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.\bpfo 2fo'i.i. Jwu'i.iwq.fom. nLuw'i.in'l'i.ibpfo .t;wJwp.- bp.t {n<JU 1 1984.-

366 tP.· 
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f!>/>'lf>ftwJbfuwLf>ftwftwL -':wmftn<f/JnLLLbf'I! • hpftw{JpbmnLb ftnLumpnLft9f>wLhpp .t:wz

i/_wpftJwL Jbfln'fLhpp .t;fJn,LpLhf'I!• hpftwflphmnLb ftnLumpnLft9f>wLhpp "'"'f'f'h{'p 

ftnLumpn<ftmwi/_npJwL l!f,'l.t;wLn<p u1w-':wL2Lhp{' "- -':wzqu,pftf! f!U"' uw-':.!wLwjpL 
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bpqw{Jpbmn'i.il! <fwJwuwqwqfo9 qw'-'{fomwl 2fouwpwpnL{JJw'i.i .\foJ'i.iw

ljw'i.i qn'i.iumpniq9fon'i.i 'i.iJnL{J'i.i t• 
XI .t;'i.iq.wJ1wqnLJ wpmw'fpt/_blnL b'i.i wt/_blfo .[!WU 900 Jlu J3 bpqw{Jpb

mn'i.ib qnuumpnLq9fow'i.ibpt Uwfuwmbut/_nLJ t .[!W'lW.[!W9pwqwU /,_ Wp'fJnl-

1iwpbpwqw1i 2b'i.i.[!bpntJ /,_ purfbfJbpwqwfJ qwnnL9t/_wq.[!UbpnLJ Ubp'fUb[ Unp, 

wp'fJnLuwt/_bm .\wt/_w.pnt/_fo, .\wqw.[!nt/_fo-JnunLfofJ L. JnunLfofJ bpqw{Jpbmn

.1ib qn'i.iumpnLq9fowubp' pwpJ..pwJnLp phmn'i.i'i.ibpfo L. wJpwuw1fou '-'ln'l'-'lwm

ubpfo [WJU qppwnJwJpt 

l/w'-'{pmwl 2fo'i.iwpwpn<{JJn<UnLJ wnwuJ..'i.iw.\wmnLq u2wuwqnL{JJntU t 
lllpt/_nLJ 'i.iw/uw[wpt/_wq bpqw{Jpbmn'i.ib qnuuinpniq9fowubpfo'i.i, npn'i.i.[! Jfo 

2wpj! wnwt/_b[n<fJJnL'i.i'i.ibpfo .\bin Jbqinbq {JnLJL b'i.i inwlfou '-'ln'l'-'lwmfo qq.wlfo 

m'i.iinbunLJt Uwfuwmbut/_nLJ t wnwp_pqwJnLJ t[ wt/_b[p qwinwpb[wq.np6'b[ 

'i.iw/uw[wpqwq qn'i.iuinpnLq9fow'i.ibpf! /,_ [!U'f[WJ'hbl 'i.ipw'i.i9 qfopwnn<fJJnLU[!I 

lfninwqw inwpfo'i.ibpniJ [WJ'i.i qfopwnnL/JJnL'i.i quinwuwu 200 .. .400 Jwp

qwJfo, 1400 ... 1700 qq./J3 6-wtf.wlwJfo'i.i qwuq.t/_w6-nt/_ pbmnuUbpfo9 '-'{Wm

pwumt/_n'l qpn'l qn'i.iumpniq9fowlibp[! 1 'fpw'i.int/_ fouq qq.wlfo i.wtfint/_ qt/in.[!

pw'i.iw qn'i.iuinpniq9fow'i.ibpfo qw'i.iq.t/_wq/! /,_ JfowdwJwuwq qqp'b.wint/_fo '-'{nq

'-'{wmfo 6-wfuuf!t IJ.J'l'-'1.Pufo qn'i.iuinpnLq9fow'i.ibpfo J2wqniJ[! L. 'i.ibp'fpnLJ[! 

2fo'i.iwpwpnL{JJnL'hnLJ .t:wmqw'-'{bu qwpunp t Lw1qwqw'i.i UUL-fo .t:wJwp, 

.np'i.i nL'i.ifo p'i.iwqw'i.i 6-wqninqbli l9w'i.i1ni{Jbpfo w'i.iu'-'{Wfl '-'l.w2wplibp L. q.{!in

Ll!t/_nLJ t uh1uJfoq 2f'f.W'i.inLJt 

121_w6- fu'i.i'ffop'i.ibpfo .\wp_n'l qwmwpJw'i.i .t:wtlwp qwpunp 'i.i2wuwqni

fJ1ni'i.i ni'i.ifo bpqw{Jpbmnlib qn'i.iuinpnLq9fow'i.ibpfo mbunLPJwli qwpq.w9n<J[! 

1L pwpJ..pnpwq fo'i.irlb'i.ibpwqwu qw'fpbpfo '-'{wmpwumniJ/!: 

'fwuwq.pp.[!f! q.pblfou t;bqfo'i.iwq{! w2fuwmbl t nwmJ'i.iwqw'i.i 6-pwq.pfo 

uwt;Jw'i.i'i.ibpnLJ wnwtfbl i.wtfint/. lnwwpwlibl t/_hpn.t:fo2Jwl .t:wp9bp[!t 

'1-wuwq.fop.pf! pwqqw9wq t 12 q.Lfufo9, npn'i.i9nLJ 2wpw'fpw6- bl, bp

qw{Jpbinn'i.ifo 'lfiJw'fpnL{J JnL'i.i[!, bpqw{Jpbinn'i.ib qnliumpnLq9fowlibpfo mwp-

pbp fo qn'i.iuinpnLqinwt/_npJwu l!'i.i'l.t:wunLp '-'lw.t:w'i.ip_'i.ihp[! /,_ .t:w2tf.wpq[!• '1-w

uwq.pj!niJ 2wpw'fpt/_wq LJnLf'l! wnwt/_bt '-'{Wpq_wpwubtnL 'i.i'-'{wmwqnt/_ pbp

qw6- bl, .t:w2t/_wpqJw'i.i Jfo 2wp.[! opfo'i.iwq'i.ibp, .t:wt/_btt/_w6-nLJ' .t:w2t/_wpqfo 

.-:wJwp w'i.i1:pw<fb2m 'i.inpJwmfrt/_ mt/_JJJJ[Ubpt 
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<f.Jilflwt;blflwcznlflwqwL w2fuwlflwLpLbpfi /., LwfuwqJJwL ni qwnni9-

JwL i/>npJ.fi wpr11niLpLbpfi <:JiJwL 1/pw JlwqqwJ bL 2JiLwpwpwqwL Lnp

JwLbp ni qwLnLLbp, npnLp wL[!L'lt;wlfl qwinwpb[wqnpJqniJ hL. 'f_wp

qw9qniJ t t;w2qwpqJwL uw <:JwLwJfiL qfiC.wqLb['fi JhfJn'll! ' Sbpu in fi 

2wpw'fpniJ[! /., t;w2qwpqLb['[! qwinwpqw.J hL 2JiLwf'wpwqwL qnpJnrz Ln['

JwLbpfi /., qwLnLLbpfi Ufwt;wL2LbpfiL t:wJwUfwinwu/uwL: 

IJ.wuwqfif'l!l! qwq_t!if_w.J t ccU!''IJniLwph['wqwL Ii. .pwrzw~w9fiwqwL 

2JiLwpwpni/JJntL1J JwuLwqfiinnt/JJwL "llinwqwL JpwqpfiL t;wJw"lwmwu

fuwL: 

lfh.fJn'lwqwL wnnitfr1t[ 'lwuwq.f['/![' 2W['U/'1f'qw.J t blLhlnq bpl:.wLJi 

I/, lfwppufi wLqwL "lnlfiinhfuLJiqwqwL JiLuinfiinnunnttf lpqwp inw

P Ji Lb[' (( b [' qw {J p h :n n L l 11 11 Lu1n p n i lj9 Ji w f, hp>J w nw p lj w J Ji 'lw 11w1[wL71! wL 

i/>npJ.f9 : uw/uwlwf'qw.J ljnLuinpntq9fiwLbpfi 'lfit!w7pnt/JJnif1l! l:. <wztf_wp -

4l! [!ULn uw <:JwLwJfiL qfC.wqLhpfi wnw2JiL fuJpfi <:/1Jf1wqwLnLJ 2wp w

'1{'qw,J t uni/_ npw qwfr hp ljw fJ phlilnLb qnLuinpndwfiwLhpf 9 u111w ud. /1L, Jiulj 

t;blflwqw 'fl"'JirLhpniJ, f!Ulll uwt;JwLw1/1L qfi£ wljLhpfi hpljpnp'f firJpfa <:w2-

1[wpljblf1u' J/1w111Lrz1 UJnt{J/1 WJ'l"lfiufa 2wpU1'fpniJ[! t;hrlf1Lwq[! ::wuwpniJ 

t 1nipw9JwL <:wt!wp wnwqb[ 1.lWlfll_hLfn 

l w J hp hL lb qi/_ n q ((b p l1w {J p hlfl n L h lj nL u lIIP n ilj !J fa wLb p >J 'lw u w qfap /!{! 

:;{'WlflwpwqqntJ t wnw2faL wLqwJ Ii. pw9wnqwJ ;t {Jbpnt/JJniLLhpf w n

qwJnLfJJn<L[!, nwmfi t;brzftLwq[! 2Lnp<:wl1wL11 t fJJwJp q[!L'lniLft pn[np '1P

urnrznifJJnd1Lbp[! /, <:w2qft qwnL/1 t;hlflwqw t;pwinwpwqnifJ1niLniJ1 

lhrzfiLwql! fip funpftL 2Ln,,::wljwlnifJJntLL t t;w1inLniJ lflh/u . qftlfl. 

'In qlflrtp , "I pn!p. tJ.. tJ. . </>f LwvwL f L, U7h Ju. qf :n. 'In l1innp I/. U. 4 wr1w -

U[h U7 JwL fiL, lflb/u. qfilfl . {JlqLw.JniLbp, '1n9bLinLbf'fS· IJ, . <fnpnjwLftL ,, 

ffe'. <J.. lfwpqw[ljl11Lfi'ii, fl·. U. UqblflfuJwLftL, t. /,. lfwLntljjwLffr Ii 

U. u. /JbpfLJwLJiL' 'ff'lifi J.hnwqf{'[! ni2w'1f P frwJllnL Ii U1pdhpwqnp /u11p

t;ntp'fLbpft <:wt!wp1 

bpqw{JpbinnLl! l1nL umpniq9ftnL 2fiLwL1ni{J L np[! pwrzl1wswJ t '>w

uwmbrz w2fuwuinrz, lllW[lpbr Jbfa1wf1JiqwqwL <:w:nqnifJJniLLbpni/_ od:nif_w<J 

/;p4ni L1nifJLr1ft9' pbinnLft9 /, Ufn'lUfwmfs : 

PblllnL[! Lwi/_ t 'lfJw'l{'niJ ubrzJt!wL l:. qw 111 ' J. qJwL : 

(; f Lw pwpwqwL qnLu:npn ilj9ft wLhpfi m wppbp Ji Jb.JwJ wuLni{J JntLniJ 

Jj:wdwJwLwq wnw2 hL qwlfu J.qn'l /, ubrzt!n'l [WpniJLbp ( Lq. 1 ) : f>Li.

u1lu qlp[! Llif_w.J, WJLU[bu tL Jfiw1L d.q.JwL wzfu111mnrz L11Luppbpfa <:wJw p 

'ln t lll pb:nnL/1 qf.J1wnnifJJ11LL[! p nl'1pn i[fL wLLUfwlllwqwt;wpJwp t, pwLJi 

"P LpwL9 qpnrzntLwqnt{J jnLL[! quwt;JwLw1f.w ljqft pburnLfr J.qJwL s w Jp 

7ft!w'1{'nt{Jjwtlp 1 fuq phlllnLft ubrzJJwL pwpJ.p 'lfJw'lpntfJJntL[! qt!uw 
w Lo 'fill w qnpJb LP: 

'l/111111///;f'l! Jfiwb'f111J,,,l'l, 1pn/11-

,,,,,,f f; , bl'/' p lwnhb """/'/'/' 

,\r11/11u} lflllllllL,f 111l'f.llllffll/111J' bb 

"I "'I. "I,,, 111 l il.n'l bp' ,,,,r /'"'"' : lJ. l,, 
11/,.,'f.J""J "'".'J/111h111l ~LrUfm/ I; 

'"flll"''l"l'J,/111.f frfli p/,,,,,,'l,/1 

"'"1'r,r "'"' P"' ril.r •1/1J ""ll'"'--
/rl t,,, "'l! 1, I" b · "I '"I "I"'"' fi a'l.r ,,,5, 

"' b "'''"' !" l"'"' I!' 
U. l" Uf P'""/• L pl/'" /d pL lll11h ft 

/;111 /dJ"'h[! ~'" lw51111J I; h[1w51111J , 

"!' "'f''l/,'"51u11/b111 ~/'f'Ujnif. 1 ~UJ -

'tr~. l. .:J,~m Gj1 u1zjuwm1u f, f p "iu bifw G. 

w- p Lmu'uL, r- bpl;w;'1pL mn 'u b 

1f111111h'l '"/lllUJl/11/H)qmJ I; /, pb111nh[! /, ''f '"lUf'""'!!' t:. wJw1'fWlll U111/11U1-

hwI''"!' '""'/'/'/' 11J,,1,r,/u1J k. a114,,,,} 'f""'r"'"r"'1f : 

"' 1" l"f UIU1 [i 1wi/_ t wzfr1unnnul n1 Jfi w 1f1 d7JwL, WJI f1U1U uhrzJJwL. 

L4winft ntLb f;wlni/_ W j'f t;w f1qwtfwLn1 t;w-Awfu wJpwL t L'l b rzw'l{'qntJ 

Lwlt. lllWf'PP ub rzt!if_w.J qnlllniJ' Lpw 'lft!wr1pniPJn t L[! JbJw9LhlnL LUf1U

UJw4nq1 
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flburnbfr £. UJ.n'l~wurb wJpwbfr {wJwurb'l wzfuwurwbpf! UJWJJwbw-

4_np'i.w,} f WJ'l bJmpbpfr !pfr'lfrltwJbfuwbMwltwfl {burb.JWL {wurltn1.P1n1.b-

Lhpfr 'ln1.11wlt9n1.P1wJp. 

1. flhurnbf! UJ.b'lwuwln'i. wtln1.p ltbpUJn'i. zw'LltwUJ'i.n1.J t wtlpwbfr {hur 

h. bpltwPphurnbb urwppbpn1.J pbnu'i.w,}pfr W'l.'1bsn1.P1wu urwlt WJ'l hpltm 
L1n1.pbpf! {wJwurb'l bfl '1b!pnpJw9frw1fr bupwplt'i.n1.J1 

2. Pburnufr £. UJn'lU/.wurfr 11,}w1fru-p_hpJw1fru '1b!pnpJw9frw1fr 11np,}w

'ifrsHpfr JUnr.P 1nif1Uhpf! JfrJ 1wu9 Jnur bfl (a ,.t = 0,00001 ••• 

.••• O,OOOOO'l wuur-1, a "'t = 0,000012 wuur - 1), npfr {burb.wupn'i. fL p_bp

Jwuurfr'Awufr .Jrn.Jrnfun1.P1n1.Uf!1 -50 °C-fr9 Jfrfitb. +50 °C, bpltwPphurn

f1n1.J 'l'lwlfr ult'l.pbwltwu Lwpn1.Jubp wnwp_ lfr pbpn1.J1 

3. lufrur pburnbf! UJW{UJWUn1.J f wJpwUf! ~nnn'IJrw1fr9, fruit {p'lh{

llhpfr '1bUJpn1.J' ltpwltfr wuJfrp_wltwu W'l.'1h9n1.P1n1.ufr91 

2. trrt'"tJnt.t•fd', ~U.'lU.~O'lJl b'l :.U.'lU.~O'lJl
trO'bnt.Jlfit' bflllU.fd'~bSO'b 

bpltwppburnbb ltnuuurpn1.lt9frwflbpf! f!Uur U/.wurpwuurtlwb b'lwflwltfr 

Lfrbn1.J bu' Jnunlfrp, {w'i.wpn'i.fr £. {w'i.wpn'i.fr-Jnflnlfrilt 

l:/nuuurpn1.lt9frwubpfr · U/.wurpwuurJwu b'lwflwltfr f!Uurpn1.P1n1.bf! ltw

urwp'i.n1.J t blthlnif. pw'l.JwPfr'i. 11np,}nflubpfi9' upUJu9 urfrUJfrs £. uzwflw

ltna.p1n1.ufrs, urb'lwltwu UJWJJWUUbpfr91 wzfuwurwJ.rpubpfr ltwurwpJwb 

JwJltburfr91 uruurbuwltwu J.rltwurwnn1.Jubpfr9 £. WJ[Ut 

UnunlfrP bpltwPpburnb(! frpw11np,}'i.n1.J t zfrbwpwpn1.P1wfl 'l.w1pn1.J. 

Un'i.npwpwp uwfu UJWU1f'WUur'i.n1.J t pw1urb ltw'LWUJW{'WJW,}(!1 WJ1rna.

{bur£. urb'lw'1l''i.n1.J f wJpwut! £. ltwurwp'l.n1.J pburnuw9n1.J1 

UnuntfrP hl'ltwPpburnUf! ltfrl'wn'i.na.J t zfruwpwpn1.P1w~ pnlnl' plrw

ipu'i.wnbbpn1.J1 UnlrnLfrP b'lwlrwltn'i. ltwpblfr f frpw11np,}bl 9w1rltw9w,} 

ltwnn1.9'i.w,}p1 uwltw11r JnlrnlfrP bpltwfJphurnbf! lrUJwurwltw{wpJwp f w11r 
ltwnn1.9'i.w,}p1rbpn1.J1 npnu9 'lcl'i.wp f pwclwubl wnw'bJ.frb JfrwurfrUJ urwp-

pbpfr, opfruwf pwf''l J.£.fr ,}w,}ltbp, funznp {frJpbp, 'lwuw'l.wb {/r'll'n

urbfuJJfrltwltwu ltwnn1.9'i.w,}pubp1 £. WJUUJ.frufr ltwnn1.9'i.w,}pubpnr.J, npnb9 

4..Jrw 11np,}n1.J bu 'lfruwJfrlt pbnu'i.w,}pflbp, ,}wup uwppw'i.npn1.Jflbp £. WJ[UI 

UnbnLfrP bpltwPpburnbf! UUJwurwltw{wpJwp t uwb. WJbUJfrufr ltw-

11111.g'i.w,}pflbpfr {wJwp, _npnu9 frpw11np,}Jwu JwJwuwlt ltwphlfr f wpw9 

lz. {wpJwpw'l.bur ltbpUJn'i. ltfrpwnbl uw{n'l ltwJ urb'lw.Jrnfu'i.n'l ltw'lw
"lwl'wJw,}, opfruwf ufrlnuubp, 11np,}wpwuw1fru ,}fuflhln'-J'lubp, pwrwltw

"lwur urwpw,}wltwfl ,}w,}lthr £. WJ[b' 

s 

UnunlfrP bpltwPpburnufr Phf"l'.1.P1nr.ut! upw wzfuwurwurwpnr.fl1n1.u1r t 
£. wuurwnwu1n1.Pfr Jb,} ,}wfuut! ltw'lWUJWf'WJw,}fr £. WJU UJW{n'l_ .Jrw1urw

Jw,}fr {wJwp1 Ywltw1u JnunLfrP bpltwPpburnub ltwnnr.9'i.w,}pUbpfr ltw-

urwpJwu wzfuwurwupubpfr fru'1nLUIJ1{'W9n1.Jf! fwUJbU u'l.w'l.b9un1.J t WJ'I 

fJbpn1.P1n1.uUbpf! £. frp_b9bn1.J ltwnnr.9'i.w,}pfr wpclbpf!t · 

1.wqwpni/jr hplfwfJpburnub lfnuumpn1.lf9frwuhpf! Jnumwclqn1.J bu 11np

,}wpwuubpn1.J U/.wurpwuur'l.w,} wnw'bJ.fru urwppbpfr91 1.w'l.wpn'i.fr ltnuu

mpn1.lt9frwUbpfr lts'l.wupUhpf! frpw11np,}'i.n1.J hfl mwppbpfr9 '1n1.pu Pn'lu'i.w,} 

wJpwuuhpfr bnwlt9JwJp1 urwpphpn1.J urb'lw'll''i.w,} U/."'lU/.wurb Jwubpfr 

bnwlt9JwJp £. ltwpwuUbpn1.J urb'lw'll''i.n'l JnbnLfrP pburnufr Jfrt.n9n'i.1 

1.w'l.wpn'i.fr bpltwPpbmnufr ltfrpwnJwu ¥"1pn1.J zfrflwpwpna.p1wL 

qw1pn1.J {wJwpJw fib 'l.bpwlm1.J bu ltw'lwUJwpwJw,}w1fru1 wJpwuw1fru £. 
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1.w'l.wpn'i.fr-JnunlfrfJ bpltwfJpburnbh ltnuuurpn1.lf9frwUbl'I! { w'l.wpn'i.fr 
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--f>mpJm1mn/m'J 'fmp7u,, n'flnnfm '1 ['"1UIJmJ9p illJ-,uFffiuJuJ bFm i/1Juur7J 

-flm'rJ'I 1Jm'rmJupun 1il11mpfJubm:,ml 1mpJu'J ijfmt/G'r-,uJurn'Ju'1 p1uJmb 

-11mn/ '1'17 Ju ''J'I J;futJi IJm;J'Jfm p1UJ9;Jln9lt uiml iJJ'l'J;JfmpGmJ ijJ7;Jmy. 

.ltfm 1Jfm'rmn '1 'Jhl' GijJ'l'JlJ-,ufeJ1UJ9fi 'Jm'rm'Jpi/:, i/1Juui9aeJm'rJ'I 1Jm'1 

•mJupun il1J1UfeJ1Ufm'1um G11uJu •J9ilmy. nij1mb 'J'I lmum ['"1UIJUUt'fJ "luuiub 

~mpbf ijJ9'Jmi/8'1-,uJuin'Ju'r '1mui ljJ7'J;Jfmp'Jv'IJ 'JmpfJubm:,m2 ( 9 

1 pwJ'l'J'Jm I' 
-Fmln 11i/F mu'll''f i1J9'J;J'Jmuimn/lm 'J'I ['"1UIJmJmpplt 'eJwf 'Jmumui'Jm J pmF eJ 

-lU'rmlJmif f'll' 1 ['1Upnn/mf ['1U;Jln7lt i/1Juui9atJm'1J'I fiij1u'JUJl ( !: 

''JlUf eJ-,uL 
-u'rn:, 'Jm'rm'rl/'Jn/'lui ,,..,uuim:, 71 pw 11m'rmJup'JmJ 1mf'rmJu 1 p-,ul'Jm:, 

-min 71 1. ltJm;:/ JmJmuimp9pm:, ilp-,uGm'Jm'1mJlj i/11,uurqJeJm'1Jq (t 
''11Fm 71 p1UFmijG'rwJuin'Ju'r J'l'J'J"luFeJwn/utJiutJi 17Jmuim'r •J7;JG1Jm 

1qGm;:/ 'illJ1UfeJ-,uJupmnmlt 71 il'rm'Jm;J i/'JmJpm 1qb1Uuin 1 Jmpplt 'um 

-q:, Gw1m'Jmlt'Jln t/'JUUt'I;:/ 'f'"1UJ'l'Jml/G'r1UJuin1u'1 'llJUUt'laef m'rJq ( e 
''J1ufeJ1U'1uim:, 7ijn-,u'r'lf'mpJ7l pm1 'J'f'J'U 

lflJuJu 'p-,uifln7lt ijJ'l'J'JUUt'I;:/ puJ9eJ1uf1JmG1 'J'1'1mu'1mf 1 p1u'JmJ9p il'J1uFfi 

-wJqtJ fmplrJ, 1i111,1UfeJ-,u'Jm'rmltJuLm:,mpJql f'll' JmJmurmp9pm7 ( e' 

1p1Uilln9lt 'J"'l'vmJij'r ijJ'l'J'JUUt'f;:/ puJuJ1uf'J 

-mG1 lJ'l'rmu'rmf p-,upGmuin 1 J;futJi 119Juij1mbb ilfmpb'Jmb 'J"''1mtJi7n 

. .JFmijG'r1uJuin'Juq tilfmpb1Jmb 1Jm'rmtJi9n f'll' ijFmt/G'r-,uJuin'JUq ( l 

''J'I 'JJ'l'J'J"lufeJ-,uJuJ '1'Juui7Jfim'1Jq 

t1 'r'1'J'ft/bl/:, iJ'JUUt'/JeJm'rJq ( 8 

1J9'J 
-l'Jm:,mln 1Fm 71 'Jm'1mijbu1u'Jn/'lui ''Jm'1mui11lnmJmuiJmy. 'pi/U1'1-,uJuin'Ju'1 

'/ru111JmJmpmJ ,71'f fmGm'1'JmG 1mur 1 t/111Jm'r 'Ji/'Juui7aeJm'1Jq ( !, 

''J 'I 
J;futJi ilJpn/mf IJmpfJubm :,ml tfJ'l'Jmi/G'11uJurn'Ju'r 'l'JUUt'faeJm'1Jq ( 9 

tuimlnLuln 'Ji/fm'JmJpm 1U UtlJ'll''IG Lupn/utJimL7ur JpmFeJ1u1J1 

-lq:, 
1
bmpm 71 y.t/lnu'1 1'"''1 y.ijn/ LuGmnijlt'jm:, J7eJ1uf'J 1Jm'1mL7ui fmp 

-fmJmui 1Jfm1 ;J'IJ1u'J'll'm 'J'I p-,upumJi/'1 Jmpm:, i/'JUU1'f;:/eJm'1Jq ( !: 

''J'I IJ1Ufm'1mpnfqn ilJ91Jmt/G'1-,uJurn'Ju'1 fmpuinmJuimln Gt/'JmJ'J 

Ju '1 'JFm 11 '1'1'11' GijJ'l'J'J"1ufeJ-,u111pmum Ju71Jm'r i/1Juui7Jefm'1Jq ( f 
1puJ 

-111JUt'J'll''IG 'Jmn/nmuimlnmpm:, 1 fmpuinmJuimln il'Juui7J 'leJ'I 'q'1Jm:,t/ 

•i111,mfeJ1ufJubJ'l'I t/JuJwF'J '1"''1ml/pijif ;JJml '11' 71 n71n71Jtf ''Jl/J'l'J'J'uFff 

-wGqltbm 'Ji/FmuiJu1u'Jfil' 71 ijJl 1 pwJltmpt/lt pm1 il'Juur7Jfim'1Jq 

· ''Ji/J'l'J;Jfmp'Ju'IJ 

'itff'm'Ji/lt ,'/el 7J 'rt/uimuin ,'/el 1 f'lUJltmpijlt pm1 iJ'JUUt'/Jdm'1Jq ( £ 
t1 p-,uy.m 'rni/'JflUIJ 1Fm 'p-,ubmp'J ij7 p-,u;JGmeJ'Jil i/'1m'Jml' 

-mp illJ1UfeJ-,uJpm t/'Juuiq;:/ inuJu uinil •ijFmtfbuuu'1 p1Up'rJmf!l'J'I ijl p-,uJ 
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-11lJ'J"'l'Fmln 'JmpfJubm:,ml 1mpJu11 •i111uui11J ,il;J'Ji/ 'rni/ 
1
Gijfmijbuuu'r 

1 f'lUlJmln:,mlr 'i111mJpm pu111'1mtJimUl ~illJUUt'/J Ju 'pu'JmJ11 ~ Jf7upJur 

-mGmJ Jf7UlJm'1m11pi/:, illJ1UfeJwG11'rmJm~J'I i/11uui11JeJm'rJq t'r~lJmpmp 

Jm'1J'I luJu11m 111Fmvmf lJ'I LuJm'r p-,u;Jlnqlt 'J"'l'fJubm:,ml uilijy. ilJq'J 

-mt/G'rlUJuinqu'r 'l'Juui7Jf1m'rJq t1 Gmf'rmJm'rJ'I i11Juui11Jef m'1Jq ( z 
1J111Jilfmpnm1Jp ijfiF-,u'JJ 1Ji/Fmfi-,u71J11'rmp 

11fmijp 'J'I f'lUlJnlUtn 1Fm 'f'1Upfm;Jfm;J lJ'/7 ilJ11'Jmi/G'rwJuin11u'r 911uui9J 

-fim'rJ'I pw;Jlnqlt ijJ'l'J:,11ltJ:, 'JmFfiw]rt/n119ui'Ji/ 'Ji/lijp Lu71ui pmp i/11m;J t/p 

mlnm 'puuiJql 7ij1Jmln:,mln q11uui9J 'J"'Ffl1Uuinm:, uilqpmJ:,'Jm J'7UlJij1 ~ 

fmp'rf"'f il'JmJpm JJ'I Ju 
1
111pui 11'1 GfwG ilJ'llJIJ7UTfi1UJijnm11pwn1U 

tGt/pwGmilmur bmJm illJmJpm Lup'Juib lqp Ji/ ~ ['1UlJmln:,mln '7ijltJuLm:, 

-mpJql uimp pu11111i/1 'il'Juui9J Ju 'pu11mJ11 1 p-,upluJu'JJ iJ'J-,uFfi-,u'J"lufm'r 

-mJ:, mJI),, t1 11'1'11' Gt/J9fiwF11 lJ1Ufm'rmJ:, 1qpmum i111uui11Jfim'rJq ( l 

''IJ'I lJJ'l'JlJlUf fiw19]rmum 'J"''r"'lJl't/:, i/11uui9Jfim'rJq 

tUt'{~ t/uifmtJi 71 i/'Juui9J 't/Jm;J 't/uimlnLuln ,i/J11f1wF11m1Jtjl 11ui/G'r-,uJuin11u'r 

n1uFp fmuimp9pm:, Jlf'JlJ"1uFfi1U1'1pmum ;JJml i/l' t/lJlU i11Juui9Jfim'rJq 

;JJQ.ll..ll..'1Ul~-4!NUJQ.-ef 

)lq ;JJQ.ll..ll..'1US-4!NUl.!1.1''R-lJ'O tlll..USQ.tl-eJ'RtiJQ. •9 

1111Fm 71 ['1UIJ"1uffiwJmJm'Jijl 11i/FmuiJulnn'JmJur 

'11m'rm'rt/11n/9uiuJltt/:, 'p-,uJ'l;JIJ'll 11m'rmJ11Jm1J1UfltJm Luuimn/lm 'rmm t/J'l'J 

-ilfmp'Ju'IJ f'll' 71 'rt/rm'Jt/lt 'f'"1UIJ1UfrJ-,uJmJm'Jt/l LupJmuim'r p-,uJ'llJlJml 

-Jill 'rt/pnfqn ,'rm11t/Jo '1/pmpmnih i/'Juur9Jfim'rJ9 i/Pu;Jmpm:, 'rni/'Jf"lU'J 

1
G11mJ11 1mui 1 iluiqln il1J1uFfi1UlJlmvm p-,uJ11;Jln11lt ;JJml i/r 71 ''J'I ui11pm'J 

-1UFltJm ilJ91Jmi/G'1wJuin'Ju '1 fil/1u11u p-i17'u;Jm pm:, pt/ 'JF mlJ'lf'mlUlJF YI 
1Jmur 

-murmn/lm 71 11'1 1mt/Juinwlt'Jt/ 7t/;J ;J'JmJ'J '~ f'"1U'JmJmpplt putJim7 luJu 

ilplUJmmm'r t/JqlJillJmuimn/lm pwJ'l'J'J"'l'Fmln 'Jt/Fmuqp'f Ju '11fm 1qJ 

-mpm:, ~ ;Juiqln lJ1UTfi1UJ'lfi nqlnJy ''J1Fm 71 ilnn/mf t/uimlnLuln LupumJ 

-i/'r Jmpm:, ijJ7'J;JlJmJtG'1 ~ ['1Upuimy.J'1 putJim7 lj1mbb ''I-,uffi-,u1-,uvmi/p 

ijilfmpG-,uum'r 1 f'lUpGmiqn Ju 'f'lU'JmJ'J 'J'I ['"1U'Jmf m'r ilJ'l'JlJ"1Uf fi-,u1qp 

-mum GIJmJ'J ,fmuimpqpm:, uiq:, t/'JuurqJfim'rJ'I i/7'uifmpm7 ''J1Fm 71 ['"lull 

-mJuimult'Ji/ JvJmJ t/17pm •p-,uuimy.J'1 ijmq'rpmp 'JmpJmmm'r 'Jf7un9ui11ur 

ijfi-,uF'Jmumur'Jm 1 f'lUpGmuin Ju '1 IJfm Jpmpmm'rlJ ijfiij1u'JU[' illJ-,uFfl 

-w1q pmum ijJ'l'Jmi/G'11UJuin IJU'r 'l'luui11Jfim'rJ9 d ij1 UIJU p-i/7'uifmpm7 
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l•nr finLu"'r"•ii9fo ... LLr bLo '1-r,..Lp wnwtftL "'L'lwJ zfoLwrwp!'•fl 1wL Jht 

Ju•••~ bL 'l"r6L1 w1'91"'1 'l"'l'P 6p4i<•P'I ~hufo£, 

1850 p, '/>rwLu/ow11fo (w.!r~!J "l"'"'pwu.onht t llun[wq, iwl'"'J/tL 9wfi .. 

lit' bpqn, ltn1JLp fog U/"l"' 61n•[ 9LJL&.,wzuuiwfv•4.• (J.J'I Lwqwfie 9•09w• 

?rt/.L1 f I&SS p. fiwp/ui} '"'""'t/u'"l''"'JP" !1"'9"''{wt.,;.H,J, 1881 fJ· 
~pmLuf>wsr 1lu,wLbf, '"""'t"'r'ih1 t 6wdlthrfo /, fJ"''l.6rfo Jin&a.,,pnq9/•"'· 

Up, nr,,,Jtq '. bwf'"""'~'"["' i tr pb1nn&fo . "' bpfi.,flfo <wJwiniq wz1"w• 

IS 



urw'bpf!t ll.1'1 rlwJw'bwlt'bhpnLJ 'bJw'b wn.wtwplt'hhp h'b wpi/_hl IJ.'b11Lfrw
JnLJ, IJ.Jhpfrltw1mJ IL WJLnL{'t 

flw19, i_'bw1wd- WJ'1 pnlnpfr'b, hpltwp JwJw'bwlt hpltwfJphUJn'bfr .t)WJU1-
'bwqnpd-n'll! .t)wJwpi/_nLJ l;p !f>pw'bufrw9fr w1qhqnpd- lfn'bh'b, npf! 1867 fl~ 

wn.wtfr'b wpUJn'bwqfrp'b I; i/_bp9pbl hpltwfJpbU1n'bb d-w'l'twJw'b'bbp U(Wurpwu

UJblnL .t)wJwpt lfn'bbfr wnwtwl''ti! f!UU1 l;nLjJ;w'b 'bnLJ'h'b I; h'lbl, fr'bi_ !'[" 

(wJpnfr'bf!, WJufrLp'b' d-w'l'twJw'b'bbpf! U(WU1pWuU1bl b'b [Wf'WJ/rb ow'ilsf! 
hpltnL ltn'lJfr9 9bJhLUJwzw'lwfuni/_ U(WU1h[ni/_t 

lfnLbfr wn.w1fr'b wpUJn'bwqpfrL .t)wtn!''lbl b'b JJnLu'hbp[!' nb'l_bpi/_f1LWp

bbp, fun'lni/_w't'bhp, UW[bp, flw'lhl' U(WU1pwuurblnL .t)wJwp, pw19 WJ11 

wJhLI! If n'bb'b ltwU1wpbl I; bl'bblni/_ ,Pnpd.fr9, wn.w'b9 f!Jpnlih[nL frp ~n'bu
urpm't9Jrw'bbpfr wz/uwUJw'iJpfr pbnLJfJf!t 

1950 fl. 3'pw'bufrw1nLJ .t)w'b'1fruwi/_np lthpU(ni/_ 'bzif_h9 hpltwflpbUJn'bfr 
.t)WJU1'bwqnpd-Jw'iJ 100-wJJwltf!i '1f'W'iJni/_ fruit wn.wtfinLfJJnL'iJf! U1pi/_b9 (wJ
pnJfr'bt 

1880-wltwL fJi/_w'tw'b'bhpfrL lfn'bbfr wpUJn'bwqpbpf! qftnLJ b'b qhp

Jw'bwltw'b hpltnL !f>frpJw'bbp, npurb'l IL hpltwflpb111n'bfr UJbunifJ1wJp nc 

U(f'Wlt111frltw1ni/_ ultunul b'b 'l_Pw'llfbl fr'bJb'bbpLhp l/, WJU[!, l/hLh'b[!, U(pn!f>~ 
flwnLzfr'bqhpf! IL mpfrzLbpi 

bpitwflphurnLfr 'l_wpqw9Jw'b qnpd-mJ ltwphnp '1hl' h'b fuw'lwsht 

1887 fl. l/bLhLfr ltn'l.Jfr9 wn.wtwr'ti/_wd- uw[hpfr .t)wzi/_wpltJw'b wn.wtfr'iJ. 

Jhfln'11! IL 1892 fl• !f>pwLufrw9fr fr'brlhLhp <J.hLhphltfr 'tn'lJfr9 wn.wtwplt-

1/_wd- 'tn'lwl[np d-wd-lthpf!t l/wpblfr I; wubl, np '1-hLbphltfr ltn'lJfr9 wn.w

twpltl[wd- .t)wJw/jwpq[! '1Wf'd.wq Jn'bnLfrfl bpltwfJph111nLh ltn'buUJpnL'tpfrw-

Lbpfr u'tfr'lPI!' <J.bLhpb'ti! U(W111pwuurhl I; 'bwh UJnL'hhp, .t)frJpbp, .t)h'bwU(w-

111bp, 99bp IL WJL ltn'hu111pnLlt9frwLbp m 111wpphp1 

1890-wltw'b fJl[wltw'b'bbpfrL 3Jpw'bufrw1nLJ IL <J.bpJw'bfrw1niJ Jzwlt_-

1/_nul I; hpitwflpburnLh itnflu111pnLit9frwLbpfr t;wzqwpltJw1f1. wnwrfrL Jhfln-
'11!' f!UU1 flnLJ[Ul111f1hlfr [WpmJ'bhpfrt ' 

U.1uutfruni/_, XIX q.wpfr qbpt[! t;wJwpi/_ni.J I; bpltwflpk111n'bh ljn1.ru111pnL't

BfrwUpfr urbunLfJJwfl IL U(pw'tinfr'tw1fr ultfr'lPI!' 

xx '1Wf'/r uit'lpfrL hpltwfl.pburn'bni/_ 'lPW'li/_bl h'b Jfr zwp11 LzwLwi/_n[" 

~h111w'lnurn'l.Lbp. fl-nLuwu111wflnLJ' U.. $. (nlbJurf!, 3JpwLufrw1nul' l/nLufr

¥1'1!1 9-hpJw'bfrwJnLJ' ll1npzf!, U.quurpfrw1niJ' !J.wlfrqbp[!,-11.U'b-nLJ' 11-h'b

uhilf! t.. nl/'frzLbp, npn'b9 wzfuwurwLp'bhpf! itwphnp LzwLwitni.flinw ni'bh.

B"'L bpltw/lpburnfl/r UJbunLfJJwfl IL U(pwit111frltw1fr 'lWl''lWSJw'b qnpd-n&.J.t 

11-nLuwuurwLIJL.t wn.wifr'b w'bqwJ hpitwflpb111n1.rl! ltfrpwn.l/_bl I; 188a P·" 

flo11Lu111uur111fmul bpltwflpb111nflb .ltn1tu111pnLlt9frwHp/r +frpwn.ilwL /,. UJUl

H 

pwt)Jw'b q.np~nul -tfh~ wzfuwurw'bp I; ltwurwpb[ fl/burhppmpqfr <w'lnp

q.wft9·rnfJiwL 'Awbw"fwp.t)'fihpfr frLuurfrU1nLU1/r "lf'n!f>bunp 'b. IJ.. /lhlhLJmp
u'tfa1i1 Upw TJ_bftwi/_wpnLflJwJp 1891 fl. flJbUJbppnl('qnLJ ltwUJwpl/_bL hL 

hpftwfJphUJnLh ftnLuurpnLft9frwLbpfr wn.wtfrL l!fl'1wf'd.wlt ,Pnpd.wpftnu/Lbp[!t 

frniuwuUJwUnt.J ltw11m9i/_:wd- wnwtfrL bpftwfJphUJnLh ftnLu,;,pnLft9frwLhpfr9 

JJ{bmp t Lzbz lf·nul[i/_wJfa Lbpftw1fru "lburwftwL ~wLpwJuwftnLfJ/r w'b9Jw'b 

ftw:lptwftLhpf! /,,, tpWl/_W'l_Wflf! (1893 p.), ufrJLfr Uni/_qnpn'1fr urnflwqw'Aw-

nfa ftwJwpwJfr'b ftwJnLf't/! 45 J fln.frunl/_ (1896 fl.), ufoltnlwb.niJ ftwnm9-
t/_wd- wzfuwp.t)nLJ utnwtfifl hpftwfJphurnflb .jrwpnu/! 36 J pwpd.pmfl1wJp 

(1904 p.) IL pwqJwfJpi/_ WJL ftwnnL9i/_w~pflbpt IJ.1'1 fJl/_wftwLLhpfrL 11-nr.
uwumwbnLJ LnLJU b'b [!bd-w1i/_nLJ hpltwfJphU1nLfrL i/_hpwpbpn'l wnw1frL 

wzfuwurnLfJJnL'fiflbpf!t 1908 ii. 1911 PP• .t)w'[n[1'1Wit9nLfJJwfl 'AwflWU(W('<-

1.tbpp JfrL/ruUJpn~fJJnLfl(! ~WUU1WU1m.J I; hpftwfJphU1nLh ltwnnLgl/._wd-pLbp/r 

,;;wJwp wnwtfrL UJbfuLfr~wftwL "fWJilwLLhpf! IL t;wzqwpftJwfl LnpJw-

1.thp(!t U.1'1 wnwtfrL utwzurnLwftwL pwuUJwfl'lflbpf! 'l'lwl/r 1fbp bL ftw-
1I1Wf'hl fl-nLuWJJUJw1mul bpqwfJpbUJnf.th ltnfluurpnLft9frwLbpfr 'l,W['qw9Jwfl 

11npt)niJ1 1912-13 pp. w11w1/r'fi U1f1qwJ 11-nLuwuurwfl/r 2/rflwpwpwftwfl 

pbuUJ/rUJn,Lurflhpni.J, np"fhu /rflpLnLpni1L 1fWUf!Lflw9, JUJ9i/_nLJ I; cr:bpftwP

phmnLh ftnLuU1pnLft9/rwfihp» wnwpftwflt 

l.nltUJhJphp1wfl t;/;'lwifrnfamLfJJnLL/r9 <hurn Jbp hpftp/r /r1'1fnLU111pw9-

Jwfi "UIU(Wft9nLfJJwJp [WJfi d-.wl/_W[ I; uurwfinLJ z/rfiwpwpnLflJnLfi(! Ji 
UJpwq fJwtfinq 'l_wpqwfimJ I; bpftwflpburnfi/r urbunLfJJnLfifJ nL U(pwfturfr-

-'Jwbt IJ.p'1bfl wnwt/rfl /ruft t;fiqwJ1wfbhpnul hpftwfJpbUJnfl[! Jhd- ft/rpw

nntfJJnLfl I; UU1WfintJ .t)p.,,p:nU1hfuL/rltwftwL "- Wf''1JnLLwphpwftwL z/rLw
pwpnLflJnLfinLJt 1921-26 fJfJ. ltwnni9l/_nLJ I; l/,nLfuni/_1wL .t)fr'1l'nl;lh'tU1f'U1-

-'JUIJWLf!, 1927-32 pp. 'J.LltU(pnql;uf!, 1928-34 fJfJ. Uq/rpql;uf! IL pw'l,

Jwflfrl/_ Wf''1JnLfiwpbpwltwL zbLphp, npnfl9 t;wJwp ftfrpwnl/_nLJ I; JfrL/rn
bwi/_np J3 phutnfi l.r. .hpltw.fJphutnfit 

1932 fl. Unuft"-w1fr UHHnc• -/rfl It/rs uU1h'ld-i/_niJ (- bpftwflpbU1nLb 

ltnLuU1pnt.ft9frwLhpfr l"'pnpwurnpfrw, npfr .t)pJwfl ifpw t;hurwqwJnLJ ftw'l

Jwithp-U(i/_hl I; Lhpftw1fau HHH)l(B-1!**' a,'1 LWpnpwU1npfrwL "- frLuurfr

UlntU1L frpbfl9 qnptl-nLfihmfl1wL f!Lflw9pn1.J Jhd- '1hf' hfl fuw'l.wsbl hp-

4.wfJphurnfi/r urhunifl1wfi l.r. Uff'WltU1frftw1fr qwpqw9Jwfl nL ltwUJwphLw
IJ-npt)Jwfl qnpd-mJ t 

anfrurnt.ur1 
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"'i'Jm.f61pa .. um'Jufi !('JOUl!(ddmfi"q 6 

ntf:t~'Jt/ 'f"1lmur1J"bmur9:,muri/b i/J'l'Jiffm"fr6wumlt 'I i/J11dwf'J 

SIMIJiC fiP 1$ (11:1 -~1'llr11J."Jr'Jm ilur1uur4urn'Ji/ Mm •d t'!.6! '17'Ji/Jl • 

1pu'1mUJmln1J 'JmpnqurlJUI iJurmlnbuln Jl1J-.ufd-.u11mJiJ'1 

-tJfml iJJqlJUJmlnbuln 'Ji/Fm'JmJpm JwpmJyJmJ 71 nqln1'Ji/ 
1
]ru'1mUJmln1J·1Jml' 

-8mJiluijt iJul'1 'Jm'1mifrqn iJJq1Jilfmp8-.u11m'1 Jlpw'1myJmb'Jil 'JmpumJiJ'1 

4JJ'l'JIJUU1l{J puJqfi-.uF'JmGl 'J'l'1uru'1mf 71 J'Jmf 'JmFg-.uJpm JyJmJ 
1
ilpwumJiJ'1 iJJq1JmiJ8'1-.uJUJn1Ju'1 1Jm'1mfmJmur urmlnm'1mJmJ 

1 
i1 p-.uJUJq'J iJJq'JmiJG'17uJurn'Iu'1 fm pJmlmn/ m'J urqpm1J7uF-bJm 

'GuliJ I' 'Jm pGmJurmub'Ji/ lqpmum 'JmF g1uJmJ 

-m1JiJZ nqlnJu 'il'JrnfrJ-.uumJiJ'1 1Jfml iJJq'JmiJ8'1-.uJurn'Ju'1 iJ7ruilmpm:, 

"'J'I 'JJniJL1u niJFm'1Jn iJGmd'JJlmum 

'Jm'1m'1i/ 'Jn/'lur p7uum pmbm'JJ i/ Jq'J miJG'1-.uJurn'Ju'1 'llJUU1 qddm'1J q 

tiJ-bud'll' iJJqlJ'1my.iJ]r 1JiJFm'Jmp:,mn 1JiJfm'1JmpZm:, urnil 

.. 1'u'1m'Jmbq Jupmlmum 1Jm'1m'JnmiJp '1111' ~ p1upJmUJm'1 i1'1JmpZm:, tjJ 

-'l'JmiJ8'1-.uJurn'Ju'1 'Jm'1mJmJm1Ji/Z JuluJ urup bqp 8iJ1Jm'1m7'£i !l!l6l 

:Jmp 

-m:, wlqlJG'Jm 'Ji/JqlJ-budql' Jupmlmum 71 'Jml'fJubm1qJmurm'1 1Jmr'1Jmp 

-Zm:, iJJq'JmiJG'1-.uJurn'Ju'1 l/IJUU11/il£im'1J'1 1q8mniJ-b'Im:, 'JI/ ilptj:, il'IuJu 

•ilJq'IillJmurmnjlm Ju71Jm'1 ]riJtJmpbmJ fmpJmurm'1 GiJpbu'1 iJJq'IZiJJrn 'T 

'/bJq;J •mg ·o 'i/pu1Fmn/i/J1 ·~ ·~ '471ZmJ-.uJI ""I ·~ '4'1m'JJqurnmfb ·} ·w 
'i/71bbup'b "YI "YI 'iJurFqlu} '</j 'YI Jq'JJunqcf;utlln lql'I ~ ilurqln nqlnm'1U1m:J-

Lqurnfm 'J'TUfJub 'JmpGmbJmb -.u 'Imr,,mlp 'JmFfirnnqur 4Jq'Im48'11uJm 

-n'Iu'1 'l'IumqJgm'1Jq 'J'l'J1u b'Jm7'm fl/I' iJJ'l'J'J~'1m'IUJ4b 'Im'1murqpun 

1? 'Jfi-.uF'JmlJ4l 'Im'1m'I['i/j buluJu i1JqlnpqU1 'T J'J 

-rnfd-.uurqpm:,ml IJmfgrnJmJm'IiJi i11JuurqJgm'1Jq if/ruilmpm:, Ju ·~ fmpZIJ 

nqlnmJupm'Jnmp lqp 4Ju '«'J4nmp 'JmpGmbJmb 'Imfd7uJ-bmurJm iJJn 

-1murq-b 71 4Jq1Jm48'1-.uJurn'Ju'1 l/IJUU1qdgm'1Jq 4puilmpm:, Jmpm:, 'JmFfl 

-rnJmJm'J42» ilr7uluJu 4-6l 4nuurnubo •d f!l6 l tjuJ:,Jun/ 4JnJU1ni/tJt/11 

Jl(flfl 71 '1'1 '1'1Jlfl pmGqlJ7U IJ7Ufd-.u'1m'Iml'I 'Im'1muy.p p7ufiiub M'fl 

1!'7UIJ7UfrJ7uJmJm'Jifl 'Jm'1miJGmilmbmil 71 'Im'1mJqJmlJ7uF-bJm nqlnm'1U1m:, 

'r-.uJq'JumpmbmlJJ Ju1ud 1Jmf rJ7uJmJm'JiJZ ilrpuf fl7uumJ4'1 r/'Juur qdgm'1J'I 

4]ruilmpm:, ~. p-.uy.m urm:,-b1Jil'Im U1UJ' bqp fmn'1n B4'Im'1mpd !l!l6 l 

tiJ7r4 UJ'1 q1u'1 .iJUJ-.uur4 urn'J4 'Jm'1mUJubmurq:,murtjb IJmf tJ-.uur qlnmJmut 

-Jmy. 71 'JmftJ-.uJmJm'J4Z 41J'/'Zmq(J) (flfl 'Im'1m'1Fm7 1qJmurm'1 ? illJmut 

-mnjlm f'll' nqlnm'1urm:, J'7UfJub 'JmrJbJq'J 81JmJb J'7U'I7uftJrnJmJm1Jt/Z 

'l 1JmpJ4nm'IJ'7Umu 4J'l'JfJUUJqil puJqd-.uf'JmG1 'J'l'1uru'1mf 'Im'1m'I;J 

91 
1G4Jq1J1Jm'1m7'tl 1Jm'1m-osiu ~ 1q]rn'1n '1'1nm ~ 41qJ 

-m'1 '1"7UJq1JJ'1dq UJmZ 1Jmf1Jmp:,mnmurJm ,l/d 71 J'7UIJ7Ufdw4JI 1Jm'1m'"'f]r 

-un ,l/d iJ'I7uf JPuumJ4'1 IJF m1 4Jnm48'17uJUJn'Ju'1 l/fJuUJqJ(/m'1Jq 71dqt/ 

bupJmurm'1 puJqtJ-.ullJm81 'J11'1UJu'1mf 1Jm'1mUJnq:,Jm 71 'Jm'1m'JJ 1Jfm'1mn 

1JpmftJ-.ufm'1um 4J'l'JJmlmln UJmuJm:, 4Jqfl-.uFIJm81 'J9'1UJu'1mf 1Jm'1m'JJ 

l/'1mnqur Jqi/Jmur J'7u-7nn 'Jm'1m'1Fm7 J~ fmpJupm'Jmpfmln 'J4dJq~ 
f14lmum ilJu 'p-.uJq'J-(flfl 1Jm'1m8tr1J~ 71 1Jm'1m'1Fm7 nqlnmJupm'Jnmp 

,Jnm48'1-.uJUJn'Ju'1 qlJuUJqil£im'1J'1 bupJmurm'1 puJl/'I'JUUJqJ 71Hl/d 1q]r 

-umJ4'1 'JI/ 1'7upn'1n J'7U1J7Uf fi'1uJmJmlJ4Z 84Jq'J·'fm'1m]rtl 1Jm'1m-ot6 l 

1J91JZ4J-.u 71 'J4'1n7174b 
-Jq;j "</ "'6 

1
i171JUJ41''1-b "fl ·n 'i1'1m1JJqmnm(/J "} "(/J 'iJ7ru1Fmn/i/JI •>z "}> 

1
i171-bbu]r'b 'YI 'YI ,i1J9111Jm'1m1JUJ4b 71 (il-g)l(HHH nqlnmJupm'Jnmp) iJJl/'J 

-UJwur4urn'JaJ 'Jm'1murubmurq:,mUJ4b 'Jm'1mUJqpun 'J'f.'J7U b'Jmpm fl/I' J'1Uf 

-Jub 'JmpGmbJmb 4J'l'Jm48'17uJUJn'Ju'1 l/IJUurqildm'1Jq fmpJm1mn/mlJ,. 

~J111J'1m1Jmbq 'Jmp'1Jmplm:, .'JI/ p-rup'1mlp •Jq'Jm48'17uJurn'Ju'1 UJqpmlJ7"Fv 

-Jm "Ju'J 'J'I p-.upJ-bJ91J ''Jm4bu1u'Jn/qur 'JmpUJnmJUJmln 41Juurqd£im'1Jq 
fmpJm1mnj,,llJ ? J'7Upf.ilubm1qJmurm'1 ]rulnJq'1 bmJm nqlnmJu]rm'JnmJI 

tuUJq:, 84u;Jmpm 4pbmJqUJmln fl/I' 'Jm'1m1JqJFm7 ~ J'7u]rn'1n illJmlJl -bJuJ 

-'1J'I 'JmpumJ4'1 1Jlm1 41Juurqddm'1Jq J'7U'f'uldw4JI 1Jm'1murqpun 

11
J41Jm'1m]rtJ OC6 l iJ7ru1Fmn/4JI •>z •>z 

•tf;uJ/u ~ 1qn'1n ilJnil'JmUJmnjlm 1Jm'1murubmUJq:, 1Jf m1 IJ4lmum J pml rJ 

--rubb-.u 41Juur9Jdm'1Jq fm]rJm1,.,,n/m'J J'7UIJ7ufd-.u4JI 1Jm'1murq7'un 

1Jq1Jl4Jiu 
71 il-bJmblJU'I} '</j 'i11qif 'Jm JI "'/, 'illJuf 4'6 '</ ''Jl/IJ4nF qJq; ·:-, 1qJmUJm'1 'J'I 

JqlJilfJmUJmnjlm Ju71Jm'1 uUJ9:, 84Jl/'J'Jm'1m7'd 'Jm'1m-of6 l J'7UIJm p:,mnmur 

-Jm ilpmfrJ1Ubb-.u -bfm 7fU11/.:,-.u'IFYI 1·rJrJ 6Z-8Z6 l ''Jl/'JiJnFqJq; ·:-, Jl/'Jl/P 

-'J4 71 1Jm'1m'Iur4b Jupm1Jml'J 4Bm4n'JmJcf; ~ 1qfbqUJn JpmpumJ'/''1 4Jl/'J 

-1Juurqi/ 71 iJJqlJurmlnbuln J7upmJyJmi/ i1Jq'l.m48'17uJUJn'Ju'1 '1'JumqdrJm'1Jq 

fm]rJm1mnjmlJ IJ4lmuYI tpuumy.urmln 1Jmfd7ufm'1m8mi/ 4J91Jurmlnbuln Jwp 

-myJmi/ p1u'Jm'1m'Il'4!-•1q8q1J7U t/7 J'7UumJ4'1 'Jm'1m'JfJub il'Iuurqildm'1 

-Jq fm]rJm1mn/m'J ilbJuumiJ -bJuJ'1Jq iJJmv Jqp 717'141' 1Jfm'1mn •iJJmijt 

-mbmb 'JmpJm1mn/m'I 41JUU11fildm'1Jq ~ 1qbmf 'J4JqlJq]r 4Jm-b XIX 

1J-.u1Fm 71 p-.ufm41mur</ 'J'7ufm'14Jl/l'YI 'l'"ufm41b'JYI 'pwfm4n 
-'JmJq; 'p-.uFm41JmpJq'b ,J'7UJl(IJll'1Jq UJmZ 'ImF'Jm p:,mnmurJm 1Jm'I 1Jm'14UJ 

-'1mJln 71 il'I7uftJ-.unqur lf'Iulnqildm'1Jq ? J'7U1JmbJmb pulnJq·'1 bmJYI 

tpufbmpmJUJ I' !l'!l!l ildqJpb 4'JuJurmrJ 4'1nJ4il4nu]rulJ,. 
, •d ft6 l '1n4 'J' 8Z , iltJqil pb 4 p7utf'timurnm11n ~ 1qpG-.uum'1 1"7uf m]r'1nu JI 

•d 6Z6 l 1JnmiJG'17uJurn'Ju'1 'Jm'1mfmJmur UJmlnm'1mJmi/ l/'Juurqdfim'1Jq 

f'7UIJU1J' 'JI/ m'14ur'1mJln 'Jm'1mJmJmlJ4l G4JM'Im'1m7'd .'Jm'1m-oz6l 



SI 
1crJ 'I 'I 'l u ur' r/ 71 'tJ 9 'if» 71 crJ' If 41 u ur' 'II J 'Im f» 'J'r J'luumiJ 
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-L111 11,mJ'-Lbm tJp111 ~ J'lU'!,,,11,iJ. 

-J'm~ nqlnmJupmuru!' il17,111T p}-.uLL--.u 

817_,uJu 1Jqil'm')-tJlq17_,mnqm J'W'!,_ 

-um-L 71 J'lll'!,mi/ !' ''!,'/ J'11111,"'b 

-Jmh il'11,m1l17_, Gmp/11_,illnub il17_,my-

-Gmfqj' mbmmq~ t/il'fmp17_,uq.,r 

<Jqifmy_ ,,tf/nu,,nuJ,,i/J' '7,7 J'1Ulf,tnbmum J'1U-db,,n puiflf,mTfln'/j i/J'/'JJ'1UJ 

-ml Luby 'lm,,m'IFml lmFli/:;,-uJqp r1ul1UJ''J Lup,,Jmef'I'I 'Jml'l'L'lfl 

gg 

tJnuJ'l'l'FuTflrueJJm:, u9:,minub il'lmFtf 

-1uLl11u i/p1u LupL'/n ,-dpmfeJlUJbmri/b IJmpby i/1Juut9J "J fmpJupm'Jml' 

-Fmln T/ Bi/utlmb 'Ji/fmbJuJ?J'I i/Jnr1uJml "J fmpn/m? ]rurjrm? i/lmbb p1uil 

-ln'lli 'JmppL'ln il'l1ufeJ1UJpm i/'luut'IJ 'i/T/bbup'b "YI 'YI •tj;uJln utn;J 

1(m 'l'l 
~?IJ) ut l m b 'l i/ F m b Ju J '1 J 'I i/ J 'I 'l /' l u J m 1 ,J'l'JJf1uJm1 Luby 'lm? 

--m'lfml T/m'l ni/lmb 'l'I 6mum 
1
Bi/J'l'll'1uJml LurLqn 1Jm'1m1Jfm?J'I i/GmJ 

4 J'1Ul1ur'lm'i'Jurjr nuutq-d bup?Jmd'l'I 'JmppLqn 'Ji/fmilG'lmum "Jii/:,Ju'll 

.G'lmJb 
1
Jni/utu?mf fmpJu]rmnmb 'JU'Jm?'lm Jpmfd1u?m'lmil f'll' "J p1u?m'l 

-lUJmln il'Juutq;J tJ'lUJ'l'l'l1ufd1UdJm:, uq:,mblUb 'Ji/p1u LupLqn 'l'I J'1Uf 

-Jub ilJ'l'JJ'1UJm1 Luby 'J'lUJu utnil 'p1uGm'luJU1'J'1'1 i/J'l'JJ'1uJm1 Luby T/ 

.Lurb'ln j p1u'lm6mum 1JbJ1Ul mJ'l mlnm <i/B'lm m? J'1UIJJ'Jmp fmp?JmeJ 

--'l'I 'Jml'l'b'ln U]'I Ju 'j i/'Jutfm:, Gi/'l1ufeJ1unqut 1Jmfd1u'lm,,mbvmuYI 

til6J1Ul i/J'l'l'J1ufd1u?Jmutmb 1Fm T/ i/J'l'JtfU1 

-u?mf T/m'J ntJlmb 6mum j J'lUGm'JuJUJ'I'l'1 i/d'l'l1'1uJm~ tillnm? LuG'llf,1U 

,'l"!uFeJ1ufub T/6i/1' G'lmJ'l lqtnn/mn/ 'l'I prnutmn/lm il'luJu 
1
Jqbi/y. ni/lmb 

''l'l 6mum rrnJq'JeJF1uT/J'l?mr 'JmpGmtJr tJJn?tf'Inmr Mm puil'lmT/U17:, 

.mJli 
1
mJp i/J7'J,,tf'Inmr LuB71f,1u huliur 'ImfeJlU'Im'1mbvmum f'll' 

1
UJ"Zu? 

4/lqpm 'l'l r1u'lm'luJUJ'7,'1'1 ilJ'l'Il'1uJml p1uJ71f,l1Up1f, 7'Jutn7-d fmp,,Jme} 

-1J7 'ImrrL7n ,'1m'JtfJo 11!my.tJp 'ItfFmfmpJml liJm-d j r1ufL'ltnn r1u'ImJ'l 

.ililfmp'Ju7-d 'ltfilmUJJm tJUJnlU 'j eJrnF'l u7nmrm:,r'7,m il'Ium7-d Ju tf'lmif 

tui!Jq'J tJd71Jlf,1uF e}lUB'llibm 

.lfm T/ 'JtJFmp1U '-drmfe]rn,,m'I1uli'lil 1u1qp,,JmeJ'J7 tJdnmtJBmpJuc/;7-li ,,t/tn 

--nmlln T/ 'lm?mbvmum mJ'l ,ilJ7'J'J1ufeJ1U,,tnm:, 'lutJBmrJuc/;7-li ,,ni/ 
1
-dpmFeJ 

-1UJlimrtJli fmpUJ GFrnG mJ'I 'ItfJ7'J'J1uFeJ1ufJubJ'l'l 'ItfFmp1u 1Fm T/ 'lm/' 

-JiJUJ,, ''Jffl J'1'f ''Jm J'b'i' 'lf,m J' J'L7n j J'1UpluJulf,d i/1puf eJ1uJ J'm tf 'Jutnq;j 

1Gi/l9p ,Gtffmpb'Jmb ,,i/G1ufml' fmpGl T/6tJp G'lmJ'l 

Jf GtJJ7lnm,,mG? 'ltfFmL'IJ1UF-d 'lm,,mbvmum j fmBm,,Lmd T/ ilfmpG1uu 

-m,, u7nmpm:,r'7,m tf'I1u n7/n'lf1u'l i/Jmi!mtn'l'l/'7FJ 1pulio T/ puJq'li/"ZJulub 

-'Ji/FmJ6 'puJ6 fmplnm,,? n71nmtJri/il fmpGl 'Jn?mpuLun/mbmr T/ Jn 

-i/utU,,mf tfJ7rJrm? J7-dJmm pu,,m'lmil f7!' 'J'f'llU il'IuJu 'fitJJ7e]rnf'JmGl 

-em7'v'lnun U17j mJ'I T/ Gi/Jmi!mUJ'I'l!''IG ,fmGm?Lm-d ''li/l'Jmp tfilfmp 

-Swum,, u'lnmpm:,rlf,m j r1u'JGmFm,,J7'J Gtf'I'IJtJ illf,utnqd 'puni/lnnFY/ 

:j J'1U'Jm1''/!r Jm-dm'Jmy.i/UJnm 

Jtulm'lmlJulub ilnmp tfl' i/116 r1ui!GmeJ'lil i/,,m'lmrmp ·ilJn,,m"JiuLun/mbmr 

71 ilJntJtnu,,mf ,,tflnu,,nuJ?tf r i/Jmilmm'l7!'7G j p1upBl L'IUJ'171' UJ'l!r 

~lio i/Jrn6 fmplnm,,? n71nmi/ri/il tn7:,r i/U7'7,7!'7FJ 1il1hu6 r1udmtnm,, j J7u 

.JuT/Jm,, tnml J'1Ulf,mJ'l T/ "J n7GuJln TfUlmJm?Jq ilp1uGmlifJln i/'JUU77;J 



Pbmnbp wJpm{J.intb[! ftwfut/_UJ,) I; pwq_Jw{Jpi/_ qnpJnbbbpfr9: IT/f,'Jw9-

Jwb bnpJwl UfW.fJwbbbpfr (tbpJwumfrC.wb[!' 20+2 °C, o'lfr ,r;wpwpb

pwftwb funbwi/_nL{Jjntb[!' 95 ... 100 %} 'lbUf.pniJ pbmnbfr wJpni{J.intb[! ,r;frJ

LwftwbniJ ftwfui/_wr} I; 9bJbLUTp wJpnL/J.1niLfr9 (wftUTpi/_nifJ.1nLLfr9), lPUJ· 

9bJbbmU.1.1frL ,r;wpwpbpn•/J.1nibfr9, L9wb.1ni{Jbpfr .[!lllbwftwftwb ftw'lJfr9 ni 

11pwftp9 /, W.fL mbfubn[nqfrwqwb qnpJnbbbpfr91 PbUTnbfr wJpni{J.inib[! 

ftwfui/_wJ I; bwh bpw ,r;wuwftfi9, tfrnpJ.wbJnizfr J.hfr9 LL ;_wtfrbpfr9, [Wp

i/_wJw.ifrli i[_frC.wftfr pbni.1{Jfr9. mwppbp nidw.1frlt wq'lb9ni{J.1nibbbpfr 'lbUf

.f!"'-J (ubrzilniJ, J.qniJ, qm{'niJ /,_ w.llt} pbmnf.J{! 9"'-.19 I; mwifru mwppbp 

wJ pni/J.1nib1 

flhtnn&p Iunrw&wrqw.ip& wdrntpjnt&p: f>Lz_Ufbu 9"'-.19 bf, mwlfru 

tfrnpJ.bp[!, ubrzililwb bb{Jw!'ft1-n'l pbmnbb funpwbwp'Jp .pw.1.pw.1n•J[! mbrzfr 

I; nibb&niJ bpw bfrumbpfr ltftwmJwJp [Jb.p ,r;wp{Jni{J.iniLLbpniJ wnwl bftnq 

b.w.pbpfi ,r;bmLLwb.pni/_, JunrwLwp'ffrB wLtwmt/_niJ bf, pnipqwJ.LL ftmnpbbp 

"- w.1L if_bf'lLwftwbwUfbu .pW.f.[!W.fi/_niJ I; (lift. 1.2, w): ziw.pbpfr {Jb.pni

fJ.1nib[! ,r;frJLwftwbniJ UfW.fJwLwi/_npi/_wr} I; funpwbwp'Jfi LpuUTbpfr /, bpwb 

ubrzilnrz UUl[bpfr ,r;"IJwL JwftbpbuLbpniJ U/flUJl bftnrz ztfrilwL nidbpni/_: 

&tfrJw& niJbpf! nirzrzif_wJ bb 'lb"lfi funpwLwp'Jp ztfrif_nrz Lfrumbpfr ftbltmpnbf! 

LL fuwbqwpnLJ bf, pbmnbfr [Wjbwftwb 'lb!/mpJw.'lfrwbhpfi w'lwm 'lwpqw9-

Jwb[!t ~UJjbUJqwb 'Jb!pnpJw9frwbbpfrb Juwbqwpnrz ztfrJwfi niJbpfr LU'l'Jb-

9ni{J.fnLbf! Jb,) I; ubrzilnrz uwibpfr LL junpwbwp'lfr ,r;"IJwf, Jwftbpbubbpfr 

Jnmwftw.1.pniJ LL qLwin1_ 'lb"lfr tfrnpJ.wbJnizfr pwpJ.pnifJ.iwt JfrtfrL Jwu' 

t/rn.[!pwbniJ I;: U..1'1 fruft "lwm-C.wnni/_ junpwbwp'ffr .[!WJ/!W.fnLJ[! mbrzfr I; 

n ibbbniJ 1_bp LLniJ b ft w pw 'If' if_ w,} J.LLn 1_ 1 

b[Jb ztfrJwb niJbp[! t/rn.[!('W.'Ji/_niJ bb ( opfrbwf ztfrJwb Jwftbpbubb

ppb UfWpw!pfrlt .pubin1_), WUfUJ pbmnbniJ W'lLUUT ftbpUfnt/. 'llllf'CfWbniJ bb 

[W.fbwftwb '1b!/JnpJw9frwbbpf!, wnwl bb qwifru C.w.pbp, npnbp 'l"'-'lw,r;bn 

bf, ubrzJnrz nufp nirzrzni/J.1wtf! (Lft. 1.2, p)1 U..1u 'lb"l.f!"'J pbmnltfr ubrzJ

Jwt JwJwbwftwi/_np 'lfiJw'lpni{J.1nib[! umw9i/_niJ I; 'l'lwlfi z_wtfrni/_ tfrn.pp, 

.[!UJb zifiJwb nufbpfr w11ftw.1nifJ.1wJp: 

flbmnbb funpwbwp'Jfr ubrzJJwb JwJwltwftwi/_np 'lfiJw'Jpn•/J1nib[! 

ftwfu1_wr} I; Lw/, tfrnpJ.wltJnizfr z_wtfrbpfr9. Jltw9wr} ,r;wt/_wuwp UfWjJwt

bbpfr '1b"f.[!11LJ tfrnpJ.,,,LJnizfr lwtfrbpfr JbJw9Jwb[! 'l"'-Cf[!b{Jw9 WJb ifinp

pwbnul I; LL JbJwLniJ' lwtfrbpfi tfrn.ppwsilwb 'lbUf.pniJ: U.1u bpLLni.1/Jf! 
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,r;pJbwqwfwLJ pw9wmpi/_nLJ I; ztfrJwb nLJhpp bi/_w'l Ul'l_'Jb9nL{J.fU1Jp Jb,) 

;_wtfrbpfi tfrnpJ.wltJnLzbbpfi i/_pw LL ,r;wftwnwftf!' tfrn.pp ;_wtfrbpfi tfrnpJ.w

'i11fn1_zbbpfr 'lbUf.J!"L,ft l';tfrJw'b 

nufbpfr P'".'J'"q"'J"'-{ilJwb 'fUUf_

-1!"'-,f '-"'"I'Pbr tinifrbrfr funpm

'iiwp'f'iibpfr ifrnpJ.wpqnufp9 umru9-

ifn'l '"I''l-l"'-'j,.J!'j,bpf!. JfrJ4w'ii9p9 

mwppb pif_m,f b'ii J_b tfi'ii J_wifrni/_ t 

Fb,_,,n'iifr ub'lJ'Jw'ii ,.,,rr,,,_-

fclJw'ii uwt:.Jw'iif! q1uJ, "'Jl {11nu-

.J!"i/ 1uuwJ-, pmpw'iiwr'l"'JP'j, w.f- "Lq. 1.2. flbmnt.h lunrw&wr'}p fwJfwJJwt 

1111'-fll"'-'j,l! (R) npnzbifru Uf"'l-
c C b W- zif>Jwf, nttJbpp Wrt~WJn<fJJW!i 'fbUfllntJ, 

1fw'iiwqwunpbu "I'Uf u "'-""'-'fW-
1 ~ ,/ p- zif>Jw!i niJbpfo pw9w~wJnL{JJw!i 'fbU[pntJ 

'j,J',,,_z l!'j,'1-"'-'iiif111_,f I; a ,,,r q"'l"'l 

f11npw'iiwp'ff!' IJ.u l""Pbrfr p1n-
pwbwp'Jbbpfi tfrnpJ.wpftnLJbbpfr.'J umw91_wr} Wp'J.f"'-b/!bbpf! UfbUT/! I; pw'l-

JwUfwmftbt wruniuwft 1.1-niJ pbpi[_wJ ifinjuwli9Jwb qnpJwftfr91tbpn1_1 

<PnpJ.wpftniJbbp[! "Ihm.[! I; ftwmwpbl w11wb9 puwL.ini{Jbpfr, w.iufrbpb l{!t/i-
Jwb niJbpfr w11qw.1ni{J.1wJp1 

Pbmnbfr junpwbwp'Jw.ffrb wJpnL{Jjwb Jbr}ni{J.inib[! wJbf, Jfr tfrnpJ.w

bJnLz/r ,r;wJwp npnzif_niJ I; pw.1pw.1nrz pbnbi/_wJ-l!fr Jbr}nL{J.fnLb[! bpw [W.f· 

bwqwb -;wmi/_wJ.pfr Jwftbpbufr i/_pw pwJwbbtni/_: 

Uwbp, pbz_UJ.bu LL r}wftnmftbb LBWhJnL{Jbpni/_ pbmnbbbpfr ubrzJJwb 

wJpni{JJWb UUJ-;Jwbf! npnzif_niJ I; f!ULn CJ.nus 10180-78-fri 

41njuwGgdwG qnpl'lw\j}lgGli:p lnWflJ!li:fl 2wlflli:p}l J!li:1nnGli: lflnpiiwGdm2Gli:p}l 

wlipmp1niG}lg u111niqwGdnt2}l wlipntp1wGG wGgGli:tnt liwdwp 

~npJwp~~n~ ~npwliwp'ffo 

l1n~p iwif>p, JJ 

100 

150 

200 

0,91 

1,00 

1,05 
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fl h m n Ii Ji u w r ~ w Ii: fJLLhLnt/. phurnHhpfo ~{rJ£w"wL npw"-IM• 

"wt ~wm'twL/izLhpfr Jh6nt.f11mLUpfr9 1 phmnLLh!'l! pw.J:w111[n1;J hL Jw1 -
l/wllhpfr' 

w) (!Um wn.wL9J!wJfrL uh'lJJwL wJpnLflt""fi (irlh)R 411nL/u,J'j 

p} (!Um wn.wL9.pwJfrL dqJwfi wJpnLfJJwL (a-.2.uJR~, 411nL/uJ2, 

q} (! u 111 9 p 111 w 't w Jn LL n L fl J w L ( cr8pm» ), 

'I} I! u 111 w 1.i t p w 1.i 9 n Ljl J w L («.f!»}1 

/;hL.phpfr k 4wn.nL9t/_w6.pLhpfr phmn1.ih k hp4wJlpSmnLh ~nLumpnLlf: 
9frwLhpfr ~wJwp phmnLfr Jwp4wL (!Uln wn.wL9.pw1/iL uh'lJJwL wJpni. 

flJwL ~wJwpt/_mJ t Lpw ~frJLwftwL pLnLflwqfrpf! k jipliLfi9 Lhp4wJw!T" 

LnLJ t phmnLJr funpwLwp'lwJfrL wJpnLflJnLL[! 28-opwftwL ~wuw.4nLJ~ 
U'fr zwp.p hpftpLhpnLJ (IJ.U'u k "'JLL) phuinLfr JwpftwL, f!Uln wn.wfi9• 

.pwJfrL uh'lJJwL wJpn1_fl1wL, npnzt[nLJ t 'llwLw1fiL tfinpdwLJmzLhpf

ljrnpdwp4JwJp1 U'h'l Jnm ku flm1Lw111pt/_nLJ t phmnL{t JwpftwL npnz/4 

'1LUJLw1frL lfrnpdwLJnLzLhpfr l/tnpdwp'tJwJp1 11.J'I '1-h"l·,PnLJ np"lhu umn~ 
qwLJnLz f!L'l-ntLt/_w6 t 15 uJ mpwJwqfr6 k 30 uJ pwpdp,,LflJnL£ nLfih9nt. 

11L"'Ll!'R=1,2R I 

' 
flhmnLh k hp4wflphmnLh 4nfiumpnL4s/rwLhpfr t:wJwp f!UUJ wn.wL9· 

.pwJfr°L uh'lJJwL wJ!'nLfJJwL uw~Jw1.it/_w6 hL ~hmkJwl Lwfuwq6w1Jrf 
Jwp4wLhpfr phmnHhp. 

w) 6wLp phmnL' U'50, U'75, U'100, U'150, U'200, U'250~ U300, U'350, 
U'400, U'450, U'500, U'600, U'700, U'8001 

p} 6w4nm4h1.i LOWLJnLfJhpnt/_ phmnL' U'25, U'35, U50, U'75, U'100, 
U'150, U'200, U'250, U'300, U'350, U'400, 

flLLhLwlnt/_ phmn1.ifr funpwLwp'l-wJfrL wJpnLflJwL JfitfrL Jh6nLflJnLLf!li 

phmnLI! '1-WUnLJ hL Jnmw4w ljrn.pp Jwp4wJfrL, opfrLw4~ h{Jh phmnLf. 

/unpwLwp'l-wJfrL wJpnLfJJnLLL f R=160 411nL/uJ2, w"lw wJL ~wJwpt/_m,/; 
t U'150 JwpftwJfr ph111nL1 flhmnLJr 4w'lJfr Lwfuwq6nLJ[! "lhm.p t 'twmw

phl WJL"lhu, np l/tnpdwp4nLJ1.ihpft9 u111w9t/_w6 "'P'l-JnLL.pLhpf! ~wJw"lw~ 
mwufuwLhL 1.iwfuwmhut/_w6 Lwfuwq6w1fr1.i Jwp4wJfi "1W~wLtLhpfrL1 

flhmnLJr Jwp4wL {!Uln wn.wL9.pw1Jrfi dqJwfJ wJpnLfJJwL (R ~) pfm"". 

pnznLJ t Lpw wn.wL9.pwJfrL dqJwL clwJwLwfJwt/_np '1-ftJw'l-pnLflJnLL[!,. 
mp111w~wJ111t/_w6 411nL/ uJ2-nt/_1 
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'j,wftnLp1w"b qpw l~u4,umJ' R. 
t wub L b r't.u l"b w4_w"b 

.... 
·6n.nL,/ [!I 

Pbmn"bJr ub'lJ'Jw"b 

"pw4w"i.J wJ' rnL[il JRL'il f! 

npnzblnL t:.wJ'wp f!'il'fnL'il-

4_wJ. t 1frnpAwr'tbl h: a= 

R 
1,0 

aB 

= 4 t:.wpwpbpnLfl1w"b Q60 
.UU1nL'fU1"iJ,/nLz"i.Jbr' a= 
10 'twtf 15 uJ' I ll.n-
Uf/iufi pnpAwpftnLJ'fr9 
.Umw9'[n'l ,f Jrp Jr"b tlwtf w-

\ 

' I'-.. -
I 2 J 5 

. 

\,~. 1.3. flbmn&Ii "l.rliqdwJI>& wdrntpJw& L 
t}u>rlaw&t!ntz)> 1w.pbrli 6wrwpbrntpJwr. ~w"l.e 



~"'"-"'if np 'l!:_J" "''II'm-/il 1nLb[! 'Lntt/_nLJ" I; "LI'fr'l..J" UJ Jfr'il "'" pt1L[il lnLb /,_ 'ii 2..,

~"''Lif nLJ" !; R'fl', 
Pb111nfiJr "IPfrq_JUJJ/rfi UJJpntfJJnLfi[! JnuruJ1/_np "bp"lni/_ 'Lwpblfr t npn• 

thl pnpJ.wnw'Lwfi pwfiwJ.b..bpm/_, opJrfiw", Jpfi1J.i. U250 Jwp"wJ/r t)wfir 

pb111nfifibpfr 'lb"l/!ntJ' 

- rno + R" -R'fl' = __ _.:..___:__ RI 
t45 + 3R 

(1.11 

np111b'l R-p wpurw<wi111.f_wt) t U"lw-ni/_, 

U300 ... U600 Jwp"w'bbpfr t)wfip pb111nfifibpfr 'lb"lpntJ' 

R"'I' ~0,1 Rr (1.2j 

Pfiw"w'b t)w"n111"bfi LSUJfiJntfJbpni/_ "lw111pwuur.f_wt) pb111nfifibpfr "IP/r'I.-' 

Jw1/rfi wJpntfJJwfi Jpp}fi Jbt)ntfJJnt'iip Jn111wi/_npw"lbu t;w.f_wuwp t 0,8 R~ 
flhmn&~ O.qdw& wdrntpJDl&p: Pb111nfi/r wJpntfJJwfi uwt;Jwfic 

wnwfi9/!wJpfi J.qJwfi 'lb"l/!ntJ' R,, fipw ub'lJJwfi wJpntfJJwfi t;b111 t;UJ_. 

JbJw 117wt) ifinl!P Jbt)ntfJJwfi t' R, ~(0,05 ••• 0,1)R1 Pb111nfip ub'lJJw~ 
wJpntfJJwfi Jbow9Jwfip q_nL'ff!fifJw9 wbnLJ t fiwb.. fipw J.qJwfi wJpnt

Piw:_ uwt;Jwfip, pw19 nl nt'l/r'l t;wJbJwurUJ"wfinLfJJwJp 1 
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R,- /r JbonLPJwfi npnzntJp pbmn'bb pnpJ.UJ1iJnLzfihpp w'iiJfrtw"w'bn-

p I rb'il UJnUJ'iis.p"'1Jr'il a,,""'"' b'il-

+P [J"'r'Lbtnif 'IJif"'I' f;, "'J'f Jru'L 
r----it.._ _ _:~---- "JUIU1hUJnnt/_ WJb npnzifnLJ" I; pb-

mnbb t.bow'il'iibpfr onJwb ifinr -

a 
il=3a 

L=4a 

a 

a"'r'LnLJ"ni[ ('il'L· 1.4) . "-"'" /un
I'"''il"'r'l'ilbpfr "- 'IL"''il'iihrfr -6.b'I.p
""'r;, J"frp_n9ni[ ('il'L• 1.l)} f!UUI 
<J.flUS 10180-78-Jri 

\,~ . 1.4. llbmn&b fib~wr.~ t)inrowr~dwli 

ufubdwli 

Pburn'il fr UJnUJ'il SJ!"' tfr'il ae'l

" "''b UJJ"pnLfilJ"''iJ uUJt.J"UJ'bf!, wp
urUJt.UJ1mifwo UfT/UJ, pnpaw'ilJ"nL-
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!pnpJ w9fowLb[1 t 

fitJw.1foL 11b!f>npJw9fiwLbpp9 pw9fo, pbtrnbntJ wnw2_ bL qw[pu r} w

i/_ w l w J fo L (uhifiwqwL) '1b!pn{'Jw9 p u Lb p' pbmnLfo i1JqJwL Li. 

p_hpJwumfiC.wLfo ifinifinfun•fJ.1wL t;bmiLwLpni/_t 

flburnl'ip 4~4nnI~: PbmnLp r}wi/_wll! i/i•1!f'wLntJ t, bpp w/ii "{L'lw

LntJ t Of1WJpL Jfop_wi/_WJf'nLJ, [,_ Jbr}wLntJ' u1ntJ "IL'lwLwlfout fibmnLfr 

WJ'1 t;wmqntfJJntLLhpp9 wnw2_pL[! qnJ_i/_ntJ I qr}qntJ, bpqpnf''ll!' nLnJ_ntJ1 

PhmnLfo qJqntJ[! 'llfWLP lwifini/_ J/;r} t ntfll_ntJ/19 ( Jnm 2 .•• 5 wLqwJ )1 

IJ.p11JnLLwpbpwqwL /,_ [!W'[W[!WOJtwqu!i 'zbL[!hpfo qnLumpniq9fow

LbpntJ pbmnLfo "1.L11w9ntJ(! uni/_npwpwp t11bq/i t ntLbLntJ 011w.1foL J/1-

2wi/_wjpntJ, WJ'1 foul( "lwmC.wn11i/_ qnpJLwquL mbuwqhmfog wnwi/_bl <b

U1W[!f'/!{'ntfJjn<L t Lbpqwjw9LntJ pbmnLp qd!tntJ[!t 

l/r}qJwL bpli.ntJfll! qwfui/_wr} t pwqJw.rJfrif_ mbfuLnlnqpwqwL Li. !pfo

'l.PftwqwL qnpr}nLLbpp9, JwuLw>/_npw"{hu' 9bJbLmw[!Wf'P J_npw9Jwfr 

l!Lflw9pntJ Lpw fu11Lwi/_n•fJjwL ifinpnfu11tfJ~ntLp91 lunLwi/_ntfJjwL i/ini/in-
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juntfJJwL ':bmli.wL/!ni/_ mb'lfo ntLb9n'l qJqJwL !ppqfoqwqwL pLntJfll! JpLJ_l.i 

opu tl [['pi/_ pw9wt:wJmi/_wr} lt' 9-nJntfJJntL niLbL mwppbp pw9wmpnt

fJJntLLbp. opfoLwf [!Um "l!'n!p. IJ.. b. GbJqpLfo mbuntfJjwL ( npL wnwi/_bl 

mwpwr}i/_wr}L t) pbmnLfo funLwi/_wJfoL qJqntJ(! t;bmli.wL/! t Lpw "1.L11w9-

JwL f!Lflw9[!ntJ 9bJbLmw[!W('ntJ mbrzfo ntLb9n'l qwnnt9i/_wr}/!wJfoL ifin

,,Pnfun•flJntLLbpfo, JwuLwi/_npw"{bu' JbLf1 Jwi/_wlfi i/in[!pw9JwL1 

t/Jnpd.bp[! 9ntJ9 bL mi/_bl, np pbmnLfo ll'Pil qr}qJwL Jbd-ntfJJnLL[! qwfu-

4_wr} t 9bJbLmp mbuwqp9 "- [!WLwqfo9' Jfowi/_np Jwi/_wlfo pbmnLntJ pLJ_

..pwL 9bJbLm[! zwm t nL pwpd.pnpwq, WJL/!wL qJqntJ(! Jbr} t, 2.f'P [!W-

/iLJ_[!WL Jbr} t, WjL[!wL qr}qntJ(! Jbr} t, LBWLjntfJbpfi mbuwqfi9, [!WLw

·ftfo9 Lt qwqJfo9, pbmnLfo "{LTfw9JwL "(WJJwLLbpp9' wpmw[!pL Jfo2w

i/_wjpp funLwi/_n•fljntLp9 Li. 2_bpJwumfoC.wLfo9, pbmnLfo qwLqi/_wr}p l wifib

f'P9 IL Jfo zwf'/! wJl qnpr}nLLbpfo91 fibmnLfo lfM1n•Jf! mli.wqwL "lf'n9bu t, 
WJL zwpntLwqi/_niJ t mwpfoLbp, uwlfwJL f(Jf(JwL t:foJLwqwL Jwul! umw9-

i/_ntJ t Lpw "IL'lw9JwL uqqpLwqwL zpp_wLntJ1 

9-npr}LwqwL mbuwqbmfo9 f!L11niLi/_nLJ t, np Jbq mwpnt9 t:bmn 

i[r}f(JwL "{['n9bul! 11w11wpntJ t• lfbq mwpi/_w l!LfJw9[!ntJ 1 qr}. J bp-

f[wpntfJJwL u1wppf! r}wLp pbmnLp qJqJwL t:bmli.wL/!ni/_ qwpC.wLntJ t Jfo-

2_pL <wzif_ni/_ 0 ,2 ... 0,4 JJ, wJupL[!L' E 4 ~ =0,0002 ... 0,0004 1 llwqnmqbL 

19wLjntfJbpni/_ phmnLLbpfo '1b"{[!ntJ qJqniJL wi/_bLfo Jbr} t • l/r}qJwL 11b

!pnpJw9fowLbpf! <foJLwqwLntJ JLw9np'lwJfoL bL1 

l/r}qJwL ':bmli.wLpni/_ pbmnLb mwppbpntJ wnw2 bf, qwlfou, WJU"{bu 

lfnii/_wr}, qr}qJwL uqqpLwqwL lwpnufLbp, npnL9 t;hmli.wL/!nt/_ Li. t;wC.wfu' 

.ftr}qJwL C.w/!b['t lJ.J'l"IPufo [W('ntJLbpfo Li. C.w[!bpfo wnw2w9niJl! pw9w

mpi/_ntJ t t:bmli.Jwl qbf'"I' fibmnLfo "IL'lw9JwL uqqpLwqwL zf'2.wLntJ 

9bJbLmwpwpfi W'£WUI qJftJwLl! /uwLqwpntJ bL l9wLJntfJbpf! , npnL/! 

.t:wL11/1UwbntJ bL Lbp.p/1L qw"{b!', '1f'W t:hmiLwL/!ni/_ 9bJhLmw.pwpntJ 

wnw2 bL qw[pu uqqpLwqwL J.qn'l lwpniJLbp, LntJL wq11b9ntf/JniLL bL 

flnrzLntJ Lwl.i. Jblfo "IL'lw9JwL f!LfJw9[!ntJ wnw2 bftn'l pjntpb'lwJfoL q9w

qw"{bf'l! ' ll.jLntt:bmli. pbmnLp [!UU1 r}wi/_wlfo wLt;wJwlwifi J_npw9ntJ{! 

wnwp_ t pbpntJ wLt:wJwlwifi ftJqniJ, npL pf' t;bpfJfoL wnw2 t pbpntJ 

qr}qJwL uqqpLwqwL [wpntJLbp. wpwq J_npw9n'l wpmwpfoL JwqbpiLntjfJp 

pbmnLl! d.qi/_ntJ t, /!wLfo np Lbp.pfoL, wi/_blfo funLwi/_ zbpmbpf! f"wLqwpntJ 

b'i., Lpw wqwm qJqJwLf!, ppbL9 t;bpflfoL Lbf'/!pL zbpmbpf! ub'lJt/_ntJ bf.it 

fl/bmp t t:Lwpwi/_npfoL ; wi/i funtuwifibl qJqJwL uqqpLwq.wL lwpniJ

Lbpp9 Li. C.w[!bpfo9' pbmnLfo ':wJw"lwmwufuwL l1wczJfo [!bmpJwJp, pb-
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mnul! UfUrflu9Jwu l!ufJw9pniJ funuwi/_ UfWJJwuubpniJ Ufw':btnif. qwnni9-

i/_wJpfihpniJ qJqJwu qwpbp umb'l.Hlni/. /,_ WJL Jh_n9ubpni/_1 

FbmnUfa nLnlnLJf! /,_u qwfui/_wb t Jfa ZWf'/! mbfuUnlnqfawf[wU /,_ !pfaq_fa-

4wf[wU qnpJnuubpfa9, uwf[w1u ':faJuwqwuniJ WJU -\bmb.wup t funuwi/_ 

UfWJJwuubpniJ 9bJbumwpwpfa qwq_JniJ qmui/_n'l. ,Jblfi ninlJwuz 

flhmnGJi fhrtlWJp& qh!l>nrdwgpwfihr~: Pbwnufa bwi/_wlfr ifinifinfuni-

fJJnLUf! upw p_bpJwumfaC.wufa fap_b9Jwu qwJ pwpd.pw9Jwu -\bmb.wupni/_ 

l/nli/_niJ t p_bpJw1fau 'lb!/mpJw9fawubp1 .f!bpJw1fau 'lb!fonpJw9faw'itbp bu· 

wnwp_ qwlfru pbmnub q_wuqi/_wJw1fau qnuumpniq9fawubpniJ, npn'iip pb-

mnufa UfU'lw9Jwu uqq_puwqwu Zf'lwuniJ mwpwunuf bu tqqn{JbpJfawJ/r 

':bmb.wupni/_, fauq 1:bwwqw1niJ' dwJwuwqfa [!U{Jw9pniJ 'fWU'lw'l uwn-

lniJ, WJU qwnni9i/_wJpubpniJ, npnup ,'lmui/_niJ bu pw9 o'lniJ /,_ bufJwpq

i/_niJ bu JfJunlnpmw1fau wq_,,b9nifJ1niuubpfa [,_ WJL 'lbll(pbpniJ1 

bpp qnuumpniq9faw1fi wq_wm mbtzwifinfunifJ1niuub11l! uw':Jwuw1,Jrwq

i/_wJ bu, fiul"lbu /,_ pbmnufi bwi/_wlniJ p_bpJwumfa-C.wufa wHwJwJ_wifi ifin-

ifinfunifJ1wu 'lbUfpniJ, p_bpJw1fau 'lb!fonpJw9fiw'itbpfa ':bmb.wupni/_ pbmn

frniJ wnwp_ bu CfW[fU LWf'nLJUbp, npnup [,_ ':w-C.wfu upw'itniJ wnwp_ bu 

pbpniJ -C.wpbpz 

U.q_wm p_bpJw1fau 'lb:pnpJw9fawubpf! ':bmw'lwf'd. bu, /1uq w1f1 p_bp

Jw1fau 'lb!fonpJw9fawubpf! , npnup nitzbq9i/_nuf bu p_bpJw1fiu lwpnulfihpni/_, 

fapbu9 Jbp_ UfWpniuw4niJ bu Juw9np'lw1fiu Jwu1 

.f! bpJ w J/rU 'lb!fon pJ w9 fiwubp fa J bJnifJ 1n LU[! pbmn un iJ punifJw qpi/_ nu! 

t upw q.Jw1fru-p_bpJw1fiu 'lb!fonpJw9faw1fa art qnpJwq9ni/_, npu fipbufa9 

ubpf[w1w9uniJ t pbmnufa wqwm ':wpwpbpwqwu 'lb!fonpJw9fiwu' upw p_bp

Jwumfa-&.wul! Jbq wumfa-C.wuni/_ ':wi/_wuwpwlwifi i/inifinfublni 'lbUfpniJz 

<PnpJ.bpf! 9 ni19 bu wi/_bl , np pbmnufi qhwJfiu-p_bpJwJfiU 'lb!fonpJw-

9fiw1/1 qnpJwq9fa JbJni{JJn<U[! qqwlfi lwifoni/_ qwfui/_wJ t upw 4wq_JniJ 

qmui/_n'l funznp l9wu1ni{Jfi mbuwqfa9 /,_ 1:bu9 fapbu' pbmnufa qwq_Jfi91 

Pbwn'itb b. bpqw{Jpbmnub qnuuwpni48faw'itbpfa uwfuwqJJwu rlwJw

uwq pbmnufa q.JwJfrU 'lb!pnpJw9fawJfa qnpJwq9fa Jh_fau ttbJni/JJn<U[! p_bp

JwumfiC.wufa +50 °C-fio Jfrulf,, -50 °C ifi11ifinfunifJ1wu 'lbUfpniJ [!U-

'lniui/_niJ t' Jwup pbmnuubpfa ':wJwp art =0,00001 wuin - 1
, Jwqnin-

4bu l8wu1nifJbpni/_ pbinnuubpfi 'lbUfpniJ (0,7 ••• 1,0)10-5 wum- 1
1 

f!hmnfip qh!i>nrtfwgpwf. dpwqp qwr6wmli qnr~nq phnGqwH(1 wq

qhgn1pJUif. qhuifntd: bpp pbinnub ifinpd.wuJnizfiu qwpC.winb. dwJwuw

qniJ { J nmwi/_npwll(bu Jbq dwJ i/_w [!U{Jw9pniJ) ':wtznp'li/_niJ t wuinfa-C.w

Uwpwp wb.n'l ub'lJn'l pb1:1ui/_whp, Wll(UJ upwUniJ UJt:lWl_ bu ,'lwlfru, WJU

Ll(hU lfni.i/_wh, wnwp_Lw1fau ( uh_puwqwu) '1-b!fonpJw9fiwHp1 U.J'l"lfiufa 
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i/inpd.wpqniJfa9 uinw9i/_wJ npb.t LwpJwul! -\wJwll(wmwufuwun'l. Lf'frl/. '1-b

!pnpJw9fawu (e,) pw'[f[w9wJ t wnwd.qwqwu ( e..,.) [,_ Uflwuinfaq (e"',}J',,,_ 
u/,pfr9' e =B +e / 

/' Wn "fl 

U.1:1wd.qwqwu 'lb!pnpJw9fawubpf! 1:binw'lwpd. bu, fauq "llwuinfaq 'lb

:pn pJ w9 fawubpf!' Juw9np'lw Jfru, uwqw JU 1_ bpp_fau'itbpf! Uf Wpniuw qniJ bu 

ni_ JbJ pwrluni/_ wnwd.qwqwu 1:binw'lwpd. 'lb!fonpJwsfaw'itbp (Jnin 10 %), 
npnup if_bpwqwuqui/_niJ bf, pbnuwfJwifonLJfao .t:binn npnz dwJwuwqfr [!U

{Jw9pniJ1 
1
1'h!pnpJw9frwubpfr WJ'f Jwul! qni_i/_niJ t wnwd.qwqwu 1:binwq_

'fb9nifJ1wu 'lb!fonpJw9faw'itbp [,_ bzwuwqi/_niJ t e . ; -ni/_1 

Pbinnufi w1:1wd.qwqwu (wqu[JwpfJwJfiu) 'lb!fonpJw9 pwubpfi [,_ Lw-

pnLJubpfa qw"ll! n<tz'f.wqhw1fau t, fauq "llwuinfaq '1-b!fonpJw9faw'itbpfa [,_ LW

pniJ'itbpfr f[wll([!' qnpwqhwJfaU, ':binb.wpwp, lf'frl/. 'lb!fonpJw9 frw'itbpfa [,_ lw

pniJubpfa qw"ll! b.u l[npwqhwJfrb t (uq. 1.9 )1 

~wpnpwinnp Ll(WJUwuubpniJ pbmnufi 'lb!fonpJw9frwubpfa niuniJuw

ufapni/J Jn<Uf! ubtzJJwu 'lhUfpniJ qwinwpi/_niJ t "lf'fr'lJw1fau uJnizfa wu

wfa-&.wuwywu pbnuwi/_npJwJp' Jfaui_[,, upw pwJpWJnLU[!I Opp 'lb!fonpJw-

9faw'itbpfa lwifiniJl! pb1:1ui/_wJpfa 1nipwpwuunip wuinfiC.wul! 1:wtznp'lhlfru 

ft"'m,,,rt/_nuf I; 2 "''ii'l"'J' 

pbn'iit/_1m}./Jl! /)m'l.nr'lhJnL9 UJb

J'fi2."'"lbu f)binn /,_ nrnz tlUJ-

J m'ii,,,ft "'Jb "/"'f)blnL9 /)bmn 

( Jnu1UJt/_nrUJ"I/;,, 5 ... 10 rn"lb ), 

"'''!"' crr - Er 'lP"''lI'"',r l! (!u
ui"'9t/_rn1f I; UJumfi-6..,,'iJ"'ak, 

fi'iit"fhu 9nLJ9 I; mrt/_UJb b", 

1.10-nLJ': 'l-b lp n r •f "'!!P"''iib I'£!1 

n pn'ii .[! l_ UJt/ii/_niJ b'ii pbnJ1 UJ -

t/_n r11LJ ji9 "''iiJ'fi2"''1"''iinrh'ii f)f;_ 

mn, firh'ii9fi9 'iihr""'l"'9'iinLJ 

b'ii IUILUJa'l"'""'.,, ( IU"bflUlr

fl"'Jfr'ii) 'lbfPnrJ"'9P"''iihr , Jiu" 

"'J'ii 'fhlf.nrJ"'9P"''iibrl!• nrn'ii./J 
'l."' {''fiubrnJ b'ii pb mnbnLJ 

pbn'iit/_"'h./Jl! "i"'l\blnL [!b-

fl"'9./J'ILJ' "lliuumfi" 'lbfPnr-

t~. 1.9. lwrnLtllibrji L. qb!i>nruwgjiwGbrji ~wUJJi 
qpwqrwup pburnGJi l1wr6wmL. ubquJ'wG qbuifmJ' 

Jw9frwubp, i/_bpp_fauubpu wpwq w-&.niJ 
bu LwpniJuhpfi JbJw9 J,uul! q_niq

wpinw1:w1ini/_wJ bu -\npfiq_nuwqwu f!U/Jw9 [,_ O" -e" 'lfrwqpwJfa 1/pw 
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qd-bpnt[t U.iu"lfrunt[, wnwJ.qwftwL '1b!pnpJw9frwLbpf! ~wJw"{wuiwufuw
'Jinul bL wftLPwrPwifrL wpwqntP1wJp ftwuiwptf.n'l pbnLwt[npJwLf!, fru~ 
f.JfLWuurfrft 'lb!pnpJw9frwLbpf! 'lWf''lwLntJ bL ftwp&wuib. clwJwLwftfr f!L~ 
pwgpntJ b., ~buib.wpwp, ftwfut[wd- bL ifrnpJ.wLJntz/r phnLwt[npJwL '" 

J.U{'W1fntPJntLfr9 (Lft. 1.11 )1 

Um.1V49Uifw~ 
l'}fl</>npvw!J/11u 
I 
l~o 

6.L' 
1.oq. 1.10. flhmn&Ji iwrnul&br)i l. l)h:j>nrtlw9Jiw

£br)i qwuiJi 'lJiwqrwdp tjinr&w&dntz)i wnm)i-

.6w&wqw& pbn&wiI.nrdw& 'lbuif1nd 

o-----e,tt 
bit. 1.11. flhmn&Ji iwrnttl&br)i I. 

l)h:j>nruw9Jiw&br)i qw"l.Ji q)iw
qrwd&brp tjinr&w&dmz&brp mwr

phr wrwqnq>Jnt&&brml_ pb'\f.w-

'1.nrbtJiu 

Swppbp JwpftwLbpfr pbuinLLbpfr 'lhUfpntJ LwpntJLbpfr b. 'lb!pnpJw. 

pjrw'bbpfr ftw"IL wpuiw~wiuitf.mJ f uiwpphp ftnpbpnt[ (Lft. 1.12 ): Swp· 

Op 
R"',.' 
1?"'"2 

R"fn 

t,~ 
"It· 1.12. lwrnttl&br)i l. l)h:j>nrdw9Jiw&br)i qw

lllfJi 'lJiwqrwdr.brl' mwrpbr uwrqw&br)i pb
mn&&br)i 6wtlwr 

q; 
R..,. 

lJw~111fbZ [9W• 
lt;mfflitrtt{ 1t111n'!t 

-4>.t. 

0 6~ 

'1q. 1.13. lwrntd&br)i nt 'lb4'nr

dwg)iw&br)i qwuiJi 'lJiwqrwd&brp 
uJil.&ntJ& uwrq1&1&br)i bwr.r ~ 

bwqnmqb& 19w&Jntphrnil_ pbmnr.~ 
f.brJi 6wdwr 

pbp ftnpbpnt[ bL wpuiw~wiuit[ntJ Lwb. Jfrb.LntJL JwpftwJfr d-wLp nt d-w 

l/nuiftb'b LswLimPhpnt[ phuinLLbpfr lwpntJLbpfr nt '1-b!pnpJw9frwLbp 

l/w"ll! (Lft. 1.13)1 PLwftwL d-wftnuiftbL LSWLJntpbpnt[ phuinLLbpfr l]b!pnf'! 
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JwsfrwHpfr Jbd-ntPJwL l/_pw LzwLwftwL/r9 w'l'l.b9ntPJmL t Pn'lLntJ Lw" 

pbUJnfi/r ~wuwftf!• Ll'frtf. '1-b!pnpJw9JiwLbpf! npnz 1_w,Pnt[ ifrnppwLntJ bL1 

'u;n.wJ.qwftwL '1-b!pnpJwgfrw'ubpf!' w&ntJt 

!lqJwL '1-b"fpntJ LW('ntJLbpfr b. 'lb!pnpJw9frw'uhp/r ftw"ll! ~frJLwftww 

fintJ b'upwpl[t[ntJ t LntJL opfrLw1_wi/rnLPJntLLbppL 1 pLJ_ np ub'lJJwL 'lb"lw 

pntJt 

~hum&p unqfp (br~wrwml.. qnr~nq pbnlitlwHp wqqh9ntpJntlih 

WRWf h~nq qb!l>nruw9pwlibrp): c/Jnpilhpf! 9nLJ9 b'u uitf.bl, np pbnLt[wd-.

l!P wq_1JbgntP1wL uiwft quiL.i/_n'l phuinLntJ zwui bpftwp clwJwLwft zww 

pntfiwl[t[ntJ bL 'lWf''lwLwl n1_ wnwJ.qwftwL 1Jh!pnpJw9JiwLbp1 PbuinLft 

WJ'l- .::wuil[ntfJJntLf! l[n1_t[nul t un'l_pt 

f!buinLfr hpl[wpwuib. ifrnpJ.wpl[JwL a,-e, '1-fiwqpwJe ub'lJJwL 'lb"lw 

[!ntJ nt'ufr Lft. 1.14-ntJ 9ntJ9 uipt[wd- uibupf! t 

IJ.J'l- 'lfrwqpwJfr 0-1 Jwue pLnpnzmJ t phuin'up 1Jb!pnpJw9Jiwfi 

pbn.fiJwL f!Lpw9pntJ, . fruft ' 1-2 Jwue' 'lb!pnpJw9frwLbpp w&f! pbn

fietf_w,}.f!p hpl[wpwuib. W'l'l-JwL clwJwLwl[wf!L{Jw9pntJ, ~wuuiwuintL LW{'~ 

Jwfi '1-b"l.f!ntJt 

f!burnLfr un'l/!I! zwpntLwl[t[ntJ t zwui uiwpfi'ubp, uwl[wJL 'lb!pnpJUI• 

9frw'Lthr/r wJ'b'itwJr'i..urb'ituJiif w-6.e urb'lfr 
t" 11L'iib'LtnLJ' wnwt_/r'Lt 3_4 wJ' unt,/ 1 

1,wul1w'itwl/r t, nr J,,,J'w'i..w't/r eil{J,,,9-

.g11uf un'l.f!/r 'J-btf.n rJ' w9Jiw'i..hrf! IUU

mfi$.w'ii U1pw r J'wrifntil b'i.. , Jiu't 'i..rw'it9 

i[brt_'i.w'tw'i.. J'bJntfJJnt'j,(! a'fU1nLJ' t 

npnz w'tfi uwt..J'w'i..Ji1 

f!/unn'i..Ji un'l.[!/r tf./r'l.Ji'tw'tw'il tnL

P1rn'he if/r'i..t"- 0 r;, tL Lr/ri/ tJr pw-
9wr. .,,,,,,i{wt}, 'lnlntfiJJnL'i.. nt'itb'i.. uiwr

pbp, 'hm1'LtJiu't t..w'twuw'tw'i.., 'twr.t/r.[!

'hbp "'1'1- t..wrs/r ifhrw11hr1"'L' Un'l.[!/r 
/, p/,_flLJfiJ/r wnw4_bl f!'j,'J-nL'i..bl/r pw9wur-

bit· 1.14. lwrntdlibr)i l. 'lb4'nrdw-

9Jiw&br)i qwuiJi 'lJimqrmup phmnlib 
tjinr&wf.ntz)i brqwrwml. ubqddwr. 

'lbuifnttl 

Pflt{r/ JllL'j,f! uip4_w.t t "lrntf.. U. . /; . (,b1't/r'i..Ji 'tmz.!Ji91 1,wJ'waw1'i.. "'l'f 

1t1buntfJiwL, phuinLfr un'lll! ftw"ltf.wd- t clwJwLwl[Ji f!LfJw9pntJ wJpw9n'l 

9bJb'uuiwpwpfr ftwnnt9t[w.tpwifrL i/rni/rn/untPJwL ~hurt PbnLt[w.tpp uiwft 

Jbll! J.bn..p t phpntJ Jwd-nt9pft ~nupp ~wuil[ntPJntL b. 'f{'W ~buib.wLpm[ 
ft "' wuuifr&wLwpwp phnLwpwifrt[ntJ t_ /r ~wzfrt[ 9bJbLuiwpwp/r Jintu 

Pw'll[w9nt9/r1_ Jwufr' PJntpb'lwJfrL ft9wftwUfbpfr 1 UJiwclwJwLwft uib'l/r t 
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mltb'iinLJ 'iJLU/,_ -C.pqbpp tf_bpLUpLUzfunuJ 9bJb'iimLU.[!LU{'f /,_ £9LU'1JnLfJhpp Jfip_l.ti 

J.LUJLU'1LUl(p £!'1fJLU9.[!nLJ rfhtfi JLUJnL9pf(nLf'JnL'1[! /,_ PJnLph'[LUJf'1 f(9wf(LU

U[hpp LUnLUJ.qLUf(LU'1m{JjnL'1[! JbJLU'1nLJ L np[! /,_ phpnLJ t un'l.[!P Jwp-

JLU'1[!1 

Un'l.f!P !pfiq_pf(LUf(w'1 tnLf'JnL'1[! WJL .t;bmLUq_nmn'l'iibpp lfn'lJfi9 pLU9LU

U1[!pt/_nLJ t JLUq_LU'iinfJLUJp'1 bplLnLJ/J'iihpnt/_, 9bJb'1mLU.pwpp pJnLph'[LUJp'1 

JiLUq_Jp UflLUumpf( .t;LUmf(nLf'JnL'iif.tbpnt/_, phn'iit/_LUJ.pp mLUf( qm'iitf.n'l phmn-

1md Jpf(pn'C.LU.phpp LUnwp_LU9JLUJp /,_ q_LUpqw9JwJp 1 rfhtfi fun'iiLUt/_nLfJJw'ii 

l/intfinfuJLUJp /,_ LUJl hplLmJfJ'iibpnt/_1 

Fburn'iip un'[.p'1 nwnLJ'iiwuppt/_LUJ t pLUq_JLU{Jpt/_ tfinpJ.hpnt/_, npn'ii.p 

lJnLJ9 bf,, mt/_bt, np 'fipLU t/_pLU tLUf(LU'fi LUq_11b9nL/JJnLfi bfi fln'lfinLJ Jp ZWf'.[! 

!p/iq_fi4LUJhfuLU'iifi4LUf(LUL /,_ mb/u'iintnqpLUf(LU'ii qnpJnL'iibp, fiLi.Ufbu /,_ Jh_w

i/_LUJf'P fun'iiwt/_nLfJJLU'ii LUump-C.w'ii[!, npnLJ WJ'ii qm'iit/_nLJ t phn'iit/_LUJ.pp wq_

'lb9nL{JJw'1 [!'1/JLU9.pnLJ1 

2.LUJLUdLUJ'ii tfinpJ.lipfi, un'l.PP 11h!pnpJw9pLU'iihpp JbJnLfJJLU'ii t/_pLU wq_

'fl''l .t;pJ'iiLUf(LU'ii qnpJn'1'1bp'ii b'ii. 

1. Fhmn'iip [LUpnLJ[!' lf'iiw9LUJ .t:LUt/_LUuLUp U[LUJJw'ii'iihpp 11hUf.pnLJ pb

mn'iip [LUpJLU'ii JhJLU9JLU'1f! q_nLq[!'ii/JLU9 wbnLJ b'1 /,_ un'l.PP 11h!pnpJLU9fLU

fthp[! 1 

C'ii11nL'iit/_wJ t, np ub'lJJw'ii 11hUf.pntJ, hpp phmn'iip [LUpnLJ[! t/tn.pp 

t 0,5R"lr - p9, lLU[tnLJ'iibpp /,_ un'l.PP 11hfpnpJw9pw'iibpp f(wU[l! qJLUjp'ii ti 

lfhJ lwpnLJ'iihpp 11hUf.pnLJ un'l.PP 11h!pnpJLU9pLU'1hp'ii LU-C.mJ h'ii LUt/_htfi 

LUpLUq, .[!LUL [LUpnLJLbp[!, LUJL funu.pn{ 'l_LU[l'lW'iinLJ t ni. qJwjpL un'l.Pl! ' 

f},qJLUfi 11hUf.pnLJ 'iiztf_LUJ qJWJffi "LUU[(! ZLUf'nL'fiLUf(t/_nLJ t Jpfil_ /,_ pbmnfip 

hpf(LUpLUml.t J.qJw'ii LUJpnL/JJwf1 uw.t;JLU'ii[!' Ra. bpi/ 

2. Fhmn'iip .t;wuLUf([! phn'iiLUt/_npJw'ii U[LU.t;p'ii1 Un'l.f!P 11h!/JnpJLU9pLU

ftbpp JbJtILfJJnL'ii[! q_qLUtf1 l_LUt/int/_ f(LUfut/_wJ t phn'iiLUt/_npJw'ii U[LU.t;p'ii ph

mn'iip .t:wuLUlf PB• fi'iii..pw'ii phmn'iip .t;LUuwlfl! phn'1wt/_npJw'1 U[LU.t;p'1 JbJ L 
Wj'1.pw'ii unq.pp 11h!pnpilw9fiw'1hp[! tfin.pp b'1 /,_ l!'ii11.t:LUl(wnwlfl!1 LJnLJ'ii f(w-

funull! qnJnL/JJnL'ii nL'iip 'iiLUlL phmn'iip un'l.[!P uw.t;Jw'iiwjp'1 11h!/Jnpilw9pw

ftbpp /,_ phn'iiwt/_npJw'ii U[w.t;p'ii phmn'iip .t;wuwf(p Jfip_"-1 

Fbmn'ii/1 .t;wuwf(p wJ11Ufpup wq_11h9nL/JJnL'ii[! pw9wmpi/_nLJ t '1pwhnt/_, 

np phn'iiwt/_npJw'ii U[w.t;p'ii np.pLU'ii LUJ'ii JbJ t, wj'1 .pw'1 phmn'iil! LUJnLp t 
[,_ rJbl .[!flt U[LUpnt'iiwf(mJ1 

3. lfh_wt/_LUJf'P fun'iiwt/_ntfJJnL'ii[! • lfh_wt/_LUJPP fun'iiwi/_nL/JJLU'ii f!LUpJ.-

pLUSJLU'ii[! q_nLq[!'ii{JLU9 tfin.ppLU'iinLJ t phmn'iip un'l.Pl! ' 

4. <PnpJ.wpf(tf.n'l fiJnLz/i i.wtfibp[!• t/JnpJ.LUpf(tf.n'l 'iiJnLz/i l_LUtfihpfi tfin.p-

PLUSJLU'1£! q_nLq[!'1/Jw9 JbJw'iinLJ t pbmn'iip un'l.[!l! ' 
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5. {wpt/_LUJLUjp'ii t/_p-C.wf(fi mbuwlfl! (f(b'1mpn'1LUl(w'1 /,_ LUpmLUf(b'iimpn'1 

ub'lilnLJ, J.qnLJ, JnnLJ, uLU.t;.p, ntnpnLJ}1 

Un'l.PP hplLnLJ/Jl! wnLUt/_b1 l_LUt/int/_ nLUnLJ'iiwuppt/_LUa t LUnLU'ii9.pwjp'ii 

ub'lJJw'1 l.t, JLUuLUJp, J.qJLU'ii 11hUf.pnLJ1 

uztf_LUJ qnpJn'ii'1hpp9 f!LUSf• phmn'iip un'l.f!P t/_pLU wq11nLJ b'ii' '1JnLzp 
phnLLUt/_npJwL LUpLUqnLfJJntL[!, p_pw9bJbLmLUjpL .t;LUpLUphpnLfJJwL JbJm

fJJnL'1[!1 9bJbLmfi .[!LU'iiLUf([! Jbf( Jpwt/_np Jwt/_LUlf phmn'iinLJ /,_ 'iipLU mb

uLUlff!, l9LUfiJnL{Jhpp mbuLUlff! /,_ LUJLfil 

ULUf(nmf(b'ii LBW'iiJnL/Jhpnt/_ phmnL'iibpp un'l.[!l! q_qwlfi l_LUt/tnt/_ JbJ t 
1'nLJL JLUpf(LU'iibpp JLULp phmnLLhpp un'l.PP9' 

<PnpJ.wpLUpLUf(LU'ii .t:hmLUq_nmnLf'JnLfi'iihpp t/_hp[nLJnLf/JLUL .t;pJLUL i/_pw 

i!zLUf(t/_ht b'ii un'l.f!P mbunL/JJnL'iiLhp, npn'ii.p JLUfJbJLUmpf(LUf(LU'ii f(LUU[ b& 

.t;LUumwmnLJ un'l.f!P 'lb!pnpJLU9fLUbbpp /,_ 'iipwfi9 i/_pLU LU1£11n'l .t;pJ'iiLUf(LU'ii 

qnpJnfifihpp Jpp_lL1 

Fhmn'ii/1 un'l.f!P rJLUJLULLUf(wf(p9 qJLUjp'1 mbuntfJJw'1 .t;pJ.pntJ 11Pt/.LU~ 

b'1 .t;bml.tJLUl t/_LUpf(wJ'iihp[!• 

1 . Fhmn'iil! 11/imi/_nti! t npU[hu pq_nmpnU[ /,_ .t;LUJLUuhn '1jnL/Jt 

2. Fbmn'iip lPPtf. 11h!/JnpJLU9pLULbpp l.t [WpnLJfihpp Jfip_l.t qnJnLfJJnLh 

nL'iip qJLUJf'1 f(LUU[ I 

3, f'J.b!pnpJLU9fLULhpfi f!LUSLUf'dLU" JbJnLfJJnL'fi(! [!'fi11nL'fit/_nLJ t LU'fif(LUfu 

[LU('J w'fi '1zLU'fip91 

4 . Un'l.f!P 11hf/mpJLU9pLULbpp .t;LUJwp £!'ii11nLLhLfi t LUq_11b9nLfJJnL'1'iibp{r 

t/_hpw11pJLU'1 uf(q_pnL'1.p[! 1 LUJufi'ii.p'ii [!'111nL'1t/_nLJ t, np t/int/tnfuLUf(LU'ii (LUU-

mfi-C.w'iiLUJ.lL tfintfinfutf.n'l) lLUf'nLJ'iihpp '1hU[.pnLJ un'l.PP lf'Ptf. '1b!pnpJLU9pw& 

f(LUpblfi t 11/imhl npU[bu un'l.f!P LUnw'iiJ.pfi '1MpnpJ LUSfLUbbpfi w-C.fi qntJLUp• 

5. Cfi11nL'iit/_nLJ t JpLUmbuLUf( f(wU[ rJLUJLU'iiLUf(p "- JpLUt/_np [LUpnLJpg 

LUnLUp_ blfn'l pn1np mpU[p .t:LUpLUpbpLUf(w'1 .11h!pnpJLU9pLULbpp Jpp_lL (hp4LUJ

'iiwf(LU'1, [LUJbLU4LUfi l.t uLU.t:.pp '1b!pnpJLU9pLU'1hpp ilfit."-)1 

'J.nJnL/JJnLh nt'iib'ii un'l.f!P qJLUjp'ii mbunL/JJLU'ii hph.p .t;pJ'1LUf(w'1 mw

pLUmbuLU 4fihp. 

U.nLUJ.qLU4w'ii ua'lLUSn'l JLUpJ'iifi mbunL/JJnL'ii , np[! ilzLU4t/_ht t 'J. . t. 
lf LUutnt/_p /,_ U. /!. 2.wpnL/JJnL'1Jw'iip lfn'lJfi91 

UhpLU9JLU'ii mhunL/JJnL'ii, np'ii LUnW!,LUpf(t/_LUJ t IJ.fizfi'iiqhpp "- fltpm'iibJp 

lfn'lJfi91 

U.nwJ.qLU 4LU'1 r.f w nLU '1 qLUf(LU'iinL/J JW'ii mbunL/J JnL'ii, np[! LU nLU fW(' 4tf_w~ 

t Fnl9Jw'iip U. rl.ntmhpwJfi 4n'lilfi91 

U.J'I- mbunLf'JnL'ii'iibp[! .t:hmLU'lLUJnLJ Jzw4tf.ht U. q_LUpqw9t/_ht b'1 pwq_

JLUfJpt/_ LUJ[ qpm'fiw4LU'fiLbpp LUzfuwmLUfi.pLbpnLJt 



U.!u bpb.p mbunifl1ni'i,'i.tbpfi f,l pbl]ntbnuf /,f, 'i_b!'l' pbp1LwJ i/_wpq~wJ

fihpp (wnwJ.q.w4wL unrz.w9nrz. Jwpz!Lf mbuni{J1niLp ;_p pLl]niLniJ iJ -[''] 

i/_wp4wJl'), LpwLs Jpp_b. .\pJLw4wL mwppbpni{JJntL[! unrz..pf 'IM/mpJw-

Bfiwbhpf pLniJ{Jf npnzt!wL .\wp9L f,' mwpp/1 JwuLw4fi 4wJ lf'P'l pbn

Lw{JwtfiJwL ']b"{.pniJ1 

l.wzfwJ.w!L JwnwLqwqwLnifJ1wL mbunifJ1wL unrz..pf ']M/mpJw9fw

flbpp ll'Pil .\bmw'fwpJ. bL: 

{!um JbpwsJwL mbunifJ1wL WJ'] 'lb!pnpJw9pwLbpp LPP'l JLw9np

fJ-WJpL bL: 

U.nwJ.qwqwL unqw9n'l JwpJLp mbunifJ1niLp pb']ntLniJ L np unrz..pf 

,,_b!pnpzfw9fwLbpp "{wpn,Lw4nizf bf, b.' .\bmw'lwpJ. b.' JLw9np1]WjpL Jw

µbp : 

U.1u bpbjl inbunifJ1niLLbrf9 wJbLw4wmwpJWLf! b. SwLwzniJ qmwJp 

lfwutni/_-1.wpni{JJnLLJwLf inbunifJ1mLL L J1niu bp4ni mbunifJ1niLLbpp 

Jtwpblf f, 11fmbl np"{bu WJ'] mbuni/J1wfi JwuLwt/_np 'lb"{.pbpz 

'/.npJLw4wLnuf wJbLw4fpwnw4wLp Jbpw9JwL inbunifJ1niLL L 
fl['[! {JniJl f, mwlfu umwLwl .\wJbzfwmwpwp "{Wf'll_ tniJniJLbp: Pbinnbp 

µnrz..pf .\bin f, 4w"ltfwJ w!u"lbu 4n;_t/_wJ lwpJwL nblw/luw9fwJf bpL.nLJ

/J{', WJufL.pL' JwJwLw4f [!L{Jw9pnizf lwpJwL wLqmJp wLtfint/in/u 'lb

!pnl'J w9fwLhpf 'lb"{.pnttf z 

flburnf.p qb!pnnfw9j1wf. pwqJwqj1 qrqf.tJ.ni1 pbnf.tJ.wHp wqqb9n1-
~1wr. qbuifnuI: bpp pbmnLb tfinrt!wLJnizp pwqJwflft/_ wLq.wJ pbnLw

t[~ri/_niJ t ub'lt!nrz. pbn'uqwJ.pni/_ L. JwuwJp 4wJ tnft/_ plnLwfJwt/it/_niJ, 

pbmnLnizf wumfC.wLwpwp qnimw4t/_1azf bL z!Lw9np'lwJ/1L 11b~mpJw9fw

Lbp: u wq w JL phnLwt/_npJw'u sf 4tbf'f {Jif_f J bJw9J wfip 'l."''fl'Lflw9 LW

(lntt!Lhpf {,_ 'lb:pnptfwsfwLlrf 4npwqaw1/1L qw"{p t;b,,,'l.\h u1b if_hpw

°,r.n /ui/_n tJ f, "''lrz. wq.Jw1fLf Ii. , t;bmli.wpw[' , "llwu mfi4-JLw9n p1]WjpL 'lh

.7,,,{'zfw9fwLbf'l' 'u t[w.7nuf bu : 

Pb,,Lw,Jn,,Jw'i, I.:. pbnLwfJwfJwL "!'"Z {Jt{n•[ !JP 4LL!'P!J t;lmn 4ni

mw qtLwJ ,Ji,,;,9 "{' ·7wJ/• 'i.J 'l-u:f> nrJ·w.'J/1wL l pf! { wuLniJ bu 11p11zwqf JbJnt

p1wL, {, pbmnLr u 4 u nuJ ~ w2/uwmbl fL l."lb u wnwt!qwqwL L11rt{J1 'J.b:fmr

.r'°.u8;1wubpfi 'l.wrq. w,gi!LUL WJ'l''lruf p'iintJfll! ;-; Lwrw•[np I,· Jfw1'i1 w1'i1 'lb"l

pnul , bp p pbu1n'b/., LU n 1m[blwq.nt1Y1 lwf'nt J[! JbJ ;_f, 'i1pw 'lfJw9qntLnifJ1w'b 

u w:; J' w L f 9' 0 r .. ·,, ,,. ::::;; P , '. f, 4 . 1. J.5 , w ) : 

lwplj f, L: b1_ np phinnLp pbnLwq np.Jw L /, plnLw{JwfJwL JbJ {J1[ni/_ 

9P4thpp .t.,'w,JLU(' Uf'"'<:u/t,fi/._nuJ f, pwif.w4wfi/tfi bpqwp <fwJw'i1wq iJ. WJ'l 

{iuli "{wLll&wnnq ~ l pwq:Sw4fi l1d1ir/_n 'I l.i. bpqwpwu1li. qnponq plnLi/_wJ.p

Lbpf 'lb"fpnuJ 'f"J"'f'! n .iu niLfi cL'l ·~w'iipntfl!niL pbmnL/r 11Mf.npJw9fw

f,bpf 'lwpq.w9.!w'& "U' "_!lbunuJ : 
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bpp ap.•lwl!" >R.,' W"{W pbnLwif_npJwf, L. pbnLwfJwtfizlwL "P"l 

{Jif_ni/_ 9pf(lbpfi9 .\bmn (JP-er 4npf ninni9f4nifJ1wL "''l'l"'fJJntbp tfinfu

i/_ni J t, wumf-SwLwpwp tfin.ppwfintJ f, Lpw fJb.pm{J1niLL wpu9fufibpft 

'I..~. 1.15. 'Hi~orJwg~wLbr~ w611 pbmo&nuf pwqJw~~ ~r~&qoq 

pbn&tJ.wbf~ 'lbuifnuf. 

wnwL9.pp L4wmJwJp, wLuw.\JwLwtfiwq 4bp"fni/_ w-AniJ bf, "fLWumf4-

JLw9np'lwJpb '1h:/mpJw9fwLhpp, b. pbmnLp .pw1pw1i/_ntJ f, (Lq. 1.15, p)r 

flhumf.p uwli1fwf.wJ~f. qb~nrliw9pwf.br~: fibmnLf uw.\Jw fiw1ffF 

11h!pnpJw9pwL, npL umw9qntJ f, Lpw .pwjpwjJwfip Lwfunl''l"'l "lw.\fL, 

Lwfu b. wnwy_ "wp1i/_wJ f, <H9 pbmnLf Jwpqw!f9 Ii. qwqJp9
1 

w 1Lni

<bmb.' Lwpi/_wJw1fL •lf"llw4f mbuwqf9 (ub'lJnLJ, J.qmJ, JnniJ b. WJLL} 

b. if_bf'lw"lbu' phnL'i_wttp/1 wq_']JwL pLni1{Jf9 (qwp-AwmL., bp4wpwmu, 
pwqJw4f qpqLi/_n'l}' 

fibmnLft Jwp4wJf JbJw9JwLp Ii. .\wmqw"lbu pbnLt/_wJ.pp wq11Jw'i.t 

mun'lnifl1wfi J b Jw9JwLp 'l"''l-f!L{Jw9 JbJwLniJ bf, uw.\JwLw1fL 'lb
!pnpJ w9f wLbpf! 1 

Uw4nm4bL l9wL1ni{Jhpni/_ pbmnLLhpf uw.\JwLw1fL 'lb.'fanpJw9fw

Llpf! 'l..'fWLP i.wfni/_ Jb,J bf, Lni1fi Jwp4wLbpf JwLp pbmnLLbpp uw.\Jw
Lw1fL '1b:frnpJw9fwLbpp9 1 

Ub'lJJw'u ']b"{.pniJ pbmnLf uw.\JwLw1fL 'lb!pnpJw9fwL 10 ... 20 wL
q.wJ wif_btf Jbr} f,, .pw'u J.qJw'u 'lb"{.pniJr 

Pwq_Jw{Jfti/_ fnp d.b p/1 Wfl'lJ"tL.pLhpp 9"'!9 bf, mtfbt, np plnfit[wo.pf 

4wp"llwin/., turz.r1l9nL/JJtub 'lb"ll!"'J Jtu'up pLmnLLb_np uw.\JwLw1fL 'lb

!pnptftu9/1wLbpf! 4lLmpnfitu4w'ii ubrz.JJtufi 'lb"{.pntJ 1 gr}. J "w'l.JniJ bL 

2 ... 3 JJ, w1ufiL.pL~ " =0,002 ... 0,003 {Jnt/_n'l mwppbpf ub'lJi/_wJ q.nmnuf r 

ftwpnrz. bf, qw[lqwf1wl ti wi/_btfi JbJ 'lbfPnpJw9ftuLbp)1 Upw .\wzif_wp-

qwJf'u JbJn ifJ1ni'i1r , wLqw/u pbmnLf JwpqwJf9, l!L'ln,'uif_ntJ t e" =0,0021 
r 
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'IJwfip pburnfifibp/r uw ... Jwfiw1/rfi '1b!/mpJw9/rwfibpfr JbdmPJnLfif! 
A11Jwfi '1but.pntJ f!fi'lntfitJ.ntJ t e;.i =0,0001 ••• 0,00015, 

flfiwl[wfi ~wl[nurl[bfi LSWfiJnLpbpntJ. pbpb. pburnfifibpfr uw.\Jwfiw1frt 

'1b!/mpJw9frw1ibpf! ub'lJJwfi '1bUf.pntJ Jfrfilb. 20 % JU bfi, .pwfi ~wfip 
pburnfifibpfrfil!, WJ'1 pburnfifib!'/r uw.\J wfiw J/rfi .'1b!/mpJw9/rwfibpf! d.q.J wfi 

qbUf.pntJ b.u 'l.'lwlfr lw1/1ntJ. Jb~ bfi, .pwfi ~wfip pburnfifihp/rfi[!, .\wurl[w

Ufhu 9w~!' Jwpl[wfihpfrfil!' flburnfi/r .\wuwl[fr JUw9Jwfi 'l.ntq.[!fipw9 fr 

.\wzfrt/. nl wn.wd.q.wl[wfi '1b!pnpJw9frwfibpfr tfrn.ppwfintJ t pfiwl[wfi ~w
l[nurl[bfi LSWfiJntpbpntJ. pburnfifihpfr' ll'frt/. '1b!/mpJw9frwfi, npfr .\burb.wfi.pniJ. 

11b'lJJwfi uw.\Jwfiw1frfi '1b!/mpJw9frw1ibpfr Jb~ni.PJnLfif! b.u tfrn.ppwfintJ tt 

flbn.fitJ.w~.pfr bpl[wpwurb. Ul'l.'1b9ntPJwfi '1bUf.pntJ pburnfi/r uw.\Jwfiw

J/rfi '1b!/,npJw9frwfi l[wpn'l t Jfr .pwfifr wfiq.wJ 11hpw'l.wfi9bl finLJfi pburnfip 
l[wp'Awurb. phn.fiwtJ.npntJfr9 wn.wr bl[n'l uw.\Jwfiw1/rfi '1b!/mpJw9frw1frfit 

flw'l.Jwftfr wfi11wJ ftpftfitJ.n'L pbn.fitJ.w~.pfr '1hUf.pntJ pburnfi/r uw.\Jw-

'fiw1/rfi '1b!pnpJw9frw1fr JUntPJntfif! fufruur ftbputnt/. ftwfutJ.w~ 't cr ,,.. "·~· 
LW{'ntJfr9' np/rfi .\wufihlntf. .pUIJ.pWJt/.nLJ t phurnfif!t 

I. PbSO\JI> 'f).b~Ol'U'U.81>0.61> U'0'\.01'-ll! b'\ UO'l.-4ll> :ZD.Gll! 

Pburnfi/r wn.wd.q.wl[wfi { wft1ipwpPw1/rfi) '1b!pnpJw9frwfibpfrfi .\wJw-
a 

UJWU1WuJuwfin'L .......!.._ .\wpwpbpntPJnLfif! l[nltJ.ntJ t u ft 'l. p fi w ft w f, 
El' 

w n. w d. q. w ft w fi n LP J w fi Jn '1 n t t' E,,. { ftwJ fim1fifi f wn.wd.11w-

l[wfi '1h!/1npJw9frwfibpfr Jn'1ntL)1 npf! ub'LJJwfi Lt. d.q.Jwfi '1but.pntJ Jfrb.fintJfi 
Jb~nLPJntfifi ti 

9-np~fiwftwfintJ np~bu pburnfi/r uft'l.pfiwl[wfi w'n.wd.q.wftwfim.P1wfi Jn-

'lntt/r Jb~nLPJnLfi l!fi'lntfitJ.w~ t pburnfi/r cr,. finpJwl LWf'ntJfibpfr u 8 
. - ,,. 

...;wpwpbpwftwfi '1h!/1npJw9frwfibp.fr .\wpwpbpntPJnLfif!, hpp cr,. :::;:;; O ,2R"',,.' 
ll.1uutfruntJ., pburnfi/r ul['l.Pfiwftwfi wn.wd.q.wftwfimP1wfi Jn'lntlf! .\w-

"'1· 1.16. l'bmn&~ qb~nrdwg~w&br~ 
d1Uf1tili nrnzntd~ 

J'"'"f"'U1U1ufuw'ilm,/ !; 'iir"' 'twr
bU1url.. pbn.'i1U1iJ.npntJ'p9 U1n.U12_ b-

'tn'l Lr/ti/. 11bf/JnpJ "'9fr"''hbpft 'tn

r/t u't'l.P'h"''tw'h J'Uluft'ii, hpp L"'

pmJ''iibpf! pn.[!p b'h £. 11£lf.nr

J'"'YP"''hbpf! t.frJ'h"''tw'hntJ' 11L'iib'ii 

"'n."'a'l"''t"''h p'hnt1p1 Un J'n

'l"LJf! hrlir"'t"'.Pnrb'ii Jtrb'hfts 
'iib r't"' J"'s'hnLJ !; Uln.wa'lw't"''h 

11bf/JnpJ'U19pU1'hbpJt n1.'l'lP fib.[!nL

p J"'b Ulb'tJ"''h urUl'ii'fb'huf! {'h't• 
1,16). 

(1.10) 

Vwfip _pburnfifibpfr uft'lpfiwftwfi wn.wd.q.wftwfintfJJwfi Jn'lnLlf! Jnurw-

4np fthputnt/. l[wpblfr t npnzbl urwppbp tfrnpd.wn.wl[wfi pwfiwd.b.bpnt/.t flfiw

lfwli U[IUJJwfifibpntJ utfi'1w9w~ ~wfip pburnfifibpfr .\wJwp finpJwfibpntJ 

phpt/_w~ Jh~nt/JJntfifibpf! (Ulf/w) npnztJ.w~ hfi ... hurb.Jwl pwfiwd.b.ntJ.. 

55000R. 
E,,.=---

27 + R 
(1.11) 

lf150-p9 .Jfrfilb. UBOO Jwpftw1ibpfr ~wfip pburnfifibpfr .\wJwp E,,.-e 
.jint{rnfutJ.n,,_J t 21000 UfTJw-fr9 Jfrfilb. 40000 Ulf/w uw.\JwfifihprnJt 

Vwl[nurftbfi LSWfiJntPbpntJ. pburnfifibpfr uft'l.Pfiwftwfi wn.wd.q.wftwfint

PJwfi Jn'1"4.l!' ft~fut/_w~ pburnfi/r ~wtf.wlwJfrfi 'l.wfiq.tJ.w~fr9, ftw'l.JnLJ t 
~wfip 11-hurnfifibpfr wn.wd.q.wftwfintPJwfi Jn'l"LL/r 0,5 ... 0,'l Jwuf!t 

flburnfi/r uft'l.Pfiwftwfi wn.wd.q.wftwfintPJwfi Jn'lnLL/r Jb~ni.JJ Jntfifibpf! 

pbpt/_w~ bfi .\wt/_htt/_w~fr IU'lJltwwft 1-ntJt 

flbmnfi/r .\wJwp b.u [!fi'l"tfitJ.ntJ t . wn.wd.11wftwfintP1wfi urbunLPJwfl 

.... UIJlnfi/r ftWUff!~ 

E,,. 
G == I 

,,. 2(1+11,,.) 
(1.12) 

flntnl' pburnfifibpfr .\wJwp ul['l.pfiwl[wf.r LWJ1rwl[wfi '1b!/mpJw9frw-

1ihpfr q.np~wftfrsl! (f11ntwun1rfr q.np~wltfrsl!) f!1r'1nt1rt/_ntJ t µ,,. =0,2, fruft 

41w{{J/r Jn'l"LL/r Jb~ntfJJntlrf!' G,,. =0,4E,,.1 

~wpJw·f.r Jb~w9Jwfil! 'l.nLq.f!1rfJw9 phurnlrntJ 'l.W{'q.wfintJ bf., uuwu

mfrlt '1h!/mpJw9frwLbp b., .\burb.wpwp, tfrntfrn/uqnLJ t LPfrt/. '1b!/mpJw9frw

ubpfr E 1'-1 Jn'l"Llf!• npf.i frpb1rfr9 1rbpftw1w91rntJ t urptf.w~ lwpJwfil! .\w

JwUflUU1Wu/uwfin'l fthurnq cr,,. -8,. ftnpfrL urwpqw~ znzwtfrn'lfr pb.pnt.j/1wfl 

"'Lft1w1r urwfiq.blrul!' E ,.., = tga (1r.ft. 1.16 )1 IJ.1'1 Jn'lnLL/r Jb~ntPJnLlrf! 

UJuurfr'bwflwpwp tfrn.ppwlrnLJ tt IJ.1uutfruntJ.1 ftwpblfr t wubl, np phurnLfr 

qh!/mpJw9frnfi ... wurl[n..fJJntlrf! tfrntfrn/utJ.nw t l[wfutJ.w~ [1UpJw1r JUnL

PJniLfr9t E JUnt.fJJnLfif! ftwfutJ.w~ t 1rwb. pbn.1rtJ.w~.p/r w'l.'1Jwfi urb.n-
t'-·l 

lf_ntfJJni1rfr9. pbn.1rtJ.w~.pfr hpftwpwurb. Ul'l.'1b9n1/Jiwfi '1hUf.pntJ WJfi tfrn.pp ti 

fTJpn!p. t{. />. Unipwzb.I! bpftwppburnlrb ftn1ruurpntft9frw1rbpfr .\wztJ.wpft

Jwf.r {.wJwp Jur9pbl t phurn1rfr, WJUUfhu ftnltf.w~, wn.wd.q.wUfLUluurfrftnLPJwfl 

45 



Jfit/ifi Jn'ln'-LP (E' ) 'ILU'lLUifiLUf'f!• npfi pphfip9 fihpl(LUJLU9fin1.J { (J -£· , ,. . 
'fPLU'lf'LUJp urpi[LUd- LLUf'JLUfi[! t:LUULUUfLUUILUujuLUfin'l l(hurni[ b. l(nnp11pfiwur,j_ 

fibpp ul(qpfiwl(hurni[ urwpi[wd- nr.'l'lfr phpnr.PJLUfi LUfil(JLUfi urwfiqbfiul! (fi~ 

1.16). 

E;=tg a 11 (1.13) 

'1-njn'-PJnr.fi nr.fip npn2wl(p l(wU/ E,. b. E; JbJnL[ilJnL'i.'i.bpfr JJrt_k.a 

'1LUurwphfi.p t:burb.JLUL fi2LUfiLUl(niJfibpf!' 

E 

v= ~ - phurnfip UI f1 UI cl 'I LU "LU fl '1 b !fl n (' J LU 9 fr LU fib(' I-
E ,. 

'In(' t) LU" p 9, 

£ 

'A= --"''- - phurnfip U/ l LU, u ur fr I( 
a,. 

If n pd- LU I( p 9, LUl(fit:LUJur { 1 np v+'A= 11 

flhurnfip LLUpnr.J f! l(LUphlfi { LUf'UILUt:LU JUlhl LUnwclqLUl(LUfi 11h!/JnpJ LU• 

9pLUfihpp b. ul(qpfiLUl(LUfi LUnLUclqLUl(LUfinr.pJLUfi Jn'ln'-LP Jfr1n9ni[' 

(J =E 8 I r r ...... (1.14 J 
lmr.Jfi LLU('nr.JI! l(LUphlfi { LU('urLUt:LUJurbl lf'Pif 11h!flnpJLU9frLUfihpfr b. wnLUcl
'ILUUfLLUuurpl(nr.pJwfi Jfitpfi Jn11n'-LP Jfi1n9ni[' 

(1.15J 

E
, E.,11. 
=E--, 

,. ,. £ ,. 

E' = vE ,. ,. (1.16) 

E'=(1-/..)E , ,. ,. p .17). 

E' .=v.E ,... . ,. (1 .18) 

(1.19 J 
46 

v = 1-/..., V A=1-'). l Jbd-nr.PJnr.fifihpf! l(LU/uiff.Ud- bfi LLU('JLUfi Jhd-n~

p 1n1.Iifr9 b. phnJii[LUd-pfr LU'l.qULUfi urb.n'ln'-PJn1.Iifr9 (Iii(. 1.17 )1 

1.LUJLUclLUJfi ifinpclwpLU('LUl(LUfi uri[JLUtfibpfr, ub'lJJwfi 11bUfpn1.J '). Jh

.tm[rlJnLb(! ijrnijrnfuif.nw !; O-Jr9 

(t.wJwUf.wurwafuw'iinLJ !; wft.e'ii-

Jrlwrf/"'Jfr'b ' "'P"''lnLfilJ"'"P it."'- 0.IJ 
6/!~Q9R-

,,~ 

wwrif_ntz plm'bUJi/_npJU1'iif!) Jfr'iitk. 

0,85 {t.wJU1Uf.WU1U1U/uwbnLJ !; 

hrlJwpwmk. 'fnpd-n'I_ pbn'bif."'d-.f!fr'b )1 
U wlJnuifJb'i. LSUJb 1nL[ilb rni/. 

pbmn'i.'iibrfr "'n"'a'lwft."''b qbfnr

J1usf11u'iibrJr ppd-wlJ.Jrse Jbd- !; 
.}w'iip pburn'b'iibpfr 'i.nLJb 'fnpd-wft.

sfi9: P'bwlJ.UJb d-UJIJ.nuift.b'b 191u

j, jnr. fib rni/. pburn'k'j,/; r/r 'f/;U/_.j!nLJ 

w j'f mwpph pnr.[il JnLb I! ft.w'l.J nr.J 

1; 10 .•. 200; 0 , "'J'f phmh'ii'iibrfr 

.UJnUJ Cl'fwlJ.w'i. /)wurl(nL[il 1n1.f.b b r/r 

10 .•. 120; 0 pwpar"'SnLJ !; 'kft.wui-

4_11LJ f."'/,_ 'kp"'b9 wJpnL[tl1w'ii 

/,_ t.wuwlJp Jbd-w9Jw'ke 'l.nL'ff!'j,_ 

jiw91 

Q6 
I O'p=a 8 R"ll' 
~ - o,. .. o, JR"'" , 
/ -

'/ 
. 

' 

0.2 

·o 20 ltU 6U 60 Oplip 

"'1· 1.17. flbmo&~ unwum~ti 

'}b!j>ordw9~w&br~ qorbw'19~ 'inrhrp 

(150 dwr'iwl~ pbmo&~ liwdwr) 

!JqJLUfi 'lbUfpntJ d-LUfip pbuinfifibpfr t:LUJwp, bpp a,. ~RA, f!b11n1.'b

i/_ntJ I; , np V d =0,5, frul( d-LUl(nurl(bfi L9LUfiJnLpbpni[ pbmnfifibpfr 'lbUf

pntJ' V ~ =0,25 ... 0 ,331 

Pbmnfip un'l/!P 11bfPnpJLU9pLUfibpp qfiw.\wurntJf! LUf1LUclqLUl(LUfi-un'lw-

9n'l ULUpJfrfifibpfr mbuntPJnLfi(! l(LUurwpntJ I; u n 'l pp l. LU i/i n t[_' C (t), 
npfi Jir1bfip9 fibpl(w 1w9fintJ I; un'lpfr 11bfPnpJw9frwLbpp b. bpl(LUpwurb 

~npJ.n'l LLUpJwfi JbtJnr.PJwfi .\wpwpbpntPJnLfi(!• 

C(t) = 
a ,. 

(1.20) 

wJ[ ~f;f'U/ LUuLUJ., un'lpfr l.wifil! un'lpfr .-:wpwpbpwl(wfi 11bfPnpJLU9pwfi f 
t Uf.w ":fr f: Jpwt/_np [LUpJwfi wq'1b9nLPJn1.fifr9 • 

'1-/a . .,bfiwtni/_ un'lpfi l_Wi/if!, pburnlifr Lf'frt/. 11b!f>npJLU9frLUL bpl(LUpwmb 

'lnp i)n'l p b nfii/_LUJ.pfr9 l(wpblfr I; qpbl .\burb.Jwl clL.nt[_' 

g =<r [_l +C (t) ]' 
" "l E ,. 

(1:21) 



.1q:im~li'11a.1wn:iali 1nawqddmq.1q t 
6t 

11l91Jnm~Jm~ lU JqG'JmB 

'li/Fm'JmJpm fm6~m119 pm~ fm]inlUF:, 'J'I /'lUJiGmUJn ']iuni/lnnT'[/ 

1]iuGul</p 

'Jmp6'rm119 pm~ lU19lnm~ ]iuJm7 ~lUiJtmiJt ,UJ'f:t G'JmTpi/p 'J'I p7u~Bm</p 
l"uJ9L9UJ 'JmpUJm:, G1J9Ji/ 'JJ9Luf 'Ji/Fm'JmJpm p.,uJ9JJmUJ Ju1ul} 

1J q L u l' 'J i/ F m p m U1 'J u I' 

fm]i7u~ n9lnnFm 'J'I p7U]iJumL9UJ L9UJuFm mlnm <J9Lul' LuUJmn/Zm 1Jm?7 

p1UU1ub fm]ipL9n i/JqJJmUJ i/lni/UJ 1Ji/Tmfb LuUJmn/Zm 1Jmp11f 'lt/q 

llJ7uT fllU~m'JmZIJ 'Jl/F mp 

-mU1'JUP 71mlj i/'JlU 'J 'J m J /' m 'J m ,, m 'J f m 7 /'lUJ9;J/nqu Ju1uf} 1]iuJ'l'J 

-1'7u11mUJm~lj 7''/UJ~lUJUJn'Ju~ ~ p7U]iJumL9UJ il'JmJpm hFm p7uJ9;Jlnq-b 

dJmZ i/P 'JTm~mn 1ilnmp i/p i/bi/y. Luh lm11m Di/1JlUf£1.,uG9U1Jm LqUJmpm:, 

.t/J9plU 'Jm~m'JTm1 71 i/Jlf'JU1'J!f PUP Lu11f LufJub 1'7uJJmUJ p7ufJGJq]i ~ mJ]i 

.Ji/ 'JTm ,Jiu~Jm]iZm:, ~ J'7uJil'Jm:,mln Jpmnmp f'll' illJmJpm uT'll 1]iu71y 

4 J q Lu l' 'J m ~ m 'J Tm 7 pm~ i/ J q 'J J-, u 'J m ,JpmT£17ULlnu 1Jm?m'!. 

-Fm7 mJ'J 71m'J 1'7u]iJumL9UJ ~ 'JmJpm 1'7uJ9JJmUJ l/lni/UJ 'Ji/Tmi''b 

llJ7UF £1lU~m'JmZ'J 'Ji/T mpmU1fJU !' 

71m1J '/'JlU ~m'Jmpmpml/p i/Ju '(]ru~mUJmln'J 7u7q'JGJq]i ilJ91jp"uJm1 Luln 

lm11m ]iuJ71J11my.UJmln 1Tm 71 'Ji/TmpJ9l ''Jml'?i'~ '-,u19n/ZmJ mJ]i l/JqL 

-ul' LuUJmn/Zm 'J'JlUf£1.,uG9ullm i/JqplU fmG'inlJuJUJ'J'I~ Lui'Jub mJ]i l/1mn) 

'J m JI' m 7 '/ n/ Z m J ~ plU]iJumbqUJ ]iuJ'l'Jl'.,u11mUJm~'J Jii/U7~7uJurn'!.u? 

JpmT£1lUUU7U GmTm:,mLLlU 'Jl/'JmJpm LuUJmn/Zm p.,uJqlmn 'Ji/Fm'Jm<''l7 

1Jiu?Jm]i 

-Zm:, ~ J'lUJiZuJu UJZi/p iln9J7~mp l/;Jfm]iUJm:, l/'JmJpm LuUJmn/Z'[J 

llJ'I IJ'JlUf£1.,u~m'J"111JmZ i/JqLuy fm]ibf LuUJmn/Zm JmJmJu]iun ;J'JuJu 

"J 'IL u l' i' m Ji ;J If £1 71m1J 'J'I J"uJiJumLqUJ 'plUJ9;Jlnqu ZuJu 'urup l/Jq'!, 

-'JmJm'J'l:t i/JqJJmUJ Lu]i11a llJ m JI' m L u UJ m n/ Z m ~ p7u]i7u~ tiJJqbtfy 

'hupbqn pm~ Luby 'Jm~m'Jpi/:, Luh lm11m /'lU'JmJ'J p7u'J6Jq]i ~ mJ]i Jtf 

''JJu 'U'JmJpm Lu]iiibmLqUJ Jpmf£1.,uLL1U 'Ji/Tm;J'Jmurmn/'/m .JJJms 

1]iuJq'J~mUJmln'J 'Ji/Tmpmw 

-'Jup 71 7u191JGJ'17' Jq'JplUJm7 Luh lm11m ]iuJqlJllmy.UJmln 7Fm 71 'Jmp'1f'1 

"'JifTmpJql f"m]in9UJmn/m'J7 ]iu~Jm]iZvr:, ,]iuJ'l'J!'lUllmUJm~'J' Jii/UJ~lUJUJ 

-n'Ju~ 71 nqln7'Ji/ 'Jiu~mUJmlnfJ lU1'11JGmL9plU G'JmJ'J 'p7UJ9'Jif U1ub fm]ipLqn 

•f/J9JJmUJ J'lUJiJhmL9UJ ~ ljmJpm p7uJ9'JmiJG~"1uJU1n'Ju~ ;JJmZ i/ JI 

Jf~'f 9m'Jril9tJ -S ''lmJpm IJ41mpmu"JUJ' -t 
~{J'llJJ•u'Jm) 'J.,JI',. ~·+m1Jfm1 -£ 'rimJpm 7.JnfZmJ -r 'rimJpm "huu11r1nfl"' -i 

''Juln -6 ''Jmf'I~ -J •1mn -m 

·al'1anJan:im.1pm tf.1q.1.1mw q:iawqddmli.rq '81'1 ·In 

I~ r-tf• ;7 l·? J"'m'I 

fl A! ll 7/ 
~ «i4! lo Ii I (ii 

(V 
11 f4nmr 11 .( ' ~ Im 

Wt 

1( J!f'll"•Jml) J9bi/y. Luby niflmb 'J'I lm11m LqUJJu 'p7uJq'Ji/U1 

-ub fJFm iJJq'Jm1/61puJurn'Ju~ lm11m 71 n/m'J ~ J"uJiJumLqUJ 'JmJp'll 

1(81'1 ·t'l) 'J m J pm ~ p7u]i7u~ ilbJm~mpm:, fm]ipllm~ s4s 
-'JmJ'J pm~ (i1JJJm1) JJ'/Luf 9UJmlnLuln Lu]iJumLqur 'Jmn/nmUJmlnmpm:, 

#J.ifflTlUIJJ l/ilrzmuJt11nfl111 qfml/G'rlUJUJn'Ju~ lqp iffmJrb'Jmll l/'JUU1'1f1 

;JJ!l1J 1''\1lJJl1l ·1 

'\ 1lJJl1l ·~ "l § 

(ec:· i) 
# 

I 3 (l)'.)=
1
cb 

,illnm'r 

lmF71urq:, iJ'Jw 111•ljnlub 71li/p i/tJim7 i/;JLun 71 i/Jbmflw'JJ i/;JLun 

(zc:· i) 

u-'3 

I --I 
(lt'3 = ch 

.. il1Jwf£1lUJ9JmJm:, 1/Jf'JmtJGmpJutf;,,U 'Jm~mbym11m 71 iJJq'JmifGmpJutf;qb 

Lu~q lmum BiJlf•~'f9'/J LufJub 71UJmJm~Jq IJmFf/lUf'IP fJlUU1mUJnm:, 

~ PlU'JGmFm~J'l'l 61/'Jfrltf 'lJu ']r u J b m £1., u 'J J i/ ;J L u n i/'JUU1'/J 71mlj 

1 rnu]iJmUJmfi if1•••:,m'I6 'Jm~m~m'Jm;J ifJ'l'JmiJGmpJutf;qu i/;JLun 



2. U.U'J'U. '1U6M1 4'H'l "IUS'1bf'l> l.lt11''1U1'U '1 U'bJuU'1fl1'U1'U '1 
l.U81'HNt'6HJ\'1'1bf'C 

bpqwppbuinf.tb qnf.tuuipnLq9JtwfibpJt wJpwf.tJt .\wJwp qfrpwnifn'l U/.n'l

~wuifibpf! pf.tnpnz bfi fipwf.tni[, np nLfihf.t !/> /r 'l /r q w q w f.t qwJ "I w 1-

.J UI f.t UI q UI f.t .\ n u n L f.t n L fl I UI f.t u UI .\ J UI f,, ' b. d.q.Jwf.t 11b"l./!nLJ 

.Jft1tz.b. fuqifbll! uiwlfru bf.t qq.wlfr U/.lwuuifrq 11b!/JnpJw9Jtwfibpt 

fTJn'llJ./.UIU1p .\nunLfinLfJ1w& b. wJpnLfJ1wf.t uw.\Jwf.tJt, Jtf.tz."l.bu b. Jb

Juwf.tJtqwqwf.t wll .\wuiqnLfllnLfifihpfr ifpw wq11n'l .\ftJ1twqwf.t q.npd-nf.tl! f.tpw 

,j!pJftwqwf.t pw'lw11pnLfllnLfifi t• 

IJ.d-fuwd-f.t/r uinq'nufr pwpd.pw9mJl! pbpnLJ t wJpmfl1wf.t Jbd-w9Jwf.t 

J.. uw.\Jwf.tw1Jtf.t .\wpwpbpwqwf.t 11h!/JnpJw9Jtwfihp/r t/inppw9Jwf.t' ft1.1tnLJ 

.t U/.n'l"l.wuifr U/.LwuuifrqnLfllnLfi[!, fr1tz.U/.bu b. linwq9Jwf.t bf.tfJwpqifbLnL .\wui-

-'fnLfJJnLfif!' tPwtJinLq U/.n'lU/.wuif.tbpnLJ, . npnf.tp pf.tnpnzi[nLJ bf,, !/J/rqfrqwqwf.t 

~nunLfin.JJ1wf.t a, uw.\Jwf.tni[, wd-fuwd-f.tJt IJ./.UlpnLfiwqnLfJJnLfi[! . uni[npwpwp 

.Jfi wf.t9finLJ 0,35 uinqnufr91 

u wf.tq.wf.tl! ( r) tw"l.bu 

;,wnwf.t9 qq.wlfr wq11h9nLfJJnLfi 
,4_pw1 

pwpd.pw9LnLJ t U/.n'l"l.wurfr wJpmfl JnLfie 

fln'lf.thini/_ f.tpw U/.lwuurfrq .\wurqnLfJJnLf.tfibpfr 

Ufrtfr9/rnLJf! (C) pwpd.pw9finLJ t U/.n'l"l.wuifr wJpnLfJ1m1t[!, uwqw11t 

pw9wuwpwp t wq11nLJ f.tpw bnwq9Jwf.t .\wuiqnLfJJwf.t i[pwz 

fTJn'lU/.wuifr Jbfuw1tfrqwqwf.t .\wuiqnLfJ1m1tf.thpfr i[pw l!f.t11.\wf.tnLp wn

JwJp 'l!'"'q"'f.t wq11b9nLf1JnLfi bf.t fln'lfinLJ ppnJl! ·(X}, "l'lfr1td.[! (.U), 

sftpqnfi/rnLJf! (U)' uifruiwf.tl! (T), 1tfrqbll! (H) b. Ullb w1u"l.bu -qni.i[w~~ 
ihq.frpn'l .\wifblnL1fJfih_n{!t uzi[_,,,t) "'JU qwJ Wjf.t tb'l-fr!'n'l .\wifhtnLJflp pw

Lwq{! wJpwfiwJ/rfi U/.n'lU/.wuif.tbpnLJ uni/_npwpwp UJUIUJUJf.ti/_nLJ t 0,6 ... 20/o-Jt 

.uw.\J wf.tf.tbpnLJ 1 

GJtqwq.ln9i/_wd- !/>/rrzpqwqwf.t .\nunLfimfJ1wf.t uw.\J,,,f.tni[ q.,,,q.nLq U/.n'l

"'l"'uifibp/r (CTa, CT5, 1sr2c, 1orT, s5rc, 25r2c 1.i. wiL J,,,pq,,,Hp) 

.J.q.Jwf.t 11/rwq.!'wJl! pbf'i{_wd- t f.tq. 1.19, w-nLJt ll.111"1./ru/r U/.n'l"l.UJU1fibpf! 

bpqwflpbuinfinLJ qwpblfr t oq.uiwqwp qbplJ./.ni[ qppwnbl Jpf.tz.u a < f/>/i
·L{pqUJqUJf.t .\nunLfinLfJl"'f.t uUJ.\Jwf.t/r LWf'nLJf!, npf! b. .\wJwpi[nLJ t f.tp,,,f.t9 

..;pJf.twqwf.t JbJuwf.tpqwqwf.t pfinLflwq.frpf!t 

Pf.twqwf.t t, np U/.n'l"l.wuifr uif.turhuJwf.t t:wJwp · f.t"l."'urwqwt:wpJwp 

. ~ pwpd.p .\nunLfinLfljwL u,,,t:Jwf.tni[ U/.n'lU/.UJurf.tbpfr qfrpwnnLJ[!, UIJ11"1./ru/r 

utn'l"l.wuif.tbp bf.t !/J/rrzfrqwqwf.t .\numfinLfllwf.t uwt:Jwf.t z.nLfih9n'l 9wd-p 

Lhq.frpw9 qwd- soc, 2oxr2u, 2sx2r2T, 2ox2rcP h "'Jl J,,,pqwf.thpfr "1.n'l-

"I. wuif.thp[!, npnf.t9 d.q.J wf.t 11P"''l-f'WJ[! phpi[wd- t Lq. 1.19, p-nLJ t uzi[wJ 

U/.n'l"l.wurf.t hp /r .\ ,,,J wp nplJ./.h u .\ frJ1tw qwf.t J h Juwf.t /rq"' qwL pfinLfJ,,,q.frp 
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uw.\.Jwfii/_wt) t 1 w1ulJ./..bu qni.i/_wtt, U/.w1Jwf.twqwf.t .\nunLfinLflJwf, uw.\JwLfr• 

a 0,2 Jbt)nLfllnLf.t(!• 11UJ t:wJLUIJ./.LUUfLUUJuwf.tnLJ t U/.nf"UfUIU1p Uljf.tlJ./.pup [Ul('

JLUf.tf!, npfr 11bU/./!nLJ Jf.t,,,9np11w1fr1t 11h!/JnpJLU9pLUfihp[! qwqJnLJ hf• 

0,2 % t 8mpLUpwfiunLp Jwpqw1fr U/.n'lU/.LUurfr .\wJwp o0,2 -{! npnzwqfr Jb

hnLfl 1nLf.t t ( urb' u w'l• 1.2 }t 

&frqLUq.[n9i/_UJt) U/.n'l"l.Wurfihpfr wJpnLfJlnLfif! Jbt) i.wt/int[ P"'f'J.p,,,

finLJ t f.tpwf.t9 1 b p J LU w J p LU 9 J LU f.t bf.tfJwpqhini/_z 'JopLU tmflimf.t~ 
qw1wfinLJ t f.tpwLnLJ, np U/.n'l"l.LUUJ[! bf.tfJLUpqnLJ bf.t, LUJUU/.bu qni.i[LUtt,. 

