpp 

h114wpmpjmfifihpp u1wmownml. l1n£1mumfihp[! l1WJ1hlll t wfimhuht, /).p ""0): 

Q-phtnt.l funqnt.lwl1mu D"tUJPWU!Wfiwqp mhqwl1WJUWfi hwuntwamu 

Phnfimlllp hwt.lwuwpmul! tunqnt.1wl1!1 twp l1mpt.1wapjl fi4wmuwup, 4mfihliwfip. 

( 139) 

npmhq' P0~-l! O'lP tummpJmfifi t, Po~= 1,24l!q/u3
, v1-l}, 4nfi~mtqnpmu Ol}p hnupp 

wpwqmpJnLU[!: 

Shqwl}phtnt.l wpdtvfihpl} ( 138) hwt.lwuwpuwfi uh2 L l!wmwphtnt.l npnz 

oLwt.lmtum~Jmfifihp , 4wpnq tfiv npnzhl uwmmguwfi funqnt.lwltmu ulllwmpllw

l1wfi ufiwgnpi}WJilfi 6Gzntu[!. 

(140) 

S!pwfunqnt.lwl1P9 2JlP wpmwhnup mh!Jll 4ntfihfiw WJU qhUJpmu, hpp ufiw

!:Jll)li}Wjpfi ouzmu[! 2J1P uw4WJlllWl1p t.lpw' pdij ~ 0, hhl.I1Lwpwp, bWJ)lWUJWUWliP 

wnwt.lhtwqmJG pwpopm~JnLU[! 2J1WJpfi zwu11ll1mu hqw() 2PP uwljwpqwl1!19 

4tlllip. 

p v2 
lz..,n ::::-'-"1 

-
1 

: (141) 
2p~g 

100 101 



~wztijl wnfihtntl. np Ljnfi:pmqnpmu oqp wpwqmpJmfi[!' V1 = { ~~ J L. 

GzwGwl.jl:itntl A= ( ~~} (123) L. (141) hwttwuwpmufihpjlg Ljumwfiwfiv. 

B21(p )A4 

1 ~-Po~ : (142) 
~,.. 2kpy(B-ir 

(142) hwttwuwrmtUI} hGwpwttnpntflJlllU t mwtllu npnzhtm pwvmu h11wa 

2PP uwl.jwpqwl.jpg aWJ[lWU}fiwl.jp mtqwl.jWJUWfi wnwtlhtwqmJG pwp(\pmf)JmGn: 

Qpp uwl.jl:ipLntjf)pg UWJ[lWUfWUWl}p U1b'l.UII.jWJUWU wnwtlhLWqntJU pwp(\pmf)JWU 

Ljwtut.twamf}JmGGhp[! qpw~>plfwl.jwG mhuvntl phpt.twa hfi Gl.j. 55-mu: 
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Q!2'i 

·- t4 16 to A 
p) 

ul(. 55. Qpp Owl.jtpLmJpjlg OWJflWUjWliw4Jt mh1J.w4wJOw!i wnw4_htwqmJ!i 
pwp6pmpJw!i Ljwfulj_wampJm!i!ihp[!. w) It,..= flf,A)' I. I =0.040, 2. I =0,080, 3. 

1=0,12o, 4. 1=0,160, 5. 1=0,2u, 6. 1=0,240, 7. 1=0,28u, p)hw.=f(p~,A) ' 
l.p = 40t1qJo3

, 2.p = sot1qlo3
, J.p = 60t1qlo3

, 4.p = 704qlu
3

, 5.p = 804q/o
3

, 

6.p = 90Ljq/03
, 7.p = IOOI.jq/03

: 

5.3. PPf"l4b'SU4.0PlfUu lflilfl.f"l:Jf"l b'4. USU54Jl'1. PPf"l4b'Sub'Pf"l 
~04.U5lfUu ~UlfU4UPQ.Q 

Pppl.jhmwttnpuwG uwutJtimu ppJlllhmGhpp Llwquwttnpmun ppwqnpattmu t 

ub'luuwG fugpl.jGbpmu pppl.jhmwtlnpt.J.nq UJillflP L. fugpl.jp tqwmbpp Ult2h 

UlllU12WQWU ztltllwfi mdhpp zunphptl, npp hhutLwfipntl UlWj1WGmu bG 

ppJlLJhmwl{nruwG uwlltlliG m umwgt1m1 ppplJhutGhp[!: 
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Q.pmwtj"mp(\bpp [!UpwgpmU ~WtJltlhL t uwutll~Jl Uwmpjlgwjjlfi oqwl1Jl 

mwpwguwG 2hpuwumpowfin oqwlJJl tqwmhpmu mhqwltWJtJwa phpuwqmJqjl 

oqfintpJWUp: lfwmppgwJjlfi oqwl.jj1 mwpwguwG 2hpuwumpowfin npnztlhL t 

uwfipwgtlwO L. wupnq2wl.jwG wntlntJUl[! ppjll.jhmwtlnphtllu: Oqwl.jwjjlG uwmpp-

9WJP mwvwguwG 2hpuwumpnwup LjwJuttwOnt()JntUI} uwutll~Jl wzJuwmwfij1p 

dwuwfiwl.jpg qpw!ppl.jnphG tqwml.jhptlwO t Gl.j. 56-mu: 

tc 
7o1l -----r----1 -.I -------rl-----rl-1 

_.,.....- . . I I 60 I IJ!'""': I 

20~--~--~--r---r-~ 

0 20 40 60 60 T,rnUJ 

ul.j. 56. 01J.w4wJI•fi uwmp~gwJ~ mwpwguw!i l?hpuwuml•l?w!i~ Ljwfut.twampJmli[! 
Prl•4hmwtlnruw(i UWU~l~_ll W2fuwmw!ipjl dwuw(iwl.jpg (I. uw(irwgtJ.wa tunmp 

qhUIIJillU, 2. 1UUp111J.I?LU4w(i funm~ llhUjpntu): 

4wmwpt.twa hhmwqnmmpJmfiGhpp tlhPtntantf}JntUf! gmJg t mwtllu, np 

UwUtllill wzJuwmwGv!J WllW2!JU 5 + 10 pntqhmu oqwl.jwj!JG uwmppgwjp 

2hJ1Uwumpnwfin I}WGI}WIJ. t wt.thtwGnui: lijl} l}Uf}UI9VlllU UWUtll~P uh!J.UUWU 

Jugpl.jfihpmu uh'lut.J.wa h Ljnzmwgwa UJmp VWJVWJt.tmu t L. flwpu pppl.jhmwtlnp

tl.lliJ. fiJmf)p uwmmgmun WJ'l Jugpl.jfihp wGGzwG t tllfimu: 

lijutqfmnt.J., vwujl qhn Ub'l.UUUIU Jugpl.jGhpmu pwgwl.jWJnLU t UUIJ.Utlwa 

GJmpp mhqwzwpd[!, Ljwu mhqwzwpdp wpwqmpJntG[! wGGzwG t , oqwllwJpG 

uwmppgwG mwvwumu t hpuGwl.jwGmu pp Ghpppfi uwl.jbpLmJpntl hnLntlwl.jGbpjl 

qtnpuwG hwztijlG, Ljwu WJI} fimJG uwllhpL.mJ(}P L hntmtwl.jfihp)l lllliJ.Upg 

mh11wzwpdl{nq Junmp qwGqtlwbjlztltmt!pg: 
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liJG pwG~g hbmo, bpp )ugj14Gbp~g tlhJ12Utu4wGwUJbu l}ntpu t UfltlntU 

)ug~4Gbpmu ltozmwgwb qwGqtlwbm:! L Jugr4 t uwmmgttmu pwpu qwGqtlwb, 

ultuttmu t uwuw~~ GopUWL L ltWJOLU wz)utumwGp[!, WjupGpG )umwgtlwb 

qwGqtlwb[! opozw4~ wpwqnt!}JWUp wGgGmu t )ug~4~ bpl(WJGpntl: UJIJ IJbUJpmu 

ubO ztllUWU ntdbp~ wnltWJntpjWU hbmLwGpotl )ug~4~ UJWLnbp[! mdbfl 

mwpwGmu bG, op[:! L hwGqbgGmu t uwmp~gWJ~G oqw4~ ~GmbGu~tl mwpwguwG 

u~G~L opozwlt~ uwhuwG: 

'Ult. 56-mu pbptlwb qpw~lpl(~g hbmLmu t, op wupof12WltwG )uom 

pp~ltbmwttortwu mwpwguwG w6[:! wtlbw pGmbGu~tl t L LtwJmGwguwG 

2bpuwum~owG[:! wtttw pwpop, pwG uwGpwgtlwb )uom[:! pp~ltbmwtlopbwu : UJIJ 

pwgwmptlmu t GpwGotl, op wupoq2w4wG )uoul[:! PJ1~4bmwtlopbwu hototlw4Gbp~ 

lJOflUjlg wtlbW p~~ t lttun~tlntU, 0(11.:! pbpmu t UlWJl~W Ublt U(UlOLJLn~ [!Gpwgpmu 

)ugplJ uwmmgtloq ubJlUtlwO zbpul~ hwummpJWU tlJoppwguwG , 6GzuwG U1W4 

ubJlUUtuG )ug~ltmU qmGtloq UJnLfl~ uGwtm dwuwGwlt~ L )umntpjtuG ubbwguwG, 

L, opt4bu hbmLwGp, ZtllUtuG mdbp~ UbbwguwG: 

Pp~ltbmGbp~ ltwqUwtlnpuwG [!UflW~JPntU 2bpUntpjtuG wnltWJntpJntU[! 

odwUilWlJntU t pp~ljbmfibp~ Uwufi~lJfibp~ ltUJ~OfltultwGntpjtuU[!, uwltWJU 

mwpwgwb pp~ljbmubp[! mbqwtlm)umuGbp~ [!Gpwgpmu zwm bG tllzptlmu L ~b G 

WUJWhottmu wGhpwdbzm wupntpjntU[!: UGhpwdbzm wupntpjntG L )umntpjntG 

WUJwhotlbtm GUJwmwltotl pp~ltbmwtlopuwG uwuw2_fibpmu UJbmp t Gw)uwmbubL 

pp\lltbu!Gbpp hotlwguwG hwuw4wpq: 

Utp 40flU~g uzw4tlwb PP~4bmwtlopuwu UWUW}.ntU UWUW2.~ ~pwGp L 

umwgtlofl pp\lltbmGbp~ hotlwgmU[! u~wctwuwGw4 ~pwqop<)tlmu t OIJWJ~G L 

2PWJ~u hotlwguwfi u~2ogot.t, oqmwqopbbtotl pppltbmwtlopuwG mb)uGotoq~WJOLU 

qopbwOtloll UJULuwm~lt tlJo}uWilJ1~2.~9 l}ntpu bltOfl otl[! L pp~ltbmwtlnpuwG 

UJilLfl~ )uoGwtlwguwG hwuwp wGhpwdbzm 2ntP[! (Ul( . 2,3): 

.!.otlwguwG hwuw4wpqj1 lt~pwnmpJntG[! pbpmu t uwmp!JgwJ~G oqw4~ L 

pp~LtbmGbpp mwpwguwG 2hpuwum~6tuG~ u~G~L 30+40% l12bguwG: 
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6. PPI-'4bSUq[lPUU'U 0Ll.U'4U:Jb4. UUlJUl.O'UbPfiHJ PPP'4bS'UbPP 
.2UMPO-~filuUl).PP0P tllUPUUbSPbPP fiPfiCfiHJQ 

luom~ pp~4bmwtlopuwG hwuwp h~uGwltwGmu oqmwqopbtlmu bG 

Ofltu4WJpU pppltbmwtlopoq UWUW~Gbp, opoGg Uom ubqlitlwb )uomwzbpLn[! 

hwmm4 hwpuwpwGpGbp~ oqGmpJwUp pwdwGttmu t opozwlt~ bpltWf111lPJWu 

pppltbmGbp~ : 

luomwzbpm[! wnwGa~G pppltbmGbp~ pwctwGuwG J.:!Gpwgpmu wfihpwdbzm 

t, op ' I. pwdwutloll pp~ltbmfibpG mGbuwu hwUwUJwmwu)uwG ~wtlJbp, opoGp 

opozttmu bG wqpoqoomb)uG~4wL1wG UJWhwG2Ghpotl, 2. pwdwGuwG J.:!Gpwgpl} 

}.WqiJ~ pppljbmwtlopuwG qopb[!Gpwg~ tGbpqwmwpmpJwG, L umwgljnq pp~l!bm

Gbp~ opw4w4wG gmgwG~zGbp~ tlJlw: 

btGhtotl tlhp[! Gztlwb~g . ubp LtmlU~g W11W2WJ14tlhL L U(WLn(lWUUltlbL t 

pppltbmGbp~ 2WJ11J~~-tlJo)uwl}p~~ . op[! hGwpwtlopmpJmG t umb110mu ppjll!bmw

tlopuwu uwuw2.~ )ugp4Gbp~g llntJ1U bltwb uwlittlwO )uomwzbpul[! pwctwGbt 

u~LGmJG hpltwpmpJwG pp~lthmGbpp, wnwGg Gtlwqbg Gbtm IJpwGg wupmpJOLU[!: 

Unw2WJ14tlo'l 2WJ11Jktlm)uwqp~2_[! U(WZLnUJWGtlbL t luUU.!.LJ hhil~Gwl(WJ~U 

tl4WJW4wuntl [II] : 

.'Qwpq~~-tlJo)uwqp~w (G4. 57) pwqltwgwb t ' hwmwlJ!lG pbnuwptutjmq 

wfigp (4) mGbgoq UJWLnJWU~g (3), op[! wupwgt[wb t PJlPLihmwljnpuwG uwlit~~~ 

OflWL(WOL uwmp~!:JWJ~ (I) wpmwp~G UJWUljlG, ~u4 uwmp~gwJil ub2 mbilWIJWJ

tlwO bG 4ttuGtlw4Gbp (2): lllWUlJWU~ ub2 ltwGqGwltGbp~ (6) GbppLj1 bwJpbppG 

wupwgtlwb bG pbpp2_ Gbp[! (5): 4wGqGw4Gbpl} tlbpL~ bwJphtmtl npozwlt~ 

hbowttopntpjntGGbp~ tlJlw wupwgtlwb bG OflWl(WOL UWUl(l\l!:JlUJ~ tlbp~G uwu~ 

hbGwLtbmwJ~G hwfiqmJg~ (8) tlpw mbqwltWJtlWb qtwGwmwuGwtlnp wGj1tlpG (7): 

q.twGwmwuGwttop wG!ltlt:! zwpctuwG ut2 t IlJltlmu wumtlwG)ltlll (9) oqGmpJtuup: 

.2w(1'1)12_-tlJo)uwqp~W wz)uwmmu t hbmLJWL ltbpUJ : 

<l>o)uwuguwfi ub)uwfi~qu~g UfU1U1Wltwfi zwpdntU[! wumqwfi~tlll UJl2nyntl 

tlm)uwfigtlmu t 4ttuGwmwuGwtlnp wfi~tj~(i WJGUtbu, 0(1 l(wGqGwltlibp[! wG)ltlll 

hbm utmmtjbtotl hwptjwbmu L wnwGo)lG pp~ltbmGbp~ hG pwctwGmu oqwLtwoL 
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uwmppgwjpg qmpu h4wb' UWUltlWO' )unUlWUjntpp dwutwtlhGGhpJ}: J2hpp~uhp[!, 

utWmJwfip uh2 utmml[htntl. 2WJ1fltlwa ppplJhmfihpu mhqwljm)umu hfi qhut\1 

phnfiwpwljluwfi wfigpu: bph uwmppgWJ\19 11mpu h4nq )unmwGJmpp dwulwtlhG[! 

qpmwp4hfip nputbu pwpaw4WJpfi hhawfi, wutw ljwfiqfiw4\l hhm hwfiqpuJUWG 

utWhpfi wnw2wfimu t annq UnUbfim L hhawfip Ltmwfiqwtlnp 4mptlwb'p[! tnpfip 

oqw4waL uwmppgwJp wpmwppfi 4nqwJpfi uw4bpLnLJf>ll unm, npmhq L 

dwutwtlhfi£! pwcJwGLtmu t ppp4htnfihpp: <l-ptnwljlnpahpp wprumfipfihpu gmJg hfi 

tntlht. np pp\14hmfihpp 4nmpmuu ppw4wfimu mhqJ1 t mfibfimu uwmppgwJpfi 

oqw4\lg k = 20uu hhnwtlnpmpJwfi tlJlw : 

2 

\.4. 57. Ppl14bmuhpl1 ~wpqp~-tjm!Jlwqp!J2\14wnmgt{wovwJpG utuhuwG : 

4nmrmun mbqJ1 t mfihfimu wqGpwrpnphG, wnwGg anuwfi, npn 

pwgwmrLtmu t qnpawrlJltlwo 6G2uwG hwrLtwawJpfi pGmJrntl L dwutwtlbfip 

LJwnmgLtwapnLt: lfwuttlwb dwutwtlhG[! pwqqwgwo t uwuttlwa )unmwGJmpp 

wnwGopG 2hpmbppg , npnGgpg ub4 qmJqp uwqbpLmJ!lp uwhuwfip tlJlw tt mbqJ1 t 

mfib(imu dwutwtlbfip qnmpwmmun: crwutwtlbfip qnmpLtnq uwun' pppqbmn, 

qnpaGwqwGmu ~II qb,npuwgtlmu L utmhutwGmu t qwquwLtnpuwG nupwgpmu 

umwgw() pp wupmpJmGn: 
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52wf1Ilp~-ljln)uwqpp~p wpmwqpnqw4wfimpJnLU[! hwtlwuwp t PP\14hmw

tlnpuwG uwuww wpmwqpnqwllwfimpJWU[!, hbu1Lwpwp, ljm)uwqpp~\1 utwpw

uhinphp[! OJ102nLU hfip [!UlO UWUtP~\1 wptnwqpnqWlJWUnLJ)JWU' Q~,=z9 : 

Qw(Ulp~-ljln)uwqpp~p ub4 l4UlnLJU1P [!Gpwgpmu ljnmpLtnq L Ulb!J.wljln)utlnll. 

PP\14bmGhpp pwfi~4 4tllfi\l ' 

z9 
q = - - qq/l4Ul, 

60n<~> 
( 143) 

npmb11' 114,-n S?WP'llt~-tlm)uwqpp~p utmmuwG hw6w)uw4wfimpJmGG t , utm/p: 

3mpwpwG~mp phpp~p 4nqupg mbll.wtlm)utlnq PJ1ltl1hmfihpp U\12Pfi awLtwLD 

ljln)uwqpp~p ub4 utmmJmp nupwgpmu. 

v = q106 uu) 

Z9 P 
(144) 

npmb11' zp -n phpp~Gbpp pwfiw4G t , p-G ' pp\14bmGbpp )ummpJmGn. 4q/u
3

: 

UmwgtlnlJ. ppp4bmfihpp bplJwpmpJmGu Llbpytlmu t num wqpnqnnmb)u

Ci\14w4wG utwhwfi2Ghpp' Lp=50uu: Qwrq\1~-ljm)uwqrlt~\1 4wGqfiw4r hbnwljn

pmrJmfin uwmppgwJpG ortw4!IY 4tllfilt · 

l=k+LP, ( 145) 

Ppp4hmGbpp wnwtlhLW4nLJU hp4WJ1nL!lJnLG[! 4tPCip' 

L v.w.. = L v + !l L . (146) 

npmbll.' !ll-n PPP4bmGbpp hpqwpnLflJWU ljmljln)umpJWU uhampJnLUU t, 0(1(1 

qw)uLtwa t uwutLtwa )unmw2trm\l 2wpdUwG wpwqmpJmGpg L Ltm)uwqpp~p 

utmmuwG hw6w)uwqwGmpJmfipg : 

IlL = v tut , ( 14 7) 

npmhrf v~u-Junmw2hpmp 2wpctuwu wpwqmpJmuG t , u/4, t-u · pbpp~ubrp up£L 

nfi4wa mwpwapntl phpp~p mhlJ.W2wpcJp ctwuwfiwl![!. 

B 
v= u/•1 

3600ztu,ct~b ' ... ' 
t=~,tl: 

llct> Z9 

(148) 

Sbqwqphtntl wpdhpfihp[!, qumwGwGp. 
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IlL= tJ 60 = tJ , (149) 
3600Zf\J{Xlb Oq,Z 60n<l> zQZf\JfXlb 

npmbrl_' zt>J-Q ubquuwfi tug~llfibp~ pwfiw4fi t , a-fi L b-fi'pp~lJ.bm~ ttuJfiw4wfi 

4mptJ.wap~ lWtJ.lbp~: 

~bp~~fibp.~ ~wtflbp.[! np.nzbl]m htfimu bfip pbp.~~fibp.~ wn2L hwtJ.wptJ.wo 

PllltlJ.bmGbp.~ wnwtJ.btwqmJG awtJ.wtWJ~G l1mmwL1mupg. 

_ ab(Lv + IlL )zf\J . 
v,Utl - · (150) 

Zp 

n 

"Ulj. 58. QW[llJ[l!-tfmtuWJl[lMlpl:i[l[l!lil:i[l[l !Wt[ll:i[l[l ll[lll2UW!i hW2l\wpi.J.WJ[lli uful:iuw!i : 

liJmu L1nrtti~g . [!GqmlibtntJ., np j!hpMt t)[lthug hwtJ.tuj!tJ.wo qwGqtJ.wafi mli~ 

UJp[lqUwJ~ 6L, wurw, (!UUl fil1 . 58-~ . lJ.mfibGwfiu · 

V = (Htgq> + c)HB 
wn 2 ' (151) 

npmbq' H-(! pbpp~Gbp[l pwp6pntfljntGG t, 8-G' pbp~2fihp[l ttuJGOLJlJOLfi(!, QJ-G' 

pp~ltbmGbp~ lJ.mJm~ pfiwt1tufi phpuwfi wfilumfi[!, c-G · ltmJIIl~ tJ.bpllfi hwpp uwu11 

bpljwpmpjntG[!, (!fiqmfimu hfip ' c=Lp: 

~wtJ.wuwpbgfibtntl ( 150) L ( 151) hwtJ.wuwpmuGbp(!, t1umwfiwfip up 

htutlWULU(lntU, np(! gmjg t tnWWU 4WUJ~ pbp[l~Jl UJ.W(lWUhmpbJl[l 0~2u. 

(Htgq>+c)HB ab(LP +llL)n. 
2 z . (152) 
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~bp.[l~Gbp.~ 4wJmG wztuwmwliufi wuJwhntl.btm hwuwp tuGhp.wdbzm t , np 

fipwfig LtPw pp.[l4bmfibp[l mbqwzwpauwfi ztfluwG md~ L1~pwnuwG L1bm~ qmfitJ.)l 

4wfiqGwt1~ LtPw, np[! 4wG~ WJfi qbtl)pmu, bpb (!GqmGbfip, np pbp~~~ tWJGmpJmfiu 

hwtJ.wuwp t uwuw~~g pbpp~[l qwfiqGwt1~ hbnwtJ.npmpjwli LIJ1llfiw4)1 ~wljt~li, 

WJU~Iipli ' B=2/=2(Lp+k) : 

Lntabtntl. (152) hwtJ.wuwpmti(! H-~ lil1wmuwup, t1mlibfiwfip . 

( 153) 

PppL1bmGbp~ mbrJ.wtlmtuuwG LtPw awtuutJ.wa wztuwmwGp(! npnztJ.mu t 

btGbtntl. tflntuwqp~~ [l ubll UJ.UlllLJUl~ (!fipwgpmu mbrttulflntutJ.nq pplt4bmGbp[l 

lil12~fi pwfiw4~g . 

2tr(R+l) Q . ( ) A = qgf = -- gjtr R +I Qnmt : 
2 60n,~ 

(154) 

Pp~LrbmGbp[l mbrtwtflntumpJwfi hwuwpwfihpwabzm hqnpmf)JnLG(!. 

