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·. i/rpul eJ1uJm?,T'1 'l'"IJmn/uf,11/r _ l 
. ,1rpufe}wJm?J'1 ,jilli'lmum i/if6''lrr"Jl _ 'I 

ilG,j?mfJuh 'lmfe}1t111/t1,f,ui/, i/J'l'li""l'!Y _ >I 

J'l1uf.eJ1t1?mrpu1,utf ,jdfm7'J111? ¥'l"'i,'!'llt _ >[ 
i/'!1ufeJ111ilg.eJ 'l"'?"'?i/1],mJl,{~ _ ! 

i/'!111lef1ucfu/ 'l"'?mJmu1ubgfln _ ,1; 
iJ'!mfeJ1uif7t} 'J"'?nrfmlmJJ/J'{ i/?m111m:, i/if'617,mJl _ I); 

i/'lwf£11uJt1n/ f1L11mpm, _ .
4 J'lwf£1wJur,j fmpp1g~ -~'.lj 

il'lrnfe}wJur,j 'l"'?m?i/mi/J? -~~ L( 

ru,flngl, '!"'J'PJnrl ,f,mlmJmnmpm:,. J'lwFtfrnJt1n/ i/if'!mnt1:, _ o
4 

Jff,wFtfwdun/ ,jcl'lmnu.~ _ q 
d 'lrn F flrn G 

-'1 Lb m 'l m r ('/wbm J m '! m pfi 'f m11 J' <.>m urn ,jp lm ,'-• ,7 J,.,., l ,1,9 i/ ,f, m eJ ,,,,fl _ on 
J pwl'!Y ,j,f,mflm,U -"H 

ili!l1 pi/JI ,jiffm 7'J111? i/'!mu17,'f? -H 
ilpw6'mhmJm i/rnu ff,mFtf,uJ,!"'f -~ 

Jp1u 'lmfeJ,.,J'!"'f -!) 

J /rt/ eJ i/tJrn ,I q; -1.:1 
,1.,,.,, T/,ffi plff,y -d 

f, i/ If, ,.,r e]w ff J m .~ f/, rtr f tf w In m l''l l' 111 .'? 

'l"'?mfmpm? fm/tlm:, ''lm,jh,/7'!~ JrnJm?mn71n 7,4,11 i/iffm7'J111? -3 
J fi/bm .('t11J111 i/ ?"' pu Lu r,j -p 

i/'lrnfe}rnhmJm ,jdi/lm 'lu1/lim1ni/7'mJh Jifu,f, -J 

Jpmitl1uJ-rJm,I 17,mfn ,f/11111,t:1 fm71111Fm:, 

-m111Jm 'G,jrim '7m?i/•n m 111n uJl,,j_, J pw 117l '!"'J'Z'lJ 'JG i/'1m fJuh i/i/b'l 2 -'.) 
Jllu?mmm::, i/'liuftlrn'!fm1 ,jilGff,mJl -q 

mJf, ,je}F11171Jg?ml' rnmJ,,,, J'!rnfeJw,!J'ml ,jJl p1uJ7'lil!lff,mJl -8 
JB,j?mfJuh '!"'l'ri/ufu,f, ,fJ'r'!f'"7rhri,mb -P. 

ilngJ7?"'1' ,jilfm],Jm? i/Tf,ml,'!'1? -V 

9 

:Jqm./"!i'mlluiJ i/J'l'!rf1/lqm 

-i/h i/J'l'l"''lhm'lnm.r 111p1mdb 7't1Fm?i/lpmJbi/:; i/Jg'lilf111/1li11n,r11? "'/:,Jl 

77 i/J 'Vi'fli rimJ l i/ u, nm In 1/,? /1u ,fr 111? luJ u Ji/Ji/ l, n f m J IJ ',1,! '/ 7,,, n ,., 1 
,Jm1•m:, '1J'l'l1,ufbmr,jmff, i/lq?mm!' 7'ul71rrJml, '£lfrn,!'J 'lm?mJ7,!'{f'1,i/ ''lm? 

-mu mJi/? ll1 ni/ ,,; :'!'/ ni/lm Ln '!¥'/'l'li, 11 fh.r f"' ],J ,,J .rw il,Jh ilri,u Ju t u,;,rut1,, 

i/? m '!i/1,g;; f m pd mu, m? , 17,i/J '/ 'l? J rn pl m;;, 'lm? m /11//7' m Ji1 i/ j i/J g '!if f m 7dhu11 m 11 

r~rn?m?i/'!ri/'luruJiii/::,-i/Jq'!fiF1ubrim:,uJl,i/,'; J11lur,j 1/1imu1nmim7 '!'1 .f'wJ7d 

-mJ'fp ilff,uJu '"n'1""!'1Jo •ii/l'rnpfl 7''1{'/mpbmd 'ltJ f"'Pf1UI J'lllr!J-6 

1 j'llJ J '1 'l 'l lU rd"' In 1/ Um In 'I;;· 

'l m? m It ,jlp m ,JJ,,/:, i/tl '/ '(if f m f,fi1u11111? u '/ :,Jl 'I i/J 'l '!'t[j 'l "'Jl ,J fii/? m? m 'lm J' 

-mp '/ J 17,m? m 1 1/ '! u,f,? l, •111117,f 111 Jlw liJ 'le/ 17,J 1n 1/ J"f Jm J 'I 6 Jw 1 1 .(11 u pe} 

117p 17,J'm}1mn •Jqf/,['1tlln1/1f7' '!¥'i''lmum 7m17, g6111h 'J'f'Fli/fmd fm7'Jb 

r;, qJ u n qJ '17 m 1' ZuJ u 'J '/ '!'l{Jm ],pJ ml, '1/ 717,{'111 ]un 111 ,';, f m j,i, ul m:, ? i/if T/ m 'l 

~glni/i,'!"'.'> 111u,1Ji, Lul,'g1p11 .P"'?Jhl,ff,,1 1ifml 'l'"J''! Ju '1 Ju71I;.,Jm'l( 

,Jm .rm.": 'lm .r18 ,,,bJmb i/f m ?i/1],mJl, i/::,-m 7,1m 7, J.1 '!¥ I f,111 Jbm l w '!'/ L,,Jm? 

c117,11J11 rJ,117,Jm,f,mbmi, ·'T J7if111.(' luJu 17111'! I lq~>Jmftlm J?11117,,JLq7 

, iJ Jg 'lc1rp udb I; n J II pm 6 m II m i/F rn ?¥ J/,,11 ti l, {";t m p,lon Fm pu I •117,w b '!J 

Jpi/::,-n'llnmuil.r •,7J,J'l,0'!11dbdm i/Jg'!'!1"/'fi1Ltur1J/,rr,1t1•1:, ,J,J ,JJ7r!i/Jmin 

s 1-01 '!•/lrl,J!, ,, 17,f,11,f,pm lur 17,mff],uurmr,jlm nfm ,1,; '!?"''li/177 





~~~rnst:ro~~~u.~u~ ~u~n1'B~u.u~~t:r~ 
~~~rU.~l~~u.~u ~ ~u.cN.u.r~~t:r~ ~u.snJl.~ 

~U.P8l;P[! 

1.1. .9.l'll.1,34''1• ~Sl'•llW-f!t, ,:1,1~Pll: l.l.J 1l1U.4m1 111.ifll>~lJ.<l-Pll'l 
lfti"U fl Jtfil- :\ 1111·1,1., lir' I'. 

J! {' w 'i, 9/!ft 4 u1 f''L u,J-I'!' (' ), n {' 117 11 'l -;ft ,ii, w 11 wl, i,'j, 'If' w 'l.lft ~ w 11 u, ), pf111LfJ w • 

q.pn,z ,lbJ-n,fl.rmL!,l,p!, J,!, . 

LU) 41,!, ,11ui, ft ~ 1n pi/_ w iJ /JI• ,I w 4 t, rt, u / A 
f' ) fJrri/_wJ- U/Ul{'W'ff,<)[1' '/... 

q.) ,; f,'}['Wi/Lf,4,114w!, zwn,11,fft11p' I~ 
'1-} //u,p,j_wJ-pf, JlliJfJ/IL{Jjntl1p IJJ'}lllln tlw~Lp/,n,Jflf, ,j_pw' B: 

B 

i 

H 
~-l.,.7'"'7.,.77"'7.,.7?""')'7'))""/'7))7":/1' 

-8-

/h,!,u,f'lfh!ip q.npJ-Lw~wl,nuT ..;wbwfu 

, ;· w !, 'I ft "I '"I. n f' "7 ~ w p,.f u,J-p!, h ['/1 ,:, w ,J w fl 

•11 .I '1- ,]!, ,) 111 f},111d1 !, /, 11/1 lt"' "I[' h fun{' nL

fJJ w l, ~ ,, ,,, , 

1. ll11p1uilil1Jn1f. 4u11·it_wH (!,4 . 1.1 ) · 

,., ) A=bh, (1 . I) 

r ) Z=b+2h . ( 1. 2) 

'I ) I(= .. ___!0_, ( 1 · 3) 

hfi. I . I. J!,,,,,L9pf, '" 'l 'l '" L/11• ' ' ' 

l "' !!,,,, ~f, {im,.t/_u,Jnn 7) B=u, 

b+2h 

( t · 4) 
10 

l,4. / .:! . .fpwL,g,ff, uh~,,.l,wJI, lw/1wlif, ¥1!" 
wl' l''l"' "PL1

: 

8 

t,Ji . I . . 1. :ip<11L9rfo bnwL~Jh L• 

1,,,,.11, / WJLw~f, Jim ,,t/_wt!n" 

2. Ul.11wl;wo.l, lpnrif.wH (li4. 1 .2), 

{; '"" 11LfJ J wh q.n rJ-UJ 4ft 9 {! \ 

npmh'l a.-L 2pwh9/!{1 zhu;hpfr 

m'""" : tg'.l, ( l · 5) 
l1wq_JwJ- wfi4JnLH t J; wmw4J, h~wu,JwJpt 

B 

'1!1 . J .-1. J!p11,L9p/, 7py111lu11 ·-

1f,L l"'J !t1u /if, /iu,rt/"' ~l' I" 

i t 
,t:: i 

i,:::: 

2r\ 

·1, 1i . 1 .5. !l.,f,ud l,. 1,.,,11,,.,,/if, /im,.t/_u,Jp[' 

I..IUUJJL,?/!J,l p /, .'fJ::: -'~llJ /1'llrlpr,1/J1 1u fJ ,,b(J, .. 
pnuft 

"') .A=(b+111h)h, (1-6) 

,. J z= h+ 2h V 1 +n, 2, ( 1 . n 
'Ii R= (b+mh)h . (1·8) 

b+2hi/I+rn 2 

,,) R=h+'.2mh, ( 1-9) 
3 . bmuG4Jn1~utl1l, ll'nr~1ui)f ( !,4 .1 .3 )-

w} A -:::mh~, ( 1 · 10) 

p) l = 2h t/ 1+1112
, (1,11) 

mh 
,,1 R= -- -:.c=-, 

2v1+ 111 2 
( l · 12) 

11! B=2mh, (1-13) 

t. (1rtwGwol, 4111rif.wH ( L¥ · 1.4 ): 
L,nuw!ipfr funpnL/JJnL!,(' wptnw'\Wjlll · 

•L wJ- 0 wL luwf, J ft'i.n9n,.f ~tftl,ft' 

h= r(l --cose), (1-14) 

'( sin20) .... J A=r ~--
2
- , ( 1-15) 

p) l=2r0, (1·16) 

•1) R=r( 0,5+ si:
8

28
), ( 1 - l 7) 

11 ) 13=2rsin0, ( 1-18) 

5. !ltjwol, 4u1r{wH (L~ . 1.5 ), 

II 



llnw'u9j!Lhpf, 3 :2 J..,'w{'wpl.pmflpuf, A,[_wAI, 4mptfw.t.pf, ,Tw4hphu[! 

wnw'u9pw1/1'u q..tf,9 vw.tp L9,{_u,Jn,fl1 wl, r1L111pnuJ" np11z,{_rruf t .t;l.ml,Jwl 

pw'uwali.n,[_. 

w) l\=r~ (3,023 - -9a ic,- in
3
: )+rx( 4-3 ( t-( ;r /Y1

), (1.19) 

rrpmb,z X =2r-b -[! ,<;b,zrrt4f, wqwm Jw4hpl,ni1f/f, ,;J,nwt/_nprr,fJJrri'u'u f; 

wnwL,9pwJf,'u q..tf,9 1 

U.nw'u 9pw 1frL q..tfr.'J p W('df' wt/_ u ,,) n,fl J ii / fl 'lb ''I pniJ' 

- • L. r J+ r -- - - - . A-3 0')3 ' i(-0 sin_O) n r2_ 
2 ~ 

(I· 20) 

U.1u ,,_h,'{.pnuf' n "?:- 0~~/21 
l1 

Opp 8= 2 - f, (w,zwm Jw4bpl,ni!Pl! { wJ[!!,4LnuJ t wruu'u,9.ptuJf,'u q..tf,fi} 

4h'u,,_w'uf, 4mp,{_wr}J!f, Jwl1hpl,uf, rw'uwAli[! uinwl,n,J t .t;l,mL1w1 mhup[!• 

f,u4 8=~ wprfb.pf, '11"'-f/JnuJ ( tf'f•t/_ L9,{_wttn,fJ1ni'u )' 

A==4,594r2
, 

(l,21) 

( l. 22) 

p) fi'('2,[_lll,} UfW('UJ'7-f,,}f' WflWU ,')jJWJ/111 q.Jf!!J .'}W,)f' wtf.wJnt.fJJwf1 '7-hU-f.pnLJ 

np n2tf_ niJ f 

/ c. 7 r( 4,788 6 . X ) arcs 1n -
3r 

( 1 · 23) 

l. =4,788r+2r8-nr, (1·24) 

q.) l.f,,,.{'wt/_tfr4w4w!, zu,rw,,ffr'll! wruu'u91!"'J/1f, q.ttf,o 9w.tp totf_wttnifliwf, 

11hu1.pnuf npnz,[_nttl' t 

p 

12 

r(3,023-'.Jar ;·s inf) + x ( 4 --3( t-( ti YY') 
4.78 -s-6arcs in ~ 3r 

3 023r-+ r 8--- ---, ( sin2Q) rrr 
I , 2 2 
~= -- - 4.7 ~8 t 2G-J"t --

(l• ::5) 

(1·26) 

fJ ) J,u,.1)1nifl1n,f,l' w,z<11m Jw4L11/,n,1Pfr t/_r,w wnwL9pw1f,t q.Jf,o 

l!f'I "',) ,,,p J ,,,f, ,,_b "/.P"' J' 4tfr'iif,' 

8= 3~, 1 2 r( 4-3(1-(;r)1

)

112)+3rx(4+ 
( l -9ri )' 

( 1 · 27) 

U.nwLopwJf,f, q.ttf•{J ptu(ldf' L9,f_wJniP-1wt '1hll(J!NLJ WJfi npn2,f_niJ { 

( 1.18) pw'uwJ.l,n,[_: 

6 . 1~wr1upn1wl1wl~ ~Ull'tfwH ( 'ult, 1 ,6 ), 

'l'fron,4 p_pwL9pf, Ai,£! mp,J_w.t { y=px2 pw&,dli.n,[_, p-L, npf, 1.w

,J,nqw4wLnt{Jin,L'u t J - 1, wfi,[_wfihLp l.l(W{'Wpn[W~wfi ~mp,[_w~pf, qnp-. 

ttw4f,9, 

2 4 hJ ,,z 
..,) A= -Bh= -- (-) . 

3 3 ,, 
I 

U', . 1. 6. J?pw L,q.p /1 liJIIIJ1ltJrh[lli • 

~,.,,,, 1u,1L,,, 4f, ~'"t"/_.,,o/! I! ' 

(1, 28) 

(1-31) 

~ 2r 

!,4. 1 . , . S,"l"""J.i, l"'Jf, ,,,~f, 111! · 

IJ1er 1L111 J.J!L1 : 

13 



IJ.1uml,'l, wnwL,q znzwtfohlf, u/uw1f, , 1:wu,wftf, wl,lunt!1tu1f,l, ftnp,n

fJJntLLbpf! ftwpb/f, { wp1: wJ'wp'>ll , {],1'1· 'lb"{ptllJ ftu,p1[w<tpf, 1/,qpw,!Jf, 

ftwftwL rLn,flwqptr'l ,rbJ,,,fJJ"LLLbpp 11pnz1[nuJ' /,L tl/W{''l_ wnl11.nt/J1nt'l1Lbpf, 
Jf,p_n9nt/_1 

lJ.nwL 9pwjf,L ,,_Jf,9 l,l,p.pli. nuJ f, J b 'l. /;L { 1.1 ) , ( 1. Z) , ( 1 .3) I, ( 1. 4) 
,,,nLlntf/1nrLLbpf!, f,uft LpwLf,9 t/_bph' 

.,,) A=yb+ri(~+ si:2p ), 

p) t.=b+2y+2rp, 

yb+r2(~+ ~ir;2p) 
11) R= · _ _ _ _ _ , 

b+2y +2rp 
'J) B=2rcos~, 

h=y+rsin~, 

( (. 32) 

(I· 33) 

( 1 · 34) 

( l · 3.S) 

( I · JG) 

1. Ult/I u, ft/• w )14 JIILL u, .( f,L ft II [llrip J nil,), l {' {' "> w7t/_f, wn),I, / IIL 'I}; II/ pn, ,f 

(Lft. 1.7) ftl,L'lu,Lf, ftw11t/_wJ/!f, ,J'wftbpbuf,.'} u1bmp { ,'wl,L1 0 ,0386 r 2 , f,ul1 

flnt/_w<t "l"'l'w'l<tf,9' 0,2ti75 r ( hpp r1= 0 ,3 r ): 

Sw2mwJ/, 4u1pt/_wJp),!,pf' 11111[11p111pwp oqt11w'{1J{'Vr11J" l,L wl, 'C. !,711ul 

fln,Ll[Lbpnuf, {9,J'w)1 /1111pnLfJJ11d1{! WJU 'll,1111,n,,l u1hmp { if,Lf, 0,85 }I, 

,J'J nw ,, n ,zJ'f, .'I 'l.f' nt/_ zw<l w<t ,JUI ti{' "I l /JI I! t Lfo!, f, ?, D) .J ,J' - f, !J' {], nw ,[ht w 
'{nL JL };LP[! f}n,zwpll'[IILJ' { 0 ,935 I 1 wtl'wL 11l"fpnul : , 

~·nd,!,lf, '''/}[' ftwpl,lfo t npn7/,1 ,' /,,nl,JWL rwl,wJ./,r,,( 

O=o·Via , (1 ·31) 
n 

npml,z Q' - l! plp,[w<t /;LJ!l, t, "f'l! &brzf,/, 'l"f'<twltf,9l! lf,,,Lq.f,Lf, pw'iiw -
Jli.n,[ /,' u, z t/_bJnL 'fb"fpnuJ' f/npnzt/_f, 

( 1 . 38) 

pwLwJ.li.n,[1 D '{np<twft9/1 I, l1mpt/_w<tpf, J'1n,u '>P'ff'lll'lJf,ftwftwL JbJn<f/Jntf,. 

'iibpf, £; wpwpb11wftwl1 wpd/;pL/,p[! I·l = b l, H=l ,5 b 'lb"fph[111LJ, ftwfu

t/_wq wt/_w<t,11fJ1u1L wumf,6.wLf,9 , php,[w<t lf, "''lJ · 1.1-·nui, 

l1zhLp , np "''lJIILIJlll" 1 .1-f,,9 ~·wptJ"wp ( oq.m1[b1 UJW{'php 19,[w<tn,

fJJwL wumf,6.w!,Ll1,fr 11l"fl!IIUJ' 1/r'l(•Wt/_[f,ftwftw'i, 1i'h<tnL/JJnLLLb11[! npnzb

tnt ",'wsJ'wp , uwf1w1!1 1,p,uL/! u1f,mwLf, lf,L "'J'I ,J"J;Jn<f}JntLLbpf, l, y_pf, 

funpm/J1wL ,Jf,1_/, [f,n,lift9f,nLw1 ft•u"( ut11b'l~blnt ,; .,,,Jwp: •{bp1_f,L '}but/!n,J 
u1LU1p t oqu,t/_bl (1.32) - ( 1 .36) pwLwJHpf,91 

!4 

! JI 
O.CJ:j.'i 
ll,Hii 
0} 
0.7 
0.(i 
0,5 
O.l 
o.:, 
0,:2 

!.O 
0/ ):t) 
0,8,'J 
O . .>i 
()J 
{),(; 

o .. ~ 
o.-i 
o.:, 
1),:2 

; " .., __c, 

· > ..,,.. . , 

::... "' s , 
-"" .q 

"".} ...,, ..,,. 
3 3 .,...., 

"" ._, ""'--
~ ~ 

0,H8:1 l 
0,8b l 3 
0 ,8001 
0 .77 ! 2 
0,6818 
OJi896 
0,4 903 
0.:390:i 
0,2903 
0,190 :1 

1,38:lO 
U! :3 7 
I 2508 
I.', .~.i () 
1,0 1(1:) 

0,8ll(1:l 
0,740:{ 
0 ,5CJ0:1 
O ·1 IC.; 
o·.2<10:1 

:U420 
2,9264 
2,64(i(i 
2,51-ti 
2.2827 
2,0726 
1,8712 
LG7 12 
! ,Hl2 
1,271 2 

·1,1120 
:3 ,8069 
3.4536 
:l.2827 
2 ,97 1-l 
2,G7 12 
2,:l7 12 
2,07 12 
I ,77 12 
1, 171 2 

8. t1n11n~moL. 4mr~mH ( Lft . 1.8) : 

0,2565 
0,2943 
0 .:3057 
0.3067 
0,3000 
0,2845 
0,2621 
0 ,2a,% 
0 ,1974 
0,14% 

O.J l t:\ 
0 ,35:lO 
O,:JG2:3 
().:j (j l 0 
0.350 1 
0,3333 
o.:3 122 
0 ,2805 
0,218(j 
(l ,!<)7:3 

IJ.,zJn t uUJ~ 1 . / 

0,3565 
0,:3811 
0 ,3li72 
0,3507 
0,3068 
0,2551 
0,2009 
0,1481 
0 .0984 
0,0536 

0 ,6352 
U,67 1 l 
0 ,6355 
0 ,600 7 
0 ,5 167 
0,-l 280 
0,3407 
0,2ii29 
0,1708 
0,098 1 

' 
"" 3 

90° 
60° 28 1 

44°261 

36°52 1 

23°351 

11 °321 

0" 

90° 
53°36 1 

3.1°22 1 

23°34' 
5°44' 

U.1u l1wf't/_w,)p)1f,p[! Lra1L,'1Lu oqwwq.npJ,f_nul bL wL 6.Lzn,J fJnLLl[
LlpuuJ' t 

ll.nwL,'}J!Wjf,b ,1,)f,y t/_Lrrl.s ftwp1Lw<tpf, 1f,'lf1W,/_[f,ftwftw1, pLn<f}wq.pn,1 

J lr) "<{J JmLL/,pp ft "l'"l'L hf,' 

( 1 -39) 

15 
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2-r'l- ~tuJ fifup·w~l~~tu~ml~ nrinr·li Ufltlmhrj1 q11m/1; {J,
1
owl'l },-'ii 

'fu,fu4._wJ { tfj,111(11 R,,-f,9 ( 411, fut/_wJ 1t (),_-J,,'})t lJ.1u g.rrutnt qrrpM,wf[wY, 

uw{t!w!,!,f,f'l! <,'w !,,,_j,uw'i,nu! h'i, 23Z0<Rc<IO/!:,., 

'rj,tfw'l-{'tr<f/Jwb WJU q111rrrru/' t.-1, nprrzl,lrrL 1:,uJurp P1wqj,nwp wnm
pup'fll t 

f . 

pwhu:&.ftp t 

r, 3 tr> 
R; •. 2.) 

0,25 
f<~ -221i 

( 1. 49) 

( I . ,j()) 

If /1 /1 l /, 1 if11i llJ 'J, 'f j, tf UJ 'ff' 11 L/J j IJJ 'i, 3 •f' 'l- 'l- n /tr fr 'i, 4 IU, IJJ j U "f bu 'f ff j t/_ UJ <} 
1 

UJ 1,v 111,l /JJ 1/1 'u ,f IJJ u : (/,'!, !] 11uf UJ 1fr !, ,! UJ uj, 'l'' ,,,J !, UJ 4 UJ 'i, u w',·,r w'i, !, h pl, J, i, 

10/.\ < R,-< 56()/ \, rrpj, ~· ,,,,rwp 11,,,pI,1J, t oqmwqn
1
,J1,, Rutpprr,f[-fl,w

1
u,fo' 

1/:r I. 
· 21 +-( 

2 :-; i\ ) 
I • e /1 I. J ,7 , ( I · 51) 

( J. 52) 
p111'iiw&.li.ll'l'' 

;;_r,, ri'u ti r Ill Hill lp11 u ~ tu l1 u1 l; ']~ illll ·~rn IP.! 111 i~t Lr~ qn Ill /1: f/.l Jl"'l'I-" f, 

/J,f J, ,I I,,} w pd f, pl,/, p/1 'l I, '1{ pr, uf ( 'I" f'd i1111 fl /JJ Yrn (11, 'i, R., > ,i60/1,) /. - i, 4 UJ ju -

•/wJ- ~ 1J•i:n/11ru/' 1/'J,,,,·.1'!, \ - J,,11, \' /,11r/1w['mp ntl,M,p ~·/,,111wt/_1J,f1111l1111'i, 'fn 

f''" U In I,/, f'/1 f'/lJ ll /lJ 4111Uj,1114111), f/ w j,, nuf UI f'lllljtrL/J.( trl ), J,,9: 

//,/" '/"J.11!1!. {1I11/'w1r L''''l-'"'!,ltf, { f!Jf1111'iim{- '/Jf,4rrtflllidbj, pw),u,J.f,l,' 

I .= _ I 

(2Jg3,7; ..i)2 (, . ,53) 

fll11rrrY,w1J,Y, { n , i,l,f'J, {u11fw 11 /J. . rrJ . d-Lqtz'lwl, 11u11119f,( t 

( 1. 54) 

w nl,; 11,fJJ'" ), f': 

IJ.. :h . Cl ,fLun,fl, n11fn, 7J, J,,n,l',4._wl1uf,pf, 1w,lwp wnw2w11~nul I; 
.; h UI f,J W[ ff lU TLl>L!J t/_ wd pf, ('Iii), u,J.f,' 
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A 
I .==- - , 

d' 

I, .\ . 1. 1, x- /• wf'dl,pl,lpf, M1. "f"" 'I . I' 

:, 
[\ "'" \ ' 

0,040 

" 'I\ -,\f\ r, 
"~ ' 1, 

' I',.. 
~ r---.. (J,OJ5 

' r-. 

"" ' :1.,, f'-. r, J ~,, 
"'' l's 

" :-..., I' ...... O.OJD 
....... ~ t,,. ti~~-..... ~ 

~~"-
~ff , .. 

1-._ ~'-t-..,-_ I ---"--'-~r,.. ... I 

O,U2S 

,. r-, A:. 
~,t-, ,...I r.... 

0,(/2 ffiR Q 

I 

L 

h. 

.::-
.... s:::-

5 o.o, ~ 

Q O,Of 

2 

I 

' 

~ 

' 
I""'"-

r-:-,; ' ... I'-- , ... -
,{.;: .__ 
I 
I 

I I I I I 111 
I 11 I I 

lffil 
d =120~ tJn 

I 1 
I -

i 

-

1 40 

200 

JOO 
400 

600 

1000 

2501 

4000 

10 0011 
15. 00/J 

10 10 3 10·10 4 106 107 Re 

''I "'l"I"' mJ, 'iint• fun,ln,[ w4f,hp' A = 0,01 21, X = () ,226, 

{Jnr~h 'i,11p /11n1nt/_wf[Hp' A = 0,0143 , X= 0,284 , 

oqmwqnpJt!,u'i, ,fhf l,tzrut} /Jn,21, I, "l"'l"flliltrl, f,1n'lnif.wf[LLp' A =0,021, 
x=0,3, 

(J. Ju p w f, w&.1,J, J b 2 d- u "I J,,11 p { m h tz w 'I pl, l ,f h mp I, f' 111/: 
1
~ fl'{ "I w m h fu "'l n,f_ w 41, h 11 /1 { u11l w f' , p u u1 'I- . [J, . {J' nt{'j,f, /1, i.- /r IJJ f',J b p

l,L f'l' 4wplff, l umw'iiutf '!,ff. 1 .9. n,J' mp,f_wJ 'l/'wf/,J,4J, ,9, 

Pu;,'{lu uzh.9j,Lp ,f_bplwul, {;/,,lf,f, qnpJwf1J,r;p 4wpbi/, f. "f'"lbl i.- ,'1 
t! /,yny n ,f_ , u w ~ w J'ii, htl, ht n ,f w 11, p WU f, 9 , np }. - f, 1' ,,,l, w&.1,1, {'[! ttl "I I' pj, ,, M,, 

n,'i, /, l, 1, j,{' UJ tu! wl, 'i,h 'l Zf'l.W L w 41, L, p I, J h J JIU lJ IU ,J'p "h pu1 rL111wl /;'!, Ju,, _ 

'lntf.w4'iil,f1J,h, w"lw funp1:mp'l- iJ, mp,f_,,11J' c .. 1, "f'n2L1 ).-fr ,J'f,y11,gnt/_1 
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C=-l RY 
fl 

( 1 · 5 _;) 

lfwLf,Lqp {'L'l'"Ln,J t y=1/6, "f'l! qf,{'wR.b[f, t R-f, 'f"l!f' wpJbp

l,bpf, <wJwp Jf,wjbt 

1,. 1,. fTJw,f_[n,f_uftf,i, y-f, 1wJu1p wn.w2wf'ftn,J t <LwbJW[ pwLwdb.[!' 

y= aVn 

y .... 2.s/ 11 -o.13-o.1s~/ f( v n-0,1 >· 

a=L1. b1·P 0 ,1 J<; 1 <LO J, 

a=l.3, l.rp 1.0 J<R<3,0 J, 

( 1 , 57) 

U.1u pwbw.11,l,pf, Jlr_ JurLn'l J,,np'ln,pn{''lnLPJn,LHpf, q.n{'~wft9f,' 

n -f,, t:wJw p :np,j_,wJ" b'[, 1.3 w1unwwqnuf plp,f_w~ wpdb/!1ibp[!1 

9·pwftwLn,fJ1wL :flt (1.2) Y.f'wL9j!Lbpf, Junf''l-"'P"f''l-n,fJJwL '1-"f'~w

ft fr !Ji., J, ['{' 11 ['" 2 bl ni z w UJ ,r w 1,,, w ,I w uL tnr/_J W[L bf' J, 1, pl f' •L ni:I, 

21,inw'lntnnt/JJniLLbpp .'Jll<J9 bL :nr/_L[, np 'f"f'~LwqwLn,J qw{'l[f, t 
oqw,j_ll 1,wl, 1,. 1,, fTJw,[tn,f_uftn, ftpC.w,n pwLwd/,n,[ k lfwiJf,L'ff, pwLwtlkur/_, 

U.1u 'lb,11/'n,J l'{WLN{'wuu,f, m1un,uwftf,9 oq.1m[ltnt ,f,nJ,,wpbL y-f, wpJl.p

i,bp{' ~·wpilwp t t;wz,j_bl pwLwJl,n,j_, t;wzr/_/rlf, Jf,211yn,/_, 

12hL;,, np ;_'j, l, n-p 1J'/11l'Jwl19 t;wJwpdbp 1_bL1 ,1-L wpww<w1111n,J t 
-,'wpwpl,rwl1wL funf''l-"'P"f''l-"'f!JntL{', f,uft n - t!' rw9wpdwl1l! I, mp,f_n,J t 
Uf.WUJ/1 ,fft-C.wl1f,,'} htLb[ni/1 '1plf,.'l f,Jwuurn1[ -':wJwpdbp J,L ~-1, I, O-['• 

(-1, l'!.,'1-:;"'i1pwUfb11 f,Jwuw n,Lf, :If,wJl, pwn.wqnwf,wqwL 'flltnnt 1:wJwp, 

pu, f, f, 11 [' -',' w u ur u1t11n1. !., !i-f,t, 4,; w ,f w 1.1/. w 111 w u Ju wLf, L "'JL /, --L, 

l}.'ll"'0lU~ 1 .. 1 

·--------------
/ IJ - /r "'f"f/,p(! 

1.wp/J rlmnfi UJtzWL!] ''L"'lJJ.n"i.il,,,f, 
I, r/rnulpf, 
lJ.L ·)·wpfJ rhmrr1t 4w,lwu1wrwJu,Jf, 
,:J,urphrn{ 
i•tmrrlsl; h lpl[fl1pplmnt h 1.ufw ~ 
']UJd 4wJ ,;·11111/Jh,9,fwd hpb11u1u1mniJ 
lfw(l'H(' 9/,Jf,'i,,,, r,{ u,Lpl,f'f, ,,1_,.,,,,,,J 
s "1'4rhrtnu 1/,'ii Jw4 hpu,n1 fJ. {J,,,,, .;,,,,,p,t_mJ 
""l'itrl, 1r,ru1f,l, Jw'ih,,l,,,,JfJ, wnu,l,9 
I'" w ,~· Ill 11fld UJL 

0,013 

0,015 

0,01 I 
0,016 

0,014 0,0 15 

0,016 0,018 

0,011 
0,012 0,013 
0,018 

0,019 0,021 
~ Lf oy B .• T. r11 .!! paB,lHK a ornp1,n1,1x KaHa:roll .• M.: Crpo11n3;1ar, 1969, 464 c. 

CJIHC_KHH c., M. [H,Upall.11{ <teCK!ie pac,1eTbl KbfCOKOH anopm,1x I'HjlpDTE'XIIH'JeCK!!X 
c"opy)l{emrn. M.: :311eprnll, 1979, 336 c. 
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l<'LLwf'ft/,Lp C.i,zJwi, puizfun<J[! 

n,qf,q pbpniP1wL ff'wL9i!n,,J, {'L'7-nL• 

Lb1nr/_ 1.f'I• zwpdn,J{' 'l.n,q.wt;bn.wzf,fl• 

1.wpJwp t x-b('f, wn.wb9j!(! t;wJ

[! ''fti1l9'ul,1 zwpdJwL "''l'l."<f/JwL t;h:n 

(Lft . 1.10 ), 

i,[i . 1.10. lil,zJwl, rwz{unt1T{! JhJ pbj!n•· 

f,'11,wrwftwL t;bqniftf, zwrdJwL 
i, b'i/ 11/r:f,b {'LL ,'lf, Wl t; w,[_ w u w pniJH{' 

f,/Jw'i, !l'wl,,'1/!"'J, 
;:i du i.iu, do rlu, + vU'l' +u. _!... ... llz _ __ • 

X -- c·Jx = dt U1 ox i iJy dz 
[' 

;:i O 1 , • duy 
l op Olly +' vUy +u _) ,u,--' 

Y-- -=-- 1 x-;- ' Jz Ol 
(1 oy ot uy 

-. .:. OU i) \, <1Llz 
l ~p=~ +u. __!.. +uy - · +u, _, z-; oz i)t • dx iJy dz 

t!u, _ouy =d2=Cr 

u,=U, 

l op 
X- - -· =0, 

[J ox 

7t-dl dt 

(l-58) 

(1,59) 



I op 
Y- -- -=0, 

P ay 
l <Jp 

Z-- - =01 
P az 

bfJb { l,'l"'~l' q.m'i.iqnuf I; ,hJJ'i.ipnt/JJwL ntdj, 'l-"'2mn, J', rtw,[wl"'Jf,1, 

11,df, u1pnJb~9f,wHp[! Jf,w,[np qwLq.qwJn,f_ ,.· 1,'l"'4fr { wJwp 4lfr1,hL' 

X=gsin f , 

v .... o. 
Z=-gcosf, 

(1-60) 

Sb'l"''lf'b111q ( 1.59) -f, Jl,i (1 .60)- f, u,pdbJJLl,f'f! i, f,Lmlq.p bu ,,f_, 

4uwwLw'i.ip' 

p=xr,g sin'f'--zr, gcos'f'+ C, 
/>'i.,mbq.p,FwL C .:: wumwmntL[' 11pn z1[nuf I; t;hmUJWl 

"fWJJ'w'i.,fr!J x= O, z='h, p =ptJraG ( 4mp,f_wJp[! wL9L11,J 

m w Jfr'i., 11/1 q_p'i.iw 4lur111,f_) 

uw <: JwLw1f,'ti 

I; 4""!1'1-fLw-

C=p.,.p\+pg hcos<f, 

4w,! t: Lz,!w'i., pwzfuJ'wL opHJJf! x=O 4bL,,_wLf, 4wp1[w&p nuf 4tfrLf,' 

p=p,,p.+ [, g( h-Z)COS'f'' 

2www4f, i/_pw ( z= O) wif.bt911,4w1J,L t:Lznufr 41f,Lf,' 

p 
- =hCOS<f, 

r, g 

( l · 61) 

(1,62) 

4wJ { w z,f_f, wn'i.Jbtni/_, np h= h COS(p ( h - funprnfJJntLL I; [!Um nt'[quulf,q.f, )' 
nL 1 L ~ 

.E._=hnLCOSi'f'I 
r,g 

2j,,,_pwi/_tf,l1w~wL <: wz qwp~LLpn,J uni/_npwpw11 .t;wmw4J, t: Lzn,Jr 

l''i.,'111,'i.J,f_n LJ I; p/pg=h , m1uf,LpL ;;Lqn,4f, funpntfJJnLL[! fpwL9pn,J n, 

l''i.,'1-nLL,f_nui t f!UUI n•'l'lwtlf,qf, , L.wp4 t Lzbt, np WJ'f"JfUf rL,,_n,Lbin, -

P1n1'i.J{! 4wpb1f, I; f}ntJ[ u,wl J'f,wJL ,f,npp /Jbpn LfJJntLLbpf, '1-hUfj!"LJ1 

fl'n,11wmpb[f, ufuwlf! l!'i.,'lntLbinif. 1 % --f, uw <JwLLbpn,J', ~umwLwL ,? 

(f! ~ 5,74°, i0 = :;i n <r, ~ 0 ,0951 

.f!wLf, np J'bLp q.nprt 4mHLw'i.ip "l Jf,wJ'i., ,f,npp , wJ[U JI,,} fJb pnL-

/JJIIL'i.,'i.,bpf, l,'bm , WUfW ti Lz Jw'i., ,f1n1f,nfuJwL opf,Lwlw,f,11,fJ1n•L[! "fbmp I; 

rL'l,,,Lht ( 1 .61 ) , f,u4 ypwL9/!f, .O:: w1r1w4f, i/_pw t: f,z nuJ'p 4npnz,f_f, (1 .62 ) 
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i,/i , 1. 11 . dJ,2J1uL pwz/u n«fr qnq•,,r/_nl' ~n r 

,:w mw /i n{ ! l'"'J,91'" ' J , 

pw'i.,willwi/_: Umw9t/_w& "'£''1-J"''i.,/!l' 
4w{'blf1 t mwpu11H•L Lwb. uw..::n,'i., 

,f,n,f,nfu,f_n,z { nuwLpf, if.£'"' ' 
1/n{' ,; ,um w4n,f_ ff''.,!, 9pLbpn , J 

wnwy_wLni J bL 4bLm{'nLwfu11LJJ1 

rwfbp, n{'nL p wq'f-n,J bL iw1Lw4f, 

4mp,f_.,;rt pn,J {;'i.,zJwL pw z fu,fw i, 

qpw, {!1,'1- n{'nLJ qnq.w,f_n[' t;w 

mwfi n,f_ y_pwL9pLb f'"'J t:L z n,J p 

wt/.blu,f,,,,J L J,u4 mnn,9f,4n,J' 

Ufw4wunLJ ( Lfi . 1.11 l, 1,4 . 1.12 )1 

flf'n zbLJ! G.L zJwL ,f,n,f,nfun,fJJwL 

,1 b &n,fl 1 n,Ii I! 4 11 [' t; w U1 w4 ni/_ u• -

r w Lg /!Lb £'nu! , 
,J, . s. !lnn,'i., 1 u,ttwfW['~n,J t -&L zJwL zbrzn,Jp L; fr'f-f'/1UUTIUU1f,4w4wLf,9 

?, nuwLJJfr ~wJw1w4wL fibmn,J n{'n7b! 
h - z. u' ~ C::::::::t-- ( t -6,, ) 

K 11 1 

[' w L wal, m! , "f'"' l 'l R 1 - [• 4111 p:f w& p J, 4 wrl uJ J w 11 wL 4 h m nuf 4 n pnt{J J wL 

z111 nw1[fr'lL t t 
U./un, <: f,ml, !lnn,'i., wnwy_wpfin,J t q.n('&bw4wL hUfwmwfiLbprti/. ,;,,_ 

uw ),pf, l1wJw1w4wL l1bwn, J w{'"'lfn,(JJnLLp ( u ) ,f,nfuwf'frhll fim[',f_w& p f• 

,!'h /ili w pwq.n•P1wJp (\· ), 

~-----==-

n 
1,~. 1.12. 1<l1 zJu,L pw7'un,Jp n1nn 19fa4 ¥"I' ,;,,, u, w ~n,f_ lf' "' L,7pn1J , 

1qoy B. T., f HnpauJJHK a on, pwn,,x 1rn 11 a.~on . ,7\\ ., CT~rn ii11 Jll,aT , 1969. 464 l' . I' ~· 



C-f, nrn711tJ[' {'UUI (1.63 }-f, 1:UJLq.b,g'iinuT { {bm/,JUJl ufuw1f1bpf,, 

J. 1.UJmwqn,J U=O I, pUJLUJdhmf umw9qn,J L np C= 0 , Jfr'i,l'lbrr. 

frrUJftwLn,J C =fa01 

2. PwLwJ.l,p umUJLUJ[f,u pL11mLqmJ L np ,;UJJ.nUJftf,9 z .t;bnUJqnpn,

fl jW !, 1/IU/ q.u, L1[11'l UI U/f'f'P qwLq.,f_ UJr} [' ,; UJ q UJU Ulf' t f,ph Lf,9 q bpi, q.mLq n'I 

'> brznd1f, u J UJ !, '{_ wL 'l-1 w .tf, !, I 

3. U tf,ntf,nfuwqwL wpw'l-nLf/JnLf,l! wnwL9 .t;f,JLwi/_nrhl"' tf,nfuu1-

pf,Lq1ur} { V Jf,1f,L UJrw'l-nLfJJUJJp1 

Uwl1wJi1, :;UJ21lf, wn.Ll,tni/_ UJJL :: w'iiqUJJwLp{', nr { nuwLpf, funpntfJJnL

L[! ft11pn,fJ1wL zwn.wqf,rzf, f,ftwurJUJJ'p tf,npp L (1.63) pUiLUJJ.bnq 11pn21lUJJ 

C-f, wrJJ;pLbrl' q.np.tLwftwLnpb'i, ,J'n,n b'i, -&f,zm L1Hc}n,JLbpn1[ umw9q,u~ 

111 r'IJ n ,L p L l f' f, f,, 

lfhp <lwwqnu1n,fJ1n,HLr£' !JnLJ,'l l,l, w,f_b1, nr brr h/Ro ~ 0,5 (f,Li

'-'lfruf,L :;f,,ILwftwLn,J' { wL11fru1nui' l!, {f,'lf'nurl,fuLf,ftwl1wL ftwnni9qwJp

LbpniJ }, U/U/UJ (1.63) µwLUJJ.l,n,f_ npn2i/_urc} "LiL2JUJ'i, zbrzn,Jr lP {w'i,'1-b!J

Ln,J '{_ljUi[f, ufuw,Lhpf, n1. Jf,w1L y_pwL9pf, ,;UJUIUJ"" qpw 'AL7mJp npnzh 

Lfru, WJll, lrUlL!Jj!/• ftmr,f_w.tpf, tr/1,f_ tur npnzh,f,u I, Ul'{_UJU1 Jwftbpl,n,1fJf,, 

ftnp[! ftwn.ni9bif,u1 

RLLwpftbLp ftnr C:wurwqnt/_ y_pwL9pf, '>/•7rU/i/.Lf•ftUJl(wL ::wzqU/pqf, 

LrltrrL 111,'-'l ,P· 

1) h/Ro {wpwµbrn,fl1niLLbpp J/,r} L'i, I, lf• l1wph[f, wnwy_Lnp'ft/_l,l 

(1.63) p1uLwJ.l,n1l1 

2) h/Ro {wpwpLpn,fJ1n1LLl,r£' "'"Pf' L!, l, ::wzt/_mr1lff, -::f,Jpn,J ftwrhtf, 

{ 'I!, bl (1.63) pwL w,11,/!1 

i, wfu pwf1 UJ JU 'lb Uf ph f'P '\ Ill 1{ U/ f' '> /1 '/f' tu,[£11 ,, U/" U/ !, ,; U/21/ w rllft J bf! 11 'f• 

f, l {'{' 1n "'I I!, 'LI' w rl'L I, L p l ['£ wf, w JP l, "{ f'" !f,frl n,f_ u,w !, ,'}/.'!, h {' 11 ,J' h/Ro '> w 

pw µh [1nLfJ J UJL J/,r} UJ{'JbpLLpf, 11Lu1pniJ -&f,2J'wL 11pn2JwJ'p1 

trlwLw1f,L l1nr {wu,UJl(nt/_ l_f'UIL9pLbpnu! :SLzJ'UJ'i, pUJzfuJw'i, opf,Lw 

J.Uit/ttll/JJnLL[' um111Lw1ni 1: wJUJ{' [f'Ul!JIIL!JPl ['f,qn,Lqn,J h!, 1:hu,1,J"'l '-'{WJ

J UJ !,!, /, r [' . 
w} l1f,Lwpnl1w/un11u n,dl,p{' 11pnzb1f,u ['Lr1-n,Lt/_11u/' t, np pn[np '>nu-

pf, q.Hrl' '>UJJUJftl,LmrnL znwLUJqHp h'i, h fthL'lwLf, l1urrqwJ-pLbrp 
','wpf} f,L: 

r ) {'um zwl'dJUJfJ nt7'[n,fJ1wL """'"fJ1wL ,,1,LmrnLp mh,z{' lP tf,n
Jun,J I 

1.nuwfipf, l1ullTw1wf/wL fthmn,J ftnrnifr/JwL l1hLmpnLf,9 Ra+t .t;h•w-

1[nr,,,fJJUJL i/.rw zw11w,[1tfr LnpJwif, "''l'ln•fJJwJr w'iilwurh'iip dAr 1:f,Jpn,f_ 

24 

qf,'u inpnl,,uJunLJU nid-r' dm Ro+t I 

U,iu ,,,Jhrf' "lr'"JLfturh[n,f_ zwnw,f'lfr 

""l~ 111 /J.( ,ul, ,/ rw, ft um UJ!, wL p' 

u2 
df:=r,gdA,dtcosf ±pdr\rdt--, 

· R0 +t 
( l. 64) 

U.,1uu1L11 I, C:hu11uq.UJJIIL1f ,f_hpf,L LzwLl' 

:;wJwu1u,mwuJuwfsn,J ( q.nq.u,qnr, 

f,,, ft l,l,f'./!Lf,Lp' nurn,9f,ft '-'lrn:f>f,tHrf,L, 

f,1,,n hq.phu,t/_ (1 .64 ) - p z-/rs J f,L lt, 

fl wpdhp[' I, rUJdw'iihtni/. dAr Ju,f(Lpb

"" ,f_pw, ftuurw'ii1ul1p wqh19niftwJf,L 
Cls z ,I wl, J Lr} n,fJ J n,L {' ft m pt/_ w~ pf• ~ w -

,f w.rw ftwL ftl;mnLJt 

z 

i,y. I. J .1. 11ur "lf'"f,f,1•,/ u,wL9pf, 
ywJw,wywl, q/;tnNLJ {;l,zJwfs N('N1Ju1fs 

-;w z if.wryw;Jr!s ujuAJwl,, 

( 1. 65) 

jj'Lzn,J{' lf'wL9pf, )WUIU/"" t/_pu, (z=O) UJ{'IJ1W'>WJU1qwJ {brzn,ftf, 

UJwL pwrJ.pn,fJJUJJp, fttfr'iif, 

(t ,66) 

( \ · 67) 

,, f' u,l;, 'l' 

( 1 ·68) 

25 



U.1uUff,un,/_, 1pwL9pf, '>wmwftf, ,/_pw lLz,lwl, npnzn,Jp «:wL,,_n,J t 
<l>1 (h /Ro}-f, npn2JwLp, "l'l' pb'f'>Wbntp '1-b"fpn,J '>bwpw,/_np l{• 

lLwpw,/_npnt/JJn<b ln,LbLwln,/_ npn2bL C-f, lf,zm wpdb/l[' putn 

(1.67 }-f,, bpw JH-ntfJJwb Jwuf,l, qw'[wtpwp ftwq_Jbln, «:wJwp /ll,l,wpftbl,/l 

Jf, jlWbf, Jwmlblf, Jwul,w,/_np '1-b"fjlhp I, l,pwbjl f,pwp '>bm -'>wJbJwmb

[nq, ql,w'>wmll,p C-f, npn2Jwl, Jlt fJntJL m,/_w<}- ufuwtf, '1-nl,b Jnmwt/_np 
zw,f,pt 

-RL!,wpftbl,/l '>btnl,Jwl Jwul,w,/_np 'lb"f/lb{'['• 

1 - f,l, 'lb"fi!' u=v , 'uzbL/l, np wpwq,n/J1n,l,Lbpf, '>wumwmn,l, lfiLbll! 

i/__bpwpbpn,J { mi/__Jwl ftbL,,_wl,f, ftmpi/__w~/lf,l,, f,uft pum -f;u,l,u,Ufwp'>f,

Jf,tf,1, wpw'l-",fJJn,1,p ,f,nfu,fn,J t u=v=Q/A opf,l,w;_w,f,nifJ1wJp1 frl,mb
'1-l'llni/__ (1.68)-p, ftumwl,wl,/l' 

(1-69} 
2 - p'l '1-b"f/l' ll=w (R o+t), npmb,z w=const ftbL,,_wLf, ftmpi/__w<l-pf, 

pn[np ftbmbpf, "(tnmJwl, wLft1n,Lw1f,L wpwqn,/JJn<bb t pb'7-'>t.ubmp ftn

pni,fJJw!, ftb!,mpn!,f, l,ftwm,/wJ p ( f,l,lUfbu "ffil,'1- ,l'wpJl,f, Ufll1N<Jtn ), U.1u 
'7-h"(J!NLrf' 

(1-70) 

.fwl,f, np [rum 2u1nw,/_'lf, wpwqnt/JJn,l,p ,f,nfu,/_n,J { q~wJf,l, aphb-

1'""--' ftmp,/_wJpf, J'bt_ml,znuJ (z=h /2) wpw'l-nt/JJn<b[' '>w,/_wuwp ftlf,l,f, 
ftmp,/w<l-/lf, Jf,t_f,L wpwqntfJJwLpt -

3-p'f '1-b"I/!' u(Ro+t)=const, U.pwqn</J1n,Ltbpf, WJUUff,uf, t"iJ"L-
1'[' f'!,"l'"Z t "(IIU1bl,9f,w1w1f,!, 2wpdJwLe1 U.1u ,,_L"f/!11LJ ftuu,wLwl,p' 

(I· 7\) 

lJ.pwqn<fJJn<l,p '> wi/__wuwp fttf,Lf, Jf,tf,Lf,1, z '>l rrwi/__ npn,fJJwl, i/__pw, "f'f! ftp· 
npn2,/_f, { luil,JW[ ftbp"f' 

(l-72) 

2v ·-
4-p,,_ 'lb"f/l' LI= ht, lJ.pwp1fJ1n,iJl,/,pf, {UfJ"'Pl' bn.wl,ftJn<l, · t, 

'l_{'IIJwftwl, wpwqnt{JJmbp uwl,9/!f, '>wmwftn,J {. 

(]. 73) 
2f, 

cp 1(h/R0)=4((:0+1)'1n (r+R: )- 4R,!h-6), (l-74) 

1/,pwqn<fi/Jtrtf,p '>w,/_wuwp { Jf,t_f,Lfrl,, bpp z=h/21 

lJ.p u, qntfJ JntLLb pf, p w2fuJ wl, opf,l, w }_ w,f,rr,fJ J wl, w q_'7-l9 ntf} J n,l,p 

~1,wLgjlf, -<:wmwftnuJ' -Sl,2J'wl, wpdb/lfr ,/_pw "{W['q_ll"' -<:wJwp 1Jm9l,bl,I! 

i,pftn, 9n<9wLf,z' ko=C/C l, k1 = C JC, , Upwl,9f,9 ko- L wpmw'>.w1mn,J 

{ t{f, 2J'wl, lb,zru.J'ubpf, t;wpwpbpn,fJJ1tlb[' '>f,'7-pnumwmf,ftwftwL fr9 f!UIII 

u,,/_Jwl '1-b"il!P l, pum tf,. S. 9nn,f,, fruft k1-p' pum tnt/_JWl '1-/'"f/!P t"IJ"l{'f, 

/, WllWffrl, 'l/;"l/!P 1 

lJ.'lJnwwft 1.4-niJ mpi/__u,<}- t <l>, (h/R ,i} -f, u,pdl,/ll,ll'{!• l1wfu,/_w<}-

h/Ro '>wpwpbprll/JJn,Lf,9, /ll,l,wpfti/__w<l- 5 'l-b"fpbpf, {wJ'wp: 

•l.J,p[n<<l-n,fiJJntLp '>Lwp1u,/_ np1nfJ1n,l, { urwlfru -<:wL'l-bl t; lmhJwl bqpw -

~w9n1/J1n,LLbpf,, · 

1. h/Ro- fr 'P"/ll' wpdb/ll,/;l'fr (h/Ro<0,,5) 'l-b"-1.P"")' ftlL7wl,fr ftmp,/_w~-

pf, Jh_f,Lw9t/_wJ -Sl,z n,Je l, '>wu,wftf, ,/_pw 6.1,zn,Jp Pfrl bL ftwfu,/__wJ-

l.l. 'Z J "' ""' 4 1 .-1 • 

<1> 1 (h/ Ro) ka, k1 aupdliJ!GtqlJ!, ljwlutJ.wl, h/ Ro liwrnuplipniia1nill'19 

'f'ill(/J h/Rn=O,O 0,2 0,4 0,6 0,8 1,0 _ 

<1>, r 11 mo) 0,0 0,2 0,4 0.6 0.8 JO 
() Ko 1,0 1,0 1,0 1.0 1,0 1,0 

K1 1,0 1,097 J ,1887 1.27 1.361 1,442 

0,0 0, lfl2:~ 0,3365 0,470 0,5878 0,6931 
> 1,0 0,911 0,8412 0,783 0,730 0,6930 

1,0 1,0 1,0 1,0 1,0 1,0 

0,0 0,1589 0,2841 0,41 43 0,5669 0)50 
2 » 1,0 0,8715 0,8442 0,8816 0,9644 1,082 

1.0 0,7945 0,7102 0,6905 0,7086 0 ,7 5 

0,0 0,11114 0,3461 0,4965 0,6404 0,7805 
:i > 1,0 1,008 1,0285 1,0565 1,08939 1,1261 

1,0 0,917 0,8652 0,8275 0,8003 0,7805 

1,0 0 ,2321 0,4118 0,5556 0.6737 0,7726 
4 > 1,0 1,2,35 1,2238 1,1821 1,146 1 I ,rt 47 

1,0 1,1605 1,0295 0,9260 0,8421 0,7726 

1,0 0,2543 0,48?1 - 0,7023 0,9027 -- 1,0903 s ,. 1,0 1,3950 1.4477 1,4943 1,5356 1,5731 
. l.O 1,2715 1,2178 1,1705 1,1284 - .1;0903 

27 



:,
, 

..;
:, 

E
 
~
 

I:
" 

s 
E

 
,..c

.. 
J:

 
~ 

E
 

::..
 