J /u J LU f.t ( urwpLU9i/_nLJ t Jfr1ti.b. 800 ... 900 °C, npfr9 t;huin wpLUq. uwnb9-

i[nLJ ), LU1finLt:hurb. Jwuf.tLUq/r JfuLUJb'lJJwf.t (1tnpfr9 urwpLU9i{nLJ t Jfr1tz.I. 

300 ... 400 °C b. wuurfr'&wf.twpwp uwnb9i[nLJ ), urh'lfr t nLLbfinLJ qwnnL9-

w) 

6.., 
~ t-~~~~~=--~-

6w 
'lo~. 1.19. Gln'lUfWmlihr~ Aqdwli '}~wqrwdlibr11 . 

w- A-I, A-II, A-III I. AT-Ill 'lwubpfr dn'lw1frL wJpwL, 

p- A-IV, A-V, A-VI, AT-IVC, AT-V I. AT-VI 'lwubpfr 

An'ltuJ/rL wJpwL, 'I- LWf'WJ/rL wJpwL 

0''----
l.r 

i/_wttpLU1/rL t/int/infunLfJJnLf.t' U/.n'l"l.wurfr LUJpnLfllnLf.t[! Jbd-wLnLJ t, frufi 

Uf LLUuurfr q 11h!/JnpJ LUO/rLUf.th!'/r bLfJLUpqi/_ htnL t; LUurqnLfJ JnLfif!' f.ti[wqnLJ 
1 

J!hpJLUwJpw9i[_wd- U/.n'lU/.LUurf.thpfr {LUJLUp .\frJflwqwf.t JhfuLUL/rqwqwfl. 

pfinLflwq.frp t .\wJLUpi/_mJ IJ./.LUIJwfJLUqwf.t t:nunLfinLfJ1wL uLU.\JLUb/r (J 

JUm.f11nL1tf! (f.tq. 1.19, p)t o.~ 

fl} n'lU[LUurfr wJpnLfllnLfif! Jbt) J.LUt/int[ qwpblfr t pwpd.pLUof.thl Lwb. fipU11 

ULUnf! JzLUqJwJp' LUJf.t hf.tfJwpqhlni/_ Jft!.wJ.q.Jwf.t (nponrnrna) (wiu/rf.t.pL. 

l"'f'l! d.q.btni/_ LU1t9 t qw9i{_nLJ Jfr pLUL/r wf19phpfr Jft!.nq, npnf.t9 urpLUJw

q.frd-l! wuurfr'ALUf.tLUpLUf' tfinppLUfinLJ t)z ll.111"1.fruft Jzwft.Jw.Jp uur,,,oi/_nLJ· 

51 



.h'ii p w p .! p w Jn L p w .J p w 'ii w l fo 'ii l w p b p, npn'ii9 .t;pJ'iiwqw'ii Jb

juw'iifoqwqw'ii p'iinL{Jwqfopf! 'iinLl'ii"lbu Ufw1Jw'iiwqw'ii -':nunL'iinLfJ1w'ii uw-':

.Jw'iifo iwpnLJ'ii I;' a0 2 , Ii. uni/_ n p w q w 'ii w J p w 'ii w l fo 'ii l w p, npf! 

•4 W p q p "f n '[ "f Wm I; f.i. pbnL{JWqpi/_nLJ I; Q'J cfwJw'iJwqwi/_np 11foJw

•'fpnLfJ1wJpt l/wpqp "lnrz"lwmfo .!qJw'ii 11fowqpwJl! 9nL19 I; mpi/_wq 'i.iq. 

.1.19, q-nLJt 

!lnrzw1fo'i.i Ii. iwpw1fo'ii wJpw'i.iHp/1 -':foJ'iiwqw'ii Jbfuw'iifo4wqw'ii p'i.inL

;{Jwqpbpf! pbpi/_wq b'iJ W'[• 1.2-nLJt 

fffnrz"lwmfo Jbfuw'i.ifo4wqw'ii -':wmqw'iifo2'iibpfo9 zwm qwpli.np I; 'iipw 

-Uw-':Jw'iiw1fo'ii 11b!pnpJw9fow1fo JbqnLfJlnL'ii[! .!qJw'ii 'lb"l/!nLJ, npf! i/_bpp_fo'ii 

.t;wzt/_ni/_ p'iinL{JwqpnLJ I; 'iipw UflwumfoqnLfllnL'ii(!t U.Jpw'i.iw1fo'i.i Ufnrz"lwmfo 

.uw.t;Jw'iiw1fo'i.i 11b!/mpJw9fow'ii (fu'lJw'i.i Ufw-':fo'i.i -':wJw"lwmwufuw'iinrz bp-

qwpw9nLJf!) q'iiw-':wmbtnL -':wJwp qwpli.np 'iizw'iiwqnLfllnL'ii nL'i.ifo tfrnpJ.w

:'iJJnLlP bpqwpnLfJlnL'i.i[!t b{Jb tfrnpJ.wpqJw'i.i -':wJwp i/_bp9i/_nLJ I; JU 

.bpqwpnL/J1w'i.i tfrnpJ.w'i.iJnLz, WUfW fuq_Jw'i.i Ufw-':fo'ii 'i.ipw -':wpwpbpwqw'i.i 

.bpqwpw9nLJf! 4tfo'i.ifo qqwifo lwtfrni/_ t/rn[!p, /!w'i.ifo np mbrzwqw'i.i Jbq bp

qwpw9nLJ[! t/_'{_pqnLJ' fu'[_Jw'ii mbrznLJ, qi/_bpwqpt/_fo JU bpqwpnLfJ1w'ii: 

,{].1'1 UfWm&wnni/_ tfrnpJ.wpqJw'i.i .t:wJwp "lw1Jw'i.iwqw'i.inpb'i.i f!'i.i'lnL'i.ii/_wq b'i.i 

.npnzwqfo bpqwpnl{JJw'i.i umnLqw'i.iJnLz'i.ibp' 100 JJ qwJ 5d, npmbrz d-'i.i 

.umnLqw'i.iJnLlP mpwJwqfoq'iJ I;: fffnrz"lwmfo uw-':Jw'iiw1fo'i.i -':wpwpbpwqw'i.i 

.hpljwpw9nLJf!' 0 f!'i.i'lnL'i.ii/_wq I; wpmw-':wJmbl mnqnu'iibpn1f: fffnrz"lwmfo 

'UfLWuLn/iq .t;wmqnL{JlnLLLbpf! p'i.inL{Jwqpi/_nLJ b'i.i LwL. fu'[_nLJfo9 -':bmn npnz-

4_wq -':wpwpbpwqw'ii -':wi/_wuwpw1..wtfr bpqwpw9nLJni/_' 6 ~ .. 
1 

: U.1u 'lb"l

·/!nLJ bpqwpw9nLJf! 1..wtfrt/_nLJ I; tfrnpJ.w'i.iJnLlP WJ'ii -':wmi/_wqnLJ, npfo Jbp_ 

lP Jm'i.inLJ i/_qfo4f!t 

lJ.Jpw'i.iwJfo'i.i "lnrz"lwm'iibpfo "llwumfoqnLfllnLH WUfW-':ni/_nLJ I; qn'i.iu

=pnL~9faw'i.i tfrfupnL'i.i f!Wl/!WlnLJp9. w111 "lwm&wnni/_ bpqwfJpbmn'i.inLJ l1fo

pwni/_nLJ b'i.i "lnrz"lwm'iibp 4 %-fo9 nl "{wqwu uw-':Jw'i.iwJfo'i.i -':wpwpb-

pwqw'i.i bpqwpw9JwJp1 fTJnrz"lwmLbpfo "llwumfoq -':wmqnLfJlnL'ii'iihpf! qw

pli.np b'i.i 'i.iwLL 'i.ipw'i.inq, np fJnLll b'i.i mwlfou &foqbpfo i/_bpwpwzfunLJ umw

mfoqnpb'ii w'i.inpnz qn'i.iumpnLq9fow'i.ibpnLJ, np'i.i l;wqw'i.i 'i.izw'i.iwqnLfJJnL'i.i nL'i.ifo 

1tpw'i.i9 wzfuwmw'i.il!fo -':wJwpt 

Pw'{_Jwqfo w'iiqwJ qpq'iii/_nrz pbn'i.ii/_wql!fo wl/.'1b9nLfJ1w'i.i 'lb"ll!nLJ wJ

pw'i.il! f!Wl/!wJi/_nLJ I; umwmfoqwqw'ii wJpnlfJJw'i.i uw.t:Jw'i.ifo [WpnlJp9 wqb

LP t/rn[!p [wpJw'i.i mwqt lJ.Jpw'i.ifo Wl'f"lfoufo j!Wli!wlnLJf! qpnLJ I; tfrfupnL'i.i 

p'iinLlfJ, w1'ii mbrzfo I; nL'iib'iinLJ -':w'iiqwpqwqfo LL qnl'f_nLJ I; .t; n q 'i.i w q w-

1 fo 'i.i j!Wl/!WlnLJt 

li2 

l/Jnp.!wpwpwqw'ii -':bmwqnmnLfJlnL'i.i'iibpf! 9nLJ9 b'ii urt/_bl , np pbn'i.iw-

4_npJw'i.i 9pq[bpp fJi/_p' n-fo Jbqw9Jw'iJ{! l[_"Lqf!'iJ{Jw9 t/in.[!pUJhULd /_;Ow . Jwl'u 

.lwpnLJf!, npfo 11b"1/!nLJ mbrzfo I; nL'iib'i.inLJ "lnrz"lwmfo fuq_nLJ. bf1p 

n;:::2.106, Wl'f [WpJw'iJ JbqnLfJ1nLbf! .t;wJwf'lW /Jb J'iJnLJ I; w'iJtfrntfrnfu1 

U.Jpw'i.ifo wJpnlfJ1w'i.i uw-':Jw'iil! pwq_Jwqfo w'i.iqwJ qpq'iii/_nrz pbn'i.ii/_wq11fo 

'fb"f/!nLJ, bpp n;:::2·106, qnJ_i/_nLJ I; 11foJw9qnL'iJnL/J1w'iJ uw.t;-

.J W 'i.i' Rw., I l/JnpJ.bpf! 9nL19 b'i.i mt/_bt, np Rw. 
1 

·fo JbqnLfJlnL'i.if! -':pJ'i.iw

qw'i.inLJ qwfui/_wq I; Ufnrz"lwmfo mbuwqfo9 Ii. pbn'i.iwi/_npJw'i.i 9foqlfo wHw

.JwlwtfrnL/J1w'i.i qnpqwq9fo9' 

./>'i.il/!w'i.i P. qnpqwqfo9f! tfrn11p f;, w1'i.i11wfi Rw . 
1 

t/rn11p /;t 

,2bpJwwJpw9i/_wq "lnrz"lwmHpfo '1foJw9qnL'i.inLfJJwfi uw-':Jw'i.if! tfrn11p 

/;: U.1'1 Ufwm&wnni/_ /;[ J..P /JnLllwmpt/_nLJ '1l'w'i.i11 qfopwnbl w1'ii qn'iiumpnLq-

9fow'i.ibpnLJ, npn'i.ij! b'i.i/Jwqw b'i.i -':wzi/_wpqJw'ii f!Um 11foJw9qnL'iinL/JJw'i.i: 

fl1.. pninp "lnrz"lwmHpf! qwpb[p I; qfopwnbl w1'i.i 'lbUf/!bpnLJ, bpp 

'fJ. ~Ot 

UU fo'i.imb'i.iufoi/_nLfJJw'i.i 'lfo'i.iwJfoq pbn'i.ii/_wq/!'iJbpfo 'lb"ll!nLJ, bpp qw

nnL9i/_wq11fo 1fpw 'i.ipw'ii9 wq'1Jw'i.i dwJwLwqwJfop_n9l! 1..wtfrwqw'i.i9 qwp& 

I;, wJpw'iif! b'iifJwpqi/_ntJ I; 'lfo'i.iwJfoqwqw'i.i wJpw9JwL1 UU wpwqnL

flJwJp mbrzfo nL'iih9nrz 11b!/mpJw9fow'i.ibpfo "lw1Jw'i.i'iihpnLJ wJpw'i.il! wz

fuwmntJ I; wi/_btfo pwpJ.p wnwJ.qwqw'i.i [WpnLJ'iihpfo mwq, 11w'i.i !pfoqfoqw

l(w'i.i -':nunL'iJnLfJJW'iJ uw.t;Jw'i.Jp [WpnLJ'iJ I;' Q'
1

p!. >a ; I 'J.p'iJwJfoq wJpw9Jw'iJ 

J.ll'l'1b9nLfJJnL'i.if! Oo,2 [WpJw'i.i i/_pw -':wJbJwmwpwp tfrn/!p !;, fouq a" [Wp

.Jw'i.i i/_pw qnpq'i.Jwqw'i.i 'i.izw'i.iwqnLfJlnL'i.i J_nt'i.ip: 

fffnrz"lwmfo Jbfuw'i.ifoqwqw'i.i -':wmqntfJ1nL'i.i'iihpfo i/_pw pw9wuwqw'ii 

J.JJq_'fb9nL/JJnL'i.i b'i.i {Jnrzl:nLJ pwpJ.p LL 9wqp p_bpJwumfo&w'i.i'i.ibpf!t 

{wpw1fo'ii wJpw'i.i'iibpf! uquwq 200 ••• 400 °C-fo9, qwfut/_wq 'i.ipw'i.ifo9, 

flb fo'i.iJ..Uffoufo 'i.iwfu'i.iwqw'i.i wJpw9Jw'i.i b'i.i b'i.i{Jwpqi/_bt, wumfo&w'i.iwpwp 

IJ.np9LntJ b'i.i fopb'i.i9 wJpnLfJlnL'i.if!t 

tpqwq[n9i/_wq ( wnw'i.i9 -':bmwqw JzwqJw'i.i) "lnrz"lwmHpfo -':nunt

'iintfJ1w'i.i uw-':Jw'i.il! uqunuJ I; Ufwqwubl Jnmwi/_npwUfbu 400 °C-fost 

8wqp p_bpJwumfo&wHbpfo 'lb"l/!nLJ (-':foJ'i.iwqw'i.intJ -30 °C L. 9 wqp) 

npnz Jwpb,w'i.Jbpp zpqwq[n9i/_wq Ufn'[UfU:u;bbp 'fWn'iJnLJ b'iJ, w1u"fbU qnJ_-

1_wq, u w n 'i.i w p b q n L 'iJ Ii. b'i.i{Jwqw b'i.i t/r/upnL'i.i 11w111w1Jw'ii: 

53 



gs; 

:Jmrm:, 'ImrJu]rm11mJrm t/Jq.JJmUJ 'It/f 

-mfb JlJq11nm'1Jm7 '1ni/ 'r-.uJ'IJJmur t/hu/ur 11t/fmlmn 'J'l r-iu]rvm1h/'1 i!Jgfl 

-11m6 fmB7mvq 1ilJ'11Jnm'1Jm'1 71 i/Jq61Jm6 fm6'1m11'1 'J'f1J1U 'I1ufiJ1uvmJy7 

11h.n1 Jmpm} 11mrJu]rm11mJrm t/Jq11mt/G'1-iuJU1n'Ju'1 q'{uinqJgm7Jq 

lfJqnmu 1-da 
'I n-da _,, ''1nmb n-a _,, ''/nmh 

111-v _,, •lfnmu n-v -ii ''/nmb 1-v -m 

"J'f'J'JMJJlll "O(;" J ·~'l. 

~ -t. 1 , "=;1 

~e:-~~13 
"t:·~~ 

J!l.'\ll11'1Jlltt 

1'!l J!l~'\119 .Q119'11HJ!l ·1-

I J17U-()" 

71 J'-.u-8 7mn-.u1Lm i/t>nr/rlqpm~ 

~ fmpJqJ i17r!,mGm'1nrnqU1 .urmy.Jf, 

i/Jq11,U1mln Luln tt,i/1 mtt,nrJ J''(J 

--~ ,-J (1 

-+-
· ,tt,mJ J'"' fm/rJ111l 

nqlnJu ,J'-.uJqtt,mi/G'1-.uJurn11,u ft 
'1tt,uurqJp/m7Jq t'mpJmfm11/mrr., 

tt,1 mt/ J' '!.If J'-.U/ru"!Ji/'1 iJJq 11,tt,nrlrr 
-uy. -., i1JqJm1 J-.uJ'mJvJnr;J 

(~ 

9 9Ab3 ,, 

• ===I~ • I i im 

11[.mJJ'm fm/rJm17 n7ln1lu 

'!.If J'-.U/rumJt/~ il''!.uJu 'J'mJ 1't; 
-nm7Jnr7 71 J'-.uJqG11,mG fmG7nr117 

tt,-iuTi/-.ufmfJub f'IJ' '!.lflf,-.U ilJq,J' 

-ml tt,i/1m11,mJJ''" tt,m'1mJu/1ua 

1ilJq1111mJrm t/Jqnmu ::>AI-.LV 71 'J\I·V 
'A-V 'JA-V 71urq:,-iu11fm 'A-.LV 71 IA-.LV ,IJmJrm fmpJml nqlnJu '1nif 
1
ilJq1111mJrm t/Jqnmb II-V 71 III-.LV 'Ill·V lqvmJi/'1 .) dinqln nqlnm1'17' 

-mum 11mJrm buurmn/Zm fmpJmn nqlnJu Bt/Jq111JmJrm 11t/fmbu
0 

1r1u-z• 1 '1mn-.ufbm 'J'I fmpJqJ ilJqJbmtJ-iu'JJ 11m'1m'1t/11mnf 

-qr 'lm'1m'Jl't/!r 71 ilr-.ubJm'1mnmb t/J'l'J'JmJrm 1Jt/fmJm1 71 11i/fmbu0 
1]ruJqljf-.ub JqJJmin 'J'I fm]r'1J'l'J ilJqJfm{'" 

61JmJ11 qtJ 11fmt/r :iJ11mJrm i/nmb 111-V Ju 7'Jt/ 'illt/rl;uJln 11F-1u11 'J'l'JlU 

ilJq'J'JmJ rm 'Ji/f mLuv i/Jqnmb n-.uf r 'ilJq'J1i/1;uJln t/J'l'J'JmJ rm t/Jqnmu 

11-dg .,, 1-dg '11-g '111-v '11-v '1-v 'l'I fm]rJqJ r-.u.-oz· 1 ·1/fJ, 

1Gi/Jml 61 t/tJF-.u71Jq'1mr 

fiJm} fmpn-.uf:, .t/nmb 61-)I 71 Bi/Jml l, t/tJF-1u71Jq'1mr tJJm:, fm]rrnuF:;, 

GIJmfrt/r fmBm'1LmJ ,i/nmb l,-)1 't/ J q 'J 'J m In u:;. 'J t/ f m 'J m Jr m 

'i/lt/rf;uJln 1Jm'1mJ9JJmln .t/nmb II-dg 't/tJF-iu71Jqfr 

-mr tJum:;.. ,i/nmb II-H 'i/Jm11Jt/Fm11mJrm J-.urimJvJmJ 

ts 
't/lt/rf;uJln 'lm'1 

•mJqJJmln ,t/nmb 1-dg ,,, tl m 1 'J,, rm 'J m Jr m 'J m,, m Ju,, u n 

•.) r-.upfJmpmJ il'JmJrm 'Jt/fmJm~ 

ii/lt/rf;uJln 'Jm'1mJqJJmln ,t/J 

-qnmb IA-.LV .,, J\-.LV '::>Al·.LV '111-.iv 'f m,, Gm Jr mm r J q l 

't/li/rf;uJln 'lm'1mJqJJmln ,t/Jqnmu IA-V 
'I A-V 'AI·V' III-V '11-V 't/tJf-iu71Jq'1mr (/Jm:;.. ,t/nmb l·V '(fm]r'1JmtJ 

-1Jq1 'Jmr'1mlr bu11GmJrm uurq:;.. Bt/r-iuGulb) f m ]r Gu 1 bm '1 t/ Z 

•.) r-iu'Jt/1 illJmJrm 1Jt/fmLu0 
1ilJq1JinmlnLuln LuG 

•qtpu JqJbmtJ-.u'JJ 'Jm'1m'1t/'Jmn/qr 11m'1m11ri/:;.. 1JmftJ-.uf'll' 1Jf-.u1171t/1' GfmJ 

't/Jq11m'1Jmr JqJJmin 'J'I r-.u]r'1Jbb11il lqr t/nmb J-.uf711milmJ-.ur; 1]ruJ 

;..qvmur g .,, v 'J'I r-iu'1m1Jml11 JmJm'Jmn/nmurmlnmrm:, 1JqJu11m'1m'Jml' 

-Fmln illJuJu 't/ J q nm b 'Jlf r-iup'JmpmJ •Gt/JqJbmtJ-.u'JJ 'Jm'1m'1t/'Jmn/qr 
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~ i11mr 

--Jil1.n~ 71 11ml'JuJ1.n .) f'1U1.nmn/Zm 11Ju 'il11u1.nqJ bu7'111.nh 71li/1'. ijJq111.nn1Ul9 

.if11mJrm .) 1'1uumh11mn/ il11ml'n/utJrmLqur i/11mJpm ij1ijtf;uJln 11m~mJqJJmln 

liu7'11urb f'1U~my.iJ7' fmpJm1 ,11 m I' In m ~ b m Z 11 m ~ m ~ iJ 11 m n/ q I' 

"'Jl/111'1uJm1 LutJrmlul nij1mb 119 lmum ]rud'11m711.nq!r 11m1'tJrl f'1U£iF1u71Jq? 

--mp 11mrln:, G11mJ11 
1
1q]rpJmlmbqur Jrmpurm~11 iJ11u1.nqJ .) f'1U1.nby il11mJ 

-pm f'1UFmijG~1uti1.nn11u? J,;q 71 
1
JrmF£i1Ub~1u ( 11iJFmb7'muml) 11m~m11Fml 

·IJi/'JmJl'm .) f'1Uf'L9n ]ru1q]r~f~ il11uurqJ ,11 m I' In m ~ b m Z 11 m I' tJr Z 

'11mF£i1u~urm:, ( mijbqbbm) 1U1q71n~ 11i/11mJl'm iln/mbmlmur11'11' 

-qG .) if11m711.nq:, ilJu '11 m I' In m ~ b m Z 11i/Fmfi1u71 J q ~ m I' 

•.) d'111uFbJm "''l!r iJ11u1.nqJ ilf'1Ulnm~bml 

'4/11mJpm Ju •19]r1.n 11'1 GF1UG ilJq11111uF£iJU1.nubm1.nq:, 11m~mJmJmyJu,p 

t?my.i/7' 11uiJGml'Jutf;qbmfm]rJm1 bJmJ nij1mb .) lmum f'1UIJUinqJ 

bu~mtJrmlJZ 11i/11mJpm ?niJ '11m?mn/utJrutJr .) p1u11umb 11mF£i1uilm~Jq mJ'J 

mnil 1'1"11mJl'm il111uF£i1unl' ijhijy. 
1
ijJqp1U 11ml'lnm~bml ]rij:,Ju112 

tJ I/ 11 
-p 1 u J m 1 11 m I' In m ~ b m Z ,ilJq111'1uJm1 11mn/nm1.nmlnml'm:, 811mJb 

J,nij 
1
J q p 1 u 11 mp In m ~ L m Z 11'1 J'1Uplu? ilJ9p1u bu,tjrmlul LufJu-b 

.1nu£iF1U71Jq~ml' Mn 1 I' 1u In m ~ b m Z .) 1'1u]rlu~ 'p1u£iF1u71Jq~m I' 11m !'In:, 

B11mJ11 nij1rir-b .) lmum ilJu 
1
illnm? buJmh11mn/ il11ml'n/utJrmbq1.n yJmbmn/ 

-ui/i iJ11u1.nqJ 71 i/11mJl'YJ tp1u f'll' i/im7'm11m~m7'mJ 1qumJij~ .) Ju]rm~Jm:, 

Jml'm:, ciu1qpJmlmLq1.n il11mJl'm bu]r111.nh lql' ij11,u1.nqJ fmBmJl'YI 
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tp1u1.nm:f 

-Jil~ ijJq11if11m1.nmnJlm 11,ijFmfml'mJmlnmLm~ 71 111uf£i1ubuFm11n/ ij£i1uF11,mir 

-m1.n11m .) f'lU7'Gm1.nn 1]runijlnnFYJ tilfml'mumlnmbm~ .) f'1U7'n/m~ 71 GijJu 

'.) buJ~ 1il11mJl'm ,ilif11i/ Ju iJ11mif 
1
il111uF£i1u1.nlqpmJ:,11m iJfmpmurFmtJr 

bu:,mln ilfml'mJmlnmbm~ .) 1'1u11mJq]r f'JUi18mtl11,il 11m1'1.nnmuinmln ijJqrr. 

-miJG~1uJurn11u~ e)ij1u11,ul' 7'u11mJl'm LuJIJ tf'1UJlf11miJ6~1uJ1.nn'1.u? £iij1ulJUJ" 

,1'1uJqi!lnqb Ju7'm11nmJ' .) f'JU]rumJij~ 11u1.nqJ£im~Jq 7'u11mJpm buJIJ 

tj 11117uGmJifui/i i/fm7'h1Jm1r 

-iJFmiJG~1uJurn11u~ il111uFeJ1U1q]rmum 1Jm~m111'i/!t iJ11uurqJiJm~Jq TfDl/-d 

t.) 1111u1.nqJeJm~J9 fm77 

-Jm1mn/m'1. il111q]rm11wFbJmm11qpm umrm:, ijJq1JmiJG~1uu1.nn11u~ 1.nm2 

t.) 11'1.u1.nqd£im~Jq 11m~mJu]run ilfm7'fmum1.nm'1.'IPYJ 

1111Fm 71 11uurqJeJm~Jq fm]rurnmJ1.nmln 7'uJq1111uurqJ 

'1.i/Fm1.nm~ij1ijn '11u1.nqJe)m~Jq 111uFm~mJ:, '"'11'1P'IGm11mJl'm ,~m11iJJo nqbr 

~11i/ <Jq11~mnqurmJm1.n 1Fm i/'1.uurqJeJm~Jq 71 '1.m~ Bijdq.11fm7'l'1 ijBmtJ 

t{ cr11u1.nqJiJm~Jq 71iJqd») 11uurqJiJm~Jq ]ruu91111u·1.nqJ TffJl/d ( J 

' ( «IJU"'l/JiJm~Jq J11mf ») 11uurqdiJm~Jq ]ruuq1111u1J1qJ J11mf ( m 

,iJ11u1.nqJ bu7'umJij~ 1.nnj ·~ 
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-I'm q1u~y. 'qmptim1mn/m'1 Gqmum ,1Jumqddmq.1q 1.)mqm.1u]iun (m 

,iJ~my.i/7' 11iJFmfm7'Jm1 11m~m11Jb~n i/11mJpm Tf tf.'!.uUlqJ 1.nnj '6 
tnm~ 

-Jm~ fmG~muq fm]rpbm~ Gijuqbuy iJfhmpmu1.n flfl' pm~ ( 111Fm 

'I Jq1197'l 'J7'mur~Jq '~m1puF?11m) Jq11,1ijtf;udln· qurm-lnLuln '1'1 
f'lU]rumJij~ 11mJpm n91nJu bqurJu '1Jumqddmq.1q ]iu1.)m.1pm hu.1q (J 

'(JqJm1) Jqbuy 11,1u~y. q1.nmlnbuln iJfhmpmJ1.n f!/.P lu 111/ 

p1U]rumJij~ 11,mJl'm nqlnJu bqurJu '1.lumqddmq.1q ]iu1.)m.1pm 1.)toqg (m 

,iJ~mn'l1.n if11mJpm urnj "l 

·ijJq11?mnq1.n lmF711.nq:, 1q11mpmJ .) ij19Jm~ iltt 

-u1.nqdiJm~Jq bu]rum_Jij~ Jmrm:, ijJq11miJG~1uJurn11u~ 1J.m~mJmJm11i/2 
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iJ'ntJLbpfr Jbd-ntPJntLf! npn24_mJ I; WJU ltwJ WJL Jnurw4_np b'lwfiw11nt/J 

.J!L'fntLblnl/., np wJpwLfr bpltwpmP1wJp l"''l.ltwUfJwL L"'f'nLJLbpf! pw1fit~ 

II 

N 

\,~. 1.26. flbmn&p L. wdrw&p zw'\~W"l.Uw& 1mrntd&brp tuiJDlrl'· 

w- wJpwLp pl11nnLfrg 11nipu pwz6Lfru, p- wJpwLp hp ftn< ~wJphpfrg A11hlfru 

,-4_wd- bL <:w4_wuwpw;_wp, ltwpblfr I; npn2hl Lpwfi9 Jfr1/rL JUnt/JJnLLf!~ 

N 
't =--

2· " u/'" (1.24) 

-npurhrz N-{! -hfrqL I; wJpwLmJ, l"''l""'UfJwL fuwfumJwL Ufw<frL, 

u-L' wJpwLfr ~wm4_wd-l!fr Uf"'f'"'11Pd-f!, 

l/u-L' phmnLntJ wJpwLfr fuwpufuJwL hpltwpntPJnLL[!t 

Cw'l""'"IJwL l"'f'ntJLhpfr Jfr!.frL JUntf/JnLLf! mwpphp JwpltwLhp[' 

phurnLLbpfr '1-bUfl!nLJ, ~uip[J Jw"hpltntJfJ/r An'll! phmnLfr9 'fnLf'U l!"'lhlfru, 
<:wuLniJ I; 2 ... 41lfl/w1 

PhmnLniJ Aq4_n'l wJpw'bfr fuwpuf.1Jwfi wJhfiwpnj!p hpltwpn1.fJ1n1.1'/! 

Jnurw4_np Altn4_ ltwphlfr I; npn2hl <bmltJwl UfWJJwLfr9. 

(1.25) 

f!Um n!'/r wJpwLfr Lt phmnLfr lUJ'l""'UfJwL 11frJw'1.nn1.fJJntfi{! Ufbm/! I; Lfr

Lfr ml/.JWL An'l.fr AqJwfi uw<:JwfiwJfrL '1frJw11pn1.f}intflp9 n;_ Ufwltwu, ~h

m ltw p w p' 

.npmh'l f. -L wJpwLwJfrL An1zfr <wi.n4_wd-1!/r Jwlthphufi /;1 
~4 

(1.26) 

PLwJ,wf, d-wltnurltbL LSWLntpbpn4_ UfWurpwuur4_wd- 1!200 L. pwpAp 

JwpltwLhpfr pbmnLLhpfr l"''l.ltwUfnLJL wJpwLfr <bur JfrL;_L. 20 % pn11p 

J;, [!WU LntJL Jwp1lwfihpfr d-wfip phurnLLhpfrLI!' {;w'l.ltwUf·JwL L2l/_wd- pnp

pw9nt.J{! ~frJLwltwfintJ <hurL.wL11 I; W/'1 phurnLLhpfr npnl ;_wpnl/_ i/in11p 

'1-frJw'fpni..pJWLf!' ltmpJwfi, uw<11/r L. J.qJwL, ~wJhJwurwd- d-wfip phurnL

Lhpfr ~hurt ll2~0-fr9 9wd-p Jwpltwfihpfr 11hUfpni.J WJL ltwphlfr I; efi11ni.Lhl 
LniJLf!, [tL;_ np d-wLpfr 11h"111ni.J1 

bpltwflphurnLntJ phmnLfr L. wJpwLJr <wJwurh'l w1fuwurwL11f! WUfW

-t:n4_hlnL ~wJwp wL<pwJlizm I;, np wJpwfie l"'"- fuwpufu4_wd- LfrL/r phurn
LmJ: 

1.Jntul/_wd- 9wfi9hpfr L. ltwpltwuLhpfr <wpfl JwlthpltnLJfl/r J.q.l/_wd- cln

'lbpjr fuwpu.fun1.JI! JUw9flblnL <wJwp Lpwf19 d-wJphppfl wpl/_ntJ bL ltb

n.hpt U.JpwflwJJrfl An'lhpfr L. lwphpfr JUwJwuLn'tflJnLfl(! wpmw'fpl/_mJ I; 
~wpphpwltwL Ufpn!pfrLfr, npnfl.p ntLhb Jhd- zw'l.lt"'UfntJ phurnfl/r <bur1 

blLhlnl/. '1l'"'fl/r9 1 UfWpphpwltwfl Ufpn!pfrl mflh9n'l. wJpwLwJ/rfl J.n'lhpfr, 

iwphpfr, pfl;_Ufhu L. hnwlt9wd- 9wL9hpfr L. 11wpltwuflbpfr <wpfl JwlthpltntJfl/r 

J.n'lhpfr d-wJphp[! 4_hp1w9flntJ hfl wnwL9 lthnhpfr1 

U.Jpwfle phmnfln..J U1Ufw<n4_ fuwpufublnL fl"lwurw"""- Ufhmp I; ur.wppfr 

9wflltw9wd- flnpJwl ~wur4_wd-pfr91 npurh'l WJfl oqurwqnpd-l/_nul ' I; LP/r.J. 

-':w24_wpltwJ/rfl 11frJw'1f'n1.fJ1wJp, LpwL zwpntflwltbl /u UJ I' u /u JUI fl 11 n

m n L h p It w p n LP J w fl ;_mpnl/_, np[! npn2l/_ntJ I; <bmltJWL pnpAwnw-

4wu pwLwAL.n4_. 

(1.2'l) 

pwJ9 "l. UfW11wu l,_='J.. ,_d-Jr9, JrLi."lhu L. "''l• 1.3-mJ phpl/_wd- I,_ fln1.1-. 

lwmpblfr fl4_wqwqn~Jfl hpltwpntf/JnLflJr91 

ml-' ~')..I-' "A.1- UfwpwJhurphpfr JUntfJJmflflhpe phpl/_wd- bfl "''l• 

1.3-ni.J: 

(~ .27) pwLwAL.ntJ. 

R .. -fl wJpwflfr <w14_wpltw1frfl 11frJw11pntflJnLflf1 I; ( urh' u § 2.'/.2 ) 1 

R -fl' phmnfl/r wnwL9[!wJ/rfl uh'l.JJwfl <w2l/_wpltw1Jrfl 11frJw11pnt-
., I' 

f/Jntfll! (urh'u § 2.7.2), 

d-fl' J.n'lfr mpwJwqfr~I!' 
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L9 

1ilrpuFfi1UJl'm ,'Jmil •LmblJmlL i/l'q7'm } 

f"uy.m il1Ji/b i/J91JurmlnLuln bfm J"UJu urnil 1 r1un9ur'Jur 41mb"b i/urmfnLuln '[ 

1'1U7'Bmurn Ju tJIJmil 'l 1UU11J11lf'f urml il1J1uTfi1uumJtj,, 4ii91J'JU't.lllfJ 71 n9ln 

-7'J4 '4J91JurmfnLufn J,urmJvJmJ r1u'Juur9Jfim,,Jq ,B4rLu,, nruf JI 

til,,'"'!u 'Jm p 

-fJubm:,mZ Ji/ ~ l''u'JGJu,, 'Jmi/6,,JUJurn'Ju,, ,'JI/ i/l9Jurmlf1ufi'Jm IJfmrmb 

-1Jmi/1' ilJqilmy. tJilfm]rGmd fl/I' i/ni/fnbfm ]ruJ91Jumy.urmfn fm7rl'J: ilJq'fi 

1il1Jmp 

-Jml i/'JmJrm l 'Jm,,murml'l/l'm:, nqfnmJu]rmurur il1J1uFfi1·u'Jfml i/ilfm7' 

-GmJ i/ilmy. Ju i/'Jmil '1'1Uilln9b 1JmrumJ4,, i/JqqurmFnLufn fm]rZ~ ilJ9p 

1Jmil 'J7ilmy. i/ilfm7'8mJ fl/I' i/l77rm rmb'Jm #''''Z 'J'I r1u~Gmurn /'lU1Juur7;f 

l"'uillnqb i/Jl/'Jl''uJml i/ni/lnbfm ,,ni/ 'l"'uJml mf/JJIOOll'"OO!: lmur lf1ufl 

l ilurqfn r1u'JmJrm ,,mur 4J9'Jilfm7r'J119J 'Jml'fJubm:-mZ 7'ulrmurmfn'J. 

'Jml'fJubmurbo lm'Jui/Gmu tjJ91JurmlnLufn J,urmJvJmtl ti/l7JurmlT1Ufi 'J'f 

f"U]rJmrm:, Jmpm:, i/Jq'Jmi/G,,lUJurn'Ju,, urml illJuJu •Jqilmy. tJilfm]rGmJ' 

l'I' &'O"'Z'O 717'Jtfl' 'J'I l'lU7'Gmurn 71 'mfJJJIOO&'"OflZ l l''u'Jnm:, '1mur iJJn 

-ilfm7r1JuqJ 'JmpfJuhm:,mZ ilr1uJm1 (IIJ-.LV 'IIJ-V 'Il-V 'J-dg) i/Jq'J. 

-urmfnLufn 'Ji/fmqmJrm Lu]rfJubmurbo r1u'Juur9rltfm'1J9 'Jm,,mJu7run 

:Jq'JurmfnLuln JlUp 

-mJvJmJ 1qumJi/,, ]rulnJq'1 ur9]rm'J1ufbJm r1u'Juur9Jfinr'1tT9 IJ.mqmJupun-

F Ju]rmJm'J:, ]ruil1Jm71ur9:, ijJq'Jmi/GmrJucJ;qb Jilutjr 'Jmpbf i/'Juurqtl 

t1Jlfm 11 i/fmi/"buuu,, lq]r,,Jmfi'Jll l LuJm'1 il1mJpm 'il'J1uFfi1uG 

-9,,mJm,,Jq 'il1J1uf fi1u'J1uJ,Gmpi/b 'il1J1uf g1uurlu,, tjJJmur l p1u'J,,'Jil p1ui/' 

-lnqb qJqilmy. i/ilfm]rGmJ f'll' 'l 'JIJ'll' GiJJ'l'J'J1uftJlUJ9n IJm,,m'Jpi/:, iJJ'l't 
-mi/G,,lUJurn'Ju,, 'l'J""''lrltlm,,Jq 'Jm,,mJu]run il1J1uftJ1ufmtum i/Jqilmp 

1m1JJJIO&'"OZ=sOl ·Z(!:lOOO'O'" lOOO'O)= .. 3 r·,:' a= ·3: ... 3= ·.o· 

'i/'Ji/1,, nqlnmJu]rmurup 'ilp1uJm1 i/'JmJI',,.,. 

'Ji/:,mln lU1m1Jm6mum ilmy. •GtJ'Jmpfmln 1JmTfi1uJmnm~m:, qJq'JmiJGmp 

-Jucf;qb 1Jm,,mJ9rlmJm:, 4Jn,,i/1qfi 04,, · i/'JmJrm 11 i/'JuwqJ ]ru1n1q 

'(!:1000'0"' lOOO'O= r ·:'9) l '!.1J1ufg1uJiluiJr i/J91Jm4GmpJucJ;qb 'li/fm"!. 

-mr:,mn 'Jml'b'f iJ1uur9J ilumy.urmln mJ'b 1Jqilmy. nqlmh .'Jlf lmum l''U'J, 

-uurqd ,,mur i/ilfmp'JuqJ uilutjr urml uqb Gi/J91Jilfm]r1J119J 'J'"l'fJubm:_,mZ 

l'lUurub fm]rbf qJqJJmur 9'J""''1rlfim,,Jq 'Jm,,mJupun Ju ,, iJ.1Jurfm7 
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l''u'luui9d fm7'l'L9n 

/'1U'JUui9J fm.,,,,f 

•J9rillrim7' 

-Gillt J</bmltmr </rimJl'YI •t 

l''uriuui9d fm7'1'L9" 
ilr1unfnJmnf tfrimJl'm 

fm7'1'L9n l'm'1 fm.,,,,0 'l 

' ' /'1U'JUUf 

-9d fm"Jrllv ill'1unfnilJ 

-mnf tfrimJl'm fm7'60 'l 

ilJn'lml'fmln 

tfllrimuimnfZm tfrimJl'YI 

i191ulehullmltll11 "l illl11911?Jm1'8lt 9m11Bltmu11 89mum lllfllmltmJ1 11 

:il!J111lt11111lmltll11 "'l 1u1nutl !JMJ1n(nllmn( il!Jmll11m 41ml11lmU llqll1n1111mllm11o 

~·1 'tmrr1ufL11 

I o/ 1 
xi •M = X"•M 

i/'Ji/1,, il1J1ufg1uJbmpi/b 'Ji/fm,,Jm]rlm:, mJ'J mJ"/r 1Jmfg1uJ 

-u7'muq:, "'7 ";> "'I Gi/Jf mf i/'JmJrm JmJm71ur9:, , •M 717'J4 I' Gi/-o ,]ruil1J9Jo 

'ji/Fmfb ~ l"u]rn/uiJruiJr il1JlUTfi1uJbmri/b 'Ji/fm,,Jmplm:, i/'JmJrm Ju 'l 
pu]r1J1Ub1Jil l'lUIJml':,mn 1Jmfg1uJm,,J9 luurub 'J'"l'n/nJmn/ i/'JmJpYJ 

1( JilutJr GiJ'1 

-9p i/'Ji/1,, iJJu) rlpmfjiuJqJmJm:, i/Jq'Jn'IJ'l,,'"I' i/ilfm]rurm:, i/JqLuv Lu7' 

_,,m'J1uJml iJGmurnmtjr 71 i/JqLu'f urlqpmJ:,'Jm Jmrm:, 'J'"l'fJubmurbo 7'4J1 

111uilfm]rurm:, 1mrpur lq,,urmlnmrhmJ l ilurqln il1J1uFfi1uubmpi/b •M J"U-,, 

-'l'fm'Jmd ( 1,z· 1} mlnm 'J'lUlrfJubmurbo 'Jl/7 7'4J1 llJmJ'J LqurJu '84J'l'J 

· -ilfm7rurm:, lmrJu'J 1fm 'J'I l'lUP,,m'J1uJinl ilJ9Luv Lu]rn/ndmn/ 'IBQ 



"bztf.w6 .\wf(wunLfiJJnLLLhpf! t/_bpwLnLJ bL, wluUfbu lfnltf.w6, 'bwfuw-

LWPt/_w,) bpf(wflphurnLmJ 1 npfr tn1.fiJJnLL[! w /b t 1 np urwppfr pburnLfr w Jfr

Jwuf! ,- npf! zw ... wqnp6JwL phnLt/_w6/lLbl'fr urwf( wzfuwurbtnL t d.qJwL, 

LwfuwUfhu, wp,.buurwf(wL f(bpllfntf., bLfiJwpf(t/_nLJ t ub'l_JJwL, npnt/_ Ir. 

,.wuLnLJ hL urwppfr pwpd.p '1frJw11pn'l_wf(wLnLf/JW~f! f!L'111bJ pburnLmJ· 

-G.w/}hpfr wnw1.w9Jwf..1 

/lburnLfr LwfuLwf(wL uh'l_JnLJf! f(wurwpt/_mJ t LwfuwU/bu d.qtf.w6 wJ

pwLfr oqfintfiJJwJpt 

IJ.Ju"lfrunt/_, f(wpbtfr t wubb np Lwfuwlwpt/_w6 bL lfnltf.n11J bpf(wfJ

pburnLb WJL f(nfiuurpnLf(9frwLbpf! It urwppbpf! 1 npnL9nLJ LwfuwU/bu, WJ-

uJiL/lL Lpwf..9 UfWurpwuurJwL f!LfiJw9/}nLJ, wp,.buurwf(wfinpbf.. uurb'l_6t/_wd

hL 9wLf(wlfr ub'l_Jn'l_ LWf'nLJLbp wJpn'l_Y. pburnLmJ f(wJ Lpw Jfi Jwunul" 

IL J.qn'l lwpnLJLhp wJpn'l_Y. wJpwLmJ "wJ Lpw Jfr JwumJ1 

"bwfuwlwpmJ LUfwurwf(w.\wpJwp t .\w'l_np11bl WJL urwppbpfrL, npnL/I' 

zw"w11np6Jwf.. ifinLLntJ mf..bf, d.qt/_w6 qnurfr. '1!'wL/l bL' f(hLurpnf..wf(wL 

It wpurwf(hf..urpnf.. d.qtf.n'l, 6ntf.n'l, Jb,) wpurwf(bLurpnLntfiJJwJp u.b'l_Jt/_n1i

lt WJL urwppbp[!t 

"bwfuwlwpt/_w,) bpf(w[JpburnLb f(nLuurpnif(9frwLbpf! f!Uur f(wurwpJwfr 

b'lwfiwf(Ji pwJwf..t/_nLJ bL bpf(nL urfrUffrt 

1. '-lnLuurpnLf(9JiwLbp, npnL9 wJpwLfr d.qmJl! f(wurwpt/_mJ t Jfrf,l/z_ 

pburnf..Jr UfL11wLwll! f(wJ, WJL f(hpllf wuw6, f(nLuurpnLf(9frw1.bp-1 npnLg 

wJpwLJi d.qnLJf! f(wurwpt/_nLJ t ,.bLwf(Lbpfr t/_pw (Lf(. 1,27, w)t 

ll.Ju 11hllf/lnLJ JfrLllt urwppfr pburnLw9nLJf! wJpwL[! d.qmJ bL wnwd.-

9wf(wLmfiJJwL uw.\JwLLbpmJ, It WJ'1U/frufr tf.fr-G.wf(nLJ Lpw 6wu1bpf! Jw! 

Jwf..wf(wt/_npwllfbu 111Jpw9t/_nLJ bf, f(nzur, wLzwpJ <bLwf(LbpfrLt ll.1LnL

.\burlt f(wurwpt/_mJ t ur111ppfr phinnf..w9nLJf!, It, bpp pburnL[! Uf_L11wLwlni{_ 

d.b~ t pbpmJ wL,.pwJbzur wJpmfiJJnLL, wJpwLfr 6w1pbpL w'lwurnLJ bL 

.\bfiwf(Lbpfr91 IJ.JpwLf! wnwd.qwf(wfi ... wurf(nLfiJJwfi zLnp.\frq wzfuwurnuf 

t tf.hpw11wnLwl frp uf('l.pf..wf(wfi tf.fr-G.wf(frL, uwf(w1L, tfrLhtntf. zw'l.lfwllftf.wh 

phurnLfr .\bur, pburnLmJ wnwt t pbpmJ ub'lJn'l_ l""l'"iJLbp, fi1'1lf! Jfiw,-

tnt/_ d.qt/_w,) tf.fr-G.wf(nLJt IJ.Ju"lfrunt/_1 uurw9t/_nLJ t hpf(wfiJpburnLb urwpp, np

urb'l phurnL[! qurLt/_mJ t uh'lJtf.w61 fruf( wJpwLl! d.qt/_w6 t/.fr-G.wf(mJ, f!Uur

npnLJ -G.fr'IL wJpw1.fr9 ... w'lnl''l-i/.nLJ t phurnf..frf, zw'lf(wUfJwf, [WpmJLhpfr 
Jfatnsntf.1 . 

2. '-lnLuurpnLf(9frwLbp, npnL9 wJpwLfr d.qnLJf! "wurwpt/_mJ t pburnL{r 

UfL11wLwlnL9 .\burn f(wJ, WJ[ f(bpUf wuw,), w.JpwLfr t19nLJf! f(wurwpt/_nul 

{ pburnLfr t/.pw (1.f(. 1.27, p): 

11.Ju '1bUflnLJ Lwfu 11.fWurpwuurt/_nLJ t fiJnLJL wJpwL.wt/_npt/_w-6 urwpp-,, 
88 

fiJn'lLhtntf. Lpw Jht "wJwUfwurwufuwL ifin'l.wf(Lhp (f(wLwtLbp) wzfuwurn 
w-JpwLl! urb'l_w'1f'blnL .\wJwp: 'l 

bpp pburnL[! llfL'fLULwtnt/_ d.bn/l t phpnLJ wL.\pwJbzur wJpnLfiJJn L 

f(wurwpt/_mJ t ifin'lwlfLhpfr Jbt wqwur ftbpUfnt/_ urb'lw11pt/_w,) wJ LU~, 
tlqnLJf!, .\hLwpwf..Lbp 6wnw1b9Lblntf. urwppfr -G.wf(wurwJ/rf.. Lfruurbpf!~ lJ. /r 
Ufrn9bufr e'hflw9J!11d' wJ'pw'he J'l

ub'l_J'm.J' t pburn'hfi'h, /i'h-1!/! J"hw

lnif. A'lif.w61 Ourb'/_6i[w6 /)wi[w

uwpwftz.n.i[w6 i[/i'1.wftl! U/"'l)Ufw'h

i[nLJ' t wJ'pw'hfi 6w1rhre /)w

Utntft ;:,,.,rJ' "'pw'hJ!'hhr/i o'l'hnL

fl 1wJ p urwrr/i -6.wftwurw1/i'h 'hfiu

urbr/i pburn'hfi'h /uwpufvbLnif. 1 

IJ.lu"Lfiuni[, uurw9i[nLJ' t bp

ftwflpburn'hb urwpp1 npurb'/_ pb

urn'hl! 'lur'hi[nLJ' t uh'l_1fi[w6, /iuft 

1uJ' p111'he' A'f1UI,} """"'ftnLJ', f!UUI 

npniJ' T.fi'l'h wJ' pw'hfi9 pburn'hfi'h 

t pnfuw'h91_nLJ' UIUlf'r/i bwftw

UI IJI 1/i'h 'j, /i uurb r/i'h wJ' pw 91_wt} 

/uwpfiu fu'hb f'/i J' /it_n9nif I 

'twfu "'l "'r1_wt} brftwflp b-
mn'hb ftn'hu UI f'ntft9/iw'hb f'f! J' fiJ' -

1w'h9/i9 urwppbpi[m.J' b'h 'hw/,_ 

P) I d 
J, ri !!!!!!!!llm!l!l?._c= ....... < ...... -1lil§... 
~ - ~· 

I ? ( 
"'i· 1.27. br~wppbmn&~ &wJuwtwruw& 

uJubuw&br1.1. 

w- d.pull! <h111u41tbrfr i{pw, p-. d.qnull! 

plunnf.Jr i{pw, 1- wJpw'fJ, 2- <hflw4, 

3- /uwpfrufu, 4- lfin'l.w4 

"'Jl /)wmftw'hfiz.'hbpni[' f!Utn 'hpw'h9/i9 UfUll)w'ht.i/n'l b1u.t!wftwJnL'hm_[JJw'h 

wJpwLfr urbuwf(fi, wJpwf..Ji d.qJwL nL /uwpufuJwL b'lwLwf(/i It "'JtLt ' 

"liw/uw[wpt/_w,) bpf(wfiJpburnLb f(nf..uurpnLf(9frwLbpf! unt/_npwf(wL hp-

4wfiJphurnf..b f(n1.uurpnLf(9/rwLhpfr .\wJbJwurmfiJ1wJp nLLhf.. Jfr l"'PI wnw

tf.btnLfiJ JnLLLbp 1 npnL9Ji9 f(wpltnpLbpf, bf, .\hurltJwlLbpf!• 

1. 'bwfuwtwpt/_w,) bpf(wfiJpburnLJi .\frJLwf(wf, wpJwLfrpf!, npfr9 b 

:/unLJ bf, Lpw JJnLu wnwtf.btmfiJ JnLLLbpf!, f..pw pwpd.p '1/rJ "''1l'n'l_wf(w

nLfiJ JnLL1. t eL1111hJ -G.wphpfr wnwtw9Jwf, It Lpwf..9 pw9Jwf..1 

b ~· 'bw/uw[wpt/_w,) hpftwfiJpburnLh f(nf..uurpnLf(9frw1.bpnLJ "'l''1JnLLwt/_bur 

4 ['Ufnt/_ oqurw'!-np6t/_nLJ bf, pwpd.pwJntp llfn'lUfWurf..bp, uurw9t/_nLJ t wJ

~wLfr 'l'l"'L/i urf..urbunLJ' tln'lwJfrL wJpwLfr '1bUfpnLJ JfrtfrL .\wztf.nt/_ JfaLlL 

0 urnftnu, LWf'WJ/rf.. wJpwLfr '1bUfpnLJ JfrLllt 45 urnf(nut 

3. 'bwfuwtwpt/_w,) hpf(wfiJpburnf..b f(nLuurpnLf(9frw1.bpf! zLnp.\frt/_ -G.wllb

pfr pw9wf(wJnLfiJJwL ntf..bL JU ftnzurmfiJJmLt 
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fl. 

puilqm71mg:;, mJlt •mJp ijilqmmmnfZm ijJnmi/B'11UJmnqu'1 numgdeJm?Jq 

11,g rrnltbm puifrm7 ijlmbb i1Jg'1,e}fw11Jg wlg7111u 71 wlgp'1f'1 i/'1,umg;j 

1hJ"I> <l'\U S!ltloC!l1ltiJ!l ';J'\>IUl?-el>IUIJ!l'l.ilm '\ 11Jlti.Qti <l'\US!ltl ·g 

1(q1Fm 71 Jn'1m7'uLunf qmrZq9mJ6 
'JgqJmrnpJqbg11) '1,wi eJwq1uf m'1milmy. JyJmd l rwp6qm:,mln GijGquJu 

'pwJgqmij8'1wJmnqu? qfm 71 rwJnmi/B'1wJmnqu'1 il7ij11fimJuZunf l mgp 

-m'1,1ufbJm nglnm?mm:, ilq1ufeJ1uumJij? ijqumgdeJm?Jg fmpJmlmnfm'I. 

''I' uf eJ1 u '1, 

-rnfm'1m1!mJ'1 JyJmd rm'1 pwGmnw?gpmrJg6 l pwp6qm:,mln GijG'1,uJu 

'r1uJg'1,mi/8'11uJmnqu'1 '1,Fm 71mg:;,1uqfm '(Jg?fmf qm'1mfmtlmm mmln 

-m?mJmd ,'1m'IifJo) ilnmr ijlmbb i/ilfm7'qugd qijfm'1JmpZm:;, l r'urbm'1 

il11ifZ'1 qm'1mifrgn BquJu 'rrnJqqilfmpG1u11m'1 qfm qg JmrJm:,m'1mmmlnq 

nglnm?mm:, ilquJu 'tlgqqumgd 71ti'le/ J,urmJyJmd lgumJi/'1 l ijlgtlm'1 

dpmF fi1uLu6m:;, rwJgqmij81!1utlmnqu'1 qqumgdfim?Jg fm pJmlmnf m'I. 

1rw'I1uF eJwJmJmqijZ qm'1mngmqmmL1ufb 

71 qmrJmJm'1mmmrmJ6 ''1i/mgbJnl ''Jm'1m'1i/qn/gmuJhij:, ''IifFmmJuln 

-nqmJm qwFfirnumJij? ijlmbb i/'1,JU '1,'1,umgdeJm?Jq fmpJmlmnfm'I. ''Ilim 71 
JgqJm1upJgbgu •Jqqnulijn •Jgq?mJmmZm qijfmnqmmmmu11g:;, ,r1utlqq 

-iffmpGw11m'1 'Jm?mtingp'Ji/ J pwpumtii/'1 puifrm7 f'lr ilqumgdeJ'm?Jg 

fmpJmlmnfm'I. rpuif7ijueJ timgp ijlgpm 71 OOl 117qi/r Jn6u1urm'1 num 

-gdeJm?Jg fmpJmlmnfmq qg fmpBwum'1 ·rw'I1ufeJwqijlm6Jrm'1 '1,1uFeJ 

-wumJij? fgr i/'1,1u qqumgdeJm?Jq fmpJmlmnfm'I. •rrnJg?fmf 'Im'1mf 
-mJmm mmlnm?mJmJ l rw]iumJij? ilqumqdtfm'1Jg fmpJmlmnfm'I. 

1JqJJmm lfm 71 ilJq'JmrJgrf; •ilJg•J 
-11,mfg:, ijJq?fmf ijJgif'1,gl qm?m?mJmnm:, 71 qm?mJgdmqwfhJm 'iltlqq 

-lnmln ijtlq'1fmfmqJgp 71 ijJg'1fmf qijFm?Jm:;r6i/r ·'In1u q1ufeJwumtli/'1 

qFml pwqwFeJwJmJmqijZ qm?mJqdmq1ufltJm 71 qm'1mi/BmilmLm(f 

ipuumy.mmln 
qmfeJ1uJmpplt qmrJmmm'1 GqmJq ,r1u]iumtli/'1 11,q }im?mn Jgqmij81!1uJm 

-nqu'1 qqumqdeJm?Jg fiijluqur nglnm?mm:, 'I tfijluqur-i/7'uifmpm7 

rilJnqrnfeJ1ulqpm11m ijqumgdeJm'1Jg fmpJmlmnfmq 71 ijpuilmp 

-m:;, '1,!/ rw7'8'1mb1ub pulntlq'1 mqpmqwFltJm r'uillnqh GquJu •ilJqJJmm 

numgdeJm'1Jg fmpJmlmnfmq ijpuilmpm:;, 'qijfmlnijm 'fmpBm?mnqmmif r 

•LupmnmJmmln rwJgqqmrfmln qijfmqmJmftlub '1,!/'1,'u r'ufmtlmm f!/r 

mur bgJ} 1eJijluqup 7/ f!Ji/]u'JUJ'-i/puiJmpm:, 'i/puifmpm:;, ,'1,g p1uqijl i/'1mq 

Ol. 
-mLq qmrJmmm'1 mnil ilJqqmij8'1wJmnqu'1 numqdeJm'1Jq fmpJmlmnf 

-mq ll nqlnqfm 'qm'1mJupun nqln"lq</ •r1uJqqumpmbmqd Uulud qmFeJ1uj 

-mJmqijZ l rwpumJi/'1 nJ'1Ufm'1~!/'1, ilqumqdeJm'1Jq fmp~mlmnfm'I. 

•q1UFfi1UumJij? qfml ijq1u nr1ufm?Jqq ilqumqd 

-fim?Jq fmpJmlmnfmq 1/ puumy.mmln ijtiu '11,g mfm:;rq'1m i1Jgqq1ufeJ1ulgp 

-mum ijquUJgdeJm?Jg fmpJmlmnfmq Ju •lgnm / ijlgJm? pulgJgd i/r </ 

1i1Jgq6qm:;,mln 1u qJqqqwFfiw'1mm:;rmqyqmum ijFmijbuluqnfgU1 

qmrUTnmJUTm/n mdq ijqum ijplm:, r1Ui/8meJqil qmrfbmnfmq '/ mqgU7ijb. 

/ ilUTgln i1JuUT?1uJUTnquq •rwlwifr qmrmnmJmmln mJq 71lfm 'r1uJglwifr 

qmrfJubm:;,ml 1u qmrpmmqur 'qmrnfuifrmLgm muq qfmijr 7u ililqmU1 

-mnfZm ijfmijG?1uJmnqu'1 mqqmijb l ilmgln ilLufbmnfmq 'l Jmmmmmnflm 

ijlgpm qr1ufbmnfmq ifJnmif8'11uJurnqu'1 gquUTqdeJm'1Jg fmpJmlmnfm'I. 

1Jgnnfmf 7ijGwGmJ1 71 'Jmdm11mq:, 'Jmrm:, ijJgqilqmmmnfZm lfm 71 qmr 

-nfnilJmn/ 'qmrby i/qmJrm Jqqr1uJupmi!Jmn qmnfnmmmlnmrm:, '1,g mZgp 

-mJ:;,'1,m Jmrm:, 'ImrmnmJmmln ijJgqmi/8'11uJmnqu'1 fmpJmlmnfm'I. 

''Ilfm 11 rwmnfmnf i/'1m'Inmr qmrlnm'1LmZ if'ImJrm 11 
ijquUJqd •Jg'1,ilfmpnm'1,p qm'1mLqm 'Jqifmy. lgJgd 6mum qg LuJm'1 r'uFmijG 

-'11uJmnqu'1 ilJgbijy. 7ijG1uGmJl Lu?g 6mum r'uilGmeJ'Iil qmrmnmJmmln 

,r1uillnglt '1rrium'1m:;r 'q1ufeJwLu?n:, mnijnf 71 q1ufeJ,,uummm'1mU1l!J 1!1umm:;r 

J r'u6'1,m:,mln ilr1umnmJmmln ijJg'1,mij81!1uJmnqu'1 fmpJmlmnfmfJ. 

ri1Jgqq1uf fiw'1mm:;rm'1,y'1,mum ZuJu ijJg'1,mi/B'11uJmnqu'1 fm pJmlmnf m'I 

'lm'I lgZq / ilmqln Lgm?gr mg:, ifJnq1ufeJwlgpmum fm7''1Jm7'o(f 

1 il'Irnf eJ1uu mJi/'1 

ijJnmi/8'11uJmn'JU'1 numgJeJm?Jg iJ7ijueJmfgr r1U11,1JmU J JmrJm:;rm? 

-mmmln'I nglnmJupmqnmr 'i1Jnumpmbm'1,d 'ImrumJij'1 ijquUTqdeJm'1Jq 

r'u'1,1ufeJ1uJmJm'1,ijl J r'uqfmlltqiJ '1,'1,uU1gdeJm'1Jg fmpJmlmnfmfJ. "8 

1ilq1ufeJrnBg'1mJm?Jq i/dnmi/B?1uJmnqu'1 fmpJmlmnfmq l r'u'IBmfgr 

ilr1uumJif? ijJgqqumgd J,urmJyJmd 11 il'1,1uieJ1uFm?mGmd ijJgilmp • !, 

tlgrLgn GqmJq drmfeJ 

-1uqbo ijqmJrm fmpilml ,i1Jq'1,il'1,mp8'1 ijqumgdeJm'1ug ijpuilmpm:;r lqJ 

-mmm? pulnJg? lm'1,uijGm11 lgpm11m nijlmm / lF1ueJ ilr1uJmlmn/m'I, •9 

''Im pGm'feJgeJ 

ijfmij8'11uJmnqu? 1u qmrmm9J? ijlmpmf if'Iumgd 71 •timdm71U1g:; ''Imr 
-GmJiluifr ijJgifrm7 ijilfmpmm:, ijFmif81!1uJmn'Iu'1) r'u'1,Ggbqm:;, Ju •L1p1uu 

-mJi/'1 ijJgqquUTgd J,upmJyJmd l JmrJm:;rm?mmmlnq mg:;, ijJnqmJrm 

JrnrmJyJmd r'uJgqmifG?1uJmn'Iu'1 gqumgdeJm?Jg fmpJmlmnfm'I. 'fl 

rilqwFeJwqw?Gmpijlt GqmJq / 

r'u'IGmJyJmd ilr1uJmlmnfmq ijJnmifB?1uJmnqu1! gqumqdeJm'1Jq ·r 



fJh' phurnfimJ L. ph' wJpwfintJ wnwt hfi '1-"'lfru ult'l.Pfiw1twfi 11h!/JnpJw-

9frwlihp, <hurL.wpwp, L. L"'l'ntJ1ihp ( uhifrwltwfi LwpntJfihp)1 

Phurnfih "{f1/r'1.Jw1i lti}ltJw1i ~hurL.wfipni/_ Hwp-G.wfiw /ll JUnt[ilJwJp 

(1.ilt. 1.28, w ) 1 - "bntJL bpltwpmfJJwfi hp1twflphurnfib urwppf!. (1i1t• 1.28' P) 
""wpG.wfiw !Ji.x<!Ji.l JUntPJwJp1 '1-w pwgwurpi/_nul t fipw1ini/_, np w1u-

urb'l wJpwfi(! zw'llt"'"l"-"'i} t pburn1ifr· <bur, Lbppftfi ""'"' t <w1i11fruw
LmJ L. fuwliq.wpmJ t phurnL/t W'{Wur lti}ltJwfi[!t IJ.Ju"lftuni/_, phurnfi/t nz. 

t.Jct.J fi '1b"-npJwgLwfibpf! bpltwppburn1intJ wnwt h1i phpntJ 
W'{Wur 'tu't UI "I' I' , Jfib 
u1t'lp1iwltwfi, fibppft1i ~wi/_wuwpw1tznif_wi} l"'f'ntJfihp A.qn'l L"'f'nL l' 

phurnLntJ ( ~wJw"lwurwufuwli !Ji./..= !Ji.l-/Ji.x 11h!flnpJw9frw1Jtfi) L. uh'l

Jn'l L"'f'ntJ1ihp wJpwfinLJ (<wJw"lwurwufuwli /Ji.x 11h!/mpJw9ftw1ft1i)1 , 

Phurnlifr nLnz.htnt <hurL.w1ipni/_ urh'lfr t m1ib1inL~ <w1twnw1t hpL.nLJfill! 

phurnL[! ub'lJif..ntJ t, fruit w.Jpw1i[!' A.q",/_nLJt 

bpltwflphurn1ib urwppfr phurn1intJ 1.ipw lti}ltJwfi ~burL.wfip~i/_ wnw1_ 

h1tn'l A.q.n'l LwpnLJ1ibpfr JUmPJnL1i[! <frJ1iw1tw1imJ 1twfui/_w~ t phurn1ifr 

W'l.IUur "!}",/ w'b Ep Jbi}nL[d 111t'bfi9. wJ -

rw'bJ.r r.wimfwi}.e/r Jw1tbrbufi9 £. pburn'bfi 

,, w rltw 1/ts t 
flulb'I. wJpw'bJr 'lhUf.J!nLJ A.'l:n'l [lil-

pnt.r'bhpfr ,fbi}ntfdlnL'ill!. pburn'bntJ 'twrn'l 

t r.wu'ilb1 Jfi'bt"- pburn'b/r a,.r ... r;., uwr.Jw

'bau1fr'il wJpnLfdlau'be, I._ 'bpw'ilntJ ltwrn'l 

£'ii wnw2_w'bwl i.w.ebr, npn'i.19 e'il11nt'b

i[wi} t w'biJ.w'bbl ¥1tilw'il i.w.ehrt 

"It· 1.28. 'ilt~dwl'i '}b~nrdw..,. 

9~wl'ibre pbmnl'ib 1. brltwppbmn&I.. 

Ub'lJ"n'l . LwrnLJ'ilhr/r Jbi}nL[illnL'il'il 

wtfpw'bntJ" Jufruur lthrutnif ltwfuifwi} t" 
'bpw .p.w'bw'tft9 (r.wurifwi}.p.fi JwithrbuJ.rg) 

£. 'twrn'l t r,,..u'bhl Jfi .ew'b/r urwu'b1wlt 

U'fun f>'ilt.e'"'b wJp,..'b/!. [dnLJL t"• w1'b

.ew'il 'bpw'ilnLJ Jbi} b'b L'"rntJ"'bhre "-

mwrrbrntd. 

w- phmnLh mwpp, 

p- hp4wpphmnLh UIUlf'f' 

1!.'b'lr."'"-"'""'"-I!.' 
bflb bp1twPphurnfib urwppfr <wuri/_wi}pmJ wJpwfi[! 11wuwi/_np4_wi} t 

nz. ufrJburpfrlt, IUU(IU phurn1ifr 1ti}1tJw1i ~hurL.wfipni/_ wnwt hltn'l ult'lpfiwltwfi 

L"'f'nLJfibpf! pwzfuif.nLJ b1i wfi<wi/_wuwpwz.wifr, opfrfiwf b.flh wJpwfi[! 

urb'lw'1pif.wi} t ~wuri/_wi}pfr Jfr ltn'lJnLJ, W"{W WJ'1 1tn'lJnLJ phurnfi[! 1tA.q.i[jr, 

fruit wJpwfi[! ltub'lJif.fr, ~wurif.wi}p/t JJntU 1tn'lJmJ wJ[fw1ifr "''l'1h9m

filJntfif! lttfr1ift <wJwpJbp 1.ibppfrfi wpurw1thfiurpnfi A.q.n'l mJfr "''l'f'19m

filJwfi(!, npf! L. <w1114_wi}pft z.wJpwfiwi/_npi/_wi} 1tn'lJfr pburnfintJ wnwf. 

ltphpfo uh'lJn'l LwpmJfibp: 
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bpltwPphurnfib ltnfiuurpmlts/twfibpft zw<wq.npi}Jwfi l!fiPwspmJ phn

lil!if.wi}pfibpfts L. w'l11h9ntPJntfi1ibpft9 wnw1 hltn'l LwpntJfibpftfi q.ntJwp
•i/_ntJ hfi if.hp[! lizif_wi} ult'lPfiwltwfi lwpntJfibpf!t IJ.Ju"lhu, opJtfiwlt, i}nif_n'l 

urwpphpf! phnfiwi/_npblftu Jftliz.L. G.wpbpft wnw1wfiwlf! pburnfi/t iti}ltJw& 

<hurL.wfipni/_ A.qi/_wi} qnurnt wJpwfi[! npnz z.wifrnif.. pbnfiwpwifri/_mJ t, /tu/r 
d.qif_wi} phurnfi/r lwpntJfihpfi wG.mJ bfi, npf! L. fi"lwuurntJ t G.wpbpft if..w
'lwJwJ wnw1w9Jwfi[!1 !lq.i/_wi} qnurnt pburnfintJ G.wpbpft wnw1w9ntJfr9 

<burn pburnfiJt lti}ltJwfi "''l'1b9nt/ljmfil! liif..w'lmJ ti 
Ub'lJ"if..n'l urwppbpft '1h"fpnul wpurwpJtfi phnfii/_wi}pft9 wJpwfinuf 

wnw1w9n'l uh'lJn'l lwpntJfihpf! qniJwpi/_ntJ bfi phurnLfr iti)'tJwL ~hurh

i/_wfipni/_ wnwt hltn'l ub'lJn'l Lwpn.JfibpJtfi, Jtult phurnfinul wnw1 h1tn'l uh'l

Jn'l LWpntJfibpf! npnz z.wifrni/.. ifrnppwLmJ bfi lti}'tntJft9 wnw1w9n'l A.q.n'l. 

[WpntJfihpft zfinp~fti/_1 
Uurwurftltnphfi wLnpnz hpltwppburnLh 1tnfiuurpntlt9frwLhpntJ phurnfiJ. 

"''l"'ur 1ti}1tJwfil! fuwfiqwpntJ t nz. JftwJfi wJpwfi[!, "'JL fiwL. 1tnfiuurpm1t-

9ftw1Jt wif..blnl''1 1tw"lhPf!• "'J'1 "lwurG.wnni/_ tt "'J'1"1ftuft 1tnfiuurpnt1t9ftw
fihpntJ 1ti}1tntJfi wnw1 t phpmJ LP"'9ntg/tz. fihppftfi G.frqhp1 IJ.J'1 G.ftqbpfr 

JUntP1mfil! npnzif..ntJ t zftliwpwpw1twfi JbfuwLft1tw1fr JhPn11fihpnif.' 

1ti}1tJwfi "''l'1hsmPJntfi[! <wJwpJbp l!fi'1ntfihtnif. pburnLft thpJwuurfrG.wfiJ. 

npnzw1tft ft1b9Jwfil!' 
PburnLb L. hp1twPphurnfib fiJntzLbpft ifrnpA.wp1tmJfihpf! 9nLJ9 bL urif..ht~ 

np Jftt/tfi <wzif..ni/_ phurnfift 1ti}1tntJ{! bp1twPpburnLmJ 2 wfiq.wJ ifrnpp t~ 

pwfi 'lntur pburnLfr '1hU(pntJ (1i1t. 1.29 )1 bl1ihtnif.. 11pwfiJt9, i}wfip pburnL-

fihpfo '1b"fpntJ f!fi'1ntfii/_wi} t etU·I' =0,00015 (e+~ =0,0003), npf! al'l= 

=0,00001 wuur.-1 qi}w1foL-1bpJw1frfi 11b!/mpJw9frwJfr q.npi}w1t9fr 11h"l

pntJ <wJwpJbp t phurnfi/1 1hp.J wuurfrG.wlifr 15 °C f11h9Jwfi[!1 

IJ.p11Jntfiw pbpw 1twfi L. pw'lw/!w9frw 1twL 1twnnt9if. wi}pfibpft hp1twppb

urnfib 1tnfiuurpnt1t9Jtwfihpf! <wz-
if wrlth1fiu umfnpwpwp pburn'bfr 
1ti}ltJwfi if.hp[! phpt/_wi} w'l11b9m- G;"to• T 

filnL'bl!. w'bilfttw'tw'bnpb'b r.w2rJ/r 
tft wn'bi/_nLJ", uw'tw l'b 'ti}'tJ" w'b 

pw9wu witw'b '°'l'lb gm.p 1nL'b I!. 'ile

if w'l. b g'bb LnL 'bUf.wurwltm[ Jbi} 

hrltwrnLfdlnL'b nL'ilbgn'l 1twnnL9-
if wi}l!'bbpnLJ 'bwfuwurbui/_nLJ l.'b 

11bf/tnpJw9fin'b 1twrw'b'bbp1 IJ.111-

utftufr ltw pw'b'bb re r.wJ" wurh'lnLJ" 

b'b 1brJ"w1fr'b ltwrw'b'bbrft r.bm 

/,_ ltn i. i/_nLJ b'b 2_ b r" w'ti}'tnt,/ IU 1/t'b 
ltwrw'b'bbpt 

Pburn'bJ.r lti}ltnLJ"I!. br'twfiJpb-
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1('Jlfm 71 Jqilrif:, ifJn'JmJmum]r 11i/fm'Jruli <Jq'Jbf1U1rmn/f) f'lUJ'l'JIJmr 

-Tmln 'Jml'fJubm:,mZ 1mrJul'f, Gl'f,mJ'J r1uJq11mi/G,,.,uJU1nl'f,u,, ZuJu ~ r..,ulni/b 

-11m:, ilJu 'IJ1uf iJlUBqlibm 71U1mJm,,Jq i/J'l'JIJmy.i/urnmrJ9l J'fJm:J ( J 

1 r1ullnqli i/J'l'J!t'lliJ:, ~ r1u1Jml 

-mum 11Ju '111uf iJlUGqlibm 71U1my.Jm,, i/d'l'JIJmy.'/urnmrJql J'fJm:J (,,; 

•ilJqT/'f lmf71U1q:, IJmf(!/.TUGqubm i/J'llJ1Jmy.i/U1nmrJql J'fJmJ 

'1!/ f'lUJqJJmur ni/1qfbmnf m'l ilJql'f,mi/G,,lUJurnl'f,u,, 'l'JUU1qJ(!/.m,,Jq 

1]ruil1Jm71urq:, l'f,mfiJlUJqJJmur i/JMGi/,,mfJub l/Jql'f,mi/GmrJurj;qli 

'Ji/FmrJql-l'f,i/Tmfb i/urmlnuuln 'Ji/fm'JmJrm 1u i/'JuU1qJ 71 nqln7'J'1 'i/JqeJ 

-1UTl'f,mG1 1U ifJmilmUl'J'll'l/G ni/1mb 'Jl/ lmum ill'f,uJu <ilJqlJf'1UJm1 7i/G1UG 

-mJ1 'Jfm 71ml'f, 'J'I Gi/J.inumy.urmln 'Jm,,m'Jl'if!t 'Jmrfmilfmil if'Juurq;i 

1ill'f,uurqJ f'lUTmilfmil 71 ]ru1mpmf 

f'lUl'f,mf'll' '~ f'TU7bl'f,m:, ]ruil1Jm71uiq:, 1JmTfl1uGqlibm 11mf£11u]rm11un/ i/ho ilJu 

•(Ji/,, fmbl'f,m:,7) QEJ ,i/hi/nilo i/r1ui/Glm,, ~ IJl'1u,,Jmnfutfr <!';(HO)EJ 
,i/hi/niloJlii/:, i/ r1ui/G1m,, Lup,, m'!.1uJ min r1uJml!mur'J'll''IG ilu my.uim In 

'Jm,,m'Jri/:, 'Jmrfmilfm;J i/J'l'J'JuuiqJ l'f,m,,mtlu]run fmpuinmJuimln f""'IJ'll' 

-qGlil'f,m1urJuln m~miJ'Jl/ ill'f,mf£17UGqlibm i/J'l'Jl'f,my.i/uinmrJql J'fJmtl 

'f'lUTmilfmil ]rifJ1 l'..,"IJ'llJ1U 

~ i/Lqur f'1Uillnqb i/-J0 009'"00!1 ,,nij 'l'llJ,,l'f,il ~ r1un,,n i11J..,uf£1..,uJrm 

iJ'JuuiqJiJ m,,tl'I p1uillnqu 'Jmf iJ-ruGqu bm 71 urmJm,,u'I '/Jql'f,l'f,my.'/urn m rJql 

J'fJmJ i/1q]rn IUl'f,mpGqli/ 1JmfiJ1uJl'm mJl'f, f'lUJqJ IJq7 .,, l'f,q7 fl/I' r1uJql'f, 

-'Jmpfmln Jo 0!1 7171'/,i/I' i1Jql'f,f'1uJm1 7i/G1UGm.i1 Lu,,q lmum ]ruill'f,m71urq:, 

'Jmf £11uGqb bm _i/'Jmy.i/uinm rJql r1uJql'f,mi/ G,,1 uJurn 'Ju,, 'l'Juuiqd£lm,,J q 

'lldla &l'\U S~'d4'1lltd!l 

'J'\&IU94'1UV~1iB'll &Id~'\'\ 'llJhlSR'llJld~'IJ dld'll'd 'l. 

1ilJqlJl'f,lUTiJ1uGqbbm Lu,,q lmum ]ruilfJmp 

-quiq:, i/iluun i/'JuurqJ f'lUPIJUm IJ'I iJurm,,IJ 'ni/1q,,.im]rZm:, Jq11m'/G,,..,uJur 

-n1Ju,, 'l'JuuiqJiJm,,Jq 1Tm ilJmZ i/r 71 nqln7'Ji/ 'r1uJqillnqli fmpllJ,. 

1r..,uJqillnqli 7fm 71 mJ]r 1JmfiJ1ul'f,1ufm,, ~Jql'f,mi/G,,1uJui 
-ntJU,, 'Jm,,m-fmJmur uimlnm,,mJmJ q1JuU1qdiJm,,Jq f'1UVDm ~ JmJmnmG 

-mJ ililLun iJ'Ju"''l:J 1r1u'Jmtlrm fmpJm1 i/'JuuiqJ[Jm,,Jq fmpJm1mnfm'J 

JqfJurtnuJu,, 'JmrJm1 r1u'J'l'J1u 'J'I '/bqur ]ruil1Jm71uiq:, i/ilLun i/'Ju"'l/tl 

1]ruJq'J'J°'"'iJ1UuL..,u ,,mum,, 

-m:, ,f'TUtlJniur Lupuf ,,"'/ 'Jrmf£11UL1nu 1Jf1u'J11'/r 'J'I p1uftlub ilr1U~f,, 

tL 
'I ililuun f'TUJJmur fm]rrLqn <Gi/fmpJlimJmZ ilJq]r ~ r1u71U1q:, nqln71Jr/. 

1mJ]r i/illJmurmnJZm i/fmi/G,,1uJurn'Ju,, r1ulibm IJ'I Lqurmrm:, 71 ,,m'Jml' 

-mpml/r '!.'I r1u1JmiJ1Jil Uf'TU,,f,, 71 ililuun i/'JuurqJ f'TUIJuurqdiJm,,Jq 

1~ iJT1u71Jq 

'Jm,,mnmGmJ 1Jfmrmb1Jmi/1' iJJu <ililfmp,,y. ~ r1uy.m f'TUilGmiJ'Jil i/,,m'Jml' 

-mp ]ruilfJ""IUl'I!-i/ilLun '11JUU1qJ r1uJJmur 'J1U,,Y. bu]rpLqn 11 Lu]rua 

1r1uy.m ,ilJq1J1'1uJml '1'!.mJrm fmpb'f ,,n'1 ''!.'I f'lUbmplJ ilJn 

-rTUJml i/'JuurqJ TUurub fm]rruqn i/JJmur Lu]ruf ]ruil'Jm71urq:, i/iluun 

1r1u1JmJrm 

,r1u'Jmf'll' 71 f'lU'JuurqJ ilJq1Jr1uJm1 Luruqn '!.'I Jl1UIJmJilutfr f'1UilBmiJ1Jil 

i/~m'Jmrmp ]ruil1Jm71U1q:, i/iluun 1'1uJqJJmur fm]rrbqn 'l'JuurqdiJm,,Jq 

·1~ f'lUJmr JmJ 

-m1Jmy.i/urnm f'lUTmbmurq:, ,,ni/ '1JqJu]ri/n1J'IU11Ji/ ~ JllUIJmiJIJil IJfm ( J11Un 

-I'm i/'Jmil i/1' IJiflmum) J11UIJmlilZ 'Jm,,m'JJb,,n <i/ilbun ~ r1up,,m1puJmZ 

11qli i/'Jmil ,,,m'Jmrmp 'Jm;J'!.Tm Jl1U'J'l'J1U ~ i/LqU1 ilnqGu.iln IJml'n/ZmJ 

•-mJq]r i/J'l'Jl'1uJm) 1(Jmnm]rm:, 1Ji/ilfmp1Ju'IJ 1Ji/ilmU1Jm ~ f'1UIJI' i1Jmr1ub 

i/J11bi/y. 'Ji/;JJ'/'J 'q,,Jm:,i/) iJJ'/1Jf'1UJm1 i/'JmJrm T/ i/'JUUlqJ 'Jl/ f'1Upn/up 

-utfr f'TUilGmiJ'Jil ,,,,m'Jmf'mp 1'1uillnqli i/ilfmplJuqJ IJi/ilmurJm nf utfrutfr'Jm 

,'JillJi/nfm '71li/J' if'JmJl'm 71 i/1JuU1qJ f'TUnfZmJmJqp i/Jqbl/y. r1u'J'llJ1u ~ fu 

-:-qur ]ruil1Jm71urq:, i/Jq'Jmi/GmrJutf;qli i/ilLun urmbm 7u i/11uurqJ r1uilGmiJ1Jil 

'1JmfiJ1UGqlibm 71urmJm,,Jq i/ilfmp1JuqJ mJ]r i/JJmur 'l'JUurqdiJm,,Jq 

1r1uJJmur 'l'JuurqJ Lup1JU1b 1'1uJq'J1Jmrfmln 11f1u'J '!.mil 

'~ Jilutfr rmb'Jm ~-!J' l puplm:, 'Ji/li/1' iJ;Jbun r1u11uurqJgm,,Jq 

1il,,mum,,m:, 71 

11mi/GmrJutf;qli 4iluun ~ Jilutfr 'Jmil1Jfm '~ fl/I' 'Jfm 'Jmil711'1 f'lUJ'llJ'Jml' 

-Tmln Jmnmpm:, fm8.m'JI' ·Gif'J.,uf(!/"1u,,m1J.,uJmln i/'JmJrm r1uilfmpU1m:, i/J 

-Jmur 71m1J ~ fmpnfm,, 'Gi/J'llJ'J"fJub fmp~JmpiJ r1u-t' l" l § i/GmJ 'il1J1uTfl 

-1Ufl/I' i/Jq'Jmi/GmpJutf;qb ifilLun i/1JUU1'1J f'TUJJmur '11JUU1'1J£lm,,Jq 

''Ji/ilLun urmbm i/1JuU1qJ ~ f'lUJmblJmn/ iJJu 'mm,, IJi/il<iqlJ ~ r1u'Jmni/b 

-
11

m:, <Lqurnfm 1~ nqln11fm 'f'TUllnqli 11mr,,f,, i/1JuU1qJ nqln7'J'1 'illJmJl'Yl 

1urq:, i/'JmJrm ~ fmplnm,,LmZ l'f,Fm Ju i/'Jm;/ 'i/;/Lun 1q]r,,Jm£l'J'I LuJm,, 

i/7 ]rulnJq,, U1mbm ill'f,uurqJ f'lUJJm/JI '11JUU1qJ£1m,,Jq fmpJupmfJ11'1tJ 

'lldl> tl'\US!l'd4'1lltd!l 'J'\>tU94'1UV!l1Jlm tlit'l.UR tl'\US!l'd '9 

''!.1Tm .., mJ/i i/Jqlf,J'wJrn1 '!.m'1m'!. 

-Jb°il'1n i/11,mJrrn {'"'/iJm1 iJ'!.umqJi/m'1Jq f"'/iJmlrnn/ni11, .., '!."'l'lnm'1Lm~ 
., 11,uurlfJ .., '1'!.mJ J'"' -1 J'Wl,bm '-1 1¥/rnm '!.'11,Jm n,,1n1,,,., I J'"1Uf1,UUI 
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1Jmpm:, 

1Jmplnm7LmZ '/11u1nqJ 71 '/11mJpm 71m11 j 1nZqpmJ:,11m 111nJql 7'/11mln:,mln 

911u1n9tJ t( Olt' l •7'1) 1nJ9l 7'/11mln:,mln lf1JUU19J j p1u]rfLqurn ,mJ]r '{mf ff 
-1uJu]rmvq:, Q luJu G'/tJT1u17Jq7mp '/11uurqJ j p1upJbmL9m ]ru7m1nmln'! 

ru1911mlnurlmln G'/pJUGmilm1n bmJm pwillnqb '/11my.'/1nnmpJql uvumJ 'l 

nqln711'/ •G'/fm'/buvu7 i111mJpm p1uJq11m'/G'r1uJmn11u'r 'l'Juur9J£im'rJq 

;JStJ:iQ t .. '\'Dll1 .. 1'"flti. :i'\US:i'd '8 

1i1Jq11l11m:,mln [ nl 
'/-.f!l~6-II llHH'.) 1q11mln:,mln 1 ilurqln n'/19fbmnfm11 Jq11m'/G'r1uJ1nn11u'r 

m'rmfi'J'I i111mT£i1uG9bbm '/iifmpml'/p ]ri/'n9JbYl 1111Tm 71 ilp1u7mijrm11mp 

-:,mn '/dfm]rBmJ '/Jqilmy. '(111Tm 17 pufm'r'/l'mJq'r pwurmlnmn9Jq •Lm]rn' 

'J1Ufm'rm7'£it/) puJ9tJ1uf11 7'1n1u71fp JqJJmur ilp1U1Jmlnurlmln '/tJT1u71J91j 

-mp ifJ911m'/G'r1uJurn11u'r 
1
ilp1ufJubm1nbo '/JqlJIJUU1'1J ur'/nf Lu]r1nnmJurmbr

puJ9111n'J'll'l/G 111ufm7murmtJ;11un 71uurm:, 'ilf'lu'rmr/rm11mp:,mn i/11my.'/lrr 

-nm 11mf tJw]r'/n9Jbm '/Jfm]rml'/p p1uilGm£i1Ji1 11mpfJubm:,ml '/f m'/G'r1uJm 

-n11u'r ,119 'JJl/'Jf'lU11mGul'/p Lu11mln:,mln G'/fm'/buvu7 i111uur9Jfim7Jq 

tJmpm:, '/fm'/buvu7 mb 

-mur9:, J'l'J'Jmpfmln Ju]rmurnmln'J pu19fLqurn •1q]r7uln Ju 19;/my. j LuJm'r 

ilmJ9l 7'/11mln:,mln 911uurqJ 1j ]ruvmy.urmln '/Ju •ilurJqZ 11mnfnmurmlnmp 

-m:, '/urmlnbuln Lu1JU1f' l9p '/fmi/G'rm9v 11m'rm'/p'/il 1Jmil '1m]rmf fl/I' 

'/19]rm 'J'llJlU i1JuJ1uT11 LuGmlmvm ]ruil11m17ur9:, '/fm'/buvu7 '/11mJpYJ 

tpuJl j f'luplJtJ JmJmJqJJmln 11Tm JJ9 'p1u11mlmvm j m'/buv 

-u'r L9p1u '/11mJpYJ nu1q7JmtJ1Jq '/fm'/buvu7 i111uur9J G11mvm m'/buvu'r 

'/11mJpm 1qJqJ lmum j LuJm'r ilJTm]rml'/p ]r'/n9Jbm 'p1uillnqb '/ilfm]r 

-GmJ fl/I' '/J9ilmoj. 17 n91n711'/ 'p1u11uur9J ur'/nf 7y t'rm11mpmpm'/p ur9:r 

'/fm'/bu11u7 '/11uurqJ j p1u11mtJ11i1 JmJmJu]run 11m'/buvu7 '/11mJpYJ 

1111Tm 71 i1£/TlUf1U1 '/Jmilml 
1
i1JqL1uT 11m'rmn1uJ p1u11LutJ 'JI/. 

111uF tJ1uGqbbm 7'/Fm;IF mil mJp '/11uurq;j t p1uF miff mil '/11uur9J 'JmJm71urq:, 

'71 f'lUJJurmln· '/d9urmln pwJqJ 'JI/ lmvm 
1
i1Jq11£iu11m 11m'rmbmp Ju 'JJl/'l 

-'/uru'rmf '/11uurqJ pw11G1 ''l9 pwy.m bmJm ilJ91JbqliJUF ;J 1G'/p1uGmLqi( 

-wFJ '/dq£i1uF11 11m'rm'/p'/il Lu'rlf lmvm ]ruil'lm711nq:, 11mFtJwG'rmfJuhmp 

-m:, '/11uur9J 17 '/JFm]rml'/p ]r'/nqJbm 71m1J j f'lUpTmilFmil i111uurq;j 

9! 

1i111uur9J f'lUTmilfmil 17 11Tm pluf1U1 'urq:, '/lu/niloJb4~ '/rnu'/G 

-1m'r f'lUIJUlf' j lqp '/fm'/G'rmqv ilnmp fl/I' '/J9111utJ.g tpiuJTmpml'/p 'J'/f 
-mbmb pm'r .11'/fmJl Lu'rm111uJmln J111wtJtJ j piupfmilfmil i111uur9;j 

tilb'/niloJb'/:, '/rw'/G1m7 l9p G119J'/ p1uf1u1 'JI/ 
7'm1 il11mJ11 Ju '/11m;I •ilJqJl 7iurjrmrjr 'J'I Ju]rmb11murp 1q]rmvYJ tj p1upfmil 

-Tmil JmJm11my.'/urnm i111uurqJ 71 'm.J/r '/tJF1u17Jq7mp '/11uurqJ j J'1UIJmJpm 

1u pw]rilm]rm:, iltJFwf1u1 111u']tm'rmur'/lnn-ZJub bfm '6Q'.)1t?'.) ,urm11uJ 

-Jm'r '/piu'/G1m'r j p1u11Gmlmvm ur9:, '/bo ]ru1q]rijrZ 1u tJT1u17J9'rmf' '/fm'/G 

-71uJurn11u'r n'/1mb nuJUb 17 lqp '/lil j p1upf1u1 •z: (HQ) t?'.) JH11/nil0Jb'/:, 

'/p1u'/G1m'r LuGmn'/b11m:, ilnmp 7'/GiuGm'rLmJ '/Jmilmur119f'9G p1uilln9b 

bTYJ t]ruil11m17ur9:, 11mf£i1uGqbbm '/Jl LupG11mff pull/I' G11mJ11 ,ptuJ91111uur 

-9J 11mf£i1uurnf JmJm]rmJ 7u f'lUIJ'llJ1U '/L9ur j m'/buvu7 '/1JUU1lf;J 

1G'/Jq111JufJub 1Tm 71 nqln711'/ •G'/111uftJ1uurnf 1u G'/pbm~ '/11uur9J 
1
G'/111uftJ1u]r'/n9Jbm '/Jfmpml'/p 11'/£ili9:, 11'/lmvm j fmpnfm'r iljf1u11J '/f 

.-m'/buvu7 '/urmlnbuln 71 '/11uur9J p1uJq11m'/G71uJurn11u'r qlJuurqJdm'rJq 

'\ 11 .. WUoUUti .. '\US:i'd48ti.J!l '8 

111uurqJ 111uFm'rm'rmJ7 19vmJif'r p1uFmifG7lUJU1n'Ju'r ~ 

ilur9ln 1j pm'r '(funwFbm IJ1UTm'rmJ:, 1qurmlnmnqJq j '/1qJm7 iltJF1u71Jq'r 

-mp '/nJl/'J if JqljbfJU1q'Jn/f , 'rm11if Jo) ]rutJ1uF1j 'l1uf m'rmJ:, tf 'I'/1 fmpurmln 

-mn9Jq j ilurqln i111uur9J f'lUJq11mtfG'rJUJ1nn'lu'r l/'Juur9Jfim7Jv Luurmnf 

-lm u;/Jq'j 1jmF£i1uGqbbm 71urmJm7J9 '/J9'111my.ifurnmpJql JpJm;J 

1i11jmF £iw'rm'J1ubuJ7 '/F m'/G'rJUJurn11u'r lm'lvmlnn 

LuJm'r '1'17 il11uJu •Jnilfmpnm11]r 'J'/FmtJ1u17Jq'rml' 1mljmurn 'J'I buJml[ 

i1Jq11m'/G'r1uJurn'lu'r · lf1JUU11fd£/m'rilq p1uii91J1Jmpfmln fm]rl'J ilJq'p 

1~m'fmpmp 

'/Jn:,qbJ:, 11m'rmJu]run i1111uFtJ1u111uFm7mJ:, '/Jq11mifG'r1uJ1nn'lu~ q'ju1nqil 

-tJm'rJ'I f'lU]rJurmGmJ j ]ru11mJn tu1nq:, G'/pmp 1u7J9 ,f'JUillnqb if urJql 

7'/11mln:,mln 1JmftJ1uurnm:, pn !: 'rn'/ 'uurq:, G'/pmp hi' '/-'.)0 O~!i .. '00!: l 
p1u11nm:, p1uillnqb '/urJ9l 7'111mln:,mln 1JmF£i1uurnm:, pn !i'Z q'{uur9J il'I 

-my.'/urnmpJ9l '/11mJpm 'rm11mpmp '/:,9bJ:, tf'Jmy.'/urnmpJql ftr1]rZ1j ilJqp 

,'rm11'/Jo •GJU1m11milmur bmJm illJmJpm Lup11urb lqp ti'/ j p1u11mln:,mln 

iJ'luurqJ 'rm11mpmpmif p 'p1utJf1u71J9'rmr Lu]rln} 11'/'rmJ'r 'J'IJu'Jm'rml 

-'/p'Jm ,'Jm;I 
1
JfmG '/1q]rm urmZ j f'lU'Jf' 'rm11mpmp Jm7Jq illJmy.'/urnmp 

-Jql p1uJqurJ9Z 'J'/;IJ'l'J '/Tm'/G'r1uJurn11u'r '1 7ifvJuLm:, 1nm]r 'fmFfi1upJql 

illJuurqJ Ju '/'Jmil GFmJ ''/·'Jo 001 l' .. 0001 j p1u11nm} i111my.ifurnmpJql '/ho 
'pmp s-z 1'117ur 'J'I LuJm'r il11uJu 'p1uillnqb '/J911:,qbJ:, 11m'rmJupun 



6L 

1ilbudqp 

4Jq1J1tmy.{/r IJ4Fm'Jml':,mn '14Fm1tJm]rZm:, 'JmpltJm]rZm:, ifJnar4G1t1uJur 

-n'Jult 'l'luurqJdmltJq ]rmLq 1Jil'J1uFuJm 4Jq11il11murmnfZm hfm 'nqlnmJu]rm'I 

-nmJI 1Jpmfd-ruJm]rmltqL 471ubu]r'(, ·11 ·11 ·<f;uJln i1Jq11]r4urltq1u'1 4Jq'Jnn/J 

-uurmJuJml 'Imfd1unqur 4Jq11m4G1t1uJurn11u'1 'l'luurqJdmltJq 4-g)l(HI1H 

n4Fm'1J'l'I 71 4-:>UHHn 114'1n/m11 nqlnmlturm:, 1qJmurm'1 'J'I il11mur 

-mnfZm f'll' 1'7Ufdub liF11 1m1i]r 11mp4:, 4J'l'J'l-.ufd-.uurubmurq:, 11m1tmJmJ 

-mvJuiJr 'l'I fm]rf1ul JqGJm:, 1Fm 7f 'Jm'14bufiqp 4'1Jm]rZm:, 11mfd-.u111uFm7 

-milmy. 
1
4Jq11m4GmpJu<f;qli '11mFd-.u'1m111uLuJ'1 4JqJJmur 1Fm 71 Luurmnf 

-Zm 11mrJulu -.u 'JmJ'Uf 1tm'Imf'mpm4p ''lml'bf 71 'lml'f'Lqn 'JUJur'J'lltmur 

-Jm ''lmf'Uf J1Jq11J4h11nf 11m1tm11p4:, 11mFd1uJhmpifu 411uurqJdm'1Jq 

1G41tmy.{/r IJU48mpJu<f;qbmfm]rJm1 4Gmurnmifr 4Jq1 

-lUiJr JqJJmur ifil'JmurmnfZm 4Fm4G'11UJurn11u'1 ]ru1qtJ1'1 'mup 1Jmp4:, 4J'l'I 

-iltJqJo 4FmH11mnf qp 11m1tmJmJm11ifZ 71 4Jq11lmF]rur 11m1tmJmJmvJuiJr .) fmp 

-G-.uumlt i11J-rufd-run9ur B41tm'1m11mpmp_ 11mFfi-.uJumrifu if'Juur9Jflm'1Jq 

1i1Jq71vm11mJ 11mfd-.uJhmp4u ifJqdlUFIJ 1Jm'1mbvmum 

'J'l7 41qumJ4'1 Jm pm:, 411uurqJdm'1Jq 'piuillnqu J-ru'Jm:,u11il ']ruJq'!umy 

-urmln 1Fm 71 'Imfd1Ufm1tum ifliqilmy. p-.u11uurqJ 1uurub fm]rbf '4i1Lun 71 

'Jml''1f'1 '4J'lfJfJ7UTdlU'1urm:, '14urnmlln 411uurqJ liu '.) fm]rGlUGmlnm m,J/r 

'Jmpi/:, if Jq'Jil'JlUTliJm 4J'l'J'l1uT d1uur ubmurq:, 'JmltmJmJmvJu</> 1 i1J911hufl9 p 

'Jml''1Jm1'Zm:, 4J'l'Jm4G1t1uJurn1Ju'1 'l'luurqJdmltliq 'J'I 1q]rfJubm1qJmurm1f 

11 lqGmbJmb Gmd1Jilb1ub i111mp1tmunu'1 4Jq11lmF]rur 'Jm1tmJmJmvJu'1> 

inJo 717'J41' 'l'I p1u]r1tm111uJmZ 71 84Jb'1n 1ulmb 11m71Jq mJ'I G'I'l!r

'J'I 1q]rn'1n •]rultmurmlnlJ 1ulqJ4nm11p1un1u ilil11murmnfZm Lqurmpm:, ifurmln 

-Luln 71 4'JuurqJ ,4Jqf11uFfJ 1u1tJq ]ruJq11111uTf11u1turm:, 'Jm'1m'1411mn/9pmJifZ. 

-41; JqJJmur 
1
i1Jq111J1ufd1uurubmurq:, IJmltmJmJmvJuiJr 411uurqddm'1jq 

JNU.QJU'b '\1l.fllt1lQ.fl '1JQ'\1JU-eJQJll l\1l.flltJ1lliQ1\'? 

'1JQ'\ 1\'1~'1'1UJSOl\Ult Q'\USQ~-eJ1lltJQ ;Jl\'1Ul:-et'1Ult1l'l..1\Q'l:. 

'1JQ'l..'\'1Ul:-et'1USU0"1\SQ'? I\ 1llt1lJ1\J1lWJU«D ·r~ § 

~JQ'\11"'\~un~~ t1JQ'\~u~qn 
.... nn1tJ1l1'~1l~ ~JQ'\ 1lt1Gl\~UJSO'\Uti Q'\USQ'tl-eJ1ll\Jll 

n(1ulb b.dudftdq 

9L 

1i1Jq11l11m:,mln 4Jq11mpJu11 114Fm:,qliJ:,m1tm:, 71m'1 lm1J'l'l1u 

fjurmltlJ ~ ilurqln niflqJur11il i1111ufd1uurnm:, 4urJqZ 74'Jmln:,mln 'l'luurql/ 

1i1Jq1Jl1Jm:,mln ifJq11mpJu11 1ulq11mln:,mln G4Fmfbuuu1t i1Jq11mif8 

-'11uJurn11u'1 11m1tmJmJm'J4Z ]rulq11um {/rZm:, {lrltm'JmZIJ .) ilurqln i1111uFd1uur 

-nm:, 4urJqZ 7411mln:,mln 'l'l"urqJ p1uillnqu 11mfd1ufm1tum 1Jmfd1U]rm11unf 

.JvJmJ 71 nqln7'Jif '1Jmfd1u6qhbm '14urmpqum4n 4Jqf/1UFIJ ]r4nqJhm 1Tm 71 

'/Jq114ZJu7uh •4Jq111udd '4n/f mif/r 4Jq11m4G'11UJurn'Ju'1 'l'JuurqJdm'1Jq 

.1il'J1ufd1UJfJmJ 4ilfm]rurm:, pmlt .) 1JIJluFf11uurnm:, 4JJmur il-q L9urJu 

'l'P osz:C:::q JJq 'B4-l'I' !H 

'l'I' osz>q JJ., •B4-rr 01 

,nmltmln 7u 71 Giffh 

-mpmJur 4'1mJpm Mm nmltmln 7u lq'JGJq]r .) ilurqln Jmpm:, 4'JmJpm ]rifur 

-1t1uJurn1Ju'1 71 7ifnfZmJ '11m1tm11Tml i1111ufd1uurnm:, 4urJqZ 7if11mlnurZm1JJ 

184-1'1' _gg ,p1uillnqu 11mFd1uFm1tum 4urJql 

;qmltmurn.mJurmlnmnfmlJ 1Gif-l'I' O!. ,p1uillnqu 11mfd1uFm1tmGmJ 4urJql 11m'1 

-murnmJurmlnmnfmlJ Jmpm:, if11mJpm 471ilJ'l'J 4Jqilp4:, d41UfJUf' (q 

•Gt/-J'J' OS 

,p-.uJqiJ' J'ih ,,,.M'if'm1'm°j 7/ ,.,,1n1,,,,, am.aqi ?~'Jmln9mln !('JUln'(tJ •01n •\'\ 

•p-.uJq'!,'!,mf'l":i '!,t/Tmil'J'4":i {£ 

<Gt/-J'J' O~ 

,p-.uJ'l'!,-.u1n 71 n9Tn?.,,4 '~ tJ1.q1'nr 

"I J'J' Oft~ a,,,-.uTp/-.uJ-eJmJ G'!,uJu 

4 p-.uJ'lLu'IJ 7I p-.uJ 'l'!,'!,mf.lf":J (b 

'84-1'1' Sl '.) 

'l,,.,;J"" 'lw-r:!Zfl 

trlf t-~ fl-
:/'I' OSZ 717'!4'1' il1J1Ufd1uJvJmJ G11uJu 'p1uJqLu'1 1u p1uJq111Jmfq:, 71 nqln711if 

•p1uJ9Lu'1 71 piuJqlmn LuGqfJlU 'J1ufi/1Uurnm:, f'll' 84-1'1' 001 (J 

'8i/-1'1' 01 

,.1nuJqLu'1 71 piuJqlmn 11mf f/1Uurnm:, l'I' 001 7171Jif I' lmFumJq'J ( m 

•nmltmln 7u 71m1J nqln711if 
1
Giffhmp 

-mJur if11mJpm nmltmln 7u lq118Jq]r .) ilurqln i11J1ufd1Uurnm:, Q 4urJqZ 'lfJUU1 

-vJ Lu1Jmln:,mbr i111mJrm LuurmnfZm •4Jq11mpJu'J LufJuh 11Fmvmpm7 



1 2.2. 1.u.11't).U.trU.'\.b:bnfltrU.6Jln"l. 'ti.Nm.-.. ..... •nN.bfll! 
Ubll,.trtrU. "b '\.bctt~ffNJ" 

'JofrurbLp hp~wJLw~wL wzfuwurn'l wJpwLnt/_ uh'lJJwfl hLflwp~t/_n'l 

hp~wflphurnH urwppfr l"'l't/_wt)w11b!/mpJw9frnL "-fr&.tu~fr ifinifinfuntfJJnLLJ!, 

hpp Lpw ifpw qnp6n'l pbnLl/_wt)pL wuurfr-&.wLwpwp w-&.ntJ t J.frLi.IL urwppf! 

pwJl!"'JJwL .\wu9Ln'l JUntfJJwfl (L~. 2.1 )• 
PburnLmJ wnw1w9n'l 11b!f.npJw9frwLbpJ! b. LpwL9 .\wJwU/.wurwufuw

Ln'l L"'l'ntJLbpJ! LzwLw~hLp er b. o..,, fru~ wJpwLmJ' e .. b. CJ .. ' 

'1wp&.wurb. qnp6n'l phnLt/_wJ-pfr 11hU/..pnLJ, pwLfr 11hn t/_b/11.frLu _if.npp 

t, wnwL9 JU ufuwLfr ~wphlfr t flh' phurnLfr b. pb' wJpwLfr L"'l'nLJLhp{i 

nL 11b!f.npJw9frwUpfr Jfrtb. l!L'1mLhl q6wJfrL ~wU/.' 

CJ =E e ' ... I' ... 
(2.1) 

t~wurfr ntLbLwlnt/_, np phurnLfr b. wJpwLfr ~fr9 flblfr~Lbpfr 11b!f.npJw9frw

LhpJ!, zLnp.\frl/_ LpwL9 Jfrtb. qnJnLfJJntL mLh9n'l l"''l~wU/.JwL, urwppft 

wzfu111urwLpfr wJpn'lt f!Lflw9.pntJ JLmJ hL JfrJJwfl9 .\wt/_wuwp IL nl'.. 

pnpp lwpntJLbpfr 1fDU/.j!nLJ bp~wflphurnLfr .\wJwp ~frpwnhtfr t .\wpjl 

.\wurt/_w6p1'bpfr t/_wp~w6/!, ~wpblfr t qpbl• 

e =e, 
- I' 

(2.2) 

• 
(2.1) b. (2.2) wpurw.\wJurntfJJmLLbpfr .\wJwurb'l Lnt6ntJfr9 uurw9t/_ntJ C 

a. E. E. 
--=n o =no t 

E,. ' • " 
(2.3) --=--· 

U.Ju"lfrunt/_, .\wJhJwurwpwp ifinpp lwpntJLbpfr '1bU/.pmJ l!L'1mLt/_nu! 

t, np hp~wflphurnLI! wzfuwurmJ t frLi.U/.hu wnwd.qw~wL LjnLfl, J!UUI 

npmJ phurnLfr b. wJpwLfr 11b!f.npJw9frwLhpJ! LmjLL bL, fru~ wJpwLnul 

1wpnwl! n wLqwJ Jbt) t pburnLfr [WpmJfr91 

Ub'lJi/.n'l hp~wflpbur~Lh urwpphpfr l"'l't/_w6w11h!f.npJw9frnL "-fr&.w~{t 
UIJU tfintll! .\wJwpt/_ntJ t w n w 1. fr L tfi n L l' 

flbnLt/_w6pfr Jh6w9JwL l/..nL'fJ!Lflw9, frLi.U/.bu b. Lpw bp~wpwurb. Ulll_

'1h9ntfJ JWL 11b"1.l!nLJ, phurnLntJ 'l"'!''l"'LntJ hL U/.lwuurfr~ 11h!f.npJ wgfrw

Lbp, .\hurb.wpwp [W/'nLJfibpfr b. ll'fri/. 11h!f.npJw9frwLbpfr ~"'"I.I! pburnLnul 

11wnLmJ t n l. q6w JfrL t 
80 

a.= E. e. , 

a E ... -a.=----• 
·~ E ... 

n a.= a..,-' 
' I 

(2.4) 

f>'iiJ"l.lrn "'r'lb'ii /)w1ur'ii/r /; 

(§ 1.1.4), phurn'iifr LwrJw'ii 'ilh

t)iu9Jiu'iir 'l."Llf:f!'iif1w9 ifrn.eriu

'iinLJ t 'I lf"rt)wl[9fr Jbt)nL[ilJnL'ii.f! 

( ifrn.er l"'rnLJ'iihrfr 'lb"l..f!"LJ 

qt)iu1Jr'ii, Jrul[ JU lwrnLJ'iibr/r 

'Jb"f..[!nLJ nl_ lf:t)w1fr'iJ or/s'iJ.enif }t 

'I lf:nrJ-iul[/r9[! ifrn.erw'iJnL1l /; 'iJ wl._ 

phurn'ii/r un'l..e/r l)burl..w'ii.enif, nrfr 

"l"'ur-6.wnnif /;/ urh'l.fr I; nL"i.b'iinLJ 

'iibr.e/r'ii -6.Jrlf:brfr ifbrwpwzfunLJ 

phurn'ii/r /,_ wJ rw"i.Jr JJrp_I..' pb

urn'iimJ l"'rnLJf! 'iiifw'lnLJ !;, 

frul[ wJ riu'iJnLJ' w-6.nLJ, 'iJ/s r.e/r'iJ 

-6.frlfbr/r lf:nLJwre JJrzur J'iiwlnif 

/)wifwuiur iururw.efr"i. pbn'iiifwJ--

CJ =E'e' = vE € fru'· wJpwLnul."' 
I' I' I' ... .... ~ 

f! 

I 

'l.lf. 2.1. ~wrnul&brfi I. qb~nruwg~w&brfrs 

\wtq~ ubqtliln'l brlfwppbmn&b mwrrnttl •. 

w- phurnLntJ, p- wJpwLntJ, 

1- WllJlltfrL +n•l• 2- hp4pnpq +n•l 

12/rf11 /u;wp~b, JwJwLw~fr f!Lflw912nLJ un'll2fr 11b!/mpJw9frwLbpfr Lt/_wq-· 

JwLI! qnu1J!L.flw9 IUJ'f t/_bpwpwzfumJI! b.u Lt/_wqmJ C fr if_bp1n 11w11wpnLJ,. 

l.t. L"'l'ntJLbpl! pburnLntJ nt wJpwLmJ ~WJnLLwLmJ bL1 lifrqbpfr if_bpi.u

pwzfu,JwL .\burb.wLpm/_ L"'l'nWf! wJpwLmJ qwpn'J. t JfrLi.l.t. 2 ••• 2,5 wLqwU. 

wt/_blwflwl u~qpLw~wLfr .\wJbJwurntfJJwJpt 

U.purwpfrL pbnLt/_wJ-pfr JbJ-w9JwLI! qnuwLflwg w&.ntJ ht lwpmJ-

fibpJ! flb' pburnLmJ, b. flb' wJpwflntJ, fru~ Lpw bpqwpwurl.t. wq11bgm-

filJwL 'fDU/.,PnLJ, frLl.U/.bu wut/_b9 t/_bpb.ntJ, urh'l.fr t mLbLmJ Lwb. &.frqbpfr · 

t/_hpwpwzfuJwL U/.l'nghu, npL . frp .\hppfrL b.u .\wLqh9LntJ t wJpwLfr L"'

pntJLbpfr w&.JwL, b. fr t/_h/11.n wJpwLfr L"'l'nLJJ! ~wpn'l. t .\wuLbl !f./rl/../r
~wqwL ~wJ "l."'JJwfJLu~wL .\numLnLfJJwL uw.\JwLfrL: 

UwqwJL "'J'1"1.frufr L"'l't/_wJ-wJfrL "-fr&.w~I! qhn l.fr YlzwLw~mJ urwppfr · 

[!W J/}IU JnLJ t 4'wifimq U/.n'lU/. wurLbpfr lfh"IP"LJ, i.Lw J"',) np wJ pwLI! .\n-

6 brlfwppbmn&b lfn&umrntlf 9fiw&br BD 



.UnLJ t, w1LnLwJbf11u1L/11/_: .UJL zwpn1.Lw¥nLJ t Pl' t/_pw i/_bp9Lbt JfiwL

.qwJw1fi npnzw¥fi G.fiq' (J( F., Jiu¥ pbLnnLfi lwpnLJf! ,,_bn ¥wpn'l t tfiL/i 

~w¥wu ub'lJJwL wJpnLfJJwfi uw.t:JwfiJig, fi.t:wp¥b, bfJb wJpwLfi .t:nunL

bnLfJJwL uw.t;JwLfi LWf'nLJf! .t:wJbJwLnwpwp Jb<) 1J1 

flbnfiqw<)pfr .t:bLnwqw JUw9nLJp9 wJpwfinLJ G.pq[! z./i lfrn/ui/_fi, WJL 

1fJLw .t:wqwuwp (J ( F .. , b. pbnLi/_w<)pp wG.I! wJpn'ltntfl1wJp Pl' t/_pw 

¥i/_bp9Lfi pbLnnfi[!• LpwLnLJ lwpnLJf! ¥u¥ufi wG.bl b. pbnLi/_w<)pp JUwg

.JwLf! 'ln1.qf!LfJw9 ¥zwpnLLw¥"-fi w1fipwL, JfiLi.b. np pbLnnL/i lwpn1.JI! 

Jt.t:wuLfr pp ub,,_JJwL wJpn1.fJ1wL R"ll' uw.t:JwLfiL, b. WJ'1 "{w.t:JiL Lnb'lfi 

¥nLLbflw LnW{'['p pWJPWJnLJ {fi¥. 2.1 )1 .flwJPWJJwfJ WJ'1"{PUP pfin1.JJ11! 

ll'Pi/. .t:wuLnwLni/_w<) t qrnpd.bpni/_1 

Ub,,_J4_w<) Lnwppbpfi lwp4_w<)w'1b:J>npJw9pnL i/_frG.w¥fi qbpf! L¥w-
pwqpi/_w<) qrnLlf! ¥ni.i/_nw t I/ qr n L l ~wJ p w J p,;, J J w L qr n L l' 

bflb np"(bu wJpwL ¥/ipwni/_w<) bL WJL"{pufi "ln'l"{WLnLbp, npnLp 

.1.nLfibfi ~/iq_/i¥w¥wL .t:nunLLnLfJJwL uw.t:JwL, W"(W pbnLi/_w<)pp JUwg

JwLI! q_nLqf!LfJwg wJpwLfi lwpnLJf! wLf!L'1.t:wLn ¥wG.fr, JfrLi.b. np pbLnnLfi 

J_wpnLJf! ¥.t:wuL/i R Jb<)nLfJJWLf!, b. LnW{'{'f! ¥1w111w1"-fi1 
"II' 

bfJb f!L'1nLLbfip, np LnWf'f'P pw1pw1JwL[! Lw{unp'1n'l "{w.t:fiL <)wflp' 

AL <)w¥nLn¥bL L9WfiJnLfJbpnq pbLnnLfibpfi ub,,_JJwL uw.t:JwLw1/iL '1b~np-'

.Jw9fiw1/i JfitfiL wpJbpf! pbnfiqw<)pp ¥wpG.wLnU wq'1b9nLJ1JwL '1b"(pn1.J 

e;=0,002 b. e;= e_, W"(W ub,,_Ji/_w<) wJpwLfi LWf'nLJf! ¥tfiLfi' a.= 
=euE =0,002·2,0°105=400 Uff/w1 

~ - .· 
1.hLnb.wpwp, pbnLi/_w<)pp ¥wpG.wLnb. w'l'1b9n1.fJ1wL '1-b"(pnLJ ub,,_Ji/_wd-

.uJJpwfi/i LWf'nLJf! Lnwppfi pwJl!WJJwL "{w.t:fiL ¥wpn'l t .t:wuLbl JJifii.b. 

.mi/_JWL "ln'l"{WLnp .t:nunLfit1LfJJwL uw.t:JwLfi qrwuLnwgp lwpJwLI!, pw19 

ni. wi/_btfi' a .. =400 Uff/w, Jiu¥ pbnLi/_w<)pp bp¥wpwLnb. wq_'1b9n1.fJ1wL 

lfb"{pnLJ ( f!L'1nL'bhtn4_ e; =0,0025) ni. wi/_bt/i' (J. =500 Uff/w1 

U.1u"lfruni/_, ¥wpbtfi t wubl, np bp¥wfJpbLnnLb Lnwppbpfi ub,,_Ji/_w<) 

.q.nLnnLJ .t:Lwpwi/_np i.t ll'P4- oqLnwqnp<)bl pwpd.pwJnLp "{n'l"{WLnLbpfi '1fi

.Jw'1pnLfJ Jn LL[! I 

§ 2.8. 1.U.f'l\U.lJ'U.f).b~Of'U'U.8flO'll 1\fllfllllfl Cl>Ofll.bf'(! U'rl-UU '1 
l).blfl~nNr. lrrl-1\0'1. SU.f'f'bf'fl ~U.6~U.611U." ~'10fl6fa'(! (!US 

'llOf'trU.1. bl\ fa'b~ l,U.Sl\U.U'~'llbf'fl 

btfihtntf. qrnpd.wpwpw¥wL .t:hLnwq_nuin1.J1JnLLLbpfi9, LWJLw¥wL <)nJwL 

.J.uzfuwuin'l bp¥wfJpbLnnLb uiwppfr (wnwL9 LwfuwlwpJwL) LnpJwl .t:wui-. 

qw<)pp lwpt/_ w<)w,,_b~npJ w9finL t/_pG.w¥fi qrnqrn fun1.fJ 1n1.Lf! Lpw pbn-
82 

LwqnpJw'b "{w.t:fi9 JfiLi.b. pw111w1Jw'b "-frG.w¥fr'b .t:wu'bbtf! ftwpbtfr I; pw

Jwfibt .t:bLnb.Jwl pLnpnz lfrnLthpp (L¥. 2.2)1 

"~· 2.2. twr~w~qb~nrdwg~nli it]a&w~~ .Pttbrp bn~nl\ br~wppbmnlib 

mmJ'r~ li.nrdwt liwm~mcHntd 

I qr n 1. l• U.1u qrn1.tn1.J Jib' ub,,_Ji/_w<) b. Jib' d.qi/_w<) qnLnfiLbpnuf 

pbLnnLf! b. wJpwLI! JJlz/uwLnnLJ bL .t:wJwLnb'l, Lpwfi9n1.J LWf'nLJLbpf! 

ifrnpp bL, Jiu¥ ,,_M/mpJ w9fiwUpf! .t:pJfiw¥wfin1.J nLfibfi wnwd.qwftwlA 

pLnLJJI' 

{wpnr.JLbpfi b. 'fh~npJwgfiwLbpfi ¥"'"11! u¥q_pfiw¥wfi zptwfinLJ b.' 

ub,,_J4_w<) b.' d.q4_w<) pbLnnLnr.J ¥wpbtfi t f!L'fnLLbt q<)w1Jifi, Jiu¥ lwpJwfr 

t"{Jnr.pLbpf!' bnwLft1mLwd.b.t 1.wLni/_wbpnr.J qnp<)n'l JnJbfiLn/t Jb<)wfiw

ln1.L 'ln1.q[!L/Jw9 wG.nLJ bL L"'f'nLJLbpf! fJb' phLnnfinr.J u Jib' w.JpwLnr.J; 

pw19 1 pwLp np phLnnLfr d.qJwL wJpn1.fJ1wL uw.t:Jwfif! zwLn qrnpp t, nLULn~

d.qi/_w<) qnLnnL pbLnn'bn1.J wpwq ¥bp"(ni/_ q_wpqwfinLJ bL "{LW~Ln/i¥ 'fb

~npJwgpwLbpf!, OB 'IP<)/! 'fwnLnw t ¥np, Jiu¥ .t:bnwqnp J1btfi¥Lbpp LW

pnLJf! .t:wuLn1.J t d.qJuiL wJpn1.J11wL uw.t:JwfiJifi' (J ,.. ~.=Rd , LU Ju "{W.t;f! 

.t:wJwpi/_n1.J t I l/rnLtP i/_bptf!' 

PbnLi/_w<)pp .t:bLnUl'fW Jb<)wgnwl! wnw1 t pbpn1.J G.wpbp d.qtf_w<) qn

LnnL phLnnLnr.Jt 

II qr n L l• 9qtf.w~ qnLnnL pbLnnLn1.J ¥wL LnpJ wl G.wpbp, npnfig fun

pn1.fJ 1n1.Lf! (pwpd.pnLJIJnLLf!) b. pwgtf.w~pf! wG.nLJ t JnJbLLnft Jb<)w9Jw

LI! 'l!'L'ff!LJ1w91 

9qt/_w<) qnLnn1.J &wp nLLhgn'l .t:w~t/_w<)pLbpnw d.qn'l G.ftqf! .t:fiJLw

¥wLn1.J pp t/_pw t tf.bpgLnLJ wJpwfi/!, Jfiwgw<) Jwul!' f!ULn pwpd.pnL

fiJ 1wL i.G. wpw<) pbLnnL[!, npp pwpd.pnLJI 1n1.fil! G.wpfi q_wpqwgJ wfil! q_nLq

f!LfiJwg lfrnppwfmw ti 

8:t. 



~8 

-Jm1I1 fm7'Ju7'm11,mJrmJgb ,'If} 17 lmrJu17, ','l~rwJml t/17,mtlrm Mm min'" 

'17,mJrm Lu1I1mnflm t/17,1u n17 rw1I1ub fmrrLgn ilJJm1I1 Lurvf 'lf]Q 
1r1upfJubmmbo t/T 

rt/Jl 'il17,mJrm ,ilifqpJm711,meJ Jmdmmmrqrm:, Gt/IigeJ1uF17, Lurbm7 17,u1I1 

-qdeJm7Jq Ju t/11,mif '17,97 lUU7f1,V'1'f' ilJqJJm1I1 fm7'Jurm17,mJrmJqb Gt/U7'1Jr 

-mng1I1 17,m7mng1I1'1,S 1/ Lqpw t/lqpm Gt/ifm7 il17,mJpm fmrb'f' ,11,il17,t/nFm '/ 

<'mrJurm17,mJrmJqb 17,Fm qe}g 't/illngh nFm .1I1nil rw17,g17,w / t/LgU7 ilr1uF 

-mi/Fmil t/JJm1I1 Lurvo. 1e]Fw17,d 17,wJnfif t/17,1u 1I1lt/r ilrwFmi/Fmil t/JJmm 

•Gt/Jn17,wFe]w71I1m:_, 17,m'1m7t/11,mn/'11' t/17,mJrm nfm717,m 'rwillngh nFYl 

tfmrJmlJqe} / rw11,r il17,mJrm '(r1uillngu t/Jg17,1I1mlnLuln JfJm7 r D> mo 

rm7 (;'OD> m D ''D > m SJ) il17,mFeJwfgr 17,t/Fm17,mr:_,mn iii/ r1u17,nm:_, t/7 

ilrwJml t/17,mJrm fmrbv 7nt/ '/ rwrulif il17,u1I1qd 17 '17,mFefwfqr Ji.~ [ 

rw17,nm:_, 17,t/:_,mln 17,mrFmifFmif ilrwJml t/Ju •Gt/17,u1I1gd 1UU7ub fmprLqn 

/ rwrn7n ilrwFmifFmif t/JJmU7 rwillngh nFYl ·if In '1 Ii Ii Ju J 7 J q 

IJ r1ur 

-fJubm1I1bo 7't/t11 ilrpuFe)'wJrm t/17,u1I1qd fmrrLgn ,'lei 17 t/17,mJrm ,?el 71 

Gt/17,mJrm w1I1ub fmfb"f' / rwrn'1n 17,Fm mlnm 't/if1Jwdb7n t/1I1Fqlu7 ·q; "fl 

·cf;uJln 1I1nil rw11,n1u / t/LqlI1 ilrwimi/Fmif t/JJm1I1 'lfh 'runt/lnnFYl 
. 1e]Fw17,d 'IwJnfif lm17,g17,w / LuJm7 ilr1uFmilFmil 'T 

•"D ,il17,mFeJ1uJhmrt/h iiurm'1m11,mrmp rtmrb"f' rm7 «~'On ,il17,mFef1uf' 

-gr t/11,mr:_,mn 17,mFeJw'Iwnu:_, 'Jm7m'JmrFmln t/1J1mlnLuln Jmnmrm:, / r1ur 

-17,wh17,il 't/illngu 'JmrvmJt/7 t/Jn1I1mlnLuln 7wifmif 17,1uF fJwJgdJm1I1 tJ 
'ilrwJml t/17,mJrm 17,t/:_,mln 17,mrFmi/Fmi/ t/JJmlI1 rwillngh nFm GFmd 'ilil17,1u,J 

-bil7n t/1I1Fqlu7 •q; ·11 / t/lqvmJt/7 n17 rwiflngh t/JqJJm1I1 fm7'Jupm17,mJ· 

-rm ruiig17,1I1mlnLuln LuGg17,w7 17,mr:_,mn 17,mFefw17,wnu:_, 11,m7m7fbt/q; 

1ilrt1U'1,m if17,wdb7n t/1I1Fqlu7 ·q; .. fl ·c/;uJln 

/ rwJ7 71 eJhu'Id 1Jt/II1nm11n t/17,w ilrwFmi/Fmif fm7'JbmJm717, ilJq'p 

117,t/Jq17,17,wF e]wf 

-gr 17,t/Fm17,mr:_,mn 817,qJt/ r1u17,nm:, 17,g '1m11,m rmpmt/r i1Jg17,rwuml t/17,u1J1 

-gd fmprLgn 17 t/17,mJrm fmrb'f' dJg •ilillnqh 17,Fm 17m17, / Ju7'mJm17,7 

1ilJJm1I1 / rwrFmi/Fmil 

17 Jmdm171I1q:_, '/ rwrJlif il17,u1I1gd fmrrLqn Lur17,U7b i16J1ul t/ilfmf1I1m:, 

Mm ,17,mFeJrnfqr Jin~ 17,!{ r1u17,nm:_, rw17,u1I1qd ilJg17,r1uJml LurLgn Ju 

17711,t/r 
1
17,mi/17,Fm / rwr7m17,wJml t/ym mbm1I1q:_, t/m11,grur 617,mvm ilngG 

-uJln M'fl 'l pwym ilrwtiml mJ17, ruif17,m171I1q:, t/tlu •ilnqiig7mr t/'JuU7qd 

lUU7ub fmprLgn / r1uf1I1myJ7 'rw17,muunf 17 / f1UfGmd ililmy 'iJ6J1uZ

t/lnm7mhu:_, rulqptn1I1ln JqrlJy 'J'I LuJm7 pulnJq7 lqbtlm'Jm ilJqnmp 1u7Jq 

ts· 

fm7'17,mpmd 7'ulnm'1mhu:_, t/Iilim1I1 ge}g 'u1I1g:, Gt/r1uGm6mvm t/lnm7mhu:_, 

7t/II1nmlln r1uJgJJm1I1 fm71Jurm17,mJrm ruJ!f'1,1I1mlnLuln 71uifmrp 

1t1Jm1I1 fm7'Jurm17,mtlrm lmr.uu17, il17,q17,w ,fmnm lnJg7 1Fm '/7 Lgpw 

t/lqrm Gt/ifm7 il17,mJrm fmrb'f' t/JJm1I1 ge]q 't/illnqh 11,t/6mvm 1I1nil lm17, 

-g'Jw t/Lqtn / Luum7 ilrwFmifFmif t/ilfmf1I1m7 ·if In '1 Ii 17, t/ 6 m v 'fl 

1(6"6 ·711,} 
illngh w7Jq 17,mrFmi/Fmif t/tlq17,iffmf1I1m:_, lmrJu17, 17,!{ r1uJgdJms 

I G "J '1'I 17,rn r e]w 7 
-1I1m:, 11,m'1m7t/11,mn/gr t/17,mJrm 17 Gt/nqJq7mr t/ilfm7'mm:, t/17,mJpm 1u1I1ub 

{'mrbv / fmpnfm'1 rwrtm7m'Jrt/:, (1/iffm7'mm:, Lu'JG'Jm 7'uifmy 1mrJu'I 

II1nil) t/iffm7'1I1m:, lmrJu17, 1I1nil ile]Fw17,.d 'lmrFmilFmif rwJJm1I1 Luruo. 

:(J'"~> JD) Gt/17,wFe]wfqr 17,t/Fm17,mr:_,mn tit/ nm7mln / r1u17,r il1'1uJml 

t/17,u1I1gd 7nt/ 'Jnmt/Gml'Jucf;gh 7t/II1nm71n t/e]Fw17,d 17,m7mLq1I1 17,q r1u17,mb 

-Jmb r1u17,u1I1gd fm7'1'L'ln ,!fel 17 l''u17,mlirm fm7'bv ,'lei t/ilfm7'mm:, fmif 

-my rwiflnqh M'fl 1uifJn t/iffm7'11,uqd LuGmlqrm 7nt/'JFw17, 1qmmnflm '{ 

pw7m17,wJml ilh1m7mli11:_, 7t/II1nmlln r1uJJm1I1 t/lgluJu17,m 17,gJu7t/mm1I1f1 

t'{ rwrFmi/Fmil iltltlmU7 11 
1
il6uwl t/11,t/6Jg71 '1,'/ J11UfU71I11n ilJgnmr G mJ17, 

<'mr17,mpmd rulnm7mliu:, '/ r1ur'1Y rulnJq7 lqbJm17,m ilJJmU7 umg:, Gwl 

-m17,m6mum lnm7mhu:_, 7t/II1nmlln rwJqJJm1I1 t/lqluJu 17,gii117t/1I1m1I1fl 

1(f7'6' § n,gm) In m '1 

-m Ii u:, 7 t/ II1 nm 7 In nglnJu / r1ur1I1t/h ililfm7'1I1m:, Lu7'11,mb p1u7myt/7' 

17,ut/GmpJucf;qhmfmrJml t/nt/lnM'fl 117,t/11,mr:_,mn 17,mFe]w17,1un11:, 11,m7m7t/b 

-t/c/; 'SJ lnGnm:, / LuJm7 ilpwJml t/17,mJrm fmrbv t/JqJJmm fm7'Jur 

-m17,mJrm 7'uJg17,1I1mlnLuln 7wifmif 'il17,wFefwGghbm 171I1mJm7ug mJ17, 17 

nqln717,t/ 
1
ilym mbmmg:_, t/ilfmf'l"!fi:J •(lwif 17,mpFmi/Fmil) 7 l u if III 

1rwliuif Mm t/'1myt/7' 17,11t/6mr 

-Jucf;ghmfm7'Jm7 17,'1 pwf'III1b if17,uJu 'iiq17,ilfmf1I1m:_, i/Jml t/!' 17,m7 pwJ 

-Jm1I1 Luruf JwF717,mifmJwF Lu7'17,mb '1m1I1 t/ilfm7'11,uqd 11,mrfJubm:_,ml Ju 

t/11,mif '1wif 17,t/Fmil17,m1I1mnfl'm 17,m7m17,pt/:, j pwrJm['m:, illwif II t/'1myt/r 

17,ut/GmrJucf;qhmfmpJml t/JqJJm1I1 Luruf g17,u1I1gde]m7Jg 17,m7mJ1171Ufl 

'l rw'Imf 

-gr rulm17,b il17,wFe]wJu,, t/fb O\f •Jq17,mt/Gmriiucf;qh 7t/U7nmlln 17,'1 !''"'1, 

-mbJmb r1'u17,u1I1gd fmrrLqn '17,!f rwym iltlq17,f'1uJml t/17,miipm ('mppLgn· 

w fm7'bv ,!ff} 17 t/1Ju1I1gd ,!fel GmeJ17,ilbwb il17,mrGmf'11' r/m'1,'ll'ull •17,t/if 

-17,m1I1mnflm lumub fmrbp lqG7m17,nml' / J11UlJm17,wliml il17,u1I1qd fmpby 

Lur17,1I1b 176t/1' t/Jgifmy '17,m['lnm'1Lml fmGnw mq:, t/17,mJl'm rt/:,Ju11,2 

iilrtmJrm 17 il17,u1I1qd 'I!f J'1U1I1mnflm Lq1I1mpm:, rw1I1ub fm7'r1'9fl 



pbpfr '1b"fpnLJ pwJpwJJwL Ufw-\frL -\wuLnLJ t mi/_JWL wJpwLJr pwumw9{r 

-\nunLLnLfJJwL uw-\JwLJrL, pwJg nt_ wi/_blfr 400 UfTJw (urb'u § 2.2), JruJr 

bpqwpwurb. qnpbnq pbrtLi/_wbpJr '1b"fpnLJ' nt_ wi/_btfr 500 lflTJwt 

(wiLwqwL bnJwL wzfuwurnq bpqwfJpburnLb urwppfr fJbp -\wuri/_wbp

Lhpf! Lpw pbnLwi/_npJwL uq11._pfrg JfrLt.b. pwJ/!WJnLJf! wL9LmJ bL LnLJL· 

pLnLJfJ/r lwpi/_wbw11b!/mpJwgfrnL pnLthp, frLt. np LirpJwl -\wuri/_wbpLbp[!r 

lJnn'l JnJbLurfr b. LWJLwqwL nLrl/r -\wJwurb'l w11._11h9nLfJJnLL[! urwpp/r 

fJbp {wuri/_wbpLbpnLJ wnw1 bL pbpnLJ 'llfuwi/_np Aqn'l £Ulf'nLJLbp 0 'fl· ~ 

(I pnLL}t 

/oLl."lbu gnLJS bL urwlfru ifinpAbpf!, bpp O'fl - ~ > R~, pburnLnLJ wnwt 

bL 'l"'Lfru fJbp 'Swpbp ( nL'l'lw-\w1w9 'll/uwi/_np Aqn'l lwpnLJLbpfr w11._11Jwft 

nL'l'lnLfJJwLI!), b. urwppf! pwJwLi/_nw t Jwubpfr, npnLp JLnLJ ht JJrJ

JwLg {bur qw"fi/_wb ub'lJi/_wb qnurnL phurnLni/_ b. "!J'1 'Swpf! -\wurn'l LWJ

LwqwL b. bpqw1LwqwL wJpwLni/_ (II i/inLt}t 

flbnLi/_wbpfr Jbbw9JwL[! ll._nL'lf!LfJw9 fJbp "Awp[! 11._wpqwLnLJ t (LwJ

LwLnLJ t b. funpwLnLJ), 'Swpf! {wurn'l wJpwLnLJ b. WJ'f 'Swpfr zwpnL

LwqnLfJJnLL[! qw11._Jn'l ub'lJi/.n'l qnurnL pburnLnw [wpnu/Lbpf! w'AnLJ bL, 

fr i/_hptn urb'lfr t nLLhLnLJ urwppfr pwJ/!WJnLJ f!UUJ fJbp -\wuri/_wbp/r ( f!Ullf 

fJhp 'Swpfr) bpqnL -\Lwpwi/_np '1bUfpbpfr9 Jbqni/_. 

I '1 b "l I! (Lq: 2.3, w). ll'bp 'Swpf! -\wurn'l wJpwL[! -\nunLJ t h 

urb'lfr t nLLhLnLJ urwppfr bpqnL Jwubpfr ifin/uw11wpA U[lrrLnnLJ ub'lJi/_wb 

'I.~. 2.3. lJnil_n'l hr~wpphmnlih mwrrhrla 

fwJfWJdwli o}ubdwlihre eom pbf 

.6wmil_wM'1'. 

w- 1-pL 11h"ll!• p- 2-r'I 11h"f(I 

'lnur11L 2nLr2..e• · w 1'1 'l"urfr'il 'ter

-6.wuriJnul I; £. Jr iJbr2.." ub'lJnfi.. 

nL z.nz.1111frn'l LwrnLJ''ilbrfr r.iuJiu

urb'l U1'1.'1b9nL[l1iu'il uriuft J!WJ

J!iuliJnLJ !;' U"/.UJn.i/nLJ' I; uriurrl

'tf'n'lnL'ilUl'tnLp 1nL'ilf!.t lJ.1'1 p'ilnL1-

fl/r J!UllJ!wlnLJ[! bn.n'l JnJb'ilurJ.

t;bur£.iu'ilJ! I; £. r.'ilwrwiJnr I; iu1'i. 

'lb"lJ!nLJ, brp [ilbJ! -6.iuJ!e r.iu

urn'l iuJ'rw'il'il iu"l.iur.niJ /uiu -

1; £. 2wrfrfr9 wiJb Lfr nulb'l tJ' lJ.l'l"lfruJr J!W IJ!UI 1nLJ f! 

t b. frp pLnLJPni/. LnLJLLL t, frLt. np LnpJwl wJpwLwi/_npi/_w.} 

urwppbpfrLL t [!UUJ LnpJwl -\wmi/_wbp/r1 

9wi/i/ra wi/.blfr nulb'l b. wUfw-\ni/_ fuwpufui/_wb wJpwL/r .'l'bUf.pnLJ mwp

pfr pwJpUIJnLJ[! qwpn'l t uqui/_bl fJbp 'Swpp zwpnLfiwqnLf}JnLfi[! qw11._Jn'l 

ub'lJi/_wb pbmnLfr9' 'IL/uwi/_np ub'lJn'l [Wf'nLJLbpfr -\burb.wLpni/_t liw1pw1-
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JwL WJU lfhU[pL frp pLnLJfJni/_ LJwL t qbpwJpwLwi/_npi/_wb mwppbpfr 

j!WJi!WJJwL[! f!ULn LnpJwl -\wmi/_wbpfr1 

II '1 b "l /! (Lq. 2.3, p). Swppf! qwpn'l t pwJl!wJi/.hl f!UU1 fJbp -\wm

iJ.wbpfr, bpp lw1LwqwL nLJf! -\w'lfJw-\wpnLJ t fJbp 'Swpf! -\wmn'l wJpn'lt 

'1'1i/.wb wJpwLfr b. ub'lJi/_wb pbmnLfr '1frJw11pnLfJJnLL[!• mb'lfr t nLLhLnLJ 

fJbp 'Swpni/_ pU/JwLi/_wb 2 Jwubpfr ifinfuw11wpA urb'lwifin/unLJ LWJLwqwL 

mJfr w11._11J wL nL'l'lnLp 1wJ.p1 'bqwpwq['i/_wb pw Jl!W JnLJL nLLfr i/ifupnLL 

pLnLJfJ b. -\bmb.wLp t Lw1LwqwL nLJfr w11._11b9nLfJ1wL1 

§ 2.4. q:o.'lU.tl»U.fl 'l)lU.USta~ ~n'l.U.4 U. <:: t• 
U.CJuU.SU. '1~J1 U"U.Ull'1 

UmwmfrqnpbL wLnpnz -\wJwqwpqbpfr npb.t -\wmi/_wbpnLJ "llwumft~ 

.-:n11wqwU[/r wnw1w9nLJ[! '1bn lfr LzwLwqnLJ WJ'f mwppfr pwJl!wJnLJ, 
,pwLJr np mwppfr Jwubpft w11._wm U(UJUJJwLl!, {bmb.wpwp, b. 'Aqi/_wbpfrL 
juwLqwpnLJ bL wtf.btnl''1 qwU(bpf! (Lq. 2.4, p)• opfrLwf bfJb bpqnL bwJ

pbpni/_ wJpwq9t/_wb {UwLfr fln.frt.l!WJ/rL npb.t -\wmt/_wbpnLJ wnw1w9b[ t 
"llwuurfrq {n11wqw"l, UJ"fW WJ'f {bbwLfr bpqnL Jwubpfr w11._wm Uf.U1urJwL[! 

h qt/_wbpfr w"A/rL fuwLqwpnLJ bL -\bLwpwLw1ftL wJpwqgnLJLhp[!I l.1.111 

H(U1ur'Swnni/_ tL pbnLtJ.wbp/r -\burwqw Jbbw9nLJ[! qnpbLwqwL urbuwqb

.urfr9 ~n11wqw"fnLJ lwpnLJLhpfr pnifinfumfJJnLL wnw1 lfr phpnw1 

ll.1umb'lfr8 qwpblfr t wubv np mi/_JWL Uf.lwumfrq -\n11wqw"ll!• wLqwfu 

nipmwpfrL pbnLi/_wbpfr JbbnLfJJnLLfr9, qwpn'l t frp i/_pw tJ.bpgLbl -\wumw

uinL'il JbJnLPIUl'j, J'nJ"b'ilm, nre 

.t;.iuiJwuiur I; wJ"rw'ilfr uiur.J'iu'ilw -

1/r'il -6.fr'lfr £. 'ilbrJ!fr'b nLJiu'l.nLl'lfr 

piupLftfr wruriu'JI'J"'lfr'b ('ilft. 2,4, 

61:)· 

M"'1• , = a,F.z,.1 (2.5) 

fi'j,t"/.hu 9nL19 !.'j, U1U1£fru 

+nrabre· frriuftw'ilnLJ' ub'LJ'-

if.iub qnurnL pwrarnL[il 1.,,'b 

'tr-6.iuurJ'.w'b, l;bmkwpwr, 'ilbrJ!fr'il 

nuliu1p1Ll'IP pw'l.nL't/r (z,.) J"b

<tiu9J'w'il t;buriLw'ilJ!ni/ "1.lwuurfrft 

/),n'Jwftiu"/.f.r 'trn'lnL'ilwftnL[il 1nL'il f!. 

nrnz. tiurfrni/ iu-6.nLJ' f;, uwftw1'b 

"'1'1 rfrnrfrnj.rnL[llnL'ilf! w'il'ilz.w'il I; 
I._ qnrJ'ilwftw'ilmJ' w'ilurbuiJnLJ' !;1 

.,,, 

'Lit· 2.4 lJnil_°'l hr~wppbmnlih mwrrhr}> 

wtluwmwlifwJ}>li u}uhdwli 

unwum}>~ fiD'}W~W"f1' wn~WJnLJ'JWli '}};"ffntd. 

w- u,,,w,,,pfinpbL npnzhtr ~b~wL, 

p- u,,,w,,,pfinpbL wLnpnzhtr ~b~wL, 

9 - LhnrL G.p9hpf! "ll"'u"'M ~n'l"'fiw"fn•J 
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68 
1
iJJmt/imLmb i/il9m]rurm:r 9m]rJ9J i/1uur9J ~ /'1U7'1J1UU1Jil ]runi/lnnf'fl. 

1]ru1uur9J i/n9Jq7ml' 

• dll ~ 1'1u]r11/JmnJut/i 117'uurl' il1mJl'm i/n9J97ml' • d 
1
Gi/1mJu ]ru1n1q 

ti/1Juur9J ]run9J97ml' Ju]rmi/I' U ~ il9pJml'mj Gi/ur97mn9ur 1ul91GJ9]r p1u 
iln9J97ml' Ju]rmi/I' i/il9m]rurm:r i/1mJl'm Ju '~ 1'1u71ur9j Gi/L9urnf'fl 

J 
3 

I --
•3 =U 

L9urJu 

(9·~) 'Jou=· D 

·19Jb ~ ,,,,,J 
-m7 '( ~· ~ § n J'lur) 'J'I Jmnm]rmj G1mf 1''11' ilJ91Jmi/Gml'Jutj;9u 1Jm7mJ9;/ 

·mJm:r '1J1117'1111£1 Gi/7 '11mJl'm 11 '11uur9J ]ruil1m11ur11:r 1Jml'lnm7LmZ Ju 

']ru1m'Jlf'J1U '1urm71J 11 G49m7Jm]r '1Jnil9m]rurmj (/Jmj 1G'11nm7 1J'1fm9b 

'1l'11' '1J111Jm'1Gml'Jutj;9u 1u '1J'l'Jl'1uJm1 '11mJl'm T/ i/1Juur9J ]ru1911q 

1]ru1uur9J '1nqJq7ml' 
il9pJin/'mj G'1ur97mn9ur 1U191JGJ9]r b'1y. ~ /'1UIJ'1Jmnjut/i '1]ruur/' ilnqJ97mp 

rjil9m]rurm:r '11mJl'm iluu{/91' nfm 1Jml'7Jm]rZmj ]ru7murmln'J 1ul99Jubmm,, 

-ho ilJ911fm1JmJ 1mF£11uJuml''1h '1J9(/1UF1J 1m7mbfmUm 'u9nml'm( 

1il1mJl'm 1'1u1GJ9]r ~ mJ]r J'1 7'4J1 1'1Uil9m]rur_m!r 
lifm ilb'1y. Lubf 11 ~ 9milmy. Jl'mF£11uJfJmJ lLuJl'm J'1 il1uur9J 1uU1ub 

9m]rbf n'1197Jm]rlmj '1il9m]rurmj 1ml'Ju'J urnil il1J1UFfl1UJl'm '1JJms 'I: 

1~ 1J'1fm9b iJJ1UFln~ '1J'l'Jl'1uJm1 '11uur9J 
Ju ·~ rw]rGmurn ]run'11nnFYI 1ilil19Jo 471u7 ~ urZ'1y. um/'mj '11JuU19J ,]ruit 

-nun/ 1Fm 'lnm7 1'1Fm9b '111u 1J1UF£11ufub '/'1Uilln9u '1J9(/1UF'J 1Jm7mbfmUnr 

rr91n71Ji/ '11l'11' '1JMmi/Gml'Jutj;9L ]r'1J1 1u i/J'l'Jl'1UJm1 '11JU1nlf;J ·~ 

1( 11uf71mu9 ,1'1uif 
-ln9u IJml'uf 7n'1 

1
Jwfln~ 11uF71mLLw il1Jm'J'l'J1u7 l'willn9u 'Jml'L'ln IJmJr 

-m1uJ1n1117 ,7m1'1Jo) ~ 1J'1fm9b tJmf(/wJfJmJ '1il9m]rurmj urnil ilJ1ufln~ 
4J91m'1Gml'Jutj;qu 1Jm7mJ9JmJm:r '11ln7'119fl '11JuU19J ']rurri/lnnf'fl. 

1(il9m'r 
-Jm]r 111/hulJJ'l;J} {/Jm:r 'J'I 1'1UIJI' u1119j Gi/1Jmti1J 11 1'11li/Gmf11Jil rjFmi/G 

-ml'Jutj;9u mJ'J ilJ91il9m]rurm:r l!fJmj IJm7mtJFm1 '1JJmU1 '1Ju urnil 'il9m'r 

-Jm]r 4J91Jil9m]rU1mj (/Jmj ~ '11pmJi/7 Jml'mj i/1Juur9Jflm7Jq 'l 

•Ju '~ 1'1u11uu'Jil iluuf191' rrfm 'Jm1'7Jm]rZm7 

1ilJ91JIJ1UFflw7urm:r 1Jm7m'Jl'i/!r i/1Juur9Jflm7J9 ]ru1m'J'l1J1U i/urm71J ,il7my.ffr 
1ui/Gml'Jutj;9um9m]rJm1 Lu'Jmn/nmurmlnml'm!r IJiJ1wt/i IJml'fJubm:,mZ ijJ 
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-9JJmur 'l'Juur9J(/m7J9 ~ 9m]rJu 1'1Uil1'1/!r i/hufl'll' nfm 1Jml'7Jm]rZm7 

1J1U1Fm T/ 1'1UJlf'J7Jm]rZmj ZuJu i/Jnil9m]rG1Uum7 1Jm7m71/1Jn/'1U1uJhi/j 

MuurqJ{/m7J9 'i/J91Jmi/G71uJurn1u7 lf1JUU1qJ(/m7J9 9m ]rJmlmnJm'J 'J'I 

p1U]rumJi/7 J91(/F1UJU i/JmZ 1/1' mJ'J 1Jfm7mn '1'1u]r9JubmU1bo t{l GlULm]r 

iluufl'll' · ufm Jm/'mj 1Jml'7Jm]rZmj i/J91Jmi/G71uJU1n1Ju7 'f'JUU1'fJ(/m7J9 

t}J111Jil9m]rG1Uum7 'Jm7mJ9Jm1J1UfuJm T/ 1Jm7mi/GmilmLmil UIUI' D!fJI 

tcru u fl q I' 'J m 7 m n m UJJ ~ 1'1u]r1m]r1Jm njmy.mj 

'ljfm 
1
i1J9u 1m7ml'U1mln i/hufl'll' Ulm 'Jml'7Jm]r~mj ]ru1m'J'llJ1U i/urmh 

'1'1UJ'l'JJ7J'I i/JmZ '11' 1Jmf1Jml':rmnmurJm ~ /'lU]rumJi/7 ]ruJn11uFfl 

-1UnJut/rut/i 1m7mU1ml'Jm 7u ZuJu 1~ nJo 7171'11' T/ 11/J9lJ9]r i/Jmu XIX 

~ 19]r7mz/' "U U d lf /' "J lf 'J /' 1 U J m 7 "7lfJUIm7f1 U fl Ulni/ iJ7Jm]r 
-Zmj 4Jq1Jil9m]rU1mj '1J9JJmur '1Jq'Jm'1G71uJU1n1Ju7 lf'JUUllfdflm7Jq 

l('tJU-eJqJl l(J.Q.'\Jl.1.(UJ'fil lll.Q.JS'filtNU-eJ 
Sfiil ilJ.Q."..-eJtNUJ'tJ ".. 'fiti'fi'\Jl.l(~ ".. 'fiJlltJ'fi'll~'fi~ ·sr~ § 

1]rul'wJu]rm1mJl'm Jml'Jm:rm7mU1mln1J T/ U1lf]rmrr9U11JU1 

lj1q]rm 199bmn/m'J ~ '119Jm7 1m'1G71uJU1n'Ju7 
1
]rulm1J91J1U '1Ulm7'J ilJu '11li/1' 

iljJ91Jil9m]rU1mj 'J'1f'JmUm /'1UnJZmJmJ9]r '1J91Jur'J'll'ul' Luu9 1'1U1Jlf1J1U 
'.) '1L!fU1 /'1Uilln9/J 1Jml'Gm991' mbmU19j '1il9m]r1JuqJ UUl!fj Gi/l'wGmlmum 

.ljlnm7mhuj 7'1Ulnm11n 1'1UJlf'Jm'1G71uJurn'Ju7 i/19Z.uJu1m 'J'IJu7'1Ulmurn 

''1J'l'J'J1uf£11u7U1mj 7'1urnm11n 9m]rJbmJm71J '11JuU19Jflm7119 7'1/:rJu'J2 

1(il1Jmy.'1urnm 1mf f11u419ZuJu'Jm 'J'IJu71/urmU1n) ~ 1J7''1fl 

iljJqlnm7 uJu19]rm '1bJm7ml'mj il-u L9urJu 
1
J9lnm7muu:r 7'1Ulnm11n i+u 

JJm1Jmlmum7 JJ9 'm'J'l'J1u7 '1L9ur 1nn1UJu7 (1JmFfl1uuZ7mJmnm]rm:r} 1mFfl 

-1u419nJut/iut/r1Jm 1m7mt/im7mJ7J9 '1bJm7ml'mj l'willn9u J1u1JmjUIJ:J 

.11'1UJ'l'J'JmJm'J'l!r iln1u7J9 T/ l'wi/71/u{/ il7'11' ,1nm7muu:r 7ifurnm11n d9J9 

JJmlJmlmum JJ9 'illJ1uF£11U'1l9nJut/iut/r'Jm 1Jm7mt/im7mJ7J9 Ji/ i/1GJu77 

il1m99j ]ruJ9JFm9 9m]rG7mJl'm ,7m'J'1Jo 111ul91JG9li/ ]ru1my.'1urnm 7'11' 

il1Jwf£1w'119ZuJu'Jm 'J'IJu74urmurn '1bJm7ml'm!r ']ruilnun/ 1Fm '1J1ul9]rU1m"bm 

B'11nm7 uJu19]rm 7'11' ~ .Ju"bmJmnm]rmj iJl'wGmlmum i/lnm7mhuj 7'1ur 

-nmlln '11' 'J'll'm 1'1ubJm7ml'm!r '11qZuJu1m 'J'IJu71/U1murn 11'1illn9u 'Ji/lmum 
411ut/i III 'J'llJG'Jm7 ilJ9lnm7muu:r 71/U1nmlln JuluJ ,i/]rfmilfmil7 ulJq]r '1 

Jru1q]r7y. 19bJm1m ilJJmur 11 '119nJut/iut/i 'J'IJut/im7mJ7Jq m1umu7 ilbJm7 

-ml'm!r 
1
i1J91nm7 uJulq]rm 1Jm'JmJ9]r7 ]ru1m1Jmlmum G'JmJ-b 1J91nm7mu 

-u:r 71/urnmlln Ju'J 'Jm1Jmlmum7 l'wbJm7ml'm!r ]ruillJmTfUl'fj 1JmFf11uG9u 

-"bm 11urmJm7Jq mJIJ 11 i/y.m i/il9m]r1u9J Ju 7171Ji/1' '7m1Jml'mf 1Jmil1Jfm 
ef/r1Jmln:rmln7 il7my.i/]r 1uiJGml'Ju</;qum9mpJm1 9m]rJbmJm71J ilJ9'/z 



f!UU1 n!'/r b!'ftwfJphU1n1tfr <wUJt{_wtJp[! i[inJuw!'frlri(_mJ (- phUJnflI. ..:wUJifwtJ

/lnt{_, npfr Jwft.£phu1t f 

F,.,,. = F,. + nF~ +nF., (2.7) 

npurh'l F -ii ub'lJt{_wt} pburnlrfr ..:wurt{_wtJl!fr Jwftbpbulr (-, ,. 
F • -1r A11t{_wtJ 11nurnt wJpw1rfr ..:wurt{_wtJl!fr Jwftbpbufl (-, 

F ~ -[! ub'lJi(_wt} qnurnt wJpwlrfr ..:wuri(_wtJl!fr Jwftbpbulr (-1 

StfJwL Jwpftwifr "ln'l~wurfr 1.t phurnlrfr ..:wJwp n-e (5 ••• 10) ..:wu

urwurntlr JUntfJJntlr (-, pwlrfr np uri(_1wl Jwpftw1/r pburnlrfr ..:wJwp ufteq_p-

1twftw1t wnwA'lwftw1rmfJiw1t Jn'fnLlf! [!1t'f"t1tt{_ntJ . (- ..:wuurwurntlr JbtJnt

fJ1m1r, wlrftwfu 1rpw lwpt{_wtJw1fr1r t{_fr-G.wftfr91 

bfilb A11i(_wtJ 11nurnt phurnlre G.wpw~ ;J, opfrlrwft' tJni(_n'l urwppfr [W('

i(_wtJwifrlr t{_fr-G.wftfr I i/rnttntJ, WU(W pburnlrfr pbpi/_wtJ ..:wuri(_wtJpfr Jwftb-

pbu[!, ..:burl.twpwp, l.t 1rpw J1ntu hpftpwlwifrwftwlr p1tntfilw11pbp[! npnzbtfru 

U(hur11 (- ..:wzi/.fr wnlrht lrwl.t A11i(_wtJ pbmnlrfr Jwftbphue1 

btlrbtni/_ t{_bp[! phpi/_wtJ 'ff'nLJfil1rhpfr9 f,_ elrurpbtni/. pburnlrfr nL wJpw-

1tfr filnLJLWU1['b[p [WpntJJ.rbpfr JUntfil Jntflflbp[!' [CJ I' ] f.t [CJ• ] 1 b rftwf'pb

urnJ.rfr ..:wzi(_wpftf! ftwurwpt{_ntJ (- wnwA11wftw1r 1'Jntfilbpfr '1frJw'fpntfil1w1t 

pwlrwAl.tbpni(_, Jfrw11t w11t urwppbpntfilJwJp, np 1rpw1r9mJ Jwu1rwft9ntJ 

bJ., "l {Jb frpwftwlr ..:wuri(_wtJ11fr bpftpwlwifrwftwlr p1rmflw11php[!1 WJL pb

urnlrfr pbpi(_wt} ..:wuri(_wtJj!frlre' F,.,,., S ,.i.I', I,.,I' l.t WJ[lrt 

flpU(bu opfrLwft (Lft. 2.5) phpb1r11 m.'f.'1,wLft1wL U(pnf/1/rt/r tJni(_n'l urwp

pfr 1tnpJwl ..:wuri(_wtJ11mJ [WpntJLhpfr uurm11JwL pwLwAl.thp[!• 

lwpntJ[! ub'lJt{_wtJ pburnlrfr ..:bnwi(_np flbtfrftntJ' 

M 
a =--x~[a,. ], ,. I,.,,. (2.8) 

M 
a = n-- (h0 - x) ~[a_], 

• r , ,..,. 
(2.9j 

• M ( ') a =n-- x-a ~ 
• I ,.,,. 