~- :~- Q "" ( " T-3600.-,:,trR+l)tJ.m: ( 155) 

CGqmfibtntl. ppJ14bmwtJ.npuwG owuw~Jl wpmwqrnrtwlJ.wfimpJmG[! ' 

Q = 2500lJ.q/d, pp~4bmfihp~ ~wtflhp(! · a x b = 35x 35uu, pp~LJbmfibp~ Iumm

PJnLG[! ' p = 6004q/u
3

, pp~LrhmwtJ.npuwli uwuw~~ UJUlUlUwli hwnwtuwlJ.wfim

PJnLfi[! ' n=70UJm!p, ubquuwG IuYJ14Ghpp pwfiwluf zru=45, oqwlJ.w6t. uwmp~gwJlt 

zwnwt.l}1rtl! ' R=0,45u, pp~lJ.bmGbpp bptrwpmpJntGr!' Lp=5uu, obmwrtJl hbm 

ppJlllhmfibpp ztfluwfi qnpawlJ.[lg[!' f = 0,7 , pp~lJ.bmfibp[l pGwlJ.wfi ztfluwG 

wG4Jmfi~ · q> = 45°, £Wpq[l~-tJ.mtuwllrP211 UJ.mmuwfi hwnwtuwlrwGmpJntfi(! · 

n,,,= l1u1m/p, lJ.wGqliwlJ.Gbpp pwfiw4l! z11=4, tJ.bp[! GztJ.wa pwfiw6LbpntJ. n1mzmu 

bfip £WPill12-lflntuwqpJl211 UJ.Wpwubmpbp(!. 2 WPf1lli-lflniuwllrll~P lJ.wGqGwllll 

hbnwtJ.npmpjntG[! uwmp[lgwj~G OrtWLIJ19' I= 70uu, pb[1[12Gbp~ LWJfintpjOLfi(! ' 

B= 140uu, pbpJ12Gbpp pwp6 pmpJmfil! · H= 1 oouu: 
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Qwpfllli-ttmtuwrw!lill umwg4wa utwrwuhmphpG oqmwqnpbtlhL hG ubfl 

ltnqu[1Y uzw41.{wa PJ1l14bmw4npuwG uwt'i!Pimu: Qwpl}!li-tlmtuwqp!li!! wztuw

mwGpwJ!lG 11llf1PnLt'i tqWmlthptlwb t G4 . 59-mu: 

0 0 

;r -· .;,_ : 
•· . I • 

12p!14bmGbp!l npnzw4!1 iWtllhp!l utwhutwGmt'i[! ptumu t wqpnqnnmb]uG!l

ljtut1wG ll!WhWG2Gbpj'lg, rut, WU(ll1lfjWG WllJWhn4mt'i[! ubawuthu U\4WUU111lU t 

ubtuwfir4wljwfi ljnpmumGbp!l G4wqbyuwGJ!: UnW2WJ144nq 2WJ11llli-4Jn]uWT}P!lil! 

awmuJmt'i t WJI} GutwmwliGbp!lG : OtumuGwurpmpJwG [!Gpwgpnu.! umwgl.{wa 

ljwtul.{wampJmGGbp[! hGwpwl.{npmpJmG tG umbqomu npnzbLm 2WJ1fllli-tlm]uw

r1J1llill bJ1l!f1Wi WtPW4wG I.. tfibpqbml14 utwpwt'ibmpbp[!, htfihLntl PJ1!1lJbmw4npuwG 

UWUWi!ll4WJ1WUbU1J1bJ1!19: 
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7. IuOSI" llPI"'4bSU~PUU"V q.nPt>Q"V!a'U51" q.f'SUil>flP~t;Pf' 
'4USUPUU"U lJt;Ia'fl'l-I"liU"U b~ UP'l-8fli-"U~"UbPQ 

Iunm!l pJ1!14hmwl.{nJluwG qnpb[!Gptug!l mhuwl1wG hhmwqnmmpJmGGbJlll 

wpT}JmGpGbp[! ummqbtm I.. mhuwlJWG hbmwqnmmpJmGGhpmu wGhpwdhzm 

qnpawlt!lYGbtll! npnzhLm hwuwp uthmp t lJwmwflbL q!lmwtjmpohp, np!l hwuwp 

wGhpwdbzm t UUlbrJObL LjlnJlOW(lWJ1Wl!wG hwuWU!WUlWUtuwG pwqw 1.. uzwlJbt 

Ljmpobp!ll!WUlW(luWG m uzwltt'iwG hwuWU!LUUlWUtuwG ubpnq!ll!W : 

7. 1. <I>OP~UPUPU4U'I.J UUP-12 

ll>npotp LtwmwrhLm hwuwp utp lpul'.illY uzwlJtlbL t. mbrJw4wJtlhL t 

Lwpnptuu1np qmpowpwpw4wG UW[lp (G4 . 60, 61 ): 

'UI.j .60 . ll>np6wpwpwl.jwli [Wpnpwtnnp uwpu~ utubutuG. 
I. ubquuw(i tug~l.j. 2. uhrtuuwli tug~l.jll zwpdwl.jwG U)Wtn , 3. [\JWLjnpuwG pmGI.jbp, 4. 
tutnwgmglli, 5. tutnwgmg~ill hllllJlnq[wG, 6. umJGwl.j, 7. unr]liw4r l!lifW\J!![I iw~nrt 
nbnumwtn, 8. nbnutnwtnp ztupdwllwG l.jnGtnwl.jUI[I Ull!]UWllll hbtn \.jWU)llll pwqml.j , 9. 
UllfjUWl![l [IGpwgp[l hllrtJlnq[WG, 10. f-40/756 pwdwliWJlWil, 11. Jlll!Jll pw(!, 12. mK-500 
hlu1J111Ufjp~ . 13. lthl.jtnpwzwpd~i . 14. pwp6Jl 6GzuwG t[lnrtJ1WI.j, 15. h~llJ111-Q[WGGbp[l 
uwumtguw(i ~11rtJ1WI.j , 16. wnwligpWJ!lG mdfl iW~UWli ntOWiW~fl tnbliqntntiJli, 17. 
2~uwG mdh!lll iW~uw(i mdwiw~ll tnhGqntntllli, _n,. tunwGgpwJ!IG mdj1 iW~uwG 
lllOW iWLjl , ):b. z~uw[i mdbpfl iW~uw[i lliOWiW~ : 
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mqqmpJwup: Otqqwo)lq mqqmpJwup Cipw 2wpetmun pwgwnbtm Cill!wmwl1m-I,
LJ.bp)1Ci UWU14l1 WJ'l UWU[! CitpuLl1 UWt plll1 hbUl 4WlllLJ.mu t L11Whw(iq(ibp)1' (20),
up2ngnLJ. (Ci4. 63): lllwhwCiqCibp[! ll!WtnpwumLJ.wb bCi WJCiu1tu, np hCiwpwLJ.np tpCi)l
tiwpqwLJ.npbt LJ.bppCi uwt p4p 2wpetwtiwCi uwu)l L fug)14p L1nqwJpCi ll!Wtnbpp up2L
tqwD- pwgwtin: UtquuwCi fugpl1'1 tpL1wJCiw4wCi wnwCigp)l mqqmpJwup LJ.bp)1Ci
uwwt1p 2wpetw4wCi uwup 2wpetmul! uwhuwCiwLJ.1wl1LJ.mu t htCiwpwCinLJ., npp
qpuwg mtqw4wJLJ.wD- t ll2 metw2wLJ.1[!, npp LJ.pw unuCioLJ.wD- tCi mtCiqnmLJ.'12Citp'
( 17), 2LJ.1uwCi mettpp utbmpJmCiCihp[! 2wLJ.1htm hwuwp:

Ppp4hmwLJ.npLJ.ru1 GJmJ}p L LJ.bp)lu uwLJ14)1 2wpetwtiwu uwup up2h
wnw2wgnq 2LJ.1uwCi mettp)lg pwgp, LJ.mpowpwpwtiwu uwpp)l LJ.pw tiwphtp t
2wLJ.1ht uwtp4p WJ'l UWUp LJ.pw wqqnq CinpUWL met(! (Gl1. 63):

\,lJ.. 63. UtqutJ.wb tunmp wpmwpt1u zLJ.luwu qnpbw4gp npnzuwu hwuqmJgp ututuwu:

liJq UL11Wtnwl1nLJ. LllWhwfiqfibp[! ll!WtnpwumLJ.wD- hCi T-woL: 8mpwpwCi-
2Jm[l ll!WhwCiq)1 hphp D-wJphp)lfi mhqwtiwJLJ.wc} t uh4w4wCi qCiq)14wJ)1Ci wnwCig
pwtiwr Cfiq npmu LJ.hp)1Ci hptim qmJq wmuugpwtiwtGhplf (24) mhqw4wJLJ.wb hfi

LJ.hp)lfi uwwtiti 2wpetw4wCi uwu)l u)12wCig)14 wnLJ.wtifihp)l uh2, CiumhgLJ.wb hCi

hptim wnwfigufihp)l' (27) LJ.pw h hhCiLJ.mu hCi tu9Jl4'1 (I) 4nqwJ)1Ci L11Wtnhp)1G, )1u4
(2 1 ) wnwfigu)l tl.Pw CiumhgLJ.wc} CihppL)l uh4 qmJq wnwCigpwtiwtfihp[! (22)'

fihpuh)l (18) uwwti)l LJ.pw: (21 ) h (27) wnwCigpCihp[! u)luJwfig u)lwgLJ.wc} hCi
ll!WhwfiqCihpnLJ.' (20): 8mpwpwfil.Jmp ll!WhwCiq)l hp4m 4huhp[! u)lwgCinq

ll4 

uwCih4Ghpp' (25) oqCimJ}JWUp hCiwpwLJ.np t tiwpqwLJ.npbt uwtpl(p' (2) h fugpl(p
ll!Wtnbpp up2h bqwb pwgwl((!, 11[1[! huwpw411pmpJmG t umtqbmu hpljwJfiwljwG
mqqmpJWUp uww4'1. (2) 2wpetuwG[!, wnwCig u1wmhp)1 t-!PwJnLJ. uwhhtm:

UJnLJ})l uhquuwCi q11pD-[!Cipwgmu uwtp4)1 t-!Pw wqqnq met(! ll!WhwCiqCibpp
up211911LJ. LJ.mtuwugLJ.mu t wnwCigppG, npp 4tpmp11Cimu mh11wtiwJLJ.wD
mtuq11mLJ.p2Cihpp • (26) oqumpJwup hCiwpwLJ.npmJ}JmCi t umtqbLJ.mu 2wLJ.1htm
fugpl1'1 ll!Wtnhp)l t-IPw wqqnq Gnpuwl met!!:

�ppl1hmwLJ.npuwCi fugpl1mu pp)1titmwLJ.11pLJ.n11 GJmpp h )1.1gpl1'1 lllwmhpp
up2L h11wD- f 2LJ.luwCi qnpD-w4pg(! np112LJ.mu t' htGbtntl. ll2 metw2wLJ.lp u)12ngnLJ.

2wLJ.1LJ.1111 F
2
�, 2LJ.1uwCi met)lg L tug'1l1)1 LJ.bppCi uww4'1 2wpetwl1wCi uwu)l t-!Pw wqqnq

N Gnpuwl met)lg, 11p[! 2wLJ.1LJ.mu t mhuq11mil]12Citpp oqumpJwup.
FBO -2/'e N

f-:: N , 

(156)

npmh1f /"' -[! quqwnwugpwt iwtGhpp qt11puwu 2LJ.1uwu q11pbw4)19G t:

Q.Gqwnwugpw4wtGhp)1 ql11puwCi 2LJ.1uwCi qnpbw4J19C! np112LJ.mu t hhmhJWL
pwuwoL11LJ.'

(157)

11pmt11 • /'fl. ,,-fi quqwnwugpwl1ww wpmwp)lu oqw4)1 uhquuwu tu9'14)1 ll!Wtn)l

t-!Pw qtnpLJ.btpu phpLJ.wb 2LJ.1uwu q11pD-w4pgG t, fv 11
-n' qCiqwnwugpwtiww Ghpp)lu

oqw4n qCiq)14Cihp)1 t-IPw qt1111LJ.htpu phpLJ.wD- 2LJ.luwu q11pD-w4)1g(!: 

.... 

/'fl,,, L fv.,, qnpD-w4)1guhp[! 11p112LJ.mu bu hhmLJWL pwCiwohhpnLJ.'

r _ 20, 
J'fl,P-D' 
!. = 2,882 

(1 + 
o.) 

Yp d 2r •

(158)

11pmhq' 0
1
-[! qfiqwnwugpw4wtp W[lUlWD)lG oqw4[! ubquuw(i fug)1L1)1 L11Wtn)1

LJ.pwJ11LJ. qt11pLJ.htpu 2LJ.1uwCi pwqm4)1 uhD-mpJmGG t, uu, D-u· quqwnwugpwl1ww

wpmwu)lu oqw4)1 mpwuwq)lb[!, 8
2
-(!' quqwnwuguwtiww quq)14Ghp)1 21.jluwCi
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pwqmlJ~ UO[lJ2!1G oqwl)p Lj[!Wjnt{ qplJlt{blllu, uu, d-G' l)lU(lOJLUlJil UlJlWUwqpa~, uu. 

D 1 -~· Gtippj1G oqwlt!J qG•Jpi.JGh[!ll l\lnpuwl.i wl)nujl Ul!lWUwqpa~. r-~· qGqplJp 

zwnwt{!uw: 

<l>npo bpj1 chuuwuwlJ ~GmptJ.bt t flO flu utppwJp 210 ql.iqwnwugvwi.Jwt' ~um 

fOCT 8338-71-p. npj1 ~wtjlllbpG bu. d=S,Ouu, D=9,0uu, D1=63,65uu, r=6,35uu: 

Upwdunhuuwl), ~GJ)IllUOtntJ. t5
1 
= 0.005m'i L 82 = 0,00 luu. l)umwuwGp . 

.f,, =0,0029: 

Unltfiwltp zwpdt'iwG dtuuwGwlJ ltilpwntlmt 6Gzutufi t{lnq111fump.Jntu[! 

nJ1112l:itm hwuwp wfih[!tudl:izm t uLl:inbt unltGWlJ\1 mbltwztupd~ ubquuwG 

tuyplpltU : liJIJ Gu)tUuJwlplt{ oqu1wqnpatjmu t ml:inumwm · (7), nJlll 2WJ1<hul)wG 

lJnGulwltml! lJnzm upwgtjwa t unqfiwlJilu, (8) tbwlt!J Ujl)mgnt{ (GlJ. 60, 64): 

'U4.64. Unw!igpwj!Jii mdbtlfl mdwltUtl* L nbnuUJtuul!l UJbqw4tuJULUG 
•lwuwl{nrtfwampJmu~: 

UnquwlJp mbqwzwpdp t{mt{wfumpJmfiubpll qpwugmu~ LJwmwpt{mu t 

oug\Jtnqrw~JP dtuu)wt{bup qpw, UJmu UJWpwubulJlb[lll qpwuguwu hbm 
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hwliwmbq: q.JlWGgmu~ l)WUlW)lt{mu t p zGnphJlt{ t{lllt{lllfuWlJWU flpUWllJllll!}JWU 

zrtpwjmu hnuwfipll mdp t{mt{mfuuwfi. nJlU uuJl:iltbtJ.mu t nbnuunump zwrdwl)wu 

I.Jnumwi.Jmp mbqwzwpdpg : 

lwpnJlWUlOJl uwppp t{mp6(itul)WU hWUWUl[ll1 ttblJUIJlWl)WU uful:iuwfi 

pbpt{wa t Glt. 65-mu: 

'"UlJ. 65. :.:>tul{lllll hwliw4tupq(l ttl:ilJU1J1Wl)wG uful:iUtuG: 
1., 2 . .11.1 L .11.2 lauuwu)wulwtJiuwli mdtultU4lbJl!J U14JlllibJlJl 4WUJl2lUJ(lli li!Jwymulil.iJl, 
3. lJ19(llJ!J ll)WUlbJlJl !intlll\Ul mdbf11.} llULjlbtJH 4tul'iJ12WJJl!i ufubUtu, 4. nbnUUlWUl, 
5. tU4lllUillUWU111JlWJilli UWJlU1411!:J: 

7.2. 1vnsfl u'-l PPfl4!:iSu!:irfl tunuU4Jlt-{(}GUu nrncnt-lfQ 

lvnm!J funuwt{mpjntfifi WJU qbppzjumt qntlcrnGGbppg ubi.JG t, ll)lU wqqmu t 

pppl)bmwt{npuw(i wuhpwdb2U1 6ti2Uwfi, PJllllJbmubpjl wupm)~JWU t. PPill)bmw

t[npuwG qnpa~upwyj1 lJWJntUillf'JWG t{pw: <!.bmLtuptup funmp flmuwt{mpJwG 

nrn2mU[! wGhpwdbzm t t. LJWJlLn)l: 

lvnmp funfiwtlmflJntG~ npn2t{mu t qnJmpJmG mfibgnq umwul}WJ1U1 Ul:iflmJp

lJWJnt{ (fOCT 8770-58), oqmwqnpabtntl C~III-3M uwliGI1211 ~npwgGmt 

uJwhwpwG~ L BnTK=500 uwlJGP2P lJzl:inp~ (GlJ. 66): 

lvnuwt{mpJwG hwzt{wrlll! lJwmwpt{mu t hl:imLJWL pwfitu6Lnt{. 
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M -M 
W o a!Ooo/ 

M To• 
0 

(!59) 

nJ1Utbq' W-G tunmj1 tunGwtlmpJmGG t, Mo-fi ' Gumzjl uwtuuwljwu qwGqqwb"[!, 

M1-l} · ~np GJmpjl qwfiqqw()[!: 

~ 

'Ulj . 66. lunGw4ntPJWU 11(1112\hu(i UWJliJGJ1[1 [!liqhwGmp mbup[!: 

Pppljbmfibpl1 tunuwlj_mpJmG[! npnzqmu t GnLJG bqw!iwllntl., jlG~ np 

tunmpG[!: SwppbpmpJmGJ! upwJG WJU t , np npUJbu Gumz tlbpgqmu t UJWU1pwu

mjl pppljbut[!: 

7.3 . lfll"UPU8'-lUr> tunSt> tuSni'to-3U"U nPnCnHfC 

U'wupwyqw()- tunmp tummpJWU npnzuw(i hwuwp UIWtnpwumtl.hL t 0, I u.1 

mwpnqntpjtuG wpljq, np[! ujlG ~L. pbpWG[! ty\j_bt t uw!ipwgqwb" tunmnlj_, wnwuy 

npL.t tuU1wguwG, nppy hbum LJznlj_bt t : Pt~wfiwtntl. qwmwpl1 wpljqjl qw!iqqwb[! L. 

awtl.wll!. tunU1p tummpJmG[! npnzmu bup hbmLJWL pwuw6t.nq. 

= M 2 - M 1 ljq/u3 p .. ' ( 160} 

npmbq' M 1-[! qwmwplj wpl1'lf1 qwGqqwaG t, ljq, M 2-[! ' l.]1gpwqnpqw() wpljqp 

qwGqlj_tual},ljq, V-u· wplj'lfl ()wlj_tull!, u3: 
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7.4. PPt>4bS"UbPt> tuSni'to-301'"UC 

Ppjlljhmfihpjl tummpJWG npnzuwfi hwuwp, JntpwpwGi.Jmp tuupwpwfiw

lt\19 qbpgfimu hfip 5-wljwfi ppjllthm L Ltznmu JmpwpwGi.Jntp[!: UJGmhhmL WJG 

mhqwljwJbtntl. utnl.PtrptbGwjpG mnUJpWLI\l ub2, ppbG ljwUJqw() pbnp hbm 

ujlwujlG [!Gljqumu bup wunrmu L9tl.wb hwjtnGp bwqwtntl. hhllntltp ub2 (Jnt'l, smtp) 

L ~wt11mu hbqml1p Gnp uWL(W(11)Wlj[! wunrmu: <!.bqmljp awqwl.]1 tl1nt11ntumpjntU[! 

uwtuuwLJwGpg ppbupg GbpljwJwgumu t ppjlljbmp m pbnjl qmuwpwJpfi awtl.wll!: 

UJU qhUJpmu phnp wnLJWJnLPJnLU[! utwpmwqpp t , npuJhuqll ppjlljbtn[! 

wupnq2ntPJWUp [!Gll'llltl.\l hbqml1\l ub2: CGq npmu pbnjl btutltull! GntJUUihu 

GwtuwUJbu npnzqmu t : Upi}Jm!ipmu pppljbmjl tummpJmG[! npnzqmu t hbmLJWL 

pwuwoLnq. 

M"n 
P"n == V

1 
- v, ' ( 161) 

npmbq' Mv1,-[! pppljhmp qwGqqwaG t , t1q, V2-1f hhqmljp L pbnjl qmuwpwjpG 

awqwtfi t, u3, V 1-[! ' hhqmljp, phnp L ppjlljhmjl qmuwptujpG ()wqwll!, u3: 

7.5. PPt>4bS"UbPP UU'Pnl'to-3ni'"LC 

Ppjlljhm!ibpp wupmpJntU[! gmywGjlz t, npu tuUJtuhnqmu t ppplJbmGhpjl 

hmuwl.]1 mbqwtl1ntumu[! L 4h!iqw!ipfibpjlljhpwljpmu[!: 

Pp!1ljbm!ibpp wupmpJntG[! npnzbtm hwuwp u1wmpwumlj_bl t mqqw!i4Jm

Gw6L uhmwqwljwfi wpLJ'l, npG jlphfipg ubpljwJwgfimu t 300x300x450uu 

~wtl1ubpnq ljwpljwu, lj_pwfi pwzqw<>- ubmwqwljwu gwfignq: UJq wpljq[! 

hnqwljwUJhpnq mbqwljwJtl.w() t hplJm hbGwpwGGbpp qpw, npnug wnwGgp[l 

wfigGmu t wplj'lfl qttuwlj_np wGljJmGwqll"nq (fill . 67): UpLI'lr:! ljwhwqnpqwb t 

pnfiwl1ntl., npp ujl2ngnq huwpwqnp t l.]1Gmu WJG UJU1tnbt wnwfigpp zmp2: 

"UwtuwUJbu lJznqw() 5+ I 0 ppjlljbm!ibp mbqwljwJ\j_mu bG wplj'lfl ub2, np[l 

WJGnthbmL. 5 pnUJb wG[!Gqhwm u1mmqmu t 13+ ISUJm/pnUJ hw6wtumpJwup: 

ITlmmuwu l}fipwgpmu ppjll1bmfibp[! LW4 tuwnfitl.htntl. L npnz ~wtlmtl. j]WJPWJtl.btntl. 

ljnpgfimu bfi ltznjl npnz uwu[l: flpnzbtn4 tuwn!ibtmg hbmn ppjlljbmfibpjl ljzpn[! L 
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pw[JwGhtml UI.J4J!Gwi.JwG 4211P tJ.pw, L(UUlWGwGp pppi.JhmGhpp wupntpjWU 

~wqlwGil21}· 

G "'= c:' (162) 

npmhrf Gd~ pppl(bu1uhpl1 l12P11G t qmpowpl(mujlg hhmn, 0 2-n' pppi.JhmGhpp 

Ul(qpuWL(WU lt2111ll}: 

'UI.J. 67 . P pJll(btnlih[iJl Wli[illlpjWli !l(lll2tiLUfi UW[ipJl[!UI}hWlilll[l mbup[!: 

c.J>npop I.Jwmwpuwu mLnrlnLPJWU L wplt'lP utmmuwG wpwqmpJwu 

[!UUl(lqW() U[Wpwuhmphp[! hjluGwtJ.nptJ.mu hu GpwGntJ., np llU ~U(bU up 2Wflp 

hbUJW((OUlnqGhpp tJ.mpohp(} [109] , WJUUjbU L. uhp l[WU1W[1Wi} hhmwqnmntpjntG

(ibp(! YnLJY hG UltJ.ht. np PJllll(bmwtJ.npqw() Gjntpb(lp wGhpwoh2m mhtuGntnqpw

ltw!i ou(bpwypwuhpp (pwpomu, ptnGwpwtlmtu, mhqwtJ.mtumu L WJtG) 

I.JwmwpuwG (}upwypmu pGwl(WG tll2J1UWG mnl(Oll(! hwuwUjwmwutuwGmu t 

wpi.Jqp (!GmptJ.w() UjWpwuhmphpllG : UJupGpG, G2tJ.w() UJWpwuhmphpn qphph 

LllntJ.IlG GuwGwltmu hG pppl(hmGhpp pwpouwG, phnuwpwq1uwu L. mhqwtJ.mtuuwG 

pGwl(wG UjWJUWGGhpllG : 
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7.6. Ub'l.U1J111.~ lu8t>4vbf'OHT Pf't>4t;SU4.0f'UU\, q.nf'l5CvliTU5t> 
nt-um.U~.Juur->rnt-liT3U'-' q.r->sumnr::;>ort> t,usuruuv t.turq.c 

Lwpnpwmnp qpmwqmpohpp hwuwp npu[bu pppqhmwqnptJ.nrt GJmp 

oqmwqnpbtJ.ht t uwtuwu(bU 5+10 uu bpl[WflnLPJWUp uwGpwyqwi} wm[ntJUI{!: 

Swpphp l(mpqw()puhpp h utwulhpll UJpn:jlptllhpll uhquuwG tuyllltGhpJt hwuwp 

qpmwtlmpohpp I.Jwmwpuwu hhppw4wGmpJntU{! phptlw() t wrumuw4 3-mu: 

3mpwpwGDntf1 tlm11<'1 4wmwptJ.hL t Pfllll(bmwt[npuwG GJmpp W=8+28% 

tunGwtJ.mpJtuG UP2Wl(WJVP 6 mwpphptul[Ghpll hwuwp : 

8mpwpwGDntf1 qmp<'lp mwpphpwtm liPliGtlhL t 10 wGqwu L wprumGpGhpjl 

U2Wl(uwu [JwuwGw4 oqmwqnp()tJ.hL umwyqw() wpdhpGhpp up2pG uwphuw

mlll(WlttuG ub()mpJmuubp{!: 

4wmwpqw() tlmp6ht1P Wf111JillU(1ntU uu1wytlhL t, np 4mt16Gw4tuli 

mtl.JwtGhpll uh()mpJmuGhpp 2hqmuGhp(} Gpwug u11211G uwphuwmlll(wt1wG 

uhbmpJmGuhppy ~P qhpwqwughL 3%-n: 

liJ'l WllJmuwltl! l(wquhwu npu1hu htwlthmwJilG uniJwtGhp hG •lllmtlht 

ubquuwu tuypl(p U[W(lWUbmphp(} (hpl(Wfllllpjnt!ltf L, U[WUlbflll flbpuwG 

wutumutf a, ummpp l(mpqw()pjl ~w41bp(}' n0 , b0 ) L ppjll(bmwtJ.nptJ.nq GJmpp 

tunGwtJ.mpJntul}: PppqbmwtJ.npuwu l}llpwypmu ~wtl1tlhL bu ppjllthunutJ.npuwG 

hwuwp wGhpw[Jb2m 6G2mun L umwytlw() pppl(bUluhpll npwi.Jwl(wG 

ymgwGp2Gh[11! (tummpJntG(}, wupmpJntG[!) : 

(I>npohpntJ. nrn2tlht hu uwh uhrtuuwG tugllliJt utwmhpp L ppjlltbmwtlnptJ.nq 

UJmpjl (wntJ.ntJUl) 2tJ.1uwG qnp()wllllYUhp[!, Gjntpjl W=8+28% tunuwtJ.ntflJWU 

UI12Wl[WJVntU: 

Lwpnpwmnp hhmwqmnmpJmGGhpjl ()wuwliwlt oqmwqnp()qw() uwppwtln

pmuuhpp L qnp()jlpGhpll nu11hwumr mhupl! phpqw() t Utt . 68-mu : 

u,. 69-mu phpqw() hu LWpnpwtnn(l uwppwtlntlUWG L uhphGWJil 

tJ.mpoGtuqwG oppuwqp oqumpJWUp umwyqw() ~llPlthmGbp{! : 
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Lnqwp[lpllhtm[ (163) htut[wuwpmllQ, liUUJwuwup' 

lga=lgc1 +c1Lige: 

'Unpthut htul[wuwpnu.ID L1muhuw hhmLJLUL mhup[!. 

nlgc1 +c,ILige== Ilga, 

Ilgc, +c2 IL' lge= ILiga, 

( 164) 

(165) 

npmb1( n-[1 t{1npotp[1 vwuwtru t. IL-D' [ugr4r hplrwpmpJmuuhpp qmuwpQ, 

Ilga-n· 6u2t1Luu tnqwrlppuutrr qmutup[!, IL'-u· tuyrt1r tp4wpmpJwu 

vwnwlpuu[Juhp[l qmumpQ, I L lg a-n · [uy[lllll hlllltuflnLflJwu L 6uztlwu 

tnqwp[lpllGt.pp LUflU1LUI111JLUtGbpp qnniLufJD: 

<ml[wuwpmuubp[l hwuwltwpqp tmumu[!lllllup. 