-:
, .j
-,

 
~
 

~
 

I;
" 

- 0
-

a.
 

N
 - :,

 
-:

, :,
 

I:
" 

~
 

t:
 s E: <.

:i ,..c
.. 

:,
 

- - -

,e
 

"' -;:r -::i::, Q
 1 

E: -:
, 

.,.,.
. 

E: 
• 

-,I
:! 

::r 
:,

 
-:

, 
'i 

-:
i-

Ii 
>

~
 

.,..
.--

....
_ -

+
 ~, .. <
 

,J.
...

., 
..

, 

I+
 

rr
 
j;.::

: 
.0

 .=
:: -- - 'I (

)1
 -

:::.
, 
~
 

E
 

._
 

I::
" 

,e
 .. - ::r 

:r:
 

I! N
 +
 

:::
r 

C
 "' ~
 +
 

t,.
.'.)

 
<

 
!I'

ll 
"'

 -~ I+
 

,e
 

"' - ~ 0 - -



t/.b{'tfaL Ji,fi/1111[' ;,• t, 11 ,.1111/_1J,l1LU4111'i, ,;wz,f_"'f'4fi wbuLUl1bmf,9 LUJl,Lw

'LU{'Jn111'i, f, I, pf,l_ 111z/uLUt11LUll1LU{', pw!]/1 IUJ'[ ,,_,,,.Jl,111f1LULt1{'b)1 U,LU/f,u f, 
J f, LU L 'l LU ,r LU (u l'l, 'Ind, btf, w l''l! ,,,f, p),I, I', t; l Lb l" ,f_ LU J 11 '>' "' 'i,q.wJ' w'i,.µf, 9, 

,il{' .:; t,wLUc1w •:wz1/w{'/f'i,f,f'nu/' LUnLU pLnp,,.,f_hl l,'i,I! /;'i,z,TLUL zbrzJLU'/, npnz 

r)'w'i, (J .63) wnLl"'PJnLf1f,91 

n p11zl, 1, /! 4 w,J Ill JLU 4w'i, 4u1prf LUJp/1 ll'fit/. u,/, u LU 4wp tll{' f,Llp7/1LUf1t 

H=z~+hcosr.p+-± - ---dS, 
l].v·· 1 fu 3(h - z) 

2g- Av gR 1 
(l-8:2) 

A 

{).ju lit[; 'l ,f_l, f'2fi1, UJ f, 'I U/ J l' ,; wz ,[f, f, UJ ni, nui L~Lz ,J' w l, zl, 1£11Uif' .:; f, '[ /In -

UUJUJurf,4LU4u,Lf,9 , Jf,y_f,Lw ,'Jrf wJ wJpnr12 4h'i,,,u,'i,f, 4mprfwJl!f, 4..f'tl// 

lf I,{' .t; l ur ut 'l" u1 nifl j nd,'i, /, {' l' !} 111 ! 9 bl, u, ,[I; I • n {' q.n pJ'i, 11111111 i, /uL 'lPl' -

1, bpni.J" u1 n u,'i, 9 ,Tl,J u/u LU/ /J niJI JnLU/ rn 4 w11b1/1 f, {1 .82 )-/1 ,f_ h(IYf,'i, LUU

'J-ltltf £1 111('U1LU\LUJtnl,l ,f_f,1'2111r/._n[' ml,u/!nq' 

(I · 83} 

~o ~ u'( h-z) 
j d, h·. w k= ( 1-84) 

Av1 

A 

k. l, ,, LU'i,r/._ urHLp Gl;21f ui1; lllll'l""'l: 
4urp,fu,Jpf, .J'J,rf,i, ud, uLU4wpwp f,L/,{'q.f,wf, [r_um (1.82) I, ( 1.83)-f, 

I l. 85) 

t{'i,zJw'i, nuz'l"f''lfi lfilm q.Lwt; wu,JLUL wumf,lLULf,9 f, 4wfut/_LUJ 

4wp,f_LUJpf, lf'fit/. f,uf, npnzu'wl, t;zurn,f/111,Lrr: 

dLz J LUf1 n1 'l 'l ",,,.,f, q.L UI ") LU /JI J LU i, ,; LUd UI,, l, LU /u p'i,l, LU,,,, /,'i, p Ill 'l'l wL 1, ., 

J 11Lf1 ~· n<Lf, {"' I J' ') ut pfl /u 1, '[ {'f, J f, I! wL f, Uf ill{''/ 'lb U/f}b {' t 

1-f,'i, 'lhUfp' u=v=Q/A I, R1 = Ro (pn[n{' zf,flbpf, l/nf'nifJw11 zw -

n LU ,f_/1 'l 1, b {' [' ,; w ,[ LU u LU{' I, l, ,; w 111 LU 4 /1 4 n [' n ,fl! Ill 'i, 7 LU f[ LU"- ,zf, 'i,) I '), ,I ,f_ Ill l' 1J 

J.,4w m bl, np w ju '1-b ''IP'"J ( 1 .84 )· f,,tj um LU91/ nu/' f, k = 1,0, 

2.,,,,. ,,1,uu/ u=v =Q/A I, R'=Ro+ z 

k=2- · · ··· :r l In :t ---' ± I , Rn((l<o , ) (t · h) ) 
h h , . R0 

· · ( 1- 86) 

30 

K l ')llt 

I 
15 +-· 

I 

!' ' 

15 

i . 
10 -- ----· 

n: ~------ _ _'._ • a1 o . 
05 ----:"o " .. 

- R, 

),1f . 1 .14 . 'J.nywrJ.np .;,J.Ju11114 ~-1,'i.ib.qtJ'l 

ypn,L9,.n,J k ·" i (h/Ro) ~"f'hn, ti2/u1- f, 
"'11.Uf1pLp ·.'w11wp/;11n1/JJ"'Ll,Lp/1 -: u1,ln1p1 

(t,87) 

+-

0.5 1.0 1r 
R, 

31 
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Sf: 

u,up a/J'l'J'Jluf£11u£1Jm:,'Jm 'Jm,,ml,'1"' 

-'ud,Jud1utJJunf 1/m'J 1 Ba/J'111,umy1nmln 

,J p111 C ,Ji•/ 'I, ml' l 11,y. 

Um 'l a/JnilfmJ,68 'a/J'l'!'l.'ur eJ 
'Jm pBmlmum a/f m,f Gm1n,f7w, f] 

I &&'01 I &,n I 1:0';_: I· £L'O j tc,'O I ffO I 
;-{d 

90'0 ii' --
I i "'i<i 

I 
OOJ I 08 

I 
09 

I 
Ot 

I 
O<, 

l 
01 · I o / Joi 

Btfnmyifinnmpll!{e vm]ln(ml\ ilp1uZ951 ifll!l!lifllluluti qmli!ltimy ifLI~ 

!i' J 7 m n , " f L 'fl 

,(!J'l •T1,mj B:ftJmy:fmnmpJgl fmrn/ml1 •dpmfeJ 

•1UJfJmd tJmln a/Jl fm]11nlm::,mmJm '} 'Jl'1ul'Jy :fJ'l'Ja/lJuJ,,i, fmC'{bm:;, 

a/Jl tJ-t,~d 'j tJl:/'J a/1'/m 'J· ~ 
1
dpmT£11uJfJmd tJmTn a/dl fmJ,mTm:;, 

-mu,Jm '-, 'Jp1ul'JY. 'J:/fmmJu1u'J£if' lmpJu'J J-p CC'Ol l,'lu,Ju 'fU'ffmtJm,J 

(95 · l) 
~d 005 
•,d-1:,.· -e8·01-·'• ~4 

,{J,luJu>, 
1
dpmfeJ1uJfJmd 'Jmfn :fJl fm7•mfm:;, 

-mu,Jm •Jpww,,m], Lu'l,mn/nmuimlnmpm:, J'Jmpl'JY 1Jm7m,,:/1n,fJ11 
1m'Jmlm11m,, ma/Bm1n:frm'1 

1
Ga/p1ul'Jy 

',mfJmGmd 
'Jm7m7a/uia/J,, a/fma/Gmura/],m', 1 Jifuf tJTm geJq ,Jl'1ul'l,y 

p1u1'11n lmf7'm -, Za/'Jmfml 'JmpGmlmum a/fma/Bmura/rmti 

1( oi· i ·'1'J '6 i· t ·111J) J'I'! 
-p1unfmdmd U11J'll1UdJwm 'l p1Ubn/ a/d''Jmnu:, '!'I prn'Jrnlmurn 'J'l'J'J:ff'Jmp 

LuG'l'P" 'lf 'J1u:,mn JrnJm7'md 7u 1 p1unu::,mlJl ,U'Jmnu:, dJq ·c 

1 p1unm r 
tJmpn11:,mlJl t/'!l'Jmp Luli'l'I'" 

'l"'~wJbmfl, 'l"':,mn JmJmj, 

-md ilp,11rt{Zmd '!ml'l'lp 'Oi:' l '~'I. 

-~--?-
.ilpwnu:,mlJl t/utn1ulq · 6 l' l ·1'1. 

, / ""', 
-ifJl 

·,til'lm""> J l''""/lmd 

'l''"fmfunm;, Jul, 

'l"'l'l'lp '8l'l ·~·l 

t£ 

'l',urrmr 'tmr 

-Gmlr'f'l t/ilfmf,Ju,~ t/'J.ml"l'f7 

J r•urtfufu,t, 'Im rl1p . !.l' l '7'1. 

---
-------+--~~ ~-

' 

1J11Ufmrinm:;,-Ju', :/ilfm'f,Bwurn,, ilpwnflmJ 

'!"'l'l'Jy. fmrJw -, Gfu,B p1u-gr l .,,'I, 1mJ7' :/',mwm:;,-7:f61uuw ilpwl'Jy 

'J7 prntJBmJd'uf iJ'JuJu •Junu nf1unfm'JuJm'1'17 'J'I .f'w'Jmlmum ( 'J:/Fm !' 

-1ul'J;t ?u ,., nglntJim ''J:/fmprnl'Jy. nglnl,<:f) .(llutl'l'Jfmrmm:;,-JulJ ·z 
,(J.rwnfufu:f, 'JmJ,l'JY. f"'rJui 1 fifw6 ru1l'lfbmm1', 'Ll"l 

·'1'1} ) f''u'JmJiluf Jpwl'Jy ',n:/ •il'JiuF-e}iubmJm ) pw'Jmf'I!' 'I !'"''1 
-mJi!uf mn:fn/ ilJfmrJsn,, :/'J'"-1,'J!/,, p,unmp -,'/Ju :fdfm'f,B,uumti · {. 

,'J'l 6:fJ'f'Jumy.snmln l,f'f} 1iln16uJln 

a/Fm:/fimm:/rm,, 1 pw7'n',n dJ'I •il'J"'!'!r"'n tJFm 'f<'J:/1' lmtJmJiluf pwn 

-mp -,11Ju :fi!fm7'61uum', ilpiul'Jy. -, 1uJm,, B:fJ'l'Jumywmln J1dJms 

16:f'Jwf-eJwr:fn'J'fl.Il'J:/ 'Jmpfmd'fmd' 'lm,, 

-m,,:/'Jmn/'{.(' -, Jifu,t, mmpgpm!r'J'" a,,,,,,r-eJwr:fn'J'l"''J:/ 'Jmpfmd'fmtf <>m6 

-m6m11m li1/B'1,mJr{ 'Jfm',mn 'puJ•/'J"'l{J"Jln · p:/m',m '1,m',m:/p:/cfmJm,,71'{ 

T/ 'Jm',mJu,'1'11-, 'l"''!. -, p1ur6'1'111u '!m:fGmu,:fpm~ Ju 
1
1,1l,! ) ',Jm7 

,Ju,mlr, :/d'fmpfhuum,, 'J'I j'•uFmilfmil 'pu1m11,m:/.f' d''JuJu rJ'l'Jluuunf 

'{'I p1u'Jmlmum p1uJ'{rt,n/mlr, ,jfm,fBmin:fpm,, Jmdm'Jmy:/wn'f} ,J'Jmp 

-fmclfmd' '/ J'Jmfd1ufm'Jbu::, :/dwF'J '11:/ !'"''Jfig-1,'Jm:;, if'JuJu •J71Jp1uJm1 

Lurnjufu,t, dpmfeJw11,m,,mn/my.m::, fl/1' 'J'l pw'Jmlmum 6:fJunu :ffm], 

-Jm7 :ilJunu :/fmrJm.'; fmBmlmum G,f11,1uFfiTmln :fJ'l'J',:/mZJ pw'JBJqr 

Ii'! mJr BtJgJ:f i1Jq'1_.mnwlg 'J:/f'J"'urn 1/J'/'1'1:f'Jnm.r mlu', :fmm/J.i 

1( m:fbuJ-, 'Ju:/fimin:frm,,) 7'u,r11ufmilFmil 

1/eJf1uT/J77mp :filfmpfhuum', 'I ruJq'JmnwJu,, 7:fB111BmJ1 1/1mh1 :fFm,jh 

-J711,-, 'puJnpwnjmdmd 'ru,,wpLm -, . pw"J,GhL,u 'Jm:/Bmmif1rmti 

1J 7 'lm :f Gm pJ u c/;'{b 

'!m,,mbfmum 'I ~:fmnm11n ru1g'J6mlmum •l,Jp :filf.npllwum,, 'I ,j,,,,,1,'l!r 

') f'lUffmJmu, ili!:f1m :fJu 'fil1u'IJ'I :/fmrJm!r 1Jm7m7:fl7'mJl,:f:, lm,,ul 

-, pwr6m1nn piuiltJ1uFliJ'f} tillmpmf fmrurmLm !'f,lm ,,n:/ 'fmJ6'7Lmdb 

pw '!:/ ', n/ m 'J :/,,:/in Zd 'Jlf f'1Up1unjJ '1'1 d 1' m f p}wl, m J m f !/ !' J,J '{ 'J~ :/'J nm!' ,jJl 

LuuimlnmlJl 'JmJ'J dJ'I ':/'J1uFeJFmln Jduf J 'Jmp'J il77p7mf :/',a/inltJ 



llJnLU "{WLnb.WTI(!I npfro qwpn'/_ t qw,f_frmw,9J,w UJtlWj_llll,W£> {.i,zJw°tt 

I, wpwq.nipJwl, pwpwfunufli t, nrr wnw2wii1nJ t ni Jfrw1li Lnfll['pnt

lhiimn</JJnL'iiJ,9, WJll, LJJJ/ ll/UIU/-0.i,,ni,b{'f,,9: ([Jburp t Lzb[, fl[' f!UUI dw

JwLwqfr Jfr2frLw,9pwJ- ,f[,J-ntPJntiiiibpfr Jfrt"r/_ .;·u,z,f_wr4 4wwwrb1fru, 

qwpn'l t -6.f,zJwi, ,f,nn11u9ntJ[! i 1: muLJ, qw1LJ,u,w9fru, W/lllJ!.W ,9lib1nL -- w 

J w (' "I IU ,; wii2r/_ "'l 4 pfru, "'' w 4 wii i.Lz,L.t1ii (', J,u 4 p U/ p /U /u fllllh b r/i d UI J w

li w 4 ,; wuliJ, "'J'l- wrdbpJ,L , U.1u '1-bUfpnui 4w,f_J,urwyJ,wii i,n,1iiu1bu 

pwpw/untJ t, w1uJ,Lpii ,Fhpp fr ,;UJJ ln t q.w1/iu, J/,l'f} r/_brwLntJ t , 
twJ,,wq.J-Ju1ii dwJwiiw4 4wr/_J,mw9J,nii {rnqJ,w1fr wnw2w9Jwii t; i,w

pwq11('ntfJJnLh[r w!1url, ub1ni 1 lwl,w)1pnr/_ urb,Lfr LL n,iil,yl,1 f(' ,; /,n l1wnni9-

r/_wJ-piihr/i pwq_,f wfJJ,,[ ,f_{JwpLhr, 

lJwr/_J,mw,9J,nii trnq_J,w1/i brl,11,1/Jr " '> WJlN t q.w1J,u pm,f_u,4wLJ,ii 
wpwq.i pl, wnLh 4n'iJUU1{'f1L49J,wiibrnul Jfr pwLJ, orr/_w ( brpbJi, Jfr pw,i,J, 

dwJ,f_w } cLflwypn,J, J,u4 Jburw'lJIIJ 4niiumpn,49J,1uiibpn,J' JJ, 11w'iiJ, 

wJu,f_w piipw,9p,1LJ1 
lJwr/_J,mwyJ,wL piim[Jwq.pb£n' <w Jwr eiiq.n,Lr/_n,J t qw,f_J,m1u9J,w1fr 

P/ir/_ t; wu4w9n•PJnLL[!' 

k 
2g( H,-~) 

pg J 

~ v, 
(I · 97) 

npml'l H - li I, V -L, t; wJW"{IJJLnWU/uwLwpwp, ph11tpwqrn'l pw9wp-
p p 

.!w4 C.iizn,Jr ( f!ULn !.l'fr UJWL pwp.!rn•/J1wii) I, wpwqntf/JntLL bl, lf'!.W-

,;,,,,r/_n,z mwpp/, J nm w4 w JP rruf, J J,p,J,Lw9,f_ wJ- [!UUI d w,J' wLw 4J,, 

, b[JL, orJ,li111!1, <nuwLpf! 21'!.w t: nunuf t ,; ,,,f,J, :.·wmw4J, wL C: u,rflm-

PJntLr (t4. 1 .19 ), w"lw 

H,=H,ip\+H ( I -98) 

npml'I, H-r tr/i /unrntf/JnLhh t wii<wpfln,p1wL 1_rw, J,uq v P wpwq.nt

Pin<li[! 4wrb1/i { [!L'l-"'Lbl wL{w11Pt1tfJJn,LJ,y wnwp_ t; ,,upJ, J'f,fJ,f, wpw

,qmp JWh[! ,; w,{,uuwpt 
l lJ w,f_J,m UJ .9/i UI Jfo lJ w pq.w 9J wL w u mJ, -C. wL(! n r nz b L Ill t; w J w [' oq.m,f_ nul bf, 

k 
~c:-

ko 
(I· 99) 

qnpJ-wq9J,9, nptnb'l k,-L I, ko- ii q1ut/_J,ww9J,w1J, fJ,f_bpL bi, m,f_1wt 

"{WJJwLLbrn<J I, qw,f_J,mw9J,w1J, wnw2w9JwL u4'1.pntJ (4w,f_J,u,w9J,w1J, 

4rfrmfr4wqwii flfr,f_), 

;36 

{!um rzwl''l"'!]JwL wumJ,i:wLJ, 1n1n•fJ1niL niLJ, 4w,f_J,mw9J,w1J, bpbp 

'f"'l \ 
1) 4w,[J,u,w,9J,,u1fr wnwpw9JwL uqrzpLw4wL tpm[, 

2) ,zwpqw,911tJ 4w,f_J,mw,9J,w1fr ,; flLf, 

3) ql,r4w,f_J,mw9J,w1J, ,f,n,l' 

2w1•4 t L7bf, np npnz 'l-lw1,plf'wi 4wqfrmw9frnL {pnqfrwL J,p wnw-

1_/;lwqntJL ;w,f,brJ,L { t; wuhntJ' 'l."''1w9n,z 4w,f_J,mw9J,w1J, ,f,11t[n<J, f,uq 

gbp4w,[J,111w9J,w1fr ,f,nt{ntJ WJh qurn'l I; q_q.w1J,nplL l!/il l/iLbl' 

l1zl11p, np l11111LJ,mw,9J,nL {pn,p wJ/i J,Lu,bLuJ,qn<{JJn<Lp /u/ium 4bp

Ufn,f_ liwfuquu} { { nuwLJ!/1 2wpd,fwL wpwgn•fJJnt'iif,9 1 

L.wp9 { WILIJJ!.IJJLntJ, frLl"ll" u "l"'lU1l'{WLbl 2p{ b,, 4wnni9,f_wJ-J!Lbp[! 

4 uJ1/,J,u1 IJJ 9fr nL trn 'l" IIJ 1/i 91 1.t, JL w 4 i.L n I J IJJ J '1- "I w J pw {'[! ,n w r1_ niJ t l n pu 

nll['I_ "' fJ J ntLL bp n,f_ : 

1 . lJwnn,,9,f_wJ-p[! iiwfuwq.J-,f_n,J { w1liu1lu, nr"lluqJ, 4w~/1mw9frw1J, 

brl,n t1flr 4wJ lf'fr,f_ p1119w4w1J,, qu.J UlflWl_Whw Jf,ur1L h['Ul LwJ,,Lw4wt. 
,f,nL/[!' fl.J'l- gbt'(pn,J 

k ;;,: ko ( 1 · 100) 

ko- /i mp,JbJ!Llpf! nrnzqn,J bL 'f'np.!L1114wL b'lwLwqn,f_, 4wnnt9,f_wJ-pfr 

u11upplp mwpplpJ, {wJwp wnwLtl/1L: 

k0 -fr wrJbpLbrr -,'ntLJ, {wmw!fo mwpphf' wL{wrfJn,fl1n,LLLrfr <w

Jwr [!l('qwJ- b'fi W,ZJ• J .6-n1J 1 

/J. 'J J n LU IU 1t J .6 

~w1J.tiu11.u9t11u!'1 lit1'1111'1l1wljwli k0 filtl.'1 •1'dh~lihJ11! UIWJIJ!hJI wlinwr~n1p1n1lilihJ1'1 
fiwuwr 

u.1, -:u,rPn•/JJwL "''"'{{' 

l_;[IIIJJtn \ .. Wlhtn~f, 1.f'W 

( 4u1rnq ~ 11,nw1wLwl ""'lllUJ ... 
u1wu,:f,uL ¥9{u,.tpf, u,L'ln,J , f,Li
,~tu L,,,J, rh,nnl,f, ¥UJ'fW"{LUf1W • 

J,,, dj, ml'lun/,nfa,Jwl, ·!l.u,bu,Lpn{} 

ii, ,·.,,,.pn,/JJwL ufa,hJu,!, 
r~ n .. pw9{'nfJ wp1119mp1w'/J 

~{' rfbp[! 

2 

I ko 

' 3 

l<BW•; 

37 
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lfw,f_f,u,w9f,1uJf, lu1f,mf,"w"w'l, fJ-,f_f, wpdbpHp[! "wnn,9,f_w~pf, WJ! 

mwpphpf, { w,fwp ph(t,f_wJ hf, {wmnL" q.pw"wfinL/JJw'ii Jb1_I, 

2. l.Jwqf,mw9f,w 1.wrLw2_w9L11'l "n'l,umpni"9f,wf.tlpf, oq.u1w'fnprJ-niJ(!, 

npn'l,9 ,f,n11.l[! '1-bnli.u ,f,npp t : f/.J'I-U/f,uf, "nbumpni"9f,w'iibt1f, 'i,wfuwq.[!~" 

Jw'l, Jw,J'w'l,w" U//;u,p t tfiLbl pw,jw"w'iif,L 'l'l-"'JZ ' 
3. i/,wf(trUTllff, u,l'lr,,,lwu{! wp'> lumw"wf.tnpf,'i, Jwmw"wpwf',f_111J f, 

·O'J- f{uttf i_fll['I 

Lf,'[-f''''ii w /uwq.f,J f,Luu,f,wnitnf, ""'lJ'f,,9 'l,,wfuwq.J,f_b( Li. 'iibptl(1,f_b[ ( 

y_p{bn l1wnni91{_wJf! (bnLph"f, 2{·1.J . n,J' ), nrml,'l ,f_w"nw,JwJf,'i, q.nmf,-

Lhpp /11tr'l11,f_w"'iilpf, Jf,t_ny11,f_ Jwmw"w{'wp,f_11ul bf., O'[n,f_ , 

4 . 011mwq.np,h{_n,,J bL "w,f_f,mw,9f,nL tpnqf,wjf, f,J,w1.11JwJ1, "wLq.n,'ii 

li1n,/Jbr1 

blnLumLbrf, Zf''!.Ult:nun,JL(;rf, 'l-lu1p.n,J f,,f,um pwpbrwr wq'[b9nL• 

fl J nLL t 11,L I, L n uf l l ntu u,L I, pf, bf' bu "I UJ Ln n,,J {' "{ 'l LJ. n,f_ "tu ,I Uf nlf,,I /; {' w 1f,L 

L1n,fl/.rn,f, 

l.wSwf,, "1u,J_f,mw9f,wJf, 01_wf,, "Ulf'"'l {; i, {wf.t'l-f,uwLwl t;wpfJ- ,j,w. 

4wi,i,Lf'f, (,f_w-<:wLLh rf, ) '"'l'l"f''I- "'"nuLbpf!, ntrnfi9 <'wJwp "w,f_f,mw,9f,w

Jf, flf,,f_[! nrn2,f_n,J t [!um (1.97) pwf,wi!L..f,, f,u" "w,f_f,mw,9f,wJf, ltrf,

mf,"w"wL f}f,q[! npn2,f_n , ,J' t f!UW 

{1·101) 

pwf,w.3.L..f,, "f'"'l'l \\'-'ii Li. h-r "'"""" [lllJbnt/JJIIL'i,i, nL funrnrf11n,LL bL, 
a=l ,2 m'lrzwL"1w'ii di, n,'l,b9n,z w"nu'iibpf, -':wJwp ('ii". 1.21 w) Lt 

a =0,3 w"nuf,y .:: bmn 1 : 12 fJbpnL/JJwL 'lb"lf!"•,J' ('ii". 1 .21 p}, f,u" kct 
" ' 'l'l"f''I- 'f"f'Jw"f,!Jf' { u,z,f_f, t wnLn,,J' wf,11u/1 '>hmf,'ii U/wmf, zb'lnLJ[! 

wnwy_f,i,f,9 Li. l!'l,'1-nLL,f_n,,J t l!""' w'lJ• 1.7-f,: 

Ul) p) 

=u ~ ""-~»>»>»»m»m 

>>> 

I.. w .I 

1 PeKOM ell,1l3 [lHH no Y'ICTY K 3 BHT3[(HH npu npoeKTHpOH 311 HH BO.!l;OCOpOCflbl)( 

rH ,lpor e.rn 11<1ecK11X cuop ylKeH tt ii (ll,38 - 75) JI. 3u~prnsi, 1976, 128c. 

40 

U. 'l J NI. II UJ " J .7 

J 
0 0,().,1 0,08 0, 12 

w 

Ku o,;;;; O.ia 0,9 1,0 

Ur~tw~ 1.1: Ummq.b[ funl'f!wJf,'ii lf'l!f.t'l-n,Lf,zf, -,wpfl ,j,w"w'iif, u,"nu

LhrniJ 1,w,f_f,wwyf,wJf, uinw1_w ,'}JwL ::Lwpw,f_np11LfJ-JnLfi[!, lflb lf'fi zwpd

,Jw¥, ti'f,yf,'ii wpw11nif11mLe' v= 18 J/,f_, l'iiznufp wnwumw,zf, ,f_pw' 

~ = 5,0 J , J!,,f, ~bpJwumf,-SwLL t t= 10° C, mb'lf, fif,ze' V = 1200 J , 
pg 

U."1111'ul,pf, lw,f,lp[! pbp,f_w~ bf., f,". 1 .22-nul, 

2g ( H,. - P~.q) 
k== . r,g ::-: t 9,62( 14-0.12) = 0,84 v; 182 

n pu, /, 'l 

41 



1,p11Ftfrufm],fi•1hm;;muo _qg'o-!~'o=g 1 
p111 'lm n/nmmm/n,,r Jim:, 1p/J11 '],um glJ 'Jm ,pJJl ,tJu ~ 'lmf el1u('m p-G'I b m ,<,n, l,o 

I p,u"f,luJu'!d Jdf1117Jg'1mp 'JfnJ''l,mpmd ,jJ711,t11,11l, b 'I .J 1J,l'llt/p}m', 

'!</fmJl 'Jin// lgp </bo b7111nl'm '</muh 1/l,Jw'Jllmt1/ 'J</fmJlmt.u (b 

'J 'l'Jlt '1111 ZJ '!'/ r muu 

~g ('m71'!um'4 m7::,, ,Jill LgmJu 'r/111111, 41,J,111imn'4 rir/fml,omJl ( ;/ 

1(7gfml1mfJmd '!Fm } LuJm'J) ,Jmuh ,JJl J1uilm!' (rn 

:11mfr{1utltJn/ l.nnil ilp1un/lm,I 'Jmff]1uhmtlm 'f: '11mFflwJunj ,natl 

il,puF,J7u,j,m7m11,JJo 'l"'J',,Jfod ,JI,,, ·?. ·J,J'f'!ifmub ,jil11mnu:, f""-,.fl"',17'(/ ' [ 'f?;' [ ·Jir( 

g OJ fU 0 

l 

::r-::,. 
l' m "l 

-----:.. .:.. ....: ----- ;la,e •4q OPO 
o-.oooooooog 

-b ~ ~ .• ·.•• ~ • ~-• • ~ . : 
660.,-~IJ='i. . . 

" 
I/ 

·(n· 1 ·'1'!) 1Jn,f11111h 

trpumm111 

-f1m:;r 'l,g ,(1111'1,.(' r/:,.J1111"m'Jm:J. mnJ 1]Jg'JliJ'!mC111G rJil'Jmnu:_,. 'I 1lrp11FeJ1u'1 

-mrp11Jmh1 rfi,o 'fmpmm.<, r/rm<mJmnmpm:.,. ,Jil11,mn11:;r fmpllmJ,l'fl (l, 

'f J''lll'!"'f'fl' J'!wfe/wfmp 

-Ggbm;;mt.o mJ'J ,J;;Jmlnm,lm:i 111f1J 7 '67J' ,jrf'Jmnu::,, I p111G11,mr/rmfl Jl,o 

•fmpmm;-'l,mppJml r/rm<mJm,,m],m:;,11,m rfil'Jmnu::, fm],CmJ,l'f/ (b 

t} p,u],fmi/J'mil 'I p1117'mn/mn/ Jf/F,u'IJ'1'1m11 urn;bm 

p,J:,Ju'll 6rt,11J11 1J7'l,ilr/1m ff,tnFeJ111JvJ111d Jrfuf '1,g pw'Jmlmum mJ/1 

,Jf/hu'JJ'l'1"'1' 111mbm bgmnf'fl lfm7'111m:, 'l,mJ'Gmlmum rfJ'l'Jifr/l'(J (d 

,8 rf'J111F d111J 

-11'4 'I fjr/'!my.,Jmnm '!mf£1111!1'/111q'l,r/7 ,J,1'1,mnu:,, I fmpn/m'1 J'l1uFf/111Jm'1J'I 

,/fmpmm::, ,,f'fl 1,JF11171Jq'Jm.r' 111mhm n,J7mb )· nJ111l, p111lJg7' r/fm],mm,'-'I 

'ImFflw1lu'4 111T1J I 111117,frnJmm ,]Ju 
111ml' 

p111'1mmm:;r ''t fm],ub,lb Ji/'Jmnu,~ 17w 

-nF'fl 'fm],mm;-'!m'1m'!.JJ,'1/l (m 

1(gi· i ''1'!) ,JJnfm],mm::-1/1imd 

11' 1g11,mpmd 1 ,J1,1Jm'1 JJnil''lmnu:-

fmph'rnJ7rn b117'n/11fu1f, 'J1",'-"'fl 

Zt 

tm,JGmJgmmlnm hmJm r/d'Jmnu:.,. i 11111],Jmmm/1 IIIN'/;, C,11777',f,md 

r/dr/l f!IJ'!m'1 nglnJu 1p111L1,J '!111Ffl1t1fUj ,J,J,Jl .rrru'Jfimlmurn 'J 'Jim 't p11d 

-md'F mil' ''!wf eJ111 '1 m rim if f 'fl' 1/l,o 7,11 lglt</ 'J ,J,Jl bu ],tf, m eJ 111 mb'f} (b 

tm,J6mJ7mmlnm '/ ,rnu],Jmu1ml1 11u17:;, h',JJu '.i""fmpmm:, Ji!utf, 111ml 

i:rt'l,'l'l,111 ,Jbg111 I LuJm,, 'J111rJCmJgrn 'I puJn'Jr/prnd f7.r 1/lg],m I J""P 
-Jmmm'1 Jp1uG'!mr/rmel 41,o .r111il/rr,1l1 ,,fyJ 1JJg11flf1117J•1 '!rt1'1mb'lm lfm 'I 

Jpwb,,t 'Jmrfl111fllj ,J,1,imnu:, <JJ'l'l111F111mlnmJJ 
1
Ji!lifueJ 'lm'1m'1,Jl7'mJl,,J;,

'J 7 'Ji/ n,j J,,7 '!r/ 'JJ 'i '!'! Ill r ef111 "'ti f u r/r '! ru :;-m n l u ,1, m Jm rf d'Jm nu ( ( d 

:.r111J7'Jif'7,lflflll) 'l,tJWd '/ .f11U71 

-mm~'! m,JG111J'lm 'Jmfdrn],r/nrF/117'1,r/ (•g,(1 1/lgpm p111d/,,'ll, nr'fl :(,111/fimtl7m 

-m'!d''Jr/} '!1ul£1111J117'111Jm'l.':r '!"'.('B'lmrf11nd ,fbo 1""{'1'1""' 'l 1]eJf1117Jg'1rn11 

urmbm 'Jg p111fmafmd if1!11J11 'dpmfeJ111Fm'1um tfJ'/'1,111/bJb "''!11,uJ,hum 

} J11U'!md'!J Jp111pJml ,JJl .11111Jgl/,11,1m1w.~ L11]1n/11f,11f, rpu:,mn ( m 

:,]J'1'11Jmymrnh1 '!m,pllmlmum ,Jfm,J6m,J'1"' if'l'l'1Jm'!'!cf 

;m1(6m<l'.:im I .r11171?u~ JeJF,u'JJ'f nf'f} 

,/Jo 1gC'Jmr/rmel I b11Jm'1 7'uJg'l11m,7-111mlrr J,1JJrn1n ig,r r/if'Jmnu::,, rfd!f 

• '!m !' ],m fgJmd 

,JJ g 'l,'1J m ],lm j 

:'Jm.rCmu,,1J'1'Ju'1 7 ngln'l,fm 

t1gln1'lrf 'l'l'J'u d,JJrn'1 7 'J'I ,JJuJ mml -.,gl, JJnl,udgp 

,Jf m ,JCm m ,J],m '1 r/ J q 'JGl 1u1rn1 '1 '!m '1m '1r/'! t</ gm u Jbr/7 
tm'Jm6 

-mum ,fl m,JGmm{fim'1 r,111dh111ll nfm •6g•o= "\1<r8'0=)j Ju r/'Jmif 

'G8'(,=S L() • ( ( t -r~) S i(J t l }:·o= "+}! 

7 e'o=e if'Jm'!'l'!'u'1 •(d 66· 1 

·'1'!) 'l,1t1feJ111dgeJ i!' l: l ],ulmm '!</mmln •F/urg:, 'J'lf ,JT111'1m 7'111'/n/uq, 

:m,JGmm,J],m'1 m'! 
ilh 

-mlmum'1 p111Jg'!"11'1m '81' 1=· )j>r8'U=li ,Ju •/'Jmcf •pun,JhinFyJ 

/'!m'!""n"'1 J],r/,J ,Jfm,J6rnm,J],m'1 r/'Ifm'Jmd ( lOl' l} 

9'0 A\ 
mnil 7l s-i'o='l)~ GrJ-i· i ,fl,m 'ro'o=--= -]1u],('J1Ul,'l,J 'l i!' r=t 

"60'0 P 
Jmpm:, ,tn11'1m ,J111mln dgf/ 'Jr/1119:, G'Jmum 1116n1u 'H' '!ml'1'Jmbu111 



2.nuwLpf,L "''l'lw<UJJUI!J mn<('pn<lbl,,n pwpw/unu!Hpf, zLn,.</11l 

4wmwp,{_n,J f wnwLtlf,!, 4wfJf,l1,b('f, JU('tnUJHmnul (L4. 1.25), npfr 

zLn,.<f,,f_ tL umb'lrt,f_niJ t O'f-U'Yf'WJp'ii '1-nwf,, 

U.b,.w9,f_wr} <nuwl,pf, Jw4bf'!,_,,,Jf/{! ,,,Lt, /uf,um wLt1,.nz, i.4wf''l-W-

,f_ n(',f_ wt> mbuf!t 

e ----------_-_....,_,A __ ,.:; iii s:- - " 

ff) ' ' 
l'i,1' ' ------ ~s-------=· 

~ ____ ...,...,. ... 
----... ~--=-----

® 
-~--------

UI) /!) 

l ,Jr. I . 2.5 . .f?pf, 'ru,fJf,1i,l{'f, mpmwthu,J,,,I, ufubJu,I,, u,-n?f, -C.,,_Jnufm/_, p-wlfaiUl'f, 

t/w,f_ l I utf ' 

U.b('wgt/._wr} 1:nuw'iip(! 4"lt/..nul' f {w,[_wuwpwlw,f,, b(Jb 'ii('w pbntfJw

'lf'b('[! [!Utn bp4wf'n•fJ1w'ii i_f,1, ,f,nfu,f_niJ, lJ.Ju 'l-b"fpniJ '\nuwl,/!f, Jht_ 

fJw,f,wL9n'l oq.f, I,_ 1nuwLpp!J wLp_ww,[_n'l oq.f, j>w'iiw4'iibpf, ,ff,p_!,_ 1:wu

mwmqnuF t q.f,LwJf,l1w4w!i 1:wqwuwf'4znntfJJ11t'iit 

2f, 'f-(' w,[_lf, 4 w 4w), m bu w 4 b m f, 9 fuf, um /1 w ('Un(' t Uf w f''lw pw'iib/ 1:n

u w1If![! wb('W!)t/_Wr} t, fJb f1l1 4Wt/_WUUl('UI/Ul,f, zwf'rfJ1u'i, 'fb"ff!nUf 1:n

uwfipf, ,fby wb('wgf,w wruup_wLwua UfWJJW'iif! "f'nzbJnL J;,uJw(' 4wpb1fr 

f oqmqbl Ii'. 9·. t/.w1Lfil - lJJw'iinrfbL94n, pwl,wJ.b.f,9. 

~-· ~ 44 (1+ 0,0023 )( 1+~!)-2 Vt - ·o R~ c , 
"('tn '"L Fr = \'2/gR, 

lJ.bpw9,{_wJ- 1: ftuwL.pn,J O'f-P I,_ 1!1upnL(' ff'P b/ph('f, 

l1n;,f_11,J f ,;,,uwfij!p Jf,yf,L oq.w'\ w'l-b9,f_wt>t11P1n,fs' 

44 

( 1, 102) 

(1,103) 

l.nuwLpf, Jf,y_f,1, O'f-u,< w'fb9,f_w<tnt/J1w'ii npnzn,Je pbpt/._n,J { J;bmkJWL 

f,'ii u,I, 'l-f"11lf,I,' 

(1,104) 

"f'"'b'l h0.1, wJL /un('tHPJnt'i,'ii t, npmb'l ~~5 %-f,9, <w-L wJ'ii fu11pnt

p1ni!iL t, n('rnb'l ~=95 %, HL -L JUJ[!IIL{' p_pf, <wJw,.dbp 1:nuw'ii/!f, fun

ptrLfl'J,,,f,1, t, ~h-1, 1:nuwLpf, O']-w{wqb9t/._w,l-n~/JJnt'ii& { h funpntpJwl, t/._pw 

('i.i4, i.26 ), 
fl('U[bu Jwf!NL(' ff'P 1:wJw('JhJ} 

( ,ruwbp l'l"f"'i.ir/_nLJ t WJ'iit'{puf, fll_ 

1uLj1w.91/w<t <nuwLp[', "f'"'b'l Yf'P 

qwb'fq_wJ{! ::w,f_u,UUJ(' t wb('W!),{_wr} 

{ nuwi1pnui p_('p q_wl,q.,f_wr}f,l, 1 

lJpµ ,Jwptrt/1 Yf'P {wJwpJbp <n

u w l, pf• ,J w 41, I'/,,,, J{J{! J" 1n w,f_ n pw -

u1l,u <w'u'f-puwl,n,J t uf,Jbw('pwJp 

w11w'ti ,gp, Wll(UJ '\ nuw'u.j!p Jf,p_f,1, 

o'iw·:111111,9,f_w<ttri/J.i"''i.,{! 4wf'b/p f. 
nf'nzbl 

( l · 105) 

l'wLwM1.m[, /Jf,,u!Jwt} 'll,111pl,('nuf 

-<:1up4wqtr(' t o'l-111,f_bl (1.104) f,i.imb'l 

('W[j,!J, n('[! [{I1J('btf, t fth('4UJJU19• 

U,1 ..;[,u,/,!wl mhul!nrf.' 

,, 

0 (),5 f.0 f3{h) 

1,q, 1.26. Lnuw L{'f, o?w\w'{l9,t_w6nL· 

Ptn'i,{' pLnLpw'l-f''"l. u{u l Jw . 

I. wb1,w9,t_w6 \ num!,pf, ,f_hpf,L uu,\Ju,L{', 

2. Ju,ll"'f' tf'fa ,;,.,,Jwpdb{' Snuw!,{'f, 

/unf'n<P 1wL J,ulflrrbn ,4 fl{' , ,1. ": w,[u,uw • 

f'"'lwrf, zwf'd,f_n,L Jwl'"'f' rrfa Jw'1hrb-

"-"'Jfll!· 

(1·106) 

l.t1uwLpf, O']-Ul,;UJq.b9,f_wt>nifJ1w'ii ,f,n,f,nfuJw'ii O('L'iipe eum h funf'nL

fJ1wi1 "f'nzt/._n,J { {bmkJWL pw'iiwJ.b.nt{ 

1. bpp h<HL, 

~=-1 ( 1-erfL2 l-h/H~ ) (1-107) 
2 1-ho(H~ 

45 



2. bpp h>HL, 

~=_!_( l+erft.O h/H,- l ) 
2 h .. /H,-1 

l I · ID8) 

npmb'L lrf-e uJuwlft f,flmb'lf'wlf, t, npf, wpJbpfJbf'l! ',wpbLfa t ,f_l1pw9H1 

J wpbJ wmft4wJ/t mbrzbltwlfpbpnLJ q/,u,/,'l_,J_ w<} W'lJllLUW',fJbpf,91 

U.hpw9,f_wJ .t:nuwflpnLJ (f,11pw</.1/t',w4wL Jbdn,fJ-inLLf,bp[! npnzbJ!,u 

Juw11flnLp11f, Jumn<PJnLfl[! l!L'1nLL,f_nLJ t .t:wumwmncfl t 

U,f, L; w,J_wuwpW,).Ul'f zwpJJw!, JwJwLu14 ::nuwLl'ft 011w::wq.b9,f_1u

ttmpJntfl[! 4wpb1f, t npnzbi 

h, I 
~=L75 tg, 

H.: l~r 
( I · l 09) 

np1.nh'L [ ~r -wJfl -1.wflw"fwpJ; 'i, t , npf,9 (bmn (nuwLpf, wbpw,9f,wfl ',wJnL

LwLmJ ti l ~r -e npnz,J_ntJ t Jwpnlp 2.PP u,b(wq_wuwpwiwtfi zwpJJwf, 

( ui,J_ wuwprnJf,9 iJ. .:; wJ w Uf Wmwufv wLn<J t tuJL fvnpni/Jiw1,l' , "f'l' 
npnz,[wJ t (1.102) pwbw,Hrn,f_1 

U.Jfi 41.np,f_wJpf!, npmL'lft9 t; nuwLp[! '1-'"11L11,J t wLpw9,f_wtt , ',wpbtft 

t npnzbi [!UU1 Jfa2.f,Ii Ulf'WlfnLPJwt Jbt)n,filiwt, "f'l! [!UUI fl'. 'f.. t/.n.1Lfal

llJwflndb94nt mtf, (bmkJWL mbu/!L, 

Yw=-6,63{gRcos<p(- / 1+15U ·~)( 1+2,76Vg) ··
1

, 

V pgR11 C 
(I· ! 10) 

npwb,,_ a=0,726 tJ/,[2 , p=1000 ',q./ J 3: Sb'lw'fpLtn,f_ p-f, Lt p-f, wp-

dhptbpe Lt C-t npn2bin4. f!UU1 UwLf,f,lff,' C= !_ R1/6 , ',umwLwL.p' 
n 

n 
Q,()2f, I I II I ii l I 1 1 I 

0.02 

QOf51 I : I t--t------+1-----t--t t 

10 l:J 

t4 . 1. 27. 1. 111 p wL,uJ.Lj, Jl,l JmLn'l 

E~"f14u.,~9f, 4,,,t,,,, ,Jl' n-f,9 I, R - f,9 , 

46 

V w =B V COS<ft ( l , 111) 

l;um R-f, iJ. n - f, wpJbp'l,/;pf, 

B lf"r<>wltfaoe :: bzmn,fiJ-JwJp 

npn2,[ncJ t L',. 1.27-n,J pbp

q_w·t) lfpw!pf,',f, OtfLrhfiJ-JwJpt 

'2.,u2,[wp',[! ·',wmwp,J_nLJ t 
'i,w/u Jw.pnlp £pf• (wu'wp , iJ. 
npn2,[n,J bf, h-f, .· tf,ntf,nfvJw'& 

itw { Jw!,fJbp[! t Swin,[ h - f,f, wp

dbptbp , 4w11ni9,[nul b'i, V = 
w 

= f1(h) Lt v=f2(h) ',npbp[!t 

lJ{Jb w J'1 ', npbp[! lh'i, '> wm,f_ nLJ, 

,iJ UfUl niunLJflwuf,p,[n'l_ t; wm,J_wJnLJ 

whpw9f,w lft wnw!wtn,J, 

1./ n11bpf, :; wmJ wt mb'l_[! mwif,u t 
[1-f, w1L wpdhp[!, npf,9 u4u,f_n,J t 
w bpw,9{,wt: Utw9wJ Jwuf, :: wz

,[wf'4f' 4wmwpb[f,u "ILmp t wbpw

.']f,wL ; wz,f_f, wnLLt ( WJ'1"1fiuf, :: w2 -

,[wp4 4=mwp,f_wtt t 4 .2. mJ ) , 

,,. 
ll~ 

O,J \ 
' 

0.2 

"" 

" 
0.25 43 

' "' ' ti ti /ft,, 

U.pw 9-u, :; nu!, bpniJ wt t; u, ,f_ w u wpw -

lw tf, zwpJnLJ umw9,f_nLJ t zwm 

1111111"!>. mb'lwJwubpn<Jr U.bpw9f,wJf, 

wnwpw9Jw}1 '1/,''{j!l1LJ zwm W('W'l 

t; w u u, wm ,f_ nul { :; w,f_ w u w pw~w ,f, 

2 Ul[IJ lllJ, 

t ~. 1. 28, ~o-o'l-w ,;w9h9,{_w,h,p1u,L 

~u.,funwr k · '{-" l'.}w~9f,9 , 

Ulpw9,f_wtt ::nuwLif, (m,f_wuw-

1"" l w,f, l wpd-J wf, '1b"lf!nLJ 2.PP h[.p[! 

~ npnz ,f_f, 

w 

Q==(l-~0 )ACVRi0 (1·112) 

pwLwa!.,n,f_ , npmb'l ~0- t t; w,f_wuwpwtwf zwpJJwL '1-b"fpnlJ Jfotf,L 011w

~wq.L,1J,f_wJnLfiJ-Jn<Lt t Lt npnz ,f_nlJ t [!UU1 k lll 'l"l'ttw49f, wpJbl!ft ti, . 
J ,28- nuf pbp,f_wt} lfpw!/,f,ltf, oq.flnLfilJwJp t k 'l"f't}w',f,9[! npnz,f_n,J t 

w 

kw= 2,23W sCOS'f 

VgRi0 

(1·113) 

pwLwal,n,f, npmb'l_ W ~= 0 ,24 J/,f_ 011ft p2mf,4Lbpf, 1,5-8 JJ Junznpni

.P1wL 11bUfpn,J , 
UL .:: w,f_wuwpwlw 'P zw pJJwf, '1-lUfpniJ wbpw9,f_wtt ( nuwtpf, Jfo!ft'i1 

" If W'> w 9-b9,f_ w<}nLf} J n,1, {! 4tf,L f,' 

h_- h 
PJn=~o 1 

h,. -h0 

(1·114) 

UL t; w,f_wuw{'Wl t..l.l'f 2wpd-Jw'i, '1-b"f.pn,J Ko filn'l_nLLw',n<fiJ-Jntfl[! npnz

q_n,J t 

Ko 1 0,65~o Q - ·'.i1(h) 
1-~ Vio ' 

(1-115) 

Lt Cb'l.f,ft pwLwalrn,f_' 

Ko=ACVRio =-h(h), (1-116) 
•17 



U.;u bp4nt 4nphpf, {wu,Ju,'i, 4bu,f,'i, 1:wJwU[wWwufuwltntJ bf; h-f, h. 

Ko-f, wpdb11Lhpf! wbpw9,J_wJ {n1,wLl'fr l_['WOffWJf,L zbpwf, {wJwp1 

U.bpw9,J_wJ {nuwLl'fr [pf,,J_ funpnL/J-JnLL[! n,pnz,J_n1..J t npU[hu OffWJf,lt zLpwf, 

b. 011-w1pw4wfJ-frLw1f,1t zhpmf, funpn,fJ-1n,LLbpf, 11-niJwp: <J,hpif,Lf,,, funpm

fl1nibf! nrnz,J_nd t 

V l-i0 

pwltwJ.h.n,J_, npwb,,_ M=0,7C+B, hpp C<BOJ0,5/,J_, 

M=48, , hpp C~Bo J 0 .sf,J_ 
~rwL911f, U[WU1hpf, ('W.[IJ.pnt/J-Jntfl[! wp,J_n,J t 0,3 J U[Ulzwpn,f_, 

bp1ipnp11- (Hntfu 

~b'l.nP'IIJl \l.U.,.1JJ.uu.ru.2u..i. .eu.rcJ-nNrc 
~ru. \J8-R\,bflflP11 

,1,117) 

2.1. CVl-.Zll\Jfl1'P Sb'l.bllfll•frS fl ft't.11,bP .I? PU.M.V\JbPti tl,bPllflbP:3 U.1, 

.J!pu,'i,9/!f! wp1:bum1114wfi y_pwu,wp L npf! dwnw1mJ t y_ntp[! f,fij!-

fiw{nun,J_ u,bqw,f,nfuhtnL 4wJ wp1:buu,w4wL mbqw,j,nfuJ'wfi y_pw1f,L 

mqf, t fiw,J_bpf,, J.4Lhpf,, ,j,wJU1WhJn,pf, I, wulif, ~u1tlwp: 

.i!pwL91'Lll'I! Jwnw1n,J b'i, ttl,r11-h"'f,4w1f,, n11nqJw'ii 1 ypwJwu,w-

4wpwpJwL, 4bqu,w1pbpf, ,;/,nw91[u,h, 'Aw{tw4w11[wq {nqbpf, inpw9-

Jw'i, 1:wJwp h. w1(ii1 

J!pwL9l'Lbpf, 41np,J_1uJl'f, a1,l' "- zw,j,bpf! 4wfu,J_wJ Li, f,pw iizwLw-

4n,fJ-1n1..Lf,9, {J-nqwp4,J_nq y_pf, huf,,g, b114pwiw,j,w4wf1 fJh.pn,fJ1nifif,9, 

'l-['ntLtnL hpf, wJ ('ff LP J ntL f,9 I wzfu UJU1 Whj!f, 4 UJ U1 UJ pJ Wb 11( W jll u,f;'i,l, pf,9 J 

bphuwUfW1NJw'i, ltJ11t/Jf,9 I, WJLL: 

fl'nLJl q.pn,ltmLbpnLti 2_pwL9j!Lhp[' wp,J_mJ b'i, 1,bqwfiwah. (Lw,f_wp-

4hlfr JbJ l_{'wL911LbpmJ' pwq_Jwlt41w'i, J.!,f, }, f,1,4 dw1nw1f,fi 11-pn1..ltmfih

pntJ' n1..qqmL41mL wJ.h.1 .f!pwL 91'/r zb Uf hpf, fJbl'mfJ J n,ltl! 4 wfut/_ wJ t 
q.pn1..Lwf, u,b1,w4f,91 frn1..1L qpntLmLbpf, 'l-bUfl'IILI} zbUfn1..fJ1111fi fJb/!n,fJ-

JNLL(I wp,J_n1..J t ,f,nj!p, f,1,4 wJn1..p q.pntbwf,bpf, 'l-bU[IJnLJ' JbJ: 

J!pwL9j!f1bpf! {wtwfu 4wnnt9niJ b'i, ,;w,f_wpn,f_f, hp4w/JpbmnLb uw

[hp/19 4wJ wJpnq2_w4wfi1 rf>nl'l' ;_u1,j,bpf, y_pwlt9j!Lhpf, {wJwp 011-mw11-np

Jn1..J b'i, 4f,1,wznwLw1f,L h UfLL1f'WP"LP4 4wp,J_wJpnt/_ ,,b49f,wfibpf,9 {u,.,_ 

,f_wl',J_wJ 1pwL9.f!Lhp1 

J!pwL,gj!f, bpbuu/l'{WtnntJ{! ,j,nj!pw9L111..J t l'{lllutbpf, funl''l-"'P"f''l-"L• 

/J-Jnt'ii(I h. lfp'AwmnuF y_pf, l1npniump y_pwL9.[!f, 111wwbpf, Jf,y_n9m/_, "f'I! 

mbqf, t n,LbLniJ JJwL9Jwfi {bmh.wfil'ni/_1 .i!pf, JJwt9 n,Je ,j,nl'l''"sfih

L"i ,;,,.,Jwp 4wmwpt/_n1..J t Lwl, y_pwh9j!f, U[Wutbpf, {wq.b9n,J y_pwfifJw-

,f,wLshtf, ltJmfJ-bpn,J_, q.pnifiwf, JbfuwLf,4w4mL fumw,gnul,. uf,ltfJbinfilr 

pw'lwltpLbpf, oq.mw11-npJn1..J "- WJ£'iil 
J!pwbyj![! bpbuwU[wm,f_n,J t pbwnltn,f_, u,1,f/,w[inph111nfin,J_, wu!j,W[ll1." 

,wpm¥ uwlbpnt/., uwlw{wu,w4Jwl, h. WJL tll,bp11,J_1 bphuwl1(wu1nulf!' 