(2.1,0) 
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F,.i.,.= bx+ nF~ + nF.' ( 2.11) 

Ub'lJi(_wt} 11nurnt X pwpApntfJJnLL[! npn2t{_ntJ (- w1L U(LUJJwLfr9, np 

p.burnLfr . pbpt{_wtJ ..:wuri(_wtJ/!fr uurwurfrftwftwL JnJbLure l_hq_nj! wnw1r911/r 

1.tft.wurJwJp tfrLfr wn' 

S" = ~+nF' (x-a')-nF (h0-x)=01 ,. I' 2 - -
(2.12) 

flburnlrfr pbpt{_w~ ..:wuri/._wtJl!fr frLbp9frw1/r JnJbLure Lntjlr wnw1r911/r lrftwur

.JwJp fttfrlrfr' 

(2.13) 

f!1r'1..:w1rntp 'fbU(j!"LJ [WpntJ1thpfr l.t '1bf/1npJw9frw1rhpfr frpwftwli pw2-

/untJ I! ..:wuri(_wtJ[!ntJ lfr ..:wJ WU(WU1wufuwLmJ [!L'fnt1ti/_wtJfr1r, opfrLwft' 

~nJwJ., 'lb"l/!"LJ ..:wJwAw11r t{_hp[! [!lr'fnibi(_wtJfr, [wpt{_wtJwifrL t{_fr-G.wftfr II 

J/inttntJ wJpn'l1. Aqn'l -G.fr'll! ..:w'lnp'fi/.ntJ (- wJpwlrfrL, /tuft i/rwuurnphlr . 

mJ'I -G.fr'l/r Jfr Jwue frp t{_pw (- t{_hp9LntJ euur pwpApntfJ1w1r l_G.w11wtJ 

Aqi/._wt} qnurnt pburnlr[!• ll.11rnt..:hurl.t, h!'ftwfJphUJnLfr ..:wJw!' Jnurwt{_np £L' 

Lntft./r opblri!t!• '>wpfl ..:wuri(_wtJi!Lbpfr i(_wpftwtJe, n Pi/./r ..:wuurwurm1tm

fil1mLe L. wuL: 

"'1· 2.5. rlJtqbrJt u!uhdwli ~ml.nil mwrrJt linrdwl liwmi[wHntd 

LWrDLdlihrJt dhpn'lfi liwzi[wr~htliu 
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:1:6 

1i/Jq'J 

-1J1uFfl1u'1urm:, '1i/urnm1br-mb'fmum i/'Juurqrl J'1UIJ1lm .) i/]rZm:, Ju i/iJmif 

•ilit'JmurmnjZm 'Jm'1mJi/ i/'JuurqJfim'1Jq p1uurfm:,murJm .) urZi/p (m 

•Jq1J1JlUf(/1u1q]rmum i!JmZ i/l' i/'Jiu ilvufiqp 1Jmp'1Jm]rZm:, i/1iut/r IJmp 

-Fmitfmil urnil 'urq:, i/bufiqp tjJq'J['1uJm1 tj1qJurm7T1u£J fmurmpqpm7 

.f n·6) 1 ( S ' )c ' "'~)cl> :;::;;: N'>f = "'·;PN 

•nqbrnfm .) p1u]rJb ]ru71'f Jiu'Jm:,b'Jil il71fm'J 

-mJ 'Jmp'1Jm]rZm:, 1Jmf(/1u'1m1J1uLuJ'1 1tjbufiqp bfm urnil •]runi/brnfYJ 

1( 'I1Fm 71 p1u 1mpJu'J 'ur'I'lf'Uf' Luuf) Gtj'1mnqur tjbtjy. .) fm]rnjm'1 

ilifnqur i/fmi/G'11J1U'fj •(IJ1Fm 71 U1'Jlff'Uf' 1Jm'1m'1i/urmurn 'nqJq'1ml' ''J1uFfl 

-1u'Jfm1 '1JlUf(/1uJ'fJmJ) S ,GtjJqJbmfi1u'JJ IJm'1mt/rm7mJ'1Jq i/iffm]rurm:, T/ 

'~o •"'~ ,Gt/Jl/'J'J1uFfi1uJbmptjb 1Jm'1m'1t/1Jmn/qp t/17,mJpm 71 t/'JuurqJ .) mi/G 

-'11J•u</; iJJu '8i/'J1uFfilU'1m'J1uLuJ'1 iJi/ifJq'J i/iffm]rurm:, i/iJt/1 Jmnm]rm:, rm'1 

Jifut/r ilbtjy. Lufmi!Fmil Ju '/ p1ul'Jm:,mbr ilhufiqp nfm 'Jmp'1Jm]rZm7 

tGi/17,1uFfi1uJqJmJm:, i/Jqbi/y. LuGmlmum Gi/Jq1Jiffm]r1Juqrl 1Jm'1murZp 71 

Ju]rm'1m1Jmpmp •Gi/111u8'1mb1ub i/J'1'J'J1uFfi1uGqbbm 1Jt/fmp1u •Gi/umy.urmbr 

1mpfmiffmit i/fmi/G'11uJurn1Ju'1 fm]rnjm'1 'p1uJq1JmpJu'J .) fm]rJur ( f'Z"' 

"'!1' 1) il1J1uFfi1Uflf[' i/G'1mfJub }j Jiu'Jm:,blJil i/JmZmbr 1JmFfi1uJpYJ 

'fl/I' pmbtJm }j Gi/bi/y. Lu'1q 
.lmum p1uilfm]rurm:, Gi/JqlJIJ1uFfilUGqbbm 71 GtjJq1Jiffm]r1Juqrl tj1qJurm1F1ufl 

-/ p1u]r1J1UU1Jil 'JJu 'i/bi/y. Lufmilfmil urnil .) p1u]rJmurm'1 il'1Jm]rZm7 

1mJ]r i/ilfm]rurm:, i/7T'f fmGm'1'JmG ''1i/Jurqpi/n Jpmpurm'1'J IJmFfi 

-1ufiJm:, 'Jmpuf 1qfmdmur tJfm 71 il'1Jm]rZm:, 1qtJGqbJmbr nqbrm/ i/1mnjn 

-'J1mbb G'Jmum ntj1mur .) 1F1ufi il1J1uFfi1unjut/rut/r bTYl 1]ruu1ufbr.) 'J1uf'11JmL 

-Liu Gq]r'Ji/Jmnjut/r i/J1ufbr.) 'Ii/TmfbmJu'1 i/Jq'J['1uJm1 t/'JuurqJ fm]rpLqn 

Jru'1Jmlmum i/'1m'JJqurnm/JJ '} '/JJ •cf;uJbr ('fi ft6 l) p1ufmbmurq7 1ilil'Jmur 
-mnjlm '1i/urnm1br-mb'fmum t/'JuurqJ p1u'Jum .) fJrZm:, ilti1ufbr.) 'Ji/Fmfb 

-mJu'1 i/J'1'Jl'1uJm1 i/IJuurqJ fm]rpLqn '1ni/ •i!G'Jmum ifubq7 177'Jt/l' .) p1u'J 

-nm:, ilitmy. i/'JuurqJ 1uurub fm]rb'f f'lU11uifr 'Jmpfmi!Fmil i/JqJJmur Lu]rbf 

'11 Lu]rpLqn J pmf 81u'JuJur'Jq'1murJm flf I' T/ nqbrliJi/ •tjJqJJm,ur Lu]ruf Ju '.) 

J'1u]r'J1ub1Jil 'JlfJutjGm]rmJi/ p1ubufiqp nfm 'Jmp'1Jm]rZm:, '71urq:,1u'JFYJ 

1ilJq'Jp1uJm1 17 ilJqbtjy. 

bUIJmnjnmurmbrm pm:, 'Ji/11uifr 'Jm pf miff mil 'JI/ p1uG'1m'Jnmp p1uJq17fm11, 

-mrl 1Ji/fm'1Jm]rlm7 1Gi/1J1uffi1uifrm7m'Ji/Jo fm]rGmurn Gi/JnJuifr ]ru1n1q 

~ p1u]rluJu iliJmp:,mn Lu]ttJurb 17li/p i/Jqifbrqb II 71 I tJmpfmilfmil 1Gtj1 

l';I) 

-wt/r 'Jmpfmitfmil i/'1my.i/]r 'Jui/GmpJucf;qbmfm]rJm1 i/JqJJmur nuu111Jf/m'1 

-Jq .) rw'J1'1 ilvufiqp Mm 'Jmp'1Jm]rZm:, 1JmFfi1Utlpm i/Jniffm]rurm7 

1Jq'J1Jmpfmbr 'Jm'1m'1i/'Jn/'1ur 71 Jlf'JmpJu'J Ju'J 'Jmpfb 

-mn/m'J i/Jq'Jmi/G'1wJurn'Ju'1 l/'Juurqrlf/m'1Jq tJi/Gq]rJv lqp IJmf(/lULufJub 

•(/ 8G6l-71 -'Ji/Gq]r'1mZp urup bqp mJ]r i/Jl/'Jil'JmurmnjZm Mm ]ru1q]r1J['i/( 

1]ru'1mur 

-mbr'J 1u1qfmJmur n71 mJ]r i/JqJJmur Lu]rpLqn 1JUtlur1Jq'1murJm 'Jfm 71 IJmp 

-b1uurn i/bufiqp Ju'J 1Jmp'1Jm]rZm:, fm]r'1Jmlmum Gi/pLu'1 i/urfq1u} ''fj 'YJ 

•cf;uJbr JqlJIJ1ufeJ1uurubmurq:, 1Jm'1mnqur 71 'Jm'1mJmJm'fJut/r i!JmZ i/1' IJi/G 

-q]rJmurm'1 •flfl 9G6 l-fG6 l p1uf mi/tluurmJuJm1 i/Jl/'Jmi/G'11uJurn1Ju'1 l/'J 

-uurqrlfim'1Jq i/-:::nHIHD JpmFf11uJm]rm'1lfL i/71-bbu]rb 'YI 'YI •cf;uJfJJ 

1il'Jml''1mZp 

i/buflqp Mm 1Jmp'1Jm]rZm:, GqJb rlbi/'1n 71 ]ruJu ']ru'1Jmlmum i/buflqp 

i/1wt/r 'Jmpfmilfmit urnil ,Ju'J 'Jmp'1Jm]rZm:, 1Jmf(/1uJpm i/Jnilfm]rurm:, 

lmpJu'J i/JqJJmur Lu]ruf ]rm'1q nqblJm:, ilurfq1u} ''fj 'YI •cf;uJbr p1un'JmJ 

-qc/;'Ju'1 II 'Jm'1m11,uJ1ui/pmpm:, i/'Juurqilf/m'1Jq 71 i/'JuurqJ •£J ZG6l 

'11'U-eJll.fl ( t.IJll'bt.IJ! '1U91lCl"91l«t sn";J) •.tl'lfUct» "..1l.fl91lct91l«I" 
sn";J ';JJll"..-eJS'lfUJ'll "..1ll:\1l'\Jltl'? "..1l.fll:\J1lPQ1l'? ·9·~ § 

1tjnnjmfmJqb i/urmlnLuln 

nqbrm'1urm:, 'i/J9fi1uf'J .) p1u1JGqb'jm:, Jpmnmp ft/I' ]ru]rZm:, 1Ji/lii9]r i/Ju 

11m1JutjGmu 7u .) p1u]rGmurn p1uilfm]rurm:, ilp1unJZmJ i/'JmJpm 71 i/'Juurqrl 

p1uJqilbrqb ZuJu 1Jfm'1mn 1il1J1uFfi1u41mniu:, JmJm]rmJ i/Jq'Jmi/G'11uJur 

-n'Ju'1 q'JuurqJfim'1Jq· / p1u]ru:,mbrm 17 .) bJmbr fmJGJq]r JpmFfi1ulLuJpm 

ilbufiq[' i/J'1'Jl',uJm1 i/1qJurm1F1uiJ ''Ji/J'1'J'J1ufiJ1uii9fi fm]rZIJ fmfm'Jo 

1i/Jq'J['lUtlm1 'Jm'1 

-mJtj i/17,uurqJ 17 i/'JmJpm 1qZuJu ni/1mur i/7 1F1ufi 171Fm 
1
]ruJmZmbr i/'Jurfm:, 

nqbrmn/m'J ilJqJJmur 'Ji/'f'Jmum mJ'J pm'1 1Jmi/G'1lUJurn1Ju'1 1qfbmnjm'J 

ni/1mur i/1 1JlUFfi1uJu]rmJm'J:, 'Jfmi/p 7u ilbufiqp nfm 1Jmp'1Jm]rZm7 

r/7 Ju]rmJm'J:, ilp1uum]rZm:, urZi/y. GIJuJu 
1
Gi/J'1'J'JUf 

-Jub lfm 71 Gtj'1my.tj]r 'Ji/Fmfm]rJm1 qilfm]rurm:, .) fm]rnjm'1 'Ji/iJJq:, Jq 'JJu 

•iliflJmurmnjZm i/'Iuur!fd fm]rbf .) urfm:,'Jm 17urq:,]ruJu 'plU]rLulm:, i/7 ]ru17'f 

1fm pm'1 nfm mb 1qLLw 1Jfm'1mn •1 urZqpmJ:,'Jm IJmil '17,mJpm fm]rbf 

]1unqJql1mp flfl' i/1q]rm i/ilfm71urm:, .) p1u]rJbmLqur p1ufmi/G'11utlmn'Ju'1 

•Jm-dmTJmq:, ''./ 11,11ml;mJi/ 17,mif '1 f'll' i/1q]rm urli/p ilp1uJm1 fm]rGmurn 

Jtu'1Jm]rlm:, i/'1,murm fm]rby Ju ''JmJ'J .) p1u1JGqb1Jm:, i/Ju1uJ hfYI 



, 
b 

u r )  t u r / u '  u j 1 ,  np urJpnrPjur& q w p w r b  pbp.Cur&nrr pnp&ur4bgp t b  

.. , 4urpnq purgur.Curjm 4bpqnd .Curpd/t urn&bl pbnldur&pLbp), bjnrptipb Jb- 
* 

~ u r L ~ 4 u r 4 u r L  4 ~ 1 ~ 1 4 n ~ ~ j n ~ & & b p [ I  h 4urm~ur I3p~ ~ ~ ~ ~ L u ~ u I $ w ~ u I &  pLnrpur- 

~ b g ,  2- 4urrhnp l ~ J p n r P ~ ~ &  qurzureb qnrI3ur43b Sbzm cfrmpJur& 

4urJurpt 
' 

p) tur2~urp4JurL urju J t p n q p  .C&urpw~npnr~ jn r l  ~ n r b b  npn2blnr l u r -  

" rnrJLbpb Jb&nrpjnrfrp pbmnLnrJ h urJprulnrJ' murppbp/t pur.Curpnp&JurL 

urJLq/rub 4/1hur4p, npbL 4urulblnd, urjb qurqurpnrJ t purdurp~pbl  Lnp- 
durC 2~4urqnpbJurL qi.u4u&plbppr 

p) Uw.CJur&dnrJ l .CurZt/urp4urj~L uur4JurLmjbL dfrhur4tbpb tip4nc 
junrJp. 

u n u r p b l '  p u m  4 p n q n r & u r 4 n ~ ~ j u r L ,  
t p 4 p n p q '  p u m  L n p J u l  p u r 4 u r g n p I 3 J u r b  q b m u r -  

L b n r p j u r b t  

g) UmsdnrJ 4 .Cnruurl~nr/3jurL qurpurdbmpbpb 4urJur4~ppb t p b p  
/unrJp. 4 n r u u r l b n r P j u r L  g n p I 3 u r 4 P g  p u m  L j n r p b '  k ,  g b p -  

p b n L J ur L g n p & ur 4 b g (.Cnruurl~nrP1ur& qnpbur4bg pum phnldurI3- 

pb)' n, . C n r u ~ l / ~ n r p j u r &  q n p & u 4 b g  p u m  2 b t p b  4 u r J  4 u r -  

n n r g d u I 3 p b  f 1 2 u r t u r 4 n r P j u r L '  kS.Izt 
Pmgb urjq, 4nbumpnr4g~ur&bp~ Lur/uurqI3JurL LnpJur&bpnrJ pbp- 

d u b  bL 4nLumpn~4~~ur&bp / r ,  pbmnbb L urJpurlb ur 2 /u tu m ur & p 

q ~ j J u r L L b p b  g n p & u r 4 b g L b p ' m t  

Sum uur.CJurlurjbl 1#1rfur4&bp[r J tpnqb  4ur2dwp4Jurl /uLqbpp 4w- 

jurLnrJ l &purLnrJ, np, urqur4ndblnd Ljnrpbpb I d ~ q u r q n r j L  I3ur/uub qu- 

CurLpp, 4n&umpnr4g/1ur~b 4urJ murppb .Curmdur&pb p $ b p b  pfrmpnrJp 4ur- 

murp~/b urjLqbu, np urjL bp pur4urqnpI3Jurl 4urJurp &ur/uurmbudurI3 dur- 
Jur&ur4urP&/JurgpnrJ, /,Ltqbu Lurh qurmpururnJurL, mbZur$n/uJurt nu 

JnLmurd/t durJur&ur4 t.Curulb npht uur.CJur&urj~& d/1hur4/rt 

C/r&urpurpur4url &npJur&bpp uur.CJur&nrJ b t  lrlnrpbpb Jb/u~&/14ur-  

4ur& q / r J r u q p n ~ ~ ~ n r t & b p ~ ,  bbtqbu h 4urnnrg~ur13plbp~ l l p u  qnpI3nq pbn- 

& p d ~ & ~ L b p j r  nr urr lqbgn~pjnr l&bpb, urjuqbu 4ntdu~I3, L n p J ur m / r  11 J b- 

I3 n L P j n L L L b p pt Uur4urjL &pdur& dbI3ng1nr&&bpp odmdurI3 bb $n- 

4 ~ l u ~ 4 ~ ~ n ~ p l ~ J p ,  npp ~ L / ? U I ~ ~ ~ I I L J  I,$6ur4urgpur4urL op/r&urturrjrnr- 
pjnrfJ&b,/lt 

~ ~ L U U I ~ ~ L ~ ~ / I U I L ~ ~ / I  Snruurl/rnr~jnr&& urywSndblnr 4urJurp tpurtg- 

5 u 2 ~ ~ I P 4 p  qbmp 6 4urmurpbL .Cur24/1 urnbblnd &jnr[dbpb Slurpurdnp w t -  

purpbLqwum p & n ~ ~ u r g p i p p ,  pbn&~ur13p&bp~ nr urqqbgnr/3jnr&&bp~ h bpurtg. 

q n ~ g u r 4 ~ n ~ J t b p ~  wbblyurum Jb&nr/Jjnrb&bpp, b l t q b u  h 4 n L u m p n ~ 4 ~ ) u r j ~  

2ur.Curpnp13Jw& qur1Jur&&bp& nr ur2/uurmurLgb u r n w & d L u r . C w m 4 n ~ ~ ~ n ~ & L b -  

pp, LjnrPtpb ~2/uurmurLp/t q u r j J ~ t L b p p  h urjl&t 

tu r2~urp4Jw& urju dbpnqfr .C/1Jttu4ur& urpdur&/rpp 4urjurlnrJ 4 bpur- 

LnrJ, np, plqnrLblnd 4ur21/urp4~~/1& gnpburljjrglbp, npnhgbg uJb& J b 4 ~  

8 



W1WLj!p 4_pw wq11n'l t;pJLw4wL 'fnp1foLLbpfi ifrnifrnfuw4wLni.P1ni.L[!' phn-

1tetf.w~l!Lbl'fi, L1ni.pbpfr JhfuwLfr4w4wL 11frJw11pni.P1niLLhpfr, 111zfu111ur111L
·"1P UflllJJ111LLhpfr Ii. lllJlL, t;L111p111t/_np t 11-111nLni.J -&fizur 1fL111;\111urht 4nLu-

urpni49fr111 JP t:ni.u111Lfrni.P JntLp 1 

1.111ztf_111p4J111L lllJU JhPn11ni.J t;bzur t ;\111zt/..Jr .wnLht hp4111ppburnLfi 
;pLw'lwtf.wnni.J J.hty phptf.n'l Lnp Li/_111-&ni.JLhp[!t 1.111zi/_111p4J111L t:frJ11ni.J 

''1-l'tf.w~ 'll'ni.1PLhpp Ii. urhfuLfr4111L 111n111i/_ht 4111ur111pJllll t, p111L L111funp11 Jh-

:Pn11Lhpni.J I 

:t. P.bSR'lll> b'l 1L1Tf'1L'11> '1Rf'1Tl181>'\ n1> l,lLC'\U.f'llU.61>'1 f).1>1T1Lf).f'R~6n .. ""bf'I!, 

l.n1>uw.1>nNt'61L'1 q;nrlJ'11111>a eus '16nNt'1> 

fiLi."lhu t:1111urLfr t, pb' phurnLfr IL flb' 111Jp111Lfi Jhfu111Lfr41114111L 'IP~ 
Jw 11pni.P 1ni.LLhpfr pLni.P111'1l'hl'I! otfurif_w,} hL ifrni/r.nfu1114111Lni.P 1111J p1 op fr· 

1'111f Jfrli.Lni.JL 4111qJni/_ phurnLh funpwL111p11Lhpfr ifrnpJ.wp4niJ[! urwtfru i 
spi/.111~p' npnz Pi/.n~ ifrnpJ.wLJni.zLhp Jfr1frL 11frJ11111pni.P1111L t:111JhJ"'..urni .. 

.PiwJp 9 ni19 hL urwtfru ifrnl!l' 11frJw11pniP1niL, npnz ifrnpJ.111LJnizLhp JU 

11frJw11pni.p 1n1.,L1 
UJnipbpfi 11frJw'l!rni.P1wL .jrn.jrnfuw4wLniP1ni.L[! 4wfui/_111,} t t;bL9 /re" 

'111ni.P/r pLni.1P/rs Ii. Lpw "1111urp111uurJ111L urhfuLntn'lfr1111fr 4wur111phtfrniP11111i 

.J 1114"'1''1111 4/rs1 

bpb Jfrli.Lni.1L 4wqJni/_ L1nipfr, opfrL111f n=n1+n2+oa+ ... +nk 
Pi/.ni/_ LJni.zLhpfr ifrnpJ.111p4ni.JLhpf! 9ni19 hL U1111Lfru, np n1 Pi/.ni/. LJni.z-

1ibp ni.LhL Rt J111J111L1114111i/_np 11frJ11111pniP1ni.L, 02 LJni.zLhpe' R2 tf111Ju:-

:L1114wi/_np 11frJ11111pniP1ni.L IL 111JLL, 111"1111 JfitfrL J111J111Lw4111i/_np 11frJ11111pnL

p 1ni.Lp 4tfrLfi' 

(2.15) 

.U.nwLJ.frL LJnizLhpfr 11frJ11111pni.P1ni.LLhpfr IL Jfr1frLfr ur111pphpniP1ni.LLhpf! 

'4tfrLhL' 

//ru4 J fr 1. fr L I! 111n111 4 n tu 111 J fr L Jun urn I' n i. J [! 1 npf! 4ni.i/_niJ f 
u U1 Ill L 'I Ill I' U1, 4tfrLfr I 

2 2 + 2 n1~1+ n2~2+ ··· nk~k (2.16) 

n-1 
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uJni.zLhpfr ifinpJ.111p4J111L 111p11-1niL11Lhpf! 4111pbtfr t Lhp4w1111sLbt 9pw
!/lfr4nphL' p111zfuJwL i/_fr£w4w'fpw4wL 4npfr urhu11ni/_, wpusfruLbpfr wnwL9-

l!/r, 4_pw urh'llll'lf'htni/_ 11/rJ 11111pnip 1ni.LLhpf!, fru4 op11frLwurLhpfr wn111Lspfr 
4_pw' LpwLs t;wJ111"1wurwufu111Ln'l ifrnpJ.wp4ni.JLhpfr P/r"-1! (L4. 2.6 )1 

f>'ilt.c"''il J'M tfr'ilfr ifrnrd.wr4if.wJ 'ile -

J'nLz'ilhrfr Pfrif.e: w1'il.cw'il wif.hLfr l.frzm n 
"l"'m4krw9ni.J' 4wrb1fr t u mw'bw l 

"'l'f 4nr/r9' mif.J"'l 'il1ni.[ilfr 'ffrJ'w1rnL
P1w'il pnpnfuw4w'ilnL[ilJw'il ~if.brwpbr-

l..,l'' 
~,.,,r,.,a,.,1'h pwz/uJ'w'il 4nrfr, ifrnr-

d.wr4if.wJ 'ilJ'1tL2_'ilhrfr9 wJ'h'ilfr9 J'bJ 

(rlif.ni/. 'ilJ'nLz'ilhr ftnL'ilb'bw'il l>bmwqnin

if.n'l J'Mni.fl1w'il J'frp_fr'il wrJh.ce' -R , 
R-/r ,r;,,.,9 ,.,J wrclb.etbre 4zb'l.if.b'il 

J'frp_Jr'ilfr9 [lb' d.w[u £. pb' w p_, £. 

Q 

'lo\. 2.6. \onrdw1 Fwz!udwli. \nrbr~ 

frLz.11wL JU t Lp111Ls funurnpnt.Jp Jfr1frL wptfhpfrs, w1LpwL "'J'I LJni.z

Lhpfr Pfr"-1! ifin11p 4tfrLfr1 bpb zb'lJwL t;wt[wLw4wLni.fJ1ni.Le 'lb"lfr ifrnp-

pfr IL 'lb"lfr JUfr ftn'lilf! Lni.JLL t, "'"I"' pwzfuJwL ftnpf! Jfrt.frL 11frJw

J11111pni.fJ1111Lf! t:wJ111"1111urwufuwLn'l. op11frLwurfr LftwmJwJp 4uur1119i/_/r 

ufrJhurpfr41 PhurnLfr Ii. "ln'l"l"'urfr ifrnpd.111pftni.JLhpfrs uurw9rJ.n'l p111zfuJw L 

~npf! Jnurwi/_np111"1hu t;hLs WJ'l"lfrufrL f LnpJwl t i 
bpb pwzfuJwL 4npf! urwifrw4wi/.ni.L t, WU/W 'I"' i/.4w1ni.J t , np ini/.J"'l 

L1ni.fl/r "lwurp111uU1JwL urbfuLnt n'lfrw1ni.J ftwL int.pf. pbpni.P1ni.LLhp1 -lbur111qnuri/_n'l Jb,}ni.P1111L WJU 4wJ WJL wptfhpfr t;w1urLi/_htni. t:wi/_111-

Lw4wLni.P1ni.L[! Jw{JhJ111mfr~111~wL i/.fr-&w~W'f['ntPJnt.L[! 1fLw;\111urni.J t 
j uurwL11111purfr Jfr1nsnrJ.1 

lwJ111J.1111L 'fnp,}n'l LnpJwLbpfr, nuhuJfrL llJ~'fhfl_ni.fl1n1.LLhpf L~lllllf -::: 

rl111Jp L1nipbpfr 11frJw11pni./J1wfi t;JrJfiw4111t; "i"'f'uJJburpbpfi bfi Rs. , R i. 
"II' 

R~, R~ LnpJwur/ri/_ 11frJw11pni.P1nt.Lfihpf!, npnLl! uwt;JwL-

i/_ni.J hli 95 % -/rs nz. "l"'~wu "'"l"' t;ni/_ni.P1wJp1 1.hurli.wpwp, L1ni.pbpfr 

LnpJwurfri/_ 11-frJw11pni.P1ni.LLhpf! "lhurl! t i/_hpsLbt pwzfuilwL LnpJ111l ~npfr 

Jfrp_frL 11frJ11111pni.P1ni.Lfr9 wnLi/_wqL 1 ,64a-ni/_ "l"'~wu 1 '1-w LzwL111~ni.J 

~, np bpb O Pi/.ni/_ LJni.zLhpfr ifrnpd.wp~ni.Jfrs umwsi/_w,} pwzfuJwL ~npfr 
wJhLwJb,} op11frLwurfrL t:wJw"lwur111ufuwLn'l wpusfrufr9 ( npf! t:wJw"lw

tnwufuwLni.J t Jfrp_frL 11frJw11pni.P1111Le) 'lb"lfr J.wfu urh'lw'l-l'hlil! 1 ,64a 

<\wurrJ.111~, lllU(W euur t;111i/_wL111~wLni.P1niLLbpfr urbuni.P1wL Ri. - /rs sw,}p 

11-frJw11pni.P1ni.L niLhsn'l LJnizLhpfr PJt"-1! ~tfrLfr 0,0501 ll.JL ~hl'"I wuw,}, 
7 br'twpFbmnli.b 'tnli.umrnt\gJiwli.br 97 



R" 'lfrJw11pnLfJJnL1tfr9 .pn~p 'lfrJw'lf'nLfJJwf.t f.tJnLzLhpfr t;wJurfu/.h[nL t;w

if.w1twlfw1inL/JJnLL[!· 5 % t, fruit bpwzfufrlll!i np lfuurw9if.b1t R" L. pwpd.p 

11frJw11pnLfJJwf.t f.tJnLzUp 1 lfLfrltfr 95 % 1 

Phurnf.tb L. bplf wfJphurnf.tb lfn1tuinpnilf9Jrwf.tbpjr phurnf.tjr .pwuurw9/r 

wJ pntfJ JWf.t t; wJ "'"l"'inwufuwlinLp JnLf.tf.t [!1t'lnLf.ti/_w~ f.tw fuwqtJw J/rf.t J wp

lf w J/rf.t npnzi/.nLJ t pburnU funpwf.twp111ibpfr .Pnpd.wplfJwtfp, ntu1njr ph

urnltfi t;wJwp np"fhu t;fiJltwlfwlt f.tnpJwurjri/_ 11fiJw11pnifJJnLf.t t t;wJwp

i/.ntJ f.tpw R i. f.tnpJwinfii/. funpwf.twp11wJfi1t wJpnifJJnLL[!, "l'l! npnziJ.ntJ 

t t;b1nb.J"'l lfbp"f• 

Rj,=R-1,640, (2.17) 

R " R ( 1 - I.64 ~ \, u == ~. 
R / R 

R1.=R(1-1,64u), (2.18) 

np1nb'l R-l! ph1nnf.tjr funpwf.twp'lwJJrf.t wJpntfJJntf.tf.t t, nf'l! t;wJw"lw1nwu,

fuwlintJ t phurnf.tjr 1twfuwq6-wJJrf.t JwplfwJJrf.t' f!UU1 uh,,_JJwf.t, 

ur-f.t phurnf.tjr wJpntfJJwf.t if.wpjrw9JrwJJr 1twfuwq6wJJrf.t qnp6wlfjr9f.t 

t ub,,_JJwf.t l]h"lpntJ ( 6wf.tp L. 6wlfnurlfb1t [9Wf.tJntfJhpni/. pb-

1nnf.tf.tbpfr t;wJwp u=0,135 )1 

(2.18)-/rf.t t;wJwf.tJwf.t lfwrhtfr t qph[' 

R~ = Rd(l-L64u~ (2.19) 

npurh'l R~-i. phurnf.tJr 1twfuwq6wJJrf.t Jwplfw1t ( f!UUI wnw1t911wJJrf.t J.qJwf.t, 

U d -f.t phurnf.tJr wJpntfJJwf.t i/_wpjrw9JrwJJr 1twfuwq6wJJrf.t qnp6w

lf/r9f.t t d.qJwf.t 'lb"l/!"LJ, npf.t pf.tl]ntf.ti/_ntJ ( u ~ =u1 

lJwf.tp L. 6wlfnurlthf.t [9WliJntfJhpni/_ phurnf.tf.tbpjr 1tnpJw1nJri/. "ll'P'l.Jw.

J/rf.t wJpnLfJJntf.t{! npnzif.ntJ t l/inpd.wnwlfwlt pwf.twd.L.niJ.' 

-
R" =R 1. (0,7?-0,001R), 

"fl' 
(2.20) 

PWJS ni_ "lwltwu 0,72R'-Jr91 
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U.Jpw1tfi t;wJwp np"fbu f.tnpJwurfii/. 'lfrJw'lf'"L/JJntf.t' R~ 1 [!1t'lnL1i

r/_niJ bf.t "lburwlfwlt uinwf.t11wpurf.tbpni/_ lfwJ urbfultfiltwlfwf.t "l"'JJwf.tf.thpn~ 

u wt;J wf.ti/_ wt) t;burb.J"'l wJ bf.tw .Pn11p i/_ hpwt; ulf iJ.n'l J h6ntfJ jntf.tf.thp[!• 

!ln'lwJJrf.t wJpwf.t{r t;wJwp1 npf.t ntf.t{r pw9wt;wJur wpurwt;wJ1niJ.w6 

t;numf.tntfJJwf.t t;wpfJwlf, :/JJrqJrlfwlfwlt t;nuntf.tmfJJwf.t uwt;Jwf.tjrf.t t;wJw-

"fWUJwufuwLn'l, 11frJu111pntfJJntf.t[!' R~ =0,1 

!ln'lwJJrf.t wJpwltfr, pwpd.pwJnip l"'l'P L. wJpwf.twJJrf.t ~n"lwf.tf.thpfr 

t;wJwp1 npnf.t11 i_ntf.thf.t pw9wt;wJU1 wpurwt;wJ1niJ.w6 t;nuntf.tntfJJwf.t t;wp-

fJwlf, "l"'Jtfw1twlfw1t t;numf.tntfJJwf.t uwt;Jwf.tjrf.t t;wJw"lwurwufuw1tn'l 11/r

Jw11pn1.fJJntf.t[!' R:=o0,2 1 

Uni/_npwlfw1t l"'l'"'J/rf.t wJpwf.tjr t;wJwp l"'l'P fuqJwf.t JwJwltwlfwi/_np 

11JrJw11pntPJw.f.t 0,75 Jwul!' R~ =0,75oJ= aJ ;fw , np1nh'l_ Nfw L"'r/r 
l 

fuqJwf.t ~Jrqf.t t, F -f.t' L"'l'P t;wuri/_w6.pjr Jwlfbphu[!t 
l 

lizi[w6 pf.tntfJwqpbpfr w"lwt;ni/_if.w6nifJJntf.t{! qurltif.ntJ t 95 ••• 97 %-fr 
uwt;J wf.tf.thpntJ: IJ.Jpwf.tjr f.tnpJ wurjri/_ 11/rJ w11pntfJ Jntf.tf.thp[! npnzif.ntJ bf.t 

t;burb.J"'l pwf.twJ.L.ni/.· 

-
R~ ~ R. ( 1 - xu .. ). 

npurb'l R .. -f.t wJpwf.tjr 11frJw'lf'ntfJJwf.t Jfrtfrli Jh6ntfJJntf.tf.t t, 
U .. -f.t i/_wpjrw9JrwJ/r t;wJw"lwurwufuwlt qnp6wlfjr9f.t t, 

(2.21) 

x.-f.t Jfrt/rfi pwnwlfntuWJ/rf.t funinnpntJf.tbpjr ( uurwf.t11wp1nf.tbpjr) 

P/ri/Ji t (1,64 ••• 2,0 )1 
lijntfJhpjr f.tnpJw1nfriJ. 'lfrJw'lpntfJJntf.tf.tbp[! pwJwf.thlni/. k t;muwlfrnt

fljwf.t qnp6wlf9Jr i/_pw u1nw9i/_ntJ hf.t f.t Jn LP b ('Jr t; w z i/. w p If WJ Jr f.t 

'1 Jr J "''I l' n L p Jn L f.t fl bl' l!' 

~" R -- "fl' "fl'--k-· ,. .. 
R~ 

R~=-k--· 
,..d 

(2.22) 

lntuwlfrntfJJwf.t q.np6wltfr9l! f!Uur f.tJntfJJr t;wzi/.Jr t wnf.tntJ f.tJntfJhpfr 

'lfrJ IJl'lf'ni.fJ J"'f, t;f.twpwi/_np funurnpntJf.tbp[! f.tnpJ wur /ri/. J h6nLfJ Jntf.tf.thpjrg 

'lb"lfr wf.tf.t"lwu1n ltn'lJl!1 '1wfuiJ.w6 f.tpwf.tjr9 1 fJb lfnltuurpntlt9JrwJ/r WJU lfwJ 

WJf.t uwt;Jwf.twJfrlt i/.Jr~wlfjr t;wuflhll! Jrf.ti."lfrujr r/_1nwf.tq. t u"lwnfmtJ, k 
q.np6mbJr Jb6ntfJJnLL[! [!1t1npi/_ntJ t urwpphp1 k qnp6wlf9Jr JUntfJJnLf.t~ 

urwpphf' t f.twL. 1nwpphp phurnf.tf.tbpjr b. wJpwf.tf.tbpfr t;wJwpt 
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IOl 

(ei·i) '~bu=b 

''J l u T fl l u G q Ii b m I' m 1t 

d f m Ji 'Ju 'I J 'J "Tm 1t tl m Ji l m :r ~ J'1u]i7u1t JiuGitmfiiub 1Jm/'1Juqd 

-Jqb fmltmmlnmramJ il1J1uTfl1uGqbbm rmlt ilitfmP'JJl'IJ Ji4mmrJu'I, 

't' I"' l' l = U •JiuGul4p 

IJfflJ'~mZJ' 'Jm1tmJbm1tmy.4Ji 4J'l'Jit'J1uTbJm 4J'llJJ'1Um4li 11mmJm1tJq 'J!/ 

f'lUJiJmlJil ilJ91JIJ1uTfl1ufq1' 4J91JG41tmfJub 1Jml''JJ1!/Jiiq'b :J'l'JIJluFfl1ufqp 

JqJJmm t/J'l'JGt/ltmfJub 'Jffl/'1JJ1qJJ9b IJ'l'JlU 1JU'11Jitfm7'1JJ1qJ t/ln4m Jq-d 

-Jmm r1uJu li'Jil 'Ji u G 1t m f Ju b 'J m I' 'J JI q J J q b u ~ 1nu]iJbmfl1u1Jd 

G4Jit/mmrJu'J (ilJ'lUnmltmln rmlt) ilr1uGmlq]im Ju]imJm'J:r GIJmJ'J puil 

-1Jm11mq:r 1JmTfl1u'Jm1tmnfui/rui/r t/tl91J1JlUiflJUGqbbm 11 4J91Jitfm7'1JJ1'1t} 

1il1J4lt/I' 4J'l'J'J1uTfl1uGqbbm mnmlnlJIJm mil'm'J'll'm ,Jmp 

-m:r t/J'l'J'J1uTflJUGqbbm 1JmTfl1UJim1Junf ''Jt/TmrJql ''J4TmmJu1u'JflJl 

1
ilJ91Jitfm7'1JJ1'1J f'IJ'ffl'J'll'm LufJub 

mJ]i GIJmJ'J J'lUitGmfl'Jil 'Jml'fJubm:rml 1mrJu'J 4itfmJiG1uJ1m1t rmlt 4rm4G 

'lpuJmn'Jult ,Jml'm:r 4J91Jitfm7'1JJ1'1J 'Jt/Tmpmm'Jul' 11 1Jm1tm4bu1u'Jnf !/S 

•iJJ91JitfmP1JJ1'1J fm..,.ZuJu t/fmpbiJmb IJ1fm1m..,.mf 'Jmltmiibmltmy.t/..,. 4Jqe} 

-lUTIJ 11 t/tlqr/tm7 'Jt/FmfbmnfmlJ mnil ,Jmrm:r 4itfm7"JJ19J 1Jm1tmmln 

''J'I J'1UIJ6mFm1tJ'l'J Gt/GIJqtlt/ it'JuJu 
1
ilJ91J1JlUf eJ1ufqp 

'fr4mmrJu'J BIJmJ'J ~ fmJi'JlUblJil 'r1u11Jqp Gq]inm nqln71J4 
1
J4bmeJ1u'JJ 

'Jmltm'Jl't/:r nqlnJu Jmrm:r t/J'l'J'J1uiflJUGqbbm 71 t/J91Jitfm7'1JJ1'1ll 

1iltlq1Jl1Jm:rmln Julud 4J'l'Jml'Ju'J fmpZIJ ilJqp 191Jmln:rmln 

'frt/mnnf ~ itmqln n11qluJu ilJ91JitfmP1J1.''IJ LufJub mJ]i t/itfm..,.G1uJ1mq 

1Jpmifl1uf'll' 1Ji1ubmlq]imJ1m GIJqJ4 1qfJub 1tm1JmJ'mpm4p LuJmlt 1Jq7 Jq'J 

-itfm..,.1JJ1qJ t/flT1u'JJ JqJJmm '41Jmit t/I' Ju 
1
ilit'Jml'mb'1.m:r '1.Tm p1up1J,J1m 

~ 4JiZm:r 71 ]iuJu ,..,. u G 1t m f Ju b 'J m I' G 1t m bl u b 'fmp7u1t nqln 

-nim 'Jilur/t 84?'/I' 'J'I J'lUJiltmmlnmpbmJ (ilJqbt/Y. Lu?q lmJ1m G4G'JmJ'1. 

pmlt) Jndfm7'1JJ1!fJ luJu J'lUdlnqb 'JmpG1tml11ub n1uTI' Jqfl 11 hi' Jq.g 

1G4J91Jitfm7'1JJ1'1J 1t1Umm:r 

~'II' 11 71mmy.tlm1t '71mmtlmitJq ''Jmltmmll' ,ii I' 1uG1t m bl u b 1t l um 

-m :r 
1
84J91Jitfmp1JJ1'1J Luftlub 11mmy.tlm1t 71 71mmJm7Jq ''J'"ltmmll' ~ fm6 

-mltLmd ii I' l u G 1t m b l u b 'J m 1t m 'J I' 1 :r t/ J q 'J ii f m Ji 'J JI q tJ 
tltlUmm:r 71 'Jm1tm'JJ'4:r ,1'1uG1tml11ub luitJq 'J'I r1u]iJq-d 

-Jms 1p1UG~mb1ub 4Jnil'fm7'1JJ1qJ 1qtimmm1t ~ itmqln Jmrm:r 'JmpltJmp 

-Zm:r 4J91J'1fmpG1uJ1m1t 1~ puJ1my.u1mln ltnt/ bf11 1Jq1Jitfm7'1JJ1qJ itJmZ 41' 

'l!/ J'lUlibm 1tm'JmJ'mpm41' mtip tJitfm]iG1uJ1m1t J'1Uitln9b J1u'Jm::,li'!.,~ 

001 

''Jlim 71 il1J1uf fllUGqbbm 11J1UF iJFmln 'il1J1uF fl 

-lUGqbbm 1t4pnfqn ,1tm'Jt/Jo '1 J q 'J it f m }i 'J JI q J 1t l um m 7 (b 

t1J1Fm 71 ilitfm7'1JJ1'1J LuGmlmJ1m 1tm1Jml'mp t/pmm'Jul' 71 'Jml'nfui/rmb 

-qm ''Jm pmnmJmmln t/tl91Jmt/G1t1uJmn1Ju1t 1Jm1tmJmJm1Jt/l 'illJ7uT fl1uGqbbm 

1upmit J1m1J4Jo '1 J q 'J it f m Ji 'J JI q J L u f J u b 71 m m y. J m Ii ( J 
t1J1Fm 71 i1J11Z1t 4J'llJJ'1UJu]imitJmn 

1puim1JJ' J'lUJqit'Jql 1Jm1tmJ9dm1J7uibJm 
1
ilJ91Jitfm7'1JJ1'1J Jmltmmbo Luf 

-Jub mJ]i t/Jqltfmf IJ1fm1tJm:rl41' 4J'l'J'JmJmbmJb 71 4Jqit1Jql IJ1fmmnq:r 

-min 1tm'J4Jo 't/ J q 'J it f m Ji 'J JI q J Lu f Ju b 11mmJm1t J q (m 
''J'I J'lU.,. 

-1JmpmJ 'Jt/flJq:r GIJqJ4 ilJ'l'Jitfm7'1JJ1'1J Ju]imltm'Jml'mf' :1qFm1tm6mJ 'J!/ 

LuJmlt r1utl91J6ul11'mltm1Jml'mp 'J1'f'JmJlm IJml'fJubm:rmZ 1itfm]iG1uJ1m1t 

illJuJu •ilJ'l'JitfmplJJl!fJ 'Jfm l'.,u]rJmrm:r IJ'I Ju 7' m 1t m 'J m I'm f' 
''J1Fm 71 illJ 

:.-,ufiJ-,u6qbbm rzmpJm1mnfmlJ 1ilJ11llt 4itfm]i6-,uJ1m1t ,1tm'J1Jo ''J'I J'7Uftlub 

nqlnmmZJ' p1UitGmfl'lil lLuJrm 'Jml'fJubm:rmZ 4itfm]i6JUJ1m1t it'JuJu 
1
i1Jq1J 

-itfm7'1JJ1'1J IJTm rnu]iJmrm:r 'J!/ J 'I 'J it f m.,. 'J JI,, J 'J m ,, m UI z JI 
1t/tlq1Jit¥m7'1JJ1!fU LufJub Ju]imltm'Jml'mp 71 'JmltmUllJ' 'J!/ l'.,u]i 

-1JmpmJ 1G41J1uid1ULu71U1 'Jml'bbm GIJqJt/ fm]infmlt 
1
ilJ'l'Jitfm]r1JJ1'1t} 

I [gG] puJq'J 

-mrJu11 'lm~mJmJmlJ1Z ~ fmJilJml':rmn ii Ju '~ 'J'J1ui fl1uf'll' 7'1U1mJ'Ju'J 

BIJmJIJ ilJ4bmfl1UIJJ 1Jm1tm1JJ'1:r 4J'llJIJ1uifl.,u6qbbm 7f 4J91JitfmP1JJ1'1t} 

INl\1l.QJU1> '\ 1lJl'\otl!ltlJ!l1> '';JJ!lJ1>1lo(IJ>IU'\tl 
'\"91ll\J'Ol>Q1l': '9.U lulSUJlJU'\ "J!l'\'\>IUS-eJ>IUV!l"l.1"6'0 l>!l "J!l'\1t.Q1ll>'\oti!ltl ·;; 

:n41q1tJm]iZm:-4Jn1tmy.4Ji 

'l1im1Jml':rmn 4Jrnf bJuJitJq 71 1Jt/lmJ1m UJnil ilJqlJIJ.,uTfllUtilimJ't/b '11Fm1t 

-Jm]iZm:r JU piJUlmJ'Ju'J t/'JmJrm 71 t/J91JIJUU19J -,.uJqfl1UTIJmG1 'J!f1tU1u1t 

-mf Ju J'Jmf 'J'I fm..,.JqJ J'lUJnltmmuFLm l 11 9 'g 't t/fm]i19..,.m7 
1 11• M , llr 'M , llJ"' 'M /I'I 

J'lUJiltm'lmlrt ilil91J'J1ufdJUJlimp4li M11 :~ 1J7'4U1mpJu'J Ju 7'14 '~ 'J'JflU'J 

il1J1UffllUJlimp41i '11Fm1tJm]iZm:r ruitlnqb Mm •JmJm71U1q:r '1= • }{= 

= ,.J)\= n-J)f n4197Jm]iZm:r 4ii91J1tmy.t/..,. IJ4fm1Jml':rmn 4Jpnf bJuJltJq 

uin:J '6' r"go' i=·}j Jmpm:r 4'JmJpm 'g'r.=c'r.=r·"}j 't' i= ··"}{ Jmrm:r 

4J'11JIJUU11JD ]iuJqfl1UTIJmG1 'J'11tU1u1tmf 71 J1!mf 1141q7um]iZm:r 4Jq'J1tmy.t/7' 

'l4TmijnrJ':rmn 4Jrn/ 114lmum mnil '4iiq1Jml'Ju'J bufJub '1Tmvmpm7 



£01 
'l4FmJm1 I'm? 'li/fmLuy J1UpmJyJmd 1 fmpJu}im11mJpm iJJJmm ,?m'li/Jo 

·~ ij1qJmm1F1ufi'lm 'lrml'mb'lmi/p Gi/mq?mnqm 'lml'i'Jubm:,ml 1mpJu'l 

811mJ'l ilp1UGmlmvm i/Jqilmy. 1'1uG'luJu ''l'1Jnmi/B?1uJmn11u? IJfm 1'1up 

-Gmfm?J'l'l '1'1 Jq'll'lm:,mln i/btim? 11i/lmvYJ 'l<U ~ p1u}iGJq}i ilGi/?mi' 

-Jub 'lml''lv'IJJqb 1'1uJu tnnil •G4'l1ufeJ1uGqLbm ifJ'f'lilfmplJvqd 71mmy.Jm? 

'I 71mmJm?Jq '11m'1mmlp 1'1u}iJmm1hufi 'l'17 Jqifmp ·qhJm~ 'jq6mun 

•JqlJl'lm:,mln i/bJm? ifqJq 'l'l f'1UpJbmlmvm dpmf' 

-mm?'l 'lmr eJ1U111uf m? mi/my. G'lmJ'l 'ilJq IJm if G?1uJm n'lu? num qd elm '1 Jq 

'l'l ['1Utnmn/lm dl'mfel1ufm?vm G'luJu 
1
GifJ'1'l'lml'fmln 11fm 71 Gtf?mnqm 

l/11mJ['m Lu}ifJubmmbo fmpn/m? 'i/Linml'Ju'l LufJub 1Jfmympm7 

1J91Jl'lm:,mln 'lmn/nmtnmlnml'm:, 'l'1 1'1upJl.imlmvm dl'mftnrn?'l 

1Jmf£11u111ufm?milmy. •Gif'lmy.i/mnm 1JrnfeJ1uJu}imb'lmm}i i/ ii f m }i Gm ,J 

rm? 'l m I' Gm l m v m i/ J '1 ii m y. p1uJ'1'lmlf B?1UJtnn'lu? pu1q'J1q 

ilfil'fmpGmd G'lmJ'l 

pm? 'lml'Gmlmvm i/Jqil'my. l''1Lu11il il'lwfel1UJLmpifL lfJ'1'lmi/G?1uJmn'lu'1 

l/'lumqdfim?Jq ~ p1u}iBm?nm:, }iu1qnm 1J 1 u rel 1 u 'l 1 u r m ? m cl m p 

~Jl"OJlS'flti~ ~ 'flf7o(IJ\(U~>IUS'flti'flit"OJ! J!l'\CS''\ "0'7"011> ·g 

1lq[' lfJq71ym'lmd 11i/fm?Jm}ilm:, 'l'l f1UpilG 

-milp il'lmJL umq:, GifJu 
1
ilJq'l'l1ufeJwJLmpi/L 1Ji/fm?Jm}ilm:,-'li/fm?mn1uf 

-Lm fmpJqJ 1'1uJ'1'lml'JulJ 'l'1 f1Up'1mmlnml'bmd }iuJnBtf?mfJub tf'lml' 

-Fmln i/if'lmmmn/lm lfJu)1UflJ p1uJqil'lnqL 'lmn/nmmmlnml'm:, Ju1utl 

''lUm 71 

o' l' .. !:C'O= •mw 'o' l ... !:f'O= ~Jw ,Jmpm:, lfilfmp1JvqJ Lu}i'l?J? fmb'lm 
IJ 

l/?mpbmJ 'l' l' .. !:8'0= W ,Jml'mj 11mfeJ1uLu71m 11mplibm ifilfmplJvqJ 

,?m'li/Jo ' [ ft] flUJqlJml'Ju'l IJrnl'fbmn/m'l lfdq1JmlfG?1uJmn'lu'1 '1'JUU1 

-qJe)m?Jq 'l'1 fmpJqJ ilti'1'l'l1ufeJ1Uf'1f 'lm?m}ieJ lfJ'l'lBi/?mi'Jub MYI 
tf1Up1uGmm 

-Jm '1'17 }iu:,JmlnmlJmy. i/'1m1L1u f11UJ'1'J?Jm}ilm:, 71 eJF1u11d ?i/mmpqmnijn 

IJ'f'l1U il''luJu 1ilJ'1'l'l1uf{!}1U'1mm:,m'lY'lmvm ifil1Jmmmn/lm IJrn?mJlf ifJ'l'l 

-iffmpG1uvm? 1u lfJqiflJql 'ifJ'l'lf'lUGmifl' lftiq1JmtfG?1uJmn'lu? '1/JqJJmm 

•tfJqel1UflJ 71 n71n71Jlf •ilJ'f'l'l1UfeJ1uGql.ibm 1JrnfeJ1uJupmtnU[' lfJqlJml''ln/n 

'llfFm?Jm}ilm:, 
1
1U1'f P'l'1J'1 pmb'lm lf?mpbmJ '1Jmfel1u71mmJm?Jq IJml'Lbm 

ifilfmp1Jvqd ''lmfel1Uplfnqtibm 71 1Jrnfel1upm1Jun/ lftifm}imllfp 'i/'lmy.ijmnmp 

-Jql f'lUPIJVm ~ lf}ilm:, puJq11Bif?mfJub if'lml'Fmln ifil'lmmmn/lYJ 

J!l~Vllti"OJlJU1> ll'\ "OJlS'fllb llit'\"OS"ORla'fl llJ!l'41f>IUS'\ •t 

w• 
:( 111F m 71 Jqil11ql i/1q?m'ld ?Jm :,mi/ I' 1Jqil11qZ 

11
4rmmnq:,mln 1J'1'liffmpG1Uvm? Ju}im?m11mpmp) i1Jqil11ql 71 i1Jq11ilfm"Jr 

-G1Uvm? 11mfe}1U?m11ml11 ?mifim11mp:,mn 11m'1m1mijGun pm? 11m?mnqm 
l'\ ·~ 

-11ilmmLJ}iuLup 'l'I fm}i?LibLIJil p1UnmL nfm '6'0 = ~ ,nm b III 

1lqp i/J'lnmL III pm? I fm}i'1Jbli11il 'l'17 iflJuJu '( Jqil11ql y J'l'Jil'fmpB1Uu 

-m?) ilJ'l'lm?qfdo IJfm 1Jmf£11U?m1Jml11 Ju71Jm'1 11m?m1mijGun pm? 11m~ 
-mnqm11mmLJ}iuLup 'l'1 fm}i?Jbli'lil Lqmnfm 'f;6'0 = Z'\ ")f ,nm-£ II 

'(111fm 71 

J'1'l'lmJmb11mfi 'J'1'lGu11mL11mJii/:, 'J'l'lbqmJmlnm?'lmf 'J'1'l'luJmmflu11i/? 

'J71Jn'1? J? 'J 'l'l'l"Jmme} 'puJq11m'l1ud i/Jm , Jq11if f m]r G1uvm '1 11i/f m tn Ju Inn 

fmp?fmf 1Jq1J?mJmmlm 11i/fmG1UGmmn1Uvq:, 'J'1'lbf1U1'1'Jn/i' JyJmJ 

Gij-p OOt rJqil11'1lm11nmp Ju}imn/1b i/-1i:,7 'i/-ti:,Yl 'i/-1i:,0) i1Jqil11ql 71 ilJq'l 

-ilfmpG1Uvm? 11mfe}1U'1m11ml11 Ju71Jm? ?1umm:, 11m?m1mijGun pm? 11m?mn 

-qtn'ltnmLJ}iuLup '1'1 fm}i?JbLIJil lqp i/nmb nfm 'l = !'\ .,)f ,n m L l 

•i/nmb i/'IJ'1 'l'1 f1Up'1,mpmd 
1
Gij1Jmy.ijmnm 1Jmfe)1Uptnm1Jmn/nmmmln 

'" Gif111ufe}1U'1m1Jml1J B11qJij fmpn/m? 
1
i1Jqil11ql 71 ilJ'1'liffmpB1Uvm1i 

t f1UJ'f eJLeJmmnmcfr pi/mm l'Ju'l 11mn/nmtnmlnm I'm:, 11mpfbmn/m'l 

ifJ'1'lmifG?1uJmn11u? 'l'1 fmpJm ilJq11ilqpJm 11ijfm}ie} ifG?mfJub 
1
'\ ·~ )f 

•(111Fm 71 lqp 

ijJqlJmifGmpJuc/;7L 11i/fm11ml':,mn '°lq[' ijJq11il'fmp11vqd 11ifim?Jmplm:, 71 i/J 

-'1'l111uf eJ1UJVmf'ifL 'Jiff m?Jmplm:, 'lq[' 'lmf fi1u?m111uLU1i? 11tfF m1Jm[':,mn) 

pu71y JmpJm:, fmGm?11mB f1UpBtnp ~ lqp i/Jqq,?Jm}ilm:, ilGtf?mi'Jub MYI 

1J'1'lil'lml'mb11m:, 1fm 71 il111ufe}1U'1m11ml'l 1U1'1'Jnm:, 'li/?my.ijp 'lifFm'lml'!fm" 

'lfm I'm? nfm •il'l"'<J.ifm1,m 'lmfe)1U1mmtflnm? 71 11mfeJ1upmm'lmn/nmmmln 

ijiffmpG1Uvm'1 f1UflJVm ~ ij]rlm:, }iuG?mi'Jub 1JmfeJ1uijlmmu:, Z'\ ., )f 

( '\ "OG.et>IUl<S'fl'\ "ORIR"OS'fllb) ~ "OG.et>IU '1"0'\ "Oa~ 

llit~!la Jl'flti llit.fl'fll<1NU4.l'flti sna 1Nti'fl.QJU1> ~ "OG.et>IUtll"On>IU'7 ·s 

t 1'1 uJ'l'lm l'Ju'l 

fJm?mJmJm11i/l 1mfli/:,uJq}i 'l'1 fmpJm }iuJ'1'l1'1uG1UG 11mn/nmmmlnmpm:, 

(Jm['rnj lfJ'1'lmifG?1uJmn'lu? Lupfbmn/m'l GijJuJ1uF11 i/?mnqm Ju1ud 'l'l 

J1u'lm:,L11il il"11uJu) ilJnil"qpJm ifti'1'lB4'1mfJub 11ml''lv'1JJqb 71 nqln711'1 

'ilJ'1 'l'l1uf ef1Uf 'f I' }ii/ mm pJu'l if J'1'l '11uf el1UB qLbm 71 lf Jq'Jil"f m ]r 11v 'Id 
:n/m?'lm Gif G?mfJub 'lml''lv'IJ 

-Jqb f1UP'Jvm ~ i/Jilm:, i1Gif'1mf<iub 11mf eJ1U?if rm11ifL niflqluJu ilil"fmpil'J 

-vqJ 'lifFm?Jmplm:, f1Uil"lnqL 'lmf{!}1UBqLbm ?lfpm11i/L i/il"fm]r1Jv'ltl 



wJpwfinq, {wui1_w,).pf! lf'P1. J.111_w,) I; LL wzfuwuintJ I; .\h'lntftp ftwJ 11wq} 

-G.1tzJw1t uiwftt U.J'l"IPup uiwpphp hfi' 1twfuwlwp1_wt} 1pw-G.1tzJw1t /un'ln

qwftfihpf!1 ftlnf' nhqhpqmwpfihpp LL lfUl'l._lf"l'fhpfihpp "lwuibpf! LL WJ[fit 

brqrnr'l qwr'IP· U.Ju 'lbUf.pntJ /lntjfWU1('qmJ hfi uw.\Jw1twifrwft 

[WJfintPJwfi ftwp-G.wuiLL -G.w.phpt l/wp-G.wuiLL bfi .\wJ.wpqntJ WJ1t -G.°w.pbf'l!• 

npnfi.p wnwt bfi qwlpu Jzuiwftwfl, bpftwpwurLL LL ftwp-G.wurLL pbn111l.wi11-

Lbpp .\wJwuib'l W'l._'fh9ntfJJnt1tp91 uwftwJfl, bpp qbpwflntJ I; ftwp-G.wuiu 

pbnflqw,}.pp W'l._'fb9mfJJntflf!, 'fpwfl.p w"lw.\nq ftbpUfni/. ifrwftqntJ bf, ( ub'lJ

'i_ntJ bfi )1 

/!uui -Aw.pp pw91_wt}.pp .\wzqwpfthlpu ~fl,,.ntflqntJ I; n= 1 t ziw.pfr 

pnLJLWU1(1bfp pw91_w,}.f!f!\ ll6 • lt"'t"; =0,05 ••• 0,15 JJt 

bpftpnp'f ftwplfp "lw.\wfltfibp bfi 1thpftwJw9qntJ, opp1twft' pw9 O'fnLJ 

wzfuwuin'l WJfi ftnfluuipntft9pw1tbpp1t, npnfi.p wJpw1twqnp1_w,} bfi AT-VI, 
B-II, Bp-II, K-7, K-19 'lwup wJpwfiUpnqt 

brrnr'l qwr'IP· P.nLJfWU1f'i/.ntJ bf, uw.\Jw1twifrwft LWJfint/lJwfi ftwp

-G.wuiLL LL bpftwpwuiLL -G.w.pbpt bpftwpwuiLL -G.w.pbp bfi {wJwpqntJ WJfi -G.w

phpf!1 npnfl.p wnw1 hfi qwlpu Jzuiwftwfl LL bpftwpwuiLL pbn1t1_wt}.pfibpp91 

U.juU1b'l LLu f!UU1 °Aw.pp pw91_wt}.pp .\wzqwpfthfpu qbp9qntJ I; Il = 1 t 

ziw.pp pw94_w,).f!p uw.\JwflwJpfi [WJfintfJJntfif! l!f,'lntfiqw,) f 
a, • ,=0,15 ••• 0,4 JJ, a.,. =0,1 ••• 0,3 JJ, 

• '1. .. l' • . l''f. 

bppnp'f ftwp11p "lw.\wfl1Hp bf, LhpftwJw9tf.niJ, oppfiwf zb1t.pbpp 

1JhpuntJ wzfuwuin'l J.n'lWJpfi wJpwfin4_ wJpwfiwqnp1_w,} ftnfluuipntft9frw

lJhppfi1 

ziw.pwftwJntfinLPJwfl flftwuiJwJp qhpf! phpqw,) "{UJ{wfitfibpf! "lbui.p 

~ pwtf.wpwp4_w6 [pflhfi /lb' ftn1tuuipmft9pwjp zw.\wqnp6Jwf, ifrntfntJ u 

pb' .\wtf.w.pn1.fr ftnfluuipntft9pwfihpp "lwuipwuuiJwfJ, uib'lwifrnfuJwfi u 

Jnfiuiwdp JwJwflwft1 

U.nwfp& tuupp uw.6.uw&wJp& il.pliwq&hr' pum qrnqnt&wqmpJw&: 

Fnlnf' ftpnq ftn1tuuipntft9pw1tbpf! "lbui.p I; .\wzqwpfthl f!UU1 wJpnt/JJwfi, 

"'fl~pwdbzui 'lb"l.pntJ ~wz1.fr wnfiblntf. .[!WJ.f!WJntJp9 wnwt ftn1tuuipntft-

9pwJp J.LLp ifrnifrn/untPJwfl W'l._'fh9ntPJnL1tf! LL WJL wflfl"lwuui .\w1tqwJw1t1-

Lbp1 flpnz 'lb"l.pbpntJ "lbui.p I; ftwuiwpbl fJwLL ftn1tuuipmft9pwJfr f!1t'l.\w

Lntp ftwJntfintfJJwf, uuintqntJ' Zl'1.Jw'L LL uw.\.pp ( oppLwft' .\b'Lw"lwuihp, 

~/uflblntJ'l._Lhp LL WJLL)t 
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bpftwppbuinfib ftnfiuurpntft9frw1tbpfr ftpnqntflwftntp 1w 1t .\ wzq wpftw J/r1' 

pwfiwJ.LLI! f!1t'l.\w1tnqr uihu.pntf. ftwpblfr I; 'lf'hl WJu"lhu' 

N(ku.1• q, n,) ~ Nt-- (S, R", m" , R., m.), (2.24) 

npuib'l N-l! -G.frq1t I; .\wzqwpftwJfr1t phnb1_wt}.pfihpfr9, 

k,_ s,2-fi .\ntuwlfrnt/1Jw1t qnpr)wftfr9b I; f!UU1 ltzwbwftntfilJwlt, 

q-fi' phn1t1_w,).pfibpfr .\wzqwpftw1frfl JUni/lJntltf!, 

n,-fJ \ phnfiq w,).pflbp fr 'l._"L'l:UI ft9J wft 11np,)U1ftp9f! I 

N ; .... -I! -G.pqlt I;, "l'l! ftwpn'l I; f!1t'lntflbl .\wui1_wt}.pf!1 

S-l! .\wuiqwt}.pp bpftpwlwifrwftwfl LL wnwd.qw"llwuuifrft pfim/lw

'l(lhpf, hlt, 

R,., ~- .fi pbuinltp LL wJpw1tfr .\wzqwpftwJfrb 'lfrJw'fpnt{Jjntfiltbpfl 

bf, I 

m,., m_ -fi' pbuin1tfr LL wJpwltp wzfuwuiw1t.pfr "fUIJJw'Lfihpfr qnp

,}w ftp 91t b l'l! t 

f!uui (2.24) pwfiwJ.LLfr .\wzqwpftp l;nt/1/ntltf! ftwJwltniJ I; flpwfimJ, 

np .\wui4_wt}.pntJ 11np6n'l wJhltwJh,) -G.pqf! "lbui.p I; LPltfr "l wqblp .\wui

qw,}.f!p wJ h1twifrn.pp ftpn'lntfiw ftnt/1 Jnt1tfr91 

brqrnr'l 1'nlpp uw.liuw&wJp& il.pliwq&hr' pum &nruwl iw.liw'lnr~uw& 
ui.pmw&pn1pJw&: 

U.1u 'lbu111ntJ ~wzqwpftnq "lbuip I; w"lw{n1_hl ftnltuuipntftSPWJP 

finpJwl zw.\wqnp6ntJf!• ftnftuuipntft9pwfi "[bui.p /; fJwfuwq,)bl WJfi"/hu, np 

i.uuiwfJw w1tpnLJfWU1f'hlp uihqwifrn/untJlthp (-G.ftqw6.p, 1tuuiqwt}.p LL wult), 

U1WU1WfintJfibp, upfihL -G.w.php ftwJ 1tpwlt9 pw9tf.w6.pfr LWJ'Lnt/JJnLltf! lw1t9-

Lp pnLJ[WU1ph[p uw.\Jw1tfr91 ' 

l/nfluuipntft9ptu JP ~ wz1_ wp ftw Jfrlt pwfltud.LLI! l!uui 'lb!f>npJ ws pwflhpp 

f!1t'l.\wltntp uihu.pnq ftwpb[p I; qphl WJU"lbu' 

(2.25) 

npuih'l f-l! .\wzi/_wpftni/_ npnzqw,) '1h!f>npJw9pwf, I; ( uml.11pwpwp -G.ftqll.!6-

i!f! ), npf! !f>ntLftspw I; phn1ti/_w,}.pp9, 'LJnt{Jhpp Jbfuw1tHwftwf, '1/r
Jw'fpntfljntLfihpp9, ftn1tuuipntft9pwjp hpftpwlwifrwftw1t LL wnwJ.

lfWUf[Wumpft pltntPw11pbpp9, 

f .... ; ·f! 'lb!f>npJw9pwJp (-G.ftqwr)pp) uw.\JwfiwJp'L {JntJLWU1phlp Jh

~ntfljnt'Lfi f uw{Jw1ti/_w6 finpJwfihpni/_1 
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~·· (~z·z) 
04 

1H~:;:>~ = x 

,Gtj1J1ulrJ1unl' ~~ 'J·t/lm'Jml'~mn t/IJmluJu Jml'm~ 

tjJJmur lml]rur J'1UIJG'Jm tjl i11pulfi1uJyJmJ 1JmlJmJ9JmJm~ 1uurub fm]rJtb9n 

'I J1ulln1 11ml111JJq tjJq'fJ'lUJml il1J'l'l1u qrJq 'J'lUJ'f'lilfm]rurm~ lml'Ju11 

tjJqJJmur Lu]rby 1JUJur11qlJmurJm 71 Lu]rl'bqn 11uJur11qlJmurJm •Lu]r11¥ Ju 

•lq]rur 'l'I GT1uG iJJ'l'l'J1ulrJ'1uurubmurq~ 11m1Jmnqur '1 11m1JmJmJmvJ114> 

1JrmrfJubmurbo tjJ9111Jml' 

-Tmln 11mlrJ1Uul1JmJmnm]rm~ 1 1'1u]rJmurmlJ znuJ9illn9li JuluJ illJJm]rlm~ 

11mliJ1UJf'm r/J'l'lilfm]rurm~ lmrJu11 tjJq11mrJu11 Lu.,Jull 11Tmvmrm7 

1m•llOO!J=sOI·z· SZOO'O= to 'f g~OO'O =-•a JIG'11tmfJub 

-,: > 
1
"W '1'!.mp1mln '1il''!murmnJ 

r1unmlnnm9 -~m '1'!.uur11J -1 r-.u7'umJ'1'1 p-.uJ 
o(.1.1mm ~mJ'qnfn .J.1ql>o(9 9.Ji.1'1'\ -z:i ·~'\ -lf'!.'1Jm/t~m'j JJ9 'p-.uil'ln9-£ '!1m 

S' 

~ "".i' 

~ 

':dn"'cY~ :":i~ r./jrlln8 "'i me/ , "'i "'.9 

'1n'1 •in•Jl OO'f-~i·z·zoo'o -
=·3ta = t,D ..,7'!'1.1' 19'!.nni'j -1 buJ 

-m't ilp-.uJm1 if'!.mJpm fm1'pL1fn 

'p-.u.;.'z § -1 fm1'nm '!'l-£Jm n9ln 

-7'!'1 'G'1il'lfl'Jm m•Jl 110I ·~ = 
= •3 .f1-.u-£up '!,m1 l'/-ru'!m'tml> 

-vmvm '1'!mJ pm .., &'1 '!.-.ul l'/-.uf'I J' 
. t " 

~OO'o= a =.a '1Jl/'!m'1GmpJutj11£ 

'!if1m'!.mJ''jmn '1Jlf'!.'!.uur11J /tuJl/I'/ 

-1ul11mGl IJ'llJurulJmf 71 J11mf ]rulnlq 'ruilln9li IJml'l'L'ln 11mlJm11uJur'l'lli 

1ur9~ t/11uur9J fm]rrb9n i1il11murmnjlm b9urml'm~ mJ'I f'1U]r1Jum ~ J/ur 

-mlJ'I nJ/19ZuJu i1111ulrJ1uJliml'J/li IJJ/TmlJJm]rlm~ J/11mJpm ,'fl fmprL'lfl 

1(i1J911GIJIJm¥Ju6 •w l/'lml'lmln ifil11murmnjlm J/11mJl'm 

1'ul91111m t/]rlm~) 1 '1'11ulrJ1uJlimrJ/li 111Jlm1JJm]rlm~ • '•li 11mpJ'L9n iJ11mJ 

-rm 11mil •iJ19]rm 7u 'l'I f'lU7r1J1uli11i1 r1u11mJrm i1J911J'1uJml LupL1m 

1(ilJ911Gt/IJm¥Jub t/J'l'l'lml'Tmln t/il11murmnj 

-Zm •w ]rulq1111m t/]rlm~) Gtj111ul(/1uJliml't/li 11iJlmlJJm]rlm~ •li IJml'b'I 

iJ11mJl'm iJlq]rm lu 'l'I r1u]r111uli1Jil J"UIJmJl'm ilJ911r1uJml Luba 

1GiJfmlJJml' '1 GtjlJmnqur iJ11uurqJ 1 fm]rnjmlJ U1J1UlrJ1uJqJmJm~ IJmliJ 

-lUJrJmJ X 1uurub fm]rJ'bqn fm]r1J1uli1Jil 'J'IJu'JmlJm'Jml'Tmln 71 11mlrJ1UJ 

-vJmJ "'x 1Uurub fm]rrb9n iJ8murnm41 1(1,·z •IJ'I) flt/ ur u 6 9 m ]r p L 'I n:1> 
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1 1nu]rlulJ 71 iJJu 'J"Unml' t/I' 1uurub fm]rl'b'ln z/GmurnmiJr fm]rnjlmJ 

iJrm1mJmnm]rm~ 1 1'1u]r1J1uli1Jil 1J'IUU1JmlJm1Jml'lmln 71 (ilJ91JGtjlJmfJub t/'J 

-ml'lmln tjil1Jtourmnjlm "w ]rulnvm t/]rlm~) il1JmlrJ1u¥'11' ""M Jmnm]rm:, 

1 1'1u]rGJ9]r il1J1ulrJ1uJliml't/li 'lml'l'b'ln t/'Juur9J 1'1uJ9illnqli Julu;J 

1zjluilb Jmnm]rm~ 1 1'1u]r1J1uli1Jil i11J1ulrJ1UJliml't/li 'Jml'bf t/1Juur9;} 

·GtjJ91JiJl1uJli lml71urq ~ ]rulqlJl'I 'J'I 

1'1u]rluJu 1'1u1Jmy.t/]r 'Jt/Tm'Jml'~mn iJJ'l'JIJ1ulrJ1u¥'11' tju9btjy. J'1Uilfm]rurm:, 