I
ll I L I 0 ( ) " D == I L I L1 == II I L- - I L -, 

A=l~lga ~L·I=IIga · IL'-IL·ILiga, 
L. Llga L. L-

B =I~ ~lga I= 11ILlga- IL'flga: 
L. L L. Llga 

(166) 

( 165) h (I 66) wpunuhWJUinLflJm!iubppy npnznu.l hup ( 163) 4npb[wgpnu 

hwl[wuwpuwu qnputu4[Iguhpl!. 

A B B 
l"c =- c, loe:::-, c, =--: 0 

' D - 0 D - Dlge (167) 

'-l.hpQ uzl[wu bfJ.wuwllnl[ npnzmu hup c, L c2 qnpawllpgubpl! mwpphp 

tqwptullbmphpm[ uhfJ.!.I!.Iwu tuyrt1r hwuwp: <w2L[wpl]uhpp wprumupuhpl! 

phpt[wu tu w1ummut1 4-mu: 

l!!J.Jinut~ 4 
b0 Xa0 =40x50uu b0 X a0 = 40 X 60uu b0 Xa0 = 40x70uu 

a,o c, c2 O',o c, c2 a,o c, c2 
0 0,59 0,33 0 1,65 0,3 0 3,44 0,20 
2 0,47 0,74 2 I 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 on 1,12 10 1,96 0 66 
15 0 39 -- ~'~-- 15 __ 11.47 ___ _!,}] _ 15 ---~·~}-}-~·~~ --1 

- - · 1 ..... ·- - 20·- - ·--- ·-20 1,07 3,2 3,36 I 52 20 

128 

( 163) llwtul[w()mfJJilLUD tlJwpdhp ~P wpmwyntm!.l ppj14hmwl[npuwu 

qnll()l!!iflWYll· pwup np ~r pwl[wpwpmu L[hp2!iwt1wu UJWJUW!il! : UJupupu, hpp 

L=O, uU1wgl[mu t a= O,lc~> WJU qhll!PntU, hpp UJbLnp t tlJup 0' == 0: Uw4wJU 

hwutuwmhtnl[ c, L c2 qnpawt1r9uhpp (}l[wJp!i wpdhpuhpQ a utampJwu hhm, 

uzhup, np a uhampJw!i wpdhputpp hwuhuwm c1 uhamflJilLUI! 2wm Ljlnpp 

uhantf}JilLU t, hhmL.wpwp ( 163) hwt{wuwpmul! pwl[wpwp 62qpmmpJtuUp 4wphtlJ 

t ubpliWJWYUht hhLnLJWt mhupnl[. 

a= O,lc1 (e''L -I): ( 168) 

7.7.2. UbwwoL. ubnuuwu JugJl!Jb wnwugp!J filtwmuwup lliWLnhpb phpJ.Iw(i 
w!ilnwu wql}hgnqnmfin ppbhbmwtlnnuwu 6uzuwu ypw 

Lwpn~wmnp L[mpobpp wprumupfibpl! huwpwl[npm!)Jmu hu ml[ht 

4wnmgbtm pp[Ilthmwl[npuwu 6u2uwfi llwtul[wamJlJmUuhpp qpw~r4uhpl! 

utquuwu tuYr4r hpltwJ!iw4wu wnwuypp ul1wmuwup UJwmtpp phpuwu a 

wulumupg: L..4 . 73-mu phpl[wa hu WJll llwi\Il[w()mflJnLuuhpp qpw~>Pltuhp£! 

L=3, 5, 7, 11,13uu hplltu(lnt!}JntU L a0 xb0 =40 x 50, 40x60, 40x70uu ummpp 

Ltulpl[wapp ~wljlhp mfihyllll uhrtuuwu tu9r4!ihpp hwuwp: 

G:,, ol~ 

!I DO 

2110 

,, 

·~ 

i.fJ..+l--++--r--

J v. ;CS 

v v 
vv~ l 

!ID 1---1--1-+t---+l-1-+---1 ~• I I I I II I I I 

10 1--~-++-l IL I II 20 1--W t 1 1 11 

.,Y!/11 II II I /QI Ill I I/ I 

0 5 NJ /5 o~- Q 5 lfl IS <(- 0 s /Q 15 
a •• ~.=~•SIJdd u_.f,~ .r/•5t7tld O,•D,•~Q•lQH 

w) p) q) 

L..Lr. 73. Ppp4hmwl[npuwu 6uzuwu 4wtut{wbmpJntG[! ubquuwu tu9P4P wnwugpp 
G4wmuwup UjWUlb]lp pbpuw(i wutumupg: 
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I) 

2) 

( 170) 

k = I G~qt~c, (a;) G 
2 I(GAqt_j ~· 

"' ="' -k l ~)GAqt~ ~ 
L.. A L.. .( -1 .( G2 

~ 

a~ = I ~ . 
II - (.1 + J)' 

npmbr( -1 -a 4npbuwgpnG hwl{wuwpuwn 4wpqG t: 

4npbuwgpnG hwtiwuwpuwG npnzuwa hwuwp tlbpgttwo- t n=lO l}bm: a 

tibo-mpjntGI} $m~mtutJ.mu t 0-jlg 20° uwhuwufitpntti , 2° pWJtmJ.: 

4nptuwgfmG hwttwuwpmufibpp ututuwfi L1wqutjwb t a
0 

x b
0 

= 40x 50, 

a0 Xb0 =40 x 60, L n0 Xb0 =40 x 70uu ummpp wGgpp I.Jmpl{wbp mGhgnq 

!ugplJGbpp hwuwp, JmpwpwG~mpjl hwuwp umwgtJ.hL bG 4nrtuwgpnfi 

hwttwuwpmoGbpjl k.( qnpbwLJpgfihpl} L a~ hpufiw4wfi utuwtGhp(}, npnfig f}tjWJpG 

wpdbpObp(} pbptiwb bG WTlJI1LUWlJ 6-mu: 

132 

C:,wubuwmbtml. hfnHiwltwG utuwtGhpf!, hwGqmu bGp wJG bqpw4wgmpJwG, 

np a0 x b0 = 40x 50uu ummpJl wGgpp ~w41bp mGbgnq Iu9!14Gbpp hwuwp 

hpuGwl}wfi utuw\ll fiqwqwqmJG wpdbp{! umwgqmu t bp4pnM 4wpqp 

LJwphuwgpnfi hwl{wuwpmuGbp oqmwqnpbbLJlu, pu4 a0 Xb0 =40x 60uu L 

a0 x b0 = 40x70uu ~w41bp mGbgnq tugllltGbpJl hwuwr' bppnpq 4wpqp: 

4npbuwgpnG hwl{wuwpuwG l}fiqhwGmp mbupl} hbmLJWtG t. 

f(x)= k0 + k,qt,(x)+ k2!fl2(x)+ k,!f!J(x), (171) 

npmbr].' ) ( n-2) qt,(x = x--
2

- , 

II+ I - II- -I [( )' ' ] qtJ l:)= x --2- -lz , 

(-) [( n+l)2 3n 2 -7( · n+l)]· 1/1.1 _\ = X- Z - -----w- ,\ -- 2- . 

( 171) hwl{wuwpuwG ub2 wrumuwlt 6-pg mbqwqpbtn!J. "~ · n L. x wpdbp

fihpl} L LJwmwpbLntl. npnz uLwttm!umf}JntGGhp, 4umwGwfip' 

' a -
I 
2 
4 
6 
!! 
10 
12 
14 
16 
18 
20 

(172) 

Urumuwl1S 
~bpJ12 L~ fltlbpfl oqGntflJWUJ' qnpbutugJm!i hwtjwuwpmufibpp hw2t1uwfi utuhtiwG 

a0 X b0 = 40 X 70 UU lW 4Jbpj1qbUjpnLU 

' G,qt, G,qt1c1 G21/12 G2qt1c, G_,l/fJ Glqt)c1 G4fll. G•"'•"' X c c-
I 

2 3 4 5 6 7 8 9 10 II 12 
I ],0_§ __ - -~t -9 __ :P-5_~-- +6 - + 18,3§_ r--~1- +12R.52 + 18 +55,1 -2- 1--- t-·-2 ·-- --- :_~ - -·-

JL 1.~_9 -7 :H,~9 _:_M_ +14 +37_,_!1 -22 -59,4 t- - -- - --· 
3 _2 ,~5 - ~.05 -5 __ -!! ,2~-- -I -2,25 +35 _+1!!_,4 - 17 -38,3 r-- -- - - ·- r-------.. -· 
4 2,07 4,27 -3 -6,21 -3 -6,2 1 +31 +62,4 +3 +6,22 
5 1,96 3,84 -I - 1,96 -4 -7,04 +12 +23,52 +IR +35,28 
6 1,98 3,92 +J +1 ,98 -4 -7,92 -12 -23,76 +1 8 +35,66 
7 2, 15 4,6 +3 +6,45 -3 -6,45 -31 -64 9 +3 +6,46 
8 2,62 6,83 +5 + 13, 1 -I -2.62 -35 -3 1,8 -17 -44,6 
9 3,41 I 1,6 +7 +23,81 2 +6,82 -14 -47, 1 -22 -75,1 
10 4, 11 16,9 +9 +36,99 6 +24,66 +42 +172,6 +Ill +73,98 

26,3 73,6 320 +1 6,47 132 +21 ,95 85,8 +79,14 2R60 -4,7 
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..1. 

Urumuw4 6 
a;. hfnlfiw4wfi utuwtfibpu It c1 = f(a) ltnpbuwyfmCi hwtjtuuwpuwfi qnpow4pyfib11[l : 

G 0 Xb0 =40x50tiu G 0 Xb0 = 40x60, uu a0 Xb0 =40 x 70titi 
0 ko 0,5206 1.2275 2,63 
I kl 0,1108 0,192 0, 1275 
2 k2 0,0354 O,OIR4 0,0804 
3 Is -0,00106 0,00034 0,00568 

4 k~ -0,00106 -0,0000483 -0,0035 
0 ao 0,424 0,8 0,7 
I al 0,250 0,569 0,6 
2 a , 0 638 0 167 0,162 
3 a, O,OOR9 0,103 0,0913 

I _4_ - a. 0,0089 0,016 0,014 ~ 
··--· --· -------·----- ·- -- - - . .. - .--- -·- ·----------- -- ----------

(172) hwtJ.wuwpuwfi uh2 umfinq c,.c~, c5 u cc. qnpaw\j~gfihp~ wpdhpGhp[! 

phptjwa bG W11Jmuw4 7-mu : 

r--- LtniiHUlllll 
Go x bu,UU CJ c. ! Cs Cc, 

7 

40x50 0,6922 -0, 1385 i 0,00786 0 
40x60 1,6535 -0,2036 I o.oo765 0,00034 
40x70 3,44 -0,1855 l -0,00335 0,000715 

btfibtntl W11J11LUW4 4-Jl mt!Jwtfihppg, c2 = f(a) ~Jmfi4gJlwG llwpblJl t 

wpmwhwjtnht hhmloJWl oppfiw~wtJ.lmpJWup. 

c2 =c7 +c8a '"• , ( 173} 

npmbq' C7, CK, C9-[! UblljWOL UbllUUWfi fugJlliJl UI1LlnJ]~ ~Wtllhppg 4wfutJ.wa 

l}mpofiw4wG qnpbwltflgfihp tfi : 

(173) hwtJ.wuwpuwfi ut2 mhqwqphtntJ. a=O , 4umwfiwGp ' c2'=c7: ~hmLw

pwp, CJ ubantpj11LG!_! hwumwmmG ubantpjliLG t L tJ.hpgtlmu t W11JI1LUW4 8-Jlg: 

CK L C) qnpaw4flgGhpJ1 ptJ.WJfJG uhbmpjmGGhp[! npnztJ.mu b(i Gmjfi 

bqwGwL1mL Jlfi~ c, lt c2 qnpaw4JlgGhp[!: UJ•l GUjWUlW4ml. tnqwpppumu bGv ( 173) 

hwtJ.wuwpmu!_!. 

lg(c2 -c7 )= lg c8 + c,1 lga : ( 174) 
134 

( 174) 4nphuwgfmfi hwtJ.wuwpuwG umwgtJ.wb qnpawl1~gfihp[! phpll.wa hG 

WlUiltuWl( 8-mu: 

..... _ .. .., 

a 0 x b0 ,uu C7 Cg Cy I 
40x 50 0,3317 0,227 O,R467 ! 

-- ----l~~ ~~-- ------_Q~~ 1 
----r------o~'?o~s-- ------~~-1~t---~ 

<----------

( 172) L (173) wpmwhwJmmpJmfiGhp[! mhqwqphtntl (168) hwl\wuwpuwG 

uh2. LIUU1Wfiwfip ppJ14hmwtJ.npuwfi 6Gzuwfi 4wtutJ.wampJWfi tuuJflpJlll 

hwtJ.wuwpmu[!, 4wtutJ.wa ubquuwG fuglll!Jl hp4wpmpJmGJlg u hp4wJGWllwG 

wnwGgp~ fi4wmuwup 4rnlwJJ1G UjwmhpJl phpuwG wfi4JmfiJlg, hbmLJWl 

wpmwhwJmmpJWfi mhupntJ.. 

a= O,l(c, + cp + c
5
a 2 + c

6
a-' 1ek,•.-:d") -l j (175) 

7.7.3 . UhUJWOlo luuflhfihpmu ummph hmJH!waph HUthhph wquhgmpmtfin 
ppblibmwJ.)nm1wfi Cifizuwfi J.!nw 

OugJltnqpwuwfihpJl uzw4uwfi mt!Jwtfihp[! hfiwpwl\mpmpJmG mtJ.hgJlG 

4wnmgbtm pp~4hmwtJ.npuwfi 6GzuwG 4wfutjwampJmGfihp[! fugJ14Jl ummvwJJlfi 

4tnptJ.wbpp ~w!.Jlbppg, UWUfiwtJ.n[lWuthU G0 ~WtJ.lpg : 

'V4.74-flg hhmLmu t. np ubawgGhtnl\ uhquuwG fugfl4Jl ummvwJJlG 

LIUlptJ.wapJl ao LWJfinLpJnLfi[!, ppJ14hmwtlnpuwfi a 6fizmu[! l}mvpwfimu t: 

4wtul}wa Gu -fl uhbmpJmfipg a-Jl l}mJ]pwguwG JlfimhfiuptJ.mpjwfi tJ.pw uhb 

wqqhgmpJmfi t pnqfimu uhquuwG fugJlliJl L hplJwpmpJmfi[! L utwmhp~ pbvuwfi 

a tufi4Jmfi[!: Utquwfi fugJlliJl L bJlllwpmpJwfi uhawguwfi hhm w6mu t a-Jl 

l}mppwguwfi JlfimhfiuJltJ.mpJmfi(!: 'UmJfi UjWUJltbpfi t G4wmtJ.mu a wfi4Jwfi 

ubawguwfi TJhutvmu: 
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a:'l..tuu
2

l I \ ._.J I I 

I I I I I I I I 
:JD 

\ 

iiO '. ... ' _, , - ,_ . 

~() 

Q 

5 ~ 
7 """ 

'L4.74 . .Pp~4hmwtlnpliwG oGzliwG 4tufu4wll"mf1JnLGJ1 uhqlilituG fug~4(tlimmp~ 
4mJH1tuap~ [tujGntpjntGjJg : 

Uhquuwa fug~~P ummpp ~mptlwapp ~wtlthppg ppp~hmwtlnpuwa tiGzuwa 

Lfwtutlwbmf!JWG UWf)huwmpl[wlltuG wpmwhtuJUlnLf!JmG umwGwtm GUjwmwlJntl, 

5, 7 t. 8 W'lJIILUWl[Ghpfl mt.!JwtGhpjl hpuwG LlJ!w ~wnmgtlht hG (175) 

hwtlwuwpuwa ub~ umGnq C), c4 . Cs, C(> , c 7. Cx, L C9 tlmpoGw4wG qnpaw~pgubpJ! 
4wJutlwO"mf!JmGbpp qpw:j>fJLJGbp[! (Cil[ . 75): 

4.hp[! Gzt.!wa uhf!ntlfl4wJntl qpw:Pf14Ghpfl uzw4uwup umwumu tau 

ublljwoL Jugp~fl ummpfl 4mptlwapp a0 LWJGnLf!JmGpg c3 , c4, c5, c6, c1, cx, L c
9 

tlmpoGw4wG qnpawlJflgGhpfl 4wJutlwO"mf!JmGhpp 4nphuwgpnG hwtlwuwpmu
ubp[!. 

c1 = 0,6918(a0 + 4}'-', 

c4 = 0,04ag - 0,5a0 -1,36. 

c5 = 0,1749-0,106a0 + 0,0222ag -1,0015a 3, 

c6 = 3.575 · I0-4 (a
0

- 5), 
c1 = 1,251· e -G.2549ull. 

c8 = 1,856 · e - o . .1o7~ "", 

C9 = 7,2554- 2,1493a
0 
+ 0,172a,;: 
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(176) 

c. c 

-'.D 
I 

•0. 

~0 +/fl. 

f.D v I 

v 
I ! 

(J ( I I I I .(}
1 

.i"fl J.$ «D 6.5 ~ "" 
w) 

' 
~ .._ 

........ 

' ~ 

' liD 11$ lU 

q) 

0 s ss 1.() «:1 4 "d c 

-41 (J. 

.tu 0. 

.It D. 

c. 
p) 

1\ 
it.S\<l 

c ...... Ill 

fl. 1. 

I! .5I 

0. 1 
utf 

Q 

v 
I 

I 

I 
5 55 61 iS Go'"' 

lj) 

S.D S.$ l.fl IS 4,ood 

h) 

'Ll[ . 75 . CJ , C4 , Cs, ch, C7, CM, 1.. Cg tlJnJIOGtul[tuG qnpawl[~gGhp~ l[tufutlwbntfljntfil! ubu[WOL 
fug~4~ limmp~ 4mp4wap~ [WJfintfiJntGpy: 

(176) wpmwhwJmmpJmG[! mbqwqphtntl (175)-p ub~. LJwpbt.lt t npnzbt 

ppplJhutwtlnpuwa 6Gzuwa uhamflJnLG[! · lJwJutlwa JugpLJll bpLJwpmf1Jmur9. 

JuypLJ[l hp4wJGtul[wG wnwGgp[l G4wmuwup llJWmhpp flbpuwa watumupy t. 

ummpp 4mptlwapfl LWJGmpJmGpg : 

7.7.4. 4wqum!h uhnuuwa !uqh!.Jh hn!.Jwnnu!JwG wqnbgmemtun pnhl[hUJwtlnmYwG 
wwhwG2t!nn 6Gzuwa t!nw 

4wquntlfl uhquuwu Jugf14Ghpp hp4wpmpJmGpg 4wJutlwa PPP4hmwtlnp-

uwa 6Gzuwa 4wJutlwbmflJmGGhpfl npnzuwa tlmpohpp dwuwGw4 Jug[lllfl 

llJp~quwJwot. uwup LWJGw4wG 4mptlwapfl ~wljlbpG [!GqmGtJ.ht t 

n, xb, = 40 x 40uu: UbllJwot. uwup ummpp 4mptJ.wap[l ~wtJ.thp[lg tJ.mljlnjutJ.ht t 
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UPWJG ao LWJUnLJ}JnLU(}, ru4 pwpopntpjntU[} uGwght t hWUU1WU1ntG L hwtlwuwp 

b0 = 40uu: OtphUG, UGIJ.UUWG fuypliP UGUJWOL uwup hp4wpmpjntG[} 4wfutlwb t 

UpWJG ummpp llmptlwbpp iWtllhpJlg L llnllWJpG tqwmhpp phpuwG wGlumGpg . 

ao -a, . 
L. = 2tga · (177) 

4wquntl.!J UbiJ.UUWG fugpli!J QGflhWGmp hpliW[lOlflJnLGU hLUUWUJWUIWU

tuwGmu t L > L. UIWJUWUJIG: 

cl>npohpp WIUlJntGpGbpJl uzw4munt.l UUlWYht bGp qpW~lp4Gbp, npnGp 

phptlwb hG fil1. 76-mu: 

I I I I I f_JI r I 'f(; r 11 JD I L:A 

2
' I _ ::U-1,~ #/ ~/ I I 

II j f//'/f/1/ y I I I 

J II (J l(uo) 

"V4. 76. u nGzuwG tlJntlJnfumpJmGr!' llwfutlwb 4wqunlijl uhfluuwG fug!J41J L 
hpl[W[llllflJnLCiJ!g: 

a=50uu-p1Jhurpmu' l.a=5°, 2.a=l0°, 3.a=l5°, 4.a=20°, 
a= 60uu-p 1Jhuwmu' 5. a=l0°, 6. a= 15°, 7. a= 20°, 
a= 70 uu-p 'lhuwmu' 8. a= 15°, 9. a= 20° : 
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"VztJ.wb qpw:j>p4GI:ip(} gmJg hG UJWL]m, np 4wqtlntJ.p ub~tliliwG fugp4Gbpmu 

PllPlJbUlwtlnpuwG tiGzuwG llwfutlwbntpjntG[} fugp4p hpliW(lntfljntGpg (}GpwGmu t 

hpl1m oppGwiwt.lmtpjWUp: lljuUJhU, fugp4p uhUIWOL uwuJI hwuwp, WJUpGpG, hpp 

fu9Pl!P lip4wpntpJntGI} uhbwgGmu hGp qpnJPY upGzt. L,, UlbiJ.p t mGI:iGmu tiGzuwG 

lllll[lntll wti: Ul1uwb L,-pg, L-p hl:iUJwqw uhowgmupg <7-p wtip pGmbG

uptjmpJntG[} qqwL]mphG [}Gl1Gmu t L G4wmttmu t <7= f(L) opJlGWiWl!lntfJWG 

tjmtjJnfumpJmG: 

.(wuhuwUlhtntJ. ppplJhmwt.lnpuwG qnpb[}Gpwg[} Ulwpphp umUlpp lJmptjwopp 

ilutJlhp mGbgniJ. uh1J.uuwG fugp4Ghpmu, UJhutimu bGp, np utu1wot. tlwup llmttUJpti 

UJWUlbpJl upLGmJG phpuwG wG4JwG qtuwmu, L utowgtibtntl. a0 -G, 4wtmtwo 

fugllliJl bp4wpmpJmGpg ppp4hUJwtlnpuwG tiGzuwG t.llnt.lmtuuwG ptimhGu]nJm

pJmGG wt.lbtwGmu t: UJUUJbU, a= 15° t. a0 =50 uu UbiJ.UUwG fugplJp 

U(W(lWUbUipbpp qhUJp11LU, fugp4Jl hp4wpmpJWG uhbwgmU[} Suu-pg upGiL 10 uu 

hwGqbgGmu t u-p ubowguwG' 22"V/uu2-my upGit. 30"V/uu2
: "UmJG UJWJuwGGtp]l 

11tuwmu uhowgGhtntJ. a0 -G upGit. 70uu, u-Jl ubbmpJntGI} 4tJmt.llnfutlll 40-pg upGiL 

50"V/uu2 (G4.76, 4nptp' 3, 6, 8): 

u-p w6p pGUlbGuptlntfiJWG uhowymul} pwgwmptJmu t GpwGntl, np htDP 

4UI[ltlwbpp hWUUlWUlntG iWt.llhpp flGUIOlllU UnLU1J2Jl 4U1ptJ.wbpp ubb iWtJ!hpp 

UJWJUWGGhpmu ppp4bU1wtlnptlniJ. qwGqtlwb~ hppwp4tlmu t uta 4nGtllnLJIWJpG 

Ilb:JmpuwgpwGhpp, npp UJWUltiwnntJ. t. utowGmu t Gpw wmuoqw4wGmpJmUI}, 

hbUJLwpwp L · uhiJ.uuwG m UlhJlwzwpciJl qJIUWil(111lflJI1lGGbpQ: 

SbuwL1wG L t.llnpoGwllw(i l1nphpp (Gl1. 77) hwubUwumtpjntGQ gmJg t 

UlWL]IU, np t.llnpoGw4wG Ultl.JWtGbpp zbJlnLU[} mbuw4wGpg iP qbpwqwGgmu 

±8%-1}: 

"Ul1. 78-mu phpt.!wb hG ltwquntlil UbiJ.UUWG fugpliP Ul(lpqUWJWOL utuup 

hwuwp <7 = f(L) ~mtG4gpWJp qpw:j>p4Gbpu llpuwtnqwpJ!puwllwG 4nnpllPUWU1-

Ghpmu: 
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lD 

0 S 10 IS L~~• 
l>lJ. 77. 4wqumlJJ ubJlUUwG tu911411 b[!lJwpntp;mfijlg ppjlljbu!wtJ.npuwG ou2uwfi 

lJwtutJ.wil'ntpjmGfibpjJ qptU~ljllJ!ibp[!, hbmL.JWL Ujwpwubulpbpjl llGLlU~ntU. 
2-5) OaX bo =50x 4().lll , a= 5°, 10°, 15°, 200.6-8)GuX bo ==60x 40tlu, a=10°, 15°, 20°, 
I) Llj.pjlqt!wJw6L. tuY!J4' G0 xb0 = a1 xb1 == 40x40tlu, a== 0: 

- UJbuw~wG, -- Ljlnp6Gw~wfi : 

l>lj . 78, a= f(L) ljwtutJ.w<)mpjwG qpw~ljllJGbp[! l)jJUW[Oqwpjlpthu~w(i lJnn'l]JGtumfibJ1jl 

hwuwljwpqnu.! : 
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l>filUJbu bpLmu t Gl.j. 78-pg, a= J(L) :PmGI.jgpwG l}m4tJG mqqqmu t , 

hbmL.wpwp WJ'l :j>ntfil)gpw(i hWUWUJWUIWutuwfimU t tpUI.ljn(ftjugpUJ{ 

LjJmjmtuuwG opbGppG: liJ'l (}UJlmfihLn!J. npLLibu hpup, pbptlwb" GJmpbpp 

tlrnpbtlrnmpl.jwl.jrnG uzwl.jmUpg hbmn l.jumwGwGp l.jrnqUntijl Uhl'J:UUWG 

tugpl.jubpmu tugpl.jp bpliWflnt~Jmfijlg l.jwtu!lwb" pppl.jhmrnqnpuwG 6Uzlirn6 

LjmtJmtuuwG opjlllw~wqmL~JmG(}. 