F t""liwf, 1, y_pf, ifizn,Jf' f,p ,J_pw 1,f, 4wpnq ,J_hpgfibu IJ.Hpwdhz111nt-

;1wlt 11bUfl'n1..J y_pwlt9j!f, Jf, Uf'"U1f', f,u4 bpphJfi tt 2_pwL9l}'i, wJpn'll"

i[f,lt u,p,f_niJ t <hltwUfwwf, J.l,ni/_t 
.f!pwlt9p.ltbp 4wn.n,9i/_ht bf, ob'lnuf, {n,f_inniJ ,,_J;n 4400 inwpf, J. p.w., 

f, 
/, !/f,ltwumwLn,J' Jnm 3000 111wpf, J.p.w, llipwpmnif, l, lunpbq_Jf, 

"'1 · 'i, 1,/; /, ,//; /;J, 600-800' 
.t;f,'i, UfhmnifJ1niL'i,bpnuT nn.nqJwl, f.f'LU 91' {' '1wnni9'l l 

,nwpf, J.fJ-.w,1 
IJ-nwwumwltn,J 2,pwh9jJLhpf, zf,Linp111pnifJ1n1..h(I Jl,J [Jw,j, t Ull1UJ-· 

!Jbl tqbwpnu U.11wy_f,ltf, dwJwl,w4, npf, opn[! 4wnnL,g,f_bl t Pt[wfrn,f_Jwlt 

irwltyl'f', "l'I! Jf,wsLn,J t 04w 11-bme 'J.nfif, ,J_l;pf,lt {nuwLl'fibp~ {bin: 

IJbJ 1.. 11 4mbJ'pb('/• {w'lfJwhw4f,9 ,t1f11Tf,y_w1'1bu '>hmn u4u11tJ M, ftw

,.n,91,t 'MtUJ·II Uf[Wbf, <bin 4w.,,,f_u,J ,Ifo zwpp y_piuf,,gl}fibpt 30-w4wf1 

fJ,f_w
4

wLLbpf,L 4wnn,y,f_nd ht U.,,f,inw4 Jn,J_-Pw1{Jf,4 Jn,J_ u lfnu,41._w1f1 

wb,f_ wf, 2,pw'iiyj!lt bp[!, f,u 4 l. w Jpblt w4wfi J bJ 11( wmhpwqJ f,9 ,; bmn <J. "l

'lw- ?ntf,, l/wpw-4n,Jf,, l.wpw,f_ 9•nln'l-l,f, Uinhl1(f,, l.1nwf,uwJf,b 'l,pf,Jf, 

f(IIUh,']jJtbpp I, WJLLI 
lJ.JbfiwJb.t lw,f,bp ni'i,b'i, bw,J_wp4h1f, lf'"''i,9/!fihf'[!, npnb9f,9 4wphlfo· 

t {f,zwmw4hl Unibqf, 2_pwlt9l}[!, npf, lwJLntPJ"'f,'i, t 120-150 J, f,u4 

junp11t/JJntlt(I' 12-13 J, 
ou11[wp4btfo 1pwlt9pLbpf, 1wi/_w11-ntJb opfohw4ltbp bl, llnibq_f,, ff/wfiw-

Jw1f,, <J,. f,. {bLf,fip wfi,f_,uf, </.n111-w-'1'nltf,, lfnu4,f_wJf, wL,f_wf, lf'"'l,9p-

'i,hp(I k WJlhl 
bfJb 1tw,J_wp4hlf, 2_pw't.9phhpf! Jfow9fin,J b'i, p'iiw41uh 4wJ wpt:bu: 

mw4wL lf'wJpwpLhp, npnLI' qin)1,f_n,J' f,f, 111wppbp Jw4wp'fw4Lhpp· 

,f_pw, IUUfW Lpwfil' f,pwp Jf,wltnuJ' bl, 'lll"''lfihf'f, Jf,1119n,J_1 

UwJ;wfil'fibl' nifihsnrz qbinhpf, 4nq/!f,fi 1w&wfu l1wn.n,9ntJ M, q.binf,L 

'l_"L'l-UJ1:bn. 'i,w,f_wp4h[f, y_pwlt9.f!Lbp (2py_wL9nrz y_pwh9l}Lbp), npnlt9f,9 h'i, 

OLb11-wJp h. lfbpJ.• {wfflllf-WJ/r 2_pwL9j!hh['(II 
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LqU1Ju 'p1uJ'l'JU1'J1UJb 7Fwtl lq11Gm11m'1mJi/ :/1qJ'm'1 fl n11:/lJ9p 1Jfm'1mn 

upuflJqm qmff]1uln9l 009=i; i/tpu ilJu 
1
iln9'1 1Jmf'111mG9p Jupm11u11m'1 

l/111u f:/bmJmln fmplJ£l Jifui/rm'l'IJ'm G:/J'l'JiffmpJui'1 71fm1JmU'lfl 
:il,p1uU1nmJU1mln i/J'l'JifG'JmJl ]ruJ'lln'll 

£1Jm:r 11mif '~ JmUlmUlmn/lm 'Ju f.JJmJ :/l'l"fim Ulml ilp1UU1nmJU1mln 

l}iffmpJU1'1 f!:/FmtJmlJlmn:/,, •Mm :/GmJ 
1
J9Ulmlnm'l'l!r l9G1U-um'1 ~ ifUl'fln 

11,9Jmnfuifi 'JmJ'Ulmlnmn'IJ'l Ju i/'Jmif '~ Jm]rpli Ulml ill911m 1Ji/fm11mlJl 

-mn:/,, ilitG'JmJl LuG9rpu J9ifm7 f'IJ' fm]r,Ju41 b'fJ' i/U1111uJ'b ti/ilfm]r 
-JiJUl,, 11m'1mludmJmln Ulup Ulml 'lmJ'l pm'1 :/iffmpJU1,, 1J:/fm11mlJlmn:f'1 

'l'l p1uU1nmJU1mln n/mym:r ilJ911,ifG1mJl :f]ruilmpm:r LuG9r1,1u J9"1ml Jifui/r 

•Si/'JmJn pu19'JlQ tilil'fmpJU1'1 11:/Fm1mlJlmn1/,, ( p1upJml 'J:/fmp1UZ'Jy 

lu) Gi/J'IBmd ,,n:/ 
1
iliffmpJU1'1 11:/Tmf!mlJZ i/'li/1,, iffmpJU1'1 JmpJm:rm'1 

-mutmln'J 1Jm'1m'1:/1]rmJli:/!r Gi/Jq1JiffmpJU17 '1mifi Ju 
1
l'luim'11J ~ U1lq7 

1il1puFf/1U,,mf!1uLuel f'{pmq9pm :/tt1U pwifln9f.J 

:/n9J''l,,ml' :/iffmpJU1'1 :/'lmli'J'l,, 11F1u1171i/p ilJu 
1
ild'fmpJU1'1 :/n:/ln11fm J11Uf 

-7u'1 ~ ilfmpJ:n'1 JmpJm:rm'1mU1mln'l 11m'1m,,:/l]rmJ-bi/!r 'pun'/lnnFYJ 

:JruBul:/p f'f,mpnfuifiuif :/11v 71 

:/d9ifm7 :/ifG11mJl l'l'JGmf'IJ' ~ :/19Jmt, ilL.:/7'.m-uml 1Jm'1m'1i/l]rmdui/7 
tiffmpJ:n,, JmpJm:rm,,m:nmln'l 'lm'1m,,:/1pmJu:/!r i/p7u,,,, iliffmpJuit, 

:/n:/lnMYJ :ilJiluifm'J'IJ'm :/'l:/1 ilfi/bmJmln fm plJf/ qfl'l 'ilf'IJ'm'Jum 

:/'1,:/1'1 ilL4]rm-umZ 'lm,,m11:/TJrmJu:/!r ,,ni/ '~ 'Jf'll'm'J'IJ'm ilL:/pm-umZ 11m,, 
-mlr:fl]rmdui/!r mJ'J JJ'I 

1
ili11'1 f'IJ'm'J'II'm i/'rJmLueJ'r ild'G'JmJl p1uilln9u 

(:/B'1mfJub 11mFflwuJuJwudun/) :/flwF'J 11mpU1mlnmn9Jq 1mfpU1 71 i/nqJ 

_,,,,mp :/iffmpJui,, .:/'JmU'J'l,, '1Jmfe}1Uilqf/ 1Jm,,mfm7mJ,,J'I 1Jf1u'J1l:/J1 

ct.U'O'taJS'1 J1lJlJ'07'0ti'OS'lll!I'\ '\'Oti1ltiat1'ta1lJ-Lat7 ·!n; 

:P,ulnm'1 qg=q :/]rluJut, :/-4 fmp1J1UU1Jil :nnil i/Ju ''l-q 
Jiu7'1'JGm197'm l'IJ' :/,,mmuFLm ''Jmp'J :/iflnqli uJ-e ~ p1upf1ul ilJ:/u'Jll/ 
1i/qwFfl1u1Jfml i/'1mU1m!r 71 illJwf{!fwJunf lmpJu'J lqluJu ~ pwpl'Jm!rmfb 

,iJ1puTfl1UJ9JmJm:r q/q=g 71 i1Gi/'1mfdub qmFeJ1Uln'll •ilf11uf1J '1,mpU1mlnmn 

·qJ'I riJq1uf{!f1Uilqf/ 'lm'1m:fm7mJ'1J'I 'iliflq Lu]tt,JmLu£1 'J'I fmpJs 'f; 

1JpmJ'Ulm'11J :/-q ~ 
J•1U}iJm:nm'1 ilp1Uf1ul IJTm:/p ''Jml''l :/illnqli /,J-e ~ pwpl(lwl ilJ:/li'J"I 

1J'J1uf£lw11Fml :/'1m:nm!r lqluJu ~ p1upl1J.m:,mw 
:Bi/1J1uf('/1u1Jfml :f'1mU1m!r :/Gmd rJJ'l:fm7 4c1G'JmJl •ileJwF'J tJmp:nmlnmn 

-9Jq 'il'J1uf{!f1Uif'lf'f 'Jm'1mt/rm7mJ'1Jq 
1
17ill9 Lup'1JmLueJ 'J'I fmpJs •t 



K=ACV R- (b+mh) hC L / h =(~·+m .) Ch~:~= 
Y 2 h f2 

- 21 f+'m:i- mc11 2.s, 
V :z 

t;_w"i,..,~1,,,,1 a- 2Vl+mK- m (2 , 1: 
V2 

K=-a(hL5
, ( '2 -R J 

L.wzi[wpqf, { wJwp 1.np,[wrt l,i, Q, m, n, Jc, u1bmp t npnzbt ho-L L, b
0
- f,. 

L.utz1Lwpqf, HppwqwLn , fl"JlllLp \' /,u,L,JW[L t . 
'bwJu npnzi[n,J t LnpJwl fln'l.n,1, wqn,f1

1
n,Ll!' 

h J h 
R= - ,I 

:! 
C ,ro.s 1 

llfrtwpqn , J qwmwpb1n,t. qwJ K = f(/1) qnpf,9 ho- L npnzht"'9 t:hwn 
npnz ,[n,J t b 1w1Ln,fJ1n,1,l!' bo= (:1h

0
, 

lJ.pw'ln,fJJntLLlp[• fpwL9pLhpnu} u1b1.np t pwi[wpwpbL 

Vm;n <v<vmax (2,9) 
"fWJilwLf,L, np1.nl'l. Vm ;n·(! fJn<J[tumphtf, L,[w'lw'l"<JL wpw'l"'/JJniLL { 

{hpphJL wLi[wLmJ I.L ,;•n,Lf, l1.n'l.ilwqw1JwL wpw'lnLfJJntL ), Vmax · [! 

/Jn<J[Wl.npb[f, u1n.w,[blw'lnLJL wpwq.ntfJJni LL t { bppbJL wL,[wLnd M, 
,.;n,Lf, wLn'l.n'l.bff,IHfJJwL wpw1jnifJ1n,'i, ), 

\' >Vmin IJ/WJilwL{! pw,[wpwpb[tH wLt:pw d bz mn,fJ111,f, WfJ.tutwLnul 

L bpp lP"'L9p J1.n1,n'l. l"'Pl! "ftupnr'iiwqn , J t qwju,{_wr} ilwuLf,qLhp, 

!11.n'l.Jwqw1JwL ilf,tf,L "'P"''l"'/JJnLL[! qwpllfr t npnzbL 

Vrn1n'"'"'e VR 
pwLwl.L,f, o'lLn,fJ1-·Jp, npu,b'l. e 'l"rr.twq9f, wpdhpp, 

l!P qwju,{_w,} ilwuLf,qLbpf, d ilfrtf,L 1.npwJw'l.tf,9 
[!LU1pb1 2.1. w'l.Jntuwqf,,91 
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u~2 

(2 · 10) 
qwJu,[w.t pbpi[w,t . 

(JJ) , qwpb[f, { 

d.:1,~ 
JJ 

0.1 
0.2 
0.4 

dt!h e 
J 0,5!if.. JJ 

0,22 0,6 
0,45 0,8 
0 ,6i 1,0 

!J4w"lw4sif..wc> 'lf'n,funLl,I' ' 
,f,r,z f, , 111/,11.•I 
u,i[w'l. 
'flu,u,~n"l/r,; 

'iw"lw411if...wc> 'frn,J,.,,f,61'' 
4wif..ww,fm'l. , wif.w,w4un/. 
4w,f_ 

rfu,jlf.UIJ/,ft q('ntl1Lnftl,I'' 

l,u1n,f_wlf!wJ/,ft W"f"' l'Ll,p 

f'J "L/11,.,ZWJ/,f, Ul"/Wf'f,l,f' 
fJ.Jp w 9n,Jf,l,f'' 

,ff,wz hl'"' uwi/r4 
bp4llpLn UW[/r~ 
P.l,u,n'i.w Jfr!, l,l'l,uu, "{'"'"'"'·" 

e 
J O.>/ ,{_ 

0,82 
0,90 
0,95 

l/.'lJrtLUW4 2 , (. 

d.t~, 
JJ 

l ,5 
2,0 
3,3 

1,03 
1,10 
1,11 

(2. 11) 

f}, 'l J n L U u, ~ 2 ,.:J • 

0,015-0,20 
0,2 -0,60 
0,60-1,20 

0,7 -1.0 · 
1,1) -1,8 

2,5 -4,5 
20,0-25,0 

3,[I -3,5 
3 5 -4,5 
s:o -10,0 
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(3-3) 

d dh 
dl(hcoscp)-cos,- - hsin'f dtp. 

dl di (3-4) 

ct ( o· - . h ' h 
dl 2gAi ( :i: t k- 1)=(-i ~k-)--2_ dQ __ 

R. Ro gA~ di 

-(cx±k~)~ dA±~ _k rlh 
Ro gA dl 2gN Po dL' 

npmb'l. 

pzuLu,J/,.n,f_, np1nb'l. 
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(3 -5) 

(3-7) 

{ 1,0>a>2/3 

,ff f w4uljj!nlJt 'i,pu, wpdb/!(! qwfu1[wJ { zbUfn L{Jjwl, q.n[1.}w/J9p Ulf'Jbpf,9• 

'/-,,l'c)Lwq111h <wz,f_wp4Hpnd 4wpbLfa { f!1''1n<hhl cr=0,8-019 1 Uw4w f1i 

,,,
1
u 1; u,p9{! ,f_Lp'l_hw4wLwUfbu "/w{'qwpwh,f_u,.} it I, "lw -\ wh'l_nLJ { t;f, _ 

111 '. , , 'l n ,nni/J 1ntLhlp: 

1.wz,f_J, wnbLtn,f_ qwinwp,f_wJ dl,w,j,nfurafJJn<hhbpf!, quinwtwtp 1:h-

1,,,4{, wt'>· w,t_wuwpwiwi/t zwpdJwL t:f,,/"1,wl/UJ1, '1fa!f,bplh9J,w1 { w,f_wuw · 

[lflllf(' • 

dh 

di 

( 
dy:,) . Q' Q~ ( h )iJA Q ( h )dQ· t+h- s1mp - --+- 12::tk-- - -- ~(2 - a) ± k - -
di NrrR gA1 Ro rlJ g ~ . Ro di 

~(' ( h )IJA kA \ - ··· ~ 
cos,i - - , ± k- -:-+ - ) 

g r\ " R0 di :.:'.l-< 0 

(3 · 8 ), 

fJ.1uml 'l. wh4 w ju ,J, nq, n ju w4 wh { 1> w 1, w Uf tu[' "> p' i, /w q q w hq J n , L l' 

q wUft/. ,uJ { tp w ,; bin rp = q;( l} qwU[ ni/ 1 

<Phwp,f_n'l !f1n,hq9J,wh h fr,npn</JJn<hh { '> wmwqf, 'i,np.J' wlf, "''l'l"L

/J 1 UJ ,J"p : 

Umw9,f_wc) (3.8) r1-/1!f,bpM1,qf,wl '\ w,f_wuwpJwl: whq.wJhbpl1 n,1,/,'f, 

-; f,u,/1J ut / f,Jwuu,'i,l,pp t 

1.wJwpfilr wnw'l.fah wL'1w,ll' Hpl1w1w9Ln,J
0 

{ -; wmwqf, fJif!n</JJw'u 

W'l_'f/,9nt{Jjnl'f,(! ,;,111/rnfuwf11uh flbf!nlfJJUl'f, 'fbUfpn1J
0

1 {;{'f.u,'i,u,Jf,1, q11v 

thpqwJwghn'l Ufpn!f,J,1J, 'fb''IIJ"'J f=Ro(f I,_ dl = Rodq; , f,uq d1p/dl= 
= 1/R 0 , 

1.wJwpJ,if, bf14f'"f''1 w'i,'1wJp { wz,f_f, { wnhn,J" tHp'ff,w1J, qn -

pnrnmHpp ( w1t 1: f,,,pwtf.Lr4w4wt qwJ 7.f,Jwl, /Jbl!n,/J1rnhh {) , S,f_1wl 

'l/;"l/!"'J "'1" wh,,_w.J"p n11nz,f_rnJ { tbqf,f, pwhUJalw,f_: {;[;'I.far q.np.twqf,9,.,-

1 
1: wpJwp { nprrzb1 ~} . t . ffJw,f_ln,f_u4n, C= - RY 9n,9iw1J,L pwl,wJ./rn,f_ 

n 
1 

l1wJ llwL'i,f,'i,q.f, C= - R116 pw'i,u,l,.1,_n,f_, y 9n,9h_p 4wph1J, { npnzhc 
n 

&. Li. ff/w,f_lrrtf.uqn< (1.48) /{'f,f pwhwl,.l,n,f_ qwJ y=(l ,37 1,S)fn q(!{' -

4w111 pwhwl,.l,n,f_ t lJJ,p { bmw'l_nLnnLf}Jnthhbpp !]"'19 bl, in,f_l1, np qp l> wm 

pw'i,u,J.l,f,9 O'fmtf.blf,u 4wpb[J, { umwhwl 'l"f'J'f,.,,4.,,1, fuh'ff,pHpf, 1: wJw 17 

,lf,w!,'lwJ w1h ph'f-nil,bjf, Wf''1Jnd1/!hbp 1 

l.wJwrrlr bp{'"f''l- wfirf"'Jl' t: wz,f_J, { wn'i,n,J { n,hf, "l "ff'f'l_UW -

111f,qrr<{JJrrth(!t ffJpf,'l_JwmJ,4 t:n,Hpf, 'l-b"lpnLJ iJA/oi= O, I,_ IUJU ,u'i,,,wJ[! 

tf.l{1w'i,n,J {, 

l. wJ wph_f, l"f'l'"f''l- wh,,_wJ l' :.; wz,f_f, { wnhn,J ht pf, ,f,nq,nfu n,(J J rr,hp t 

l.wumw11111t'i, ht/!r ,,_bUfptr<J dQidl=O , /, WJU w'i,q.wJp ,f_bpwhrr,J { , 

{i3 
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L9 

. · 1ililq'1,'14</;m Ji, 1/J 7d u '1 It rnl, '1, -.., f'" 'I ,f fii.u r1J 'i 11 in.(' 

U1mb-;,, lrn11,Jri,i/i, 11 Jq11,dmmlnmj, l,fJU111,J 'j JmrJm:;-p1uJgd/;,qi, lu'JI/ 

•(11,lfm 'I il11,1ufe}wJm'1Jq ,fJm1 'm'J], 4LmU1nmurn pm'1 4'1mmm:, ,Ji!fl,pn,.U 

J111ul11,y '6'JJ' 4'1Jm],lm:, p1u11,urp '1,q7 if11,mJ11, 1£/'I 'il11,1ufd'1uJm'1d7 / 'l 

il11,wFfi111Junf LJ 4d11,mnu:,J ilJg11,dqpJm 4J'/'1,m4fi'11pu<f; '1m-li11,mr10 11,g],l111lu 

64JnU1m11,4bJuu,, ,JJu,, 4f1l'ii111J'1'1m:p urmbm 46md Ju 'lqpbm~ n'lln'l,fm 

'1,J,JbmJf 'j Jm pJm:, n4fqJm U1 m'1 il'1Jm ],lm j J pmf £1w11,ln t/·nn 

111,7n/u,f,'1 il11,ml11, ilJnrm'111,m luluJJul 11 u,JuJ'1J'I ''f'f671llm ,Jl,JJ 

-mpm:;,, 11,mpJmnm],m:, (f?"G) mlnm ,J11,1uldwLL-.u '1m11m'1111,'7 'l,,,!'f"/11,l 

pplm il11,qJmpm:, il'!1ul(i1ULL1U 11,m'1mJfi q{iq 1ilpLu'1 '1mum'1m:, 'lmpp,lrnl 

'j 1nu"J,nfu,f,mL,1ur ilurg'1m11,db'1n ,f'1Jm],lm:, p1ud6'1,rn1U LuG,Tll,'/'I, 

''iml'I, 
'!m'1mnmllmd 'j f'lUpJm 11,,Jllmi! 11,m.rJbgU1'1,t/ J•m'1 .~ f'1Un/uf Jrtml'! 

ii p1uJrnnm "J, m:, lm ,J6 '1, '/Jg </;t/fi 11,m ppJml 'dp111 l£lrnLL1u '1mum'1 m:, 'lm i' p1iflll 

.f'11uLg:, 'j J1w71Jmurm'1 ilp1UJbgU111,4 JJ7 'r111Jq1pu:, l14ur,npb,Jtf/JJ 

17 11 lJ ,"J,uJ'f'l,Ulm'l,4-liJuu'1 11,111'1mJu"J,un lg'1mrpuJ 

-ml 'j 41g1fm'1 17p1uJb7U1'1,4 •61um11b '1,mF.tf1u1lunf 11,m'1ml1,Jut,JJ'1 7'11lmrrmu 

-q:, ],u,f,m7 luJu ,f,ulgnfu,f, ilJ,1L7U1 4-J 11 t/-q 'j rw"J,dmmm'1 J,r1uJb,1111 

"'1,</ 1( p1uilfm7'Ju,'1 11,m'1m11,db'1n 4nu:,mbmJm ,'1m'!t/do) 'jl uJb ill,JJm11 

-m:, 11,mpJmnm],m:, .1m4G11,qJ,1</;4fi 11,m'1mr!db'1n ['1UU1'f'1 Mm J11 '/i"'l"'.f' 
-f min 11,f m ( il-Jp/4p 7£1 7,;) il pwJ111rrm /1n1:, q p /JP I 1n11 f,Jb '/i.Il'l,~ (d 

, 1"J,ulfmi! 11,m'1mJu"J,un 'j pw"J,'1mrpuJml Jpw1lhgin 

-11,4 •Gwmub fifm ],ulm11,mug:;,, "J,u,f,m7 Zu,Iu ,],uUmd' Ji!u,f, 'j rwf,Jmu,mf/ 

ilp1uJhqur11,4 G4i!qpJ'm Mm 11 (64£111u11,d 4J11'1 f"'rn/m'1 •J,fo,f, tm'1 f'!.f') 

],ui!:7pJm urup u,ml 11,mJ11, 'j pw"f,11,4Jr11nfu,f, JifgpJm 4-"~q (m 

• /111! tJ ,, 

lmf11ur7:, lg],Jm], 'j ,JlqJm'1 .r1UJgi!h,7b 4n4lnM'fl ,Jmpm:, ~lm11,gdq_rr 

'j7 4Tq11,1ub11,il rnu JmJm11,rn'1m'1,d mlnm '( oc =Jp/qp LqU1Ju j 6,J'!w!f/ 

-wJunJ 11,m'1m'14m4J'1 'j prn"J,n'1n ,lJu/1 4tJfrn11Jg'1mp mmLm 7£1q 

,illnmb 4dgpJm 11,irnbm"f,ml mJ11, 11711,4!' ''j r•u"f,6m(? 

-gp illfmi! 11,mpJb7in11,4 'pw],Bmmn 'j Jm'1Jq mml il'1m11,mpmp 1ul,1l11111 

'llfQ ,1 JmJm],md illfmd 11,mpJh,/U1'1,t/ mh,m ''1,'I .rw11,'111,ilpm:, ilJnd'lf 

-Jm Mm 'JlfQ ,JJg11,ilgpJm 4'!ml'Fmln 11,,J/'m11,m.r:,m11 mJ11, p111'1,Sur,r 6'1.I' 

4Jq11,il11,1ufbJm t/'1Jm],Zm:, mlnm 'ildqpJm '!m'1mr!n/m11, mJ11, iln,g f'1UUU1fj,1 

'i'IJufibm11,J if'l,lff' Jmpm:, 11,mpJ1n11,il 1/lfmif 'JF1U-bm],m] 11,mpJh'l"''l•/ 

1il'1Jm],lm:, lg11,GgLml,11,mfi urn1/n/ 

'j LuJm'1 il11,111F(i1uJu,11,il 41l'mi! di!u,f, {>mpJLipm11,,r4:,7 11,Fm'1m{J ,Jilu,f1 

,,mb11,m OOl 64-oz 647fmi! 1ul7lnin d11,q .rrnJ1n11,il i/11,7,(' il1Fmil '1,mpJilb 

99 

-'fU1'1,r.f 1"J,ulg'!l'I G4eJ,f1u11,J ,JJu'1 4(ihu11Jg'1mp u,mbm 11 64J911,11,rnpfmln 

4Jb'lnf fgJU111,J 'j i/u,g/,, (J11,1uFf11uu,ly) il1fmi! 11,mpJb7u,'1,</ tm'1 ·11,Fm 61/f' 

t/-117:, ozot·')3 '1n4 
1
ilJ,JbmJf t/mU11Uf-r'Jb11,1u11 1n6mp 'j i!mgln 69p 

41m11,gdg,(' 'mJ], 4-((9<;u-mJ'1n<J)) Jl<t 4'l4!' 'j p1u"J,Jmu,m,, il'1Jm],lm:;, 

JJg r p1uifln7fi '!mpfJubrnmbo 47'bql 11,mJ{iJUlf; 11,mpJu"J,rnJbmJtl · 

-mmbo 4ilg·nn <cg-e 4J4m'I.)) 

if'l,'I lq],m il11,wf£1,u],mmlnmnfm'! 

lfUp1U(?Jub 

(uv) 11,4],b91 11,mpJu],mJhmJ(?m11,ct11,4 

p,uJg'!'1Jm],lm:, fmJmu,m'1 J'lfl 

,64buf1gp 

(?mfim'111,m6 l,JJ,u l{J,m-bn 'j ,J17Jmq ,(SQ)!~) t/11,mJ£1Juq; mr,J 'j '1,'1,fw11, 

tm'1 (1d) 71uuuef7.f' 4/J1U11Uq·gb11,rn11 Jnfim11,m'1rnJ4 j Jm,('Jm:, 1/p1uJb 

-qu,'1,</ 11ub71. fmllm'111,m6 lgJu,11,il 'j 41qJm'1 ~mpm:, '1,mpJu],mJbmJQ 

1(11,lfm 11 ,Jln4U1 <rmJ'111,J» 'cr4J4mri,))) 

7'u-J17t 11,mFe}rnLul4,t. ,li!u,f, il.rrnJ-b,/U1'1,t/ 611,mJ11, .r1u11,vJmfi '1,'I Ju],mJm11,:, 

uu •(.r1uJmnrn"J,rn:, '1'11' ,J-bJm'1 11,4imum i',11Jm,J611,•1Jg<f;4-li ],4JI) '1,I/ bJmln 

,.:mil11,Fm ,7J,f'l,.(11UJmnmpm:, nfm fi,Jui•1'1"'"'/II1 11,ml1m'14mmp7eJmJ1 

1vJu,f, 11 J111,il4l9mt/-b u,r,gprn:, mml brn'1gd 'l"'l'fJub 

•mmlw 1/im'1t/11,n/qut l,J],lm:, 1/rpu ii.Ju •Jrn.rm:, ,JJngp11,4 4P '1,7/'m '1,!/ 

41m'1,m'111m:r 11,m'1411,nfgm t/'1Jm],lm:, 11 ilp1upbm'1 4JgJbmJf 4-nN 

, ],u J7-bJm'1 6L ud l' m '1'1 J'l u ],JgdJmu, ilJg'1,'7,lUFe}wJmU1 mu, 

-mnflm 4Jn'1Jm],Zm:;-JpmfeJ1u11,-bo 4·J17t 11 •trr.l'dbqu,11,4 Ju7'mmu11 

( .J pm f eJ1u mly. 

ii p1U Jb "U111, 4 

tp1u11,6mfm'1J'f'! ,J7 '1,1uff1,uJm],pb 4P 7u 

f mllm'111,m 6 11,m pJbg m11,1/ 
1
Jmpm:,, 4Jgi!lngi, bJmdm '!'l f'm 

4J'Jl'f,p111Jmnm],m:, /nr1/fi11,qJg</;t/fi '1,m,('pJm:i 1ilJ'f'1,'7,1Uf{f 

-1uJqtl d11711d Mm :, 111u11,fimJ•1], G,Jpm-b11,m,f p ilpwumJ4'1 4J7"J1(~ 

,Jm pm:, 4J7r/,Luf-bm n/m 'l-,f 'l'l,gf'l,4 '!7 

41q11,m11m:;,11,m rm'1 '1,1Ule}1umly. Ji!u,f, '1,'1'!111 11 'l'I f,Jn,J mml pm,, if11,mJ11, 

rnlnm '11,t/J'{'l,bueJu1 11,mpdbgm'l,4 Ju],rnmup (11,lim 11 i/79 11,m'1mnfu,f,11,f, 

,Jn1u:, '1t/mmpb,JJln ?u) .rwJqi!lnqu bJrnd ,Jl77'm 'j prnJ7dmJql• lrN 

''1,t/Jg11,rn:, '1t/U1m pb,JJln d pmf (iwil7£1 11 "J,uiflq 11,1uu,mu, 

-nm:, '1,fm1/1' 'l,'I pwJ9.lm1h], 11,d11,4nFm ''1,'17 4'lmpLu'1mpm;;, drimJ11, Mm 

,J6mtl 111,1uFeJ,uu,ly. di/11,f, '1,7'1,IU ''!'I Jmu1mU1mnflm urml 
1
Jq11,'!1uFeJ1u1g'1, 

-lUb'l,il ur4lnu'1 U1nt/n/ '1,!/ J'lU'1m11,1uJmln ilJq11,-liu(i,/!' Ju ],mwu i' Lufig11,1u 

rpuie]wfub 11,m_rJ-b7U1ri,4 '1,l/Ju'14U147m,m ,prn"J,J-b,1ur11,4 4? '1,'!Ju,,4u,4Jm11,m 

pwJqi!ln1b Jupm'1,11mp bJmln ,J19"J,m '111411,Fw11, 11 pwi!lngi, Jw11,m:,b'!il 

Jp1uJmnm7'm:, 1m4611,gJ1q;4b (g·e) '!"'!'PJml ,f,m7mJmnm],m:,11,'f] 

11.<!RlUl ~.JQlftlll7 •tll.1lct ~Jl ll.llJl,Ji:iQS
1
~<t 'nl.R.J1lnlltill7 

)lltl~,11,11.JQq;,;-t, 11.llJli'.Jll2 ~ti•tll't,q?' '1tUJl>lU-tl'O..J<lti <1-JlN ·i·g 



3.3. fflflNllTU.St>l1 ~rlJ.\,8-l'\,brnJ>tr U.!l,U.S lTU.~brb<l,IIJ>Slt't> llllPbflt> 

~u.11-nMH11>trr, iu.usu.snM" bVt> b'l ~brn1>~all.t 'l-bffl-l'HJ>tr 

lh,'l,wp~h'l,/! ,f,n,f,nfa,w~wL pLnLfJwq.pn'l .t;J,,wwi/.LJ,~w~wL JUnt-

fJJnLLLhpn,f_ 1.pwL9f!nLJ .t;h'ln•~J, zwpd-JwL JwuLw,f_np 'lhuu}hp[!, npnL;, 

,f_hpwphpn<J l,'l, t;wuu,wmn<'l, fJll!n<fJJw'l, L. h[j!nq 1.pwL9l!LhpJ,L1 

U.nw'l,.AJ,1, JwuLw,j_np 'll,"l/!lp[! /!'l,LwpqbL/!, u~uhln,j_ wJl,'l,wlJ/wp · 

,,_t,9 , wL9H[n,f_ w,f_btJ, pwp'[bpJ,1 flp,,,lu fJ,f_w1/1L opJ,LwqLhp phpbL/! w/u 

opJ,L,.,~Lbp[!, npnLj! J hp qn'l._J J,9 qwm wp,f_ bl l L qn'l,~ pb u, ~ wnn19,f_wt}l!

LbpJ, ,; J,17-pw,f_tJ,~ w~ wL ,; wz,f_ wpqLb pntJ I 
'bwfa, umwLw'l,/! (3.8) (!1,17-.t;w'l,ntp '>w,[wuwpJwL JwuLw,f_np ffb"l-

j!hp[! , WJ?- .t;w,f_wuwpJwL Jb1. u,b'lw'fpltnf 

1. b,,J, .t;wuUJW<nnl'l, LJ.LbLn< "l'-"JJWL[!' aQ;at=O, 
dcp 

2. ,Rpw1,9j!J, fJbl!mfJJwL t;wu1.11wwnLL tfHtni U/w1JwLp' --aT = 0, 

3. 4>n/!p fJbl!n<fJ1wt fpwL9j!Llpnul' ,in = s imp=tgcr, coscp= 1, 

If l,t) fJhl!n•fJ Jnt'l,LbpJ, 17-hu1/!n•J' io = s incp, J,u~ cosq: =F J: 

4. ,RpwLs/!l! "IPJ.'I.Jwu,J,~ f aA/ul=O, 
lJ.Ju"IJ,un,f_, (3 .8 } -J,9 l1u1.11wLwLp' 

. 02 
dh 

1----
0 A2(•R 

--------
di .~ .oA 

gA' ah 

(3 · 11) 

l'Ltwp~bL/! (3.11) {w,j_wuwpJwL J,'l,mbq.pJwL JJ, j!w1,J, 'lh"lj!lpz 

1 . 4>nj!p fJbf!nLfJ J wL, ,; wum w1.11ni1, l w J1,n<fJ JWL, n<'l'l u,'l, qJn<1, ~ mp,f_wc}-/!J, 

1_pw'l,9/!' 
,Rpw'l,9/!J, qmp,j_wtt/!J, nt'l._'1._W'l,qJnt'l, tf,Lll"' u1u11JwLtJ.pJ,9 qn,LbLw1,/ 

1 
A=bh, x=b+2h, aA/ah=b, p1u9f, WJ'f n,LhL/! R= A/x, C= -RY, 

n 

q = Q/b, S b'lw'll'll n,j_ ( 3, 1 J} ,; w,j_ wuwpJ w'l, J ht WJU U/ w JJ wHbpp, 

~umw'l,wL/ 

dh 

di 
(3 · 12) •q• 

1 - - -
ghl 

U1.11 w9,f_ wt) 'lJ.!f,bph'l,9J,wl ,; wq wuwpJ w'l, J ht_ ,; wum w 1.11nt1, J ht)n•fJ JntLLhp'ir 

1,1, i0 , q2n2 , a.q2/g, 2/b, 1 + 2y, 

68 

llp.,,hu uw<Jwtw1J,L "lw1Jw'l, ~wpb1J, t ,,q.mwq.npc}-bl zpw'l,9/!J, 

u~'l__pn<J ~wJ ,f_bp1.n,J h'lwt) fa,npntfJJnL'l,[!, np[! npnz,f_n,J t 'l,wfa,np17-

( ~wJ '\Wfnp17-) i:wm,f_wt)j, .t;J,'fpmi/.tHwqw1, .t;wz,f_wp~J,91 

OJ1Jtli.w'4 S.1: .Rn•p[! wputw-\nunLJ t ,f_w,;wLJ, mwqj,9 {1,q, 3.1 ) , npj, 

pw9,f_wt)/!1, f a=0,6 J , btzn,Je' H=3,0 J, zpwL9pJ, [WJLn,fJ1n•1,e' 

b=16,0 J, .fJbpnLfJJnL1,[!' io=0,008, funP'l"•P"l''l"'fJJwL q.npt)wqJ,91/ 
n = 0017, 

ffJ w'\ w'l,t,f_ n,J t t1.lf -J, qJ,pwnntJ n,f_ ~wnni9hl w 'I_W<n J wqhpL.ntJf/j, 

~"Pl!' 
( n l t) n l J, ,RpwL9/!n,,l uq,,_p1,w~wL fa,npntfJJnL1,[! q[J,1,J, ,f_wt;wLJ, 

<nw~J,9 'fRLf'U hqn'l._ 1_('/, AJ/,'1._J,f_wt) f,,npntfJJnLfi/!, rlf'(! .t;w,f_wuwp t. 

h.=, Ea :::::: 0.62 • 0,6=0 ,37}. ,I, 

npmh'l E=f ( ~ ) npnz,f_ntJ t q.pwqwLn,fJ1wt Jl1_ pbp,f_n'l '-"'lJ"LUwq

Ll.pj,911 Shuw~wpwp ht/!l! npnzbL/! U.. U.q.pnu~J,LJ, JhJln'ln,f_. 

q-fH/i2<1:>(-r0 )-=z0,95 · 3 o:i12 
• 0,514-2,54 J la/· J, 

h. 
'tu=-

H 
0,372 

3 
=0,124 wpdhpj,1 

llpnzbL/! ~pJ,1.11Hw~wL fJhj!nL/JJnL1,[!, 

i = gx.'" - 9'81 
· 

17
·8 -o.oo31I<i =-0,003, 4

,. 11C.;b \,l,5 3,46~-16 ° 
npmh'l qpj,u,J,~w~wL fa,npn<fJJn<L[! L. 'bpwL -:wJw"fwu,wufa,wLn'l J/;t)n,

{J J niL Lb I' I! ~ i/i f, h L' 

ht, - 13/ llqi_ 13/ 1, 1 • 2,542._Q,896 ,1, 
V g V 9,81 

A4,.=zl6, 0,896= 14,3 '.i6 J 2
, Zt,.-16 -I 2 • 0.896-17,8 J, 

R _ 14,363 
tr- 17,8 

,10 ,5 
0,~07 J, Ctr .,. 56,4-

,J 

I' wLJ, "I' io >,i ~fl w 'l.WU1 J w ~l,pL.n,,PJ, qnpe q,J,LJ, 

fJ JwLr wuj,J mnmJ,~ J nmh9n'l C2 mJ,"fJ,' 

llptrzl.L/! (3.12)-J, t;wu1.11wu,n,L JUnLfJJnt'b'bbp[!• 

I ~- L fl-.,,Jw!J"'L , /}, , b . Snn,,u,'t, , l.Jr'Jpw/.1/r~wJJr f,,L.,rw9/,r-,, •ilft/U JM:t , 
(1 184, 

69 
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2Q~ A" - --=~ 
g B 

a()2 __ ..,.. I, t . 352 

9 81 g 
137 .36 ,r. 

A=(b+mh)h=( 15+2h)h, B=b+2mh=l5+4h, 

Swini/. h-f,L 4wJ;u1w4wL 111pJbpLbp, npnzqnd t h4P =0,817 J, (3.13) 

2111qwuwpu11fwL 1wuu,wwntL JbJ-n,p1n,f1Lbp[! 4Lf,Lb'i, 

!lQZ 
--= 137,36 ,15 , 

g 

Shrzw'l-l'Llni/. ( 3.13)-f, Jl,'l i,_ tl.lf- f, o,,_LntfJJwJp f,Lurb'l-f'blni/. lf'P 

zwpJtlwL .C:w4wnw4 n,rzrzn,fJJwJp ( npf, .t;wJwp .C: wi/_wuwpJw'i, Lzw'i,i' 

4'nfui/_n,J t) [= O- f,9 Jf,Lll, f =600 J wpdbp'l,bpf, .t;wJ,up 4uu,wLwLp 

wqwu, Jw4Lpl,n,.Jflf, 4npf, 4nnp'fp'i,wu,Lbp[! 

l ,J I 0 100 200 300 400 500 600 

h ,J I 0,817 1, 130 1,249 1,336 1,406 1,465 1,517 

L4 . 3.2- mJ 9n,J9 t wpi/_wJ- wqwu, Jw4bpl,n,1flf, 4np[! t 

3. l.www4n,J .t; wu,nwu,mL [WJLni.f}Jn,L n,Lb9n'1._, ubrzwLwill, 4mep

,f__wJ-p, [!Ulll -SwLWUfW{'.C:f, ,f,n,f,11fuw4wL zl,,,,n,fl1wL 'l-npJ-w4f,o n,Lbgn'l 

,f, npp fJb1w,fJ JUJL lf'wL 91' ' 
~pwL9pf, WJUUfpuf, .t; wu,i/_wJ-Lbp .C:wL'J-p"{nul b'i, wLgn,JwJf,1, Jw

ubpnd, hpp ub,,__wLwill, 4wpqwJ-p{' 'lwn.Ln,J t NL'1._'1._wL4Jn,1, 4wJ JbJ

zbt'/_tlLfJJwL q.npJ-w4/iB£' wL9LniJ t ,f,npp zb,'fn,fl1wL q.npttw49f, L, wuL, 
bflb fpwL9pf, uh_pn,J t, i/_hptn,J zbUfn,fJJwL q.npJ-w4f,9LbpL bL 

rn1 k m2 k pu,n -SwLwUfwp.t;f, Wj1t ,f,nfui/_n,J t q.J-wJf,L npbLpni/_ , WUfW 

npkt 4wJw1w4wL 4mpi/_wJ-pmJ zb"fn,fJJwL q.npJ-w4f,9{' 4tf,Lf,' 

( 3 · 14) 

npmb'1._ 

a=(m1 -m1)/L1 

72 

Uww9i/_wJ- (3 .13) .C: wi/_wuwpJw1, Jb2 ill - [! ,f,11fuwpf,LLtni/. ( 3.14) 

wpurw.:wJmnifJJwJp I, 4wurwpb[m/_ ill,w,f,nfun,fJ1n,LLlp, 4umw1twLp-

,; wzi/_ wp4 w1f,L 'J-pf/>bpb'i, gf,wl ,; wi/_ wu wpn,J .t; /,u,l,Jwl u,bu pni/_' 

. Q2n2 (0+2hVt +un -at? )l+:ly 

dh 
10

- ((b+m1 h-Hlh)h)2 • , lb+m1h-a/h)h 
dl=--- l- a.Qi • ( b+2m

1
h )-2a/h) - -- --, (3-15) 

ll Hb+m1h -a/h)h)3 

Op~Gwlj S,3: l,wmw4n,J b=5,0 J .C: wuu,wwnS, [WJLtr,fJJniL n,1.b

ynrz 2pwL9p{' , npf, /JLpn,fJJn,1,L t io=sinqi=0,0995 ( t g cr=0,1, 

cos q;, = 0,995) L=2,42 J .t; wwi/_wJ-nul mLf, 0,3 - f,g Jf,Ltl,_ 0,231 5 q.J-w -

1f,L opLLpni/_ ,f,n,f,n/ui/.n'l zbUfnLfJJwL q.npJ-w4f,91 

.fpwL9pf, h[pL f Q = 264 J 3 /i/_, lf'P funpn,fJ1n,Le WJU .t; w,ni/_w.tf, 

,[!, f'f_n,J' h2=6,149 J, funp'lnipnp'ln,fl1wL q.npJ-w4f,9{'' n=0,016: U.1u 

mi/_1wtLLl'l! ,t_bpwpbpn,J LI, 'l-brzf, q.l, mf, i/_pw 4wnn,9i/_nrz 2pw,Tpwpf, 2pflnq 

4 wnn,9,f_ wJ-pLbp f,L , 
fl/w .t; wLl,t_n,J t npnzLL 'lf'P funpn,fl1n,Lp WJU .t; wu,i/_wJ-f, uh_pn,J, 

( ntunuTLwuf,pi/_nrz .C: wi.n,f_wJ-f, 4wp-S tf,Lb[NL "{Wtnl>.wnni/_ Ul'[_WUI ifw4bpb 

,t_n,1flf, 4npf, 4nnp'J-f,Lmm1tbpp JptwL41wl 111.npi/_wJ-pLlpnLJ ibL npnz
i/_n,J )1 

{ ti l d n L J I u h_pf,9 npbt l ,; Lnw,/_ np11,p-1 w'i, i/_pw zbUfbpf, p-bpnL

P1wL q.npJw4f,9{' 4tf,Lf, 

m1 --- m2 ·m -al=0,3_..Q,3-:0,23!~ L= 
L l ~.42 

=0.3-0,0283!. (a=0,02 .33), 

2f,'fpwi/_tf,4w4u,L JLJ-n,fJJn,LLbp{' 4tf,LbL' 

A=(b t- mh)h=( b+m1 h-- a/h)h=(5 -+ 0,3h-0,0283/h)h, 

Z=b +2hV1 +(m1 -alY=5 +2h Jl l --(0,3-0,0283/)2, 

iJA h2 283 iJ .A.. 2 7ii=--a =--0,0 h~. dh -=b + 2m 1h- a!h= 

=5+0,6h-o.o566Jh, 2y=3· Vn 3. Vo.016=0,379, 

}u'i,'l-f'P tni/_Jw[Lhp{' I, WJU <f,'J-pwi/_l/i4w4wL 1lbJ-n1,fJJn , 'i,Lbp{' mb'lw'll'blni/. 

(3,15)-f, Jb2, 4uww1twL.p 'll'P zwpdJw'i, '1-/i!f,bpl,L9f,wL ,;w,/_wuwpnLJ{' 

Wi/_Jwl fu1,'ll'P ,;wJwp q.pi/_wJ- q.npJ-w4f,9Lbpni/_, N('l! tl.lf- f, 09-Ln,fJ1wJp 

f,Lurbq.pLtni/. zwpJJwL '\W~Wnw4 n,,,__,,n , p.1wifp' !2= 2,64 J, h2= 6,149 ,I 
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h'l.f'wJf,fi U{WJJwfifihpf,9 Jf,f,lJ,. l1 =0 ,:J,nwqnpn1.P1nifip, ftuinwfiwfip 

uft'l.f'n,J !.f'/r funpm/JJntfip' ht =6,55 J1 
4. SwzinwJ..1,_ ftinpi/_wttpf, ,:wuwwinn,f, pwptlpn,fJ1wL I,_ lwJfin,fJ1wh 

n1_ ~Lzn,Jw1f,L /Jn,tbl (Lft . 3.3): 

bpp uf, ,:npf,qnfip 'linfii/_n,J t ftnp flwrzfrs tbpp/,_ (h<y), ftinpp

,£wttpp ftlf,Lf, nu1_rzw1'ft1n,i, 1,_ ,:wzi/_wpftp ftwuiwpi/_n,J t frLl."lbu nirzrzwLlf

Jn,L !.f'wfi912n,J ( uibu 1-f,f, '1-1,"ll!)I 

bpp ll'fr ,:nl'fr'l.nfip 'linfii/_nul t h>y Jwun,J ::wzi/_wpftp lfuiinwphlm 

1:w,Jwp Jm9LHp 1,np ,f,n,f,nfuwftwL' ~ (),lf . 3.4) 1 L.f,']pwi/_tf,ftwftwii Jb

ttn,fJJn,fifihpp wpinw{wJmi/_wd ~ wLlfJwfi iff,1n9ni/_ puin (1.32 - 1.36 )-f, 

"'" f,J, f,. 

h=y+r,intl, 

( ,; n')~) 
A=by ---: r ~F-i-, 
l=b ~ 2/ + 2r~, 

iJ\ iJA 
- =B=2rcus~; -c=O, 
r1 11 01 

(3· 16) 

dh =dh d~ --'- rcu, fJ. dB 1 

di d~ dl ell 

Sb'l_Wl/ f'blni/_ WJU Jl,ttnfJ1n ,LLlpp 1,_ npnz J..hw,f,n/unLf}JnLfif,J,['f,9 <Linn 

lf ,: m wf, wfip' 

d~ 
dl 

. Q"n 2 
. ( ~+_ix±~:~_ )1 +' y 

s1 n;po --(-b _-. ~-~(-~+~n.!}))2 

\ tiy+r'( ~+-si_n2_8) 
__ 2 . \ 2 . I (3• 17) 

--- - - o Q2 '.2 r2cos"~ 

rcos7,cos1-g (by+·,·(~+ si:2~w 

Uw.t;Jwfiw1f,L U(<nJJwfif,l,('f' "lbuip l UIW[ pum /-f, I,_ ~- f,1 

Ulf'l.pfiwlfwi, ftmpi/_wdpn,J n,tb9wtt h1 funpnL/JJwfi Jf,1n9ni/_ npnz-

qn,J t ~1-pt 

~1=arcsin(h,r Y), 
npf, wpdhpp I,_ 4,; wfi'l-f,uwfiw uw,: J wfi w Jf,fi U{ w JJ wfi ini/.J"'l l-f, wprfbpf, 

1:wJwp1 
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OJ1J,Gw1t S.4: llpnzhl W'l.WlI1 Jwlfbpl,_n,1/J/r ftnpf, 4nnp,.,.f,fiwmHpp 

-',' /; in/,_Jwl ini/1 wlfihpf, 'll,"-f/!mJ' Q = 264 J 3fi/., c~o = 35°, b = 5 ,0 J, 

y=1,5 J, r=2 ,5 J, h 1=2,901 J, L=66,52 J, a=l,1, n=0,016, 

U.1u m,£1wlfihpp qhpwpf.pn1J J,f, 9-brzf, q.binf, i/_pw 4wnn,9i/_nrz uwJpwpf, 

!.f'f1nrz lfwnn,9,[_u,ttpf, <Lnw9iinrz fJn,fiblfrii 1 fl'n1Lhlf, uhpniJ ~-f, wp

rfhpp ¥lfrLf,' 

~ 1 =arcsrn - =0.595, . (2,901-1 5) 
2.5 

tl.lJ - f, Olffin,fJJwJp f,L,nl,'lf'J,lni/_ (3 .17 )-p mpi/_wt} /1 I,_ ~I uw.t;JwfiwJf,fi 

"-{WJJwfif, !.,'wJwp , umwfin,J J,f,I! w'l.wm Jwlfhp/,_ntJfJf, 4npf, lfnnp,.,_f,!iwin 

!JJ,pp ( W'[J· 3.3 )1 lunpnt/JJnLL!Jhpp mpi/_wtt bf, ::wmw4f, finp~wlfr n,'lrzni

fJ1wJp1 

U.,z1n,uwft 3 .3 

3.4 op~G1111j~ Ul(lWVI dwljli11lln11i;,)I ljnJI~ ljnnJll)~GwuiGhJII! 

, J I o 110 I 20 I 30 I 40 ] 50 I 60 I 66.52 
I I 

~ f 0,5951 0,4231 0,323 I 0,253 
f 

0.201 I o. 160 I 0,127 I 0,10B 
' 

h ., I 2,90112,531 I 2,295 I 2,126 I 1,999 I 1,899 I 1,816 ! 1,771 

t4 . 3 .3-n,J mpi/_wd { wqwm Jwlfhpl,_n,JfJf, ftnppt 

5. Sw21nwd/,_ 4inpi/_wttpf, ,: wumwinnt!i lwJ!in,f/Jwfi I,_ fnfnfuw4wfi 

pwptlpn,fJJwb nl. &Lzn,Jw1f,fi fJn,Hu 

L.hnw9iinrz /JntfibtHpf, u4'1.Pfiw4w!i t;w,n,fwttHpn,J, npmbrz !.f'fr 

funpnL/JJni!ip wpw'f fnppwfintJ t, f}nttbtl' {wpJwp { bwfuwq.ttbl fn 

,f,nfuwlfw!i pwpJ.pnt/JJwJp, /J-nrzHLni£ /Jwrzf, pwpJ..pntfJJn,Lp 1,_ zwnwrf.fr'll' 

fintJfi[', ,f,nfub1n,£ Jf,wJfi n•rzrzwJ..f,q. "-{WU1Lpf, p.wpdpta/J1n<!ip (iilf. 3.3 ) 1 

l/wJwJwlfwii 4mpi/_wdpn,J n''l'l,uJ..f,q. U{wtnbpf, pwpJ.pn,/JJnt!ip lftf,!ij,' 

Y"-Y1- Yi-Y2 l~y1-al 
L 

1.f,'7-pwqlf,4wlfwii Jb,tn,fJJtrLHbpp, wpmw <w1uii/_wt} ~ wLlfwfu fnfrrfuw

lfwLf, Jfr2n9ni/_, 4uuiw!Jwf, ,:J,,nl,_JWl mhupe 

h=y1 - al+rsln~, 
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- 0 \ 1 a r ., - - , A- · ,-· b 1+ 2( r,+sin t j) 
, I ~ 

l=b+2y1-2.il + 2r~, 

iJA 
- ..-. i1 =. HO~~' 
dh 

Sluzw'l-f'/;ln,[ ( 3 .18) -1! (3 .11 )- f, ,Jbp_ , qumw'i,w'i,I! 

(,fn:i ( b+2y 1- - 2a!+21) )1+2, 
s nqi0----- - - --

( by 1- baL+r2(~+~
2P))3 '2 

--- - - ---
. 'IQ 2 2r2cos 2:1 

rco ;'fo o ~- - • ----------
g (b b t+ Z(A . :-, ll lf~ ))J Y1·· a r I" 1 --

2 

di 

(3· 18) 

( 3. 19) 

OpJtGuilj 3.5: llpnzbl W'{_WU, ,Jwqbpb.nLJPf, 4npf, 4nnp11f,1'wurHpe 

,f,n,/rnfuwqu,'i, p wp.!.pn,fJ1w'i, ni. 'i>Lznul'w1f,L {JniLbtnu! t:bmkJWL ur,[swz

'i,l,pf, ,,_bu1waJ' Q = 264 ri3/ ,f_ , b=5,0 ,1, r = 2,5 J, y1=2,5 J, y2=1,5 J, 

a = 1 ,1, lf'o= 35° ( 0,61086 ), s in cp0 = 0,5736, COS!fo= 0,8191 , 2y=0,3'19, 
n = 0 ,016 , 11 1= 4 ,08 J, L = 18,0 J', 
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U.Ju m,f_swt1'bpf! i/_Lpwpbpn,J bt twfunp'I opf,twl[f, f[wnn<94._wt}-l!f, 

ul/qp'i,wqw'i, .:wm,f_w~f,L ( JJ4. 3.3 )1 
l n L ~ n L .J, 1.wm,f_w~f, u41urn<J ~I wLf/sn•t[! 4tf,Lf, 

( 
4 .u8-2,5 ) ?1 -= arcsin =0,685, 

, 2,5 , 

Sb'lw'l-f'btn,f_ p,f_wsf,t wpdbjth{'[! (3.19} .:w,[wuwpJwl, ilbt. k l = O., 
{i= 0,685 uqqpltw4wlt UfWJ<fwLltbpf, .:w.Jwp t1.IJ-f, O'j.bnLfJJwJp f,ltwb

'lf'l,ln,f_ ( 3 .19) .:w,f_wumpn<if[!, qu,nwbwLI! W'{_WW Jwqbpkn,JPf, ¥"PP 

~rrnp1tf,L1111nlibpp ( u,'lJ · 3 . 4) , 

IJ. 'l J ,. , ,, w % 3 .4 

l ,I I 0 I 3,0 I 6,0 I 9,0 
I 

12,0 I 15,0 I 18,0 

~ I 0.684 I o.593 I 0,5521 0,540 I 0,5.t6 I 0,565 I 0,595 ! 

