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( t:) punJnl/Jmnj puiJ'Jm71ui9:, l/tlu 't J'7UIJ'fbm:, iluimlnltU/n Jnuu11/'/l i/71iJJ9rz 
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·dq9mdbl 9m~mn 
-~9bmJ' ruilnu!I 9~rmi19mmmnjlm lu~dq ·i:-I ·~'\ 

(" 
n ... 

, Jrzsmm--1 I I ' I· : . ! 
t 

1( fmpJ:n 'l'll GlwG pwJ Jll a> 
-m1t'l i/Jq'lur'1mur'lu1t) i/Jqrz 

-in1tmU11Ju'J Jupmnjlb j J'7UG 

-mJ 'Ji/n/ni/•lmnJ-e ]rulqby 

i11tm1Jmlnnb-f 'j .rrw]rnJu.p 

i11J7ufeJwbhu i/il''lmnu:, 
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4y.u1t LuJmpmvm1t-~ 71 i/y.u'J 1tu'!.Gmntjrzbml'-l ~ 
,_!mJ19nJn 1Jm1tmni/1Jlimr ifli/UlmJrzm fmpJ9J 

J'wp;rmln iln/ni/Jm"f~G 

J'"!U-d I z-1 •1!1 



~huq'itfouw9frnrz qn-C.p 1:bu11 !;Inn O'fWJpfi pw9wqnLJ' J'wq'itfo,uwft_w'it '1-wzmfo 

,,;bui!fo, J'wq'itpuwqwfl zrz{Jw'itbpp J'b.} J'wuf! ~wph[p t p,_,;clw'itbl ':fo'itq 

b'itfJwfuJ'ppt -

Unw2~b hb:pwlunuip. tfwqlipuwqwli 2'lprulibp qblimpnliwgt}wb

u~ 2• m:.-nt} L_ tfp2nLqfibpp Up2L_ gptl\ufi fiWUUlWU\IlLfi mbuwqwpwp 

fiw'lnpqwqwlincpjnLlint} ('it4_, 1-4)1 IJ.Ju fu.!pfo'it b'it t/_bpwqpt/_nLil w .1'it 

zq]Jw'itbpf', t1pn'it9 9pilw'it 1fWZU1f1 1- "- 2-J'fop_111.q'itb,nfo ilfiy_"- Id bpft_wpnL

fJJUlb tf.pw ':wilbJ'winwpwp ':wilwubn t, IL ct>~ -':11ui!l! ('itq , 1-4, w} 

q9qwJ- t ilwq'itfiuw9'itn'l l1n-C.fr pninp bJnuzbpfr -':bm1 

'\,~· 1-4. U.n.m2j1G bGpwlunufr: llbGmpo!iwg•\wll .r. 2· ot.-o~ It .Cr~oLqGbpjl tfJ>2 !1 
gptf wG fiwumu11notG m!.i.iwqwpmp fiwqopqwqruGo'-pJWtl I' tf w'fGJ>uwl1wG 2'll'wGbp. 

m) t/bqutpwJwlflifruwltwL JbfuwlifrqJ, p) frli11ncq9/rnfi·tbf'Jw1frli n.bjb, .q ) l;qrwlin r/ 

frlilfncqgfrnli n.btb 1 q) lf>brn11fr!iw.!fr'iwltwli uwl'IJ 

tp~flRjHJ hl1pwlunuip. tfwqlilrnmqwfi 2'lpwlibp pwi!ut}wb- tf. 2~ nL:~nt} 
ll ·!J'JlUWfi nWUilllUU\IlLfi mbumq~pwp fiw'l npqwqwfin;__pjwUp (tiq. 1-5 ;; 

IJ.Ju .fU.Jp/1'it bu t/_bpwqpt/_n·LU WJ'it .Jwq'itpuw1_w'f., zrzflw'iibp[! 1 n(1n'ii9 .cpd 

9pJ'wf1 -':11u11fo q9n1.ile ilwq.'itfruw9'itnrz qn-C.fr ,PwfJnt.JfJ'iibpfo'ii qwfutf.wJ- t 
X qnup'ffifm1mfr9 (f.q. 1-5, w) , fou l{ 9pJ'w'ii ':w'lnp'fw'-tw'iin1./flJnLhf! 

ilfry_ndtfr 1lfi1ut/_np bf'ft.wpnt.fJJw'ii 1[pw qwpb[p t f!hlJ-nL'iib[ -':wumwmn1.'ii 1 

uq; 1-5-rnil qn-Afi '1-PP·f!i! IL htdtwf'nL/flJnL'ii[! . UfWJilw'iiwl1w'iinf'b'ii 'itzqwJ

b'it -':wum q.J-bpnt/_1 

tppnpq hbpwjunuip. tfwqlilrnmqwli 2'lJtUilibp qblimpnfiwgt}wb-

p~2Jut} wt\- tf. 2· m:.-n~ L. tl'hm q libp}1 tf'P21L gpumli liwumwmnLli mb

uwqwpuip fiw'lnpq.wqwlinLpJnLlint} ( r1q. l-6)1 

!2np;rn;iq hb~wpmuip. u~tfbmppq tfmqlipuwquili 2'lpwlibp pw2lu

t}wb- tf. 2· IlL·-n~ L. gptfmli .pn.pnJuwqwfi u1buruqwpwp fiw'lnpqwqw

lint'.p.JnLlint} ('itq. 1-7 )1 cpd 9pJ'w'ii ':nu.pf! utJumbrz q9t/_.wJ- t il111q'iifiu1119-

fin'l qn-C.fi ,P111fln1.J/fl'iibpfr J'fr111J'ii il/1 ilu1ufi'ii . IL , -':bmlLwpwp, 9pilw'ii mb

uwqwpwp -':111rznf11}WqwhnLfJJl1Lh(! '-twfuqwJ- t X ltnnp1J-phtUU1p91 IJ.JU b'iJ{J111-

fuJ'pfi. zrz{J,.u'iibp[! fWJh qpptunnt./fl Jn Lb udib'ii ,;Ufwpiumwzfr'ii1nfl Jlllh Ji 

uwpj!w2.fi'iin1.fl JUlh J'by_t 
8 

),q. 1-5. bpqpnp'l blirwluouf I': 
f\w2ju~wll tf. 2· nL.-n~ It 9ptfwli 
fiwumwmoLG · 1nbuw~wpwp fiw

qnp'lw~wGntpJnLGm\ .Cw'fliruw-
~wG 2'll'wlibp. 

m ) /!wl'zw 1fr!1 l;[ bltuirwJu1<f&fru, 

r ) u1<tfuw1fr& 1twrqw1[nr/rv ~) fr&
lfncltutfr"- ifhrwifrnfr1/1l1 q ) l;1b l1-

cnrn&w1fr& J .wtrwlffruiwl[/r l;thlt

Ln{'WJuiq!Jfru.wli.w!J nu"{&Jwl/1 

b) l;thl/ut('wrjfr!JwJfr'iwqu1!J {J {'('

{J {'r"u'l l' frl1 q) ifrnifrnfuwqw!J t:n

uw!Jpfr l; 1b'iutf'w.Jw'l:&fru, l;)-l;Lb'i

urrwJw'l:!Jfruwlfw1' q9nr7frl1 p ) 

q('W,,W"(UILn /;tb'iutf'UIJUll/:f,fru, 

p) ufrlifupngfr41n"'l'"lifr l;tb'iuirw

J wqfifru, d) :lf>hrn7frliwJ/1f[1u'iwli 

UUJ{'/!J 1' ) Zl'twliwqnr/_ f.li lf ircq-

9/rnfi nhth 

w) 

:m 
9) 

I 

r;) 

'i) 

' 

/;) 'l-) 

~r ·~ ·~ ~ 
s) !') 

,mu~ 
,r<>) 

'1-) 

d) fi) 

·i.~ . 1-6. tppnr 'l blipwlunctfp: 
l:ibGmpnGw94wll-pw2lu~wll tf · 2· 

01_ .~n~ It .r~2od1Gbpjl tfr2lt 9,111!wG · 
fiwumwmntG mhuu•qwpwp 6w

'l opqw~wGo<pJwtfp tf wqGJ>uw~wG 
2'll'mGhp. 

w , l}) t 1blturpw4w'li l;'li b f''ffrw//r 

frL'fn cbfrnli t:wzrf./rl• p ) -\q_np'!c~ 
fJ i wfi frlilfncl19 '/rnfi nb[b1 q) pb-

r[_bnwgr/_w•l nbtb 



l.~hq.lipnpq bbpwtunulp. n~ uftubmpftq uwqliftuwqwli 2'lpwlibp' 
gptfwG tpn~mJuwqwli mbuwqwpwp fiw'lnpquiqwlint.pJnt.lintl: U.

1
u ful!J'

pfr'L bf, tl(wmlJ.iu'LnLJ wJ'b'LwpwqJ'wqw'L IJ.w1tnL9i/._1u<t.p . nLLbsn1i_ J'wq.'bfr

uwlJ.iu'b 'l'l/Jw'Lbpf!, npn'b.p wzfuwmnLJ' bL tLblf.mpwJ'wq.'bfruw9Jw'b, p.b

l/_~ir,w9J'w'b, pfi'fnLlf.mpi/._ /,_ t[blf.uipw'fpfiwJ'fr"- uh_pnLfi.p'bbpni/._:.,)~JU zq{iJw

fi.bppfi p'iinL[iJw11pn'l wnw'iia'bw~wmlf.nLfJJnL'Lf! 'bpw'b9 J'wq.'bfruwiJ.wfJ ni. 

u/11l:bmpfr"-nLfiJJnL'iif, t, npf! pbpnLJ' t J'wq'bfruw[wpnLJ' ~nu.pp P-,.,,/1'1 

urb'lwpwzfuJ' wbf!I U.1u "IP II /r zrzfilwtbp /r J' wq.'b fruwlf.w'b ~w'l np11wlJ.wLn1,.

p /~ti ~wzi/._ wplf.f! tl(btii.p t l/.wurwp"-ft' bllihlni/._ 'l"'zmfr mbu.pfr91 

1-2. U'O'l-bl.ll'lOflU'U. \J btl \JU'U. \JOtlfi>-8U. \, SbUO"fa'oU. \, 
lltaflU.0-ffl'-U'I! trtJ.q.\JtaUU.llU. \J ~'lfd'U. \Jbflta ~U.~1lU.flllONJ' 

l;LblJ.mpwmhfu'L/rlJ.wlJ.w'b uwp.pwi{npnul'bbpfr, WJ'I fJi/._nLJ' 'b1u/,_ tlbiJ.

urpwlJ.wL Wtl(UJ(IUJtn'iibpfr ~bmwqnm.!w'b, ~wzi/._wplf.fr /,_ fiwfuwqh-J'wf, dw

Jw'LwlJ. l"'J'iinphfi lf.frpwni/._n1..J' bf, tLblJ.mpwJ'wq.'bfruwlJ.w'b 'lwzmbpfr J'w

[ilbJ'wmfr"-wlJ.wb b. :/J/rq/rlJ.wlJ.wfi J'n'lblwi/._npJ'w'b Jbfiln'lfibf'l!I ll.J'I 'lbtl(

.pnLJ' nLunLJ'bwu/rpi/._niz ! 'fWZUJI! lf.wJ' bpltnLJfJI! ifrnfuwpfrfii/._nLJ' t frp Jn

'1blni/..: f!L'I npnLJ', J'n'lbt'bbpfr p'bnLJfiJI! IJ.wpn'l t J/r'bhl fu/rum pwqJ'.w

'l.w'b: 8w'biJ.wLfr l, np J'n'lbll! ~Lwp1ui/._npfr'b i.wifr &fr.zm wpmwsnLfr ~bmw
'l.nmi/._n'l bpltnLJfll!• &frzm wpmw~wJm/r W.f'I bpltnLJ{iJ/r . J'b<tnLfJ JnLfi'bbpft 

( U(WpwJ'bmpbJi/1) .!frtb. q.nJnLfiJJnL'L irtth9n'l frpwlf.w'b IJ.wUf/!I UwiJ.wJ'b 
lO 

Jn'lbll! bppb.p J./i IJ.wpn'l pw9wpaw4 &zmnL{JJwJ'p, . 'bnLJ'iinLfiJJwJ'p lf.plf.'bbt 

pfiopJrfiwlJ.I!, nLump Jn'lbl J'zwlJ.blfru w'b~pwrfbzm t aq.mbl ~bwpwi/._hr,Ji.fl 

i.wifr tl(W~~w'bb1 p'iiopfr'bwlJ.fr · twlJ.w'b Uf"'l'w.!bmpbpfr , bpf..nLJfiJbbpfr 'bJ'<Ui

'iinLfl.JnL'bf!t 

3>ftqftqwqw6 unqb1wtlnpnt.tf t IJ.ni.i/._nul · ')bmwqnmJ'w'b "1J'b J'b-
p;,'11!, bpp nLUnLJ''bwufrpi/._n'l J'n'lbll! /,_ 'bpw pbopfrbwlJ.I! nL'iihL J'frlttnLJ'b 

:pfrq_fr"-wlJ.w'b pfinLJfJI!: U'wfJb-Jwmfr"-wlJ.wli Jn'lblwi/._np.!wfi rfwJ'wfiwlJ. 

oq.mwqnp<ti/._nul bfi pfiopfrfiwlJ.fibpp9 frpbfi9 :jlfrqfr"-wlJ.wfi p'iinLJfJni/._ muip

pbpi/._n'l J'n'lblfibp: U.111 'lbUf.pnLiT, .p'bopfr'bwlf.'b nL J'n'lblfi wpmw-.t:w1m,. 

i/._nLJ' bf, .!wfJbJ'wmfr"-wlJ.wfi IJ.wUfbp/r nL ~wpwpbpnLfJJnLHbf'fr ~iuJ'w

f,l!Jwfi ~w.!wlJ.wpqni/._ : 

flpltt bphnLJfJ J'n'lb[wi/._npblfru w'ii~11wdhzm t tl(W~Uf"'f,bl npnzuilJ.fr 

tl(WJ.!wfibbp, npn'b.p IJ.w"lw~ni/._bfi pfiopfrfiwlJ./r Lt Jn'lbl/r fiJ'wfinLfJJnLfif!t 

U.1u UfWJ.!w'b'bbpf! uw~J'~fii/._nLJ bf, fiJ'wfinL{iJJUlf, mbunLfJJw'b oqfinL[i/JwJ-p, 

npfr ~frJ'LwlJ.wfi 'lf'"LJfJ'iibp/rfi J'bfi.p IJ.uw'btr{Jw'bwfi.p umnplu 

bplJ.nL mwppbp bpltnLJfJtbp ~wJ'wpi/._nLJ' b'b 'bJ'wfi, bfJb 'll'"'f,9 ~w

J'w'bJ'wfi · U{Wf'UJJ'bmpbpf! q.mfii/._nul bfi ~wum.wmnLfi Lt wfii/rnifrnfu ~wpw
pbpwlJ.9nLfJ Jw'b J'h·t.: t;pb pfiopfr'bwlJ.fr bphtnJfJ/r UfwpwJ'bmpbpf! fizwfiwlJ.hfi.p 

A,., B,., C,., ... , frulJ. J'n'lblfrfil! . ~w.!wtl(wm~ufuwfiwpwp' A;,, BJ, CJ ... , 
Wtl(W WJU .bplJ.nL bpltnL,1fJ'bbpfr fiJ'wfilnfiJ1ndi[! J'wfJbJwm/rlJ.npbfi IJ.w11mw

~WJUJi/._/r ~wi/._wuwpnLJ'bbp/r ~bmltJwl ~uiJ'wlJ.wpq.ni/._. 

AJ BJ CJ 
A=m3 , s==mb' c=mc "- wJLfi, ,. ,. ,. (1-1) 

npmb'l ffia-'iJJ ffib-'iJ,. ffic-f, pfiop/rfiwlJ.p /,_ Un'fb[/r 'iJJ'wfi tl(Ulf'IJJJ'bmpbpp 

~Ulf1UlpbpnLfJ.JnLfifibp'iJ bf, U IJ.nii/._nLJ' bf, fiuwfint.pJWfi UWU2mwpfibp: 
'1bfrqfrlJ.wlJ.w'b J'ntj.li[wi/._npJ'wfi dwJ'wfiwlJ. 'LJ'w'iinL{JJlufi . J'wuz":w-p

'bbpf! i.wifrn'lwlJ.w'iinLfJ JnLfi i.nLfihfi: fiu4 b[ilb bplJ.nL bpltnLJfJfibpfr fiJ'w "'I, 

finLfJJnL'bf! J'wfJbJ'wlnfrlJ.wlJ.wfi t, Wtl(UI i/._bpn~/rZJWl J'wuzmwp'bbpf! nL'iib

'iinLJ' bf, l .wifrJ'w'b .!Jrwi/._,;ptbp, .pwfi/r np WJll 'lhUf.pnu!. pfiopJr'bwlJ.'b nL 

Jn'lbll! mwppbpi/._nLJ bfi frpbL9 :jlfrq/rlJ.wlJ.w'b pfinL.(fJni/._: 

/;pltnLJfJ'iibp/r "!J'bfiwtl(Wf'q 'bJ'w'bnLfiJ JnLfif! bplf.pwi.wt/rwlJ.w'b'b t , hpp 

JwpJ'pfifibpp altbpfi• nL l_Wi/rhpf! IJ.wpn'l bf, Ulf'UJUJ~W(UJi/._b[ q.qwjp'iJ l_UJ• 

ifrfipp ffit UU1uzu1wpni/._1 . flptl(bU opp'iJwlf. 'fpmwplf.b'iJ.p 4n'lbf'p l,. /,_ lJ bp• 

i[wp1nfJ,1nL'b nL'bb9n'l bplJ.nL funpw'bwl''l'bbl' (filJ. . 1-8 ): 
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!I w· .. e.r· 
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/ 

s . 2 
. ·' {J m·s=-=-.-=m2 S (i t' 

., I' 

v J l~ 
rnv=--==--=m" · y {3 I' 

I' I' 

(1-2) 

.. 
M;, VJ·J., 

illM= -- = --= ffi~ ml' 
. M, V,·1, 

"('uihq Sp-/! /,_ S.,-£! l)w.J'wU[wu1wujuwfiwpwp . pfiopfoitw4fo /,. J'n11blfo J',;,_ 
lf.hpL.nLJ{Jt.bpfo J'wqhpbt,,t.bpfi ht., 

. , _,V,-1! /,_ Vrl!' l)wJ'w.Uf.1.uuiwufuwitwpwp pfioppfiw4fo L. J'n'lhlfi uw-
qw(iihp I!, · 

1 M,-1! L. M,,-1!' l)wJ'wU[IUUJ':'ufuw'itwpwp p'fioppfiw4fo /,_ J'n11htfo qwfiq.
qwrtfibp[!, 

I 

j,.-[!, '· j r(!1 ffi 1-[!' i)wJ'W"{IUUJUIU/uwfiwplUJI funpwfiwp11·fihpfo fi.(itL{Jbpp 

uihuwqwpwp qwfiq.qwut.bpp L. uihuw4wpwp t{wfiq.qwJfihpfo J'wuzuiwpf!t 

' (1-2) i)wqwuwpnLfJ JnLitith11/i !)wJ'w4wpq.p9 iqwpq {; · 'np ,pfifiwp4t/_nq. 

.. Of'/ifnuqnLJ' J'wqhp/,_nLJ{Jfibpfo /,_ Uwl/_wlfibpfo J'w,;zuiwpfihp[! J'fizui 4U1Wf1'

pbp~hfi q.uw1frt z.wifihpfo J'wuzu1wpfo91 . 1'u4 qw'iiq.t/_wO-t.hpJr J'wuzuiwpp 

lf.wptitz t fiwL. i)w4_wuwp Lfofibl m1-fofi, _h{Jh 1!'i111nd1qfo' 

l2 

G{!knLJfJfibpfo tJ'wt.~1.fJ1wt. "i"'JJ'wHbp[! 4wpnq bf/ npnzqbl "l ' J'ft. . . 

"'Jt. fiJ'wfini.fJ1wfi J'wuzu:rwpfibpmt_; "'!l"- WJ'f bp"-nLJ[ilfibp[! pfinpnzirq ~Ui.r 

pwJ'buif'bpfo l)wpwpbpw4wt. J'MnL{JJt:tLititbpfi J'fotn9n4_1 11.-"ju t."{winw!Jn~ 

pfioppfiw4fo IL J'n11hlfo "l"'f'"'J'buipbpfo l)wJ'wp l!fiuipnd ht. "foJ'itwjfr'h 

( pwqw1foii) J'bunLfl JNLiifibp. Al'l', B,,., en'"" "- A-,J' B,..r: ,' Cj;J ... ~: 
lJ.J,finLl)bui"- npnznLJ' ht. "'!'1 Uf"'l'"'J'buipbpfo · !)wpwpbpw4wfi µ1pJbpfillp[!t 

A,=!.._,._, 
* A l'l' 

. AJ 
AJ=--.. 
* A,..J 

Bl' B,=- - - , 
* An 

. BJ 
BJ=--, 
* B,,J 

c c -_:..L *'-c , ... , ,.., 

CJ 
C11=~, .... .. , * . c . ,.J 

(1~~) 

bpb · pfiopfofi.µi4fo "- J'n11hlfo "fi~iiw1fofi J'hunL{JJirtt.fihpf! :l!t.uiplf_b'h 

"'Jfi"{h u, np fopw4wfiwfiw l)burkJWl Uf"' 1J'wfil!' 

A,..J 
As::: ma. ,., (1 ~5) 

(1-6) 

1'fi1_U[hu i)buiknLJ' t (1-5) "- ( 1-6) wpuiwi)w!'nilL{iJ JNLfifibpfog A 
. * 

B, C J'UnLfJ JNLfiitbp[! pfioppfiw4/i /,_ J'n'lblfi l)wJ'wfiJ'wfi bpknLJfJfihp} 
* * . 
i)wJ'wp nLfihfi finLJfi {JqwJpfi wpclhpt.bp[!t IJ.1u J'hUnL{J JNLitfihp[! kn/.t/_nLJ 

ht. (itfwfinLpJwfi imtpmG~2Gbp. ' 

A= idem, 
* 

B =idem. · C= idem: 
* * 

(1-'l, 

ll.1uuihq idem-[! fizwfiwqnLJ' t. «i)wJ'wU[wuiwufuwfiwpwp finLJWt I 

11fifiwp4qn'l_ /,_ J'p l"'f',f} hpknLJ{Jfihpp l)wJ'wp»t 

bJ'µifinL{J 1wfi 1_wifrwitfozithp[! itzblnL l),,,J'wp . l)w-&i.ufu . oq.uiuiq.np_'UnuJ 

ht . 'lti tznLJ' i:!.· 
'lti= idem1 · 

/> ,uiwpphpnLfJ JNLii . fiJ'wfinL{J 1wfi J'wuzuiwpfo, · t.J'wfinL{J 1wfi l.wifiw-

1'/iz/i _ wpclhn ifnifrnfut/_nLJ' t uiif._J"'l l)wJ'w4wpq.fi J'fi 4huifi9 . J'1nLU{! 

wfi_9fihlfru, pwfi{r np utJ'h utpuiwi)w1uinLJ' t !)wJ'Lf!4utpq.fr uipqwJ 4.huih- _ · 

pnLJ' uiwppbp wpJhpfibp nLf1h9n'l_ npL.t U[W(1utJ'b,uipt 1'u4 J'fr .l).wJ'w.,:· 

4wpt{fr npnzw4/r 4huifr9 J'h4 "'Jl fiJ'wfi ,t;wJ'w4wpq.fr .t:",,,,J'utU['wuiwufuwit. _· · 

ljbUJ[! · wft9thlfiu . fiJ'witnL{J jut it /uti/rwfi/rzl! U[Wt:U[utfinLJ' t frp wpJhp[!.t 
13 



1ilJqnml'mLqU1 vJ-1 

i/JqJmlmni/qnmp i/J11nJm'1ml'm:;-qm'1mni/q"1mJ' 111vul' 71 ,,mqi/Joqrl fm]iJm 
'J'I GFwG p-.u-6-l ·'1q ·ilftmqi/Jo bJmln lmf71U1q:;,-ilqqftJmU1i/'fi 

a.i'\nmJ'mhqm htl-1 ~tlqtlm\mn~9bmJ' ~tlqbdm~ffiJ'ffi~ lqhu J' 11 ~m9~do9\:) -5-1 -lt'l. 

.i.'q; i 

r7S' 

7 

( 0 l-~) 

.I'?</> t 
-./17g 

'.P?H 

---t' 

d?~ 

.t10 

1 1 =-•m == 'llm = ?m 

" " 
d?cg 

'il?H 

•i/,,111' 'Jlf Jmnm]im:;-ilJnJmU1lnmJ' qmFl!}wqml''J 'Ul 

qmF eJ-.ui/1 qG qmif meJ lji/J U1'1 q_lji/v ''1UI qmF eJ-.ui/1 qG qmif me} qm,,mni/qltm.f' 
i/JFm]imli/.P 1?m qmFl!}-.uqm'1mvJuLm~ JmJm,,mnqU1 qm'1mdut'1'11t mlnm 

•Gi/JqeJ-.uFq qFwq 'J'I fm]i111nmJU1mln illqv,up -.u qftmqi/Joqrl qe}q 

·ilJqqrlmur 
(6-1) 

tzlU =="m =xUI-qUl 

-Znml' qmf l!/-.uqm!''J qF-.uq. i/J11ifm? qi/Fmfb 'J'I Jt"'IU'J'f'J-.u ]iuJnilGqmvm 

qm1JmfmJmU1 il'IJ'l Ju1url iJJ'11JU1,,'ffrlo qm!'IJ ]ii/JI qqJuifm?mJ'1Jq 

1"11m === '1 (8-1) 
•qi/'1mqi/Joqrl 'J'l'Ji/7 qmpq qqJuifm? 

-mJ,,J'I j i1U1'fln ilj'l'Jl'lvul' qm'1m'1i/bi/r/; lmvm 71 n/m'l, 1i/Jlf'J'Jml'Fmln 

'!mF eJ"'"''Jml"'t i/111liup qm,,"!~i/bi/t/; mJq 71 -i/,,mqi/JoqJ ilq'f'1Jmqqif 
tq1Fm 71 ilq-.uFeJ-.uvqnmJ'm:;,-qm •ileJF-.uqJ qi/Fmflt ?u i/JFm]imli/!' qm,, 

-mni/qltmJ'uJ11c/; ]iul11qvm i/]ilm:;,-JqJi/nmqJ'-.un-.u ilJqltJmft,,:,l'm:;,-qmftmn 

-tJ'!ltmJ'mJU1,,'flt i/tl'11JU1mJmlnm ni/lmU1 ~ 7F-.ue} 
0

ilvueJ'1.P nFYJ 1qq qFml 

G-IJmbrmJrm? ii Jqqq-.uF eJ-.uJu ]imJmq:;,-qm!'J u ]iml 'fVUJ' 'Jm,,m'1i/bi/q; 
1Jqi1Fm'1mli/1' U1lqpmJ:;,-qm '1..ml'n/ut/ruif i/Jqqq-.uF eJ-.uf'll' 

qmljm,,i/bi/c/; -.u J11t/rm? Jm.l'Jm~ 711Jrmvm. lqJU1qil j Ju]im,,Jm~ ni/lqft 

-mlJ' ilJ11ql11vuJ' qmftmfti/bi/r/; Ju 't p-.u71urq:;-Gi/fmpnYJ 1ilJqqq-.uF eJw'1 

tl 
-Ulm:;,-mqvqmvm qmpJmU1mft i/vJut/r 'Jlf pwpqmln:;,-mln '1.mqmpmpmi/;r 71 

il.P-.uGmU1n i/JqqilqwFvJm ~ J'"'IUIJGmU1l'f!-qqJui/lmDb Ju '~ qFm 'J'J.wFI!} 
-wlqpmvm qmJ'Jupmlqliup qm'1mftfbi/q; 1i1Jqnml'm.L'fU1 i/l'flU1mJ'mdmppv 

i/'1mqi/JoqJ-U1mJmlnm lqU1ubmU1q:;,-J'-.U'Ji/l ~ U1lqpmJ:;,-qm JJ'I 'p1uJ11if 

-ln11v i/ni/lnqFm 71mq ~ JmpJm:;-m'1murmlnq ilJ'wJupmlqvup qmljm'1i/bi/q; 
:U1q:;,-i/JqqqwFf!l-.uvJmJ j fmplnm'1 nqlnmli/.P'Jm inJp i/'1mqi/JoqJ ilp·iuJ 

-mU1m'1 i/J'l'J'J-.uFeJ-.uU1ubmurq:;,-qmftmqyJut/r 71 Jqt/rm? Jilut/r U1ml 1j . .Pm'1 

flfi' U1ml i/q-.u qU1mJmlnm qm'1mJur'1q1j lmFpU1 JJq '.P-.uJ11illn11u i/tJi/ln 
-qFm nqlnm'1U1m:;,-111vmJi/'1 j Jm.l'Jm:;-m'1mU1mlnq ilvueJ'IJ' nFm qmJ'UIUb 

_,,:,urq7 tm~p i/lqvu.P 'Jlf rw"frJmurm'1 ilJqqq-.uFe)wU1ubmU1q:;-UIZ,,pmJ:;

'qm 71U1q:;,-wqFYJ 1il'1mqi/JoqJ lqi/ 
1
ileJFwqJ qF-.uq. ,qm'1m'1i/bi/r/; i/q-,u qJu 

-]iulqvul' i/.ni/lnqFm j J'-.u]iqi/JmnJut/r iJU1'1qFJo m'1meJ'J'I qmpU1ubmU1'f~ 

ljmqm.f'mp · qmJ'Ju]iml11.vup qm'1m'1i/bi/r/; •ilqtJG11Zq ilJ'l"fr n111n7qi[ 

ilJt11ulu ]lm 1!\UUJl 
nmftmltt{~tlcl: ilLl!\tuJ.mfimJltlly nmftmnil9bmpmdmft!\ l:t ilLl!lnmmdmmn 

•. :q-.uFf!lwqm!''J i/Jin 

-qmpfmln qmFeJwilqpJmi/!' 71mq j pwlqm:;,-mln JmJmqm'1mqJ ilqiuFeJ-r1,1q 

-m.P'J i/J11qf!}Fw71Jq tq/Fm 71 ilJ'l'J'Jml'Fmln LuluJuqrl i/'1my.i/p q111'1mqrlb'1n 

mJq 
1
ilJ'l'J'JmJ'Fmln qi/Fmqmp:;,-mn i/eJF-.u71J'I ''1mqi/Jo ''J'I J'l'J'J,,;l'fmlrr 

_qmFgwilqpJmi/JJ. 1gFw71Jq i/'1mluJ_u ft'I!' 'J'I J'-.UIJGmqyqmvm Bi/rl;rn/ 
J-.uqm:;,-liqil 71 ilJnqwFeJ-.uftU1m:;,-mJ-.uF i/eJF-.u71J11 lmF]iU1 'Jlf J'WluJuqJ 

ifquJu 1i1Jqqqm!'Fmln qFm pw]i?u,, 'Jlf J'l'J'Jml'Fmln qmFl!}wil11pJmi/JJ. 

1Jmnmpm~ ,ilJqqli/qmt/rm? qmFeJ-.uqmJ''J fmpJ'bmft Bi/Jqqq--.uFeJwfqJ' 
lwl,uJ_u ilqwFgwilqpJmi/J' ,,ni/ ''Jlf qm.P'J iltlqqqm.f'Fmln qmFeJ-.uilqpJm'fl' 

GquJu 1ilJq~eJF-.u71J'I qFm 111qi/1 'Jlf LuJm'1 qml''J •11qdu!ld bduddq 
1p-.uJqqeJF-ru71Jq qmpq ilJml lLuJJ'm 1qfJunmU1no JpmFeJ-r'uLulm:;,-

71 Jml'm~ i/eJF--.u71Jq i/'1mluJu ,,l(J' lmqmU1n j 4/-1qJm'1 q-.uFeJ-.ufmpnJm'lf 

i/ n i/ln nFYJ 1 ]iuq-.uF eJ-.ufmpn/m,, i/Jqqq-.uF eJ-.uf'IP t/rm? qm j pw pqi/Jmn/ti.'J/t 
ilpwJmnm]im:;,-i/JqqeJF--.u71Jq qm'1m,,i/bi/r/; mJp qm.Pi/:;-i/J'qJuqeJ nfYJ 

1 puilnqU1 qmf eJ-ruf 

·m]in/mft 71li/J' i/ilqqli/qmt/rml qmF f!}-.uqm.f''J lqqi/JmnJut/r j i/1qJm'1 'J'"lllh 
-Jm,,m.Pm:;-i/'1mluJu i/JnJu]imi/;r) qm;rt/rm7 j f-,,,pJlt ii Ju 'J'--.UJmnmpm:;,

fmGm,,qmG LuU1fm:;,-mU1Jm ileJF-ru71Jq qm'1m,,i/bi/cj; 
0
Jlqda!ld bdudf)dq 

1iJJ11qilqpJm qi/Fm"freJ qf-iuq 'Jf'P" 

l'-.uJqqeJF-ru71 Jq qm Jf'J ii JnZi/qmif m? qmF eJ"'uqmpq. ·11qdu!ld I) ~~mun 

tmJTr 'fl/_ftr, 
-J''IJ"'lel qm,,mq!'i/:;-ilqJq ~ pupqJ'i/:;-ilq-.uFeJ-.unqU1 qmFeJ-.uqmJ,F'l 



. lf nq.hll! UfU1U1puruU1h[pu U[Ul<;U[Uibtf_hi h'ii ( 1-9) LL ( 1-1 O) Ufutj

Jw'ii'iihpf!t lfiu11-'iipuwl[w'ii <;nu.pp ffi<t> LL Uur'fbpuwf[w'ii fa'iiqn1:.l[9purjp mB 
1'J.ur'iin1:.f'1ur'ii. il1.uuzU1urpbhpf! wpU1w<;UIJU1bb.p ilurq.'iipuwl[w'b iurpt/_urc}ni:.

fl JUlb 'iiilwfin1:.p JlUb J'wu2mwpnt/_1 /i'iii_U[bu q.famb'ii.p, J'wq.'iifauwl[w'ii p'ii

tjnL"9pwb ilwq.'iifauwl[w'ii [Wpt/_wc}ni:.p JnL'bp9 qwfut/_wc} I; <;bmlLJWL J.i.tnt/_ 

( f'bqnL'iih'ii.p, np mt/_JWL mbrzwilwunLJ' iwptfwc}nLfJJtub fa'bqnLl[ofawJfa tf_bl[
mnp'iihpfa nL'l'lnLf' JNL'b'bhp[! <;wJ'p'iil['bn1:.il h'iJ )• 

t; b u71i.w p ur p' 
B=p. H, 

ms-=ml'-mtt-mtti (1-11) 

1.nu.p[! p'iiopp'burl[n1:.J' LL ilnqblnLJ' <;wJ'w"lwmwufuwf,wpurp npnz· 
i/.'11:.U I; <;bmlLJurl ur11mur.t:w1mn1:.fl 1n1:.'b'iibpnt/_. 

<t>i ,.=Bi,.. Si", <t:>j J= Bj JsjJI 

l/wpnrz b'b.p 'fPbL· 

<t> i.J 

ffi<t>=~ = msms=mBin2=mttm21 
ip . l l (1-13) 

P'iioppfrwl[ J'wq.'iifiuwl[w'ii <;wJ'wl[wp'ffr 'i.tl[. 1-9-n1:.J' ONLJO mpt/_wc} 

m 4.rz wil w uh pn1:.J' J' wq.'ii fa uwl[w'ii iwpt/_ wc}n1:.fJ in1:.'ii I!, pbf'fnLI[ ofrw'ii . LL .t; nu.pf! 

npnzbin1:. <;wJwp ilnqbl <;wt!wl[wpq.fa . i-pq mhrzwt!wu'nLt! iwifit/_n1:.·J' LL 

<;wztf_tf_n1:.t! b'b . <;wt!w"lwmwufuurfr ,Jhc}r;1:.p 1n1:.'iibbp[! LL w1'bn1:..t:bmb. pwq
Jw"lwml[t/_n1:.t! <;U.tJUlbp frt!wftn1:.fl JW'i.t UUJuzmwp'i.tbpnt/_1 

11wq.G}luwlfwG J}W211llip}I dwJil!hdwm}llfwlfwG dnllh1w1[npnull! 
q hlfmpwfiwJJ.npJ}}li JCl'lJ.JCl'}I l[pw 

/;ih4mpw4w'i.t WU[utpwmftbpn1:.t! ti wq.'i.t fi uwf[w'i.t qwzm hp fr <;bmwqnm

U UJ'b .t:UJt!wp [WJ'i.tnpb'b 4fipwnt/_n1:.t! I; l;ibl[mpw<;wrznpqfrl d'fitwt/_wJpp 
0 'f frn1:.fl put! p ti wq.'ii puw4w'h qwzmb pp ti UJ flbt! wm fr4wf[U.tft ti nqb [Wt/_ npt! wfi 

tlbfJnqpt U.1u tlbfln'll! wpqJnLbwt/_b,;, I; <;u.11.n4w"lhu WJh qbU[.pbpn1:.t!, bpp 

qwzm'ii n1:.'iifr pwpq J.i.t LL 'iipw wfiurifamfal[ tn1:.c}n1:.d'f! qcft/_wp I; qurt! w'ii

<;fiwp, foul[ /Pfrqfr4wl[w'ii d'nqb['iihpfi umb'lc}n1:.d'[! "lw<;U.tfip1:.t! I; J'bc} c}wfu

uhpt npnz 11hU[.phpnLt1 zurm wtf.btfi <;bzm 1; Lfatn1:.t1 tihl[mpw<:w'lnP'lfii 

d'frf.wt/_wJpn1:.t! l;ibl1m11wl[w'ii qwzmfr nrnni:.t!'iiwufapn1:.t!f, nL pwqtlwflfri/_ 

mtl.tppbpwl[ftbpp r'fpmwp4n1:.d'[!, .pwfr ilu111'iifiuurl[w'ii 'fW'l.tnp <;hmurqnmnLtl[!t' 

lfn'1bturt/_nptlurfi cfurtlur'iiurl[ npU[bu ':ur'lnf1'1Pl tl/rf.urt/_wJp oq.mUJq.np

c}n1:.t! h'ii tih4mpur<;UJ'lnP'1Pl fln1:.'lfJ: lfUJqhpuU.tf[U.tb 'futzmfa l;ih4,mpur4w'h 

iln'1hlurif..npn1:.J'I! frpurl[ur'iiUJ9t/_n1:.t! I;. 'iipur LL /;[hqmpU.t4_ti.t'ii <;nuw'ii.pp '1wzmfr 

~urt/_uruur1m1:.t!'iibpfi tlurflhtlurmfrl[w4UJ'b 'iiilw'iin1:.p jutb z'i.tnp.t:frt/_1 U.1u J'b-

f'nqf! inrzrzwl[fa iu'bt/_UJ'bnLil bf, J'w11-LfauU.tl[w'b . qwzmbpfa /;[bqmp1JJl[w'b . J'.n~ 

qb[U.tt/_npJ'U.tb J'bf'nqt 

flpU[bu opfa'bwl[ .p'iif1wpqb'b.p .t:wpfl ilppl[w1fr'b qwzmfi J'nqb[wt/_np~.LUJ! 

l;ibl[mpw.t:w'lnf''IPl f''lfl/r J'frf.n9nt/_1 /i'bi_U[bu .t:wjl.nhfr I; WJ'f"lfrufi 'l."'2U11! 

p'iin1:.flw11-pt/_n1:.J' I; (])nw1un'bfa .t:wt/_,;,uwpnLUnt/_. 

a2A o2A . _. -+-=f!·J• ox2 oy2 
(1-14) 

npmbrz A-L ilwq.'iipuU.tf[w'b qwzmp' t/_bl[i.nnpwqw'ii "lnmb'b9fiwifi J'nqn1:.i'b {, 

j-L' /;[bl[mpwl[w'ii <:nuw'ii.pfr fumnLfJJnL'b[!, p.-'ii ilfrv.ntf.w1p/1 J'w11-'iifiuwl[wfi. 

flwifiw'ii 9b ifrnLfl JNL'b I! t 

bflb· /;[bf[mpw<:w'lnpqfri_ fl'lflnt/_ ur'b9l[w9t/_fa q /umnLfJJtuJ'p .t:nuw'ii.p,, 

"'"I"' "'J'I .t:nuw'b.pnt/_ umbrzc}tf_wc} /;[bl[mpwl[w'b 'fUJZU1f! I.tu l[wp,;,w<:w1mqfr 
fTJ n1:.urun'bfr <:wt/_wuw11n1:.J'ntf_. 

a2<f a2'f -- +--=- qR ,;)J 
iJx2 . ay2 (1-15) 

11pmb'l <p-f1 l;lbl[mpwl[wb. "lnmb'b9frwt'b I;, q-'ii' fl'lflP t/_pw . .t:nuur'ii.pfi· 

fumnLfl JnL'b[!, R~-'b' fl'lfJ.P npl.tl; .pwnwl[nrn'fr· mhrzwJ'wufi /;Lb4.mpwf[wfr 

'fptf Wlf('NLP JN Lb[! t 

M.1i_U[bu mbu'bm.J' b'b.p ( 1-14) U. ( 1-15) .t:wt/_wuwpn1:.J''bbp[! J'iu

flbJ'urmfr4npb'ii LJ'w'ii b'ht 1.bml.twpwp, bflb U[W.t;U(ur'iit/_b'ii 'iiJ'ur'iin1:.fl1wf,,, 

mbunLfl 1nLbp9 pfun'l npnz U[WJUwb'iibp ( J'nqb[p t/_pw qwzmfa "''lPJnLp

'iih11fa -Afizm [!LmpnLJ''j, nL mbrzurqpnLJ'f! LL WJLb ), WU[W l[wpb[p I; /;[bl[

mpw.t:w'l/tl''IPl flrzfl/r t/_pw (1-15) <:wtf_wuwprnJ'l! 1.npmwl;w1mn'l l;ibi[

m11wl[w'b 'l~wzmnq iln11btwt/_npb£ (1-14) <:wt/_wuwpnulnt/_ npnztf.n'l J'wq.

'bfruwftur'ii 'fW'l.Ulf!I 

Unt/_npwpwp ttbl[mptu.<:w'lnP'IPl fl'lfJ.P t/_pw J'wq.'iipuwl[w'ii 'fU.tzm/r 

J'nqb[wt/_npnLJ'f! frpwl[w'iiw9t/_nLJ' I; ((1;'1-fJ.U.JJ l[ni_t/_nrz uwp'.pfr J'fi2.n9nt/_ 1' 

/i'bi_U(bu <;bml.tn1:.J' I; (1-14) LL (1-15) . utpmU.1.t:w1mn1:.fl1n1:.'ii'bbpfi9, p'iio

pp'bU.tl[fr J'w11-Lfruwl[w'b <;1.JJ'[npqwl[w'b11,Lfl JNLb[! .t:wJ'1.UU[WU11.JJU/uw'bn1:.il · I; 
ii nqh.lfi /;[bl[m purl[w'ii qpil wqp n1:.fl JWb I! t · '1, bm l.twpwp, J' "'fb [Wt/_ np n1:.J' I! 

ul[ubln1:.9 wnw1 /;[bl[mpw<:wrznpqfil flrzflfr9 l[mpt/_111:.J' LL <;w'bt/_n1:.J' bf, ,J,,_ 

qbtwt/_npt/_rtrz J'urq.'iifruwl[w'b .t:urJ'wl[wpq.p WJb tnb'lwJ'urubp[! (lpbprtilwq.

'j, puwqw'iJ mb rzu11J w ubp f! ), npnb 9 J' wq.fi p uwqw'b <;wrz npqwqw'bn1:.f/ JNL'j, f! 

l[wphtfr I; [!'bqn1:.bb1 w'buw.t:J'w'ii JM. w1'i.tn1:..t:bmu. rrl;'ffJ.U.» uwp.pfi J'filn-

9nt[ /;[bi[m11w<:w'l"P'1Pl flrzflfr npnzwl[fi mbrzwJ'wubpfiL, npn'ii.p .t:wJ'w

U[WU11f.1Ufuwbrt1:.J' bf, qurzmfa W'[pJnLp'iibpfi'ii, mptf_n1:.J' hb /;[bl[mpurl[w'ii 1ifti

mh'ii9fiwt'iibp1 /a•rzflnt/_ ul[unul I; .t:nubl /;[bl[i.t1pwl[w'ii <:nuw'ii.p, npf! umh'[

c}ni:.,J I; pp qwzmf!t (( l;CJ.?·U.JJ -p ilfifn9nt/_ iurifi11LJ' h'ir UIJ'f 11urzmfi 'l[hmbpfa 
2 2461 



"l""'.hLsfiwLfihpf! /,_ finLJfi "fnUJbfi9fiwLbfop infib9n'L f[bUJb['f! qJni£ J'fiw.!J• 

11/.trLU hf, ( qH[nL 'lwJ'w.p O'fU1Ul1fN{'JnLJ' h'b 'ff'U1!/>pU7 l"fUl.f'nLfiwf[n'l 

.qnd1wt/_np UU1.U1pU7fibp }t IJ.1u tl.L.nt/_ qw11nL9t/_nu! h'b Jn11bL' tLhf[mpw.qdJ& 

!lf"'Z"'/i 'lw.J'w."'nmhtsfiw.Lthpf!: . unpfis wt11pw11w11tw'bp ( i-14) L. 

(1-15) w.purw.'lw1mnLfJJnL'bfihppfit /i'bl"fhu mhu'bnLJ' h'bp J'nq.b[p · t[hq

.urpw.4w'u "{nmh'il9fiw.1f1hpf! 'lwuw."fw.mwufuw.finLJ' h'b p'bopfr'bwqfi t/_hqurn

:l'w.f[wfi "{nmhfi9pw[fihpfi'bt 1.hmL.wpwp ' t[hl1mpw'lw'lnf"1ftl fJ'lfJ/r l/_pw 

:tfn11hLwt/_npnLtfnt/_ uwib9t/_wd- tLhqmp~l1w.'b 'lwJw."{nmh'u9fiwL'bhpf! fihp

"'"'J"'9'bnLU h'b uwq'bfiuwqw'b 11wzmfi 'lw.t/_wuw11 t/_hq,;,npwf[w'b "fnmb'b
gfiwlfi qwJ' /rfi'1'!L49frw1fi qJhp: 

'bq. 1-10-nLJ gnLJ9 t mpt/_wd- 'lhpqnfiw1/ifi nblhfi J'w'fLfiuwqw& 

"lwzm/i "fwmf[hpf!1 npf! umw9ifh t tLhqmpw'lw'Lnf''1Pl fl'Lfil/i l/_pwt 

lJqwpnLU 'lwum 'lnd- qd-hpni/_ U[Wmf[hpi[wJ h'b 

.tnLq'bhpf!1 qd-wzw1rnif.' qw11wif.wpJ'w'b ifiwflnLJflf!, 

i{'ni/_' UUJ'f'iJpuwf[w'iJ 'fUJZUJ/r p'iJ'fnL49/rWJp qJbpf!t 
18 

qn'b1nw.qmw1fr& J'fi

fruf[ pwpwq 'lnd- qd-h-

t:.8. UJ.US118R1''1 ~RUll \J~lt tnJ.q. 'bltUU.~U. '1 C'lfil-ll '1bl'lt 
. ~U.iN.U.flld! Sb'l,.U.1MJ.Ubflfl U'bfa"R'\.R'l 

Sh'lwJ'wuhp/i J'hfln'11! fJnLJL t mwLfiu pwzfui[w.J "f"'f'WJ'hmphpnif_ 

2'lflwb ifinfuwpfrbl,,l qhfimf'nfiw9i/_wJ "f"'l'wJhmphpni/_ Z'lfJwJfrt U.111 fi"fw~ 
mwqm£ wupn'lf. tfwqfipuwqw'iJ 2'lflw'iJ pwrfw'iJi/_nLU t UlllUJfiJ.pfi znh'lw

J'wubpp t IJ.1fi mh'lwtfwuhpf!, npn1'9nLJ' 'lnupf! pwz/ut/_wJ t f!UU1 hpqw

pnLfJ 1wt, ifinfuwpfifii/_ n~,/ ht T-wdb. i/inJuwpfibu wb ufuhJ w 1nif. t /!fi11nL'b

t/_nLJ' t, np JNLpwpwfJunLf' mh'lwJ'wufr 9pJ'w'b 'lnupf! 4h,fimpn'bw9t/_wd-: 

t fipw qh1'mpn'bnLtft BpJ'm'b 'lnupfr J'wq.fipuwqwfi 'lw'lnp11wqw1JnLfJJnL'bf! 

npnzi/_nLJ' t 'lhurlL1wL pwbwal.wi/_. 

Ad1 = '-dxi' 

npznh'l Xi-'b 'lw.J'w"lwmwufuwfi mh'lwJ'wufr bpqwpnLfJ JnL1'1J t, Ad-'b' mh

'lwJ'wufi Upwi/_np hpqwpnLfJ JnLfJni/_ w'iJ91Jn'£ 9pJwf, 'lnuphpp UUl'f'iJpUUI• 

qw'b 'lw'lnl''1"'4w1'nLfJ JnL'bf!t 

UhfJn11fi 4frrwnnLfJJnL1'f! 9nLJ9 mwfJp 'bq. 1-11, Ul-nu/ pbpif.wd-: 

ufuht!wJnLJ't 

uzhfip, n11 'lwzt/_fi' qw11fit/_bfi 9ptfwfi 'lnuphpf! J'pwJfi hpqnL J'fitnL4fihpjr 

J'fith IJ.111 1fhUfpnLJ' J'wq'ilfruwqw'b 'lnupf! . Juwpfiufu1iLJ' 'lwi/_wuwp 4tfr'bfr 

O'fWJpfi pw9wqfihpni/_ wt9'bn'l 'lnupp1' t ~p/it/_ Jwq.1'fruw.qw'b 2'lfJwfi pw

rlwfinLJ h'bp 'lfi'uq mb'lwJ'wuhpfi, l!f,'1 npnLJ' 1'pw1'9fi9 J'fiw11J bph.pf!1 

npn1'9nLJ' ' 9pJ'w.fJ 'lnu/!I! pw2Juif.wJ t f!UUI hp4w.pnLfJ 1w'b ; ifinfuwp/i fl i/.n.Lif 

t T-w.\L. u~bJ'w1nt/_t <PnfuwpfiiJJ'w'b ufubJ'wfJ 1-1' mh'lwJ'wufi 'lwJ'wp 

u1pt/_wJ t t4. 1-11, p.-nLJ' t flpnzh'b.p 9pJ'wfJ 'lnu.pfi wfJ9J'wfJ bwfJw

"fW/•'l/r 'lw?_np'fw4w1'nLfi/ j nL1'f! w.n.wtfrfl uih'lwJ'w.ufr '\wJ'wp. 

Ad1= Adi X1t 

U wq.11 fiuw l"' I' fi J' wq.'bfr '{ w qw.fJ 11fiJ'w11p nLfJJ11Lb I! w 11w tfi'b mh 'l. wJ' w u /rt 
'\wJ'wp pwrlwfJi/_nul t hpf[nL J'wufr . 

Rrn1 a= R~1 + R:1' 
np111.fi.'l R~1 -{! 1-mh'lwJ'wufi wn.wtfi1' qbufi J'wq.1Jfiuwf[wfJ 11fiJ'w11pnL~ 

fJJnL'iJfJ t (1/1.fi), . . 

R:ni~I!' 1-mh'lwJ'wufi hpqpnp'f qhufr J'wq.lifiuwqwfi '1fiJ'w11pnLfJ JnLbf! t' 

1-m111zwtl'wufi Jowq.fifruwf[wfi 11fitlw11pnLfJJnLfi[! finLJfi "lbu qwph[p t: 
pwdwfJhl hpqnL J'wufr' R~1 , /,_ R~ 1 ,, njrnfJ.p q.m1't/_nLJ' h'b Ad1-/r hpqnL 

f[n'lJ'bpnLift 1-mb'lwJ'wufr Fml J'. z. nL.-1' 'lwi/_wuwp .t . 

2· 

X1 
Frnl =Fm-I

S 
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"''f'tnbiL Fm-I.' lf'/r.t/_ f/~. llL.-fi t, ld~I!' '(frpn·Lfi/1 bpqwpnLfJJnLfi[!1 x
1
-I!' 

1 mluzwJ'wufr bpftw11nLfJJnd11!1 

Fmrl! pwdwfit/_nLJ' t bpqnL -':wt/_wuwp J'wubpfr k mluzw'fpt/_nLJ' 
Au-/r bpqr1L qnqJ'bpnLJ't 

I{ 

4:,·~ ;i,, 
~ 2 :?' '}\J;t1 ~R~,· 

- .... "'"' 

w) 

·-1- -- -.,- -- -- --
/. ~ mz . . , 

N,,,• 

2-2' k 3-3' mbquiJ'wubpfr t/tnfuwpfrtJ'wt ufubJ'wtbpt nLtbt 

1'nLJt mbu.pf!1 /r~1_ n11 1-1' mb'lwJ'wufr ,PnfuwpfrtJ'wt ufubJ'wt. 1 'J.dtf_wp 

iJ fif(wmbi, np n-p'f mb'lwJ'wufr fibppkfr k (n + 1 )-p'f mbqwJ'wufr 

:./_bpkfr J'wubpfr J. z• nL.t k J'wq.tfruwqwt 'lfrJ'w'fpnLfJ JnLtirlipf! qwpbffr 

/; J'frwt/_npb[, pwtfr np tpwt9ni/_ -':nunul t J'frktnLJt J'wq.•tfruwqwt 
~'flU/}f!• 

fJ.J'pn'l_f Z'l_/dWJp t{infuwppfiJ'wfi ufubJ'wfi tnpt/_wu t 1-,13, q-nLUI 

'1-frmwpqb"b.p nLqfrq fuii'fp/r 1nLunLJ'f!, bpp mpt/_wu t O'fWJ/rfi piu9wl1fi. 

<1>0 J'wqiifruwqwfi -':nu.pf! k "{btn.p t npnzbl Fm J'. z. nL,-b t Rwfi/r np 

Fm J'. z. nL,-t -':wt/_wuurpwt_wt/t t pwzfut/_w~ f!Utn J'frlnLq/r bpqwpnLfJJwt, 

W"{IJJ -':wztf_w11q[! qwpbifr t qwmwpb[ J'frwJt -':wl"l''fwqwt J'nmb9J'wt 

bqwtwqnt/_1 npfr -':wJ'wp twfuo11n.p f!1'm11t/_nLJ' t Fm-/r qwJ'wJwqwt Jb

unLfJJnLtf! k npnztf_nLJ' w1t mbqwJ'wubpfr J'. Z· n·L.-fi, npnt9 bpqwpnL

fJJwJ'p w1t pwzfutf_wu ti 
uwfuopn.p . mpt/_wu Fm-/r J'bunLfJJnLtf! qwpnq bt.p np"1_bl· Fm= 

= ct>0/Aoll pwtwtl.knt/_, npmbq A0ll-t O'fW.(/rt pw9wqtbpfr qnLJ'wpwJfoL 

-':wqnp1fwqw'i111LfJ Jnttfr ti U1f111L-':bmk qwnnL9nLJ' bt.p t/tnfuwpfrtJ'wt 

ufubJ'wt k np11znul 1-1' qbmbpfr J'frlk Jwq.tfruwqwt "{rttnb1'9frwitbp{r 

Jn UJ f' p bf' n LfJ Jn Lfi f! I 

Umt-1• =-fm ~+· <t>.; (R~l + R~1· + Rmd + +-+ ~) . 
2 51 · 62 

11pmbq fm = F m//5 mbuwqwpwp J'. z. //L,-t t (U./uJ' ) 1 

(1-16) 

Aai-/! k Aar/!> 81-r. k 82-[! O'fWJ/rt p !u9wqtbpfr -':£1JrlnP'lwqwtnLfJJnLfi

tbpf1 bt ( lt )1 
R~1 k R~1 . 'ffrJ'wlfprnfJJnLttbpf! npnztf_nLJ' ht Rmi = lifp.S pwtw

J.knt/_' 1'JnLfJ/r J'wq1'fruw9J'wt · qnpfr J'fr2n9nt/_1 flp"fbu WJU qwJ' wit 

mbrlwJ'wu/r bpqwpnLfJ JnLfi "lbm.p t f!t'fnLtbl tpw J'fr2/rt bpqwpni

fJ JnL1'f!t 
flpnzbt.p 9pJ'wfi -':nu.pf! wnw2frt mbqwJ'wunLJ'. 

¢ 12 J'wqtfruwqwt -':nu,.pf! npnzt/_nLJ' t -':bmkJwl qbf'"I• 

cpl2 = ct> O + ct> dl I 

(1-11) 

(1-18) 

flpnzbint/_ cl>i2°f!• qwpbifr t qmtbt 2-2' qbmbpfr J'frlk J'wqtfruw

qwt "lnmb1'9fr~Ltbpfr mwppbpnLfJ Jn Lt[!• 

.U.JfinL-':bmk qmfinLJ' bt.p bpqpnp'f mb'lwJ'wufr 9pJ'wfi -':nu.pf!• 

ct>d2 = Um2-2· '-d~ X2' 

(1-19) 

LJnLJt tl.knt/_ npnznLJ' bt.p cl>23-[! . k WJtnL-':bmk 3-3' l1bmbpfr J'frlk 

1fwqtfruwqwt "lnmbt9frwltbpfr mwppbpnLfJ 1nLtf!' '}pwtfr9 -':bm11 npn-

2nLJ' bt.p cpd~ 9pJ'wt -':nul!l! k cl>3 -':nu.pf!' 
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1:6 
-m:, '1mleJwi/l11G1Jmi/imel rtml1mni/1Jlimr ?myJmGmJ i/elwF'l ,illi/JbmLmJ 

pi/ui?m Md mJ'l ?ni/ '~ IJIJWF e}7Uflfl' yJmbm?m:, 'lmF eJwi/l11B1Jmi/imeJ 'lm,, 

-mni/'Jlimr nilqllnru? i/eJwF'l i/Jmlmni/'Jlimr il'lwFeJwJbmri/L nF'fl 

( !:6-i) r ~d + ~d ;1 -
7
d 

. ·~ pwpbml/ iltJ7ilF el7Uflfl' 

1JmfeJwJbm11i/b 'lm?mni/'llimp JmJm?mnqui nilqllnpu? i/uimlnhu(]J 

111wvl? Ju]rmi/p i/Jmlmni/'Jlimp '1'1 'lil'l'luinwJu? fmfi 

-mlmvm Gi/11wGmni/1JlimpmJq]r 71 Gi/Jnil'lmnu:, 1Ji/fml1JJp '1-0d bquiJu 

od J.. 
( t6· l) ·:s:J lL = xd 

•lnJq? lmf 

-71ui11:, -~ 11w]rluJu il'lwielwJbmpi/b xd 'lm?mni/'llimp JmJm?mn'IS t'-s!f 

J111J"li/JbmbmJ pi/ui?m11v 71 ]ri/ui?m JmJm'Jmn/nmuimlnmpm:, 'lmFeJwJbmpi/b 

'lm?mni/'lfimJ' JmJm?mnqui i/eJw!'l i/Jmlmni/'llimp iJ-Xd 71 ii-Md bquiJu 

(e6-i) .~xd =lIIX 
1 

,2-_Md =w(I 
1 

•puiln11ui lmF71ui11:, l11pJli '1!/ buJm? ''li/eJtlq:, GIJqJif 

•i/J11'17i/1lbmbmJ 1JmlelwJbm11i/b · 'lm?mni/'llimj. nilqllnpu? ]ri/J7 

( 66" l) twX f + wCI---:--wz 
•J pm! e]wf'll' nilqlln pufr 

lm!71w11:, ~ pw]rJlimelw'lJ il'lwFeJwJbmpi/b i/Jmlmni/'llimp i/litlm?mp 

"m:, '!m?mni/'!limp i/il'!mnu:, '!m?mnJui/iui/i 1lmdm71uiqj tilfJwFeJwJvmpi/-h 

rux ]ri/m?wv'Ji/ 'J'!'?mni/'Jlimp l111JGuip pwfm11qn/n 'lm!''Ji/•lmnjui/i i/tlqrr 

-:.meJLZ 'lm?mni/'llimp ~ uil11pmJ:,'1m Jmpm:, wlqlJvm i/]rlm:, ilJqlJil'lm" 

-u:, 'Ji/Fm?JJJ' 71 ilpwGmni/'llimpmJqp i/Jmlmni/'llimp 'puni/lnnF'fl 

(i6-i) '~=wz w.:I 
~ lII ,_<I>_ lII 
t•rn ==-X p = Cl ::I .. d . 

·711Jli ~ i/lqJm>r 

Gi/'lwF eJw'lml''l i/JnmeJLZ ''Jm?mJui?ql~ i/d1Jmnu:, ~m?mn/ui/iutP 
1Jmpm:, wlqlJGmn'l'lln 

-11u? il~lflJUlnwJu? fmGmlmvm pwuimlnbuln Gi/Jnil'lmnu:, 'Ji/Fm?JJp 

w Gi/11wGmni/1tlimpmJ11]r ~ pw]rnnJmf 71 ]ru-006 ~ fmpLql Gi/.ilnu:; 

i/Ju <Gi/-~ .. d 71 Jmpm:, w1111JGm?G'lm ]ruJqnmpmLqui -1/uluJ i/Fmelbl 

'lmlrmni/'JlimJ' ililnu:, Mm. ~ r1u]rn.nJmf 71 uiq:, i/ilnu:, 'lm?mni/'Jlimp 1 
J'WIJ?'lil 11m:, ]ruhui/i Ji/ ilJu 'Gi/-t• d , G!/J111J7"JbmLmJ wl,.lq. ~ fmBm? 

(';('; 

a pmtlbm~b nm'J.mtluuo -.LmJ 71 pufJwF?'lm •g_ ~ fmpLlfl Gi/ilnu:, 

¢ fmfhlfuin Ji/ '1-'w •l , • !' i/y.uJ-i 

1Gi/Jn'lm!':,mn 'Ji/Fmfli i/4u? 'lm!' 

-Gmni/'1-hmr ni/lmli fl nJwb 'Jmi/B?wb'Ji/ 

'1m?mni/1Jlimr 71 'puil'l'IJo lmbi/unw'li/n 

-l1q~ ~tl1bdm'J.mpm!J 9m'J.mn~lJbmp 
~dnmnu~ nm'J.mn{u1fmot> "(;J•J ·h 

1F 
'111 rwrnJutJ:tui/i ililnu:, 'lm?mni/'Jlimr ..,, 

ilil'lmnu:, 'ilrwJml i/eJFweJmi/i Ju '~ rw]r 

-1JWL1Jil ]ru?muimln'l wlq1JGmuil11:, -il?Jmp 

I -lm:, i/J11'1meJbl 'lm?mni/'llimr i/il'Jmnu:, 'JllTl&I "' 
. . ~ ~ ~ 

'Jm?mn/ui/iut/J I J'W-6[-[ '?'J fmpJ1_11 ~ 4 t' .~ 
f!FwG ilrmJlimi/b 1Jm?mJuui?117' i/FmeJLl lflll'j "'X 

'Im?m ni/'llimr i/il'Jmnu:, 'lm?mnJui/iutP 

til'lm!'Gmlmvm 

1JmrL11l 1Ji/Fm1Jwf?1Jm 716"!' i/ilnu:, w 

'1-•w •l 'J' 1J '1Jlf'JUln7UJu? J'WUlmJnJ,uJn 

i/Jmimni/'Jlimr ~ pw1JGqli1Jm:, i/JuluJ bl'fl 

:Jnil'Jmnu:, 'Ji/Fm?JJp '111 J'W'Jmlmvm 

.f'7UJwui'lu? ?mi/i i/Ju ''li/Jmlmnt/IJ-hmp 

1t 

'I 
,k-:'"1 ., 

~ J'WIJBmni/IJlimpmtlqp JmJmJqdJmln ililnu:, '1m?mni/1Jlimp i/il1Jmn1,1:, 

~m?mnJui/iui/i 'i/ilnu:, 'lm?mni/~limp IJWUlmuinm:, 'lwFrJwJqJJmui t/ 

JN.U<tlbQ.1' 'l.. 'Ol:-eN.Ul:'Olt-l.l'O 'i'l..1lJti.:( ;Jti.J1lla-~1l": 
'il:1l-eJl.~ 'l..1lti1lR'i'l.."b1lJl 'i<l"'l..1lRU": 'l..1lti1lotUct>UCI» •t•J 

tJpmFeJwuiZy. i/?Jmpim:, 71m'1 ~ J'W'Jmflfl' Ullf!r 'lml' 
-Gmflfl' i/?m'lmil i/JqnmpmL11ui Ju 'illJ'IZrt, 1]r11?m'lmL11 'JmpGquiup '!m? 

-mbJulm:, ~ pwp-(nul 1~ 11willnqb w?Jq il·Ji/b'Jn/ yJmbm?m7 t]ru:,Jm/n 

-m'Jmy. 'JmplnJq?mnJui/i i/Fmp11n/n 'lml''li/JmnJui/i ~ J'WpluJu '1-'w •l •r 

mZqpmJ:,'Jm i/J11'JmeJLl 'Jm?mni/'Jlimp puelFweJmi/i fmpGm'JuJui'll/'1 

tilfJwFeJwfl/I' 'Ji/Fm?• 
-.Jm]rZm:, i/-•w •Z ·p i/y.u? mui? uiq:, i/ilG'lmvm wd ilpwuim:, i/Ju? LI'{} 

:(b 'll" l ·?1) iJJu? (md) J= ,t·twn 711Gwvm? puJlfUJlf? nJu7 Bi/il11J'1 

rwp1/ui ~ hJw:,JunJ <Jmpm~ 7,Ul'f'l?J?7 il?Jm]rlm7 til?Jm]rlm:, ltl'l?J? it 
1mui ~ ilUJlfln il11pJm Ju'! '1'1-wd mlnm 'i/FuJb ~7 Jmnm]rm:, i/-.t-twn 

l/e/Q ti/FuJb '1'!'17 Jmnmpm:, ~ iluiqln i/-•t-twn Ju <~ UJFm:,'J?'fl 

( 06-i) 
('; 

t(tw(I + ,f!~CI + f!~CI) c<l> + ,f!-f!Wn + ex-WJ -= .r-~wn 

·il~wF rJwJ'IJJmUJ i/JqtJlmifG 
,.'!.'luiuln ¥mbq 1Jlifp ifJ'luilf?, ,t4f il'l'f J'7U'Juili rwlJ'fp i/?Jm]rZm7 



4tu1ftu(1d .JbJnL{rJ JnLb[!t U.(nL{rJ/i 4n.JUfL.li/!u 'mbuw4wptup .Jwq'iiputu4Ulfl 

'1fi.Jw'1/tnL{rJ.(tu'ii ,JbJnL{rJJnL'iif! nl'nzt/_nL.J I; .Jwq-'iifiuw9.Jw'ii 4npfi9, npf! 

u~m9t/_nL,J I; .t:w.JtuU{tumwufuwb .t:wC.wfunL{rJJnL'ii' nL'iib9nq i/ini/infu.w4wb 

.t:nuw'ii.pfi lfhUf.pnL.J, 

y~H-
p,=----: 

Bm 
(1-26) 

b(rlb i/ini/infuwl1w'ii .t:nuw'ii.pfi '1/;Uf.pn~,J l_nL'iih'ii.p 'iiJnL{rJ/1 .Jwq'iifiuw9.Jwfr 

4npf!1 UIUfl.ll p,-{! 'iiU{tumwftw.t:wp.Jwp I; npn2bl mbuw4tuf1Wf' .Jwq'iifiuw9-

'iinq P.rw, .t:qnpnL{rJJnL'iifi9, npfi ,J/;JnL{rJJl1Lbf! m11t/_nL,J I; mbqb4wqp.pbpnu.i 

(Pz =IP .rw1/7t f B~)1 fi.Jw'iitutnt/_ 'iiJnL{rJ/i Lfl/11_ mb11w4wptup lfp.JtulfpnL

{rl Jn Lb[! IL 'iiptu nhw4m/it/_ ptuqW'ff'Pif!J 'frlt/_wp [_/; fl/tn2b'l mbuwqwpwp 

w4m/it/_ PR '1/ii.l'tulfpnL{rJ JnLbf!• 

( 1-27) 

flJnqU{tumnL.J .J11p4w1fi'ii .t:nuw'ii.p'iibpfi IL .t:fiumbpbqfiufi 4npnLUm'iibpfr 

w'ii41w'ii mw'iiqb'iiuf! npn2t/_nL,J I; fi'ii1fnL4mfit/_ IL w4mfit/_ .Jwq'iifiuw4w'il 

'1/idtutfpnL{rJ JnL'ii'iihpfi .t:wpwpbpnL{rJ 1w.Jp. 

(1-28) 

u ·wqbputu4tu'fi nfltujp OlfUljpb 'ptu9w4'iibpfi lfptfW'fflnL{rJ Jn Lb(! nLbp 

.Jptuj'ii w4mfit/_ p'iinLJ{rJ1 .pw'iifi np 'ff11.U'ii9nL.J pw9w4tuJnL.J b'ii qbpw.Jwq

~Jtuw9.Jw'ii 4npnLUm'iibpl' IL .Jpp4w1fi'b .t:nuw'ii.pHpjjt Olftujph pw9w4'iihpfr 

.t:w.Jwp 4wpbtfi I;. qpbl• 

<Pni/infuw4w'ii .t:nuw'ii.pfi .Jwq'ii/rnw4w'ii .t:w.Jw4wpqbpf! .t:wC.wfu nL'iih

'iinu.f b'ii .t:wmnL4 i/itu{rJnL.({rJ'iihp (t4pw'ii'iihp )1 t4l'w'ii'iibpf! 4wpntL b'ii 

U{tumptuumt/_bt 4wpC. .Jfiw9t/_wJ qtu[tup'iihpfi mbu.pnt/_, npn'ii.p /[1pq 4wi.f 

.Jwuw.Jp f!'j,'111-f14nL.J b'ii .Jwq'iifiuwLtuf1p . plLbn'iibpnt/_, fi'iitUfbu 'iiwlL 1Jrw

{rJnLJ{rJ'iihpfi mbu.put/_, np~'ii.p 4wpC. b'ii i/iwl11_wJ 4w.J i/iw41_wJ b'ii npn

zw4fi 'fp.Jtu'fflnL{rJ JnLbnt/_t 

IJ.fiwb'ii.p nplLI; W tit qw/tup'iihp · nL'iih9nq i/itu{rJnLJ{rJ, np'ii f!'j,'111-f14nu.f 

I; .Jwq'iifiuwlwflfi .Jpp_t1L4/i w.Jpnqp_ 4mpt/_wJ.pf! IL 4wpC. I; i/iw41_wJ1 fTJwp

qb'ii.p, (rlb UIJUUfpufi i/itu{rJnLJ{Jnt/_ (1;4pw'iint/_) UfUIJ,Jw'iiwqnpt/_wJ .Jwq'iifi

uw4w'ii lfptfUl'fflnL{rJJnLbf! pb{_UfbU I; .t:w21_/i tullbt/_nL.J zq(rltujp i/infutupp'fi

,Jtu'fi ufub.JtujnL.Jt .Pw'iifi np 1;4pw'iint/_ f!'j,'111-f141_wJ· .Jwq'iiputu/tufl/i 4"'{![1-

24 

l/_wJ.pnt/_ w'iis'iinL!,J I; i/im/infuw4tu'ii 1:nu.p, WUf:U tf_bnfi'iiu 1;4pw'iinL.J fi'iio. 

'1ndiumL.J I; 1Jrni/infuw4w'ii Et-¥ l;M_.nL.t .Pw'iifi np 1;4pw'iif! fipb'iifi9 'iihp_ 

4tuJtuB'iiuL.J I; i/iw4 4n'iim11Lp, tuU{tu 'ii11w'iinq .t;nunL.J I; Et-¥ /;[• 2• 11L,-nt/_ 

ll(IUJ,Jw'iitm[_npt/_wJ It-¥ .t:nuw'ii.p, np'ii /;[ Pf' .t;bp(rlfi'ii umbqJnL.J I; F t-t 

,/, 2• nL,I 
1J.4'ii.t:w1m I;, np UJJ'f ,J, 2• nL.-/i wnwp_w9pwJ <Pmtlt .t:nu.pf! ni.qr(qwJ 

if.tfi'iifi .t:w4wnw4 Et-¥ I;. 2• nL.-'ii fi'ii1fnL4mnq .t:nu.pfi'ii1 2.wzq/1 wn'iihtm/_ 

wut/_wJf!, W tit qtu[Wf' nL'iih9nq ipw(rlnLJ{rl/i .t:w.Ju1p 4wpnq b'ii.p qpbr 

Et-1t 
- Fmt-'· = i t-1t W t-1t =-"-- --~.-- • Wt-1t, 

' r tit+ J XH 
(1-29) 

npmbq ft-1t-'ii /,_ Xt-1t-'ii l;4pw'iifi · (i/iw{rln_LJ{rl/i) /;th4mpw4wf1 w4mfi"- IL nb

tu 4wfit/_ qfi.Jtulf/lnL{rJ JnL'ii'iihp'ii b'ii I 
IJ.J'1 ,J, 2• nL-'ii 4wpnq I; tfrnfuwpfi'iit/_bt. l;4pw'ii11t/_ tif.w1.Jw'iiwqnpqwJ 

.t:w.Jwprlb.p ,Jwq'iifiu_w4w'ii '1fi.Jtu'ff1nL{rJJtu'ii t/_pw b.qwJ .Jwq'iifuiu![w'ii 

Uf"UI b'ii 9 fi tu l'iibflfi mtuppbpnL{rJ JnL'iinq. 

Et-1t 1 
---.--'. W t-1t =-----=- · Zm.t+ <Pmt1t1 

r tit + J xt-¥ . , 2 
( 1-30) 

• • (J) 

Et"-~ J r 2 W t-1t <Pmt-1t 1 (1--31) 

/; (rlb ( 1 -31 )-f! wbqtuIJpb'ii.p ( 1 -29 )-/i .Jbp_, 4umw'iiw'ii.p • 

IJ..(uUfflu11t/_, 1;4pw'iifi w4m/it/_ IL fi'ii1fnL4mfi"- .Jwq'iifiuw4w.'ii 'ffi.Jw

'l!'ru.fJ JnL'ii'iihpfi .t:wt/_wuwpnL.J'iihpf! 4nL'iih'iiw'ii .t;bmlLJtuL mbu.pf!• 

(l-33) 



,,.iilpt: JJ.woi/.wt} 'l-"'l"'PP mhu.pr"l "f"''1l'"''fuiifwb l;l[pwbe (W tt = l) 
ni.bfr pwt/_wf(wtpt q111.pp pt11nLf(u1pl/_ 11fiilw11pnLfiJJnLb "- "'Jf, qwph[p t 
wp.\wJwp~bl (Xtt ~ O)t iburL.wpwp' . 

Ji•J""IP"""-' Jfrw1fi wfttnpi/_ '1fri.!wr111nLfJJnLh nLfib9n'l i,wp~ pw4.fwrt ifw

[iJnL/fiJI! ifinfuwppf.,,fwfi uJuhJ~JnLJ ltwrhtfr t 1ibpltw1w9Lbt npU[hu nbwf(

ur/ri/_ Jwq.tpuwl[wt 11/11lw11pnifJJnLbt b[Jb ifiw/J.nLJfJI! fu'lt/_wb t (rt•=oo), 
WU(UI Xmtt=Ot /lul[ hflb upw wl[111/11/_ 11foJw11pnLfJ JnLtf! .\wl/_wuwp t qpn

IP (r tt = 0), UJU(IU Xmt+ = 001 

• t/Jnifin/uwl[wfi .\nuwfip/r Jw'l-lJfruwftwfi 'l'lfJ"'JP t;wzl/_wpl[fr i.fbfJn11-. 

Lhpf! t1JL1tt ht, frLl ttp <:wumwurnLtfrtl!, pw19 IUJU 'lbUf.pntJ .\wzt/_wplff! 

f(w111wpi/_ni.f t l[ttJU(lb/!u i.fbbntfJJnLttbpttt/_. 

(1-35) 

p) ;,,b'lwi.fwufi .\wilwp' (1-36) 

(1-3'1 / 

npvrb'l <I>mi-t 2'lfiJw1fi urh'lwJwuntJ .\nul!/r ftnJuflhpu - JhbntfiJJntbb t, 

(wnu.rl/_bl• JbbnLfJ JnLbf!* ), Um -I!' bp'f.tnL urbqu.rJwubp/r hUJJ['bpp Jpt"

i.fw.qtfruwf(wt "lnurht9 /11.ulthp p urwpphpnLfJ JWb ftni.! Uf lh.f!u JhbntfJ JttL'i.if!, 

Frrr-1!' J, z. nL.-/r ftni.!uub/!u i.fbctnipJnLbf!, Zm-e' 111bqw.!wup ll'Pil l[nJ1'1-

tb.pu J111q.Lftuwl/wt 11/r.!w11/''!LfJJnLUf!i 

1-~. ~U.tN.112 Stilu\,ll'1U.Sll oq.su.q.nf'trONrl! U'lJ.q.'bllUU.llU.'b 
~'lfrll'bbf'll ~U.~N.U.1''101'-U' 

t/.bf'tpt JwJwfiu.rf(tbpntJ .\wziffol urbJutfrltwL iw1Lnpht f(ppwnl/_nuf 

t ~Lblf urpwftUJt WU[lllpwurfibpfr, i.f wu bu.rl/_ n l'"'"lbu L pwt 9 Jwq.Lpuwl[u.rb 

zqflwtbp/r ~u.r2.f_u.rpf(nd' 
OpUfhu oppfiwft 11Jrurwpftbt.p ttbf(urpwJwqtfruurftwt nbtb/r Z'lfJu.rt, 

np111bq ifiu.rfJnLJfiJI! t:wl/_wuwpw1wifi p1..uzJu.f_wJ t l bpftu.rpnL{iJ.(nLt ntb/;9n'l 

i.!frlndtfr "-'1w IL f""'lftw9wb t W 'l-"'l"'f'f,bpfr9 (Lft, 1--'13 }t 

"'{</lnafrnfuw~w'fl -\nuw'flp/r Jw9Lfr11w~w'fl- -\wJw~wp9bp/r- -\wz~wp~Upnd Jwlf

LJruw~w'fl JrL11n<~p/rwL Jjrzw w111nw-\w1uii/.n<J. t wn.wifbL"''fn</h wpclbpntf., Jru~ 

J. z. nL.-'fl h "tn1nb1i9JrwLHr/r 1nwppb1rn</1J~<f1p' wr111n~!iwtf.b,1n wpdbpUpni/.)• 
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llfrt.nLl1.fr (1) Ii. f.pw.t q_nLq.wt;bn LnLb/r (2) Jji Jwufr Jnurpf(nfl1wt t;/,

urL.wfi.pn~ fipwfis Jfrt."- "l !/>hpnJw'l-b/wwf(wfi 111wpwbp11LJ umwt.wfinui' t 

'l.lfllll/r JbJ.nLflJnLb nLfih9n'l . 9pJwt <1>11 

~nu.p, "I'/! wtt;pUfd-bzur t t;wzi/./i wnfib1 Ii 
"'UJ fl n L J fl p J • l. • It L, -p U . /u UI /' p II fu p cl> Jo J:.:::::!~;:;t::;-h~-Mr-f"J"t".'1 
.\nul!fr Jfrt"- l[wU[,. npnzJmt Jw1wfimltt 

'1-frmwpltif.n'l Jwqfipuwi,wt z'lfiJwfi Ufbur/! 

t t;wz..[.wpltbt n11Uf .liu pwzfuif.wd- Ufwpw

i.fbmpbpni/_ Jwq1ifru~i,wt zqflwt 

flpU[bu wnwtfit«.J1fr1i ll(Wf'l.UJhurp .\wfi-

11hu hfi q.wtfru ITJiwi/_np bpltuzpni:.fil JnLh 

nLfih9nq JfrP.nLlt/1 ""- LnLbp JwqfiJiuwi,wt 

'1fiJw'lf1nLfJJnL'itf!' 'Imx-1! IL "l lpbpnJw'l-

fiJiuwltwfi ilfrtwif.w.rpfr Jfrwi[np bpf(wpnL-

'\,q. 1-13. tf~tnLq~ bp~wpnLpJwJ F 
mb'lw~w2}u~w~ qn&n~ 1;1 hq•oplll

JwqG~"w~wG n_htb 

fJ JnLh t;wqnp11wf(w~nLfiJJ11LLf!' Am-f!t J 
t/JwfiJnLJflP uf(~pfis X .\bnwif.npnLfiJJtub i/_pw 'l-urf11/_nq lturpi/_wi}.pnL · 

i.!JitnLl1.Ji L. lnutfr ,r ,Jrt.L. Jwq.'itfiuwltwb "lnmh~9fiwtfibpp urwpphpnL{J JnLfiC 

fizwfiwltbfip Umx-ni£, Jiult Amx urbqwJwunLJ ~Umx "lnurbt9JiwtfiJ Umx-/i 
w'Af!t ~<l>x ifrwfJnLJ{iJp u~qpfr9 x .\bnwi/_npmfl1wfi i/_pw 'l-mf.u/_n'l fitnL4P 

f(wJ tnLbp f(urpi[w d.p.nLJ'' <l>x .\nu.pp whf! AX urbqw1FwunLJt 

U.H pwrlhzm t Iizh l• np. 

A<l>x= - ~<l>d' 

npurh'l ~<l>ct-1!> X cons t L. X + /lX= cons t t;wpfiJntfiJJnLtfibpni/_ uw.t;-

JwLwifiwfti/_wb Jw~lifruwl[urfi t:nu.pfi tt 
lfwq.Lfruiul[wfi U(ni.nhb9pwtLhp/r urwppbpnLfiJJurb "- .!w'l-Lfruwl[wt 

.\nu.pp w'Ap <wl/_ILI uwpnt.!Lbpf! iiX urhqwJwuJr .\w.!wp l[qp.f_bt .\bmlL-

Jt.Ul l[hpU[• 

i - flUmx= (fmx <l>x - 0) dX 

,, -a~x=[>-rnx(Umx+AUmx)}Ax, 

npuib'l 0 , lW/l-tT J. Z• nL.-b t Jpwl/_np bpftwpnLflJwb l/_pwt 

bpp fi.X-1! A.1fennLJ t qpnJp> WU(UI u111w9i[nL.! bt t:bmUJWL 

phfisp"'L <wi[wuwrrnLJtbp(!• 

\

. - dUmx = f mx <l>x- 0 
dx · 

- d<t>x = Amx Um:i:t -
cix 

( 1-88) 

( 1-39) 
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(1-38} LL (1-3.f'/ <{'wqi.uuwpnuJ1ilipnLt/ f)inx-l! f[wfui/_wtf I; ¢>x-/r9t 1..m-1! 

~wfui/_wtf ·lJ <Px-P9r P1-".(9 qu'P"'l I; qwfui/_wc} tfo'iiht X qnnpFfp'iiw.mfo91 · 

1'fo1m.upqh'ii.p 'iiq. 1-13-nLJ' phr1if.wJ- J'wq.'iipuwqw'ii ltz/JwJp .\wzif.wpqfr 

J-pwq.frpf! rcuwfopp-2» fli/.w.tfo'ii .\wzif.h Jh.pb'iiw.(p i/_t'l.fl .\hmlLJ/.!Jl htut4h

~wlfr~ tni/.JwL'iihpfo .\wJ'wp' l = 33,3 . uJ', ilwq'iifouwlwrfo qmpi/_1.uJ-n 

"$ .·. '10 J'J'
2

, 0,1 l hpqwpnLfJJwb J'w'!'iifruwqw'ii .t;"wrznf''IWqw'iinLfJJnL'ii[!' 

~m AX-= 0,01 2u.J', 3-fuwpfoufufo LL J'wq.'ufouwlwl'fo J''iiw9wJ- J'1.uuft J'fttU. 

oi].wjp'iJ pw9wq'iJhp f 'f"Llj Wf'WJfb .J'wq.'iJpuwqwfi FffUWFff'nLfl Jnd.Jf!' 12 X 
x 10

5 
2t-

1
, Ol'fUIJp'ii pw9wl1p rm= 0,661726 St "- J1.uq.Lfouwqwfi U(n

uihL9fowifihpfo tnwpphpnLfJJnLb£1 0,1 [ hpqwpnL{JJlub i/_pw 0fix -- 15 IJ.~ 

O'pwqppe ~1 plij1 llb\I\h.Jmte· 

L .u.onyCTliM r= 12S=10 o == 0 ,01 l=0,005 b=0,661726 m= 15 
0=0 

2: Bb1qifcJIHM H ..... 218,9 tg 0,9026 P = o- i. 
3. eCJIH 0- 0,01 >o H.ll,TH K 5 
4. Bbll!HCJIHM <i> = b S U = r <}) 

5. eCJIH 0 - OOI < 0 H.llTH K 9 
6. Bb1q11cJIHM r = O,OIH/3b <P = bs ~ = r<P - m u = u +a a= uo 

·cp = <P + a b = <P s 
7. nel!aTaeM c 0 3H3K3MH p 
8. neqa'faeM c 4 3HaKaMH <P H 

9. BblCTaBHM Q = Q + 1 
IO. ecJI11 0 - l 1, If< 0 H.ll.TH K . 2 
11. BbiqHCJIHM A= u// H = 218,9 lg 0,9026 b b:........ A/ H 
I2 . .u.onyCTHM b _,. 16 I 
13. neqataeM c ·5 3HaKaMH b 
14. KOHqaeM 

HCnOJIHHM 

P=O,O 
<P=7,31Q9 U=69,3698 
P= I,O 
<P =7,9112 U=60,Q315 
P=2,0 
<P=8,4248 U= 51 ,3550 
P== 3,0 
<P = 8,851 . u·= 43,296 l 
P = 4,0 
<P= 9,2153 u = 35,8015 

p · 5,0 
¢J = 9,5Dq8 u = 23,8091 
P-6,0. 
cp '- ·9,7263 u = 23,2474 
P=7,0 . 
<P = 9,8867 u = 16,0363 
P=8,0 
<P = 9,9876 u == 10,0886. 
P=9,0 
<P=l0;0307 ' u=4,3116 
p Ir= 10,0 
¢-10,0168 ll=-1,3911 
b = 1,00014 

Ui.nnplL .\wpwphpwq9n'-fJJwb mhu.pni/_ mpi/_wJ- bfi .\wi/_wuwpJ'w'J; 

'iizwLfo9 J.;.ufu' fli/.wJpf1 LzwLwqnLJ''iibpf! c}f'iu'lf'nLJ', wp_p9' mwnw1Jr'u. 

'iizw'uwqnLJ'fibpf! (1-38) LL ( 1-39) wpmw.\w1mn.LfJJnL'ii.'iib11nL1! , 

a-d ·-x m=0"x ¢=<Px, r .= .rmx AX, - mx Ll • . L.l ' 

flwsfr WJ'f Lz1ufiwqnul'j,b;fo9, r mwnni/_ . 'iizwLwqi/_wc} . I; J'wq.Lfruwqwfi· 

11frJ'w11pnL{J.(nLbf!i S-ni/_' J'wq.Lfouwlwl'fr lf.wp1[wc}.pf!1 b-ni/_' ~wq.fipuwqw~· 

B foL11n1..qswL, H-ni/.' J'wq.Lftuwqw'ii 11wzmft H [Wpi/_wJ-n<fJJnL'iif!, l-ni/. 

J'wq.Lftuwlwf'p 2' {wJL ni. flb 1-13-fo L2wfiwqw_c} l . hpqwpnLfJJllLbf!} 

mhrzwtfwufr hpqwpn<{JJnLfif!1 ffi-ni/_ bzw'iiwqi/_wJ /; 0AX Wf'/.111Jl'ff'JW[f! t . 

lfwq.LfruwsJ'w'ii qnpf! WUf.f'nqufrJ'w9i/_wc} I; (2 LL 11) OU(hpwmnpfih-

1'"...,f phpi/_wJ- mw'iiq.b'iiunft11nif.1 l hpqwpn~flJnL'ii[! pwchu'iii/_wJ- I; mwu[! 

.\wi/_w1JWf' J'wu_bpft, npn'ii9 .\wJ'wp'iibpf! Lzw'iiwqi/_wJ b'ii P mwnni/_, .\b~ 

mlLwpuip J"Lf'w.pwflu n1..p mhrzwJ'wufr bpqwpnLfl JflL'iif! .t:wi/_wuwp_ t l::.X. ~ 
= l / 101 _f1w9p WJ'li b'iiflw11pi/_wJ I; , "I' J'wq.Lfruw[W{'flLU ( 1, 2 IL 2 ): 

mhrzwJwuhpf! U/.wtnpwumif_wc} b'ii · J'folL'unLJ'ii bJnL{Jp91 nL'iih'ii J'folL'iinLJ'ii 

qmpi/_wJ-.p'iihpf!, fruq _3 -fuwppufup J'wq.Ljruwq~L 11foJ'w11pn1..fJ JnL'iif! .t:wi/_w

uwp I; 'll'"J/rt 

btlilq_hlflwJpb mi/_1wt'iihl'l! "'l'if.wJ- h'ii OUf.bpwtnnp 1-nLJ', l!f,'1 npnui 

r-fr wpcfh.p'iibpf! ~pi/_wJ bfi 105 1,u-~-ni/_, fruq S-fr wpclh.p[!' J'if2-ni/_1· 

lfwq.'iifouwf[w'ii cp .\nuj![! J'b.ph'iiw'ii tnU{flLU I; 10-5 r./.p-ni/_, puq J'wq.·'iip

uwqw'ii U/.nmb'ii9frwl'iibpfo mwpphpnLfJJnLL[!' /J.-ni/_ 1 2 ' mbrzwJ'wufr l ~p-_ 

qwpnLfl JnLbf! tnpi/_wJ- t OUf.bpwmnp 1-nLJ' J'b,,,ph[1ni/_, 0-fi' 1,u .J'-ni/_, b~fi '-



1:1.blJSfllJ.lJU. "'1 tifl~SU.lJS'tJbfll! b'l 'tJflU. "'16 
l..JiU''tJU. ti U. "'1 l..U.Sti fl ft.(c)-60 ft. "'1 'tJb fl I! 

2-1. tlblisr111111 't. 11n't.s1111s't.brfl 't.nll 't.U.lin1'fi>'an1''t.I! b'l 
SbUllli't.brl! 

/;lb'tUJpw'twfi uwp.pwt/_npJ'w'i.i urwppbp UJwppbpf! J'frJ'1w'i.is {b1J1 'tw

rn; /;f# J'frw'i.iwl fr'i.il.Ufbu ltnzUJ ( J'zUJwitwf.i) J./J.n~, WJ'iiUfhU tL JwJ'w'i.iw

iltwt/_np' 'tn'i.iUJw'tUlwJfrfi {"IJ'w'i.i J'frfn9nt/_1 UfrJ'1w'i.i9 {bUJ {"lt/.n'l J'wubp[! 

.npn'i.ip W"fUJ{nt/_nLJ' b'i.i {nuw'i.i.pfr w'i.i9nLJ'f! uwp.pwt/_npJ'w& J'fr UJmppfr~ 
JJnLUf! ltnl.t/.nLJ' bf.i . itn'iJUJwltUJ'i.ihf' (lwUJfr'i.iwltwfi COntactUS pwnfr9, np 

lizw'i.iw'tnLJ' t {UfnLJ' )1 

'1-flUS 2774-44-nul 'i.izt/_wh t. t.t/;Lh'tUJf'w'tw'i.i 4nL1J1w'tUJf! wi'i.i {w'i.i

"f"LJ9'i.i t, ·npU1b'lfr9 {nuw'i.i.pf! J'h't o'lw'tfrs w'i.i9'i.inLJ' t J'JnLufr'i.i»t 

IJn'i.iUJw'tUJ'iih11l! nblh'i.ibpfr wJ'h'i.iw"fWUJwufuw'i.iw1J1nL opqw'i.i'i.i h'i.i, 'i.ipw'i.is 

nl_ &JrzUJ {wzt/_wpitf!• ltwnnL9t/_wh.pfr nL 'i.iJnLflfr "l. &frzUJ [!'i.iUJpnLJ'f! 'tw

J'"'l b'i.i UfUIUJbwn lfWn'i.iwl 'i.ipw'i.i9 .f!UIJ.[!WJJ'w'i.i b. {w'i.iqb9'i.ibl t/_flwp'i.ibpfr t 

jl-J,l/;f.ihpfr ltntUJwltUJ'iJ/;pf! frph'i.i9 wzfuwUJuJ'iJ.pfr f!'i.iflw9.pnLJ' UfWppb11wpwp 

Jfrw9t/_nLJ' b. wbtw1J1t/_nLJ' ht, 'tnJ'nLUJw9'i.ihlnt/. Jbt) 'twil q.n.pp {nuw'i.i.p

"1ibpt U.1u UJbuw'thU1p9 'tiupn'l h'ii.p wubl, np 'tn'iiUJiu'tUJ'iibpf! qUJ'i.it/_nul 

./,f, wzfuwUJwf.i.pw Jpf.i hwf.ip tl(W Jilwfi'i.ihpltLJ' t 

. Opfr'i.iw4, w'i.itwUJJ'w'i.i Jwilwfiw't 'tn'i.iUJw't1J1'i.ibpfr J'frtb. wnw£°w'i.inLi t 
J;lh'tUJf'witw'i.i w'lh'l, "Pl! ltwrn'l t .pw1.pwJbl 'i.ipw'i.i9 'twJ' bnwltshl J'h'tl! 
.J:JnLufr'i.it IJn'i.iUJw'tur_'i.ibpf! pw9 i/_/r&w'tnLJ' o.pufrlfw'i.inLJ' b'i.i b. Ufwp"phpw

pwp J'frw9J'wfi nL. w'i.ip_wUJJ'wt JwJ'w'i.iw't tpwt9 J'frtb. &'i.iznLJ'f! flnLLw
.1111LJ' t, np pw9wuwpwp t wqlfnLJ' {nuw'i.i.pfr 4nilnLUJw9frw1/r t/_pwt IJn'i.i

urUJ'tUJ'iihpfr t/_pw ill;,) wq1fh9n_LfJJnL'i.i t fJn'l'i.inLil 'iiwL. 'i.ipw'i.is flpflnnsf! t 

/;tb'tUJf'UJ'twfi 'tn'i.iUJw'tUJ'iihpfr'i.i 'i.ihp'tw1w9'i.inLJ' h'i.i .{bUJUJUll U(Ul-

.\;u'i.it'i.ihpf!• 

1. {nLuwtfr 'tn'i.iUJw'tUJwJfr'i.i ilfrw9nLJ', 

2. J'frw9J'w'i.i w't'i.iflwpflfrt 'tnLUJw'tUJ'i.ibpfr flpflnn9fr pw9w1l.U1JnL

f/JnL'i.i, 

3. UJw.pw9nLJ' "l. wt/_btfr• .pw'i.i 'i.iwfuwUJbut/_wh t flnLJ[U1U7pht/r l_UI• 

4rhpnt/_, 

4. thpJ'w1fr'i.i L. tLb'tUJpU11ffr'iiwJ'fr't 'twJnL'iinLf1 JnL'i.i J'bt) { nuw'i.i.p'i.ibpfr 

"]b"f..pnLJ', 

5. 'twJnLtnLfJJm.'i.i wpUJw.pfr'i.i wq1fb9nLfJJnLt'i.ihpfr 'b'twUJJ'wJ'p, 

6. J'bfuw'i.iHw'tw'i.i wJ'pnLflJnL'i.i, 
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7. bp'twpwUJUnLflJnd1, 

8. q.n.pp ~'iisn'lfi4 1ffrilw1fpnLf1JnLt, 
9. 4ntUJw4UJtbp[! UfbU1.p t 'ffrJ'wtwt npnzw'tfr flt/_nt/_ wtywUJnuf'~ 

thpfr L. J'frw9nLJ'tbpfr, 
10. ~bfWUJJ'~t JwJ'wtwlt 4ntUJwltUJfi/;pfr9 WllWfW91JJ,) W'l/;'lf! l.._Uf/;U11J" 

t .pwJ.pw.tfr tpwt9 , 
11 . wttwUJt/_wh if fr&w'tnLJ' 4ntUJw4UJthpfr J'frtL. U(hUJ.p t WUfw{nt/_fe 

npnzw'tfr l"'f'nLJ'' w~1ut9 tpw'ii9 J'frfL. b'lwh pw9w'tl! hw'thlnLt 

{!uUJ w'lfuwUJwf1.pfr pbnLJflfr 'tnbUJw'tUJ'iihpf! LfrtnLJ' hfi . 

w) <Pw't~'l 'twJ' 'iinpJ'wl pw9 'tnbUJw'tUJfihf' (u. P.), npnb.p· qUJ'i.it/_nul 

ht pw9 t/_fr&w'tnLJ', hpp tLh'tUJpwJ'wq'iifrufr itn&nt/_ wfi9_fin 'l {nuwb.pf! { w 

t/_wuwp t qpnJfr • fruit {nuwb.p wfiqthLnL lfhUf.pnLJ' 'iipwt.p ifrw'tt/_n"'J' h'fH 

p) UnpJwl q.1.ult ltnbUJW"UJfihf' (o. tJ> )1 npnb.p ltn.bnLJ' {nuw'iJ.pfr 

pw9w'twJnLfl JUl.'i.i lfbU(.pnLJ' tfrw't ht , fruit { nuw'i.i.pfr wn ltuiJnLfl JUl'i.i lfb"I~ 
.pnLJ'' pw91 

q) l/>nfuwp'tfrl 'tn'i.iUJ1114UJthp (l/>nfu)1 flpnz 4wnnL9t/_wh.pfr nblb'i.ib . 

pnLJ', {wUJ'tw"lbu tfrn.pp {qnpnLflpu'i.i nblhthpnLJ', 4'w'tt/.n'l L. pw9 · 

t/_11'l 'tn'i.iUJw'tUJ'iihpf! UJh'lw'twJnLJ' b'i.i J'b't l!'i.i1f{ 111'i.in!-P 'tn'i.iUJw'tUJwJfrL 

{wJ'w'twpqnLJ't flohLh'i.i 1uzfuwUJhlfru 'i.inptfwl pw.9 (u. P. ) ltn'i.iUJw'tUJ'i.ibp~ 
4'w'tt/_nd h'i.i, fruit 'i.inpJ'wl' 4'w'tf!' (u. I/>,) pw9t/_nul 1 

{!uUJ 'tnJ'nLUJw9'i.in'l {nuw'i.i.pfr J'hhnL{Jpu'i.i 'tn'i.iUJw'tUJ'i.ihp[! pwtf1u'i.i ; 

t/_nLJ' b'i.i bpb.p fuJ'pfr' 
w) q.n.pp ;:nNw'i.i.pfr "!'bUJw'tUJ'i.ibp' u..'tuµih J'fr .pw'i.ifr J'IJ.-fr9 J'fr'i.il.L. 1 ll. r 

p) Ufrtfr'i.i { nuw'i.i.pfr 'tn'i.iUJw'tUJ'i.ihp' -J'fr pw'i.ifr lJ.J'U(hpfr9 Jfr'i.il.L. 100 lJ.I" 

If) Ubt) ;:n11w'i.i.pfr 'tn'i.iUJw'tUJ'i.ibp' 100 U.J'Ufbpfr9 wt/.hLfr t 

{!uUJ 4wnnL9t/_wh.pfr 'tn'i.iUJw'tUJtbp[! ptiuhu'i.it/_nd ht· hpb.p fuJ'pfr' 

w-'tbUJwJfr'i.i, p-qhwJfr'i.i, q-J'w'tbpL.nLflw1fr'i.i ('bit. 2-1 m, p. 1 q}: 

lJ.t/_UJnJ'wUJfr'twJfr • tLh'tUJpw'tw"lfr UfUIZUJU/UJ'i.inLfl pub q.n.pp { qnpnL.• 

(<I 1w'i.i nhlb'i.ibpnLJ' l1n'i.i1J1w'tUJ'i.ihp[! . wJ'11w9'i.inLJ' ( qwJ'nLJ') h'i.i !/mu!/mpw

jfr'i.i ,fpn'iiqfr'i.i, 'i.ibJl'lfr"fbpfr'i.i 'twJ' LWUJnL'i.ifr9 UfUllJ1f'WuUJt/_wh { wpfl 4nL-
1J1UJ4U1wJfrb qu"{w'i.iw'ttbpfr'i.i ('bit . 2-2 ), npn'i.i.p UJU{UJ{ nt/_nLJ' b'i.i iu'i.i { pw• 

JbzUJ 'tn'i.i1J1w'turw1fr'i.i $'bznLJ' L. 'tn'i.iUJw't1J1'iihpfr J'frtL. uUJh'lhnLJ' wt{ pw· 

JbzUJ pw9w't1 
lJ.t/_hLfr {qnp ·. nhlh'i.ihpnLJ' 'tfrpwnnul. b'i.i 'twJ'nw'tw1fr'ii 'tn'i.iUJw'tUJ'i.ibp 

('bit. 2-3 ), l!'i.ilf npnLJ' w'i.izwpJ 'tn'i.i1J1wltUJthpf! UJb'lw'twJnL'J' b'i.i 'tnz1J1 1 

J'bltnLufrl. UUJLUJ'tfr · fruit zwpJwltw'i.i ltn'i.iUJwitUJ'i.ihp[!' {w'l"Plffrl. J.n 'l/r 
t/_pwt IJwnwt/_wpJ'w'i.i nhLb'i.ihpnLJ' J'bt) {nuw'i.i.pthpfr 1fhUf.pnLJ' 'tfrpwnni..J' 

b'i.i J'w1J1'i.iw1fr'i.i 'tn'i.ilJlw'tUJ'i.ihp ('bit. 2-4 )1 31 
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vfi. 2 - 1. w) fi bU1w1frL l[nL

mwqmLbp , p) .fwqbpli.nL/Jw

JfrL qnLU1w'tU1Lbp, q) q&w1frL 
, qnLU1w~U1Lbp 

2-2. liO'liSU.liS\ib(l}l '}.lJ.UU.liU.rq.nfl.tff! 

fipb'i.i 9 'i.izw'i.iwft 11LfJ JWJ' p l;Lbftmpwqwf1 "n'i.imwftm'i.ibp I! pwdw'i.ii/_ nLJ' 
.b'b bpftt/L futl' pfr. 

1. urwglinq_ qnlimwqmlibp, npn'i.ip iµzfuwmw'i.ipfr f!bfJw9{!'1LJ' d'zmw

.JJ/hil ifrwq b'i.J I 

2. 'l.Jntf'Ill_U\\llgrnfi qnfimwqmlibp, npnbp 'i.J2w'i.Jwfti/_wq b'i.J wbp_wtnb[nL, 

tlfrw911b[nL IL ifrnfuui'i.itwmblnL t:wJ'wp t 

tLbftmpwfttu'i.i WUJW{'Wtn'i.ibpnLt.f oqmwqnpd:i/..n'l qnJ'nLtnw9frn'i.i ftn'i.i

UJwftm'i.ibp./! Lfr'i.irnJ' b'i.i bpbp mfrUJfr • 

1. wli2wp<l, 2. 2wp<lwqwli IL 3. uwlinq_1 
Uli2wp<l ftni.i/_nLJ' · b'i.i W.Jb ftn'i.imwftm'i.ibpp, npu'i.ip wzfuwmw'i.ipfr f!b· 

jdw9pnLJ' frpwpfr9 i.b'i.i pwdw'i.ii/_nLJ', 'i.ipw'i.i9 J'fr~9nLJ'f! ftwmwpi/_nLJ' ~ 
.32 

.\b'lnLJu'i.ibpfr IL ub'l1fwq'i.ibpfr ( uwnf! J'frw9nul) ftwJ' /;[ bnwft9J'w'i.i J'fr

tnsni/.. ( mwp tlfrw9nLJ' )1 U.1u m/rUJfr'i.i UJWtnftw'i.in'l ftn'i.imwftm'i.ibpf! wtlb

'i.iww"lwt:ni/_'i.i b'i.i, ~wmftw"lbu bnwft9i/_waf!t 

tiwp<lwqwfi ftnii/_nLJ' b'i.J WJb ftn'i.Jmwfttnbb.f'f! ! n(tnbp frpb'i.J!J wzfuw

tnwbpfr f!bfJw9pnLJ' UJWppbpwpwp w'i.irwmi/_nLJ' IL J'frw'i.inLJ' b'i.it U.ju 

tn/rUJ/rb UJWtnftw'i.Jnq ftnbtnwqm'i.Jbpfr wzfuwtnwbpwJfrb i/_fr'/lwftf! pwi/_w"w

'i.Jfr'i.J aw'i.ip l;t 

! g: 

·gs ""8' 

3 2461 
-.,~. 2-4. ltwmliwJ~G li.nGmwll.'nGbp 

33 



Urnlln'l 4n1if_nu! Mi WJL qnftmwqmf1bfil!1 npnft.p. /1pbft9 wzfuwmwL.p.fo 

[!Lflw9.p.nuf mbrzwtf.nfuif_nu! hft J'bq qnftmwqmwJpJ.i J'wl1hphup9 J'JnLuf!, 

wnwft9 zrz{Jwft /uczbtnL ( oppftwq, 3-39 mpUfp wJ'UfbpJ'bmpf!, {Jnl[wpqh_ 

nbnumwmftbp[! /,_ WJLL}t 

uzif_ wJ 4nftm wqmfthpp9 wJ bftwJwftp 1.1Jzfuwmwft.p.w .1foL U/w JJ' wHh

pnLJ' bL q.mfti/_11ul z1.updwqwft qnftmwqmfihp[!t Oppft1.uq, z1.updwl1wft qnft-

mwqmfihpp wftp_wmJwft diiufwftwq ftpw'it9 J'pw9J'wft J'wqbpbufihpp Jfo21L 

LUnwp_wftnLJ' ~· t[bqmpwqwft l.IJl[b'[, np[! pwpdf' p_bpJ'wuU1phw'itp W'l_'fb9nL

/JJwft mwl1 (6000°-12000°C) qwpnrz t .p.1.uJ.p.wJbl qn'itmwqmpJ'wqbpbul!' 

Gwpdwqw'it l1n'i.imwqmLbpf! pw9 i/_pGwl1nu! ~L{J~pqi/_nLJ' hfi o.p.up

'fWSJ':.uL, puq o.p.up'fp zbput[!, n11L nLUp J'bJ 'fpJ'w'fpnL.fJJ11tft 1 pwywuw

pwp t w'i.i'l-f11.1J'f/U!lbnLJ qnLmwl1mLbpfo w2fu1.umw'it.p.p if_r1w 1 Gwpdw~wL 

qnftmwqmLhpp Jfrw9J'.wL /,_ wLp_wmJ'wL dwJ'wLwq {JnL[ !.UbnLJ' t l1nL. 

mwl1mwJfo'it GLznLJ'f!, "l'I! LnLJLUfbu pw9~uwpw11 t wb'f{'W'fLUnLnLJ 

qnLmwqmLbpfo Ln11J'w1 w7fuwmw'it~p ~pw: lfpw9J'wL dwJ'wLwq nLdbrz 

J'bfuwLpqwqwL J;wpi/_wJLbpfo9 zwpdwqwL qn'itmwqmLbpf! qwpnrz b'h 

i/_Lwui/_btt IJ.J'l- UfWmhwnni/_ tt zwpdwqwL qnftmwqmLb11pL1 pw9p t/i.i'l-J;w

Lntp UfWJ;wLp_fibp/,91 ftbpqwJw9i/_nuf bft [pw9nL9fl U/w..\wftp_ftbp. 

1. J;nLuw1fo J'pw9nLJ', 2. qnLmwqmftbpp mw.p.w9nLJ'f! lU/bm.p. t 'fb

pwrzwL9fo {JflLJLWUtf'btfo uw..\J'wHbpfo91 3. qnf1mwqm'itbp[! Ufbm.p. t 'l-P

J'wftwf1 l1w11G J'pw91lwft J;nuwL.pftbppft, /,_ 'lfoLwJ'pq wq'1-b9nt/JJnLf1fiLppft1 
4. qnftmwqmf.tbpf! UJ(IU1w.p.p'it W'l_'fb9nL{J JnL'itf.tbpp ~wq JU/bm.p. t .p.wr 

j!WJi/_bfit 

{!um qwnnL9i/_wb.p.p qnLmwqmLbp[! pwdw'iti/_nul bL J;pftq. mbu:.uqfo. 

1. tirnqrnmrnJP.li, 2. l\wpqrnJp.G, 3. tl'rnmGmJP.ii, 4, J.llnqwlirnqrnJP.li 

5. flrnmh: lwqrnmwjpli qnLmwqm'itbp[! 1foLnul bft ..\nJ q.[wftwJ.k, · uftw

J'hp /,_ qpuwu!pbpfo4 (Lq. 2-5 w, f!• q)1 

U pwft.p. oq.mwq.nptJnLJ' bf, ') rzn f' wftp_wm fl LUU[Wf'WU1ft bpnL!J' /,_ 

~wmqwU/bu pw11J.p 1wpJwft JnLrzwJpft wftp_wmfolfthpnLJ'' 800-.1.000 If. 

wzfuwmwft.p.w Jpft ..\n uwft.pftbp f! qnJ' 11LU1UJ 9ftb [nL J; wJ' UJ{' t 

lrnqwmwJpG qnftmwqmLbpf! nL'ilbft J'bt) wft9nrzfo4 '1-foJ'w'lpnL/JJntft, 

npf! qrn.p.pw9LhtnL ..\wJwp uiL..\pwdbzm t 4nfimw4mw1foL &'iiznufl! .!h

tlw9Lbu 
34 
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't.~. 2-5. nw~wmw1~G ~nGmw~mGbp• 
w} .:;nit 'f[W'bw.!h, 

p) u'bwJ'hr, 

'1) ftpuwufPhf1pft 

tl,. rnpqmJP.li qn'itmwqmLbpf! (Lq. 2-6) J'bJ 4fopwnnL{J Jnd1 nLLbL 

l.J.lf''IP• J;wml1wU/bu pwpdp ['.U{'J'wft w'itp_1.1JU1N1[ UJUfwpwmfthpnLJ' t 

l/.wp'fwJp'it wftp_wmfolfo qn'itmwqmftbpf! pwrzqw9wJ b'it wft9nrzfo4 ubq.

J'hf1mftbpp9 (1 ), npn'it.p J'fowupft if_bp9pwJ. qwrzt1'1nJ' bf1 i/_wp'fwqt Ubq.

Jbftmftbpf! l[_UUfW'itwqf.tb[lf J'fotn9ni/_ ubrzJ'i/_nuf bft Zf'P.l.IJftWJfft zwpJw4wft 

lf nLmwqmftbp p'it t 

J 

·~. f 
2~ 

oft. 2-6. i/.w(''fWJp'b ftn'burwftur'bbf'• 

1-uh'IJ'b'bur'bb(1 [WtnnL'bp9, 2-'l.""lw'bwft' 

ftn'burwfturw1p'b ·-i;'bznul uurb'l<tbtnL -:wrlw{', 

3-zwf'clwftw'b ftn'burwftur, 4-"lwur1w'1, 

5-pwf'wft "l'lf,J..1w flpflh'lf,J,f'PS -:'wtf.wpw<t 

-:nuw'bpwtnut~, n{'p flpflb'l/' -:wumnLfJJnL'b~ 

0,1 J'J t 



l.I: 

' 

,($ 
~ .. (¥ -~~(' 

.i,(d 
(1 (m 

t 

w~mm9uft !l~r'"\'ii 'l i-;: •ft'l,_ 

1Jmrm:, iu1m"' 'I"'' eJ 
-1uJrm 'li/urifm"''l"it pJml'lm ,lfm'lmln 

-ni/J,-g •il1111fmur11u'1 pJml'lm ~ r1u1'GmJ 

-rm -,.ufluli/p i/Ju <nf-.uL'l:,-r •Jmrm:, 
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-~eJ '1mJmrl mrLmurq.f' p-iu'Ii/1 TJ_,'{ -(>m]tpbm1! 