(]' = 0' + 0 lc le"" (t- l.,) -1] 
I ' 10 • (178} 

npmbq' a1-D l.jwqun4tJ tugpl.jp ublljwol.. uwupg pp!Jllhmwl],npqnq GJntflp 'lntflU 

hpuwu hwuwp wGhpwclbzut 61lzmull t, np(} tug!JliP unlJwl LlJWpwlitmphpjl 

hwtlwp npnztJ.mu t ( 178) tlilljppjll.j pwfiw"l..ntl, clo-t!' tugpl.jp umml)p lWtJlbppg 

ljwtutJ.wb" tJ.mpoGwl.jwG qnpb"wl.jpg(}, c11-(}, hwumwmmli LjmpoGwl.jwfi 

qnpb"wl.jpg(}, c 11 =0,215: 

Go== 50, 60 1.! 70uu wpdbpfibpp qbUJ.pmu ClO-P ubb"ntpjntGGtpn hwUWtl.(W

UIWutuw!iwpwpl.jt!JGbG' c 10==40, 66, 86: 

SbqW'l[lhlnq a,- wpclhp(} (178) hwtlwuwpUwG tlb2, l1umwGwGp l.jwqlin4tJ 

tugllltll bpLtwpmpJmGpy pppl.jbmwlJ.npuwu 6Gzuwu qmpoGwltwG Ltwtuqwb"m

flJnLfi(}. 

( 179) 

( 179) WflUIWhWJUintflJWU tlh2 c1 1.. c2 qnpb"Wljpg(ibp(} qbpg~tnui t(i 

WlUOLUWlj4-jlg , tuyjlljp UblljWOL UWup mtlJWL LljW[IWUbmpb[!p hwuwp: 

7.7.5. 4:wgumlh utnuuwG tuqblJGbnb ubu.JwoL uwuh wwtnbnh pht>Uwli 
wqrlhgmpJmfio ImhlrbmtUljnpuwfi 6!iztlwu tJ.nw 

"GI.j. 79-mu pb[!qw() bG qm[lofiwl.jwG mtlJwLfih[lp hpuwG qpw l.jwnmgtlwb" 

4wqumtp tugpl.jGbpp UJWmh[lp ptvuwG wG1.jJnLfifihppg l.jwtul[wb" pflpl.jbmwtlnfl

uwu 6Gzuwa ltwtu4wb"mv1muutpp l)nphflf!: 
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s ,. IJ .r 

'Ulj. 79. a= f(a) :j>mlili!JPWJJl 4JlLU~lJlljlibjl[1, bJlP. G0 ==50uu hI. L:;; 5UU, 2. L=7UU, 
3. L=9uu,4. L=l!UU : 

t>G~UJbu tpt.mu t GI.J.. 79-mu ptrtJ.wo qpw:j>pi.J.~g (1, 2, 3, 4 I.J.nptr), 

G0 =50 tlt'i-p qbUJpmt'i t'ibowgGhLntl. a -G, prpi.J.bmwl\nptiwG 6G2mu~ w6mu t: CGq 

npmo pbpuwG wGI.J.Jruu Ljmpp wrcttpubpp qbUJpmu Gljwmtjmu t a-11 w6jl wtl.bl\l 

llbo pGmbGu~tl.mpJmG: Pwg~ WJI}, a-~ w6p tibit p(hnbGujltJ.ntpJDLU t GI.J.wmtJ.mti 

L-11 ubo wpdbpGtpp qtu112mt'i: OppGwi.J., L=5, 7, 9 L II ut'i wpctbpGhp!l hwuwp, a 

wGLuwG 6-pg upG~L 10° tJ.mljmJumpJtuG qhUJnmu, a-G hwtiwUJwmwuJuwGwpwp 

utawGmu t 12, 15,5, 19, 24-~g uj\Gzl.t 14,2, 18, 23, 31,5 'U/uu2 (I.J.nptp · 1, 2, 3, 4): 

lJbi:JwgGhtm.[ a -G UpGzL. 14°, ppjli.J.bmwt\nrtiwG a 6G2mt'i[! htuUWUJWU1WU

JuwGwpW[1 utowGmu t upuzL 15, 19,5, 25, 35,5'U/uu2
: Iug~t1 ~ UJtumbp\l 

phpmpJmGpg ljwJut.[wa a-~ t.[mLjmJuuwG .WJI}UJ~ur op)lGwzwljmtpJntG[! 

pwgwmptl.mti t GpwGnlj, np Go -)l ~npp wpcthpGhp~ llhUjpntU a-~ ubowgmU[! 

hwugGmti t Jugpljp uhUIWOL. tiwup ljwp6wguwG: ULULJWJU Jugpi.J.p ubUJLUOL. 

uwupg pppi.J.bmGbpp qmpuhruwG hwuwp wGhpwctt2m 6G2mu~ ljlnljmtutl.mu t 

wGG2wG, hbmL.wpwp, pp~LJbmwt.[nruwG LP~4 6G2mti[! h~uGwi.J.wumu I.J.wtutJ.wa t 

Jug~4~ UJp~qOWJtu6L. uwu~ bpi.J.wpmpJmG~g: 
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4wqt'im\p ubqt'it'iwG Jug!1411 UJU1}1Wt'ibmpbp!1g PPI14bmwqnpt'iwG 6li2t'iwG 

t
1
wtutJ.witm)3JWG · t'iw)3btiwm~I.J.wi.J.wG wrmwhWJU10LflJOLG~ umwGwLm hwt'iwp 

( 172), (173) t. ( 177) W[1U1WhWJU1nLpjntGGbp~ mbqwqpmt'i bGp ( 179) W[1U1Whlllj

U1ntf)JWG uh2, np~g hbmn umwGmu bGp' 

a = o.{ (,,+,,a+< ,a' + '•"' {, (, .. ,.. ~,;;: -11 + ,,.[ ;"( '''li':) -I]} ( 180] 

( \ 80) hwlj_wuwpt'iwG t'ih2 t'imGnq c3, C4, c5, c(, c1, ex L C9 qnpbwi.J.!1gGbpp 

otitmpjntGGbp[! pbpl\wit bG 7 l.t 8 WllJnLUWliGhpmt'i: 

7.7.6. 4wg!lmlh ubnt'it'iwG h.l9hYh t'immph l1mnl]wi:Jph ltuthbnh wgnbgnuumGn 
Pnb4hmwllnpowG tiGzt'iwG llnw 

'UI.J.. 80-mti ptptJ.wo bG t.[mpobp)l mti.JwLGbpp hptiwG t1wnmgt1.wo pp~I.J.bmw

tJ.npuwG 6G2tiwG I.J.wtutl.wompJmGGbpl! l!wqt'inti.P ubf\Ut'iwG Jugpi.J.\1 unnnpp 

I.J.mrtJ.wop~ ztutJ.ltprg: 

" 

'Ulj. 80. 4wqun4}1 Ubll.Utlw(i tu9\lllit tlnttnl]p ljmpt{wupJl!Wtllbllll!J pj!)lljbmwt)nJltlWG CJ 

oGzuwu ljwtmlwllntpJmfifibpp qpw:tlpljGbp(!: 

t>G~UJbU bpLmu t Gl1. 80-jlg, utowgfihLntJ G0 -G, a pp~4bmwqnpuwG 

l'iG2mt'i[! utowGmu t: a wGt.uwG l0° + 15° wpctbpubpjl l}bUJpmti WJG ui.J.qpjlg 

wtJ.bl\l ~Gmhuujlt.[ t ohawGmu, WjGnthhmL. ui.J.uwa 50+60uu-jlg Go-P 

t'ibowgmtipg, a-p wl'ip jlGmhGuptJ.mpJntG[! GtJ.wqmti t: a= 20° ·p qbUJpmu a-p 

143 



wrutbpu a0 -fig ljwjutJ.wO w6mu t nuunt hwubuwmwljwG: a= 10° wGljjwG 

wpctbpfi rJbuwmu a0 -G uhOwgGhtntJ. 50-fig ufiGilt 60uu, a-G ubOwGmu t 23-fig 

ufiGi L 45"U/uu
2

, fiulj D0 -fi utowgmuu 60-fig ufiGilt 70uu-fi, pbpmu t a-fi w6fi45-

fig ufiGi t.. 46,3 v /uu
2

: 

a= f(D0) ljwjutJ.wOmpJmGu uwpbuwmfiljwljwG mbupntJ. wpmwhwJmhLm 

hwuwp oqmtj_mu bfip (180) tuUJfiflfi4 pwfiw~Lfig, GwtuwUJhu fi[lw ut2 

mbqWI'jflbtntJ. jugfillfi D0 LWJUOLf1JnLGfig qwjutJ.wO l{in[lOfiwljwG qn[lO"WijfigGbpfi 

ubOm!'Jmfifibpu: c,, c2, CJ, c4, c5, cr, c7, ex lt c9 tJ.m[l~GwljwG qn[lOw4flgGhflp 

wpctbpfibp(l pbptJ.wO bG ( 172), ( 173) lt ( 176) WfliDWhWJUlntpjntGGb[lmU: c10 

l{lnp~Gwljw fi qnpOwljgfil1wtutJ.w0mpJmfiu D0 -py umwGwtm hwuwfl ljwnmgmu 

bGp c10 = J(a0 ) ljwjutJ.wOmpJwfi qpw~lfllju : 

c, 

15 

54 

JJ I 

5 ' a,,., 
"Ulj . 8 1. c10 = .f(D0 ) ljwjutJ.wOmpJWG qf1w:Pf14u: 

c10 = .f(D0) ljwjutJ.wOmpJmfi(l 4wflhtfl t fih[lljWJWgGbt hbmLJWL 

uwflbuwmjlljwl1wG w[lmwhwJmmpJwup . 

C10 = 23D0 -74 : (181) 

(1 80) hwtlwuwpuwG uh2 (176) lt (1 81) WflmwhWJUlnLflJnLGGbpflg 

mhqwrJpbtntJ. tJ.mp~GwljwG qnpOwljpgGhpp ubi>mpJmGGbfl[!, ljumwGwGp 

ppflljbmwtJ.npuwG a 6GzuwG ljwtutJ.wi>mflJnLG[! ljwquntljl ubquuwG tuY/14/1 

bpljwpmpJmGflg , ubUJw6L uwup UJWmbpfJ phpuwG wfilumuflg L ummpp 

l1mptj_wOpp i Wtllbppy : 
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7.7.7. Pnh4bmwynm.jnn Gmwh (wnynl)m) tunfiwynqnwfi wgnbgme1m0n 
pnh4tmwynnuwG 6GzuwG tlow 

<llnp~GwljwG mtl.JwtGbflp hpuwG tlflw l1wnmytJ.bt hG pflfiljhmwtJ.nptJ.nq 

GJnLJlP tunGwtJ.mrJmGflg pflpLJhmwljnfluwG 6GzuwG L1wtutJ.wOmpJmGGhpfl 

q[lw~flljGhfll.l ummpwJfJG wfigpfl ljmfltJ.wOpp u1wpphp iWtJ.lhfl mfibgn•t uhquuwfi 

ltlgpljfib[lp hWUW[l, n[lnfip pbptj_w() b(i fil1 . 82-mu : 

PUi UJbU b[lLmu t Glj . 82-py, ubOwgfibtntJ. PflflL1hmwtJ.nfltlnq fiJntflfi junfiw

tJ.ntfiJillU[! llflfiiL 18+ 19 _% , Pflfll1bmwtJ.nf1UWfi 6GzmU(l ubOwGmu t L WJrJljbmmu 

uGrJmfimu wnwtJ.htwqmJfi· Wfldbp(l: lunGwtJ.mpJwfi hbmwqw w6u ph[lmU t 

6Gzuwfi tJ.mppwguwfi : 

~wuhuwmhtntJ. Glj. 82-mu fibpljwJwytJ.wi> qpw~pljfihp(l, GzhGp, "fl uh•tuuwG 

jugfll1fl gwGijwgwO i Wtl.lbflp qbUJpmu, PflPL1bmwtJ.nptJ.nq GJmpp lunGwtJ.mpJmGpg 

l1wtutJ.wi>, pppljhmwtJ.npuwfi 6Gzllwfi tlmtJ.mjuntpjntG(l [!GflwGmu t upLGmJfi 

~ = .f(W) OflpUWi WtJ.lntflJWUp (U1WflWPDLWJpG): 
a \V=!Ci% 

"Ul1wmp mGt.GwtntJ., n[l ubp L1mtuJ1g Gwlul1pumu umwytJ.bt tt1fi 

a= .f(L.a,D0 ) ljwjut{wOmJlJOLGfihp(l W= 16% pppljhmwtJ.n[ltJ.nq GJmpp junGw-

tl.lllflJWG rJbUJpmu, ljwnmghtntJ. ~ = J(W) q[lw:j>pljGbp(l (Glj. 82), ljwpnq hGp 
(JW=I~% 

npnzht GJmpfl junGwtlmpJmGpg PflfllthmwtJ.npuwG 6G2uwG ljwjutJ.wi>mpJWG 

011f1Gwi wl{impJmGu wfiwtflm/14 mbupntJ.: llJ'l GUJwmw4ntJ. oqmtJ.mu hGp ~hpflzLp 

ptJ.bflp oqGmpJWUp ljnflhuwgpnG hwttwuwflmuGbflfl hw2tJ.uwG hqwGwljpg: 

~wzttmuGbpflg hbmn umwGmu bGp · 

aaw = j(1,0 +0,042XW -16)- 0,0067(W -16fj, 
IV=169(, 

(182) 

t1wu 

a"' = a w=•6%j(1,0+0,042XW -16)-o,oo67(W -16Yj : (183) 
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\;,4. 82. f!pp4hU1w4np4nq Gjmpp funGw4mpjmGpg PP/14bU1W4npuw[l oGzuw[j 
4wfut~wampJmGGhpp qpw:!Jf14Ghp[! UntU1pp 4U1(14wc}pp Ulwpphp ~wtllhp mfihgnq 

ubquuwa fugf14GbpJ1 hwuwp: 

7.7.8. Umwmlnn pnblrhmGhnh wupmpmtGn 

AppqhmwtJ.npuwG qnpbi}Gf)wgmu umwgtJ.nq pppqhmGhpp npwqu 4wtutJ.wb 

t pGill!hu uhquuw!l fugpq!lhpp qwnmgtJ.wapwJp!l u1wpwuhmphppg, WJ!lll!hu 1.t 

pppqhmwtJ.nptJ.nq UJnLfJP ~pqpqn-uhtuwfipqwqw!l hwmqmf)Jm!l!lhppg: 

Appqhm!lhpp wupmfJJntfil} pppqhmwtJ.npuwG qnpbuG()wgp hpufiwqwfi 

ll!Wpwutmphppg uhqfi t: 

Uhquuwfi fugpqp qwnmgtJ.wapwJpfi U!Wpwuhmphppg L pppqhmwtJ.nptJ.nq 

!lJntfJp :!Jpqpqn-uhtuwGpqwqwfi hwmL1ntfJJmfi!lhppg pppqhmfihpp wupmpJwfi 

qwtutJ.wbmfJJntfifihpp qpw~pqfihpu phptJ.wa hfi fiq. 83-85-mu: 
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l">filll!hu hpLnui t Gq. 83-~g. uhquuwfi fug~4~ mwpphp U!Wpwuhmpbpll 

hwuwp, pntnp qhll!phpmu, uhbwgfihtml pppqhmwtJ.nptJ.nq GJntfJp tunGwtJ.ntfJJntfiD 

upfiilt npnzw4~ wpdhp, pp~qhmGhp~ WU(lnt(JjnlUI} uhbwGmu t , WjGmhhml.t, 

funGwtJ.ntfJJWG hbmwqw ubbwguwG qbll!pmu' tJ.mppwGmu: 

flppqb.mGbpp wupmpJWU wnwtJ.htwqmJG wpdhpu (1/1.,..) umwgtJ.mu t 

pppqhmwtJ.nptJ.nq UJntfJp W= 13+ 17% funGwtJ.ntfJJWG I]hll!JmuS: UJq uhampJmGu 

L1wtuttwa t uhr1uuwa fugpl1P qwnmgtJ.wapwJpG U!Wpwuhmphppg (a Lt L}: 

~r I ~~-'1 I 

O,f I I t If 14 I ~l" I 

0.11 I ! V!J I! I I I~ 

0.11 I I II n• I I I I 

0.6 t---tf----''--11---+---+---l---l 

~~-~-~~-7--~--~~~ 
!U " 20 w z 

\;,4.83. a0 = 50uu UntU1pp 4mp4wapp LWJfintpjwfi fugp4Ghpp hwuwp pp[14bU1(ibpp 
wtlpntpJwG 4wfu4wbmpJntG[! (iJmpp fun(iwtlmpJm(ipg: 

I. a= 5°, L = 90llll,2.a =5°, L = 125ull, 3. a= 10°, L = 90llll, 4. a= 10°, L = 1251111, 
5. a=15°, L=90M, 6. a=l0°, L=110llu, 7.a=20°, L=l25uu: 

..:.wumwmmfi a-p !]hll!pmu uhbwgfihtntJ. L-u, mhqfl t mGhfimu 1/f,,..,w -p 

wpcJtup uhbwgmu: 

a-p upfilL 10° uhbwguwfi qhll!pmu 1/f.,,w-G w6mu t : a-p hhmwqw 

utbwgmuu phpmu t 1/f..,.,w -11 tJ.mppwguwG: 

Oppfiwq. a=10°, L=90uu-p I]hll!pmu' l/l..,,w=0,95, puq a=10°, L=125uu-p 

'lhll!pmu' 1/f..,.,w =0,99 (Gq. 83, qnphp 3,4): 
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a= 5°,10°,20° u L =I 25th~ wpdbpGbpp qbUjpmu, hwuwlljwmwutuw

Gwpwp' lfl,.,w =0,96, 0,99, 0,97 (Glt. 83, L1npbp' 2,4,7): 

'1-dtlwp 2t GltwmbL np hwumwmmG a -p 1.t bpltwp tugflltGbpp qblljpmu 

wnwtlbt wump pppltbmGbp umwgtlmu bG hwubuwmwpwp 2np GJmpbppg: 

OppGwlt, a=20°u L=110tltl Ujwpwutmptpp qbUjpmu lf/,..,-1! umwytlmu t 

W = 18% tunGwtlmpjwG qblljpmu, pull bpp L=l25 uu ' W=14% tunGwtlntflJWG 

qbUjpmu (Glt. 83, L1nptp · 6,7): UJq pwgwmptlmu t GpwGntl, np utquuwG tuYttltlt 

utb" wpdbpGbpp qbUjpmu pppltbmwtlnpuwG 6G2ntU(! ltmpmlt w6mu t: 

'I' 

0,9 

0,8 

0.1 

0.6 

O.j 
5 10 IJ 20 25 ..... , 

1..4.84. a0 = 60uu umUJnlt 4U1ptJ.won)ltwJuntflJwu tu9!14uhpp hwutup pptJlthUJuhpJl 
wupmpJWfi 4wtutJ.wbntfljnlUJ! !ijntflJl tunuwtJ.mpjnt!iJJg: 

I. a= 5°,L=90tltl, 2.a = I0°,L =90tltl, 3.a = I5°,L =90tltl, 4.a =5°,L =70tltl, 
5.a=l5°, L=70tltl, 6. a=20°, L=IIOtltl: 

"Ult. 83-mu pbptJ.wi) ltnpbp!l tlbptmb"mpJntG[! gmJg t mwwu, np tug!lltlt 

ummpp ltmptlwb"pp hwumwumtG' Go = 50uu lWJGnLfljWG qblljpmu PPilltbmGtptt 

wnwtlbtwqmJG wupmpJmG umwytlmu t a= 10°-p qblljpmu, I!Gil npmu WJG 

utb"wGmu t, uMwgGttntl tu91lltr tpltwpmpJmG!!: 
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"Ult . 84-pg bpl.tmu t, np a0 = 60uu ummpp ltmptlwb"pp tWJGmpJmG mGbgm1 

]ugplJGbpp qtlljpmu pppltbmGbpp wupmflJWG wnwtlbtwqmJG wpdbp umwgtlmu t 

pppltbmwtlnptjnq GJnLflP W = 15 + 20% tunGwtlmpJmGGbpp qbUjpmu: 

a, a0 u a1 hwumwmmG UjWpwubmpbpp qbUjpntU Ubb"wyGbtntl tugtJlttJ 

tpltwpmflJntG[!, tugtJlttt ol.t[! tlmtlmtutlmu t : UtquuwG tuYttlttt tpltwpmpJwG 

a -a 
L < - 0

--
1 ufl2wltwwmu tugtJltl! umwgtlmu t ubUjw61.t, ttult 

2rga 

utJ2w4wJpmu' ltwquntltt (pwql1wgwb" ubUjwol.t l.t UIPtJqU'wJwol.t uwutppy): 

4wquntltt tuytJltGbpp qbUJpmu pptJL1bmGbpp wnwtlbtwqmJG wupmJlJntG[! 

umwytlmu t tunGwtlmflJntGGbpp pwp6p wpdbpGbpp qbUjpmu: liJuUJbu, oppGwl1, 

L=70uu 1.t 90uu wpdbpGbpp t}bUjpmu, If/ ,..,w -G hwU'wUjwmwutuwGwpwp 

uutwgtlmu ' 0,96 1.t 0,97 (GLJ.84, ltn11bp l.t 4), np[! hwuwu1wmwutuwGmu t 

W = 25% u 18% tunGwtlmpJmGGbppG: 

0.' L----!---':--~-~.,----~__j 
' • ~ n n '"'% 

1..4.85. a0 =70uu UntU!pp ltUJ(llJ.wopp [WJUntpJWU tugtJltfih(lp hwuwp ppplthUJfihpJl 
wupntflJWU ltwtutJ.wompJlllfi[) UJmpp tunfiwtJ.mpJmu)lg: 

1.a=5°, L=70tltl, 2.a=I0°,L=70tltl, 3.a=I5°,L=70tltl, 4.a=20°,L=70tltl, 5. 
a=I0°, L=50tltl, 6. a=l5°, L=50tltl, 7. a=20°, L=50tltl: 

UbUjwol.t utquuwG tugflltGbpmu umwytlwb" ppJtltbmGbpp wnwtlbtwqmJG 

wupmflJWG wpdtpGbp[! wtlbtlt tlmpp bG, pwG LJwquntltt utquuwG tuytJLIGbpmu 

mnwgtJ.wb"GbpllGI!: liJil pwgwmptlmu t GpwGntl, np lJwquntltt ubquuwG 
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fug)lljfihpnui Wll!whn~~nui t ljwquw~nptJ.wb pppljhmfihp)l fug)lljnui 6fi2tiwfi mwlj 

ufiwtm wfihpwdh2Ul dwuwfiwlj(!: 

a0 = 70uu ummpp ljmptJ.wap)l twJfimpJmfi mfihgnq fugpltfihpmu 

pp)lljhmfihp)l wupmpJWU wnwt\hLWQnLJU Wlldhp umwgqnui t ppfl4hmwl{nptJ.nq 

UJmp)l W = 14+23% tunfiwtJ.mpJmfifihp)l qhll!nmu (fi4, 85): 

t>fitll!hu hpwuu t fi4 . 85-pg, L-)1 hwumwmmfi wpdhpfihp)l qbll!llntU 

obawyfihtmt a-fi UJ:tfitL 10°, 1/f ""' -1! ub()wfimu t : a -)1 hhmwqw ubbwgnui(! pbpmu 

t 1/f ""' -)1 wfifi2wfi wo: UJumbq)lg hbmLnui t, np a0 = 70uu ummp)l ljmptJ.w()p)l 

tWJfimpJmfi mfihynq ubquuwfi fug)lljfihpp hwuwp fill!wmwljwhwpuwp t (!fimpbt 

a= 10°: 

1/f = f(W ,a, L,a0 ) LtwtutJ.wbmpJmfifihp)l tJ.bptm()mpJntU(! gmJg t mwLJ:tu, np 

umwgl{nq pp)lljhmfihp)l wupmpJWU mhuwljhm)lg, fug)llj)l ll!WU1hp)1 Oll!U1PUWL 

ptpuwfi wfilumfi(! a= 10° t: 

7.7.9. Pnhyhmfihnh h.tmnwJwfi l.Jwtudwanu-lJntfin ppbl.Jhmwtlnnuwfi ofizmubq 

Pp)14bmwl{npuwfi 6G2mtipy umwyl{nq pp)14hmfihp)1 tummpJmfifitp)l 

ljwfut{w()mpJmGGhpp qpw:j>)lljfihp[! uhrtutiwfi )ug)lljp ummpp lJmp~w()pp mwppbp 

LWJfintpJmfiGtpp flhll!pmu php~wi>" hG lilt. 86-mu (tw4mtufibp(! ljwmwpl{w() bG 

pp)lljbmwl{npmupg ublj <twu wfig) : 

t>fi1ll!hu hpLmu t filj. 86-)lg, pppljbmw~npuwG 6G2ntti(! ub()wgfibtntJ. 0-pg 

tiJ:tGtL 25+35L./uu2
, pp)lljhmGbpp fummpJ11LU(! uhbwGmu t: PppljbmwtjnpuwG 

6G2uwG hhmwqw uhbwguwG wqqhgm(JJntGI} pp)lljhmGhpp )umntpjwfi tlJlw 

WUU2WU t: 

U}lLfintjG pp)lljhmw~npuwfi 6fi2uwG ll!WJUWfifibpmu pppljbmfibp)l 

)ummpJntfi(! a0 =50 uti ummpp 4mptJ.wapp LWJfimpJwG )ugpljGhpmu wtJ.hLJ:t uhb t , 

pwfi 0 0 = 60uu L a0 = 70 uti ummpp ljmptJ.wbpp LWJUnLpJWU fugpljfibpmu: lljfl 

pwgwmpl{mu t fipwfin~, np ummpp ljmptJ.witpp tflnpp LWJfimpJmfi mfihgn'l 

)ugpljfibpmu pp)lljhmw~npuwfi flbll!pmu wfihpwot2m 6fi2ntU(! umwfiwtm hwuwp 
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UIUihWfi2tJ.ntU t )uy)14lt wl{bLJ:t tflnpp hp4wpntpjntU, pwfi ubb LWJUnLIJJnLU mfibgnq 

tugltltfihpmu: 

p~~··~~----~----~~----~-------

IOOO•r-------+-------+-------+-----~ 

0~----~~------~------~------J 1 o 20 30 a;t./.saf 

1..4. 86. gppljbmwlj_npuw(i 6fi2mupg umwgl}nq !!Pilljbm!ibpp fummpJWU llwfu!J.wb"m
fiJillfifibpp qpw!ppljfibp[), bpp a,= 40uu ' I. Go= 50 uti, 2. ao = 60uti, 3. Oo = 70uu: 

Pwyp WJ'l, pwfip np twwJJ:tG ljmpt{w()p)l tWJfintpjntGJ:! hwumwmmfi t 

(a, = 401111 ). Wll!w ummp)l ljmpqwapp ub() LWJfimpJmG mfihynq )ugpljfihpmu 

mbq)l t mfibfimu ppJ:tllbmfibpp ljnqwJ)lfi ubqumu L itnmu, npp hbmLwGpnl{ 

tug)14)1g qmpu qwtmg hbmn pp)ll1bmGbpG J:!GqwpowlJt{ntu bG, np(! L G4wqbgGmu 

t Gpwfiy fumntpjntGI}: llJull!bu, 25+35L./uu2 pp)14bmwqnpuwG 6fi2tiwG flbll!pmu 

ao = 50uu ummpp ljmptJ.w()pp tWJUntiJJmfi mfihgnq tugpljGbpmu umwgt{mu hfi 

850+950ljq/u3 )uUlnLIJJUIU pppljbmGbp, au= 60uu LWJUnlJ)JWU )ugpljfibpnur 

750+8501.jq/u3
, pulj ao = 70uu LWJGntpjwG )ug)lljfibpmu' 550+650ljqlu3 )umnt(JJWU 

pp)lljbmfibp: 

7.7.10. Ubnuuwfi tugb!!b wwmhpb hbm pphlJbmwynm.!nn Junmb ?tJltiwfi 
qnpbwhbgn 

PppqbmwtJ.npuwfi dwuwfiwlj )unmp qpfiwu)lljwl1wfi L umwmflltwltwG 

2tJ1tiwfi qnpbw4)1gGbpJ:! )uumnpbG ljw)utJ.wb bG )unm)l )unGwtJ.ntpjntGpg: UJ'l 

lJtufutJ.w()mpJmGGhpJ:! qpw:j>pljwljwG mbupm{ pbptJ.w() bG Glj. 87-mu: 
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I 

0.75 

o.s 

0,25 

0 
15 20 2S vtf. 