Ii ,I I 4.082 l 3,730 I 3,479 I 3,286 I 3,131 I 3,004 I 2,901 

IJ.1u ::ww,f_w~f, ,f_bpp.foL funpn <f}Jn<bJ! 4,;wl,'l-f,uwLw np"(bu uqqpltw

~w!, fu1r 1w,{J1,,, L lt w funp11 opf,liwl1n, J pbp,f_w~ fln,ltbff, .: wz,[wp4f, ,;w

,1 wp : 

),f[ . 3.3 - nuf wpr_'.:11~ ~ wqwm Jwql,pl,n,J{Jf, qnpf!t 

:J.4 n!! fllrti~tru.sti•, .QPU.M-1?1.,ti11n1,u· u.~u.s trU.~brtit1.ntos11-1> ~nrbrti 
111ln-ntosntotrl! illusu.sni,1., hl-i?ti btl P-b-i?nt•~su.1., l},bfllrn1ttr 

2. f,J'LwqwLn,,J qwltq wnltbf,I! WJb 'fb"ll!hpf, ,[pw , bpp P.f'WbSl!P LWJ

f,nt/JJni LJ! J!llUI C.wltw"(wp'> f, ,/,nfu,[n,J ~ q.Jwjf,lt opbltpn,[: 

/;L11 t; u,L11ip 11f,:f,bp/;l,9f,wl '> w,f_wuwpJwl, (3.8) ifbt "{burp t mb'lw-

'1{'/;l l,lf!P '> wuurwmn,l, Lf,ltb[nt UfWJJwltl! ( :( = 0 ) b. .:wmwqf, fJbpn,-

/J1wlt '> wuu,wwnLb [pbb[nL "{WJJ,ul,/! ( :~ =0), npf,9 .:burn qumwltwl,p 

dh 
- = 
dl (3,20) 
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./l!,!,wpq!,,1,1' WJU ,w,[wu,;,pJwl, J/,!n9n,[ w�uun Jwqbpl,mJPf, fin· 
pbpf, qwnm9Jw!, Jf, f'wl,f, Jwubw,[np 'f""ll'"P' 

1. ll,qqwbfiJn,b fiwp,[WU{!f, !f'Wl, /J/'1 npf, /WJbn,fJJn<l,[' pum bpfiw
pmpJwb ,{,n<{,nfu,[n,J { 'f.J-wif,l, npbLl'n,{_ (l,q, 3.4), 

1.,r 

1,•r, 

6, 

"ult, 3.4 lwmmljwqJ-111J qJ-wJfi'i. ophfipm/. l"'J'l,w9"1, m;z.tpt1U%1mh ljHrpqw.;p(, ;pu/'119f!ff 
-':w2,/.mpltw1/fL uf,,hJw'i.it 

IJ.ju"{f,uf, 1n,Lnui' 'Cf,q.pw,f_tf,qwqw!, mun,Jbwuf,pn,fJJ,,,!,!,bpf, {w
Jwp np"{bu ,wz,[wpfiw,1f,'b ufubJw fiw1•h1f, t l'l,'lml,b/ 

m) Lnu.pf, 11ffhp[! 'l�wmm4wq.�11ul ,11J,hL zwn.mtf.q_u11f,U niq,znLPJntfJ
bhp, f,ufi qhbq.wbf, fimp,[wJpubpl! l,l,pfiw1w,g!,n,J bL q1whw1f,L Jwqbph
,[_n,,1pHp, Uiu q.buJpn,J {wpJwp { aqmqb[ 'f/WbWJ{,h qnnpqf,LwmHpf,9' 
,t,, r _, zi 

llpl,{ r -sbnw,[_npntf}Jwb qpw qb!, q.wl,f, fiwp</_w.l-pf, /WJhn,fJin,!,I' 
fitf,Lf, b=1Jlr, npmbq ¢-l, fib'umpnLwqwL ,,,1,41,,,1,i, t (ufi. 3.4), 

r) Lbqn,fif, zwpJn,J[' [''bqmu,f_n,J t uw,ml, <{,n,{,nfu,J.nq, ''"PP fibl,. 
'l"''bf, fimp,[wul'hbpn,f_, npf, /"'JL"'f'Jnd,p 4w,f_wuwp t b=/ll, "l'"'"'l
ll-• npnz,J.n,J t

pwbw&bf, oqbn,fJ1wJI'' 

b,-b, 

L 
(3, 21) 

IJ.1u"{f,un,f_, w) {wz,[wpfiwif,l, ufubJwl, {wl,qn,J t l'}-f,l,, bpb IJ'-L
<{,nfuwpf,L,[f, r,-n,[1 '/,zh!,p, np WJU h1d1n, ufubJwbbpf, Jf,2n9n,[ >wz,[wlt 
/IUJUn<PJmLhbpf, mwppbpn•PJmbl' ,j,=30° wbfiJwO 'l" "ll' "'J qwqJnuf 
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{ 2,5 % , l.wz,[f, wnhhtn1., np 1j1 wl,fi1n'"I! un,f_npwpwp '!'l"'lP"Pb!, 

,{,npp t, W"{W 1wpfl fihL?wLf, fimpqwl,pl,bpf, plo1n,Ln,JI! t:wL11b9l,n,J { 
lf"P"!,wfiwbnpbb wpt:wJwl',blF ufuwthbpf,, 

l,bLqwbf, qu,p,J.wlt/1{, ,f,qpw,J.1{,'iwqwl, wwppbpf! fitf,l,bl,' 

C I RY iJA Ah b=BI, A=�1h, i'.=�1+?,h, q=Qfil, - , " =r '• 
n ul 

Sh,tW'ff'hl',,[ (3.20} ,w,[wuwpJwl, Jb2, <{,npp bpfipwlw f w fiw!, flb
l'"'f}Jntbbbpf, t:w,!wp Jiumwhwh/>' 

i - q'n' (I '11+2/Bl)'+2,+� 
d'1 O /'h' I ' g/'h',
�=��.:....:.:��,..-,..-��.s'.----
dl •q'1----

gl'h'

(3-22)

'/,1,qwynq !f'"'"/JP!,bpf, ,wJwp ,,O» pkbnl! mhqwfnfu,[n,J t ,wqumwq 
qnqJI' , dwLw"{wpt:f, 'll'wfiwL un>f! pl,qn,hbtn,[ «O» pb.bnf,9 zwl'JJ w 1, 
t:wqumwfi n,qqn,fJJwJp, (3.32) t:w ,[wuwpJwl, t;wJwpf,zf, Wf'-Wff,h I,_ bpq

P"M wLqwJLbpp fi<{,n/uhh f,pbL9 Lz wLLbf'l'' 

/fbp fi nqJf,y [Wpnpwmnp "{WJJwLubpn,J liwwwp</_w.J- bl, ,{,np&l,w

fiwL t;Lmwqnmn,f};n,l,l,bp I, WJ'f ,{,np&bpf, mqJW/hbpn,{_ fiumm9,{_w,} bl, 
wqwm Jwqbph <Jflf, finpbp(!, npnLp {1 t:wJb,lwmqw,l- b'i, whuwqwLn
phh umwgi/_un} mpqJt1tJ1phbpf, {bun 

'I,, l,. ff/w,f_1n,J.ufin, pwLwAb.f, Jbt ,!mLnq y 9n,9{,/f! npnz,f_n,J { 
�ftf:wtn pwhw&i.J11z/_, /unpqt:tLpt1[1rl-nL{JJrufi fft1p/twftf,9[! f!fi']-nLhhltti/.' n=0,009 

{Lpp Y·e npnz,f_b1 t 1pf,</_ pwLwAkn,[, /unpmf}1nd,l.bpf, z bqn,Jl' zf, 
wugh/ 1-2 %-f,9j, 

'/,/1, 3.5-nu! O"'lll M, mp,Jw.J- mbowqwl, t:w2,[wpfibbpf, b. <{,np&bpf, 
"'P'l!"')'l'Hpf, Jf, pwLf, '1b"{;1bp1 SbuwqwL I,_ ,f,np&Lwfiwl, funpn•flJnJ, -
1,Lpf, Jf,rf,L {!Wnwqnwf,wl1w& zbqn,Jl! ,wJbJww,f_wJ Jf,2f,L funpn•P1wL 

..::lm u1wmwf11fnuf { a=4 10�12;0 °/o-f, um'\t!mUbhpnLJt 
4>np&bp(! qwmwp,[wlr bl, bpqn, <{,np&wuwp/'b{'f, ,[pw, /lnwtf,L(! l,bp

Jiw;w9un,J { 1:wumwmn,!, f}bpntpJwb ["',{_ nw!,qqwJ, mw/umwfiHpf,,1 
"{wmpwum,[w.J-, q.J-wif,i, npb!,pnq Hqwunq n,qqwhfiJntb fimp,f_wJ-pm[ 

ll'"'l,lll'' UJu <{,np&wuwppf, ,f,pw fiwu,wp,[wJ bl, mwp/'hl' bubpf, b. Ph
,'••fJJmbLbpf, /!wJwl' 13 <{,n('&, !lw,{,qw.J- bL wqww Jwql,pluu1Pf, finpf, 
l1nnf"1f,hwll'lhhpp• Sp,[w.> LI, l,wl, qpf,mf,fiwqwL /, <{,np&Lwqwl, /unpnt• 
f}Jn,M,bpf, finpbp1n 1 I, ,5 ,f,npAhpn,J ufiqpl,wfiwl, qwp,j_wltpntJ n,l,/,1,p 
fipf,mf,q wfiwl, funpn<PJn<h, "f'I! I, O'fWW'fnplr,[n,J { np"(bu om,JwhwJj,h 
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.,,. 6 

'1P// 1 

'"" J 

l,•001, f•Q/21,fY, 
l,•ODtll,/, 6",U:, 

7 

B,•f'l/Jil, Bt•l74.5,IJ t•+.Q+J 

}•Qo11, n•o.001 

8 9 'i" 9J4,t -r.r 

l,:-fJOO:t. tj=006957i; 
h,,.;;0.0J9l 5=NJ.4r, 

m,.,,=,l,,,,,,,,,,,,,,, ,,,,,,,,,,,,,�=:§.it:
1,�. 3.5 UqwJn Jw4_hpknLJfilf, 4.npp I,_ i/,,,pJ.hpf, Wf1'}JmLp1'bpp q.dw1f,L vf'hLpn1[1w/kw9n'l k Lluzw9n,z 'f.pw'il9pniJ. 

htr-�f'f,wf,4_w4_w'&, h .,-mhuwl1w'il, h +-i/,npd.Lw4_wL, h J, -f,,,hwlw4.w1' -:luzni4.f, mh• 
UW�<UfJ �npJ.pp1 

bpljpnM ,f,np&wuwppp 1npf,qnLwljwL 1wm wljn,f_ Hqwsnq (ljwJ 
l"'JLw9nq) £pwL9p t L= 1,9 J hpljwpn ,/JiwJp, b1= 0 ,97 J, b,= 0,3 J 

l"'JLn,/JJn,�Hpn,f_, 4bLmpnLwljwL wLljJn,Lp pw,f_wljwbf,L Jb,} t ,P= 0,334, 
npf, l'{WU1'tlWt1nif_ LUJwwwqw,:;wpJwp t ,:;nuwLp[! l]-f,mbl zu1nw,f_rzw1f,U 
1nupf, q.Hpn,f_ b q1wLwljwL ljbL?wLJ, ljmp,f_w.tpL bpn,f_, 1//wmbpf,B 1n-
u wLpf, ljmp,f_hlf' ljwLfuhin, 1wJwp l"'JLw9JwL uhp n ,J wp,f_w.} t uw
,:;ntfi 1lnmb9nLJt "·!" ul,pf,w1n,f_ IJwm1up,f_u1i)- t 8 lpnpJ., npnL9 JztuiJni.J{! 
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9nit9 w,f_b9, np wbuwiJwfi l,_ ,finpJ.LwiJwL u11/_Jwtfibpf, z lqni.Jl! IJwqJnuf 

( rr=l,4-4,1 Oj0, PwLJ, np iw,f,,f_w.} funpn,/JJn,LHpp qmL,f_b1 bL Jp 
rwLf, uwLmf,Jbmpbpf, uw,Jwubbpn,J (Jb.t ,wpwpbpwljwL ufuw1Lbpp• 

,[f,pwpbpn,J bL ,f,npp funpm/JJn,Hbpf,L ), "'"I"' "lbmp t bL/Jw?pb/, np 

puwljwL "l"'JJwHhpn,J, w1uf,LpL w,f_b1J, Jb.} funpn,/Jin,LHpf, ?b "ll'"'J, 
{wpwp bpwljwb ufuwl!' w,f_b1J, ,f,npp /i1J,Lf,, 

Opt,liwlt 8.6: llpnzbl "''l"'"' Jwljbpbm1/JJ, ljnpf, lj n nMf,LwmLbpp, 
q.tw1J,L opbLpn,f_ l"'JLw9nq mqqwLljJn ,L ljmp,f_w.tpn,f_ £pwL9p n,J ,b mb ·· 
'U"'l m,f_1w1Hpf, ?/'"ll'"'J' Q= 132,4 J3/,f_, io = -0, 002, b1 =9,75 J,, 
b,= 17 ,45 J, L=404 J, h1=3,91 J, n= 0,017 , 

l.wz,f_bLp ljbLmpnLwljwL wLlj1wL l\ qnp.twljf,9p 

�=2tg•j>/2- l7.45- 9'7" -0.0190E9,
404 

Sbuwljwpwp b/1'1' /i1J,Lf,' 

q= 
�

132,4 
6916.8 J'j,(, 

0,0190 9 

llhpLwljwL b ,f_bptLwljwL ljmp,f_w.tl'Lbpf, 1bnw,f_np n,/JJ n,Le «0"' 

pbbnf,9 /i1f,Lf,' 

l = b, =��-516,0 .,, 
' � 0,019059 

t, = 516,0+404=920 .,, 

aq' 1 , l . 6950 2 

--

g 9.81 
5411273 0

5
, 

q'n'-6946,8' . 0,017'= 13946,57 J'j,f2 , 

_2 - !l
=104,937 2y=3 • vo�,0�17 =0,339, 

� c 0,019059 

Sbqw?pb1n,f_ WJU qnp.t,uljf,9Lbpp (3,22) {w,f_wuwpJwL Jbt I, 

11= 512,0 J, h1=3,9 1 J uw{JwLwJJ,L "l"'JJwLLbpf, {wJwp J,Lmb'f

pb1n,f_ wJL, ljumwLwL
I' 

"''l""" Jw �bpbn,Jff, ljnpf, ljnnMJ,Lwmbbpp 

( "''lJ· 3.5 ), 
81 

6-472 



'.�[.: .:.� ... :. :. :. '' .� .:. :�1.' :., ''' .: ... : : '' .� .� .. :: '' :.,,j[, ,, 
lo �-0002 

0 ,00 2/J(} J/J(} t.r 

-

� 
� 

'/J ..., 
"' 

,:, � 
"' 

.;;; 

..!.!........ 
l 

t, 

l J 

I 316 I 560 
I 

660 I 760 I 860 I 920 

!l-l,) ,/ I 0 I :J8.0 138 I 248 I :J4R I 404 

I h ,J I :i.n1 I 3,86 i 3,70 I 3,50 I 3,28 I 3,15 

04. 3.6-n,J mp,{_wJ { w qwu, Jw4bp&n,1flf, ¥"Pl" 
2. UbqwLwd & 4mp,f_wJl'f, 1wumw mn,L zb "ln,fliwL 'fnpJw4f,s n,Lb

.9nq 2pwL9/', npf, 1w1Ln,fJ1n,Lp 1wmw4n,J ,f,n,f,nfu,f_n,J ( 'I-Jw1f,L opbL
;,n,f_ (L4. 3.7), 

'1wJwiw4wL 4mp,f_wJl'n,J 1f,ipw,f_if,4w4wL mwppbpp 4if,LbL'

l 

t 

{, 

t�. 3,7, llb'l_m'Lwd.L. �u,f'i/_wJpf, <1111nw�wq.!1nJ 9.JwJf,fl of'bflpni/._ t/,mf,nfui/._nrz l"'J
Ln1P1wJp !f'w'b9pf, 11{uhJw't11 

dh 
-= 

di 

(3 · 23> 

l(Jo·p 'P"l'P wpdbf'Lbpf, ,wJwp io=Sincp, C0S1fJ"e1, 
Op'1Gwlj 3.7: ,;wumwmn,L zL "ln,fJ1wL ppJw4f,9 n,Lb9nq, 'fJ w1f,i, 

opbL
l'

n,f_ 1 w1Lw9nq 2pwL9f'n,J npnzbl wq wu, Jw4bp&n,1flf, ¥"PP 4n
npif,LwmLbpp 1bm&Jwl mif.JwiLbpf, ib"l l'"'J' Q=60 J3/,f_, b1 = 5, 0 J, 
b2=6,5 J, m=l,O J, io=0,0021, n=0,017, h1=2,0 J, L=50,0 J: 

t n L d- n L J, f!L ,,nLLnul hU /! sincp=0,0021, cosq>�l ,Ot 

� 'fnpJw4f,sp 4if.Lf,' 

b,-b, 6,5-5,0 
---�----

L 50 
0,03, 

83 
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fJJwL mbtzwJwuf, t/_bp2nLJ "'f''lb'ii w11w2wLnLJ bfi W'l_Wm Jw4bpknLJ{Jj, 
b4wmltp 4npw9n,JLhp ( npf, 1hm/,u,l,{!n,[ ([ 4hLmpnLwfun,Ju n,dhp ), I,
2 wpdniJp '1"''1-"'{'nLJ { Lfofibl uw<nLL ,f,nif,nfut/_n'l l

U.qwm Jw4hpl,n,iflf, fuqn,Je Jn7h1 L npe ,Lwpw,f_npn,flin,L t
mwtpu l1wmwph1 n, ,[hp(' L2,[wJ wL9n,JwJpL mhqwJwuf, 1f,7pw,[1f,4w4w),
1wz,[wr4e• 

/lb.} Hmw/!f'/!f'"'fJJn,L ( Lhp4wJw9Ln,J Lwl, WJL 7h
"{

/!{', hpp 
Swmn,4 4hm[' 4wpJhu JJh ¥"f'ln,J ( ([Jl -L umw9,f_n,J ( pw9wuw4wb 40 4wJ V'"/!P [Jli wL4in,Lf,9, f,u4 mqf,q Jwuf, flhl!n,fJJn,Le ,{,n[!p t 4rf,-

mfr4w4wLf,9 io<i }, b2,f_wJ 7h"{{!nu)' np
"{

hu uw{JwLwif,L 4mp,f_w,}/! 40 
"{ lm/! t eL 7n,Lh1 ,uL9n,Jwif,L 4mp,f_w.t/![' P

f' 
hp4n, 4rf,mfr4w4w'L, fun-

pn,flin,LLhpn,f_ ( 7h"{f, ,[bpi, f,Lmhqphtpu 4rf,mf,4w4wL funpn,flin,Lp 4npn2,[f, (.1.25} >w,[wuwpndf,9, f,u4 7h"{f, Lb['{!/, f,Lmhqphtpu' 
F2 =0 sw,[wuwpn,Jf,9, ip -f, ,{,nfuwphL mhq,u7ph1n,[ wL9 n,J.,JpL40 4ml',[wJ

{! p >wJw
"l

wmwufuwL I/JI wL4iwL wpdh
l!f'

),
l'LLwp4hL/! (3.24) 1w,[wuwpJ'wL JwuLw,f_np 7h"{f!hpf' Lh

f' ¥"'J"'!JL"'c fub7f,pLhp, 
1. Q/pf,qJwmf,4 mqqwL4in,L 4mp,f_wJ{!n,[ 2ptwLwif,L 4np >wmw4n,I_ 

fpwL9f!, /;u m m,[J"'L "l"'J'lwLLhpf, n,LbL(!' A=bh, x=b+Zh, i!A =0 
i!l 

i!A Q --b, Q=-, 
dh b

R-0 
h , C=-1 RY, 

I+2h/b n 

(3.24) 7f,!phph L9f,w1 {w,f_wuwpn,J[' 4umwL u, ,hm/,Ju,l mhu/!{'' 

(R + h)sin q'n'Ro (
-1 +�)'+n 

dh O 
'f h' h b -=

,q' ( kh ) d 'f 
COS'f-- !±--

gl1'1 2R0 

(3·:26) 

/;L[Jhp9nqf, swJwp "I ,Jf, 7d,[wpn,fJJn,L IP Ll,f' ¥"'!"'9Ln,J ummLw1fiJwfi ..;wt/_wuwpnLJ ub'lwLwJ.L. 4mp,f_wJ-pj, '\u1Jwp1
Op�llwq 3,8: 4wnn,9 h1 wqwm Jw4hpl,n,Jflf, 4np(' I, oL2J'wL ( "fJ"'Pl' 'i�wmw4nLJ 2p2wLw1f,L f/.np <wmwlf. nLLb9n'l nLqtzu1fi4JnLL 4mpt/_wJ-pf,

"f('pqJwmf,4 1pwL9w,,J ,hml,J"'L m,f_Jw1 Lhpf, 7h
"ll!"'J' 

Q=lOO J3f,/_, ip = 35°, Ro = 12,5 J, b=4,0 J, U.Ju m,[iw1Lhp(' ,[h
pwphp,nJ hL /J.pJ,f_wLf,4 qhmf, ,f_pw 4wnn,9,f_nq f}w,f,nLwwJpwpf, fp>hn 4 wnn,9,[ u,,} /!Lb pf,L, 

lmh,J: (3.26) sm,[wumpJwL uw{JwLwJf,L "l"'JJwLLhp hL >w
mm4 4hmf, 4nnf?f,Lu, mLhpe, npnL/! 41f,LhL F1=0 i, F2 =0 ,wJw4wrqf,
wpJwmLhre, npmhq F1-e 1, F2-e (3.26) <w,[wuwrJwL ,wJwpf,w 1, 
86 

(u,JmwpW('(' Llp4w1w9Lnq !pn,b49f,wLbp bL, IJ.J? wpJwmbhp(' 41/,Lbb. 

'1'1,=0,0J6 l 5, h,, =3,8 6 J, 

(3.26) >w,[wuwpn uf[' tl.lf-f, oqbn,fJiwJp f,Lmhqph1n,f_ L2,f_w,} uw>

,J'wbwJph 
"l

"'JJwLLhpf, {wJwp, 2wpdJwL n,qqncfJJwJp 7h"{p w n.,uf,

<fl= 0 ,00615-f,9 Jf,Lz/, qi2 = 0 ,611 ( 35° ), 4umwbwL/! wqwm Jw4hpl,n,JfJP

l/ n npqf,L w mL b {'[!I 

.f!pwL9f!p {wmw4n,J w,f_h19n,4wif,L 0L2n,Je 4npnz,f_f, f'""' (1.67--

1.69) pwbwJl,hpf,, eL7n,Lh1n,f_ wpwqn,fJin,LLhpf, pw2fun,Je 4hL7wLf, 

lf.m pt/_ wJ-.pnLJ ') w ,[ w u wpm :._wif, t 

.£...=h:OS'f' -�ln( I +h/R0), 
pg gh' 

U,tzJniuwf/. 3.'?-nLJ mpt/_wJ bL UJ'l_Wtn 
.4n,J •L2Jwb ( "{J"'PP 4nn('?f,LwmLhpe• 

Jw4bp/,n,JfJP ¥"PP I, ,;u,,nw-

U.
'l_

JlfLUW� 3,'l 

8.8 oJ1taGw1tta wqw111 dwltlifllLn11pl'a linJll'a LL fiw111wi1n1d tiGzllwG 

�1n1J11'a 1tnnJ11JtaGw111GhJ11!:

rp I 0,00615 
I 

0, 121 0.321 ! 0,521 I 0.611 

h J I a,896 I 3.H 2.S:i I 2.:l!l I 2.23 

plpg J i 
2,76 I 2, 11 1,06 0.12 I -0.28

PL,"lhu bpl,n,J ( wqJ• (3.7 )-f,9, 4np mhqwJwuf, ,[lptn,J wnwiw -

finLJ t 0,28 J t/_w4ninLJ: 04. 

3.9-niJ mpt/_wJ t 1uqu11n Jw4b
pl,n,JfJp 4npe t, oL2JwL ("{Jn'Pf' 
1pwL9pf, >mmw4f, ,[pw, 

2. &t•iwLwJ/< L 4np {wmw4n,[ 
n:._ Ufpf,q,lwmf,lt nitztzwLf/.Jnlb
4mp,[wJf!p 1P"'"!ll!' 

PLLwp4hL
/! "'JL 7h"{f!f', hpp 

1wmw4f, l"'JLnipJnLL[! pum -&w

Lw"{wp>p ,f,n,{,nfu,[n,J ( q<twif,> 
ophL

{!
n,[ b= �/, npmhq �-L ,f,en

,f_wJ/!n,J wL4in,Lwif,L qnpJw-

4f,9L t (L4. 3.10 ), 

C 

i .. , 
20 

q 

"l,�. 3.9. o,.t,L,u� 3.8.f, LlJ'I._U/UI J,,.,J1 h/'/,n,,� 

f}f, l1nr1� L i:LzJu1b t"IJntpf!• 

>!7 



b -b �=2!g·ji/2=-'-' 
L 

ibqn,4f, Jf,wlwf zwpdJwl, 7f,!f,bpbl,9f,wl ,w,/_wuwpn,Jl' u,nwl,wi n, 
,wJwp O'f<n</_bl,j! ,b<nbJW/ ,wz,/_wp4wJp!, ufubJwJf9' lf<nn,/_p zwpn,l,w-
4bl,/! fpwl,9/!P 1w<nw4f, 4 n qwJf,!, 'fuh{'(' 4np >w<nw4f, lPfwl,w'fup n,q
qn ,fl1wJp Jf,l,lb f,pwp >b<n ,w<n,/_bll', 

ll<nw9,/_wu 4h'"l' [' l,7n,l,bl,/! "P"lhu ,wz,/_wp4f, "4¥pl,w4b<n (pbbrr), 
lf<n9l,bl,/! bnp ,f,n,f,nfuw4wl, wl,4Jn,l, v, "Pl' <p wl,4Jwl, >b,n 4w"l

,/_wu t 1bmb1w1 wnl,1mfl1 nd, l,bpn,/_ (!,4. 3.10). 

sln,-±cos(,01 +T), 
COS'f'= ±sin(,,,+,), 

"P '"bq y01 -e u4¥P1,w4b'"f, 4'"P<i'"ul!f, (OD) 4w¥Jwu w1,41n,1,1,pfr11.. n'i.iw4w'i, wnwfi9.pf, 1711w4wU ni'[_'[_nt/JJw'i, {bm, npp npn2,j_n1_J (</_JWL 4hp"I' 

(3-27} 

t 1:n
,h<nb-

,
/ 

/ 

/ 

i., •J11,<f. I "' '\,"'
-:-

-:-_, 

X ,��� :! -�3: .. 1- ·· f'"r-f 
t.-� 

J_ 
_l 

t�. 3.10. n,,,,,_,,,Jp,,_ it. qnquu/_np lf'2_lULw1f,L ,,,,.n!J,f,1Lhp n,Lh9n'l �nrbpf, <wz,f_w_n�UJJf,L ufuhJwLhpf!1 

101=11:/2-'f',-1 I 

3 
101 =-n-'f,-1,

2 

"'""'9P4 4npbpf, 1wJwp, 

'l"'fw<[np 4npbpf, ,wJwp, 

(3.27)- n,J ,/_bpbf, l,zwl,l' ,/_bpwpbp n,J t nrnn,9"4, f, u4 l,b{'f!bf,l,['''f"'fW,/_np 4npbpf,!,, 
,,wJw1w4wl, 4<np,/_wuj!n,J ,f,7pw,/_1/,4w4w1, <nwppbp(' 41f,l,b!,'

88 

l=R,1, dl=R
0
d,, 

h=?R,,, A.=IIR,1h. 

'/-flR,,+2h, R�A.z, 

c--
1 RY aA=b, 

oh 

oA. dA o, -=- --=?h, 
di o, ol 

Sbqw7pb1n,/_ w1 u wpdb/!l,bPl' (3.24) ,w,/_wuwpJwl, Jbt 4u,nwl,wl,1!' 

dh 

d1 

±(R,+h)cos(T01 ±1) (l/ht2/IIR,1)1+2r+ -- a±-q'n' aq2 ( kh
) 

1'R,h' h1.,'h' R, .. 
- q ,±-

' ' kh ') 
±sin(101+,)- _n, ,,., \ 2�

0 

(3-28) 

/J.1u<nbq Ln,1L "lbu ,/_bpbf, Lzwl,l' ,/_bpwpbpn,J t n,nm9{,4, f,u4 l,bp
/!bf,Le' 'f"'fw,[np 4npbpf,L, 

fJ{Jb '\wmn1_ft ftbmp umwg,j_f, ftnpf, uw1:Jwfifibpn1_J 1 WUfW Upw ftnnp-

qf,l,w,nl,bp(' (y b h ) 4,wL7f,uwl,wl, uw<:JwLwJf,l, UfWJJwl,1 1.w4w-
tir tir 

nw4 qb "fl!"'J uw,JwLwif,L "l wJJwl, 4wpnq t <:wL7f,uwLw1 4npf, u4¥PP 
4wJ ,/_hprf, funpn,fl1n,L[', "['(' npnz,/_n,J t WJ'I 4npf,l, Lwfunpqnq 4wJ 
<:wrnpqnq '"bqwJwubpf, >f,7pw,/_1f,4w4wL <:wz,/_wp4f,9, 

OJ1J,Gw4 8.0: ll,qqwL41n,L 4'"p,/_wul! n,Lb9nq wpw'/w,nuf, ,/_bprn,J 
ltw zp2w'i.iw1f,'i.i ftnp '\wmwftn,j_, p11u1 b.uifiwLl.(wp<f, q.Uw1f,U opbfipn,f_ 
l"'J'i.iw9nrz Jf, <wi.n,f_wJ: 

11/w<wLr,/_n,J t 4wnn,9b1 W¥W'" Jw4bpbn,1/Jf, 4np(' b /;l,zJwl, t"IJ"'" 
Pl' fpwL9j!{, \w<nw4f, ,/_pw <b<nbJ WL <n,/_Jw1Lbpf, qb"fl!"'J' 
Q=112,0 J'/,/_, h,=0,85 J, <p,=0,4556 (26°06'34"), <p,=O, R, = 40 J, 
n=O i 017, r:.t=1,1 i b1=6 iO J i b2=8,04 J: 

( n , u n, J, llpnzn,J bl,I' � wL41n,Lw1f,l, 'fnpuw4f,se 

� =21gtjt/2- b,-b, =8,04 6,0 =0.112,
R

0'f 40 · 0,4556 

np<nhq R,<p-L ,wz,fwp4wJf,L ,w<n,/_wJf, bp4wpn,/J1n,l,l, (, 
Vi b )'2 wL41n,LHpe 41/,HL' 

Ti 
b, 

R,JI 

60 

40-0,112 -1,339, 

fi9 



1,=,,+<fo-1,339+0,4556= l,7965, 

)''JJ whqJmhr lt•p•z,fj,' 

3 3 
101 -2 :t-f,-1,= 21t-0,15,56-l,139=2,9lf, 

Si,uw4wpwp hwl' ltif,hf,' 

-= 

pg 

q= 0 
.
. 
, 

�-4-("'-8-=41" 86 l",I 
C Q,122 

,, u'/�• 

l'.. h '  e 
11.12 

= ·lJl(,,918+,h---ln(l+h/40) 
f,g 

.., 2 h2 
I 

IJ.qJ, 3.8-n,J u.p,fwJ 

J••p[, ltnnt•?f'uwu.'uhpp> 

' 

lJ. 'l J "" u w ft 3JJ 

11;9 opp&w�p ""'"'"' llw�hphn,1pp �npp h tlGzdwG tuun,pp �••p�pGwu,Ghpe, 

I y I 1,339 I 1.450 I 1,550 I J.650 I 1,79:S 

I I 
h ,! 0,8:S I I i I

I 
I 

0,78 0,72 0,68 
I 

' 0.64 
I 

p 

JI I I 
,g 

0,96 0,90 0,86 I 0,82 ' 0,77 

90 

1Jli, 3.11-mJ mp,[w& ( opf,hw4 
B.9-f, wqwm Jwqhplm•J/Jf, qnpf" 

3.6. �b'l.Ol•Iir U.\,lU.•\llUU.rll.!!ll<ll 

GIU'd-O�lfr. n!! t{\,GOMTll3r" 

1o11 'l. n•l ll Ii\,b ri1 i, If 

' 

• 

11 
T,•t/11 

. r,.�1,m 
h,�2,911 

I 
·k,·MU
!'!.,�·m· 
P'i 

X 

2.hqnL�f, zwpcfnt.il[! n1 bUznt 

J'w1f,'u junqmf.wqLhpn•J 'if,Jl,w

lj u1linul 1.11bqf, I; nt.ftbLnuJ .,; wu-

111mmn1.b htpfi UfU1fJwbULp11t.Ji npfo

,1L "ll'"'J ,hqn,4f, zwpJJwl, (3.8)

'1/df,hphl,9f,w1 {w•/}uuwpn,Je 11L ·

qnL1t 1u.J I; {btniLJWl mbup[! 
1,4. 3.11. Opf,hwft 3.9�f, wqm"' Jwlt_kpb � 

&J.,r1-Jflf, t"PI!' 

dh 

'11np 4mp,{_wap,«f. Junqn,{_wltLbpfr 1mJwp L;fr'lpw ,f,1f,� w4 wo b bp4·

pw1w,f,w4wh mmppbpp npnt•/mJ h!, pum (1,14-1,18) wnb;m/J1ncl,hhpf, 

( sin20)
h=r( 1- cosO), A.= r' 0-

7 

il,\ 2 . ,, 
--= r�1ndt
Uh 

Jp.::.bn �wnn1-9,/.wJpLLpf, u1it9niJw1ftL ,11mf,'Lbr11ul nz -i:1'z nt._Ju11P" 

junqn,[w4!,hpp (/Jn,Lb11'hpp) ,;npJLw4won,J !,wfum'f�,[_n,J bL u1p[,q,lw

mfrq (r=const), npfo 4wJwp l)A/il/=0, f,u4 

dh . d6 
-:=crs1nO-
dl di 

(3-30) 
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.{ft,q ::bww.pp.pp r:rfl1n1L t LbpfJ.w1u19f1n u! JwuwJp SLzniJwJj,L , JwuwJp. "I CLznufw1f,L [Jn,Ll1 Lbpf, (/unqn,f_w4Lbpf,) 1f,�pw,f_Lfr4w4wL ,wz,f_wp-111'' ll,LhLw1 n,f_ bqpw1f,L "(WJ,fwLe [Jn,f,bL{, ,f_bp1mJ b f,Lmb�pb1n,f_ (3.38 I 'l-fa!fbr1lL9f,u.1l <wt/_wuwpntJp zwpdJwL <wffwnw·IJ. nuz'lnL/JJwJp tlj,Ll�' 0=.1 wpdl.f!l'i IJ.uwwLwL.f! w1L lfwpt/_w6.f!f, wl'll', npmh'lfr9 zwpdntJe C.bz nulw1f,Lj,9 if, nfut/_nul t nl SL2n,_J,u1f,Lj,, 
!hpn,�f, /Jf,,f_[' WJ� 4wp,f_w,}{'f, >w Jwp {w,f_wuwp t qpnjf,, l'wbf, np 

•Q' HF, = - - 1, !1=0, 
g A'

Op�Giu� 3.10: 41 np 4wp,f_w.tl'n,f_ >f,qpnwbfuLf,4w4wL /Jn,Lbl[' ,f_bp-2u.1Lnul ( q.6w1LnplL [ WJLw,9n ,l 'u,l
'l_

i.uJwunt/_, (fJlm.f! t IJ.wnr1L9bl wqwu, Jiulfl,pli nLJflj, ""Pf! Ii npnzbt UJJL lfwpi/_w6pj, ,nb'll'• npu,b'l/19 zwpdrnJe iLz n,Jwif,Lf,9 ,f,n{uwpf,L,f_n,J t n1 CLzn,Jwif,Lf,, ,;i,mb1w1 mi/Jw1Lbpf, 1,wJwp . 

0=179 J·'/'(. i0
=!J ,0005, ',=3,1 ,r, r,=5,7 .t, n=0,017

Y= I /G, L=30 ,r, 

5· 7 - 3 1 =0/l 375, 3d 
Ru,Lf, np 1w1Lw9n q ,fwuf, >wmw4f, fJbl'n,/Jin,b[' Jl,t t 4pf,mf,4w-4wLf,.9, uw1w "ll'frqJwmf,4 >ww,f_w,}f, ,{_lfl'"J 4wnw1wbw l1pf,mf,4wlJ.wL /u11p n1_flJnLL1 npj,L <wJwu1wmu1ufuwLnrz h =5,0 J /.,_ e =2123 

. 
Ir Ir 

fJ.",0 u.1L7-/1 u 1uLu1L wt/_Jwf fuL?-p/i b11_pu11j,L U[WJJwLLlppt tw1Lwvn rz u,b'l u11Twuf, 1:wJu,p (3.37) r;f,fplphL9f,w1 <wt/_wuwpJwL f,'uwbq.pnLJ[! IJ.u:wwp1Ln11f t pum z1upd1fw'i.i nL'l_'l_ntfiJJu,'i.i, ffJ['j,qJwmj,IJ. u,lq wJwun, J (3.38) qf,/pbpbL9f,w1 {w,f_wuwpJwf, f,Lmb�pn,Jl' 4wmwp,f_nul t zwpdJwL {wfJ.1u 11.wff n L'l_'l_nLf}-JwJp, l.wztf_wpl1 Llpj,9 U[U1[111_tf_n1_J ti np h-'-2r1= 6, 2 J {unpn,fJi wL (CLzn,Jw1f,Lfrt1 "I /;LznuFw1f,L zwpJJwL wh,9 ifU1L fJ.wpi{_w6.pj,) {nlJwL.pp wL,9Lnu! t U(p"j,qJ'wmf,IJ. mb'lwJu1uj, 

lJ. 'l J "Lu,,, 4 3.D 

1 J 
I -120 

I -100 -80 
1-60 

I -40 1-20 r 0 10 I 20 I 30 

h 
JI 

6,2 I 6,11 5,9B I G.851�/ 5.491 5.0 3,28 1 3.78/ 2,47 

9i 

(3-40) 

(3-43) 

95 



2) uLp4w1w9Lb1m/_ dA/dl tPf"/_ '1/.!p bpbL9f,ww

dA. ilA. JA. db 
-=-+--
di ,J/ Jb di 

db =
(

rlA
)

-'
(

gA'. <!_:__
+ 

_gA __ fl
_
A + r-a � dQ 

)•
di ilb ,Q· di •C'R rll ( ) Q di 

//L�wLwJk 4mp,f_wltpm/_ ,mLbpf, ,wJwp.

C=-
1 
R'. 

n 

1/.\ r)\. 
-=h. --i+2mh, 
1/b dh 

(3·14) 

0wpJJwL (3.43) k (3.44} '1f,!f,LpbL9f,w1 ,w,f_wuwpnLJLbp[' 4uww
'1iwfi <hurb.Jwl UJbu.pbpp\ 

,Jh = -(b+ 2mh)-, ,J�
+

gh'lb+mh)' <!_:__
+ di ,11 •Q2 (b+2111h) di 

gn' (h+ ·!trVl+-nr'i'•'v ,
2 )

hlb+mh)dQ +-· -.( -2 -, (34:i) 
a h'Y(b +mh)'•,b+�mh1 Q(b+2rn h) di '· 

-dh I JA
+

gh'tb +mh)' dz gn' 1b/h+2Vl+m'l'+
2
1 

dl--h·Jl --,Q_,---· dl
+

;-· (b+mh)'' + 

+(2-a) 
h+mh • dQ, 

Q di 
(3-46) 

L.wuwwwn ,L btl'n</_ n,��wL41n,L 4wp,f_wltl'f, fpwL9{'Lbpf, ,wJwp
(3.45) b (3.46) 'fp!f,b pb L9f,w1 ,,u,f_wuwpn,JLbp[' pw,f_w4wLf,L "(WpqL9-
,f_n ,J bL' 

dh I J\ gA'h' dz gn'(b+�h)'+'Y 
di

= 

- b di+ 
,Q' di +

•h"b1+2r (3 · 47) 

db_ I �,::h'b' d, gn'( b+2h •+i, 

dl--h J[ «Q' 
0

d/
+ 

oh1+'b2Y (3-48) 

Op�Gwlj 8.11: flpn2b1 '1ltw1f,L ophLl'n,f_ 1w1Lw9n� n<HwL41mL
4mp,f_wltl'n,f_ fpwL9{'f, ,www4f, "(pn!f,f,i[' , bfJh wp,f_wlt {, np wqwu,
J w4bpbn,1fJf, 4"Pl' q,n qrnfu,f_ n,J { Z = Z 1 -l)I '11tw Jf,L opbLf'n,f_, Sp,f_ wf
1,L Lwb 

96 

b= b,+�1. r,=lg8=0,002, �=tg<j,/2=0,01, 

n=0,017, b,=6,0 .r, h,=4,0 .r, z,=0, Q0=50,0 J'/'i•

( n , It n, J, Oqm,f_n ,J bLI' ,b�n,4f, 2wpJJwL (3.47) '1f,!f,bpbL9f,w1
t; u:,/_ wuwpnLJ f,91 

f;uu, urp,{_mJ- u1w1Jw'kfibpf, ntfibfip' 

JA iJ 
-=-(h(b,+�l))=�h=0.01) h 
JI JI 

dz d ---(z, -111)=-YJ--0,002,
di di 

Sb�w'fpb1n,f_ ,f,'fpw,f_1f.4w4wL b bp4pwzw,f,w4wL "(wpwJbmpbp1�
wpdbl'Lbp[' (3.47) '1f,!f,hpbL9f,w1 ,w,f_wuwpJwL Jbt, 4umwLwLI'' 

tl.lf-f, oqLn,fJ1wJp f,Lmbqpb/n,f_ 1,=0, b,=6,0 J, h,=4,0 J 
u,u,JwLw1f,L "{WJJwLLbpf,9 Jf,Lzk 1,=500 J uw,JwL[' , 4umwLwLI' 

[pwL9{'f, ,wmw4f, 4nnp'ff,LwwLhp['• 
/J.�. 3.10-n,J wp,f_wlt bL ,w2,f_wp4f, wp'fJ"'Ll'LbPI'• f,u4 L4. 3.13-n,J 

wp,f_wlt bL fpwL91'f, ,wmw4f, "(pn!f,f,i [' b wqwu, Jw4 bpbn ,1fJf, 4"Pl'' 

?-47? 

i [[�;;;JJ�))�))��/):� ��)�)��;J 1l 

q 

I 
I 

�1 
i80 

JF 
111# {,r 



66 

171JBg-b1Jm::, '/ LuJm'r ill,ri~g,,.~b-l Jn Ju-,.mJm'l:, ,JJul1 ,JeJ'1u11J711mr 

u,mhm r1uillngb nf17 ,JJ'l'!'!"''fiwJu-,.mug::, 'lmn/nrnu,mlr,mrm::, 'J'I J'lll-,. 

-luJu 'I JnilgpJm '!'I l''"fJ"' J'lmfe]wtlun/ ,JJu'r dJg 'n,Jlgpu,bo B,JJg'l 

-hue/gr Jupmu,up ,:,'glr,m'ru,m; 1,1:,m.;,mln '/ LuJm'r ni,JlJg'f, ,JJu'r ,Jf1F111-,. 

-7Jg'1mp u,mhm lgJ,1m-b l LuJnr'r lgp ,tuu <8,JJnimp:,mn iumub 1rm 

tmb nJwl, IJif'l,Jnfm •B,JpwGwum,,. lmn/n mJ'! lg,rmnwn/ ni/lmu, I 'lwFrJ 

-7u~upmJmi::, illm'!'l"'i/-b JT/f JupmJ"!'l::, .,JJu'r ,JefF1u'IJ'l'rmr u,mb17 

I,, ,J Ul.U,Ul 

-lnr,Jnm "''J'l"'"I''r · ilflfiu11Jg'1,;,J' _,,.mhm n7ln1Fwq JimFfiwJunf nF17 ''lm'r 

-miuhi/.Ju::,-'I f11UIJUmb Jf1Fw'IJ1'1mr mmhm Lgu,Ju 'o=".:I ,Ju,, ,JJ7'! 

-iwF fl1UJur,/ bJuJJg ,f p 'Im'! 1'/'JBmp '/ 1{/r'rJmlmum B,JpLu'r JUI 

,Jm pm:, ,JJ'l'l'l,n pf min 

Jmf-,.u, ilJq11v Ju-,.mJmi:, Ju]ud ,JJgJu,, i/dfw11Jgl1m.r u,mhm 'I'"'! n7lr,7'l,J 

•JJ1f-b i/Jn'lwfeJwJun/ 1mpgJinni1} 'I 1Jm'rml1,J"',JJ'1 lgG,uurn'r pwillngi, 

J7u'l":!rl,'lilm'!'I!'"' n,Jlmu, '/ 11uFeJ1uJu7'mJmi:, JprnumJ,J'r ,JJq-Jln 

1'1,Jmumlnr,Jnm '/ ug:,m-bwb i,J'rrnmm::, ,'li/fb 

,JJg1~1ul fiwJun/ 1m I' 7Ju,ni/1 'd J'm f rJ,uLLrn ,Jlm pJu 'J i/'r mmm:, I !'""I 'Jut 

-ur ileflw'IJ'!'rmp u,mbm '!¥fb ,JJn11uFfi,uJun/ 1Jm'rm'r,Ju,,JJ'1 ·c 
''lm'rmnmfimJ ,'lifJg'l 'rn,J ''I 'lm'rmJI, J7,JJmrm:, 

'lmrJmnmJ,m:, 7p/4p 11Jq7' 6,Jfb ,JJn11uF£1,uJunf lmpgJurnil1 ·6 
IIJm'rmJI, ,1',uJq1JfiF111J,Ju,' fmL7 'fJq-,. · 'rn,J ''/ '!'"'rmnmBmd JJmJmu,fm:, 

,J'rmJuu,u'r 7p/4p jnuJnflhuJ,Jm fmLg · 'li!Jn 8,J1Jm'rm'r,Jm,tJ1z 'l 

,J11v ,JJul1 

i/flT1u71Jq'1mr mm"bm 'I il'lml'l ,JlmlBIJmfrri lgbJmln '/ ,JlgJm'r p,ufif,uJ,Jm 

0 < 
0
1 

IUUV<<«««««««««««<«««««<«<«««<««<««~««««««««««<«<««««''< 

-------------
!>. 

............ _ -.~. 
.._ 
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-II' '!'!I'm 'fii/'lrnFefwf1ulJgf, 'lnmrmJ'lml' IJmpJmnm-,.m::, 1m,JB1j7J74i 

-,Jb '!7 1g-,.6muin · if'lu'Ju •G,JJ7~'iJ1uFf11u1,nam'ji/Jo ~Fm -,.ul'l'!JQ 

th ''I •I, <b •J 'm ,( i/Jgu,lmb} 

,JJnfiF1uJ,t111 lig-,. 'l'I rw'Jmpmd il'l,.wFfi,ufmJmm lLudp,1J1.,,JJJ'lfb nF17 

I pm-r;· C B gJ,nun/ i,Jnm !' 

,JJu 'I "''l'r '11u111m:, ,J1i,JT'r JJu 'p1um'J'r O 'l'I prn-,.111m:,; JJ'lfb nf17 

•(frl'C ''r'J} JJ'lfb {'i-'/} ,JJ'f'!'lmfeJ1uJun/ Imp 

-1Ju,ni/} 'I ('r-'r} ,JJ'l'l'J1ufrJ,uJun/ 1Jm'rm'1,Ju1i/J'r 1gGwum'r ·'/ ilu,7/n n/m'l 

Jmpm:, 1ul7bJmln JJg'lf Ju-,.mJm'l:, ,JJ1Ju'1 ',/p/T1u11J7'1mp mmh17 

''l'I '!Jnm,J6'1'l1urf; LuriGmfm'rJn JJmJmmfm:, 'I J7,JJmpm:, 'JmpJmnmJ, 

-m,<, lmi/G'l'IJ'lr/;/b 'lm,ppJrnl i/'rwLg:.,-J-Z.:I 'I J-1.:I LgmJu ,,JJ71Jlti/r/;mJb 

,JJ'l'll'1uJmnm7,,,,,., o=".:I 'I O = '.:I 'l'I .fl"IU'JBmfm'rJn JJ'lfb ,tJg'l, 

-'l,lll F efwJu n/ 1 m !"1 ,I UI nil) 'I 'l m,, m 'ri/ 111,tJ,, ,-,.uni/ Ir, n r 11 w,11, I J'lU'{U mb 

11!,JJm,('m:, '1,mJrtlmnmpm:, 1m,J6'!'/Jgr/;,Jb '1'".flfJml ,rnucflngb ,JJu •,J'1,1ufeJ 

-wJun/ 'lfm I .r,u-,.7u'r '11llFf}1UJ11n/ lm_p'(Ju,nil? 11JJm,rmbmb i/fb ,tJ·1'1, 

-iwFeJruJun/ lmr1Jmnif'/ '/ .f'lllf,6'm1' Mm i/6m;1 ,~,Jb Ju'r i/'16mfm'1J•1'1'r 

Jf,Jb ,JJ'l'l'J,ufrJwJun/ '1,m'rm'ri/mi/J'r f'1UJ7rpu:, ~i/u,mph,JJln 7y 

,-,.uiligJo 'li/fmf-b 'I r,u-,.n/u"1u"1 ,t:;,Jmlnm'lmy. mnJ ilngJg,,mp i/il'fm-,. 

-J,lm'r i/'lml,'1'1'1 JJ7 <Jiflngl, iFm '/ 1gmubmmg:, J'lmf,r7n-,.u7 'JI ''f, 

, il11 'l 

-1,u,i 'ti . .,, 'I J'lmf,f,gn-,.u7 'JI . .,. '1'1 17muhmm7:, rmb'l"' 11,Jlmum JJ'l'lf 

Ju-,.mJm'J.', ,JJgJu'r ,Jpjf1u11J'1'1mp mmhm pwJ7rpu,'r 'r,Ju,mpbi/Jlr, 7y 

ttf '1 "' 7 ll1 n rn !"/ if 'l rn ,//, 

lgJbmJml L7u,nFm 'I .rrnJgifJb Julud i/fm'r,JTJ,mJb,J:, n fm-,.J1d JJ'l'lf 

,!u-,.mJmi:, i/J7Ju'1 i/eJF1u'IJ7~mp mmbm prnJ'l'!1u:, 'r,Jmmph,fJllJ 

JMUJQ'\ttU7 ta<tS'fl11b<tJ'1i 
liU ;:JJQ)-.Qo dlJ'ti'OJ'fl'l.7 <tJQJUta <t-cHNU)1!:ldQt-i'f1Jl Slltill '8"& 

u-·1 I st·1 I 9<.l'l 199'! I 8L'! I t6'I tJ'c, I Ot'6 19L'c: 91:'r. 
l 
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· ( 3, 55) 

b1Lb1n,f_ WJL l!L'ln,Lb[ntfJJnLLf,9, np ppwL9pj, wnwL9pf, ,f_pw ppj, 

funpn,fl JnlL[! '\ w,f_wu UJ p t J f,pf,L f,, npn,fl JUJL {! ( r = ro, h = ho), qwuHu

pbt n</. J!.,w,f,nfu11lfJJntLLbp 4 l""Hlni/.. (3 . ."i5) '1fo!/JbpbL9fowl ,;w,J_wuwpn,

,T {!, q U mwLwLp /u np11,f1 JWL ,P ni/111f,,J wL opf,Lw lw,f, 111fl JNlL[! {! UIII ztunw,J_-

11./rt 

h h rJ +H (1 r,J ) . k. rJ-J:J . = o- 0 -- -,. --, 
r2 r2 r2 (3-56) 

.,. 
N 

N . 

, 1.nuwLp[! IIL'1.'1.wq.J,.} Jwuf,9 ~n

ptuq.f,~ J WU J 111Lltfru JJ,wLq.wJ /rs 

WllUJfwLn,J bL qbLmpnLwfuntJU 

mdbp, npnLp '· f,,wLq.wpmJ bf, '\n

uwLpf, uw'\ntL l.}"P'IJwL{!1 l/.1~ 111b

uwqb1nf,9 {wpJwp t ,J_f,pwrli! WJL

U(bu Lw/uwq..}bL, np {w111wqwq..}n,J 

qnpnlf/JwL zwnw,f_/r'll! ro= oo wp

dbpfr.9 ( lrt'[_fr'l Jwu} ,f,nppwLw ,J'f,Llk 

r omh , u:pJbf![!, WU[w finpf,9 Jl,~wLw 

,Ff,LJ.I., To= oo wpclbl'l" 

l./i. 3.15. Lwuu,wmn,L flh11n, -

Umw9,J_w~ (3 .56} pwf1w.l.l.,{! "l 

JU ufuwin,J_ ~wpbt/r t oq111wq.np~bl 

L,wk ,f,n,f,nfuwqwL zwnw,f_f,'l n,H91111. 

uw,;n,L qnpbpf, '\WJwpt 
/IJUJL ,...,,,,wl[n,f_ ,f_J,rwdf, , .,,2~ 

o/_wrlfw1f,L uf,,i,Ju,'l, 1 

1.wmwqf, flbpn,fJJwL Cf. wLqJmL[! 

qwpblfo t npnzbl 

4w"ffr9 (L~. 3.15), 

Vo 
k-tg12~~ 

gro 
( 3 · 57) 

011JiCiw'4 8.12: t/wuiwpb[ "''l'lwLqJn•L q111p,f_w~p/r· ,;w,nwqJ, , ,;u.,u-

111w1nn,L flbpntfJJwJp ,J_f,pwclf, ,;/r'lpwt/_t/r4wqwb ,;wz,J_wpq[! ,;bu,l.,Jwl 

m,f_JwlLbpf, 'lbU[pn,J' r0=9,0 J, b=1 ,~ : J, v0=5,2 J/,J_, h0 =0,8 J, 

{ n, ~ n, J, (3.57) pwLwJl.,f,9 Lwfv npnz,J_nvl t ,;wu,wqj, flbpnL

PJwb q.np~w4fo9l! 

