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'l•frr./!f! 'f1111/u111mhu'f14_111q !; nLUlll~m'l'i.hr/r /._ 1UUUf/rr111'iJm'i.£r/r r.111• 

""'r' IJ.i"il "b"iwmw~ nL"b/r .,.,,l nl_ Jfr1111"il mhuw~w"b "ilJnLfl1 "'ll'
em-JH UIMI[ um11191fwa wr'l-JnL'fll'flhrfr ~frrwnn'-filJnL"bf! orfr"ilw~'flhrn4_ £. 

UIUI[ 'fl1nLp' fr"b,e'flnLrnL1'fl m'fl1111fr"il 1112_/ulllmlll'fl.[!'flkrfr r.111J111rl, u,u 'flUflllw 

mw~n4_ Jn'-r"'J!"''fll./nLr pwrf/r'fl nu1_h~94_nLU /; /u'fl'l/rr'flkrn4_. mr4_111q h'fl 

"bwk l!"''l..J"'al!"ilhr yn1nLflJnL"b nL"ilhun'I. mhJu"bMw~w"b "i"'IJ ,.,'fl'flhrfr91 

flnlnr fu"b7frr"ilhrnLJ m4_1111L"ilhrf! mr.Jwa h"b fr"ilt"ihu r...,.'flrwr.wzw 

4_w~w"b, "bnLJ"il"ihu k fl.J1111fr"il 111hu.en.J1 flLuw'im'l.l! hrph.e t"ihm.e t 
2_Ullll"ffr /u'fl7/rr'flhrf! [nLah[/rU O'fllllll'fnrah[ fl.Jhrf!I flr"iku or/,'flJ! UfhUI.[! 

t- aymh[ fu"b7/rre ,/fr"iltk .Jhrp_ [nLakl t.111"ilr111t.1112.J111~111"b mhu.en.J1 Uww 

~w1'fl 1111'fl fl.J1111/r'fl "'P'/-JnL'flJ!/r f.iuu9'flh[f! "f"'r111iu7frr /;• f!UUI nrnLJ 

pnLnr fl.J111p111"b111~111"b ynran'l_nL{4JnL"il"ilkr/r Jwilw"bw~ "ihm.e I; "i"'t.w 

"fw'flh[ brhJ!wl_nru "bfrz nL'flk9n'I_ fl.Jhr, f.1112.Jwa ~111fufr9 1112_1 

fflrn1>· 'i. ll. flhuwh.J/r '1-"'ue"bflwo/r "ilhr~"' r.fr"byhrnr'l t.rww 

m111r111~nLfl Jnl-'fl(! [nLJU /; mhu'flnLU f.h,,_/r'flw~/r J 111f./r9 f./r'flf uiwrfr £. 

7hnku frr' 'i. ll. flkuwh.Jfr ~n11ilfru u."iw'lrilw"ile "i"'u.r111u1.11111a 

"bwfunr'I- t.r"'"'"'rw~n'-fl l"'"b [nLJu u.hu"ilh[nL9 tnru u.wrfr t.h1.11n1 

1'/IUUf!"ilf11119/r 111,/h"b111l;111~111"b ifrmfrn/unLfl 1nL'fl"ilhrf!1 nrn'£.e Jm94_111a 

b"b 'lrJ!nLil, ~"' 1111"imLil h"b t.hmk1111[nL~1 

~'l"'Lfrnrh"il •4.hLfr Lrfr4. I; 111rm1119n[.J"'d t.1111rh"il111~111"b y/rm"bww 

~w"b"bhr_fr 7kre "il1nLlhrfr 7fril111'lrnLfl1111"il 4.krwphrl"'l '1frmnLfl1111"il 

'l."'r'l,.;9J,,,"b Jhp_1 />"bJh"ilhrw~w"b ynranLil ~/rrwrufn'I. "il1nLflhrfr"il .Jhw 

r_wp/,r_mz 'llnL/uf! ifrn/uwr/r"il.Jwa I; f.111.Jht.JwanLJ phr_4_111J. "''1.JnLUw~"bkw 

r_n4_1 'iJnLflkrfr 'l-frJ1117rnLf/J111'fl 4_hrwphrJ"'L y/rmnLfl/w'fl rf111J111'f1111~111w 
l1fr9 '1-rnLfl JnL'fl'fl 111rm1119n[h[nL w'flf.rwJhzmnLp J"''fl ~"'"i"'~9nLPJ111Jp1 

P"'4.111~111"bfr"b .Jhrwil t"'~.Jwa I; 111ilrnLfl1111"il fu"il'lfrr"ilhrfr• 'l.n7il111"b ilfrww 

9nLUJ.6rfr t.•z.Jwr~/r k ~n"bumrm~9fr111"ilkr/r l;[hill."bm"ilhr/r ~1111nL"bnLfl1111"il 

f.w 2.4."' r~/r 2_111 r1117rnLJ f!I 

'ur"''lP"'lfr'i.wJhfln'l-"'~"'"b "i"'t.w"ilt_'i.hre P1114.111r"'rhLnL k 'l.'l"'Lfr 
/1rf'.111111U111'i. 111'flf.r111JhzmnLPJlll'fl r.h1.11£.111'fl.en4. f.wr~ /,'1_111" J111u~111~/rnrh'fl 

.Jkrwil zw~hl 7111ue'i.f11119fr t.hmkl"'l pwrlfr"b"ilhrf!• ,,,,/ rnLfi Jw"il "1"'2."'r/r 

'Jnrd-111~9/r e'i.mrnLp, ... "b t.frJnL"il.e'i.hpf!1 '~nL"il fl"L'r· P"'r'I- L"'r4.waw• 

1/r"b .Jfri'.111~, ~n'i.m111~1111111fr"il L"'r~ur;,kr, uwr..e k nlnrnLil,. ~"''l.Jn.J/r r.hw 
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J1111'uS.brJ. t.1111;4_1111r~e 1 ,,_M/1nrJ11119/11uthrJ. nrnzmJe dn./..,r;, '1-b"i.J!""'' 
~nr an'l."r· L"'rnul'i1brt!. t:.1111r4_1111Jfi 'l-/,"l..[!nLJ1 '/;w"l./,u lr"'9"-"'J /,'j, 

w1'il 'ILnLfu'ilbrt!.• nrn'i.9 Jbt 'l-fiuuur~4_wd /,f, L"'rnul'i1brfi nrn2.Jw'it 
t!.f,'1-f,"''i.nLr '1-/,"1.l!t!. nulJ},.fi P"'r"- U1f.'f/,9nLf'J111'il tfwJ111'il111%1 Jn_Jw'il 

f.wrfl ah.fr %w 1nL'i.nLP 1nL'iif!.1 "l."'"'4.n'I. u~1114_11111.111~'ilbrfr f.111 z4."'r*e I 
UltlUlafUl~Ulf, ufr11111bf/f,brfr llnUIUIUl'j,nLffi.brft f.111r9bpf!t 

u1,, r.rU1ur111r111~nLf'JnL'ill! 'i.U1fu111"1.111111r111uurn'1. ~,.i/,~urfi4.f! P"''l.~"'
g111ct t (bf.fr'il'lfUl'ffr 'r~UlflnL'f.111Jfi'j, urr111f.u"lnrurfr /if.tfbf./,rf.brfi 

fr'iluurfrurnLur/r h. {b'ilfi'il'lf"''l-fr 11. />, '1wifr'ilfr'ilfr U1'i14_111'il "l.nifr111bfu'il/r%U1-

%~'il fr'iluurfrurnunfr 'ii 1nLflbrfr '1-fiJ •'1-rnLf'J111'il 111J pfrn'il'ilbr/r "'zfu111.,,w

%fi9'ilhr/rf/1 ... 1ufr'il-1'il' 111 lf, "'" pfrn'il'ilbr/r "'Nu"'"'"'~/r9'iibrfr9 nrn'il9 
'ltfuw4.nrnd tr l.. 11. PhuU1b4_e1 Un ~nib%ur/r4.t!. wz/uU1111bi t 
"/."'""/.Wf.bi 'ilUlfu nr'f f.rUIUIUlflll~nL{l JnLf.'j,/,rfi 2.lllfUl'fl'J Ul'j, f.U1f_nf'fUl
[f'u'i,nL{i JnL'j,f!.1 JbfJn'lfr%w'b /.. nf.t!.t 

''"'"'"'r4_wd wzfuwurw'il~(! r/.brwJzw~JUl'j, f.111J wr f.k'l.fr'i,1u~'iihr/r Jfrt.."

pw2fu4_U1d t f.b111/..1w1 %br"I.· {. u.. Pbu1114_u~nL ~nqJ/19 4_krwJ z111~4_wJ 
&'ii XV~XXV "- XXXI-XXXII 'IL"'-fu'ilbrt!.· '1"9· Bw. f·. '1fr"l.'itfiu/r 

~"rt."irs' VII-XIV "- XXXIII-XXXIV 'ltmfu'iibrf!• '1-"9' l.. 8nL, 11nL
zkih./r %,;,,,_Jfrs' I-VI 'll"Lfu'ilJ.r'il ,,,_ f.11114_hi4_wd'iihrf!· '1-"!J· U.. '1. U fr
<;,frs~"L %n'lJfi9' XXVI-XXIX h. XXXV-XXVlll 'IL"Lfu'ilbre*)1 

-.J.brwJ z111%J .. 'j, {!'j,'ff,,..f.nLr '[b~111i[wrnLfl11uf.f. nL fu"r"''lf11Lf1JnL'ilf!. 

~"'"'"'r"i t "l.rnf • -.J.. '1. ""'l.."Lr/r'iit!.1 

l./i~nllllJ U' frfuwfrtni/_frl.. flba1111h.fr .. 2_1111~br1n'ilbr'j, nL 111z/uw1n111~fi:r 
'ilb('f!. f.nLJU nL'i./,f,, "f frrb';,9 ~n'f.Jfr9 lll"f.llllff"LPJUl'j, 'i,w/u1111"f11UlllfU1U

U1U1J w1u r.rw111111rw%n'-fl1111'ii r.-J111r ti bi. frrwiJ.w9fr 1'w'il'l"L!JJ111l 

w%w,,_bJ/-~nu P. CJ.. 'J.wunr%fri.fr "'If. funu.ebrl!• rrr•'iisni/. 'i.1u iJ.brt•u9-

rbi t UIJU t/r~Jr il111funr'f f.rwur111r111%nLPJU1'j, f.111Jwr ffUI,} Irr UlnUlt_IU
pw'ii(!\ 

cl.nLJ'il t.b'l/-'i.1111%/r 'i.1nLP"rfr '1-frJ111'lf"Lf11w'i. fu'il'lr111'1rl!fr h. 'il11n

flbrfi ,,JsJw'lr"'-f'Jw'i. l"'P"f"'"'"r wzfuw1nU1'i.~'iibrfr alm'iiwr~/r t.£ui 
Jfiwu/rf. 'j,br~UI 'f"IUf!'j,flUlflf! i/oniJ.~fl f!.'j,'f'lf~llL,/ t "'"-J"'l UlnUlr~Ul'j,l 

U.111 brb~ 'lr~bri. ti %111"14.-J bf. rr"'r t.b111 Jfr l!'ii'l-r."'<;,,,,_r u~'f.pm.'11-
.pniJ.' . fu/ruur '1/r111w~w'i. t.frJ ~br/r 4.rw ~"'"'"'r"-"'l 'l"r-*'iiw~w'i. f.111z

iJ.wr%'iibrfr ulftl_prrL'i.~niJ.1 IJ.Ju "'I"'' tr 'fUIUut/r111r111~rrLJ Jfrz.111 l.fr~"l"'J 
1lfrfuwfrrn4.frlt!. frr l'"''l.Jw[ifii/ 1111z111~br111'i.brfri. nL 111z./uwurw'Jfr9'iihrfi'it 
h_ UIJU n'lni/. ti %'1.UlllU1,,UlfUl~/r 'iirw J wf./i9 f./,ann i.rw 'fWU(!'j,f11119e11: 

fTlrinfJ>. '-/... l1. r1fJ.,!iUJ/lf'N,1 

*) 'J.1111-J.'t.lltJ. ~ .. J..,f,.~,.lnull!. mt-/"',) ~ I!.'"" 1nPbr"C"l /, n._pbl'"l"l 'r"'
"'"'r w~n· Fl ,,,,_'),'1,,/1 r/r' 
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R .. doh...., I 

'1wn.nLsi/_wJ.ei.br h J'b.eb'i.wi.br 'i.wfuw7Jhtfiu [i'i.J-bi.brfii. t:.wr~ I; 

Lfi'i.nLJ' ~n'i.umrnL~9fiw1fi J"Lrw.ew'i.l_JnLr l;lbJ'b'i.m[i t:.111J'wr 'i.1nLfl'i. nL 

Lw1'i.w~w'i. twifikri. ei.mrbl w1'i...,_bu, "r"'-""'" LUl'J- l;lbJ'b'i.me J'[iw'i.

'lwJ'w1'i. w"l.wt:.ni/_1 wn.w'i.9 .[!LUJ.[!Wli/.htnL ~wJ' fir a/,_/! W'l_wi/.w'lblnL 

i/_urw'i.yfi, qlnfmqpr ~n'i.uurrnL~9P"'IP t:.wrl....,'i, J'.,,ub11fi9 . i.r.,,<;, pn

fuw'i.si/.n'l wrmw.efi'i. nLJ-brfi .,,'l.'1-b9nLfll.,,<;,l!, -1ufi'i..ei.' "r"'-""'1.P .,,,,,_.,,_ 

t:.ni/_i/_wJ tfi'i.fi '"l'I- l;lbJ'b'i.mfi 'i.nrJ'wl wzfu-mw'i..el!' U.1u fu'i.'lfirl! b.fizm 

LnLJblnL r,.,,,r.,,r [i'i.J-bi.brfi'i. t:.[iJ'.ehr I; mwtfiu fiJnLpbp~ q~tl'mqpnL

PJmfi i/_br.,,P"r1wl 7[imn(fl111L'i.f!' 

U.1u 7/imnLf'JnL'i.'i. nLUnd!LwufirnLJ' I; mwrpbp 'i.JnLflbrfi i/.wr.el! 

wrm.,,.[!p'i, nLJ-brp LU'/.'J-b9nLf! l.,,'j, UJ.,,~ /.,_ 9nLl9 I; U1111lfiu1 f!6 ~n'i.u

mrnL~9pw 1/i 111Lrw.ewi.t111Lr l;l/,J'b'i,mfi /:,.,,,/ wr [ii. l_"l.hU ei.mrbl t:.wJ'w• 

..,_wmwufuw'i. 'i.1nLfl'i. nL Lw1'i.-~w'i. t-+"re• wzfuwmw'i..efi Lr/ii/. r.11LULU• 

tfi1n(tl1w'i. /.,_ ~n'i.umrnLb/i-1/i wn.wi/_bt l;J-w'i.nLf/Jw'i. "l."'JJ'.w'i.'i.brfi 

'1-b"i..[!['LJ' I 

brpbl/L 'i.JnLflbrfi '1-fiJ'.,,'l-rnLflJnL'i.f! umfi"1.i/.111J I; tfi'i.nLJ' lnLJbl 

r.w~w1Lw~ fu'i.'1-firf!1 uurnL'fbl -r'J-h'i. ';,.,,fuw7Ji/_.,,J ~.,,,/ 'l"JnLf!JnL'i. 

in'i.b,'!n'l ~n'i.umrnL~9fiw1fi t-ifibrfi p.,,i/_.,,rwr tfi'i.6tl!' 

~nLuwlfinLfll.,,<;, /.,_ wn..,,i/.blw'lnLI<;, ur'i.mbuJ'w'i. ..,_.,,,,r.,,<;,<;,brl! t:.w

~wu11LJ' bi. fir-r' lJ.n..,,2fi'i.l! uni/_nrwpwr t:.w'i.7b9'i.nLJ' I; 'i.JnLfl/i J.,,fuu[i 

J'bJw9J'w'i.e, [iu~ br~rnr'l-1! ..,_wr.w'i.2nLJ' I; wl'I- J.,,fuu[i 'i.i/_.,,'l.b9nLJ'1 

ll.111 r:.w~wunL/tl1nL'i.f! r,.,,'i,'1-fiuw'i.nLJ' I; i.1nLf!krfi '1-lrJ'.,,'lrnLflJ.,,<;, 'l..,,r'I.,,_ 

9"LJ'l! "l.w1J'w'i.wi/_nrn'l 7[imw~w'i. J'bfln'l-M.,,1/i ~-rl..nr.,,'fnLJ'i. 7nr
Jn'i.l!' 

~wb.w[it ..,_ ... r'l.1[11LJ' I;, nr 'fn111LflJnL'i. llL'i,h9n'I_ 'i.1nLf!brf! " wJ'rnL• 

/1111L'i.f! ""'"Uf"L"L J'h[Jn'l-'i.bre tbi. ~wrn'l P-1.-r-r"L 'l"rJ<;,..,~.,,<;,[i 
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11/Ulr:;Ul'f,l_'iJhrf!J nr'iJ UIRUI!_ I; .[!U12_RL1f 'iinr fu'ii'ffrr'iihr LnLrfhLnL w'iif.rw

,/ f;zmnt[il/nL'iJ (,/hr orhrnL,/ UfUl'iJ b'iJ 1.hrwphrnL,/ ,/hJ UlfUl'JnLflJnL'iJ

'iJ 1, rfr O'JUIUl'JnrJnLffi, (!'iJ'ff,Ul'iJfUI Uf_h U /,_ O'fUl'J'iJUI 9nLfl JUI.,, ,/ bt_' ,/ UI u'iJw-

1/ 111rn1 U/_/, u, ,/hJ [ilnfru'iihrfr J-wJft_11L,/f!• '1-fr'iiwilMwft_w'ii fr1'ii'l-frr'iihrl! /,_ 

mu'ii )1 11.J'l"ffrufr 'fbUf_.[!hfnL,/ uft_u1_TIL,/ I; 'iinr 'iJ111L[Jhrfr nrn'iinL,/f!• 

'll'"'';,9 f.wur~nL{tlJ11L'ii'iikrfr nLUm.il'iiwufrr111filJnL'iif!, f.wziJwrft_fr /,_ 'iiwfuw

'l't,/w'ii 'iJnr ,/hfln'f'iJhrfr uurb'l_JnL,/'ii llL ft_wurwrbLUl'fnrJnL,/(!I 'iJnLflhrfr 

'1-fr,/w'l-f"Lf'Jw'ii iJhrwphrJ"'l 'lfrurnLf'Jw'ii 'l."'f'l"'9"L,/f! t_Uf_bur.[! I; f.hur 

• ,/'i1w urhfu'iiMw1fr l!'ii11f.w'iinLr 'l."'f'JU19nLilfr91 

flrnz 11hUf..f!brnLil fr'iiJ-b'iibr'I! 1rw9fr t.m UU1Lfr11Lfi1Jw'ii /,_ wnwiJbLw

'I"' 1.-,, m'iimbuilw'ii t.fri/'iiwft_w'ii Uf_wt:.w'iip__'iibrfr9 uurfrUf.iJwd- I; Lfr'imL,/ pw

iJ•urwrbl 'iJw£ UIJl UfUIJ,/W'iJ'iJhrfr• orfr'iJwf UlfUl'J ~U1n11L9i/w'iJ ( .[!UIJ

.j!UI iiJwd- ft_w11nL91_wJ-.[!'iihrl! iJhr .. ft_w'ii'l'i.blfr"), 'i.1_w'l_U1'J"LJ'ii l!"'lfr ( fr'i..f!

'i.wftlfrn'i.hr 'i.w/11w'IJ-blfru) £ "'IL Uf_wt:.w'i.2'i.brfr1 U.1u f.w'i.9w1fw'ii.[!'i.hrl! 

'j,,,, 1r;,..,_bu "''l.'1-"L" b'i. ft_n'i.uurr11Lft_9frw'iibrfr ilwuhrfr 'i.111Lflfr• t_wifihrfr t. 
at.fr l!'i.urr11Lp1w'i. 1.rw1 

flr"fhu 'lfrurnLf'JnL'i. 'i.J11Lf'hrfr 'l-frilw11rnLf'Jw'ii uft_fr'l_pf! h11pb,/'ii 

1/Lt'"''lf"L,/ h'ii 1638 Pi/fr'ii IL w1'i. ft_wUf_nL,/ h'i. frurwlwft_w'ii f.w1ur'i.fr 

'lfrm'i.wft_w'i. '1-wlfrlbn 'J.wlfrLhJ/1 w'i.iJw'i. f.hur: 'l>wlfrlbJI! ilwflhilwurMwJfr 

"trnlf.bunr /;r 'IJwur11LJnL,/1 'iw "'Uf.ff,l I; /f.hn'l-"'L"'ft_w'i. ft_wr'lhrfr l!"'J

.J'"'Jilw'i., umkurrwft_w'i. ft_u1Uf.frurwlfr 'l."'f'l"'9,/w'ii, ilfrp__w'l_'l"'Jfr'i. d-niJwJfr'i. 

l1•uu1hrfr £. Lbn'iiw1fr'ii 11L ill.mw'l_w'lnrd-wft_w'i. wr111ni'i.wphrnLf'Jw'i. uft_l!'l_P
'i11111fnrilw'i. zrt.w'iim.,/1 

ll.1'i. d-wilw'i.wft_iJw 'i.nr ur'i.urhunLf'J11L'i.f! wnwl_ .[!"'2h9 ilfr 2"'fl! 