( 6-6 ''1'1) i/Jq1Jur'1mur'Iu? n~rmqm-gmbulll 
1~ Jiluif1 JmJmurmr'll'm:, ilTJ_,-.uf eJ 

-·wJum.f'iJl.r 1!iJLuGr!m ijJ71Jur'rmur'Iuq 'l'-.uJ'l'I 

-'1i/Gn/ LuJm.f' L11Lm 'II/ pwfJu'bmur'bo J'l'J 

-ur'1mm'Iu'1 tJi/fmil'Immmn/lm n7lnJu if1JmJn 

t .{'wJ'l'I7iJn/lmJ 17 p-1uJ7q)ijurml'Im 'Jm.f' 

-Jml JyJmrl 'l'I .f'--,u-(>Ju'bmur'bo Jpmnmp -f>'ll' 

( 8-6 .,,,~) i/Jq'Jur'1mur1u1! n~rm-gmmJl 
tpwtlq'JurmJmlnm 1mpJml JyJmrl 

, J9'Jur'1mur1u'1 1'/f mil1murmn/lm n 7lnJu 'I'I 

pwfJu'bmurno 1i11Jiffmurm1!my. 1mil '~ Jduifr 

ijlq]tm urml il1-.uf eJ-.uJ-bmpij-b 1!iJLuG'Im ifJ'l'Iut'rmur1u1! 1iJFm-bJmp_ 

7Jf"'"''l'lri111n ifmfmur ('I '71ym-z (b ''lf"''lmL'I" (b •(.I '(m 
·dol·n\> ~il!f.!J°'!J'U'Lqn · z.-g ·It'\. 
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'fU1JnL1/ wzfuwutb[nL p'iiflw9.pnLJ PfrfJluz'iihpp ftnp9'iim .r bf, frpM19 &qnL

f.mLfJJnd1p, Lt w'ii9n'lfrft' '1-frilw'fpnLfJJnL'iif! ilbJw'iinLil l;i 
. 5. ~wmnq ftn'iiutwqut'iibp ('iift. 2-10 )1 ,!pJ'iiwftw'iinLJ oq.ut wq.np-

dnLJ' bfi "wmfrlLb['nLJ Lt w"l':'l"nt[fil'iibpni.il. Lfi'iinLJ b'ii JnfJ wbuwftpt 
'l-n /nLfJ jnd1 nL'iib'ii 'ii1JJ/i. q.Jw1fi'ii ftn'iimwftmLbp ('iift. 2-11 ), npn'ii.p 

ftfipwni/_nLJ b'ii ftn'iiutwftutnp'iibpnul' llf'"lbu wzfuwutw'ii.pw1fi'ii ftn'iimwftut'iibpt 

l/n'iiut wftut'iibp fr '" pJL1JJftw'ii "IW('Uttf butphpL bL' 

w) l/n'iiut~uftutLbpfr &'iiln'l ftwil ub'liln'l nLclp, p) ftnLutwftutLbpp 

pw91_wJ.pp1 q) ftnLutwftutUbpp wLftnLJf! (fiF.i/_wJ.pp), '1-) l1nLm1JJftutLbpfr 

wL 9" 'lr4 '1-fril Ul'ff'NlfJ Jn LL I! I 

l/nLutwftut'iibpfi ub'lJn'l nLclp w1L nLCf'h I;, np ftnLmwftmLbpL fipwp 

I; ilfrw9LnLil n11nzwftfi &LzntL nLclni/_1 '1-njnLfJ Jn LL nLLfi ftnLutwftutwJfiL 
bpftnL -A'iiznL il. uftqp'iiwftwL' P. /, 1_bpt_ Lwftwf1' p 11 

P .-'ii uutb'lJi/_nLil I; qnLutwftmw1fiL ilwftb11bu'iibpp ""lilwL wftLfJwp

flp'ii, fiuft P 1-L', ftn'iiutwftut'iibl'fi . tfpw9nLilfi9 "butn1 U.'iipwi/_1.Upwp ftn'ii

utwftutwjp'ii nLcfp 'fb"l.pmil ftn'iiut1uqmw.rfi'ii ilwftbpbu'iibpp ppwp fJnLJL b'ii 

""l'ln~il, npfi "butli.w'ii.pni/_ ilbJw'iinLil I; w'ii.9n1zfift '1-fiilw'fpnLfl 1nL'iip, Ii. 

ftn'iiutwqur'iibpp uftunLil b'ii utw.pw'iiwi, npp pbprnJ I; ftn'iiutwftut'iibpp ifilw9-

ilw'ii(!1 l/n'iiutwftutwjp'ii ub'liln'l nLclf! umb'lJi/_nLJ I; qu"lw'iiwft'iibpp ilfrin-

9ni/_: '1-npJLwftwLnLJ JbJ 'l.'fWJnLLnL/JJnLL nL'iib9n'l tihibLbpfi ->wilwp (bpp 

It= 0,5-1 U.) ftnLutwftut ""Jr'ii nLclf! 1_bpyLmil bL 0,001 LJ -+- 0,02 u, 
'l'IWJN".:b ~blb'iibp{r "wilwp' 0,05-0,2 u, fruft 1 U.-fr9 JbJ '1-b"l.pnLil 

1_bp9i/_nLil I; 0,~:___ 0,3 b1 U.t[utnilwmfi4w1fi ilfitw'iift1wL nbib'iib11fi ->wilw [' 

PcL ' 1_bp9LnLil bL 0,5-1 u, i/_nif/>pwilw1fiL ftwtf tfbutw'lwftb11wilfi4w

ftwL ftn'iiutwftut'iibp nL'iib9n'l nbibLbl'fr ->wilwp P., 1_bp9LnLil bf, 1-3, 
Jruft 2-3 U. ftnilnLmwy'ii.n'l ftn'iiutwftut'iibpp ->wJ'wp p cL i/_bp9'i.inLtf b'ii 
0,25-:-- 0,3 b t 

l/n 'iimwftut'itbpfi pw91_wJ.pp ( t:.12) z1.Upclwl1wL Ii. wLzwpcl ftn'iiutwftut

'iibpfr ilfrili. wt.fbLwftw!'& "b nwqnp1n/J JnLL'ii /;1 l1nhutwftut'iibt1fi pw9i/_wJ.pfr 

JbJnLfJJnLbf! p'iiut/tnLil b'ii' bi'iihini/_ WJ'ii "l'.uJJw'iifr9, np ftnLmwftut'iibpfr 

.w'ii2wuttfw'ii cfwJw'iiwft Wn.<UJ!!u9wJ w'lb'll! "nLuwi/i J',up•[Jr1 

4nGmwqmfibpr wlit1nuf~ 1.UJ'ii mb'l1J4ifinfunL/J JnL'ii'ii 1;1 np ftwut_wpmil 

I; zwpclwl1w'ii . ftn'iil{l!.Uftutp w'iizwpcl ilfiw91_wJ 'ffrp.pfi9 "bnui9'iibinL "wilwpt 

l/n'iiutwftut'iibp{i w'iiftilw'ii ilbJnL/J Jn LL[! 1_bp9'iinLil b'ii' bi'iiblni/_ ftn'ii

utwftut'iibpp ilwzi/_wJnifJ JW'ii wuutp&w'iip91 Pnin11 'J'ii 1u9wJ "wt[muru11 

./.J/ w1ilw L'iibpnu! ilbJ w'iiftnLJf! w"lw,,ni/_nLil I; ftn'iiutwftutLbpfi lJwzi/_bl/! 
311 

Lt ilbJw9'iihLil u11w Jwnw1nLfiJJw'ii cfwJftbutpt ll.'iiftJw'ii pw9wftw1nLPJw'u 

/.L lwifiw'lwfi9 zwut .Jw.z1_wJnL/iJJU1fi 'fbll/,PnLJ . ftn'iiutwft111'iibpf! fJnL j[ bfi 

ilfrw9i/_nLil, npfi "butltw'ii.pni/_ 'iipw'ii.p mw.pw'iinLil b'ii IL zwp.pf9 'fNL{'U 

q.w[pu 1 l/n'iiut1JJftut'iib1;/i · 1JJ'iil1ilw'ii ilbJnLfJJnL'iif! p·'iiutpnu! b'ii ftwfui/_wJ 

uti/_JUI[ ftn'ii~wftut/i l!JJ,,lU'fllf'Jtfwfi UJUut{ibm'iifi9 /., ftwnnL9i/_wJ.pfr9 t llbJ 

w'iiqil w'ii '1-b"l.pm.il 4n'iiutwqut'iibpfr JwnwJnLfiJ 1w'ii cf wilqhutp ilbJw'iinLil I;, 

pw19 ilp1ucfwilw'iiwq ilbJ1JJ'iinLil I; 'iiwb.. l;ibftmpwil1JJq'ii/1ufr fuw!'/wfu/1 . pL

fJw9.pp1 ' npp pbprnil I; ifiwfiJn'-1/Jfi , lJ.Ju1bp-qwiwpLbpfr "-. wilp"'ll ilwq

'iipuwftw'ii "wilwft1JJf''fP JbJw9ilwLp1 

f;lLblni/_ IJJJU utbu1uftbwp9 , fttiLmwftmLbpp w'iiftnLilf! .pLutpbifiu ->pJ'

'iil1i/_nLJ bL nbibfi ilbJ Jwnw1rnfd 11.,,L cfwilftbw/1 IL_ Li/_w;qwqni.J'ii lwifrbp 

uu:1JJLwinL "lwJil1.ULfi 1_wu1 l/nLutwftmLb11fi pw91_1JJJ.pp IL wLftilwL ilbJnL

fJJnLLLbpp 'l'fWLfr l1bpUfni/. 1ucl'fnuf b'ii ->wilwqwpq.p tfb{uwLpftwftwL IL 

/;[b ft ut pwil b /u w L fi41JJ ftw L p L nL fJ wq pb ['fr i/_pw 1 

2-5. lJO'tJSU.ltS'tJb'rfl U.'t,80'1.fl'LJ 'l-NFU.'l-fln~~on~'tJ(! 
(lin'tJsu.1tsu.s11'tJ 'l-fl\fU.'l-rn~flt'ont<-'tJ) 

fil JllL'ii'ii I;, np'ii. WlllJJl_IJJbnLil I; 

( Lit. 2-12); 

'l·fiil1.Ui/-f1NLfJ Jln'ii I!' R.. 1u 1L '1-fiilw'fpnl.·
b pftnL ftn'iiutwftut'iibpJr J/1w9J'1.U'ii ftb utn~·,r· 

l/n'iiutwftut'iibpfr . '1-fiJw'fpnifJ Jn LL[! 

bf'b.p '1-fiilw'fpnLfJ JnLL'iibpp q.nLJwpfi9. 

nputb'l 

I; 

R 4i.-[! ftn'iiutwftutw1fiL 'ii1m/Jfi '1-frJ/JJ'ff'nLfJ JnL'iiL 

R+.w 

1;, O"J, \.q. 2.12 

R4 .. -L' w'ii9n'lfift 'f/•dlJJ'ff'nLfJ Jn L'iip, 11p'ii wnw-

21u'iinLil I; ft11'iiutwftut'iibpfr Jfr1u9ilw 'ii ftbmnLd, 

Ro-L \ "II 'ii U1 wft tn Lb[' /r . o.p u l .. 'f/JJ 9 L n 'l zb [' U1 fr 11fril LU 'ff' n L{J Jnt:'ii.pt 

Pwf1Jr n11 R4 .. )) R4i. - fi9 , fiuft R0 -'ii ftwpbifr I; p'ii'fnLLbl ->w!f.wuwtr 

'lf'nJ/i1 WU[IJJ R4 = R~- ' 
R~i.-p uti/_j!JJ[ 'ii1mfJ/r "wtf1JJp " WUtn1JJutnL'ii I; Lt ftwfui/_wJ /; JfrwJL 

L11w.p w9J w'ii l_bpilwuut fr-C./JJ'ii fr 9 I 

R1.-L 1/inifi11fuwftw'ii t, n11p ftwfui[wJ I; ,ft11'ii.utwftutw1fr'ii &Lznulfi91 
'iiJnLfJ/i Jwftbpbufr ilw.p/1nLfJJnL'iifi9 b.. 'iiJnLfJ/r utbu1uftp9 1 

l/n'iiutwftut'iibpfr ilfrw9ilw'ii utb'l'ii ('iift. 2-13 m, p) nL'iifr pwi/_wftw

'iifr'ii pwp'f · ftw n1n91_wJ.p1 {;fib ftn'iiutwftut'iibpfr il-wftbpbup 'lfrutb'ii.p JwL

pw'ffimwftnif., W"(W ftmluLbL.p, np ftnL.mtuft:nwj pL 'l_NLJ'll! ppbL9 P"l "1' 

;:JD, 



¥burb/'ni/_ lbfi t:U/i/_nt.J' J'frJ' 1wfi91 Pb(11_w6- fi¥wf1nt.J /rf'Wf' bfJ • .\U/i/_nt..! 

m, p, q ¥burbl'f!; l.t WJ'f ¥bmbf1nW .\nuw&.pfr Jumnt.fJ Jnt.1'[! JbJ-wfJnt.J' t, 

P) 

'I,~. 2-13. ltnGmw~mGbr~ .C~w9.!wG .Cm\Lrlm~ uiwm~hrp 

nl'fr U[WUJ°Awn.ni/_ J'b&wfint.J' bfl [wpJ'wfl wL~nt.J'f! Lt ¥npnt.umflb(1f! I fifl1-

.pwfi ¥n1'urw¥urw1/rfJ -A1'2nu/ I!' P t-fi J'bc} t, WJ1'.pwfi .\"IJ'wfi ¥bmbl'fr 
fJ/ri/_f! 2wur t, "l'I! .\wf1'1b9fJnLJ' t wfi9n'l.H 11frJ'w'1(1nt.fJ JWfl t/rn.p(1w9-
J'wfi[!, 1'¥. 2-141 

t/Jnl'A.bl'frS btfib[ni/_ L¥wurbl bf,, nl' ~nfiurw¥uiHl'fr J'frw9J'wft J'w
¥b11buf!' 

p · s- - , uJ'Z, 
a 

nl'uib'l.' P-ft W'l_lf"'l nuJfi t, fru¥ a-1'' ¢wJ'wfJw¥wi/.nl' 'lfrJ'w'l('nt.fJJnL1'f!1 

f!f,'l- nf'nLJ' ~'l.ftJ.fr .\wJ'Wf' (1 = 52 .101 '!J/.r, fru¥ t/rwt/rnt.¥ U/'l.flJ.fr .\w

J'wf' a-30,2 .J07 b/J'21 
/;fib J'frw9ifwfl ~buibf1/r9 nl'l.tt J'bltl! "lwur¥bl'w9flbft.p ¥nfl/r mbu.pni/_ 

(11¥. 2-13, w), nl'fr i/_pw 

W'l'fnLJ' bfi P {1Ldni/_ f,_ 
. ~w 

w1h .\wJ'wpbfi.p ¥buiw1/rfJ 

J'w¥bl'bu, WUfW wft9n'lfr¥ 

Rt• 11frJ'w'ff'"LfJJnt.1'f! 

¥nl'nli/Jr t:buil.t1w1 pwfiw
A.L.ni/_' 

(2-1) 

n(1Ulb'l. 

I 
p- - .\w'l."1''1-/rl J' /r-

1 

p - t/fbt!t. 

""'l."Gt.L' 

a 

p 

"t,~. 2-14. Rt•= f (P) ~wlu~wc\nLpJnLGp 

twt/_WJf'P mbuw~wpwp tLb~mpw~uih 'lfrJ'w11pnt.fJJnLhh t, 0-<;J . uJ, Jru~ 

a-t npn24_nLJ' t .\"IJ'wh Jw~bpbufr J'frtnsnil' So= 'l'ta2 t 

/;flb ~nhmW~UIWJ/rfl J'frw9nuf'IJ nLfi/r fl .\wm .\U/i/_n'l. ~bmbf'J WUJW 

wh9n'l.M 11frJ'w'lf'nLfJJnt.he 4lfrhfr n w'h11wJ pn.p111 .lhml.tw"lbu, pwq_.!w-

11burw1fr1' ~n'hurw~mfibl'fr .\wJ'wl' wfi9n11_M t11frJw11(1nLfJ JnL'hf! ¥wl'n'l. bL.p 

Wf1urw.\w1mbl .\bml.tJWL ¥bl'u1' 

R~ .. -=_P_ , 
2 an 

(2-2) 

Pwq_J'w¥bmw J/rfl ¥nL.,,w4mflbl'fr .\wJ' Wf1 f!L'l .\wfinLp J'w¥bpb up ~l/rfl/r' 

S0n= P/at .lw2i/_/r wnflbini/_ w}u, ¥wl'blfr ( qpb[ a-fr wpJbn .\b.,,l.tJwL 

A.L.ni/_' 

r p I 
a=1, - ·-· 

V 11 nn 

R~- = --~P _ __ c= _ _ _ P _ __ , 

2 V Pn/ rca 2n y' P/a· _ I _ 
nn 

(2-3) 

2"1J'~f, n ¥bmbl'fr PM.I! l1w/ui/_w.t t ¥nfimw¥mLbpfr i/.(1W wq11n'l. &L2nt.
J'fr9' n ,_, f(P )1 li&zJ'wfl J'br)w9 .twJ'p t:"'J'wfl ¥bmbrfr fJMI! wi!_b,wLnt.J 

p . 
t, L. WJU "lf'n9bul! zwpnt.'hw¥4_nLJ' t, J'frLz.L. nl' p = 5:-;- z./r Lfr1'nt.J' 

.\wi/_wuwl' ¥wJ' Jbr) a-fr91 

/hufl/r nl' ~nflmw¥uiw1fr1' &flzJ'wfl wfll!f,'1.t;wm Jbaw9nLJf! .!frlm z./r 
pbf1nLJ' t;"IJ'wft ~bmbl'fr tTL'l.'J_wqaw1frh wi/_b[w9.!wf1 1 w"lw l!f,'1.\wfinLf' 

mbu.pni/_ ¥wpn'l. bfi.p · 'll'bl, np 

np1r1b'l./i9 

nt.(1bal'b pwqJ'w¥bmw1fr'b ¥n'bmw~m/r -<:walwp wf19n'l.fi~ 'lfralwfJpnt.fJ JnLLf! 

¥wl'n'l. bL.p Wf'UIWt:WJUlbl t:bml.tJWL pwfiwA.l.tni/_. 

p 

(2-4) 
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(2-1, 2-2, 2-3, 2-4) pwLwd."-bpf9" bpL.tt-u! {, n1• wL9n'lf4 11-/ulw

'IPm-fJJwL qpw wq_'l-ni_J' bL · p L. a µ'fuhL{JJnLL'iibpf! 1 qnLmwqmw1Jt'ii L1n~
.Pl! L. p C.LznLJ'f!1 Pwq_J'wqbmw1JtL qn'iimwqmft ./._pw wq_'l-nLJ' bL 'iiwL. 

S0~L, a-fi, L;"IJ'wf. qbmbpft flp./_f!J .4nLur,wqm'iibpft J'wqbpbuf! L. Lpw'ii9 

l/_p$. W "f! I 
iwzt[ft wn"ubtni/_, np L;wzquipqLbpft dwJ'wLwq n-ft, Su-ft L. a-ft J'b

d-nLfl JnL'iif.bpft npnznLJ I! qnpJLwqwLnph'ii L;'iiwpwi/_np lt, wu1w d.L.wpn

Jubtni/.. 2-3 L. 2-4 pw'iiwdl.thpf!1 qwpnrz bL.p qpb[, np 

.npmh 'l 

.IJ.,.~wfl-wp<t-wfl 

·tT/'LfrLJ.-"l'LfrLJ. 

·ll.1jn u! frL-wu,;u! fr!, 

k 
R~- =Pm, (2-5) 

p . qwfut/_wc} { qnLmwqmwjpL L1n1flft9, Jzw4-

l1 kn J'wL A.L.Jt9 L. qnLm111qm1111JtL bJnLfJJt Jwqbpb-

n:r( So uf.9. wrzJnLUwq (2-1 ), 

m-1! 4wfu1_wJ t 4nLmw4mft A.L.ft9 L. L;Uf1'_n7 

4bmbpft fJ4}s ( W'[jllLUUJ4 2-2 }t 

k 

0,01-10- J 

3. 6,7 . 10- 3 

o·,s1 . 10 - 3 · · 

il ,04 .10- 3 

'tnL<nw't<nLbp{r ' w
.. Jwp · 

lunqwl,w'twJ{rfl ~n!,
<nw't.,,fibpfr 'w .!wp 

1wpfl 'tnflurw'tur-
!,b(.fr <w.!wp 

m 

0,5 

0,5-0 ,7 

0,7-1,0 

PwLfa np qnLmwqmLbpfa '1-ftJw,,_pnL{J:JnLbf! zwm i.frnpp t. WUJUI L;wz

a./_/t hbp i.unLnLJ' JpwjL wL9n1zft4 '1-ftJ'w'1-pnLli1 JnLbf!, npft qpw wq_'l-nLJ 

bb L;bmL.Jwl '1-"l'JnLLbpf!t 

1 . flp.pwL Jb.} bL p mbuwqwpwp '1-ftJ'.w'l-f'"LfJJnLbf! L. a dwJ'wLw-

4wi/. np '1-ftJ'w,,_pnL{J Jn Lb[!, Wjbpwb J'bJ t wL911rzftlt '1-ftJw'1-p1n fJ JllLbf! t 

2. U..Lsn'l}4 '1-ftilw'1-f''ILfJJ11Lbf! C.Lznrz nLdft9 4wfuqwJ fnf njui/_nLJ { 

f!UUI L4. 2-14-nLJ' pbpqwJ lf•pw!f>Jt4Jtt 

3. U.L9nrzft4 '1-ftJ'w'l-pnLfJJnLbf! 4wfuqwJ { Lw/J. 4n'iimw4mwJftL ilw

l[hphuft J'bJnLfJJnLLft9, pw19 uw uwL;J'wLwt.Jrw4 wq_'1-b9nLflJnLb { flnrz

LnLJ wb9nrzft4 '1faJ'w'1-pnLfJJwb qpw, .pw'iift np WJ'l- Jw4hpbul! p'iinpnz-

4,nLJ t m-nt/_ ( 4n'iimw4mp d/J.n1..), fruit ffi = 0,5 - 1-p, W"/UJ nppwb {i 
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JbctwLw J'wlthphue, m-1! lt<lqmfa L;wuLbl 1-fa u,,,L;J'wLfaL L. wL911rzfafc 

'1-ftJw'l-pnLfJ JnLLf! l.P pnfu1..Jt1 

4. l/nLmwqmLbpft '1-faJ'w'l-pnLfJJwL qwfu4_w.JnLfJJnLbf! 2hpJ'wumftC.wLfa!!" 

wpmwL;wJmi/.nLJ t L;bmL.J wi p npA.f1w4wb pw'iiwA.L.nq• 

R 't _ R~.1 (1 + 2/3 er~) (2-6) «• - pm ' 

npmhrz R~ .. 1-[! J'b4 qbmft 111f19nrzfa't '1-faJ'w'l-pnLfJJnLLL t, occ, OL;J', Cl-b' 

4nLmwqmwjpb bJnLfJp '1-faJw'l-pnLfJJwb J'b.JwgtfwL 2hp11wumfaC.wLwjpL, 

qnp.Jw4fa91!• · 't-[!' 4nL mwqmfa fbpJwumfaC.wbf! t 

l/nLmw4mLbpft J'wqbpbuf! UJhmp t tfaLfa L;Lwpw4_nppb i.w1.Jr L;i.upfl .. 

J'wpnLp 1 f;{Jb ;_A.bnb1upl1hL.p "lwzmUJwbnLfJpib J'fa2n9bhp, w"lw 4nL

mw4mLhpfa pnpwmLbpnd qL;w4_w.p4_bL . 1fan7fa L. . funLwi/_nLfJ JnL'ii, npf! Lt· 

4'1-wnbw 4nnnq_pwjp /J. pwjpwjJ'wL wrzpJnLp1 . 

<PnpA.bpf! 9nLJ9 bb mi/.ht, up "l'l'iiA.Jw qnbmwqmLbpf! uni/_np1114wu 

2bpJ'wumpC.wbnL!1 f!WS 0.'1-nLJ' OwJ/14_nLJ' bb J'nm 25 • 10-6 J'J' L;wu

mnt-fJjwJ'p o.pufa'l-fa zhpmnif,1 

U.um-J'ft'iifa 4nLmwqmLbpf! L.u bbfJwpqi/_nLJ' bL opufa11w9J'w'ii1 Opufa

'1-WSJ'w'ii L;bmL.wL.puq w'iignrzfaq '1-faJ'w11pnLfJ Jn Lb[! lJ'bJwbw[nL L;wJ'wp 

4nflmwqmwJftb J'wl1hpbuLbpf! "lwmnuf bL qwq_bifa1'w1faL 9fa1'qfa zbpmni/_ 1 

tp4wfJ1w 4nfunwl1mbbpf! zwm IU(IW'f Mi bLfJwp41_nLJ' o.pufa11w9J'wb,. 

nLUmp 'ff'Wb9. wnw'ii9 UJWllflU(UJbnLfJJwb J'fo2n9'iib11fa lbb O'flflW'fnpJnLJ'1,. 

fl11"1bu ;qwzmt'{wbnLfJJwb J'fatn9 O'flnW'fltpJnLJ' hb 9fa1'4 4wJ' b/dtbl' ITJLw

mpLfa9 L. nul1nL9 "lwmpwum1[wc} 4nLmw4mLhpf! lbL opufa11w'iinul, fault 

wp.JwfJJt9 UfWmpwumqwJbbpp opufa'l-wbnLJ bb, pwjg pw'iifa np wpJwflfa 

o.puft'l-L nLbp LnLjJt lib4mpwL;wf[np'fw4wbni{J JllLbf!, fa Li. np wp.Jwf/[! 1 

WJ'l- fault UfWmC.wnnq ti 1iipJwfJp l1nflmw4mLbpf! i.bL "lwl m"lwbnLJ' op

ufa'1-w9nLJ'p91 l/nnn11faw.1fa 11hJ UJWJpwphinL 1uJ'bLwwp11JnLLw4_bm J'ft2n9[! 

Jh~ 4nLmw4mw1faL · nLd umhrzctbtL t, npp 'lb"lpnLJ' 4"1wl1wup 1.Jrnup4-

bhpp fJfai/_p L. 4wqb[wbw J'pw9J'wJ1 4hmb11fa {Jpi/..f!t flpn7 '1-b tqpbpnLJ, 

bpp qnp.J nLLhbp 1fanpp L;nuwL.p'iibp 4nJ1nmw9Lb[nL L;bi.n, {ibl1mpw4wL 

l1n'iimw4mLbpf! nu4bu1wm1nJ' 4wJ' tupJw fJw"lwmn LJ' bb1 

l/nfimw4mtbpfi L;nLuwip /J. bpqwpwm/J. w zfuwmwbpf! Jb.} JwuwJF 

qwfu4_wJ t qftpwn4_nrz qnLmwqmwJfoL bJnLflhpfi91 npn'ii.p U(hm.p { pw-

4_wpwph'ii L;bmL.Jwi "1WJilwbL'1ppf1, 



w) tJnL{Jf! "f.btn.p f tfr'itfr ~wpd-p k inL'itb'itw l"'"- J'bfuw'itfr4wqw'it 

t:wtn~nL{J JnL'it'itbpt 

p) flL'itb'itw L"'i/. tLb~tnpw.t;w'l"l''l-"'ftw'itnLfJJnL'it1 
If) flL'itb'itw .t;wlJ'w'it k 'l-"L"l'l"'9J'w'it pwpdp thpJ'wutnfr&w'itt 

'-ln'it1nwfttn'itbpfr . 'itJnLfJf! f!btnp11LJ' b'it' b~'itbtni/. ftn'ittnwl[tnwJfr'it &'itznq 

nuJfr9, alfrw9J'w'it .t;w&wfunL{JJnL'itfr91 fr'itl"lbu 'itwb. qnJ'nLtnw9i/_nq {n

uw'it.f!fr (I0) k L"'l'J'w'it (U0 ) wprJb.p'itbpfr91 

Lnuw'it.[!fr k l"'fal11,1'it wprfb.p'itbp[! wJ'b'itwzwtn oqtnwqnpd-i/_nq ftn'it

tnwq1nw1fr'it bJnLfJhpfr .t;wJ'wp tnpi/_wd- b'it 2-3 "''lJllLuwqnuf'., 

ILttJnLUWq 2-3 

1i1n.fll! lo, I.I. Uo, ~ 

IJ.pt).wfl 0,3-0,4 12 
"lttum/rfl 0,7-1 12 
flultf.' 0,38 11-15 
ll/wlw'1frfr 0,6-0,8 14 
~nt!JorwJ 0,5- 1 15-17 
lifr~bl 0,4-0,5 14 
II/ '1.frt.d. 0,72-0,74 20 

4>n.pp t:nuw'it.p'itbpfr qb"l.pnLJ' (I< 10 ) nbtbfr qn'itmwf[tnfihpf! "lwm

pwutnnLJ b'it {Jw'iiqwpJb.p J'btnwq'itbpfr9, J'frtfr'it 1'nuw'it.pfr 1'wJ'wp "IWU1-

{'UJU/.11nLJ' b'it "l'l'itd.fr9, 'itfrftbffr9, i/_ntfJ>l'wJ'fr9, fruq J'bq 1'nuw'it.p'itbpfr 

1fb"l.f!"LJ'' i/_n L!f>pwJ' "I"' L"''l-frfr b. :fbtnwqwftbpwJ' frftwqw'it 1'wtf wdnLLiJ..wd-.p

'itbp /rs, 
'-ln'ittnwqtnwJfr'it b.fnLfJhpfr wJ'b'itwqLfuwi/_np {wmqw'itfrz'itbp'it b'it' ttbft

urpw.t;w'L"l''l-"'ftw'itn,~{J J11Lbf!, pbpJ' w1'wqnpqwftwLnL{J Jn Lb[!, tbpJ' nL'itwftnL

P JnL'it f! 1 .t;,_,,LJ'w'it thpJ'wutnfr&w'ite, ftnztnnL{JJnL'itf!, thpJ'wJfr'it [!'itqwpd.wft

Ju,'it qnpd-wftfr91!• w'it9nqfrl1 qfrJ'wqpnL{JJ;,Lb[! 1 Jbfuw'itfr4wqw'it b. tLbft

tnpwftµi'it alwzwftwJnLbnL{J J11Lbf! t 

U(nL{Jbpfr tLbfturpw1'wqnpqwqw'itnt.{J JwJp npnzif.nt.J' t qn'iturwqtnnLJ' 

urbqfr nL'ith9nq Ltupalw'it w'itqJw'it J'bd-nt.fJJnLbf! t /i'itl.pw'it Jbd- t tLbfturpw

.t;w'Lnl''l-"'ftw'itnL{JJnLbf!.1 U1Jb.[!U1b tfrn.pp t l"'l'J'w'it w'itl[nLUf!. qn'ittnwl[tn

'iibpnLJ', t\btnb.wpwp ftn'ittnwfttnf! .Pfrl t tnw.pw'itnt.alt 

~bpJwt:wqnp11wftw'itnLfJJnLbf! p'itnpnzi/_nLJ' t ftn'ittnwf[tn'itbpfr Jfrw9-

J'w'it ftbtnnLJ' wnwtw9wd- tbpJ'nt.fJJw'it t;bnw9Jw'it wpwqnt.fJJwUpt Pwpdp 

ihpJwt:w'Lnl''l-"'ftw'itnL{iJ 1w'it qb"l.pnLJ' qn'ittnwq:n'itbp I! lb'it tnw.pw'itnt.J 1 

t:btnb.w"lbu pw9wni/_nLJ' t o.pufrqw9Jw'it t:'itwpwi/_npnt.fJ Jnt.'it{!t 

'-ln'it:ni.uf[tnwJ/r'it 'it.1nL{iJbpfr thpJ'nt.'itwftnL{iJJnc.'itf! J'/,q qhp t fuwqni.J' 

qwp&w1nb. Jbd- pb n'it.f. w<tnL{iJ J"L'it'bbpfr qb"l.pnLU: LJ JnLfJ/i t:wtf btf wtnwpw {' 
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P"'f'dp p_bpJ'nL'it.wltnL{J JUii, b. lfwpflwtnk J'bd- pbn'iti/_wd-nL{J Jlil'it qb"f..pnLJ' 

ltn'itwwfttn'itbpfr J'frw9J'w'it J'wqbpbu'itbpf! nLrfhq lb'it tnw.pwftnLJ'1 

t1nL{Jfr {wlJ'w'it p_bpJ'wutnfrtlw'it[! wqqnLJ' t qn'ittnwl[tn/r bnwft9J'w'it 

{nuwii.pfr i/_pw 1 '-ln'ittnwqtn'ithpfr J'frw9J'wL b. w'ittwtnJ'w'it rfwJ'w'itwq 'itpw'it9 

J'frtk wnWf,,;9wd- mqb'lfr wqqb9nLfJ Jtu'it tnwq qn'ittnwl[tnwJfr'it · bJnLfJf! 

mbqwifrnfui/_nLJ' t J'fr J'wqbpbufr9 J' JnLU[!t 

U.1u bpUTILJfll! ftnlif.nLJ' t qnlimmqmwJ'ttfi kn.nq_liw: 
t .fnL{J/r ubqJ'tf wfi 11frt!wqpnL{J JnL'it I! ftwJ' qnztnnL{J JnL'it [! wqqnLJ' t 

qn'ittn t.u~tn'iibpfa t!bfuw'itfrftwqw'it J'wzif.wd-nLfJJw'it k 'itjrw'it9 qfrJ'w9ftnL'itnL

fi/Jw'it i/_pw: · 

tJ>n.pp t:nuw'it.p'itbpfr qb"f..[!"LJ'' I - I0 f.t. 0,3 - 0,4 t qnf1tnwq1nwtfr'it 

£'itzJ'w'it rJwJ'w'itwq oqtnwqnpd-nLU b'it 4btnwJfr'it ftn'ittnwl[tn'itbp' ftn'it-.t;wp

{JnL{J.(nLfi (w), qfruwqnL'itq-1'wp{JnL{JJnL'it (p.) k upwd-tuJ{' {wp{JnL{JJnL'it 

(q) ('itft. 2-15 m, P.• q): 
'-ln'it1nwl[1n'itbpfr WJ'l-"lfrufr qwnnL9i/.wd-.p[! 1''itwpwi/_nttnLfJJnL'it l U1Wffru 

u1nw'itwtnL tfbd- ftn'it1nwft1nwtfr'it &'itznq nLrf b. {bz1n t 'itpw'it9 {wi/_w.pnLJ'f!, 

.pw'itfr "l' "'!" qb"l.pnLJ' i/_bpw'itnLJ' t f!'it'l-t:w'itnLp wnw'it9.[!wJ/r'it qd-fr i/_pw 

fipw'ito &/rztn wnw'its.pwJfr'it w'it{pwribztnnL{JJnLbf!t 4>n.[!p 1'qnpnL{JJw'it nb

ib'itbpnLJ' "'!" tn/r"lfr qn'ittnwqtn'itbpf! wJ'pw9'itnLJ' b'it !pnu!pnpwJfr'it ppn'itqfr, 

fibJqfrppbpfr liwt! LwtnnL'itb 1'wp{J 'l""lwfiwq'itbpfr i/_pw, npn'it.p w"lwt:n-

1/_nLJ' b'it w'it1'pwr1bztn qn'it1nwl[tnwJfr'it &'itznLai k ftn'ittnwqtnwJfr'it w'itftnLUt 

4 ~ 
tu} J:') t;) w) P) 

•t..q· Z-15 '\,q. 1-16 

U'bit t:nuw'it.p'itbpfr I> I
0 

L. 0,4 'h-fr[j J'M ftn'ittnwft1nw,1fr'it &'itzJ'w'it 

nLrifr qb"l.pnuf oqtnwqnp<tnLJ' b'it ftfruwq.nL'itq-qJiuwq.nt.'itq (m) k 1'wp/iJnL" 

p JllL'it-t:wp{Jnt.{J 1nt.'it (p.) 'b.q. 2-16 :nbu.pfr ftn'ittnwl[tn'itbpt 



l/nf.1U1wl1mtbpfr pw91_wJ.pp ( ~ 12 ) pLmpnLJ' bf, ' b[Lbln1_ ltnLmwltm

Lbpfr ltnJ'nLmw9Ln'l .t:nuwL.pfr Lt [wpJ'wL J'bJnLfJJnLLfr9, frLlUfbu LwlL 

wLp_wmJ'wL · rfwJ'wLwlt LpwL9 J'ft1.L. wnwp_w9wJ w'lb'lfr J'wpJ'u1L .t:nrnw

Lfr UfUl.fJ'wLfr9 1 

<l>n.pp .t:nuwL.pLhpfr (I< 10 ) '1bUf.pnuf ltnLmwltmLbpfr pw91_wJ.pfr 

b1_wqwq.ntJh J'bJnLfJJnLhf! npnz1_nLJ' t WJ'1 pw91_wJ.pfr tLhltmpwltwb 

wJ'pntfJJwh tfrnpJ.wpltJ'wL [wpJ'wL J'bJnLfJJnLLfr91 

- l,wJ'wJ.w1L q.nJnL{rJ Jl1Lh nLLb9n'l LnpilwLbpfr, ltnLmwltmw1frL Z'lfilw1fr 

J'frL1.L. 60 t/, wzfuwmwL.pw1frL [wpJ'wL '1/iUf.pnLJ' pnpJ.wpltJ'wL [wpilwb 

J'bJ11L{rJJnLhf! Ufbm.p t LfrLfr 500 tJ., w1ufrL.pL IJJJ'1 [wpJ'wL '1bUf.pnLil 

ltnLmwltmw1frL pm9wqnt il q.mL1_n'l O'ff! ltwJ' q.wqp l.Ufbm.p t Jwf11_fr1 

</>npJ.1uplt1_n'l [tupilmL JbJnLf/ Jn Lb[! mzfuwmwL.pmJfrb 60 t/, /,, m1_blfr 

[WpnLJ'Lbpfr '1bUf.pntil npnz1_nLJ' t .t:bmL.1wL pwLmJ.L.n1_, 

U+.=2U++15001 

l;lHln1_ WJU UfWJJ'wLLbpfr9 ltnLmwltmfr pm91_wJ.pfr L1_wqwq.ntJb 

J'bJnL{<JjnLbf! UfbUJ..p t 0,1 J'J-fr9 UfWltwu £lfrbfr, bpp ltnJ'nLmw91_n'[ /UJ

pnLJ'f! 24 tJ. ti - Pm191 .t:wz1_fr mnLbln1_ ltnfimwltmLhpnLJ' wnmp_m9wJ 

ltnJ'nLmw9frnL q.bp[wpntJ'Hpp, frLi.Ufbu_ LwL. rfwJ'wLwltfr pL{<Jm9.pnLJ' 

ltnLmwltmfr pw91_wJ.pfr wumfr&wLmpmp pn.ppw9nLJ'p, 9wLltuilfr t ltnL

mwltmLhpfr pw91_1uJ.pfr J'bJm.{rJJnLhf! 1_bp9Lh[ 0,-25-0,3 J'J'-fr9 nl 

Ufwltwut 

<l>ntfrnfuwltmL fnuwL.pfr 50 1.9 .t:w-C.wfunL{rJ JLUb '1bUf.pnLJ', hpp ltnL

mwltmn1_ mfi9fin'l .t:nuwL.pfr J'bJn!-flJnLhf! 5 U t, fruit ltnLmwltmLhpfr 

[WpnLilf! 220 tJ., ltnLmwltmLhpfr J'ft1.L. b'lwJ w'lb'll! .t:bzmnL{rJJwJ'p J'wp-

1_nLJ' t, b(rlb pw9wlt1! .t:w1_wuwp t 1 J'il-fr, fruit hpp .t:nuwLn 5 U-fr9 

1u1_blfr t, . WUfW ltnLmwltmw1frL pw91_wJ.pp 1_bp9LnLJ' bf, .t:w1_wuwp 

2-3 J'J'-fr1 

2-10. lln'l.s11llS'l.brt- 211•brt- e'l.srnwe 

l/nLmwltmLbpfr i.wtfrbpp ltwfu1_wJ bf, LpwL9 J'ft1.n9n1_ wL9Ln'l 

fJnLJLWmph[fr .t:nuwL.pfr J'bJnLfJJ11LLfr9, Lpw Jwnw1nLfJJwh rfwJ'ltbmfr.'l 

Lt m1u.pw9ilwL p_bpJ'wumfr-G.wLfr91 '1-npJLwltwLntil 4nLmwltmLbpfr 1.wtfrhpf! 

[!hmpf!L,J bf, 2-4 Ul'[JnLUUJ~fr9 t 
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ll'JJDlUW~ .2-4 

f/'n LJlW,;,f'/,/fr '-lnf.urwqurfr urpw- '-lnf.urwqurfr pwp4.-

t:nuwf.I! , /}, Jw'l,..J.p' d+ JJ p nLf/1nd1l'' h+ JJ 

l!fr!. l /, 2 1-2 o ,a-1 ,0 

2-5 2-4 0,6-1,2 

5-10 3-5 0,8-1 ,6 

I0-20 5-8 1,0-0,0 ~ 20-40 8-12 1 ,2-2 ,2 

40-63 12-16 1,4-2 ,5 
63-100 16-20 1,6-3 , 0 
100-160 20-25 2 ,2-3 ,0 
160-250 25-32 2 ,5-3,5 ~~ 

fJ'wLltwprfb.p J'bmw'ltbpfr fuLwJn'lnL{rJ JWh . LUfwmwltn1_ hppbJ'f, oq. _ 

mwq.npJnLJ' bL bpltJ'btnw'l'ultwL ltnLtnwlttnLb{', npnL9 ";;frJ'.pp Uf'lfrLJ.L 
J;, npfr z/_pw 'ln'1J'wL J'ft1.n9n1_ mJ'11w9Ln1.J' b/, 0 ,2-0,5 J'J' .t:wumnL

fJ1wJ'p wpJw(rlfr zbpm t bpltJ'btnw'lwltmL ltLnP ltnLmmltmhbpfr .t:mJ'wp 

hnpJ'w1_np1_wJ 1.wtfrbpp ltwpb[fr t 1_bp9H[ 2-5 Lt 2-6 m1unrnwltHpfr91 

l/nf.urwq1nfr 1nbuwqp 
/, lwfbpp 

0,3 Bn 25-05~12 
-0,3 Bn 30-10-12 
0,4 BO 40-10-20 
0,6 Bn 40-12-18 
0,7 BO 40-12-35 
0 ,3 BO 50-10-25 
O 4 BO 50-12-25 
o'.5 Bn 60-12-30 

l/nf.urwq1nfr urbuwqp 
/, l wfb pp 

0,6 BC 30-10-12 
O ,5 BC 35-08-20 
D ,5 BC 40-10-15 
0 6 BC 40-12-15 
6:5 BC 45-10-18 
O ,5 BC 45 - 16-15 
o 6 BC 50-12-20 
():5 BC 55-15-25 

U.q1nrnw~ 2-5 

'l-1fufr4f' 9n?.f' 
... 

I I h 
I 

s 
I 

a.o d I I 

2 ,5 0 ,5 0 ,3 7,5 1,5 1,2 
3 ,0 1, 0 0,3 7 ,5 1,5 1 , 2· 
4 ,0 1 ,0 0 ,4 7,5 2, 0 2,0 
4 , 0 1,2 0 ,6 7 ,5 1,5 1,8 
4,0 1,2 0,3 7,5 2,0 2,5 
5 ,0 1,0 0,3 7 ,5 2 ,5 2 ,5 
5, 0 1, 2 0 ,7 7 ,5 2 ,0 3,5 
6 ,0 I ,, .- 0 ,5 7 ,5 a,o 3,0 

'l-1fufr4f' 9n'l{' 
-------- - - - ------- -- - --

! I h I . S I R I a.o d I I 

3 , 0 
3,5 
4,0 
4 ,0 
4 ,5 
4,5 
5,0 
5 ,5 

1 ,0 
0 ,8 
1 ,0 
1,2 
1,0 
1 ,6 
1,2 
1,5 

----'------'---

0 ,3 3,0 7,5 1 ,5 1,0 
0 ,5 10 7 ,5 2 ,0 2,0 
0 ,5 4,0 7,5 2 ,0 1,5 
o ,6 3 ,0 7,5 2 ,0 1,5 
0, 5 10 ,0 7 ,5 2,0 1,8 
0,5 10,0 7,5 2,0 1,5 
0 ,6 6 ,0 7, 5 2 ,5 2,0 
5,0 5 ,0 7 ,5 2,0 2,5 
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IJ.q. 2-5. IJ.q . 2-6. 

Pw9fr h(1qJhuiwqwqwfi qnfiuiwqmfihl'fr9, qn1niP1niL nifihfi L1JJIL Jb

U1UJ'f_Wqb(1wJfrl[w4wfi qnfimwquitbp, nl'nfi/! frl'bL9fr9 Lhf14"'JW9LniJ b'b 

bf'qni U1Wf1phf1 Ii1niphl'fr ifrnzfrtbl'fr JhfuwLfrqwqwfi Jfrw9nul' U1UJj!U19-

Jwfi "- p_bpJwJzwqJwfi bqwfiwqm/_t U.1u uifr"lfr l[nLU!wquiHl'fr wn1JJi/_h

tniP1niLl! w1fi L nl' JbuiwqHf'frB Jhqfi niLfr l"'i/.. ttbqm(1UJ~UJ'f_np11wqw

Lnip 1nifi, fruq J1niul!' J b fuwLfrftwqwfi wJ !'nip 1nifi1 

lJ. J'1 uifr"lfr qnLuiwquiHl'frs qwf1htfr ( Lzbl Wf16-wp-i/_ nt!f>l'wJ l! 

(Ag-Wo), wf1h-wfl-JnlfrP'1hfil! (Ag:.__Mo), wpb-wfl-Lfr4hll! (Ag-Ni), 
Uf'f_pfia-i/_ nt!f>l'wJ l! {Cu-Wo) Li. WJ[fit Ul'wfi/! nithfi J htt qw(1b-pn11f.J1nifi, 

pn'Jl bfi U1W[pu wfi9qw9fih[nL Jhr}- ~nuU1fij!fibp1 U.1u L1niPhf1fr9, wnwfi9 

~huiwqw JhfuwLbl[wqwfi JzwqJwfi, qwl'blfr t U(U1U1f1Wumhl 9wfiqw9wb

J.ILfr qnfiuiwqmfi4(11 Ul'wfi9 ph(1niP1niLL w1L L np nithfi 9wh-(1 tLbqui(1UJ

~ wqnf1'1Wqwfinip 1nifi t 

2-11. ll0'\JSU.llS\,11fl'1 UlU.U'U. \,U.6'1'\J fi>'01'6lU.Sfll1l'1 ~OUU. "14?'1 
Ofl0(}01'U'I! 

l/nfiuiwquifr uw~Jwfiw1fr1i JilnLJLUIU1f1btfr ~nuwL/!fr lpt J/,r}-nifl1nifil! 

nl'nzi/_niJ , t qnfimwquifr qhf1U1U1j!U19niJni/_, nl'fr 11bUfpniJ ifr11/!f1WLniJ t 

qnfimwqmw1/rfi L1nipfr Jhfuw1ifr4wqwfi wJf'nLPJnLL[!t 

AUH 
I. .. , = - R- , 

~ 

npuihq ~U~ -[! w1L [Wf'Jwfi wfiqniJL t qnLuiwquiniJ, nl'fr 11bUf.pniJ 

pnit1JJLniJ t qnfimwquiw1frL fi1nipfr Jhfuw1ifr4wqwfi wJl'nu/11nifi[!t 

R ~ -[!' qnfiuiwqui/r 11frJw11pniP1niL[!t 
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AU ,
1 
-/r J Mnip 1niL l! uiwf'pbf' L1nipbf1fr ~ wJwl' uiwf1php t ( !!uiw9i/_ ht t 

i/in(1dp Jfrln9ni/_) , UJ'l_Jnwwq 2-7, fruq qnfimwqui/r pnLJ[UIU1f1hlfr ~nuwfi
/!P JHnifl1niL[! qh(19finuf hfi ~wi/_wuwp. 

lJ.qptlUW~ 2-'r 

l/n!11nw411rfr Ljn~fJl! AUH ~ l1U t2 '{ 

U.r~wfJ 0,08-0,1 0,37 
flu~fo 0,08-0,14 0,45 
lf/1w11rf.L 0,22- 0,25 0,7 
11/'lf.Ld. 0,09-0,13 0,43 
~n1!f>rwJ 0,3 -0,45 1 '1 
l,foi1b1 0,13-0,22 0,65 

bflh i/iwft ftnLuinil'fr 11bUfpniJ qnfiuiwftuifr L'.lU ~I [Ulf1nLJ[! ~wi/_wuw(1-
i/_niJ ~ iiUt r frL, ftnLuiwquiLbl'l! fufruui U1Ulj!WLniJ ht Li. 'ln11i/_niJ Pf'Ul(J 

~bui ftwJ ~wti/_niJt · 

2-12~ llfl'\JSU.llS'\Jl1fl'1 UU.~U'U.'\JU.6'1'\J 5tl1flU'U.USJltiU. "1'1 
OflO(}ONJ"I! 

l/nfi ui wqmflhl'fr uw~J wfi UJ 1/rfi f'niJ[UI Ulf'blfr p_bf'J wuuifr&wfi [! nl'nzi/_nuE 

~ ifrwq i/_fr&wftniJ, ~huil.i.JUJL pwfiwJ.ILni/..• 

nl'uibq A,-L · L1nif'/r uibuwftwf'Ulf' p_bf1JU1~UJ'f_ttf1'1Wqwfinifl"JnLfifi L 

~"' 
uJ. WUUI ·. I 

p-L' qnfimwftuifr uihuwftUJf'Ulf' q.frJw11pnif'1niL[! , O~J/uJ1 
l/nfimwftuifr p_hpJwuuifr&wfil! ~wzi/_htfru i/_bf19LniJ ht nl ph uw~Jw

LwtfrLl! , WJL wnwi/_btwqni1L p_bf'Jwuurfr&wfi[!t 

A,-fr JMnifl1nifil! uuiw9i/_wtt t ifnl'J.b(1/r9 Li. pb/li/_wb- t 2-8 wq1ni

uwftnuf1 

4 2461 4!> 



/J.p~wp 

11/'lfitd. 
11/ l'uurfili 
l,fi4&t 
flu¥/; 

iJ. ur 
/,.---

uJ. wuur·. 

4 ,16 
4,18 
0,7 
0,4 
3 

e •• =(0,5 + o,s) e •• , 

U.rtJRLUW~ 2-1:1 

2-18. '-ln't.SU.'-IS't.bf'fl UU.~U'U. 't.IJ.Sfl't. '1.nl.S-U.tr"tbf'O.Sfl't. 
~ 't.Of'.fi'U. q.flf'I! 

'-lnfJ1n1.JJ4UJLbpfr r..f./ll.-fr11 pLmfJ1.JJ'fPf'1! frpbLfr9 Lbp4wJw9fin,J t t;wu

mwurn,11 -":nuwLf!/r l'lPwJ/r [Wf'Jwf, /, -":nuui1'[!/r uwt;Jw1'wJ/r1' JMnlPJnl11-

t : ~ : I~ 
.... ~~ 2-17 

fibpfr 4~/ut/_wunifJJn';.111!, npfr ,,_bU//!n'J 

~nfJurwqurLhpfr Jfr2/, wnw2w9wq 

wtzb'll! 4wJnifJ pn9wqwnqn,J t (114. 

2-17 }t '-lnLurw4urHpfr u!.pt;Jw1'w1/tfi 

r/,/ll.-fr'b p1'n,{Jw'fpfr Jfr2n9ni/_ 4wpbtfr 

t npnzbl t:wumwUJmfJ <nuw11/!fr 

nPwifr11 Jfrwstf_wu ~wnw1_wpJw11 ftwJ w112wUJJwL <'lnf'n'fJJn'111!, npfr 

q.b"l/!mJ UJb'lfr t m1'b11mJ w'lhtzfr fr1'[!1'wJwpn,Jt 

lJ.'lb'lfr r../,/lJ.-fr11 p1'n,fJw'lfrf'l! (L4. 2-18) 4wnni9t/_niJ t lff'Ul!f>ftlJn

(1b1', npfr t;wJwp -o'fUJi/_mJ b1'[! -":bUJUJWL pw1'wJ.ufr9· 

c-1., + d 

I •. , 

npurb'l Uw, -1' ur'lb'lfr [wpn,JL t, r../, . l .,, -1'' w'lb'lnt/_ w1'91'n'l t:nuwL-

/!1!• ll.~, / -L' w'lb'lfr bp4wpni{JJnL1'[! 1 JJ, 
-· L a, b, c, d-L t;wuurwmn,f, 'fnp~w4fr9Lbp bfi, npnfi/! uurw91_wb bfJ tfrnp-

J.bpfr Jfr2n9nt/_ ( Ul'lJnww4 2-9 )1 
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a ii. c iJ.jJJ 

flu¥/; 20,8 4,62 20,97 12 ,17 
Q/ twurfili 24,29 4,80 20,33 0 
llr~wp 14,19 3,64 19,01 11,36 
"''lfil1<\ 21,38 3,03 15,24 10,69 
'/,fi¥ht 17 ,14 3,84 17 ,48 0 
f!Jn'l"lwur 15,53 15,02 15,02 0,44 

l.,,-fr11 UJW[nq UJW(lpbp wpdb[!1'bp, npnzn,J bf,/! U .,
7 

-fu 

lJ.P 4npf! 4tfr1'/r uw-":Jw1lw1/rfi r/, / ll.-fr11 pfJn,pwq/rp[!• bpb nput 4bUJ, np/r 

U11_Jwt1'bpf! lfU11'1_mJ bf, ll.P 4npfr9 11bpf!"-• WUfUJ w'lb'll! 4Jwpfr, 114. 2-181 

1.nwwlfrn'PJwf, t;wJwp lJ.P 4npf! tfrnf!pw91_niJ t bp4n, wfJ'lwJ 4wJ 

tl v 2-nt/_, npfr ,,_bU/f!nLJ 4uU1w1lw11.p u.,P, 4nf'I! • npf! Hnitf_fr wz}uwmw&.
fw3p&. uw1itfwliw3}i&. tl,/U.-p&. p&.mpwqpr: ll.1u 4npf! -SfrzUJ t <wuUJwUJmL 

t:nuw1'f!/r -":wJwpt 

</JnpJbpf! 9n'J9 bf, UJi/_bt, np tfrntfrnfuwl11.JJ1' t;nuwfi[!p '1bU/f!mJ w'lb'lfr 

/rL[!1'wJwpniJ uUJb'lubln' t:1.JJJwp fin,JLUfbu 4wpbLfr t OlfUJt/_ bt t:wuUJw

UJn,f, t:nuw111!fr 4n1lurw4UJLbpfr wzfuwU1w1lf!wJfr11 uwt;JwLw1fr1' p1'n,pw

qpfr9, b/Jb tfrntfrnfuw4w11 <nuw1'1!/r wz/11wlriw1'/!wJfr1' wL2wurJwfJ t;'ln

pn,fJ1niLr npnzbtfru JUJ9LbL/! Jfr ,,_nphw4fr9, npf! <wzqfr t wn11n,J 4n11-

UJw4UJ11bpfr -":wuUJUJUJnif, t:nuw1'.pfr r/,/lJ.-fr1' pLnifJw'lf'P9 tfrntfrnfuw4w11 <n

uw1'/!fr r/,/ll.-fr1' p1'n1flw'fpfr1' w1'9ntJ{!• 

P • ., , ,....., = 
Ut,...., I+ 

k 
11pmb'l k=10-;-15 

w) l/. {/mz /') 

.fO/J 

(,O!J lA 
JOO 

200 

10t7 p 
7,,,? p JlU( 

0 ti IJ D.2 IJ.1, (l,5 Q.8 tU I( w2 

·.,~. 2-18. llql.q~ uw!hfwCw1}1C ll./ll pCnq1wq~p[1 

in 



Cl.I 
, lP 
:>~'.)=:>! 
!1P . 

Ju l/'Jmil' 

'puJuUJmnf1,qVf1,U,, 'j J11Uf1,8'1,m fT,nmJ' f'IJ' l/if'Jmnuj ''j f'/J' r1uJuwmn 

-qqhqu? ilq1UF.eJ1ubmJm l/y.m 'JmrJm1 dJq 'tJl/:rmln qmruiml'Jm ·lnJq? 

JmF71mq:;. 'j p1uuimrl/lm 'Jml"lrl/n 1(66-'G ''7'J) ,JrmFff1uJlirnr'1li 71 JrmFtJ 

-1u?mq1u 'J'I p1uU1f1,1ul ilJqlJU1'7mU1'JU'7 Jmpmj lU1'ff1,GmJqp ileJF1u71Jq l/f 

-mqbuv'j p1uJqf1,tnJrmtnf1,U,, qiffT,mnuj f1,1UU1mU1nmj 71 ('[} Ol-f) J11Uif/nqv 

l/J!/'JiflJmnuj Jilu<P tJqilJmn LuJmp LqLm 71 Jq'Jmpqrl/n ilJml '11' pu1qv 

-mJl/11 ,ilLqLm fmGmlmvm 7101/p l/J!f'JU1?mU1'JU'7 1q'1,GmJiluif 'J'I p1uU1bf 

Jmpmj 1u7qJmilFmln J''lh l/fml/buv~ ril'Jmy.l/UJnmrJqo rnJ'J 71 'j fJLqLm 

ilvmy.tnmln 'Jm'7m'JJ'l/j l/Fml/buv~ tgl'I' 6-!]'0 'j p1upbm'7 '7m'Jmrmp 

rimrBml/11 71 'JmJ'U1mlf1,m sOl J7UF7f1,milmJ1uF ilUJmuJu? l/LmU1'1J' r1uillnqv 

l/Jqqilqmnu:;. Jiluif 71 'JmrJm7 JfmG Ju '1qpU1 'J'I GF1u8 i/J'lfJu<P 

1nulnl!mln 

'tt·t ·~'\ 1nulnumln !J1\lm~lm1t · rz-z ·~'l,. nt\lmhqh'{I ·oz-z ·h'l,, 

I'.!_ 

~§f ~§~ y 

= 
JT =r~ 

t'JmrBmf'I!' qmFflJUJhmpl/h '7'1LuGf1,m r1u'Jvmh 'j vmy: 

-tnm In 71 ii Ju ''71/nuif ,!'1Un1uF !' ?ntf 'IJlUF eJlUJu pmbub 'j p1uf1,mlmvm 

f'1UU1fmm'Ju'7 '11' pl/:;-Juf1,l l/fml/buv~ tll/il l/17 pm ,ilJ.1'1,Lmuiqp pl/'Jbm 

?nl/ 'qfml/buv'j p1up?Jmef'J'I 'J'I 7qil l/lqpm ilJuJ1uFq JfJml:J tGl/fl1ufq 

ql/fmUJ?mU1'JU? LupfJubmUJbo 71 Gl/p1uJml mJ'J '81/if'Jmnu:;,- Lu'JG'Jrn pum 

-?mtnf1,U,, 'j fmpn/m'7 ilf1,1uFfl1uf'I!' l/Fmqbuv~ tpuJqqp/hu71Jq 'tl/Fmptlql 71 

qm?mJm?ql'j frrtGmlmvm p1UJ'l'J"'IJ'l?mr l/J'l'JU1?mU1fJul1 'j f'lUfJUJmG 

-mJ ilffF11171Jq l/Fml/buv~ tp1uillnqh l/ilf1,mnu:;. q1utnmU1nm:;. 'j p1upU1fmj 

-mUJJm UJml Gl/'J'll'm ilffF1u71Jq l/fml/buv~ 1p1uillnqv l/Jq'Jilf1,mnu:;,- diliJ 

- ui/t <l11n'Jmpmp '1,mplnJmln '1,qFmfFm? J'' U'J'f'J'" 'j qLqU1 il£1F1u71Jq nF'fl 

t( l'G-'G .,,'J) ltuflm? Bl/huf1,m ilp1Url/uifmbqU1 l/J'l'J?l/'Jnmp l/LmU1'1J' (J 

·?m'Jmpmp '1,mplnJmln 'Jl/FmL 

-qLm 71ll/p l/Jqf1,U1,,mui'Ju? J11Uf1,'l'J1U 'j l/LqU1 ilf]f1u71Jq nfYJ :( 06-6 ·'7'!) 

huqm Bl/hu£1m'7 ilr1url/uifmLqU1 '1J'l'J'7'1'Jnmp l/Jq'1,LtnU1'fJ' ( m 

''1,1uFfl1ULL1u 1U?Jq l/f1,1u '1,ml/buv'j l/'Jn 

·U1?mU11JUf:J 1q1uFff1url/my.m:;. f'll' '1,mJ'Gmqp 'J'l'J'" il'JuJu 'Jrnpm j 

611. 
l/J'1'JU1?mU1f1,U? qFm l/q1u IJ1UFfl1u?m'Jmlf1, f'll' il£lf7U71Jq l/Fml/buv~ tplUJ 

-qf1,q1gv l/ilqmnu:;. rp11U1mU1nm:;. nqlnm?U1mj 'j J11U1Jmlmvm ilq1uFeJ1ufmp 

-lmp qm'7mJUJ?q1~ tilmui J1 Gl/U1.~mU1'JU'7 l/p r1unJuifmLqU1 l/J'l'J'7l/'Jnmp 

l/LmU1!/!' J'1Uf1,'l'J1U 'j l/LqU1 ?mU1 '1,mfe}lUGqvbm l/Ju 'r1u/r1Jmln 'Jl/Fmf 

-Fm? pm? IJl/FmLqLm 'j p1uf1,mlmvm 71ll/p l/Jq'JU1?mU1f1,Ulf '7mqmpmp l/n 

-qGuJ/n MYJ t'J'I r1upU1mlf1,m 71 p1u'Jm'1r ilJq'JU1?mU1'Ju? JJq '?mqmrm" 

,,,rm p1uf1,'1'1,1U 'j l/LqU1 'Jml/biiv'j pm'7 il1,pur-d1u~mrlmJI 1Jmqm.imqql.'.{ 
tilUJJql iJl/fmhl/nilo pu1qf1,Gmvq:;. 

J'1'17m'lmlnnb-t '!: ' ur7mur 'J'lU'7L:;. qmJq 71 pufmJp ( f} l/U1'7tnU1 

-'1,U,, pJmlfT,m -~ J'1Ujmn '( 9) iJlJ1ul 

l/ifG'Jmvm pu1q pU1U1ln pl/:;.Juql ( g} 
if?m'Jmlnnb UU1'fj Bl/Ju ''j 1nuplnj 

p1UJb'7n ilUJ?mU1'JU'7 qm?mpJml ''j 

p1upbf ilrl/nl/Jmrl/ JJq tfT,l/G'JmG 'Jm? 

-mJU1'7ql'j 'j J11UpGml/p 11Fm JJq 'puG 

·'1"7 pJmZ'lm·t 'ur7mur'lu7 'lm7mpJmZ-f] 

'ni/1JhmJ1mJur7ql~-g 'n/niJJmn/-L '61•6 .JI'\. 

-ull/p ( 6) l/nl/'JbmpmJU1'7'11'i ~ J'lUf 

-JmUJm'7 ilp1uGml/r l/U1'7mU1f1,Uf:J 

'qw· ·. ·S 
' / 

,,,.,, -

-GmJqp 71 l/p?L:;. ilUJJql fmBmhl/nilo !) 

'1,l/:;-mln qmpGml/r G'JmJv Ju '( 6l-6 f 
''7'J} l/'1,l/1 ql/nl/lnf1,Fm 'j ilUJq/n p1uil 

~ 
-lnqh l/JqfT,illJmnu:;,- ffll' nqlnm?U1mj 'qml/G'71UJU1nf1,U~ l/J!f'JU1'7mU11JU/i· 

?mJmnmjV'[J tBl/JuJ:ruf'J lmfll/:;-uJqp '1,'I p1uU1nmJU1mln dpmnmp f'll' 

ilJq'JU1'7mU1'JU? l/J'l'J'll'lu l'j puvmy.UJmln Mm 'if'J1u 1J1UfeJ1u'Jm?mbJulr 

-m:;- pml ilUJJql ql/Fmhl/nilo l/qqhdl/lup 71 l/rmJ</;lup 'l/-fimfJYl tr1ufJub 

-mU1bO 'J'I 7'1il Jqf1,U1,,mU11JU,, mry,,,Lln l'j puumy.U1mln Mm ''i 7'1hJuLm:;-

U1mp <ilhl/ndo '1ML/n '?m'Jl/Jo <ilUJJql l/hl/nilo lfJq'1,Lm1nqr luJy 

1ilJq1JnqJq'7mp ql/fmU1'7mU1f1,u'7 'J'I J'1Uf1,llml11/nifo 71 plUFmil 

-Fmil ilf1,uJu <i/JqeJ1uf'1, 'Jm'7ml/pl/il LupqU1b J'lU?my.qp 1ulJu1ub p1Uho 

pm? ilrpuFl'f1Upmf1,url/ l/-bo IJ'I J17Uhbm mJP l/JqqnqJq?mJ' ql/FmU1'7mU11JU? 

JJq 'J'lUiflnqh ,,,rm r1u'J'l'J1u 'i l/LqU1 ll.'J1urEliu~mrlmp ~mqmqptf.t 
1Jq'J'7m'Jmlnnb pu1q'1,Gmp r1uiffmp81Uv'",,,'1 

I 

GqmJ'J 71 J'l'J!'1uGml/r 'Jm?mbfmvm qJqqU1'7mU11JU? pulqumJtf'7 '1'1'1,Gmr 

-Lqp puifml luJu 'j l/1qJm'7 GFmJ 'l/1qJm? tf7 1qf1,GinJq]r ilf1,1Ufd1ufm]; 

-lmJ' 'Jm'7m?'1'Jmrl/'/J' '1J'l'JU1,,mU1f1,Uf:J 1f1,'f J'1Ufifl UJ'fj Jm·Jt/_ pm,, J'1U{>· 

-mpJm:;. JmJl/ ilJqiJU1?mU1f1,u'7 JJq '~uilf1,m71U1qj (qmrurmlqm 71 IJmr 

-Gml/r) l/ilf1,mU1mrl/lm 71U1mJm?Jq J'1Uf1,'ff1,1U 'j l/LqU1 11.'Jmqm~q'Jmnfq.n 

:'Jmqm.imqql~ 'E ''Jmqmqpqj '6 ''J~mfilf'Jmnfqp • f. 
•q1uFeJ1ufmplmr l/?mnqU1 ifqJq l/'1,1u q1ufeJ1ufu'6 

';J'l..'1UG·eNU.Q'(\.la.Q'O:.O. l(JQ.'\Sil "O.S'l..U It ·n-<; 



Jtuft ftn'ilutwftut1ihpnq w'il9linLJ I; pn[lp t::nuwli11, wiuJtlte'ii utbrz'Jt I; ni'ilb-

'hn,J ftwi6-w1/r'il "{W('"{nLJ, J butwq/r Jwu'il/rft1ibpf! uthrzwifinfuqntJ Mr 
wlin'1/r9 ftwPn'I (lift. 2-21 )1 

l!Jtw9Jw'il 'lb"l/lnLJ, bpp [W('Jwli 9w6-pw9Jw'il wpwqnL{JJnL'il[! pn[lp 

I;, 4nli'1b'iluwutnpnq wli91tn,J I; ifin11p t::nuwli/l, Jtuft ftnli111wftutlibpnq' Jb~ 

t::nuwli11 1 npJt t:: bur/,wli11n4_ urbrzJt I; ,,,lib'iln1J wrzbrzw1Jtli _ "fUlf'"fn,,J' 

(lift. 2-20 ) 1 

R-Jt /, C-/r npnziuftfr t::wpwpbpnLf/Jwli 'lb"lll"'J ftwpblfr I; wili"I/-;"' 
wlihl, np w'il2wutJwli /, Jfrw9Jwli JwJw'ilwft Jbutwrz/r Jwu'ilfrft'ilbpfr utb

rzuiifinfuntJltbpf! frpwp t::wqwuwp Lfrltbli, w1ufr'il11'h Jbutwrzfr utbrzwifitr/unLJ• 
wnt::wuwpwftlwnw2wbw1 

lJbq t::nuw'h11libpfr 'lb"l~nLJ nLbwftnLfJJnLlif! uutw9qnLJ I; pwi/_w~w'ilJtfr 
Jb6-, /, WJ'I "{WLn-fiwnnq /;L 10 U.-frs Jb6- t::nuwli11'ilhpfr L;wJwp WJ'f ufub

Jwli lb'il oqutwqnpt}n,J1 llbJ- L;nuw'h11lihpfr 'lb"lll"'J, [lw'ilfr np l;nnrzfrw1fr 

t::frJ'ilwftwli "{Ulut-fiwnl! wrzb'lli I; /, lipw thpJwuutfrb.wLl!, W"(UI wJpnrzt 

UfUIJ[lUI('[! f;nnq_JtwJfr 'lbJ U(hUl[l f; "''l'lbl wrzbrzfr JL6-ntfJJw'il uwt::Jwbw

pwftJwli /, lipw pn9wi/_wnJwb dwJwliwftl! P"ll{'w9'ilblnL "''l'l"'fi1wJpi
(J.J'1 'j,U(WU1UJ4tri/_ oqutUICffl'('qffLJ bli wrzbrzwJwpfrl furn9bp1 

fH1hlthpfr ftnfunwftutlthpfr Jfr2" ftw16-fr ftwJ wrzbrzfr wnw2w9Jw'il t::frJ 

'ilwftwli "{UJm b.wnl! wi'il Jwqli/ruwftw'il · f;'hbpqJtwli t, "Pl! ftn Lmwftqw6- I; 

tfr'iln1J nblbfr 4nfl!nwftmlibpfr ftwnwqwpJwli l'lfilwJ/r frli'lntftutJtqnL{JJnL

bnu/1 fi'hwwL ,jLq I; l[wnuu/_wpJw'il zrz_fJwJ/r ftli'lntl[ur/rl/_mflJn''ilf!, w1li

[lwb wl/_htfr 'ldqwp}; wrzb'lfr JwpntJ[! I 

fJ.bihfr 4nLint1JftmlibpJt Jfrr_/, ftwJ,)- l1wJ w'lb'l wnw2w'ilwl'" t:: wJwrr 

wli t:;pwd-bzm f;, np 'ilpwli9 wli2wmJw'il diuJwliwL1 4nlimwftmltbpfr Jfrtlr 

tfr'ilfr w1li"lfru/r [WpntJ, "l'l! Jbq ftwJ t:;wl/_wuwp tfrlifr ftwit)-/r ftwJ w'lbrz/r 

pn9wqwnJw•li 1wpntJp91 U.qb'lfr pn9wi/_wriJw'il [WpJw'il Jb't)-nLfJJntli{! 

ftwfu4_wt)- I; 4nlimwftt11libpfr fl.12 pw9i/_w6-11fr9 /, Jfr2wl/_U1Jf'fr -tiliznt
Jfrs 1 Fn9wqwnJwli lwl'JwL liqwq_wqnLJb Jb6-n LfJJrn lil! 300 r/, /;1 '7-pw 

t:;wJwp flqntJ f;, flb 9wt)-p lwpJwL ftwnwqwpJwli zrzfJw'ilbpntJ nblbfr 

ftn'ilurwftutbbpf! ;_,,'iltwutht/ru l"lbutll I; wrzbrz wnw2wLw t flw19 .pw'il/r nrr 

UIJ'f zrzfl-w'iJbpf! U(Ul'f'nLbUJftnLJ bli nt'iJwftnt/JJntli U p'iJ'fnLftutpi/_ntfJJnLli, 

wb!w~Jw'iJ JwJwliwft 'iJpwb9 Jfrtk wnw2w'iJn,J bli qbpfwpnLJLbp , npnL~ 

ftwpnrz b'iJ Jfr iwlifr .wLqwJ qbpwq_w'i19bt pn9wi/_wnJwli lwl'Jwf.tl!, limi

li/ruft wifl 'lb"{[ltrLJ, hpp 9wli9/r LW{'nLJf! Jfr pwbfr utwuf.tiwft r/,nlut I;~ 

/lwliJt np qbp[wpJwL Jbtln•f/Jn'lil! wpurwt::wJutqntJ I; 

l = ·- L ~ wn'iJJ_ntfJJwJp, UIU(UI 
dt 

qbp[wpJwb JbJ-n,fJinL'ilf! ftwfuqwJ- I;. t::nuw'il11/r ifinifinfuJw'il wpwqnt

PJnt'il/rsi (J.J'I "(WU1bWrtnq /;[ ftwiJ-JwpJwL "{UJ.t::frlt J zrzflu1Jfr wli2wt11Jwli 

Ill) 

JwJwltwft , t::nuwb[l/r ifinifin/un'Jl! 

"{but[l I; wpwq lftwmwpi/_fr1 U.J'l li"lw

urwftnq ftfrpw,,_n,J b'il Jfr zwp[l l;Lbft

urpwftw'il ufubJwltbp ( 'ilft. 2-23 w, 

P• q, q, b )1 

+(tk~:11 ~. 
-! R~~ c I 

p) 

+ 

1/-) 

Upwb9 wz fuwutwlin (lift . 2-23 w, P• q, q , h) UIJli f;, np l'lfilwJ/r wli
F_LUutJwli "(W t::/rfl ftli'lntftut/rqntf/Jwfl z'lfJwJnLJ 4nunwftqw6- Jwqli/ruwftwL 

f;libpqfrwli 6-wfuui/_ntJ I; "l fib ftnLmwftutLbpfr OTfUIJ/rli pw9wftntJ, UIJl 

ftwi6-Jwpfrl ftnLmn1pntJ , npfr t:; bmuwli11nq ftnliutwftmLbpfr Jfr!u LwpntJf! 

P"lll' - I; LfrLntJ pn9wqwnrlw'iJ [LupntJp91 w - ufubJwJ"'-_J l'lflwli wfi2w

mbl/ru Jwqli/ruwftwL ~Lbpq./twli 6-wfuuqlnJ I; R t • •f - -/r qpw1 R , •• , . JMnt

fJJnLL[! i/_hpslimJ bli 5-10 wliqwJ w1/h/r JM, 11wli ftnlim w ftu_ifr R t 

'1frJw'1l'"'f1JnLli[!1 U.iu ufubJw1/: flbpntf1JnLlif! U1Jli I; , np 'l."''lwt::bnwlw[ll/_nrz 
R• •• , : '1frJw'1l'"'f1Jwfl Jb! Jbli[!. ntLbli[l t:;q_npntf1Jwli 4npnwmlibp1 U.iu f1b

pntfJJnLL[! ftwph[/r I; i/_bpw9H[, bf1b R, •. , : -/r t:; bm t::w2np'fwpwp Jfrwgltblij! 

ntliw4n,p-1n,L ( ufubJw p), npmbrz ftnlimw4urltbp/r ifiwft q/rb.w4/r L;butb

i/_wli[lni/_ L;q_npnlf1Jwfl 4npntumlibpf! pw9w_ftwJnLJ hb1 p-ufubJw1Jt f1 b-

pnLf1Jntlili w1L f; , np wf.t2wutJwli JwJwLwft R • ··~ · ' C, L+•' ; Rt"' ftnli 
mntpntJ wnw2wlintJ }'li utwmwbntJlihp, npnli[l if_bpwlin,J bli, bf1b LU"(W-

t::nl/_q/r t:;buru1w1 "{WJJwlil!' 

~~-' < (R+.,+.:, .. ,.y, 
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q.-ufubuw1mJ qfrpwni/_nLJ t qfruw'>w'lnl'11fr11 lf>wq qn1turnipfr '7-b"l.

/!nLJ NL'l'lfrlni/_ ':nuWbf! l/r wb9bniJ, [!·.Jfifr ~{' .\frJ1twqiufi wzfuwurWb[!W

Jfrb .\nuwfil!/r .\wJwp qfruw.\w'lnl''1PU! .\w1t11/iuw1tncJ t JM 11frJw11pnL

/J'JnLbt U.1ty_wurJwf, cfwJw1twq fr1tl!1tfr1t11nLq94_wtl- .\nuw1tl!l! w1t9finLJ f m'l

'lfrlnif, b. nL'l'lfrl/r 11frJw11pmf/1w1t i/_pw 111b'lfr t nLH1imJ LwpJwf, w1tqmJ1 

11-ujubJw1ntJ qn1turiuqurfr w1ty_wur.Jw1t cfwJw1twq .\frJ1twqw1t .\nuwb/!f! 

qw1t91tfr R ,0.,. . ~ni/_, fruq qn1turwqurfibpnt/_' 1frn.pp .\nuw1t[!, "l'l! qw1tl- zfr 4w

pn'l wnwy_w91tbu fil'bpmf/1m1tf, LUJb t, np qn1turwqurtbpfr pw9 i/_fr&wqfr 

.\burb.w,1tl!ni/_ Rt-•f· -fr Jby_ tfr1tmJ b.t. .\'l.nf'nLfJJwb qnpnLuurt.bp: 

b-ufub.Jw1neJ qnburwqurfibp[! 'l.nLq.w.\bnwtwpi/_nLJ bf, C m1twqnLfJJwJp b. 

R,.,,.. wqm/ri/_ 11frJw11pmf/1wupt ll.1u '1bUf.pnLJ LP9/!wi/_npi/_wtl- qn1t11bfi

·uwurnp[! LPB/!wflwifri/_nLJ t £pw9nL9/r1 11frJw11pnLf/Jwb i/_pw, npfr .\burb.wfJ

/!nif qn1t11b1tuwmnpni/_ w1t9finLJ t ifrn.pp .\nuwb[!t fiL1iwqnLf/Jwb C=0,5-
- 2 J3J wpcfbl!fr '1b"l./!nLJ, Rir ;.pw9m9frz 11frJw11pmfJ1m1tl! "{burl! t 
pwi/_ wpwpfr 

u u 2 

R > '·wJ' R,r= _h_ UfWJJ'wf,Lf,, 
11

• 0 ,84 " . a '' 

npurb'l a-b q.npqwqfr9 t U 4wfui/_wq t qnbmwqmp bJNLf/fr9t /J.pqwf/JLU 

qnfiurwqurt.bpfr .\wJwp' a= 140, i/_nt!/JpwJfr .\wJwp' a= 170, Uflwurfr1tfr 

.\wJwp' a =200: 

ll.1u ur/rUf/r qw1tl-Jwpfrzt.bp[! Jbttw9fimJ b1t qnfiurwqurbbpfr w1ty_wur

Jw1t .\'l.npnL/J'JnLb[! b. fipw1t9 tl-wnw1nif/Jwb cfwJqbur(!t 

f;wpcfwqw1i ~n1tmwqmfr flpflnn91t wnwy_w·bnLJ t, bpp WJb Jfrw9Jw1t 

Uf.W~/r1t .\wpi/_wq1JLJ t wfizwpcf qnfimwqmfr1t: U.1u bpb.nLJfJI! wnwy_w91inLJ 

t qnfiurwqur1tbpfr Jwzif_wtl-nLf/Jmb b. bnwq9nLUt 

l/n1tmwqurt.hpfr f/pflnn9(! [!t.,PwbnLJ ~ .\b:nfLJW[ qbpUf' zwpcfwqwfi 

qn1turw4url! (1) (t.q. 2-26) Jn:nbbnLJ t w1tzwpcf qnfi:nwqurfr1t (2) npnz 

wpwq.nLfJJwJp, bpqnt qn1tmwqmHpfr Jfry_b. .wnwp_wbnLJ t .\wpi/_iutt, qn1t

urwqmw1fr1t 'l.UUf.Wbwqfr wnwJ.q.wqwfinL/J'JWb .\bmULUb[!Ni/_ zwpcfwqwb 

qnfimwq:n(! bur t lUff'lni/_nLJ, f'LUJ9 qnbmwqmwJ/rb 'l.UUf.Wbwqfr (3) zfinp

.\fri/_ qn1turwqurbhpf! bnpfr9 bf, JfrwiinLJ frpwp, .\wpi/_wtl-nLJ b. bur 

lUff'111i/_nLUt IJ.Ju Ufpn9buf! zwpnLbwqi/_mJ t Jfr [!Wbp wbq.wJ' Jwpn'l wJll{

[ptnnL'1ni/_ (fiq. 2-24, t.4. 2-25, 2~26), npurbrz XM -I! qnfiurwqurt.bpfr 

Jfry_b. b'lwq .\bnwi/_npmfl1nL1ifi f qwfui/_wt)- cfwi!w1twqfr91 
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,~'IJ.. 11-,'Ji/I' 

,Jmrm:, i/91911 ur'1mur'JU'1'Jm '1ni/ 'O 1Jl'Ji/1' l p1u'JmJiluif' 1Jpmdlif11f/ il-x 

UIUJ' ifJ'l'J91911 'Ji/fmur'1mur'Ju'1 J'1Uif/n9v if-l'!.•X = X 1J n/uif'uif''Jm J 

rw'l!' il-f.. "l1mx 1Jl'Jifl' !'1uilln9b 'Jmrn/ut/tuif' 1JmFfi1uf91' ifilur1un 

1( 8-& •'1'J) n/uif'uif''Jm l J'1UIJJ' 

il-f.. rwilln9v 'Jml'Gmf9p mbmur9:, i/-X uur9:, Gift/u '••J.. ,1Jifd9p 

-Jm 1Jfwbm19]im11m Jif p1u'Jnm~ 11 1Jpmillif11p} J J'W]rn/uif'uif' il'J1uFpj1uf9J' 

ifi11q 'i/-"-m" X J''U'Ji/1 l Jmnmpm~ 'il-x ,il1J1uFpj1uf91' i/ilur1up 9ffq 

:( 6-& ·'1'J) if-hf.. J'1U'Jif1 l Jmn 

-m]im:, p1uJ'l'Jur'1mur'Ju'11Jm '1nif '( 8-& •'1'J) p1uJ91J91qu 'Ji/Fmur'1mur'Ju'1 

x 

iJJ,!limJ,unJ 
iJql•j_u mll'n'"!JU~!J'O '6-f, •\'I, 

Jf.mdx f--
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ilJ4f>mdw9d 
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-ti ~ p1upurm'1'J mb •i/-o p1u1Jif1 J Jmnmpm~ il'J1ufpj1uf9!' f.. ifi119 r1uilln9b 

'J.mpn/urJrurjr 1JmF(!/1uf'IJ' .., • .,X 17711,.Jp Gif-o i111,1uFfi1uf'll' x ifilur1uJl 

tQ 
1( 6-& ·'1tt..,, 8"'& ·'111,) 

dpmF(!/wif'm7m'JifJo 1mF11urq:, 1. pw]in/uif'uif' 1J 1Jlifp i/J'l'J'J1UF(!/wf9!' J. 
i/if19 11 'X i/ilurwp p1uurmurnm~ l lnm'1 i/Ju 'l 11,Ji/bmfiw'lrl i/_il19-i/.iftil1UJ' 

mil ,ilJi/bmfiw'Jd 1Jm'1m1Jl'i/~ i/919'(} :ildqd-bmehu9d l{d!J.9qlqo(J ( m 

';JJ::tJSQ.O.'OJ'Ob. )l.q ';JJ::tJ'b'O·C!NW\tl '\ 'Oti'O'\.lltl.'7 ll.J.!l.'\lll::t.-tl ·~-g 

:( 1,-e ·'1'J) ]ruil'J1udh'1n 1Jm'1mni/11,bmpmJur'191/ 1J 11,ui/8'11Uli1Jq 

'J9 r1uurmn/lm ilJ91J91911 ]rur1un/m'1 '1mif'm'Jmr:,mn Bi/'1m11,mrm.p 

:( 9-g ''1'J) ]rud11,1uJa7n 'Jm'1m'14'Jmn/'1J'mJur7'11/ l'm'1 11,i/FmlJ 

-m'Jw ''Jui/G'1wb'Ji/ 'J9 rwurmn/lm iJJ'l'Jq1911 fmpn/m'1 Gif'1m'fm/'m.p 

£' 
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~ 

:( r:-e .,,'J) puil1J1udb,,n 1Jm'1mnif'JbmrmJur7'11/ 'J9 r1uurmn/lm 

i/J91J91911 ]ruJbmfi1u'JJ 1Ji/fmtlJmtl1J'1m pm'1 n/m'11Jm Bi/1lm'Jm/'m.p 

:J9rr. 

-91qu ]rur1un/m'1 '1mif'm'Jml'~mn Bi/'1m'JmJ'mp (b 'fm]rnfm'1 Bif'1m1JmJ' 

-mp ( J 'puJbmfi1u'JJ 1Ji/FmpjJmfi1J'1m rm'1 n/m'1'Jm Bi/'1m'JmJ'mp ( m 

· ,i/J rnf 

il9Jq 'J9 rw]r'Jmpmd i/J'l'J91911 i/tJbmfll1u'JJ i/'1m11,mJ1mp urn:J '6 

:]iuGuli/I' i/J91urmJmlnm 1Fm 1J (i/J'l'Jli/]iur) i/Jnli/n/uif'mtl 

-9p 'i/J9'Jnif'JbmrmJur'191/ 'i/J91J.,.,'1mur'Ju'1 drmnm!' f91' 'i/J9_'JurmJmlnm 

'Jm'1mni/'JbmrmJur'191/ ,ilJ911,i/'1mLL1u11,m '1ni/ ''J9Ju11,m'1mli/l''Jm ij9 r1uu 

-bm mJp i/FmtlLl 'Jm!'Jmpm11m'1 i/J'l'J91q11 1JmFp]1uLufJub l/'1mLL1u 

:'Jmr4 
-mlm~Jub q~mhh1u'Jm (J 11 IJmr~huhu~Jub q~mhhm (m •if'1mn9ur 1u'1J'f 

'J9 J''U'Jl/1 ilJ'l'J91911 l/TJP 1u111fJub i/Fm(!/Ll 1JmpJmpm11m'1 urn:J '8 
:'Jm~mn{uqrntft 1J 'JlUUlmutnmg ,'J9 p1u'Ji/1 i/J'l'J91911 i/il''Jmnu~ urn:J '1, 

'l i/1 
-qpm Bi/"'P f:l'O il'1m11,mrmp IJm!'G'l'Jmd G'JuJu 'Lu.yJub Lmh11,mb (11 

'l •7' f:l'O....;. !:O'O il'1m11,mrmp 1Jmp891Jmd BIJuJu •LufJub 1mrJu'J (b 



3 .. IH1hl1 qwnwtLwrdw& fiqnrntpJnt&e' Pt· ;, 

Pt.( =Uq·I•; 

P~.c - e f[wnwi/_wpJwfi 2'1Jlw.1fr y ~n Uf.WpwJbUJpbpfrfi i:wJwll/.wmwu

fuwh'l i:'lnpnLP.fntfifi I;, ·trpp JwJwfiwf[ nbtbfr f[wUJwpnr['u.f[wfi op'fwfint[ 

f[wpnrz I; wfi9fibl bpf[wpwUJ L. i:nutufi.p' wn.wfi9 i/_fiwubtnt f[wJ fupum mw-

1!"'9fibtni w.1fi1 l;nfiUJwf[UJw.1/rfi nbtbfibpe · f[wpnrz bf, · wnwfi9 i/_fiwui/_ btnt 

pwq_Jw.llf.wU1pfJ wfi'fwJ Jfrw9fibl Ii. wfi!_wUJbL f[wnwi/_wpilwfi i:q_npniP.1wfil! 

i:wJWUf.WUIWU/uWfinrz zrz!Jwfibpe1 

4. 11-hthfi pw&hgdw& fiqnrmpJm&e' Pp.(' 
y;_,, Jnim.pp x,. .... -pfi i:wJwllf.WUJwufuwfin'l i:q_npniP.1nififi f;, np1' 

wfi i:pwJbzm I; nbtbfr "wmwpnrzwf[wfi op'fwfie i:umwf[ wzfuwinb9fibtn" 

i:wilwp. 

5. rl-hthfi qqwJnt&mpJm&e' k , 
. ' 

Uw fntin.p/1 Uf.wpurJbinpfr w.1fi wJbfiwi{in.pp X l.<f JbunifJ.1nififi I;, npfr 

'fbUf..pnLJ nbtbfi wzfuwinntJ I; , puf[ fipwfi i:wJWUf.lUUIWufuwfin'l i:q_npnt 

P.1ntfie f[nz.i/_ntJ I; fii/_wq_w'fntJfi pwfib9finrz i:q_npniP.1nifi Ii. fizwfiwf[i/_nuT 

Pi.1.11 fl.'fw.fntfint{J.fnLfie wpinwi:w.1ini/_niJ I; i:b',,,J,,.!wl inbu.pni/_' 

pl.<f 
k, = -p- < 11 

f . ( 

6. 11-hthfi qwnwtlwruw& qnrbwqfige' k q ... -e• 
f[urn.wi/_wpJwfi i:q_npnifJ.1wfi i:wpwpbpniP.1nififi I; pwfib9Jwfi i:q_npniP.1wfie~ 

Uinnpb. (w'l· 3-1) pbpi/_wu bf, Jfr .pp.iiifr wi/_btfr urwpwui/_wu nbtb

tbpfr i:pJfiwf[wfi Uf.wpwJbinpbpe1 
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ll•unL uw~ 3-1 

fl.btbfr -mbuw*l!. p •. (} '{in p 
p · ~' 

'{ U1 kqw• t ' p .w\J 
'{. 

J: l b*mp wJ "''ff, frutJJ*wf, 10-' -104 
10- 3 

- 102 10
2 

- 10
3 2 . 10-3-2 .10"" 1 

PL.bnw9i/_wu 1-20 10-5_5 . 105 102 _5_.105 10-'-2.10- • 

If wq.fJ[ruw~ tb*mpw*wf, 0,1-2 10-'0-to 4 
10

4
-108 10- 2 - 5 . 10-I 

J: ( b*m pnfJw-J[rf, 10-3-10 2 10-12-10-• 10
5
-109 10 _ a -10 - 7 

lfwq.fJ[ruw*wf, 10-2-103 10- 5-10.,...4 
101-10

7 1a- 3 - 10-• 

7. 4ntuwijlntpJw& qnrbwqfige' k (••• -e f[wmwpn'lwf[wfi 

.Jfrw9niJfihpp f[wJ wfit.winniJfibpp Q /;/i/_/r i:~purpbpniP.1nifiL 
pfif[wln'l op'fwfifr f[n'lJfr9 efif[wti/_wu W'l_'fWfizwfifibpfr p P4_fr'L . 

Q 
k(•L.v= - 1 

p 

l niuwlfrniP.1wfi 'fnpuwf[frse npnzbtni i:wJurp inpi/_n'l W'l.'f"'LzwLLhpft 

.P/ri/_e U[bui.p I; i/_bp9fih[ 105-5. 106-frs n;_ Ufw~wut 

8 . rl-hihfi pw&hgdw& dwdm&wqe' t f .... -e efi4.wtn'l opq.wfip wq11ur

'fi2wfi uurwfiwtni9 Jpfr;_L. nbtbfr LPfri/_ pwfib9niJe L. f[nfiurwf[mfibpft Jfrw

.sniJe efif[wu JurJwfiwf[fi 1;1 

9 . rl-h1hfi w&twmdwr. dwdw&wqe' · t wl. -e w.1fi JwJwfiurf[fi I;, npfi 

.umw9i/_niJ I; efif[wln'l opifw1'fr wq_'fwfizwfiwq_pf[niilfr9 Jfrfiz.L. nbtbfr f[nfi

.mwf[infibpfr LPP4- wfi1.wmniJe1 

Swppbp ufJq_pntfi.fni/_ ~zfuwinn'l nbtbfihpe nifihfi mwppbp pwfib9Jwf, 

.JwJwfiwf[fibp, oppfiwf 

w) /;[bf[inpurJw'ffipuwf[wfi nbtbfihp_p i:w.Jwp' 1-200 Jf[ . i/_ , 

p) Jw'f'hpuwl;lbf[mpwf[wfi nbtbfibpfr i:w.Jwp' 10-500 Jf[ . i/_ , 

'f) fr'h'fnt~9/rnfi nbtbfibpfr i:w.Jwp' 1-100 Jf[ . i/_ , ' 

'f) pb.bn.w9i/_wu nbtbthpfr i:wJwp' 1-15 Jf[. i/_1 

JJ'{tw9Jwfi L. wfitwmJwfi · JwJwfiwf[fibpfr9 f[wfui/_wu nbtbfihpe pwrlwfi

.i/_niJ bf, i; buili..!wl fuJ pbpfr' w) 'fbpwpw'f, p) wpw'f, 'f) 'fwfi'l-w'l1 

10. rl-hthfi ufiwgdw& f .r. i:wr&wfuni/J.1nifie, w.1u/rfi.pfi Jfrwi/_np Jw

.Jw.fiwf[niJ nbtbft f[nfimwf[mfibp/r Jfrw9Jwfi {Jfri/_e· 

:u· 

1 
f.r ·' = - ------- --, npmb'l 

ti! + t,.2 + tew!. + t .,'i.1. 

te-e' nbtbfr efi'l-J·frt.Jwfi JwJwfiwf[fi I;, 
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t,..-. -I!' ahib/r pwLh9JwL JwJwLuilff!, 

t .. -.cl!' ahih/r wLrwurJwL JwJwLwl[[!t 

./Jwfijr np t .,-.! h t .. 
1 

2UJU1 tfrn.pp },fl, Ul"fUJ 'f('U1fi9 l[wp'11f. Jifi.p wfi

urbubl, {burhwpwp 

f .,~ = -~t l!- +-_,-t--:-

Swppbp abihfihp 1twfuw1ptbiJru inpt/_ntJ { Jjrw9Jwfi {w&wfuntPJntfiJ!, 

fib Jbl[ JwhtJ j!Wfi~ Jjrw9ntJ l[wJ wfirwurmJ "lbur.p { l[wurwpp fiw-

fuwq.cl-t/_mz ahihfi1 
11. n-h1hp umwmpq fwrzwJpl'i lJ.wu 1;1hqmrwuh}uwl'ipqmqwl'. pl'im-

pwqpre, ',,pfi JrpbfiJr9 Lhpl[wJw9LmJ { Aq.n'l n•JJr l[wfut/_wfl-n•/Jin•Lf! O'fUJ

J/rli pw9wl[Jr Jhcl-mP1ntL/r9' {wuurwurntf.t J. 2• nt.-Jr l[wJ iwpJwL 'lh"l

j!ni.J: 

1. P t=f (O), bpp F=const l[wJ 

M•=f(a), bpp F=const 
2. Pt =f (O), bpp U =const l[wJ 

M t=f (a), bpp U=const 
U.1u bpqn1. wpurw{w1urntPJntLLbpf! q.pw!f>Jrl[npbL UfWU1l[bpt/_wcl- hL 

fil[. 3-10-ntJ h f.tl[. 3-11-ntJi 

'\.'It. 3-JO; 1:iwl}tnLJflW3h. aUJL bp 
fiw.Cwp. 

"t.'lt· 3-11. f\wg .CwqGpuwltwG 
fiwJ'wljwpqn4 n:h1l.r fitu.Cwp 

12. ll-h1hp Jiwqwqqnq mdhrp qwu uhJuwf.pqmqwr. pl'int.pmqprp. 
d (0) . {wl[w'l.'ln'l mJbpJr l[wfut/_wcl-m/J'1ntLL { O'fLUJJrfi pw9wl[Jr9, 

u'I• J-12, 1111· 3-13, LI[. 3-141 
13. ll-bthP phn&w:i\.nruwl'i p&ntpwqprp, npe 9nLJB { "'wlftu tihlt

urpwJwq.fiJruJ: .l.q.n'l mJJr l[urfut/_wcl-mfJ1ntfi[! qn&JrL Jwurnt9t/_n'l iwpnt-

"~- 3-12· ""' 3-13. 

Jp9 qwJ Lpw JJrtntf_ wL9Ln'l {nuwLpjr9, bpp O'fWJ/rli pw9wql! {wuurw

UJntf.t { (LI[. 3-15 )1 

Pt=f (U) I 
Pt=f (I) ( 

i3 ==const, 

14. J;ibqmrwi.[wq&pup . Ujwtihu

mp qnrbwqpgp' k.., • '1"' qn&Jr {wu-' ' 

urwuri[wcl- {nuwLp/r {wpwpbpntPJntLL 

{ fipw pwLh9Jwfi {nuwLpfrL. 

I~ U 
k.,= - 1-= 

r•-. 1, .. -. R 

"t.lt· 3-15. 

8-8. l:tblJSflU.U'U."-"bJlUO.liU. '\, 8'blb"bbfl 

II, :J 

/;ibqurpwJwq.LJruwl[wL ahibLbpfr urzfuwurwLpJr ul['l.pntLl!f! '>p,ffltf_wd 

t l[n&Jr9 uurb'lcl-t/_wcl- Jwq.LJruwl[wL 11wzurJr h !J>bpnJwq.fiJruwqwL JJrtml[Jr 

i/in/uur'l.11b9mfJ'1wL t/_pw, npfr z1tnp{/ri[ UUlb'lcl-t/_mJ t Aq.n'l ntJ' nL'l'lt/.wd 

/u.,,pfru/u/r O'fUIJ/rL pw9wq/r tfrn.ppw9JwL nt'l'lnLPJwJp1 
/;ihl/urpwJurq.LJruwl[wf.t nhihfihpp wJ/.urnJwurJrl[wJJr h {bantuurwJb-e 

fuwLJrltwJJr wJbLwurwpuMt/_wcl- urwppbpL hfi h l"'JfinpbL l[ppwnt/_ntJ b'L 

wt/_ urnJ wur l[wawt/_ wpJwL, Uf U12U1Uf wLn'lwl[wL { wJwl[wpq.bpntJt J;l bl['.. 

U1pwJwq.LJruwl[wL nhihLbpf! UfWU1pwuurntJ bL. {wuurwurntL h tfrntfrnfuw
qwf.t {ir uwL.pLhpJr { wJ wpt 

1.wuurwurntL {nuwLpfr {ibl[urpwJwq.LJruwl[wL abibfibpf! purJwLt/_ntJ 

bL bpl[nt fuJpjr. 
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~::If,:,,;;/~ 
\,~. 3-16. l,wumwmndi finumlip~ ltbll'npunfwqG~uGhp· 

J-fuw11frufu, 2-af/itnd/, 3-o'l-wJp!i pw9wq, 4-inL<)-, 5-qnt:, 6·-uwj{'W"(W!Jwq, 

7 ·WU( wl1jw pwtnb 1 ·8-qn!JU1wq m!Jbl'', !J~htnLuur'f.d1f1 

w) i.bqn/! ttbftmpwJ'wqLftuwftwb nbtbfihp, np_nb9 wzfuwmwfi1p ltwfu-
i{_wtt i.t -:wumwmnifi -:nuwfi.p/r pL.bnwftwfiniPinib/r9t 

p) pli.bnw9i/_w~, npnfi9 wzfuwmwL.pp ltwfui[_wtt ( ~niJwfi.pft pL.hnw-. 

ft wfincf JnLfi p9t 

ttbftmpwJ'wqfi/ruwftwfi nbtbfibpt! ftwqJ'i[_wtt bf, tnittft9, Jfrt.nil[ft91 np~ 

i/_pw UJbtzwi/_npi/_ wtt t ftnbp Ii. fuwpfru fut!, "Pl! d.qi/_ htnif. Jftrnift/r lfn'l.-

J/19, JJrw9finiJ' f[wJ w'firwmniJ t nbth/r f[nfimwf[m'fibpf!t 

{!uUJ Jwq'iiftuwftwfi Z'lPwJft f[wnni9t[wttpft ttbftUJpwJwqfiftuwftwf,, 

nbtb'iihpf! tfr'iiniJ bf, pwq_Jwqwf, mbuwf[ft, opfrfiwf (fif[. 3~16, 'iift. 3-17)1 

1-f! IT-wdL. tL bftmpwJwqfi/ru t, npmbtz 9pJ:Uf, -:nu1bpp i.hfJ.. 

wq11niJ dqntz nidft i/_pwt 

2-1! mw,Pwf[ fuwpftufuni/_ L. Jfrt.nif[ni/_ tthlfUJpwJwq'il/ru ti U.iumb"t: 

9pJw'fi -:nu.plpf! U1'£1J'"" b'fi dqntz nidft i{_pw Ii. Jbttw9'firnJ wi'ilt 

3-1! ftw,Pni1pwd/i. ~LllfU1pwJwq'iiftu t, npft 9pJwfi -':nu.[Jbpf! J_hL wq_-

11niJ dqntz nidft i/_pw1 

4-f! zptw11wpdw1/r'fi fuwpftufuni{_ ttbftUJpwJwqfi/tu t, npfr 9pJw'fi -':nu

/}bpp i.bfi UJ'l'f"'J dr;ntz nid/r i{_pwt 

5-1! ill-wd/i. ttbL/U1pwJ~q'iiftu t, npfr 9pJwfi -':nu.plpf! 'iiniJfi"lbu i.hfl, 

wq11niJ dqntz tHd/r i/_pwt 

6-f! qpw-':WUfUJU1 ttll1mpwJwq'iiftu t, npft 9p,Jwfi -':nu.pbpf! wq11nur 

bf, t!qnrz nuift i/_pw. l!f,'1 npntJ dqnrz ntdft Jb~ncfil1ni'iil! ftwfuif.wtt t fuw

pftufuft Ii. f[n'iift dli.p9t l/n'iiur1ftfi/r 11b"1/!"'J dqnrz nidl! wif.btft JM tt 

7-1! untbfinft11w1ft'ii_ ttbftmpwJwq'iiftu t, npU1brz spJwfi l:nu1hpp wq_

'l"LJ bf, dqnrz nidfr i/_pw1 

"l,11. 3-17. l.wumwmRLG l.t 1~nqmfuwqwG finuwGI'~ ltMl'ni'w.CwqG~uGhp. 

.1-qnC, 2-inL<)-, 3-Ju•uf'fiuju, 4-Jfitn•~ 



8-1! .t;wpfl if_bp111Jp111pA. /,_ 'll111fr1111ftJ wp

0

qblw4Jwf.t l;Lb4t.np111JwqJ1fru 

J;, fuwpfru/u[! /,_ Jfrtn<4f! .t:wpfl" bfu 8pJwf.t .t:nupbp[! fuwftqwpniJ b'j, /uw

pfr~/u/r zwpJJwftl! It. ifrn1w~9ftntJ J.qn'l ntJ[!t 

9-[! .t;bpJbt.nfr4 /;Lb4mp111J111qf.tfru1114111f.t nblb I;, np[! irpnz 11b"l/!niJ 

4ntr/_niJ I; ftwlt. lbq_1'_11141111frft nblbt Up111ft9 Jnui 9pJ111f.t .t:nuj!bp[! .l.qn'l 

niJfr r/_p111 tbft wq_'1ntJ1 

l;Lb4mp111Jwqft/rufr A.qmz ntJfr -&.zqpfrm npnzn,J I! p111r/_ 1114111f.t/rft qJr/_ wft 

I;, p111ft[r np LUJ'l niJp r/_('111 111'1._'fttLJ bfJ Jp l"'f'I! qn('t}nftfJbpt IJ.('111fl9p9 bft' 

J111qftfru1114111f.t t;111J1114111pqfr t;111qb9r/_111~nifl1nift[!, t:frut.nbpbq_frufr It. Jrp4w

J/rft t;nu111f.tpftbpfr9 111ttU1fU19111~ 4npnwmftbp[!1 Jfrtwr/_urJpfr tbpJ111ut.n/r

-&.111f.tl! It. "'JLftt U.111 "l"'t.n-&.wnm£ /;L JfrLth 1111JJ t:b'lfrftw4Lhpfr Jnm t4"' 
Jfr l!f.t'1.t;wfmip 4wp~ftl! J.qn,,_ niJfr -&.frzt.n nrnzJwf.t rf_bpwpbf'J"'tt Swppbp 

t;b'lfrf.t1114Hp /;Lb4t.npwJwqft/rufr J.qn'l nLJ(! "l"'l''lblfru mwppbf' Jnmb9ntJ 

bfJ 9nt9111pbrn,J. l!fJ'I npntJ fJp111ft9 4111pblfr I; p111J111f.tbl 4 fuJpfr1 U.n111-

t/rft fuJpfr Jbt bf.t Jt.nft_ntJ' Ut.nnL"lblf!• fTJ/r4[! 1 {;l"'Jft'l/rft[! It. l/,frt.nbftpbpq[!1 

nrnftp l;Lb4mpwJ111qLfrufr J.qn'l ntJ[! npnzniJ bL' blf.tblnr/_ mr/_J"'l l;Lb4-

uip111J111qftfrufr lf'frr/_ J~qf.tfruw4w·ft l;f.tbpqfrwJp ifrnifrnfuniJfr9' 

Pt-= ~:t-, nruib'l (3-1) 

WI: -e J111qLfru1114111f.t .t:111Jw4wpqfr Lf'frr/_ l;f.tbpqfr111f.t I;. 

12 . 12 2 
Wt=! L= ---;- W Ar.i., 

WI: -fr wpJbp[! mb'l111'1l'blnr/_ ~3-1) p111ft111J.L.fr Jbt, 4uui111ft111ftp. 

Pt-= -0,5 F2 dAci., /dx, l!, 

ftu4 JnJbfttn[! hfthfr' 

Mt=- 0,5 P dAl!i.~/dix, t, . .t.1 

bp4pnp'f friJpfr Jbp_ bf.t Juif.tn,J' f'ntJLnr/_e /,_ fl.nmbpu[!1 npnft/! A.qn'l 

nule ~111J JnJbfturl! npnzntJ bf.t blf.tblnr/_ 0'11111/tft p11191114ft l;[b4mrwJ111q

ft{tu1114wf.t l;ftbpqftwJft ifrni/ynfrin•fJJntft{t91 [!ULn friwpfru/ufr wft9111~ -&.wf.tw-

"I "'pt: ft' 

W l:'l -ft O'fLUJ/ift p1119w4/r Jwqftpu1114111f.t l;f.tbpqfrwft I; 

dA-
P1:= -0,5· F~· -df' t, 

dA0 M1:= - 0,5·F0 • ~, tJ/wut.n. 

F=F..,.q + F.i.wz +Fat 
bppnp'f fuJpfr Jbt bL Jt.nftniJ fl111pfrltnr/_[!1 Unmu4nr/_/! u {r/_nr/_[!1 npnft.[! 

J.'1-n'l nuf[! 4111.r JnJbftml! npnzniJ bf.t blbblnr/_ fu111pfru/ufr Jbfu1111ifr41114111L 

wlfu wt.nwf.tl!frS· 

dAw• dAw 
P1:= ----crx· Mt-= ~I 

!lnppnp'f fuJpfr Jbp_ I; JuifmiJ {frunr/_[! 1 np[! J.qn'l mJI! u JnJbLt.n[! 

npnzn,J I;' blftbl,nr/_ l;Lb4uip111J111qf.tfru1114111f.t l;f.tbpqfr1111fr9 u Jbfu1111ifrlt111.:. 

4wL 111zfu111m111Sipfr91 

l;lb4mp111J111qftfrufr J.qn'l niJfr nrnzJwf.t P"'l''lniP1niL[! p1119wt.npr/_niJ 

I; pwq_Jw"lfrufr P"'l''I !J>frq_fr4w4111f.t "lf'n9buftbpnr/_, nrnft/! wn1111111ftniJ bft 

l;l b4t.npwJ 111qft/r uftbpntJ t 

. uzr/_wd- JbfJ-n11f.tbpnr/_ l;Lb4t.npwJwqftpufr J.qn'l niJ[! npnzblfru [!ft'lni

ftniJ bL, nr l;Lb4t.npwJwqf.tfrufr Jfrp_ni41! 1:wqb9111d- tb r/Jnifrnfuw4111f.t .t:n

u111Lpp l;Lb4t.np111Jwqf.tfrufr J.qn'l niJI! npnzbtftu 111Lt.nbuntJ bL Jpp41111/tft 

.:::nuwftj!ftbp{t, .t:{tuuibrbq_{tuft It. Jw4bpumf11111/tft l;!J>b4t.n/r 111q_11b9ntf1Jntft[! 

1:nuj!11149J111f.t r/_pwt ll.n1111111r4r/_ wd- I; 1:111ut.n111t.nntft It. ifrnifrnfuw4wf.t .t:n

uwftj!p t;wJwr ntJfr npnz.!111f.t Jfr ftnp Jh/Jn111 npinh'l nLJ(! npnzhLfru 1:wz

r/_/r bfi wnftr/_mJ J{tp_n•4/r J111qftfru1114111f.t 11ftJ11111pn•fl1niftftbp[!1 B /rft11n•4-

9P"'J/t It. 11111zt.n/t H L"'f'r/_111d-n1,P1111L nl qd-1111/rft 4"'"11!• /rftt"lbu f.twh ifrn
,p,:,fuw4wfi 1:nuwfij!p 'l/;"1/!niJ 1:nu/!11149J111ft ifrn./rnfuJurf.t "''l'lh9nifJJntft[! 

l;Lb4mpwJwqfl{tu{t .l.qn'l niJfr r/_pwt II.Ju JbfJn11nr/_ l;Lb4inpwJurqft/rufr niJI! 

4111J JnJbftt.n[! npnzblftu frpw4111f.t Jwqf.t{tuw4wf.t t:111Jw4wpq[! ifrnfuwrfrf.t

r/_nLJ I; t;wJwpJ/;/! Jwq1Jpuw4wft 1:111J1114wpqnr/_ U tt{'trzr/_ntJ WJ'f ')wJ111-

4111pqp t;111JwpJb/! Jwqft{tu1114wf.t 11ftJ11111pnt/J"Jntft[!' Rm .1 It. nl 1:wJwp

Jbj! J111qft/ruw4111f.t 1:111J1114111rqfr 011w1/rfi pw9w4/r J111q,Lfru1114111f.t 11frJ111-

'lf'n•fJ-1niL[!' Rm .• ,. [!um npnt.!1 Rm·< -/r Lt ~m:-.;-/r 1:wp111pbpntfJJntL[! 

"lbt.n/! I; ifrnl!r Lftf.t{t 1-{t91 

P1:= - 0,5 F2· k2 dA.,/do, t, 
M1:= - 0,5 F2 k2 dA.q/da, t.J/wum, 
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Ofpurluz k-fi 9nLJS t mwifru, flb tLbft.inpipJw'lbfru/r A'ln'l nu}/! ft_wJ Jn

Jbfiurl! ni_ '1h-w1fintfJJwfi 11bUf.pntJ frLi_.pwfint/_ t t/rn.pp umw9t/_ntJ tLbft.mpw

Jurqfifru/r Aq.n'l nt<Jfr9 ft_wJ JnJb'bmfr9, bflb ui'bmbub'b.p -'>nu.pfr k -'>nupw

~gJw'b ni_ 'lh-wi'bntfJJnL'iif! k Jinw 'lnph-n'b'bbpf!, npn'b.p wq_ 11ntJ b'b -'>nu
pwft.9Jw'b t/_pwt 

F-1! JwqfifruwzwpJ niJ'b t, 
uwl[w'b -'> w'lnp11wft.w'bntf1JnL'bf!t 

liuJuipdh1 Juiq.'bfruwft.w'b -'>uiJwft.wp'lfr lfinfuwpfr'bJw'b ufubJw'b pbp-

I t/_wh- t 'bft_. 3-18-ntJ 

~Ro 
Jw;F 

\,lj. 3-18. 