lml'Ju'J tjJJmur 'l'JuurqdrJmlJJq IJmlJmJu]run 1'1uillnqli J1U1Jm~li1Jj 

~~~u&eJ~UJWJn~ ~n~nJq~nJn~ 

~lf9U~ 1L8~1Ul ~USU'b .nnllJl"lAn '~11U-eJq.n J~U~ n":1A;J 

lftiJn1'-:in~ ~ ns.eNUJ.Rn lfJq~tt.nn1'.sn~ ln.nJu~ ·s·i f 

1urqp 

-mn9ur11ur l9]rm11m l9fbmn/m1J J'lUJqillnqli urml i1Jnmt/GIJ1uJurn1JulJ niJ1 

-mur ~ 1T1Ufi i/Ju 'i/IJ'll' Jmnm]rm~ 'J'I J'1U7'1J1uli1Jil ']ruJn111ulrJ1UumGmJ 

'Ji/r'lmum 
1
i/Jt,11Gt/IJm¥Jub IJJ'l'l'lml'Tmln iJil11murmnjlm 71 11mlrJ1utjlmmu~ 

iJuqtiul'I riJJq11GiJIJmfdub IJml''l"'IJJqb niJl91JJm]rZm~ iJJ'l'llJm'i/7' 11iJTm'l 

-ml'~mn IJJl'n/ IJJuJIJJq urnil 'Jq1Jil1Jml'mb11m~ lfm iluml t/I' ]rulm'l'llJ1U 

iJurmlJ'I 71 n91n11JiJ 
1
11 ]ruum,urtnln IJnt/ M'll 1i111iJJ1'n/ 11{lmum 11mil •Ju"Jr 

-mb11mur]r 'l'I 1tjil tjlq]rm 11Jq111Jm,.t/"Jr 11t/fm11mr~mn tjJrn/ liJuJIJJq 

1]ruJq11ml'Ju'J 1 fm]r'Jml'~mn i/Ju •il111ulfi 

-1Uf'fl' tjlqJurmll1urJ 1Jt/lm11mr~mn iJilfm]rGmJ tjilm,_ il-
1
···'v 

'1 'J'J1ulrJ1u'Jlml fm]rZuuu ]rulJJm]rlm~ tjilfm]rGmJ iJilm,_ 1J-"v bqurJu 

( .t~·z) r!••·"V::S "V 

i/111/llJ ilnm11mJ JlulJm~li'JiJ 'lml'IJJm]rlm~ iJilfm]rGmJ iJJqilm,_ urnj 

''I"~ 
-min LuliJunjmlJ il11mrGmlmum iJilmy. ililfm]rurm~ tjJJmur 

lq111uli11il ~ buJmlJ Ju '1 1Jbt/,_ IJlm fm]rluJu IJqJu'JmlJmnqur 1J-" N 

(az·z) 

'1 IJbt/y. bu_,Jub r1uilfm]rurm~ tjJJmur il-N bqurJu 

•i111ml'Tmln 

"N::>:N 

,t/7'11mln~mln 

iJbnqlnJu '1 J'1U7'l'Jm~mln ntjlqlJJm]rlm~ 'Jml'Gmlmum z/1.Zqilm,_ urnj 



npuih'l X-[! pbuinf./1 ub'l.Ji/._wt) q.nuint pwpC..pnLPJnLf.f, I;, 

ho-L -'\wuii/._wt).pfi wzfuwuin'l pwpC..pntfJinLf.f, I;, 

s-L phuin&fi uh'l.Ji/._wt) q.nuinL ..:wpwphpwlfw& pwpA.pnLPJnLLL I;, 

sR-1! phuin&fi uh'l.Ji/._wt) q.nuint uw..:Jwf.w1fiL ..:wpwphpwlfw& pwpA.-

pnLPJntf.f. J;, 

LUUfw Lzi/._wt) uiwppbpfi .pw1.pw1JwL pfintJPl! JfiwLq.wJw1L Lnt1LL .I;, L 

.pwJ.pwJnLJ[! uib'l.fi I; nLLhfinLJ f!UU1 t)ni/._n'l uiwpphpfi lwpi/._wt)wifiL i/._fi&wlf/i 

Ill i/inLL/i I 11hUf.pfi ( uih' u § 2.3 )1 

U.1u 11hUfpnLJ A.q.i/._wt) wJpwLfi lwpnwl! ..:wiuiLfi I;' CJ. = R. ,I.: r.wur-

4._wt)fi ..:wzi/._wplfJwf. -'\wJwp pwi/._wlfwL I; oq.uii/._hl ..:wi/._wuwpwlfzn.nLPJwf. 

UfWJJwf.Lbpfi91 

bpp z}r pwi/._wpwpi/._wt) (2.28) 1.JfWJJwf./!, w1ufif..pf,' s>s~ ..:wui-

z/._wt).p[! lfwpn'l I; Lfi&bl ub'l.Ji/._wt) Li. A.q.i/._wl (lfwJ wJpn'lp_ntPJwJp ub'l.J-

4_wt) ), WU(W ub'l.Ji/._wt) ( lfwJ nLJh'l ub'l.Ji/._w,)) q.nuinL ..:wlfw'1fil' lfn'l.JnLJ 

mh'lw'1Pi/_wt) lJ. wJpwf./i lwpntJ[! ( npf! lfwpn'l I; LfiLbl A.q.n'l lfwJ uh'l.Jn'l.) 

.uw..:JwLw1fiL if.fi-G.wlfnw Jf.nw I; fip ..:wzi/._wplfwJ/if. 11fiJw11pnLPJnLLfi9 U(w-

11.wu L. JfiwJf. ..:wi/._wuwpwlfznniP1wL UfWJJwLLhpf! ..:wzi/._wplffi ..:wJwp 

pwi/._wpwp z_bf.1 

'blfwuifi nLLhLwlni/._ i/._hpn..:fiZJwll!• ..:wzi/._wplffi 1!&'1..:wLnLp JbPn11nw 

..-:wzi/._fi I; wnf.i/._nLJ lf'w9nL9/iz. Ufw1Jwf., npf! uw..:JwLw1fiL i/._/i-G.wlfnw lfw

UfnLJ I; wJpwLfi iwpnLJf!· uh'l.Ji/._wt) q.nurnL ..:wpwphpwlfwL pwpA.pnLPJwf. 

~hurt 

t/JnpA.wpwpwlfwL ..:hurw'lnuin1.P1n1.Lf.bpfi' 1Upr1Jntf..pf.hpfi ..:fiJwf. i/._pw 

wJpwLfi 11b!pnpJw9fiwLbpfi L. uh'l.Jif...wt) q.nurnL ..:wpwphpwlfwL pwpA.pnL

/lJwf. lfw"ff!• uw..:JwLw1/iL i/._fi-G.w~nLJ, Jnurwi/._np lfhpUfnif... wpurw..:wiui

.tJ.nw I; w1ul.Jfhu. 

A 
e .. =--B, e 

(2.29) 

L q.pw!pfiltnphf, 9nLJS I; urpi/._wt) Llf. 2.8-nLJt A Li. B q.npt)wqfi9Lbpf. 

f!Luipi/._wt) b'h w1LUfbu, np ifinpA.fi9 b. (2.29) pwf.wA.li.fi911 npnzi/._wt) e. Jb-

4mP1n1.f.f.hpf! t:wJl!&lf&bL, u~. 2.8- nw h!'"-nr.J 1;, np e,., -e 11-riu!/>f.lti! 

;rnf./i hplfnL pf.npnz lfhurhpt '1-pwf.9fi9 Jhqf, w1f. lfhurf, I;, nppf. ..:wJwU(w

urwufuwLn'l 11b!pnpJw9/iwf. (lfwJ f.pw w-G.f!) lJ. wJpwf.nw, wpurw.pfiL 

pbn.f.i/_wt)pfi w'l..11h9ntPJn1.Lfi9, -'\wif...wuwp I; 'l!'nJ/it lJ.J'I LzwLwlfn1.J J;, np 

l/!wuurw9fi z.bqn.p wnwfi9.pf! wfi9fin1.J I; wJpwLfi -'\wurt/_wbpfi biuf.pn1.P1wfi 
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rbrwltwL pwpA.pnLpJnif.L I;, npfi 11hUf.pnLJ lJ. wJpw&fi iwpnt.Jf! (lfwJ 

~pw w&I!) 'lPn I;# 

~o-i. ftnt<f.nul t u~b 'l J 1. w J 'In ui n ._ 

p b U1 n L fr p L n L fl DI 'I fr r I.. n rn ;_ifm.J t 
4rnp.11U11.w'Jwi. pwi.UJ.lk.n<f.~ 

~o=a-0,00BR , 
"lt' ('2.30) 

npurb'I. a-ii 'fnpJwftfrs t, d-wi.r phmn'bi.brfr 

/)wJwp f!k7m..L1_nLJ t' 0,85, Jiu

ftnurftbi. Ls-L Jnt.flb rm/ pbuinil
'ilbrfr r...,J..,r' o,s, 

R"lt'-i. pburnilfr ub'l.JJ..,L r.w21...,r't..,Jfr'h 

'1-JrJw7pnLfJJm.'hL t, U'fw-n<f. (r...,2.-

1.Jr utn.'hh in<f. w 2./uwuriu'h.efr UJ.IU J

J ..,Ljr m,.. 'lnrJ.uftfrse)1 

brftrnr'I p'hnrn2. fthuil! t;..,J..,"l.iumiuu-

/u.uilnLJ t ..,JrUILJr iu1L 11-hlJ.nrJiusfr-Jfr'h 

\,~. 2.8. tldrwli)i e.. sih
~nrdu19JiwJ)i (~wd lirw 

w&)i' ~e • I. ub'l.di[w~ 

('JwJ 7hlJ.npJiu9Jriuifr w~fr'il), np'h frp qDtnDl e., fiwrwplmu~wli 
.I. ,/ r pwrlarnlpJwli ~w"IP 

l_UJ.,.n"l .,,..,<f.wuiup t pbuin'hJr wn.iu'h9-

11w1fiL ub'lJJwf, uw)JwLw1/iL 11h!f>npJwgfiwJLf,' e =E llf, f,h ,/ . 
I' • t 1 ., fJnL ln.,_, n[> 

. wJpwf.I! urh'lw11pi/._nLJ I; urwppfi Lfiuurfi9 Jnuiwi/._npwUfhu 0 ,1 h ..:hn.wi/_npn1.-

f11wf. z/pw Ii lfhLurpnf.wqwf. ub'l.JJwf.t 1fhU(.pn1.J X= h, uurwsi/._ni.J I;' 
x h h 

s= ~ =~ = 0,9 h =1,1, UIJl lfhpU( wuwJ, hpp e. = 8 t' Wll/IU s= 
= 1 ,1 (&If. 2.8)1 

(2.29) ipwLwJ.'1.nr.J A L B q.nplwlffi9Lhpf! wpurw..:w,urhlni/_ So L. et 
UfwpwJhurphpnif... uuiwgif...ni.J ~' 

E. = _ __,et'--(~ - 1 )1 
•-~ e 

(2.31) 

1,1 
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bflh (2.31) pwflwd.L.fr d.wfu L. wt_ Jwuhpf! pwqJwUfwur"hfl.p wJpwflfa 

wnwd.9w"wfln1.fJ JUlfl E .. = 2 .J 05 llfTJ w Jn'1n1.tntJ., UIUfUI "uurwflwfl.p "UIUf 

wnwd.9w"wfl "'"'ln1.J wzfu.uurn'l wJpwflJr l"'l'ni.Jflhpfa "- uh'lJtJ.wt) 9nurn& 

{wpwphpw"wfl pwpd.pn1.fl 1wfl J fat."-' 

a ... - ( 2.92) 

npurh'l CJ~ =e tE• 1 

(2.32 J pwflwd.L.fa9 hpun1.J t, np hflh 6 < £o, CJ. LU1f'n1.Jf! d.11n'l t, 
bflb s>so, UIUfUI (J • l"'l'n1.Jf! uh'lJn'l t u bflb s=so, J.flJ..ll(hu Ulf''1bL 

wutJ.bL t, a. =01 
Ub'lJt/_wt) 9nurnt SR uw{Jwflw1fafl {wpwphpw"-wfl pwpd.pn1.fl1n1.fl[!, 

npfa '1hUf.pntJ d.9t/_wt! wJpwflJ. L. ub'lJtJ.wt) pburnflfa l"'l'ni.Jflbpf! Jfawrlw

Jwflw" hfl {wufln1.J faph1'9 uw{Jwflw1Jrfl Jbt)ni.fJ1n1.fl1Jbpfafl, "wpblfa t 
npnzbL (2 .32) wpurw{w1urn1.fl1n1.flfa91 b.pb (2.32 J-n1.J [!fl'lntflbfl.p, np 

CJ. = a11 ll(UIJJwflw"wfl uw{JwflwJfafl l"'f'Jwflf!, "uurw94.fa s=SR' U1J

ufrL1fJ' 

(2.33) 

9'faqfa"-w"wfl {nun1.fln•fl1wfl uw{Jw.fl n1.1Jb9n'l (A-I, A-II, A-III, 

AT-III,), J.fll"lhu L. Bp-1 11wuhpfa wJpwflUpfa "-fapwnJwfl 11hll(pn1.J wJh

LwJbt) LU1f'n1.JI! wnwd.9w"-wfini.fJ1wfi uw{JlwLn1.J "-tfrLfa {wztJ.wr"-"'1faL 

11faJw'1pn1.fJ1n1.flf!, {hurkwpwp (2.33) pwflwd.L.n1.J "{burp t f!L'1n1.UL' 

au. =R.1 
9'Jrqfa"-w"wfl {nun1.Ln•P1wfl uw{Jwfl J..D1.1Jb9n'l wJpwLfJbpp (A-IV, 

AT-IVC, A-V, AT-V, A-VI, AT-VI, B-11, Bp-11, K-7 "- K19) 11h"l

.pn1.J f!'ii11n1.fitJ.n1.J t, np wJpwLI! JfrLJ..L. 0,2 % JLw9nprpu1faL '1h!/mpJw-

9fawflhpfafl {wuflhtf! wzfuwurntJ t UlttUld.'lw"wfl, {huruwpwp Ga. "l"'JJW

flw"wL LUJ(ln<Jf! "-LJiflfa (fl"-• 2.9 )' 

(2.94-) 

111 

(J ~ L"'f'null! fib' (2.32) L. fib' (2.33) pwflwd.L.n1.J [!fl'1n1.fltJ.n1.J t 
~00 llfTJw, hpp m ~1, "- 500 llfTJw, hpp m <1 t 

P1 ~l 

:hfr'l..frftwftw'b r.nun1.'bmJl 1w'b 

uwr.Jw'b n1_'bb9n'l wJrw'b'bbrfr 

y.bUf~ni.J (2.92) pw'bwA.&.m/ nrnz-

1_wJ- iwrn'-JI! Ufh"'$ t pw4_w

rwrfr R .. ~a-~-R •.• Ufw1-
J .u'b [!l 'f w 1J w'b wftw'b r.n un1.'b nL -

fil1.u'b uwr.Jw'b m'bh9n'I. wJrw'b

'ilbrfr 7bUf,en1.J (2.92) pw'bwa&.e 

1tfrrwnb1fr t w1'b L.urn1.ilflbrfr 

r.wJwr, nrn'b~ tb'b w'b9'bni.J 

•"l'l wJrw'bfr wnwa'lwft.u'bm

fil1w'b uwt.J'111'bfr Lwrn1.Jfr9, nre 

"f1UJJ-...'bwft111'bnrbfl f!fl'fnLfl4_n1.,/ t 
r.1114_wuwr 0,8R. {'bft. 2.9 )1 0,8 

R. -/rs Jfr'bt&. R. Lwrni.Je, nrl! 

l:,111,/ 1UUfUIUllUUJu111'bn1_J t wJ roufl /r 
Q,2% .!'bw9nr'lw1fr'il '1-bl/1nrJw-

9frw'bbrfr'b J /!'il'Jn'-'b4_n1.J t 'fJ-UI 1Jifl 

'11f. 2.9. ._wJdualiw~wli 6.DUntlintpJwli uw.li

dwli Dtlibgu'I. wdrwli~ lu1dwli IJ!iw•p•wd~ 
a)ubdwli 

'twUf 111Jrw'bfr LwrJw'b £. ub'l.JiJwt) 'lnurn1. r.wrwpbrwft111'b pwra-

pn1.fl1111'b Jfrp_&. £. a. L"'rn1.Je nrn21_ni.J t t.bur&.l.ul p111'bwJ.l..m/.• 

a.==- ( 0,8 + 0,2 e" - E )R. I 

E - ER 
"' 

(2.95) 

(2.35) pwLwd.uni.J SR 6. £ .., faphfl9J.9 fihp"-w1w9Ln1.J hfl uh'lJtJ.w~ 

11nurn1. uw{Jwflw1fafl {wpwpbpw"wfl pwptlpn1.fl1n1.flflbpf!, npnfl.p {i.uJw

"{U1urwufuwfln1.J bfl wJpwLfa R.. L. 0 ,8 R ... LUl('n1.Jflbpfafl1 

SR·f! npnzt/.n1.J t (2.33) pwflwd.L.ntJ. w1fl"lhu, J.flJ.."lbu wut/_wt) t tJ.b

pL.n1.J, 6.., L.u npnztJ.n1.J t (2.33) pwflwd.L.nt/_, Jfaw1fl fib w1u 11b"l1ni.J 

"lbur.p t l!fl11n,Lhv np a 11 = 0 ,8 R ... I 

b/Jh urwppfa wJpwfl[! pwzfut/_wt) t {wurt/_wt).pfa n1.pt/_wq.t)nt/_ "wJ f!Uur 

Lpw pwpd.pni.fJ1wfl, Wll(UI wJpwflw1Jrfl d.n'lhPI! uw{Jwflw1fafl 4.J.'w"nul 

"n1.flhflwf1 urwpphp L"'(ln1.JfJbp 1 pwfl/r np X-fa Jfaufln1.1fl wprlh.pfr 11h"l

J!D1.J uh'lJt/_wt) q.nurn1. {wpwpbpw"wfl pwpd.pni.fl1n1.fll! urwpphp d.n'lbpfr 

111 



1!11 .l'l'Jm~iltta.imn'Jalt q'Jamqddmlt.tq 8 

(unr) IQ= N + !mJ!m,03 -J.:JJ/n~ 

•81 f'1Uf 

-1ul L7U1mpmj qmpJmnmpmj 'lmfeJ1uul?mJmnmpmj fmJ11lqd 71JuUJn 

.,, tJJ7qqmpimln (te'6) rm? ( 68'6) ~ p1upluJu ilp1uJml 1m !) 1'lmJpm .,, 

ilqwFflwJfJmrl x luUJub fmppL7n <ililJ11i 111mpjmn 1uUJub fmppL'ffl 

t~ qp1uJm11Luf liJ-! 1qmJpm 11m?m'lim7J7 q-!• D 

'dpmpU1m?11 1JnilB11mum lJf1u11 '~ 

.fJUllJ!fJ'UJ' lJm?m71UlmUJn 1n7Jq?mp 1d'fmpU1mj 1Luf liJ-! lJ-!m S 
'( p1Uilln7li 'JmppL'fn 

1uJU1'l'f?mUJJm Ju 7111 <iJilG11mum lJf1u11 ~ p1upGJ7p pwilln7li 1J7JJmUJ 

hupuf) rlpmpUJm?lJ 1Jq11il811mum lJmnJnmUJmlnmpmj fmpllJ i1J7p '~ 

" lJUllJ'fJ'UJ' 11m?m?1UlmUJn 1ilfmpU1mj 1lJUUl'fd 1UU1UD fmppL7n lJ -S 
1JpmpU1m1r11 1i1Gqmum uqjmbwb 111¥-b Lu?miJrm11mpjmn 

'J1Ulub fmppLqn 17 Lu11811m . puU1'flJ Jupmu7:;, 1UUIUD fmppL7n UUllJ'fl' 

-u I' 1p1u Lu-bf 11m?m11F mlJJ'I N ,pwilln7li lJm J'Df lJUJUllJ'flJmUJJm 

<rlpmpU1m7'J 1ilB11mum u7jmbwb 111fb LulJmijr 

-m11mpjmn lJ1Ulub fmppL7n 17 LuqG11m pu11uJUllJ'flJ lJmif11uJ11mf ifi!fmp 

-Ulmj 111mJpm lJm1Jm11im1rJ'I fmppL7n 71ilmlJ'll'm pmlJ fmpbf 17pmum 

ilU1IJ!fJ'UJ' 1P1U lJm1Jm11fm1rJ'I N ,pwdlnqli lJmppLqn lJUJUllJ'flJmUJJm 

'UUllJ'fJ'UJ' liuuf LufJub p1udfmpU1mj ,pwillnqli lJmpuf 

·~ p1u11Gmim1JJ711 B1lJ'IJ1 W p1u11mpimln (98'6) p1ui!ln7li 1dfmpU1m!-

'11JU1!fJ'1n rl pm J1U1m7'J lJmf flwflJmj lJm plibm 1Jqp1~ lJ1dmUJJ'fl 

1rlpmpU1m?11 1dG11mum fmGmlJ 

-1JmG 17Jb ~ 117Jm1J UUllJ'ff'UJ' 1J7-bijy. 'lifi/J'l'l 17 i/Jqpw lJ1ilmU1J'fl 

1pwillnqli lJmpbf lJUJUllJ'flJmUJJm ,"/ru1Jml11 crn1u111J'» 71 p1uil 

-lnqb lJmppL7n lJUJU1lJq1rmUJJm 17 lJmpuf ,"/ru11ml11 crn1Uflln» ~ f11Up111uli 

-11i1 ilnmp lm 111mpfmln ( 98'6) tG1U1lJ!ff'UJ' 1Jqbijy. lJ1ilJ71j 11111 Jmn 

-mpmj l'mlJ Jiluijr ~ ilUJ7ln UUllJ'ff'UJ' 1J7p1u lJ1ilmUJJm 1Ju lJfmfmpmj 

( 91:'6) '( i·s1·03-"s""~)+ ~w 

·111mpfmln 

1mf"JU1'fj urnil ~ p1upJmUJm7 i1p1ub1uU1n lJmftJ1aJpm ijJ7lJilfmpU1mj lmpJu~ 

ljJ7JJmUJ lf'JUUl'fJflmlJJq ( p1udln7li 1J1ufln~ lJmZ111JJq 1J'llJl'1uJm1) liupbf 

~uJU11Jf1JmmJnr •1' uppLqn ljUJUllJ'fJrmUJJnr <1'up11f p1uillnqli JlU'Jm jVlJ~ 

zn 

(.9c'6) ( 
1u· ,,,,~ ) 

I !•~ . ~ ""'."'"". 6'0+8'0 = j•p 

!~ -!'°~ 

<.cc'6) 

'llo 

( l'l )-·-+1 ~-1 !'llo. =ltl~ 
' o~ 

l'l 

(,6C'6) ·( 1-:~) 
~-1 

'llo 
=!•p 

• p1uJ7rl 

-mJ7p ~ IJ1Luf Ju lJ1fm11mJpm i111wiflwfql' 1mfpU1 'IB n11mUJ ~ GiwG 

iJJu 'pun#qlilJ1 11'1 p1upJb iJJq1111wieJ1uf'll' -~ ..,, •o 1 tl~ '"~ '~ '•o 

JllUJ771fm11m'fl ( !18'6) '{ 88'6) '( U'6) 11 '( 0 l'6 ·IJ11) J'l'JJmpmj lJmlJmtJ 

-J7j "0'8 '6 'I=! ~ f11UpJU1 (11fdin/ 1J7Luf pmlJ) lJ1Luf 11' lJ'll''fl 

p•ujlnq{i .t•U'Jm1JU'Jil ~lt.implmg 'Jmfd1u.1pm •p1ujqmpmm9 lmp.tU'J 'J~.J6'Jmum 
'Jmltm'Jfmlt.1q ~.i.imm il.1rnrlnt ~.t'l'JJ''u.1ml 'I. 'JmJ"lnJ.n ~.iqh~~ ·on•; ·It'\ 

"" 
•111/•1119 

~ 

~ 1 .. 

J 

'111Mm11m 17ZuJu ~ #Ulqln i1p1uJm1 (1rlrn/ 1J7Luf 1'up11urb m.!Ji 

rzmTfilUJupm11qj lJi1u111111' 61fb liu1Jmijrm11mpjmn lJ1Ulub fmpp1'7n pm1r) 

1oq 
ifLuf i/1' lJ'll'm •JmJm71U1'f7 1( 01'6 ·Jr11) 7 = 

1
~ ,J7JJmUJ 11111Jr Jmpmj 



'Sil 

-11m il7i/uflmrbmd 71 il7i/uflmi/r 1111'11 lJ'I LuJml] i1Jv1mn 11i/Tm11mf'I( 

1rlpml1iwLL-.u 

4/if?.JuiJ -1 p-ruurmn/im "'I ~ '!,i/Tm'!.mf'l'J urZi/p '!.Im mlnm ,p-ruJ'IJJ.'I Gm'1 

-mlni/l.'!."''J ~ '!.lmi/r i/'!.w 

Luurmn/Zm 

JpmfdwLL1U w~J9 -d 'tJtJfm'l.mn:, -m 

"Jqlmn ~lqbnfon Tll ·~'\ 

17 

m£\ I !If !! II !! If 11 Ill !Jrn rn1J 11111 11 Ill Run 
r1 i-z (d d J-1 Ill 

I 

J'l'!.'!.mJm'!.'l'J i11mn JJq 

1i1-&1 

,'le/ .., iJ_l, ,'le/ rw,,Jmrmc; 

'!.'I '!.J 'I '!.'1,-.ul eJ-.u Lbw '!.'11 mil' 

-1!,murmn/im mJ'!. 71 <rlpmleJ 

-wLL-.u -.ul]Jq -1 pwurmn/im 

'!.1mn '6 :::::> 'tf.1 : 11 'IH'I p-ruil' 

-ln'll. i/J'l'!.'!.mplmln '!.i/lmJb'I 

71 i/il'fmfr'!.u'lrl '!.Tw'J. 

iii _'61 
,il'!.wltJ-.uLLw '}Jm,, mJ11, 

p-.u,,Jmpmc; -1 '!.'!.-.uleJ-.uLL-.u 

'!,i/lm'i/'11,murmnfZm i/1mn i/n 

-i/lnl.T'[J 1i1J'l'!."''!.'IP"P Luuf 
Lu'1'1 lmum rl pml i!/wLL-.u 

'JJml] '!.mil' ''!.'I Jifu.,, i/1'1,,m 

111ml i/J'llJ"'11'11'"1' Lu]ruf Lu1fq lmum JrmTtfruLL111 Jm,,Jq 71urq:,]ruJu '11i/F 

-m11"'f'l!t ~ r111]rJmrm:, 11lm mlnm 'z<i:1: 11 .,, ~ fm7'11'l!t ]ruJqJbq nJu7 

rlif 111mn ]rui'fm]r11uqJ fm]rnflmJ .pm7mJmnm]rm:, qflq ,1Jm11i/Jo 'Di/In 

-i/ur i/ilfm]r11uqJ 71 Gi/J'l11'J"'l'Tmln 11i/TmJbq 
1
Gi/111uftJ1uJqJmJm:, i/Jq.pm7 

vmG911111 mJ11 p1ufbm,,murm:, ~ fm]rnfm,, i111111Tf11uJqJmJm:, i/J'111'J1uTfl 

•1Uf!fl' i/J'111"'11'11'ul' Lul]q lmum JpmTf1111LL1u n111Tp 71 ,,'II' p1ulmn 

1r1u]rJ9JJmur 11'17 urni/n/ Gi/G11mfpi/J' i/J'llJ'J1ultJ1uf'll' i/J'llJ"'11'fl'Uf' 

lifm 71 •Jrmld1uLL111 i/Jq11il7i/ud lu,,Jq mJ11 ni/lmb lmum 11'1 Jnur11'11' 

-up Luuf 'Ith 'Lu111mn/Zm Jrmfd1uLL111 111,,Jq 11'1 p111]r7u,, i/Jq1mn 

:1qn'f"'lJ"' ~ i/1qJm,, i/J'l1111i/lJ9]r Ju 'nqln11Fm 11ifJ'llJ"'1l'll'"I' Lullf 

1'u1Jq lmum JrmTfl111LL111 n111Fr 11'1 r111ul,,mJqb i/J'llJ"''1'11'"1' Luuf Lu,,q 

lmum Jpmld1ubb1u 11'11' rmlJ Jpmfd111LL1u 11'11' 11Tmi/r ni/1mb lmum 'l'I 

J'l'J"'11'11'ul' Luuf p111G11uJu •ilJ91mn 11Tm r1u]r7u1J 11'1 11"./Tm11mf'I( 

• l" C • IJ 11) i/ J q 1 m n L u 111 m n/ Z m J I' m I fl l u L L l u l u ,, J 'I ( J 

'(m 'l"C •IJ11)i/Jq1mn 11i/Fm11mf9:, (m 
,11'1 r111"Jr11mpmJ iffll1u11J i/il11m111mn/Zm G119Ji/ 111nil i/Jqlmn 

1(J 

tll 
1]ruJbq fm]rGl]mJrm hi' ,11i/Tm1JmyJ1r1J 1q11i/1 ~ LuJm,, i11mn r111i' 

-ln9b tiu]rm11nmr 'fm]rGl]mJrm 71 11i/Tmlnm1Jmliu:, '11mlJmpJml rmlJ pJml 

~11m ,]ruJ91111mf'fm/n 11Mf'lJ'f!t JqJJmur 
1 
f'lUJ'fJb'f ntiu7 f'MIJ il9tf9 

1
111l]Jl( 

Jq1111mJm11q:, 1m1191J1U 11'1 LuJml] iJJvlmn 11111TIJ11mLL1u f'"1Ufbm1Jmurm7 

t1Ql1lR 
0

J 

1J-.u1Tm .,, r1uJ911lihup 

-m,, 'r111Jq11mi/GIJ111Jurn11u1J 11i/Tm1Jm11mlJl 'r111J91Jf"'f tlu]rmLulJ ,,,"''t 
-i/Jo 'r1urbm,, i/Jq11mi/G,,111Jurn11u,, l.iJmJ JqJJmur JqJJmur n7lnJu ,'le/ 

'1 Jq11mi/GIJ1uJurn11ulJ Luurmnflm 11T111J1111Jil'Ji/ nqlnJu ,'Id 'J'I 1'-.u]r11mJ{'1 

l11uJu 
1
i1Jq111Jmf'l!t 71 i/Jqlmn ,'J'I JqJJmur q11uurqJflml]Jq Lu]rvo. 

'1JQ'\~'\ 'fl'7'fleJ, J'1U'\ 'fl'71.'\'1 '\ 'flJlJUli'flSlt'1UJSR'\Ult Tfl § 

tJlhh.11lS l.Ult-U.Q 

n(1ult> bduddq 

1]ruG,,mfJu/, 

!tfl'O 1q,,111m1nmrbmJ ~ i'11191n i1Jq11111uld1uf'll' fm]rJqJ i1J9]r i/-M ~ 'il'C 

-111Td111Gql.ibm ,,i/rnfqn fmum i/]rlm:, ,Bi/r1uGIJmb-.ub IJ1uurm:, i/Jq'Jilfm]riltt 

-uqJ ~ fm]rluJu ilbi/y. 11i/Tm,,Jm]rlm:, JJ9 'ni/1ql]Jm]rlm:, i1111ufd111JI'"" 

ifJq11ilfm]r111m:, lmrJu11 i/J9JJm111 Lu]rrLqn 11uJ111119,,m111tlm 71 Lu]ruo. 

J,/ '" 16'0= w.,, r;g'o= ru 
rlJq 

1
Gi/Fm,,Jmr i/11u111qJ 71 Gi/nmb i/11mJrm fm]rn/m,, 

1
i1Jn11111ld1uf 

-qr (H~!:'O-l)M~=Hy 71 M~ 11'1 fm]rJqJ 'r1uJn,,mn1111Lm ll 71 O'I 

iffm]rl9]rm:, 
1
Jmrm:, i/J'11111""''1J ]ruJqd1ul11mGl 11'1~"'",,"'f 71 J11mo. 

:( g•g § 1! ,!/"') i1111ul i/1uGql.ibm 11"' rJm7 11m1Jm11n/m11 OD 1911um 

if]rlm:, ~ il111qln 1nuJ911111uid111111Fm:,m111Jm JuluJ {'m]rJb i/Jq]r qi/ fJFmi/p 

•i111l1u'J ~ f'1U1lf' 11mfl!/1u~ urnil ill]Jm]rlm:, i/JqJJm111 fm]rJm1mn/m'I,. 

1iln9J91Jm1' i/i'fm]r111m:, i/Luy 11i/Tm11mJrm l.iJ-! ,'J· !• J '-> 
qnqJ'l,,"'I' i/ilfmp111m:, i/11u111qJ 1u111ub fm]rrL9n il-"d f'"lu-( 1,c·z) 



fu11_bifr, hpftnL nL'l'lnLPJwJp w1fuwurn'l uwlhPI! ftwpn'l h'b Lfrlibl fr'LtUfbu 

wnwLafrL, WJL"lhu tL wLfuqblfr pwqJwpnfrtll Jbft ftwJ hpftnL nL'l'£nL

PJwJp1 

Un'bnlfrP ftnLuurpnLft9frw'LbpnLJ wnwi/_blw"lbu ftppwni/_nLJ b'L wL

fu'lhlfr uwlbp, fruft {w4_w11n4.Jr ftnLuurpnLft9frwlihpnLJ Jfrwpnfrl..p {Uw

LwJfr'L ftwJ hpftnL nL'l'lnLPJwJp w1fuwurn'l wnw'bA.frL uwlhpt 

IJ.p'fJnLLwpbpwftw'L IL .pw'lw.pw9frwftwL 1b'L.pbpnLJ ftfrpwni/.n'l Jn

'bnlfrP bpftwppburnlib uwlbpfr {wuurnLPJnL'Lf! Lfr'LnLJ t 40 ••• 150 JJ, {w

i/_w.pn4.Jr bpftwppburnlifr 'lb"lllnLJ' 25 ••• 100 JJt 

Uwlhpfr wJpwLwi/_npnLJf! ftwurwpi/_nLJ t hnwftgwt} ftwJ {JnLui/_w.t 

9wL9hpni/_t lb.twfiwJfrL uwlbpfr Pnfrl.llfr nL'l'lnLPJwJp urb'lw'fpi/_nLJ h'L 

w1Juwurn'l A.n'lbf11!• fruft Lpw'L9 nL'l'lw{wJWS nL'l'l•LPJwJp' pw1fufrl. .in

l[bpf!t bpqnL nL'l'lnLPJwJp w1fuwurn'l uwlbpfr hpftnL Pnfri.111.hpfr nL'l'lnL• 

/JJwJp tL urh'lw'fpi/_nLJ bf, w1fuwurn'l A.n'lhpt 

U.1fuwurn'l wJpw'Lf!, npUfbu ftwLnL, uwlnLJ urh'lw'fpi/_nLJ t JfrwJL 

J.q4_wt} 1bpurnLJ, {burL.wpwp, blliblni/. t)nn'l JnJbLurLbpfr t"IJnLpfrg, Jfrw

/ln/rJ.11 {n'l"'ftw"lwJfrL {bLnLJn4_ uwLhpnLJ w1fuwurn'l wJpwLf! wJpn'l1"L~ 

PJwJp "{burp t urb'lw'fpbl Lbp.pL.fr 1bpurnLJ, pwqJwPnfol..p wlifuqblfr uw-

1bpnLJ' Pnfrl..pwJfr'L JwubpnLJ' 'Lhp11L.fr 1bpurnLJ, {bLwpwLwJfrL Jwuh

pna.J' 4_bpL.fr 1bpurna.J, pwpA.wftwJfrL uwlhpmJ' wJpn'ltnLPJwJp 4_bplLnLJ 

/,,. WJL'bt 

U.zfuJ.Uurn'l wJpw'Lfr {wur4_w.t11fr Jwftbpbul! npn14_mJ t {w14_wpftn{. 

Jruft pw1fuh wJpwLI! l!Lurpi/_nLJ t f!UU1 ftnLuurpnLfturfri/_ "lw{wL1Lbpfrt 

U.1fuwurn'l J.n'lhpfr urpwJwqfr.tl! f!L'fnLLi/_nLJ t 3 ••• 12 JJ, llWJlf!' 

Pn/rufr Jfr1/rL JwunLJ L. {bLwpwLwJ/rL A.q4_wt) qnurmJ Jfolii.L. 150 JJ 

{wuurnLPJwL uwlhpnLJ l."lbur.p t Lfrlifr 200 JJ-fr9 wi/_blfr• 150 JJ-fr9 JU 

-':wuurnLPJw1.r uw1hpnLJ' 1,5 hu -/rg nl_ wi/.blfr, npurb'l h. -L uwlfr {wuurnL

flJnLLL ti Uwlfr JLw9wt) JwuhpnLJ w1fuwurn'l A.n'lbpfr wnwLg.plihpfr Jfrlil 

-{bnwi/_npnLPJnL1'p l_»jbur11 t w'L9'Lfr 400 JJ-p9t Uni/_npwpwp uwlfr Jht 

qt)wJfrL JburpnLJ urb'lw'fpi/_nLJ t 5 ••• 14 w1fuwurn'l A.n'l, npnL9fr9 3-1! J. 

"'l. UfWftw.u 1 /3-1! {Jmu4_wt) 9wLghpfr 1fh"111mJ Ufhur11 t Pn'lLhl nL'lfr'l fl 

zwpniLwfthl ,Jfrlii.IL {b'Lw!'wLLb_.,f!' wJpwLfr urLurbuJw'b L. ftnLuurpnLfturfr.f. 

1iftwurwnna.J'Llipn4_, JLw9wt) A.n'lb!'I! ftwpblfr t {b'Lwpw'LLbpfr Jnur flh.pht 

L. urwLbl 4_bpL.fr 1bpurf! ({wur,ftw"lbu pwqJwflnfrl.11 wLfuqblfr uwlhpfr 

"f:bUfllnLJ}:t 
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Pw1fuh A.mlbPI! wpi/_nLJ bf, 3 ••• fJ JJ urpwJwqt)n4_ L. urh'lw'lPi/_nul 

,250 ••• 350 JJ ,PWJLni/_, JfrL.LnLJL JwJwLwft Jbft q.twJfrL Jburp uwlnul 

lipw'Lg {wuri/_wt).pfr Jwftbphul! "lhur11 t l.Lfolifr "lwftwu LnLJL LWJLnLPJnL

LnLJ ( wJbLwJbt) .tnn'l JnJhLurfr JwunLJ) urh'lw'fpi/.n'l w1fuwurn'l wJ

,pwLfr {wuri/_wt).pfr Jwftbpbufr 10 %-frg: 

bnwft9w~ 9wL9bpfr 'lb"lllnLJ w1fuwurn'l wJpwLI! {frJ'LwftwLmJ frpw

lf.w'bwgi/_nLJ t Bp-I (d=3 ••• 5 JJ) ftwJ A-III 'lwufr wJpw'bLbpfrg, {JnLu-

i/_wt) gwlighpfr '1h"l11nLJ' A-Ill ftwJ AT-III 'lwufr wJpw'bLhppg (d= 

=6 ••• 12 JJ): Pw1fufrt wJpwLI! bnwftgw.t gwL9bpfr 'lhUf.pnLJ wpi/_nLJ t 
Bp-1 'lwufr wJpwLfrg (d=3 ••• 4 JJ), {JnLui/_wt) 9wL9bpfr 'lbUf.pnLJ A-I 
.~wJ A-III 'lwufr wJpwLLbpfrg (d=6 JJ): 

bpftwppburnlib {Uw'LLbpf! LfrLnLJ bf, Jfrwpnfri..p L. pwqJwpnfrl.11 wL

Juqblfr• f!Uur {bLJwL "fWJJwLLbpfr' 2wpJwftwL L. wLzwpJ {n'lwftw"lw-

1frL, wJpwftgi/_w.t .twJphpni/_, pwpA.wftwJpL L. WJLLt 

Uni/_npwftw'L bpftwpphurnLfr9 frpwftwLw94_n'l {UwLLhpf! JU Jw

_,,wJp Lfr'LnLJ b'b nLtf_'lwLftJnLL ftwJ urwi/_pwJfrL {wuri/_w.t.pfr (lift. 3.2 ), 

uwftwJL ftfrpwni/_mJ hL LwL. WJL {wur4_w.t11fr {bt)wLLbp ( uh'lwLwA.L., hpft

mwi/_pwJfrL, urnufiwA.lt IL WJLL)t 

lUw'Lfr {wUJi/_w.t11fr pwp.ipnLPJnL'Lf!, ftwfui/_w.t pbn'L4_wt).pfr Jbt)m-

fJJnL'bfr9, urwurwfii/_nLJ t flnfrl.llfr 1/8 ••• 1/20-fr uw{JwfiLbpmJ: nL'£'£W'L-

1JlnL'ii r.wmijwJ.J!fr• fr'b t· 
"/bu /,_ urwif rw1fr'b r.wur-

4_wJJ!ft ftn'lfr pwpapnL

(tl1wi. /,_ l"'li.nL[iJw'b r.w-

pwpb rnLfl 1nL'iJ f! unqn rw

pwp /!'b'fnL'bifnL,f t" 2 •• JI 

.uw/)J' w'b'bkpnL#t 

~bt)w'b'bbpfr wJ'pw-

j, wi/n_rnL,/ I! ftwurwpifnL,/ 

I; /ti// b nwft9 wt) L. (ii b' 

t..1nLUqU1t) ftwpftwu'bhpm/• 

brftw1'iiwftw'b wzfuwurn'l 

..,,J'pw'bl! urb'lw'Jp•[nL,/ t aqifwt) 

w- nL'l'lwl.lfJnLI. , p- Lnu11/pw1frl. (t!nl.n1frf1), 

9- Lnwi/Jrw1frl. (~wi/_wpni/_fr), '1- uh'lwl.w.ilt. 
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U.JL lni/_n'l U1wppbp[! 1 npnL.p wzfuwUJn'l wJpwL ntLhL JfrwJL d.'li/.w' 

'lnUJmJ, ltni.i/_ntJ bL J fr w It fr w J p w L n i/_ U1 w pp hp (<UwLLbp, 

uwlhp), fruit LpwL9 {wUJi/_wl11Lhp[!' J /r w It fr w J p w L n 4_ { w UJ

i/. w I .p Lb I'' Uwufiwi/_np q.hu111hpntJ wzfuwUJn'l wJpwL t UJh'lwq.pi/_nul 

LwL. <UwLLbpfr uh'lJi/_wl 'lnUJnW, opfrLwf {wUJ4_uil.pfr uw{JwLwifiw~ 
pwpd.pnt[ilJwL q.h"111ntJ' uh'lJi/_wl 'lnUJfrL nuJb'lw9Lh[nL LUfwurwltni/_, 

ub'lJi/_wt) 'lnUJnL pbUJnLfr un'llfr q.b!/mpJw9frwLbp[! ifin.ppw9LhLnL, UJWf'f'fr 

ltntUJntfJJntL[! Jbt)w9LblnL L. WJL LltwUJwnnwLhpni/_1 U.1L UJwpphp[! 1 npnL11 

wzfuwU1n'l wJpwL ntLhL [ilh' d.'li/_wl L. Jlb' uh'lJi/_wl 'lnU1frLhpntJ, ltni.i/_nul 

bL It p It L w It fr w J p w L n i/_ U1 w pp h p 1 fruit LpwL9 {wUJi/_wl1Lhp[!' 

It p It L w It fr w J p w L n i/_ 1: w U1 i/. w I I L b I'' 
bjJb phnfii/_wl11Lhpfr L. wnh9ntfJJntfifihpfr UJwpphp rznt'1wlt9mJt.hp[! 

UJW{'f'P -\wUJi/_wl.pLhpntJ wnwt. bL phpmJ Jlb' q.pwltwL L. Jlh' pw9wuw

ltwL JnJbLUJLhp
1 

WUfW WJ'I- -\wUJi/_wl.pLbp[! UfhU1.p t Lwfuw'llhL wLUfWJ

JwL ltpltfiwltfr wJpwLni/_1 
LMwLLbpntJ np"fhu wzfuwUJn'l wJpwL wnwi/.hlw"lbu ltfrpwni/_nw t 

A-Ill q.wufr wJpwL[!' 14 ••• 32 JJ U1pwJw'llni/_1 lunp!)ntpq. t U1pi/_nw 

lni/_n'l U1W(1(1hpntJ ltfrpwnhl -\wJhJwUJwpwp ifin.pp U1pwJw'llfr d.n'lhp, 

npnL.p pbUJnLnw wi/_bLfr Lwi/. bL fuwpufui/_ntJ, 11wL JU U1pwJw'llfr d.n- . 

'lbl'I!' 
flp"fhu ltwLnL uni/_npwltwL hpltwflpbUJnLb lni/.n'l UJW{'('bpfr pn[np 

wzfuwU1n'l d.n'lbl'I! wpi/_ntJ bL JfrL.LntJL q.wufr wJpwLfr91 

'1nLuU1pntlt9frw1fr wzfuwUJwL11fr UJbuwltbUJfrS d.bnLU1nt t wzfuwUJn'l 

d.n'lbf'[! -\wUJi/_wl1ntJ q.wuwi/_nphL Jhlt !)bnwi/_np 2wp.pni/_, fruit hflh '1"' 
{Lwpwi/_np i.f ltwph£fr t UJh'lwq.phl bpltnt L. wi/_hLfr 2wp.phpni/_1 !ln'lhpft• 

Jfrt.L. Li/_wrzw'lntJL {bnwi/_npntfJJnLL[! L. LpwL9 LUfwU1wltw!)wpJwp q.wuw

i/_npntfJJntL[! phpi/_wl t Lit· 3.3-mJt 
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p) 

r 

\,\. 3.3 U.zluwmnq lan11.brp qwuwil.nrntpJnt&e libbui&~ liwmi!.wHnul. 

w- Lhri"fr wJr1111', r- hrHn,,_JwLfr wzfr>wurn'I. .!n,,_hraif. l.n.w4s"'• 

4..,p4w11Lbp 1 9- if.hph./r wJrwL 

U.zfuwurn'l d.n'lhpfr Li/_wrzw'lnLJfl fl/ri/.1! UJwppfr -\~UJi/_wl.pnw ltwpn'l 

(- LfrLbL' -\wi/_w11n"-fr "lwflblLhpfr wJbL Jfr ltn'lnLJ Jhlt -\wUJ (bnw1t9wl 

l(wpltwufr ltwrzJntJ), JLw9wl q.b"l/lhpntJ t-frs nl "lwltwu, LpwLg wnw

.Jf.blw'lnLJL fl/ri/.(! lfr uw{JwLwifiwqi/_ntJ: 

LUwLLhpfr LWJLwl1wL {wUJi/_wt)1LbpntJ lnn'l JnJbJJurfr !)bUJ Jhlturh'l 

"fnpt)niJ (- 'Lwb. ltuJ'LwltwL ntJt U.J'1 ntJbpf! i/_hp9flh[nL, fr'Li.Ufhu flwL. ltnflu

.uJ{'ntltUJ/ri/_ nL Jn'LurwJw1fr'L 'L"fwUJwltLbpni/_ -\blw'L'LhpntJ urhqwq.pi/_mJ 

1; [WJLwltwL wJpwL (LwJ'Lwltw'L d.n'lhp' bnwlt9wl ltwpltwu'LbpmJ, w'Lntp

Lbp' -\jntui/_wt) ltwpltwuLhpntJ): 

Lbd'wLLbpntJ L. ltn'lbpntJ, npnL9 pwpd.pntfJJnLL[! JU (- 150 JJ-fr9, 

}LlUfbu L. pwrzJwfl9.p {wi/_w1ni/.fr uwlhpntJ, npnflg pwpd.pmflJnL'L(! 

300 JJ-frs JU t, Jfrzur UfhUJI t UJb'lwq.pi/.fr Lw1Lwltw'L wJpw'L (Lit. 3.4)1 

<t/.bp(! Lzi/_wt)fr9 ifin.pp pwpd.pntjJ Jnt'L ntLhsn'l urwppbpntJ jJnLJLwurpi/_ntJ 

.(- LWJfiwltw'L wJpw'L i.urh'lwq.ph[, JfrwJ'L Jlb WJ'f q.hUfpntJ Ufhur.p t ltw

mwpbl {wJw"lwurwujuw'L <wzi/_wpltt 

lw1LwltwL wJpw'Lfr .pw'Lwlti!' !)wuri/_wl.pniJ nL'l.'l.wd.fr'I d.n'l.bpfr (~JnL

lf_bpfr) flfri/.1!, Lpw'L9 U1pwJw'lfrt)I! L. 11wJLI! npnzi/_niJ (- !)wzi/_wpltni/_, Jfrw

JwJwLwlt UfW!)Ufw'Lhlni/. 'LnpJw'Lhpnw uw{JwLi/_wt) ltnLuurpntlturfri/_ "fW· 

<wL1Lhp[!' 

0.25! 

2 

Yf. 3.4 lmJ&wJiw& wdrm&p t. pbfi[wb lanrtbr~ 'lwuwil.nrntpJnt&e libbw&nid. 

1- hr4~1n•'I. fw4 wLn•p, 2- lnr11~1nur. fw~ wLn•p, 3- rws wLn•p, 4- l"'J""'~"'" 
.!n'l.hr (n=3), 5- Jn1'ur111Jw1frL .!n'l_hp, 6- flhii/_111,) .!n'l_hp 
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IJ.fintpfibpp d .,,. inpwJwqpd-f! .\Jntuqwd- qwpqwufibpntJ Ufbtnll t 

Lfi&Ji. 

d ... ~6 JJ, bpb h:::;;;8oo JJ, 

d _,. ~8 JJ, bflb h>800 JJ1 

bnwq9wd- qwpqwufibpfi 'lbUfpntJ LWJfiwqwfi h. bpqw1fiwqw'b J.nqbp{r 

inpwJwqd-bpfi .\wpwpbpntflJnL'hf! l!fimpqntJ t btfiblni/. bnwq9Jwfi UfWJ

Jw&Jis h. "lbtnp t .\wJw"lwinwufuw&Ji .\winntq .\pw.\w'bq'bbpfi Ufw.\wfiy_-

'bbppfi1 

{wifiwqwfi J.nqbpfr, Jifiz."lbu h. wfintpfibpfi .\bnwqnpntfJJnLfif! JpJ-

Jwfis/is (flbpqwd- J.nqbpfi pw9wqw1ntfJJwfi 'lbUfpn.tJ) w1fimbq, npinluz 

'll'wfip "lw.\wfiy_qntJ bfi .\wzqwpqnq, qwJ f!ULn qbpf! fizqwd- qnfiumpntq

m/iq U{w.\wfiy_fibpfi, uthtnp t qbp9'bbl• 

w) flwzfuqwd- pbn'bqwd-p/i 'lbUfpntJ .\bfiwpwfip9 0,25[ bpqwpntflJwfi 

1.f'w, Jiuq qbfimpnfiw9qwd- pbn'bqwd-p'bbpfi 'lbUfpntJ .\b'bwpw'bfi9 Jfr'bz.l.t 

wnwy_Jr fi pbnfiq wd-pf! bpqwpntfl JWfi 1.f'w. 

a .... ~_!_ h, a ..... ~150 J'J', bpp h~450 J'J', 
2 

a .... ~2.... h, a .... ~500 J'J', hpp h>450 J'J'z 
3 

3 a .. i.~- h, a .. 1. ~ 500 J'J'z 
4 

bpp LWJfiwqwfi tl.n'lbl'f! qwJ wfintpfihpf! "lw.\wfit.i/_nLJ bfi .\wzqwpqnq, 

WU{W fipwfi9 .\bnwqnpntfJJntfif! Jfih.'bntJfi clwJwfiwq Ufbtnp t tfi'bfr .\wz

quipqnq npnzi/.n'l u Jbttntf1Jntfip9 nz. wi/_btfi ( mb' u § 3.4.1 )1 
bpb mwppfr ubqJqwd- qntnntJ qw wzfuwtnnq wJpw'b, UJU{UJ LWJ'hw

qw'b wJpw'itp pwJll! "lbtnp t qbpo'bbt 'itwb. nz. wt/_btfi• pw'b flnLJ[WtnpqntJ 

t ub'lJt/_n'l tnwppbpfr 'lbUfpntJt 

Unqnpwpwp Jfr'bzb. 350 JJ Lw1fintfJJwfi .\bttwfifibpntJ tnb'lwru1tf_mJ 

bfi bpq-AJnL'l wfint(1fih[1, wi/_htfr [WJfi .\bttwfifibpntJ' 4--AJntq w'bntpfibpt 
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{w1fiwqwfi J.nqbpfi pwfiwq{! ( r. ... ) .\wmqwd-pntJ unqnpwpwp .\wJ

[!'bqfintJ t bnwq9wd- .\wpfl qwpqwu'bbpfi pw'bwqfi .\bin (1-Ji9 4 }t 

U.fintpfibpf! Lfi'bntJ b'b pw9 h. ifiwq. pw9 w'bntp'bbpfi 'lbUfpntJ umw9-

qntJ t UfR'LUfUJtn/i npnz in'bmbuntJ, uwqw1& WJ'l"lfiufi w'bntp'bbp qwpbtfi 

(- qfipwnbl w1fi 'lbUfpntJ, bpp .\Uwfil! mw1.f'w1Jifi t h. bpqnt qnqJbpfi9 

nt'bp JnfinLfifl uwl {f!utn npntJ1 bflb wfintpp pw9 qnqJntJ bpqw1fiwqw'b 

J.nqhpf! bpqntup9 wqblfi z.b'b )1 

Unfimwclw1Ji'b J.nqbpf! l!'b'lnt'bqntJ bfi 10-12 JJ inpwJwqd-ni/_1 'bpwfi9 

P/i1.f! unqnpwpwp .\wJl!fiqfiniJ t Lw1fiwqwfi .\wmqwd-pntJ qmfiqnq wfim

l'P 'G.Jntqbpfi qwJ LWJ'hwqwfi l..nqbpfi fl"-fi .\hint 1.wqwpnq/i qn'butnpntq-

9/iw'bbpntJ mbqwifinfuJwfi h. Jnfimwclfi clwJw'bwq WJ'l J.nqbpf! .\w"bwfu 

lfwtnwpntJ bfi wzfuwtnnq wJpwfip ,,_bp1 11wfip np WJ'l 'lbUfpntJ fipwfip 

Jbd- JwuwJp qmfiqntJ bfi J.qqwd- qntnnLJt 

1.Uwfifibpf! .\1ntuqwd- qwpqwufibpnq wJpwfiwqnpb[pu .\w-&.wfu wfintp-

1ibpfr9 pw9Jr inbqw'lf'i/_ntJ bfi fiwh. .flbpqwd- J.nqbp, npnfip unqnpwpwp 

-':wfi,,.puwfintJ bf, bpqw1fiwqwfi wzfuwtnnq J.nqbpp zwpnt'bwqntflJnLfi{!t 

Upw'bp wzfuwtnntJ bfi WJ'h"lbu, fi'bz."lbu wfinlf''bbpf!t 

ll'bpntJ'bbpf! qwinwpqntJ bfi Jnmwqnpw"fbu 'llfuwqnp tl.qnq [W['ntJ

Lbpfr ntqqntfJJwJp. 

bpp h<300 JJ, a=30°, 

800 JJ~h~300 JJ, a=45°, 

h>800 JJ, a=60°: 

lunp.\ntp'l t mpqntJ flbpqwd- J.nqbpf! mbqw'll'bl .\bd-w&Ji [WJfintfJJwfi 

Jpy_Jr'b JwuntJ (.\Uwfip qnqJfiw1Ji& 1ifrumbqfi9 wnfiqwqfi 2d .\bnwqn

pntflJwfi qpw)1 ll'bpqwd- J.nqbpf! mbqw'lpi/.ntJ bfi [!ULn .\wzqwpqfi, Jifiz."lbu 

h. qnfiutnpntqinfiq fiqwmwnntJfibpni/_1 

bpp .\UwfiJi pwpJ.pntflJnLfif! 700 JJ-fi9 JU t, fipw qnqJfiw1Jifi fiJiu

mbpfi Jntn f!ULn pwpJ.pntfJJwfi fipwpp9 400 JJ-Ji9 nz. wqblfi .\bnwqnpnt

P1w'b qpw, qnfiutnpntqinfiq fiqwmwnntJfibpnq mbqw'lpi/.ntJ bfi bpqw1-

hwqwfi J.nqbpt U.1'1 J.nqbpfi9 wJbfi Jbqfi .\wmqwd-pfi Jwqbpbul! U{btnll 

t tfrfip nz. U{Wqwu 0,1 % pbtnnfip w1fi ntqqwfiqJnLfi .\wmqwd-pfi Jwqb-

pbufr9, npfr z.wifibpfi bfi. f!ULn pwpJ.pntflJwfi WJ'l J.nqbpfi Jfit.b. bqwd- .\b

n.wqnpntfl Jntfif!, I! utn [W 1fintfl JWfi tnwppfi qnqp LW JfintfJ 1wfi qbul!, pw J9 
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nz wqhlfr 200 JJ, ll.J'1 J.n'lbpL nLfihL JnL1.11uulwJfrL LzwLwqmfJJnLL, frLz

"lbu b. frpbfig i/_pw bL qbpgLmJ .\wzqwpqni/_ zLwfuw1.11butJ.w6 LWf'nLJfihp(!, 

npnfip wnw1 bfi qwlfru pb1.11nLJr q6qJwfi, 1_bpJwu1.11Jr&wLfr i/ini/in/umfJJwlJ. 

b. WJL "lw1.11&wnfibpni/_, Jfrb.LnLJfi JwJwfiwq 'lf'wfip LWJfiwqwL J.n'lbf'fr .\bur 
Jbq1.11b'l fuwLqwpnLJ bfi {Jhp &wphpfr q_wpqwgJwL[!t · 

UbjuJfrq lf'1.WLLbpnLJ qw1.11wpi/_n'l zfrLwpwpnLfJJwfi .i;wJwp Lwfuw

q61_n'l 6ntf.n'l 1.11wpphp[! qnLu1.11pmq1.11wtJ.nphtfru "lh1.11p t .\wz"-fr wnflht Lwla 

CHnn II-7-81-fr {27 J "lw.\wfit.fihf'l!' 

§ 8.2. SU.fl flJl bflllU.S"bU.llU. '1 llflwU. '15~'1'1 "bflflU'U.l 
.t.U.S1lU.l:r~"bbfl'1 U.U'flflfl~SU. '1 .t.U."1lU.flllC. 

1.wJwd.wjL qnp6nq LnpJwLbpfr, b{Jb "lw.\UfwLtJ.w6 t (2.28) "IWJ
JwL[!' 

6~h, 

ub'lJi/_w6 ph1.11nLJr b. d.qtJ.w6 wJpwLJr lwpmJfihp[! uw.\JwfiwJ/rfi tJ.Jr& wqmJ' 

.\wJw"lw1.11wufuwfiwpwp l!fi'lnLfit[mJ hL R "Ir b. R _ \wzt[wp4wJ/rfi 11/r

Jw11pnL{J JnLLfihpfrL .\wi/_wuwpt 

ll.JL 'lhUfphpmJ, bpp ubqJi/_w6 qn1.11mJ b.u 1.11bqw11ptf.w6 t wzfuw1.11nq 

wJpwL, uw.\JwLwJfrL tJ.fr&w4mJ WJ'I wJpwLJr fWpmJI! LnLJfl"lbu [!L

'lnLLi/_nLJ t .\wi/_wuwp frp .\wzi/_wpqwJfrL 11frJw11pmfJJWL[!' R •. u' 
ll.Ju"lfrunt[, uw.\JwLwjpL "-fr&w4mJ &Jrqhpfr W'l_'IJwL ufubJwL 1.11wp

f'P LnpJwl (&wpw6) .\w1.11i/_w6pmJ 4tfrLfr WJL"lbu, frL;_"lbu gmjg t 1.11(!('

i/_wt) Lq. 3.5-nLJt 

1'1'z"lbu wp11h1' .\wj1.11Lfr t, 6nt/.n'l 1.11wpphpfr 1'npJwl .\w1.11i/_w6p1'hpfr 

wJpmfJJnLL[! f!ULn uw.\JwLwJfrL "-fr&wqLbpfr JbfJn'lfr .\wzi/_wpqhtfru "1W

.\wfl1tJ.rnJ t, np wp1.11wpfrL .\wzi/_wpqwjfrL pbnLi/_w6pflhpfrg .\w1.11i/_w6pntJ 

qnp6nq 6nn'l JnJbL1.11f! tfr11fr n;_ wi/_htfr 1'bppfr1' .\wzi/_wp4wJfrL &frqhpfr Jn

JbL1.11frg1 l/wq_JhLp JnJbL1.11 d.qi/_w6 wJpwLfr &frqbpfr .\wJwq_npfr qfrpwn

Jw1' 4h1.11nt[ w1'gflnq b. 6nnq JnJb1'1.11/r wq_'IJw1' .\wp{JnLfJJw1'L nL'l'lw

.\wjwg wnwfigp/r flqw1.11JwJp' 

M.:;;; R"'r F ,z, + R • .• F~z., 

npf! b. q[/rfi/r LnpJwl .\w1.11tJ.wttpfihpfr wJpnLfJJwfi "IWJJWL[!t 
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(3.1) 

~. --~ : . ti a' 

'\,~. 3.5. ~~qhr~ uluhtlw& ~mln'l mwrr~ &nrtlwl limm.1_wHnttl 

[lUtn mtlrntf>JW& liw2.1_wr~htJau 

(3.2) 

'"f'mw.\wJLnnLfJJnLLfrg, "f'l! 1.11wppfr bpqwJflwqwL wnwfigpp if.pw LbppfrL 

b. wp1.11wpfrL .\wzi/_wp4wJfr1' &frqbpfr "lf'nJh4gfrwLbpfr .\wi/_wuwpw4znm

fJJw1' "lwJJwH t (1:X=0): 
flq'/.w6 wJpw1'fr nwgfrnLwl oqmwqnpttJw1' L"lw1.11w4n'/. Jhp LnpJw

libpf! fJnLJL ;_bfi 1.11wlfru Lwfuwq6bl qbpwJpwfiw'/.np'/.w6 1.11wpphp, npn1'g 

.\wJwp ;_/r pwi/_wpwp'/.w6 (2.28) "IWJJw1'[!t Uw4wJ1' Jwufiw'/.np 'lb"l

JlhpnLJ LUJU qwJ WjL UfW1.11&wnni[, opfrLwq' 1.11wppfr &qi[w6pfr, &wpfr pwg

'/.w6pfr ifinppwgJwL- b. WJL 1'"1w1.11w4flhpn'/. 4wJ 4nLu1.11pnL41.11/r'/. 1'4w1.11w

nnLJ1'hpni[, 1.11wppf! qwpn'l t tfrLbl 9bpwJpwfiwi[npi[w6, LUJufrLp1'' d.qi[w6 

wJpw1'fr .\w1.11'/.w6pfr Jw4bpbuf! tfr1'/r f!L1.11p'/.w6 w'/.btfr JU, pwL w1'.\pw

Jbz1.11 t 6~h "lwJJwLI! pwtJ.wpwph[nL .\wJwpt 

ll.J'l"lfrufr 1.11wpphpfr wJpnLfJJwfi .\wzi[wpq(! qw1.11wpi[mJ { f!ULn LnLJ1' 

(3.1) UfWJJwtfr, fruq ubqJi[w6 qn1.11nL pwpd.pmfJJnLflf! npnz'/.nLJ t blfibtn4_ 

.t:b1.11b.Jwl "lwJJwLfrg. 

a.F.-R .... F • .'=R"'I' F,1 (3.3) 

a. fWpmJI! npnzi[nul t (2.32) qwJ (2.35) pwLwd.b.ni[t fl'nLJ[W

uipi/_nLJ t .\wz'/.wpqf! qw1.11wpbl Lwb. .\h1.11b.JWL "IWf''l. d.b.ntJ.. (3.2) wp-

1.11w.\wJ1.11mfJJmLfrg npnzi[mJ t ph1.11nLfr ubqJi[wtt qn1.11nL pwpd.pmfJJnLLf! 

(b{Jb 1.11wppf! 9bpwJpw1'wtJ.np'/.w6 {, "'"lw WJ1' 4Lfr1'/r 6Rho-/rg JU),nr/rg 

.\b1.11n .\wz'/.wpq(! qw1.11wp'/.mJ t LnLJL (3.1) pwLwd.b.m/_, Lpw Jht 1.11hqw

'1f'htn4. x=6 Rho: 
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Uw{JwLwJfrL t[fr-C.wqnLJ C.frqbpfr wq11JwL ufubJwL Jfrwqfr wJpwLnt{ 

nuz'l.wLqJnLL {win1_wt}l!fr {wJwp, hpp U(Ul{U(wL1_wt} /; 

i-

\.q. 3.6 d~qhr~ ujuhdwli d~wq~ wdrwlinq ~niln'l mwrr~ D'-'l.'l.wliqJD•li lio.rdwl 

liwmqwHntd pum wdrntpJwli liwzqwrqhi.Jiu 

Ufrwqfr wJpwLn1_ nL'l.'1.wLlfJnLL {win1_w6/!fr hplfwpphinnLh 6n1_nq 

inwpphpfr wJ pn,p JWL {w21_wplf w J/rL pwLwd.b.hpp uinw9if.mJ bL eL11{w

LnLp 11h"ll!frL {wJwLJwL1 

IJ.JpnLPJwL U(WJJwLp uinwLwtnL {wJwp lfwqJhL/! JnJhLin d.qt[w~ 

wJpwLfr -C.frqhpfr {wJwqnpfr lffrpwnJwL lfhinnif. wL9Ln'l. Lt. 6nJwL {wp

pnLPJwLL n''l.'1.W{UIJUIS wnw'Ls/!/r LlfwinJwJp' 

(3.4) 

l/wphtfr I; (3.4)-/r ifrnfuwphL lfwqJhl JnJbLin uh'l.J1_wt} phinn'Lfr [WpmJ

Lhpfr {wJwqnpfr qfrpwnJwL lfhinnif. wL9Ln'l. Lt. t)nJwL {wppmpJwLL nL'l.

'1.W{WJWS wnwL9[!/r LlfwinJwJp' 

M~R.F. (ho-0,5x): (3.5) 

124 

(3.6) 

r/,bpe php1_wt} (3.4), (3.5) Lt. (3.6) pwLwd.b.hpp qwphtfr I; phph[ {w2-

1_wpqfr {wJwp LU(winwqw{wpJwp inbul!fr WJLU(hu, np {Lwpwt[np tfrL/t 

oqin1_bt {w21_~pqw1frL w2fuwinwL[!Lhpe qp-C.winn'l. 3.1 W'l.JnLuwqfr91 

(3.4) pwLwd.b.nLJ x-ft i/rnfuwphL qphL/! sho, lfuinwLwLI!' 

M~ R.., .. hsha2 (1-o,5s): (3.7) 

Aa=s(1-0,5s), (3.8) 

(3.9) 

(3.10) 

02wLwlfhL[!' 

(3.11) 

M~ R.F. uh0
1 (3.12) 

IJ.'1.• 3.1-nLJ php1_wt} hL V Lt. Ao 9np6wlffr9Lhpfr JUntPJnLLLhpf! 
s=0,01 ••• 1,00 wptlb[!Lhpfr {wJwp1 

(3.6) pwLwd.b.nLJ x-fr i/rnfuwphL qphtn1_ sho, lfuinwLwLp 

F. = ebh
0 

R"I .. , (3.13) 
R-

(3.13) wpinw{w1inniP1wL Jh1 inh'l."''1Pbln1_ µ= F.. (w J p w L w
bh0 

t[npJwL 9npt}wlffr9) lfwJ p '=100µ %=100F .. % (wJpw-
bho 

L w 1_ n p J w L Ln n q nu), lfuinwLwLp' 

p=100 e R.., .. % , 
R. 

(3. 14) 

(3.1/J) 
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bph (3.15) wpurw~w1urntP1wfJ Jht urluzwf'fphfJp ur4_1wl Jwp~wJfr 

phmnfJJrf, L. wJpwfJJrf, ~wJw"lwmwufuwfJn'l SR Jb~nt/IJntflf!, W"fW ~umw

'ltwfJp wJpwfJw4_npJwf, [lntJLWtnpblfr wnw4_blw'lnt/f, tnn~nul!' 

P" -100 cR R..,r o1.o' .,. - ' R_ I 
(9.16) 

Ubp fJnpJwflbpf! uw~Jwflwi/rw~ntJ bf, fJwL. wJpwfJw4_npJwfJ 114_w

iqw'lnLJfJ tnn~nuf! (0,05 %), blf,blni/. w11I "1WJJw1Jfr9, np -&wpw~ flnpJwl 

-t:wur4_w~p1Jbpfr wJpnt[I JnLfJf! Lfrf,Jr w4_hlfr, pwfl flntJfJ ~wur4_w~pfJbpfr1lf! 
.Jfr11l.L. ~w.phpfr wnw1.wflwll!' bpp a,,4_w~ q.nurntJ pburnflf! wzfuwurntJ t 
pnLJL lwp4_w~ wJpw1Jfr ~bu11 

lJ.Jpwflw4_npJw11 O"furfrJwl tnn~nuf!, blflblni/. mfJmbuw~wfJ tnbuw

'Lhurfr9, uurw94_ntJ f uwlbpfr '1-b"fpntJ 0,3 ••. 0,6, bpp f,=0,1 ••. 0,15, {b

~wflfJbpfr '1-b"f.pntJ' 1 ••• 2, hpp s=0,3 .•• 0,41 

flL'l'lWfl~JnLfl {wur4_w~.pfr Jfrw~fr wJpwfJn4_ ~tti/.n'l U1Wf'pbpf! {wz-

4_wp~hlfru {w11'1fr"fnLJ b1I {btnL.Jwl hpbp tn/r"lfr fu1Jf'ffrp1Jbp1 

U.nwt_~& m~tq~ Ju&q~r. Sp4_w~ f {wz4_wp~w1fr1I M ~nn'l JnJbfltn(!, 

pbmnfJ/r Jwp~wfl, wJpwflJr 'IWUf! 1 {wm4_w~pfr h L. b J_wlfrbpf!t 

fT/w{wfJ1.4_ntJ (- npnzbl wJpwflJr {wm4_w~pfr F.., Jw~bpbuf!' 

luflf'ffrp11 ntfl/r Jb~ Lnt6'ntJ1 (3.9) pwfJwl.l.t.fr9 npnz4_ntJ (- Ao 9np~w~
:S/r JUntflJnLflf!, (!Utn umw94_w~ Ao-/r "''lJnww~ 3.1-frs 4_bp94_ntJ bf, S 

/,_ V q.np~w~Jr9Upf!t Uurnt94_ntJ (- S~SR "f"'JJwfJI!, bflb WJfl pw4_w

f'Wp4_w~ (-, "'"I"' (3.12) ~wJ (3.13) pwfJwl.L.n4_ npnz4_mJ (- F w Jw

J,.bphuf!' 

lJflh l_/r pw4_wpwp4_w~ S~S R UfWJJwfl(! (s>~ R) 1 UIUfW 11zwfJw

./tntJ (-, np lfr "fW{"fw1J4_w~ uh'lJi/.w~ 9ntnnt wJpntfJJwfl pw4_wpwp Lfr

Lblnt UfWJJwflf!, w1ufr1lpfJ urp4_w~ Jwp~wJ/r pburnfJfr, {wur4_w~pfr lwlfrhpfr 

/,_ 9wfJ~w9w~ wJpwflJr '11/."lllnLJ Jfrw~Jr wJpwfJn4_ {wur4_w6'pf! lfr ~wpn'l 
.f.hp91lbl 1Jwfuwmhu4_w~ {wz4_wp~w1Jrfl ~nn'l JnJhfltn(! 1 {burL.wpwp Ufbtn.p 

~ Jh~w9Ul ub'lJ4_w6- 9ntnnL wJpntfJ1mfJl!1 

Uh'lJ4_w~ qnurnt wJpntfJJntfl(! ~wpblfr (- JUw91lbl {wur4_w~pfr J_W

+hpfr JUw9Jwfl, phmn1Jfr Jwp~wJfr pwpl.pw9Jwfl ~wJ ub'lJ4_w~ 9n

mntJ wzfuwmn'l wJpwfl tnb'l"''1Pbln' Jfrt.n9n4_, un4_npwpwp wi/.hlfr wp
'1Jnt1Jw4_hm (- {wm4_w~.p/r pwpl.pntflJwf, Jh~w9ntJ(!t 

OppGw~ 3.1. Spi[•~ t' ~111:_i{111p1t_1111/r'i. ~nn'I JnJlz'fune.' M=120 1t_t. J, m,.1 .,.. 

::c:0,9 (pnep 'lnLJUlpJU//r'f. 1nh.n'lnLP1111Jp pbn.'f11/111~e'f.lrp t't.w'f.), ~,,,'t, phnn'i. U 300 

"'•p't.-1~ (R..,l'=:0,9 . 13,IS.,.12,2 U•111)1 A-II 11111u~ 1u1lp111'f. (R- = 280U••)· 
'-"'""'~#!~ 1111plrpe.' b=26 uJ, h=40 ,,,,, ar=4 u.!r 
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a 'LI n L " LU ~ 3.1 

e, ti h Ao qnJ16Wlj)lglihJ1)1 1fh6mp1n1GGbJ1n 6n(nl\, UlJIUl111\thGUIJ1nG Uhl\1111.n'l t. 

e 

1 

0,01 
0,02 
0,03 
0,04 
0,05 
0,06 
0,07 
0,08 
0,09 

0,10 
0,11 
0,12 
0,13 
0,14 
0,15 
0,16 
0,17 
0,18 
0,19 
0,20 
0,21 
0,22 
0,23 
0,24 
0,25 

WJIUIW\thGVIJlnli Aq(nl\ hJl\tWJtphutnGh UIWJIJlhJln l!UUI WllJlnl)tJWG 

Rw21[w11tihJ.n1 llwllwJI 

v I A0 I E I v 

2 I 6 I 7 I 8 I 9 

0,995 0,01 0,26 0,87 0,226 0,51 0,745 0,38 
0,99 0,02 0,27 0,865 0,234 0,52 0,74 0,385 
0,985 0,03 0,28 0,86 0,241 0,53 o.735 0,39 
0,98 0,039 0,29 0,855 0,248 0,54 0.73 0,394. 
0,975 0,049 0,30 0,85 0,255 0,55 o.725 0,.399 
0,97 0,058 0,31 0,845 0,262 0,56 0,72 0,403. 
0,965 0,068 0,32 0,84 0,269 0,57 0,715 0,407 
0,9G 0,077 0,33 0,835 0,276 0,58 0,71 0 ,412: 
0,955 0,086 0,34 0,83 0,282 ' 0,59 01705 0,416. 
0,95 0,095 0,35 0,825 0,289 0,60 0,7 0,42. 
0,945 0,104 0,36 0,82 0,295 0,62 0,69 0,428, 
0,94 0,113 0,37 0,815 0,302 0,64 0,68 0,435 
0,935 0,122 0,38 0,81 0,308 0,66 0,67 0,442; 
0,93 0,13 0,39 0 ,805 0,314 0,68 0,66 0,449' 
0,925 0,139 0,40 0,8 0,32 O, 70 0,65 0,445, 
0,92 0,147 0,41 0,795 0,326 0,72 0,64 0,461 
0,915 0,156 0,42 0,79 0,332 0,74 0,63 0,466 
0,91 0,164 0,43 0,785 0,338 0,76 0,62 0,471 
0,905 0,172 0,44 0,78 0,343 o, 78 0,61 0,476 
0,9 0,18 0,45 0,775 0,349 0,80 0,6 0,48 
0,895 0,188 0,46 0,77 0,354 0,85 0,575 0,489· 
0,89 0,196 0,47 0,765 0,360 0,90 0,55 0,495 
0,885 0,204 0,48 0,76 0,365 0,95 0,525 0,499. 
0,88 0,211 0,49 0,755 0,37 ~1 0,50 0,5 
0,875 0,219 0,50 0,75 0,375 - - -

"1111~111'f.!_-/nLJ t npnt_ltl 111.!pw'i./r ~111ur-/111~Jr F. J,..'t./rp/rue.r 

~ 111 2 i{.., l' 't.• ~wur-/w~e/r .u2fuU1urn'l p111pd.pnLp 1nL'i.1!.' h0=h-a=40-4 =38 11J~ 
(3.9} pw'i.111d.t..nij nprr2nLJ b'f.e' 

M 120000 = 0 304, 
Ao=---= 12,2.25 .362 ' R..,l' bh0

2 
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J:aur • . 7• 3.1-P' E.=0,313, v = o,s13, 

U urnL'l"'-" li'he E ~En "l"'J'' w'he.1 f:uur ~wrf.b Lrf."'~P "''l/"Luw11_ 10-p ER= 0,64 1 

-~=0 1313 ~ ~R = 0,64, 

120000 
---= 14 64 u./2 1 

280-0,813-36 , 
M 

F .. ==----

br~rnrq Ut~UJ.P lu&qpr. Spif.wd- f <w1if.wpqw1/rf.t M d-nn'l JnJbf.turf! 1 

pburnf.tJr Jwpqwf.t b. wJpwltfr 'l'""f!' 

flJw<wf.tti/_niJ t npn1bl <wuri/_wd-pfr h b. b lwifibpf! 1 fr1tlUfbu f.twb. wJ

pwltfr <wuri/_wd-pfr F,. Jwqbpbuf!t 

/rJ1t'1frP1t nif.t/r pw11.JwfJ/ri/. lntd-ntJf.tbpt 'tUfwurwqw.\wpJwp t fu1t11pJr 

intd-Jwf.t <hurb.Jwl f!ltfJwSl!f!' 

btf.tblnif. 1..twfuwqd-Jwf.t pnpd.frs1 l,_nf.tuurpni!/.ur/ri/_ b. 'G.wpurwpwUfburw

J,wf.t Ufw<wf.ttf.thpfrs, f!f.turpi/_niJ t <wuri/_wd-pfr b [WJf.tntfJJnL1tf! 1 w11tni<burb. 

npnzif.niJ t <wurif.wd-pfr <f.twpwi/_np wJhf.twpnpp pwpd.pntfJJntf.tf!, npfrL 

<wJwUfwurwufuwltniJ t fJntJLwurpblfr wJbf.twJbd- wJpwf.iwi/_npmJf!, fruq 

4UJIJ 'lbUfpntJ s=sn' <burb.wpwp' Ao= AR, 
ll.1u"lfruni/_, h O.J"[oi. qnpn1i/./r (3.9} pwf.twd.b.ni/_. 

flif.tbf.twlnif. h -""i.-/! b. blf.tblnif. 1iwfuwqd-Jwf.t UfW.\wf.itf.ibpfrs, <wurif.wd-1/t 

pwpd.pnifJJntf.tf.t l!f.turpi/_nLJ t w11iUfbu, np w11t Lfr1tfr hJ[oi. -/rs nz. U(Wqwu' 

h~h""i.' f!uur npniJ "I.burp t f.iqwur/r ntf.ihf.twl, np fr1tl11w1i h-[! Jb6 i(.hp11_

"-fr, w11ipwf.i wJpwf.t/r <wurif.wd-p/r Jwqbpbuf! ifin1p quurws"-fr b. <wqw• 

nwqf! ( qbpw11wublfr t .t;wzif.wpqf! qwurwpbl WJf.tUfbu, np <wurif.wd-1nul 

wJpwf.t/r UfWpntf.iwqntfJJntf.tf! pwi/_wpwpfr urf.iurbuwif.burntfJJwf.i UfU1JJw1if!)• 

bfJh <wuri/_wd-pfr pwpd.pntfJJnt1if! l!f.iurpblfru Ufwpqi/_ntJ t, np wfi<wtntl. 

.(- f!1turpi/_wd- b [WJ1inifJJnt1tf! 1 UIUfW WJf.i qwpb[/r t pnpnfubl b. f.inpfrs npn

thl h-1!· 
Swppfr <wuri/_wd-pfr lwifibpf! f!f.iurpb[nLS <burn wJpwf.t/r <wurif.wd-1/1 

Jwqbpbufr npnzntJf! qwurwpi/_niJ t w11iUfbu, fr1tz.Ufhu 1twfunp11 fu1i'11'nul1 
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Op~Gw~ 3.2. Sl'rf."'.). t' ~-21.'"l'1i.-1/!'h .).,.,,'l .r,,.tlz'hure.' M=118 ft, . .r, m =<J,9 
/'1 

(t/-"Cl' 'f"L""'l''"IP'i, url..n'lnLPJ"'"P pbn'hrf.1U~e'hbl' ,t1l_1U'h) 1 ,).,,,'i,L' l'burn'h 'fr200 ""'l'-

1l_w1p (R"ll' =0,9.9,o =8,1 U'l/w), A-11 'f1Uup ,,,.rl',,,-;, (R- = 280 U'l/w), a=4 ,,.r, 

tt/w~w'hlrf.n._.f t "l'"2bl ~wurr[w.).CP h £. b ,twt/-bl'I!.• p'h,tu[bu 'hwl.. "'"L'"''hp ~-ur

r[w.).ep F .. .f1u1l_b l'b"I!.' 

~ w 2r/.uJl'11.•, £:';,url'nL.f b'he b=30 u./1 ~·,.rf.btrf.-.).p "''l/"Luw11_ 10-p9 r[b{'9'hnL.f 

b'he AR= 0,449 £. "l'"2"L" ~"'"'""'.).CP ~'hu.l'"'r/."l' -.tb'h-rf.tnel' l'"'l'd.L'"'-P 1 ,,._-;,I!. 
( Jf!w11_p "'"l'"'-;,P 'llr"te"d )• 

hoJfoi. = l , - · -=l; -- · --=40,5.,.r, I T vrr / -1- vl78000 
JI AR R"leb JI 0,449 8,1·30 

£:'h'lnL'hn._.r b'he' h = 60 u.f > hJ[oi. = 44 1 li u.f1 

11..fl'w'hp ~1U1nr[w.).ep .f.u11_bl'bup "l'"2"L"f!. 11_wurwl'rf.u./ t UIJ'h"Lbu, p'h,tuLb• 
'hwfunl''l fu'h'l{'"L.f. 

h0 = h - a = 50 - 4 = 46 u.f, 

A _:... M 178000 _ 
o- ~"lr bho2 - 8,1·30. 452 -0,346, 

M 178000 
F .. - --== = 17, 76 u.r2, 

R.vh0 280·0,778.46 

brrnrq mpUJ.p lu&qpr. Spif.wd- f ~wM_wpqwJ/rL M d-nn'l JnJhLurf!, 

pburnltfr JwpqwL, wJpw1ifr 'fWUf! 1 <wuu/_Uff)H h h. b z.wifihpf!1 wJpwf.tJi 

<wurif.wd-pp F _ Jwqbphuf!t 

flJw<wfiti/_ntJ t qwurwpbl <1111114_111·,)pfr wJpnifJ1w1i uurniqntJ1 

1.wuri/_wd-1/r wJpntfJ JW1' umnuprulf! funp~nip'f. t urpif.nul qwurwphL 

<hurb.Jwl qhpUf• (3.13) pwf1111A.b.nif. npnzif.niJ t ~ q.npd-wqs/r JUntfJJntf.t(!, 

hfJb pwi/_wpwpi/_wd- t S~SR "fUIJJWLf!, W"fW f!Uur "'J'I qnpd-wqs/r 3.1 

"''1.Jntuwqfrs if.bpsif.niJ t Ao qwJ U q.npd-w~frsp b. qwurwpi/_nul t wJpni
p Jwf.t uurntq.ntJ (3.9} qwJ (3.12 J pwbwab.nif.1 

bpp (3.13) pwbwd.b.tu[ npnzi[wd- s-b JU t ; R ~/rs' ntpbtff, trLUlrp 
q.bpwJpwf.twi/_npi/_wd- 111wpp1 muurfr ~wuri/_wd-pp wJpntfJJwb u111niqn'4f 

/JnLJlwurpi/_ntJ t 4wutwpbl bntJb (3.9} qwJ (8:.12) pwbwd.h.ni/_1 f!b'lnt~ 

'i.Jblni/_, np s=sR' 
9 br~wppbmnlih ~nliumrnt~g~mlihr J. 



OppGw~ 3.3. Spi"'~ t' r,,,,~1.,.,l''t"'lfr'i. ~nn'l JnJl.'i.me' M=19.S ftt. J, ml'l = 
0,9,~..,ftnmftl.'i. l9"''i.lnLPl.pn1_ U300 J,,,l'ft"'lfr pl.mn'i. (R.,,.m:0,9.13,4'=12,2 U'9w), 

A-III 'l'"ufr ,,,Jpuo'i. (R- =3'10U'9"')• 'j,l'"' r,,.,,,,4.tt11fr J..,ftl.pl.ue' F- = 
= 12,56 uJ2 (4020 A-III), r,,,,.,,4 ... ttefr i"'"-'"l'e' b=30 ,,J, h=.SS ,,J • a=4 ,,J • 

,,,,r,,.,';,f1_nLJ t ft,,,,,.,.l'l,l r,,,,,,.4,.,~llfr 111JpnLP1111'i. urnnL'fnLJ1 

~ 111 21"' l' ft1 flL';,l,'j,i!' ho=h-a:.65-4=61 uJ1 flpn2nL,J l,'j,I! e pplt•ft9fr J/,

~n<P /nL'i.f!. (3.13) p111'i.111d.l.n1_. 

Uw.\JwLw1frL iJj-G.w"mJ -G.frqbpfr wq11JwL ufubJw'b ftp"-Lw"-fr wJpw• 

LniJ. nL'l.'l.wLftJnLL .\w111i/_wt)p{r .\wJ wp pbpz/_wt) t Lft. 3 .7-nLJ t 

\.1t. 3.7. rl~qhr~ uJuhdwli. ~r~li.wlt~ wdrw&n1'. bru[o'l 111wrr~ llll['l.wli.\1n•li. liord"'\, 

li.wm\wbfn•d (lULll wdro.:pJwli. li.wz\wrqhtJiu 

'1p"-'bw"-fr wJpw'bni/_ nu1.1jwL"-1nL'b .\w111zf_wt)pfr 11b"fpnLJ pb111nfi/r ulur_J-.. 

i/_wt) qn111nL pwz/_wpwp iuJp~LflJwL WUfw.\nz/_Jw'b .\wJwp uth111p t 111w-::• 

"lwLz/./r LnLJ'b (2.28) UfU1JJU1Lf!1 
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l/pft'iJw"fr wJpw'iJni[ nLl[_'l_w'iJftJnL'iJ ~w1111[wt)pp ~wzz/_wpftU1Jp'b pw'iJw

J.b_bpf! ftwph[/r t u111w'bwl (3.1) b. (3.2) wp111w.\w1111nLPJnL'b'bbpfr9, 'bpwL9 

Jb! 111b'l.w11ph1nz/. WJ'1 .\w111z/_wt)p{r bpftpw1..wifiw"-w'b p'bnLpwqphpf!' 

F,. . bx, z,. = h0 -0,5 x, z. =h0 -a' 1 

(3.17) 

R. F. - R .... F.' = R.,,. bx: (3.18) 

'1pftLw"-fr wJpwLniJ. nL'l_'l_WL"JnLL .\w111z/_w6pfr .\wJwp u111w9i/_wi 

(3.17) b. (3.18) pwLwA.b.hpf! -G.frz111 1mLJL A.b.ni/_, frL1.. np Jfrwftfr wJpwLniJ. 

nL'l_'l_wL"JnLL .\w111i/_wtpfr 11hUfpnLJ, "wph[p t phpb[ WJL"lfrufr 111bupfr, np 

">wzz/_wp"-'bbp "-w111wpb1hu .\'bwpwz/_np tfr'bfr 09111iJ.h1 3,1 w'lJnLuw"-fro• 

(3.19) 

(3.20) 

f!u111 .\wzi/_wpftfr uh'lJiJ.w6 wJpwL "lw.\wL1z/_nLJ t w1L 11hUfpmJ, hpp 

(3.9) pwLwA.b.nz/_ npnzz/_wt) Ao-/rL .\wJw"lw111wufuwLn'l. 6-L JU t 6R-/r9 
("-wJ LnL11'L f . Ao> AR )1 

flL'l_'l_wL"JnLL .\w111i/_wt)pp ftp'ftLwft/r wJpwLni/_ t)n.zf_n'l. 111wppbpf! .\wz

z/_wp"b1fru .\wL11fr"fnLJ bL .\b111b.1w/. bph1 111fr"lfr fuL11frp1'hp1 

U.nwf~li m~ui~ fuliq~r. Spi/_wt) f .\wzzf_wpftw1fr'b M t)n.n'l JnJb'b111f!, 

pb111nLfr J·wpftw'b, wJpwLfr 11wuf!, .\w111z/_wt)p{r h b. b 1..wifibpf!l 

ff)w.\wL1z/.nLJ t npnzbt A.qi/_wt) b. ub'l.Jz/_wt) wJpwLLbpfr .\w111z/_wt)pLbpfr 

Jw"bplwLbpf!' F. b. F ,; 1 

luL11frpL nL'b{r pwqJwPfrz/. 1mt)nLJ'bbp1 lJ.JpwLfr 111L111buJwL 111buw"b

mfr9 'bUfW111W"w.\wpJwp L"Lt)nLJf! fttfr'bfr UJJ'b, npfr 11hu11!nW F .. +F: 
wilb'bwifin1pL ti U.111 '1b"fpmJ U400 b. 9wt)p JwpftwLbpfr pb111nLLbpfr .\w

Jwp U(h111p t f!L'1nLLb1' Ao=0,4 b. £=0,551 
flwpJ.p Jwp"wLbpfr '1b"fpnLJ f!'b'1nL'bz/_nLJ bL Ao-fr b. s-/r LnLJL wp

JbpLbpf!, pw19 "l w.zf_btfr, pwL 1114_1w1 pb111n'b/r b. wJpwLfr .\wJwp npnz-

'1_wt) AR. b. 6 R JUnLPJmLLhpf! ( 111b' u .\wi/_bli/_wt) W'l_JnLuwft 10 b. 11 )1 
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(3.19) Ii. (3.20) pwf.twd.L.bpnLJ Ao-/r Ii. 6-/r ifinfuwpbf.t mh'lw'lphtm/. 
;;wJw"lwurwuJuwf.twpwp 0,4 Ii. 0,55, ~uurwf.twf.t1' 

F . M-0,4R.,rbh0
3 

-= . (3.21) 
R-.• (h0-a') 

F. - 0,55R.,rbh0 + R-. • F.' i 
R- R-

(3.22) 

(3.22) pwf.twd.L.nLJ "I hurl! !; mh'lw'lpb[ (3.21 }-/rs uurwsi/_w6 F ~ -1!1 b[lb 
WJU ~wJ WJL f.t~wurwnnLJni/_ F _, -p i/_hpsi/_nLJ !; wi/_htfr• 1wf.t WJL umws

i/_hl !; (3.21 )-/rs (F _'-/! i/_hpsf.tht "lw~wu, 11wf.t (3.21 }-/rs umwsi/_w~f, t, 
lfr ~wphtfr), w"lw F •. f, "I.hurl! !; npnzht WJL"lbu, fr~z"lhu hp~pnf''I mfr"I/. 

/uf.t'lf'nLJ I 

Op~Gw~ 3.4. 81'1"'" t' r...,21wl''1."'J/r'b lln.n'l JnJ/,'b.ne' M = 145 '1_t. J, m,., = 
r::m0,9, ~ ... '1_n.n'1_'1'b l9""'bJDL£1'1pn1 U 300 J111l''1.w1Jr p'1urn'b (R.,r = 0,9.13,5 = 
-= 12,Z U'lw)> A-111 'l"'"/r wJpw"b (R-=R-. • =310 U'lw), r.w.n1wllefr :_iu.f_.lipe' 
b-20 ,,J, h=40 ,,J, a=6 uJ, a'=3,li ,,J, 

'J,,,t;,,,'b!.1.n•J t nl'n2'1L a,1,,,11 £. u'1'lJ1wll ,,,Jl',,,'b'blil'fr r.wur1wllefr F .. £.. F'. 
J "'"-" p'1 .,'j,/, {'/!.' 

~"'21"'1''1.• flL'bli'be' h0=h-a=40-6=34 ,,J, (3,9) pw'b111J.£.n1 nl'n2nul li'be' 

( urli' u r, • 1'1L1..ull "''l/nLu111'1_ 11), t;/, ur£."'l'"'l' 1 "l..,,r,,,,'j,!_1nLJ t uli'lJ 1111/J .,,J l'"''j,' 
(3.21) pw'bwd.£.n1 npn2nLJ li'be' 

• M-0,4R.,,. bh0
2 145000-0,4-12,2·20-342 _ 

F •= = = 2,8a uJ2, 
R-.• (h0-a') 370(34-3,5) 

F _ 0,55R.,r bh0 R-.• 
• - --l- --F' 

R- I R... -
0,55-12,2-20-34 370 = + - . 2,85 = 15,18 ,,J2, 

370 370 

t:f.11nL'bnLJ li'be' 2014A-III, F-'=3,08 ,,J2, 

4020A-III + 2014A-III, F .. = 15,64 uJ2, 

brqrnrq mpuip Ju&qpr. Spi/_w6 !;' <wzi/_wp~w1frL M 6nn'l JnJhf.tmp1 

phmnLfr Jwp~wf.t, wJpwLfr 'lwup, ;;wurt/_w611fr h Ii. b zwifihpp, uh,,_Ji/_wi 

wJpwfi/r ;;wuri/_w611/r F _' Jw~bphup1 
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fl/w;;wf.tp_t/_nLJ !; npnzht d.rjt/_w~ wJpwLfr ;;wmt/_w61fr F ... Jw~hphuf!I 

/uf.t'l/rpf.t nLltfr Jh~ [nL6mJ1 

/!um (3.19) pwf.tmd.L.fr npnznLJ hf.ti Ao pp~w~frSl!i bpb O<Ao~AR• 

w"lw 3.1 W'lJnLUw~frs pum umwsi/_w6 Ao-/r i/_hpsLnLJ bf.ti! 6 9np6w~11/r 
JUnLfJJnLLf! ~ npnznLJ F. -f, pum (3.20) pwLwd.L.fr1 

bpb (3.19) pwf.twd.L.nq npnztf.w6 Ao 9np6w~frSI! uurwsi/_mJ !; AR -fr9 

Jb6, WU/W LzwLwl/nLJ !;, np urt/.Jwl ;;wuri/_w611fr Ii. f.tJnLphpfr 'lhUfp"ul 
urpi/_w6 F _' Jw~bpbuf.t tf#Lpwi/_wpwp !;, wL;;pwJhzur !; wilt JUwsUtt 

bflb (3.19) pwf.twd.L.ni/_ ~iuzi/_wp~tf.w6 Ao-L uurws"-fr A0~0, w"lw Lzw
f.tw~nLJ !;, np ;;wuri/_w611fr uri/_JW[ pwpd.pmP1wf.t Ii. url/.Jwl 'lwufr wJpwLfr 

"""''nLJ mpt/_w6 F _. Jw~hphup Jh~ !;1 bph WJL "lwur'&wnf.thpni/_ WJ'1 z/r 

"lw<wLp_i/_nLJ, W"IW WJf.t ujhm1 t i/in11pwsf.tht, JfrLzL. np umw1f[Jr Ao>01 

Op~Gw~ 3.5. 81'1"'~ t' r,,,,21"'1''1."'Jfr'b ~nn11 JnJli'bure' M = 100 '1_t. J, ~"''bl' 

plHnn'b u 400 J"'l'""''"' m,.,=0,9 (R.,,.=o,9.11,li = 14,8 U'lw), A-Ill 'I"'"" 
u.Jl',,.'b (R .. =R-.• =310 U'lw), u'1'lJ1,,,~ 111Jl'w'bfr r,,,,.,,1.,,IJeft Jw'1_'1l''1ue' F .. ' = 

= 9,42 ,,J2 (30 20 A-III), "'"'l'l'f. r,.,,.,,1 ... ~e/t :.••11f_.'1pe' b=3li ,,J, h=10 uJ, a= 
= 1 uJ, a'=4 uJ, 

"lwt;w'bf1n•J t npn2/,l d.71wll .,,,fp111'bfr r,,..,,,r/..,,/Jefr F .. Ju.'1_'1p'1ue1 

~ UI 21 w [' '1.• flL'j,/,1,/!\ ho~h-=10-1=63 uJ1 

f:uur (3.19} p111'biud.£.fr nl'n2nLJ /,'bl!' · 

M~R .... F .. '(h0-a') 700000 - 370-9,42(63-4) 
Ao= = ------'--~--'-

R .,,. bh0
3 15,8· 35-632 

l=0,225, ~==0,259, A0 =0,225<: AR=0,411• 

F 
e bh. R.,,. + R • . • F .' 0,259 .35. 63-15,8+370-9,42 

"' = = . =: 33 ,81 uJ2, 
R- 370 

brrnrq mpUJp Ju&qpr . . Spi/_w6 !;' ;;wzqwp~w1frL M 6nn'l JnJbf.turl!, 

pburnLfr Jw!'~wf.t, wJpwLfr 'lwup, ;;wuri/_w611fr h Ii. b ;_wifibpp, ub'lJiJ.w6 

b. d.9qw6 wJpwf.tf.thpfr ;;wuri/_w611/r F .• .' Ii. F .. Jw~hphuf.tbpf!.1 
l/Jw;;wf.tp_i/_nLJ !; ~wmwph[ ;;wuri/_w611fr wJpnLflJwf.t uurm9mJ1 

(3.20) pwf.twd.L.ni/_ npnzi/_nLJ !; 6 9np6w~/rsp1 bpb S~SR , w"lw 

3.1 W'lJnLuw~frS i/_hp9i/_nLJ !; ;;wJw"lwmwufuwL 9np6w~frSI! Ii. ~wurwp

t/.nLJ ;;wmi/_w61fr wJpnLfl JWL umnL9nLJ (3.19) pwf.twd.L.nt/_ 1 bph 6 > 6 R• 
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LU"ILU "lburp I; f!1t'1nLfihl £.=-=i,R b. .\LUuri/_LUbp/r LUJpnLJlJLUf.t uurnLqnLJf! ¥LU

UlLUf'bl finLJfi (3.19) pLUf.twJ.b.ni/_t 

Op~Gw~ 3.6. Sro[w~ t' '"'Z1"'l''1.;,,1Ji'b ~ .. n'l JnJl.'buoe.' M = 295 '1.'L· J, mr1 = 
-= 0,9l. ~"''bl' pl.urn'b U 300 .r,,,l''1."'J/i (R"tr = 0 ,9.13,5 = 12,,2 U'IJ,,,), A-II 'l"'u/i 

,..Jl',,,'j, (R .. = R-. • = 280 Ulf,,, )· F -=24,63 uJ2 ( 4028A-II ), F w' ;;C .,,62 uJ2 

(3014A-II), "'"'l'l'li ,,,,.,,1,,,~e/i i" ifhpe.' b=25 uJ, h=50 uJ, a=a'=4 uJ, 

fJ,.,,,u'b'!_o[nLJ t '1.,,,.,,,.,l'#,l •111ur-Jw~e/i u11lrnLfJJ"''j, uurnL'lnLJi 

~ ,., 2 1 •· l' '1.• flL'bl.'be' h0=h-a=50-4=46 .uJ1 

(3.20) pw'bwa£.n-J npn2nLJ h'be' 

c = R- F- -R-. • F.' = 280-24,63-280.4,62 
.. = 0,399, 

. R"tl' bh0 12,2 . 25 -46 

e=0,399<~R=0,64, A0 =0,321 

A 0R"lr bh0
2 + R .... F.'(h0 - a')= 0,32· 12,2-30.462 + 280-4,62-(46- 4) = 

= 302157 t,. J = 362,2 '1.t. J > M = 295 '1.t· J, 

4. SO.'lPO.SM1 1;'l bP11SO.'lPUSJt'1 l.0.S'lll.lNl 

bpb nu1_'1_w1t¥JnLfi .\wuu/_LUbpfr urLUppfr J.cl'/_wt) ~nurn'- pburnf.t/r 'Jfr JLUuf! 

.\bnwgfibf.tp b. WJ'I qnurnLJ pburnf.tl! fib'I. ¥n'l_/r J.b.m/. LUJf.t"lbu Jln'l_f.tbf.tp, np 

¥LUpn'f_LUf.tLU'bp fipw Jbp_ urb11.LUt[npbl LUJpnlf_p_ d.qi/_LUb LUJpLU1tf! 1 .w"lw nL'l.

l[_wfi¥Jntf.t .\LUuri/_LUtlpf! HbpLU.frn/ui/_/r u; LU i/_ p LU J /r Ii .\LU ur i/_ LU t) p /rt U.iL 

pw11.¥LU9wb lufr1tfr ub'l_Ji/_wb qnur.nLJ qurf.ti/_n'I. uLULfr9 b. d..qi/_LUb ~purnLJ 

qurfii/_n'I. ¥nlf_/r9 (1t¥. 3.8, p}t 
Ill} £ nL'l_'l_IU'iJ~1nLt f.wmi/_iub.efrs 

uriui/_riu1Jr'hfr iu'hgilbln4 uurw9-

i/_nuf I; pbuin'iJ Jr piu'[w~iu'iJ fi'h 

.fbt) fu'hiuln'l.nLfJJnL'iJ, 'l'lwlfr 

tiui/rni/_ iJrn.epiu'hnuf I; uriuppfr 

'l_IU'iJ'li/_iubf!, tlfrkbnLJ'iJ J-w.!iu

'hiu~ IUl'J"ffr"fr uiiurrfr ~pn'f_nL-

\,~ . 3.8. \T~l.&ntJ& WUrDtf>JW& nupiw&~JDlli 1. 'iJiu~nLp 1nL'iJ(! (!UUI nL'l_'l_ wa/r'f 
mwi!.rwJ~& 6wmi!.wbf&br G.LUpni/_ LUf.tgfin'l .\LUuri/_wbpfr1 

,,,_ nt'l.'l."'f,~r•L, p- 111wqpw1frL .\LUJbJLUurLUb b: lLUJfinLJlJLUf.t 

b. h pLUpd.pnLJ1Jwf.t nL'l.'1.w1t¥JnLf.t .\LUuri/_LUbp/r urLUppfr .\bur, lfr .frnppLUf.tnLJ, 

pLU't.Jfr np $.wpni/_ LU'f.J9fin11. .\LUuri/_LUbpfr d..qi/_LUt) qnurnLJ LUZ/uLUurnuf 
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I; Jfriu1'il iuJpiu'ile1 Un Jru~ "lwur-6.wnni/_ l;l bp~LUfJpbU1n'iJb urwrJpw

J/rf.t t:LULni/_LUbp/r urLUppbpf! LLU Jfi ¥/rpLUnnL/1 JnL'b nLfibfi zJr1tLU['LU['nLj1 JnLfinLJ' 

fr'bi_Ufbu LUnw'bd..fr1t urLUppbp ( bLUb¥/r -\LUi/_LUpni/_/r .\ULU'b'bbp, bfij1LUJpLU('

J.fri_wi/rf.t -\bt}LU'b'bbp b. LUJlf.t ), LUJf.t"lbu l;l urLUpphp ¥n1tuurpnL¥9/rLUf.tbpfr 

¥wq_JnLJ (Jn'bnlfrJl ¥n'l_LUi/_np bLUtl¥bp, ¥LUJnLptfibp b. LUJLfi}t Pwis "lburp 

I; f.t~LUurfr m'bbf.tLUL> np urLUi/_pWJ/rfi -\LUuri/_wbpfr urLUppbpmJ f.tpLU wnLU1t9pfr1t 
nL'l_'l.LU':WJW9 . .\LUpj1nLJ1JnLfinLJ ULUL'f.J Pl' .\bpJ1fr1t LUZ/uLUurnLJ I; bnJLUf.t, 

-\burb.LUpLUp LUJ'f nL'l_'l.nLJlJLUJp WJfi "lburp I; 1:wzi/_wp¥bl b. LUJpLU'f.JLUi/_npbl' 

Ub'l_Ji/_wt) uLUlni/. urLUi/_pLUJ/rfi -\LUuri/_LUtlpfr urLUppbpf!1 np"lbu ¥LU1tnfi, 

'bLU/uLUqtlnLJ bf.t JfrLU¥/r wJpLU'bni/_, pLU'bfr np ub'l_Ji/_wb qnurm LLUJfinL/1JnLfifi 

WJ'I .\LUuri/_wbpfr 'lb"lpmJ pLUi/_LU¥LU'bfr1t Jbt) l;t ULU¥LUJ'b nLUnLJf.tLUufrpm

JlinLfif.tbpf! gnLJ9 bf.t uri/_bl, np ubl[_Ji/_LUb ULUL/r i_wiJrfrg LUi/_blfr JU LLUJ

f.tmJlJLUf.t 'lb"lpnLJ ¥nlf_/r9 .\bnm qur'bi/_n'l_ ULUL/r JLUubpf! LUi/_bLJr JlnLJL bfi 

LLUf'i/_LUb1 pLU'b ¥n'l_/if.t Jnur qur'bi/_n'I. Jwubpf! ( f!Uur ULUL/r LLUJ'bnLJlJLUf.t LLU

pnLJfibpf! pwzfui/_mJ bfi wfi.\LUi/_wuwpwlwiJr), LUJf.tm.\burb.' uwlfr i_LUi/r/rs 

'fnLf'U Jbt) lLUJfinLJlJLUf.t 'lb"lpnLJ fipLU b. ¥n11.fr JfrLUgJLUf.t 1:LUpj1nLJ1JmfimJ 

¥LUf'n'I. I; LUnwp_ lfLUL i/_urwfiqwi/_np JbbnLJlJwfi .\LUuf.tn'l_ uLU.\bgf.tn'I. G.frq ( npf! 

¥LUf'n'l_ I; UWlf! "ln~bl ¥n'l.fr9) b. WJL nl 9wfi¥LUL/r bphmiJlfibp, LUJ'f fru¥ 
"ILUurG.LUnni/_ l;l f.tnpJwf.tbpf! uw.\JwfiwiJrLU¥nLJ hfi uwlfr 1:LUzi/_wp¥LUJ/rfi 

LLU ifinLJl JnLfif!t 

l/n'buurpnL¥9/rLUJ/r ¥LUq_JmJ qurfii/_n'I. urwi/_pLUJ/rfi ':LUuri/_LUbpfr ¥n'l_/r bq_

pfrg Jb¥ ¥n'l_JnLJ qurf.ti/_n'I. ULUL/r 1:wzi/_LUp¥wifr'b LWJfinL/1JnLfi(! Ufhurp I; 
i/_bpgf.tbl bp¥nL .\LUpb.wfi ¥ntlbf'fr Jfrp_b. f!1t¥wb lnLuLUf.tgwiJrf.t .\bnLUi/_npnL

flJLU'b ¥bufr9 ni_ LUi/_blfr b. nl LUi/_blfr ':wzi/_wp¥i/_n'l_ urwppfr JlnfrlPfr 1/6-frg, 

pLUg/r LUJ'f1 bpb urwppf! f!UUl JlnfrlPfr bp¥LUf'nLJ1JLUf, i_mf.t/r LLUJfiw¥w1t ¥n-

11.bp, ¥LUJ m1tfr LLUJfiw¥LU1t ¥n11.hp 1 uw¥wif.t 'bpLUfip urb'l.w'lf'i/.LUb bfi LUi/_blfr 

Jbt) .\bnwi/_npnLJ1Jwfi i/_pLU' pwf.t bp¥LU JfiLU¥wfi ¥n11.hpfi bL, LU"IW h.' < 0 ,1 h 

'lb"lpnLJ ¥n'lfr bwfrs Jh¥ ¥n11.J qurLi/_n'l_ uLULfr 1:LUzi/_LUp¥wifr'b lLUJfinLPJnLf.t(! 

"lburp I; i/_bpgfibl 6h>frs nl LUi/_blfr1 

SLUi/_pLUJ/rfi -\wuri/_wbpfr wnwfid..pf.t t:ULU'bfibpp 'lbUfpmJ ( uLULfr pLUp

J.LU¥LUJ/rfi gi/_/rpLbpfr 'lb"lpnLJ) ¥n'l.fr9 Jb¥ ¥n'l_J qurfii/_n'I. ULUL/r gi/_/rp/r 

':LUzi/_LUp¥wi/rfi lwifinLJlJnL'bf! "lhurp I; i/_bpgf.tbl ni_ LUi/_blfr ULUL/r 'bLU/uLUqbw

J/rf.t LLU ifinLP JnLfipg b. n l LUi/_ blfr' 

3h:, bpp 0,05h~h :< 0,1ht 

Opp h~ <0,05h, ULU[/r pLUpJ.w¥LUJ/rfi gi/_/rpfibpf! ':LUzi/_/r i_bfi wnfii/_mJ, b. 

LnLUppfr -\LUuri/_LUbpf! -\LUzi/_LUp¥i/.nLJ I; /rfii_"/bu b [LUJLnLPJLUL nL'l_'l_LU1t¥JnLfit 
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fT/pwlfurMwJntJ t;w~wfu lffrpw1u/_ntJ hfi fiwu urwi(pw1/rfi t;wurtf_wt)/!/r 
urwpphp, npnfi9 UWlf! qurfit/_ntJ (- d.qtf_wt) qnurnr.J, WJ'l"lfru/r urwpphp[! 

lfpn'lntfiwlfntfJJwfi inhuwlfhurfr9 nz_ Jfr wnwt/_h[ntPJntfl z_ntfihfi b [WJflnr.

PJntfi It. h pwpd.pnt{Jjntfi n1.fih9n'l nL'l'lwfilfJnLfi t:wurt/_wt)[!/r filfwurJwJp' 

d.qi/_wt) qnurnt uwll!i 1/rfiblni/_ &w/!wt), WJ'l t;wurJ/_wt)/!/r lfpn'lntflwlfnr.fljwfJ 

i(pw nz_ Jfr wq_11h9nt{i1Jntfi z./r Pn'lfintJ1 

!lqi/_wt) qnurntJ qurflt/_n'l UW[nt/_ urwi{pwJ/rfl t;wurt/_wt)[!p urwpphp[! lf/r

pwnt/_ntJ bfi &wpurwpw"lburwlfwfl It. WJL 1ilf wurwnntJfibpnt/_, op/rflwf t)wt)

lfbpntJ t;wpp wnwuurw'l uurwflwint fJ"lwurwlfnt/_, JnfJnLfrP lfn'lwt/_np t)wt}

lfntJ lfw'lw"lw!'wJwt)l! "fW{'qh9fih1nt fi"lwurwlfnt/_ It. WJLfi' Swi(pw1Jrfi 

t;wurt/_wt)/!/r wfifuqhlfr t;ht)wfJfihp/r 11h"fpntJ uwlfr Jfr Jwul! [!UUI t;Uwfl/r 

hplf wpntp JWfl qurfit/_ntJ (- uh'lJt/_ wt) qnurniJ, J Jn LU J wul!' Aqt/_wt) qnurntJ1 

bpfturwi{pwJ/rfi t;wurt/_wt)/!/r t)nt/_n'l ur~pphp unt/_npwlfwfi hplfwfJph

urnfl/r9 1!/rz. hfi lffrpwnt/_ntJ, uwlfwJfl flw/uwLW['t/_wt) bplfwfJpburnfJh . lfnflu

urpntlf9/rwfihpn1.J hplfurwi{pwJ/rfl t;wurt/_wt)p[! t)nt/_n'l. urwppbpfr t;wJwp 

wJhfiwurwpwt)t/_wt)fi (-1 

Uli11.1h[w~ UWLml. 111wl[pw1f1G fiwml[w~.pfl fiw21[wp1'w1f1G pwGwCS.hli

Jll!= Uh'lJlf..wt) uwlni/_ urwi(pw1Jrfl t;wuri/_w·t)p/r wJpnr.fljntfl[! t;w2i/_wplfh

Lfru, hpp pwt/_wpwpt/_wt) (- S~SR "lwJJwfl[!, urwpphpnr.J bfi t;w2t/_wp

lfw1/rfl hplfnr. 11h"fphp, lfwfut/_wt) uh'lJt/_wt) qnurnr. uwt;Jwfl/r '1Pf'/!P9 

(111f. 3.9 )• 
lJ.nwf~li qhuif (fllf. 3.9, w). Ub'lJt/_wt) qnurnr. uwt;Jwfl[! wfl9fln1.J (

UW[ntf_' X~h: lfwJ flnr.Jflfi f 
R.F. ~ R .. I' b.'h.' + R •.• F • .'• (3.23) 

U.1u '1/;"l/!fJ wt/_btfr t;iu&wfu (- t;wfl11/r"1n1.J, t;wurlfw"lhu hpp uwll! LWJfl (-1 

U.1u '1/;"l/!ntJ t;wurt/_wt)pf! t;iuztf_wplfnr.J bfi /rfiz."lhu b~ It. ho z.wifibp n1.flb-

lo~. 3.9. Uh1pfilm~ qnmnt AL.I' ubqdilw~ uwinil 

mwil.rwJ~& (~md br~mmilrwJ~&) liwm{wH~ 
~nilnq mwrrnnf. 

w- ub'LJif.w~ qnurn< uwt:Jw'bl! w'bg'bn•J t uw

tnif., p- ub'LJif.w~ qnurn• uwt:Jw'bl! w'bg'bn.J ~ 

~n'lnif. 
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9n'l n1.'l'lwfllf 1n1.fJ t;wurt/_wt)p1 

bpqpnpq qbui-e ('iilf. 
3,9, p}• Ub'LJ"wt) 'f!'urnr. 

uwf.J"w'i,,I! w'i,,9';.,nr.J" !; lfn'lm/. 

X > h: lfwJ" 'iin1.1'ii'i,, !;' 

R.F.>R.,rb: h:-+ R •.• F~' 
(3.24) 

IJ.1u 'fbUf.JJI! f.w'ii11/r-
"imJ" f;, brp uwi'ii nr.'ii/r 

f.wJ"bJ"wurwpwr ifrn.JJr Lw1-

'i,,n1.filim'ii1 ~wurt/_w<t.JJJi ub'LJ"
qwt) 'lnurfr'b U1wi/_rwa!L !; I.. 

pw'llfw9w<t !; ub'lJ"i[wt) lfn

'l/r9 m uwi/r si/.fr.JJ'iibrfrs1 

1.wzt/_wplfw1/rfi pwfiwd.lt.hpfr wpurwt)nr.JfJ WJU 11h"ll!P t;wJwp lfwurwp

t/_ntJ (- fintjfi ulfqpnr.fipnt/_, /rfiz_ np nr.'l'lwfilf1nr.fl t;wurt/_w6/!/r 11b"fpn1.J ("pt 

l/wqJblnt/_ JnJbfiur d.qt/_wt) wJpwfi/r &frqbpfr t;wJwq_np/r lffrpwnJwh 

lfburni/_ wfl9fln'l b. 6nJwfJ t;wppn1.fJ1wfl[! nlfl'lwt;w1w9 wnwfl9p/r filfwur
JwJ p, ftuurwfiwflp. 

(3.25) 

lf wJ flnr.1fifl (-' 

M~A0R.,r bhg+ R .. r(b:-b) h:(h0-0,5h)+R-.• F~(h0 -a')1 

Pburnfi/r ub'lJt/_wt) qnurnr. pwpd.pn1.fJ1nr.fl[! npnzt/_nr.J (- urwpp/r bplfw1-

fiwlfwfl wnwfi9p/r i{pw wpurwp/rfl b. flbpp/rfl &frqbpfr "lf'n1blf9/rwfihp/r t;w
t/_wuwpwft2nn1.fJ1wfi "lw1Jwflfr9. 

(3.27) 

(3.28} 

1.w2t/_wplfw1/rfl 11b"l/!bpfr npnznr.Jl! lfwurwpt/_nr.J (- t;burb.1w1 lfbf'"I• 
1. Spt/_wt) (-' t;w2t/_wplfw1/rfl M 6nn'l JnJbfJurl!, t;wurt/_w6pfr z.wifibp[!' 

b:, h:, b, h, pburnfi/r Jwplfwfi, wJpwfl/r 11wul! b. ub'LJ.l_wt) wJpwfl/r 

t;iuurt/_w6p/r Jwlfbpbul!' F ~' 

fT/wt;wfl1t/_ntJ (- npnzbL d.qt/_wt) wJpwfl/r t;wurt/_w6pfr F. Jwlfbpbu[!i 

bpp 

(3.29) 

t:w2i/_wplf£! "lbur/! (- lfwurwpbl [!UUI wnw1/rfl 11b"l/!Pi fruit bpp z./r "lwt;

"lw~i/_wt) (3.29) "flUJJwfl[!, t;wzl/_wpq[! "lbw/! (- lfwwwpbl [!UUI bpftpnpl[ 

,,£"''"' 
2. Spt/_wt) f t;wzt/_wplfw1/rfl M 6nn'l JnJbfiurl!, t;wurt/_w6pfr z.wifibp[!" 

b > h:, b, h, pburnfi/r Jwplfwfi, d.qt/_wt) It ub'lJt/_wt) wJpwflfihp/r 11w-

ubpf! It. t;wurt/_wt)pfibpfr Jwlfbpbuflbp[!' F • b. F ~t 

f1Jwt;wfi1t/_n1.J (- lfwurwpbl t;iuurt/_w6pfr wJpnr.fJ1wfJ uurnr.qn1.J1 
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bpb R .. F .. - R ... . F~ ~ R..," b ~ h:, (3.30) 

"'"I"' wJ!'nLPJwfi uLnnLqnLJf! ~U1Lnwpi/_nLJ t f!ULn wnwtfrL '1-b"lpfr, fru~ 
hpb lP "l"'~"lwfii/_w,) (3.30) "l"'JJU1fif!, "'"I"' ub'lJqw,) qnLnnL uw<Jwfi[! 

mfJ9finLJ t ~n'lni/_, b. ~wLni/_w,)pfr wJpniP1wfJ uLnnLq.nLJ{! ~wLnwpi/_nLJ t 
~uLn bp4pnp'1 '1-b"IPP' 

Ufrw~fr wJpwfinq Lnwpphp[! < "'li/.."'f'~blfru (3.23 )• ••( 3.30) U1pLnU1-

<w1LnnLp JnLfifihpnLJ "lhLnj} t f!L'l-nLfihl' F · .. = 01 

Op~Gwlt 3. 7. SpoJ.UI~ I;' r,,,,lo/."'l't"'J/!1' ~nn'l JnJ/,f,,,,I!.' M=480 tt.J, ~Ul+n,,,tl.f. 
lS"''l.Jn .. pl.l'noJ. pl.,,,ni. U300 J,,,rt,,,1f!, m"1=0.S (R..,"=o,9.13,i>= 12,2 U'f,,,). 
A-III , ... ,,!! , .. Jpwi. (R. =310 U'f,,,), r.,,,,,,r/,,,~el! 1"'rfrl.pf!.' b.' =60 ,,J, h•. = 
=8 uJ, b=30 uJ, h=60 "''· a-=ll ,,J, 

'fwt.u.i.foJ.na.J I; nl'nl/,l Jfo.wtl! .... Jl',,,f.noJ. "'"'l'l'I! a.,1 ... i .,Jr,,,f.I! r,,,,,,,"'"~.el! 
J1utl.l'l."1!.' F .. , 

~,,, l oJ.,,, l' tr n .. '1.1.'1.e' ho=h-a=60-6=54 ,,J, U,,,na.p<.J Ure (3.29) "f."'J

J,.,i,I!.· 

R..,r b.'h. '(h0 -0 ,ah.')=12,2·60·8(a4-0,a ·8) = 292800 U'fw. uJ3 = 
=292,8 tt. J < M = 480 tt. J, 

r,J,,,,J,,,,,P"'l'• r,,,,lo/."'l'tl!. "'""'e I; t"'"'"'l'"l I!""' lil'tl'"l'f 'llr"f..el!• 
~ .. ,,, (3.26) p,,,i,,,,d.J.f!' 

M-R"'r(b.'-b)h.'(h0 -0,ah.') 480000-12,2(60-30)8(a4 - o,a-8) 
Ao= R..,r bho2 = 12,2·30-542 

=0,313 e = o,388, eR=0,555, AR=o,401, 

A0=0,313<AR=0,401 f,/,,,,J,,,,,l'"'I'' ul.'IJ'f,.,/t 'ln,,,na.J ,,,Jl',,,'l, 11! "l."'f,,,,'l,f-
4_nu!r 

a.,1 ... ~ ,..Jl',,,i,f! r,,.,,,,oJ. .. lt.ef! J,,,t"l'""I!. nrn2n<.J l.'he (3.21) l'"'f,,,,J.J.noJ.. 

F .. 
ER"lrbh0 -+ R"',.(b.'-b)h.' 0,388· 12,2·30-54+12,2(60-30)8 

= == 28 ,62 uJ2r 
370 

~,p .. i.n .. J l.i.e' 6025 A-III, F- = 29,4/i .J2r 

Or~liwlt 3.8. Sro/."'~ I;' ~-21."'l't•11!i. ~n"'l JnJl.i.1111!.' M=910 tt· J, · ~lili.p pl.
.,ni. U 400 J,,,l't"'Jfo.• mrt =0,9 (R..,r=o,9.11.5 ::=:111,s U'tw), A-III ,,,,.!! ,,,J
l',.,f. (R .. =310 U'fw). F .. =39,21 aJ3 (8025 A-III), F .. ' :=O, "'"'l'l'I! r,.,,,,_ 

"~~.el! '-"'"'"rl!.' b.' = li5 ,,J, h.' = 10 ,,J, b=30 uJ, h = 80 uJ, a= 7 ,,J, 

'f ,,,f,,,,f.f 1na.J I; +1111111111'/,l r,,,.,,,i/,,,~ I?/! ,.,J l'""p l"'f, u"'""'lna.J r 

~ "'21 •u l' tr fla.i.l.i.I?' h0=h-a=80-1=13 11Jr U111n"'l""J l.i.e (3 .30) 111•1-
J.,f,1!.' 

J38 

R-F-=3'10·39,27=14a30 U'f,.,. uJ2 =Ua3 tt > R..,l'b.'h.' = ta,8 .l)a.10= 

= 8690 U'f,,,. ,,J-2=869 tt, t,/,,,,J,,,,,P"'l'' na.i.l.i.e l.ptl'nl'f fl."f.e; 

(3 .28) ,.,,,i,,,,aJ.f!s nl'n2na.J l.i.e' 

R.F.-R..,,.(b •• -b)h.' 370 -39 ,21~1;; ,8('aa-30) .10 '31 e =o, , _ 
= R,..,rbh0 = la,8·30-73 

, . E=0,31<;R=0,a78. 1!_9• ... ,,. 3.1-1! Ao...:...0,262. 

r,,,,,,.,.l'""J l.'1.,e r,,,,,,,oJ.,,,~,eJ_. ,.,Jf11LP1111i. ""'n"'lna.J (3.26) pw'l.,,,J.J.n{1 

A.>R "'"bh02 + R..,"(b.' - b)h. '(h0 - O,ah. ') = 0,262- la,8 -30. 732+ 

+ 15,8(a5-30)-10(73 - O,a-10) = 930400 U'f,,,. uJ3 = 930,4 tt. J > M = 
= 9ll) ff,. J 1 r,,,,,.i{•~,e/o. ,.,J ['na.p 1na.'l.I!. l'"'""'l'"'l'o/."'~ /;1 

Slq1[w& uw1n1[ 111w1[11w1f1G fiw1111[w&J!f1, 1qllf111w1{)1w1f1G h mnujtwlh 
Jiw1111[w&J!G1qlfl 111wppbpfl w1'pntp1wG fiw21[wplffl 1'wuf1G: !l,qqw,) qn

LnnLJ qLnfii/_n'l uWLf!• frLl"lbu wp,,_bfJ wui/_w,) t 1 ni Jfr "''l'1-h9nL{JJnLfi lnLLfr 
Lnwppfr finpJwl <wLni/_w,)pfibpfr wJpnLPJwfi 4_pw, 11wfifr np uw<JwfiwJ/rf6 

qfr-G.w~nLJ UIJfi -G.wpw,) t, b. ilqn'l -G.frqL wJ.pn'l.tnLPJwJp frp i/_pw t i/_hpg

finLJ "'J'l- q.nLnnLJ Lnh'lw'l-pi/_w,) bp~wJfiw~wfJ wJpwfi[!1 

fltfiblni/.. i/_bpfJ wuw,)frg,. ilq.i/_w,) qnLnnLJ qLnfii/_n'l uwtni/.. Lnwi/_pwJ/rf6 

"fpn!f>frL/r Lnwppbpfr finpJwl <wLni/_w,)(!fibpfr wJpnLPJwfi <w2i/_wp~f! ~w

Lnwpi/_nLJ t nl'l.'l."'fi~JnLfi <wLni/_w,)11/r pwfiwilubpni/_' l!fJ'l-nLfiblni/.. <wLni/_w,}

pfr L"'JflnLPJnLfJ[! 4n'lfr L"'JfinLPJwfi[! (b) <wqwuwp, fru4 bp4Lnwi/_pwJfrl> 

u Lnnupwil.b. <wLni/_w,)pfibp{r LnUl('['bpfr <w2i/_wp~f! ~wLnwpi/_nLJ t wJfi"lbu, 

frLl"lbu ub'lJqw,) uwlni/.. <wLni/_w,)11/r LnUl('f'bpfrfil! 1 [!ULn npnLJ ub'lJqw6-

uwlfr <w2i/_wp~w1/rfi l"'JfinLPJnLfif! qbpgi/_nLJ t finLJfi ilb.nq, frLl np Lnwi/_

l'"'J/rfi <wLni/_w,)pfibpfrLL ti 

§ 8.8. llf'O't U.lTf'O. '101.J. S1lf'f'J1 bf'll.U6'11lll1l \, ~fl-1l 'b5-RJ1"lr 
\JOf'01J.l ~1lS'l1ltr-R'bbf'J1 1lU'f'OMil·SU. '1 ~1liN.1lf'1d! 

UfrLl"- pbLnnLfr wJpwfiwll! ~{'n'l wJpwfifJ w2/uwU1nLJ t frLl"lbu "ln'l

"l"'Lnb ~nfJUU1('nL~9pw1 l/,J'l- t/tnL[nLJ UIJfi <w2i/_wp~i/_nLJ t (!UU1 "fn'l"fUILnb• 

~nfiuLnpn,~9frwLbpfr fiw fuwq,)J wfi finpJ wLbpfr 1 lfrLwpwpn,p 1wfi [!Lpw9-

pnLJ fipw i{pw qnp,)n'l pbnfii/_w,)11fibpfr "''l1Jb9nLPJwfi urw41 l/nfJuLnpnL~-

9frw1fr lw<wqnp,)Jwfi [!Lpwg.pn,J ~l'n'l wJpwfi[! wJpw9w,} phLnnfJ{r <hLn· 

'JPLni/_nLJ t np"fbu Jb ~ J frwufJnLp sn,fi' bp~wppbLnnfJ1 

tl>npil.bp[! 9nLJ9 hfJ Lni/_bl, np ~!'n'l wJpwfi[! wz/uwLnntJ t pbLnnfifi· 

<hLn <wJwLnb'l JfrLiu Lnwppfr l"'JllUIJnLJf!, f!ULn npnLJ pb' wJpwLfr L: 
pb' pbLnnLfr wJpnLPJn'fJl! LPfri/.. oqLnwqnpr)i/_nLJ ti U~qpfiw~wfi l"'f'nW-
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'bhpf!, npn'bp wnwt h'b qwLfru ltl'n'l. wJpw'bntJ ltwnnt9tf.w~p/r Jrpwltw'bw9-

Jw'b f!Lflw9pntJ, urwpp/r ltPn'lnt'bwltntfJJw'b tf.pw npL.Jr9h Ul'l_1fh9mfl1m'b 
i.hL fln'l.LntJ1 

'1pn'l. wJpwLJr ..\wurtf.w~p/r Jwltbpbuf! untf.npwpwp f!'burptf.mJ t hL

'bhlntf. JnLurwclw1Jr'b phn'btf.w~p'bhpJr9 L. 'bll(wurwltw..\wpJwp t, np wi'b 

L/rL/r i/rnpp, pw'b w'b..\pwclh2ur t 1w..\wqnp~Jw'b phn'b~w~p'bhpJr '1bUfpntJ1 
liw..\wqnp~Jw'b phn'btf.w~p'bhpJr9 wnwt bltn'L &JrqhpJr'b pwtf.wpwpblnt ..\w

Jwp wtf.hLwotf.ntJ t &ltntL wJpw'b1 

bpp ltl'"'l. wJpw'bntf. hpltwflphurn'bh urwpp/r wJpwfifi Jrpb'bJro 'bbp

ltwJw9'bntJ t JU urpwJwq~hpJr d.n'l.hpJrg ltw'l.J.J..w~ hnwlt9w~ ltwpltwu, 

Ulll(W wJpntfJJw'b <w2tf.wpltf! J'bntJ t 'bntJ'bf!, Jr'bi. np untf.npwltw'b hpltwfJ

phurnLh urwpphpJrL'b ti flwurJr uurnpL._ phptf.w~ t JJrw1'b ltnzur wJpwLntf. 

hpltwflpburn'bh urwpphpJr ..\w2tf.wpltf!' 

1. RM'l.U'i.11681''1 l.1L81lUlNl 

fl t'l'l"''blt1ntL ..\ wurtf.w~p/r urwpphpf! <w2tf.wplthLJru urwppbpmJ h'b 
hpltnt 11bUf/I• 

w} Ub'l.Jtf.w~ qnurnt uw..\Jw'bf! zJr ..\wurmJ ltn2ur wJpw'bJr ll(pn!/J/rll! 
('bit• 3.10, w)1 

'1w11.J"h'bp JnJhLur uh'l.Jtf.w~ qnurnt 'bhrpL.Jr uw..\Jw'bJr 'bltwurJwJp, 

npf! L. ltLJrLJr wJpmfl1w'b UfWJJW'bf!• 

\.q. 3.10. lwrQnllibr~ l;uiJntrp ljnz111 wdrwlinij_ brljwpFb111nlib bnij_nq 111wrr~ 
0 tqqwliljJDtli [WJliwljwli .liw111ij_wbfntd ['UUI wdrntpjwli .liwzij_wrljbtJm. ·· · 

111- ub'lJi[ru6 1fnmnt uru-:J.,,f,I! l.1' -:rumnLJ i,nzm 111Jp111J.f> "frn!/>f>tl!• 

(3.31) 

p- ub'lJi[w6 pmnt uru.;j.,,f,I! -:rumntJ f i,nzm uiJpruJ.f> "frn!f>f>tl! 

IJh'l.Jtf.w~ qnurnt pwpd.pntfJJntfif! npn2t/.ntJ t ..\hurL.Jwl ..\wtf.wuwpntfJJntfi/rs• 
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p) Uh'lJtf.w~ qnurnt uw..\Jw'bl! ..\wurnw t ltnzur wJpw'b/r Ufpn!/J/ri/r 

UflUUI(! ('i.Jlt, 3.10, p)1 

uJw'bopJr'bwlt Lwfunp11 'fhUfp/r ltw'l.Jh'bp JnJhfiur uh'l.Jtf.wl qnurnt 

uw~Jw'b/r 'bltwurJwJp. 

(3.33) 

(3.33) pw'bwd.L.ntJ T-'b ltn2ur wJpw'bJr UfLWuurJrlt 11JrJw11pntfJ1w'b JnJhfiurfi 

t, (r-x)26-'b nt'l'lntJ t T UflwuurJrlt 11JrJw11pntfJJw'b JnJb'burJr'b, pw'b/r 

np WJ'1 JnJhfiurl! 'll'tf.w~ t Ufl'"!/J/ri/r ~wfipntfJJw'b lth'burpnfint/_ w'b9Ln'l 

wnw'b9p/r 'bltwurJwJp, Jrult (3.33) wpurw..\w1urntfJJnt'bntJ JnJh'burf! ltw'l.J

tf.w~ t uh'lJtf.w~ qnurnt 'bhppL.Jr uw..\Jwfi/r 'bltwurJwJpt 

bplturwtf.php/r k ztf.hlhp'bhp/r <wJwp T=1,12W (W-'b 11JrJw11pntfJ1wfi 

JnJhfiurfi t wnwd.qwltw'b ifrntLnW )1 

Uh'l.J tf.wl 'lnurnt pwpd.pntfJ 1nt'bf! ltnpn2t/.Jr ..\ hurUJWL ..\wtf. wuwpntfJ 1nt

LJr9. 

bxR.,t' = 2R •. t(r-x) a+ R- F. I (3.34) 

(2.28) 

npurb'l. ho-L ltnzur /,. &ltntfi wJpwfi'bhpjr d.qn'l. &JrthpJr ..\wJw'l_np/r wu
Jwfi lthurJr L. uh'l.Jtf.wl tnurnt h'l.l'wJJrfi Pht/rlt/r JJrtk h'l.wl 

..\hnwtf.np·ntf/Jnt'b'b ti 
SR -I! npnztf.mJ t (2.33) pwfiwd.kntf.1 

s wtf.pw 1/rfi < UI urtf. wlp/r Ill ",uppilpf! < wztf. writ h t/ru qnpd-Lw ltw'bnw ..\Lw

f' Ul tf.n p ·t bpbp ..\w2tf.wpltw1Jrfi '1bllfl (Lit• 3.11 )1 -

w} x~h~ L. ub'lJtf.w~ qnurnt uw..\Jwfil! zJr ..\wurmJ ltn2ur wJpw11Jr 

ll(pn!/J/ri!! ('bit. 3.11, w}1 U.1u 'fbll(pnw ..\w2tf.wpltf! ltwurwptf.ntJ t w11'Ufbu, 

Jr'bi."lbu b: Lw1LmfJ1w1' L. h pwpd.pmfl1wfi nt'l'lw'blt1mL ..\wurtf.wd-p/r ..\w

Jwp ti 
p) x>h: L. ub'l.Jtf.w~ qnurnt uw..\Jw'bf! zJr ..\wurntJ ltn2ur wJpwfl/r 

ll(pn!/J/rll! (Lit. 3.11, p}t lJ.JpntfJJwL UfWJJWLf! uurwfiwtnt ..\wJwp "lbur~ 

t ltw'l.Jbl JnJhfiur ub'l.Jtf.wd- qnurnt fibp1L.Jr uw..\JwfiJr filtwurJwJp' 
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'Yf. 3.11. Ub'l.tlil.wb fJDlll'*- AL.I' I.. l})irf(l ab'l.tlil.wb awlnil. mwil.rmJflli 
.6wmil.wbfji ~nz111 wtlrwG.nil. bn.il.n'I. mwrrnul. 

,,,_ ""l'l."'L~Jn<L 11h11.Jl/_w6 9nurn• 11w<JwLp z/i <wurntJ ~"l"' wJpwLfo 

"ll'"~Pl/!1 p- urwl/..rwAt. 11/,11.Jl/_wt) 'I""'"' 11w~Ja/111! zJi <wura&J ~"l"' 
wJ pwLJi "ll'"~Pl/! 

9- 11rwl/..rwAt. uJ.11.Jl/_wt) purnt 

ow<JwLp <wurn&J t ~nzur 

wJ pwLJi "ll'"~Pli! 

M :s:;; [(b.' - b)h.'(x - 0,5h . .') + 

+0,5bx2JR,.,. + R •. tF-. t(r _ x) + 

+ R.F .. (h1 - x)z (3Jl5) 

Uh'lJif.wd- 'lnurnL 11-PPI/! npnzif.nLJ { { b-

urk1wl {wi/_wuwpnL{IJnLLfr9. 

[(b.' - b)h.' +bx JR,.,. . R •. +F ... + ~ 

+ R.F.i (3.36) 

'l.) x>h: k ub'lJi/_wd- 'lnurnL uw{Jwfll! {wurntrl f ftnzur wrlpw

Lfr "ll'n!f.frll! (lift. 3 .11, '1)' 

lwJ wLJ wfl flw/unr'I 'lb"l/!hp/r ftwphlfr f 'll'bl• 

M:s:;;[(b.' - b)h:(x - 0,5h. ') + 0,5bx2JR,.,. + 

+R-: t [T+(r-x)2SJ+R.F.(h1-x), 

[(b.'-b)h . .'-bx)R,.,.=R • . t 2(r-x)s+ R.F.1 

(3.3'1) 

(3.38) 

lw:_1f.wpftw 1/rfl P"l"l' IJ-b"fphpnLJ "I burp t "flU-:"lwfli/_wt) lfrLJr (2.28) 
"l"'Jrlw~p1 
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§ 8.4. SU.flf'Jl bflltlJ.6'11J.ltU. '1 U.00 '15-«.Jl"b fit'b-«. ~U.81\,U.l:r-«."bbf'Jl 

1111fln1'fit'au." ~u.c'l.u.rlte 

Um[_n'l urmpphp/r Phi! {wuri/_wt)/!flhp/r l!"'Jl!WJJwfl {flwpwi/_np 'lb"l
/!hl'I! phpi/_wt) bf, II 'IL/unul1 

'Uni/.n'l ur1Uppfr flbl! {wuri/_wt)/!flbpfr wJpnL{IJwfl {wzi/_wp~f!1 h[Lhlni/. 
l!"'Jl!"'Jrlwfl {flwpwi/_np ufubJwfibpfr9, ~wurwpi/_nLJ f f!UUJ [WJliwftwL nul/r 

/,_ f!Uur t)nn'l rlnJhflur/r1 flw9fr "'1'1-• "fhur/! f 'Jwurwpbl fib/! {wuri/_wt)/!/r 

uh'lJi/_wt) phurnfl/r wJpnLfJJwfl uurnL'lnul' f!UUI 'll/uwi/_np · ub'l.Jn'I. l"'f'nLJ
l.tbpfr1 

1. C.US lU6'b1l11U'b ON-I> 

phnfli/_wt)/!Lhp/r9 wnw1. h~n'l l"'Jliwftwli nLJf! {lhp {wuri/_wt)pnul frpbfl9 i/_pw 
hf, i[hp9flnLrl "'J'l- {wuri/_wt)/!/! {wurn'l wflnLpLhpf!* 1 {lhpi/.n'l d.n'lbl'f! " 

uh'lJi/_wt) 'lnurnL pburnfl/!, f!UUI npnLJ f!fl'l-nLfli/_nLJ f, np wJpwflfl wzfuw

urnul f Jfrw1L d.'lr/wL { zfa 'lfrJwq.pnul t)nr/wfl nL fturpJwfl )1 

U~{Jwflw1frL i/_fr°AwftnLJ Lbp/!/rfl -Afr'lhr/r uJu.bJwfl {wuurwurnLL {win

i/_wt)pfr d-nif.n'l urwppfr flhl! {wuri/_wd-/!nLrl, Lpw wJpnLPJnLflfl f!UUJ LWJ-

l.twftwL nLJ/r ~wzi/_wpfthlfru, ftlfrLfr WJL"lfrufrL, frLz."lfrufrL 9nLJS f urpi/_1'11 
lJft, 3.12-nLJ I 

fil"b.[! r.wuri[wd-.[!/r 1UJ pnL

fi 1mL'il f!UUI l"'l'ilw'Jw'il nulfr 

11.lfrL /r "'llf IUr,ni[ if wt!-, b fl b 1U l'f 
l>111ur1/111d-.[!nLJ 'lnpd-n'I. l"'IL111-

't111L nule LfrLfr "1 wifblfr fib./! 
l>1U1ntf.111d-./!I! r.wurn'I. 111Jp111Lfr £. 

ub'lJifwd- pburn'il/r u111r.J111L111-

J/r'il -6.fr'lbr/r "I rn 1""9fr1U'iibr/r 
9nLJ111pfr9' 1n111rr/r bp'J1111fl1U

""''j, "';."'r;,9.efrL LnrJ"'l w

nwL 9./!/r if r"'• 

\.\· 3.12. dfilfhrfi uJuhtlmfa bn.il.n11. 111mrrfi plif 
liw111\111Mnttl' &rw wtlrntpJnt&l' [1U111 LWJ&w\w& 

nulfi liwzil.wr~btfiu 

• !"he t:.w1nrf.1116e'i.'1t'f!. t:.1112rf.wr+.1ttJ.u <111'i.nLr> ,. ... nJ. ... ,,,+_ t;,.,u+.111urf.nuf lt'i. 

J,,.,.t9 w6 twr+_wu'i.hrJ. l"'J'i.,..tw'i. Am11tre. t111J t;JnLur/_w6 +_wr+_wu'i.hrJ. w'i.nLr'i.htl!.' 
(111J'i.t11+_111'i. 111Jr111'i. "'""L"r/. 'i.+_111urJ. /,';, nL'i.lt9 rf.1116 < ... 'i.nL1'i.1trf!.> £. Plterf.1116 An-

H3 



'9tl J'f~mqSlpu.ium~uq q~umqddmqJQ 0 J 

1]ru-% n '!.9 1nu]r 
-Gm¥91' i/J91jil9pJm fmplfj tj-£>{ Jmrm~ tjJ9lmn fiJm~ fU~ 

'8' 0 ,1'1uillnq-b tf JqfjfjUur9J ]ruJ9fi1ul1jmGl fjq,,uru,,m¥ '6' l 
. .Jnuilln9-b tjJ91jfjUU19J J'!.m¥ •) J'1Up1j1u-b1jil '!.Ju ') GtJ,,mfJub i/-£>{ b11urJu 

(,.,.·c) . :> :::s:o . -(J. 

. •oqq r ~!/' 6;::::. 0 r1uilln9b tf J11lmn fiJm~ f U~ 

frt•c) ,oqq'~t}f~O~oqq r ~&' (m 

•i/JqljljmJ'Fmln fmpJqd 71Juurn 191jmln~mln ~ ilurqln 't/'!.mJl'm 

'Jm,,mljfml G11mum ) J'lUpfbmn/m'!. i/JJmur bupuf JJ9 'J'1Uilln9-b '!.111 
t( il1j1uf fi1u'!.F ml 

"bu,,) il1j1ulfi1u1jlml Jiluiftm1j9J'm bupfjurb p1uJ'l'1'!.ml'~mn · 1jmlfi1uJyJmJ 

oq ~ 1'1upGJ9"}r 1j1ulfi1u'!.Tml q nqlnJu Jmrm~ tjJqJJmur iJltjt/;uJln 71ymift 

-1uur 71 11tJTmJ"}rmur,,J9 ''!.tfFm11pmur J'1UJ971'fmljmJ ( 6t'e) 71 (Ire) 
tfjmn/nmurmlnmrm~ '!.tf Jqfjlfjm~mln tjJqljmJ'Ju'!. JuJqfj 

-J'1UUmurm,,lj ptjur,,1uJurn'!.u,, ) J'1UpJmurm,, ilr1uJupm1jmJpm '!.m,,mljfml 

ljJJmur mlnm 'il'!.ml'Tmln fare) ~ fmpJmJm"}rmJ qfiq 
1
puntjlnn111 

'!l'O ~ 19pGmurn il1j1ufl!l1u¥91' tjG,,mfJub 

him Jmrm~ tJJn'!.uurqJ 71fiql!I fmpJmurm,, "}ruJ'l'lmbnln '!.tflm-btf udtf) 

tJmpm~ tjJ9fj 

-fjuur9J "}ruJ91!11ul11mGl fj9,,uru,,m¥ t'O tjl9"}rm 1u 71 Jml'm~ 

l}Jn'!.uurqJ J'!.m¥ !ll.'0',.9'0 ~ p1upfj1ub1jil i/Ju ') GtJ,,mfJub i/-1>{ b11urJu 

(6rc) •oqq 'a1Jf;:;:. o 
•pu71ymljmJ '!.m,,mumyJuift lml71urq~ ~ J11Upurfm:tmmJm 

illjm J'f min -bf1/ t J'lUljmlmum 1j91 J11ifm'$ il91!1 J'lUfjUU19J 9fi9 
1 
J'1U,,Jmplm~ 

191 tjp1U '!.m,,m'!.Fml urnil il1j1uFfi1UJJ'm tJJnilfmpurm~ ilqfi tjJJms 

tfmpJmJ 

-m]rmJ tf'!.tfl ljfm Ju 711'!.tf I' ''!.m,,Jmp tf'!.uurqJ 191jGmJyJmJ J'm,, 11111Gmf 

-91' ililfm]rurm~ tjJJmur ) Ju]rm,,Jm~ mlnm 'fm]rJmJm"}rmJ tJ1 ilfjmpFmln 

.fm]rlfj qfiq 1) fjljtjFm,,Jmp OOtJI Ju 1'!.tf 'illjflufj ) p1u"}rGJ.q]r ilipuFl!l1uJ-b 

-ml'tfl.I ""' M J'1Ud'ln9b tjJqfjljuurqd tf Jnm,,Jmp JyJmJ GtJ-ootJJ bqurJu 

(1rd 
J/., 

'0qq ~!lC' 0 ::::> 0 
•]ru71ymlj 

-mJ '!.m,,mumyJuijr lmf71ur9~ ~ pwpJmurm,, tjJqljJ'lUJml buJ'bqn Ju]rmn/lb 

ttl 
tnni/ 1nub1uurn ljmftJ7UJpm tf'!.uurqJ fm]rpbqn J'1Uilfm]rurm~ ll9-d 

1(66'6 .,, [n] n,9111) Jn 

-Gtf,,m¥Jub lfm tjfjmpfmln tjilljmurmn/Zm '\• ·• W bu'!.um tj]rlm~ i1Jn'!.1ulfi 

-lU,,urm~m'!.'f'!.mum tfil'!.murmn/Zm tf'!.mJpm ljm,,m'!.Fml ~ r1u]rGurp ntjlqluJu 

i1Jqfj'J,7U.lfi1ufqp '\• ·• ~ p1uJ'{illnqb '!.tf'f'lmUYI 1p1uJ91j,,mmuFLm !: 71 t 

tf¥mJrlq]rm~ '!.!/ fm]rJqJ i/Jqfjfj1Ulfi1uJbmptjb 11tJFm,,Jm]rZm~ '\• ... M 

1 -~ ""' ··w = ""' ··~ p1uJ9buy JuluJ Ju ') p1u]r1j1ub'!.;J 1]ruG,,m¥ 

-Jub 8'0= '\• ··w p1u]rljum ) tj]rlm~ i/ilfjmpmbljm~ UFYI 1p1uJq1jbu]rljurb 

ruu9~ GtjljmJlj ljmil ') Jiluift ilp1uJml p1uJqbuy bu]rljurb urul' fjluurub 

fm]rrb9n ,'!.9 J9JJmur i/J'1'11'1uJml p1u,,;,,'$t/'}~ '!.tflm'!.m·p~mn J'lUfjmJl'm 

ljm,,mljfml buurm>' ililfmpurm~ ilqfi <i/J9yduift lq"}r,;, '!.9 GF1uG nqln1'!.i/ 

1Jmnmpm~ 

il1jmlfi1u1jlml tjbu,, ~ J'7UpGJ9p fj-q r1u-(ot·e) Jmpm~ ~J91jilfmpurm~ 
t/7/'f lfm '!.ml''!. 71 '!.tflmJ"}rmur,,J'I 'ljtjfmJ"}rmur "}ruum,urmln ,,ntj Ulm 1tjbqur 

117UtJm'!.91'm urni/ ) J'1UpluJu il1j1ulfi1u¥9J' "o p1uJ9fjfjmJ'~mn ~mid 
-lUJyJmJ buurm.n/Zm tfilfmpurm~ lmpJu'!. 71 1jmlfi1uJm,,J9 tjilm'$ il9-d 

'8' 1=<:>{ Jn1ub1jil ~ tjl9Jm,, 
1
GtfJ'1'1lmF"}rur tfJ'l'fJuift "}rulnlq 

1
Jmpm~ tjJ91jfjUur9J 71fi9d bupJmurm,, puJ91jmbrqln '!.tflmbtf udtf) 

1g' l J fj9,,uru,,m¥ ljfm qfiq '!ll.' l ,~ urtfn/ ilfi1uf'!.mGl J'!.ml' 

9fi9 
1
Jmrm~ tfJ'l'l'!.uurqJ puJu/1uF1jmGl fjq,,uru,,m¥ '6 ,r1uil 

-lnqb tfJ'1'1'!.uur9J J'!.m¥ •) r1upfj1ub1jil fjtiu ') GtJ,,m.¥Jub lj-C:>J 

'mJ"}r tjilGljmum '!.m,,mljfnr,,Jq tjJJmur 

~ '!.'!.1ulfi1uJm,,u9, tjlmtJGhfuJln (tjilm'$) tfilfmpurm~ il'ld fj-J b9urnlm 

fore) ' :> 
zoqqrMt:lf ="() 

•Jui'T'fmfjmJ '!.m,,mumyJuift lmf71urq~ ~ J'1UpluJu ilJu '~ '!.bi/'$ 

ljm,,mljfml ¥mJGJ9p tf'!.uurqJ fmppb9n J'luilfm]rurm~ ilqfi fj-"o 
tilp1U ljm,, 

-mljfml ¥!/J'mfjqJ'm bufliub J'lUJ'l'!.'!.ml'~mn tfilfm]rurm~ il9fi 

Lu]r,,Jm"}rlm~ 111'!.GJ9"}r ~ ilur9ln p1u ljm,,mljfml· '!.i/Fm,,Jm]rlm>' 

f19lnJu mlnm 'dJ'mitJ1ubb1u tjp1u ljm,,mljfml '!.!/ J'lUfJub 

'I mJ"}r ijurntf'!. tjJJmur '!.9 fmpJbmb9ur il1juJu '( ljlfm 71 iluijZ,, 

tf ur'!.1uJb '1'1ul'!.'$ ,,tjurmurnuJbtj~ ,,,mfj.tjJo) Jnilfm]rfjuqJ 

LufJub n11lnmurZJ' ljm,,1 J'luJ'l'!.'!.ml'~mn tfilfm]rurm~ il9fi 

9fiq 1~ '!.P"U ljm,,mljf,;,1 ilufilub J'lUilf'm]rurm~ ilqfi bupurtjb 'j-Q bqurJu 



Ltl 

b!Yl 1Gtjrpufg1unp tJilfm}rrp19J Mm 71m'J } fm}rn/m'1 il'J1ufg1ulil11u tJilfm}r 

-Ulm~ il9g Ju~mh'Jmur~ p1uilln9li 'JmfgJUfm'1vm tJilfmJr'JvqJ fm}rnJZmJ 

pm7mJmnmJrm!t LufJuh fJm'1murlp p1uJ'l'I'Iml'!tmn tjilfm}rurm!t ilq.g 

( G!l'G) 
f n t __ i:}{ :<::: -'l"'b 

q rM ""'J'l"'U ""' '•M -

'l·b A ,046 ~ zoqqrMz>( j L 

, il'Jm pf min oqz;:;: ::> 71m'J t/'Jt/1 fm}rJmJm}rmJ j 

dm9ln Jm/'111'!>-i/JMJ'ti'Jm "Lu}rJlimLqur t/'1Jm}rlm!t 1mTZtJ!tuJq}r ur,n;i 

tp1u flll' tjlq}rm 19'JGJ9}r 'I'I LuJm'1 Lqurmtjp 
ilf'/,uurqJ 71 il'JmJpm 'Im'1mfJFm1 J11UdqfJilfm}rurm!t ilqfi JuluJ fmGmf'/,Jl 

fag·s) t 'l"'bi:
0
4q rMll}{ } 6 = "'""'O 

,L9urhl' ur9!t t/'Iuur9J il'JmJpm 'Im'1m'ITm119fJGJ9}r mJ}r J4 

~ LuJm'1 p1uilfmpurm!t il9t/ Jupmh'Jmur}r i/Ju •ilp1u 'Im'1m'lfm1 " ''!• Q 
"14Tm'Jml'!tmn il'Jm'Jmurn'1 lqp t/-(st·e) ilil9pum .t/.-O::> }rulqJlimLqs 

1(ilpLu'1 4flll' 
;rjlnqli) '14mmlnmpbmJ fJtJ1Tmil 4J9'JJ1u'Im j p1u}r'J1ulifJil 'J'J1ufg1uJm'1J9 0::> 

(nrc) 
""'b A 'EoqqrMZ>i/ L=o:> 

,i/'!41'1 ilf'f,1ufg1uJm'1Jq tjfmtjG'lfqfuJln. tjilfm}rurm!t ilqg Ju}rmh'Jmur}r GtJLqurJu 

( O!l'C) 

( 6,.·c) 

eJ -""'b 'O=-EoqqrMZ>( 

-i0!Jq rMZ>( + J'l•b ] :p ·o-[ J 

•ilp1up 

-4'141' tJFmtJG'lf'l1urf; ( 8t' E} lq'Jurh } ilurqln Jmpm!t 1ul9Zuuu 
1
GtJ'lm'1mn/ 

-uiJruiJr ::> fmpnJm'1 •ililJ41i tJilfm}rurm!t ilqt/ Jupmb'Imur}r 'JruntjlnnfYJ 

1i/Jiluijrmf'f,qpm 4'141'1 ilh4y. 'ItJTm'Im/':,mn fmJGJq}r L9urmtjp t/'Jum 
-qJ 71 tJ'ImJpm 'Im'1m'Ifm1 f'1Uillnqli 4Ju ''Ifm 4'It/1'1 uu}rinh'Jmm}r (GtjJ 

-9ilmy.} G4Jq.'Jilfm}rurm!t il9g Lu}rn'1n Gtjurq'1 fJF1U'J7Jt/I' •JmJm71urq7 

t p1uilln9li 'Im pGmJiluijr 

Jj-::> ,i1'1mvm'1m:,li'Iil 71 } f'1UfJmJiluiJr ilfJ4'IuurqJ '1nt/ '} p1u'Imf'11' ilhtjy. 

fmJGJ9}r 4'ImJpm 'Im'1m'ITm1 GmgfJilh1ub il'JmpGmfqf' 4-::> •GtJ'I1ufg1uJm'1 

-J9 4TmtJG'1'1f uJ1n ( tjilmy.) 4ilfm}rurm!t il9g mJ}r tjilG'Imvm tjJJmur 'Id j 

9tl 

'J'JflU'J rm'1 GtJ'J1Uf'1'Jm 'Jmfg1Uil9t/ tjilfm}rurm!t fm}rn/m'1 '} p1u}rn/uiJr •L,,.,, 

-mt/p urq!t t/'JuurqJ fm}rpL9n ilfJmJpm 'Jm'1m'!Tm1 19'JGJ9}r } LuJm'1 i/Ju 

•ilp1u 'Jm'1m'Jfm1 'ItJTm'Jml'!tmn Ju '} p1u71J9 GtJ'J1ufgJUurfm!tmurJm (8t'E) 

( s,.·c) 
t J 

E0qq rMZ>( +J""'b:::>Q 

,lnJ9'1 1mT71urq!t lqJh } tj1qJm'1 J11Uillnqli f'/,mpJu}rm'J 

-mJpm 'Im'1m'!Tm1 ijrm7mJmnmJrm!t 71 t/ilfm}rurm:, fJm'1m'ITm1 fJ1Uurmurnm!t 

ilfJ1ufgJUurfm:,murJm 'Imfg1u'1m'I1uLuJ'1 tjilfm}rurm!t _ilqg '}runtjlnnTYJ 

( /,1''8) 'J""'b-" • .:I""' .• M :i = ""'O 

tp-.uitfm/rurm".; 

'1JJmur -1 rr,1"/t/ '1J9lnuT'J

'1"!.mJ pm "!.m'1m"!.Tm1 il-'l•U 

JllD'Jm.ipm 'lm~m'lfml lmmmg ilHm]tmm9 

nd 1Jmpqn!n ~.iqL~~ ·gn; ·~'l. 

'-1 "!."l/J ,,, 
-m r ., ,,. f,,,,. "',,, ".; _,, lnu,,. ,,,, r 
'1"!.mJpm "!.m'1m"!.Tm1 il-'l"'J bqurJu 

( 9,.·c) 
n n 

-= 'l"'b 
""'J""'ll""' ·-a ""'d ""'·-a 

'4 '141 '1 
ilfJlUT t/1UJr4n'lqurf'f,t/ 4Ju '( E J'E ·'1'J) 

77 -L 

}ruGul4p 4h4y. fm}rnJZmJ iJrm7mJmnmJrm!t JpmlgJUJm'1J'I tjfm4GhfuJln 

::> 4ilfm}rurm!t il9g mJ}r tjilG'Imvm 'Im'1m'Ifm'1J'I 4JJmur 19urfm:,murJm 

~ tjl9Jm'1 ''l"'d""' ··M~ ,p1u'JmJpm 'Im'1m'Jfm1 ilh4y. 'Jt/fm'Jml'!tmfl 

(g,.·c) 1
"0 +"·o=-"o + ""'.:1"-·-M3:::>0 

,JmJm71ur9!t 'O=X>U!S ti.:!""'·-~~= ti 0 

f'lU-( 6E'EJ Jmpm!t ( 4J9Luy fm}rilqt/ G'Imvm) tjJqJJmur 4n41nlifYJ 

tp1u}rJmurm'1 '!'17 J'l'Jp1uil7g nJm~ 
-m:, n71 p1uillnqli 4Jq'Jnm'1Jm'1 fm}rn1uf:, 'p1U}rJm 'I!/7 JqLuy ilqg ''Iu'Im'1 

nqlnJu 'p1uillnqli 'r"'J'vmJt/'1 tjJq'Jnm'1Jm'1 fmG'1mvq .tJJqLuy fmJriluJ 

GfJmVm } J11U}rJmurm'1 p1u'Im'1m'Il't/:r ilp1uJu}rm'JmJpm tjJqJJmur tjlntjur 'J4f 

-m'Jmfll!t LuurmnJZm 'JmpvQ :dqddmut qm]ldu]tm9mdJlm ]tudq9d1unn 

104z:::>=::> }rul'l'JGJq}r •Jmp 
-m!t tjJq'J'J1uTg1Uf!fl' JqJJmur t/-::> 19h1uurn } ilurqln ilfJmpfmln ( tt'E) 



qb"fpntJ (3.51) L. (3.52) pwfiwJ.L.hpntJ q•i. -Jr lfrnfrtwpbfi "lburp t urb

.IJ.W'ff'hl q~" +P JUnt/JJntfif!' 

(3.54) 

(3.55) 

npurh'l p-li Jzurw4wli q.np,}n'l <wr/_wuwpwJ..wlfr pwzfrtr/_w6 phnlir/_w6pfr 

Jrfiurbliufrr/_n•P1n<lili t ( urwppfr ublfrw4wfi 4zfrnl! <wzr/_fr t wn
li/!r/_ntJ 0 ,5 q.np6w49nr/_)1 

bp4urwi/Jrw1/rfi "- uh'l_Jqw,) uwlnr/_ urwi/Jrw1Jrli <wuri[_wt)pfr urwppbpfr 

q.h"fpn<J, hpp LWJfiw4wfi wJpwlif! Jrtwpufrtr/_w,) t uh'l_Jr/_w6 uwlntJ, "lburp 

t <wzif.Jr wn.fihl uh'l_Jr/_w6 uwlfr pburnlifr 'lfrJw11pn•fJ1n.tfi[!' 

uzr/_w6 11b"fpntJ (3.40) wpurw<w1urn•P 1ntfif! lfrnfrtwpfrlir/_n<J t 
/3.40')-nr/_' 

Q,.= k2(1 +ksol )R~ bho2 

1 
c 

(3. 40') 

:npurh'l k
8
"-[! q.np6w4Jrs t, npnr/_ <wzr/_fr t wn.lir/_niJ uh'l_Jr/_w6 uwlfr ( 91.frq.

lihpfr) LU'l.1fh9n<P 1n<lif!' 

k 0 75 (bu'-b)hu' O 5 6tf.= I ~ I I 
bh0 

blfihtnr/_ (3.40' )-Jr9, <wJwliJwli (3.51 ), (3.52) L. (3.53 )-Jrli, 4uurw

°5Lwfip' 

(3.51') 

(3.52') 

(3.53') 

1.wJwJ.w1fi linpJwlihpfr, f!Uur Lw1liw4wli nul/r "lburp t 4wurwpbl w1fi 

Jlbp <wurr/_w6pfr wJpn•P1wli <wzr/_wp4f!, npli nilifr wJbfiwl/rRpf' 4l'n'ln•

liw4n•fJ Jn<fi[!' 

(3.56) 

1148 

1J.4fi<w1ur t, np (3.56) "1w1Jwfi[! pwr/_wpwpbtn•9 <burn urr/_Jwl 4burfr9 

11n•pu b4ntL Jfiw9w6 pbp <wurr/_w6pfibpfr wJpn<PJntfifi JrfipfiJrfi 4tJrfi/r 

pwr/_wpwpr/_w6, pw9wn.n•P1wJp fibppn<Jruwl 11b"fpfr91 

Co "l!'n1h49Jrw ntfih9n'l_ pbp <wurr/_w6pfr uw<Jwfifibpnw urwppfr r/_h

p"-/r fi/ruur/r r/_.nw Jzurw4wfi q.np6n'l 4bfiurpnfiw9r/_w6 pbn.fir/_w6pfr wn.4w

Jn<fJJwfi 11h"fpn,w wJpn•P1wfi <wzr/_wp4f! "lburp t 4wurwpbl bp4n• <fiw
pwr/_np r/_urwfiq.wr/_np <wurr/_w6pfibpJr <wJwp (fi4. 3.14)1 

w} f!uur Co "ll'n1b49Jrw ntfih9n'l_ pbp <wurr/_w6pfr, fi4wur/r ntfihfiw-

1nr/_ 4bfiurpnfiw9r/_w6 phnfir/_w6pfr pbnfiwpwlfrn'l w'l.11b9n•P1n<fi[!' 

Q - P1 ~Q.\o. ,., (3.57) 

npu1h'l Pi-'b Co "II'n1b49/uu1fr 
uwt>1f111'b'bbrnLJ 'lnr6n'l 4b'bm

rn'b1119if.1116 pbn'bijw6.[!'b t: 
p) euur [ilb.[! r.wurif.w6.[!/i1 

np'b nL'l'lif.w6 t 'lb"lfr 4b'bur
pn'bw91_wJ pbn'biJ.w6.[![!i m

nw'b9 'b4wmp nL'i,Jz'itwlnL '"J'I 

phn'bif w6.[!p pbn.'bw(ilwlfrn'l w'l.

'lb9m[il JnLb I!' 

Q~qw\oci+k2R~ bh0
2
, 

Cj 

(3.58) 

'I.\. 3.14, iwztJ.wr~WJ~li pbf liwmtJ.wHlibr~ 
q~rfp, hrp c0 hr\wrDlf>JWli uwlidwlilihrnul 
dzmwuihu qnrbn•d I; \blimrnliwgtJ.wb phlllitJ.wbf 

npurb'l C1-'b WJ'1 pbp <wurr/_w6pfr "ll'n1h49Jrwfi t urwppfr hp4w1fiw4wfi 

wn.wfi9pfr r/_pw1 
1.wu'f'wurntfi <wur.r/_w6pfr urwppbpfr '1b"fpn<J, f!Uur fipw bp4wrniP1wfi, 

r/_urwfiq.wr/_np pbp <wurr/_w6pfr urb'lf! 4wfrtr/_w6 t [WJfiw4wfi wJpwfiJr 11w

uwr/_npn•P1n<fi/r9 "- Lw1fiw4wfi nulbpfr t"1Jnt('/r91 IJ.J'1"1frufr urwppbpniJ, 

hfJb f!Uur hp4wpmp1wfi LWJfiw4wfi wJpwfi[! urh'lw'11'1.w.t t <wr/_wuwpw

J_wp, W"f W urwppf! 4ntfihfiw JJrL.fintJfi 4l'n'l_ntfiw4mfJ 1n•fif!' 1.bur/J.wpwp, 
..::wzr/_wp4f! "lhurp t 4wurwpbl w1fi pbp <wurr/_w6pfr <wJwp, npfi u4ur/_ntJ 

.(- wJbfiwJb,) LWJfiw4wfi nulJrfi <wJw"lwurwuJrtwfin'l_ finpJwl <wurr/_wJpfr 
"- J.q.i/_wJ hp4w1fiw4wfi wJpwfiJr wn.wfi9pfr <wurJwfi 4burfr9. <wzi[_wp4f! 

4wurwpi/_ntJ t <bfiwpwfip ' hr1.l'Jrfi <wJw"lwurwuJrtwfin'l LWJfiw4wfi nulfr 
mw41 

{w1fiw4wfi wJpwfiJr lfrnlfrnJrtw4wf.i Jrf.iurbf.iuJrqmfJ1wfi 11l11'fpntJ wfi
L"lwuur <wurr/_w6pLbpfr 4l'n'l_ntliw4n•PJntfifi wJbfi Jb4 Jwufr uw<Jwli

LbpntJ 4Lfrlifr urwpphp, <bur/J.wpwp <wzr/_wp4f! "lburp t 4wurwphl WJfi 
pnlnl' wfifi"lwuur pbp <wurr/_w6pfibpfr <wJwp, . npnlip u4ur/_niJ hli <b

LwpwfiJr h'l.f'ntJ "- LWJfiw4wfi wJpwLJr JrliurbfiuJrr/_mP1wli lfrnlfrnfrtJwf.i 
u4'f.pLw4burntJ (fi4. 3.15 )1 
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Op~Gwq 3.9. Sr-/.111> t' nL'l'J111'b+_1111'b r.111ut</.U1>ef> r,J,,t,,,1,, "l'fr -tr- "''l'EnJ , : 

r,,,.,111111'"1'"'1.'""' p.u2.Ju1.,,,> "r"-"'1'111 "'£. 'lnr>n'l pl.n'b-1.,,,>e, r,,,,,,.-1.,,,>ef> l"'"-'t.l'I!.' b =· 
= 25 11J I h=45 11J (ho= 41 uJ). 

>,,,'bl' pl.urn'b U 200 ""'r"-"'1/> (mr 1= 
=0,91R..,r = 0,9.9,0 = 8,1 U'f,,,,. 

R.~ = o,9.Q,75=o;68 U•111), l"'l

'b,,,+_1111. ,,,Jr1111t1!.' A-I 'l"'"" (R.w . .... = 
= 175 u•,,,)· l"'l'j,,,,+_,,,'b J.n'll.t'J.' 

e1111t,,,+_c r.,,,ur</...,>enLJ' n .. 1. = 2, .. 

r,,,,2-/."'1'11.~1/>'b l"'l'b,,,+_ui'b nLJf!. f,/,

'j,,,,l',,,'bf> lz9rnLJ' Q=108 +_t,, 

\iq. 3.15. lw2t[wr~WJ~li phf liwuit[wHlibr~ 

uib'lwpwl)unulp uiwrrnul, '1in1j10}uw~wli ~limbli

uHn•p1wli tWJliw~wli wdrwli~ l)b"lfntd 

'!J,,,f,..,'j,1-/.nLJ t nf'n2/,l [UIJ'f.Ul

"-"''j, J.n'l/, rf> l!"'lll!. /,. rn I'"'",,,,, f>>c .. 
~ UI 2 </tu I' +_t l,,,,Jo. urnnL'lnLJ 

'11.e ( 3.41 ) £. ( 3.42) "l.111/J,,,'b'b/,l'f!.•· 

r,J,,,,£.,.,pwr, P'1e r,,,,,,.-1.,.,>ef> "'"f'nLP 1nL'b'b /!.""' 'll"1"'1.nr ,,/,'lJn'l l'"f'"LJ'i.'1rJ.. 

"'"l."'f,n1'1',,,> t. 

(3.42) UJ.1111J,.,1tc P"'"-"'l'"'l'"-"'> 1t, r.1i,,,1.,,,P"'l'• ,,,1tr.r,.,J'12,,, t "-"'"'"'l'"L P"e r,,,,,,,_ 

1.u>e'bJ.f'f> U1J f'nLp /Ul'j, ""'2.Ju.r+. f!.Uln l"'/'j,Ul+_Ul'j, nLJf>t 

(3 .66) p,.,'b,.,J.£.n<J nl'n2 nLJ J,'j,I! l "'11,,,,+_w'b J.n'l/i t'f> ,,,J/,1,,,,Jk> j!LUJ[/!.• 

0,75 · 2·0,68-25·413 

1080 = 39
'
7 ,,,,, 

Q2 10802 

q .. 1.= = 
4k2R~ bh0

3 4,2 -0,68·25 ·412 

flrUJ.'1" ..,,.,,,!f>'b Jnrn'19nLJ c'b'lnL'bnLJ '11.e u=16 ,,J /,. (3.46) p,,,1,,,,J.£.ntf. 

npn2nLJ' 

= R-. -i. n.,i, 

5,1-15 

175.2 
=0,219 ,,,r3, 

f:"i.'lnL1.nLJ b'be' d .. i. = 6 .JJ, f .. i. = 0,283 uJ21 

U1nnL'fnLJ '11.e (3.63) "l.,,,IJ.,,'bc. 

185· 2·0,283 2-0,68 ·25 
---'---= 6,6 U'l/w. uJ< = u 4 u 

= 8,5 U'fl,,, . ,,,r, 
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(3.-'f3) "!."'/" Ul'bf!. tf> f'Ul1111f'"'l'1"'>' /l'n'l'b'11n<J [UIJ'bUl+_Ul'b J.n'llirf> rnr"'""''lf>>I!. 'btrLr 

j,f!' dw\.=6 JJ, (3.53 ) f'1U'b111J.£.f>9 nrn2nLJ '1'i.e U /!"'Jl/!.' 

4R. •.• 1. n.1. f ... 
u~ 

4-175 · 2 ·0,283 ,,,,, = = 11,7 
2·0,68 ·25 

f:i.'ln• 'bn<J li'i.e' u - 10 uJ, 

~"'2"-"'1'11.I!. "-"'r"l" t "-UIUIUlf',,l ';,,,,£. "'IL c1tP,,,se11 1.1 

Op~Gw~ 3.10. Sr</."'> t' '1r+_wppliurn'b'1 in111</.r"'1f>1t r.111ur</.,,,>e/> r.'1>..,'b , nrf> 1."'
fbr'b b'b' b=12 ,,,,, h=30 ,,,, (ho=27 uJ) , b."=:?5 uJ £. h . '==8 ,,,,, ""'2"-"'l'"-"''"'j, 
[Ul/'f,w+_Ul'b nLJf!. f,/,'j,Ulf'IU'j," /,'ff'nLJ' Q==80 +_l.1 >111'flf' p'1Lnn'fl U 200 JU1r+.1111f> • ffipl = 
= 0,9 (R.,r =0,9. 9,0= 8,1 U'f,,,,R ~.,,,.0,9.0,75=<J,68 U'f,,,)1 r.'1>,,,'bc "'"l'"''bw</.nr-

1"'> t lir+_nL /,,..,,,+.s,,,> r,..,l'p "-"'r+.Ulu'blsrn<J, l..,1<;,,,,+_,,,'b J.n11bl'I!. Bp-1 '1111uf> '11. £. 

/u"'f'""'""'> /,'j, ub'IJ<Jw> ""'lnLJ ( 06 1 R, ....... = 290 U•w )• 
flJ,,,f,,,,'b£.JnLJ t nf'n2/,l l"'/'bUl+_Ul'b J.n'IJ,l'f> ,,,'i,f,f',,,JJ,2"' j!Ul/lf!. £. rnf'U1Jw'lf>>c' 

£1'11! r.uun<J.,,>e'i.'1rf> ,,,Jf'nLPJnL'b'b !!.""' l"'l'f,..,+_,,,'b nLJf> "'"l."'r.n<JltLn• r,,,,,r,,,l'' 

~"' 2</.,,,l'11.• y,,.nL'fnul '11.e ( 3.41) "l...,IJ,.,';,I!.' 

"'J"f>"i.i!."i.' Pbe r.u11n<Jw>e-,,lzrf> wJrnLPJnL"i.f!. !!.""' 'lll-"'<Jnr uli'lJn'l 1wrnLJ1.lzr~ 

"'"'l"'r.n<J<J111> t• 
IJ"'nL'fnLJ '11.e (3 .42) UJ."'1J111'i.c' 

(3.42) "l."'IJ.,,"i.c pw<J.urwr-1."'> 1t. r,J,,,,£.,,,p•r .. 1tr.r,,,J'12"' t +_ ... ,,,.l'/,l fllte r,,,,.,_ 

-J.w>e "i.lzrf> ""'2.Jwr+. f!.UUI [Ul/'j,Ul+_Ul'f. nLJf>t 

(25-12)8 
k,,.=0,75 =0,24<0,5· 

' 12°27 

f:,,... ( 3.66 ) -/> nrn2nLJ /,'j,j! [Ul/'j,Ul+_Ul't, J.n'J/, f'f> p nL/lUIU1f'/zlf> wJ/,1,.,,rflt> 

ew11 c' 
0,75 ·2·0,68- 12-272 

u.r-". = - 11,2 ,,,/, 
800 

f!.'j,'l RL'bnuf li'be' U = 10 uJ < llJ"•4'!• = 11,2 uJ t 

l!'il 



ll!ll 
,"i111,mplm1n ( ll''t) il11,'1 p-.ub-,u"'ll 1; J m 1' "& m? 

1"i111,1ul/J-1uJu/.mnm£ mJ11, 'I "iln'IJ,,;mp i/ilfm/.urm'J i/11,mJ1•m 

fm/.il'liJ •"i/1/mil 'I "ilfi/bmpmJ11n i/11,mJpm 11,m;m11,lml l'l"&uJu -'; p-ruFl,,,m'Jmfb 

10gj>=D ,'/li/r i/ilB11,mum i/11,mf'l'J 'I i/J'lbur fmp<l'liJ 

"i111,-.ul;11,m •(mftJl !Jl~= 'l•"•li) '1nm£ JI·V ,J,,r.ur fm/.il'ld •(mfbJl !JU= 'l"'"-B) 
'1nm£ 1-V ,{3-='l"'U} J'111,J-.u11,m b-.ury;J'I •(mfb.fl 8'0=0'1·6'o=fB 'm(J,.fl ;;';;1= 

=c
1
Cl'6

1
0=Jr..H 

1
6'0= I"w) '11m;Jmp. OOC 11. 11,uur'IJ J11,mf '(pn fg=0tj) pn 09=4 

I pn g~=q ,"iJJ,,fm1, i/ilfm7'urm'J 11,m;m11,fml i/11,mf'l'J I ( ,(,l'C •;11,) "iJJ-,uf1n.-; i/J,,p-ru 

11,m;m11,lml 11,i/lm;Jm7'"&m'J i/11,mf'l'J '111,uur'IJdm;J'I ,.-; fm7'JS Tl 'll qm!)~dO 

IJ'lU7'61Jm:,mln 'Jl/7 JqL 

-u'f fmpilqd ]iu~JmpZm:, mlnm '0~" "'l"'Q-Q JJq Ju '~ urfm!t'J,,YJ 

(?:ft ·c) 

I•... DU!S 'l•"•H 
"·'l·o-t~r · -c ·

11
d 

DU!s 'l•"•li = i ·ad 
... "l·o-to 

DU!S "l"'""'H 
"""l"'Q-[O = I ·d d 

,l/-( Z9'B} mnil lqJmmm~ il~Jmplm:, 11 ( 9 l' B ·~q n ,qm} 

ilp1u 'Jm~m'Jfml Lu'Jmn/nmmmlnmJ'mj 'Jl/m'l~m'JJb~n l/iffmpmm:, il'lfJ Jup 

-mbqmmp Jml'm!-l/JqLu'f fmpt'lf!/ Mm lqfJGJqp ~ ilm11ln p7u 'Jm~m'JTml 

n11lnJu nl/111luJu iln'IJ'l~ml' l/ilfmpmm:, l/J11Lu'f fm7'il'lfJ J'7UIJ1UfdlUtlJm:, 

!f71Ju JmJm11m117 1ilmq,, "huqmn/nmmmlnmJ'mj 'Jl/Jbq l/1Jmtimq9:, Jmrm:, 

l/J'l"hu'f fmpil'fd J'7UIJ7ufd.,udJm:, 1Jl/6mum ~nl/ 
1
ilm11~ "hu'Jmn/nmmmlnmr 

-m:, ql/Jfmf LupfJmb J'7Umuh fmf"'f ifJq"hu'f fmpilqd J'lU1JlUfeJ1UeJJm:

l.iJun/m'J ~ J'7upJmJ'mj iJJbl/~n l/ilfmpmm:, if'lt/ Jupmb'Jmmp Jml'm!-l/JqL 

-u'f fmpil11d J'7UIJ7ufd1udJm:, l/I' 'JI/I'm qmfd.,uJm~J'I ifJJmm mn;J 

JllUJlnqh ~mfd1ufm\ 

-um ~~m.iJlm ~mrJqd •p1u.1.imm ilp1nnlZmdmb ( !9'C) 
DU!S 'l•""'H = dd 

' ... 'l·o-o 
-qm ~.1q•JJ~mrmm9 nd ~~fmq.imrZm7 '91"& ·Ji'\ 

'II 'II '!J 

,if'!,m'!.mmn~ Gt/11, 

-wT .p}wmT m')mmJm { 09'G} 

1i1Jd'u.J1 

-m'!.'IJ'm Ju/11n'Jm'!.') l/'!.l/1,, il'!, 

-wT .p}w~m '!.wLuJ~ '/if fm/twm':i 

tjntjln-£1m Ju •:; mlm')'!.~'fl. 

( 09 •g} 

IDU!Sl'id>t"'··~+ ""'l"'Q~ 0 

ts1 
,il'Jm'Jmurn~ '(9l'G ·~'J} 'Ji/JqLu'f fm7'ilqeJ J'lU1J1uTeJ1ueJJm:, hi' 

ljfmi/I' ~ J'lUurm:, ililfm7'urm:, ilqeJ fm7'luJu Gi/urq~mnqur i/il'Jmurmn/lm 

"hqurm/'mj i/'JuurqJ fm7'1'Lqn 11 i/'JmJl'm 1Jm~m1Jfml Ju '7'u191J1Ub1J;J 

17'unm'JmJ ( f;f;'G} I'm~ ( Z!:'G} ~ J'"u7'luJu 11 'J'7ui/lnqb i/JqJ 
-Jmur fm7'Ju7'm'JmJl'm 7'uJq'JJ7u'Jm 1Jfmi/1' Ju l'Jl/ '~ 'J'Jf7U'J J'luillnqb nfm 

J 
il-" "'I"'~ iJilnpJm nf-,uhmbm7''J 1Jmf..l7uurFm:,murJm + :>'l•b u , 1 ·~ a toqqrlit>i 

(B!t'c) 
J 

1Du1sl'f.r 'I"' ·-u ~ + +:>'l"'b::Sj\,. · .:i G ~ tOqqrHt>i V 

•7'uilnqur lmT11urq:, 1qJh ~ i/1qJm~ 
1
i1-( 6G'G} ,illJml'Fmln IJmfg 

-lUJ I'm i/Jq1Jilfm7'urm:, ilqt/ '1'111illnqb 'Jmf dlUf m~um i/JqLu'f fm7'ilqg 11 

i/JqlJJlU'Jm 'ilJq'JIJlUft/lUurTm:,murJm (lt'G} 11 (6G'B} 7'u1qfJubmurbo 

IJ'lUJlf'J'Jmfqj i/lqbn/'Jm 
-'fii/lu'Jul' nqlnm1q7'mvm 'J'7Uillnqb IJml'umJi/~ i/Jq'Jnm~Jm~ fm7'muF:, 

IJfml/I' ~ J'lU7'Jmurm~ J'lUJu7'm'JmJl'm l/ni/lnbFYJ :qq fl/I' i1Jqp7u qm~ 
-m'JTml LufJuh J'lUG'JuJu 'i1Jq1Jilfm7'urm:, ilqt/ qf m l/JJmur 11/'JGm"hqplU 

7'ulnJq~ ll/G.,uGmJ1 J'lUIJl/1 ~ urlqpmJ:,qm JJq '1'7uillnqb IJfm JJ'mnml' 

fl/I' J'lU7'JbmLqur 'JI/ JqLu'f fmpifqt/ ql/nmif I' urq:, if Jq'JJ.,u'Jm J'7uJqJJmur 

,"hurvo. :ddmui .vmJaduJamnmdpm Jaudqhu2 qm]litqel 11 }ludq9d1unn 

--.ulg-.uJpm 
1 '1£>-ru 11,m;m11,lml fn>/.J.,. uin"il i111, 

'1J'1'1,ilfm/.111m'J il'ld -'i pw/.u'Jm1nm "il11,mJpm 11,1n;m11,lm1 fm/.J,,,y 

tpn/'1,. 90'.;=pn•m(J,Jl 90'g t 
i";J ·s9'o(ti-; 'o+J)(; < rn/1. t. llJJ='l•b 

(.1wc) t 
qrH( 7'G>j+J)t>j <:;'l"'b 

,"il11,mplm1n (.ec·e) il11,'I p-.ul.-.uurfl 

OJ 
•rn/'1,. t.lln=mtt.ll t.1i•n = 96J'o·io;·om 

n 
--------= '!"'b .... J .... u "!•·-~ 

• •JmJm'l"''l'J 'zpn 96J'O=.,"'J '1-de 90 ,il11,'I p-.u't-ru£11,"il 

'zrn t.SJ'O = i";·06i"; -., .. u ., •.• H 
OJ ·98'0l -n .,.b "l"'J 

,il'l,'I p-ru"&uJ,, '1-( 9rc) 111n;, 



QI=320 tt <0,35 R"'rbh0 = 
== 0,35 . 12,2 . 25 . 54 == 
= 5765U•111. uJ2 = 576,5 tt. 
fllte li111u .. /111lte"i.ltl'I! ,,,Jl'nLp 1nL"i.f!. 

f!.Ullll 'llfu•u/nl' . ult'lJn'l [lll['nLJ

"i.ltl'/! "'"l1111i111_1_111/t t• 
U"'nL'fnLJ It";,/! (3.42) "l"'J

J111"i.e.' 

QI== 320 tt> kIR ~bh0 = 

=0,6 0,9-25·54= 729U•111.u"2= 

==72,9 tt• 
'L~. 3.17. Or~liw~ 3.11-~ liwdwr (3.42) "l1111J 111"he. pw1_111-

l'111l'iJ.111lt i~· •1t,,.£111pu.l', 111"hli['111-

Jlt2111 t tu.,n111l'ltl pit I! li111U1-

iJ.111ltl!"i.ltp/! ,,.J['nLp/111"i. 11111n<7nLJ f!."1111 (3.56) "l.111JJ111"j,/!1 • 

(3.66) p111"i.111d.£n1 nl'n:_nLJ lt"i.I! L1111"h111t111"i. d.n'l.ltl'/! wJlt"i.,,.Jlilt l!lllllf!.' 

f:1.'lnL"hnLJ 1t1.e' d.i.=9 JJ (f.i.=0,636 11J2) 1 

(3.46) pw1.wd.£n1_ n['n:_nLJ '11.e' 

U=20 ,.J, 

Q•io= 
u 

175·2·0,636 
- 20 . 11,13 .u ..... ,,J ==1113 t / ,,J, 

lilt 111£ 111p 111[' "llt"'I! t nLJlt'l11191.'1l w1.nLl'1.ltl'I!. twJ u1lt'l111'll'/,l PlieiJ.wlt d.n'l/,l'' 

fil-lieiJ.wlt- d.n'l/;l'/! li1111111_111lte/! J111t'1l'ltue. nl'n:_nLJ lt"i.e (3.62) p 111"i.111 d.£.n1_• 

U.n111 f/!1. i;,,.l'p nLp 1nL1.nLJ pit et/.111 It d.n'll.l'/! li111utiJ.wlte/! J 111tlt l'lt"I!. +t/!"h/!' 
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QI-0-i.... 3200 - 2417 2 
Fp1= - = 5,15 uJ, 

R .... i. sina 215 · 0,707 

J:"znl"L'bnLJ lt"he' 20~8A-11, Fpi = 5,09 ,,J2, 

U.nwf/!"i. li111l'pnLp 1nL1.nLJ pit eiJ.111lt- d.n'llt i'/! iJ.ltpl./! It"' Ji'/! li'1niMiJ.nl'nLp 1nL1.f. 

~b'bwl'w"i./! b'll'/!9, e.1.'lnL'l.nLJ lt"i.e 5 uJ J. npn:_nLJ 1111'1 d.n'll.l'/! "i.bpel./! ltw11'/!'l. 

~..,J..,"lwur111u/uw'f.n'l L1111"h111tw1. nLJf!. (1.t. 3 .11 )' 

OI 320 
02-= -(320-5-50)=- 265=265 tt• 

320 320 

· bl'tl'nl''l li111l'pnLp JnL"hnLJ Pltei/_111/t d.n'lltl'/! li111llfi/_wlt1!/! "l"'li1111.fiJ.n'l J111tltl'ltul!. 

+LI .. ""!!' 
F Q 2-Q.i. . .- 2650-2417 

/1 2= R .... io sina - 215-0,707 
1,53° ,,J2 , 

f;j,'lnL"hnLJ lt1.e' 1014A-II, Fp 2 ==1,54 11J21 

l/.nwf/!"i. £. ltl'tl'nl''l li111l'pnLPJnL1."hltpnul PlteiJ.wlt d.n'lltl'/! Jl!fl. lt'l111/t liltn1111_n

l'nLPJnL1.f!. "lit"'/! t i/!"i./! "i 111iJ.ltL/!• e1111. u11111191_nLJ t (3.66).:'-;_w"i.wd.l.niJ.' 

0,75·2·0,9·25.542 == = 37 ,,,,, 
2650 

f:"i.'lnL1.nLJ lr1.e' u2 == 30 uJ1 

bl'tl'"l''l li111l'p nLp 1nL1.nLJ PlteiJ.wlt d.n'lli ['/! 1.ltl'l!J./! ltw11'/!1. i;..,J..,"l..,.,,..,,,,...,_ 

"i.n'l ,..,1-;,..,+..,1, nLJf!. tu/!"h/!' 

QI 32~ 
Q3=- (320-5-50-30-50)=-·185 = 185 tt• 

320 320 

U.G,upGhp]I llJl!h h ph~l[mi iin11.hp]I llJl!h mllhGmllhi pn1um~plq)1 

filinwl[npmp3n1GG ]!UU1 fiw2l[wplf]I: U.finLpflbpp wJbfiwJU ..;bltwtf.npnL-. 

fi!JnLfi[! JfiJJwfi9p9 npnztf.mJ t WJfi "l"'JJwfip9, np fipwfi9 Jfttk inwptf.w~ 

9wfi~ui9w~ pbl! "wuitf.w~l!nLJ JpwJfi pbinnfi[! ~wpn'lwfiw tf.bp9Ul Ultf.btft 

Jb~ . LWJfiW~Wfi -G.ft11, l!wfi Lnt/.JWL ""'Ul"-Ul~l!nLJ . q.np~n'l "wztf.wp~U1Jpfi 
1w1fiw~wfi nLdfi t, w1uftfil!fi Uf.bLnl! t "'Uf."'"ntf.bl "binUJWL Uf.WJJw&[!• 

Q~Q .. (3.63) 
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(3.6.J) 

IJ.1uurb'lfr9 .\burL.nLJ (-, np .\bnwi(_npnLPJnLLf!. wLmpLhpfr Jfrt.L. ,Ufhur11 

t LfrLfi ni. wi(_hlfr, pwL (3.64) wpurw.\w1urnLfilJmLfrg npn.zi(_nq JhdmPJnL'L{!' 

(9.65) 

1.wJwJ.wJL LnpJwLbpfr, f!.L'lntLhlni/. npnz Ufwzwp, w'LnLpLbpfr 'wJh
LwJhd l!"'Jlf i(_hpgi(_nLJ f 

(3.66) 

frLi.Ufbu "'!''lhL q.frinhLp, wLnLpLbpfo .\hnwi(_npnt/1JnL'Lf!. U/hurp t pw
i(_wpwpfr LwL. ftnLuurpnLfturfri/. UfUJ{wLp_Lbpf!.t 

\.~. 3. IS. Ii-hf liw1m[mcH~ 'lfirfl', l'um nr~ 
nrnzi[nul ~ wlintrlihr)a dJatL. wdhliwdU 

lihnwi[nrn1p1ntG.~ 

f;l'bblni/ (9.69) "i"'JJ'w-

'bfr91 fr'bz. nr w"i111i_p'bhpfr 'fb"i

.[!nL,/ tr1 npnzi[m,/ t &_ filb./J°" 

r[wd anqbpfr J'fr!_'- f.bnwi[npnL-

[il JnL'b /!• f.burl. wpwp1 fJbJJif wJ

an'f.bpfr .tfr2'- wJ'b'iiwJM f.h-

nUli[n pni_[il 1nii. I! r.Ulzi/ w rfti[ni_J 
I; "iln._l'j, (3.66) pU1'iiU1aLLni[1. 

l,wziJUlrfti. "'J'f pU1'bwa1Lni[ 

ftwurU1pi[nL,/ f w1'b [Jb.[! f.U1ur

i[wd.[!'bbpfr'b f.w.twUfU1U1U1ufuw-

'bn'l [U1J'bwftU1'b ,,._Jhpfr urU1ft1 

f!UU1 npn'b9 ftwurU1pi[wd t 
111'bn._ptlrrfr ftw,/ [illr.[!i[wJ d.n'lhrfr f.wzqwpftf! ('bft. 3,18): 

cl>ntlin)uwlfwG pwpipnq&1wG mwpphpfl fiw21(w11lfl!: IJ.f''IJnLLwphpw-

ftUJb zfrLwpwpntfJJnLLnw 'l'l-"'LP ftfopwnntfJJnLL mLbL {wi(_w11ni/.fi bpftwfil

phurn'Lh JJtwfJnfri.p wqwur -\bf11/_wd { hdwLLbpf!., npn'L9 pwpd.pmPJnLLf! 

JnJbLurp Jbdw9JwLf!. qnLq.f!.Lfilwg w&ntJ f i(_hpL.fr ftwJ LhppL.ft Lfruurfr 

pbpJwL Jfrt_n9ni(_1 

U. J'IUf pu /r urwppbpfr flbp { w uri(_ wdpLbpfr wJ pnLp JWL { wzi(_ wpftf! LntJLL 

t, frLi. n!' {wuurwurntL {wuri(_wdpfr urwppbpfrL f {wzi/.fi wnwd {bdwL/r 

pwpd.pn•P JWL t/rntfrn /un•P Jn LL[! php {wuri(_w,).pp uw{J wLLhpntJt 
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w) Ub'lJi{_wd .\npfrqn'Lwftw'L L. l.q.i(_wd filbl! 'L{ruurhpni(_ .\UwL (L". 
3.19). 

11puib'l M-1! &. ~-l!f.w,fwUfw
urwufuw'bwpwp bnn'l ,/n

,fb'bur'b t &. 'bbpJJfr'b ni_

Jw'Ln'-J'lfr pw'Lmftl!' [ilb.[! 
::.w111.Jw.i-.1Jfr u/r'f.,fi[wd 'ln-

/r ~ 
UlllL -6.fr'lb r/r f.w,f "''Ln r/r " -
pwnJw"il ftburni[ 111'b9'bn'l 

"'-'f.'f. wafr'f f.wuri[ wt} .[!nL,/ I 

Q -L npnzi(_nLJ t (3.40) 
I' 

pwLwd.L.ni(_' f!.L'lnL'Lhtni/. ho-L 
php .\wuri(_wJpfr uft'l.pLw

,)wJpfrL .\wJwU/wurwufuw

Ln'l wzfuwurwLpw1frL pwpl.

pnLpJnLLf!.t ULw9wd 'Lzw

LwftnLJLbpf!. Lm1LL b'L, fr Li. 
np ~wuurwurnLL .\wuri(_wdpfr 

(3.67) 

\,~. 3.19. rl~lfhr~ u!ubdwli ub'ldi[wb &nr)aq;,liw
~wli L. Aqi[wb phf G.~umni[ wqwm lihlii[w~ 

lihbwG.)a pb f &wmi[wbfntd' lirw wdrn•pJnlG.~ 

l'um lwJliw~wli nuJ~ liwzil.wr~htltu 

urwppft 'lbUfpnLJ L. phpi{_wd bL Lft. 3.19-nLJt 

i./,urwLq.wi(_np pbl! .\wuri(_wdpfr Ufpn1bftgfrw1Jt bpftwpnLfJJnLLf!. npnz
i{_nLJ t (3.5,1) pwLwJ.L.ni(_, f!.L'lnLLhtni/. ho-L fib/! ~wuri(_w<t11fr uftqp'LwdwJ

pfrL .\wJwUfwurwufuw'Ln'l wzfuwurwLpwJfrL pwpl.pmpJnLLf!.1 

p) Uh'lJi(_wd fJbp L. d.q.i(_wd .\npfrqnLwftwL Lfruurni(_ nL'l'lwLftJnLL ftwt! 

uh'lJi(_wd uwlni/. urw4.JrwJfrb (bpfturw4.Jrw1frL) .\wuri(_wd11/r .\hdwLLbpfr 

1:wzi(_wpftf!. ftwurwpi(_ntJ t LnLJL pwflwl.L.hpni(_, fr'Li. np qmq.w.\bn q.nurfr

Lhpni(_ .\hdwL'LhpfrLf!., J frwJL "'J'I 'lbUfl!nLJ ho pwpd.pntfJ JnLLf!. Ufhur11 ~ 

i{_hp9Lhl fJbp .\wuri(_wd11/r i{_bpp_frL ( uh'lJi{_wd q.nurmJ i{_bpp_w9n'l) .\wJw

UfU1urw11fuwLn'l {wuri(_wd11/r .\wJwpt 

2. CUS lr8'R'l U"ntTt;\,SI> 

4fldGwlfwG fiw21(wplfw1flG pwGw&ihhp: 'Unn'l JnJb'Lurfr "''l'IJwft 
'lhUfpntJ urwppfr bpftw1Lwftw'L wnwL9pfrL fib/! -')wuri(_w,)l!fr uw-')Jw'Lw1fil. 

i(_fr&wftl! frp pLnLJPni/. 'LnLJ'L'L f frLi. np LnpJwl .\wuri(_wdpfr'Lf!t 

'bhnfrL -G.frq.hpfr ufuhJwL Phi! .\wuri(_wd11nw, WJ'L f!Uur dnn'l JnJb'L

urfr -')wzi(_wpfthtfru, 'tlfrLfr WJ'LUfbu , fr'Li.Ufhu 9nLJ9 t urpi(_wtt 'Lft. 3.20 - ntJ, 

npurhq c-'L flh.p {wuri(_wd.pfr (-G.wpfr) Uf!'"Jhft9frw1fr bpftw!'nLf/JntL'L t 
urwppfr hpftw1Lwftw'L wnw'L91/r i/.pwt 
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fl'hp <wu11/_wt)pLhpfr <wzqwp~fr <wJwp npUfhu <wzqwp~w1frL !n-

JhLur qhp91/_nLJ t WJ'I <wurqwt)pp9 Jh~ ~n'LJ qurLqn'l wpurwpfrL phn

'L~. 3.20. ~JaqbrJa ufubdaar. bnij_n'l mwrrJa pbf 
liwmij_wbfnul' lirw wdrn<pJntlil' 11um bnn'l 

unubli111Ja liwzij_wr~bJ}u 

'iieif_wt},e'blspfr J'nJ'b'iiure 'iipw 

uls'LJ'i[_wt) "lnurnL -6.fr"flspfr 

t:.wJ' "''l.n rfr l/.frrwml w'b l/.ls
urnif. w'b9'bn'l_ /.,_ t},.J'w'b 

'>wp(ilnL[ilJw'ii'b nL'l_'lw'>wJw9 

wn.w'by,e/r 'iiJiwurJwJp1 

Swpwtti[_wtt 111s"i,els-

pmJ, lspp plsn.'bif.wtt,ee 'ifr

pwn.if_wtt t urwrrfr if.lsp£fr 

'bfruurfr if.rw, fruJi -6.w,ee eu-

1/.eui/_nLJ' t 'blsp.IJl..fr 'bfru

urfr9, fib~ '>wuri/_wtt,efr '>w
J wp np"flsu '>wzif.wpJiwJfr'b 

JnJb'bur if.lsp91,nLJ t ub'lJ

i/_wtt qnurnL -6.fr"flspfr t:.wJw

'l.nrfr 'ifrrwn.Jw'b Jilsurnif. 
1111 wpi[_wt) 'iinpJ'w1 '>wuri/_wtt,enLJ' 61:npt)n'l ttn.n'l JnJls'iiure ('iiJi. 3.21)1 

t.~. 3.21. .lmzij_wr~wJJali Jnublimfa I. llDJliw~wli 
nuJJa Drnzuwli ufubuwli pbf Jiwmij_wbfJa WUrDL

PJDlli[I 11um bnn'l unubf.mJa liwzij_wr~btJtu 

fil'ls,e '>wuri/_wtt,enLJ' 61:nr

ttn'l t)n.n'l JnJ'ls'bure '>wJ'wurls'l 

frpls'b9 if.rw Js'j, if.bp9'bmJ 

uls'lJif.wtt qn",,,fr';, /.,_ flls,e -6.w

$/! t>wurn'l lspJiwJ'bwJiw'b, LWJ• 

'j,Ul~Ul'j, nL (il/s,ei/_wt} an'lJsrf!• 

npn'b9 L"'rnule 

R- '>wzif.wpJiw1fr'il 

'>wif.wuwp t 
11/rJ w11rnL-

filJUl'j,[!I f:uur npnLif e'il11nLfl![nLJ' 

t. nr fills.e '>wurif.wtt,ee t:.wurn'l 

wJ' pwfl'j, UI zfuwurmJ' t J' frw J'j, 

a"fJ Ul'j, ( UI J'j, 1/r 11frJ' w11pnLJ' 

Jn.Jw'b I.. l/.urpJw'il )1 

2.wJwJ.wJL <wztf.wp~wJ/rL uw<JwLw1frL 4.fr-G.w~flbpfr Jhfih111-fr, fJhl! 

~wurqw,;./!P wJpnL/JJnLLfl f!Uur t)nn'l JnJbLurft ~LfrL/r. WUfw<nqqw,;., bph 

.Jnn'l JnJbLurf! wpurwpfrfl <wzqwp"wJfrL phnLqw.;.j!Lbpfr9, {Jbp <wur-
4_w.;.pfr uh'LJqw,;. qnurnL -G.frqhpfr <wJw'f..npfr "ppwnJwL ~hurnl/_ wL9Ln'l 

11. JnJ wL <wp{JnL{J JWL[! nL'l'lw<w !"'9 wnwJ,,9pfr J,,"wurJ wJp LfrJ,,fr ni. wl/_hlfr' 
1~ . 

WJ'I <wurt/_wt)/!f! <wurn'l wJpwLfr uw<JwLw1frL -G.frqfr JnJhflurp9 LnLJf, 

wnwL9pfr L~wurJwJp (L~. 3.20), w1ufrLpfl' 

M::::;;;, R.F.z + ER.F.i.Z.i. + ER.FpZpt (3.68) 

fl'hpl/_wtt J.n'fbp i_nLLh9n'l urwppbpfr <wJwp (3.68 )-fr i/infuwphfl uurw9-

t/_nLJ (- <hurb.J'wl wpurw<wJurnLPJnLfl[!• 

(3.69) 

(3.70; 

(3.71) 

<hurb.wpwp, (3.68) b. (3.69) wpurw<w1urntPJnLflfJhpf! <wJwUfwurwufuw

Lwpwp ~LfrLhL' 

(3.72) 

c2 
M-s;: R-F- z+ Q-i..w 2' (3.73) 

U.1uurh'l <wzqw!'~/r Uf"'!''lh9JwL Lutwurw"nl/_ <wzqft i./r wnLqmJ' 

w1L <wLqwJwL/!f!• np uw<JwLw1/rfl 4.fr-G.w"nLJ uh'LJl/_wt} qnurnLfl Jnur 

11urLl/_n~ wflnLpLhpp b. {Jhj!qw,;. J.n'lhpp [WpnLJLhp[! .finj!p bL url/_Jwl Ufn'l-

U[Wurp R. <wzqwp~w1/rfl '1frJw'1pnLPJntflp91 '1-w <JrJflwt[npl/_nLJ t Lpw

Lnq, np WJL wflnLpLhp[! b. phpqwt} J.n'lhPf!• npnfl/! php[wpqwt} hfl, nLLbfl 

<wJbJµJurwpwp .fin/!!' pw'l_nL" (,Pnj!p · <hnwl/_npnLPJntL uh'lJqwt} qnurnL 

-G.fr114p/r <wJw'l_npfr "frpwnJwL "burfr9) b., <hurb.wpwp, (3.68) b. (3.69) 
pwLuiJ.b.hpnl/_ b. ,Pwuurw9fr lwpJwJp <wzqwpHw,;. Lbpp/rfl JnJhLurLhpfr 

Jft1.b. urwpphpnLflJnLL[! .finj!p t• . 
· Ufrb.LnLJL ~hurfr9 u~utf.n'l php <wurtf.w.;.pLh!'fr9 tf.urwLqwtf.npf! "LfrL/r 

w1L 1 npfr <wJwp fihppfrL b. wpurwl!frL JnJhflurLhpfr urwpphpnLPJntfl[!· 

"lftLfr wJhLw.finl!Pf!' fl'hp <wurqwt)pfr k urwppfr hp"w1flw"wL wnwL9/!fr 

Jft1.k ""''lJqw,;. wL~1wL ,Pn,PnfuJwL[! 'l_ntq(!flpw9 k' wpurwp/rfl k' Lhp

j!pL JnJhLurLbp[! ,Pn,Pn/uqntJ hL, uw~wJL ni. flnLJL opfrflwi_w.finiP1wJp1 

15~ 



.t:bmhwpwp, ufaM.inLJb lthmfa9 ultui/.n'l fJh.p .\wmif_w,).pfibpfa .\wuwp WJ'I 

.1.nwpphpntfJJntbb ppn.p lttfa'bfa ifinifinfuwltw'b ('bit• 3.22 )t 

IJ.Ju"fpuni/_, .\wumwmntb pwpd.pntfJJwb mwppp lfhUf.pntU (!Um ,)nn'l 

Jnub'bmfa i/_mwbqwi/_np fJh.p .\wmif_w,)pfa IJPf'l!I! npnzhtnt .\wuwp "lhmp I; 
qm'bht 

~] 
~-] 

u~. 3.22. (!um bn.nq_ dnJhtm~ wdb&witmwliqwil.nr 
pbf 6wmil.wbf~ 'l~rf~ nrn2dwli u(ubdwli 

(3.74) 

wpmwt.w 1mnt{d jwil ilif.w'lw

'fnLJil wpJb.[!(! (euur UllUr
r/r br1i"'r"LP1-i1J' 

d -IM- (R .. F .. z + 
dx 

+ER .. f .. -;.z .. "+ER .. F 11z11) ]= 
=01 (3.75) 

'tltwmp nt.'bh'bwtni/_ {'bit• 

8.22 ), np' 

dM -=Q, 
dx 

(3.76) 

ntumfr qmwbqwi/_np flb.p .\wmqwtlpfr t:'u.iilwp ltumw'bwLp .\hlf'b.JWL "fWJ

Jwfi(!' 

Q ,,.,._~R .. F." + E R .. F11 sin a, (3.77) 

Q= E R .. F .. i.' (3. 78) 

f!um (3 .'l'l )-fr b. (3.'18 )-fr qmwbqwqnp fl hp .\wmqwfl.p(! lttfr'bfr WJfi, 

npfr 11h"fpntJ ,)nn'l JnJh'bmfrJi .\wJw"lwmwufuwJin'l lwJfiwltwfi nLJ(! .\w

l[wuwp I; WJlf flh.p .\wmi/_w,)p(! t;wmn'l l"'Jfiwltwfi wJpwfifr uw\Jwfiw1/rfi 

b. p 'lP fn 
t/,mwfiqwqnp fJhp .\wmqwtl.pfr Ufpn1hlt9frw1fr hpltwpntfJJntfi(! mwppfr 

hpltw1fiwltw'b wnw1i9pfr i/_pw ltwphtfr I; npnzhl .\hmb.Jwl lthf'Uf• .\wzi/_wp

ltwJfrb LWJbwltwfi Q ntJ(! wpmwt;w11nh1ip fJh.p .\wmqwtl.pfr ultC[_pfrf, .\w

Jw"lwmwufuw1in'l Q1 .\w11111ifr l"'Jfiwltwfi n1_Jfr Jfr1n9nq (Jilt. 3.21 )' 
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LWJbwltw'b wupwbp i/_hp9pw,) Sfa'l:I! wpmw.\w1mh'bp .\wi/_wuwpwi_wl{r 

pwzfuif_w,) Sfaqfa ufa1.n9nq_' 

Q h ~R .. F .. -;. JUntfJJnLbbbpfa umw9i/_w,) wpJhpfihp(! mb'lw11ph'bp (3.'l'l) 

h. (3.'18) pw'bwd.hhpfa uh1• 

C= 01-Pi 
p+q .. -;..W 

(3.81) 

(3.82) 

l.wumwmnLb .\wmi/_w,)pp, fa'bl"lhu h l{rnifinfuwltw'b pwpd.pntfJJwb 

urwpphpp flh.p .\wm.i/_w,).p(! (!UUI ,)nn'l unuhfimp lttpbp w1(_htp i/_mwbqwi/_np, 

11w'b "'J11 .\wmqw,)pfa uh'lui/_w,) qnmnL Sfaqhpfa .\wuwl[_npfa "'"-11Jw'b lth

mnq wbgbn'l bnpJwl .\wmi/_w,)p(!, WJb 11b"fpn1_J, hpp flhp .\wmi/_w,)p(! 

.\wmn'l wJpn'l1. d.qif_w,) wJpwb(! uw.\JwbwJpb "-faSwltntJ pp i/_pw I; 

qhpgbntJ wi/_htfa ifinpp Sfaq, .pwb bnpJwl .\wmi/_w,)p(! .\wmn'l bpltw1'bw

ltw'b d.qi/_w,) wupwb(!t '1-w .\bwpwi/_np /; .\bmhJ"'l lfh"fphpntJ. 

w) bpp (!UUI bnpJwl .\wmi/_w,).pp .\wzqwplti/_w,) hpltw1fiwltw'b d.q.if_w,) 

wJpwb(! fJnfawwJpb JwumJ wumfaSw'bwpwp (!blf.\wmqntJ I; ( wJpwbp 

t;wmi/_w,).pfr Jwlthphul! ifin.ppw9qntJ !;)' hpltw1'bwltw'b d.qqw,) wJpwbp 

f!blf.\ wmJw'b qnmntJ t 

p) bpp bpltwjfiwltw'b wzfuwmn'l d.n'lhpfr Jfr UIUU(! t;h'bwpw'bfr Jnm 

{Jbpi/_ntJ f hpltw1'bwltw'b d.qif_w,) wJpwbp fJb.pJw'b qnmnult 

q.) bpp mwpp(! b'l.PwJfrb t;h'bwpwfintJ Wl[_WUl t;hfiqntJ I;' "'J11 t;h'but

pwbntJ hpltw1'bwltw'b d.qif_w,) wJpw'bfr fuwpufuJwfi qnmntJt 

11) bpp .\wmqwtlpfr pwpd.pntfJJntb(! ltmpntlt ifinifinfuqn1_J I;' WJlf l{rn • 

l{rnfuJw'b Zf'twltw1.pntUt 

lffiw9w,) lfhUfphpntJ Jfrzm flhp .\wmi/_wtlpfr wJpntPJntfifi (!UUl ,)nmz 

JnJbfimp lttfafip pwi/_wpwp, bfJh WUfwt;nqi/_w,) I; t;wJw"lwmwufuw'b finp-

Jwl .\wmqwtl.pfrbf, .\hmhwpwp, "'Jlf"lfrufr 11/;UfphpntJ fJhp .\wmqwtlpp 

.\wzqwplt(! (!UUI tlnn'l JnJb'bmfr {(!Um (3.68) ltwJ (3.69) pwfiwd.hfr} 

ltwphtfr I; lltwmwphp 

t/,hp(! 'bzif_w,) 11/;UfphpntJ, bpp UfW.\Ufwbi/_w,) bfi umnph phpif_w,) ltnfiu-
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urpnL*ur/11/_ "(UJ<wftp_ftbpf!, pbp <wurl/_wqpftbpfr wJpnLPJwft <wzi/_urp*f! 

f!UUJ qnn'l JnJbftur/r ftnLJft"fbu *"'Pblfr t z.*wurwpbf' 
bf'ltw1Gw1twG Aq.lf.w~ wdf'wGfl nG1J.fiwumuln UIWJ'f'fl pnfli:J!nul: l>Lz.

"fbu "'!''lbft q.frurbftp, bp*wi&w*w& d.q.i/_wq wJpwft/r .\wurl/_wqpfr Jw*li

pbuf! npnzi/_mJ t f!UU1 wJb&wJbq qnn'l JnJbfturjr' LnpJwl .\wurl/_wqpfr 

wJpnLPJwft UfWJJw&fr91 U.Jpwft/r urfturbuJwft L"(UJUJw*ni/_, btflhtni/_ Jnn'( 

JnJbfturftbpfr t"fJ"LP/r9 L. LnpJwl .\w1111/_wJpftlipfr wJpnLPJwft "f"'JJw'iifrg, 

ft"fwurw*w.\wpJwp t [!UUJ wJbftwJbq JnJb&urfr .\wzl/_wp*l/_wq bp*wi&w

*wft d.q.l/_wq wJpwLfr .\wurl/_wqpfr Jw*bpbul! urwppfr pnfrz.pmJ "fw*wubg

ftbt' d.n'lbpfr wuurfr&wftw*w& l!ft'l.\wurJwf, Jfrp_ngni/_t 

U.J'l"ffrufr 'lb"fpnLJ, np"fbuqfr WIJ(w.\ni/_"-ft pbp .\wurl/_wqpftbp{t wJ

pmPJnLftf!, npnftp wzfuwurmJ bf, bp*wiftw*wft d.q.l/_wq wJpwft/r urbuw

*"'f, f!f,'l.\wurJw& * ·burni/_ urwpl/_wq LnpJwl .\wurl/_wqpnLJ q.npqn'l. M Jn-

Jb&urfrg JU JnJb&urfr "''l'lbgnLPJwfl urw*, IJ(hurp· t bp*wiflw*w& d.q.l/_w.t 

wJpwftf! urbuw*wf, f!f,'l{wurJwfl urb'lfr9 zw_rrmftw*bl nz. "fW*WU W bp

*wpnLPJwJp (&*. 3.23 )1 

/> oq.nLur pbp .\wuri/_wtl-pfr wJpnLPJwfl L. JfrwJwJwftw~ ft~wurfr nLfth

Lwlnl/_, np .\wl/_wuw!'wz.wi/i pwzfui/_wq pbn&l/_wdpf! pbp .\wurl/_wqpfr uw-:

Jw&LbpnLJ *"'P"'l. t pwgw*wJbl, W bp*wpnLPJnLL[! npnzl/_m:J I; wnw'L.g 

.\wz"-ft wnLhtnL WJ'l pbn&l/_wt}pfr wn*UJJnLPJnLL[!t 

IJ.,f pw'i. Jr urlwwfJ.w'i. l!'j,'f_ 

r.wurJw'i. 'tb111Jr9 7nLpu m111p-

4_1Utl- 9w'i.pu9wq [ilh.p r,..,.,,_ 
qwq~1L,/ 'i.hp.pfr'i. JnJb'bure 

n pnzqnLJ t filh.p t.wurq1Ut} $1! 
t.1Uurn'l. hpfJ.w1'i.w'tw'i. £. lwl'i.w

'tw'i. IU,f pw'b'j, b r/r uwr.J" Ul'j, UI 1fr"il 

f.Jr'lbrfr ,/n,/h'burnr/_1 U.1uurb'l.fr9 

r.burknLJ t, np bp'tw1'i.w'tw"il 

wJpw'i.l!. urbuwfJ.w'i. l!.r;,'fr,,.,ur

,f ,.,r;, urh'l.Jr9 "lhur.p t 2_1UpnL

'i.w'tbl 1Un.'b4_1U'l'j, ,.,,r;,.p,.,'b, nr 

IUl'f bpfi.wpnLfilJ,.,r;, 4.r,., 'll!ur

li\. 3.23. br\wJ&w\w& llqil_w~ wurw&)i e&q- 'j,l!"-"'l l,.,l';,wfi.w'i. ,.,,rr,.,'i.Jr -6.Jr.-
liwurnulp inwrr)i pll)izfn<U '1:/r JnJb'buil! r,,.,2.4.,.,r't4.n'l 

[ilb.p r,,.,urq,.,t).pJr ub'l.J4.w~ 

'lnurnL -6.Jryhpfr t.wJ,.,'lnrfr 't/rr,.,n.J,.,'j, *burni/_ ,.,'i19'i.n'l.JL tl-n.Jw'i. t.wp

[ilirL[ilJ,.,'j,'j, nLll.'l.1Ur,1UJ1U9 1Un.1U'i.9.pfr 'i.'t1UurJ,.,,fp Lfr'i.Jr ni._ "f1Uft1Uu l!'i.'f

t,ururi/_wtl- wJpw'i.Jr uwr.J,.,'bw1Jr'i. -6.fr'lfr JnJb'buifr9' 'bnLJ'j, 1Un.1U'i.9.pJ. 

'ilftwurJ ,.,,f pt 
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"purluz Qo-L d.n'l.fr l!f,'l~wurJwft urliuw~wft ftburni/_ w&g&n'l LnpJwl .\wur-

1/_wt}pnul q.nptl-n'l L"' 1Lw'twL nLJft I; 1 

d-L' l!f,'l{wuri/_n'l d.n'lfr urpwJwq.frtl-J! 1 

R. F p sina-L d.n'l.fr l!f,'l~wurJwft urbuwftw& ftburni/_ w&g&n'l Lnp

Jwl i)wuri/_wtl-pnLJ pbpi/_wt} d.n'l.bpfr · i/_bpgpwq [WJLwftw& 

nLdft ti 

:/l'hpi/_n'l d.n'lbpfr pwgw'twJnLfilJwL 'lb"fpnt.J W bp"wpnLfilJnLL[! ftnpnz"-ft 

.t:.burL.JUJL pw&wd.L.ni/_. 

W =- ---'Q""0 - + 5d1 
2q.".w 

flntnp 'lb"fpbpnLJ "(burp I; i/_bpgflbl' w;;::Wdt 

bJ11tw1GwlawG Aq.lf.wi\" wdpwGfl ph:J!nidGlipn: 

(3.84) 

.d.q.i/_mtl- wJpwLL wJpn'l.P."'"fbu ftwJ Lpw Jfr Jwu& w&Jfrp_w"fbu pbpi/_nt.J 

I; wift LnpJwl ~wuri/_wtl-pnLJ, npurb'l LPfri/. oq.urwq.npql/_nt.J I;, Ul"(UJ LnLJft 

~""'l JnJhftur/r "''l'lb9nLPJwft urwft .\wzl/_wpfti/.n'l filbp i)wurl/_wtl-pnLJ UIJ'I 

.J.n'lbPI! ftwzfuwurb& iJ.npp pwqnL*nl/_, .\burL.wpwp WJ'l pbp .\wurl/_wtl-pfr 

UJJpnLPJnLfi[! pwl/_wpwp z./r Lfr1tfr1 

U.J'l"ffru/r 'lb"fpbpfrg fum
nw,Pb.tnL .\wJwp d.n'lhpfr pb-

pnLJf! IJ(hurp I; u*ubl ftnpJwl 

.;; wurl/_wt}pfrg ( npurb'l bpftw 1ftw

lf wft d.n'lbPI! "fw.\wftp_i/_nLJ hft 

J!UU1 LUJ'l .\wurl/_wtl-pfr wJpnL

Jliwft "f~JJwft/r) WJL"ffrufr .\h

n.wl/_npnLPJwL l/_pw, np pbpl/_wt} 

.J.n'lbpfr pmqnL*f! (.\bnwl/_npnL

.fl JnLfif! -1 wzi/_ wp" UI 1/rfi LnpJ UI[ 

.\wurl/_wqpfr ub'l.Ji/_wJ- q.nurm 

&.frq.bpfr t>wJwqnpfr *frpwnJwft 

lfburpg) 1/tft/r nz. "f"'*uru "'J'l 
.J.n'lbpfr pwqnL*frg' ftnpJwl 
'> wuri/_w t}pnLJ 1 

""· 3.24. br\wJliw\wli 4'Plw~ wurw&)i pbfmup 
inwrr)i lihliwrw&)i unin 

1-1- finpJ111l '>111urt/_111~p, 2-2- php t>wurt/_111~11 
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~91 

'~ IJnqJqqmp iJd'fmpurm:, iJJnJ.,u'Jm 7iJG1uGmJ1 iJ_ l .<J"' d 

'~ 'JnqJqqmp i/d'fmpurm:, 

.JJ9buy fmpd'qiJ bu'JG'Jm pu'J1ufq1Jm 'Ji/d'Jq'J iJnmp fmpJurq 'J-d d 

'pwd'fmpurm:, 

1mpJu'J bu'JG'Jm puJbq iJnmp fmpJui~ ·~ 'Jp7u 'Jmqm'JTm1 i/-1() b9uiJu 

( 98'C} 
A\'<J"'b 

'Po1+
0
v+ ·-. =

0
Ni. ,_ "'~ ".::1-~ --

·~ p7ud'1nql.i 'Jmpurm:,l.i'Jil 

iJJqbuy fmpby 1Jmqm1JfmqJ9 pwd'liJviJ Ju 7'JiJ 'puJ'1'J'J7uTiJ1ubuurml.i IJf.,u'J 

~ pwpJmurmq ilp1ufmurJm iJ11ym1JmJ IJmpluJu 'JmfiJ.,uJmqJq Otn 

p1ujfnq{i ~.iq.i.imm liu]m{mlrntft ~1u.im~ 

~mrd1u.11z.imd mnil il.iq~Hm]tmmg nd .iu]tmL~mm]t lq]tmun ·sen: ·~'\ 

m:J 

~··::::,.._ 
~I~ 

.~Ir 

if"1ttJ v -~ ~ # n ... 

•( qz·c •9'J) JpmfiJwJmqJq n/ z nmqmln lu 11 
JpmfiJ.,uJmqJq OJ\\ nmqmln 'lu 'ilnmp buGq'J1U IJ7ufiJwJyJmJ fl/I' iJJJmur 

,nJ'l'J iJln'll.i 1qqm'JwJmZ ~ d'urqln ("' d) il'JmJpm fmpby 1Jmqm'JTmqJ'{ 

fmpJl.imbqur p1Ud'fmpurm:, iJqmyJmJ 'JmfiJ.,uJpJmJ Jd'uijr 11.ifm iJGm;; 

ipuJ911fm'JmJ (a9•g) pmq (89'G) 11 fa8·c) pmq 

( l8'G) '( 81,'G) pmq ( u:c) ~ p.,upJmurmq i/p.,ubwurn 'Jmfd_.,uJpm i/d'('mp 

-Ulm:, Mm 11 ilpwluJu iJd'JiJl.i i/d'{'mpurm:, d''liJ Jupmb'Jmut'fa 1iJur'JlfJ'UJ1 

buvf urnil ilpwbwurn 1JmfiJ1uJpm iJJq'Jd'fmpurm:, d'qiJ fmpl'J 19JmU1mq 

~ d'ur'lln 1~ puvm-,U1m1n qniJ MYJ :dpmpurmq'J iJd'G'Jmvm 1Jf7u'J ,ilur'Jqpup 

iJbiJ-, iJ'JmJpm fmpby lbudpm buurm:, ild'fmpurm:, d''liJ 'Jmd' '1t11JiJ1 f'11' 

iJ1qpm ~ buJmq Jpmpurm91J iJd'G'Jmvm bu'JG'Jm puurqq 0 IJmprumJiJq iJJub 

till 

-mpm:, iJJql11/-, 7uuiub fmppbqn i/d'fmpurm:, d'qiJ UU11JlfJ'UJ1 iJbiJ-, 'JiJTm'J 

-mp:,mn iJ'JmJpm .., d fmpby 1Jmqm1JTmqJq ( qz·~ ·q'J) J17Ud'fmpuim:, 1mp 

-Ju'J II-II bu'Jmn/nmurmlnmpm:, 'JiJurqqm'JlJqp Q iJd'fmpurm:, ilqiJ 1-1 
fmGmqlJm[f t1JmfiJ1uJpm JmJmpmJ iJtiqlJd'fmpurm:, d'qiJ bupnqn GiJ'J7ufq 

-'Jm fmq'Jil _nrin ~7 d'iJnJZmriq vql.i ilpwpu:,mlnm IJmfiJ.,uripm iJJq'Jd'fmp 

-urm:, 1mpJu'J mlnm '~ p-rupnJuijruijr qwJurq UIJ7ufiJ1uJyJmJ iJd'fmpurm:, 

iJJJmur JJq :iljltun[utftulft. ti1udmlt 9mt4!11udl?dmd ilit.qm]lmmy illlllms 

t -ME"" W="'D Ju 1pu191J1ul.i1Jil 'i/ur'Jl/J'UJ' buvf urnil p7ub 

-1uurn 'JmfiJ.,uJpm GIJmJ'J 1qJmurmq ~ urlqpmJ:,'Jm 11 Jupmb'Jmurp 1q1JiJ1 

IJ'I buJmq i/Jq'Jd'fmpurm:, d'qiJ bupnqn pwurub 'JmpnJnJmnJ 'JmJm11ur97 

t~ 'JIJ1Uf d 
-lUJupmvq:, fmb7 ild'fmpurm:, d'qtJ 117'JiJI' GiJJTmf i/'JmJpm il-"z bqurJu 

fr18'C) 
., 1 ' 

'-M '71 = •Me·rn-•c 

,i/'JiJ1q p1aurq'IJ fmpZIJ ilpwJm1 iJ'Jmupm mlnm 'p.,uurub 'Jmpn/nilJ 

-mn/ ~ p1up'Jurb il,;,qq 'Jmpurm:, i/d'fmpurm:, d'qiJ 1u i/'JmJpm qiJq 

·(c·c·1 § n,,qur "'zJ mJP 'JmfiJ·7uJup 

-mvq:, n/ ! nmqmln lu GiJJTmf iJ11mJpm ,ilbiJ-, IJi/fmqJmpZm:, piJJ1 lqlJBJqp 

~ buJmq mup uiJ 'n/niJllmn/ i/'J7U7 qtJq 'il'JmJpm fm}ib5 tpwpJmurmq 

iJ1 qllmplm:, IJmfiJ.,uJpm iJJnd'fmpurm:, d'qiJ 11 1Jmpb1uurn IJmpnJnJmnJ 

''Ju'Jmq nqlnJu '11 puuq'Jp7UvmBuliJp piJurqJUJurn'Juq ~ p1uppu:,m1nm 

IJJ'Wn/nJmn/ i/'JmJpm fmpbp IJmqm'JTmqJq p.,uJq'J'JmJm'J'l!r urmbYJ 

t ii 'Ji/ J'l'J 

-d'fmpurm:, 1mpJu'J 1Jmn/nmurm1nmpm:, nq1n7'JiJ 'n91n1Jfm fmppu:,mlnm 

i/'JiJ1q illJ7uTiJwJpm iJJ:J'Jd'fmpurm:, d'qiJ <JmJm11ur9:, '11 JpmfiJ.,uJl.imp 

-iJl.i 'JiJTmqJmplm:, piJJ1 1qurmnJZm ~ buJmq IJfm p-ruJq'J'Jmp:,mn iJd'7iJvd 

riiJTmG'Jmn1U1 iJJJrnui mlnm 'pwnJnJrnn/ JmJmpmJ iJ'J1u 'J'JmJpm frnpby 

rimqm'JTmqJq qiJq :ilp1un[ndmnf! itnmdjlm .qmJtbl? nmtimntmtidq 

piJurq.,uJurn'Juq 1Tm 

iJJl/'JU1'JlfJ'UJ' buvf 

tp1U-re § 'JI/ fmpJqJ Jq'Jl'Jm:,mln 
1mTJqJmJqp 'JmpJl.imbqur iJJqbuy fmpd'q'l/ 1ilJ1uTln~ 

iJurm:, ~ d'urqln7 ilJTmfm'JlJqp iJbuy fmpd'q'l/ 

tfmppu:,mlnm 

i/11,iJlq nl'/ illJ-ruTflwripm (ilJqbuy fmpdqfl Mm 'J'I pwurm:, 811,uJu) iJJq'J 
-ilfmpurm:, d'qtJ Ju <1qirm ~ iJ1qJmq mlnm 'mJp IJmffl.,uJupmvq:, oqq'o 
nmqmln 7u ''l'I J11UpfJubmurbo piJJ1 i/Jqbuy frnpby 'Jmqm'JTmqJq b'lur 

-Ju <GiJd'fmpurm:, 1mpJu'J ~ J11UpJmurmq ilp7ud'qiJ qiJq 'JmJm11ur97 

1(n·c •9'J) GiJ-Oqq'o nmq 

-min 7u i/'Jifl'1 il-i~aTiJ-.uJuprrrvq:, ifniJlnMm Ju '1mur Gf.,uG ~ iJ1qJm'1 



q.o.w R- F •• 
= 

u 

d-L l!L11{wuri/_n'l d.n'l/r U1(1wJwqfrJ-L ti 

{['w9m9/ri_ wLnLpLbl'I! b. pbpi/_wt} d.n'lbl'I! U[hurp t f!Lurl'bl WJL"fbu, 

ft{' pwi/_W['Wf'"-/r {burb.1wl UfWJJWLf!' 

R. F ••. 1 + R.Fp sin (I ~Q1(1-ho1/ho) 1 

l/ur['i/_wt} Jwufr pbp {wuri/_wt}pfr wJl'mPJnLLf! W"fw{ni/_htnL {wJwl' 

1w1Lwl(wL wJp111Lf! "fbur# t urb'lw11l'bl nl "fwlfwu li~Wo bl'ltwrnLPJnL
LnLJ. 

(3.87) 

Ufrb.LnLJL JwJwLwf[, nl'"fbuqJt F • . t Jwifbl'bufr d.qi/_wt} wJ{'wLI! 

ifrnpf' pwf'd.f'nLPJwL (h1) pwf'd.wf[fr nLJb'l [W['i/_wt} //1-J/J Lnl'Jwl {wur

l/_wt}pnLJ wzfuwurfr lf'fri/_ {wzi/_w{'f[w1frL 11frJw11f'nLP1wJp, U[burp t fun

{'w9wt} tfrLfr WJ11 pwpd.wf[fr Jb1.1 nz U[Wf[wu fuwl'ufuJwL qnurm 11- hp-

1/wf'nLPJw.Jp f[wJ frl' t}wJf'nLJ nLLbLw fuwl'frufu1 

tl>nlflnJuwlfwG. J!WJIOJ1nq&1wG. jUIWJIJlhJI: '1>nifmfuwf[wL pwf'd.f'nL/IJiufl 

~UwLLbl'fr {wJwl' pbp {wuri/_wt}pLbl'fr wJ('nLPJwL {wzi/_w['f[w1frL pw

liwd.b.L f!UU1 t}nn'l JnJbLurfr (3.68) JLnLJ t Lni.JLI!, fr.Lt nl' {wuurwurnLli 

~wuri/_wt}pfr U1Wf1(1bpfrM1 t, Jfrw1L pb w1uurb'l wnwi/_bl i/_urwLqwi/_np pbp 

{wuri/_wt}pfr 11/rl'l!I! n{'nzbtfru "fburp t Lf[wur/r nLLhLwi1 nl' Jfrb.Lm1L f[burfrA 

'1nLf'U bf[n'l pbp {wuri/_wt}pLbf'fr {wJwl' Lbl'l!frL JnJbLurfr ifinifin/umPJnLLf! 

urb'lfr t mLbLnLJ nJ_ JfrwJL wLnLf'Lbl'fr b. pbpi/_wt} d.n'lbl'fr -&frqh{'/r Jn

JbLurfr ifinifinfuJwL, lllJl Lwb. b{'f[w11iwf[wL d.qi/_wt} wJ{'wLfr pw'lnLf[/r 

JbJ-w9JwL {burb.wLpni/_1 

8. llfln'l. 11U'fl11\Jn>l. S1lf'flbfl 

4>nf1d.Wf1W('Wf[wL {burw'lnurnLPJnLLLbl'I! 9nLJ9 bL urif.bl, Nf' lfnzur 

wJ['wLni/_ U1Wf1f'bl'fr l!"'Ji!WJJwL pLnLJfll! [!UU1 l"'JLwf[wL nLJ/r LnLJflfl t, 
frLt np uni/_n['wf[wL b{'f[wppburnLfrLL ti -Rw1pw1JwL pnL[nLJ l[nzur wJ

l'wLfr "f"'U1f! qurLi/_nLJ t -<;nunLLnLPJwL 4._fr-&wf[mJt 1.burb.wpwf11 finzur wJ

{'WLntf. U1Wf1f'bl'fr pbl! -<;wuri/_wt}l!Lbl'fr wJf'nLPJwL {wzif.wl''LI! [!UU1 iw1Lw

lfwL mrl/r f[w{'ht/r t /iwurwl'bl uni/_n['wf[wL bl'fiwppbmnLfr {wzi/_w['f[/rL 
{wJwLJwL' 

H ..- R + R . ..... n.i.f-• + k2R ~bh02 Q ~ -u., • · t Co Co , 
~ u ~ 

(3.88) 
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n{'mluz w1. f[n'lJfr wnw1.frL wL11wJI! wpurw{w1urnLJ t f[nzur wJ{'wLfr 11/r

Jw'ff'nLPJnLLf!, b{'f[{'nf'11 wL11wJ1!' l"'Jflwf[wL wJ{'wL/r 11frJw11f'nLPJnLLf!1 
fru/i bl'l'nl'11 wL11wJ1!' ub'lJi/_wJ- qnurnL phurnLfr 11/rJw'ff'nLPJnLLf! (Lfi. 

3.26 )1 

'1. U1 UI 'b If u11J n r fil b ,/! f. UI U1-

i[ w J-J!fr "f pn 1b.f[9Jrw lfr bpf[wpm

fl 1nL'b (! lfiJr'b Jr' 

-
/ 

/ J!._ 
/ 

/ 

.l c. 

\.\. 3.26. '1nzw wdrwlinil. nt'l'lwliltJntli liwui
i!.wcH~ ~nil.nq wwrr~ ujuhdwli phf JiwmitwHe 

eum \WJliwltwli nuf~ Jiwzitwrlthtlrn 

(3.90) 

§ 8.5. Ob'l trfl-1lfl'l SU.flflta "bflflU'U.1. ~U.S1lU.tr-R"bbfllt 

U.U'fln1'fit'au."' ~u.011.u.fl'd! 

Cb'l t)nJwL bL wzfuwurnw w1L U1Wf1f'bf'f!1 nl'nL9 {wuri/_wJ-pf! up

Jburpfrf[ tt U1Wf'f'fr l/Jiw qn['J-n'l lllf1U1lllj!/rL pbnLi/_wJ-l!Lhl'/r9 wnw1. bf[n'I. 
Jnn'l JnJbLur/r W'l'fJwL {wl'flnLfJJwL bf[wurJwJpt 

Cb'l J-nJwL wzfuwurn'l m"wl'l'bl'fr {wuri/_wt}pLbf'nLJ uni/_n['wpwp qn['

J-nLJ bL J-nn'l JnJbLur b. l"'JLwf[wL nul:bfJb J-nn'l JnJbLur/r w'l11JwL 

{wpfJnLPJnLLf! J../r wL9LmJ -:wuri/_wt}pfr nlnl'JwL f[bLurpnLni/_, W"fW wnwp_ 

t 'l"'Lfru Lwb. ninl'n'l JnJbLurt 
Cb'l J-nJwL bLpwl'fi4-n'l U1Wf'f'bf'nLJ bpf[w1Lwf[wL wzfuwurn'l wJ{'w

Lf! fiwl'btfr t urb'lw11pbl Lpw {wuri/_wJpfr "fWf'W'IJ-ni/_t Pw19 zwur 'lb"fpb