~'"f urhfu'i.Mwft_w'i. Uff"PlhJ'i1hrfr LnLd-i/w'i. w'i.f.rwrl-hzurnLf'JnL'i.f!' 11.r

"'"'l!fr'i. u,n/,_urrwft_w'i. f.wrwphr11Lf'JnL'i.'i.hrfr Ul2_/unufw9nt,/(! fu'i.11frr 

•1rb9 1fl.d-w9'i.hl 'iiwiJbrfr UIUlfTl'l_llLPJnL'i.f!,. fruit_ Ul/U frr t.hrPfril wnw

p__w9rh9 11rw'i.9 ft_n'iiuurrnLbfrw1fr pnpn/unLf'Jw'i. w'i.f.rwrl-hzurnLf'JnL'i.. 

ilfrwJ-wilw'i.wft_ "'""'2-"'9"'1. 'i.hrl!fr'ii 2-r""Jfr'ii -6.u/iiw"iwrt.'i.hrfr iJhrwft_w

nnL9.tw'i. /,_ 'i.nr 'i.hr./!fr'i, !_fUIJfr'ii bUl'j,lll"fUlff,'i,J.r umh'l_JblnL f,Ulf9f!• 

'i.bf"'"J"'l t_rw'i.9.e'i.hrfr /,_ tr•ur'lhlwft_'iibrfr ft_w1Lnr9nLilf!1 IJ.Ju mbfu'i.Miu

~w'i. fu'i.11frr'i.hrl! J__/;fr'i. ll"'f"'l lnu}iJhL 'i.wfuft_fr'iinL,/ 'l"J"Lf'JnL'ii 11L'i.h9n'I_ 

'i.iuiJhrfr /,_ -ft_wnnL91_wd-l!'iihrP ft_n'i.uurrnLbfrw'i.hrfr Uf"'f'l. l!'i.11orfr'i.wft_ilw'b 

ilfrp__n9n1_1 11.'i.t.rwJ-hzur b,,_w1_ f.wziJwrft_fr ilfrt_n9n1_ '1-;,.,,t,.,,urbl ft_n'iiu

urrnLft_9frw1fr l;lb,/h'i,ur'i.hrfr wJr11Lf/JnL'i.(!' ft_wfuiJwJ 'i.rw'i.9 l_U1i/ihrfr9 /,_ 

trw'i.9 1.rw "''l.'1-"'l phn'i.hrfr ilbd-nLPJ•1L'i.fr9 , 

'l>wlfrlhJfr wz/uwurw'i..[!'i.hrfr ,fbJ ilwul! 'iiiJfrriJwd- tr f.hd-w'i.'i.hrfr /,_ 

"'!l a,,,,_brfr l_iuifihr-fr /,_ ,,,,.,, phn'i.hrfr ft_iuUf_fr fu'i.7-rfr LnLJilw'i.I!, nr ft_wrn'I_ 

b'b lt_rJ.l ft_n'i.uurrnLbfrw1fr "'/11 /;lb,/h'i.ur'i.hf(!I ,,,,, 'i.zh91 nr frr UU1U1-

.'11UJ "'f''l-/"L'i,.[!'i,hf(! ft_wrn'I_ /,';, 1tphfhJ ,//,J O'fnr ur funznr 'i.111'/.hrfr 
llJ 

" 

-;, J,_ f.wurt.uUf.hu 'itrw'i.9 urwfuurwft_wJwJ-'i.hrfr /,_ JwJft_hr/i 
1.,.11.nL9 111 

,/ Uh 
'f ,/ ,,,9 ,f,,,'i, Jw,/w'i.wft_, ,eru'i.fr nr IUJ'I urfrU/_fl ft_wrtnL91_wJ.[!'j,hr nL r -

"' /,_~LPJnL'i.'i. nL'i.fr f.uft_w1iuft_w'ii 'i.z,u'i.wft_nLfilJnL'iiJJ1 'l-iulfrlbtfr nLUnL,/'iiwufr

[I 0 r;,'i.b t.riuurwrw!l'fiud- b'i. 'i.rw 1tDiscorsi e D!mostrazionl rnLrJ"L ff! 
matematlche» 'lfl!"L" (1638 p., {hnb'i., l."t"''i.'1-frw )1 

'iinL[ilhrfr 7-fr,/w'l-rnLfilJiu'ii t.hurw'f"' 'l"'f'f"'9nLJf!_ l!'i.f'iu'iinul l;r 

2,'1'i.wrwrnLf'Ja1'i. /,_ ,/b.[!&'i.wz~'iinLf'Jw'i. urhfu'i.fr1tw1fr 'l"'f'l"'.'1,f,,,'i,I! 'l_nL-
·,,,t:,bn f,_ ft_iuUf_'-/_wJ I; wft_w'i.wiJnr ilwf'bJwmfrft_nu-'lfrur'i.wft_iu'i.'i.hrfr• IJ.fr

:frft_nu'i.brfr /,_ fr'iirlh'i.hr'i.hrfr Jfr 2"'fl! w;_fuwlnrlLfilJnL'i.'i.~rfr f.hur1 '1-~w'i.9 
,/bl_ 'l'l"'Lfr urb'I_ b'i. 'lfwiJnLJ nnLuwfJ.w'i. £. uniburw1w'i. 'lfrur'i.wpu'i.-

'id•fl! I , ~ 
'iinLPbrfr '1-frJw'l-rnLfilJiu'ii iJbrwpbrJ"'l 'lfrurnL/1J"'" ,/hp_ ,/hJ 

,,,1,,,r;,7 /; 'i.brJ'nLJ-bl 18-r11 11wrnLil 'IJkurhrpnLf'IJ"''i. 'l-frinnLf'JnL'i.'i.b11fr 

•uft_w'l-b,/frwifr fruft_wft_w'ii w'i.'1-w,/ {bn'i.wr'l- /:uhrl!• "fl! lnLJ-bl I; ub:.,/-

1/wJ an'l_brfr ft_wJnL'iJnL[il JUl'iJ fu'i.'ffrff!I 
XIX 11w 1

.,11L,/ f,,,,,/,,,zfuwrt:.u11fr'i. f.nt_wft_ uurw9w'i. ?-. />. J.nLrwiJuft_nL 

IL Ju. u. 'l-nlni/fr'i.fr wzfuwurnLPJnL'i.'i.brf!I 'IJburbrpnLr'Jfr /,_ llnul11.iu1fr 

\)frl/,_ ft_wnnL91_n'I_ 'ifrft_nLw"-1w'i., 'i.brft_•u JnLJ' u l,nft_111kilp&r1..,'i.1 hrft_wfJ'ld-fr 

'-fr"' ,/fr l"'fl! ft_wJnLrp__'i.hrfr 'i.wfuw'ld-Jw'i. /, ft_wnnL9Jiu'i. ft_wUf_wft_snL

fJiwilp ?-. />. J.nLrwiJuft_fr'i. LnLd-h9 d-nil1u'i. J-wJw'i.wft_ f.bd-w'ii'i.brfr iuJ-

nLfi/Jw'i. f.bur ffUIUf.1.IUJ Jfr 2_Ulfj! f1wrknrUJ'fTILJ'i, /,_ f.burw.er.f!frr fue'i.

:,.;'i.hr1 lu. U. 'J.nlniJfr'i.f! UIRU12_fr'i,f! -6.frzur lnLJb9 ft_nr an,,_brfr iu,/rnL

fJ1w'i. fu'i.'l-frrl!1 ~wilwzfuwrt:.w1fr'i. 'lfrurnLf'Jw'i. Jbp__ f.iuuurwurwUf_bu iluriu'i. 

:h. u. Bwufr'i.uft_nL wz/uwurnLPJnL'i.'i.hrl! ft_n'i.uurrnLft_9frw'i.hrfr /;Lb,/h'i.ur

'id1rfr ltwJnL'iinLf'Jw'i. 1_brwpbfJ"'b nrn'i..[! uft_uiJbl l;fr'i. nrnz ft_wJnLrp__'iibrfr 

.pu•J.f!"'J,/w'i. "f"'urf..wn'i.hrfr nLunL,/'iiiuufrrnLf'JnL'i.fr91 'IJrnlJ.. 'i. IJ.. Ph

L"-unLpuft_fr'i. ft_w'lilwft_hr..,_b9 /,_ brft_wr J-wilw'iiwft_ ,,_hft_1u•fiurh9 'i.JnLf!hrfr 

•frnrawrft_iliu'ii funznr"''l"LJ'i. l"'P"rwuinrfrw'i. 'IJburbrpnLr'Jfr f.w'l_"f'l-"'1t.
.'J"Lfil JUI';, -6.ru'i.Ul"fUI rt:.'i.brfr fr'i.J-b'i.hr'i.hrfr fr'i.uurfrurnLurnL,/I ll fri._'i.nLJ'i, 

<fwJiu'i.wft_ brft_iur urwrfr'iJJ.r 'i.w f.w'i.7[ruw'i.T1LJ /;r 'i,JnLf'hrfr 1frnrawrft_

J'w'i. ,/frl"''l.'l"'Jfr'i. f!'i.ft_brnLfilJw'ii 'iiiufr•"''J"'t:,{!1 
XX '1-"'ffr uft_'l_pfr9 nnLuwft_w'i. 'lfrur'iiw~iu'ii'iihrfr '1-bfl! 'i.JnLf'brfr 7-fr-

1f u111rnLf'Jw'i. .tb2 '1-"'rawtj_ wnw2wurwr1 'IJrn:f.. />. 'I-. Pmp'i.niJI! f.w'i.

'1fr11w9w1_ 'i.iuiJ[r iu1lrnLflJw'i. iJhrwpbrJ"'l J-wilw'i.wft_wft_fr,q 'lfrurm/11w'i. 

r,/iJ'i.w'l-frfl!' ll.ft_w'l-bJMnu U.. 'i. '1rfrtn1.l!' pw9fr 'i.wiJfr f.wzi/wrft_fr 

{u'iJ'ff'fr f.burUl'JUI 'l_Ulf'JU19nLJfr9, f.w1ur'i.fr I; frr funl_lifUl'JRLJ'i, TILUnL,/';,Ul

ufr('llLfilJnL'i.'i.brn1. 7-fr'i.wi/Mwft_w'i. f.wz1_wrft_'i.hrfr p'iiw'lwiJiunnL,/1 'IJrnf/>• 

~.. 'IJ. 'IJnL'lfrrkuft_fr'i. uurh,,_J-b9 wnwa'lwft_w'i. t.frJ l!fr ifrw 'l-t'"'if wtl- t.Miu'i.

'bbl'fr t.iuzifiurft_fr 'i.nr ,/hfiln'l-frltw: ll.ft_w'l-b,ffrft_nu P. <J.. '1-wunrft_fr'i.fr pw'l_· 

J'u.rfi1fr1. iuzfu1uurnLfilJnL'ii'i.brfr9 pw1_wft_w'ii I; 'i.zht Jbfuw'i.Mw1fr i/iurfrw-
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gfrn'it Jhfin'l'ilbpfr 'lwr'lwsJ,,/Le• wnwll.'lw~w'itn1.fi1w'il urbunL[i/w'fl 

urwpwd-m~w'U fu'il'lr/r f!r;,'1-r.u/'imLr L"L,tJw'bf! h uU11hr/r li.Ulz.Jwr~"/rfl 'il.J/rr .. 

.JwJ wz[uwmm filJnL'il'i,hrf!l llJrnL[iJUl'j, li.wz.Jwr~'ilhr/r zwm /u'ii'ffrr'ilbr 

h';, znzwiJr.JwJ /,_ Y. "'· SfrJnzh'ii~n1/r wz[uwmnL{J1nL'ii'iih11nLJt 
lln.JhmUl~Ul'j, znw'ilnLJ Jbr br~t·/r UlllUll_Ullfrtr ,,_hrf! w.Jh1/r JbJ 

[Ulpni/ UIJrw9U1.Jt f>rh'il9 wz{ulltllfUl';,.p'ilhrf! zwr11L'iiUl~h9/r'ii Ul~Ul,,_bJ/r• 
linu'iihr 11. i. '1rfrLnlf!! m. F. 9-. 9-wunr~fr'bl': ll~Ul'l-hJfr~nu 11.. t. 
'1'fr'ii'iiMf! li.r"'"'Ulrw~hs Jfr z•ur.p. fr1nznrU1'fnLJh wz{uUlutllLflJnL'ii';,kr 

~n'ilumrndt!Jfrw'iihr/r l;1hJh'ltur'iihr/r ~"'lnL'ilnL[1Jw'il .JhrwphrJ"'l1 "lrnl/>· 
,,, U, '1-kruJ..Ul'i,n.Jf! Ulr'fJnL'ilUl.Jhur wz{uUl,;,h9 'frnL'iiut'ilhr/r Jh[uw'il/r• 

~Ul//r p'UUl'fUl.JamnLJ, Jfr 'ffrmnL{JJUl'j,J nrf! lttLJnuf I; l1wnt1L9.J_wJ.p.'i,hr~ 
£. Jh.p.k'bw'"llbrfr l',,frJ .p.hr/1 /.r_ li.frJ"bUlllflll~hrfr Ult/ rnL[JJUl'j, /,_ ~UI JnL'illlL• 

filiw'il fu'b'l-frr'ilhrf!' "lrnlf.hunr'ilhr "I. :h. "lw"lltn.Jfrt'il ttL 811L. 11. tfr

Jw'iiu~/r'il '1Lfu111.Jn11b9fr'b 'iiUl.J/r UIJrnLfilJw'il fu'b'l-frr'ilhrn.J 'lPw'l.Jn'I_ 'lfrur

';,w~w'b'ilhr/r 'l-"lr"9f!' "lrnlf.. t. t. '/aw.Jfr'l-h';,~,,"f! /rr wzw~hrm'ilbr/r 
1',,b.,, f.wJwurh'I_ urnh.,_Jb9 'ilJnL[ilhr/r .[!U1/.[!UIJJU1';, "i"'"'-6."'n'bhrf! pw9w• 
mrn'I_ 'bn(I mbunLfilJnL'ilt O'hJ 'bzw'ilw~nLf1JnL'i, nL';,h'j, 'i,w/, 'ffr'bwJ/r~Ul~Ul'j, 
wJrnL[ilJUl'j, /,_ t:.wr1fwJfr tfwJw'i,w~ .[!UIJ.[!UIJJUl'j, li.1ur9brfr .JhrwphrJWl 

'ilrw wz{uwutnLfilinL'j,'j,/,rf!l Y'br fr'brJh'i,hr'ilhr/r llLtfhrn.J Jzw~.JwJ I; 

hr~Ulflpbmn'ilJw ~n'bumrnL~9frw'ilbr/r li.wz.JUlr~/r 'ilnr urhunLflJnL'il, nr'il 

w.JhL/r -6.frzur I; "'r"'U19n1nLJ WJ'l- ~n'iiuurrnL~9frw'ilhr/r wz[uwurw'il.[!/r 

/rrru/(Ul'j, p'ilnLJ{Jf!I .[!Ul'j, wrllfUIUUll',,Jw'i,11LJ f!'i,'fnL'il.JwJ urbunLfl/nL';,'j,hrf!1 

J.. w"lwli.n.J.JwJ wJrnLflJUl'j, '1-h"f.[!nLJ urw1fru I; [UliJrhr/r 'l_'fwlfr ,,,';,.,,h

unLJt ll~w'l-hJMnu t. /'. Y'nLUfuhLfrz.J/r1/r'il 'l_Ulr,'fw9rh9 ~nJ"l.Lh.f!" 
pnpnfuw~w'i.fr lf.nL'i1~9frw'ilhr/r J.. ufr'il'lnLuwr fr'burh'lrwl li.wr/wuwrnLJ

'ilhr/r mhunLfillUI';, tfwJU1~"'~w~fr9 Jhpn,,_'ilbrf! h '1-rw'il.[! ~frrwnb9 Jfr 

2"'r./! fu'ii'ffrr'ilbr 1nLJb1frut "lrntf., '{. ~. 'ltwun.Jf! uutb'l_J/,9 urwrpkf 

~n'bumrnL~sfrw'iihrnLJ LUIJ';, ~frrwunLfJJnL ';, nL'bb9n'I_ pwrU1~U1"fU1"' [lw· 

'IUl'i,[il'iibrfr /.r_ pwrlll~ an.,_brfr li.wz.Jwr~/r /r'il.[!'ilo11/r'iiUI~ urbumfl1nL'ill 

§ 2. ~O'\JUSPn1'-~8tiU'libPti l;l.bU'b'liS'tibPti ll_Pll 119.t).0'1., 01'-d-bPti 
.. t).0.UU~tlP').01'-U'r, 

'1wnnL9.JwJ .[!'iihr/r /.r_ Jb.[!b'j,Ul'j,brfo wzfuwmUl'il.[!/r tfwJW'j,UI~ ilrw'il,'f 

UlllUl'j,a_/r'j, JUlubrf! f!'i,'fnL'ilnLJ h'i, wrurw-1/r'j, phn(! /.r_ 'frUI wq_,,_h9nL• 

p1nL'ilf! li.w'l_nr'l-nLJ h'b frr1Ur1 ll.Jpwr"'Ul~'b /rr .Jrw I; .Jhr9'ilnLJ /rr 

uhpw~Ul'j, .[!Ul2'j, nL /rr. ~n'l_Jfr9 "fUl/:,.Jn'I_ lrfr f.'i,z.nLJ(! /.r_ UIJ'f nLrfhrf! 

li.w'l_nrpLJ I; li.frJ"bUlutUl~fr'i,1 '1wJrp_fr JhurLU'l_Ul~Ul'j, l/>hrJw'iibrf! nb1uh11/r 

Jfrtn9n.J w'ilfrlf!!_hr/r9 f!'bpL'ilULJ h'b 'f';,Ul9.[!/r .[!1112f! £ "'I';, iJrn[uw'il9nLJ 

u'il ~"'rh li.h'il111rw'il'iibrfr'ii • .Jbrt.fr'il'ilkr,, frrh'il9 li.hrPfr'il phnc f.w,'lnr'l"L" 
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h'it t.frJ'itwrnw~/r 9rrrL'it1nfr'it1 lJn9hJh.[!b'bw1fr 'IL•'il/r Jbp_ '1111'il.Jn'l Pl"l'

znL -6,.'i,znLJ{! f.w'fnr'f.JnLJ t J[un9w~nfilfr'il1 tn'f.b.e-rz/r .J!LUznt.tf(! rnb'il• 

,,_hrf! .JUl'f"';,';,hr/r li.hrn Jfrw9Ln'l a'IUl'il/r Jfrl_n9n.J r.w'l_nr'l-.Jnd I; 'l'bw9-

.f!fr'bt ll1uutfrun.J ~n'buurrnL~9frw'ilhrfr /;1hJh'bur'ilbrfr .Jrw wqp'f nLtfhr'il 

frrb'il9/r9 'i,hr~WJU19'i1nLJ h';, ~wJ b-wqWlWJ~fi nt-dbp, nrn'il.[! Ul'l_'l-llLJ 

b·'b Jw.JwL/r JnLrwl!w'iilJnLr /;1bJb'ilrn/r .JrUI ( uhiJrw~w'b .[!LD2f!)• ~wJ 
uu/JUIL l;1hJh'ilur/r m li.wrkw'b /;tbJh'brn'iibr/r I.. ~wJ m.J/Ull /;1hJb'burfr 

nL w1'il ZrlUl"fUlllfn'I_ Jfrt.w.Jw1rl• (l_nLr, 'lnlnrzfr, "'I-) Jfrtb. WllUll_Ul,'ln'T. 

t}tn}uuiq qbgm.pJlllli nt.dbp* 1 ll.uh1n.J1 nr . l1n'iluurrnL~9/rw1/r w1u ~wJ 
UIJ'j, Jw11/r .Jrw ~/rrwn.JwJ I; UlrllfW.[!/r'ii nLtf, Jf.·'il.p. UIJU mhr'f/r'ii/r ur.u/1 

~r.wul1U1'bw'b.[!, nr '1-frmwr~i/n'I_ Jwufr 4.rUI ZrlUl"fUltnn'l Jfrlw.Jw1r/rs 

l1wJ l1n'il11urrml19frw1/r. li.wrhw'il Jwuhr/rs pn{uw'ii9.J11t.J I; -6.'iiz11LJ ( zwr• 
d11LJ }t • 

flLrlbrfr '1-UIUUl~IMr'f"LJf! ~wrhL/r I; ~UIUIUlrbL f!U"' Jfr .p.w'iifr r:.wrn-

1, ... 'b/rz'ilhrfr1 

Ub'il.[! rnwrphrnd h'il.p ~blimpnlimgwb- J.. r-wz}utlwb- nLrfhr1 

qbfimpnliwgmb- nLtf I; ~nJ..Jnd ~n'ilumrnL~9/rw1/r /;thJh'iimfr .Jrw 

'"l'f /;1bJb'iimfr z.wiJrbrfr li.wJhJwmnLfi1111Jp 2UIUf pn.[!r 2_wfhr nL'bh9n'I_ 

li.1urfl.:~/r Jfrln9n.J pn{uw'il9.Jn'I_ -6.'bznde. or/r'ilUlf zwrtfw~wqJfr 
w'bfrlf!!brfr -6.'ilznde nh1uhr/r "rw1 

~wz.Jwr~'ilhrfr tfwJw'ilwl1 t:.wrfilw~/r iJrnl!rnLflJw'il "lwm-6.wnn.J 

•/rn/uUl'il9.Jn'I_ -6.'ilznLJf! un.Jnrwpwr li.wJwr.JnLJ I; Jfr ~hmnLJ ~frrwn

.JwJ J1h'iirnrn'ilw9wJ nLrft fllhrn.[! t li.frzhl1 nr UUI Jnurw.Jnr "[Ulllf~/zrw• 

9nLJ t, nrf! Jm9.Jm.J t JfrwJ'i, li.wzi/_wr~f! "/.wr11_h9';,hlnL /:,wJwr• qbm~ 
tl'hngnq 1)1mumnpbli nt u~ tiliznt-U t~ qmpbt~ 1)1n}umligb1: Yw~w1'il 
w1u"lfru/r Jnrnw.Jnr UfU1ur~hrw9nLJfr9 wnwl_w9n'I_ ufuwl'il w1'ill!Ul"1 P"l!r 

/;, n11 'fnri'iiw~w'ilnLJ UIJ'j, ~wrhlfr /; wrf.,wJwrt:.hl' 

FUlz/u.JwJ pbn'iihr h'b ~nt.JnLJ UIJ'il"lfru/r nLrfhre· nrn'il.[! ~/rrwn
.JUIJ h'il, W'j,f!'j,'ff',,Ultn nrnz hrl1wrt11.fl1w'il ~UIJ ~n'bumrnL~9/rw1/r nrnz 

Jw~brhufr .Jrwz '1wJnfr Jw1P/r .Jrw 19.J111J Jfrwurhuw~ li.wuurnLfilJnL'il 

nL'bh9n'I_ w.Jwq_fr zhrurf! frrh'ilfr9 'ilhr~WJU19'bnLJ t nrn2 Jw~hrhufr .Jrw 

r..w.JwuwrwtwiJr pwz[u.JwJ phn. z.brm/r nl.. Jfrwmhuw~ t:.wurnnL{J1w'il 

'lh"i_.[!nLJ Jb';,.[! ~urnw'ilw'b.[! w'illi.w.Jwuwrw tUIP pwz[u.JwJ t:.wJ 111rnwrwJ 

pbu: flrhl; JwJ~/r f.Mw'bfr ubiJrw~w'b l!wz'b frrh'ilfr9 'iihr~w1w9'bmJ t 
l;thJh'ilurfr hr~wrnL[il 1wl p pwz[u.JwJ pbnz 

l/h'ilrnrn'ilw9wJ pbn'ilhrf! 2_wr/r.J11LJ /,';, nLrf/r Jfrw.Jnr'ilhrn.J ( rnn'ii'iiruw 

'ilbrn.J, ~/rLn'lrw11£lsrn.J)• Jw~hrhufr .Jrw pwz[u.JwJ phn'ilhrf! wrrnwli.w1rn-

* IJ[.ion ..,,,,..~, J..,pl//,{» 1'"'2P. 'LnLJ'L"l.liu ,..,'),'I~ uw'11nLJ t J,.,l'fll,~ I. lrt't.l'/» · 

J[it.b. wn.wf"'J"'I +n"6""l'tlrfnf11•'L 11Lt/f . • 
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i[nLJ b'ii Jiuftbrhufr Jfrwi[nrfr'ii iJbrw'lriJwJ nulfr JfrwiJnr'iibrniJ (m/U.1, 

lJ.«1/uu2 £. w1L'ii). l;lbJb'iiurfr brftiurmfl1wJp pwz/ui[wJ pbn.'iibre' hr~w
rnLfJJw'ii JfriuiJ11rfr'iJ i[brw'lriJwd- nLd/r JfrwiJnr'iJbrniJ ('111/u ): 

U.1'iinLr.bur£. pbn.'ilbpf! ftwrbtfr I; pwJw'iJbl fiwummmm.6. £. dmum6.w-
11wqnp pbn.'iibrfr1 U.n.wt)r'ii'iibpf! ynrd-nLJ b'ii ftn'iiu.,,rm-bfrw1fr 7n1nLf11w'ii 

wJpn'l1. f!.'iJflw9.[!_nLJ• orfr'i1Uif ftwn.nL9i[wd-.[!'fr ubpwftw'iJ .[!W2_(!1 J.wJw

'iJwftwi[nr phn.'iJbrf! ftnbuurrm·fts/rUIJ/r iJrw Ul'l_fnLJ /,'iJ Jfriu1'iJ nrnz dUJ• 

Jw'iiwftwJfrp_n9fr e'iiflw9J!"'·J1 Orfr'iiwft ~wrn'l I; Jwn.w1bl J ~wJnJr 
1_rw1ni[ w'i19'iin'l y'ii,,,.9.[!/r .[!WZf!' 