"Ul1. 87. Umwmpljwljwfi (! •• .) u qpGwupl1wl1wG {!,
11
,.) 2t11uwG qnpbwljpgfib(lp 

ljwfutlwompJmGfibp[! funmp (wntlmJtn) funGwl{mpJmfipg: 

t>G~UJbu b(luntu t qpw~>ltljpg, ubowgGbtntl funGwl{mpJillU[! upG~t. 20%, 

2tl1UWG qnpbwltpg[! ubbwGmu t, WUIW tunGwl{mpJWfi hbtnwqw ubowguwG 

qbUJpmu' l{mppwfimu: Cfiq n(lmu 'lPfiwu!Jl1wl1wfi 2tl1uwfi qn(lowljgp !,
11
,
1
; 

tlmppwymufi [!Gpwfimu t wl{bllt Gl1wmbt1t: .:.wumwuntwa t, np !,,., > .t;,,,u t. funmp 

20% funfiwtlmpJwfi qhUJpmu Gpwfiy up2t. p hWJtn t qwlltu mqqwqowJpfi 

ljwfuttwontpjntfi : lunGwtlntfljlllU[! 20%-pg wtlbllt ubowgfibtm qbUJpmu WJI} 

llwfuttwompJntG[! tuwfuml{mu t, np[! pwgwmptJ.mu t Gpwfinl{, np funutp 

funGwl{mpJwG pwp6p W[lcfbpGhpp qbUJpmu tnhrllt t mGbumu funmp liUJ~mu, npp 

hbmt.wGpntl ubowGmu t umwm!Jllwllw(i 2tl1liwG qnpowljpg[!: fum t. !,
11

,u 2t11uwfi 

qnpowltpgfib[lfi p(lbfig wnwtJ.htwqmJfi wpctbpfihpfi [!fiqmfimu hfi funtnp 18+22% 

funfiwtlmpJwfi qbUJpmu u ltwqumu bfi' f •• , =0,76 u !,
11
,1; =0,54: 

152 

8. IvDSJ"l Pflf"ll,:bSUqflflUU"U Q.DflO"Q"U{i}UBJ"l t"UbflQ.USUPfil•{i}8fli-"UQ 

lumnp pppljhmwtlnpuwG qnpb"[!Gpwgp tGhpwmwpmpJntG[! npnztlmu t 

pppl1hmwttnpuwG uhphGwJp wnwfiopG hwGqmJgfihpp tGhpqwmwpmpJmfifibpp 

qmuwpntl. 

A = -\. ~ . + ~.<~> + ~.<~> + An.~. + ~ + Ae, (184) 

npmhq' "d -fi pppljhtnwtlnpuwG uwuw~P tfihpqwtnwpntpJmfiG t, Au1,,,-G ' 

UJGhumllllfuWrl(lp~p tGhpqwmwpntflJlllU[!, A?,,,-G' pppl1bmGhpp 2WPllP~-tfmfuw

ll[lP~P tGbpqwmwpmpJntG[!, Ah.d.-G' funmp hwtlwpp~-uwGpwtnp~p tGbpqwmtu

pmpJntfi[!, A~,-G' phnGwpwtj1nq tlmfuwtl)lp~p tGbpqwmwpmpJntU[!, Ap·G ' 

ubpbGwJp ptuJ12WJpG qpuwqpntflJWG hwqpwhwpuwG tfibpqwmwpntpJntG[!: 

~ppllbtnwtlnpuwG oqwljwot. uwuw~fibpmu pppllbUlwtlnpuwG WllW2PU 

tlmttmu uwlitnll hntntlwljfibp[! pppllbtnwtlnptlnq fiJmp[! ubqumu bG upG~t. 

npn2wljp futnmpJmG: UpllJmfipmu hntntlwllfibpp t. uwmppgwJpG oqwljp 

wpwGpmu wnw2wGmu t ubqutlwo tunmw2bpm: .:.tmwqw ubqumlillY 

tunmw2bptn[! ljmpwmttmu t wnwfiopG ~wtj1wpwctpGfibpntl u uqtlmu ubquuwG 

tuypljGbp: ~ppljbmwtlnpuwG qnpo[!Gpwgp qpwqpwu[! pbptlwo t Glj. 88-mu: 

~ppljbtnwtlnpuwG oqwljwou uwuw~P tGbpqwmwpmpJntG[! (Aubo1) npn2tlmu 

t uhquuwfi qpwqpwuntt. ~wtj1tlmu t qpwq(lwup abdef uwljbpbu[!, npfi ppbGpg 

GbpliWJwgGmu t bphp :j>wqb[lp uwljbpbuGbpp qmuwp (filj. 88). 

I :Pwq[!, np[! pGmpwqptlmu t abc uwljbpbuntl, pppljbtnwtlnptlnq UJlllfll! 

ubquttwo 2hpmp tlbpwobtm tlJlw owfuutlnq ubquuwG tfibpqpwfi t (Aubo1): 

II ~wq[!, np[! pGmpwqptlmu t bdc uwltbpbuntl, ubqutlwil 2hJ1tn[! wnwGopG 

~wtj1wpwctpfiGbpp ljtnphtm tl[IW owfuutlnq tfibpqpwfi t (At101 ) : 

Ill ~>wq[!, ll[l[! pGmpwqpttmu t chef uwllhpbuntl, ubqutlwo ~wtllwpwctpG

Gbp[! uhquuwfi fugpljGbpp ub2 umgGbtm tlJlw owfuutlnq tfitpqj1wfi t (Ad"'): 

~11PltbtnwtlnpuwG lJlPll tGhpqpwG l1ti1Gp. 

Ap.d.=Aubq+A~"'+Ao~"': {185) 
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...... 

v4. 88. Oqw4wJ]lu ppJ!4btnwtlnpuw(i uwut.IJ~mu funtnjl uhquuwu 'l]lwqpwun: 

Ub[l ljwu1wpwb tjm(lob[l[} gmJy bG mtlbt. np ubqutjwb zbpm[} wnwGopG 

zwt!JwpwdpGGb[lp tjb(lwbbtm tjpw bwfuutjnq tubpqpwG hJ!t.IGwltwGmu ltwfutjwb 

t ubquuw(i fuyflltfl oLpg L ummpp ljmptjwbpp UJW[lWUbmpb[lpg: SbuwljwG 

hbmwqnUJmpJmGGbp[} YlllJY bG UJtjht. 11[1, btGbtntj tlib[lqbUJplj gmgwGpzGbppy, 

UUJWU!Wl(WhW[luwp t mqqwULumG L(Ulptjwapntj ubquuwG fugpl(libpp lJppwnm

flJillG[!: 

4mJn~wG mbuwltwpwp tGbpqpwJp ltwfutjwbmpJmGn ubquuwG fugplj]l 

ummppljmptjwbp]l LWJGmpJmGpg pb(ltjwb t Glj. 89-mu: 

q.ptu~>Jlli119 bpLmu t. np ubbwyGbtntj fuyJ1liJ1 ummpp ljmptjwbpp 

LWJUillflJIILU(}, ljmpuwu mbuwt,wpwp tGbpqpwu tjmppwGmu t, nG'l npmu WJ'l 

tj111ppwymul! ultqpmu nGpwlimu t wtjbtJ.! J1GmbGuJ14: 

UbquuwG fuyJll!Jl ummpp ltmptjwapp 50+ 70 uu LWJGmpJmGGbpJl 'lhUJpmu 

LtulpuwG mhuwliW(lwp tGhpqpwG ltwqumu t I ,8+ 1,35 lj4.UJ.dwu/mnGG: 
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M~ I 

I 1,9 

1.6 ' ~ ---... 
--

1, 1 

,0 
50 60 /0 Q(••) 

v l[ . 89. 4tnptiwu tnhuw4wpwp ttihtJ(jjlWJJl 4wfutlw()mpjntGI} uhquuwG fug]14J1 ummvJ1 
4tnptlwb'pjl [WJGnLflJillUJ19 : 

OtqqwGlumG ljuJptjwbpmJ. L ummpp wGypp bo=60uu LWJGmpJwG ubquuwG 

fJ.t~]pljGbpmu ubqutlwb zb[lUI[} 4mph[lll tjpw bwfuutJ.nq UJbuwljW[IW[l tGb[lqj1wG 

l1wqumu t A4u, = 1,52 lt4.m.dwu/mnGI1 : 

Pppl[bmwtlnptjnq UJnLfl[} upGzL n(lnzwllfl fumnLflJWG ubtlUbtm tjpw 

awtuutlnq mbuwljwpwp tGbpqpwG, ljwfutlwb zWtjlwpwdpuGbppg , ljwqumu t 

4+8lt4.m.dwu/mnGG. UhquuwG mbuwljw(lwp tGb[lqpwG ljwpbtJ.! t n[lnzbt GwL 

4..f'\. Ounpm[tt ljnqupy WllW2Wfll(tjll!J. pwGwoLntl [57], 11[1[! npnz oLwtjlllfum

flJIHUlibpJ!y hbum ljppwnbtJ.! t 'lWillimu OllWlJWJJ!U pppljbmwtjnpml UWUtJt~ubpp 

hwuwp. 

SH -aA, . H . (j ap., ,5 

! [ ] [ 
11-8 \l 

Auh•t =---;;; k ap0e E{ ap0 8)-Er(ap,J - H e -l j . ( 186) 

lljlmbq' S=aobn-G fugpljp ummpp ltmptjwbpp uwltb[lbull t, H=R·A-G' hntntjwltJl 

l!nqupy [}Uflq[lljtjwb zbpmp hwumntpjntGQ, li=R(l- I-A_A(2-A)) -u · 
Pmai X 

fuyjlljp Ub2 ubqt.lbtm UJWhpfi zb[lUlp hWUU111Lf!JIILil(}, Ei- fi' pfimbqJIWLWJJlll 

~lllg ~WJJIG :jlmfiljgpwfi, m-1} zwt!Jwpwdlljl qwGqtjwbl}, A-ll ' qn[lbwlj!Jg(}, a, k-G ' 

tlll!IUWl[jlg (j bp[!: 
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!ugJ14Jl 4nGw4wG t\wuJl tw\1 l(mpl[wupJlzwnwl[Jlru:! uwhuwGwtflwltl[mu t 

umwgl[nq ppJll!hmGbpJlzwnwl[qnl[ L ~Ujbtnp t qbpwqwGgJ125 uu-(!: 

'L4.6+ 11-mu pbpl[wu qpw~>Jll!Ghp\1 l[hptmumpJwG hJluwfi l[[lw, htGhtnl[ 

UjWJUwGJlg, np 600+800 4q/u3 JummpJwfi pppl(bmGbp umwfiwtm hwuwp 

wGhpwctbzm t 25 +35"L!t\u 2 ofizmu, JugJ14\l L1nfiwL1wG uwup u1wmp phpmpJwG 

GnuflGwt wpcthp[! Liw11ht\l t [!GqmGbt a= 6 + 10°, pwfip np a= 6 + 10° UjtumJl 

pbpnqnmG mGbgnq ubquuwG Jug\lliGhll\1 hpliWJlnttlJntG[! 2 + 3 wfiqwu l[mpp t 

umwgl[mu qmqwhbn uGJlUjGhll mGbgnq UIWUlbpnl[ JugJ14Ghp\l hwubuwu1, np[! L 

hwGqbyGmu t uwUL\l~\1 ubutWllWUlWJlnlPJWU Gl[wqbguwG[!: 

!ugJlliJl qtwGwJJlG uwumu wnw£wgnq hwl1wouzmu[! npnzl[mu t ( 190) 

pwGw6LJlg, hbmhJWL wpmwhwjtnntpjwup. 

a 011 =~(a-a01 ): 
s, 

( 193) 

!ugJllJJl qtwliwJJlG uwumu wnw£wgnq hw4w6Gzmu[! LiwpblJ! t nrmzbt Gwh 

hbmLJWL wpmwhWJUlnL!)JWUp (t2 35). 

[ 

2/f J q --(/.- /~··' 
U

011 
= ____!!.!._ e Rn - I : 

e 
(194) 

<.wuwmbq tmabtnl[ (193) h ( 194) hwl[wuwpmufibjl[!, umwGmu bGp LitnJl 

ljm[ll[Wupnl[ l(wqlinl[Jl Ju9fl4Jl [!UI}hwGntjl b[lltW!lntpjntU[!. 

L=~ln((a-ao, Jr Ru)e+ I)+ ~no ·: 
2fe %1 \ R 

(195) 

numwGll!ntG !W !UWL(WU l(Ul[!Ljwb"pm! l1wqum!h tughl!Gbpmu {Ublljw6h L 

UjjlpqUWJW6L Uwub[lnl[) hw4w6Gznt0[! ljWjlbt\1 t lljlnzbt (53) WjlUIWhlUJUllll

pjWUp h tmabtnl[ (43) 'lP~>hjlbGg\lwt hwl[wuwrmu[! 45.;.53 t2hrmu zwrwqpl[wb" 

bqwGwl!nl[ : Uwl!wJG qnrb"Gwl!wG 4JlrwnmpJwG qbUjpmu WJ'l hwl[wuwpuwG 

tmbntt'i[! pwl[wl(wG qctl[wp t: 

Q.npb"Gwl!wG hwzl[wpl!Gbpmu uhUjw6h L ll!PJlqUwJw6h uwubpnl[ 4wqunl[ll 

Jug\14fihpmu hw4w6GzntU[! nrnzbtm hwuwp l(wpblJ! t oqmwqnp()bt hbtnLJWL 

tull!J1PJ14 pwliw6L[! (t2 141). 

160 

a= O,l(c,(e'·,t.... -I}+ c10 {e'""(L-t..,l -1}}, 
npmbqjlg Jug\lltJl bpl!wpnt!)JnlU(! 4L\lGJ1. 

L=__!_l (l0a-c1(e''tx• -1} 1J L 
n + + ••' 

ell Cw 

(196) 

(197) 

njltnbq' Ch Cz h C10 qnpuwl(pgGbpp Ub~ntpjntfilibp[! tJ.bjlgtJ.mu b(i WllJnLUWL! 4-Jlg L 

G4.81-Jlg, pu4 c1, qnpb"w4fl91! hwumwmmG t L hwl[wuwp' c11=0,215 (t2 141): 

c, 11 c2 qnp()wltJlgGbp[! ltwpblJ! t npnzbL Gwh hbmLJWL wpmwhWJUlnL!)JWUp 

(t2 133, 134). 

c1 = c3 + c4a + c5a
2 + c~a3 , 

( 198) 
c2 = c7 + c8a '··. 

CJ . C4, C5, C6, C7, Cs h C9 qnjlb"Wlj\lgUbjlJl Ubantj)jntGGbjl[! pbpl[wb" bG 7-pl} h 8-pl} 

w•umuwltfihpmu: 

!ugJll!Jl ublljw6h UwuJl hpl!wjlntpjntG[!' ( t2 138) 

L . = ao -a. : (199) 
~· 2tga 

ntqqwGtumG l!mpl[w()pntJ. l!wqunl[ll JugJ1l(GbpJ1 ht.PJl lltnpl[wb"p\1 ~wtflbp[! 

uwhUwGwtflwLitJ.mu bG umwgtJ.nq ppJll!bmGbp\1 ~wtflbpntJ. h ~Ujbtnp t 

qbpwqwGgbG a. xb1 = 40x40UU·[! [83]: 

!ugJll(Ghp\1 ummpJl l(mpl[wapp ~wtflhp[! [!Gtnpl[mu bG ' htGbtntJ. umwgl[nq 

PPJlltbtnGbp\1 WUjlntpJmGpg: UbquuwG JugJ14J1 uGwgw~ pntnJl hwumwmmG 

UjwpwubmpbpJl qbUjpmu, wnwtJ.btwqmJG JummpJwG h wupmpJwG ppJlqbmGtp 

umwgl[mu bG 50x40 uu ummpWJJlG wligpp ~wl[1bpntj_ JugJ14Gbpmu: 

lugf14J1 UbUjw6L uwuJl UjWUlbpJl pbpntpjntGG [!UUlpl[mU t UjWhWG£tJ.nq 

wupmpJwG ppJ14bmlitp umwfiwtm UjWJUwGJlg h wfihpwctbzm hw4w6Gzmu 

umwGwtm hwuwp JugJ14Jl tpl!wpmpJwG utumpJwG l[pw wqqtgmpJwG 

wumJ16wGJ1g: Ubp LinquJlg qwmwptj_w() htmiuqnmmpJmGGbpJlg umwgl[bL t , np 

JugJll!Jl UbUjw6h UWUJl UjWUlb[lp OUjtnflUWL pbpntpjWU Ub~ntpjntU(! l(wqumu t 

a=8+12° (t2 51+55h 150): 

{195) L (197) WjlUIWhWjtnntpjntGGbpp Ub£ umlinq wlihpwctbzm pppl(hmw

qnpuwG 6Gzmu[! npnztJ.mu t '-t.fl .Ounpnl[llqnqliJlg wnw£wpl!l[nq pwfiw6Lnl[ [50]. 
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(200) 

npmbq' p,..,, -[! ubquuwfi tugJ!Ltmu fiJmp]l wnwt.J.btwqmJfi JuulnLflJnt!l!l t, Po -fi · 

fiJmp)l uLtqpfiwLtwfi tummpJntfi[!, a -G t. K -fi ' lflnpc:\fiwltwfi qnpbwq)lgfibp[!: 

Ubquuwfi tugJlLtmu fiJntf1p prrtJ, wnwt.J.btwqmJfi tummpJntfi(! npnzt.J.mu t 

hbmLJWL pwfiwc:\Lnt.J. (32]. 

(201) 

npmbq' PPr- umwgt.J.nq ppJlLtbmfibp)l JumntpJmfifi t, t-fi' ubquuwfi Jugltltmli fiJm

p)l ufiwtnt dwuwfiwlt(!, t<!: 15t.J. [ 103], a0 , /30 ,a,-G' lflnpc:\fiwljwfi qnpitwlj)lgfibp[!: 

Ubqut.J.wb pp)lltbmwt.J.npt.J.nq fiJnLPI! wnwfic:\pfi ~wlflwpwctpfifibpnt.J. ljmpbtm 

hwuwp ubquuwfi JugJ!ltl! Ltwhwt.J.npt.J.mu t [!fiqmfinq uwunt.J.: 

lug)llt)l [!Uqmfinq uwup UjWUlbp)l pbpntfljntfi(! [!fiqntfit.J.ntU t ub() lijntpp 

Ujwmbp)l hbm z..puwfi wfi4Jmfi)lg, npUjbuq}l JugJllt)l [!fiqmfinq uwumu fiJmpp 

ubqumu mbqp ~mfibfiw . 

tg If/ <:!: tg (/) = f : (202) 

IugJlltJl J!fiqmfinq uwup bpljwpntpJmfifi [!fiqmfit.J.mu t Lnp=3+10uu: 

Otqqw!l4Jmfi ljmpt.J.witpnt.J. tuYJ!ltJll!fillmfinq uwuJlLWJfinLflJnLfi[!. 

(203) 

4mpnq bqpbpp hwumntpjntUfi [!fimpt\ntU t h = 2 + 3uu: 

Ubquuwfi JugJllt)l ~wlflbp[! npnzbtmg hbmn Ltwpnq bfip npnzbtJugpljfibpp 

pwfiwltl!' ztu: Ul:iquuwfi tugJlltfibpp pwfiwltl! npnzmu bfip' btfibtnt.J. uwmppgwJJlfi 

oqwltp UjWpwq()'pg t. tugJlltltl!fil}ntfinq uwuJ'ltWJfintpJntfipg . 

21rR 
Zru=--. 

a.,,,+h 
(204) 

npmbq' R-[! uwmrpgwJ)lfi oqwljp zwnwl/llqli t, nr)l ti.Jlw mbqwpwztut.J.wit bli 

utquuwfi JuYJlltfibp[!: 

OtnnwUlumfi Ummlwitpn~. hhwtnpnrh4 wnn:)>hm~ wwmbnml ubquuwfi 

Jugltltlt UjWUlliJIJl Ujpn:J>Jlm (ulj. 25) [!Gmpmu blip ' btfibtntl. umwgtl.nq PPltltbmfibpp 

l62 

oUjUlJniWL ~wlflbppg' a X b = 40X 40 UU t. tugpljp UntUlpp ~Wt.J.lbppg • 

a
0 

x b
0 

= 40x 60uu (t2 61): Iugpljp bpljwpmpJwup 6fizuwfi pwztumu[! npnzt.J.mu t 

hbmLJWLPWfiwc:\Lnt.J. (t2 69). 

- {a,x+b,)~ [ l b · (1-bx)+~) (205) a .. - (' ) a, n , , ~ · 
~:·.-1 X b1111l 

e 

npmbJf a1=27,76, b1=1111 ,8, c1=0,0211, a3 = 0,0000105 t. b3 = 1,054- tugJl4Jl 

npnzw4Jl oUjmpuwt UjWpwubmpbppqbUjl!ntu hwppbguwfi qnpbwljltgfibpfi bfi : 

Umwgt.J.nq ppltljbmfibpp wfihpwctbzm p tummpJwfi (201) wpmwhwJmm-

pJmfipg npnzbtml. ubquuwG tugJlljmu pppljbmwt.J.npuwG UJnLflP wnwl.\.btwqmJG 

P ..... tummpJntfi[!, (200) pwfiwc:\t.nt.J. npnzmu bfil! ppltljbmwt.J.npuwG wfihpwdbzm 

a
0 

6uzntu[!, WJfinthbmt. filj . 32-mu pbpt.J.wb qpw:J>Jl4ltg, [!UUl umwgt.J.wb 6fizuwfi 

ubbntpjWU, npnzmu bull ubquuwfi tugJlljlt L bpljwpmpjnt!l[!: 

Ubquuw!l Jugpljp umwgt.J.w() UjWpwubmpbp[! umntqmu bGp, btfibtnt.J. WJfi 

UjWJUwllpg, np tug}lqp hwumwmm!l ljmpt.J.w()p m!lbgnq uwumu ppltljbm!lbp}l 

qmGt.J.btm ctwuwfiwltl! UjbUlp t ubit Lllfi}l 15 t.J.. - pg [103}: UJI} dwuwfiw41! npnz

t.J.mu t' btGbtnt.J. tugJlltmli bqwit fiJntflp qwfiqt.J.witpg , ~wlflwpwctfilt qwuqt.J.witpg t. 

~ wlflwpwcJfip mbqwzwpcJp cJwuwfiwLtJlg mwp)l~Jl ublt UjUlnLJUlp[!!lpwgpmu. 

t=6o(L-L~,)p,..,ab. (206) 
nm 

npmbq' m =-f)--1! ~wlflwpwcJ!lp qwGqt.J.w()fi t. 
Z · Znp 

UJfimhbmt. w!lg!lmu b!lp uwmppgwjp!l oqwltp t. hntnl.\_wlj!lbp}l ~wlflbp}l 

npnzuwfi[!, npp hwuwp [!fimpbtml uwmp)lgwJltfi oqwlt]l t. hntntl.wLtfibp)l 

zwnwtl]lqlibpp !!. =A. hwpwpbpntflJWli wpctbl![! (t2 75,76), liwtu npnzmu blip 
r 

hntnt.J.wltfibp)l ljnqu)lg pppljbmwtl.nrt.J.nq fiJntfllt Ltwn~uwfi [!fiqqrltliwfi ao 

wfitumli[! (t2 74). 
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ao = f/J +arcsin( sin f/J): 
..i-1 (207) 

~ntntJ.w4)1q)lpp(! pGnpn2n11 a11 wG4JntG(!, np)lqhutnmu wGhpw<tt2m Prra, 

JummpJwG pp)14bmwtJ.nptJ.n'l qwGqtJ.wb(! uwmmgtJ.mu t uhflUUwG Jug)14Gbp)1G, 

4J)1Gp (t2 77). 

a11 =arcco{I-A(l-cosa0 )J: (208) 
Pn-ru. 

<!.ntntJ.w4p UW4bpltntJpntJ. GnpUWL Ofi2UWG PW2JuntU(! 4pGnpn2tl.)l hbmltJWL 

wpmwhWJUlnLJlJWUp (t2 78). 

(209) 

CT i e''~.~~:~::51 -I Jv' I + 2(..1 -I )cos a+ (..i -I Y 
(j =-'- l 

• cosrp, I+ (..i -I )cos a 

<!.ntntJ.w4p tJ.pw wqqn11 qmuwpwJ)lG ntd(! h WJll md)l 4!JpwnuwG 4bm(! 

npn2tJ.mu bG hbmhJwt pwGw6LhpntJ. (ts> 82,83). 