'1,bpn-'>/ruwl pw'bwAhnt/_ tLbft.urpwJwq'b/ru/r 

nL<lf! ft_wJ JnJb'bml! npn2blfru pwt/_wft_w'b/r'b JM 

11Jt/_wpntfJJnt'b'bbpfr b'b -'>wfi11/rUfntJ WJfi mbuw

ft_burfr9, np LUJULnb'l -'>w2t/_wpqntJfibpf! 2w.Ln /,fl 

11Jt/_wp, :pw'b/r np -'>w2t/_/r bfi wn'bt/_ntJ wJ'b pn

l"P !pfrq_/rft_wft_wfi bpkntifJ'bbpf!, npnfi.p 'l"JnLf/JnLfi 
nt'bb'b tLbft.mpwJw'l'bfru'bbpntJ: 1.w2t/_wpft_Jw'b LUJU 

Jbf1n11/! pwp11 t nt pwt/_wft_wfi/rfi w2fuwU1UIU1Wp U WJ11 U[WLnbUJnnt/_ fl WJU 

Jbf1n11nt/_ ft_wphl/r t -'>w2t/_bl w1fi 11hUf.pbpntJ, bpp U[W-'>w'by_t/_ntJ f tLbft.

mpuiJw'l'bfru/r pwt/_wft_w'bfrL -S2'1f'frm -'>w2t/_wpft.1 

CJ.np,)-'bwft_w'bntJ 9w'b9fr lwpJwfi i/inifrnfuJw'b U[UI,;,-Swnnt/_, fr'bi_U[bu 

'bwk tLbft.mpwJw!l:Lfru/r ft.n-Sfr mwpw9Jw'b -'>bmkµi'b.pnt/_ (ft_n-Sfr 11frJw11pnt

fJJnL'bf! JMwfinul t) i/in.ppw'bntJ t ft_n-Sfr -'>w2t/_wpft.w1/rfi J. 2• nt. -'b, npf!' 

U[wqwub9LntJ f Jfr1_ntft./r -'>w'1b9Jw'b wq_11b9ntfJJnL'bf! ttbft.mpwJwq'bfru/r 

cl.'ln'l ntd/r k JnJbpmfr t/_pwt U.111 U[Wtn-flwnnt/_ tl A'ln'l nLJf! "f'"2'!LJ b'b 

ht'bbtnt/_ LP/rt/. Jw'l'bfruwft.w'b t'bbp'lfrwJ/r i/inifrn{untJfr9, WJu/rfi.pfi' 

8-5. t'l.b'-ISl"U.11U.q.\,flUU.'-IU. '1 11bJuU. '1Ml11'1bl"fl USU.Sfl'-1 
-RU.P~U.Sfl't. '-IU.11 t'l.b'-ISr1U.11bJuU. 't.fl'-IU.'-IU. '1 .~'t.ffl'-fa-tJ.q.f.t:rl! b". 

q.ru. '15 '-IU.n-nfl.5nNrl! 

tlbqmpwJw'l'bfru/r A'ln'l ntdfr ft.wJ JnJ'b'bmfr ft.wfuntJI! 011w1fr'b pw-

9wqfr9 -'>wumwurnt'b J. 2• nt.-/r 11/,Uf.pntJ q11i_t/_ntJ t tLbqmpwJwq'bfrufr 

{!wp2w1fr'b qurJ tLbqurpwJbfuw'bfrft_wft_w'b p'bntfJ1,11qfrpt 

Pt=f(6), F=const, 'l'=const_1 

.Pwp2w1/r'b p'bntfJwqpfr Ah[! ft_wfut/_ip,)- t· mt/_JWL tLbft.mpwJw'lfi/rufi 

&kfr91 Swppbp Jw'l'bfruwft_w'b -'>wJwft_wp'lbP . nt'bb'b mwppbp .pwp2w1Jr.'b 

p'bniflw'lpbpt tlbft.mpwJw'liifru'bbpfr .pw('lWJ/r'b p'bnifJw'lfr.l'I! ft_wpblfr f ft.w

nnt9bl Jfr .pw'bfr b'lw'bwft_nt/_. 11/rmwpft_b'b.p brrft.ntu[!t ll.nwy_fr'b b'lw'bwft.nt/_ 

ft.wnnt9blfru U[bm.p t uit/_J=L -'>wJwqwpqfr Jw'l'bfruwft_wfi l'lfJwJ/r Ll',/ril. 

-'>w'zt/_wpft.f! ft.wmwpbl 011w1/r'b pw9w•ft./r Jfr .pw'bfr wpJb.p'bbpfr -'>wJw'p1 

Opfr'bwft_, nt'bb'b.p Jfr ft.wlfihtJpwAk fLbft.mpwJw'l'bfru. qwmwpb'b.p LUJ'1 

-'>wJwft_wpqfr lPfri/. .t;w2t/_wpq[! -~ u - b -l pw9wq'bbp/r .\wJwp k qwnnL-

9b'b.p WJ'I wpJb.p'bbp/r -'>wJwp P = f (F), l!'b11 npniJ 
• t 

Pt= 51 ·F2dJ\i; d8, u: 
IJ.fr9ni.p WJ11 qnp[! · Jb'b.p ft.wnnt9bl b'b.p ('bft_. 3-19, w, p}t 

4 ;> 

F f 0 0 IF J" cf/ du 

w) /') 

t,4_ . 3-19. 

w) Pt= f \F), p) Pt . I (ii), 

bpp ii =canst bpp F = canst 

tlbft.mpwJw'l'bfru/r .pwP2_wJ/r'b pfintfJw'lp/r ft.wni1t9Jw'b bpft.pnp11 b'lw

'bwq[! .\bmhJwl'b t• fiw/u U[bm.p, t npn2bL .\wJu1qwpqfr Ll'fri/. J . 2· nt.-'b . 

E F = F "'"q + F ii ' 
<J.niJwpwJ/r'b J. 2• nt. -'b npn2ntJ b'b.p .\w.2t/_wpqw1/r'b b'lw'bwqnt/_, 

np/r9 .\bmn qm'bniJ uibuwft.wpwp J. 2• ni.-11 

f='EF, 
I 

U'bq .t;wJm'b/r t. mt/_JWL Jw'l'bfrulflqw'b l'lflwJnLJ o'lmwqnph-1/_n'l Uf"'LU[W-
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Ln/rfi t;wJwU[wmwufuwfi B-H qnpf! (fikt. 3-20 )• WJ'f qnpfr H wnwfl9[!/r 

i£rw UJh'lw'fpnuf bfi[! UJbuw4wpwp J. z. nt.-f/ f-e1 . 

Spi/_U/'<} bf, t;wJw4wpq/r O?WJ/rfl 

pw9w4/r Lnwppbp wpcfb[!flbp' 6 , b1, 
. . µ. 

62, 63 ... b. 6"- , Jfrfnt4/r 4Lnpi/_w.l-1!f! 

S, µ0-f, b. Jwqflfruwl.url'fr J1nw iw

ifrbpf!t ffJbLnp t npnzhL b. qwnnt9bL t
lhqUJpwJurqfl/ru/r [!W{'lWJ/rfl pflntflw

'IPl' f!t 0------..------f H 1. flpnzbf,/! O'fWJ/rfl pw9w4/r t:w-

"1,q. 3-20. 

'l"l''lw4wflntPJnLfJf! Lnwppbp pw9wq
f,bpfr t;luJwp t;bUJb.JWL pwflwtlb.nt[_. 

A&= ~ s ~Ao u i, A51, A.ii., . • A53~ ... Ao/ 

2. LwJwUfwmwufuwfi O'fWJ/rfi pw9w4fr t;wqnp'fw4wflnLflJwJp npn

tntJ bfip tga-fi. 

. Ao l n .. 
tget=-5 - · n;--+ cc0 , a:1 , o:2 , etJ .... <J."-. 

fl" /IT 8 -e Jwuzmwpfr qnp.l-w4/rsfi t• 
3. Umw9i(_wh- mi/_1wlfibpni(_, B-.H 4npfr i£rw (3-21) a 111iln/1!J mw

flntJ bfi[! -Awnwqw1Pfibp a wfi41wfi mw4, Jfrflzb. B-H 4npfr t;lun t:wUJ

t[_ bl!!' 

I 
~2 -t-- Ps=Ha) 
P51 _L_.L_ 
Psu -t---~ -t--

H 

"1,~ .3-H. 
•1.ti. 3-22. 

4. Oqmt[_blnt/. Uw[!uif_btfr pwfiw&.bfr91 B-H qnp/r9 b. qmflblnt/_ t:w

JwU[LULnwufuwfi S /rfi'ftH49{rwfl, npnzntJ blip t:wJw4wpqfr tlqnq nLcff! 

8. - 8( O'fLUJpfi pw9w4fibp{r <wJwp b. 4urnnt9ntJ p,.. = f ({)) 4wfuntJ f! 

(&4 . . 3-22). 

76 

3-.6. '"1 ·-'lU.\.1' SbUU.111' 1:1.bliSl'O.tr.U.q.\,JlU\,b(lfl 2q.n'l nN>e 
b'l '1PU ~ 1:1.bliSflU.U"bloU. \.taliU.110. \, ~\.fi1'fi>'U.q.flbfll! 

flqnq nLdf! b. tLb4LnpwJbfuwflJr4w4wfl pflnLpwqpbpf! 4wnnL9blnL <w

Jwp t;wJ-Lnfl/r U[hLn[! t LfrHfl tLh4LnpwJwqflJruw4wfl <wJw·qwpqfr iwifrbpf!, 

.oqUJwqnp.l-i/_nq Jwqfl/ruwlwpfr UJhuw41! b. WJLfl t 

1. 4wifrnLJ['WJ.b. tLh4UJf'LUJwqflJruJr J.qnq nLcJf! b. tLh4U7pLUJhfuwfl/r-

4.w4wfl pflntjlwqfrpf! 4L/rfl/r (fl4. 3-23 )• 

Pt=0,5F2~, t, 
t,2 

·pt'= (-B-· )2 
• S, u, 

• 5000 . 

tfrnifrnfuwqwfi t:nuwfll!/r t:wJwp. 

P =0 63· 1Q-9 f?. - 5
-, t, "'"·•t . , f lMR Q2 

2. Il-wab.. tth4Lnpwtlwqfl/ru/r 

J.q.nq nuie b. tLh4UJf'wtlbfuwflJr-

+ 

'-- __ .) 
_, 

"1,q. 3-23. 

4.w4wfl pfl;,L{Jwqfrpf! 4i/rf1Jr (fiq. 3-24). Pt = 0,31F2 "0 s, u1 
()2 

t{ 

Ft=O 2 (-
8
-)

2 
S, t, ' • 5000 

.; 

"1,q. 3-24. 

J 

3. ui-wtlb. tLb4mpwJwq!ifrufr tlqnq nLdf! b. tLh4LnpwJbfuwflMw4wfi 

pflntfJwq/rpf! 4t/rfl/r (fl4 , 3-25 )• 

8 

"1,lj. 3-25. i1 



dA0 . . A1 (A2+A3) 

Mt= -0,5 F2 ~, 'b. J', lf.a- A1 + A3 + Aa 

dAa = (dA2 /0 + d Aa/ d&) Ai+ dA1/d6 (A2 + Aa)2 

d6 (A1 + A2 + A3) 

dA1 

d6 =-
dA2 µ.0S dA3 µ

0 
S 

' - .=-- -, --=---1 
411 ll2 d6 l2 62 d6 l3 52 

4. Gl'l"''l-"'f"lwifrii fuwpfrujuni/_ ttb¥uipwJwqiifrufa J.qnq n'Jl! 
zw1frii pfinipwqfrpf! ¥t/tfi/r (ii¥. 3-26 )· 

..,~. 3-26. 

t/Jnifrnfuw¥wii .\nuwfil!/r .\wJwp. 

dA0 Mt =-0,32 F2 d6' 

Aa= b(r+o/2)¥06 
2~ , 

M =0 32 F2 b (r + o/ 2)· 10-'-s 
t • 0 

MwA, t=0,4 -- • J 'lJ.J' t ( 
u.104)11 & 

f . W b62 (r + !i/2) 

5. ~pw.\w"i~'UI tth¥U1pwJuu{iipup J.q.nq n<df! /,,, ttb¥uipwJbfuwLfr
¥w¥wii piimfJwq.ppf! ¥tfriifr (ii¥. 3-27 )• 

21' 

..,~. 3-27. 
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).;- 27t fl.o 
- lnR/r' 

• 2 
A.- 7t r flo 

o - 0 , 

iipb J, z• ni.-fi wpuiw.\U1JU1bfil! .\nul!nil' 

P ......, O 39 B~ S2 
[-

1 
- + (...:...)2 

• ~1 · 10- ", 111 t ,._ ' o 7t r 2 l A 2 

'1.nfiwi/rfi/r rlwJwfiw¥ Aqnq nldf! ¥tfriifr. 

P =0 39 B2 S2 [ sin
2 

a + (_.:...)2_J_] · 10- ", L, 
t • a n r2 t . A 20-

C
U 104 )2 n r2/02-f- /.. . (z/ 1)2 ~ L 

p •n. t = 0 ,2 -;-. \\-,. • _[_7t_f_2 /-o--'+-'A -'---( z-3 -+'-n-3'-/ 3-12-) ]-2 - ' ' 

6. Pw9 Jwqiifruw¥wb zqpw1ntf_ ttb¥uipwJwqiifru/r 

/;th¥uipwJwqiifruw¥wfi piiniflwqfrpf! ¥t/rii/r (ii¥ . 3-23). 

S-1! Jfrt_n,¥/r ¥urptf_w~pii t n d2/4, 
't'-fi q.np~w¥fas L npf! ¥wfut/_"'~ 

.(- ¥n&fr bp¥wpntPJn<fi/r9 ( wq. 3-2 )1 

;..--- e 

79 



l9t6 9 
118 

:( ee-e ·1111,) iliJnq:n 1mi71:nq:r 

.m11,n1u'1 ilp1u Lubbm~m:r mlnm ''1m11,mlnnb 1u'1J'1 il11,q11,1u qeJq (d 

·i:c-c ·~'I. 

"J' f' n..P 
·~~ 

fl ',-:_>j 
/;m1mlnnl! J 

pd 

'( ~e-e ·'111,) iliJnq:n 1mi71m 

-q :_, m'l'1'l'u'1 ilp1u Lubbm'1m:r mlnm 

,,,m11,mlnnb '1'11' if'11,q11,1u qeJq (m 

1 f • i 6 I cl • "d = J 

• ]ru71vm11,md Jmi71 :n 

-q:_, 4-,.:nim:_,m:nJm'1 iliJfm]r'1y. t/'1m11,mlnnb 

11Jt/im:n,,m:n11,u,, 4n4lnM'(J :i1Jn:n'1m:n11,u'1 

Jf.'1 p1u]rGmJpni mJ]r 811,uJu •Jn'1m11,mln 

-nilb f'ldm:_, 11,'1 ['1U]r{'Jubm:n-bo p1Ud!f1'11'1u 

11m ,,mn t/11,-bm pmJ :n'1q 1] nq lnmJ'lm :,Ii 11,:J 

·oc-c ·~'l. 

f' nf'. "s-
I 

I 

~ 
.Pd 

1t 

Ee . 

'lf:"fl ·~'l. 

L oa'O<Fr
tQ. ~ 

OS 
:'1m11,mlnnb 71vm6Jpm'1 (b ''1m11,mlnnb 1U'1dq (J 

-''1m11,mlnnb '1'11' ( m ,lq'1m11,1Udmln 11,'1 LuJm'1 ifrJuJu 
1
Jnmt/G'11Udutn'lu'1 

11,t/fm'1m1mlnnb f'IJm:_, 11,'1 p1u..,.fdubm:nbo p1u Lubbm'1m:r nqlnJu '(J 

tilft/bmpmJ:n t/dmlmbJuLm:_, ,11,-p •ilp1u Lubbm'1m:r 11,m'1m'1t/11,mn/'11' ,il-Pd 
'il'l'/b'1 '3 

1
ill1ubup 'lmieJ1u'lm'1mbvmum t/f'11ui'l ,'l-'3 'Uft/bmpmJ:n 

11,t/il'm:nJm t/di1Udmln ,11,-Q 'l 11,]rt/e/ 4JnJm1mb t/'1m11,mlnnh 11,-f(i._ 

1tq:nJ11 ' 
3·tP 

"d ca i\\8 J 
'66"f: ·~'l. 

•]ru71vm11,mrl 1mi71:n 
f.S' 

-q:r J ['1U]rluJu ( rn-e ''1'1) ild'fm]r 2 n£ 

-'1ily. 4'1m11,mlnnb 11,4FmJ1udm1JJ 
I :il11,1uieJ1ufm]rl/y. t/'1m11,mlnnb ,il-J ·1 

•ilp1U Lubbm'1m:r ,il-I'd 'l 11,i111, I I 
-1uif'lw:nlu'1 t/'1m11,mlnnb 11,-! 

LqinJu '~ ~l = -1-=I 
"d . 

iJC'mil tjnj11tjdmfl/ 

'( oc-e '•'111,) il'1m11,mln 

11 
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ll.pw•9wqnp,} .bll -':wJwpi/_mJ WJit tLhlfuipwJwqitfrullhpf!, npnit/! nit.bit 

0,05 i/_-/rs lfrn/!p pwub9Jw'b clwJw'bwlf: 

U.!'1-Uffrup ,pwitb9Jw'b ni Jb,} clwJwi.wlffr tLhlfU1pwJwqitfruitbp~ 

4lJUIU1f1UIUU1nLJf! WUfw-':nt/_i/_niJ t, bflb U(UIU1f1WUUJhLfru U(W-':U(wiii/_hit Jfr 

2"'!'/! i.w/uWU(WJJwitt.bp: 1.frJ'bwlfwi. i.wfuwUfWJJw'bt.bpf! 11-cli/_wp lt i/_bp
bwt.hl pwi.b9Jwli rfwJw'bwlffr i/_hplnit}wlfwi. (1,JJ'bwlfr1J1/rl/) wpuiw-':w1uini

.JJ1wJp' 

L 
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1. ITJw2wpfr rptpd-wlffrsl!' k"'"'l =I, /i".i. Ufbur/! t -':itwpwi/_npfrit l"'.P 

Jb,} Lfri.fr: U.1it lfwpb£fr t pwpd.pw9t.b£ tLblfuipwJwqi.frufr lfnC.mJ -':nuwi./!1! 

;pwpd.pw9it blntf 1 

U.n 'fb"l.fit<J lfnC.I! JfrwitnlJ t -':w2np11-wpwp lf'"'9"'9frl wlf ui/r.i/_ 11-/r
Jwwn•fl1wJp, npp fuwpfrufup 2wpc/Jwi. cfwJwitwlf q_n<qw-':bnwlwpi/_ntJ t: 
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Jfrw9i/_niJ t 2'lflwJ/rit k uw-':Jwitw,PwlfnLJ -':nuwit/!fr Jbd-w9niJI! lfnC.nLJ: 

fl/wzwpfr qnpt}w_l/9/r Jb,}w9Jwt. J1nw C.wi.wU(wp-':f! pwi.b9Jwt. -':n

uwit/!fr ,Pnppw9nulit ti IJ.pwi. lfwpblfr t -':wuitbl' t/in.[!pw9t.hLni/_ itwfuitw

lfwit Jbfuwitfrlfwlfwfi -':wlfwq_11-n'l ntclf!t 

2. Ulfq_pitwlfwit pw9wlffr 11-hUf.f!ntJ Jwq'bfruwlfwi. -':wJwljwpq.fr fr'b-

'f"llfuifri/_nif11nii.I! "{bUJ.f! t nii.b'bw frp OU(uipJwl Jb,}n•fl1ni'bf!t 

3. l/nC.fr Z'i/l"'JP wlfui/ri/_ 11-frJw11-pn<fJJntfif! itnlJ'b"{bu U(bUl.f! t nlith

itw OU(uifrJwl wpdti.[!t lJ.Jf, lfwpb£fr t ,PnlfrnfubL' -':w2np11-wpwp Jfrw9t.hlni/_ 

ww9ni9frl wlfurfri/_ 11-frJw11-pn•f11n•t., npf! 1mpw.pwitun•p tLhl/urpwJwqitfr-
uf -':wJwp ntitbitw OU(UJpJwl wpclb.p: .
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Ppn.p' Jbt}w9t.hLni/_. R-1!, t/in.f!pwiinLJ t Jwq'bfruwlfw'b -':wJwifwpqfr 

JwJwi.wlffr -':wuurwuint'bf!, -':hurb.wU(hu Jbt}wi.niJ t tLblfuipwJwqi./ru/r 

wpwqwqnpt}n_<f/Jn<'b[!t lf /rb.'bntJit clwJiu'bwlf R-/r J bt}w9nlJ I! t/in.[!pw9'bniJ 

{; I, -/r -':riuwit/!e1 nf'/!1 fritlU(bU t.2'1_b9 qbpb.niJ, i/_wurw9itniJ t wpwqw

qnpt}ni}J 1ni'b[!t 

4. lfpplfw1frit -':nuwit/!itbpfr wq_q.h9nlfJJntitl! t/in.f!pw9itblfru wi.-':pw

Jh2ur t tLblfU7pwJwq'bpufr Jwq.i.puw£Wf'f! UfWU1f1UIUU7b£ 2hpuiwi/_np1 pitz.

""i bu ,Pn,Pnfuwlf wi. -':nuw'b.[!/r tLhlf U1pwJ wqitfrut.bpmJ: 

5, /;LblfurpwJwq'bfru/r pwt.b9Jwi. clwJwi.wlf Jwqitfruwlwpfr U(n'l_U(WU1/r 

Jh2 fri.11-ml/9/rwit UfbU1p t Lfritfr "l JM (0,2-0,3) ;10-4l/,pfuJ2: 
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6. ll.pwqwqnpt} tLhlf uipwJw·q'bfru/r Jwq'bfruwl"'f'I! U(Wuipwuuiblm 

-':wJwp w'b-':pwclb2ui t oquiwqnpt}hl WJ'bUf/rufr 'bJn~flhp, npn'bj! 11-wzui/r H 
l"'f't/_wt}nif}jwit ,Pn.pp wpclb.p'bhpfr 11-bUf.pniJ nl'bbitw'b µ-/r Jb,} wpcl-h.p'bbp, 
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2wpcfqn'[ Jwubp(!i UfbU1j! t nL'iJb'iJw'iJ -':'iJwpwi/_npp'iJ J_UJ"' t/in/!f' j!Ul21 
8, Uljq_p'bwlfw'b 011-w1fr'b pw9wlffr JMmfJJnl'bf! Ufhui.p t Lfritfr fii/_w-

1/."''lnlJ'bl!, bppbJit 6. -'b qbp9'bnlJ MJ 0,2-0,3 JJ: 

U.1'b 11-bUfj!niJ, bpp i/_hpni;frU"'l Jfrr.n9'bhpf! J_b'b 'bujwuuinlJ ~.-':pwclh2ui 
wpwq. q.npt}n'l ~Lblf1J1pwJ.wqf1pu'bhp u1J1witwlni'b1 WU(W lffrpwnniJ b'b -':w

U7nLI/ ufubJwitbp, npn'b.f! wpwqw9'bnlJ b'b tLblfU1pwJwq'bfrufr pw'bb9nlJf! 

(fi~. 3-36, w, P• q): 
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"t,q. 3-36, w, F• q 

'blf. 3-36, w ufuhJwJnLJ lfwpn'l bit/! ~h'lw2wpclJwi. rfwJw'bwlfl! 

tfin.f!pw9t.bb bi[Jh ~U L"'f'Jwi. pwpd.pw9Jwi. -':hui Jfrwufri. 2'lflw Jur9t.hL 

<U/ilUfpufr R ,,.PJw11-pnifJ1nii., np -':wu1J1wuri/_w,} _-':nuw'b.f!fr Jht}nifJJnL'bf! 
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Jitw wi.,Pn,Pnfu: U.1u 11-hUf.f!nLU 1J1b'l_w2wpc/Jwi. clwJw'bwl/fr t/in.[!pw9niJ1! ' 

mb'lfr lfnit.hitw tLhlfU1pwJwq.i.fru/r ,Pwf}nLJfJ/r clwJw'bwlffr -':wu1J1W1J1nt'b/r 

t/in/!pw9JwfJ 2fJnp-':fri/_1 IJ.JU ufubJwJ/r flbpntfJJnLfJ(! WJit t, np £pw9nL9/rl_ 
q.frJw11-pn<fJ1wfi Jb'l. U1b'lfr bi. niithitniJ -':q_npnlfJJw'b lfnpniuur'bbpt 'blf. 

3-36, p ufrlbJwJnLJ lfnC.fri. -':w2np11-wpwp Jfrw9i/_wt} 11-frJw11-pnifJJnL'bf! 

q_niq.w-':bnwlwf'i/_w,} t C nLi.wlfnLfJJwJp: UfubJUJJ/r tnLfJJn<fif! WJ'b t, np 

,PwfJntJ/l/r -':wUU1WU1t/_wt} nhJpJni..J, WJUpitj!fJ bpp WJf, bplfwpwU1h 

Jfrw9q/.ut} t tLbifurpwl/wi. 2'lflw1frit, ifni.11-b'buwuinpni/_ -':nuwi./! lP wi.9-
i.nw, .b. -':wuurw1J1'1_w,} -':nuwi./!fr Jbt}nif11niitl! npn2i/_nLJ t 

{, =U/R~., + Rll' wpuiw-':w1urnifJ1wJp: 

'/JwfJnLJfl/r Jfrw9Jw'b wnw2fr'b frulf U(w-':frit, hpp uib'lfr t nLi.hitniJ 

-':nuwii.[!p wC., ~ni.11-bi.uw1J1npnq 'bntJiiU(hu wfi9i.niJ t i1 -':nuwit.f!, npf! 

qn<Jwpqnw t lf'"'9"'9/rz. R
1
l' 11-frJw11-pnLfJJwfi Jfrln9mJ. wfi9i.n'l i2 -':n

uwit/!fri., .t;buib_wpwp lfnC.ni/_ wfJ9fJn'l_ i .. 
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w2/uw1J1Wfij!WJpfJ -':nuwfJ.f!f! J/;. 
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U.1u ufubJwf, 4nli/_n<J t tlh4uipwJlfF_pfl/ru'/r wpwqLU9JLU'i.J ufubJLU• 

Sbq~zLUpJJLUf, JwJLU'i.JLU4/r JMn<f/Jn<'i.J[! 4wfui[_LUu t 4n'i.iq.b'i.iuwuinpfr 

n<'i.JLU4mfl1n<'i.ifr9, npfr JbtJmf?Jn<'i.i[! npnzif_n<J t 1:bwb.JLU£ pLU'iiLUJ.uni/_. 

npwbq' L ~·• -/! f./n&fr /r'ii'l-n<f./uifri/.nif/Jn<'ii'ii t, R~., -(!' f./n&fr LUf./w/ri/_ '1-P

JLU'fpntfJJnL'ii[!' R tr-[!' f./n&/r £('LU9n<9/rl '1-frJLU'l-f'"'flJn<'ii[!t 

uf./. 3-3'1-niJ wpi/_LUU t wbqwzwpdfr JLUJLU'i.JLU4/r 4LU/ui/_LUun<f/JnL'iif! 

u.LUppbp ni'iiLUf./n<fJJLU'i.J f./n'ii11b'iiuLUwnpflhpfr '1-bU[[!nLJt 

bf./. 3-36, q-nuF 9n<J9 t wpi/_~u .t;nuLU'iif!fr LUpwq.LUsJLUfJ ufubJLUfJ, 

npf! t;fiwpwi/_npn<f/Jrr<fi t uuibquniJ npnz 1.wpni/_ pn[!pws'i.Jbln< t£b4· 

mpwJwq'i.ifrufr f!Ullf! /, lLUtfibp[!t IJ.1u t£b4-

(.. <npLUJLUq'i.Jfru'ii m'ii/r pLUf/n<Jf//r t/Jn[!p '1-frJLU

'lf'"<f/Jn<'i.i, pLUJ9 'i.ipwfJ .t;wp_nf''fLUf'LUf' JfrLU9• 

l/_nLJ t £['LU9n<9/r1. '1-frJLU'l-f'n<f/JnL'ii, "l'l! 
'ln<qLUt;btlLU£LUf'l/_n<J t tLbf./111pwJLUq'i.ifru{r 

fuwpfrufu/r .t:bw f./wU[i/_LUU' LU'i.Jp_wwnq f./n'i.J. 

uin<pni/_t bflb f./n&ni/_ 1:nuw'i.i[! lfr w'i.i9'i.iniJ, 

LUU[JJJ ftn'iiwLUf./Lnf! pLUf./ ti l/n'iiwLUf./Lnf! pLU9-

t{_n<J t w1'i.J dwJw'f:."fl4• bpp tLbf./inpLUJwq

'i.ifrufr I/rd.fr t;nuw'ii/!I! 1:wt{_wuLUpt{_n<J t wb-

t1 tl t_, t qLUzwpdJw'ii 1:nuLU'i.i[!/r'i.i1 luwpfruful! tfiwf./-
i/_hln<9 1:binn w'iip_winnq f./n'iiwLUf./tn[! pw9-

"\,~. 3-37. i[_n<J .t. u £pLU9n<9fr£ 11/rJLU'l-f'nLfJJn<'ii(! 1:w-

l"f''fLUf'LUf' JfrLU'i.inLJ t tfiwf/n<Jf/fr'ii, npp 

2'iinpt;fri/_ tfiwflni1fl/r 1:LUuuiLUini/_wu 1:nuw'i.i[!/r Jbun<f/Jn<'i.Jf! JfimJ t LU'iipn

ifinfu1 l:qflw1n<J t;wp_np'l-wpwp Jfrw9i/_wu '1-frJw'l-f'nLfJJn<'ii[! UfLUZLnUfLU· 

bn<J t tLbf./wpwJwq'iifrufr f./nG'ii LUJf'i/.bln<91 fiJ'bpn<f/Jn<b'ii wbp_LU<ntt'l_ f./nb

<nLUf./w/r w1tl./w1nifJJn<'i.J'ii t.1 

IJ.Jb '1-bUfpn<J, bpp U[LUt;w'iip_t{_mJ t 'ILUb'l-LU'lb9Lbl tLbf./wpwJLUq'iifrup 

wbp_wwJw'i.J JwJLU'iiuif./[!, f./wpb£fr t oqwi/_bl tLbf./wpwJwqb/rufr f./nG{! ni'i.iw

f./n<fJJLUJp qniqLU1:bnLU£LUf'bfnt ufubJw1fr9 ('iif./. 3-38 )1 

U.1u"l/rufr ufubJw1/r '1-bUfl!"<J f./LUpnq t uww9i/_bl LU'iip_w<nULUb JLU-

Jtufiwf./Jr wpwqw9n<J f./wJ '1-wfi'l-w'lb9n<J' f./wfui/_wu ufubJw1fo U[LUpw

J bwpbpfo [!b<npnifl JN<bfo91 bflb f./n'ii11bbuLUwnpfr nibwf./nif/JnL'ii[! i/_ bpei/./r 

LUJbU[hu, np w'iip_ww'!_LU'ii JLUJwbLUf./ pLUfJntJflni/_ w'ii9'iinq ..t;nuwb[!(! ni'iib

'i.iw tt1_ U[LUf'pbpwf./w'ii p'iintJfJ, LUU[LU LUJU '1-bUfpniJ w'iip_LUwJw'ii JwJLU.:. 

'iiwf./[!. JbtJw'iinLJ t, fruf./ bflb f./n'ii11b'iiuLU<nnpfr nL'iiLUf./n<fJJn<'ii[! [!'iiwpb'ii[! 
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w1'iiu1fw, np LUU[LU1:ni/_/r LRC 4nflwnipn<J 

..t; nu wfip[r U[ w l' p bp LU p LU l' p n p n fun tJI Jn <fl I!, + ~----r------. 
WU[LU tlbf./mpwJLUtf'ii/ru/r f./ni:I! wpLUqnpb'ii 

JJJ'i.ip_LU<nt{_niJ t 9w'ii9/rs1 {/ 

1:nuw'ii1p pwpA.p 1:wi:LUfuwf./wfiw1/rfi 

mw111wflnuf{! phpniJ t A.qnq nid/r wpLUq 

lfin[!pw9Jw'b[!1 u 'l,UU[LU'iiLUft/r ..t;LUf./w'lq.nq 

mdfr LU'l.'l-b9n<flJw'ii /nLUf./ fuLUpfru/u[! · bw t 

4_ hpwq.LUtt'iiniJt 

c 

"~· 3-38. 

s-10. q.u. Vl-U.'l.. q.orun'l. tlbttsru.u-u.q.'\JtiU'llbr 

flpnz tihftwpLUJwq.bpufihp 'i.iwfuwq.thtfou U[W1:LU'iiti/_mJ t, np 'iipLU'ii.p 

'1-Ul'ii'fLU'£ qnp.tb'ii, UIJUfr'i.Jf!'ii wzfuwwb'i.J JLUJLU'i.iLU4/r U[LU1:niJni/_. opfr'iiLUf 

JLUJLUhLUf.//r nblbbhp[!, JLUJLU'iiLUf.//r U[LU1:niJni/_ 1:nuLU'ii/!Jt nhih'iibpf! u LUJL'ii' 

'l-n1nif/Jn<'ii mbfr JwJw'i.JLUf.//r U[LU1:nLJ uwbqublni bpf./n< bqLUfJLUI./• 

1 • .t;LU111nif./ JbfuLU'ii/r4LUf./LU'ii uLUp/!bpfr Jfrtn9nt{_, opfr'iiLUf./, JLUJLU9n<J9/r 

JbfuLU'iifr'lJfr, 1niqw1/r'ii ,,_bJU[!f>bpft ( JLUf'frlfr), tLhf./111pLUzLUpJftl'iibpfr, o'l-LU· 

&flznq Jbfuwflfr'lJHpfo u "'Jlfi' 
uzi/_LU'U bqLUbwf./frbpnif_ JLUJw'iiLUf.//r U[LU1:n<Je .uuibqui/_niJ f JMLU9'iib-

tni/_ fuwrfrufu/r zLUpJJw'ii dLUULU'i.iLUl./[!t 
2. Jw'l'i.Jfruwf./LU'ii q.bJUf!f>bpw9JLU'ii {4LUpJw'ii-1:w'i.iqu111LU9Jw'i.J) Jfrp_n-

9ni/_' {bfi9 /r.pbfi tibf./wpwJwq.'iifrunt{_t 
lfw.q.fifruwf./w'ii JwpniJ(! {u:Jwf./LUpqn<J JLUqfipuwf./w'ii t:nuLU'ii[!/r 

tjini/in/utt<f1'Jwb U[{'n9b ufr q.wfiq.LUqb9nuf'ii . tt 

U.1uUffru/i JLUpJw'ii P"L"l' bqw'iiwf./'i.ibp[! {pJbi/_LUu bfi Jppf./LUJ/tfi JLUq

'i.Jfruwf./w'ii .\nu/!/r oqwwqnpuJLU'i.J i[_pw, npn'ii/! uwqnuF b'ii ttblf.111pLU11'LUq

'i.Jfru/r JinG.niJ u q_wbqi/_wuLUJ/rfi Jwubpn<J' .\frJ'iiLUf./wb Jwq'ii/ruLUf./w'ii {nu

pfr Jb.tn<f/Jlufi ifinifinfuntfJJLUfi q.bU[/!ttLUI 

2 

\,~. 3-31, w, p) q) 

lfLUpJwfi {LUJwp tibf./wpulJwq'iifru'iibpntJ oqwLUqnpunLJ bfi f./LUpG 

Jfrw9i/_w~ tfWfLUpbbp, npnh/! {wqg-£niJ b'ii ttbf./wpLUULUq'ii/tu/r JfrJ'.n<f.//r 

i/_pLLI, lllJJJf'l'b(' bqwflw~flhpni£ (h't• 3-89, ,111, P• 'l)t 87 



l,wp-&. Jfrw9i/_wt} 'fWLWf'[! frpbLJr9 'bbpl/fuJw9LnLJ t "l'llit3.Jr9, LWtnnL

LJr9 l[wJ tL wumJJrfiJr9 "l.Wtnpwumi/_wq Jbl[ lfWLWf' qw'J o'lwlf: 

lfwpnule mluzfa { m1'b1iniJ .t;bmb_Jwl l[bp"f· tthltmpwJw'fLJrup 

ifiwpnLJ/J[! tthlfmpwl[wfi l'lfJwJ/rL Jfrw91ibtni l1wJ wL2wmbtnL "l.W

t;frli l[wp-&. Jfrw9i/_wu qwLwpncJ JpplfwJJrfi '>nuwL/!.'iibpjr9 wnw1.w9wu 

JwqLJruwl[w'ii t;',,ul!bl'l! JzmwU[bu nl'l'li/_wt} bf, '>JrJ'iiwl[w'ii <D ~foJ .t:nupp 

('iii[. 3~40) fil[wmJwJp WJ'iiu1bu, np w"lw.t:ni/_bfi · Juiq'iifauwl[wfi '>wilw

l[wpqfr bwfu'bw4wfi i/_foC.wl[e, WJup'iip'ii' fuwppufufr Aq.Jwf, 11bUfpnLJ lipw'iijr 

+ct> nuztzi/_wu hb .t:JrJfiwl[wfi .t:nupfrb -<wl[wnwl[ 

- /,_ Wf1.1fhtw4nul b'ii 'iipU/ w-&.Jw'iie, fault fuw

pfrufu/r w'iitwmJw'ii clurJw'iiwl[ n itz'li/_wu h_'ii 

1:frJ'iiwl[w'ii 1:nuj!p bi/_wqJwLe 1:wl[wnwl[, 

t;lsmb_w"lhu /uw'iiqw{'nu! bL 'iipw 'iii/_ui'l

Jwfie: 

ll.Ju ttb4mf'wJwqLfiuLhpmJ wfi2wur-
._ _________ t Jwf, dwJwfiwl[p U[ll11:nLJf zwm wi/_btfr JM 

{ umw9i/_niJ, .pw'ii Jpw9Jw'b dwJw'iiwl[Jr 

"lw.t;mJe: 'Jow pw9urmpi/_mJ t 'iipw'iini/_~ tip 

-4> w'ii1.wmJw'ii dwJw'iiwl[ fuwp/ru/ue qtn'bi/_niJ 
"Lli · 3-40. t J.rp{_ wt} i/_/i-&. wf[;,LJ, 'npp 11h"1/!ttLJ o'lw 1/i'ii 

puigwqp {) '/. JbtfnLPJnL'ii[! i.wifiw'lw'ii9 

ifin/!f' t, foul[ frL11nLl[mpi/_nLpJnLL[!' L.; = W2µoS/6 'u Jbu, .t:bmb_wpwp 

Jbt} t 'iiw/,_ ifiwpnLJP/i d.urJw'bwl[Jr T t:wumwtnnLL.[!t U.1uUfpufi 1:w-, 

Jwl[wpqbpnLJ l[wpblfi t umw'iiwl 5-10 i/_-fi clwJw'iiwl[fi . "lw1:ntJ: 

ll..J'b'iiwlwi/_ wp111n.tLI! umw9i/_nLJ t wJL qb"f/!nLJ,· hpp l[wp& Jpw9i/_wu 

qwl"'l'l! 11wuwif.nf'i/_ wu t Jfitnil[fi bpl[wpnifJ 1wJ p (LI[. 3-39, w ):' 

l;tbltmpwJwq'iifrue Jfiw9'bb1fru JwpJw'ii "ll'"Slwe wi/_btfr /!Pl wr111ni-. 

'iJwi/_btn t, [!W'ii w'iJ2wU7b[fiu, .pw1ifi n{' 1ffiw9Jw1, c/wJwLwl[ tLbl[tnpw

Jwq'iJ/1uL nLLfi Jbt} O'f.WJ/iL pur9wl[, .t:hmb_urpwp l[niLbLw i/in/!p dw
JwLwl[fi t:wutnwtnniL: 

ll.LtwmJw'iJ "lw.t:fr'ii tnhtzw2wpdJw1, dw.Jw1iwl[fr Jbt}n<fJJniLe l[wfu

i/_wt} .t l[wp& Jfrw9i/_wu qw£wpfi wl[tn/ri[ 11frJ~11l'nifJ1niLfi9, i/_bptLwl[wL 

~'/. 011w1fiL pw9wl[fi /,_ .t:wl[wq11mz Jbfuw'iiJrl[wl[wL nidhpfo Jb.tnL/JJnLL

'iibpfrg: f>LwwL i/in/!p tfr'bhL WJ'I JMnifJ1niL'bhp[! 1 wJ't.pwL wLtwmJw'ii 

tnbtzwzwpc/Jwf, dwJw'iiwl[/!' l[umw9.j_J, Jb,)-, 2.bmb_wpwp, i/infubtni/_ i/_bn.-

Lwl[wL 6 011w1Jr'ii pw9wl[fi ( WJupLpL' ni. Jwq.LJruwl[wL pnipwl[fi Jb-

umfl1ni'iie),"' p'ii£.Ufbu fiwb_ if.bf'P.'bwl[w'b .t:wl[wtz'l"'l mclbpfr Jb.tnrlf/'JnLL[!, 

l[wphtfi t l[wpqwif.npb£ tthl[mpwJw11Lfrufi w'b2wlJ!JwL JwJtiJLwl[e: 
lfppl[w1ftL .t:nuw1ip'bhpp . Li LpwL9ft9 umw9i/_wtt JwqLfiuwl[wL .t;nu-
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phpe JMwo'bbtnL L"fwmwl[m[ {fhl[mpwJwqLfiuft JwqLfiuwl[w'ii z'i.PwL 

"lwmpwuUJnLJ bL t:nu !pbpnJwqLpuwl[wL L1nifilfi9, npL mLJr i/in.pp tnb

uwl[wpurp ttbl[tnpwqwL qpJw11pnLPJnLLt U.111 'bUfwtnwl[fi .t;wJwp Jw'ILfi-· 

UUJLWf'[! U[WU7f'UJUtnnLil hL 3 10 f[wil 20 Jwl[LJrzLbpfr "l"'l"fWU7'iihpfr9, 

npnu9 tnbuwl[wpwp qfrJwqpnifJJniLe 

p=(10-15}. 10-6 0.t;J. uJ {t 

bppbJ'ii {tbltmrw·Jwq.Lfrufr Jfrw9JwL tnbtzwzwpclJwL clwJwfiwl[e 

.Jb.tw9'iibtnt L"lwtnwl[ni/_ l[fipwnnLJ hL Jfr zwp.p t1hl[mpwl[wL ufubJw'bhp 

('iii[. 3-41, w, p. q}t 

ul[. 3-41, . w ufubJw1nul tthlf U7pwJw'1Lfiufr ifiwflmJP/tL .t;w1.np11w

pwp Jfrw9Lniil bL JrL11nLl[tnpi/_ 11frJw11pmP1mL1 npfr wnl[w1niP1wJp wL-
9ntzfo4 nbdfrJnuf. JMwLnLJ t .t; wil wl[wp'f/r dwJ wuwl[fr .t; wutnwtnnLU[! I 

fruit .t;wuuiwmi/_wu 1:nuw'iipfr Jbt}mfJJnL1'[!' JLniJ wLifrni/tn/u·t 

~J 
•) 

'I) 

' "Lli· 3-41, Ul, I'• q . 

U.L2wtn.FwL tnhtzwzwpclilw'b clwJwLwl[e Jbuw9'iibtnL .t;wJwp oqmw

qnpuniJ bL mwpphp ufuhJwLhp, npnL9p9 hpl[nrne phpi/_wu bf, 'iii[. 3-41, 

"f• l}-nLift ul[. 3-41, Cf'."nuf {[bl[mpwJwq'iJjrufr l[n'&frfi 'l"<lfW-':bn Jfiw9i/_wq 

t R 11frJuiqpniPJnL'ii[!, fruit LI[. 3-41, q-mJ' l[/ruw'>wtznl''IPl iftwl[wLt 
Jr ' 

ti[. 3-41, p ufubJwJnLJ tnbtzwzwpc/JwL wL1wUJJwL dwJwLwlte 

lfwpbtfr t npnzht -':btnliJwl pwliwd.b_nif_. 

w2 . F 
t ... ~ . -1. -:- + R • tg a • ln __ ' _, 

Rtn# Lt' Fa. 

.. Jl.1umb'lfr9 bpltmJ {, np t .. ,, .• ~ -1' lttfr'bfr LUJL.pw'ii JM, fr'ii.z.pw'ii ifrn.pp 

t R -e1 /;1bltU7f'Wilw'1fifrue Jfrw9'iibtfru R -fr i/in.ppw9mJe pbpnLJ t 
U Ir 

lipw'iiniJ tthltuirwtLhpqfrw1fr l[npuuifr Jb.tw9Jw·Le1 ul[. 3-41, q ufulrJwli 

,,_hpu t w111 pbpnLfJJnL'iip91 

s-11. u-11Juu. 'l..Jltiu.tiu. " -l.U. "q.usu.an1'-8l12n11. ').U. VMJ.'l q.npun'l 
1:1..bllSf'U.lJ'U.q. '1'1U'bbf' 

/;1bl[tnpw1Iw'1'iifrufr pwLb9Jwli qwL11wtzb9JwLe l[wpbtfr t <wu'iibt 

ll'w·9ni9/r1_ JbfuwLfrltwl[wli -':wpJwpwL.pLbpni/_' Jb.tw9'iihtn4_ fuwpfrufufr 
89 



2wpd-Jwf, dwJwLwqf!• U.J'I- U(pn9bul! qni.4._nul t dhJuw&~4w4w& 'lhdtq~h
rw9nu.f-Iiw&qmnw9nuf ( JwpntJ ): 

{wJL qftpwnntfJJnLL bL qurbl J"LtlwJftlJ, OTfWJ/tL IJilli.wLft4_Hpni/_ Ii. Jw

J w9niJ9/t J bfuwliftq Jni/_ '1-bJ U(f/>hpfihpf! {< w~purw9nt9fti.Lbp l!)' 
ti[. 3-42, w-nLJ php4_wu t JntqwJfrL '1-hJU(f/>bpni/_ tLhqurpwJwqliftu/r 

qwnnt9t/_wu.pf!, npL ml, ft qnzur qwll(t luwpftuful! (2) qnzur qtull(nt[ Jftw9-

i/_wu t Jfun9ftL (5 ), npf! zwpJi/_n<J t Jnuzni/_ L9i/.tuu q[w1'ft Jh21 CJ.lwflp 

i/_hpb.ft Li Lhp.pb.ft Jwuhpf! Jftw9i/_wu bL ftpwp funqni/_wqni/_ (6) lfrwqw1'fr 

J ftln 9ni/_ (7) 1 

1 

I 
.'\,q. 3-42. 6nu1w1rG 6wGqumwgn1 gr~n~ qwliqwqmqnpb 

l;1hliml'w'fu~qGru 

/;[hqurpwJwqLftu/t pwth9Jw'b '1-b"l/!"'J fuwpftuful! ubqJblni/_ qull(UJ

LwqfoL (3 ), J.qrrtJ t Jfun9fo'b, Li JnL'l_f! i/_hpb.ft /unnnl.fo9 i/_hpl9i/_niJ t 'fhll(p 

'bbp.pb.pL[!t /uwpftufup zwpdJwf, wpwqn</JJnLLf! qwph[p t qwpqwi/_npbl 

wubqLwi/_np fwq.,;'b,,i/_, npf! 'bbpll(urnturwqblni/. frrfuniJ t funqni/_wqp 

qurpi/_wUpf!t {pw9n<9/ti. qwLwll! (4) U(WZUtll(WLn,J t qnLU1wqur[!' Jpw9-

JwL Ii. wL2wurJ wf, U(LU.\p'b ~ Jpi/_htnt9t -

l/n'burw~·U1Lbpft Jftw9JwL 'fhll(j!ntJ, fn:pp Lnwpwunt/JJwL i/_pw, bpp 

lipwL9 Jftrb. qwpnq t wnw2wliwl tLhqurpwqwL wqbq, Jfun9£! pw9ntJ t 

qw'bwlft Lh('/!b.p pw9i/_wt)-pf!, Ii. J"''ll! wLwpqh[ Lpw Jfolni/_ i/_hpb.p fun

nnlfr9 i/_hp[9i/.rr<J t Lhppl.tfrLl!1 {;tiJpdwqwL qnLurwqurp wpwqn<fJJ"'f,l! 

WJ'f '1-bLifpntJ Jbuw'bntJ t, Li qnLtnwqurLbpf! wpwq lfrwf[i/_ntJ Lftt 

fuwppufup Li Jfun9ft i/_bpwqwpJ.f! blJwL '1-l'"'fJJ"'L qwurwpt[ntJ t 

q_uU[wLwqft Jftlrr9rrt/_ (3 }t 
bjJh wLurhuhLp zlfrJwf, Li fttbp9ftn'b ntdhp[!. UIU[UJ Jn<qwJfrL .\wL

Cff!UU1UJ9rr<9fti.Lbpni/_ .\wJwqwpqp zwpJJwf, .\wi/_wuwpnLJf! ftnttb'bw .\b

U1UJUI£ urbu(![!• 

DO 

npurbq P t = CU2-frf, tLhf[urpwJwq'llfruft dqnq ff Leff, t, 

p, -[!' .\w1'quurw9Lnq nLJf!t 

(3-2) 

1.wLquurwsLnq rrLdf! ~wJbJwurwqw'b t k, .\wLquurw9Jw'b qrr"[1-

t)-wqsft'bi 1.wzif_/t wntblni/. J"l'lP pwqw'fpntf/JnLLf! Li . Jfun9ft urbqwzwpJ-

Jwf, wpwqntf/JrrL'bf!' P ~ = k, dx/dt Li urbrzw'fph[ni/. P, -ft wpJbpf! 

(3-2) .\wi/_wuwpJwf, Jb!. Li [ffLUh[rri/_ WJ'f .\wi/_wuwpntU[! t 1,. r LqwurJwJp, 

quurwfiwf,.p. 

(3-3) 

npurbq X-[! tLbqurpwJwq'bftuft urbqwzwpJJw'b bpqwpnLflJntL.'b t uJ-ni/_1 

(3-3) pwLwJ.b.ft9 bphnlJ t, "l' tLhqurpwJwqLftuft fuwpftu/u/t Li JnttztuJ/t'b 

,J fun·sft Jftth qnzur qwll(/t 'fhll(pntJ JM qwpb.npntfJJnLL ntL/t JwJw'bwqft 

liwfui/_w~m/JJnth(! 9wtsft [uipntJft9, l!f,'1 nprrtJ rrppw'b Jbu . t [WpnLJ[!, 

WJLpwL Jbu t zwpJJwL JwJwLwq{! ('bf[. 3-43, 1 qnpf!)• 

bjJb .\pwJwpi/_bLp fuwpftufuft (2) f 
h Jfun9ft Jfttft qnzur qwll(p9 ( 5) zml' 
(LI[. 3-42, w), f[wph[p t uurwLwl 

t ,wr =f (U) (Lq. 3-43, 2 qnpf!) wL-

qwfu pLrrL/Jwqppf!t fuwpftuful! (2) 

qull(w'bwqft wq'fb9rri/J1wL urwq (3) 

ubqJntJ.:. t bpqqnqJwLft [UwqftL (9 ), 

npf! qwpnq t U(U1U1i/_hl wnwL9pwqw- f l J 4 5 (j l 8 9 u/uw2 
'LP Jht (10 )1 bp4f[nqJwLft Luwqf! (9) 

ub,qJi/_ntJ t /uwpufu/tL (2) quU[w'i.lw- 't,q. 3-43. 

f[/t Jft2n9rri/. (8 )1 U.J'I- (8) qull(w'bwqft 

ntcf[! fnpp t qull(wLwq/t ntdp9 (3 )1 
bpqqnqJwLft . luwlift wnw2ftL t)-wJl'l! .\n'fwqw,U("i/. Jftw9i/_wu t · Jfurr~ 
oft qnflft'b (5 )1 /;[hqurpwJwq'bftuft (1) fuwpftuful! (2) Lbppwzif_blni/. JfowJ 
wqwurtrrJ t uhqJi/_wu qull(w'bwqpL (8 ), "Pl! pw9i/.hLnt£ "lururb9LntJ t 

£Uwq{! (9) JwJwuLW/!P ntqqntfJJwJp Li urbqwfnfumJ .\wL'fwpurfrl.P Jfu"9l!
1 

J; b~urpwJwq'i.lftu/t fuwpftufu/t ft!.b9Jwf, 'fbll(pntJ cj_ull(wLwql! (8) uhqJi/_rrLJ 

/ fuwpftu/ufo pwzft Li qull(tu'bwqft (3) LbpqnpUnt/JJwL urwq1 ti[. 3-44-nLJ 

pbpi/_wu t JwJw9ntJ9P Jbfuwtb.qJni/_ tLbqurpwJwqL/tu/t f[ft'bbJwurfoqw'-

qwt u/uhJwL1 
/;[hqurpwJwq.Lftup (1} fuwpftufup (2) J.qJwL 'fbU[j!ffLU wqwuri/_nLJ t 

qull(w'bwql! (11 ), "l'l! J.qrrLJ t wurwJLwi/_np ubqU1npftL (7 )1 t/,bpt~f.iu 
luwl1ni/. (4 ), qnzur ~wU(ni/_ wJpw9i/_wt)- t LfrubnfoL (3 )1 llft pwL/t Jft2w ~-1 



JUI[ (12) murwJfiwt/_np wfi{rt/_Lhpfr9 ;;bur_n) {ILrf1uzw9ntJI! urpi/_ntJ t wfi4h

pwJfrh wfi1_/tfi1 IJ.fi4bpwJftt pnhur41! (9) u4untJ I; -C.n-C.t/_bt' Jbpf1 '/}nLJl 

m~tn4_ zwpd-t/_btn'- wfi4hpwJftL wfit[{rfi IL, ;; bmuwpwp, zwpd-w4wfi (6) 

4nturw4urfth, JbpfJ i/iw"btnt/_ wJpnf[_p_ Jbfuwh/tq_Jf!t twpd-w4wfi qnfimw4m/r 

(6) zwpd--Jwf, d-wJwhw4f!, Jft.t1_k fipw 4"lfibll! wfi2wpd-- (5) 4r.fimw4ur/rfi, 

4wfu1__wr)- 4L/tfi/t wfi4hpwJ/tfi pnfiw4ft (9) ftthp9ftwJ(r JnJhtmfrs, i/in

juwfi9Jwf, jl-t/_fr9, wfi4hpUJ>J/rh wfii/_/t wmwJtbpft -P-1_/to "- zwpd-w4_wf, "'
wfizwpd-- 4n1'mw4mfibpfr Jfr!u bq__wr)- mwp-wd-ntfJJntfi/rst 

/Jhn/r4fihpp ;;bnw9Jwfi "- JnmbsJwfi qh"{.(!ntJ i/intfrnfu1[ntJ I; wfi
~hpwJ/tfi pnfiw4ft m1u-mwfiJwfi .\w-&w'jun,p1mtl! It t;/,t,

9 
qpwfint/_ ~l i/in

r/rn/ui[ntJ I; (6) 4nfimwqmfr zwpd.Jw'fi JUJJwfiw4f!t cfwJw9n•9w1fr1t Jhfuw

fi/rq_J[! wu1w;;nqniJ I; 'pwf.tb9Jwf, 
pwpJ.p -&zqpmntfJJni'i,, 
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tl h4mpwJ w·q'ii{rufi bmoqw Jfrh 
{Jl.tfr4lthpnt/_ wnwJ.qw4wlt 4w"f 

ntfib9n'l_ Jbfuwltfr4wqwfi ;;wliqpu
mw9n<9/r1_/r u4qpnifil!w.!frlt ufuh
uwfi phpt/_wt} I; u4. 3-45-niJt 

luwpfrufuft (2) 'iibl'lwzn~Jfr9 
l\bmn /;th4mpwJwqfi/ru{r {1) ub"-

J mnpp (5) 'l_UUfwf.twl[fr w'l_qb9ni
fJJw'ii mw4 qmb'lwzwpd-t/_fr t/_ hpk "
wmwJltwltfri/_fr (6) Jfrr.n9ni[ zwp
d-nul I! 4;;wqnpq/1 [J-1.tfr"Hpfrfi ( 3 ), 
npfr l\bml.twfi.[!nt/_ wnw'ii9.[!'iibpfr 

l/.('W "umbqd-t[fr _ wpqblwqn'l_ nuf' 

"{U1nLJuttbpfa .f!W'bw4fr pwnw4ni-

s.12. G>ncbnlo111111" .t..nuu '1-R'1 tlbl1Sf'U.111lq.'tl"U"b" 

U.. J:t'hlfutJ'IUld11J4iflflufl Ul2JuwmwG.Jtfl wnudiaGwfiWU1f(nqttn1GGlipf! 
tJtntltnJuwl4wG finuw:ll.J!fl 21J.pulGbpn11.r 

l;[II'ftn('Ulll wqfipufibpf! 4wpnq bfJ wzfuwurbl ( fuwpfrufuf! J.qbt) n~ 

JfrwJfi ;;wuurwurnLli, W'JLU t/yfi/infuw4wli ;;nuwli.[!nt/_1 '1-w pw9wmpt/_mJ I;_ 

'fipwflni[, np ;;wJwJ.wJli pt ===-f2 •z /2. dA .z/d8 pwhwJ.u(r'· /;1b4_urpw

Jwqfi{runul J.qn'r[_ nLd--f! ;;wJbJwurw4wli I; J, z• nL.-/r .(!tun.w4munLh, hzw

fiw4,nLJ t ifiw[lnLJPnLJ' finLJh.ll.(hut 

!}fl""Jw,}- tfrntfrnfuwqwfi ;;nuwfl.[![! "{W['phpwpwp tfrnifinfunLJ I; Pl' n_Lq

qnLPJ"'-fil!, pWJ!J /;Lh4urpwJw'llifrufr J.qnq md-fr hzwllf! JhnLU I; wfn/rnifinfutc 

'1-pwfimJ .\wJmlt/_ htnL .\wJ wp oqurt/_ h'b.(! If w.[!ut/_ htfr p wliwJ.ltfts• 

Pt=<l>:_/2p.0 S,,,/ (3-4> 

bj1h /;th4urpwJw11'ufru/r "n-&nLJ ;;nuwh.f!l! tfrntfrnfuwqwfl {. w"{w wz

fuwmLUb.(!LUJ/th pwgw4nLJ wnw1w9wr)- Jw111ifruw4wh <I> ,.
2 

l\nuw1'.(!f! 41/r-

1'/r ifinifinfuw4wh, U1Jufth.f!h• 

(3-5) 

Shqw'lf'htni/. (3-5) wpurw-\w1urniiJl-JnLf.tf! lfut.[!ut/_btfr pw'bwJ.l.tft Jh1_, 4eu-

mwflwh1. £ 2TT.w 

Pt=Pt ... nsin2 wt, (3-5) 

npmh'l 

Pt.•n =<l>:.2 ... n12 µ.0 S.,l t 

Ilqn'l_ md-fr 4_wfut/_wd-nifljnL'ilf! 

d-wJwfiw4_/ro 4n~Lbf.tw l\binliJWL inhu-

.f!l! (fi It·- 3-46 )t 
l,ah4urpwJw11f.t/tu/t fuwp/ru/ue 4J.eq

t/_/r J.qnq nid-/t Jftp_pfi wpd-bpnt/_, WJufrL-

-Pl!f> ,.\wumwinnLf.t pUJf[_Ul'l-f'Pl""-' Pt . .rM' f!} 

p t . .r~t Jhd-ntPJnLUf! qw['htfr t n- \,~. 3-46. l,nuwG11~ ~·ulu~w~ntpJntG~-
pnzbt (3-5) pwf.twJ.knq_' urh'l_lll'l-['btnt/_ ~nGnttf (w) l.t 11Wl'l;2~f.1'G n•fi~ t1tt'1tGnh

Jum~wG 6nuwGgli l"'fmrmuwqGl.u -
LUJfiurbtL sin2 rot=0,5(1-cos2 wt)t rntJ (p) 

p 
U.U[w Pt= ;·•ft (1-cos2wt)=P., . .rn-P., . .-.., 



puuz_wflpfrz.'t.t t, P ''" _ = p t- -w• /2 ·COS 2 wt-i_r~ i/rni/rnfuw4w't.t pw'l_W'IPfoll!' 

!lqn'l_ nL<lfr .\wuUJwUJnL'i.t pw'l_UJ'IP'irll! i/rni/rnfuw4w't.t .\nuuilipfr tth4-

uipwJwq't.tfruthpniJ 'l.'1-wlfrnpbf, i/rnpp t uuiw9t/_nLJ, /!Ulf, 1tm11t lwi/r/r 

.\ wuwwUJnLf, -':nuwllpfr tth4 uipwJ wq't.tfr u't.t bpnul t 

U.JuU(bu, bpb <I> wz . ~• =© •z , npuib'l <l> •
2
-l! w2fuwuiwlipw1frL -':nup't.t (" 

i/rwPni1fJnLJ, -':wuUJUJUlnL'i.t -':nuwLllfr 'lbU(pwl, { w1uJt'i.t/!f, btflbtnt/_ WJf, 

pw't.tfr9, np 4n&.l! l{in_i/rnfuw4w't.t k .\wuuiwwnLL .\nuwLl!fr 'lb"ll!"'J nLlifr 

Jfrklim1fi -':wqb94_w,) JfrtnL4f!), UJU(UJ J.qn'l_ nLJfr Jfrtfr't.t wpdb/!l! i/rnpn

fuw4w't.t .\nuwLl!fr dwJw·'t.tw4, .\wJwJ.w1'ii (3-4) pwfiwJ.bfr, uUJw9t/_nLJ t 

bp4ih wfiqwJ P"l!P' /!wf, .\wuuiwuinLfi/r 'lb"l/!"LJt 

. </>npnfuw4wfi .\nuwLl!fr J.qn'l nLdfr p'iinLpwqpfr J.kl! 'imLJf,U(bu uiwp

pbpqniJ t .\wuUJWUJnif, .\nuw'iil!fr J.qn'l_ n.idfr pfmLfJwq[rfr J.bfr91 ?w U(WJ

Jw'iiwqnpt/_w,) t 't.tpw't.tnq, np pnpnfuw4w't.t .\nuwfi/!/r JbJ-nipJnL'i.tf! tLb4-

uipwJwq't.tfrufr 4n&.nLJ 4wfuqw'jt t "l Jfrw1fi 4n&.fr w4uifrq 'lfrJw'1pnL

/1JnL'i.tfr9, fr't.tlU(bu -':wuUJwuinLfi .\nuw't.tl!fr tLb4wpwJwq't.tjtufibpnLJ, WJLU 

't.tpw fr't.t'lnL4wfr4_ 'lfrJw'lpnLf1-jnL't.tfr9, "Pl! ,Pni/rnfut/_nLJ f 4wfu4_w,) o'l"'Jfr'ii 
pw9w4fr {) JbJmP.1nL'i.t/19t 

l.wuwwUJnL'i.t -':nuw't.tl!fr wq'lw't.tzw1'fr tjbU(l!"LJ 4n&.nLJ -':nuw't.t/!l! 4t/rfi/r' 

u I=- =cons t 
R 

L. 4wfut/_w,) lt fuwpfrufuJr t/_fr&.w4fr9, fru4 pni/rnfuw4wfi ':nuwb/!Jr wq-

'lwbzw'iifr 'lh"l/!"LJ 4n&.nLJ .\nuw'iil!fr qn{'J-n'l wpdh/!f! 4Lfrlifr' 

u 
1=----

r' R2 + x2 

f!uw L=lJ!/2-;::::;W2/R = W2A p.w'iiwl.hfr' 4n&.fr fr'ii'lnL4wfrr/_ 'lfr-
'°2 MJ2. 

Jw'lpnLfJJnL'iif! 4Lfr't.tfr' X=wL=wW2A ~z , npfr .\buihw'ii/!nq, t;wJwJ.w1'ii 

Uw[!uqblfr pw't.twl.ufr, .\wuuiwwnLL -':nuw'iil!fr tth4uipwJwq'iiJrufr dqn'l 

ttLdf! w2fuwuiw'iipfr dwJwtw4 4wpnL4 w•&.nLJ t {Pt- -/i 4npf!1 114. 3-46), 
pw'bfi np UIJ'I dwJwLw4 Jh,)-wLnLJ t -':nu/!!!' <l>=FA, npuih'l F= 
= IW =canst, UIU(UI iftni/rnfuw4w·b -':nuwbpfr 'lhU([!nLJ, {) OfltUJfr'ii pw9w4Jr 

lfrnpp~9Jwf, -':hurbwfi/!nr/_ J.qn'f_ nLd/i JbJw9nLJf! pw4_w4w1tfi't.t P"l!P f 
Jwq'iifruwzwpd mdfr pn/!{1W9Jwf, U[WU1&.wnnt/_ {P f; . .rn 4npf!1 t4. 3-47 }t 
bpb 4wph[Jr t 4n&.fr -w4mfrr/_ '1fiJw11pntfJJnL'iif! flpw frL'lni4uifr4_ '1fiJw'lpnL

P1w·'t.t -':wJhJwui wLuibuhl, LUU[LU 'iipw LPfrt/_ JnLUl[!LUJ/i'ii [lupnLJf!' U •'-' 
4t:wt/_ wuwpw4znt[fr JJrwJb Jrfip1tfr1''1t:"49JrwJJr t• 2• m.-nt/_' U = CiJ W© { 9pnL

J l! wfiuihunLJ h't.tp), fiu4 -':nu/!!! 4Lfi't.tfi' <l>= U/UJW =Const, w1ufr1J~f, .\nu/!!! 

ftwfutf_w,) ;J {) OflLUJJrf, pw9w4fi91. 

U w.puq blfr pw't.twd.kfr 

p'i.tnLp,;,qfrpf! UIJfl flJ;U{/!nLJ 

3-47 )t 

.\wJwdwJfl, tLb4U1pwJwqllfrufr dqn'l_ nLd/r 

4LfrLfr .\nl',fr'l.n'iiw4w'ii qfat!-' P t . .rn' R=O (J.4. 

U.1u"1frun4_, bfJb tLb4uipwJwq

llfrufr 4n&.l! u't.tt/_nLJ t ",;UIUU1UIU1ttL'i.t 

.\nuw't.tl!nt/_, WU(UI pfJ.nLpwqpt/_nLJ t 

t;buib.JWL U(WJJw't.t't.tbpnq. 

U =canst, I= con st, <I>= Var, 

fru4 i/rn,Pnfuw4wt .\nuw't.tl!fr tLb4wpw

Jwq'iifrufr't.t pfinpn2 t .\w4wnw4!!' 

<l>=canst, 

U.1u"lfrunq, Jbf,/! U(wpqb9/rfil!, np 

,Pni/rnfuw4~1t .\nuw't.tl!fr tLb4UJpwJwq

o er"-

'I,~. 3-47. IJin,Pn}uw~wG finuwGl'~ l;tli4-
mpwuwqG\tuJ1 IJWp(w!~C pGnLpw-

1J!1l'l' 

't.tfrufr /!wpzw1fr't.t pLnLPU/'1-Pfr J.kl! 4w/uqwJ t 4n&./1 /rfir;.m4UJ/rt/_ 'lfrJw'lpnL

PJ~fi lwl/ifrs LPfr4- 7frJw'1PnLPJw't.t Jh21 U.1uUJh'lfr9 .\bUJbnLJ t, np pnqrn

fuw4w't.t .\nuw'i.ipfr tLh4UJpwJwqfifrufr jlwpzw1fr't.t pfintfJwqfrpf! 4...,juqwJ t 
4n&.fr Jfrw9Jwf, ujubJw1fr91 l/n&./1f, .\w2np'1wpwp Jfrw94_w,) fpw9nt9/ri 

Z 7frJw'1pntflJw·fi dwJw't.tw4 /!Ulf2WJ/r'ii p'i.tnLflwqfrpf! "l JfrwJ'ii 4Lfrfi/r 
ll' .I. ·' 't.tbp/!b, fr't.tlU(bu .\wuUJwUJnLf, t:nuw't.tllfr 7LU(jlnul, UIJL 4/rtfi/r npnz iw't.n.,_ 

pb/! (1t4. 3-47 )t bflb Z,,. -.oo, UJU(LU qrnpnfuw4wfi .\nuw't.tjlfr tLh4UJpwJwq

't.tfrufr /!WPlWJ/rfi p't.tnifhuqfrpf! Jnuib't.tnLJ t .\wuUJUJUJni'ii t;nuwfijlp /!Ulf'lLUJ/r't.t 

p'i.tnLfJwqpfrfi1 

Ufr't.tib .\frJw Jbq .\buiw[!pjlpnLJ tp pnqrnfuw4wfi -':nuw'iipfr tLh4-

U1pwJwqfipufr /!Ulf2WJfr't.t nLdp Jfrtfr1' wpdhl!l!' Uw4wJ'ii fr'iilU(/;u UJbuwfi/! , 

fipw w41tpwp/J-w1/r't.t w'f'dhpf! .\wt/_ wuwp it Jfrtfr't.t wpdhpjtfit U.Jf, dwJw

't.tw4fr l!'t.tPwspmJ t;wuuiwuinif, it , pwpwjunLJ t 4p4fiw4/r 2w t:w&.wjunL

p1wJp u JnLwpwJfrt wq,,_w't.tzw't.tfr l!fifJw9/!nLJ bp4nL w't.tqwJ w't.t9finiJ { 

qpn wpdhpnqt ?pw -':wJwp tL tLh4uipwJwq't.tfrufr juwp/ruful! -':w4w'l.'l"'l 

mdhpfr 2tnp.\fr4_ 4wpn'l t flpPnwL' U(wpphpwpwp -':bnw94_bl114_ JfrtnL4fro1 

luwpfru/u/r pppnn9f! t/_bpw9LbfnL -':wJwp qrnqrnfuw4w'ii -':nuw'iil!fr tLh4U1pw

Jwq'iifru't.tbpniJ oqurwqnpJ-nLJ bf, 4wp&. Jfrw9t/_w,) qw[Wf'' 

l.wumwmnLfl -':nuw't.tpfr tLh4ml'wJwq't.tfruthpf! . i/rniftnfuw4w'ii -':nuwfi-

1!/r tLh4uipwJwq't.tfrullbpfr t;bui t:wJhJwmwJ nLtb'i.t 'iit/_wqwqntJ'ii U(UIP,W

Jbmf'bp, pw't.tfr np 'i.tnLJ'i.t iwifrbpfr 7hU(/!nLJ wnw2w9't.tniJ hf, ifrnl!P. J.qn'l_ 

nid, nLfihf, qrnpp 'l.'IUIJttLfinifi/Jntfi , /_, U(WpUIJhmpbpf! 4wJnLfJ ihfit !}f,UIJUI,) 

iftnqrnfuw4w·'t.t -':nuw'ii/!f! pw4_w4wtfrf, zwui t mwpwJt/_w·J-, /!Ulf, -':wu111w

mnLtf!, .\wJbfiwJf, '1bU(u wbju'iifr4wJnLJ .\frJ1Jw4w'iimJ oquiwqnpt}mJ ht 
.t; wuuiwmnLfJ t; n uwfil!/r tth4urpwJwq'iifr u'ii hpt 
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L6 

-m1mb fmpGmi/p ,_Jm7 1 111up7Jbli11,il il71fjt Gt/Ju '1/nrn!' 1u7Jq l J11Up 

-11,mpmJ i/JFmf 1/71ul1/!'. Ju '1 11,Fm i/Jqv 1/Jmlmb fmpGm1/1' ,_Jmt, 

191'6 !. 

:1qurb l p1ufmJmur 11,Fml nJq11,ljm11,mpmp 11,flJ'fp i/Ju· '( 617-G 

•711,) l f1,J'1UfJubmurbo 1/11,mJ71 illiud'I!' n1ufp 11,mpGmJ'fp 1/Guv.p/Jo(!j 

:Jq11,urmJmlnm 11,1/fmp1u n'llnJu 

11,fmi/1' 11,'{ p1upfJubmurbo i/J'111,ni/11,bmpmJur7'11l bm</;mvq t1/-o l Jmnmr 

-(.":r i/Jmp1ub 11,i/FmtfJm£111,7m i/JMmlfi/11,uJ'Jm:r if'IJ'I fmfL'll pu-006l G1/G 

-1Jmfl'i/1' Ju i/11,mif 'l 11,1uurmurnm:r 11,Fm 1'1ui!Gm.pj11,il i/7m11,mjlmp 11,i/11,qnfm 

'lSUO:.J= ••·ld · Z/f:= [ (.lL• f:/t + lm) z SO::>+ (.lL • f:/Z + +·m)• 

·z SO:.J + lm z SO:.J ]· zrm·ld + um•ld Z/f:=Eld + Zld + Ild. ld 

,i/11,'1711 i/7Jfm11,mrl (17-e)urnil ilp1u Lubv mlnm 'pu-0061 

i/hutft urn ii 11,'I fm pL'fl 71 11,'I Jmnm pm :r Jpmf£1!1uf'l 1' if11,mJ11, JJ'I 'p1uifln'lv 

ljbJm7mpm:r 7'1Jur'fpi/n i/1!11,mnu:r 1'1uJngF1udmQ> tG1/J1ufJLm ifi!11,mn 

-u:, bm<f;mv'I 11,'{ 1'1up11,n i/J'{11,gf1ugmtft i/ni/11,bml'mJur7q71 bmr/;mvq 

i1J1mJbmifb 11m7mJuin79r 

ifJ9'lil'lmnu~ ify.u7 (rl ''lmJ19n/n 'liflmil'l'"rlb7n if"bJm7mJ'm~ (m 

•n~nLmpmtlui~qll bm<f>~tlq ·st-s ·~'\ 

IJ-

'ii 1 t'l 
'I 

t1 
~--I \ H ! 

·;J ll/ 

'll-1 

~f 
·m 

:( 817-& •711,) Juurmit11,qh11,u7 'Jlf 1'1u11,Bmifp 

JmrlmhJulin:r 'J1/,,lf!' G1/Jlff1,f!IF1ugmtft Jmpmj 1ulm11,murn p1uL'll 11,i/Fml1utft 

1J'1lifl' ifJ'l11,ri11,mnu:r l'wJu h11,il '11,i{Jngf1uf!lmtft 11'1:rmb1ub '1Jnnif11,bmp 

-mJ111,,'lll w,,J'I. l 1'1upJur i/Ju 'pup1UJm7 11,ifFmifurlUJ' i/!' 11,'I p1uurmn/lm 

iJJ'/11,nif 11,b mp.mJurlf q 11 11,if,Fm bmr/;,,6'q 1[huJnnif11,flm pmJur1,,q 11 1/if11,mnu :r 

;p11urniurnm:r· 11,mil •Ji!utft pml111,m 6 l J'1UpGmmn ilp1u ,uu_br p1uJ'11Jnif11,bmp 

-mJur,,'{1/ ijifi{mnu:, .11,ml,mn/utftutft 71 nqln711,'1 •Lqurnfm Ju 'if11,q111m1J't 

96' 
l•son Z/ ~m-~<t>== ••'ld 

LqurJ11< 

'lSUO:.J= ···ld=(+m~so:.J++mi:UJS) ···ld=ld 

Jmnmpm:r i/11,'117 ••.ld=um·zld=••'[ld 

(z/.lL + +m)i:U!S v•zld ++mi:UJS ... l'ld=Zld + lld=~d 
rlJiJ ,.,, 

,'111,'117 ilpw Lub<p 11,i/fmJmp 

-1ub 1'1uifln'lv Mm '"11vm11,mJ ( 17-&) urn ii •mlnm '1'1uljm11,1uJmln tf7 J'l't 

-7'1Jlim1mJ 11,m7mn/utftutft 11,1!11,1/nfm '11,lUurmurnm:r l p1upGmurn ilp1u bubf 

11,1/fmJmplUb '1n'111,bml'mJur7q71 bmr/;,,J'I mlnm 'pu-6/'ll p1ub7l 1/d11,mnu:r 

1/11,1u 11,1uftJ1ufub J'1UJ'{11,f!/F1Uf!lmtft '1Jnn1/11,bml'mJur,,'111 1u,,J'I 'lf!/Q 

111,1uurm lit nm :r 

l 1'1u11,p n'llnmJ11,m:rli11,il J11Uifln'lv 11,mFf!l1uJur11,il 11,mpL'fl 11,1/f,ml1utft 11,mn{ 

-nmurmlnmpm:r ,,n1/ ''1-o #Jmnmpm:r tf7 if'{JJ'I ilpw 11,1/fmJml'1ub Luh 

-am mJp 4n/n1/Jmn/ 'puif'fpJm 0 l 1'1u11,G11,m 11,i/J'l:rmln J'IJJmur ,,,,m11,ml" 

-mp ilif11,mnu:r Ju i/11,mif :n/ni/Jmn/ iliu11,m:rli11,il 7'11' f1,'1'1,1U 71 puJq11,if11,mnu:r 

LuG'111,1u J'1UL'fl 11,1/Fmlwtft JJ'mpurm,,11, G11,mf1'1/!' 11,'I pwp11,n 1!11,uJu iGtfJ 

-'{11,n1/11,bml'mJur,,'17l ;J'IJ'I I'm,, 1u,,J'I l fmGm,,LmtJ 1bmr/;m11'1 pm7 bmrf; 

_,,J'I l 1'1u11,1/1 Jm-dmJupun ilni/11,bmpmJurlf'lll 11,1/fmbmr/;mpbmlf '6 

:ln'llimpbm:r l J'1UpfJub 

-murbo il,,m11,muq nfm mlnm 
1
il11'1l7 mJ11, J11Uf1,Gmf'I!' 71 il11,1uf(!]1u11,1ufmbb 

i/ni/11,bml'mJur,,q11l1'1u11,Gql1/ i/1'1uGmfq1' 1/J'ltftm7 1/n/ni/Jmn/ Ju 1/11,mif 

:puif'fpJm 

0 l 1'w11,G11,m 11,1!11,mnu:r JJ'I '11,i/:rm1!1 11,Fm ,,,,m11,mpmp G1/,,1uli/p 1m11,m11 

-'{j 7nGnm:r 1'1u11,mLuJm,, tf7 11,1!11,i/nfm 
1
JpmFf!11un/my.m:r (l)G 17P11Jm£l 

-11,q i/fm1/GmJJ# LuJm,, fl 11,fm 7'1/:rJu11,l 4rm4GJq11,i/ f'I!' 1/n/n1/Jmn/ J,,, 

1/11,mif '1 p1ufm,,mGmJ. i/Guvf!IJf!l J'Wifln'lv i/n/ni/Jmn/ fmpBmJ11,mf), 'l 

:ilnml' 8!J 1/iffmpJur,, ,,,,1ulifl' l J'1U,,Jbli11,il 11,Ju •JpmJ'fJull

-murbo ( 1/11,mJ,,l) ifJm1mb fmpGm1/p y.Jm,, ( & •JpmpfJubmurbo 1/J'{11,nt/'t 

-bml'mJur1Jq71 bmr/;ml'bmJ ( 6 'puGulif I' 1/n/n1/Jmn/ fmpGmJ11,mf ( l 

,pu:rJmlnm11,my. if'IJ'I l J'1UpGmJ'fp i/Guv{!/J{!/ ifnfnJm"I 

ild1u:wmpimht 
!Jmp6md!J.p 1{6uu4fd4f l{ntndmn[ l{!J.J!J.U l{if"!)rmnuy· "!)mftmntulfU1$ ·~ 

tpu?ifLLw 11,1/fmilurlUJ' 71/GwGmJl ,J'{11,n1/11,bmpmJur,,'lll ifi!11,mnu:r f1,1Uurmur 

•nm:r 1'/fJubmurbo 'Jl/Jmn/utft ifnif11,bmpmJur,,'lll i/il11,mnu:r 11,m7mn/utftutfr. 

J JmpJm:r 1nuJq11,m1lLl i/1!11,irinu:r 11,m,,mn/utftutft 'n'llnmJupmif,nm11 



rirt4. (t/(_pwfinl/_), 11f'NLIJ' wnWfUl9WJ -':llU/}f! fuwfl'fW{'nLJ t .t;p:fflwf[uifi· 

fWLUlf'fr uinhrz.JwJ { itupfr ,/rni/rnfiiJwbf!' fliu1nfi <1>2 tfrntfrnfuwl{wfi ;;,, .. 

"....,b/!f!• npfi wil9il11tJ t S .t~l Jfrtniftfr tlwJp/r Jwum/_, f!Uln i/r"LL/r b1n t 
Jfi'riLJ S tlwJpp Jfrtrtt/_ tfrwftt/_rtrz. { nupfr9: 

IJ.p,,_;!~b/!11tJ, fuwpfru/u/r i/_pw Ul'l_'l-"'J bf, bpftni :fw'lbfruwftwb -':nu

php, rtpnfi/! zb~;/_wJ bf, f!u1n "''"LP' bpft11t { nupbpfr zilnp{pi/_ uu1brz.1h[wc> 

'lniJwpwJ/rb J.'l"'l nulf! ;;,;, i1_wu c1p 4lfrf-i/r' 

D 

f') 

\.It · 3~49. liwpli JpwgtJ.wb qw1wrntJ. t\inqrn}uw~wG finuwlij!~ l;1b~mpw
JwqGpuw~wG nbib. 

w} Jwq'l:ftuwqw'I: i:wJwqwpqfi tu.pfi'lp, p} d.qn'l n«f/i ifrni{rnfuJw'I: qpwf/>pqf!' 

qwfuqw~ cfwJw'l:wftfi9 (ftbuiw11~hpnq tftpw'l:fi pwg.;,ftwJnlfJJw'I: cfwJw'l:wft} 

(3-6) 

llfrzur p .. ; -;- O, pw'b/t np bpf[n1_ -':nup.bpf.i ti w'b9'bn1.J b'b 0 wp-

Jbpn4_ JwJwbwftft urwppbp Ufw-':bpft'b (bft. 3-48, p)1 

9B 

</Jntfrnfuwftwfi purrz.w!fpftll! LPfri/_ t/_hpw9fihlnL -':wJwp wfi-':pw<lhz1n t'· 

w) npU[buq_p P 1;.i ... =P 1; .2 ••. ftw·J -':wJwJ.wJfi (3-6) pwfiwM.1.fr' 

q/ . SHI , ... 
- ,-= - -· 
<I> 2•• S442 

p) rtpU[buq_p <1>1 L. <1>2 { nupbpp Jpyl.1. t/rrtL[UIJpfi zb'fJUJf, wfiftJntfif! 

ftwq_Jft 

tf = 7t/2: 

bpl(pnp'l- UJWJJwfil! LPM ftpwqnpttblf! -':fiwpwi/_np iJ, pw'bft np ljl-'b 

ftwpnrz. t -':wt/_UJUU/f' [pfib[ rt/2-pfi JpwJ'iJ UIJ'iJ JwJw'iJwf[, bpp ftwp~ Jfrw9-

i/_ wtl 'fUl[Ulf'p '1-PJ W'l-f'"LfJ Jni'bl! .t; wt/_ wuwpi/_ft 0-ft: '1-npr}'b wftw'bnLJ <jJ = 
= 60°-80°, ll.J'l- '1-bUfpnLJ J.qnrz. nu}l! U[UJ{'ni'bwftniJ t tfrnl/rnfuwftw'b 

pwqu.r'l-pftL: 

/;ftpw'bft wnftwJnLfJJwfi '1-hUfpniJ J.q.nq nuJft Jftp.fr'b wpJhn wt/_htft 

tfrnpp L pw'b tftpw'bft (ftwp~· Jpw9i/_wtl qw[wp) pw9wftwJnLfJJw'b '1-bU[

pniJ {f-ift. 3-49 ): 

q., (l>mfrnJuwttwG. fi,nuw~]l tihlfmJ1wllwq.G.flufl fiw2'1.wJ11tfl 
wnwG.Mwfiwm Itnip1n1!G.1Glif1l! 

</Jntfrnfuwftw'b -':nuw'bpfr tib~1npwJwq'bpu'bhpfr -':w zi/_wpftft -':bp{Jwftw

'bnifJJnL'bf! finiJ'b'b t, ft'bl rtp -':wu1nw1nni'b -':rtuwfipp t1bft1npwJwq'bftu'bb

pp'bf!' UftuniJ b'i.s 'bniJ'b ilwfu'bwftw'b -':wzt/_wpftft9, "f'l! {Jt1LJLU11npniJ t 

JIHqbpuwiwpft lwtfrbpf!t SwppbpnifJJnL'bf! JftwJ'b WJfi t, rip O'l-WJp'b pu.r-
. ' 

9wftft fril'l-nift9ftwJ/r B .. 
2 

• .;.,,JhJnifJJnL'bf! 4._bp9'bniJ b'b 'bpw'b9 wJUf[p1nni-

'1-wJft'b wpJhpni[, WJuft'bp'b 1_ hp9'bni J bf, . y2P 1;. 'l'./O'I'. · 1nbupni/_: 'J.pw'bnif. 

t:wz i/_/t t wnf-ii/_niJ, np finiJ'b tthft1npwtfwq'bfrul! -':wu1nwinn1.'b -':nuw'bpfr 

'1-bUfpn1.J ftu1nbrz.tlft ftpft'i.iwftft niJ, .pwfi tfrntfrnfuIHf(wfil! Jw'ffipuwl"'f'f 

t:wqb9t/_wJnifJJw'i.s JftL.'i.sniJ'b wpJppfr '1-bU[pniJ: .... _. . . 

. </J.ntfrnfuwftw'b -':nuw'bpfr tibft1npwJwq'bfru'bhpfr /~.,/h~., OU[ln/r-

:!wl -':wpwphpa1VJJnL'£f! tfrnpp t., .pw'b -':wu1nw1nni'b -':nuw'i.ipfr tibft1npwJwq

ufru'bbp{tl,f!, npft z'bnp-':fri/_ ftn~bpf! u1nw9t/_niJ b'b ftwp-A L. -':wpJwpt 'J.w p;,,-

9w1npt/_11tJ t 'i.ipw'bnt/_, np tfrntfrnfuwftw'b .)ttuw'b.pft tibftur,pwJwq'bfru'bbpniJ 

'l"JnLfJJ11t'b m'i.sb'b Jni1npfr w q,,_w'bzw'bft -':qnpni{J;1wfi ftnpniuinfibp Jppftw

Jfr'b .t;nuw'bpft L. Jwq'bftuwiwpfr 1_hpwJwq'bftuw9Jw'i.s i/_pw, npn'bp t:w

JbJw1nwftw'b b'b Jwq'bftuw1wpft Jwi/_wifr'b: IJ.J'l- ftnpnw1n'bbpl! tfrnppw9-

Lbl'a -':wJwp U[hurp t tfrnppw9'bh
0

L Jfttnift~ bpftwpnifJJnL'bf! , WJufr'bp'b~ 
] 4.,, -!!' 'lJ.J'l-UfPuft tfrn.f!l'':"B:fw'b uw-':Jwbf! UfWJJw'bwt/_npi/_wtl t tfrwfJn i1-
7• 99 
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IJ..f'I 'lhU[.pnul /uwpfru/ufr wwmw'bnuf'/ihpp if_bpw9LblnL .t:wJwp wL

.t:pwdbzw t, npU[huqfr Pi·"'of qbpwqtuh9fr P <w~ .t:wqwq'fn'l nLJfrL: 
ltwp-C. Jfrw9i/_wd- qwlwpni/_ tLbqmpwJwqLfrufr .t:wzi/_wp4fr wnwLJ.Lw

{wwqni/J1niLL wJL t, np wL.t:pwdhzw t .t:wzif_bl WJ'f 'fWLWf'[! u pLwpbl 

Sw/S~of2 .t:wpwpbpn•fJ1niLp1 fipnzfrll! w1uwbrz P to wJbLwJM wpJb.pfr 

umw9niJL t, .pwLfr np Lw ~L.pL t .t:wtfhJwwi/_niJ -P <w~ -fr .t:bw, npni/_ 

Ii. npnzi/_n<J t 4n-C.fr JwqLfruwzwpJ nidpt 

s~12/SHt =2-;-4-p OUfUlfrJw{.t:wpwphpntf/JncLh t: 
/>L{_U[hu wbuwL.p SW -fr qwpi/_wo.pp, npp pL'f'lpqif_wJ t qwp&. Jfrw9-

i/._wJ 'fUILW{'ni/_, ij_hp9i/_nLJ t wi/_hlfr JM, .pwL SHl -pt 

<Pmfrnfuw4wL -':nuwL.pfr tLhf[wpwJwqLfrufr JwJwLwf[fr U[WpwJhw

f'l! .t:wzi/_wpf[hLfru wbrzwzwpJJwL JwJwLwf[p wLmhuniJ hL.p, .pwLfr 

np WJL pL'f.t;wLpwU[hu lfr qhpwqwL9nul Jnim.pfr LwpJwL 1/4 JwJwLw

qw.t:wwi/_wJfrL, w1ufrLf!L zww tfin.pp t, .pwL -':wuwwwmL .t:nuwL.pfr tLhf[

wpwJ w qL fruLbpfrL pt 

~l:;tlJ1(HJJNJJ.lf, \fU.<f·i1tiUlll:lJ;ltSl'O.ltU.li litl. 
5U; f' If U.S ti\. 11' tilJit. t;I' .. 

4-1. ~bt:!.bO-U.~NJUr 1:1.b!:fSl'U.U'U..C\. \iliUU.llU. \, 0-bl,b\ibl1 

Fltbnw9i/_w/r t1hftmptutlwqbfruwq'wL nb[h'bbpp {_lqn.p tLhf[wpwtlwq

'bfruwf(wL nhlhLhpfr9 mwpphpi/_ltLJ hL LpwLni/_, np w1uwhrz qnpd-niJ hL 

/rJ1wpfr9 wLf[w/u• bpf[nL J', z• nt.-Lbp1 UJ'I J. z• nt-Lhpfr9 Jhf[p umbrzd--

1._n,J t .t:wu.mwmnLL .JwqLfrufr9' F ; .r qwJ tL .t:wumwmntL .t:nuwL.pfr 

tLbf[mpwJwqLfruLhpfr9, npp uL1[ntJ t .t:wumw'mntL .t:nuwfi.pfr wLf[w/u 

W'[pJnLpf,9, fru4 J1nwp umhrzd-if_ntJ t nhlbfr .t;frJLwl1wL wzfuwmwL.pw1frL 

tfiwflm1flfr9, F•'{'[! Jfrw9if_wd- t LfrLnLJ LUJL f[wnwi/_wpJwL zrzfJw1frL, npfr 

U1tzfuwmwL.pfr nbdfrJp "lhw.p t .t:u4hu 

Fuhnw9i/_w/r nblbfr wzfuwmwL[!fr uqqpnifipp U[Wp11_btnL .t:wJwp qd-hL.p 

WJ'f nhlhfr JwqL/1uwf[wL nfJw1fr tu.pfrqp (LL[. 4-1) h 9nt19 wwL.p LUJlf 

bplfn' wfil1wfu .t:nu.pbpp, npnL~ umhrzd-if_1uJ hL wzfuwww•L[!fr pL{Jw9-
.p11tJ1 

(J.blhf, wzfuwmnd { .t;hwu.fwl f[hpU[· wzfuwmwL.pw1frL zrzfJw1n,J, 

hpp I w; =0-,-fr, qnpd-11,J t ,Jfrw1L ©;JI u <1>"12 pUhnw9if_'wJ .t:nu.pp, npp 

UJll.UlfwLnLJ t .t:wumuiwntL JwqLfrufr91 l!wfifr ' np b1=62 u <I> ;JI = <P ,;,2, 

WU[W fuwprufup U[hw.p t f[wLq'bfr {_bqn{! 'lfrf'l!niJ, w1ufrL.pL 0 -qhmniJ1 
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"t.lj. 4-1. fll<hnw9~uib nh1b~ J'mqG~uw~wG 2IJ.pwG 

fihp opfrLwf[nul (flf[. 4.:.1 ), 61 pw9wf[~,J qnulwpw1frL .t:nu.pp lufl.Lfr' 

!; <PL = <Pw; + <Pu11 

62 pw9wqniJ qntJmpw.ffrL .t:nu.pp '1LfrLfr' 

l:; <P2·=<Pw;-<P;J,21 

lJ.JuUffrufr UfWJJwLHpnttF fuwpfrufup qtl.qt/_fr, u qtfiwf[t[fr 4 1 l[nLwwqwpt 

U.zfuwmw'li.pw1frL t/iw{JnLJ{Jfr phbnwqwLnifilJnLL[! tfinfuhln'B .t:hwn 
qniJwpw1frL .t:nu.pp qwpmw..t;w1wi/_fr .t:bwUJWL qhpU[• 

61 pw9w!1mJ .qniJwpw1frL -':nunp· l.ll.f,1.' ~<I> =<l> _ rh 
F "t I' I' I ..,

2 
'¥.; ,Jl, 

62 pm9wqntJ qniJwpw1frL .t:nu.pp '1LfrLfr' ~<I>2 =<I> w; + <P, . .12, 

w1ufrL.pL fuwpfrufup f[tl.qqfr W£1 U qtfiwqi/_fr li2 qnLwwf[mpt 

~hhnwgl{wlt nlq'hilhp~ wnwGaGwfimm!"11mp1mGllhf1f! 

FUbnw9i/_wJ tLhi[mpwJwqfifruwqwfi nb[hfibp[! unt/_npwqwfi {_hqn.p 

nblhLIJpfr .t:hw .t:wJhJwmwd- nifibL .t:hwhJwl wnwLtl.Lw£;wmf[ntfJJntfiLbpp' 

1, ni__rzrzi/_wt} qnpJnrzn1/JJnLfi, UIJufrL.pf, wzfruumwfi.pwJfrfi tfrwf/niJ/JntJ 

.t:nu.pfr ntrzrznifJJntLp tfinfublfru /uwpfrufufr "fmwnrz JnJhLmfr lizwfip tfin-
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t/rn/w/_nLJ t, npp 1'bmb.wLp111/_ fuwpfiuful! J.p '1Pf11!P9 mbtzwt/rftful{ntJ t 
JJnLU[!t 

2. l!btt 'l.'lwJnLLmflJnLL, "111! npnzi/_nuf t ifrn/!/1 pwLb9JwL -':'f.npnt

PJwJp. 

p =10-3 t/.UJt 
p1u'b 

3. lfbtt zbpJw'fwJntLntflJntL, np[! npnzi/_niJ /; f/nLJ[LUU1[1b[p bp'fw

pwUJfL -':11uwL/!fr t\wpwpbpmfJJwJp Lpw Li/_w'f.Wl/-nLJL pwLb9JwL ':nuwL

ppL. 

4. U11w11- qnpttntzntflJnLL. pwLb9JwL dwJwLwq(! ':wt[wuwp I; 2 u/11f.. t 
~hbnwgqwl) nb1bGhJ1J! Jbr} qfrpwnnifJJnLil ni'bbL nblbwqwL UfLUZU1-

U(WL11LfJJ;,fi, wi/_UJnJwUJpqwJfr , -':bnnwmwJbfuwLMwJfr, qwUffr, -':bnw._ 

funufi, -\bnw11-11/i u/ubJw'iibpntJ, bpqwfJq<tfr LU'f.lfw'iizw'iiwJp'ii {wJwqwp

q.bpntJ IL [!L'l-\wfipwU[bu w Jfi 11hUf.pbpr1u.!, hpp U[U11' w'bti/_ ntJ t pwpdp 

'f.'fLUJftn<fJJn<L, wpw'l- 'l'"Pr)-n'l.mflJm'ii b -':nuw'ii.pfi qwJ [Wf1Jw'ii pb.lnwqw

f.tnL[iJ JWL wpwq npnznLJt 

4-2. ~b'lbrl-U.~NJJ.u· tlbt:;SrtJ.lJ'U.q. \J1'UU.l.JU. \, fl•blb'1br'1' 
~U.£N.U.~~ 

f1b.b11w91_wr)- nbthLhpft <:wzt/_wpftfr dwJwf11L1ft wL<:pw d bzu;i t LqwUJ/r 
niLb'iiwl {bUJb.Jwl u;.w{w'ii51Lbp[!• 

w) qnLUJw4ui{Jbpfr bLzn•J[! , bpp wzfuwUJw'ii/!wJp'ii t/rw{Jrn1/Jni(_ {n

uw'ii[! lit w'ii9LntJ, WJ'ii U(hU1.p I; tfrLfr 0 ,03-0 ,05 u, np[! U(LUJJwLwi/_npi/_wtt 

~ <:w'iJ UIWUJnLL Jwq.Lfrufr qwJ /;[hl(U1f1LUJw11Lfrufi <]) .,,,, <:nu.pni/_, p) nb

fbL U[bUJ/! /; nt'iib'iiw pwpdp 'l.CfWJniLnt{JJtH'ii , 11-) wzfuwmwL.pwJfrL ifrw{JnLJ

/1/t 2hpJwqwJ!11Ln1fiJJ111 'iil!' K 
2 

-'ii Ufbm/! t [pLfr Jhc}, '1) pwfib!JJwL dw

JwLwlf.l! U(bu1/! t tfr'iifr 'iiqw'l.1uqmJ'ii , b) pb.b11w9qw<t nblbL U(btn/! t 
U(U1U1pwumb[ LUJLU[bu, np <:Lwpwi/_np tfr'ii-/1 lf.wr'l-wrf.nph[ Lpw U[WpwJbm

pbrl!' 
PHnw91/_ wt} (tbftUJpw:!wq'iipuwqw'ii nhtbfo -':w z•[wpfthtnL dwJw'iiwq 

npnzif_mJ h'ii -':bmb.Jwl JbttnL/JJ'H'ii'iihp[!· 

w) nbtbfr qmJwpwJfr'iJ dqntz n Ldf! 1 bpp wzfuwmw'iJ/JWJ/i'iJ ifrw[ilntJ/Jntl 

{nuw'iip lit wlt9Lnui1 p) J.11-ntz 11td[!' .t;11uw'iif/t w11l1wJn4JJw'ii 'lbUf[J"u! , 

q.) 'iiil_w11.w'fttLjL pw'iib9Jw'ii {'l.nf1nL/JJnLL[!1 npp' 'lhU[[JnLJ fuwpfaufup UJb

tztut/rnfui/_mJ I; Jfr qnLU1wf[U1fr9 UJ11LU[!t 
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1. flpnzb'L/! d.11-n'l null!, bpp wzfuwml#ltf!wJpL 
1.fa wL9Lnu!t 

!lwfu Jwufr -':nu/!l! (Lq. 4-2) uzwuwftbL/! ©
1

• 

<P1 =<P-2 + <P,J]J 

<P2=<P.1-<P;.rz 

d'l-n'l nidl! 'ttfo!ifo' 

0,1) .q/ ' 
Ptt=--'-, t, 

/!o S 

0,5.<t>' 
__ _,,_a, t, 

flo S 

P,.,,, =Pti - Pt2, 

11-n<JwpwJfr'ii mdf!, "111! wqqntJ t qnLmwqUJp i{_pw' 

<Pc . .11•01 = cpc .. J2•1)2 

<P-. .11=<1>; . .12~ , <P; . .12= <P, .. ,1~ 
01 02 

(4-1) 

<P; . .1 = <P, . .r1+ <Pc .. 12=<Pc . .11+ 

+ "' &1 "' ( 02 + 01 ~ • . ,, 1-,-=~< . .!l - ,- 1= 
Oz 02 ; 

'I,~ . 4-3 . .Z.wd'wqwpq)> 1nh'lw~w1JwG 
u}ub.CruG 
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P =0 5 <P\ .r • o2 - 1i1_0 
'l:.nuf ' -- ' 

flo S l 

WJUfb.[!b umw9wb.[!, np 4n'bmw4m'bbpfo -&'bzniil[! 4wfut/_w.t t .<:wumwmnib 

ilwqbpup 1:nu.[!p9t 

2. flpnzbb.[! pli.hnw9t/_w.t lth4mpwilwqbpup qniilwpwjpb J.qnq nidf! 

l1Jzfuwmwb.f!WJfb .pwpni1/Jn,,J .<:nuwb.[!p wn4w1nifl1w'b 'lb"f.[!niilt 

bflb wzfuwmWb.f!WJfh ,Pwf1nijf1nt/_ 1:nuwb.[! t wb9bniJ, wnwEwbniJ 

I; Jfo .<:nu.[! li.u' <D .,
1 

<1>1 = <l>;,.rl .+ <I> "'I' <1>2 = <l>; .J2-'--- <I> w1• 

l!wbp nµ nibhb.[! hp4ni .<:nu.[!, WUfW "f_blll.[! t [pbp h114ni dqnq nid' 

"' <t>' .rl 02 
'¥1= -- -- 2F Az l WI ' 

<t> 0 s 
<I>= ~+2F ~ 1 l •2 l ' 

<t> o f'-S 
<P = ~ -2F - 0

-- 1 
2 [ w I [ 

11.Ju bpqni .<:nu.[!bpp wpdb.[!'bbpf! pwpdpw9'bb'b.[! .[!Wnwf(nwp lt. mbqw11phb.[! 

(4-1) .t:wt/_wuwpilw'b ilbt_ 
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ll.1u pwfiwJ.li.I! 9ni19 t mwlfiu, np qniilwpwJfib J.qnq nidf! pwq4w-

9w.t t hp4ni pwqiu'1[IfL_bbpp9r ll.nwy}'b pwqwiff'Pl/! 4nl'f_niil t wpqb[iu-

4nq_, fou4 hp4pnp11f!' 4wnwt/_wpnq, f!b'l npni,J 

p ¥""' = p "'I'~ - p ~"'•' 
npmbq 

qi2 1J 0 
P.,pq=0,5 ~. ~. u, 

f'o S l 

<t> 
P~.,.-0,5 ~. 2 F "'I' Ut 

l 

ll.1u hp4ni nidbpp Jb.tnif11nibf! 4wfut/_w.t t 'bwli. .<:wumwmnib ilwq'bp

up9t 'uw1w.t upwb9p9 npb t Jb.tl!, fuwppuful! ltflh.[!t/_p Wjl l1wil J.wpu 

ll.1u hp4ni nidbpp!J npnzbb.[! pw'bb9ilw'b ll.ilU[hp-qw[wp'bhpf!' f!b'lnibb-

Lnt/_, np P = P , w"f_W 
"'P'I:. ~wn 

0 5 qi2,_,, • 02-01 _o ~ 
, fJ-oS l - ,5 l ·2F .. 2, 'u, 

ll.1u Jb.tn1\fJ-Jnibf! 1:pil'bw4w'bniil qwfut/_w.t t .<:wumwmnib ilwqhp· 

up 1:nu.pp9t 

3. flpnzb.f! pwbhfilwb 1:qnpnifJ-1nibf!t Fw'bb9ilw'b 1:qnpnifJ-1nibf! npn

zbln' J;wJwp bwfu qmbbb.[! pwbb9Jwb lJ.J"f_b('-l/-W[Wf'bbpf!t 

<t> '·" (02 - 01) 
Few•= 4fJ-oS , lJ. 

Pew•= ( F :;· y R =I; ... R, 

R=p 
L,,~2 • W2 

-----'-'----KW2 , = p K -h -l 
. 19 t ~ 

4. flpnzb'u.[! pli.bnw9t/_w.t nbtbfo pwbb9ilw'b Jwilwbwqf!t Fli.hnw9t/_wd

nblbfo pwbb9ilw'b dwilw'bwql! qwqilt/_w,} t bpqni pwqqi11p/1lbbpfo9. 
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npmbrz 

t .. a,-{! fruup/ru/'1/r mbrzwzwpd-Jwfi chuJwfiwl1fi I;, 

l 1 ... " -e' fuwpfrufufr 2LUpCJJwfi ciwJwfiw"l!' 

-wJ SbrzwzwpcJJwfi ciwJwfiw"l! npnzt/_nLJ I; (4-2) wpmw-':w1mniP1nL

lifr91 

l/n'$.{! -':wut11wt11ni_'j, -':nuwfi.pfr LUfJ_pJnLppfi Jf1w9fibfnL9 .t;bmn nifibfij! 

(4-2) 

np111 brz 

i-fi nblbfr wzfuwurb9'bnrz -':nuwfil!fi !;, I~ -e' -':wumwmt/_wt} -':nuwfil!l!• 

T-fi' uw,,.Lfruw"wfi -':wJw"LU'f'lffr -':wumwmt/_wt} ciwJ'wfiw"l!' 

( 4-2) -':wt/_ wuwpniJfr9 "wpnrz bfij! qpbl' 

(4-3) 

(4-3) pw'bwJ.ltfr9 "fWf''l ·hpltnLJ I;, np mbrzwzwpcJJw'b ciwt!wfiw"I! -':frJ

liwqwfintJ l1wfui/_w.t I; dwJwfiwl1fr -':wumwtn1ttfi JMntpJntfi/rs· T= L/R, 

npurbrz' R=kW2• 

k-fi "nfiut11(tnLqt11pt/_ qnp,}wqfr9 /;, Nf'f! U (!fiF[-nLfit/_niJ I; 1,3-p9 Jfrfii_u 3: 

'J.frmwp" b'uj! bplj! mh u wqfr J wqfi/r uwqwfi .t; wt! wqwpqhpfr dwJwfi wl1fr 
.t: LUU U1 LU'U1 n ifi [! • 

1. ll.zfuwurwul!IPJP'j, ifiwflnt1flnq .t;wJwqwpqfr -':wJwp dwJwfiwqfr 

<wuurwmntfi{! qlfrfi/r' 

T = _L_. = _W_2a_11-0_S_ = a _11-_o S_
1 

R l k w2 l k 

2. bpqnL wzfuwmw'bj!wJ/rfi pw/Jm1Pn4_ h Jwq'bfruwqwfi qwUfnz/_ -':w

Juiqwpqfr -':wJ'wp dwJwfiwq/r -':iuumwmntfi[! "-lfr'bfr' 

T = 2a !J-oS, 
lk 

3, bpqnt wzfuwurwfij!LUJpfi pwpni1/Jnz/_ U Jwqfipuw;qwfi qw"f J_NL

fib9nrz .t;wJw"wpqfr -':wJwp clwJwfiwqfr -':wumwmni'bl! q//rfi/r' 
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p) l:wpcJJw'b clwJw'bw"-1! (t
1 
.. e) -:wzqbLfr.u Ufbtnp I; -':wzi/Jt wn'Ltbb 

np fuwpfrufufr zwpcJJ w'b e'bpui9pnLJ uizfuwmui'bpw1frfi .pwpnt1PntJ -':n

uw'bpfr -':ui"w'lq.nrz irul/r Jbi}n~PJnLfif! pnifrnfu.t/_nLJ I;. 

t -v 2mx .i•p- . p - p , if_, 
t J 

npurbrz' 

m-e fuwpfrufufr 'lwfiqt/_wt}fi I;, 

x-e' fuwpfrufufr ifinifrnfuqnrz l!wJll! 1 

f!utn Jwq'bfruw"wf, 2'lf1wJ/r "w11m9qw.tl!fr, pl.tb11w9qw.t nblbfibp[! 

pwciwfiq niJ bf, bpbj! fuJ PP• 
1. -':wtnpq.wpwp, 2. 'l"'lfw-':bn "wJ q.fr!f>bpbfi9frwl, 3. "wJp1w"-w1/tfi1 

IJ.Ju mpUfp pb.b11w9i/_wt} nblbfibpntJ wzfuwmwfij!LUJpfi CI> •I /, pli_b

nw9finrz CI> r" -':nuj!bf'l! wfi9finiJ' bf, Jfrlt'bni1fi 'C.w'bwUfLU(l-':nt/_, w1u/rfij!fi 

n Lfibfi .r /r efi ,.,_,; UJ f, nL(I J' LU qfi" u LU" wfi l'lPw ! U.1 u mfr"'" nbl bfr I; Uj!p 'll!' [, 
urbrzwl1w1J""'j, . ufubJwfi pbp",/_uit} bf, fi4. 4-4-ntJ h fiq. _ 4-5-niJ1 

'l.lj . 4-4. l.wj!nl"}wpwp JwqG~uw\wG 
2'1f'WJn~ pltbn_wg~w~ n_hth 

't,lj. 4-5. l.w1rwljwpq~ mhqwJiwJJwG 
uluh..CwG 

fuwpfrufufr q.bUfj!ntil, hpp ntfib&j! 

uq'lpfiwqwfi 6. oq.w1/rfi pw9wq, wz/uwmwfij!wJ/rfi <D .,
1 

h phb11w94_wt}. CI>/', 
Jwqfi/ruwqwfi -':nuj!bf'l! ntrzrzq w•t} hfi -':wqw11wq1 ~lh"mpwilwq'bftuft ifiw~ 

fJntJP/r phbnwqiµfinL/JJnLfif! pnfubfpu, qpnfut/_/r wzfuwmwfij!wJpfi -':nuj!p 
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rtLq'lrnpjnLfif!, "'J'1 q.bi.l/[!nuJ (<D. 
1 

k (!)1-."J t;n'#!bpf! nL'ltzi/_uu} 4zft1'1i1J Jftli.

flnLJ11 nLrzqnL/JJwJp, k fuwpftufue qAqtf_ft pkhnft qnrzJft9. 

I: <t>=<t> .. 2 + <t>pi.t 

lwpnpq.wpwp Jw·q11ftuwqw11 zrz/JwJnt/_ nb[bp qwpq.wt/_npnLUf! qwurwp

t[mJ { burwq.wpt! quU(wflwqft Jft2n9ni/_t ll.Ju "'PUfP pli.bnw9t/_wq nblb

fibp11 mfib11 Jft zwl'/! (Jbpn<fJJnLbbbp, npn119ft9 'llfuwt/_npb WJb t, np wz

(uwurwb[!WJpb t;nu[!f! wfi9bbLnif. { wuurwurm11 Jw-q.bpunt/_, bpw11 WU(w

rlurqbpuw9bntJ {, npft t;bur/i.wb[!nt[ w11.\pwtlbzuintfJJnLb t uurb'lqt/_niJ 

rfbqw91lb[nL { wuwwwn L11 Jwqbpup lrwt/_wlf!1 pw9p WJ'f {wuurwwn<11 

.Swqfipuft 1l1ni/Jft Jw·qfiftuwqw11 'ijlwifrwti9 blftmfJ1mfie zwur wi/_bLft i/rn/!p 

t, /!"'f, {[hqurpwJwqfijrup Jft2n<qp Jwqbpuwqwb fJwi/rwfi9b[pn<fJJn<bf!t 

lfppn<qf! UfwurpwumnLJ b11 ifrwi/rn'<q Uf"'lUf"'"'P9 • npp Jwq.bpuwqw11 {Jw

i/rwfi9b[pntfJJn<bf!' µ-11 Jbq {, ftuQ .\wuUJwmnt11 Jwq11puft11e' quipqp 

11JnL/J/to~ npft ~t-b ifrnpp {t U.1u UfWUlbwnnt/_ tL wzfuw,;,w11pwJpb .\nupf! 

wb9bb[nt[ {wuurwurnLb JwqLftuni/_, wnwpw9fimJ { J. z· ni.-p Jbq ~wfuu, 

npf! ifrnppw9fimJ { nb[bp qq.wJnL11nt/JJnLbf!1 "'J'1 ftuq U[wur'bw•nnt/_ {[ { w

pnpq.wpwp Jftw9if_wq Jwqfi/ruwqw11 zrz{Jw1ni/_ pli.bnw9tf_wq nblbbbpf! zwUJ 

/!fol. b11 oqmwqnpqt/_nLJ: 

2. ~ntqlUlihn llwqG}1Uwlfw:ll 211.pwiml phhnwgl{w~ nh1tdlhf1 

U.Ju UJfUf P nblbft {u[!P'l.l! Ii. urb,,_-.'uqwJJwb ufub.!wfl ntbbb { bmli.JW[ 

UJbun' fiq. 4-6, 114. 4-7 Ii. upwb9 fuwppuful! urb'l~lfl't/_w~ t {[bqurpw

U.wq:L/ru/t bpqn< pkbnbbpp Jftpli.t 

w, 

----' '----

uo 

t.wuUJwmnL'b Jwqlifrufr9 wnwpw9wq (!) u .\nupf! wfi9f,blml. fuwppu· 

fu/t Jftpni/._ , bJnuzwtf_npi/_mJ t bpqn< Jwup' . (!) ; . ..rl Ii. <t>; . ..r.2t 

ll.zfuw111wb/!wJpb ifrw{JnLJ{Jfr9 eu-

UJw9tf_wq <I> ,.
1 

{nu[!p Jb~ Jwu11 

w119fimJ { oq.w·1ft1I pw9wqbbpnt/_ Ii. 