f'nLJ L"fwurwfiw{wl'Jwp t w1L f[bLurf1nLw9Lhi d.qi/_wt} qnurnLJ' {flw['w

i/_nf'frL J..WP -<;bnnL ub'lJi/_wt} qnmnL uw{JwLfr91 

tb'q J-nJwL wzfuwurn'l U1Wf'f'bl'fr Lnf'JWL {wuri/_wt}l!Lbl'fr wJ('nLfJiwL 

-<;wzi/_wf'fil! f[wurwl'i/_nLJ t ub'lJi/_wJ- qnurnL uw{JwL/rL nL'l'l"'{w1w9 {wp

PnLfJJmLnLJ (Llf. 3.2'1, Ill-Ill {wl'pnLPJnLL ), -:wzi/_w['f[JwL f!L11{w

LnLp .11h"fpfr pwflwd.b.b['ni/_ ( urb' u § 2.8)1 

{;b'l J-nJwfl wzfuwurn'l UJW{'f'bf'/! {wzi/_w['f[btnL {wJwp U[hU1j! t qfr

mbflwl nl Jfrw1L t}nn'l JnJbLurfr JbJ-mPJnLL[!, WJL Lwb. L{'w W'l11JwL 

-:wl'flnLfJJwL 11/rl'i!/!• uni/_n['Wf!Wf' WJ11 -:wl'PnLPJmfll! wL9LmJ t U1W(1('/r 
bl'fif'WJ_wpwfiwL wnwL9j!ni/_1 l.J"fwurw/iw{w('JW{' t d.qqwJ- wJ{'WLf! urb

'lW11f'bl WJL"fbu, n{' Lpw -&frqh['/r {wJw'lnl'/!i {burb.wpwf' b. ub'lJif.wJ- qn-
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urnL pbinnfi/r l"'PnLJlibpfr {wJwq_npJ! (bflb ub'lJi[_wt) q.ninnLJ l(w {wzi/_wp-

1lni/_ inb'l"''l-l'i/.wt) wJpwfi, "'U/"' fiwb. "'J'l- d.n'lbl'fr -G.frqbpfr {wJwq_npp) 

w) ltl ill 

'1\. 3.27. ~~qhr~ u}ubdwL 2b'l bmln'l mwrr~ nui.'lwL\Jntli linrdwt fiwmiI.wbfntd (IUID 

wdrntpJwli fiw2il.wr\bt1'u. 

I-I- phnfJ1/.wl>p/r9 wnwt b~n'l l>nn'l JnJhfnn/r "''l'1JwL <wppn<PJn<L, 11-II- Lhpp/rL 

nuJw'l.nLJ'f/r "''l'1JwL <wppn<PJn<L, III-III- ub'lJ4_wl> 'fn111n< uw<JwLfoL n<'l'lw<w1ws 

<wppn<PJn<L, 

1, 2- <w1114_wl>p/r ufoJh111p/rw1/r wnwL9pLhp1 3- 111wpp/r bp~f'UllUJifiw~wL wn.wL9p, 

N. - A'f4.wl> wJpwL/r An'lbp/r -&./rlfhp/r <wJwpp/r "''l.'1JwL ~h111, NI'- uh'lJifwl> p111na 

pb111nL/r /,. wJpwL/r -&.fo'fhp/r <wJw'l.np/r "''l'1JwL ~hin 

q.infii/_bfi tJnn'l JnJbfiin/r wq_11Jwfi {wpfJn1-fJ1n<finLJ (fiq; 3.27, w, p)t bfJb 

!..q.i[_wt) wJpwfifr -G.frq.bpfr {wJwqnpp J../r q.infii/_nLJ tJnn'l JnJbfiinJr wq11Jw~ 

{wpflnL/JJnLfinLJ, WUfW ub'lJi[_wt) qninnL pbinnfi/r lwpnLJfibpfr {wJwq_npp 

hu l(q.infii/_/r "'J'l- {wpflnifl1nifip9 11nLput IJ.111 '1-bUfpnLJ N. "-- NI' -G.frq.bpp 

qq.infii/_bfi hn'l JnJb'iiinfr wq11Jw'ii {wpflnLfJJw'iip qnLqw{bn {wpfJnLfJJwfi 

i/_pw ('iii(. 3.27, q.)1 

tb'l tJnnLJf! qwpblfr t 11/rinbl npUfbu l"'J'iiwqw'ii tJnJwfi p'ii11{w'iinLp 

'J/,Ufpt /J.J'l- pul( UfWLn°AWnni/_ zb'l t)nJwfi w.z.fuwinn'l LnWpphpp wJpnLfJJWfi 

{wzi/_wpl(fr {pJ'iiwqw'ii '1-PnLJfJfibpp finLJfi'ii b'ii, pfiJ_ np uni/_npwl(wfi L"'J

f.twl(w'ii tJnJwfi'ii t• 

Uwu'iiwi/_np '1-bUfpnLJ, bpp 2.... =6~6R J ub'lJi[_wt) q.ntnnLJ wzfuw-
ho ~ .. 

urn'l wJpwfi ;_qw, Ii. pfi11nL'iii/_nLJ {, np d.q.i[_wt) d.n'lbPI! q.infii/_nuT bfi ub'lJ-

i/_wt) q.nin/rfi uw1:Jwfiwpw""'l q.tJ[r9 t:wi/_wuwp {bnwi/_npntfJJw'ii i/_pw, 

wJpnLfJJw'ii uLnn<q.ifwfi Uf"'JJwfip "l/rfi/r' 

M cos(a-<p) ~R .. rF"z" (3.91) 
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a, q>, F "- z Jbt)nL/ilJnLfifihpf! 9irLJS bfi inpi/_wt) Jiq. 3.27-niJt I' I' 
Ub'lJi/_wt)- qninni pbinnfi/r Jwl(bpbup npnzi/_nLJ t {binli.1wl UfWJJw

f.t/rs• 

R .. F. =-R.,PFI': (9.92) 

Ub'lJi/_wd' q.ninnL uw{Jwfip '1-PPl!P• ub'lJi[_wt) pbinnfip Jwqbpbufr J_W

pbpfr Ii. Z" pwqnLl(p npnznLJf! pwp11nifJJnifi lP fibplfwJw9finLJ1 

2nppnpq. q.1n1Ju 

Ub'l.1N.0'l. SUl'f'bf' 
bpl(wflpbinnf.th l(nfiuinpnLl(9frwthpfr inwppbpp, npnfip bfifJwl(w bfl 

wpinwl(bfiinpnfi q.nptJn'I. bpftwJfiwl(wfi ub'l_Jn'I. nulfr (Jift. 4.1, w) l(wu 

wnwfi9pwJ/rfi bplfw1fiwqwfi ub'lJn'l nulfr Ii. l"'Jfiwl(wfi tJnn'l JnJbfiinJr· 

(fiq, 4.11 p) Ul'l._'1b9nifl1wfi, wzfuwtnnLJ bfi wpinwl(bfiinpnfi ub'l_JJwfi, 

opfrfiwf Jfrw{wpl( "- pwqJw{wpl( l(wpl(wuwJfrfi zbfipbpfr UJnLfibpf!1 npnfi!J' 

i/_pw JfrwJwJwfiwl( l(wpn'I_ bfi qnptJbl pbnfii[_wtJpfibp nuz'lwd.frq "- {npfr

qnfiwqwfi nL'l_'lnLfJJnLfifibpni/_, l(wJptwJ/rfi wJpwpd.frJ_fibpni/_ Jfrw{wpl( wp

'1-JnLfiwpbpwqwfi zbfipbpp UJnLfibpf!1 ftwJwpfibpp q.ninfrfi, !f>bpJwfibp/r 

i/_bpfrfi qninfrJi, bpp fipw i/_pw nLJbpp l(frpwni[_wt) bfi !f>bpJ·WJ/r {wfiqni19-

LbrJrs 'fnLpu "-- JJr 2."'I'J! '"IL 
inwppbpt 

U.1L 'fhui,enLJ, bpp inwr

r/r .J.rw 'lnrtJm1 ub'lJn'l nulb
r/r f.wJwqnpf! t.wJeLJi'i.nt.J' !; 

'j, rw b r'iw l'j, wJiw'i. wn.w'i. s.e/r 
t.bin, ulhw9.J.nt.J !; Jib'i.inpn'i.w

Jiiu'i. ub'lJmJ: 'l/iu1Jiu'i.iuJiw'i. 

lfbruin.J. JiwrbLJr !; eL'fnt.'i.bl, 
npwn.w'i.AJr'i. ¥ui,e.bpnt.J fib'i.in

pn'i.iu~iu'i. ub'lJJiu'i. b'i. w2-

JuiuurnLJ inwppbp 2_b'i.,ebpJr nL 

Jiiun.n .. 9'1_wt)-,e.LbrJr JJr2.Jr'i. 2."'r

,ehrJr u1nt.Lbpf!1 fbpJw'i.bpJr 

ifbr"--Jr 'lninJr'i., nrn2 ftw'i.'l'i.wft
Lbr nt. ph,ew'i.Lhr1 bpp pbn.-

\,~. 4.1. llrmw f~li pbnliil.wHlibrh t. wq'}h-
9ntpJntlilibrh wnwt b\n'l fi~qbr~ u}ubdwlibr(l-

wrmw~blimrnli ub'lddwli '}huifntd. 

IU- hp~w1Lw~wL uh'lJn'l. nul/r wpinw~hL111pnL· 

"''l.'1b9n<P1n<L, p- wnwL9pw1/rL hp~w1Lw~111fr 

uh'lJn'l n<J/r I. l"'JLw~wf, l>n.n'l JnJhL111/r <w-

Jwurh'l. Ul'l.'1/,8n<P1n<L 
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'fle4_wa./!"ilbre 'l"rt>mJ' h"il fhrJ'w1Jr t.w"il'lm19"ilhpnLJ' £. wu 111wrrhr1 
Ppw~wfimJ fizi[_wa mwppnLJ f.t.u ub'lJn'l nL<I[! mwppbp U[WurAwnfib

pni/_ W'l_'lnLJ t npnz U[Wurw.\w~wfi wpurw~bfiurpnfinL/ilJwJp: f!fi11.\wfintp 

q.hU(pnLJ wpurw~bfiurpnfi ub'lJJwfi bfi wzfuwurnLJ bp~wfilpburnfib WJfi 

urwpphp[! 1 npnfi9 i/_pw qnpanLJ t ub'lJ"'l nL<h 

ll.purw~bfiurpnfi ub'lJi/_n'l urwppbpfi l"'Jfiw~wfi .\wuri/_wapf! [!fi'lmfi

-/.nLJ t w1fiUfJiuJifi, np JnJbfiurJi "''l.'1Jwfi .\wpfilmfil1mfinLJ WJfi i/rfi/i wi/_btfi 

'l"'P'1"'9"'q, pwfi LpwL nL'l'lw.\w1w9 .\wpfJnLfJJnLfinLJt IJ.purw~bfiurpnfi 
ub'lJi/.n'l urwppfi l"'Jfiw~wfi .\wuri/_wapfi wJbfiwurwpwai/_wa f.t. Uf"'l''l. d.l.t.[! 

nL'l'l"'fi~JnLfifi t ( pwpd.pnLfilJwfi f.t. l"'JfinLfi/Jwfi 1,5 •• ..3 .\wpwpbpnLfJJwJp)1 

UJmfilfi nw9Jinfiwl oqurwqnpaJwfi f.t. urwppfi flbfJl.t.w9Jwfi fiU[wurw~ni/_ ~/i

pwni/_nLJ bfi fiwf.t. urwi/_pw1Jifi, bp~urwi/_pw1Jifi, urnu/1wd.f.t., otzw~wd.f.t. f.t. "'IL 

J.1.t.fi l"' 1fiw~wfi .\ wuri/_ wapfi urwppbp: 

l.wuri/_wa11fi iwifibpf! npnzi/_nLJ bfi .\wzi/_wp~nt/_, JfihJ.mLJfi JwJwfiw~ 

WJ'f iwifibp[! U[hutp t i[_bp9fibl UIJfiU[bu, npU[bu'l.fo urwppfi A~mfimfilJnLfi[! 

9wfi~w9wq nL'£'£nLfJJwJp qwfip f.t. qw~nut~bfi l9WfiJnLfilhpni/_ -pburnfifibpf 

~bU(/lnLJ u/ifi/i 200-fis wi/_blfii f!UU1 npnLJ zbfi11bpfi UJnLfihp/i .\wJwp' 

120-fi91 

IJ.purw~bfiurpnfi ubtzJi/_n'l U1Ulf'f'bpnLJ wzfuwurn'l wJpwfi[! utb'£Ul'f['i/_nLJ 

.(- urwppfi bp~w1fiw~wL nL'l'lnLfJJwJp, ann'l JnJbfiurp . .\wpflnL/IJwfifi nL'l-

1[_U1.\w1w9 fiJiuurbpp Jnur' upJburpp~ (bp~nL .\wfi11/1uiw~w9 fipuurbpfi Jnua 

~wuri/_wapfi .\wi/_wuwp Jw~bpbuni/) ~wJ ni ufiJburpfi~1 11.zfuwurn'l d.n'lbl'fi 

mpwJwqflal! uni/_npwpwp i[_bp9i/_nLJ t 12 JJ-p9 "l U[Ul~wu f.t. .\wufinLJ t 
JJifiif.t. 40 JJ-fi, aw~nur~hfi l9"'fiJnLfilbpni/_ U200 f.t. pwpd.p Jwp~wfihpp 

phurnfifibpfi 11bUfpnLJ "l wi/_htfi 32 JJ-fi9, flu~ U150 Jwp~wJ/i 11hUfpmJ' 
25 JJ-fi91 

Swppf! pburnfiw9ULfiu bflb wzfuwurntz d.n'lbl'f! qurfiif_mJ bfi .\npfl'ln

Lw~wfi i/_/iAw~mJ, UIU(UJ f.i[1wfi9 J"1_1.t. fii/_w'l_wqnLJfi LnLuwfi9w1/ifi .\bnw-

4_npmf}inLfif! f!fi'fnLfii/_nLJ t finLJfif!, pfil np qni/_n'l U1Ulf'f'P 'fbU(pnLJ t, bfilb 

dn'lbf'l! qurfii/_nLJ bfi nL'l'lwd.pq i[_fi£w~nLJ' 50 JJ-fi9 nl U[W~wut 

bp~w1Lw~wL J.n'lhpp wnwL9pLbpfi Jh_f.t. wnwi/_bl"''f"LJfi .\bnwi/_npnL

PJnLfi[! U[butp t Lflfi/i 400 JJ-p9 "l ~i/_htfl, .\hurluupwp1 l"'Jfiw~wfi .\wur-

4_wa11fi pwpJ.pnLflJwfi bp~w1fipni/_ wJhfi 400 JJ-[! Jb~ U[hurp t urb'l"''1l'bl 
1'nfiuurpnL~urfii/_ J.n'lbp' ni U[Ul~wu 12 JJ urpwJwqani/_: 

IJ.purw~bfiurpnfi uh'lJt/.n'l urwppbpp ~nfiuurpm~urwi/_npnLJ[! 9nt19 ( 
mpi/_wq fl~. 4.2-mJi 
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U.purw~bfiurpnfi ub'lJ1.n'l urwppbpmJ bp~w1fiw~wfi wzfuwurn'l lJ. ' 
U.' wJpwfifibpfi .\wuri/_wapfi fii[w'l.wqnLJfi Jw~bpbuf!, wpurw.\wiuri/_wa urn-

IP) rJ f' 
cl,.,i, 

5 

111
- <1n<ut/._w<) ltwpltwunt/._, p- hnwlt.9111<) . ltwrltwunt/._, 1- wzfuwu.n'l An'lhp, 

2- wLn<pLhp, 3- l"'J""'"-"'" An'lhp, 4 - Lr"'smsh w1'n<pLhp, 5- LP"'sn•s/rz 

L"'J""'"-"'" An'lhr, 6- ltn1'uu.pntltu.fit/.. An'l·hr 

~nuLbpnt/_ pbmnflJi .\wurt/_wapfi Jw~hpbup . (bho) fl~wurJwJp, U[bur/I t 
t'1fifi. 

I 
0,05, hpp.-!L <1'l, 

r 

0,1, bpp n~.!.!.. ~35, 
r 

l 
0,2, hpp 35< - 0 ~83, 

r 

0,25, I 
bpp .....Q... >83, 

r 

npuib'l lo-L urwppp .t:wzi[_wp~w1Jifl bp~wpnLfilJnLfifi t, puft r= v=:;.-e 
171 



1:1.1 
til'Ji/JqJJnrur bu"fruf fnr"JrJu"Jrm'! 

-mJpmJ'lh 7u Ju 7'J'1 '.) '!'Jflu'J ileJT1u'!J 'Jmpfmdfmil fm"JrJhmJm,,11. 

i(m 'c·r 
•111J) fm"Jrfmilfmil .) p1u"JrJmpm:, iJJJmur 71 .) p1u"JrJZl/r i11Ju1119J 1ilq,mf£f 

-1uJlimpi/li Ju"Jrm,,m'Jmrmp 'JmpjrLqn Ji/ .) p1u'Jnm:, ilr1uJm1 '11Ju1119rl 

'""'"" lifm Ju 71711'11' ''Jmil'Jfm .) r111"Jr111my.J,, 'Ji/uruh fm"Jrpbqn '.) p1u'Jr6mrl 
ildmy. 

1
Jq1Jmi/GmpJutf;qli 'Jm,,mh'fmum 7u i/1mhb 1m1JmhJmb 'J'I p1un,,n 

l''"'JmJpm u111q:, G111191Jnm:, ('Jm,,m'Jml'fmln pm,, IJm,,m,,tjbi/</;) 'f'1'J'"I' 
-:,mn 'JmTfi1u'J1unu:, ilr111Jm1 t/'JmJpm 1G111111uh bfm B1Jq:, .) p1u"Jrn,,n ilr1uf 

-m#fmd tjJJmur mlnm '(.)i fm"JrJu"frm'JmJpmJqh ilJJarur) .)1 blfp"1u nJ1ub 

Gtjl/rm1 il'JmJpm bfm qfiq tillJmJpm 'Jfmi/p .) p111urmnflm p1uuruh bfm 71 .) 

fmilmy. i11Juur9J w111uh fm"Jrh? 
1
J91Jtjuruh fm"Jrpb9n 71 fm"Jrhf '1'J'" 'JJJmtn 

J' 1 U ;f /n 9 u 'J m f d 1 U 'JU JUI 'J 'I,, m 111 J m «f 'I JJ» :JlnqU 'J46muu 
1illn9b 1u,,J9 'Jmpfmdlmil.) r1u"JrJ9JJms 

1Gtj1puTfi1uf'll' 1JmTfi1u'JuJur'J'l,,murJm i/p1.u 'Jm,,m'I. 

-fm~Jq .) fm"Jrn/m,, J'1U'Jm,,m'JJ'i/:, tjilfm"Jr111m:, 1mrJu'J 111nil ilfiT1u'JJ IJml' 

-fmilfmil G'JmJ'J Ju 
1
19"Jrur 'J'I Gf1uG ilJ'l'J'JluFfi1uJi/nm1u11un1u 'Jm,,mnqur 

71 11m,,mJmJmvJul/r i/J9JJmur buurmnflm 'Jml'J'Lqn 11uJ111119~murJ11 

'aJll'\«t'\'1U&'tJJ1l 
t1Jll'\'\'1U&eNusu01tsll"? '\ 1ll\1lJ1lJ1l3JUct> ·n I 

1i1Jq1Jl11m:,mln {u;} l{-18-.l-II LJHH'J 71m1J 
191Jum tj"Jrlm:, .) 11119/n ni/19Jupm111,,111J111n'Ju,, ilJ9JJmur bu"JrrLqn Lu"Jrfh 

-mnfm'J Jmrm:, 1JmTfi111JmJm1Jt/Z bu"JrJm111m,, r1uJn1JmlJZ ,,i/rnfqn 

1i1J91Jl'Jm:,mln tjJ9fib£im111nml/r "Jri/111mrJu'! 'Jmn/nm111 

-mlnmrm:, tjJmJm"JrmJ .) ilur9ln 71 {pg&"o::e..,·p JmrlmJu"Jrun) Bi/J'l'J'Jml' 

-fm/n 1Jm/'6,,mu9 7ru191J1'1 .) J'111"JrJ1111Jil i11J1uf£11uJ9JmJm:r tjJqfhmrmJm 

tjJ9Luy 1Jm,,m1Jfm,,Jq 71 'Jm,,m1Jfm1 r111dlnqb tjJq'Jnm,,Jm,, fmG,,muq 

t.) 'Jfi/hmpmJ111 f91'm1J9/'m i/Jqbuy 1Jm,,m1Jfm,,J7 

IJ•P L9111Ju 'l'I' g:;e_ ., .. P 71 pgz'o::e. 'l• p ,i/'Ji/T.) dur9/n ilf'1hmrmJ111 tjJ'I'! 

-J111'Jm i/Jq'Jnm,,Jm,, fm"Jrn1uf:, r1uJ9JJ,;,111 Lu"JrrL7n 11uJ1111J9,,m111J11 

tGt/-f ,il"Jri/d i/J9buy Lu111mnJZm fm"JrJlimb 

-9111 111ur tj111ni/'J bfm ,,ni/ '8'1-1'1' 00!: l''"'JG'Jm 1f7 i11J1ufiJ1u'Jfm1 i/111ni/'! 

'1JJm111 'IH'I •1,,Jumb91117 J9'J,,my.Jm,, 'Jm,,m~fm1 .) r1u"JrJurm1T1uo/J ,iJJ9L 

-u? 1Jm,,m1Jfm1 bu'JG'Jm "JrufhmJmln i/JJm111 Ju 1'J.t/ 'ilfi/hmpmtlur q,111111 

'19 J'1UIJ9'J'U 71 p111Jq'JIJ'ilfiJ111£iJm:, IJflUIJ 'J9 1nu7'tlbmLqur nJ91J1Ji/lJqp 

'1119:, tjJ9Luf i/Bmrt/b 'J'l"JrGmtjr lqJ' blJil ~'II' "Jrutl'l'J,,my.Jm,, 'Jm,,m'I. 

-Tm1 .) 111119/n i/J9bu'f 1Jm,,m1Jfm,,J9 r1udlnqh i/Jq'J,nm,,Jm~ fmG,,muq 

6Lt 
1p11Jnihu11m 11m,,m11rt/:, IJfmt/1' u111:, BIJmf 1'41' 19/nm't 

i1J9buv buurmnJZm JuluJ .) r1u"JrJurm1T1ufi mlnm <Gtj-f Jl/11/d tjJ9buv UIUJ! 

tjurnt/'J lifm 71 Gt/-1'1' OOf l''u'JG'Jm tj7 i11J1uTf11u'Jfm1 tjurntj'J tjJJmur 'lfiq 

''J9 'JJ'l'J,'Jrlr,,m'Jl'l/:, Ju b9urJu 'r1uJ91J1J1UfiJ1utf 

-iJm:, 1Jf1U'j 'J9 J'1U"JrJumbqur 7/ t/fhmrmJur IJflUIJ 'J!/ J'1U7'Jm iJJq'JJ1UIJftr 

7'18111GmJ~ 1i1J9Luv 'Jt/fm'J1uf,,'Jm 7u ur9:, DIJmf 1''11' 'J9 r1u/nm,, il'JuJu 
1
J91J"1u'Jm 7tjG1uGmJ1 71m1J 19Jlimb9ur .) ilur9/n <i/J9buv buurmnJZm JuT 

-uJ 1'1ulnm,, urq:, BIJmf l't/1' 71 "JrufhmJmln tjilfm"Jrurm:, 'J9 J''UIJG'Jm il'JuJu 

<GtjJ91J"1U1Jm 'Jm,,m'Jl't/:, tjGmJ mlnm '.) tjlq"Jrm 71 g 111ur tj111n'/'J Mm il"Jrt/tf 

tjJ9buf bu111mnJZm rm,, 'Bt/-1'1' OOf .) '/19pm il'J1uTfi1u'JFm1 tj111n'/q, .)71Ju 

tjJJm111 uJq 1Gt/-r1' OOf tj19pm 7u GtjGIJmfrt/1' 'J9'Jt/1 111u9:, .) 111119/n i1J9'I
-'J'uf1l'Jm lifm ,,n" 'r111Jq'JIJ1Ul,,1Jm '1J1u'Jm 'J9'Jt/1 fm"JrJlimb9111 l9r UIJil 

hi' .) ilur9/n i1J9buv Lu111mnJZm r1udln9li tjJ'l'Jnm,,Jm,, fm"Jrmuf7 

'l'I' n:;::;:p 
J'm,, .) Jilul/r Gtjn9,, 1JmTfi111111nm:, tj111J9l 1tj1Jmln:,mln ilftjhmrmJur 

GIJmJ'J 71 tj,,Jm"Jrlm:, G'Jmum 'J9 fm"JrJlimb9111 d'JuJu 
1
i1Jqbuv fmprL9n 

'IJfm J'l~"Jr'Jum 1J97 tj"Jrlm:, ntj19JmJm"Jrmd i1J91Jl1Jm:,mln fm"JrJ9J i/Jqp 

1mJ7' 'JmTfi1uJu"Jrmu9:, tj19"Jrm 7u 

Gtj-po l 71 Gt/-1'1' OOG GtjBIJmf rt/I' 19Jlimbqur .) ilur9/n i1Jq1Jd7u'Jm mlnm 

'.) tj19"Jrm Gtj-% G "Jru'JmJpm 'Jm,,m'Jfm,,J9 i11J1ufiJ1ufm"JrGqhm:, J1u'Jm:.

-li1Jil tjJJmur 9fiq 1Gtj-po1 tjlq"Jrm 7u t/'Jt/1 .) ilurqln i11J1uTfi1uJu"Jrmu9:, tjJ'l'I. 

,-J1u'Jm p1uJ'l'!'Jmp:,mn tjJq'Jil'Jm"JrG,, IJmpG,,muq BIJmUm Jtjlim,,mn 

1.) 'Jft/hmrmJur Jdu'/1m'J9/'m tjJqLuv fmp 

-pbqn 1J-p b9urJu 'P!: l:;::;: .,,. V p1uJ91Jnm,,Jm,, fmG,,muq 'pz l:;::;: .,. V J'lUJ 

-91Jnm,,Jm,, fm"Jrmuf:, 'l'I' OOf:;::;: "''"V m/nm 'mfbn O!:f::e_ • .,.. M JJ9 

'poz:;::;:.,·v p1uJq'Jnm,,Jm,, fmG,,mu9 'P!:l:;::;: .,.11 
p1uJq1Jnm,,Jm,, fm"Jrm.uf:, 'l'I' oog:;::;: ., .. v mlnm 'mfbn OOf:;::;:· ... M JJq 

•i1J9'J'Jml'fmln 

1mf71111q:, 191Jmln:,mln .) il1119/n ,,(T''JmJ'mp 1Jf1UIJ71t/1' <Gtj1J1uTfi1u'Jfm1 '1,,m'I. 

_,,Ji/,, tj111ntj1J Jdul/r tjJJm111 tjlq"Jr'm 7u 71 Bt/-1'1' 00!: tj1q7'm 7u t/'Jt/1 .) d111qlrr 

r1uJqdlnqli Julurl il'J1ulfi1uliu7'muq:, ., .. D 71ltjp tjJqbuy 1Jm,,m11lm7 

1( r111dlnqli tjJq'Jnm,,Jm,, fm"Jrn1uf:, ,"JruJqlJJ1u'Jm 'r1udln9li '/J91Jnm,,Jm'r 

fmG,,muq ,"JruJ9buv 'Jm,,m'Jf m1) "Jru'JmJrm 'Jm,,m'Jf m1 1119:, G'Jmf /'if I' 'J'I 
p1117'Gmt/1' JpmfeJ111b.l11u 'Jm,,m'Jfm1 '1JJm111 i/Jqbuy IJm,,m'Jfm,,Jq 

. t'/1q"Jrm 7u Gt/-% G tjnqJq,,mp tjdfm7'111m:, '/11,u111qrl 

1q1JBJ9"Jr ilnqJ9,,mp '1ilfm7'111m:, i/'JmJrm 1Jm,,m1Jfm,,Jq lburlrm p111"JrJ111 ~ 

;1J111:,Junf 'B'/J'l'J/'1uum111m,,1J "Jri/111,,111J111n'Ju,, 71 'Jm,,mn911111111 "Jrulq111q 

t'/J9'1 
-l'Jm:,mln '/-{ n} 111nil .) r1u"JrZuJu il111ulfi1uJm,,Jq 1J'/fm,,Jm7'Zm:, 07 
tJ'1UIJ1Uf fi111fiJm:, IJmpuf '.) IJbflrmumZ '/f mi/GJq'Ji/ tjdfm7'111m:, 1Jm,,m11T ml 



jlt~ 

-m:, i/Jq1Jp111.Jm1 qJtj'J~mJp"! -fm'JrpL"Jii . .,,_ fm"fi"..'f 'i/iJttml(J fm]rrL'I" 

'1 IJ1UT,,'JmLL1U i/J1ur1n1 4J'l'Jf'1UJm1 i/'f.UU11fJ fm]rrLlf" 

•i/'JmJrm fm]rJlimLqin r111111ulJ hrni 11 il1Ju111qJ ,1'1u111ulJ fm]rrLqn 

'il'JmJrm 1Jfm'11' 1 r1u111mn/Zm rw111u/J fm]ruv 

•p1U'1m-,.q]r 1Ji/fm1Jmp:,mn Ju '1 1nu]r1J1uli1J'f!_ ,'Jil'JqnTm '1 r1uillnqb 1Jmyu.e 

rzm'1m'JTm1 Ju 7'Ji/ 'mJ]r i/Jnf/T1UJ/i 1JT1u'J 1 fmlr'Jl'i/:, il'1Jm]rZm7 

(rt) 
04 

tll~'.:>:~= 7 

lt.QUlaB'll'1 '\.>IU9ti'\.Ul.l.>IU ·i 

· 11nq1i ~~~mun 

iJtiJ'Oli:.l'0"1 '\. 'OG·e.NUJ.811 l.fJQ'\.'Ct".Q'01'S'0"1 
l'O.OJU'\. '\l.fct~'\. 11-tm '\. 'Olt'O'\.G'Ol\JQ l.fJJ'OS ·u·t § 

tillJ7uTf11Uflfl' i2a 1 f'lU]rJmp1ulJ il1JmTf11u'JuJui'J'17 

-m111Jm oa fm]rGm111n Gq7Jin]rZm:, 1Jm'1m'1q111m111n f'7UJ71Jmi/G~1uJ111n'Ju.1; 

q1qZuJu 'J'1Ju7q111m111n tGq-:.a nm7mb. 7u GlmJ •Jmnm]rm:, i11JmTfl1Uflfp 

9mGm111n Gi/1rJm]rZm:, 1Jm1rm1ri/111m111n 1qlJGJq]r 1 il111qln il1J1uTfl1U1JUJ1111Jq'r 

-m111Jm oa niJ1q1rJm]r.Zm:, i/Jq1Jmi/G1r7UJ111n'Julr ZuJu'Jm 'l.'1Ju~quim111n 
tGtj-pn l 71 

Gi/-ot/l 1JmTfl1uJvJmJ qilfm7'111m:;-•Gi/-1)09/l 1ml1!f1uJmlrJq jJJm111 .1m~mlrr 
'lu 191JGJ'f]r 1 il111qln p1uJqillnqli Ju1uJ il1J7UTpj1u'J,uJ111'I'f1rm111Jm ;.11 

t 'Jl uf fl1 UIJ uJ U1 'Jlf,, m U1 J m 

,;.a 1Jm1rm:,m111mln fm7rJu]rm'Jml'Tmln ]ruJlf'J'l.,;ftiulJ fm]rnq111mn/m'l.7 lruJr 

-Jm]rZm':, 1m'Jlf1J1U 1 LuJmlr ilp1u N LupLqn 'Jm1rm1JTm7Jq Ju ''Jfm 1q'l.vm 

i/7rZm:, 1 il111qln nif191rJm]rZm:, 1JmTfi1uJpm 111nil ilJqJJm111 Lu]rrLqn 

til'Ji/JqJJmur 
lJUlrvf Ju 7'J'1 'il1JT1u'J 1 Jf1U]r1J1uh1Jil 11 fm]rJqnm'Jf'1U.n1.u 1 7'111 qilfm]r111m:, 

ilqfl 111nil ilp)T1u'JJ 'JmpTmillmil i/JqJJm111 Lulrl'Llfn 1J,UJ1111Jq'1m111J11 

(z·t) 

1]ru11vm'JmJ ( 6~·~) 1 r1u]rZuJu il1J1ufp)1ufqf ll~ 

04 
zH~<~= X 

,lf(Jq 'i/illnqli hJuJ7Jq 111nil 

'[il-(g~~~) Ju 7'Jif '1 'J'JT1u'f] 

!rt) 
oq 

11~::>~=7 
tLl 

·il'Jmf'Tmln lmT71url(:, ·1 :rmlr'Jmln:,mln u/q 'qillnqh 'Ji/lmvm 111nil 

•m'Jq'J1u7 ifhq111 ilf'lUTmilTmil i/J 

-Jm111 Ju '1 f'7U]r1J1ul111il 'Gqil1J1uThJm qJqlJIJ1uT fl1U111ubm111q:, 1Jm'1mJmJmr 

-Jui/t pu1'11J1q 'ni/1q'1Jm]rlm:, qhu(!/qf' qJq'J'1m-,.i/P 'l.i/Tm'Jml':,mn 111n:J 

t1 fm]rJu]rm'JmJrmJqlJ iJJJm111 JJq '1'1uillnqli 1Jmfp]1u'JuJ 

-1111Jq.'1m111Jm «f!/1'» 11m'l 1Tm 'f'1Uillnqli IJmT pj1u'JuJ1111Jq'1m111Jm crJilui/t » 

"JTmqp 7u 1m'J'llJ1U 1{L9111 1 LuJm'1 f'lUTmilTmil i/fiT1u'JJ fm]rJIJmJm'1fJ. 

_-1il1Ji/JqJJm111 Lu]rvf fm]rJu]rm'JmJrmJqlJ Ju 7'J'1 '1 'J'J,lU'J r1uillnqli nTm 

iJp}TlUljJ 'Jml'TmilTmil 4J_9JJm111 Lu111mn/Zm 'Jml'f'Lqn 'JUJ1111Jq'1m111J'fl 

itln9b bJuJ~J'I -rl •dln9b 1JiJlm111n -m 

·il.iq'Jmpqnln 1Jmpfm1fm1 ~o1qo1.1mm ba]tpbqn 'JO.lat'J'{\mm.in "trt "\'l 

n 

I ~!9 F3 I , ~ II:W \' ~ iJ 
;n ~ 

/I, 

-~'!9 

....,!9 lf??:l J \ If_ ~. I 

'/I 

:;:,. 

t(J 't•t •lr'J) il1jmTfl1uf 

-qr i/IJ.ml':,mn 1jmTfl1u'J1unu:, f'1U'f.nm:, q7 i/f'lUJm1 i/'JmJrm lifm 'fm]r 
-Jm1Jqpj 1 r1u'JI' 111Zqp illJmJrm 1u111ulJ fm]ruv pmlr fm]rrLqn 1T1U41 

tF fl/I' nJ1Uh Gi/iJrm7 'JTm qp}q 'il1Jmfpj1ufqf' i/'Jml':,mn 1Jmfpj1u'11un 

-u:, 1 p1uljnm:, Uf'1UJm1 i/'JmJrm 1u111ulJ fm]rrLqn Lqp1y tfm]rTmilTmil 1 

1,nu]rJmrm:, ilJJm111 11 1 f'lUlrJZi/t il1Ju111qJ 'il1Jmfpj111Jlimpqli 'Ji/Tm'Jml':,mn 

~ml'f'Lgn .1 p1u'lnm~ • ilf'1UJm1 '1'Ju1119J r1u111ulJ lifm •G1U111ulJ fm]rrLqn 

Lqp1U 1 Jflu]rnlrn 111Zi/1' ilf'lUTmilTmil qJJms tfm]rrLqn i/tm7mJmnm]rm:,'Jm 

,.1'1upLu'1 muTI' '1nfl 'fm]rnf 1T7Up} p1urLu7 '11' rm'1 1 fm]rrLqn i/tm7mJ 

-mnm]rm:,'Jm Jrmfpj7UlLuJl'm 1Jilfm]r111m:, r1uhui/t '1ml'Tmi1Tmil I' 1 u ii 

-In q" ''J m rd 1 u 'J u J U1 'J q ,, m U1 J m crJ ii u 41» : jlnqb b.ia.rlt.rq 



Jw"lc.uurc.uufuwfiwpwp <wi/_wuwp hfi frpbfig <c.u1if.wpftw1/rfi R "II'' R. I. 

R.. • 11/rJ w11pnc.P 1nc.1'Upfr1'1 

U.1u"1/runi[, bpp UfC.U<Ufwfii/_c.ul t (4.1) "1w1Jwfie, uw<Jw'iiw1fr1i i/./r
-Awftnw -Afr11bpfr w'l.11Jc.ufi ufubJwfi urwppfr finpJwl (-G.w11w6) <wurif.c.u611nc.J 

ftt/rfi/r w11'Ufhu1 /rfii."lbu 9nc.19 t urpi/_wl J,ft. 404-nc.Ji· 

\,~. 4.4. ~(lqhr(l u}ubdwG l'UU\ wnwt(lG 111-"lf~ wrU\w~h&U\l"Dli uh1l'li[u'{ 

mwrr~ nup1.wli~Jntli linrdw1. Jiwmi[wbfnul l'UU\ wdrn1pJwG liw2i[wr~b~u. 

ll.purwft_bfiurpnfi uh'lJif.wl urwpphp/r finpJwl <wuri/_ur611Lhp{r c.uJ'pnc-

P1nc.fie1 <wJwaw11i <w1if.wpftw1/rfi uw<Jwfiw1fr1i if./r-G.wftfibpfr JhPn11/r1 

ftt/rfi/r wUfw<ni/_i/_wl, hph <wuri/_c.u61nc.J 11np6nq lip~c.u11iwftw1' ub'lJn'l 
nc.Jfr JnJbfiure a114.c.u1 c.uJpwfl/r <c.uur4_c.u6pfr Jc.ufthpbufr 6c.uLrnc.P1wfl fth1iur

rnfln4_ c.ufi9 Jin'l, 111Jc.u1i <wrPnc.P1c.ufle flnpJwt c.u11w1191r JiftwurJwJp t/rfl/r' 
ni. c.uif.ht/r flhn/rfi <w1i[wpftw1/rfl -Afr11hpfr 11nc.Jwpw1/rfi JnJbflur/rg fint1L.
wnc.ufl91/r 1'ftwurJc.uJp' 

Ne=s;; R.,,. bx(h0-0,5x) +R .... F~ (ho- a 1), (4.3) 

puur npnc.J uh'lJif.c.ul 11nurnt pwpapnc.P1nc.fie "lhur11 t npn1ht w1fl "lw1-

Jw1'fr91 np wpurw1/rfl <w14_wpftw1/rfl ph111iif.w61flhpfr9 <c.uuri/_w61nc.J 11np-

ln'l hpftw11iwftw1' uh'LJn'l nc.Jp <wi/_wuc.up t flhp1/rfl {wzif.wpftw1/rfl -Afi
fhp/r qnc.J c.upfrfl' 

(4.4-J 

Ufr zc.upp 11h"111hpnw fl"lwurwftw<wpJc.up t ub'lJ>lf w6 q,11urnc. pc.upapnc.

/11nc.fle npnzbtfru 011ur4_bt <hurlL1c.uL <wi/_c.uuwpntJfr9. 

R..,,.bx(e-hct+o•5x)±R .... F _'e' -R.F.e .... o,. 
J71J 

npe bpftw11iwftw1i N nuJfr ftfrpwnJwfi ftburni/_ wfigfin'l, 611Jwfi <wrPnt

P1w'iie finpJwl w11wfi911/r 1iftwurJwJp wpurw11/rfi ntJbpfr b. Jibp11/rfi -G.frfbp/r· 
JnJhfiurfihp/r <wi/_wuwpntP1wfi "1w1Jwfifi t (~M=O) 1 

( 4.5) wpurw{w1urnc.p 1nc.1inc.J hpftpnp'f wfi11wJfr fi1wfie if.hpgi/_nw f 
«UfLJntu», bph N ntJe ft/rpwni/_wl t lJ. b. ll.' wJpwfifibpfr <wuri/_w611/r Jw
ftbphufibpfr 1Uf 1'pnc.p 1wfi ftb1iurpnfifihp/r Jfr1b. b'lwl < hnwi/_npnc.P 1nc.1ifr9· 
11ntpu b. crJfrJinc.u»' bpb w1fi ftfrpwni/_wl t 1i1if.w6 <h11wi[npnc.P1c.ufi uw<
J c.ufifihpntJ I 

011urwpplhtni/. finc.11' fi1w1iwftnc.Jfihpe 1 fr1ii. np ftwurwpifht hfi nc.'l

'lw1ift1nc.Ji <wurif.c.u611/r lnif.n'l urwppbpfr wJpnc.P1wfi <w1i[c.upft/r 11h"l11ntJ· 

(e=-x-, Ao=s(1-0,5s). v=1-0,5s), if.hpe phpi[c.ul wpurw<w1urnc..,. 
ho 

p 1nc.'bfibpe finc.11' ab.ni/_, fr1'1.Ufhu 611ifn'l urc.uppbpfr 'fb"lllnc.J, ftwpbtfr t pbpt.L_ 
-':w1i[wpft/r <wJwp wnwifhl 1'Ufwurwftc.u<wpJwp urhu11/r b. 011urif.bl 3.1 W'l- -

1nc.uwftfr9. 

Ne :s;; AoR"',.bh0
2 + R.... P .. '(h0 -a'). 

N = rn"',.bh0
2+R •.. F.'-R.F., 

eR"',.bh0(e-h0 +0,5Eh0) + R •.• F.'e'-R.F .. e=01 

(4.6) 

(4.7) 

(4.8) 

e = (i-f) + 11 f(i-..!:..,.)2 + 2(R .. F.e±R ... . 2F .. 'e') I (4~9 y 
_ o V h0 R.,,.bh0 

n .. 'l'lw1'ft1nc.Ji <wurif.c.ulp/r urc.upphpfr <c.uJwp if.hre phpi/_c.ul pnlnl' c.up-
urw<c.u1urnc.P1nc.flflhpntJ e b. e' Jhlnc.p1nc.fl1ihre ftt/rflbJi' 

e=e0+0,5h-a, 

e'=e0-0,5h+a', hrp e~h0-a', 

e'=0,5h-e0-a', hpp e<ho-a': 

(4 .10) 

(4.11) 

/if,l."lbu wp11hL wuif.hl t 1 wpurwfthflurpnfl ub'LJJc.ufl bpftpnp'f 'fh"l- 

llnW <c.uuri/_wlp/r nc.Jh'l uh'lJif.wl 11nurnc. pburnfl/r IL c.uJpc.ufl/r 11-frJw11rnc.--

12 br\wypbmn&b \n&UU\l"Dl\9li1111iJir nr 



bph UJwi/.pw1/rfi {wUJi/_UJt)(!p uwll! qUJfii/_nul t d.qi/_wt) lfwJ PnLJL 

.uh'lJi/_wt) (wpUJwlfhLUJpnfi uh'lJJwfi hplfpnp'f '1h"ll!) qnUJntJ, UJ"fUJ .\w'z· 
i/_wplff! lfwUJwpi/_ntJ { WJfi"lhu, frLl"lhu b Lw1Lni.P1wfi k h pwpd.pmP1w'iJ 

-nt'L'Lwfiltintfi {wUJi/_wt)(!p' .t;wJwp f wn.wfi9 t:wzi/_fr wn.Lhlnt WJ'f uwlfi 

-u111.lfw1ntPJnLfif!t /JplfUJwi/_pw1/ifi .\wUJi/_wt)(!fihpf! .\wzi£wplfi/_ntJ hf, np"fhu 
ub'lJi/_wt) uwlni/. UJUJi/yw1fiL .\wUJi/_wt)(!Lbpt 

U.nwf~& 11buif. 

(4.1) 

/if,l"lbu nt'L'lwfilfJntfi {wUJi/_wt)(!/i UJW('pbpfi wJpntPJwfi t:wzi/_wplf

Jwf, JwJwfiwlf, WJfi"lbu {L ub'lJi/_wt) uwlni/. UJUJi/.pw1/ifi h. hplfUJwi/.pw1/ifi 

{wUJi/_wt)(!/i UJW{'phpfi .t:wzi/_wplfJwfl '1b"f(!"LJ d.qi/_wt) qnUJntJ qUJfii/_n'l ph

UJnfil! 'lfiUJi/_n'l {wUJi/_wt)(!ntJ f!L'1ntfii/_ntJ _{ -G.w(!wt)1 

U.1uUJb'l ku, /ifil"lbu t)n.i/_n'l UJUJ{'['hpfi '1b"f(!nLJ, ub'lJi/_wt) qnu1frL 

lfwpn'l { qUJfii/_hl uwlfi uwt:Jwfi&bpntJ' X~h: (Llf. 4.6, w) lfwJ lfwpn'l 

{ wfi9fibl ltn'Lni/.' x>h: (Llf. 4.6, p)• 

U fiJ bUJpfilt wJ pwLwi/_npi/_wt) UJwppbpfi '1b"f(!nLJ, hph 

(4.18) -

IW"fW X~h~, w1ufiLpL' uh'lJi/_wt) qnUJ/iL qUJLi/_mJ { uwlfi uw.\JwLLh

pntJ, Jiulf hP4 

-tlj. 4.6. ~Ji11hr)i u)ubdwt pum wnwtJit 'lbuifl> 
swrmw~btmrnt ubqdil_nq mwrrl> mwil_rwlal. Gnr

•dwl &.wmil_wHn.d, pum wdro•pjwt .liwzil_wr~btJiu 

(4.19) 

UJ"fUJ x>h:, UIJufiLpL' uh'l

Jei[_wt) qnm/iL f!L'111PltmJ { 

Lwk ltn'lfr Jfi Jwuf!t 

/iJob' uJrJhurpfrf[ £. fib' nt_ 

uJrJhurpfrft wJpw'j,wi[_npi[_wt) 

urwppbpfr 'Jb"fjlnLJ. 

hpp_ x~h:, wJpn~P1wL .\wzi/_wpltf! ltwUJwpi/_mJ { nt'l'lwLlt1ni.L .\wUJ

i/._wt)(!/i pwfiwd.Uhpni/_, f!L'fntLb Lnif. .t;wmi/_ wt)/!fi .t; wzif. wplf w 1/ifi L"'Jfimp 1nt

Lf! b:, 
hpp x>h :. wJpntPJwL .t;wzi/_wpltf! ltwUJwpi/_nw { f!UUJ 

:Ne~R..,l'bx(h0-0,5x)+R..,l'(b.'-b)h.'(h0 -0,5h.') + R •.• F. '(h0 - a') 
(4.20) 

::l80 

JJ{wJJwLfi, fiulf ub'lJi[wt) qnUJnt pwpd.pntPJntLf! npnzi/_ntJ { .\hUJkJWL 

"iw1JwLfi9 • 

(4.21) 

brqrnrl} q~ui f. 

(4.2) 

U. JU '1b"f(!ntJ np"fbu lfwLnfi x> h ~ 1 il'h' nHlb'l uh'lJi[wt) qnUJntJ 

:IfU1Li/_n'l uwlni/_ UJwi/.pw1fiL h. Ph' hplfUJwi/.pw1/ifi .\wUJi/_wt)(!Lbpfi wJpnt

jJ 1wfi .\wzi/_wplff! lfwUJwpi/_ntJ { f!UU1 Lnt1L ( 4.20) "fWJJwlifi, fiulf ub'lJ

tJ.wt) qnUJnt pwpd.pntPJntfif! npnz.i/_ntJ { .t;bUJh.Jwl "lwJJwLfi9. 

(4.22) 

'1wfui[wt) pbUJnLfi Lwfuw~w1fiL Jwplfw1fr9 k wJpwfi/i 11wufi9, w1L

.JJ(hu, filil"lhu nt'l'lwfiluwfi {wUJi[wt)(!/i UJW[l['hpfi 11bUfpntJ, 0. [WpntJf! 

npnzi/_ntJ t ( 4.15) pwLwd.kni[ lfwJ .\wzi[wpltf! lfwUJwpi/_ntJ { f!L'1<wLnl(I 

Jbpn,,.ni/_ ( UJb' u § 2.8 )• 

U.pUJwlfbLUJpnL uh'lJi/_wt) bplfwppbUJnLh -G.ltmL UJW('f'bl'I! pbn.Li[wt}

_,pfi wnhgntP1wL Lhp,pn bLpwplfi/_ntJ hf, hplfw1LwlfwL t)n.JwL' UUJwLntJ 

.bf, -G.lfi[_wt)p, npfi <hUJh.wL(!ni[ w-G.ntJ { uh'lJn'l ntcl/i wpUJwlfhLurpnLnt

PJntLf! (Lit. 4.7 ), k UJWf'f'P ltpnqntLwltni./11m1'f! u"lwn.i[ntJ { i/rn(!{' hp

ftw1fiwltwfi mJfr UJwlt, .\wJhJwUJwt) <wUJi/_wt)(!/r LntJL lwifrhp ntflhgn'l. 

'twp-&. urwppfi {hUJt 

Swppfr hpltw1fiwltwL t)n.ntJfi9 wn.w1wsn'l -G.lti/_wt)(!/i .t;hmkwLpni/. 

-"hpLwltwL wpmwltbLUJpnfintPJwfi Jbt)w9ntJf! .t:wzi/_fr t wn.Li[nw TJ qnp

t)wlts/i Jfr1.nsn4.• 

bflh uh'LJ"'l nul/i ulfqpfiwltwfi wrmwlthLurpnfintPJntLf! LzwLwlth1'11 

eo, W"fW hp,ltw1Lwltwfi t)n.ntJfi9 .\bUJn w1L itLfiLfi' 

l8l 



l!H 
•7ru1rpm11mJ lmf71ur9j 1 pwlrZuJu i1111uf(!/1uf'IP ifG~m{'Jull Lt 

:oalt.=o,a 

,i/'Jifl~ 11fm uurqj Gifp1uu{' 1Jm~m11fm~'J9 mlnm •oa 

il'I'l'1m'JmZ'J il1J1Uf(!/'1u'JuJur'J'l~murJm 'Jm~m'JJ'b~n ifp1u LupLqn lfliJQ 

17'uGulif p ifG~m{' 

-Juh Lt pw7'11um 1 iJ7rZmj ilpwGmfqp 1Jmf(!/'1u'JuJur'J9~murJm IJm~m'JJh~rr 

7ruil11m71ur9j ifil¥m7'~Y. LuGmlmum Gifp.,uu{' 11m1tm11fm~Jq ifJJms 
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npuib'l 

Ntl'-6 '4~" f-1 
-( O,ll +0,1 )+ nf .. 11 

lo k•l't O,l+t ~ 

(4 .24)' 

Ntl' "i..,l,f..,'b..,i,_w'b ~rfrmHw'tw"il m.JI!' 

nrn2iJm_J t- r..w2i/Jr wn'bblni/ brltwfJphmn'bfr 
w2_/uU1urw"il.eJi wnw'bc1'bwf.U1m~n1.-Jl1nL'b"ilbrf!'
ub'lJiJ..,J pburn'bfi. nt_ wnwcl'lw~wb f.wm-

.i,_nLp/nLbbbrl!• cl'liJwtt 'lnmnL l!-burn'bnur 

b.w~brfr 1Un'tw1nLfiltnLbf!, br'twrwur£: 
I.\. 4.7. Urmw~hl'amrnl'a uh1l'l'1.n'l 
6\ntl'a mwrrli il_rw qnrb"'l uh'llln'l pbn'biJUIJ ~Jr U1'l.tps9m-fil JnLb I! £. w ll'b 1 

ntdli wrmw\hl'amrnl'antpJwl'a · .jin.jin- (4.24) pw'b..,.1£.nL,/. 

)uotpJDllip hr\wJl'aw\wl'a bmfwli /0-b urwppfr f:,IU2_i/Wrltw1Jrb bp"-wrnL-
libmJ.wl'afnil_ [ii JnLbb t-1 ' 

I-ft mwppfr .t;wmqwJpfr Jw~bpbufr pflbp9frw1fr JnJbfturft t <wmqwJpfr 

JwftpmP1wft ~bftmpnftnq wft9ftn'l b. t)11Jwft .t;wppnLP1wftl! nL'l'lw<w1wu 

u111wft9pfr ft~wuiJwJp, 

I. -ft wtlpn'lt. wtlpwftfr <wuiqwtJpfr Jw~bpbufr frUp9frw1/r JnJbftl{lfr 

t flnLJft w11wfl9pfr ft~wuiJwJp, 

t= ~ -I! .t;wpwphpw~wft wpuiw~bfluipnftnLPJnL'bft t, qbp9qmtl f 

t~t "~", 

t =0,5-0,01 ~ -o,01R • 
4t~ ~I' 

(4.25) 

k Al't -I! fnpt)w~/t9 t, npf! .t;wz# t wn'bnLJ pbn'bqwtJpfr bp~wpwuiU. 

wq1J.b9nLPJnLftf! "- npnzqnLJ t .t;buib.1wl pnpd.w11UJ~w'b pwftwd.£.n4_, 

w1umb'l M1 b. M ~l' t JnJbftui'bbpf! npnzqmJ b'b d.q.qwtJ ~wJ Pm1L ub'lJ-

182 

J.j_wt) wJpwftp <wuiqwJpfr t)wftpmP1wft ~bftmpnftnq wft9ftn'l b. t)ru/wft 
·.t:wpPmP1w'bf! nL'l'lwt:w1w9 w11w'b9pfr ft~wuiJwJp .t;wtlwUfWU1UJu/uwf11u
pwp lf'Pr/. pb11ftr(_wt)pjr9 "- tlzuiw~wft nL bp~wpwuib. ph11'b4_wt)pftbpfr9, 

fl-'b q.npt)w~fr9 t, ~wfur(_wt) pbuin'bfr uibuw~fr9, Jw'bp pbuin'b'bbpfr 

''1bUfpnLJ fl= 1, t)w~nui~bft l9w'b1n~bpnq pbuinft'bbpfr '1/iUfpnLJ fl= 1 ••• 

... . 2,51 
fl L'l'lw'fl~Jnlft <wuiqwtJpp uiwppbpp .t; wJwp ( 4.24) pwftwJ.J...f! UUIW

f,mJ t .t;buib.1wl uibupf!• 

.nptnb'l 

bpp 

. f o,u +0,1 
N l ,6E,.bh O,l+ t + 

ti'== p.n ( ~ y L 3k~rt 

F.+F'. 
p. = bh 

E. 
n- -1 

E,. 

f!'b'fnlftqnLJ t '11=1 1 

(4.27) 

'11 q.npt)w~9/r JbJmP1nlftf! unqnpwpwp umw9qmJ t 1 .. . 2 uwt:Jwft
:'bbpnLJ, bpb ( 4.24) ~wt! ( 4.27) pwftwd.b.nq npnzqwt) 11-ft uuiw9i/.nLJ t 
iwtfrw'l.w'b9 Jbt) ~wt! pw9wuw~wft1 WUfW ftzw'bw~nLJ t , np .t;wuiqwJpfr 

f!'blJ.m'bqwtt z_wtfrbpft wftpwqwpwp hft b. .t;'bwpwqnp t uiwppfr ~WJnJ,nL

P 1wft ~npmuui1 'tJw'b IJ.hU[phpnLJ "lbuip t Jbt)w9'bbl .t;wuiqwJpfr z_wpb • 

JI/! ~wt! tfrnppw9ftbl bp~w1ftw~wft nLtl/r JUnlPJm'b'b WJ'b"lbu, np 'l')-1' 

uuiw91.fr qbpf! ftzi/.wtJ uw<JwftftbpnLJt 

( 4.24) ~wt! ( 4.27) pw'bwd.b.ni/. npnzqwt) '11 q.npJw~fi91! .t;wzi/.fr t w~
'linw bp~w1ftw~wft Jru/wft wnwqblwq.nLJ'b wq_IJ.bgnLPJnLftf! m4_1wl uiwpp~ 
if.pw i /ipw~w'bnLJ f!UUI uiwppfr bp~wpnLPJwft uiwppbp .t;wuiqwJp'bbpfi <w

.Jwp WJIJ. fnpJw~9/r JUmPJnL'bf! ~L/rft/r uiwppbp1 IJ.puiw"-b'buipnft ub'lJ-
4_wt) w1ft uiwpphpfr <wJwp, npnftp mUft z_uib'lwt/in/ui/.n'l .t;bflwpwflflbp 

1 . 
:Lt Jfrwftzwft ~npnLPJnlft, /unp.t;nlplJ. t uipqmJ uiwpp/t Jfr1.fr'b - l bp~w-

. . 3 
pn1-[J JW'fl uw.t;J wfJ'flJ.pnLJ e'fl'1nL'flbl 'r)-p W11UJ4_blwq.nLJ'fl' UJ JUpfip'fl ( 4,24) 
~wJ (4.27) pwflwd.Ltnq uuiw94_wt) wptlbpf! 1 fru~ .t;bf,wpw'b'bbpfr9 JjrfJz_h 
1 . al .t;bnwqnpnLPJwft uw.t;Jw'bflbpnLJ tuiftqn'l .t;wuiqwtJpftbpfr .t;wJ111p eft-

'fRL'bbl> np pntfrn/uqnLJ t tJw1/rft· opbftpnq' 1-Jr9 Jfrftz_b. uuiw9i/.wt) f)-ft 
.('b~. 4.8 )• 
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UnJ"wL '-wrflnL[ilJnLLfr9· 

l.olt. 4.8. brltwJliwltwli bitdwli fl qnrbwlt9~ ijin

..juaJun•pJwli liwztlwrltwJJ.ili uJuhdwli 2mhqwijinJu

'1.n'l fuu1wltw111wJJ.ili lihliwrwlilihrntl mwrr~ 

'lnLru frw21_wr'Lhlfiu hr'Lw1-· 

Lw'LwL nulfr wrmw'LhLurrn--

1'nLflJnLLL! [!'j,¥L'b1_nLJ" t r.w--

1_wuwr "l_Wmwr.w'LwL wrurw

'Lh'burrnLnLFJJw'be' e0 = l!ef I 

q};Uffntd 

I 4.5. flf\.'l. 'l.U. "t.'ll60f\.'l. ~U.811..U.tr~fl SU.flflbflJl ~U.t:1lU.f''ll'1U. "t.. 
OflJl"t.U.li'l.bfl 

1. U.trl'O.Vt• 1!'1Sl'flNTI! 

nL'l.11.w1tltin1f.t {wmiJ.wr>pfi wpurwlthf.turpnf.t ub11.J4.n11. urwpphpfi bpltwi-· 

flwltwfi wJpwltfi -<:wmiJ.wr>pfi Jwltbphufr npnznwl! f!ULn -<:wiurltfi 'Afiq.bpfi"• 

"- {wzif.wpltwifi£ hpltwpn1Piwf.t, ltwurwpqn1J f {burb.iwL {wp_np11wltwf.tn1 .. . 
PiwJp, 

f!fimpi/_nw f phmnltfi Jwpltwf.t b. wJpwf.tp '1-WU[!t 

l.wJWUfWUIUlufuwlt W'f.in1uwltf.thpfi9, {wzl/1' wnf.thtnil. ltimPhpfi wz-

'fuwmwltpfi utwiJwf.tp q.npr>wltfisltbpf!1 iJ.bpgqnw bf,, R"'"' R., R •. u 

~wzqwpltwifi£ '1-fiJw'IPn•PinLf.tf.thpfi b. E,. 1 E. wnwd.qwltwltmPiwlt Jn

q.nl./,Hpfi JUmPinLf.tf.tbpf!t 

bpltwif.twltwf.t r>nJwf.t wq,,_b9n1Pin1fil! {wzif.fi wnf.tn'l 1) q.npr>wltfisl!" 
npnzhLnL -<:wJwp ltwfuwuthu l!f.turpqn1J bf,, urwppp {wuri/_wr>pfi i.wlfibpf!" 
h, b, h wJpwf.twqnpJwfi q.npr>wltfisl!' . 
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I-" i:= F. + F.' -0,005. • .0,0351 
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(4.7) pwf.twd.J..nq npnziJ.ntJ t 1) qnpr)w,ltp9[!, WJf.tnLt;bur/,_ e'o=rieo 
wpuiwltbf.turpnf.tn1/JinL1t[! b. wf.t91tmJ bf.t wJpwltfi [!lturpJwf.t[!t bpb wJpwf.tl! 

l!LuipbLn•9 {burn Uf"'P'l..if.nLJ t, np µ wJpwf.twi/_npJwf.t qnpr>wltfisl! pwi/_w

ltwLfrlt i.wi/ini/_ urwppbpi/_n1J t ltwfuwutbu [!lturpwr>fi9, "'Uf"' utburp t 
-G.zurbl 1)-p JUnLPintf.tf! b. wJpwltfi {wurif.wr>pfi l!f.turpntJf! ftwurwpbl ltn-

PP9' . 
n.'1.'l"'f.t"imf.t {wurif.wr>pfi urwppbpf! ltwpblfr t ltwfuwqr)bl ni. ufiJbur-

pfrlt wJpwltni/_' F.., =FF: b. upJburpfrlt wJpwltnif.' F.., =F: I UfiJburpfi" 

wJpwf.twqnpntJ[! f.tutwurwltw-<:wpJwp t Jnurwi/_npwUfbu Jpb.f.tn1i1t Jbr>m

fJJwL pnpnfuwltwf.t ltzwltfi JnJbf.turf.tbpfi, «pnpp» wpurwltbf.turpnltmPin11t

Lbpfr "- wil '1bUfpbpmJ1 

Unwf11&. qhuif: 

w) f!Jw-<:wf.tp_if_n1J t npnzbl I.I. b. U.' wJpwf.tf.tbpfi -;wuri/_wr)pf.tbpfi Jw

ltbpbuf.tbpf!, bpp F ... =FF: , 
/ult'lfiplt nLf.tp pwqJwPfir/. tntr>n1Jf.tbp, uwltwif.t wJpwf.tp fultwJn'lwpwp 

oquiwqnpr)Jwf.t urbuwltbmp9 f.tutwuiwltw-<:wpJwp Lntr>ntJ[! ltLfiltp wilt, npp 

11butpntJ (P .. +F: )-lt wJbf.twpnppf.t t• btf.tbtnif. 'H'wLfi9, (4.6) b. (4.7) 

pwf.twd.b.bpntJ utburp f urh'l.."''1-Pbl 6=6 R' Ao= AR, pwis ni. wif.btfi, pwf.t 

s=0,55 "- Ao=0,41 1.1.JUUfpunq, I.I.' "- I.I. wJpwf.tltbpfi -<:wurqwr>pfi Jwltb

,['huf.tbpf! ltnpnzqbf.t {burb.J"'l pwf.twd.b.bpnq. 

F.' Ne - ARR"'rbh0 l 

R .... (h0-a') 
(4.28) 

(4.29) 

( 4.29) pwfiwd.b.f! ltfrpwnbtfr t, bpb fipw Jhp_ mh'l.."''1-Pif.n'l. F: -e 

{ 4.28) pwf.twd.l.t.fi9 uurw91{.w()f.t t : bpb wiu lfwJ wilt ltlfwmwnn1Jf.tbpni/, 

F~ -l! qbp9qnw t wiJ.btfi, pwf.t wilt umw9qhl t (4.28) pwfiwd.b.nl{., W"fW 

F.., -L ujbtnp t npnzbl wiltutbu, filti.uthu q) fult'1pn1J t: 

Op~Gw\ 4.1. Sr4,w.) Is~' "'"'l'l'I! ""'"'"-"'.)i!I! l"'1'"re' b..:40 uJ, h=60 uJ, a= 
=a'=:4 ,,J, ,),,,~l' pburn~' U 300 J111rlf.11111! (mpt ... 0,9, R.,"=0,9.13,5=12 ,2 U'IJ111, 

Ep=2,6 . 104 U'IJ111), A-III 'l"'uf! ,,,Jr,,,~ (R .. =R ... . =310 U"1111, E .. =2,6.10~ 
IJ'lf/w) I tn W f'f'I! f,UI z4.111 f'"-UIJI!~ ,, f'lf.IUf'nLfl JnL'ltJ!. / 0=10 ,8 JI .)n.n'l J nJb"btn~b ['/!. /,. ,, {'

-'t.UIJ~W"-UI~ nLJbre Jz,,,wlf.w~ /,. "r"-"'l'"'"'"- 'lnl'.)n'l pbn~""'~l!~"rl!s' N 'rt= 100 fi,, 
Mort= 280 11.t.J, "-"'[''"'"'"- 'lnl'.)n'l pbn."i.4,111.)l!~bl'f!s' N t .. r' = 200 "-t' 
Mt•r' = 100 lf_t. J (M- M,,.t + Mt-r' =280 + 100= 380 lf_t. J, N = N',.t + 
+Nt-r'=700 +200=900 lf_t}• 

185 



,..,t.w'i.!.t/.nL.! t npn2ltl lJ. I. U.' w.!pw'i.'i.l.p/! t.wur1_wlte/! F. lo F. •· J,,,f1."pli.u

'j,/z l'l!' 

~"' 2 1 "'l' t• ho=h - a=60-4=56 u.!r 

10 1080 h =So= 18:>4 ""'24"'l'tl! "ll.ure t t"'"'"'l'/,l 'f.twmJr nL'j,/,'j,,,,Jn1. ur"'l'l'f 1',et-

4,,,J l!l!' 

N l,6 El"bh o ~+t + O,l (h0-a' )2 
[

011 ] 
+r c::--"-- ' + p.n -- • ( ~ y 3k,/'~ h 

E. 2.105 
n =-= ---= 7, 7, e'i.'lnL'f.n• .r lz'i.e p. = 0 ,Ola,. 

El" 2,6 .104 

~ . 
tJf>io=0,5 - 0,01 - - 0,01 R.,l"=0,5-o,01.1S-o,01.12.2=0,198,. 

h 

M 380UO 
eo=N= 

900 
=r::42,3 u.!, 

e
0 

42,3 · 
-=--=0 705 . h 60 ~ , 

eo 
-l!"''i.Jr "l' h = 0,705>t.r[>i. =0,198, e'f.pL'i.nL.r lz'f.e t == 0>7051, 

'186 

'tJ'..,'j,l' pbinn"bJr t,,.,,r.,.L' ~ = 11 

280+70o 

=l+l 
380+900 

0,56- 0,04 

2 

0,56 - 0,04 = 
1

'
752

' 

2 

1,6.2,6·104·40·60 
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0,11 ] ' 
o,1+ 0,705 +0,1 + o,o1a·7 ,7 (56-4 )2 = 

3·1,752 60 

= 40675 Utf/,.,. u.13 = 4008 tl. 1 

1 1 
TJ= N - 900 =1,28, 

1--- 1---
Nt/' 4068 

e0' == "l e0 =1,28. 42,3= 54,1 ,,,r, 

e0 - e0 ' + 0,5h - a=54,1+ 0,5.60 - 4=80,1 ,,,r, 

t:f.urp4 ... J pl11nn'f.Jr £. "'"L'"''j," """'enL.r eR==0,61>0,55, AR=0,424:>~0,4, 

:t,/zmJ..,,,p,,,p1 (4.28) t. (4.29) p,.,'f.,.,d.hlzpnL.r "'""'I! t 41zp8 'f.1Et' A0 ·- o,4 £.ea=
= O,lSS, 

9000°80,1-0,4·12,2·40·563 
F '= - 5 65 u.!21 

- 370(56-4) , 

F 
0,55·12,2·40·56-9000 370 2 

.. :ID +5,65 - = 21,95 u.! 1 

370 370 

F .. ' = 6,28 ,,,rz, 

2022 A-III + 30 25 A-III, F .. =22,33 u.r2, 

F .. +F.' 
p.= bh 

22,33+6,28 
·-'-----'--- = 0,012, 

40.60 

"l'l! ,/,,,,, t f!'f.'lnL'f.4,,,JJr'f.' p. = 0,015, t;/,inhwp1U1p1 t,,.,21,,,l'tf!. t,,.,J,.,p4nLJ t 41zp!_

f.,.,tw'f.1 

p) ITJw~wfi!tf.n1.J { npnzhL U. b. U.' wJpwfiHpfr ~wuu[w~l!fibpfr Jw~b

pbufibpe, bpp F. = F. ~ r 
lufl'l/rl'fl n1.fl/r J/;~ Ln1.~n1.J1 (4.'l) pwflwtl.b.n1.J urbrzw'fpbtnif.. F .. =F~ 

b. R ... =R •. u (A-I, A-II, A-III, AT-Ill 'lwubpfr w.frw'b'bbrfi 'lb"l.-

l!"LJ) ~uurwflwfll!' 

(4.30) 

bpp S~S R' nl.f'bJfi nl.fihfll! wpurw~bflurpnfl ubrzJwfl wnwtfrfl '1/;"l.i' 

U. Li U.' wJpwflUpfr ~wuri/_w~l!fibpfr Jw~bpbue ~npnzi/../r, ( 4.6) pw

liwtl.lini/_, fipw J/;f urbrzw'ff'/;Lnif.. (4.30 )-fr9 uurw9i/_w~ s-/rfl ~UJJWUfWU1UJU
Juwfinrz A.0 Jb~n1.Psn1.fle' 

F ... =F.' 
Ne-A0 R.,rbh0

2 

R-. u(h0-a') 
(4.6') 

Or~Gwlt 4.2: Sp4wtt lz'j, 'f.nLJ'j, J/,JnLf!JnL'f.'j,lzl'I!.• Jri.! "I' 4,1 opJr'f.wtnL.!1 

ftwt.w'i.!_1nL.! t "L'"2"l U. I. 11.' ,.,Jpw'f.'i.l.p/! t,,.,,,,4,,,Je'i.l.rJr .r,.,tltpl.111! ,.,l'f,"I./,"' 

"l' F.:=F.'1 
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~ w 21,,, pft.• e0 £. e0' wp111wft.ls'f,.,,pn'i.nLPJnL'b'blspfr npn2Jw'b e.1.Pw9/!l!. £. Jls

~"'-PJ"'-1.'blspe. J'bna.J ls'b 'bnLJ'bf!., fr'b'l. np 'bwJunr'I /u-,,'IL'"'-J' e0 ' = 54,1 uJ, e = 
=80,1 uJ1 

(4.30) pw'bwA£.n1 npn2na.J ls'be' 

9000 e = -----=0,301, 
12,2.40.60 

9000.80,1-0,26-12,2.40.562 
F.=F.' = ~ =16,79 uJ2, 

,, 370(56-4) 

f:'bpa...,_n._J ls'be' 30 22 A-lll+20 20 A-III, F .. =F.'=17,68 uJ2~ 

17 ,68+ 17 ,68 

40 60 
0,01471 

'1) f1Jw..:wfir.t/.n1.J t npnzhl U. wJpwfip ..:wmt/.wtl-11/i F.. Jw~hphuf! 1 

hpp fiwJuwUfhu mpt/.wtl- t U.' wJpwfip ..:wmtf.wtl-11/i F ~ Jw~hpbuf!I 

hfi'fppfi n1.fip Jb~ ln1.tl-n1.J1 

(4.6) pwfiwd.L.fi9 npnztf.n1.J t Ao q.nptl-w~fi9l!• bpb O<Ao~A R• 

"'"I"' 3.1 "''l.Jn1.uw~p9 tf.hp9tf.n1.J { umw9tf.wtl- Ao-/ifi t;wJLUUfLUmwuJuwfinq 

s '1nptl-w~fi9f!• L. ( 4.'l) pwfiwd.L.ntf. ..:wzt/.i.up~tf.ni.J F .. Jw~bpbuf!1 

bpb umw9tf.n1.J { Ao>AR' LU"fLU fizwfiw~n1.J {, np mt/.J"'l ..:w.,, .. 

tf.wtl-11/i L. fi1n1.pbpp 'lb"l/!n1.J mpt/.wtl- F: Jw~bpbul! wfipwtf.wpwp {1 U.fi

..:pwclbzm { LUJfi JUw9fibl 4wJ "Ihm/! { ~wmwpbl ..:w21_wp~ f!Utn wp

mw~hfimpnfi ub'l.JJwfi II 'lb"li!PI bpb umw9t/.n1.J { Ao~O, W"fLU fi2w

fiw~n1.J {, np t;wmif.wtl-11/i mif.Jwl pLUf1d.pn1.P1wfi L. tnl[Ji.ul 'lwup wJpwfi.p 

'lb·"l/!n1.J i.npif.wtl- F~ Jw~bpbul! JU {1 bpb WJfi lP "{Wt;wfi1if.n1.J 1.UJt 

fi~wmwnn1.Jfihpntf., UJ"{LU F~ Jw~hpbul! "{btn/! { i/in11pw9fibl, P"'J9 "{btn/! 

{ tf.bp9fibl ~nfiumpn1.~m/iif. fi~wmwnn1.Jfihpntf. "lw..:wfi1tf.mz fitf.w'lwq.n1.11ifi9 

nl "fLU~LUUI 

Op~Gwq 4.3. Sr1-~ ls'b 'bnLJ..,, Jls,)nLPJn<...,,..,,lsre.• fr'b'l. "L' 4.1 opfr'iuuft.na.J I 

fr'b'l."llsu 'bw£. Tl.' wJp,,,-,,f! ~"'"'1"'~1!/! Jwft.lsplsue~ F .. '= 11,4 uJ2 (3022A-lll). 

'fw~w"rij_1nLJ (; npnt.lsl IJ, wJpw'bf! ~w1111u•,)i!fr F .. Jwft.lsplsu(!_t 

~ w t.1 "'r ft.• e0 b. e0 ' wp111wft.ls-,,,,,pn'bnLP1na.-,,'blspfr npn2Jw'b e.-,,P,,,see. £. Jls.)na.-

fl1n'-1.1.lspe. ,f'bna.J ls'b 'bna.1'be , fr'b'l. "L' opfr'b,,,ft. 4.1-na.J. . 

ea' =54,1 uJ, e= 80,1 uJ1 
188 

Ne - R • . uF .. '(h0 -a') 9000·80,1-370·11,4(56-4) O 
328 

Ao= - 12,2 ·40·562 = ' ' R.,,.bh0
2 

= 0,414· 12,2 ·40·56+ 370· 11,4-9000=17 ,65 uJ3, 

370 

F.+F .. ' 
p. = bh 

11,4+19,UO =0 0127r 
- 40.60 ' 

brqrnrq qhuif: (400 L. 9wtl-p Jwp~"'JP pbmnfi, A-I , A-II,. 
A-III, AT-Ill 'lwufi wJpwfi). 

w) f1Jw..:wli1tf.n1.J { npn2hl U. L. U.' wJpwfifibpp t;wmqwtl-11fihp/i Jw

~bphufibpf!, hpp F _ =F: 1 /if,l"lbu wpmw~bfimpnfi ub'l.JJwfi wnw1fib 

'lb"l/!n1.J, ( 4.30) pwfiwd.L.ntf. npn2n1.J bfi/! 6 JUn1.P1n1.fi[!, bfilb S > S ~V 
nqrbJfi n1.fihfi11 wpmw~bfimpnfi ub'lJJwfi bp~pnp'f 'fb"fl! I 

( 4.15) wpmw..:w1mn1.fil1n1.fip9 a. -/i wpJbpf! mb'lw'fpbtntf. ( 4.14) "'('.'.!" 

mw{U1Jtnn1.fi/Jwfi Jbt. ~umwfiwfi/! Jp finp {wt/_wuwpn1.J, npf! ( 4.6 }-/i t;/nn 

Jb~mb'l ~"fwpn1.fiw~p bp~n1. wfit;w11.n' 6 L. F ~ :- IJ.J'I bp~n1. wp1.nw..:w1-

mn1.fi1Jn1.fifibpp ..:wJwmb'l. ln1.tl-n1.Jp9 ~umwfiwfi11' F: =F,. Jw~bpbU[!I 
'b"lwmw~wt;wpJwp { Jufi11pfi ln1.~n1.Jl! ~wmwpbl 111umfr-G.wfiw~wfi Jnmb9-

Jwfi b'l.wfiw~ntf.1 {!fimpif.n1.J t ~-/i JUn1.fil1n1.fi[! · (6R <6~1,1ho); 
(4 .15) LU('tnLUt;LUJtnn1.filJnLfip9 npn2t/.n1.J { a.., [LUf'Jwfi Jbt)-n1.fi/Jnl.fi(!I i!fi

l.nf!f'4.LU't)- £-p L. umw9if.wtl- a. l"'f'Jwfi JUn1.fi/Jn1.fifibpf! (4.14 )-p Jbt. 

mb'l.w'lf'blntf., npn2.J.n1.J { F: -[!I U.1fin1...:bmL. umn1.q.qn1.J { (4.6) UfWJ

Jwfif!, LUJ'f "lwJJLUfif! lpwqwpi.upqbln1. 11b"l/!n1.J, filil"lbu L. LUJfi 'fb"l/!nul, 

hpp WJ'f "fWJJwfi[! pwqwpwpif.n1.J {, P"'J9 wpmw11/rfi L. fihp11fi1i -G.fiq.bp{t 

mwpphpn1.Pin1.fi[! Jbt)- {, ~wmwpqn1.J t t;w1np'f Jnmh9ni.J{!1 

Op~Gwq 4.4. Sp1_w.) ls'b "'"'L'Pfr ~"'"'""'~/!/r 'l."'1'" re' b=40 uJ, h=50 ,,J, 
a=a'=5 uJ , .)w'bp plz,,,n'b U400 Jwpft.wifr (m,.,= o,85 , R"'" = 0,81>.11 ,ti == 
= 14,9 UfJw , E,. = 3.104 U'fw), "'"'l'l'fr ~"'21"'L'ft."'J/r'b lspft.iupna.P1na.'be' Lo.--:--8 10 J ~ 
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~n"'l JnJ/,'i,,..'i,hl'e £. 'frrt-1'i.wtw'i. n&.Jhl'e Jp•wtu1'i. £. hl'~"'f'"'•"- 'l"L'~"'l pl11•'i.e

.-/."'~l!'i.hr/r11' N,M ::c2000 tt, M'rt =150 +t. J, +"'r'"'"'"- 'l"l'~n'l phnt.1"'~1!'i.h
.p/r11' N+•r&_,aoo &t, Mt•r& =50 tt, J (M ... M1.r+ +Mt•r& = 150+50=200 tt.J, 
N=N'r++N+•r& =:2000+aoo=2600 tt)• 

,.,,t;.,,~-/nt.J ~ "L'"2.hl U. £. U.' wJrw'i.'i.hrJr ""'"'""'~l!'i,hl'Jr Jwthl'hu'i.hl'e' F. :a 

=F-', e'i.'l"'"-;,"L"!/ wJr.,,'i.e A-III 'l"'u/r (R-=R-.:= a'to U'9w, E. ca 

c= 2.1os u'-J• 

JllJO 

~"' 2. 1"' L' +• ho=h-a==50-5-45 aJ • 

1,6 E" bh 

<~r 
[ 

0,11 ] 
0 1+ t+o,l ch-a' )I? 

, +1-Ln --- ' 
3kAr+ h" 

lo . 
t.r~'i. = 0,5 - 0,01 h - 0,01R'fr=0,5-0,01·16-0,01· 14,9==0,19, 

M 20000 
N=eo _, 2500 -= 8 uJ, 

e0 8 
h - - =0,16, 

50 

. 0,45-0,05 
150+2000 

2 
= 1 + 1 · ----------- -= 1, 785, 

0,45-0,05 
200 + 2500 2 

'N ... l,6 - 3.104 .40.50[0,~~~,19+0,l . (45- 5 )

11

] 
+r ------ +o 022·6 7 -- -162 3 . 1 , 785 , , 50 

= 68800 Utf/w. uJ2 = 6680 tt• 

1 1 ""'l______ =1,58, 

1--N- 1-~ 
Ntr 6880 

e=eo+0,5h-a=12,6+ 0,5· 50-5::::32,6 uJ~. 

N 
E=----

R.,r bh0 

25000 ----- = 0,932>ER=0,586, 
14,9.40.45 

nt.'i.hf.41 "'L'"'..,thf.1111L'n'i, ult'IJJ.,,"I, hl'tl'"L''l 'l/,"l41' 

JJ'i.'lfrl'e l"'-~n,_J /;"i,41 ""'!"L''l"'t.w"I. Jn1111h9Jw'i. h'lw'i.wtn<[1. 
f:'b'lnt.'i.nt.J l,'i.41' Ec:::0,8, A0 =0,481 

a.= 2 ---1 R-= 2 ----( 
1 - E ) ( 1-0,8 
1-ER 1-0,586 

1) 370=-12,58 U'l/w, 

, N- E R"'"bh0 25000-0,8-14,9 ·40·45 
F. = = = 9.26 uJ2 , 

R • . M-a. 370-t 12 ,58 

Ne=2500 ·0,326=815 tt. J, 

A0 R",bh0
2 + R • . M F.'(h0 - a')-= 0,48 · 14,9·40· 453 + 370·9,26(45 - 5) = ' 

-716350 Utf/w. uJ3=716,4 tt• J, 

815 +i. J > 716 +t. J, .,,JL' .... p,.,,o;, "l"'JJ..,fte ifr r-1"'L'"'l''1"'~' 
fll'"lhu hl'tl'"l''l J,..,,,11 .... J e'i.'l,.._o;,,.._J h'i.11 E - 0,74, A0 =-.0,466, 

1-0, 74 
a ... =(2 -1) 370=94,72 U'l/w, 

1 - 0,586 

25000-0, 74.14,9.40.45 
F-'= =18,72uJ2 , 

370-94,72 

A0 R.,rbh0
2 + R-. u F-'(h0 - a')= 0,466 -14,9 40. 452 + 370· 18, 72(45- 5) = ' 

=839470 Utf/w. uJ3=839,5 tt• J, 

19:1! 



J:b"'f'nLJ lt'Le' 5022A-lll , F.'-= 19,0 uJ2 , 

5022A-lll , F ..... 19,0 ,,J2, 

F .. + F.' 19,0 + 19,0 
µ==--= =0,019, 

bh 40.50 

p) fTJwt;w1.t1if.mJ t npnzbt 11. wJpwf.tfr t:wurif.w.}i!fr F. Jw~bpbuf!, 

bpp f.twJuwUfbu t:w1urf.tfr t IJ.' wJpwf.t/r t:wurif.w.}.pfr F: JU1~bpbuf!t 

luf.t'l/r.l'f.t nLf.t/r Jb~ LnL.}niJ t ( 4.6) 
0

wpurwt:w JUlnLfl JnLf.t/r9 npnzi/.nLJ J 
Ao q.np.}w~fr91!• w1f.tnLt:burb. 3.1 "''lJnLuU1~fr9 if.bp9if.mJ t f.tpwf.t t:wJw

UfWurwuJuwf.tn'l S q.np.}wlffr9f!t 

bflb S>6R • WUfW t:wzif.wplff! U[bur.p t lfwur'l'pb[ f!UU1 bplfpnp'f 'fbU[

pfrt (4.15) pwf.twd.b.fr9 npnzif.nLJ t (J. l,;,pnwf!, w1f.tnLt:hurb. (4.14) pw-. 

f.twd.b.nif.' F. Jwlfbpbul!' bpp 6~6 R, t:wzif.wplff! U[hur.p t lfwurwpbl f!UUI 

wnw1frf.t 'lbUfi!/r1 

U.1u 'lbUf.pnLJ f.twJuwutbu t:w1ur1.tfr bf.t M, N (.IfwJ N, e0 , R"'ll''R .. ,R • .• 
El', E_, lo, h, b, a, a', F .. • F: Jb,}nLfilJnLf.tf.tbpf!t fTJwt:wf.t1i/.nLJ t 
lfwurwpbl t:wurif.w.}.pfr wJpnLfJJwf.t uurnLq.nLJ1 

'twfu (4.27) pwf.twd.b.nif. U[hur.p t npnzbl T) q.np.}wl/9/r JUntfJJnLf.tf!, 

.wJf.tntt:hurb. e=e'o+0,5h-a wpurw.lfbf.turpnf.tntfJJntf.tf!t • 

(4.7) pwf.twJ.b.nif. npnzif.nw t 6 qnp.}wlffr9f!1 bpb 6~6 R , WU(W W'l_

.Jntuwlffr9 if.bp9if.nLJ t f.tpwf.t t:wJwUfwurwuJuwf.t Ao-f.t b. lfwurwpif.nw wJ

pnLfJJwf.t uurntq.nLJ (4.6) pwf.twJ.b.nif.1 bflb 6>6 R' WU[W t:wzif.wplff! U[hur.p 

t lfwurwpbl f!UUJ bplfpnp'f 'lbUf.pfr1 ll.1u 'lbUf.pnLJ (4 .15) pwf.twJ.b.fr9 (J .. -fl. 
wpJbpf! uthurp t urb'l"''l!'bl (4.14)-/r Jb1 b. ',,pnzbt 6-f.t1 6-/r uurw9if.wtJ 

wpJbpfrf.t t:wJwUfwurwuJuwf.t "''lJnwwlf 3.1-fr9 if.bp9if.nLJ t Ao-fr Jb.}nL-

J}intf.tf! b. Ifwurwpif.nLJ t wJpmfJ1wf.t uurnLq.nLJ f.tnLJf.t (4.6) pwf.twd.b.nif.1 

t 4.o. n~'l. 'l.U. "bti8n~.., ~u.s..i.u.u-Rti su.f'f'bf'ti u.11can~fa"8U..., 

~U.(}'IJ.U.f'lif! e0 ~ eo"'I"'· U.f'S11°llb"bSf'n"lln~fit'8U.11~ Mf).n'l. 
bf'tiU.8"b11ti11"b Ub'l.trn'l. nl'd-~ f).b~-Rn~tr 

flL'l'lWf.tl/Jntf.t t:wurif.w.}pfr 1 ufrJburpfrlf WUf'Wf.twif.npif.w,} U1Ulf'f1bpfr 'fbU[

,./!nLJ, bpp lo~20h, wJpwf.tl! A-1, A-II, A-III, AT-Ill 'fwubpfr t, fru4 

-192 

1b'l_Jnrz nLJfr Ulf'U1Wlf bf.turpnf.tnLfl JnLf.tf.t t' e:•• I flnLJ[WUlf1i/.ntJ t UIUlf'f'fr 

wJpnLflJwf.t t:wzif.wplff! lfwurwpbl wnwf.t9 1.tlfwurfr nif.tbf.twtnL "'J'I wpurw-

4bf.tmpnf.tnLflJwf.t Jb.}ntfJJn~f.tf!, WJufrf.tpf.t' urwppf! t:wzif.wplfbt ~bf.turpnf.tw-

4wf.t ub'lJJwf.t (1.tlf. 4.9) fUUI (4.31) pwf.twJ.b.fr. 

N~mtp[R"'ll'F+R •.• (F. +F.')], (4.31) 

npurb'l F .=F: -I! wJpn'l1 wzfuwurn'l wJpwf.tfr t:wurif.w.}.pfr Jwlfbpbufr 

lfbuf.t t, 

F-1!' urwppfr t:wurif.wJpfr Jwlfbpbuf! 1 

ID-!!' urwppfr wzfuwurwf.tpfr UfLUJJwf.tfr q.npJwlffr9/!• npf! f!f.t'lnLf.t

if.nLJ f ffi=1, bpp h>20 uJ, U 0,9, bpp h~20 uJ1 

<p-f.t q.npJwlffr9 t, npf! t:wzi/.fr t wnf.tnLJ bplfw11.twlfwf.t JnJwL 

W'l_'fb9ntfJJntf.tf!' 

tp-fl i[bp9i/_nLJ t nt_ "iwftwu 

(f> £p -/r91 

(4.32) pw'ilwUnLJ tpl'-t £. 

tp,,. -'ii 'l"rJwftfr9'ilbr b'il, npn'il9 

JMnLplnL'il'ilbrl! pbpi[wJ b'il w'l-

1muw 4.1-nc.J £. 4.2-nc.J, ftw/u-

>/_ut,} N 'r+ £. ~ t:.wpwpbpnL-
N h 

/J1ntfl'ilbpfr91 Jr'ilt"ibu £. wJpw

flut>/_npJw'il u/ubJw1Jr91 

R • .• (F. + F.') 
(Z - I 

R..,"F 

(4.33) 

13 br\mppbmnr.b \nr.umrn•\9~mr.br 

(4.32) 

N 

F 

lo\. 4.9. n~qbr~ u!ubdwr. \Lr.mrii,r.w\wr. 
ub'ldiln'l mwrr~ r.ordwt 6.wmil,wHn1d eum 

wdrntpJwr. iwzil,wr\b~u 
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N'"t 
N 

0 

0,5 

1,0 

NAP+ 
N 

'f',. 

<:;6 I 8 

0,93 0,92 
0,92 0,91 

0,92 0,91 

:::::6 I 8 

qnrl>wftfrgf! ftwfau/_w~ 

I 10 I 12 

0,91 0,9 

0,9 0,89 

0,89 0,86 

10 12 

0. '1. J ,, l ,, w ,, 4.1 

...!L 
h 

"wrwrt.rn•P J"•"frs 

I 14 I 16 I 18 I 20 

0,89 0,88 0,86 0,84 

0,86 0,82 0,78 0,72 
0,82 0,76 0,69 0,61 

tJ; 'f. J n l U UI ft 4.2 

14 16 18 20 

II.. 'l-fruu/_n'l. <\wrPn•P1wlil! '1.m'lw<\/,,. lifruuohrfr Jnuo uo61£w11ri/_wl> JfrtwliftJ"'l An'l.bpfr 

<\wuoi/_wl>pfr Jwft6rhuf! a/>npr · t _!_(F .. +F.') •pg 
3 

0 

O,i 
1,0 

0 
0,5 

1,0 

0,93 0,92 
0,92 0,92 

0,92 0,91 

0,91 
0,91 

0,90 

<\wuoi/_wl>pfr Jwftbrhul! Jb/J 

0,92 0,92 0,91 

0,92 0,91 0,90 
0,92 0,91 0,89 

0,90 

0,89 

0,89 

0,89 
0,88 

0,87 

0,88 
0,86 

0,84 

0,86 
0,83 

0,79 

1 
I; ('t.-J r. ... 1UIUIU(' l;)-(F .. + F.')-fr9 

3 

0,89 0,87 0,85 0,82 

0,88 0,85 0,81 0,76 

0,86 0,82 0,77 0,70 

1-1-e. 'lfrur1nil r,..,pfJnLfJJnL'h'h I;, 2-e.' Jn_..,'b't_JIU[ Ano1lrl' ('b't_. 4 . 10 }• 

N'rt -e.' lrp't_..,1'h ... 't_..,'b ,,, Je., J2"'"'"-"'-;, 1. lrp't."'1'"'"'1. plr11'b1111l>l!'i.lrpfr 

lll'f'flr9nLfJ J"L 'bfr9 I 

0,84 
o,79 

0,74 

0,79 
0,71 

0,63 

N-e.' Ir t•'t.1111'b ... 't_ ... 'b nL Je., J2ur111l1111'b' "''""' 1'111"'/, I. it111pG.111uol. plrn.'i.1111/Jl!'blr rJ. 
11111'llr9nLfJ 1nL'b[r91 

OpJiGw\i 4.5. 81'1"'1> I; UJnL'b, 

npfr r.11121"'1'"-"'JJ-'i, "rt.IU('nLfl JnL'bf!. 
/

0
=502 ,,J I;, U30-0 ,/,.pft.111ifr l>111'i.p 

plz,,.,,'b (m",=0,8/J, R"'"=11,5 Uf//111)1 

1tp't_11111.1111/_111'h wJ l'"''be. A-UI 'I"'"" 
(R ... u = 370 U'l/w) 1 't_lr'i.inpn'b..,'t_w'b 

't.frpu,,._1..,IJ lrp't_w11'.ul/_..,'j, nLJlrpe.' 

Jzuoiu't_1111. I. lrp't_"'l''""'I. 'l"l'IJ"'I 

• • • • 

2 • • • • 
I / 

plrn'btJ. ... l>l!'blrpfru N'"t=2428 't_t, 

't.wpG.,.,.,,/, qnp/Jn'I plrn.'b1.,,1Ji'i1lrp[r9 

N t•r•=382 't_t (N- N'rt+Nt•r•== 
= 2428+382=2810 't_l.)1 

'\.q. 4.10. llzluwmn'l wdrwr.11 mb'lwpwztun1de 
mwrrli lwlr.wqwr. liwmi[wHn1d. 

1-1- 11/ruoi/.n'l <\wrPn•P1mli, 2- Jfot-lift1wl 
An'f.hp 

"l-f,w'bf1nLJ I; npn2ltL u1-'b r,..,.,,1111/Jl!fr h, b 1"'plrpe. I. lrp't_1111'bw't_U1'b w2/u"'

"'"'I 111Jp111'bfr r,..,.,,1.,,IJl!fr F .. +F.' Jw't_lrplrue.1 

I 
~.., 21.,., I' 't_1 /;i-'lu11lr1n1.~ ~20, r.w21wp't_f!. "-"'"'"'l'"LJ lr'bl! wnw'i.9 1-'t_w"'[r 

h 
nL'blr'btatnL "l"'"'..,f,-'t_..,'j, "'l'"'"''t.lr'i.,,.pn'bnLfJJnL'bf!.1 

flp"/.lru •n..,ffr'b Jn1nlr9nLJ e.'i.'lnL"itnLJ lr'bl!' 

F.+F.' 
p.= == 0,015, (!'-=0,005- .. 0,03) 

F 

N 28100 
'9 = 1648 ,,J3, 

1·1(11,5 + 0,015. 370) 
F==-------

m'f' (R "'rf·p.R ... . ) 

f:';,uopnLJ lr'bl! r,.,,.,,1.,,,IJl!fr t"'Plrl'i!.' bXh=::40 uJ, f=b X h==40·40= 1600 uJ21 

b1'blrtn1. "'"'l'l'fr r,.,,in1_w/Jl!fr e.1.inpw/J 1111plrp[r91 t.11121_111p't_nLJ lt'bl! lrp't_w11.w't_ .. 'b 

..,J pw'b[r r,,.,,,.1.,.,IJl!fr J111't_lrplrue.1 

/ 0 502 
- · =-=125 
h 40 ' ' 

N 'rt 2428 --=-- ~ 0 864 
N 2810 ' ' 

""'IJ"L11111't_ 4.1-fr9 npn2nLJ lr'bl! 'fr:c0,860, "''llnLu111't_ 4.2-fr9' 'f6r =018831 

( 4.33) p..,';,,,.J.1.nrf npn2nLJ lr111!' 

R•.• (F.+F-') R... 370 
a - ---p.--- 0,015 -= 0,483, 

R",.F R",. 11,5 
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(4.32)-n1 nl'n2nLJ '111e' 

'P='P,.+2('1'£1' _'!',.)a =0,860+2(0,883- 0,860) ·0,483=0,872<'1''l':=0,883r 

flw°ilJt nl' h=.(0 uJ>20 uJ I ''"'[Ml f!.'j,ll"L°ilnLJ li°ile ffi - J /,. (4.3J) pw°ilwd.b.n" 

n rn2nLJ F .. + F' - Jwtlrrliue.' 

N R 
---- - __::!.!_ F F .. +F.' = R m'I' ... • R ... u 

28100 11 5 
----- - -'- 1600 := 37 ,36 uJ2

1 

l·0,872 ·370 370 

F. +-F-' 37,36 
---- := --=) ,0234' 

F 1600 

n['f!. J/r.) ti ew°il f!.°il'lnL°il"W.)f!.' ,... ... o,151 
ii2uirrLJ lr'ile 'P 9nr.)wt9Jt J/r.)nLp 1n• 'ile.' lrt'illitn1 

.)wbfos• 
370 

(l =--.0,0234=0, 753, 
11,5 

<p-0,860+2(0,883-0,860)0, 753= 0,895><p•,. =- 0,883, 

28100 11,5 
F .. +F.' = l·0,883-370 - 370 ·1600= 36,27 uJ2, 

39,27 . 
,... _ -- .... 0,0245<f1J•,,.. = 0,03· 

1600 

Uuiws1w.) 1-1=0,0245 2,.,"' Jnui t e'il11nL'il",.,.)fo'il' µ==0,0234, b. (,.,21wrtl!. (,.,J,.,rnLJ 

lr'ile 11rr!'r,,,,t,.,-;,, 

"'i· 4.11. Or~&w~ 4.5-~ &.wdwr 

4025A-III, 

4025 A-III, 

F .. == 19,64 uJ2 , 

F:'=l9,64 uJ2, 

1 
9,82 uJ2 < -:-(19,64+19,64)=13,09 uJ2

1 

3 

'{lrl'n'Jtuwl "l.w1Jw'ile. pw1"'l'"'l'1,.,.) t, (/ruib.wpwr <pi.,. 9nr.)wt/tsl!. 11rrs1w.) 

t 'h"'• 
196 

§ 4. 'i. q.1J.'l,.U.CIJU.fl SU.flflfl bflltU.6'1U.ltU. '1 U.0-U. '15~fa'1 fit'b~ 

:.U.S'i.U.lJ'~"bbflfl U.11fl0flfit'6U. '1 :.U.C'i.U.flltfl 11U.Ufl'1 

lJ.puiwfthLuipnfi uh'l.Ji/.n'L uiwpphpmJ Jb,)wJwuwJp qnp,)mJ bfi nz 

Ju LUI sLwftwL nLrlhp, npnfi9 frphfi9 1f'w ftwpn'L bfi i/.hp9fiht pbuinfip ftwJ 

~nfiuuipnLftuifri/. LftwuiwnmJLbpni/. uih'Lw'lpi/.w,) LwsfiwftwL wJpwfip ph
uinf.l/r {bui Jhfturb'l.t fl'h/! {wuii/.w,)j!fihpfr wJpnLflJwfi {wzif_wpft puui LWJ

fiw~wfi mrlfr wfi{pwrlhz111 ( ftw111wpbl, bflh zJr pwi/_wpwpif_w,) {h111L.swl 

UfWJJWfi[!• 

(3.42) 

l.wzi/.wpftf! ftwuiwpi/.nLJ ( ,)ni/.n'L uiwpphpfr pwfiwtl.b.hpni/.1 Lftu,mfa 

nLfihfiwlni/. hpftwsLwftwL uh'l.Jn'L N ntrlfr 'll'wftwL wq'1h9mflsmfip1 

lwJwtlwsL {24}-/r i/.111wfi9wi/.np flhl! {w111i/.w,)l!fr uh'l.Ji/.w,) qnurn& 

phuinLfr i/.hp9pw,) uw..:JwfiwsfrL LwsLwftwL mrlp npnzi/.mJ ( ..:buihswl 

pwf.11Lt1.L.ni/.• 

Q,.= k2(1 + k~)R~bh: I 

c 
(3.40") 

npanh'L k~-{! qnp,)w~fr9 (, npni/. ..:wzi/.fr ( wnfii/.nLJ N mrlfr wq'1h9m

Psmfip' 

k~ = 0,1 

§ 4.8. Cb'l,. U.flSU.ltb'1Sfl0'1 Ub'llN.O'l SU.flflbfl 

(;b'l. wpuiwfthfiuipnfi ub'l.JJwfi hfi wzfuwurnLJ WJfi urwpphpf!1 npnfi9 

-':wuii/.w,)/!l! ufrJburp/rft z( urwppfr 1f'w qnp,)n'L wpuiwl!frL phnfii/.w,)/!f.,bf'PS 

wnwt bftn'L ,)nn'L JnJbL111fr wq11Jw.fi ..:wpflnLflJwfi LftwuiJwJpt 

&6'1. wpuiw1thfi111pnfi ub'LJJwfi hfi U1zfuw111mJ ftwpftwuwsfrL zhL/!bpfa 

wf.lltsnLfiwsfrL UJnLfihpp, znwLwftUpfa ftwLqLwftfihpp, npnfi9 1f'w ..:hL

i/_ntJ bfi bLflwJpwptlfazwsfiL ..:Uwfifihp[! b. WJL 111wpphp1 

.CJ.nptJLwftwLntJ zh'l wpurwftbLurpnfi uh'LJJwfi wzfuwurn'L uiwpphpfr 

LWJLwftwL ..:w111i/.w,)/!l! LfrLmJ ( ufrJh111pfrft hpftnt ifrnfuw11wptlwpwp nL'l.

'l.W..;WJW9 wnwfi9j!Lhpfr Lftw111JwJp1 l.w111ftw"lhu 111wpw,)i/.w,) ( nl'l.'l.wfi

ltJnLfi ..:w111i/.w,}ppt 

Ch'L wp111wfthlianpnfi uh'LJJwfi hLflwpfti/.n'l. urwpphpfr wzfuwurn'l hp-

ltw1LwftwL wJpwfip L"l.wurwftw..:wpJwp ( urhrz.w'll'hl fthLurpnLw9i/.wd 
197 



661 
-pm l/7mL1nu'Jm 'J'I l"u"fi7u11 "fiu1ry fm"fiGmJ'Jm:,u'JiJ ilJqJJmur 1{nl/ln-brYl 

1]ru71y 4J'l'I7mLo fmG7muq pm7 l/JflUJmln 'l/JqGIJmG fmG7muq ,p1uJ 

-q1Jilfm"fiurm:, 1Jm1lm1Jfml l/JJmur 71m'J 1qJ-bmLqur 'ImJpm ~ l/1qJm7 Lq,,. 

-hp urq:, l/'JmJpm buurmnJlm 1Jm1lm1JTm7Jq p1UJqJJmur Lu]ipbqn 

J!l'\'\>IUe~NUl\:tlJ!IS J>IU'\1l'1'1A;J "l 

JQJJ'OS l\'R°l1-JU°l1-'0ll.. 'OJJl'O t.lti'Ollt."Ull.. 'O ·6·t · § 

t~ J'1Uillnq-b 'JmJ'pLqn 'JUJU1'J!f1lmurJm 'Jm7mJu"fiun Ju 7'I4 '"fiuil'J1uJb1lrr 

1Jf1u'J ~ p1U"fiJmurm7 ilp1Uum"film:, IJmf£i1UGqbbm 4ilfm"fi1ly tjJJms 

tJ"U1J6mTm7Jq'J 1/7 IJ1uTfiwJm"fip-b 'prnillnq-b 1Jmf£i7uJu"fimnm-b fm"fi'J1uli 

-1Jil l/J'llJ'JmJpm J'1Ui!fmpurm:, 11 1J;,,f£i1uTm7um tjJ'l'J"'IJ'l7mp ~d 71 m d 
1 ilp1UluJu l/urq7 1JmpumJif7 l/liubmpm:, l/Jqbtjy Lupbqn 71 nqln71Jtj 'l/Jqf 

-ml 4Jnn7Jq7mp 71ym1JmLqn pm7 71ym'J1uF71Jmuq 1Uurub fmppLqn 

1(8"Z § 
n,,qur) 61/nm-b l/'JmJpm 11 Gl/Fm7Jmp 'Jl/FmfbmnJm'J l/'JuurqJ fm"fin/m11 

~"fiuJ771ym1JmJ ( !:ft"Z) pm7 ( ZG"Z) '('g l"t) ~ p1u"filuJu ilp1UJm1 "'D LqurJu 

(9C"f) 

foc·f) 

"'.~ J""M = :d .... M- "'d-0 + N 
Oq 

<H~ < ~ = X , illnqb -bJuJ7Jq 'JmJ'pbqn 'JUJU1'J'l7murJm 

'JdJ""M = ,"'d . .... M-"'d"'M+N 

Oq 
• H~ ~ ~::::. X ,illnq-b 'Jl/~mum 'JmJ'pbqn 'JUJU1'J!f11murJm 

•6tj1Jmpfmln 7u1q'Jt/1 uJb i1Jmp1ub tjJq1Jm1{67qfuJln 1{p1u 

'Jm1lm'JTm7Jq IJl/ilmurJm 71 l/Jqbl/y 'Jl/ilJq'J m1ip l/ilGIJmum 'Jm1lm'JFm7Jq 

l/JJmur ~ p1u"filuJu iln7Jq7mp l/ilfm"fiurm:, l/'JuurqJ 1uurub fm]rpLqn 

t~ IJ'JluFfirnJupmu 

-q:, fmLq 71ll/p l/Jubml'm:, "'N l/Jqbl/y l/'JmJpm 11 71 l/Jub 

-mpm:, "N l/Jqbtjy l/'JmJl'm 1U l/'JuurqJ 1uurub fm"fipLqn 'I-" z LqurJu 

(tc'f) '"z(."'d" ·-M+"dJ""M) ::> aN 

•61/'Jmpfmln lmF71urq:, "fiu1qlJ1q 'p1u1J1uT£i7ufiJm:, 1-1 6mFm:,muL1u 

'Jl/'Jmp:,mn JUurub fm"fipLqn ~ p1up7Jm"film:, i11J1uTtf1uJpm l/JJms 

•71ym1mLqn 1'"'11 71ym1J1Uf1l1Jmuq 1q1Jtj1 ~ LuJm11 'Jl/urub fm"fipLqn 

1"fiuilG1Jmum IJm7miJrm7mJ7Jq l/JJmur 1qlJ6'Jm7 pm7 1q1J61Jm ~ 

LuJm7 ilJu '(m 'z l"f "7'J n,,qur) J'1UIJ7uTtf1ufiJm:, 11'11' 'Jlf P'Jurb ~ ilurqlr. 

•i1-"N ,ilJubmpm:, tjJqbtjy l/'JmJpm 1U 4'JUU1lfJ 1uurub fm"fip:Uqn .,, ' 'J- m N 
,ilJubmpm:, 4Jlf'JJ'1UJm1 l/iJmJpm 11 'ilp1u N bupbqn 1Jl/ilmurJ11 tpuJ 

-1J1JIJ1UT tf7u'JuJur'Jq1lmurJm Z:Oa 71 Ioa ~ p1u-bbm ilp1U 'Jm1l m'JT m1lllq N 

S6l 
'JruifGIJm'llm. 'Jm'1mi/rm1md'1J'I 

rJdJmur l''"IJGIJ,m l{1 illJ"'T{/w(/dm:, 'Jml'f,J,m rJJ9lir/, ., N ''"N 'N -J •'JruilGIJmvm 

11m'1mrJrm7md'1d'I iJuJmur ~ l''"IJG'Jm il'J1uT{/w(/Jm:, 1Jm11"1'm rJJ9liiJ, • N ''"N 'N -m 

·niflq\Jm]tZm9 1JmlarnJpm mnil 1Jmpqnfn 

'J4£m\Jm]tZm9 4J'fllJ~m}t11tm!! lmpJn'J 4JqJJm11t lin]tpbqn 1JUJtn'jq\mmJm liq2 ·6rt ·\'l 

1 .. i 

r £ r 

~ 

(d z I 

1Gl/ 'J1uf dlUJyJmJ 'Jm1lmJqJ 

-mJm:, 1Uurub fm"fipbqn fm"fin/m11 , .. D=F pm11 "'~ ,i11Jl/Jq1Jbu"fi1Jurb p1uur 

-ub fm"fiby 11nl/ ' .... M l/'Jl/111 ilp1UJm1 l/JqLuy Lu"fi'Jurb 111uurub fm"fi 

-pLqn J'1U1lmy.l/]r 1Jl/fm1Jmp:,mn <JmJm71urq7 tmJ"fi 1Jmfd-1uJu"fimuq:, Jmnm"fr 

-m:, nqlnmJu"fimurul' Gl/fb Lu7miJrm'Jml':,mn 'Jl/urub fm "firLqn 'J'1UJqnmp 

tm"fiJml 1q"fimum ifilfm7'urm:, 'J'1 fm"fiJu"fimnm-b ilJqLuy Lu"fiby 71 bu"fipLqn 

JuluJ ,'Jil'Jl/nfm '"fiu71y fm"fiGm'JuJur'I'l11 ~ fm"fiJ-bmLqur il'JmJrm 1Jm1lm'J 

-Tm7J'I Ju '~ fm"/i.1J7u-b1Jil p1UfmrqnJn fm"fiJur 6f1U6 J'1U-z rt •711,. 
, rw-z rt ·7'J fm"fiJur ~ GF1UB 1'7uillnqb 

Ju}rm'Jnmr 'JmJ'qn/n 'Jl/Tm7Jm"film:, l/JJmur l/ilfm"fiurm:, IJ7uf111Jmbb7U 

1fa•t § n,,qur) 61/Jqillnq-b 1U7Jq Ju"fimJmlJ:, 'Jmrfmilfmil 4JJmur 'I'I J'7UIJ 

-1q 'rwillnq-b 'Jmp11Lqn 1JUJur1Jq1lmurJm 1Jm7mJu"fiun nqln71Jl/ ' nl/1qJmUJ 

-m7 i17Jm"film:, 'JmFfiwJrm l/JqJJmur Lu]rrLqn 'JuJur'Jq1lmUJJm Lq!] 

;JtiJ1l'Ml11'1' '\1l94NUJ.ll1l &IJ!IJJ1lS &l'ltJl1l1'S1l'1' '\.&IUGl\'\1l1'1'>1U ·g 

1"fiu-bu£iql' Jw'Jm:,-b'Jil 'Jmp7Jm]rlm:, ~ J'1U"fiJmurm7 i17Jm"film:, 1Jmf£i7uJ 

-pm l/Jq'Jilfm"fiurm:, 1mrJu'J l/JqJJmur Lu"firLqn 'JuJurlJq1lmurJm Lq!] 
1"fiufbmJmln l/ilfm"fiurm:, 71m1J 1qnJlmJ illJmJrm 

lifm ~ tjlqJmt, 1p1UJqnmp fm"fiJm1 1q"fimum l/ilfm"fiurm:, 'Jm1lm'Jfm1 
1
]ru71y 



IOC: 

1
( t l 't ''1'J) J q J J m ur f m 7' Ju ]r m 'I 

-m J I' m 7' u J 'I q '1 m L o f m G '1 m u 'I I' m '1 71 f m J 1 u J m lb ( d 

:GtJmnt/ ~ 
'!.i/lmur m'1m9 tJJJmm fmp~m'.i ,mJp '!.mli}-.uJm'1J'I Por fmpn{Zmd 

'GtJ-f nm'1mln ?u t/'!.'11 ~ il"ur'lln ilpi/p} G'!.mJ'!. mlnm 'pu'1nrurmln'!. ·rul'l~ 
-GnrL9p-.u ilJ9nmpnrJlnrf tJJJnrur LuppLqn .i.imm \'mJi.iuJim'Jm.ipm Jm.iq61Jmli 
p-.upJlinrLnur nn JnGnmG nnr6'1mun JJri 'Jrn4m'Jrml \'rn64muq 'Ill'~ •4'l. -, ,-, -, , T -, .., 

t D~# 

) 
11 

.~ 

:il'!.nrJpnr Luurnrn/~nr '!.nr'1nr'!.1m'1Jq 

6LuJ pnr '!.'1'1JH'!.il ~ iturqln ilJqG '!.m[} 

{i 
1GtJ-pn !ll tJl9pnr ?u -., GtJ--'!.mTiJ-.u~ 

l 
-1nr1,tJit{'mpurnr'.i tJlqpm ?u <GtJ-pn 9 nm'1mln 

?u t/'!,i/1 -1 il'ur'lin 'S ,il1Tmil" tJJ9G'!.m[} 

f 
:GtJ-pn or -., GtJ--'!.mTl!/1u'!.1m7 

. l 

tJitfnrpmnr'.i tJlqpnr ?u iGtJ-pn !!'ff' nm'1mln 

?u -1 p-.upGJ9p 'J ,Gi/G'!.nrTptJp il'!.-.u1i}-.uJup 

-muq'.i tJJ9'!."il'G'!.munr i/JqLu'P tJJ'IG'!."'[} 

11' I' !l-f=P 

,Gt/'!.nrJpnr t/nnrli J-dg -., 'l'I' n:::>:P ,GtJJq~ 

-'!.nrJpnr t/nmli m-.1.v 'IIl-V 'II-V 'I-V '!.'11'-.uur 

-nnrJmnrln ilJ9G'!.m[} ti/"il'fnrpmnr'.i '!.-.u1'1'!.mL 

-L-.u '!.'I p-.ufbnrn/m'!. JnrJnrJufrun ilJ9J'1mm 

LupJupnr'!.nrJpnr puJ'IG'!.mG '!.m'1nr'!.Tm~ 

1(ert ·'111) J 'I J 

-Jmur fm7'Ju7'm11mJl'm 7'uJ9G11mG 1Jm'1m1Jfm~ (m 

:Jdll'\CJ'\11'111111, 1NU'\1l'11A:J '\1l.fldU1'1181t'llUd8R'\Ult •g 

'1'1uilln9b 1Jml'Ju7'm1JmJl'm 1Jm'1mJu)un 'Jmil •J9if 

-m7 JiluiJr i/ilfm7'mm!r l'm'1 111ufd1U'1m'J1uLuJ'1 f'll' 1J1q7'm } J"U7'Gmurn 

J'luillnqb i/nn/mf 11fwq71tJ1' tJ'JmJ/1111 71 Jl'mfd1u'JuJurqq'1murJm JiluiJr I'm,, 

11m'1m11uJur119'1 } fm7'umJtJ'1 '} f'll' ilpw Lul'Lqn JJ9 1 l'wJqillnqb qfm } 

Jml'Jm!rm'1murmlnq JqJJmur fm7'Ju7'm'JmJl'm tJ'1mLL--.u'Jm 19fbmn/m1J,, 

00~ 

t} J'1Ubm7'q urntJn/ ilqwfd1uurq7'm1J1ufbJm 1Jml'Ju7'm'JmJl'm tJ'1m1r 

-L1Uqm puilqm71urq!r IJmJ'Uf qm'1mqfm'1Jq l'--.uillnqb 1Jmfd1uq1u'1y. f111' Ju 

l'J 
tjqmil '(se:::>: -) GtJ-sc tJ'JGIJm } ilurqlnl 

1
tjJqqm11Juq LufJub qfm'fml' 

oil 
-m!r 'il1J1Ufd--.uq1u'1y. tjJqJJmur Lu7'J'Lqn fm7'Ju7'm1JmJl'm t/'1mLL1uqYJ 

1i/Jqnml' 

-mJTmf tjJqJJmur nuur7Jdm'1J11 fm7'Jm1mn/mq 71 nqlnl'JtJ 'tjJqq1ufn 

tJ7'uilm7'm!r 71mlj 'J'I J'lU'JGmLqp1u n/my.m!r urmZ 7'uJqGqmG qm'1m'Jfm~ 

t1'1unqurqur tJ1mbb tJurmlnLuln tJ7'Gmurn'1 1'1uillnqb qmJ'fJubmurbo 

7'tJJ1 tJJnqmJl'm JlUJ'mJfJmJ 1'1uJqJJmur Lu7'J'Lqn Ju '} urfm!r'J'1YJ 

til1JtJJ9JJmur Lu7'J'Lqn fm7'Ju7'm'JmJl'm 1Jm'1mJ 

-u7'un 'Jmil '} f'IJ' tJ1q7'm urmZ 'Jml/Gml'Jurf;qb tjJqLuf 1Jm'1m'Jfm'1Jq f"'r 

-lnm'1LmZ urq!r mJ'J 71 
1
Jmdm71urq!r ''JmtJGml'Jurf;qb 'Jl/fm'Jml'!r"'" 'J"'l'l'Lqn 

tJquurqJ 7'uil1Jm71urq!r 'J"'l'Ju7'm'JmJrm tJ'1mLL1u'Jm Ju '7'u'JmJ'J } 1'1u7'Jur 

-mGmJ ilillJml'mb'Jm!r lifYJ 1Jq1J'JmJl'm tjJqnmb J'fJmJ 11 JAI-.LV 'AI-V 
1qumJtJ'1 7'ulnJq'1 urq7'm'J1ufliJm 

1
JqLuf Luurmn/Zm 1Jm'1m1Jfm'1J9 nqlnJu 

'p1UJqJJmur -bf m r1u'Jumli } Ju7'mJm'J!r Ju 
1

} 'Jf m 1} 'Jhl' GtJJ'l'JIJ1Uf fl 
-1U'1urm!r"''J'f'J"'um ljJqJJmur Lu7'1'L'ln fm7'Ju7'm'JmJrm i/'1mLL1u'JYI 

1111uJqJJmur fm7'Ju7'm'JmJl'm 'Jm'1mJu]r 

-un 'Jmil 'urq7'm'J1ufbJm tJ1q7'm } J'1U7'fJubmurbo ( 1nuillnqb 'Jmfd1ufm1r 

-um tJJn'Jmrf min t/'1 mZuJu) il'JmJl'm J'lUJqJJmur Lu7'rLqn fm7'Ju7'm'J 

-mJrm tJ'1mLL1u'Jm Ju 
1
1qnm } tJ1qJm'1 JmJm71urq7 :GtJil'Jmurmn/Zm 'J"'I' 

-rLqn 'Jm'1mltJr'Jm tJ'JmJl'm 7'u1m7'mf IJflUIJ ,1'1uJqJJmur fm7'Ju7'm1JmJrm 

'Jm'1mJu7'un } r1u7'Gmurn 'Jmil '} tj1q7'm 'JJu ''Jml'Gmf'll' i/ni/ln'Jfm qmfd 

-1u'1m'J1uLuJ'1 tjJJmur } J'lUJqJ 'rwillnqb tJJ'l'J'J"'l'fmln tJ'1mluJu 'ily.m 

'J"'fdwJrm 1JtJfmrbtJJln tJ'1wltJI' nuurqJ 7'uil1Jm71urq!r tJil'Jmurmn/Zm t/'JmJ 

-rm 'Jm'1m'Jfm1 111uJqJJmur fm7'1'L'ln fm7'Ju7'm'JmJl'm tJ'1mLLw'JYI 

'1'1uillnqb t/'Jmul'm 71fmJf1uJmln fm7'Jm1mn/m'J fm7'dmdmi/r mJ7r 

tJ'11UltJr qljuurqJ il1J1ufd1Uurq7'm'J1ufbJm } f'I/' nqlnm'1urm7 1il'J"luTfi1uJb 

-ml'tJb 'J"'l'J'Lqn mJ'J J11UIJGmf'll' '1ntJ 7'u'JmJb 71 il'Jml'GmbJmb urmbm 

tjJq'JmtJGml'Jurf;qb 1Jm'1m1Jfm1 Luh lmum J'1UfJuurqJ 'J'I 1'1uJmb1Jmn/ i/Jq'J 

-'1mLo fmG'1mvq 1'"''1 il'JmJl'm 71fmJwJmln ,,'Id 71 i/JqGljmG 1Jm'1m'Jfm1 ,,'Id 

ntJ1qrLqn JrmfdwLLw 'Jm'1m'Jfm'1Jq i/JJms '1'1uillnqb 'Jml'Ju7'm'JmJl'm 

tJ'1mLL1u'Jm tjJqJJmur Lu7'1'L'ln 1'1u7'Gmurn } urhr/;} tjntjlnbfm G'J'l7 

t} J11U'J 

-mJvJmJ 7'uiJrm7 f'll' il1J1ufd1uJbml'tJb 'J"'l'l'L'ln tJquurqJ 71 ''1my.t/7' 'Jt/f 
-mfm7'Jm1 'JtJfm1m7'mi ntjlmb } lmum J"UJJmur mlnm 

1
i/Jq1JmtJGml'JutJ; 

-7-b 'Jm'1m'Jfm1 tjJJmur 'l'JuurqJ Luurmn/Zm 'Jml'J'Lqn 1Jm'1m1Jfm'1Jq il'J'I 

r1ub1Jm'1Zm'1 7'uGultJr IJfm l'm'1 nfm 'ld'I Ju 
1
1q7'ur 'J'I GfwG ilJnJutP 

1(Jn'1m1JmLq 1fm 71m't 

'1."'l'Ju7'm'JmJrm tJ'1mLLw'Jm 'J'l'J1u 'J1ufd1ufub) J7JJmur fm7'Ju7'm'JmJ 



"\· 4.14. 411wrnU"w41.. \wd bnw\gw~ 
o'l.w\librnil wdrwliwqnrqw~ mwrr 

U.1u 7h"l..[!nLJ u1nL'ilf! um/nrwpwr 

wr1_nLJ" t- ~lnr ~wJ" pw'f.J"w'b~/nL'b 
f.w uriJ. wJ .[!/r / 

'fwrnL/I'l! ~wJ lmw~9wJ o'lw't.'ilh

I'l! "f.WurpwumiJ.nLJ h'b A-L A-II, 
A-III 7wufr wJ"pw'b'bhrfr9' 14 JJ-fr9 

nt wiJ.bLfr mrwJw7Jn1_1 

'f wpnL1rfr ~wJ" O'lw~'ilhrfr Ln rw • 

Jw'lfrt}l! Ufhm.[! t- 1/r'bfr 20 uJ"-fr9 nJ 

"f.Ul~UIUI 

'fwrm1rfr ~wJ o'l1u~'bhpfr .[!WJ/l!' 

S1 "f.hLn.[! t- 1.hrg'ilhl nt. llfUl~UIU 

4 u.!-fr.'I• nt wiJ.hLfr mwrrfr r.wmiJ.wJ-

.efo urpwJ"w7Jfr +-fog &. "l. wiJ.hlfr 

10 uJ'-fr91 

8. UU'f'0 ... 6U'1 l.U1N.Uf''llC 

U.ftnL'l'lwlf.fr wJpwftwl/.npifwJ ub'lJif.wJ urwpphpfo wJpnLfJJwft "wz

-[wpq(! f!f,'fl)LUf.,nLf' wnJwJp qwurwpi/_nLJ { f.Intjf.I pwftwJ.L.hpni/_, pftJ. IJ,f' 

uni/_npwqwft wJpwf.IwqnpnLJnq ub'lJif.n'l urwppbppftf., {: UfowJft fib WJU 

'1b"fpnLJ 1'wfunp'1 "fWf'W'lf'"'fPUpnLJ pbpi/_wt) pwf.IwJ.L.bpnLJ "/burp { 

urh'l"''lf'bl. 

flp"fbu i)wurif.wJpfr w2/uwurn'l Jwqbphu 9wf.I9bpfo hww1fo1t J.n'lbf'fr 

wnwftgpftbpfr Jfrt.U. q.inltif.n'l Jwqbpbuf!, "l"'f'"LJpnif. qwJ o'lw~f.Ibpnif. wJ

pwftwi/_npi/_wt) mwppbpfr '1b"fpntJ' "l"'f'"LJf'P q~J o'lwlf.fo ftbpumJ 11m1tif.n'l 

Jwqbpbuf!, "'!l qbp"f wuwJ, phurnftb J/rt_nLqfr {wurif.wJpfr Jwqbpbue' F J• 

R "II' i)w2if.wplf.w1fo1' 11foJw11pnifJ1wf.I pnfuwpbf., phinn1'fr pbpif.wJ 

Ufpfoq_Jw1Jrf.I wJpnLfJJnL1'[!' R"' 1 
"tr 

llwftp pbinnf.Ifthpfr '1b"fpnLJ R * 11foJw11pnifl1nifte npn2if.nLJ 
"II' 

urUJWL pnpJ.wnwqwf.I pwf.IwJ.U.bpnif.. 

w) (w11'wqwf.I bnwq9wJ 9wL9bpnif. wJpwf.Iwif.npblfou' 

(l.37) 
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npurb'l R ! -ft 9wft9bpfo J.n'lbpfo i)w2if.wp~w1fr1t 11foJw11pnLPJnLftft ~ J.tp/wL 

'fbUfl!ntJ I 

npurbq 

k-ft wftnLtz'l.wlf.fr wJpwftwi/_npJwL LUf''fJnLftwqburnLPJwft 11npJw

qfr9f! 1 "Pl! npn2if.niJ f l)buriLJWL pwftwJ.U.nif.. 

(4.38) 

P.!" R! a,.=---
R..," 

(4.39) 

(4.40) 

WJUU1b'l. n1, f 1'1, 11'"'.l! ,,wJw"lwmwuJuwftwpwp 9wlt9fo J.n'lbpfr Pfrif.lt t. 
J.n'l.fo i)wurqwJpfr Jwqhpbuft { U. J.n'l.fo bp~wpnt

p jntftft { {I) w2i/_wt) lulf'WJ/rft J.n'lbpfr wnwft9pLh

pfr9} Jbq "''l'l"'fJJwJp, 

n2, f 62 , 12-e ftni1ftft { J Jn Lu "''l'lnLp 1wJ p1 

S-f! gwftghpfr J/rt_u b'lwt) l)bnwi/_npnLf/JnLftfl t, 

F.,-l! pburnltfr i)wurif.wJpfr Jfrt.niqfr J~qbpbuL {, npe 

uwi)Jwf.Iwt/rw~i/_wt) { 9wlt9fr bww11Jnif. ("w2if.wJ 

bww1fr1' J.nqbpfo wnwft9pfr9): 
U"fUIUJWqwi)wpJwp t Jbq Jfowif.np bpqwpnLfJJwf.I if.pw ef.Iqf.Inq J.n

'lbpfr t:wurif.wJpfr Jw~bpbue if.bpgf.,bl flnLJf.,l!• PmJLwurpif.nLJ { ftpwft9 i)w
pwpbpm/ljnLf.I(! f!ft'fnLft/;l JfoftJ.U J ,5: 

p) fT/ wpnLpwJ.U. ~wJ o'lwlf.w J/rf.I wJpwf.Inq wJpwf.Iu11[npbLfru. 

R• = R +2u"f R"' (i- 7
•
5eo) 

"tr "ti' r.i. • d.t ' (4.41) 

npinb'l R~ -it "l"'f'nLJf'fo qwJ o'lw~wd.U. wJpwltfr i)wzif.wplf.w1fr1t 11frJw

'1f'nLf/JnLf.If., { J.q.JwL '1b"fpnLJ 1 

d., -1' pburnf.IJr {win.qwJpfo Jfrt.nLqfo urpwJwq.frJf., {, 

(4 .42) 
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"'J~tnl111. f., -L "l"'f'n'Jf'/r lfwJ o'lw"wd.L. wJrwLfr {wuri/_wt)pfr Jw"bpbuL t, 
S-f!' UfWf'nLJf'fr "wJ o'lw"fr pwJll!' 

!IT.JmpnLJf'/r lfwJ o'lw"'bbpfr, WJUUfbu lfnli[_wt), pbpi[_wt) Jwlfbpbul!' 

F" 
1td'f f'f 

s 
(4.43) 

U[butll t zfr'bfr 0,25F. -/rg "l UfW"wu, {w"wn.w" '1bU/.llnLJ WJ'fU/.frufr wJ

pwLwi[_npnLJf! wp'fJnLLwi[_bur lt' 

11.'bm'l'lw"fr wJpw'bwi/_npi/_wt) urwppbpfr {wJwp SR Jbt)nLPJnL'bf! 

npn2'/_n1.J t (2.33) pw'bwd.L.ni/_, Jfrw1'b pb w1uurb'l so Jbt)mPJnL'bf! npnz

iJ.mJ t -':butb.Jwl wpurw{w1urnLPJnL'bfrg. 

so=0,85-0,00BR +b, 
'fl' 

(4.44) 

PWJS qbpgi/_nLJ t 0,9-frg ni. wqbLfrt 

(4.44) pw'bwd.L.nLJ b-L '1"!'t)wlffrg t, np'b f!'b'fnL'bil_ni.J t {wi/_wuwr' 

10µ !i. gw'bgbpni/_ wJpwLwi/_npblfru L. 10µ Zi. ll(Wf'nLJf'UIJ/r'b lfwJ o'lw-

1Jw1fr'b wJpw'bfr '1h"l/!nLJ, pn1np '1bUfpbpnLJ b-'b U/.hur/! t i/_hrg'bbl 0,15.:.frg 

nl wi/_h1fr1 

bn.wlfgwt) gw'bgbpnq wJpw'bwi[_npi[_wt) urwpphpnLJ {wln'lnLPJwJp 

lfwphlfr t lffrpwn.hl p'bw"w'b t)w"nut"h'b LSW'bJnLpbpni/_ phurn'b'bhpt 11.J'I 

'lb"l/!ni.J i[_bpf! pbpi[_wt) <wzqwplfw1fr'b pw'bwd.L.bpf! J'bnLJ bL LnLJfil!, Jfr

m J'b pb ( 4.44) pw'bwd.L.ni.J 0 ,85-fr ifrn,fuwpb'b Uf hurp t i[_hpg'bbl 0 ,8, fr~" 
{ 4.38 )-ni/_ npnzqnrz wLnL'l'lw"fr wJrw'bwi/_npJw'b Ulf''fJnLLwi/_burnLp 1w'b 

k '/npt)wlffrgf! Ufbur/! t pw'l.JWU(WUlltbl ffi ~ q.npt)w"9ni/_1 npf! npnzi/_nLJ t 
ljinpd.wn.wlfw'b {butb.JW[ pwLwd.L.ni[_. 

1 
m~= ~I~ yo,8 t-0,7a6 

(4.45) 

IJ.1'b 'lbUf /!"LJ I b!'P urwppfr lf pn'lnL'bUl"nLp JnL'bf! I < wz"-fr wn.wt) wL
nLrzrz.w"fr wJpwLwi/_npnLJf!, wif.blfr ifrnpp t I j!Ul'b 'bn1.1'b urwrr/r ""n'lnL'bw

ltnLfilJnLLL t wn.wfig wfinq'lwl[fr wJpwLwi[_npJwfi (blfiblnif. urwppfr lf'fri/.. 

-':wUJi[_wt)l!fr Jwlfbpbufr9' F), Ulll(UI WJ'I '1b"l/!nLJ UJUlf'f'fr lfpn'lnLLwlfnL

P1mLI! {wJwpi/_nLJ t {bl'!frLf!t 

11.'bnL'l'lWlf/r wJpwfiwt[npi[_wt) U1Ulpf'bl'I! 'bwfuw'1t)b1fru, pwgfr wJpnL

P1w'b <wzif.wplffrg, Ufhur/! ~ UUtnL'1hl 'bwL. phurn'bh ll(W{Ufw'bfrl zhpurfr -&.w

l!wlfwJnL'iinLPJwL llfWJJwfipt 11.J'I UfWJJWLf! lPwif.wpwpblnL '1bU/.j!nLJ ph-
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urnfih UfW{Ufw'bfrl zbpurf! lfwpn'l t Swpbl L. PWJPWJif.bl, Jfr'blL. urwppfr 

l[pn'lnL'bwlfmP1w'b UUfWn.nLJf!, npfr {burL.w'bpni/_ L. w'b{Lwp lf'1wn.Lw urwp

pfr {burwq.ui 'bnpJwl zw<w,,npt)ni.Jf!t 

l/,bpn<fruwl uurnL'1nLJf! t)w'bp pburn'bfihp/r '1bU/./!"LJ lfwurwpi/_ni.J t 
{burb.Jwl pwLwd.L.ni[_. 

npurb'l F , r-•r 

(4.46) 

l.t. r r-'r -I! {wJwU/.wurwufuw'bwpwp urwppfr Ll'fri/.. pbpi[_wt) 

{wuri[_wt)pfr Jwlfbrbu'b t L. fr'bbrgfrw1fr zwn.w

i/..fr'll!, 

Y-1! pbpi/_Ul..t) {wurif.w'pfr t)w'bpnLPJw'b "b'burpn'bfrg 

Jfr'blL. wn.wif.bl ub'lJ4_wt) Pbtfr"I! b'lwt) {bn.w

i/_npnLfl JnL'b'b ti 

F ,.,,. £. r '"'" Jbt)nLPJnL'b'bbpf! npnzbLfru pbpJw'b qnpt)wl[frgf! f!'b'1m'b-

i/..mJ t n=0,65 R- 1 

R"' 
P'bm"w'b t)w"nur"b'b lgw'b1mPbpni/_ pburn'bLbrfr 'f'1UfpnLJ UfW{ll(wLfrl 

zbputfr AWj!W"WJnL'iinLflJnL'bf! Jbt) t, pw'b t)w'bp pburn'b'bbpfr '1b"l/!"LJ, WJ'f 

{wL,,wJw'b/!f! "wrbLfr t {wz"-fr wn.'bb1 b1'bblni/.. ifrnpd.wpwpw"w'b {burwq_n

urnfl 1n1.'b'bb pfr Wf''1JnL'bj!'bbpfr9• 

11.'bnL'l'lw"fr wJpw'bwi/_npi[_wt) urwppbpf! {wzqwp"b1fru bp"w1'bwlfw'b 

t)n.Jw'b Ul'l.'fbgnLPJnL'bf! <wz"-fr t wn.Li/_nLJ 11 '1npt)w"gfr Jfrtngni/_, f!Uur 

npn1.J Ntr nLdf! "{burl! t npnzbl ( 4.24) pw'bwd.L.ni/_, 'b"wurfr nL'bbLw1ni/. 

{24 }-/r {wJwll(WUIWufuw'b gnLgnLJ'bbpf!t 

§ 4.10. llflfl'l ll'1flU. \,01l SU.flflb(l 

l./pn'l wJpwLni/_ ub'lJJwL wzfuwurn'l urwppbp {wL'ffr"lnLJ h'b Jn'bn

Lfrfl bplfwppburnLb "wn.nLgi/_wt)j!LbpnLJ, JwuLwi/_npwUfbu j!W'lUl/!wgfrw

lfwL pwpd.pwpbf'd. zb'bph('nLJ t 

. flpUfhu "l'n'l wJpwL w1uurb'l L.u, frLJ.U/.bu t)n.i[_n'l urwppbpni.J, lf/r

pwn.qn1.J b'b U/.n'lUfWU1h '1lngi[_wt) "ll'n!/>/r['bhp' w'blfJnL'bwlf'bbp, hplfurwi/_

phf', zi/.h[hf'fibf' ("nzut wJpwfi) lfwJ funznf' Ulf'WJUJ'1t)fr J.n'lhpfrg U i/rn1p 

<wuri/_wt)l!fr wL"jnLLw"Lbpfr9 lfwq_Ji[_wt) bn.w"gwt) lfwp"wuLbp (Llf. 4.15 )1 

ltpn'l wJpwLfr {wuri[_wt)pfr Jwlfbpbu/! /!'burpqni.J t w1'b U/_WjJw'bfrg, 

np JfrLlL. phurnLJt {bur Jfrwurh'l wzfuwurhlf!, WJfi "wpn'lwLw frp i/_pw 
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UlJVrnl11z. f .,-L UjUJ{'NIJi'P ftwJ orzwftwd.L. wJ(lw'iip {wuri/_w~11/i Jwftbpbufi t. 
S·f!' "{UJ(lnLJf'P ftwJ o'lwftp j!UIJLet 

tJIJwpnLJf'P ftwJ o'lwft1Jbpp1 WJUUfbu ftnli/_w~, pbpi/_w~ Jwftb(lbuf!' 

1td" f., 
s 

(4.43) 

ll(hurp t i/ifip 0,25F. -pg nl "{Wftwu, {wftwnwft 'lb"{pntJ UIJ'IUfpup wJ

pwfiwi[n(lnLJf! Ulfl'IJnLfiwi/_bur l.tt 

U.fint'ltzwftp wJpwfiwi/_npi/_w~ urwpph(lp {wJw(I SR Jb~ntPJnLfif! 

npnzi/_n,J t (2.33) pwfiwAL.ni/_, JpwJfi pb wiuurb'l ~o Jb~ntPJn'fif! npnz

'1._mJ f {burL.Jwl wpurw{w1urntPJntfip9. 

so=0,85-0,008R +b, 
"" 

(4.44) 

pwJg i/_b[19i/_ntJ t 0,9-pg nl wiJ.bLpt 
(4.44) pw'fiwd.L.ntJ b-1' qn!'~wftpg t, npli f!li'lnL'fii/_ntJ t {wi/_wuw(I' 

10µ !io 9wligbpni/_ wJpwfiwi/_npblfiu L. 10µ Ji. UfUl(lnLJ(IWJpfi ftwJ o'lw

l[w Jpfi wJ(lwfip 'lb"l/!ntJ 1 pnlnf' 'lb"l./!b(lnLJ b-1' "I.bur/! t i/_bp9fibl 0 ,15-pg 

nl wiJ.bLfit 

bnwftgw~ gwfi9b(lni[ wJ(lwfiwiJ.nf'iJ.w~ urwppbpntJ {wt.nrzntP 1wJp 

ltwflblfi t ftppwnbl p1'wftw1' ~wftnurftbfi lgwli1mpbpni/_ pburnfifihpt U.1'1 

'1b"l./!n'J i/_bpf! pbpi/_w~ {wziJ.wf'ftw1/ifi pwfiwd.L.b(lf! Jfin,J bfi fintJfif!, Jp

WJfi Pb ( 4.44) pwliwAL.ntJ 0 ,85-p pn_fuwf'bfJ "I.bur/! t i[b(lg'iibl 0,8 1 p~ft 
(4.38)-ni/_ n(lnzi/_nrz wfintrz'lwftp wJ(lwfiwi/_npJwfJ wf''IJntfiwi/_burntPJwfi 

k qnp~wftpsf! "{bur/! t pw'l..Jw"lwurftbl m ~ qnp~wftgni/_, npf! nf'nziJ.ntJ t 

l}n(IAwnwftwfi {burUJUJL pwfiwAL.ni/_. 

1 
m~= ~1· 

yo,8t-0,7a# 
(4.45) 

u.,11 'lb"l./!nLJ I b!' p urLUflf'P ftrn'ln,Jiwftmp JnLfi(!, ~ wzi/_fi UltlUI~ wfi

"''l'lwftp wJpw'iiwi[n(lnLJf!, wiJ.bLfi ifrnl!f' t, 11w'ii fintJfi urwppp ftpnrzntfiw
ltntPJntfifi t wnwli9 wlimrz'lwftp wJpwliwqnpJwli (blbblni/_ urwppp ll'Pi/. 

.t:wuri/_w~/!P Jwftbpbupg' F ), UIUfW WJ'I 'lb"l./!n'J urwp[lp ftf'nrzntliwftm

Pintlif! {wJwpi/_ntJ t if_bpf.p'iif!t 

U.lintrzrzwftp wJ(lw'iiwi/_n[li/_w~ urwpphpf! liwfuwq~btfiu, pwgp wJpm

P1w'ii {wzi/_wpftp9, "I.bur/! t uurntqbl liwL. pburnlib "{W{"{wlifil zbflurp -Aw
j!U1ftw1ntlintfil1wt "{WJJWlif!t u.,,, UfWJJUlf,f! l_PWi/_W(ILUf'blnL 'lb"{/!nLJ pb
:204 

wnfih UfW-\Ufw1'fil zbpwf! ftwrn'l t Sw/!bl "- j!WJj!WJi/.bL, Jfifil"- urwp(lp 
ftpnrznt1'wftmP1wfi U"(WttntJf!, npp {bur/J.wfi11ni/. "- wfi{fiwp ft'lwnfiw urw(l

f'P ~burwq.m finf'Jwl zw{wqnf'~ntJf!t 

t/.bpn{puwL uurmqntJ(! ~wfip pburnfifibpp 'lb"l.11ntJ ftwurwpi/_ntJ t 

{burUJWL pwfiwd./J.ni/_ • . 

n(lurb'l F " ,. I' 

(4.46) 

£. f """ ·f! {wJwutwurwuJuwfiwpwp urwppp lf'Pi/. pb(li/_w~ 

{wuri/_w~11/i JwftbpbufJ t f.t. pfib(lgpwJp zwnw-

i/.P'lf!, 
Y·f! ph(li[~~ {wuri/_w{)/!P ~w'iipntPJwfi fthfiur(ln'iipg 

Jfi1'lf.t. wnwi/_bt ub'lJ.iJ.w~ filbtfiftl! b'lw~ {bnw

i/.'!f'nLPJntfili tt 

F r•r £. r """ Jb~nLfilJntfifihpf! npnzbLfiu pbpJwfJ qn(l~Wftpg(! £!1''1ntfi-

i/_ntJ t n=0,65 =.,, 
R"" 

P1'wftw1' ~wftnurftbli lgwfiintpbpni/_ pburnfifibpp 'lb"l/!ntJ "{UJ{"{w'iifil 

zhflurp -Awl!wftw1ntfintPJnLfif! Jb~ t, 1wt ~Wfi(I pburnfifihpp 'lb"l/!nLJ, UIJ'I 

{wfiqwJw1'1f! ftwpblfi t {wzi/_fi wnfibt blfiblni/. pnf1d.U1[1Wf1Wftw1' {burw'ln

urnfil 1n,lifibpp wprunili11libppg• 

U.fim'l'lwftp wJpwfiwi/_npi/_w~ urwppbpf! {wziJ.wf'ftbLfiu bf1ftw11'wftw1' 

~nJwfJ Ul'l..'fbgntfilJntfif! {wzi/_p t wnfii/_ntJ TJ qnp~wftgp Jpf.ngni/_1 f!Uur 

n(lnLJ N tr ntdf! utbur/! t nf'nzbL ( 4.24) pwfiwd.L.ni/_, Jiftwurp ntfibfiwtni/_ 

{ 24 }-/i {wJ LU"(wurwuJuwfi gnt9ntJfibp(!t 

§ 4.10. llflO'l ll11flU. '10'1. SU.flflbfl 

f./pn'l wJpwfini/_ ub'lJJwf, wzfuwurnrz urwppb(I {wfJ'fp"{nLJ bf, JnlJn

lf P hpftwppburnbb ftwnntgi/_w~j!UpntJ, Jwuliwi/_npw"(bu j!Ul'lw/!wgpw

ftwfi pwpd.pwpbf1A zb1'11bpntJ1 

fl(l"{/;U ftf'n'l wJpwfJ LUJUurb'l L.u, pfil_"{/;U ~nif.n'l U1Wf'(l/;(lnLJ1 ftp• 

pwni/_ni.J bfJ "1.n'l"l.wurb lflngi/_w~ "lf'n!fofiL1'b(I' w1'ft1ni1'wftHp1 bpfturwi/_

(lh(I, zi/_blb(lfibp (ftnzur wJ(lwfl) ftwJ funznp ur(lwJwq~p d.nrzbppg f.t. pn1p 

{wuri/_w~/!P w1'ftJntflwft11bppg ftw'lJiJ.w~ bnwftgw~ ftwpftwuflhp (&ft. 4.15 )t 

l/pn'l wJpwflp {wuri/_w~pp Jwftbpbuf! f!&urpi/_ni.J t w1fi UfWJJwfifrg, 

np Jfi11lL. pburnlip {bur Jpwurb'l wzfuwurblf!• LUJfl ftwpn'lwfiw Pf' 4.Jrw 
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i[_bp9'ilbt t.fr'ilwpwpntfJJw'il Uf{'n9bunLJ qnpdn'I. pbn'ili[_wd.p'ilhpf!1 WJ'f fli/_nul 

L. l"l.L'1w9wd pburn'ilfr "zfrnf!t l/pn'I. wJpwLI! Lzi[_w,} tfrnL[nLJ -':wzi[_wp"i/_nul 

t npUfbu "l.n'l."l.wurh "n'iluurpnL"9Jrw1 '1pn'I_ wJpw'ilfr -':wuri/_wd.pfr Jw"h

pbul! uni/_npwpwp "wq_JntJ t urwppfr -':wuri[_wd.pfr Jw~bphufr 3 ••• 8 % /, 
"wpn'I. t {wu'ilhl Jfr'ili.L. 15 %-Jri Phurn'ilfr Jwp"~L uthurp t [!L'fnLLhl 

'111. 4.15. lirn'l wdrwlinif. UJntlibr~ &wmif.wH

libr~ ~ fwli~ Ut~llfbr. 
1- ftrn'I. (ftnzur) wJrwft, 2- wzfuwurn'l. -G.ftn•ft 

wJrwft, 3- JJrwgJwft qn1wft, 4- wftnir 

200-frs ni. 9wdp1 

'1pn'I. wJ rwflm/. urwrrb

rnLJ f.wz.J.wrftm/. ftwJ ftn'iiu

urrnLfturJr.J. 'iiftwurwnnulilhrm/. 

urh'l.w'lr.J.nLJ t Lwl.t. ~nLfl 

wJrw'ii' hrftw1'iiwftw'ii £. LWJ

LwftwL nul'l.nL[ilJwJp (Li,. 
4,15)1 

11rn'I. wJpw'iin.J. uh'l.Ji[wJ

urwrrhre Lr/r.J. phnL.J.wd-~fr 
urwft t.wz.J.wrftnLJ bfl JrLz."lb" 
un.J.nrwftw'ii hrftw[ipburn'iib 

urwrrhre• r.wzi[/r wn'iibLniJ 

wJpn'l.P.. ftrn'I. I.. ~m'ii wJrw

flJr f.wur.J.wd-~fr Jwftbrhue1 

.PnpJ.wpwpw"w'il -':burwqnurnLfJJnL'ilfibpf! 9nLJS bfi uri/.bl, np "l'n'l wJ

pwfini[_ ub'l.Jn'I. urwpphpnLJ wJpwfil! L. pburn'ill! Jfrt"i.L. urwppfr .[!WJ,PW

JnLJf! wzfuwurnLJ bfi -':wJwurb'l, f!Uur npntJ wJpwLfr LwpnLJf! .[!WJ.[!WJ .. 

Jwfi i/rnLfnLJ -<wufinLJ t frp -':nunLfintfJJwfi uw-':Jw'ilfr'ili IJ.1'1 -':wfiqwJw'il-

1!1! flnLJL t urwlfru "l'n'l wJpwfini[_ uh'lJi/.n'I. urwpphpfr "l'n'lnLfiw"mfl1n1.Lf! 

f!Uur uw-':Jwfiw1frL "-fr-G.w"Lbpfr Jbfln11/r -':wzi[_wp"btfru pburnfi/r L. wJpwfif; 

fwpnul'ilhpf! [!L'fnLfiht -':wi/_wuwp WJ'f fiJnLflhpfr -':wzi[_wpftwJ/rfi 11frJw'1f'nL

flJnLfi'ilbpfrL L. Lpwfi9 -':wzi[_wp"f! ftwurwpbf fintJfi ulf'l.pnLfi.pni[_, Jrfii. np 

-G.ftnLfi wJpwfini[_ urwppbpfrLL t (lift. 4.16)1 Ulf'l.pLwftwL fWpnLJfibpf!, 

npnfi.p wnw! bf, qwffru "l'n'I. wJpwfintJ ftwnnL9i/_wd.pfr frpwftwLw9JwL 

f!LflwgpnLJ, urwppfr uw-':Jwfiw1Jrfi ftpn'l_ntLwftnLfJJwfi i/.pw wq11b9nLflJnLL 

i.hfi fln'l.LmJi 

l/pn'I. wJpwfini[_ urwpphpf! -':wzi[_wpftbtfru uh'l_Ji/_wd ,qnurnL phurnfi/r 

-':wuri/_wd.pfr Jwftbpbuf! "I.burp t i[_bp9Lbl wnwfi9 wJpwfiJr Jwftbpbufr ~w,/ 

finLJfifi t, np i[_bp9fibl ll'Pi/. Jw"bpbuf! 1 Jru" WJ'f qnurntJ q.urfii/_n'I_ "pn'f. 

wJpwLfr -':wzi[_wp"wJfrL 11frJw11pnLfJJntfif! UfW"wub9Lbl R..," ·ni[' R ... t -

~R I 
'fl' 
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F.., 

li~. 4.16. ~~qhr~ u(ubdwli lirn'l wdrmlinil_ wrmw~blimrnli ub'ldif.n'l mwrr~ 
AlJ\'lwlilfJai.£. linl'dw1 &wmil_wbfntd ~um wdrntpJwli &wzif.mr~btJau 

l/bfiurpnfiwltUJL d.q.nul uurw9i/_nLJ t WJfi '1b"l./!nLJ, bpp urwppfr i/.pw 

9np,}n'I. n1.<lilpfi -':udwq_npf! -':wJf!LftLnlJ t fipw wnwfi9.pfr -':buri 

l/bfiurpnLwftwL J.qJwfi bf, wz/uUJurnLJ ftwJwpLbpfr J.qfri.Lhpf! L. :/Jbp

Jm'ilbpfr Hp.[!L.p q.nuifrLbpf! (bpp Lpwfi9 i/.pw lftwfi inb'lwftwL pbnfii[_wdp

fibp), "fnp n.bqbpi[_mwpLbpfr, ufrtnufihpfr, 2pw-G.LzJwfi fun'l.n4..w4Lhpfr "l.w
urbpf! U. WJL inwpp,hp: 

t :s.1. llb'bsrn\JU.llU." s.q.'1.n'l. su.rrbrJl 
11n'111srm~11su.'1.nruu" '""":.u. '1n1'r cttu.:.u. '1.st'bbrl! 

l/hfiinpnfiw"wfi J.qi[_n'l urwppbpf! Lwfuwqtli/_nw b'il .pwn.wftnlufr, nt'l_

"J.W~"Jn.1.L "mJ "fnp {wuri/_wq.pfr, wJpwfiwi[_npntJ{! ftwinwpi/_nlJ (- bpftwJ

LwftwL wzfuwurn'I. .lnqbpni/_ L. "nfiuinpnl"urfri/_ LftwurwnnLJfibpni/_ urb'l_w
'lf'il.n'l Lw1LwftUJL wJpwfini/_i 

U.zfuwinn'I. .ln'l_hpfr .pwfiw"l! qdwJ/rfi infrutfr urwppbpntJ tfrLnLJ t 4-frs 
ni. "lw"wu, npnfip urb'l_W'fpi/_mJ hfi -':wini/_wd-pfr UfWpwqd-ni/_, Lpw wnwfi911-

HpJr L"murJ1.11Jp uJrJbinpfr"' 
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{w1LwftwL wJpwL[! urb11.wq.pt/_n1.J { ftnLuurpn1.fturfrt/_ Lftwurwnn1.JLJ,. 

pnt/_, wLn1.pLbpfr ftwJ l"'JLwftwL d.n11.hpfr d.lt.nt/_1 'bpwL9 ll"'Jll! u/hur11 ~ 
1/rL/r nJ_ wt/_btfr 50 uJ-fa9 L. nJ_ wt/_htfr urwppfr i/in11p Lfruurfr l"'JLnt/JiwL 

ftp ftL"'"l "'ur Mfrs, 
l/bLurpnLwftwL d.9t/_n11. urwpphpfr ftnLuurpmfturi.ut/_npJwL wnwLd.LIU• 

.t:111ur.ftn,.P1n1.LL "'JL {, np wzfuwurn11. wJpwLLbpfr ft9t/_wfi11fibp[!, np"fbu 

ftwLnL, ftwurwpt/_n1.J bL bnwft9JwJpt '1nLuurpmfturwt/_npJwfi "'Jl "{W• 

.t:wLp_Lbp pbpt/_wJ. bL wnwp_frL 'ltfuntJt 

ziw11wftw1mLn1.P1wL JhJ.w9JwL L. pwpd.pwJn1.p "ln'l."l"'urLbpfr ftfr

pwnJwL L"lwurwftnt/_ fthLurpnLwftwL d.9t/_n11. urwpphp[! fibpftw1mJu, np

"lbu qwfinfi, fiwfuw9J.t/_mJ bfi fiwfuwlwpt/_wJ. bpftwppburnLfr91 

f lS.2. ltb'1SrR'1U.ltU." aq.'i_R'l SU.flflbflli U.trflRflfit'BU." 
l.U.O'lU.fllte 

'lmpJwi ( n J_ Pn1.u) wJpwLwt/_npntJnt/_ ftbLmpnLwftwL d.9t/_n11. urwp

pbpfr ifinpd.wpwpwftwL .t:hLnw'lnurmP1n1.fifibp[! 9nLJQ hf, urif.hl, np wJpwLJi 

q.frJwq.pn1.P1wL Ll'fri/. 09urw9np~JwL q.h"(pntJ Jfrzm {f phmnLL wJpn11.t 

.t:wurt/_wJ.pnt/_ ~w11n1.J {t 1.bmlt.wpwp, l!"'Jll"'JJwL ifin1.1nt.J wzfuwurmJ f 
JfrwJL wJpwL[!t ll.Jq. ifin1.1n1.J wJpwLfr 1wpn1.J[! .t:wuLntJ { !pfr'lfrftwftwb 

ftwJ "{WJJwLwftwL .t:nun1.LmP1wfi uw.t:JwLfrLt 

blLblnif. ll"'Jll"'J'JwL Lz4_wJ. pLni1Pfr9, ftbLmpnLwftwL d.9t/_n11. urwppp 

wJpntPJntL[! [!Um uw.t:Jwfiw1frL t/_fa~wqLbpfr Jbpnq.fr .t:wzt/_wpfthlfru eL

q.mLt/_niJ {, np. 

pburnLL wJpn11.1 .t:wurt/_wJ.11nt/_ ~wpwJ. t L. J..P JwuLwft9mJ wzfuw

urwLp/rfi, 

d.9n11. mdL wJpn11.p_n1.P1wJp frp t/_pw { t/_hp9LmJ JfrwJfi bpftw1Lw

ftwL wzfuwurn11. wJpwLe, 
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wJpwLJr l"'f'ntJ[! uw.t:JwLwJfrL t/_fa~wqn1.J .t:wt/_wuwp { R.., -fri 

N 
• 

\;~ . 5. 1. rl~qbrp u}uhJwt ~htmrntw~wt oqil_nri 
mwrrp &nrdwl liwmil_wHntd pum wdrDLf>JWt 

6wzil_wr~h~u 

N~R.F.1 

U.1u"fpunif_, uwt.,/w'ilw

Jfi''h if_fib.wftntJ' -6.fi'lbrfi "''l'l

J' w'b - ufub.!w'il mwrr/i 'bnr

J'w1 {-6.w.f!.wd) f.wuri/_wb• 

.pnt.! fttfr'bJr "'l"iJ"fbu, fi'bl_

UJhu 9nt19 I; urrif.wb 'ilt.: 
5,1-nLJ't 

Swrr/i wJ'rnt[tl1wfi 

"f"'l.rw'be lufr'ilfi' 

§ 5.8. U.flSU.ltb'1SrR'1 aq.'i_R'l SU.flflbfl)l Cl»RflJtU.flU.flU.ltU." 
l.bSUJ!RSRflfit'BRfl'1'1bflfl U.fl'l-BRfl'1-R'1bfll! b'l 

1'R'1USflRflltSU.'lRrUU'1 1!'1~U.'1Rflfl ~~U.'1~'1bre 

IJ.purwfthfiurpnL d.9JwL bfi wzfuwurmJ hpftwflpburnLh . ftnLuurpmft

efrwLhp/r "'Jfi urwpphpf!, npnfi11 bLflwftw bf, wpurwftbLurpnfi 11npJ.n11. bp

qw1Lwftwfi d.9n11. nHJfr (Lft. 5.2, w) ftwJ wnwL9.pw1frL hpftw1LwftwL d.p'l 

nuifa L. L"'JLwftwL J.nn11. JnJbLurJr {Lft. 5.2, p) "''l'l-b9n1.P1wfi[!, opfrLwf 

!pbpJwLhpfr Lbp11lt.fr 9nurfrL L. ftwJwpfibpfr d.9friE, bpp Lpwfi9 t[pw 

.\wL9n1.19Lhpfr9 q.mpu ftfrpwnt/_wJ. bL fWJLwftwL nuJbp, 'll"'LWJ/ifi flw·· 

f[_wLflLbpfr L. J.wipwt/_np J.wJ.ftbpfr q.frw!ppw9JwLbp[!, ni11.11.wLftJntfi pn1.L

qbpfihpfr L. nb'lhpt/_ntwpfibpfa "lwurhp[! lt. JJr zwpp "'Jl inwppbpt 

U.rurwftb'b m rn'b a,,1 n'l 

mwrrhrfi Ul2_/uUIU1UJ'iJ .f!.fi nL

unt.J'bwufirJ' w"iJ 'b"fwmwftm[ 

ifmrawrwrwftw'b t.burw'lntnnL

Plnt'b'bbr f.wJ'bJ'wurwpwr .f!.h. 

b'b ~wurwrif.wd-, nr/r t.bm"-w'il

.J!nif l;l "'l'l mwrrhrfi ;;,w2-

if.wr~w1fi'b pw'bwa"-brfis zw

urbre t.fiJ"bwifnrif.wb b'b h(!n.

J'w'b, ftb'bmrn'bwltw'b alfJ'w'b £. 

wpLnwfth'bmrn'b ub'lJ'J'w'b wz

/uwmn'l mwrrhrJr lftnrawr

~nt.J"bbrfis UU1U19if wb wr

'JJllL'iJ.p"iJ/r rnif. t 

'1wfui/_wb brftw1'bwftw'b 

a'ln'l N nulfi ftfirwn.J' w'b 

mlu1fi9, mwrpbriJ.nt.J' I; wr

·-------·--t-:~ 

N 

t) 

,V ~'(i __ ·----==::--_ -_ -..-'f-t-'ll 
\i~. 5.2. U.rmwfpr. phnC.il_wH&hrpg !.. wqqh-
9nLpJnt&C.hrp9 wnwr h~n'l Spqhrp u}uhJwthrt 

wrmw~htmrnt ocpfwr. 'lh"lfntd. 

w- hp~wif.w~wL d.q:n'l nu!fr wpurw~hLurpnfl 

wq11h9n<PJn<L, p- wnwLgpwJfrL hp~w JLw~wL 

&q:n'l nLtlfr It [WJLw~wL t!nn'l JnJhLurfr t:wJw-

UJw~b'b U1 rn'b a,,if_n 'l Lnwrrh rfi wzfuwLnw'il.f!.fi hrftnt. 'lb"f.f!.' 

llnwf)1& qhuif. N ntd[! ftfrpwm/_w~ { U. /,_ lJ.' wJpwL'iihpfa .t:wmt/_w~.p

Lbpfa JwqhpbuLhpp t)wLpntPJwfi _ftbLinpnfJLhpfr Jfrp_lt. h11.w,) .t:bnwt/_npnt
fJJUJ't uw.t;JwfJLbpn1.J (Lq. 5.3, p)t 

U.ju q.b"(.pn1.J mwppL wJpnrun1.fJ1wJp d.q.t/_wt) {, l!"'Jl!"'JJwL i/inttnul 

pburnfif, wJpnf[_p_ .t:wLnt/_wJ..pni/_ &w.pwJ. {, /,_ "'J'l .t:wint/_wJ..pn1.J w2/uwurn1.J· 

I; J'fawJf, wJ!'wL[! , .\binb_wpwp, .t:wLnt/_wJ..pfr wJpnLf/jntL[! "l"'JJwfiwt/_np-

i/_UJa { JfrwJL lJ. L. lJ.' d.qt/_wJ. wJpwfi'bbpfr q.pJw11pnt.fJJwJp1 U.111 wJpwL

Lbpfa .t:wLntj_wJ..pfibl'fr Jwftbpbufibp[! .t;wJw"{wtnwufuwL d.lt.nt/_ [!Lmphfnt/_, 

4,,,f1btfa t LpwL9 oqurw9n[1,)bl LPfrt/_, w1ufaL.pL' JfrLJ..[,_ !f./rq/iftwqwL qwu 
"I UJ j ,j' wfi w q wfi .t; n unt'Lnt.fJ J"'f, uw.t: J wfip l"'f'nLJ [!: 

14 br~wpphmnC.h ~nC.umrnL~9~wl'.hr 201> 



brqrnrq qhuif. N nLOJ! ftfipwn.i/_wt) I; U. L. U.' wJpwLfibpp l)wuii/_wt}.p

'Lhpp JwfthphuLbpp t)wLpnLfJJwL fthLuipnLLhpp Jfit.L. h'lwt) l)bn.wi/_npnL-

\,q. 5.3. Ur111wqbli111rnli ocpl_nq_ UIUlrr~ 

fwJfwJtlwt'. uJubtlwt'.brp. 

,.,,_ wn.wtfrL 11611111, p- hrftrnr'I '16"11 

fJJnLLp9 f1nL('U (Lft. 5.3, w)t 

U.1u 'lbuf.l!nul uiwrr'il m'bJr 

il11'/wd- £. • ulultfiJwd- 'fnuiJr'bhr, 

urwrr/r .(!W IJ!ID '" wb pbnLlfil/! 
[!ULn 'bnrtfwl t.wuiiJwd-.eJr -D.Jrz.m 

bnL,bb /;1 pbl_ nr Jn,/wb ftw,/ 

f!ULn wnwp_p'b 'JhUf.p.niJ wruiw

fth'buirn'b ub'ltftfw'b wz.fuwuin'l 

uiwrrhrJr'ile' 

t,wtfwilwl'il 'f"rt)n'l 'ilnrt!w

'bhrJr1 w1u 'lh"l./!"i/ wz./uwuin'l 

uiwrrh rf! {!uui wtf rnL[il JWb llfW 1-

tf w°il Jr t.wz.iJwrfthtJru, il'liJwd- wtf

rw'b Jr Lr/ii/ O'fLnW'fn rd-ti w'b 'b UfW-

LnwftniJ, UfhLn.[! I; UfWt,Ufw'bbl 

ifrnrilwrwrwftw'b t:.buiw'lnLnnL-

fil JnL'b'bhr/r Wr'JtnL'i..[!bhr/r f,Jrtfw'j, 

npuih'l SR JUtnLpjntLp LnLjLL I;, fiLl np t)n.i/_n'l uiwpphpp 11hu1.11mJ1 

U.puiwftbLuipnL A11i/.n'l uiwpphpp pWJl!LUJJwL pLnLJfJI! f!ULn flhp l)wui-

4_wJpLhpp pfii_ I; n1.un1JLwuppi/_wJ, L. flhp l)wuii/_wJ-pLhpp wJpnLfJJwL l)wz

;i/_wpftf! l)pJLwftwLniJ LnLJLL I;, fiLl np ~n.i/_n'l uiwppbppL[!t 

U.puiwfthLuipnL A11i/.n'l Ln wpphpp LW 1LwftwL -') wuii/_ w~pf!, -bfi11hpp wq11-

~ wL pLnLJfl/i9 hiLhlni/_, f!L'1nLLi/_nLJ I; w1LUfpufiL,'np JnJhLuip wq11JwL 

-<wpfJnLfJJnLLm.J WJL LfiLp wi/_hlfi qwp11w9wd-, pwL LpwL nL'l'lwl)w1w9 

-':wpfJnLfJJnLLnLJ1 U.puiwfthLuipnL l.11i/.n'l uiwpphpp lwJLwftwL l)wuii/_wd-pp 

.mJhLwuiwpw~i/_w~ h. "fwpq AL.I! nL'l'lwLft1mLL I;, wn.wLApL '1h"fphpnLJ 

lfppwn.i/_nLJ hL LwL. uiwi/_pw1fiL, h!'ftuiwi/_pwjpL, uinu/iwAL. L. WJL l)wui-

4_w~12/i urwpphp1 

U.puiwfthLuipnli A11i/.n'l UJW{'f'hf'nLJ wzfuwuin'l wJpwL[! uih'lW'1f'if.nLJ 

.t hpftw1LwftwL nLdp wq11JwL nL'l'lnLfJJwJp, ~n.n'l JnJhLuip l)wpfJnLfJJwLfi 

llL'l'lwl)wJW9 fipuuihpp Jnui' uni/_npwpwp nl upJhuippft: 
ll'b' lJ. L. fJh' U.' wJpwLp l)wuii/_w~pp lti/_wqwpLjlt Jwfthpbul! Ufhuip 

I; LfiL/i uiwppfi l)wzi/_wpftw1/ilt J wfthphup 0 ,5 % -/is nJ_ "fwftwu1 
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bpftw1ltwftwlt wzfuwuin'l An'l_b!'I! Lntuppfi [Wjltwftwlt nL'l_'lnLfl1wJ~ 

Jpw9i/_nLJ hf.t JfiJ1wlt9 l)bui [LUJltwftwlt An'l_bpni/_ ftwJ wltnLplthpni/_1 

lJ.Jpwf.twi/_npJwf.t Jltw9wJ "{wl)wf.tt.f.thp[! wn.wt.fiL '1hu(pni/_ wzfuwuintt_ 

uiwpphpp l)wJwp ltm11tlt I;, filtl np fthltuipnltwftwli A11if.n'l uiwpphppH I;,. 

puft hpftpnpf1 f1,h"{pni/_ wzfuwuin'l LnW('f'bppf.t[!' pf.tJ_ np ~n.4.n'l LnW{'f'bf'pf.tf.t /;• . 

I 5.4. su.rrta br11u.a"bu.11u." nn-u. 'b8~ta'b "bnruut 
~U.S'lU.lJ'~"bbrta u.11rnflfit'au." ~u.n1-1.11r11e 

e'~ho-a': (5.2) 

f>lti.Ufhu wp'fhf.t wuif.hl I;, WJU 'lh"fl!nLJ uiwppp phuinltlt wJpn'lf. l)wui

i/_w~pni/_ -bw/!w~ I;, k A¥'l ntrl[! lPPi/. pphlt9 i/_pw hf.t 4_hp9ltn1J U. "- IJ/ 

A114_w~ wJpwf.tlthp[! 1 npnlt9 [Wpnulf! uwl)Jwltw1/i1' i/_/i~"wftmJ l)wu_flniJ t 
R. -/i1 1.huikwpwp, uwl)Jwltw1fi1' i/_/i~wftniJ -bfi11hpJr UJ'l'1Jw1' ufuhJw1' 

uiwppfi ltnpJwl (-bwpw~) l)wuii/_wJ.pniJ lufi1'/r w11t"fhu, fr1't.Ufhu 9n119 t 
urpi/_wJ ltft. 5.4-n1J1 

lmpJwl l)wuii/_w~IP wJpnLfJJnt1'f! fttfi1'fo W"{wl)ni/_4_w~, bflh wpuiw

pplt n1.rlhpp JnJhltuil! IJ. ftwJ U.' wJpw1'fr l)wuii/_wd-11/i Jwlf.hphup Jwfl-

rnL/jlJw'b fth'i.uirn'i.ni[ w'i.9'i.n'[' 

~ntfw'i. t.wrfiJnLfilJw'i.'b nuz'lw

t.w1w9 wnw'i.911/r 'bftwui,/w.!p 

tfi'i.Jr nJ. wiJht/r 'bhr.e/r'b t.wz

i/wrftw1Jr'i. 6.Jr'lhr/r J"ntfh'i.uiJr9' ~ 

'llnLJb wn.w'i.9.[!/r 'bftwui,/w.!p. 

(5.3) 
(/ 0 

Ne~R.F .( h0-a'), 

Ne' ~R .. F; ( h0-a' ), ( 5,4) \,q. 5.4. a~qbr~ uJubtlwt'. pu111 wnwf~li l}htqf~ 
uir111wqbt'.111rnt'. ocpl_o'l mwrr~ t'.nrtlwl liw111-

>IwHnu! pu111 wtlrotpJuili liwztl_uirqb!lau 

e..::0,5h-e0-a, (5.5) 

e' = 0,5h+e0-a' , (5 .6) 
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(9rs) ',v-4s'o+oa=,a •v+4s'o-0a=a 

• 1'1uJ1r11?m't 

-mJ 4illnqu uJuJ'1J'1 4'1Jmplm!r 4J7JJmU1 4ilfmpU1m!r 1J1uf'11Jmlilnlj 

frtr·g) 

(n·r) 

(err) 

farr) 

1 
tOlJ q Jlw °M ( 01.{ ) 1 ( 01.{ 

',a,•.::1··-M-a"'.::1-M)~ -e1 -;-+r J --;-+r)=~ 

J 'J'JflU'J J'm'1 

'o=a·.:i-M-.a.-.:1 ··-M + (
0
q ~ S'o-

0
4 + a)

0
q q "-"M ~ 

'N -.-.:1. ·-M --.:i-M = 0q ~ q JA.M 

•(.v -
0
4),·.:1 • ·-M + e1°qqJ•~<>y:;:::; aN 

:G4'1mn1UfLm re UUU1m:;.J'1 ilJqlJiflJmUlmn/Zm 'Jmp

_,,Jm7'Zm!r 1q7'U1bo 71 ]ruJq71ym1JmJ fm7'JqJ 71JuU1n 1qlJ4Jmn/uifr ? 41qJm'r 

ilJqnm'JmJ fm7'JqJ ilJq7' 'p1Uitlnqu 4'1Jm7'lm!r 'Jmft11uJl'm 4J7JJmur 

Lu]wf '1'1 1q7'JmUJm'1 Ju 7'14 
1
i1Jq1J/r1U'1m1JmZ1J fJflUIJ 7'u1qfJubmU1bo 

(orr) 
qJa'M 

ca·::1 .... M --~-.::1-M)~ e1(a+oq) ;·1 -(a+°Lt)= x 

,G41J1uTlf 

-1UU1fm!rmU1Jm (ors) :? 'J'Jml'fmln 1u1qfJ41 Jmnm7'm!r 4ruUb i1Jml'1ub 

4Jq'JU1'J'fJ'UJ' 4Jqb4y. 11411Jn 71 4p1U 'J4ilmUJJm JpmJ'U1m'1'J 41tG'Jmvm 

lmrJu11 ilfJmfdlUfJJm!r 'JmJ'Vf 1Lu11G1Jm ]ruU1q'1 fJmpvmJ4'1 4p1u N ilJu 

(org) ·o-a"'.:!"'~ -.a.-.:i • ·-M + (xs
1
0 -°Ll+a)xq ""'~ 

·G41Jml'fmln 1mf71U1'f!r 1qluJu il'J1Uff/' 

-lUJyJmJ 1uUJub fm7'J'Lqn ~ JmpJm!rm'1mU1mlnlJ 1'1uJqiflnqu ZuJu 

( 6.!l) 1N -.·.:i • ·-M -'".:I'"M= xq J1.M 

,G4'1ml'fmln 'JmTfi1UJ 

-mnm7'm!r 4Jq1Jm4G'1qfuJln 4Jqb4y. '1411Jq'J 71 'J4itmUJJm miflr 41tG'Jmvm 

'Jm'1m1Jfm'1J'1 4JJmU1 ? J'1U7'ZuJu i11J1uf£J1uJyJmJ 1uUJub fm7'pLqn 

( 8.!l) 1(.v-04),".:I" ··M+(xs•o-
0
q)

0
qqJ•~::;:;;: aN 

itz: 
•JpmJ'U1'"'1'J 41tG1Jmvm 'Jf1u'J ,G4U1'J1f/'UJ' '14fmJmr1Ub 4Jqb4y. 

'14fm'1Jm7'Zm!r IJ4ifJqlJ 41q7'm 7u 4'141 JrmrU1m'1'J 1/ifGfJmvm Gmfm!rmL 

-L1u i11Jmfd1utJJm!r 'JmJ'Vf 
1
Lu'JG'Jm 7'u'JUJU1'Jl/'1 fjmTf'i1uJ'Jmf 4nqJ7'1m-p 

4iffm7'Ulm!r 4'JmJrm fm7'by iJUl'Jl/J'UJ' 4P1U Luby 'Jm'1m'Jfm'1Jq LufJub 

J'1Uiffm7'U1m!r qfiq 'fm7'7'u!rmlnm 4'141'1 ilfJ1uTf'i1uJpm 41tfm7'U1m!r lmr 

-Ju'J 
1
4uufiqp 4Jn'1m:;.4li 'J4fm1Jmp!tmn IJ4fm'1Jm7'Zm!r 1Jfmvmpm7 

ni(lq~.1m}tlm9 1Jmfti10.1pm mnil; 'ptoj\'m}tmmg lmp.ia'l 

'JlOf~'Jmbll''l'll' ~.l.lffitn ba}tbv 'JO.IID'J'f~mm.1m ~Jlnq{a UJU.l~.l'f mniJ 'JffiJl'lnln ~.lqb~~ '!r!l '~'\.-

~ 
N 

~.Cb 
I 

~ 

Ki:J; ~ F3l Lr 1 t \ i 1 ! 

'J'lU-s·s ·'1'f 
fm7'JU1 ? GflUG nqln1'J4 'nqln'Jfm 4'141'1 r1uilfm7'U1m!r (fmifmy.) 1mrJu'J i/J 

-JmUl IJ'"l''1n/n 'J'"l'ubm 4Jqb4y. J'1U'1my.i/7' '14fm'Jml'!rmn '7'un4lnnf11 
, .... M -M •"•M 

/Ji/Jlf'J'J1uf£J1uJump4u IJ4fm'1Jm7'Zm!r GfjqJ4 'Jlf J'1U'Jnm!r JmJm'Jmn/ 

-nmUJmlnmrm!r i1Jq'JJ'1uJm1 iJJ'l'J'J'"Jl'm fm7'rLqn 71 fm7'by 'i/'JuUlqJ 

'? fJ1Uf'11JmLL1u 'Jlhufln? ijJq'JJ'1uJm1 iJ'JuUlqJ fm7'rLqn 

'i11JmJrm 

fm]rJumLqUl J'1UU1ub Ufm 71 illJuUlqJ ? J'1UU1mn/Zm J'1UU1ub fm]rpLqn 

'il'JmJpm fJfmiJr ? p1uUJmn/Zm J"UUlub fm7'by 

,p1u'1my.47' '14fm'Jml'!rmn Ju '? p1u7'fJ1ub'Ji1 fJil'Ji/nfm 

'J'1Uillnqb 'Jmpuf Ju 7'14 'mu7' ijJq'Jdf1uJb 'Jf1u'J ? fm7''J/'i/!r i1'1Jm7'Zm7 

1H~:;:::; ~ =~ y 

( /,'S) ',v-oq<,a 

"Jlnqb b.1u.1~.1q 

1Jl'm/'Ulm'1'J 4'1uJU1'J'1'1 'JmTfl1uJ'Jmf 41tfm7'Ulm!r '1'JuU1qJ 

lLurlrm ? IJ'J1Ufd1u1JullU1'J'1'1mU1um 4p1u N Luby 'Jm,,mfjfm'1uq fj-Oa 



npurh'l eo-fi hpltw1Lwltwfi A.11n'l N nulfr wpurw'thLurpnLmfJJnLfifi t wJpn'lt 
phurnfib {wuriJ..wd-l!fi d-wfipnLfJ JWfi 'tbfiurpnfi/r L'twurJ wJp1 

'lfbflh (5.13), LtwJ fim1L t fib (5.15) pwfiwA.l.t.ni/_ npnzi/_wd- t, np 

s>GR' WUf.W (5.12) pwfiwJ..f.t.ni/_ {wuri/_wd-/!fr wJpnLfJJnLfi{! {wzi/_wplthlfru 

U("U1., t if_hpsLbl s=sR I 

llnW_t~C. qbuif. U.1u '1bUf./!nLJ, frLlU(hu wp,,.hfi wui/_w~ .t, phurnL[! wJ

pn'ltnLfJJwJp -&.w/!wd- t, b. <wuri/_wd-l!fr J..b.I! {wzi/_wpLtJwfi {wJwp LzwLw
ltnLfJJmL lmLfr: l.wzif_wpltw1frL pwfiwA.l.t.hpf! urwi/pw1fr1i, hplturw4J'w1fr1' 

b. urnLifrwA.l.t. {wuri/_wd-/!Lhpfr {wJwp ltLfrLhL finLJfi (~.3) l.t. (5.4) Uf.WJJwfi

Lhpf!1 

brqrnrq qbuif. Sw4J'w1frL1 bplturw4J'w1frL b. urnufiwA.l.t. {wuri/_wd-l!fr 

wpurwltbfiurpnfi A.11i/.n'l urwpphpfr -&.frqbpfr b. bpltf'wlwifrwltwL lwifrbpfr Lzw
LwitmJLhpf!, frLlUf.hu l.t. ub'lJi/_wd- qnurnLJ qurfii/_n'l uwlfr 9"-frl!Lhpfr {wz
i/_wp'tw1frL lw 1LnL{iJ JnLfif! JLnLJ hfi LnLJfi[! 1 frLl np d-ni/_n'l urwppbpfr '1hU(

l!nLJ tp1 

/>LlUf.bu nL'l'lwfiltJnLfi {wuri/_wd-l!fr urwpphpfr LnpJwl {wuri/_w~/!Lhpfr 

wJpnLfJJwL {wzi/_wp'tJwL JwJwfiwlt, WJLU(hu tL w1uurh'l, A.qi/_wd- qnurnLJ 

qurfii/_n'l pburnLfr qfrJw11pnLfJJmL[! {wzif_wpltfr Jh.t lP Jwufiwlt9mJ, /!wfif; 

np '1Jrurwplti/_nLJ hL -G.w/!w~ {wuri/_wd-/!Lhp[!1 

Uh'lJi/_wd- uwlni/_ {wuri/_wd-/!Lhpf! {wzi/_wplthlfiu phurnLfr uh'l.Ji/_w6 

qnurfrL uw{JwLwifrw'tn'I. qfi~I! ltwpn'I. t 11urfii/_hl WJ'1 uwLJr uw{JwfiLb'-

f'nLJ' X~h:. LtwJ wfi9fihl ltn'l.ni/_' x>h> 
bpp x~h ~' <wzif_wpltf! ltwurwpi/_mJ t nL'l'lwLlt1mfi {wuri/_wd-i!fr pw

LwA.b.bpni/_, f!L'1mfihlni/. {wurif_wd-pfr {wzi/_wp'tw1JrL LWJLmfJJnLLf! b: 1 

bpp x>h ~ , <wzi/_wpltf! Ltwurwpi/_nLJ t L'twurfr nLLbfiwlni/_, np ub'LJ

i/_wd- qnurfrL urwi/pwA.h ti 

§ :us. 01'-'l,. 'l,.U. '111601"'1 l.U.S'lU.lr.a?.1' Sllflflbf'1' l.111N.11f'11U"U. "b 
l!"bfi-118.a?I! 

t. 111TP11'\Jlt l!'\JSPONJ'I! 

flL'l'lwfilt1mfi {wuri/_wd-l!fi wrurwltbfiurpnfi A.qi/_n'l urwppbpfr bpltw11iw

ltwfi wJpwLfr {wuri/_wd-l!fr f!LurpnLJf!, f!UUJ <w1urLfr M l.t. N -G.frqbpfi ('twJ 

LnLJbL f N, eo). ltwurwpi/_nLJ t {burl.t.1wl <wtnr11wltwLmfJ1wJp1 
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f!Lurpi/_nLJ t phurnLfr Jwp'twfi b. wJpwLfr '1WUf!1 l.wJwU(wurwufuwL 

UJflJnLUUJltfihpfr9, {wzif_fr wnfiblnil Lwb. fiJnLfJb!'fr wzfuwurwLl!fi Uf.WJJwLfi 

qnpd-wltfi9Hpf!, i/_bp9i/_nLJ bL R..,r, R. h R .... u {wzif_wp'tw1frL 11fiJw

"1f'"LfJ Jn Lfifibpf!t 
CLurpi/_nLJ bfi {wuri/_wd-i!fi lwifrbpf!' h, b, frLlUf.bu l.t. a, a' Jbd-nLfJJnLL

Lhp[!• 

U.1LnL{hurb. wL9LnLJ hfi lJ. l.t. U.' wJpwLLhpfr {wuri/_wd-/!./r f!LurpJwfi/!1 

U.nwt~& qbuif. U.1u '1bUf./!nw U. wJpwLfi {wuii/_wd-l!fr F. Jw'thphul! 

npnziJ..nLJ t (5.3) pwbwA.b.ni/_, fiu't U.' wJpwLfr F: Jwfthphul!' (5.4) pw-

1.JwA.l.t.ni/_1 •. 
brqrnrq qbui f. 

w) fT/w{wfit.i/_nLJ t npnzhl U. b. U.' wJpwLLhpfi {wuri/_wd-l!fr F. /j 

F ~ (F - :-FF: ) Jwlthpbufihp[!1 

/uL'1frf'L nLfip pw'l_JwfJfri/_ lnLd-nulLhp, uwftw1L wJpwLfr urLurhuJwfi 

urhuw'thurfr9 fiU(wurwltw{wpJwp lnLd-nLJ[! ltlfiLfr w1L 1 npfr 11hUf./!nLJ 

t::,. +F~ )-L wJhfiwiJrn/!pL ' t1 blfihlni/_ '1l'wLfr9, (5.12) b. (5.13) pwfiw

J.b.hpnLJ U(hur/! t urh'lw11pbl s=s R' Ao= AR, pw19 nl wi/_hlfr, /!WL 

~=0,55 l.t. Ao=0,41 (5.12) l.t. (5.13) pwfiwA.l.t.hpfr9 ltuurwfiwfi/!• 

(5.17) 

(5.18) 

(5.18)-1! itJrpwnblfr t, bfJh Lpw Jht urh'lw'1l'i/.n'll! (5.1'1)-/rs uurw9-

a/_wd- F ~ -1' ti bfJh WJU LtwJ w1L LltwurwnnLJni/_ F ~ -{! 4_bp9i/_nLJ t wi/_blfr• 

~wL w1L uurw9i/_irw t (5.1'1 )-ni/_ <wzif_wplthlfiu, WUf.W F _ -1' "I.bur/! t 
npnzbl WJLUf.bu, JrfilU(hu p) fuL'1f'nLJ ti 

p) fT/w{wfiti/_nLJ t npnzbl U. wJpwLfr {wuri/_wd-l!fr F. Jw'thpbul!, 

.bpp 1iwfuwUf.bu urpi/_wd- t IJ.' wJpwLfi {wuri/_wd-1!/r F: Jw'thphu[!I 

/uli'1frf'L nLfi/i Jh't lnu)nLJ 1 . 
(5.12) pwfiwA.b.fi9 npnznLJ bfi/! Ao qnpd-wltfoSI!• hfJh O<Ao~AR, 

WUf.w 3.1 "''lJnLuw'tfrs if_hp9i/_nLJ t uurw9i/_wd- Ao-/rfi {wJwU(wurwufuwlin'l 

s qn!'d-wltfisf!, 1.t. (5.13) pwfiwA.b.nif_ {wzif_wr.Jr.i/_r1LJ t F ... Jwithpbu/!1 

bfJh (5.12) pwfiwA.b.fi9 npnzi/_wd- Ao qnpd-wltfisl! uarw9i/_mJ t A R-/rs 

Jbd-, LzwliwltnLJ t, n!' uri/_Jwl {wuri/_wd-l!fr b. LJnL{iJhpfr '1hU(pnLJ urpi/_wtl 

F: Jwitbpbul! wfipwi/_wrwp t• U.HrwJbzur t w1L JUw9fihl' 
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bfJb (5.12) pw1twd.b.n4_ .\wzz/_wp"-if.."'" Ao-1' uUJw9i/_nLJ t pw9wuw

""'1t JUmfJ1m1t, "'"I"' F. Jw"bpbue npnzif..mJ t (5.3) pw1twd.b.n1/_1 

q) fl/w.\wlttif..nw t npnzbL U. b. 11.' wJpwltlthpfr .\wUJl[_wt)111tbpfr F _ 

h. F~ Jw"bpbultbpf! w11t"lbu, np F.=F~1 

U.1u 11h"fpnLJ, wlt"-wfu e' -fr JUmfJ JnL1lfr9, witpwltfr .\wUJi/_wt)llfr Jw

"bpbul! npnzif_mJ t (5.3) pwltwd.b.nif..1 

2. l.U.S'lU.'tNll> U.1Tf'ONl'SU.'\i usnJ>.q.ONJ'C 

U.1u 11hU[pnLJ ltwfuw"lbu .\LU JU71tfr blt M, N ( ""'J NI eo), R 'fr-' R -· 
R • . u• h, b, a, a',F _ l.t. F~ Jb"nLfJJnLltflbpf!• 

fl/w.\wlttif..mJ t "LUU7LUf'bl .\wUJl[_wt)pfr wJpmfJ1w1t uU7mqmJ1 

bfJb eo~0,5h-a, wJpnLfJJLUlt UU7nL'lnLJf! "W;,,LU(lnLJ blip f!UU7 UlnLU

tfrlt 11bU/pfr, fru"- bflb e0 > (0,5h-a)-frs' f!UU7 bp"-pnp11 11b"lpfr1 
U.nwf~& qhUJ.f. U.1u 11b"fpmJ wJpmfJ1w1t uUJnLqmJe "U1U1U1(1.{_nul 

t f!UU7 (5.3) b_ (5.4) "fUIJJLUltltbpfrt 

br~rnrq qhUJ.f. 'bwfu (5.13) pw1twd.b.fr9 npnzif_mJ t s qnpt)w"-frSI!• 

npf!1 npU[bu "wltnlt, "fbU7p t Lfrltfr S~SR 1 11.nwltd.frlt 11b"fpbpmJ, bf!b 

UU7w9i/_nLJ t s>s R' "'"'"' "fbU7p t e1t11m1tbl s=sR' U.11inL.\bU7b., 3.1 

"''lJnLULU"-frs if..bp9i/_nLJ t s-/rlt .\wJU1U[LUU7U1Ufuw1tn'l Ao-lt b. "UIU1W['i/_nul 

t wJpnLfJJwlt uUJntqniJ (5.12) pw1twd.b.nq1 

§ :i.6. su.rrte bri.u.a.-..ni.u." u.n-u. '16-Rte\i ta-b.a? l.U.S'lU.tr-R'1bfl°ti 
U.U'fl0Jl.fi>'6U. \. l.U.O'lU.fllie 

U.pU7w"b1tU7pn1t d.qtf.n'l U7Ulf'f'bpfr .\wJwp U[bU7p t "LUU7LUf'bl ltwb. flbp 

.\wUJi/_wt)phbpfr udpnLfJJwfi .\wzi/_wp"-• 

P'bp .\wUJt[_wt)pltbpfr wJpnLfJJwft ~wz.{_wp"-fr JbfJn11/rl/.wft ftnLJlifi t, 
friiz. np t)n.{_n'l U7LU(lf'bpfr1te1 Ufrw11t fJb wpU7w"bftU7pnfi d.qtf.n'l U7U1f'pbpfr 

fib/! ~wUJt/_wt)pltbpfr wJpmfJ1mfifi f!UU7 l"'Jltw"wfi mJfr ~wzi/_wp"blfru 

t)n.{_n'l U7LUppfr .\wJ wp q.p.{_wt) pnlnl' pwltwd.b.bpnLJ Rd 11/rJ "''lf'nLfiJ JnLfi[! 

U[hurp t pw'l..J"'"l"'ur"bl k N qnpt)w"9ni{_' 

kN qnpt)w"-sfr Jbt)nifiJJnLfif! "lburp t l!fi11m1'bl 0,2-frs nz. "l"'""'u' 
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(5.19) 1 

/J'bp ~LUUJi/_wt)plthpfr wJpnLfJJwlt .\wzt[wp" f!UU7 l"'Jli"'""'fl nL<l/i "-"'
pbLfi t z."-UIU7LUf'bb bflb U[LU.\U[wltt[_wt) t ~bU7b.JLUL "l"'JJW1t[!. 

(5.20) 

P'bp .\wur,if..w"111thpfr wJpnLfJJwlt ~wzi/_wp"f! f!UU7 t)nn'l JnJbfiUJ/r 1tnLJ1'
"lbu "UIU7U1pl/_mJ t t)nqn'l U1LU(1(1hpfr .\wJwp pbpif..w" pw1twd.b.bpn1/_, JfrwJlt 

flb ub'lJif_wt) q.nUJm pwpd.pnLfJJmlie npnzbLfru U[bU7p t 1t"wU7/r nL1ih1twl 

N d.qn'l nL<lf!, w1ufr1tp1t x-e npnzz/_nLJ t (5.9) pwftwd.b.m/_1 

'lhg1q1nf11). cnn1Ju 

~frltwpwpw"wlt "ll'"'"-U7fr"-"'JnW .\wG.wfu ~w1t11fr"lmJ blt bp"-wfJpb
UJnfib U1Ul(lf'bp, npnltp JfrwclwJwltw" bltfJwp"i/_mJ blt nlnpJwlt b. t)nJwfi, 

opfrliwf Jfrw"-n'l.Jwfi/r UUJLni/_ UJLUl/_pwJ/rft .\wUJ.{_wt)pfr .\UwHbpf! 1 .\w

U7LU"wqt)nLJ "np ""'J ph"J"'l wnw1t9p mfib9n'l nL'l'l"'d.frq pbnlt.{_wt)pni/_ 

t;Uw1tfibpf! 1 'llfuwi/_np .\Uwfi1tbpf!1 bpp bp"pnp11w"-wfi .\Uwltltbpf! 1tpw1'9 

blt Jfrw1'niJ Jb" "n'lJfr9, .\b1tw"-w1Jbp[!' npnz pbn1t4_wt)11ftbpfr 11h"fpnLJ 

b_ LU JLfi (lt" , 6 ,1 )1 

• 

\.o\. 6.1. U'~wcfwdw&w\ nlnri[ntt I.. ~nil.nit 

mwrrhr 

~nl.in nlnpJwfi wzfuwU7n'l urwppbp, bpp t)nn'l JnJbftme .\wi/_wuwp 

t wn1fr 1 qnpt)fiw"wfimJ z.bfi .\wft11/r"imJ1 Pwq_JwfJfri/_ l{rnpd.wpwpw"wfi 

.\bUJwq_nurntfJJnLftfibpnt[ muniJfiwufrptJ.w" bf, nlnpJwft b. t)nJwft, friiz."lbu 
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L_ JfrwJl,, nlnf'Jwl,, wzfuwmn'l UTWf'f'bf'fr fW['t/_wt}w,,_£!pnpJw9frn1.i t/_fr-Awlt-

1.ibp[!t U.J'l- {burwqnmnLPJnL1i1ibp[! 9nLJS bl.i urt/_bt, np nlnl'n'l JnJbl.iurfr t:b

urb.wl.ipnt/_ wnwf bltn'l 'l-lfuwt/_n!' Aqn'l LWf'nLJ1ibp[! pbmnl.inLJ wnwf bl# 

pbpnLJ mwppfr bpltw11iwltw1.i wnw1.i9pfr 1.iltwurJwJp Jnurwt/_npw"lbu 45°-Jr

wl.iltJwl.i urwlt pbp -Awpbpt btl.ibtnt/_ '1-l'w1.ifr9, urbuwltwl.inpbl.i WJ11"1frup 

urwppbpnLJ 1.i"lwurwltwt:wpJwp I; wJpwl.il! urbqw11phf 'l-l/uwt/_np Aqn'[ 

LWf'nLJ1ibpfr {burwqt}fr nL'l'lnLPJwJp, {wurbtnt/_ &wpbp[!t Pw19, bll.iblnif 

wzfuwurwl.ipl.ibpfr ltwurwpJwl.i t:wpJwpwtf_burmPJnL1ifr9, LUJ'f"lfrufr urwppbpfo 

wJpwl.iwt/_npnLJ[! ltwurwpt/_nLJ I; 1.ipw Jwltbpb.nLJPfr Jnur urb'lw11pt/_n'l bp

ltw11iwltw1.i L. lwJ1iwltw1.i wJpwl.intf_, LUJL"lbu' frl.ii_"lbu t}tufn'l urwppbpnLJ~ 

Uwltw11i 1 fr urwppbpnLPJnLl.i tf_bnfrl.ifr, LWJ1.iwltw1.i wJpwl.il.i w1uurb'l "{burp 

I; ntl.ibl.iw ifrwlt bqpwqfrt}, pwl.ifr np wzfuwurntJ bl,, 1.ipw pb' nL'l'lw'l-frt} f.I 

pb' {npfrqnl.iwltwl.i -AJnL'lbl'l!' 

'L~. 6.2. lf~wdwdw&w~ ntnril.nq I.. bnilnll 
mwrrhr~ wdrw&wilnrdw& u!uhdw& 

~lmuqwt} ftwr'Lwu'iib[mL.f w

'bn._l''j,brJr t}w1rbre "l.bm.[! t 
t}iuJ'Lb'ii Jrrwr' nt_ "f_IU"WU 30 d., ... 
hr'Lwrn1._(J1w.fp, npmb'l_ d .. i.-'b 

w'iin'-rJr mpw.fwqjrt}'b b Jru" b

niu'L9wt} 'Lwr'Liuu'iib rJr 'l-bUf.[!nul 

t:.iumqwt}.eJr br'L"'- nL'l_'l_nLfi/Jw'iz 

pnlnr Lw1'iiw'Lw'ii an'l.bre Ufl"n.f.! 

t hnw'L9wt} LJr'bb'b 'hpw w'ii~JnL'ii

'bbpn1._J' mb'lw'J-pifwt} bp'LwJ'b_w

"w'b an'l_bpjr - t;.bmt IJr"•u1'bw"w'il 

w.fpw'he mb'lw'lrifn1._,f t ,nj 

.fJrw1'b t}n.fw'b t:.wpfiln'-fillw'b'iz 

nL'l_'l_wt:.w1w9, "'If 'iiwk "'l'I t:.wp

(tln1._[JJw'be 'l.nu1wt:.bn 'iijrumbpjr .Fnm: br'Lw1'hw'Lw'h wJ'pw'bJr 'h'Lwm.fwJ'p 

'Ln'iiumpnL'LmJri/ Uf.Wt:.w'bp_'bbpf! 'bn1._1'b'b b'b, Jr'b1 nr t}nqn'/_ UTUlf'f'brJr 'fbUf

/!nLJ (1.ift. 6,2 )1 

o 0.2. •nf'stU.f'U.f'U.llU." ~bs~nsnfl.fi>'60fl.\J't,bf'Jl 
U.f''}.60fl.\,~\,bf'(! 

UpwrJwJwl.iwlt t}nJwl.i L. nlnpJwl.i wzfuwurn'l bpftwppburnl.ib mwp

pbpfr wJpnLPJwl.i {wztf_wpftf! [!Uur uw{Jw1.iw1fr1.i t[_fr&wftl.ibpfr Jbfln11fr t:frJ-

1.i[!t/_wt} I; HHH)K5-nLJ ftwurwpt/_wt} urbuwltwl.i b. i/rnpAwpwpwltw'b t:b

urwqnurnLflJnt'iibbpfr LUf''fJnL'iip'iibpfr i/pwt IJ.nwifblw"lbu nLUnLJ'iiwufrpt[_wt} 

b'b nL'l'lw'iiltJnL'ii {wurt[_wt}pfr urwppbp[!t ll.111 {burwqnurnLfJJm'ii'bbp[! 9nLJ9 

b'b urtf_bi. np urwppfr [!LUJ[!LUJJw'b i/rnLfnLJ urb'lfr I; nt'iib'iinLJ {bmb.Jwll!• 
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'l_W['qwl.inLJ bl.i wwpwt}wftwb -Awpbp, npnl.ip nt'l'lwbl1Jm.1.i <wurtf_wt}/!/r 

'1b"l/!nul {wmmJ b'b 'iipw bpbp 'bfruwb!'l! ( WJ11 &w[!bpfr ifrnnLJ[! { wp-

fJntfJJw'ii ifpw qnpt}l.iwltwf.mtJ ftwpblfr I; [!b11nLbhl n!'"lbu nL'lfr'l qfrt} ), 

i_nppnp11 1.ifruurfr Jnur uurw9t/_nLJ I; ub'lJ1_wt} qnurfr, np[! Jfrw91.inLJ I; bp-

l[nL t:wltw11frp 1.ifruurbpfr &w1bpfr tf_bnwt/_npnLfJJnL'ii'iibp[! b. flb/! I; urwpp/r 

hpftw11iwftw1.i 'f'nw1.i91fr 1.iltwurJwJp, 

Aqt/_wt} qnurnL pbwnl.i[! &w1w,) {wLnt/_wt}11ibpnLJ wJpn'ltnLfJJwJp 11nLpu 

I; qwlfru wzfuwurw1.i1frg, 

-Aw/!wt} {wurtf_wt}p[! {wurn'l flb' bpftw11iwltw1.i b. flb' fWJ1iwltw1.i wJ

pw'iifr lwpnLJ[! {wu'bntJ I; {nunLl.inLfJJw'ii uw{Jwl.ifrl.i, 

ub'lJtf_wt} qnLnnL pbLnn'iifr lwpnLJ{! {wu'iinLJ I; "ll'fr'lJwJfr'ii wJpnL

P1w1: uw<Jw1:fr'b1 

l/wfui/_wt} nlnf'n'l b. t}nn'l JnJbl.iuil.ihpfr {wpwpbpnLflJnL1ifr9, fr'bi_"l.hu 

},_ lwJ'iiwltwl.i nLrl/r wnltwJnLfJJnL'iifr9 b. Jbt}nLflJnL1ifr9, mwppbptf_mJ I; urwp

pbpfr [!WJ[!WJJwl.i bpb/! ufubJw1 

1. Swppfr /!WJ[!LUJnLJ[! urb'lfr I; nL'iib'iinLJ M n1 nlnf'n'l b. M t}nn'l 

JnJb1iLn1ihpfr {wJwLnb'l wq11b9nLfJJnt1.ifr91 
U.Ju 11b"l./!ntJ ub'lJtf_wt} qnurfrl.i qurf.:i/_nLJ I; WJL 1.ifruurfr Jnui, np'ii 

nt'l'lw{wJWS I; t}nn'l JnJb1iurfr wq11Jw1i {wpflnL{JJwfi[!, fruit &wphp[! pw9-

qntJ bl.i J1.iw9wt} JJntu bpb[! 1.ifruurbpfr qpwt !}bqn[! wnwl.i9[![! <wurnLJ I; 
utwppfr WJl.i 'bfruurbpfrl.i, npnl.i/! qnLqw{bn b'b t}nJwl.i {wp{JnL{JJwl.i[!: ll.111-

"1/ru/r [!WJ[!LUJnLJ[! Lnb'lfr I; nL1ib1inLJ urwppfr WJ'ii urwpwt}wltw'b {wLn-

4_wt}p1.ibpnLJ, npLnb'l t:frJ1:wftwf.:n._J qnpt}ntJ b'b nlnpn'l b. t}nn'l JnJh'but-

1.ibpf!, fruit lwJ'iiwltw'b nLrl[! ifrn/!p I; (Lit. 6.3, w)1 

'ci~. 6.3. Uh1tdil_wb qnmn• 'l~rfe d~wdwdw&w~ n1nril.n1t I.. bnilnq mwrr~ Dll[l[Wl'i~Jn<l'i 
&nrdwl liwmil.wbfn•d' fwJfwJdwl'i mwrphr u!uhdw&hr~ qh"lfn,d. 

..,_ "'1UUtft'1 ufu/,J..,, p- hrftrnr'I ufu/,J..,, ,,_ "rrnr'I ufuhJw, 

t-1- 6n.n'l. JnJh'1urft '-"'l'IJ._,,f, <wpf1n•/1Jn<'1 
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2. Swppfr pw1.pwJntJf! urhqfr t ntLhLntJ M "l"P"'l JnJhLurfr la 

Q Lw1Lw~wL ntrlfr ..;wJwurhq w11.'1h9n<fil1ntLJr91 U.1u 'lb"ll!"'J uh'lJi[w6-

'l"urfrL uurw9z[ntJ t tJnJwL ..;w!'{ilnt(il1wfil! 11.ntqw..;bn Lfruur/r Jnur, fru~ 

-G.wpbpf! pw9i/_ntJ bL J1ntu b!'bl! LfruurbpntJ1 !Jb'lnl! wnwL9pf! ..;wurnuf" 

t wiL Lfruurhpf!, npnLp nL'l'lw..;w1w9 hL 6nJwfi ..;u,p(ilmfil1wLf!t U.1'1"1/rufr· 

l!UIJl!wlntJ urb'lfr t ntLbLntJ w1L ..;wuri[wtJpLbpntJ, npurb'l 6nn'l JnJbLur* 

Lhpf! ..;wJhJwurwpw[I t/inp[I hL, Jru~ "L"!'"'l JnJhfiurl! It Lw1Lw~wL ntrlr: 

JU (Ji~. 6.3, p)1 

3. Swppfr pw11wJnLJf! urh'lfr t ntULntJ M.
1 

"l"P"'l JnJhJiurfr W'l.* 

'1h9nt{ilJn<fiJriJ, hpp w1fi · qbpw~2nn'l t 6nn'l JnJhfiur/r n< Lw1fiw~wfi ntrlfr 

L~wurJwJp, It hpp 6nntJfr9 uh'lJi/.n'l Jifruurfr Jnur fiwJuwurbui[ntJ t 'l.'lwlfr 

iwt/ini[ 2wur wJpwfi, pwfi fipwfi ..;w~w'ffrP Lfruurfr .Jnur (Ji~. 6 .3, 11)1 

Swppfr wJpntfillntfifi wfi..;pwcfh2ur t uurntqh[ P"l"P hph11 ufubJw

fihpnif. It l!L'lntfihl fipwfi9Jr9 t/inppf!t 

flwp'f U/PnfPfrLfr ( urwif.p, hp~urwif.p It wuL) bp~wfilphurnfih urwpphpf!r 

npnfip w2fuwurmJ hf, JfrwrJwJwLw~ n[npJwL nt tJnJwfl, 11/rz. bL n<untJ* 

fiwufrpi/_w6, w1'1 U/wur'G.wnni/. tL wnw1rJJ WJ'l"lfrufr urwpphpfr wJpntfil1w1r 

..;w2if.wp~f! ~wurwpif.ntJ t Jnurwif.np h'lwfiw~ni[' hp~wpphurnfil! 'lfrurblnf 

npU/bu ..;wJwuhn wnwd.qw~wL fi1mfil1 

llfrwrJwJwfiw~ n[npJwfi It tJnJwL w2Juw•n'l Lwfuwlwpif.wtJ urwppbpfr 

uw~wif.wfilfii/. ntuntJfiwufipntfilintfifihpf! 9"'J9 hfi urif.hl, np fipwfi9 -&.ui11w

~w1ntLnt{il1ntfif! 2wur wif.hlfr JhtJ t, 11wfi uni[npw~wL hp~wfilphurnfib urwr

pbpfrLf!, Jru~ pw11w1Jwfi pfintlfill! tw"lhu z./r urwpphpi/_nLJ uni/_npw~wfr 

hp~w(ilpburnfih urwppbpfr 11w111w1Jwfi pfim1filfr91 U.111 iJ.hn.frLf! {ilntll t urw

Lfru Lwfuwlwpif.wtJ urwpphpfr wJpnt(iliwfi ..;w2if.wp~f! ~uiurwphlfru oqurif.ht 

flnt1L Jhfiln11fi~w1fr9, fiJil np uni/_npw~uif, hp~w{ilphurnfl/r ..;wJwp ti 

twur 11/iz. ( ntunLJfiwufrpif.wtJ t)w~nur~hfi [9wfi1mfilhpni/_ hp~w(ilphurnfi~ 

urwpphpfr w2fuwurwfi111! JfrwrJwJwfiw~ ntnpJwfi It .JnJwfi 11b"111ntJ1 Uw

~w1L w1'1 uw~wi/_wfil/ii/. tfinpd.wpwpw~wfi nLun<Jfiwufrpmfil1ntLfihpf! 9"'J9 

hf, uri[b[J np (ilh(illt bp~w(ilpburnfib urwpphpfr ..;wJwp U/W..;U/wfii[ntJ hh 

flnt1fi opfiLwz.uit/int{ilJntfifihpp1 Jrfii np .Jwfip phurnfifihpfr 'lb"lll"'J t", It, ..;h

urltwpwp, wJpmfil1wfi ..;w2i[wp~fr pwLwd.ltbpf! JLnLJ bf, fint1Lf!1 

Uw~w1L L~wurfr U/hur11 t ntfihfiw[1 np pfiw~wfi .Jw~nur~bf, l9wfi1m

flbpni[ pburnfifihpfi 11h"11nLJ JfiwrJwJwfiw~ n[npi[n'l It 6ni[n'l urwppbpfr 

~n2urntfil1ntLf! (bpp phnfii[w6pf! ~w'l.JntJ t 11w111wJn'lfi 50 ••• 60 %) Jn-
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1.11wi[npwU/bu 1 ,5-2 wLqwJ P"I!!' t, 11wfl 6wfi!' pburnfiflbpfi 11hUfll"LJ1 

U.1'1 ..;wiiqwJwfipf! pw9wur!'i[ntJ t (ilhplt pburnfiUpfr wnwd.qw~wfintfil1wL 

z/tnpp Jn11nt[ni[ It -G.wpwnw1w9Jwfi JnJhLurfr t/in11p Jh6ntfil1wJp1 

1 s.s . . RJa.'l. 'l.l1 '11tan"" ~us1.1.uu.Q.Ja. Sllf'f'bfllt l111'flm ... fi>'al1 "b 
~uo1.1.urlte 

UfrwrJwJwfiw~ n[npJwfi It lnJwfi w2fuwurn'l nL'l'lwfi~JnLfi ..;wuri/_wt)* 

pfi urwppfr urwpw.Jw~wf, ..;wuri[w611ntJ uw..;Jwfiw1Jrfi -G.frqbpfr Jb.Jmfil1ntfi(! 

uw..;·Jwfiblfiu hlfintJ b'L ..;burlt1wl Lwfuw11p1wlfihpfr9 (Ji~. 6.4 )1 

1. flhurnfiJr d.qJwfi 11frJw11pnLfil1nLfif! l!fi'lnLfii/_n<J ( ..;wi/_wuwp 'lf'"lfr' 

2. Swpw.Jw~wfi "wuri[w611fr ub'lJif.w6 qnurfrJi l!fi'lnLfii/_nLJ t np"lhu 

finpJwl ..;wp(ilntfilJntfi, npf! urwppfr hp~w1fiw~wfi wnwL9pfr fi~wurJwJp 

urb'lw'lpi/.w.J t a wfi~JWfi U1W~I 

"'1· 6.4. n~qbr~ uJubdwL d~wdwd1DLw'lt n1nril.nit 1. ~nitn11. mmrr}i 

mwrw~'ltwL &wmil.IDUntd 

9. Uh'lJn'l [WpntJfihpf! phurnfinLJ pfi'fntfii/_nLJ hL ..;wi/_wuwpwiwlft 

pw2fui/_w.J 1t ..;w4_wuwp R "" sin2a JhtJmfiliwLf!' 

4. !lqn'l [WpntJLhpf! urwpwt)w~wfi ..;wuri/_w611fr d.'14.w.J qnurfrL ..;wurntz 

hp~w1fiw~wL It Lw1fiw~wfi wJpwfintJ f!L'l"tfii/_ntJ hf, ..;wJw"lwurw_ufuw

Lwpwp R _ It R -. • i..' fru~ uh'lJi[w.J qnurntJ qurfii[n'l wJpwLfr [WpnLJf! 
221 



l!'b'lnL'bi/_nuf t R ... M ('bw/uwlwpi/_wt) wJpw'bfr 'lhU[pnLJ f!'b'lnLfii/_nLJ t w1'bJ 

U/bu, fr'bi.U/bu t)ni/_nrz. urwppbpfr <wJwp t)• 
l.wJwd.w1'b qnpt}nrz. 'bnpJw'bbpfr, urwpwt)wqw'b <wuri/_wt)p'bbpfr wJ ... 

pnLflJw'b <w1i/_wpq[! qwurwpi/_nLJ t (6.1) l!'b'1<w'bpw9i/_wt) pw'bwd.b.ni/_. 

R .. F. - R .... F'. =R.,I' bx, (6.2) 

J!Uur npnLJ, bflh uurw9i/_nLJ t x<2a', W"fW (6.1) U/w1Jw'bnLJ f!'b'1nL'b-

4_nLJ t X=2a': 

l.w1i/_wpqf! qwurwphlfru U/w<U/w'bi/_nLJ t 2 =s~s "iw1Jw'bl!' 
ho R 

(6.1) b. (6.2) pw'bwd.b.bpnLJ. 

F,. b. F ~·'b <wJw"iwurwufuw'bwpwp d.qi/_~t) b. ubrz.Ji/_wt) qnurfr'bb

[lnLJ urbrz.w11pi/_wt) bpqw1'bwqw'b wJpw'bfr <wuri/_wt)pfr Jwqbpbu'bbpfl b'b, 

b-1' b. h:-1! urwp('/r 'bfruurhpfr z_wljrbp'b h'b, ub'lJif.wt) qnurfr'b uw<Jw-

1'wljrwqnrz. qt)fr'b 'l.nLqw<bn b. nL'l.rz.w<w1w9 nL'l'lnLflJwJp, 

(6.3) 

(6.4) 

.u1uurb'l c-'b uh'lJi/_wt) qnmfr'b uw<Jw'bwljrwqnrz. qt)fr U/trnJhq9frwJfr bpqw

pnLfJJnL'bfi t· .nwppfr hpqw1flwqwfl wnwfl9pfr i/_pwt 

l.w1if.wpq[! "ihurp t qwurwpb[ C-/r wnwif.bt i/_urwflqwi/_np wprlh1fr 

-<wJwp, "Pl! npn1if.mJ t <w1np11wqwfl Jnurb9nLJni/_ b. if.bp9i/_nLJ t nl_ 

mif.blfr• pwfl 2h+bt 

'X b. k Jht)nLfJJnt'b'bhpf! p'bnpnznLJ b'b urwppfr ilJrw qnpt)n'l M.
1 

' M 

"- Q -Afrqbpfr <wpwpbpntfJJntfl(! b. .l!fl'lntfli/_ntJ bfl. 

hpp M=O, x=O, k=1, 

1!22 

M 
f!UU1 3-p11 ufubJwJfr <w1i/_wpq/;lfru X=--- I k= 1 t 

M.1 

M ., , M b. Q -Afrqbpf! npn1i/.nLJ b'b urwpwt)wqw'b <wuri/_wt)pfr ubrz.Jif.w' 

qnurnL t)wfipnLflJw'b qb'burpn'bnif. w'b9'bnrz. 'bnpJwl <wuri/_wt)pfa <wJwpt 

'Y qnpt)wqfr91! pfinLflwqpnLJ t lwJ'bwqw'b b. bpqwi'bwqw'b wJpw'b'bb

r/r <wpwpbpnLflJnt'b[!' 

R ..... t. 1.i. b 
1- .-, 

R .. F.. u 
(6.5) 

npurb'l f .. t.-l! d.qi/_wt) 'bfruurfr Jnur urb'lw'lpif.w,t) w'bnLpfr "Jbq d.nrz./r <wur

i/_wt)pfr Jwqbpbu'b t, 
U-fi <bnwi/_npnLflJnL'i.J'i.J t WJ'l wfinLp'bhpp Jfr1.ut 

l.wJwd.wi'b 'bnpJw'bhpfr, U/burp t "iw<U/w'bbl <hurb.1w1 UfWJJw'bf!• 

0,5 1,5 
1+2·1. r a ~ 1 ~ 1+2x r Ii 

(6.6) 

(6.'l) 

U/WJJw'bf!, WUfW <w2if.wpq(! (!Uur 2-p'f ufubJwifr (urb'u 'bq. 6.3, p) qw

pblfr t z_qwurwpbft 

UpwrlwJw'bwq nlnpJw'b b. t)nJw'b w1fuwurn'l urwppbp[! 'bwfuwqt)btfr"' 

P"l"P 11hUfphpntJ U/burp t U/w<U/w'bbl 'bbppn<fruwL U/w1Jw'bf!• 

(6.8) 

npurh'l b b. h-(! <wJwU/wurwufuw'bwpwp urwppfr lfrnpp b. J/;t) 'bfruurhpfr 

i.wlfrhp'b bflt 

U400-fr9 pwpd.p Jwpqw'bbpfr pburnflflbpfr <wJwp (6.8) wpurw<wJ

urnLflJnt'bntJ R .,I' JUnLflJnLfl(! U/burp t i/_hp9flhl finLJfl(! 1 /rfll np U40() 

JwpqwJfr 11hUfpnLJ1 
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bflltU...,.~bSfl"bb Sllflflbfl1' l.lli:~U.flltl! ~bll-"b~lllJ'.itJl 
Sb~U.ltll"b UJ!~b80Na-61l"b ~b'll.itflNr 

IJpp hpl(wpphumt.b urwppp if.Jiw 11np~ntJ (- urh'lwlfwL pLntJP/i phn

lif!sf.w~p ( oppLwl(' phnLqw~pf! 11np~ntJ (- ~wurqw~pp Jp Jwufi if.Jiw, l(wJ 

l(hfiurpnLw9w~ (- npk(- lfinpp ~wurqw~pntJ k LJwL "'IL 'lh"fphpmJ), "'"I"' 
m111 phnLqw~p/i wq11JwL lf't.U1lfw111nw l(wpn'l hL wnwt. 'l"'l qurwL11wsf.np 

J_tupntJLhp k urwppp 1.11h'lwlfwL i!"'ll!"'JntJt IJ.1'1"1/iup 11h"fphpp9 Junt
uwlfihLnt ~wJwp "lhurp (- lfwurwphl wJpntP1wL ~wJw"lwurwufuwL ~wz-
4_wplf1 

I 7.1. l,U.(N.U.Plt eus Sb').U.ltU.'1 Ub').U'U'U.'1 (SPRPtrU.'1) 

Sh'lwlfwL uh'lJntJ (- wnwt. 'l"'Lfiu, hpp phnLqw~pf! 11np~niJ (-
-':wurqw~pp Jp Jwup q_Jrtut 

Sh'lwlfwL uh'lJJwL (urpnpJwL) 'lh"fpntJ wJpntP1wL ~wzsf.wplff! 
4wurwps/_ntJ (- f!UU1 ~hurk1wL "l"'JJwLp. 

(7.1) 

npurh'l N-1! hplfw1Lwl(wL uh'lJn'l nuJL (- urh'lwlfwL phnLqw~pfio, 
F .l' -L urpnpJwL hLpwplfsf.n'l Jwl(hphuL (-, 
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µ_l' -L 11np~wl(fi9 (-, npL f!LqntLs/_ntJ (- urh'lwlfwL phnLs/_w~p/i ~w

qwuwpwlwlfi pwzfuJwL 'lh"fpntJ' 1, wL~wqwuwpwlwlfi 

pwzfuJwL 11h"fpntJ ( oppLwf ~UwLLhpp "l"'l''lntLwl(Lh

l'P• pwpws/_npLhpp ~hLJwL JwuhpntJ)' 0,75, ~wlfnurl(hfl 

L9"'LJntphpns/_ phurnLLhpp 11hii/pntJ' 0 ,75, 

R.l'-1! phurnLfi urpnpJwL ~wzsf.wplfw1fiL 11fiJw11pntP1ntLL (-, npf! 

npnzi[ntJ (- ~hurkJ"'l pwLwaknq. 

(7.2) 

~T--u' 

1.wzsf.wplf w1fili Jwl(hphul!' F••:o/ 1 urh'lwlfwL phnLqw~pp ur111pphp urh

rzwpwzJuntJLhpp 11h"fpntJ 9nt19 (- urpsf.w~ LI(. 7.1-nw, npurh'l k phpsf.w~ 

bii y ••'-' 11np~wlf 9p JUntP 1ntL'bhpf!t 

II} 

f ,~ 
ti , .. 

> t 
r) 

\iq. 7, 1. ,twzit.wr\wJpli uwqbrbup nrnzDlU~ ~UUI mbqu1qwli ub1plJw1i .6wzit.wrqbtliu• 
1- ->wzi/_wp~wspL Jw~bpha, npf! ->wzr/Jr t wn.Li/_n<J JpwsL wLnul'L"'~P wJpwLwi/_npJwL 

wn.~wsn•PswL ,,.1iu111n<J 

R -I! f!'b'lnt'bs/_niJ f fi'bl"lhu pburn'bb l(n'buurpnil(9pwLhpJr ~wJwp 
.,l' 

(~wsf.blsf.w~p W'lJntuwl( 7-ntJ phps/_w~ R.,l' JUniP1ni'b'bbpf! "lhurp f 
pwqJtu"(Ulurlfhl ffip

5 
=0,9 f1np~wlf9ns/.)1 

1.h~wL'bbp PO, "flUf'1£nt'bwlf 'bbpp9, pwpwi[np'bhpp9 k ~nJw'b wzfuwurn'l 

w IL urwpphpp9 wnwt. hlf n'l urh'lw l(w'b phn'bi[ w~p/i 'lh"ljntJ, f •l' £. F ••:-t 
Jwl(hphulihpf! npnzh1fau, ~bLwpw'bJi funpntPJnt'bf! "lhurp (- i[bp9'bh[ lfiwu

urw9frp9 nl wifhLfr k 20 uJ-fr9 nl wsf.hLfrt 

bpp urh'lwlfw'b uh'lJJw'b wzfuwurn'l "'"'f'l'I! ~wLp phurn'bp9 (- "
nuJh'lwosf.w~ (- Lw1'bw~wL 9w1'9hpni[, ~wzsf.wplff! "lhur.p (- lfwurwph[ ~h

urk1wl pwLwa"-nq. 

N~R* F .. ,., .,l' 
(7.3) _ 



npurb'l R• -L pburnLJt pbp1_w~ Uff'fi'l.tlw1JtL wtlpni{IJn1;Lf,. {,, npe- npnz;.,, 
1_n1tl t '>buru1wl pwLwd.unq. 

R* -R ., + 1r .. , .R' .,_,. ,, 
"I.I' 6tfl' I~ 1\.1"" •• • · ' 

('l .4) pwLwd.hn1tl' 

~ 3,lS., 

(1..5) 

F '•:i 1_bpg1_nw t puur Lit. 'l.1-ft, tlftw1L [IJi p}, Ii), f} 11liutpbpnuT. 

utburp t '>w2"-fi wttflht Lwh ltburw11~hpn1_ uw'>tltu1wifiwlt1_w~ Jwltbpbup, 

F "1'! -(! pburnLJt tlwltbpbuL t, npp uw.\-tlw,LmibUJlt.'f_w.I { gwLgfi D'l_· 

pw1JtL An'lbpnq, 

k, R !, /.,_ P.!s. -p Lm1LL bL, ftL1 np Lw1LwftwL gwLgbpnq wtlpwLw-

1_np1_w~ ub'ltlqw~ urwppbpft Tf'1Ufpn1tl ( urb' u § 4.S.~3 )r 

1 1 .2. ~u.tNJJ.r11 eus lf~mru." 

zI'l.tln1tl t wnwt 'lwlfiu uwlbpn1J, hpp phnL1_w1lpf! ~p~ni:.J t uw-:

JwLwifiwlt Jwltbpbuft 1_pw, '>ftJphpn1J' u1n1Lftg hltn'l nu/ft "''l.'1bgn1-

P1n1Lftg, h WJl 11bUfpbpn1tlr 1,burw'l.nurnLPJntLLhpp gnLJS hL urt/_bl, np IPJU 

N I') N 

'L\. 7 .2. nqJJwli pntrq~ ufubJwlihr11. 
111- a=45°, p- a>45" 

'JJll'f J!lfL ,/ U IU /,/! l[w ,/ f.Jr J .[!~ 

1'wrmz t ./!"'I./!"' 14.bl' pburn'ill! 

'Iwrn'l t IJ,urp1_i>L pnLr'lJr IJ,n'l,/

'il UI 1Jr'il ,/ w'Ib p/.._nL Jfilnt/., n rl

ifm ;{! r f. fr,/,/!/! flLtf Jr UI 'l_ 'J,/ &U 'j, 

.lw'1bpb11'il t, Jrul[ 'ilpw 'ilJr

urbpf! f:Jb./!i/_w~ b'il f.nrJr'l.n'ilp 

'ill[wu11/wtfp 45° w'il1[1w'il urw~ 

('iii,_. 7.2Jt 

bpltw1LwltwL wtlpwLJt lturpJwL '1fiJw'1pni.p 1n1Lp '>w2"-fi lfi wn.LqmJ,, 

h '>w21_wpltf! puur -S'l.JJwL - ltwurwpt/_n1J t '>burUJWl pwLwAlutq. 

npurb'l P-L '"-tln'l nulL {, 
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(1.6) 

'k-L 11np~w~frg t, np pL1fn1L1_nLtl { ~wLj. pburnbLhpft '1but11nw' 1, 

~wltnuri,_b.L lgwL1niPbpnq pburnLLbpfr '1b"fpnul' 0,8, 

b "!>! -(! ho pwpApn1P1wL uw'>tlwLLbpnw wnwt bltn'l 'A'l.tltlwL 

pn1p11"fr JU u pnpp '>ftJpbpft UfWf'W'f~bpfr J-Un1P1nLLLbpfr 

~"frtftL Pt/_wpwLwltwLb tr 
zI'l.tltlwL pnLpflfi uw'>JwLLbpn1tl lw1LwltwL wtlpwL{r wnltw1mP1wb 

qbU[pn1J '>w21_wp"(! f.Jwurwpi/.n1tl t Lbppn'>ftuwl pwLwAkbpnq. 

('l .'l) 

P~ R •.• " F.s.• (7.8) 

npurh'l F .. i. -L 'A'l.tltlwL pntpflft ltn'ltlLw1ftL Lftuurhpp '>wurn'l_ pnlnf' An'l_bpfr 

'>wurqw~pLbpft q.nulwpw1JtL tlwltbpbuL tr 
b.pb urwppft '>hLtlwL UfWJJwLLbpp WJbutfrufrL bL, np '"-tlJwL '>b

.urlJ.wLp.nq ltwrn'l t urb'lfi n1LhLwl pburnLJt lturpn1J pntpflfi ltn'ltlLw1,JtL Jw-

1tbpb.n11Pn1_, npfr Lftuurbpft pbpnt/11mLp tlU { 45°-frg (urb'u Lit• 'l.2, p), 

ho "'Uf"' ('l .6) pwLwA"-fr Wt tlwup uthurp t pw'l.JwUfwurlthL - -nif., P"'JS 
c . 

1 1.s. ~u.tN .. u.r11 eus 41ln11U'u." 

bpb phn.Lqw~p(! ltwfuqw~ { urwppft d.111_w~ 11nurn1g ltwtl w'l.'1nW { 

mwppft '>wurqw~pft pwpApn1P1wL uw'>tlwLLbpn1J1 WUfW '>Lwpwqnp t 
A'11."'~ 11nurn1 pburnLft utnltn1tl 

('iii,_. 7.3)1 1,wz.1_wrlfl! euur 

I.Ifni[,/ w'il IJ.w U1 UI r"-nL,/ t f.w

J wAw 1'il f.bur/.,_l"'l l.lfwltfw'i.J_r. 

P., ~R-F.i.. ,, (7.9) 

euur npjr w.lpn'lt. "lnlfn'l null! 

;:,,,,.'lnr'14.m.I t s,,,,,, "''l.'1.t-'il 
l.lj. 7 .3. ~n\Jwli qnuull S-hr\wrnlpJWli 

arnzJwr. L. unlrwliwil,nrJwr. 11Jubd111r. 
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JnurUJ"UIJpntJ urb'lw'l-pif.n'l lf1U19ni9frl_ wfinapfJbpfrJJ (phurnfJp d.qJwfJ 

11/rif 1u;.pn'-fil 1m"ii /! t.w 2.1.Jr t/r wn"ii 1.nL,() 1 

('l.9) wpurw1:wJurniPJni1JniJ P "-L "ln"n'l nulfi t, F .... 
1 
-L ll'"'Dni9/rt, 

wfin1.pfihpfr 1:wurif.w6pfr Jw"hpbufi t, S-1!' "ln"Jwfi qnurnL bp"wpn1.-

PJn1.fip1 

lfn"J1.11"ii 'lnurni. S 
(!Uur b1 Lw1"iinLfiJ1w"ii, 

s.". 7.3)1 

bp"wpn'-f!ln'-"iil!, hpp pbn"ii1.iu.t,e[! pw2Ju1.w.t t
l!"ii'ln'-"ii1.11LJ t t.w1.wuwp S= 2h1 + b1 (111b'u 

1. l!bSn'b 

Uwfuwlwf'i/..w.t bp"wppburnfi/i 1:wJwp "frpwnlf..nuf IJL tfwfip U tfw

"nur"bfi LSWfiJntPhpni/.. pburnfifihp1 /lburnbfr fiwfuwq6wJ/rfi Jwp"wJfr pfiur

{'nt/JJnLfip pfi'l-1:wfin1.p wnJwJp "wurwpi/..n1.J t h1L'11ni/.. urbfubfr"wurfi4rb-

uw"wfi fi"wurwnn1.Jfibpfr9 1 "nfiuurpn1."9frwJfr iwifrbpfr9 L. w2fuwurwfip/r 

"fWJJwfifibpfr9, wJpwLiuif.npJwfi urbuw"fr9 L. wJpurfip fuwpufuJwfi b'lur

LwV9 L. WJL qnp6nfibhpfr91 Uw"wJfi phurnfi/r Lwfuwq6wJfrfi Jwp"wfJ, 

"wfuif.w6 "frpwni/..n'l wJpwLfr urhuwVs L. 'l-wufr9, fipw urpwJwq6fr9 k 

fuwpfiufufibpfi wn"WJnLPJn1.fifr9, "lburp t Lfrfi/i ni "fW"wu w'l. 8.1-nuf 

phpif.w6fr91 

flhurnfifrfi fiwfuliw"wfi ub'lJn'l iwpn1.Jfihp -<:w'lnl''l-blna "lw1:frfi fipw 

funpwfiwp11wJ/rfi wJpntPJntfip, "wJ, WJU"lhu "ni.if.w6, p h urn L fr i/r n.

fu w fi 9 .J w fi Ro w.JpntPJnLfif!, "lburp t 1/rfi/r ni "lw"wu W'l• 

8.1-n,J pbpi/..w.t fiwfuwq6wJ/ifi Jwp"wJ/r 80 %-fr91 

bpb pburnJJfr fiwfuwq6wJ/rfi Jwp"wfi if.bp9if.ni.J t wif.bLfr, pwfi W'l• 

8.1-ni.J pbpif.w6fi f, W"fW pburnbfr i/rnfuwb9Jwfi wJpnL/JinLfip, pw9fr 

if.bpn-<:fruwLfr9, "lburp t LfrJJfr ni "lw"wu f!L11n1.Lif.w6 .Jwp"wJfr 50 %-frat 
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1 

2 

U 'l J n 1 u w ft 8.t 

'bwtuw1w111[w& liJ1ljW .. J!liumG)I Rwdwp ljflpwn1[nJt &wGp b. &wljn111ljb.G 

19wG1n1 .. lipn1[ J!livmGGli11)1 wdllGwgw&11 Gwtuw~&WJ)IG dw111twlili111! 

"'} B-11 'l"'u[r, /u"'p[rufu'i.lzpni/ 

p) B p-11 'l"'u[r, U1nu1'i.9 fuwp[rufu'i.lzp[r 

l"'l'" "'l'"'JUl'f/r~I!. Jf.'i.it.. 5 JJ 'i.lzp111"-/Ull •••••• 

'I) 1(-7 t.. K-19 .,..,,,lzp[r ••••• 

!/,n'fU1/Jr'i. U1Jpw'i. U1llU1'i.9 'fu,.,p[rufu'i.lzp[r, 111pwJw'l/r~1!.' 
10-Jrg Ji'flJ.11. 18 JJ flbpWllJWl 

w) A-IV t.. AT-IVC 

p) A-V t.. AT-V . 

'I) A-VI t.. AT-VI 

20 JJ t.. JU 

w) A-IV t.. AT-IVC 

p) A-V ."- AT-V . 

'1) A-VI t.. AT-VI 

2. U.trl'U." 

/U1urn'i.Jr 'i.,.,/u,.,'l~"'IJ.'i. 

J,,,l''t."''i. "i "tw't.wu 

U2!iO 

U250 

U400 

U350 

U200 

U250 

U350 

U250 

U350 

U400 

uwfuwlwl'i/..w.t hp"wppburnfib "nfJuurpn1."9frwbhpfr wJpwfi[! "lbur11 
t pwif.wpwpfr .\hurUJWL .\frJLw"wfi "lw.\wfip_fihp[!· 

"ln'l"lwurp "lburp t nifibfiw pwpd.p JwJwfiw"wi/..np '1-frJw'l-f'nLPJnifi. 

WJ'l-"lfrufi "ln'l"lwurbbpfr "frpwnntPJn1.1Jp pn'-Jl t urwifru 1:wufibl "ln'l"lwurfr 
wn.wif.bl urfiurbuJwfJ, -

LW{'i/..w6 wJpwbfr .\wJwp oqurwqnp6if.n'l "ln'l"fWU1[! "lhurp t ni.fihfiw 

pwpd.p wn.wd.qw "wfJn1.p JWfJ ( .\ wpw phpw "wJJni.p JUJfJ) uw.\ J wfJ, np"f bu.q}r 
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~fiwpwqnp tfrlifr wJpwfiJrfi ~w'lnl''lhl Jh" Jrfiurhfiu/r4_nLPJiufi flwJuiulwl'n.:J, 

"'{hurl! t "frpwnbl wsli"lfrufr "llwuurfr"mFJswfi "ln'l"lwmfibp, nprrfil! pnLJl 

J.fi urwlfru -Afrqhpfr qbpwpwzJunul uurwurfr"npbfi wfinpnz "nfiuurpnL"9frw

fihpnLJ, pw9Jr WJ'I• pwqwpwp "llwuurfr"nLFJJwfi "ln'l"lwurfihpfr "Jrpwnnull! 
ltnfiuurpnL"9/rwfi WLl(UJ{nqnul t ifrJupnLfl l!WJl!WJnLJfr9, 

wJpwlifr Jw"hpknLJ/11! "!burl! t Lfrlifr WJli"lfrufrli, np uurw94..Jr lwt/. 

2W'l"WLl(nLJ pburnfi/r ~b.ur, {burkwpwp k WLl(W{nq JuwpufunLJ, 

wJpwfil! "!burl! t nLfibfiw WJli"l.frufr bp"wpnL/1Jnifi, np oqurwqnp"i/Jr 

mnwfi9 "e4_wfi11flhpfr "wJ · ~flwpwqnp · t/rfi/r "wurwphl d.n'lfr ~bur ~wqw

uwpwJnLf' "e4_wfi11fibp1 

lwJwd.wsfi Jbp fi~p.J~fi_h~Jr, npLl(hu lwpqw" wJpwfi /JnLJLWurpqniJ 

.f "frpwtthl ~hurkswl 'lwubpfr k urfr"lbl'fr d.n'LWJ/rfi flL LW['WJ/rfi wJpwfifibp. 

w) pwpd.pwJnLp wJpwfi.ws,frfi lwpbp' B-ll k Bp-II '1wuhpfr1 

p) wJpwfiw J/rfi -An"lwfJfihp' K-7- h K-19 'lwubpfr, 

'I) zfr.l/wqln94_wl d.n'lwsfrfi wJpwfi' A-IV, A-V k A-VI '111,1ubpfr, 

'1) 1.hpJwwJpw94_w" d.n'lwsfrfi wJpwfi' AT-IVC, AT-V, . AT-VI 'lw-

uhpfrt 

lizqwl "ln'l"l'w111fibpfr9 wnwqblnvfJJnLfiJ! "!burl! t urwl• J[rfi1.k 12 J 

J.p"wpnLfJ JWfi urwppbpfr 'lb"ll!nLJ' d.n'lw J/rfi wJ pwfifihpfrli, 12 J-fr9 bp

l(wp "nfiuurpnL"9JrwfibpJr 'lb"ll!nLJ' B-11, Bp-11, K-7 k K-19 'lwuhpfr 

UI J f'UI f, f,/, f' Jrf1t 

'1nfiuurpnL"9Jrwfibpfr wJpwfiwqnpnLJJ! pwpd.pwJnr.p LW['hpnq "wurlu

f'hlfru unqnpwpwp Ll(W~wfi14_nul hfi Jhl fJqnq lwpbp, npnfil! urwpphpfi 

·-
l>wmif UJ" J!nLJ UJRUJ'j, aJr'il-UlttUl'il aJr'b 
urb'l111ifnrblnL l>1uJwp w'ill>pw

Jb2m t nL'ilh'bwl pburn'il/r l>wur

if.1111.efr pwi[111"w'i1Jt'il Jbtl- Jw'tb

pbu, WJ'J "l.'"url..wnni/_1 Jr'ilt"l.bu I.. 