' . vi . 5·,22' . 
k-tg~=-0

- . . . - =0,3066, 
gr0 9,81 • 9 

~um ( 3 ,5 4 )-fr LPM tue (Ho) ~tf,Lt,·· . 

102 

llVd LI · 5,2~ 
Ho=kr0+11 0+--= 0,3J 66 · 9,0+0,8+ =5,075 ,1, 

2:_~ 2 • 9,8l 

h-/r qwll[{! r-J,9 eu111 (3.56) pwLwJl.,f, qwp111w,;wj111,J_f,' 

(r)
3 

( r~) r'-r ' ' 9 • ( 9') h=h0 1 +H , 1-r: -kT1
=0,3(-r)+5.075 1-~ . .. 

r'--9:1 

--0,3066 --· - 1 

r2 

{!Lflw9f,q r {bnw,J_nprnf11wL 1[pw q.nL,J_n'l n''l'1.wJ.J,qj, Jfotf,L wpw 

q.ntfJJn ,L[! { wu,nwu,n,L Ho tu/r UfWjJwLf,9 qwp,nwt;1u1111{/r 

1 , I r -- ----- - -
v .,,=3~ V lg(H 0 - -h - kr)=--=i,, 'l. · Y, · 1(5,ll75 -h-0,3t.;66rl 

i,,12 VL! 
pwLw.!l.,n,f_: 

r-/r ,;wJwp {_lp.9LbLf! 5 pLnpnz wpcllf!Lbp' 

r1=r<'-~=9-~-=~,4 ,1, 
. :2 2 

b 1 2 
r~ ::: fo- 4 c-:9,Cl- 4=8.7 ,I, 

r3=r0=9,0 ,I, 

b J,2 
r4 " r11+-=9+ - -=9,3 ,I, 

4 4 

h 1,'.,l 
r5-=r0+-=9/)+ -=9,6 J, 

2 2 
f!um umw9{_w.} pwLu,,1/,lpj, npnz{_wt) bf, ppf, funpntfJJwL wpcfbp-

Lbp[! (h) k "'1l.'1.w.!J,qLbpf, wpwqn•fJJntfiLbp[! (v )1 
. nLT\ 

1.wz,f_wpqj, W(''IJnLLpLbp[! pbp,J_w~ /,1, Lq. 3.16- n,J IL W'l_J• 3.11 - ndt 

U 'I. J "• u .u ff 3.11 

r J 
I 

8.4 i B.7 i 
I 

9,0 
I 

!J,3 l 9,6 

I I I 
, 

I I h J 0,7597 0,7856 0,80 0,8042 0,79!)6 

·-

V n,'I. JJ,f_ I 
.5,57 I 5,38 . I ;; ,2 I 5,03 I 4,87 
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2 . fhqqwli4Jntli 4mrqw.H~ fiwumwmn,f. Junrntp,Jwf. q~rwd: flp"{bu

q_f, u•f, funpnif/Jn<L[' lwJLw~f, ~mp,j_u,Jpn<J umwgi/_f, {wumwutn<L, "lbmp 

t y_pwL9.pf, {wu,w~/! wHl ~np1 2.mmw~f, w'u~Jtu'u k q.npJw~/r9{' ~lf,Lf, 

k=~, 
dr 
SL'lw'Jpb[n,j_ (3.55) ,;w,J_wuwpJw'J., ,fbl dhL = ·kdr, ~uu,wLw'iip 

I dz , ) 
dh_ 2('-lo- h-~r - dz~, 

dr r ctr 
(3 ·58) 

h= const "{WJJw'uf, 'lb"ll!nlJ dh /dr=O, 1 bu,l,wpwp 

dr 3r 

( 3 . 59) 

/>Lmb11pJw'i, c <: wuurwurn<'ii[! ~wpb[f, t npnzbt 1 bwU.JWl uw\JwLw1f,i1 

"{WJJwLf,9 r = r o, Z L =Zo, nputb'lfr9 

2.wpJwp t I!'i,'lniLl,l Zo =O, L,wu,w~/1 O['']f,Lww'ubp(' WJU 'lb"(pnuf 

nrwz,J_n<J M, {hmLJW[ ,;w,[wuw!'nitfn,[_' 

cr.v5 
H0-h0 + , 

2g 

(3-60) 

(3 · 61) 

Opf,G.w~ 8.18: 1./wmwpb[ nL'l_'l_w'i,~Jn<L ~mp,j_wJpf, \wumwurn<L {un

pnifl1w'ii ,J_f,pwclf, ,;wz,J_wp~[! 3 .1 2 opf,'iiw~f, ur,f_1wlLbpn,j_1 

~ n < J n < J1 ~pf,,j_ tue z L =0 'lbuun<J ~lf,Lf 

Ho,..h+ •Vfi =O,B+ 1, 1 . 5,22 -2.~ 16 J, 
2g 2 · 9,81 

Sb'l.w'lf'bln,j_ (3,60 )·fr Jb1 fuL'lr/r ut,j_Jwl'i,bf'[!, ~uurwLwLJ/ 
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z,--=_!_('.? 316 --0.8)1nr/9=-=LOlln'/9, 
3 

U.'1.J"WW~ 3.12-nttf pbp,j_w,) bL ZL -f, wpJbpLbfll! r-f, pLnflnz wpclbp 

Lbpf, ,; wt! Wf!t 

ll'll'"'""~ 3 . 12 

r .r 8,4 8,7 9,0 9,3 !l .6 

- 0,069 -0,0341 0,00 0,033 0,065 

11~. 3 . 16- nlJ urp,j_wt} t ff'P funpn<f/Ju1'J., pwzfun<J/! [Wj'uw~f, ~U7f'llwJpniJt 

3 . lnr~qnliw4wr. 6wmw4n~ n1qqwliqJn1G. 1w.1liw4~ qmrqwHnq 

~rwd: 

' 6=1.2,1 
ro = 9.0~ I 

t~ . 3 .16. Opf,lim/il,bp 3 .12 , 3.1.1 I, 3 .14 - f, i/}pwdl,lpf, L"' Jl,w~ w l, ~urpi/_u,J{ll,l,p[! · 

u,-4u,uiw',f, :.a"ututntumntL fll;.p n ,.p! w fi ,jf,pwd, p- ":.~ LU11lJ1wmmL jonp m/JJIIIL t/Jrpwrl, 

~-,npf,~nliu,~,ul, 'Su,,nu,~nt/. i/.f.rrud, 

'1,f,pwclf, ,;wz,J_wp~f, wJU 'lb"lf!ntJ "{burp t oq.ur,j_bl (3.55) {w,j_wuw

pnttff,9, I!L'fntLbtni/_ k=O ( z L = iCOnst), npf, 'l''"fPNLJ ~JJurwLJ.JJL,p' 

dh 2(fl0-h) -==-
dr r 

np[! f,Lurbq.pb[n,j_, ~ni'iib'uw'up' 

-ln(H 0-h)=2lnr+Inc, 
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J,!,u,bq.pJwL C ,;,,,uu,wmn,Lp '1"'£'.!JWL npnz,[_mJ t r = ,ro, h = ho "{WJ

JwLf,9, npf, mbqw']pn,Jf,9 ;;bu,n ftn,Lbl,wfip 

H~-h =,~·)\ (3, 61) 
H0 --h 0 \ r 

Swln,[ r-f,fi wpdbpHp (3 .62) - fo,g, npnz,[_n,J lfi ,;,,,J,,,"lwmwufuwfi h-bpp1 

Op}lliwlt 8.14: 4wmwpbl nirz'lwLft1niL ftmp,[_wJpfo ,;nppq_nLwftwb 

,;wu,wftn,[_ ,[forwd/r ':w2,[_wpftf! 3.12 opf,Lwftf, wif.Jw[Hpn,[_, 

~ n,,} n, J, Slqw']pb[f-r,[_ ( 3.62) - f, Jbl IIo- /1 , r0 -fo I,_ ho- f, wpdbp-

1,ll'f! ftuurwLwl,J!' 

. s.o-., - h 
5,075- 0, , 

Ii 5,0.,.i - 4,275
1
~)'~ , 

\ r 

U.qJnwwft 3.13-nLJ i,_ Jift. 3 .16-n,J mp,[_w,} J,.'i, 1:wz,[wpftfo W(''7-JtHLj!fibp[!t 

Ii. 'l J ~, u w ~ 3.13 

r J 8.4 I 8.7 I 9.0 I 9,3 9,6 

h J 0, 167 I 0,5UO I 0 .800 11,Uil 1,318 

4. 4nr tfwu~ 1~nrqnnip r,rwl.i9f~ mqJq uwu~ fiLm: .fpwLsl!/i nuzfo'l 

Jwuf,9 ftnr Jwuf,1, wl,9H1f,u Jf,wfiqwJf,9 wnwtwfin,J 6'i, ftlfimpnLw 

/unLJU ntdbp, npnfip /., WllWf_ ll, pbpnLJ W[fj!fil,p, npnfi9 zfinpt;p,[_ f,J,('pf,f, 

I,_ wrmwpf,L ll(WU1b{'f, Jf,p_l, lqwJ h, I., h2 funrmfJ1n1Hbpfo Jf,ti,_ WllUl

twLn . ,J t u1wrplpn,fJ1n :L 

lw,f,n1[1 

\ 2 b 
ll1 .: -

f11~ 
(3-63) 

/>Luurl, ,f,nI'[I t ftnpn <P1wfi zwnw,j_},'l_f!, WJLpw'i, Ji,,} t wlf,pfo pwpJ

pnifJ1nifipt 

1/np 1wm1_wr}p uw'Lypfo nuzf,'l Jwuf, ,;1,u, ftwpr.fl_ t lJnp,,_1_bl mwppbr 

J.Hpn,[, 

Urr1_nrwpwp wr,[_n,J t WJfi"{bu, np p_pwfi9pfo ftnpn,fJ1wfi zwn.w./J,q{! 

uftqpfo i,_ ,[_hrp_fo Jwubrn,J 1/iLfo ro= oo, f,uft Jfotfofi Jwun,J wuurfo~wfiw

pwf' ,f,nprwfiwin,[ Jfol,li,_ np/,_t wpdbp, Jbturb,zf, t;wm,[_wJn,J J'i,n,J t 
lintJfi I!' 

<Pn,f,nfuwftwli zumw,[_foq n,H9n'l ftnr fpwfi9i!fo wn.wL9pf! ftwrhtfo t 
ftwnn,9b[ pum 
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'ltX y=zaocos-·-· (3 ,64) 
. 2x0 

dh ~ 
..;w,[_wuwpJwli, npmb'l ao-fi npnzi[nal t ~= tg 2 (Jift. 3.17} "{WJ-

,Jwfif,s 

dy 1t . wx 
---a0--sln-1 
dx 2.x 0 2x0 

(3-65) 

- Jt X O < I. .II., sm - · -=1, i,_ ao-u 'tnpnz..,_, • 
2 Xo 

2Xo . -IX 
a0=-tg

n 2 
l/npniP1wL ro zwnw,[_fo,zf! npnz,[_n,J t 1:burkJWL pwflw.!i,_nif' 

dy ,:x • 'ltX 
-=-ti-Sln
dx 2 2x~ 

d~ ll Cl 'ltX 
- · - -tg-cos -
dx 2 2x 0 2 2x 11 

(3-66) 

(3 -67) 

wpdbpHpf! (3.67) - f, Jbt, wnwLgj!p ,f,n,f,nfuwftwli zwnwiffo'll! ftumwLwli2 

t; i,u,/,_Jwl mbupni{ 

fo= 

( 1 +(1gfsin itfYi2 
n !l n x 
-tg-cos- -
2x0 2 2 x0 

( 3 · 68) 

l,zblip, np IUJULnbfl_ plpi[wJ ,[_fopwdfo '>p'7-£1Wil.tfoftwftwli ,;wzifwpftHpfo 

'lb"IJ!bpf! pw,[_wftwLf,Ii Jnmw,[_nr H, 'i,pwLg Jlp_ ..;wziff, lbf, ,,,,.,11,[_wt}-

tLbpq.fowifo ftnpnw111Lbp[! I,_ ftwmwpi{wJ b'i, WJL l!!,'l-n,LbtnLfJJnLHbpt 

1/pftJiwftfo ftnpnt./JJn t fi n,Lb9n,z ,[f,pwdHpfo '>wzifwpftf! P"'P'l-nL/JJwfi 

"{WU1bwnn,[_ WJULnbfl_ ;Jr plp1_nt.Jt 

Op~liwlt 8.15: 1./wmwpl( wpwq.wt;nufo ftnp 

ftu,Ii .t: wz,[wpftt, ,;bmt,1,,,l mif1wtLbpfo 'll"l/!n,J. 

Q = 100 J 3/,[_, Xo=40 J, P= 90° , n=0,0141 

,; wm,[_ wt}-f, ..;t,,,pw,[_Lfoltw

b = 8 ,0 J, i0=0,04, 
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{ n l J- n L J1 Oq.,ni/_htnt/._ (;hq_f,f, pwLwAl,f,9, tj,LmpJwf, Jhpn,,_,.tf._ fiwf,1 

npnzhL/! wrwq.w<nuniJ LnrJw1 funpnifl1rrLL[!t 

l, nrJwl flrr'[_nLLwftntflJn<L[! fttf,Lf,' 

h =cACVIT. 

A=bh, l=b 1-2h, R=A/1.=l /( 1/h+2ib) 

c--1 RY. y=l.51/ n= 1,5i,r o .oi"4 = 0,177, 
n 

h J A ,r2 X ,r R .r C ,;o.5f t/. I( ,Jlf,{_ 

1,0 8 10 0,8 68,66 491,31 
1,1 8,8 10,2 0,863 69,59 568,81 
1.0l 8.08 10,02 0,8064 66,779 4!18.90 
1,02 8, 16 10.0-1 0.8 13 68,85 006,0 

ll.1ul1/.f,unt/._, uJ-f, &zmntfl1wJp ho=I ,01 J, '1mrt/._wJ-l!fo Jf,tf,fi wpwp1..

P1ntfie fttf,Lf,' 

npurh'l. 

Vo=_.2_-= lOO 12,37 Jj,f_, 
bh 0 8 · l,01 

y=a ms 1tX =25,4 35::os (O,Oi93x), 
2X0 

30=-fg--=-- tg - ...,. v ·~ Jz "xo 11 2-40 (~o ) 2r- AB 
1t 2 TC 2 

(1+(tg(9~0 )stn 2~\o /fz 
~ ~ 

( 1+(lsin(0,0393x))2 )·112 

- ~- tg(-90_o )cos _n_x_ 
2-40 , 2 2 -40 

' I 0,0.393cost0,0393x) 
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X. 

l,i[ . 3 . 17 . Opf,1'wl[ 3 .15-f, rf.f,pwrlf, s wu,,u~w.,J,.t{! I, lwfhl'f! ' 

x 0 -ft pwdwftbtnt/._ i:pftq. t;w,£wuwp Jwubpf,, X- f, WJ'f wpdh[!Hpf, '\wJwp 

ftw1nwpt/._wJ- t ro-f, i, y - Lhpf, npnznd[!, npnft/! pbp,[wJ- J,f, W'l_ , 3 .14-nuT 
t.,_ Ly. 3.17-nd, 

±40 ± 32 

I ± U ± 16 ± 8 I 0 
X ,I 

{1-1) (2 -2) (3 - 3 ) ( 4-4) (5 - 5) (6-6) 

ro J 00 216.580 I 92,196 49 ,125 30,700 I 25,464 
y ,I 0 7,869 14 ,968 20,602 24 ,219 25,464 

l/wJw1wftwt ftmr,£wi>pniJ pum (3.61 )- ft trN tue ittftiif,' 

H h +3 1·0 __ , O'+ 1.1 , 12,371 

58 o= o - •' ' 9, 9 ,/, 
2g 2 , 9,81 

ipf, '\wumwmnt.ft funpntfJJwft ll(WJJwftf,9 eum (3.60) pwftwd.l,_f, 6 

pfinrnz qurp,[wJ-/!ftlpf, t:wJwr npnz,[n,J bf, '\wurwftf, t .f,zbp[!, npnftp php-; 

t/._wJ- /;f, WlLJ, 3.15 - ntJr 1.winwftf, fipzl,f'f! 111[',[_UIU };ft ll(Wll1h['f, JnU11 

ftbLmrnfimJ I, [WJfintflswft pwn.np11 Jwubpn,J 1 
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4.2. uru ~uin Utbrto iur;i1,u.rtic 

lJ.pwqw'inue Jbc} pbj!nLPJwl,, i/,nj!p bp¥wpnLPJw1, 1.pwl,9/! {, np(! 

Ju,1,ntJ { wq,wJf,1, 'l_p'ibn.J, ¥WllnL9r/_wc}/!l,bpf, Jbt_t lJ.pwqw'inul! wt,ywJ

Jwl, nt1,J, Jnmb91,nq zwm ¥wp6. 'iwm,[wc}, np[! wpr/_n,J { zwm ,f,nj!p 

pbj!n<PJwJp, 'inpf,11.ntw¥wl, ~wJ ',w~wn.wiJ pbl!ntPJwJp, <wmw¥wqc}n,J 

Jbc} JwuwJp uw'in,1, 1,b'lw9"'l tli,J,1 

lJ.pwqw'inu{! un,fnpwpwp ,[bp2_wl,nLJ { ¥wJ numbJwiJnr/., ~w,l JwpfaJ. 

iJwnn<9,f_wc}/!l,bpnr/_, 'I.PP {1,bpqJ,wb Jwph[nL 'iwJu,p : 

U.pwqw'inul! un,f_npw¥wb Ufpfaq_JwwJ,iJ iJwJ "l. Ufpfaq_Jwmfa¥ 1f'wl,9~ 

t, npf, <';f,11pw4..LJ,iJw¥wb 'iwz,f_wf'¥1! ¥wtnp,f_nLJ { bppnp11 'ILfuntJ zwpw 

'll!Prf.wc} Jbfln'11,bf'n,f_t 

lJ.pwqw',nubbpnLJ IIJtlLU!_WbnLJ bl, [pw9n<9faJ. <°;fa'ff'W1.[J,iJwiJw1, f,pb-

1.n<JP1,hp, npnl,9 'iwJwp U(hLnf { ¥WLnwp,f_b1, <°;wu,n,¥ ', /;,nwq_nmn<f/JnLl, -

1,bp I, ,; wz,[wp¥1,bpt 

lJ.J'l hpl,n1.Jptbpl, bl,' w) wbpw9f,w1f, bpl,n1.Jf/{!, p) tfl"P1.nrz wlfal!Lbpf, 

wnw2_w9J wL bpl,n<JP{!t 

~1,1,wpiJbl,p wpwqw'inubhpf, 'iwzrf.wpiJ[! wb11w9faw1fa I, l/lnp,f_nrz 

W/P/!1,bpf, w11w2_w9J wl, 'lbU(j!NLJt 

llrwqwlinulihr!1 fiw2iI_ wr~p whrw9J1w Jfl "{w ,piwfa~ g: [;£'¥ wp wpw

qw'i nubhpniJ 2_pJ, <°;nuwbj!J, ,f_pw q_qw[f, wq_11b9ni/J JNLb { Pnrz'i.in,J wbpw-

9faw1J, bpl,n<JP{!t lJ.bpw9J,wJf, U[WLnbwnn',f_ 'inuwbj!p fu11pn<PJnLb[! q_qw

[pnpbl, Jbc}w'i.inLJ L np(! I, if,nfunLJ { ¥Wllnt9,f_wc}l!fa zwif,bp[!t 

lJ.bpw9faw1fa u¥u,f_htn< i.wq,w'uJ,zLbp[! /!1,1,wp¥rf.b9f,'u 1 .7 - mJ: 

lJ.pwqw',nubbpnLJ tubpw9J,wjf, ',wz,f_wpiJf! ¥WLnWpb1,p, h[bb[n,f_ 

Jf,wzbpm wbpw9,f_wc} 'inuwL/!J, Jn11btfa91 

lJ.bpw9faw1f, 'ibwl,wl,/!n,f_ 'inuw'ul!fa bl/!{! [!ULn -C.wbwU[wp'iJ, if,nfu,[nLJ 

{1 lJ.Ju U(WLnb.wnn',f_ wpwqw'inuLbpn<J wbpw9r/_wc} 'inuw1,/!J, zwpdn,JI! 

~wpb[fa { munLJl,wuf,pb[ npU[hu q,nq,nfuw¥w'u h[/!n,f_ '\nuwl,/!, bpp JJ,w9-

,[nq 'ib'lnL¥P fummpJnLb[! fuf,uw ¥b{'U[N,f_ mwppbp,f_n<J { 'if,JLwiJwb 

'inuwL/!f, (1.pf,) fuwn1.;pJn<bf,91 b(l-b {!1,'1m1,b'i.i/!, np 011/r pwq,w'i.i9JwfJ 

Wb¥JNL1,(! 90° t, W U(LU wb pw9q_ we} ', f1UW1,f!f, zwpdJ wb ,,t,[f,hpbb9f,W[ 

'iw,f_wuwpn<J(! Ufpfaq_JwmJ,¥ '\n1.'i.ibpf, 'iwJwp f!Uu, /•. U.. Ufibqf,pn,[f, I, 

1.. '-I,. fl'n/!J wuwtf, iJ "'lJ f,9 "w wwp,f_ we} f1L'l'l mJl,bpf,, ¥"L1,b'i.iw ,; bwl,JWL 

111bu/!{!• 

sin(f'o--
02 -(.!!._+..!:_ ~-_!L(2-P··1 a )dQ 

_d h = ___ A_2C_2_R _ _.;.:..;pg"""A_2_.....:p~/-=-dd_ll .,,..,.-=g_A_i '-----'P'--..;__d_l , (4 . l) 
dl Q~ {) A 

cost.po-- -
"A3 Oh 
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nprnlrz wnwts f,'i.i'lb/!uf, wfi11wJbbp[! ,[bpwpbpn<J bl, wbpw9,[wc} 'in-

11 w 1, pf, lu 

U.bpws,f_wc} ',nuwl,/!f, 'iwz,[wp"[! ,[b['!_w,[np w-G.bpJ, Jfa1.n9n,[ iJw-

.,,wpr/_nLJ { 'ibml,Jwl 'ibppw"wbmP1wJp, 
J . lJ.pwqw'inuf, 'iwJwp ¥wwwp,[n<J { J,uf!n<p 2_pf, w'i.i'iw,f_wuwpwi.wq,· 

7.wpdJwl, "P'l-rwillfa¥w¥Wb 'iwzrf.wr¥l! I, npl,{ if,nfp f!WJl""- npnz,[n,J· 

f,pwpf,9 zww Jnw ~mp,[wc}/!1,bpnuJ' 'l.f'P funpn<PJnL1,'i.ibp[! I, :hpn<'l-fa fJ,[b-

{'/! (fr= ;~ ) t 
.2. flpnz,f_n,J b'i.i 1,nLJb "wp,f_wc}/!1,lpf, 'iwJwp 011w{ wqb9,f_wc}n1.P1wt

'lnphw¥fa9'i.ibp[! [!Ulll lr. P. 1'uw1_bl,~nJf, 

( 
!!,. )( , I . !!,. ))l -'2 ~- 0.035-\ 0, )3R !·r-4·'\ 1-lOU ' (4·~~ 

"wJ l;mpwn<pwJfa I, lJ.1,'1-bf'un'i.if, 

l1nrzJf,9 mwppbp Pll!ntPJWb wpw
qw'inufibpnLJ ·¥wwwp,f_wc} q,np

.l.bpf, W('f1JnL1,f!1,bpf, Jzw"Jwb Jf,-

2_n9n,[ umw9,f_wc} {'i.i¥· 4.1) 

(4-3) 

{' w"u wJ.l,n,[1 
3. flpnz,f_n,J /.'i.i wbpw9,[wc} 'in

uw'i.i/!f, htfh{'[! 1,z,[wc} "urp,f_wbJJ-

1,bpn,J 

Q = 0,(1+~) (4· 4) 

p,Qf+p.,Q., 
P-

Q 

0 'f, • 7J 
o r, · 6D· r.r 

..__--4----16 f, . ,.,. 

21 14 24 J2 i!ir' 

't~- 4.1. O~ w , 111q.L9t/._w/)n,f11wl, 4wuil' :J,p,11'1/r 

f!,J__f,9 P"'9 , nu111l,p!,Lrf, su,Jwr ( ('Uln (;('m 

{'W"'P"'J/r I, u.i.,,arunl,f, ,f,nrJ.hrfrJ, 

Ot(P,+p •. ,~) 
Q 

(~·5} 

P1 
p= 1+~ 

(4,6) 

5. flpnz,[ntJ t dQ/ dl wc}wt9Jwlf, u1pdhp[! 1[bf't_w,f_np w-G.bpJ, Jf,2_11-
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116 

~=o,12v1~-o,1 2 .. / 6,lu, 
V h·· -25, 

h.-( 1+~Jh 

,., ' 
·• ''r---:r--,--1-=-1--_;::tJ-<: 

4.1 opf,Lwf[f, ,;WJ•[wp¥fr wp 

'1JniLp.Hpf! pbp,f_ wt} 1,1, 4 • 2-

W'l_Jnww4nul, f,uf[ Li[ . 4.2-n,J' 

lwpntp u•f, b. wbpw9,f_w~ ,;tr_ 
uw'upj, ,;wJwp W'{_WLn Jw¥b

p.l,n,1fJJ, ¥npbpp, f,Ll"{l,u Lwl,_ 

l:r b. ~ JMntPJn,LLbpj, ,f,n

,f,nfuJw'I, ',npbpf!t />!,l"lbu lpb

,f_nu! I; 4.2 UJ'l.!n,uw4j,9, wl. 

pw9J, w!, u ¥ u,f_ n,J I; f = 13, 5 J 

II 

0,0 
5.0 

IO,O 
13,5 
15,0 
20,0 
25,0 
30 
35 
40 
4:, 
50 
55 
60 
80 
100 

711 116 /,1 

h., Fr I,_ f3 JUn•-

',mp,[w~~f,9, fru¥ Jnm f=SO 

J-J,9 whpw9,f_u.1,,} ,;nuw!,n, 

11w11Lm,I I; <;w,f_wuwpw1w,f,, 

4·1· Ojl~Gw~~ nwzlfw11~~ Wp1un1lil!Gh11~ 

fl. 'I I N ,u w * 4.2 

h J f f3 
I 

r ,,_ 
2 J 4 I 5 

l,S:l 1,0 0 1,83 O,Si !l,4:J 0 0,70 18,40 0 
0,87 

0,63 25,0 0 
0,70 

0,61 27,0 0,199 
0,63 

0,55 36,96 0,415 
0,73 

0,51 45,6:; 0,545 
0,78 

0,49 53,62 0,642 
0,79 

0,47 0,80 
0,45 

60,76 0,718 0,80 
0,44 

67,06 0,778 0,80 
0,43 

72,5:J 0.827 0,80 
0,42 

77,2:J 0,867 0,8 1 
0.42 

81,23 0,900 0,81 
0,40 

84,62 0,926 0,81 
0,40 

!l:J,47 0,993 0,81 97,66 l,02 0,81 

().br(!ntnf. finuwliflil.r t.. <nnrtl_nq_ Wt~f&Lr~ wnwrw9nufl! wrW<JW

J,nulibrnuf: f,!,l"lbu .'J"'J9 bl, m,f_bl <;b,nwqnmn<f/Jn,Lhbp[!, lf'wl,9p

LbpntJ [('f, zwprfJwl, ,;W1,'1Wf'Ln J,_ f!fllftl, 11bJf,Jl,hpf,9 pw9f, ~W 

)111.1/, Jj, /,('('N(''[['t /TJwp'l,f_nLJ I;, np flfnzw4f, "/WJJwl,l,l,pntJ wpwqtu• 

,_,·nuLhp,.,J wnwtwL,.,J t tf'fi zwpdJwL, WJU"{hu "nz,f_wt}, 11bppnu,f1 

rrLdf,J, bpp <;nun'l. tf'/r Jwqbpluf,1, WIIW'l_w9w~ z/,npp qpqf,nl,bp[! <;n

uwLp.l, f, ,f_wp w"Anul 1,1,, f, ,f_bf't.n <:wl,qb9HLnt/_ t:wumwtn,[w,t zwrd

JwL Juwhq.wpJwl,l!t 

'/.,Jw!, nbJj,Jn,f_ zwpJ,f_n'l J;nuwl,pnuf [pwJi9pf, npnzw¥fr bp',wpnL

}/Jwl, '11,"I/J'fLJ wnw'l_wl,n,J bl, lu,J'l,wq/1 wlf,p'l,f,p, npnLp qpw¥w!,mp1w'I, 

slbt utnw9b[ bl, ccf}w,f,wnnrt_)J, «<;wp,f_wt}n'l.Jl, c(lwJl,wi[f,JJ b. WJ£ wL,(_w

Ln,JLhp, uw4wJ1, wJb'l,-;,_,u,wpwt},j_w~l! I, q.nr1t}w,}w¥,u'l,l! C<lf[np,(_n'l W[f,p

'I,/,p Ji w'l,,j_wLnLJ'I, t, np[! I, [!1,'ln,1,,f_wt} t Jbp lfn'l.Jf,91 

<Pn/!f' flbp11,fJ1wJp u1wL9,.,f,9 f[wJ 'l.f'WJpwpf,9 'lhu1f, wpwq.w{nu 

NL'l_'l."-"'l. <;nuwhp[! <;h'l,9 ul['l.p/19 ul[un,J I; zwpd.f.bl pnLnL nbdj,Jn,(_' 

h<h\r b. LntJhf,ul[ q.bppmn'I, nbJf,Jn,f_' h<h~~, IJ.Juml'l h!r -r wnw

tf,L ¥f'frtnf,qwl1wL /unpM/JJn,1,l, t Fr= 1,0 'lb"{J!"<J, f,ul[ h~~ -p' bp4-

pnf''I qpf,mf,4w4w1, Junpntf}Jn<'l,f!, npf, Jwuf,L l[Junu,[f, wnwtfr4w1mJ, 

2.hmu.:q.wJnLJ ,;nuw'l,pf, Junpni/J1n,f1p wpu,qnpbl, Jrrmbbn,J I; <;w,f_w

.uwpwzw,f, zwpdJw'I, Junpntf}Jwhf'' h ~ h0 , U.1umb,z tt <;b'l,9 <;nuwL/!mJ 

u4untJ /,1, WftW'I_UJ'l,UJ{ '/-[npt/_n'l_ wlfi/!l,/,pf, (<Uw'l.J/,(')) 1 npnJip, zwpJ,(_b[n</. 

\nuwLpl, f, ,f_wp b. Jf,,fJw'l,,9 q.n,Jwp,f_b1n,f_, ,j_bp /,1, wt},(_nuF 'l-l"{',[t1'[ 

w1f,pLlpf, (Lf[.4.3 ), 

9-hppmn'I, ,;,,.,wl,pf! [JULn zwpdJu,1, ""1.'lnlf/Jw'I, qwpb(f, I; pwdwLbt 

~'/,mb.Jwl Jwubpf,' 

1. {wh11wpm ,;nuwLpf, w'l,9n<Jf! pnlftL L q.bppnw'I, nbJf,JHpf,, 

2. wLq,fw'I, l[np (I q.nmf,}, 

3. qfnp,f_n'l wl11.phhpf, uw'l.J'l,w,f_npJwl, u,/;'lw,lwu {Il q.ntnf,), n,p 

," nuw'l,,:f, Junp11t/JJw'I, mwm,u'l,nufhi,pf! 4w'l,J'n ,J l'I, ±0,1 he, 
4. '1-[np,f_n'l. w[f,pHpf, pnrnl, qwpqw9,Fw'I, ,nb,zwJwu (Ill q.nmf,), 

5. '1-l"f',f_n'l. w[f,pLbpf, W[f,pwJf,L ,']ni9w'l,f,zl,/,pf, JJ,tf,L wpdb.pl,hpf, 

,; w u,n u11n J w'I, wh 'l_W ,J mu ( IV q.n m f, )1 
9-bppn,n'I, t:nuwLp'l,bpf! b. '1-l"f'"-"'l. w 1f,,.,'i,bpf! {luuuqnmn'l'l,hpf, nizw

'lf'"'PJn,JiL bl, qpwt/_ht 'lbnl,u XX 'IW{'f, u4'lpf,b11f,fi, uw4wJ1, 'l,pwL9 l"'f't 

I, JbfJn'1fr¥ nwn,Jhwuf,pn,fJJm!,1,hp[! mwpi/_ht bl, 1940-1960-w4w'ii 

f,j_ w¥wl,Lbpj,!,, 

f,'1,l"lbu h wJbl, Jf, Lnp lpl,flLJ}Jf, .t:lmw'l.nmJu,b dwJw'l,wl[, qhp-

pnlft'I, <;nuwl,p'l,bpf, b. '1-ln[',[n'l. m[f,p'l,hpf, nwn,Jl,wuf,pn<PJn<'I,[! u,1,Jun,-

uwfltf,npbl, "lfr,nf, <;whql9hbp <:bml,Jwl t:wp9bpf, "1Wf1'1._Wf!W1,Jw1,l!' 
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(4 · 20) 

J.1,_n,[ (Lt,. 4.4), 

'J.Lppnrn.l, {nuwL/!Lbpnu.l q.[np,[n'l wlf,ff, wnw1_w9Jwl, I,_ qwpq.w9J,d1 

ful,'f-pf, 111i1iwpftJwL r1iflw911nul ,:wLq.nt9wJf,L 1:wp9bpf,9 Jbft'l, { ,;,u1,'l-f,

uwtnu! [!UUI 1_pwt911f, bpftwpnlfJJwl, wJl, urb'lf, npnzlw, 11pu,b'l uw'lJLw 

q_np,[ntJ bL WJ'f- wlf1pfibp[!t 

f!wq_JwfJf,,/_ ,f,np&LwftwL uu/_JW[tbpf, {f,Jw1, ,[pw 1,. 'l,wJpwpJwLp 

ftrirzJ/19 uurw9,[u,J { LJwL ftw"lt flpUfbu W[f,pLbpf, uw'I.Jfiw,[npJw1, urbqf, 

lw,f,wLf,z eL11-niL,LwJ t 1.fl"'L!],l'f, bpftwpn~fJ1wL WJL q.riurf,1,, npurb'l 1: n

uwt11f, wq_wur Jwftbpl,_niifJf, urwmwLnLJtbpp ftwq_JnLJ bt ,:w,[wuwpw

;w,f, zwpd-Jwt funpnL/JJwL Jnu, 10 %-rt 

y:.-2.6 -- Fr~'#,, 1.,-- 10,.J 
1.6 ---- 1.1 ~---~--~--~ 
31 -·-· - 23.4 
2 ., - ·· - ·· - 11.,,6 
a,5 --·-- 2tO 
4.-' --··-- .,Qf 
.,,. ---·--- ,~,.o 

~, --------.-1:: .. ---..b-=~=t~~ l :-=; • - ·- - · --·-- - - ·--· -- · -' , .... ____ .,. ./-:..::--~-
,._ ~ ,,,--·-

a5 I . · - ·- .-.- -
~ -~ · ..... .. ,.... __ .,,,.. . ..---· 
·~ ?- - ·- -... :~~/[=:-~_;:.---·-

- ·---·-- ---- · -- .... ---·---

I 
200 . Jf(} 

I 
400 5{J!J §QO 760 f, 

JI t~s~ iy "SI' hi,, 

"/,fi . 4.4 . iJJ, l w,juu 'l " 'f'¥ ,Fhcl n,fJJ,u!, q ,11"1(' ,,u ,f,,u~,.,,.,q h1,qw{'ntfJJ11•Lf,g L £{'n,7f, 

Pt/.f.s , 

lJ.pwq.w 1: nuf, uftq_pf,9 Jf,1,ll,_ UIJ'f- q.nmf,L b'lwJ ~bn.wq_npntfJJnLL[!, npf• 

"f.LUJJwLwftwLnpbt ftnz.,[n , J t (( W[f,,l'Lbpf, Jw.q.Jwt mlrz >) , 1_pwfi9pf, b 

,:nuwfipf, ,;f,'f-('W,[[f,t,wftwL rtt lpftpwz.w,f,wftwL pfinLf}wq.pbpf, ,;bur ftw"f.

,[wJ { ,;/;u,l,_Jwl ,f,np.l.fiwftwt ({,JUf.f,pf,:ft) ftw"fwft9m/J1wJp (Lft. 4.5 )' 

(4·21) 

npmbrz Ao-L I,_ Bo- t { w,/_wuwpwl"''P zwpd-Jwt cfw,J"u,Lwft 1.f'Wfi!]pf, ftbt

'f-Wl,f, fturp,[w.tn I,_ ,/_bpl,_f, [WJfi111..f11m.ht Mn 

i2:2 

Sbrpu11-pbtn,/_ ( 4,21) , puifiwJ.l,_p 

,lhy :bpn1..'f-f, p,[f, wpurw,;wiurnr-

fl JnLL[!' 

a;Q2Bt l,uunu'i,wi. a' 
Fro= g>.3 ., f 

(4·22) 

' .• ,.l-.:._.J-...-__.;-·~;~~-t-~ t----t~,., 
+ . . 

' Ill - ,,, • ,. l -~ 
. ·.. .. '." A, 

(4 23) 
'.· ·· , \ 

(4 · 24) 

(4:25) 
· ·'" \ .. 

.... ' .. 

uw'lJ!,w,/_npJwl, 

·.• ·, ·· .. 
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U.1Ln<W11hLw1Lfii/_, /un<uw,j,blnif. Lz,[_w.)- n1_ tfint/_f,L UfWtnw f wnw-

,p.wLtf_w.)- {'L'l-mLhln,fJ1n,Llibf'p!J , Jbf' ftn,1_Jf9 wnwp_wf'ftt/_n'l ..; wztf_wf'ftp 

JhfJ-n'f-{! '1-hn pwt/_wftwLfL t; l,n11< t ftwmW('JWL lP!,hln<91 f/Ju:rn f wn.L UJJb 

L np /u('w,Inulwj/rL ' fr{ LnLl,p11<'J z wf'dnLJ[! /ufium lnWl_Wtp /; /., Jf,;,,

l"'P zwpdJwL { wt/_..,,UW('nLJLhp[!, .11pnL9fi9 0'1-mt/_n,J Hp, 1_bL it;;,f'"'l 

t/r.n ;ffiL 1., f hm Lftwpi:u'l-f'bl ziupJJw't, UfWU14hpp t u. If. lltfi;,ftfiL oq~t/_b

ln,f ,;l"'Z <Lmwq111nn']Ll('f, tpnpd.LwftwL mt/_1w1Lhpf,y, '1-u,Lnuf ' t, np tPP 
Jfwftn,z ,FwLf pL'7-rllLJwL 'T-b"fj!n <J [w1Lwftf ftm,pt/_wJpnLJ zpy_w"lmnLJUI

Ll,p[! /lPl bL wq_'}-nui f. {' ..; bnn ~·J t; b'ln<ftp ti' /1y_f,L juirpmfJ1wL t/_pw Lt ;~('d-
L111!1wLnpLL ftw!'blfi I; oq.m,,,'1-"f'.)-bl Jfi.w 1_ wr/r z wpc!Ju,'u ..;wtf_wu.,;pn<J't,Lpe1 

.flwLf np jupwJnt'I_WJ/1L y_{'<J.11.Lh('f, { wmwftf .fJbpn</JJ n,Lp q.np.)-!, ,;,_ 

ftwLn LJ W['t/_n<.J' t {wumwmntL , wu1w (3.8) '}-p!/,bpbL9f,wl ,;.;,t/_wuwp"j,~Jl! 

;[!L'f-11 ,LniJ t ,;1,u,/.,JWL mbui!I!' · 

dh 

dl 

Q2 + ~0 2 oA __ __ :_!? - a )Q dO 
:,, "C'I? g A-1 11 ! · gA~ dl 

----~~~~....,....---::;-:--,--~~:.::_~---=--, . 
. 1Q' 0 \ 

CO~% - - - -
AW, 3 d h 

2fJLwftwLnuf jupwJm,zwJpL. y_(' ..;b"Lbpp ,;n,Lp · twjuwq.,h,J Lf1 '1-.}w 

.JpL O('bLpnt/_ [WJLw ,911'1_ , uL'lwLwd.b. ftmptf_w.)-;,f,1 

~pw/Jwr/rf zbJp[! hpftw1L,;,l1wL fturf't/_w.)-pmJ pL711<Lt/_niJ t ,;npp'l_n

LwftwL (Lft . 4 .7 )1 

]26 

hJ('wJnt'I_WJpL p_p..;bnfiL J'nrnb9n'I_ t: b,,_n, ~f, zfiflLp[! ... · fJ!,wl1 w L ..;11upf, 

Jt- ,p' i, 
zwpdJwii ,,,,,_,,_,,lpJwb ..;bur ftw'l.Jn1.J bL ·-2-- wLftJn< , 

,f'wflw,j,p b[pf! ..;b'l_nL4f, hnw4n'lJwLp [!b'}-n1.LJwii 7b"{j!nLJ, h/Jb 

,;l,'l'""" eiir1niLJwL UfLUJJwLLbp[! p_p..;bn.fi bpltw1iiwftwL "''l'lntfJ-JnLLnt/. 

JfwLJwL bL , ftwf'mw ,;WJU1t/_p' 

(4 -31) 

npmb'I_ p_pw{Jwr/rf, -C.wftwrnf, [: b!'ftwf'nLfJJntL{! Jbft hf'4wJLw4wii 4n'lJf,9 

n('nzt/_niJ f 
( ", , 

1 ::=: ~ . 3 2 } 
. c'.i m 1 I/ 2gHt 

" f'rnb'l Q' - [! Jbft bpftw/:,wftwL ftn'lJf,9 { b'l n,ftf, lu, L /; : 

{w/fiwftwL 4,,,,_ ,Ff f_ pwf}w,j,f h[p[!' Qo- L n('" ztf_nul' t 

Oo=QoBJ 

( 4 • 32) 

['w!iwt!b.n,f_, n('tnb'l_ qo- L lwJiiw4wii 4n'l_Jp9 [!b'[n<Lt/_n'l ,; l,'ln<ftf, A1buw

ftwpw(' h[pL t , fuft Bo- L y_ ['w{Jw,j,f, /;wftwmf Lf'4wf'nLPJnLLL t (lift • .J,' 7): 
l!bft bpftwiiiwftwL 4,,,,_Jf,9 [!LpLLi/.n'l ,.·1,,,_,,,~p mbumftwpwp "LP/! 

npnz ,f_nLJ t 
, 1 1/ o- · tt 23 \4 -34) q =m r t- t 

pwiiwd.b.nt/. , n('tnb'l m' ~aem21 
'f' ,; b nf, bp4w 11, ,uft w !, wnwL9pp /;pft wpn,/J 1n<Lp ftnpn z t/.fa 

I.= !cos ~' /2, (4 '3 ) } 

SLuwftwpwp htPf! bpftn, bp4rn1LwqwL ftn11_Jf,9 , tl'.;bnf, wn.wL gpf, 

nul'ln, fJ JWJ p , ftnp n z t/.f, 

m'l/ 2g H!11 

q/=2 • _ I 

cos'?/2 
(4·30 

'1w,F w1wftwL 't"'f'"- u.,.}pn,J Ll/!P npnzrl mJ t 
: (4·37) 

nptnb'l_ l-c (( 0 1> pb.hnf,9 .JfiL1_b. tnt/.JWL 4,nf',[_w.)-p[! b,,_w.)- { bnwt/_np LfJJnLLIL 

t tf' ,; bnf, wnwL9pp nL'l_'l_n,fJ-JwJp: cc 0>> pb.hnf9 Jf,iii_b. tp ,;bnf, u4'l.PP 

fturp,[_w.)-il! h,,_w~ ..;bnwt/_npni/JJnLL[! npn,ztf_n,J t 

1:27 



:pwbwJ.b,u/_, npmb'l ~-b npnz,[_nul t (3.21) p.wbwJ.i,_n,[_, 

¢' wbqJwb Jb,hLflJnLb[! qwpl1f, f npnzLL 

b.-b fm~ '/2= ·· 1 +mtg,, 
,_,' 2L ('1 · 38) 

l[wJ 

sinf/2 (4-39) 

,; w,[_ wuwpnulbbpf,9: 

ltwJwJwqw'i, qmp,f_wttpnLJ <nLbf, <wmwftnLJ £WJbnLpJnLb[! npn;z,[_nu! 
-f b=~l pwbwtll,n,[_: 

Umwbwbp qwbq,[_wttbbpf, ,f,n,f,nf,,Jw'i, qnpJ-wft9f, :/'"<bft9f,n'iiw1 ftw"fl! 
ftwfu,[_wtt bwbwu1wp-":j,91 

IJ.'ii,[_bn Jb,t fpwJp.wpf,9 WbfWm,[_n7_ zf,Pf, wpwpL/JJnLbf! tpwpw,t,f, 

zbJpf, ,fpw ( Jnmb9Jw'i, W{'W'lffL/JJnLb[' wbmbut/_nLJ t) ftwph[p t npnzbl 

,·bml,JWL '1/rmn'lnif}-JntHbpf,91 £' - n,[_ bzw'bwftb'iip r_pwpw,f,f, zbJpf, ,fpw 

,• b'l nLqj, /u npn,,{J JWb "- zb,J pf,9 I~ 3H ,; bnw,[_ npnL{J JWb ,f_pw H f,,npnt-
p 2 2 

JWb -":wpwp.bpnL/JJntb[' (Lft. 4.8)1 0-0 ftmp,{wJpn,f_ wb9bn7_ Q' h[jf! 

( J_p-<';bnf, Jbft bpftw1bwftw'i, ftn7_Jf,9} npnz,f_n,J t ( 4.31 J pw'i,wt!l,n,[_ 

flwd wbbint/_ wJb 0 - 0 ftmp,[_ wJ-pf, J wqLpbuf, ,[pw (A=/' e' H ) '·uurw-
2 ·2 'I 

Lmbp fpwpw,f,f, zbJpf, ,[_pw L;nuwbpf, Jfotfo'ii wpwqn,p1n,bf! 

m' 
V~=-. (2gH,) 1•2, ( 4•40) 

e 

I 

f!'i,qnibb[ n,f_, np wpw qn,p J n,L. 

llbp/1 t"(Jnipj, mbupf! bnwbftJnL

bwJ.I, t, ( Jfotfo'i, wpwqnLPJwb 

'Lbqwnpp 'lu,b,[_n,J t pwptlpnL

/JJtLb JL/1 bprnrqn,J ), f,uft 

~j,flf, zwpdn,Je Jf,'i,l 1:J,J'i,u,. 

qwb <nuwbppb <w'iiqfull,lf! ftw

utmpt/_nLJ t wq_wm wbftnLJn,j_, 

// ULnUJbWb /J zj,flj, J pfj,b IUflU •· 

' J. 8 L fl " LfJJ UJ b >tu ,I.fl f - 1 /. tn(' .I_UI~,. u.,. 4. , "'F'"J""J.QtJf,1, 11''/,nf, lwJl,~,~fr ~(! · '- 'I' 'I 'f_ 

"'t!r,fw.)pf, u/ubJwl,, pniJ' 
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( ( (
m')

2, e'Ht ))1/2 
V= 2g Hi ;,- --r-y+-3- --h _ , (4 -41) 

(4,42) 

{4,43) 
pwbwJ.1,f, oqbni/JJwJp: 

Umw9,j_wJ wpwq.nifJJwb Uff'"Jbftyf,w'i, <f,JLwftw'i, <nuwbpf, zwpd 

Ju,'i, wnwb9pf, ni7_'l_nL/JJwJp. ftt/rLj, 

( ( ( 

• ) 2 'H - 1•2 
Vs= 2g H, ~' -t- Y+_:_ 3 t -h)) . siwf /2, (4 ,44) 

~wLq.,[wJ-bbpf, ,f,n,f,nf,,JwL r,nrJ-wqj,9{! t:;b7_n,qj, bp'tftn7_Jwbf, [!LqnLbJwt 

'J-b "(pniJ 4tfobf, 

(4·45) 

J,u~ Jj,wftn'lJwb/1 l'f, '}-ntLJwL 'lL"fpnuf' 2 q.npJwftf,yl! ft'1wrr.wf1w 1 t 

IT/pj,'/_J'wu,fft <n,LbpniJ (4.30) 'J-/r!/>hrbL9fow1 -":wt/_wuwpnu!l! pb'lnL• 

l,n,J' t t:bmbJUJL u,I, Uf!f!' 

dh 

dl 

cz(2-a)Q 

gN 
!1(.,,2 rlA 

COS<f>·-- -
gr'\' dh 

l;,IH tr'-.'lnf [WJLwftf, ftml!r-

'[Ul~fl' uL7_wbw,ll, t ('i,ft, 4.9} 
\ 

I ll llf IJJ 

11pmL'l 

b+'?my 1 

11 ·~C2 

tgy /2-=mt~? 

(4 -47) 

(4-48) 
, 

I, 

dQ 

di 
(4·46) 

IJ.pmwJ-,Ju. ,t J1nu1 p.wbwJ.LI,. 

{'{' WJfJ- ql,"f/!P {wJwp Ln<Jbft 

/;b, J, fi;_ np "trfoqJwmf,ft ub-

7_w'i,u,J,/, ftmp,[_w<fpnt/_ 1_pwL9p· 

Ll,11,I, -<:wJwpt 
u~. {.9 . llh,,_,..1,,,,u, ~urp,fw.,,n,f °!f'fry Jw,,,/d1 

/up111J1u1lu,Jf,I, tl' ':lnf, -:w,,/_u,, .- ~u11frl, u{uh,f1ul, , 
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U.. U. 1/n,pq.wLrr,f_f! wnwy_u.ipqnul t qnrzw1f,L lf'wfJw,j,p blPP q.nfl

ttwqf,!Jl' pL'l-{wLn<fl '1-b"ll!"ul npnzhl 

m;:..:e~~m+ (4•59) 

pwLwt!L.n,f_, nflmlrz e-f! qnrzwjf,L ub,lJJwL, f,uq a -L' -tlfizntJLbflp 4 
,f,n,f,njuJ wL q.nflttwqf,9fihflf, bfit 

1/J flf1qJ wmf,q qn,zwJpfi f_fllllfJwfhflp ,; wJ Wfl 

Qt c=l- , (4-6D) 
~gA!L, 

fh ll(flpqJwmf,4 (Lbrzw9nrz) qnrzw1f,fi Y.flwfJw,f,bpf, .,; wJwfl 

Qi 1:.=l-0,525 ~ - -, 
gAi . 2L~ 

(-t-61) 

npurbrz Ai- 2-[' 2_pw{Jw,f,f, ult'l.pfiwqwL lwJLwqf, qurf1,f_wttpf, Jwqbflbufi t, 
pL'l-ntLb1ni/_, np .,;nuwLpf, funpn</J-Jntfip 1:wi/_wuwp t Y.flwfJw,f,f, ,f_bfllPI' 

qurfl,f_wttp/1 funfln</J-JwLp (h2}t 
1 

l1Lzn,Jfibpf, ,f,n1f,nfuJwL <\ q.nfl!wqf,9[! "lflP'I.JwuiJ,4 qn'lwJf,fi 2_{'"!-

/JwfhflnLJ npnz,f_ntJ f 

l pfl 

b flfl 

l; fl{' 

a4=l - 0,275---2.! 
gA;H11 

02/0.~ 0.63, 

a~= 1-0,75 0101 
hA2H 2 ' 

02/01>0,63, 
fii. "(l'P'I.Jwurf,q Lhrzw9nrz qnqw1f,fi y_pwfJwfbflnLJ 

a~= l _ 0,35(__2!_--~), 
gH~ A1-2 M 

(4 62) 

. (4,6'3) 

l ( Ql Q~ . -· - ------)>10, {4·64) 
H~\AL2 M · ·, 

Ulll(W '\wz,f_wpqtbpnLJ f/wph[f, t l!L'1-n~1ibl 04 =0,65, 
bpb qnrzw1f,L J_flWfJw,f,p un,q,f_wtl- t, Ulll(UI ( 4.59) pwLwA.ltntJ w,f_h-

1wLn,J t Ou un,q,f_wtl-n<fJ1wL q.npttwf/f,9[!, "fl/! qwph£p t npnzbt 
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a.=0,9 V 1-(~)· 
H2 

{4 65) 

pwLwt!ltn,f_, npuihrz hu-p y_pwf}w,j,f, uniqJwL funfln,.flJn,fiL t, 
ffJhuip { fizht, "fl ( 4.59 )-( 4.65) pwLwA.ltbpf, oq.mwq.np1h,Jf! qw"li/_wr} 

t Jf, zwpp pwf''l-"'/JJncJ,J,bflp .,;bw, pwfif, np fiwfuw"lhu wL.:w1m bf, WJ'J 

pwfiwt!bhpn1,J JwuLwq9nq npnz Jhttn,fJJntLfihflp wpdbptbfl/!' (4.59 )

( 4.65) pwLwt!L.hpf, oq.hntfJJwJp qn'lwJpfi 2_pwf}w,f,f, <wzq_wpf/ f/wurw{'bl"' 

i: wJwp (4.56) .,; .,,Jwqurrq.f, f,Lwhq.p,J'wf, JhfJn'ln,f_ Lwfu "llinp t npnzhl 

f(n'lwJpfi y_pwfJw,j,f, u4'lpLwqwL Lt ,f_hpy_LwqwL qurpq_wttpLhpniJ P"l"f' 

-": f,'1-f'Wi/.[f,qwqwL pLn,fJw'l-f'"'l Jb,)n,fJ1nifithf1p, [!h'fn<Lh[ni/_ c= 1,0, 
a

4
= 1,0 (untq_i/_wr} 2_pw{J-w,j,f, dwJwLwq Lwlt CTu=1,0), npf,9 '\bwn 

,;wzif_htni/_ €-[! CT - [! CT - [! .,;wz,f_w['f/[! f/wurwph£ finpf,91 2.wzq_wpq[! "/burp 4 u 

t f/urwwph[ WJfipwL wLq.wJ, Jf,fillt uww9,f_wtt wpdhptbpf, zhrzn,JHp[! 

l'l-hpu,q_wfi9H f}niuwwph£p wpdhphbpf! (5 %)• 
2.f,Jfiwqwfin,:,J qwpn,z bf, .,; .,,f,'IP"lhl qn'lwJpfi y_pwfJw,f,f, .,;P'ff'Wi/_[p

qwl11uL {wz,f_wpf/f, bpbp '1-bUfpLp, 

1-~G qhu,}!: Sp,f_wtt ht hu!hp[! 2_pu,{Jw,f,f, uqq_pncJ Lt ,f_hpy_n,J (Q 1 

Lt Q 2), nrfJw,j,f, /WJLwl1wL f/wp,f_wttpf, J.ltp, f,fii."llu Lwlt y_pwfi9pf, hp4 -

pwiw,f,wqwf, Jlttntf}JntJ,J,hp[!' uit'l.pfiwqwfi Lt q_hp2_fiwqwfi f1mp,/u,ttptb 

l'"'J -":wwwqf, £WJfintflJn,f,tbpf! {b 1 Lt b2), -\ncLf, fJhpntfJJnthp (io), /unp 

'1-"'Pnr"'l-"'fJJwfi q.npttwqf,91! (n), !.f'wfJw,f,f, zhJl!f, rwptl{'n</Jin,fil! (p), 
ffJw { wfi2_,f_n,J t npnzhL y_pwfJw,f,f, -6.wqwmf, hpf/wpntfJJnLL[! (b) Lt 

f1wnnt9bl wqww ,JwqlpltntJfJp f/np[!t 

"') "n'lw Jpfi y_pw/Jw,f, n,J ,; b,l'riqf, zwprl nuf {' pnwf, t, 
u.,,t ,; /JJjln t, np tl'w/J-w,j,f, bl/!/! Q2= 01 - Q2z 

Pnrnfi zwpdJwf, dwJwfiwlt '1-P:/>h{'bL9f,urt <w,lwuwpniJfihpf, ( 4.56} 

i: wJwqwpq.f, f,q_{'wJf,fi "l"'JJwfiHpfi bl, .,;nuwfipf, Q1 Lt/!/! lf'w/Jw,f,f, 

u',qpn,J b h1 funpnLfJJnLfi[!t 

h1 funpntfJJnLfi[! f'UUI wp,f_wtl- hu!f, npnz,f_nLJ t 2_pwf}-w,f,f,L Lwfunl''l-"'l 

l/' wL 9pf, ,; wurq_ w~f, .,; P'l-f' wi/_tf, q w q wL "{ w J J wfifibpf,91 

1'fiwbqpn,J hLp 'fp{/,hphL9f,wt '\wq_wuwpnMLbpf, ( 4,56) '\wJwqwpq[! 