11pw JftwJb Jft ifrnpp Jwue wb9bntJ 

fuwpftufuni/_ ( qqwq:pp t/_pw 9n<J9 z.1' 
uipif_wq ), WJ'f Ufwur'bwnnt/_ {[ . {nupp 

WJ'f i_11z.fa11 Jwue .\wzif_wpq11bpn<J 

wburbun<J bbpt 

rowppuful! [, Jwq:fJpuf! Uf"'"'l'wu

wntJ b~ qwpqp Uf"'l..Uf"'"'P9• np11 

nt11p Jwq:bpuwqw11 zww JM q.pJw

IfpntfJ JnLbt 

R6, 

b[Jb q.frurb11.p 114. 4-6 {upft'l.f!, 

"'Uf"' qurbu1lb11p , np fuwppufuf! zwpJ

t/_ntJ t wp Ii. lt2 qn1lurwqure' i/rw4-

4_n<J, wJupb[!b 

"\,~. 4-7 . Z.wJ'wqwpq~ ml.qwqw1J'urG 
u !uhJ'wG 

<P2= <t>.,z + <t>,. ."2, 
<t>1 =<P .. z - <t> -. ..r11 

jtuq bpp ifrnfub11[! wzfuwurwbpwJ/tb ifrwfln<JP/t pli.bnwqwfin,1.fJJn<'hf!, WU(W 

fuwppuful! qurb'lwifrnfui/_ft Awfu [, qJftw11w Li 1 qn1lurwqur£!1 w1uftbpb "'Ju 

IJhU([!rtLU 

<t>1 = <P .. z + <t> u 11 

<1>2 = <t> .. 1 - <t> .. . ..r2t 

U.JuUfpuft nb[bbbpnLJ fuwp_puful! . 'll'"J"'qwb '1Pl'l!"LJ J.P J.finLJ [, 

Jftzur qn1lurwqurbbpp9 Jbqfi nL Jbq[! ifrw4 t/_p'bwqmJ t Lft11n<Jt 
fl.n<qwt;bn JftwoJwfi ufubJw11 t;wJbJwurwq { wpnpq.wpwp Jftw9if_wq 

ufubJwJ}r t;b111 wt[bLfr qwurwpb[wq:npqt/_~ { , pwbp np WJuUlb'l.. O'f,"'l nLdf! 

npnzt/_nLJ { Jft pw9wqnLJ { nu[!p UJwppbpn<fJJwJp, ftuq J1nwnLJ bpw119 

·qnLJwpni/_t U.Jup11[!11 fuwpftuful! q:urfii/_nLJ t bpqn< Aq:n'l n<Jbpp wqq.b

omfJJw11 urwq , npn11p mfibf, urwppbp nL'l..'1..n<{JJn<bbbpt 
!},ntq:w{ bn Jftwot[n'l.. Jwq:bpuwqw11 Z'l..fJwb ntbp uqqpntb[!WJ/t11 fJb

pn<fJJnL1lbbp, npnfio/to qwph[p · t 11zbl WJb1 np wJu {wJwqwpq:bpnLJ 

.t;11wpwt/_np i.t ll'Pil wnwfiofiwofibl wzfuwurw1lpw1/tfi Ii. pli.bnw9fin,,_ t;au

~bpft 'bwbwU(wp.\[!t u.111 { nu[! bpf! qwpb[p t wnw•f1Afiw9bb[' oq:urwq:npt}-h

L"t/_ qwJnwqwJpb Jwq:bpuurlfw11 Z'l..fJw11bp, npn11p 11bpqwJntJu wJhfiw

Jiwurwph[wq:npt)-tf_wt)- pli.bnw9tf_wt)- nb[bbbp11 bbt 
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),~. 4-12. bpqnL w2\ummwGpm1~G i}iwpnqpn 4 phJmmg4wc'l "-hlh• 
npnGj.l tfwqG~uw~wG ~LUUJ 2nLGhG 

-. \ 

- -" \.. 

Pn1tM1/! WJbUffrufr -t:nuwf.t/!, npfr9 umw9tf_wJ <D .. 2 -p nuz'lnL/JJnLbf! <wJ

[!bqbfr CD •J" -fr ni'l'lni/JJwb J;b",,,, WUfW WJ'l- '1-/:n.'l[!niJ fuwpfruful! qzwpdt{_fr 

'1~ ftnbmw,ftmfr qn'lJl! (f.tq. 4-13)1 

bpftqnrzJwbfr qnpJnrzni/JJwb '1-b"f/!nLJ, bpp wzfriwmWbf!WJfrb J;lt.JJ/!f! 

CD • =0-fr, WJU '1-bUf[!niJ friwpfru/u-l! qwpn'l t ,Pwqfr ftwJ '11 b. qwJ tL '12 
qnbutwqml! (f.t~. 4-14;-)1 

bn'l-frPf!wbfr nbtbfr '1-b·Uf[lniJ friwpfrufril! 'i,nipp quU(wbwqbbpfr Jfr

pn9nt/_ wJpw9tf_niJ t WJbUfbu, np WJb Jf.tw i_bqn/! '1-frPl!niJ' (fi~: 4-15)t 

PD , i/inf!pwi_w,P pwpJ.pwqqwJnib pb.bnw9t/_wJ nhibbbpf! UfWU1-

pwumniJ bf, J_npu mwppbpwqbbpnt/_' P0-3, P0-4, PI1-5 u P0-7 (f.tq. 

4-16 )1 
U..!u nbtb'ubpf! wzfriwmniJ b'i.i -40°-frs Jfr'i.ii_lt +50° c 1bpJwumfr

-&wf.twJfrb UfWJJwbbbpniJ1 fl.btbfr Jwqbfruwqw'f.i zrz/Jwb UfWU1pWuutt/_wJ t 
qwJppwqwJfrb ufribJwJnt/_1 

!Jwnwt/_wpnrz Jwqbfruwqwf.t -t:nulll! nirzrztf_wJ t friwpfrufuf! [WJ't.:[!ntf_, 

fruft plibnw91tnrzl!' bpw bpqwpnifJJw.!pt 

21,.S 

fl.btbf.t ,r;wtf_wl!tf_wJ t J;frJl!fr t/_pw wuniJfrf.tb J.nittf_w1Jf!fr9, npmbq 

wJpw9t/_wtt t f-wJ.f.t J;wumwtnnib 'Jwqbfruf!, npf! U[Wmpwumt/_wtt t W[

JniJfrf.t-f.tpqb[wJfrb "l"'lUfwmfr9 , pb.bnwJfrb ttwJpWU[Wbwftnt/_1 
.,. 111'> 



PCT-3 k .P.TI-4 UlPUfP nhth1ihpf!. hu,lf11frNw1ip h1i1 n1.&h1i /u.wf'frufuf 

Jwqbpuw"wf.t Plnqw9n1.Jntf.. J.hq_n.p qwnwf[w{'n1.J1 

'1nf.twwqw1ihf'f! J.hq_n[! '1Pf'/!P 1iqwwJwJp wbqwqwJ'l_w,} h1i ufrJhw

rr/rlft lnuwfi.pp Jpw9n1.Jp9 -':bmn nb[bp fuwf'pufuf! pb.pi/_niJ /,_ UfW-':t/_n1.J 

t WJ1i pb.hnfr Jnw, nf'fr qnqJfr9 nf' WJ1i J.q.t/_n1.J ti 
PCT-3 nhthfi PCT-4-fr9 mw{'ph{'qn1.J t 1if'w1int/_, nf' n1.1ifr pw1ih9Jw1i 

Jh,} J, z. n1.. Ii. qn1iw'-".qmwjfr1i Jb,} -A1izn1.J1 

PCT-3 nblb'j, hn11frf'l!w1ifr ti fJf'p tfrw{Jn1.JPn1.J -':nuw1i.pf! pw9wqw-

1mJ t, fuwf'fruful! q.m1it/_n1.J t J.hqn.p '1Pl'/!n1.J1 IJ.Ju hpb.p m/rU[p nhth

Lhpfr qwnn1.9t/_wt}.f!I! 1irnJ1i1i t, pwJ9 pn.:5 nhth1i mwpphpt/_n1.J t PCT-4 L 

PCT-5 nhth1ibl'fr9 fuwppufu/r qwfunt/_fr quU[wf.twqfr -':wumnLfJJwJp1 

PCT-7 nhth1i hplf'ffrp.pwLfr t, qn1imwqmf.tbpp9 Jbqfr 1iqwmJwJp 

.uhqJJw1i w11wt/_bln'/JJwJp1 PCT-7 nhthfr' tfrw{JniJPn1.J -':nuw1i.pfr pw9w

qwJniifJJwf.t dwtfwbwq fuwpfruful! Jfrzm -':U[t/_w,} t w2 qn1iwwqmfr1i1 

PCT-4 u PCT-5 nhthf.tbpn1.J pw1ih9Jw1i J. 'Z· n1.. -1i qm1it/_n1.J t 1-4 1J. uw-':

Ji.u1i1ihpn1.J , fruq PCT-7 nhthn1.J' 4+ 10 U.1 PCT-4 nhthfr pw1ih9Jwf,t -':q_n

pn1.PJn'1il! -':wi[_wuwp t 0,012 7- 0,16 Jt/,m-fr, qn1imwqmwJ/rf.t ubqJnq nuf[! 

-':nuw1i[!p pw9wf[wJn1./JJwfr 11hUf[!n1.J -':wt/_wuwp t 137-25 Ju, fruq PCT-7 

.nhthniJ' 40+70 Jui 

Gwin Jb,} 'l_'fWJni1inipJw1i Ufwm-Awnnt/_ PCT-4 /, PCT-5 nh[h'i.ihpfr pw-

1Jh9Jw1i J, z· ni.-f.t 1inpJwl UfUIJJ~1i1ihpnul . w1iqwJnL1i t u inwmw1i-

4_niJ ti 
Puhnwst/_';U',)- nhth1ihpfr UfwpwJbmphpfr w1if[wJn1.1in1./JJn1.1il! pw!Jw

inf!pt/_mJ t nhtbft wnw1iJ.fr1i Jwubpfr w1i1if[wm mbqw~wpdniJnt/_ Ii. Jwqi1fr

.uwqw1i -':wJw~:Ur11n1.J 011wJfr1i pw9wqfr u f[n1imu1qm1ihpfr '1Pf'l!P t/rntfrn-

Junif1Jni1int/_1 . 

U.Ju nbthf.tbpfr Jb,} Jwufr pw1ih9Jw1i Il'.1. -':nuw1i.p[! 0,045 +0,18 JU. t, 
JwJw1iwql!' 3 7- 5 J/t/_, wzfuwww1i.pfr wnwt/_blwq.n1.J1i -':w-AIJ!fun1.PJnt1i[!' 

WO 1.91 

'1nf.tmwf[mf.tbpp w1it/_w1iwf[w1i wf[mpq phnfit/_w,}ni/JJnL1if! o,2 u., 24 tJ. L 

Jwzt/_w,}nipJnL1if! 107 Jfrw9n1.J u wJbf.t Jfr 106 Jfrw9mJfr9 -':binn U[hm.p 

t f[wpqwt/_npb[I 

fl.bth1i UfWZLnUfW1itf_w,} t tfrnzn1.9 u Jhfuw1ipqwf[w1i -':wptf_w,}1ibpfr9, 

n1.1ifr -':w1intf_fr wun1.Jfr1ib f[wtfrwrfrJ.1 

17'btbfr 1.wtfrbp1i h1i' 27,5X 41 X84 JJ, .pwzl!' t J7 +2,2 u1 

116 

PCTC nhthf.tbpf! 1iwfuwwbutf_w,} h1i 60-fr9 Jfr1iJ.b. 70° C 'l.bpJwuinfr-Awf.t.:. 

1Jbpn1.J wzfuwmb[ttL -':wJwp (f.tf[, 4-17 )t 

117 



lHthft Jwqfipuwqwt ltzfJwt qw'l.Jtf.w_t} t 4pHwJpp_wqw1ftt ufuhJw1nif_t 

fluhnw9tn'l -Jwqtpuwqwt -':nu[![! wt9f1nLJ { fuwpftu/u/t hp~wpnifil1wJp, 

foul/. qwnwt/_wpntzl!' [WJtnLf/JwJp1 
l/ntmwqmthpf! U[UILn('WULnntJ ht 01P -10 1:wJwJ.nLtt/_wlf12/t9t 

g -
POC-5 mpU[p nhthft .t;mJwp pwth9Jwt .t;'l.npntfJJnLtf! 0,007-!;--0,066 Jr/,m 

{ 1 wzfuwmWt[!p wnwt/_h[WlfnLJt .t;wf:wfunt/JJnLtf!' 100 1.91 

'-lntmwqmft phntt/_w<fnLfilJnLtf! 0,2 lJ. {, Jw2w-qwJnLtnt/JJnLtf!' 4. 106 

Jpw9ntJ1 

fJ.hthft iwtfrbpt ht' 44 X 44X88,5/96/ JJ, ~wzl!' 2,27---2,5 01 

PUC-11 nhtht tw·fuwmbut/_ w.t t -40°-fts Jftti_u 50° C p_hpJwum/t

fiwtthpntJ wzfuwmbtnL .t;wJWlp (tq. 4-18 )1 PnC-11 nhthft Jwqtftuw-

40 

118 

l[wt .t:iuJwqwpqf! tntJtt {, /tti np PO nhthfrtl!, Jftw1t wit mwpphp.nL

p-1wJp, np fuwppufut nLtp WJL qwnnt9i/_w<f12w1ftt ~wfuntJ1 luwppuful! 
.q_n11tf_wi)- · t 1:wpf1 , qwfunt/_p 'l.UU[wtwqp i[pw, · npt wz_fuwmnLJ t <fnnLJn<f. 

u Jft <fwJpnt/_ wJpw9t/_wJ- t u/tt/tntJ,fttp9 U[Wmpwu,mt/_wtf qwtqtwqpt• 
bpqnt L1ntmwqmw1/tt 'l.u"lwtwrqthpft Jftp_u mh'lw11p4_w.t t tluu 3-p'f 

.t;wum wptfwfJ-w"lwmt/_wtf 'l.u"lwtwq[!1 npf! qntmwqmw1ftt 'l.u"lwLwqtbpp 

.J-w1phpft Jftp_u LUU[W'>nt/_nLJ t .t;wumwmntt ztfrJwt qnptfwqp91 npn<f. FW

JJWnt/_ntJ hfi qntmwqmthpft mwmwtntJthpf!1 
flwthgJwt .t;'l.npntfJJnLtf!, J. z. nL.-t, qntmwqmfihp/t phntt/_w<fnL-

PJnLtf! tnLJtt bt, ftti_ np PO nhthfihpptf!1 

IHthft i_wif1hpt bt' 21,5 X 40 X 64X/77,1 / JJ; 12w21!' 1,2 01 

4-7. PflC-18 SbUU.llfl ~u.r2ru.~'l-U.8ffl'-'"tl fH::i.b'"tlbr 

UJu nblhtbpf! nitht pwt/_wlt_wtftt Jhtf f1p{J-nwqwJnLtntfJJnLt u w<f.hlft 

rfrn12p lLUitfrhp, 12wt PO, POC u PUC~11 nhththpf!1 f/JwmpwumntJ ht 

hpb12 mwpwmbuwqnt/_' PUC-18/4, PUC-18/5 u PUC-18/71 PUC-18 nh-

1hfihpf! twfuwmhut/_w.t ht -50° C-ft9 Jftti_u 85° C p_hpJwumft-C.wtthpnLJ 

m2fuwmhtnL .t;wJwp (t!1• 4-19 )1 

PUC-18 nhtbft Jwqtftuwqwt 1:wJwqwpqf! tntJtt {, fr"bi_ np 
POC-/rt/!1 

luwppuful! "lwmpwumt/_w.t t zwm pwpwq U[hpJwl"JP fJ-/tf1htzft9 nttz/t'l 

w•tqJwt mwf[ <fnt/_w.t .tw1phpnt/_ u fuwiwJ.u ppnt'l.h 'l.u"lwtwf[ft9 , "I'll 
JftutntJt clwJwtwf[ tfwnw1ntJ t npU[hu qntmwqmw1ftt u f[w/unt/_ft 'l.l!u
"I wt w_ I[ I 

PUC-18/4 nh[hp pwfih9Jwt ':'l.npnLfJ-JnLtf! qmt<[ntJ { 0,4 7--- 1,6 Jr/,m 

uw1:JwttbpntJ, pw.tb9Jwt J. z. m.-t 4 +3 lJ. {, PUC-18/5 nhthfrtl!' 
119 



~0,9+4,9 J</.mi J, 2. nL.-fi' 6+14 IJ., ,uft PIIC-18/7 nbtbfofip' 0,9-

8,1 </.m t, J. l• nL.-f.t' 6+18 U.t 

fJ.blbfo ftnltmwftm'itbpp JwzwftwJnL'itnL/JJnL'itp w4m/1i/_ pbnp dwJw'itwfr 

0,3 U., 34 </, t, ni_ UfWftwu lOS Jpw9nLJ-wfip_wmnLJ, puft 0,4 U., 34 </, pfi

q.mftmpi/_ pbnp 'lbUf.pnLJ "l Ufwftwu 1031 

fJ.blbfo i_wtfrbpf.t bf.t' 34X40,5X24/34/ JJ, .pwzl!' 0,657-0,8 'Lt 

4-8. PfiC-20, 24, 26, 28 SbUU.lifl ~b1lb00~N .. U.l:f rl-bl,,b\ib(l 

U.1u nbtbltbpp 'itwfuwurbui/_wJ- bfi -60°-/19 Jp'iti_lt +60° C p_bpJwu-

mpC.wfi'itbpnLJ wzfuwmblnL .\wJwp (f.tft, 4-20 )t ' 

frblbf.t nL'itp 11fo!pbpb'it9pwl pltbnw9i/_w~. bpftltnC.wJp'it (1) Jwq'itpuw

ftw'it '.\wJwftwpq, .\.wpp u}rJbmpPft fuwppufu (2 ), npp U[U11.t1i/_nLJ t wnw'it9.pp 

znLpp_p (4): ffwq'itpuwlWf'f!. nL'itp Ill-wdlt mbu.p, .\wumwmnL'it Jwqfi~ul! 
ftn-&.bpp .\bm Jpwup'it qnLqw.\bn mbtzwi/_npi/_w~ t bpftnL Jf1P.nLft'itbpp Jpp_ltt 

l/n'iturwftmw1fo'it .\wJwftwpqp .\wd_u1•.pi/_w~ t nbjbp .\pJ.pp i/_pwt l/nL-

urwfturw1frL (8 Lt 9) quU[w'itwft'itbpp •lrw qwJi/_w~ b'it wp~w/Jb ftn'it-
mwftm'itbpt 

fi.blbfi Uf.Wlll1U[Wfii/_mJ t wJpn'lp_uiftui'it dqi/_wJ- wpnLJf'b ftwpwppi_ni/_, 

trf1p nblbfr .\wi/_w.pmJ{r9 Lt ftwpqwi/_npnLJ{r9 .\bmn · qnqi/_nLJ t .\{rJ.p{r'itt 

fl.btb'it nL'itp ftwnwz/_wrn'l Lt bm11wpJ.p bpftnL w'itftwfu tfrwfJnLJfJt 

PIIC-20 mbuwftp nblb'itbp U[W1.t1pwumnLJ bfi .\bmltJwl lwpnLJ'itbpni/_' 4, 
6, 12, 20 f.t 27 </,, wzfuwmwfi.pwJ{rfi £Ulf';LJp' 24-32 </,, pwfih9Jwf.t [wpn<Jf!' 

~ 6 .. 
7 
8 
9 

J 
2 

~ 

1 
10 

1 

8-18 r/,, Jb,ft tfrwPm!fJP pwfib9Jwf.t .\qnpnLPJnLfip' 0,49 r/,mt <l>w,pnLJPI! 

wf.tpf.tq.\wm Jpw9'itbtfou, [WpJwf.t mwft U[bm.p t tfofip 15 pnU[bp9 ni_ wif.htfo 

( pw9wuwftwf.t p_bpJwumpf.wf.tp qbU[.pnLJ Jbft pnU[bp9 ni_ wi/_btfo): <l>n.pp 
.\nuwf.t.pf.tbpp qbU[.pnLJ ftnf.tmwftmf.tbpp UfU11.t1pwu1.t1nLJ bf, nuftnL9t 

24 </, [WpJw'fi 'JbU[pnLJ wzfuwmwfipWJpfi rfwJwfiwftp .\wv/_UJllUlf' t 

10 J/i/_pftt rowppufup Jwqfipuwftwf.t Ptnftw9nLJni/_ pltli11w9i/_w~ PIIC-24, 

PfIC-26 Lt PIIC-28 nbtb'itbpp nLfihfi .\wJwU[U11.t1Wufuwfiwpwp 4,6 Lt 8 

Jpw9fin'l ftnfim":'ftm'itbpt IJ.1u nbtbfihpp fiwfuwq~z/_wJ- bfi PIIC-20 nbthfo 

Jwqfipuwftwf.t .\wJwftwpqp .\pJwfi i/_pw Lt mwppbpi/_nLJ bfi Jf!wJfi ftnli

mwftmtbpp .pwf.twftni/_ Lt i_w,Pbpni/_t ll.1u nbtbfibpp zw.\wqnpJ-JwL Lt tthft

mpwftwL pf.tnLpwqpbpp finLJfifi bfi, pf.ii_ np PIIC-20 nbtbfibppfip, pw9°fr 

Jpp_wi/_wJpp p_bpJwumpf.wf.tp9, npp Pn<J[U1U1f'i/_nLJ t Jpfii_lt 80°1 

PIIC-24, PIIC-26 Lt PIIC-28 nhtbLhpp nLtbf, i_npu JpwLJwL ,Pw

flnLJfJtbp (2 ftwnwi/_ wpn'l Lt 2 bmqwpJ.p )1 ll.zfuwm'wh.pwJfoL .\qnpm

flJnLfip WJU nblbfibpp t/rwfJnLJflmJ .\wJWU[UJutWufuwfiwpwp .\wi/_wuwp' t 

J,12, 1,08 Lt 0 ,96 </.mt 

fJ.blbfo i_wtfrbp'it bfi' 10 X 22,5X24,0 /30,5/ JJ, .pwu' 0,2 'L-p9 "l 

wi/_blpt 

4-9 . .ll. fi-12 SbUU.lifl ~btlbrl-U.5'1,,U.l:f rl-bl..b 

.IJ.TI-12 mbuwft{r pltbnw9i/_wJ- Jwq'itpuwftwfi Plnftw9ntJni/_, 12 Jpw9'itn'l 

ftri'itmwftm'itbpni/_ nblh'it nt'iJp i_npu Jpp_nLftLhp' Jntpw.pwLun<pL wnw'itJ.pft 

tfrw{JnLJ/J"nif_ .\wpfJ Jwq'itpu ( npp qmLi/_nLJ t 2 qnLJ'l ftnf.bpfr Jpp_lt) Lt p.Lq

.\wLnLp nL'l'lw'itftJnL'itwJ.lt upJbmppft fuwpfrufut l/n'itmwftmfibpp fiwfuwmbu

i/_wd- hL '2 IJ.-p .\wJwpt 

.IJ.fI-12 nblbfr wzfuwmw'itpp finLJ

f.tpL t, {r'iti_ nr PIIC-20-pLp.1 'bwfuw-

mbui/_w~ t urzfuwmb[nL -60°C+ 80°C 

p_bpJ WUUl{rf.wfifibpnLJ ('itft. 4-21 )t 

fJ.blb'iJ 27 </, . LnpJwl LwrJwL 

'1-bU[/!nLJ n_Lfip i_npu t/1wfJ-nLJ/J" ( 2 

Jp"!.JILblnL Lt wfip_wuthlnL), pw'itb9-

Jwf1 [WpnLJp wJhfi Jp i/iw/J"nLJ/JnLJ 

18 </, - p9 wi/.btfr .;Jt bmqwpJ.p [W

pn<'! p 10 </, t, J bft i/iwfJnLJ/JP pwLb9-
Jw'it .\qnpnLfJJnt'itp' 0,7'? </,mt 

U.L1[ w'itwftwL lwpJwL qbU[pnLJ 

nbtbfo pwfib9Jwfi cl wJwLwftp 

12 J( 4-Pft t 1 !}wpbp'it b'it' 35 X 41 X 41 't..4· 4-21. )ln 12-mbuw~~ Fhhnwg~wb 
(49 ,5 JJ), [!UJlf!.' nz wi/_btfo 2,2 b t £Lhth 
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4-10. P n C-32, 84, 86 SbUU.1.il1 P.b1l~fHJ.81lU.tr O-b1,b'1ti11 

~h[b'i.1 nd1p foiwppufoip Jwq1rpuwqw1r Plnqw9niJ b_ bpqni ,PnfoiwL

t_WUJPl qn1rUJwljUJ'iibp1 PCTC-32 pb.bruil9i/_wJ ,PnnwJwi/_wl nblb'j, 1rwfoiw

UJhui/_wb t -60°-foo Jfo'hlb_ +100° C thpJwuUJp-C.w'ii'iihpniJ wzfoiwUJbln' 

.\wJwpt ~h[b'i.J (Lq. 4-22) ni'iip '1PfPbpb1r9fowL pb.bnw9i/_wq hpqqn-C. Jwq

Lp~wqw'ii .\w1lwqwf'q, .\wpfJ ufoJbUJpfolj foiwppufoini[, nr1L wJpw9i/_wJ t 
67 KH5B .t;wJwdni[i/_U1J.[!p9 U(UIUJ['WuUJi/_wJ. 17 JJ hpqwpnifJJw'ii k 

0,5X0,7 J,J ljUJpi/_wq.[! ni'iib9ntz hpqni qwfoint[p dwU[wqbLwJfo'ii quujw

Lwq'hbpp'ii t 

- lfwq'iifouw!w/'f! WJ'iiU[pufo'ii t, fo'iilUf.Pufo'ii PCTC-20 nh[hp'ii[!t 2.wuUJUl

UJniL Jwq'iipu'iihpf! qUJ'iii/_niJ b'j, lniJfoL wJpw9i/_wJ 4n-c.hpfo Jfop_niq'hhp{r 

(2) J/,2u., RuUf wLw41rhp1r wpJw/Jb zwpdwqw1r qn1rUJwqm1rbpni/_ wJ pw9 -

if_ w.J h1r unLwqwLfoL, npn'ii.p fuwpfoufoip9 Jbqnww9i/_wJ bf, WU[Wi[Jw Jb

qnwfil'iihpni/_1 U'iizwpd ljn'iimwqmw1fo'ii quU[w1rwq'iibpf! bnwq9i/_wJ bL qn

i/_wpb (6) L[niuUJLbppL, npnL.[! .\fo11'.[!p9 Jhqnww9i/_ wJ h'ii WU[wqh Jb

qnwfo lni/_ (7 )1 

~h[h'ii .t;bpifhtnpq ,Pwq t• 
PCTC-32 nblb'j, U[UIUJpwu,UJniJ b1r 2, 4, 6, 10, 12, 15, 20 b_ 27 r./.n[ln 

[LilpniJ'ii hpfo .t; wJ wpt 

24 ~ 32 rJ. wzfoiwUJUI'ii.f!WJp'j, [WpniJ'i.Jppp qhU[.[!niJ pwLb9Jw'i.J [UI

pniJ f! .\wi/_tiJ·uwp t 8~16 r./., puq .\qnpnifiJnL'iif!' 0751 r/,UJ1 <Pw[Jni1fl/t 

11 Tl) 

L.4. 4-'112. PnC-32 phbn.mg•Jwb n.hih· 

1- .;WUU1UJUWLL . Ju; lfLfru, 2-qn-S' 3-J frpnLq, 

4-qnLUJwi[UJwJfrL q_uu1wLwq, 5- qn{wf' fr!l fun

'ln{wq, 6-htnLuUJLh(I, ·'1 -wU(wqnL9 .;frJp, 

8 - fuwf' fru/u, 9-qwLCfLwq, 10-tnu}, 11 - U(WU1JWL 
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w'iil!'j,IJ.t;WUJ [utpJw'ii UJwq q[!UJ -

L[!qh[nL rlwJw'iiwq(! 0,25 U., 34 if. 
phn'iii/_wJ-ni/JJw'ii qhU[.[!',,,j w
U[hU1.[! t qbpwqw'ii9fo 15 pn

U[hp91 fl-b[hp ilwzwqw1ni1rnL

PJnL'iif! 106 Jfow9nLJ t• 
PCTC-32 nhlhfo lw,PhpL bL' 

10,5 X 22,7X25 (31) JJ, .f!WZf!' 

0,2 'b1 PCTC-34 b. PCTC-35 ph

i/_bnwsi/_wJ nh[h'iihpf! .\wifwU[w-

UJwufoiw1rwpwp niLb'ii 4 U 6 

,Pnfoiw'iir.wtnfol qn'iiUJwljUJ'iibp 3 

lJ.-p .\wJwpt IJ.Ju nh[h'iihpf!' 1rw

foiwqJi/_wq h'ii PCTC-32 nh[hp 

pwqwJfo i/_pw u UJutpphpi/_niJ bfr 

qn'hUJwljUJ'iihpfo b_ tftwfJnLJ/JLhpp 

{Ji/_ni/_1 

PCTC-34 nb[bp i.w,Pbp1r b1r' 19X7X23,8X25 / 31/ J,J, .f!W·lf!' 0,45 ln 
PCTC-36' nhlbfo i.w,PhpL bL' 23,8 X 27,7X25 /31,5/ JJ, .f!w2f!' 0,6 'b: 

4-11. PITC-43 SbUU.til1 '1-bfl«l»n-Rr P.b'lbrNJ.8'111b" 0-bl,b 

U.1u nh[h'h (Lq. 4-23) LwfoiwUJbui/_wq t wzjuwUJb[nL -60° C-foo 

100° C p_hpJwuUJp-C.w1r1rhprnJ1 fiL'iip hpqni ,Pnfoiw'iip_wUJfol qn'hUJwqmLbp 

1 ' lJ. qnJniUJw9'iih[nL .\wJwp1 fJ.b[hp Jwq'hfouwqw'ii .\wJ'wqwpq.[! hpqqn-C. 

t, pltbnw9i/_wu, qwJpp_wqwJfoL, qpqLwqfo /uwpfrufoini/_ u lnpu wzjuwmw1r

.f!U1Jp1r OIJUIJp'ii pw9wq1rbpni/_1 lvwppufoil! (3} .qwpntz t U(UJUJi/_bl .\nppqn'iiwqw'ii 

(7) qw'iiq'hwqfo b_ zh11UJwdntzfoqfo (9) 6 

"-t'W wJpw91_wr} ppn'hqb n'tztzw<w- Tlr;~~nr=E~g~ 
jw9 wnw'ii9.[!p znipt[! 1 npf! qUJ'i.Ji/_nLJ t 
hpqqn-C. nL'iih9ntz CT-wdb. Jwq'hpup 

pb.bn'hhpfo Jfop_h.t PCTC-43 nblbfo (3) 

Jfop_niq'hbp[! nL'iib'ii 2 ,JJ UJpwJ'wqJni/_ 

q[np qUJ pi/_ wJ.[!' lvwpfou foifo wpwL.[!nLJ 

qnqi/_wJ t .\wuUJwmni'ii Jwq'hpu[! I 

L.4 . 4-23. PnC-43 ph.hn.wgqwc\ n.h1h 

14 

B 

lJn'iiUJw.ljUJwjpL uhtzi!n'l nid[! 180 Ju ti lfwq'iipufo nLdf!, npf! foiwpfou

foifoL U[w.\niJ t 'fhU[p pb.bn dqi/_wq i/_p-C.wqniJ, .\wi/_wuwp t 350 J'b1 

~blb'j, .\hpJhUJpq pwq t• (wpniJI! 27 rJ. t, pw1rh9Jw'ii [WpniJ!!' 8-

15 r./., pw'hb9Jw'ii .\qnpni/J1ni1r!!' 0,7 r/,UJ1 <PwfJnLJ/Jflhpf! w1rl!1r'f.t;wm .\n

uw'h.[!p ..nwq qUJ'hi/_h[nL dwi!w'hwql! lUfbUJp t qhpwqwL9fo 1 r./.-p91 <Pw

/ifnLJ/J'hhpf! U[hUJ.[! t .\nqw1rw1r nl U(wqwu, .[!WL 19 i/_pl[ UJUntzntfJ1wJp1 

fH[bp Jwzwl1wJnLLnifJ1niLf! 106 qnJniUJw9fow t• 
fJ.hlhfo lwi/rhp'ii b'ii' 8,0 X14,5X1 9 /29,5/ JJ, .pwz!!' 0 ,08 'in 
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!li:l 
: B if r1 u qlt tf J tf m'J 

-quimlln rm? BiJ11,quimlln 11,q r1u]turnmJuimln ilJq11,ui'1mU11JU'1 ]tuvmy.uimln 

1mrl11,y. 11,qFmui?mui11,u'1 Ji!u<P :Jn"ll/'1mtfrm11,mr:,mn qi!Bmf111,il tf?m11,mlJl 

nqlnJu 11,q r1ufmvmf '1m11,mrmpmqr il11,uJu <iJJ!{'7,pJml11,m 11,q r1upJu]t 

-mLqui Bmrqlt l/ui'1mui11,u'1 11,m?mpJm2 :i1Jnvql'1m'1m:, 11,mrvl?mJmn 

-mpm:, tfbJm?mrm:;-11,m7mpJml 71 ilur'1mur11,u'1 'lm'1mpJml tfqlqv r1UJ7 

:j mJ]t Jq 11,Ju 'i1'1mf1 11,qfmui?mui11,u'1 'i fmplnm'1 uiq:, l/'1m11,mlJ2 

1GquimlnLuln rm? BtfJqJltfb 

--Fq11, <Gqb11,uJJ 11,qFmJu<f;nur/; IJ'I pupuinmJuimln <i1Jq11,Gunfm'1 'l!/ r1Up8mJ 

-pm mJp B11uJu 
1
i1Jn11,mb0 1GqJqJlqbFn rm? BqfimfJm 'BqafuJJ IJtfF 

-mJu<f;nur/; 1q]tuinmJuimln 11,q LuJm? ilJqr~Bun/mt, 1GtfL111Ftfrml rm? Gf'1 

-mui1un 'Btfl!fmbm 'BtfuiimlnLuln ,i1Jq111m'1m711J? 'BtfuimlnLuln 'l!/ r1uU1 

-:nmJuimln ilJqJFmn :mJ]t qJq11,Bun/m'1 fmpBmJrm 11,qJq11,11,mbf 11,m?mb 

-vmvm rm? qJqJFmn Lu]t11,q:, l!fl' qJn1m'1m?11,J'1 lqpGm11,m?mJq j buJ 

-m'1 ilrlUBmJrm t/'1m11,mlJl 1Jm'1mp 
. J'l'l7m'lmlnnb bubbm7m~-9 -Jm2 :r1uGquiJmlt11,m:, j uilqpmJ:,IJm 

'u'l'lrn7mur'lu7 pJml'lm-s •ur7mur'lu7 Jm ti1 m ]tu mlnm qi! muimMlm 
'lm~mpJml-f '7m'lmlJl pueJ!.ueJmf-g r j '7, r !>' 'J '"I 

•Jm1mm/'ll>mp-z 'n1/1Jbmp rpuurmurnm~-l JmJm]tmJ qJqriui?mUllJU'1 r1UJqlJq1 

·1lq-u 9mqmdmqql:i_mn~9bmJ1 '!lC:-t ·q\ -qv 11,m'1mJui?qljmntf11,bmJJ 111,q]tlm:, 
qJq11,i!11,mnu:, 11,qfm?JJr Lu?q uifm:, if 

'l 

r1u11,mJ11, '1m11,mpmp 11,mrpJml r1uU1 

• .--l -lmlt 11,m?mnq'lbmr ,J!/'7,11,1ufeJ1u?uim:, 

buJmr pml q11,1u 11,mFf11u11,m?mlfJuL 

-m:, JvJmJ Jq 7'tf :,Ju11,l il?m11,mlJl q11, 

-qr1uF711 :bJm'1mrm:, 11,m?mpJml 71fl 

-uJ 1ulm11,q11,1u nqlmui 'i 11,1uFf11uJu]t 

-mJm11,:, ilJu <Gtf11,t/111uF7m 'l'l r1uU1 

-nmJuimln JmJmJu]tun il'1m11,mlJ2 

, :mJp i/'1m'lmlJl 'i r1upJupmbqui 

ilf1F1uflmtfr qJmlmv11,Lln tfqlqo/j 

:mqB?1UJuin11,u? fmf'1mtfr 

Jmln lqpmvm lm11,muin nq1mui j 7F1ufi ilnq11,bmr 11,qFm?m11,mlJlJq'1, :puil 

--11,m71uiq:,· 11,mrfmJmui qJqf.]1uF11, 11,m'1mnq11,bmr ]tufim'l/B?1ult11,tf 11,tfFmltJuG 

-m11,r fqr 71 pup1U ]tqurqGJju? JvJmJ ]tm?q urFm:, q il11,1uF.F!J·uJu]tmJm11,:, 

'lmruinmJuimln qJ!{'7,q1qv ]tunq11,bmr 11,qFm?m11,mlJlJq'1, tpuf1u1 fmpui_nmJ 

-uimln GquimlnLuln '11utfrmtfr j r1up?Jblt11,il GqnJlt ilJu 'r1unJn tf'1m11,ml 

-Jill j r1u]tJupmbqui ilntf11,bmr 11,1uuimuinm:, ( gz-t •'111,} r1ultJuJ?Jq 

:71lqr t/'11Ul 

-1/r fmpuinmJuimln Bqfi1uF11, '11utfrmtfrmnq11,bmr 71 qJn'1m11,mlnmJFmf ~qF 

-mvq71J j r'upuiuiln il?m11,mlJl ?ni/ 'r1unmr 11,tfilmuiJm 'i r1up11,uib ilntf'l 

ti:l 
-bm r 111uurmurnm:, ( rn 1 fZ-f •'111} r1ui!Jnqlt 11,tflmu11 1ntf11,bmr 11,1uurmur 

-nm:, 11,tfFm?m11mlJlJn rm? 11t/ifmurJm lm11,q11,1u j LuJm1f 11,mf]Ll 11m~ 

-mnt/11,bmJJ •( 9) BtfJn~m11mlnnb Lultbm?m:, .7/ ( g) BtfJnur?mur11ulr pJml 

-11m '( f) Btfm?mur11,u'1 11m'1mpJml '(11) Btf?m11mlJl puf]F1u!fmtfr '( z) BtfJ 

-mlmnt/11,bmr 'Btf ntf 11bmr {I} 111uurmurnm:, j fimprbm~ 11qlq.y 1r1u-n-f 

•'111 fmpJur 'i BF1uB iliffmpG1uvm'1 tfqlqu 11,m?mJurJnl'fmntf11,bmJJ 

:GqJqi!Jmn 11m?mJurlnl/mnq11bmr 11m?mJu]tun r1upJqJJmui 11'1 7qiJ 

tjilfmpB1uvm'1 uinil i!11,uJu <i1Jq11,11tflmvm 11,q111u 11,1ufeJ1uvmJqry 11lm~ 

JrmppJml GmeJ'lill'm~ (J 'pubJm7mpm~ 'lm7mpJml Lupururln (m 

·1lq-u 9mqmdmqql:i_mn~9bmJ1 'tC:-t ·q•1,. 

(d (m 

:puilnqur (d 'n-t ·?11,} tfJnq1qv Jrmr 

-pJml Bmfi11,ilrm:, 71 (m 'n-f ·?11,} pubJm?mrm:, 11m?mpJml Lu]turuiln 'l!/ 

J11UuinmJuimln ilJnqlqv 11,m?mJui?qljmntf11,bmr l/ilfm]tG1uurn'1 uin;J 

,JJmui 7tfB1UBmLqp1u 

1mF?11,mll/r qJq11,"ltfn/utfrmJqp 11,1uFmbb nqlnJu 11,q. r1upfJubmuibo il11,mJ11, 

puJnr1uJu]tmilJmn ltJmJ uiml lj pq:,Ju11,l mJ<(_, •tf-uip. E-01 j Jmnm]tm:, 

1Fm Jmrm:, tfJq11qlqv fmpGmvq71J mlnm '11,1uFfl1u1ub:, tfbJmlJ uip. i-01 

'i uil'flpmJ:,11,m Jirr1pm:, 11,mpG!f'lmJ qJq11,qlqv 11m'1m'1if1Jmn/qrmJui?qlj 

IJ1Ufmhbm11,qrm u/q :il~1uFeJ1u11,1uFmbb fqrm'Jqrm 11,n1u 11,Jq11,qlqv ;m,, 

-mJui?qljmntf 11,bm !' p1ui!tf11,mui11,il tf Jnq lqv 11,m'1m'1tJ11,mn/qrmJui?q1:'[ 

1il11,1uFf11uLL1u tJil11,mn 

-u:, r1UeJF1ul!fmtfr 71m1J 1Fm <il'l1uFeJ1ufqr tfil'lmnu:, 1J'1ntfr 7u 'l'l r'ubb 

iJJ'l'Jqlqv 'Jm?mJuilnl/mntf'JbmJI tmJ]r IJmrfJubmui.bo 1Jmfd7UBqltbm 

-n/utfr qil'Jmnu:, Lunu:, ]tueJF1ufimtfr 11 t/'ifnu:, 1Jm'1mntf11,bmp tfnq'Jbmr 'J1UUI 

-muinm:, j fmPIJl'l/!r ilif1Jmuimn/lm qJ'l'Jqlqv 1m'1mJur?qljmntf11,bmJJ 

ri..lllll~ '\ ~ti'ChJStilll:t'flDtl'\'b'flJl ·ca-t 



4n1Juiwqui1J·bpfr zrzfJwJnLJ lwpJ wt JMm{JJnLLf! t/_ bp9t/_ nLJ J; 12 l/,-fr9 

rJLUt)p, /ruq ':nuwb.p[!' 0,1 U.-Jr9 pnj!pt 'J.w WUf.LU{ntf_mj J; qn'b~i.uquitbpfr 
Wl_/uWUJLUbj!f! ,;_,nwfi9 qwJqLU'fnJw9Jwb' bntJb/ruq bpwb9 1fLUb1fLU'l Jfrw9-

Jw1J UfWJUwbtbpnLJt UwJpbpfr t/_pw zf1£wbwqfr wJpw9Jw'b 'fhUf.pnLJ ' np

Uf.bu ':wqwq_'fnrz ':wpJwpw'b.pbbp oq.uiwqnprtt/_nLJ bfi, wbwqw9fr'bqwJ/rb 

qiuJ !/mu!/mpwJfr'b ppn'bq_fr9, frblUfbu 'bwlt qwprtp 'flwbt/_wrt wpJ-wVJ'frs 

"iwuipwuu1t/_uJ.J- U[Wf'nLpwi..Lt JnJbLuiwJ/r'ii 'l_UUf.Wbwq'bbpt 'itpw'b.p Jfrw

dwJw'bwq rtwnwJnLJ bfi tftw{JnLJ{Jfr'b ':nuwb.p JwuinL9bln' ':wJwpt l/w

{un9Lbpfr'b w1J'pw9bblfru 'l_UUf.Wbwqbbpf! JfrwdwJw'bwq frpwqw'bw9bnLJ 

b'j, l_l'f_Wbwqfr tf_ bf'LU'fWf'J.f! 'fbUf fr hlJ tub 'ff'nLfl JnLbt 

4-18. lJ'U.q.'1..flUU.l:lbllSflU'iU. \. fl.blb\.bflfl ~MJ''"t.U.llU. \. 
~'1..0M~·u.q.rbfll! 

lfwq'bfruwl;lhqurp'iuqw'b nhlbbhpfr 'lfrJ'bwqwL pbntfJwqphp'b h'b' uimp
mnq /,_ liw~wqqnq JnJb'buiHpf!t 

fJ.blbfr Uf.Uluinrz JnJh'burl! 1:wtf_wuwp f 

M = 2rl.,~WBI .uJ, 
t --.9~ If (4-4) 

npmhrz' B-L pw9wqfr Jwq'bfruwqw'b fr'b'fm48Jrw'b 1;, I-L' Zf'Y_w'bwqfr 1:nu

.Pl!• r-l!' zf'!_wLwqfr tf_pw mhrzwtf_nptf_wrt tftw{JntJfJ/r "iururJwL Jfrp_fr'b 

zwnwtf_fr'IJ!, uJ. \V-'b' zpp_wLwqfr tfrw{JnLJfJ/r qwlwpLbpfr {Jfrt/_f!, [ -~ -[!' 

zpp_wflwqfr qnrztlfr wqurfrtf_ bpqwpntfJJnLL[!, utft 

lfwq'bfruwl;lhqurpwqw'b nblhnLJ Uf.U1uinrz JnJhLuif! 1:wJbJwurwqwL 

{ zpp_w'iiwqntf_ 1:nunrz 'lnuw'ii.pfr'b' M = KI1 Gp'l.wLw1qfr urhrzwtftnfuJwL , t 
dwJw'bwq lilJ'b.lfr pnfutf_ntJ, hflh Z{''l_tuflwqfr UfmurJw'b wzfuwurwfl.pwJfrL 

w'iiqJnLbbbpfr uw{JwLLbpmJ fr'b'fnLq!Jfrw'b ':wuurwurntfl 1;1 lfnJhLuiw

J/rfi 'luUJwbwq'iibpnt/_ ~wJ qwfun9nt/_ umb'lJ-tf_wJ- -';wqwq_'lnrz JnJbLmfr 

p'brri'Jiwqfrp~ wpurw':wJurtf_ntJ 1; n1rz/rrz qrtntf_' 

M = ca q.uJ, 
~"' /u 

.npurbrz c-'b qnzurntfJJn,'bL J;, a-fl' Ufurur_JwL wLqJn'Lf!: 

fT/wpmpwO./,_ JnJb'bmwJfr'ii quU[wbwqLbpfr 'fbUf.pnLJ' 

E j 
C•=-, 

l 

npmbrz E-'b wnwi3.qwqwbnt/1Jtufl Jn'fnLLfJ 1;, 

JbLurf!, l-l!' qull[tubwqfr hpqwpntfJJntbf!, 

h-l!' quU[wLwqfr 'lwuurnLfJJ.nLfl[!t 

:J26 

j = bh3 - [!' frbhp9fiwJ/r Jn • 
12 

b-t' 'l_UUf.tuflwl1fr £LUJfintfJJntbf!, 

!l,uU[tuLwqwJJrb bJnt{Jhpfr ;;wJwp ·'fofrq_{rqwqw'b 'lwuUJWU111Lbfibpfr Wf'• 

Jh.ptbpf! phpt/_wq hf, 4-1 wrzJntuwqmJ1 

ll'}JDLUW~ 4-1 

Sbuw*wf'Wf' J!bf'Jwumfd.w- 11.nwAqw~w- IJ.11-;,,.!qw~w-
L11nfJI! i;{iJ W'ff' nLfJ JnL· !Jw1/ifi qn['<tw- b nL{J.("'_b bnLfJ JWb uw<-

''I! O~J.uJ ~POI' ' 1 /°C Jni;nL{f! E, ·- J,,,i,f!' aB q/uJ 
q/uJ2 

IJ.fiwqw9fib*w1fi!J 
o,os . 10-4 1,0.10- 3 1 ,2 . 109 5,2.106 

pf'nfi.11_ 

I 
!hnuff>nf'wJfab 0,16 . 10- 4 

~ · 1,5 . 10-3 O ,9 . 10s 5,i.106 
pf'n'lul 

9qwf1Lbpntf_ qw{un9fr 'fhUf..pntJ' 

C= (bh3. ~ + - 1- b3h _E__ + b5h. E~)• cj•ud';nw'f, 
3 l 12 l 360 /3 

npmhrz Eo-'b wnwJ.qwqwbnLfJJtub 

E-'b' wnwJ.qwq':"LntfJJLUb 

P.~W~- ; \ 
P= th ·f! 

Jn'fnLlfl J; nlnpJ w'b 'fhUf..pnttl 1 q/ uJ2,. 

Jn'fnLLf! J.qilw'b 'fhUf..pnLJ, q/uJ2., 

b-'b, h-l! /,_ [-[!' qw{un9fr lLUJbnL{JJnLbf!, 1:wuurntfJJniL[! /,_ hpqwpnL,.· 

flJnLbf! 1 uJ, 

a-fl nlnpJwL wLqJnLfJfJ J;, nw'ft 

9qwLbhpntf_ qwfun9fr 'fhUf..pnul' qnprtLwqwLnuf ztftmJl! qwph£fr 1; w'b

urhuhu 

U.JL 'fhU[.pntJ, hpp ~pt_w'bwql! wJpw9t/_JaJ 1; uwJphPfr t/_pw, wHpw

dbzm 1; LfrbnLJ Lpwb9ntJ 'lw'lfJw'lwpbl ztftilwb JnJbLm[!• 

b1jlf; LU 11LU 'Ji 9/if! nttz tz LU J.fr 'f 1;, LU Uf LU l_"' J Wb Jn J b'j, U1 f! \ 

k 
M - 0·332 ~ C • 

3/ 2 
2+ - ' y }J Ut ' 

"l' 
npuihrz' k 2+-l! ztftJw'b qnprtw·q/r9L 1;, Gi-l!' zwpdwqwL ':wJwqwl"ffr. 

qzfrnl!, p~l' -e' l1pLqwqwtfr flJnt{JntJ l':"l'JwL Jfr'l.fr'b JMnL{JJnLbf!, q/uJ2
1 

l/pflqwqw£fr flJnt{JntJ [LUpJwb J/rp_pfl JhrtntfJJnLflf! npnzt/_nLJ ); 1.hp9~ 
pw'bwJ.ltntf_' 
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'1tf!U1h'l.' r.-e ·~ rt,-r. uwjpfr J, 1t111t"w""!d' zwnwi/_/rqftbpf, ht, uJ·. 

E b. E -[! UWJp/r b. qpftqwqw[/r f,Jn<fJ/r wnwJ.gwqwfinifJJwf, Jn-+ r 
.q.nL(i.Jbp[!, q./ uJ2 , 

k P L. E Jr wpJbnthpl! wp·'wu /;f, W'[_Jnwwq 4-2- ntJi :+I Pt - F 'L 

,,,;,'1."'"'"' 
u,wfil 
Unu11,wl( 

'Cwifi1nL'l 

IT/n'l"lwurfr k
1
+ 

urif1wt 'b11nfi1fr 
fl~wurJwJp 

0,2 
0,105-0,3 

0,2 
0,2 

E, hfJJ2 

2 .10• 
1.10• 
5 .109 

5 .10• 

IJ.Ju"ffrunt/_ tth[hnLJ zwpJJwfi t;wqwq'fn'l JnJbf,U7[! 4Lfr1.sp' 

M1.;~= ca+ M 1.,.1 

Cnw1.sw4fo t/_pw qnpun'l JnJbli1n1.sbpfo q.pw:/Jfr4Lbpf! 9"'J9 b1.s mpt/_ wu 
liq. 4-26-nuf• '1rr1.s1nwf[1n1.sbpfr Jfrw9Jw1.s U('wt;Jrf,' 

11 
. 'xlp/11/, 
l<l -f--~~~

"'"'l 
,..,"'++~ 

Cfll 
"!.\. 4.-26. 11-h[t~ 2112wGw~r ~I'"' wq'ln'l 

dndhGmr qrw:iir~I' 

k I= CII + M z+ , 
npwbrzfos' 

kip .. !. = CII + Mz+• 

lf mq.fijruwl;lbqwpwqw1.s nb

Lbfr t;b1nw11wpJ.fr q.npuwqftse · 

4 Lfi1.s P' 

k1 = (4-5) 

{;finpt:pif t;wJwqwpq.nLJ zt/iJwf, wn.4wJnL/JJwf,, UIJIJ qnpbwq/r9[! mwp

pbpifmJ I; Jb'ffr91 u.,t Jwqfipuwl;tb4mpwqwfi nbtb1.sbpniJ, npn1.s9 znw-

1.swq[! dqw'iitbpni[ UJJ f1UI oil WU ~ qwfun9ftbpfo t/_pw 1 t; hU1WIJUl(1dp 'fnf1UW

qp9[! qirptJ.liwqwLnpb'ii t;wl[wuwp I; Jbqfr: 

4-14. trlJ.q. \JtiUU.1:1,,blJSl'U.1111 \J ll-b-lb\Jbl'Jl l.U.iNJll'lJI! 

Uwq'iifouw~lbqinpwqwfi n.blhtbpft 1twfuwq.<tJwfi J. <:wzi[wpqfr dwJw.; 

bwq Jwq'iifruwqwfi -<:wJwqwpqfo wpl/_ uru wut:pU1dhzw qnfimwqmwJft'ii ·-&et
zn,J W"fwt;nt/_btnL t;wJ,;,p, 1th[hp "fLnUltt'l JnJhf,in[! J.qinnLJ /;f., lflupJ.fib[ 
128 

Wnwifbl Jbu1 u.J'f . 'Jhu(pntJ U(bUI.[! I; .\wzt[jr UJttfibt zwpJw4wft .\wJw-

4Ulf1'1P Jbfuw1.sfr4wqwf.t wJpn<fJJn<f.t[!1 

IT/w<nnrz JnJb1.stnfr wnwifblwq.n<Jf.t U[LUJJWf;f! qwpbLfr I; umw.f.1wt ( 4-4) 

t;wl/_wu~pn,Jfr91 

!lb.w,Pnfubtnif ( 4-4) .\wt/_ wuwpniJI! 1 quwwf.twf.tp' 

M~ ~ 10-• Sw~· B · W·I , 

npwb'l s., =2r '-~-[! zp1w1.swqfr wl1w/ri[ Jwqbphuf.t /;1 

1.wzilfr WttLh[nt/_1 np lf1f.WfsUJqfr qpJw11pntfJJnLfif!' 

R- pz.w2 
- QJ, .. , 

W= .. I Q.,b_·R v pl 

Sb'l"''1Pblnt/_ 4-6 t;wt/_wuwpJwfi Jh21 4uwwfiwf.t.[!' 

lo-•~ B .r- -
Mt = iPI. v PQ .. b. I 

npwbrz l -1! znwfiwqfr Jfrt.fo1.s q.w[wpfr bpqwpn<fJJnLfif.1 t, J, 

P-11' zp2wliw4n,J I[npniutnlibpfo t:qnpnLf1Jm1.sl!, .</.ui, 

(4-G ) 

Q .,,,_ -[! znwuwqfo i/rwfln<Jflfo Jbmwrzfo qwpi[wu'p/i Jwf[bphu1.s I;, 
JJ2, 

bflb t;wJwqwp'ffr Ulf1U1Ulj}/rft J_Wtfibpf! wutfintfinfu /;f, i W"(UI pwqJw..: 

U(UlutltfrU!' 

s. + 
.r- = con st 1 
r fl L 

Spi[wu pwLb9Jwf, t;q_npn•./1Jw1.s qb"{pntJ, t;wJwJ.w1L liq. 4-25-ft , 

wnwif blw'fnLJf, "fU1JJwf,ftbp quww9l/_bf, , blUblnif B y Q _.,,.., ·ft wpdbpfr9. 

Q.,,, .. = k Q = k (B - S) b, 

trpU1b'l Q - 21 znwfiwqp <frw{Jn<1fl/r qinpi/_w<t1fr Jwqbpbu1.s f;, 

k-t' ifiwfln'Jfl/t quip~wupft Lo.Iw'ii q.npr}wq/i9[!1 

S-[!' OlfWJ/rfi pw9wqfr hpqmpnLflJnLL[! , q_pw,,_b9l/_wu 1.swk. znwfiwqp 

if7wPntJ/Jni[ ( qwp4wufo t;w~wnLfJJn<lif! O;t - 0 ,2 JJ) b. w'iizwpd n < zw p

Jwqwli Jwuhpp Jfttb. h'f_UJU wbfulintn11fowqwfi pw9wqtbpni[ ( 0 ,4 JJ Jbf[ 

lfn'lJfr t/.pw )1 b-'ii' znw'iiwqfr Lw11.sntflJnL1.s[!1 

l.wumw"!ntft Jwgfi/ruft f!L tt<:wf.mLp oq.wJftfi pw9wqft (> JbunLflJntLf! 

wq11n,J ~ B faliqntq9frwJ/i k. Q_.0 • -/r l/_pw: 
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bppb=S, Q.,
6

w =0 4 Mi:=O• bpp;.o-4ooB-0 b. Mi:----01 

/J.Ju"lfiuni[ , pw9wqfr npn2w~fr wpJb,pfr 11b"l,pnuf "lbm,p t qnJniPJni.b 

ni'bb'bw By Q.,bu, wpmwqpJwlfr wnwiJ.bLwqniJ'b wpJh,p[!t O"lmfrJwl wp

Jb/Jl! umw9i/_niJ t 6=2 S "lwJJw'bfr 11bUf.pniJ1 
l/n'bmwqm'bbpfr J;niuwifr Jfiw9Jw'b .t;wJwp w'b.t;pwJb2m t, np"lbuqjt 

2"'l'Jwqw'b .t;wJwqwpq[! nl JfiwJ'b 2Ptilfi a w'hqJnifiniJ., WJLU qn'bmwqmp 

i[pw . umbrzr)/r P ~ b'b2niJ1 U.J'111hUf.pniJ 

J0-4 SW~ 
M1;-= _ B 11 p.,r! . Q.,h. = ca+ P~ r~+ M,+, 

~ f> l ' 

( 4-7) 

npmbrz rt -fi WJfi 2wnwi/_firz'b t, npfi .t;bnw•[npniPJwfi i[pw 11wuwi[npi[wt} 

b'b qn'bmwl1m'bbpf! 1 uJ, 

p .rn-1!' qnpnium'bbpfr Jfrp_fi'b .t;q_npniPJnL'hf! 21'1wfiwqniJ, ./.mt 

(4-7) .t;wi[wuwpiriJp9 qwpnrz b'b.,p npn2bL Q .tb- -[!' 

Q ·- (::_a+ p ,,_!__~ + M '·"'-)2 
.tb- - SW~ B 

p I 
- --- . lQ8 ,J'JZ, 
P .rn 

{1uq 'bq. 4-27- fis rn'bb'b,p 

0 &., l.~1 
' 1¥ 

"t.q· 4-27. Q .tb .. -j. 
Ji.w\uqwbnLpJnLG[I o ~ 
oqiuJ~li pwgw~~ Jb

bnLpJnLG~g 

Q.tbw Q.tbw JJ' 
b = k(o -S)::::::::kS' 

1 

SwiniJ. .t;w'Lnl''1"'lwf'p d mpwJwqttp w.pJbpf!, 

~ umw'bwfi.p 
4Q 4pwl 

W-~ b. R = -,O.t;J'1 
- 7t d2 ' 'it d2 

f1.b1bfr pw'bb9Jw'b i:nuw'b.p[! 4Lfi'bfr' 

.. I . P "f>! 
Irwi.=v R' u.. 

/;[bqmpw'1ft'bwJpqwqwfi nb1Lfi w2fuwmwL/![! .<:frJ1i.J_w.} t l/>wiflrnJfl

'bb /r b. .<:nuwfi,pfihpp ifrnfuwqqbsmfJJw'b i[pw, l!f,'1 npnul .t;nuw'b.pf! qwpnq 

t ~fo'bb[ fi'bt"lbu tfrntfrnfuwqw'b , WJ'b"lbu tL i:wumwmni'bt tPntfrnfuwqwfl 

.t;ntiw'b,pfi '1b"l/!nuf bpqni q,w{JniJpLLp'b tL u'biJ.niJ bL Jfib.'bniJfi .t;nuw'b,pp 

wripJ"'PPS• .t;nuw'b,pfi J"'Pw.pwfiunip nuzrzniPJw'h qb"ll!niJ JnJbfim!! J'bnuf 

t nirzrz~w.} Jfiu'bniJ'h nirzrz"'PJwJp, ,pw'hfi "" i:nuw'hl!!! l/>nfuniJ t fir nuz

ri"'PJ"''hf! bp~ni ~nbhpniJ JfrwdwJ111'bw~1 
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tPnifrnfuwqw'b .<:nuw'b.pfr ttbqmpw11fr'bwJfrqwqw'b nbtb'bbpf! oqmw-

qnp<tiJ.niJ b'b fr'b l "lbu "1"'2m"lw1mifJJwfi, WJ'b"lbu tL wiJ.mnJwmpqwJ/i 

~wJwpt 

/;[bqmpw11fr'bwJpqwqwfi nbtb'bbpf! qwpn'L b'b LP'bbl Ufnrz"lwmJw Jfi-

2niqniJ. ('liq. 4-28, w) b. wnw'b9 UfN'lUfWmp (liq. 4-28, p)t 

fl}n'L"lwmfr pw9wqw1ni{JJni'bl! .<:'bwpwi[npnifJJnifi t mW[pu [WJ'b uwi:-

J"''b'bbpn1.J pnfub1 "lmmnri JnJb'bmfi qnpp Ab.[!, npf! npn2 11bU[.pbpniJ 

w'b.t;pwJb2m t nhibfi qwpqwi[npftl .t;winniq pfinipwqfip umwfiwtni .t;wJwp• 

ll.J'b .<:'bwpw.J_npnipJni'b t umbrz.}niJ 'bwb. tLbqmpw11ftliwJfiqrnqwfi nbLb-

1ibpf! oqmwqnp.}blnL pwpJ.p t:wbw/µniflJw'b 2riflw1ibpniJ1 UwqwJfi wnw'b9 

.llJN'LUf"'m/r nh[b'b nifi/r wiJ.bLft pn.pp Ufmmn'L JnJbfim, .pwfi Ufnrz"lwmniJ. 

nbtb'bt Pw9fr 11pwfip9, 'bpwfi9 i[pw fupum wq11niJ t wpmw.ppfi Jwq'bfr

uwqw'b 11w2mf!I 

(;wm ttbqmpw11ft'bwJpqwqwL nbtbLbp ppbL9 qwnni9i[w.}.pn.J_ b. w2-

lU J 
P) 

r@Il liJ 
•i.q. 4-28. l:tbJi.mpwqj.GwtipqwqwG 

. n.bth· 

w) uJtLwf,g "f'"lUfwurfr, p) "ln'l"lwurnt[ 

2 9·.----ca:Cd'~1:,1_..i....---

2- .. ....,~ 

I 

't,q. 4-29. l:1bqmpwqpGw.CpqwqwG 
n.hth~ qwn.nLgqwbf1(l · 

1-Jwqtfruw[Wf'• 2-wtzwrcl .frwf/ni;fil , 
3- Jfatn<~ , 4-zwrcfw~wf, .frwf/n<Jf/' 

5-wnwfigp, 6-zwrclw~wf, ~nfiurw~ur, 

7-wrqbtw~w;pf, f/frflb'l, 8-,wuurw
urnifi Jw'ltfru , 9-zwrclw~wf, ~nt

.,,;,,~urntf. tfW[UJ{' 

Juwmw'bl!wJft'b pLntJPniJ. LJw'b bL t[bqmpwJwqLfruwqw'b nbtbLhpftL, 

JfrwJfi WJL mwppbpni{JJwJp, np i:wumwmnifi Jwq'bpufr l/>nfuwpbfi w2-

JuwmwLl!wJfr'b JwqfijruuifJw'b i:nu,pf! umbrzttiJ.ntJ t .t;wmnifJ 'll''l-nJwf, fJn

:Abpfi J/rfn9niJ.1 

/;[hqmpw11ftLwJpqw~wL nbtbfi qwnni9i/_wttn 9niJ9 t mpi[w.} fiq. 

4-29-nult 

fl.bthL ni'/Jp C-wJ.b. Jwq'bpuwLWf'' "lwmpwuini[wtt 2bpinwi[np "l"'L

"lwmp9, npfr i[pw mbriw11piJ.w<t bf, bpqni w'b2wpJ . ifrwPniJp'bbpt OqwJftL 
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pw9wftniJ qin'btf.niJ ~ zwpJwL,wL ( 4) tfiwflntJfJI!, "Pl! pw'lftw9wJ t hpftn'

Jwup91 1>w wptf.wJ t znw'hwftntJ tfintfinfuwftw'b Jwq'bpuwftw'b .\nu.pp 

flwtfiw'b9ntJp9 .\nuw'b.pp .wnw2w'hwlf!.' ftw'bfuhtnt 'b"lwinwftntf.t Gptw'bwftp 

.\bin ftw"ltf.w<> t un'bp'b (5), npp'b wJpw9tf.wJ t zwpJwftw'b ftn'binwftinp 

(6) h wpqh1wftn'l fJpflh'lf!t U.pqh1wftn'l flpflh'll! inh'lwzwpJtf.htntf. .\wu

inwinnt'b (8) Jwq'bpuwftw'b qwzinn,J uinh'lJniJ t .\w'hquinw9'bn'l Jn

Jh'bin, "Pl! tfi~.ppw9'bntJ t zwpJwftw'b .\wJwftwpqp inwinw'bntJ'bhppt 

GwpJwftw'b ftn'binwftinp "lwinpwuinniJ hf, "llwinp'bp9, puft w'bzwpJp, 

"Pl! inh'lwtf.nptf. wJ t '1,;,Lwpp (9) 1._pw' nuftnt9t GwpJwftw'b .\wJwftwpqp 

i/_hpwqwpAp pp wnw2Lw1p'h qpp.pp'b, .\nuw'b.pp Jwinnt9ntJp lf'l.~'bwftp'b h' 

zwpJwftw'j, ftn'binwftinpf, ppwftw'bw9t/_ntJ t 'l.UUfW'bwftp (10) Jpl_n9nt/_1 

lift. 4-30-ntJ 9"'J9 t inpt/_w,} "l"'l"fWinJw Jfitniftnt/_ t1hftinpwqp'hw

Jpftwftw'b nh1hp inwpwinhuwftp1 

1.nuw'b.pp (3} L,n-Ap Jwq'bpuwftw'b .\wJwftwpqf! pph'hp9 Lhpftw1w9'bniJ I; 
Jwq'bpuw~wp, npp ftwq_Jtf_w,} t phhn'bhpp9 h w'bzwpJ (2) Jfitniftp91 fihhn

'bhpp Jp2h inh'lw11-ptf.wJ t zwpJwftw'b (4) Jp2niftp, npp t/_pw qi.n'btf_niJ t 

1wpJwf, (5) tfiwflntJfJ/!1 Un'hp'b "linint/_niJ t uw.\n'l wnw'b9.pwftw1Ji J bl_, 

npp'b Jpw9i/_w,} t ftn'binwftinwJp'b (6) t<>wftp1 

U.LzwpJ L,n'binwftinp (7.) wJpw91._wJ t nh1hp ftn'binwftinw1p'b t/_w
{w'bp tf.pw1 

l/n'binwftinwJp'h 1<>wL,p .\bin ftw"lt/_wJ t .\wftwqqn'l (8} qu"[w'bwftpt 

liq. 4-3-1-ntJ 9"'J9 t inpt/_ wJ 

tfintfinfuwftw'b .\nuw"b.pp p'hqntft9pn'b

l/-Pf,wJfo4wqw'b nhfh'b, puq LL,. 4-

32-niJ' 'hpw tthftinpwftw'b ufuhJw'b1 

tJ 0 

5 

't,\. 4-30. 'l-S l;1 b\mpw'}frGwJfr\w\wG 
n.h1hfr \wn.nLg~wc\p~· 

1-Jw'l!tfruwlwf'fr pL.bn!tbf'f!• 2-w!tzwrtf 
.!frtndt, 3-~nuw!tpwftfrf' ftn-S, 4-zwrtfwyw!t 

.!frtnLft, 5-tw{'Jw!t ftn-S, 6-ftn!turwfturwi/r!t 
ttl-wft, 7-w!tzwrtf ftn!turwftur, 8-~wftwq'fn'l 

quU(w!twft 
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't.~. 4-31. 4>n1liniuw\wG 6nuwli11fr 
frGqnL\gfrnG-'lfrGwtCfr\w~ wG n.h1hG. 

1-Jfitndt, 2-zf'tw!twft, 3-ftn!turwftur-
!thf', 4-ftr!tftwftwL, 5-inuiwifr!t 

~w!t'luurw9nLgfrl 

/>f,l"lhu hpb.ntJ L Jfitp'b (1} Jh_mftp p'hqqpftt/_niJ t Jwq'bpuwftw'b .\wJw

L,wpqp phhn'bhpp Jp2h qin'btf.n'l (2) 2nw'hwftntf.1 

llwJf'WJP'h Jp2niftp tfiwPn•JPP <D .\nu.pp flwtfiw'b9n1J t 2f'l.w'bwftp 
Jh2 (LL,. 4-32): 

ll.111- JwJw'bwft ll'l.w'bwftniJ fa'bqnift9tf.n1J ~ .\nuw'h/!t Gnw'hwftp <I> 
.\nu.pp tfinfuLhpqnpJniJ t tfiwPn•JPLhpp Jwq'bpuwftw'b .\nu.pp .\bin, 
npn'h.p qin'btf.niJ hf, phhn'bhpniJ, 'b"lwuinniJ ~ 

2f'l.w'bwftp inh'lwifinfuJw'bp h ftn'binwftinLhpp 

(3) Jpw9Jw'bp1 fihhn'hhpp ifpw inhqwtf.npt/_w,} 

ftp'bftwftwtLhpp ( 4) tf.pw .\h'bi/_niJ t zwpJwftwL 

.\wJwftwpqpt GwpJwftw'b .\wJwftwpqp inw

mw'bniJ'bhpp ftw'bfuhL,"' .\wJwp oqinwqnpJ

tf.niJ ~ J"''lWJp'b (5) .\w'bquinw__9n19pl_f!t 

4-16. 1:1,blJSflU.').1''bU.1J'1'lJU.1Jll 'i. 
n-111.11-...11111' ~'bn~,a.u.q.111111e. 

l·thqinpwqp'bwJpqwqw'b nhthLhpp p'hni-

fwqphpp /u/iulfl qhp"fnt/_ L,wfut/_wJ hf, 'bpw'bs 

(,I 
----..11..-. _____ .J 

'to~. 4-32. +mfan}uw~wG 
6nuwGpfa frGqnL~9JanG-qfr

Gw tCJa~w\wG n.L1hfr l;1L~
mpw\wG ufuhJ'wG 

ftwnn19t/_wJ.pp91 f!Lq.\w'bnip qh"{.pntJ (hflh · Jwq'hpuwftw'b l'lfJw'b .\w-
qh9t/_w,} l~) "fininn'l JnJh'binp .\wt/_wuwp t' . 

M=2rP tr = c2rlw1w2IiI2 cos..p 1 cosa1, 

rtpmh'l l-p zwpJwqw'b ftn-Afi wftinpt/_ hpqwpn•flJni'b'b t, r-p' L,n-Ap .\h

nwl/_npntfJJnt'hp "lininJwf, wnw'b9.pp9, W1, 11-p' w'h2wpJ ftn-Ap qw[wp

Lhpp PM!! h .\nuw'hn, W2, 12-p' zwpJwftw'b qn&p qw1wpLhpp flptf_p 

h .\nuw'h.pp, 1P1·f!, Ir h 12 .\nuw'b.pLhpfi Jfi2h h'lw.J tfini1w

JP'h 2h'lJwL wLq1n1Lp, a1-p' 2wpJwqwL ftn-Afi <wppn,p1wL 1i. wqinfitf_ qw

twpLhpp 11-w2inp [Wpl/_wJn1fl1w'b t/_hftinnpp Jfith h'lw,} w'bftJni'bp
1 

c-'b .\w

JhJwinwqw'bntfJJw'b qnpJw•qp9'b t, "Pl! ftw/ut/_w,} t p.'hinpt/_wJ Jpwt/_np-
Lhpp 91 . 

/;Lhqinpw1qp'bwJpqwftw'b nhth'hhpntJ wnwt[_h[wqntJ'h .JnJh'bin uurw

'bwl"' .\wJwp w'b.\pwJh2in t, np"fhuq_fo COSa1=1 h C0S1{l = 1, UiJup'b.p'b 

2wpJwqw'b ftn-Ap .\wpfln1f11w'b h qwzinfi [wpt/_wJniflJw'b 1._hftinnpp Jpfh 

h'lw,} w'bqJnt'bp Ufhin.p t {wt/_wuwp LP'bfa 0-Ji, puq 2wpJwftw'b h w'hiwpJ 

tfiwflntJfJLhpp .\nuw'b.pLhpp "fhin.p t lfint1hpnt/_ .\wJp'bqLh'b1 1.wuinwinnt'b 
{nuw'h.pp 11-h"f.pntJ "lininn'l JnJh'hinp fttp'hp' . . 

M=c1l1l2 cosa1: 
btLhtnt/_ tfiwfin11fJLhpp ilpw9Jw'b A.hp~, ftwph[p t uinw'bw1 JnJh'b

inp "''l'lw'l,}WJp'b p'hntflwqppp' l1wfut/_w.J .\nuw'b.pp9 (LL,. 4-33, w} qwJ 
'hpll.i .pwnwftnwn19 (LL,. 4-33, p )1 
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U.nwp_frt '1-blifpnuf ifrwflni1filtbpfr9 Jb4l! "l.bUJ.[i t uti/_/r .t;wutnwU1ni1i 

t;nuw1ipfr w'i.iqw/u wtznn,pfr9, -fruq bpqpnp'J 'lbUf(!nuf bfi4nL ifrwfilni1fi1Hpn.f.. 

l;l, npn'i.i.p Jfrwst/_wu bL .t;wp_nplJ-wpwp, U[hUJ/1 I; .t;nufr Jfrlt.tni/il wzfuw-

mwt.pw1fr1i -":nuw'ii(![!t 
a w'iiqJni'i.i/rs qwjut/_wu JnJb'iimfo qnpf! npU[bu qw1in1i m1ifr f11/_wtzn'l 

p'i.iniJflt /Jpp zpt_w'i.i.wqf! "f.UJUJt/_niJ I; .t;wi/_wuwpwL_wifr '1-wzmr-uJ ( opfr

'iJwlJ, hpp Zl'£"''i,wqJ! '1-"'fit/_nLJ I; bpqwp, w'iizwpcl qn-G.fi Jhp_), w'-'-lw Jl:n

_ilb1iUJ(! ifrnfut[n,J I; qnufi'iJn,;,fi opb'iipnt/_ ('iii[. 4-34, m)1 

bflb wbzwpJ qn-G.p qwp-C. I; Lt 
1i['wfint/_ uurbrzut/_wu fJWZU1f! - w'iJ-":w

_ilwubn, WU[W JnJbfiUJ/i qnpp p'iJqnL

'bmJ I; 'i.ift. 4-34, p-n,J UjLUutqbp-

-t/_wq mbupf!' 

l;wpJwqw'ii Uf"'lUfWUIJW Jfrp_nL-

.l[nt/_ nb[h/r · qbU{(!nLJ plt.bntb-

J'"'J qwzUJ'i, nqtzi/_wu I; wnw'ii9-

-1JU1Jp1i ""ltzmfi11wJp (1ift. 4-34, q), 

npfi .t;bmlt.w'i.ipni/_ Zf'p_w'i.iwqfr flbpJw'i.i 

w'i.iqjw'i.i uw.t;Jw1i'i.ibpnLJ JnJb1iUJ[! 

phbn'i.ibpn,J qJ'iiw .t;wumwmnL'i.it 

b{Jb nhtb'i.i nL'i.i/r 2wpJwqw'i.i Jfr

p_niq (ti[. 4-30), uiU[w U[inUJn'l Jn

JbLmf! pwtzftw9wu I; [Jr'iini.J bjrqnL 

rlwufr9' zwpJwftw'iJ fw{Jiu/flfi /;£bft

,t11pwqfr'iiwJ/if[wl,w'i.i JnJb'iimfi9 ('i.ift. 

I I 

;.q. 4-33. ~thJimrw'll•Gu•JrqwqwG n.hthnuf 
..CmrhGmr •r"tPl\juJwG rGn•Jpl'' qwju~w~ 

~nuwlipr Jb~DLpJuGh-
w) qbw1fi!i, p) nl 9.tw1/ifi 

t34 

gJ°. 

J 
I 
I 

gqQ 

UJ} 

M 

pJ 
tu 

9) 

so\ I 
\ 2 / ,_:J,..o 'f} 

fj(/• 

at. 

\ 
\ 
'at 

QO" 

'J.,~. 4-34. lfmfhGmr qn['[I qw)u~wb 
2l'!'uGm\ir upnm1rwG a wl~lun• G1'9 . 

w} _,w1[wuw{'wlwi/r pw2fui/_w.t 

11 wzu-tnuf, p) nl t:wi/_wuw1•wiwi/r f'wzfu

i/_w.t 11wz.;,nul, 9) wnwli9pw1pli 

'fWlu-tnul, '1) Ii~. 4-31 nbtbfo t;wJ'wp 

4-34} q, 1 ~nr} Lt J/tp_niqfi l;1hqurpw1]-/r'iiwJfokwqw1i JnJhJ.1urj:r9 ('i.iq. 

4-32, 2 ~nr )1 

bflb l;thlfurpwqfrLwJfrqwqwL nhth'i.i wzfuwurniJ I; i/rlfi/rn/uwqwfi -'tn:

uw'iipn.f.., WU[W U[UJUJn'l JnJb'iJUJfr p'iJn,pw'l-fif'l!> qwfui/_wu U(UJUJJwu w'iJ

lf1ni1ift9, J'iiniJ I; 'i.in,J'i.il!, fr'i.ii_Ufbu -":wuUJUJUlnL'i.i -":nuw'i.ipfi JwJw'i.iwq1 UJ1U
qw11i IUJU qhU[pniJ, bpp 2f•p_w'i.iwql! zbtz{nul I; frp i_bq_np '1-Pf'f!fr9, 'iJpw ,[by_ 

w1izwpJ ifrwpn,JP/i ':nupfi9 wnwp_wfln,J I; l;l• z· ni., Jrfii_Ufhu C1pwLuf/>np

Jwurnpfr hpqpnpfJ-WJ/r'fi ifr·wfilnLJfJniJ1 'J.pw .t;burb.w'fipni/_ <nuUJ'fi/}J! zpt_wfiw

qnLJ 9w.tpw'iimJ I;, Lt JnJb'iiUJ(! 'i.iz/_wq_niJ I; .wt/__btfr qur['rll4, pw'i.i <wu'

urwurnL'i.i .t;nuw'iipfr qbll[pnult 

U.1u U[WU1-Swnnt/__ ifrnifrnfuwqw'i.i -":nuwLpfr nbibft q_qwJnt'iinifJJniU[! w.f..h~ 

Lfi ifrn/!p I;, pw'i.i -":wuurwmnL'iJftilJ!t Spwbuf1'npJw9/rwJ/r fr· z• nt.-/r wpqh

[Wqnrz w'lqh9nL/JJni'i.il! 4__bpw9'iJbln' .t;wJl.up OlfUlW'fnpunuf bf, ':wUJnd( 

ujuhJw1ibpt 

'1>nifrnfuwqw'i.i -":nuwlipfr ':wJwl/wp'fbpniJ Uf1UZUJUfw'iinLf/Jw'i.i -":wJwp 

oq.urw q.n pqi/_ n 'l /;£ hqmpw'l-fr'i.iwJfr qw qw'ii nbl b'ii bpi! l.:'iiwp wz/_npnLfJJnL'ii b'j, 

UJ"!Lfru .t; bzUJnLfJJwJ p umw'itw/_n, U[UJUJnrz JnJ h'i.iUJ, npJ! qwfui/_ wq I; t; w

J wqwpq.fr {q_npnLflJwb nttztznL/JJnL1ip9 "- JMr.,fJ1n,'i.i/r91 lJ.pwL/r9 bt'i,hlnt/__ 

qwpb£p /; U[WU1f1WUU1bf WJfiU[pufr nb[b, npf! wzjuwUJp C0Sct :/JnLfiq9pwJn.f_ 

( wqur/ti/_ -":q_npnLflJwfi tiblb) qw•J' wzfuwU1fr Siflct :/Jnifiq9pwJnt/__ ( nbwqUJfr"

,,,·q_npnLfJJw'i, nblb )1 

fipnp, i/rnifrnfuwqw'i.i .t;nuw'i.ipfr nhih/r l;w.!wp 

U.Lzwpcl qn-AI! Jfrw91ib1n4_ -":nuw'bl!fr nfJw1fr'i.i (1 1 = l), fruq 2wpJw

qw1Il!' 1wpJw'i.i nfJw1fi'il (12 = U), l1uUJwLw'i.ip' 

M=c3IU cos (cp-¢), 

npmb'l' cp-fr'i, 1wpJw'i, /,_ {nuw'iJ/!p Jftp_lt. ifrntlwJft'i, zbqnLJ'i.i f;, 

¢-p' zwpJwqw'fi qnhnLU [U1pJw'iJ lt. .t;nuw'iJ/!fa .Jfrt_k lf'Ul9nl9h ifrnt[W

J/r'ii zbtzn,J I!' 

lifrw91ibtni/_ [p1U9ni9/ri_ wqm/rr/_ qwJ fr'i.i'l-nLqm/rt/__ '1-frJwqpnLfJJnLfr 

ftwJ oq.mwqnpHtnr/_ wi/_btf1 pwp'J- ufubJw, qwphtfr t umw'i.iwl '¢' ~O qwJ. 

'\j)" ~!)0°, w1ufiiipt JnJbfiml! l;wJbJwUJw,qw'ii lftfr'i.ifr wqUJ/ri/_ -(IU t:OS cp) 
qwJ nbwqUJfri/_ (IU Sin cp) .t;q_npnL/JJWhf!t 

/;[bqUJ{'W'l-fr'buiJpqwqw'i.i nbtb/r zwpdwqw'i.i Jwup i/wnn,9t/__wJ/ll! 'i.iJwh· 

I; Jwq.'iifruwl;Lbfturpwqw'i.ifr1i1 lJ.pw -":wJwp /;[ .t;wqwq_l]-n'l JnJb'iJUJ/r p'i.inL

fJw1wbpp 'iinLJLU[bU ft1/r'iih'i.i nLf[f[WtfJWJ/r'i.it 



IJ.JUU{/runi/_1 OlfUllfr'j, pw9wqfr U zwptfwqt.pf, pwifJ"nt1fJ/r UfWpwJbur

pbpfr l!'burpntJ[! qwpbtfr t qwmwpbl 'bni1h qwpq.nif., fr'bi. np ltbqmpw

Jwq.'bfruwqw'b nbtb'bbp/r'ii(!t 

4-17. """'nft.ti51'n\. b'l M.1'l-nft.ti81'n\.-'l-1'\.lJ.1T1'tiU.tiu." 
fl-11).b\,bfl 

f>h11niq9/1nf, nb1hhbpfr ' 'l'lw1niu opqw'bl! pwtzqw9wq t uqwt/_wnwqnif. 

qwJ 'ltw'bwqw'ii nnurnpni/_ fr'b11ni48frn'b .\wilwqwpqbpfr9, fruq frh11niq9frn'b

'lfrLwJfrqwqwfi nbtbhbpniJ 'l'IUJllni'b opq.w'bl! frph'bfr9 hbpqw1w9'bniJ t 

zpp_wtwqnt/_ fr'b1Jntq9Jrn'b -\wJwqwpq.i 
/>'b'lntq9/rnf, L. /rf.11nt48/rnf.-11/r'bwJfrqwqw'b nbtbHpfr qnpqntzntfl1w'b 

uqqpnt'b.f!I! .t:frJ'bqwd- t zwpcfwqwu -\wJwqwpqntJ fr'b11ni48i/_wq -\nuw'b/!/r 

u. Jwq.'bfruwqw'b 11wzmfr tfrnfuw'l11b9nif11wh 1_pwi 'J.pw -\wJwp tt upw'b/! 

oqmwqnpqt/_niJ bf, JfrwJ'b tfrntfrnfuwqw'b .\nuwu.f!fr l'lfJw'bbpniJi 

Uqwqwnwqni/_ frh11ntf19frn'b nbtbhbpf! npUfbu qw'bn'b ni'bbfmiJ b'b WL-

1niJfr'bh uqwt/_wnwq h mw'bq.h'b9/rwt Jwq'b/ruwqwfi .\wJwqwpq1 

Swf.qbfi9/rwl Jwq.fi/ruwqwfi .\wJwqwp'fhpf! .\fiwpwi{_npntfJJntfi hfi 

urwlfru wnw'b9 'l'l"'Lfr tfrnt/rnfuntfJJnt'b'bhpfr umwuwl mwpphp mhuwq'bbp/r 

nhthf.hp' qw/ut/_wd- fipwfi9 1rzwfiwqnt{J1nifi/r9i IJ.J'I nhthfibpfr wnwif.htnt

fJiniuubpu hfi' .t:wJhJ.wmwpwp .\wuwpwq qwnni9i/_wq.f!I!• tcfwu wpmw

'1Pntf1Jntf.[! b. pwt/_ wqwfi/rfi J bq Uflrllrln'l JnJ hfim[!i {; wprlwqwfi J wu/r 

{Jhpnt/1JnLfif! ( uqwi/_wnwqfr) Jh,) fr'Iihp9fr'wfi t, WJu/rfi.[!fi' qnpqnqnifJ1wfi 

11wu lfW tzn t{J I" th{! t 
'1-twfiwqw'b nnmnpnt/_ fr'b'1ntq9frnu nhthhhpfr wnwt/_ htnifJ1nifi1rhpu bu' 

{JhflL. {JJpntq-nnmnpfr L. .f!WnwpL.bn Jwqf.fruwqwu .\wJwqwpq.fr wnqw-

1nifJJnt'bf!1 
.f.'wnwphhn Jwq.ufruwqwu .t:wJwqw·pq.hpf! 1r11i1u"lhu -\uwpwt/_npnt-

f1Jntu bu mwtftu umwfiwtnt mwpphp mwpwmhuwquhp, f!Ulrl nhthfr 1rzw
fiwqnip1wui Pw1o Jfrhlini1u tlwilwfiwq w1u nhthHpf! /rfi11niq9/rnfi uqw

t/_wnwqnt/_ nhth'bbp/r9 pwp'f hfi u. pwuqi fl-hthfr zwprlwqwfi Jwu/r ({JJpnt 

qfr) ni. Jbq frhhpofrwu .t;uwpwt/_npntfJJnifi t mwtfru umwfiwtnt Jbq wpw

'l:"''lnpqniflinifJ ( Jfr1r l"- 0 ,02 4_)i U.111 uzwfiwqwlfr wptlwufrl!I! .t:uwpwt/_ n

pntfJJnLU t mwtfru 1rpw'b9 £WJ1rnphfi qfrpwnhtnt Ufwzm"lw'bnrzwqwfi U. 

wi[_ urnJ wm/rqwJ/r 2rt_fi/w1rbpntJt 
ftfi1Jntq9frnfi-11/rfiwJfr/1wqwfJ nbtbfihpf! ntfibfi zpt_wfiwqni/_ [!WILUJ-

pL.bn .t;wJ wqwpq.i 
upwfi[! nif.bf, wif.btfr pwpJ.p 'l'lwJntfinifJJntfi L. w1_btfr t/rn.f!p qnpqJwfi 

cfwJw'bwq, [!Wfi [1Jpniqnt/_ nbtbfibpf!• Upwfi9 {Jbpni{J1ni'bfi t t/rn[!p UfU1U1n'l 

JnJbur nifibfiwLf!• 

1:16 

f>'b11niq9frn'b L. fr'b11niq9frn'b-11fr'b.,,Jpqwqw'b uq'l.pnt'b[!'bbpni/_ bf, wz

fuwurntJ -\truw'b[!fr, £WpJw'b , -\'lnpnuJl1wL, -\w-$wfunifJ1w~; rt-f11Jw11pni{J1wfi 
L. w1L nbtbhbpf!i 

1.nuw'bpfr nbtb'b ni'bfr pwp'f Jwq'bfruw.\wtznp11/ri.nif. L. l;ftpw'bnif. (qwp"A 

Jfrw9i/_wq q.wtwp'bbpnif.) Jwq'bfruwqw'b -\wJwqwpq, fruq zwpcfwqw'b Jw

Uf! uqwi[_wnwqfr mbu[!nq ti {wpJw'b nhtb'b frpwqw'bw9i[_niJ t .\nuw'bpfr 

nb1bfr 'bJw'b, mwppbpni{J1nt'b(! Jfrw1'b tfrwfJni1fJ'bbpfr Jbt_ ti 

1.'lnpnifJ1w'b nb1b'b (hnt1L"lbu h -\w"AwfunifJ1wu nb1bu, .\w"Aw/uni

fl1ni'bubpfr 9wqpw9Jw'j, L. .\w-Awfuniflpnu'bbpfr mwppbpni{J1w'b nbtb'bbpf!) 

frpwqnpd-if.niJ t fr'bi."lbu 'llwuwqwu, w1u"lbu ti uqwif.wnwqw1fru nnmn

tint/_t 

9-lw'bwqw'b nnurnpni[_ fr'b11niq9/rn'b .\wJwqwp'fbpfr .\frJpfr qpw frpw-

1npJi/_niJ bu 11frJw·11pnifJ1wu (0.t:JJbmpbp) nbtb'bbpp 1 Jfrt_.\bnwif.npnifJ1wu 

( 11/ruinwL9frnu) nh1b'Iihpf!, .\nuwul!fr 11frf/lbpbu9frwL nbtbubpf! ( wnwL9 wp
qbt W'qJ wu t/r w{Jni1{J'bbpni/.)t 

9-twhwqw'b nnmnpnif. frL11niq9frnu nbtbfibpfr L. ttbqmpwJwqufruw

qwu .\wJbJwurwqwu nbtb'bbpfr .\frJl!fr if.pw frpwqnpqt/_niJ b'b .\nuwU[!W-

1/rh pw[w'buw1fru nbtb'bbpf!t f>'ii11niq9frn'b L. fr'b11niq9frn'b-11fr'bwJfrqwqw'b 

nh1b'Iihpf! Lw/bnpbL oqmwqnpqi/_ntJ bu ltbqurpwtbbpqbmfr4wqwfi .\w

Jwqwp'fbpniJ' ttbqmpwqwu nfJwubpfr Uf"'lm"lwun1if1"1w'b .\wJwpt 

1.wJwJ.w/b WJ'f nflw'iJbpfr wzfuwmw'b[!fr UfWJJw'iJ'bbpfr' UfWU1pWu

U1ntJ bfi wpwq /t 11w'ii11w'l qnpr>ntz nbtbfibp1 t=f (I) puni{Jwqpfr wU~U!fu 

JwuniJ, w1u/r'b[!'b •WJ'b JwuniJ, npmb'l .\nuwul!fr w-Afr 'lb"l.f!ntJ cfwJw

'bwql! lfr t/rn/ui/_niJ, · wpwq qnpqn'l nbtbhbpf! ni'bbLniJ b'b JnmwqnpwUfbu 

0,02.:-0,06 t/_ qnpqJmu JwJwu~qi 'J.w'b11w'l qnpJn'l nbtb'bbpf! ni'bbuniJ 

hf, Jnmwi/_npwUfbu 0,05-1,0 i[_ cfwJw'bwqi 

4-ts . .t..nuu. \.-R'fl &blb 

IJ.nwt/_ bl urwpwqi/_ wt) b1J wnwt/_ ht wqni1fi -\ nuwfi[!/r fr1''1ntq9frn'b nbth

fi bpf! • npnfil! ni'bbfi cfwJwfiw·qfr .\wUfwtzJwfi uw-\Jwliwtfrwq qwfut/_wJni

fJJwfi pfini{Jwq/rp ( Jwq1rfr2 HT- 80 L. wJLfi )• HT-80 Jwq1!frz/r nbtbfi (liq. 

4-35) frpbfi/r9 'bbpqwJw91!niJ t /r1'11,;iq9/rnfi b. ltbqmpwJwqlifruwqwfi nb

thfibpfr .\wJwurbtzntfJJntui 

f>fl1Jntq9frn1J .\wJwqwpqbpf! wzfuwmntJ bf, cfwJwuwqfr .\WUfUJtzntJnt/_1 

/ruq ltbqmpwJwq1'/ruwqwfil!' wnwfi9 cfwJwfiwq/r .\w"lwtzJwfii 

f>fi'1niq9/rtr'b .t;wJwqwpqf! pwtzqw9wJ t qwp-A Jfrw9i/_wq qw[wpnt/_ 

J wqfi/ruwlwpfr9i bpqnt qwp-A tfrwqt/_wq qw1wp'Iihpnt/_ (2) Jwq.'b/ruwtwpfr 

pL.bn'Iihpfr (1) Jfrt"- (liq. 4-35) urbtzwtf.npt/_w~ t wuniJfr'Iih uqwt/_wnwq 
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I.~. 4-35. Y!T-80 Jw~G~2~ wn.w~h1wqnLJG lim:mGj!~ ~GqnL~9~nli n.hih· 

w) ftwn.nL9ifwr>.pw1fot ufub.!wt, p) t:nu.pwif_w1pft1mfiw1fot pfinLfJUJ'fPl'f! 

(3)1 Uqwt/_wnwf(p buuib9t/_wtf t wnwfl9pft t/_pw, Zl't.wLwqfr (4) Jb2, npfl 

mLfi ubifrw•qwL wLzwpcJ UfU1mJwL wnwL9[!t 

l!pL;_li_ nb[hft wzfuwuibll!• zptwLwql! quUfwLwqfr (5) wq11b9ntfl1wL 

l_Lnp.\ftt/_ bui t J..qt/_wJ JftLz./,_ .t;bflwpwL, WJ'I cJw.Jwflwq uqwt/_wnwql! f(w

pnq t UfU1U1t/_bu Uqwt/_wnwqft wnw'b91/i t/_pw fluuib9t/_wtf t np11flwql! {'l ), 
npf! Jfoflz.L_ nhlbft wzfuwmwfli!l! tfr ftot/_ntJ wmw.Iflwt/_np ubqJbLmfofi (8 )1 
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Uf(wt/_wnwf(fr .\hui Jfrwufrfl zn_wflwqfr zp2w11wpJ.fr9 .\huin Jfrw/b 

uih'lfr ~ ntLbLntJ ubqJbfluifr .\bui np11flwqfr hntJJ!' '1-pwflfr9 .\buin ubq

Jbf,wl! zwpcJw<qwfl lJwqnt/_ uqumJ t pwpJ.pwfiwl 11h"lfr t/_hp Jfrf,l[,_ (9) 

f(wflpl!, t/_bpf.frbu wJpw9t/_~J t fuwpfrufufr (10) J.;,fu f(frunp11/r t/_pw: l1wfl

fJI! pwpJ.pwflwlnt/_ tf_bp "luiuinLJ ~ fuwpfrufufrtJ' t/_bn_faiifru wnwL9[!fr t/_pw: 

'1-pw .\buili_wfl[!nt/_ Jfrfntqp (1) /,_ fuwpfrufup ( Wf. Jwufr} Jfr![,_ 011wJfrf, pw-

9wql! npnzwqfi JbJmfJJwJp pn[!pwflntJ t, /,_ fuwpfrufufr Wf. t/_hnwt/_npm

/JJnLhJ! J.qt/_nul t 11bUfp tLb4uipwJwqLftup Jfrtmqf!t 

fil'JrfJb'lfi41! (9) fuwp/rufufr J.w/u qbptwt/_npnrllJwb .\1;ui Jfrwufrfi pwpJ.

pwLnLJ ~ /,_ Jpwfinu! t ftnLuiwquil! (12 ), np!} JfintJ t Jfrw9t/_wJ Jpfi;_/,_ 

nblbfi ifr;,{JnLJ{JntJ .\nuwL[!/r ifrnnw,Lwll! qwJ 11w11wpntJJ!1 CnwLwqp 

Zf'£W'1Wf'Al' /,_ ubq.Jbfiui/r ft9mJp np11Lwqfr .\hui uihtj_fi t ntfihfintJ JfiwJb 

nblbfi ifrwfJntJ{JntJ Lt/_wqwqltLJb wzfuwuih9fin'l .\nuWh[!p wt/_h[w9Jwf, 

'1bUfl!ntJ1 IJ.J'I .\nuwLn qni_t/_mJ t nh1hp wz)uwmhgli.nq nnuwli.f: IJ.zfuw

uibofin'l .\nuw'IJ/!I! 20-30 %-nt[ qhpwqwL9ntJ { nh[hp fiwfuw17.pwL[!p .\n

uwfi[!pLt [J.blbfi ifrw{JntJ/JmJ .\nuwb[!p J!b'1.\wuimJp9 f(wJ hui11wpJ.fr 

.\nuwL[!/r i_wi{r p1t[!pwLwlnt9 .\huin quU[wLwlfl! (5} hui t J.qntJ zN.w

fiwqpfi, /,_ uqwt/_wnwlfl! wh'lwzwpclntJ ti 

IJ.J'I cfwJwLwq np11Lwql! wqwuit/_nLJ t q91 /,_ nhlhfi wJpr11u 

JbfuwLfrqJJ! fuwppufufi -<:bui Jfrwupfi t/_hpw11wnLntJ t LwfuLwqwL 11frp

ppbt Uqwt/_wnwqp l_Lnh'lwzwpcfblnt/_ uhqJHuipb (8 ), zwpmfiwqt/_nLJ t 

U[U1U1t/_bl1 1.buili_wpwp uqwt/_wnw4Jr U[LnUlntJ/! 11bn pwt/_wpwp i_t, npU[huqfr 

nblb'4 qnpJpt 
fip11Lwqfr /,_ uhqJh'uwfr wpuiwq9ntJfr9 funwwi{rh/flL .\wJwp, t/_hf'lfr

'up u 'lbUf p t/_ bp pwpd.pw'uwlnL 11bUf [!nLJ, zp£wfiwqp t/_pw m b'lw'lf't/_ wJ ~ 

U[n'lU[WLnJW {JfifJb'lt IJ.J'I flfofJb'lfr t/_pw wq11nLJ hf, tLhlfuipwJwqfipup 

9pJwfi .\nu[!bf'I!• hpwb.f! uuib'lJntJ bu 1pw·9m9pi_ -&pqhp, npnfip .\w'lfJw

.\wpntJ bL np11Lwl1/i /,_ ubqJbLuip wpuiwl19nuFJ!1 

/;iblfuipwtl'wqLpuwf(wL .\wJwl1wpqp pw'lqw9wJ t znwifrwlfn'l Jfr

tntq/is /,_ (10) fuwpu/ufi9, npL wJpw9qwJ t wnwb9[!p t/_pwt luwp/tu/u/i 

.lw/u qbul! qwLfJft .\bui JftwuftL qznntil t wt/_btft, .f!WL w2 qbul! ' l/pL;_fi_ nb1bfr 

wzfuwmbl/! J.wfu Jwup ftznfr wrz11b9ntfJJwU uiw/1 fuwpfrufup dqt/_nuJ ~ 

dwJw9ntJ9p U[LUppfi ?.wl1wnwq ltL'l'lr.iffJwJp, Jfrfi;_fi_ t/_hpp_ /,_ .\bfiqnLJ ~ 

U[LnntuiwftfrL (6)1 /;[bquipwJwqLfruft /,_ fuwp/'"fu/r Wf. t/_hnwt/_npntfJJwL 

J/rf/,_ 011w1/tL pw9wqft JhJntfJJnLLL' qwph£fr t i{rni{rnfubl U[U1ntuiwqfr (6) 

Jpfn9nt/_• ltwLqLwqJt Jbf. U[Ulntmwqfr LbpU[uintuiwf(JwL cfwJwLwq w/h 

ubqJntJ t fuwppufupL /,_ pn[!p-frb;_ U[U1uintJ LpwL cfwJw9nLJBfr' U[wpfr 

m'ltzntfJJwJp: 011w1/tfi pw9wq/! WJ'I 11hUf[!1tLJ pn[!pwfinul ti PwJ9 ftbi_

[!WL pti[!p t pw9wqJ!, WJb[!wf, pn[!p t qnpJJwL l!L'l.\wmJwf, .\nuwL/!I!' 

/J.qb.\wJui t, np i{rwfJntJ/J/t Jfrtnt/_ qnpJJwf, J!h'l.\wuiJwfl .\nuwfl[!/r9 i{rn -

13~ 



Jj-J 

np um uij mum ii' 

'/il11mnu:, '/dl'wdmifi ,11m?muimpqpm:, -rJmum?m:r 71 if'JmF?qm ,l.fJmumlJl 

'/.ur11'11'-b'ln ~ 'Jm?muimpqprrr:, 141nu il?m11mpmp 11mp1m:lnm:, '/qlq.y 

(9-t) 

u zl )j 
~9;) 1) =l 

U (f,i U!S J :I cf> 11 cj> 1)\) = l 
~9;) D 

pmlr 

,'11141? il?m'Jmpmp 'JmpLmlnm:, 'Jil'J'/nfm •il?m'JmJ'mp 4pJmlm17ui 4?mf'[ 

tU•tn(I)= fl(I) 

·41141? v' (1) ,i1~1uff]1ub 

-mJm 'Ji/Tm'J1uf?'Jm i/l1mf1 mlnm 'i/-U ~ Jmnmpm:, ilp4£} 'lm-!'G'lmnfut/i i/'r 

-mf1 '/Ul'J'f l'bqn 114f mil1JmU1mnflm .,, i/Jrmum 7'm?n ( e) ''/?m'JuJu. .( !,) uf q 

1 z9:l = %•(1) 

rp uis J "<I> 11 <I> t:ii 

,'11141'1 Jmnm pm:, i1111uF fi1ubmJm 'JiJfm'J-ruF?'Jm i/?mvm pm?n 'Jmdm71uiq7 

,%"')W=m1nW 

p1uillnqu 'JmFd1ubmJm 'J"'l'ui1J1ln fmpuimmnm:, 411m11mpm?n 

1i1111ufdwhmJm 'l4fm1J1uF?1Jm i/?mumpm?n ,'l-~·(I) 

'111u'r 
-mumpm?n ~ .1Jm'/B?1ub1J'/ '/n4'Jbmp 111uuimuinm:, Lu?m1qbJm 11-g 

1G'/dJ4u -rJmumnfuifi 4n'/'Jbmp Lu?mlqbJm -ru 4?mvmJim'1n 

'I •G'/J'1iJtm7 4?m11mpm?n ~ _ p-ru]rluJu ilJu ·~ 'J1UU1murnm:, 'j-::l L'lurJu 

. · • (l)~s ::i = ~ .. j w 
,~ Jmnmpm:, i/Ju •ili.t,,l'fl'IJP 

1uh1m?m:r '/rpu 'l1uftJ1u?m'Jrrfl1J f'll' i/1qpm G4ui'J'lJ'U[' 1u?m1qhJYl 

1dpmfiJ-ru1ufJub 1u?mlqbJm •/tl•7dnu:, 'Ji/f 

-mil1Jmuimnflm. 71 'JmpJG GiJp1u? ( 9} iJm/'Jhmp 1u?m1qhJm ~ 111upf17uin 

11Ju •ilui'JU'UJ' LubbmlJm:r .tM;W ~ urub11i17unf 'J4'i"JmbmlJl 411mumpm?11 

J'}o 
'd:>[= w 

-- ,mlnm '( p1uillnqb iJ7iJl.iJu1m:,mniJIJhmp fmGrfr 

-m:,7} 11ifil11mnu:, 'J'I 'Jm?murmpqpm:, .LiJ1w 'j-
/1 

<l> 71 'j-
11

<J> Ju l/'Jm(f 

tilp1U1ql fmLq 71141' iJJ'lilnu:, ,'J'/-cfi. •il'J1uftJwnfmy.m:, iJillJmnu:r 

11m?mnfuifiuifi ,il-J ''J'I 'JJq11ilqpJm LufJuh iJJqilnu:, 'J-"<I> 71 'j-n~ 

OU 
1G'/'J1uT a1uJu]rmn 

-mu '/J'1'Ju771J Jpmpuim'111 '/il611mum '/?mumpm?n 71 6'/d1uF1J '/?mu.mp 

-m?n '6'/Jqifiml 11m?mi/1mlmJ'1J'I fmpn/m? ,~ 1J111UJmuinm:, il-1>{ 1'1uiJu 

't{I UJS J "<J> 71<J> r>f = mA.W 

•ui11'1!'UJ' 'l"'J'U1U1ln ~ p1u-v1ul'nn 'JJU •p1u 1uubm ? p1u'lmlmum 

]u/!tJurjl '/J'l'J'l1Ufd1ufJu-bJq'ln/uifi '/il11mnu:r nn I .,, '/ilnu:r "<l> ''/il'lmn 

-u:r n11 I '1 '/ilnu:r 11 <l> :Jq'li111mnu:r n"I 71 nn I 11q p1u-v1quin lqp '/?mwnp 

-m?n i1Jq11-•1u •l ·~ 1 pu-006 61/Jqilnu:, 
11 

<D 71 
71 

<D fm?'lil. 'J'I "''I il'luJu 

•J'l'J-•1u ·l ·~ nt13 71 nn 3 ~ p1uui?1uh'l'/ p1u'JmJ'l •lqp {£) '/?mvmpm?n 

]ru1qG11mifimfl ilil'Jmnu:r UTYl 1pu'J1uf?'Jm cfi. rlpmpuim?'J BIJmfp'/!' 11'1 f"'P 
-1ql d'Ju.Ju '"<I> .,, 11 <I> ,'/Jqdnu:r -.u,,Jq ~ p1Up1JmpmJ r'/:,Ju'Jl IJmfd 

-1uFm?um ('/Jm1mb fmp?mifi y.Jm?) '/11mJ?~ ililnu:r o<l> tilnu:, 'Jm?mn 

-1/'lhmp o<l> Jiu'Jm:ru'Jil ~ p1uf1'1uin 'pugf-ruamifi pu(n6'Jm ilil11mnu7 

1puGul4p 1/-bJm?.mp 

.m :r 'Jm?mn'/'Jhmp '/q1qu ~ J11Uppu:,mlnm ii p111uiuiln '/?mum 'Jrm?n 

1il:,Jmln 

·mlJmy 1upl1Jm:,mln Jmpm:r 1u1ql1mifi ilJnui?mui1Jul1 '/q1111 J17U'JB'Jm 

~ .-bmtlm 'l'/nm'/p mq:, '/'1mf1 ilur'J'l!'b'ln 1Jmil'lfm .,, p-rupmuiln ~ umJm 

'/1qpm 'l'/nm'/r urq:, '/?m'JuJu il?mum'Jrm?n 1Jmil1Jfm 'pudf1u£lmifi 4ni/'J 

--bmpmJui?'11~ p-ru'JG'Jm ~ d'l"'"Jf:, f'I!' 'Jmd71J'/ •Jmdtf117ui'17 1JpmFiJ1u-b 

-mJm 'J"'i'fJml 4'1mf1 urq:r ( 8) '/ui'l'll'h'ln 11 JmJm11uiq:r '( e) 4?mvmp 

-m?n ~ J'1UpluJu fmpn/m'1 8'1il'lmnu:, i1'1m1Jmpmp '/Bul'/p:,mln '/'11'1'(] 

1p1uJ'l'l'l"'l'!t"'" '1-si Gi/-g 'puBul 

-'/!' ( 9} 4?m,muurln 1qn/uifi ~ '11qJm? JpmF-tJhuuimplfJ'"'!t '1il'lmnu:, 'fl/111' 

-fJub 4'11'111 il'J-ruTtJ1u?1/mmln 1/il'Jmnu:, 1/pJmlm1qur 1Jmpmm:,u'Jj 

tp1U'1'/IJJ urm1m '/71ilJqlJ ~ p-ruplJuih ilJu •puGuliJr 

t{Lqnmpmb uimbm l'ln/uiJt ~ '/19Jm? ilp1uJbmnfm'J '/il'~mnu:, mlnm ·~ p1up 

•uiml'lm 'lmfl1l 4df1utJmi/i 4'11'11' Gwl'l'Jm:, nJ1ub iJ11nmpmb 'ldq 

1(61/lm il-sc-t ·?'J »'fm) 
pulq'lGurp lqp '1'1411.J 11mn/nmuimlnmpm:, i11qnmpmh mJP i/'1m1b11mn 

~ p1upfJubmJ4 bFYl 1puGuliJp 1u1quiml'lmnfuifi ilp"/fl iJJnJmlm-b '/df1ud 

-mif ''lm?m1Jmy.'/uinm ~ pwpJupmhJm? ilil'Jmnu:, 'l"'l'fJu-b iJql1.y 

1~ 1Jil11mnu:, 11mpuim:,fi1Jil 

'l"'l'fJub 'Jmil 'p1uillrrqb 1/il''Jmnu:, Jiluifi i}llfpm ,i1Jq11ui?mui'Ju'1 'fqlqu 

1'1'JGm4J' 'J"'J'J iJln4tnn_ 11 4r1'ln B471ilJ'l'J mJp ijnmp nfmf ( OI} 4n/n4J 

-mn/ 'J'/:rmln '/!' Ju-7'1'/ '/?m'Jmpmp Ju ·~ 'lfm iJJ'lu mJ'l, 1ilnmp 'JuiJG 

-?1u-b'JiJ 4qlq11 n'/lmb ~ IJmfiJ-.u'Jbo p1uilln'lu nfYl 1( tr) ilJ'l'Jui?mui'Ju? 