P'"'lJ w/J/ri/_ l'"Pb pfr a'lnLJ [! J Jtw
uib'l 't111mwrblnL 'b"i111111w'tnif, 't/r-

"1t· 8.1. Udrwf.wJ~r. 6n111wf.f.br. pwni[mJ b'il pwpapwJnLp lw-
111- K-? 1111111fr, p- K:-19 'l"'"fr 

rb r/rs pw'l""'9"'" "'!Jrw'il w 1/r'il 
-G.n..,_111'b'ilbr t.. ifr'btbr1 

K-7 'lwufr wJpwLw1Jrfi -AnLl(wfifihpJ! pw'l"w9w" hfi ~wpfJ Jw"hp6-

t[ni1fJ/r 7 LWP/rs' Jb" "hfiurpnfiw"wfi k Lpw znL/11./! urh'lw'11'4..wl 6 LW
rfr9. UIJ'fYlfrufr °AnLl(wfifihpfr finJJrfiwl urpw,Jwqfrlfi t 6 •. ,15 JJ' Wpmwl!/rfr 

Lwpbpfr 2 ••• $ JJ uipwJwqlfr 'lhUfl!nLJ (fi". 8.1, w)• 
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K-19 'lwufr wJpwfiw1Jtfi -AnU,.wfil! nLfi/r 14 JJ mpwJwqfr", pw'l"w-

9wl t i:wpfl Jw"hpknLJP/r 19 pwpd.pwJnLp lwphpfr9' Jh" "hfimpnfiw"wfi 

/J. fipw znLf'I_/! /Jp"nL zwp/!nl/.. '1UIUW4_npqw~ 9-w"wfi i/rn/!f' (fihp11/rfi zwp/!) 

nL JU ( wpurw11Jrfi zwpp) mpwJwq"fr LWf'hpfr9 (fi". 8.1, p)t 

U.JpwfiwJ/rfi i/rfi1_J.pJ! "w'LJ4..w" /;Ji JfrJswfi9 fi"wurJwJp 'lnupu{hn 
mb'lw'lpl/..w~ '~wpfl Jw"hpknLJ/l/r pwpd.pwJnLp lwpbpfr9 "wJ -An"lwfifih-

pfr91 ~wphpfr P/r"1! Jh" i/rfi1.nul "wpn'l t tfrfih/ 14, 18, 24, ~'lnl' i/rfi1h

pnLJ' 100 k w4_htfr1 

U.Jpwfiws/rfi ifrlithl'J! J!Uur frphfi9 "nfiuurpnLl/sfrwsfr tfrfinLJ hfi Jfrw

zwp11' 1tw'LJ4..wl LW['hpfr9 "wJ -An"lwfilibpfr9 (fi". 8.2 ), pw'l.Jwzwl'I! (flit. 

8.3) h ~wJwmwpw"' "w'l.Jl/..w" lwphpfr91 

4i'btw1Jr'il wJpw'ilJt w-

n.w'baJt'b lwrbr/r 'twJ lw

rbr/r JuJpbp/r Jfrtl.. ..,_bm.e 
!; filn'l'blll 111pw'b.e'bbp w1'il.;.. 

"ibu, nr 'ilp111'ii9 Jfrtm/. 

w'b9'bJt 9hJ'1'ilurw2w'lwfue1 

"twJuwl111pi[w" ltn'b u-
urpnLlf.9Jt111'ilbpJt wJpw'ilw

i[npnLJI! 'twuiwpi/_nLJ t 'ilwl.. 

B-11 7wu/r 2 /;wui Jtrwr 

n ln pi[111tl- Lwrllrnif lf.wJ 

J'frJ1w'il9 'il'twmJ111Jp 'lnL

'lwl>bn., 'tfr"I. uib'lw'lrif w" 
2-4 /;111ui Bp-11 7wu/r i~

pbpnif. ( Lwrbrfr fuJpw1Jr'il 

p) 

•· 
'blj. 8.2. U}wzwrf wdrwf.wJ~li +r.tbr. 

111 - Lwrhrfrs, p- <1n•1111hrfr9, 'I-' ifrn•Ltf! 

ifrn'Lw~fr Lhrun<J, 1- l"'f'• 2- ~wrG.w~, 

3- ~lll"fn'L ifrwi/rn<~ LW{'1 4- 1nPL111rwLn9 1111f

r111L1111frL G.n"lwL, 5- pw2Jufrz. -"'""''Lfr~, 6- UfW-

J."J 

..... 

f'n<Jf'• ?- ifrn'Lw~, 8- phmnL 

IJ.Jpw'ile 1)£'i11u1t'ilbrfr 1.r- a'lb

Lfru wn.wifblw"ihu 't/rrwni/_nLJ 

!; an'lw1Jr"" wJpw'il, fr'bt"I."" I.. 

"i'"Pflbpwlf.w'b Uf.pnf frt/r w

n.w'baJr'b L'"rbr, JuJpbpniJ mb

'lw'lrifw" lwrbp, -6.n"iw'b'bbp1 

'lilt· 8.3. fln1qdwzwrf wdrwl:wJ~r. iJif.tbr. 
.,,_600SB-ll, r-60058-11, 'f-28058-11 

1- Ju111rfr11Ju, 2- p111pAp111Jn•r l"'f' 

IJ.J pw'bfr a'fnLJ f!_ pburn'i.Jt 

ifrw 'twmwpb i/ru 'tfrrwn.i[nLJ 
b'b wnw'baJt'b an'lbr itwJ l..n

"i"''b'bbr, fruit Jun2nr "n'bu-

111 pn<lt9Jrw'b b pnLJ' wJ pw'b 1U '""" 

ifr'iltbr1 
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.cs:i 
1ilJ'llJl'Jm:,mln 711/ur'11UJUrn1Ju'1 9m7'J'IJ 71Juurn lt1Jmln~m1n 

~ ilur7ln ni/lqn/ZmJmL'lur r1ui19m7rurm:, if JJmur illJmJrm 9m7'Jm~ 

-1(Gtfurntf1J IJtJfmurm,,my. ifJJmur 9m7'Zm:,) Gif-rn Ol nm,,m·ln 7u ,'J'I r1ufm'1 

-mGmJ iJJ'l'Jn/'ntJJmnJ JJq '1nuillnqb IJfm '1nt/ '8tf1J1UftJ1uJm,,Jq tJ'1m'l,,J'1 

>lfillJmJmrJm:, bunf nJmnf ,nm'1mln 7u ,,m'Jmpmpmtf'I' 71 ( 1"8 § n ,,'lur) 

1;,/1puftJ1Uf'lr ~ .,19'0 ,nm'1mln 7u t/11ifl ~ ilur'lln 'il'Jmilrm Mm ~ rli/frJv 

-inL9ur rlu'Jmr:,mn ifJu 'i11J1uftJ1uJm,,J9 ifil9m7rurm:, IJfm ifJJms 

1rn Ol .. '!: ~ 
p1u7rGJ97r illfmil GIJuJu '7ruJ91Jd1U1Jm ,,mijr rm,, lruJ'IG'JmG 9mG,,mu'I l'l'J 

-GmLq.p1U 7'ulnJ'I,, 7tJG1uGmJ1 ~ ilur!fln il'JuurqJ ifJqnmrmJfm9 iJJqJJmur 

fm7'Jm1mnfm'J rluJqillnqv JulutJ 1i111mJrm fm7'Jm1 lLuJpm if,,Jbv11i1 1Jfm 

Ju 'nqlnlJfm l'qJbmL'lur ~ ilurqln i111mJrm 9m7'Jmll ''JU'Jm,, nqlnJy 

1r1urbm'1 tJJq'Jnm,,Jm,, iJJqG11mG 

em7rn1Uf:, rm,, 9mG,,mu'I 1'1umJif,, r1U7'Jurm1f1utJ if7 11mJrm fmlrJm} 

1nm'1Jm,, 9m7rmul:, rm,, 9mG,,mu9 ~ r1u9Lqurn Lqur1J'lr 

u111:, tf'JmJrm 'Jm,,m'Jfml iJJu ''JmJpm 9m7'Jmll 71m1J ~ p1u7rJhmLqur 

]ruJq1Jr1uumurm,,'J 7rtfur,,1uJurn'Ju,, 'Gtf'JmJrm 9m7'Jml tJGmJ 'Jrmf£l1uL 

-111u 'Jm,,m'Jfm,,Jq mJIJ rJUJJmur iJJq11mtJG,,1UJurn'lu'1 9m7'Jmlmnfm'I. 

I~ r1UIJUurqJ£Jm,,Jq 

#lm,,mJu7'un Ju 7'JtJ 'i11Jf1UIJ ~ r1UIJJ' rJUJq'JmtJG,,JUJurn'Ju,, 9m7'Jmlmnfm'J 

illJmJrm 'Jm,,m'Jfml 1~ lruumy.urmln '1ntf Mm '~ umurmurmnflm urml Gifur 

_,,,,mnqur 'Jml'Jmurm,, IJfm,,mn '~ Ju7'murnmln1J Gtfurq,,mnqur tJil1JmurmnJ 

-Zm tJlmtJG,,1uJurn1Ju,, ilp1UJm1mnfm'J tf'JmJpm 'Jm,,m'Jfm} 1il'JmJrm Lum 

-mnJZm 'Jm,,m'Jfm,,Jq J'1U7''1Jm£J'Jq ~ IJmpJmlmnfm'J ''Ju'Jm,, nqlnJy 

JNUoJo.J'RS ;JJNUoJ1J'RU!IS .. '\'llJJl'll 't 

1p1uillnqb iJJqJml 'Jt/r'Jmum 

J-rurmJrJmJ tJ£Jf1u11Jq,,mr l!}Jm:, ,,,m'JifJo 'J'lUn/nJmnJ 7tJG1UGmJ1 ~ urlqp 

-mJ:,'Jm n71 Lqmnfm rJUJqilln'lb 'Jt/Mmum IJfm,,mn 'Jmrm:, tfil'JmurmnJlm 

L91nmifp G11mJ'J ~ JmJm]rmJ ilrJUlnm,,Lml tf'JmJrm 71 tf'JumqJ ''Ju'JmlJ 

11qlnJu 'mlnm 'mJlr iJJq1J'1m1J'l!r ~ J'1UpJmwm,, ilp-iuhr t/11mi{pm JJq 

1JqlntJm 

fm7'9mJmur tfijmil i/r 'JmrnJnJmnJ if'JmJrm '111 9m7'JqJ r-iu-1"8 .,,'I. 

1Jq1J,,m pLqn iJ'1mn 

-qur 1Jmbm1Jmb 'J'I r1u9Juhmmho lru,,mmmlnlJ JUlqG,,mJrm IJ'JmJrm urq:, 

GIJuJu 'JnnfntJJmnf iJJq'JmiJG,,1UJurn'Ju'1 JqJJmur 'J'llJ1U 'J1uftJ1ufu'6 

Jmn 14nfZmJ -!I '1l'l'Jml' -t 'Y-1U11Jmln -e •Lu? -;: •JmJ -1 

•Jmpm:, 4J'lllJ"1 'J4Fm1JmJpm i1JmZm4p nfn4Jm'I/ 'J4Fmy.w11Jmln -1> 

•1mn 14nfZmJ -e '1l'l'Jml' -;: ''JmJpm 'l4FmLu'f -1 

•Jmpm:, 4'JmJpm 'J4FmLu? nfn4Jmnf -J 

Jmn 14nJZmJ -!I '1l'l'Jml' -t 'y.1u1IJmln -e •Luv -;: •Jm1 -1 

•nJn4JmnJ fm6m1ILmJ 641Jm8n/ 71 B411mLy.ulf 11urmlnLuln -m 

·ilp1un{n.1mn{ ~'lm.ipm ~m"\t.iml "t"8 ·~'\ 

" 
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t1J1fm 71 7'uJqlJJ1U'Jm 9m7'JbmLqur 

7'u7fmil Jiluijr '7ruJq11JfJUJmln '7ruJqGIJmG ,7'u'JmJrm 1qlJGmLqp1U ~ ilurqln 

illJumqJ bfm 1~ 7'uumy.urmln tJJu <Jq1Jr1UJm1 'Jm,,mLqur f'lr ntflmb 'J'I 

lmum JmJmJulrun r-iu'JumqJ tJilfm,,mlJZ 'JmrJbmL91n iJJq'JnfniJJmty 

1i1J'l'Jnf ntJJmnJ 9m7'l1J 'J'I 

r-iu'J'l!r 71 GIJuJu 'Jqlmn qurmlnLuln 'l'I r-iu7rJbmLqur JmJmJu7run r-ruJ9ur 

-ntJIJ 'JtJfmmm,,my. iJJJmm 7'u,,mmmln1J -rulqbJuLm:, ijrm7mJmnm7rm:, 'Jt/'f 

•umqJ ilbtf p 17ruGulif r ifJMnf nif Jmnf ~ r1U7'Jmurm'1 'Jtf 'JuurqJ Gif'JmJrm 

9m7'Jml ilrlUGIJmnfuif. tjbtjy. r-ruillnqb nfm Ju tf'Jmil ''JtJJqmntf'J 'Jtffmur 

-m,,my. iJJJmur 1,,G,,mJrm lruGultJp ifJ'l'Jnfm/Jmnf '11Umm:, ~ mlqpmJ:, 

-'Jm i1JqJfm9 tf'JmJrm ntflqJmurm,, mJlr tf'JuurqJ ilrJUbr tf'JmJrn 

;JJl>IUOIOJ'OOl .. '\ 'lloJJl'O 'fl 

1i1Jq1Jltf 1JmGJUG 'Jm,,".'nqur'Jurm,,tf'Jnf 'lur lfm 71 ilJqlJ'JmrTmln IJmrJmurm'r 

tfJq'Jil'JmurmnJlm 11tflm1JmJrm 'i1JqlJIJ7UT£J-iuJu7rmJm'J:, 'JmrGqltf tfilqpJm 

''JmrnqurlJ'" tf'JmJrm •i]J'l'J'Jmrfmln tfil'JmurmnJlm 71 illJ-iuf£J1U,,m'JmZ'f 

rjTmtfG,,-iuJmn'Ju,, 7ru1m1Jlf'J"1u tfmm'1'J ~ r-ru7'Jmmm'1 ilr-ruJm'JiJ ,,,,mnqtn 

r/fJmJrm Jmrm:, tfJq1JmtfG,,JUJmn1Ju'1 'l'JuurqJ£Jm,,Jq 9m7'Jmlmnf mrt 



1ld11wGfl iiq.ntdJ! fihGwltGhflfl 1[11w: {wpl/._wt) wJpwfifi wiu 11b"fpmJ, 

np"lhu ltwfinfi, tJrfinLJ t nL'l'lw'lfrt), uwltwifi wnwfid.Jrfi w'b'>pwtlbzur 11b"1-

j!bpn1.J LWf'WJ/r'b wJpw'bfr'b ( wnwfid.Jr'b ltwJ JuJpbpnl/._ urb'lw11p4._wt) LW

pbp, &n"lw'bfibp) ltwrbtfr t urwl pbltJwl 'ltJfr d.b.t 

{wpt/_wt) wJpw'flp ')wJwp pburn'flb "1Ul')"1w'flfrl zbpurfr '>wuurnLflJnL

f,f! t/_bp9l/._nLJ t 'bnLJLf!, frLt. np 11wpl/._w6 wJpw'bfr 11b"l/!nLJt Swppfr 6wi

pwJwubpnLJ lwpJwfi '>w'lnr11Jw'b l
1

_ -1 bpltwpnL{IJnt'hnLJ pburn'bfr "lw')

"l"'fi/ri. zb!'ur/r '>wuurnLflJnLfif! "'burp t t/rfi/r' A-IV, AT-IViC b. 9wt)p 11w

ubpfi wJpw'b'bbpfr, /ifil"fbu b. &n"lwfifibpfi 11b"ll!nw' nl "lwltwu 2d-fr91 

A-V, AT-V b. AT-VI 11wubpfr w.Jpw'bfihpfi 11b"fpnw' nl "lwltwu 3d-fr9, 

pw9fi "'J'1• 'bz4._w6 bpltwpnLPJw'b uw'>Jw'b'bbpnLJ nl "lwltwu' d.n'LWJ/r'b 
wJpw'bfr '1b"ll!nLJ 40 JJ-fr9, &n"lw'b'bbpfi '1b"fpnLJ 20 JJ-fi91 IJ.nwfid./ifi 

1fb"f/!bpnLJ pnLJLWurpl/._nLJ t pburn'b/r "fUl,,"IWfi/ri zbpurfi ')wuurnLflJnL'fl(! 

.')b'bwpw'bw1/rfi '>wurl/._wt)p'bbpfr '>tuJwp l/._bp9'bbl 'bnLJ'hf!, /ifil np pnfii.pw

J/i'b ')wurl/._wt)p'bbpnLJ t ( urb' u CHHil ll-21-? 5, It• 5 .? )1 

{wpt/_wt) wJpwfiw1fi'b d.n'lbpfi, fr'bi."lbu b. '>JnLUj!bpfi Jfrt.b. 'bt/.w'l.w'l:nLJ'b 

.')bnwl/._npntfJJnL'fl(! l/._bp96'._ntJ t 'flntJfi/!1 /i'flJ. np UWf't/.W~ wJpw'flWJ/ifi d.n

'l_bpfi Jfrt.b. (fi~. 8.5, p)t 

IJ.nw'bd.fr'b ltwJ JuJ pbpnrf. urb'lw'1P6'._wt) lwpbpfi Jfit.b. 'bt/.w'l.WfnLJ'h 

.')bnwl/._npnLfJ JnL'bf! Junp')ni.p11 t urpl/._nLJ l/._bp9'bhl ni. "lwltwu 15 J J-fi9, 

fruit bfJb WJ'1 wJpw'bf! 'l:ur'bl/._nLJ t urwpp/r WJ'b ltn'LJnLJ, np ltn'LJfr9 Ll!S
l/._nLJ t pburnfif!, w"lw ni. "l"'~wu 30 JJ-/r!J ('b~. 8.5, w)t 
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lo\. 8.5. lldrwli~ mh\wpwz}untdf mwrr~ LWJliw\wli liwmt[wHntd. 

"'• p- A'lnLJ[' t:bLwftLbpfr i/.pw, 'I- A'f"ull' pbmnLft i/_pw. 

1- lwrwsfrL wJpwL, 2- An11.hr ftwJ ,,,.,,..,J,Lbp, 3- ,,,.,,,.,f,~br ftwJ rfrLtb~ 

8.ll11111GJI IClntll{! plnnnGJI 1(pw: U1u 11bu11nuf wJpwfil! urb'lw'1pt/.nuf 

t nL'l'lw'lfrtJ ltwJ ltnpw'lfrt) ifrn'lwltfihpJr Jbt.t 4>n'lwltfibpfi wnwt/_btw"l/11~ 

frpwltwfiw9l/._nw bfi pburnfiJr9 '>bnw9t/.n'l d.n'lbpfr, "ln'l"lwurb b. nburJrfib 

fun'lnt/.wltfibpfr o'l:ur"''l:npt)JwJp, ifrn'lwltfibp ltwrbt/r t uurwfiwl fiwb. "ln'l

"lwurb '>wpp ltwJ wlfrpwl/._np &ltnLfi /un'lnt/.wltfibp/r Jfrt.n9.,,l/._, npnfip un

t/_npwpwp JbmJ bf, ltnfiuurpnLlt9/rwi/r Lbpun.,J ('>burw'l:wJn1.J lbf, '>bnwg
t/_nLJ }t 

4>n'lwlt'bbpfr ltnrmPiwfi lturpnLlt i/rnifrnfuJwfi urb'lbpnLJ "lburp t urb

'lw11pbl "ln'l"fWurb /un'lnt/.wltfr lturnpfibp b. pburnfil! nulb'lw9fib1 wfim.p
fibpnl/._, 9wfi9bpnl/._ b. WJtfit 

4>n'lwlt/r urpwJwt/rt)t! "fburp t JU t/rfi/r wJpwfi/r urpwJwq.t}fr9 wn

fi(!t/.w'l.fi 5 JJ-nl/._' Jfrwzwpp ifrLt.bpfr '1b"fpnLJ, 15 JJ-nl/._' JfiwgwtJ '1b"l
pbpnw1 

Swpp/r fiwJuw1wpn1.JI! ltwurwpblnL9 '>burn, np"fbu ltwfinfi, fiwJuw"lbu 

fln'lfil/._wt) '>wurnLlt wfi9pbpnl/._ &LzJwfi urwlt ifrn'lwlt/r Jbt. J'll/._n1.J t pwpd.p 

wJpnLpJwfi 9bJbfiurwzw'lwJu, npfi 111Jpwfiw1nl/._ uurb'lt)n1.J t zw'lltw"lnu/ 
wJpwfi/r b. pburnLfr Jfrt.b. b. JfrwtlwJwfiwlt wJpwLf! "fW'>"fwLnw ltnnn~ 
q_fr"' J /r 9 1 

Swppfr Jwltbpb.n1.1P/rs JfrLlb. ifin'lwltfr Jwltbpb.n1.1PI! f!l.ltwtJ pburn

fiJr zbpurfr ')wuUJntfJJnLfif! "lbur/! t t/rfi/r' nl "fUlltwu 40 JJ-fr9 b. nl "fW

ltwu ifrn'lwltfr urpwJw'l:tJ/r91 4>n'lwltfibp/r Jfrt.b. LnLuwfi9w1Jrfi '>bnwl/._n

pntflJnLfif! "fburp t 1/rfi/r nl "lwltwu ifrn'lwltfr urpwJw'ltJfr9 b. nt. ~wltwu 
50 '1J-.fr9 (Lit. 8.5, '1:)1 

P_burnf,[r . ,Y,w d.'PJ.n'l ltnpU1q.frtJ wJpwLJr pbpn1.fl1ntl.f! Junp'>ntp'I f 
urpl/._nLJ t/.bp9fib1 30°-/rs nl wl/._btfr• fruit ltnrmPiwfi 1_wnwt/.Jr'l1! 4._bpgl/._nul 
t ltw/ul/._wt) wJpwfifr urbuwlt/rs. b. urpwJwttJfr9' 4 ••• 20 J uw'>Jwfifibpnw~ 

lwJwd.w1'b q.npt)n'l 'bnpJw'bbpfr, 'bwJuwLwpl/._wt) bpltwPpburnfib ltnl.u

urpnLlt9Jrw'bbpfr '>wzl/._wpltf! ltwurwpl/._nLJ t 'bn1.1'b JbPn11n4._, Jr'bt np unl/._n

pwltw'b bpltwppburnfib ltn'buurpmlt9frw'bbpfr'bl!, w1ufr'bp'b' f!Uur uw'>Jwfiw-

1/rfi t/.fr&wlt'bhp~ Jbfln11fi1 

'uwJuwLwpl/._wt) bpltwppburnfi/r '>wJwp '>wzt[wpltw1/r'b uw'>tlwfiwi/rfr 

t/_fr&wltfibpe J . fiJnt{lbpfr 'flnpJ wurfrl/._ b. ') wzl/._wpltw J/r'fl 11/rJ UI 11pnL{I JnLfJ'flbpf! ,_ 

fi'bz."lbu b. wzJuwurw'bpfi "fWJJw'b'bbpfr qnpt)wltfr9fibpfi JUwJwufinLPJnL'b/! 

LnLJ'hL hfi, fr'bl np unl/._npwltwfi bpltwflpburn'bfr 11b"fpntJ1 . 
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1
GifyJuifr 'JmpumJ{lr 71 'JmpurnmJurmlrr ifJnmi/G'11uJurn'Ju'1 
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1
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p1Up'1urmlnmpamJ il'J1uFfiJUJbmpi/b 'Ji/Fm'1JmpZm:, • M i/'JmJpm fmpJml' 

n9lnmJupm'JnmJ1 ''Jt/'JmJpm fmpJm1 71 'Ji/'Juur9J i/J9'Jmi/G'11uJurn1JuJr 

'l'Juur9JiJm'1J9 fmpJm1mn/m'J IJfmi/p 'J'I p1UJ9JmJ11p il'JuJu 
1
J91JBi/'1m~ 
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-Zm:, •mJ]r t/il'Jm1.11mnJZm i/fmt/Glp:111Jurn'Ju'1 17bbm 1 LuJm'1 n71nm1 'J'J'ufj 

•JUurZ'9-'JmpJm1 'Jm'1m'Jn/m'J t/'JmJpm Ju9 'p1uJ7dln9b IJF'fl 1puJ91Jumy. 
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1
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'J'I p1upfJuhmurho il'JuJu 1i1J71Jili/fJuh 1U 'JJ9i1Jmn Luifrm7 1~ n11ln1Jfm 

1i1J91Jil1JmJmpJm:, Luhy n91n11Ji/ Ju 
1
pu'JmJ'J nJm'J ~ p1upJurmGmJ m'b 

16i/fmpn11urmnJm'J 19pJ9JJmur ~ LuJm'1 i11J1ufiJ1Uf9P t/Gmurnmifr 'JmpJm1 

'Jm'1m'JnJm'J i/'JmJpm 
1
i1J91JIJ'ufiJJUuruamur9:, 19pur 'J'I GF1uG n111n7'J</. 

1Gi/1J1Ufg 

-JUG9bbm i/J'llJIJUfJuh J7JJmur 'p1u'JmJpm fmpJm1 i1J71JurniuJu'1 Jup 

-mJm'Jj 1JmpJm1 1Jm'1m1JnJm'J 1m'J'l'J'u i/urm'1'J ~ 11.119/n ni/19timurm'1 ilJ'l'J 

-'1JmpZm:, '71ur9j1UIJF'fl 1p1u'Jmtipm 71 p1u'Juur7J i11J1uFiJ1Uf9P i/J91Jp1uJm1 

17ZuJu ~ urZ9pmJ:,'Jm p1UJ9illn9b ilJmZ i/p ni/19'1JmpZm:, i1J9'Jmi/G'11uJur 

•n1Ju'1 fmpJmlmnJm'J 'i/'Juur11Ji/m'1li'I 1Jm'1mliupun 'J1ufiJJUti9JJmur </. 

1Gi/J'l'J'J'ufg1Uf'f P 1JmpJm1 'Jm'1m'Jn/m'J G'JmJ'J 71m1J 1Fm 
1
Gt/1J'ufiJ1Uf9P 71 

Gi/iJFlU'JJ i/J91Jilfmp1Ju1J 'Ji/ilmurJm IJfmi/p 7u 1 fmpn/m'1 ilp1uJm1 i/'JmJ 

-pm 71 t/'Juur7J i/J91Jmi/G'11uJurn1Ju'1 fmpJm1mnJm'J p1U'1uifr IJmpfJubm:, 

•m!J l1JmFfi1ufm'1um i/J91Jp1uJm1 'Jm'1m1Jn/m'J p1u'JmJpm 71 p1u1Juur9J IJ9 

l1Jm71ur11:, illJuJu •i1J9'J'J'uFfi1u'1urm:,m'JV1Jmum Iii/ i/'JlU 1J'1timplm:, i/J91J 

-mt/G'11uJurn'Ju'1 'l'Juur9Jfim'1J9 fmpJm1mnJmlJ ''Ji/Ju1uJ bfm fmfm'Jo 



;£g 

'9•s) 100( r'o -. ~:a 66'0') =To 
~rnudlnq,b t/11mJpm· 1Jt/fmJin1 

•"fruJqnm11mJ 1m'11urq:, 'JI/ plU"frZuJu GtjfmtjGmndmlqu; 

fJl/'Jl''1UJm1 i1Jq11urmi1Ju1t p7udlnqb 11mpbp 11m1Jm/jt/1Jmn/11' t/iJmJp1J 

tpud11m71urq:, tjfmtjlimn· 

-dm1qu tjJq'Jl'"uJml t/11mJpm Jq11urnwJu1t l'"U'Jl/IJ"U 'JI/ i{bqur 'fmnm lnJqlt 

rfm 'l'"uJq'Jljmpfmln tjJnmtjGmpJutf;qb nfurjrutjr11m mJ'J ''Jml'lt'lm IJmp· 

-Jml t/11mJpm fm"frbp 1 J"1U1JGqb1Jm:, ilJu ''J'1ufpj'1un/ut/rutjr 11t/fmdfm"fr81u11· 

-m1t J"lU'Jl/'J"U 1 tjliqur 'l'"u;/Gmfi'lil tj1Jm11mpmp 'p'1Uurmlnliuln fmpJm'[ 

tlo ,m J p t/ J 'I 'J 1t m 'J q :, 1 /1'1 up J "' ur m 1t ii rn u b 'l t/ 'J rrr JI' trr 

J J q 'G t/ f m t/ G m n ;J m 1 q v t/ J q 111' " u J m 7 ii J q 'J ur n "· u J u t, 

d!i.!Jtnmuduti nlf6mu11 

ti/·{ t~} urnil ilp'1uluJu t/J'l'J'J'1Ufpj'1ufql' tjJq1Jurn'1uJu1i bfm 71 ilJq11umy.urmlrr 

11m1tm11pt/:, tjJq11urn'1UJu1t IJmpJmlmn/m'l l/11mtTpm 'J'I fm"frJqJ 71Juurn 

/t D ,J'f'JU1n'1uJu1t bJuJ1tJ7; ,uurq:, Dtjp

•'1UJ'b'ln 11m1Jm11lJq"fr t/11uur7J J"1U'J'f'J'1U 'Jlf tjb7ur d11uJu 'J711urmuJu1t 

,tt o ,J'l'Jurn'1uJulj, 11t/·lmum ,il177JGmlJqp. 

ilp1upb7n t/11uur7J 7171Jt/1' J"l"'J'f'J'1U 'J'T tjb7ur d11uJu 
1
J711urmuJu1t 

•tfJpn/ -iultJ'I 'J'I J"lU"fr'JmpmJ ilJ711urmuJ 

-ult IJJlf'Jl''1UJm1 t/11mJpm ]ru1tmurmln'1 1JmpG71iJinln t/Jn1tJm]rZm7 

t"fru1tm11mbq fm"frGq-liJmln 1Ju]rmurup-

1 1nu"frZuJu il11"ulfi1ufq1' tjJ711urn'1UJulj 11mpJmlmnJm11 ntj17Jinurmlj Jq11 

41jJm]rlm:, 11mljm1JfJub 11 ]ruumy.urmTn bffl t1 Jyb'Jn/ ZuJu11m nJin'3-m:, 1f 

bJmJ ilp'1uluJu urtjJbZy. 11mfpj'1Uf'll' tjJ711urmuJu1t 1JmpJm1 t/11mJp1J 

t} J''1u7Ju1t p7ud6mtf'Jil tjljm11mpmp ilnmp ZuJu 11mpJml 

-mn/m'J 'lm1tm11Jb1tn fm"frbJubm:, 'Jt/11mJpm ]ruJq1111my.urmln ;/JmZ t/JJ 

.lNU'\1lJ.ll11 .Q1llaJ1ll ;JJ~'\SR\(U.JU'1 '\11.llJ'lll110l11'\ 'I 

t 1= 'w 
1
JmJ""furq:, 'o= 'wv 1q'J"""''Jil 1 l'"upJurmlhuef 

'm/lqZuJu ilJnurn'1UJu1t 1fmpJm1mnJm'1 t/11mJpm: 71 nqln7'Jt/ 'ntj1q1tJmpZm:t 

l/Jq11mtjGmpJutf;7b 71 tjdfmpGmJ tjdmy. urnil ilJ7JJmur fmpJmlmn/m'l,, 

tp'1Udfm"frurm:, l/JJmur 1 '1Pt/l!f tjJqLup: fmpJmlmn/m'J '!~~ U 

'J"lli•C"t'B § 'J'I fm"frJ7J ilJq'J'J""'fi"ufql' oo 71 d iGIJ.·l'tl nm1t1mln' 7u. Gfmd 

., (y.,B) (
-f'a} ) G 

' i: + J: T !l' 0 -"WV 

.;J"1ud1nqb 4!/mrrm'hq 11t/fmJ"JqlmJur1tq11 11mpbv ~nt/ 'l'O= "wv 
:{/ J"U7r1J'1llll1Jil 1nulllnf,b t/'1m11mbq 'lmljm1tt/11mn/qp 11mrbv t/11mJp'IJ 

1J;/urjr Gtjltql' 11'1u"fr 

._,.'J'1Ub1Jil Jlp'1UJm1 .1 J;/u.r/r J.J'I ljntj 'f'll' Gt/hi' 1 J"1U"fr'l"ub11il "w •Ju"frmb 

-11mur]r 1nt/1 1 liuJm!/ UJl'1UJm1 f'll' Gtjfm]rn7urmn/m1J JJ7 'J"ludln7b IJfYJ 

(rs) ./' wv+ l _;_, w 

,,}ruGljnrfJd ., W IJmfpj'1uurZy. IJmpbf t/1Jinllpm 1 l'"u"fr1turmlnmpbinJ •l'11' 

"f/ljJm]r'lmr~ } 1nu"fr6urp ililu •il11'111fi'uffl' 1Jnipllm1mnJ~'l t/11mJpYJ 

oUN'11l.QiJU1J '\4Jl94NUlgJI '\11"11>8 ol'\11.J.OU "I 

'9'0 ·9t'O 

·rc.;g'o g'o 

99'0 ·gg'o 

9l'O 99'0 

'l""ll 
p111llln,,, I -ln91. 11mr 

·11mrrb9n 'I"~ -rbp gm'1 . 
• "''19'1murJnr 

-m1111il11"J.f'1 

l/1t7'm 1u '7'uJpmp 
if ·II 

"/-a'M, ~m7'urlm_;,m.,,Jm ' CJ 

,Jlpt11JmJ ·11mrr"'t" 4'J•"'!ld 

,z·g '1.,,, n 1 u f b 11 

mJ7' 4'l•"'tlll 1 ruy.m 

ilp1•Jm1 l·~D p111llln91. 11mftJ 

mJ-,. l/ilt'l'1m'lt71 •1u89Hnr 4Jf'lllfmp1Jv91' '14llmurJn 

mJ7' 4'1""'ftl 

mJ7' 4Jf'l'1m'lf7 

.i1'1m11m7'f 

11mrliv l/11mJrn 

n/111/"""'l"' ra11r rmlt 1 p1u11mJll116/r 

ilp1uJm1 l·~D p1ulfln91. 11mftJ 

·1u89Hm 4Jf'lllfm-,.'lvf1' 111/llmurJn 

i1'1my.{/t '141mfm.,.Jm1 l/llfm"fr"'m'l 

t6tjJq'J'J'1Uf fl'1Uf 
-qp 11i/fm11·mp:,mn tj1qdmm11'1Ufi fm]r.JqJ J"lU·~·g •Lm tj·17]rm 7u t/'Jt/1 1 
-ilurqln 

1
Gi/~m11mbq 'J'ml'bf t/11mJpm 71 Gtjltm,_t/P 11tjlmfm]rum1 tjdfm]rurm:, 

#m]rnjm'!/ •il_ruilmf HID Lup'hqn 1Jm1tmrin/m'l L11]rbJuLm:, 'Jt/IJllU1'1tJ 



01=0,100-201 (8.7) 

11.JpwLp clqmJI! l;Lbftuipwt_bpJwifiL qwJ /;LbftuipwJbfuwLpftwftwL 

brzwLwftnt/_ qwLnwpblfiu 01-1! tf_bp9t/_nLJ I;. 

LWf'WJpL wJpwLfi '1bu111nLJ' 01=0,0500, 

clnrzwifiL wJ pwLJi 'Ebu111nLJ' 01=0 ,03001 

l/,bpf! pbptf_wt) pnfnp wpLnw1:wjUJnLfJJmLLbpnLJ Oo-L LwfuwLwpnLJ'Ir 

I; wJpwLLbpnLJ' wnwfl9 npltl; l(npnLuUJ .\wzt/} wnflbtnt:t 

bfJb 01-1! uUJw9t/_nLJ I; pw9wuwqwL, w"lw WjL "lbUJl1 I; f!L'lnLLbt 

'l.l'n I 

I/ n I' n L u UJ fl b I' cl 'I t/. w t) w J I' w fl Ji Lt cl. 'I n 'l -A fr 'I f, I! L '1 n L
L n rz .\ b f, w ft fl b p Ji 1. b p J w u UJ fr -A w L w j pfl UJ w p p b p n L fJ J n L-

f, fr 9' 021 bpp wJpwLJr clqnwl! ftwLnwp,t/_mJ I; .\bLwftLbpfr t[pw, Lt ftnLu

Lnpml(9frwifr U/UIUlf'WUUJJwfl U/f'n9bunLJ pbUJnflf! bflfJwpqt/_mJ I; znqb

UJUll1W9Jwf, qwJ UJw11w9JwfJ, wJpwfmr.J wnwt_ bf, qwlfiu LU1f'Jwf, fttt

pnLuUJLbp, npnfl11 npnzt/_nLJ bf, .\bUJb.Jwl pwLwclltm/.: 

(8.8) 

npurbrz ~t-L wJpwLfr Lt clqnrz -Apqf! f!L'lnLLnrz .\bLwftLbpfr t_hpJwuLnfr'G.w

LJr Lnwppbpnt.fiJJnLftL I; °C1 

ll.1L '1b"111nLJ, bpp wJpwLJr UJw11w9Jwfl .\bUJ JfiwtlwJwLwl( UJw11w4-

t/_nLJ bf, Lt clqtf_wt) wJpwLfr -Afrqf! f!L'lnLLnrz .\bLwftLbpf!, opfiLwf "lnrz

"lwUJb Lnwqfln9f!, 1bpJwuUJfr°AwLJi wLftmJ qnpawftwhmJ l.ftw Lt "lbUJtt 

/; f!L'lnLftbl 02=01 

11 n I' n L u UJ ft b I' cl 'I n rz 1: w p J w p w f, 11 f, b p fr J n UJ UJ brz w

'11' i/_ wt) fu w p fr u /u fl b I' fr '1bfl>npJw9 fr·w J Ji 9• <131 luwpfrufuLhpfr 

'1bfl>npJw9frw1Jr 1 fuwpfrufuLhpfr Lt Lnwppfr "AwftwUJWjpL LfruUJbpfr Jfrt_il 

Lnbrzw'lp.lf.wt) Lnwtjrorzwl(Lhpp l(wJ Jbt'lfrf'Lhpfr ubrzJtf_btnL .\:bUJltwL11ml 

wJpwLfr .\wpwpbpwftwL '1bfl>npJw9frwLhpf! t/rn11pwLniJ bL, npf! .\.wLqb9-

Ln1.J I; LwfuwlwpJwL l(npmuUJLhpfr1 

'tzi[_wt) "lwUJ°AwnLbpJrs wnwt_ bftnq ftnpnLuLnflbpf! "l'"zi/_nLJ bf, .\.bUJb.JW·l 

pwLwclltbpnt/_. wJpwLfr clqnLJf! .\bLwftLhpfr i/pw l(wLnwpbLfru' 

). 
a., ... -E •• 

' 
(8.9) 

HO 

(tLbftU7pwt_lq1JwifiL luzwLwqnt/_ clqJwL 'Eh.u111nLJ 0 3-:-0), w.TpW-'b/i J.qnuT~ 

pbUJnLp tfpw qwLnwpblfiu' 

(8.10/ 

U.J'l- pwLwd.ltbpntJ l-1! clqtf_nrz wJpwLp bpftwpnLfJJnLLf, I;, JJ-ni(_, 

/., AJ, A.2-1! fuwppufuLbpfr, ftwlfri.Lbpfr, fuwpftufuLbpfr Lt pbLnnLfr Jfr1U. 

wbrzw'fptf_nrz LnwtjrorzwftLbpfr, JbnfrpLbpfr ubqJJwL m LnpnpJwL '1h!fmp

Jw9frwLbpfr, UJbrzwtjrnfunLJLbpfr Lt LJwfl WJ[ "lwUJ'G.wn.Lbpfr 1:builtwL.pnq 

L"'l't/_wt) wJpwflnLJ wnwt_ bftnrz ftwp'G.w9JwfJ Jbt)mfJJnLLflbpL bf,, npnfi.p· 

l!f,'fnLLt/_nLJ bf, 1:wt/_wuwp 1-2 JJ-fr1 

03 ftnpnLUUJflbpf! JU bf, wJpwLfr t/rn11p bpftwpnLfJJwL ( JpflJ..lt 6 ... 9 J) 

'fbU//!nLJ1 

l/ n p n Lu UJ fl b p z tjr J w f, .\ b UJ Lt w fl 11 n t/_' 041 IJ.Jpwfll! pbLnnflp 

i/_pw clqb[pu ztjri/_nLJ /; tjrnqwqp U/WU1p qwJ qnfiuLnpnLq9frwJp pbU7nflp Jw

ftbpltnLJfJfr .\bUJ, npfr 1:bUJltwL11nt/_ wJpwLnul UJbrzfr bf, mflbLnLJ lwpJwfi. 

ftnpnLuUJLbp ( wJpwfll! clqblfiu .\wpftwi/_np I; ftppwnbl lf'w9nL9/iJ.. nL<I"' 

ztjrJwf, [W['nLJflbpf! .\wqfJw{wpb[nL {wJwp )• UIJ'1 qnpnLuUJflbpf! npnz

i/_nLJ bf, .\bUJb.Jwl pwLwclltnt/_. 

<14 = ao ( 1 - e-k:l-µ9 ) ' (8.11 ) · 

npUJbq Oo-L wJpwLfiL .\wqnp'li/.nrz lwpmJL I; ( npf! i[_bp9i/_mJ I; wnwLe; 

npltl; ftnpnLuUJLbpfr ), 

e-L pLwftwL lnqwp,frfJJflbpfr .\frJ11L I;, 

X-f! tjrnrzwftfr bpftwpmfJJnLLL I;, JbUJpbpnt/_' JnLnwqw clqnrz .\wp

JwpwL11fr9 JfrbJ..L. 1:wztf_wpftw1frft 1:wUJtf_wt)l1/! (Lft. 8.6),. 

qt)wJpfl UJUl('f'bpfr '1b"ll1nLJ fJnLJLUILnf't/_nLJ /; X-fr JUnLfJJnL

f,/! f!L'l-nLflb l .\wt/_ w uwp Lztf_wt) .\wUJt/_ wt) fr "ll'n ibft9frw ifrL"" 

Lnwppfr bpftw1LwftwL wnwfl911fr i/pw 1 

k-ft qnpt)wftfrs I;, "Pl! .\wzt/_fr I; wnflnLJ t/rnrzwftfr zbrzmJI! Lw

fuwqt)w1frb t/_/r-Awftfrs' qt). J bpftwpmfJJnLftnw, 

µ-fl ifin'll'wlffi "lwUJJr .\hUJ wJpwLfr zifiJwfl qnpt)wi(p9L I;, 

9-L wJpwLfr wnwL911fr zptw'lwpclfr qn'-JwpwJfrL wLftiniLL I;,.. 
wpUJw.\wjUJi/_wt) nw'lfrwLflbpnt/_ (Lft. 8.6)1 



k b. µ q.np6w"fr9Lbpfr JUnLjl(nLLLbpf uiwppbp uifr"lfr P"'l"'"Lbpfr 
""lbUf.pnul pbpt/_wt) bf, LnpJwLbpnLJ ( urb' u {24} "''l• 5 }t 

· \o~. 8.6. linrwq~~ o.ml.wq~~ twril._w~ wdrwli~ 

o~qbr~ q.mpn!udwli u!ubdwli' wdrw&~ I. tjin

:ttW~~ UfWU\br~ ztjinld~g 'w!uliw~wli tWrUwli 

lJ.J'pw'be ifm'lwftfr UJ_W

uifi'b zifu/.bJ"L .. bui£.wb.J!nif. 

wnw.2_W9"'1. ftnpnLuuibDpf! 

J'bt} b'b WJb ftnbuuipmft9fiw

'ilbpmJ', npnb,J! nLbbb ftn

pwqfi6 wJ' pwb' J' bt) ftb'b ,,,_ 

pn'bwftwb w'ilftJnLbnif.t lJ.l'l 

ftnpmuui'ilhre 1'n.J!pw'ilm..J' 

h'il, b PP wJ' pwb" aqnLJ' l! 
ftwuiwpif.m.J' I; bpw bpftnL 

6w1rhrfis1 

-l,b'bwftbhpfi if.ru• aqif.n'I. 

pbftl"'l wJ'pwbfi .. wJ'wp, 

wJ'pwbfi /,_ UJ.WrnLrn'I. .. wr

J'wpwb.J!fr z1'J'wb .. bui£.wb-

~nrnlull\&br~ nrnzbtJiu. 

.~nif. wnwt. bftn'I. L"'rJ'wil ftnpnrnui'ilhpf! npnzif.nLJ' h'il ._bU1£.Jwl pw'il'"

.Aknif.. 

(8.12) 

:npuib'l µ=0,25, JLw9wt) JUnLPJnLLLhpf LnLJLL bL, frLl. np (8.11)-ntJi 

'1 n p n L u ui L b p "I n 'l "I w U1 b " w 'l w "I tu p fr '1 b !p n p J w-

.9 fr w J fr .<; b ur b. w f, .p n t/_' 0'5t 'bwfuwLWf't/_wt) "nLuuipm"9frwLbp "l"'Pf

.J'IUuuiblfru, bpb Uf"'l"l"'uib ""''l"'"l"'l'/r "Ew"WU7WJ/rfi UfUIU1hpf .<;wL'ffr

.uwLnLJ bL .<;LiLw"Lbp' wJpwLf t!.q.blnL .<;wJwp1 "'"I"' "'J'I Ufpn9bunul 

·""''l"'"l"'l'f b.u bLpwp"i/..nLJ t '1b!fnpJw9frwJfr, npfr .<;burb.wL.pni/.. b. wJ

_pwLnul uib'lfr hL nLLbLnLJ l"'l'JwL "npnLuuiLbp: 

U.J'I "npntuUJLbpf npnzi/..nul bf.. .<;burb.J"'l p.wLwd.b.ni/..· 

t:.l 
a5 = k -- E_ , 

l 
(8.19) 

.·npt.11b'l l-f .<;bf..w"Lbpfr (ftw'l"'Uf"'PP -Aw"UJUIWJ/rL UfUIU1bpfr) wpuiw1fri 

Lfruuibpfr Jfrt_b. b'lwt) .<;bnwt/_npnL/1JmLL t 1 

242 

~l-f ""''l"'"l"'P/r pw9wpd.w" 11b!fnpJw9frwL t, No -Afrqfr9, 

k-L· qnpJw"/rs f ftwfui/..w6 wJpwLfo d.qJwL b'lwLw".fr9• 

IJ.JpwLf wJ pwpt!./rlfni/.. d.qblnL 11hUf.pn~J' 

t-1 
k---2t I 

npuib'l t-L JfrwJwJwLwlf i.d.'P/..n'l d.n'lbpfr fuJplipfr fl/rt/_L ti 

U.Jp wL fr tLb"uipwtbpJ w J/rL t!.qJ wL 'lbUf.pnLJ. k = Ot 

UUJnLJ'l U1i/..Jwlf..bpfr P"'9"'""'JnLf1Jwf1 qb"llnLJ fL'lnLLi/..nLJ t' O's=~ 

=30U"lwt 

"n I' n Lu ur i, b p UI l' "' 'If L p UI 9 u n 'l I/rs' O's• IJ.JpwLf .<;b-

Lwft'bbpfr t/_pul d.q.blfru, pbuinLJrL LwfuwlwpnLJ ..:"''l"P'fblnL9 wLJfrtwUJ.hu• 

.\buin, 2-3 JwJi/..w fLpw9.pntJ, pburnLfr, UIJUUfbu "nz4_wt), "'l'"''lfLPws• 
un'l.pfr ..:burb.wL.pni/.." wJpwLnLJ uib'lfr bf.. nLLbLnLJ l"'l'JwL "npnLUuiLbp1 -

PLwftwL "l"'JJwf..LbpnLJ Uff,'1"'9"'l pbt.11nf..Lbpfr 'lb"l.pnLJ 0'6 "npnLut.11-

'bbpf npnzi/..ntJ bf., ..:hurb.J"'L pwLwd.b.bpni/..• 

G 
06 = 5Q _1'·_1_ 

a brr _,.._,_ :;s; a, (8.15) 
Ro 

a8 = liO a + 100 b( ~ - a) 
Ro 

Ro 

0 
hpp _,._. -1 > a, (8.16 ) • 

Ro 

11puib'l (J -L l"'f'nLJL t phUJnfinul No ub'lJn'l -Afrq./t9 U. b. U.' wJpwL--, .. , 
Lbpfr t)wf..pnLflJwf.. "bf..uipnLLbpfr Jw""'P'l"'"mJ, ..:w2.Jfe 

wnwt) 0'1 • .. 0's "npnLuurLhpf, 

a b. b-L qnp6w"fr9Lbp hL, ftwfui/..wt) p£U1nL/r Jwp""'Jfrs· U300 h", 

pwpd.p' a=0,6, b=1 ,5, U200' a=0,5, b=31 

.fbpJwJfrL Jzw"JwL bLpwp"i/..wt) pbuin'bLbpfr 'lbUf.pnLJ O's "npnLuui-

'bbpf npn2i/..nLJ bL LnLJL pwLwd.b.bpm/. b. umw9wJ "'P'IJnLL.pLbpe l'"''l.-

Jw"flUU1""-ntJ 0,85 q.nplw"9ni/..t 

"n l' n Lu U1 'b b p l UI I' ,., L J f, b p" n 6 l w .p u UI 9 /r"' J" 9, b I',. 

"' JI'"' L" d. 'I- n L J e ~"' U1"' I'"- n L J t p b urn L,, i/.. r w' 0'7t U.J
pwLfr d.1pnJe pbUJnLfr i/.pw ~UJUJll!f'blfru l"'f''ILJLbpfr nblw.puw9/rwJfr9 

1JJ1twt_w9n'l "npnLuuiLbpf npnzi/..nLJ bL LnLJL pwLwd.b.bpni/..1 JrLi. np d.qnulf 

':bLw"'bbpfr i/..pw "wuiwpbLfru: IJ.Jl "bl'"l wuwt)' 0'7=0'1• 

" n I' n L u U1 f, b p p b U1 n L ,, " t) "" L J ,, s' aa·1 PbuinLf bLflwpft

i/_bLni/.. "t)ftJwL ..:Lwpwi/..npmf1Jmfi t uiwlfru L"'l'i/..wt) wJpwLJrL pnppw9-

LblnL frp ..:wpwpbpwqwL qh!pnpJw9JrwLhpf1 ..:bUJb.wpwp b. LWf'nLJLbpf1 

"'Jl qbp"l wuw61 pbuinLfr "t)"JwL ..:buib.wL.pni/.. mb'lfr bL nLLbLnul wJpwLJr 

L"' pJ wL ftnpnLuuiLbpt 



Pburn1.tp LPfri/. "d-"Jw1.t -'>burb.wtpni/_ wJpw1.tfr l"'l'Jw1.t "-npnLuurtbpp 1 

'l[wfui/_wd- pburn1.tp Jwp"-w1fr9, l9"'1.tJnL/Jbpfr urbuw"-fr9, pburn1.tfr "11.t'1w9Jw1.t 
~wJJui1.ttbpp9 L. wJpw1.tfr d.lfJw1.t b'lw1.tw"fr9, p1.t'fnLfii/_nLJ bfi 30-90lflf/w 

{24}t 
bfJb <w2i/_wp"f! "wurwpi/_nLJ t urwppfr lw<w'IJ'pd-Jwfi i/rnLL/rfi fiw

/unl''l"'l Jpt_uit"J"'l i/rnLLbrfr <wJwp, WUfW "-npnLuurtbpfr i/_bpf! pbpi/_wd
Jbd-nL/JJni.1.t1.tbpf! "!burp t pwq_Jw"lwur"bl 13 ppd-w"9ni[_' 

4t 
~ = 100 + 3t. 

(8.17) 

.rrpurb'l t..:fi JwJwfiw"f, t opbpni[' <w2i/_wd- "nfiuurpn1."-9/rw1/r pburn1.tw9-

Jwfi if.bnfrfi opfr91 

"n l' ·n Lu ur •J,, bl' p b urn fi fr u n 'l P /rs' ()"gt. U.Jpwfi/rs phurnfi/rfi 

-\w'lnl''l-'ln'l ub'lJn'l '"'" bp"wpwurL. wub9n1.fJ1wfi <hurb.wfipni[ phurn-
11n1.J wnwt_ bJ,, 'l"'lfru un'lpfr 11b1'npJw9pwflbp1 npn1.t9 Ufwur,wnni£ d.'li£wd

.wJpw1.tp <wpwpbpw"wfi '1b1'np.Jw9frwLbpp1 <hurb.wpwp L. Lwpn1.Jfibpp1 

ifrn.ppwfin1.J b1.t, urb'lfr hfi n1.fihfinLJ wJpw1.tfr 1.twfuwlwpJwfi l[npnwur1.tbp 

pburn1.tfr urr'lpfr <hurlzw1.tpni/_t 

SwppJr zw<-'fnpd-Jwfi ifrn1.Lfrfi <wJw"lwurwufuw1.tn'l (Jg "npn1.uurflbpf! 

d-mlip L. thzi"nur"b1.t l8w1.t1n1.fJbpnt/_ (bpp Jwfip lSwfi1n1.fJp /ufrur t} phurnfl

~bp,fr '1hUJ1n1.J tnpnzi/_n1.J bfi <burL.1wl pwfiwd.b.bpni[. 

a 
hpp _,.._,_~ 0,6, 

Ro · 
(8.18) 

(8.19) 

.,purb'I.. (J ,.. t -1..t Ln1.11.t1.t t, fr1ti. np Wf'Wlff!1.tfJw9 un'lpfr 1fh"l1n1.J, 

k-1..t 'l"f'd-w"-frs t, ;,pfi pfi11n1.fii/_nul f k=1 pfiw"-wfi "l"'JJwfi-
1..tbp.ni.J utfi~wsn'l pburir1.t1.tbpfr ~wJwp L. k_:.0,85 Jfl1.tn[np• 

urw1fr1.t 'fizdw1.t "1"'1Jwfi1.tbpn1.J t_hpJw1.frL Jzw"-Jwfi bLfJwr"-

if.n'l pburnfifibpfr <wJwpt 

tlwl[nur"bf, /unznp L. Jwfip l9"'1.tJni.fJbpni/_ pburnfi1.tbpfr '1bUfpn1.J l[n
rn1.uurfibpf! Jhd- bL, pwfi (8.4) L. (8.5) pwfiwd.b.bpni[ npnzi£wd-fibpL bL: 

U.111 "lwurG.wnni/_ w1L "(burp t pwq_Jw"lwur"bl 1,2 'l"l'd-w"9ni£, /ru"- n1.n

~h9i/_wd- "lbnlfrurfr wi/_wq_/r . 11bUfpni.J' 1,'l ppd-w"9ni£1 

bpp <wzi[wp"f! "wurwpi/_nLJ t urwppfr zw<w,,,,pd-JwL i/rnLLfrL Lw

funl''l"'l Jfrt_wfi"-J"'l ifrn1.lbl'fr <wJwp, "'"I"' i[bpf! pbpi[wd- pwLwd.L.bpni/. 
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npn2i/_wd- "npn1.uurfibpfr Jhd-nLfJ1n1.fifibpp Ufburp t pwq_Jw"lwur"-bl 13 lfnp

tJUI "-sni/.' 

4t 
~=----

100 + 3t 
(8.20) 

npurb'l t-1' clwJiufiw"fi t opbpni/_, -'>w2i/_w#) pburnfifrf, flwfuwlwl'n1.J t;w

'lnf1'1blni. opt/_wfifr91 

'1 n p n 1. u ur fi b p o 'l w " w I /r f, " w J "I w p n 1. p w d. L. w J p w-

1 fr 'l"'l"'l'fibpfr urw" pburnfifr urpnpJwJ,, <burL.wfipni/.' 

<JIO' IJ.Jpw9wd- phurnfi/r i/pw d.lfif.wd- wJpwfi ifrwfJwfJbLfru 'l"'l"'l'fibpfr urw" 

qurfiif.n'l pburnfi[! zwnwiJ.'lw1/rfi 'fizJw1.t <burL.wfipni/_ b1.tfJwr"-if.n1.J t urpnp

Jwfi, b. wJpw1.tfr 11b!fmpJw9frwfibpp ifrn.ppwfinLJ bfi, -'>burL.wpwp, urb'lJr bfi 

nLfibfiniJ flw/uwlwl'Jwfi "npnLuurfihp1 U.1u 11bUfpn1.J l"'l'Jwfi "npn1.uur

Hpp '1.'l"'lP bfi, bpp "nf1Uurpni."-9frw1fr urpwJwlfpd-[! ifrnll' t• 
bpp "nfiuurpn1."-9/rw1/r urpwJw'lfrd-f! ifrnpp t 3 J-fr9, p1.t'fnL1.ti£n1.J t 

CJ10= 30UITJ w 1 fru"- 3 J L. JU urpwJw'ld-bpfr 11bUfpni.J f!1.t'1n1.1.ti£ni.J t 
<J1o=O: 

'1npn1.uurfibp urwppfr Pl""-fibpJr "-si£w1.t11.thpfr 

u b 'l J J w 1.t '1 b 1' n (' J w 9 /r w 1.t h (' /r < b ur L. w fi I n i£' 0'111 U.nwfid.fr1.t 

Pln"fibpfrs "wurwpif.n'l "nfiuurpn1."-sfrw1.tbpn1.J, bpp wJpwfi/r a,n1.Jf! "w
urwpi[nLJ t pburnfi/r ifpw, LWf'i£wd- wJpwfi[! ub'lJni.J t Pl""Upfr Jfrt_lt. 

"wurwpi/_wd- "-!1'f.wfi11'bpf! 1 npfr -'>burL.wtpni/_ wJpwfinul urb'lfr bf, n1.fibLni.J 

JW('J wfl "npn1.uurfibp. 

(8.21) 

,npurb'I.. n t•r -I! d.'li£n'l wJpwLfr bp"wpn1.fJiwfi uw<Jwfi1.tbpni.J 9urL{n'l 

"wpwfiLbpfr flfri£L t, 
A.-L "9i£wfip/r pw9wpd.w" 11h1'npJw9frwJfr Jhd-ni.fl1n1.LL t• pburn

fini/_ Lsi£wd- "-sif.wLpn1.J' 0,3 JJ, wnwfi9 phurnfi/r "-oi/.wfi

pnLJ' 0,5 JJ, 

l-1! d.qi£n'l wJpwfifr bp"wpnLfJJni.LL t, JJ-ni[t 

·twfuwlwl'JwL 'In 1. J w p w J Jr L "n r n 1. u ur L hp f! lfLfrlibL. 

.d.p1.Jp <hfiw"Lbpfr i/.Jrw "wurwpblfru' 
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l/nJ,,uuipmbfrwJ,,bpf! J,,wJuwq.r)blfru wJpwJ,,fr [W('nLJJ,,bpfr l p /i 4_ "n .. 

p n Lu ui J,, b p I!' CJ t =CJ ti +CJ tz' 'lqbui11 t f!J,,qnLlihL 100Utf/w-frg n~ 

U(LU"WUI 

4. l1ll'ONF\ibP1' U'blrO..,.an ...... e 2l111'1l0'l. 1LU'PU\,ONF ~bS0\,1' 

1'lr1'0NF1'G b1l UO'l.-lll>G 

PbuinJ,,fr ",)4JwJ,, b. untlllfr {buib.wJ,,11n4_ J,,wfuwlwp4_w,) bp4wflpbuinJ,,1J 

4nJ,,uuipnL4gfrwJ,,bpfr uwp4_n'l bp4wJJ,,w4wJ,, wJ/!wJ,,nLJ wnwt hf, q.wlfr" 

ubtzJn'l [WpnLJJ,,bp, npnJ,,g wq_qbgni..flJnLJ,,f! "lbui/! t {w24.fr wnJ,,bl 4nJ,,u. 

uipnL4gfrw1'hpf! {w24_wp4bLfru1 

bpp wpuiw11frJ,, lfrwuuiwgfr 4wJ U(WJJwJ,,w4wJ,, nL<lbpfr J,,bpq.npr)m. 

flJnLfl/rg pbuinJ,,fr flwJuflw4wfl ubtzJn'l [W('nLJJ,,bpf! Jwp4_mJ bf, b. {wu. 

J,,nLJ 0-fr, U.,. b. lJ. : wJpwflJ,,bpnLJ pbuinJ,,fr 4,)4JwJ,, b. untzllfr {buib.wfl. 

11>ii/. wnw1 b4w,) CJ. b. a: 
fibpf! f!LqnLfi4_mJ bf,. 

' I 
CJ - = C161 CJ - = 06 , 

o: = crs' +crs' + 09'' 

I. S1ll'P01'U' W.wt b1'0'l. .11i'q.bP1' b'l l1l6\,1l1'1l\, '-U.S'l1llr-ll1' 
bP1'P11211•1l1'U\, ~\in..,.uq.PbP1' •muUl).111'8 1'U"lll! 

Lhflw4fihpfr i/pw l.'l'f.w,) wJpwbfr CJo lwpnwJ,, wnwtfrb 4npnLuuiJ,,b

pfrg {buin qwnflnLJ t CJ01 = CJo-CJ h 1 fru4 WJ'f lwpJwfll! <wJw"lwuiwu

Juwfin'l 'fr'l-1! U. 
1 

wJpwflnLJ 4Lfrllfr No1 =F, O'OJI U.Jpwflf! {hflw4fJbpfrg 

wqwuihlnLg {huin No1 "i>frq.f! 4wrhLfr t q,Jruibl np"lbu "l"'JJwflw4wfi wp

mw11friJ pbnfJ4_wr)/!, npfJ f!1'q'>wflmp qb"l./!nLJ uiwppnLJ wnwt t pbpnul 

wpuiw4bfJuipnfJ ubtzilmJ1 No1 'frq.n4_ uiwppf! uhtzJ!fhnL "ll'n9hunLJ 11h
H6 

.!pn,,Jwg/rwJfr /:;fJ Uflwr44_mJ pbuinfJI! b. uwp-1..wr) nL [Wpif_w,) wJpwfi

bhf'f! 1 npfr {buib.wJ,,11n4_ lfrnlfrnfu4_nLJ bfJ bpwJ,,g [WpnLJfJbpf!' 

PbuinfJ/r wnwl.q.w4wfJ ubtzJJwfJ {/:;uib.wfJ11n4_ lwpif_w,) wJpwfJ/r flw/u-

Lw '·wfJ [W('nLJf! 1·lfrn1pwfJw a = 0'01-ncr lwlfrn4_, npuibtz O' Lw-., "t l1 /'I /'1 

f'nLJfJ t pbuinflnLJ flpwfJ ubtzJblnLg wJ,,Jfrtw"lbu '>bmni zifrq.lJ lJ. 
1 

wJ-

f' wflnLJ 4LfrlJ~' N = F a 1 N "l>frq.I! b.u U/.WJJwfJw"wfJnpbfJ 4wrblfr t 
l1 Ill 11 

,;wJwpbl wpuiw11/rfi pbnfli/_wr)/!, npfr wq_qbgnLflJnLfJfJ frpbflg 4_pw b1' i/_bpg-

finLJ pbuinfJf! J,_ l[W['4_W,) wJpwflf! I 

IJ.JpwflnLJ flwJu""l.wpJwfJ ll'fr4. 4npmuui1'hpfrg {buin {wJwfJJwfJ 

-!J w pb1fr t 'IP b L • 

b. 

a/;bpf! pbp4_w,) qwuintzmflJnLflflbpf! "l>fr2ui bfJ flwb. WJfl uiwppbpfr {w

Jwp, npnflg wJpwfl/r d.pLJ/! 4wuiwp4_mJ t pbuinfl/r i/_pw1 

LbuiwqnuinLflJnLfiflbpf! gnLJg hfl ur4.bl, np pburnfl/r b. wJpwfl/r flw/u

J,,w"wfJ [W('nLJflbpfr Jb,)nLfJJnLfl/! q.npr)flw4wflnLJ Jfrb.flnLJfl wuuifr-Awfi/r 

'2urnLflJwJp 4wpblfr t npn2bL' blHLn4. flb" No b. flb' N
1 

'frq.frg1 U.nw

tfiJ,, qb"l/!nLJ "lbui/! t oq.ui4_bl uiwppfr Lf'.fr4. pbp4.w,) {wui4_w,)ll·fr pflna.Pw

·'1-f'bpfrg, npnflgmJ '>w24.fr t wnfl4.wr) pburnfJ/! J,. [W['4_W,) #L l[Wf'4.W,) hp

.ltwJflW4Wfl wJpw1'f! 1 fru4 bp4pnf''1 f1h"l.i!nLJ {wi4_wp4wJfr1' pwfJwl.b.hpfr 

Jbt "l/:;ui/! t JuigJ,,bl uiwppfr nl Ll'fr4. {wui4.wr)11/r hp4pwtwlfrw4w11 pfJnL

pwq.pbpf!, npnflgnw {w24.fr t wnfJ4.w,) pburnfJI! b. uwr4.w,) wJpw1'f!1 

IJ.puiw11frb pbnb4_w,)llfr9 wJpwbfr b. pbuinbfr LWf'nLJflbpf! npn2blfru 

U[hur/! t oq.ui4_bl uiwppfr Ll'fr4. php4_w,) {wui4_w,)llfr hp"f'"'l"'lfrw4wfJ pfJnL

flwq.phpfrg, 11wflfr np "'J'l phn1'4.w,)11fi wnwt t phpnLJ 11h!fmpJw9frwlJbp, 

c.\bmb.wpwp b. LWf'nLJflbpfr lfrnlfrn/umflJnLfJ flb' pbmnfinLJ b. flh' [W('-

4_w6- #L l[Wp4_w,) wJpwfJfJbpnLJI 

Swppfr Ll'fr4. pbp4.wr) {wur4_wr)/!/r hp"f'"'lwlfrw"wfi pbmflwwhpfr9 
-oq.m4_nLJ bfJ fJwb. phurnflnLJ -Aw11hp tmflbgntz urwppbpfr 4n2mmflJnWf! 

-npn2hlfru, {w24_wp"f! euur 'w11hpfr wn.w1.w9JwfJ b. f!Uur 11frJw94nillnLflJwfl 

"wurwpblfru b. "'Jl qb"l/!bl'nw 1 

U.Ju"lfrun4_, "wph[/r t wubl, np mwppfr tl'fr4. php4.w,) {wm4.wr)11/r 

lip"f'Wlwlfrw4wfJ p'tinLfliu'll'hpfJ w1'.blfr f!fJq{wf11np hfJ, 11w1' pbmflwq.pbpfJ 
2•1 



6H 

( ,(,~'8) '~.~i.c-•d•c -'.d;c + 'J'o=ON 

1(!/8 ·h) 
? J'lUJ'Lqn 11uJur'1'11rmurJm '1t/ilfm7'urm:, fm7'JqJ 7't/J1 qJJmur 171uil 

-lnqb J1u11m!>'b'1il ilJu 'p1u 'Jt/lmurJm nqlnJu ? J'lU7'urt/b 
1
Gq7'nm .nqln 

-7'Jt/ •ilJubmpm!>' ON ijJ'lbt/y. qJq'JljmJpm fm7'Jmll 71 fm7'Jm1 qJJms 

:Jl1Uln1J11l'1 lfll!l'bt.Ul lfll!l'\'\1ldJ11l .Q1ll>d1lll: l>!l .Q1ll>d1ll ·9 

tt/Jlf'Jp1uG-.uG t/-t'6't § urnil 1q1jGJ77' ? ilurqln il111uf£l 

-1u111m1 'JtJlm1rJm7'lm!>' q1mn fm7'p'hqn nq1qluJu i1JqJbm£l1u11J tJmlrmifr 

-m7mJ1rJq t/Jl/'1ilfm7'urm!-1fm 'Jm/7'1 71 'Jt/fmJ7'mur1rJq '11t/fmJlrms 

1Jpmpurm1r'1 qJqlj;/G'Jmum LuljG'Jm 7'uJqJbq fm7'pLqn 71 fmpby t/lfmp 

-urm:, 'JmlrmJt/, 'Jlf ljtifj'Jur'Jlfl'UJ' 11m1rm1rt/urmurn qlfmpurm!>' fm7'JqJ Jmd 

-m11mn/nmurmlnmpm:, J'~S 71 J""s p-.uJq71ym'JmJ fr6'8) 71 fai·g) 

( 9~'8) 
J""d 

= I J'l~'i) 
bf.. 

' 

,171uillnqb hfm 1Gt/Jbq fmpp'hqn qilfmp 

-urm!>' 1qluJu il'J1uT£l1UJu7'muq!>' t/'JuJur'Jq? 11mlfi1UJ'Jmf. ? t/1qJmlJ 

( !)~'8) 
J7ld = 

I J'"s 
hf.. 

,t/'1t/11r GqJbq fm7'by t/ilfmpurm:, 'Im? 
-mJq il'J1ul f/1UJu ]rmuq:, t/11uJur11q1r tJmf £i1uJ11mf t/ilfm]rurm:, fm7'Jq;j 

1J17mpurm1r'1 qilG'Jmum Lu'JG'Jm ]ruJb7 q71J7]r 17m1r q71ilJq'J qilfmpurm:;, 17Z 

-uJu 11fm ? JmpJm!-mlrmurmln'J GlmJ •dpm17urm1r'J tjilG11mum fmBmlr'JmG 

1qZuJu ? q1qJm1r ililJqli t/'JuJur11q1r tJmff/1UJ'Jmf t/ilfmpurm!>' fmpJl/;j 

''JI/ Jiluifr i1Jlf'J1j1ulf/1uf'l/1 bfm Ju t/11ml 
1
Jpmpurm?'1 qilG'Jmum 

Lu11G'lm 7'u11uJur11q1r tJmf£l1uJ'Jmf G11qJt/ 'JJqljurfjq17u17 qJq11mqGJl/'1t/ qJq11, 

-nqJ'f1rm17 ~d 71 .. d 1 'd' '.d 17-.u7'11um 'f7 '/7'l:m!-nq1qluJu ii-J,,J I 

(t;:'8) '~JU+ "'JU+ '.1u + 
1 
1u +I = J""1 

,J17m17urm1r'1 qilG'Jmum 

Gmfm!>'mLL1U '1'JmTf/1Uf/Jm:;, 11mpuf 71 Lu11G11m 7'u11uJur'J'I? 11mfiJ1uJ 

-'Jmf tjlfmpurm:, hfm 'JUffj'{J'UJ' tjfmqGJlf'J'f t/lfm7'urlr(:;, fmpJqrJ 

tti 
(ez•s) 1~su+ ·su+:su+ 'su+s= """s 

,Jpmpurm1r'1 qilG11mum Gmlm!

-m'h7nu 1jljmlfi1ul!/Jm!-11mpuf 71 'huljGljm 7'uJb11 (fm7'p7111n pmlr) fm7'6f 

"iilfm7'urm!-11m1rmJt/ 'jU11jlfJ'UJ' 11m1rm1rt/urmurn t/llfm7'urm:, fm7'Jlffl 

1 d= """ d 7'u1q111ub1jil 

./qnqurljm ljfm ? ij1qJm1r 71 ? 11mZ1111m mJlr qJq1jljlufl!/1ufqp 11m1rm7'tJ qJ 

-qJbmfi1u11J 11m1rmifrm7mJ1rJq t/ilfm7'urm:, il111ulfi1uGqbbm t/11mJpm mlnm 
1
Gij-o/o 8'0 ijnqJqlrmp t/ilfm7'urm!-t/11uurqJ {? Jmnm7'm:, pmlr} ? Jiluifr 

ilnqJqlrmp t/ilfm7'urm!-i/11mJpm fm7'Jmll 71 fm7'Jm1 l'huJpm qfiq 

t1qn7ur11m ? t/1qJm1r iJJ'l'11'..,UGm1wd. lilm mln.m ·~7 q177'm Gt/-% e t/nqJ 

-qlrmp t/ilfm7'urm:, t/11uurqJ ilnqJqlrmp qJq1jp1uGml1ul!/ qJJmur qfiq 

"l'i '!.JI/'!. 

-nvJq'1mp ifJ'l'!...,-fmpurm"J ifJlf'!.'!.mJpm ~'fl 71 •'fl fmpJmll 1U : 11 

9I 
1
'(1 fm7'Jm1 JmJm11mnJnmurmlnmpm:, ii-~d -., •d ''.d '

1 
d 

"3 
'? 11Bt/1rmfJub tJmpJqJ 11,---= U 

•3 

1ilJq'Jp-.uG 

-m11ul!/ fmum t/]rZm!>' '? 'JnqJqlrmp t/ilfmpurm!>' 7't/J1 t/11uurqJ il-d LqurJu 

fa~·8) '~dU+ "'&J +'.du+ 
1
dU+d=J""d 

,ilnqJlflrmp t/ilfm7'urm!-fmpJqfl 

. 17'uJq71ym'JmJ 1ml71urq!-'JI/ J'1U7'luJu 

i/JqJbmfi1u11J 11m1rmifrm7mJ1rJq t/ilfm7'urm:, fm7'JqJ 7't/J1 qJJms 

1Gq11Uifr t/lrmy.q]r '1t/fmfmpJm1 qJJmur fmpnJmlr ,~ 171upnJuifruifr 

ilurqlr tJmpbbm 71 il111ulfiwfqp t/bt/y. lifm Ju 
1
1m'1lf'J1U t/urmh ? ilurqln 

m/1qZuJu ilil7pJm . 'Jm1rm7'£i t/-ON Jmpm:, t/Jlf'11rJm7'Zm:, JqJJms 

•t/-o ~ Jmnm7'm!-ilp1uJm1 t/11uurqJ t/ilfmpurm!

]mpJu'J mJ'J p1Uilln1fb qJu •Jmpm:, t/lrmy.qp 'Jmlrm'Jmplmln t/nt/ln11fm 17m1r 

l/Gmurnmifr qJJmur p1u 'tJt/ilmurJm n'llnJu ~ J"Upurqb ilJu 'ON ,i1Jubm17m:;, 

rJbqy. t/'JmJpm fmpJin1~ 71 fm7'Jm1 lLuJpm 1rnt/ ']ru-OD ~ 171u]r1rm11mZ'1 

rlUiJmq/J J1u'Jm!>-/J'JiJ J'lU'JmJpm fmpJm] iJ'J1uf£l1uflfJ' 'Jm17Jm1mn/m'l,. 

1GqJqJbmfl1u11J '1m1rmifrm7mJ1rJq qJq'Jilfm7' 

't"urm!-fm7'JqJ ]rqJ1 1qtJ1q 'nq1qJmurm1r iJJ'l'JlrJm]rlm:;, Ju1ud '? fmptpub 

•qil p1uJq1jmpJu'J Jqp 1? ]ruumy.urmln bf'[J •t/'JmJ17m fmpJm1 G'Jmum 



No 'Gfr9fi wpurw'Lh1.1.urpnLn.-fl1n1.Lf! pbpt/_w,) {wuri/_wd-p/r ,)wLrmP111lJ,. 

lthLurpnLfr L'LwurJwJp npnzt/_ni.J t {hurb.Jwl wpurw{w1urn1.fJ1n1.Lfr9. 

~0F1 y +a' F' y' -- a'F' y' - a F Y. 
l ..... 011 ... (8.28J 

(8.27) b. (8.28) wpurw{w1urn1.P1n1.LLbpn1.J <Jo b. Go' lwpn1.JLbpfr Jh .. 

tJnij1n1.LI! t/_hpgt/_ni.J t L'Lwur.fr n1.LbLwlnt/_ urwppfr wzfuwurwLpw1frli ifrn'-LI!.• 

N. ---
\,~. 8.7. U.dr1111i)i liwtuliw~wli LWrn1dh wnwr 

b~n'L 6)i41br)i uiubdw&,. C.wluwtwril_wc) mwrr)i 

linrdwl liwmil_wHntd pbmnli)i la wdrwl:Ji \W-

rn,1dlibrp nrnzbtJiu 

u11lrwilfr a,Jw'il b'lw .. 

ilw'Li!.' wJrw'ilf, 'ilwfuw: 

LwrJwil lf.nrni.uur'ilhrf! '
ii rw a,J w'il -6.2urn1.[il l"'L 
'ln pd-wlf.fr91!.' 

Swppfr uli'lJJw'il ifrn1.

Lnul (8.27) I.. (8.28) 

pw"hwal..bpni.J a0 £.. a~ 

Lwrni.J'ilh re 

.JhrsilAL' 

= m. (a0 - au) 

m,a~1 = m, ( a~- a~1 ). 

urwrr/r 2wt.w,npd-Jwf. 

ifrn1.Lm.J No "- eo. ' Jb

d-n1.fi1 in1.'il'ilbrl! npn2hLfru,,,. 

m.a02 == m.(ao-ah - au) /,_ m,a~ = m,(a~ -a~.-a~)' 

(J b. (J: L"'l'n1.JLbpfr JUn1.P1n1.'i.if! t/_hpgt/_ni.J f {wJwd.wJli § 8.3.4-fi 

gmgn1.Jlihpfr1 

br'Lw{Jphurnlib urwpphpn1.J phurnlifr b. wJpwlifr L"'l'n1.Jlibpfr npnzn1.Jfio 

wHpwJhzur t {hurb.J"'L 11hUfpbpn1.J. 

111) /Jburnlifr un'lpfr 111q11h9n1.fJ1n1.lifr9 wJpwlifr L"'l'n1.JLbpfr 'Lnrn1.uur
libpf! npnzhLfru1 

p) /Jburnlifr tf.pw d.'ltf.n'l wJpwlifr -G.fr'll! {wzt/_wr'LhLfru1 

11) Swppfr wnwligpfr li'LwurJwJp linpJwl b. {Jbp .{wurt/_w4'1-lihrL eu.ur 

11/iJ 1119'Ln1.lin1.{J 1111L "<wz4_wplfbLfru1 
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'1} Swppfr wn.wligpfr li'LwurJwJp {Jbp {wur4_wd-plibpli f!Uln -G.wpbpfr 

;UJn.w!wgJwli {wz4_wp'LbLfru1 

b) 'twfu.wL"'l'tf.w6 'Lnliuurpn1.'Lgfrwlihpf! 1 npnlig li'LwurJwJp f!Uur -G.w

l!"'"-"'Jn1.lin1.fJ1111li wnwtw'11'4_n1.J bli II 'LwJ III 'L"'l''ffr UfU1{U1litlihp, f!UUJ 

,,_b!f>npJwgfrwlibpfr {wz4_wr'LbLfru1 

q) Swppfr 111Jpn1.fJ1n1.lili f!Uur pn1.1LwurphLfr L"'pnu!Lbpfr JbfJn11-fr {111z

if.111p"blfru1 

/Jburnlifr b. wJpwlifr L"'rn1.Jlihpfr npnzn1.JI! 'Lwurwp4_n1.J f w11wd.9w

"-wli li1n1.{Jbpfr 11-frJw11-pn1.fJ1wL pwLwd.b.bpn4_' bp"l.J!{JpburnfJb frpw"wL 

{wur4._wd-pfr hr"-P"'l"'"'"'"-"'L pLni.flw9pbpf! i/rnfuwpfriiblni/. Lpw Ll'fri/. php

t/_wd- {wur4._wd-.p/r pfm1./lwll('bpn4_1 

09ur4_bln-t/_ · n1.Jbpfr wL'Lw/u wq11-bgni.fl1111li opblipfrg, pburnlifr b. L"'l'

t/_wd- n1. uwp4_w6 111Jp111lilibpfr Lwrni.Jli.bpf! npnz4_n1.J bfJ frlizUfbU 'fnLJw

l'"'Jfrli Lwpn1.JLbp' liwfuliw"-wli ub'lJn'l -G.frtfrs b. wpurwpfrli pb11li4_1116p

libpfr wq11-bgn1.{J 1n1.lifrg1 

IJ.li"-wfu lipwLfrg, wJpwLJr d.qn1.JI! "-wurwpt/_nul f {bliwfbbpfr tf.pw, 

/Jb pburnlifr tf.pw, L"'rn1.Jlibpf! npnz4_niJ bli Jfrb.lin1.1li pwli111d.b.bpm/_1 

Swppfr wnwligpfr1' linpJwl {wur4_11161n1.J pburnlifr L"'l'ni.JI! liwfuliw

l[wli ub'lJn'l -G.frtfrg f!li11-{111lin1.p 11hUfpn1.J npnzt/_nul f {burb.JWL pwliw

.J.b.bpnt/_. 

N a cs: __ o 
,. F,.,,. (8.29) 

(8.30) 

·{wpt/_w6 U. b. 1J.' 111Jp1111'libpfr L"'rn1.Jlibpf!• {wzt/_fr wnw6 pbpt/_w6 
l I 

:~wurt/_w6pfr tf.pw qnp6n'l liwfuliw"-wli ub'lJn'l -G.frt/r wq11-bgn1.fJ1n1.lif!1 npnz-

4_n1.J hli {burb.Jwl pwliwd.b.bpn4_. 

Noe •. , Y, )1 
1,. .. ,. 

a .... a -na -a - n -- - ___ __,,._ ' , , , , ( N0 N0e •. , y ' ) 
1 o ,. o F ,.,,. 1,.,,. 

(8.31) 

(8.32) 

%51 



!lLwriJ.wtl- 11..,. "- U.~ wtfpw'i.'i.bpp 1iupm .. ,/';,bp[! 'i.iufu'i.iuftw'i. ub'l,f,.>~ 

T.fr'lfr9 ftlfr'i. b'i.' 

(
No 

- a.-na,. =-a.- n -F-+ ,..,. 

-a -na =-a - n - .--, , , ( No 
"' ,. • F,.,,. 

(a_ lt c( LWf'nLJfibpJr JUnLPJntfifibp[! urb'u § 8.3.4)t 

)· (8.3:Jj 

(8.34 

(8.29 )7-(8.34) wpurw.t:w1urmP1ntfifibpnLJ urb'lw'l-plf.n'l No, eo. 1 Jf,,. 

tJn1P 1n1fi~bp[! npnzl/_nLJ bfi (8.27) lt (8.28) pwfiwtl.b.hpnt[, fif[wurp n1fib. 

fiwlnlf. urwppp wzfuwurwfipfr lfrnLL[!i npfr .t:wJwp ftwurwpl/_n1J (- .t:wzqwpftt 

<Jo b. <Jo' LWf'nLJfibpfr Plf.wftwfi JUn1P1mfifih('[! (8.31) b. (8.32) pw• 
fiwd.b.bpn1J urb'lw'l-!'blfru "lhurp (- fif[wurfr nLfibfiwl lwpJwL ftnpn1uur

fibp[! b. wJpwfiJr d.qJwfi 'G.zurnLpJwfi qnptl-wftfr9l! urwppfr url/_Jwl wzfuw

urwfipwJfrL l/rnLLnLJt 

'bwfuwlwplj_wd- f[nfiuurpn1ft9,JrwfihpJr "lwurpwuurJwfi [!1'.pw9pn1J lj_ b

p w .t: u ft If. n 'l LLUf'nLJfihpfr a" b. a~ . JbtJn1P1nLfifihp[!1 .t:wJW"fLU• 

urwuJuwfiwpwp lJ. 
1 

b. lJ.; wJpwfifihpmJ fipwfi9 d.qJwll wl/_wpurfr "lw.t:Jrfi, 

.t:wJwpl/_niJ hfi. 

w) d.qmJ l! .t:bfiwf[fihpfr t/pw ftwurwpblfru, [!UU1 § 8 .3 .1-Jr 9n19ndl

fibpJr1 [!fiurpwd- <Jo b. <Jo' lwpn1Jfihp[!1 .t:wfiw,} <J3 {aa') b. <J4 {a~) ftn

pniuurfihp[!' 

' I I I a,,_ =ao -aa -04, 

p) d.qn1J phurnfijr t/_pw ftwurwpbLfru' 

(8.35) 

(8.38) 

(J b. a' LWf'nLJfibp[!, npnfi9 pqwftwfi JbtJn1P1mfifibp[! npnzl/_nLJ hb 
I l 

.t:burb.1wl pwfiwd.b.hpm/.• 

( N0 Noeo·t Y1 } (8.37j a =ao-no,. =ao-n --+ 
1,..,. F,..,. 

, I , ' (~- Noeo·1Y' )' (8.38) a, =ao -na,. = a
0 

- n L 

F 1,.,,. ,.,,. 
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npUJb'l <To lt <To'-fl LWf'nLJfl (- wJpwfln1J JpLi.lt ftnpnLuuifihp[!1 

No-fl 'G.fr'fbpfr .t:~Jwqnpfi (- wJpn'lt. wJpwfinLJ' .t:wzi/..fa wnw-# 

wnwt_pfi ftnpnLuurfihp[! 1 

eo -{! No 'G.fr'lfr wpurwftbfiurpnfintPJnLflfl (-r 
I 

No lt eo, JhtJmP1n1flfibp[! npnz4_nul bL (8.27) b. (8.28)- pwflwd.b-

if_hpni/_, <To lt do' LWf'RLJfibpfl [!1''1-nLflblnif.' m.001 lt m.ao1'r 

SbJufinln'lfrwftwfi flf[wurwnnLJfibpni/_ .t:w'G.wfu wJpn'lt. wJpwflp d.qn"

Jp phurnfiJr t[pw ftwurwpi/_ntJ (- ni. JJrwclwJwfiwf[' wJpwfil! pwcJw,fli/_n1J 

~ 2-3 fuJpfr1 npnfi9 d.qn1Jl! ftwurwpi/_nLJ (- .t:wt_np'l-wpwpt IJ.J'l-Uffrufr 

'fhU[phpn1J uthurp (- .t:wzif.Jr wnfibl WJfi .t:wfiqwJwfil!l!• np w4_blfo i/_wq 

J.'li[_w,} wJpwfip LWf'nLJ{! "lwftwunLJ (-' .t:burwqwJntU tl.qif.n'l w.JpwfiJi 

lfr'lfr9 pburnfin1J wnwt_ bftn'l ub'lJJwfi wnwd.qwftwfi '1-b!fmpJw9Jrwfihp/i 

.t:burb.wfipnqt 

{wpJwfi wfif[n1J[! lf.w'l d.'li[_w,} wJpwfiw1Jrfi fuJpn1J1 fipwfiJr9 wfiJp

'l_UJ"lhu .t:burn d.ql/_w,} wJpw1.,ft 'G.Jrqfr9, ftwpblfr (- Jnurwqnp ftbp"fnlf. [!fl-' 

'fnLfibl 

n~a , . ,. 

11purh'l ~(J -fi lf.w'l tl.qi/_w,} wJpwfiJr bpftwpn1P1wfi uw.t:Jwfi1.tlipn1J:1 LpiU 
I' 

.t: wuri/_wtJpfr tJwfipn 1P JWfi f[bfiurpnfiJr J wftwp'l-Ulftn1J, ph-

urnfip Jfrt.,Jrfi lwpn1Jfi (- .t:wt.nf''l- d.qi/_wi wJpwfl.Jt 'G.fiqfi9, . 

.t:wzi[_Jr wnwtJ wnwt_/tfi ftnpn1uurfihp[!t 

IJ.1u"lfruni/_, wi/_blfr i/_w'l d.qi/_wtJ wJpwfip i[_hpw.t:ufti/_mc. f.Wp11td[! "lliur1-· 

t qbpsfihl nt\a -nl/_ JU' pwfi fipwfiJr9 .t:hurn d.qi/_n'lfrfil!' ,. 

'tlw1pbpnLJ fuwpfruJufihp i.nLfib9n'l LWf'i/_wtJ wJpwfial/_ ~nfiuurpntft

gJrwflhpfr .t:hurwqnurntPJntfifihp[! b. ftfrpwnJwfi "lf'wfturfrftwfi 9ntj9 hfi uri/_hl,. 

'f' pburnfiJr ub'lJ11tJJr9 .t:burn fiwfuwlwpJwfi pwzfuniJJ! lwpi/_wd- wJpw

~n1J ( .t:hurb.wpwp b. phurnfinLJ) urwppfr tJw1pwJwubpn1J [!UU1 fipw hp

lWpn1fJ1wfi wfi<wqwuwpwi.wlfr (- b. ftwphlfr (- [!fi'l-n1bh[, np lf'nifr-n/uqntJ 

; 'ld-wifrfi ophfipni/_' 0-frs JJrfii.b. <Jo (fift. 8.8 )r 
lJ.Jfi bpftwpntPJntfi[!, npfr uw.t:JwflfihpntJ urb'lfr (- ntfil.fiaul LUJ{'ntJ-

25:1 



Lbpfr ('frtbpfr) Lzi/_w,) .Jrn.JrnfunLPJni.Lf!, l(nlif.nLJ t l,.. [' n' J f, bf' /r 
~ w 'l n l' '1 J w L f n ur /r1 

{wpi/_w,) wJpwf.i/r [Wf'nLJf.ibpjr {w'lnpq.Jwf.i tnurnL bpl(wpnLPJmf.i(!' 'l· Cl nrnzif_nuf t t.burt..1 ... L 
ifrnra1unw'tw'il p,..'b,..at..nif_. 

Ult· 8.8. lwrnldl:br> liw'l.ar'ldwl: cpunat brlfw
'ralpJDt,ntd 1wr{wb wdrwl'a> liw}uwtwrdwl: 

dbbntpJmli L. liwz{wr\w1>' 11>dwvnlpJwli 
tlintlin!-tPJDl'~ 

(8.39) 

nrurb'l ol· c _r;, e'il'lnL'liif_nuf t' 
urlUrr'il f!Uln 1UJ'rm.f111U'il 

t,,..zi/.,..r'thlfru R.. £. a0 

ifJ.tJnLfJJnLS..'ilhrfrs J'Ufr'il 

{wi/_wuwp1 urwppf.i f!UU1 

'wpwl(w1nLLmP1wf.i ;;wzif.wpl(blfru ao-Jrf.i {wi/_wuwp, {wz

i/./r wnwtJ 0)1 021 031 (14 /J. 05 l(npnLUUJf.ibpf!1 

Ro-L pburnLJr .Jrnfuwf.i9Jwf.i wJpnLPJnLlif.i t (urb'u § 8.1.1), 

m i·' b. ')., 
1
.<-:f.i .Jrnpd.bpfr9 uurw9i/_wtJ qnptJwl(Jr9Lbp bf,, l(wfui/_wl 

wJpwLJr urbuwl(Jr9, q.wufr9 b. urpwJwttJfr9 ( urb' u W'l• 

8.3), 

d-L wJpwLJr urpwJwtfrtJL ti 
{wpnLJLbpfr (w"l_npq.Jwf.i tnurnL ultfr'l.PI!> np"{bu l(wf.inf.i, (!Lq.nt.f.i

i/_nLJ t urwpp/r 'w'twurwtfrL f.iJruurf!, uw'tw1L WJL q.bU(pbpmJ, bpp urwp

pfr ~WJ('WJwunLJ ;;f.iwpwi/_np t pburnf.i/r /J. wJpwf.i/r zw'Lltwll/Jwf.i fuw/u

urnLJ ( opfrliwf phurn1.tfr1.t wl(Lpwppnpbf.i f.iwfuliwl(wf.i [Wf'nLJ {w'lnf'• 

q.b[nL q.hU(pnLJ), w.U(·W [WpmJLbpjr {w'lnpq.Jwf.i tnurnL ul(fr'l.PI! [W('W• 

1/rL wJpwf.i/r {wJwp f!L#/mf.ii/_nLJ t urwppfr 'w'twurw1Jrf.i f.iJruurJr9 0,25( L·' 

.{bnwif.nrmP1wf.i if.r1111 Ob'l.Jn'l 'frtl! pburnf.i~f.i wl(Lpwppnpbf.i {w'lnpq.b-

1/ru d.n'lwJ/rf.i wJpwf.i/r q.hU(pnLJ m L· c b. /.. 1• > qnpt)wl(fr9Lbpf! U(hurp f" 
if.bp9f.ibl 1,25 .uif.itwJ JU, pwf.i pbpif_w,) t W'l.• 8.3-nLJt /Jpp wJpwf.iJI 

urpmJwq.frtJI! .JU t 18 JJ-Jr9, 'frt/r wl(Lpwp.Pw1/rf.i {w'lnpq.nLJ t./r PnLJ-

1wurpi/_nul1 

'bwfuwlwpqw& urwppbpfr LnpJwl b. pbp {wurif_wt)pf.ibpfr wJpnLP1nL1it, 

b. 'w11w'tw1nlLn1:P1mLf! {wzif.wp'tblfru U(hurp t {wzif} wnf.ibl iwpnUt

Lbpfr {w'lnpq.Jwf.i 'Jl'UfnL bp'twpnLPJwf.i uw{Jwf.if.ibpnLJ wJpwf.i/r {w1.;

i/_wp'tw1Jrf.i '1frJur'H'ru.P1.wf.i· b. LwfuwlwpJwf.i Jr1h9mJ/!1 

ZM 

u 'I. 1 •• ,, ..,4 s;i 

m ,.; k !!..').. ,. c 4np6wljflgli1ipl! '111i6nlJtJntlililipl! unuulig )llwp1tu)RG1ipl! lil!p•n(n11. 

1wp1[w& wdpwlil! 1wpntdlilapll 1w11.np1JdU1fl qmnnt t,. c lipljwpnll'Jndll!-, 

npn2litnl llwdw'P 

d,JJ m1. c 

"1wrp6f'"'~"'i, "lf'ntf>fit/i An'l"'J/i wJ rw!. w&~wfu 

111r111Jw- 0,3 10 
•<>-/is 

PwrApwJn•r 111Jp111li1111fili l"'f' Bp-11 '1"'"" 5 1,8 ro 
4 1,8 50 
3 1,8 60 

U.Jr111!.1111fili &n"lwlili6r' K-? ""'"" 15 1,25 21> 
12 1,( 21>· 
9 1,6 30 
6 1,8 40· 

K-t9 ""'"" . H 1,25 25 

11.JpwLJr {wzif.wpl(w1Jrf.i q.frJw'1f'nLPJnLLf! Lzif.wtJ bpl(wpnL/ilJwf.i uw{
Jwf.iLbpnLJ (!Lq.nLf.ii/_nw t pwzfuif.wtJ ttJw1JrL opbf.ipm/., LWf'nLJLbp/r ;;,.,_ 

nl. wif.blfr R_ -/rs (f.i't. 8.8)1 

'bwfuwlwpJwf.i JhtJnLp JnLLf! [Wpi/_w,) wJpwf.inLJ [Wf'nLJLbpfr {w-

'lnpq.Jwf, qnurnL u't11.pnLJ (!f.iq.nLf.ii/_nul t 0 b. Oox = ~'.'WJ'1 tnurnL 
l 1 • . c 

Jf.iw9wtJ 'tburbpnLJ1 

a/. bpf! pbpi/_w,) wp.nw{w 1urnLp JnLLf.ibpnLJ lx -(! 11/r.nif.ntt. {wuri/_wtJpfr· 

.\bnwi/_npnL{IJnLLL t [Wf'nLJLbpfr {w'l.npq.Jwf.i tntnnL u"'1.pfr91 

I 8.4. 1.U.fl1lU.lrU.'l-b:b0fl11U.8JaR'b 1lfalfU.'ll'bbflta tt»RJl.1.bfll! 
'bU.luU.1.U. fl1l U. lr SU.fl flbfl Rt-.11 

'bw fuwlwpi/_w,) urwppbpfr q.bU(pnLJ U(W{U(wf.ii/_nLJ 6fi [1Upi/_wtJwq.b

!/>np.J w9frnL if.fr'w't/r LnLJL .JrnL[hpf!, Jrf.il. np uni/_npwltwf.i bp'twflpburnf.ib 

UJwppbpnLJ1 Uwl(w1f.i f.iwfuwLUJf'i/_w,) inwppbpfo. [Wpi/_~wq./l!/mpJtu11,/rnfi 
251i 



t.!:i .1q1Jm~6\tuJmD1Jn\ q'Jumqddm\.1q l 1 
-m:, il,,my.flr ,,n1/lnnf11 :Lqurm,,p illJuurqJ 71 il'JmJpm ,plUJq'Jdfm"'frurm:, 

bu"'fr'Jurb 71l,,p ,,Jqdmy. ,,n,, 'i11JmJ11m flUIJGJq"'fr .) mJ/i J,, J11mf£ilUlLuJ 

-rm flU;Jfm"'frurm:, fmdmy. ilb,,y. Luby uurq:, GlUlm'Jmlmum Jqdmp :Jqil 

-my. JnuJqJ .) lmum J'lUIJUU1lfJ ilflUGmfqJ' mbmurq:, ,,;Jfm"'fr1J11'ftJ • 1, 

I J'lU'{UllJ'fJ 

-(/m,,Jq 'Jm,,mJu"'frun 'Jm;J 'plUdlnqb ,,;Jfmp1J11qJ 'J,,;JmurJm f'll' ijlq"'frm 

urmZ m'Jmlmum,, ;/my. J'lUJJmur fm"'frJmlmnJm'J 'Jl''IJ1u ''J":,mln 1Jf1u'J 

JllU'JmJJ'm ,,'JuurqJ£im,,Jq 'Jm,,mJupun 'Jm;J ,f'll' ]ru-~OD ,,'J,,,,, i1111uJml 

iJ'JmJJ'm 'J,,:,mln 1Ulm1Jmlm11m dmy. J1lUJq'JmiJG,,1uJurn1Ju,, fm"'frJmlmn/m'J 

Ju '.) JllU7lur'I:, GiJLqurnFYl i!~ut+~oD ,,'Ji/1,, ilplUJml ,,'JmJ11m ' ~ ~ 'J'I 

Jmnm]rm:, i1Jq'JJ'1uJml Luby J'lUIJUurqJ JJq ''J":,mln 'Jfm 'punijlnnFYJ 
J 

i]rupm1 ~~Ut=~~ 2 6= 
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e~~~u.~n1'11 ~11rt1'6~~b11e 

1.bt11wqnt11nL{J JnLbbbpf! 9nLJ9 bf, t11i/.bl 1 np J.11-J LUb, t)nJwL 1 ub'lJJwL 

wzfuwt11n'l bLU/uLUL"'f'"-LUt) bpltLUfJpbt11nbb t11wppbpfa fib' bnpJLUL L. [Jb' 

flb.p { LUt114_wt)11fibpfa 11LUJj]LUJJwL pbnLJfJl! f!UU1 tn1fl1wfi bnLJbb t, fabl np 

uni/_npLUltLUL bpltLUfJpbt11nbb UJLU('f1bpp .\wJLU"IWUJLUu/uLUb .\LUt11i/_LUt)pfib

f'fabf! t IJ.J'l- "l"'t11hwnnif. tL bwfuwLLUf'i/_wt) t11LU(1('bpfr LUJpmfJJLUb .\LUzi/_LUplffa 
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bTm p1Ubbm } JmJmnmGmJ Jpmnmp f'll' 11Fm mlnm '11mJpm fm7'Jm1 } 

fm7'JlimL9m ( J'lUU1uD fm]rpLqn L9p1u 19]rm11m ,p1uilln9b ijJJmm fm7r 

-pL'fn JpmF iJ1u11uJm11'1~mmJm Jiluifr) p1umu-b fm"JrpL'fn GiJ111uFiJJUG'lb"bm 

ifJ'111ilfm]r1111'1J 11iJilmmJm ijJJmm fm"JrJmlmn/m11 JJ'I 'p1uilln'lb 11FYJ 

tpuJ9Jml • JJupmJyJmJ ]ru"JriJ ifl'l"Jrm 71 1u~J'1 fm"JrtibmL'lm (ifJnil'11mJm 

G11m11m) lnij~ 11'1 fm]rJu]rm11mJpm il11uJu <Jmpm:r if J'IJJmm 11Fm 

'11mFfl1u11 

-JU~6mpijb mnil 11'1 J'lU"Jr~Jm"Jrlm:r il11uJu <Jmpm:r ifJ'IJJmm 11Fm 

J 
'Se< OJ JJ9 'p1uJ11JJmm fm]rpL'ln 

·- • p1 uJ ,,;J Jn '1b lmF71m9:r J'lU7'1111m iJ7 iJ}ilm:r ilGij~mfJu-b W 

t( 0 =~ ~ p1u]r111ub11il Jmpm:r if J'IJJmm Lu}i~Jm]r 

-lm:r 11mpby 11uJm119~mmJm ijilln'lb 11iflmvm mnil 71 11mp-by 

11m~m11uJm11'1~) ilGiJ~mfJu-b •· w 1uln11m if7rlm:r B11m11m 

Oq 
•GiJ111uFfiJUJlimpijb •M ]ru111111'1 ~ J'lU]rluJu il-x L'lmJu -x = ~ 

'l' l ,Jmpm:r ifJ'111 

-11mJpm ijJ9nmb IA-.LV 71 IA-V 'Sl'l ,Jmpm:r ifJ91111mJ 

-rm ifJ'lnmb 61-)I 71 l-)I '11-ds: 'II-S: 'A-J.V 'A-V '~' l 

,Jmpm:r ifJ91111mJpm ijJqnmb ::>AI-.LV .,, AI-V ~ p1u]r111ub 

-11il Ju '~ 11111uFfiJU~m11ml11 f'll'm11'11'm ifG~mfJu-b •·w il-"·w L9mJu 
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tilGl/'rmfJub 'W {>mum iflrZm:, '} fJJ'lUJmlmn/m'J l/fJmJ 

-I'm tJ-OD '1'1U-( erg) Ju 1'Jl/ '} 'J'Jf1u'J il-~ D J'1U7fpmfJmJ ( trB) 

l'l 

(tt"8) rOo +(i-+-) ~ -l 
3 ~o 

="'o 

•"fru71fm'JmJ 1mf71urq:, } J'lU"frZuJu p1u'rmy.iflr 'Jl/fm'Jml' 

-:,mn ilp1UJm1 • MB'O~ • D l/'JmJpm fm"frJmlmn/m'J 
1 
Yl LuGq'J1u 'Jml' 

-:,mn 1JmfiJ1u'J1unu:, 'Jm'rm'Jmpfmln p1uillnqb Jlu'Jm:rb'Jil l/'rJm"frZm7 

tilGl/'rmfJub l > 'W "frulq'Jum l/"frZm:, 

~ p1u"frZuJu ilJu '} fJ1J1UfiJ1u{l9J' 'JmpJmlmn/m'J l/'JmJpm 'J-OD 

~l/B'rmfJub •w JpmfiJ1uumGmJ •ilJnBl/~m{IJub l/'Jmpfmln 

IJil'Jmurmn/Zm ·w "fru1q'Jum ifilrZm:, } J'1U7'ZuJu '} IJ'J1uf iJ 

-1uJbmpl/b 'Jl/lm~Jm"frZm:, 'Jmpbf l/'JmJpm fm"frJmlmn/m'J TJ-•M 
•On-•M 

.,Jmpm:, l/Jq~'JmJpm "fru'Jmp:,mn 'JmfiJ1UfJ1unu:, 'Jm~ 

-m~ifbl/t/; ~nl/ 'On-oot+ •M } p1u"fr'J1ub'Jil Jmpm:, l/J 

-'l'J'JmJpm LuGq1J1u 'Jmp:,mn 1JmfiJ1u'J1unu:, 'Jm~m'Jmpfmln 'J-11D 

'J'1U71fm'JmJ ( flfl"Z) Ju 1'J1' '} 'J'Jflu'J 'J-~ 0 

"{ oc·z} n ~qur '} 1Jdl/bm£i1u'JJ 1uurub fm"frpLqn l/'JuurqJ 'J-o~ LqurJu 

'( cc·z n ~qur) 

( £1''8) 

(
l'l ) 110 

~-1 ~+1 
03 = ll~ 

•pu71f 

-m'JmJ lmf71ur9:, } J'lU"frluJu Jmpm:, l/J9JJmur {lmpJmlmn/m'J il'J1ufiJ 

-1UJpJmJ 'Jm~mJqJmJm:, 'Jl/fm1Jm1':,mn 1UU7ub fmpJ'Lqn · l/'Juurq;j 

1Jmpm:, l/JqJJmur q1Juur9JiJm'rJq 'Jm~mJu"frun Ju 1'Jl/ 'puilfJ1uJb~n 

1Jf1u'J 'J9 J'lU"frJb i1Jq71fm'JmJ 'Jl/fm'rJmplm:, uurq:, Bl/Jy t 1 •M 71" · -~ 

4JI. M ,'Jl/Jn'J1ufiJ1UJbmpl/b 'Jl/fm'rJm"frZm:, G'JqJl/ Jmnm~m:, 'J9 1'1uJi 

-1Jlub1Jil JmJm'Jmn/nmurmlnmpm:, J'lU'rmy.iflr 1Jl/lm1Jmp:,mn i1JqfJJ'lUJm1 

tjJq'J'JmJpm fm"frJm11 1u fm"frJml 1Uurub fm"frbf 71 l/'JmJpm fm"frpLqn fm"fr 

_jm11 'l/'JuurqJ fmppLqn 'JmJm71ur9'l. 1i111mpfmln II~~~ l/"fr'Jmln:,mln } 

ilur91n Jmpm:, mJb 'rnl/ 'l/il'J1uJb'rn l/urfqlui •tf;uJln urnil m'J'f1J1U l/Lqur 

t9~ 

i11'1ufmilfmil l/JJmur n71 L9urnfm Ju 'n91n1Jfm lqJmurm~ } ilurqln UJ'1Ufb 

-mn/m'J l/JqJJmur q'Juur9J£im'rJq fm"frJmlmn/m'J Luurmn/Zm 'Jml'bf l'm'r 

'Jml'J'Lqn JpmfiJlU'JuJur'Jq'rmurJm fl{/' 7f IJmpU{I 1/-{ 'n} IJfmfml'm( 

far a) t10D-o0!;= "o 

,Bl/'J1uf£i1uurfm:,murJm farg} } p1u"frluJu ilp1uJml • D 71 

!:ZOO'O Jmnm"frm:, } J'1U"fr1J1ub'Jil 'Jml/BmpJutf;qb 'Jm~mJqJmJm:, 'Jl/fm'Jml' 
lJ 

-:,mn 'JmppLqn l/'JuurqJ mlnm 'ilBl/~m{IJub 1> w "frulnum l/"frlm:, } 

p1~"frGJq"fr i11J1ufiJ1UJbmpl/b 'Jl/fm~Jm"frlm:, l/'JuurqJ JJq '1'1uillnqb IJfYJ 

1il'J1ufiJ1UJb 

-mpl/b 1Uurub fm"frpLqn l/'JBmf'll'~ 71 IJmppLqn l/urmn/lm'r UfJmJpm ~ 11 

,'Jil'Jl/nfm •LupL9n l/'Jl/1~ ilp1uJm1 ·o mlnm 'mfJJJIOOt > 100 qgq ''Jl/'JuurqJ 

} p1upLqn 11/GlUGmJl ,mJ"fr 1JmfiJ1U'rm'J1uLuJ~ l/JJmur p1ubbm } JmJ 

-mnmGmJ IJfm p1Uillnqb nfYJ tp1u~my.l/"fr fm"frbf } J'1UIJJ' 'Jl/:,mln LubJun/ 
-m'J illJmplmilfmi! l/JJmur illJmJpm fm"frJml }uilnun/ lfm '} Lubp ilp1uJ 

-ml ·o mlnm '"'fbJIOOt<,oo qgq Ju '} p1u71J9 Bl/nm'JmJ (1rg) 

tp1u71pm'JmJ ( lt"B} } fm"frurFm:,murJm 7'11' ,'Jfm 
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'Jmplmilfmi! l/'JuurqJ UJ'lU~'Jm 'JmpJm1 l/'JmJpm ,
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'ZOO'O= : g 'Jml/BmpJutj;qb 'Jm'rmJqJmJm:, 'Jl/fm'Jml':,mn 1JmJ'J'L9n l/'JuU7 

-qJ "frul91J1Ub1Jj t} p1Ubm"fr'J ilp1UJm1 Lubp 100 "fruil1Jm71ur9:, l/Ju 'il'JmJpm 
1 . 

~ Yl 71m'J J'lU"fr~JmiJ'Jq } l/fml/BmpJutj;9b "fruifrm7 1Jf1u'J ''JmfiJ1ufm~um 

'Jmplnm~LmZ l/'JmJpm 71 l/'Juur9J "/rl/:,Ju'Jl 'l/fml/Gmpliutj;9b IJmppLqn } 

J'lU"fr~JmiJ'Jq uilJq'J 1Jmf iJlUGqbbm l/iffm"fr'JuqJ 'Jl/ilmurJm 'J'JUU1lf;J 

tilGl/~m{IJub 

i<'w "frulq'Jum l/"frlm:, ', ~D-,DD=}:OD Jq'JGJq"fr } ilur91n 

ilp1UJm1 bfm 'nl/19Jmurm'r Jmpm:, l/11Uifr 'Jmp{>Jubm:,ml 

il~Jm"frlm:, '} uJb ilp1uJm1 p1u'JuurqJ Lu'Jmn/nmurmlnml' 

-m:, 'Jl/~mbJm~ml' mJ'J JJq 'p1u1Jmtlpm /YJ } 'Jl'1uJml il-10D LqU7J11 

( lt'B) •,on-oot· "o 

Jq1J1Ub1Jil } ilurqln ilp1uJml l/'JmJ 
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bpp (8.44) pU1fiwd.L.nq npnzqwb a. 1wpnLJf! JU (- O,BR. -Jr91 w"l.w 

i;wzqwpy[! ywLnwpqnLJ (- ->hLnUJWL pwfiwd.L.nq. 

a. = o,8 + 0,2 .., R. , ( E - E) 
E..,-ER 

(8.45) 

npLnbq s R-1! npnzqnw (- (8.43) pwfiwd.L.ni/_1 Jrfiz_"lbu wut/_wb (- i/_bpkrrLJ, 

s.., -fi npnzqmJ (- (8.43) pwfiwd.L.nt[, Jfrw1fi pb w1u 11hll/pnw 

"lhLnp (- l!fi'fnLfih1' a u=O,BR. -<Jot 

tw /uwlwrq wb LnUl['f'hpfr ... wzt[wpyw J/rfi pwfiw!t.L.bpmJ [!fi11mfib1nt/. 

<Jo=O, F 
1 

= F 
1

1=0 1 ywphlfr (- uLnwfiwl unqnpwywfi bpywpphLnnfih 

mwppbpfr -> wJ w"I UJLnUJ u/uwfi pwfiwd.L.bp[! t 

lJ.JpwfiJr d.qnW[! pb' ->hfiwyfibpfr L. fJb' phLnnfiJr 4.Jrw ywLnwpbifru 

i;wzqwpyw1/rfi pwfiwd.L.bp[! finLJfifi bfi1 

"liwfuwlwpJwfi wq_11b9nLPJnLfi[! pbp ->wLnt[_wbpfibpfr wJpmP1wfi 1_pw 

1Un.w1JJ IJLUnLJfiwuJrpqwb (- nz_ pwqwpwp1 UIJ'f "lwLn-&wrurq fipwfi9 ->wz

l/_wpy[! fJb' [!ULn 1w1fiwywfi nLJfr L. pb' [!Ull1 bn.nq JnJhfiLnJr .t:.jiJfiwyw-

f.tnLJ ywLnwpt/_nLJ (- WJfi"lbu, Jrfiz_"l.hu unt[npwywfi bpywfJphurirLb LnUJ{'

['bpJr ->wJwpt 

liwfuwlwpJwfi wub9ntflJnLfi[! pbp ->wlnqwbpfihpp wJpntfl1wfi 1_pw 
;->wz,Y, (- wn.fit[nLJ wn.wlid.frli 11h"lpbpnLJ. 

bn.Jwfi wzfuwLnnq LnUJ{'f'hp[! f!ULn LWJfiwywfi ntJfr ->wzqwpyblfru 

->wz"-fr (- wn.fiqnLJ d.qt/_wb qnLnnu! Lnhqw11p4_wb fiw/uwiwpi/_wb wJpwfiJr 

IJf'W ywfi wq_ 11b9nLp JnLfi[! 1 

ubqJqwb qnLnnLJ fiwfuwlwpt/_wb wJpwfi nLfih9nq bn.i/_nq LnUJ{'f'bp[! 

l!uLn bn.nq JlrJbfiLnJr ->wzt[wpyblfru fiywLn/r (- mfib9t[nw WJ'1 wJpwfiJr 

pw9wuwywfi wq11b9nLfJ JnLfi[! 1 bfJb uw->J wfiw 1/rfi qfr&wymJ w Jfi JfinLJ 

t d.qt/_wbt 

'tlw1phpnLJ fuwpfrufufibp z_nLfih9nq wJpwfint[ liwfuwlwpqwb urwp

pbpfr L:Upqwb wJpwfiJr LWf'nLJ°i!bpfr ->wqnp11Jwfi qnLnnL bpywpnLPJwL 

uw->JwfifibpnLJ qLnfit[_nq pbp .t:wLnt[_wbpfihpJr wJpnLPJnLfi[! "1Ulf'U1U11Jpf' 

1f.bp"lntf. "lbLnp (- uLnnLqhl [!ULn bn.nq JnJhfiLn/r' LWf't/_wb wJpwfiJr ->wz-

mpnLyLnwt[_npnLJ[! ywLnw!'blfru "lburp (- "lw.t;"lwfibl WJU C/LfumJ pbpi/_wd

l!fi'l..t;,;,finLp 9nL9nLJ'bbp[! L. w1fi "lw->wfi1fihp[! 1 npnfip i/_bpwphpnLJ bfi un-

l/.npwywfi bpywpphLnnfib .t; wJ w"lwurwu fuwfi urwpphpfrfit 
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§ 8.8. lib'bSf'n'bU'llU 'b siq.11.n'l. SUf'f'bf')l lll1f'Rflft'6U" 

l.U1N. llf'11 e. 
l/hfiLnpnfiwywfi !t.qqnq fiwfuwlwl'tf.wb bpywpphLnnfib LnUJf'f'bpfr wJ

pnLP JnLfi[!, /rfiz_"l.bu ybfiLnpnfiwywfi !t.q.qnq unqnpwywfi bpywfJphLnnfib 

mwpphppfif!1 '"lwJJwfiwqnpi/_wb (- Jfrw1fi wJpwfi/r 11JrJw11pnLPJwJp (fiy. 

8 .9 ), ->hLnb.wpwp, l!fi11->wfimp 11h"lpnLJ, bpp nLfihfip LWf't[_UJb "- uwpi/_w~ 

wJpwfifibp, "lhLnp (- "l.w->"lwfibl ->hLnUJWL "lwJJwfi[!• 

N~R.F,+R.F.1 (8.46) 

"It· 8.9. n~qhr~ u):ubdw& &wJ:uwlwritw~ 

~R-' 
qb&mro&wqw& oqiln'l mwrr~ &nrdwl . 
6wmil.wbfntd e-um wdrotpJw& 6wzil.wrqbtJiG 

Uurnpk pbpqwb (- bn.qnq liwfuwLw('qwb bp~wflpburnfib LnW{'php{I 

finpJwl ->wuri/_wbpfihpfr ->wzi/_wpy[! f!UUJ wJpnLPJwfi, hpp "l.w.t:"l.wfi6'.wt) 

(- (2.28) ""'JLnfiJr ll/U1JJU1fif!' 

x 
-=e~ eR' 
ho 

0111.11.wG111n1G fiwun[w~.J!: Uw->Jwfiw1Jrfi t[Jr&wymJ -G.Jrqbpfr wuJwL 

ufubJwfi nLqqwfilt1n1fi ..t;wurl/_wd-pfr urwppfr ..t;wJwp phpi/.wb (- fly. 8.10-nLJt 

'1~q_Jbfip JnJhfiLn d.qlf_wb qnLnlfL w,JpwfiJr &Jrqbpfr ..t;wJwq_npfr lt/r

{'Wn.Jwfi yburnq wfi9finq, bn.nq JnJhfiLnJr wq_11Jwfi <wppnLPJwfifi ntqqw

i;w1w9 wn.wfi9pfr fiywLnJwJp' 

(8.47) 
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npf! b. 4Lfo'bfo finpJwl -:wuri/_wt}/!'bbpfr wJpmfl1w'b UfWJJW'bf!t 

UbqJi/_wt} q.nurnt pwpd.pn•flJnL'bf! npnzi/_nLJ (- -:burb.Jwl "1"'1Jw'bfo9. 

u:.. a; a' fl f K..,.t 
R.,..,F,; 

Gulf.' 
R"'ll'&c 

~ ~ (},S¥ 

R.,-1 

o.., '//,,, '4 R.F. 

l.~. 8.10. ~liqbrli ujubdwli ~r~liw~li wdrwlinil. liwjuwlwril.wb bml.n'I. mwrrli nt'l.'1.wli~Jlltli 

linrdwt &wmil.wbfntd pum wdrntpJwli 6wzil.wr~btJtu 

R"'"bx + R •. u F~ + a.F' - R.F. - R.Ft = o, (8.48) 

t/,hpf! phpi/_wt} wpurw-:w1urmfl1nt'b'bbpf! ~fozur 'bntJ'b d.b.ni/_1 /r'bi_ np 

uni/_npw4wfi bp4wflphurn'bfo 'lhUfpntJ (-, ~wpblfo (- i/_hpwifinfuhl w1'b"lfoufo 

mbupfo, np -:wziJ..wp~'bbpf! ~wurwpblfou -:Lwpwi/_np Lfo'bfo 011uriJ..hL 3.1 wq• 

1n•uw4fos· 

(8.49) 

(8.50) 

'1p4fiw4fo wJpw'bni/_ t}ni/_n'l urwpphpf! -:wzi/_wp4blfou, uni/_npwpwp 

IJ. • b. lJ. / wJpw'b'bbpfo -:wuri/_wt}/!'bbpfo F. b. F ; Jw4bphu'bbpf! 'bwfuw

"lbu f!'burpi/_mJ Mi, npfo9 -:burn ~wzi/_wp4Jw'b f!'bflwo/!l! -:foJ'bw~w'bmJ 

J'bntJ (- 'bntJ'bf!, Jr'bz. np uni/_npw4w'b bp4wflphurn'bfo 'lb"li!nLUI 

bpb urwppfo ubqJi/_wt} qnurnLJ wzfuwurn'l_ wJpw'iJ z.fo fiwfuwurbui/_nLJ, 

WUfW iJ..bpf! qpi/_wt} pwfiwd.b.bpntJ "lbur/! (- f!'b'lnLfihl' F :i=O, F _ =01 
sw11.11w1)1G b. lipl1mwll.11w1)1G fiw11111.w~}!: UhqJi/_wt}. UWLniJ.. urwi/_-

pw1foL b. bp4urw1..f'w1foL -:wuri/_wt}l!fo Lwfuwlwpi/_wt} bp4wflpburnLb urwp

pfo wJpn•fl1wfi ~wz_i/_wp4f! 4wurwpblfou , fo'bi_Ufhu b. uni/_npw4wL hp4wfl

phurnLfo 'lb"ll!ntJ, 4wfui/_wt} ub'l_Ji/_wt} qnurnL pwpd.pn•fl1n•Lfo9, urwpphp-' 

t/_nLJ (- hp4n• 11b"ll' 
268 

U. n wt. ~ Ii I} h UJ. f. ub'lJiJ..wd- . q.nurnL pUlpd.pmfl JnL'bf! tpn'bi/_nLJ t 
uwlfo uw-:Jw'b'bbpnLJ' X~h~ 1 ll.1u 'l~"ll!nLJ, fo'bz_Ufhu 4 uni/_npw~w'b hp

~wflphurn'bnLJ, -:wuri/_wt}/!l! -:wziJ..wp~nLJ b'b npUfhu b: b. ho z_wifibp 

. m'bb9n'l nL'l'lw'b41n'-'b1 

b r qr n r I} I} h UJ. f. uhqJi/_wt} q.nurnL uw-:Jw'bl! w'b9LnLJ (- ~n'lniJ..' 

x>hu, (L~. 8.11) 1 1.wziJ..wp4w1fr'b pw'bwd.Uhpf! 4w'l_Ji/_nul b'b Lm1L U~f!'l.

pnL'bi!ni/_, fo'bz_ np ntq'l_wL41nili -:wuri/_wt}l!fo 11'1"1/!"LJ (-, b. nt'bb'b -:burb.1wl 

urbui!l!' 

"'i.. 8.11. Ub'ldil.mb qnmnt AL.p ub'l.dil.wb nwtnil. 

mwil.rwJlili (~wd hr\mwil.rwJi'li) limmil.wbfli 
&wjuwlwril.m~ b1til.n'I. mwrrind, brp ub'ldil.wb 

qnmnt uw&dw&p wliglintd I; \n'l.nil. 

M ~ R.,"bx(h0 - 0,5x) + R.,r(b: - b )h:( h0 - 0,5hJ + 

+ R • . uFjh0 - aJ + aaF;(h0 -a), (8.51) 

M~AoR"l'bh: + R"l'(b: - b)h:( h0 - 0,5h) + 

·+R •. u F)h0~a~)+ auF:(h0-a:), (8.53) 

R.F .. + R.F1 - R • . u F~ -a.F; = ~R""bh0+R"l' h:(b:-b)1 (8.54) 

1.wz4_wp~w1foL 11h"l/!bpfo npnznwl! ~wurwp4_mJ (- -:burb.J"'l d.b.ni/_1 



1. Spi[wl f <wzi[wp/jw1frL M la.n'l J11J/if,urf!, pliurnLfi J'wp/jw'b,. 

<wuri[w~lfr twif.hpf!, U. ;, U. •' U.: wJpwLLl#pfr 'I'""/! IL <:Wuri[wll!flhpfi' 

JwfjhphuLhpf!' F;, F .• F: 1 

fllw<wL1i[nLJ t npnzht U.
1 

wilpwLfr <wuri[wtY1fi. F ,, Jwfjhphuf!'' 

bpp 

w.Uf.W <wzi[wpfjf! Ufhur11 t fjwurwphl /!""' wnw1fr'ti 1fhUfpfr1 

bpp 

WUfw <wzi[wp/jf! ll(hur1 t fjwurwphl f!UUI bpfjpnp11 'lh"f,p/rt 

(8.56)! 

(8.66) 

2. Spi[wl f <wzi[wp/jw1frL M lnn'l JnJl.'tiurf!, phurnLfr Jwpfjw'ti,. 

<wuri[w~llfr twif.hpf!1 U.11 U.; IL U. • 1 u.: wJpw'tiLbpfr 'fWUf! IL <wur-

F, F', F ' F' I 
l f - .. 

(8.6'1 > 

' "fw1.Tw'til!• "'"I"' wJpntPJw'ti uurnLqn&Uf! fjw,urwp'/.nL.t t f!UU1 w.n.wifrJI, 

11hu11fr1 bpb pwi[wpwp'/.w~ t 

ll(WJilw'tif! 1 "'"I"' ub'lil'/.wtl- q.nurnL uw<Jw'ti'ti w'ti9Lnw t ljn'lni£ It -':'wur..._ 

i/_w~11/r wJpnLPJwL uurntqntilf! fjwurwpi[mJ t f!UU1 hpfjpnp'I '1-h"lllfr'' 

Ub'lJi[wtl- qnurnLJ wilpwLfr pw9w/jwJnLfljwL '1-h"lllnLJ l[hfr.1!_ phpi[w/J; 

pnlnp pwLwd.HpnLJ Ufhur1 t f!L'fntLb/ F:=O, F ~ =0) 

~no 

}Jh11 <wuri[wl11'tihpfr wilpnLPJw'ti <wzi[wplj'ti f!U"' iw1'tiwfjw'ti nuf/r f!L'l-<w

'tintp '1-hU/.l!n~J fjwurwpi[ntil t pw'tiwJ.li.hpni[, npn'til! <wJw'tiJw'ti hL uni[n

pwfjw'ti hpfjwpphurn'tifr <wJwp qpi[wl pw'tiwJ.li.hpfrL1 SwpphpntPJnL'iif! 

1rpw'iinLJ t, np Q -fr JhlnLPJnL'iif! npnzhifru Aqi[wl qnurmJ urh'lw'l-l'il.wl 
" 1iwfuwiwpt[w~ wilpw'tifr "Afrqf!' Q'oF, '1-frurl[nLJ t npUfhu ub'lJn'l hp/jw1'tiw-

/jw'ti nL<ft bj'tihini[ 'lf'w'tifr9 Q" iw1LwljwL null! npnzl[nLU t LntJ'ti pw

Lwd.li.:ni[, "fr'tit .np wpurwljh'tiurpn'ti ub'lJJwL '1-hUf/lntil ti 
b.wfu"'.Lwr1:wtl- iw j'hw'tw'il 

-!J.wJ 'Ln rwttfrtl- 111h1111111r1-wt! 

hr'J.w1'ilw'J.w'il w.!,pw'ilfr wn'J.w

jnL[il1w'il 'lhUf.pnLJ Ufhm.p t" 
f.wzi/_/r wn'ilbl wl'l wJpw'h

lihrfr 11frJw11rnL[iJJnL'il'ilhrl!' 

~R ..... F,.... &. 

.IR . .... F,.psincx, ('il!f. 8.12), 
\.~. 8.12. dhbrfi u~Hwli liwJuwtwrilwb bn.iln11 

.nrurh'l. F, .... &. :F,. p-'il f.wJ'w-
mwrrfi pbf 6wmil.wbfnuI' lirw wdrntpJDtli(! 

·"lwurwufr.w'ilw,pwr J'h!J. f.wur- pum tWJliw~•li nulfi &mzilwr~bt]iu 
4,wtl--.enLJ 'lur'ili/_ntt iwri/_wtl--

.ua'ilmpfr &. ftnrw'lfrtl-- urh'lw'lri/_wtl-- hp'Lw1'ilw'tw'il wJ'rw'ilfr f.wuri/_wtl--.p'ilhrfr 

.J.w'J.hpLu'illir'il h'il, 

cx,-'ii Jilli.p f.wuri/_wtl--.efr &. 'tnrw'lfrtl-- hr'tw1'ilw'tw'il wJ'rw'ilfr f.wur

Jw'il ·.'LhurnLJ' Wl'f wJ'rw'iifr';, urwrwtl-- znzwfn'lfr ltw'l.JwJ 

w'ilft1nL'j,'j, t.- urwrrfr hrlt1111'ilwltw'il Ulnw'ils.e/r f.burt 

U.1'ti 'lhUf/lnLJ, hpp U1Ulf'f'I! tnt'tifr 'tiwfuwiwpi[wl iw1'tiwfjw'ti ljwJ lfn

pwqfr~ urh'l"''ll'ilw~ bp/jw1'tiwfjwL wilpw'ti, <wzi[wp/jw1frL pw'tiwd.li.hpf! 

.J.'tintil li'ti -Afrzur 'tintJL/!, fr'tit np uni[npwljw'ti hpfjwppburn'tifr '1/;U/.l!nw: 

l.w21f.wp:lfli J!UUI ltnn11. dndhG111Ja: ll'h11 <wurtf wtl-p'tihp'ti l!uur ~nn1z 

.JnJb'tiurfr f:wztfwpljhtfru' f!'ti'l~w'tintp '1-bU/.11ntJ, uwpi[wtl- wilpw'tifr 'l-frJw

''1f'nLPJw'ti <bur Jhljurb'l 'tiwli. Ufbur11 t <wzi[fr wn'tihl 'tiwfuwiwpi[w~ wil-

;p w'tifr 'lfrJ Wfl[rni:'fl 1ni.Lf!• ··wz.:Juwurn'l nL'l'l"''lfrtl

Juwurn11. fjnpwqfr~ wilpwLfr'til!' ER .. F,.pz,.p 

~R .• F, .... z, ..... :{Lft. 8-13}: 

wilpw'tifr'til!' R.F,zt' wz

U. [WJ'iiwfjwL wi/pw'tifr'til!' 



\,~. 8.13. dhbr~ u)ubdw& &mluw1mri[wb bnil_n'l 

mwrr~ pbf liwutil_wbfntd' &rm wJrntpJnLli~ 

euut bnn'l JnJbGm}a liml'lmr~bwu 

1 8.8. U.flSU.1'b'1sfln'1 Ub'UN.n'l.. SU.flflbflJi 

U.U'flnfl.fit'6U. '1 l.UCN.Ufl1'1! 

liwfuw[wpif.wd- wpurw4b11urpn11 uh'lJif.n'l urwpphpf! · 1l"lwurw4w-:wp

Jwp h11, hpp urwppfr 4.Jrw nt<I[! 9npd-ntJ ~ Jht} wpurw4h11urpn11ntfJiwJp 

· 4wJ urwpp11 nt11Jr Jbt} 'qin1lntPJnt1l1 <Pnpp wpurw4h11urpnfinLPJurJp uh'lJ

if.n'I. fiw/uwlwl'if.wd- urwpphp 1lwfuw9d-if.ntJ hL -:wqif.w11h"1t 

1. SUl'rlt 't'l'lf116"111f11" tlfloU"&AJt" "Ol'U'W. 
Dl'-'l,.'l,.U."lf50Jo." l,US'lUlNl 

U111-:Jw1lwJfr1I if.Jr'w4ntJ 'fr9hpfr IU'l'1Jw11 ufuh.Jw11 nL'f.'f.w114JnL11 

x -:wurif.wrJpfr urwppfr -:wJwp, hpp pwif.wpwpif.wrJ t h= S~S R UfWJ-
0 

Jw11[!, phpif.wd- t 114. 8.14-ntJi flt'l.'l.wfi4Jnt11 -:wurif.wd-11/r urwppfr -:wJwp 

wJpntPJw11 UfWJJw11f! 4Lfr11fr' 

(8.59) 

. (8.60} 
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"~· 8.14. d~qbr~ u)ubJw& eum wnwr~r. ¥"If~ wrmw~b&utrnr. ub'ldiln'l &wJumiwriJ.wll< 
utwrr~ nul.'1wr.~J°'& &nrdw1 6wmi[wHntd eum wdrnq•Jwli 6wzi[wr~btJiu 

l/wurwphlnif. 11ntJfi 1lzw1lw4ntJ11bpf!1 fr11l np d-n1/.n'l urWcpphpfr 11h"1-

pntJ tp, if.hp[! _phpif.wd- pw11wd.li.hpf! 4wphlfr t 9phl WJUUfhu' 

Ne~ M..,r bh:+R ... . F~(h0-aJ +a.F:(h0 +a;). (8.61) 

N=;R..,"bh0 +R •.• F~+a.F; - R..,F .. -R .. F/ (8.62} 

flhn1lif.wd-p/r 4wp,wurli. Ii. hp4wpwurli. wq'1b9ntPJwfi '1b"fpntJ bp~WJ-
11wqw11 d-nJw11 -:wkif.wn.nii.J[! wpurw4b11urpn11 uh'lJif.n'l 11wfuwzwpif.w" 

'4nt11 urwpphpf! -:wzif.wpqh1.fru 4wurwpif.ntJ t 'frzur 11nLJ11 d.li.m/. nL pw-

11wali.hpnif., fr11l np unif.nl''!-14w11 hp4wpphurn1lfr 11hUfpnw t, hflli 11wfuw

lWf'if.wd- wJpw1lf! Ii. phurn11[! zw'l.4w"lif.wd- b1lt 

u.,11 'lhUfpntJ, hpp 11wfuwlwpif.wd- wJpw11fr IL pburnfi/r Jfit.li. zw'l.-

4w"fntJf! pw9w4wJnW t ( d.9ntJf! 4wurwpif.ntJ t pburn11Jr 4..Jrw "- tfin'l.w4-

LhpntJ zw'l.wfu lfr 11bpwp4if.wd-), Ii. 11wfuwlwpif.wd- wJpw11f! 4wpn'f. t urb

'l.wzwpJif.hl urwppfr Lwi11w4w11 -:wurif.wd-pnw, '4ntfi urwpphpfr wJpnt

PJw11 -:wz4_wp4f! 4wurwphlfru WJ'f -:w1l9wJw1lpf! "lhur11 t -:wzif./r wn11hlt 

I 8.9. U.flSU.1'b'1Sfln'1 aq.11.n'l.. SU.flflbf'l• utrrn~u...,. 
l,U.(N.lJ.(l1'1! 

lJ.purw4h11urpnfi d.9Jw1I wzfuwurn'I. urwpphpfi 11wfuwlwpnWf! Jfrw11-

9wJwJ~ 1l"lwurw4w-:wpJwp t d.9n'f. nt<l/r Ph' i/inl!l' Ii. fJh' JU wpurw-

qhfiurpn11ntPJnt1111hpfr 11hUfpntJt . 

18 br\wppbmnt'.b ~n&amrn•\g~mU.r 



Juw[wpt/_wJ hpf(w{Jp.hum'i.ih f(n'i.iumpntf(9fow'i.ihpfo LwJuwqJJw'i.i nt f(fopwn

.Jw'i.i ifinptlf! 9ntj9 t m1[hl, np hl'i.ihlnt/_ &wpwlfwJnLLnt/JJw'i.i U(WJJwLfo9, 
unt/_npwp.wp U(Wt;wL2t/_ntJ t mwppfo nL wJpw'i.ifo wt/_htfo JbJ t;wmt/_wJp, 

pwptlp JwplfwJfo phmn'i.i, pw'i.i f(pn'l_nt'i.iwf(nt{Jjw'i.i U. '1-M/rnpJw9fowLbpfo 

U(WJJwLl!' 2.hmuwp.wp, f(pn'l_n,Lwf(ntfJJw'i.i /,_ 'J-h!finpJw9fowLbpfo t;wzt[_wp

'11! Jfaim i_L np lfwpnq t WU(Wt;nt/_hl f(n'i.iumpntf(9fow1fo C.wpwqwJnt'i.im

f/JnLL[!• 
lfwu'i.iwt/_np 'J-h"{phpntJ U(Wt;wL2t/_ntJ t f(wmwphl &wphpfo wnw2w9-

Jw'i.i t;wzt/_wpf( 'i.iw/,_ unt/_npwf(w'i.i hpf(w{Jp.hmn'i.ih qn'i.iumpntf(9fowLhpfo t;w

.Jwp { opfo'i.iwf(, .<;fo'J-pnmhfu'i.ifof(wf(w'i.i f(wnnt9t/_wJpLhpfo npnz mwpphpfo 

,;;wJwp) f(wJ npnzhL &wp wnw2w9Lnq &foqfo JhJntfJJnLLf!, np'i.i wLt;pw

JLzm t WJ'J- f(n'i.iumpntf(9fowLhpL f!UU1 'J-M/mpJw9fiwLhpfo t;wzt/_wplfhlfou: 

uzt/_wJ '1-h"{phpntJ t;wzt/_wplff! f(wmwpt/_ntJ t LnLJL uqqp.nt'i.ipnt/_, foLi_ np 

1'wfuwlwf't/_wJ f(n'i.iumpntf(9fowLbpfoLL t, '1-fimblnt/_ unt/_npwf(w'i.i hpqwfl

pbmn'i.il! npU(hu Lwfuwlwpt/_wJ bpf(w{Jp.hmn'i.ifo Jwu'i.iwt/_np '1-bU(p' hpp. 

liw/u'i.iwf(wL uhqJnq &foqf! t;wt/_wuwp t wn1fo: 

dwphpfo wnw2w9Jw'i.i t;wzt[_wpf( lfwmwpt/_ntJ t mwppfo pn[np t/_mwL

qwt/_np LnpJwl /,_ /Up t;wmt/_wJp'i.ihpfo tlqt/_wJ qnmnt t;wJwp, fo'i.ii_U(hu 

_mpmwpfoL phn'i.it/_wJpLbpfo, ufj'i.i"{hu tL LwJuLwf(w'i.i ubqJnq &foqfo wq-

4b9ntfJJnt'i.ifo91 a/,hp2fo'i.iu Ul.f'l- 'J-h"{pntJ 'J-fomt/_mJ t npU(hu wpmwpfoL hp

lfw1Lw4wL ub,,_Jnq nul-1 

Uw.fphpntJ JuwpfoufuLhp i_ntLh9n'l_ [Wpt/_wJ wJpw'i.int/_ mwppbpfo 'J-bU(

/!nLJ U(Wf1U1W'J-fol' t f(wmwpbl t;wzt[_wpf( f!UU1 &wphpfo wnw2w9Jw'i.i lt· , 

qnmm bpf(wpnt{Jjnt'i.imJ qm'i.it/_nq LnpJwl /,_ {Jbp t;wmt/_wJp'i.ihpfo t;wJwp: 

lwzt/_wplf.f! f(wmwphlfou "lhmp t Lf(wmfo ntLh'i.iwl WJ'J- t;wmt/_wJpLhpfo 

phmnLfo ni_ ll'Pi/. uh11_1ft[_wJ tfoLhll! t,_ wJpwLfo n, phmnLfo zw'l..lfw"IJwL 

t;Lwpwt/_np fuwfumntJ{! LwfuwlwpJwL wf(L{JwpfJw1foL t;w'l..nf''l-Jw'i.i 'J-hU(

/!nLJt {wpntJ'i.ibpfo t;wqnp'J-Jw'i.i qnmntJ [tUpJw'i.i JhJntfJJw'i.i t/in.Pn/unt

fJJnLL[! wJpw'i.in,J /,_ pbmnLnLJ t[_hp9t/_ntJ t [!UU1 § 8 .3.9-fo 9nt9ntJ'i.ihpp1 

f!um &wphpfo wnw2w9Jw'i.i t;wzt/_wplfhlfou phmn'i.ifo tlqJwL t;wz t/_wp

lfw1foL ·'1foJw'J-pnt{JjntL[! [!L'J-nt'i.it/_ntJ t Rd 11 : 

IJ.Jpw'i.ifo LwfuwlwpJw'i.i ao JhJnL{JJnt'i.if! t;bmwqw t;wz t[_wplfw1foL 

pwLwtluhpntJ "lhmp t pw'l.Jw"lwmlfhl wJpwLfo Lwfo1Lwf(wL tlqJwL &zmnt

fJ1wL m , <1 qnpJwlf.9nt/_ (mb'u § 8.4 .2): 

l/n'i.iumpntf(9pw'i.ihpp & wpwf(w Jnt'i.int{J JWL Lf(wmJ wJ p w nw2w'J-pt/_n'l_ 

·"lwt;wL2Lhpfo /,_ f!UU1 &wphpfo wnw2w9Jw'i.i t;wzt[_wplfhlfou t;wzt[_fo wn'i.it/_nq 

phnLt/_wJ.pLhpfo JwufoL mh' u § 2.7.5-n,Ji 
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§ 9.2. llb\JSflO\JU.'-IU. \, 2q.'ln'l SU.flflbfl~ bfl'-IU.'3\JU.'-IU. \, 
U.fHJ. \J5-R~\, \JOflU'U.l ~U.S'lU.lr-R\Jbfl~ ~U.(}'lU.flllf! 

l/h'i.impn'i.iwf(w'i.i J.qJw'i.i wzfuwmnq Lwfuwlwpt/_wJ (lfb'i.impn'i.iw4w1i 

uh,,_Jt[_wJ} hpqw{Jphmn'i.ih mwpphpf! [!Um &w.phpfo wnw2w9JwL t;wzt/_wp

lfhtfiu ht'i.in,J hL WJL U(tUJJwLfi9, np tlqn'l_ N ntJ{! U(hmp t tfo'i.ip tfin.pp 

{f(wJ t;wt[_wuwp} WJL N
0 

6.ftqfo9 , np'i.i pp t/_pw f(wpn'l_ t [!'i.i'J-nt'i.ihl mwppp 

hpqw1Lwf(w'i.i wnw'i.i9.pp'i.i LnpJwl t;wmt/_wJ/ll! &w.p wnw2w'i.iwln' U(Wt;pL' 

N~N,: (9.1) 

l/b'i.impn'i.iwf(w'i.i tlqt/_n'l_ wwppp lwJ'i.iwf(w'i.i t;wwt/_wJ11fo 'J-pJw'J-pntfJJnL

U[! [!L'J-'1-bJ &wphpfo wnw2w9Jw'f., pw'l_qw9wJ t• 

w) Phwn'i.ifo 'J-foJw'J-lmLfJJnt'i.ip9' Rd 11 f, npwhq F-{! phwn'i.ip t;ww

t/_wJ11fo Jwf(hphu'i.i t (b{Jh lwpt/_wJ /,_ uwpt/_wJ bplfw1Lwf[w'i.i wJpw'i.ifo t;wm

t/_wJ11fo Jwf(hphul! JU i_t wJpn'l_p_ t;wwt/_wJ.pp Jwf(hphup 3 % -fo9, WU(W 

fJnLJ[WLn['t/_ntJ t phmn'i.ip t;wmt/_wJ11p Jwf[hphul! l!L'fnL'i.ihl wJpn'l_l_ t;wm-

4_wJ11fo Jwf(hphup'i.i t;wt[_wuwp}1 

p) {wpt/_wJ /,_ uwpt/_wJ wJpw'i.iLhpp 'J-pJw'J-pntflJnt'i.ip91 

IJ.JL "lwt; foL, bpp phwn'i.in,J uhqJn'l_ lwpntJ'i.ihpf! , wpww.pp'i.i bplfw1-

uwf(w'i.i tlqn'l_ nu/fa w'l'J-hsn'fJJwL Lhp12n Lt/_w'lblniJ., t;wu'i.in,J hL 0-fo, Lw

fuwlwpt/_wJ wJpwLfo lwl'n'Jl! 4LfoLfo a0, t;wz t[_fo wnwJ f[npntuw'i.ihpf! : 

l:wt;wqnpJJw'i.i .pn,lfo t;wJwp t;wzt/_wplfhlfou UIJ'f [WpntJ{! 4LfoLfi' 0"02 = 

=ao-a 1 Phmn'i.ifo f(Jf(JwL /,_ un'l../!P t;bmuw'i.ipnt/_ WJ'J- LntJ'i.i "lwt;pL 
~ 

llwpt/_wJ wJpwLn,J f[LfiLb'i,, a. ub'l_Jn'l_ lwpntJ'i.ihp, npn'i.i9 JbJnt{JJnLL[! 

pL'J-nt'i.it/_ntJ t t;wt[_wuwp phmn'i.ip f(Jf[Jw'i.i /,_ un'l..11/i t;bwuwL11nt/_ [wpt/_wJ 

_mupw'i.intJ wnw2 hlfn'l.. a6+as+ ag [wpJw'i.i qnpnwm'i.ihpp'i.ii 

fJpp bplfw1Lwf[w'i.i tlqn'l_ ntJp W'l'J-h9nt{Jjw'i.i Lhp.pn phwn'i.intJ [WpntJ[! 

w-G.h[nt/_ 0-fos t;wu'i.intJ t Rd I JhJnt{JjwL, tUU(tU [Ul['t/_wJ /,_ uwpt/_wJ 

uiJpwLLbpfo t/_hpf! phpt/_wJ lwpn,J'i.ihpf! w-G.n,J hL L\a1 =~u ... =2nRdll 

i_w.Pnt/_ (wb'u 8.4.1)1 
2.hmuwpwp , phmn'i.intJ Sw11 wnw2w'i.iwln' "{wt;fo'i,, lwpt/_wJ wJpwLfr 

£fo'l-l! 4 Lfi'i.i fo' 

(2nR 1 -a.., )F., ' 
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· llwpfr wnwzw9Jwfil! fiwfunp'l.ntl "'"'""f, urwppfr <11.1zif.11.1plt11.1J/rfi ufub
JwL 9n1.J9 (urpi/_11.1d Lit• 9.1-ni.Jt 

U.1u"lfruni/_, lt11.1pblfr t qpbl, np 

"It· 9.1'. nJiqhrfi ufulniwt 1fbtmro&w1fui& li'liln'l &uifuwiwri{w~ mwrrfi &ordwt 
liwmi{wHoul 11um 6wfJi uinwtwgdw& liwzi{wr1fbt.liu 

Uni[np11.1pwp a.>2nR m , <hurkwp11.1p, uwpi/_11.1d 11.1JpwLI! °'"'r 
wnw1wfiwln'- "l"'</rfi qmfiif.ni.J t ub'lJif.wd if.fr'wltni.J b. frp 1'bppfrL Aqnur 

t pburnLfrL ni. UfU1itwub9Ln1.J ur11.1ppfr °'"'1!11.1ltw1ni.Ln1.P1n1.L(!, UIJL funu

pnif., "'J'l 11.1JpwLI! 'w1111.1lt11.1Jni.Ln1.P1wL 1nbuwltburfr9 p11.1911.1uwltwfl 'lbl' t: 
lj11.1ur11.1pn,J1 

(9.2) 11.1purw1'11.1Jurn1.PJnLL(! lj11.1pblfr t Ab.11.1ifinfubl b. qpbl <hurb.1wc 
urbupnif.' 

N" = Riu F + 2nRm F +·2nRrn F +-a~ - a F , 
' • • o.&1 --

1111.1Lfr np <JoF -a F =No, UIU[UI 
I. - !" 

(9.9p 

li11.1fu11.1L11.1l'if.wd ljnLuurpni.lj9ftwLbpfr p11.1pd.p °'11.1llwlf11.1Jni.flni.p1nL1'f!" 

-<hurlt11.1Lll t L11.1fuL11.1ljwL ub'lJn'l No nLJft wnl/11.1Jn1.P1wL1 

f 9.8. l18''lfl'l., U.flSU.llb'bSflfl'b Ub'l.1N.fl'l. W. U.flSU.llb'bSflfl'b 
2~11.fl'l. SU.flflbfl~ bfl'llU.6'1U.11U.'1 U.8'U.'18~~'1 'bflflJlU.l 

.tU.S'lU.lJ'~'bbfl~ .tU.01\UJlllf! 

'llnif.n'l, 11.1pur11.1ljbLurpnL ub'lJif.n'l b. wpurwljbLurpnL d.qif.n'l Lw/uw

l"'Pif.wd bplj11.1ppburnLh 1nwpp.bpfr LnpJ11.1l <11.1urif.11.1dpflbpfr <11.1zif.11.1p~(! f!Ulll' 

'lwllbpfr wn11.11w9JwL ljwur11.1pblfru blLntJ bL wJL U[U1JJwLfr9, np 'lfrur-
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{n'l 1'w1ni/_11.1dpfr9 .Jblt ltn'LJ q1nLif.n'l 11.1p1n11.1p/rfi pbnfli/_wd11fibpfr9 UJllUlf 

b"n'l JnJbLur/! 1 9wfllt11.1911.1d l!fiurpi/_wd wnwL9pfr LltwurJ11.1Jp, LfrL/r nt. 

wif.blfr °'wphp/r 11.1nw111.1,9J11.1Lfi wfiJfr111.1Ufbu 1'11.1/unp'fn'l "{UJ<frL <wJ11.1-

UfU11nwufumLn'l pnlnl' fibp11frL 'frqbpfr JnJbLurfr9' Ln1.1L wnwL9pfr Lltw1n

JwJp, w1ufrL11L' 

M~M.1 (9.4) 

/J.p1n11.1ltbLurpnL ub'lJif.11.1d b. wp1nwltbLurpnL Aqi/_11.1d urwpphpni.J 11.1p

mw11frL nufbpfr JnJbLlilf! f!1'¥1.Li/_n1.J f 

(9.5) 

.npUJb'l ea-fi hrltw1L11.11twL N ni.Jfr UJpUJw,i,hLurpnLn1.P1ni.LL t w1L UJnU1L9-

l!/r Lltw1nJ.11.1Jp, npfr Llt11.11nJ11.1Jp if_bp9i/_n1.J t LhnfrL 'frqbpfr 

JnJbfiUJf!I 

linpJwLbpf! funp<n'-{''l bL 1nwlfru '11.111hrfr wnw111.19J11.1L <w2if.11.1rlt 

.i,11.11n11.1rbLfru oq1nif.bl 

(9.6) 

"1UJJJ11.1Lfrs, npfr 'lb"l11n1.J wp1nwpfrL L. fibppfrL ni.Jbpfr JnJbLur(! 'twq_J

rJ.ni.J t d.qi/_wd qnurn1.9 wnwif.bl <hnnt q.urLif.n'l Jfrp_ni."wJpfl ljburni/. 11.1L.s

i.in'l /,. dnJwL 1'wppn,p1wfifl n'-'l'lw<w1w9 wnwL9pfr LljwurJw.Jp1 

'bzif.wd ur11.1ppbpfr <1.11J11.1p M" JbdntPJntLf! npnzbLfru blLni.J bL 

1'b1nb.iwl 'll'n'-JPLbpfrs· 
w) l.w1ni/_11.1dpfihpf! 'fb!pnpJw9frw1/rs 1'bmn JLni.J bL <wpp1 

p) PburnLfr h'lJ'wJ/rfl Aqif.wd pblfrljft 11.1JbLwJU <wp11.1pbpwlj11.1L 'lb-

2R~ II 
:f>npJw9frwL 1'wif.wuwp t -E-' ,. 

'I) Ub'lJif.wd qn1nm. phurnLfr lwpni.J1'bpf! npnzi/.ntJ bL · <wzi/.fr 11111..

~blnif. ph1nnLft nJ_ wnwd.qwlj11.1L 'fb!pnpJw9ftwLhpf!1 

'l) 9qif.wd qn1nnL pb1nnfln1.J q_wpqwflnLJ bL nJ_ 11.1nwd.qwljwfl 'lb

.!f>npJwsfrwLbp, L_ LnpJwl lwpn,JLbpft (°"{jnLp(! ljnpwqd'WJ/tfl (' . 1'wzif.wplj

fihp/t U[W{''l_bSJwL LU[wlnwljni/. w1L pnfuwpfrLi/_nLJ (' "'-'l'lwfllj1n1.L t"{
Jnipni/_, np1nb'l Llll['JwL Jbdni.P1ntLf! f!L'fnLfii/.nLJ t 1'11.1t[wuwp R~ u-1'1 

b) Oq1nif.n1.J bL pb1nnL/t lPPif. pbpi[11.1d <wurif.wdpft hp"f'"'l.wifi11.1lj11.1L 

_pfin1.pwqpbpfr91 
2'19 



1. M.- U'RU'b1JSI> U"btrRNt'60.1J RPRORNJ'I! 

bpftwfJphurn&b {wurif.w,)111! ,Pnfuwpfr&hlnif. pburn&fr phpif.w,) {wur-
4. UJ,) 11"'1.' 

b. WJfl '1/rurblnif. np"l.bu {wJwubn. wn.wd.'l:wftw& JwpJ&fr {wurif.wt).p, npp 

tfpw 'l:npt)nLJ b& M t)n.n'l JnJb&url! b. e •. , wpurwftb&urpnflnLfJJwJp ltfr

pwn.if.w,) No bpftwJ&wftw& nLJf! (&ft. 9.2 ), urif.JWL '1b"l.[1nLJ &wfu&wftwL 

"~· 9.2. n]iqhr]i ufubdwG. limfuwtwritwb mwrr]i 

pbril.wb 6.wmil.mbfn • .r 

ub'lJn'l -&fr'l:f!1 pburn&fr {bn.wif.np d.qif.w,} flbLfrltfr LwpmJI! ftwpblfr I; npn

zbL wn.wd.'l:wftwfi flJnLfJhpfr '1frJw'1pnLfJJwfl {wJurflfr pwfiwd.unif.' 

M ~ Noeo· t 
"l'·~-1-- Yv, - F I y,.,,_' (9.7) 

l',,I' l'"I' l'"I' 

f!&'JnL&bLnif., np "Aw.pbpfr w11.1Uy_w9Jw&I! w&Jfrt.wftw&npb& &wfunp'Jn'l 

"lw{/rfi (JI'· i = R ~ II, fruit M =M,o, (9.8} pwflwd.b.frg ftwpblfr I; qpb/ 

npurb'l 
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M,0 = R ~II ~+Ne0• 1 + N
0 

II',,; 
Yv, Fl',,I' Yi.t 

(9,8} 

Il',,1' W 
-= o-fl pbpif.w,} {wurif.w,}.pfr wn.wd.qwftw& 'lfrJw,,pmfJJwf# y, .• 

JnJb&ur& I;, urwppfr d.qif.w,) hwnif. w&9&11'l 0-0 
wn.w&911fr &ftwurJwJp. 

Wo 
Fl',,l' = fJ.o .f, pbpif.w,) {wurif.wt).pfr d.'lif.w,) 'l:nurnL9 wn.wif.bl {b-

n.nL qur&if.n'l Jfrt.nLftwJfr& ftburfr {bn.wif.npnLfJJmflL 

I; - °'J'I {wurif.w,}pfr t)wflpnLfJJw& ftb&urpn&fr91 

U.Ju"lfrumf., (9.8) wpurw{wJurmfJ JnLflf! ftwpblfr I; 'lf'bl {burb.J"'l urbu

.pni/.' 

(9.9) 

"~ · 9.3. n]iqhr]i ufubdwG. t. lwrnulG.br]i l;uun•re br~wppbumr.h mwrrbr]i G.nrdwl 
fiwm1lwb11nu1', wrmwf)iG. pbRliil.wH]ig llqil.wb qnm)ili eum liwfbr)i WllWfWg.JwG. 

6.wzitwr~btJiu. 

w- 6n.nLJ 1 p- wpurwftbLurpnfl ub'lJnLJ 1 'I- wpurwf[bflmpnL A'f"LJ 1 

1- Jf>tn•ftw1f>L ftbur, 2- pbpi[w6 <wuri[w6~fr 6wflpn<P1wfl f[bflmprrfl 

fifli."l.bu if.bpb.nLJ wui/_b9, -&w11bpfr wn.wy_w9Jwfl {wzif.wpft ftwurw

pblfru d.'l:if.w~ qnurnL pburnfl/r lwf'nLJflbpfr /;"l.JnLpf! /!1''1nL1'if.nLJ I; nL'l'lwfl

lunLfl, fruft ub'l.Jif.w,} qnmnLfl[!' ftnpwqfrrl , w1ufrflpfl flftwmfr I; wn.flif.nLJ WJ'J 

qnur{rflhpfr phmnflfr ni. witwd.'l:wftw& '1b!/JnpJw9frw&bpf! (11ft. 9.3 )1 U.J'I 

{wflqwJwfl11! {wzif./r wn.flhlnL {wJwp Wo wn.wd.qwftw& '1frJw'1f'mfJ1wfl 

JnJbflurl! ,Pnfuwpfr11if.nLJ I; pbpif.w,} {wuri/_wrl.p/r wn.wd.qw·"l.Lwuurfrftw

ftwfl W 4" '1frJUJ'1f'nLfJJ1Ufl J tr,J/;flurnif., Jruft f .t.O .i,' Jfry_nLftWJ/rfl ftbmfr f"I 

"l."'JJwflwftwfl .t;bn.wl[_npnLfJJwJp, npfr9 .t;bmn (9.9) wpurw.\UJJtnnLfJJnLfif! 

[!fl'JnLfinLJ /; .\bmUJIU[ mbU[!f!' 

(9.10) 

(9.10) pwflwd.b.nLJ No ( e o· l +r.., )-1' LWf'if.wr!- b. uwpif.wr!- wJpw&&bpfr 

-tlfrqbpfr No {wuwqnpfr JnJbflmfl I; l'lif.w,) 'l:nmnL9 wn.wif.bl {bn.nL 'lf!ln • 

&eif.n'l. Jfry_nLftwJfr& ftburnif. w&9&n'l., t)n.Jwfl ~wpfJnLfJJwflfl nL'[_'[_1U{w1w9 

wn.w&911/r &ftwmJwJp b. &zw&wftif.nLJ I; M:,.,' {bmb.wpwp , (9.10) -/r 

pnfuwpb& ftwpbLfr I; qpbl' 

(9.11) 
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(9.11) pwfiwd.b.mJ «JfrfinLU» lizwfip pfi'lmfii/_nLJ _ t LUJfi 'lhu(pnLJ, 

hpp M ~I' I.. M: .. , JnJhLmUpfr Lll'l.'IJwL nur.'l.nLPJnLfi'ilhpp ~wJpliftfimJ 
hfit 

U.Ju"lfruni/_ (9.6} UfLUJJ wfip ftqp"-fr ~bmb.Jwl fthpUf (1'~. 9.3 }• 
6n.i/_n'l. mwpphpfr 'lh"fpnLJ' 

wpmwfthLmpnL ub'lJi/..n'l mwppbpfr 'lbUfpmJ' 

M~l'=N(e0 -r.,), M:,,=N0(e.,,+r., ). N(e0-r., )s;RmW.+ 

+ No(eo·t +r"' ), 
wpmwftbLmpnfi d.qi/_n'l mwpphpfr 'lhUfpntJ' 

M~"=N(e0+r., ), M:,,=N0(e •. ,-r"), N(e0 +r" }.~ 
~ Rl11 W,+N 0(e 0 •1 -r.,)1 

(9.19) 

(9.14) 

$ wppfr zw~wqnp6J wfi pnLLfrfi ~wJ LUUf LUmwu /vwfin'I.: pbn.·fii/_w6pfihpfi 
w'l.'1h9nLPJmLfr9 ~wzqwpfthifiu, i/_hpp pbpi/_w6 pnfnp pwLwd.4hf'nLJ No 
f!L'l~wfipw94_w6 lizwliwftmJp Ufhmp { ,Pnfvwpfilibl N02-ni[, Jruft mh'l.w

,PnfvJwfi ftwJ Jnfimwtlfr pfipw9pmJ wn.wr. hftn'l phnfii/_w~pfihpfis ~wz-· 
i/_wpfthlfiu' No1-ni/_1 

'liwfvLwftwfi ub'lJn'l nLtl/i w'l.'1b9ntPJnLfi{r9 ~wmi/_w6pfr J.q4w6 qn

mfili pum -&wphpfi wnwr.w9Jwfi ~wzqwpftbifiu, (9.11} ·pwfiwd.b.nLJ M" ... ., 

~82 

l.q. 9.4. n)tqbrlt utubuwG. I. [Wrnuflibrlt ~Uf
JDtr(' hrqwppbmnG.b mwrr)t lwJliwqwli liwm

iJ.wM1uu, liwluliwqwli nb'lun'l nuJ~ wiqqb!Jnt
PJDtliJts liqi{w~ qnmltli eum 6wfhrlt WllWfWg-

uwli Jiwzi{wrqh1Jrn. 
1- phpqw6 ~w1nqwt)11Jr 6wfJpnifl1wL fthfJ1npnfJ, 

2- Jfrtntftw1JrL fthur 

"I limp { qhp9fibl (lift. 9.4 )' 

(9.15) 

phmn'hh mwrrbre t:.w2_1/_wr

i,_bifiu, ifhre pbpifw6 P"Lnr 

pwbwd.f..frpnLJ' "fhm,e t f!b-

11nLbbi' N0 = 01 

U'fr!__nLftw1Jr'h ftbmfr f'f: 

t:.hnwifnpnLfiJJnLbf! npn2if.nur 

t t:.bmf..1,.,L IJ.hr"I· 

111pmwlJ.h'hmpnb uh'l.J'-

r.,=0,8 Wo • 
Fl',I' 

w, 
r" = __ F_+_2_n_(_F_+_F_' +·-F-.-+-F-' ) 

I L • 

(9.18) 

(9.17) 

(9.18) 

uni/_npwftwL hpftwppbmnfih 6ni/_n'I. mwpphpfi, frLi."lhu b. wJL wpmw-

"hfimpnfi d.tp/_n'l mwppbpfi ~wJwp, npnL9 'lh"fpnLJ l.P pwi/_wpwpi/_wl 

(9.17) UfLUJJwfip' 

Wo 
r"=r1 .• =-F--, 

,..I' 

2. W, l).J>U'U.l).PRl>lt"6U.'il U'RU'l:'i.81> RPRCRNJ'I! 

(9.19) 

flhpi/_w6 ~wm,i/_w6pfiW« 'lfiJw'lpnLPJwfi JnJbfim/r JUnLPJnLLf! b'l.

f'LUJ/ifi d.114_w6 Phlfrftfi ~wJwp, ~wz"-fr wnw6 d.114_w6 phmnLfi ni. wnwd.-

11wftwL '1h!fmpJw9fiwlihpp, npnzi/_nLJ t ~hmb.Jwl pwLwd.b.ni/_. 

2{11'-0 + n(I,. 0 +I • . 0 +1;.
0 

+ l •. 0 ) ] S w, = + ,..l • 
h-x 

(9.20) 

.npmh'l I -L ub'lJi/_w6 11nmnL phmnLfi ~wmqw6pfr Jwfthphufi frLhp-
l'·o 

9frw1fr JnJhLmL t wn1wftwL 116/r LftwmJwJp, 

I. , r , r -it t:,,.,J',.,"lwmwufuw'hwpwr u., 1l ' u: £.. U.' wJpwLLh-
·o 1·.e • .. o l • 1 • 

pfr ~wmi/_w6pfihpfi JwftbphuLbpfi fiLhp9frwJ/i JnJbLmLhpL 

hL wnJUlftwL 116/r LftwmJwJp, 

S -L d.114_w6 11nmnL phmnLfr ~wmi/_w6pfr Jwfthpbufr umwmfiftw
,..~ 

-ftwL JnJbLmL t · wn1wftwL q6fr LftwmJwJpi 

1.wmi/_w6pfi 'l.f'DJlllftwfi q6fr 'IPl'P/! npnzi/_nLJ t ~hmb.Jwl pwLwd.b.ni/_. 

h-x 
S,..0 + n( S~.4 +s:.

0 
-S, . • -S • . 

0 
) = -

2
- F,..l • (9.21) 
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I 

2. /./Ju;{fl, n(1/1 UWf.[I 9-""'Zt/mJ t 
ut'lJ'/...u& 9n""n"I 

· l/lu11{f1. np,h uwL{' q.V1.l11/mJ f 
J'f-flUd g.nV>nu/" 
c.u) lipp fi., :G ~ 2 w"ltftUtju It., : /, hwpw• 

p/;f1nL~JnL'Lfr.!I 
p) t17p G., o > 2 ~ hu : h ~ fJ. 2 
9-) u17p I., : t ' 2 Ii h., : h < tJ, 2 

5, lli uj1J/JV1/1/if 
1 

/ip9U7UJt/f1, t'1f1[1 f'UlfUI• 

/'"-'f""LJ t g., : Gs. J "'l~./Jc.uM"ll 

""')'lil'f! G., · $ ~ 2 ~ul'u/u h .. :h hw-

2 

1,75 
l75 
t,5 

1,75 

1.5 
1,5 
t.25 
I. t 

·' ~Ulf'U(lnLp-.Jm'U/t!f { 75 
Pt Uf1f' 2 < G., : 8 ~ 5 w'/,fttu/u h., ·}, 

h1AJ11c.upupn1.RJm~/t~ . I 5 
'!-) C17p Gu : I> 6 '4 /,., : h > tJ. I i, 5 

·J 

~~&~ 

6. 
I 

0. u/ufliV1f'PY li('yV?u.11/f! I nrf! 
pc.u{l.Uf11.Uf1nt.u t 3 < g~ :G < 8 

Ufr,u.JJl.VV),"!J 
w) ff[1f! b,; .·fl~ 4 wlt~t-U/u hu: h hUJ-

/l /Ai f!_tf' n L j'3-.JI' d~/lfj 
f} o/1p bu :_d >4 /i h., :/, ~t?2 
q.} /;pp Ou: G >4 t hu :/, < tJ, 2 

2 3 

1,5 
!, 5 
!,25 

npmb'l S,. . • -L ub'lJqwh qnmnL pbmnbfr t:wmi/_whp/r Jw4bpbu{r 

umwmfr4w4wL JnJbLmL t wnJw4wL qhfr t4wm-

JwJp, 

s 1 s 1 S' IS' .i, f.wJU1"f.UIIDU1Ufr1witu'flUlr 11. 1 11. 1 u: /,_ 11.' 
l · O • ·o ·l · O "' ·o t ,,. , • 

wJpwLLbpjr .\wmi/_whpbbpfr Jw4bpbuLbpfr umw-

mfo4w4wL JnJbLmLbpL bL q_pnJw4wL q.h/r L4wm

JwJp, 

F,..~ -b A.q.i/_wh q.nmnL pbmnL/r .\wmi/_whp/r Jw4bpbub ti 
W,; wnwA.q.w-uuwumfr4w4wL 11frJw11pnLPJwb JnJbLm/r JbhntPJntL[! 

wnwb9 q_q.wlfr ufr1wlfr 4wpbLfr t npnlbl Lwl.i Wo wnwA.q.w4wL 11frJw'fpn1-

PJwL JnJbLmfr Jfr1n9nq. 

(9.22) 

y q.n{'hw4s/r w!'Jbpbbpf! (1,1. •• 1,75 ), 4wfr1i/_wh t;wmi/_whpfr A.l.ifr9 Li 1._W

<fibpfr t;wpwpbpn1PJntbfr9, pbpqwh bf. W'l• 9.1-nLJ: 

§ 9.4. SU.flflfl bflliU.8\JU.liU. 'b U.fl-U. \.8-RM.1 fil'b-R 
~u.s~u.u-R\Jbflfl ~u.~~u.r11e 

Swppfr b!'4wJLw4wL wnwL9.p/r L4wmJwJp flbp &wpbp bf, wnw-

1wbn1J W['mwpfrb pbnLqwhpbb!'/r Li Lwfr1Lw4wL ub'l.Jn'l nul/r t:wJwmb'l 
28i> 



W'l._'1-b9n1.PJn.1ifr9 phurnfmul wn.wt hltn'l 'IL/uwi[np dp'l lwpnr.Jfibpft {b-

111/.r.wfi.pni/..1 

ll'b.p &w.pbpfr wn.w~w9Jwfi {w24._wpltf!i {wJwd.wJL 11np~n'l fittpJw

Lbpfr, ltwurwpi[nr.J t blflhJ.n.J.. <hurl.r.Jwl "{WJJwflflhpJts• 

hpp a.,.w :::::;m1R..,l'.u 

npurb'l m1 Lr. m2-{! ,Pnptlbpfr9 uurw9i[w~ 11np~wltfr9Lbp bL, ltwfui[w~ pb

urnLfr urbuwltfrs Lr. Jwpltw1Jr9 ( urb' u w'l• 9.2 )1 

U 'l J n t u w ft 9.2 

,},.,,,. 
lwftnmfthfi tswfiJntPhrnil. m1 m2 

400 '1. gw6p 200 '1. gw6p 0,5 2 

500 ·250 0,375 1,6 

600 .300 0,25 1,33 

·700 350 0,125 1,14 

800 400 0 1 

r/,hpf! phpi[w~ wpur.w<w1111n1.fJ1n1.LLbpn1.J a,." LW('nl.Jf! f!L'1-n1.fii[nul 

..(- pw9wpd.,'ult JUnr.fJ1wJp1 

(9.23) Lr. (9.24) ·UJWJJwfifibpft uurn1.11n1.JI! ltwurwpi[nr.J t pbpi[w' 

<wuri/..u.i~.pfr .~wfipn..PJ"'b ltbfiurpnfiJr, Jrfii."lbu Lr. 111wi/..pw1JrL nr. bplturw.J..-

·2s6 

pwJJrfi {wl!fi[w~.pflbpfr ub'lJi/..w~ uwlfr nr. ltn'lfr Jfrw9Jwfl Jwltwr'1-wlt
flhpn1.J1 

'1-Lfuwi[np t111n'l Lr. ub'lJn'l lwpnr.JflhpJr Jb~n1.fJ1nr.1'1'hpf! f!L'l-{wflnr.p 

,,_b.u111n1.J npnzi[nr.J bfl {burl.r.1wl pwflw.11.r.m/_• 

(9.25) 

npurb'l (Jx -{! finpJwl lwpnr.Jfi t pburnflnr.J, urwppfr bpltw1flwltwL 

wn.w1'9pfrL n1.'l'lw{w1wg {wuri/..w~pnr.J, wpurwpfrL pbn.-

fi[!i[w~pfrg Lr. LwfuLwltwfi ub'lJn'l No &Jr11fr9, 

<Jy-1! finpJwl lwpnr.Jfi (" phurnfinr.J, urwppft bpltw1fiwltwL 

wn.wflgp.Jrfi qn1.11w{bn. {wuri/..w~pnr.J' {bflwpwLw1Jrfl {w-

""''l..'1-n1.J•fibp.Jr, lthfiurpnfiwgi/..w~ nr.Jbpfr Lr. pwzfui/..w~ phn

L[!i[w~.pfr urb'lwltwfi "''l..'1-bgn1.fJ1n1.1'Jr9 1 Jrfii."lbu Lr. wfini.pfib

p/r nr. fJhpi/..w~ P,n'lbpfr LwfuLwltwfl L"'pJwfl &Jr11Jr9, 

;;xy-e znzwlfin'l LWf'nLJfibpfi bfi pb111nfin1.J' wpurwp.Jrfi phn.fii[wt!

.pfrs Lr. fJh.pi/..w~ d.n'lhpfr flwJuflwltwfl lwpJwfi &fr11Jr91 

CJ x 1 (J y• "t xy lwpnr.Jfibpf! npnzi/..nr.J bfi wn.wt111w~wfi L 1n1.flbpft '1-fr

Jw'1-f'n1.P 1wfi pwfiwJ..l.r.bpni/..1 blfiblni/.. phurnflJr pbpi/..w~ {wuri/..w~j}fr bp~

f'"' i.w,Pwltwfl pfinr.fJw11pbpfr91 

UfrwJw;Jwfiwlt ~n.i/..n'l Lr. nlnpi/..n'l urwppbpfr '1-b"fpnr.J 't xy lwpnr.Jf! 

i[bp9i[n1.J f ~n.n1.Jfr9 Lr. nlnpnr.JJr9 wnwt hltn'l uw{p/r lwpn1.Jfl'bjrfr 11nr.

JwpfrL {w4._wuwp1 f!Uur npnr.J 't ni npnzblfru "lbur.p t blfihv urwppfr wz
fuwmwfipfr "llwuurfrlt i[fr&wltfr9, w1ufrLpfi f!1''1-n1.Lbl 1 np &wp wnw1wflw

ln1. "l"'{/rfi WJ'l- lwpnr.Jflbpf! wJpn'lt {wuri/..w~pnr.J nr.Lbfl { ·wi[wuwp Jb

~n1.fJ1n1.fit fl1.'l'lwfilt1n1.L {wuri/..w~pfr ,,_b"f.pnr.J' 

6M. 
't - I 

Rf - b2(3h-b)' 
(9.26) 

npurb'l h Lr. b-L {wJw"lwurwufuwflwpwp {wuri/..w~pfr Jb~ l.r. ,Pnpp J.W• 

t/ihpfi bfit 

ax Lr. <J y lwpn1.Jfibpf! (9.25 )-nr.J 111b'l"''1-Pi/..n1.J bfl «·"fun r.u» 1'zw· 
Lni[, b{Jb fipwfip d.'l"'l bfi, Lr. «JfrLnr.uJ> 'bzwfini/..' bfJb ub'lJ"'l hfit 

'(Jw1phph1.J fuwpfrufuLbp i.n1.fib9n'l lwpi/..w~ w.Jpwfini/.. urwpphpfr LW· 

pnr.JLhpfr {w'l"P'l-Jwfl purnr. bp~wpnr.P1wfl uw{Jwflflbpnr.J {wzi/..wpltb

Lfru <Jo Lr. cr0' l"'pn1.Jfihpf! "{burp t i/..hp9Lbl f!Uur § 8.3.9-fr 9nr.9n1.JLhpfr1 
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SwuGli:pnpfl cun1)u 

bP~R~~bSR~b SRPPbP~ ~U1N.Ur~e eus 
f).b~RPU"116~U ~bP~ 

§ 10.1. e"b~tl \Jffl'fl Sb'l.b'll0Mi>·601'\J\,bfl 

bp¥wPpbuinfJb uiwppbpfr qb!/mpJwgJrwLbpJr npn2Jwfip <w,wfri 

vrptf.nLJ I; wnw1fiw¥wp9 fi2wfiw¥mP1nifJ1 '/ow pwgwuip1_nLJ I; fipwfin1_, 

np 2/rfiwpwpnLp JnLfinul l"'Jfi ¥JrpwnnLP JnLfi bfJ uuiwgbl <w1_wpn1.Jr hp
¥wppbuinfib ¥nfiuuipntl1.9Jrwfibp(!, npnfig U[UIU1pwumJwfJ <wJwp 09mw

·9np,J-1_nLJ bfJ <wJbJwuiwpwp pwp.lp wJpniJ11wfJ pbuinfJfihp b. U[n'lU[UJU1-

fihpt l.w1_wpn1_/r bp¥wPpbuinfJb ¥afJuuipnL¥gJrw'bhpJr q_wfi91_wt)l! pbpb-

1_wgfiblnr. Ii. pbuin&Jr ,J-wfriul! ¥r'wuibLnt fJ"lwurw¥n1_ <flwpwtf.npnLPJwfi 
1_wi/rn1_ ifrnpp.wg1_niJ hL fipwfig "'wui1_w,J-pfr iwifrbpp (<pJfiw¥wfJnLJ pb

uinfiJr Jwp¥w1Jr Ii. wJpwfiw1_npJwfJ uin¥nuJr Jb,J-wgJwfJ <w21_/rfi ), npp 

pbpnul I; ¥n2uini.fl1wfJ ifrnppwgJwfJ, <bmhwpwp, Ii. qh!pnpJwgfrwLbpj. 

uz'fr: Pwp.lpwJnLf' wJpwfifibpJr ¥/rpwnnLPJnLfi(! frp <hppfr& b.u pbpnul 

f qh!pnpJwgJrwfibpJr w'Jr, pwfiJr np WJ'f"lfruJr wJpwf.rfJbpfr lwpnull! zw

"'w9np,J-Jw'fl i/rntLnLJ pw1_w¥wfi/rfi JU I;, fru¥ uiwppfr qb!/mpJwgJrwfi Jn

'Lbpft, opJrfiw¥1 '¥.if.w,J-pfr "l"'IJwfJfJ /;t 

1'21_wt) h UIJL <wfi9wJwfJp1Jbpfr U[UIU1-C.wnn1_ ( opfr&wf Jfrwpnfrl.1 
rnwppbpfr ¥/rpwnntPJnLfJ(! <w1_wpn1.Jr bp4wppbmnfin~J) un1_npw¥wfl bp

¥wflphuinfJh uiwppbpfr <wui1_w,J-pfr iwifrbp(! Ii. hp¥w1fiw¥wfJ wJpwfJp l!fJur

pbLJru l_UJUJ qbU[pbpniJ npn2frll! nl pb wJpnLfJJwfi, WJl qb!pnpJwgJrw
'iihpJr, opJrfiw,¥, -C.¥.1_wtJ-pfr U[W 1JwfJfJ l;t 

Yn1_npw¥wfi bp¥wppbuinfinul iwifrfrg JU qb!pnpJwgJrwfibpfr wnw-

1w9nLJl! (JrLtU[hu Ii. 'wpbpJr JU pwg1_w,J-pf!) <w-C.wJri uuipU[nLJ I; wfi9-
Lbl fiwJriwLUJf't/_wtJ- bp4wppbmnLfr1 Uw¥w1L Lwfriwlwpl{_wt) bp4wflpbuinLb 

urwppbpfr ¥JrpwnnLPJnLfif! Jfr 2."'PI! qhU[pbpniJ. b.u uw<Jw1Jwifrw¥lf.nLJ I; 
Jbt) qb!pnpJwgJrwfibpfr wnw1w9JwfJ U[U1U1-C.wnnt/_1 

bp¥wPpbuinfJb uiwpphpfr uw<Jwfiw1Jrfi PntJLWuipblfr qqw,J-pfibpfr 

Jbbnif/JnLfifihpf! l!fJuipt[_wt) hfJ' hlfJblntf. uih/rifinln'lfrw¥wfi, ¥nfJuuipnL¥ui/ri/_ 

nL l;upbuifr¥w¥wf.r "1"'-'wfi11ihpfr9 Ii. pbp1_wt) bfJ "''lJnLuw¥ 10.1-nult 
zi¥tf_wt)pf.rbpfr uw<JwLw1JrL pnLJLWuipblfr Jb,J-nif/JnLLLhp'fl- l!~m urbJri-

1mln'lfrw¥wfJ U[w<wfit_fibpfr l!fJuipl[_wt) bfJ WJfi"lbu, np UJU[UJ<nq1.Jr bp
i[wppbuinfib ¥nfiuuipnt¥gJrwfibpJr t[pw uib'lw'fplf.w,J- uwppwqnpnulfibpfr 

2w<w9np,J-JwfJ finpJwl "l"'JJwfJfJbpf! 1 opfrLwf b1ipwJpwp.lfrlw1/rfi <b

tJwfJfJbpfr -C.¥tf_wt)pf! U[buip I; Lfr&fr U1Jfi"1/rufr1J, np 1.Jriwfi11:wrfr ¥wJP1w1/rL 
wJpwp.lfrlfr finpJwl wzfriwuiwfipf!t 
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U 'L J If LU UJ ~ 1Q.1 

1. b'i.p,..Jp,..l'Afri"'lfr'i. ;lt~,..'i.'i.lrl' 
,.. ) Altnefr ,..JP"'l'Afr1fr 'llt"le"'-J • • • • • • • 
p) tLlt't.url'w1t_w'i. ,..JP"'l'Afr1'i.ltl'fr 'llt"len...J 

2. tJ.ltl''i.111~111~1t_ltl'fr /,. '""l'P .,,,.,,;uurUl'l"o/ ~-~'t.ltl'fr 
ur•l'L'ltl' 

111) J<B J 
. . . . . . . . 

p) 6 J.c:;:l~7,ll J •••••••••• . . . . . . 
'I) 1>'1,5 J ••••••• 

3. 'in'lwofnp .,,,.,..uurlU'lnof 

UllU ,.,.,, l' 

w) t<IJ J 

l') IJ J~J;;:;_10 J 

'1) 1>10 J 

~-~'t.ltl' /,. ,..uurp,,..'i.'i.ltl'fr 

4. 'iwJuno[[r "l"'ur w1Jr'i. "lw'i.lrl'i.ltl' (frl'lt'i.9 

p 1n'i.frs 'l"'-l'u ;,;, 2o/"'l'1t.ltLfru) 

w)l<BJ 

p) 6J~J~'1,5J 

'I) J>'1,IJ J 

u,..;J,..'i.1UJfr';, pnLJLIU

"'J!.l'ltlfr '1t.of 111 ~e'i.1t,. 

t/500 
l /600 

l /200 
3 ,,J 

l/250 

l/200 
2,5 u.I 

l/400 

l/200 
3 ,,J 

l/250 

Pwp.1w¥fihp/r <wJwp uw<Jwfiw1/rfi pnLJL"'uipbLfr -C.~1_wt)pfibp/r .r~ 
,J-nlflJnLfifJbpf! qbpgif.nul bfJ bp¥nL wfJ9wJ w1_blfr, pwfi W'lJnLuw¥ 10.1-n 

pbpqw,J-fJbpfJ bfn 

zi ¥i/_w,J-pfr <w2.tf.wr¥t! ¥wuiwpqnul f;. 
UJ) lf 2.uiw¥wfi, bp¥wpwuih b. ~wp-C.wmh q.np,J-n'l pbnfiqw,J-pfibpfr wq_-

qbgnLfJJnLfi/rg (t!fiqnLfibLnlf. n=l ), hpp wifl uw<.Twbwifrw~qw,J- I; mbJri

fJnln'ffrw¥wb ¥wJ ¥nLuuipnL¥ui/rq "l"'"'wfit_Lbpnl[_t 

19 br\uoppbmnlib \nliumrnt\9lt1111ibr 
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166 

-.mJrJq 1/ln/y. ON LupLqn 'JmJrm'Jn/m'J 77 tjmpJrflr 1/'IuurqJ il-

.,,., . .,. rJ 

l 

( 9•0-i) 

,,, .. t ,o1 .. + ·;l't 
8 d 

' '•aoN = l 

,~ 'JIJ7UF fi7uJuJr LuGmlmum Jruil1Jm71ur9:;, 1/ilfm]rilJr G1/IJ7UF iJ7uG9b 
,J.+ ·;l'td 

-bm 71urmy.JmJr ,,.,,,,'$-ON LupLqn 'Jmlrm'Jn/m'J il-rrw-(z·oc) 
l 

1Si/nu1ruur 1JmfiJ7u]rm1Jun/ 1/-bo 1u Gi/lrmnqur 1/d9fi1uF'Jm81 i/'Juur 

-9J ~ fm]rn/mJr 77 ily.m 1JmfiJ7uJuJr i/JJmur ]ruil1Jm71urq:;, 1/ilLun 

71urmJmJrJ9 i/'Jum9J pw'Jum ~ t{/rZm:;, ilJu '~ Gi/JrmfJub g'r··~='J L9urJu 

( g·oi) 

(J?'O"!) 

·"-+ to1,. . 8 d 
·---=--- . •"'W:> l 

'"-ts ,J.+d 
1J·~w == --1-

,Jmpm:;, 1/J9JJmur LuUJmn/Zm 'JmpuQ 

1(ilbi/y. o N wlnunr 

l{]iZm:;, G'Imum) Bi/1J7UF iJ7UG9bbm 71urmJmJrJ9 1/J91Jilfm]r1Ju9J 71urmJm'1 
-J9 1u 'JmJrmurZp 77 G1/J91Jilfm]r1Ju9J 71urmy.JmJr JmJm'Jmn/nmurmlnmpm:;, 

tJ'ld ,J.td 
'111 'JJlf'J'J1ufiJ7uJuJr --.,, --p7UJ971ym'JmJ ( G'Ol) 77 (z·o1) 

l l 

t"'d ,J.td 

l ( 1roiJ ·--+-- l l 
=--

,p7uilln9b 1/J9JJmur 'l'Juur9Jfim'rJ9 'JmJrmJu]run Jrni{ 

•tJ.y :;l'td ·"-t ·<Ptd t""d ,,, •• d d 

rz·oi) 
l l l +-1-=l 

·]runm'JmJ lniF11ur9:;, ~ p..,up 

-ZuJu U1j1UFiJ111f91' ]r1/J1 'jmFtJlUJuJr Jmpm:;, 1/JqJJmur fm]rJm1mn/m'1. 

11,'0 ,~ 'J'l'ruruJrmt n71 ilfi1UF'JmG1 J'Jmp JJq '!l8'0 
.~ 1nu]r8Jq]r Jmpm:;, '1JM'JuurqJ (~ ur1/n/ ilfi7uF'JmG1 J'Jmp 

JJ9) ]ruJ9fi1uF1JmG1 'Jlf'r·uruJr'mf 77 J'Jmf •il'J1uFfi1uG9bbm '11 

-Lun 71urmy.JmJr '1'Juur9J Jl7U1JUm ~ ifliZm:;, ilJu '~ Gi/JrmfJub 'J-•:>I LqurJu 

066 

(rorJ •"'"I "3 ft>t = '"•tg 

•]ru71ym'JmJ lmF71ur9:;, ~ p7u]rZuJu illJ 

-wFfi~uurZuJr t}JJmur pwillnqb 1JmFfiwG9bbm 71wmy.JmJr 1/ilfm'Jr'JU'ftJ 
I 

t i1Jq'JIJ7UF fiwJr wm :;,m'J'f'Jmum i/'JuurqJfimJrJq 

]tu191Jum t{/rZm~ . 
1
]ruJ971'fm'JmJ 'JmFfiwJbmp1/b i/JuJwF'J 1JmJrmbymum 

~ 1'7uJrJmurmJr ilJrJm]rZ'm:;, 1/Jnmi/GmpJutf;9b 77 'ImfiJ7uJuJr i/Jl/'Jfm]r 
-wm:;, LuS91J"'IU7 J9ilmy. lmpJu'I JpmpurmJr'J 1/ilG'Jmum 'ImJrm'JlmJrJq 

1f'7U1Jmlm11m '197 J9ilmy. 1nuJ9'J'Jmp:;,mn G'JuJu 

4Jl/'Jfm]rurm:;, ZuJu 'J9'J"1U 'iinl'Im:;,mln 1/btimJr btiuJJ9 rmlr bJuJ'rJ9 'I'I 

p1upJLmlmumi JpmpurmJr'J 'Jmlfi7ulJ7uFmJrmil'.my. G'IuJ.ii, 1Jq'Jmi/GJr7uJur 

-n'JuJr urmZ ,71ur9:;,w'IFm 
1
p7u]rJurm1Fwfi '1117 J9ilmy. nqlnmJ'Im:;,blJil f'7UG 

-1uJu 
1
J'l'Imi/GJr1uJurn'JuJr ri/fimpbmJ 'ImJr '~ 19]rnm 1J11bJm nqln7'Ji/ 

''JmpGmlmum 1/Jqilmy. urnil J 'JJrJm]rZm:;, ilZ1/'Jmi/rm1 1JmFfi 

-:ruFmJrmGma i/J9ilmy. Jmpm:;, i/J9'Jm1/GJr7uJurn'JuJr 1l'Juur9JfimJrJq 

J1Ul'O."?' lfJQl\.Q'O.~S'O."?' "t.U~Ql\'1Ut JQ'Ct''O.P 
.fNUSU'b .n'O.~'b8 ;JJNu~uJu 11.. 'O.&eNUJUti t.1.JJ'O.S ·~·ot I 

ii/-i Jmnm]rm:;, 191J7ub 

-'Ji! ilG1/1rmfJub 'W 'JmF fi1uurly. IJ.mpby i/'JmJpm ~ p1u]1Jurm1F7ufi ni/19Jr 

-Jm]rZm:;, 4J91Jmi/GmpJu</;9b urnil 'JJ'1'1.mi/8Jr7uJurn'1.uJr fm]rJm1mn/m'1. 

~i/bufiqp fm]rfJubmlqJmurmJr 77 fm]rJrmZpmJq]r bFm urnil ~ p7u]rJmurmJr 

ilJrJm]rZm-:;, 1/J'l'Jm1/GmpJutf;9b . p1uJnmpd,u'J LufJub np1uFmJrJ9'1. 

1mJ]r i/JqJJmur fm]rJmlmn/m'J 

"lm'J 19fmJmur 7U 191JGmJ'f,m:;,b1Jil ilbufi·9p 'JmpJrJm]rZm:;, i/Jq'f.m1/GmpJu1; 

-9-b 77 il1J7UFfi11:1n9ur i/71ZmJ1uJI 'i/ 'p ·tf;uJln 191J.GmbJmb 7U 19urZy. 1J1/G9]rur 
1FlUiJ ilJ91J1J7UF fi7uurubmurq:;, 'JmJrmJmJm"fJui/r 77 'Jm'rmnqur fm ]rJmurmJr 

inu-g){{}U1H JpmFfi1uJm]rm1rlfb i/71-bbu]r-b 'YI 'YI •t/;uJln p7ufmbmUJ9( 

~iJJ'l'Jmi/GmpJufjqli 'JmJrmbymum 7u '1'Juur9J fm]rpLqn 

'I ilil'Jmurmn/Zm 1/'Juur9J fm]rby Lu]r'JUJb 71l'11' ifJqilmy. ]rulnum '1]rZm:;, 

4iJIJufi9p 'JmpJrJm]rZm:;, '1J91Jm1/GmpJutf;9b 1/JqJJmur lf'JUU1'fJfimJrJ9 IJmJr 
-mJupun LuG91JlU J9ilmy. f'7U17Ui/r 'JmpfJubm:;,mZ G9JrmZp p7ufmbmurq:;, 

'I GqJb ilp1/:;, "1'1Jq11,1JrllJrm]rfi 1JmJrm-ot6l m'I. ''J'171ZmJ7UJI 'i/ 'p •tf;uJln 
'1mJrm'Jur'1b 'JmJrmurq]run ~ J'"lU'Jm'rurmln il'J1uFfi7u1Jlmum 'jmpJrmZp IJmFrJ 

-1un9ur 'J"'l'JiJm]rZm:;, 1/Jq'Jm'1GmpJ111;9b '1J9JJmur q'juur9JfimJrJq 
1]ruJ91Jl"tjm:;, 

-min 'JmJrmJr1/ur9gn~ ~ fm]r'IJmi/rm'Jmp:;,mn 'JFm JJq '(J=U ]ru191j7Ub1Jil) 
.litJ'J1uFt/1u8qLbm l/J91jilfmp1fUfD hufJuh "lurmJmJrJ9 77 'JmJrmurZJI (J 



pwurb. W'l.'lb9nLPJni,Jifr9 phurn'bfr an'l.l!fi -:IUntauLpmf. wnw1.w9n'l qnpni

p 1mfiL t' 
1 E.,- £:. -------

pt .... 'rt 
(10,Z) 

UIJUur/ul 8 M = ~ "- e '=~ pburn'bfi {wpU1pbpwqt.UL 11b!f>npJw-
E. M E-

9frwLbpL bL q.)qnLJfr9 b. LwfuLwqwL uf11lJn11. -G.frqfr9 w.nw-1 liqn'l un'lllP9' 

11.J'l JUntPJntLLbpp npnzt/.ntJ bL A.qif.w,) bpqw1LwqwL wJpwLfr b. pli-

urnLfr {bnwif.np ub'lJt[w,) PhtHLbpfr Jwqwp11wqnw, f!L11mLblnt/. o t I. 

a~· 1wpmJLbpfr Jb,)ntP1mLp Pt/.w"lbu {UJ,t/.IU'UUlp ..;wJw"lwurwufuwLw

pwp Aqif.w,) wJpwLmJ b. pburnLfr {bnwi/_np u6'lJi[_w,) PbtHLlipfr Jwqwp-

11wqmJ Jurni/_fr urb'lw'fpt[w,) wJpwLnLJ pburnlifr q.)qntJfr9 b. un'l11/rs 

wnwt bqn'l [uipJwL qnpniuurLbpfi qntJwp,fr'ir (ot =cr5+os+o11,. 
I '+ '+ ') at = <16 crs <19 ' 

I 10.s. SU.flflll 11nflnNcl'au. 'tJ nflnonwe 2q.'lu.tr q.nsnw 
lfll~bfl R~'1b6R'l ~118'1.lltr'bbfl)l ~U.UUfl 

!l.q1_w,) qnurm pburnLntJ, np"lhu yw'bnL, Gw11hpfr wnqw1ntP1wJp 

bL .wzfuwurnLJ .)nt/.n'l, wpurwqbLurpnL d.qt/.n'l, Jf,,) w-purwybLurpnLntP1wJp 

ub'lJt[w,) b. WJL unif.npwqwL bpqwppburnLb urwppbpp, frLl"lbu b. putn 

Swpwqw1mLntP1wL II b. Ill ftwp11fr IZ(UJt:wLt_Lhp[! pwi/_wpwpn'l Lwfuw-

1wpt[w,) urwppbpfr wnwLAfr.L {wur1_w,)fibppi IJ.J'l"lfrufi urwppbpfr qwJ, 

<wur1_w.)Lbpfr -&.q1_w.).pfr <wztf_wp,qf! i} qwpblfr qwurwpbl wnw.!.q.wqwL 

LJnLpbpfr '1fr,Jw'll'ntJl1wL Jbpn,,Lbpnt[, frpwqwLmP1wLp Jnur W(''fJntLp

Lbp uurwLwinL {wJwp ~burp t blLbl urwppfr zw<wqnp.)JwL ifimi/rfl 

{wJw"lwurwufuwLn'l pwuurw9fr lwp1_w.)w'lb!f>npJw9frnL if./r-&.wqfr91 

llnpnl.Jil!WG 11pn2n11IJ!: f!Jifiwpqbbp 'l.nLur tfnJwL wzfuwurn'l bpqwp._ 

pburnLb urwppfr bpqnt -G.wpbpfr Jfrt.b. qurLif.n'l t:wurt[_w,)fr ifiwuurw9fr iwp

t[_w,}w'lb!f>npJw9frnL t[_fr-&.wql! zw<wq.np.)JwL .pnllnw1 

11..JpwLfr b. pburnLfr zw'lqw"IJwL l:azwifin'l lwpntJLbpfr t"IJntpf! pbp

t/_w,) t Lq. 10.1-mJi {;Jinpt:frt/. zm'lqw"IJwL iwpntJLbpfr wnqw1mP1w'L, 

bpqm Swpbpfr .Jfrtb. pLqw,) {wurt[_w.)nLJ wJpwLfr Sfrq/r Jfr Jwup t/in

/uwL9t/_ntJ t .!.q1_w,) qnurnL pburnLfrL, WJ'f fruq "lwur-G.wnnt/_ ti pb' wJ

pwLfr b. jJb' Aq.t[_w,) pburnLfr iwpntJLbpL nt .'1b!f>npJw9frw1'bpL puur urwp

pfr bpqwpntP1wL ifint/infuwqwL JUntPJntLLbp bL1 

bpqnt Swpbpfr Jfrtb. pLqw,) t:wurt/_w,}nLJ wJpwLfr [UJ{'ntJLbpfr, t:w

pwpbpwqwL 'lb!f>npJw9frwLhpfr b. Aq.t/_w,) pburnLfr twpniJLbpfr t"IJnL('
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Lbp[! 9nLJ9 bL urp1_w,) Lq. 10.1-nLJt U.111 t"IJntpLbpfr op11frLwurLbpfr Jb

,}nLPJntLLbp[! pnpnfut/.nLJ bL -G.w11w,) ..;wur1_w.)11mJ Aq1_w,) wJpwLfr 

lwpJwL Jb,)nLPJwL pnpn{uJwL[! qnu1l!Lpw91 

UlulJ'i[w.) 'lnurnL pbuin

'itJr LUlrnLJ"itbp'it 11L ,psfnr

JU19JrU1'itbp'it euui uiwrr/r 

br'LUlrnLf!JUl'it £.u pnpnfuUl

ft.Ul'it J.'j,, 'itft• 10,1-nLJ pbp

"UI,) !; 'itwl.. ub'lJ'i[U1,) pb-

urn'itfr b'lrUl1Jr'it [ilblfr'L'itbrfr 

~U1pwpbpU1ftw'it ~bfnpJ'U1-

9JrU1'itbpfr !;uilnLrf!' 

bzi[UI,) "fU1ur-f.U1n'itbpni[ 

ub'lJiJUI,) 'lnurnL PU1rarm

f! 1m'it'it eum uiUlrr/r brft.Ul

rnLp1Ulr;, pnpnfui[nLJ' !;' 

tb'ln.J! U1nU1'it9.[!'it Jrrb'itfr9 

'itbrft.UIJUls'itnLJ !; Ul//r.J!Ulat.. 

ftnr ('itq. 10.1, UI)• ~bml..U1-

PU1r1 £. urUlrr/r ftnpnLf!JnL

'ite pnpnfuUlft.Ul'it J'b.}nL

f!JnL'it !;t 

- '1'bf/tnrJU19frw'itbrfr ~U12-

il.Ulrft.JU1'it ~UIJ'Ulr 'it"lwurU1-

ftw~U1rJU1r !; o'luiiJbL bpftnL 

t.Ul.J!brfr J'frp_I.. e'itftwJ ~wur

"Ul,}fr Jfrp_Jr'it ftnpnLf!JnL'itJr91 

npp ft.Ulrbifr !; npnzbl Uln 

'loq. I0.1. !tnun bndwli w2}uw111n11 brqwppb111nlib 
111wrr~ brqnt liwfbr~ il~tl.. q111liiJ.n11 .6.wmiJ.wbl> 
twriJ.wbwqh~nrdw9~nli il]iliwqp zwliwqnrbdwG. 

1fin1.l n 1 d. 
w- hpftn• G.wphpfi Jfilh. qurf11£n'l <wuri/.w61!, 

p- fhurnfip h. wJpwfip zw'Lftw"IJwf, [Ulf'n<J

Lhpp t"{Jnlf'[!• q- A94.w6 wJpwfip [Wf'n<JUpp 

/;"{JN<f'f!• 11- A'1'1.w6 wJpwfip <wpwphpwftwb 

11M/mpJw9pwfihpp t"fJNlf'l!• /,- A94.w6 phurnLfr 

[Ulpn<Jfihpp t"{Jn<f'[!• q- uh'l.Ji/.w6 phurnfip 

hqpwJpfi PhtfiftUpp <wpwphpwftwf, 11hlf>npJw-

9pwUpp /;"{Jn<p[! 

~UIU1"Ul,}Jr a,"UI,) 1UJ'pU1bfr £_ ub'lifiJUI,) pbuin'itfr b'LPUIJfr'it filbtfr1t'itbrf! 

Jfrp_Jr'it ~U1pU1pbpwftw"b ~bfnpJU19JrU1'itbpfr Jfrp_n9ni[1 

bpq.wppburnLb urwppfr qnpntPJwL pL11..;wLntp wpurw..;w1urmP1ntLp 

qtfrLfr (Lq. 10.2 )' 

1 
-= 

£ + E 
-·" I' · J 

ho 
(10.8) 

11.JJJ fuL'lfrf'e qw 1wLnu! t e ... J b. e ,.. J JUnLp JnLLLhpfr npnzJwLf! 

wnUJt_W'fpt/_w,) pbnLt[_w.)pLbpfr9 (Lwfuwlwpt/_w,) qnLuurpntq9frwLbpfr 'lb"l

pnLJ Lwb. pburnLfrL Lwfuw"lbu ub'lJn'l No -G.frq.fr9), puur npfr b. "lburp t 
"wurwpb[ '1b!f>npJw9frw1fr t:wzt/.wpqpi 
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Qqt/_wd- wJpwfi/r Jfrffr!t .t:wpwpbpw4w!t 1fb!f>npJw9ftw!t npnztf_ntJ t 
G.w.[!WJ .t;wmt/_WJ.(!nLJ wJpwfip CJ_ [WpJwfi U bp4nt bW.[!bpp JpfU lf(!ln

fi(!q nq J.qt/_ w~ wJ p w!t /r .t; wpwpbpw 4wfi 'lb!f>n pJ w 9 /rw!thp fr w!t.t; wt/_ w uw-

\,~ . 10.2. llqiJ.wb qnmnt pbmnGnuf 6wfbr mGb

g n'l bniJ.n'l tnWrrp 'lb:jinrdwgpwGbrp u)ubdwG 

wfi-':wt/_wuwpwi_wtfrnL/JJw!t ~ qnp<l-w4s/r 
r 

pw i_wt/rnt/J Jw!t Y.. qnp<l-w4s/r 

J/rp_n9nt/_' 

e •. J = y.., E,., Ew= 

(10.9) 

Uln1Jtf_wJ pburn'hfi b'lrUl

J/r'h flbtfift'hbr/r Jfip_J.i'h r.wpw

pbpwftw'h 11bf/>npJU19J.iw'h nrnz

q11uf t- -G.w.[!UIJ t:.UJuri/_w<l-.enLJ 

ub'lJ1_w<l- pbu111'hfi bqrUIJ/r'h 

flbtfft'hbrfi 0 r L"'rJUl'h '- bp-

4nL hU1J.!brJ.i Jfip_IL 'l"''hi/_n'l 

r.wmqwd-J.i ub'lJi/_UJtl- plnnn'h/r 

b'lr"'Jfr'ii fJbtfft'iibrfr "UlrUl

pbpwftUJ'ii 11bf/>npJw9frU1'hbpfr 

Jpfn9nt/_, f!UUJ npntJ ub'lJtfwJ 

pbmn!tft P"l"f' "l. w11wJ.qw4wfi 'lh:flnpJw9ftw!tbpf! ( unq.[!, 4J4niJ, 

m/r4 'lb!f>npJw9ftw!tbp) · 'iwztf_fr b!t wnfit/_niJ v 9np<l-w49nt/_' 

=~ 
'I 

ar -, 
E,. 

(10.10) 

Qqt/_wt)- wJpwfi/r (J'" U ubqJt/_wJ pbmnfi/r (Jr [W('ntJfibp(! npnztf_niJ 

b!t C.w.[!wd- t;wmt/_wtl-.[!nLJ qnp~nq C.ftqbp/r J/rp_n9nt/_1 1!11Jw!t, wpmw4hfim

pnfi J.qJw!t "- ubqJJw!t wzfuwmnq mwppbpft t;wJwp Jftwu!tw4wfi mbu.f!fr 

t;wztf_wp4w.1/rfi pwfiwJ.li.bp umw!twlnt fill(wmw4nt[ C.w.[!wd- t;wmt/_wd-.[!nLJ 

9np~nq C.ftqbpf! fill(wmw4wt;wpJwp { tfrnfuwpft!thl M + It N 'f t;wJwp

Jb.p -&.frqb[mt/_1 

M+ · (!' tfrnfuwpft!tnq JnJb!tm!t t, npf! .t:wmt/_wtl-.[!/r9 Jb4 4nqJ lf(!ln

fil!t/_nq P"l"f' wpmw.[!p!t -C.ftqbpft It !twfu!tw4w!t ubqJJw!t No niJ/r (.t:w2t[/r 

wnwd- P"L"f' 4npntumfibpf!} JnJb!tm!t { J.qt/_wJ wJpwfi/r d-wfipnifJ.1wfi 

4hfimpnfint[ w!t9!tnq Li. Jn.Jw!t .t:wp/Jnt/JJwfi(! niqqw-':w.1w9 wnwfi9.[!/r 

fi4wmJwJp1 
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N 
9 
-It' .\wmt/_wd-.[!/r9 Jh4 4nqJ qm!tt/_nq P"l"l' wpmw.[!/rfi hp4w.ifiw-

4w!t nt1Jbp/r [, 1iwfu!tw4w!t ubqJJw!t No C.ftq/r (-':wzt/_/r wnwtl- P"l"f' 4n

pntum!tbpf!) qntJwpw.1/rfi nuf!t {, 4/rpwnt/_wd- J.qt/_wtl- wJpwfi/r ~wfipni/J.1wfi 
4hfimpnfintJ 1 

bqpwJfrli ubqJnq [WpntJ!tbpf! pbmn!tntJ [, dqt/_wtl- wJpwfintJ1 wp

ww~wJmt/_wJ M + tfrnfuwpft!tnq JnJb!tmft It N , qntJwpwJ/rfi hp4w.1fiw

l1w!t nuf/r Jpfn9nt/_, (!fi'f-':w!tntp 'lbll/.f!"tJ npnzt[ntJ b!t w.1ull/bu (It4. 
10.3 )' 

M+ 
a,.=--z""""F~- · 

1 p br. u 

(10.11 ) 

(10.12) 

npmb'l Z1-(! !tbp.[!pfi nLJwqniJq/r pwqni4!t { , 

F r"r· u -ft ubqJt/_UJJ qnmnt pbpt/_wd- -':wwt/_wd-.[!/r Jw4hpbu!t {, 

F _-ft UUJf't/_wJ J.qt/_wJ wJpwLft -':wwt/_wd-.p/r JU14bpbu!t {, 

F 
1
-(! [wpt/_wd- J.qt/_wtl- wJpUJ!t/r -':ww t/_wd-.[!/r Jw4hpbu!t {, 

a. -fi [Wpt/_wJ [, uwpt/_wJ wJpwfifibpp [WpntJfibpp wb.fi { , t;wz

t/_wJ WJ!t ll(w-':ft9, bpp wpmw.f!ft!t niJbpft JnJb!tml! qbpw

qwfi9nLJ { !twfu!tU14w!t ubqJnq b./r9/r JnJb!tmft!t t 

d W.[!wtl- .t:wmt/_wtl-.[!nLJ pbmn!tft [wpntJ!tbpft /, 'lb!f>npJw9ftw!tbpft w!t

-':wt/_wuwpwi.wtfrnt/JJntfi(!, f!Uln ubqJt/_wtl- qnmnL pwpJ.pntfJJwfi, t;wztf_/t t 
wnfit[ntJ V qnp<l-w 49nt/_, npnt/_ [, -':ftJ!twtf_npt/_wtl- t [wpntJ!thpft {ll(Jntp/r 

(!fi'fntfiwd- ntqqwfi4.1ni!t J.b.(!t 

a w "- a r J btl-nifJ Jntfifibpft wpJb.[!!tbpf! wbqw'fpbtnt/_ (10.9) [, (10.10) 

wpm w -': w .1mn t/J .1ni!tfibp/r J bf 

4uww!twfi.[!' 

(10.1.'1) 

( 10.14) 

\.~. 10.3. z{ p qb r)i uJu bdwG br~mppbtnnGb tnwrr)> 

Gnrtiwl fiwmiJ.wH n1tI (l Utn '}b:)>nrtiwgpwGb r)> 

6wziJ.wr~bt1'u 

e w . J "- f, r · ,/ Jbd-nt{J .1ni!t!thpft wpJb.[!fibpf! wbqw'fpb[nq (10.8) wp-
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urw..::wJUJnLPJw'b Jbt, qumw'bw'b.p mwppp JfttftL qnpniPJw'b [!L'f-':w'bnip 

wpmw..::uiJmnip Jn'Ll!• 

~ M+~ ( o/ .. 
P = ~1 E F +E F 

"' - - l 

+ <Ji,. )- N, <Ji.. I 

E,.F,.,r.uv h0 (E .. F.+E. F
1

) 

(10.15) 

Uni/_npwqw'b bpqwppbmn'bh <tni/_n'l mwpphpft t;wJwp M+ =M, 
N, =0, F 

1 
=O, ..::hmli.wp.wp, qnpntPJw'b pw'bwJ."-1! 4tftLJt' 

(10.16) 

fl''l'lw'bqJnt'b, mwi/_pwJp'b Ii. hpqmwi/_pwJp'ii ..::wmi/_wtt.pp mwpphpp 

uh'lJi/_wt)- qnmni F r"r·u pbpi/_wt} Jwqhphul! (Lq. 10.4) qwpblft t npnzhl 

..::bmli.Jwl qbpU[' 

Fr"r· u =(bu' - b)h.' + n'F.' + n'F, I+ xb, (10.17) 

, E.. 1 
n =-=n-

2"E,. 2'1 I 

npmb'l fi
1 

Jbt}nLPJnL'iJf! npnzhfpU V-'iJ pw'l.JWUfWUJqi/_wt} t 2 qnptlwq9ni/_
1 

npni/_ &zmi/_wtt t ub'lJi/_wtl wJpw'bft "''l'fh9niPJnt'ii[! mwppp qnpnr.,pJw'b 

liq. 10.4. nui.11w&lunt&, mwil_rwJrr. I. brqmwil_
rwJrr. liwmil_wH(> brqwppbmnf.b mwrrbr(> 
ub11dil_wb qnmnt pbril_wb dwqbrbu(> I. &brf(>G 

nutwqntJqr pwqntqp nrnzdw& utubdwf. 
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i/_pwt 

"r · u =(b.'-b)h.' + 2~ F~ + 

n n 
b.'-b)h.'+-F.'+- F,' 

2'1 2'1 

(10.18) 

F,.,,r.u=(r+s)bho, (10.19> 

F "'r·u =sbhoi (10.20) 

U.Ju"fpuni/_, nt'l'lw'bqJniL, mwi/_pwJpL Ii. hpqmwi/_pwJp'ii t;wmi/_w<t.pf. 

mwppbpp ..::wJwp 4npniPJw'ii l!'j,'ft;w'iinip wpmw..::wJmntPJnt'b[! 4tfi'iift' 

1 M+ [ <j.i .. 

p == h0z1 E .. F .. + E .. F1 
+ 

- ~ __ ...:...<¥-____ _ 

ho E .. F .. + E .. F, 
(10.21); 

Jtuq uni/_npwqw'b bpqw{Jp.bmnfth tlni/_n'l mwppp t;wJwp' 

(10.22) 

r./,bpf! [Ji/_wpqwtl J.J.,p t:wmi/_wtl.p'bhpfr ..::wJwp LhnfrL nulw'ln'J'IP Zt 

pw'ln'41! {'iiq. 10.4) qnpnzi/_/t ..::hmli.Jwl wpUJwt:wiuiniPJnt'iip9• 

(10,29) 

npmb'l S """· u ~ft ub'lJi/_wt} qnmni pbpi/_wtl t;wmi/_wtl.pp umwmpqwqwfl· 

JnJb'iimli t, J.q.i/_wtl wJpw'bfr &fiq.p ..::wJw'l.n{'p qppwn

Jwft qbUJni/_ w'b9'iin'l /,_ tlnJw'b ..::wppniPJw'b'b nL'l'lw

,:;wJw9 wnw1t9.pp LqwmJwJp.1 

(10.23) wpmwt:wJUJntfJJni1tp9 Z1-/t npnzJwlt ..::wJwp umw9i/_niJ t 

t;hmli.Jwl p.wltwJ.li.l!• 

[ 
~f+E2 ] 

Z = h 1- ho I 

i o 2 Cr' + E) 
(10.24J 

Uliqlhl,w~ q.num1 J!limnGJt s fiwpwJ!liJlwltwG J!WJlOJlntp!WG dtr.n1-

PJWG npn2nul]!: Uh'lJ.i/_wt} q.nmni p.bmn'bp s ..::wpwpbpwqwlt pwpJ.pnt

PJnLL[! p.hnfti/_wtl.pp {Jb' qwp&wm/,_ "- {Jh' hp4wpwUJ/,_ W'l.1fh9niPJw1t IJhU[

.pniJ npnzi/_niJ t ifinpJ.wnwqw'ii pwltwJ.uni/_. 

t - 1 + 1,5+r' :;:::::} 
· " - 1+5(L + T) - ---e-.~. ,-- --=: ' 

1 8+ 11 ,5 -h
0 

:::+: 5 
• 10p.n 
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npurh'l 

Fw + F, p.n=-n - ·n, 
bh0 bh0 

(10.26) 

(10.27) 

e w 'i -[! .frnfuwpfrLn'l ~nn'l JnJhLurfrL' M "'-frL, ~wJw"lwurwu

fuwLn'l N qniJwpwJ/rfi hp4w1Lw4wfi nulfr wpurw4bfiur-
t 

pnfinifJJntfifi t lJ. wJpwfi/r ~wuri/_w~pfr Jw4hphufr ~wfi-

pnifJjwfi 4bfiurpnfi/r L4wurJwJp b. npnzi[_ntJ t ~hurb.JWL 

pwfiwJ.b.ni[_. 

(10.28) 

flt'l'lwfi41mfi, frLz."lbu b. J.qi/_w~ qn111ntJ wzfuwurn'l UWtni/_ urwi/_pw

J/rfi 4wuri/_w~pfr urwppbp/r '1-h"fpntJ, hpp 111wppfi ntfi/r IJ.' wJpwfi, (10.18 ), 

(10.24) b. (10.27) pwfi~J.b.bpntJ h~ -/r lftnfuwphfi "I burp t urh'lw'l-f'hl 2a', 

Jru4 bpb UJWf'f'l! z.ntLfr "1.' wJpwL, WUfUI "lburp t [!L'fnttbl h :=0 
h ' 

bfJb 4wuri/_w.ip[! uh'lJi/_w~ qnurntJ ntfi/r uwl b. ~::::; -
0

- , WUfW WJfi 
ho 

"{burp t 4wzi/_wp4hl np"fhu b: LWJfinifJJwfi nul'lwfi41nifi 4wuri/_w~pt 

(10.25) pwfiwJ.b.niJ hp4pnf''I- wfi'l-wJ/r 4wJwp [!L'l-ntfintJ hfi i[_hp/rfi 

LzwLLhpf!, hpp N, C.fiqe uh'lJn'l t, b. Lhppb./r Lzw'u'H!'f!' hpp w1L 

J.qn'l ti 
Uni/_npw4wfi hp4wfJphurn'ub ~ni/_n'l urwpphp/r 4wJwp (10.25) pw

LwJ.b.fi hp4pnp'f qntJwpbt/rfi l!L'l-ntfii/_ntJ t 'l_f'n, 4hurb.wpwp' 

1 
~=-------

1 ...... 5(L + T) I 1.s+----
1011-n 

(10.29) 

v, ·\jl w la. 'fl r qn]16°w~}tglihp}t npn2nulf!: Ub'lJi/_w~ qnurni phurnLfr 

wnwJ.qw"llwuur/r4 i/_/r&w4l! (10.21) b. (10.22) pwfiwJ.b.hpntJ pfintfJw-

1/['i/_ntJ t V qnp~w4sn.f., npfr Jh~ntfJJnLL[! phnfii/_w~p/r 4wp&wurb. W'l_'fh-

9nifl1wL 'J-hUfpnul l!fi'l-nifii/_nLJ ~ 0,45, fru4 phnLi/_w~pfr hp4wpwurb. wq_

~!JS 

'1-hsniP1wfi '1-b"fpniJ, hpp o'l-fr funLwi/_n~1niL[! Jb~ t 40 %-/rs' 0,15~ 
.frnpp t 40 %-/rs' 0,11 

l.ini1L pwfiwJ.b.bpniJ 'fl. ~1 qnp~w4frsl! ~wzi/_fr t wnfiniJ C.wphpfr 

Jfrp_b. qurfii/_n'l J.qi/_w~ qnurni phurnLfr wzfuwurwLpf!' U.J'I- qnp~w4s/r Jh

~niP1nifi£! 4wfui/_w~ t phnfii/_w~pfihpfr Jh~nifJJniLfrs b. wq_'l-Jwfi urb.n'lnL

P1niLfrs, wJpwLfr urhuw4/rs b. "lf'n!pfitfrs, urwppfr .\wuri/_w~pfr z.wlfthpfr9 

b. WJL qnp~nfifihpfrs1 

1lJ. qnp~w4s/r Jh~niP1niL[!, ~wJwJ.wJfi qnp~n'l LnpJwfihpfr, [!L'l--

4wfinip '1-b"fpniJ npnzi/_niJ t ~hurb.Jwl .frnpJ.wnw4wL pwfiwJ.b.ni/_. 

1-m2 

ljiw = 1.25 -sm - ------- ~1, 
ew. '1. 

(3,5-1,Sm)--· 
ho 

(10.30) 

npurh'l S-[! qnp~w4frs t, np[! ~wzi/_/r t wnfintJ phnfii/_w~pfr wq_'l-Jwb 

urb.n'lntfJJnLL[! b. [!L'l-ntfii/_ntJ t. 
pbnfii/_w~pfr 4wp-C.wurb. wq_'1-hsniP1wfi '1-b"fpntJ' 

~wpfJ Jw4hp'1.ntJfJ/r J.n'lWJ/rfi wJpwfi/r ~wJwp' 1, 

UfWf'pbpw4wfi "lf'n!pfrlfr J.n'lwJ/rfi wJpwfijr ~wJwp' 1,1, 

LWf'WJ/rfi wJpwLfr 4wJwp' 1, 

phnfii/_w~pfr hp4wpwurb. wq_'l-hsntfJJwfi '1-h"fpntJ wfi4wfu wJ

pwLfr urhuw4frs' 0,8, 

e - npnz1[ntJ t (10.28) pwfiwJ.b.ni/_, f!Uur npntJ "fburp t l!fi-... , 
ew. , 1,2 

~-. 
h0 s 

Rd11 W, 
m == ---~---~ 1, 

l M" -M" j ::!: "'l'-+- u.frt 

(10.31) 

w1uurh'l W ~ -L npnzi[_ntJ t (9.20) 4wJ (9.22) pwfiwJ.b.ni[_, 

M .r b. M .r -[! JlnJhfiurfihpfi hfi, npnfis wpurw4w1urntfJJntfiLhp[! 
-l' ·"'I 

phpi/_w~ bf,, § 9.3.1-ntJ, [!UUJ npntJ (10.31) 

pwfiwJ.b.ntJ [!L'l-ntfii/_ntJ t «UfLJnLU» LzwL, bfJb 

JnJhfiurl! wnwp_ t pbpntJ J.qntJ lJ. wJpwfintJt 

Uni/_npw4wL hp4wfJphurnfib urwpphp[! ~wzi/_wp4htfru (10.30) pw

fiwJ.b.fi i/_hpy_/rfi qntJwphl/rfi f!L'l-ntfii/_ntJ t 'l_f'n, b. 'fl. qnp~w4frsl! npnz

i/_ntJ t 4hurb.JWL pwfiwJ.b.ni/_. 

"'- =1,25-smi (10.32) 
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'1J w qnpawlf9ft Jban•fJJnt'iip pL'fntLt[ntJ I; 1'wt/_wuwp Jblfft w1L lfnLu-

U1pn•If9ftwLbpft 1'wJwp, npnL/! bL{Jw¥w bL 1'wzif.wp¥JwL pu<n '1ftJw9-

1tn<LnifJ JU1'ii1 

'1J '1:npaw¥ftsl! p'iintfJw'l:pn<J I; -G.wj!bpft Jft2.L. 4urLif.n'l 1'wuri/_wa-
r 

Lbpft ub'lJif.wa qnurnt pburnLft bqpw1ftL fJbiMLbrft 1'wpwpbpwlfwL 'fb
!/rnpJw9ftwLbpft pwzfuJwL w'ii1'wi/_wuwpw i_wt/in•P Jnt'iip1 tl>npdwpwpwlfw'ii 

-t;burwqnurnt{JJni'iiLbpp 9n<J9 bL urif.bL, np ftLi_"{bu pbn'iii/_wa/!Lbpft lfwp

G.wuru, wJL"lbu l;i b!'¥wpwinL. wq'fb9n•f11niLLbpft 'fb"ll!n<J UIJ'f 'l:npawlf-

9/t Jban<fJJn<Lp tfinfui/_niJ I; tfinl!!' uw1'JwHbpnul L. qi/_wal!ft -t;wzif.wp¥
JwL 1'wJwp awLp nt awlfnurifbL LSW'iiJntfJbpni/_ pbinnLLbpft 'fb"l/!ntJ 

w1L l1wpbtft I; pL'fntLbl 0,91 

lJnpnt)lt!Wli LJlfnl dhb"mp!ntli}!: l/npn•fJ1wL lf'Pi/. Jban•fJJn<Lp Lwfuw

lwpi/_wa urwppbpft 1'wJwp npnzif.ntJ I; 1'binL.Jwl pwLwJ.uni/_. 

1 1 1 1 1 -=-- -+----, 
P P1 P2 PJ P~"'.b"~ 

(10.33) 

1 1 1 1 -=---+- (10.34) 
p P1 P2 PJ 

pw'iiwd.L.ni/_, 

npmb'l -
1
--p Ifnpn•fJJniLL I; wJpn'lt pbnLi/_wal!ft ¥wp-&.wuru wq11b9nc.

P1 

1 -. 

P1niLft9, 

..!.__/! Ifnpn•PJniLL I; JzurwifwL /., bp¥wpwinL. qnprtn'l pbnLi/_wrt/!
Pz 

Lbpft Ifwp-G.wmu wq'fb9n•fl1n•Lft9, 

_!__I! Ifnpn•fJJntLL I; JzurwifwL /., bpifwpwmu qnprtn'l phnfii/_wrtl!
FJ 

_l_ -p WJ'ii Ifnpn</1JntLL I;, npp "{WJJw'iiwi/_npi/_wq I; phinn'iift 
( 't-e·"l''i 

1 1 

IfaifJwL /., LwfuLwifwL ub'lJn'l No -G.ft'l:ft bpifwpwurL. wq

'1bsn•f1Jn<Lps wnwy_ hifn'l un'll!nif., npnzi/.n<J t (10 .7} 
pwLwJ.uni/_1 

Ifnpn<fJJntLLbpp npnzif.n<J bL (10.21} IfwJ (10.22) 
P1 P2 PJ 

pw'iiw.luni/_, puin npniJ 
1 1 

:.ioo 

1'pi/_wal!ft Ifwp-&wurL. wq'f'b9nLfJ1wLp 1'wJw"lwurwufuwLn'l ¢. L. v '1:np

,t}w1fft9Lbpni/_, ftuif _!_ "f(npn,tfJJntLp' pbn'iii/_wal!ft bpifwpwurL. wq'fb9n<
PJ 

JJ1w'iip 1'wJw"lwinwufuwLn'l 'ljJ • . L. v 'J-npaw~ft9Lbpni/_1 

Unn'l JnJbLurni/_ UJWJJwLwi/_npi/_wq 'b.Ifi/_wa/!l! pL'f1'wLntp 'fb"l/!ntJ 

mpnzif.niJ I; 1'buru1w1_ pwLwdL.ni/_. 

(10.35) 

11pmb'l M (x)-p ann'l .JnJbLmL I; Jftwt/_np nL<fp9, npL niLft npnLblft mb

.'lw.ifinfumJIJuiL n-.1.'l'ln•fJJn1.Lp /., Ifftpurni/_wa I; puur urwppft 

bp1fwpnifJ1wL WJL X 1'wuri/_wa/!n,J, npft 1'wJwp nprrz
i/_niJ I; G.If if.wan, 

1 
- (x)-p inwpp.ft Lf'Pi/. IfnpntfJ1nibL .{ X 1'wini/_wa/!nLJ w1L phn
p 

Lf!if..J.J.Jaift9, npfts npnzi/_rrLJ I; -G.Ifif.wapp1 

1 
- Ifnpn•fJJnt'iip npnzi/_nLJ I; (10.2) ¥wJ (10.3) pw'iiw.1L.n1_ w

1
L 

p 

.;;wini/_waLbpft 1'wJwp, npnL/! i_nL'iibL ~wj!bp, ftuif (10.33) IfwJ (10.34) 

_pwLw.lL.ni/_ WJL 1'wmi/_wa'iibpft 1'wJwp, npnfi/! rriLbL -G.wj!bpr 

1.wuinwinni1i 1'wuri/_wapft, 'G.w/!bf' nt'iih9n'l uni/_npwifwL hpifwfJphum

'Lb anif.n'l inwppbpft wJhL Jft 1'wini/_wan..J, npft uw1'J'wLLbpmJ ann'l Jn

.Jh'iiinp JftwLzwL I;, IfnpnLf1JrrLL[! npnzif.nuf I; WJ'I 1'wini/_waft uw1'JwL

LbpntJ 'l:npan'l wJ'bLwJha JnJhLinftlJ 1'wJw"{wtnwufuwLn'l 1'wini/_wrtpft 

1' wJwp, puif J Jn Lu 1' wini/_ wr}/!LbpnLJ jJnLJLW inpi/_niJ I; If nprrt{J Jn<Lp pL

FfnifJbl 1'wJhJwurw.IfwL 1'wini/_wr}j!ntJ 'l:nprtn'l rtnrr'l JnJhLmftL {Lif. 
10.5)1 

l/npnifJ1wL !fin•Llts/twL pum inwppft hp1fwpn•fJ1wL '~ (x), uinws
p 

.i/_niJ I; zwin pwp'f, L. &¥if.wrtl!ft npnzmJp pbpi/_wr} b'lwLwifrrif. Ifw"lif.wrt I; 

.Jbr} 'fdif.wpntfJJntLLbpft 1'hU7,, WJ'f ftu~ "{win-G.wnm/. l;l {JnLJLWlnpi/_nLJ 1; 

:it)( 



" 

'l.oq. 10.5. lJnnq dnubfunlibr~ I... qnrntpjnt!ilibr~ 

tlljJlltr~ 6mfbr ntlibgnq ll.wumwmntli liwmil.wb

f~ unil.nrwqwli brqwppbum;lib mwrrbrntU. 

w- pbn'f.11/_uu)pjr pwzfuJw'i,, u/ubJwL, p- t)nnq 

JnJbLmLbpjr t"{Jn'f'l'• 9- ~npn<PJntLLbpjr 

~"IJ"'f'l' 

rlbzur t t:.wziffr wn'i.ibt 

'i.i ,,,/,_ l "'''i.i "'"'u'i.i mrlb rfr "''l-

11h 9nL{J 1nLb £! i.'tqwJ.ffr i/r"''· 

npnzh1 l"'l'i.J,,,'t,,,'i.i nLrlhpfr "''l

'l:b911L[i/J11t'i.ifr9 umwp_ b""'[ 

i.'ti[ ,,,J .p./r J bJnt [il Jn Lb£!' 

lln 'lh"f .enLJ l.'tif ,,,J .ffr' 

1rfri/ JMmfi11ni'i.ie 'tifr'i.ifr. 

f /M +IQ I (10.36) 

bp"wflpburnLb mwppbpfr G"qwJ,pf! .\wzqwp"blfru .\frJfiw"wfintJ oqur

qntJ bfi JrfimbqpJwfi uutnplt phpqwJ Jnuiwl/_np brzwfiw"Lbpfr91 

w) U.nwqbl uiwpwJqwJ phnfiqwJ,pfibpfr 'lbUf,pniJ .\wuutwutntfi< 

.\wuil/_UJJpfr, JfawflnJru~ Wl/_Wut ~bfiil_wJ, fr1'1z."lbu Lt pwpd.w"wJ/rfi utLUpf'hpfr' 

h"l/_wJpf! fJntuwmpqntJ t npnzbl .\burlt1wl pwfiwd.L.nq. 

1 
1~s-12, 

p 
(10.37) 

1 
npurh'l --L. ll'Pi/. "npntfJJntfifi t wJbLwJU Jnnrz JnJhfim/rfi .\wJw

p 

U[Wurwufuwfin'l .\wurqwJpntJ, 

S-e qnpJw"fr9 t, "wfuqwJ uiwppfr ~bfiJwfi Lt phnLwqnpJwfi ufub

Jw1fr9 {urh'u W'l• 10.2)1 

lizbfip, np hp"wflpburnLb urwppfr l/_pw .\wqwuwpwz.wp pwzfuq,,,th 

Ii. "bfiuipnfiw9qwJ phnfil/_wJpfihpfr JfrwJwJwfiw"JW Wl£'1h9ntflJwfi 'lh"l

~nvJ z.fr "wrbLfr oq.urqbl nulhpfr wfi"w/u Wl£'fh9nifl1wfi opbfipfr9 Lt "w
mwpb[ G"qwJpfr .\wzqwp" (10.3'1) .pwfiwd.ltnl/_1 

,p) zf "qwJpfr JUnifl1mfie "wrb1Jr (' npnzbl fr1'1z.Ufhu 'JnJbfiur "brz~ 
pwzfuqwJ pl111fiqwJpfr9, npfr t"IJntpf! pqwU[hu .\wqwuwp t "npmfljwf. 

t "'JnLf'P fi I 
:1()2 

q.) P.niJzwurriqn·..J t Ull£WU1 ~hfu/_wJ, .\~uurwurmfi .\wurqwJ,pfr fiw-· 

JuwLWf'l/_wJ urwppbpfr 'b"qwJ,pf! .\wzl/_wp"hl fiwu Lhp,pn.\frziwl pwfiwd.L.nq. 

(10.38) 

1 
111riurbrz ~ -fi LPPt/. 'tnpntPJntfifi t uiwppfr Jbt.uihrzfr ~wurqwJ,pntJ, 

1 1 
---£.--- "npntPJnLfi:fi,bp.fr JUntPJntfifihpf! npnzqntJ bfi .\wJw-
p te·twr• p,""'r~ 

"lwurwufuwfiwpwp (10.6} Lt (10.7} pwfiwd.L.hpnl/_1 

q) 1.hfiwpwfifibpniJ wJpw"91/_wJ, .\wuurwurnifi .\wuiqwJ,pfr Jn.qnrz 

;llJWf'f'bpfr 'b'tif:wJ,pfr npnzniJe flnfrz.,pfr Jbt.urb'lntJ · flmJLwuipqntJ t " "' 
.urwpbl '.\buiu1wl pwfiwd.L.nq1 

f = [s ~ - o,s (-1
- + - 1-)(_!_ _ s )] z2, 

?J Pu h ... 8 
(10.39) 

fuwfiwpwp pdfrufr Jht.urhrzniJ, d.wfu Lt Wt .\h
fiwpwLfibpntJ 1 

h} f:uur bp"wpntflJwfi pnpnfuw"wfi ~wurl/_wJ,p nifih9n'l urwppbpfr 

zZltil_wJpf! flnfrz.pfr Jbt_uib'lntJ 'twrhlfr (' npnzbl .\buru1wl pwfiwd.L.nq. 

2 

r 
~-1 l / 3 1 l 1 1 1 

f=-. -+-+6 "'1 i (-+-)+(3n-2)- , 
12n2 pu p..... ~ pu Pl• pJ 

(10.40) 

1 

Pu 

. 1-1 

1 
p;:-· 

1 

PJ 

fuw.Lwpmp J.wfu L. wt .\bfiwpwfifibpntJ, 

·-p utwppfr Lf'fri lfnpntflJntfifibpfi bfi ~wJWU[W-

uiwufuwfiwpwp d.wfu Lt Wf. Jwubpfr i ~wurqwJ,p
LhpniJ Lt Pnfrz.pfr Jht.urbrzntJ1 

:n -:e l/_TrLJ'f Pi/.nq ~wqwuwp Jwubp.fr ,pwfiw"fi t, npfr 
4.f'w pwdwfiqwJ t uiwppp (/unp.\ntp'f t urpl/_nt J 

.tf:.bpfj&b1 n~6)i 
303: 



Uwu'tiwl/_np 'lbu111nLJ, bpp Pnfru1/r Jbp_mbrzfr 'tiftwmJwJp ufrJbmpfrft 
mwpp~ pbn'tiwl/_npl/_w~ t ufrJbmpfrft (lift. 10.6 ), Pnfrw/r Jbp_mbrzfr -G.ftl/_w~pfr 

\oq. 10.6. Cum hrqwrDLf>JWr. t}intJin!uwqw& 
liwmiJ.wH Dll'ih9nq mwrr~ liqiJ.wH~ nrnzuwl'. 

u Julnlm&, 

w- upJlunppfi pbn.lrwif.npi[wJ mwppfi, p- fin

pn•PJwL tUfJnLf'f! p'lur~wLn•p 'lb"l~nLJ 

'i,,,.,fo-wlwl'<fwJ lrr~u flpb.,,n'i..lr Mrdw'i.., 

npfr f.w.,,<jwJefr 1wifrbpf!. IL .,.Jpw"i1w

<fnpnLJf!. plrp<jwJ t 'i..~. 10.1-nLJ, 

~Uw'i..fr f.w2<fwr~w1/i'i.. fln.hn' 

[ = 17 ,6 J, plrn.'i..<jwJel!. f.w<jwuwpw-

1wifr pw2fo-<fwJ t, npfr9 Jtmw~w'i.. IL 

lrp~wpuHnlL 'l"l'dn'l plrn.'i..1.wJel!. {n = 
= 1)' q•rt = 43, 75 f'l, /.!, ~wpG.w.,,IL 

'l:"l'Jn'l pbn.'i..<jwJel!. ( n = 1 )' 

qt•r• = 8,44 fi./J• 

't,wfo-'iJw~w'i.. ulr'lJn'l nLJfr J/rJnL

f/JnL 'i..f!. pn[nf' ~npnLuU1'bbpfr9 f,J,.,,n' 

N0 = 2210 ~'(,, fru~ wpm1u~lr'i..mpn'i..nL

fl 1nL'i..f!.' e O•I = 61 uJ1 

/:bmn'i..I!. Jw'i..p' U 600 Jwp~wlfr' 

E,. =34000 Ufl/w, wJpw'i..f!.' K- 7 11w-

ufr, E. = 180000 Ulf/w, ir•r = 
= 13382000 ,,,(4 , 

011/r fo-n'i..w<jnL/JJnL'i..f!. 9wJp t 
400/0-frfl, C =3 {[24]1 W'l• 36), .,,,,,_ 

npn;_J wb pw'b wake 11_uurw'iuu 

f..hurk.lwl urbu.[!/!' 

!=- -+6-+ /2 ( 1 1 

216 p, Pr 

1 1 ) +12- +B.- I 

?11 PJ 
(10.41)· 

(10,41 )-e umw91_nLJ !; 

(10,40 }-Ji91 'bpwbnLJ j{ mb'lw

'II'hln1_ n= 61 (10.41)-nui 

1 /, --e. 1 1 1 
=--:, 
p, Pr P11 ?J 

Juwl,.,l!,r,.,-;, ~nrn .. um'i..ltl'I!. pltmn'i..fr 'Lq. 10.7. &wd111r· 
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Uuvmuwft 10. 2 

bl'~i,u~plhnn"bt 
nl'n2t{m hwJw17 S 

U?Wf'flUfl)l O /;tjwcfp[! 
q.n176w!;!lf w17d!ipu/;17D 

N~ N! /IWflJWl(W.Jftb ;,/;. IJ,'tw"" M°tt/wd 
euvi 0-wu/1 pt7n.utjwJ.- S 
lit171~. pf vju!iJw!Jt/I[' 

· hliJwb/t plin.u'fwa S 

f. ~ 

2. t=zdp 

46£jp 

I 
4 

I 
3 

I a 0=---
2 6 

8+-3k' 
12(2+K) 

f;C1 2!.J-a).,. Jk 
12(2a+J<) 

f!f uju/iJu/Z/i !'/! 

1 
12 

/+2o(J-4t:r2) 
12(!+ 4a) 