Jf,Lilt '\nuwhj!p ll/!l! -<:wq_wuwp,f_J, Q2-f,, n,pf,L '\wJWUfWU1UJUjuwfin'l 

hpqwpnt/JJntfi[! q[f,Lf, J_pwf}w,f,f, -&wqwwf, hpq,;,{'"<fJJnlL[!' l= L2, f,uq 

h=h(l) qhwbpf, qnnp'ff,LwwHp[! 4.,;wJwu1wmwufuwLbL wq_wm ,J'wqh

pltn,1/Jf, qnpf, qnnp'fpfiwmLbpf,fi: 

p) l/n,zw1f,L uwf}-w,f,nLJ <h,zn,qf, zwpdn,J[! .,;.,,J,,,wpur t, 
2.wL'l-wpm zwpdJwf, dwJwLwq 'lfr:f,bphfi9f,wt '\w,f_wuwpniJfihpf, 

( 4 · 56) l qpwJf,fi ll(WJJ wfiHp[! 4Lf,Hfi .,; nuw fipf, Q2 ht/!/! h h2 ju npnLfJ J ncfi[! 

'i.(•wf/;;,,f,f, ~hp2n1.J: 
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Cuut utp,f_w.t Q2 bu/r u•wPw</i/r ::w1_nr'lnrz. 1_pwtsi!/r ::wut,f_w.tt, 

{J, ,,,.w,[t/r4w4wfi UfWJJwLLbpJ,9 npnz,f_ntJ t '\nuwLp/r h2 funpnLf/JnLL[!• 

f,f,u,bq.pbt n,f_ '[/r:f,bpbL9/rwl { w,f_ wuw pnu!L bp/r ( 4.56) '\ wJ w 4 wpq[! 

zwpdJwb {w4wnw4 nLrz.rz.nt/JJwJp JJ,Lll,_ '\nuwfip/r btl!f! '\w,f_w uwri/_/r 

Q1-/r , npnzn,J hLj! ,_,.,.,pw,fr/r SwliwutJ, 1., bp4wpntfJ1niL[! LL ~wnnL9nL1l 

WC(_WU1 Jw4bp/,_nLJ.fJ/r 4np[!t 

Op~(hu~ 4.2: fluz ,zwL 4 JnLU 4u,p,f_ w.} pn,f_ 4nrz.w J/rL 1_pwflw,frn, J '> b-

'l nL4/1 zwpdn,J[! <: wL'fW{'U1 t, Q, = 30 J 3/,f_ , Q2=16 J
3N_, b1=~2 = 

= 16 ,0 J, i0 = 0 ,0001, n = 0,013, p= 1,07 J , 

'~w <: wL1_,f_n,J t npnzb1 1.pwpw</,J, 6.w4w1r1J, L£ bp4wpnL/JJnLL[! LL 4w

nn i9bl WC(_Wut Jw4bp/,_m.JfJ/r 4n{'(t1 

lJ.Ju opJ,Lw4f! ,f_bp,ry,f_in.} t lJ. . If. 1/n<pq.wLn,f_J, LL r./, . ? . 1n<Uf_LJW4/r 

'l-f'l!P9 1t lJ.1Linl,,z ln,J.n,J[! 4winwp,f_wd- I; WJ/ ( Jninw,f_np) /,,zwLw4n,f_ !,_ 

uutw9i[wJ W{''fJ"LLpLbp[! { bnn, bL J,pw4wLJ,L Jnin Lf,Lb1nt91 1.bmwqw 

jn,J '[W 4bpl,_w uu,w9,f_w.} wpdbptbr/r <; wJbrJwutn<PJwL dwJwfiw4, 

~ n t J 11 L J t U.4H w Jtn t, np 1.pw{Jw</,/r ht/![! 4LP LJ,' 

01= 01 - 02=30L 16=14,0 JJ/i/, 

{!um 1.pwfJw</,J,L { wy_np'fn'l 1_pwL9pJ, 1:win,f_wJ.J, {/r '1-f'w,f_L/r4w4wf1 

UfWJJwLLbpJ,, tf'wpwf/r ,f_bnn,J wnw1_wLmJ I; Q2= 16,0 J 3N_ b[p/rL 

{wJWUfWU1wujuwLn,z h2= 1,24 J funpn<f/JntL (,f_bp9i[wJ t inil.Jwl op/r

bw4/r UfWJJwL'l,bpJ,9) 1 

U1r1w9i[w.t w ,pdbj!bhpJ, {wJbJwinnLfJJntfi 4w1r1wpb1nL 1:wiJwp 

m 
2

, (J4 /., t-/r wpdbj!Lbp[! [!U'fnLUi/_nLJ t LnLJU[!, J,LlUf.bu Lzi[w6- q.ppnul' 

m = 0,41, cr _ =0,62 , 1:.= 1,0, 
2 4 

(fJ {'/r qJ w U1 /r4 4n'l UJ '" L 1.rwflw</, b pnu! ,,t,:,, b pb1' 9/rwl ,; wi/_ w u w {' nLJ -

l,bp/r ( 4 .56 ) <wJw4"'f''l-l! [!L'l.niLnLJ I; --.b1r1LL1wl 1r1bu#[! · 

dh --dl 

Q2 (1(2 --a)Q dQ 

A2C'R gA! dl 
._a:Q2 ~ --

g A3 

cto v-2 h 3/2 dl= - m1a•i:. g( -p) , 

(4·66) 

bp4pwlwfw4wL I, "P'lf'wi/.L/r4w4wfi pUnt.fJwq.pn,z Jh.tn<f/JnLLLbp[! 

I A. M. Kypra!!O[l, B. n . .[l.ynJlHK - fHJJ.paB,1H'leCKHH pacqeT BO,!J.OnponycKHl,IX 
coopyit<ellHH, KHee , 1982, 96 c. 
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m,z,zwL4JnLL 4inp,f_wJpJ, 1_pwL9pLbpJ, <wriwp npnz,f_nuJ" bL t:binLLJwl wn[!L -

1n<f/Jn~LLbpJ,9 A=bh, R bh , C=-l R1i6 {[!UIII lfwbJ,Lq.J,) 
b+2h n 

1.wz,f_/r innLbtni/_ 1r1i/_1wl wnLin<PJn,Lubp[! LL 1r1lrzw'fpb[ni/. '>WJIIILJ, 

uti/_JwlLbp[! '1-/r!f>bpbL9J,wl ,;wi/_wuwpn<JLbpJ, '\wJw4wpq.J, Jb1., 4wutw

pbLp J,L1r1bq.pntJ Ulf-J, JJ,1_n9n,f_ (J,Lmbq.pn,Je 4wutwpi/_w6- I; zwpdJwL 

{w4wnw4 nul,zn<fJJwJp, L= O {wJwUfwinwujuwfin,J t 1_pwfJw</,J, ,f_bp-

1./r'L ): 
U~w9,f_wJ W.f''I-Jntfipfibp[! pbp,f_1uJ bfi 1urz.JnLuw4 4.3-nLJl 

l J I 0 
I 

50 I 100 j 150 I 200 
I 

250 ! 284 

Q J 3N_ I 16 I 19,61 I 22,50 I 25,05 I 27,11 l 28,91 I 30,02 

h J I l ,240 I 1, 220 I 1.201 
/ 

1, 186 I 1,175 
i 

I I 1.166 1,11>3 

J!pwf/w</,J, u•4q_pniJ uutw9,f_n<J I; h1=1,163 J fz,npn<fJJnLL, J,u4 

2pwpw,f,J, fi1114wmJ, lp4wpnlf/JnLL[!' L~=284 J, 

{!uu, lJ.. If. 1/mpq.wLni/_J, uu,w9,f_wJ W{''fJnLLpbbp/r h , =1,16 J, 

L£= 175 J1 

fiti"lbu mbuLn,J lLp, irw/Jw</,J, 6.w4wwJ, bp4wpn<fJJntfi[! [!UU1 u.. If. 
IJ11<pq.wLni/_/r uww9i/_nul I; rz.q.wtJ,npl,L U(w411,u ( 109 J ), pwfi Jbl' 

"wz,[wpqntJ: 

1/wwwpbLi! u1r1w9i/_wJ mwppbpn</JJnLL[! pw9wmpnrz. npw4w4wfi 

•[ L f'l n l.tntfJ J nLL 1 
/J'w,fr,f_n,z 1.f'/r bti![! nptt2bLi! 1_pwfJw4'J, ntLJ,,f_bpuwi pw1'w.11,_n,[ [!UU1 

flu,,f,i/_n,,_ zbput/r JJ,1.J,L funpn,fJ1wL1 

Q1=m~L!V 2g( h-p )312 

m,,=0.41 , 0,621 . 1= 0,254, 

TI 

~h, 
H= i=

1-=L193 ,r, 
n 

Ot l~O 
L ,= m; V 2g( H - p )312= 0, 2fi 4 Jl --=2=.=9=, 8=1==-( 1-,-1 9-3----1,-07_)_3;2-

( [!Uut Jbp Wf"I-JnLLpHpJ, LP=.284 J ), 

288,4 ,1, 
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Umm9,J_uu} UJ{''1-JnL1,p[! 9nLJB t mm1f,u IJ,. if. lJnLpq.mLn,J_f, ftn'l.Jf,9 pbp,f_wJ

Jl,fJn11-f, /uf,uut Jnww,f_npnLfJJnLl,[!: 

2-pq. q.huu~: Lm1ml,f, bl, ftn'l.wJf,1, f.pwpw,f,f, uftrLpl,wftwl, 4,np,f_wJ-

pnLJ Q1 b[I![!, f,l,1_"fbu 1,wl, ,;,1L1,f, lp4f'wlwfwftw1, pl,nLfJwq.pnlf.. Jbt}nL

f/Jn,1,Hpf!t (fJ,u,;wtr.,f_n,J t npnzbl Lui! f.ptupw,t,f, ,f_bnnLJ I, 4w11nl9bl 

tu'/_UJU1 JwybpbLJfJf, ftnpf!t 

w) ,J!pf, zmpd-,! wl, ,f_J,C.w4l! p nrnl, t, 
IJ,f.!j,bpbl,9f,w1 ,;,u,J_wuwpnLJ1,bpf, (4.56) ,;wJw4wpq.f, bqpwJf,1, UfWJ

JwhHpl, bl, ,;nuwl,pf, Q 1 b[pf! I, h1 fu11praf}Jnll,[! y_pwf}m,f,f, uft'l.f'nLJt 

ht funpn<f/JnLl,f! [!UU1 Q( mp,f_wh bu1f, npnz,f_n,J t 1_f1WPw,f,f,IJ l,wfunp'7-n'f.. 

f.pwl,9;f, -':wm,J_wJ-f, -':f,11-pw,f_1f,ftwftwl, "f"'JJwl,Lbpf,91 

/>hmbq.pn<J[! 4mmwpnLJ t l=O-f,9 Jf,1,ll, l = LI', npf,1, -':wJw

UfWmmufuw1,n'l. 02 b[p[! y.;wJWUfWU1Wufuwl,/1 uw/Jw,f,f, l1p/11, ,f_bnf,L 

ftwp,f_whpn,J, f,u4 h=h(l) f/""f''lf:1,wml,l,p[!' wqwm Jw4lpl,ni1flf, 4np/i 

ft n n {' 11-f, 1, UJ m Lb pf,1,, 

011}1Uwlj 4.3: fh,z,zw1,4Jni1, ftmp,f wJ-pn,f_ -':wmwftwq..tniJ q.J-wJf,L 
! 

opb1,;n,f_ Hrzw9nrz f.ptufJw,f,nLJ (1,ft . 4.15) zwpd,fwl, ,f_f,-C.u..41: pnu,1, {t 

S,p,f_wt} b1, iJwl, Qi = 24,61 J 3/,J_, h1 = 1,8 J, b1 = 2,9 J, b2=2,1 J, 

p=0,9 J; n=0,02, io=0,01 .2, L =6,7 J, m =0,42, a=1,0t 
2 ~ 

ffJbmp t npnzbf lff![! f.ptuf}w,f,f, ,[bnnuf /, ywnn,9l/ wqwm J'wybp/,_t1LJf1f, 

o, •7.!11.r 

j?•tfi' ' O.M+ 

i______J L,·W __ ___J 

4npf!' 
{ n, J- n, ,T, 1/::j,bpb'i.i,qf,w, -':w,J_w

uwpnu/1,bpf, ( 4.56} -': udwftwpq.[! 

t!l,_w,f,nf,,bl,p f!UU1 mp,f_wJ- UfWJJwL

l, [; pf, t 

{wj1,w4f, ftmpi/_wt}pf, J'w4bpbul! 

(n,rzrzw1,ft1n,L) fttf,1,f,' A=bh=(b1-
-TJL)h , npmb'l. 

u4. ,t,J., . Orf,lzw4 4 .3- f, ,:w ,[w114rn1f,1, b - b l 
. lii=-1

- 2 =0,1194 C=-R', 
I ' 

I 
i,f,,hJwL , 

n 
Y - 1! n,pnznLJ b1,p [!Uln 'i,. 'i,, fTJw,f_ln,fuftnL ftp-C.wm pw1,wt!kf, (2y=0,368)1 

R bh I h1 -11l)h d \_ h ilA_B-b . h 
---- , ---l], -- - -fJ I 

h l- 2il l>1-r;L+2h <IL dh 
1 

/i1,mb11-pbu1,f_ umw9,f_wJ- ']f,:j,bpb1,9f,wl -':w,J_wuwpnd1,bpf, ( 4.56} '>W • 

J tulf tu{''l-f! h 1 = 1 ,8 J t,_ Q1 = 24, 61 ,F3/,f_ bqpwJf,1, Uf W 1J w1,Lbpf, 11-bu,und 

l = O-f,9 Jf,1,ll, l = L2=6,7 J uwwii,nJ l1,p W'/_Wm Jwftbpl,n,Jflf, ftnp/, 

ftnnp'l-f,1,wm1,bp[! I,_ f.ptufJw,f,f, b[Pf!I 

IJ.'l.Jntumft 4,4-nuf I, 1,ftwp 4.16-nLJ pbp,f wJ- b1, wqwm JwybpknLJ/Jf, 

ftn,pf, mbupf!, ftnn ,f"1-f,1,,u,n1,lp[! I,_ f.pwflw,f,f, Q2 h[pf, wpd-bpf!t 
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ll.11_1n,uw4 4,,t 

4.11 • . opJiG1111jJi wq_11.1V1 uwljlqib.nt11a1' ljnplt ljnnpJJJililuu,Ghpl'. b. t.ui1' ulih1p1mliGhpf! 

l J I 0 I 1 I t I 3 I 4 I 5 I 6 
I 

6,7 

h J I 1,8 / 1,rn2 j 1,652 I 1,621 I l,60 I l,58711.5771 1,57 

02 J 3{,/_ 124,61 \ 23,16 121,89 / 20 ,12 119,61 118,53, 17,48116.7 

Or=01 -Q2-24,6 l - l 6, 7 =7 , 9 l J·1J,1.,+ 
p) .J!11f, zwpJJwf, ,f_f,-C.wftl! '>w1,,,_wpm ti 
IJ,f,!j,bpb1,9f,wl '>wt/_wuwpn,J1,bpf, (4.56} '>wJwywpq.f, l'f_{'Wjf,ll 

UfWJJwHbpL b1, ,;nuw1,l'f, Q2 b[I![! /, h2 /unpnLPJnL1,[! r.pwflw,f,f, il_bnndt 

/u1,'1fof11! tn,J-,f_n<J t [!1,mpnLf/Jw1, b'l_wbwftn,f_t Q2 l,l/!f,L mwlnt/. ftw

Jw1w4w1, wpd-bpHp, f.pw[Jw,f,f,1, <w1_np']n'l. f.ptuh9pf, -':wm,J_wJ-f, 1f,l]ptu,J_

Lfrftwftw1, UfWJJwLHpf,9 npnzn,J bfip hpwh9 -':w1FWUfWll1tuUfuwLn'l. h2 
funpnLf/Jn,1,1,bp[!• fiLwbq.phlnt/. ( 4.56) ,;wJw4wpq.[!, f{'f, zwpdJwL ,;tu

ftw11w ~ NL'l_'l_Nlfl 1wJ {' np nz nLJ Hp f.pwflw,f,f, u 4'1.pniJ Q l ltpbpf!' npnl,/! 

,;wJw"fwmwufuml,nLJ b1, Q2 ywJw1wftw1, l[phpf,1,, lJwnn,9nd l,l,.p 

Q1=f(Q2) Y"f'l! (L4. 4 .17) , 

Q1=f(Q2} ftnpf, oq.1,n,f11wJp 

11pnzm,l b1,p mp,f_wJ- Q1 bfpf,1, 
~ 

£ 
11, c,. 

fli 
I 

.;; 
_...,. .... -
6"A 

IJ., =16. 7~ 
Q, •2•. 

, 
Q., 

l,4. 4.16' . o,,t,Lw4 4.3 -f, 1w,t/_wr4u,,f,!, '!,¥· 4.17. 'in'lu,Jf,!, lf'"'Pwtf,f, 01 = f( Q2) 

uf,,hJw!, I, ""I."'"' Jw¥hf'/,"'JPf, 4nf'/!' 4nf'{' I 

{,uJw"fwmwufuwlin'l Q2 b[j!f!I ,J!pwfJw,f,f,1, ,;Wf.11f''ln,l f.pw1,9pf, -':wm,J_wJ-f 

\' f,']plllt/_[f,ftwftwL UfWJJwHbpf,9 n1rnzl£nt/. Q2 h[pf,1, ",'wJWUflUlllWU/uwhnq 

h2 /unpmfl JnL1,[! I, f,1,mlq.pbint/. '1fo:j,hpH9f,wl {w,J_wuwpn,J1,lpf, ( 4.56) 

~·w.rw4wpq.[!, ftwnn19nLJ b1,p u1q1um Jw~bpl,m,1f/f, ftnf'[!I 

Op}IGwlj 4.4: flpnzht n,rz'l.u,1,ftJn,l, 4mp,f_wJ-l'fo, q.t}wjf,1, opbupnt/_ 

Hrzw9n'l_ yn'l_tuJf,1, f.{'IUpu,,f,f, blJl[! .911f, zuipd-JwL -':wL,,.wpm ,f_f,-C.wl1j; 

13'l 



'lbUfpntJ, b{Jb <w1mLJ, I;, n,p 1.pw{Jwt/,J, ,f_bf12r1LJ, f'Uln 1_pwfJwt/,J,!, t;w -

1_np'l-n'l 1_pw!,9pj, {wmr/_wqj, £.'fa'l-f'"',[/j,ywywl, Uf"'JJwfifibp/1, ;;wuu,wm 

,j_n,J I; finpJwl junpn,fJ1n,L1 

Spr/_wq b!,' Q1= 82,3 J 3j ,[, b1 = 11 J, l>2= 7,0 ,!, p=2,8 ,T, 

i0 =0,00C68, n=0,02, L~= 16,3 J, 

t n L q n L J1 flpUf/;uq_J, ywnniyM,I! Q1 = f(Q2) yn,{'{!, Q2 b[p.J,fi wwl,p 

Jj, j!WLJ, ywJwJwyw!, wpdbpfibp Q2=38; 45,0U; 48,64 ; 55 ,95 J'3f ,L• 

!;um WJU btphpj, npnzbLnr/_ !,npJ wl junpn,p-,11,Hlp[! /, /rLml'l-f'btni/_ 'l-fi!f,b

f'bl,9f,wl ;;wr/_wuwpn,Jfil-.pf, (4 .. 56) >';wii11,l1wf''1{!, UUJUJLnur l!,p LpwL9 

{wJwUfwmwujuwLnrz h[pb('{! 1.f'wpw,t,f, uyq_,rn,J ( wbu W'lJn,uwy 4 .5) 

11. 'I I ,. , u w ft 4.fi 

Q2 J S,: ,f 
J 

:is 
f 

-15,06 I fl.64 
I 

55,!J;) 

01 ,l\1 I 4:! ,03 
r 

60 ,4:! I 71.08 
J 

[)4 .60 

/;um w,unww/1 4. 5-f, w,JJ '" ll,bpf, l1u11,ni9r/_11,J I; Q, = f(Qz) Y"f'l! 

( l,y , •l.1 8 ) 1 /; um l, fj, 4 .18 - f, Q I=--== 82 ,.5 ,!3/,j_ btpf,!, ,; wJ wu1wmwuju w'u nuF 

" 11:1 
l,•lt.tT'~ 

,, 

II 

zo 

I 
l 
t 
f 
I 
I 
I 
I 

' 1 R,•11.17'~ " ,, 

. r 
I 
I 
I 

' I 
I 
I 
I 
I 
1u, ,1u'ii 

i,4. 4 . 18. Or1fl, w l1 4 .4. f, Q 1 -- i( Q1) 4"f'I" 

w ) &w['d,J' w!, ,[J,-f:.wl/l' pnrnfi /; 1 

1-j,!pi, pb !, ,gJ, Wf 'l w1L w u w p1nJ'l, l 11 J, 

,!wl,!,bpf' pnrnl, zwpdrfwl, 'lb"ll!"'J 

2 f' w {J w ,/, J, u lf 'lf' ,rtJ', 

I; Q2=52,27 J'3/,f_ /,LP/!' 

Jpwpw,t,f, htn t,tf, l,j, o~= 
=Q1-Q 2= 82 ,5- 52,27=30,23 
J 3f,f_ 1 

3-Jl'l- l'}huw: l.w1u1Lf, M.1 l1nrzw-

1/:L 'l_('UJ/J,,,,f,f,9 <Jann Q2 L[p[! I, 

1_f'w/Jw,f,J, f,pl/f'"',wt/,wywL 

(IWJ' /, U/ (1/,f'f!l 

fl) W ') w!,1_,j_ nuJ' I; npnzli [ 

/Jwt/,f, Q:,, htn L. ywnni9b[ 

r.iwl1lpL.n,1/JJ, ynp(! t 

wq_wm 

( 4 . ;',6) t; wJ wf1wp11f, hq_.pw Jj,L Uf W J • 

t,iJ,Lbl, Qi h1n I, h, f,,npn•flJnLh[I 

/;um yw,fw1wywli ,f_l,11.'li/.wt) Q, /;1pJ, wpcfbpfibpf,, 2_pwf}w,/if,L Lw

jun{''l"'l u:wli,'j.pj, .t:J,,,,,w,f,J,t,u,t,u,l, u1w1JwliHpf,,g "f'" Z" LJ lLp LpwL9 

{ w J" w "{ w w w LJ ju w!i n 'l ju "f' 111 /J J nLIJlib pp /1 f, 1,u, I, q.ph[ n,f_ 'I-fa!/> b {'bf, 9J, wl ;; w

,j_ w u w pmJf, l p /1 (4 . .5 6) <; w,fwywpq.[!, ywn11,9mJ M,p Q2:= f( Q1) Y"f'l' 

( L/1. 4.17), 
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('um mp,f_wq Q2 hipJ, wpJlpj,, npn2,f_n,J I; Q 1 luf! t, Lpwl, ,;wJw

u1 w mwujuwLnrz h1 junpn•fl1n1il[!, 

,2pwpwt/,J, bf.Pf' y1J,fij, Q£ = Q,-Qzr 
M,mh11pl1n,f_ '1-fa!f,bpbl,,'lfawl {w,£wuwpn,Jfibpj, { 4.56) .t:wJw4wf''I{! 

['"'" uww,'l,f_w.t /;q_p1u1J,li "/"'JJwLlibpf,, 4wnni9,f_n,J I; w'lwu, Jwybpl,rn1P/i 

I(,,{'{' : 

p) 0wpJJu,l, ,£/1-&w/{[' .t;wl,'1-wf'm /;1 

'J.J,!f,lp/; il9J,w1 t:w,Lwuwpn,JLbpj, (4.5U) <wJwywp11J, b'lf'wJf,fi UfWJ

,r,,,f,l,b('!, bL 02 bin L, h2 junpntfJJnLh[' lf'wflw,/,J, ,f_bp2_ntJ1 

/;um mp,f_wq Q2 btpfa, jpuipwt/,f,L <w2.np'l-nrz 2_pwL9pf, ;;fa'ff'W,f_[f,-

11 tu y w L Uf w J rT wHb p/• ,'] n f'"l t/. niJ I; h2 ju n.{'n<f} J n,L [! I,_ J,L m bq.ph[ n,j_ 'lfi

.7,Lp bfi 9j, W[ ,; w,f_ wuw11n1 JLbpj, ( .J.56} .t; wJ w4wpq.[! { = b -J,9 J J,L ll, [ = 0 
1~·J,,J'Lw!1wil zwpd·Jwf, 1:wlfw,,wy mrzrzn•.fl1wJp) l11unn,9,£nuf I; wq_wm 

dw l1lplinLJPI• ''"f'l! I, np11z,f_n,J 01 htP/' 1_pwflwt/,f, u4q_pn1.1f1 

,2 pwf}wt/,J, /,l/!{! yJj,Lj,' Qi'= Q, -Q21 
0brz ynrzw1J,f, Y.f'Wpw,J,bpj, (Lt,. 4.13) " "'l-f'Ul4.Lfa4wt,wL '>wz,f_wp4J, 

Jbf}n11l,l,pp '1-bnuu pfal lL .t;bm:urznm,f_w.t, IJ·J,!f,Lf'lL9f,wl >';w,f_wuwpn,J

Lbr,f, ( 4.56) t;wJwywpq.f! w1'1 '1-bUfpn,J n,Lf, t:bmL.Jwl wbupf', 

d Ii 

dl 

. Q2 +7Q2 DA 7(2-a) Q dQ 
sincp- A2CZR ;,;;:; dl- gA2 dl 

7Q2 dA 
coscp---- --

g A3 rih 

ctQ_= _ m~ V2ii (h-p)a/2 
dl cosO 

(4 · 67) 

npu,lrz 8 - L 1_pwfJwt/,J, i wywmj, fJbpJwL wfiyJnLLl, { lf'wfiypj, wn.wfiypj, 

Lywu1JwJ"p1 

{;/,rz L1ngw1J,L ypw/Jwt/,l,pn,J a< 1, 

1.Jn'l.w.!rr. ~rwptu,Ht. t~nrq~_wo trwr,9 r1ihrr 6pqrw{1r~w~wt fiwz-
1[mi-1111: l/n,zw1f,f1 2.pwpwt/,J,L lq"f''l{wq 1_pwL9phlp[! ywpnrz /,f, n,Lltwl 

,; nd,J, J,Llu1bu { wumwmn,L, WJUUfhu /;1 ,/,nt/,njuwywL f}hj!n<fJJwfi >'; wm

,f_waLbp: l/nrzw1J,L 'l.f''"(lwt/,J, bpywpn<fl1wL{! ;;u,Jw"iwmwujuwLnrz lq"f''l

•Lwa f.pwL9pf, fJlpn<fJJnLU[! UUfWu,wyw.t:m,pJw.{' I; wfibt {wumwmn,L ( WJh 

w7ju111mn1J I; npUfbu jupwJ n,rzwJj,L t_(l'>hll}1 L.Lmwq.w1n1.J Y"'lwJj,L 1_pw-

fJ w,fr f, .:: J, '1-f' w,[lJ, t, wt, w 1, 1, 1;,, Yf' w 1. w if, wt, tu'L "I w pwJ bm pb {'(' 4Lz wL w4 bLp 

1, J,uy L,)"f''l{wq ypwL9.pj,li[!' 2 J,L'I-LpuLbpn,£ (Ly . 4.19 }1 . 

{t)"f''l-{,u.t 2.,pwL9pj, ,;wz,f,wpyw1J,L '1-/1!f,bpbL9f,wl ;;w,£wuwpn,Jl' 

yn,l,f,Lw {bmftJWL mbup(' (jupwJnirzwJj,L 2.f' ;; ln/1 u,/,'lwJwuJ, { wJwp)' 
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i:+ 4.19 , llz ''ll'f,yJwwfr~ fl''-"Lgpf,L [Dnp'f-'f_wct n,'l_J,11 4n'lwJfrl, !l'wfJ1t1<f,f, t:wd_wp

~w;f,L ufa,lulwl,, 

dh 
Q~ --L dQ§ iJA 2 _ ,(2-r12) Q dQ~ 

A~C2 R2 , gAil iJI iM 2 d/ -==~~~--~-=--=--'-~~~=-:-:-=~~~~~ 
'.'LQ2 iJAo 

COSq>2-- -' 
di 

gA1 1Jh2 

(4 ·68) 

l.wpJwpn</JJw'u {wJwp ftn11_w1f,L f_f'WfJwif,f, l, [d-nprp/_wt} p_f'w'u9p-

'ub['f, C.w'uwUfW['.t;f, 1:wi,/_wpftf, uftfr'lf'l! p'umf',/_wt} t 'LntJ'u J1mp,/_wd-pf,91 

UJ'I UfwmC.wnn,/_ ( 4 .68 ) .t;w,/_wuwpJw'i., l - p f,L'lbpu znt'uf,1 

i/.bptnLH[n,/_ [d-nf''l,/_wt} f_l'wL9pnuF zwf'dJw'J, '1fof/>lpbL9fowl 1:w,/_w

uwpntJp , nf'nz,/_nd t .t;wu,ndt ftbmf, ftnnp'7-f,Lwm'Lbpp , npn'Lp 4 w'u'lfouw

'un,J b'l, p'u'7-.t;w'un,p ,,_bu{/ln,J ( 4.68) '1fof/,b['bL9fowl { w,/_wuwpJw'i., b'lpw

Jfo'i.i UfWJl[UJ'i.J'i.Jb{'(! I 

b/Jb 4wmntft ftbmb['f, f}f,,/_p bpftnrn'i., hL, WU/W UJJ'I ftmf',/_wttp'i.ibpf, 

,Ff,y_l,_ mbrzf, ftn,'i.il'i.iw {fr'lf'W,/_tfrftwftw'u flnf,;_pt 

llpUfbuq_f, llf'nzbLp flnf,uf, mbrzp , Uflmp t t;wmntft ftbmbpf,9 Jf,-

J1w'i.i9 p'i.i'lwnwy_ ftwnn,9b[ w'lwm ,FwftbpbntJ/Jf, l, Lpw'i.,9 {wJwin,6' 

/unpnt/JJ11L'i.i'i.ihpf, ftnpbpp t 

U.'lwm J'wftbpbntJfJ'i.ibl'fo l,_ { wJw[nLd- furrpn,fJ1n,L'i.ib['f, { wmJw'IJ 

l1mp,/_w.tpnuf tL mbrzf, ftn,'i.ib'Lw t:t,,,pw,/_tfoltwftwL flnfowf!I 

b/Jb [d-nf''l-,/_wq p_f1w'i.i9pf, /upwJnuzwJf,'i.i y_p{ bn {wm,/_wJ-f,9 {bmn 

[!'uftw.t mluzwilwub,,n,J {wmmft ftbmf, npnzb[[! nl Jf, ,,r1-,t_wpntfJJnLL 1.f, 
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,:,n w y_w9lsn,J, wu1w J,11,wJ nuzw Jf,'i.i i_[',; bnf, ,; wm,/_ w.tn,J WJL p w,/_wft w'i.if,'u 

rw,,,, t , 
b[pp if,t;11/1n/unif1JnL'i.J[! pum hW'i.JW"{W['':/r npnz,/_ntJ t ftnrzwJf,'i.J i_,('W

flw</rf, ,;t,,,_,,J,t_lf,ftwftw'i., { wz,/_wpftf,9, 

sin~ _ __ 9! ---+:1.01 . ~A1_1l(2-a1)Q
1 
dQ1 

'
1 A~CrR1 gA~ di gA1 di 

aQi nA1 
C0Sf1--

1 
-

gA, Bh1 

dh1 
-= 
dl 

l4·69) 

cto. v-2 (h )3 2 dl-.-mt ~ i-P ' , 

(4,70) 

nf'mlrz Q\' -p {nuwf,.[!J, blf!'i., t ftnrzu1Jf,'i.i y_pwflu,if,f,9 wnwy_, U..twL,9b[n,/_ 

ftni 'i., b'i.,u,J,p 

Sb,zw'lf'l,ln,/_ ( 4.71) wn'i.i1_n1fJ1niLp ( 4.68) 'lfif/,bph'i.,9{,w[ 1:w,f_wuwpJw'i., 

Jly_, ftumw'Lw'i.ip 

(4,72) 

n,,ll(Luq_f, "f'"zb'up {wmnLft ftlmf, ftnnp,,f,'i.,wm'ub{'[! fupwJn,rzw1J,L 

u, 1:1,nn,J, t; w,f_wuwf'b9 'ub'i.il' "--f'"Jf, (4.72) 11fof/,bplL9f,wl 1:w,/_wuwpJw'i., 

.t,' ,11Jw{1foi'i., nL '>WJWW('W{'[!, mb'[Wlf('b[n,/_ Oz-f, wpJhp[! ( 4.70 ) , f,uft 

~];
2
-{!' ( 4.71 ) 1un'u1n1/JJnL'i.i'i.ibpf,9 
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,d h 

<ll 

A=~lh, X=~l+ 2h, R=l;( 1/h + 2/~/), 

C=-
1 

RY. Y=t I 3 s-l.5)1 ' n. 
n 

•:.t.",~ 
CO.:i :.;.- - -

' g-~2 L2 hJ 

CIQ (2-a) dQ 
!!t' 12 1 2 di 

dQ = m+V2g ( h- (p+tl-Li) 'i in'f'))a,t, 
dl cos·;i;2 

lJ.Ju -\wJwftwpqf, 1nu}ntJI! Lnt1f11J(hu 'fwmwp,f_n,J t ,f,LmpJwL Jh

pn,,_n,f_ Jf,f,ll,_ pw,f_wpwp,f_hL l = l1, Q = Q1=0 /,_ l = /2, Q=Q2 U[WJJwL
Lhpf!: 

bzLLp, np a t,_ m qnp6-wftf,9Lhpf, wpdbpLhpf, -&f,zu, npnzJwL -\Wf'SI! 

1 wm 'fwp/,_n.p t, npf! U[hmp t npnzht ,f,npJ.hpf, Jf,p_n9n,f_ t 

OJ1~Gw~ 4.5: l.npf,qnLwftwL nuzrzwLft1niL 'fmp,f_wJ-pf, 2pmL9pf1 mLJ, 
4'1u'fnt7.w1f,L 'fn7.w1f,L pwpwft U[Wtnn,f_ hp'tftn7.JwLf, 1.pu1flw,f, (m=0 ,42) . 

LF=10,0 J -&wftwmf, hpftwpntP-JwJr1 .fpwL9p[!, npf, L[pL t Q=!O,O 

,!
3
/,f_, phmnLf,9 t (n=0 ,014) /,_ ntLf, b=2,0 J lw1Lntp-JntL1 .fpwflw,f,f, 

h.- ' 

l.i4' . 1.21 . OrfoL,,,4- 4 ,S - fo "'q•uu, J w 4-1,,,1,n ,
1
{J/, 

it l1pfo ,{m,fnfuJwf, 4°nrl1•(! a= O It. 11= 1,0 1ur

dh11Hrfo <,,,J IJJ f1 r 

HG 

U[Wmf, pwpdpntP-JntL[!' p=2,0 
J (Lft. 4 .21 ) , 

ffJw{wL1.,f_nul t 'fwmwp/;l ,f,w .-

'fn,7.w1f,L fp{hnf, -\fr'l-PWt/.Lfr-

'fw'fw'b -\wz,f_wp'ff! I 

{ n, J- n t J, Uw{u umn,qh'b? 

z wpcf,J'wf1 nhdfrJI! 2pu1L9pf, 

fpwp-w,f,wJf,L Jwuf, :t't'lpntJJ0 

wJhLw,f,npp h=p = 2,0 J {un 

pn1./J1wL '\wJwp' 

F = aQ
2 

b= -!,l · 102
, 2 

r g A 3 9,8 l · 23 , 23 

=0,'jS<Frt,=LO, 

l!w'bf, \ ,np u~qpn<J zwpdn,Je -\ wL,,wpu, t , I,_ [!UUI 6.wLw"fwp,;f,:, 

JunpntPJntLt~l'I! ~w-C.hL , f,uft b[/!I! ft,f,nppwLw, W"(W wJhLn,php zwpdJw it. 

,, hd f, JI! 'f L/r f, fr' ,,; wL If W p u, t 

{!uu, fuLlfpf, U[WJJwLLhpf, n,LhLp' 

A=bh, X=b+ 2h. R=1 '(1 /h+2/ b}, C=~ RY, 

- - · oA=b, oA=O 
2y =2 L3V n=2,6VU,014=0,3076, tl h i! l 

Sin'f=i =0, COS'f' =l ,0 , 

1.hml,wpwp, ( 4.56)-f,9 ftumwLwLp 

cto = - 2mtV2g(h-p,312, 

di 

/>LmhqpJwL uw': JwLw1f,L "lw1JwLLhpf! l11f,LhL' 

i-!1=0 , (2-0 1 

1/wJ mhrzw'l-ph[ni/. p-,f_wJf,L wpdhpLhpp, 'fumwLwLp 

Q,Q0Q049Q2 ( 1/h+ 1 )I ,':076+ 0, 1Q43l2-a) ( h-2)3."l 
dh h2 h2 

- _, __ ___.:._.'.__ ____ ----,,or.01n2°8Q~ 2 -------~ 

dl 1- ---
h·l 

dQ =::,-3,72(h-2J3111 

dl 

/r,L'l-frl'I! ln,J-,f_wJ t a-f, hpftn, wpdhp'bhpf, ,;wJwp' a =O I, a=1 ,O, 

1'LmhqpniJI! u~u,f_niJ t l=li = O, Q= Q1=10 J 3/,f_ , h1=2,0 J wp

dbpf,9 JfrL l J, umw9,f_f, l=l2= 10 ,0 J, Q = Q z=O: 

'bq. 4 .22-nul mp,f_wJ- t h1 = f (l) 'fnp[! , npf, f,Jwuu,I! .t:bml,JwlL t • 
!!um h1 -/r wprfhpf, npnz,f_n,J t WJL { .t:hnw,f_npntfJJnLL[!, npf, 11h"l/!n,J 

fpwLspf, bl/!/! 'flfwnLw qpn: U.1u qnpf,9 Lpun«r t, np {= 10,0 ,r ,;bnw-
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( )
4 ,5 

f o ."' .. 
O. 753a 3 ·5SR413 

(4•79) . /J I 2gn2( Srt-tg-t) 
e 

t1puib,,_ a-L l WJL w4f, 4ui,.,[ u,,} l!P pwf'd['ntp JNtLL t' s = 1800' 0=01 + th 
(L4. 4.25) 

UM>nGfi tlut(l(!UfiHUg Jun'l.ntllU~lUJJ!G UlUU: U.1u Jwup 'twf'n'l. { lfrLbt 

,:u,uuiwuinLIJ 4wJ Lb'l_w9n'l. 4ui{'qwJpf,, pw9f, UJJ'l- "{bUlj! { t1<Lhfiw ,;u,_ 

UI l1L4 zf,fJwzb'J.P[ '\ W f'J Ulf111Lp Jt1Lfi1 

fituntJfiwuf,prnfl1ntLLbf'l! 9ntJ9 bf, u,t/_bl, "f' uf,[f,nLw1f,L lrPn'l.f, 
6.Lznul[! 'twf'btf, t "f'"Zbl 1:buil,JW/ pwLwdl,n,/_. 

H~ H,+( 1,5 + 3,5) ,1, (4-8J) 
Pmin-P a 

H = - - -- - --l! '1-"f'J"'I. 6.fiz,,tJfi { , p - L 
q pg 2 

b,,_wJ wJbfiw,f,n/!f' ,:;1,W{'lUqt1{' 6.1,z,,.JL t, "f'l! "f'"Z4."<J t 4w,[f,U1w9f,w1f, 
"iw1JwLf,9 1 

UJi~nGw1JiG iflfitn'l. GhJlfi lifi'lflllltlJ.Ji~w~wG liurztlwfl~I!= U f,!f,,,L w J f,fJ 

lf'Pn'l.f,b{'f, ::t,,,-,.wt/_lfr'tw4wfi '>wzt/_w,.4f, Jbp_ Ju,fintJ lL -':buil,Ju,l .t:w,.9b['[!I 

U~,1,nl.;.~ pn11n1liw~nlpJLUG nrnzn11Ip: LUJUUIUJUllltl, LWJIJntPJntfi ntLb-

911,l uf,!f,nfiw1f,L tf'fJn'l.f, uiLuw4wf'Wf' bl/!£' npnz,f_nul t 

IJ['Ulb'[_ µ-t b1pf, 'f"l'Jw4f,9L L ab,~ -p bl/>P Jwun,J 

'l_nt/_w4f, pwf'J.(ln<PJntfiL t, H-[! uf,[f,nLf, 6.IJzmJL t, 
bl/>P II ,,,,,.Jw4f,9£• nf'nz,Lnul · ~ t: binl,J"'l pwfiwdl,nt/_ 

1 
f-L"""' } 

I ' -+,•r 
,, !l. "'-~ 

(4-81) 

(~·82) 

l1['1nL'l_ a=l ,1-p W{'tuq.nt/JJntfilJlr1/1 wL ,;wt/_wuwf'w l wf r-wzfuJwf, q.n{' 

Jw4f,9IJ t, ~~-!, u/1:f,nfif, dntuij!f, 4u,{'qwJpf,9 J'f,!,ll, f,[pf, 4ui{'qu,JI'[! brz.w,~ 

'[-f,J W'[-{'NLPJwL q.n{'Jw4f, ,gLb{'f, q.ntJ w['L {, bfJb uf,!f,nLf, pwf'dpntpJnLL[! 

,t, "/!{'WI, ntJ t, w "I w P"l n f' q.n {'J w 4 f,9fi b {'(' ,,, f, U1 {! t t[ b ['Ill 'lf'bl buf, 4 U1 [!{'
•L wJ j!f,/J, 

?f,Ju:'l-f'nlfJ-JwL q.nf'Jwllf,9Hf'f, "'f',Jb/!Lbf'L lf,' 

1 . U'nunpf, 'l"f'J1114f,9, ~1ufut[wJ ,inwrpf, uuJ'\ntL ,f,n,f,,rfuJwf, dl,f,9 

CJ •• ~~ =0,05-0, 15, 
2 . 11,11{',f III J pf, '> 11, !, It wf'Jw ltf, f, /, 'I. w.7 rnJ'' 
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mlrz. a 11 - L ub'I.JtfuiJ pwf'df1n<PJntLfi {, 
ti[' \ 

:J. lJu,{'t[wJ/!f, wuU1f,6.wfiw4wfi Lb'l_wgn<J 

c.~=1<- \C,~ , 

" f1 111 1,,1 kma- r wuu,f,6.wLw4wfi f,b,l1119,Jwfi q.nf1Jw4f,9L t t, efiu,,.,f_ntJ f; 

Jiwfr,t/_wJ 4nfiwJfintPJwfi a wfi4JntLf,9 

k .• ~=0,2 - 0,6, 

/ . Cbrz.f,l p{Jf,4f, 'lfrJw'l-{'trtfJJwL q.n(1Jw4/r9[! pfiut{'t[ntJ { f,fil"fbu 

4w{tJw4f, [WJfiw9Jwfi '," wJ'wf' 

:-; , '-ln(1w9Jwf, 'lfrJw'l-f'n<fJJwL q.n['Jw4f,9[1 n<rz.'lwL4JntL [WJLw4f, 4m[1t[wJ

pf, 'l-b"fj!"LJ nf'nzqntJ { .t;bml,Jwl {'wLwdl,n,[ 

~11= -1
-( 0, 124 + 0,274(~)

3 

'

0

)· 
4r0 , .20 

6. 2 nu wfipf, wumf,6.wLw4 wfi lu.,J!,w9J wf, '> w,f Wf1 

, =k (~ -l)J· ~- ·/ a a. 

11 ['1.to /,'I. ka.-1' "f'nz,f_n,J L 4wfui/_wh lw1Lw9JwL 

l'""' wrz.Jnww4 4.7-f,t 

n I 5 10 15 20 25 30 

kc, I 0 ,1:1/ 0, 16 O,:J 0,4.21 0.6 0 ,71 

(4,83) 

( 4-84) 

U, '1. In<,, w ft 4.7 

35 40 45 

0,88 0.9 0,98 

7 . r; ,f, J' wf, ,,-f,J w 'lf' mp J w L q.n[1hu.,4f,9fi [1Uln 6. w f, w "{ lU (1,;" 11[' nz,[ ntJ t 

• 2gl 
"11=-, 

C'R 
(~·85) 

_pwfiwJ.l,n,f_, Nf1Ull'[_ f-p C:wurt/_wJf, bf'¥Wf'"'/JJntlJfi t• 
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C,,.,= 1,0, 

Lwtnl''I .:w[','}[!, nl' UJttUJpUJLnu.l t uf,!/wLw1f,L f[''\hnLl['f, Lwfuw

q..tJwL JwJwLUJ4 uw':J.wLUJJf,L ,f_w4ntntJ'f, (p ~ /pr~) 11 -f, npnzntJL t, 
IJ,4L':w1m t, "l' UJJu Jb.tntf/JntLLb['[! "ll,u,/! t tfrLbL UJJLUff,uf,l,, n{' 

4UJ,f_f,mw,9f,UJJ/r b{'L..ntJfJl! lu4u,f_f, 1 

U f,:f, nL f, L "f' ' /' W[ w7 f,, w 111 wL /![' w nwL 9 4 UJ ,f_f, m tu y fr w jf, 4 w Uf w .r.: n,f_ ,f_f, 1 

bflb 4n4n[''1/r ,f_b['L..f, l1hmn1.J (I-I liurl'if.w.t.p L4. 4.23) pw9w{'J.w4 /;Lzn,J(! 

J' I, .t t t,f, f, ,; w q I, ,9 w.t q.n l n l'l" l,b ['f, t.Lz rrl J f,9, t;L w ('LU if. n l' J w.pu f, ,J' n, ,J 

tb {'J UJ uurf,f.wLf, 'IL ''l/2nuf t 

Unt/"l'"'PW{' l,'w7i/_wpf1w1f,L hL ef111n1Ln1.J t=20° ('. , npf,L .:; ,,,,Iw-

UfWU1UJU/uwLn,J t '>UJq.b,9wJ q.n[nf'Zf,LLpf, p ~~ / pg=0,24 J !l'fr UJUJ~ 

t.tzn:J[!, Uf,~nLnuf 4w1/f,urw,'lf'w lf, 1f,Lf,, LfJL G.L7mJl' tfiLf, 

( 4 · 1)6) 

(_!}_) ;;?-: nhq +o I (!2!__) . 
\ pg min Pg pg • 

(4•87) 

npmb'l. (P;) -L uw',· JwLw1f,L /JntJ/IIIU1['b{f, 1Lwl1nw,JL t, n['f, Jh.tnt
pg. 

fl1n,Lp 4wfu,f_w,} t u-rbrzf, Lfrif,9 l, O'fb{'L..,,,fJwpwbw4wL UfWJJwLLb['f, ,9 

(mwmwLn,Je u-rh'lfr Jf!Lntnf'U1l1Jjf,L t.L211,Jfr.'J 4Wf'"'l t 4wrzJl,l 5 %)• 
f).'IJ"tuw4 4.8-n,J UJ['t/_w.t bL JfJLntnf'U1L.UJ/rL i>L7Jwf1 Lnl'Jwl l, 

J f, L f,J n,J l1J l'd L /!l, b ['['' 4 UJ fu "- w.t U1 /; rzf, Lf,zfr 91 

U. 'f J h L r, UJ 1t 4 .s 

SL'lf, Lf,w J I 0 I 500 
I 

1000 I 1;;00 I 2000 I 2500 I 3000 

(p,rp~) 
- J f{'fa Ujh<!, 

' pg I ~~.-;31 !J.74 I 9,1 8 I 8.64 I 8, 14 I 7,80 I 7,37 

C'JP~ ' J 

I I I I ! I --. l . J Jf'fr Ujhl), !1,81 fl ,25 8 .72 8,21 7 , 73 7,41 i ,00 
pg- · rnin 
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£!""' Jf]Ln-

(4-88) 

(fl) ~ 0,91 (pJ,,~) _ -0,22 .;, . 
pg fl pg 1n1n 

f/._t u•'lbu , ol'frL1114 , mbrif, Lfr2/r 1000 ,/' w11Jhpfr '11,''IJ!"LJ 

(-21) =0,91 , 8 72-0,22=7,72 ,!, 
r,a fl 

I.Jwt/_fru-rwsfr~;f, mbuw4bmf,9 w,fbLwr/_mwfiq.wt/_n[' 4m{'r/_w.tp[! i::wL-

i;fruwLrnJ t 4n4nl''IP I-/ 4m[',f_wr}-.p[!t Uw.t:JwLwJfrL mbuw4W('W{' ht.pf!, 

/,pr Lz,[w.t 4mrr/_wrt.pnLJ 4w,[frm1119f,w 1./r wn.w2wLw, f!UU1 ,J, . ~- Uf,Jw

lJn•l/• nrnzr/_nul t -<;bmuJwJ pwLwJ.un,f_ 

V (' Pi) l r2 q.-«r 2g - r1 n-, 
. pg fl • r1 

(4-89) 

N('Lfllrz [1 - (! /, [2-(! 4114n('q./r 4m(',f_wqpntJ 1_f'Ulf1Ul'ffr U '1-f/uW('4/r zwttW

t/_f,r[L[;('fl bL (L4 . 4.25), cp -L w{'wq.nL/JJwL '1-nl'.tw49L t, "{' 111 b'l qfrJUJ'1-

r•n•fJJwL q.nprtw4f,91,I,['[! ,;wzr/_/r bL w1tL,f_wr}- Jn,mpfr 4:!I'f'1Lwrtpfr9 ,lfrLll, 

4n4nl''lfi 4,n[',[_,ur}-p[!t . 
{;Lrzfrl .pflfr4fr u-rb'lfr pw{'J.['nLfJJwL L, n,'lrzn,f11111L npnzntJ[! wqqntJ t 

u4qpt1114wL i>i,zJ'wL (H
04

) L.. uf,!f,nfi/r f}n,zw['4i/.n'l ht~/r r/_['wl 

l!flf,4/r pwrJ.l'rr,fJ1nifi[! 4wrhtfr t "l'"Zbl f!UUl 'l kmL..JUll pwLwJ.L..f,' 

op= kQ.,, -, (4-90) 
' bq,V2g(z-y+H.d 

npmlrz k- L '1-flf'r}-w4fr,9 t, "l'l! l!L'l11tfi1f n,J t t;w,f_wu1up 2 - fr, Qu~ -£!. L, 

H -[! u4q['Lw4wL btn 1, G.Lzn,JL bL, hrp uf,~nL[! u4unLJ t wzfuwinbt 

w,f~n'lt. 4m['r/_wr}-.pnr/_, b-L [WJLn,fJ1nifiL t, (z-h)-p f!flf,4f, funrn•fJJn,H 

t ') wz,f_w.t 1_f'WfJW'ff, znt('f/p9t 

4.6 .. .WPU.'LU.SM.1 ,9.P4bll-ti 4\J.t;'-l,U.P~C 

LnpUJLwJfrL 1.f't;bn.f, (4wJ t.l'wflw,/thpfr) {fr'lf' 1u1i/r4 111 4wL t;wzif.wj,4~ 

<fnJt11/JJnLL n,Lb9nrz' Jbfln'll! UJttWt_W{'4t/_ht ·t u.. 1,. U.funwrf,Lfr 4n'l_Jf,9t 

If.Ju Jhfln'lfr tn,p1n,Ll! t;Lm"-1wtL t, Lnl'wfiw1frL t.l'wflw,f,fr btn' 

npnz,f_ntJ t t_['W/Jws/t'f, nififrr/_bruwl pwLwJ.L..nr/_, t;wz,[fr UJttLltnif. 9lfr4thl'fr 
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/.UJpn('UJlnn(' I, pLo('/,LwlJw1f,L ,:;1,,11w'l_nmn,pJnlLf,b{'[! 9n•J!J bf, . m,[h[, 

np u.. l,. U.t,,n,mf,Lt, J"l,Pn11n,[ IJwnn,9,[wq "lf'"!/>hLJ;pn,f_ u,wfJw,f,b('f, 

fJnrzn,fiwiJn,p111,LLhf'l! Jf,,,zm ,f,upp l,L ;:;wz,[,uf'iJwif,fiJ,g , s,,w,lw1tHpt, 

Jh,}w9nul[! 2-5 %-f, 1_w,f,n,f_ .t: wL11h9LntJ t fJnizn,LwfJn,fJJu1'i, JbJ.w9JwL 

1lf,L1.u 10 % - f, 1_w,f,nt/_ l, -':wz,f_wriJw1t,L pn,ln,fiml1n,fJ1u,f, WUfw-<:nt/.Jw'iu 

{J,. 'b . U./ununf,Lf, Jbf}n'[-n,f_ 1:wz,f_wpfJ IJuanu,pl,1fru U.. 1. . 'l.wpwfif/,faL

.J"'Ll! wn.w1_wpt,nul t nuz.rzu,df.q. .,;,,f',,,f,f, mp111J,,,'1frqf' npnzLL 

pwf.wdl,11,[: 

d, 2 36 . I n] -= ,, - 0.(;4 - -
H t 1 

(4,94) 

J!pUJpw,f,f, bl/JP q.n('qwt,f,9p pL,,.;wLn,,. 'lh"{f!nLJ IJw/ut/.wq t u,wpw

•/rf, '\Wf'UJPL('Ult,UJf1 6.Lzn,Jf,9 fH/R,J, zhJf'fr ,;W('UJpl,pwt,wf, pw('.l{'nL

fl.1n,Lf,9 (p/R1), Jn1nL9Jwf, u,Lt,1111Lf,9 (a /2.,), ,;,,,('wp/;('wliwL /un['7-nt

P11{''111'fJJntfif,9 ( 1./H) I, [!Um '1.w,,wLf/,f,uwLf, "f'"2,f_nuJ' t .t;J,ml,Jwl ,1/,n,f_' 

npmhrz. m = 0 ,557-0,112 h/ R1, kpa. 1, k~ "'-'l.'l"f''I qnrqwiJfasLhpp "r"z~ 
1/n1J M, rum U.. 1.. '1.w('wfif/,f,uwLfr 4n'lJf,9 umwst/.wJ. {JUfp('f,q pwLw
.cl.l,J; (' fr I 

lJ.. l,. ll.t,, f1LIJ/f,Lt, J /,/J-n11f, i/1,11111p hf' JUI[ 3-r,, 4 burn,_,! tz t/. wt) pbpnt

fl JmLp ,[hpw9LbtnL f,"{IJIUIWt,n,f_ u.. 1.. 'l.wpu:fif/,f,uwL[! wn.w1_wp4n,_J t 
bpqwum/,6.w'i, wfit,n,Jn,[ ,;,,('wLwJf,L j_('Wpw,f, (L't,. 4.27 ), npf, .t;J,JLw4w'u 

wn.wr[h[ntfJJnififihp[! t;bml,1"'/f,/;('L bf,' 

It, 1. ~f'wfJwfwJf,fi dw11wpn,J .t;wJwp -

z Z, 

/1~. 4.,7. bf'4u,uu,f,&w'/, u1'14n<1ln1/ 

•:npu,Lw1f,I, !f'f/r,7f, uf,,hJwl, ( pum 

U. . 1. , ?.wf'wl,!pf,11w'/,f,) 

Jw 1_/;f, ""'"'!. wfin,.J j_('WUfln "'J ,nf, bf', 

f,ut, LPL wn•11y_wLn,J /,L, w"{w L('w'i,J! 

ntfibL ,f,n/J{' ,;'l"f'"'fJJntfi l, l,wph[f, t 
'1f'WLJ' .t;bzmnif11wJp ,f_k('w9Lbl .t;w4w

u,u.·i,1mn, mu, 1/,L Uf wmf, oqfi n,p1wJ p: 

2. b f'4u,u u,t,6.wL ,; n('wL UJ Jf,L f('W

fJ11-•1t,J, W('lnWf!pf, zUJn.w,f_/1'[[! Jf,zm ,lb,) 

t qnpMw,/1,,,'i, Ufpnf/,faln,f_ .t;,,('UJLwJf,f, 

f.f'UJflwi/1/r zUJ111.u,f_J,izf,9, "f'f'. .t;wL7-h9~ 

irnul { f}UJ,t,i/_"'l zbpmf, 'P"IJ('W[JJWLp, 
• ~ I, 
~., m UJ{'W(' l,. oq.mUJljUJ(' qw,f_UJLP ,fh,}UJ9Jw~1[! l, 'l,'},ff_f, pU1p.!pw9JwL1tt 

br4wum/t6.UJf, -<:n,,wLw1frL 1_f'WfJ111,f,fr !.Lzn'-J[! "f'"z,f_n,J t . . ·. 