1q'j6m'/p 71 llfplJl 1uJm'1 ifl iln/n'/Jmnf p1uilln9u -r11l'lnu:, il''Jmnu:, Jild 



U.11. f(wp'fwi/_npnul bf.. lfwLflft (9) L. tttw~fi Jfrt.h b'lwtt t:bnwi/_npn1-

fl1wfi ifrnifrnfunifl1wJpt 

fTJ uinonwlf I! (13) UfU1U1i/_ btni/_ WJU f(wJ LUJL lfn'lJ I!, pwp.lpU1LntJ f(wJ 

ftt.LniJ I; ittwlf I!' 

fJ.btbft qnpt}Jwb t:w"fw'lJwf, ·dwJwfiwl/ft bwfuw'fpniJI! ftwuiwpi/_nuf 

I; f!UUI uwb'f'l'"lf/t1 ./Jf..f.iwplfi/_wtt nbibfr qnpt}n'ln•fl1nibf! w"{wt:ni/_i/_niJ ~ 
fr1i'fn•lf9/tnfi b. l;iblfuipwJwqfifruwf(wfi t;wJwlfwpqfr t:wJwuib'l wzfuwuiwf.i

/!ni/_1 

Pb1fnilfiJfrn1i t;wJwf(wpq[! t;Lwpwi/_npnifl1nif.i I; uiwiftu frpwqnpttb[ t:w

"f'"'lJwf, dwJwf.iwf(fr f(wpqwi/_np-ntJ[!, fruf( 1;LblfuipwJwq1ifruwf(wf.i -\w

JwlflMf''ll!• "f'"'l.UIUfLUbn'l l'lflwJnLJ t:nuwb[!fr wpdb[!f.ibpfr LzwL_wlfwLfr Jb
ttw9Ju/i.J 11b"lpniJ, frpwqnpt}niJ I; nbtbfr wzfuwmwb.p[! wnwb9 rlwJwfiwf(p 

-\ LUUf LU'lJ wbt 

1.nuwbj!fr fr1i11nilf9/rnf.i nhthLhpfr lf wnni91_ wtt[!bhpf! uiwpphp bf.it 1.w1-

pbf.iwf(wf.i qnpttwpwf.if.ibpft lf n'lJfr9 fl"n'lwpf(i/_ n'l 111-81 b. 111-82 nbtb

Lhpf! mwpphpi/_nul bf, Jblfl! J1nwfr9 lfwpqwi/_npJwf.i uwt:JwfiLbpni/_, 

qnpttJwf.i t:nuwb[!bhpni/_ b. dwJwf.iwf(fr t:w"fw'lniJLbpni/_• 

fl.btbfr f(nf.iuiwf(mf.ibpf! f(wpn'l bf.i tfrLhl frL;_Ufbu qrwf(i/_n'l, LUJbUfbu 

l;l pw91_ n'll 

Pb1fnilf9frn1i nbtbLhpfr bmLU1fLUpJ.ft qnpt}wf(/r9[! Jnmwi/_npwtl/bu 0,85 

I;, fruf( l;LblfmpwJwq1ifruwf(wf.if.ibpfr1il!' 0,41 

1.nuwb[!fr fr1i'fntf(9/rnf.i nbtbLhpfr t:wzi/_wplff! lfwmwpi/_niJ I; t:bmb.J'"l 

t; Wfnp'fwlf w1imfJ1wJ P• 
1. /!um qnpttJwf, t:nuwb[!fr, btf.ibtni/_ ifrwf/ntJfJfr mb'lfr9, <wzi/_wp

f(ntJ bf, ifrwfJntJf//r mi/_JwLHp[!t 1.wzi/_wplff! lfwmwpniJ bf, WJb.Ufhu,. 

frb;_Ufbu ifrnifrnfuwf(wf.i t:nuwfi[!p t:wt.nP'1'"P'"f' Jfrw91_wt} ijrwf/ntJfJfr t:w

Jwp1 

2. 'J.frmbf.iwtni/_ Jwq1ifruwt:w'lnf"1fr;_fr ;_wphp[! b. J. z. ni.-f.i, lfnJUJlb.f!u 

b'lwf.iwL,_ni/_ t;wzi/_wpf[n,J /;f, Jw111ifruwL,_wf.i l'lflwL, npnzn,J bf.i Cl> U , Cl> ~ 
t;nu[!hpf! b. 'iipw'ii9 Jfrt.b. lfwq_Ji/_wtt 'I' w'iilfJnt'ii[!t 

3. fipnzmJ b'ii dwJw'iiwlffr UJU1<mJI! f!ULn 4-6 pw'iiwJ.b.fr1 

4. fipnzntJ b't t:wumwmnt'ii Jwq'iifrufr pb.bn'iihpft mwlf P1 b. P2 qnpt}n'l 

ntdbpf! b. '"J'1 mdbpfr lfn'lJfr9 wnwfw9wt} JnJb'iiml!, np'ii '"'l.'1niJ I; ll!P

f.LULwlffr i/_pw1 
5. Oqmi/_btni/_ npnzi/_wtt JnJb'iiinfr Ii. quUJUJ'iiwf[fr t:wl1wq'1n'l JnJbLmfo 

t:wi/_wuwpm[11n,'iifr9, qm'iintJ b'ii quUJw'iiwljfr J.qi/_wt}nifJ1w'ii w'ii t:pwdbz'"' 

niJI! b. [!UUI WJ'f nidfr t:wzi/_wpf(nul qu"{w'iiwf([!t 

6. 1.wzi/_ntJ b. lfwnm9niJ b'ii t =f (1.
1 
.. ~) lfnpbpf! a-fr (I.,-~-[! <n-. 

uw'iil!fr "lwmftf(ntf/Jnt'ii'ii I; mb'lwzwpdJw'ii t:nuw'iij!p t:wpwpbpni'fl1w'ii,. 

inpi/_wtt 'l'"l'"P'iibpfr fi!i/_fr 11b"1j!ntJ} utwppbp wpdbj!'iibpfr t:w1fwp1 

142 

'l. fl.l'"tniJ !.'ii l;tl.lfiirpwJwq'iifruwlfw'ii nidh.p[! 1 oqmi£htni/_ wlj'iiflwp

pu1Jfr'ii q:np4'Jw'ii ,:;;,uw'ii.pfr Ufwt:w'iit.i/_n'l wpdh[!/r91 U.1u '1b"l/!niJ t:wf(wq

'ln'l J~,f/i&ml! ll(btn/! I; t:wi/_wuwp tfr'iifr l;tblfmpwJwq'iifruwf(w'ii C.frqbpfr'iit 

4-19. ~u.li'u.tuu.a1'\J fl-bl.b 

f>'ii11nift9frn'ii t:w-C.wfuw1fr'ii nbtb'ii t:uf(niJ I; l;'iihpqw<wJwf(wpqfr t:w

"i:wfunif}iw'ii ifrnifrnfuntJ[!, f!'iilfwtniJ t:w"l>wfunLfJJw'ii mwppbpntfl1ni'iil!, b. 

wi/_uinJwin f(hpUJnq lfwpqwi/_npniJ I; phn[! i/_mw'iiqwi/_np t:w"l>wfuw1fr'ii 

9wttpw9ntJfr91 1.ulfn'l t:w"l>wfuw1fr'ii nhtb'ii, 'llw'iiwlfw'ii nnmnpni/_, "fWUl

pwumniJ b'ii 11M5- 180 Jwq'iifruwlfw'ii nhtbfr <frJw'ii i/_pwt f1'htb'ii n i 'iifr 

hpqnt qrwfJntJfJ, Jfrw9i/_wtt bpf(ni f(nfimntpni/_' R1L1C b. R2L2 (LI(. 4-36)1 

U L"'f'Jw'ii 'fbUJ.pniJ f(n'iiuintpniJ 
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iJ 
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qttw1frL lfw"lfr 11b''fl!niJ Cflwbfr UfLnLnn'l JnJbLm/! ~LfrLfr' 
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U.1u wpmw<w11nnif11w'ii pwqJw"fwLnf(fr;_Lbpf! lfwfui/_wtt bf, mpi/_wt} 

lwpJw'ii t:w-Awfunifl1ni'iifr91 
UfubJwifr mwppbpfr t:wJLUllfLUUliµufuw'ii l!'iimpntf1Jn'Lni/_, npn'ii9ni/_ 

npnzi/_nuf bi l 1 b. I 2 t:nuwfij!'iibpfr ifinL[LUJ/tfi zb'lnLil_f! mpi/_wtt [LUpJwf.. 

ifinitft t;bm, f(wphtfr I; t:wu'iibt llfUIUln'l JnJbLmfr t:Lwpwi/_np JJ;J w-Afr' 

9w'ii9fr t:w-/;wfuni/11w'ii Ln1.1f1/wlf 'iii/_wqwqni1'ii ifrnifrnfunL{IJwfi '1/;"fj!nLJt 

fl.btbfr 'l.'l'"Jni'iiniP1ni'iil! lfwfuqwtt I; cp wfif(1ni'iifr9. frL;_j!wL cp 
wfil/Jn<'ii[! ifrn.pp I;, LUJ'iij!w'b nhtbfr 'l.'l'"J"<bni{J1ni'ii[! J/;t} J;t 

qi=!J0°-fi 'lbUfj!ntJ 'iipw 'l'1'"JniLniP1n•L[! t:w -Awfunifl1w1i Ll[wmJwJp 
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fit[wq_nLJ L pwbfi np -':w-C.wJuntfJ1wfi zwm ~npp tfrntfrnjuJwb 11h"fpniJ 

-':nuwbpbhpfi J/ip_b_ hrzwrJ wbftln'bl! ntbhbnLJ t ni. Jh,} tfrntfrn/um/?Jnt1I• 

IJ.111 "lwm-C.wnntf. tL LPP4. 11fot!w11pm~IJ1wfi wzJuwmw'iipw1/ifi wbftJnd1u "lhtnp 

t [!b~w,} [pbp 90°-fi "- 0°-/i uw-':JwfifihpnLJl HB 4-011 nb[bb -':wzif.u.pft

tf.wrJ t 100 l/, [Wpt!wb /,_ 50 2.9 -':w-C.wjunifl1wfi .tfwJwp. -':w-AwJumfJ1wfi 

ftwpqwtf.npJwf, uw-':Jwfibhpfi hb 4_9-45, 49-46,5 "- 46,5-45 2.9t 2.w

-C.wjun.,fJ1wfi uw-':Jwbif.wrJ wpdhpp9 Jb,} Lfi'uh[nL 11hUfpniJ upwbp' nLbhb 

fiphts ftnbmn'PI! ftwp-C.wr:fwJ..fthm pwftbln' -':wmftnL/JJ'llbt frhlhfi hmw-

11wp0.p qnprJwft/iBI! Jb,} ;_t 1 ,1-p9: 1.w-C.wjun,fJ1wI1 ftwpqwtf.n11Jwb u/uwll! 

9wb9p [wpJwfi 60-120 l/. mwmwLJw'ii 11/;UfpntJ l/i wfi9Ln,J 0 ,2 2.9-p9, 

fiuft zP£w"lwmnrz 011/i £hpJwumfiC.w 'iifi 10° C-/is 40° C-/i mwmwbJwf, 11h"l

pntJ' 0,25 J.9-p9t 

l/nbmwftm'Uhpfi wb£wmJwf, -':qnpntfll"'LI! 220 l/. -':wumwmnLb · -':n

uwbpp zrzflw1niJ, fi1i11niftm/i4. phnfi r:fwJwfiwft, -':wtf.wuwp t 50 l/.m-pt 

YIP 4-01 nhtM1 n,fi/i hpftnL tfrwfJn'1fJ: IJ.nw£fi'L t{twf/n'lfil! [pw9nL

SPl 11fiJw11pnLfJ1wfi Jfi£n9ntf. -':w£np11wpwp Jpwfinul t ftw1wfipp -':nuwfi

pwmwp [Wphppfi (LwpJwfi mpwbuf/mpJwmnpp Jp£n9n4.) , bpftpnp11 tfrw

pn,lfiJI! bmlbUfhu [pw9nL9/i;_ 11/itfw11pn1ifJ1wfi Li/ip_n9ntf. JpwbniJ t qhtb

pwmnpp Jfiw9np11w1/ifi [wpJwfil!: 

fl·hlhfi tfrwfJnLJ/JfihpniJ -':wJhJwmtf.nrz lwpJwf, -':wC.wJun,fJ1wfi pn

tfrnJutf.blnL 11bUfpntJ nh.[bp zwpJwftwb -':wJwftwplff! uftutf.nLJ t zwpJ'1_b[' 

Swmwf.tJwf.t wJ"ltfimn'111! npnztf.n,J t -':wC.wJun,fJ1w1t· "- -':n1,1w1tpfi Jb,}n,,,.. 

fiJJnLbbhpp mwpphpnifJ1wJp, npf! wnw£ulbnLJ t hpftpnp11 tfrwfJm1fJniJt 

bpftpnp11 tfrwPni1fJn,J -':nuwbpp JMnifJ1mfil! "- -':w -AwJunifl1wfi wJ"ILP

mni'l/i mwpphpn1{JJWb tfrnppw9nLJ[! J/,rJw9bniJ t zwpJwftwfi -':wJwftwp

'fp mwmwbnLJ[!t fJ.b[qp ftnlimwftmbbp[! tfrwfttf.niJ hb -':w C.wjunLfJ1wfi w1fi

Ufpup mwppbpn,fJ1w'i. 11h"fpnLJ, npf! tfrnpp t mtf.wtt Jhr}nLfJ1nibp91r 

2.w-C.w/unLf/Jwb -':1,1ftJwfi uftwtf.wnwftnt/. nblbfi "lwmpwumttLJ bf, bp

ftnt tfrwfJmjfJbhpnif.' mwbqhb9fiwl Jwqfipuwftwli -':wJwftwl''fP -':fiJwb 

if.pw, 1tft. 4-37: 

IJ.nw£p1t (I} tfrwfJttLJfJI! 11wuw

t/. nptf. wrJ t J wqbpuw·ftwb -': wJ wftwp

'IP tf.hppb piLbnntJ /,_ Jpw9tf.mJ t 
tfrntfrn Juwftwb [Wf'J wfi [!' < w2np11w

pwp C ttLbwftmfJ1wJp /,_ q_nLqw-':hn 

R 1 11fiJw11pn'f/JwJ p: bpftpnp11 (II} 

<ftwfJn,JfiJI! (L2 bpftni ftnC.fi mbupntf.} 

11wuwtf.npif.ti,J t fibpppb piLhnntJ: 

R2 wftm/it/. 11fiJw11pnifJJttLb[! -':w£np-

11wpwp Jfiw9tf.wrJ t bpftpnp11 tfrw-
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\,~. 4-37. U~w~wn.w\nq fiwfiw}unLJ>JWli 
n.h1br urw91fwli 1;1b~mpw\wli u}ubuwli 

f/nL1fJ/ifi, npfi J/ip_n9ntf. ftwpqwtf.nptf.n,J t nh[hp -':w-C.wJun,fJ1wfi fiwjuw-

11pwbp[!: L1CR1 nflw1/i -':w-C.w/unLf/1wfi q.nppw9Jwfi dwJ wfiwft q.nppw

finLJ t LwiL cD1 -':nu/JI!, npf! tfrnJuwq11hLntf. ©2-/i -':hm, umbrzrJnLJ t uft'w

tf.wnwft/i "lmmnrz JnJhfim'. n,rzrztf.wrJ tfrwfttf.nrz ftnbmwftmbbpfi ftnrzt!I! ' 

'J.pJwr1pn'fJ1wfi pfi11n,ft9pnb nhlhb "lwuipwumtnJ_ bf, 11lwbwftwfi nn

mnpp -':hm Jfiwupb : Uftu"[wnwftfi ftwJ nnmnrfi UfmmJwfi wt.ft1n ' bl! -':w

JhJwmwftwb t [Wptfwb /,_ -':nuwbpp -':wpwphpn1/J1wb[! ' 

{wpJwf, /,_ -':nuwbpp Jb,}n,f11n,fibhp[! ftw/utf.wrJ bf, qrJfi mhrzwt!wufi,. 

w1upbpb nhlhfo mhrzwftw1Jwfi mhrzfi9, Jpfi ;_ iL q,}n,J ftwp -C. Jfiw9Jwb fth

Ln[! hrzw,} 11pJ"w11pmfJ1mfip9: 'J.pw -':wJwp 11fiJw11pn,fJ1wfi nhlhfi pbnL

{lwqppf! npnztf.n,J t qrJfi "lwzm"lwfi/i;_ mhrzwJwufi 11fiJw11pn,fJ1wJp: IJ.1u

mhrzfis tL nhthfi ftn ;_tf.n,J t 11fiJw11pn'fJ1wfi nh[h-0-':JJhmp ftwJ 11fiumwb-

9pnb ( -':bnwt/.npmfl1wfi) nhlb: 

'J.fiJw11pn,fJ1wf1 nh[hp J/ip_n9ntf. "lwzm"fwbtf.nrz qrJfi mhrzwJwufi Jh

rJn'fJln'bf! n1.,nztf.n,J t qrJfi · -':wrznp11/i;_bhpfi LPP'l l1wJ fi1i11nLftmfitf. 11fiJw-

11pnif/1wJp: IJ.nw£pb 11h"fpniJ n-

pnztf.nLJ t -':wrznp11/i ;_fihpfi "- ttbft

mpwftwfi qrJp wrzhrzp tf.pw wnW£W-

9nrz 11fiJw11pn,fJ1wJp: bpftpnp11 \"' 

11h•"fj!nLJ wrzbrzp 11fiJw11pnifJ1mbf! 

pw9wnt/.nuf t : 'J.pJw11pntfJ1wfi nb

lhbhpf! pwdwfit[mJ bf,' p·ptl_ /,_ mq
qnrqtlw~ qJnfwqrmp.im&.&brp: 

{pptf. 11fiJw11pn,fJ1wfi nhlh'iihp[! 

fipwftwbw9tf.nd bf, JnJhfimfihpp 

Jhjuwbpftwftwb -':wJbJwmnLf/1wfi 

uftqpn~bpntf. ( pwq_Jw-':wJwftwpq nh

Lh} /,_ Jbft .r'nJhfimp uftqpnibpntf. 

( Jpw-':wt!wftwpq nhlh ): IJ.nw£pbbh -

PI! "fWmpwumtf.niJ bf, uftwtf.wnw

ftntf. , puft tf.hP£pbbhPf!' 'llwbwftwb 

nnmnpntf.: 'J.JiJw11pn,fJ1wfi nh[hp 

pbnLfJwqphpf! np"fhu ftwbnb ftw-

nni9tf.n,J bf, r "- x ftnnp11/ifiwmw1/ifi 

wnwb9pfihpp t/.pw : IJ.111 pbnifJwqph

P/! (fift. 4-38} nibhb mwpphp 11/ip

pntJ 11wuwtf.nptf.wrJ fthbmpnbbbpntf. 

zp£whwqr}bpfi mhup: 

10 2461 

-...~. 4-38. 'l>rJwqpnLpJwG n.h1hr l'GnL"; 

• pwqrr~ · 

1-11'./"/. 11frilw11pn<{J / w'li nbib , npfr qbliur 

{'tt'li(' wnw'ligpp uqqp'liw~ b urnLJ t 1 2-n<q~ 

qnp11<f.w& 11frilw11pn<fJ 1wli nh1b 1 npfr 

~hliu.pn'li(' qnnp11frliwu.w 1frli wnw'lig/lbbpfr 

u~qpliw~burfig 11n <pu t ( nbiblihpfr wz

fuwurwlipwJfi.li uwt: ilwlili bp(' 'lip pW'l{'J--

JwJ- bli) 
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'1-'frJw11pn1i11wt nbtbfr t;wif_wuwpnufe t;'lf.JwtqwurwujuwLnuI t r-x 
pb.bnw1frL ltnnp'f-frLwurLbpnLJ zptwLwq~fr eL11.t;wLnip t;wif_wuwpJwhe ('hit· 

4-38). 

Z2 +Ro2-2ZRo (cos q>-a)= R2, 

npurb'I. Ro-L znwLwqd-fr lthf1urpn'iifr pl.i.bnw1ftL zwn.wt/_ft'I.-t/.bl/rnnpL t, 
a-L wpu9fruLbpfr wnwL9[!/r L. Ro-fr ltwqilwr>- wLluniLe: 

lfwuliwl[n]1 flhutl!hfl 

J • R =Ro Zl'2wLwqfrd-L wL9LniJ t l/nnp11ftLwurLbpft ultqpLwl/hrnni/_t 

2. R=O z!'2wLwqd-ft l/hLurpnLI! urb'I.wifnpt/_n1J t l/nnp11frLwmLhpfr 

wnwL9[!fr ul/qpLwl/hurnu!t 

Unt/_npwpwp n.lithL frpw9t/_nLJ t w1L"lbu1 np . f!L11.\wLnip wnt.J1L9-

J!P t/_pw qnpd-h'h hph[! t;buriLJWL p'iiniflwqpbpnt/_ .\wilwl/wpqhpft 1Tw11f1/r

uwl/wfi JnJbLurLhpe' 

M"l ... , = k.., ... ,.12, M"' ... 1 =k., .. . , U2
, 

(4-7) 

npurb'l M"l'"·'t -[! "{urtnilwL JnJbLurL f f!UU1 t;qnpni/J1wL1 

M -/! UfU1U1ilwL JnJbLurl!' (!UU1 uupJwL, ,,, ... , 
M "I•· ' -/! "{urtnJwL. JnJ·bLurl!' f!UUI t;nuwLpfrt 

M .., .. . , -ilnilhLmftL .\wl/wq11niJ t M..,~"' h. M .., • . < JnJhLi.nLhpf!t ~thlt

urpwt:wtznp11JwL q~fr LnpJwl wzfuwurwL1w1foL nhdfrJn1J, bpp U = U . i. 

M"' ... ' > M.., ... ,. + M "I'"·'' 
l hpl/wpni/J1wJp, qd-fr inb'I.wJwuniJ ltwpG. Jfrw9ilwL 'lb"l/!nuT, bpp 

t:nuwLn fufruur JbttwLn1J L fruit [W{'nLJf! qd-ft ul/qpniJ eLltfin1J L LUJ-

ufrL/!L U < U.i.1 

M"l'"·I < M"l'"· ' t + M., .. . ( I 
fl.btbft t;wzt/_wpltf! l/wmwpi/_ni,J t f!UJl1 l/pfrmfrltwl/wL t/_ftG.wltfr• 

M"l'"·l = M"i'"·' • + M"i'" ·' ( 4 - 8) 

Sbtzw'll'blnt/. JnJhLmfr wpdh[!f! (4-7) pwLwJ.L.fr9 (4-8) -/t Jh2 1 l/uinwfiwL[! 

k.., ... 1 U2 
- k.., .. . ,, UI cos (Cf - a) = k"' ... < 12

, 

Pwdwfibtnt/_ (4 - 9 ) t:wi/_wuwpJwfJ pn[np wfi11wJLbpf! k 
"t "' · I 

(4 -9) 

u 
Z= -1 

I 

k"l ... 1, 
k • Z · cos (cp -a)= 

"t • . , . 

( 4-10) 

Pl.i.b11w1/tL l/nnp11frLwurLbpniJ ( 4 - 10) wpurwt;w1urn1fl1n1Le t;wJw-

"fU1urwujuw'hn1J t LUJb Zf'2WLwqd-ftL , npfr zwn,;t/.fr'I.l! 

Swpphf' ur b uwl/ft 11fruU1w'h9frnL nbth'hbpfr l/w nn19Jw'b t:wilw[' ( 4 -10) 

wpm w t; w 1urn1p 1n 1'h I! bl wit burw 1/t'h ti 
b('l/pnf''I z!'2w°'bwqd-fr'h t;wJw"lwmwujuw'hntz p'hn1{Jwqfrpf! · ('h i/ . 4-38) 

frpb'hfr9 'hhpltw1w9'hniJ t 'lfrJw'll'nifJ1 w'h nhth, hpp wnl/w b'h pn[np bp h[! 

mwpf'hp[!' t;nuw'h/!f!• LWf'nLJf! IL t:qnpn1fJ1n 1'he• lqnpnifJ1w'h urwpp fr pw-

9wl/w1n1/J1w'h 11h"fj!nuf (k., ... i, =0) uurw!Jif_m.J t Lf'fri/_ 'lfrJw'lpnifJ1wf.t 

n hth , nl'fr p'hniflwq.pbpf! t:wilwU{wmwujuwLniJ b f.t wnw1frL 21'2w'h w q.d-fr L 

('hi/. 4 - 38 )t 

fl. ht h ft .\w zt/_wpl/fr d wt!w 'hwl/ t[bp9'hn1J bf.t 11fr J w11pnifJ1 w 'h h pl/pnp

'lwJfr'h wpd b[!Lb p[!1 LUJufrL/!f.t 11frilw'l{'n 11JJ1ni'h'iibpfr wpdh/!Lbl'l! t:w z i/_w pl/ 

t[w<t' bt'hhlnt/_ t;nuw'h[!p h. [LUpJwf.t mpw'hu!/m pilwurnp'h bpfr hp ltpnp11w1/rf.t 

2tzflwJfr wpd bj!'hbpfr9. 

npurhtz U ~, -e [ hpl/wpn1fJ1wilp ur btzwJwufr qd-fr ul/qpn iJ hpl/ni !pw qbpfr 

ilfrth. htzwd- [W{'ntJf.t t l/wpG. Jftw9Jwf.t 'lhU(p nuT, 

I - [! l/wpG. Jfrwh t/_w q !f>w q w1frL t;nuwL[!'h t 1 t-r . 
Z1-1!' l/wpG. Jfr w 9t/_wr>- Z'lPwJfr Ll'fr t/. 11frJw11pni f/Jn tL[! 1 
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(!ti 

-Ju7'm17,uqJJqb ifim17,qilqp Lu7'11,mlnutlmln i/7'ft1ubmutbo 11,if7'uijl ifbnqlnJu 

<Jifui/r iflq7'm Gif.pm7 i/17,Ijl t ilut91n7 il,,m17,mpmp 17,mpG917,mJ ifql9u (J 

•Gif17,1uf£11uf'll' iflqtlutmlhu£1 m17,mJfJmJ ilprnG.milmur 

-J'lb ifim17,9ilqp Lu7"Jmlnut3.mln p7UifGm£117,il IjJu '17,ifnifln17,fm i/17,Ijl t ifutqlnl 

l1m17,mpmp 17,mpJu7'm17,uqJJ'lb ilGu6Ijpm,,m17,mpmp 17,mputm617,m ( m 

·iltl'l'l6'Jm:rmln 1mf71ut'l:r 'l'I p7U7'Gmfm,,J'l'l 'l<fJ'l'l'l]'l"u 'l<fim,p 

-J'16 Lu17,mlnutlmln iltlq17,ut,,9fJo n1uf p 71 ilt1917,m17,9ilqp 17,m,,mtlut,,91:'[ 

1i/JqJbm£11u17,J 17,ifim17,mf 

_,,Jfm7'tlqlnpm luJu'JJ ifJ'l'l'll'lu 17,<fFmpJq6 11,'1 fm7't1qd p1u-oy-y .,,IJ, 

:Gijil~mnu:, il17,1uf f/1Ufm 7'n/ m'1 

if,,m'Jmpmp t p7Uutfm:,muttlm 17,Ju •i/J<fbm£11u'JJ 17,<fFm'lmf,,Jfm7'J'llnpm 

t J'lUfJmpm:, il,,'11' GifJ'IJbm.ef1u'lJ 17,m,,m17,pif:r <f'll'lu 17,ifFmpJ'lif 

1Gifilfm7'G1uum,, ifq19u 71 Gif17,1uf£11uf'll' Ijil'lmnu:, •Gif17,my.ifutnmpJ'll 

17,m,,m'JJb,,11 Ijutmlnm6Jl t fm7'n/m,, •Gif:,mln 17,mpGmilmw 7'uil17,m]t 

-'lut'l:r 17,mf£irnfm7''lu'IJJ9b fmn,,n •il,,m'Jmpmp 'JmpG'117,mJ l/'ll'lo(J 

{Jmpm:, lU1'117,mlnutlmln Gif plUGmilmutJqb p7Uillnqii 17,rn!'Ju7'm11,u9J 

-J'{b 711.nmJm,,J'I i/J'l'Jl''utlu7'mi1Jmn 'lm,,mtlutll'l]t 'J'I p1upfJubmutbo 

Jpmnmp f'll' ilJ917,9lqu 17,ifFmpJ96 7'upbij17,mn/9p 17,IjfmLmut'l!',,Jq 

:Jmprn:,. 

1ul'117,mlnutlmln GifJ'l'Ji/17,mnu:, 17,mp8mifp y.Jm,, 71 Gij17,1uFfl1ufm]t17,u'IJJ'lb 

,tl'l'J'll'lu ifi117,mnu:, n'llnJu 11,'I p1u7'fJubmutbo i/J'l'J'll'lu 11,i/fmpJ90 
,i/Jq17, 

-ut,,mut17,u,, if'll'lu 7'u1'1utm6'lm pm,, 7'ulnGmijp ,t p1u7'1fy_ ilbtlm,,mpm:, 

17,ifFmLmut9p,,J9 p1ui/17,1ufbJm '(7'uumy.utmln Ij-n J'IJJmut} 7ifil ,ilmufp 

'utml t p1u7',,mfJmb17,il il,,qp GifG17,mt111, '7'uln8milmut i/Lmut'lp,,Jq 

1ilJ'l'Jpbif17,mn/'1P iftlnLmutqp,,Jq JpmpGmilmut fm7'Gm17,ifilpu'1 

pm,, if,,mLL1u'lm 11,'1 p1u7'fJubmutbo p1u'll'lu 17,ifimpJ76 17,ifpJmp Lu7'Gmif 

-mut nqlnJy :J'/11,'ll'lu 17,tfFmpJq6 fm7'fmJmut 1q7'mum i/17,q,,tlmutif-U 

1Gif17,my.tfutnmptlq6 ifJFm7'm6ifp Lum 

-mlnm6Jl t fm7'n/m,, ililfl,mutmn/lm 817,uJu ''1,'I 17,J'111,?ifGrnGmfm,,J'l'l 11,m7 

-m17,pif:r ifJ'l'lutmutnupJuJ 71 ifJ'l'J'11'1umpJ'16 ,ilJ'l'J'll'lu-'!ifFmpJq(J' 

• 7'uJ917,p1uJu ]t 

-mi/Jmn Luutmlnm6Jl 17,mt/11, pm,, 7'uLmut'lp,,J'I nqlnm6Ijp11,m t p1u_1J_ 

-817,m 17,Ju 'puil17,mnu:, 17,m,,mJut,,'llt y p1u7'fJubmJtf ilpw8mifmut tfLmutqp 

_,,Jq 117,lim 71 J917,Lmut9p,,J9mpJ96 'J'111,f1,i/ptlmp b17,ifln 7'uJMGif,,mfJu-b 

11,mp,,mfJmb17,il D 17,ifFmfb fm7'8mifp tl7Upm utq:, 817,mfpi/J' 't/'IJJmut 11,7 

p1u17,8J'17' JJmut 17,1ufmbb 17,m,,m11,ri/:r n'llnJu Jpmputm,,17, 17,mf£11upJ'lo 

1p1uilln'lb 17,mpGmilmut if,,mluJu 

ifJJmut 17,1ufmbb 17,m,,m'Jrt/-:r l'lutmn/lm '1,!/ p1un'1n i/17,mJIJ, tntfl'117,8milmin 

8t'f 

7'uil17,mnu:, 17,m'1mJut,,ql'/ ilil'17,1uilb,,n 17,mpn/ui/rui/r tJJ'117,l1,7UfeJ1u'1utm:, 17,m'1-

-m,,Ijbift/; if'll'Jmp t fm,,17,il pwilpif:r ifi117,mutmnJlm ifq1qu 17,ifFmptlq0 

qlq.u '\'-U:"O..l\JQ.o '\ "O.l\'OJSl\Q.l-l ·iz-t 

117,ifFm£1Ll tfJry.u,, ifJ'l'lu'171d l-l t p1u7'8mif p JtluutmpJutf;n11,mJs-

17'uJuutmpJut/;fl'1,.mtlut lmf,,17,m6Ijp '1'1P Ijil11,mnu:, 8FmJ •17,mp17, ifbJm'1mpm:, 

17,mf£11utlbmpijb 7'ifJ1 t p1u7'Gwum,, 17,9l9u fm7'bL1u 17,mFl'f1uJbmJ'i/-U 
tp7UJ'1 11,'17 17,1uf£lwfm7'11,u'IJ 17,m,, 

-m'1if11,mn/qp f'll' pwilln'lb Ijt1'111,il'IPJm ifnifln17,frn'J ifil'Jmnu:, 17,mp8mifp 

ytlm,, ilJ9'Jf1,mJm.tt,7:, 1u 1JilG17,mum ifnmp 17,m,,mpJml ~uumyutmln MY/ 
tut17,qpup Lumutln '1'11' if11,7u -IJ'll'lo(J 1( os-r .,,11,) 8ifJuutmn17,qb1Ju'1 71 8IjJ'l'J 

-JuutmpJu<f;n17,mJutuut7'm ( 6-S 71 l-S) •GijJ'1'JJuutmpJu<f;n17,mtlut lmf,,17,m6 

-i/!' 1u,,J'I Ijil17,mnu:, 7'u,,m8mJ 17,ifFmbo Q •8IjJ'lbJm,,mpm:, 17,m,,mnif17,bmp· 

u'171dmumil 7'uJuutuu 17,m'1m11,mlb t ffilf'J'bm,, 17,qlqu _1itlm'1mpm:,mi/Jl 
t7'u8u6 

-i/!' 17,mpnJZmd 17,mnJnmutmlnmpm:, ifJqutlmb 1Jm,,mnif17,bmp 1nubJm,,mp1 

-m:r l'/,utf8'17Ub17,if t p1U7'Jmut 

-m,, il17,1uFfl7Uutmp'lf'm:r ifJ 

-917,m17,qpup ,-n"' W Tf ·~-n"' W 
<7'•"' W p1uql9u i/11,mbJm,,mpm:, 

,,'IP 7'uJuutuu 17,m,,m17,ml'b 

1il11,1uf£11uf _ 

-JubmLmb17,mb t luJu17,J Jmp 

'{lq-u 

9mrd~utllimJl~U btlmqm)'m~m~JI '6&"\7 ·q'l,_ 

-m:r G11,mJIJ 7'uil1Jn17lut'l:r if Ju II 'fh( 'n'-fr II~ 1-lm 

'JJ'/f1,U1f1,'/ J'UP ifJqbJm,,m pm :r -f' 

ilqJ'I 11,'I plufJub mJ7' tfil81JmU 

-m 'J1u1Jm:r-b11,il if9l9u bJm,,mp 

-m:,mpbmJ 7'u'1mum7'm,,n 
1Jpmf£11uJ'IJmJm:r 811,mJ17, Um 'puJ'll1,f1,1UfeJ1uf'I!' 1 .,, i1 ul 7u <f7'luJu7 

i/1911,,,IJil ifftlub if9l9u mlnm 'p1uilln9b ifJq17,1J1uff/1uf!/l' 11,i/fmbJutl?.J7 ~Jq-.1 
-Jmut Iji/17,mnu:, 71 'Jmptlml lnifl t Lutlm,, ililqptlm 1Jf1u11,71{.f' Ju i/11,mr'f 

1il1J1uf£iwJb'!'l'l/b tffb Jutqpulij,, ,,'II' ,ii-!',, Z 
•i/Lqur 11,mpGmifp ytlm'r 

7171Jtfl' Gtf'Jmfm'1mef'l'I pm'1 8tf'lmfm'1 t 'J'l'uf£1wJm'1J'I iffb il-1 LqwJu 
.Tmt 

'!',, z10=--
1 

=1z ~"tz•
1
M~11z="·n 

"•n 
lqutfm:,mwJm t Ju7'mJm17,:r il11,1uf_eJ1uJbmpifb 7'ifJ1 1z.,, ilpwtlml J m f1 

1i/J91J8Ij'1rn-fJub ifFmij8mptlucf;

-n'lmtlw ifJq17,tluutmpJu.t/;nf1,mJut tfi!'11,mnu:, 71 flm,pJml ,u-"){ 71 ii-'){ 



Jw'b .t;'bwpwt/_npnifJJn'bf!• 'I) nblb'j, l.."lbl/1/! I; qr.pt)-[i wufiLfupnL zwpJfiifa 

n''l'lwfrfi, wLJfrp_wU[hu 9wL9fi91 

l;lbfrmpwfrw'b Jb[!bLwLbPl! 11bppbnLwt/_11pniJ[i9 UfWZU1UfwLbln' .t;w

Jwp w'b.t;pwclbzm I;, np nblbfi wJU[bpqwJpfrJwhwJfiL phntfJw'lfif'l! np.f!WU 

.t;Lwpwt/_np I; Jnm Lfihfi Jb[!bLwJfi p_bpJwJfiL ( 11hppbnhwt/_npJwL) pbniflw

'll'P f, I 

t IJ.blbfi wJU[bpqwJpfr-

JUJhwJfi'b pLnifJw11pfi w'bw

Lfimfifr wpm w.t; w JU1nifl Jntb l! 

frwpn'l I; umw9t/_bl JfiwJb 

Jnmwqnp, "'J'l U[UJU1'b.wnni{ 

~-l pLniflw11pfi wt/_ blfi -Afizur 

wpJb/!'bbpf! wJbf, J[i w

nw'bd.[if, 'lb"l/!P .t;wJwp n

pnzqniJ bf, pnpd.Lwfrw& 

b'l_wLwfrnt/_: 

J!bpJwJfih nf;lb'bbpfr 

. fJbpnt/JJntLl! Lpwb9 qnptt-
~.t·,; 

,_..,. .Ji--1---t---"r~....__ Jw'b frwfut/_wt)-ntfJJni'b'b I; 

~ U--l ___ i_=::::==~.::_-~.7/ymu. p_ bpJ w um fiC. w'b fi .p n .p n fun i-
i 2 3 4 5 O 7 8 9 t(J 1112 p Jnt'b[ig: IJ.J'l"lfiu[i frwfut/_ w-

ttntf/JnLbf! pbpniJ I; 'bpw'b, 

np, opfi'bwf 80-90° C p_bp-

\,~. 4-40 . .!?l:.p,rw1rG •'-h1LGl:.11r wIUJhp~wJr41w- Jwumfi-AwLnuf nblb'b frw-
Gm1rG pGmpmqphp[l pn'l I; wLp_wmt/_ bl, bntJLfiufr 

.t;nuwL/!fi pw9wfrw1ni/J1wb 

11bU/f!nI.J1 U.111 U[UJm-Awnnq LnpJwl Uf"'lU1U[UJLn'l pbni/Jw'lfil' umwLwln' 

.t;w:Jwp wfJ.t;pwdbzm J;,. npU[buq/r UfWlU1U[Wbt/_n'l OP-.Jhfrmp (J;lbfrmpwfrwfl 

Jb[!bbw1fiJ zwpJfii./i) .t;wJwp lf'fWU[WU1n'l Jfip_wt/_w1pfi p_bpJwumfi'b.wbf! 

L. nblbfi1il! .t;wJl!1ifrLfi frwJ nblbfi bpfrJbmw'lwfJ[i Jbfuw'bfiqJl! w z fuwmfi 

wnwt/_ bl pwpdp p_bpJ wumfi'b.w'bniJ (110-120°C ): 

4-22. bJllitrbSU.'l 5?.bf'11U.Sfl'\J fl-blJ~fl 9_q.u.snfl'\J01'flt'S01''\JC 

fJ[Jb JfiJ1w1i9 qn11t/_wt)- bpfrJbmw'lfi J[i t)-"'lf'l! wJpw9H1i/! L. mw

pw91'Lfl[!, WU[W .Lw frflhpt[_fi w1'b {Jfiflb'lfi nL'l'lnifJ1wJp, npfi 11ttw1fifl 

f!b1fwpd.wfrJ,;,,f, a qnpttwfrfiol! pnf!p I; (1ifr. 4-41 ): 

/JpfrJbmw'lfi C.frqwtl.pf! 'rLfiLfi, bpp a1>a2.-fi9 
/2 

f = 0,75M 't-,-, 
0 

npmb'l q11w1niLnifJ1ntb[!' 

M=a1-a2, •=8-801 
150 

e ot., 

~ 

......... ,B ........ 
........ ......... 

......... '1 CX:z ........ 
........ ......... 

........ 
........ 

....j 

\,~. 4-41. 

4-28. bf''4trbSU.'lfl 
~11'l '4U.80fl8f12 U'U.Ubf'I! 

1. /JpfrJbmw'lfi w1'b flfiflb'll!• 

np'b ni1ifi 'l:ttw1fi'b f!b'fwpd.wfr.Fw'b Jbt)

Cl lfnpttwfr[i9, frni.qniJ I; p_bpJwwfrmfii/. 

pw'lw11pfil..1 U.11' U[WU1pwumniJ b1i 
frn'bumwbmw'b[i9, , [Wmnihfi9 , Uf'l[!b

d.fi9 /,_ ni. Jw11'bfiuwfrw'b Ufn'l"l"'
mfi91 Uf1W f!b1fW(1dwfrJuJ'j, 11npt)-w

fr/i9(!' 

a1=(187-19,6) .10-5, 

2. J!bpJw[i'Hpm pW'[W'ff'Pl..l! u1hm/! I; ni'bb'bw 11.twJfi'b [!b'fwpd.wfr

Jw'j, .t;'bwpwqnpfi'b i.w.P pn[!p a2 11npttwfrfi91 flpU[bu p_bpJwfi'bbpm pw

'[_W'ff'h 011mw11npttniJ b'j, fi'bqwp bJnLfJf!• 

a2 =(1+1,5).10-5 , 

lJ.Jb'bwJbt)- flninwmpblfi p_bpJwumfi-Aw'bl! 200° C I;: 

4-24. bf''41fbSU.'lfl SU.-R.U.8UU 'iJ b'lU. '\JU.'4'\Jbf'I! 

Sw[!w9nuJ'l! 4wmwpqnLJ J;. bph[! b'lw1iwfrnq {'bfr. 4-42 w, p, q). 
w) nu1_q_wqp, p) qnq_d&wqp, 11) qmipp&w9il_w~ , 

"t.4. 4-42· 

4-25. bf''41fbSU.'lfl'\J '\Jbf''41U.SU.8tl.O'l 41\U.~U. '\J5?.'\Jbf'I! 

1. Z.flwpwt/_npfi1i i.w</i Jbt)- 'l'l"'lntflnif/1nLb' 

M=n1-<i21 

2. Z.Lwpwqnpfi'b l._WP J[iwmliuwfr frmpqwtt/! /,_ Jbt)- wnwd.11wfrw'bni

filiwfl Jn'l-n'l• npfi 'lb"ll!nLJ frJbttw'bw 'l'lw1nibnifJ1w'b M 11npt)-wfr[i9[!, 

a. Pfrfilb'lfibpf! fipwp .t;bm [Wq U[bm/! I; '1.n11qb'b, .t;wfrwnwfr 11bUf[!nLJ 

J[i /!wL[i w'i.tqwJ ttnqhlni9 frwpn'l b'j, fipwp[i9 pwJw'bqbl' 
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Uni/_huuuf[wf.t lf/tntfJJntf.tn,J wpmw'lpnii! bf, .t;bmf.tJwl 1.iw"fifozp hpf[

J bmw'lw JfiL nblbf.thp. 

1. TB-1-p, npp UfUlmpwumt/_wu t /tf.tt/_wpft9 /,_ "l Jwq.'bpuwf[w'b Uf"'l

U/ wm/ts· 

M::.18. 10-6, t0 =200° Ct 

2. Tfi-2, npf! Ufwmpwuu11/_wu t ft'bi/_wpft9 /,_ tututm1'ft9. 

M=18. 10-6, t0 =150° Ct 

4-26. bfllJU'bSU.'l,.U.lJU. \, U'bluU. \,lt~U'0'-1. ~bf\U'U.6ft\, 
fl-b).b\,bfllt ~U.C:'-1.U.fllil! 

.f!hpJwJft'b nhth'bbpfo t:UJzt/_wpl[fo JwJw1'UJq t:ftJ'bwqw'bn,J npnzqnuf 

bf, bpftJhmw'lfo Jb/uw'bfoqJp ·hpftpwlwifwqw'b lwifhpp /,_ mwj!w9qn'l mwp

f'f!t /J.J'I Jbfuw'bftqJ'bbpp pwqJwqw'bntfJJwL U/wm-C.wn11t/_ t:wzi/_wpqfo t:foJ

'bwf[w'b JbfJn'I '1-"J"'fJJnL'fi l"''bfr1 
fJ.hthfo t_hpJwJfrL t:wzJ/_wpft'bbpp ftwphtfo t qwmwph[ Jnmwt/_np Spz

mni,fJ1wJpt /J.J'I oq.mwftwp ftwpn'l t LP'bbl 'bwfu'bwftw'b 'bwfuwq.uJwf.. 
{wJwpt 1.hmwq.wJnLJ ifnpt!.wpftn,J'bbpfr9 ht'fihtn4_ fipwfij! -C.zmqn,J h'bt 

flpUfhu opft'bwft 'lfomwpqh'bp JwJw'bwftp U/wt:nLJni/_ JwJw'bwqp t_hp-

JwJ/tfi nhlhfo <wzqwpftpt . 

J!hpJw1fo'b nhlhfo t:wJwp hpftJhmw'lp t:wzqwpftp t:w2np'fwlfw'hnL

2 

\.q." 4-43. PT- l-2h1uftu-
1rG nhtbr \irGhJ'wmr\i 

u}uhdwG. 

fJJn<'fip t:hml.t!wl'b J ('bft. 4-43 }t 

bl'bhtni/_ mh'lwlfw'b UfU1JJw'b'bbpfo9, mpt/_taJ h'b 

hpftJbmw'lfo l hpftwpnifJJnL'b[! f.t b [UlJfinL{JJn<Lp, 

foLlU/bu Lwf.t {JfofJb'lfo U1Ulf!U19Jw'b JwJwLwf[ Lpw 
SftJ.;,f,• x Jhun<f!JnLLf!t ' 

btLhtni/_ U/wt:wfit_qn'l f[nLmwqurwJftL SLzm

Jfo9, npnznLJ bf, U/mmnq .InJhLm[! · /,_ P ntJp, 

npni/_ J'ltwftp -C.LzniJ t {JftPb'lft uwJl'I! ' 
GifJwf, nLJf! P-fofJb'lft uw1pfo'b npnzt/_nLJ { 

.t;bmf.tJwl pw'bw(ili_nq. 
1. hrfiJbmwrz {Jfr{Jhrz, 

2. 1nw[!wgf1n'l '"fJ}rr• pi+ =fp, 
3. ,;'llfJJ'i npmh'l f-p {JfofJb'lfr UWJpfrL J'llwlffo zfJwf, qnp

uwftp9L t ( [!L'fnt'fin,J bf, f = 0 ,1-0 ,2 ) 1 

f!Lmph[ni/_ bpftJbmUl'lf!, npnzi/_nLJ t Lpw zhpmhpft wftmftt/_ {,_ UfUIU

ufri/_ a 1 1.t az q.uwifoL pL'fwpliwftJwL t_hpJwumfo-bwfiw1foL q.npuwf[ft9'bbpp1 

IJpftJbmw'lJW {Jft/Jb'll! Jfoiilf.t 8 t_hpJwumfrSwLp mwpw9Lhtftu Lpw UUIJ

pntJ wnwt_w'brnJ t nLJ, npp t:wi./_wuw_p l· 

3 E b t 2 

p, = -(cx1- cx2) 't--, 
•J 16 l 
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npmh'l E-1' hpftJbmw'lft wnwt!.q.wftw1'nt/JJw'b Jftt.ft1' Jn'l"'lf, t, 
't-f.t' hpf[Jbmw'lJUI flftflb'lft q.hputU1j!U19n,Jp. 't=El-80, 

npmh'l 8 0-fi f!fo{Jh'lft uqqpf.twqwf.t t_hpJwumpSwf.tf.t t, 
6-f/ hpqJhmw'lJUI flPJlb'lft t:wummflJm1'pt 

fi'pfJh'lft t}wJPP oq.mwf[wp ntJp lfLfof.tp' 

P.'l= P,.J- P2+' 

fruf[ Pfo{Jh'lft UUIJPP uni/_wun' 

. p [3 

J= SE"j' 

npmh'l j=b63/12 hpf[Jbmw'lft zhpmhpfo fo'hhpsfowJfo JnJhiimfi tt 

IJ.hthfo pw'bb9Jw'b UfUl.t;pL, hpp y=.x, f[umw'bw'b/! 

( 4-11) 

npmb'l "Cp,.\. = 0pl -35° <;:: (35° C 2P[UIUfU11nn'l Jpt_wt/_w,1pp wnwi/_b-

[W'/-NLJf, p_hpJwump-C.w'b'b t)t 

( 4-11) pw'bwliufr9 ftwph[p t npnzht flfoffb'lft 6 .t;wumnLf/JnLLf!t bpft

J bmw'lJW fiftfJb'lfo mt/_ wu {) .t; wumntfJJnLLf! wHpwJhzm t um11tq./;;[' ht'bh

tn4_ uinwm/tft ftwJntLntf/JwL /,_ .fJnLJ[Uimph[p [WpJwL UfWJJwLLhpp9t 

SwpwsLn'l mwppp Jnm.wi/_np t_hpJw1foL· {wzqwpftf! phpntJ t inw

.pwsJwL ,;wppfo lwifft Jnmwi/_~p npnzJwfi, npp 'lblJ/.pn<J nhthL mi/_iwl 

,,,fii/_wLwftwfi . .t;nuwfi.pft JwJw'bwft wzfuwmntJ t mpt/_w.} wzfuwmUJ'bpwJp'b 

t:nuwfi/!nt/_1 r../,hptpfiu unt/_npwpwp pL'fnL'bmJ bf, (1,05 7-1,1) I wl. (35° C 
2bpJ wumpbwfi/t 11hUf.pmJ )1 

Swj!wyfintj_ mwppp ftw1n<Lw9wu 2hpJwump-C.wfil! fttfoLJt' 

12R 8 ---8, 
... ~wJ - kS '' 

npmh'l R-e uiw.pws'bn'l mwppp 'fpJw'fpnLfJJntLL t, S-e' mwpw9Ln'l mwp: 

pp ftn'lJ1.wJfr'b Jwf[hpb.n<Jf/1!, k-L' t.hpJwmJ/_ntfJJwL q.npuwftfoBI!• 0 ., -[! 

O'fP t_hpJwumpSwLp1 
.f!hpJwumfo-C.wLfo wLftnLJf! 011fo zhpmfo, ww.pw9fin1J mwppp Ii. hpq

Jhurw'lfo Jfrt.li. fttfoLfo' 

npurh'l h-p bpf[Jburw'lJW {JftfJb'lfo ,Ii. mwpw9Ln'l mwppft Jfot.b. h'lwt} t:h

nwJ/_npm{J,1ntLL t, 
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/..-L' 011ft thpJw.\wrznp11w4wLnLPJwL ·ffnp6-w4ft91!' 1.bu1'.1.wpwp, U1UJ

.pw9qnrz bpqJbinw'lft thpJwuinft-&.wLf! 4LftLft' 

0hp~= 1~= ( 1- ~ h ) +e.,, 

1.w2qft wn.Lblnt/., np hp4Jbmwrzft pw'itb9nLJ[! qwmwpt/_nLJ f 
'""'\, =1,075 I w!. -ft cJwJwLwq, UJU[W uutw'itnu! h'itp tnW{'f'ft w'it-':pwdbzui 

11ftJw'fpnL/JJnL'it[! 'itpw 4n'lwJftL 1!wqbpbuft 'itqwinJwJp. 

R 
-- -i: S - pw\, 

k 

k 
1-- h 

A 

( 4-12 ) 

/JJifb wwpw9flnrz UIW{'{'f! U[Wtn{'WUU7i[_nLJ { a [WJ'itnLPJwJp b. b .\wuutnL~ 
fliwJp dwU[wqbj,wtl.b. 'it4nLfJft9, WU[W 

R p 
-=-----

2a3 (I+ n) n' s 
(4-13) 

npmbrz 

b 
n= -• 

a 

(4-12) b. (4-13) -':wqwuwpniJLbpf! fJnLJ[WutpnLJ h'it l!'iturpnLf/Jwb 

'&.w'itUJU[UJ('-':ntf.. qur'itbl a-ft wpcJhp[!l 

.fbpJw1ft'it cJwJwLw4ft n.blbLbpft cJwJwLw4/r U(w-':nLil[! npnzhlftu 

-':w2qft hL wn.LqniJ LpwL9 qwn.nt9qw6-pw1ftL wn.wLtl.Lw-':wurqnLPJntLLhp[! t 

.fbpJw1ftL cJwJwLwqft n.blhLhpp -':ftJLwl1wLn1J ftpwqnp~1._niJ kb 

wLJft2wqwL mwpw!JniJnqt 

/!Lrf.-':wLpwU[h',, WJU qhU[pniJ oqmwqnpr}n,J h'ii IT-wtl.b. flftflbrz, np'ii 

ftp r}wJpniJ ni'iift q_w'iiqt[_urr}wJft'ii ubrz.!wq'iihp (1 · b. 2, 'iiq. 4-44 )1 

cfwJw'iiw4ft thpJwift'ii nb[b'iih-

~\ pft qwn.ni9t[_wr}pniJ -':w-C.wfu hpqJh-
,1\ 
11 Lnurrziw Pft/Jhrzft 11ftJw9 urhrzw11pniJ ,, 

h'ii qn'iimwqmw1ft'ii U[Lnniurwq, npp 

U(ututh[nq qwpnrz b'ii qwpqwqnph[ 

flftPbrzft b. Ufutnimw4ft Jfo!b. brzw,} 

..... ~. 4-44. n-wol. hp~.Chmw•uw P~l'h'l -':hn.wqnpniP1ni'ii[!1 WJ'l qhU[pniJ 

cJwJw'iiwqp U[W -':nLJ[! urpqw,} bpqJh

uiwrzJw {Jf.IJlhrz/r b. U(utnLLnw4/r .!/rt.Ii. hrzw,} .\hn.wqnpntPJw'ii -':wilwp -':'itw

['wqnp { npn2hL h['iihlnt/. -':burb.Jwl f!Jpn.'iinLJ'j.,h(lpg' 
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1) pwLft np JwJwLw4ft Ufw.\nLJf! n.b[bLhpnul uU1w9t/._nLJ { mw

pwoJwL cfwJ,;,Lwqft qwJ bpqJhmwrz1w PftPbrzft uwn.b9JwL .\wzi[_ftL, wUfw 

-':wimLft -':wJwubn. -':wrznp11ftl..Lbpft tbpJw1ftL -':wzi[_wpqft pwLwtl.b.ft9 qw-

l'blft { npn2bl fJft!Urzft mwpw9Jw'it t .... "' U. uwn.b9Jw'it cJwJ w'itw41! t • .,.., 

Jft'it t b. uti{_JWL tbpJwumft'&.w'it[!• 
2) bpb fJftPbrzft mwpw9Jw'it qwJ uwn.b9Jw'it JwJw'itw q[! tfrnpp t 

mwpw9 Jw'it cJwJw'itwqft -':wumwmnL'itft9' J = cG/kS, "'"I"' 

1-e 
t 

T ~Tt 

ld'ftld-brzf! .\nuw'itpnq mwpw9'itblftu 'itpur thpJwumft'&.w'itft -':wJwp qnL

lih'itw'itp .\butb.Jwl -':w1m'itft Jnmwqnp pw'ilwtl.b.bp[!• 

mwpw9Jw'it 'lbUfpnLJ' 

ti. 111 '1. 

--T- , 

llJwpq_b9'iih[nq, qni'iib'iiw'iip' 

l2 Rt 
(8 .... ,.,- 80) = ca"'"' . 

(8uwn - 80)= (8 ... , 4' - 80) ( l - \••} 

( 4-14) -':wqwuwpniJp9 qurph[p { qur'iiht· 

(0.,.," - 6 0 ) cG 

tu111n == 
(0 .... "' - e .... ) cG 

kS(e .... ./!-8) 

flL'lft'l .fJ/rflhrz/r r}n.Jw'ii -':wqwuwpnLJp9 

3/ 412 (a2 - at) (0 - - 80) 
X = --------.-·----

li 

(4-14) 

(4-15) 

( 4-16) 

(4-17) 

qwph£ft { npnz hl n.hlhft cJwJw'iiwqft Ufw L;niJp urpt[_w,} X -':bn.wqnpnLPJw'ii 
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(4-15) ;;wqwuwpJw'ii Jbt urb'lw'l-f'blniJ (8-80) wpc/-bpf! (4-17)-pfJ 
;;wqwuwpnLilfr9 4umw1'w'iip. 

(4-18) 

UwJw'iJw4fr U(W;;Jw'iJ uutw9nLUf!i {Jp{Jb'fp uwn.b9Jw'iJ ;;wzif_p'iJ, ;;'iJw

pwt/__np f, w11i 'fbU([!nLJ, bpp [Jfr{Jb'lfr t}wJpb nLb/t npnzw4fr u4qp'iiwf[wu 

Xo un.t/__wunLf1JnL1t 80 ll'!.WU(UJmft mt/..Jwi p_bpJwuurftSw'iJft 'fhU(pnult 

ll.Ju 'fbU(p/r ;;wJwp 4umw'iiw'iip ;;butb.Jwl wpmw;;LUJU1ni.[l-JnLL'iibpf!· 

80w"--80= (x+xo~-
3/4/~(a.2-a.1). 

Xo e,,,.~- e,,"'ll === -----
3/ 4 [2 (a3 - "1) 

x --, 
x + x0 

l.:l ti.sru. trt;ru u." ti 11 u. l:iu." 48 rw1' ti!ft.i t:r, rru. 't-.._, 11u u. ti u:11 
li'l l:ltliSl'U.trU.<t-"LMJU.l:JtJ."L l:JU.h108"Lhf1 

tLb4mpwJbfuw'iifr4w4.w'ii 49"l''lfri.'iihp b'iJ 4nz.1[mJ w1'ii f,Lb4mpw4wfJ 

LUU(wpwur'iibp[', npn'iip 'iiwfuwmbutj__wu b'iJ bp4nl mwppbp Jb{uw'iifrq_J'iibpfr 

tfrubn.'ithpf! frpwp Jfrw9'ithlnl b. U(mmn'l JnJb'iJml! Jfr Lfwbnfrs Jinwfru 
J;w'lnp'fb[nl J;wJwpt . 

ltgnl"ffrl'iibl'l! J;wSwJu 4wmwpnLJ bf, UIU(wJ;nt/__fr;_'iibpft 'fbp. Jb.ph'iiw

J/r wzfuwmw'iJpp 'iJnpJwl U(WJUw1J'iJbf'(! fuwfuurt/_b[nl 'fbU([lnLJ [pubn.'iJbf'(! 

w'ii1wmniJ b1't <wJ'iJ urwpwunlU b'ii q.mbl WJ'ii 49"l''f/ri..'iibp[!, npn'ii.p 'iiw

Juwmbut/_wt} b'iJ Jp (!b'f;;WbnLf' bf'4f'UIJ_UJifiw4w'iJ wn.wb9.p ni'iJb9ntz. Jb

/u w'itfrq_J'iibpfr Lfrubn.'iihpf! JfrJ1w'ii9 Jfrwg'bbln• ;; wJ UJ{'t ltw'iJ 'iiwb. wJ'ii

U(/rufr 49"l''ffrl.'Lbp, npn'iip Jfow9'iinLJ bf, Jfo C!'j,'fJ;w'iinLf' bp4pwi.wifiw4w'iJ 
wn.w'iig.p i..n<Lhgn'l_ Jbjuw'iifrq_J'ithpfr Lfoubn.'iibp(!I 

UwJw'iiw4w4frs Jb.pb'iiwzfo'iin</1Jwb Jbt oq.mwqnpt}n.J b'ii urwpphp 
f[wrtnl9t/__ wupfr 49"1"1" i.'iJbp \ 
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w) uh}uwlip4w4wli, npnfJp JbpbfJwJfr lw;;wq.npt}Jwfi cl-wJw1'w4 Lfr

ubn.1'bpfr wfq.wmnLJ f"LJl z.bb mwlfru , 

p) 4wnwl[wrl[nq, npn1'p pnLJl b'iJ mwlfru Lfrubn.'iibpf! w'ii2wmbl' hnp

'ffrz.fr 4wn.wt/__wpJwf, Jbjuw1'frq_.Jfr Jfr1n9nt/__, 

q.) plifliw4wnwl[wrl[nq, npnfJp Jbpb1'wJfr w2Juwmw'iipfr fJnpJwl n.b

JfrJfr JuwjuurJwfJ cl-wJwfJw4 Lfrubn.fihpf! wt/__urnilwm 4.bpU(nq w'ii1wurnLU b'ii , 

op/r1'w4, tfrubn.Hpfr U(U1U1Jwf, wpwq.nif1Jw'ii i/tnifinjuJwil cl-wJw'iiw4 

(4b'iiurpn1'wjunLJU hnl''ffrl.'iibp). 4.wJ ifin/uwL9t/__n'l_' U(U1U1n'l_ JnJb'iiurfr nL'l_

'l_nLf1Jw'ii ifintfrnfuJw'iJ cl-wJw'iiw4 (wq_wur (!'ii/1w9pfr 4en1"1frl.Lbf')1 U.J" 

fuJpfr'iJ 4.wpn'l_ b'iJ U(Ulut4w1'hl ilwb. UJU(w;;nqfrz.wJfr'ii 4enl"1frl'iibl'f!; npn'ii1 

J bpb'iiw JP w2Juw ur w'iipfr 'itnpJwl U(UI JU w'ii'iib l'l! fu wfuurt/__ blnL '1 bU(pnLJ . Lfr· 

ubn.fJbpf! wb[UJU1nLJ bf,, opfr'iiwf ifinfuw'ii9t/__n'l U(U1Uln'l_ JnJb'iim(! 'iiwJuo· 

pnp 'iiwfuwmbut/__wu wpJbpfr9 Jbuw'iiwlnL 'fbU(pnLJ 4wJ bpp U(uturJwf 

wpwq.n11JIJnL'iif! Jbu f, 'iiwfuwmbut/__wufr91 

uwJw'iiw4w4fre wt/__mnJw1,t1w9t/__LUu W(''fJnL'iiwpbpnL/JJw'ii JLp_ LWJ'ii 

4frpwn.nLJ b'iJ q.ur bl f,Lb4mpw4w'ii, U('iib.J wmfr4 b. ;;fr'fpwt/__tfr4 4wn.wi/_ wpnLJ 

nL1'h9n'l 4B"l''1Pl'iibp(!1 tLb4mpw4w'iJ 4wn.wt/__wpJw'iJ 4enl"1frJ..'iihp(! ;;'bwpw

i/_np f, 4.wn.wt/__wpb[ pwt/__ w4Li.J'ii J b'u . ;; bn.wt/__npni{J JnL'iifr9, WJ'l fru4 U(WUl

Swn.ni/_ f,lb4mpw4w'ii 49rlp'ffrz.'iibp(! umw9bl b'iJ fibnw4wnwl[wrdwli 4gnr
qpzlibr (!b'l;;w'iJnL(' WbnLfi(!I 

5-1. UU.~-R.ta llU.lf ta't.'l-0~118flO't. li80fl'l-ta2't.bfl 

Uw;;pfr 49"P'ffrl.'iibpfr w2fuwmwb/}(! ;;frJ'iitj__wt} f, f,tb4urpw'ffr'iiwilfr4w1Jr· 

bpbp )frJ_'iiw4wL opb'ii[l'iibpft t/__pw' 

w) f,lb4mpwJwq.'itfruw4w'it fr'ii'fnL49frw1fr opb'ii[lfr, npni/_ pw9wmpi/_ntil 

f, l19np'f/ti./t mwppbpnLJ ttb4mpwzwpJ nLJfr wn.wp_w9nLU[! 1 

p) ll'Pt/.. ;;nuw'itpfr opb'itpfr, npnt/__ pwgwurpt/_nLJ f, 4snp11fri.nLJ Jwq.

'itftuw4w'ii 'lwlmft pwzjunLJ(!, 

q.) f,tb4mpwJwq.'itfruwqw1i nLJbpfr opb'ii[lfr, npni/_ pw9wmpt/__nLJ f 
hnl"l-frz./r Jwubpfr JbfuwLfr4w4w'it ifinfuwq_11b9nLf1-jnt'ii(! b. WJ'l ifinfuwq_-

11b9n1flJwf1 ;;bmb.w'itllnif. Ln,iii Jwubpfr ;;wpwpbpw4w'it zwpJntJf! Jfru-

1w'ii9 'it4wmJwJpt 

Uw;;pfr 4/J"l''lPl.'itbl'C! frpb'it9[19 'iJbp4.w1w9'bntJ b'it ftpwp ;;bm Jbfuw

'itfo4w4w'ii 4wUf i.nL'iibgn'l bp4nL U(U1U1t/__n'l Jwubp, 'it4. 5-1 t 

(2 J fr'it11nL4mnp/t U(tnmuw'it JwJw'iiw4 'iipw Jwq.'iifruw4w'it 1fWlU1f! J;w

urnLJ f, {1) fuwpfruful! b. 'iipw ilbt fr'ii'fnL4urnLJ J;nuw'ii[l 1 "Pl! umb'lt}nLJ f, 

pp Jwq.'ii/tuw4w'it 'fwzmf!t ll.J'l bp4nL Jwq.'iifruw4w'ii 'fWlmbpfr tfrnfuwq_

'fb9nL/1JnL'iifr9 wnw1w'itmJ f, U(U1U1n'l_ JnJb'iim b. Jwq.'itfruw4w'ii 4w"lfr 
U(LUU1bwn.nt/__ 4S"l''1/tlfr mw'itn'l Jwue frp ;;bur mwhnLJ f, mwpt/_n'lfrfn 
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bpb wzfuwwwu[!p cJw·Jwuw4 wwuntz h UllD/11/_n'l Jwubpfr wpwqni

P1niuubpfr wwpphpniP1nifil! .\wl/_wuwp t 'l.l'"lP1 Ull'f.W 49"1''1Pll! wul/_w
uniJ /,u upf.}urnli, n L .\wl/_ wuwpnifJ lw'b 'f/,"f/!nuf' wupli}urnli: 

bp4n, 'fh"li!"'J tL 49"1''1frll! .\w-&.wfu wul/_wuniJ bu fru11ni49frnut 
Uw.\f!/r 4snp11frzubpf!1 "l'"lbu 4wunu1 ~wnw1niJ bu 4wJ np"{hu G.4niu 

4w"I zwpcJfrlfr Li wzfuwwntz JbfuwLfr'lJfr Jfrt.k1 4wJ UlUl[',l/_ntz Lfrubnfr W('Ul

'l"'P1wu 4wpqw4_npJwu .\wJwpt '1wu uwli "'"i!I' frHp9frw4wuniP1wu 
fuwpfrufunl/_ ( fuwpfru/u[! · u4wl/_wnw4fr A.Lin"-J 49np11fr£fibp1 npnfi/! oqw.w

'l:"-l'~l/_niJ bf, nlihpufr .\wJwpt fl-Libpufr .\wJwf' .\bwUJ[!f'l!f'"'pln'f, t fih{'-

4w1w91iniJ Lwli h.nw!f>w'l if wf1ni1f1nl/_ 49"/1'1PU!' · 

• fl-Lihpuf! unl/_npwpwp 4wwwpl/_niJ t hp4n, 4S"f1'1frlUbl'fr .\wt."f1'1"'-
4w1i Jfrw9niJnl/_1 npnL[! uLl/_niJ bf, wwppbp zwf'cJfriHpfrs 4wJ Jfr bnw

!f>w'l. zwpcJfrlfrs' nh11ni4wnpfr Jfrp9nl/_t 

'19np11/rlfr bnw!f>w'l. t/r.wflni1P1! Jfrw9l/_niJ t lfnlfnfuw4wu .\nuwL[!/r 

bnw!f>w'l. 9w1i9frut lfwqfifruw4wt '1"'2Ulf! "lwwl/_niJ t zwf'cJfrtfr "lwwJwu 

nttztz"•P1wt1! .\w4wnw4t bnwfl>w'l. .\nuwLi!fr .\w-&.wfunip1n.te Jb~ t zwp

cJfrlfr "l.wwJwf, .\w-&.wfunif11ni1ifr9t U.111"1/rufr "{WJJwufihpniJ 4snp'ffrtfr 

J/wq1ifruw4w1i '1"'luil! frp .\bwli/r9 nnwnpfru 4ww1ifr . zwpcJfrlfr "{WWJwfi[! 
.\w4wnw4t 1.mpJwl nbJfrJniJ 49"/1'1Pll! 'l:f1'1:nl/_niJ t .\wuwwuin.U .\n

~WU[!nl/_1 w111 11ht'f.[!nLJ .\nuwfi/!1! wpl/_niJ t bp4ni .\wt.nf1'1"'P"'f1 Jfrwsl/_w~ 

1fiw'l.h11/rfi1 fru4 bppnf1'11! JLniJ t w'l.wuit 

Uw-':pfr 4wJ fru11n•4sfrnu 4sn1111friu frp wzfuwwwul!fr u4qpnifii!nl/_ uJwt 
J; 4wp-&. Jfrw94_w~ nnwnpnl/_ wufrufupnL zwp<lfrifru (u4. 5-1 )t 

t 

\,~. 5-1. Uw61'r rGqn,~g\tnG ltgnl"lr~· 
1 - fuwpfru/ui 2 - frL'lnLlfurnp , 3 - ilwlfLfruwlfwL t:wilwlfwf''ll 4- 'lf''l"JwL ifrwfiln~Jfili . 

5-lfnLuiwlfuiwifrL o'lwlfLhp 

uw4wu . .\nun (3 )1 "f'I! .\wwniJ t qwLql/_w~wJ/rfi (1) fuwf'frufufrLt lllw

f'frufr;/r Ujwui,JwL 11h"l.i!"'J fru11n~4wnf'fr Jµiq1ifruw4w1i '1"'2Ulf! .\wwniJ ~ 
fuwf'fru/u/r 'l:LwfiwJ/rfi JwpJpu[!1 Li Uf'wfimJ wnwt.wLniJ bfl Jf'f'4wJJrfi .\n

uwu[!Lb{'t U.Ju .\nuwLf!fihf'fr ifnfuwq11h9n•P1n•Lf! Jwq1ifruw4w1i 11wzw/r 

.\hui uuihtz~niJ t nid1 "f'I! wwLniJ t fru11ni4wn{'/rfit 
luwf'fiufufr u1nipfru Uhf4WJ"'94_niJ hfi .\buih.Jwl "{w.\wfit.Uhft[!·· 

w) Lf'wLniJ wfi.\f'wcJbzui t w"{w.\nl/_bl pwf'A.f' tLh4uif'w.\wtznf''1"'4wfini

P1niu' .\nuwL[!thf'fr Jb~w9Jwfi Li p) Jwq1ifruw4w1i JM pwifw1i9btfrni

JIJnif.1' Jwq1ifruw4wfi 11frJw11f'n•P1wL lfnl!f'"'9Jwfi .\wJwf'I 
'i,wnwij_wf'blnl/_ q['qnJwfi .\nuwU[![! Li ifnl!l'"'9tblnif: Jwqufruw4w1i· 

11wzwe1 4wf'blfr t Jh~ uw.\Jwfitbf'n'J uw.\niL 4hf'"f""- 4wf'qwl/_nphc 

uiwf'l/_ntz Lfrubnfr "{UlUJJwfi .\w-&.wJunipJn'fi/! Li .\wtz"f''14.n'l JnJbuuil! 

(u4. 5-2)t 

't.lt· 5-2. JlGqnd19\mG ltgnf"l\ilr J'bjuwG\tltwltwli flinLpwq\tpe ql"!n.J'm~ 
mwPfbp 6nuwG111ibp\t qbUjl'nLJ'. 

I-7fiJw1u1nLfiJJwL JnJhLuif! (phnf!), 2-lfgnf''IPlfr pLnLf/w'lfrf'I! 

I · -e' 'l:f''l:nJwu .\nuwU[!f!1 %1 
tr · 

M~",,-e' 11fiJw11f'n•JIJwu JnJhume1 % 1 

M -e' 49"£''1/rlfr JnJhfiwe1 %1 
n-L'' "luiuiJwu .\w-&.wfuniP1niLf!1 °/0 t 
Phnfr JnJbuwfr ifnifnfun•P1wfi 11h"li!"'J ( Of'fruw41 JMw9Jwfi q,b"{-

l!"'J)1 1'9"£''1Plfr U1Wf'l/_n11 Jwufr wfi4JniuwJfru "'f'"''l"'PJnLU[! ifnl!f'"'unul 
t t U.111 11h"ll"'J w-&.niJ bu uw.\l!I! Li .\bwliw"{bu' .\nuwU[!f! 49n£''1/ilfr Juw

pfrufuniJt 1.nuwupfr JUw9rnJI! fuwf'frufuniJ Jb~w9uniJ t 4sn.£'11frl/r lfntz

Jfrs qWf''l:"'9"-"'~ JnJbuUI[!t 1.wl/_ wuwpw4znniJIJnLU(! i[pw t .\u>ufiniJ pw

l/_w4wu/rll 8"'~£' "luiwJwu .\w-&.wfun•JIJwfi 11h"f[!niJt 
lfi9 



JUI 19t6 11 

'Jml'l/tZ JI- +z}f 

t[' <i/Lt{Jrmuml l/flF1u71Jq,,m[' lj1Unu:; ,il-~ <i/Gl/,,m<'Jub 

'mfb 'l ljp1Ulljy mJ}r l/£1F1u71Jq,,m[' ljmf'ifiZ il- +z d J1q1nJu 

·~p iall. 0· +1d .+1>1=+1WP 
J Jmnm.]rm:; ilm'J'lf'UJ' ljm,,mJJmw 'Iml'i/11} 

vyntf1 Lu'lm"'- l l 'v'lnl/1 Lu'JrJmur-01 '~m'lmlnnh-6 . 
'urmJutf1-g ''lmw'Jr uJ11LLw-1, 1J'1'1'1tfnu~m-9 'nmp 'lm~mpJmZ tfltfuJuS~-g 

1J'l'l~m11m'Jrm~n-t •~mJu_ifr tf'lmJlj 'lm~mntf'lbmp-c 'y.u~-?: 1J'l'l~mLo-1 

·\{lidu6'1. 9m'1.mm\nbm.Jlmdu1'1.ql'.l nm.Jl.P2 ·s-g ·'1.'l. 

r 
1ilfJ,F1u71Jq,,m[' 'JmrifiZ 71 illl/b 

7'JuG,, 1Jm,,mnl/1JbmJ'mJ1nl171/ qmrifiZ fm}rJw 1 BF1u8 r1u-9-g .,,'I. 
til f'1Uifil 

tnZqpmJ:;'Jm / r1upu:;mlrrm 1ji.lu 'p1u /JupLqn / f'1Uljmlmvm ['1uJqn 

-mi' g 71 716'11' ( y} l/J'fll,,,m11m pm,,n fm pGml/l' Jwpm ['1uillrrqb MYJ iilJ'ln 

-mr g 71 S / J'wbp i/Ju 'p1u qm~m,,l/'JmnfqpmJwJiql/ 71 illjmnu:; ljm,,mnl/'J 

-bmp <I> / [11Uljmlmum mlnm 'ilpwJml IJmrJm]rmvm,, / 1'1u]rJ1n rJilq 

''J'1 fmpmmlljm t/Jnvqnl/1 ( 11) LulJmm 71 ( Olj Lupilms ipwp 

-1/tmluZ. '1'17 wq:; {y) l/Jn,,mumpm~n i/J'l'J".'1Jl/,,mr IJmrifiZ 71 'lm {lrrqb 

1 p1uJ:; 'Jl/nmp 'Jm,,,,;pJmZ 'mJP l/'Jmiu]r ( L,} l/bJuLL1u }rulq}rljq:; '( 6) 

J,,m'J,;,lrrn'b 1'7u,,myl/Jr fmHJ'bmil11,mnu7 1ilvqnl/l ( Ol} Lu]rjmm 717'111' 

lq]rn/111/rmLqln '111 LuJm,, '( 9) i1Jq1J,,l/r:u'1m '111 f'.'1u}r1j1nb LqwJu '( g) wmJ 

-ul/r l/'J1u 1jJu 'ilnmp ( g) ljm~mpJmZ l/7l/bJuBt,- t['1u1nmJuifi l/IJmJl/ 

(e) qm'1.mnl/'Jbmp ·l 1'1u]rJu]rmLq1n 71 71? l/'1mLo puilfm]rJm'1 1J1uf'11JmLL1u 

l/'J1u 1JdFwf1mrp 1( g-g .,,'J) 'Jl/JqJFmf ( g) l/yu,, l/nl/1JhmpmJ1n,,ql/ / fntp 

-Bml/r JJu '( 1) 'Jl/,,mLo 1 p1upJ1n ]ruJn71Jrnil ililljmnu:; 'J1u1nm1nnm7 

ild!jjdUl!lJ111Utmfn !Jtlltim!)Jl..l[!J 
main '1\ ilID.J1udbfin l[it9mllunJ\llm' l[~l[ibdu6ft !Jmtilnnl[urbmpm.duiti:q:l:t gmplftQ 

71 (s - g .,,~) 

-qui 1u,,Jq · '1'1 

091 
1( y-g .,,'J) 

t,J~imftmum]imqnmpbmd 71 t,J~rmqmum]tm~nm~p •l/,,mn 

f'1~1Jl/1 ilJnll/bJuG,, ljm,,mnl/'JbmpmJm,,ql/ 'Jml'ifi2 

tlll'\tll'lnlUGI:\ '\ "fil:\"fifil{'\ 1>"ClJl"fitlSl:\ll1:i '\ "fiJM>Q. ·9-g 

llj1Uffl7UJu11:; f'ff' 
'J'I pwbJuLm:; 'Jl/uqnl/1 rJpmF£11uJu'b:; ljmpJu]rmbJm,, Jiluifi ,,,mljmpmp 

ljmf'Gml/l' <''l.11 7u 71 Jqifo.ml Jiluifi 'Jlf'J1U <lqp ljmpfJubm:;mZ 'J'I JmpJm:; 

JJq'lll/bJuG,, nFYJ 1i/Jqpw fmGmlmvm Bl/ilnu:; ljm,,mnl/'Jbm[' ~.m}rG'Jmtfr 
-mr}Jq'J lq[' l/Jn11,l/.rJmr 1Jm,,ninl/1Jbml'uJqt/; 'J'I p1ufJubm1nbo LqwJu 

<iJJn7l/bJuG,, 1Jm,,mnl/'Jbm['mJ1n,,ql/ 1Jfm lqmb 'J'I r1u.vmJl/,, IJFm} 

..:Jqlj,,mlqbJm· nqlrr 

-Ju 'J'I f'1UpfJubmmbo 4,,mn/mym:; ilJ'l'Jll/bJuG,, ,,l/mm1nnmJ1n,,ql:-,_ 

''J14nJl/bmlJZ l f''UP 
-LJuLm:; ]ruGull/J' l/JqljnqJq,,mp i/Ju 'l/p1u IJmpifil · +z (f 1 r1u]rnfuifi 

-m71p ilp1u d IJmr.rLqn Jm['m:; 1mrBmf'll' l/1n'JlfJ1UJ' LupbJuLm7 

'.11 'il1j1uFf11UJupmvqf, fmLq 71ll/J' l/JnJl/bmlJZ ,'J-P 
'ii' ' ilnqJq,,mr l/Jl/LmlJZ ,il-s 

'I'/<(; '1 'J'J1UFrJ1ul/lqG1jmifimfl 'Jm,,m,,l/Jw,,:q1HL ,,mpJmGmrJ 'j-l? 3 LqmJ,,. 

~ p 6 
''i ' - - . - -- = d 

SR~ ~n 

,l/'Jl/1,, 1'7uillrrqb LFm il11,1uFf11uf'11' l/p1y 

'P/S P.g/ = 'J Jmpm:; l/Ju1nmn1jqL1ju,, f1Jm7 

xp 6 ( 6 ) xp xp 
I ::>P • ~n = zn:) p = \f P = d 

•Gl/'J1uFf11U1nFm:;m1nJm lmF-111nq:; pulq}rwbo 

'lnwb l if1.qJm1f. ilJu 'p1u Lubp 1Jm,,m,,l/qmnfqrmJ1n,,ql/ 1 r1u1Jmlmvm 

-,jll/r BIJmJq 1'1uillrrqb LFm mlrrm '1'1uJml 1 r1upG1u1nmr 'Jl/Jl/bmlJZ 

rJJq ,, - ljm,,mpJmZ rlrmpmm,,'J l/muFr ilJl/bmlJZ hi' l/J;., <Juwmnljqb 

-'JU,, lj'l'J1U JJmm ql/Fmp1u nqlrrJu ilJ'l'Jll/bJuG,, '1.l/1nm1nnmJ1n'1111:; 

ttl.'tJtlUGlt l:\i.tSllSfi"fitlSl\ll):I '(;-~ 

,JqilJmn 74Ju}rmbJm,, '1wwm:; 'J'I pw]r 
-.;Jlibinurbo Jmpm:; 1jmp8m'J1uf.m,, 1JmFf11ubmJin puvmymmlrr /,FYI tGl/vqrJ 

'J'1 fm]rn/m,, }rufml <''11' ilJqJbmf11u'JrJ ljm,,m'1l/'Jmn/q[' l/7l/LJuGt, 



£111 .n 
-Zm Jd'uip rilJqJmqpmJmln 1Jmltm'Il'4:r ifniff1,'1mpmJm'191~ 1q1Jutb ~ sflqJ 

-m'1 
1
i11nuZ'Jy. 

111 
d sf19Jmm7f1u£1 71 i1£1f1u71Jq'1mJ' 'JmJ'ifrl S ]ru1mfJ;,,1'</ 

til]rifd J7U1Jm:rb1JJ ifJq11,'1mum]rm'1n ,il-u 
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µo-b' Jwq.bpuwqw'b fJwt/iwb9LLfrntfJJnLbf! i/_wqntntJnLJt 

l,µ,plj t bzbl, _ np µ '"" :t:wpwphpwqwb flwt/iwb9bLfrntfJJn~bl! qwfuqwr} 

t B /r.b11ni"9frwJfrs• • 

9-lwbwJfrb q9np11/tl/t qnqJfr9 :t:wqnf"lqw.t M JnJbbml! 4Lfrbfr.' 

npmbtz R-1! p.rpnt4/r zwnw1_frtf.b t, 

L-[!' lf/Jpntq/r bpqwpntfJJnLb[!t 

fi'Jpntqp k tLbqinpwJwq.bftufr p.w9wqfr Jfr1L. [9qw,} !pbpnJwq.bfr-

uwqwb fuwnbttLf''lP :t;hmkwb.pnq p.w9wqfr Jwq.bfruwqwb :t:wqnp11wqw

f/ntfJJnLbf! qmpntq qbp"fnq wbntJ - t, "f'I!. fJnLJl t mwlfru t/in.ppw9bblnL 

tcn-Sfr wb:t;pwclbzm J. z• nt.-b k Jbr}w9bh[nL q9np11frlfr qwnwqu,ipJwfl 

q.np.twqfr91!' :t:wqwul.l!p :t:wqnp111_wr} :t;qnpntfJJwb 11hUf.pntJt 

bffb f!b'lntbbb.p, np pJp.ntqfr Ii. tLhlfmpwJwq.bfru/r Jwq.bfruwqwb 11/11lw-

'1f'"LflJnLbbbpf! .t;w1_wuwp hb 0-fi k µ;. .<. = const, w"lw t,9np11frl/r qnrzJfr9 

:t:wqitpqqw,} JnJbLmf! :t:wJhJwmwqwb lfLfrbfr :t;nuwb.pfr .pwnwqntuntbt 
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2 . s2 . - . 2 _1_ ~ M='ltR. L- · kau -'ltR ki+-' .. f , 
flo flt- .< flo flt-·' \ 2 o 

2 

!lo 11'.1- ·' ) = 

_1 R2 L k flofl1-.• (IW)2 
-'-- 4 'It . . i+-' ~ ' 

npmhq' 6-'b tLhqmpwJwq.bfru/r Ii. [JJp.nLq/r Jfrt.k hqwr} p.w9wqb t, 
Iw-'b' tLhqmpwJwq.bftufr J.-z. nt,-'bt 
M= f (I) qwfuqwr}ntPJnLbf!, Jwq.bfruwqwb Z'lPwJ/r :t;wq.h9niJfr9 JU· 

J. z• ni.-/r 11hU[.pntJ Jnm t nLtztzwq.r}wJfrbjif11 
?-frmwpqhu.p q9np11/ri/i p.'irnL[iiwq.phpf! uLttwmfrq nhJfiJ11tJ ('iiq. 5-6 )1 
flbnt/Jwq.pfi 2-{''1 .pwnnp11nLJ 9nLJ9 t mpqwr} q9np11/rlfr qnqJfr9 :t:w

qnf"lq~r} JnJb'bLttfr qwfuqwbntfJJntb[! q.pq.nJwb I 'lr :t;nuwb.pj.9, fruq 1-fr~ 
.f!Ulttnp'fnLJ (fiq. 5-6) bhpqWJUl91-UJb hb Z~f'Jfrlfr Jbfuwbfrqwqwb p.bntf/W-

q.l.f'. !!' M = i (ro1) k p.hn/r p.bntpwq.ftpf!' M .r = f j ro2)• U'frb;_k WJL 
I' t•r 2.•l' I'· P 

U[W:t;f!, hpp. 11hn 1<1 1, q9npqfrlfr qnqJft9 :t:wqnp11qwh JnJhbm[! t/in.pp t 
p.hn/r JnJhbinfrs, ro2=0, Ii. mwpq"'l Lfrubnl! Jbni.tJ" t :t;;.ubq.frumt bpp. lx>lu 

qsnf''lfrll! qwpq.wsbnLJ t M .. JnJbbLtt k mwpqntz Lfruhnb nibfr ffi2 wpw

q.ntfl'Jmb ( w' qhLttf!)' Gwpclfrlfr wbqJntbwJ/rb wpwq.ntf/JnL'b[! WJ'l qbU[-

.pntJ ro
1 

t• GwpJfrlfr qnqJfrs inpqwr} :t;q_npnLf/JnLbf! Pi•r =M. ffi1, fruit. 

p.hn/rb :t;wqnp111_wr} :t;q_npnLPJntb[!' P ph =M. ffi2 1 

Uw:t;.pfr :t;bmL.wb.pni/_ qnpntumbhpf! q9np11/r;_nLJ 4Lfrbbb' 

I 

Pt.,. = Pi•r--'- P,. .. = M .. (w1 - to2)• 

Hz"1 11 p.v H2UIJI. 

(5-4) 

u.,,, :t;'f.n{'trLfJJtrLbf! :t;wJbJwmwqw'iJ ~ nttztzwbqJWb umrf.bpwq.tl:qw~ 

Jwqhpbupbt 
C/opq.nJw'b_ h :t;nuwb.pfr 11hUf.pntJ mwbnrz k mwpqnrz Lftubnbhpf! wJntp 

Jfrw9qw,} b'iJ /,_ U[Lntnr/.nLJ b'iJ (J}•a. wbqJtrLbWJ/rb W('Wq.trtf/JwJpt 1.w-
1.69 



n 1Jfr l:bUJiuqw 11wL11w'l Jbi-w9JwLI! .'lnLqf!fijlw9 f[nLUJwf[UJ.wJfiL Jfi.t.ni4-

Lbpf! wuUJfi'G.wLwpwp JnUJbf1nLJ b'il fipwp Jfifii_h ~ ,;.i.pwLb9JwL pw9wlti!1 

flwfibaJwfi pw9w4/! ..;wJw"(WUJwufuwLnLJ { nb1bfi F ,. .. » uUJwUJ/ift pw-
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w) 

I/) 
'(,~. 6-3. 2bqnp .C~wgGnq lib(l\nGw1~G nhtb~ qwn.nLg~w.\pl' 

p 

'(,~. 8-4. l,hpqnGw1~li n.btb~ liwqwqqnq 4 - umwrn~q fWJ'2WJ~G 
l;1hqmpw.CwqG~uwqwG l'GnLpwqphpp 

'bh9JwL J. z. nL. plt h. npnzif.nLJ { .-:w4w'l.'1n'l pwpzw1fiL pLnL{Jwqphpfo 
z"1Jwfi 4bUJni/_(fi4. 6-4)1 ' -

bpp_ pwpnLJfl/i J'. z. ni. -fi Jb~wfiw1ni[ .-:wufinLJ { F pmi. wpdbpfifi,. 
4nfiUJw4U1wJ/ifi Jh_nL4'bhf11! wnwfi9 J. z• ni. - fi .-:hUJwqw w&fi' wpwq pw4-

i[nul bfi1-'l-pwfi9 Jh_h . wnw1.w9w~ pw9w4fi 6" J.WPf! npnzif.n•J { 'trfi

UJw4U1wJfr'u Jh_nt4fibpfi 4nLUJw4U1wJJifi ~w~4bp/r .-:wuUJnt.fJJntfi'bhpfi qnt

Jwpni/_ (2/lt) h Jh_nL4fibpfi ..;"(Jwfi wfi..;wpflnifJ1wJp1 '1nfiUJw4UJLbpfr 
pw9i[w~pf! npnzi/_nLJ { ..;J;Ulb.Jwl 4hl'"I· . 

o,.=o .. - 0 -11 

UwqfiJiuwzwpJ '!•Jfi F , .. » wpdbpl! pfinpnzniJ { nb1b/i 'l.'IWJnLfim
fJJnLfif! UU1WU1/i4 wzfuwUJwL.pwJJifi nbJfiJntJi • 

l1p.pwL pn.pp { pw'bh9Jwfi J . z. 1u.-fi, WJLpwL Jh~ { nh1h/i 'l.'IWJnL

hnLflJnLfi(!I 'J-fi1twJfi4 wzfuwUJwfJ.pwJJifi nbJfiJnLJ ( WJuJifipfi, hpp pwflnLJ

/J(! <rw,4tipwpfln['bfi» Jfiw9i/_nLJ { npnzw4fi 1wpJwfi) nh1hfi 'l.'IWJntfinL
flJtrLfif! qbpw'l_wfi9nLJ { UU1WU1f!,f[ nbJfiJntJ nLfib9w~ 'l.'IW'JntfimfJ1wfil!1 .IJ.J,. 

..;lbliqwJwfi.pf! pw9wUJpbfip fif[ . 6-5-nLJ U(WUJf[bpif.w~ .-:w4w'l.'1n'l h '1/i
fiwJJr4 .pwpzw1Jifi p'bnLflwqpbpfi Jfit.n9nif.1 

bpp 4nfJ1nwf[U1wJfiL Jfi-

t.nLl[fJbpf! , 6 u pwgwf[fi9· u4untJ 
bfi UJb'lwzwpJif.bL, qn·LJwpw

J/ifi (P t -P .r) nLJ(! , fipwfi9 

..;w'l»f1'1nLJ t . npnzwf[fi wpw

qw9niJ1 U.ptjJnL'u.pl! [JifintJ { 

w11J, np 61 pw9w4niJ, npUJh'l 

Pt ntcll! ..;wi/_wuwpi[ntJ { 

P J nLclfi'b, 4nfJUJwf[U1wJJifi Jfr
t.ntf[hbpf! nifibfinLJ bfJ npnzw-

p 

4/i 4/ifiburfr4 {Lbpqfiw1 U.1u 0 
0

1{ 

{Lbpqpwfi 4nh.,,wf[U1w//ifi Jfi,. 

f~Lf[tJbpfiL ..;Lwpwi/_npntfJJ,;LL . 

/i · b 't.q · 6 5. -ftwp2w1~G h. liw~wqqn!I, . I' G nLpw-
{ urwl u 61 pw9wf[fi9 U1 'lW- qphpp thuhn.~ q~Gw.C~q l'wGbg.CwG dw.CwGw\ 
zwpclif. b1 ,,_b"lfi wi/_ b1fi ' pnpp 

pw9w4'bbpf!, i_fiw1w~ np 61 +~2 
UJb'lwJwuntJ Pt nLdf! ri/rt.ntJ { P J mcl/i'b1 bflb f[murwf[i[w~ f[/ifibUJJi.4 

{Lbpqfiwfi. pwif.wpwp 1/ifi/i f[nLUJwi[UJwJfiL Jfrt.nLf[Lhpf! 62 pw9ui4fi i_w

pnif. fipwp JnUJb9Lb1nL ..;wJwp, WU(UI '1l'wfi/i9 ..;bUJn J frt.ntf["Lbpf! f[zw

pniLwf[bfi JnUJbfiwl h f[pwf[i/_bL, pwfiJi np 6r +·b -1. UJ h'lwJwuntJ P t 

ntdl! Lnp/i9 qhpw''l.wL9nLJ { P J nLcl/ifi: U.1u"lfiuni/_1 '1-JifiwJfif[ nbJfiJnLJ 

nfa.Lbfi pwfih9Jwfi uw1:Jwfiw1/ifi U(WJJwLI! wpUJw..;WJUJi/_nLJ { fif[. 

6-5-ntJ q~w'uzif.w~ llwf[bphntJfJLbpfi ..;wif.wuwpmfl1wJp. 
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i, &~ J I P J (o) - Pt (o) I do = J [ Pt (8) - P J (8) J d 
ll1 ll. 

'1nfJ111wftmLbpfr wLp_wmJwfi .\wJwp .\wpftwqnp t q,wpn,JP/r '.!.· 2• n,.-t 

./in1117w9Lbl Jfrfilli. pw9pn,,_Jwf, F ,. .. , wprlhn: '1-pwfi/r9 .\hmn f[nfi

mwft.mw1Jrfi Jfrp_n,ftfihpf! .i)bnwfinul bf, frpwpfr!J Jfrfilb. 62 pwgwlfl! (fift. 

fl-4 )1 ff.wqLJruw2iuprl nuJJr .\bmwq,;, l/in,ppw9nLJnt[ ftnfimwftmw1Jrfi Jfr-

t.nLftHpf! q['wt/_nu! hf, /rphfi9 uftq_pfiwftwfi '1-Pf'l!l! (6 • pw9wft/rfi .\wJw

-UfLUU1LUufuwfintz)t flwLb9Jwf, /,_ plugpntzJwf, J. 2• nL.-Lbpfr. .\wpwph{'nt

P1wJp npnv/_n,J t nhthfr hmw,,_w,.J.fr qnpuwftfrge; 

. (6-1) 

bpp .\bpf[nfie i/lwft t, f[nfiwwftww1/r1' . Jfop_nLftLbpf! frf'wp i/Jrw w'i_

'l-nLJ bf, ftnfiurwfturw1/rfi uhtzJn'l nLrlm/_, npf! 11f''.'2tf..nd t .\hurb.JWL fthpU(• 

P+=Pt-t- PJ-t' 

U.1uu:btz P -L h P -f, .i)wJLUU[LUutwufuwfiwpwp tthfturf'wJwqfiJr-. tt/. Jt . . . 
"wftwfi "- .\wft;,,q_'fn'l nLrlhpfr JbunLpJ,:,,f,f,bf'f, . bfi 4_bpffiwftwfi {}, "- pwgw· 

lifr rlwJwfiwft {fif[. 6-4)1 /lf,l"lbu .\hurb.niJ .t fif[. 6-4-Ji9, ~nfiurwfturuiJ/rfi 

uhtzJn'l Pt nuJJr wprlbn 4~/u'[wu t ftn&ft Jwqfifruw2wprl nLrlfr JMnL· 

P1n,fi{i~1 ~bpftnfiw1/ifi n.bthLbf'fi pfi1rpn2 P~ nLrlfr ftwf:i4_wunLP1mfie ftn

.G.Jr J. 2· nL.-/r9 gn'J9 t urpt/_wu fi4. 6-6-n<Jt 

l./nG.fr J. 2• nL.-/r JMw9Jwfie 

'l.nLq[!fipw9 P niJJr wSJr ,,_wfirpu-t . 
'ln'Jl! (tft. 6-6) L. .\bu:wi[.w ftw1m- · 

fiw9n~J l! .\pJfiwftw~nLJ pw9u.rurep

t/_niJ . t f[nfiu:wfturw1/rfi Jjrp_nLft'bbf'p 

fiJnLP/r JwqfiJruw9Jwfi ftnf'p ' n1, 

.quw1fit pfin<1Pn4_ L. WJ'l- fiJnLf,Jfr .\w-

q.h9JwJp1 . i,,:,t,u,;,,fturiu1Jrfi ub'l.Jn'l. 

F -p t nLrf/r i/tnl/infunLPJnifie .\wfiqb9-
LL-1--~---..______ flnu! t ftnfiu:wftmw1Jifi Rt 'l-foJ_w-

0 F;IV!f /fwh · Fwz/,, '1-l'"'P!wfi l/inl/infunLfJJl.llfif!t 1.bf'ftn-

't.q. 6-6. linGonwqmw1~G uhrl'fnq nLd~ fijr ftnfiu:wfturw1/ifi R + '1-foJw'1l'nL-

qwJu~w.\nLpJnLG~ qnli~ tf. 2· nL.-~g P1wfl ftwfut/_wunLPJnLfi[! ftnSfr J. z• 
nL.·frs., phpt/_wu ~ 6-7 f,ftwpnLJt 

U.1u '1-frJwq{'nLPJ"'f,l! pwt/_wpwp lwi/tnt/_ i/tn[!p /,_ ftwJnLfi wpJb,p urwtnL 

<wJwp n.bthfi ftn-Aj. J. z• nL.~t t/_bp9t/_nLJ t wi/_btfr JM, l!.wfi pwfih9Jwfi 
192 

F .. ,/to = k"Y . F, .. t., 

nf'urb'l k., -Ji "lwiwpfr qnpuwftfrsfi 

t 1 ITJwz,j,,f'P q.n{'uwqfr9l! efiur{'qnLJ 

t flw/,_ n.btbfr .\nLUW[p wz/uwutwfi,pf! 

WU[w.\nt/_n'l WJL tftiuwwn.n,Jfibf'frs' 

.\wztf_fr wnthtnt/_ ftnSfr ufiJwfi [Wp

J wt .\fi wpwt/_ n {' u:wmwfinLJfi bpf!, 

2f'£LUUJLUU1ntz Jfrp_wt/_wJpfr p_bpJwuu:fr

G.wtfr l/inl/infun</!Jnttfthf'I!• Jbfuw-
fiJrl[wf[wfJ pbn.fi4_wun,p1wfi wq_'fb911L-

!f.,,,,, F.,~ $° {J JnLfif! /,_ LU Jlfl I 

1.bpftntw1/rfi n.btbfr rlwJwfiwftw-
"\.q. 6-7. linGonwqmwJ~G '}~tfwqpnLpJuiG 1/rfi pfinifJwqphf'frS bfi fipw pwfihs-

qwJu~w.\nLJ'JnLG(l qnli~ tf. 2· OL--~g jwfi t ~ [,_ pw9{Jntz.Iwfi t rlw-
P,. p1119 

Jwfiwftfibf'f!I flwfih9Jwfi rlwJwfiw
,f[[! Ulf'U1U1.\U1Jutt/_nLJ t .\hurb.JLUL ftbf'"I· 

tpwt.= t.r9 + tPr' 

npmbtz t Js -fi .\bf'ftntfr Jfrw9Jwf, rlwJwtwftfi t L. f[wq_Jn,J t n.blhfr ftnG.frfi 

pwt/_wpwp JbunLfJJwJp [W{'nLJ ur,;,tnL U/w.\fi9 Jfrfil"- f[nfitnwftmwifrfi Jfi

p_nLl[fihpfi wn.wp_pfi Jpw9Jwfi U[LU.\f! [!fif[wu rfwJwfiwf[w.\wtnt/_wUf!t U.1u 

.U1f'U1U1.\w1<nn,fJ1wfi J1nw wfi,,_wJe' t Pr .Ji fJpfJn.nsfr rfwJwfiwf[fi t /J 

. f[wq_~n<J · t f[nfimwftmw1/rfi J'f1p_nLl[tb{'p wn.wp_{ifi Jfrw9Jwfi "lw.\frs Jfrf,l/, 

t/_bf'f_pfi Jpw9Jwfi "{LU.\f! [!fil[wu rfwJwfiwftw.\wmt/_LUUf! ( LUJU f!fifJw9.pnlJ 

4_nfimwf[mw1frfi Jfrp_nd1thpf! mwmwfii/_nLJ ht' Jfrwsfihtnt/_ /,_ wfip_wmhtnt/_ 
.i:s,.4nfie)1 

llfrw9Jwt t .rs rlwJwtwftl! nf'nztf_n,J . t ftnG.fr w 2/R (w-fi ftnG.fr l/iw

pnLJfJ/r f[.LU[wpl,hf'fr {J/rtl__fi t, Jruft R-e' l/iwfJn11fJ/t wf[tn/rtl__ '1-frJw'fpnL/JJnLfip) 

.\wumwmntfin4_, ftnG.frfi JwmnL9t/_wu ttupJwfi J.b.nt/_, UJUllWf'/r k qnp-
"t 

Uwf[9fr wprfbj!ntf_, ftntmwftmw1fit J/rp_nLf[fihpp flJnLfJn4_, lwl/ibpn4_, i/tnfu-

0Uf[n4_, 6. u "- 6" pw9wf[fihpn4_, LUL'fWftJw wfin{JnLJ w4_wu qwq_fi tnbuwftnt/_ 

"- G.tzJwJp1 UJU rlwJwfiwf[p ftwfut[wJ. . t fiwk ftnfimwftmw1frfi uwuftbf'fr 

fiJnLfJp9 "- f[nfimwftmw1/rfi Jwf[h,.L.ni1fJtbf'fr 4_/rG.wf[fi91 

ITJwzwpfr qnpuwft9fr Jbuw9nLJp fiU[wumnLJ t f[nfimwfturwi/rfi Jfr-

;fn'"f[thpfr W{'Wq Jfrw9Jw1'/! (t J
11
-µ l/rnl!pwfinLJ !;), l]wfi/t np LUJU 'lhll[pnLJ 

JbUwfinLJ ~ d.qntz l;tbftmpwJwq.tfruwftwfi mrl[!t Uwf[w1fi JfrwrlwJwfiwf[ 
13 2461 193. 



961 .H 
-mjmJmlnl/ qJgmlmb 'lm'1mnl/'lbmJJ :( f'li' '1,mJ'jmn'lm JIJg'1,'1,lUfpj1u'l 

-m'1mbJu1mj 11,m'1mnq'1,bmp qJ'1'!'11u6qp '1,qfmm'1mm'lu'1 '1.nq '/ ugjmb 

-1Ub f/Jmj ilmlmb qglgu '1,qfm'lu'1J'lj Ju ''l'I J'lU'1,1ub'lil nqlnmn/m'l) mJ/i' 

qf}Lfl lqbJu1mjmJm'1q1/ 'l'I p1UJupm1gbur ilmlmb 'lm'1mnq'lbmp qqu'1 

-Jgj pwJgiflngb '1,ml''t :ilJ'l'I'l'ufpjwn/uifuif LupJmmm'1 p1uG'lmJb lgur 

-mjm11,b nglnm'1mJu 71 ilJg11,qmub qJgifnuj ZuJu'lJ qmlmb 11,m'1mnq11,bmp 

q11,u'1Jqj lqmmbm'Jmpjmn JpmFpjwmlqj nqlmin '!'II Uwfl ilJg11,Gu6qp· 

LuGg11,w f1,1UFfl1ufub '1,mpifml 71 ilJ'l'l'l'uFfi1uJupmJm'1,j q1gbup 'lm'1m'1 

-qbqr/; q11,u'1Jgj 'lfm'1mn ''!Um 11 i1Gq'1mfJ11b qyJmbmmg •ilJn-.,u ·Z ·r 

11,mrLuflGmJ 71 '1,mpGq'1,mJ •ilJgpw Lubbm'1mj 71 'lm'1innq'1,bmrmJm'1q1/ 

•ii 'l1uf fl'"J'I JJmm qJg '1,lm qG11,g muln 'ilJnm q8'11ub11,q 'lm'1m nq 11,bm 1' 'ii Jg if· 

-nUj 11,m'1mnq'1,bmp lqluJu 71 1qifm/ J'lUJ'/'1,iffmpJtn,, JqJJmm qglgu 11,qfm'J 

-u'1J'I j / q1gJm'1 ''!Um 71 Jnlqn/ uif mJg pub11,gm '( «qmubn w'1n pubu.y) 

Jg Jmg rulmqG'l'I m uln 'l'ulJy. 'lm'1mn q'1,bm r • Jnlq n/ uif mJg p q11 u7 , J1 y.u'1 

lqifml pul'lfJubmmbo mJp qlqbur 11,m'1m'1qbqr/; '1'lu'1Jq7 :nqlgJqnm'l 

-pwnw ilJqbJm'1mpmj 'lm'1mnq'1,bmp qJq'1,m'1,qifqp 'lm'1mJm'1q1/ 1/ nqln· 

-'1,Fm •qtl!/'1,mmJmlnm 'lm'1mJm'1q1/ nqlnl'lq / J'1UpumJq'1 11,'IJu'lfml pilp 

-I'm 'u'11,qmqb ng'!'?'!I/ •ilr1udupmlqbup 'lm'1m'1qbqq; :ilJ'l'1,1qbup 'lm'1m'1 

-i/bi/</; fmpBmf'li' qJnqlqu '1,qfm'lu'1Jqj 'l'I r1upfLqmn 1/ ]iuumy.mmln 

M'fl ''l'I Jiluif mml ilJqif'"I 'lm'1mifmlmJ'1Jq G'lmJb Ju if'lmif ' / bJmJ' 

n71 il'l1ufpj1umubmtnqj 'lm'1m11,yJuif i/Jq'1,q1qu 'li/fm11,u'1Jqj 'lm'1mJr/ 

:/I Ju]imJmlJj jtpfmum ilp1uf1ul mqJbly. '1i/tni/1 

-m'lm qJqbJm'1mpmj 'lm'1mni/'lbmp 'lml''t :( Jn'11u6qp 11,qfmm'1mm'lu'1) 

JqJJmm 'li/Fmfb lu 'lm'1 pwbtlm'1mJ1mj 'lm'1mni/'lbmp ·dpmptnm'1'l 

i/Jni!G'lmum 'lm'1m'lfm'1Jq 1/ nqln'1,fm ''lm'1m'lfm1 i/'!u'1Jqj 
0

nqlnl11,{ 

'i/1m'lmJ1mj11,m '/ ifm?muq ilmlmb '/ bJmJ ilelf1u'ld '1,mpn/ZmJ qmlmu 

'lm'1mni/11,bmp mJ'l •il'lmf£l1ubJmln i/iffmpG1uum'1 i/qlqu 11,i/fm'lu'1Jqj fmf 

-m11,0 :ilfiFw'lJ 11,mpn/ZmJ i/mlmb 'lm'1mni/11,bmr qJq'1,uimJmlnm Mm lmii 

-m ri/ / mlqpmJ:,11,m Jmpm:, 1u1!/fw1Jq p ili/11,mmmn/Zm i/Jq 17,glqu 17,i/f m'lu'1 

-Jqj 1/ ngln'1,fm 'i/Jqi!Jmn 'lml7mni/'lbmpmJm'1ql/ Julud ngln"l'lr/ 

'l.. 'UJ\Qntfi 'l.. 'UJl'l..'1JllntUCll '11?'0-ef'l.{! 'l.. 'llti'llfill.'l..'b'llJl 
)t.Q )JS{!'ll'tJ 'l.. 'llti'llflll.'l..'b'O.Jl lJ.QlQ-U 'l..ll.l?'O:'l..UtiJQ': ·c;-9 

:p1u-oi-9 ·'1'! fmpJm GF1uG / '1m'f. 

-qJo '1,mpJmpmnm'1 4ni/lnnfm 4'lu7Jqj 'l4Fm7mpbq~ 1puGu6ifp 4mZmb fmf 

-Lqmn i/nq'lbmr 11,1ummmnmj 711fm 'pumlmb i/y.u7 11,m'1mni/'lbmpmJm'1ql/ 

'lfm{p lu 1qpJmpmum'1 11,q LuJm'1 JJ'l'l'lu'1Jqj Ju •1ql'1, / mlqpmJj q'(J 

''lmfiLZ 

lfm'1qfdo 'lmrJm]imnm'1 rw'1mt/1 71 ( 6-9 ·'111,) ( i) il'11u6tfr i/lnqb / p1up 

-bily ilnmr 11,m'1m'luJm'l!/'1 ( l) 4£f'lm1m£l ijmm 1mFtJwGqbbm qp1u Luby 

t6l 
11u~J7;,-?; -fm]'Jupm11,rnpfmlrr ]iumlmb 11,mJrmni/'lbmp 

'a..4--JJ.-r '1·----- ........ .;r -··- -i -m:lm'1q1/ i/y.ut, ''ll/if'1,mtn,mn/Zm i/Jq'1,qlgu 1u 

qJ!/'l'lu'1Jqj 'li/fm'1m]ibq1 / 'lml''l '1,qJuil'l1ud 

-bil'1n il;t'lmmmn/Zm qJ'l'l'll'lu 71 i/Jq17,'1,u'1Jqj 

r,Ji/fm(J'lmLm.l!f :mJP i/'11uli/r ( 6) / p•upJb 

·~m9qdo 9mpdmt11num~ 

q9u~Jq~ !Jqlm~mrbql runq9 
-bmp 91ummurnm7 ·01-9 · ~'l,. 

-mbqm ily.u'1 LuJmpmum'1 p1uqlg.{j 

:puifnqm {z) 
1/'Jmlb °6qpm17,n pm,, fU:,. J J'1UfU1nmJmm/n 

il'1w6i/r mufr i/'lu'1Jgj 'li/Fmfi'lmLm.l!f 

~ 
~ 

E ;:;::Jl 
[S :; ftj 

I 

:]ruilngm (i/fl'lmL 

-md) ( i) i/'1mumpm'1n '1mJmJ LuGq11,>U J'l'1,;t-(lmpJm'1 f!/1' lu / r1upmnmJ 

-mmln il'1'ir Bi/Jn'1w6i/r 'li/Fmm'1mm'lu'r q11,u'1Jqj 'li/Fmfl11mLm-d 

ilif\'mf161uumq 

·~9u~J·rn !J•Jlmd!Jmlrm.o '6·9 · ~'I, 

:p1u-6- 1J 

•'1'! fmpilm / GF1uG ilfffmp 

-G1uum'1 tf'7,u'1Jg j i/ni/lnnf'fl 

rilJ'l'l'l"'1J'I :;, ( 'li/f m'lmJJ 

-pqp) 'li/imf!f'lmLmfi 71m'1, 

6q6~m\'Jub qtlmZmln 

il:puld-.u\'mrn{~~ qtlq:Jllm!Jmpmp 
•l6uuddd 'l 9mp6mqp •9mp6q9mtJ ·s-9 ·q'l,. 

f .Z' 
.f.7)1 

lf./r7 

""J. --
;mi/1 

o/11 'tl.t:prmd~ 

I 

'!!/ i/'!mfmj '8i/J'l'J'l"'1J'lj 'li/Fm'1mpbg1 i/Bm;J tilJ'1, rudb'1n i/il'lmmmnjlm 

qJq'1,q1qu 71 qJ!/'7,'lu'1J'I j 'li/f m'1m pb'f 1 if17,i/Bq '1Jm11,'1,if Lqmnf m if'l'I JI 
:ilfm]rmmj m'1m'lmJ'mp fm1g il:;,mln '1,mpmmr''lm 

"!i/6Jq]r i/J711,lpu6qr '!i/fmmJrm1n'lul1 'l'l'li/1' Bi/:;,mln '1,mpB76i/ 11mpJml 17,mp 

-'1,iln qy.u1! / p1u1'bm'1 J?m'Jmpmp '1,mp1u£lGmJ i/1lqu 11qfm17,u'1J1( 
:p1u-g 

-9 •'1'! / fmpJtn ilJi/bmfl1u'lJ nf'fl :il'l1ufpjJUfm1!um q.''·"'Jl ~fJUbmbmp'1, 

J'1UJbm£i1u'lJ '( "' :>\) J= ~.,J l '!!/· pJUJu]rm'Jmpfmln ilp1uGmf!/r '1'1m'lmr 
J·· d Gr 

-mp l l1m11,mrmpmqp 71 ilp1ubmp11, i/'1m'lmpmp l 'JmpGmqJJ ''ll/y.m i/'1 
.J.eJ 

-m'1,mpmp l i/GuuflJd i/JM'11u6i/p 1'1'1,Gqb'Jin j / LuJm'1 ilflF1u71Jq nf'fl 

.111,mi/bJq'l/ '1i/m'1'!i/'1 '1fm]1Jm_:,n/uif 11,i/lmum i/Jn1!1Ulqp 71m'1, / p1u'lmfqp 



'L"f"lh fJrzfJ/t i/_pw tfn'l-blwi/_npt!wL JbfJn'l-1!; foL;_Ufbu r:w1m1ifo t, .\fot!Lw..,. 

i/_npi/_nit! t t!wqLpuwqwL U. {ibqmpwqwL qwzmhpfo t!wfJht!wmpqwqwh 

r; wtf wLJ wf.in1fJ1wt! pi 

. l:th4mpwr:wrznl''l-Pl fJrzfl/t i/_pw umw9i/_wJ r:bpqnLw1foL nbibfo t!wqLfo

uwqwL qwzmfo "lwmqbp[! 9ni19 t mpi/_wJ L4. 6-11-nit!i 

uqwpniJ LzqwJ bL Jfrw11i t!wqf.tpuwqwL qwzmfo fo1iqn149/tw1/t qJhf'I!• 

fru.4 r:wqwuwp JwqitfruwqwL "1ninb'u9fowlLbf'fo qJbpf! Lzi[wJ zbL1 

flwniJLwufo.pqnrz JwqLpuwqwf.t t:wJw4wpqfoL pLnpnz b1i t:bmU.1wl 

tfwqbpuw4w'iJ {nu.pbp[!• tu) <D 0 wzfr1wmwh[!Wjf& pw9wf[p r:nu.p ( iUJU

mhrz t:wzqfo bL wnLi/_wJ 'uwU. qwzmfo foLqni49ftw1fo qJbpfi J..pnitlni/_ UfWJ
Jwf.tw1[np1[wJ ,P.pJwL .\nu.pbpp), np[! L4. 6-11-niJ 1-ftL 4nI1mw4mw1/t& 

Jfr2niq { JmLnLJ J..w/u qnrztFp9 (km' b. km Jh_wqw1f! hpnuf ), wL9-

'iiniJ { wz/uwmwL.pu.11/tL {) _
2 

pw9wqni/_ b. ,,_nipu { qwlftu 2-r'l- l1nLmwq

mw1foL Jfr2ni4/t w2 qnrztl/19 (m'k' U. mk' Jfr2wqw1.pbpfo9), p) <Dct•' -9pt!wL 

r:nu.pbf'f!• npnbp ,Pwqi/_nit! bL o'l-nq ft l[nhmw4mw1ftL Jfr2.nLqLbpfr9 npb.{ 

Jb4nif_1 U.1u .\nu/!bl'I! wz/uwmwL.f}wJfoL pw9w4nif_ £bL wL9Lnul, q) <D d<> 

9ptfwL r:nupbf'l!• npnL.p q1wqi£nit! hL t!ftw1L oqni/_1 U.1u r:nu/!hf'I! · b.u ;_hf.. 

wL9LniJ oqwJ/tL pw9wqnq1 

uqwpfr Lhp.pb.fr Jwunit! 9n<J9 t mpif_wJ 4nLmwqmw1ftL Jft2niqfo Jfo

p_nq t!wqLfruw4wL r:nu.pfo pwzfutlwL qnf'I!' ?-wzmfr Lqwpfr Jfr2n9nq pw-

9wmphL.p tuJ'l- qnpfr pLni1fJl!' 
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U4uwJ wpmw.pfoL. Jw1pfo9, .\nup[! 1-frL qnLmwqmw1frL t!fr2ni4nul" 

Lw/u wnni_J t t!/12ni41! JmLnrz Cl> 0 U. <I>Mi .\nupbpfr zLnp.\foi/_ Li. m-n. 
Jfr2w4wJ.pfo x __ . ltnnp'l-foLwmfo qmpi/_wJ.pniJ r:wuLniJ Pl' '";n.wt/_blw

qni1L tupdb.pfou (<D- .)1 U.1Lni.\bmU. 1-foL l1nLmwqmw1frL t!fr2n~qnit! r:nu

P/! uquniJ { Li/_wq_bl, .pwLfo np <Dct-tt '1_ $ ;; .\nu.pbp[! wpqbf.1 '1-nipu bf,. 

l/lU[fU LUJ'J J/tpnd1fr91 bflb l!f,'lnLLbL.p, np m u. n l1hmbpnq pf:n'[Jw,-ir "C'"l 

qmpi/_wJpLbp[! fopwp zwm Jnm bf, qmLqniJ, LUUfW qwpnrz bu.p qpbl. 