Cuur iu'l.'IJui'iJ p'iinLJP/r pbn.'iibrl! ~wrbLfr I; pwJw'iJbl ummm~qw• 

qwG b q}1'6.wufiqwqmG pbn'iibrfr1 

Umwm~qwlJ.wti pbn.'ilbrf! pbn.'iiwi[ "l"'LJ b'iJ l1n'iiuurrnLb/rw'ii wum/i

b.w'iiwpiu1•· ftfrrwn.iJbLniJ l/_111nnL9i[wJ.[!/r iJrw• 'iipw'ii.[! ftwJ pnlnrniJ/r'ii 
,ii.ii lfrnifrn/ui[nLJ, ftwJ ifrnifrn/ui[mJ · b'iJ w'ii'iizw'ii. W/u"l.frufr'ii b'iJ ,ew

'lw.[!w9frw~U1b £. "fr'lrnurbfu'iJMUJ~w'iJ ~U1n.nL9i[wd-.[!'iibrfr iJrw w'l.'l"'l. 
pbn'iibpfr Jbd-UJJwu'iinLfJJ"L'iif!: '1n'iiuurrn'-ft9/rU11/r iJrw uurwurfr~w~w'ii pbn.

'iibr/r w'l.'1bsnLfl1w'iJ JwJw'iJw~ iirw P"L"r JUJubrl! 7 .,,'iJi[nLJ b'iJ r.111-
ijzuuwr111ftznnLfl1w'iJ Jbp_. qnliumpm.qg~wlibp~ 1-1bublimlihpe qwu wpw
qwgnuf im.fibG., ~wJ WJ'I wrw7w9nLffLJ.r'iJ UIJ'iJ.[!w'iJ pnJ!r b'iJ, nr 

'lrw'ii.c ~wrbLfr I; wrr.wJwrr.'6l1 

f>u~ bfib 1111'1 iurw7w9ndlbbrf! '1.'lwlfr h'ii, £. Jb.[!b'iiw1fr ~wJ wu 

f1nbuurrnLbfrw1/r l;ibJ/,'j,,ur'iJbrfr UlrUl'fnLfJJnL'iJ'iJ/,rfr pnpn/unLflJnL'iJ/!_ 

urb'lfr I; nL'ilb'iinLJ r.wJbJwurwpwr ifrn,er JwJw'iJw~iuJfrp_n9nLJ, w"l.w 

Jb'ii.[! pr& m'iib'iJ.[! q~G.wd'fiqmlJ.wG. pbn.'iibrfr 'iibr'lnrd-n'-fltw'ii r.bu11 

U1u"l.frufr pbn.'iibrfr orfr'iiw~ ~wrn'I. b'ii d-wnw1bL fiwG.lJwpb-mlJ~ 
~ppmntlwu pbn.'ilbrl!• fiwptlm~wJfiG £. qplJlitlnq-ifimlm}umlJmli p/ln.-
'iibrl!.' , • 

.l,wG.qmp~wq~ qftpmntlw" pbn.'iibrl! 1frnfr1w'ii9i[nLJ b'iJ ftwn.nL,9i[wtl

$/r'ii Jfrw'iiywJfr9 fr11h'ii9 wJpn'll Jbd-nLfil1wJp1 IJ.1u"l.frufr'ii b'iJ ftiuJrtfr 

•/ru• JnLU•J! 'lnrd-n'l zn7b.[!wn_fr w'iifrtf!!brfr i.'iiznLJ'iJbrcu 

.l,wpqwb-mJ~li plm'iibrf! wnwp_111'iinLJ b'iJ ~n'iiuurrnLft9/1w1/r f,UJ.i[n•1 

/;ff;JJ.-'iJur'i,,bpfr UJrUl'fnLfl1m .. 'iJ'iJbrfr /u/ruur pnpnfunLfJJnL'iJ'iJhrfr fh"/..[!nLJ. 

opfr'iiwf 9fr9 /uifrblnL JwJiu'iiw~ 99/r'ii 99wr.wrfr urn.Jrw'ii/r r.wri[wd-blnL 
rlwJw'iiw~t 

4pqliq nq-i)lntJm}u wqwG pbn.'ilb11'ii w'l.'1"'-J b'iJ ~n'iiuurrn'-ft9frw1fr l;ll.

Jl.'iiurfr i[rw, l1r~'iliJbLniJ pw,,_Jwflfri[ w'ii'lwJ1 IJ.1u"l.frufr'ii b'ii, orfr'iiUlft• 

zn,nL f1r~~14_n'f. i.'iJ;_nLJ'iJhrf!1 nrn'iJ,e pnifrn/uw~w'iJnrb'iJ aynuf /,,_ uJ.11.JnLJ 

/,'iJ Jfun9U1/fnfil'iJ nL ;_n7/,JJ..[!bbw1/r z111rJwanf.(!I (';UJur fh"/.J!lzrnLJ pbn.'iJ 

frrb'ilfr9 'iibr~w1w9'iinLJ I; Jfr z.wrl! '1fr'iiwJ/r~111~w'iJ w'l.'lb9nLflJnL'ii'iibrfr 
t;.,,J Ul~fJnLi/ I ' 
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~burw'lwln'-J Jb'ii.[! wn.wp_fr'ii r.hrflfr'ii hpw11.i[b'ii.[! pbn.'iihrfr umw
Ul~qmqmG w'l.'lb9nLP1w'iie 'ii1m.[ilbrfr 9"'-19 uri[wd- 'lfrJ'w'1rn'-fr11w'ii r.wr-

9ni[1 hrp l1n'iluurrn'-ft9frw1/r J"Lrw.ew'iltJnLr Jiu11fr r.wJwr fturri[wd-.pfr £. 

'iiJnL/l/r f!'iiurrnL{il1w'ii r.wp9{! tnLd-i[nLJ' t wJh'iiw"l.iur'I. Uni[: 
X pwJ'iinLJ ftnLunLJ''iJwufrriJb'ii qliGmu~qwqwG pbn'iihrfr w'l.'lb911•

(tlJiu'iJ Jfr .[!w'iJfr '1/,"/..f!brr nrn'iJ.[! 'lnrJ'iJw~w'iJnLJ' r.w'iJ'lfr"/.mJ' /,'iJ 'iJr1L1'iJ
.[!Ul'iJ t;,wf.iu/ui fr'iJt,ew'iJ nr uurwur/rftiuftw'iJ'iJbrf! /,,_ "/.Ult;,Ul'iJ'l_nLJ' /,'iJ r.w

mnLft nLunLJ'iJwu/rpnL{i/;,,_'iJ, npni[t;,bur£. w1'1"1.fr11/r phn.'iibpfr Ul'f.'1b9n'-filJw'ii 

r;,J,.,,£.w'ii.[!'iibrf! ~n'ii11urrn'-ft9/rwifr l;lhJb'iJurfr iJrw U1Jl b'iJ, ,ew'ii uurw

urMUJftw'ii pbn'iibrfrile, /, 'ii1n._pi1 tl WJU Ul'l_'fb9n'-fllm'iJ'iibrfr'ii UIJl ftbrUJ. 

I; 'lfrJ' w 'lf'"'-J: 
•l,brt.Ul(l'iib/ni[ ftn'ii11urrnLft9/rUl1/r l;tbJb'iJur'iibrfr iJrw w'l.'ln'l. nLJhrfr 

'lwuwftwr'ln'-Jl!, w'iir.rwJbzur t w11.w'iJafr'iJ nLundlbwufrr/,L 'iirw w1'ii Jw

ubr/r U1'1.'1/,9nL/IJnL'iJ'iJbrf!• nrn'iJ9 iJrw t;,b'iJi[nLJ /; 11tiJJU1l /;lbJb'iJur(!I fJ.l'J 
nLrlbrf! ftnz.i[nLJ b'iJ fiwlJ.wq qm.d'libp. r.w1.i[wrft/r uft'l.pmJ' wl'I r.wftwq

•fnLtlbhr'iJ w'iJr.WJUI b'iJ tfr'iJnLJ /,,_ nrnz.4_nLJ /,'iJ WJ'iJ "/.UIJJw'iJ/rf]' np 

l1n'iiuurrnLft!Jfrw1/r 1nLrw.ciu'iil.JnLr Jiuue 'iirw iJrw 'tfrrwn.i[wJ- pntnr 
,,,_Jbrfr £. f,iuftiu'l.'l"'llLbr/r U1'1_'1b9mfd1w'ii urwft 9ur'iii[nLJ' I; r.wi[wuwpw-

ft?..n.n'-fllw'ii Jblt 

§ a. .t,llU41lBO'lflflli'Snti.t 'l-bfunrlfll8lllltbrll bl\.. lllrn1'lftbrll 
lfllUll"b 

S/,uwftiu'ii i/bfuw'iifrtwJnLJ (uuriu111frftiu1nLJ} ntunLJ'flw11/rriJnLJ I; 

pw9wraw~ "l.fr'ii'I i!wrJ'iJfr r..wi[wu•rwftz.nnL[i l"'-'iif!• Jiurrl'iifr iJbrwpbr

lwl WJU "l.Mlurft'6rw9nd. piui[wrwr I; UUIUJur/r~WJnLJ frif.wJ fu'iJtrfr 
[n,_JJw'iJ r.wJwr' JiurJ'iifr iJrw ~/rrwni[iuJ nLJlzrfr .Jrn/uwfUlra r.wi[w• 

U1Mrwftzn.nL{iJ1w'iJ iu'iJr.r111Jbzur "/.wjJiu'iJ'iJ/,rfr nrnz_JUl'iJ t;,UIJUJrl u.,ll 
nLdbp/r Ul'f.~9n'-fJJUl'iJ{! 'iJ1nLfiJbrf. 9"'-19 ... i[wJ 'ffrJ•'frnLfJJnL'iJ{! nLuntJ'• 

'iiwu/rrbLnt JwJUJ'iiwft 'ii1mfl/r r.-urftn'-fJJn'-'iJ'iJ/,rfr Jwu[.'ii "'lu"l.fru/r ~n"l.fru1 
Jnur-tf.nr "l.wurfthrw9111Jf! -r'lb'iJ wbpwi[wrwr t.· t!b'ii.[! "I.bur.[! I; 

""'z'i/r U1n.'iJb'iJ~1 nr f'"'9,_rawff "/.fr'iJ'I JwrJfr'iJ'iJbr p'iJnLfilJw'iJ J/,P._ 'ln

JnLp 1nL'ii tnL'iilr'iJr 
f>ilt"l.hu ~n'iiuurrn'-'19/r•'iibrf. t-LbJb'iJur'iJl.rf!• 'iinLt'ii"l.hu £. iuJpnrr 

y_w"l.bu 4_br9iJwd- ftn'iiuurrnL"-9/rw'iibrf! wrurw.cfril nulhrfr w'l.'1'69n'-fliiu'iJ 

urwt w1u ftiuJ w1'ii z.wifrni[ ifrn.Jrnfum.J b'iJ frrb'ii9 tw.Jrbr'ii nL al.[! £. 

i[brt_fri[ilrt_rr ft111rn'I. b'ii .[!"' 1,ew1iJ"L' ll.1u"l.fr•/r ifrn.Jrn/un'-fll"'- '1f! ftrtrd 

t qb~npuw9~111 f!'ii'lr..'i1111r .'flnL'iil!' 



cf~---=-~-------]J-t1 
··-: UJ i I! . 

ijnmp f'm/r'r'mtJ'!.llf i/ln11/8mpJ11'k11"1 i/Tmi/111puJinmr,u% 1'1'!.btf.mlimJ'l/r '!.'I 

l'-.u.,J,p ifir.rnJ'l. 1Gi/n-.uTr ilnmp i/r mJ'!. 1'1urnilir.nr •il7p mJ'!. 1'1n/ui/1u+ 

•i1111'!.'IP'11:j i/Tm,,6%.,.,Jurnir.u~ 1'11mr1'1mil' '!.'I pwurbp il'ir.uJu ''!.i/J'fp-.u 

ir.i/#murJm '!.'I p-.uJ-£mr,,.,, iJJ'IP"' ir.i/il'J'I'!. -£I'll :i.lqp-rn u~il'dqg !~B 

--.u6mdl lruSftqb-.u 9m~6mJ1dutqb ~d-.urg '!.'I r-.uir.m6m11m uil"J'I'!. tt,mltf 

--.uG'l-£bm o/J'IP'" ir.'/rfmurJm. p-ruJ'l'!."''!.lfr'l1~ ,,J'l'!."'i/GlpuJurnir.u'1. 

: /ruir.-.uT eJ-..,n/.,t/ru+ 

i/Jqp-ru '!."'P'!.m1' y T"lfi-.uL.,bp ,i/J'fp-.u '!.m1eJ?u6'1-£bmn/u'1i Luf'Jub 

7li/r '/J'l'l/J""'m ~ pru1'G?'IL-.u ?mur '!.mT/']1uG'l-£bm i/J'IP"'" ir.i/rfmurJm 

'i111;-.uTif•un/u'1imL'lur '/J'l'!R""'"' ?mrt,mpmp i/lmi/BmpJu<f1'1-£ i//'}-.uT'l. 

1ilil'J'/-£ s,,.,,J., ,,.,, 

J''"tr,"'ln<;mln iJJ'lurJ'IZ f'"'1'n/11'1imZ.'I"' ijJ'l'1/J"urm uur'l'J 11-.u1'1'!.BmJq1' 

iJJ'IP'" ir.1ifmurJ1J :ur'l'J i/J'l'!.'!.-.ul /']-run/u'1imL'lur '/1'1VJm-£mur'l'J'!."' yJm-£ 

-mn/ui/1 l/J'lurJ'IZ i/?m-£rr,,m/r ir.i/Tmlt'IJ1ulJ '!.'I fm/rlnm? p-.uJ'leJ-.ul'!. ir.'11 

-mZ.'IJ-.uTJ iJJ'l'!."'i/GmpJur/;'1-£ nl'fl :Jqir.mi/GmpJu1J'lli 11;i/Tm-£JuGm'1/J '!.'I 

r111flu? iJJ'l'!.'!.'"T/'}-.uJ'IJJmur ir.i/Tm-£JuGm'111 .JJ'lr/rm? ·r-.u/r11,bir.m?mJ'11' 

lfc.'lf ,,.,,,.u.,1 i/J'lr/rm? -.u '!."'ff ,,~'!.'lrl/1~ ""'If': B-.u711ir.GmJ,,,. ctir.mJ-£ m,,,m 

•i/'!."'l''J"'n -£Im '!.'I p-.uBtr,mbmJ'lb iJJ'IP"'" '!.i/il'-mJm 111'1'1 ?n<[ 

1G'/ir.mr':imn ~uJu 

1'18'!."' '!.'11 JJl/p-.u ir.i/i!'murJm 1111-£ iJir.mil' •?m'!."'l'"'P ir.mil'ir.lm '!.'l'!.-.u 

'/L1ur i1J11ir.m'/Bm l'Ju1J'll, ir.m?mbvm11m Ju •ni/lmur ".'I GT-.uG ii Jn 

-Jut/I '"''1'1 '!."'l'Lm1'mZ.m 11;m?mbymum 1?ml.ir.m1' '/J'l'!R""'"' ir.lm.J!' '!.'/ 

f'm1'1nm? "ilJnm'/Bml'Jur/;'1-£ UYJ 1"iln '!.1?n/"''!. J.J -1 l'-.u'!.b'!.ml1mJ'I.,. 

ir.'/fiuij1 'ilir.i/l'J"'I' ,"in'l':i B'/pwGmJ11/• 1J'lp-.u Luir.Bmlmum iJJ'l'!."''/Bml' 

-Jur/;'1-£. Um '!.'I f'TU'!.mJ'I.,. rfir.uJu •ilJ1f'!.'!.'"Tp)-run/u'1iu'1i '/ni/ln'!.lm '/Jqo/r 
-ml -., i/n i/J'l'!."''!.'11''11~ ,.-.u-,.?u? '!.'I J'lir.m'/Sml'JutfJ'I-£ 11,ml1mbpmurt 

,J,,,,.,.,,,s,.,,.Jur/;'1-£ '9~ £mbi.lu6m9J1 ., umftmbvnnim ,,,,, ,.-..,.,.J,,JJms 

,,,.4-,.zm':i '!."'l'Bmu'l'J I''"? '!."'l'B'lurul' Gir.mJir. 

•ir..J/rZni': '!."'1 tJ-.un/u'1iu'1i ir.mT /'}-.uJu.,.mnm-£ i/Jnnuurm l'"'",'I'!.'" ~- '/L 

-'I"' ir.mt/fiml'Ju'f:'I-£ i/'1/JJ'"JI ,.,.uGu6.J!' 1J1p1u ir.mTp}-.uS'l-£bmn/u'1i l'll' 

ir.mT/'}-.u.,"i?mJmnm.,.m':i '!.'I l'"'"'!IJ ilJ'l'YI"urYl 1ir.-.ul/l/111Ju.,.mnm-£ Ju.,."''!."'!. 

-m? 1J.-,vuurm il''!.'I'!."'"? ct'l,'ll' l'-.uJ'lt)-ruT11; tduJIU :ftmb9m1' ut!£mlrqd 
--.u[J fm/r?u? n'lhrnTm·ll,'f ,.-,.b,.,? iJJ11ctJmZ n1'fl 'l''lurn1n '/J'l'!.I'""'"' 

f'm/rJ.,/rm,.,n-£ "'"/' urml JmJij .,..,J,,ctJtnZ Ju.,.m'l,u'!.m~ ~ l'-.u'!.Gmlm?Jqll, 

G.J'!.'IJiJ iJJ-.uT?ir.mil'mJ-.ul G.JJ'l'!.H"'m':i -£1Yl 1G'/J'1'!.?1mm':i '!.i/1mLqJ-.uTJ 

J3"ur/r urmZ /ru.,./'] f''ll' urml '!.11 f'"'.,.l'bm~ iJJ'lp}-.ulll, ll,'/lmL'IJ.,uT;1 

:-l;du.Jlm 
'1 9q£mhqd-.uCtl ,i/rlJ'n/ -.u~J'I 1'1-,.'!.'"P"'" ll,'I Z.uJm? aJ,,eJ-.ulir. Um J.,7 
-u:J '"'f'J 1i1'f,.,.,.G-,.,.,,,,% •11mJ-.uin%-.uJurn '/Jq/'}-.uTir. Lu.,.fJubmurbo 811' 

~Lu? J'fp ~ fm.,.n/m? iltJl-.uir.J .,., . 1'!.-.u1tJwf''ll' 1Jnm'/B,..pJ•~'7J 

\ 

I 
I 

I 
I 
1 



;/1111utnuf /; iur"'w.[!/rt nuJhr/r9 UllllUf_ill!JntJ_ 'J-/,f/>nrJ1119/11u1/r f.hurJ.111$• 

,e.ni/_ 'iJ1nL{J/r Jhp_ Uln.&UtCJJ9R'l. 'i.lzr,e./r'i. nuJ.lzr/r J_wijrw'iJ/rze1 !l,n'l/t I J ... -· 

ufr9 II-/r'iJ ('i.~· 1) tfrnfuui'iJ9if.n'l ii.fr'lf!. II Jwuf! "l.wr.nu/ t f,iui/_wuwrw
'tznnLfillw'iJ Jh'l, w1u/r'iJ,e'U' '-•i/_wu...,·r-'tzn.m.J !; 11 Jwufr i/.r,.. 't/rr•ni/_wf) 
wr11rw.e/r'i. nufhr/r ufruurhJe1 (J.l'l f./r'll! 't""rn'l. !; wr111111r.w1111i/J1L nrn
'i.hl/! Lu•rn._fll.hrfr Jfrp_n9m/.· h(Jh '11r1niur'ti/.•'l 't-riJ.wt!,e.nLJ Jh'U,e. iu'i.-

1."'"'h'i..p Jw'tlirhu/r Jfr dF tLhJh'i.."n, "'"I"' JUJ'thrhu/r -n Jwu/r 1.rw 
,..'l'l-n'l tthJb'il•111r 6.fr'lf! fowiJ.111uwr 'tt/r'i./r pdF, l!u111 n{'nLJ p-'i. lw

rndA t WJ'i. 'th111nLJ, nr/1 zrt.w't1UJJ!nLJ w'i.t,w111iJ.1UJ t Jw'thrhu/r /;[h

Jh'i.111f!.1 U.1u tthJh'i.urwr ii.fr'lhrfr f"LJrur'i. tt ""'"' .,Jr111wr%if.n'l. %111l!r

iJ.-'*l!"i/. ifrn/uU1'iJ9iJ.n'l Ll'/ri/. fi/r'lf!' 
U.1u"lfrum/.• l""rnLIJ/,hrf! r.wziJ.htnL r.wJwr 'tn'i.uurrn'-'to/r111ifr '1/r

"'"'f'ti/.n'l !;lh,/b'i.11rf!. +-riJ.rut>.en1. Uf'1ur.[! !; pwilw'iJhl hr'tnL J1uufr £. 