[ 

( 
"""-<'""'' J a} /""- h,l<;; - -I I+ 2(..1 -l)cosa+ (..1 -IY 

F=F; +F2 =b1 f (..i ) da+CT,,_..,p
11 

, (210) 
"" I+ -1 cosa 

k /""- - ~--..,"" -1 ~1+2(..1-l)cosa+(..i-IY 
( 

<'<l<U---<:<~ ) 

a1 a---- ----- rda 
"' I+ (..i -l)cosa a,, 

a = ' a =- (211) 
1 ( <n<a---.'~"U ) ' 2 2 ' 

a, k /A>~ -1 ~1+2(..i-1)cosa+(..i-IY 
f- ---- - - ----rda 

"" l+(..i-1)cosa 

a - F;a, + Fla2 . 
,- F.+F . 

I 2 
(212) 

npUlbfl' F.-I! PPP4bmwtJ.nptJ.n'l GJmp)l UbflUilfl 6G2UWG maG t. F2-l!. UbflUtJ.w() 

qwGqlj_w()l! Jugp4Gbp umgGn'l md[!, F-1! · hntntJ.w4)1 tJ.pw wqqn'l qmuwpwJ)lG 

md(!, a,-1!· F. ma)l 4ppwnuwG 4hml! pGnf1"2"'1 wGLI.JmGn, a 2-l!' F2 m<t)l 
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LIPflWilUwG 4bm(! pGnpn2n11 wG4.JmG(!, ah-1!· hwuwqnp F mdp 4tJpwnuwG 4bml! 

punpn211fl wGtumG(!: 

f"l.GmbqpwtGbpp hw2tJ.ntU(! 4wmwplj_mu t hwuwliWflq~p tJ.pw, OllUttl.btntl. 

''Mathematica" 4wu "Mathcad" 4wu WJL ()pwqpbppg, oqmwqnpbbtml. 81 +85 

ts>bpmu pbplj_w() G2wGw4muGbp(!: 

CGmpbtntJ. uwmppgwjpG OflW4)1 R 2wnwlj_fl)l ubbntpjlllG(! (ts> R9), (!UUl 

uwuJ)l~)l mplj_w() Wf1UlWflflllflW4wGmpjWG, npn2ntU bGJ2 mwpp~)l Ub4 utUtntJUlP 

uGpwgpmu UbflUUWG Jug)14Gh[l Ufltl.ll'l qwGqtJ.wb(! t.. UlWflPiP utmmuwG 

hw6wJuwllwGmpJntG(! (ts> 85, 86). 

R'( l) q=2:tbP., A. 1- A (1 - cos~).4q./utm. (21 3) 

79..12 
n = ( X ) , ututl[lnut, 120qnbp0 R

2 ..i -I 1-cosa0 

(214) 

n[lUlbfl' b-G hntntJ.w4tJ LWJGntpjntGG t: 

<!.ntntl.w4)1 tJ.pw wqi}nfl mdbp(! hWilfiWhwpbtm hwuwp mwpp~p 

wGhpwab2m utmmuwG unubGm(! 4J)1G)l. 

T., = F(R-r)sinah: (215) 

SWflPiP wnwGgpntJ. wqqnfl2WnWtJ.flWJ)lG ntd(!. 

F1 = Fcosah : (216) 

Pp)14bmwtJ.npuwG uwuJ)lm W2JuwmbgGbtm hwuwp utWhwGs>tJ.n'l 

hqnpntpjntG(!' • •• ... 
1tn F(R-r) . 

P=T m=sma tlm: 
Ul 30 h> 

(217) 

lJllwtJ.np qwGqtJ.wbntJ. pp)14bmGb[l umwGwtm tJ.pw bwJuutJ.n'l W2JuwmwG

PI!. WjupGpG mbuw4wpwp hqnpmpjntG(!. 

p 
p =-, 4tlm.dwU/mnGG: 

f) 
(218) 

Cwp<tw4wG ppp4bmwtJ.npuwG ubpbGbpmu pp)14bmwtJ.npuwG fiJntflp 

uwmmguwfi utJuwGpqun ppbG)lg Gbp4wJwgGmu t utGL.uwmp4 l}lnJuwqptJi, npp 
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htuHiw4wG hwGqmJyGl:ipG l:iG OI}WJpG tunqmtw4W2Wf1J!, pl:inGwpwtlJnq uwppw

qnpmuJ! (yfl4tnGJ!) L OI}WU'lfll pwUhWpJ!, npp I}GflJ! 4wmwpmu t uwGpWU1PlP 

uwGpwgGnq pupm4J!: 

ITlGLuwmbl! wnruwunb~b UJWpwul:impl:ipJ! Of102l:iLnt hwuwp, hw2llfl wnGl:itn4 

GwL ppp4l:imwqnpuw(i uwuwlP w!ihpwcth2m wpmwqpnqw4wGmpJmGJ!, npn2mu 

l:iGp oqp wGhpwcth2m htpJ! L wpwqmpjntGJ! hl:imLJWL wpmwhWJU1ntpjntGGl:ippg 

(t2 92,93). 

(219) 

B 
v =--

011 B -I kpO'l (220) 

npml:iq · !90~ -I! wGhpwdl:i2m Ol}p pwGw4G t, U3/4, !9-G ' PPP4l:imwqnpuwG uwuwlP 

wpmwqpnqw4wGmpJnLUJ!, 4q/ctwu, m-[! ' tuwn!impqp 42nwJpG 4n!ighGmpwgpwG, 

G 
m =-~ , tunmp mhqwtlJntuuwG ql:ill!pntu m-p wpctl:ipJ! J!Gqm!iqmu t m =0,3+0,8 

G~ 

uwhuwGGl:ipmu, G~ -I! ' PPJ14hmwqnpqnq GJmpp uwmmgmuJ!, 4q/q, G~ -!! ' ol}p 

uwmmgmu[!, 4q/q, Po"_!! ' oqp tummpJntGJ!, 4q/u3
, 8-G' PflP4hmwqnpqnq Gjntppy 

4wtuqmb qnpbW4P91! (tunmwbqnmwJpG Gjntphpp hwuwp 8=2+2,5), v"~ -!! ' 

OI}WJpG hnupp wpwqmpJntUJ!, g-G ' wqwm wli4uw!i wpwqwgmUJ!, l-1!' uwulifl4Jl 

hp4wpntpjntGJ!, k-G ' qnpbw4f19J!, npJ! 4wfuqwb t uwuGp4Gbpp 6Lpg, oqp 

2wpctuwG pGmJppg L tunqnqw4p mpwuwqbpg: 

btGl:itn4 oqp wGhpwctl:i2m l:itppg L wpwqmpJmGpg, 4wpnq l:iGp 

funqnqw4Jl wGhpwctl:i2m mpwuwqpbJ! (t2 94). 

z9 

npn2hL 

(221) 

5r4tnGp Up£UWUJWU1p Gl:ippp(i UlflWUwqpbJ! npn2qmu t hl:imLJWL 

pwGw6Lnq (t2 96). 
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D
9 

=(1,5+2)D.J8: (222) 

. Iunqmtw4wzwpnuf OflWJPU tuwnumpqp zwpdlfwu ctwuwuw4 6uzuwu 

4npmumulipJ! npnzttmu tiu htimhJWL pwuw6hn4 (t2 97). 

P,• =(1 +n!k-p.,)gh I Po~~ [ J {i +AU'~ +4, +4-(g J +,;..} +Cn)) + x), (223) 

npml:irf ~0 -G bG4mU LUOW£Wgwb l}pUWI}[lntfljLUG 4n[lmumGhpp qnpbw4pgG t' 

ltwfuqwb bG4p wG4JmGpg, ~!!. -G' bli4mU WOW£Wgwb !].pULUI}flnlj}jWG 
D 

t1npmumGbpp qnpbw4pgJ!' 4wtuqwb bG4fl 4npmpJWG 2wnwqqp L tunqnqw4fl 

Ul[lWuwqbp !!._ hwpwphpmpJmGpg, K-G' hwuhuwmwlJwGmpJwG hwumwmm(i 
D 

qnpbw4P9J!, K=0,73, ~4 -G' LJnG!!Jmqnpmu funqnqw4p 4mpt!wbpp uwhmG 

~m~mtumpJmGpg umwgqnq 4npmumGhpp qnpbw4P9J!, ~~ -u· qp~mqnpmu 

4npmumGbpp qnpbw4fl9J!, D,-n· qp~mqnpmu tunqnqw4Jl 4mpqwbpp 

Ul!lwuwqpbJ!, ~bUl-l!' tunqnqw4p htpmu LJnpmumGbpp qnpbw4f19J!, C-G ' 

qnpbw4P91! 4wtuqwb tuwnGmpqp mbqwqmtuuwG wpwqmpJmGpg , 

v'" = 15+20u/q wpwqmpJmGGl:ipp qhUJpmu, C=0,58 + 0,4 , h-J!· tunmp 

mbqwqmtuuwG pwp6pmpJmGJ!, x-n ' hwumwmm!i qnpil'w4pgJ!, x=O,l +0,15, t , L

[! ' funqnqw4W2WflP hp4wpmpJOLUJ!, A -G ' 2tlJuwu qpuwqpmpjwG qnpbw4P9J!, 

npJ! UJ"'lUJWUlh tunqnqw4Gbpp ql:il.lJPmU 4wtuqwb tunqnqw4p mpwuwqbpg 

0,0011 
4mrhw t npn2hthl:imLJWL UJWpqhgqwb pwGw6Lnq' A= 0,0125+-D-: 

lunqnqw4w2wf1n4 pflp4hmwqnpqnq GJmpp mhqwtlJntuowG hwuwp 

ll!Whwli24"'l hqnpmpJnLUJ! npn2qmu t hl:imLJWL pw!iw6Lnq (t2 98). 

P - 6\P~- Po~)g [(I +m)h + 81!(1 +CmXI,+ x) [A~ + K~a~R +~4 +~~[_!2)z +~Uill(224 ) 
3600trp0~ 2k(B ~ l)- D 0 D, 
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lfwmmguwa )unqntJ.wl)mu mbqwlJwJtJ.Wb" OWJPWUJWUwl)p wnwtJ.htwqmJU 

pwptlpnt~JilLU(! £PWJpU 2WUJpl)mu hqwb" 2PP uwl)wpqwl)pg l)Lf!Gp (t£ 102). 

h = 8 2l(p&- Po~)A~ 
w•. 2kp~(B-IY ' 

(225) 

npmbq" A= ( ~~ }uwmmgnq )unqntJ.wl)p L l)nu:pmqnpp mpwuwqb"hpjl 

hwpwphpmpJmfi(i t : 

Uhquuwu )ugjll)Ghpjlg ubqutJ.wit qwGqtJ.wal! qmpu t qwLf!u hna ctwutwtJ.bup 

<.\LntJ., np(! WJfimhhmL oqwt1waL £W(l'lp~-tfm)uwqpp~p oqumpJwup pwctwutJ.nui t 

wnwuajlfi ppjllJhmuhpp (GlJ . 57): q.pmwtlmpahp)l wp'lJmfipubp(! gmJg tu mtJ.ht. 

np pp)ll)hmuhp)l l)mpwmmul! ppwl)wumu mtq)l t mutumu uwmp)lgwJ)lfi oqwl)pg 

k = 20uti hhnwtJ.npmpJWU tJ.pw: UmwgtJ.nq pp)ll)bmfibpjl bpl)wpmpJntU(! tJ.bpgtJ.mti 

t . hwuwu1wmwu)uwu wqpnqnnmb)uuj1l)wl)wu utwhwfi£uhp)lu ' Lp=50uu: 

Qwpqj1~-tJ.m)uwqp)llJ't4wGqGw4)1 hbnwtJ.npmpJntU(! uwmp)lgwj)lu oqwlJ)lg l)Lflup' 

I = k + Lp , (226) 

Ppp4hmubp)l wnwtJ.htwqmJU hpl)wpntpJntU(! 4Lf!fip · 

L =L+ iJ 
p.IUOI p 60 b' 

n"'z~zJu ,ai 
(227) 

npmbq' ""·-!! tJ.m)uwqpp~jl Ujtnmuwfi hw6w)uwl)wumpJmfifi t, zv-1!' pbpjl~fibp)l 

pwuwq(!, 

.J2bpp£fibp)l LWJfintpjntU(! L pwpapmpJntU(! npn2tJ.mt.i bfi hhtnLJWl 

pwuwaLhpntJ. (t2 109). 

B=21=2(Lp+k), (228) 

(229) 

npmhr( c-G , ljmJtnjl tJ.bppfi hwpp uwu)l bpqwpmpJmuu t , (!Uqmumu bup, np 

hwtJ.wuwp t Lp-p: 
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Ppjll)hmuhpp mhqwtlm)um~JWfi hwuwp wfihpwcth2m hqnpmpJmfi(! . 

~<I> =y= 
3
:

00
gf7r(R+l), tJ.m: (230) 

funmjl ppjll)hmwtJ.npuwfi qnpa(!Gpwgp tGhpwmwpmpJOLU(! npn2tJ.mti t 

pppl)hmwtJ.npuwu uhphfiwJp wnwuapfi hwfiqmmuhpp tuhpqwmwpmpJmGuhpjl 

qmuwpntJ.. 

(231) 

npmbq' -\. ~ -G pppl)bunutJ.npuwu uwuLJ't~)l tfibpqwmwpmpJmGG t. A lll·'1,.-u · 

uiGLumfm)uwqp)l~)l tuhpqwmwpmpJOLUI! (224), A? ,~-a· ppjll)hmuhp)l 2WP'lll~ 

tlm)uwqpp£p tubpqwmwpmpJntU(! (230), A11 .~.-G ' )unmp hwtJ.wpJ'll-uwfipwmp£11 

tllhpqwmwpmpJntU(!, A4,-u· pbnuwpwtJ.lnq tJ.ln)uwqp)l~p tfihpqwmwpntf!JOLU(!, 

Av-G' ubphfiwj)l J2W[121.UJpfi qpuwqpntpjwG hwqpwhwpuwu tGhpqwmw

pmpjlllU(!: 

PpplJhmwtJ.npuwG tpptJ. tfihpqpwfi 4Lf!fip (t2 154). 

(232) 

npmhq' A~..,-1! ubqt.itJ.wb" 2trml! wnwuapu £WtJ.lwpwctpuuhpp 4mrhtm tJ.pw 

b"w)uutJ.nq tutpqpwG t. uhquuwu )ugpl1Jl ummpjl 4mptJ.wapp 50+70uu 

tWJUillpJmuuhpp qhUJpmu l)mpuwu mhuwl)wpwp tfihpqpwG l)wqumu t 

I ,8.;- 1 ,35l)4.m.ctwu/mnufi (t2 154 ), A~ ... -1! · uhqutJ.wb" 2hf1ml! )ugpl)uhpp uh2 

umgfihtm tJ.pw b"w)uutJ.Illl tfihpqpwfi, ubqt.itJ.wb" qwfiqtJ.wb-1! )ugpl) umgGhtm 

hwuwp Ujwhwu2tJ.nq mbuwqwpwp tuhpqjlwfi qw)utJ.wb" ~t £WtJ.lwpwctGp 

qwfiqtJ.wapg L qwqumu t ' A~..,=8,31{4.m .'ctwu/mnuu, Autq_(!. ppjlqhmwtJ.npuwfi 

GJmpp utquuwa tutpqpwu: 

PpjlqhmwtJ.nptJ.rul UJOLP!! uhquuwfi L )ugjlqfihp umgunq tfihpqpwu ljwphLJ't t 

npn2ht (217) L (218) pwuwaLbpntJ.' p=Aub,1+A~.., : 

<!.wtJ.wpp~-uwupwmp~p tuhpqwmwpmpJntU(! npn2mu blip (!UUl (!fimptJ.wit 

hwtJ.wp)l~-uwupwmMl hqnpmpJwG: 

lfhphuwJ)l J2WP2WJpll qjluwqpmpJwfi hwqpwhwpuwu tJ.pw aw)uutJ.nq 

mbuwl)wpwp hqnpmpJmfi(! npn2tJ.mti t hhmLJWtpwuwaLntJ. (t2 !57). 
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f G v 
A = P ~bp. ~P, q4.m.ctwU!mnfi, 

p tJ (233) 

nputh'l' JP -(! ubpbfiwjjl I]WPZWJjlfi qjluwqpntpjWU qnpc}wqflgfi t, Gdhp·fi' 

ppjlqbmwqnpn'l ubpbfiwJjl 4zfln[!, q'U, vdh11-fi' ppJ14bmwqnpnq ubpbfiwJJl wztuw

mwfipwJpfi wpwqmpJntU[!, u/tJ.: 

PpJlllhutwtJ.npnq ubpbfiwJp hqnpntf)Jntfi[!. 

P=A fJq4.m, (234) 

[!pmbq' A-fi 44.m.ctwu/m., tJ -fi • m/ctwu: 

~wztJ.wp!Jh opbfiwk. CwpwqptJ.wb ubpnqplJwJntJ. 4wmwphL zwpdw4wfi 

ppJl4hmwtJ.npuwfi ubphfiwJJl hwztJ.wpq[!, 15 + 18% tunfiwtJ.mpJwfi wntJ.mJulJl 

pppqbmwtJ.npuwfi hwuwp: 

bLw4bmwJpfi mtlJwLfihpu I!fiqmfimu bfip. wpmwqpnqwqwfintf}Jntfil! · 

25004q!u
3

• ppJl4bmwtJ.nptJ.n'l fiJntpp tuumtf}Jntfil!' Po = 70qq/u3
, umwgtJ.nq 

.1 
PPP4hmfibpp tumntpjntfil!' pp = 7004q!u ' uwuLJl~p LJluhnp UJUlUlUWU 

hw6wtuw4wfimpJntfil! ' n = 70Ujut/pnUJ: 

Ubp qnqujlg 4wmwptJ.wb hbmwqnmmpJntfifihpl! gmg bfi mtJ.hL, np 

pppqbmwtJ.npUWfi O'lW4w6L UWULJl~fibpmu UbUjw<\L. L. UJ.Ppquwjw<\L. UWUbppg 

pwq4wgwb ubquuwfi tugJl4fihpp 6L.[! oUJmpliwL t [2]: 

lugJ14fihpp twp LlmptJ.wbpp ~wtllbp[! uwhuwfiwtllwLJtJ.mu bfi umwgtJ.nq 

ppJ14bmfibpflqmptJ.wbpp ~wtllbpntJ. L. ~UJbmp t qbpwqwfighfi a, xb, = 40x40uu: 

IugJ14fibpp ummpp 4mptJ.wbpjl ~wtllhp[! (!fimptJ.mu hfi' btfibtntJ. umwgtJ.nq 

ppp4hmfibpp wupntflJwfi pfimpwqpbpjlg, [!fiqmfimu bfip · a0 xb0 = 50x40uu 

(t2146-150): 

lugJ14Jl uhUJw6L. uwup UJwmhpp (lbpntflJWfi wfitumfil! · a= 8°: 

Iugf1llf1 ubUJwdL. uwufl bpqwpmf)Jntfi(! npnztJ.mu t (199) wpmwhwJmm

flJntfiflg' L = 35,6 uu: 

4wquntJ.p ubquuwfi tugf1LIJ1 I!fiqhwfimp bp4wpmpJntfil! npnztJ.mu t (197) 

wpmwhWJUlnLflJntfijlg, npmhq' c, 1= 0,215 (t2 39); a0 = 50uu-p qbUJ.pmu· c10= 40 
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( fi4 . 78); k = 0,332, a = 4,61·10·3 , a0 = 0,4 71, Po = 0,496, a, = 4,45 ·10-.1 qnpc}wqjlg

fibpjl L. t=201.{.-jl fiwtufiwqwfi wpdbpfibpjlqbuwmu (200) L. (201) hwtJ.wuwpmu

fibpjl hwuwmbq tmc}mujlg umwgtJ.mu t' a= 48,2 'U/uu2
: 

c1 L. c2 qnpc}wltltgfibp)l wpdbpfibp[! npnzqmu bfi (198) wpmwhwJmmpJm

fijlg, [!UqntfibtntJ.' c3=0.6922; c4 = 0,1385; Cs =0,00786, c6=(); C7= 0,3317, Cg =0,227, 

c~==0,3467 (wllJmuwq 7,8); c1=0,09727; Cz=0,725. 

UmwgtJ.wb wpctbpfihp[! mbqwqphtntJ. (197) wpmwhwJUlnlflJWfi ub2, 

L1umwfiwfip ubUJw6L. L. UJpjlqliwJw6L. uwubp)lg pwqqwgwb qwquntl.)l ubquuwfi 

tugJlLIJl [!fiqhwfimp hpqwpmpJmfil!' L=145uu. 

Uh'llitJ.wc} qwfiqtJ.wb[! wnwfi6flfi ~wtllwpwdflfifibpntJ. qmpntuu WUJwhntJ.hLnt 

hwuwp uhquuwu tu9P41! qwhwtJ.nptJ.mu t [!fiqmfin'l uwumt. npp UJWpwubmphpl! 

4LJlfibfi. 

[!Uqntfifl'l UWUjl UjWUlbpp pbpntpjntfi(!' 

tgl{l <::tga= fcm, 

16% tunfiwqmpJwfi wntJ.ntJUljl hwuwp f.. .. = 0,7 (fiq. 84), hbmL.wpwp · If/<:: 35°: 

Cfiqmfimu bfip' If/ =45°. ofipwtugpqp bpqwpmpJmfifi [!fiqmfimu hfip' L==5uu: 

bfipwtugJlltP LWJfintpjntfi[!' 

a.,p = a0 + 2L.,/g If/= 60uu : 

4mpn'l bqphpjl hwummpJntU(! · h==2,5 uu: 

Uh'luuwfi tugpquhpp pwfiw41! npnztJ.mu t (204) wpmwhwJmmpJwUp, 

[!fiqmfihtntJ.' A.= 2,4, Z=2, f = 0,5 [87] L. R= 450 uu UJ.wpwuhmphp[!: Z~,9=45,2, 

I!fiqmfimu hfip · ~9=45. 

Uh11uuwfi tugflqp umwgtJ.w() UJ.wpwuhmphp[! ummqmu bfip · hwztl.)l wnfibtntJ. 

WJfi UJ.WJUWfi[!, np tugJlqp hwumwmmfi qmptJ.wc}p mfibgnq uwumu ppflqbmfibpjl 

qmfitJ.btnt dwuwfiwq(! UJ.butp t ubc} LJlfi)l' t > 15 tJ. . [103]: 

Iugpqjl UJ.ppquwJw6L. uwumu pp)lqhmfibpp qmfitJ.btm dwuwfiw41! npnztJ.mu t 

(206) wpmwhwJmmpJmfipg L. hwtJ.wuwp t · t = 26,2t{[l~.: 

Cfimpqwb UJWpwubmpbpnq' (207) + (218) pwfiw6L.bpntJ., hwuwqwpq~p qpw 

''Mathcad" bpwqpfl oqfimpJwUp npnzmu bfip uwmppgwJJlfi o'lw4)1 L hntntJ.w4)1 
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UIWf1WUbmpbpJ1. a 0 =59°l2'. a 11 =14°. F,=l2.84u. F2 =89,954u, F=l02.7, 

a11 = 8°18', q = 0,3384q/l4ll1. F3 =I 01,741. T = 3,8864uu, P = 25,144.tn, 

p = 10,041 ~4uutwu/mnfi: 

Ubquqwb 2hPU1J1 wnwfio~G ~wl}1wpwd~Gfibp)1 lju1pbtm qpw bwtuuqnq 

tGbpq~wG' A4U1=1,8lj4.m.dwu/mnGG (t2 154): 

PpJ'llibtnwtJ.npuwG uwlitNP tfibpqwmwpmpJntGJ1' Ap1,=p+A4u,=l1 ,841 

lj'-lm.dwu/mnGG: 

CGqmGhtntJ. 8=2,3, m=O, 7, ~" = 2, ~!. = 0,15, ~4 = 0,1, ~q = 0,4, C = 0,5, 
D 

~~tQ =I, K=0,73, x=O,I25, H=2,5u, L=3u L I =0,04u, (219)+(225) pwGw6LbpntJ. 

hw2qmu bGp tl!fiLuwmll4 l.jmtuw•lPP~~ UlwpwubmpbpJl. oqp hnupp wqhpwdb2u1 

tw~· z9oq = 1,4u3/lj_, oqjl hnupjl wpwqm)}JOLGJ1' Yo,1=9,&6ti/tJ., tiwmmgnq tunqntJ.wliJ'! 

mpwtiwq)1aJ1· D=0,425u, gjllltnfijl 0)1\)GwLqwmjl mpwtiwqjlb£! · Dy=0,9U, 

tunqnqwltmli 6G2uwG l1npmumGbp[!· Puu==2,606 lj'U/u2
, tl!GLuwm~lj l}mJuwq[l~~ll 

w2tuwuJbgGhtm hwuwp u1whwG2tJ.nq hqnpmpJmGJl' Pu1 .~, .=3 ,649lj'-lul: 

UutwgtJ.wa u1wpwubmpbpntJ. [!Umpmu bup KY<l>-1,8 tunmp hwtJ.wpp~

uwGpwmjl~[!. np)l uwGpwgGnq ptipm4J1 t1wmwpmu t pwuhwp)l qbp: KY<l>-1,8 

tunm)1 hwtJ.wpktiwGpwm)tlP htnWwljwG gmgwG~2GhpG t;(i ' qwGqtJ.w0[!-1600ljq, 

LqwhwG\)tJ.nq hqnpmpJntG[!-P11 ~ = 13,2lj'-lm: 

CGqmGhtntJ. pppljhmGbp!l hpljwpmpJntG[! · Lp=5uti, \)Wpqp~-l}lnJuwq[lp~ll 

LqmmuwG hw6wJuwljwfimpjntGJ1' nq,=l7tl!m/p, l1wfiqfiwljfibp~ pwGwlj[! :zq,=4 t. 

oqmtlbLntl (226)+(230) pwGwtJLhppg, npnzmu bG \)WJl'llli· tJtnJuwqp!Jw Lqwpw

uhmphp[!' 1 = 70uu, B= 140uu, H= 1 oouu. P~ _q,= 1 ,2lJ'-lm: 