<f>-.=<1>1; + cJ>MI 1 

'1-wzmfr Lqwpfo Jfoi'.n9nq qwpbtfo { qwqt!bl J;bpqnLw1frL nblbfo JwqLfruw-

4wL zrzflw1fo ,Pn/uwpfoLJwL u/uhtfwL1 U.1'1 u/ubtfwL Ufwpqboif_wJ mbu-. 
.pni[ 9ni19 { mpqwJ Lq. 6-12-nLt!i 

.PwLfo np qn1imwl1mw1ft1i JfoJ'.nLqLh-

l'P t!wqLfouwqwL t:wrznpqw4wLni-

fJ 1niL I! o'l-fo r; tu'l_t:pr;w4w'i.irn{J1wL 

L4wmt!wtfp wfiuwr:Jwf.i JhJ t, WUfW 

qpwL9 'lfoJ w'l-pnifJ 1niLp 4wrbtfo { F 

wpr:wJwpr:bl U. u/ubt!w1n,,J /uzbu 

U /ubtf w1nit! Lzq wJ R i. '1frt!wqpni-:-

fJ 1niL I! JUJ<qLfouw4wL zrz/Jw1fr Lbl'/!foL 

m brzwt!w ufr J wqL fruw4wL 'lfrt! w '1-f'nL-
fJ JnLL'u { qwt! Lhp.ppb JwqLfouwqwL V[i . 6-12 . lfwqGpuwqwG zqpwJp 1ju1-

qfoJw'lpni/J1nif.t ( WJb 'lfoJw'lpni- )ump~GJwfi ujuhJ'w!i 

iJJnibb {, rrpL ft r:wJm { qw:fou <D " 
.\nu.pp hwbwUfwpr:pf1, bpp w1L t!fo '4nf.tww4mw1/tf.t JfoJ'.n,4p bbf'/!fiL mb

rzwt!wufo9 wf.i9f.tnLJ { tf1nw J/tpnLqf t:wJw"{wmwu/uwf.t mbrzwt!wuf!) t 

b/Jb wpr:wJwpr;hL.p Cl\ r:nu.pfo wjL pwrzqw9n19fri. tfwul!• np[! UfLUjtlw

f.twqnpi[wJ { JUJ<qLpuwl1wf.t frit'l-ni49fow1fo nLdwqJbpfo ,P.pilwJp, 4wphlfr 
t qpb[. 

1 ab 
A. = - n-- = I.Lo-,- , 

1"\mi.. . o 

npmhrz a-L qnumw4mw1foL Jfr2ni4Lhpp tf.n/uJwJ4t {, puq b-1i' lwJf;ni-

fJ1niL/! (L4. 6-3)1 <Pn/uwpftLt!wL u/uht!w1/r R _,. '1-frt!w'l-f'nLfJJniLI! t!wq.Lft-. 

uwqw'iJ zrzfJw1fr l.upmw.pfaL whrzwt!wufo 4n&fo ll'P'l bpqwpnif11wLI! pbp.

if_wtt 'lfot!wqpnL/JJniI1L t 4wJ wpmw.[!pb JwqLpuwqwL '1-ftt!w'l-f'nLfJJnLhf!· 

(<D 0 <nu.pp btuhWUftupr:p '1-ftt!w'l-f'nL{JjnLLf.i {, hpp tuJb 4nLmwqmw1frL 

t!fr2ni4Lhpfo9 Jh4fo wpmwppL mhrzwt!wup9 wf19LnLJ t J1nw tf/tpni4/t t:w

JwUfLULntuu/uwL mhrzwt!wuf!)• R _,, '1-ftt!w'l-f'nLfJ.fn t f:[! r:wiFw"{tumwu/uw

LniJ {A_" wpmwpfoL t!wqL·fouwqwL r:wrznpt,w4wLnifJ1wL[!• 
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r/JnfuwppLJw'b ufubJwjp Rdo U RM'lftJw'Jpnt/J-JnL'hLbpp 9pJw'b <nu.pbpft 

'tlw'bwUfwp.t:ft'h brzwJ- Jwq'hftuwftw'b 'l,/tJ'w'Jpni/J-JnLL'bbp'h bL' pbpt/_wJ- ftn

'tlft [ppq bpftwpnLfilJw'h[!t 

~h11ljnGw1]1G n!hthJi u]l }!tuG]l fiw21[w11ljw1Ji'G dliJl'mJit1mGGhf11! It G11wGg 
pGntfittuq.f1hf11! . 

f!L'l.t;,w'hnLp wnJwJp 'f[n'hmwftmw1/tfl Jfttnift'hbpft Jftt_h. wnwt_w9wJ

;/;ihftmpwJwq'hfiuwftw'b nulp npnzt/_niJ t .t:bmUJUIL wpmw<w1mnL/J-JwJp. 

1 dA 
P - -F2 IP 
~-- 2 ~' (6-2) 

•npmbrz A
1
r -L Jwq'bftuwftw'h .t:wJwl1wpqft LP/ti/_ Jwq'hftuwftw'h .t:wrznp'Jw

·ftw'hnifl1niLL ti 

tibftmpwJwq'hftuwftw'h J.qnrz nulp (6-2) wpmw<w1mni/J-1wJp npn

zblnL .t:wJwp wft.t:pwdbzm t pJw'bW[ Jwq'bpuwftw'b 'Jwzmft pwz/unLJf! 

.t;bpftn'i.iwJ/t'h nblbft Jwq'bpuwftw'h .t;wJwftwpqniJ1 b/J-b p'h'Jni'hb'h.p, np 

tLbftmpwJwq'hftuwftw'h J.qnrz nLd[! umbrzJ-t/_nLJ t Jftw1'i.1 ftn'hmwftmw1ftL 

.Jftf.nLftLbpft t/tnfuJ-wJ-f[p ZPf.w'bniJ h. JftwdwJw'hwft wp.t:wJwp.t;b'h.p i.ftp.p

Jw'b <nu[!bpp, WUfW ftwpb[p t oqmtf_bl .t;bmu1wl <w1m'hft t:wJbJwmw

pwp "fW{''l_ wpmw.t:w1mnL/J-1ni'hft9. 

<I>~ 
P~= ~--

21-'-J ab 

ltn'ilmwftmw1ft'h JfttnLft'hbpft wnwJ.'Jwftw'hnLfJJwJp UfWJJw'hwt/_npt/_wJ- <w

ftwq_'Jnrz null! ftwpb[p t wpinw<w1inbl t:binu1wl f[bp"f• 

(6-3) 

fl.1umbrz C 
6 

-p bpftnL ftn'ilmwftmw1ftL JfttniftLbpft pbpt/_wJ- ftnzmnif11niLL 
r r 

t, npp p'hnpnzt£niJ f Lft. 6.;.4-niJ 9ni19 mpt/_wJ- a w'hft1ni'ilnt/_1 f!L'l.t;w'bnip 

'1./;"1.f!n'J ftn'hmwftmw1ftL Jfttnif[Lbpft pbpt/_wJ- ftnzmni/J-1ni'hp npnzt/_niJ t 

.t;/,,nu!"'l pw~ .... J.J,111[. 

C - C1 . C2 
p&r - C1 + C2' 

npmbrz C1-p f, Cr!! wnwLJ.ft'il l1n'hmwljmw1/t'il Jfttnif[Lhpft ftnzmnifl1niL-

L·bpft b'h1 bfilb C1 = C2= c, UJ"fW c =0,5 C1 
p&(' 
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lwumwmni'h ftmpt/_wJ-.pnt/_ <wp{J f[n'hmwftmw1ftL Jftt.nift/t ftnzmnifl1ni

'j,I! npnztf_niJ t WJu"lbu. 

Eb h3 
C= --a-· 

41c 

npmbrz E-L wnwJ.qwftw'hnifil1wL Jn'ln'l'j, t, h-e' Jftt.nift/t <wumnifJJnLL[!,. 

le -L' l1n'hmwftmw1/t'h lfrnfuJ-wJ-ftft ftb'hmpn'hft9 Jft'hih. Jfttn•ft/t h. 

WUfWftJw w'bn/J-ft Jftw9Jw'h mbrzl! bqwJ- .t:bnwt/_npnLfJJn''hf! (&-ft. 6-3 )1 

flpnzb'h.p .t; /;pftnLw1ftL nblbft pw'hb9Jw'h b pw9wftl! h. pw'hb9Jw'h F 
pw~ ,.~ 

J, l· ni.-L1 />Ll"lbu wp'Jb'j, Lzbl b'h.p, nblbft pw'hb9Jw'h Ufw.t:ft'h (b=br ... 

[, F=Fpw~) .pwpzw1f!L p ~ =f (b) p'hnL{Jwqftpf! znzwi.ftniJ t <wf[wq_'Jn'l 

Jbfuw'hft4wftw'ii P,, = f (b) p'hni/J-wq/tp[! (Lft. 6-4 )1 flwmft WJU 'J/;Uf.pnul. 

ftpwt/_w9/t /;'j, -';bmUJWL bpftnL .t:wt/_wuwpnifJJnL'b'hbpf!• 

dP~ dPJ 
----;Tu- = -do-' 

lwztljr wnLbint/_ (6-2) u (6-3) wpmwt:w1mln/J-1niLLbpp pw'hb9Jw'h pw-

9wft/t .t;U.tJwp, ftwpnrz b'h.p qpb[ . 

(6-4) 

(6-5) 

(6-6} 

fiwdw'hb[nt[ (6-4) wpmw<w1mnL/J-,1ni'hp (6-5)-/t t/_pw, ftumw'ilw'b/! LUJU 

pw9wftl!, npft 'lbu1.pniJ .t;/;pftn'hw1/t'h nbl/;L pw'bb9t/_niJ t, w1uft'hp'h pw

Lb9J1µL pw9wftp· 

.t;wzt/_wpftf! uwbpwJwu'b /!'j,'tJ,,,pftt/_iiJJ- t .t;wJw"fwmwujuw'tJ wzfuwmni

P1ni'b'b/;pniJ1 

U.1dJ npnzh'h.p -';bpf[nLw1ftL nblbft pw9/JnqJw'j, J. z. ni.-L1 fHibp 

pw9f!nrzJw'j, dwJw'i.1w!1 /1pwt/_ w9ft t ;; bmUJWL "1w.1Jw'bp. 

Pt=-= PJ1 1 

lDQ-



JO<: 
-uJqr/; Jwnmlju1/9q; 1ruwrimljuJq</; IJ'1 J'lU'f.81 '!.rm rulJmmmm'!. lUlq'f,Bmf 

J·p 
-q.P J'!.lUreJ1u'!.ml1mvJuLm:;, tJIJmBmd Q J'lUJqilm'lv luJy tlJfmfn/uifr 

f'll' 1qru:;,mmm J'lUrLulm:;, tJ7 'i IJmtfrm'!.mJ':rmn JrpureJ1uJm1JJq t/'!.ulJJq:;, 

Ju tJ'!.mif Grm;J ''!.'I J'lU'f.GmJmlJJq JIJfrrifn/uifr tJJq'!.v'17ld tJJmlmntJ'!.brnJ' 

'!.t/ifmwJm 11 tJJ'f'!.IJlU"lt/J' '!.t/rmwlJmw'!.ulJ IJnt/ •Jiluifr ifrm7 '!.tJJupmJm'!.j 

IJ'!.t/1 JIJmBmd .J-p Q Ju ''!'1 J'1Uwmn/lm ntJlqfbmn/m'!. 'f,qlqv ruvmy.wmm 

IJnq nrYJ 1Gqifrm7 (h 'e1-9 ·IJ11) tJIJmGmd .,, 
1
' Q fmLq 11iit/.P tJJq'f,vq11d 

IJJmlmntJ'!.bmp .,, tJJ'l'!.IJ~ultJ.P '!.tJimmlJmw11ulJ 'nqmmJu]1m11nml' •GtJJq'f, 

-'f,u-~Jub wml 'j frn]rn/mlJ J'!.1UFeJ1Uinqpm'!.1urvJm 'lml'vmJtJIJ tJJmlmntJ'!. 

~bml' '!.tJifmwJYJ 1puifnqw tJ7tJJmifrmlJ tJgl'fv 'j l';u71wnmJwmm JJmlmnt/'!. 

-bmp '!.tJifmwJm n/my.m:;, wm2 11/y.m tJprn LupLqn 11tJrmwlJmw'!.ulJ Tfm'!. 

n'lln7'!.t/ ''!.m116mJvJmd l'mb'!.m i-£' l 11mr.eJ1Urpurmba 7'{'!.Gqb'f,mj 'j LuJ 

-mlJ l'j '!.Ju •J'!.iureJ1u'!.mlJmvJuLm:;, JmV '!.ml1mntJrt,bml' '!t/ifmwJm 1'17qv 'j 

l''u'!.Bmfq.P '!.'1JutJ1mi:a JJmlmntJ'!.bmJ' 1ltJifmwJ'{/ 1(d 'er-9 ·IJ11) JrnlmntJ'!. 

-bml' '!.tJifmwJm '!.!/ J'luJvmLqw n/my.m:;, 1'1uJq11qlgv '!tJim'!.ulJJq:;, Jrnprnj 

1u7q1lGmdq]1 dpmnml' J111uF.eJ1uJgeJ nr'f] ''!.'/J'l'l17'!v '!.mlJmntJ'lbmJ'mJw 

-IJql'j '!.m.~m1lupun Lu8g'!.1u Jq11,ZtJ11m6,uG '!.ut.fGmw1ul'ulJ 'lm!''lm!'rnj 'j 

piuiitJa J'!.1ureJ1u'!.1urmba tJJnq17v '!.tJrm'!.ulJJq:;, 1'j ]iuvmy.wmm _Mm 1f ''j 

Jiluifr wml J'l1uFd1utJ?qG'!.m1pmfi '!.mlJmntJ11brnJ' tJvo Ju ~'j if'lwFm7 1puvo 
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wq_11b9n<f1JnL'b[! q hpwLniJ f;, hpp .t:hrlfnLfr 'tnLinw4mLhp[! UfLUuit/_nLJ M.1 

( Pf'P.t/.nLJ hL) .t; brzni4 J brn w'l.ni/_' uL11fi'tnif.1 Pwgfr Lztf. wd- wnwt/_htni

fl sn'Mibpfi 9, .t: luzn''t Jb111wrzw'twL 4wJ uL11/r4n1_ [Jpp_i/_w.t f[nLinwf[mLbpL 

n i 'bbf, LwL. UlJl wnwif.htniflJnLLLhp, opfrLwf .fnl?l'wLnul I; wL9n'lfrlf ?/r
Jw,,_pnLfJJnLLf!, 1_hpwLnLJ f[nLww'tmw1frfi uh'lJn'l niJfi wL t:pw J hzwni

fJJnLL[! , f[nLmwf[mLhrl! zhfi qnqqniJ Ii. 1.bL 4"1lmJ, Jhd-w'bniJ I; f[nL

mwf[U1Lbpfr l;ib4mpwf[wL L. JbfuwLfifJwfJwL Jwzwfw1ni'l.tnLflJniLe, pwpa

pwunLJ qnLmwqmw1fiL zn,wLfr wLgn'lfilf 11frJw11pniflJ1nLp1 

1.wpf[ I; uzht , np pw9fi uL11filft.s l:hp'tnLLhpnLJ oqwwqnpd-if_n,J b& 

Lw/i WJL .t;b'l.n•f[ ,fbmw'l.Lbp, opfrLwf[ , LwUJ('ptrLJwJ/1L wJw1qwJ1 

UL11ft'twflpP.if."wd- 4nLU1w4U1Lbpn4_ Jfiw9Ln'l MI\CP -6 .t;bpf[nLp U(WU1-

f[hptf.w.t I; 1'4- 6 - 19- uiJt 

IJ.Ju 1:hp4nL.fi nLLJr Jbf[ ':wm f[nJnimw9Ln'l IJnLU1wf[mw1frL 'l."LJ'ft 

U.UJwlfJw (2) ,,,f,nfJniJ qn114_wb hL UfbpJwtnJ/rs U/wmpwuU14_wd- ( 1) l.t (5) 
Jfrp_nLf[Lhp(! t IJ.nwp_frL Jfrp_nif[fr 0-wj('pL wJpw9:'f_w.t I; n i_ Jwq.L{i,,.uw_f[wL L1ni

fl/t9 UfWU1{'Wuuiqw.t htn<ume , n{'L_ frr •[rw t U(w':nul uii11fr4/r npnz .pw

fiwf[n LflJniL 1 ULqpf[fr WJU .pwLwf[n LfJJ~LL[! wLt:pwJbzin I; *nf1 muiqLnLhpfr 

1:wpt/._w.tfr9 wnwy_w9n'l {Jp{Jnn9p pwgwuw4wL .t:bmliwL.pfihp[! i/_bpw9Lh

ln' .\wilwpt /d'pflnn9Jt JwJwLw4 4nfim LU qmLh{'[! J nLn bLni J bL L, .t; hnw

finiJ , uw4wJL 2'lfJwL /;1h4mpw4wLnrhfi l P fu q4_nLU1 pwLfi np .t;hnw

Lwifou uL'1/t4e aq4_nLJ I; Ii 4n'iimw4mLhpft Jfttu wnwp_w9Lnul l;1hlfU1rW

.t:w'l.nf''1Pl tfrn.pp 4wJp p_ 1.111[1 U.L2wpJ J/ty_nif[pL (5 ) bnw49tf.w.t I; zwp

rlw4wii ( 3) Jh_niqe1 "f'l!- Z-wali. b-ni/_wb 1;1 &wpJw4wL ufr2niqe , fiLlUfhU 

Lwli ( 1) Jfoti1Ll[p 4nLinw 4inwJfiL Jwue IJ(Wmt/_niJ t ufi11filfnt/_ {Jp y_-i/_w rt 

npu{ Jhmw'lntf., opfrLwf[ , "llwmfaLntf.1 /J."lwlfJw iuLnflfr (2) L bN/.,fa Jw
uniJ 19tf.wb- t uLqfi'tl! ( 4 )1 &wpJ wf[wL ufr1ni4Jr (3) 1w1L 4n'lfo 1[p w ,;,,,_ 

·~oJ 

-., q . 6-19 . UG•1\•liuirn4wt\ qnGm1u~mlibpn4 J \1w9Gn'l 
MKCP-6 flhr~nGl' . 

1-wLzuif• d 4nL1nw4u•WJpL J'p t nL4 , 2 - -w"(w4Jw w!m p , ' 

3-z wptiwqwL 4nLU1w4u1w1pL J'ptn L4 , 4-uL1 f14 , 5 - wL z w f' d 

fun 'ln{w4wl./, J'p f nL4 , 6 - 4nLU!w4U1WJ/1f, b1nct1u1 
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'i,lj. 6-20 . UG11J>~wn2~wb ~nGmw~onGbpn~ MKUP-30171 
mlrnw~~ tfin/uwG2u11nnq 6bp~nGe. 

1 /, 9-w'Lzwpcl qn'Lmwq,,,wJfr'ii .lfrtnLq'iihp, 2 - ni .!wq'Lfruw

qw'ii ¥n'buiwqmw1fr'b flfrflbrz, 3--zwpclwqw'b f1nftmwqmwifoft 

.lfrtnLft, 4-i>ftnL'b flfrflbrz, 5-w"lwft1w w'LnfJ, 6-u'b'ffoft, 

'l- w'Lzwpcf frmrzn<fw¥w.l/, .!fotnd1, 8-qn'Lmwqmwifo'L b/nLUUI' 

'l-fourwp'f1[n'l <bpl[nfiniJ uL'lfrlte wfin{Jfi Lhppl.tfo Jwufos 'lhU[p l[nu-

1J1w1[1J1wJpL zf'J'wL ¢ t!rzt[nuJ' l/zn.ppfo'-t t!wqwfin{1Hpnt[: IJ1t'lfr4fo J'l_Jwf,l! 

'hU[UIUU1nLJ t Jfof.nd/p (3) Uhp.pf.tp Unt/_UJU Jwuf! 1 nf'f! .t;hf'4nufr pwbh9Jw'/, 

dwJwuw4 wzfuwurniJ t nl'Uf.bu J'lfol U[n.r"I' ziltniu PfoPb'lfo ( 4) wn!fw-

1n•fJ1n•ue LU[U1UU1_i1LJ t .\hpl[n'ufo zwf1dwl[uiL Jwufo l[nzmni/J"1L1JL ,Pn.p
pw9JwLe1 

11.Ll:pwdhzm t uzht, np pLLwpl[qwu 4wnm91[wup'ithpfr <:hpftnlt'iibpf! 

'fwpntz h'u wz/uwmbt nirz'lwJ.pq mh'lw'l-f'tf.wu t/_pC.wl/ntJ f[wJ ti 450. 

w1tft1wu mwl[i ll.JL '1-Pl'.flbpntJ WJuUf.pup <h(11[nLUh11e wLwzfuwurmLw'f· 

/;'/,, uhp'fw1mJu Jzw4t/_LJJU hu UJJUU[pufo .\h'lni4 Jhmwrzwl[wL <bpl[nL
'/,/;p, npnL.p wzfuwurniJ hu 9 wL4wswu '1PP.f!niJ1 

~fiqfol1wfJp£t[wu l[nL1:w~m'ithpn<f. <bpl[nfi'iihp[! 4wpb[p t oqmwqn{'uh[ 
-38 -p9 ni. 9wup k 100 C-p9 ni. pwpdp f.hpJwuur{tC.wHhpmJ1 

6-5. ~bflfl]ll). \,bfl 

Unqnpwf[w'/, <hpl[nLfihl'fo twl[wL {JhpnifliniuLhpfis Jbl[L w/i.i t, np 

Lpw'up qqw1niL lbL zwur 4wp-Awm/, f[wnwqwpJwL wq'lwLzw1t'tJhf'p uftwur

JwJp: IJ.JuUfhu,, K3M-1 <hl''fn'u[! l[wpC.wm/, JpwbnLJ t JfiwJU 125-30()" 
203 

Jfr4pni/_iuJpf[JwL urli.n'lnL{JJwdp 4wnu11/.wpJwfi wq11wLzwLJr 11hu[.pnuh 

ll.Ju {JhpnLPJnLHhpp9 qhpu ht <hp4nLw1foL wUfwpwmLhpfo 11wupu Ufwm

l[wfin'l !phppfo11uhpf!, npnfi.p 4wpn'l bL qnpttht 1-2 Jfof[pnt[wJf'4Jwfi mh

t[n'[nLPJwdp. l[wpC.wmli. l[wnwt[wpJwfi WC/_'1-IJJLziuLp91 uJwL l[nJnunw9-

'Lnrz LUU[LU(1LUU1'1Jhpf! t'iJhpqpw h'iJ uwfuumJ JpwJb phnp Z'lfJLUJp Jpw9Jwb 

Ufw.\pL' 4wnwt[wpJw'u wrl'l-wtzw'ufr urpJw'u eL{Jw9.pntJ1 IJ.Ju tuhpqpwfi 

qhpwqwfi9nuf t Jp .pwLJr JfrLfo.f!nnt/p9t l/nfimw4urwJp'u Jpf.nLl[Lhpf! Jfows

.J.wu t[fo-C.wl[niJ · Ufw.t;hlnt <wJwl' (4wniut[wpJwf, wq'l-wLzwLp t[hpw9nt

Jp9 < hmn) !pbppfo'l-'uhl'niJ oqmwqnputf. ntJ . h'i1 J wqLpuwl[wL · <hn'lnifl" JLUb 

tthJhLurniJ (llSL), f[wnwt[wpJwL wq'fwLzwLfo qnpuJwL eLflws.pnuf 4n•

mwl[t[wu JwqL/JUwftwf, thh(1qpw'u1 3Jhpf1p'fLhpfo wnw2foL LJnizLhl'nul 

U LS-L <J11rtwl[wfintJ U[LUmpwumi/_ntJ tp !phpf1fo'!'P9' U.Juurh'lf9 tL wnw-

1."'9hl t LUJU WU[LU('LUU1Lhpp wfiqwLniJe'· 

:/Jbf'PJ.'1-=fhfJf'pfom+f'li'l- {wfiq[hphfi' [hqt/_wft, <hpl[nL) 

:bhpppq.Lhpp ul1qpniLpw1fiL ufuhJwfihl'l! 9ni19 bu tn{'qwu uft. 6-

21-niJi flntnl' ufuhJ wuhpniJ II LS-fa 'lhl' 4wmLUf'n'l Jwuhl'l! Lz<f.wu hU 
Jwul' l[hmhl'nift uhpf[w1niJu llLS-Lhf1fo -t:wJwl' oqmwqnputf.ntJ h'i1 hf1-

l[w[Jfo, '-tnpw[mp Ii. .ppnJp .t:pJ.pp qpw U[LUU7[7U1uurqn'l .t:wJwdnt[qwu.p'ubp' 

<f.p4!fw1nl', l'b,[Jhfi'IJntp, 35KX12, 35 KX 15, 25 K<DH 14 /,_ WJLL: IJ.1u 

'LJniflbp[! <wJhJwmwpwp .t:hzm h'it t[b{'wJwqu/JUw'itniJ /,_ odmqwu h'ii 

pwpJ.p urhuwl[wpwp Jwqbpuwl[wfi {Hr1'1/rJ.UJnt[1 9Jhppp'JLhf'nLJJ llSL-Jr 

.t;wtlwp oqmwqnf'u<f.n'l fiJntfJhpfo Jhu Jwu'/, nifip <wJ/itlwurwpwf' ni'l

rzwLl[JnLb .t;/JUmhf'hqpup orzwl[ (nirz'lwL!f1niun<fJJw'it qn{'uwqp9[!' a=0,9-

-0,93), pw<f.wftwup'it pwpJ.f' J'ilui9np'lwJ/r'il fou'lni48pw (BT 1,8-2,1 St/ 
k JhU l[ntp9frmp<f. nLd (H =20-100 U./uJ)t . c 

lJwnw1[wl'Jw'it wq'lw'uzwfi/t 'lwzmfr wq'1h9n<fJJwfi mw4 II LS-fi 

(f11[. 6-21, w) Jwq.'LpuwuniJ t b. l[niurwl[niJ Jwqfipuwl[wfi tLhpqpwt U.q-

11wLzwLp t[h['w9niJft9 <burn llLS-niJ l[nunwl[qwu Juw9npqw1fou Jwq

'Lpuwl[w'il t'iihrqftw1/• zLnp<fi<f. < hf1!fnufo (3) l[numwl[urw1/ifi (1 b. 2) Jfo-
2ntl[Lbpe Jpw'untJ bL (L4. 6-21, w} Ii. Jpw9<f.u"} AL JLntJ Jfofil/,_ U'Sl.-fi 

WU[ wJ wqu p uw9niJ [!, np [' fil'wltwL w o</. niJ t l[w nwt/_wpJ wL wq 'lwfizwufi 

'iil[wmJwJp ~wf[wnwl[ LzwL ni'uh9n'l [pw9ni9fil wq'lwuzwufi 1Ffr2n9nt[• 

l!LS-fi LUU[wJwq.Lfiuw9niJp9 .\f;mn <hpl[nufo O'JLUJPU wzfuwmwupw1/ifi 

pw9wl[p Jwq'ufiuwl[wu <nu.pf! l[m{'ntl[ fit/_ wqntJ t, ftnLmwl[mw1Jru Jp

f."<4Lhpf! J'f"'l ~Lh'-t1J1l'wJw,,_LJruw'-twL nufr' tf.nppw'un,J, b. '1.f'"'L.f! wnwLJ.

lfLUIJwUntfJJw'u nuJbpfo w'l'lh9ni{J1wu mwl[ .\hnw'untJ bu fipwf'PS' 

l;wfu•[wtt wJ'il pwLf9, np 111.S-L nl'url"z t mluzw'lf'·t/.wu' WUfW4Jw 

w'un{Jp9 'JflL('U1 {Jh WUfW4JW UJUn{JniJ, !phppp'Jbhpf! 'JWUwf[wpqqntJ hf1 

W{'mw.ppL <fozn'lni{J.1wfi (LI[. 6-21, w) k LhP.f!pb <fozn'lntfJJwb ('/,It. 
6-21,p)t 
14 24111 209: 
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2w-Awfu Lbl'llftf, .t:ftzn'lnL/JJwJp !phppft'fLhpfrL wfiqwLntJ bL fibqw~n& 

( nntuhpbL re3aKOH - repMeTl13HpOBaHHbIH 3aIIOMHHaIOlll,HH KOHTaKT): 

2bqwftnLLhpntJ ll2S-ft 'lb/'/! qwmwpntJ bL qwJ qnLmwqmwJftL Jft-

2niftLbpf! (Lq. 6-21, p), qwJ l;l 11pwL9 pwrzqw9nt9pl ,Jwubppt 

llwLpwJwuf.. l!LLwpftbLI! !pbppfr'fft wzfuwmwLn: bLflw'fpbLI!, np 

4wnwi/_wpJwL w'l'l"'LzwLft .t:wJmLqb[nt9 wLJpt_LUUf.bu wnwF_ !pbppfr'fl! 

LPP•[ U1UfWJwqLfruw9qwu I; bqbl u f..pw t/}-C.wftl! (BiH) qnnp'l-frLwmf..bpn<J 

pLntflwqp•[bt I; 0 qbmni/_ (f..q. 6-22, w): l/wnim[wpJwL w'l'l-wLzwLft 

wJ"ltfrmnt'lfr w-AfrL q_nuwf..fJw9 Jbuw'iintJ ht 'lwzmft H [wpqwuniflJnLLf! 
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u lf 2S-ft wnwi/_ htw'lnLJI' B pf,,1nt48pwL (Lft. 6-22, w )1 8wLqw9wd- Uf W
.t;pf, (B1H) ftnnp'ffrLwmLhpntJ ll 2S-fr wzfuwmwLl!wJfrL qhmfr 'IPl'lll! qn

pnzif.fr wq'lwLzwLft wJUftftmn<'fnif. ( 'lwzmfr [wpif.wd-ntfJJwJp) It !phppft'ffr 

Wf''f JnLLwpwp J w q.fipuwqwL .t; w'ln/''1-'"4 w'i.. ntfl 1wJ pt 

B 

II 

s 

'\,~. 6-22 . lJwRw~wpJwG wq'}mG2wG\1 1fb/JnLpJwG h mlrnqnLpJmli 

wqqhgnLpJnLGI' ~hpp\>q~ w2luwmwf:11~ ~pm 

U.Ju"lbu' Hi fLUpi/_wUn<fJJwL 11b'i./.pn<J (Lft. 6-22, w), bpp ftnLmwqmwJfrf, 

Jfrtntqf.rhpf! pw9qwJ bL, wzjuwmwf..l!wJJrf.. qbml! qmti/_ntJ I; 1 '1-Pf'.pniJ 

( Ulf''IJ" ' f..wpwp A wp .t:wqnp,,.wqwLntfJJnLLf! qwph[p I; tbpftwJL''9f,bt 

14' 

lJ,~ 
a"= arctg A wr -

5
--

J::.us 
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,u/iilun,'uni[ wpu9{ruubpfr wn.w'u9/!/r'u ·urw.p>l_w&' -C.wnwq.wJflni/_)1 bflb wp

-':wJU1p~i/_bL · 9pJwL -:nul!/,{'[!1 'W"{W LnLJL ftburl! ftpLnLflwq.p{r Lwh wz

}11uww'u.pwJ/r'u pw9wft{r /r1i11nd19/rwJ/r Jb&nLf/JtfL'u[!t b/JI, w1u i/_fr-&.wftnLJ 

wzfuwurw'u/!wJ/r'u pw9wftfr fr'u'fnL'ts/rw'u Jbq ffr'u~ pwLb9Jw'u fr'u'fnL1t9/rw

J/r9 (nf'l! ftw/ui/_wq I; JfrwJ'll ftn'umwftwwJ/r'u J{rpmft'ubp/1 C ftnzmnLfJJnL

~/r9 h pw'ub9JwL pw9wftp9), · W"{LU !pbppp11[! 1tq.np&p1 Upw ftn'llU1wftmw
.J/r'll JfitnLft'ubpf! 1tJ.q.if_b'u, U ftifiwftb'u pbnfr zrzflw'ui 

l/n'umwftmwJfru JfrpnLft'llhpfr Jfrwgni,Jl! ft':w'uqhg'ufi wp11JnL'uwpwp 

.tlwq.'u{ruwftw'u .\wl]_np11w1tw'llnLf/Jw'll Jb&w9tlw'u, np'u l;l ftphpfi wz/uwuiw'u

.[!WJ/t'u ftbwft 11Pf'/!P ifinifin/unLf/Jw'll1 U.Ju ftbwl! LUR.w'u9 H [LUpi/_w&nL

J'Jut'u i/ini/in/unLflJw'u 1 '1Pf'/!P9 qw b'lwifin fui/./t 2 11Pf'/![! ('uft. 6-22 , w )1 
ltn'uurwftwwJft'u J.qn'l_ L. ub'lJ"'l nuJbpp ftw/ui/_w& 'tlfiH'u 2 ftbmnLJ fi1i-
11nLft9ftwJft nL'uh9w& wpdb/!ft91 

ltn'uwwlfwwJftL tlfotn,ftLbpf! !pbppft11ft wzfuwm~L/lwJft'u 2 ftbwniJ 

J/rwft if./rC.wlfnLJ lfwpnrz hL JLwl 9wLftw9w& bpftwp dwJwuwft , j!wLfr 

'1b11 Jt i/in/ui/_b[ qtunwi/_wptlw'h wq11w'uzw'ufi JMnLPJnLL[!t .PLLwplfb'up 
hpftni U1Wf1pbpw41 

bLfJu11wbLp, np ltwnwi/_wpJwh wq11wuzwLfr wJ"{[PUI".'1ll! u'tubl I; 
ifin/!pw'uw[, LUJ'f 'lb"{[Jnttl wzfuwww'upw1frL ftbwl! W"{WJwq.L{ruw9JwL 

lfnpni/_ 2 'lfrf'l!fto ftwb'lwifinfui/_/r 'unp 11/rN1 ll.1L "lw.\ftL , bpp w z/uwLnwL-

12w1fiL pwgwltfo J.L11nty9frwL ftt:wi/_wuwpi/_p pwg[JnrzJw'u frL11nt1t9fiwifiL 

(3 qbwl!), !pbppft'ffo ftnLurw1tmw1foL JfrpnLftLbp[! ftwLpwLni/_bL1 'J.Jqwp 1_1; 

.mbutbl, np WJU 'lb"l/!""J [wpi/_w&nif/JwL Jb&niflJniLl! 41iwqJfr' H2 < H 11 

'1nLwwywwJfrL JftpnLlfL,bpft pwdwui/_bl"'S .\bwn ftifinn1wLw· t:wtlwftwpq.ft 

WJ1'fJnLbwpwp .\wl]_np11wftw'untf/Jn.,Lf!, L. wz/uwU1wLpw1foL ftb"'l! ""'b'l_w

i/infui/_/i Hz [W['i/_w&ncPJwtlp nL !pbppft'fp uftqpLwf(wL pw9wftniJ 11LLb-

9w& ':w1]_np11wlfwfnif/Juttlp pLniflwqpi/_n'l_ 4 ftb111l!1 b[Jb 11wzwft [Wpi/_w

<TniflJnLb[! ftp-Lft JftLi.h 0 wpdb/!I!• W"{W wzfuwU1wLpw1ftL ftLml! ""'h'l_LU
q,n Juif_ft 5 11fopn1 

U.JdJ hLflw'fpbLp, np q.111Li/_ blni/_ 2 llftf'l!nLJ' U' SL-L " .t; wzfii/_ 11wz1J1/t 

[Wpi/_wqnifl1wL Jbqw9JwL, UU1w9bl I; L{'W9nt9p{_ uwq.Lftuwf(wL i;Lbp-
. q.p IJll 

f!L11niLhL[J, np 11wz111ft [wpi/_wqnLf/Jn'LI! H1 wpJb/!ft9 w-&.b[ I; JftL{h 

H3 wpJL.pf!' U.11111bUf.pn,J wzfuw"'wL.pwJ/r'll ftb"'l! 2 'lPf'.fPO ftmb'l_wi/infui/_/r 

6 11PNl! (Lft. 6-22, w)1 ll.Ju 11/tp.pntJ f(nfiwwftmw1ftL J/ipniftbbpft q1nfu

wq11b9ntf/Jw'ii mdf!, fr'ui_"{bu LwL. ub'l_tlnrz nLdf! 'l'lwlftnpbL f(q.bpwqwLobL 
2 11/tp.pniJ ni'ubgwq frpbL9 wpdbpLbpfiL1 

l/w11wi./_wpJwL W'l_fJWLzwLft t;b"'wq.w 4'n.ppw9JwLl! 'l_"''l-f!LfJw9 wz

fuwL11w'bpw1/iL f(bm[! (Lft. 6-22, w} q.&1'ft'iibpni/_ 9nLJ9 wpi/_wq Jwu
Lwqft W"{wtlwq.uftuw9JwL 'tnpni/_ ftfipLfi Lbpph.1 U.1u Jwu'iiw'tft ftnpf! uw.\
.212 

JwLw1fit /;1 Uw':JwLwJpb 1tnpft LbpuntJ q.,,,Lif_nrz ftnpbpft i/_pw w z fuw

mblfru !pbppplJ/t ~nbu:wftww1ft'ii Jftpntft'iibpl! ftwpnl]_ bL i/iwq qftC.wqn t J 

q.u:'ui/_bl Jpw/l.t lfwn.wi/_wpJwL w'l11wLzwLp wnlfw1mflJwL 'lb"l/!""f, fruft 

uw°i;Jw'iiwJfr'ii O'l_wlfft9 'l"'f'" q.u:Li/_nrz o'lwlfLbpp i/_pw wzfuwmb[pu l1nL

u:wlfwwJpL Jftpntf(Lbp[! Aq.i/_wq b'ii J'bntJ LwL. ftwn.w i/_wpJwL LU 'l_ 'f.,;L2w

Lp i/_bpw9mJfr9 .\bmn1 U.1uutbu , w'l'lwLzwLfr qbpw9n,Jfr9 .t;bmn uw.\

Jw'iiwJfiL O'l_wftp i/_pw q.U1Li/_nrz wzfuwu:wLpwJp'ii ftbm[! 6 '1ftP.Pft9 f(wb

'l_W"'lr/ui/_/i 7 'IPf'/!l!' t/.Lf1!.p'uu wLftwJnL'ii 11Pf'/! t, · pwLft np w1umb'l_ foL
'l"''t9fiwL t:wi/_wuwp I; pwgfJnrzuwL {iL;f"'ftBfrw1frL i l/nLmwftmw1ftL Jft

pnLftLbp[! ftwpn'l_ bL J'uw[ ifiwft i/_ft-C.wf(nLJ 4wJ /;[ ftwpn'f_ bL pw91[bl, 

opftLw~, flpfJ11n9p9 "' UfLUmw .\wftwL ':wpi[w&Lhpft91 fiu1t b{Jb wzfuw

mwLpw1ftL ftbml! npnzwftp ftwnwi/_wpJwL wrz11wL2wLp Wll'fh9ntfl1wfi mw't 

':wJwLi/_ft 9 11/ip.pntJ, LUUfLU wq11wLzwLft i/_bpw9nufp9 .t; bLnn LUJL ltu:b'l_w

i/in/ui/_/i 10 11Pf'.ff!I ll.1u 11/tppntJ wzfuwu:wLpwJ/iL pw9w1tft ftL11ni1t9ftwL 
q.hpw'lwLgntu I; pw9fln'lJwL ftL'fn i ft9/tw1/iL , h JfttnLftLbp[! JfintJ /;'j, 

l.q.i/_wq t/_pC.wynLJ1 U'/rpn i ftLbpf! wL2wu:bl"' .\wJwp wL':pwdbzm I; pL
'f"'Y9/rwL 4'nppw9Lbt JfrLi_h pwgflnrztlwL wpdb/!f!' Uw 4wmwpi/_niJ I; 
ftwnwi/_wpJwL wq_'lwlizw'iif. phbnw'twfinL{JJwf.i i/ini/infu11LJni/_ ( wq11wLzw -

Lp wJ"flfrmnt'f[! uw.\ J wLwpLLtfti/_11LJ I; Hs wpdb.pni/_ (L4. 6-22 , W }1 fl. J

i/ini/ibf.i/! wui/_zuc}l!• . 

1. pw9fln'l_JwL wq_,,_wLzwLft Jbc}nif/JnLL[! . L. pL.b11wftwLnL{JJnL'iif! ftwfu
i/_w& LL p111LL9JwL wq_'fwLzwLft JUni{JJnLfif.g , 

2. !pb17pft'ff! ywpnrz I; w z fuwmbl hp4.,,, f/>11LL1tg /rn'iiwl nbdftJftbpntJ' 

wnwf.i9 .\pzn'ln'fJJw'ii ( uni£npwf1w'ii .\bp1tn'uft · ftJwL ), bpp w zfuwmw'upw

J/tfi 'tbtn[! IJLnbi/_nLJ I; t: ftumbphq_/ruft uw.t:JwbwJ/rL O'l_w't/r bbpunLJ h .\ft

Z"'l"'fJJLUUp (!pbppf.'ffr .t:f.JLw4wL nb j pJf!) , hpp w z fuwmwftpw1fo'ii ftbml! 

q.mLi/_ntJ I; .\ftumbpbq_pu/r uw1:uw'iiwJ/rL o'lw'tfos 'f"'f'U' 
Pwgpn'l_JwL wq_11wlizwLf. J bc}nL/JJwb Lt pltbnwftwLnifJ1wL ftwfui/_w

&nLflJnLfif! pwLb9JwL w'l'lw'iizwfi/rg · q.pw!ppynpbft 9"' 19 I; mpi/_w& Llf . 

6-22 , p-·ri,J, npmb'l M 4bmfr9 Jf.Li_L. N ybm[! lrzwc} .\wmi/_w&f! ':wJw

UfWLnwu/uwfinLJ ~ wnwf.i9 .\fizn?.nt{JjwL nbdf.JftL , /rulf N-S .\wmi/_w&r' 

.\f.zn'l.rn{J 1wJp nbdftuftL1 l!fiLi_h M 'tbml! !pbppft'fl! [!L'11:wL17wU(hu i_/i q.np

&n,J, nLumfi wn.w'iig t:f.2n'l_nLf/JwL nbdfoJl! uw':Jw'uwifiwfti/_w& I; 
MNHM 'tnpwq.f.& b11w'iiftJniLni£1 

:hbppfi'l/t 'IP"'wp'tif_w.& wz/uwmwLpw1/iL nbJftJl! (L4 . 6-22, w L. p} 

p'iinpnz I; 'twnwi/_wpJw'u bp'twpwmh wq'fw'iizwLLbpfi .\wJwp, bpp wq

'fw'iiz w1ift mhnrznt flJ"''ul! zwm wf.iq.wJ q.bpwqwftgniJ I; 4nLmw1tmw1fiL Jfo

pnt4LLpf. Jf. '1Pf'll1'9 JJnLu 'IPf'/!l! mb'lwzwpdi/_b[hL dwJwLwftftL1 U1u"{puft 

nbJftJl! 4ni_i/_niJ I; ~wnwtl_wrdwl'i hr~wrwml.. nhd~d: 

Uw1twJ'ii wi/_btf. t:w-C.wfu !pbppft,,.LhpL w zfuwmnLJ bL 1twnwi/_wpJwL 
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l[w['-C.wudi nb<ifrJnuf; b['p wq_'1-wtzwtfrJ m/in'lnLfJJnLtf! zwm wtqwJ ,Pn

(!f!f' I; l[ntmwl[mthf'fr zwf'dJwt dwJw'iiwl[p91 U1u nhdftJnuf qwnwt/_wf'

Jwt wq_,,_w'iizwtl! m{'t[nLJ k '1-w'1-w['b9t/_nLJ I; L1ntmwqmw1ftt Jfop_nLl[tbpfr 

ZWf'dnLJf! ul[ut[h[nL9 .zwm WllWf_I l/wnwt[w['Jwt l[w['-C.wm/,_ nbdpJnl.J' 

!phf'f'P'1-P wz/uwmwt.pw1ftt ftbmp '1-Pf'.f!P i/tn{rnfunLJf! 9nLJ9 I; m{'t[wu 
tq. 6-22, q-nLJI 

btpw'1-f'b'ti.p, fttlU[hu k wnwp_, nf' qwnwt[w{'Jwt wq_,,_w'iizwtp mpJwfr 

U[w<:ftt !pbf'f'P'l-1! [['fit/_ WU[U1Jwqtftuw9t[wu I;, Ii. tpw t[Jr-C.wftl! p'iintpw

C/-f't/_nLJ I; 0 ftbmnt[ (ti[. 6-22, q)1 Uzfuwmwt.pw1ftt l[bml! H6 Jbttntf/JwJp 

qwnwt/_w{'Jwt ftwf'-C.wmli. wq_'1-wtzwtft wq_'1-b9ntfJ1wJp mb'lwzwf'dt/_ndf I; 

11 fthm[!I Uq_,,_wtzwtfr ?-W?-W['h9ntJp9 <:bmn wzfuwmwt.pw1ft'ii ' l[hure 

<:w1mtt/_nLJ I; 12 '1Pf'.f!nLJ1 bfJb wju '1-frf'.f!nLJ ftt11nLl[9pwt tft'iift Jbt)- (qwJ 

<:wt/_wuwf') pwtb9Jwt ft'ii,,_n,q9ftw1/r9 1 WU[w ftn'iimwftmw1fit Jfop_nLf[Lbpp 

qJftwtw'ii1 Uzfuwmw'ii.pw1fit pw9wl[ft i/tn.p{'w9JwLI! q_nLqf!tfJw9 wzfuw

mwt.pwJft.t l[hurf! bmw'lwpap -.,ttnt/_ 12 '1-Pf'.f!PB l[mb'lwzwf'dt/.ft 13 l[bml!, 

"f'I! ptnf'nzt/_nLJ I; ,Pwq qntmwl[mbbf'ft W{'llJnLtWf'Wf' <:LUl£"f''1-wqwtnL

fJ1wJp1 13 '1-Pl'.f!Pt <:wJwu(wmwuJuwtn'l J'iiw9n[''1-WJ/tt Jwq'iipuwqwfr 

<:nu.pp wq'1-h9ntfJJwJp qntmwqmw1Jrt Jpp_ntftlsbf'I! l[J'iiwt ,Pwq t/_ft-C.wf[ntJ' 

wt<:f'wdhzm ntdnt/_ ub'lJhtnt/_ Pf'W['t l/ntmwl[mw1Jrt J/rp_nLftLhf'l! pw9h[nt

<:wJwf' J'iiw9n[''1-WJp'ii Jwq'iipuwqwil <:nu.pf! U[hm.p I; ,Pn.p['w9t/_p Jfttlk 

B l'w!. wf'db.pf!1 U1u tU[wmwqnt[ Ulf'1fn,J I; <:wqwnwl[ pli.bnwqw'iinif/Jwt, 

IH1l< IHa\ 'Jb.tn,p1wJp WU[LUJwqtpuw9'iiRI£ wq_,,_w'iizwt, Ii. wzfuwmwt

(!Wjpt qhme 13 '1-Pf'.f!P9 mb'lwzwf'dt/_nLJ I; 14 '1-Pf'.f!l!' wt9fihtnt/_ 12 '1-Pf'.f!fr 

t/_pwjnt/_1 lJ.UfwJwqfipuw9tn'[ W'l._'fwtzwtp '1-W'fW['h9Jiu'iJ t;bm wzJuwmwt

(!WJpfi qbml! WJ'iinL<:hmli. 14 '1Pf'l!P9 mb'lwi/tn/ut/_nLJ I; 15 '1-Pl'.f!I!' U1umb'l 

qntmwftmbbf'I! pwdw'iii/_nLJ b'ii, Ii wzfuwurwt.pw1ftt l[hure 15 '1-Pf'.f!PB mb

'lwzwpdt/_niJ I; 16 '1-Pf'.f!I!' U1u '1-Pf'.f!nLJ ftt,,_n,1[9/rwt i/tn.pf' I; B ,.w ~. W{'

dh.pfr9, Ii qnt.;,wqmw1ft'ii Jft2nLf(thpf! t;nww1ft wL·p_wurt/_wu b'ii1 lJ.t<:pw

dbzm I; 'iiqwmft n,tb'iiw[, nf' pw9fJn'lJw'ii wq_,,_wtzwtft ··JhuntfJJn''iil! 

U[hur.p I; -C.fizur etmpt/_wtt tfrtfi' qmtt/_ft H1-:--Hs JfrP.wlfw1.pnLJ: bfJh LUU[LU

Jwqtpuw9tn'l wq_,,_wLzwte ftp lwi/tnt[ i/tn.pp tfiLp H1-ft9, WU[LU !phf'f'P'lf! 

qw['n'l I; lwtp_wmt/_htt '1uq bfJh w1u wq_,,_wLzwLI! qhpwq_wt9ft Hs-ft'ii, WU[LU 

tf'w pwt/_wpwf' mlin'lnLfJJwL '1-bU[.pnLJ lf1.t-t qwpn'l I; t/_hpwJwqLpuwLwl, 

[, !pbpf'P'l-1! Ufw<:bt Jftw9t/_wtt t/_fr-C.wftnLJt Hs-ftL qb['wq_wL9n'l zwm l[w{'

"-&wmli. H9-e wq_,,_wtzwtp '1-hU[.pntJ liu lf 1.t-L ftt/_hf'wJwqLftuwLw Ii ftnL

mwl[mw1ftL Jpp_ntl[Lbf'I! l<:wu9Lhtnt/_ pw9t/_h1 1 qJLwL ,Pwq t/_ft-C.wqniJ1 

U1u '1-hU[.pnLJ _ wzfuwurwt.pwjpL qhme 13 '1-Pf'(!P!J mb'lw,Pn/ut/_nLJ I; 17 

'1-Pl'.f!I!' '1uq wq_,,_wtzwLft t[bpw9n,Jft9 <:hmn wzJuwmwt.pw1ftL qhme 17 

qhmft9 urh'lwi/tnJut/_nLJ I; 18 '1-Pf'.f!I!' U1u '1-Pf'l!I! uwt;Jwtw1p'ii l.t wLl[w

fJHt I;, fttlUfbu 12 (Lq. 6-22, q) Ii 7 (L4. 6-22, w) '1-Pl'.f!bl'I!' 2filft'i.t 
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pppnnsl! qwJ <:wpt/_wue l[iupn'l bf, pwdwfibl !pbppfr?-ft l[nturwftmw1ftL 

J/ip_nLl[Lh['f!' 
bnLJLI! l[wph[p I; qpf[Lht uw<:Jw'iiwjpL o'lwl[ft t/_pw !phppft?-ft wzfuw-

mwL.pft t;wJwpt bf!b '1-wzmp t;wJwU[winwuJuwL [wpt[wunLfJJwt wq_'1-b9nt

p1wJp wzfuwmwLpwJftL l[hure uftq_pLwqwL t/_ft-C.wl[ft9 mh'lwi/tnfut/_ft 19 

IfPf'f!/!t WU[W wq_,,_wLzwLp '1-w'1-wp_h9nLJft9 t;hmn -w1t l[<:w1mLt/_ft 20 '1-Pl'

.f!nLJt 3Jhppp'1-fr pwLhsnLJp9 .<;burn wzfuwinwLpwjp'ii qbm/! qmb'lwi/tnfut/_fr 

21 '1-Pf'.f!I!' UUfwJwqLpuwsLn'l (H 10) ·wq_,,_w'iizwLfts wz/uw1.r1w'iipw1JrL fth

me q<:w1mtt/_ft 22 '1-Pf'f!nLJ, fiuft Lpw ?-W?-W['h9nLJft9 t;bmn' 15 '1-Pf'f!nLJ, 

npmb'l /;[ !pbppft?-1! qwLp_wurt/_p• b/Jb wU[wJwqL/111w9Ln'l wq?-wLzwL[! 

;;wuLp H
11 

wpdbppt, WU[W l[pl[ftL <:'iiwpwt/_np fttfttft qnLmwf[mw1ftL Jft-

p_nLl[thpp Jftw9nLJ[!1 
i/,bpf! wut{_wufts <:hmltnLJ 1;, np !j>hppfi?-ftt qwnwt/_wph[nL <:wJwp wL

;;pwdhzur I; -C.ftzm l!Lurph[ pwsfln'lJwL wq_,,_w'i.tzwLthpft urli.n'lnLfJJnLtt 

ni pwLwfte' l[wfut/_wu pwtb9JwL wq_'1-wtzwtLbpft mlin'lnLflJnL'ii/t9 nL pw

twft/is• u111 t;wLqwJwtn Jpwi/twflnLJP !phpf'ft?-Lbpft (ti[. 6-21, w) l;w

qw'ii pbpntPJnL'ii'iihpft9 l; i 
'bzt/_wu pbpnLfJJn<'iif! 4_hpw9Lb[nL 'iiU[wmwl[nt/_ Jzwftt/_wh- ht Jp pwLft 

ufubJwLbp: OppLwq, lf1.S-ft Jpp_nLf[p (1) ('iii[. 6-21, m) i/tnJuwpbL urb

'[W?-f't/_nLJ I; Jfop_nLft (2 )• f}t,,_ npnLJ WJ?- Jfip_nLqLhpf! JftJ1wt9 [, t;bpqnLft 

tqwurJwJp mb'lw?-pt/_nLJ ht <:wp_np'1-wpwp -{'iiq . 6-21, q) l[wJ q_nLqw<: bn 

(Lq. 6-21, 11)' Unwp_ftLI! wpmwpp'ii <:ftzn'lnLPJwJp <:wp_nf''l'"P'"f' !phppp?-t 

I;, puft hpl[pnf''1-l!' wpinwppL " hn'lnLfJJwJp q_nLqw<:bn !p/;ippf!.'1-f!• lf 1.S-.ft 

Jfip_nLl['iihpfts JnLpwpw'iiLJnLp/r t/_pw inb'l'"'1-f't/_nLJ I; Jbqwl[wL fttll.niut/_wp

Jwt ,PwPnLJfJ' 1.wp_np?-wpwp !phppft?-Lbl'/! Jnurwt{_npwU[hu 30-40 %-nt/_ 

( qnputwqwLnLJ) wt/_htft q_qwJnL'/i [, urtmbuwU[bu zw<:wt/_bm ht q_ntqwt;bn 

!phppfr?-'iibpfto • lfwqtpuwl[wt '1-frJw'1-pntPJnLtf! ,Pnppw9Lh[nL LU[wmwftnt/_ 

tzt/_wh- u/ubJwLbpnul mhtz'"'1-f't/_nLJ ht JwqLpuw[wphpf! (6)1 1J.1u mpUfft 

!phppfi?-'iihf'nLJ l[wnwt/_wpJwt wq_'1-w'iizw'iiLhpf! (5) Ii (5') i/twPnLJfl'iihpftL 

(tq. 6-21, q liq} mpt[nd bL JpwdwJwtwq, (4) li.(4') lf1.S-Hpf! JwqLft

uwLnLJ bLt Upwh9 Jtw9n[''1-'"JP'ii Jwqtfiuwqwt 1:nuphpf! O?-WJ/rt wzfuw

urwt.pw1ft'ii pwowftnul pph'ii9 nL'l'lnLfJJnLLtbpnt/_ <:wJetfttnLJ ht: 'l-n,Jw

pwjp'ii t:nu.pfr wq_'lhsnLf/Jwt mwl[ l[ntmwl[urw1/rt Jftp_nLft'iibpf! JftwtnLJ h'ii 

Ii. J'iinLJ ,Pwl[ t/_p-C.wf[nLJ: bf!b tnp wq_'1-wLzw'iift dwJwLwft i/twf/nLJPLh

l'PB nplil; Jhl[ntJ ifinfut/_p wq_,,_w'iizwLft nL'l'[n<PJnL'ii[!, WU[W wzfuwmwL

f!'"JPL pwowftnLJ . lf1.S-Lbpp t;nuphpf! f[nL'l'lt/_b'ii ppwp t;wqwnwftt l/Jw

pn,1fJLbf'p qwriwt/_wpJwL wq_'1-wLzwL'iibpft t;wt/_wuwp JbttnLfJJnLLLhp/r 

'1-hU[pnLJ wzfuwurwL(!WjpL pw9wf[p qnLJwpwJpfi <:nupf! l[t;wt/_wuwpt/_p 

0-p, [, ftn'iimwqmwJpL .Jfop_nLl[tbpp JfiP.lt aqn'l /;[hqmpwJwqtfruwqwt nLdf! 

qt[hpwLw1 Unwaqwl[wLnLPJwL ntdhpfr wq_,,_b9nLfJJw'ii urw~ !phppft?-1! l[wt-
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l.l6 

-Gnr:nil -~ fm 7'n/m'7 il111uF eJwLurl'n t/'!.mZIJmlibm ( '!.m rLufJGmil) 1JmpGq 'J 
.-mil t/ii1/Jdqq; Ju •17pm '!.'! GF1uG ilJ7'!,l1,1UF.eJ1uurubmm11:;-fmpJmurmq 

U-J!f p1upBmil i1Jqf1,lpu6t/r rr,t/Fmur 

-'7mm'!.u'7 71 '/ f''U'J,mJilut/1 ild'nu:;-t/'7mGmil '!.t/Fmil'!,murmnJZm •dpmFeJ1UL 

-L1u GmFm:;-mL11U '!.t/iiJunjm17, / f'1U'Jm"t/'!.bmp 'J-S(JJ t'!,ml'!,mvbm '!,mFfl 

-1u1!.m'7m111:171d fmGm'71Jm8 / f'1U]11lur ( g} '!.t/£1Fwf!]mi/7 dmrm:;-rr,mrLu{/ 

-Gmil t/iit/Jjqq; 1/ f'1Up1Jmi/7 illit/JJq<f; l1mm rr,mF£17UGqvbm_ 1/ilnu:;-nF'fl 171u:;-

-Jmlnm'!,my. ( 9} JqJmlmnt/rr,bmp 71 '7m8m;J '!.t/Fmil'!.mtnmn/Zm •JM'71ult/p 

( 6 71 l) '!.t/Fmm'7murrr,u'7 S'1 jJ 71 ( f) ,puFmeJLl 'J.m'7miiJulm:, / r1u7''7mi/7 

ililnu:;-'!.m'7mnt/'!.bmp '!.t/FmvJuGm'!.JJ 1] J11U'!,m"t/1Jhm.r• drmFfi1uJm'7Jq 

t/fb uq :;-mb1Ub 'I'/'!.;,'7Jq:;-( p) '!,-S( j} ''!.mZIJmlibm 'lmF el1u'!.m'7m11771il fmG 

-m'7'!.mG / r1upJm (~ • f6-9 ·'7'!.) '!.t/elF1uflmi/7 ( g) JJq 1r1uJmpm11m'7 (GmF 
-m:;-m11nu) lm'JuhudJo / pwplu'7 ilp1uJmpm11m'7 t/nt/lnnF'fl tpuurFwurln 

o08 t/Jum'7rr ifTmi/6'71uv'Jif 'Ji/FmvJuBmlJ!' ] !'1upBm1Jm'7mJi/ ilp1uJmpm11 

-m'7 p1uJq1Jmif8f1uJurn'Ju'7 ZuJu t/Jq'!.vifJJqq; 1p1Uillnqli rr,mrGmnt/rr,/Jmr 

-mJqp pifJl t/'7'11' 7'!.ub GifJ'l'J.'71Ult/p if-S(JJ p1u'!.'l'!.'u J/ t/Lqur ilp1u1r 
-uffGm;J 71 ilp1u6q'!,m;/ ifJqqiit/JJ7</; p1uJ'l'J,mpqnjn fm7"1Jmrr,'!,il ilJq~, 

tpulqvJubm:;-J!/'!.'JmZ'!.mvbm ~1u'!.m'7m:;

'7m'!.mpmpmt/p '!.i/Jq1~elFwffm1/i '!.m!'Jm7•mum'7 71m'!. l7urmJ'!.m -1 t/1qilm'7 
iliit/JJq</; puf'1uubJb lmt/G'JqJq</;t/-& 1pwiit/JJq</; pupwJmrm11m'7 'Jt/FmJm!' 

-1ub nqlnl'!.t/ ''Jt/nt/ln'!.Fm / p1u'!.t/1 il'!.1uFl'f1ubb-iu JmJm'J1UFvtlm t/Jqiln11:;

'!.i/Fmvtlu6m'!.!' '7m'!.mf'mp '!.m!'LutfGm;J mlnm 'fmpBmi/!' '!.'I Gm'7mlni/l1 

-'!,m:;-i/Jqnmp '1m-L'J,mpo ?[ '!.m'1m'!.r'/:;-t/J'l'!.eJf1uf]mi/7 Ju t/11,mil fQ ''Jmlrr, 

-mlibm 'J,mFf11uLb1u fmBm'71JmG pulq-LJubm:;-'!.4'7'11' /71Ju Gt/J'1'!.f1F1ufl 

-mi/7 Jqurml'!.m / 41qJm'7 ilb4JJqtj; pup1uJmpm11m'7 1m4G'J.qJqc/;t/ii •JmJ 

-m1JUT'f( 9 fm]rJvmLqur mJp t/Ju •i1'7wl4jr '!.Fm 4-S(JJ 1n4mni/rr,bmpmJ 

-qr 7'4J1 m'!.mhuJm'7 ilnmp '7mli'Jmpo t/pjf1uffm"1 '7nt/'!F1u'!. t!u •]>urlm:;-

'!.Fm '!.'I f'1UpJmq_jl i1Jq71fl 4JnJm1mb 4Jqnm!' '!.t/'Mmum t/f]F1uefmcp 

1J'l'J'!.ml'!.mvbm 11mFf11ufq!' tlmnmpm:, 7/ 'J'u'lmrr,l1u'I 

'!.'I p7U]rJur '7m'!.mpmpm4p '!.4Jne1Fwflm"1 dJq 'p1uillnqli IJFm fJFmt/r 
/ p1ufJub illi4JJq</; pup1uJmpm11m'7 lm4G'JqJq</;i/-& 1p1uillnqv 'lmrJmpmu 

-m'7 '!.4FmJmp1ub nqlnl'!.4 ''!.'I 'Ji/nifln'!.Fm '!.J'l'!.'!.'ufeJ7ULLiu JmJm'JiuFv 

-Jm i{Jqilnu:;-p1uJq'!.'71ulifp 4iii/JJq1; '7m'!.mf'mp 'JmpG'l'J,m;j 1il'lmT.ef1uJq;/ 

-Jmur 47'1'/ t/tl'l'!Jmlmb 4Jqnm!' '7mli1!,mpo 7/ '!.m'7m'l!'t/j i{f1F1uf]mi/7 / 'Jm'7 
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-1uf711milmJ1uF Bt/Jq ruJT1ueJmcp nl prnF ef1uJqilJmui t/J'fp1u . pJmlmnt/'!.bm p 

4JnefF1ufimt/1 11mpJm]•mum'7 Lu7'Jvm1rqur illJ1Ul B11mJ'!. ] J11UpluJu 

il'7my.4f 4"n'71ult/p t/-s? j} '7m'!.mpmp 'JmpJmrmum'7 lmifG'l'IJ'l</;4-lJ 
1J'l'J'J'uFfi1ulqpm11m i{lqy.t/rrr,m 71m'l t/'1,1u 'JFm'7mn '/ vJm-J t/lqpm ilpmfeJ 

-1uurm!''IJ'rnj t/114fmJmp1Ub ilJ-,m'!,m1q nT'fl 1il'7m11mLq lmt/G'!.'IJ'lr/;t/fi 11mp 

-Jm7'm11m'7 ifJnviJJJq</; 11m'!. 'J'I piuumJiJ'7 ntln'1m'!.m.n"'p 'Jt/ldq'fi 

1efFiuelmi/7 '!.m'7m'17p lqJltmL 
-qur mJp t/1hui7'Jmo'mJ1uf (d 'l6'9 ''7'!.} GifJ'l'J'71Ult/p {r. 7/ [} LuJmur 

-m'7 tlqu t/-s7.iJ / urlqpmJ:;-'Jm Jm!'m:;-mtl'b ''!.t/tlnv'/tltlqr/; drmFfi1ub 

-ulij:;-'Jt/ifJ'l'l 71m'!. 1qJm]rmum'7 / t/lqJm7 ]1u'7m11mLq "1Jt/fmtlmp1u'{-, 

1p1uillnqv t/'!,ml'!.mvbm 
1mpJm7'm11m'7 1Jmff]1uLL1u fmGml1'JmG ,litfJJq</; 11mJ-,mhJulm:;-nq!11Ju / 

p1ummnjlm 'lurmJmlnm Ju '/ rr,fm '!..'VuTf11ulqpm11m i/Fmpqnfn fm7''7Jm'J'!.if 

1il'J1uFf]-1u'Jm'7m11q11J tf'!ml'Jmvbm 'JmpJmpm11m'7 lqnjut/i GtfJu'J ] urlqp 

-mJ:;-rr,m Jmpm:;-iulqurml'Jmn/ut/1 '!.t/'7J'1 i1J'l'J'Ju'1Jq7 1] p1ubmJr'!. lpuJ 

-mi/'7 ilil'nu:;-piuJq'J'7mGmd 'Jt/f mil'Jmurmnjlm G'JmJ'J 7urq :;-]1uJu • r1u]1urml 

-11m ,ilJ'l'J'J"'7Jq:;-II .,, 1-""" ''!!I r1u7''7mt/i i1Jn11u'7Jq:;, 1ul1J'l "''fl lfU'J 
:.u'1Jq:;-Ill 71 (,!,} punt/'Jbmp '71u'!.u'7Jq:;-Al Jnup'1m•ft 71 il'JiuFJ1uLLiu 

utf / p1unJut/i ilifnu:;-t/-s( jJ uurq:;-Gtf11mJ'l! ''JmZ11mvbm fJmFfl1u'Jm'7mu 

-'17/d '7m11m'7m:;-lqJrtlur 47 ( p} 'l4flT1ufimi/7 uqv 4'Jmif ''7m11mrmp rr,mif'JFm 

_j11U'Jf' f'7U'7my.tff IJmt/i 11 'J!f f'1Uf1,m4!' iJJ'l'J'71uli/f' 'J4fmui'7mur'Ju'7 tfJ'f'J 

-11ulJJq:;-frnN'l '7mm '!.mFeJ1uGqvbm (4-S(JJ 71 ijntf'Jbmr) tfilnu:;-JmJm'J 

-1ufvJ'fl •ru'Ju'7Jq:;-II 11 punt/'Jbmp ( ,!,} 111utnmurnm:;-'pu'JulJJq:;-l / p111p 

-'1mi/7 ililnu:;-'lt/fmvJuBm'J!' mJ'J 11 '/ f'1U1Jmntf11bm!' (y} 'J-S(JJ 'p1upJur -~ 
.ljrnZ'JmVbm 11ml1mJv ( g} 'Ji/flf1uelmt/1 dJq l'J-q '/6-9 ''7'J if11q'7Jmur4'l! 

1r1u'7my.t/Jr '1mt/i i/:;-mln 11 t/'JGmtfp 4lmn1u:;, G'JmJ'J 'l4nmtfr mq:;

J/ilnu:;, t/-s7 j} '1nt/ •i1Jn'1•ult/r 1Jt/Fmur'7mur11u'7 -fmpurm611m 1q'7mt/i 4'!.t/17 

-J/'7mJ.t/p t/ 'Jmff]wurpmlt/p t/ifnu:;-4-S(JJ G1Jm11m ilifnu:;, fmf1qvrn mJ'J Ju 
1
J11U71Jur'!.il 'J'I nqln'JTm ild'Jtfv 11 ilJqtlurqrmJmln t/n4'Jbmp 'J1uurmuinm:;

bu118m11q11;J 1( JmF7ulntf;J) U!f11.d~Jq 'l'I piuJrlu'1 ilJnmnnJn t/nt/lnnFm 4Jn 

-ii4JJqq; 1ilif111uilb'7n t/il''Jmurmnjlm tfiit/Jtlq</; pu1qnJ11i/7ut/i( ,( q 'l6-9 ·'1'J} 
}unt/'Jbmp '!.1uurmurn111:;-ilf1Fwflmij1 mJ'J 11 i1'7qp G4J'l'J-S( j} lntftlmn/ut/1 

J11Ull'l'f''lil / fJ1UFf]1uJuJrmJm'Jj il'7m'JmL_7 'Jt/FmJmp1ub 'JmJ'JmJrmumt, 

1JnmnnJn ( 'Jt/FmJ 
-mpwb) rt/m4vvm 'J'I pwJrlu'7 _JJq'!.mrqn/n w'1Jq fmf'1Jm'J'lr1 11/puim6 
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-nm:;-LuJmpmum'r LquinF'(l 1( 9z-9 ·'rrr) !\1!\u Ulfimpd!\6 nlfimnul\d!\°? 

qlqu 

:i~lmpilrt6 9q!mnul11lq7 ·m:-9 ·~'\,. 

I/ ulp/:; 'I 

Ip u 1"1:i -<;; 'i1 tn m In 
fm}1innmJinmln B</f!/wf<J" 11ml1mn</11bmp 7u t 

'Jq11uJuLlnu-g 'fimLul-'-;: "1ufiJq:,-i 

·q lqu l)~Cml)ull'Iqg ~ltmlnlm~mJl ·<.l6"9 · ~'\. 

~ 

1'ltfnmr 

i/'rrnbdm'rmr i/'rlULq:;-7m'lmmn f1,luFfi1u'rgL7tn :nqJ'rnt/b ~ t/1qJm'1 pufl 

-u6t/r tfqlqu nF'fl 1mJf tfl7mLu1 ~ fmpGmJrm ilntf'Jbmp IJ?Ummmnm:_, 

LuJmpmumq LqmnF'fl 1( gz-9 ''r'l) qlqu 'jqim'Ju~.iq9 q~mli.im~mJl 
1r1upuim61Jm 'ltf11J'1 'lFm Tf 

Gtf'lu11Jq:;-~ l''"'lmuqJ ilntf'lbmr '~ l""'lmy.Jm'r il'lu</;1:/n '~ p1u'lmJ<lutfr 

Uf'lUl'JY-JJq I~ f'1Uf·~mif UfJU'rJ'/j .,, ''Ji/'JU~Jqj J'l!llJ'/U1UJ' iJntf'JDmJ' 
fJlUUJmUJnm:;-'~ f'lUJm'r 

qlq-u .:J'l!m:iu~il!j9 :J'"J'tl)~ ·ti:"9 ·~'\. 

If U'f l_t/n 

'JUIJllQ'f 

'hmb..17mlj 

-lf711b.7'1 

-Jq il'lur/;1tfn rrn<flnqb 'lmFff 

-1Uf'/ J' t/'rmluJu 'Jm J'l'JJZ 

18 tf 'l1uF U'"f'I !' 'lm rllJY

Lu ptjtm""! ~ {'mpn/ml7 'lt/f} 

-Jq:;-J:f 1~ mn ·Gtf'l'"Ff]wJ 

-ml7Jq tf'lu<f;ltfn ~ fmpn/m'r 

ililJ:fb tfntf'lhm[' 'l'uurmm 

-nm:;-LuJmpmum'r Jrmr 

-:nm'r'l tf'lu'rJq:;-Lq:nnF'fl 

:(t~-9 ·1tn) !\1!\u 91fhn9ul\d!\Y nmpZ!JJ! 
I~ f'lUfUJmb'Jm 'J'JU,,J!/J ''Ji/ifqpJm 1/iJ''JrnJbmn/mrr 

~ l''"'lnm j ii 'l1uF £1rnhmJm JJq '1 il'l1uF fi1UBqbhm tf :nlmb Lu'l6mnt/1Jhm I' 

-mlnttr 71m'J ~ J'lU'Jmf'll' Gmfi'lilhrnh il1JmF£1rnf'll' 'lmFeJrnhrnJm t/'rmump 

-m'rn t~ !''"'lmJilutjt ililnu:;-Lu_1!,G'lm pu'rmBmd 'ltfFmil'lm:nmn/lm tf'lul7Jq:;-

Ju ''lfm ~ J""'lt/1 ilil1Jm71mq7 1ilmlmb Lu'lGmntf'lhmrmlnm B1J7Jtf 'l!/ J11Uf 

-Lq:nn il'luJu <Jq'Jil'lmnu:;-'ltfFm'rJJr 'l'I J''"'lm6mum rrn'rmumpm'Tn Lup 

-:nilmln r1u:nlmb tfntf'lhmJ' 'l1ummtnnm7 1r1u'rmy.t/p 'rmt/1 ~ f'lUf'Jtnh il'lu'1 

llli: 
-Jq:;-'1.mui 1f,mFtf1UGqi,-bm tfuilmb tfntfq;bmp 1f,1UUlmuinmJ 'p1upuiuiln tfl 

il'rmumpm'rn dJq :('l7Fm '1 Gtf'lt/J''uFlm •Btf•ML/n ''rm'ltfJo) !ltffi1uF'l 1Jm'1 

-mntf'lbmruJq<f; (u ~71Ju LuGq'lrn lf,1uFeJwJbmptfb 'lm'rmdui'rq7~ Jilutjt ~ 

fmpmnmJuimln 71 t/'l1u( ilfmpJui'r t/r 7u il'rmumpm'rn p1uilln'lb nF'{J :il'rmJ 

-qJJmm fmpJui GF1uG r1u-d 'cz-9 ''r'l tfq1qu 'JtfFm'lu'rJq:;-1f,mFfi1ubmJm 

if1Jqm:fb rpF'fl 1il'l1uFfi1uhmJm tfl7mumpm'rn 1qluJu ~ tf1qJm'1 'il'l1uFfi 

-1un/my.mJ t/<f'lmnu:;-prnFmf!l_Ll t/.'Iu'rJq:;-pu1'1tJtm7 ~Jmdm71uiq7 1Gtf'l1uFfi 

-rnhmJm 'Jmpuiuiln t/'rmumpm'rn. ~ fmpn/m'r il'l1uf£11un/my.m:;-lf,mpGmtfp 

l/'!u'1Jq7 t~ p1ufdub il'lu'rdq:;-'pu6tfp t/nt/'lhmp '1 tf'lu'rJ'!J ~ p1u'lG'lm iln 

-mr fmpJm'r t/'rmumpm'rn JJq 1(m 'cz-9 ''r'l) 116:/r tfn:f17,bmp 1J1Ummm 

-nmJ '1 t/'lu'Tdq:;-~ {'mpJbmLqm il'rmumpm'rn '1,m'rmntJ'lbmpuJq</; buGqrpu 
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-1J1uFd1uf!/!' 'lm'rmJ:n'rq1~ 7u i/ni/lnmphmd 'l!/ t/'J:nFm:;-n.rnufm'rJ!/'l, 

Jllfi..tlfntU«&l'OJll'll 
'\lf~'fi'\Ul:\Jll.'7 ll.Jll'\'\"1Ul:4!NU.llllJl '\ 'Cll:\'fiJSl:\ll"l.:t tU ·9-9 

1il'l1uFfi1uB'1mJqdmJm:;-(Btfuiq'rmnq:n t/nn/mf t/FmtfbJq'l~} 1mr 

-tfmlno 1JmF£11ufql' '" 'lmFd1uLu71m t/1Jml'lmfihm 1qluJu ~ i/1qJm'1 '(li 'zz-
-9 ''1'l) il'l1ufeJ1ufmpn/m1r e-~ H) ·-l tfbtJJJq<f; pu1m'l!/'l'U I~ p1uy.m 

lpuJ:n'r il'l1ufd1uLu71ui '"' l Lup61Jm:;-mln t/1Jml1Jmbhm mlnm 'o+-'!.-JH dJq 

~-' . 
tfJtfnmp 'lmrBmJiluif tfilqpJm H t/'lml'lmbhm 71m17, 1qnm ~ tflqJ 

-m'r il'lF1ufJ, 1(h 'zz-9 ·'r'l) ilbrn:ntf1lnpm tf'Jml'lmuhm l.tFm tfpBmf!/I' 1Jmp 

-:;-mn'lm 'rni/'l''"'l 'Id!/ 'm'lmt/r. tf' il'lu'rJq:;-mlnm '( o='-l) ~ y.JmlJ :nml 

il'l1ufd1uLu71m Lm l t/'lml'lrnultm 'ldQ 16tf'l1uFfi1uf'I!' t/'lml'lmbhm '1,ml' 



wq'fb9n•flJwL mwq 1[bnfrLu ·c+1_n,J L JwqLfrup JnmbLntJ t -\hpqnLfiL, 

Ii. -\bpqnLp ijiwl1niJ t frp qn'umwqinpt 

ao~brnrq. <\.1.0f'1u 

tlt4SPlll1U.'1 1l.bf'll ... ntur2'1tP 
U.if..mnJwm/r4wJfr Ii. ttbqmpwpwLb9Jw'u -\wJwqwpqbpfi UIJU L1wJ UJjL 

U[pn9hu'ubp[! pl1nLfJwqpntz "l ttbqmpwqw'u Jb.tn1{JJnL'u'ubp[! p'uqwlbln• Ii. 

LUJ'u 'upwL ') wJ"bJwmwqw'u tih4mpw4w'u JhJm{/Jw'u · J.U.wtfinfubl"' -\wJwp 

qfrpwni/_nrz l;£bqmpwqw'u LUU[Ul[IUJUJbbp[!i npnLp oqmwqnpJi/_mJ b'u 

UlJ'f "l l;fb4u1pwl1wL Jbt}r.1P1mfifibpp i_wf.bln' qwJ t;uqblnL t;wJwp, 4ni.

i/_n.ul bfi 1l_hrw~mfuhG.hr lp.utf m{~i.G.hr: 

{·lbqmpw4w'u i/_ bpwipn /u/r J..Lbp[! wJ hLwt; wpJ wp uwf'.Pbp'u bf,, npnL9 

Jh_n9ni/_ l1wpb£fi l; qwU/ .r:wumwmbl -\ bmwtznuu/_ntz "l l;ibqmpwqwL Jb

Jm{/1n1LHpfr ~wJ Ufpn9buHpfr l.t ~tb4mpwlwiffrl uwppbpfr 1,;,,J qw-
mtupnrzwqwL uwppbpfr Jh_J..1 . 

t/,bpwi/infufri.Hpp pum jrpbL9 l1u:nnt9i.{_wt}_pfi, wz/uwmwLpfr uqqpniLpfr 

Li LzwLwqntfJJwL i_wtf.wqwL9 pwtzJwq_wL bf, Ii. t}wnwJnLJ bL mwppbp 

LU[wmwl1Lbpfo -\wJwp1 

tlb4mpwqwL i/_bpwf.nfufr;_Lhpfi Jfip_n9nq l1wpb1fr l; -\uqbl JbJuwLfi

qwl1wL, · q.wqw1frL, b.wnwqw1fJwJfiL, tl.wJbLUJfr'u, pfrJfrwqwL, fhpJw1frL, 

OU(mp4wf1wL, -\fr'fpUli/_tfi4w4wL ltzwm ni zwm ni. l;Lb4mpwqwf, U[pn9buLbp1 

tl bqmpwqwL if_ bpwi/tnfufolLbl'l! 'fUJUwqwpqt/_r.tJ bL -\ f.urUJUJL qb['U[• 

1. qbLuwpwLwqwL, 2. q/nfw'fpnifJ1wL, 3. frl:'fmqurfri/_nLfJJwL, 4. nL'iiw

lfwJfi1t, 5. 4Jww-\wrznpruwJfrL, 6. y_bpJw1fiL, 7. nwqfinwqmfri/_, 8. l;lbl/

m p w.pfr J fi wq w Uf 

7-t. 'loflU'U.'lofln1'-fi"6U. 'ii '1.bPU.<?Jffluf12'i.br 

IJ.Ju t/_bpwifinfufii.'ubp[! pwdwLi/_mJ bf, bpbp fuJpfi' 

1. U/"mbL9pnJbmpwqwL, npnLp pLqw1niJ Ii. -\uqniJ bL wLlf.1niLw

JfrL IL q.bwJfrL mbrzwi/tnfim,JLhpp, 

2. -\w'l"l''fWfW['WJ/tf1, npnbp -\frJLwl1wLncJ i.w1[1nLJ bit 11b~npJw-

9frwLbp J.. ubrz_,fnrz mdbp, 

3. qnLmu.1qurwJfiL, npnbp .r:uqmJ bf, W(JU1W'fpi/_nrz 'fbmwtLhp/1 pw

Lwqp IL i.wi/ibpf!t 

1. lflnmliGgJmdlrurpudt'WG tlliJIWlfm}ufl_~GliJI 

'1JnmbL9frnJbmpwqwt t/_hpwpnfufrlfi wzfuwmwLpfi uqq_pn,Ln J;fiJLp

qwt} l; zrzflwJntJ Jm9t/_w.t o-\JwqwL qfrJw'fpn<fJJwL .Pni/infuJw'u hpb

t/_ntJflfr t/_pw, bpp npl.tl; wpmwpp'u qnptlnL wq'fnLJ l; WJ'f q.frJwrwntfJJw'u 
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fTJnmb'b9pnJbmpp4 qbpwifinfufolp 'tultnnLoi/_wt}/!J! 4wfu1_wt} t 'bpw

'bfo9, /Jb fo'buw'b JM 1twrn'l t lP'bhl untz'bw4fo -h'bzmJI! tfiw/JnLJ/Jp qpw: 

bfJb Uf·nmb'b9pnJbmpwftw'b qhpwtfinfufill! oqmU!qnpt}if_nul t 'l.IJ-WJnL'h 

uwp[!p 9m9nul'bbpf! tfinfuw'b9hinL .\wJwp, w'h.\pwrlbzm t -':wzif_fo wn'bbl 

mnwp_p'b .\bpflp'b fun'l.w'bwftp, "l'I! ftwmwpnLJ t untz'bwftp 'l:bp, zpJwL 

Jbt}nLfJJnLL[!t UJ'l:"IPufo 'l:h"l/!"LJ ~qmwqnpt}nLJ bf, "llwmp'h-ppfo'l:fonLJw

JP'h -':w'l_nf''l:WLW{' 0,03 JJ mpwJwqt}nif_, "l'I! umbtzt}nLJ t WU[w.\nq ftn'b

,urwftm' zwm /!Pl ( Jp [!W'bifr JfilpqpwJ) ftn'bmwftmwJp'b -b'bzJwL 'l:b"f/!nLJt 

LU} 

q.itw1flG utnmh1Ggfl·n:U'!h1011w:l1wG qlqruttfllfl fufl~fl . fi)'idGwl11wG 
fiw:11w:ph11n1-p1n1GGhJ11! 

fTJnmh'b9pnilhmpw4w'h qhpwifon/u{i'i_p .\wmftnL/JJnL'h'hhpp npnzqniJ h'b 

lip'". bl[!WJ/r'h I,., = f (x, a) p'bmfJwqpni/_, npmb~ I pb phnfr .\nuw'b[!'b t, 
X-[! U[nmb'b9pnJbmpp untz'bwftp mbtzwzwprlf! ('bft. 'l-1, w} ftwJ a w'hftJnL-

1iw1fr'b mbtzwzwpde1 -R'h'bwpftb'b/! qt}wJfo'b "lnmh'b9pnJbmpwftw'b i/_bpwifon

/ufil/r .\pJ'bwftwL ,,;wpwphpnifJ1n.i'b'bbpf! k p'hnL/Jwqppf!, npp Jnm -':wtznp

'l:WLW{'p ifowfJw{JnLJ[! ppw'bfr i/_pw .\wqwuwpwi_wp t Ii. .\w'l_nf''l:WLWf'P 

ftmpi/_wt}/!l! wJpn'l_f bpftwpnLf/JwJp Jfr/,'hnLJ'b'h t• I b -':nuw'b[!p 'JMnLfJJnL

f,I! ('bft. 7-1' w) ftwpblfo t qm'bhl .\wJwprlb/! qb'bhpwmnpp JbfJn'l:fr .\w
Jwt!.w1'b' 

(7-1) 

np1Rb'l_ U "'P°-1! u1nmb'b9frnJbmpwftw'b qbpwifonfufol./r bl/!P lwpnLJ'b t U[W• 

('LUU[ e'hflwo/!/r nbrlfrJniJ (w Ii. p fthmbpfo Jpp_li.), R i -fo'b' "lnmb'b9pnJbm.

"" Hp[!p'b 'l:foJw'l:f'"L/JJnL'bf!, R pb -'b' phnp 'l:foJw'lf'"LfJJnL'b[! t . Un,,_'bwftfo 

mpi/_wt} lfPf'/!"<J U "'P" LW('nLJf! npnzi/_nLJ t t:bmli.Jwl wpmwt:w1mni
f/Jn<'hp9' 

(7-2) 

npmh'l_ fJ-{! /,_ f2-{! "fnmh'/.,9pnJbmpp pw'ln~ft'bhpp 'lfiJw'l:f'nLfJJnL'/.,'j,J,f'fr 

b'b, w1u/i'b[!'b' R=r1 +r2: . 
fTJnmb'b9pnJbmpp 'bhf'/!p'b 'l:foJw'l:rnifJJnL'hf! ftwpblfo t npnz~l 'bft. 

'l-3-p9 ( wp.\wJwp.\ blni/_ -':nuw'b/!fr W'l_PJ"Lf'P 'bhf'l!p'b ur 

t/t n /! p 'l:PJ w 'l:l'" i/J Jn i'b I!)· 

Ri=r1 • r2 /(r1 + r2)1 

Shtzw'l:f'blnq ('l-2) "- (7-3) pw'bwt!.khp[! (7-1 )-p 

Jbp_, ftumw'bw'b[! phnnLJ .\nuw'b[!p wprlbpf!' 

Ukx 

npmb'l k-'b .\wJbJwmni/JJw'h qnpt}wftp9'b t, npf! 

(7-3) 

(7-4) 
"I,~. 7-3. l!JnmhG9jrn
.Ihmpjt GhppjtG 'lr
.Cw'll'nLpJwG npn-

~mL.Ie 

npnzi/_nLJ t X untz'bwftfo mbtzwzwprlnLJp9, npfoiJ ftwfuif_wt} t r 2 FfpJw'l:rnL

fJ1w'b JMnLfJJnL'h[!' 

r2 = kx1 

(7-4) pw'bwtl./,fr if_hplnLt}nLJ[! 9"'J9 t mwlfru, np bfJb "lnmb'b9frnJbmpfri 

'bbf'/!fr'b R 1 'l:frJw'l:rnL/JJnL'hf! ftw/uif_wt} llfiHp X mbtzwzwprlfr9, WU[W if_b-

pwifonfufol./r bl/!wJfo'b I pb ==' f {x) p'hnLfJwqppf! frpb'bp9 ftHpftw1w9Hp nL'lP'l 

qpt)-1 flw19 "{nmb'b9frnJhmpp 'bbf'l!p'b ?foJw'JpnLfJJnL'bf! ftwfuif_wt} t X mb-

'l_WZWfrlp9, WJup'b[!'b' K; =--=f (Rx) ('bft. 7-1, q) Ii. .\bmhwpwp f!'b'l:.\w:finL('" 

'lb"l/!"'J .\nuw'b[![! phnnLJ .\wJbJwmwftw'b ;_fr lfo'bp X un'l_'bwftfr mb'l_wzwp-

rlfr'b (.\w1mwpwpp I< i -'b 9nLJO t mwlf1U , np ftw/unLJ[! "l qt}wJp'h t)1 

lfm9'bb'b/! t:wu4w9nifJJnL'b phn'bwqnpJw'b qnpt}wft9p Jwufr'b1 flbnfr 

Rpb 'l:foJw'l:f'"LfJJw'b .\wpwpbpnLf/JnLL[! "lnmbL9pnJbmpp R 'l:foJw'l:f'"L-

fJ1w'b[!' ftnJ_qn<J t pbn'bwqnpJw'b qnpt}wftp91 

(7-5) 

(7-5) pw'bwtl./,fr9 .\bwli.nLJ t, np b{Jb pbnfr '1frJw'l:pn<fJ1ni'bp 'l.IJ-LU• 

lfonpb'b Jbt} t "lnmb'b9pnJbmpp '1fiJw'l:pn<fJJn<'iip9 R pb ~R, W"(W pbn

'bwqnpJw'b qnpt}wftfrol! tl.qmniJ t w'buw.\Jw'hn<fJJw'h B = RP)R~oo 

{'bft. 7-1, p), .\bm/,wpwp, pbnfr -':nuw'b[!f! ftwpblfr t w'bmbubl le 

Ipb =f(x)-1! ftlfo'bp 'bni1'h"lbu qttw1fo'b1 Lbwli.wpwp, (7-4) .\wi/_wuwpniJe 

ftf!'b'lni.'bfr .\bmb.1wl mbu/!I!' 
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b-fJb R r' .»R UfWJJwtl! iJr "{UJt:ii[u,i'fti/_nLif, UIUfUJ t:wpftwqnp { 1wz1Ji 

wnthl nl q.JwJfr1' p1'nt{Jwq.pfr9 wnw2w9w& ufuwll! ftwJ p1'ntpwqpfr wz

Juwurnll urhrzwJwul! uwt:Jw1'wi/rwfthl O-x1 urhrzwJwuni/_, npt nt1'/r l1iifr1i, 
.ni_- q.JwJ/r1' p1'ntJ/Jt 

frtlUfhu hplmtJ { Iift. 7-1, p-/r9 (1- "- 2-piintpwqphpf!), Ufnurhiiofrn

Jburpfr 'lfrJw'JpntfJJw1i "- phnfr wLt:wJw&wJthlfrntPJntLfro phnLw4_np.Jw'b 

.L/;npJ-wft9fr 1'4_wq_hlnt JwJwLwft ufuwll! w4_hLw1intJ {, f!L'I npntJ unrzLwftfi 
i/rn.pp urhrzwzwpJfr JwJwiiwft ufuwll! lLlfrL {t 

fll q.JwJfrt p1Jn,{Jwq.pfr9 wnw2w9wJ t:wpwpbpwftwL ufuwll! npnz-
4_n,J { t:hurh.fUJL pw1iwJ.hn4_' 

tirI", = r",.r- ~i' . 100% = ( 1 - _Ir!'.."._ ) • 100%, 
pbo pl.O p£O ' 

n11urhrz Ir'-·1' phnntJ t:nuw1i.pL { R ;b.» R UfWJJwLfr 

ur hf; 9/rn J hurpwftwt 4_hpwi/rn /u/ri/r u Ju wl w1'.pfr t; wz4_ wpl/ l! 
t:hurhJUJL fthpu/ 

Iii 
--"'-

L2 R", 1 + --,:-;--~-.,--:;::-
x (L--'-- x) R 

I -
pbo 

'lhUf.pntJt . fJJ_n

.ftwurwpqniJ { 

(7-6) 

npurhrz L-l! Ufnurh1'9frnJhurpfr hpftwpnt/JJntLL L X-(!' unrzLwftfr urhrzw-
2wpJ(!t 

lJ.JhtwJhJ u/uwlwL.pl!. ftn,LbLwL'p, hpp unrzLwftl! q.urLqntJ { Jfit.frt 

'IPf'.f!ntJ, UIJufrL.pL x= L/2 (Lft. 7-1 J q)1 bfJh wzfuwurwL.pfr f!LfJw9.pntJ 

~nrzLwftl! ftwpnrz { urhrzwzwpJ4_ht UfnurhL9frnJhurpfr wJpnrzp_ hpftwpnt

PJwJp, WUf,;, t:wzt/_wpftl! Ufhur.p { ftwurwp4_/r wnw4_htuiqntJL ufuuituiL.pn4_' 
.t; bur hJUJl wpur wt;;.u JUlnt[J JWJ p' 

1 
B ... =~. ---

1+4~ 

~=Rr,fR, 

U{Jh "{tturb1'9frnJhurpwqwL 4_hpwi/rnfufrl/r hwfr 4-f'w Jfrw94_wJ { {thft

urpn~1wJfrL nL<1hrzw9nt9/rl ftwJ lwJUfwJ/rL 4_nturJhurp JhJ JnLUJ[!WJ/rL 

If-frJw'Jf'l1L/JJnL1i_n4_, WUfW R r' .»R, /,_ ufuwtwL.pf! ftwphlfi { wpt:wJwpt:hLt 
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f/Jnurhbg/rnJburpfa npu4Jr 4wpb..np 9ttt9wL/rzfi { hLP/r LUJf'J wL ./rn,Pn}.11!wt 

uwt;n,Lnt/JJnL~f! • npf! 9ntJ9 { urwlfru, {Jh unrzLwftfr frLlUffrufr wJhLwifin.pp 

urbrzwzwpJf! UfnurhLofrnJhurpf! ftwpnrz { q_q.wu lfwLpwq_L/rL lw,PntJLhpf! 

snLJo hL urwlfru, np t:wrznplfWLUJf'WJ/rL UfnurhL9frnJhurphr1/r hw/r Lwpnt

Jl! i/rni/rnfuqnul { nl uwt:ntL h. nl wLf!L'lt;wu1, WJL wuurfr'&.wLwpwp t 

IJ.w UfWJJwLw4_np4_wJ { LpwLn4_, np unrzLwftft t:nuwL:pwt:wL urwppf! 

lP ft"llnLJ t:wrznp'Jwlwrr/r JwftbpbufrL Lpw wJpnrzp_ bpftwpnif!JuiJp, WJL ftnii

urwfturntJ { i/rw/JntJ/J/r wJpnrzp_ Jwu/r wnwL&frL q.wlwf'Lhp/r t;hur t f/JnurhL

ofrnJhurp/r wuurfr'b.wLwqnp LfrLhll! ftwju4_wJ { Jwurnt94_wJ U°LwpJwL (Lft. 

7-4) Ii_ UfnurhL9frnJburpfr wz/uwmnrz urhrzwJwufr Lf'frq q.wlwpLhpfr {J4_ft91 

Lft. 7-4-ntJ php4_wJ { UfnurhL9frnJhurpwftwL 4_bpwi/rn/u/ri/r t:wz4_wpftw

J/r1' pLni{JwqfrPJ! 00' ntrzrz/r urbu.pnqt bwwJ/rL lwf'Jwt frpwftwL i/rnifiit

/untfJJnLLf! 9 nLJO { urpqwJ 'o w p q. 'I h q . .. O' phftJwl q.Jnqt ll.J'I pLni

{Jruqphpfr 4_hpln,JniJl! 9ntJ9 { urwffru, np JfrLl"- ht.f!WJ/rL LUJf'JwL tf1w{JnLJ

P/r wnwp_frL q.wlwf'fr lf'P4- Jfrw9ntJf!, i/rnfuwLwft t:hur"-fr t:wzqwpftwJfrL 

ntrzrzfrL, i/rwuurnphL t:wqwuwp { q_pnJ/r "- npnzqntJ { wnwL9.pfo. 0 w 

t:wurqwJ-nqt /J.J'I q.wlwf'fr Jfrw9ndfr9 t;hurn ht.ptuJ/rL LUJf'nLJf! i/rni/rnfuqntJ 

{ {Jnfri.pw&li_ /,_ t:wuLnrJ w p (U 1) wp.Jh.pfrL1 ~wpJwL t:wJwUfWUlwu

JuwL {Jn/rww&h ,,j'$_'p ftwurwpqntJ { wJhL wLq.wJ, hpp UfnurhL9frn

Jhurpfr unrzLwftl! wL9LnLJ { UJllU1£pL 'l-UILUJf'P9 'lh"lfr t:wp_nf''ll! "- UIJLL I 

bph hLfJw'JphL.p, np UfnurhL9frnJhurpf! UfW-Ul(IUJuur4_wJ { JhJ '&.zurni

fJJwJp, UJUfUJ ftwphtfr { t:wJwphl, np t:wzqwpftwJ 00' nirz/rrzl! pwJwLntJ 

{ nirzrzw&frq. wp, 4_ q., 'lb /,_ WJLL t; wuri[ wJ-L /;pf! t; wq wuwp . Jwubpfr , WJ

ufrL.pt' ww'=w'p, q.q.={'I "- WJLLt 

lJ.JuUffrun4_, frpwftwt piini{Jwq.pfr zhrzntJ{! t:wz4_w('ftwJfrLfr9 ntiifr hpft

frJwuur LzwLwftntPJn,L1 ll.J'I zbrzJwL pw9wp&wft JhJ-nifJJntLf! ftwqJntJ 

{ LWf'JwL [Jn/rwwJ/rL JHntfJJwL fthuf!, hpp u1nurhL9frnJhurpfr w'&.JwL 

unrzLwftL wL9'untJ { ifp q.wlwf'fr9 JJntuf!t f/JnurhL9pnJhurpfr f!L'lt;wtnip 

q.wLwpLbpfr fJfr4-l! LzwLwfthL.p n, WJ'J JwJwLwft htpuiJ/rL tuipJwL ufuwll! 

ftwju4_wJ wuurp'&.wLwJ.h p1'nt{Jwq.pfr9 ftt/rL/r' 

~U ... w ::_:;;; ± U/(2n), (7-7) 

npurhrz U-L UfnurhL9frnJburpfr uLJwL l~pniJii {1 

(7- 7) pwLwJ."-frs t;hU1hniJ { , np ufuwlwLpf! i/rn.ppw9Lhtn' t:wJwp t:wp

ftwq n f' { J hJ-wsLht q.wlwpLhp/r fJ/r4-l! 1 U fuwl wLp/r ,{J4_ w Jfrt wpJhn q.Lwt: w

ur htiti t;wJwp Jur9LniJ hL UfnurhL9frnJhurpfr «{thfturpw ftwL {JnLJLwurph

t/rnt/JJw1' pL'JntLwftnifJJnLLi> t:wuftw9nrznifJJn'1il!' b ·/1
1

' npf! 1wpJwL ftwJ 
'lfrJiu'J(lnL/JJwL w'&.fr JMntfJJntLL f wpurwt;wJurqwJ urnftnuLhpn4_ , hpp 

"{nurbLofrnJhurpfr unrzLwftl! urbrzwzwpJqntJ { Jhft q.wlwpn4_1 fiPntJ[UJUl(lh

Lfrnt{JjwL f!L'JnLLwftnifJJnLLf! pLnpnzntJ { UfnurhL9frnJhurpwftwL 4_h

pwi/rn Ju/r iJr i.uzfuwur wL.pfr . w nw4_ ht wq.ntJL t;L wpwt/_ n p '&.zurnt{J JntL f!' 
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J.tiUfhu u2t/_w~ tp. Uf.nurbLgfrnJhur'fl/t PllLJLLUlnphlfrntfJ1w!J l!!J'lnLLW

""'flJnLL[! pwpb[wt/_btnL .t:wJwp UfbUl.j! t wt/_biwgLhf '1"'L"'PLbpfr n P/r

i/_pt '}pwL 4wpblf1 t .\wuLbl bp4n< b'l_wLw4ni/_. 4wJ pw(JntJfJI! bp4wpwo'" 

Lhf, II "wJ P"l!P"'9Lbl .\wq:(''l"'l"'l'fr 4urpi/_wt}/!I!' flw19 urpwJwqt}fr ,Pn.j!• 

l/'Y I £'"'9 11 <il[! 11Jt/_U1pw9Ln,J t Ufn<nbLgpn~ 

;) Jhuipfr "f WLn('WUUltiLJ I!' i/_ wmw9LntJ "w

l 

'l"P'1"'l"'I'" JbfuwLfr"w"wL wJp11tfJJn<-

Lp Lt, .\bur.b.wpwp, 4wp'l>w9fsn,J' t)wnw1nL

P1wL dwJ4hure1 '1lwflnt1fl/r bp4wpwsnt

Jfr9 JMtuLniJ t UfllLnhL9'finJburpJt {_W

P bp[!t lJ.111 /1bpn<fJJn<Lp t/_bpw9Lbtni .\ w-

'\,~ . 7-4. C!nmhG9~nJhmp!1 wuml1- Jwp uurbtzt}i/_wt} bf, pw'l_JWUfLnllLJLn "l"-
6mG1u<lt.. FGntpu•q~rl' 

111bL9/rn J burpbpt 

1f frw"lurnLJLn Ufn 111bL9frn J bmpfi fln<JLWutpblfimfl JWL [!L 'fllLLw4nifl JllL

L[! .t; w2i/_ wp"Lhp/1 dwJwLw" l'L'1n<LniJ hL 0 ,4-fr9 JpLi_b. 0 ,02 % 1 'J.w 4w

pbtfr t pn.ppw9Lbt oqurwqnp1H1tnt/_ J/r .[!WL/r i:nuwL.[!w.\wL 4nLurw4urLb

pni/_ untzLw"Lhpt 04. 7-2, p-ntJ "l"''""bpi/_wt} t 4p"Lw4/r "nLuiw"urnt/_ 
unqLw4, npurb'l 1,2-p'f untzLw"Jr "nLrnw4urLbpL bf,, /ru" 3-p'f[! ifw

flnLJfJL ti l/nLurw"wLbp[! urh'lwi/_npi/_wt} hL w1L"lhu, np LpwL/! '1fi"ll"'J 

bL '1"'L"'P/rL hp4m ·.t;w4w'1frl' 4hurhpni/_1 '}w pwpJ.pw9LntJ t "lnurh'iig/tn-

Jburpfr .\nwwt/intfJJntLpt . 

1.wumwmniL flntJL"''"l'ht/rn.fl1~L eL'1ntLwl1mfl1ntLnt/_ otluri[_wt} bL 
Jfrw1fi qt}w1fiL "lnurbL9JtnJburpbp[!• . 

fTJ nmbLgfrn J h'!'pw ""'L i/_ hpwpn/u/r l_/t wnwi/_ blmP 1niLfihpL hfi 
1 

Uf W(''l_ 

4wnn<gt/_wt}/!l'• 'J<'l_'l_WO./rq. pLntflwqpfr uww9JwL ,;Lwpwi/_npmfJ1mLe, 

"''l'l-"'L2wLfi .t;huiwqw ntdbtzw9JwL wL.t;pw<lh2urnifl1wL pw9w4w1nifJJn<L[! 
{ bflb 'fpwL.p oqmwqnpt}l[ n,J bL l_wpniJLbpfr .t; wJ wp )1 . 

/J'bpntfJ1niLf1bpL bL' gwt)p .t;niuwlftntPJntLp, uw1:n'l tLh1tuipU14U1L 

"n.fiurw4ur/r "l"'ur&wnni/_ 4nLurw4wLbpfr WJpi/.blf!• untzLw4/i Jbt} ~b'l_IJJ
zwpd[! b. 'I.PW "fUIUJG.wnnt/_ UU1U19t/_n'l_ J/,q 'f>pqbp['t 

2. l.wl\.nJl'lWtW'(IUiJ}IG l[bpwlfrn)u}l~Gbp 

1. wqnpf1Wf Ul('W 1/rL i/_ bpwt/in /u/r iLhp[! oqurwqnpr)i/_ nu! bL J b/uUJfi/rl[w

""'L "nLu<npni~9/rwLbpfi urwppbp JwubpniJ wnwO.qw~wL 11b!/,,,pJ1JJ9/rw

Lhpfr (LwpmJfihp ), &L2niJL bpfi, wp wqwgntJLhpfr, P"l!f' urb'lw./in/um

P 1niLLbpfr iwt/i.lwL .t;wJwpt upwL9 wzfuwmwL.pfr .t;frJ.pntil [!L4wu t 

urbLqn11frJw11pniP1wL ( mbLqnt!p!ph"ur/r) bpl.tinJPI!• npfr tntfJ1niLL w1L t, 
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np JbfuwLJt4w4wL 11h!/mpJw9frw'iihpfr tlwJwLw4 .\w'l_nP'1/rl/r w4ur/rt/_ 11/r-. 

Jw11pmP1ntL[' ,Pnpnfui/_nLJ ti 
fl.npt}Lru4wLmJ Jbt} 4/rpwnn<P1n<L bL qurbl lwpw1frL, Lf'pwflfrflb-

'l_UJ 1/rL-flru'l_wLflw1/rL Lt 4Jruw.\w'lnl"1/r z.w1/rL urbLq_ni/_ bpw,Pn /ufri.Lbpf!1 

u.. l..w'lnf'fl.Ul1Wf'W11'G ml:iGq,n\f.bJ'WlfmJu}1~Gb1' 

1.w'l"l''l"'l wpw 1/rL 111 bLqnt/_bpwpn fu/r l_L hp/r wz fuwui uAipfr uhpn iL.p[! 

.t;frJL.i[_wt} t JbfuwL/r"w"wL G.L2ntJLbpfr wq'1b9nifJ1wL rnw" .\w'l"P'1"'

l"'P/r w4ur/rt/_ 11/rJ "''1fimfl1wL pnpn fumfl J"'L W"''· 'J.b.m "'Lfr 11b!f1npJ wg/rw

J/r "''l'1bgntfJJwL urlu" pnfui/_mJ bf, .\w'l"l''1"'l"'Pfr hp4pwl_wpw4wL l_UJ
pbp[! Lt 111buw4wpwp '1fiJw11pnif11niL[!, .\burb.w"fbu b. .\w'l"P'1"'l"'Pfr 11/r-

J "''1P;,,p J"'f, /!• 
l R=p-. s 

(7-8) 

bLflw'fpbL/! (L". 7-.5), np l bp·"wpnifl1wilp, r 2wnwt/_'lni/_, S=rtr
2 

4mptf_wt)/!nt/_ Lt V =m2[ t}wt/_wtnt/_ £Wf'[' bLflwp4tf_n,J t P &L2JwL Jbfuw

LMw"wL LWf'J"'L' npfr 2Lnp.t;/ti/_ l"'Pfr bp4wpttLflJ"'Ll' JUwLniJ t dl-ni/., 

fru~ 2wnwi/._/r'l1!' pn.ppwLmJ dr-ni/.1 
1.bwl.twpwp, l"'P/r Lnp uwi/._w

ll! "t/rfi/r' V1 =n(r-dr)2 (l+dl)• 
IJ.Lwbub/_nq pwpO.p ""'f''lfr wL
t/_hpf i/in.pp Jbt)nifJ1niLLbpp, "l!u

urwLwL.p' 

V1 =r.r2l+1tr2dl-21trldr= V +dV, 
,. (7-9) 

. . l di 
L\ V = TCr2 dl -21tr l dr -· =Sdl

rdl 

- 2S dl ~ = Sdl (t - 2 dr / r) = S dl (1 - 2~) < 
· rd/ dl / l 

(7-10) 

IJ.Juurb'l ~.1.= dr/ r fTlnLwunLfr qnpt}w~fr9L t lwpfr L1ni{Jfr .t:wJwp, 
dl / t 

"Pl! pLn</JLUqpnuf t l"'P/r l"'JL"'""'L iwt/ibpfr pn/!1'"'9n'Jl' J.,,_i/._w6-n<fJJwL 
rJwJwLw41 OpfrLw4, /r11bwtw4wL L1ni/lb11/r .t;wJLUp, npnL~ 11b!/mpJU1-

gfiwJfr d1JJ!l1JJflw4 ibL ,PnfuntJ frpbL9 uwi/_wll! 

!!!.V = 0 b. µ=0,5: 
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o'lfU1Ullj-n['J-i/_n'l_ J hUJUJ'l_Wqw'iJ [Wf'bft'iJ nLfib'iJ µ =0 ,24 7-0 ,4t !Jqi{_i.u,)

JwJ wfiwq Lwrfr 'lfrJw'l-f'nLPJw'ii t/int/infunLPJnL'ii[! npnzblnL -<:wJwr w'b
-':pwclhzUJ t (7-8) -':wi/_wuwrniJI! 'lfr!f>hrb'iigbl 

dR = 5d (pl):---- pld5 = ~ + ~ - pl d5 I 

52 5 5 52 (7-11) 

/dS Wf'UJw<wJU1ntfJ1ni'bl! J.liwt/in/ublni -':wJwp w'b-<:rwclbzUJ t '1fr!f>b

f'b'ii9bl [Ulf'p 6-wi/_W[[! f!UU1 lb_ s t/int/infuwqw'iiltbrfr' V=lS, nrUlh'l_ S=m2. 

dV=ldS+Sdl1 
(7-12) 

1.wJhJwUJbtni/_ (7-12 b_ 7,..10) Wf'UJW-':w1uintPJi1t'b'iibf'I!, quUJw'blJJ'ii.p 

ldS=-Sdl2µi 

Sbqw'lf'blni/_ (7-13)-1! (7-11)-fr Jbt, qutnw'bwltp' 

dR - p dl ld p + p 2µ dl ---+-- -, 
5 5 5 

(7 -13) 

(7 -14) 

flwclwltblntf (7-14)-1! R=pl/S-fr tfrw, quUJw'bwlt/! 'lfrJw'lrn<PJwf.t -<:w

rwpbrwqwlt tfrnt/infuntP1w1t -':wJwp -':litnliJWL LU('U1UJ-':WJU1nL/JJnL'ii[!' 

S _ dR/R - t dp 
>[.l.p- -- = 1 +211=-. -1 

dl/l p di 

ffi=~1 
dl/ l 

(7-15) 

(7-16) 

!11 qnpawqfr91! -':wzi/_/r t wn'bntJ 1t1niPfr UJbuwqwrwp '1frJw'fpn</JJw1t 

t/intfrn/uniP1ni1t[!' qwfut[wJ- bpqrwz.wt/iwqwlt lwt/ibrfr . t/int/infunip1ni1tfrq1 
ll.J'I ,,_b'u[pniJ (7-17) -':wi[wuwrniJI! 41!1t'1n~1tfr -':bUJliJwl mbupe' 
~8 . . 

dR/R s.,, .. ,. = - - -=1 +211-+m, 
. dil l 

(7-17) 

lbUJwq_ntnblni/_ (7 -17) l:wi/_ wuwpniJ /!J qwrblfr t wub[, nr .J + µ qni

Jwrhlfr'b pltni{JwqrniJ t brqrwlwt/iwqwlt lwt/ihpfr .pn.pnfunLPJnLltf! b_ hrp 

µ = 0 ,4 J qwpn'l_ { nJ,bf.tw[ wnwt/_ h[tuqnLJfi LUf'Jb_,, -':tui/_ LUULUf' 1 ,8-pt 

Uwqw11t nrnz -<:wJwJ.niltfw6-/!1tbrfr UJh'iiq_nq_qw1ni1tni{J1w'b wrclb_,I! 