'tw11.,/hl r.wiJ.wuwrUJ't2."""'-{J1w1' "iwiilw'i.f! 't"'ri/."',) Jwuhr/rs Jh'tfr iJ.rw 
't/rrwn.iJ.iu,) nLJ-hrfr ufru,,.hJ/r r,,,,,r,..l'. ,..l'l ufruurhJf! 't"l. ... {'nL'l.w't/t fr'ilz

"l.hu an'lfr U1'i.t_U1mi/_U1J ,/wu/r i/.rUI t/rrwni/_w,} Ul('urlU.f!fr';, nLUJ.('f!t 'i.nL1'i.-

1JfhU £. inwr1.wJ 'turriJ.wJ.1/r Jfr2.n9ni/. ifrnf.u111'i.9.J.n'l -6.fr'll!• ,..rurwr.w1ur
.J.w,) nFn'ilht/r L""l'"Lffltbr/r Jfrln9ni/.1 111,w'i.nLJ tt 'tw1111'i.nLJ !; 'turrn,__J_ 

'iJhr/r Jhfiln'lc• nr/rs J/,'i,., r,J,JnlU'fUIJl1L,/ Jfr2ur 'to11uriJ.h'i.J!I 

tzh'i..[!, nl' 'ii111L{Jbrfr 'ffrJw'ff'-.fllw'iJ Jhl f:L"'l'nLJ.» urhrJfr'iJI!. zwur 

t,•iiwfu ~/rriuni/_11LJ !; dn'l/r Jwu/,rfr JJrt.£. 'i.hr.D/r'ri pnfuw11.fh9nLfJJU1'1. 
nLtfhr.» urhrJfr'/Jfr pnfi11arh'iJ, nLU"'" J/,'j,Jl 'tfunub'iJ.p f:'t111ri/_1UJ.[!nLJ LUI• 

tnLff/,l,('p f,wi/_IUUUl('UIJ.. wtfi /,. iu'ilr.wi/.wuwrlU 1_wp pw:fuJ w'i.~ J 1Mufr'il• 

v:fi./rf{! nr"/.'" [8l('t11flitbrfr fRLJwr»•/r Jwufr'i.• "f.hU1J! t "frzht1 nr UljU 

Ul('U""'-l"'"LPJnL'i.'ilhre nrn2. t•+niJ. "1."'IJ ... 'i.wt ... 'i. h'i.1 Orfr'i.U1't1 "fr'lf! 

r.wz1.htnL r..uJwr J./r %wrhlfr nL'l'l"""" 'lnLJwrhl UIUl('ph{' 'thurh('nLJ 

11nr6n'l Lwrndlbhrl!· "'-""'.[! 1;, fr"bt"l.lsu "'l'l 'i.z1.w6 t- iJ.1.rlrnLJ', lt"'er

"-"''*'l!/r 1nLl'"'Jl,,,'i.l/nL{' 'thwfr 2.1'2..w'twll!nd r.wziJ.hL dF pn,er r.wr/1-~/r 
Jf.rt_n9niJ. '[rnfuw'i.9rf.n'l ktlnfbGmmp -fi~qe• £.. "'"l.w .ar'lh'i. 'fnLJwplsL 

/rr"'r 'i,hur "'l'f"l./ru/r 9nLJ'wrht/r'iJhrf!.' U.JifrntfrhtniJ. zwl'"''ll'if.Ult!J!, 'tw
r•t/r t WUh[1 nr 't11'iJurnrnL'tsftw1/r /;[J.J/,';,ur"iJhrft i/.('IU -r111w,eft'il nLJ·

"" Ml'f.,.OsnLfiJJlll'j, >,J,urf.111'/IJl(! UI J'l t[hJ,,'iJrn'i.6pfr Jhf_ l"' {'nLfl/,h rm/_ 
nL'lh't9i/.n'l '1Mf>nrJw9frw'i.hp/r 1M111M2.,w9nd/i, !;1 

11nL/ihrfr 'lfrJw'lrnL{iJnL'ilf! nLund&wu/rrliLni/. Jfr ~nqJfr9 wrm"'l!fr'il 
nLJhrfr• J/nLU- 'tn'lof/r9 7-f'IU'j,9 Ul'f'fh9nL{J JUl'j, r.£111/J.W'iJ.[!ni/. IUllUl2.,1119n'l 

'lhlf1ntilw9/rw'il6r/r nL L"'rnLIJ/,hr/r ~"''"lf!' l>'ilwrwi/.niinLPJnL'i. t ,..,.,lfru 

lni.l/,l fr"i,JJ,'iJJ.{'/t IUllW2.. 'lf'1.IU,j fu'iJ'lfrrf!.' WfurWJ!/rfi nu//,('/r lll'l'J-/t9nL• 

P1w'iJI! ""'""''ll'bl ... Jh'i.Ulr.wr"""r "ii1nL{J/r9 "f.U/J"'l'"'uur{wJ e-4.·r"'l' i-
.Phr nL'ilh 9n'l anq1 ~h"'"'l"'l "i."'l'"'fl'"''JnLlf z•r"''ll'"-"'I (; UI I" fu'il'l-r/t 
lnL&J w'J. '6fl1U'j,J!I 

2' 

§ 4. tS01'P't'1lt '\>1>Ull'Wfi1'faSU\ ~t>U\ll4U.\ lu\'Wtt lllfl'oUtl'1 
llll\l\l! 

'in'iJ11tnrnL't9/r-1/r WfU 'twJ UIJ';, l;thJb'iJ111/r t•.Phr'i. nL 'i.1nL(l'iJ 

f!.'iJur('htftu J/,'j,.[! "f.hur,e. t Ul"f.Ulr.nl/.h'i.Jl nrnzw't/r "f.Ul2.Ul{' 'j,('UI JlUl/l!UIJ
Jlll'j, 'twJ a/..ft 11l.w9nr'f1U//r'i. pn'frnJunLf'Jwft r.'ilwrwi/.rt('nLflJw'i. 'i,~wlSI• 
J,,,Jri J;lhJh'i."'f! "I.hurl! !; 'iJwfuw116iJ.wJ tft'i./r "'/';,"I.bu, np"f.hu11./r wz
fuUJutw'i.J!/r JwJw'ilw't "iir• Jb2.. ,..,..,,,l,..9"'l ..,JI,';,,,,J/,,) l"'l'n,__flbhre 

r,,.,Jh'ilw1'il 'fh"l.u UJi/.htft pnJ!{' tft'iJh'il Ul/'il l"'fnd&hr/!91 nrn'il9 'l-b"l.

.[!;,LJ 'iJ1nLPf! l!"'l-1"'/4.nLJ 1;, 'tUJJ UUIUJ'i.nLil t &1U9nr'l"'//r'rl 'lhf1nr-

JU19frw'iJhr1 
l.wrnd//,h{'/t Ulj'j, JhJnLPJnL'j,f!.1 nrft'j, r.wu'i.hlf!. "f.UljJw'riwiJ.nrnLJ 

!; 'i.ilnLfJ/r l!"'J.l~"'lnLJf!., ~nt . .'[rrLJ !; unfpn'-pJwli uuililfwli 'twJ dwlfm
liuiquul np qlttfwqpnqt JDl.fi• "'l'il Jh'ill! 't'ilzw'iJw'th'il.[! 'iJnLJ'j, urw11hrni/.'. 

fr'iJl nr h.. L"'l'ndlbhre• P"'/9 Jfrwl'iJ t'lhf.11 fr'ii'l-h-lunrf.1 Pu't w1'iJ LwrnLJ

"iibrfr Jht}nL{JJn'-'iJI!., "l'n'ils 111tr ... ,,_w'il9Jw'il 'lh"l..f!nLJ 'iJ1nL/1f!. uurw'iJniJ 

t w'il'ilzUJ'iJ, 'iJwfuw"l.hu "i.""/Jw'ilwrf.nri/."'t! flitw9n{''l"'//i'iJ 1M/mrJw9ftw-
";,hr, 'tnl'/.n1-J !; wawil-iw1J.w6.m.pjwG umfl.tfw6: U.1u JbJ11LfJJnL'iJ'iJhl'l! 

r.w'ilffruw'ilnLJ h'i. -l"'IJ!"'lJ"''i.f! £. ah..fr &w9nr'f"'J/r'il •J.npn/u"'-fll"'r;,l!. 

"iiJnL{l/r 9nL/9 uri/.wb 'lfrJw'frnLf/J"''i, Jh[uw'iJl!'t,..'tw'iJ p'iJnLfJ11111rbre*
1 

'lwn.nLoiJ.wJ.De .[!111/-8"' 1iJ.hlnL '/_.nw'ii11/r9 iu"l.111r.niJ.ht11L r,,,,J ""l' J&'ii.[! 

'izrw tthJh'iJur'ilhrnLJ "l.hrn.[! t pnL/Lw111r6"iiJ! "'l'i."lfruft L"'l'nL&hr• 
nrn'i.I! (!11111 ,//sJnL[i/Ml'j, 'twyJnLJ /s'j, fl111i.fi/r wJrnLfl/111';, UIUf,J,.,'j,fr 

Jftwl"ii Jfr Jwue1 
fa'n'-Jlmmph1p tmpn1.1C6bpp JUnLflJnL'i.f!. 'ilzw'i.w'ti/_nLJ (; 'il11•.1'il •UJ• 

n.niJ., /r'iJt "l' J.. lwl'n'-JI!., P-/9 iJ.br9i/_nLJ t JfrP.wl/ iftw't"''l<>hr/r Jhp_. 
,,,

1
r;, 'tw"li/."',) t wJrnLfJJw'il pu uwr.Jw';,Jt f:,b,,. f:,b111"-1""l r.wi/_wuwpm-

[rl 1wJp' 

[ 
Pu 

p]=-· 
k 

"l'"'b'l k-'i., "'lu"l.hu 't•~i/.w,) miCpn1.pJmll ui.w2wpli qnp~mlJ.1191!• 
J[1 JJ..)n'-flJnL'i. b "('{! snLJ!J t ur""l/ru 1 [Jb J/,{' 'tn'lJJt9 'tn'i.Uur{'nL't

sftw,n1-J fl"'-IL 111r4.-'* L""l'"Lflithrr. ,ew'Lft ..,,';,,,.,J b'i. i/_tn.e.r 'iltnLp/t 
wJrmfJiw'i. u,.r.JU1'ilfrs1 K 'lnr6w't/r91!. t.hurw11•J"LJ Jh"ii,e. 'tw'iJ4.w'iJh'i.,e. 

nul'f"'"" "f."'2.""r/r 'f"('Jw't/r91 IJ./u 11nrJ•'t9fr JhJniflJ11L'ilf!. 'f"/',}'j,IU'tUI• 
'izn,J ur':""'UJ'i.i/.n&J (; 1,7--1,8 Jfr'i.t"- 8-10 h.. 'twJuiJ.wb (; w1'iJ "l."'r 

* dJ.Jl''"PI"'"' .... ~J1111'> la .:11111.•l.t111\1111'"'-f111111' ""'''"'"'> '"'•twsn'l"•·
flinL1''f.lttj. •ztl'•nLJI! wpr/.•~ t § J1..nLJI 



Ju/i1'i.krp91 nrn'i.9 Jf.'l_ Ul2fuu11nnLJ I; ~nbuurr'1L~9frU1bl o.,u f_Ull'9t! 

J"''i.r"'J"'u'b ,e'i.'i."'r~'1_"'J- I; §§ 17-nLJ t.. 18-nLJ, 

U.ruu.,,e/r'h nulbrfr "''l.'fk9nL{iJ !"'<;, urU1~ 'i."'fu"''IJ-'1.n'l l;lbJb'i.urnLJ 

UITUM'l_"'9n'l U1Jk'i.U1Jbt) l"'rnLfli.brf! i.2"''i."'~bln'1. Pmax urU1nn'1_, Jk'h,e 

~"'rn'l b'b,e "'l'i. t:..frflb"'~"''b Uf."'r,"'<i.,21!' nrfr'i. Uf.kur,e !; P"''/."'r"'rbi. "'!'l 

l;lbJb'i.urfr 'h1r1Lfl'i. nL l"'P"rf!• "'rur"'t:.."'1urbl t:..burt..l"'l U1'i.t.1.11'1_U1uU1rm
fi11"'Jp' 

Pmax <. [p]1 (1.1) 

U"' "'!uUf.bu ~nl_'1_1UJ- mtfpnq}JWfi UJ.WJtfwGG k' Jipwqmfi iwpm..tf
Gbpe uihm.J! k tfbh- aJifibG pmnwmpb1Ji 1mpmtffibpfig: 

U.1JJ Jk'i..f! ~"'rn'l bt,e ~"'qJbl i.1mpkrfr 'lfrJ"''llmLPt"''i. fu'i.'lfrr-
'i.brfr L-JJ "'<;, Uf.l"'r;.f!, lJ.i.t:..r"'clbz.ur !;' · 

1) "i"'r'l.bl 'i."'fu"''IJ-'1.n'l 1;,1.Jk'i.urfr '1.r"' ~frr"'n."-"'t) pnlnr "'rur-
.efr'i. nLJkrfr, 'i.brUlttJWL t.. r,Ul~Ul'l.'JllLfli.brfr· J£t)nL(rl1nLb'i. nL Ulq']JUlb 

r'i.mJf"f!· 

2) f!blnrUl ~nbu11rrnLf19fr-1fr bUf.UIUIUl~Ul'JrJ Ulb(! £. UlrUIUIJ!frb m JJ.

rfr "''l.'lb9mp l"''i. pbnL1Pfr'i. U1Jb'bfr9 LUI"- f,UIJU1Uf.UIUIUIU/11U1bn'l 'i. J"' [rlf! 
I.. u1Ut:..J"''i.bl [ilnLJIUlurrklfr l"'rJ"''i. JkJm(ilJnLhf!· ' 

3) f!'i.'lnL'i.bl l;lbJb'i.urfr l"'J'i."'~Ul'i. l"'P"rf! P'1."'tfr'i. ~"''! t:.."''itr"'

t:..U12'1_111~"''i. urbu.[!n'/. t.. t:.."'2'1.bl 'i.r"''i.nLJ "'""''l•Sn'l "'Jk'i."'JbJ frr"'~"''i. 
LU1rndlbbrfr Pmax Jbt)nL[il1nLbf!1 

4) 'lrbl "'JrnLfl1w'i. Pmax ~ [p] Uf."'JJ"''bf! t..; 07uriJ.bln'1. 'lr"''i.fr9, 

7ur'i.bl l;lkJb'i.11rfr l"'Jbut~Ulb l"'P"rf! ~UIJ uurm '11.l "'r'lb'i. f!b'lm'i.tJ."'J 

tw"1hrfr P"'"-"'rUlr Lfr'i.blf!' 

t/..brt.fr'h J"'J"''i.w~'i.bru 'i.1nLPkrfr 7frJ"''lrnLfi1t"''h fu'i.'lfrri.brfr 
lnLJJwb UIJU ufubJUlb nrn2 'J/,Uf..f!J.rnLJ aJLU1pn/u'1_mJ 1;, f,Ul'i,'JfrUf.nLJ 

b'i. "'l'i.Uf.frufr ~n'i.uurrm~9fr1U'i.br, nrn'i.9 Jkr. wtfpn'li>.ntlJG tlbpgpwh
qnfiumpni_qgfimJr t:,UIJUlr UIJrnLPJUlb UfU12Ulrfr 7nrJUl~fr9f! uur:.r.9'1_nLJ 

I; "'"-'lfr JbJ, .[!Ul'i. 'i.ru• wtfbfiw1wptlwh- tfwuni_tf qmfitlnq liJni_pJi 
t:,UIJUlrt 't1mflfr ~rmz m'i.111~mP1U1'i. UUf.UlnnLJf! "'l'l urb'lnLJ brpbJ'i. tfr 

"'""'1.. pbrnLJ U1Jpn'l'l l1n'i.uurrnL~9fr"'tfr ~rn'l 11LbU1~nLPJU1'i. UUf.U1n.mJ1 

't111LP/r "'JrnLf!JU1'i. Pmax~[p] "l."'JJ"''i.f! "'I" 'lb"l.,enLJ pn/uU1-
rfr'h'1_mJ I; U1Jpn'l'ln'1.fr'i1 '1_£r9'1_U1J ~nbuurrm~9/>U11/r f,UIJUlr frUIJ UIJ• 
rnLfil1wb "fUI 1J-bn'1_' 

Pu 
P~Ppn.;,1--, k, 

nrurb'l P-i. ~n'buurrnL~9fr"'lfr "-r"' "''l.'l:n'l pbn'i. 1;, p Pn•11-'b "'1'1 pkn.fr 

flnLll"'"'r"Lfr JbtJnL(rl1nL'i.'i. t, fru~ P u-il "'Jpn'lt. ~n'lluuirnL~9[iw'h ,ewr 
26 

,ewJn'I. uUlt.J"'t"'lfr'i, pbn.'i, !;1 l1.1u"i/.unq f!u"' pnLJl"'"'rkJ/1 L"'rnul'isbrfr 

~Ul,,. 111r'1."'I. t:.."'z"-"'r~f! pn/u"'rfr'i,4_m.J I; f!u"' [ilnLJl"'urrklfr pbrr.';,brfr r,.,.2_ 

'1_1Ur~n'1_1 
u.1,, 'l:hUJ.em J "'<;,t:..r"'Jb2ur I;' 

1) "i"'r'l.bl ~n'hmnrnL~9fr"'tfr '1.rUI ~frr"'n'1_"'J pnLnr "'rur"'l!fr'b 

mJbr/r JkJnLfilJnL'i.'h nL Ul'l.'JJ,.,'i, p'hnLJPf!• 

2) f!'hurrbl ~nbuU7rm-~9/rU1Jfr bUf.UIU7Ul~Ul'frJUl'j,{! f.. "'r"'"'.f!fri, nLJJ.

rfr Ul'/.'J/,9nLfl/"'',, p'i.nL/Pfr'i. U1JJ.'i.fr9 U11fl•Lfr l"'"- f,U1JU111f.1U'llUIU/uU1'i.n'l 

'hinL[ilf! t.. uU1t:..J"''i.bl "l.iu2"'rfr 7nrJ"'~9fr JbtlnLfJJnL'hf!• 

3) f!'b'lnL'i.hl ~UlnnL94."'J ,e/r l;lbJ /,'i,,,.'hbrfr l"' 1'h"'~"''b ~urr'1_wJ ,e'hbr/r 

l"'P'rf! P'1.1111fr'h ~UIJ t:..U1i.rU1t:..U1z1/U1~U1'i. urku.en'1. £. nrnzbl fJnLJLUl

"'r'Lfr pbn.f!• 
4) 'lrkl "'JrnLfl/"''h p,,,::pPn•11 llf."'!J ... 'i.f! t.. 0'1"''1.bln'1. "'lu "l."'r 

JU1'i.fr9 7ur'i.k1 ~n'buurrnL~9fr"'lfr l;lbJb'bur'hbrfr l"'l'b"'~"'b l_wrfibrf! liwJ 

uurnL'f/,l "'r'lbb f!b'lnL'i.iJ.U16 l"'Pbrfr pU1'1_wr1ur tfr'hbtf!' 

1f fr Z"'rl! 'lb"il!krnLJ, fr'htUJbu Jk'i.j! ~urbu'j,k'i..j! t:..burU1fU1/nLJ 

(§ 27 )• lnL,)J,,,';, kr~nL Jbf!n'l'i.kri. l;l ur"'Lfru b'i. Jfrl..'i.nLJ'i. "'r'lJnL'h.[!f!' 

lff,'j,j! nr"f'U orb'i.j! ~O'fU7'1_b'i.j! Ull1.Ul/JJ f,U1'i.ruthU1'i.U1l_ pnL,[UIU1r'1fr 

l"'rnLllbhrfr r..,,,2,[wr~fr Jbfin'lfr9• P"'JS qnL'f"'t:..bn. ~2"'r"''lrb'hl! t.. [ilnLr 

l'uurrblfr pbn.'hbrfr r,"'2"-"'r~fr ""Ul'i.Ul~f!· t:..U1ur~Ul"fbu "'l'buib'l, nrurh'l 

,.,,r;. "'"'lfru I; Ullf.Ul1._fr'i. ''l"''i."'~"9 urwrpbr Ulr'f1nL'i.j!'i.kr1 
,,.,"f./!hrfr JbJ111JU1u'i.nLp,U1i. f,UIJUlr IUJ rnLfilJUl'j, Uf.UIJJUl'j,{! "f/,111.j! 

I; Lr"'9'1.fr ~U1/nL'i.nL[i1w'i. I.. ~n2urnLPJ"''i. u111nL7nuln'1_1 lJ,nU11..fr'b uurnLfnLJf! 

UJhur.e t "'"l...,r.niJ.fr ~n'bumrnLbfr"'Jfr l;lbJ!.'buri.brfr ~n'lJfr9 i.r"'i.9 t:.."'

J"'r 'i.U1JuU1urbu'1_U1J f.w'1_"'u"'r"'~zn.nLfilJ"'b d£.fr f!'i.'lr:.."''i.nLr pnpnfrmL

fill"''b Ul'j,f)'j,Ulrfr'hnLfil1nL'i.f!1 'r~rnr'f UUfnL.,nLJ(! "fbur.e I; Uutf,JUl'j,Ul"'Ul~fr 

'ilr"''hs 7'1/11irJ"'9frw'hkrf!1 

't1nLflhrfr 7frJ"''l~nLfl1w'i. /u'h'lfrri.brf! lnLJblfru r."'r~ t Lfr'i.nLJ ~fr
rUln.bl fr'i.t"l.bu ;nkuw~"''b Jbfu"''i.M"'Jfr Jbf!n'li.krP.• 'hnLl'i."1.ku £. pnr

J.wr"'r"'~,,.<;, Jbfln'f'h/,rt U.rurUl.j!/r'j, nLJhrf! nrnzblfru t,,Ulr~ t tfr'hnLJ 

r:..{illb'1_hl uurUlurfr~"'lfr f)U1'1_U1uu1rndlLbrfr '1.r"'' Uur,.,urfr~nrki. "'"'nrnzblfr 

~n'i.umrnL~fJfr"'i.brfr 'lk"l..[!nLJ, fr'ilt"l.bu "'l'l 9nLl9 ~111r'1.fr u111nrt.. (§ 19), 

w'hr.r"'clh2111 t nrn2bl 'h1nLpfr 7M/1nrJu19fr"'i.brf!• Jfr pw'h, nrl!. t:..'i.U1-

riu'1_nr t JfrU11'i. 'lMfmrJUlfJfrUli.brfr t.. mclbrfr ~UIJ L"'rnLllbbrfr Jfr'lt.. 