OqmtJ.htntl (231)+(234) pwGwc\Lhpjlg t. puwGwtntJ. utnhfiwJjl lJ2!JnG m 

W2JuwmwGnwJ)1fi wpwqmpjntG[!, 0[102nLU tGn ppjlljhmwtJ.npnq ubphfiWJll 

UIWhwG\)tJ.nq hqnpmpjntG[!: CGqmGhLntJ.' G=29000'U , Vw2.=5lju/d, utnhGwj)1 

hqnpmpJntU[! 4lJ'!u~ · P~= 89,7 44.tn: 

bLGhLn4 LqwhwG\)tJ.nll. hqnpmpJmGpg, wqphqwmwtJ.npuwG hwuwp [!Gtnpmu 

bGp T-150K wGtJ.wtJ.np mpwljmnp[!: 
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I 0. AI'P4t1SU'-Ulf'UU'U UUlJlJl.~p 4Ufl.llHN .. UO.E!C! tJ'lJ.. 'UI'U 
S'US hUU 4U'U c!>llf':JUI'4lll-U'Ut1I'C! 

ltwmwptJ.wa mhuwljwG u qmp6Ciwljw(i hbmwqnmmpJmGGbpjl hpuwu l{pw 

ubp l)n'l.U!lg uwtuwqb!J.hl L lliWtnpwutn!J.bt t llE-2 pp!Jltbu•wtlnptiwG UWUJ.PiP 

tJ.mp6GwltwG op!lfiwlj, np[! 1975p. tJ.tnpowplj!J.hL t bpLwGjl CwhmtiJwGjlzp2wfip 

!uU44 XXII hwuwqmuwp~ wGtJ.wG umUunqmu: 

'Ulj.92 t. filj .93-mu tl!WUlljbp!J.wb bG llo-2 pp!lljhmw!J.nptiwG uwuJ.jl~p 

[!GqhwGmp mhup[!, np[! pwqljwgwa t 2P2WqantJ. qwuwtJ.nptJ.wa tugtJliGhpntJ. (2) 

uwmpjlgwjpG O'lWlJpg (I), ljnGwljwG nbqntl1U1nppg (3), l}lntuwGgtiwG tnnttl1)1g 

(4), \)wpq!l~·t\mtuwqp!Jil19 (I 0), tthLIU1PW2WJtd)lll19 (5): lfwmppgwJpG oqwljmu 

mbqwljwJtJ.wiY bfi hpljm uwtitn'l hnLntJ.wljfihp (6), npnfip hnqwlJwtl!bpntJ. 

tiltwgtJ.wa hG mwpjl,1pfi (7), np[! ljn2m ujlwgtJ.wa t ljnGwljwG nhqmljmnpp 

mwptjnq tltubnpG (8): lfwmpjlQWJ!lG Oll.WlJp t\h[l!lG uwumU mhqwljwJtlwa t 

pppljhmwttnrniwG GJmpjl uwmmguwG pm!illh[l£! (9): Pp!J4hmfihp!l £Wpquwfi L 

hhnwguwfi fitl!WU1Wl!llfi ()wnwJmU t 2WPflll~-4mtuwqp!Jw ( 10): 

'U~. 92. nE-2 ppp~bmwqnpuw(i UWUtP~P uuqhwfimp Ulbupu: 
173 



"t..4. 93 . Pppl{limwtlnpuwfi owutlt~P tl(lw owotnrt hntntlw4Glippqppj?[!: 