JU t 2 .. fr9 , '1-w pw9 wUJri/_niJ t trwtni/_, nr -<:wqnr'lfrift .'1b!f>nrJw9frwifr 

JwJwltwq pw9fr hr~f'LUlwt/iwqwlt lwt/ibrfr .pn.pnfunifl1ni1tfr9 t/infui/_niJ 

t f.twb_ p UJbuwqwrwr '1frJw'l-l'niP1ni'iif!, nrl! (7-r7) pwltwJ.liniJ wr

UJw-':wJUJi/_niJ t m qnrawq9ni/_1 ll.JuU/fruni/_, wnwJ.qwqwlt ,,_b!f>nrJw9/rw1/r 

uw-':JwltltbpniJ S <L'r UJb1tq_nq_qw1niltnLPJnL1t[! qwfui/_w6- t -':frJ'bwqw'bniJ 

llJniwunf.tp -':UJUU1LUU1ntf.tp9 /,_ ffi qnrJ-wq9p9, ~ 1-p9 Jpf.tJ_b_ 1,5 %-fr uw-':-' 

JwltltbrniJ -<:wuUJwUJnilt JlitJ-niP1ni1t ti 
Shltq_ntfbrwt/infufr;fr 1t1niPfr1t 1thrqw1w9t[nq -':frJ'bwqw'b "lw-':wltfl!. LUJ1t 

t, nf' S <fht q_lj-LUJntf.tntfJJtuf.t wpcfbj!f! J/rfip -':f.twrwi/_nrpf.t J_UJ"' Jbt)'t 'J.IJJ 
pw9 wUJri/_niJ t trwtnil_, nr Ju fJil_nil_ UJh1tqntfhrwt/infufrl1tbpfr t 1niPbrfr 

AR/R ,,_frJw,,_rn~1w1t -<:wpwpbrwqwlt ,,_frJw,,_rni/J1ni·1t1!. zwUJ tfrnl!r t "- Jft 
qbrwqw1t9niJ (5-7) 10-3 wpclb.[!f!' 1.hUJliwpwp, UJb'bqni/_bpwt/infufrJ.ltbl' 

"l.WUl['wuUJb[pu oqUJwq.npJ-niJ blt 'lfrJw'l('nL/JJwL 9w6-r fhpJwuUJ/r&wltw

Jfrlt qnp6-wqfr9 nibb9nq -':wJwJ.niltfw6-j!1thpt 

'b1nipfr [!1tU1pni/JJw1t JwJw'bwq "l.hU1j!. t-':wzt[fr wnltbl, np ltpw pltni

pwq/r('[! JM lwt/ini/_ qwfui/_wJ- t nz. JfrwJf.t f.tJnL{J/r pwqw'1rni/J1ni1tfr9, WJL"

"l.Wlnf1LUUUJJ w'b ur bfultnln qfr WJ/r91 

1.i.uqn(''fLU[~f'WJ/rf.t urb'bqnt[bpwt/infufrz./r qwnni9t[w6-j![! gnLJB t UJ('t/_w6-

'bq. 7-6, w, p, q 'bqwpniJt 

t/.brwt/infufrll! IJiiuinrwutnniJ b'b -':bUJliJwl qb('"I.• pwpwq bltflwzbr

UJwJfr'b (3) {Jqpfr qwJ [LU./}UJ"l.LUU1UJh flwqw1tpfr t[pw unultJ.t[niJ t pw

pwq [Ulf'f! (1 ), nrl! UJbqwi/_npi/_wJ- t qpqq_wqwJ.b_ 9w1t9fr' Jbpwqfr UJhu/!ni/_ 

('bq. 7-6, p)t 8w1t9fr t[bpfwt[npntPJnilt'iihrfr'ii qn'1tfw6- b'b h[niumltbp[! (4)1 

t/,bpb_/r9 t[bpwt/infufrll! 6-w6-qt[niJ t lw/!fr zhpmnt[ qwJ brphJlt unul!f.tJ.,.. 

t[niJ t pq{Jnt[ ('bq. 7-6, p), npfr9 -':bmn t[bpwt/infufrl.1! uirultJ.i/_niJ t t/inp

J.wpqt[nq ,,_hmwlfr1t1 fJ.bUJw[niJ ,,_b!f>nrJw9frw'b [!'bqwltfnul t -':wqnr'lw

LW('WJ/r'ii 9w'b9nt[' t[bpwt/infufrlfr qqw1ni'b U1Wf1f'I!' fTJbmp t ltzbl, n_p t[b~ 
pwt/in /u/r z./r 'lfrJ W'ff'nLP 1ni'b I! tfrn fut[ niJ t Jfr pw'bfr w'bqwJ wi/_ blfr, bpb 

LUJ'b tnbqw'lf't[fr niclfr wq'fb9nifl1w'b niqqtri{J1wJp ( ubqJniJ qwJ J.qniJ ), 

j!LU'b t[bpwt/in/ufrz./r niqqw<w1w9 UJh'l_W'f('Jwlt 'lb"l/!niJt bpb mbqw'lf'b'b.p 

Jfr j!W'ii/r t[bpwt/infufrl.'bbp frpwp 'bqwmJwJp wfi_q1w1t ~wq, LUU(LU qwrhlfr 

t "l.Wf'1£bl nz. Jfrw11t ,,_b!pnpJw9frw/fr JMntPJntlt[!, WJL"- ,,_bUJtu[niJ qnr-

6-nq [wpniJltbpfr niqqntPJntf.t['t 
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t 

e 

),~. 7-6. l.wqnr11mtmJiw1rG qhrwqmfurl· 

1-<wqn/''IUl[UJ/' (d = 0,012 -7- 0,05 .f.f), 2-unu'/d.p zhl'"'• 3-pwrwft 
0

hbflwzhr"'w1fo'iJ Pn•'lfil, 4-htn.LuUIH/', 5- filn•'lfl 

U.nwtf_htmPJmfiHpfro hfi' 1) nz_ Jhd- z_wifrhpf! , 2) tfrni!I' qzfrnl!, 3) nz 

frHp9jrnfini{JJnLfif!, npf! L;fiwpwi/_npnLfilJmfi t mwtfru z_wtfrhtni wpwq. qrn

t/rnfutf.n'l Jhd-ntfJJnififi'hpf!, 4) '1-Jtf.wpwJwmz_htfr mh'lhpn:J mh'lw'l-l'hlnL 
t:fiwpUJt/_npntfJJnLfif!.,_ . 5) uh'lJJwfi JwJwfiwq pw9wqwjntJ t t:frumhph

'lfru.Jr hpb.mJP!!, 6) pwt/_ wpwp qwJntfint/J-JnLfif! b. U1J[fi1 

fiJ'hpntPJnLfiHpfr9 hfi' 1) ~R/R~1 Ofo, "I'!! zwm tfrn/!I' t. ~pw t:w-
Jwp J;wpqwi/_np t ntfibfiw[ zwm l(_q.LUJnLfi z_wifrn'l t:wJwqwpq.hpt 

~h)1dwu111)1Ciwliw1)1G2lntn11ll!: Uw fizwfiwqniJ t, np t:hmwqnmtf.n'l ,,./;. 

U1U1[fihpniJ '1-b!f>npJw9pwfihpp zfinpt:frt/_ m hfiqnt/_ hpwqrnfufrz_fr '1-frJ U{'l-f'nL· 

PJnLLf! zwin /!Pl t qrnqrnfu.t{_ntJ, fruq Jfrt.wt/_WJf'/r t.hpJwumfr-Awfifr wnh-

9nLPJwfi mwf wi/_htfr zwin, np[! phpntJ t JM ufuwLJr (wJu t:wfiq.wJwfin 

fiqwinhlfr t fiwb. zwin tfrn/!f' t.hpJwumfr&wf.twJ/rfi q.npd-wqfr9 nLfih9n'l '1-P
Jw'l-f'nt{J Jnt'Lfi hpntJ )1 

U.qfit;w1mnpbfi U[Ulf'l(_ -t, np t{_hpwqrnfufrz_p '1-frJw'l-{'ni/JJnLL[! l_U[hm/! t 
qwfut{_wd- t/rfi/r t.hpJwumfr-Awfifr91 

_f hpJwuinp£wfi UIJ/rfi zb'lnLJ (! qnJ U[hfiuw9fi h[nL ':wJwp oq.mwq.np

tJ-.mJ /;f, qwJnwJfrfi ufubJw' hpqnt tf_hpwifrnfufri.Hpni/_ (fiq. 7-7)1 U.zfuw-
2llll 

mwfi/!wJ/rfi t{_ hpwqrnfufrz_I! (1) unufid.t/_nLJ t nuJfr- Ull(_'l-Jwf, nul'lnL{JJwJp" 

puq Jjnwl!' qnJU[hfiuui9fin'll! (1') 1 unufid.i/_nLJ t WJfiU[hu, np t:w'lnf''l-Ul[Wf'P 

'I-Pf'/![! tfrfip nuJpfi nL'l'lLUt;UIJUl9t 

u } 

't.li_. 7-7. ~hrJ'wumr!iwGw1 rG li_nJ'"lhGuw9\tw1n~ 
mhGqn~LrwtJinfurl\t J'rw9J'wG li_wJ'r2u1~wJrG 

ufubJ'wG 

"li.· 7.8. t.wqnl"lWtWf'WJ\tG 
mhGqnqhrwtJinlurl\t 

pGnLpwqrrP 

Stf.fril! (1) q.mfitf_htnt/_ wzfuwmLUfi/!wJ/rfi mtf_/rz_fr t:hm finLJfi t.hpJwJfrL 

UfUIJJwfifihpnLJ, '1-h!/mpJtu9frwJfr fiqwmJwJp LUfimwpphp t i ·[J.J'l- '1-h"l

.pnLJ '1-frJ W'l-f'nL/J-Jwfi f hpJ wumfr-bwfiw J/rfi qrnqrn funL/J-JnLfifi hp[! ': wi/_ LUuw

pwqzni[niJ bf,, b. ufuhJwJfr pw[wfiue z_/r fuwfumt/_nLJ1 1.wJwqwpq.fr qq.wJnL

LnLPJnLfip.. Jhd-w9Lh[nL ~wJwp qwJpfwqf! Jfrw9t/_nLJ t nuJh'lw9nL9frlfrL 

(2)1 UfuhJwJfr zh'lnLJf! qwqJnLJ t 1-0,5 %1 R, , R2, R3, R4 '1-frJw11pnL

filJnLLLhpf! qwJ{'fwqfr {Jb.hpfi hfu 

Shfiqnt/_ hpwqrnfufrz_/r pfinL{Jwq.frpf! q.npd-LLUqwfinphfi nL'l'lwq.d-wJ/rfi t 
(Lq. 'l-8)1 

IJ.frJw'l-f'nL/J-Jwfi ':wJhJwmwqwL ~R/R qrnqrnfunL{JJnLLf! Jhmw'lLbl'fr 
nL t:wJwd.nLtt/_wd-/!Lhpfr Jhd- Jwufr Jnm pwt{_wqwLfrL Jhd- uwt:JwfifihpnLJ, 

t:wJU1f'JUI pn[np Jhmw'l1JhpnLJ, nL'lfr'l t:wJhJwmwqwfi t . t:w'lnf''l-UJ[Ulf'P 

L;wpwphpw~wfi ~l/l hpqwpnLfJJwfil! b. hpp fipwfi/! hpqwpntJ hfi , '1-fr.Jw'l-f'nL

PJnLfif! Jhd-wfintJ t (fiq. 'l-8 )1 

1. L-e pwqw-owfio t:wfiq.nLJD/r hpqwpntfJJntfifi t b. tfrfintJ hfi. 

UI} tfrn/!f' pwqwJnt/_' L=2'--'l JJ, p) Jfrt./rfi pwqwJnif.' L=10-30 JJ, 

11) Jhd- pwqwJni/.' L>30 JJ~fr91 

2. Bwfio/r [UIJfintfJJnLfi[!' B [tf_hpwqrnfufrlfr q.wpwpfrmwJ{rfi z_wqrhpf! 

(5+40) (3+10)X0,1}1 

23l 



3. fltnwUJLbpp bpqwpniflJniLf!' [=20-80 JJ1 

4. lJ.qUJ/tl/_ '1ftJw'l[mifJJnifi[!' 

w} lfrnl!l' pwq_wjp .\wJwp' 5-100 O.t;J, p) Jftt./tfi pwq_wjp .\wJwp' 
100-400 O.\J1 q) JM pwq_wjp .\wJwp' 300-600 O.\Jt 

5 • U hqnwft1._/t '1ftJw11pnifJ Jnifif!t 

6. lunfiwt/_w11ftJw9qnifinL{JJnLU[!t 

l/wfut/_wq O'fUJW'fnp&-if.n'l UJbfiq_ni/_bpwlfrnfu/t1._/t UJbuwqft91 .\bUJw'l_nUJ

lf.n'l 
1 
'1bUJwLft fiJni{Jp9 b. .p;,pdwpqJwfi Uf.WJJwfifihpft91 O'fU1W'fnp6-niJ. bL 

unufJJ.p UJWppbp UJbuwqfihp1 unu'iidJwfi b. 1._npw9Jwfi UJwppbp Uf.WJJwfi

Lbpt Unupfidf! U[hU1.p t nifibfi= WJfiU[puft pw1J_w17.pntfJJnifi, npf! wpUJw.ppfi 

'1b~/mpJw9pwL -ApzUJ .\w1J_np11p .\w'lnl''1~LW['ffit IJ.JbliwzwUJ U1Wf1UJ6-nuf 

bf, q.UJbL B<l>,-2 b. B<P-4 unupfiALhp[!t UnufiJ.t/_wq t/_bpwlfrn/up1._Lhpf! fun

Lwi/_nifJ1nifip9 JbftnLUw9Lh[nt .\wJwp wHpw<lbzUJ t fipwfis .\bpJhUJpqwg

fibl> .pwfip np /unfiwqnifJ1wfi dwJwfiwq /u/tuUJ qbpu1nt/_ lfrnlfrnfulf.niJ t 

t/_~pwlfrnfuftl/t JbqnLUpl._/t '1ftJw11pnt.{JJnLfif!1 .\bUJb.wpwp lfrnlfrnfut/_niJ bfi 

fil'"! Jbfuwliftqwqwfi .\winqntfJJni'iifihpf! b. ,Pn.ppwfiniJ unufidqw~ '1hUJwL

fibpp wJpmfJ{ntfi[!t i/,bpwlfrnfup1._Lhpp .\bpJbUJft4w9niJI! . ppwqwfiwst/_nuf 

t JbUJwlJ_wqw'tt 4.wJ n.bUJpfib 6-wHJnLJfJfibpft Jftt.n9nt/_1 flpU[bu funfiwt/_w

Jbqniuftl 6-ur6-qniJfJ ogUJW'fnp6-nul bL pwfthlfU1WJ/tfi qwJ B-10 UJbuwq{r 
unupfiJ.fibpt 

/> UJ wpp bpnifJ Jnifi [Wf'W 1/tfi UJ bLq_~'q_ bpwlfrn /up;_Hpfr 1 fippwpfr[Jbrzw

J/t1.t UJbLq_ni/_bpwlfrnfuftlLbpf! Uf.WU1(1WUUJi/_w6- bL Lppwflfr/Jbrzft pwpwq zhp

inhpp9• fwpwjpL qbputlfrnfufr1._Hpft .\wJbJwUJ upwL.p niLbL .\bUJb.JWL 
wnwt/_ btni{J 1nilifi bpe-- . 

1) i/,bpwlfrnfu-f'l._/t zbpU7p It. ,,_bUJw[p .\U(Jwfi JM Jwqbpbup Uf.WU7-

-Awnnt/_ niLbL wt/_btfr pwpdp t.bpJw.\wrznp11wqwLnifJ1niL1 npf! fln•JL t UJW~ 
LP':' oqUJwqnpubi Jb6- .\wUJni1fl/r Lppw{Jfr{JbrzLbp It. [Wt/_ unull.fbl' flwsft 

'1f1wLfr9, qwphtft t uwiftnpM.i JMw9Lht 4_ hpw,Pnfuftl-,,i/_ w1'9Lnrz .\n

uwL.pf! b., .\bUJb.wpwp1 wt/_btw9fibl UJbLq_nJbUJppq uwp.pft 'l..'fWJnifiniflJntL[!t 

2) iJ. bpwlfrnfup1._p 6-w jpbpp btntuUJLbpp qU1p·t/_ w6-.pf! JMw9Lbtni .\fiw

pwi/_ npnifJ 1niL 1 npf! {JnLJL t UJW[pu qwUJwph[ htniuUJLbpft wqhL/t wJnip 

q_n11niJ, .pwL [W{'WJpL tf_bpwlfrnfu/ti_LbpniJt 

3) 1.wpfl zbpU1p .\UJUJnLJ/Jp Lnf'WJUJ'fqf b_ .\wUJnLJflp Jwqbpbup .\w

('UlpbpntfJJWfl Jb6- iupdh.pp Uf.WUJ"ilwnni/_ '1b:f>npJw9/1wJp 1._w,PJwL -&zUJnL· 

fl1nifil! JMwfin~J tz uppw{Jp{JbrzwJ/tfi tf_bpwtftnfup1._Lbpf! Uf.WUlf'WUUJniJ 

bL nuqni-wp6-w{Jfr It. WJL JbUJwrzlihpfr .\wJutJ.nitt/_,w6-.pLbpfts: {wi/_wqnitfi 

Lppwflpflb'll! ':wJwpqniJ t nuqni-wp&-wfJft It. "'rzftLJ.-Lfr4btft .\wJwdn•t· 

tf_w6-.pLbpp9 Uf.WU1(1UIUUJt/_w6-.pf!• 
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Uqq_pnifi.pnpbfi fippwfJpfJh'lJW q bpwlfrnfup1._fibpf! ppbfi9p9 Lhpqw1w9• 

finiJ bf, pwi/_wqwLpfi pwpwq f[-nfiuUJwLUJwitft f.tppw{JftfJb'lftS Uf.WU1f1WUU1-

t/_w6- dwU[wt/_bfi' 4-.12 JqJ .\wuUJnifl1wJp1 npp t/_pwjp9 JbUJwlJ_p Jp Jwul! 

.\wf.tt/_wq t [/>nUJntniuw1ft1t fuw6-wUJniJnt/_ (ct>oroTpaBJieHIIe) WJLU[bu, np 

fipw JLw9wq Jwul! qwq_Jnul t (1) 9wL9[! ftp htniuUJLbpni/_ (Lft • .!l,.91 w)• 

't.4 · 7-9. 't.rpwp~phqw1l•G ~Lrwifn}u~~Ghr· 

1-gwf.91 2-<w,,Jw11h9Lnq Jh{'wq , 3-fJwqwlifJ' dtp•'l nLdhf'f! [!ll~wl"'l 

'l"'l"'f'J,/,f', 4-flw_'lwllfJ' uh'lJnq nLdhp[I [!llqa11nq 'lwlwf'llhp 

UppwfJfrfJb'lwJ/tfi i/_'bpw,Pnfup1._Lbpp '1ftJw11pn1.fJJnLL[! [!1tqw6- t 30-pg 

250 O.\J-p uw1:Jwf.tfihp~iJt 

9mUJntnLUwJfr1t fuw6-wUJJwL b1J_wLwftl! flniJL t UJW[pu uUJwLwtni 

9w1t9ft 9~fi"w9w6- 1tqwp1 npf! LniJfiurhu. LppwflftfJb'lwJpL i/_hpw,Pn/u/t1._

fibpft U111Ult/_ b[ttLfl JNLfifihppg tt Uq. 7.91 W, P' q-:niJ pbpt[ wq bf.t fippwfJp

{JblJ_UlJpfi t/_bpwlfrn/up1._Lhpp bpb.p UJbuwftLhpf!• w} Lwfu~inbut/_wq t 'lqw

J-Pf.t 11h:f>npJ w9ftwtbp 1 p) wf.tpi/_Lhpp U(UJUJnrz JnJ bLUJl! b. 9) -&LzniJthp 

1._wlfrhtni .\wJwpt 

48 T-2 U1f U1Wfi· wuniJ /rfi .\ w J wJ.niti/_ w&-.pp 9 U[UIU1(1UIUU1i/_ w&- "-bpw

,Pn /u/t 1._Lhpf! . .\f.twpwqnpn•fJJnLL bit 'u.wt/tu 1._wlfrbl 12 %1 0,2 qwp'fp qhpw· 

lfrn/u/rl/r '{_'fUIJntLnifJJwfi 11bUf.pniJ1 SpUJwfip .\w1FwJ.nitt/_w6-.pp9 Uf.UIUJf'UlllUJ

i/_ wq i/_ hpwlfrnfup1._Lbpf! ftwpnrz bL wzfuwUJ bl Ul'ff'bufti/_ Jfr2wif_ UIJ('niJ 1 JfrL-

1._b. 200° C t.hpJwuUJp-AwfiniJt 

l/frt1w.\ wrznp11ftlw J/tfi U1 bfiq_n "-bpw,Pll fufr 1._Hpf! OCfU1Ul'fnp6-niJ bf, J b.pb

L wLbpft b. qnLuUJpni,q9frw1thpp '1bUJw[LbpnLJ b. .\wf-l'ln'J9LbpniJ' 11h!/mpJut-

9pwfibpfi ni [WpniJ'tibpf! 1._wlfrbtni .\wJwp• l/ftuw.\wrznp'fpl._utJpL UJbfiq_nt/_b

pwlfrnfup1._Lbpft Lbp,,_finiJI! npU[bu q_qwjniL UJW(1(11 JbfuwLpqwq1 .. L Jb6-ni

fJ1niLLbpf! tth4UJf1WqwL wq_11wLzwLLhpft i/_hpw,Pnfuh£nL .\wJwp (Lwpw· 

jpL tf_bpwlfrnfu/ti_Lbpp ifrnfuwphfi )1 '{_'fW[pnpbfi pwpdpw9ppL .\wJwqwp'lb-
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rrrmlJmumpmlJn 71m1J 'J'I f1ufJubmmbo ifGmJ GifJMIJifmm:, IJifFmn/f'(] 

tpuumy.tnmln 'JmFfiw'JwFmlJ'Jf!I G'JmJ'J J IJ':r11/rmtt 

-mr:,mn rwJMiliffJub Lut/rm7 il!'1uumJiflJ if7ifnJut/rmJgp 1JifFmn/f'(] 

1Jilut/r ,il'J1uFf11uJqJmJm:, IJ1u!''Lm-1Jml1Jmh1tm GFmJ •GJq7 OOO&-Oft 

J IJmt/rm'Jm!':,mn il'JmJ1:,mn 1JifFmn/my.m7 1(p ff' o) ruJml JyJmJ ifillq 

if'lw Ju '/ IJfm 'J'J1uFflwlqpm:um 'JmlJm'JJ'i/!r i/'Ju</;uJIJifl' 11,ifFmn/f'(] 
1if 11,ml11,mv1tm 

11,ifilmmJm mnil •ilr1ulmlJ11,il 11,m'FeJ1unJut/rut/r 1JmFfl1uJhmJ1ifh 'Ji/FmmlJmtn 

-1JulJ fmLq 716if !' ifJnlJifmm:, 'JifFmnJfm / fmlJ'Jil r1uif!'i/!r ifil1Jmtnmnf 

-lm ifJu ''Ju</;uJIJifl' nqlnJu 'J'1 f'1UfJubmtnbo 'JJu '/ 'I'JifFmnJfm il~m~ 
-f',,,Jm tn~tnlf,'l!'tn j; if Jq 'J7 if n/ ut/rmJq p 11,mF flwJvm !'i/h 'Jif F mtnlJmtn'Juq 

~ilnt•ufmulq]a !)miel11ulumJtl{b ul{imu11\mlll!)llfi 'i;-l, . ..,_ 
til!Jm jtGq mmnJlm 

IJifmuJmnJ ifFmfiLl lqJqJ 'J'1 LuJmlJ ilJn!'1upJml IJ1uJmlJ ifi/Jmn ·;r 
'il'J1uFfl1UFmlJum iffFmlJ 71 ifLqLm 11,mlJ'!'JmlJql/ mJp ifJnmlJmtn'JulJ 'l 

.., ,'J'I GqJq11,11,1uFf11uJq-e/ 
1( Jifut/r Gif-!'IJ!' l) il1puFfl1~LulJn:, J!'mFf11umly. f'1!', 4Jnlmmqv •y 

•il'J1uFp/1uil 

-upmilm'J!r 1UlqmmnJlm puillJmnu:;, 'JmlJmn/ut/rut/r 17 IJ1Utnmmnm:, 'C 
•il'J1uFf]1u1tJmln IJmrJupmbJmlJ 'JmFfl1u1puFmb1t '6 

•il'J1uFfl11i1Jmp/ 17 il'J1uFflJU1tJmln 'l 

, 'J'1 G if Jn'J1uF f11ulq p mum if Jq 11,7if1if ut/rmJq p 'Ji/F mtnlJmtnfJUJi 

1Jq1JtnlJmtn1JulJ mFfimfJm If,!] f'1Uf 

-Jubminbo mlnm '/ 'I,. l 7171Jif!' Gif-ffO'O ilp1u 'Jm!'llJy. IJi/fmtnlJmur'JulJ qflq 

tG1UIJnu 71 Gif 'J4mmlln 'J'1 r1utnnmJmmln ilJ'!'ImlJmtnfJUIJ ( f"J, 60' O 717'1'1!' 

Gif-10'0) IJm'JmJ'mpi ifJqp1U 'Jm!'llJy. 1JifFmmlJmtn1JulJ Jilurp 1Gi/ilfmpl1uy;,,p 

-m:;, GIJmJ'J rmlJ Gif'J'lvdiflur •Gif!'mJ</;lup 'J'1 f'1UtnnmJmmln ,ilJ'1'J!"IJmU7 

-1Ju'1 ('1,.ff'&-1 ,ilp1U) IJm'Jmrmp ifJM!'1ul1Jy. 1JifFmmlJmm11,ulJ f'IJI. 

''1. l 71711,if!' Gif-ff'O ,Jmrm:, ifJq'J7ifnJut/rmJ 
-qp 1JifFmmlJmm11,ulJ Jua:, IJnif '!'1uJMIJrir!':,mn 'I,. 60'0 71711,ifr Gif-lO'O lf,'f 

!'1u11,GJq.p ilp1u lf,mJ1l1Jy. 1JifFmtnlJmm11,ulJ Jm!'m:, ifJM7'1nJutfrmJqp 'Ji/fmllf 

-IJ.mtn'JulJ 1JmFfl1UJu1t:;, Jifut/r 1JmFfi1u'J1uFmb1t JyJmtl 181/fnul'JY. 'lifFmU, 

-IJmtn'JU,, pulq'J]'f J f'1UfluJu iJ'J1ulf11uJur'JiJ iffl1uf1J ifJq'JtnlJmtn'JUfJ 

17ifG1,uGmLqp1U 'lifFm'JuJmlJql/ iflJqfJub 

-mmbo uh •1m1Jmtnn / iflqJmlJ il1J1uFltJm 1Jm!'t/rm7 mifJbly. iflq]i'(] 
1!'1uilln9v 'Jm!'Jml p OOl__;,Ofl ''fl!' ff' l,,-l ''"p!' Offl-OR ,'J7uFd1UJu1t:, 

Jifut/r 'JM'u il'JµJu '(&1-1, ·?IJ) ilJqlnJ1~1 11,ifFmlJU!/'J 'I'1 J'1UfJubmmbo 

'J'1JmnJut/r qJqlnrm1 1JmrBnt!tifl tfmrm::r 1Jm!'l1Jmlt1tm n/my.m:, iflqp'{/ 



lH l9t6 91 
·'lmtfLZ 1mf11111'1:, · '1Jn1nulnJ'l'Jmn/ 

-ut/r m'J'l'J1u'J l/lt'/111 !'7u'll/n/ut/rmJq p pl/ut'Jwli'Jl/ mlnm 'pu-.d il'J'!'Jm'!mZIJ 

ilpw ltupJmZmltqur iln/nl/Jmn/ 11 Luitbm Bl/!'Lu'J l/111'JqFJo Lu'Jn:, uJq 
i( d 'EU-!, ·'J'J) Jl/bmfl1U'fJ 

'!l/Fmil1q 1'll/n/ut/rmJqp 1 !'1up'lu,, il'f1UFfl1ufmpn/m'J ltf'{/ 1('
0

Q)J=,...,, J 
'lil'1J1/nfm 1Gi/'J1uFfl1uJmlJJq 1/'JmGmJ 1J1/fmlto '•q LuGmn1/l11Jm:, '!1uFfl 

-~Uf'f!' 'll/fmilunur 1 fmpn/m'J · ilil'lmnu:, ,...,, I LuGmni/V'Jmj 1Jluffl11if'l!' 

'Ji/fmil1q Ju 11nBm'JmJbq 7 1/1qJm'J Gi/LqurnFYJ 1puGul1/!' i/il'Jmn ( t) 
LuGmni/lt'Jm:r uqJ Jm!'m:, 1/fm!''ln/n fmpJ111 1 f'1upt/rm'l i/Ju 'UfJ7uFfl1uf'I!' 

1/~'Jmnu:, ,...,, J ( f'1uillnqit 1/ifqpJm fmpJ111 'Jmf'Jm1 Lu'Jn) '1fn/ut/rut/r'J. JmJ 

-m1Jmn/nm111mlnmrm7 1ilJ'l'J'l1uFfl1uJitmri/lt z p1/J1 1u p1/111'J1ult'li/ 1/flF1Uli 

-mt/r 11 JmJm11111q:, 'il1J1uFfl1uJltm!'1/lt 'Jm'Jmnl/IJhml' 1/FmtfLZ 'Jm1Jmn1/'!bm!' 

1'l1/n/ut/r.mJqp 'l'I f'1upn/ut/rut/r puil1Jm11111q:, 'lmrn/ut/rut/r 1/'JmGmJ 'Jl/fmlto 

11· 1/pJmZmLq111 1/n/nl/Jmnf Ju '1 '!Fm il111nm!''1 'J;,,'1m1Jl/b1/r/; l/11qGuJln 'Im!' 

-lnilqlJmn/ut/r 1/1JmZ1Jmltbm '!m_IJtnJ1111Jq17 1/pJmZmLq111 .1JmlJmlJl/1Jmn/q JI 
1puJ'l'!'J1uFfl1ULL1u fmpJ111 GF1uG puJq'Jilm1n 

J!'m!'111mlJ'J 1/'J7Ul1/!' 7 J'1UppJmZmLq111 !'1ui!Gmfl1Jil 1/il'1Jm111mn/Zm 11 '1f1Jn:, 

} .. il111qln ilpJmZmLq111 1/Ju '111q:, i/1111JqFJo 1Jfm 7 f'1upln'!1IJ 'I'IJulJi/'!mn/q!' 

iln[nt/Jmll/ tputlq'JIJmGmJ IJ1/fm_lto £. y 1UIJJq UUfJ111!' lq!' l/fmf}LZ tJmlJmn 

-'11Jhmr ifl'1n/ut/rmJ9 p 11 puG'fmJ'J 7 !''u'lG'lm ililnu:, 'lm'Jmni/'lbmr ~ <D \ . 
'!mlJmn/ut/ru<P 1i1Jm1mn1/1Jbm!' 1/'ll/n/ut/rmJqp 'J'I f'lurbmlJ IJ1/nm1/!' ( i) iln/ 

-nl/Jmn/ 11 ( l) illJ1Ul'1JJ 1'JmGmJ '!l/Fmito· '• Q 1/fJ"J>U .1JwFfl1ufub 1111/!' i/n/n.l/J 

-mn/ LuppJmZmLq111 (i) 1f 1/J'l'J"'t'IJ '11J1illl/J1 1ilnu:, 'Jm1Jmn1/'Jbm!' tJmlJmn/ 

-ut/rut/r ,...,, Cl) 7 f'1UfJBmlmum ililtJmnu:, J ( G) 1/fll1Uflm<P l1J1/J1uFJLm 1/il''J;,,n 

-u:, _IJmlJmnfut/rut/r 1 f'lupGml/r (il1J1uFfl1uJitm!'1/lt 1/il'Jmn 'll/t/rm'l) pu1J1uFfl 

·1uJltmr1/lt ( t) i/u9J ilJu '( G) ilrJF1Uflmt/r 1 r1upJltmLq111 mJp (I) 1/IJ1Ul 

-i/!' 1Jl1/n/ ut/rmJq "fi 1ilil1J1uJb1f n 1/il1Jm111mn/Zm i{'l i{i./ ut/rmJq p p1/1111J1uh1Ji/ 

pul17u~1/!' IJ'I !' 1Jf1ubmbJmln fm pJ111 !'1uJmlJ'J m '8 l· !, il'1JqlJJm111i/t, 

tJct'\'1U~(;tiO ti.ct'\ 'OS'OotQ'O lli;tlotU«l>'OJ!l'tt lutSti'1U1''\4 't-!. 

tJmf'mj 1u1qt/rm'l tl91Jf'lun/ut/rmbq111 1J1/fmfb 'J'I f'1Uftlubm111bo ( !,f•!, ·IJ'J) 

i1B1/'1mftlub 1/lnm,, 1Jm!'Gm1/p 1/tl9Jtlm111 1/lqpm rm'1 1u'1J'I i/y.ufJ •t 

17 'JfJ1UFfl1ufmpJm1 'Jm1Jm'11/'Jmn/'I!' i/d1UF1J 'lm'1mn1/iJbm!' ,'J·'·"'n 

. •7 !'1upt/rm'l 11 i/Ju 'il'Jmrn/ut/ruifr 

'!mld1uJitm!'1/b p1/1111Jwli1J1/ 1 !'1uJ9J il'J1ufd1unf ut/rut/r 1/tl'l'JIJ1uFfl~ufqp 

nfm •i/'J1uFrJ1up1/1111J1ult'J1/ 11 il1J1uFiJ1utlitmjrlJl1 'il'!1ufd1U1/1qG'Jmt/rm£1 1Jm'1 

-mni/'Jbm!' 1/Jm1mn1/'Jbm!' 1 J11Upn/ut/rut/r p1/:,Ju1JZ 1/tlu ''J1ufd1Un/ut/ruifr 

1JmffJ1UfmpJml i/d1uF'J 1Jm'1mn1/1Jbm!' 1/.bJm'1mrm:, 7 !'1uJ9J (il!'wZIJy) 

. Ll·L ·q'I. 
Ot~ 

i~ ilrpuf fl1ufq !' Lupt/rm'l 1Jil'l'1nf m 1....., I .-. z --1 +-w~ ,_ TJ ._ '·"c.-w••r d 
.( 9[•!, "'1'J) il'!1uFfln11/l7B1Jmt/rmfl 1/fl1uf'J · 'lm1Jmni/1Jbm.IJ "G 

17 f'1u"Ji 
·i/rm'f 11 ilJu 'U1Jm!'n/ut/rut/r 1/il''Jmnu:, 1J1/fmil1Jm111mn/Zm · 7 f'7UJqJ nfJ1/l 

-Jqp 
1
il1Jmlfl1un/ut/rut/r tJmFfliu.Jitm!'i/lt p1/111'J1ult'J1/ .11 1JmlJmn1/1Jbm!' 1/btlm'1 

-mrm:, 1 !'.1UIJG'lb'Jmj ilJu ''Jm!'n/ut/rut/r 1/'JmGmd 'Jl/fmito 7 f'lUIJBqblJm:, 

(il f'1UZIJ:J) i11J1uf d1uf'11' liu pt/rm'l 1Jil'1J1/nfm ,.......,} +-z-1x-w~ ._ '•g+-w'•"d 
·( S:l-!, ·IJ'J) il'J1ufd1uJitmri/lt 1Jm'Jmni/1Jbm!' · i/Jm1mn1/1Jbm11 ·i 

17 f'1u]rt/rml 11 
ilJu 

1
i11Jl71_f'n/ut/rut/r i/il'tJmnu:, jhufmdLZ 7 f'1u1JG'lb'Jmj n1J1/lJqp 'i1'!1uFfl1uJ11 

-mrl/lt p1/111'J1ult'J1/ 11 nqlnm11111q:,. 'U1J7UFfl1up1/111'J1ul1'Ji{ mJ'J 1 !'1upn/uijr 

-ut/r puil'1Jm11111q:, i/tlu '1JmFf11un/ut/rut/r 1JmFf11uJm'1J'I 1/yu'J 7 f'1U1JG'lb1Jm:-

·91·z. ·'t'l. ·st·L ·'t'l. ·tt·z. ·'t'l. 

"'"''!Po a
{ ___ so 

>-·... -' 

-: I 
I " • 
1\ ' --.. ·U, 7'!1{/ 

' ... _______ ""° 

( il f'1UZ1Jy} i11J1tifd1uf'l 1' Lupt/rm'l 1Jil'1J1/nf m ,..._, J --1 X --1 <--] <--m~'•J' d 
-(fr[-!, ''1'J) iltlqt/rm'l 'Jm'1mt/rm'lmJIJJq 1/yulJ • l 

,pu1'lnf ut/rut/r '1qn/ut/r j 
1/1qJm'1 il'J1ufd1upi{111'11ult'J1/ 1/yufJ 1ilJ'l'J111niuJulJ '1J'l'Jil'1Jmnu:, IJ1/Fm'1JJ!' 

1/n1/bqJq111ni/:, 'J'I !'1uym 'J1UJ111,, '1m'Jmrmp 1/JyJmJ Ju 1/tJmil '(87 0005: 

,-oooG 11'l1J1/!') f'1Uil'lnqv '1JJ'J'J'ufd1unfmym:, dfmG JmJm111ml''l!'m:r IJFmifp 

'J1/J1uFJLm 1/il''Jmnu:, 'Jm'Jmn/ut/rut/r i/pBmi{!' 7 il111qln il'll/nfut/rmJqp. nfm 

'!'1ufmdLZ il'J1ufd1Ufm'Jum 1Jmfd1upi/111'11ult1J1/ pu1m'Jlf1J1U IJ111m'1'I r/ 

1puil'Jmnu:, IJm,,mnf ut/r 
-up IJfml/!' 19111tnnfZm 1 LtiJm'1 il'li/n/ut/rmJqp Ju 'IJfm 11 mJ~ '1,mf//1u111Zy. 



npmbq 

6 • ., ~t O'fWJ/rfi pw9wf[fr JMmfJ1nlbf, !;, 

R m-1!' Z'lflwJft (t!frP.ntl/fr, fuwpfrufufr k bpf[m O'fWJ/rfi pw9wf[thpfr) 
t!U111'bfruwf[w'f, 'lfrJ w'fpntfJ JnL'bJ! 1 

L-p' r/_hpwpnfu/ri_jr f[n-G.ft frL'fnLl[mfrt[ntfJJntfip1 
X L:I!' t[bpwt/infufri.Jr. lfn-G.fr fr'b'fnt'imfri/_ 'ffrJw'fPnLflJn'fi/!1 
Z-[! if.bpwpnfu/ri_/r f[n-G.fr LP/tt/. 'ffrJw'fpntfJJnLfif!' 

flpnzb'bp rf_bpwpnfufriJr f[n-G.fr {nuw'bpfr f[wfut[w.JmfJJnt'b[! 6 • ., oiiw-

w) J/rfi pw9wf[fr Jb.J-nifl1n,Lfr91 

1.wJwJ.wJfi O{Jp opbLpfr1 pbnfr {n
uw•fi.pf! { Ulr/_ wuwp !;' 

-Ll • •L), 

6t 
t.lj• t-HS. UlwpqwqnLJG ~GqnL~ID~i} 

i}hpwi}mfu~~I' (w) k bpUJ pbnL{JUJ-

'lf'hpp (f • .q) 

Z = V R2 + Xf= V R2 + (wL)21 O,.r, 
(7-18) 

ro-t' ufinq twpJwf, wfii[Jntfiw1fr't/ 
{ w-G.w fun.iJlJnt'b I!, 

R-1!' f[n-G.fr L. pbnfr wl[mfrif. 'lfrJw-
'IPntfJJntfip1 Oi:,r, . 

r/,bpwpnfufrlJr W 'IW[Wp ntth9nq 

f[n-G.fr frL'fntl[mfrr/_nif/Jntfi[! ( wnwfi9 

. 9pJiut {nupbpf! {wzif./r wn1t/;1nt) {w

t[wuwp ~ 

W<I> 
L=,--1 2t1 (7-19) 

npmbq cf>-'b. Jwq1tfruwl/w'b {nup1t !;1 r/,p, 

I..,-[!' f[n-G.fr {nuw'bp[!1 IJ.r 
llwqfifruw4wt {nun 'itfr'bfr' 

(7-20) 

npmbq Rmz, =:Rm·"I"' +Rmo• w1ufr1t.p'b t[bpwtfinfufrl/r Jwq'bfruwf[wfi Zl!'l

fliuJ/r Jwq.1tfruw'iw'b 'ffrJw'fpntfl1n,'j,f.t !;' 'iw'l.Jt[w.t "ln'l"l"'"'" ( ufrp_ntf[fr '1. 
242 

[uwpfru/u/r) R m"t•, Jw11Lfruwf[wfi L. hpf[nt OlfWJ/tfi · pw9wl/thpfr R mo ifwq.
Lfruwf[wfi '1-frJ WlfpntfJ 1ntfithpfr91 

'1-frmwpf[i/_nq UfWP'l.w'1ntJfi ·· i/_ bpwpnfu/ri}r op/rfiwf[niJ Jw11Lfruwf[wfi 

z.rz!lwJfr Jw11Lfruwf[wfi '1-frJwlfpntfJJntfil! {wi/_wuwp !;. 

Rn1h· = Rm"I"' + Rm.a= l.rn/(p."l.,·SJ1) + 28 • .,/(p.o S.rJ1 

npmbq / J1'f.f, Jfrp_ntf[ntJ L. fuwpfrufuniJ Jw11Lfruwf[wfi niJw11qfr q.niJw

pwJ/rfi JfrP.frt bpf[wpntf1JnLfif, !;1 J, 

S Ji-[!' Jw11Lfruwlwpfr [!fi'f[WJfiwf[wfi f[mpi/_"!q/![!1 npf! ':wr/_wuwp !; 
OlfWJ/rfi pw9wf[fr Jnm Jfrp_ntf[/r l!f,'1-lWJfiwf[wfi f[mpi/_wqpfrfi,. J 21 

µ -t k µ0-t' {wJw"{UJ1J1Wu/uwfiwpwp Jw11fi/ruw1wpfr fiintfJ/r L 
&lf"'I . . 

o'fwJ/rfi pw9wf[fr Jw11Lfruwf[wfi j1wtjiwfi9b1/rntfJJntfifibpfi bfit 

n pnz pnfuwf[bp"(ntJtbpfr9 { bmn (7 -20) pwfiwJ.L.I! [!fi'fntfintJ !; { b

U1UJWL mbupp. 

I_ W 

cf> = R · + 20 / ( S ) m."1"7 . .., /J-o Ji 
(7-21) 

Sbqw'fpbtnr/_ (7-21 )-I! L. (7-19 )-fr Jbp_1 f[umwfiwfi.p frL'l:ntf[m/u/_ntfJJwfi 
wpJb.pf!' 

L = w2 
Rm"I"' + 2&.~ /(µ0 SJ1) 

(7-22) 

l/n-G.fr /rfi'lntf[m/rrf_ r;frJw'fpnlJ1Jntfi[!' 

( . 
z = V R2 + w2 [ w2 . ]2' 

Rm"l•f + 2& • .,/ (fJ.o SJ;) 

Z=f (6 • ., ) f[wfurf_w,JnLfJJnL1tf! mpqwtt !; 7-181 q 'bf[wpi1LJ1 l/frpwnw,J 

U,.,.., [LUpJw1t W'l.'fbontfJJwf.t mwf[ f[n-G.ni/_ w1t91tnq {nuw1tp[! {wr/_wuwp 

lllfr1tfr \ 

(7-24) 

Uurw9r/_wt} (7 -24) wpmw{w1mntfJJni'b/r9 bpL.ntJ !;, np t/. bpwtfin/u/rt.Jr 

l/n-G.fr {nuw1tpfr Jbttm.fJ1nt'bf! f[wfui/_wtt !; () • ., O'fUIJ/r'b pw9w'i/r JMntfJJnL

tfr9, u1tnq W'l(!Jntp/r [wpJw'b (!) {t.U-G.w/untfJJnt'bfr9 It R 'lfrJw'fpnifJ1nt1tfr1J1 

16" 243 
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l.o 
= 100 i;26 
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QV/zv. = J'PS =---= 

z/zv 

. •t/-Z il'!l/'JmpmJ illJ 

-1Uif11uurim:;,-murJm ( Bz-1,} Jmrm:;,-1u1m1Jmurn ililqpJm 1Jmi.eJ1u'J1uimb'(j 

( 6Z-l,) 1('~~c;)i'"S 
0
rli;Mm=~V/ZV 

il'Jm'J!f 'J'u? , tfJqy.m Jupm6Jq p pu1MG'Jm 1/ rm? 

(•• i;9z)(" 5oni;M.ro-= 9p/zp . illJmlJ,,;urn? '( £• 9z)/'" soni;M. = 1 Gtf71fm1J 

-mJ, ( gz-1,) ililqpJm 1Jmlfl1Uptfur?1uh1Jt/ lqr t/-( 8z-t,) pu1qJ-LmLqs 

( 8z-1,) 19P/1©P=9p/zp 

.t/1Jtf1? i17miGIJmfm rlUillnq-L }SUOJ = © 71 

1 CIJ= i;(l (I))+ &M ;1. = Z 

•ililnqur 1mF71urq :;,-tf1J1u-L1Ji1? i171ym'Jmrl ( 8 J-l,} 1(1) ~ M rlJq 
t"ily.m tf?mGmJ IJtfFm-Lo ,'J-9V 

' 'l 'Jl''un/utfiutfi 

~m?mJqJmJm:;,-1Jmff11uJ-Lmptf-L }tfJ1 tfy.u? tf7tfn/utfimJqp il-z/ZV LqurJu 

av 
'-' -·-='''PS 

Z/Z V , 
l Jmnmpm:;,-i11J1uFf11ulJ1UFmbb tf7tfn/utfirTIJq'p 

iGtfJqnm'JmJ fmpGqbJmln ( 9z-1,) 71 ( gz-1,) fmpGmurn 1qpurbo 1 tflqJm? 

"urq:;,-tfJbmf11u'JJ · 'Jm?mlmq-Ltf 1 p1u1J?'Jill'm:;,-71 1 IJtfTmfb ilJtfbmfl;u'Jrl 

"Jm?mJtf tf7tfn/utfimJqp JJq 'r1uillnq-L tfJ'l'JilqpJm IJfm t/?mGm;J 1(ilurq? Ii 
~p1uJm~IJ d '81-1,) r1Ufmpurm:;,-'Jt/6tfl' tfnmjt 'JtfFmfbmLL1U tfJbmfl1u1Jrl tf7 
-tfn/utfimJqp 1qJurtJi1 1 ilurqln i11J1uff]1uf'll' tf?mGmJ • 9 tJm?m'JJb?n 

1(tflqurmnJ' 

-m:;,-urq:;,-1Jmf{!/7UJ-Lmptf-L ptfur?1u-L1Jtf } r'u'Jvm-L il'J1uFfl11iJ-Lmptf-L ptfur?m 

r1Uillnq-L tfJq'J?mGmJ f'll' rlJq) il'J1uFfl1ufqJ' tfillJmnu:;,-M/~ n = ••i1 
wfFmf]Ll } p1U?intfim'Jmp:;,-mn i/Ju <Jpmff]1uFm?-um . qmff]1uJ-Lmptf-L 

ptfur?m -t/f]f1u.eJmtfi 1 p1upJbmf11u1Jrl ilnmp tJtfFmfbmJu? tf71Jq'p ttflqJm? 
"fl 1qnqur'Jm DIJmJIJ ·( o= L.ln M) 'J'I tflqtfimlmpm:;,-urq:;,-1Jmff}1UJ-Lmp 

-t/fi tf?mGmJ 'JtfFm-Lo ?mtJmpmp tfJq'J?mGmJ Jilutfi illJuJu <rlpmFfl1uFm? 

--um qJ'{'J'J~uff]1uJ-Lmptf-L 1Jm?mntf1Jhmp t/n/ntfJmn/ 1U tf?1ultfp · 1 Jhup 

-"Jilb-ni.",fl1U'(ll ilnmp 'Ji/lmfbmJu? tf71ilJqri. 11/.'J'" nmpmbqur 'JtfFmfb 7u ,,,,,Jq 

u~ 

i1Jtfbmfl1UIJJ '( z) tJm?mJtf fmG1u-um? pu71ym1JmJ ( n-1,) JJq '.?m'J 
-mrmp 'Jim /· IJtflmfhmLlnu i1Jifbmd1u'JJ (I) fmpGtn1mq-Ltf 

tf7tfn/utfimJqp fmpG1u-um? pu71ym'JmJ ( 9z-1,) ,GtfJm?'J d '8i-!, 1 r'~71J'l 
nqln71J<[ 1( ilJ'lfb',,,urq? fm pJur r1uJm?'J d '81-1,) tJtflmfb J r1upGmuin 

i1Jtfbmf11u'JJ_ tf7tfn/utfimJqp r1uillnqh tfJnr1uGqbJmln fmp1J1u-L1J;J 
1tfil1Jmnu:;,-urnil <Gtf?mfJub 1Jmr81Jmn/utfi 

tf7tfn/utfimJqp J r1Up7u? ilGtf?mfJub I)[ tfJtfplm:;,-tJmrn/utfiu!fr tf?mGmJ 

'Jtflm-Lo ._ 9 tJlmtfr 1qpn/utfi11tfi 1 LuJm? ililtJmnu:;,-••QI}[=~ I tflmf]Ll 71 

(1,z-1,) 
Ir 

}S UOJ ~ S · eA\. en lL?; _ L . 
LOI -n -}j 

I'' uilln q-L 

tfJnilqpJm n/utfiutfi'Jm 1JmFf11un/niy.m:;,-71 tf-L1uurtfllrfpm 1JmpJm1 Lu'Jn 

i?JPf l 'l 'J'J'"'fl1un/m.y.m:;,-tJtfF 
-m1J1uF?1Jm tfiltJmnu:;,-'Jm?mn/utfiuif ·tfy.u? tf7tfn/utfimJqp il""Jl.Cz=;o© ·'tqitiilu 

(n-1,) 
'r .. S eA\.,oo lL6 _ 1 en _ 

£ ---=I 
LOI ·q-n -n 

,Jmpm:;,-tfil'Jmnu:;,-

(gz-1,) 
' f,e 1 
L-OJ • 1"S i;M_ 11--(1-= _J_~S.L:::-~_J ·lLt)/hqz 

z iii.----~ = 1 

, Jm pm:;,-'JmF e}1u ptf ur?1U-L1Jtf 
•puilnqur fmpGqbJmln 

lmF71urq:;,-1q pJb 'J'I LuJm? ilJqnmtJmJ ( n-1,) 71 ( zz-1,) ?m'Jm pmp -Lim ·71 

1qnqur'Jm illJq LuJm? iJJ'l'J'J'"'D'"f'lr M 71 £ulnw\M '~tnrlm71ur1t7 1q©~"M 
IJilfJtfnFm <Gtf'J1uFf11uJ-Lmptf-L Ptfur?1»-L1Jtf m41J J J"ilutfi putfim7 tflmbb 
i11J1uff]1uJ-Lmptf-L ptf.ur71m t/y.u? ?ntf' hlnwM<t:: ~wM fJiltJtfnFm <Gtf'J1uff]1UJ-Lmp 

-tf-L 1Jm?mntf1Jbmp 'tfJmlmntftJbmp J f'll' putfim7 tf1mbb il'J1uff]1uJ-Lmptf-l.t 

'Jm?mntf'Jbmp · tf.?mGmJ Ju 'l 1Jt/ntfln1Jfm 'JIJ1uff]1ufqp· .t/?mBmJ tJtfFm-Lo 
p1Unmp f'll' tfJn7tfn/utfimJqp p1Uillnq-L tfJmlmntftJbmp fmB'lbm:r6 

t} 'Jnmpm"Lqur 

'JtfFmil'Jmurmn/lm tfJbmf11u'JJ ?tfurmurn tf7tfn/utfimJqp ilnmpm"Lqm 11-11 
p1u-d '81-l, ·?11.. tmtfG?'J'u</; tJtfFmfb 7u J J''UIJGmFm?J'l'J Gtf'J'IJtf p1Uillnq-L 

JJu'Jm:r-L'Jil 71 Jtfbmfl1u'JJ ?tfurmurn tf7tfn/utfimJ'lp J J'1Up7u,, Gtf'J1uifl'1ufqp 
1JtfFmilur1ur i11J1uF{!/1Ufmpn/m? 1Jmf£11uf'll' qlfFmillq tf7tfn/utfimJqp (ilJqlJli'IG 
-uJln '1tfLuBIJm fmGmlmvm p1uFmf]Lt tJm?mJur'1!f 1/ GtfpJmlmLqur tfn/ntfil 

-mn/ 'J'l J''UIJmlJqp JJq) PJU!'t/P'IV fmp·Gm'J1µFm'1 1p~uJm'11J d '.81-1, 

) fmpJur i1Jtfbm.eJ1u'JJ ~ t• 9) j = ~I tf7 t/n/»tfi,,;J'l P 1Jf1ubm1z.Jm fb 



npur/111. a., .• -fl w2fuwurwfij!U1JfrL ybmfr [!Ltnpnul I! pLnL{Jwq{'n'l uy'l}rLw

ywt O'f"'J/rt pw9wyfr JMm/JJmtt t• Uurw9t/_wq (7-30) wrurwt:U1JmnL

fl/1ntl! 9nLJ9 t urwlfru, np oqwJfrt pw9wyfr JMw9nLJp9 t/_hpwqrnfufrJ)i 

.J{qwJnLtnLPJnLt[! yurpnLy tfrnj!pwtnLJ t• I/, bpwtfrnfufrJ)i qqwJnLtnL/JJn,J,l! 

7'f'n2t/_nLJ t l.,. 7 , (.1.,. 7 , a.,.n. ynfluurpnL4urfrt/_ UfUlf'UJJburpbpnt/_1 

'J.frurwryif. ..,,q Uf"'P'l"'q"LJt urbuwl[fr t/_ brwt/rnfufill! (ti[. 18, w) nLtfr Jfr 

l"'P/! fwywt fJbpnL/JJnt.fltbp' 

1. fuwpfru/ufr urh'lw2wpdfr · nL'l'lnLPJwt t/rnt/rnfunLPJwt qhU[/!nLJ tf_b

f''"'tfrnfufrJ)i bl/!nLJ t:nuwt/!fr tfrnLlf! J)i tfrnfumJ frp tlwtl!. 

2. hpynL nL'l'l"'PJnLttbpnt/_ fuwpfru/u/r urh'lwzwpdhp[! t_wtfrhlnL qhU[-

/!nLJ U[hin/! t nLthtwl {) ., .• uyqptwywt pw9wq, t;hurhwpwp h I . 
uqqptwywt {nuwt/!, "l'l! uurh'lqntJ t npn2 qdt/_wpnL/JJnttthp ui2fuwurwt-. 

l!P h t_wtfrJwt cfwJwtwy. pw9fr WJ'f, uLn'l L"'f'JwL h ,Jfrt_wt/_wJpfr t_hp

Jwuurfr&wtfr urwurwtnLJtbpfr9 wnwt_wtnLJ ht . t_wtfrJwL wt&2urnL/JJnLt-

Lbp. . 

3. z=f (b.
7

) ynpfr t/_pw (ty. 7-18, If) qwpbLfr t wnwLA.Lw9tbL tfrn/!f' 

2!).~(0,17-0,15)6 • ., .• urb'lwJwu, npmJ ptnL{Jwq/r{'[! qqwJfrL t. 
4. pbnfr (t_wl/tfrt UUlf'/!P} {nuwt/!Jr JMnt/JJntL[! l[wfut/_w~ t uLn'l 

l"'f'Jwt wJUflfrurnLqfr wpJb/!fr9 h t:w&•funL/JJnLtfr9. 

5 .. t/.bpwtfrn/ufrJ)i w2fuwurwt/!fr [!t{Jw9[!nLJ fuwpfrufufr t/_pw wqqnLJ 

>(- t_t:wt/_wuwpwlf2nt/_wq tLblfurpwJwqL.fruwl[wt nLCf1 "f'l! wL&2urnL/JJntLLbp 

,t Jur9tnLJ tf_bpwtfrnfufrJ)i w2fuwurwt/!fr Jbt_ ( "'J'l mdl! wqqh[nt/_ t:ulfn'l 

'lburwlfr t/_pU, Y"'f'"'l t tfrnfubl tpw '1Pf'/!l!)' 
tl hyurpwJ wqLfr uwy wt nhl hfr wzfuwur wt.pfr "-hp[nLqn,p J"'tfr 9 t; UI JU1Lfr 

.(;, irp t1hqurpwJbjuwtjrywywt md/r JMntPJnLt[! t:wt/_wuwp t 

(7-31) 

bflb (!bqntthbj! WJb {JnLJlU1t/_nL/JJntbbbp(!J nrnbf uwt;Jwbt/_b9pb {n• 

l/.Jwb.pfr npnzJwt dwJwtwl[ (7-26 pwbw&hf!), "'Uf"' (7-27)-1! (7-26)-fr 

.Jbt_ urh'lwq.pb[nt9 t;hurn, yuurwtwbp. 

L 
u_ 

= O>k 0 I 

I - • • 

1'uy ur~'l"''l-f'blnt/_ (7-32 }·f! (7-31 }·fr Jht_, l[uurwbwt/! tLhl[urpwJb

'fuwbfr"wywt ntd/r wrdh:p[!' 

Pt= _1_ pi dL 
2 do 

1 ' u - k1 _-_, 
2 - (I) 

(7-33) 
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Uurw9t/_wq (7-33) wpurw{wJurnt/JJmtfr9 hrkntJ t, np u11t/_npwpwp 

oqurwqnpqt/_n'l oqwJfrL pwgwqLbpfr wpdb.pLhpfr h [!Lqnwt/_wq {JntJLurtf_nt

PJntttbpfr qbU[.pntJ tLhyurpwJbfuwLfr"wywL ntdfr Jbqnt/JJnLL[! ywfut/_wq, 

t.t {) • ., oqwJfrt pw9wyfr JbqntPJnttfr9 , WJL "'W'l t:wJbJwurwywt k (!Utn 

{nuwt/!fr t/_bpwtfrnfu/rt_/r tfrnfuwL9JwL qnrqwy9frt, Jwurnt9t/_wq l"'f'Jwtl! 

k t:wywqwpA. t:wJbJwurwywL t utn''l l"'f'JwfJ t:w~w/unt/J-Jwfl(!t t[hy

urpwJbfuwL/rywywt ntdfr wtyw/untPJnLL[! oqwJfrt pw9wl[fr9 Uf"'JJw

twt/_npt/_wq t tpwtnt/_, np fuwpfru/u[! ·JwqLfruwLWf'P9 t;b11w9Lb[nt9 t:n

uwL/![! JMwLntJ t pw9wl[frt t;wJbJwurwqwt1 U.Jt t/_hpwtfrnfufrt_tbpnLJ;. 

npnL9mJ {nuwL.pfr tfrnfuwL9JwL qnpqwy/r9[! JM t, Y"'f'"'l ht Jbq, 

LfrLbl twh tLhi[urpwJbful.uLfrl[wywL mdbp[!t 

u2tf_wq [Jbpnt/JJntLLhpf! uwt:JwtuitfrwymJ ht Uf"'f''l"'q"'Jt frtq.ntyurfrif. 
t/_hpwtfrnfufrJ)i y/rpwnntJ{!1 Unt/_npwpwp WJq t/_hpwt/rnfufrt.Lbf'f! oqurwqnpq

t/_mJ bt WJL qhU[/!h{'ntJ, hpp UfWt;wLt_t/_n tJ t {Jnfrt_.pwA.h i[wnwt/_wpntJ~ 

opfrLwy, npU[hu qp['.f!P wLl[nLurwyur t/_hpwtfrnfu/rt_, t/_hf'1_wt/_np wtt_wur/rt_
Lhp h WJlt:' t/,bpwtfrnfufrll! ynfJuurpntyurfrt/_npbL UfUIU1(1Wuurt/_mJ t WJtU[hu , 

np fuwrfruful! urb'lwzwrdt/_/r nt_ {Jb JwqLfruwlwf'fr, "'Jl tpwt qntqwt:hn 

t:wr/Jnt/J-Jwli Jht_t 

.1'tq.ntl[9frnL t/_hrwtfrnfufrlLbf'l! frrhL9fr9 Lhrl1wJw9tn,J bf, t:wuurwurn,fs 

Jwqlifrufr (t:wqt/_wq.bU[ twh tLblfurpwJwqlifrufr) h yn&hrfr qmqwy9m-: 

PJntLt l/n&Jt tfrwPntJflfrli Z1ZP"'J"'Y9t/_wq Jwqtfruwywt <D {nu.pfr tfrn

ifrnfuJwL q.bU[.pnLJ trwLn,J frLq.ntl[9t/_ntJ t tL· z• "'· 

e= -w(d<D/dt), 

npurb'l w-Ii l[n~fr t/rwPmJ/JLbpfr pfrtf_t t• 

lfwqlifruwywli {nu.pf! ywpn'l t tfrnfui/_bl Jwqlifruwywt qpJwq.pnt

/JJwt . tfrntfrn/unt/J-Jwli ywJ Jwqtfruwywt q.wzurn~j yn&fr q.frp.pfr tfrntfrnfunt

/J-Jmtfr91 1'tq.ntl[9frn1i tf_hrwtfrn/ufrt_Lhpf! LfrtmJ ht zwpdwywli yn&nt/_ yw.i 

Jwqtfrunt/_ (by. 7-19, m, p), 2wpdwqwb !/JhrnJwqbfruwywb Jfrt_myn<(_ 

(by. 7-20, w, p} h JwqLfruwwnwA.qwyw L t!phyurfr t/_pw t:frJL!/_wq t/_h

{'Wt/rnfu/rt_Lh['nt/_ (by. 7-21, w, p): 

'J.frurwpyhL.p t· z· nt.-/r . frbqntl[9Jwb Uff'"Bbul! . WJU bph.p il_brwiftn

/ufrt_LhpmJ: 

1. l:wrdwywb yn&fr wnwwb/Jw9 2wpdntJnt/_ tf_hrwtfrn fufrt.LhrntJ frt-. 
.q.ntl[urt/_n'l t . z• nt.-L y[/rL/r (Ly. 7-19 }· 

e= - Bl (dx_, •• j dt ) = - B1tDW (dx.r .... /dt) = Si(dx.r .... /dt), 

nruib'l B-t frLq.n t"9frw1i t JwqLfrufr OtfWJ/rli pw9wyntJ, 
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/ = :rtDW-fi i/iwfinLJfJ/r wftmfri/_ bpftwpnLfJJnLfifi t.> 
S1 = -B:rtDw-fi' .i/_bpwi/infu/rJ)r qqwJnLfinifJJnLJJf!, 

D-'ii' ftn&fr Jfrtfrfi mpwJwqfrtJ-l!, 

X J. • • -[!' ftn&fr qttw1/rfi mb'lwzwprlntJ(!t 

2 • . GwpJwl1wfi !pbpnJwqfifruwftwfi Jfrtniftni/_ i/_bpwi/infu{ri.fihpnLJ frli
olfnLftwi/_n'l {L• z. ni.-fi'ftLfriifr ('bft. 7J20). 

P) 

Cl· s 

'\,\. 7-19. twpdw~wG ~nfin~ Ii. 
..CwqGJtun~ JtGqnL~gJtnG ~bpwtJ>nfuJtlGbp. 

w) 11hw1Jr'1 mbqwzwpcln,Jn.f_, p) ..,i,. 

~JnL'1w1Jr'1 urbqwzwpcln<Jn.f_ 

UI) 

x.r,, ... -

' '\,~. 7-20. twpdw~wG :\>bpmfwqCJtuwl1wG 
. · tfhm~n~ ~bpwtJ>nfup}Gbp . 

w) 1fhw1/r'1 urbqwzwpclnLJn.f_, p) w'1~ 

~Jn<'1w1Jr'1 urbqwz wpclnLJni/_ 

e= - w (<i<I>/dt) = - w (d/dt) (F /Rm)...:. wF (l!R;J (dR m/dt), 

urpmb'l F-l! Jwqflfrufr Jwqfi{ruwzwprl nLrff, ti 

/!fi'1nLfihJ,,/!> np Rm•[! ftw"li/_wtJ- t X,,.,., -fr <hm <hmkJWL wpmw<w1-
mnLf1JwJp. . 

Rm = Rmo (1 < ko X.r . ... ), 

:npmbq ko-'ii <wumwmnifi t, Rmo-fi' Jwqli{ruwlwpfr Jwqfi{ruwftwfi '1/r
.Jw'fpnLfJjnifi[!, X.,.,., =0, L. [!fi'1nLfibtni/_, np ~Rm ~Rmo' ftumw'tiwfi[! 

-'> bmkJWL mbu/!/r <wi/_ wuwpniJ l!' 

Jrpmb'l 

S "-"" =wF(ko/Rmo) i/_hpwi/infufri.fr qqwJn,finifJJnLfifi ti 
i/,bpwqrnfuJwf, <w.JwfiJwf, <wi/_wuwpnLJ ftwpblfr t umwfiwl 'iiwk w'ti-

248 

ftJnL'iiw1/rfi mb'lwzwpJJwJp t[bpwi/infu/ri.fibpfr <wJwp, npmb'l dXJ •• .fdt-{r 

ijrnfuwpbfi ftLfrlifr wfiftJnLfiw1/rfi wpwqmfJJnLfi[!' cu:._dqi.,.,_ /dt1 
3. bppnp'1 mbuwftfr i/_bpwi/infu/rlfibpnLJ (Lft. 7-21} Jwqfi{ruwftwfi 

zqflwJp J-f mbqwJWU[! bfifJwpfti/_nLJ t JwJwfiwftfr f!fifJw9[!nLJ- i/in-

i/rnfui/_n'l p JnLM nLrl/r wnb9nLf11wfil! (M,,.,_ UI} P.rn.ui 
JnJhfim[! i/_bpwi/infui/_nLJ t P .r .... nLrl/r) L. IP ;,.-------~f 

:.pni/_ i/i.,,i/infui/_niJ t WJ'1 mb'lwJwufr Rm 
Jwqlifruwftwfi '1frJw'1pn•/JJnLfi[!t Rm Jwq

ufruw4wfi 'ffrJw'fpnLfJJwfi i/ini/infunLfJJnL-

U[! <wfiqb9finLJ t Jwqfi{ruwftwfi <nu/!fr 

N1 
I 
I 
I 
I 
I 

SI I 

"'------'1 

qrni/infuJwfil!, "Pl! 4n&nLJ wnwtw9finLJ f! )~ ____ ........., 

l; tL• z· nL.' nL'lP'l <wJbJwmwftwfi P ""'"' 
JnLtn[!WJ/ifi nLrl{r qrni/infuJwfi wpwqnL

fJ1wfi[!t l:twpblfr t 9nLJQ ·mwb np WJ'1 '1bU(

[!nLJ qrnfuwfthpU(Jwf, <wi/_wuwpnLJ[! ftnL

flbfiw <hmkJWL mbu[!l!' 

npmb'l' /1 - 1-[! Jwqflfruw[wpfr mb'lwJwu{r 

hpftwpnLfJJnLfif, t, S f1 -[! L. S f1 '-[!' <wJw-

U(Wmwu{uwfi qqw JnLfinLfJJnififibp[!t , 

z 

. '\,~. 7-21. '1-Ml>nptfwgJtwJ~ hC
pwp~•Jnq :\>LpntfwqC~uw~wC tCJt
j!DL~n~ ~hpwtJ>nfuJtlChp (fij1tCC~c\ 
,rwqGJtuiµwn.w6qw~;.,c l;fl>h\

mp ~pw). 
w} 11hw1/r'1 urbqwzwpclnLJni/,, 

p) w'1~JnL'1w1/rL urbq wzwpclnLJ11i/, 

IJ.JuU({runi/_, [!fi'1<wfinLp ifbU([!nLJ fr1i'1nLft9{rnfi i/_bpwi/infufri.Hpfr if_b

pwi/infuJwfi <wi/_wuwpnLJi! ftwpblfr t qpbl <hmkJwl mbu/!ni/_' 

e=S(dX J.,_ fdt), 
npmbq S-l! if_ bpwi/infu/ri./r qqw JnLfini/iJinLfif, f ftwfui/_ wtJ- 4iunrn9i/_ wtt[!{r9, 

X ,,.,., - [!' i/_bpwi/infu/rJ)r JnLm[!WJ/rfi JbttnLfJJnLfi[!t 

1'fi'1nLft9{rnfi i/_hpwi/infufrJ.Hpfr zw<wqnptJ-Jwfi JwJwfiwft U(btn[! t <wz

qfr J.Unfihl <w&wfuwJ{rfi u'fuwll!' npf! wnwtwfinLJ l; i/_bpwi/in/ufri.fr ,Pw

/JnLJfJfibpfr /rfi'1n4m/ri/_nif11wfi <hmkwfi[!ni/_1 

.f!fifiwp4i/_wtt i/_bpwi/infufri.Hpfr9 wJbfiwzwm 4frpwni/_niJ bf, zwprlw

f.twfi ftn&ni/_ i/_bpwi/infufri.Hp[!, [!wfi{r np fipwfi[! WU(w<ni/_nLJ /,f, Lwi/. qtJ-w.J-

1inLfJJnLfi L. q6-w1/rfi wpwqnif11nilie lwpJwfi if_bpwqrnfubtnL pwpdp &ez

mnif11nifi1 fTJmmi/.n'l ftn&ni/_ i/_bpwi/infufri.Hp[! lwJfi ft{rpwnnLfJJnLfi bf, qmbt 

U(tnmJwfi wpwqnLfJJnLfi[! L. U(tntnnq JnJbfimfihp[! i.wi/rn'l uwp[!bpnLJt 
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· r/Jnifrnfutfn'l JwqJ1puwqw1i 11PJw11pfliP1wJp tf bpwifr,,fuhl.bf'i! oJUJ-

t[wtJ ht ni'l'lw'ltJw1tntf/JwJp k .t;puUJbpb'lfruntf.1 U.111 t UfWUl~wni!, np 

tpwt.p qppwm[_ntJ bt {w~wfuw1pu l(wJ ifrnitw1pt Jn11niLw9pw1p uwp

.phpniJt t/.bpwifrnfu'1l_Lbpfr -:wJwq9ntflJnLti! ptUJbqpn'l k 11PfPbpbtsn'l 

Z'lPwtbpp {bUJ oqUJwqnptJqntJ t JfoLpJbUJpp {wpJntpbpnp11 Jwubpp!f 

Jft'bJ_k Jft .pwtft JfoLpJbUJp UJbtzwifrnfunip4ntt k uipwqw9niJ lwifihtnL {w

Jwp1 

'1,bpwifrnfufrlp ht.f!WJ/r'b tL• 2• ni. ptUJbqpbtnL 11hUf.pntJ, ptUJbq.pnq 
uwpj!p ht.pniJ quUJwjJ'[fr LwpntJ' 

U= J' edt = s S . dXJ ... dt • dt=SXJnu•• 

"Pl! nttzfr'l {wJbJwUJwqwfs t X.,.,.-pfst 

t/,bpwifinfuh/i ht.PP qpw 11pt[wtJ 11Jr!pbpbt9ntz uwp.pfr UJqwtJ LWpnLJf! 

nuzlr'l {wJbJwUJwqwt t qbpwifin/ufrl/i bl.[!LUJ/rt LwpJwt wtJwt91wLJit~ 
w1upt.pt wtq1nttw1pt . wpwq.w9Jµ.itl! (qwJ q.tJw1pt) qwJ. nidbpp bpq
pnpi'[. qwpq.p w.)wt91wlptt 

(;tnp{pt[ wit pwtp, np pt11ntq9pnt t[bpwifrnfufrlp bt/!WJ/rt w'l.11w

tzwtp JUntPJnLtf! pwt[wqwtpt Jb,) t, qwpbip t w111 JMntf/1wt lwifi._ 

Jwt {wJwp oq.UJwq.nptJbt unqnpwqwt .lwifin'l q.nptJp.p, opptwq, tf nLUJ
JbUJpt 

l!ttwpqt[wtJ qbpwifinfufrJ.Lbpt nttbt .JM q_rjwJnttntf/Jntt, npf! .t;tw

pwqnpniP1nit t UJWLPu J_wifibl ifrn.pp 'inb'lwifrnfunLflJntttbp, wpwq.nLPJnLt

tbp, wpwq.w9ntJthp k ntppz JbtJn<f/Jntttbp, npnt.p ifrnifinfuqntJ b'b 
15-30 ql.9 {w~wfunifl1wJp1 

1.wuUJWUlnL~ Jwq.tpunq U zwpJwqwt qn~nq qbpwifinfupJ_tbpp J_Wp
Jwt ufuwll! qw,,_JntJ t 0,2-0,5 %1 · 

.. 
7-6. 11tJ.q."t.f'UU.U.&UJlq.tJ.1JU. "t. 'lbflU.Cl>ntuf'!!"t.b(l 

Uwq.tpuwwnwd.q.wq_w'b t[bpwifr.nfufrll! ppbtp9 tbpqw1w9tntJ t 
!pbpnJwq.tpuwqwt ifiwq Jfrlntqnt/_ pt11ntq9pnt qbpwifrtJ/uh/r Jp UJW-; 

pwUJbuwqt t/,bpwifrnfupi.p tthqUJpw~wt 11pJw11pniflJnLtf! ifrnifinfut/_nLJ t 

Jfolntqp Jwq.tpuwqwt pw.pwt9blpntP1wt ifrni/infuJwt {bui kwt/!nt/_,. npf! 

wnwy_wtntJ t Jfotntqp qpw Jbfuwtfrqwqwt nL<Jhpp wq_11b9ntf/Jnttp9t 

1'jntphr~ uwq&}mw~wr. fiwm~ntpjm&&hr~ tjimpnJuuw& t~h~me uhtuw
r.~~w~wr. qh!lnirUwg~wf.hr~ wqqhgntpJWb U\W~, ~nzilntU t Uwqf.~uw
wnwaqw~Wb t!lih~tn: 'J.nJntflJnLt nttp twu {wqwnwq bpuntJflf!• Jwq.

tpuwqwt 11w2UJ JUJ9t/_wtJ !pbpnJwq.tpuwqwt ' tJnLpbpf! ifinfuntJ bt ppbt!J. 

i.wifrbpf!1 w1ufit.pt 11b!pnpJw9qnLJ btt U.1u bpkntJfll! et11nLtt/_wtJ t wt-
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4_ wt bl Uwqf.~uwuutr~~9~WJ~ . t:t>h~ut ( oqUJwq.nptJqniJ t nL£U1pwd.w1tw1frt 

ur w "1 u/im ult b p Ji q.p q.np J_ t b p n tJ) 1 

'l-frUJwpqbt.p WJ11Uffrup t[bpwifinfufrltbpp9 Jfr .pwtpuf! (tq. 7-22) . 

w) bpqw1twV ub'lJJwt t[bpwifrnfufrltbpf! (tq . 7.-22, w) U[WU1f1WU

uin~J bt .t;n,J 'liJntpbpp9, puq {w'l.lf.w11bU/'. pbpflwt[np t1ntpbpp9. p) LWJ

uwqwt ub,,_JJwt qbpwifinfupi.tbpf! U[WUlf'WUUJnLJ bt {Jbpflwqnp ttbq

urf'wUJbfutpqwqwt "f"'lUfWU1p9 qwJ U[hpJwl"JP urpU[p t/rl[bLwJfrt { w

Jwd.ntlqw,J.pp9 (tq . 7-22, p)• U.111 11hUf.pntJ Jfolntq(! (1 ) UJb,,_wt/_npntJ 

ht {wUJntq 2f'lwtwqniJ (2 ), "Pl! ,JwnwJnLJ t Jfo.P.ntqfr t/_pw LLUf'Jwt ifrn

juwt9Jwt {wJwp. q.) 11b!pnpJw9Jiw1P J_wifiJwt {wJwp qppwnt/_n'l t/_b

l'wifrnfupi.tbpf! ( tq. 7-22, q) frpbt9p9 tbpqwjiu9tnLJ ht nrnnt9pq (2) 
lfl'"zJtf_ wtJ.pnt/_ pwpwq U[hpJ wln JPS UfwurpwuUJt/_ wtJ flfrpb,,_ , npf! unuetd.

!/_ntJ t {buiw'lnUJt/_n'l 11bUJwLJi t/_jtwt t/,bpwifinfupl p Jwq.tpuwlwf'bf'f! 1 npnt.p 

pw'lqwgwt) bt (1 k 2) Jwubpp91 11b!pnpJw9pwJp btpwpqt/_btnt/_ ifrnJuntJ 

ht fipbtg Jwq.tp,uwqwt 11pJw11pnipJnLtf!• 11) i/infufrt11ntq9pnt Jwq.tpuw

wnwd.q.wqwt q bpwifin fup J./i (tq. !7 -22, q) wzfuwurwt.pf! .t;pJtt[ wtJ t !pb

pnJ w q.tp uwqwt t1ntpbpfr wtpq,nurpnU[ { wurqntf/Jntttbpp bpknt1P1tbpp 

t/_pw' tp.wt9 11b!/mpJw9pw1fr qbU[.pntJt '1-b!pnpJw9pw1fo pw9wqw1nifl1wt 

lfbU[.pntJ (P=O) Jwqtpuw9t/_w~ qn~p (1) 1J'wq.tfruwqwt {nu/![! Jptntqp 

P'l."UJP"Uf {wUJqntfl1wt ztnp{pt/_ q.nptJtwqwtnpbfi l'1 l'lflw1wq91_niJ 

J_wplf.n'l qn~ft (2) {bUJ, npp .t;burkwt.pnt/_ tpwtnw uurb,,_tJtf_n'l t . z. ni.-t 

-:wt/_wuwp t 'l.P"JP· b) Jpy_ntqp . ub,,_JnLJf! {wtq.bgtntJ t wit pwtpt 

(tq. 7-22, h), np P Jn.. w'l.11"'l ntdpt nL'l'lw{w1w9 {wppntP1wt Jbl Jp-
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1:!.l6 
puvmy.mmln 'rm/ hf'(} "Fl rpufm'r 71lil ]iuil11,m71m9:. 11,mprqut/rut/r 11?mG 

-md 'J1lfmbo 11Jqnmp Lu]iGm1lr 11fm£1Ll 11,m'rmn1l11,bmp Gfm;J tbJmln mml: 

'1,'l p1UmnmJmmln b1U'r'ffl ilJq'J71lri/ut/rmJ9]i fmpmnmJm_mln G11mmlnLuln 

Ju]imflJq.g 161l'J1uf£11u'l,1ufmbb 11JH711ri/ut/rmJq]i ]iu?1u61lr Ju]im£1J9£1 1 

Jilut/r pmb'l,m lu?J'I mfJmpm:. 'p1Uillnqb 1IJq11,11,mpfmln Jmnm]im:;, nlUfp 

riJ'j1uFf11u11,1ufmbb 1171ri/ut/rmJq]i ]iu'11u61IJ' fU!r Ju '1mm 6f1uG -11llqJm1z 

I~=~= _g_ = ds 
ZS 95 Z/ZV 

·ililnqm lmf71mq:. mrn111u'r dpmpmm'J'l 11flU 11m'r 

-m'ri/'lmri/qJ' il'l,1uf£11umfm:.mmJm 11mFfl1u111ufmbb p1uilln9b 11ilfmpJm'r s 
11711rqut/rmJq'fi ;1 'lhubup '1,mFfl1u'lm'rmb-ymum 11-3 '(1/1V}3.=D L9mJu 

,i = (7/1v) 3 = _o_ =~s 
ZS Z/ZV Z/ZV 

•'1,mpJml 'lm'rm?1l11mrqqp D mnil il111uf£11u111ufmbb 11m'rmJqJ 

-mJm:- D S iJ711ri/ut/rmJ9]i 71m1J '1.'1 l'"'"PfJubmmbo p1u11m'rm'lfJu'b 

·11w ,..is=1s=-- = zs 
Z/ZV 

·il11mf£11u11 

-JUfmbb 'lm?mJ9dmJm~ 11S mJ11 1 Jmnm]im:. il111uf£11urquiftuift 11m?mJrrJ 

-mJm:. 'lmf£1lUJli,;,p11li 11mlfmJm?911 ZS "711ri/uiftmJq]i 11m'rmb-ymummn 

-11'1,bmp Ju '19G1UGmlnm n111mm 1 1F1Ufl il111uf£1lUmfm:.mmJm ( gc-t} 
1Jiluift ]iuiftm7 luJu B1l'l1uf£11u111Ufmbb 11m'rmb 

--ymummn1l11bmp mJ'l 1111111'1 'r1u?1u61lr ilJ9 '1,mmuJu'r .,, il111uf£1lUJbmp1lb 

111$.u'r J'lUpfl,um 1 tf]ilm:. ;JJ9 1 ilrpuf£11u111ufmbb 11m?mJ1I 11711ri/ut/rmJq'fi 

7/7V =1S ,..is = r11r1v 

Ju '1'1'1,lUlilJil 

il'l'I LuJm,, ·dpmf£11umly. 11m,,m]imd Jmpm:. 11mf£11u111ufmbb '1,m,,mJqdmJ 

-m:. 11711ri/uiftmJ9]i '1,mil11.Fm '( i+ •>j) < 'YlS 11milJu 11mmu '11J'{'1,il'qpJm 
'Yi . 

J-yJm;J 1l1q]im 71 00~ 71711111' 1 p1u11nm:. 11- S Jmpm:;, 11fu1mpJ'flb 

1 ]iu(!/lUf lJ 11,,1u61I !' i/711ri/ ut/rmJ9 ]i 1 r1u]iJbm£liu11.T 

ilJu 
7/7V 

'1 'l'l1ufJ1u'l1ufmbb 'lm,,mb-ymummn1l11bmp il--- = 'YlS LqmJu o r1;r1v • 

f 
. - 117V 1 1/7V '(1 + •~) - ..is= <1+ •JI) - -· ·- = -- = 1s 

·1 rl/rlv 0111v 

1':!.l6 

.1'11,111'1 dpmpmm'111, 1IFm11BmpJu<f;qb il11,1uf£1lU'JlUFmbb 11,m?mJqJmJ 

-m:. p1uJ9'1,'1,mJ':.mn 11fm11Gm{'µuc/;9b 11,m'rmb-ymum 1-::Pl/lV 71 (1 fJG1l,,mf 

-Jub 1l11unm1u/JJ 11- • >j L9mJu) 1/lV • >j- = s/SV Ju ']iu1num 1l]ilm7 

,{ d(7/7V) + I] 1 s Tl 01 ·---+---lV sv rlv - 1V 

, 11'l1111r a 11, u r dlU ,q 
-uiftuift 11m'rmJ9dmJm:. 11mFfl1u]i1lm'11uli'l1I 1Jmdm71m97 1( p1Uilln9b lJmf£1 

-lUfm'rmBmJ 1lp1u) 1 11il9pJm 'lm'rm11Jb?n 11mf£11U]i1lm'rlUbf1,1I 11-01 L9mJu 

•{ ef(7/7V) + J] • _1 _ ~ + _:_}o = 'iJ 
l JV sv rlv 1 l 

,il11nmb'r ilJ9y.m Ju]im6Jq]i JV 71 SV 'TIV 1llnqh ilplUGlJm G1ILqtnJu 

U! S(! rl(! 
'lP • - + sp · -+Tip•-. =ip 

1<! 1l' 1(1 

mlnm 'lSUOJ = J\\ '10'1 Ju '1 p1u71mq !r B1l111uf£1lUmfm:.mmJm ( f'C-!,) 

1il111uf£11uJm?Jq '!116111'' 11fm£1Ll 11m?1Pn1l11bmp il-J 1 ilnqJ9?mJ' lU il111uf£1 

-1Uif19G1Jmt/rm£1 11m'rmn1l11bmp mJ'1, JmJm'lmri/nmmmlnmpm:. Jl-s 'TI 
'1 lJ'l1uf£11uJbmp1lli 11m'rmn1l11bmp l/?1ul41' iJ71lri/ut/rmJ9 ]i il-sri/J LqmJu 

( gc-1,) 

i,n11 '1 11111uf£1JUJbmp1lb 

( n:-1,) 

·(-k-) ~J\\m=1m=z 
,1'11111'1 ilt/rm711mf£1lUJlimp1lli 11m?mJm?911 

'lm'rmn1l11bmp 11JqJm1mn11'lbm I' ii- w ~ L9inJu 

'1 /STI ~J\\ =w~/gJ\\ =1 

A'l111'1 il1J1ur d 
-lU]i11m'11UlifJ11 1171lrqut/rmJq]i mlnm '( 11'1 Jilut/r mml il11mJ11 '611J'f£1lUflJ Ju]i 

-m£1JuJ 1 J'lUpmnmJmmln .iflpu6111' JJq} i1Jq11il11mnu:;, 111lfm?JJp 71 i/Jq11, 

-mnJUJu,, 1lnifb9J9mn1I:;, 1l,,1u61ll' 71m11 il119:.Jmpm:.Jm 'IDQ 1111ll9]im 7u 

B117 0j0 g 11mf£1lUJbmp1lb '1,m,,mJm,,q11 7'1IJ1 1171lrqut/rmJq ]i 1 J'lUpbm,, lJfm 

Ju 1l11mil 1 lqnqm11m 1 1l1qJm,, il111uf£1lUJlimp1lli ]i11m,,m "711ri/ut/rmJq'fi 

~..Jtl'\'\'1U{:-eJ'1UtiS'Cl~ 
ll..Jtt'\tllntU$'Cl..Jttli '\ 'Clti'Cl'bo'Cl-t.IWORll'\'b'Cl.fl --·!.-!. 

t'lU •l •111 J'lUlJm6mum J'lUY.U,, Lut/rm7 71 '111u1F£11urqut/rut/r 11il'nu:. 11m'rmn1l11 

-bmp J'lU'J'fT" 1 1ILqm p1u,,1ul1ll' ]iuil11m7imq:;, 11Ju 'apmFfllULLlU 1lp1u 

'lmil '<''II' i/19]im 1 J11UfJV"!b ~'luf£11u1llqG11mt/rm(!/ 11m,,mn1l11bmp 1l,,1u6 



J wqf4tuLUWllWJ.qwq wf, I/_ bpwtfrn fu/ri_f,,"ftpp J b.t}wJ wuwJ p ll(Wurpw uurnuF 
bft -':n6- "ln'l"{Wur/r9t 

If wqfipuwumwJ.qwqwf, i/_hpwpnfu/ri_'bhpfr z.wi/r/rz. l'lfJwthpf! fintJfib 
ht, fr1'z. /rfiqntqurfri[ h i/rnfufr1'qniqur/ri[ i[hpwpnfu/rz.fihpfr t:wJwpt 

7,.8. trU.q. 't,f1UU.U.floU.2q.U.llU. 't, 1lbPU.cJ>OJuf12't,bf'fl 
2U.ct>U'U. 't, UJuU.iJ! 

lfwqftpuwwnwJ.qwqwft {p~urbpbq_frufr {hurhwupnq uurw9i/_n'l ufuwll! 

"{LU JJ wfiwi[ npi/_ wq I; i/. bpwpn /u/r z./r Jwqfi/ru w9J wf, wft wpqJniftwi/_ burni

fJJwJ p' ftpw pbnfiwi[npJwf, h pbnftwfJwpJwft qb"(pn,J: flµ/µ= f (P) 1tzw

ftwqntfJJwft urwpphpntfJJnLftf! pbnftwi/_npJwft h pbnftwfJwpJwfi wnwp_frf, 

oMt/r 11b"f.pnu1 '"wq_Jn,J 1; ufrtz.u 10 % u wi/_htfrt, fruq pwq_Jwqfr pbn

twi[npn,Jfro h phnftwfJwpndfr9 {burn frp_ftnLJ I; 4/rftz.h 1 % h LUJ'IUfhu 

JftntJ I; {burwqw 9pq[bpp JwJwfiwqt U.J'I "(Wurhwnni/_ /;[ i/_bpwpnfufru! 

«Jwpq_ntJ» bf, wfii/_wftwqwft ,· pbnfiwi[npJwft qbU[pntJ,1 tJ>npJ.bpf! on'JD bf, 

uri/_bt, np JfrlntqniJ Jbfuwftpqwqwft twpntJft1bpf! U[bur.p I; t/rfthf, ftJrlL/J/r 

umwJ.qwl1wftnifJJwft uw{Jwfifr9 6-7 wfiqwJ pnppt i/,bpwpnfufrz./r Jfr

p_nd1/r Jwqfi/ruwqwft pftnl.fJwqfrpf! qwJnLfiw9fihtnL {wJwp funp{n'l''I I; 
urpi[ntJ i/_bpwpnfufrz./r «pfiwqwf, {ftw9niJ» ftpw UfLUurpwuurbtnio i;bur1" 
Jfr pwfip wJui[w J!ftfJw9pntJ1 . 

lfwq.fipuw9ftn'l {nuwfipp urwurwftn,Jfibpfr9 wn~p_w9ntz ufuwll! UfWJ

Jwftwi[npi/_wq I; Jwq.ft/ruwwnwJ.q.wQ'wft/r ~'IWJntftnLfJJwJp h Jfrp_niqfr Jwq.· 

ft/ruwqwft f/wt/rwft9btfrnifJJwft t/rnt/rnp•JwJp1 U.J'I ufuwll! tfrn.ppwofth

lnL -':wJwp J!fturpniJ · bft {nuwftp/r WJftU[/ril/r wpJbp, npfr qb"{.j!n,J Jfr

p_ntqp "wzfuwur~p Jwq.fi/ruwqwfi qwz"!/r wJftUfpufr Lwpi/_wqn,p1wJp, "Pl! 

{ wJ UIUf Wur wuJ?wftnLJ I; J wq.ftp UUI qwft UlllWi/_ btW'lnLJfi flwpwft 9b[pnL

(JJU1ft[!t Ujq qb"{pntJ, bpp uftJwft wtzPJ"'f'P [WpJwf, urwurwfinLJf! 1 % 
I;, ufuwtfr z.wpf! z./r q.bpwq_wft9n,J 0,3-0,4 %-{!t . 

tl>wfJniJfJ/t wqurfrl[ qfrJw_'1f'nLfJ JWft Jwq.1ifruw"wf, fJw tfrw1'9ht/rntftJwfl 

h ilwq.fipuwwnwJ.q.wqwfi q_q.wJn,fin·i,{JJwfi pnpnfuJwf, {burhwfrpmf. qwpn'l 

I; wnwp_wftwl p_bpJwJftfi ufuwl' U.qurfri/_ qfrJwqpnLfJJnLfif! { wJbJwurwq i[b

f'l;Upnfufrz./r LPM qjrJwqpnifJJwli {bur zwur pnpp I; h qnpqfiwqwtniJ qw

f'flP I; wp{wJwp{ btt lfwqLfruwqwf, fJwpwfi9btfrnLfJJwf, pnpnfuntfJJntfip 

p_bpJwuurfr'G.wtfr wq_qb911Lf1Jwf, urwq qwpntz · I; tfrtht pfiz_"{bu qpwqwfi, 

WJfiU[hu /;[ pw9wuwqwfi, qwful/_wq fiJnLfJ/r urbuwqjr9 h Jfrp_ntqntJ Jwq.

ftpuwqwft qwzurfr [Wpi/_wqnifJJwfi wpdb.pfr91 .J!bptfwJ/rfi ufuwll! 10° C 
fbpJwuurfr'G.wfinLJ q.urfii/_nLJ I; 0,5-1,5 % uw{Jwf,fibpniJ: 

lfwq.ftpuwwnwJ.q.wqwt i[bpwi/rnfu/rz_ftbpf! oq.urwqnpqniJ bf, Jb~ 
nLJbp (105-106 li) U 'AfizniJtbp z_wpb[nL {wJwp zw{wqnpJJwf, 'fJi/_wp 
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"{WjJ w•ftthpniJ t !lfiwJwq J wqfi/r uwwnwJ.qwqwft i(_ hp wtfrnfu/r z.thpfr -': wJ h

ilwurwpwp 9w6-p 'G.zurntfJJwtl! (3-5 %), z1tnpt:fri[ ftpwft9 qwnni9i/_wqpfr 

"{W{'qntfJswft h pwpJ.p t:ntuwt/rntfJJwfi, fipuiftp oqurwqnp6-i[ntJ hf, qwz

urwJ/rfi UfWJJwfifihpniJ qnpqn'l Jhfuwftpq_JHpfr nufhp[!i qwufrqnt/ri_ Jh

.phftwthpfr Ufururn'l JnJhfturfthpf!, h 'G.ftzn~~f,hf'l! • Jhurwtzthpfr JzwqJwt 

qhll(pnul qurpntz nufhpf! z.wi/rhtnL -':wJwpt 

fltfiwqWJpft i/_ bpwpn fup z_fthpf! "(W('WJ burpwqwfi ur/r"(/r l/_ bpwpn fup l._

'ft bp hft, npnfi9ntJ {uqntz JMntfJJwfi pnpnfuntfJJnLfif, wnwp_ I; phpniJ 

4_ bpw tfrn /u/rz./r niftwqwJ/rfi 'ffrJwqpnifJ JWfi pnpn JuntfJ JnLfi t />f, lUf bu { w Jurfip 

J;, qnfiqbfiuwur~p/r nLfiwqntfJJnLfi[! qwfui/_wq I; zf'!w'lfrf'tbpfr J.hfr9 h bpq

pwz_wpwqwfi l._Wtfhpfr9, Zf'fW'IPf'ftbpp Jpp_U btzwq {hitwi/_npnLflJntfip9t 

fiphl; nz. /;tb4_urpwqwfi JbqnLfJJwfi pntfrnfunifJJnLfif! { uqbtni {wJwp 

oq.urwq.np6-t/_ntz i[bpwi/rn/uJrz.ntJ qwpntz I; ifrnfui/.bt 1tzi/_wq UfWpwJburpbpfr9 

nphl; J b'qf!t 

fiifiwqw1/rfi l[bpwtfrnfufrll! {wpfl "nfiqb.fiuwurnp I;, npf! qwq_Jl/_wq I; 
bpqnt qwJ wi/_btfr fJ/rfJhtzthpfr9 , npnft9 Jfrh urbtzwqpi/_nLJ I;. qfrl;lbq-

urppq t 

lwpfJ q_ni.q.w{bn qnfiqb1fiuwurnpfr nifiw4_ntfJJnLfif! {wl/_wuwp J;. 

C= 0,89 &S/d, "{t/>1 I (7-36) 

npurbtz &-/! Zf'tW'ffrf'tbf'fr Jfrtu b'l_wq J/tfwl/_WJf'fr TJ.frl;[bqurpfrq fJwtfrwfi-

9b[pntfJJnLfif, J;, & = &o&r. &o =8,85. 1f!-l2 !p/J-,J!' pw9wpJ.wq 11/rltbq

urppq fJwifrwL9btfrnifJJnLfi[! i[wqntnLJniJ, &r -[!' zf'!w'lfrf'ftbpfr Jfrlh btzwq 

{wpwpbpwqwfi 'f~l;tbqurppq flwifrwL9btfrnLfJJnLfif! ( o'ffr {wJwp &r = 1 , 

-':burhwpwp &=&o-/r ), S-1!' bpqnL flfrfJbtzfibpfr ifrnfuqwuqfr Jwqbpbut I;: 
(7-36) pwfiwJ.kp9 bphniJ I;, np nifiw"n'fJJwfi tfrnt/rnfun i J qwpbtfr I; uurw-

fiw[ pnpnfvbtni/. zf'!w'lfrf'tbpfr pnfvJwqq/1 S Jwqbphul! , 8 '1/rl;lbqurppq 

pui.pwt9btfrnLfJJn'f,l! h d zf'!w'lfrf'thpfr Jfrp_h { hnwi[npntfJJntfi(!t · U.Ju"{/r

uni[, qwpbtfr I; 1'zi[w.t pwfiwJ.hfr Jbp_ Jurfintz Jb.tnifJJntfithpfr9 1nipw

.pwfiunLp JbqnLfJJnLfi f!ft'lntfibt np"{bu JnLurpwJ/rfi ( JJnLu JbqnLfJJnLfi.fibpf! 

{wuurwurnit bf, Jf,n,J) h bwnLJ uurwfiwl i/rntfrnfuwqwft nifiwqnifJJnt ft 

ntfth9ntz i[ bpwifrnfu/r z./r { wJ W"{wurwu fuw't ur buwqt 

fipnz qbll(pbpntJ wzfuwurwfipwJ/rft Zf'!W'IPf'thpfr9 Jbqfr qbpf! qwpntz 

I; "wurwpb[ J;uqi/_ntz uwppfr nphl; Jwuf! 1 opfrfiwq, fJwtzwfifJJ! { JbJppwfi ), 

zwpdwqwft Jwufr frpwtl!, 4'nfuwqpfit/r Jw"{wi[btfr t/_pw urbtzw'fpt/_w.t 

fiJnLfJf!, opJbqur/rfi Jnurb9ntz Jwp'fnL JwpJfrf,I! h WJtfit 
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7-10. 01'"11lltU.6fl'b 'lbflllcJ>Oluta2bbfltl' ~JlUUllltO. 'b SbUO.lt"1bN? 

flLuw4w1/ru i/_hpw"lfrnfuh_Lbpf! pw'l.Jw'l.wu bu, Jbul! w1uurh'l 4i!f!u
uwp4hul! '1(1iu1i9fi9 Jfr [!WUpUf! (u4. 7-23, w, P• q, 'l• b, q): 

1. i.wrp ~n&qbliuwmnrwJ~li '1.hrwi}inltih• npf! 4w'l.Ji/_wtt t bpkn• 
'l_niqw':bn P/ifJh'lUbpfi9 (u4. 7-23, w)1 

U.1u t£bpwi/rnfufiiubpniJ, b/U zwpdw.4wu 1-/ru Pfiflb'lt! wJpws1ffi 
lWi/iJwu opJb41nfru, ·. /iu4 2-p'Jf!' fln'£U1J wuzwpJ, UIUfW 4nu,,/;uuw

U1npfi niuw4nt/J1nifif! 4i/rni/rnfuq/r' 4wfui/_wtt Pfiflb'lUhpfi Jfr!b. b'lwtt d 
1:bnwi{_npnif11niufr91 Upwul! oqurwqnpui{_niJ bu zwur i/rnf!p' JJruilL 1 JJ 
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urk'l'U:i'l_wpdhp iwi/rb£nL ':wJwf (niuw4wifr·u Jfi4pnJhurp)1 . ll1u ')_hpw

i/rn fufiiniJ i/rni/rn fuwl1w'ii J Mnip 1niuf! fJJrPb'lUbl'fi JfrtlL bizwu .t; hn-wt{n

pniP1niuu ti fliuw4nifJ1wfi 4wfui/_wunLPJni~f! ',,,/itzwzwpdfr 6 -i_wi/rfis wft
urw.t:w1uri/_niJ t ':hurlLJWL 4bpll(' 

C- 0,89 &r S a_ 

- d - 0 ' · Uf.D. (7-37) 

npurh'l 6-u urh'lwzwpdfi L w1u/rfii!u PfiPh'lUbf'fr JfrtlL b'lwtt pw9wkfi 

i/rni/rnfuniP1wu iwi/rf!• JJ, 

d-u' P/rfJh'lUhl'fr Jf12IL h'lwtt 1:bnw4_npni/J1niuf!, hpp 6=0, S-l!'" 
P/rfJh'lfr Jwf/h{'huf! , uJ2 , 

& -u' PfrfJb'l.fr Jfr!IL b'lwtt Jft2w4_w1pfi 1:wpwphpw4wu 'lfrtLhqurpfiJr 

Pwi/rwfi s"Lfrni/JJnLU f!I 

bph f!U'lniUhul! , np PfiPh'lLhl'fr Jfi2IL o'I 4w, w1ufiui!u' &r -::== 1, WUfW' 
(7-37) wpurw{w1urnifJ1niuf! 4uurwuw 1: hurlLJwl urbupf!• 

l/,bpwi/rnJr1/rlfr 'l.'l-WJnLunifl1niuf! npnzi/_niJ ~ 1:u4if.n'l ni tLh4urpw4w1' 
Jbttnip1wu Jfiwi/_np i/rtti/rn/uni/J1wuf! .t;i:uJ,wU[wurwufuwun'l niuw4nifJ11µu 

lwi/rnq: ~qw1niunifJJi"~f! npnzniJ bu niuw4~~P1wu ':wJwp qpi/_w.t wpU1w

t:w1urnip1niuu f!UUl ifini/rnfutu4wu nl tLh4urpw4wu JhttniP1wu (f!uur urh

'lwzwprlfr, UfUJU1Jwfi wu41wu' Jw4wp'lw4r pwpd.pniP1wu IL WJLU) wuwfi-

9hL~if.1 fliuuifi ':wpp 4nu'lbuuw1nnpw1Jru 4_bpwi/rn/ufrl/r 'l.'l-wJniuni{J1wu ':w

Jwp 4wpbLJr t 'l-l'bl• 

dC 2 S _ S -0,89 . :li/J'J S.i~i= - = 0,895 S~.(d - o)- 4wJ' -th- , Uf • 
do . (d - 0)2 

. 2. flwgw~~ 1}m1Jmpinufml '1.brw1}mlu~l. (u4. 7-23 , p)1 fliuw4w1/ilr 

qhpwi/rnfu/rlfr -Azmni/J1niuf! IL 'l.'l-WJniunifJiniUf! pwpd.pw9Ubln' UUfWurwl[ntf_,, 
frulUfhu uwlL Jhfuwufi4w4wu nidbpfi w'l.'lh9nip1nifif! i/rn[!pw9Uhtni ':w-· 

Jwp, qbpuii/rnfufrlf! UfWUl(IUJUUlnLJ bu '1fr!f>hpbu9frwl d.ILni/_ IL upw wnwu

d.fiu niuw4nt/JJnLUfJhpf! Jpw9UntJ /;u 4wJf'2UJ4WJpU ufuhJwJ/r UIW(lphp 

{JILbpniJ1 U.1ullffi11fi i{_hpwi/rnfufill! ':uwpwi/_npnLPJniU t uiwl/r" iwi/rht 

1nh11.wzwpdfr ni Jfiw1u Jhttni/J1niuf!, wJLb. "''l'l"'P1niuf!1 

1IJ.fi!pbpbu9fiwl qhpwi/rn/u/riu niufi 4hu1npnuw4wu (1 ) Zf'£W'l/rl'f!• npfr 

t[pw W'l_'lnt,J t P 1:u4i/_n'l JMni{J4niUf! I Gp2wqfrpf! ( 1) wJpw9i{_wtt t 
,.;nwd1:fw4wu i/rn[!p 4nzU1nifJ1n•fi ni.Uh9n'l 4wfun9Jr t/.pw b. 4wpn'l t wp

urwl!fru nidfi w'l.'lh9nifJ1wfJ 1nw4 frul!fi /rpb'ii qniqw':hn inb'lwi/rnfui/_hl: 

U1n~u hpkni Zf'£W'1Pl'fibpf! (2 IL 3) /rpwpfi9 Jb4niuw9qwu Mi 1:wuini4 

( 4) tbf"lp(IUbpni{_: UbfuwfiMw4wu P nidfi W'l_'lh9nifJ1wu pw9wkw1ni-
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fl1w'b 'lb"l;nLJ lPP."''IP/11! (1} qpiuqnLJ I; ufrJburpfr4 '1frn, npp 'lb"f.pnLJ 

qnf111b'buwurnpp bpqnL Jw'!bf'p C1-3 L. C 1- 4 trLfiwqnL[ilJnL'bfihpp tfrfinLJ· bfi 

&nLJfil! L. .\wqwuwp C-pt 2wq11£nq ni_ tthqurpwqw'b (Jbfuwfifrqwqwfi) Jb

qnLPJwfi P nLrJfr w'l'lb9nLflJwfi .t:bwL.wfi.pnq · Zf'f.LU'IPl'I! (1} urbqw2wprf

qnLJ I;, L. qbpwl/infu/ri.fr i[bpL.p . nL HnL.fr Jwubpft nL'bwqnLflJnLfi'b/ipfi 

wSnLJ bf, mwppbp fizwfiUpnq' C 1- 3 = C + L\C L. C1- 4 =C-L\C1 UJ'I 

nL'bi»qnLflJnLfifihpf! Jfrw9i[nLJ bfi qwJpp_wqwJ/rfi ufubJw1fofi, npp 2finp.t:fril 

ufubJuiJ/r 'l'l"'JRLfinLflJnLfif! bpqnL w'bqwJ JMwLnLJ l;t f:l'P.w'lfrf'Hpfr 'lnLJ

'IP i[pw "''l¥'l nLJbpf! nLqqi[wa bfi .t:wqw'l/rl' L. fipwp i/infuqnJ"l/;fiuw9-

lmLJ bfit flw9wl[/1 JMw9nLJf! qwJ i/in.ppw9nLJf! pbpnL-J I; zf'P.w'lfrf'Hpfr Jp

th [U1pJwfJ .t:wJbJwurwqwfi l/in.ppw9Jwfi qwJ Jbaw9Jwfi, fiuq '1f'wL9 

JfrtL. qnpd-nq nidf! Jfind I; wfii/ini/infu, WJu/rfi.pfi wfiqwfu urbqw2.wpdfr9 

nLJbpfi J;wpwpbpnLflJnLfif! t/r'bnd I; t:wi[wuwp 'll'nJ/rt 

2wifi./ii_ ftwJpp_wql! ufii[ni.J I; pwpd.p t;wSwfunLflJwfi (104-105 ls} 

q.bfibpwurnpp9 (Pl'l-)1 GwpJwftw'b zf'P.w'IPf'P 'IPf'l!P i/ini/infunifJJwfi 'lb"{

.pnLJ qwJpp_wqfi -i:wqwuwpwqznnL/JJnLfif! fuw/uuri/_nLJ I;, JMwfinLJ qw

'1f!pp_wqfi wLqJnLbwqafi 1wpnLJf!, npf! mJbqwgqnul I; niJbqui9ni9/ilnif1 

fli_ l;ibqurpwqwb JMnLf1Jw'b q,;,tfinfunLf1JnLfif! qpwfi9i/_nLJ I; nLJhqw9nL9/i

llr bt.pnLJ Jfrw9qwa uwp.pni[i 

tJ. bpwijrnfufiift nLbwqnLf1Jwb .t:wzq wpqf! qwpbi/i I; qwurwpbt .t: wpfl 

i/_ttLq.w.t:bn. qnfi'lbLuwurnp/r .t:wJwp qpqwa pw'bwd.L.nqt 

3. U.liqJmliwJ}il'i mhqwzwrdhr}i.'4qhrwi}in}uh (fiq. 7-23, q)1 IJ.1u ur/r._ 
-UfP i[bpunfrnfufrliJbpf! 'bwfuwurbuqwa b'j, w'bbzwb w'bqJnLfiwJ/r'b urbqwzwl'

dbp .t:uqbtnL (.t:bnnLuurwJbfuwbpqwJnLJ} L. U[W.f!WJ/rfi i_wi/i/il uwp.pbpfi 

9tn9nLJfibpf! .t:bn.wi/_npnLfJJwfi ifpw .t:wqnfi'lb[nL .t:wJw('t 

l:wpdwqiu'f zPtw'IPl'I! (1) (fl/iflbtzf!) qnzur wJpw9;[wa I; 1/iubnjrfi (2) 
lt qwpnq I; {b2urnLfil1wJp "lururrf bl w'bzwpJ (3} zl'P.w'l/r{'/i fiqwmJwJp 

.WJ,fi"lbu, np fl/rflbqfibpfr Jfrp_L. .\bn.wqnpnLflJnLfif! J1i.':" wfiiJr'!i/infut t/,bpw-. 

i/infvfrift wzfu.wurwb.pw1fr'b JwqhpbUf! ( qawfi2r[wa I;) qwfur[wa I; Zf'P.W• 

~/rpfr {1} -"{mDLJurfr a wfiqJnLfip91 flpU[bu WJUUfpufr r[bpwi/in/ufrl/r op/r

Lliiq qwpnq I; d-wn.wjb{ nw'lfinmb/ufi/iqwJnLJ oqmwqn('aqnq .i/iniftn/uwqwfi 

#ufiwqnifl1wJp o'liuJ/ifi qnfi'lbfiuwurnp[!t 

-r/,bpwifrnfufil}r nLfiwqnLf1JwL qwfu.qwanifil1nib~ zwpdwqwfi L. wfizwpd 

2.f'f.W'lfif'bbp/i iftn.fuw'f-wpA. W'l'l!/i9' wpmw-<:w1urrfni.J I; -<:burL.Jwl qbpui' 

C= 0,89S+·"'(n-' t) 

npurh'l 7-+ ... -ti zwpdwqw'f..r L. w't..rzwpJ Pfrf1bflfibpfr i/itrfuawaqfr JwqbphuL 

I;, bpp ii=O-fr, uJ2, 

Il·f!' 2'wpJwf[wf.r L. wfizwpd flfrflhqfibpfi .pw'f..rwqpz 
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f)flb ]J/rflb'lfibl'I! qfruwzl'P.wfJwd.L. bf, (fiq. 7 -23, q), fruq zwpdwqw'L 

f1ff/1bqfibp/i "lmmJwL wn.w'bs/!I! qmLr[nLJ I;· fipwfi9 ftbbmpnfinLJ, wll(UJ 

r[bpwi/in/ufrlf1 nLbwqnLfJ1wfi qwfur[wan<PJ"'J'l! u1urnLJm/i a wf.rq1nil.rfis 

lu/rfi/r' 
0,89 s~~- (n-1} a . 

C= d-tso · ' (7-38) 

npurhq a-fi wfi2wpd fl/rfl4tzfr 1.iqwurJwJp 'l_wpdwqwfJ flfrflbqfr "{LnurJwfi 

flfrflbqf.rbpp LPM fibpu bf, Jur9r[wa ), uJ21 

S -!!' flfrf1hqfihp/i iftnfuaiuaqfr Jwqb{rbuf!, bpp a= 180° (zwpdwqwb 

flfrflbqfih~f! ll'Pi/. fibpu bfi Jur9qwa) u1/21 . 
'J.fr!pbpbfi9btniJ. (7 -38) wpurw.t: w 1urmfl JRL'f..r f!, ftuur wf.rwf.r.p .pf/ii wpf[r[ R'[ 

qbpwi/in /u/rlfr 'l'l"'lnibnifl 1ni't..rp. 

· 0,89S.ft(n-1) "19J / l o
1 

S4 = · d . 180 ' 
(7-39) 

4. Shqwzwrdhr}i . i.wi}iuw& Jiwuwr oqmwqnr~qnq qhrwi}in}u~t 
{f.rq. 7.-23, q)1 

t/,bpwiftn/ufrl/r nibw~nLflJnL'f..rf! fihp.pfi1.r qi.wfip wn.w1'9.pwJfr't..r 111b'l_w-

2wpdbpfr9 qwfuqwa I; .t:bwL.1w1 qbp"f' 

c 1• (7-40) 
~= .2 tn (d2/d~) 

npLnhq L-p f[n1.r'lhfiuwurr.pfr zpp_w'ffrf'Hpfr i/infuawaqr[nq Jwubpfr bpqw

pniflJn_ififi f;, u.J, 
drp, d1-p' .t:wJw"{wurwufuwfiwpwp wpurw.pfrfi L. _fihp.pfr't..r ll'P.w'lfrP-

f,bpfr urpwJwqabpp, JJ, 

/;-[!' Jfrp_wrf wJpfr '1/rl;thfturpfr4 flwi/iwfJ9b1frnLfJJnL1if!t 

U1uUffrufr r[bpwiftn/ufrl/r 'l'lwJn<LnLPJn'LI! npnzqnd I; (7-40) wpmw

.t:w1urnLflJnibp [!Um [ bpqwpnifl1wfi '1fr!phpb'b96tniJ.. 