/,'lUI,) ~IUllf.f! nrnzblnL t:..wJwr ~UlllJIUri/.UI,) LU1pnrU1urnr pnrdkrfr l;nL

uwlfr "'r'l/nL'i..[!'i.brfr Ultt~w/nLf!J"''h '1/,"l..[!nLJt 

fil'nLJl."'urrblfr l"'rnLl/bbre. ""'t:,J"''hbtnL t:,"'J"'r "'i.r.rwcllt2ur I; 

frJ Ul'i.Ull 'i.1nLP/r UIJ rnLp,Uli. .,,.,t:,J wi.i. nL 'hr"' "'ll JbfuUl'bfr~Ul~Ul'b 

p'i.nLf!"'tl'brf!' nrn'h.e 'i.11LJ'i."l.bu ~"'rn'I. bi. u111U19'1_bl 'h1nLf!krfr pnr

awr~J,.,f, f)111uin~ lU1pnrU1urnrfrU1',,brnLJ ~U1urU1r'1_n'l pnrdUlrwrUl~UI',, 
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nLutrd&wufrrnL{JJm.-'i/j,hrfr Jfrp_n9n4_1 •l,hr'i .. "'"ibu, frrw~w'ii L"'rnul'iihrl 
r.wz.'{nLJf!. "l..,r,..,r;,f.,,LJ t fr"bt"lbu Jl#filbJuunfr~-~-'ii iJ.brlnu)nLfilJw'ii ~ 

JbfuUl'ilfr~-1/r Jbfilnr1-ilbrfr ~frrwnnLJ, 'iinLJ"il"ibu &. ifrnrUwftw'il uri[1wl' 
ilbrfr o'lurw'lnrJnLJ1 U1u"l.frunif., 'il1nLfilhrfr '1:frJ iu'lrnLp 1nL'il'il /rr Jh: 

l!.'il'l'lrY"d t br1fnL pwJfr'b. Jhye.' i[hrlnu!-~w'b, "rt!. r..frJ'bi{wJ I; Jb. 
fuw'ilfryw1/r /,, J111filbJ..,urfryw1/r 1.rw1 J1nLU(!\ ifrnr~UlrUlrUl~Ul'j,I u,L 

br~m. pwJfr'il'bhrf! ubrur ~w"lif.wJ b'ii frrwr t:,hur1 

i 1nL[tlbrfr 'lfrJw11rmfil JnL'iif! t/r. ~wrblfr r.wJwrltL '1frurnLP1w'ii J~ 
l..1nuz1 "rt!. qpw'lif.nLJ I; l"~ nr/,I; r..wJwubn. wn.w'17-y-fr JwrJ'iinuJ 

l"'rnLJ'ilbrfr urbuwyw";, r..wziJ.nLJtri{I t1mfihrfr 'lfrJw11rnL[il1w'il J'h2 

nwnLJ'ilwufrri/."'l [u'il'lfrr'ilbrf!. r,-;,...,r"'i/."r I; lnu1'bl Jfrw1'b nL'bh'bwln~ 

f1rw~w'il 'ii1nL[ilbrfr J'bfuw'bMwftw'b r..wur~nLfilJnL'b'ilbrfr ifrnra-r111r111ywi 

nLundll.wufrrnLfilJw'ii •r'lJ"L'iiJ!'iihrf!• ~w"lif.wh wl'I 'ilJnLfilhrfr ~wnm.9• 
1[wJJ!fr• 'ilr..,'i19 "l"'urrwuurJw'ii k 4_hrt111J2w4Jw'b Jhfiln'lilhrfr r.buri 

'"rw r,..,J-r l;l wiu 11wue'iifi1111911LJ wl'l ~n'l.Jfr'b 'l'l"'Lfr urb'I. t r.wur• 

~iu91_wJ1 /,wpnrwurnr wzfuwurw'il.p'i,brf! 4wqJnLJ b'j, r,,.,UnL9Jw'j, wJh• 

'bw~111rknr ur-rr"rfrs Jh~I! /,. nwiu'bn'l.ilbrfr ~n'l.Jfrs ut.'"'J! t ~wurwr· 
if.bi, Ul'j,"fWJJUl'j, 'lU1Uf!.'i,f11119fr nLunLfll.wufrrnLfl1w'il(! qnL'ff!.'bfi111191 u.l'f 
wzfuwuuu'ii,e'ilbl'fr 'ii~wru111rnLfilJnL'ilf!_1 J;_wyi{wJ Jbfu-'iifr~wft111'i1 lf#lpn• 

r111urnrfrw'iibrfr 'l"l"LPJnL'ii nL'iih9nrz U&UrJ!.wiJ.nrJ111'iie r..wJw..,1Uurwufu-'il. 
urriJ.wJ /; wn.w'i,'1fr'i, '1bn'iiwr~nLJ*1 

!l'iiw1wJ 'b1m.filbrfr 11frJw11rnLfil1w'ii wn.wiw9Jw'ii JwJw'i1111~ wJ• 

rnL[il1w'b r..wrsf! 'Jfi/.WJ tr 1f.llLU1 'f"r''j,Ul~W'j, fu'b'lfirilhrfr ~Ul"fWYStrL• 

P1wJp1 r..burw7w1nLJ 'ii1nLfilhpfr '1-fiJw'frm.fl1nL'ii(! lf."'l'f111'iinLJ l;r flfuw· 
1_nrwUf.bU urhuUJyw'i, nu1fmi{1 nr'il l;l brphfll. WtUUfw9'bnLJ tr fu'l.nLJ 

nLunLfli.wufrrnLp 1m'ii'iibrfr 111r'l:J"L'b.[!.'ilbrfr k 7pw'il9 'l"rJ'bwyw'L ~frrw· 

n.m.fil JllL'j,'j,/,rfr JfrtJu i,nLfilbrfr l"'P"rUJurnr nLun.f£wufrpmfJ1nL'i1f!. lllUlf• 

i{nLJ tr 111n.•'iia'i1w~/r1 'flfuwiflfrwuibu urwrpbr 'il1n1_filbrfr f!_'ilpL'iiJw';, 

'iinrJw'bbr uwf.Jw'bblnL "'-'l.'["LfilJwJp1 l~hr~WJlfLJu 'ilJnLPhrfr 7frJw• 

'Ir"' fil l"L'ii(! nLundlbwufrrnLJ t frr111yw'ii 'b1nL[ilhre' ~n'buurrnLy9fr•'iihrfr 
Jhi 'lr111L9 wzfuwurw'befr urbuw~hurft9. LUIJ'b ifrnr'1wr•rw~w'b "' ur'1· 

..,..,~..,<;, nLu,.Lfli.wufrrn1.fl1nL'il'ilhr/r lifrp_n9nif.• uw 11urh'lJ,.LJ t Jfi zwrl! 

'iinr 'l"rJ'il-~w'b fu'il11frr'ilhr L"LJhlnL r.'ilwr•i/.nrnLfil1nL'il1 U.1u"lflufr'b hit 
'iinp 'ii1nLfilbrfr wJrmf11w'il /,, 'ilp ... 'b9 .[!WJJ!UIJJWf, "flMJJ'w'b'ilbrfr lfLUtr&.J• 

'ii11111frrJw"ll fu'ii'Jfrrilhre• Ill_ Jfrw1'b U1n.,;,a,wy1U'i1trL[ilJw'il UU1f,Jw'il'iibrnLJ1 

"'IL"' Ull'l UUlr.Jw'b'iibrfrs 'l"Ll'U L•rnLfll.lrrft nrnzJw'b fu'il'lfrr'ilbrl!. 
IL -1L'ii1 

* H. M. 6e11RcB, Jla6opa1op111.ie pa6on1 no conpornsneHHfO MatepHaios, 
i'ocreXH3Jr.ll, 1951. 
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c_ Ub /r J U c_ fu'b I. 'iib /r LnLJJw'b U1ur::.Jw'iihLni/. u1nLr r 'lfr w'l-rnLrJ"'" '11·r r 
UJ'iif!.· Jb'ii.[! w1JJ Y"'r"'l h'iiJ! w'b9'bhl UIJ'f fu'ii'lfir'ilbrfr wnw'b'1Jr'b 

:~uwy'ilhr/1 nLundll.wufrrnL[ltw'ile.: ?rw'il.p, ftwfuif-J '1-b:PnrJw9frw'ilhrfr 

.n/r"l.fr9• ywrhtfr I; pwclw"bbt Jfr J!LU'iifr fuJpfr1 
'1-bf/anrJwsfrw'bbrfr r..1rm. ... _yau'ii urfr"ibr'ii b'j, {'iiy· 2 ). 
1} a,nLJ 11-J 11b'LJ'11LJ' (a /,_ 0)• orfr'ilw~tbr' zrzpw'i.brfr> -AnUf.LU'il• 

'Ubr/r· filnybr/r· l/JbrJwilbr/r A9.J.wJ /,, uh11.J.J.wh an'l.'11'/r t.. UJnL'ilbr/r 
wzfuwurw'il.j!(!• 2) ~urrnLJ ( 6 )1 f,b'l_llLJU'iihr/i J, 'fwJltrfr wzfuw11JU1'iiJ!f!.• 

,'J) nlnrnLJ\ lf1ubn.ilbrfr wzfuwurw"j,.[!f! (z), 4) <)nnLJ urwrpb[' urbuw~fr 
t:,/,Jw'b'bbrf. wzluLUurW'b.[!f!. ( a}I U.1u tnru U1frUffr 11blf:inrJLUsfrw'iibrf!. ~nt• 
.JnLJ b"b ll{W(lq l}l:rimptflllgpmfibp: a) 

ltn'buurrnLbfr-'ilbrnul r.w'b- p 

/r
.unLJ I; r;,..,£. l;lbJb'bur'ilbrfr 'I· -, 

wi{bL/r pwr7- wz/uwinw'ii.[!., hrp 

µJl'I- tLbJb'b111'iihrf! b'bf'wryiJ.nLJ. 
b'il JfrwrlwJw'iiw~ br~nL ~wJ Jp 

.f"''" urpUf./r '1blf:inrJ-9frw'ilhrfr· 
orfr'iiwf '19nLJ ~wJ ub'LJnLJ Jen

JP 

J w';, t:,bur, Jn.nLJ nlnrJIU<;, r.bur k ~. ~c;::~...,.,.., 

wit'il' u.1u 'lb"IJ!nLJ Jb"bl! 'l"rJ 
11L'bb'b.[! pmpq qb\ln pumgpui JP, ~bur 1 

'1'hfPnrJw9frw 1/r 'bz.J.wJ urfrut_hrfrs 

f"Lf'WJ!w'b lJ"LrP t.wJ wr Jb';,.[!. 
~uwt.Jw'iih'il.[! L"'rnL&brfr r.wz4.

Jw'ii, ~n'iiuurrnLy9pw1/i l;lbJh'iiur· 

',,hrfr 'b1nL{1/r k L-1'ilw~w'ii twifrhrfi• 
fr"bt"lbu 'bwh 'fbfl,,,rJw9frwilbrf! 

r::.u•zof.b l"L hrzw'blU~'iibr' 

/I 

"'wr'/.nLp 1au'il t.mJ wr Jbfl.j! 
'i1wfu ~nLUndl1.wufrrh'ii.p ywn.nL9iJ.w<}.[!.'iibrfr i Jb.pb'iiw'iihrfr Jfrw1'il "'l'j, 

l;lbJb'i1111'iihre.• nrn'b.[! frrbil9fr9 Ur~w1w9'iinLJ b'ii UIJllUf.bU ~ntifw6' 
"L'l'l"'f/r<) wnw'iisJ! nL'ilh!Jn'l "lffrqJ'w1-U '1n'lhr1 U.1u-tfru/r '1n'l Jh'b.[! 

l1w'ilifw'iih'il.[! WJ'ii"lfrufr JwrJfi'be, nrfr pnlnr Lw1'iiw~w'ii ~urrifwh.[!'bhre 
Jfrwinb..w~ b'il 4 "'l'I yurr.J.wJ,eilhrfr hw'iirnLfillw'ii ~h'iiurrn'ii'iihre. ff!.ur

""e.1.•rd b'b Jfi nL'l'lfr ifrw• wl'I nL'l.fl'lf!. Jb'bl! yw'il'/.w'bb'b.p t\n'l~ 
llln.wfi9~: ~burau'l•JnLJ Jhtl! y11LunL&wufrrb'ii.e 4 ifrnifrn[uw~w'il _ yure.r· 

"'""'.[! llL Y"r"''""' 111n. ... 'b9.p nL'iih9n'l '1n'lhrc' 



Cf.lflfl.lu II 

lUPnMrLtP1.. n1' 'H;:b0PlfU8Ml 1..tl'C 
U.rt-ll!!ll-lllt ll 1..01'P-Sll 1.. UU.t.lfll 1.. 1..tl101'lf !!ll-lfll u t1l. 

Ut'l'l.lfU." 'l-t"l~01'lf: ltSPil_U.'0'~1..trft (!1..Sl'nflP-Snlt\,(! 

§ 6. ~ll'lti Ufl.tl\8-f\'1'\.. flfl.'l 'lUl.USU.8 t..U.Pfa'lJ.l:(\,bPft it.rll ct-nrtrll'~. 

lU.flflfl.Uli bPl1 l_llii'lflMff! 

'f,1 111 [ilbrfr '1-frJw'l-rnLfiJw'i. f..frUL"'~w'k fu'i.'1-rfr LnL1hnJr. Jl:.-'i..e ~eu

~r.ub'b.p UJ.rfr'l.J"' 1-AJ.. a "'I.fr a,,J ..,<;, "- uh 'lJJ u1'b UfUJr'l.""'I"' 1'b '1-/,Uf.l!frs 1 

"1rfr'lJ""l"'aJ.. An'lfr ,,_M/1nrJw9frw'k 'krw J-"'lr"'lfr'i. ~urri/_"'d.t.'kb
rnLJ, wn.UJ'bs.efr nl-'/_'fnL(d1wJp ~frrwn.i/_11.16 br~f1L f,UJi/_UJulUr /,. f.w~w'l-frr 

nL'f'l_i/_UJJ- tlLflbrfr UJ'l_'fb9nL{d 1w'i. UJIU~ ~nti/_nLJ t f1l:Aurrn'k1U~IU'j, !.'fnLJ 

~wJ ub'l_J11LJ1 f;[ilb UJ/'l t1Hfkrf!. 11LIJ_'fi/_Wt) /,'i, J-w1ru.11fr'i. fturri/_wJ-.e<j,/,_ 

rfrs '1-/,Uf.fr 'lnLru I WUJ.IU J/,'k.[! l1L li/,'b.p a,,11LJ (°it~, 3 ,a) I f.w~wnwft 
Q 6 IJhUJ.J'nLJl ub,,_JnLJ 

~- - - nun ---r-i f-E--------- -- ] I P ('i.~. 3, 6)1 
Cum 'i.1nLfilbrfr 'lfr-

JUJ'frnL{iJwb 9w'it~w-

9w6 fu'k1rfr LnLJ-J w'b 

f!.'f,'lf,w'imLr Uf.l'"~fr, 'Jb'b.j! 'i.wfu J.. .:..ftUJl "f.fiur.j! t nrnzb'b.e Att'l_f! A'fn'/_ 

""l'I iururw.efr'ir P nulbrfr Jb6mfi1nL'bf!1 P nu/fr JbJ-nLf'J"L'i.f!. umJ.nrUJ

piur ~iu'rblfr t nrnzhl ~n'kuurruL~9friuJfr f1Lw9iuJ- Jwubrfr f.bur 'l-fr111wr~

i/_n'l_ An'l.fr t[rnfuwnb9nLfi1w'i. "f.1U/Jiu'i.'bbrfr91 
flr"f.b.u "f.&Ur'l_w'fnL/'j, orfr'bw~ 1twrblfr t 'lfruriur~hl i/_w'f"'bw1fr'b a,,_,_ 

'itfr "l.urnL111wlf{!_ ('i.ft. 4)r 'l•'biuu.efi t.iui/_wuiuriutiuift 2."'r<IJUJ'b '1-b"l.J?"LJ 

a,,w'bfr Jfrp_n9ni/_ ifrnfuiu'b9i/_n11 2."'f/,l!wr zfr p ,/'IUl_NLlff! f.wi/iuuiurw1tl_f!.ll• 

i/_nLJ t 'f°itiu9./'fr f/Liu9iuJ- Jiuufr ziurdJiu'i. '1-frJu111rnLfd1w'i. f.burt 

l;,,yb.ewrt.fr l'"'t.nLdf!. {•r brpbf/i, f.wu'i.nLJ t 25 m-fr) fnfuiu'k9-

i/_nLJ t a,, ... 'bfr "f.UltrLurUJftfr'# "f.Ull1LUJUJ1tiuAJ.. w~nu4_wJ-efr Jfrt.nfln4. w1'i.

"f.bu, nr p nLd'b nL'l_'l_i/_wJ- t "f.llrl1LUJIU~fr 1Utl1U'b9.[!ni/_1 ITJurrtt.UJUJ~fr An'l.f!. 

b'itfdiur~i/_nLJ t AyJw'bt lf hr fu'b'lfrrf!. ftlfr'i.fr f!'iturrbl "f.urnunwftfr /._UJ

t[rbr'"i, ""lu"l.bu, "r"l.buqfr 'briu iuJrm-flinL'i.'i. iuUfu.ir..ni/iJ.iu6 Lfr'i.fr1 

'1lurt1LllfW1tfr i/_rw IU'l_'l-"'/_ wruriu.efr'b 11Ldhrf!. f,UJi/_UJUIUr /,'b ./'IUl_nL

d fr'b: ll.1'bnLf.brnJ.. "I.bur.[! t uUJf,J.,,<;,/,l f'nLJLWllfrbLfr Lwrnd//,brl! /, w{11-

"l.hu f!.'burrhL An'l.fr 1iu1'biutw'i. J_wpbrl!• "r"l.bu'lfr frriu~iu'k Lwrnd!bbrf!. 

J_iu'i.9Lb'i. (dnLJl1UlllrbLfrfr91 

{iur11d!Lhrl! f.iuzi/_hLnL r.,,.,Jwr "I.burl! t f!'burrhL iu1'b fturri/iu6.,'i.brl!• 

nrn'itsnil_ Jb'i..e a"'lf!. "l.bm.e t puuliu'kb'b/! "r~nL Jwufrz Urlr11Lfl'1nL'kc 
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p -

P: _, 

tit· 4: 

.lft.li.e f[uiut.Jiu'irb'bl' ynrJ-n'I. .•Lwrm.1//,hrf! t.wz4.bL11L pw'ilw!.J..br litiufu 

h,,_fr iunw'fls.efr'i. nL'l_'l.,.,r.w1wf/ lf.urr.J.iu6 .e'i.hrfr f.iuJiur, fru~ ~>.bur wyiu

J"'-J f,.,,J.. [ilh-.e ftmri/_wJ.[!'bbrfr >.wJ.,,r, w!u"tfrumf Jb"b,e *wrn'l.u'bw'i..e 

qin'bh-1 wJb'bwi/_urUJ'kqwi/_nr l1urri/"'6.ff!.' 
.J.brs\b'i.J! Ayil_wt) An'lf! "- w1'i. pwrlw'i.b'i..e br~nL J,.,ufr 1Unw'i,9-

.efr'i. nt.'l'lUJfilDJW9 mn iw1'bw"w'i. "urpi/_w6.eni/_ ('i.ft. 5 )1 '"J-bL 79b'i..[! 

hrftrnr'J- J UJUf!I 11.n 'lb"f..J>llLI/ I nr"f.buqfr WllWtfr'k Jiuufr r.1Ui/_Wu1UrUJ

~2_lll1L(dJm.'kf! ljuwfuur.J.fr• Jh'b.[! ,,_b'i. '19"'d Jwufr iuq7b9nLfilJ'1L'bf! "l.J.m-1' 

t ifinfuwrfr'i.b'i..e Uhw9w6 J111ufr'i. ~urri/'-""J'fr .!frt.nsni/_ iftnfuw'i.si/"'l. 

m tfhpni/_ {'kft. 6 )1 J/>nfuUJrfr'kn'l n1..<lbre "l.bur.e t r.wi/_&11u1Uriu"znh'i. P 
"'rlfr'b' t'..bur£.iu"l.bu 'i.riu'i.9 P' >.iuJ'UJ'l."rf!.1 "l.h'"l! t foiui/_wuiur Lfr'bfr 

P-fr'i. /, nL'l_'l_i/_wd t.frtfr ~n'l.fr iun.1u'i.9.eni/_ 'fb"l.fr wrinw_pfr'i. mJfr w'l.'lb-

511Lfi1Jw'i. r,.,,ftw'ffrr linrr..!e {'bft. 6 )1 

rJ 
....-~~~-u;...__~~-

..-. .-11- -+--1- -
w 

u.17 p1 f.wJwqnrf!. ~tfr'i.fr An'l.nLJ 'l-"l't)"'l f..Jt'll!' 

U.1uU,,fruni/_, f.UJi/iuuiuriuftz"nLfl iw'b "1.iulJ'iu"b'bbrl! Jbq uriulfru bf, 

J~w1'b mn fturri/_iu6.efr J'frt_n9ni/_ +nfuu1<ii9iJ.n'l 'i.br.efr'i. nufhrfr r..JUJ-

I P-J. Jn111 'll'ifw.t <(" ~I"'\,£! (P 1) 9nLJ9 t moutf.u1 "l' WJ'l Jli.tn._pJ"L't.f!. 

l,..,f,'l-Ju.w't.rnJ t l"'l'"Lfff,/E('p Jf.!"fl"Y "'l'"'"'~"'JU11"'l' 1t"'l'if"'.tl!f. a/t"" p111:,/uif 111~ . 
nullil'~ f,,.J"''l"l'C' 
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'l.nrfr JhlnLfl/nL'bf!., 'krw nul'l.nL/1/nL'k'b nL tfrrwn.Jw'b t/,mf!.1 P"'l9 t_h'b 
twrn'l. 'il2hl, fib frilt.U/.hu lt'il pw2/uiJ.nLJ lwrnLflbhre. tmriJ.1111.J!fr Jw~h
rhunLJ, WJufr'iJJ!~I' fr'iJt_"f.frufr nu/bf' /,'iJ lfrnfuw'iJ9r/_nLlf WJ'J Jw~krhufr 

rnwrr"r .j!•n.w~nLufr JfuuiJ.nr'khrfr JfitnsniJ.1 Ufr'ilt_'llsn., 'k1nLP/r w.!rnL• 
flt•'ilf! ""l.um."i11u9n'l. r/_m.u'il'lf!. t'i.wt.1.11urlslnL f.w.!wr w'i.r.rw<1ls2ur t 
'l"''Ulsl 111Jls'UwJkl l"'rnLJf!., .w1ufr'ill!il' 'lur'ilhl Jw~!.r1'ufr w1'il ./!wnw• 
ftnLufr Jfrwr/_Rf'f!.> nrfr Jfrp_n9nr/_ 1frnfuw'iJ9t[nd t wJ/,'iJwJ/,I nuf(!I 

Swrr"r 'k1nLflbrfrs "l.'urnrwum.J.wl an'lbrfr a,Jw'il 1/inrabrf! 9"Ll!J 
Jtf, "'"'lfr111 nr /,(i/, ap'l_ nUJf!. pwiJ.wtw'iJfr'iJ £.fi2m t f.wi/e.'iJrlmLJ da'l_fi 

wnw'b9./!fr f.kur, "'"I."' dn'l.fi Jw~lspknLJPfr iJ.rw 'i.r"' wn-'il9.efr'b 'l.nL• 
, ... r.hn UllUf'if.IUI nL'l_fr'l. flbrfr brtlUf'IU9nLllLbrf!. frf'Ulf' t,Uli/.WUIU[' /,'j,, 

fJ.111.nh'l.frU ~wrhlfr t b'bflw'ff'/,l• nr lwrnLJ'ilbrf! ~mpif.wc)./!nLJ pw2/u· 
i/_nd b'b iimtJ.wuw11miwt11: Ufrw1'il an'l.fr c),.,JrhrnLJ, nrmh'l. mb'l.fr t 
ffL'iJ/s'iJnLJ p nL<Jbrfr w'iJJfip_w~W'j, lfrn/uw'iJ9nLJf!. d.n'l_fr'i11 a,nLJ{! ~Ulf!.('" 

t/_wc)e/r Jw~brbufr UJUlrr"r JlUukrfr ·Jfrp_£. rlU2/ui/_nLJ t ,_'kf.UliJ.lUulUrlU• 
t_•ulfr1 ,.,,';, Jwuhr_e.• npn'b9 if.rw ,.,iJJfrtw~w'bnrb'b ~frp,.,n.if.wl t P nLrlf! 