( 4 · 96) 
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puiLwcl.ltn,f_, n['mh'L 'l_f'" fr1,'1b/Junt/_ wfi11wJ'i,b('[! ,f_l,f'UJ{'/;('ntJ bf, h['l,wu

u,J,(,.wL ,; "f'wfiw1f,fi 1_pwf}u,,f,f,L, fru4 J h4 frL'lbpunt/_ wfi11UJJfibf'l! q.n{'t}

uiut,wL Uf('"f/,frln,f_ qu,J [WJ°IJ zbJpnt/_ .:npwfiw1frL 1_pw/Jwff,fi1 

b['qwumf,6.wf, .t;npUJfiwJ/rfi y_pwfJw,f,f, 11bUfpn1J 6.fiz,FwL ,f,np('w9n1J(! 

ff UI (' III UI '\ W J In ,lj, 

(4,97), 

{' 11,f,wdltn,f_, 

U'Lf' iJn'lJfry wn.wrwf'fJt/_w,} t " "f'wfiw1frL 2f' .t; bn.fr 1fa11f'uu[Lfr4UJ4wL 

-; wz,f_w['t,,'1 finp J'hfln11, pL,,.n,Ht"t/. t;b'l_nLt,f, zwpJnLJ(! .t;wf'fJ ZnL{'f}f, l, 

f(IU.lfJw,f,fr t/.('UJ '1('"(bu u,f,.t;wt/.UJUW('Wl_W,f, lu,f'Jnl,J ,;WUIUJ4WljqnLJ zw-

11 ,u { 'l w JfrL .t; n "/JP qH f'" ,f_ l, "'-'l '7. w.lf, '1 .t; UJ f'PnLp J ,uf, ,! /; f 4 n ('w'tf q ,; UJ m w -

q111[1 lJbL,,_wLf, qm('t/_UJJ-jJf,h{'[! pL'fnLfi,f_wq hL zwpJJu,f, nL'l_'[nLf}JwJ'p 

'IL wL w 1f,L J wt, L('ltnlJPLh pt 

0 qw:/_ bl n,f_ 'fl UJ f, UJ J/rL 4 nn f''IPf, LU m!, "" /: 9 ,; wz,f_ w pt, UJ 1/iL u /u b,J UJ L 
rLp,f_n,J { t;u,pf} Juf,'1('/i, np/, .t;UJJw{' 4w{'L[f, { oqmw11nf'Hl wf,.t;u,t/.UJ

uwrw1.u1,f, z111pdJwf, 11frf/,bpLfi9fr,,,l .t;u,t/_wuwf'n,J[!t 

Sr/11111 .:wz,f_wpt,w1f,f, ujubJw1f, <wJw(' !f'"'flw,f,fr zhJ/Jf, UUJ'-.·JwL

l,/;('nul z111pdJUJf, (3.20) 11frf/,b{'l,L9/iwl .t;w,f_wuw('nLrJ'l! qumwfi,u -':Lml,Jwl 

wf,U[Jf! 1 

(4 98} 

,, flt// L 'l i,_; = ~I: O(f n- L z /; ,I pf, fJ hpn,p I" lf, f, {, h - L' ,; nu w fip/r /u n pnt.fJ J"'-f,L ( 

finp,!'wt/i "''l'l" ' fJJwJp, f·[! qwJwJwl,wf, 4mf't/_wq/J/i zwnw,f_fr'lf, ~, 

q= Q/2;-c -L mhuwqw('UJ[' L[/Jf, { Jbt, nur'1fru,f, wL4Jwf, -':w,Jw{'t 

llw<,F,.uLw1frL U(UIJJwfiLhpp LfaLnLJ hL r=R1, h=h~p (R1 - {' zbil/Jfr 

J nLm pf, z w n.w t/.f, iz°II t, h -[!' 4 pf, m/t4 w 4 w!1 /u n(' ntfJ J n,fi [! J ntm J!P 4 In[' p-
~P 

t/w J pnul )1 ( 4 .98) 11/rf/,L('bf, 9f, W[ ,; w,f_ w u UJ{' ,I m'i, ,f h f'l n,qn,fJ J ,,,_f, {' 9 "'J[/ 

t III Wf fr u, n f' pn ,nL 4' 11 u wf,/Jf, b pf, .t; w ,I W(' ('um z w {'J,J wf, Nl'l_'l n,fJ J UJ L ( r - f, 

t/, 11p('w9JUJL} hf'4f'UJl.wfwqwL wL,t,n,J(' (i o) ,f,n11pw9f,n,J, f,u4 </•'l['W,f_ 

ff,/{wl,wf, 11f,Jw11pn1P1n,Hh{'[! (q2n2/ r2h3+ 2Y wLrrwJp) l, ,;,,,_1,;. Lh'1_w9ncJ(' 

( aq2/ gr3h2 wfi11wJp) ,JL,}w9!1n,J l,'i, .t;nuwfipf, junpnLPJnLfi(!, U..{''1J"LL-

1•r,uf IJJ'fWtn Jwt,h('ltnLJf}f, 4nf'h{'[! 4wf'n'l_ [;1, 1faLhl mwpphp .t;f,UJf'wt/..nl' 
t.l,l,f'fr, 

t1. If - f, Jf,y_n9n,f_ t, w mw('h[n•[ ( 4.98) .t; w,f_ wu w 111! wf, J,fimh q.['nl!f (', 

i 5,) 



·2LJpf, uw<JwLLL{'n,J uwwLnul bLp wqwur ,r111fthruni1fJLbpf, ¥"f'P """f' ·

,,J,LwurLbpf!1 

!lwrf'upf -<: f,rz.pwi/i/1f{wftwL '>w21/wpftf! '>wL'fnuf I; .t;l,t[n<ft~ 2u:pJJwb 

•1 ,h:f> /;p/1L9f,wl <w,[wuur{'J'wl, f,LurlqpJwLf! ¥"{' '>ww wftnr/_ mpt/_wq 11({'"

:/>/itf, u111 { 1lwLLbpn<Jt lltnn<.'Jpft ftnr 1:wu,wftnr/_ 1:nLLnuf .t;b ,,_n,ftf, zwpdJwL 

rz.f,ft,b {'/, L !JP W[ ') wr/_ w u w {'n<J (! 'l-J wf, w 1J,L ftn n f''IP L w mLb pn r/_, ') wu u,w ur ntL 
/;/l!P rz.LUf.pn,J f!U<n (3 .20 )-f, 4wf'u,w1:,u Jur,lj,' 

dh ( 
d<p ) . (,F Q2 

( h )iJ A I th - s1nr.p- +-- 11-k - ··-
dl __ A2 C~R gAa P(\ <Jl 

P ·%) 
Q

2 
(( h )iJ:\ . l< A) cosr.p--- -i - k- -·-r--

g'l.:1 , Ra ah 2Rn 
dr 

l.l.;L JwuLw,[11{' 'lbUf.pn,J, b('p A.wq.wrf, Uf.f'"fPll' Lbp4w,w9Lnul t 
zNwq.ctf, wrzl'l, 4n/l,bl,wl,p dl=Rodrr (Ra-L '>wwwftf, ftnrn,fJ1wL 2w

n wr/_f,,LL I;): 
{!um Ln{'Jwlf, n<']']_nLfJJwL /1/,L,l'"L/1 ftu1rr/_wJpf, :Ywftl,('bu{! 'ttf,h,h 

,\=.2:trh , nrurlrz r-f! 4wrr/_,,, Jpf, Jhf,L zwnwr/_f,'lL I; I, npnzr/_n,J t 

r=R~-(R0+0.5h)sir,'p + !~0sin'f, (4,100) 
rwLwJ.l,n,/, nrml'l R2-1• dwq.w{'f, ,,,,,,rf• 2w11111 rff,'lL L (fo· l, uftqpLwftw'ir 

--lf w!'rfwup.f, fJLpJwl, wLft1nd,L I; (!,ft. 4-.28 ), 

P.f'tr/_wq ''{/JJ{'W'fPUf' l11/1Lf, z= .2., (r+0,5 hsinq:), Z.wzr/_f, tut1!1bl11rf, np 
..,. 
~ 1 /?, ~ 19,JB,r .I 
7t'1• _ ___ I 

, ~ I 
. r.f)= 7~ 7 

111 

I I r if 
If / Ro ~ 9, fU 

"' ~ 

I
JJJ 
2.0 
f.O 
0 

ti, . 4. 2fi . Lnrwl,f, l"' f'Pfr i c,wqwrfr ,m., a/_u1rftwt1,L uf,,LJw f, I, orf,l,u,ft 4 .6 - f, 

Jwftl,r£n11/Jf, ¥"f'f' n, til,zJwl, t"fi"'Pl'' 

<JA ( h ) <JA -=--2;-cl· l + - . COS'f -=2r:(r-0,5hsln<f>) 
1Jl 2R0 .·· Oh 
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,.,,,u,,... 

u r; b '1.P f, qnpJtuftp,'J[! npn2btt1t/_ 
1 

i,. LJ, ff/wr/_tnt/_u~nL C= - RY pwLw-
n 

J.l,11r/_, "f'"Z J.f,_w,j,nfun,j}JnLl,Lbpf,9 ,;huin 'tumwhwhp 

dh X 
-= - (4-101) 
d'? y 

npmhq_ 

c ~ R r ~ h ) 1 + 2Y a 2 R ( h · 
X=(R

0
+ h) ,; inw 1 0

' (t +- - sinw + _q_o 1+--) · 
T 0

' u•,v 2r T gr3h2 2Ro 

• ( 1-- k ~)cos1, 

1 :iq~ ( ( I< h ) hsin'f( kh) 
.'.=COS'.f-gh3rJ r l-2Ru - --2 -- I-Ra , 

tZ.tr - f, oq.Ln, fJ jUJI.J'(' f,f,ml, 11-r'·l nil ( 4.101) '> wr/_ wuwrniJ f! , A.tuq.wpf, 

tJIIJ S., fwl,l,b('nLJ ftwttnL,'JnLJ bl,p Wq_lUU, Jw4hf'Un<Jflf, 4nf'('1 fl{'"(bu uw<

JwLWJf,fr UfWJJtul, oq.u,wq.nrctL,nr/_ <wpfJ zLJp.f, ,/_L11r_nLJ Y./'P funpnL/JJnLL{' 

(r= R2, h=h2)• 
zih,n,J{! d.wq.wrf, Uf{'n!/,hf, t/.J,w Jf,l,11, wqww Jw4hrun,,flf, ~nrf, 

{wurn, Jr LUn.LUh!J./!P {b ur , <wzr/_f, wnLbtnt/_ 6.LzJwL zb,,_n,Jf! i;t,rz.rnumwwf,; 

,;1,7n1lfr.'J ,,,;LmrnLwfuntJU n(dhrf, Uf.WLnb.LUt1n1/, -<: wJwA.w1h (1.67-
1.69 )- f,, 4nrnz r/_f, 

_, •:.i. :v . .:··-::-:·::1tt:~x-·.:...;~; . ..:.,_. __ .~, .. ·.J . • .•. .:, _. j. 

()i 
_r._~hcoscp- l n(t +h!R0) 

pg 2g~rh 
( 4-102) 

r wLw J.l,nt/_ , 

l. fl('lUl,f, I, -;b nw.'l"'l fln,hb1f, wpwJwq.f,ct(! nrnzt/_n,J I; r/_lpun,J 
Lz</.111" u4q_pmhpnr/_, 

Ub/1 4n'l_Jp!) WflWf_Wf'ftr/_rr'l_ JbfJn'J(! -<:hwpwr/_n['NL/JJnll, ( LnW[pU ftw

U/Ui('Lfnl <nrwf,w1f,h y_p;.,·bn.f, ">' J,11rw"1.f,'ttuftwL 1: wzr/_wpftf! hptu wzfuw

wwLl'f, """f'Plf', "'1'1 /J,/_n,J Lwl, untq_t/_wJ nbd-f,Jl,bpf, {,uJw('t 

./?1,LwrfthLp ,;nrwLw1f,L u,<bnf, wzfuwwwLpf, Jf, pwLf, 'lb"fphf' 
( nldf,,Jl,b(' )1 

lLnutr~fi rlLu.1fn1tf (L4. 4. 29) f}trr[W('""-"'l blJ!f! Q1, w1L1lff,uf,l, L n,r 

wqwu, ,Fwft/,rl,_n,1fJLhpf, ",'u, wnuf{! ftwmwrr/_n,J t WJL"{f,u/1 H1 pwrA.

rn ;fJ1u1f, r/_pw, nrL Ulll(LU'>n r/_nul I; H 1 t:LzJwl, '>w r/_wuwrt/_bt(' 1:h~ 'f"L 

J W('UJJpl, '>pq('wr/_tf,4w4wL ftnpn1.uwl,bpf, 1>l,w1 

llP4rnr11 'lhu1fnuI w'lww Jtuftbpun<JfJhhpf, -<: wmnuf(! 4wwwpr/_mJ t 
UJ J),,,,f,uf, pwrJ.rn•P1wh r/_rw, "f'f! lP WUf.w<nr/_niJ Q2 bJpf, fJn'l_Ul('~n.Jp 

!(j ' 



_J_._. 
I :£ 0. 

I 

{hnu19Ln'l. p,aLltnr/.1 U.1u '1/.,Uf/2nLJ wnw2_wLn,J { l[[np <fi'l-f''ur/.tf,4w4wL 

pnf,1._p I, dwqw['f, rf.f'w 1wuwwu1rf.n,J { WJLt'{f,uf, H'2 funf'n,fl1n1L, N{'f, 

WUfw{n,j_n,J { H'2=Ih'l ''l'uJJwL[!, w1uf,LpL fJn'l.wf'l[nul { Q2 ht/2/!' 

(; fl L J'.f'"' fl w if, f, q{' w u L'! w 9,j_f, w jL 1-lf Pu f, Ju nf' nt.fJ J rrtL, n I' P.f'/• ,· nf'f,-

'l nL [! pwf'df' tfoLf, J'.f'wflw,f,f, ..:4'lrn,J l[{'f,u,f,4w4wL /unf'n,fliwL ,·n['f,-

'lnLf,9, WUfW P.f'wfJwi/_,[! 4wzjuwmf, un,'lrf.wq nl,df,Jn,j_z 

Un,'l,j_w.} lf'•uflw,f,f, L/Pl! 4nf'nz,j_f, 

( 4 103) 

{'UJLwJ.l,ni/_, N{'tnh'l_ h-e dwqw['n,J J'.f'P ""f'P'lnLf, I, f.f'Wflw,f,f, zl,Jpf, 

,; UJLn w4f, L fo2f, m wppb('ntfJ 1n,L'i, { I 

brrnr'} '}Lu1fn11J /J-n'l_wf'4,j_n'l. Q3 L[/2[! wJbpw'i, ,f,npf' f,, nf' wqw.n 

Jw4Lf'!,_lrLJflf, 411f'[! 1._f, J.,'wur,j_nd wnwL9pf, £;bin: IJ.J'l- ,,_J,Ufpn,J { nf'wf1nuf 

{wumwm,j_nul { wJLUffouf, {nf'fo'ln'i,, nf'b WUfw<';nrf.nul { tnt/.JW[ b[pf, /Jn

'l"'f'4nul[!, w1uf,LpL H'0 =Lhri• 
'&4. 4.29-niJ Ln{',j_wt} /J-n,Lhtf, mwf'pl,f' Ln{'wJwq.}b{'f,L {w,J°wU[W-

mwujuwLnrz pLn,fJwq['bf'l! {'i,wf'w,[n{'nt.flJntb b'u Lnw[f,u ,j_bf'lu,.tbt 1:n

{'WhwJfoL J'.f'.t;bnf, wzfuwmw'up[! {bnw9Lurz fl1r,H1fo UJUJ('pl,f' mf'u,JwqJb{'f, 

'ILl-lfpniJ, 

uzhLp, nf' qn1n,fJ1n,L n,LbL <nf'wi1w1f,L p_f'-":hnf, ::wz,j_wf'4fo n,,zf,7. 

L <w4w'l-wf'J. JuL'1fo/1Lb{'t 

Ou1_Jn1_ JuGJ).JIJI: S{',j_w.t lL p_f'{l,nf, 

['nLflJntL[! (H) I, ,j_lf'f,'i, nt Lb('pf,L 
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htl'l! (Q), flw,f,,j_u'l. zLf'mf, pwf'A.-

111Mf,L bf'/• J f,2_ I, b f'¥f' wz w ,f,w4 wi, 

u,Ll[n1Jl!1 qlbinp { N{'n'zl1 -":1rpwLw1f,L J'.f'<bnf, i_w,f,h{'{!, npf! 4LUUfW{nif.fr 

tJJJU Ltpfr pn'l_Wf'4n,Je: 

~W~WJ).WJ14 JuGJ).JIJJ: S{'i[wt} { P.f''>hnf, lwfl,pf!: r/Jhmp { Lnw{'php 

h[f!l't'/' '>wdwf' •'{w['qb[ '>P'ff'wif.tfo4w4wL nbdf,JLbpf! (4LUnnL!Jh[ UJ'l_WUf 

1iwl1l,f'l,n,/f1f, ¥"f'bf'f!, ''fW{''l_L[ J'.f'WflLU,f,f, unt'l_{LUJn,fJJw'i, UfWJJLULf! I,_ 

uJJ[ :;f,'ff'Wi/_tf,4w4wL ,9nt9wl1f,zLbp[! )1 
U.. U, U.junw,f,Lf, Jbfln'l-1! '\bw['wqn{'nt.fJJnL'i, { mwtfou [NLH[ Jf,wJf, 

"''lP'l juL'lfof'f!, f,u4 Jbp wnw2_wpl[w.} JbfJn'l-1!' I,_ Jh4f!, I,_ JJNLUf!I 

lfbf' {l,tnwqnwn,/J-JntLLlf'l! 9"'19 h'u mif.l,t, nf' {fo'l-f'LU{tfo4w4LU ''J 

r1/1dw'l-f'nLfJJnLL'ub{'f, 1: LUzi/.f, wnLltl! pf,i_ { wq,,mJ zLJpf, I, J.w11-LUpf, 

<wzif.wf'4f, LU{''fJNLLpLbpf, i/.f'W IL qnpJLLU4LU'u .t:wzz/_wpl[Lbpnul WJb 4LUrbtfo 

f, W{'\wJwf'<bu 'uz,j_w.} UfWJJwL[! nl Jfow1L <hzmw9Ln,J { '\LUZif.LUf'4f!, 

tuj l I, .t;'u UI ['W,j_ n {' n,fl J n,L { Ln w tfiu .t; LUz,f w f'4 l! 4 w ,n LU{'L l .9 LUL4 LU !J wt} p LU{' 'f 

1-lff'":f>Plfo <wJw{', oqmif.htni/_ PhnLn,tf,fo {wif.wuwf'1lu,L LULJfoJ'.LUl[LUL 4fo
{'Wfllf wL Jhfln'ff,91 

. Op}lGwfl ~.6: S[',j_LU.} { p_p'lhnf, htn' Q=469 J 3/,f_, f}w,f,if.nrz zhf'"'1" 

t; wuurn,fJ1n1'lte H = 1,8 J, fJn,LLtfo tnpwJwqfoJ!!' d=5,0 J, J.wlfwpf, 

Uf{'N:t,/1[{! Zf'PW.Lw1f,L { R o=9,112 J zLUnw,j_q_11,[, f,1np'fl1Lf!Nf1'1-NLfJJwf, 

'l"f'.}wl[/r.'I{' l!'u'ln,fn/wt} f, n =0,0121 .f!pwflw,f,f, btpf, q.np.}wl1fosl! [!L'l-nL

),£1,p fill = 0 ,361 f//,,"'w'lt2_{nuf t liwtnwpl,[ {npwLwjf,L f_['{bnf, "P'lf'"'i/.-
t/•1[11,l[w'll ~·u z,[wrr41rr . 

~ n j .} n l ,I, f!u,n ( 4.91) pwLwdl,f, n11nzn,,J' hLp R1 zwnw{fi'l.l! 

h\=-'-· 469 =19,38 ,I 
2n 0,35 ~1 ~l . 1,83!2 

f.' Lqrr,)rnuf Lf,p fj'o=7°, B=8,89 J1 th,Fpf, u4q_pn,J wnw'l.wLnLJ { 

!1 {'/1 tn/1 f! UJ 4 w L /u 11 {'trt/1 j mL, n {'[! 4 [f,L f,' 

V . L! -46~2 = 1.19 ,/, 
(2·.:-19,J8l-~J,81cos7° 
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1ft. 4.30 . ,r lfmp~mrrfru,',1,11/r• 9Jwqpn• · 

l}Jn<L[', ,wuu,urn,,.,l, 1:n upf, g.}/;p{' I, ty · 
,ffru1rr<nbL9f, w 1 9Jhp['t 

l,4. 4.30-n,J !JnLJ9 { m['q_w~ 

((,/ W{' q.w l'P m4 w J pll q.twq[' n,{J J nLL [! 1 

bl'r n=4, 4wnn,9,f_w,} rum (4.109) 

~ w'/, wJ.l,f,, J,f, 1.''I bu I, { 11,[J, "In mlL 9f, Wl 

qa l [' (!I IJ. Ju 4 n pl pf, 9 J nL{'Wj! w'i, un,p[! 

4w{'ntl { {w1,'lf,u1uliw1 p_pw{Jw,j,f, 

.Jwuf, n,p,[wqf,Jr11 {!um 4nplpf, l'L

mwLf,/!f, nl'11z,f_n,J t w11i 4npf', npf' 

1.'w ,lwUfWUIWU/uwlin,J { r I,_ R zw

nun/f,'ll,l,pf,1, l, wn,[w4Jr b [WJbn,

p Jwlit.rt 

1.UUl. t_['wJj,'IJ mf1mbun,fJ1wli J/1-

1,f,11m{'nLPJw1, U'"'!P1, UfpnpJhJ!,lpf, 

'l·l./1-J, l wpn['wmnp/1w JnuT S wfJl,_f, 

1./;4-f, I, l/b:_11,mf, {f,q['n-<:wliq.ni19J, 

.Jn'1llwJf,1, {puu{b['f,Jb1,u,wl 1bmw

'lntnnt{JJn,1ifd.pf' 1."l'" I, ,Jh.lJ fJl,wLf, ff J1upqwpf,m4wLbpf, >i ,[pw 9"'19 
m1/ b 9f,1,, n [' .t; n "/!P q.Jl, ['{' qn[',}1, w f( tu!, n (11, 1, ,,,1, b 1, l:.i° w ft w Ln /1 1, n p,l wlf, 

llL'['[11Lf/JnL1i(!t f-/11Jf'/Jl4 l'{WU,n,[ (( J•Ulfl'fUl['f,U14tuJj, )) h1p/1 'fllf'JWfff,!J[! 4w

pl[f, { [!1,'1nL1ill llH = lJ,495, 

1,4. 4.31-n,J tn{',[w,} { Sw{Jl,f, 1./;4-J, ,dw['qu1['f,m/1w)i t_['<hnf, qn['-

an'l 4wnni9,f_wa1,f, u,Lupf!' 

'!,y . 4./JJ . Swf!Lf, Lt 11-f, crJmp11'upf,1nyml,», 
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/11,1,wp4hL.p cuTwpq.wpf,u,4wJf,» {wzif.wl'4P JbfJ11q.J,4wli1 

1-flG lJ.hU,l!: Spqw.t bL r t,_ R zwn.wqf,,lLlPl' (4wJ Lpwli9f,9 Jl4l' 

/, i.=R/r {wpwph{'nt{JJnLL[!)t U.1u 'lb"fpniJ 4wz,[wl'4l! 4wmwpqn,J t 
.t;J;m/,_JWL Jl,_nqt llpnzqnul hL a I, C UfWpwJbm['l['L pum <hml,JWL pw-

1, u,'11,/; pf, 

",")( 
a=rv 7· (4·113) 

4' 11 
A 

C"--=----, 
()."-1 )2 

(4 114) 

bpp n~S, W"{W WJU pwliw.>.i,_bpf! "{W{''l_l,9q111J /,), 

p 
a=-

2•111 

C=_±_ 
)." 

(4-115) 

(4-116) 

J!pwflw,j,f, flw,j,if.n'l iw4wmf, 1,['4wpnif/Jmlir Jf,'i,ll,_ 5 %-f, bzmnrfl1wJp 

4wpl1f, { npnzlt [!ULn ,:/;u,/,Jwl pwLw.>.l,f,' 

Ir 
20 

( R-r ( ' 1-sin,.rns~))· {4 · 117) 
COS'l/2 , :,! 

npml,'l a= ;1/n, b-r wif.ltf, C.f,zm 4wl'l'LP t npnz{;t JJ,w1f1 [!UUI 

( 4.109 )-f,, wJL 'l-l'w!/>f,4r,pbL lrwnn,!Jbl"'9 -,' I.urn 1..w,j,lin,[ 4n11f, Ufwpwq.af, 

l 1'4 w r1n,fJ J nLL l!' 

l.wmw4wq.tn,J (( Jwpq.wpf,m41111/l)) ni{'t/wq.fo.tf' 4wnn,9bl"' ,t;wJwp 

< wpJ'w[' t o q.ur,[ lt 

cosnU=- pn--=-I (- C) 
2 pn 

u,bupf,9, npu,b'l. p=p/a wli:_w,j, zwnwif.f,'l.L {, 

Sw1nq p-f,L Pm111=r /a-f,9 Jf,'i,ll,_ Pmax=R/a 
cosnll-1i 1, 

B 
MC co,nO 

n 

(4-118) 

wpJbpLlp, npnzqrnJ' l,1, 

(1,119) 

lJ.,Jl,f, Jf, p I,_ {) qn•Jq.f, .;,uJ'wp nl'n2t{11iJ l,1, wf,;w,J, 'lh4wpmJw1, 4nnp

t;f, 1, w u, 1, l, p [! 

X=pcosO, y:::psinO, ( 4 · I 20) 
)67 



Sb'l.w'l-f'l[n,{_ npl,t <npf,q11LwqwL wn.wL9.pf, ,f_pw X-f, I, 

{wJw9 bpqn, lfn'l.J'fo,'J y-fthpf, wpdlpLJ,pp 1 q.pw:/Jfr'qnpbL 

Jlq p1,p, l!Lu,9wt} p1,bpf, q.pw:/Jf,qwqw!, qwn.11,,911,Jr 

(4·121) 

LpwL l1L'l.'l.w

qwn.r1L9,f_ mJ t 
qwmwp,f_ 11,J t 

2;. 
l11HJL tl.l,11,f_ Jf,wJL L11p 1u11wL.11/.!/r zn'f''f{', 11['(! "lmm,f_w,} t wLq1wL 

n 
mwq, 

2-JII). ql.u,1: Spqw,} t yp<ln.f, blPl! (Q), w1fbLw,i11111 qbmlpf, zw-

nw,f_fo'l.l! (r) Ii. fJw,j,,f_11'l. 2bp1nf, <wum11,fJ1mLp (HJ, 
ll.1u '1l"IIJ11uf !,wfu 11pnz,f_11ttf t 2pwflwi/tw1foL Swqu,mf, hpqwp11,-

P1n,Lp l!u,n urwf}wff, {wtfw"lf1mwf1f, ( 11,Lf,qhpuwi) 1-•wLwtl.l,f, ( wp<w

,J"wl'~·h1m[ J'nmlyifwl, wp111q.11,fJ1niLLl,pp ). 

Q L1- 1 

m1 V2gH312 
( 4. 122 J 

L~, r Ii. a JL,}11,p1niLLlpp f,pwp <hm lfw"l,f_w,} hL t:hml,lwl pwLwtl.Ln,f_ 

L, - - ~2n. I ~· r"(2+ rn) ----- -L=r,ot _,_u ___ ,...:.·o ___ _ 
2an( 1 +r'·) 8(2n+l) 4 

( ? -n < 2 + r' )2 ) 
-r 1- 4(2+r) - -8(2n-.=-l) ' (4-123) 

r 
11p111b'l. r=-, po-L l, l - [' qwfu,f_w,} hL Jf,w1L n-f,9 Ii. 3 ....• 8 wpdhl}Lbpf, 

a 
<wtfwp mp,f_wb /;I, W'l.Jl1LUwq 4.9-n,Jt 

u,,,n,uu.,~ 4.9 

I 
-

I 
-

I I 
-

I 
-

n Po l n Po l 

I i 

I 3 0,97S 0,543 

I 
6 0,955 0,293 

4 0,965 l 0,419 7 

I 
0,955 0,256 

5 0,960 0,3U 8 0,955 0,228 

bpp n >8, W"{W p=0,955, """ l-[! 11pnz,[n,J t Jnmw,f_11p pwLwtl.l,ni/_ 

- ( . 90° l=L57 21
' 11 --0,955cos--;;- )' ( 4-124) 
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(4.123) t;w,f_w uwpJwl, tl.wfu I, w1 tfwubp[! qwf,,,f_w,. bl, Jf,wJL a-f,9, 

npf, Jb<t11,pJnLL{' 11pn2,f_11,J t ,j,LmpJwL Jf,1_n9ifi/_1 a-f,L mp,f_rnJ bl, qw

JwJwqwL wpdb.pLhp wJL.pwl, JwJwLwq, Jf,1,ll, ( 4.123) {w,f_wuwpJwL 

1u!_ I, J.wf,, J wuhp[! <w,f_wuwp</_hL1 

1.wpJwp t a-f, npnz11,Jp qwmwpbl 'l-f'w!j,f,q11pbL, a-f, wpdbpLLpf! mb

'lw'l-pi/_11,J hL <11pf,qnLwqwL wn.wL9pf, </_pw, f,uq (4,123) <w,[wuwpJwL 

tl.wfu I, wy Jwuhpf! Lbpqw1w9L11'l. !j,n,Lq9f,wLbpf, wpdbl!Lbpf!' 111nwJ.fo'l

w•wL91Jf, </_pw I, qwn.n,9</_n,J' bl, WJ'l- !j,11LLq9f,wLbpf, qnpb['[! Jf,1,ll, LpwL9 

\WU1 </_l;a1, 11['(! /, q11p11zf, a-f, ,f,Lmp,f_n'l. wpdbl!l'' 

lf11111w,[npw"lbu 10 %-f,9 n;_ Jb,} uf,,ur -

L11</. a-f, wpdbp{' 11pnz,f_11,J t {bml,JW/ pwLw -

~ \ R J 

J.l,11,[_ 

( 1 . a ) L. a r -sin:xcos- +-"- cos-
2 2n 2 

a -----~,-l; n ____ , (4,125) 

180° 
11pmh'l_ a.= --1 

n 
lff;q fJbpfJf, {u,4w'l-fof' "lwmhpf, Jf,yi, b'l.w,} wJbLw,f,11.pp b ,:bn.w,[n

pntfJJ11,L[! {L4 . 4.32) 4wf,,,[_w,} t fJbpfJbpf, f},[_f,91 IJ.J'L "lbmp t w"lwt;n</_f, 

ypf, wqwm wLy11,J{' WJ'l- JLUu11,[_ i, 2f'P qh'l.11LJ[! ypwfJwff, zmrPfo </_pw1n,f_, 

S,f_wb 11 fJbf'.fJbpf, ','wJwp WJ'l- ''l'uJtfwLp u11111t'1,f_11tJ t '>P'l-f'w </.l{,qwJf, 
{wJmf,f, pwl,wt1/,hp11,[, 

Opftliw4 4.7: Sp,f_mJ t r=2 ,85 J, R=11,6 J, n=61 

( ll.1u m,f!wlLbf'[! <wJw"{wmwuf,,wL11Ltf bl, 1.Ulll.-nd qu1n11,9,f_w,} SwfJli.f, 

lt4-f, I, 4hl11unf, 1:fo'1f'111:wLq.11,19f, C<J'w['q.wpf,mqwHpf,L>J )1 
1lfw1:wLy,f_111,l' t qwn.n,9hl p_p-':bn.f, 11,p</_wq.f,,}p <wmwqwq.b11,J, 

{ 11, b n '- J, S,f_Jwl '1-b"ll!n'-J n,LbLp 

).=~=II ,G =4,07, 
r 2,85 

f!um (4.115) L (4 .116)-f, 11p11z11,J LLp a-L 1, C-L 

R I 1.6 
3

_ 
8= --·-=--- = 10, ;, ,r, 

21 / n 2' 6 

4 4 c---=--=o,oooss, 
1:1 4 ,07° 

(4.118) pwLw.1/,p l!L'l-n,f,n,J t (/;,n/,Jwl u,bup[!' 

cos60=- p ----· - • ' (-6 0.00088) 
2 pf, 

- r 2,85 
Pmin=-=---=-0,275, 

a 20,35 !69 
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dH=dz+dh+aQ
2(oA+oA ~)· 

ctr dr dr gA.J or oh dl 

"wJ, ')w24J, wnLbtm/_, n(' 

dH 02 
- :a:,-(=-= - ---
dl A2C2R 

dz 
--=-1 
dr 

0 

02 a:Q2 oA 
lo-· A1C2R +gAl . dr cth 

-= 
ctr 1- 1.1Q1 fJA 

gN oh 

1.w2,f_J, wn&bln,f_ , np Jb(' '1-bU[jniJ A =2:nh , 

fJA oA , Q 
-=2nh, -=2nr, c::=-= -
or oh 21t 

qa aq 2 lo---+--
dh r2h3C2 gr3h: ~==---~~;...._~ 
dr aq 2 

1--
gr2h~ 

""'J, ')w2,f_J, wnfihtni/. ( 4.128 } - I! l[uu,wfiw&p' 

q 20 2 aq2 
io- +--

dh r2h3+7y g-rlh2 
~ -- ------'-'---
dr aq2 

1---
gr2h3 

(4· H5) 

x = 2::ir , R=ll, 

( 4, 136) 

( 4• 137) 

!}&w1wJ ( 4.137 }-J, U[Wpq_n1..p1w&[!, w&w1J,uiMnpb& J,f1U1b1fpbl UJJII 

'1-/i:/1b('bfi9J,w[ t:w,/_UJUUJ('nLJf! ')hwpw,f_n[' lt, pwfiJ, np h U f ,f,mf,n/u_lll• 

"w&&L('[! 1_LL wL1wui,f_n1..J1 
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Gwm ,;bzm t umwy,f_n,J (4 .137) ']/,!J,h('bLgfrwL ,;w,f_wuwf'Jw& f,& -

mbqpni JI! U.U-f, ¥/•('•JJnniJni/_, w&qwJ bpb oq.u,,f_hfip 9ni9f,1_f, ,;wJw(' 

}, . ), . ITJw,f_tni/.11¥"' lf1f,,{_ pw&wJ.!,_f,91 

Uq_wu, Jw¥bf'/,_ni1fJf, ¥Nf1b('f, ,;&w('w,f_n(' J.lih{'(! 1,niJhh bl,, f,L1_ np 

11 ;_ Uf{'pq_Jwmf,I[ ,;nLhb{'niJ, li h('w&g 0.Uf! Uf"'f''l.htfru "wf!blfr t oqu,,f_bt 

3 .8- niJ f'b(',f_wJ i[wLn&Lbpf,91 

U1JJ phhw('l[/; L/! wqwm pw,f,,f_n'l. zf,pf, l[f,LLmf,I[ tfihf17-frw1fr J UJ('

Jwl, ,;W('!Jf! ,;WJhtnL Jbt) ,!w"bphu 1n&b9n'l. w,f_wq_wLniJ, uzhLp, "(' 

LJwL fuli'l-frf' wn.w1wlin,J t "l Jfrw1& -<:n('w,Lw1f,li Jw('f, ;_Lb('ntJ, WJ£h 

t;fr'1-f'"mbfu&fr¥w¥w1, ¥wn.nL9,f_wJ/!fil,(1niJ wqwm 2/rP/r t&tr7-frw1f, Jw('Jw'is 

'1-bU[pnul1 

tH('qf,wJf, Jw('nLJ[! f('WJ/rfi w,f_wqw&niJ i[w('htfr t '1-Jiuiht npU[bu 

fulrz'l,f_wt) ¥l "f1 ,;fr'1-f'W4.Lfr¥wi[wL pn.f, zp1 

l'b rz ,lrf_wrt ¥tn(',f_wrtpf, LP/r4. mbuwi[w{'wf' tLh('q.f,wL (1+ .f..34) wr

mw .: WJU1,f_ wJ htpfr J f, 1n9n,f_ ¥lfr&f,' 

( 4 , 138) 

- / Q2 
h .- 1. 32 2 ,3 I y gn q> • 

( 4 -139) 

Oqurwq.n('JLtn,f_ zw{'rfJw& pwh•u¥fr pLn('bJ{! l!ntbuhnLU[! Li (J. t; Jl,'1-(!, 

f!h'1-ni1ibtnt/. " P'1-f1w4.Lfi¥w¥wh pnfrlPl! ub'l.wl,wd.li , umwhn,J LL t;f,'1-('w,[ 

lfr¥wi[w& pnf, J_pf, t; /,u,/,_Jwl 1 w,f_wuw('nLJ[!' 

1_ r1 (· h2_ )

2+ I (r .. - t).(i+h~+h2)=2 v{ (r1h1 - t) (4 , 140) 
r2 h1 2 r1 h 1 h1 gh1 r2h2 

n('in/, '] f 1· (!, h1 - {!1 f 2· [! , h 2- {! /Jn.fr J.pfr ul['l_pn1..J I,_ ,f_b{'fnLJ zwnw,fj,'J.fil,('f, 

1,1, I, f f'I', fun('ntfJJn i hLb{'[!, V i - [! pnfr l l!fr u"'1_pf, i[u,(',f_wJj!nLJ Jf,ff,& w('w

'f'n/J j lY Lbb t t 
Fw,7 '> n,H('f, o{'f,hw¥n4. wJuwL'l. f!h'l-n,Lb&j! "''1.'1.wd.f,q. pn.frlPfr 

r/. w{'i[wrt[! I IJ.J'l- '1-1, UfpniJ ( 4 .140) ,;w,f_ w UW('J wh ,J' hf l!h'l-n i &hl n,[ 

l';= r 11=f2, h1=hu i[umwLwLp' 

(4,141) 

'~Lf'l"LJnLpJnLh[! 9"'!9 t U1W£fru, n(' ub,,_J,f_wr} l[ur.p,f_wJpnd '¥fr&buif,I[ 

173 



tLbplffrwL ,;wJhJwmwt} U[nmb'b9frwl {'bbplff,wJ/r <bm zwm Jbt} t I, 

( 4.141 ) 1:wi/_wuwpJwl, Jbt Jm'bn'l bpfJnL Jbqbp'b {f qwpblf, t wp<w

Jwp<bL t 

lJ.J'I- ,,_1,Uf/!ntJ, .t; wz,[f, wnLbini/_ hu= 
ru 

(4 ,135) I, (4.137) - frg 
2 

4umw'bw'b/!' 

h,-2•1sg- l/8n- li·'c,:3; 4Qt / 33 : :8, ( 4. 142) 

uzwLw4bL11 Jwpf,lf, 'l"l'.twqf,9[! f.=qY • I, Xo= 23,S g - 1/8 :,.- ' ; 4, /,- l, 
mhuw4wl,npbL -t,. f,zm npnzbL <Lwpwi/_np lt Lt "II""/! l npn zbL ,f,npJ.bpfr 

Jf,tnsni/_1 

lJ.JUU[f,un,{ , ( 4.142)- nul .t; wi/_wuwpn,J{! quinu,f,w ,; /,.nl,Jwl mbu/! l!' 

h1-h0Q 1, 4 .3:14. 

1/wpf,lntJ 1.1'/i funpn,f/JnL'li(! (!'li'ln,L,f_n t J { 5 % - ni/_ w,j__blfr <wJwinu) 

Ju.nptttPJm'lif,9' 

h 1 051 Ql •4::i.3 ,q 
J= , "Xo .. J. , ( 4 · 143) 

l!wpfrlf, {Lhl"lfrwiJ, JwpJw'b ,npt}wqfrsl! IJtf,Lfr' 

k h., 1 o~, QI 43 -:0· ~ ==- - ===z , .:>11.X 0 • , 

3. 
(4 -144) 

bpb Jwpfr1_/r9 tl'fr <Lnw9n,Jl! f,pwqwl,my,[n , J { o'lwfJwJ.I, 1.l'wfiJw ,f,f, 

Jf,tn9ni/_ { 'li4 , 4 .34), WLJ/W ''fwm/1 p pwpd.pn,/JJntL{! IJtfrLfr' 

p-h.,-Ht' ( 4 -1 45) 

npmh'l H~- 'b O'[WfJwJf,'li trwflw,f,J, i'bzn,J'l, t Lt npnz,[n,J t 1.pwflw,f,J, 

pw'bwali.f,9 

H,= , ( 
Q 2/ 3 

· m11tDV2i:! ) 

npmh'l m l?- [! 0'1.W4wJf,'b tf'Wfilw,f,f, b[j!f, qnpt}wf[f,9l, { 1 

~]1GqliJ1nJ1'l qtni]u 

~b'lnt'-•d, t-r112u.(]) ~"''-"'..., -cu.rd-nl'-lfl! 
5.1. lb'l,flf,4Jl bPLi9llll> l;UPd-lfU\.. 2U,lll U ur fl 1'lf\..bf1 I! 

1.b'lnt4/r bpq 1_ u.1,f, 2111pdJ'wL .t;w,J_wuwpn,JLlpp umw'bwtni 

oqmi/_bLp {. tJLlpf, -\ wi/_wuwpnuHilpf,9 , wi/_/,Lu,9l,f,[n,[ WJ'btnb'l 

n, dl,p[!' (Tx, Ty, T1.) , i/_bpwqpi/_wt} .t;b'ln , IJ/r Jf,wi/_np 'lw'bq.,f_ w .tf,L. 

]76 

(4 , 146) 

.t;wJwp 

z,f,J w'b 

X- _1_ 1/ p - T.=du., 
f1 <) X dt 

Y-~ ilp· -T=duy , 
p iJy y dt 

{5· I} 

z 1 op T _ duz - p liz - ,.-dt-' 
fl('JIJ l 'l X, Y, Z -{! .l w,f "'lwJfrL n,dbpfr pw'l W'[f'/iJ.Hp'b bl, 1 

l/.Lul'lJL[f, { b'ln,qf, uurw9frn'bwp zwpdJ'wL d,uJwLwiJ ( 5 .1 ) { w,[ w 

,,wpn,JH['f, ,; wJwiJwf''ll' qwpb[f, { LhpfJwJw9Lbt <burl,Jwl mbu/!nq' 

l dp dux OU"+ OUx X- - - - T =U -- t u - u --, 
p () X 

1 1 0 X y dy Z i) z 

' l iJp OUy Olly a u, 
\ - - :--} - Ty= Ux-0 +uy -., - +uz-i) , 

p r y X oy Z 

1 i)p T i)uz auz OU z 
Z---- .-u- + u .-+u-, 

p az. ,. X dx ~ oy z Ol 
(5 , 2) 

IJf)I, zwpJn,Jp mb'lf, t n,LbLntJ t}wfipn<fiJJw'li n,dfr wq'1b9n,fiJJw'li 

mwiJ ( WJL .)wt/_W[WJ/rL n,dbp[! pw9 wiJwJn,J bL ) , w"lu1 z- /r wnwL9j!f! 

pLfJnLLb[lli/_ nL'l'lwJ.frq. 'lbu1fr ,f_bp , IJumwLwLp ( 5.2) -C: wi/_wuwpnuFLLpfr 

,:; w,T wqwpq.f, J wuLwi/_ np urbup[! , "l'tnb'l X= Y =0, Z = -g1 

_ _ 1_ ?~ -T.=u/ ui +u/ u,-+ u,~u..!., 
p ax ax · dy oz 

1 ap auy ouy ou 
- - - -T _,:::,e:u -+u --+ u ':.1 , 

t' fJy ) X (1 '( y OY z dz 
(5-3) 

1 iJp T OU2 OU~ Oti z 
-g---- =u .-+u -+u - 1 

p dz 2 ' i)x Y iJy z dz 

-Rw'bf, np f!ULn nl'['lwJ.f,q.f, wpwq.n,/JJni'bHp[! ,f,nl'f' [,!,, WU[W l1w-

OUz a uz au1. 
f'htfr t l!'b'1"''bbt , np ll z=O I,--= - --=--· = 01 ax rJy az 

G,f,JwL nidbpfr Tz pw'1.UJ'1f'fr1.f!, "f'l! !pnLLIJ9f,nLw1 qu,ll(f, Jb2 t Uz- /is , 
LntJL"lbu qwpbif, t wp<wJwp1: bu lJ.J'l ,,_Lu1pnLJ ( 5 .3) ,;u,Jwqwpq.f, 

•[bp2frL <wqwuwpniJl' f1um1uLw .t; LmbJwl mbu/!l!• 

dp =-pg, 
i)z 

(5,4) 
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uw t: Jwl,l,b{'f,tJ, I, l!!,fllf'!Jn'll! WJ!f r-Y1wqw1[wnn,J f,f' '1faurb1f,pLI,{'{' 4wpnrz 

l; [pw9H[, niunult,wuf,{'b[ni/_ P, S. bJ!/1,_f, JbLwq.{'n'-fi/JntL[! i' 

5.2. ib'l. i1>1~rll>1.U•'1llltll\, lil'll-MH' 

l';brz t;f,11f'wi/_Lf14w4w!i filnfatp wnwtwLnu! t pnr11L zwpdJwL Jwilw

Lw't <n,!if, lw/i,n,fJ1wL Lb,zw9JwL <buruwLJ!ni/., bf'p {nupf, q.ithf'l! 

Ll[wurbtfanf'b'i, filblJi/_n,J b'i, 'lb"ff, {n,Lf, wnwL9n1 .f!wLf, np zb,z '>fa'lrwi/_

tfa'twl[wL {Jnf,zpf, '1b"l1Jntil f!Uur nL'l'lwt!f,q.f, UJ{'wq.nifil1wL h W('wq.w9Jw1' 

pwrzw11-.f'fal'i,b{'f' wr<w.rw,.',' Lt lfa 4wf'Ltf, , WU(W uurw9,[_wtt hr4lw,j, zwrd

Jw!, t;w,[_wuw{'ntJ'!ib{'[! ;blj 4w,.nrz 'i,~LU{'Wlff'Ll Ult/_JWL bpun'-JPl!' 11.111 

<w,[_wuw{'nL<l!,b{'!, oq.tnwq.n,.,h/nul" ht zb,z '>f,!f{'Wt/_Lfa4w4w1t filnf,zpf,l, 1tw

f,,n{'qnrz lt ,;UJt"f''1nrz u,b,zwilwul{'f, t;wz,[_w,.41thpf, {wilwp1 

Uww!iw!i.p <wzi/_w,.4w.1J,L wnLlntfi/JnLt.Lbp zL,z t;J,11,.wi/.tfr4w4w1, 

f}nfalllfa u,brzwilwuf, <w.rw,., 

'/'fau,w{'l[b!,p t;w,[_wuw('WJ.W'P ',nuwLpnt,l 1,,.4n, i:nupf, q.bbp[! ( Jf,Lz 

f}nfal.J!l! I,_ f}nf,zpf,9 <hu,n), n{'n!i9 t;bnwi/_n['nLf}JnL!,[! JJ,JJwt.9J,9 ',wa/_w
uwp t b-f, (LI[. 5 .2): 1-1 t,_ 2-2 4w,.a/_Wff1Jt.L('f, <wJwp q.pHp zwpd

Jw!, pw!iwl[f, fnfnf,,Jw'l, f}LnpbJ[!, "lf'nJb4wi/_wJ fi/nf,lffa Sw4wwf, Lnp

..Jwl h qntq.wi:bn nt,zrzn,fil1niLLb,.f, t/_{'Wt 
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1lth2 -M)=h)1~2- h1u~,, 2 1 

u, -
-- "'C 

hUn, U.,-h2Un 1 U, 2 1 

)))))J.)J)>}}}))j)))))))j->J))J?7777777777~F~~// 

f,q. 5 .2. {;b'l t;J,,,,,w{1/tfiwfi ·ul, pnj,l~j, t;wz,[wrr~wJj,I, ufr,lnJwl,1 

f!uu, (5.13) <wqwu,u,.Jw'i, ~ rgh21 - + pgh2
2 n,dl! 

t 

(.c; , 13) 

( 5 · 14) 

wq_11btni/. 

I Er,uiea 6. T., )J.syxMepm,1e 6ypHble noroKH, M, 3ReprHff, 1967, 212 c. 

, h,znt4f, tnf,{'ntJfJf, ,t_,.w, pu1h1 = pu2h 2 qwLq.:/_wJf, W('Ul'f"LfJJnt1t[! fn,f,n

fund t U1-J,9 ll2' (( ,S.13) t; wa/_wuwpJwL Jbt p f,,inn<f}Jn'-Lf! l[rSwmi/_wJ 

I: 1, 
• J 

(5.14) t;w,[_wuwpnLJf! 9ntJ9 t tnw[f,u, n{' fJnfallJfa Sw4wurf, 
"'-'l'ln,fJ-

1
wJp zwf'dJwL pw1iw4J, ,f,n,j,nf,,ntf/JrrtL wbrzf, lfr niLbLniJ: 

IJ.Lf,,q_b[f,n,fi/Jw'i, ,;wa[_wuw11nuJ[! n,Lf, t;binUJWl u,bupf!' 

(5·15) 
h 1U11 1=h2Un ,' 

2wzi/_~ wnLhtna/. (5.14) I,_ (5 .15) ',wi/_wuw{'n,JLb{'f!, 4uwwLwLp' 

(5, 16) 
U.,=Ua/ 

"lw{''l. JwfJbJwwJ,4w4wL auw,j,nfun,P1niLf,9 

lllll{'nLJ[! 4l!'u'1n,Lf, t;bmUJWL inbup[!' 

~2(' h2 + 1)=2U~J t 

hi h1 ghl 

.t:burn 

'uzwt.w4btnt/_ 
h2 hi = TJ ( fJnf, l/!f, ,; W{' wpbp1U4 w!, 

~uurw1tw1tp' 

1J(1H I ) .... 2~• 
ghl 

(5.13} ,;..,qw-

(S · 17) 

p W('dpntf} JnLl,) 1 

(5 · 18) 

n hz U111 Y.wLJ, n{' TJ= -. - > 1, W"fW -.-. -- > 1, wJuf,1tpL wpwq.nifJ1w1t 
hi 1gh 1 

l1r,rifw1 pIUf[_W!ff'faU! fJnl•ll!fa9 WllWf Jf,zw Jbtt ~ W[f,pw1J,L wpwq.nLfJJ"Lt.f,,q t 

l!wLf, np ( ruw t4. 5.2) U111=ll 1SinB, WUfW (5.18) ',wi/_wUW('nul[! 

l[uw,uLw t;hwUJWL wbup[!' 

u2 
,i'".+l)=-2-4-sin•~, (S · 19) 

ghl 

{nibltnt/_ (5.19) pwnw4n Luf, ',wi/_wuw{'nLJf!, 
u ww1tn,J b !,p U. . 

t•.,,b'i,f, i:w,[_wuwrn,Jr' 

·'l=+(V H 8g~
1 

sin"'.1 -1} (5,20) 

bpp ~=90° uu,wLntil l,'i,p n,,zf,,z filnfallJfa .t;wi/_wuwpnLJf!' 

1 ( I uz ) 
"lj=- V 1+a--2- - 1 , 

2 ghl 
(5,21) 

/J'n.f,zpf, .t:wpwpbpw4wt pw{'d('ntfJJnLL[! f,p wnwi/_btW'ftlLJL wpd-bpp 
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[!L'lnd,n,J t nuit,L f}nf,wf, dwJwfiw't (~-:-90°), np[! ftwpb[f, t /!'11'1-n,1,J;f 

n l'"I bu zb'l f}nf,wf, u w-':J wbwJf,b 11b "l/!t 
Cb,,_ f}nf,wf, J111iu uw-':JwLwJf,I, 11bUfpf,L -':wJw"lwurwuf,,wl,n,J { 

11=1,0 wpdbp[!, npf, '1-b"l/!nd fJnf,z.pf, -':burL.wbpnr/_ w'l.wu, Jw'tbp/rn,JfJf,· 

pwpdpu19n,J z.f, ftwurwpr/_n,J: lJ.J'l '1-b"ll!"'J 

~=ar,~sin V gh. 
U1 

(5-22) 

l, f}nf,z.n ,f,nfuwpf,lo£n,J t wqwur JwfthpL.11,1/Jf, 'IP'lnJwJp, 

t/.bp[! wu,£w6-f,9 -':binL.niJ L np f}nf,z.pf, &.wftwu,f, ~ w'llftJnLb[! 'twpn7 

t ,f,n,f,nf,,r/_bl 

J fit wft w JpniJ: 

v-gh n 
a res I n--1,:;:; ~~-

2 U1 
(5-23) 

U.1dJ uu,wl,u,l,p u,nl,z.n,fJ1n,l,Lhp f}nfilj!f, l'), b L. 6 ( wpw11n,fJ1wu 

if.bfturnpf, fJbpJwl, w'llftJnil,l!} UfwpwJbinpbpf, Jf,1L.1 

flonf,z.pf, -C.wftwinf, L. U2 wpwljnLfJJwb ,£blfwnpf, 'tw'l.Ju,t) w'lllfJm.Ll! 