S~ap =&[ 2Ln !:} "l:h/uJ, (7-41) 

t/,bpwiftn/ufrl/r wnwi/_htnLflJn.Lfif, U1Jfi t, np J1n•u urhuw~fr qbpwiftn

/u/r lfibp/r .t: wJ bJ wurnLfJJwJ p wr[ blfr "1?.Pf' i.wt/i bpfr 11bUfjlRLJ f[wpb[fr I; 

uqrwfJwl nibwqniflJnLf.rbbpfr Jba tfini/in/unLflJni't..rt 
5. 4hqmlJ~ uwlJwrqwlJ}i i.w1}niw& Jiwuwr oqmwqnr~qnq qhrw

i}in}u}i(&hr {fiq. 7-23, h, q)1 U1u r[bpwiftnfufri.Lbpnr[ ~wpbifr I; i_wtfibc 

ni_ /;[bfturpw~wqnp'lfrl .t:bqniqfib-p{r {f.rwr[fl, pb1.r'lfr't..r, JRL'l L. UIJl'j,} Jwqwp

'lwqf.rbpp, f!UU1 npniJ ft('U(bU r[bpwifin/ufrl qwpnq I; awflWjbf -<:hqnLqfi Jbp_ 
17• . 25U 



uihrzw'l-pi/_w<t q.[wfiwJfrfi (fift. 7-23, h) ftwJ ')wp{J (fift. 7.:.23, 'i) l[nfi'l-bfi

uwmnp[!t 

u4, 7-23, h-nLJ 9nLJ9 ' urp4_w,} nwwltwJfrfi 4_ bpwl/rn fufru!' "fWU1-

f1WUU14_ w,} q.[wfiwJpfi l[nfi'l-bfiuwurnpfr mbupn4_, npf! 1[iµ11.J4_w,} t Jbmwrz

JW (1) funrzni/_wltfrs ( pwpfrs) /, 'lbrznLl[fr Jb2 [!fil[rzJ4_wu JbmwrzJ"' (2) 

4ntzfr91 l:twfui/_wu ')brznLl[fr Jwl[wp'l-wltfr pwpdpntPJnLfifr9, l/rnl/rnful/_nLJ t 

if_ bpwl/rnfufrJ..fr ntfiwl[nLPJnLfi[!t l:/nfi'l-bfiuwurnpfr [!fi'l-')wfinLp nwwl[nLPJnLfi[! 

jrpbfifr9 fibpl[wJw9fini.J t bpl[nt 11.nLq.w')bn Jfrw9i/_.w,} l[nfi'l-bfiuwurnpfibpfr 

tnfiwl[nip JnLfi ( ') brznLl[fr J b2 l!fi l[rzJ4_ wu Jwufr nLfiw!{nLp JnLfi I! 11.nLq.w') bn 

l; Jfrw94_wu l[!fil[rzJ4_wu Jwufr ntfiwl[nLPJwfi 1:bm ) 1 

(7-42) 

npurbrz C1-[! ')btzntl[n4_ ts4_w,} fibppfrfi Jwufr nwwl[ntPJnLfifi t, npfr h Jw~ 
4wP'l-wltl! ifinifinfui/_ntJ t, 

C2-I!' o'l-n4_ ts4_w,,. {H-h) pwpJ'pnLPJwilp 4_bpbfr ·Jwufr ntfiwl[nL

PJnLfi[!t 

Pwfifr np ')btznLI[ Jfr2w4_wJpfr '1-frttbltmpfrl[ pwq,wfi9btfrnLPJntfi{! 'l.'1-w

Lfrnpbfi w4_btft JM t o'l-fr fJwl/rwfi9btfrncPJntfifr9' G = 1, W"fUJ fiJ~fi i[_b

f'Wl/rnfufolfr nLfiwl[nLPJnLfi[! Jwl[wf"l-wltfr ifini/rnfunLPJnLfifr9 l[wful/_wu l/rn

l/rnfui[nLJ { zwur l[mpnLI[ U [WJfi uw')JwfifibpnLJt 'J.frurwpl[bfip fil[ . 'l-23, 

q-nLJ "lwml[bp4_wu nLfiwl[wJfrfi 4_wnblfr/!wlwifrf!, npurbrz 1-[! ')btznLl[w

Jwfifi t ( nb11.bp4_nLwp), fruit 2-[!' Jlnfi11bfiuwurnpfr tLbl[urpn'l-fibl'I! ' bflb H 
p.wpdpnLPJwJp ')btznLl[wJwfil! ')btznLl[n4_ Ls4_wtt t JfrfiJ..[,_ h Jwl[wp'l-wltf!1 

"'."iw: 4_bpwl/rnfufrlfr nLfiwftnLPJwfi ')wJwp ( np"fbu ')wpp l[nfi11bfiuwurnp) 

4w.pbtfr { q.pb/ {(7-42 ')w4_~uwpJµJfi' ')wJwdwJfi)}• 

Ci= 80 &r b h • 
d 

r = 80 b (H - h) . 
"2 d ' 

(7-43) 

(7-44) 

1pmbtz & o-fi qwl[nLntJfr pw9wpdwlf '1-frttbl[mpfrlt pwifrwfiiJblfrnt{J Jni.fifi t 

<& o= B,8_6. 10-12 :bfJ = 8 ;9. 10- 3 "l~f JJ), 

&, -[!' ')btznd[fr ')UJpwpbpwl[wfi 11frttbl[mpfrl[ Pwl/rwfi9btfrnLPJnLfi[!, 

d-fi' PfrfJbtzfibpfr Jfr2h btzwu ') bnwl/_npnLPJntfi[! , 

h~fi' PfrPhtzfr [WJfintPJnLfi[! I 

Sbtzw'l-f'btn4_ (7-43 )-[! h (7-44 )-[! (7-42 )-fr Jb21 l!fi'l-')wfinLp ntfiw-

4nLPJwfi ')wJwp l[umwfiwfip' 

(7-45) 
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l/olwfiwJfrf1 l[nfi'l-bfiuwmnpfr '1-b"fpnLJ 4_bpwi/rnfufrlP nLfiwl[nLPJnLfi[! 

It Lfrfi/r' 

C= 1 [H+U;~,,-l)h), (7-46) 
2 In ( d2/d1) 

npmbq H-[! 4_ bpwi/rn fufrlfr tt bl[mpn'l-fr pwpdpnLP JnLfifi t , uJ' 

h-[!' lwifr4_nrz Jwl[wp'l-wlffr pwpdpnLPJnLfi[!, uJ , 

&"' -[!' m4_J"'l ')brznLl[fr '1-frttblfmpfrft fJwi/rwfi9b[frnLPJnLfi[!1 

t/,bpwi/rnfufri fr 'L'l-"'JnLbnLPJnLfi[! npnzbtnL 'lwJwp l[wpbtfi t (7-46) wp-

mw'lwJmniflJn'fil! wt}wfi9b[ f!UU1 Jwl[wp'l-wl1fr pwpd!'nLPJwfi. 

S _ 1 (&u _ 1) 1 (7-47 ) 
"-'r -- 2 /n (d 2 / d1) ' 

(7-45) [,_ (7-46) 'lwi/_wuwpnLJfibpfr9 bphnLJ t , np ftnfi'l-bfiuwmnpfr 

luiifrl/_nrz nifiwl[nifJJntfi[! l[wfu4_w,}nLflJwfi Jb2 t .q.mfil/_nLJ h pwpdpnLflJnL-

fifr91 
(7-39), (7-41) [,_ (7-47) wpmw')U1JU1»LPJnL'ufibpfr9 ') bmhnLJ t, np 4_b-

pwi/rnfufri/r 'L'l-"'JnLfinifJJntfi[! lwifrilwfi wilpnrz2 JfrtwftwJpnLJ .JfinLJ t 
-\ w um w m.rnfi 1 . 

Y.nJnLPJnLfi . nLfibfi "'Jfi"lfrufr · nLfiwftwJfrfi i/_wnbtfr/!wlwifrb'p , npnfi.p 

twifinLJ bfi tt hlfmpiu')wqnp'lfr l ')hrznLl[Hpfr JwftwP'l-wlffibp[! (fift . 7- 24)1 

, 

\,q. 7-24. ~I bq '"l'W f\wqnr•1rl l OL~OLJPr 
J•mqw11qwq11 )m tf> n'! nLGwqwJrG 

~hrw •lrn tur) 

t 

'\,q, 7-25. 'l.JnLpr f\urn1nuppnG11 l w
~rnq nLGmqmJrG •lbrwi\>niu\i) 

l:tbfi1.11pnfiwl[wfi (2) dnrzl! . (fibl'/!fr~, q.[wfi) 111wm4_wt} t tt bltUJf'UJJb

l[nwfrl pwpwl[ ( 3) zbpmni/_1 Ubppfrfi q.[Wfi(! mbrzw'l-pi/_wq t wp1.11wpfrfi (1) 

q.[WfinLJ (funttni/_wl[nLJ), npfr9 Jbl[nrnw94_w,} t J /, ftnwfrl ( 4) zbpUJni/_1 

LJJwfi 4_bpwl/rnfufrl n4.. ')brznLl[wJfrfi nbwlf1.11fri/_ zw pJfr;_fibpnLJ l[wpb[fr t 

lwifrbt pfrJfrw"l bu wl[u1/r4_ ')brznLl[fi bpfi (opfrfi w l1 , {J{lnLfibpfr) Jwl[wp-

q.wl[fibp[!• 
'J.frttbl[mpfrl[ fiJntfJfr ( opfrfiwl[, 9b[JnLtnfr'l-fr) ')wumnLPJwfi l wl/rJwfi 

')wJwp i/_bpwifin/upl(! (filt • 7-25) w zfuw1.11nLJ t ')bmhJW[ l[bp"f• ')u44_n rz 
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tJnL/J[! (1) .\nln.f_wftbbpfr (2) Jfrtngil.f_ J.q./_nLJ t ftnt'l:btuwurnpfr lf'P.U!

'l:frf'Lbpfr. (3) wpwtpn.f_, w11wt9 'Jf'Wt9 .\bur zt/r.f_ blnu Uiu .f_bpw,Pn

/u/rl[! uftq_pn,tpnpbt bpft2bpm '1/rtlbftmpfrftn.f_ .\wpp q_nLqw.\bn ftnt'l:bt
uwmnp tt 

bpb lf'P.W'JfrpLhpfr Jfrtk bifutt} pw9wftfr Jbr}nLfJJnLtf! t2wtwftb&.p 

d-n.f_ ( JJ), '1:frtlbftmpfr4fr rlwUfw.f_btfr .\wumnLPJnLt[!' !'!.-n.f_ ( JJ), ·fru~ 
riwU[w./_btfr 'l:fitlbftmpfrf( {Jw,Pwf19bLfrn'fJJn'tl!' &., .. ., -n.f_, WUfW .f_bpw,Pn
/ufrlfr nLtwf(nLfJJntt[! lflfrtfr' 

s 
C=0,89 . d - (1 _._ (1/S" .. "')] t:i. ' 

npmb'l S-l! lf'tW'l:Pf'Lbpfr Jwf(bpbut t 1 uJ2 : 

o/,bpwt/rnfufrlfr 'l._'l-WJnttnLfJJnttf! ftlfrtfr' 

S [1- (1/S"•"f)] 

7-11. flfl't.U.'4U.6fl't. 'lbflU.Cbnlufl2't.bflfl U.0-U.'lbl.flflfa'6flfl't.'t.bN! 
b'l~b11n11.ra-sn11.'ll~b11e 

flttwlfwJfrt .f_bpw,Pnfufrltbpfr wnw.f_bln'flJntttbpf! .\bmkJwlt bt' 

1. PwpJ.p 'l_'l-WJnttn,pJn'tl!, npfr ltnp.\frt/_ f(frpwnt/_ntJ ht wpwq ,Pn

,Pnfut/_n'l U(W{'UJJbmpbpfr' St2JwL 1 fJpfJ11n9fr, wpwqw9Jwt, .\bqntftfr Jw

f(wp'J~i(fr, fuwntn'f''lfr P"''lUJ'l:f'n'pJwt, ,Pnpp uLt/rwf(wL JnJbtm niLb-

9n'l wnwftwJfrt i_wt/rfri_Lhpfr mb'lw2wprJLpfr k wJLtfr lw,PJwt .\wJwp1 
2. fltbbt I/in.pp 1(2/rn k i_w,Pbp1 

3. tf'lwrffrpt_hpfr Jfrtk qnpr}ti'l k tLblfmpwf(wt 'JW2mnt/_ Uf"'Jilwtw

t/_npt/_wr} ,Pnfuwq_'l:h9ntf/Jwt mribpf! lwm ,Pnpp ht, npntp, npn2 'l:bUfpb
pntJ f(wpbffr t wp.\wJwpt:hu 

4. Swpphp fut'l:frf'Lhpfr U[W.\wtf.Lhpfrt ;;wJwU[UJmwufuwt ftnt.'Jbt

uwmnpfr J.kfr t/rnt/rnfuJwt Ufwpq_nt/JJwt .\wtqwJwtpf! {JnLJL t mwlfru Jbft 

i_wt/rfrl ufubJw1ntf_ f(wmwphl mwpphp ni_ tLhlfmpwf(w'u JMnt{JJnLttbpfr 
i_w,PntJ: 

flobpntflJntttbpf! t:bmkJwlt ht' 

1. fl,Lbt bl/!wJfrt t.iJ'l_'l:wt2wtfr nLrib'lw9Jwt wt.\pwribzmnt/JJntt 

(bL/!nLJ [wpJwt ntrib'lw9nt9frlfr wnftwJnL{JJnitl!)' 

2. l./n'lJtwftfr tLbftmpwftwt '1:w2mfr9 k UfUJ{'Wq_frurwJfrt nttwqnt
{J Jntttbpfr9 tftpwtwtf_npJwt wt.\pwrih2mm{J J"'tl!' 

3. PwpJ.p .\wSwfun<fJJwb (1 ftl.9-fr9 Jfrtlk mwutJwft 1Jb'1wl.bp9hp) 

L w11J wt w'lp 1n 'f'P 01in wqnrr}1J iµf1 wt< r1w db2111nt[J J"'t I!' 
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!JwJp /;ur&w/uht/1Jn'M1bpp 'l:J,Uf/!inJ r.f_bpwt/infufoi} Xe= 1/roC nbwft

mfrt/_ 'lfrJw'JpntfJJnLtf! lwm Jbb t lfrtnLJ, k WJU .\wtqwJwtpf! {JnLJL lfr 

mwlfru t/_bpw,Pn./ufrll! oqmwqnpbb[ lw,PJwt t"{wmwftLbpnt/_t Opfrtwft, 

b{Jb 100-fre Jjitlk 200 U(:b nLtwqnL{JJwJp tf_bpwt/r•n/ufrll! Jfrw9t/_fr f=501.9 

t;wSwfuntfJJwt 9wt9ftt, WU[W 'IP"' nttwftwifrt 'lfrJw'Jpn<flJnLtf! f(f(wq'!fr· 

- ' - . 1.1012 '"""'31.1oa O<J l J 
Xc1- 27t fC

1 
- 6,28.t)0.100 ,....., /"' 

1 1.1012 6 
X --- - - · ----~15·10 Ot:J1 
· c2 "'7 2rc fC2 - 6, 28. 50. 200 

Umw9t/_uu} ~w2 . .{wpftwJ/rfi JMniJJintfifibpf! 9ntJ9 ht mwlfru, np Xe 
nLfiwqnt/JJnLut ntfip Jfr /!wtfr mwutiwft Uffoftn!pwpw'JLhpfr ftwpqfr Jh

t>ntfJJnLt, w1ufrlil!fi Wf''l:Jnttwpbpwftwt .\wSwfuntflJwfi 'l:bUfpntJ nttw
ftw1frt 'l:frJw'JpntfJJnJ.t frp Jbr}n'fJJwJp t:wJwi.wt/rhtfr t Jbftnww9Jwfi 

'l:frJw'l:pnL{JJwfi t;bmt flttwftwJfrt 'lfrJw'JpntflJwt UJJUUffrufr JMnL{JJwfi 

riwJwtwft ufubJwJfr w2fuwmwli.pfr t/_pw, npmb'l Jfrw9tf_wr} t tf_bpw,Pnfufrll!, 

ftw'l'lbfi t;nuw'h.pwqnpntumtbpf! k Jwf(wt>4,wt} .\nuwfi.pLbp[! (JuwfiqwpntJ

Hpfr wq1Jwfi2wtfibpf! 1JW1ttntJ /;t t:wJwi.wt/rhtfr n<twftwJfrt t/_bpw,Pn

/ufrlfr w2fr1wmwt.pw1frli UJ'l_'1UJt2wlifrt)1 flttwf(LUJfr.t '1frJ1u'fpntfJ1wt ,Pn.p

pwgJwt .\wJwp wfit:pwrlh2m t JMw9fibL J1nfi1Jbtuwmnpft nttwftn<fJJnL

tl! k ufiJwt w'lpJntpfr t;,;SwfuniflJnLfi[!t 1.nuwt.pwf(npntu:ntbpfr k Jw

ftwt}~wt} .\nuwt.pfihpfr wq1Jh9n1fJJntfi[! ,Pnppw9fibtnL t:wJwp ftfrpwnnLJ bt 

tftpwtw9r./_wt} t;"''l"f''l"'Lwpbp (ftpf(twf(fr tftpw1.tntf_ f(wphttbp}t 

Swppbp, ni. tLbftmpwftwfi JMnifJ1n,ttbpfr i.wt/rn,Jtbpfr .. riwJwtwft 

ftwpn'l bf, wnwtwtwl ufuwtfihp, npnt.p UfWJJwtwt/_npt/_wt} ht thpJw'!mfr

Swtfr k Junfiwt/_nt/JJwt wql]h9nt{Jjwtlpt ~hpJwumfrSwtfr9 f(wfut/_wt} f(w

pn'l ht ,Pn,Pnfut/_hl .f_bpw,Pnfufrlfr hpf(pwi.w,Pwf(wfi i.w,Php[!1 frlilU[bu twk 
'1fitlhlfmpfrft {Jw,Pwt9htfrntfJJnLfif! ( Uffrt'l k .\h'lntft IJfrtlh"tmpfrf(Lhpnt/_ 
r./_ hpwt/rn fufri.LhpniJ )1 UJ'l ~ fuw[Hpf! ft wftn'l bL t; wu9t/_ bl fit/_w'lw'l-nLJtfr' 

1[bpw,Pnfufrlfr ftwnill9t/_whpfr .\wJw"lwmwufuwt l!tmpntJntf_ (tfhU1W[Lhpfr 

bpftpwi.w,Pwf(wt lwt/rhpfr Sfr2m l!tmpniJ ), <wz.f_/t w11Lhln1[ 1Jf1Wt9 fhp

JwumfrSwfiw Jfrt l!tlJwpJ.wf(J wfi qnpbwf(fr9Lhpf!t J! hpJwumfrSwtwJfrli 

ufuwll! 'l_lfUJLfrnpht i/tn/!pw1.tniJ t, hpp f(frpwnt/_ntJ t 1Jfr!pbpht9frwl lw

t/r/ri_ ufubJwt . 

o/,hpwt/rnfufrlfr f(ntumpntftsfrwli l!fimpbLfru wtt:pwrihzm t ni2w1Jpni

fJJnLt IJLU('J.tbl Pfr/Jh'lthf'fr Jfrtk b'lwr} fit/_wqwqnLJt t:hnw{npntfJJwt 

r.f_pw, npU(buqfr f(nt,,.hfiu':"mnpfr tLhlfmpwf(wt hwftntJ mb'lfr lntLbl.twt 

0'1wJfrt mwpwhnt/JJwfi fit/_wqwqnLJt lLUt/r[! f!t'fnLl.tnu! ht t:wtf_wuwp 

30 Jf(J-fr1 ' UtJwfi [LUpniJ[! f(wphlfr t qqwffr JMw9tb[J h{Jh f(ntl]bfiuw

urnpfr lf'P.WIJfrpUpfr Jfttk mb'lw1Jptf_ft pwpwf( ,Pwuwpb fJftPb'lt 
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1-12. t:lbliSflbSU.61'"1 '\.bflU.$O'IU1'2\ihflf! bl\. 'i.flU. '\,6 
, u.nluu.su. \i~1' u11~p.m ... \i~e. 

tthlfurphur qni.1{niJ I; w1f1 11/itthlfmpft/1/!• npf! ~pnul l t:wumwmnit 

plthnuil[wtnL{JJnLt (1Jtblfurpwl[uitw9JuiJp), w1ufttpt nitjt t:wl[wnwl[ 

l[nqJhpniJ urwppbp t2wtthpft t/t9.php, npnt,p lJ/LU;:U(wtqniJ bf, (<wu

urwU.nLt JuiqtjtuJr tJwt) hpqwp JwJwLw/11 U1tniJ ht phpJtu/;[Ll[urpbm

Lbp, !pn urnl;l hqurp hurt /;p /; /;[ hl1urpw /;[ hqurp b urfibp z fiJ'bpJ.wl;l bq urp burL hp[! 

UfUIU1f'LUUut-llLJ hL nidbq lthlfurpwqwt 1fLU2utinJ '1ftl"lh//urpftl1tbpp urw

pw9Jwfi . L. <hpflwqwt.nphL uwnh9JwL -G.wtw"lu1p<ni/_, ftuq !pnurn/;[bl[

urpbu1LhpnLJ urwpw9mJl! tpnfuwpfrti/_niJ I; [liLUUJi/_npnifJ1uiJpz tthlf

urpUJ/;[bl[urphurthp[! U(LUutpwumniJ bL wnwL9 muipw9Jwfi L. tniuwi/_np

JwL, oqurwq.nptfoiJ hL Jfrw1fi /;tf:;l[urpwquit '1wzur1 ttM1urphurtbpt mfibL 

t:wpp PftflhizLhpft, ul[wif.wnwlf/1 , arzwlf/1 h wlltft urhup (t4. 7-26 ) 1 

4~- 7-26. lihrunf~~w~wG l;tbll'nrhm
Gl.p_~ 31.ibrl' 

·• 

6 
L 

1 ,_ ___ -
ff 

+6 ...--------, 
-6 t:;::=:==:;;:::::==:=:J 
'i J 

l.11 - 7-27. l1u1rli 1~m~4wll l;lb~-
111pl.m~ ujuh1fwG 

tthlfurpbU7ft t;UiuinnifJ1nitl! tfrtniJ /; Jjt /!w'bjt JfrLf1Jbinp, l}qwqw

'l.UJqjt U1pwJwqft,}(! Jjr pwLJr uwfiUJjtJhurpt l~:tblfU1phU1Jr "lwmpwuurJwb 

-':.wJwp oqU7wqnpttniJ bL pfiwqwL Li. ujtfi{JbU7ftl[ 11/t/;thlfurpjtqfibp, opfrfiwq' 

wu!pwun, l;pnfijtUJ , J bqpwJnJ, 1ftU1JLLUf', fiw1Lflwtftt, ttt>n ul p, J wq.tjtnLJfr 

ut/rU7UJfiLUin Ji. UIJLtl 

tl Lqll!p hU7fihpjt oqU1 wqnpt>ni..J I! .· n p Uf bu t; UJ u U1 UJU1nifi /;[ bqin pwqw'h 

11wzurft wizPJntp pfinLfJwqpl/._t1LJ I; l;thlfurpwl[wfi tftspft a Jwl[bpL.nLflwJJrfi 

{uutnLPJwJp: Swpphp /;[hqinphU7thpJr <wJwp a Jht>n LflJnLfi[! qurf11[nLJ I; 
0,J-J0-5 q/J2 uwt:Jwfifibpni.J: 

tthlfU1f'UJqwfi '1"'zurft E £LUf'i/_wt>nifJJnLfi(!, npfi wnw2wtniJ I; 1 

tthlfurphU7ft lfnrzJft9' urhizw11p4_wt> 2 li. 3 J butwqwqwfi /;thlfU1pn11fi hpft JfttL. 

Jftw9if.wt> t:w'l"l''l-fiJ.ni/. (LI[. 7-27) , npnzif.mJ I; .\bU7L.JW[ t:1upwpbp~q9nL
PJntfijt9' 
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E= Q = aS . , 
o (C0+C1) o(C0 + C1) 

( 7-48)' 

npurbq Q=crS-l' /;tblfurpbutfr t/rsl!t t, Ca-t' bbqurpbf'fr ubi/iwqwfJ mtu,
qnLfJJnLtl', Ci-l'' . 011wJfrt uruipwd-l!fr nLfiwqnLfJJnLlifi, t'l-t' olfUIJ/ifi pw-,. 

9wl[/r q.nul wpwJ/rfi bpl[wpnLP J~llt f!' 
/.w2l/../r wntbtnif., np [ t:wuutnLfJJwJp, S Jwl[bpbuni/_ L. tJnLfJ/r P~ 

'1frttbl[urpfrl[ fJw.pwt9btfrnLfJJuiJp /;tblfurpbut/r nLfiwqnlfJJnLtl' t:wi/_Wuuip t 
Co=~ S/l, Jrul[ o11wJJrt utwpwd-1!/r nLtwqnLflJnilil'' C1 = &oS/6, WUf.UJ (7-48) 

•uputwt:wJurnLfJJnLtf! qwpbtfr I; pbpbL t;burL.JUJ{ urbup/r' 

E= a ·, 
&0 (1 + & 8/&0 l) 

hbqurpburJr Jnur q.mti/_nq /;tblfurpn11tbp{r tfpw ( liq. 7-27) UlflUlf.LUfinLJ 

I; pbpif.wd- t/rsl!• npfr fuutnLfJJnLfi(! cr, t;wi/_wuuip I; D /;[bqmp~qwfi lbqJwfi 

i/_bqurnpjr JbbnLf/Jwfi[!• 

ttbqut pbm WJ/rfi i/_ brwi/in/u/r J.f, bpp wzfuwurlilfi,/!/r ul[qpnLfi/!/r t;pJ.pmJ 

[!fiqw.b I; iuJt , np /;tblfurpn11Jr urbqw2wpJJuif, JwJwfiuiq wnwfw9wb- Lft9-

/!1! fipw if.pw ququfr i/ini/infuif.bt1 · L. wpurwl!frL nfl""Jni.J ql:nufr {nuwfip 

d(a, ·S) da1 
dt = 5 ctt' 

bflb /;[hqutpn'ffr L. /;thlfurpburJr JfotL. b'lw~ t;bnwlf.npnLf/JnL'bf! . tfrn: 
.Jrnfut{jr ~= t"Jo +Lit"J Sifl rot ophfi,/!ni/_ , Ul"f.LU UIJ'f JwJ wfiwq t;nuwfip[! lft/rfi/r 

.( . 0 ) 
d g . ~ 

- ·-+• 
&o l S 

. = O•-· 
dt l 

& t.ow cos wt . - . 
( ..!... • ].__ + l)' 2 

80 l . 

I = :J. __?_ 8 
m . l &o 

(
. & .. 0 )2 
Sa. l +1 
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l:Lbfturpburw1frL 4_,bpwpnfufrz/r t;wJuipJb11 ufubJwL"(Lft . 7.28) frpbLfrg 

Lbpftw1w9LniJ t t;nuwL11fr 11bfibpwurnp, npurb'l R '1frJw11pnif/JnLfi[! 

Jfrw94_w~ t wpurw.pfrL Z'lPw1/rfi, fruft q.bfibpwurnpfr Lbp11/rfi X '1frJw11pni

fl1nifil! t;w4_wuwp ,t, 
X= _1_ = _1_. Co C1 

i w C jw C0 + C1 

JC R U.1;LR 1'1.t.U/bu bph.f.11J t t:wJwpJb.p u.fubJw1fr9; 4_bpw-

lj. 7-28. l;1h ~mphmw
J~G ~lipw1lmluh~ fiw 

JwpdLIJ uiubJwG 

tfrn/ufoz/i blllP [WpnLJ I! lufrLfr' 
· . Im jX . S & 

U" =--·R=a·- ·- X 16 R+iX l &o 
Ao jw R 

X(~ ~+i)2 (1 + jwCR)
1 

&o • l 

/;[hfturpburw1frL 4_bpwpnfufrt.Hpf! oqurw11npttniJ /;f, bpftni LUfwurw4ni[. 

1) P'pfl11n9p UfW('WJhurphpp zwtfrJwf, 4wJwp. WJ'1 '1/,"f.pniJ bl/!fr 

twpniJp JJnLU {wuurwurmfi U[LUpwJhurpbpfr '1bUf.pntJ {wJhJwinwqwfi. 

lttfrflfr zwpJ4_n'l tLhfturpn11fr urb'lwifrnfuJwf, 4wpwphpwftwL wpwqnifJ1wLf!~ 
wLzwpJ l;Lbftmpn,,.fr Lf[wurJwJpt 2) Swppbp JbttnLflJn<Lfibp l.wtfrbLnL 4w

il111p1 npnfi.p wqq.nLJ bf, ttbfturpburfr O' I.. B "{wpwJburpbpfr i/_pwt IJ.111 q.hUf

p.nw zwpc/4_n'l /;Lbfturpnlfl! ·"lburp /; U[Wpurw11/rp qbp"{nt/_ ur:Wurwfii/.Jr (J) 

L:wuurwurn<L t;w-G.wfunLPJwJp b. Ab wJU/tfrurnL11n4_, np/r '1bUf.pm.J bt.pfr 

LwpJ"wfi wJ"ILfrurnL'1f! {wJbJwurwftwL l/L/rfi/r (}' JMnif11wL[!t 

~Lbf[urphurfr £1'9.PP fuurmf11nL&f! Jbt} "wfvt/_w~nifl1wL Jhf t Jfrfw--
4_w1pfr oq.fr fuurnifJ1n<Lfr9, 4wpwphpwftwfi funLw4_mfJ1n,Lfr9 b. 11w11frnwft

urfrt/_ &wnw11w1fJJwf, wfturfr4_mfl1mLfr9t 1.hurh.wpwp, tLhf[urpbU1wJfrL t/_b

pwifrnfu/r;_Hpf! ftwpn'l b& oqurw11npttt/_hl Jfl&ntnpurw1/rfi -G.LzniJ, funLiu

i/_nifJ1niL IL n.w11frnwfturfr4_ -G.wnwqw1fJn<J t_WP'!'l uwp.pbpmJ:. 

~lhfturphurw1frL 4_bpwtjrnfufrl.Hpfr "-frJLw"wf, flbpnifl1nifil! LPSl!P wfi-

4w1nifinifJ1niLli t' ftwfui/_wtt JwJwfiwf[fr91 

i bpJ w '1P J w11pnifl 1nififibpf! fbpJ wumfrG.w1'fr tjrnpn fuJ wfi '1/, "f.pniJ 

tfrn/un<J bf, frpb1.9 tLbfturpwf[wfi 11frJw11pnifl1nifil!t upwfi.p npUfhu zwpfrl 

'1frJw11pnifJ1nilifibp Ii. 'll/:wJniL urfu.ppbp LWJL ur1.L1pwuniJ bf, qurhubpJw
JburpbpmJ urwppbp nt_ l;LbfturpwftwL Jbun<flJn tfifibpfr ;_wtjrJwfi .t:wJwp 

( r.hp1fwuurft--G.wu, wpwqnifJ1niL , L1mflfr b. 011/r fuurnLfJJni& ) , pLniflwqpbtnif. 
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J/ifini/_w1pfr q.wqw1/rfi ftwJ 1'.b'LttLft i/.frG.wftp -250° C-/rg JfrLt.k 1000° C 
fbpJwuurfrG.wfi: 

.fhpJw11frJw11pn1fl1mfifihpf! · U/wurpwuurnLJ bfi fr1izUfhu Jburw'Luhpfrg; 

WJfiiybu tL ft/ruw"-w'Lnp11ftz1.Jhpfr9: 

llburw'Lwftwfi fbpJw11frJwwn1fl1n1Lfibp[! U/wurpwuurniJ bfi Jw-

/!mp Jburw'lfihpfr9, op{rfiwf U/'lfiJ.{rg, uawurfrLfr9 , bpftwpfr9 Ii. Lfrft/1-

LP9' UM .pw1iwfrn1f11wJp Jw.pnLp Jburwqfibpfr tLhfturpwftwL 11frJw11pnL-: 

/JJnLfif! 1° C urw.pw9LbLfru JMwfin1J t 0,4-0,6 %-n4_: .f!bpi/w11frJw'1PnL

f1niLLbpft Ufl.LlurpwuurJwfi t:wJwp wJbfiwlwJL urwpwttmJ bf, 11urbl 

"{'lfrf,J.l! Ii. uuwurfrLf!' bpftwfll! b. Lfrfthll! nLfibf, Jb,} urbuwftwpwp 11-/r
Jw11p_mP1nifi,_ 1izw1iwftwlfrnpbfi w4_blfr Jbt} 11/r1'w11pni/J1wf1 fhpJwuurfr• 

~wfiws/rfi 11np~wftfr9, 11wfi WJL Jhurw'l.Up, uwftw1fi Lpwfi11 1izwLwftw

lfrnphfi o.pufr11wfinLJ _bf, b., pw9fr 11pw.Lfr9, Lpwfi9 U/wurpwuurniJJ! Jw.pmp 

~/J.n4_ '1J4_wp t, npfi tL phpmJ t fipwfi9 UfLUUJ('WUurJwf, nz pwpJ.p wp-

111w11pn 'I.LU ft wfi n 1fJ J wfi I!' 

J!hpJw11frJw11pmfl1niLLhpft U/wurpwuurJwfi ' t;wJwp Jburw'lfihpjr "-w• 

JwJ.ni14_wtt.p z/i 011urw11nptt4_nw1 'low pw9wurp4_nLJ t Lpwfin4_, np hpp Jh

urw'LnLJ w4_blw94_nLJ t ' fuwnfin1p11/r wLtzwL, .pwLwftnLflJniL, fuwfuur4_nLJ 

t pLniflwqpfr ftwJnLfinLfJJnLLf! Ii. tfrn.ppwLnLJ 11frJw11pni/JJLuf, thpJwuurfr.• 

-AwLws/rL 11npttwftfr9f!, npf! pfinL/Jw11pniJ ( fhpJw11frJw11pnifl1wfi 'l.'flPJnL°' 
Lnip 1nifil! fhpJwuurfrG.wLfr tjrnpnfunifl 1nififibpfr LftwurJ wJp: 

IJ.4_urnJwurfrftw1niJ fbpJwuurfrG.wLfr t:uftJwfi h. lwtfrJwfi 4wJwp 

[LUJL urwpwttniJ hf, 'furhl ftfruw~w'lnp11frzw1frL fhpJw11frJw11pnifl1niLLbpe 
(jJhpJfruurnpLhp ): 

lipwf,9 UfwurpwuurnLJ bf, LfrfthLfr, Jwpq.w1.b9fr, ftnpwturfr, Jwfiq.wLfr , 

ur/rinwlifr, nipwLfr Ii. WJL Jburw'l.Lbpfr o.pufr11Lbpfr9: 

1' U'!W['pbpn ifl 1niL J hurw'lwft wfi fhpJw11frJ w11pnifl Jntfifihpfr, flhpJfru 

ur1q11'hpfi nLf,/;f, JM l_wphp, w1.4_wLwftwL '1ftJw11pnLPJnLfif,/;p{r l"'Jf, ur/r· 
pni1P1 pwpJ.p q.frJw11pnLPJwfi fhpJwuurfr&wfiw1frL 11npttwftfr91 l!pwfi,P 

w4_bLft nw1n1L bL, t:wJbJwmwpwp U14_blfr tJwfi Ii. hpft,wpwft1w9 : Uw· 

ftw1fi, fJbpJfruurnpfihpfr oq.urw11npttJiuf, '1/;Uf.pntJ, fipwfig fbpJwuurfrG.w-

1'w1/rfi "pfinifJw11phpfr nt. q.ttw1fintf/jwfi U/wur-G.wnn4_ wnWfwfimJ /;f, npn

zwftfr '1J4_wpnLfljni1.Lbp: 

!Jfiwfwtt ftfrpwnniP1wfi f!f,'1t;wfipnif11wfil! , Jhurw'lwftwL b. ftfruw"-w 

l[_npq./rl_WJ/rfi fhpJw11fri!w11pnLf/JnLHhp[! nLf,/;f, urwpphp pfiniflwlfpbp, WJ'f 

Jr u ft "I w urG. w nn 4_ ft.pf, f, w p it4_h f, w nw f, J. pf, 1 

'4'-15. U"bSU.'lU.1-IU..., 5tbfltrU.'l-fltrU.'l-Pnf'.fil'6nt'-'ll'llbfl 

of hpj wiffrJ w11pnL/J JWL npwftl! pfinLf/wq.p4_ nLJ t fhpJ wuinfrG.wfi/; pn

Jjrn Junifi/ 1wfi LI,wurJwJp Lpw 'llfLUJniLni{J:1wJp, Ii. npnzi/_nLll '1frJw11pnL,_ 



fl1wfi a t_hpJwuurfr~mliUiJpfi qnpd-w49m/_, np& frpblifr9 f.tl1p4U1JUl.'ffintJ t 
'fpJwq.pn.fJJwfi ,;wpwpbpw4wfi pnpnfuniflJn'fil!' LlRJR, t_hpJwuurfr'llw&fo 

Jfrwi/_np pnpnfunif/Jwfi 'fbu111niJ, LUJufrli.pfi 

a=( LlR/R)/Llt: 
.J!hpJw'ffrJw'fpniflJnififihpp fiJniflbpf! U[hur.p I; nifihfiwfi JU k ,;wu~ 

urUiurni.li 'fpJw'fpnif/Jwfi t_hpJwuwp-AwfiwJ/tfi qnpttw4Jt9, J/:;J inbuw4w'

l'"'l' 'fpliw'fpnif/Jnifi, fipwfi9 !pfr'Jft4w4wfi k .ppJfrw4wfi ,;wur4nif/Jnififib

l'/! pwpJ.p t_hpJwuurfr-Awfifibpfr 'fhU[.pniJ U[hurp I; nifibfiwfi J/:;,} 4wJnifini

fl1nifit 

If buru11zw4wfi t_hpJ w'ffrJw'fpniflJnififi bpfr U[Wurpwuur J wfi ,; wJwl" 

wJhf.iUJ[Uli/_ fiJnLflf! U[[Wtnpfifi f;, npp9 U[WU1('WUUJt/_niJ /:;fi pfiJ_U[hU urbfu

't,fr4w4wfi, WJfiU[hu /;[ fiJnizwJfrli k l;urwtnfiwJ/tfi i/_bpwpnfufrllihp. upwfiv 

l[ppuin.btft bfi -200° C-/t9 JfrliJ.k 500° C J_wpniJlibpfr ,;wJwpt 

tlJ'l..frfiJ.fi nwp nz. J/:;d- urbuw4Ulf'W(' rpfrJUl'f('nifJJnLfi /,_ pwpJ.p pbpJwu

urjt'f>wfifihpp 'fbU[.pniJ o.pu}'fwfiniJ I;, U1Jufrli.pfi WJfi qpt_niJ I; UfLWurpfipfit 

Uw4wJfi U(tz/rliA.I! .-;wJbJwurw4wfinpbfi l;dwfi f;, WJfi .pfrJfrwUfbu Jw

pnip ·1_fr'llw4niJ uinwfiwll! ,; bzur I; k pw9fr 'fpwlifr9 4wpbtft I; Ufwurpwu

urbl 9wfi4w9wd- urpwJwqJnt/_ ""''l"f''fW[W('hpt fT/tzfiab t_hpJw'ffrJw'fpni

PJnilifibpf! oqurwqnpJi/_niJ bfi ~50° C-fr9 JpfiJ_k + 150° C t_hpJwuurfr'llw

lifr Jpt_w4wJ.pniJt 

Pliz.Ufbu UftzliA.b, wjfiU[bu /;[ 'fi.lwulfrlib t_hpJw'fpJw'fpnif/Jnifilibpf! 

Pntzwp4i/_niJ bfi 'fpJw'fpnifJJwfi fupuur npnzU1_4Jr wpdhlJfibpni/_, npfi WU[W

,;nqniJ I; fipwfi9 pnfuw'flU['J. pnfuwpftlibtfrniflJnLfi[!t 

.i!bpJw'fpJm'fpnifJJnLfifibpfr ,;wJµ1p oqurwqnpJi/_ntz npnz J·burwtzlibp{r 

pfini/fwqpbpf! pbpi/_wJ bfi 'l-1 "''lJ"Luw4niJt bflb t_hpJUi'fpJw'fpnifJJnw

fihp[! "!btzu''f['t/_hiJ bfi pw9 J/rt_wi/_wJpniJ ( O'fniJ), "'Uf"' hp4wpwurk wz

Juwurwli.pfr 'fhU[.pniJ wn.wi/_b[wqniJfi t_hpJwuurp'llwfi[! lfr 4wpntz qbpwqwfi-

9b[ Ul'l_Jnww4niJ phpi/_wJ wpdb.pfibp[!t 

.f!/,pJU11JpJw1pnLfil JnL&- l/Ln.wif.btW'fnLJf, wzfuwinw&-
J,/,pfi &1n1filbpf! 11w1fi& zbpJwuurplw& 

II} tz.fiU 
bpf(wfil 
"bMbt 
llJtwurp& 

150 
150 
200 
500 

ll11JnLuw\ 7-1 

1,64 
2 06 
2:33 
2,84 

lln.wi/_btwqntJfi k .qpnJw4wfi t_hpJwuurfr'&wfifibpfr 'fhU[.pniJ, 'fpJw-

'fl'"'fJJwfi U[LUU1p4ntfJJnifil! npnzi/_niJ I; Rt/Ro ,;wpwpbpniflJwJp, npurbtz 

Ro-Ii 'ffrJw'fpntfl1nwfi I; 0° C t_hpJwuurfr-Awfi.ntJ1 
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Opfrliw4,, UftzliA.fr ,;wJwp, hpp t_bpJwuurfr-Awfil!' t= 100° C, Ft/Ro 
t:wpwpAp,,tfl.Jnifil! 4wq_JnLJ I; 1,426, Jtu4 U[[Wurfr"lifr ,;wJwp, bpp 
t==1000° C, WJ'f ,;wpwpbpniflJn'fil! 1,391 I;: 

bflb t_hpJw'fpJw'fpnifJJnifil! urbtzw'fpbfi.p 1_w4niniJn,J, J_bq_n.p qw

qniJ 4wJ flntJ[WUJ('bfi.p fipwfi 4wp'flwurft wzfuwinwfi.p, WU[Ul 4wphfp /; 

lizwliw4wtftnpbfi pwpJ.pw9fibr 'l-1 wtz.Jnww4ntJ pbpt/_wJ wn.wt/_btwqniJ& 

t_hpJwuurp'llwfiJt wpdb.p"r!t Oppfiw4, t_pwJfint/_ l91.wJ wlinflfr Jbt_ inb

tzw'fpt/_wJ bp4wflb t_bpJw'fpJw'fpntflJnLfif! [Ult/_ I; wzfuw,;,niJ 700° c t_bp

Jwuurp'flwfiniJ, fru4 UffU1U1pf.ib' t_hpJw'fpJ'w'fpn1fJJntfil! unt/_npw4wfi U[WJ

JwfifibpniJ flniuwurpt/_niJ I; 4wp'llwink wzfuwurwfi.p 1000° c thpJw,;,urfr

-AwliniJ1 f!li'fL,' wfipwUf bu t_hpJ Ul'fpJ w'fpn1fl Jntfifi hp[! U[ wurpwuurt/_ niJ bf, 

pwpw4 ,;w'l"l''f"'l"'f'bpfr9, d=0,02-0,06 JJ inpw'tiwqJn4_ k 5-20 JJ 

hp4wpnifJ JWJ p 1 npnfi9 JwJphpfi wJpw9t/_ wJ bfi ,; wurn,4 pn.lifrtfibpfr J ht_t 

2.wtznp'fwl wpbpfr 'ffrJ w'fpnifl JWfi ljw fut/_ wJnifl Jinu I! t_hpJ wuurfr'S wlifro 
4 tftli fr' 

R = c e<2i3+t0
)a= c eaT, 

npinbtz C-fi ,;wuurwinntfi qnpJw4fro I;, 

a-Ii' iffnlUl'f('tlLfJJwfi t_hpJwuurp'llwfiwJfrli qnpJw4frof!1 

T=2'l3+t° C-fi' pw9wpJ.w4 t_hpJwuinp'llwfi[!, °K-bpnt/_: 

2.w'l"l''f"'l wpp 'fpJ w'fpnifl Jnifi [! t0 o u4qpfi w4 wfi t_hpJ wuurfi'llwfin,J 

Ro=C ea 121a+,~: 

l'J.pJw'fpnifJJnLfif! 4wJwJw4wfi t 0 t_hpJwuinp'llwfiniJ 

R1=C ea <21a+1oi, 

('l-48) 

('l-49) 

(?-49} wpurw,; U1.JurniflJniliz1 pwdwfibtnt/_ ('l-48) wpurw,;wJinnifJJwfi 
i/_pw, 4;,inwfiw't!.p 

R /R a (1°-! 0
) 

t o=e o, 

4wJ 

R -R ea <t°-toi 
t- 0 0 I ('l-50) 

bflb ('l-50} Ul('U1W,,WJU1nLf/Jwfi Ul!_ JU1Uf! tf_bpwJbfi.p zwp.pp ft 

1_b{'9fihfi.p JfrwJfi wn.wt_frli bp4,nt wfi'fwJI!, WU[Ul 4uurwliwu.p' 

('l-51) 

a-fr JbJniflJnLfif! -50° C-fr9 Jpfi]_k 150° C t_hpJwuinfr'&wfifibpfr uw,;-

JwfifibpniJ 4wpblft I; (!fl'fntfibl ,;wuurwurntfi ( UftzliA.Ji ,;wJwp 

a=4,3. 10-3 1/wuin.J: 100° C-fro Jfrlil"- 200° C t_hpJwuurft-Awfilibpfr 

uw,;JwfifibpntJ 'fpJw'fpniflJwfi 4w/ut/_wJniflJnLfif! t_hpJwµ1nfr-Awlifr9 nifip 
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qt>w1frt -ptntjfJ, frul[ 20Uu C-/t9 pwp.dp WJ'I qJ.wJtntfJJnLtf! fuwt'lwp-

!f.ntJ f: 

fT/lwmfrth t_hpJwq.ftJw11pnifJJnitthpft .\wJwp, npntp wzfuwmntJ hli 

-50° C-/t9 1/frti_k 650° C uw.\JwtfibpntJ, .\wz# wnfihlni[ 11ftJw11pntfJJi.ut 

rhpJwum/t&wtwJfrt qnpa.wf[9ft L[wfu1;1wl! t_hpJwumfr&wtfts' (('1-50) pw

fiw&kfr 2UIPf!P hppnf''I wt11wJf!), 11ftJw11pn1._f/JnLtf! l[wJWJWf[wt - t_hp~ 
Jwumfr&wtntJ qntfihtw .\hmkJWL mhupf!• 

nptnh'I_· 

a=3,94. 10-31/wum, frul[ ~=-5,8. 10-4 1/wum2: 

0-frs Jftti_k -1JJ0° C Uf_lwmfttft '1frJw11pnifJJwt l[wfuniJI! t_hpJwu

mft-&wtfr9'npn2tf_niJ I; .t:,hmb.Jwl pwtw&kni/_. 

Rt= R0{1 +at+ ~t2 +y(t-100 )3], 
nptn h'l 

v=-4. 10_12 1/wum3: 

1.w'ln f''IWLW{'h t_bpJ w11frJ w11pntfJ Jnitt hp fr 9 U(_UltnpwutnntJ ht '1P

J wwmfi jwt t_bpJnJbmphp: IJ.JhtwlwJt mwpwJ.niJ bL qmbl '1frJw11pni

/fJwL·U(LU1tnfrth' Ten k li['l_Lah' TCM t_hpJnJhmphp[!I 

_7-16~ 111iuw.u.'l.nr'l-fl2U.6fl'\J .slbf'trU.'l-fltrU.'l-rnwa-sn1'-'\J'\Jbr 
(ta-brtrflusnr'\Jbr') 

'-lfruw.\w'lnp-f/-frlw1ftt t_bpJw11frJw11pntfJJnttthp f[ni_qntJ hL WJt J.w
i/_J,ULWJ/tfl ni_ q.J.wJfrL '1frJw11pntfJJnttLbpf!, npn1i9 -l;lhf[mpwf[wt '1frJwqpn<

fiJnLtf! 4mpntl[ f[hpU[nq tt/_w'l_nLJ I; t_hpJwumfr&wtfr pwp&pw9ntJp91 

lllwmpwumntJ hli mwpphp Jhtnw'l_tbpfr _ o/!ufr11thpfr fuwnLnLf''1P9 ('opfr

twft; CuO, CoO, MnO ): ff/ wmpuiumJ wt Uf_pn9huntJ t_hpJ w11ftJ W'f('nL

fJJntttbpf! M.i[Jwpqif.ntJ bt fJpJ.Jwt' pwp&p t_bpJwumfr&wt/r_ mwf[, npfr 

l!tflwtJ/!itLJ O/Jufr11thp[! btft/_nLJ ht, lfw'lJntJ pfrJfrwftwli - Jfrw9ntfJJnt1i 

b. '1"1ntntJ Jfrw&n<Jl 'lwtq.t/_w.t: , 

~ bpJ w'l-frJw'f('nL{J Jnttt bpfr 'l'lw JntfintfJJntt I! t_hpJwum/t&wtft _ tfntf n /u
J wt tl1wmJwJp tzwtwftwlfrnpht pwp&p{, pwL Jhmw'lwftwtthpfrtl!' U.Ju

U(hu, 0° C-frs -Jfttzk 100° C t_hpJwumfr&wtfr tfntfnfuJwf, '1bU[pntJ ~'ll!t 

Afr ,,j,Jw11pnt{Jp"tl! JhJwtntJ I; 43 %-ni/_ WJt '1hU(pntJ, hpp t_hpJw'1fr

Jw'fpntfJJntttbpfr '1frJ;,,'1PntfJJnLtf! tfntfnfui/_;,tll I; 20-fr9 70 wtqwJ' l[wfu

t/_w.t tpw 'ffrJw'1f'nL{JJWt t_bpJwutnpbwtWJ/tfi a qnpJ.wf19fr91 'J.ftJw'fpnL

p JWt t_hpJ wumfr&wL w Jfrt qnp<twftp9[! t_hpJ "!'!-frJw11pnt{i JnLttbpfr Jnm 
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6-J 0 wtq.wJ w</ _ _bt/t _JM I;, pwt J hmw'lwftwt t_b.pJw11frJw11pnifJ Jnth 
fil.pptf!I (llhtnw'l_fihpp .\wJwp a!=(4-6), 10-3 1/wum., puq t_hp-Jw11p
Jwnp-nLfJJnLtthpp .\wJwp a=-40 • 10:_3 1/wu11J.1) 

.f hpJ w11frJw lfp-ntfJJwt .\frJtwqwb plintfJwq.frpf! ltp w '1frJw '1f'nt{J 1"wfi 
l[w-f.11/_w<tntfJJnttt I; t_hpJwumfr&mtft9. 

RT=A eBtT, 

npmh_'l_ A-t .\wumwmntt I;, qwfui/_w.t t_bpJw'1frJw'1pntf/1wt qntumpntft-

9frwJfr9, 

B-t .\wumwmntt -f;, qwfuqwJ. q/ruw.\w'l_nf''1frl/t !f>fr'l/rftwqwb .t:wuH[nL

fJJnttli bpfr9, T-t' pw9wp&wft t_hpJwumfr&wtl! °K-hpnt/_ {T - 27 3° + t)1 

'-!fr uw.\ W'l_nf''1frlw J/rt t_hpJ w'1frJ w'fpntfJ 1wt r,pJ w 'fpnt[J JWb f_~pJ w~
mfr& wfiw 1/rlt q.npJ.wqp9[!' a-t, npnzqntJ -/; .\hmkJwl 1fWtnn'l_nLfJJntbLhpp 

.\frJwt i/_pw • .\wzl/_/r wntbtni/_ .\w'l_nf''1PlP '1-f1Jw11pntfJ-1wt ftwfui/_wJ.nifJ-JnL
tl! t_bpJwumfr&wtfr9, .\wJw&wJt {'1-51) pwtw&kfr, ftnithtwt.p 

RT= Ro{1 +a(t-t0)}: 

('1-51) pwtw&kfriJ qmtniJ htp a-t. 

RT - Ro · <lR 
ex= R; . t-to = ~ AT' 

U.JL -uw.\JwLniJ, hpp .1t-+0, '1frJw'1pnifJJwb t_hptfwumfr&wLwJfrL 
qn pJ. w 'Jdi 91!' 

l _dRT 
ex = RT • ----err- ('1~52) 

f!um {'1-53) pwLw&J./r, t_hpJw'1frJw11pntPJnttfihpfr .\wJwp '1frJw11pntfJJwt 
p_bpJ wumfo&wii w Jfrt qnp.twf[frsl! ftLfrtft' 

d (A eB/T) A eB/T dB/T B 
ex =~ • dT ~. ~= -p' (7 -53) 

('1-53) pwtw&kfr qbptnt<tntfJJnttl! 9n'-!9 I; mwifru, np t_hpJw'l-frJw 

'lf'ntfJ Jntttbpft .t; wJ wp '1frJ w11pnLfJ Jwt t_hpJ wumfr&1.utw J/rt qnpJ.wftfrol! 

pw9wuwftw1t I; k t_hpJwumfr&wtfr pwp&pwgntJp9 wpwq tfnppwtntJ -f;, 
/ruft Jhtnw'l_wqwt t_hpJw'1frJw'1-pntfJJnttthpfr .\wJwp t__hpJwumfr&wLw

J/tfi qnpJ.wftfrsl! 'lf'wftwt I; k .\wumwmm'iu lift. '1-29-ntJ 9n'-J9 ht Lnf!p

t/_w.t U(_'l_fiAb k ftfruw.\w'lnf''lfrl"!J/tt t_hpJw11frJwtjpntfJJnLtthpfr 11/tJw

qpntflJwL l[wfui/_wJ.ntfJJn'-tl! t_hpJwuinfr&wLfr91 '-lwfuqw.t tJntfJ/t mhuw~ 
ftfr9, t_hpJw11frJw'1pn L.fJJnLtLhpf! pwdiutqntJ ht -U('l_ptA-Jwbqwtw1ftt' 

MMT k "l[npwim- Jwtqwtw1frt' KMT, npnt/! l[wpn'l_ ht wzfuwmht frlil

U(_hu tfntfnfuwqwt, WJtU(_hu -l;l .\wumwm-ntt .\nuwtpft l 'lfJwthpntJt 



Fi.upd.p pw9wuwftwfi 11frJwq.pntflJwfi p_hpJwumfrG.wfiwJfrt qnpt}wf[,9fr 

z&npi:frif_ p_hpJw11frJw11pni/JJnthfibpf! LWJt ftppwnntflJnLt ht qmhl i.wifi;.. 

Jwt ufuhJwbbpntJ p_hpjLUJ/rfi w'lwif.w'lna!bbpf! l{nJU[htuw9H[nL i:wJwp1 

li·w1J11_ np i/rwflniJfl/r LL flhpJfrumnpfr 11frJw11pntPJwfi p_hpJwumfr-

llR/R, % G.wfiwJpfi qnpt)wftfr91'bpf! nifilifi ufwp

php wpclbpflbp, WU[LU 'iipw'ii9 ftwph

Lfr t l!tmph[ WJfiU[hu, np zpp_wU[w-

700 wfr p_hpJwuwfrb.wfi/r i/1ni/rnfu1aflJnL-

fi/r91 fi1'11i:wfinip 11frJw11pntfJJnLfi(! 

JO(J 

JOO 

IQP 

0 
100_2/J () Z/J 411 qi) ' (}IJ°C 

't,~. 7-29; ti~uwliw'lnr'lhwJi•G ~hr.Cw

'lr.C W'}fOLl'JDLGGbrr '}~.CwqrnLpJwG 
~wlu4wbnLl'Jndip ~br.CwumrliwGrg 

·~-

lfbt) mhui.uqwpwp 11/rJw'l-f"!L

flJnL'ii nifib'iiw[nL zfinpi:pif_, p__bpJw11fr

Jw11pniflJnLfifihpp i.wifihpf! "-. /rfibp-

9wftwhniflJnLfif! ftwphlfr t i:wu9fih[ 

fii/_ wqwqm1fi/11 

J! hpJ w11frilw11pnifl1wfi umwmfrl{ 

qqw J" ifintfJ Jntfi I! npnzif.ntJ ~ J ntm(!w· .. 

J/rfi LL bll!"'Jfr'ii JUniflJntfi'iihpfr i:w .. 

pwpbpntfJJwJp, w1u/rfipfi' 

. RT A eB/T 
K •• =r = -r-' (7-54) 

'1-/r'iiwJfr ftwftwfi q qw J" 1.tnifl Jntfi(!' 

d (A e81T) 

dT 

AB e81T 

T2 
(7-55) 

(7-55) i:wij_wuwpntJ(! pwJwfih[ni/_ (7-54) i:wi/_wuwpJwt i/_pw, ftl!u"' 

rnwfiw'ii(! i:wpwphpwftwfi qqw1nr'iinifl1w'ii Jbt)niflJnL'iif!' 

K - K,~• - .:. .. As eB/T / T2 
o- K • .;. - AeB:T/T 

n/T ftwpn'l t Jb,} Lfr'iibl 1-.fr91 -

B 

T · 

)!bpJw11frJw11pnifJJnifitbpf! UfLUmpwumntJ hfi 12 JJ bpftwpnifJJwJp 

I.. 18 JJ mpwrlwqt)n4_ ifinf!p d.n'lfrlt&bpfr, mwijiorzwftfr, uftwi/_wnwftfr LL 

r;Ltni'ii(!/r mbu(!nil,1 7-30 'iiftwpnuf pbpif_wt} h'f.J Jfr (!~fi/r p_bpJw11frJwqpni

fl1nif1'iibpfr ftwnnL9i/_ LUt)(!wJ/r'ii ufu bJ wfibpf!1 

. . MM T -1 LL KM T -1 mh·uwft/r fhpJ w11frJ W'ff'nLflJnt'ii'iibpf! (tft. 7 -30, w) 
A./i.wi/_npi/_niJ b~ tniJ~ d.uni/_, /rfii_U[hu i:wJwU/wwwufuwfi i:hpJhmfrftni .. 

flJnLfi ta'iib9n'l pwpJ.pwoi:J 11frJw11pmfl1ni'ii'iibpf!1 
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Upw'ii(! pw'lftw9w,} ht ftfruwi:w'l"P'l-frlwJfr'ii (1) 'd.n'lfr9, Uf.LUmt[wh 

1'.efw[h Hpftni/_, ftnfimwftmw1/rt '1ffaw11frp1'bpfr9 (2} b. t:nuwf1/!ll/UIU1(1 (3) 

bintumtbpfr91 U.1ullffrufr p_bpJw11frJw11pnLPJn ~fifibpf! oqmwqnpt)~niJ ht 

JJr.wit l"P Uf.U1JJwfifihpntJ1 KMT-1 p_hpJ"w11frJwr;.pntPJntfifihpp wi/bt/t 

p_bp.JwqqwJnLfi bfJ f,,. wzfuwmniJ bfi Jfrfii.b. 180° C p_bpJwumfrG.wfip 

lU} 2 If) 

IJ) 2 

MMT-4 LL KMT-4 mfrllffr p_hpJw11frJw11pniP1nififibpf! (lift. 10-2, p) 
wb'lw'fpt[wt) hfi Jhinw'lwftwfi Uf.WU1Jwfifr (2) Jbp_ LL i:hprlbmfrftw9t/_wt) ht, 

npfr·· zfinpi:frif_ fipw'iip oqmw'Jnpd·i/_n<J b'il 9wLftw9wt) "l wqphufri/_ Jfrtw

if:.w1pntJ LL pwpJ.p funfiwi/_nLPJLU'ii urw1Jw'ii'iibpntJ1 ,fbpJw11frJw11pntflJwt 

~bpJhm/rftw9niJI! frpwqnpt)i/_nLJ t LUUf.LUftJw (3) d.n'lfr b. wpniJpfr ( 4) Jfi.,. 

'l."O"if.1 (MMT-4 mfrllffr p_hpJw11frJw11pntPJnt'bfibpntJ)1 . l1fruwi:w'lnP'1Pl.,;,. 

Jfr'ii d.n'll! (1) ifiwfJwfli/_w~ t P/rflh'lnif. (5)1 l.nuwfi.pfr h[nLUUlf! (6) Uf.LUUI~ 
pwumi/_wq t 'iJfrftblb i:w'[_nf1'fW[LU(1/r91 U

0

q, 7 .. 3(}, q-nLJ 9nLJ9 { inpi/_wq 

MMT:-10 p_bpJw11frJw11pnifJ1wfi ftwnnt9i/_wt)(!f!1 npmbrz 1-p J.n'lfi t ( p_bp

Jw11frJw11pniP1ni'iif!}• 2::.1!' i:nuw'ii.pwmwp blnLUUlf!1 3-[!' U{UJUIJUJ'ii(!, 

4-[!' Jbftntu/ti.f!• 

"bft. 7-30, q-ntrl - 9ntJ9 t wpi/_wt) MT-50 p_hpJw11frJw11pniP1wfi 

«ll.u,hrz» ftwnnt9i/_w,};[!I U.J'l-Uffru/r p_bpJw11frJw11pntfJ-JnJ.il! pw'[_ftw9w,} t 
(1) lf.fruwi:w'ln1111fri.w1/r'ii q'ii11/rftfro'. 5-fro Jfr'iii_u 50 JftJ mpwJwqt)nif_, npf! 

Uf[LUutfr~b tLbftinpn'ffr i:hm Jfrwufrfi JwJLif.wd- t LUUfWftJLU w'ii_nflfr Jbi~ 
U.Ufwftirt i:wumnLPJnLfif! ftwqJntJ t Jnmu1i/_npwU[hu 50 JftJ1 'l-'ii11/r4/t, 

ftb'ii_mpnt/r9 Jnm 2,5 JJ i:bnwi/_npnLPJwt i/_pw, (4) fi/rftblb i:w'[_np'fLU[wpfr9 

"fLUmpwumi/_wt} h[tituU.fibpfr i:hm qn11i/_wt) bfi Uflwmfr'iib tLhftmpn11HPf!' 

U.1u mbul!nif. 2bpJw11frJw11pnt/JJw'ii i:nuwfi,pwmwp b1nwm'iibpft i:hm Jfrw-
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"P)1 uihtzw11pi/_mJ t (3) W"{Wf(JW "(WUIJW'lip Jbt., npfi nifip 3-frs Jpfii_h. 

100 JJ- l;pqwpn</JJnifi (qwfut/_wq f.bpllw11frJw11pni/J1wfi uibuwqfrs}t . 

M T-54 p_hpJ w'1frJw17pni/J1nififibpfi nifih'li ,Pnpp f.bpJw J/rfi /ifibp.,-
9pw, Jnui 0.,02 1[p4 L. 011uiwqnpui/_ntJ -bfi -70° C-frs Jfrfii."- 250° c rhir
JwuuifrC.wfifo Jfrt.wqwJ;pniJt U1u.r-lfpup p_bpJwq.pJw11pn'-/JJnLfi[! o11uiw

qnpui/_ntJ t ~wp17ni JwpJ'fip uiwppbp Jwubpfr wp1nifiwuiwp w'lin/Jfib. 

PP p_hpJwuuip'b.wfip uiwpphpni/J1wfi i_w,PJwf, h. fr.wJ P"'Jubpp inhph.fihpp 
thpJwuuipC.wfip l_w,PJwfi ;;wJwpt 

l.wpq t fizbL> "£' p_hpJw17frJw11pni/J1nififihpf! nifibfi "(lupwJbuiphpp 

Jbu zhtzniJfihpt UJu ;;wfi11wJwfil!f! uw;;Jwfiw,PwqniJ t JfoJJwfie .pnfuw

pfiHLn' ;;Jiwpwi/_npniP1nifif!1 '!f'f, tL fipw'li9 ;;pJfiwqwfi flbpnifJJni'lifibpfrs 
Jhqf, tt ' 

/!) 1/-) 

/) 2 ~ 6 4 I,.rq 

'I,~. 7-31. 

w) J!hpilw'l~ilw'lf'n•fef1wfi l/.111U1·w.!"1hpw1~fi pfin•/Jw'l~f'l!i p) ufuhilwfi, 

'I) thpilw'l~.i/w'lf'"'/J 1wfi p11n<{efwyftf'l! nb1bwftw1' nh<f~illful, 

J?bpJw11foJw11pnifJ1wfi 011inw11npuJwfi pfiw11wi/_w,f1[! qwfui/_wJ-, t U1W.f!wo

Jwf, ;;nuw'bpfr JMnifJ1nifip9t ufr.. 7-31 , w-niJ pbpif_wu t thpJw11foJw 11pni

PJwu tf.ntU1-wJ"{bpw1/rfi p'bn,flw11foPI!• _"Pl! f[ntzJ'bnpnzi/_wu t 'bni1fi/ruf[ 

!bpJwuU1pC.wfip 0 ,0005 K,-p _,Pn,PnfuJwfi(!t '1-31, in fif[wpfrs ;;bU1h.niJ t, 

np Jp'liJ_h. 0 ,5 JU ;;nuwfi.[!Hpfr 'lb"ll!"'J ub,Pwfr.w'b UIW[!W9Jw'b wq1Jh

f/."'f1JnL'h'b w'b'bzwf, t h. 11npu'bwfr.w'bnpb'b p_bpJw11frJw11pnt/JJw'b '1frJw 11pni.:. 

flJnLfif! ;;nuwfi~p9 fr.wfui/_wq ;J1 Ufr.'lpniJ iwpJw'b w'blfniJ{! p_bpJw'lfoJw

'lf'"'fJJw'b t/_pw wC.nLJ t ;;nuw'bppfi ;;wJbJwU1wqwfi (0-lJ.J U1Dtzwilwuf!}t 

~J,'1,:; wfipw"{ bu, w 1u nbdfrJ niJ p_bpJ w '1P J w11pntfJ Jnt'li I! O'JUIW'JnpJ-i/_ nLJ 

~ np"(bu lf'fW"{wlllp thpJwuuipC.wfip l_w,PJw'b i/_bpw,Pnfupi_t ibpJwuU1p

~whp ,:;J,UIWflLU pwpJ.pw9Jw'i.J qwJwuw_f[, bpp uibtz{t t ntUb'i.JntJ ULUU ;;n-
214 

u.,;ii/.[!p Jbuw9tiiJ, p_hpJwq.pJw11pni/JJl'!Lfifihpp uiwpw9niJf! 11wn.finiJ · t 

u.u[hLfo pfiuibfiufoi/_, fipw 17pJw17pntfJJnLfif! ,Pn.[!pwfiniJ t, h. t/.ntuiwJ"l'/,f't.U

/Pfi p'iiniflw11/r{'[! uquniJ t f!'lifr.HL, WJupfipfi nifibfiniJ t «[!fiqfintz» p'lini

Fl,w11fof' ( w-p uibtzwJwuf!)1 UJu nbdpJniJ p_hpJ w17pJw11pni/JJl!,Lfi[! 011uiw

'11fl'Ui/.niJ t np"{bu p_bpJwnblb, ;;nuw'lipp uw;;Jwfiw,Pwfr.foi., [WpJwfi f[w

fl1Lfiw9ni9pi_ U WJLfit 

(;f'F.W"(WUJntz Jfrtwi/.wJpL p_hpJwuuipC.wfif! pwpJ.pw9fibLfou T +L\T I' , 2r! 

(;;nuwfij!p finiJfi wpdbpp 17b"{.[!n~J), JMw'liniJ t p_hp,Jw17pJw17pnifJJwL 

lnwpw9niJ{! Jpfii_h. T p_bpJwuuipC.wfif!, fipw 17pJw17pnt/JJnLfi[! ,Pn.[!pwfiniJ 

ti h., ;;buih.wpwp, t/,nLuiWJ"{bpwjpfi pfinifiw'lfrf'f! pp_finiJ (fr.b111w11~ml 

fr.npf!}t Uf[Hw1ui t , np t/,nluiwJ"(bpwfpfi pfini{Jwqpp pfiniJ/J[! t:wJb-

Jwinwu lf'f.W"{wuintz Jfop_wi/_wJpfr' T Jf! p_hpJwuinfoC.µifip ;;bui np~ztf_niJ t 
;;bf,9 p_bpJw17pJw17pni/JJnifini/_ wfi9fintz ;;nuwfipni/_1 fi'linifJw'lf'P uiwppbp 

I[. huibppfi ;;wJw"lwuiwufuwfiniJ bf,' T- 'TJ p_bpJwuuipC.wfip uiwpphp wp~ . n . 
dhj!fibpt fifin~flw11pfr9 fr.wpbLfo t npnzbL 9wfiqw9wu fr.bU1niJ p_hpJw,,PJw-

'1£'"'/JJwfi 17pJw17pnifJ1nifi[!' R = U/l h. 9pJwf, ;;qnpniflJn'Lf!' P 
91

, = IU0t 

.f! bpJ w11fiJ w11fm a/J 1nififi bpfo t/, n [U1WJ "{ bpw J/rfi pfi.nifJw11ph pp· /u/r uu1 

wpU1w;;WJU1i/_wu nJ_ 11.twJ'linifJJnifif! fr.wpbtfo t O'JUIW''Jnptlbl nblbwf[wfi nb" 
dpJniJ1 'l-31 , p, q~niJ phpi/_wh bf, p_bpJw17pJw17pntfJJnififibpp ufubJwL 

.L. pfinifJw11phpf! WJ'f nbdpJniJ: IJfJb [!'ii11niLbfi.[!, np p_bpJw17pJw11pni/JJw1' 

ztz/JwJnLJ pw9wfr.w1niJ t R wquipi/_ i,pJw17pnifJ1nifip1 W"{UJ [wpJwfJ 

npnzwfr.p wpdhpp9 p_bpJw17pJw17pni/JJwfi ;;nuwfipf! fr.U1pnif[ JMwfiniJ t-. 
"f'f! fr.wpntz t pbph[ p_bpJw17pJw17pnifJJwfi 4'i.w9Jwfif! (U fl f[npe fif[. 
7-31, q-niJ)t l.nuwfipp wC.fr uw;;Jwfiw,Pwfr.Jwfi ;;wJwp p_bpJwq.pJU1-

'1{'nl/J1nifif! 2tz/Jw1niJ JU19i/_niJ t 'JUWJPU pfini/Jw11pni/_ UR '1frJwq.pnL-

_ fl1nifif! (ufr.. 7-311 p h. q)t 
/ 

UJu pfinifJw11pb'pfo 11niJwpJwfi 17b"{pniJ Up +UR' uU1w'bn,J b'b(l_ 

Uo l!f,'l;;w'bnip t/,n[U1WJ"{bpw~pf, pfinifJw11frPI! n.b[ bw·qw'b t!fibfr.U1ni/, 

{p'linifJw11frpf! ni'bfr S-wJ.h. pfini!fJ )1 UJu p'bni[Jwq/r{'[! ;;fozb91niJ t w'b

f[nfiU1wfr.U1 tlw11'b/ruwfr.w'b nbtbfr w2fuwU1w'bl!f! t fi'bnifJ!"'lf'P9 .('bfr.. 7-31, q) 

bpL.nLJ t, np hpp [LUpnLJ[! ;;wu'hnLJ t U ""'~ wpdbppfi ( WJ'I- iwpJw'bf! ;;u,_ 

Jw"{WU1wufuw'iiniJ t 11 ;;nuw'bpf!}1 ;;nuw'b.f!{! {Jn.pJ_j!WJ.h. wC.niJ t Jfr'btk 

if'"'~ (13) wpdbl!f!t 
~wpJwf, ;;/,U1w11w Jbuw9Jw'b 11-b"ll!"'J ':nuwfipf! fr.wC.p uw-':nifi fr.bp.

"l"i/. {<[/r'bi.L. I2 h. wi/_btfr)1 {wpJwu 4'n.f!pw9Jw'b 11-b"{pniJ t:nuw'b.[!f! 

uqqpniJ uw;;n,f, f[bp"{ni/_ fr.'bi/_wqp . Jp'bJ_h. l3 wpr/bp[! { WJ'f ;;nuwfi.[!p'b ;;w-
. ' 

JU!"{WUIWu/uw'bniJ t iwpJw'b U wpdb:pf!}• frufr. ;;bum flnpJ_j!wJ.h. i[[!'bf[-P•s _ 
'hp Jfr'bi.h. ia~ (I4) wpdbl!f!, npp9 ;;buin uw;;ni'b fr.bp"{ni[ fr.'bt/_wqfr Jf.'bi.h. qpnt 
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PwH9Jwu '1hUf/!nuI ">nuwu/!l! JbJwlanJ .t Jp pwfip wfiqwJ: .fbpJw1/t;;, 

Jw'1pni.£11wfl fttbp9uiqwltnif/Jwfi UfWLnhwnni/_ L;nuwfipp flnftll!l! qwmwp

r/.ntJ t nl wfiJJitwUfbu, WJL wump&.wfiwpwpt 

IJ.blbwqwfi u/ubJwfibpl! [WJfi qppwnnL£1Jnifi bf, qmbl wi{_mnJiuur_' 

1_.bpwL;uqJwfi UfwzmUfwltnif/Jwfi LL qwpq.wi/_npJwf, uwppwi/_npn,Jfibpniilt 

.f!bpJw'1ftJw'1pn<fJJnLfif! npUfbu i{_bpwifinfuftl oqmwqnpJi/_nLJ t bp

i/tu UfLUJJwfiltbpniJ. 

1. bpp tbpJuu;ftJw'1pni£1Jmfil! qnpJfiwqwfinpbfi npnzif_niJ t Jftttu-

4._wJpp fbpJni£1JwJp (bpp tbpJw'1ftJw'1pnif/Jwfi Jfatni/_ wfi91tn'l L;nuwfip[! 

lw-m ifi·n/!p t), 

. 2. bpp fbpJw'1ftJw'1pn1/JJn'f,I! mw11wfinu! t fipw Jfttni/_ wf.t91tn'l L;n

uwfi11ni/_, puq fipw tbpJnifJJntfi[! npnzi/_ntJ t tbpJnt£1Jwfi ·Uf.w1Jwfifibpp 

tfinifin fuJ wJ pt 

U.nwt/tfi UfLUJJwLntJ LUJfi oqmwqnpJt/_ntJ t npUfbu tbpJwump&.wfiw

/Pfi if_bpuufrnfu/il qwJ tbpJwiwifi 'lftJw'fpn<f/Jn<fit .f!bpJwlwtfi '1ftJw'fpnL

P1wfi Jfttn4_ L;nun'l L;nuwfi/!l! i/_bp91intJ bf, wJfi/!wf, tfin11p1 np qwpb[p 

£fr-fip wpL;wJwpL;b[ WJ'f L;nuwfi/!p l_fJnp-;pq_ WnLU'/_W9wJ '/_bpJnLflJnLfi(!t 

. flpU(bu fbpJwlwifr '1ftJw11pntfJJntf.t oqmwqnpJnLJ bf, /tfitU(bu Jbmw

qwl[wfi, WJfiU(bu tL qpuwL;w'lnP'IPlWJpfi tbpJw'1ftJw'1pnif/JnLfi(!t Ubmw-
• 4 . 

l[fUqwfi tbpJw'1ftJw,,_pntfJJn<fi[! U(UILnf'WULnntJ ht Uf'l1'A.p9 h JJfLU1Lnpfip9 

{TCI1, TCM), 0,1 JJ mpwJwqpJ n'itb9n'l L;w'l"P'1W[U1pp9' tfiw£1w£1if_wJ 

,.a,rfu.'AwU[wqnt qwJ tL tfiwJLwpb qn&.fr i/_pwt {frltntJ bf, 200 OL;Jfr.9__;,100 

4_0~J-ji uwL;Jwfifi/;;pniJt '-lpuwL;~'lnP'lfrl tbpJwlwifi 'lftJwtt.pntfJJntfifi ntfip 

qrn11p qwJntfintfltnifi, pwJ9 1tzwltwqw[p9 q_qwJnLfinLfJJn,f,, 11wfi Jbmw'lw

'f{.i.ufie (MMT-1, KM-4 }t U.Ju tbpJw'fpJUl'IP"'flJwfi Jfrtn9ni/_ qwpbtft t 
-\lllJmfiwpbpbl tbpJwumft&.wltft L;wpJnLpbpnp'1wqwfi Jwufr tfinqmfunL£1JnL

fip, fiq. '1-32t 

l/fru'!'L;w'lnP'1frlwJfr1i thpJw'lfrJw'fpnifJJnLfif! JbJ qfrpwnntJ nLfi/r lLU

t/ifrl ufubJw'b"bpnLJ' npUfbu tbpJwumfr&.w'bwJ/tfi qnJ"lb'buwmnpt IJ.Ju 

q.bU(pniJ fipw'b9 L;w'l.nl''lwpwp qwpblfr · t Jpw9HL "f'ltA.Jw qn&.Ji'b, fruq 

.[Jw'iift np tbp1Jw'1ftJw'1pnL£1JwL LL qn&.fr f.bpJwump&.wfiwJpfi '1ftJw'fpnt

flJwfi qnpJwqfr9f! 1.,zwlttbpiti/_ mwppbp b'b, WU[LU qwpb[p t q/tuwL;wqnp'fftl 

2fspJw11ftJw11.pnL/1JnLfi'b J!'irmpb[ WJLU(b~, np fbpJwumft-G.w'bft ,Pn,Pn/unt 

Jfr9 qrnJwpwJ}rfi 'lfrJw'fpn<flJnL'bf! itfinifinfui/_/r• 

.f!b[rJw'1ftJw'1f'nLfJJw'b oqmwqnpJJw'b bpqpnp'1 b'lw'bwq[! [WJ'b 4/t
pwnntJ t qmbt wi/_mnJ~mfrqwJniJ mwppbp, n/. tthqmpwqwfi JbJniflJnLfi

Lbp iwifrbln' L;wJwp, tTftLwq' w'bbJnJbmpbpnLJ LL i/_wf[nLnLJJbmpbpnLJt 
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wpwq.nL£1JnL1if! iwifin'l uwp11 J, fiq. 

7-33t 
i/,bpwifinfuftll! qw9_Ji/_w~ 

t · tbpJw,,_pJw,,.pm£1JnL1ip9, 

npf! pwpwq uuwmJrH L;w

'l" P'1lillwp f wJpw9i/_w4-
Jwfiq.w1ift1ib L;w'l"P'1W[U1ppfi·1 

U.zfuwmw1i11/t uq[!q-

pnLfi/!l! L;b111LLJU1[fi t• bpp 

tfinifinfui/_nLJ t U([Ull(lpfi~ 
L;w'l"P'1W[Wppfi L;Uf{n'L q.w

q}t wpwq.nLPJnLfi[!, WU(LU 

ifinifinfui/_n•J t tbpJw'1/t

Jw'1pnL£1Jwfi mw.pw9Jwfi 

tbpJwump&.wfil! ( npni{_L; bmh 

ifinifiitfui/_nLJ t fipw L;.nif_ws· 

Jwfi wump&.wfil!' qwfui{_wtJ 

\,q. 7-82. qwq_p qwJ 0'1P w(iwqnL-

PJnilt/19 ), op/rfiw~, iuJbfiwU(wpq_ wfibJnJ bm pniJ qwq}t L;nuw1i11ft wpw

qn,P jnifi[! 6-3 Jj t[pq wpwqnip JWJ p ifinifinfubtftu 1 {JbpJpumnpp '1fr· 

Jw,,.pnL£1JnL1if! ifinppwfiniJ t 5,2-p9 -:_4,3 OL;J: U.tbJnJbmpp Uflwmpfib 

L;w'lnP'1LU[Wpf! qwJptwqwJpfi ufubJwJ/tfi JpwfimJ t Lq. '1-34-nLJ UfLULn• 

'1.bptf.wJ ufubJwJn{t . 

/!} 
R. O.r 

J 

4 

\,~. 7-88. f<t'bptfnwGl.Jmfl.u1p (w) l, Gpw pGnLpwq~l'I! (F)· 

1 -'-l/,f'Jw'l/"f w'lf'"'p in<'1-uuwrnfr'1, 2-o<;"''l" (lf1Wl wp-rlwlJ11wllfr'11 3-rlliftnL11 /r l·• 
4-li lnLurn'1hp 

i/,wqninLJ.fbmpf! oqmwqnpJi/_nLJ t /unpf! i/_wqnLnW iwtfibtni L;wJwp 

(ltf[. 7 ~35 ) : U.zfuwmwfi/!p uqq_pn,fipf! L;pJfii/_wJ t qw'l_bpft fbpJwL;w'lnr 

'1wf[wftm£1Jwfi ,pnifinfuJ,;,f, if_pw, bpp ifintfinfui/_nLJ t 'G.fizniJ(!t i/,wqntniJ
'.!7.7 



rlhtnpf! U1UfW4Jw wlmfl I;, npp Jbp_ mbrfuu/_npi/__wt) I; "f[Wmpf.tps 4wJ f.tp• 

1fbtft9 (2) {w'lnf'lfW[Wf'f!' .fb.pJwqftJwqpntPJni.1tl! mw.pw9i/_ntJ I; {nuui'jj-. 
pni/_, '!l'P JMntfJJnL1if! "{btn.p I; JLw w1tlfm"1n/ut 

1.wJtnf.tp I;, np Jntn 0,1 JJ uf.t11/t4/t UJWf.t nf.tzJwf.t pp_b9Jwf.t 11bUf.pnuJ 

11w11..bpp p_bpJw{w'lnp11wlfw1tmP1ntfi1t u4untJ I; 1tzw1iw4wtft9 f(bp nil_ 
rn/._IUl/..h[t li1tzJw1t "7nppw9ntJni/__ q,n.ppwf.tnuJ ti; qw'l..fr p_bpJw{w'lnp;;,,_ 

u, 

'\,~ · 7-34. J?hpJ' wq~J'wqpnLpJwG J'~wgJ'wG 
uJubJ'wG;. 

f(wf.tntPJnL'i![!, {bmb.w"{bu {w'lnp-

1fU1[wpp9 11b"fp qw'l..fr p_bpJwmi/__nL

{ /JJnL1tf! i/_wmwf.tntJ f;, npf! {wfi-

q.b91tnl.J I; {w'lnpqw[wpft 11/tJw. 

qpn</Jiwf.t Jbt}w9Jw1tl!' 

. U.juUfpuni/__, i/_w4ntntJJbmpf! 

+ wzfuwtnnLJ I; t/_bpw"1nfuJwf.t {b

tn b.Jwl { wp_npqw·4w1intfJ 1wJ p' 

· P-+ i 0 -+ R.4bp.--+ I 1 U1Juft1t-

.[! f! f, J nttn .[! W J pf.t UJ '£ 'fUI f, l w f.tp 

(n1tzntJ) w11..11hgnt/JJw1t mw4 

i/__ w4ntmJJ bmpi:nJ q,nq,n fut/_ nuf 

I; nf.tznLJf!, npf! {wf.tq.b9-

1- tbpJw'lf.Jwf}pn•fl ;nt'b, 2-rhpJwuurf.G.w

"bwJpfi 4nJUfh'buwurnp, 3-"ln'lu/wur;w "fWlur

'll"'fin'l -:wJw4wpq, 4-4wJnw4f. '1f.Jw'1f"lt· 

fJ ;n<'b'bhp, 5-zuufiJw'b fuG'1tJ 

f.tntJ I; Jftp_wi/__wJpp p_bpJwuwp

nwf.tp "1n"1nfuJw1t, npp z1tnp{/t1. 

"1n"1n/ui/_mJ I; t/_bpw"1nfuftlft qft

Jw11pniP1ni1tl!' i/,bf1I.p1tftu "1n-

• .J 

"1n/untPJnL1if! {wf.tq.b91tntJ I; ll!'l

fJw1mJ {nuw1t.pft "1n"1nfuJw1tl!, 

npf! lw"11_ntJ I; wJ"fbpJbmpni/__, 

nftmb'l . P-t l"'"11-nrz n1tznul,1t I; 
tni/__Jwl p_bpJwumpnwf.tntJt R -I!' 

... , <[hp 

p_bpJ wqpJ Ullff'ntp JWf.t t/_ bpwq,n. 

't.q. 7-35. 'lw~nrnLJ'J'hmp (w) h Gpw 

pGDLpwq)tp(! (I')· 

1-w"lw4Jw w'bnfJ, 2.,.-tbpJw'lf.Jwf}pnL

fJJnL'b, 3-tbpJwqnLJ'1 
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fu/tlft qpJw11pntPJnL1t[!t 

lunpf! i/_w4mniJ 4wpb[p ·,t 
lw"1bt' l1P"1btni/__ p_bpJw11/iJw-

'lf'ntfJJwf.t p_bpJntfJJnLf.tf! (3) p_bp

J wqnLJ'fP Jfrp_n9ni/_, npf! mb'lwi/_np

i/__wq I; p_bpJw11ftJwqpntfJJw1t t/_pwt 

~bpJwl;tblfmp.wzwpd · ntdf! lui"1-

i/_ntJ I; Jfilft~nlmJbmpft Jftp_n-

9n1_1 Oq.mwq.npqi/_ntJ I; XK Jw41tft

ZP, so' Jf(J {wutnnLfJJwJp p_bpJ~
qn<Jl:/1 npf.t ntf.tp 7 O{J qftJw-

'lflntPJnt1i1 10-a JJ u1i11. u1w·1t n1tzJw1t 11bUf.pntJ wnwi/_blwifntJf.t /;L· z. 

nJ..,-fi {wi/_wuwp I; 10 Ji/,-ftt Lw'l:nPlf"'LWf'P mw.pw9Jw1t ':nuwf.t.pf! {w

i/_wuwp I; 100-140 JIJ.-pt 

7-ts. Lntt:uo.-sta\J 'lbro.c'J)nluta2\Jbr 
~ntuw1ft1i tf.bpw"1nfufrzp wzfuwmwf.t.pp u411..pnt1tpf! {pJf.tt/_wb I; LnLuw1ft1t 

l;1ihpq.fow1ft q,nq,n funtii I! /;[ hl1mpwzwpd nulft t IJ.1u if_ bpwq,n fuftt1ihpf! oq.

urwqnpqntJ bf, !pntnntnLU['f'bpntJ, lJnLpuJbtnpbpntJ /,_ !/mtniftlb[bf.tbpnLJt 

~/tf.tmJ bf.t lf/tu,w{w'lnl''lPl"'JPf, L. Jbmwrzwf(wf.tt 

l.tpuw{w'lnl''lPlWJ/if.t !pnmn11foJwqpntfJJnL1if! pp Jbp_ l!f,'l'fl'lfntJ I; p1t

!ppwf(wpJppft9 Jpf.tl/,_ nLLtnpwJwf.tntzwf(wq.ntJf.t nwnwq.wJ/Jf.tbpp Jpp_L. f!f.t-

4_wq U"fb4mnpf!t ll.ju i/__bpw"1nfuftt.f.tbpp '£'1-WJntf.tntfJJntf.tf! pf.t!ppwf(wpJpp hUJ

llW'IWJ/Jf.tbpp f.tf(wmJwJp m1tft q.npbf.twf(wf.t JU· 1tzw1twf(ntPJnt1t1 Ub,) 

u1tupwt}mJ . bf, q.tnbt 4w"fwpp untt!J>ftml!' tntJup nw11wq.w1/Jtbpp9 Jft1tlb. 

3,5 J4J, lfw"fwpp mbuntppqf!' Jfi1tlb. 3,8 Jf(J L. f(wpJpp untt!f>foml!' Jpf.t

J.h 0,9 Jf(Jt Ubmwrzwf(wf.t !pnmn11ftJwqpnt/JJnt1i1tbpft9 {pJ1twf(w1tntJ oq

wwqnpqntJ bf, ubtbf.tf!J npf! [WJf.t f[ppwnnLJ ntf.tp /;[bf[tnpW[nLUUJf.tf[wp• 

J.ntPJntf.tntJ 9wqp httnnLfJJutf.t i/_bpw"1nfupJ_f.tbp UfWUlf'UIUtnb[nL {wJwp 

(lpwf.tf.tbpntJ L. pubp~.puf.tbpntJ )1 
.. 

7-19. n-o.'l-tanu.11sta'l 'lbr1U.c'J)nJuta2\Jbr 

lJ.mnJw1/tfi l;f.tbpq.pwJ/t oq.mwq.npt}Jwf.t {bin qntq.[!1t/Jw9 np"fbu t[bpw

rjrn/ufil1ibl' uf[ub9ft1t. oq.tnwq.npt}bl f.twL. nwqftnwf[mpi/_ ftqntnn"{f.tbpf!' 

flp"fbu nwqftnwf(m/tt/_ i/_bpw"1nfuftl1ib/1 oq.mwq.npqntJ bf, w11t .pftJftw.:. 

IJwt mwppbf'!!• npnt.p [!1tqnt1iw4 b1i nw11ftnwlfmftif_ nw11w9w1pJwt1 

Opft1twf Caso, Csia7, Sr90, K40, U92, Pu94 Ii. wJLf.t' 1'1tl"lbu {w1m1tft f;, 

nwqftnwf(mfr.il_ }'lntnn"ff.tbl'l! dwJwf.twf(ft l!1tpw9pntJ tnpn{.if_mJ bf,' nw., 
nwq.w1/Jbtni/_ a, ~ L. y LP9/lwi/_npi/_wq Jwuf1/tf(1ihp1 npnf.t.p wnw1taft1t-wnw1t-:• 

.d.ijrL i/_bp9pwt} ntf.tbf, mwppbp_ {wm4ntfJJnt1i1tbpt U.Ju"lbu' y-nw11wq.w1P

'hbpf f!l.iqnttwf( b1i wi/_ btft fun pf! pwq,w1t9b[nL {wmf(ntfJJwJp, . oppf.ttuf 

Jbmwrzl.ibpft Jbp_ 1tpw1t.p f(wpnrz bf.t pwq,w1t9bL Jft1tlb. 180 uJ /unpnt

fl1wJp1 flowqpnwf(mpi/_ P'lnmn"l'i,,bpf! mwppbpi/_ntJ bf, ppwpp9 pf.tJ_"fbu 

b.wtU.Uq.w1fJJwf, Uni/_, WJ1i"lbu /;[ lf1w1t.p/1 mb.nrzn fJ1w1t dwJwf.twf(ni/_1 '1-pwf.ts 

o_q.mwq,npqnLJ bf, np"fbu i/__bpw"1nfuftl' {hmL.1wl {wm4ntfJJnt1t1ibpft z1tnp

-\.fti/_• 

1. ziwnwq.w1f/Jw1t "''IPJnLp[! ll'"'9nt9ftl uf.tJwf.t w'lpJn~pft f(wpp.[! 

iJi qq,mJ1 

2'. y Ii. x nwnwq.wJPfibpft pwq,w1t9btftntfJJw1i {wmlfmPJnL1tf! -0q.~ 

wwq,np.>-i/_ntJ I; {bpJbmpf( "1wlf qwt/_wtf.tbpntJ f.tJntfJp wnwfu!pf.t Jwubpft 

mhrzwzwpdntJ[! {uqb[nt.{wJwp t 
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186 
-m'b 1( !,G-/, '7'!} mJ}r 1Jmf eJ1u7·urm:, bu'JGm'Jutf 'Jml'f'JFmbmvmy. ptf ur7m 

-utfbmv 1 fmp'Jrt/:r ilplU7n:r urmpuurpm p1UJqbJml1mrm:r ifJml '111 

1( 98-" ·1t'J) il f'lUb 
-1uurn IJmfiJlUurrtm :r tfil'JmdbmurJm lqfJubmJtf ~ tf1qJm7 pubJm7mpm :r 

J!ntflnnf'fl 1il7tfG1uGmbqp1U ( f} 1 fmpGmtfp p1uiflq tfJu '('J1Fm 71 'ltfplm:, 

4JqlhuF11-J.7bFq'b '7t/BnJ 'JmpGm'Jutf) p·uJuurm74'b'Jtf IJmpfiFmbmvmy. (G) 

./ p1u7n:, il1J1ulfi1uptfn'J'{ut'Jt/ IJmptJlmbmvmp tlnuurubt/ plfur,,mutfbmv ( l} 

Jtm,,murnq:,Jm 'J'I p1ufJubmurbo J1uhJLm IJmptJFmbmvmy. nqlnJy 

. :il'Jmy.tfur 

-nm 1Jmp'Jm17 tfeJ1uFq 71 il'J1uFfi1u,,urm:, LuG'JmifimtJ. 'JmptJFmbmvmy. ptfur 

~,,mutjbmv pu1qfJubmurbo ,J'l11f JqJJmm 1Jmpf1Fmbmvmy. ptfur,,mut/b 

-mv 'J'I p1ufJ.,bmurbo ,,m'Jmpmp 1JmpG7Uvm,, ~JqifJmn urmpuutp'fi 

t'Jlfm 71 il'Jml' 

_.pJml tfeJ1uFfJ. 'U1JmFtJ1u,,m1JmnJuifimtJ1UF'J p1u71urq:, lqp tfJqnF1uJ 'il,,mn 

-qur tfJqbmb p1UluJu p1uJnJuurmblflm'Jmbmb . riJ,,mbJm7mr tfJ'1'J,,111L 

-q:r p1u-qrm7 riJ,,mJu G'Jmj'J p111,,n:, <il,,m1Jmif tfJq'Jlmmqb LupJbmurJm 

'IJ'I p1uplm:, puGultjp tfJq'J7tfnJui/rmJqp ptfur,,mutfbm.y tp~uJ'{'Jumpmbm'JJ 

fJmF fi1uurtjb 71 'JmFtJ1unqur'Jur 'Jm7mbJ]ruLup 'J'l'J1u p1uvmJtf7 'JFml if'JmJn 

~JNU.QJU'b1\S'b0 t1J.Q.l\tt1otU~1\Jlft1. 't'-tlSl\1lUtl1'1HJ 'OO-!. 

t,,mpuLunf 1Jmf1Jqb 

-U1'J'{V pm,, J'{'J,,tf'Jnmp l) 'J'/ f'lUfJubmurbo' f'lU'Jm,,m'Jf't/( tpulqfu7mJpv 

puJ'l'J'JuJur,,ql/ ilJqlJbmurqp J'Jmf '!'I p7UpGmurn ilJq'JtJFmbmvmF 

1p1uJ'l'J'Jmp:,mn tf-M gOl -lOl 1 p1upf1,urb 1JmtfbJ'l'Jl 'JtJFmur'Jmpif 

fJmpfiF'!'bmvmp 1JpmFtJ7UJm7Jq t/ift/lm pn 6-0l -g-Ol J 'J!'7UtJfnib 

-mvmy. 1Jm,,mnt/1JbmpmJurlf'll[ tlp1Ud£mlimum9 X pm~ 'Jmr'Jqliin'Jq-tJ 
t/ 'J-090:) ,ilJ1uFJLm 'Jm,,m'Jrt/:r 1JmptJFmbmvmy. A, Lup 

-fJubmurbo 7tjnfuifimJqp nqlnJu lqp 1JmFfi111nqur'Jur 'Jm,,mitJpuLu.p. 

til p1utJFmbmvmy. g Ju ]ru71f 'l'Jt/ 
4pu71f 1Jf1u'J [ p1u]r]rlm:, lqp tfJ'lff111F'J ilp1u'Jm17 ~mptJFmbmvmy. A. 

'( 
,.._., , --'"T 
, • ., •-Ol ·tt:6' l -· .'.J.· 

,JpmftJ1uJqJmJm:r 

lmf71mq:, Btf1J>ufeJ1uJm,,Jq tfiliflm Y, / fmpnfm,, IJmt/bJ'l'll t/ur'Jmpil A. 
1JpmFfi111Jm,,Jq ifi1'11m pn 6_oi c G 

~ p1ueJFmbmvmy. 'Jm7mnt/1Jbmpmifur7q1[ i/Ju 'p1ml£mlimum9 A 
18lftJ1uf'J Pt/ur~m JpmfeJ1uf4ur~m '/J1uft,, 6 71'l1Jt/!' Btf-til' l 71 Jpmffj 

-wJm,,Jq l'I' 9l-Ol '!'I p1umnmJurmln iJJ711fdLm 'Jmpf]Fmbmvmll 

08& 
t1_pn <ilGtf,,mfJub 1Jmpf1,ml7 ,'1,-ri 'pn 'il'J1uFtJ 

-1uurnm:, t/tJ111F1J ,'J-P 'il1J~uFtJ1~ptfn'J'{ut'Jt/ t/Jq'JtJFmbmvm.v. fmG'Jm .G1fd 
-lUF'J 'J-1 '/ 'J'P"Ffi1upt/n'J'{U1'Jt/ 'JmptJFmbmvmy. 'Im7m'JJb7n ,'J-01 LqurJ,; 

·'· 
'p-r1-<W 1=1 

,'Jt/if'JqJo lmF71urq:, [ p111p,,Jmfi'J'I ilp7U1Jm1,, i/7if'Inmp g 
1J'l'l'Jmp:,mn 'JFml IJmptifutfi 

~uifi t/TmtfbJq'J/ t/'J1u 71 Bt/tJ1uf1J ~ fmpnf m7 '~ JqJJmur 'JmJ/bJ'l'Jl t/,,1/'J 

.;nmp fmpJupmifG'11 g '/ ifnu:, t/Jn'JuJur,,ql[ ilJu 'p1u~Hmlimum~l g 
1]rulnuurubif 'Jmn/nmmmlnmpm:, pulq,,fmf 

'P"11f i/,,mvmpm7n 'J'I p7UurnmJ.mmln ilfJulmur:'[ tp1uiflnqit. 1/fm'/bJq'J/ 

}>:,11 g-1, ,!'i' 90'0 lqp '1-JV 7nif '81/-rn Ol p1uG1JmbmJqb '17 p7Uho 

il1J1ufd>uJmlfJq 1/ifbmp i/,,if'Jnmp n 1q>uftJ1u7urm:, LuqGm'Jui/. f'll' 

lhml t/'J1u 11 '1 IJifnu:r '1,,111lt/p t/1nu'/lq:, ilJu 'p1u-eHmlimum9 'P 

1Jq1Jl!ffmbmv 
-my. pifur,,mu41.tmv 1/,,mnqur ifqJq 'J'l'P" fJ1uftJ1uFub 'Gqpl'J nq"ln'l1Jil 

tpuitJ 1/J'l'J,,i/'Jnmp fmLq p1uif.(JmpJur7 1Jm,,m1Jfml 1/ifn,;:r fJi/FmfiFmh 

-mvmy. ? p111pluJu ilJu 'I ,pu'J1uftJwp1/nqqur'J'1 IJmptJFmbmvrn-p 'fr 

. .,,. -:il,,,m'Jmpmp 

1Jmp:,uJurmnif7 'J-l 'ilfmpbqmb Jl-W '1 'JfJ1uftJ1up'/ur,,m '!-:) LqurJu 

'::)lW st-01 '6'9=0 

1( p1uf1Fmbmvmy.;.A, ''fi:'/11 g'f '1/Jmur 
06!:l--'-g'{,0e~ p1u;.p l l Ji1'u:,uJ,;, otOl • t'E) ilq7uftJ1upqm7m 1/qbmu J1uifmr 

pmJb l 1 !'1U''JGmFm7J'l'I Bif'J'IJtJ ilJu '1 'Jt/J1uFq ilJupmifp qmftJ1u]rtfur7'fl 

1p1ui!GmtJ'Jil i/,,in'Jmpmp Jupmt/p 'Jmp:,uJur ptfur7muifbm11 1JpmFtJ1uJ 

-ub:, Q 'JmpfiTmbmvmy. IJil'JifnTm ''.) ,ilrmftJ1upt/ur7m t/J>ufJLYJ 'G 

t/ p1unm7mln punt/,, ilfi1uf1J pifur7mutfbmv lLuJpm 

JJq '1 q,,m'Jmrmp fJFm ilJu 'l ,JpmF fl1uJqJJmln qmp:,uJurmnif q '6 

t11uu;r e-Ol 'i=bJj l <bJ[ Zt-Ol '9'l='/t:'f l 

1JpmTfl1u,,urm:, 
'JmFtJ1ut/lqG'JmifimtJ 'JmptJFmbmvmy. [ p1upJbmtJ1u'Jd 71 ('fi:'[) puJqurlu}> 

-1JuJur,,ql[ / p111urFm:,murJ;,, ilJu '3 ,puTmifbJq'Jf 'lmrfiFmbmvmp "l 

•puJqJurqpmJmfu lmf71ur7:, 
'l'I p11jpJbmtJ111qJ ilJ1ufJLm GqmJ'J 71 ilp7UtJfmbmvmy. pifur,,muif,itm.y 

til'J1uff]1uurnm:r i/iffm'fourn'J 'Jm,,m'lmplmb 71 il'J1ufg1uJbmLmJ i/fi>UF'J 

'lup'tnubmurq:, f p1upluJu pufmt/bJq'J/ if Ju 'p1ufilmbmvmy. qm7mbJuJ7Jq 

IJ,'I nt/lmur i/J'l'JfiTmbmvmy. urlu,, n1/1q pfllmbmvmy. i/Jq-efiuTIJ, 'f 

tilJmpm:, ifpuurm 711JmTfl1uurnm:, J/mJifl t/tJ111f1J 

~ p1upluJu puGulif p 11mfiJ,7U,,~m$ 'l"'l''Jml,, t/,Jlf'Jdfmbmump ·e 



..t{_WJpfi fiJnLpntf_ l9t/_wt} (~) wfinPl! b'kpar{lqt/_nLJ J (1) 'G.w11wq.w1PJwfi W'l

.PJ"Lf'P wq11b9nLPJwfi[!t IJ.w11Jrnwqmpt/_ 'G.wnwq.UIJPJwfi wq11b9nLPJwfi mwJ.

f(wfut/_wt} fiJntP/r ( q.wqp) i:wmqnLPJnLfifihpp9, qtnpnfut/_nd I; q.wqw1Jrfi J-w
t/_winul Wll'f'l_W9wt} pnfifibpp .pwfrwq(!t 

~' 
"' t: ·ti\ .2 ,,,, 2 

w~ .. :: :':: ::J .. '. 
3~ .J;;·:x-. 

~IVl/t~ ~ UIV/7J?/iu •. 
. ·1, ftmv 11.lij_Gfiu · · 1 I 

!;lm¢n'l vmp
pjlu ftwv 
nf;t/;fr/J 

'),~. 7-36. U.~mntfwm fiu~nqnLl'JwG 
limJwqwpq, npw1q oqmwqnp~~nL.C l; 
nwqJ:inw~mJ:i•t 6wawqwJl'.CwG l'wtfiwG· 

9l:.1J:inLl'JWG fiwu1qnLl'JnLG11. 

4-nwqfanw
0

f[m/t1/_ -G.wnW'[WJfihlwfi W'f.pJnL(' J 

2- ~uf[n'f.llLfiJJwfi OPJbf[m, 3-faliqf1fiwurn(', 

4-n<dbqw9n<9f1l 

'),~. 7-37. U.~urn.Cwm fiu~nqnLf'JWG 
fiw.Cwqwpq, npu1hq oqu•\Uqnp~~nLJ l; 
n_wqJ:inwqmp~ 6wn.wqw11'JwG J:inGwg· 

Gnq fiwmqnLl'JnLG(' 

1'nfiw9fin'l i i:nuwfi.p[! .t;uqt/_niJ I; 11b1bnt/_ qwJ uw11.pnt/_, "Pl! Jpw9-

t/_wt} I; (3 )' nLJb'lw9nL9i_/rfi1 '* 
. U.1u· uqqpnLfi.pnt/_ qw11nL9t/_nLJ bf, q.wqp 'G.fizJwfi i_wppi_fibp[!t 9-wqfr 

'G.fizJwt JbtJ-w9Jwfi .t;bm JbtJ-wfinLJ I; fiwu pnfiw9fin'l i:nuwfi.p[!t UnLJfi 

&.urrr(_ qw11nL9t/_nLJ bf, fiwu q.wqp pw'lw11pnLP1wfi wfiw[pqwmnpfibp[!t U.t/_

mnJwmpqwJnLJ "l"JnLPJnLfi nLfibfi 11w11/rnwqmpt/_ pqnmnUftbpfi qppwnJwfi 
w Jl uqqpnLfi.pfi b(11 

.f.Jfifiwpqt/_ wt} .t;wJwqwpq.bpp Jpp_n9nt/_ qwmwpt/_ wtJ- .t; uqnLJ [! wfiJp

pwqwf.t I;, wn:wfi9 l(nfimwqmp i_wpt/_n'l op1bqmp .t;bm u 'tnfip t/tn.pp 

~fibp91,UqwfinLP JnLfit 

/1nfiw1/rfi tf_bpwpnfu/ri_fi'bpp9 I; Jbfuwfiwmpnfi[!, npp wzfuwmwfi.pe 

~pJfit/_wt} I; /;[bqmpnfiw1/rfi qwJ pnfi.w1/rfi [WJUfp Jbp_ mb'lwt/_npt/_wt} 

/;[bqmpn11fihpp mb'lwzwpd-JwJp WJU qwJ w1fi JbJuwfiJr4wqlflfi wq11b9nL,. 

fJ1wfi JwJwfi~q {fiq. 7,.38 ): lfbJuwfiwmpnfifibp[! "l.:impwumnLJ bf, Jbq 

qwJ qp4fiwqp J.hnt/_ mb'lwt/tnfut/_n'l wfin11nt/_, 9wfi9nt/_ qwJ /;[ qwfJn11nt/_1 

lfbt}- qppwnnLfJJnLfi n.Lfip bpql;[bqmpn11wfip Jbfuwfiwmpnfil!, npuibtz wfin

qw1/rfi i:nu"ffi.p[! pnpnfut/_nLJ I; .t;bmUJWL wpmwi:w_(mnL/JJwJp' 
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Q u21a 
I -k twP· ·~ U. 
.. i.- ' , a2 

npmbrz U .. i. -fi wfin11w1Jrfi [WpnLJfi I;, k-fi' q.nptJ-wqp9[!, np[! .t;w1_wuwp f 
2,3'4. 10-6, Q ~ .. p-l!' f(wPn11/r Jwqbpbu[! 1 a-fi' wfin11/r u qwpnq.fi Jpp_u 
b'ltut} mwpwtJ-nLPJnLfi[!t 

lfbJuwfiwmpnfifihpp J/rp_n9nt/_ qwpb[p I; i_wt/tbl wpwq.w9nLJfihp, Pi!P

Pi!nnLJ, 'G.fiznLJ u 11b!/mpJw9pw1 

'l.q. 7-38. lf1!uwGwmpnGJ:i u}uh.CwG. 

1-f[w{Jnq, 2-zwf'dwfiwli ~w('/J wfinq, 3-J.nq, 4-w"(wi[iw wnwJ.qwf[wfi ufatf/>nfi· 

U.1u JbtJ-nLPJnLfifihpp pnpnfunLfJJnLL[! i:w'l"f''fnLJ bf, wfin11/rfi k 

wnwp_wofinLJ fipw mb'lwzwpJ' oq.mwq.nptl:b[nt/_ JbJuwfipqwqwfi JbJppwfio. 
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Jftp_nif_ wL9'bntJ t if/rwJL -t:wLquurfr pn.pp . .t;nuwL.p, npf! U(WJJw'bw4_np-

4_wu t j3- /inLLbpft' 11h"lft lfwPn11 pLwqwL f[nL4_bq9frwJ1Jq1 
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fl'w'lwLpLbpft9 Jh4ft 4_pw G.L2JwL w'l.'1JUJ.L '1hU(.pntJ tth4urpntfturL 

u*untJ t .t;nuht Jft /us/rs J1nwe, WJuftL[!L, qwpn11fr zpp_wL bf, upuq4_nLJ 

.t;nuwb(lp 4PfrJ.Lbpf! 1 npnL.p 4wpn'1ft 4_pw 4_bpwqwLqLbtn4_ w4_btw9LntJ 
hL .t;nuwL.pe• 

u4. · 7-45, w-ntJ php4_ wu bf, 4_ hpwpnfufti./r ~nt111wJ"lbpw1ftL pLm

pwqpbpf! tth4urpnlfrurft 4wPn11w1ftL JqwL9.pn4_ .t;nubtnL urwppbp wpw

LfnLPJntLbbpfr '1-bU(.pntJ: lfwpn'l-ft 1..1.t.ft l.t. JqwL9.pntJ Lpw urbqwqnp1_htnt 

bqwLwqp .t;wJw"{Wurwufuw'b f!LurpmJnq qwphfp t uurw'bwl .t;nuwf1/!fo 

ntdp 1.t. tth4mpntfturft .t;nubtnt uw4_wtw1/rL wpwqntPJwL qwfu4_wuntPJwL 

1.nwpphp pLntJP ( L4. 7-45, p )• 
U.nwl..qwqwL pwqwLpLbpn4_ .pftJwurpnbwJ/rL 4_hpwpn/ufti.Lbpf! qw

phtft t oqurwqnpUbt pnpnfuwqwL G.LzntJLbp, wpwqw9ntJf.tbp l.t. PPPe· 

nn9Lhp i.wiftbtnL .t;wJwp1 'tipwL9 .t;ftJwL 4_pw qwpbtft f uurbqubl G.eL2-, 

Jwii 0,1 'ti/J2 'l.'IWJnLLntPJntL, 1 J ,4J ufiLntunfr'l- urwurwfmti!Lbp l.t. 10- 4 'ti 
mJ i.wiftnq uwp(lhp: 

'Zif[. 7-46-ntJ 9nt19 bL urp1_wu 

mLl[JnifiwJftL wqubthpn.Jburpft 

lf wnnt94_ wu.pf! l.t. pbntpwqftpf!· 

WJL pwqf[w9wu t llfrJwurpnLw

JfrL (1) 4_bpwpnfufttft91 npftL, Pw
qwLpLbpfi iftnfuwphL, wJpw94_ wu 

bL U(LuiuurJwuuwJb pwp.wf[ (2} 

:r /. 'ZDOiL___ 
D Z + j, n~?/vf z 

/ulfqn1_wqft Jft .pw'&ft qwfwpLbpi · '!,~. 7-46. U.G~1nLGw1rG wlfub1l.rn.rbmrr 

1.wJu,if[wpqf! wJpnqp_ntPJwJp lf!B- ~wn.nLg~w~l'P ( w) I. FGnLpw'J~l'l'· (F): 

4_wu t ttblfurpntfturn4_1 
U.Li[JnLbwJ/rL · wpwqw9JwL wnlfwJnLPJwL lfb"{[!ntJ .t;bqniJ{ft ftLhp

afrwJfr i:w24_ft'b wnwp_wbmJ t G.'b2Jwf, urwppbpntPJnt b , l.t. .t;wJw"lwurwu

fuwL .t;nuwL.p' i.wiftJw'b l'lPwJnLJ1 U.Jlf"lfruft 4_bpwpnfuftlfr . 'l.'IWJntbnL

PJnLbf! 2wur pn.pp t 0,001 nw,,_14_2, 

./JftJwurpnLwJftL 4_bpwpnfufti./r .t;wG.wfuwJftL Jftp_wlfwJ/!f! 4_bpl.t.p9 uw -t: 

ilwLwifwq4_wu t frnLLhpft 11ft!f>nt'l.fr.w1ft wp~qmp1wJp l.t. ulrlf_npwp wp i./i 

q.hpw11.w'b9ntJ Jft .pwLfi urwubJwf[ .t;bp9ft9, .t;wG.wfuwJfr'b Jftp_wlfwJ[!/i 

1.,bNftL uwi:JwLf! · uw-t:Jw'bwpwf[4_wu t fJwqwLfJLbpft f[n2urntfJJwJp l.t. 

lfwPn;,w.JfiL JqwL9.pft .t;fi'1P"'1frLwJfrf[ 11ftJw11pntPJnt'bn4_1 fl'wtzwLpLbpfr 

lfrn.pp qn2urntfJJwL l.t. .t;ft11pn'1-fiLwJfr4 Jbq 11/rJw,,_pntfJJw'b '1/;"l(l"LJ WJli 

lfw11.JntJ ~ 0,01-0,001 1.9: 

C/'nJnLPJnLL ntLbL 4_bpwpnfufri.Lhp, npn'b9 .t;wG.wfuwJfr'b Jftt.wqwJ/! fr 

4_bpl.t./i uw.t;Jw'bf! Lw1Lw91_wu t JfrLll.t. 100- 200 1.91 

./JfiJ wurpnLw1ftL 4_ bpwpnfufti.Lhpft 'l.'IWJntbntPJwL p_bpJwuurfrG.w 'b wJ/ib 

qnpuwqftse qw11.JntJ t +2,5 % °C 1 
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