~~~K !6a(J-4a2J+§,f 
~P (8a+k)48 

p p p 'l 
1a l fl ~l~ ~£_/( 8+/0o/J-1,g~~.fR 
.El iEL P - (2+8o-t-k.'}48 

0,5f 0,5! 
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•-un'll!f9 L. 4_J4_11uff!9, J.'1</wJ w •frw'bf Jw'brnLflJw'b 4_Honrn'bf Jw4_wl•'fw4.u•I' 

.<74 = cr6 + o-8 +cr9 =123,5 l!'IT/w, ub'lJy1uJ pbmn'bf r.1tnU1yn{' fJ'1Lf4_/! ,fw4_wr'lw4_nu!' 

O"~ = cr: + cr; + cr; = 50 l!'IT/uu 

Swrrl!. a,,4.uJ 'fnUlnL•' S.w[!lt[' i"L'bf, -C.'t_ywJcf• uwr.Jw'buufu.'t_nufl!. ft.wu•u1r

.,,-fn• ,/ I; bl'bltln1 't_n'buuirnL't_m/"/ ulw1J.,.~1'bbrf9• 

-306 

IT/wC.w'b£ynuf I; "l'nl/,l C.lt~w'bf -C.11.'[wJl!l!. /Jn.hi!/! ,/J,t_mb'lnul: 

-~wz1wrft.• flrnzn LJ lr'bl! ll'/!1 ft.nrnLp ;nL'bf!. r.Uw'bf pn.f!il!f! Jltt_mli'lnuf' 

1 

8 8 
325 l/'l,.1(' 

1 325000 1 
= 0,084 . 10-5 -, 

uJ 
-- = ---------

p4wr• 0,85 -34000 -13382000 

1 
--- cMLrt 

PLr4 B~wrt: 

Mbr~ 
qL r~ [2 43,75-17 ,62 

1694 't_'l,. J, --8 8 

1 1694000-3 1 ------------
PLr~ 0,85-34000·13382000 

= 1,314-10-5--, 
uJ 

1 

1 

1 

22100-61,0 1 
--------- = 0,349 . 10-5-. 

0,85•34000·13382000 urf 

----
cr 

i;.' = 4 
--1 

E .. 

123,5-50 1 
------- =0,245-10-5--, 

180000-166,5 a1! 

1 1 
- = (0,084+ 1,314-0,349- 0,245)10-s = 0,804-10-5-, 
p J 

(10.2) 

( 10.1) 

(10.5) 

( 10.fj) 

( 10.7) 

1 5 1 
f=S-12=- -12 

p 48 p 

( s =~I uib ' u W'J.• 10,2 ), 
48 / 

5 r = -.0,804. 10-5.11602 = 2,59 "''' 
48 

l 1760 
J = -=--= 7 04 uJ: 

UUJ ;,/ 250 250 J 

f 2 ,59 11J < fu.> .t =7 ,04 a1!, ~J11nhwput{' 1 f,/,~w'tf -C.'t_ywJl!f! ,f/,~•nfl J"L'bf!. pwyw-

['w['nLJ I; 'bnp•lwm/•1 "lwr.UJ'bi_f!.• 

SwuGutil(lq1npq <nn1Ju 

bflllllfcN~bSn"iJb Sllfl flbflJl ~11(}'1.llflllC. e.us ifl1-RbflJl0 

Al15'1.11l1-RJl 

1.wzqwpqfi pum -&wj!bpfr .pw9qwal!fr qwmwpqniJ I; qbfimpnfiwqwfi 

J.qJwfi, qnJwfi, wpmwqbfimpnfi J.qJwfi /,_ ub'lJJwfi wzfuwmn'l WJfi UJW('

{'bf'fr t;wJwp, npnfi9 -&wj!wqwJnLfJJwfi fiqwmJwJp wnwp_w11p</_nLJ bfi 

hpqpnf''1 qwJ hppnf''1 qwpq.fr "(Wt;wfip_fibpt 1. wzqwpq[! qwmwp</_nLJ I; 

1'zqwa mwpphpfr WJfi q.nmfrfibpfr t:wJwp, npnfi9nLJ J.q.nLJ I; wnwp_wfinLJ 

wpmwl!frfi pbnfiqwaj!fibpfr9, /rfii_"(bu k fiwjufiwqwfi ub'lJn'l nuJfr w11_11b-

9nLf1J•Lfifr91 

zlwj!bpfr pw9qwal!fr [WJfintfJJwfi uwt;.JwfiwpwqntJf! t:frJfiwqwfinLJ 

qwmwp</_nLJ I; wJpwfip qnnnq_frwJfr9 "(W.\"fwfiblnL fi"lwmwqnqt 

bpqwflpbmnfib mwppbpfr -&wj!wqwJnLfintfJJwfi fiqwmJwJp wnwp_w

'1-l!f'</.n'l "lwt:wfip_fihpfr Jwufrfi wuqwa I;§ 2.'l.5-nLJt 
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60~ 

n# -rrl.ro = u. 
ur CI 

.., s -mn 
--.. d 

Jiulq1Jm1JmZtt 

m CI 

s -u m.:[ ( 
IIrCIU ) _, 

6 ,..,0 
-1 

,,-;t,,,r·Z1(T} 

( f'H) 

JqJb ~ ijl9Jm1J BiJ1J1uFfiwurFm:_,murJm ( f1' 1 JJ" 
1~ '!'!1uF eJ1uf'll' 

1JFwbml7pmvm fJmpJml '!ml'lnmlJLml iJ'!uur9J 71 i/'!mJpm il-"h.J' ·::i. 