.Pppl{l:imwtlnpowu UWUtPi[! wz(uwmmu t hhmL.JWL l{hpUj. pppl{htnwt[npt[nrt 

fi Jlllfll! pmfil{hppg (9) uwmmgt[nui t uwmppgwJ!Ifi oqw4p (I) fihpppu (unn% 

nJ.lmbq 4wnztlhtntl uhrttlnq hntntlw4fihpp (6) 41UJ.Upg, uhrtlit[mu t uhquowu 

Jugpl{ul:ip (2): Uhrtrtuwu Jugp4Cihppg ppp41:imwt[nptlnl1 UJnLfl[! qmpu t qwiJ1u 

jumwgtlwi> dwll.}wt[bfip mhupml., "Ill! 2WP'lP2.·tlln(uwqppzntl (10) pwdwGt[mu t 

wnwuopfi ppp4hmubpp L. mbqw$nJutJ.mu qhUjp $n(uwqpwup2ngubp: Pppl{hmw

t[npuwu uwuww wztuwmwunwJpG t[pow4mu pbpt[wil" t G4.94-mu: 

~~~-~~·: i ~~~1ii~·;;~ ~-~ ,. -...... ~. ----
'-'4.94. IIE-2 pflp4l:itnwtlnpuwG owutltw wz(uwmwfipwJpG tllJ6w4mo: 
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Sfiml:iuw4wfi !Jmpowp4mtifil:ipp dwuwfiw4 ppp4hmwtlnptlht b(J 

"U(JwufiWUJWhntflJWfi L. wfiwufiwpmdmpJWfi hWJ4W4wfi qpmwhhmwqnmw4wfi 

j1fiumpmmmp" 4nqupg wnw2wp4t{wb' 4nzm, (umwgt{wb L. hwfinwJpfi L1hphpp 

pwrtwqpwmnuuhpnt.J. 4hphp: 41:iphpp pwflwqpwmnuuhpl! phpt.J.wb hu wllJmuw4 

9-nul : 

<l>npowp4moubpp [!Gpwgpmo zWtlltlht l:iu ppp41:imwtlnpuw!i qnpO"[!!ipwgp 

ttil:ipqwmwpmpJntfi[! L. JlllPWVWUiJnL[l pwflwqpwu1miunt1 umwgtlwb pppl{l:itn

fihpp (ummpJmfi!i m wupmpJntfi[!: <l>npohpp wpqJmfinfihpp UP2PU wpdl:ip!ihpl! 

pl:ipt{wil" h!i WllJmuwl{ 10-mo: 

U11JntUW4 9 
i - ·--- ~-- ------ ·----- ----- -- .Pwnwnnwmnu~n------- ···-·---

! Jlllfl[! I II III IV V VI VII VIII IX 
[ liJqpubpp L. tuwrtn-
i nhunuhnh tunm,% 

- 70 55 60 - - - - 60 

i Umlnum % 100 - - - 55 75 79 60 -
i 5nnm,% - - IS - - . - IS . 
1 ~wuwuatlwb L!hp, % - 30 30 30 - . - - 25 

I q.wnh,% . . - - 25 25 20,5 25 -
I lunflllh(Jh, % - - - 10 20 - - - IS 

! T&l..!!:!.Ql_I!L(!, %___ __ ___ .. :. . - -~- _. - - - - 0,5 - -
-··- --- ---·- ··- - - ·------L-- '"---

Urumuw4 10 

i Bmgwupzuhp[! 
Pwqwqpwmnuun 

I II III IV v VI VII VIII IX 
J Shuw4wpwp tubpqw-

18 , 19 t mwpntpjntG[!, 19 22 18 17 18 16 24 
l!'-tm.d/m I 

i 0 
0 I 0 

0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 

t "'"'"'fiO, ~q!U ' 
00 r-- \0 0\ 00 r-- 00 \0 0\ 
+ + + + + + + ·I· + 

0 o I o 0 0 0 0 0 0 
0 0 V"l 0 0 0 0 0 0 
\0 V) v r-- \0 V) \0 v r--

i 00 \0 V"l 00 r-- V) \() V) 0\ 

1 UupmpJmal! 0\ 0\ V) 0\ 0\ 0\ 0\ 0\ 0\ 
o" o" "'· 0 0 0 o" 0 0[ I _____ --- 0 
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lumwgqw() pppljbm(ibpp WUpnt~jW!i p(im~wqphp[! hWUWUJWUlWUfuW

UntU b(i wqpnqnnmbfu!ijlljwljw(i Ujwhwu21ibpjl!i: "U!iwu!iwUjwhnt~JWii L. 

wuwu!iwpmdmpJWii hwJljwljw(i qjlmwhbmwqnmwljw(i jl!iumjlmmmp" 

wnw2wpltwb' ltnzm, fumwgqw() L. hwGpwJp!i ljbpbpp pwflwqpwmnu-ubpntJ. 

UJWmpwumtJ.wb ppjlljbmGbpntJ.ljntJ.bpjlljbpwljpmul! gmJg mtJ.bg , np pptJltbm!ibp[! 

ltbfiqw!iflGbpfl opqw!iflqufl tlflw pwgwuwltwG wqqbgmpJm!i ~bG pnfl!intu, pult 

ltntJ.bpfl ljwp!iwmtJ.ntpjnt!il} w6mu t 5+8%-ntJ.: liJ'l qbUjpntu hwuwpjW tllntlflfi 

pwgwljWJntU b(i ljbpbpp ljnpmum!ibpl}, npn!ip untJ.npwljwG funmntJ. ljbpwljpbtm 

qbUJpmu ljwqumu tp!i 1 0+20%: 

<!.pup n!iqmlibtntl no-2 ppplJbmwtJ.npuwG uwutllw. ubp ljnfllipg uzwljtJ.bt L. 

fiwfuwqbtJ.bt t nKo-2,0 ljgntlfl ppjlljbmwqnpuwG ljnupwJiil! (lilt. 95), np[! 

!iwfuwmbuqw() t w!ilifl2WUJbu qwzmmu, twubppg funm[! pppljbmwtJ.npbtm 

hwuwp: 4nupwJ!imu oqmwqnpotJ.bt t !intJfiUJpup pppljbmwtJ.npuwG uwuw~. 

pG~UJpup(i umwgfln!iwp ppjlljbmwtJ.npuw(i ubpbUWJp Uh2, upwj!i WJU l}hUjpntU 

WJU hwpuwpwqwutJ.bt t WJl ubfuw!iflquubpp hbm, hfiwpwtJ.np qwpo!ibtntJ. funmp 

pppljbmwtJ.npmul! qwzmwJp!i UJWJuw!ifibpmu: 4nupwJfip ljwnngqwbpwJpG 

ufubuwfi L wnw!iojlfi hwGqmJgfibp[! UJwzmUJwfitJ.bt b!i N° 677719 L. N° 680685 

luU<!.lf hbtlJlGwljwjp!i tllJWJWl]w!i!ibpnq [10,11] L P20020028 <!.WJwumw!ijl 

<!.w!ipwUJbmntflJWii wpmnGwqpp hwjmntl [6] : 

.. .. ~. 

·.· ·.: .. ~ ~::. . ;; .\;c:.~~~;~;~;;- :: ~:::::·:· ~~ -::0~~~~~>1. 
f~~ ~~· ... .,.,;~·~~ !'; l · 

~~t;-~':i~':'~~:c:~ . . .. -- -- ~ -JO!\'Ib."tlllill\ill\l't~ . ...c.· ._ ........ '~~ 7"' -~··~·<: ·. . ~~~~~ 
=~~~~f.~::;;:: ::~~.:~'.#~~;~:...~·:; . 0. t:~ ;:; ,-": .•· ., ... . . . .• 

u~. 95. OKS-2,0 ~gnqp ppjl~hmwtlnpuwG ~nupwJGp(!Gqhwfimp mbup(!: 
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nKo-2,0 ltgntJ.jl pppljbmwtJ.npuw!i ljnupWJU[! pwflljwgw() t ZP2WUWlJpg, 

htutJ.wpjl~jlg, uwfipwmjl~jlg, Ujfit..uwmjllj fun'lntlw4wzwpjlg, gp!Jtn!ijlg, pppljb

UlWl{npnq Uhfuw!ipqupg, oqwljwat.. Jllnfuwl}pp~pg , pbnfiW~WtPfi'l JllnfuWllflp~pg , 

hbfiwpw!iwjpfi wfipl{!ihpjlg L. zwpdwhwflnpq UhfuwGjlqujlg: 

4nupwj!ifi wzfuwmmu t hhmi..JWLIJhpUj. 

Lwuhpmu ~npwgwo funm[! ljnupwJfip hwtJ.wpp~n4 hwtJ.wptJ.mu t.. mptJ.mu t 

uwfipwU1tJiJt!i, "1'13 WJ!i uwupwgumu t 50+80uu hpljwpmpJwfi uwu!iplJGhpjl L. 

utfit..uwmjllj funflntJ.wljwzwpntJ. uwmmgmu ppjlljhmwqnpuwfi uttuwnpqupfi: 

~ppltbmwtJ.npuw(i ubfuw!ipqup pnt!iljbpmu funmp qw!iqtJ.wo[! fiwfuWUJOU 

tun!iwtJ.wgtJ.mu t L hntntJ.wlj!ihpntJ. ubquqmu ubfluuw!i fugplj!ibp: UmwgtJ.wb 

ubrtutJ.wb dWUJWtlbfi!ihpl! of1w4wJpfi 2WP'llli-Jllnfuwqppintl pwdwfilj_mu hfi 

wnw!iop!i pp!Jlthmfibpp, hwtJ.wptJ.mu t.. mptJ.mu bfi pwp&fi'l tJ.mfuwrlflllitJ!i, np[! t.. 

pwpomu t JllnfuwqpwutJ2ngp ub2: 

4nupwJ!in wqpbqwmwtJ.nptJ.mu t T-150K mpwljmnpjl hhm: 

S!imbuwljw!i tJ.mpowpljmu!ibpp [!lipwgpmu 6zmtJ.hL b!i ltntipwJfip 

mbfu!ijlljwm!imbuwltw!i L zwhwqnpbwljw!i gmgw!ipz!ibp[!, npn!ip phpqw() b!i 

11-pq L 15 -pq wrtJmuwlJ!ihpmu: 

Urumuwlt II 
nKo-2,0 ljgntJ.j1 ppplthmwtJ.npnfll.tnupwJfip mhfufiltltwlJw!i p!impwqpp[! 

Upmwqpnrtwltw!intpjnt!i[!, m/d .... ... .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,0 

Uzfuwmw!iuwJJl!i wpwqmpJntfi[!, ltuld .. ...... ... . .. .. ... .... ....... ... 3+5 

~pflljbmwlj_npnfl ubfuw!ijlqujl tllubnp Ujmmuw!i hw6wfuwljw!im-

pjntlil!, UJUlfpnuJ .. ..... . . .. ....... ..... .. .... ... .. . ... . . .. . . . .. .. .. .. . . . . . . . . . . 70 

<!.wtJ.wplJi-UW!ipwmp~p zwpdwhwqnpq tllubnjl UjtnUlUW!i hw6w-

fuwljw!intpjnt!i)}, UJUl/pnUJ ..... .. . . .. .. .. . . . . . . . .. . . . . . .. .. .. . .. . 525 

Oqwljw6L 2WPtlktlmfuwqpp~p UJmmuw(i hw6wfuwljwfim~Jm-

un, UjUl/pnUJ... . . .. .. ... .. ................ ........ .. ..... .. ... . .... ...... .. .. . 17 

~wponq ljmfuwt1f1Pifl wpwqnt~jntli[!, u/q..... .. ..... . ... .. ... .. . ..... . 0,8 

PppljbmwtJ.npuwfi ubfuwfipqup wzfuwmwfipWJPU fugpljjl UJWpw-
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uhmptpn' 

ummpp qmptJ.wapJltWJUnLIJJnLUJ}, uU... . . . .. . .. .. . . . . . . . . .. .. .. 60 

twJ14mptJ.wapp ~wi.Jlhpn, uu... ..... . ..... .... ..... . .... . ....... 40x40 

ltt9P4P hpqwpmpJmlln, uu....................................... ISO 

lttgJ14Jl uhUJwot. uwup UJWUlp IJhpmpJmfin, .. .. .. .. .. .. .. .... I 0° 

wztuwmwllpwjpll lttgJlqfihpp pwfiwqn, hwm.. ...... .......... 45 

UmwgtJ.wa pppqhmllhpp UJWpwuhmphpn' 

ppJlllhmllhpp ~wi.Jlhpl}, uu .......................... .. .............. 40x40x50 

pppqhmfihpptuumtpJmfin, qq/113
.... ...... .................. .. .... 600+800 

pppqbmfihpp awtJ.WtWJpU qzpnl}, qq/11
3
........ .... .. .. .. .... .... 400+500 

pppqhmllhpp wupmpJntfiJ} ........ ··· · .............................. 0,96+0,98 

lllwhwll2tJ.nq hqnpmpJmfin' 

hwtJ.wpp~- uwfipwmp~. 44.m...... .. .... .... .. .... .. ...... ........ 13.2 

pppqhmwtJ.nplli[ uhtuwllpqu t. I.Jlntuwqpp~fihp, 44.m.... . .. .. 58,5 

pwpzwJJlfi qpuwqpmpJwfi hw!J.Pwhwpmu, 44.m....... ...... 7,5 

Y.nupwJfip UJWhwfi2tl.llll hqnpmpJmfin, q4.m.. . ..... ........ . .. .. .. ..... 79 2 
' 

UqphqwmwtJ.npmun, mpwqmnp........... .. .... .. ............ .. ......... . T-150K 
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II. IIK:S-2,0 JlPP'llbSU'4.ClPUU1s 'llfiU"JlU81sP SlsSbUU'li:Uls 
~PU"VU'4.ClPfiHJ1! 

lshpqwJwgtJ.nq qnupwJ!lJl mfimhuwqwfi WMJmfiwtJ.hmmiJJnLUJ} umwfi-qwpm 

ubpnqpqWJntJ. wfihfiwp t hwztJ.wpqhL, pwfip np ubp hwfipWU)bUlntfljnLUnLU, 

pfi~UJhu Gwt. U Ill<!. hpqpfihpmu, ~qwG qwGqtJ.wbwJpG wpmwqptJ.nq Gwtuwmpu)bp: 

<.hmLwpwp, uhp 4nr1upg qwmwptJ.hL t pppqhmwtJ.nptJ.wa qhphpp UJwmpwumuwG 

L tuGwumGGhppG qhpwqpuwG mblttfintnqpwjp mhlttfipqn-mfimhuwl.jwG hpuGw

tJ.npmun: liJu qhUJpmu npUJhu qhphpp uJwmpwumuwG t. wGwumGGhp!1u 

ljhpwl[phtm pwqwjpG mhlttfintnqpw numptJ.ht t hwqwtJ.nJ1tJ.wo ltb[!hJ1!1 

UJtUUlflWumuwG t. t1hpwqpuwG mhlttfintnqpwfi: 

<!,wztJ.wpqfihp qwmwphtm hwuwp mwfip JDL[!Wpwfi~mp mhlttfintnqpwjp 

OUjbpwgpwfihpn, GzhtntJ. oqmwqnpatJ.nq uhphfiwfihpn: 

ll.l.luOSf'\ 1sUluUillUSf'UUSUU1s <!.UUbUUS4.0'l SblulsOLOq.pUlsbf'C 

4.tunmp hwtJ.wpmu, uwfipwgmu, pppqhmwtJ.npmu t. pwpomu tJ.m!lJwqpwup

~mgfihpn (zwpdwqwfi pppqhmwtJ.npnq lJnupwJG TIKE-2,0), 5. pppl.jhmfihpp 

mhqwtJ.lnlttmu (2IlTC-4 mpwqmnpwjpfi qgnpqp~). 6.pppqhmfihpp phnGwtJ.npmun 

UJWhhum (dwUJwtJ.hfiwJpfi I.Jln!lJwrwp~). 7. pppqhmfihpp UJWhUJwfimu (uhphfiw

JwgtJ.wa UJwhhum), 8. pppqhmfihpp pwpomuu UJwhhumpg (dwulwtJ.hfiwJpll 

I.Jln!lJwqpp~). 9. pppqhmfihpp mhqwtJ.m!lJmun wfiwu!lwzhGp t. pwztumun qntJ.hppG 

(qhpwpwztullf KTY-10): 

~w~w!J.nuuwfi wb).uGntnsbw. I. Junmp hfiomu (Junmhfiop~ · KC-2, I), 

2.Junmp hwtJ.wpmun LWuhpp (I.Jlngtu' rBK-6[). 3.twup 2P2mu (I.JlngJu' rBK-6[). 

4. Junmp hwtJ.wpmu t. hwqwtJ.npmu (hwtJ.wpp~-uwuwf IICE-1,6M), 5. hwqhpp 

hwtJ.wpmu t. qwpumu (hwtJ.wpp~-hw4wqwpup~ fYT 2,5), 6.hwqbpp qwpuwqmJ

mbpp hwtJ.wpmu (hw4hpp qwpuw4mJmhpp I.Jlntuwqppf TWH-2,5), 7. hw4hpp 

l}wpuwqmJmbpp I.JlnJuwqpmu (wtJ.mnuhphfiw 3ll11-M3-555), 8. hw4bpp qhqw-
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11.3. 450'-I.P .PPP.4bSU'411PU1rt .. 40l.JPU3"UP. Ubt5Ut5Uiu Q."UP. ~UC'-1.Uf'4Q 

'GJnt'1WJpfi pfipfiwpdhp~ 0(102tJmu t hhmLJWL 4hPttt· 

C0 =G(;iHK, +M)+d, (236) 

npmh11 ' Co·fi llJnL'1WJpfi pfipfiwpdhpfi t, G-fi' wnwfig qllmtP. tihphfiwtiwuhpp 

ubphfiwJp tiw£?mp qwfiq~wOn, G=J300 4q, A-fi ' wfiwtnqwjpfi OEC-1 ,6M 

tlb£?hl.iwjp hwtihtiwm l)wnmg~wil'pwJpfi pwpqmpJwfi qnp0w4pg~, ). = 1,5, H-~· 

ubphfiwJp 14q tiwpmp qwfiq~wbp wpmwqpmpJwfi tijlw awJuu[!, H=470 qpwu, 

M-~· fiJmpp llJq tiwpmp qwfiqtJ.wap wpdhp~. M=270 qpwti, K-fi ' 4wtutJ.wO 

flOllW(14tlwfi aw~w\llg' H-p t{lmjmJutiwfi qnp0w4pg(!, d-fi' hptifiw4wfi qfin!J.P 

hwfiqmJgfihpp wpdhp~, npp tihOntpJmfifihp~ phptJ.wO hfi wrumuw4 13-mti: 

UllJlllUWIJ I J 
N 

Q-Cin4jl hwGqmJgubp Q-pG[!, QwuqtJ.wan 
! Lv'l.j r1nwu (I.Jq) 
! 

i 

I 

I 
2 
2 

-- -

~wtJ.wppl-UWU(llUUlpl 4000000 
K-700 mpw4mnpp q!luw!J.np tjmtuwugmu 503000 
0-tnmi.Jmnn ' UOH-250 500000 

Qlli}WU~ 5003000 

Sbqwqphtn~ wpdhvuhp~. 4umwfiwfip' Co=6270500 qpwti: 

Q.Gp uumppfi uwhtiwfin npn2tJ.mti t hhmLJWLpwfiw~Lmt. 

lluu,=Co+nH, 

1600 
230 
280 
2110 

(237) 

npmb11' n11 = P.Co -~ finptiwmptJ.WJpfi 2Whntjpfihpp qmtiwpfi t (2whmpwphpm-
100 • 

fl JWfi qp:)>hpbugflwl GnpuwmptJ.~): 

dlOO , 
.!!wfip np --= 79,8%, Wtttw ~fiqmfimu hfip Pc=7: liJq qhutpmti 

Co 

Gnptiwmp~WJpfi 2WhntJPD 4\llfip nH=438935 'l(lWU, pu4 qllp umnppfi uwhtiwGn' 

lluu,=6709435 qpwti: 

UwhtiwGwJpfi wpdhpn npn2~mu t hmquuwfi dwu4hmp pwfiw~Lpg . 

k, -kp(j 
T - )w, ,-(u (j-u r 

c II 

(238) 
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nrmhrt' kw[! L. kc-1! finr L. hpfi mbJufintnqflw4wfi qnpb[!!lpwgfibppfi uwufiwl[gnJl 

ubpbfiwfihrfl4wti firwfig wnwfiapfi uwubrfl hwztJ.b4znwJpfi wpdhpfi t: 

kll =(I u .. t +I ll,.pJII ~lilt Jl.l, 
lp.H.l 

k aa = ("' ll + ~ U TM.e.t Jllaa 
C £.... Ct £.... rp.Ct T ' ' 

lp.C .I 

(239) 

ll[lUlblf ll,,ll,p.u -(! fin(l Ubpb(]wfibpp U Ul[lWl[UlO[lfibpp qpfifi t, J..l,lllJ'.U -[!' hpfi 

ubpbfiwfibp[l L Ul[1Wl[Ulnpfib[lfl qpfi[!, T.,,,T,p,TMII>Tll'll-fi' hWUWUJWUlwuJuwfiw

pwp ubpbfiwfibpp L mpw4mnpfibpp mwph4wfi pbnfill_wbmpJmfifibp[!, a-fi' 

tflnJuwppfibLflntpjWfi qnpbw4lt9f!, a= Wnt .= 0,8, 0" -fi' UUJWUW[l4nJ1)1 UntO bwJu-
Wrc 

ubpfl bpwzJuwtJ.nptJ.wb GtJ.wqbguwfi qnpbwl[pg[!, o-=0,8: 

u'-u' J2w(]h 0[1 ,. 11 = 0,6 WUJW Jl ,,, , 

1/ 

kll- kcaa =(I llllt +I U,.pllt ~Milt- I UctO"a- I u'l'~'t ~Met aaJu :(240) 
rp.ll. I lp.C.I 

"tmr mbJu!lntnqflwJfl ubpb!lw!lbrflzwhwqnpbw4w!l bwJuul:ipf!. 

I A+fJR 
Ull =U" + IOOW, ll~,, (241) 

A - = 0,166-[! Un[l ubpb!lwjfl WUn[lUJflqwgfln!l hwm4wgmu!lbpfl 
100 

npmhrt' 

qnpbw4)lgfi t, ~ = 0,13-r!' [!Gpwg)l4 finpnqmufibpfl l.t mbJu. UUJWUWp4mtifibp)l 
100 

hwm4wgmu!lbpp qnpbw4)lg[!, fJ = 1-1!· finp ubpbfiwJ}l mwpbl[wfi pbn!lll_wbpp 

hwpwpbpntpjnt!l[! finpuwmptl_Wjpfipfi, np[l l}bUjpntU ll[lll2tJ.Wb t finpnquwfi 

hwml[wgmufibp)l lwtl.ll! : 

UwhuwfiwJpfi qpfi[! 4Lfl!i)l. 
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l,I(I Uc,aa- I u, •• , ~M.H ,!_ - I u .. , +I u .. p.Ct tl.e.t aa) +Til (u,a- u:, ).v 
u : lp.U.I 'Tp.C.I 

n A+{JR 
1+ ---- -- T 

(00 II 

.Rwfifl np wfiwumfifibpflfi ppfl41:imfibpml. 4hpw4pbtm wpll.Jnt!lpmu 

LJnrmum!lb[l[! pwgwmJ.mu bfi, npflg l.t umwgtJ.mu t wwgmgfll zwhmJp 

(hw4wtJ.npll_wb JunmntJ. l[bpw4pblflu 4npmumfibp[! l[wqumu t)lfi 10+15%), WUJW 

pw!lwal.tfl hwuwpplmu wtJ.btwgll_mu t ~BW111T;1 wfiqwu[!, npmbrt tllJ = 2000 

qpwu L[1Wgmgfll2whmJpfi t, np[! l[wqumu t tib4 um!l!lw Junmfl 10%-p wpdbp[!. 

u(I llc,aa- I U,]!llt ~MJ!d- I ullt +I U,]!.Ct ~Me,!_ aa) 
u - "!p.H. I lp.C.l 

.- A+{JR + 
I+ loo-· Til (242) 

+ r;, (u,a- u:, )wr. .. + ~BW111 T11 • 

A+ {JR . 
1+ -·-T 

(00 II 

(242) hwll_wuwruw!l ub2 mbrtWI}[lbtntJ. hwtiwUJwmwuJuw!l wrdbpfibp[!, 

l[UUJw!lw(]p ' tin= 10332530 l}[lWU: 

UbbwbwJu qfl!l[! npnztJ.mu t hbml.tJWL wpmwhWJUlnL(}Jntfiltg. 

ll0 =C0 +n 11 +110, (243) 

npmbrt' llo =;nil-[! L[lWgntgfll zwhntjpfi t, y-G ' finp ubpbfiWJP W[lll.JntfiwtJ.b-

UlnLPJW!l Jupwfiuwfi qnpbw4fl9D· 

u -ll Y = n II = 0,54: 
llu 

OpnztJ.wb t, np y = 0,5, npmbrtllo=6928902,5 qpwu: 

11.4. SUPbltU"U S"USbUUltU"U UP'1-301-"UU4.bSOHT3U"U OPOCnl'lJC 

Swpb4wfi mfimbuw4wfi wp•um!iwtJ.bmmpJmfi[! npnztJ.mu t hbmLJWt 

pw!lwaLntJ.. 

3r = r(u c +EKe)- (u II - EKII )lWr + MWr, (244) 
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npmbq' E=0,2-[! bmqGuwG GnpuwmtlllWJ!J.G qnpO"w4!J.gG t, Uw!!' Gnp mttuun

tnq!J.wJ~ u!J.wlJnp wztuwmwup!J. 4Jiw wM zwhwqnpaw4wu awtuutp!!, 

I A+R . 
U 11 =U 11 +--ll0 1,1, Uu=9091,6qpwu/m, Ke-G pwqwJ!J.G mbtuGnLnq!J.wJ!J. 

IOOWr 

4wUJ.~UlWL GbpqpmliGbp[!, K,. = L K,.,, Kc;-fi ' pwqwJ!J.G wttufinLnq!J.wJ!J. 

oulbpwg!J.wGbp!! 4wmwpnq JmpwpwGLJmp llbpbGwJ!J. t. mpw4mnpp 4WUJ.pU1Wt 

GbpqpmliGbp(}, K,1 = ~;' , Kw!f Gnp mttuGntnqpwJp 4wUJplilwt GbpqpmliGbp(}, 
r 

K" = L K"1 , Kn;·l! · Gnp mttuGnlnq!lwJ!l OUJbpwgpwGbp(} 4wwwpnq jntpwpwG

U 
L)ntp llbpbGWJ!l t. wpw4wnp!lliWUJ!1UlWL Gbptl[lntUGbp!!, KG ;= - 1

" , 

Wtr 

'Unp t. pwqwJ!lG mttuGnLnq!lwGtp!l 4wUJ.!lU1WL GbpqpmliGbp!l hwzlJ.wr4-

Gbp[! pbpqwa bG wrumuwl1 14-mu: 

~nlnP hwJmG!l uto-mpJmGGbp!! mhqwqpbLml (244) hwlJ.wuwptlwG llh2, 

npnzmu hGp ut4 pp!J4bmwqnpnq ohpbGwJp 4!1pwnuwup pp!J.4bulwlJ.npuwG 

mhtuGnlnqpWJP9 umwgqwa mwpb4wfi wprumGwlJ.hmmpJntG!!' 3 r=1486425qpwu 

Ub4 mnGGw pp!J4hmp hwzlJ.nlJ. mGmhuw4wG wpqJmGwlJ.hmmpJmG[! 

4wqumu t 1981 ,9qpwu/umGG: 
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I T-40 

\ fBK-6f 

\ T-40 

; fBK-6f 

[ T-40 

, OEC-1,6M 

i T-40 

1 fYT-2,5 

~ MT3-50 

' TlllH-2,5 

3HJI-MM3-555 

: 3HII-MM3-555 

i TUIH-2,5 

I 3HJI-MM3-555 

0<1>-0,5 

MT3-50 

20TC-4 

i T-40 
I 

lLKc~ 

442 T-40 

342 rBK-6r 342 

294 T-40 294 

342 fBK-6f 342 

294 T-40 294 

4290 nK£-2.0 9237 

972 T-150K 4370 

12nTC-4 22~ 

T-40 552 

1 ljlntuwqpll~ ~0 

6430 

1026 

1607 

196 ljln]uwqp.}l~ ~0 

640 KTY-10 340 

1607 T-40 1060 

196 

165 

LKu; 1 "''"·-----~ 
342 

1023 

2200 

22581 
----------' 

187 



Urumuwlt 15 

nKG-2.0 45n'-U> Pf't>4bSU'-lflf'UUu 4nli'PU3ut> SuSbUU4Uu Uu~.n ... UQ-t>f' 
Sbtufi\lljwljwti ! 

\ ~ 5mgwGpzlibll 
!!J!l_'!'.l?.'!'.!lJlJ:U.li ~llll!i._b~J1_!l 

\.on~ PwqwJ\lli 

~~_!!.Q_'!'__ - ~ll!>.!i.!!:l__ 

I 
-·---·-·-·----- - 2 ---·- -··-··--· ----

I. IJtWllbUlWJpfi UHJ IWtfibn 

3 4 

1 
I I Uq)lbqwUlwlJ.nJlnUI(!, mpwl1U1n)l T=I50K T-40 

\ 2 i UutwuwrlJn!J wficlfiwlJwqU(! I I 

13 l lJblJ dwUlJ.W Uwpnt)l wzfuwtnwdwUp WJlUlWIJJlO!JWijWfilll-
I 
I 

lflJnlfi[l , tn/d 
2,5 7 

I 
I 

4 I Ub4 dwuLJ.w hb)l)}WljlllfuWJpfi wzfuwUlwdwup W)ltnW!JJlO!JW-

lJwfimpJmfi[l, Ulid 2 5 

5 I Uztuwmwfipwjpli dwuwfiwlJp oqUJwqnrOuwfi qnJli)WliPYI! 

{KHPB) 0,8 0,71 

16 Cwhwqn)li)wljwfi hmuw[mtpJWfi qn)li)wljpg[l - -

17 lJllwlJ.nJl W2fuWU1Wfipp 4.Jlw lJ.wnbtJlpp i)wflJUf!, lJq/tn 13 1,1 

Is UbiJbfiwjp qwli!JlJ.wO(!, ljq 3400/2110 1900 

19 SwrhlJwfi pbn!ilJ.wOmpJm!il], or (hwuwp!Jl), dwu (hwJllltupw~) 43/300 21,5/150 
I 

1 10 lJllwlJ.ntl W2fuWU1Wfipp lJ.JlW UlW)lblJWfi W)lUlWIJ[lnLf!JnLfi(!, U1 600 750 

II I Sw11b4w!i flO!JWJ14nLU(!, hwUl - -

II. t>Gn!iwndbn L Q\lfi 

12 UbpbGWJP uwhuwfiwJpfi qp!i(! , U,, !JJlWU 10332530 -

13 Ubpbliwjp 6jnt!JWJpfi pfipfiwpdbpf!. Cu. !J[lWU 6270500 -
14 UbiJbfiwjp qn)li)W)lW!iWjpfi pfipfiwpdbp(!, C3, !JJlWU - -

I 15 Ubpbliwjp ubOwOwtu qpfi(!, lJo, !JJlWU:(liwfuwqpO) 6928902 3217500 

16 Ub)lbfiwjp ~nfi!JWUlWJlnLfljnLfi(!, ljJlWU - -
Ill. S!imbuw4wfi WJlllJnLfiwlJ.bmmpJmfi(! 

17 UbpbfiwJp hwzlJ.bltznwJilfi wpdbiJ(!,U. IJJlWU 7621792,2 3539300 

18 SbuwljWJ1WJ1 lJwutlltnWL fibJliJJlm!lfihpf!, Ay. IJJlWUiUlnfi!i 22581 17834 

19 lJllwlJ.n)l wzfuwtnwfipp lJ.JlW W2fuWU1ntdp i)wfuuf!, UWJllj/dwU 2,63luwp'ti" 5 ,364uwJ11)1<1 

20 \..np Ulbfulintnqpwjp upwlJ.np wzfuwUlwfinp pfipfiwpdbiJ(! 

{lwhwqnrMwfi i)wfuub)l(!) 9091,6 8125,25 

21 SwJ1h4wfi tnfiUlbuwlJwfi WJ1l)Jntfiw4.btnmj)JnLfil], !JJlWU 1486425 -
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Q.PUt., U"UOJ.-.fct'Bfll· "U 
I. f!wqqwuwpjwG lJ.JO-.,lJmuwJhuwG Q..Q.., f!p!ll.J.hmwtJ.npllll uhphGwGh

Pil hmuwtimt~JwG pwpopwguwG L.. tGhpqwmwrmqm~Jwfi GtJ.wqhguwG hwpghp!l 
hhmwqnmm~JnLG[!, "Q.JmqwmGmhuwl.J.wG q!lmnt~JntGGhpp mhqhl.J.wq!lp", ~UU~ 
q.lJ q!lmwmhuwl.J.wG wuuwqpp, N 6, 1974~. 

2. f!wqqwuwpJwG lJ.JO-., lJmuwJhuwu Q..q.., ~wpm~JmGJwG \.J..u., Junm!l 
uhquuwG fugpl.J.Ghpp ohhpp L.. UjWpwuhmphpp wql}hgm~JillG[! PPill.J.bmwtJ.npuwG 
qnpO[!G~wgp tJ.pw, "Q.JmqwmGmhuwl.J.wG q!lmnttJJmGGhp!l mhqhl.J.wq!lp", ~UU~ 
Q.lJ q!lmwmhuw4wG wuuwq!lp, N 4, 1975~. 

3. f!wqi}WUWJIJWG lJ.JO-., lJwpqwpJWU U.b., Junm!l PP!ll.J.hmwtJ.npuwG 
Ujpnghu!l mumuGwu!lpm~JnLG[! h uhquuwu tug!ll.J.Gbp!llljwpwuhmpbp!l o2mntU[!, 
"Q.Jmqwmfimhuwl.J.wu q!lmmpJmGGhpp UJhqhl.J.wq!lp", ~UU~ Q.lJ q!lmwmhuw
l.J.wfi wuuwq!lp, N 10, 1977p. 

4. flW'li}WUWJlJWG lJ.JO-., lJntUWJhUWU Q..Q.., ~WJlnL~JnLGJWU t.f..U., 
01-nmUJWU ~ -~ ., Uppumwl.J.hujwu U., Junmp pp!llJbtnwtJ.npmU[! L.. Gpw wnwG6Gw
hwml.J.m~JmGGhp[!, "Q.JmqwmGmhumtJJWG l.J.mtmmpwJ!l pwpopwguwG hwuwp", 
~uu~ Q.lJ, N 21, 1980~ . 

5.,f!wql}wuwpJwG lJ.JO-., lJmuwJhuwG q._q._, f!p!ll.J.hmwtJ.npuwu tug!ll.J.mu 
pppl.J.hmwtJ.nptJ.nq GJm~!l 2t1.1uwG qnpbwl.J.g!l npn2ntU[!, "Q.JmqwmGmhuwl.J.wG 
qpmmpJmGGhp!l mhqhl.J.wq!lp", ~UU~ Q.lJ qpmwmhuwl.J.wG wuuwq!lp, N 9, 
1982~ . 

6. f!wqqwuwpjwG lJ.JO-., Junm!l PP!ll.J.hmGhp!l lljwmpwumuwG uwpp . 
Upmnfiwqp!l hwJm, P20020028, Q.Jmmhp!l hwJmbp (UjW2tnnGwl.J.wG mhqhl.J.w
qpp) N° 4(21), 2002~. 

7. f!wql}wuwpJwu lJ.JO-., OmmUJwG ~ .~ .• f!ppl.J.hmwtJ.npuwG oqwl.J.wol.. 
uwulfliGhpmu PP!ll.J.hmGhpp ~WJlrWi-tllntuwqppi!l Ujwpwuhmphp!l mumuuw-
u!lpm~Jntfi[!, Uqpnq!lmm~JmG, N 7-8, 2002~. 

8. f!wqi}WUWJIJWG lJ.JO-., lJwpqwpJWG U.U ., Junm!l PPill.J.hmwtJ.npuwG 
uwulfliP uhquuwG fugpl.J.!l UjWpwubmphp!l 62tnntU[!, Uqpnq!lmnL~JmG, N 9-10, 
2002~. 

9. Anb<flepoa C.A., Hccne.n.oaaHHe npouecca npeccoaaHHll conoMbJ, AaTope
<f>epaT .n.Hcc, Ha coHcKaHHe yYeHoii cTeneHH K.T.H. M., 1955r. 

10. Elar.n.acapl!H M.T., AneKcaH.Llp>1H K.B., MapKapnH C.E., KyllHHCKac 3., 
BaWKJ!Daqyc A., KoBaJieHKO A.H., MycaenJIH r .r., ApyrJOHJJH B.A., YCTpoilCTOO 1L11>1 

•nroroJJJJeHII>l ceHHbJX 6pHKerou. ADTopcKoe CBJilleTeJibcroo CCCP, N 680685 Kn . 
AO l.LI: 89/00. 1979r . 

II. Elar.n.acapliH M.T., AneKcaH.LlpJIH K.B., MapKapJIH C.E., KyliHHCKac 3., 
BawKJIBai.Jyc A., KoBaJieHKO A.H., MycaeJIJJH r.r., ApyrJOHJIH B.A., EpHKeTHbll1 
npecc, ABTOpcKoe CBII.llCTeJibCTBo CCCP, N 677719, lUI. AO I 15/00 1979r. 

12. Elar.nacapliH M.T., Hccne.noaaHHe npouecca 6pHKeTHpoaaHHll ceHa a 
KOHHYecKoil H nHpaMHJibHOH pa6o'!HX KaMepax, TeJHCbJ ,noKJia.Aoa HayYHOH 
KOH<flepeHUHH MOJIO,llbiX Hay'!HbiX pa60THHKOB H acnHpaHTOB 3aKaBKa3CKHX 
pecny6JIHK no MeXaHH3aUHH H JJieKTpH<j>HKaUHH CeJibCKOXOJliHCTBeHHOrO 
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npoH3BO.li.CTBa, T6HnHcH, 1973r. 
13. 6ar.D.acap$1H M.T., <l>aKTOpbl, BJJH$110ll.IHe Ha 3HeproeMKOCTb npouecca 

6pHKeTaposaHH$1 ceHa. MaTepHaJibl pecny6nHK3HCKOH Hay'!HOH KOH~epeHUHH no 
MexaHH3allHH cenbCKOX03$1HCTBeHHoro npoH3BO.li.CTBa, EpesaH, 1972r. 

14. 6ar.ll,acap$1H M.T .• MapKapjjH C.E., KooaJICHKO A.H., MycaeJlj!H r.r., K 
nonpocy onpe.lleneJIIIjj napaMerpou KOHII'lecKoil KaMepbl .llJlJJ. spnKe'lllpollaHIIJJ. ceHa, 
Tpy.llLI ApMHHH3CX, llLm.Xll, EpeoaH,l976r. 

15. 6ar.ll,acap$1H M .T .• MapKapnH C.E., KooaJieHKO A.H., MycaeJl.IIH r.r .. 
Hccne.llonaHIIe npouecca spiiKeTilponaHnn ceHa o KaMepax cocrasHoro celJeHHJJ., 
Tpy.llLI ApMHHH3CX, n~>m . Xlll, Epel!aH, 1977r. 

16. 6ar.ll,acap$1H M .T ., MapKapnH C.E., Kolla.JleHKO A.H., Mycaem!H r .r .. 
OueHKa 3¢qx:KTIIOHOCTII spnKeTnponaHHoro ceHa. Tpy.llLI ApMHHH3CX, n1>m. 
XIII, EpenaH,l977r. 

17. 6ar.D.acap$1H M.T., MapKapnH C.E., MycaennH r.r., ApynoHJJ.H B., 
YpyMnH 0., KoMsailH .llJlSI spiiKeTitpoiJaHIIJJ ceHa, HH¢opr.taunoHHLti1 JJIICTOK, ApM. 
HHHHTH, N 46, 1978r. 

18. 6ar.D.acap$1H M.T., MeTO.D.HKa paC'!eTa npeccoBaJibHbJX KaMep KOnbueso
ro 6pHKeTHoro npecca, «AKTyaJibHble npo6neMbt cospeMeHHOH HayKH», N° 3, 2002r. 

19. 6ar.D.acapliH M.T., Onpe.neneHHe napaMeTpos nHesMaTH'lecKoro ycTpoil
CTBa M06HJJbHbiX M3WHH .li,Jl$1 6pHKeTHpoB3HHll CeHa, <<AKrya.JibHbte npo6neMbl 
cospeMeHHOH HayKH», N° 5, 2002r. 

20. 6ar.nacapliH M .T., OraHeCJI.H L,AKonnH C., <l>pe3a c peRepcnmJI>JM 
ycTpOJ1CTIIOM .llJJJJ. ospasOTKH pHCTBOJlbHLJX nonoc. HH¢opr.taQnoHHLJi1 nnCTOK, 
ApMHHHHTH, "CenbCKoe X03jjilCToo", N 8, 1981r. 

21. 6ar.nacap$1H M.T., flpnpnH 11., flo'looospasaTI>tnatoruaJJ. cppe3a, A!TfopcKOe 
CBII.lleTemcmo CCCP,N 1370533, KJI . A 01 B 33/06, 1987r. 

22. 6ar.D.acapliH M.T., YTO'!HeHHe napaMcrpos ysniDKHliiOLLIHX H oxnalK,na
IOLLIHX CHCTeM M06HJJbHbiX 6pHKeTHPYIOLLIHX M3UJHH, <<AKrya.JibHbte npo6neMbl 
cospeMeHHOH HayKH», N° 6, 2002r. 

23. 6ar.D.acapliH M.T., Hccne.LiouaHne npouecca spnKeTitposaHIIJI. ceHa n 
yro'IHCHIIe napaMeTpOB npeCCOIJaJlbHOil KaMepbl . .LlHccepraUIIJJ. Ha COHCK3HHe ytleHOil 
creneHu K.T.H., Ep. 1977r. 

24. 6bJ3yxos H.H., OcHOBbl TeopHH ynpyrocTH, nnacTH'!HOCTH 11 no3y'lecTH. 
M ., 1968r. 

25. BacHnbeB IO.A., Hccne.nosaHHe 3aKoHOMepHOCTeil npouecca ynnoTHeHHll 
COJlOMbl B KaMepax paJnH'!HbiX Ce'leHHH. ,[I.HCCepT3UHll Ha COHCK3HHe y'leHOH 
CTeneHH K.T.H., 4en., J969r. 

26. Be.D.eHSIHHH f. B., 06mall MeTO.li.HKa JKcnepHMeHTa.JibHOro Hccne.nosaHH$1 H 
o6pa6oTKa onbiTHbiX .naHHbtx, M., 1965r. 

27. Bbtro.ncKHH M.JI., CnpaBO'!HHK no Bblcllleti MareMaTHKe. M.,1965r. 
28. ronliHOBCKHH A.B .• ABTOpCKOe CBH.ll.eTeJlbCTBO CCCP, N° 243305. 
29. rpa.nwTeHH H.C., PbllKHK H.M., Ta6nHua HHTerpaJIOB, cyMM, p$1./lOB H 

npoH3Be.D.eHHH. M., 1962r. 
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30. rycTa~COH A .C .• ,[1.)1(. Kbenrap.ll,, 3aBHCHMOCTb npO'!HOCTH 6pHKeTOB OT HX 
¢opMbt, <<CenbCKOX03liHCTBeHHall TeXHHKa>> N° 8, 1963r. 

31. ,[I.MHTpHeB r.H., Hccne.li,OB3HHe 33KOHOMepHOCTH npoueccos npeccoBaHHSI 
COJ10Mbl. ABTOpe{jlepaT .1li1CC. Ha COHCK3HHe y'!eHOH CTeneHH K.T.H., 4enli6HHCK, 
1966r. 

32. ,[l.onros H .A ., Hay'!Hbte ocHOBbt MeTO.D.HKH pac'leTa pa6o'IHX opraHOB 
npeccyiOLLIHX, 6pHKeTHPYIOLLIHX H npOK3TblB310lLIHX ceHoy6opO'!HbiX M3WHH. 
,[I.HccepTaUH$1 H3 COHCK3HHe y'l. CTeneHH .li,.T.H., M., 1971 r . 

33. ,[J.onrOB H.A ., BaCHJJbeB r.K., MaTeMaTH'!CCKHe MeTO.ll,bl B 3CMJ1CllCJ1b'!CC
KOH MexaHHKe. M ., l967r. 

34. 3anopHH r .6 ., Hccne.nosaHHe 33KOHOMepHOCTeH ne~OpMHpOBaHHll ceHO
COJJOMHCTbiX MaTepHanos y.D.apHblM B03lleHCTBHeM. AsTope~epaT llHCC. Ha 
coHcKaHHe y'leHoH cTeneHH K.T.H., MHHCK, 1970r. 

35. KniOKosa H.n. H np., TeH30.li.3T'IHKH ,nnll 3KcnepHMeHTaJlbHblx Hccne.nosa
HHH. M .• 1972r. 

36. KonoTeB A.A., Hccne.li,OBaHHe 3HeproeMKOCTH npeccosaHHll ceHa o 
6pHKeTbl. ABTOpe~paT llHCC. Ha COHCKaHHe y'!eHOH CTeneHH K.T.H., <f>pyH3e, 1968r. 

37. KonoTeB A.A .• vlccne.nosaHHe 3HeproeMKOCTH npouecca 6pHKeTHpoBaHHSI 
ceHa. Tpy.D.bl KHprH3CKoro CXH, Bbm.l4,T.4,1969r. 

38. KocrHKOB A.H., Hccne.nosaHHe npouecca npeccosaHHll conoMbl BaJJbU3MH. 
ABTOpe~epaT llHCC. Ha COHCK3HHC yYeHOH CTeneHH K.T.H., MHHCK, 1970r. 

39. KpareJJbCKHH H.B., BHHorpa.~~.os , Ko3cj>cj>HUHeHTbl TpeHHll H cnpaBO'!Hoe 
noco6He. M .1962r. 

40. JlaHnenn B., Xann ,[1.., 6pHKeTHposaHHe ceHa np11 y6opKe. CenbcKoe 
xo3liHCTBO 33 py6e)I(OM ()I(HBOTHOBO.D.CTBo), N° 12, 1961 r. 

41. MaTsees, MeTOllbl HHTerpHposaHH$1 o6btKHOBeHHbiX .li.Hcj>cj>epeHUHa.JibHbiX 
ypasHeHHH, M ., 1966r. 

42. MeTOllHKa onpeneneHHll onTOBbiX ueH 3a HOBble cenbCKOX03liHCTBeHHbte 
MaWHHbt, BHCXOM, M ., 1969r. 

43. McronHKa onpe.neneHHll 3KOHOMH'!ecKoii J~cj>eKTHBHOCTH HOBbiX cenbCKO
X03liHCTBeHHbiX MaWHH, BHCXOM, M ., t969r. 

44. MHTpononbCKHH A.K., TexHHKa cTaTHCTH'lecKHX Bbt'IHCneHHH, M., 1961 r. 
45. MHXKHCB A., nepe,nBHlKHall ycTaHOBKa .li.Jill H3fOTOBJICHHll 6pHKeTOB. Jlyra 

11 nacT6Hll.la, N° 25, 1970r. 
46. MoHceeHKOB r.c .• Hccne.nosaHHe pacnpe,neneHHll nasneHHSI M3CCbl no 

nooepXHOCTH IIJJOCKOH, KOHH'ICCKOH H Ul'IJIHHllpH'!eCKOH peWeTOK WHCKOBOfO 
nacTonpHrOTOBHTenll. MaTepHaJJbl KOH<pepeHUHH npocf>eccopcKo-npenonana
TenbcKoro COCT3B3 H aCnHp3HTOB cj>aKyJlbTeTa MexaHH33llHH C. X. npoH3BOllCTB3 33 
1968 ron. KHWHHes, 1969r. 

47 . MoHTaKoB B., DyYKOB B., 6pHKeTbt H3 ceHa H conoMbi. CenbcKoxo3SIH
cTBeHHoe npoH3BO,ncrso ces. KasKa33 11 U40, N° 12, 1964r. 

48. MyxHH r.n., Hccne.nosaHHe npouecca 6pHKeTHpoB3HHll KOpMOBblX cMeceil . 
ABTopecpepaT .nHcc. Ha coHcKaHHe y'leHofi cTeneHH K.T.H., K11es, 1973r. 
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49. HayMOBH4 B.H., TeopeTH4eCKHe ocHOBbl npouecca 6pHKeTHpooaHHJI 
Top<jla, MHHCK, 1960r. 

50. Oco6os B.H .• HccneJloBaHHe npouecca 6pHKeTHpoBaHHJI ceHa. BWlbU3MH. 
.D,HcCePTaUHJI Ha coHCKaHHe y4eHoil cTeneHH K.T.H., M ., 1962r. 

51 . Oco6os 8.11.. HccnettosaHHe npouecca 6pHKeTHposaHHJI ceHa. TpaKTopbl H 
cenbxOJMaWHHbl, N° 10, l965r. 

52. Oco6os B.l1., KoMnneKcHaJI MexaHHJauH!I JaraTOBKH ceHa. TpaKTopbl H 
cenbXOJMaWHHbl, N° 5, l971r. 

53. Oco6os B.H., MawHHbl ttn!l 6pHKeTHposaHHJI ceHa. TpaKTOpbl H 
cenbXOJMaWHHbl, N° 3, 1965r. 

54. Oco6os B.H ., 0 6oKoBOM )lasneHHH npH 6pHKeTHposaHHJI ceHa. MexaHH-
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