.,t.rpbn.'br/_nLJ /s'b. P"'l!J d-w1rkrfr9 "'l''lb'b ifrnl!r fo/1t1,.,1.nrnL{IJnL'b'bkrfr 

t/r"' 'k1nLfl/r -2/uwuww'ill!f! 'lwn'ilnLJ t t.wif.Uluwr-t-1' £. LwrnLJ'ilkre 
tUn.W'iJO./!fi'j, nL'l_'l_Wf.UIJW!J tmrif.wtl-.j!'b/,rnLJ pU12/uif.nLJ /,'iJ f.Uli/.WuwrUI• 

1..wlfr1 Un L"'rnu/f,hr'b nL'l'l_iJ.wtl- /s'j, p nLrlfr';, 'l."L'IUlt,J,,., -1ufr'b.e'b' 

tuwriJ.wtl-,efr'i, 'ilnrJwl• 'ff'UI f,wJUI[' I;[ urw'i,9 Ul'biJ.wftnLJ /,'j, UO]lUW( 

L"'rnu/f,hr £.. "it2U1'b1UtnLJ ls'b G U11Un.niJ.1 fl-'kfr nr L-rnul'fllsre tuoer-

if.u.c),e/r J-itbrbunLJ pw2/ui/.nLJ b';, t.,.,t[wuu.rwJ..wi/i• IW"f.W P'=oF. J1nLu 

tn'l.Jfr9 P' .. p, U.1uuwb'l.fr9 uurw'bnLJ b'b,e • 

p 
a=-· 

F 
(2.1) 

0.1• p.w'bwa£..I! Jb'l t.'bwr111if.nrnLp 1nLil t mwlfru r.wz..Jbl a L"'rnLJ /!.• 
h[lh t;4111mfl/r /,'iJ a,n'l_ nLrff, nL an'l.fr tmrif.wlj!fr J_wifrbpf!I u,nL~ ~n'l_• 
.lfru• bflb Jh'bJ! e."it'lm'bb'bJ! 'bnrJ..,l L-rJUl'i, pnLll,.,urrhLfr JUnL

P1nL'ilf!., w111 fiu~ pwf,111a£.fr9 twrblfr t npn2bl lwl'ilw~w'b ~111rrf.w4Jl!fr 
w"ilf.rwtlh2"' F J,.,~lsrhuf!I 

§ 7. ia-ntiSlUSPblfl lUPnfltn,bP: tiSN .. ll~tbPfl 
C"tiSPnMil>Sn ~"ti(! 

flr"/"U'l_/r "f.Ulf''lb'b.[!1 p& (!'j,Ulrif.wd- 'b1nL{i/r9 U/_IUUfrwuUJif.wc) an'l.fr 

w2fuwurU1'b.efr rlwJw'bw~ l"'rnLUbhrfr fr'bt"lfrufr JHnLf'/nL'bf!. ~wrblfi t 
fuaJwr/sl pnLJlWurrl.tfa, ,//,'iJ.J! . "/./,UIJ! t lfrnra'bw~w'j, £.w'bwUf.wrf.111. 

~WU/ ..,,r.Jw'il!.il.e an'l.fr wJrnLfi1w'b £. ilrw Jbi •nwt"'9"'l. L-rnLJ-

32 

'j,/,f'fr Jfrt.£..1 '}['tu f..tuJUI[' uri/_/WL 'i,/nL{Jfr9 Uf."'US['..,uur/,'i..[! J{t 'i.JnL2. 

( uni/.nrwpwr ~l"l' ~wJ nL'l.'l"''b~tnL'il l"'l'ilw~w"it turri/.wc)./! nL'bh9ntt.}1 
'j,rw c)W/f'/,rf! Jm9'i,/,'j,.j! an']_(! a,/s[nL f,'iJwrwi/_n['nL[iJnL"il uurh'l_ln'l. J/,

.fl/;'bwJfr pn.'b{rt_"ithrfr Jk'l_ £.. 11~uk'b.j! wumfrl.w'i.wpwr Jhi)w9'ilbL P nLrlkret 

tlnL2/!. tati/.fr "-• i/.hrt111"1.hu, ~/u11.1.fr 1 

. fil'n'l. IUJb'i,wJM """/!.• nrfr'il '1fi.!u.9kl t ';,JnL2f!. Jfr"ilt.£.. /u11.iJ.kLI!.• 
{/r'j,fr p JJI ll.1u p/sn.fr9 WflW 'l_WfJR'l_ • 'iJnpJwl LwrnLflbbpfr ,//,c)nLp /nL"it(! I 

"l't! f,w6[w11wr t 
p 

a = '' "' T' 

~nJ.!/nLJ t 1frnrawl'lti/_n'l. 'bJnLf'fr d7Jw';, mtJ'pnt.pJm6. um6.uwfi 11wJ 
c}WUUlfiw'iwtJ.n11 l}]lUwqpnLpJnl.6.: u,'j, um[nrwt'Wf' wr111wr.wzurif.1¥-,/ t 
qq/uu2-ni/_, twJ 1J.q/uu2-n.J1 

f''iJJ_Uf_hu 'h2iJ.k9 § 4-nLJ, f1n'iJuurrnLbfr1111/r d.n'l.JsrnLJ a,J111'fl IJhUf.-

J!nLJ t.wr~ !; Lfr'bnLJ pnLll"'"'r"L [o} 'bnrJwl l"'rnLUbbr, nrn'i.,e d'lt 
riwlilt wGqwu mtJ.b11' ~mJ!p bfi, ,ew'b wJrnL[1Jw'b au 11wC.Jw'be.· pnLr 

1wuwrbtfr l"'l'"L,/f!. uurw91fnLJ t wtfrnLfilJw'b aJJ' u,.,t.Jw'bf! p.wrlw'bhtm[ 

UJ.W2m11lt k qnp~mqgli i/.p1Mt lJ.J'1 f"rc)w~9/r Jbc)nLflfnL'bf! nrn2.JnLJ f 
·'fr 2."'rl! 'i,,~wurwnni.Ubhrni/.1 nrn'b.j! J.,.f,,pwJwu'b ~2wrw'H'if.b';, t.b.nw

'l"'JnLJ (§ 17 )1 ~wJb"itw1'b 'l""I." w1'b "'-" ... , t- w1'b"l.fiufr'b Lfr'bfi, nr 
anr1fr 'bnrJw( 1U2fi.1U111W'i,1Jfr rfwJw'bw~ nt Jfrw1'j, /upLJ mb'l_fi tnL'i,~
SrUI, "'IL nr"l.bu'l.fr t_wn.w1.w'bw'b £. Ubw9nr'l"'lfr'b 'lltf/>nrJ,.,9/rw'iibr, 
nrn'ii.p twrn'l. /,'j, 1frn1/infi.Ul twnnL9i/.Wc).J!fi ~UIJ J/,,e/,'bw1fr ufuhJUl'iJI tf/w-

2wrfr 'lnl'ttwtfrsf! 1frnifrnfrri/_nLJ t Of"'"''lnr61[n'l. 'b1nLf'/i p'Um-1fifr91 tLls
Jh"itinfr 1.rw nufhpfr 'i,brf"rlnL{J JW'iJ /,'l_w'iJw~fi91 utflurbt1W~IU'j, "f.111 r 
Jw'k'iJbrfrfl ii Jfr 2"'f'J! RLf'fr2 f"rd-nfl'iJbrfr!J twfi.if.w4JI 

"lwzwrfr 'lnrd-wy9/r £.. flnL!l"'"'r"tfr LwrnLUbbrfr {,.frzur eilmrnL• 
p1w'b ~wr£..nrnLp1w'U "l.,.,ur(.wnni/. U1J'I JhJnLfiJnL'b'ilbre 2"'"' tn'Uu· 

ur('nLf19filU'i,/sf'fr C.wJUlr mri/_nLJ bf,, "ilnrJwf,,/,rnr/.1 nrn'b/! Uf.WrllrW'ffir 

b'b 'bwfuw'l-c)br £.. r.w2if.wr~'bbr tw'lJn.,_'kkrfr f.wJwr1 U.1u"l.fruni/. [ilnLJ• 

lwmrblfr l"'f'nL:n.hrfr JMnL[iJnL'bfibre.' [a] 1nLrw.ew'kunLr 'lh"l.l!fi t;.,,_ 

.twr ~wrklfr t r.1urliurbL f.w1ur'i.fr1 ll.l'f 'lb"l..e.nul atiJwc) An'l.fr l"'J';,Ul
~w'b ~mrif.wc) .J!fr 1f Ul~/,rbufr w'bf.r111<fb z.ur J/,t)nLp JnL 'iJf! nrn2hf!K C.wJ wr 

liwrblfr t 1 OflnU1'fn['ttb1nr/. (2.1) p.w'buu1/,~, 'f-rkt w./['nL{J ,.,.';, Uf."'l./w'bf!.• 

"'l'I Uf.U1JJur'b(! ulb"'l! t wrmwf.w111rfr "'l'j, f.w'il'l.uJwfl-l!(!• "r ayi/.wd
J.n'l.nuf 'l"rc)n'l. ltpmqmfi a Lwrnde. P nLrl~ "''l!lls!JnLfilw'b '1/,Uf..pnLJ 

"I.km.[! t 1_wt9'ilfr [~J pnLJlwmrl.Lfr l"'f'nLJfr9' 

a=~< [a]. 
F 

(2.2) 

ll 



U.1u ,.,Ul,JUl'i,fr9 nrnz.iJnLJ t &n'lfr U1J/,'b111t/rtr.er w1'r.r111rfbz.ur Jw- . 

t"r"ue' 

F > (:i• (2.3) 

OturiJhLniJ (2.3) pU1'bUIU/r91 Jb'b,e ~wrn'l h'b,e ~wurwrbl J..n'lfr 

~UI riJwJ.efr f!'i,urrnL(il/nL'i,/! I 
brrbffl, LU11'bw~-it 4urra/.-".efr Jw4brbu[! urriJwJ t lfr'ilnLJI IJ.l'I 

'lb"l..enLJ, LnLJhtna/. (2.3) pUl'bw.l.£.[! P-/r 'it~wurJU1Jp1 Jh'b,e nrnz.11d 

h'b.[! finLuwurrbtfr null!.' 

P~Flj] . · (2.4) 

e/.hr"''l"'"'b"'tniJ ijw,11'bU11fr'b a,,/rlfr dn'lfr t.wz.iJUlr~fr'i, (§ 6, f,~. 4), 
J/;'i,.p "/.bur.[! t nrnz.hf.,e UIJ'/ 7hurwlfr "f.UIUl('IUUlllJw'i, r.wJwp OfUIW

'fnrJr/.n'l i.1nL{lfr urbuw~f! t.. pnLJl"'urrbtfr Lwr1 .. J [!I a, ... 'bp ~n'll!. "l"'"'
rwuurr/.nLJ f- JnurJ,<f.nrU1"'f/TU li0 ~q/tfJ'2 wJrnL{l/w'b uwr.Jwfl nL'bh9n'l 

"ln'l"l."'urp91 'L1nLfilfr w1u"l.frup f!.ilurrnLfl/nLi.f! pw9wmrr/.nLJ f- i.rw'bniJ• 
nr J.7w'bfr "f.UfRLUfUl~f! l_"'fhur.f! t zwur Jwf.r tfr'bfr1 WJU .., ... r.wf.t_m_J t 
f'Ulr.J.r w1frmfi11nLf. nLflh9rr'l f.1nLfir OfUfWfnrJnLJ/ ll1nLU ~n'lJfr9 UIJU 
"fUlf,Ulf,l_/!. frrw'fnrJ/,LnL r.wJwr J."1.bur.[! f- l_wifrwqw'b9RL[il/U1fl Jhp_ i!f.4-

f,/,l, nr"f.buqfr "f.urnLurw4fr f.JnLf//! 4-rn'lwflw l"'" 7frJw'lrbl r.wriJwJ
f./,rfri. WI. 9i.9nLl//,hrfri.1 b[ilb ~Pf'Wnh'b,e z.wur piur&r UIJ rnLfi1wfl uwr.

,/Ulf, trLi.'19n'[ "f.R'l"f.UIUI, Ul"f.UI w1i. i/r/urrrLi. ~Lfo'bfr1 

a,Ul..,,fr "l.UfRLUfW~/!_ nl_ Jfrw1'il l_"/hur.e t /uqi/fr• UIJL 'ilrw JJ,p_ 

l."1.J,"'-B t Lfri.h'b wt7wJ ti.tfri. l//,..,!1nr11w1fr'il '1bf/>nrJw9pwi.br' 1frn
rw~fr Jw2nLJfr9 /unLuwifrbLnL r,,.,JUlrl Ci.urrr/.wJ 'il1nLflfr r.wJwr Ulll.U1.1-

,Ul~U1i.nLfi1wf. uwr.JU1i.(! ~wqJnLJ t wJrnLfil JUl'il Ou uwr..twi.fr Jn

urU1if.nrw"l.bu O,fJ Jwue1 l'i.t"l.hu Jhi..e ~urbui.hi..e r.burw71111nr.J, nulbrfo 

t..,.,'il~wr.!w~fr ~frrwnJ wi. 'lhut.[!nLJ ( t'ilw9.[![! urh'lfr9 z.wrcliJhLfru} fw
rnL[Jf,hrl! r.wf.,,/ruur, llUJUlurfr~w~wf. '&,Jwf. f.wJbJwurnLfil1wJ f'1 nrfr 

'f/,"f.,enLJ nrnznLJ /,f, fl1nL[lr Jbfuwf.p~w~wfl p'ilnLflUlfr"re lwpnrru
urnrfow1nLJ1 wf.nLJ /,<j, JnurU1i/_nrru"f.hU hr~nL wf.,-JI flLuutfr pnLuUl

urrbtfr LWrnLULhrfo JMnL[IJnLi.f! l."ihur,e t U1i.9'il/r 

o.5 .o,6oa""-o.so1,,,,1 

"f.UI z.Ulrfr tnr~"'~ro1 

IJ.1u"f.frunif, uriflwl ,,h"'i.enul flnLJlUlurrblfr l"'rnd~ ~wrblfr t e'il
'l"L'blrl f:,Ul"UIUlllr 

[o] =a~ .. =0,3ou=IJ0· o,~-10 '1q/J'if2-1500 ~q/uJ'21 
34 

ll'U<rwrf'1z.ur J111~brhuf!. P=25 m nulfr 'IJ,"l..BnLJ r,Uli/.ruuwr t' 
p 25800 0 

F>-==---16.7 u1h 
[aJ 1500 

S9w'bfr cln'lf' d urrwJ ... ,[rJ{! nrnz.i/.nLJ t r.bur£.1wl "1."'IJ ... fl[r9' 

7td2 
-=F;;i.16,7, 

' 
d '-.. y'l,67°4 - .• 5 _,. -- =4 OJ Uu~4, uu1 

1t • 

lJurU19r/.wJ urrwJwffrJI! nrnt.i/.wJ f- J!Uln i}inptu~~ fiwmm~~' l"'r 
'i,w~wf. ~urri/_w~.[!/r wJbf.wi[rnJ!r Jw4brbufr r.wJUlrl 11.,'j, 'f/,"f..f!brnLJ, 

bf'p J..n'lfr wruuflJ..[rf. ~urri/.wJ,eflbrfo JUl~brbu'ilbrf! ifrn.er /,f, fll.au9UIJ 

~llfriJwJ.ef.brp Jw~hphu'il/,rpf1 orfr'bw~ f,b'lnLJUf.brfr £. 9ruJhrfr r.wJwr 

wpijwJ wi.9,ebrfr· Ulrurw,e[r'il ~lnrUl+nrw~'bhrr ~wJ w4nu'ilbrfr ( "l."'-
1mL1rithrfr) 111~w1nLfil1w'il "lwur6.w11.nr/.1 npn2qm.t.f' k ~mpqwc\·l!~ WJ'l 
wt.f'l;G.w1ftnJ!p UUJ~bpbue, nrf! ~nl_ifnLJ t fibmmn Jw~br/,11 /,_ i.z.wf.w~-

1/nLJ t Fu-•• ~UIJ F"' ll'nLLUl9nL11bhr l."' i.b9n11. ~urrifUIJJ!i.brfo JU1~b
rbuf! ~niifnLJ t J!pnLmum JU1~brhu £. \z.Uli.Ulti/na.J t Frr .. ••• ~wJ Fr' 
1,wz.1Ulr~n1 nrnz.htnif F" JUl~bl'hue, Fr Jw~bl'bufr 1.wifrbrf! UurUl'ilnLJ 
bi.,e Ulr'lhi. ~ni.uurrnL~111fri/. i.~U1urwn.ndlLbrfr91 

e/.br'i, wrurwJifUIJ pwflwal..brf!. i/.brwpbrnLJ tJrfl cln'l.fo a,JUlf, 'l,,"f._ 

,e[rf.1 ll.n.Ulf.9 nr&t ifrnifrn/unLf'Jwf. 'frw'b,e twrn'l /,f, ~frrU111.i/. /,[ £. Ull'j, 

'1""1.l!nL1l1 •rr Jb'il.e t"r~ tn.'ilhf,,e uh'lJJwi. '1bf/>nrJw9frw1fr t:.burt 

s wrphrnL[il 1nLi.f! ~Lfri.fr J fr1111'il i.nrJ WL LUI rm llLhrfr nL'l'l.nLfl J"''il ' 
frlnLJfUlurrbLfr [ l J lwrJU1i. JhJnLp JUl'it Jlr2.. J..n'lhrfr uh'lJJ,.,f, 'lh"l.J!"L.! 

· br£.nLJfll! pwr'lw'bnLJ t w1f. "'f.U1ur

Aw11.n'[. nr "'l'l"l.frup .lmzhre ~Ul
rn'l /,f, Ulf,~Ul/RLf. tfr'bb/ 'lrUlf.J! 
~wrn'l bi. t:.w'itlf.wrJUl~fr ~nrU1'ilU1l1 

YUi 1nLi.nL[il l"''il t.wzfr1'ilbrfr'il ~'il'/.frr-
1/r IX pw.:lfr'ile• 

tt, 7-nLJ "f.1Rur~brifUIJ t an

'lfr wn.w'il91!fr'il nL'l.'lwt.w1w9 turer:.. 

jq.n~J 

P -f.-1-.j~ o ~f-u---1-P 
uti~.!nt.J P-Fr--_,---.:g..- o ·-...,~~-u--""""1-f..-P 

t~ - 71 

r/.wJJ!'il/,rnLJ fnrJn'l [UlrnLflL/,rfr flUlz./unLJ(! a,JUI" £. u/,,,J,/Ul<j, 'lb"f.-

1!/,r/r l\wJwr1 II fr t."'rl! il1nLflhrfr r.wJwr ( "l."'l"fUlur) [ilnLJl'»urrblfo 
t•rJwi. Jli~nL[IJnL'ilf!. a,Jwfl A u'6,,_JJw'b '1""'1.e"rfr t:.U1Jwr ~Ulr"Lfr t 

f!.'IJ'l"Lf.hl ,/~£.f.nLJf,{! (~wr' J..n'lbrr• UIJUfr'iJJ!f,' l#Jfl"ffrufr an'lbrfr uJ.,_J
Jwf. '1/,"f.,/!"LJ, nrn'il9 hr~wrnLfJJnL'il(! . JhJ t l"'/f,Ul~lllf, turr'[UIJ.j!fi 

l_wpbrfr1 nt wi[bffr ,PIMf, /) U1f.l/U1J)1 ul"Lll 'fh"i.f./,rnLJ ([lnLt} Ulf.-



r.rwJbzur t t/r'ilnLU uwf.Jw'ilbt filnLJ[Wllrr'tfr LwrnLJ'iibrfr urwrP,r JJ,. 
Jni.f'JnL"i.t'iJ/,r a7Jw'iJ /,_ ub'lJJwf, f.wifwr, 1l.1U/uif.1uJ WJ'J '1/,tf.nrJw9frw• 

'iibrfr Jwuw'iiw11. wJrnL(ilJw'il uwf.Jw'ii~ .tbJnLfiJJnL'iifr91 

Ufr 2."'Pl! 1f.n'iiuurrnL1f.9frw'ilhrnLJ Jb"i.t,e f.w'ii'lfr"f.nLJ b"it.e Jfr tth• 
Jb'iiurfrs Jl"LUfr'il ub'lJn'l L"'rnLJ'ilhrfr 1frn/uw'il9Jw'il t;.J,,,, •J'f l;lbJb'ilur

'iibrfr f:,"f.Jw'il f.wJbJwurwpwr tfrn.er Jw1f.brbufr Jfr1.n9nif.1 tJw'il Lw

rnLJ'iibre unif.11rwpwr w'iiif.w'ilnLJ bfi wpnpi.fruG. 1f.wJ qnGmmqmmJ°(1fi 
p.upnt.i.fGbp: ~"f.Jw'il urb'l./i Jnur Lwrnul'bbrfr piuz/unLJ[! lwtfrw'l.w'ii9 

P"'r'I I; I.. ~wrn'I. t nrnzif.bl Jfrw1'il wn.wa9w1f.w'ilnL{iJJw'ii urbunLfl1w'il 

Jb{Jn'l'ilbr/i 09'ilnLfl1wJp1 llnif.nrw1f.w'il f.wzfr~brfr JwJw'ilw~ wl'I ,,.,_ 

rnLJflbrf! J/,Jw.fwuwJp 'Jfrurw{'1f.nLJ /,fl al 'f'IW11./i nr"lbu ub'l.Jn7 

LwrnLJ'iibr IL uwr.Jw'iiwtfrw1f.if.nLJ b'ii .!frw1'il WJ'I LwrnLJ'iibr/r f.wJwr 

uwf.Jw'ilbtni/. nwmnt.q pnt.nrumphtti iwpn..U: IX 111/unLJ urrif.wJ I; Ull'f 

L-rnLJ'iikrl! r.wzif.htnL I.. wJ rnLf'JnL'il(! UUlnL 'lbtnL Jhfiln'fl 

§ 8. 'l-bfunPlfllBrll °li bP(! 2'l>UU" M .. Ub'l.lfU'll °li 'l-bCll~nt'-U': 

.t.nti.tir orab°li'itf! 