Lzw!,wftbl,p a, u.41,w.t:wJin L np 

llnl_t A --g..,, 
u, 

Un ,, -=tgcr, 
u, 

l.wz,£f, wnHtn,£ (5.14) ': wi/_wuwpniJt,, lfn,l,bl,wLp' 

U2 11 tgo h1 ( 
- =-c::=-=--1 
Uni tg~ h2 -,, 

(5·24/ 

S b'l_W'1f'bl nr/_ ( 5, 24 }-[! />"lb1,f, ( 5 .20) .t:wr/_ wuwpJ w'II J ht uu, w'llniJ 

t 2tg~ 
gcr-v 2 , 

1 +8 uh, sin 2~ -l 
g I 

( 5. 25) . 

l/wurwpb[nr/_ (5.24} wn'llz.n,fJJwb npnz tlL.w,f,nf,,n,fJ1nib'llbp l, -':wz.,£f, 

wnl,blnr/., "l' cr=P-6, (5.25) {wr/_wuwpniJp lfwphtf, t pbph[ U.. />"lbl,f, 

lfn'l,Ff,,9 uinw9r/_w6- u,bupf,, 

tgo 

182 

tg{ V 1+s uh~ sin2~-3) 
' g 1 

V u2 
1+8-h' sin2~-1+2tg2

~ 
g 1 

(5 ,26) 

.f.JwLf, np ( f!UUI '114 , 5.2-f,) 

u2 cos~ -=-, 

Jll "I UJ 

h 1u; = _l._ cos2? =-t- . 1 -+- tg
2 1

_ , l .5. 27) 
hzU~ "l'j CUS2.J 1/ l T tg"~ 

2.wzr/_f, wnYibtnr/. (5.24)-£!, (5.27) -':wr/_wuwpn,Jp lfl!'b'fnLLf, .t;burL..JWL 

,nbup[!' 

(5,29) 

( V 1+" uf sin~~ - l )\ t+t .,,'~ ) 
' gh, 

Sbrzw11pb1nr/. (5.28) rw'llwtll,f, Jb'l. ~-f, wpdbp[! [!Ulft (5.20)-f,, 4uurw-

(5,30) 

T' 
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+=}(Jf1+8g~: sin2cr--1} 
1.wz,tj, waLhin4._, np f!UU1 Lt,. 5.3-f, CJ= ~-6, ftu1nwLwLp 

_I (-.!..+1)=2~ ___ tg2(~~) __ I 

T/1 '1/1 gh2 l+tg2(~-8) 

Sb'lw'fph[n,{_ (5.24) '>u11/_wuwpniJf,9 

LwLp' 

1 tga 
-=-
T)J tg~ 

(I+ t2){ I+x 1 ){1(x2
- l )+2x) 

x~(x -t)( l+xt)2 

u2 
"12( YJa+ 1 )~=2-' sl n2u.1, 

ght 

s b 'l_UI 'lf'bl n,/_ (J) = w +6 I,_ ,;wz,[_f, w11Lbtn,/_ ( 5 .24) 
(5.35) <w,[_wuwpniJe ('hp,{_niJ { <bml,_JWL ,n/,upf,' 

tg( ~, + 0) ( tg( W +~) )-' u; tg2(f -H) 
R' , + I -2_. I 

tg,., t~~ gh2 1+tg2(W + o) 
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( 1 +y 2 
)( 1 +t1)(t( 1-y2 ) + 2y) 

y2(t+y)( 1-yt)2 , 

(5 ·31) 

(5-32) 

(5 ,34) 

(5,35) 

(.3,36) 

(5,37) 

.?.w,[_wuwrb9Lbtn4._ (,5 .34} I,_ (5 .37} ,;u,,/_wuwpn1JLbpf, w1_ J,uubp[!, 

ftumwLwLp 

~ x2 )(t(x 1-1)+2x) 
x2(x-t)( l+xt)2 

(5-38) 

Uurw9,/_w<> ( 5.38) t;w,[_wuwrn,Jr y=y(x1t) :f,n,L~9f,nbW[ ~UI"( t 
{ wumwmn,J ~ L. f wL~1n1Ltbf'f, Jf,1_1,_ (6 wL~1n,Le nrnz,[_ntJ t TOA 
mf,,,n,1{Jf,9 ) : 1. wLpw'> wz,/_w~wf, ( 5 .38) ,; w,[_ WU wpn,J I! ,;" f,'1-bf'nf''I ftwr 

'1-P t, 
r./,hpin,<>ntfJJnLLr. 9"'J9 t /.llW[f,u, N{' {Jnfill'P 4._br1_w,/_n,, pwpd.p,nfJ1wL 

IJ-h "{i'"'J j3' > ~ ( pwbf, np TOA. mf,rn,1,fJrnJ ~f,H mHn,f} Jn.LL w,/_ ht/i 

JbJ t , pwL TOT' mf,rni1fJn,J )1 

.?.wz,[_wpftLb,,f, dwJwLw~ bf'pbJL "{bmp t tfiLn,J oq.UtW'(-np<>ht ti 
wbftJnLLf! Nf'nzn,z wpmw1:wJUtnLPJnLh[!, N('f! ftwph[f, { umwhw[ (5.19) I,_ 

( 5 .26) wpmw < WJlllnt{J J n,Lhb{'f, d.l,_wi/rnfun,J n,[_' 

(5-39) 

11.pw'fw,;nuLhrn,J 1:wC.wfu 1:wr~ t tfiLn , J [WJLf,9 wL9fih[ w4._btfr 

tb,,_ i,m,,,/_wJpLbpf,, N{'f. ftwf'n'l t "{WJJwLw,/_n{',/_wJ c/>Lht f,Li"fbu urb 

,zw~wL, bpftrwpwLwftwL, wJL"{bu I,_ '>p'fpw,/_[f,~wftwL "{wmC.wnLb{'n,/_t 

IJ>npp funt""/JJ.,,J'p u,pwq.w'>nu1tbf'nu.J' :hpn,'lf, {J,/_f, ,J'bJ wpdbpLbrf, 

'1-l"{f'nLJ wnw1_wLn,J { zwf'<fJwL W[f,pwjf,L ,{_f,6.w~, np[! fuf,um wL9wL-

ftwtf, t ftwn.n,9 ,/_wJpf, 1 .,,,;w'l-nrJJwL ,;wJwpt (w1Ln,fJ1wL Lb,,_w9n,Jp 

pntn.L 2 wpdJ wb <fwJ wL w ~ wn.w1_w9Ln,J { UJ{'W9 ntfJJ wL ,j,np('w9nul I,_ 

junpnt/JJwh wC., 

ll.[f,pw Jf,L zwp<fJ u,): ,/_ b{'w9ntJ I! ftwJ Juf,um ,j, np('w9n,J I! W('WflW,; nu

'J, bpf, t:wz,/_u,pftf, wn.w1_Lwftwr9 1:wp9fi { : 

Pn,n.fi z wrdnu!Lb{'L n,LbL L w I,_ w JL ,/_ wm u,n.wLd.Lw,; wmftn,/J1n,Ll!, 

np npl,_{ ft,np,/_wJpn,J wn.w1_w9n'l. '1-l''l-P"l' mwpwJ,[_nLJ { eum zw.pdJwL 

nL'l_'T_nLfJJwh pw,/_w~w1tf,L bpftwr UIUJ('WJn,fJJntLLbr, f,u~ nrnz 'lb"(pbpn,J 

ftwpn'f. t Lwl,_ ntdb,,_w,Lwu 

Uwubw,/_np 'lb"{i'n,J ftwf'l.lfi { Lwfuw'l-JbL WJhU(f,uf, wfi9n,Jwif,L 

mb'T_wJwubp, n{'nLgf,9 ,;nuwhp[! 'INL{'U ft11w wpt;wJw{'<:btf, ,pnpp W(/r
f'WJf,L 'i-f''ffr.n.Lbpn,/_, wnwfi9 zb'l. pn.filPP• I,_ '>wz4._wrfte ~wphtf, t zwrn1-

fiwftbt Jf,wiw,j, zwrrfJwL '>w,{_wuwpn,JLbpn,[_, 11.J'I mf,"ff, mb'lwJwufr 
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i,4. 5.4 . .J!pwL9pf, l,h'l u19Ju,'t, -:,nl-
'/."'(' ~wJ/1!, ujuhJw L, 

\w2,f_wpqf, ufubJw1, pbpi/_wt) t LI(. 5.4-
• ntJ, 

h h3 l+-
L~L, t L,~ "g~, 2tg( ~.-~~ _

411

) 

L=~ 
2tgl, 

(5 41} 

U.Lfu'l.brf,n,fJ1wL 1 wr/_wuwpn,J1, n,LfT 
{ i.mlLJUJ/ mbun/ 

h, = U3h1=(h3 ) 1.5 V'} (5-4~} 
h ,1 U1 i l1 hi Fl 

U 1, h 1, b1 /,_ b:i wpdbj!Lbpp mpi/_wt) 1,1, , f,uq 1l1nw u1.wpwJhmpbp(! npn2 -

,{_n,J l1, ,f,Lmpilw'u brzwLwqn,f_ , Sp,f_nul t 6-f,1, l(w1lw1wl1wL wpJL/!, f!U U7 

{5.39) pwLwJ.1,_f, npnz ,f_n,J t :: wpwpbpwqw1, funpn,fJ1wL T) = ~ wp -
h1 

2 

dl/!l' /,_ (!Utn ( 5.30) ,:; w,f_wuwpJw'i,' II 2 1 
- - wpdbl'f!' ( L,,n,1,bln,f_ w1L npUflu 
g h2 

flnf,uf,9 wnw2 ,:,· nuwL/!f, "fwpwJhmp, umwLn,J Uj 
HR - wpJb.pf! IL 

ghJ 
umw9wt>nr/_ umniq.n<J (5 .42) '>wr/_wuwpniJ{! , np(! 

'\ wJ wp Ufltn/! t 11wnfiw LntJLn,/J Jnth, 
&.f,im ,f_bp9i/_wr) ti-/> 

ll,hgh11n1111 <un1Ju 

~fl').PlJ.11.lflliU.liU. \, 110').bllJ.ll,OPfff'-tr 

(i. l. CVl-4U.\irtt,r Sb'lJ;liflM~31lt,\,\,br 4ti'}PU.t1,U•lilltiU.\, 
lf fl'l- ollJ.t1.n r rru. li '1.b Pllflb r 3 U.l 

1.f, 'lf'UJ i/.Jf, q w q w1, J n 'lb[ w ,f_ n pn,J {! .C: w ['J ntp wJ J UJ qLL pf, "I wm ,T n,fJ Jntfl 

ntLf,t lJ.J'l qwrzw,f,wp(! u1nwy_w9b[ t 'lbn {bnLwp'ln 'lw </,f,Llf,f, Jw,lw -
LwqLbpntJ t,_ Jf,Llt,_ w1JJ t1 zwpntLwl(ntJ t qwpqwLwu 

lln'lbtw,f_npntJ(! hpunt1fJLbpf, °AUJ~IUJl"'l"'fJJwL l(wpunp J.Upf,9 

JbqL t, lln'lhtw,f_npJwL dwJwLw·q mt/_JLUL opJhlf.me' pfiopf,LLUl(f! , n,untJ
Lwuf,p,f_n,J t Lpw Jn'lb[f, nLUntJLLUuf,pJLU1, Jfrln9n,{_t 

9-nJntfJJntf. ,,,1,bf, bpl,.n,;/Jf, [{,f,qf,l(wl(wf, /,_ JwfJbJLUmJ>qwqLUL Jn 

rzl[Lbpt 3if,'[_f,qLUqw1, Jn'lhlf! L1n,p-w4LU1, Ol'Jbqm t, npf, pt,,~pwq.php(! 

\wJwUfW<nLUufuwLntJ bL pfiopf,Lwftf,L, f,uq J'LUfJbJwmf,qwf[LUI, J,,,,_b[i! 
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Lz w LLbpf,, uf,Ji/_n[Lhpf, .t; LUi/_LU.pLUr)n, t, np[! mpr/_nLJ t JLUfJbJLUmf,l(wl(w!, 

mpw J iupLULnip JLUL tb'l.,f_ n,f_: lf wfJbJ wmf,l(wl(LUL J n'l-b[f,·b bL "I wmqwfind 

.t; brz11<qf, zwpJt!LUL, wLfu'l.htf,ntfJJLUL, tHp'ff,w1f, UfLU :: Ll(wfiJwf, .t;w,f_w

uwpnu!Lbp(! I,_ WJ[bt lfwfJhJwmf,qwl(wL :ln'l-bLLUt/_npntil{!, bpp oq.u,w

q.npr)t[n,J t { w2,f_fl ml,f,,Lf,ftw, qnl,f_nd t f!i/_wJf,L, U.1umb,z { f,JLwqwL 

'lbf'(! "lwml(wLnul t ttlftmpnbwjf,L 1 w z,f_ftl Jb/!bLwl,bpf,L {tl.lJ }, 
U.lf- bpf, l(f,pwnnul(! 'l.'l-W[f,npbL [WJLw9ph,9 wJL Zf'fLULwftLbp[!, bpp 

.t; f'lf'LUi/.tfrlf.w1f,L i/_bpwpbpi/_n'L fuL,,f,pLhpf! qwpnrz bL lnLt>i/_ht mbuwftw-

1,npbL , wnwL9 1wpnpwmnp ,f,npJ.wpl(nu!Lbpf, : Uwftw1L JmfJbilwmf,l(w

qw1, J,,,,1,lwi/.npJ"wl, '{_Ul(''f-W,gn,J{! l -': w,Lql9rb9 !f,f,rzf,l11ulf.111L :ln'lbtwt/.11p

,J"wL L2LULwl(111fJ1wL ,f,nj!pU1 ,'71lwLp : finlnf' 'lb''l,Pbpn, J· .lLUfJbJwmf,qwl1wL 

Jn,,_l[[! qwmwpJW[ lt ,,_ 1:w £.wfu Lpw "l l(wtnW('JLUL 1/rf,L[(! q1upnrz t 
.C: wLqh9Lbt '{_CfWlf, ufuLU[f,hpf, 1 

lJ "'lbtwi/_npJ'wL :iJl1LU l,rzmLwlf.l! <l.wpLUi/_tr{'tllf}JnLL t Lnw[f,u :if,wl,

~w J'f,9 wpmw"lwml(hpb[ /,_ umwbLU[ WJb fuL'lf,pLhpf, Ln,t>n,JLbf'[!, npnLp 

JmLn,J bL mi/_1wl -': LUp9f, Jb2 , IJ.1uu1f,uf, :ln'lbtwt/_npnt:l{! ftnlt/_n<J t 
.C: w,lwLJLULru1f,L , t,_ Lpw o.z mr11/J-1n,f,l, l(wfu,[wt> t w1L pwLf,y , flb f,L l /!wL 

b f,ztn t bp/,_nLJ/Jf, JwfJb1J"w1nj,qwqLUf1 1fn'[b[(! I 

:hf,'l.f,lf.wl(wL Jn'lbtwi/_npJwl, dwJw!,wq pLopf,Lwqf, I,_ Jn'l-b[f, i/_pw 

ntunuJ'l,LUuf,pnLJ bl, mr/_1w1 bpkntJfJp rL npnz nrz Jbr)n,fJJntLLbp[! ( -&,LznL

Je , wpwq.nt{JJnLL[!, wpwq.w9nufe , hwe t,_ WJLb} t l.wJwLJwLw1f,L Jn

'lhtwt/_11p1lwL dwJwLLUI( LUJ'f Jbt>n,/J1n,LLbp[! pLorf,Lwftf, I,_ Jn1btf, i/_pw 

rnwppbp bf.Ji 

dw,fwLwqwqfr.'J .t; f,'fpw,f_lf,qw1n,rl }l,f_w1f,L ,fn'lbtwi/_npJwl, ~tnrmf,fJ 

I, ), "{ w m~ LUL ntil .if, w l w,f, t,_ b pfu_ w ,f, f,,1, 'll' pLb pf' ,; LU .J b ,/' w m w µ wp "I wp 'I. 

uw'>'J' wL1n1f,L "l"'J:lwLLbpf, ,,_L"ll'nul , bpp Lpwl.9 l,plf.wrn•fl1rnLp £'"'· 
t/_ Ill" W 1, /11, J' /;r) t: l.t, 'ff' Wi/_{ f, q W" w !, t f n'[l[ LU"- n pr[ u,l, 1, l l, t/. bp W fl I, pnuf pf, i 

,1wrrunwuf,pi/_wt> p w f''l fuL,,f,pLl,pf!, mbrzwqwL Lpun•Jf!Lbrf, nwn, J' Lw

uf,{'r1tfl.1nd,l! /,_ wnwl,J.f1111u1bu mwpwr)w~wL bpun<JfJ l, hp(! t fJppbJl, oq

wwq11pr),f_nuf t :ln11btwr{nr nul , "f'L' WJ'l hp·l(nwf, :if,w,9n t fJJntL'i, t ; 
lln11htwi/_npntJ{! .t;L,upwr/_np t ,ff,w1L w1L 'll"ll'"'J , hrp q.111n,{J111Lfs 

n,Lf, ,r,,,,.l,tf, I,_ pLopf,Lwqf, p frntf!LU'f['h{'f, -:w ,TwUfllllnWLJf,,wLntfJJnLL: 

l. f,'fpwq{f,qwq1ul, Jn'lb[LUi/_npJ'wf, dwJwLwq , b/Jb q.nJn l fJJntL 11,Lf, 

pL opf,fswqf, /,_ ,J'n'lbff, pJ111pn2 dlr)n,/JJntL f,bp/1 'lr)w1f,L qw'-'( , X = a x . , 
. r ~ 

WUfUI ru1L lf.n l if mJ t tuwGnt:pJnt!;: 
<J.nJntfJJntL n<Lf, b11h p mbuwq LJwilflLf!J1tr.L1 

1 . br~rw2wlJiw~wt f.Jmli n,pJntG: U.1u 'lbUfptttil pfiopf,1,wftf, · f, 

J n'l};/f, pn[np -': wilwUfLUtnuwfuwl, q.r)w1f,L l wfb{'(! 1: ru:lbJLUmtul(wL ·b1,, 

f,ul( Lpl(pwl wfwl(wl, wLqJnt LLbp[!' ,; ,;,i/_wtJW{'t U.1u 'lhl..l(f!"'J flt:LbLp 

Jbl( f!1,'l.t;LULntp qr)w1f,L Jwu z mu1p1 llpnz bpUr1lJ/JLbp Jnqbfwqnpbzf,-u · 
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'>w{'J"'I' ( n,1,ll,wl JJ, pw1rf, q.JwJ/r1r Jwuz111wpLI.{'' bp'twpntfJ1w'ii, pwpA

pn<f}jwL, "'l'wJwq.Jf, 1, "'ill,' U.Ju"lfruf, Jn'l-blw,f_npn<Jp 'tnt.i/_n<J t wrzw

,f_wrz,f_wJ JwuzmwpLbf'n,f_ Jn'l-btwi/_npniJ ( opf,Lwf urbu 6 .3 )1 
2. li~&btlwm~~w~w& tuwtn1pJn1&: U.1u '1-bUfpntJ pw9f, bpitf'"'l"'

,f,wltwL l,JwLn,fJJn<Lf,9 "lbmp t ml'lfr ntLbl,w -<;u,Ju,"lwu,wuJuwL ltb

u,b{'ntJ 'tf,LbJwmf,'tw'twL JbJnt/JJntl,l,b{'f, 1,JwLnt/JJn<L, w1uf,Lpl, wpw

qn<fi}JnLl,l,b{'[! I, W{'wq.w9ntJHpp tfrLbl, <wJbJwmwltwL, fruit 'tf,LbJwmf,

'tw'twL Jbant/JJt1LLH{'f, Jf,yl, ltwq_J,fwJ wLlt1ntl,l,bpp' <w,f_wuwp: 

3. 1~~1~wtf~~w~wf. {;uwlintpJntf.: ff.Ju '1-bUfpntJ pw9f, Lf'itpwz.w,f,w 

ltwL l, 'tf,LbJw111f,ltw'twL l,Jwl,n,/JJniLf,,9 "lbu,p t mb'l/r trtLbl,w 'l-fLw-

1lf,'tw'twL JbJr1t/JJntHL{'f, ( n,dbpf,} -<;wJbJ'1u111nt.fJ1n,l,, 

U.L-<;pwdbzu, t 1,zLL, "I' wLq.wJ W'[Wl/w'l,f_wJ Jwuz111wp'i,bl'""- Jn11b-

[Wi/_npJwl, '1b"ll!"'J ,;1,u,{'wi/.nl' lt WUfW-<;n,f_bl P"l"I' pLtrtJ/J/r ntdbpJ, 

'\ u,JbJwinw'twLn</JJn,Lp, upf, UfWltlbwnn,f_ 'tw111wp,f_mJ t Jn111w,f_nr, 

Jn11b1wqn{'n,J, WJuf,Lpl, WUfUJ-\nq,f_n,J ( Jf,wJl, Jf, pl,n,J/J/r (Jwi/_W[UJ

JhL, JwJn,9f,it,,,/J1n,L, f,Lb{'9f,nL J, wuL) ntdbpf, .;uiJbJwmwltwLnt

/J jnlL(II 

l.wJbJw1nn•fJ1wL q.npJw'tfr9l! itn1,f_ntJ t mqJ"'l pLnpnz JbJn,p1uiu 

Jwuzu,wpt 

Un11blw,f_npJwL Juiuz111wpLbpf, Jf,1.J, ,,_,,,,,,fJ1n,'i.s n<Lf, itw"f, "Pl! 

W{'UIUJ,;UJJU1i/_ntJ ( mi/_JWL LpLntJfJ/r JwfJl,Jw111f,'tw'twL Jn'l-b[f, Jf,1.n9n,f_, 

"f'l! l!l,'1-,;u,l,nL{' ( Jn'l-bt/r l, pLo{'f,Lw'tf, <wJwp, wJuf,L.pl, l,pwLp bp'tntuL 

([ "IL"'/! ( pwqw('wpbl, Jf,HntJL 'l-fr!j,bpbL9frwl <w,f_wuw{'ntJLbpf,l,1 

!lif,q_f,l1w'twL Jn11b[wqn{'n,J ltwmw{'l["' <wJwl' wL<l'wdbz111 t ntLbLwl 

l,11l,n,1fJl! L'twf'W'l-f'"'l ':w,f_wuwl'n,J, flp"fLuq_f, "'1'1- <w,f_wuwpntJp iniJ,f_f,, 

wL"fwJJwl, "ILmp ( ntLb.Lwl 1rpw mbupp, "Pl! l, pL'tLn,J ( Jn'l-blwi/.nl'Ju,1, 

1w,f,wLf,zl,bl'f, J, Jwuz111wpLLf'fr pL111pJwL <f,JpmJ, 

nl'"Z 11b"l/!L{'nLJ pl,l,wl''t"-"'l bpl,ntJ/J/r pwp11n</J1wL, Lpw ,f_w111 

nwn,JLwuf,{'qw.fnt/JJwl, l, "'Jl UfWU1bwnLbpn,f_ bpl,ni1fJ/r JwfJbJw111f,'tw

'twL Jn11bll! itwpnrz t 1/rLbt Juf,uw fJbpf, ltwJ tr/ri/_ pw9wltw1bu U.1u"ffruJ, 

l[b"f.pb(ln<J Jn'l-btwi/.nl'n,J "'P'1J"I! <Lwpw,f_np (1 U.1n, /,('pbJl, .t;Lwpw

qn{' t, b1Lbtn,f_ lwfnrzwltwLn<fJJn,LHl'fr 111bun<{J1niLf,9 ltwl'ltf, t utnbrzH1 

bpl,n,1f}f, Jwf}bJw111/rltw'twL Jn11Ll/!1 

c1i,,..::wL,,,p ,,_b"l/!"'J wLltwJu LtwJ f,'J,JLwltwL JUn,fJ1ntL,Lbpf, P/ri/.l! 

Pn'l tfiLf, k, UbfuwLf,'twJntJ UJJl, bpbpl, f l bp'twf'n<fJJn<Lp, i dwJw

Lw'tl! J, m rzwLq.,f_wJp, ULw,9wJ P"L"I' JbJn,/J1n,l,l,bpp ltwl'blfr t wp1nw

'> w1uibl UJJu bpb.pf, Jf,!_n9n,f_, 

1/w"ll! lwfn,J n,LL9n'l N JbJn,fJin,Ll,b{'f, Jf,1.l,, 

'i.sw'twL iwfntJ ni'iib9n'l-. JUntfJJntLL t ( Jbp 
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npnL9f,9 k-L .::f,J

'1b "I.P"'J k = 3 ). 

'twl'blfr ( ,f,nJuwpf,Lbt N-k wL1_wt/i <w,lwlJ,I' JLJntf/JntL1rb{'J, l1w"ILl'n,f_' 

li ( :t1+. · '1TN - k )= 0, 
"I'/! lwfnrzwltwLn,fJ1w'ii 111bun,fJ1wL Jbt_ 4111_,f_n,J t :'T /JbnpbJ, 

:t fJbnpbJ[! ,:;1,wpw,f_npni,fJJntL t 111w[f,u wL'>Wjltl !j,n,L't9f,wLb{'[! 

nwsLbt J f,L l1, N-k ,:; wJ w1frrLbl'/r' 
bfJb JuL'J-p/r wbuw'tw'i, ln,Jn,Jp u111w'iiw[nL {wJu,I' 1_w,f,nrzw'twLni -

/JJw'i.s wbun,fJJn<Lp pw1[wpwp lt, pwLf, np UJJL liw"I I; {wumwwnd. 

{wuwwwn,L q.npJw't9/r -C.zrnn<P1wJ'p, 11pf, JbJn,{JJt1tLp "fbmp I; "l'"lbl 

,f,np.1f, Jf,1.nani/_, IUUflU ,Fn'l-b[w,f_npJwl, rfwJwLw't 'twpbt/r I; .t;bl,,[bl WJ'J

'twUfbpj, ,f_pw, "f'I' 4t:w11rnwutf, ,r,,,,b,w,f nl'Jwl, ;w,f1wf1f,7[! 1, ,!wuzmwp-

'iiLpp: 
lJ.JdJ pL'i.swpltbLp <f,'1-l'"',f_[/rltw'tw'ii ,fn'l-btwi/_npJwl, i.wfwLf,z!ibpf, 

,,,nzn,Jp, bf}L wnltw t /;l'J,"'JfJ/r tr/r4_ JwfJb,!wmf,ltwltwL J,,,,_1,ll'' 
bLfJw'l-pbLp t:brzn,ltf, zwpd-Jwl, Jw{JbJwwf,ltwltwL Jn'J-l•tf! '>wL,,_t, 

uwLn,J bl, JwJn,s/rlt <brzniltf, zwpd-Ju,L tw,f_b-Uwnpuf, <w,f_wuwpn,J -

1,bl'f! I, w'i.sJuq_b[f,n~fJJwl, '1-fr!j,bpbLyf,w/ -<;w,[wuwpn,J[!, npnLp bn.wi.wi/r 

zwl'd-Jwl, '1-LUfpn<J ,,,1,bl, <lml,JWL wLupr' 

~+u du•+u du, +u, au, =X- _!_ oo +'dlu ,, 
ilt X a X y ()y dz p (/ X 

duv du v ilu y itu y , t op . 
at+u."7ix+uy dy +u, -a~ ·=) - ~ dy + ,6u), 

~+u du, , u ~ + u, au, =Z- _l_ op +~t.u,, (6 · I} 
at x i)x T Y dy oz p dz 

, i flu ''U ~+-' -t u-'=0, 
ox 0 / dt 

8.Hrrwdbzw t, "I' bpl,n,1fJ/1 JwfJbJwmf,4u,qwL Jn'l-bll! LUUfW <ni/./r 

l ,,,,) J u,.1, J /r w{'Jll!nifl J n,Lp, '1-1'"' ,; wJ "'I' !j,/rq_f,ltw't u,1, bl'l,n,JfJl' wpmw

< w1111nrz .t;u:,f_wuW{'trLJLLpp "fl"'/! t lfrl,1,1, "'"'" 1, ltnrbltm: Fw9f, "'1'1 
Ln<JL[! "llwp t lfrl,ll, b'l.l''"JPL UfU 1JJwl,l,bl'I!• "Pl! WUfw<n,[,f_ntJ t bp't-

1' w1_w,f, wqwL l, J wL nifJ J u,J pi 
J,1,l ,[b{'wpbpnlJ t u4'l.pLwqwl, "l"'JJwliftbpf,L, wu1w '1-P"'l,/! WUfW-

<n,f_,f_niJ bt pLol'frLwltf, J, J,,'1-E,lfr ,f_pw Ll'J,"'JfJHr1 fi uit'l.r/> itwJ rLnpnz 

"I w-\ b l'P ,; wJ w "I wu, wuJu u,1, n<{J JW J pt 
bfJb (6.1) .t;w,f_wuw{'nu!Ll{'f, {wJw'twf''I-[! ,f_lpwpbpn,J t pLol'f,Lw'tf,L 

J, '1-"J"'/JJntl, n,Lf, pLot•f, ,Lw'tf, 1, Jn'lbt/r 11f,LwJf,',w'twL l,JwLn,fJ1n,l,, 

w"lw Jn'lbtJ, ,f_pw l{'l,n,1fJ'i.sbpp 'twl'mw{w1111,f_bl, -<;wJwl,Jwl, 'l-fr!j,b{'h1,-

9t,wl .; w•[ •u u wpntJLb I'" cf, n{'nl, /! 'tm W('pbp,f_ bL J /r WJL J b,) n,fJ Jn,l,l,l, l'P 

J wu l"' wpL l,pn ,f_ 1 
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lGI 

11nJ7' 417bur 'I 1,,m'l1Jo'ld J,pufeJrn'l'""mmmr 

- •n•m:, 4,1 7 p1u rr.mlef1U,,1/G111fm!' 7 r1umfm :,murJm il -(6 ·9) 11 il7'1d 1n"7u'I 

( 'J ·g) 

,\ 
ilJ,jlmrm:, fmlrr,m nfm -- = at{ 

7n .. 

,. ,..,_ d'\ 

,-=--
''/' ll Jj'1n 

,cfrr.m1(mtnn,, 61/rrnJm nm7'm :, l,J,,JJ115 

,Jm.f'm:, 1lqlw !' 

l/ ,j,,m,r,jilorr,d Jrr,1uFeJwrr,m,,mmmpqpm:, 4Jqprn rr.mplrr.y. J r,umfm:,mmJm 

d\ 
i1-( Fr 9 ) 'I 7'1e/ 1ilq7F~ 7 pw7'7u,, ilJ,jlmpm:, fm7rr,m "nci = n3 

, il'l"''lm,nn,, fi1p111Jmnm7'm:, l,JuJJq 

1i1Jqrr.rpuf eJ1uJ 

-11 pmJm'1 j, rr.mpJu7'mlqlJuf' f'W,,mfmrr.mr:,mn ,jl 'I rpufeJ1u,,m'Jml'1 'Jffl,, 

-,~'lf,Jub f'I!' i/'l'IU ilillnqb J117'mrr,r,ml' nfm 'I ilpiu rr.mFflwJrr.mf 'Jfm,jp 

7 p 1ulibm G4Jqp111 rr.i/fmlm7'mf prnJqrr.ilfm7'6iuum,, 'lm,,m,,i/'lnf'lmuJ 

- L1:, IJm'lm rmp rr,m pJu pm 1quu !' 'Im,, m ?4f7'mJu,j:, Ju 'lgl'I 7 ilmg (b 

''11rr.mrfmln rr,mfeJrnrr.ml''I 'lm,,m,,1pm'l,jl, 'l'I p1uJ 

-mJmpmd ilJgpw 'lmff}rnJrr.mf Luubm mJp ,j,,wL7:, mlnm '('l'I 'Vif1u'I 

ildq7'eJ ,jlnuJq; Jm pm:, ,j1guu.rr 'I ,j,,mrr,,fJorr.d) il'lm.rfmln (1; 9} 7 prn7' 

-JmJmpmd qdq ''1111fd..,urr.m,,rnurmpqpm:, 4Jqp111 ,jmlmb 'lu16mm17'mJb 

,;rm i/.r "rr.111 'I'" r fl111F ub J II r ,7rr, m pf m h, rr,F m 7 f'lU mi m :, m ,nJ m ill,j 'Im f ml 

7'il 
nf'() :ilp1e/ 41J111Jq; J f'JU'lfimfm,,Jqrr. i1J41mpm:, fm7'1m -- = 1 .:::1 

II i 0 

(L·9) 
'l''jj JI ''8 

,-"n=-.,n 
,, II 

iltJ,mfJ,mmn /1 dpmfeJ111LL111 1ilg - Z 

C,j-(y· 9 ) Jrndm1f'ng J 13 = z 'O = f..=X!''"mlmL 4p1u 'lmlflwJ'lmll 

(g· g) 
rl'X J7Jx 

,~.= Jn-
• ' 

,ilrr.m'lmu,11,, G,jp1uJmnmpm:, bJuJ,,Jq 

1ilrr.1ufd111rr.m,,mmmr1rm:, ,jdqp1u rr.u,jfiJqri1 mJ7' ,j17uur 'I 1,,m'l1J 

,,mrr.mrmp rr,mrpJml JrntJ,u,j6m,nn 7u 7 p1umfm:,mmJm ill,j'lmfm7 

O(i E 

(g -9) 

/l11mrr,mmn,, l,',jp111Jmnm7'111 .<, 'li/6mUrJ 

''Ii/ J 'I 'l'lrn J' f m In 1m f 7 IJT 

- 'I:, '1'1 J' ru 'Ill 'lb'F" ::, il.11111 J rnJ m 7' m d 1/ J 7 'IJ"' il ,J ,;, nm], m :, nJ u 7 ,, r'fl 

(t·9) 
n.,) l . 

~' r; 
' [=-:-- r, ·,-- I .., 

T -,c.Xr, . ,. 

nt <; r Jl';I\(, 
'!=z- (1.· , I --- . . ... _ ( 1 !l l: le. 

"!'1'111 J,1F111'1 ,7,/,l'I 
-C11tmfdub 1J?'IJ'm/J'lm •tmnfnmu,mlnrn,pm:, 1 -(E,· -9) 1/ ,f-{ [-9) 7 ifu,gln 
1

lmdm11m 7:, ''11J g runu,lmnm 7'm :, Im 4s 'l'lJ '{</;,ju 'lr'"'l'l1 !' tJ,gJmJm f"' d 

rr.il'l1nfm •Jlquup 'lm,,m,,,jmmp'lf/mp 'lhu,I tJ,tntJ,'J'l'u 7 ilm
7
m 17 'IJ'l'I 

-p111pJml 1u,,Jg i,frn mlnm •i1J7,,mmln 'lf1u11 'lm!'r,Jm l d''l'l'I", 'fruvmyu,mlr,. 

1jmfeJ1u'lml''I 'lm,,m,,1pm'li/b mJ7' ,jlqbu[' 'I 1,,m'li/Jo'ld Ju i/tJ,mif 

(£·9) 

{z·9) 

lr. 

'O =(!!!_ +- I.(? + Xp )_'.'._~ 
'np ·' nu "np I 

' ,, 

, iltJ,rr111mmn,, 'mJ7' ,j- ~ JJ'frJ_f'murim J 11lu d 1 ·( G. 9 ) 7'ulqtJ,m pm ,l 
/'. 

?Jm 'I n g In 7 '11 'd pm f tl1u LL1u 1 • z 'I 1-l, ? m '! ]1u11y, 'Ii rn'I, 

. ~D X () 0 I I: 

, ' nvnll'lJ +-zfr 1 · ~ -

( 
Z() _ !.(! X {I ) ITJ l(i lr 

-xxr= -x - . in+-, __ f,n+ ;- x n -+-. -
nu ng ne ~;c •np 11;,; 
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Lb['[' 4w"l"'l t;w,f_wuwf'nuf'ubf'[' ,f,wq lL1,, 1,f'w1,p ,f,w4,f_nuf bl, LUfwmw

lj w < UJ{'J wpn,f}Jwli t.,_ WJL UflJJ J,J wLL bf'fr9 brli bln,f_ , 

nf'"Z fu1i'ffrf'1,bf'nL,J ,I "'ff,l',,,f_ "f',J w1, qow1frli ,I wuzuuuplibf'l! 4w['"'l Mi 
1fr!,bt pw,f__w4w1ifr1, zwm; flf'Ufl,u opfrliwq pLLwp4blip tf'fo n;_ uur.w9f,nLwp 

z.wf'd,lw'i, Jn'fblw,f__npn , ,J[' GLz,IwL pn,Lbt-t;w,f_wuwpw4znn,z "'ZUJWf'lJJ4 

<;u,Jwqtu['qnul (L4. 6 .1 ), 

l,~. 6 . 1. zf'11J,ul, pn ,'1ht -1UJ,f_wu UJ{''" 'llnn'l w7•n wr111~f, sw7,{_wr~wJf,J, ufuk.Jw'1 , 

.f.'wLfr "I' G1,zJw1, p,,,1,1,l _,;w,f_wuwpwqznn'l wzmwpw4 t;wJw4wpqn,J 

1:fr,l1,wqwL zwf'd-fr l n<d[! '>'wL'l-fruwLn,,J t Jwl,pn•/JJwL md-[', WUfUJ pliw-

4u1Lwpwf' ,J,,'fblw,f_nf'nLJ'f' u1bm/! t 4wmwp,f_fr 3Jpn,'l-fr lwtfiwlif,zn,[_1 Uw -

4w1L, f,L l "lbu Lz,f_b9 6.1 - nul, <f,'1-f'Wi/_[f,4w4wli '1-frJ'w'l-f'"'fJJn,LHpf, 

,J "'I-bl w,f__ "f',J u,1, ,; wJ' ,uf' "lb mp t w Uf W1n,f_,f__fr ,,t,.r lJJ'l-f' nLfl JWL qnpowqf,9 . 

Lbf'fr Ln,JLnLfJJniLp pLo{'f,Luiqf, L ,Jn'l-btf, ,f__pw {;.r,. = i.i1)1 

U.Ju UfWJ,JUJLfr pw,f_UJ{'UJ{'nL,J(' qnpoLwqwLn,,J <,'L w pw,f_np lL pwhfr 

nf' Uf"'lUfWtnJUJ fun,zn,f_w4H{'f, { npnL9n,f__ f,Jfrmw9,f_nul t f}n,Lbll'} 'ff,

J'w'l-f'"'p ;wL i-'1 'f"f'Owqfr9Lbp(' rzr1w1frnpbL ,I bJ- bL fJn,Lbtf, /,p. :.: f,9 t U.Ju 

t;wLqwJwL/!l' umfr"ln,J t 'ffiJl1 w 11 w,t__wq_,f__wo bp4pw1_wtf,wqwL ,Jwuzinwp

Lbf'n,f__ ,[n'fb[wi/_n['JwL[! t 

dLzJwL {Jn , Lbt-,;w,f_wuwf'w·qzn.n,z w zmwpw4 ,;,;,,1w4wpqfr· · Jwpb.:. 

Jwur.fr4w4w'IJ Jn'fbll! G1,zn,Jw1frL ,; ,,,Jwqwpqbpn,,J "I umi:Ji_qpnLwp 

zwf'd-,Jw'i, I.,_ wLjuqbtf,n,P1wL -': ui,f__wuiupn,JLbpL b'i, . 

J_ d.v +( 1+,.-_ l ) vi. +:-~2- -z .. O 
· g dt . . d ,Zg .. 2g · · · · · 

,196 

1':d2 nD2V-Q 
-v-- - ' (6· 15) 

4 4 

npur.brz v-t t.,_ V-t tf'fr wpwqntfJJn,ttbpt bt f}n,Lbtn,J 1, ,;npwLn,J, 

d-t, D-L Lpw'IJ9 mpwJ,uq<tbp'IJ bL, [ - [! f}n,tbtf, bp4wpntfJJnLJ,J, t, il.-L pn,

'IJbtf, 'ffrJw 11_,.,,,p1wt qnp.tw4t,9 t t <wz,f__f, wnw.t urL,zw4wt ,,_t,,rw,,_pn,p1n,t 

u,,f!, ~- t -\npw'IJf, mbrzw4wL 4npumf, q.np.twqfr9'IJ t, Z-[' { n{'w'IJn,,J ff'P 

<npf,qn'IJf, pwpJ.pn<f}Jn,'IJf, t 1:wz,f__,u.t umwurf,4 ,;"f'P1l"tf,9 {L4, 6.1 }t U. . 

lfwpn,mwh UfW{''l_b9Jw'i, 1:wJwp l!L'l-n<hntJ t 

( 
l ) v' l v

2 

l +'·ct :2g =l,r~rd 2g 

npurbrz AP.= f + 1,- ,,_f,Jw'ff'"'PJwL pbp,f__w.t q.np.tw4/rat t, <wpJwpnL

fJiwJi t; wJwp ,;hurwq.wJn<,J pbp fr'IJ'l-bi!"l! l/i 'fp,f_niJ, Pw9f, wJ'I- mLhfrp 

dz 
V=-- , 

dt 
(6.15} <wJwqwpq.f,9 ,,_d-,f_wp it uurwLwl JwuzurwpLbpfr qwUfbf'[! 

wpm u, ,; w 1urn 'l ,; w,f__ w uw pn,J'IJ lp[!• 

4wJ 

l) (1flv =-1, 
1 t 7v 

c,!_~ 

Jt 

2) 
• 'J. ,JJ.(lv =I, 

crda e 

n{'u,bq 

2 ll1'-l, ::t ,. a, lly=ll, , 
1ct 

ll~a: ,, = , J2v, 

dz 
:iv= dt' 

) 
1, 

3 --=] 
~ ' 

(l \l 

2 

4 ):d7. v -} ) -- , 
11D'1 V , 

5) ~c:::l : 
ai:lv 

~+), 
''r6f' , "- _[_,_ a: ,,=,---- ct.. ·, 
"r'r , J - +l'.J 

l ., 

(6, 16) 

(6, 17) 
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(6 .17)-nul n,LLLf! 5 {w,[_wuwpniJ 9 wL<w1inn,f_ (au av, av, C.tt, 
a,., ad, an, a , az}t l.wi/_wL •upn,JLbpf, <wJw4wpq.(! ,f,w4LLnL {wJwp 

lJ.. UwpntinwL wnw2wp4n,J t, h£Lhl',,[_ hp4f'wlw,f,w4wL LJwLniflJnLLJ,9, 

l!L'ln,Lbt a = 1 i, JL4 pL11.t;wLn,p q.J-w1J,L Jwuzmwp <:w,[_wuwpwhnn'l 

wzinwpw4J, 1:wJwp' ao=Ctz I, np"{bu blw4binw1J,L l!'i,'ln,Lht a,.-L I, WJl 

"lwJJwLLbpf,9 npnzhl act Jwuzu,wpf!t Lb'lf,Lw4J, nwn,JLwuf,pnifl1niL

Lbpf! 9n<J9 m,f_b9f,L, np LU(www4w{wpJwp t [!L'ln,Lht ad=C.tn, npfl 

w"lw'\nqn,J t Jn11hlf, flniLl:.1{, ,f,npp l:.p4wpntfJJntL , ,;u,Jl,Jwinwpwp 

JbJ- ht/! L. wpw9n,f:Jin,L'iibpf, Lni1L Jwuzu •wp a v= etv , 
U n11bl w,fnpJ wL d wJ' w'iiw4 np"f Lu 4 wL nL 09inw9 npJ-,f_ n,J LL un,f_ n

pw 4 wL uww'ii11wpm "(N'[_UfWUTJW wLlfwf' fun'[_nqw4LLp, npn'i,9 11f,Jw11pn,

fJJwL 'fnpJ-w4frBl! Lwfuwu1l,u '> w1mLf, t (i. L): ~llz,J'w'i, fJntLblf, <:wJwp 

act J wuzm wp[! [!Lmp,f_ ntJ t' btL h[n,f_ £WP npwinnpf, UJ Jf, <Lwpw,{_ npnL

f11n,Lf,9, J n11htf, h[pf, JbJ-mfl 1n,Lf,9 , l w,j,J w'i, £zinn,f}1n,Lf,s, J,L l"lbu L wL. 

,nf,u,I, u w"{bu L Uf WLn w4w,; wpJ wpnifl JWL "{WJJ w'iif, 91 

IJ.1u"lf,un,j, np"{Lu Ltw4bUTwJf,L n,LbLp Clct I, a }. Jwuzmwp'iihp(! /,_ 

~wmwpb[n,[ eL11n,Lhtn•,fl1nt'ii ('Utn (J. . Uwpntmw1f, Cl<1 = '1: z , 4w,f eum JI,,. 

l1n,zJf,9 wnw1_wpf(,f_u,J- a ,1 = an, npnzn,J b'iip J'i,w9wJ- JwuzinwpLbpf! 

(6,17) <u1Jw4wpq.f,91 f:u,n WJU ,fwuzmwp'i,b{'f, 4wu1tup,f_n,J t UJ'[_UJi/_UJ'l_

,[i,1J- hpf(pwlw,f,w4wL Jwu7wwrf,bpn,[ Jn11blwif.npnul, uzbLp, np hfJb 

[!L'frrLLbLp a >.= 1, WUfW bpf(n, 11b,,1pn,J tL Jn11bl1u,f_npn<J[' 11wnLniJ I; 
[!ULn :bpnL'fPl 

lfhp f(n,zJ'J,9 pLf,wpf(,[_u,J- t Lwl, wJ'i, ,;wp9[' , fib f,L zu,t.u Jm9'iibf 

f1LTl.'lnf''1 q.npJ-w4f,9Lbp 1: w,f_wuwpw4znn,z w,f_wqwLf, ,f_bpf,L I,_ Lhpf!f,'L 

fu9Lpf, J-u,,[_w['i,l:.f'[' npnzb,fiu, Lflb Jn11l:.1w,f_npJ.,,'i, dw,!wLw4 4npnqf,w1f, 

"/ UJlnfi tun n•L rl n 111, {/', /. - 'i, ,; "' 2 ,j wp f( w J f,L f, L f( w ,n,l wJ p ,f,n fJ ,f_ bl t : 
Op}!Gtulj 6.1: 01::Jrf, ~· f,1;pnt1b4mpwlfw1wLf, {;.LzJ'wL fJniLht - <:w-

,[wu,upwf(znn,z wzmwrrwlf t: w,fw1f,pp ,fn11htwtfnpJwL du,JwLw4 Lz,f_wJ-
"l w JJwLf,9 L"lwwwf(w 1: wpt!'wp t eL11n,LLl Jn11htf, tn('wJwq.J,J-e du = 0,096 J, 

J, , d ( 4,6 ) u4 fJn,Lbtf, wpwJw9f,J-[' P=4 ,6 J eta= 47,813 l 
0,096 

f:um .t;f,'f['Wi/_tf,4w4w'ii '\ w z ,f_wpf(f, p'iiopf,Lwl1f, <wJwp ntLb'i,p 

l ,m1n=0 ,0129 ( ,f_bpf,L fuyf, w z'f,,www'iipf, UfWJJwLJ,9 t .- J, '\Lwpw,[_n1T 

wJbLw,f,npp wpdhn} i, i.111 ,a.=0,0167 (Lbf'Rf,'i, fu9f, wzfuwmw'iipf, 

''l'"JJwLf,9 i.- f, '>Lwpw,f_np wJbLw,Tl:.J- wpJLp{')t 

U.1u <wL9wJw'i,p{' pwp11w9LnuT t Jn11h[w,{_npnule , pw'i,f, np ,j,n

fuhtn•L i.- L, ,f,nfu,[n,J l,'i, pn[np Jwuzinwp'iihpe L. Jn'IL1f, z.w,j,hpe, pw9J, 

,! n'lb[ntil fJn,Ll,lf, wpwJ w9J-f,91 

lfn11b1f, 1: wJwp J. -L npnz,[_n,J t ,j,np.!.Lw4w'i, b'lwLw4n,[, wuuiJ,£w-

198 

Lw4wL JninhsniJn,f_, s.,,1n,t_ i-.- f,L Jninw,[np wpdbp, npnz,[nu! t rln11btfi 

fJn,'iihtf, Jnmw,[_np hp4wpnLf/Jn<L(!, npf, 4wnn,9Jwf, b. ,f,npJ.wp4Jwf, Jf,-

1.nsn,{_ &zm,f_bt t /o.-L 1,_ UJ"{W 'i,pw hp4wpnLf/Jnt'ii[!I 
dzm,{_wJ- wpdhp[! Jbq Jnm uuiw9,f_bt t l,6=0,025, lln'lblntrl flnLLbtf, 

hp4wpntflJntLf! 1, a,. Jwuzmwpf! npnz,[ntJ bf, wuinJ,£wtw4wL rlnmh

sniJn,f_, ,[_bpf,'i, I,_ 'i,bf'llf'i, fu9bpf, {wJwp wnwfl.!.J,t f!UUI '}-..p - f, fl,[w9.wqntJ1' 

I,_ wn.w,[_b[wq.n,1L wpdbp'iibpf,1 

1. (! uin an= CX.z l''i,'ln,Lbt. n~fl JWfl 4n,Lb'i,wbp 

"/i.J!=0,0129; ad= 47,813; l P = 6888,4 J; d µ =4,6 tF; i"u =0,025t 

Unwfph JnmbgnnI npnzn,J bLp eti.-J, Jninw,[np wpdbp[! [!'i,'ln,flhtnif. 

')-..r,=0,025, 

~'- +).r ~~+0,0129 
'l i. = -'-, ,. __ =-6_88_8--::,04:-:,0=2:--=5---==0,542(0,694 ), 

}.,, 

lfn'lbln,rl fJrnLLtf, 1,,.4wpntf/JwL Jwuzmwp[! {'um (6.15 }-f, 4Lfi'i,f, 

o
1
=l(l Clt/S=47 ,813 • 0,54213=39, 1( 42,4 )t 

Ii= 688R,4 
39, l 

176,2 J( 162,0 J), 

brqrnrq Jnmbgn,J. &zwn,J bLp ai.-L 

{:um npf,' 

_ 4_·6-+0,0129 
6888,4 

O' ;.= --------: 
0/ '196 

0 02 ---+' ) 
176 ,2 

0.529(0,676), 

r.z,=47 ,813 . 0 .529 1 ~=18.66( 42,0): 
l.,= 6888,4 

39,66 
177,05 J'( 163,5 J) 

47 '813 -=59,1(54,43), 
0,529 1/ 3 

r.zv=- "
1
~

6
=a~/ 2=59, J 1/2.-7,68(7 ,38), 

U.). 
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l. 6orOMOJIOB A. H. H )lp. - BblCOKOCKOpOCTHble IlOTOKH co c1106on110H noBepXHO· 

CThJO. - M.: CrpOHH3)1.aT, I 979, 344 c. 

2. ,lJ.yJibtteB B. 6. - YCTaHOBHBWeecH HcpaBHOMepHOe )l,!1H)l{el1He lKH)lKOCTH B OT

t,;p !,! Th!X tt cnp113Marn•1ecK"x pyc.~a x 3anaHHOH cjlopMhl. ,llAH CCCP, r. 96, .N'2 4, 

]954, 5 C. 

:3. EMuea 6. T. - ·· ,lleyxMepHhie 6ypnbie nornKH. - M., 311cpriu1, 1967, 212 c. 

4. Kyprattoa A. M., )lynJIRK B. )l. - fH,1paBJ1H1JeCK"H pacqer HO,cI.onponycKHl:,lX 

coopyiKCHHft. - KHeB. 6yAHBHJihHHK, 1982, 96 c. 

-5 . .:,11[uL1J1JW~ ti,. IT. - 1.fr?rwif.ifr4w , rrln1.1µ >, 197,1 , 480 1.r: 

fi. Oacen!ltt B. M. - Bo3MOiKHblC ipupM bI KpHHhlX rno60µ.11oii nos epxHocrn B 11enpH3· 

\iarn 4 ecKHX pycnax. c6. TPYiI-O ll EpnH 6-9, cep1rn «crpOHTeJ1bcrno» 1955, 

81-97 c. 

7. OsttaH!IH P. A. - PacnpeJ1.eJle1rne sOJnyxa no rJ1y6nHe a3pHpoBattuoro noroKa. 

J,fa B. All ApM . CCP, repHH TH, XXIII, .i'fo 4, 1970, 54- 57 t:. 

8. CJIHCKIIH C. M. - fH)l.paBJIH'l eC J-.HC paC'lCTbl Bb1C0KOH3110pHblX rHJlPOTCXHH'ICCKHX 

coopy;.i;c1111ii. -- M.: 311eprnH, J 979, 336 c. 

9. HaeORH X. A . - npHMCpbl rn,1-paBJ1H'1eCKHX pac'!eTOil so;10nponycKHblX coopy

;;;c11nff. - - Knen.: l>y;.H DH,lbl!HK, 1975, 148 c. 

I 0. ToKMa)l,JK!IH B. o. - O rn,,1.paH.~H'leCKOM pac1JeTe KaJiaJIOil c KpHBOJIHHeKHblM 

nHo:,,.1. J,faa. AH Ap..,-. CCP, cepHH TH, T. XXXI, .N'~ 3, 1978, 29-33 c. 

11. ToKMaJI.JK!IH B. O. - Pac'ICT HeUHJJHH.JpH'leCKOH HHlt<HeH Ka:.iep1,1 ypaBHHTeJib· 

noro pc3epayapa f3C, c6. H. 1p. «:Bonpocbl rH,!!;paBJIHKH>. -M.: fHJ],poMeJI. HH·T, 

BblTI. 4, 1971, 231-239 C, 

12. ToKMa)l.ll(Sltt B. o., KapanerRH r. H. - K rn;i.pasJJH'lecKoMy pacqery I11aXTHoro 

1:10,1oc.qHsa . l13B. AH ApM. CCP , cepmr TH, T. XXX, ,N'g 5, 1978, 33-39 c. 

13. TOKM3)1,JKIIH B. 0., MapTHpOCIIH p. r. - 8JIHSIHHe K03qiqrnuueHT3 conpOTHIJJieHHSI 

na ~1acwTa6 rnp,!laBJIH'IecKOro MO,!le,rnpoeaHHH. H3s. AH ApM . CCP. CTH 

XXXVII, N2 3, 1984, 32-35 c. 
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14. Tox111a)l,ll(RH B. 0. - K nocrpoettHIO KpH!lblX c1:1060AHOH noBep;,rnocrn s ttenpH3-
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