'~ '!fi/bmJmln iJilfmpurm:, i/'JmJpm il-s 
·~ 17,Bi/IJ 

-mfJub 17,mltJwlu/Jl ijJwlln~ i/Jq'!,p-.uJml 17,mplnm1JLm"t 17,-m LqurJu-

(s·n) 
' 'lS"#•r·:im = m dllf'~:Ill6 -m d ,.,.o 

/I'll 

•IJ'!) ]iuJqpw fJmplnmlJLmZ LufJub 71liJ1' iJ1Juur9J 71 i/'!mJpm p1u'!1uFeJwJ 

-mlJJq Mm ijpvllJmJmnmpm:, ~ ilmqln il1J1uF£irnJqJJmm ijJqbijy. i/'!mJpm 

IP ~U(:'= "'!) LqurJu 71 ilmy. ~ 1ulm1Jmlmvm p1uJu) prnilfmpurm:, Lu"Ji'Jmb 

mJf '!mF£iwJupmv9:, '1 BijlJmJIJ 71 prnilfmpmm:_, fmilmy. Ju •BijlJml'Fmln 

'!Tm ~ pw]iZuJu il1J1uFfirnJupmvq:_, LupBmurn 71li/f ijJqilmy. rnlJJq 

fa·n) 

t(t"l'l § n,9ur '!:'o= '"J 

!)'0 
11r~u;:;= 11r~ u= •o 

,t/tJiJ11J ilprnJml i/'!mJpm '!t/:,mln Lub 

-Jun/m'J 1J9Ju'Jm1Jmlt/f'Jm il'!ml'Gmlmum t/ilmy. 't/-( l' 11) 1JFmympm7 

(i ·n) 
r,,_ 

ir·Jo __ = mo 
u 

,illnm1J lmF71urq:_, mlJ· 

TJlt/p ijJq1J/'1uJml t/'!uurqd 71 i/'JmJpm ilpwGmlmvm ijuqilmy. 7171!'111 

!IOe 

tilmy. Ju'! nijlmb 

~ lmvm ''!mf£i1Uflfl' llrll ~ JllUIJnm:, pulqy.m ilpwdml iJ'!uurqJ LqurJir 

'prnilfmpurm:, '!FYJ tpwy.m ,il'li/'!uurqJ IJniJ '~ prnbmplJ 1JmFeJ1uJm1JJq· 

ijJJmur urnil '!1'1uJml i/'!mJpm puil1Jm71urq:, ijJu ''!i/'luurqJ ~ pwpG'lmn/ 

-uif GiJIJmJpm puGulijp ijJnl'1uJml IJmplnmlJLmZ JmJmlJmy.ijurnm ilnmr 

ijp ijbijy. Luby 'n/my 71 lm pulm'!mvq} Gijilmy. LuBn1u 1JrnFeJ1uFu'b 

1p1u-l'Ol ·IJ'! 
fmpJur ~ GFwG nqln7'liJ 'nqlnlJfm '!!/ pwpn/uifut/i '1JmFeJ1uiimlJJq ijJJmur 

urnil •ilJq'!/'1uJml i/'!uurqJ 71 iJ'lmJpm LupfJurb 71lijp ijJqilmy. lulJJq 

l1J1UF£i1ufq/' P' !) p1u'!murn 71 ~ p1uy.m 71ymil7iJveJ ilp1uJml i/'lmJ. 

-pm pwilfmpurm:, fmilmy. uurq:, n7lnmli/p1Jm G1ulm'lmlmvm ilmp 

:p1uJq1Jilfmpurm:, 1F1ueJ 19pmvm '!'I p1upfJurFm:_, ilJqilmy. 'liJlmvm· 

puil1Jm71ur9:, 1JmfeJrnv9nmpm:_,'!m iJ1Juur9J 1JmF£iwiimlJJq ijJJmur urnj 

tmJf ijJ91JIJ1UF£i1uJupmv9:, Jmnmpm:, nqlnmJupmurup '!9 p1upn/ZmJ 

-mLqur ulJ9p iJ 71 JpmFeJ1u'!m1JmbJulm:, i/IJmZuJu nijlmb '!9 lmvm ilJ9if 

-my. lm pJu'! 'bi/y. '!mF eJ1uf91' IJ1Uurmurnm :_, ~ J'1UfJub '!mF £i1uJm1JJ9 mJrr. 

urnil JJq 'p1uJ7JJmur q1JuurqJflmlJJ7 Ju •lqpur '!'I BFwG ilJqyJutP 

J'\>IUS0eNUl1Ul>1HJ!l'1 .im"\,:l l>!li'NJl tlll!l'lt1l.ll 'l 

;)JNU~UJU '\ 'OG-eJ1.f.U'\G'fil tlit'.Q'fipQ'fi~ 

l{JQ.it''CW l"OJlJU'\ '\tl(t'G'\ 'fi-U'fi '\ 'fita'fi'\G'fil:\JQ. tlJJ'fiS "<nl § 

11Jqr lqrpub'!il ilBijlJmfJub 'w 1JmFeJ1uurZy. tJmrby

i/'!mJpm ~ rwpJurmlFrneJ nijlqlJJmpZm:_, ijilfmpGmJ ijJ9ilmy. urnj 

1Jmrrnb ijy.m 1JmFfirn1JFm1 ijilfmpGmJ ijilmy. Lu1J9 

lmvm Gijilfmf'l"'IJ 71mmy.timlJ 71 1JmFfi1u1JFml ijilfmpGmJ ijilmy. 71urmJmlJ 

-Jq nqlnJu ~ rwpluJu il1J1uFfiw1Jfml ijilfmpGmJ ijJqilmy. 71urmy.Jm'1 

1Gij1JwFfirnB9bbm 71urmJm1JJq ijJqlJilfmP'J"'IJ 71urmJm1JJq 7T 

'!mlJmurlp ~ pwpluJu il1J1uFeJ1u'lFml ijilfmpGmJ ijJ9ilmy. 71urmJm1JJq 

11JJmpZm:, IJmFeJrn'!Fml ijilfmpGmJ ijJ9ilmy. 

11urmJm1JJq ,'leJ 71 71urmy.timlJ ,'le/ lqJmurmlJ ~ ilurqln Jmrm:_, ijJqJJmur 

LuJmJmpmJ il1i.nlqm:,mln ijbJmlJ iJJuJtiq ''!mFeJ1urpuFmlJmilmy. urnj 

1GijqrnFeJrnG9bbm 71urmy.Jm1J ijJq'T, 

-ilfmf'!"9J 71urmy.Jm1J 71 71urmJmlJJq 'qm1JmurZp ~ rrnpZuJu il1J1uFeJ1u'JFmr 

ijilfmpGmJ ijJ9ilmy. ijnijlnMYJ 1Jqilmy. 71urmy.Jm1J qFmt/p '1.9 pwpJurmlF1ueJ 

•J9ql1Jm:_,mln t/btim1J iJJuJ1JJq 1JmFfirn1JrnFm1Jmilmy. urnil '!9 r1upJbml· 

-mvm JpmpurmlJ'! G'!uJu 'r1uJqJJmur IJFm ·~ t/'!urFm:_, 1J9bJm n91n7'Jt/ 



l - ( am.< 
• - nRa11 -2) nu;;'lJ' (11.5 )' 

lJ.J'l f!LUbLUJ.U[! /JnLJfLUU1[1t/_nLJ t qppLUn.bi bLUU LUJb 'lhUfpbpnLJ, bpp 

(!UU1 UILUf'f'P bpqLUpnL/JJLUb LUf'UILU/!/rf.t -C.frqfr Jb.JnL/JJnLbf! l/inl/infuLUqLUf.t ti 

~llii l i ! ii l 1 1 ;!l l i•::J 
f., N., ' 

~ 2a~!£ 

~I . . 

loq. 11.1. flhmn&p !.. wtlrw&p oqn'l Gpqhrp 

tUJJDtr&br11 &nr Gwfp wnu1rw9J'w&11 w&Jprw

~w&nrhl'. l'.wjuor'ln'l "lwfi~['. 

(11,5) LU pU1LUt;.LU 1mnLfil ,,,,'j, . 

,fb-l Lnh-rzLU11rhtni/ a .... -/r LUr

JbJ!'ilh-pf!.1 mwppbp nLJwJJr'il 

'j, b pqn pJ-nL{if JnL'i.th b-rfr 'fb "f J!nLtf,. 

"UU1 UJh Ulh J! f:.LU,f LUUf LUUI LUU /uiub 

t;.,,,2i/"'rit"'!fr'il P"''il,,,a.t..br' l, 
b-p~LUp11Lfi1J'IL'j,f!. npnzb-1nL f:.LU-· 
,f LU pt 

2. llU..f!'t'Pl> AU.6~U.l:r-l!l> 
lU.5\,ffl•fao:Jnt>\,(! 

!J,rp/LUJ- LUtf flLUhp tf wltLUr-· 

'fLUitnuf l..LUJ!P pLU9if,,,J-J!fr a,. 
l'" J'j, nLfil J"L'j, l!. ~b'j, m pn'il ,,,'t,,,'il· 

aqifn'l, .Jn.ifn'l, wrwLU1tL'ilmpn'il

a,,1n'l ( bpp eo~ 0,8ho) f.., 

"'f'LnLUqbfimpnfi ub'lJqnrz mLUpphpn<J npnzif_nLJ bf,, wJfi Uf"'JJ,,,fip9, 11p· 

bpqnL bLUj2bpfr J fip_U. q.mf.tt/_n'l J.q.t/_LU.J pbmnf.t.Ji P"'SLUf'J.LUq bpqLU(ILU9nLJ[! r• 

'fNLJLUpLUJ l..LUJ!/r PLUStfLUJ-J!fr 

LLUJbnL[ilJnLhf!. "l.h-mJ! I; t;.LUi/LU

uwp ifi'ilfr wJp,,,'ilfr pw9wpaw~ 

bp~wpw9Jw'ile, hnLJh h-p~w

pnL[ilJnLhnLJ {'ii~. 11,2)1 

µbmn'ilfr £. ,,,Jpw'ilfr pw• 

9wpaw~ bp~wpw9nLtfhbpp wr-

U1Ult;.UIJU1blnif 'iipw'il9 Jfrt.fr'il 

f:.wpwpbpw~w'ii bp~wpw9nLJ-

"bbp11if ~wrbtfr I; 'trbi' 

\oq. 11.2. rlwfp pw9il_wHp tWJl'.mpJwl'. nrnzuwt; 

ujuhuwr. 

s,.a..1 z. + a,=r:. •. J' z., 
(11,6 ) ' 

npurhfl f! • . .t -f.t J.q.JLUf.t LUJf'LUbp Jfrp_/if.t .t;LUf'LUf!b[ILUqLUb bpqLUf'LU9nLJb f. 
l,. 1:LUurt/_LU.JnLJ, 
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8p. U -f.t J.qt/_LU.} pbLnnbfr Jpp_/if.t .t;IUf'LUf!b['LUqLUf.t bpqLU('LU9nLJf.t t 
bnLJb .t;LUU1t/_LU.JnLJt 

f,f' . d . J' -{! t;LUJbJLUU1LUf} f,~ . .r -fr .t;bm lfin/!f' Jb.JnL/JJnLb t U .t:wzt/_LU['q{! 

JU{LUf''lb9f.tb1nL bUf LUUILUqnt/_ qLU[lbffr t f!b'lnLbb[' f, p . d.J = 0 1 npfr9 .t;burn 

qu1J1LU9t/_/r' 

(11.7) 

(11.8) 

(11.8) f!LUbLUJ.UnLJ, unt/_npLUqwf.t _bpqwfJpbU1nf.t/r •'lbUfpnLJ, CJ. -'ii 

.J.qt/_LU,} LUJpwf.t/r 1wpnLJf.t t -C.LUpw.J .t;LUU1t/_LUJ-pnLJ, fruq f.tw/uLUfLUf't/_w.J 

bpqLU/Jpbmnf.t/r 'lbUfpnLJ' J.qt/_w.J LUJf'LUbp iwpJwf.t w-C.f.t t 1:wzt/_LUpqt[_ntz 

·\w1J11_w.J/!nLJ' Wf1LnLUj!Jrfi phn.fiqw.J/!fr LU'l.'fb9nL{JjnLfiJr9, uquw.J w1fi U[LU-

1:fr9, bpp bLUfubLUqwf.t ubrzJn'l nL<lfr LU'l'1b9nL/JJnLb[! phLnnbnLJ .t;LU'[/JLU

t;LUf't/.bt t (JLUpt/_bi t), U. phLnnf.tJr iwpnLJf! LUJ'l LUJpLUf.tJr LUn.LUbS/!P Jw

·'t LU p 'JLU 4 n LJ .t; LU"-LU u LU f' t 'lf' n J /rt 

CJ., fLUpJwf.t Jb.JnL/JJnLb[! npnzqmJ t -C.LUpw.J 1:wLnt/_LU.JpnLJ LU['-

Lnwj!/rfi /, fibpj!Jrfi -C.fo'lbf'p <:wqwuwpwqznnL/JJwfi UfWJJwfiJr9, pfi'fnLfihin1_ 

f.tbpppf.t nLJLUl£11LJ'f/r f!LUl£11Lq(! .t;LUt/_LUULUf' Z1-/r (f.tq. 11.3 ), npfr Jb.JnL

JlJnLbJ! npnzt/_nLJ t (10.24) pLUf.twJ.U.nt/_1 

lo~. 11.3. rlpqbrp ujuhuwl'.hr11 l'inruwl Gwfhr~ pw9il_wMp 1wJli"'pJml'.11 

llwz{wr~hwu. 
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/Jlt/iinl/_ l/_bpf! lW('W'f['l/_wttp9, a. [Ul('nLJf! fiw/uW[W['l/_w,) U1Ul('('bpfo 

11'1"1/!ntJ npnzl/_ntJ t t;hurb.J"'l pwfiwJ.ubpnl/_. 

qbfiurpnfiwqwfi J.ql/_nq urwppbpft "wJwp' 

N-N0 o.=---
F.+F, 

(11.9 )' 

t)ru/_nq urwppbpft "wJwp (fiq. 11.3, w)' 

(11.10) 

wpurwqbfiurpnfi J.qqnq (bpp e0~0,Bh0) u wpurwqbfimpnfi ubrzJlf_nrz 

urwppbpft "wJwp (fiq. 11,3, q, p)' 

a,.= 
N ( e. :t: Z1)- N0(Z1-e .. . ) 

(F, + F. )z1 

(11.11} 

Uni/_nq, wpurwqbfiurpnh J.qlf_nrz u wpurwqbfiurpnfi ubrzJi/_nrz urwppbpf! · 

.\wzlf_wpqbtftu, b{Jb J.qlf_w,) wJpwfil! urbqw'fplf_w,) t Jhqfr9 wl/_btfr zwp

pnl/_, WUfW fiqwurp ntfibfiwtnl/_, np ubrzJl/_wt) qnurnt9 "bnnt qurfil/_nrz zwp

.f!p wJpwfifr lwpntJ{! frpwqwhntJ Jb,) t, l!"'f, i/_bpf! pbpl/_w,) pwhwJ.Ubpnq 

npnzl/_w,)f, {, wJf, Ufbur.f! t pwqJw"lwurqbl Cf.L, > 1 qnpt)wq9nl/_ ( urb' u • 

{24] 4.4.15)t 

lwJwJ.wJfJ qnpt}nrz finpJwfibpp 1 Ow [W('JWfi 1Jbt)mfJJnt11f! (':wzl/_fr· 

wnwt) fiwb. qi • L
7 

qnpt)wqftsl!) "lbur.f! t tfrfi/t R.11 ·/ts nl Jb,), 

(11.11) pwhwJ.b.ntJ «UfLJnLu» Lzwhl! i/_bp9l/_nLJ t wpmwqbhurpnfl-· 

J.qJwfi, fruq «Jftfintu» tzwfil!' wpurwqbfiurpnfi ubrzJJwfi 'lbUfpntJ1 U.p

urw~bfiurpnfi J.qJwf, 'lb"l/!nLJ, bpp N nLUf! qurhqnul t' 1J. u IJ.' wJpwh

Lbpfr ttwfipnLfJJwfi qbfiurpnfifihpfr "bnwl/_npnLflJwfi Jft!b., W"fW e_ -ii l!.il

'lntfil/_mJ t «JpfinLu» LzwLnl/_1 

IJ.purwqb'burpnfi J.qqnrz urwppbpnLJ, bpp eo<O,Bho, (21.11) pwfiw

J.b.ntJ l!fi'lnLfil/_ntJ { Z1 = Z. (Lq. 11.3 )1 

Unqnpw~wfi bp~wflpburnfib urwppbpf! -'>wzqwp~btfru qbpf! pbpqw~

pwfiwJ.UbpntJ No &plff! u F 
1 

Jwqbpbuf! f!L'lnifil/_nLJ hfi -'>wl/_wuwp 'll'nJ/rt 

'!>. qnp,}wq9ft {nLfJJwfi JwufrL wul/_w,) t § 10.3-nLJt 

'!> .. qnp,}wq9ft JUnLfJJnLfif! wnwfi9pwJpfi J.qJwfi 11bUfpntJ qwp&wurb. 

u bpqwpwuru qnpttnq pbnfil/_wt).f!Lbpft "wJwp npnzlf_ntJ { urbuwqwfinpbfr 
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uurw9l/_w,) pwfiwJ.ubpnl/_, fiqwurft nitbfiwtnl/_ Lwu tfrnpJ.bpft9 uurw9i/_w~ 

.Ul('llJnLfipfibp f! t 

uwfuwtwrlf_wtt hpqw/Jphurntb urwpphpft .\wJwp '¢. qnpttwVsl! npnz

l/.ntJ t X:burUJ~l pwfiwJ.b.bpnl/_. 

pbnfilf_wtt/!ft qwp&wuru "''l.'lb9nt/JJw'b 'lbu111ntJ' 

tji .. =1-0,35 (11.13) 

Unl/_npwqwfi bpqw{Jpburntb urwppbpft 'lb"l/!ntJ hwfu'iiwqwh ubrzJnrz 

No &ftqf! t;wqwuwp t 'l.l'nJft, t;buruwpwp '¢w qnpttwqp9f! qnpnzqft "burb.Jwl 

,pwhwJ.L.bpni/_. 

pbnhqwt)pp qwpG.wurb. W'f.'fb9ntfJJwh 'lbUfpntJ' 

N . 
!Ji- =1-0,7 --P'-·•

N 

NI'·' lji .. =1-0,35 -..:.-N-

(11.14) 

(11.15) 

a/,bpf! phpqwtt pwfiwJ.ubpntJ Np.< -[! uw.\JwfiwJ/rfi J.qn'l_ &frqL t, 
mp pburnhf! qwpn'l_ t f!L'lnLhht 'Aw[! wnw2wfiwtnL UfWt;pfi' 

(11.16) 

N . N . 
IJ.Jfi 'lb"l/!bl'ntJ , bpp ~ >1 qwJ ~>1, -'>wzlf_wpqwJ/tfi 

N N- N0 

pwfiwJ.b.bpntJ "'J'I -'>wpwpbpnt/JJnLL[! Ufbur[! t l!fi'lntfibl -'>wl/_wuwp Jbqft• 

Vnlf_nrz urwppbpfr, frLl"lbu u ntclfr wpurwqhfimpnfi wq'fb9nt/JJwfi Lbp/!n 

wzfuwurnq U1Ul('('bf'p t;wJwp '¢.. qnpt)w~9p Jb,)m/JJnLfJf! npnzl/_nuf t 
.(10.30 ), (10.32) pwfiwJ.Ubpnl/_t 
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§ 11.s. su.rrti br11u.e.-...u.11u. .-... u.n-u. 'l.8-Rti'l. .-...nrtrU.l tilJ..itbrti' 
~U.8"-1.U.tr.atti lU.'3'l.nt'-fll''3U. .-... ~u.~'-1.U.rtil! cus .-...nrtrU.'l.brti 

1.wJwJ.wjL qnprtntz LnpJwLbpfi, mwppfi wnwL9pfi LqwmJwJp Lnp

Jwl -C.wpbpfi pw9qwrtpfi [WjLnt/JjnLL[! npnzqntJ t [!Um .t:bmb.jW[ pnpJ.w

nwftwL pwLwJ.L.fr' 

(11.17) 

npmbtz k-L qnprtwftfi9 t, qwfuqwr} mwppfi t/_pw q.nprtntz &frq.fi mbuwqfi9• 

rtnqntz Lt wpmwqbLmpnL ubrzJqntz mwppbpfi .t:wJwp' 1, J.{!q-

t/_ntz mwppbpfi .t;wJwp' 1 12, 

Cb -L q.nprtwftfr9 t, qwfuqwr} wq_'fn'l pbnLqwr}pLbpfi pLni1/Jfr9 k 

pbmnf1p mbuwqfi9. 

ftwp&wmf,_ pbnLqwrtpLbpfi, JzmwqwL f,_ bpftwpwmlt pbn-

L[!qwrtpLbpft ftwp-C.wmb. wq_'fh9nt/JJwL 'fhUJ[JltLJ' 1 1 

pwq_Jwftfi wLq.wJ qpftLqntz pbnLqwrtpLhpfr, fiLlUJbu /,, J[!z

mwqwL Lt bpqwpwmlt pbnLqwr}pLbpfi hpftwpwmlt wq_'fb9nt

fJ1wL 'fbUfpntJ' qwfuqwr} qnLumpntf[9fiw1fr .t;wJwp qfipwn

t/_ntz pbmnLfr9. 

pf1wftwL funLwqnt/JJwL rtwLp pbmnL' 1 ,5, 

y_pw.t:wq.h9wr} r}wLp phmnL' 1 ,2, 

rtwftnmqbL [9WLjnt/Jbpnq pbmnL, "l U/wqwu' 1,5, 

f]-L qnprtwqfi9 t qwfuqwr} wJpwLfi mbuwftfi9. 

dntzwjpL wJpwLp .t:wJwp. 

UJwppbpwftwL Ufpn:f>fitfi' 1, 

.t:wpfJ Jwqhpltntj/Jfi' 1 ,3, 

[W{'WjfL wJpwLfr .t:wJwp. 

UJWppbpwqwL Ufpn!J>/it/i f,_ bnUJwLLbp' 1 ,2, 

.t:wpfJ Jwqbpltntj/J/i' 1,4, 

µ-L .t;wmqwr}pp wJpwLwqnpJwL qnprtwqfi9L t, np[! l!L'fmLt/_nLt.f 

t lJ. wJpwLp .t:wmi[wrtpfr f,_ phmnLp .t:wmqwrtjlp JwqhpbuLbpfr 

.t:wpwpbpntfJJwLl! .t:wi[wuwp (ho pwpdpnt/JjwJp, wnwL9 

.t:wzi[fr wnLbtnt ubtzJi[wr} uwlfi 9i[fipLbpf!), pwj9 "l "lwlfww 

0,02-fi9, 

d-L wJpwLfi mpwJwqpr}L t, JJ-ni[, 

a., [WpntJ[! npnzqntJ t WJLUJbu, fiLl"lbu § 11.2.2-mJz 

§ 11.4. su.rrti br11u.e.-...u.11u. .-... u.n-u. 'l.8-Rti'l. fO'b-R tiU.-Rbrti 

~U.81lU.l:r-Rti lU.'3'l.O~fll''3U.'l. ~U.~1lU.PlJI! (!US .-...nrtrU.'l.brti 

{wjLwftwL wJpwLnq hqntz mwppbpfi bpftwjLwqwL wnwL9pfi Lqwm

dwJp fJbp &wpbpfi pw9qwrtpfi [WjLnt/JJntL[! npnzqntJ t 

( ) 
r, t2 

a. = Ci. k h0 + 30d.r.". - f2 
P.1 -

(11.18) 

4inpdwnwqwL pwLwJ.Ltnq, 

inpmbtz Ci, f,_ T] q.npr}wqp9~bl'l! LntjLL bL, fiLl np (11 .17) pwLwJ.ltntJ, 

k= (20-1200p., )103 , (11.19) 

·d""'"" -[! wLmpLbpfi f,_ fJbpqwr} dntzhpfr mpwJwqr}bpfi9 wJbLw

.Jbr}L t, (!UU1 npntJ (ho+30d .r.,,J -l! U/bmp t i[bp9-

Lht JJ-ni[, 

µ -L mwppfi .t;wq.h9i[wrtntfJJwL qnprtwftfi9L t, [WJLwqwL wJ-
1 

pwLni[. 

F .,-,,-{! L. Fp-u .t;wJwU/wmwufuwLwpwp Jbq 

wLntpLbpfr Lt /Jbpi[wr} dntzhpfi 

phuL t, 

(11.21) 

(11.22) 

.t; wpfJntfJ JntLntJ 

.t:wmi[wrtpfi Jwftb-
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llS 

-mblnu pulqJmmm'1 'i1Jqmq'1 i/JJms 1Jq'Jp1u11,mmmm J 11,11,iw11, pm'1 p1up 

-Jml '!m'1mLu11,mmmm ni/lmb j 6mum pwiflnqli 11,mieJwBqlibm i/iffmpil11, 

-uqd '1i/pm11,i/li mJp i/JqJJmm Lup11,mb prn'1my.i/7' fmpul'1mJmnmpm7 

J!J.'l..'l..>IU~.QJ>IUuU!mtin'Cl~ 'l..'Cll\'Cl'l..JN.~ .l 

;JJQ!\Jl'1U'\ 'fiS'flS l(J J'fiS T~l § 

:'1Jmplm:, 11,m'1m'1'1I'm11,4L 71m11, lqJmw 

-m7 j i!wqln i/6md Bi/7Jmplm:, 11,m'1m'1i/mmurn •Jniffmfr11,uqd '1i/pm11,i/li 

'J'/ p1ufJub mJp 811,uJu 'ilmpm j i/Jnmi/67wJwn11,u7 nuwqdefm7Jq 

1pwif6meJ11,il i/7m'Jml' 

-mp y.Jm'1 wml j prnpnjuifiuifi ili!Ji/li pm'1 il1puieJwLL1u ' ilJn11,wieJ1uf 

·qp 611,uilu '6'1Jniffmp11,uqd 11,im ni/1mb 6mum 11,q tln11,1uieJw6qlibm '1'1P 

-m11,'1-i 1'1Jn11,wieJw6qlibm 1li/pm11,i/li 11,q m1lmef11,q Lqw7qp wq:, 11,miefw6 

-qlibm i/J'1'!.iffmfr11,uqd '1'/wmwn i1Jq1Mmw 11,i/f'l,mum 611,mJ'J pm7 dpmieJ 

-w6Ludpm 11,Jq1Jiffmp6wum'1 nu1.11qdefm'1Jq prnJqillnqli i!Jml i/JJ 

~lfJQ~~~ug~~uyq~~n 
l\lfJlU~lf.~ ';J~~ug~~UJ~UJllf.~ 

lf.JQ~ Tilf.Gl\~UJSfi~Ul\ Q~USQ\:f-eJUl\JQ 

n(1ul1> 1.1.llull!putpJ.!lnnms 

1ilJnpw6wG '1-r6 § pu1nmln:;,mln 

' punm11,md ( f:6 ·6) j p1upluJu il11,wieJ1uf'II' i/Jnp1uJml Jupmn/l'b 

•IJmJ 
-pm 11,m1lm11,Fm1 fmptlmlmn/m'J lm11,nrn j wlqpmJ:,11,m Jmpm:, wlnBm11, 

-m'1mili/ i1611,m:,mln fmplfJ. 16'1-mfJJJl '1'1P nm'1mln lu dpmieJwfqp 611,qJi/ 

'7 LupLqn 11,'1'1,i/1 j ifmqln prn'1mliJm'1mp i/11,uJ1.1111,q'1 11,mieJwJ'Jmf i/iffmp 

-mm:, fmfrJqd 'p1u11,uwqd ilJq11,pwJml Jul•mn/lb Jmpm:, 11,mp'1mifi i/lmn 

-w:, i/Jqifmy. ifqeJ dpmpwm711, i/ifG11,mum 11,m'1m'Jim'1Jq i/JJms (b 

16'/bi/y. ON LupLqn 

qm'1m11,n/m11, 71 6i/Jq11,iffmfr11,uqd 11,i/ifmwJm Jmpm:;, i/Jq'J'Ji/pJmp 'Jm'Tmb 

9H: 
·-ymum m7ln?1J'1 j prnpluJu ilpwJml JD prnJu mnil 'dpmpJml 1mpJu 'J 

J 
mlJJJJl<:: D ,fmppl,,7n 'Jm'Jp j ilmqln pwi!lnqli 1JmieJ1uBqlibm 71mmJm'1Jq 

'7 'Jm'1mmlp i/Jq'Ji!fmp'Juqd ilJ'l'Jiffmpmm:, fmifm y. l u mub fmpby Bi/'J 

-wieJwBqlibm '1J '1'Jiffmp1Juqd 71mmy.Jm'1 71 71mmJm'1Jq '11,m'1mml JJ ( d 

1puJq71ym11,md ( l l" l l }· · -{ 6 .. l l } j p1upluJu ilJu ' 8'/J'l'J 

- iffmp11,uqd 11,i/ifmmJm j 11,y.m 11,mpJml i/11,mJpm 
1 

'{J fmpJml 11,- ~D LqmJ u 

(n·rr) rl l m~8'0':> -o + OD 

·il11,mpimln 1mF71mq:, 1nmln:,mln j ilmqln Jmpm:, mJli ' Jnmi/6mpJut/;qli 

yJmlimmq:,11,m 11,m11,m6mum j ifmqln? pwiflnqli i/Jniffmp11,uqd Lu fJub 

'lmmy.Jm'1 71 71mmJm'1Jq ' 11,m'1mmlp p1u11,mJpm 'fl fmpJm~ ( m 

1i1Jq11,611,m:,mln 1mi71mq:, 

1qJmJmpmd j ilmqln '11,q7''1mifi pulnJq'1 i/lmnrn:, pwiflnqli '1Jniffmp11,uqd 

.LufJub 71mmJm'1Jq 71 11,m'1mml p ilJqilm y. 71mmy.Jm'1 fmpl11, fbnqlnJu 

111,qp'Tmifi j ifmqln ilJqilm y. Mm ' i/if11,mmm n/ 

-lm 11,m'Tmbymum i/11,mJpm fmpJm1mnjm11, 7'i/:,Ju11, l ' p1ui!lnqli 11,mieJ1ui m'1 

-m6md i/iffmp11,uqd 71mmy.Jm'1 11,im'1mn :Jqi!my. 71mmy.Jm'1 lm11,nrn 11,q 

LuJm'1 pwiflnqli 'JmieJw6qlibm 71mmy.Jm'1 i/iffmp11,u qd 7''1J7 ' Jn611,m:,mln 

i/bJm'1 liJut1'1Jq 'J'I prnpJlim6mum 'Jm ieJ1u11,1uim'1milmy. mnil d pmp m m'111, 

.611,uJu •i1Jnmi/6'1rnilmn11,u'1 fmp J m1mn/m11, ' j lqpnm 11,qliJm nqln?'J</ 

,~tiJ'fili~'fi'? '\ 'fiJlti'fi«t> llJQlt''fiJ! llJQJJ'fiS .nuliJ'fil'fint'fi'\ ·s.rn § 

:mJp 11,mie)rnJupmuq:, i/lqpm 71 04 
'.'1,'I pwp11,wb 6i/11,mJm11,q:, il11,uJu 'Jmpm:, i/Jq11,iffmfr1.11m:, 11,Fm j pwpJ mw 

-m7 wup i/J911,11,mJm11,9:, wmbm il7Jmpl m :, 1/ilfmfrGmd i/J9ilmy. ifq.g 

1p u 11,mJ 

-pm 11,m7m11,Fm1 j fmp6qbm:, ifim?mJmnmpm:, ilJ u ' p1 u f 

-mpwm:, Lupwi/l.t i/JJmw j 11,p1u 11,m7m11,Fml fqpm11,qpm 11, -(> Lqwnim 

( c6·rr) 
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q.fr~ zwpdntJ, t:wt.nf''Jwpw[I Jbq qwJ JJntu nuzrznt/JJwJp, ::bnwhntJ ft 

i/_bpw'JwnhntJ bh frpbh9 uf[q_phwqwh ::wqwuwpwqznt/_w~ 'lfrf'pfrh: 

Swmwhnrzwf[wh zwl'rJJwh 'lbUfpnu! ijinijinfut/_ntJ bh zwprltf_nrz f[bmfr 

[Jb' wpwq.ntfJJwh It {Jb' wpwq.w9Jwh Jb~nifJJnthhbp[! It hzwh[!' 

SwmwhntJhbp[! LfohntJ bh' "I w {' p b {' w q w h ft n l "I w {' p b {' w

q w h: Swmwhnrzwqwh zwprJntJ[! qni_t/_ntJ { UfW['pbpwf[wh, b{Jb zwprl

Jwh rJwJwhwqwt:wmt/_w~ntJ qwpblfr { wht.wmbl ::wt[_wuwp rJwJwhw

qwJfrt.n9hbp, npnlJ9fr9 wJblJ JbqntJ zwprJJwlJ opblJp(! lJntJhlJ {, WJ

ufrlJplJ' zwpdntJ[! nthfr hntJh q.pw!pfrqf!' 

lJfrhwpwpwqwh qnhumpntq9frwhbpntJ 'wnwt. 'bf[nrz UfWppbpwqwh 

mwmwhntJhbp[! t:frJhwqwhntJ mbrzfr bh nthbhntJ ufrhmunfr'lfr opbhpnt/_. 

y=Asin (wt+e), (12.1) 

A-1' mwmwhntJhhpfo w J "I l fr m n t 'I h {, nph frpbhfo9 hbp

qw1w9hntJ { f[bmfo wJbhwJU ::bnwt/_npnt{Jjnth[! Jfot.frh, 

UfWJJwhwf[wh -':wt/_wuwpwf[znt/_w~ '1frf'pfo9, 

(t)=2nn-{! UIWtnwhntJlJbpfo 'l_ (' 1_ W 1J W J,, 1J :; W b W /u n L-

P Jn L h h L nph wpmw-':w1mntJ { mwt11whntJhbpfr sfrq

lbf'fr pwhwlfl!' 2;n, t/_wJ{'qJwhntJ, 

£-[! mwmwhntJhbpfo u q 'l p h w q w h i/i n L l h {, 

wt+e-[! mwmwhntJhbpfr ijintlh {: 

r./,bp[! pbpt/_w~ opbhpnt/_ qwmwpqnrz mwmwhntJhbp[! qni_t/_ntJ bh 

w)!J t;,,,,rJn'ilfi/L uiinui..,'iJn,J'ilbr 

P) !I 

T 

('iJfi• 12.1, LU)t 

~LUrJn'ilJt~ UlLUWLU'bnt.!'bb

rl! p'iJnrn2 b'iJ 'iJwf._ 'iJrLUbmf 1 

nr fibmft 2_LUrJJwb [<Jb' LUrLU

'f:llL{iJJttL'iJf!' V1 /, [<lb' mrUJ'fUl -

9nL.ff!' W 1 'il11LJ'j,"fb11 tfmijin/u 

i[nLJ b'b t;.wr.!n'bM orb'il.f.nif: 

V = Aw-'b fint1[11tJ I; ui ..,_ 

U1 UJ b ,/ UJ b UJ r UJ 'f: UL ff J UJ 'j, 

UJ ,/ "f l " U1 nL 'f• 
w=Aw2-'b fint•fu,J 1; in,,,_ 

:\.4. 12.1. 4wrtfn1'.i1'4 I. tfwr{nq fiwrtfn1'.i1'4 mw
mwl'.inttfl'.ibr!i qrw!l>!i41'.ibr~. 

,,,,,,'j,,f,,,'j, mpw'f:w9rfw'il 

w ,f "f I ft U1 "'· 'I-' 
Sinww'b11t.f'blr11Jt /ii/tr/£! Jbq 

ifm1r'iJLU'iJnLJ' n, fiut_ifm.J I; 

t;, UJ t> UJ p1 llL ft/ J UL b /,_ LU ptn LU

·~UJ ,tnr[llLJ I; r.bp9bpm[1 lfhq 
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t;b{'!Jf! frpbhfr9 hbpf[w1w9hntJ { Jbf[ lf'fri/. mwmwhniJ Jbf[ t/_wJpqjwhntJ1 

2.wfuw-C.ntfJJwh -':wqw'lwf'J. JUntfJJnth[!' T, nph frpbhfr9 fihpqw1w9-

hntJ { tnWtnwhntJhbpfr Jbq 9frqtfr tnftnrznt{JjnLlJ(! , qni_i/_ntJ { tn W tn W lJ

J w h "I w pp b p n t fJ Jn t 1'1 

1 
T=-· 

n 

' 2:t Ol =27tn=-1 
T 

y=f (t) sin (wt+e), 

(12.2) 

(12.3) 

(12.4) 

npU1brz f (t)-h Jnhnmnh ht/_wqnrz !pnthq9frw { u ifini/infut/_ntJ { fJWh'Jwrz, 

/!WlJ sin (wt+e)-{!J WUfW Wj'J 'JbUfpntJ f[btn{! qwtnW('nLU 

{ J w p t/_ n rz -': w {' J n h fr Ji m w m w h n 1J. h b {' (h I[ . 

12.1,p): 

lJ.J'l"lfrufr mwmwhntJhbp[! qwpb[fr { UfWtnq.bpw9hbl npUfbu wh[!h'l

:;wm ifinppw9nrz wJ"llfrmnt']nt/_ -':wpJnhfrf[ mwmwhntJhbp: 

lfwpt/_nrz -':wpJnhfrq mwmwhmJhbpfr 'lbUfpntJ JfoJ1wh9 ::wt.nf''ln'l ' 

"I wppbp nt{J 1n1hhbp fo wJ "I LfomntfJhbp[! ijin ijin fut/_ n 1J bh ( ijinppwhntJ bh}, 

,\ N 
pwj9 hpwh9 ::wpwpbpnt{Jjnth[!'-- 'JhntJ { t:wutnwt11n<h1 

AN+ ! 

A N 
8=in-'-, 

AN+! 
(12 • .5) 

qni_t/_ntJ { mwmwhntJhbpfr l n q. w p fo {J J w q w h 'I b q p b J .b h m: 

U. J'l '1-b "l/ln tJ' 

(12.6 ) 

(1 2 .ij 

3llJ · 



•~c ..tq'jm~6~1U..t\l\R'JU~ !f'JUUl!fddm~..iq l6 

( 6'z-r) •~jl=lro )[ 

,l/'Jt/llr il1J1uf eJ1un/my.m:, 

'Jl/fm'lm1Jl 4J'l'JJ'1UIJmmmm mmbm Jmrm:, t/bJmlrmrm:, t/nt/lnMYJ 

1'1m1Jmpmp JmlrJq {'mG 

-m'1'lmG lqp'1m'l1uJml 'l'I LuJm'1 77 'l'I J'l'JJ'1UIJmmmm LupJmr7 '1t/'J"I' 

-Jm:, i/J'l'JJ'1U1Jmmmm mmbm t/bJm'1mrm:, 'lmlrmbl'mvm 1Jmlrmlmqb<J 

'J'1Un/upmL'I"' Jupmt/p lr'll' 

J11UJ'{J ~ 1mvm nt/lqvmJt/lr 'l'IJu'1t/mmmn mJf l/{'mfb'lmb 

i/Ju '1Jl/p1u IJfm ~ Jmnmpm:, n'l'lnmpeJ 77 IJ1UfeJ1Umlulr l/b 

-Jm'1mpm:, ~ f'1Uflulr ·~ Bl/'1mfilub 1JmfeJ1u'Jmlrmmmp'fJ'm:, 'J->{ 

, Gt/'J1uf fl 

-1uJb {'mpvl'1mJmnmpm:, ~ 'l'l1uFfi1un/upmL'{UJ 4fmpb'lmb ii-.;. L9mJu 

(g·u) 'f:>J=S 

•ilp1U 'lm'1mb 

-fmllm Lu'lh1Jm'1mJ9]r S l/{'Ju-b'1 't/li'llJ'l1uFfi1U'1mm:, 1Jm'1mbfmvm 'f-bilm'1 

-mpm:, 7't/:,Ju'll 'mJf t/{'mfb'Jmb W p1ui1Gmfi1Jil t/J'l'JJ'1U1Jmmms 

:J 'I 'l I' 1 u 'l m U1 m U1 'l m ,, m "' 'I n rm'1 
mm b m 'J'I r1up7u'1 •JrmfeJ1ufm'1mGmd 'filqp1u IJ'/ilmmJm ilbJm'1mrm:, 

~ J'1UJmmm'1 i/Ju 'UU'{IJJ'1U1Jmmmm IJfYJ 1J91JJ11U1Jmmmm t/Jmmmlrlr IJfm 

mlnm 'il'l1uff}1UG9bbm iJt/ilmmJm 4]rGm119:, 77 G'f'1my.1f {'mpvl'1mtlmnmpm:, 

'/]rJqd nJ1Ub ilhJm?mJ'm:, LuGq'J1u 1Jmy.'fmnm '1'11' 1Jmff}1Ummbm 'lf}Q 

;:JJ!l'\JNU'\1lS1lS ('\1llt1l41!lR) S1lo1l 

&l"bJ1llJ.1lJ11l'7 '1UV!l'\>lU '\1lllttSR1l IJ.!lJ\ '\1lS-e.l'IUS1lo1l '<: 

:~ f'1U1JmliJmd il?Jmplm:, IJmil'lfm 

·~ {''{!' ilpt/fl Mm 1Jmil7'l'f 77 '~ 1Jii'fbmeJ1u'ld 1Jm'1m'lrl/:, 'fbJm'1mrm:, 

ilf'/eJ l/'Jmy.l/mnm 'lmfeJ1Ummbm p1uJ'l'l'1Jmplm:, 1Jm'1m'1'fl'm'l'f-LJ 

1Jq'!,rr,111Tp}11111/my.m~ 4J'l'!.J'-,,,'!.'""nmm 47f'f 

'TY iJJuJ7Jq 

'lml''lm111m111 -J ''TY 'li/lmum 'lmi''lm111mur -m 

"J'f'j'Jffil,''19 Uo6q'JlU 

~m9~mnm 10~..iq '\ ~'II' 'JmFdwutmbn ·i:·1a -~'\ 

1C:::>-~ v 
0 <:.:.::;.;/ (J 

..,~ rc:=:=:-::-V r D ~ 
(m 

Um 77 bJuJJq •bJuJ'1Jq '!'IP 

-7u'1'1 ilJn'J1uFfl1Un/my.m:, Lu'J 

-mn/nmmmlnmpm:, 'lt/i.inr1u'l, 

-:nmmm fifm •Jqm9'1 pJml'l,m 

'lil'l'fnFm •Jqm91r IJml'G'Jmn/ 

-up m'J'l'l1U'1 ilf'fb 'Jm'1mb 

-vmum J'1UiJ/nq/J 4J!/'JJ'1UIJmU1 

-mm '/11? fiJu1m:, {'mGm'l,l' ''lm'1 

-m'l,r'/:r rm'1 'l'f1mvm ~ J'1Uf 

-7u'1 U1J1UFtf1un/my.m:, Mm '1,m!' 

mm 
-'Jmmmm '~ 'lml'Jmt/r il'l1uTfl1Uilulr t/ilu •Jmrm:, 477? 'lfm t/f-b t/]rGmmn'1 

il1puFfi1Un/my.m:, JilU1fim'J'll'm J11Uillnqb 'Jml''lmmmm t/-bilm'1mrm:, LuGn1u 

pt/fl t/il!f'JIJmy.t/mnm 1JmFfl1Ummbm t/lqpm Bl/'1'111 :(G·u ''1'J} pu71r 'ffb 

'Jmlrmbfmvm 77 JrmFfl1Un/my.m:, ill/ ~ p1upluJu'lJ i/Ju '71'1' '191' 'Jml''lm"' 

-mm ~ J11U1Jmn/nmmmlnmpm:, 'J'/'Jmy.t/mnm '1'11' 'J11'm 1JmFfi1ummbYJ 

:J'l'l'Jmy. 

-t/mnm 1Jmff}1Ummbm pupfl 1Jqp1Jm m'J'l'J1u'1 1Jfm 'umdm71m9:, 'uilJq'J 

'JmfeJ1UG9bbm 'fJ'l'J{'mfb'lmb pu'1m1Jmil 1Jqp'Jm 'avl/l'11JmJJ n'llnJu 19mt/b ~ 

t/1'1Jm'1 '{'mfb'Jmb {'mpn/lmd dpmFfl1UJmlrJ'I Jt/ t/'J1u 'lJu 'il'Jmf'I( 

:J'l'l'Jmy.l/mnm 1Jmff}1Ummbm pupfl t/19pm 

77 il'IJ'I '1U'1J'I 1m'J'llJ1U ~ LuJm'1 ilbJm'1mrm:, pulnilqlr 1Jm1'1Jmpm7 

:J rmf fi1u{' 'Ii' 'Jm rn/ uifi mL'I U1 "1JUUU11J'f Ir 'Jmf fi1uJ'Jm{' t/il{'m P'l"'ld 

0 ~ J11UpluJu 'drmrmm'1'J t/lrmy.t/7' {'mpvllrmJmnmpm:, 1Jm'1m'lilb'1n 

'ililJt/b t/{'m pblJmb 'n t/1 '1 f 'Jm mmm J11UIJ1uf fl1Ufl Jm:, '1'/ 1' Uf!m{''{:, t/ n t/ lnM YI 
1~ J'1Ufn'{U1'Jm 'J1ufeJ1u{''{J' Jiluifi n9lnJu 'm'I:, '/{'mpb'Jmb {'mpGm'JuJ 

-"''l'l'1 {'ITTUfmJ''l!'m:, 'U{'mpblJmb mJ'J 71"''{:,puJu '«vt/llr'lm)) ~ J'1Upilmp 

~ 
-m:, il1Jm{'9( :il'Jm{''{:, <<vl/l'11Jm)) pu{'mfb'lmb -=W {'mpGmf!UUUJ'l'llr 

0 
J'1Uil7l/veJ 19fmvm{' ~ LuJm? '1m'Jt/Jo t/bJmlrmrm:, t/nt/lnMYJ 1JrmFfl 

-1u{''I!' '191' 'Jfmt/r ~ p1UpluJu J11Uilln'lb 4J'l'JJ'1UIJmU1mUJ ilililt/b mJ'J 

'lfi'I ''Jmy.t/mnm '1'11' 1Jrnff}1Ummbm t/'l1u IJbilmlrmpm:, IJrnlrmbfmVYJ 

:il'1m'lmil l/il'{bJmlrmpm:, Lupn/uifimL7U1 n/m'1'Jm ~ 

J11UJbmeJ1u'lJ ilft/fi l/'Jmy.t/UJnm lrnl/ 'il'J1ufeJ1UilupmJm'l:, 1Jmrn/uifimL9UJ 

mmbm 'fJ'l'J{'mfb'Jmb Lup'lmb r1u-bJm'1mrm:, ~ r1upBm'1nm:, pul'lnm 'l1ufeJ 

-1UmmbYJ 1pupfl t/J'l'J'Jmy.t/mnm 1JmFfi1ummbm Gt/B'Jmfpt/J' 'J'I r1upJqd 

-JmUJ ilJqbJmlrmrm:, 'Jm'1mbl'mvm p1ufm'1l/!'m'Jt/b t/ilq1Jif{'mpG1uvmt, 

•IJlfm 71 JrmfeJ1un/my.m:, 1u 

J rmf eJ1UJ7JJmln t/p1U 'lm?mJ7JJmln ,ilf!1Uf fl1Un/my.m:, 'I UIJ1Uf fi1uJ7JJmln 

'Jm!''lmmmUJ 'pufi1UUJI/11npm od t/p1u 'lmlrmJ'ldJmln 'I ,ilb1uUJt/llnrm 

1Jm1'1JrnU1rnUJ 'pup1u d 'Jm?mJ9JJmln ~ J'1Uf'Jl/Jmn/uifi 'il-i\ ,ilp1un/uifi 

-mLq"' 'Jm'1mJ'IJJmln p1Uillnqb nfYJ :Jmrm:, t/il'{p1u Lupn/uifruifr 'Jm'1mJ 

-9dJmln 71m1J ~ t/1'1vmJ'f'1 Ufmpnm f!dqp 'lt/nmr l/il!f'lp1u'Jmmmm 'lm'1mJ 

-9JJmln 77 ''J'I J11Upn/uifiuifi JmdmJqJJmln drmnmr f'li' ilJq'l,if{'mf'l"'ld 

t/nt/lnMYJ 1(6'6l § n~'IU1) J q 'J il {' m ]r f! 11 'I J '1 I/!' m 'l l/lt 'l'I p1up7u? 

•JpmfeJ1ULL1U 77 JpmFf!i1Uf'fl' G'lqJl/ 'J'I r1upn/uifiuifi bmJm 'Jt/'Jmlrmp 

-md J'1Ui/Bmfi'lil t/lrm'lmJ'mp il'JuJu •ilJ'l'Jif{'rnf'J"'IJ 'lt/ilmUJJm IJfYJ 

:ilb1Utnt/11npm 1Jmlrm'ldb'1n 'JITTJ''lmmmm ,'l-0\f '1nl/ 'i11J1uFfi1u-b 

-mJm 'lmpJmp l/il!f'JJ'1UfJrnU1rnU1 ~ J'1UJ-bmeJ1u'lJ UfJ1UfeJ1u{'qJ' ..:!:._ L9mJu 
\! 
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bpftw[Jph1.11nkb 4_ntull1[WL4.sfiwtbpniJ (frtz."lhu /, Pl'"'ftu,'il wnwd.-

qwftwt .\wJwlf.wpqhpniJ ) wqw1.11 111w111wtniJtbpf! dwJwtwlf.fr l!tfJw9-

l!niJ Jwpi/_niJ ht, .pwtfr np 1.11w1.11wbJwt wJbt Jp Sfr'tlfr rJwJwtwq 

l;thpqfrwJfr npnz Jwul! awfuui/_niJ I; {wJwlf.wpqntJ bqwrf '1-fiJw'fpni

fJJnitthpf! {wq[Jw{wphlnL {wJwp: 

8wt4_w9wrf {wJwlf.wpqfr {wJwp 1.11wppbpif.n~J' bii wp1.11w.pfrt /, tbp

l!frb '1-frJw'l-f'ntfJJnLbtbp: 

lJ.p1.11w.pfrt '1-fiJw'l-f'nL/JJnLtthp ht' {wJwlf.wpqfr {btwpwtwJfrt Jpw-

9niJtbpniJ WnW'l_ hlf.nq zlfiJwb nLUhf'f! (z.np zlfinLJf!) /i. 0'1-WJ/rt Jfr-

'l_Wi/_WJ['f!I 

'bbnfrt '1-frJw'l-f'ntfJ Jnibfibpf! 'llfuwi/_npw"fbu "fWJJ wfiwi/_npi/_wrf h'fl 

tJni[Jfr' ph1.11ntfi "llwu1.11fift '1-b!/mpJw9fiwtbpm/_: bp4.w{Jpb1.11nbb 1.11wppbp{t 

{ wJ wp wp1.11w.pfrb '1-frJw'l-l'ni{J Jnitthpf!, {wJbJ w1.11 wrf thp.pfrii '1-frJw'l-f'nL

fl Jnittbpfr <:h111, <:wJwpi/_nul ht bplf.pnp'l-wftwt~ 

'bbp.pfrt '1-frJw'l-('ntfJJwt wnlf.wJnL{JJwb "fWJJwtfibpniJ {wJwftwpq{t 

mw1.11wtJwt Jhft Ll'frt£ 9frftlfr f!tfJw9.pniJ wp111w.pfrt nidfi b. 1.11b'lwlfinfuni

fJJwb lf.w"lf!, {wJwdwJb lfinpdbwlf.wt 1.11if.Jwlfihpfr, "fW1.11fJbpw9i/_mJ I; n17-

"lhu wzfuw1.11wt.pfr '1-frwqpwJ (t4_. 12.3 )1 

liq. 12.3-niJ phpi/_wrf '1-frwqpwJniJ 9niJ9 111pi/_wrf oqwftl! ftn1if.niJ I; 

{/ruurbphqfiufr oqwft, WJ'l- oqwqfr Jwqhpbuf!' l:!.W, l;tbpqfrwJfr 

WJb .pwtw4_fi !;, npf! 4.lwfii/_niJ I; 1.11w111wbniJfibpfr Jbft sfr'tLfi f!b{Jw9.pniu 

/i. 9pi/_niJ I; Jfrrwi/_WJ('nLJ np"fhU 'l_hpjntfJJnLbl 

/;tbpqfrwJfi fihp.pfrt ftlwtniJl! ptnifJwqpi/_niJ- I; ur w· 111 wt n l J t b-

p 

!I 

'Lq. 12.3 . ,twdwqwrq" wz!uwmw&f" q"wqrwJp 
lirw mwmw&mJ&br " Jb~ 1rM, g}>q~ qbuifn1J 

(li}>umbr}>q"u}> o'lwlf) 
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l' fi I; ii b r 'l fr,,, l fr 'u ,,, ii-
'f n (' q UI " 9 N 1_' 

'f= t:..W 
w' 

(12. 11) 

W-il Jbft ,J!UJnnp'f 

9fi'tlniJ r.wJ,,,'f,,,rqfr· 
UIRUJ,\'fUJftUlbJ ntJbpfr 

"UIU1UJ('UJJ UJ2/uUJutUJb

.J!f!b I; {ilft. 12.3-niJ 

b b f''tUJ JUI 9b nLJ /; b f!f'
bnU1bftJUJb J "''fk pbu I!) 1· 

'1-frtwJfrftwJfi dwJwtwftwftfi9 1.11bunLf/JnLtf! 1.11w111wtniJtbpft '1-b"l-

/!niJ bplf.wflpb1.11ntfr nz. wnwdqwlf.wb '1frJw'l-l'nifJJwt .\wzt/_wnJwt .\w-

Jwp oq1.11i/_niJ I; I;. U. Unpnlf.frtfi lf.n'lJfr9 wnw'l_ .pwzwa i/_wpftwafr9, f!Uur 

npfr nz. wnwdqwlf.wb '1frJw'fpnifJJwb nidbpfr R (t) wJ"ILfr1.11nt_'1/! .\wJb

Jw1.11w4_wt I; wnwdqwftwt mdbpfi wJ"llfr1.11ni'l-frt' f!Ul.11 lfinilfr 1.11bqwzwpd

t/_wrf Jb4_ .pwnnp'l- sfr4Lnt£, WJufrii12t' 

R ( t) = 1S ( t - : ). 

npurbq T-t 1.11w1.11wtJwt "fwpphpnifJJnitt I;, 

y-fi nz. wnwdqwlf.wfi '1frJw'l-f'nL{JJwfi qnpawlf.frsl!' 

1 = _±_I 
21t 

(12.12) 

(12.13) 

1.wJwftwpqft wqw1.11 1.11w1.11wbniJfihpfr {w-Awfuni[JJnLbf!, hpp {wzi/.ft 

I; wnfii/_nLJ nz. wnwd.qwftwfi '1-frJw'l-f'nLfJJnLbf! , ftwpb1_fr I; f!b'l-nifibl , np 

JtniJ I; tnLJbf!, frtz. np wnwfi9 WJ'l- '1-frJw'l-f1nLfJJwt 1.11w1.11wti/_nq {wJw

ftwpqpfifi I;, WJufrti!fi' 

nl = _1___ I k • 
2:-t V m 

0 = _±_ 1t1l 
2 

(12.14) 

(12.15) 

1'bz."fbu 9niJ9 ht 1.11if.bl lfinpdbpf!, hpftw{Jph1.11nfi/r { wJwp l;tbpqfrwJfr 

ftlwtJwt '¢ qnpawft9fr JbrfnifJJnLbf! ftwfui/_wrf I; {wi/_w.pni/_/r 1.11wppbpfr 

Jfiw9niJfibpfi b. 4_9t/_wt.ptbpfr ftnz1.11nifJJwb wu111fr-Awtfr9 , 1.11w1.11wbniJfibp.fi 

dwJwfiwq ujntfibpfr, {brfwtfibpfr, uwlbl'fr b. ftwnni9i/_wa.pfr JJnLu 1.11wp

pbpfr {wJw111bq wzfuw1.11wfi.pp wu1.11fr°Awbfr9 /i. Jfr ZWf'[! WJL qnprfnfitbpfr9r 

Swppbp ftnbu1.11pnift9frwtbpfr {wJwp \jJ qnpJwlf.frSl! qmfii/_niJ (: 

0 ,2 ... 0,8-fr uw<:JwtfibpmJ: 

y qnpawft9fr Jfr'l../rfi wpdh/!f! bplf.w[Jphmntb ftnbumpniftsfrwfihpfr .\w -

Jwp, ftwfut/_wrf Jb.phfiwtb!'fr '1-frtwJfrlf.nifJJwfi ftwpqfr9, f!b'l-nif.it/_nLJ I; 

0 ,1 ••• 0 ,651 
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8. U.9.U.Sflf>.fil";JU.\, trt;~ U.USf>.itU.\. flf>.\.l;6fl'l. l.U.trll~U.fl"-1> 

USl>"lfl'l.U.~U. \, SU.SU. \.flf>.tr\.t;flC 

2.wJwqwpqfo 'lwLq4_wJfo q!'w 4_bpn.\pl.fwl nulbpfo .\bm Jbqmbrz wp

mwpfiL 'f{''fnh_ P (t) ntdp W'l_'fb9n1._fl1wL 'lb"l/!nLJ mwppp mwmwLntJ

Lbpf! 'fWnfintJ bf, umfo"lnrzwqwL1 U.J'I 'lbUff!ntJ .\wJwqwpqntJ 'fpLwJpq 

mbrzw1'n/untJLbp bL wnwl pbf1nd {Jb' 'lwLqqwJp pLbpopnfi ntd[! u 
{Jb' qpqnh_ ntd[!t 

UmpU[nrzwqwL mwmwLntJLbf1p wJUftfomnL'ff!• wnwL9 .\wz4_fo wn

Lbtnt tLhpqpwJp 4twLntJ[!, 4tfoLfo' 

npmbrz 

(12.15) 

umwmfoqwqwL -AqqwJpL t P ntdp9, 

'fpLwJpqnifi/1wL qnpJwqp9 L np[! pLntfJwqpntJ t 'fpLw

JpqwqwL -AqqwJpp .\wpwpbpn<f/JnLL[! umwmpqwqwLfoL. 

1 

~=----
n~ 

1 - 
n~ 

fJ ·a-L qpqnfol ntdp zptwLw1foL .\w&wfun<fJJntLL t, 

eo <~' < no= --- u UNLJL ntdp .\w&wfun<fi/JnLL[!t 
2r: 

(12.16) 

(12,17) 

U.1L 'lbUfpn<J, bpp .\wzqfo t wnL4_niJ W'l_Wm mwmwLntJLbpp Jw

pntJ[!, 'fpLwJfo4n•fJ1wL qnpJwqp9[! npnzqn<J f 

1 
~ = --------

1/ (i- ~; y + 12 

(12.18) 

(12.19) 

pwLwJ.U.nqt 

bpp qpqnpJ_ nidfi no .\w&wfun•fi/Jn<L[! .\wJeLqLntJ t w'l_wm mwmw

LntJLbpfo n1 .\w&wfun<f/JwL .\bm, wnwtwLntJ t n b 'l n L w Lu, npp 

'lbUfpntJ umpUfnrzwqwL mwmwLntJLbpp w.J"llPmnu1l! .\wuLntJ t wnw-

4_biw qntJL pLt 

fi'lbwlwqwL wnwJ.qwqwL .\wJwqwpqn<J, bpp n0=n1, ~= oo: 
bpqwfJpbmnf.tb qnLumpn<q9pwLbpp .\wJwp 'fpLwJfo4n<flJwL qnp

Jwqp9[! nbrznLwLufo 'lb"l/!n<J (no= n1) [!um (12.19 )-fo 4tfoLfo' 

1 
~=-1 

1 
(12.20) 

bpqwfJpbmnLb qnLumpn<q9pwLbpntJ LJn<fi/p ni_ wnwJ.qwqwL 'fpJw

'fpntfJJwL .\bmuwLpn4_ umpUfnrzwqwL mwmwLniJLbpp wJ"ILfomnt'fLbp[! 

nb'lnLwLup 'lbUfpntJ uw.\JwLwq.wqqntJ bL npnzwqp JbJn<flJwJp, npfi 

w1LpwLn4_ t q.npp, nppwLnq np JbJ t tLhpqpwJp 4twLJwL ~ qnpJw

qp9[! I 

/J.b'lnLwLup 'lbUfpntJ b['qw{JpbmnLb qnLumpn<q9pwLbpp .\wJwp 

'fpLwJfo4n<fJJwL qnpJwqp9[! qwpnrz t .\wuLbt' ~= 10 •.• 201 

9-fombLwtn4_ 'fpLwJfo4n<fJJwfi qnpJwq9p JbJnt{JjntL[!, qwpbfp t 'lP

LwJpqwqwL .\wzqwpq[! 1'nfuwpfoLbl umwmfo4wqwLn{ 'fpLwJfo4 pbn

L[!qwJpp .\bmuwfipnq "1l44_wJpp ~ wLqwJ JbJw9n<J[! wnwl t pbpniJ 

LhpppL &foqhpp U. '1MpnpJw9fowLhpp LntJLpwL wLqwJ JbJw9ntJ1 

Uwqw1L 4_bp[! wuwJLbp[! l!L'l.\wLntp 'lbUfpntJ i_bL mwpwJqntJ Jb-

4foo w4_btfo w'l_wmnt/JJwL wumfo&wLLbp ntLb9nrz .\wJwqwpqbpp 4_pw1 

IJ.J'l"IPup .\wJwqwpqbpp .\wJwp i_qw JpwuLwqwL ~ ( ~l: ) !pntLq9pw, 

npn4_ mbrzw1'nfuntJLbpp U. &pqbpp umwmpqwqw L JbJntfi/JntLLbp[! pw'l_

JwU[wmqbtn4_ umw94_bf, .\wJw"lwmw ufuwL 'fpLwJfrqwqwL JbJnt{JJntL

Lbp[! t 

U.'lwmn<flJwL Jbqfo9 w4_btfo wumfo&wL ntLb9nrz .\wJwqwpqbpp .\wz

qwpq[! npnz Jnmw4_npn<fi/JwJp qwpbtfo t qwmw pbt 'fpLwJfo4n<fJ1wL qnp

Jwq9p oqLn<f11wJp 1 bfilb n 0 :::;;;0,7np 
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4. trbtr .-.'l.ntt. U.!UlS ffl•lit-50. \, U.USlilltJ. \,\,l;fl DJ1.\.b8D'I. l.U.lftJ.1'U.flQ.l;f1'1 
SU.SU. \.UJ>.lf\.l;fll! 

1.wJwmwpwb pw2fut/_wq pbnfit/_wh.p[! (qw1t11t/_whf!} ftwpb[p I; 'lfrmbl 

np"fbu wfit/_b[ly_ [Jt/_nt/_ f[bfimpnfiw9t/_wq nLclbp, .\bmb.wpwp, WJ'f"IPufr pbn-

L[!t/_w~.pnt/_ .\wJwftwf''11! mwmwfit/_btfou ftnLfibfiw wfit/_bp1 [Jt/_nt/_ wqwmnL

fl JWfi wumpC.wfifibp t I! wfip np L; wJ wftwp11fr wq_ wm mw mwfinLJfibpfr L; w

C.wfunL/J JnLfif.tbpp fJpt/_[! .\wt/_wuwp I; f.tpw wq_wmnL/JJwf.t wumfrC.wf.tf.tbpp 

fJt/_pfi, Ul"fW N [Jt/_nt/_ wq_wurnL/JJwf.t wuurfrC.wf.tf.tbp nLfib9n'l_ .\wJwftwpl/f! 

1:wt/_wuwpwft2nnL/JJnL1tp9 'fnLpu pbpb[nL9 .\bmn ftwpn'l_ I; ftwmwpbl JfrJ-

1wfi9/r9 wf.tf[wfu, mwppbp .\wC.wfunL/JJwfi N [Jt/_nt/_ mwmw1tmJfihp1 

1.wJwftwpl/f! ftwpn'l_ I; mwmwf.tt/_bt npb.f; Jbft mn"lmt/_ ( tlb.nt/_) ftwJ 

JfrwclwJw1twft pnlnf' N mnfibpnt/_r Puft 1:wJwftwP'11! /Jb n"p mnfint/_ ftmw-

1J1w1tt/_fr' 'fUI ftwfut/_wb I; f.tpw 1wpclJw1t uftqp1twftw1t "fWJJw1tfibpfr91 

St/_Jwl .\wJwftwp11fr mwmwfiJwfi pn[np mnf.tbpfr .<:wJwp 6= ±_= 1t1 
2 

1J1wmwf.tnLJfibpfr Ln11wpfrfJJwftw1t 'lbftpbJbf.tml! [!fi'fnLfit/_nLJ I; f.tmJf.t[!t 

IJ.qwm mwmwfinLJfibpfr .\wC.wfunL/JJnLfifibpf! 'lwuwt/_npnLJ bf.t wC.n'l_ 

.<: wy_np'fwftw1tnL/J JwJ p' 

(12.21) 

Ii. ftwq_JnLJ bfi, WJU"fbu ftnlt/_wq1 wq_wm mwmwfinLJfibpfr .\ w C. w Jun L

P Jn L 1t 1t b p /r u "I b ft m pt 

Uqwm mwmwfinLJf.tbpfr .\wC.w/unL{JJnLfifihpp U"fbftmpf! ftn1tumpnLft-

9pwfibpfr ftwpb.np p1tnifJru11pbpfr9 Jbf[fi f;r U"l.bftmpfr wnftwJnLfJJwf.t 'lb"l

.pnLJ ftwpblfr I; npn2bt' {Jb wq_wm mwmwfinLJfibpfr np .\wC.wJunL{JJnLfifi I; 
.\wJ[!fif[finLJ umfr"l.n'l_wqwf.t mwmwf.tmJf.tbpfr .\wC.wfumfJJwfi .\bm ftwJ 

Jnur I; f.tpwf.t, npp 'lb"l./!nLJ .\fiwpwt/_np bf.t f[nfiumpnLft9frwJfr mwmwf.tmJ

f.tbp[! nbqnfiwfiuwJ/rf.t ftwJ nbqnf.twf.tuwJbptl mppnLJ{JfihpnLJ1 

lJwnnL9t/_wb.p1tbpfr t/_pw '1npbn'l_ '1fr1twJpft pbnfit/_wb.pfihp[! pwq_Jw-

q_wfi bf.t, f!Um frpb1t9 wq'IJwfi pfinLJ/J/r f.tpwf.t.p pwclwfit/_nLJ bf.t .\bmb.JWL 

.\pJf.twf[wfi mp"fbppt 

1. lJwnnL9t/_wh.pp 1tftwmJwJp w 1t l w p cl (lmb'l_wpnfut/_n'l_) {J [! p

f/[! n w 9 1t n 'I_ p b n 1t t/_ w d /!• J2mw"l.bu '1npbbtnt/_ finLJfi mb'l_nLJ, WJ'f

"fpup pbnf.tt/_wb.pp JUnL/JJnLfi[! "fwppbpwpwp pnpnfut/_nLJ f;r 
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U.11t Jb.p.bf.t:wf.tbpf!, npnf.t.p nLfibf.t "lmmt/_n'l_ ftwJ .t;bmw'fwpt1-.t;wJe1t

jJw9 2_W[7clnLJ ftwmwpntz l.\wt/_wuwpwl12nt/_wb (ftwJ mbuwftw1tnpb1t 1:w

qwuwpwft2nt/_wb) Jwubp, wnwy_ bf.t pbpnLJ mwppbp opbf.t.pf.tbpnt/_ "lwp-

pbpwpwp pmfin/ut/_nq Ii. ftpf[fit/_n'l_ friibp9frn1t mclbp, npnf.t.p pnfuw1t9t/_mJ 

hf.t ftn1tumpnLft9frw1tbpfr1t b. fJpflnw91tniJ 1tpw1t91 

IJ.L2wpcl /Jpflnw9n'l_ pbnfit/_wh.p[! lf'Pt/. wfif[wfu I; WJfi f[nfiumpnLft9frw

.JP .\wmf[nL/JJnLfi1tbpp91 npp t/_pw WJf.t q.nphnLJ f;t 

fl"pfJnw9nLJ bf.t wnwy_ pbpnLJ' f;lbftmpw2wpclfrl1tbp[!1 o'fwpnfufrlH

{'[!1 lf'lwmw2 1:wumn9fibpf!1 /Jp/Jnwub,,_wfifibpf! b. pwq_Jw[Jfrt/_ WJL Jb.pb

uwf.tbpt 

2. IJ. f.t l w .p cl .\ w pt/_ w'. b WiJ /r 1t p b n 1t t/_ w b p. IJ.J'l"IPufr pbn-

1i[!t/_wbpfr 'lb"f.pnLJ ftn1tumpmft9frw1t npn2wftp mbqbpnLJ umwf.tmJ I; .\wp

t/_wqf.tbp, npnfi.p pfinpnl bf, fipwfint/_, np .t;wpt/_whn'l_ JwpJfip wpw11nLf/JnL

L[! ftmpnLf[ pnpnfut/_nLJ I; 1wm ftwpC. clwJwf.twf[w.\wmt/_wbnLJt 

IJ.L2wpcl .\wpt/_wbwJpfi pbnfit/_wb.pp JbhnLf/JnLfif! ftwfut/_wq I; nl JfrwJfl 

J!1tftiin'l_-1:wpt/_wbn'l_ nLclp91 WJL f.twb. .\wpt/_wqf.t wf.tJ/ry_wftwbnpbf.t [!1t'fnL1tn'l_ 

1Jnfiumpnift9frwJfr wnwt111wftw1t b. fr1tbp9frn1t .\wmftnt/JJnLb1tbpfr91 

1.wpt/_wbf.tbp bfi wnwy_ pbpnLJ f!1tftbn'l_ JwpJpfif.tbp[!1 JwJLfrl.fibpf! 1 

pwptlpwf[fibp[! ( 99w.\wpfibpf!), 'fwppfin9wjpb JnLpC.bp[! Ii. WJL Jb.pb-

"Lwfibpt 

3 . (; w p cl t/_ n 'I_ ( mb,,_wpnfut/_n'l) p b n 1t t/_ w ~ /!• '1.J'l"l.Pufr pbn-

U[!t/_Wd[![! l_wpclt/_btnt/_ pnpnfunLJ I; pp wq'fJwf.t mb'l_[! ftwnnL9t/_wb.pp t/_pw 

Ii. JfrwclwJw1twft ftnLumpnLft9frwJnLJ wnwy_ I; pbpmJ mwmwfinLJfibp: 

1:wpclt/_n'l_ pbnfit/_wb.pbbp bfi mpwfiu"fnpmp pnlnf' mbuwf[fibp[!' ftwJpy_w-

1/rfi wJ pwptlfrl1tbpf! 1 '1fiw9.pfihp[! 1 wt/_mnJ b.pbfiwf.tbp[! b. w Jlfit 

4 . I! w Jn L w 'l '1 b 9 n L fJ Jn L fi l!• l!wJnL pwpwfunLJ[! pwpdp, 

£ftniL ftwnni9t/_wb.pLbpniJ wnwy_ I; pbpnLJ mwurwLmJHp, opfrLwft' bfuLb

LnLJ'l_fibpnLJ, .\bnnLumw9nLJ9WJ/rL w2mwpwft'iibpnLJ, ftwJJbpnLJ, pwptlpw

pbptl ibfi.pbpnLJ b. WJL ftwnnL9t/_wbpfibpmJ1 l!wJnL wpw11mf/JnLfi[! pn-

pnfut/_nLJ I; Jbq uw.\JwfifihpmJ, npfr .\bmb.wfi.pnt/_ f;l pnpn/ut/_mJ bf, fipw 

£fi2Jwfi pwpwfumJfihpp /Jb' wJ"llfrmnL'ff! b. [Jb' .\wC.wfunL/JJnLfi[!t 

5. U b Ju J /r ft p b n fit/_ w d /!• bpftpw2wpclbpfi wnwy_ bf, pbpnLJ 

Ij-pnLfimp mwmwfinLJfibp, npfr .\bmb.wfi.pnt/_ ftwnnL9t/_wh.p[! umwfimJ I; 

.t;pnLJ, .\wpt/_wbfibp, .\bmb.wpwp b. mwmwfinLJfibp: 

Uh1uJfrft pbnfit/_wb.pf.tbpp wq'fb9nL/JJnLfi[! ftwnnL9t/_wh.pbbpp t/_pw b. 

Upwfi9 .t;w2t/_wpftf! 2_W{'W'ff1t/.wb I; ff f[wnm9t/_wb.pfibpp ubJuJwftwJmfinL

fJJnLfoJ 'fUIU[!1t/Jw9nLJ1 
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ltli:!? 

-wbmJm 'i/Jq17,J11unjuifmLqm 71m17, nqln?17,i/ 'i/Jqbi/y. 'lmlJmlJi/J'm17,i/li lf,i/il 

-J711, i/J,9Jil.mm m1/17, pm,, i/Fmi/6,,wJmn17,u,, j 17,Ji/li11,n/ i/IJJmplm:r 17,m,,m,,i/p 

-m17,i/li 'Jm-dm71mq7 zill'1upu:rmlnm 17,mFeJ1uf'I!' i/lqJmmlhueJ i/liium1Jllnpm 

-i/Jq17,p1u17,mu1mm 71 (17,mFeJ1uJpm) 17,mFeJw,,m17,1uLuJ,, i/JqJJmm mJ17, pm,, 

4Fmi/6,,wJmn17,u,, j 17,1.Jrummln17, '!m,,m17,pi/j i/,,Jmplm:r 17,m,,m,,i/pm11,i/1.J 

;J,N"tJ'\ot pq ;Jti'fiS'fH.1,'\ 
-t!l:J.J'fipQ'fi'7 '\ 'fiti'fititlJl'fl'\tl"l.I tlJ:::t'\ 'fitHfl:J.'-IUJSll'\Uti 't'<;l § 

zpu'('Jui/r l9luJu j i/lqJm,, pwJ'111,17,mpfmln 17,mpfJubm:, 

-ml mJ17, il17,1uFtJiumlu,, 17,m,,m,,i/pm17,i/li i/6mmnmif i/fmi/6,,iuJmn17,ul] 

t6i/Jq17,17,1uF e]1umlu,, 

"l]i/Jqp iu 17,ifJumn J'leJ 71 17,i/6i/p J'll!} pul917,lq p1ubiumn 19Jmmm,, j ifmqln 

'1nu71Jqp 6qpnm nqln?17,i/ '1j pu11my.mmln Mm 'J'111,17,1uFeJiuJupmJm17,:, 17,mleJ 

-·1UFm,,11m i/J'111,17,iuFeJ1uf'll' 17,i/J9p 71 17,i/dumn 17,mFeJ1umlu,, 17,m,,m,,i/pm17,i/li 

'lm'J p1up11mGm-d 17,q? p1uilGmeJ17,il 17,mpfliubm:,ml i/FmifG,,1uJmn17,ul] 

17161/p i/Jq17,17,mp:,mn 17,i/Jqp 71 

17,i/Jumn ,il11,i/6i/p i/17,i/l,, nqlnmlqpm11m il17,wFeJ1ufqp 17,mFeJ1umlu,, 17,m,,m,, 

-i/pm17,i/li 17,m,,mJi/ i/JJmm pwJq17,17,mpFmln 17,mpfJubm:,ml Ju '1ulqnm ni/1 

-mm 'J'I 7F1ueJ J'117,il17,mpmb17,m:, Um 71 M11 zj 17,m,,mnJu'ftu'ft il,,my.i/7' 11,i/Fmf 

-mpJml -dpmFeJ·1uJm,,J9 6Lu-dpm ifJJmm '17,1uFfliuJupmnmv mnmln17,9Jm-d17,m 

if17,1u Ju 'j? mli/p 71 6i/17,iuFeJ1uf'IP 17,i/Fm,,Jmplm:r di/ j di!uif iliffmp17,u9d 

•17,u17,m,, nqlnJu 'piuJq17,17,mpFmln 17,mpfdubm:,ml i/6mmnm'ft i/JJms 

zj LufJub 71mmy.Jm,, iliffmp17,uq-d Jupm,,m17,mpmp 71 '17,m,,7 

Jqilmy. 11w17,umq-d iumub fmpbp -ddq '11,i/illnqv 17,Fm j p1u17,mn/nmmmlnmp 

-m:, il17,wFeJ1umlu,, 17,m,,m,,i/pm17,i/li (11,i/Jqp) fqpm17,qpm i/JJmm lmfrs 

z l = "'cfi lq17,1uv17,il j ilmqln niflqluJu il17,iuF eJ1uf'll' ( 17,if Jumn) 

Ji!uifm17,qpm 17,mFeJ1umlu,, 17,m,,m,,i/pm17,i/li 'ni/lmb j nJiub 6i/if17,mmmn/lm 

Jm-dm17,my.i/mnm il17,umq-d wmub fmpbp Lup17,mb 7161/p i/dqifmy. pui!17,mp 

-qmq:, 17,mFeJ1u6qvbm i/,,mpbm-d i/iffmp17,uq-d ,,i/pm17,i/li Ju '17,Fm 71m17, pulm17, 

-q17,1u i/mm,,fJ, ziJJi!uijim17,qpm i/17,i/l,, il17,1ufeJ1umlu,, 17,m,,m,,i/mmmn fmpluJu 

.tjJqbi/y. 17,F1ubmlqpmum mnil p1uiflnqv i/,,my.i/p 11,ifFmfmpJml ifniflnbim Ju 

'j mFm:,17,,,11 tj fmifmy. il17,umq-d p1umub fmpbf i/JqJJmm 'l'JUmq-deJm,, 

-Jq 17,m,,mJupun p1uillnq-b Mm Ju 'pw17,1ub17,il '17,u17,m,, nqlnJu 71 6i/17,1uFeJ 

-iuJupmnmv mnmln17,qJm-d17,m i/Jq17,ilfmp17,uq-d 'J'I p1u17,lq ( ni/1q,,Jmplm:r 

i/-dpn/-[[ i/Jn,,my.i/p 11,i/Fm17,mp:,mn mnil) ni/lq,,Jmplm:, ilJnmi/6mpJu<f;qv 

.t}J'l'Jmi/6,,iuJmn17,u,, 917,umq-drJm,,Jq 'i/Jq17,mpJu17, LufJub 17,Fmfmpm7 

SW 
16i/J'll1,17,1UieJ1ufqp (17,i/Jqp) f'1pm17,qpm 71 (17,i/Jumn) 

Jilu.pm17,qpm JupmJm17,:, 17,m,,m17,mpm:, 17,mFe]1umlu,, i/JJmm lmFpm lj nqln 

-17,Fm '61/17,iuFeJiumlu,, 17,{li/1' i/JJmm nqln717,i/ 1'111,lq j ifmqln ni/lqmm:rm17,b 

ilv1umi/llnpm i/J'117,p1unJuifmLqm ,,i/pm17,i/li 71 il17,1uF e]1unJmy.mj i/J'l'Jp1u17, 

-mmmm mmbm i/JqJJmm q17,umq-deJm,,Jq lj pu11my.mmln M11 zil17,1uFeJ1unJ 

-my.m:, ifJq17,p1u17,mmmm 17,m,,mifqn ifJJmm j piupnJuiftuift Ju i/17,mif •lm17, 

-mf'IP pm,, lm17,mdifui/r pm,, 11,q Ludm,, ilJ'll1,17,1uFe]1unJuiftmLqm ,,i/pm17, 

-i/li puil17,m71mq:, 17,ml'n/uiftuif 17,mFeJ1umlu,, i/JJmm ,,,m17,i/Jo 'j 17,i/Fmfb ?u 

illnm,, 17,mFeJwmlu,, 17,m,,m,,i/pm17,i/li 71 i/J'll1,17,1uFeJ1unJuiftmLqm ,,i/pm11,i/-& 

'11,'I p1upJq-d 

-Jmm 61/617,mFJ'i/1' iJJ'111,11,iuF£11ufqJ' 617,mJ17, p1ui!lnqv J1u17,m:rv11,il '11,, u F eJ 

-1 um l u,, 17, m 7 m,, i/ pm 17, i/li j p1up?u,, '17,mFeJiumlu,, LupfJubmm 

-bo J11UJ'l'J,,Jmplm:r 17,m,,m,,i/mmmn 17,wFeJ1uJq-dJmm i/ 'ni/1qJmmm7 Jq17, 

_,,Jmplm:, 17,m,,m,,i/pm17,i/li j p1upfJubmmbo 17,Ju 'il17,1ufeJ1umlu,, 17,F'fl 

z J3 11,i/liuvu I' 17,mF e]1u17,m,,mbpm11m 

( 17,i/Fme]Jmef 17,,,m) 17,m,,m17,-db,,n i/17,umq-d Jmnmpmj 71 17,wF eJiuf '11' 17,1um 

-mm nm:, n9lnJu j p1up17,1uv17,il ill1uvu I' 17,mF eJ1u17,m,,mbfm11m 17,m,,m,,i/p 

-m17,i/li i/17,um9-d p1uiflnqv i/Jq17,p1u17,mmmm i/JqJJmm 917,umq-deJm,,Jq 

';1'\'-IUl:-eJ"tlUSQUl:J. 
'\ 'flti'fitia.tJl'fl'\..i'b a.tJ:::tJJ'OS :::t'\US:::ttl-eJ'fitiJ:::t 'B'(;l § 

zpuBu6i/p i/pJuift 17,Fmi/p ,il11,i/J'll1,fm6m17,p 'pu,,Jmp 

-lm:, lqluJu j i/lqJm,, i1Jq17,17,1uie]1ufqr i/Jniffmp17,uq-d ,,i/rm11,i/li luJy 

1il,,m17,mLq 

11,mrvbm 71 il11,1uFe]iuLl11u 'r1ui!6me)11,il i/,,m11,m11mp ili!17,qJo 17,mfeJ1unJuiftuif 

mJ17, 11,'I i/17,mFm:, qeJq 'fmpJm j 111upJm11m:, iliffmp17,11q-d ,,i/rm'Jif-& 

z( 17,lFm 71 111uiftmeJ 

-m17,uq-d 71 111u17,11q-d iJ,,mfJm,,17,m:, 'Jqp1u 11,i/Fme]Jme]11,,,m) i/Jniffm1"J11q-d 

LufJub i/,,mi/r 71 (Lup17,,,d,, Jm-dmJq-dJmln 7u 71 Jm-dmJq-dJmln 17,9 111u17, 

-i/1 11,i/e]Jq:, 611,qJi/ if11,uJu) i/Jnilfmp17,11q-d LuP'J,,J,, rmb11,m i/,,mrbm-d 

,i/-drn/ 17,m,,m11,ri/:r Ju,,Jq 'J'I piup17,mpm-d i/if11,qdo J1u11,m:,v11,il 17,ml'n/ui/r 

-uif 611,qJi/ r1uif6meJ11,il i/,,m11,m11mp mnil 11,JniffmP'Juq-d ,,i/rm11,i/-& 

117,lFm 71 il11,iuF£11u6qvbm i/ifi/lm 

i/lio puif11,m71mq:, i/11,1uFe]Fmln ,,,m17,i/Jo '-drmFeJiubmJm <''111 17,i/iffmp6iu11 

-m,, 'J'I rwpvJuLm:, if17,uJu ''J'I 17,Jqp1u 71mmy.Jm,, 11,F11 ·J 'Ip' u 11, i/ F 

-m n 7 l u In /l " 71 U1 m Y-J m ,, Ul m l rm,, 11, "r m d J m d 11,,, 11 ·9 



fJJntLLhpfi nL wpwqw9ntJ'i.ihpfi npnzntJ[! /.,_ 1:wJhJwmntJ[! Lpw'i.i9 pnLJ

lwmphlfi uwt:JwLwJfiL JhanLPJntLLhpfa t:hmt 

U.J'I fuL'lfif'l! lntahlnL 1:wJwp Lwfu wHpwdhzm t qfamh'i.iwl qnLu

mpntq9fiwJfi wq_wm ( uhifrwqwL) mwmw'i.intJLhpfi 1:w&wjuntPJntLf!, npf! 

t/_hpnt:fiuwLLhpf! qLwt:wmhlnL t;Lwpwt/_npntfJJnLL e eLJ.hnnLJt Pw9fi UlJ'f1 

wq_wm mwmw'i.inu!Lhpfi 1:w&wjuntPJwli qfamh'i.iwll! {JntJl t mwlfiu pw9w-

1:wJmhl Jha mwmwLnLJLhpfi wnw2w9Jw'i.i "lwm&wn'i.ihpf! /.,_ Jzwqhl WJ'i.i 

i/rn[!pw9LhlnL 1:wJwp 1:wJw"lwmwujuwL J/i2_n9wnntJ'i.ihp1 

bpqw{JphmnLh qnhmpntq9fiw'i.ihpf! unt/_npwpwp fiphL9fi9 Lhpqw

JW9LntJ hL umwmfiqnphL wLnpnzhLfi 1:wJwqwpqhp Jha {Jt/_nt/_ wq_wmnL

fJJwli wumfi&w'i.i'i.ihpnt/_, npn'i.i9 wq_wm mwmw'i.intJ'bhpfa 1:w&wjuntfJJw'b 

npnznLJ[! qnpa'i.iwqw'i.intJ lwifrwq_w'b9 pwp'f t /.,_ wzfuwmwmwpt U.J'I fauq 

"{wm&wnnt/_ tL LUJ'f"lfaufi qn'i.iumpnLq9fawLhpf! Jnmwt/_np qhpll(nq pwdw

LntJ hL wnw'i.id.fi'b mwpphpfi, npnL9 t;wJwp /.,_ qwmwpt/_nLJ t 1:wzt/_wpq[!• 

b[Jb 'lfa'bwJfiqwqw'b 1:wzt/_wpq[! 9ntJ9 t mwlfiu, "f' qn'bumpntq9faw

JP qwJ Lpw mwppfi qpnqnt'i.iwqnL{JJnLLL LUll(w1:nt/_t/_wa t /.,_ JfiwdwJw'bwq 

mwmw'i.intJ'bhp fa wJ "flfamnt'lf!, 'bpw'i.i <:wJ w"lwmwu fuw'i.inq wpwqnL{J JnLL

'bhpf! [,_ wpwqw9ntJ'i.ihpf! lhL wL9LnLJ {JnLJLWmph[p uwt:Jw'i.iwJfi'b Jhant

/J JntL'bbpfi9 ( 9w'i.iqwlfa t 'i.Jwf,_ t;Lwpwt/_npntfJJw'i.i uwt;Jw'bLbpntJ funww

lfibl qn'i.iumpntq9fiwJfa wzfuwmw'i.i[!p9 nbq_n'i.iw'i.iuwJfa'i.i "fWJJwLLbpnLJ), 

WU[W WJ'f"lfiufi qnLumpnLq9fiw'b pwt/_wpwpntJ t zw1:wqnpaJwL LnpJwl 

ll(WJJwLLbpfaLt b{Jh 'lfi'bwJfiqwqwL 1:wzt/_wpq[! 9nLJB t mwlfiu, np t/_hpf! 

'bzt/_wa U[WJJwLLbpfi9 {Jhqntq_ Jbq[! pwt/_wpwpt/_wa 1J, Wll(W wnwp_ t qw-

Lfiu Lnp fuL'ffip' W.P'fJnLLwt/_hm Jfip_n9wnntJ'bhpnt/_ WJL"lbu ifrni/rnfuhl 

qn'i.iumpnLq9fawJfi mwmwLnLJLhpf!, npU[huq_fi pwt/_wpwpt/_h'i.i 'lfi'i.iwJfaq wz

juwmw'i.ipfi P"L"f' UfLUJJw'f,'i.ihp[!t 

blLblnt/_ t/_hpf! zwpw'fpwafa9, 'lfi'bwJfiq LU'l_'fh9nL{JJnLLLhpfi bL{Jwqw 

qn'i.iumpnLq9fiwLbpfi 1:wzt/_wpq[! qwmwpt/_nLJ t eum uw1:Jw'bwJfiL t/_fa&wq

Lhpfi wnwp_fa'i.i /.,_ hpqpnp'f juJphpfa1 

Cum npnLJ mwpphpt/_ntJ b'i.i uw1:Jw'bwJfi'b t/_fa&wqLbpfi II juJpfi hp

qnt 'lbUf/!• 

w) Uwt:Jw'i.iwJfi'b t/_fi&wq, npf! bl'i.intJ t Jwp'fqw'i.i9 t/_pw qn'i.iumpntq-

9/iwJfa mwmw'i.intJ'bhpfi t/_Lwuwqwp W'l_'fh9ntfJJnLLfi91 

p) Uwt;Jw'i.iwJfa'b t/_fi&wq, npf! blLnLJ t wpmw'fpwqwL ll(pn9buLbpfa 

i/pw qn'i.iumpntq9fawJfa mwmw'bntJ'i.ihpfa t/_Lwuwl1wp W'l_'fh9nt/JJnLLfa91 

Swmw'i.it/_nq hpqw{Jphmn'i.ih qn'i.iumpntq9fiw'i.i eum qpnqnt'bwqnt/JJw'i.i 
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v>wzt/_wpqhlfau l!'f,'lt;wLnLp 'lh"lf!"LJ U[hmp t pwt/_wpwphl 1:bmkJWJ "fw

.J;w'i.it'i.ihpf!• 

Mum(n> l)+Afos;;M,.,.m, Qum(n> I) +Oo s;; Q<mm• N •m(n > 1) +Nos;;N,.M, 
(12.22) 

(12.23) 

b M Q Nu·-(n>l) 1:wJwwwmwujuw'i.iwpwp annq Jn-nptn 'J. · um(n>I)' um(n>l)' •· --, 
Jb'bmf!, lwJLwqw'b /.,_ LnpJwl nLdhp'b 

b'i.i qn'bum('ntq9frwJ/r mwppfi 'lfrmif.nq 

t; wmif.waf!nLJ t:wzif. wpqw J/r'b umw

m frq phn'i.iif.wa/!Lbpfr9, bpp qhpphn

'f,JwL qnpawqfrse' n> 1, 

LnLJLL hL umwmfiq phnLif.wa/!Lbf'frB, 

hppn=1, 

1:wzif.wpqwJfrL 'lfr'bwJfrq ntdbpfr 

wJ"flfrmnL'fLh{'L bf, (&frqbp'b bf,), 

'bJnt{Jhpfr t;wzif.wpqwJfrL 'lfrJw'lf'"L

/JJnt'bLbpfas bl'i.ihlnif. npnzif.wa uwt:-

Jw'i.iwJfr'b &frqbp'b bL, np qwpnq ~ 
if. hp9Lh[ 'lfrmqnq t; wmq WQf![!, 

'bntJL'b bL, npnzif.wa 'bJnt{Jhpfr 'lfr-

Jw9qnt'i.int{JJwL uwt:Jw'i.ifi9 bl'bblnif.: 

Cum uw1:Jw'bwJfr'b if.fr&wq'i.ibpfr bpqpnf''I juJpfr <:wzif.wpqblfiu nLqqw-

J.fiq qwJ 1:npfrq_n'bwqw'f, umpll(nqwqw'b mwmw'i.imJLbpfr wJ"flfrmnL'ff! 

.Llfhmp t LfrLfi "l wif.bLfa, pwL {JntJLwmph£fr ao Jht}nt{JJn''b'f, f 

(12.24) 

U.J"ILfrmnL'fP {JnLJLwmphlfr Jh.tnL/JJnt'bf! qwpblfr t npnzhl umnpu 

phpif.wq pw'i.iwd.Hpnif., hl'i.ihlnif. umfrU[nqwqwL mwmw'bntJLbpfr t:w&w

junt/JJni'bfr9. 

ao= ~. (12 • .25) 
2nn0 

(1.2 • .26) 
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npmhrz no-[! umfr"fnrzwl(wli mwmwlinLJlihpfr t;w-AwfunLf1JnL1i1i t, t;hp-

9hpni/_, 

\'o, Wo-1' t;wpJnlifrf[ mwmwlindlihpfr wpwqnLfJJwli "- wpwqw9-

Jw1i fJnLj[W1I1f'hlfr wJUflfrmnL111ihp1i hli, t;wJw"(wmwufuw

fuwliwpwp JJ/q "- JJ/i/_2 ;_wifinLJiibpnqt 

§ 12.5. SU.SU. ..... nfl.tf ..... bfll! Cl>O~f'U.5 ..... n~ 'LIObUSflOfl.'LIS)l~ 

trJ1~n5u.~nfl.trbbfl 

bflb 11/rliwJfrf[wf[w'Lt t;wzqwpf[[! 9nLJ9 t mwlfru, np f[n1iumpnLf[9frwJ/r 

mwppfr umfrllfnrzwf[wli mwmwlinLJfibpfr wJUflfrmnL11f! ;_wififr9 11nLpu Jbt) 

t, WUfW Wjli l(wph[p t fnj!pw9'Lthl finliumpnLf[mfrq Jfrp_n9wnnLJ1ihpnt/_1 

Swmw'unLJlibp[! i/inppw91inrz f[nliumpnLfimfri/_ Jfrp_n9wnnLJ1ibp[! unt/_npw-

pwp UfhLnp t tfrlibli wjliUfpufr1i, np ifini/infubli wq_wm mwmwlinLJ'Ltbpfr 

t;w-C.wfunLfJJnL1i[!1 'J.pwli f[wpblfr t t;wulibl mwppbp Jfrt_n9'Ltbpnt/_1 

w) l./n1iumpnLf[9frwJfr 11fr1iwJfrf[wf[w1i f[nzmnLfJJwfi ifini/in/unLJnt/_1 

b/Jb UfLUt;wlip_t/_nLJ t Jbt)w91ibl wq_wm mwmwlinLJlibpfr t;w-C.wfun<fJJnLfi[!, 

w"{w "Ihm/! t Jbt)w91ibl mwpf'fr f[nzmnL/JJnLli[! "- t;wf[wnwf[[!' b{Jb UfW

t;wlit_i/_nLJ t wq_wm mwmwlinLJlibpfr t;w-C.wfunLfJJnLli[! i/inj!pw91ibtt 

p) l./n1iumpnLfi9frwJfr ufubJwJfr f[wJ {Jn/r;_pfr ifinifin/unLJnt/_1 2.bt)wlifr 

t;n'lwf[wll(Wjpli t;blinLJ[! wnwJ.qwf[wli wJpwf[9nLJn1_ ifinfuwf'frlibll! Jb

.tw91inLJ t wq_wm mwmwlinLJfibpfr t;w-C.wfunL{JjnLlif!' 2.wJwf[wpqfr umw

mfrf[wfiwli wlinpnzbtfrnLfJJwli wumfr-C.w1ifr Jbt)w9nLU[!, frli;_Ufbu "- fln/r;_/!fr 

i/inj!pw9ntJ[! 1inLJ1iUfbu pbpnLJ bfi wq_wm mwmw'LtnLJlibpfr t;w-C.wfunL{Jjwli 

J b.tw9J w1i1 

q) fl'pfJnwJbf[nw/r;_Iibp ({JpfJnwJwp/r;_libp) · f[frpwnbtnt/_t fl'pfJnwJb

f[nww9Jw1i tnLfJJnLli[! fiwjwlinLJ t lipwlinLJ, np bpl(wflpbmnlib l(n1iu

mpnL"9frw1ibp[! Jbf[nLuw9t/_nLJ b1i fJpfJnw9nrz Jb/!bliwjp wliJfrp_wf[wli wq_

'lb 9nLfJ JnL1ifr91 

1fbf[nww91_nrz Jbj!bliwjfr "- fin1iumpnLl[9frwJfr Jfrp_u mbrzw11pt/_nLJ bli 

"ln'lUfWLnb 'l_UUfWliwf[Iibp, nbmfrlib JfrP.w11frp'Ltbp "- wu1i1 G'Ltnpt;fr1_ flpflnw

Jbf[nw/r;_Iihpfr, 11/rliwJfrf[ pbnlit[wtJ/!l! f[n'LtumpnLf[9frwJfr1i t t;wrznp11i/_nLJ 

'Ltzw1iwfiwtfr9 ;_wi/int[ ifin/!!' wJUflfrmnL11ni/_1 fl'pfJnwJbfinLufa;_libp[! mbrzw

'lf't/.nLJ bli t;wzt/_wpf[ni/_1 fl;_ -C.frzm t;wzt[wpf[t/_wtJ "- mbrzw11pi/_wtJ flpflnwJb

f[nw/r;_libpf! mwmwlinLJlibpfr JwpJwli ifinfuwpbli f[wpnrz bli wnw2 pbph[ 

1ipw1i9 nL<Jhrzw 9nLJ 1 fl'p fl nwJ b finw w9J wfi 1i w /u wq.tnLU I! lnww pw'u1_ wt) 

t t;wJwUJWLnwufuwli t;pwt;w1iqnLJ1 
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§ 12.6. bflliU.fit'~bSO.._,b SU.flflbflJl ~U.iN.U.fllil! AMtfU.liJl U. .._,q.u.u
lifl'llb~O~ Ab~b~U.tr~)l .~b~~ONr 

f!wq_Jwf[fr wliqwJ f[pf[liqnrz phn'ui/_w.t/!fr wq_11h9nLfJJw1i mwf[ hli wz

fuwmnLJ Jfr ZWf'j! hpf[wflphmnfib II1LU('f'hf' nL f[wnnL9i/_wt)j!fibp, opfrfiwf 

hhfJwJpwpJ./r;_wJfrh t;htJwhhhpf!, l(wJnLpp_fihp[!, tumwf[w111ibpf! U Wj[lit 

bfJh hpf[wflpbmnlih f[n1iumpnL48frw1ibpfr i/_pw ufrumhJwmfr4npb1i qnp

CnLJ t pw'l_Jwf[fr wliqwJ f[pf[liqnrz pbnlii/_wt)/!, np[! ubrzJi/_wtt pbmnlintJ 

f[wJ J.qi/_wt) wJpwlinLJ wnwp_ t pbpnLJ [W('nLJlihpfr 1izw1iwf[wlfr9 ifin

i/infunLfJJnL1i1ibp, WUfW WJ11Uffrufr mwppbpfr t;wJwp pw9fr wJpnLfJJwli 

1:wzi/_wpl(fr9 Ufhmp t l(wmwpbl Iiwu t;wzi/_wpl( /!um 11frJw9l(nthnLfJJwh, 

UJjufrlii!Ii' f[n1iumpnLl[9frw1i Ufbm/! t t;wzi/_wpf[bl Iif[wmfr nLlihliwtni/_ pbn-

L[!qwtJpfr pw'l_Jwf[fr wliqwJ f[pf[lii/_btnL wq_11b9nLfJJnL1i[! (mb' u § 1.1.3, 

§ 1.2.3)1 

t./.hpnt;frllwl t;wliqwJwli/!l! Ufhmp t Iif[wmfr nLiihliwl liwu f[n1iumpnLf[-

9frw1i [!UII1 -C.wpbpfr wnwp_w9Jwh t;wzqwpf[hlfrut 

f!wq_Jwf[fr wliqwJ f[pf['Lti/_nrz pbnlii/_wtJ/!Iihpfr wq_,,J;9nLfJJw1i 11hUfj!nLJ 

f!ULn 11frJw9f[m1inLf1jw1i "- -C.wphpfr wnwp_w9Jw1i t;wzqwpf[blfru htlinLJ bli 

-';bmL.!wl 1!1i11t;w1inLp 11f'nLJf11ihpfr9• 

w) 2.wzi/_wpf[[! f[wmwpt/_nLJ t [!ULn t;wmi/_w.t/!fo lwpi/_w.tw11b!f>npJw-

9frn'u t[fr-C.wf[fr wnwp_fr'u i/inL[fl 

p) ~wpmJlibpf! pbmnlinLJ "- wJpwlinLJ npnzi/_n<J hli wnwJ.qwf[wfi 

1'jnLf1bpfr 11frJ.w11pnLfJJw'Lt pwliwJ.ubpnt/_, oqmi/_btnt/_ pbpi/_w.t t;wmi/_wtJ/!fr 

hpf[pw ;_w i/iw f[wli plinLfJw qpbpfr 91 

q) 2.wzqwpf[[! f[wmwpt/_nLJ t umwmfrf[ "- 11fr1iwJfrf[ pbnlii/_wtt/!'ubpfr 

(n=1), frli;_Ufbu "- 'uwfu1iwf[w1i ubqJnrz No -C.frqfr (t;wzqfr wnwtt pn[np 

4_npnLum1ihp[!) t;wJwmhrz wq_11b9nLfJJnL1ifr91 

11) U'hrzJi/_wJ qnmn< phmnlinLJ wnwt_ hf[nrz n;_ wnwJ.qwl(w'Lt 11Mpnp

"1w9frw1ihpfr wq_11b9nLfJJnL1if! t;wzt/_/r t wnlii/_nLJ phmnlifr 11b!f>npJw9frw1ib-

pfr Jn11nL1/r .llJWf[wub9JwJp, 1!1i11nL1ihtnt/_ 

pbpt/_wt) bli .wrz. 12.1 - nLJ, 

E n'- m 

- vEI'' 

Pbur-nLr Lwfuwq~w1faL U200 U250 U300 l!350 
Jwp~wL·bpf! 

n' 25 I 22,5 20 I 17 ,5 

/J.'lJn<UW~ J2,J 

U400 
... ...,,, 
<::> ..Q" <:> .,.. ..,.. 
!::. :i 

15 10 

333 



h) £wpn1J'iihpf! -':wzt/_wp4hifru J.qt/_wJ. qnmnt phmn'iifr Jw4hphul! -':wz

t/_/r { wn'iit/_mJ WJ'ii 11hUfpntJ, hpp U(JJJ-':U(w'iit[_wt} { .\hmUJWL UfWJJw'iif!• 

(12.27 )' 

q) Pwq_Jw4fr w'iiqwJ 4P4'iit/.n'l phn'iit[_wt}pfr 'lhU(pntJ phmn'iifr It wJ

pw'iifr -':wzt/_wp4wJfr'ii 11frJw11pniflJnt'ii'iihpfr w'ii4niJ[!, phn'iit[_wt}pfr umwmfrlt 

wq11h9ntfl JWL[! .\ wJ WUfW mwu fuw'iin'l -':wzt[_ wp4w JfrL 11/rJ w11pmfl Jnt'L'iihp fr 
.\hm .\wJhJwmwt} (.\wt/_hit/_wt}, W'l• 4, 5, 6, 7 j, .\wzt/_/r { wnfit/_niJ ffi/'~ 

U ffi.
1 

wzfuwmwfipp U(LUJJwfip qnpt}w4p9fihpp Jfrt.n9nt/_, npnfi9 wpJhp

'iihpf! phpt/_wt} h'ii W'l.fntuw4 12.2 /, 12.3-ntJi 

/),'/JnLUUJft 12,2' 

~liutnlifl wz)uw111WGJ!f1 111w1'dwGf1 m l'2 qnpilwlfgfl wpctliJlGlipJ! J!Wqtiwlffl wGqwll 

\fp\fGl[nq J!linGl[wilJ!)I 'lli11fJ!m'd 

PlannL 

1 . l1 wl.r 

2 . lJwftnur-

ftl.L f9UI• 

LJn<pb. 

pnq 

1 

t. A-I 

2. A-II 

334 

filmLwi/_npJwL 9f.fttf. 

wL<w J w iw pn<P iwL 'l:"l'ltw 'tfrsl', 

flhurnl.fi q{r-&wftl' {'Uur "r·.r />~ 
funLwqn<PJwL Pr= 

a, .J.eu 

0-0,1!0,2 lo,3 !o,4 !o,5 !o,6 I o,r 
I 

fiLw ftwL /u nLwq nLp J"'f, 0,75 0,81°,85 0,9 0,95 1 1 

.!!rw<w'l:b9qwlt 0,5 0,61°,7 0,8 0,9 0,95 1 

fiLwftwL /u nl.wq nLp J"'f, 0,6 0,7 0,8 0,85 0,9 0,95 1 

.!!pw<w'l:b9i/_wlt 0,45 o ,a5 o,65

1

0, 75 o ,851°,95 1 

/J.'lJnlUUJft 12,;t 

11fWJ'dWGfl m ., qnpilw\fgfl wpctliJ!GliflJ! J!Wq'dwljfl wGqw'd 

\fp\fGl[nq J!linGl[WilJ!Jl 'lli11fJ!m'd 

-1,0 I -0,2 I 0 0,2 I o,4 0,1 I o,8 I o,9 1,0 

10 

0,41 0,63 0,72 0,11 I o,9o 1,00 1,00 1,00 1,00 

0,42 0,51 0,55 0,60 0,69 0,93 1,00 1,00 1,00 

1 10 

3 . A-III, 
urpwJw'l:f.ltl!' 

6-8 JJ, 0,33 0,38 0,42 0,47 0,57 0,85 0,95 1,00 1,00 

10-40 JJ 0,31 0,36 0,40 0,45 0,55 0,81 0,91 0,95 1,00 

4 . A-IV 0,40 O, 75 0,95 1,00 1,00 
I 

5. A-V 0,30 0,60 0,75 0,95 1,00 

6. Bp-11 0,70 0,85 0,95 1,00, 

7 . B-11 0,80 1,00 1,00 1,00. 

8. K-7 
urpwJw'l:fil>l'' 

6 b. 9 JJ, 0, 77 0,92 1,00 1,00 

12 b. 15 JJ 
I 
I 

0,63 0,77 1,00 1,00 
9. Bp-1 0,56 0,71 0,85 0,94 1,00 1,00 1,00 

10. K-19 0,62 0,77 0,96 1,00 

b/Jh J.qt/_wt} wJpw'iil! ni'iifr h11w49wtl 4st/.w'iip'iihp, wU(w 'iipw 'lfrJws-

4n,'bniflJnL'iif! UfW4wuntJ { z'iinp.\pt/_ W.f'I 4st/_wfipfihpn1J W11Wf. h4n'l LW

pniJf,/;pfr 4h'iimpn'iiw9Jw'ii1 ll.!'1 .\w'iiqwJw'iipf! -':wz"-fr { wn'iit/_niJ m 

wzfuwmwfipp .UfWJJw'IJp qnpJ.w49nt/_, npfr wpJhpfi/;pf! phpt/_wt} /;'j, fin;~ 
JwHpn1J, 4wfut/_wt} P. qnptlw49fr9 Lt h11w49 wt} 4st/_w'iip'iihpfr fuJpfr9' 

(mh'u {24} w'l• 26)1 

S"'PPfr hp4wJ'iiw4JJJ'ii w11w'ii9pfr 'ii4wmJwJp 'iinpJwl .\wmt/_wtlp'iihpfr 

'lfrJw94ni'iini/JJw'ii -':wzt[_wp4fr {ntfJJnL'iif! 4wJw'iiniJ { 'bpw'iiniJ, np npn

zniJ f;'j, uh'lJt/_wt} phmnfip U J.qt/_wt} wJpwfip wJhfiwJht} [WpntJfi/;pf! /, 

UfW-':w'iip_n1._J, np 'iipw'iip ifrH'ii ni wt/_hifr, pw'ii mt/_JwL 'iiJntfJ/r -':wzt[_wp4w-
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.i/rL 'ffrJwruintfJJntLL l pwqJw¥.fr wLqwJ ¥.1'¥.Lqn'l phn1t1_wt}j!p '1b"1j!ntJ1 

.IJ.Jl Junuj!nq, "{htnj! l U[W-'>"{wf.tbl .\bmb.JWL UfWJJw1t1tbpf!• 
w) ub'lJ<f.wtJ pbmnLp .\wJwp' 

(12.28) 

(12.29) 

(12.30) 

t/,bpl! pbpqwt} pwf.twJ.b.bpntJ O' I'·""'(!•-/! "- a .... ""'"" -I! wnwqb

;[wqntJf.t finpJwl lwpniJfibpf, bf, .\wJw"lwmwufuwLwpwp ubrzJqwt} pb
mnfiniJ b. J.qt/_wt} wJpwfintJ1 

Swppfo flb/! -'>wmqwt}.p1tbpfo '1foJw9¥.ntfintP1w1t -'>wzqwp¥.f! ¥.wmwp

.qntJ { htfibtnq WJ1t UfWJJw1tfo9, np LWJfiw¥.wL wJpwfil! ¥.wpn'lwfiw wJ-

_pn'ltntfJ1wJp fop i{pw qbp91tbl pbpqwt} .\wmqwt}j!p t}wfipniP1wL "bLm

f'nLfo Jw"wp'fw"niJ qnpt}n'l 'll/uwqnp d.qn'l [WpniJLbpfo .\wJwqnpf!, f!UU1 

npntJ WJ'f wJpw1tfo '1foJw'fpniflJnLfif! f!1t'fnt1tqntJ l m R , bnw"9ntJ-
"'l .. 

2. cus l:IU.-4lt:111> u.n-u.~u.tnru." 

fiwqJw"fo wfiqwJ "p"fiqnrz pbn1tqwt}j!1thpfo '1h"{pnu! -'>wzqwp"fi f!Utn 

:LnpJwl "Awpbpfo wnw1w9Jwfi "wmwpqntJ { btfihtntf. .\bmb.Jwl "{WJJw
Lfo9. 

(12.31) 

.npmb'l ap. d. UW[!• -/! Wf'U1Wj!p1t pbn1tqwt}j!1thpfo9 (n= 1) b. 1twfu1tw"w1t 

ub'lJn'l No nL1fp9 wnwqblw'lntJfi finpJwl J.qn'l [W
pntJfi { pbmnfintJ1 

fiwqJw"-fr wfiqwJ "p"fiqn'l pbn1tif.wtJj!1thpfr 'fb"{j!ntJ flb/! -&w.pbpp 

wnwtw9Jwf, -'>wzqwp"f! "wmwpqntJ { fintJfi (9.23) /,_ (9.24) pwLw

J..h.bpnq, fr1tz np phnfiqwtJ/!fo umwmfo" wq'1b9ntfJJw1t 'lb"{j!niJ, Jfow11t flb 

Ra II "- R "I ell 'ffrJw'fpntfJJntfif.tbpf! 

t)w"9nif.t 
:336 

PhurnLJi u~'l.Ffiw~wL wn.wd.9w~wLn•P JWL 

Jn'1n•1Lhre 
. Er 10-2, Ulf/w, uluiJJwfi It. 

JlburnL d.9Jwf, '1/,"llln.J, ~wfi11[w6 pburnfiJi Lwfuw96w1fiL 

Jwp~w1fr9 euur ub'lJJwfJ wJpn•fl1wL 

u1so 1u200 I u2so1u300 llT3solu4oo\trsoo /tr6001u100 I 
lTwLp . 

pLw~wL "IL'1w9Jwfi 210 240 

1.Lflwr~i/.w6 1.brJw1frL 

Jzw~JwL Jf/fin1nr-

urw1fiL ltLzJwL urw~ 190 215 

lTwynurftbL 19wfi1n•-

flhpnq . 

ywfuqw6 pburnLfr 6w-

{w1w1fiL 'l_wLqqw6fr9, 

m/J.3' 

1,4 . . . . 105 115 

1,8 135 150 

~.2 170 185 

A-I, A-II 

A-III , AT-III, A-IV 

A-V, A-VI, AT-IVC, AT-V, At-VI 

B-11, Bp-Il 

1(-7, 1(-19 

Bp-1 

265 290 

240 260 

125 135 

165 175 

200 215 

310 330 360 380 390 

280 300 325 340 350 

145 - - - -

185 190 - - -

225 235 - - -
I 

UJpwLfr wn.wd.9wywLn•f/1wL 

Jn'1n•1Lhre' E. , 
Ulf/w 

210000 

200000 

190000 

200000 

180000 

170000 

lf800 

400 

360 

-

-
-

337 
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1 I 12 / 131 141 15 I 161 171 18119 I 20 121 I 221 231 24 

3 -j- + + 
4 + + + 5 + + + 
6 i- + + 0 
7 0 0 
8 + + 0 0 

10 I + + + + 0 + - l- I + T I I 
12 + + + + + 0 + + + + 
14 + + ..... + + 0 + + + + 16 + + + + + + + + 0 0 
18 + + + + +- + .... + 0 0 
'20 + + 0 + + -1- 0 0 
'22 + + + 0 + + + 0 0 
'25 + + 0 + 0 + 0 
'28 + ~ - 0 + 0 0 0 ' 32 + ~ 0 0 0 0 
36 + 
40 + 

"l!w'bn/1n<P1n<L1 l//unLu ( + ) Lzw'bni[ Lzi[wt> b'b w1L mpwJw,,.ttbpf!• npn'bp funp.\n'f''I t 
mpi£ntJ 4frpwnh1 , (0) Lzwlini[ Lzi[_wt> b'b w1L 1npwJw'l-Hf'l'• npn'b9 wpmw'fpn</1Jn''bl! 

J.Lf1w4w t frpw9Jw'b t 

l.inJfr'bwl 

mpwJw'l-fr.>p, 

JJ 

6 
9 
12 
15 

{w1Lw4wL .\w1ni[wt>pfr 

.\wzi[wp"w1frL Jw"hpbup . 
uJ2 

0,227 
0,51 
0,906 
1,416 

Sbuw"w'b 'l.wL'1-4.wt>l! , 

4'1-/ J 

0,173 
0,402 
0,714 
1,116 

lJ. 'lJ n L u,., 't I 

~R £.AR JUn<P1n<LLbpf! t>w'bp 

!lfi[w6 wJpw'bfr l.izwLw4nLJ- plann'bfr '1/;Ufpn<J 

m r1 'flUUf! /, mpwJw'l-fr<>e Lhpf! u1sol u20ol UJOol U4ool usoolu6oo 

A-111 

\ 
ER \0,673 0,657 0,621 \0,590 0,560 :0,539 

06-8 AR 0,446 0,441 0,428 0,416 0,403 0,393 . I 

A-III , ER 0,667 0,652 0,616 0,586 0,556 0 ,534 

0,85 010-40, AR 0,444 0,439 0,426 0,414 0,401 0,391 

AT- Ill 

A-II ER 0 ,69710 ,681 0,646 0,615 lo,5s• 10,m 
AR o ,454 

1
o ,449 0,437 0,426 10,414 0,405 

I 0,653 0,615 0,583 0,551 0,528 A-lll ER 10,670 

06-8 AR 10,446 0,439 0,426 0,413 0,399 0,387 

A-III ~R 0 ,665 0,648 0,610 0,578 0,546 0,523 

0,9 010-40, AR 0,443 0,438 0,424 0,411 0,397 01386 
AT-Ill 

A- II ~R 0,69i 0,677 ,0,640 0,608 0,576 0,553 
AR 0,453 o,m

1

o,m 0,423 0,410 0,400 

~o 

~(1-__h_) 
a~ 1,1 

flwLnPn<f/Jn <L: U.Ln"z'Lw4fr wJpw'bwi[npi[u:c> mwppbpfr <wzi[wp4J w'b, /i'bz"lbu It w1L 'lbU(

j!bpn<J , bpp pb tnn'bfr "''LJn<uw"w1frL <wzi[wp4wJf'b '1frJw11pnLPJn<li'bbpf! 

pwqJw"{wcn4i[wt> bf, ffi P wzfuwcnwf.pp UfWJJwf.p qnp ttw49n4_ ( pw9w-

11n•f11wJp mp, -fr9), lP fd n<Jl"''"f'il.n•J oq111i[b1 W'[ • 10 -n<J " 11-n<J 

pbpt/_wlt ~R It A R Jb ltn•/Jjn Lf,'Ubpp9 t 
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~R L. AR JbJn._p 1nL'11'bbpe JU1~nm-

~H, l9"''bln'-fib-pny l'burn'b'i,/;pf_. 'J/;"f_-

mr. 2'f1.UIJ U1J pu1'bf_. 'itU1'bU1~nL1f'j,/, ('(! j!nL1f 

'lUIU£!.. Lt. anpu.1Jau-

'lfiJe 

lf150 j uwo I uwo I lf300 I lf350 'U400 

I 
I I A-III ~R 0,615 0,599 0,584 10 ,565 0,551 0,536 

AR I 

06-8 0,426 0,419 0,413 10,406 0,399 0,392 

-0,85 A-III I ~R \0,610 0,594 0,579 0,560 0,546 0,531 
010-40, 

AT- III 

I 
AR 10,424 0,418 0,411 0,403 0,397 0,390 

j 

1
0.609 !o,590 

1
o •• ,.

1

o •••• A-II ER 0,639 O,u24 

AR 0,435 0,429 i0,423 ,0,416 10,410 0,403 
: 

A-III I ~R 0,611 0,595 0,579 0,55910,5" ,0,529 
06-8 AR 0,424 0,418 0,411 0,402 10,396 0,389 

I 

0,9 A-III ~R lo,606 0,590 0,574 0,555 0,539 0,52! 

010- 40, 

10,422 AT-Ill AR 0,416 0,409 0,401 0,393 0,387 

I A-II ~R 0,636 0,620 0,604 0,585 0,569 0,554 

I AR 0,434 0,428 0,422 0,414 0,407 0,40_ 

~R= 1 . ~cl- i.L_) 
r · 1 1 · au ' . 
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P.1iumG)I npwlj)I gmgwG)lzG1ipn nuU1 CHHn 2. 08. 01-)1 GwJuwq6)1 

PburnLb L. bpltwPpburn1.b 'tn1.uurpn<'t9fw1.bpf! 1.wfuw'IH1f.u, 'twfut/_wJ 1'pw1'9 1.zw

Lw'tn<P Jn<1'p9 " zwt:w'fnp~Jwf, U(U1JJU1f,f,bpp9 , 1.npJwLbp[! uwt:Jw1.n,J J,f, pburn1.p npwltft 

9n<9w1.f.z1'.bp, npn1'9p9 t:ftJ1.wltw1.1.bpf, /;f,. 

w) 'fWU[! f!UUI ubqJJwf, wJpn<P1w1.' «B:., 

p) 'fWUf! f!UUI w11wb9pwjpL .!.'lJwf, wJpn<PJwf,' «Bl», 

'I) Jwp(iwf, [!UUI 9purw'tw1n<1'n<P1w!. «f», 

'1) Jwp'tw1. [!Uur wbfpU11.9n<P1w1.' «.\V'I>, 

b) Jwpltw1. [!DUI fuurn<PJwb (~wt/_w1w1f.!. 'lw!.qt[_wJft)' <r D »: 

PburnLp 'fLUU[! [!UUI ab'lJJwf, wJpn<PJwf, bpw t;pJLw'twL (4.bpwt:u'ttf.n'l ) pLn<Pw

'1Pf'f, t 4 i:wL'lpuwLn<J t 15 uJ ""'lntf., 28 opt/_w l!Lflwsw"J p1'w"wf, U('"JJwLLbpn<J 

(l=20°±2 °C, \V = 60 %) U(L'fw9w~ pburnLb funpwLwf''lP ubqJJwL LnpJwurpt[_ '1f.Jw

'1f''"P!"'f,l!• wpurwt:w1urtf.w~ fffTJw-nt/_ : 

UU1'bp pburn'b'bbpf_. r,"'""'l' uwr.JU1'h1_u1~ b'b r.bmL.l"'l 'JUlubpe' 8 3,5, 85,B7 ,5, 

BlO, 812,5, 815, B20, 825, 830, 835, 840, 845, 850, 855, 8601 

/HflL. pburn'b'bbpp r,"'J"'p' Bl, 81,5, 82, 82,5, 83,5, 85, 87,5, 810, 

612,5, 815, 820, 825, 830, 835, 8401 

PburnLp funpwLwr'lwJpf. wJpn<PJwf. JftpL JUn<P1wL (l!uur wnwL9pw1JrL ub'lJ

JwL wJpmP1wL pburn1.p Jwpitwifr ) ' R 4 (!UUI ub'lJJwf, wJpn<fl1wL pburnLjr 'lwujr' B 

Jf:tb. fiw"ll!• bpp pburnLjr wJpn•fliwL t/_wpjrw9f.w1Jr 'f"f'~wfip9[! t:wt/_wuwp t 0,135-p, 

fault f!Uln ubqJJwL wJpn•PJwf, pburn1.Jr 11wujr UJU(Ult;nt[_t/_w~n<PJ"'f,l! 95 % t ( urb' u § 2.7), 

41f.Lf. . 

npurb'l -R-(! wpurwt:w1ur.[w~ t itqn<jaJ2.nt[_, pult 8-L' f!fTlw-nt/_• 

PburnLfr 'fWU[! [!UUI W1tU1L911w1frL a,,JwL wJpn•Jl1wL t;UIJUIU(WUlwUfuw1'nLJ t Lpw 

u11twL9pw1f.1. .!.qJwf, 1.npJwurjrt/_ '1PJ"''1f'"'PJWf,f! , wpurw i:w1urtf.w~ fffTJw-nt/_ : 

J:uut "'""''i,9/!"'IP'j, .!.'IJ"''j, 'IPJ"''1l'"'-fJJU1'b pburn'b'bbpe puu/w'b1_nLJ bf, 

Bt0,8, 811,2, 811,6, 812, 812,4, 812,8, 8 13,2 'lwubpf_.: 

PburnLLbpfr JwpfiwLbpf! [!Uur 9purwltw1mLn•P1wL 4 [!Uur wLfpwL9mP1wL pbptf.w' 

/;f, § 1.1.3- n<J, 

PburnLLbpf! l!uur fuurn<P1wL pwJwLt/_n<J bf, DBOO .. . D2500 JwpfiwLbpfr, npnL1 

fpbL9p9 1.bpltw1w9Ln,J bL pburnLJr Jf.tfrL Juurn<flJnLL[!, wpurwt:wiurtf.w<t ~'l/Jl -nt/_: 
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- bp4w1Lw4w!i ub'lJn1l n•clfr wq'fb9n•P1wLr bLpwp4-

4.n'l urwppfr <wz4_wp4w1frL bp4wpn•P1wLr , 

urwppfr 1w1liw4w!i 

4.fr'lf! <wur4_w<)pfr 

JwJp, 

::wur4_w<)pfr frlibp9frw1fr zwn.w

<)w!ipnLPJwli 4bLurpnLfr L4wur-

wJpwLw1frL d.n'lbl'fr (1wpbpfr) LnJfrLw1 urpwJwqfr,)l!, 

<wJw"lwurwufuwLwpwp 1J. b. IJ.1 awp4_w,) b. 1wp4_w,) 

wJpu1f.tLbpfr <wur4_w,)pfr Jw4bpbul!, 4wJ Ln<1LL ( 

U..., t. U...,' awp4_w<) w,ipwLLbpf. <wur4_w.!pfr Jw-

4bpbur, 

<wJw"lwurwufuwLwpwp IJ. /, 1J. f iwp4_w,) wJpwL-
l l 

Lbpfr <wur4_w,)pfr Jw4bpbur, 

urwppfr bp4w1Lw4wL wn.wf.t9pw1frL LnpJwl <wp-

Pn•P1mLn.J urb'lw'll'4.w<), pbp <wur4_w<)p(! <wurn'l 

wLntpfr d.n'lbl'fr <wur4_w<}pfr Jw4bpbu{!, 

wLnLpfr Jb4 d.n'lfr <wur4_wJpfr Jw4bpbur, 

wLntpfr d.n'lbl'fr Pfr4_r, 

urwppfr hp4w1Lw4wL wn.wL9pfrL filbp, Jb4 <wpfiln•

P1ntf.tntJ urb'lw'11'4.w<), pbp <wur4_w<)p[! <wurmz 

d.n'lhl'fr <wur4_w<)pfr Jw4hphur, 

bp4w1Lw4wli wJpwL/r Jb4 d.n'lfr <wur4_w,)pfr Jw-

4bpbu{!, 

wlJn''l'lw4fr wJpwlJw4_npJwlJ qnp<)w4frs 

4wL 9wL9hpn4_ wilpwlJw4_npb1fru) , 

wlJnL'l'lw4fr wJpwlJw4_npJwlJ qnp<)w4frs 

pn4_ wJ pwf.tw4_ nphifru), 

urwppfr 1w11Jw4wlJ <wur4_w<)p fr wJpnq1 pburnlJfr 

Jw4bphur, 

ub'lJ4_w,) qnurn< pburnlJfr <wur4_w<)pfr Jw4bpbur, 

d.1f4.w,) qnurn< pburnLfr <wur4_w<)pfr Jw4bpbul!, 

urwppfr pbp4_w,) <wur4_w<)pfr Jw4bpbu{! , 

pburnlJfr urpnpJwlJ Jw4bpbul!, 

<wJw"{wurwufuwLwpwp pburnlJfr ub'lJ4_w,) It. d.'f4.w.l 

p1nfrLbpfr Jw4bpbuf.tbpfr u1nwmf.4wl1wL JnJ/,L,,.. 

Lbp(! qpn1w4wL q,)fr L4wurJwJp, 

<wJw"lwmwufuwLwpwp IJ. It. IJ. 1 wJpwlJIJbpfr <wur-

4_w<)pfr Jw4bpbuLbpfr umwmfr4w4w1J JnJblJmLbp(! 

qpn1w4wL qt)fr L4wurJwJp, 

phurnlJfr <wm4_wt)pfr frLbp9frw1fr JnJblJmr mwppfr 

<wur4_w,)pfr t)wLpn<P1wL 4hLurpnlJfr 1J4wmJwJp, 
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urwppfr pbp4_w,) <wur4_w<)pfr Jw4bpbufr frLbp9frw1f. 

JnJbf.tur{! mwppfr <wur4_w<)pp <)wLpnLPJwL 4hLurpnLfr 

L4wurJwJp , 

wJpwLfr <wur4_w,)pfr Jw4bpbufr frLbp9frw1fr Jn

JbLurr urwppfr <wur4_w<)pp .!wLpnLP1wL 4hLurpnLf. 

L4wurJwJp, 

pburnLfr ub'lJ4_w,) qnurnt Jw4bpbufr frLbp9f.w1/r 

JnJbLurl! 'Ll'nJw4wL q,)fr L4wurJwJp , 

<wJw"iwurwufuwLwpwp IJ. b. IJ.f wJpwLf.tbpfr <wur-

4_w<)pp Jw 4 bpbuLbpfr fr Lbp9frwJfr JnJbLur Lbpf! qpn-

1w4wL q,)fr L4wurilwJp , 

urwppfr pbp4_w,) <wur4_w<)pfr wn.wd.qw4wL 'lfrJru

'll'n'filJwb JnJbLurr <bn.wr[np tlq4_w,) filh t fr4/r .t:w

Jwp, 

urwppfr php4_w,) <wurr[w<)pp 'lfrJw'lf'n•P1wL JnJbL

"'{! <bn.w4_np d.q4_w,) Phtfr4/r <wJwp, <wzi/./r wn.w.! 

d.1f4.w,) pburnLf. nl wn.wd.qw4wL 'lb:f'"l'Jw9frwLbp[!• 

Lwfuw1wp4_w,) ub'lJn'l b piff!• .t:wzr[fr wn.w<) Lwfuw-

1wpJ wL 4npnLuurLbp[! wJpwlin<J, 

1wpi/.n'l 1J. It. IJ.1 wilpwLLbpfr LwfuLw4wL 1wpn<J

!ihp(! JfrLllt. phurnLfr ub'lJntJ{! (bpp wJpwlJfr d.qn• 

Je 4wurwp4_n.J ~ <bLw41Jbpfr 4_pw ) 4wJ urwppf. 

4_pw wpurwpf.L n LJbpfr W'/'Jb9n•P1wfJ <burlt.wlJp nr[ 

pburnlJfr 1Jwfu1Jw4w1J 1wpn<J[! qpn1fr <wu1Jb1n< U(W• 

<frlJ , 

ub'lJn'l 1wpntJf.tbp(! pb1nnlJnt J, IJwfuw1wpJwlJ i/in<-

1nLJ, <wz4.fr wn.w,) wJprulJfr IJwfuw1wpJwlJ 4n

pntumlJbp(!, 

wJpwlJfr d.qJwlJ bzurn<f/JwlJ qnp<)w 4 frs • 

357 



I. AHCTOB H. H. u J.lp. Hcropnll crpottreJibHOii rexHHKH. JI.-M., 1962. 

2. A.neKcan.ri.poecKHH C. B. PactJeT 6eTOHHbIX n )KeJ1e306eroHHb1x KOHCTpyKUUii 

na H3MeHeHttll reMneparypbl H BJiamttocrn c ytJeToM noJJ3yqecr11. M., 1973. 

3. 6aiixoe B. H., CHra.noe 3. E. /KeJ1e306eroHHble KOHCTPYKUHH. M., 1978. 

4. 6epr 0. 51. ¢lH3HtJeCKHe OCHOBbl reopttH npOtJHOCTH 6eroHa H meJ1e306eroHa. 

M ., 1961. 

5. BacHJJbee 6. Cl>., 6oraTHH H. Jl., 3aJiecoe A . C., flaHblUJHH Jl. JI. PactJeT 
>KeJie3o6erottHbIX KOHcrpyKunii no npotJttocrn, J,lecjlopMaUHllM, 06pa3oeaHHJO n pac

Kp b!THIO rpewnH. M ., 1965. 

6. Bonpocb1 npnMeHeHI!ll JierKoro 6erona Ha ecrecreeHHbrx 3anOJ1HHTem1x B 

crponre.nbcrne. TioA o6weii pe.1laKune1i .n;oKropa rex . ttayK, npocp. B. B. Tintta
A>KHHa. Epeea tt, 1967. 

7. BpeMeHttaH nttcrpyKUHll no npoeKrnpoaaHttJO KOHcrpyKu11ii H3 Jiernoro me

J1e306erotta Ha JIHTOHAHOii neM3e. (lJacTb nepeall. IlpotJHOCTb KOHcrpyKUttfi). IloJJ. 

pe.n;aKunefi AOKropa rex. HayK, npocp. B. B. Ilirna.n;mHHa. EpeeaH, 1971. 

8. ,ll.MHTpHee C. A., Ka.narypoe 6. A. PactJer npeAeapttreJibHO ttanpH>KeHHbIX 

>KeJie3o6erottHhlx KottcrpyKUHH. M., 1965. 

9. /KeJie3o6eroHHhle KOHCTPYKUllH. Ilon. pe.n;aKUHeH AOKropa Tex. ttayK, npocp. 

H. 51 . Tiattap1rna. M ., 1971. 

10. 3aiiuee IO. B., Oec1rnHxoe K. JI., flpOMblCJIOe B. Cl>. IlpoeKTHpoeattne If 

MOHTa>K >KeJJe3o6eroHHhlX KOHcrpyKunii. M ., 1980. 

11 . MypaUJOB B. H., CHraJioe 3. E., 6aiixoe B. H. /KeJ1e306eroHHhie KOHCrpyK

unn. M., 1962. 

12. Hoeoe e npoeKrnpoeaHHH 6erOHHbIX n .1ne.-1e306eroHHblX KOHcrpyKuHii . Ila.a. 

peAaKu11efi AOKTOpa rex. nayK, npocp. A . A. fB03AeBa. M., 1978. 

13. H oeoe o npotJHOCTH >KeJie3o6erotta. IloA peJ.laKunei1 AOKropa rex. tta yK, 
npocp. K. B. MnxafiJ1oea. M., 1977. 

14. flHH3.!VKllH B. B. HeKoroph1e ornoettwe pe3yJJhrarb1 ttcc.1e,:i:oaatt!IH conpo

nrn.1emrn .1neJ1e306erotta Ha ecrecrseHHhIX 3anoJIHttre.1Hx. «Ybsecrm1 AH ApM. CCP» 

(cep1rn TH), r. XXIII , N~ 3, 1970. 

15. flonoe H. H., Pocropryee 5. C. )l.11HaM11l!ecK11fi pacl!er ;Ke.1e306eroHH!.>Ix 

KottcrpyKunl1. M., 1974. 

16. Ilpe;leJibHhie cocrollrll!ll 3J1e~1ettroa ;i(e.1e306eroHHblX 1w11crpy1rn.H l1. HYIYl/K6, 
IlO,l pe.'l,a 1rn.:ie!1 ;J.OKTOpa rex. HayK, npocjl. c. A. n~rnrp11eea . i\l ., 1976. 

35S 

17. Tipol!HOCTb, crpyKTYPHble H3MeHeHl!H H Ae¢opMaUHH 6eTOHa. n oA peAaK

UHett AOKropa rex. ttayK, npocp. A. A. feo3n.eea. HH:VDK6, M ., 1978. 

18. PyKOBOACTBO no npoeKTllpOBaHIIIO 6eTOHHb!X H )KeJle3o6eroHHblX KOHCTpyK

unii 113 Tll)KeJioro 6erotta (6e3 npen.eapHreJibHOro ttanpH)KeHttH). M ., 1977. 

19. PyKoeon.creo no npoeKrHpoeaHHIO 6eroHHblX 11 )Ken e306eroHHblx KOHCTpyK

UHii 113 6er otta Ha nopttcrb1x 3anontt11TeJ1llX. M., 1978. 
20. PyKOBOACTBO no npoeKTttpoeaH!llO >:,e.1e306eTOHHbIX KOHCTpyKUHii c )Kecr-

Koii apMarypoi1. M ., 1978. 
21. PyKoeon.creo no npoeKr1tpoaaHHJO npeAeap11Te,1b110 ttanpH>KeHHblX KOH-

crpyKUHii H3 rn)Ke.1oro 6er oHa. M ., 1977. 

22. CaxnoecKHii K. 8. /Kene306er0Httble KOHCTPYKUHH. M., 1959. 

23. CopOKHH E. c. n1rnaM1tl!eCKHii pacl!eT ttecyuv1x KOHCTPYKUHH 3,ll.aHHl!. M ., 

1956. 
24. CrpoareJibHbie HOpMbl 11 npaeHJia (CH11TI 11-2 1-75). H opMbI npoeKrnpo· 

BaHHll. oeTOHHble II )KeJle3o6eroHHb!e KOHCTPYKUHI!. M., 1976 . 

25. CrponrenbHbie ttopMbl H npaeu.1a (CH1tll 11-6-74) . Hop Mb! npoeKTttpo

eaHttH. Harpy3KH n B03AeiicrettH. M., 1976. 

26. CrponreJibHble HOpMbl H npae1!Jla (CHnil Il-28-73*). HopMbl npoeKTH

poeaHHH. 3 a1UttTa crpo11reJ1bHb1x KOHCTPYKUHii or Koppo31m. M ., 1980. 

27. CrponreJlbHble HOpMbl tt npae11J1a (CH nil 11-7-81). Hop Mb! npoeKrnpo

BaHHll . Crpo11reJ1bCTBO e ceiicMH'lecKnx paiioHax. M ., 1982 . 

28. Teopttll )KeJ1e306erotta . TioA penaKUtteii AOKropa rex. HayK, npocp. K B. 

MnxaiiJJoea, AOKropa rex. ttayK, npocp. C. A. llMttrpneea . Hl111)i(6 , M., 1972. 

359 



uwfuwpwL 

uhpwdnLpJnL!. 

1. bp~wpphmn!.fr ~n<PJnLL[! 

2. lfnLn1frP , <w1_wl!n1.fr l.i <w1_wj!n1_{r-JnLnlfrfl hpqw/JphmnJ, 

3. /Jpqwf/phmn't,fr wnw1_h1n<PJn<LLhpf! l.i flbpnLf/JnL'j,Lbf'f! 

4. /Jpqwpphmnt{r q{rpwnJwJ, pLwtl'u1_wnLbpf! 

5. 1.wJwnnm UfWLnJw~w'j, mb'lbqn<f/Jn'J,'j,bf' 

llfHlS?fl'i. Q.lnMu. AhvmGJi, wll11WGWJflG UfTI'lUfWVlfl 11 h11ljwpphV1nGfl Hflll

GwljwG :tiflqflljWllhtuwGflljwljwG HWV1ljniie1n1GGh11n 

360 

§ 1.1. Pburn& 

1. IJpqwf1pbmntnLJ f({rpwn1_n'l phmnL 

2. Pbmnt{r l1wnn191_wdj!f! I.. Lpw w'l.'lb!Jntf/JntL{! pbmn't,fr wJpnipJwb 

7b'fmpJw9 {rnJ, <wmqntPJnLLLbpfr 1_pw 

3. PbmnL/, wJpnLf/Jn'Lf! 

4. Pbmnt{r 7h!pnpJw9{rwtbf'l' 

5. Pbmnt{r 7b!pnpJwsfrwJfr Jn 7 n'Ll! t.. unrzl!/• i wif>e 

§ 1.2. U.tfrw& 

1. U.JpwLfr 'lbf'f! 

2 . IJ.Jpwtw1frL U(n'LU(WLntbp,h ->,4JLwqwL Jbfuwt{rqw~u1L ';wu,4n 1 /JJn1 J,_ 

Lb{'(! 

3 . ll.JpwLw5frt u1nrzUJwm'i.:bpfr 'lwuw4wp qncJ{! /, mbuw4'ub p f! 

.4 . Unwl19wd !J"'U!Jbf' /, qL:.JpqwuLbp 

5. U.Jpwt{r f/bpndLbpf! /, 11:;</.wLpLhpf! 

§ 1.3. br~wprburn& 

1 . bpqw{JpburnLfr <{rJtw~wL mbuw4Lbpf! 

2 . IJ.Jpwt{r z wrz4w.,,niJe pbmnLfr <b,,, . 

3 

5 

5 

Ii 

8 

10 

13 

18 

18 

18 

21 

24 

34 

44 

48 

48 

so 
54 

55 

60 

62 

62 

63 

65 

4. f!L11 <wLntp m b'lbqn1f/JnLLLbp Lwfuwlwf'<f.wd bp4wf/p liiLnnt{r Jwuf>L 67 

5. PbmnLfr 4d4JwL Wl/.1/b9n1P1n<J,(! bp4wfJpbmnL{r 1_pw . 71 

6. Pbmnt{> unwfr Wl/.'1L9n•f/;n1Le bp4wflpbmnLf> 1_pw • 

7. fiwpd.p tbpJwum{rf.wLLbpfr W'£'1b9n<f/JnLJ,f! bpqwflpbmnLfr 1_pw 

8. IJpqwflpbmnL{r qnnn'lfiwL 

9. Pbmntb U(W<u1wLfil zbf'Lnf! 

l:f'llf'nf'fl. Q.tnt>Ju. b11tiwiephV1nGh ljnGuV11rn1ljgflwGh11fl Hwz11.w11ljdwG llh1&n~

Gh11f1 Hfldn1G11Gh11n 

:§ 2.1. <l>nrliwrwrw~w& libUlwqninn•pJn'r.&brJt &zw&w4RLpJnL&(l br~wp('bUlor.b 

~n&umrn•49Jt•u&brp liwziJ.wr~tfw& tfbpni1Gbrp uzw~U<u& qnrbRLu 

~ 2. 2. lwr<lwbwqb:j>nruw9Jtn& <lJtliw~Jt q.n,lbr11 ub'luuw& qbllj f n•U 

§ 2.3. lwriJ.wbwqb:j>nrtfw9Jtn& '1Jtliw4Jt ~'°'lbrl' bnuw& qblljfmu, bniJ.n'l 

inwrrbrJt fwJfWJ<lw& p&n•JPI' (lUUl &nruwl I. pbf liwUl<lwbf&brJt 

§ 2.5. lwziJ.wr~uw& liJtu&w~w& qrntjp&br(l (lllUl pRLJLWUlrbt]i lwrn,J&brJt 

JbpnqJt 

§ 2.6. lwziJ.wr4uw& lipJ&w~w& qrn•Jp&Lr(l (lUUl fwJfwJllw& ,Pn•LJt (!'uUl 

f'wJfWJR'l liJtqbrJt) ubpnqp 

§ 2.7. lwziJ.wr4Jw& 6Jtu&w~w& qrn•Jp&br(l (lUUl liwziJ.wr~wJJt& uwliuw&wJJt& 

<t.Jt1iwV1brJt JbpnqJt 

<nww1fin1f/1wL qnpdw4fi9 f!ULn t1n• flfr 

2. flbnL1_wdpLbpfr l.i "''l'lb!Jn<PJn<LLbp f> Lnp Jwm fr1_ nt <wzif_wp4w1frL 

ptn<f/Wtl('bf'f!> qhppbnLJwJ, qnpdwf(fr9 

3. l.nwwLfin1fl1wL qnpdwl1fr9 /!um qwnn<9if_wdpfr qwJ zbLl!fi LzwLwqnt-

p ;wL ( U(wmwufuwLwm</_ n1fl Jn Lb) 

4. b1n<f/bpfi wzfuwm wLl!fr Uf"'JJwt{i qnpdwqfi9Lbp 

5. l//w<wLtLbf' f.wj!w~wintLn<f/1wL L4wmJwJp 

6. bp4n, fun1Jp <wzif_wp~w1frL uw<JwLw1frL if_{rf.wqLbr 

§ 2.8 . 'i.mruwl liwon<t.wH&brp wurn<pjw& liwz<t.wr~p (l&qliw&nLr ubpn'}I'• 

ub'luiJ.wb qnmn• uwliuw&wJJt& 1iwrwpbrw4w& pwrlirRLpJnL&(l 

74 

75 

76 

77 

79 

79 

80 

82 

87 

88 

92 

94 

96 

100 

102 

103 

103 

104 

106 

114 

:m 



362 

1. Uw1bp 

2. 2bJwLLbp 

liwziJ.wrljp 

1. rlnJwL '"'pf/nifJ1wL L4wmJwJp uf>Jhmppff 'wm1_w6p 

2. l!f>w4r wJpwLni[ niqn,wL4JniL 'wmi[w6p . 

3. 4p4Lw4f> wJpwLn1_ niqqwL41niL 'wmi[w6p 

4. Swi[pwjpL /, bp4mw1_pwjpL ' wm1_wof! 

§ 3.3. ltrnq wJrmf.niJ. mwrrp hrljmJC.u1qwr1 wnwG9fpC. {inrifw1 JiuimqmH

C.brp wJrnipJwC. liwziJ.wrljp 

1 . fliqqwL41niL 'wmqwdp 

2 . Swi[pwjpL {wmi[_w,)f! 

iJ.wrljl' 

1. (um 1w1Lw4wL nL<lp 

2. /!um .)nnq JnJbLmf> 

3. 4pnq wJpwLn1_ mwppbp 

§ 4.1. ltnllumrn•qmwqnruw(', l'C.'}liwGntr UfmliwGrGhrl' 

§ 4.:!. <Pnrawrwrwljwr. fihITTwqomnipJn'GGbrp wr'}JmGfliLq1 

§ 4.3. Smrrp hrqwjllwqwr. wnwGgfpG Go r tfw1 liw'"iJ.mHC.brp mJrmpJwG 

liwzqwrljp 

1 . fliqqwL41wL {wm1_w6f! 

2. Swi[pwjp'L /, bp4mwi[pwjpL ' wm1_w,)f! 

§ 4.4. Sw r rp GljiJ.wbfp wq'}hgmpjwC. liwziJ.wnmJp 

§ 4.5. lhqqwllqjwG liwmqwbfp mwrrhrp liwziJ.wrljJwf1 orpC.wljC.hr 

1 . /J.JpwLfa pLmpniJf' 

2 . 2wm1_w,)pf> wJpntf/jwL umniqniJp 

§ 4.6 . lhqqwC.qjntG liwmqwHp lJl\Urrhr p mJrntpjwC. liwziJ.wrq[' eo :s;; e "I ·" ~ 
wrmwljhGmrn•pJwJp wq'}nq hrljwJGwljw{i uh'lJnq mop qh"ffnul . 

§ 4.7 . 'lwqwiJ.iwr ITTwrrp hrl1wJC.wljwr. wnwC.9fpG pbf liwmiJ.lllHGhrp 

1U 

114 

117 

122 

122' 

124 

13() 

134 

139' 

140 

141 

14:1 

143 

157 

166 

16'1 

169 

l'iO 

173 

175 

175 

179 

181 

184 

184 

192 

192 

ll 4.8. Gb'l wrmwljhGITTrnf. uhqtfiJ.n'l mwrrLr 

1. f!L'l'"'Ln1p mbqb4nifl1n<LLbp 

2. fl<qqwL41niL 'wm1_w6pp mwpphpp wJpnt{JjwL 'wz1.wl'4f' 

ll 4.1:1. U.f.nu1'lwqp ruJrwC.wiJ.nriJ.w~ mwrrbr 

1. f!L'l~wlini1, mb'lbl1ni/}1niLLbp 

2. linLumpn<4mw1_npJwL pL'l' wLntp UfW ' wLtLbf'[' 

3 . IJ.JpntfljwL 'wz1.wr4p 

§ 4 . IU. lirn'l wtfrwC.n{ mwrrhr 

§ 5.1. lihC.mrnGwqwC aq{n'l mwrrhrp ljnC.umrn,lpnw{nrJwC. l'C.'lliwC.ntr 

·UfwliwC.fC.hrl' 

:§ 5.3. ll.rmwqbGmro& bq{nq mwrrhrp iJ.rnrbwrwrwqmG liLITTmqnmn•pj ntC.

Ghrp wrrun,C.f&hrl' I. ljnf.umrn•qmwiJ.nrJwr. l'C.'lliwf.ntr "lwliwC.~C.hrl' 

§ 5.4. Swrrp LrqwJC.wljwC. wnwC.gfp(', C.nrtfwt liwmiJ.wl!fftl•rp wJrntpJwf. 

liwzqwrljl' 

1. fliqqwL41niL 'wm1_w.)p 

2. Swqpwjf>L, bp4mw1_pwjpL /, mnuj.wJ.l.i 'wm1_w6pLbp 

1. IJ.JpwLf> plimpn<Jf! 

2 . 2wm1_w.)pp wJpn•fl1wL umntqniJp 

§ 5.6. Swrrp brqwJ&wqwC. wnwC.9fpC. phf liwm{wHC.LrJ1 wtfrntpJwf. liwz

iJ.wrljl' 

-SOli>'t;f'nru). Q.J.OMu. l;f1ljWpJ!hVmllli UIWf1JlhJ1)1 11w2l[WJ11!1! J!linlll[W~J!)I Vlli-

11.wljw(I wq,~t.gnip1w11 ~liuu1.n11r 

197 

197 

197 

198 

199 

199 

201 

202 

205 

207 

207 

208 

209 

2 11 

211 

214 

214 

214 

216 

216 

217 

217 

21 8 

221 

224 

363 



364 

§ 8.1. lfn&umrn1ljmwtJ.nrJw& pliqfiwlimr UJwfiw lif lihrp 

1. Pburn!. 

2. /J.Jpw!. 

3 . /J.Jpw!.fr fuwpufumJp 

4. /J.Jpw!.fr urh'[W'!('n<J [! mwpprnJ 

§ 8.3. lwrn1J&brp nrnzn1Jp pbmnlinuf .. wJrwlin1J 

1. /J.Jpw!.fr!. b. phUJnLfr!. <w'lnf''laf.n'l !.wfu!.wl[w!. [WpmJ!.bpfr Jbt)n•PjnLL-

Lhpp 

2. /J.Jpw!.fr J.'IJw!. i:zurn'pJw!. '1npt)wqfr9L' 

3. 1wfuw1wpJw!. qnpn1uur!.bpp [Wpa/_wt) wJpwLnLJ 

4. {wpn,J!.bpfr JMn•fJ1m!.p ll"'Paf.n'l wJpw!.mJ pburn!.fr i[<H1n•Jfr9 b. 

unqpfr9 

5. SwppmJ wnwt blfn'l i:fr'lhpfr b. l"'J!.wl[w!. <w=a/_wt)pfr bpqpwzwqrw

qw!. p!.n,pw'fphpfr ijrnfuw11wpJ. lfw"ll! . 

(i . {wp<f...,t) b. uwp<f.w.t wJpw'/J!.bpfr i:fr'lbpfr <wJwqnpp 

7 . {wpn<J!.hpfr npnzn•J p 

8 . /J.Jpw!.fr J.'fJw!, p!.pw9pnLJ a/_bpw<ul[af.nq [Wpn.JfJbpf! 

9 . {wpa/_wt) wJpw!.fr 1wpn,J!.hpfr <w'[np11Jw!. 'lnUJn< bpl[wpmfJJn<Lp 

1. 4b!.urpn!.wl[w!. J.'laf.n'l mwpphp 

2. tlnaf.nrz UJwpphp 

§ 8.5. lowjuwlwrtJ.wb mwrrbrp wJrntpJwli liwztJ.wrljp p&'}fiw&mr qrn tJpr.brp 

§ 8 .6. lfbr.mrnGwljw& liqtJ.nq mwrrbrp wJrntpJwli liwzt{wrljp 

§ l'! . 7 . lTntJ.nq mwrrbrp wi.lrmpJwli liwzt{wrlj(l 

1. Swppfr hpl[wj!.wl[w!. wnw!.9p fr!. LnpJwi <wUJa/_wt)p 

2 . Swppfr hp/iwj!.wl[wf, wnw!.9pfr!. pbp <wUJa/_wt)p 

2U 

226' 

227 

228' 

22 ~ 

228" 

229' 

232 

233 

235 

237 

237 

238 

239 

24(; 

24(; 

249 

250' 

252 

25:! 

255 

25fl 

259 

2fll 

267 

267 

267 

271 

2 72 

1 . Swppfr bpqw1Lwl[w!. wnw!.9pfr'/J LnpJwl, nt'l'lw!.q1n•L <wUJa/_wt)p 

2. Swppfr f:qa/_wt)pfr wq7h91r<{Jjw L <wzaf.wnn,Jp . 

§ 8 .9. U.rmwljblimrnli liqtJ.nq mwrrbr~ wJrmp3wl'. liwztJ.wrlj(l 

fl'\..'\..ll"l'nl''\. q.tnf>Ju. l;pljWJi1)!1i111nGt lllWJIJlliflfl 11w2l[WJ1li1! [!Ulll ClW}lhJlfl 

wnw2wgllwG 

§ 9.2 . libl'.mrnl'.wljwl'. oqtJ.nq mwrrbrp brljwJf.wljwl'. wnwl'.9fpl'. C.nrJwl 

fiwmtJ.wH&brp liwztJ.wrljp 

§. 9.3. tJnqnq, wrmw~blimrnli ubqutJ.n'l l. wrmwljbl'.mrnli oqt{nq mwrrbrp 

brljwJGwljw& wnwl'.9fpC. linrJwl fiwmtJ.wHl'.brp liwztJ.wrlj(l 

1. M,. 

2. 'VI. 

JnJb!.mfr Jbt)n•Pjw!. npnzn<Jp . 

11frJw7pn•P1w!. JnJb!..,,fr npnzniJp 

SU.U"ll"l'nl''l- q.tnt>tu. ll"JlliWJilJ!lilllnGt 111w1111t11}1 llwz(w11tm J!UVI Jlh.)n11-

llwg)'lwGli11)1 

§ 10.1. l!liqliw!intr mbqbljn•f'JntGt.br 

§ 10.2 . Swrrp ljnrmp JW G nrnzn1JI' oqtJ.wb qnmn1J liwfhr 2mt.b9nq liwm-

qwbf.brp liwJwr 

§ 10.3. Swrrp ljnrntpJwli n r nzn1JI' oqt{wb qmnntJ 6wfbr n1lib9nq fiwm-

qwbt.brp JiwJwr 

§ 10.4. Swrrp liljqwbfp nrnzn1JI' 

§ IU.5 . rlljtJ.wHji liwzt{wrljuwr. JnmwtJ.nr Jbpnq&lir 

SUU'\..lTll"tJll"l'RP'\. q.tni'tu. ll"pljw1&pli111nGt 111w1111li11)1 11wz(w11tit! J!UVI ClwllliJl)'I 

J!WQ(Witll)'I 

§ 11.1. C&qliwGntr mbqbljn •pJnt&C.br 

§ 11.2. Swrrp brljw3r.w4wr. wnwli9fp& &nruw1 liwfbrp pw9t{wbfp lWJhlll-

f'JWr. n r nzmi.lp 

1. liw p hpfr Jfrtb. h rzwt) < bnwaf.npmp jnLLf! 

2. Ji w p hpfr pw9a/_wt)l!fr [LUjLn<PJn'Ll! 

§ 11 .3. Swrrp brljwJGwljwr. wnw&9fpli linri.lwl liwfbr p pw9tJ.wbfp lWJ&lll-

" PJwr. liwzt{wrlj[I 11um GnrJwlibrji 

2 72" 

273• 

273" 

275 

275 

2 77' 

278 

280• 

283 

285' 

288 

288' 

290 

292 

301 

302' 

SOT 

307 

308 

308 

310" 

314 
365-



'§ 11.4. Swrr~ brqwJ&wqwr.. wnwr..9f~f, pbf liwfbr~ pwg<l_wH~ lwJ&nlpJw& 
liwzitwrqr 11um l'.uir.tmr..br~ 

:Sl1U\,tf'1'0 .. tf'Of'I\. Q.tn .. Ju. bflltW~plnnnGh ljnGuU1f1ntljgflwGhJ1fl f\fldWf\J1n1-

~1n1Gn tMiGwdfllj wqf\hgn1~1niGGhflflG 

.!! 12.I. Swrr~ mwmw&o,J&brl' 

1. 1.,.Jfiw4wfi ~wu4w9nrznLPJntfifihp 

2 . ll.'Lwtnn<P iwfi Jb4 wutn,.tlwfi nLH9nrz ~wJw4wpq,. wqwm ( ub</>w4wfi) 

mwmwfin,Jfibp{' 

3 . ll.'LwmntPiwfi Jh4 wum,.llwf, ntfib9nrz ~wJw4wpq,. um,."lnrzw4wfi mw-

315 

316 

317 

317 

317 

321 

mwLn,JLbp{' 324 

4. /!ht} Pif_ni/. W'l.WmntPJwf, wum,.llwf.fibp ntH9nrz ~wJw4wpqbp,. mw-

326 

326 

328 

329 

§ 12.5. Swmw&nuf&hr11 t!infrwg&n'l qn&umrnlqm~il. of~tngwnnlof&br 332 

§ 12.6. brqwppbmn&b mwrrbr~ fiw2il.wrq(l pwqofwq~ w&qwof qrq&il.n'l phn-

&11il.wH~ qhuifou( 333 

1. Cum ,,,.Jw94nLfintPiwL 335 

2. Cum f:wpbp,. wn.w1w9Jwf, 

~wil.htil.w~ 

<J.pw4wfin<PJnLfi 

336 

337 

358 

luJpwq,.p' U". 'l-. 'l-wulljWrJwli 

'Hrz. fuJpwq,.p fl. '1,. ITwqilwliJw& 

"14wr,.;' $. 'J.. U.!j>r~qJw& 

SbfuL. fuJpwq,.p' fl-. b. U.!u~rJw& 

i/.bpumniqnrz uppwqp,.;' 'l-. IT. 'l-wuuiwrJw& 

'l,:b 08860 

HE X. 1534 
1.wfiJ.f,if_wt} ~ zwpif_wt}p,. 19. 07. 1983 p.1 

Uuinpwqpi/_wt} ~ m"l"''lf'n<Piwfi 13, 04. 1984 p .1 

P.ntrzP' Ni 1, 60X901 /w S"l"''lf'"'PJ"'f,£'' pwpd.p, mwn.wmhuw4£'' «'1-ppfo um[npw4wfi:,,, 

s"l"''lf'• 23,0 JwJ., m"IW'lf' · 23,0 qntfi. pb,.p. otn . , ~pwm. 21,99 JwJ.i .,.,.f,!!' 1 "'"'I'· 
20 4""1·' S"l"'f!"'Lwf 30001 tf/wmi/_hp' 16371 

«£n<JU1> ~pwmwpw4;n<PJniL, flpkwfi· 