R7if.urtl ~wJ ub'l.Jif.wtl tthJb'iiurfr wz/uwurw'il.e/r Li'/ri/. "f."'"'~hrl! 
m'iih'iiwtn~ r.wJwr w'ilr.rwJhzur t 11.wrn'l.w'ilwt r.wzif."t· P" /r'ilt.,_1,,, 

l1tfrntfrnfuif.b'il 'iirw twtfrbrf!1 

~w1/1U"f.U1U7U111/uwfl or'6f,.[!fl/,r ~wrbtfr f; uu.w'ilw[ JfrwJ'il nLunLJ

fi..,u/rrifn'I. 'iJ1nL{iJ/r9 "f.UlurfUIUlllt/wtl 'ilJnLz'iibrfr a,,.tw'il /,_ ub'lJJwf, tfrnr

J.hr/r f./iJw'ii if.rw• f.b'ii9 w1'1 rfrnrabr'il f;i f.'ilwrwif.nrnL['JnL'il /,f, "'"'t/r• 
nLUnLJ"i.twufr11b[ 'ilwlL fl1nL{J/r wJpnL/JJnLfl{!1 nrnzb[ 'ilrw wJpnLfl1w'iJ 

uwr.Jw'ii'ii m wll p'ilnL[ilw7rbrl! {§ 11)1 

'tJw'ii tfrnrahre frrw11.,.,fiw9"i.tbtnL f.wJwr lwpnrwurnr/rw'ilbrnLJ · 

OfU7Ul'lnr6nLJ /,f, ~UIUJn~ Jb.eb'ilwfl/,p1 nrnfl.e f,."i.twrwif.nr11LflJnL'iJ bf, 

mwt/iu 'fbtf.nrJw9/iw1fr b'iifilwr1f.ht "i..JnLz'ilbre £. 'lr"''iiJ! f.wu9'ilbt .Jfr'ilJ.11 

.f!"'J.f!WJnLJ(!, l_wtfrbtni/. 'frw ~wJwr "f.wr.w'ilp_if.n'I. ~fr'll!' 
UtiwJwJw'iiw11. pwif.w1f.111'il/i'il ~2.'lrfrur tiutfrn'I. 'lnrJfr.e'ilbrfr' urb'ilqn

Jlurrbrfr Jfrt.nsni/. twtfrnd bii 'iiJnLz'iibr/r ']htf.nrJw9frw'ilbrf!' thr11.w

!mJu rfrnrawp1f.n'I. Jh.eb"i.tw'ilhrnif. frr,.,1f.w'ilw9if.n'I. I.. ~Z'lrfrur tiuifrif.n'l 
uwf.Jw'ilw1fr'il plm'iibp[! pwif.w1f.w'ii/r'il 'JJ,,} h'ii1 'l-nJnLfiJJnL'il nLfib'il Jft'iltl.. 

5000 m nLJ nLfi/,9n'I_ pnrawr1f.n'I. JwJtfrJ..'ilbr, nrn'il9 i/.rw 11.wrbt/i f; 

ulr'IJ'Jw'il 111w1f. tfrnra.wr1f.bt ~n'iiumrmbfrw'iibr/i wJprr'lt. Jwubr (u1nL• 

"itbr, Uf.WUl/,rfr Jwubr)• fr"i..J. if.bpwpbpnLJ ~ a'lJUlf, tfrnrawr~nLJ'ii/J

r/ifl, W"t.UI [Wpnrwurnrfiw'iibr'il frrh'il urrw1fw'lrnLfil1w'il UIUl11. nL'il/,f, 

J/i'iiJ..IL 1500 m a'ln'l f./i'I {1rw1f.w'ilw9'iln'l Jh.[!bfiwf,/sr1 J.111Jw"i.tw1f.w'r/i!J 

l'"Pnrwurnrfrw'ilhp/r J/,J J;wunLJ .o'lin"'tnrtl11LJ 4'il 111'b~111JbJ111u1 

36 

-if.hlfr ifrnJ!r nLJ nL'iiL9n'[ J/;l!/;fiw'iibr' t>.7J'.,,fi f.wJwr 5-fr9 Jfr'ilti,, 
100 m, fru11. ubrzJJw'ii l;,wJwr 200 -500 w: 

tJw'ii Jbeb"ilw"id•rP £. 7nr6fr.e'iihr/i• Jwu'iiwif.nrw"f.bu z"'u. r.,.,1ur'iifr 

nnLuw11.w'ii J6.eb'iiw1/r' 'l•w9wrfr'ii/r JwJL/il./i Jw'iirwJwu'ii nLunLJ'ilwufr

rnL{1JnL'ii[! 11.-rhtfr t 11u.'iibt Jhr .J1a6oparopHhle pal5oThl no con
poTHBJieHHIO M8TepHaJioe• 'Ir.end £. 'ii1nL!Jbrfr .tb/uw'iifr11.w11.w'ii rfrnr

awr~nLJ"itbr/r"i.t if.brwpbrn'l f.wMnL11. ahn."itwr11."itbrnLJI o,u.if.btni/. UIJll

"{/iu/r Jh.eb'iiw'iibrfrs nL ynr6/i.e'iibrfis• 11.wrbtfr f; Uf.Ulr'l.bt' P" fr'ii l: 
"I.bu 11.ifrnifrn/uif.b'iJ 'ii1nL{iJ/r 'iiJnLz'iibr/i l_Ultfrbrf! a'l.t"''ii /,. ub'fJJ.,,'iJ· """r 
l!"LJ', bflb Jb"i.te f.bu.U"i.t.e, [Jb fr'iit'ibu f; ifrnifrn/uif.nLJ A IL B hr11.m 

f1/,urbrfr JfrplL /,'[Ult) l l;,bnwif.nrnLfilJnL"i.t(! {fl11., 8) 'iJJmz/r a,J.,,"i,, 'J/,"I." 
.pmJ, Ul"f.UI 11.u.bu'iJb"i,,.[!, nr pbn(! J/,,}w"i.tw[nL f.bw JfrwJwJw'ilw11. J£

Jw'ilnd f; h. 'ilzif.w6 11.Lur/,rfr Jfr'l..1. k'lw,} f.bnwif.nrnL{iJJnL'il(!1 

IJ.'l.lnLuw11. 1-nLJ pbrif.w6 /,f, (b'ilfr'ii9rw'1/r f.w'lnr'l"'11.SnL/JJw'il ~w
'iiw"f.wrf.'ilbrfr fr'ilJl.'ilbr'ilhr/r /i'iiuurfr111nLurfr Jh/uw'i1Mw11.w'il [wpnrwurn

rfrw1nul 11.,.,urwrif.w6 ifrnpUpfr9 Jh~fr "'r'fJnL'il.[!'il/,pf!•· t>.7Jw"i1 tr £'il

{Jwr11.if.nd nbtufr9 1f.urrif.w6 Jfr an'l' WJf, pbn(!1 nr/r 'J/,"f.J!"Llf ~UIUJwr
if.bt t 'ilzif.w6 11.burbr/r Jfrll.. h'l.wJ f.hn.wif.nrnL{il1w'il uhp'iiw11.w'il f.w-

1fr11LJ{!, f.wiJ.wuwr tr 0,5 m: U.1'iimf.burlL wl'f pbnl! Jb6w'ilnLJ tr 

'ilnLJ'ilUf.bu 0,5 m w11ur fr~w'il'ilbrnif.1 -120· ·.i25 I.. ' 

fl ,_ f, fr ,..... i- A L I I •111n/i 1nLrw.ew l.JnLr J btlw9Jw N.TJ- .. __ __,8"--"'-fl~ 
<l.u1lw'ilw1I. u.bf.'l.nJbwr ~nlif."'I. "1.1I t_~ ~-·-; -I-f~ 
r.wurnL11. ~Z'lrfr1.11 ynrtl/r,e/r Jfringnif. · · 220 .. I 
l."'Pi/.nLJ tr 'ilzif.wtl ~burhr/r Jfri" tt. 0

81 
b'l.wt) l ( 100 Uif) "r11.llM['nL{iJ ,,,,f, 

,1 w~l!1 l1.1u'i/iunif.. or/i'ilw11., pbnl! 1,5-fr9 Jfr'iltl.. 2 m JUw'ilw1/111 "'1'1 

Lr11.wrnLflJnL'il[! JMw9wif. 
13

·' iIU.-nif.1 11.n Ll u1~brfr JUnLflJnL'il'ilbre 
JOOO 

pbn/i JnLfUl.j!W'ilumr UIUUJ,,~Ulfl/i 'J/,"f..[!llL,/ mrif.wJ /;f, Ul'!JRLllUl11. 1-nLJI 

0.5 
t.0 
1,5 
2,0 
2.5 
s,o 
3,5 
4,0 

H.6 
13, 7 
13,4 
13,5 
13,7 
13,4 
13,6 .I 

H.6 
28,2 
41,6 
5a,1 
68,8 
82,2 
95,8 
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4,5 
5,0 
5,5 
6,0 
6,5 
7 ,0 
7,5 
8,0 
8,5 

13,9 
13,7 
13,6 
14.i 
H,6 
17, 5 
3:;,3 

328,2 
361,0 

109,7 
i23,4 
137,0 
15l ,4 
166,0 
183,5 
219,8 
548,0 
909,0 

U w 1' n fl w '11' n L fl In L),1 ~wai/wl't"'J/>1' lrl't"'l'"LPJ"'"I!. 1=100 1rJ1 ~u11-
liwt..,), 1'."'l'.fw~l!/> il111tlrl'li"t f=lgl ,2 JJ2: 

flLun1._J"i11uu/rrbln1. w1u w1un1._u1u~t!• Jkf..p. 111ku'i.tmJ /,'ii~. 
1) .-Pnpa./r ':'~'lP"'-J hr~"'l'"'-P l"''ii JbJw9mJI! fuuJbJw1111U~w'ii t 

pkn/r JbJw9J'w'i.tf!. pbnfr l"'-r"'l!w'iiumr 0.5 m J/,JIU9Jwite r.,.,J,,,"l.w

,,,wu/u1U'i.tn,_J t hp~wpn'-fllw'b w-l./r r.wJwr1w J/r£.'iin1._1'i.t (ifrnra./r -l.z1nn1._-

[i1Jw'i.t uwr.Jwititbrm.J) JbJ-n'-fll"'-'iit!, "'lit t 13
•
6 

tftf (Jfrt_/t'ii t 111ifrn1_)r 
1000 

2} l/.1'1 t:.wJbJwurw~w'iin'-flJnL'ii[! Juw/u1111/_nLJ 1;, bpp pbnt! f.wui.111._J 

t.::._r_"Z_"'.._~fr.,.!':'r.~"::_~/t· itbr~u:_ 'lb"l"",_J 5,5 m-/t· "'I" u1Uf.Jw'i.t/te '1"'-r" 
'/M/mpJIU9/t1U'iibp[! (i1Jn1._z" kr~IU['IU9111 Jf!) w-f.nLJ b'ii Uli/_blfr IUrlUft 

p ,,_,.,-;, phn'i.krt!' r.n 
D,O f;,b Jk'i.J! "'I" ifrnrd./r 
s.o J UIJUl'j,IU~ Ulll1U91_1UJ IU('• 

-

?.O 'll"'-'iil!itkrf "f.IU"'~krhitl! 
~ 

I -- -
6,0 'fJIUf['ni/_, pkn'iibrt! 111b'lw-I 

I 5. O 'lrhtn1. "'-'l'l."'a./t'lfr "'-'l'ln'--

"· 0 fJ1wJp1 /tu~ AB r.wur4_w_J/t 
J J,O r.IUJ 1U"f.W111wuJuU1it br~w-

I z.o 
(0 

() 

38 

I 
('U19n1._&hrt!' f.nr/t'lnit1U~w'ii 

llL'l_'(nL[il/1Urlp1 IUUJ.111 nrnzw~/t 

11wr.Jw'ii'i.tbpnLJ ( "'"-l"'l 'lb"l.-
dl 

0,200 0,9-QO OJiOO a800 t,OO() ~nu/ Jfr'iit£. 5,5 ut pbnt!) 
Jh'ii,e ~Uur1U'ilwit<I nL'lfr'l 'lfrJ, 

"['/!_ 9"'-19 t Ulw[/tu n1._Jfr 

" 'ilpw wnwt_w9rU1J br~IU~ 
f,..,JJ.J111mw~w'bn1._pln'-'bf! ('ii~. !J )1 

pbn1!_1 •r/t '1-b"le"'-'' JuwJumiJnLJ I; pbnfr w-l./t £. br~wrw9Jw'i.t 

"'-l./r Jfrp_£. b'lr»J- t.1UJbJ1Uur1U~1Ufm1._{I ln'-f.t! ~nt.1.nLJ t t.111JbJ1Uurw~wf.,,.. 

fllw'ii u111r.J1U'ii/r'ii t:.wJUl"f.IUUIWUJuw'iin'f_ pbnt f>u~ IUJ'f pbn/19 wn1Ut11U

fln'l £1UrnLJ{! ~nl.1.n,_J I; liwtfbtfwmm'iwGn'-pJWG uwfitfwG: U.1'ii uurw9 • 

.f.n1._J t t:.wJbJu11n1U~1U'iinL{IJ1U'ii uwr.Jw'ii/r'ii t:.wJw"f.1Uurwu/uw'iin'l plml'. 

pwclw'iihtn1. a.'11.n'l 'iiJ111._zfr lw1'iiw~w'ii ~urr1_iuJ-.efr Jw~brhufr 1.r/IU' 

bpb Jk'ii.p, ifrnrdf! ~r~'iibtn1_, 1w.Jrh'ii.J! AB kl'~wrmfl1n'-'i./r9 kr~n'
,,,<;,7..,J frrwrfrs w1.btfr ifrnl!r t:.knw1.nrn'-fllw'b 1.rw fur'ii1.n'l IU/l C £. 

D 11h1nhrfr Jfrtlr k'llUJ f./m,.1.nrn'-fll"''ii JbJ-Ul9"'-Jl!, w"l.u.1 CD krl1w-

1mL(il/1U'ii 111-l.brt! phn" 'iin1._1'i. wuurfr-l.iu'ii'iikrfr 'lb"l<l"'-J br~"'- w'iiyruJ 

"'1.btfr ifrnl!r ~1fr'iib'ii AB kr~wrn'-fl1w'ii w-l.krJr91 
/>,,~ h(ih Jb'iil! 1finr-at! ~r4'ii£'ii.p iJbrs'iibtm/, ';i,,,_1'ii 'ii1niP/rs "I..,,,,_ 

1•IUUU11_U1J, P"'l9 [WJ'ii-~w'ii ~urr4_1UJ-,,_,, "'IL Jw~brh11 n1._'iih9mr a,,.,, 
Ul"flU ~urbu'i.b'ii.[!1 nr hr~wrw9m.f/Lbrf! ifrnifrn/u1_nLJ /,';i Jw~brku"'ii 

f:,IU~Ul'/llU ra. f.wJ hJ 111 lllUl~UI 'ii I 

ll.1u"f.fruni/1 ifrnra.brf! r.w'iifb9'iinLJ b'ii w1'ii b'lrw~w9n1._frl1w'ii[!1 nr 

,/!w'ii/r '//,n 'iiJnLz/r 4.rlU IU'l'Jl''l pbnf.'_ !_/r f:,IUU/,[ ll['lll_IU~,_. uw/:,Jw'bfr,

J;r~IU('1119nLJ[! llL'l/r'l t.wJbJIUlllUl~IU°k I; a.'fR'l p mJfr'ii, 'iiJmz/r l hr· 

~wrn'-filllU'ii[! £. t:,',,,~w'lwra. t:,IUJbJ..,,,,w~w'ii I; L-1'iiw~w'i.. l1111r1_wJ.[!/r F 
Jw~bpbu/r'iit P m.J/r9 'iiJn1._z/r br~IUrn'-fllw'ii IU-l.[! 'iizw'iiw~bln1. fJ./-111/_ 
~r»pn'I_ b'i..j! yph/ ifrnpd/r ur1_/wl'iibp[! "r"'r f,/,,,, ~"'"f."'l r_/,,,,£.lwl 

pw'ii111a.bt!' 

(2.5), 

nrurb'l E-'il r.,.,JbJwurw~1U'iinLfl1-'ii 'nrJIU~/r9 t. "l't! 111wpphr 'ii1NL

P"r1' f.wJwr n'-'i./t 1nwrpbp U1('Jk111 M JbJ,,,_PJn'-'ill! ~"l1"'-J t d.n'l/t 

pmgwpltmlJ bplJwpmgnuf P 111._J/t91 (2,5) pw'bwa.lt[! ~nt_t/_mJ t l,n'-'i~ 

opbli~, 1660 fl· IURIUt_/t'ii IU<;,'f,,,J WJU t:,,.,JbJ1UurW~1U'i.nL/J1wit opb'i.~e 

'lur1UJ- y/t111'iiw~w'i.tfr ,.,'bn1._'iini/_1 

(2.5) r»n'iiln'-Pl"'-f,t! ~wrhi/t I; 'iihr~w1w9'iiht U1/L 111hu,eni/_1 U1u 

plU'iiutd.lt/t h-r~nL Jwuhr'il t[ pwJ-w'ilb'ii.[! a.n'l/r uh_p'itw~w'ii [ hr~wr11L-

P1U1'ii 1.r"'· 

ill p 
-=-

I EF 

inwnn1_1 

Z,111pwpbr1U~111'ii brtwrr»9nult!, "f"lb" Al It l hp~n'- kr~.urnLflln'-it-
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a 
E=-

E (2.6) 
It.wit 

a=eE1 (2.7) 

U1u"l.frun1J, ilnrJwl L•rnu!e a,J ... 'ii ~UIJ uh'l.JJwil ,,.,"il!"ul nu1fr'I. 
f.wJhJw111wlt.111'ii t dn'l.fr r.wrwrhrwlt.w'ii hrlt.wrw9J111'iif!. lt.wJ lt.w~a
J,.r;,I!.' 

tnrJwl l"'rnLJI! It r.•rwrhrwlt.w'ii hrlt.111rwgnL1£ frrwr t.bur ~w
"i"'I. f.111JhJw1111111t.w'iinL{i 1w'ii E 'l"r6w~fr91! lt.n 1iJ.mJ t . WJLwnqw~\11.GDL
PJIDli d'nqnt..t il1nLP/r a,Jw'ii 'lh"l..[!nLJI l>'iitiJwt wifhlfl . tfM k "'l'I 
Jh6n1.fl1nL'iJ(!1 •1'ii,ew'iJ dn'l_'iJ wiJ.htfr j!~l_ k a,1JnLJ l/J,11191116 'IU"WUUlf 

ff"'IJ..,';,'iihrfr 'l/,"i~nLJ ( hrlt.wr11Lf1iw'ii, Jwlt.hrhufr, P nul/r )1 U.1u"lfruni[, 

f/rtMw"ih" E Jn'fnLlf! p~nLf'w'lrnLJ t 'iiJnLfiJ/r q~tfwqpo1..pJnl.6~ 
UlftU1c\fU1tw'iJ qb!ltnpJ'wg~mJ!lli a7Jw'iJ 7'"f.J!nLJI 

flwilfr nr ~we' t.wr111phrwlt.w'ii 'r~-rw9n1.Je, iJ.hrw9-lt.w'il JbJmw 
P1nLf. t. "'"I"' (2.7) pw'bwdb./111 f.bur£.nLJ t. nr Jn'l"Llf! •rurwf.w1ur

iJ.nLJ t. flnLJ'iJ Jfr-iJ.nr'iJbrnif, fr'iit nr £. :J [UlfllLJ(!, UIJufr'iJ.p'iJ' nLJ~ JfrUJw 
iJ.nrflhrniJ., ,.-Jw'iiwJ Jwlt.hrhufr JfrwiJ.nr1' iJ.rw1 

11/n'l."1."'"'/r f.wJwr Jh'ii.J! lt.wrn'I. h'iiJ! f.wzifhl "'l'I Jn'f"Li/r Jb6nL
/1JnL'iil!, oturiJ.htniJ. 1 w'l.1muwlt.nLJ phriJ.w6 +nra/r •r'fJnL'iiJJ'iihrfr91 
tJn1.zfr Jfrt_/r'ii hr~wrw9nLJI! 0,5 m pbnfr9 Jfr'iitl... r.wJhJ111ur1111t.w'iinL

P1w"il /uwfuurmJe f.wiJ.wu111r tr 0,0136 tftf, l br~wrnLf1JnLtl! f.wiJ.--
11wr tr 100 tftf, iJ.krt.."'"ibu F Jwlt.hrhul!. f.""f.wuwr tr 191,~ tftf2, 
(2.6) p1U'ii111al.fr9 E-/r f.wJwp uur111'ilnLJ h'iil! f.bur£.l"'l •rurwr.w1urnL
/11n1.'bf!' 

Pl 
E=-· 

l!lF 

•h11.w'l-r"t""- P-soo qq, t-100 utf, At-o,01a6 .rir, F=101,2 ull2, 
llllllM'ilnLJ /,fill' 

1500-100·10 000 E- , 
136 

=19 2vO ti41/iru2=1920 ooo qq/u1J'2, 
191' . 

'Ql11n,e t 'iizbL, nr 'i.1m.ftl/r ,..n,..ay,..lt.,..'iimp1 ... t E Jn'lntl/r Jb,fnL• 

(J1m'iJ'ii w'iiywJ Jfi£.'iinL1'ii 'ii1nLP/r t:,,,,J ... r t:,.,UUfUIUlnL'ii tt• UIJl nrnz 

t••f-ni/. urUJurw'iiiJ.nLJ l-1 flrnz 'iiin•Pbr/r f.wJwr Jn'lnii./r Jb6nLp/nL'iif! 
fr'iit_"f.bu a,J,..'j,, 'iJnLJf,"f./,U /, ub'l.JJwt 'fb"f/!nLJ 'ilnL/'iJ'iJ t UUfU19iJ.nLJ 

( "i"'L"I"'"'' "1.'1./r'iia), "'!l P"il!''rnLJ' urwrpbr t- "'l'I 'lhfPnrJUl9/rw'iib
r/r9 /"Lr"'l!"'"'unLr/r liwJwr1 UniJ.nrwlt."!6'ii liwziJ.wr~'iibrnLJ "'!'I urwr
pbrnLPJnL'ii'ii wrr.wJwrf.nLJ b'ii £. 'iiJnLPbrfi Jh6wJ111u'iinL{iJ/w'ii r.wJwr 

a,Jw'ii £. uh'l_Jrfwil 7'"1J!"LJ et'fnL'iimJ h'ii E-/r JfrlL'iin& 1'il wr-

Jb.ef!' 
lfJbur.[! t " 'iJlt.wuifr 1Mnflbl, nr ~nLlt./r oplz'iJ.[!f! UlfUfUlr;,WJUfifmJ I; 

1/mpAbp{r wr111nL'ilJ!'ilhpf! Jfr•t'il Jnuiwifnp A£.nif "'f"'"'S"l"'I. £. 'lrw'ii.j! 
,4.,bJw1w9'iin'l_ p111'iiwAb./r JfrtnsniJ.. nLUurfr "'l'j, frpb'llfr9 1/frw'iitwJw it 
6.ztrfrur wn'iitnLPJnL'il t/r 'iibplt.w1w9'iinLJ1 

flnlnf 'ii1mfilbp'il tl AtJw'ii £. ub'IJJ-'ii 'lh"i,enLJ uru.Lfru b'ii '1£

lf.nr.!w9frw1fr "'l'l op£'il-l!fr9 "'I" it.111J "'!t tw+niJ. zb'l.ndlb£p1 flrn2 
'iiinLfilhrfr r.wJwp ( Jburw'l.'iibrfl Jb6wJwu'iinLfiJJw'ii) "'J'I 2b'l.nd&bre 
w'ii'ii2w'ii +n.ep bt /,., lt.wrblfr t f!'ii'fnL'iibb np frpwf1wtw'iinLJ I; 'f£f}np

Jw9/rwJ/r £. pbnfr Jfr2.£. Lrfri/. r.wJhJmur1111t...,'iinLpJnL'iif!• "'IL 'iitnL[ilhpfr 

f.wJIUr (filnLf• -D"'r• phurn'ii) "'l'l 2b'l.nLl//,brl! '1.'lwlfrnrh'ii aiJ.bLf1 Jb6 h'ii: 

Uwlt.w1'il 'l"r6'iiwlt.w'ii 'ii"iwunult.'iibrfr r.wJmr Jk'ii.e lt.-r"'I. £'ii./! 
wrli..,J,..rt:.bl (2.6) £. (2.6) p,..'bwUh1•/r9 'iiit.wuri[n,,_ ifrnl!r zb'l.nd£brl! 

£. dn11.ht•/r '1hl/mrJw9frw'iibre r.w2iJ.bLfru o'lurifbl "'J'I p•'iiwa£.brfr9: 

E Jn'lnLL/r Jfr1frt wrJb.[!'iibrl! urwrphr 'ii'nL[ilbrfr r.wJ•r "'rifwd 

b'ii 2-r'I "'"-/nLuwlt.mJ, 11.iJ.bL/r J,,;'iiriuJwu'ii urifl"'l'iihr b'il pbriJ.w6 'lrl!fr 
iJ.brt_nLJ 'l.burb'l_i[w6 "''l.lnLuwlt.tbrnLJ1 

(2.5) pw'iiiuUfr 'lfr"'wrlt.nLJfr!I .,_,..ff t, np fr'iiuw'ii ,.,iJ.hLfr JM t
pw'il1UAb.fr ,..2.. J,. .. ,/r liw1ur"'r"'rl!• "'ltl!w'ii wiJ.blfr JJfrl A'lhlfr t ( e'iilt.er
t1blfr I;) lt.UIJ, fr'iJi"fhU IUUnLJ b'il, UIJ'iJ.ew'iJ wiJ.htfr lt.n2ur t an'l_/!1 IU!'I 
"iwur-6.wnni[ (2.{j) pw'iiwA£.fr r,,..lur"'r"'PI!' EF Jh6nL{iJJnLtf!, lt.ntiJ.nLJ t 
i\nl)~ qD£lnft1..f)JDdl nqJ'wfi qwtf Uh1JUUWll f}lHlfJ!Ot..lf! llb'iJ.j!. urbuflnLJ 

b'il.[!., nr lt.nzurnLfiJJnL'ilf! A9Jw'il ~-J uh'l.JJw'ii 'lh"i.[!"LJ lt.wfuiJ.w6 t, 
Jfr lt.n'l.Jfrg an'l_fr 'iJJnLp/r91 flf(! p'iJnrnz.iJ.nuf t- 'iJrw wnwA7w~w'iJnLfilJw'iJ 

E Jn'l"Llnif, fru~ JJnLu lt.n'l.Jfrs' An'l.fr l"'t'ii•lt.w'ii lt.urriJ.w61!fr l_wi/rbrfr9• 
rrrn'ii,e p'iinrnziJ.nLJ h'ii 'iir111 , ... ,'iilUlt.w'ii ~urriJ.11116.Dfr J,..it.hrbufr F Jb

dnLp,wJp.1 IJpphl//, wiJ.btfr r.wrJwr t tfr'ilnLJ o'lurifhl fimpwpbpw:qwli 
EF . 

~nzum1..pJD1..U r.,,...,~1119n'l_nLfiJJnL';,/r!J• "fl! la1Mi[wu111r t -, w1ufr'ill!'il' 
l 

an'l_fr ~nzurnLfil1w'iJ I.. 'r~111rnLf11w\ f.wrwphrnLf/JUl'iJf!I 
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E 
JJrt/u•'i. 

________________ ___:t.__'1,_'l/uJ'2-nr/ 

'"'l"l"'"' • ••••••••••••••• 
fi"nL1. { Jnful'"''l"'-J'i.1 ""lfr111w't.) • • • • • • 
ff/'lf."ud /, upw ~wJwJ.nLlY"',)l!"I.bpf!. ( "'f'"LJI'• 

ppn"b'f} • • • • • • • • • 
1l.unL1ff.'), /, 'IJ"Lf'WLJnLJfr'i. • 
ftwpf. 2."'l'Y"',)~' 

'lrru'i.frurfr9 
ft.l'rul!"'l'f.fl • 
WllJnLuf.9 o o • 

/:b111n"b • • , •• ,,,,,,,,,,• 
P"tf.4"ulrrfr nL'l'lnLP , ... Jp 
fib tf.4'),bpf.'), nL1J9wr.w1w9 

'J1&1nLl_ nL-t • , • • • • , • • 

Ob1JnLtnfu1 • • • • • • • • • 

2,0 
1, 15-1 .6~ 

1,0 
o. 7 

0,09 
a,os 
0,03 

0,10-0,30 

0, l 
0,005 
O.OU008 

0,0193-0,0lH 

(2.5) £.. ( 2.6) pw'i11ud.£.l.rf!. t.'bwrw1nrnL{I 1nL'b /,';., 111wlfru nrn zht 

•UJU ~WJ IUJ'i., an'l/r d.plw'b ~IU,/ ul.,,_.J.Jw'j, tfw.Jw'bwq Uut1U94_n'I_ 6r

~UJr•9nLfJ/, nL ~wr'w9nL.Jf!.' C'b,,.t.w~wn.w~'b, 'lfrurl.'bwln'/. wn i.r~uirw-
9ndll.brl!• d.n'l_/r l_wifrhrfl - nL 'il1nLf!f!.1 IUl'f pwflwa£..hrfr 09'ilnLfl11uJp 

~°'""'" t- t.wzif.ht ,,,,r;., L"'rndll.bre• nrn'il-1! Ulttwp_w'bnLJ .6'il "'l'I c\n
'lnL.J: fl1u"lfrun'/. cr L"'rnc..Jl! t.wz'/.ktnL t,....,J.,,r Jl.'i..-1! 11L'b/,'j,l! hrqm. ,.,,. 

'ilw"iwrt.' hflh r.w,ur'bfr b'b a"'ll! a,,,,'1. ,,...,,/ uh,,_.J,,,,_ wr111u.1.f!fr'i, p 
m.tlhrl!1 Ul"fUJ a-'il nrnz'/.nLJ t 

p 
cr=-

- F 
(2.1) 

pw'bwc\lmif., /ru~ b[l6 wn. nulhr'il w'ilt.w1ur h'il, pw19 ~wrkLfi t t•ifrhl 

d.n'l_/r hr~wrw9nL.J(!1 W"fUI a-'b nrnzif.nLJ t-

I 

I 
I 
I 
I 
I I 
I /) 

i I 

(2.7) 

pw'ilwd.l..niJ.1 

~wrwphr-~w'b hr~wrw9Jw'il .JhtJnLflJnLfif!. qww 

rblfr t t.wz'/.6l J_wph[ni/ c\n'lfr / hrqwrnL{J/ntf, nL'j,,. 

9n'l r.wur4wtJfr lll pw9wraw~ hr~wrw9nL./f! £. ~frrw

nhtni/ 

pw'bwc\£1!1 

{J,l 
E=-

/ 

'Lt· 10. {wrnLllLhrf! nrnzh1nL 'r~rnr1 ''[IUf,Ul~,.9 r.wr~ 
t Lfr';,m.J 09ur4_hl pw4_w~w'ilfr'b t.w-&.wfu ./fr Z"'rl! ful!'b

l"'-IJw'b JwJw'ilw~, fr'ilt.Ufhu •l'f 9nL/9 ~urr'/.fr uurnpkt 

'1mr.J.wi.[!/i e'ilmrm_p,...,t, ~ ,,.h:/1nr.Jw9frw'bkr/r nrnzJ,ut Jl.fln7/r 

L"' 11U1pw'ilJw'b f..wJwr [nL~h'b.e "r~nL orfr'b-~r 

0 f' fr 'i, 1U t 1. 0=2/i UJ' W('UIW.ffr'!, mrwJw'lfr,) nL'l.bun11 Jun1zn1/wft.wJ.J. pnL-

1" ,,
1

nL"bf! ,,b11Jifw,) t P=50 tn nLJnyl l/b7JJw"b pnLJl"'url'btf. l"'f'nLJf!. 

[a]=300 ~q/uJ'2. "J"''), bpft.wpnL[i/JnL"b[! /=3,5 J', 'J.111"bbt "l"'"'"rfr l,wumnLPJnL"b"b 

,,,_ .,
1

..,"b P"'9"'l'J,,uft. 4wpG.w9nLJf!.1 Un'lnLLf!' E =1200000 ~q/uJ'2 : 
y

1
..,.,, w2Juwurn7 Jw'tbrb"f!. ("b4. 10-nul mpy..,,) "bl'P"''t,),/w.& 07•41!!.} ft.n-

pn2yfr (2.3) pw.,,wJ.J.fru' 

F ,__ _.!:... = oOO~ = 167 uJ'•: 
· ;> {er( 300 

()'lw4/r J,.,'tbl'b"I!. ""'1"'""'1' t 

F = ~ (D2-d2), 
4 

"l'"'b'l d-"b "l"'"b '1.bpl!fr'i. "'l'"'J""tf.,)"I. ~-1 
u.,,, 'l/,"f/>nLJ 

1/ itF d=r 0 2 __ --;-=20,20.r: 

D-d 2a-20.2 
t = --= --- = 2,4:;::2,5 ud 

2 ~ 

I. ybp£'),w4w"b111"lbu d=20 uJ': l/1w'), 1twpG.w9Jw'b pw9111pd"'1t JUnL/JJnL),f!. npn2-

o/nLJ t (2,fl) fW.,,wdJ.ny' 

Pl 
fl/=-, 

EF 

"l'urb'l 
It Tt 

F = - (0 2
- d') = -- (25' - :.O'} = 177 1111'. 

4 4 

Pl 50000·350 
M = EF = 177·1200000 - 0,082 uJ'::: 0,B J'J': 

l/urw9yw.) 4wpG.w9nLJ{! "J"'"b brft.rupn'-fJJru"b f,..,J/,J..,.,.n,fil1111Jf 2wur +"l'l' t• 
liwphtf.J J..,..,.)t,l, np fr'bJA'bbpfr ~w1lwp 4n'),11111pn•4ofrwJ/r i"'t/thrfr "'J""lf.uf. 1/t11tftn

/unLfJJnL"b"bbpf!. 'fnp.)"bw4w'i. '),2w'i.w4nLPJnL"b i"L'),b"I,: l/w4wJ'), "'/'l "'J'l"lhu it• /:bnfr 

"'"'~ "J"''), hp~wpnLp 1w'b w'i."b2w'), t/tnt/tnJunLp /nL"b)., bl'/!. ft.wpnf b"b wn.•1."'fl"bbl' 

/•).,i "lhu "'J'l fl"L/9 4urpyfr f,/,,,.,,,.,..,JnLJ1 4n'i.uurpnL48frw1fr "J"'"b 4n'lJfr9 "l"'Cyn'l 

olwuf. l"'l'"Llf"'1pf. 'l'l"'lfr 1'ntftn/11nLfJJ.,~'b'),bpt 
0 l' f. 'II 111 ft. 2, ltwJnLp1L_ fnplwptb1Jou rul,CpwJb2m b7wy l"'1''1l 'truJpf/i 

l/>bpJ,.1~ t1lrJl.'),111nLJ wn.w1.won'l l"'f'nLllLbre 1twJnLf'1.I!. 9"b11191!f. 1'"'2no/ fbn.'),ui-· 

o/nplilnL 'llr''il'nd: 'lopw r,..,J..,p iwtftt/69 "'It t1'1Jfr'),111[i o/pw '),2t/w.) "r4nL 46-
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"'"rJ. ./f.!1. l,'l..,IJ I kpftwpnLpJ.,,.,, JU.,,9null'1 !twfn1.//l,bpf!_ "-"'"""'l'i{nL.f f;~'ir 
/rrw'tw'f. '1kfnpJw9J.w'f.bpe n=t000 .,,i.,,w.r JUw9'1.n'1 'l"l'.tJ.,J. .tn,.8 ,.,/1 t lrr

""'rn•PJnLJ.J!. (.,,4.,,,,..,1' tr 10 u.C1 Un'f"LU!.' E 2.10 ~q'uJ2: 'J.np.tJ.l!fr ul...,,l!/r 

2wpJnLJf! 9nL9't.wftfr """' ""'"ri.fr rlr,,.'t,w4nrJ..,), JmJwl.w't (u1>/U1uwp tr 
a= 20 J.C: '1- ... i.A l l"'ruJ f' 

, T.wf'"LJ f r,..,~y![nL (wJwp WJU 'l'"'ll!"LJ (..,pft 'ttJ.'t.J. O'f"'Ybl (2.1) l'"'1."'
J.J.fr9 \ 

o = rE: 

p 
F l'.i...,u,I' '""'P"''i"l' 2t 1tfrrwn.b1, l!..,.,,/r "I' P nLtl"j, ,,.,,~ .. ,,,. t• 

~Ill pwr/rpw'twJ. E lzpftwpwflnLJf! (u,,/wu""'I' t 

M 
t=-·1 

I 

1'u1t l'"'fl"'l'J."''t hr't"'i""SnLJf r,,,.4..,uwp t 'l"l'l>J.l!J. "1"'1!/. "'"'l•+n;.nL
PJ"'"e• pwJ..,'I,..,,) ynpl>f.l!J. JU..,uJ•t. D 'f"l',)..,b/r 4r"'' 

M=.!!_I 
n 

M aE 2·1M06 

a=•E=-E= -= =400 '·qr'uJ1: 
I nl I09 ·10 "' 

§ g, lUB'-iUliU."\, ').b:hnrtrll8tiUati '1-0rtrtlliflBl! 

a.,JUlt ~1uJ ub'l.JJ,,,~ uuu~ wz/uwutn'I. dn'l./,l'l!' pw9/r LplJ.wJGW
qmG. 'lklf1npJ1119/rwtkrfr9, btflwrHm.J ht t ... 1.t iruJG.wqwfi 1bf/•npJw-
9frwtkrfr1 

1'ttUfhu 9nLIS t uiw1fru t/rnpdf!., tnp111/.w~[! d7A£/ru (t~. 11) 'bpw 
1.r~wpm._flJnLtf!. JkJwtruJ t' Al JkJnLfiJ1wJp, /ru~ 1w1'bn1filim.Le 'iu/w

'fnl J t Ab=b-b1 Jb.J.J'JL/11wJp1 ~-r-P"r-~UI-. bp~wJ'i1w~,,,t 'lb:fmr
J'U15frwt f.1114,wuwp t 

M 
E=-, 

I 

f.wrwpbpw~wt fU1JtU1/1..,t ,.,,,nrJJUs/rwL' 

~h 
£i=-· 

b 

!Jnr•"/.111~/r 11b'l.JJ1U'ii 'lbU/.l!"'J hp~w1t-~ ... t iM}nrJw9frwt ~wl" 
£..w9nuf t, frut Lw1tU1~wLf!' br~111rw9nu/1 t/lnpaltpe snL19 Lr~ 111 ..,Lfru 

nr LtnLflhrfr JhJwJw1'tnLfil1w~ r.wJwp '<-1-1! 3+-4 wt9wJ wqhl/r +,,.,, 
t, .jwt E.-t!I 

" 

1.wrwpbpw~..,L lw1t-~...,f, e1 'lbtf.npJw9frw1/i £. r.-pwpkpw~wt hp~ 

~w1tw~wt E ,,.k/fl"rJw9fiw1fr f.wrwpbrnLflJw'is pm9wp{l.wq JbJnL[l/nL~f!. 

~nti/.nd t tWJfiw4wfi qb~npilwg~WJ~ qnp~iuq~g ~wJ' "ln1,,wuunGJi 
qnp~w~~g 11' 

(2.8) 

{w1tw~wL ibfJ.npJw5fr11•1/i 11 9nplw~fr9f!.• 'ilnL/tU/.bu fr'i.1_..P,11 Lt 

wn.wd.7w~w'i.m.f'1-'il E Jn'fllL[f!.1 f.wt,,frowtnLJ t UJn-t.pfi mnwnqw
qwG fiwmqnt.pJn'l.6.libpp p.OnLpwqpp: ll.1L t1n•f'kr/r f.wJwr, nrn'i.9 

wn.wd.ipu~wt f.wur~11Lf1J11Lttbre p.nl"l' nLq'lnL{l/n•'i.tbrm/. Jfrl.t'ilnLJL'is 

k'i., E Lt p. wn.wd9w~wt f.wuurwurm._Ltbpf! tfrm./.fr'is ptnpnzn•J ht wn 

f.u..,,~nL/ilJnL'i.tkre• U.n"tfrufr L1nLflbre ~nt.fmJ kt pqnmpmq: 9-nr6-

'i,w~wt t"lw"'w~tkr/r t.wJwr p.111.J.wrwp l.z1nm..fi11..,Jp. wn"tfiufr L1nL

filbp/r 2,Ulf'.ef!. ~Ul/<n'/. bfl 'IU1u.J.b£ Uf"'l"t.Ullllt tfL Ul/l Jburw'ltb{'f!.• ptU1-

f1w'iJ ./!Ulf'bp{r JJ,J..,Jwuf.nLflJnLfif!., pkurntf!1 f/Ullfl1._llL~f!.' nt zbrurwtf.nf' 

"ll"'"urJw,,u-tkpe• 

µws/r fr'l.nurrnUf t1nLf'hpfr9 7n/nL{i JnLt nLtkt 

'i.wf.. wGpqmopUUf t1nL[ilhp1 nrnt9 :.wur~nLflJnL'istbpf!. 

"1W {'pkp nLTnnLp J11L ttkr nq "'W ppb {' bt1 u.,,,.., fr1'/r 

"u111Lflbl'fr z111r.efr'i. bt "t"'url1w'i.m.J wn.wi/r'ii f.krp/rt 

•/rUl/l.llf!.1 zbpurw.J.nr UflU1uurJwuuiutbre1 nrnz -1wrhr, 

pr6.J.1u.JJJ.thrf! t.. 11111t, E-/r. 1.t p.-/r J,..,1r;, Jfr wp

J-b.ee 1..fr ft"'P"'I. ptnpnzbl "l'"'Ls wn.wd.7w~wt l;w.,,

t1n•f'1nLttbrf!' "'I" t1nLfibrfr f.wlwp 111t~pwrlbzur t 
1tL'Ubtwl wn.IMd.'lw~wfi p.LnL{1w9{'b{'/r Jfr zwr,e wpdh.e,

"ub{' UfUl('fb{' nLll'lil'-/IJttLttbrn.J.1 

11-/r fli/_wifrt Jh.JnLflJnL'i.f!. tw+k[nL f.wJwr w'is-

•;/,J~ .. /, 
1 
~ 

L-1.i--i-.i-J 
I I.., 

L- ·-'·--? 
Fit 
tci 

t~- 11t 

r,r,..Jbz;,, f lnpuqwft/r d9Jwt ~wJ ub'l.JJwt JwJa1tw~ JfrwJ-wJwtw~ 
t-tfrbl &.' hr~w1tU1~wt, £.' Lw1tw~wt 7'1/flnrJw9frw'ilkrf!• Un.J.nrwpwr 

... ,,,. 1..•lfrrrdlUre twutwr.J.nLJ bt br~-r Lt LU11t P/rfib'l.fr at. nLth9n'l 

'j,J111..z/r a.,Jw'iJ ( JMUJUl'f.tbp/r ,,11..,j!nLJ) f1wJ U/.{'/r'f_JUIJUld,fA. tJnLztkpfr 

11b71IJwt ( .ewrkrfr 11bU/.l!n1..J) JwJw'ilw~1 

'1-Jrurw p~ht.e 11111tw~w"u 7b,,nrJ w9{rw 1/r 'l"r6w1vJ/r npnznul f!. f.'1-
mlt.1w1 orfrtw~nLJt 

0 I' J. l. w ~ 3. 80 JJ £. 3 JJ ~,.'1Jbpn4 1'b'l "'-f''l•"'iilrLL ~-1'1"',)l! nL),b9n'l 
"t"'l"i"'"'I"' "lrJ,.L:./r .i,.r ... i. ,,...,.,,..,,..,~ 100 JJ lrr1t"'f'"Lp1,.>. 1r"' 2 .. +1,,,J lrrtw

l'"'S" .. .tl!. ~wywu•p tr OAJ6 JJ. 't.nLJ'll pl.aJr 'lf,"il!"LJ BO JJ br~•rnLp1.,'f, -Ir"' 

1w1.,,,.,t..,.,, •"•""L"/!. r...,o[,.,,,ur tr 0,0093 J.C, flrnibt L"'J.,, .. %.,,.,, 71.f>nr.f•:1Ji ... 1[. 

'tnrJw~/out' 
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~wl'111l' bpwtw'll brtw11'wtw,, 'lbf"pJw9frw"I. r,..,1wuwl' (-

0 ,05 f 
' E = -- = 5. lQ- • 

JOO 

~"'l'"'P"l'"'"-"'" l"'/'l.wtw,, 'lbflnpJm9frw?. r.u11/wuwl' (-

0,0093 • 
i1 = - -- = -J,55.JO- I 

60 

l~I ~w9111rJ111t J:111l'"'E'"l'"LfJJnL't,f! "'"'lfru I; 1w1?..utw?. 'lbfnrJ .. 9fr,.1fr µ. 'l"l'

~wbfr JU,, .. fJJn?.f!.' 

1.55 
p.=--=0,31: 

I) 

(1111'il111l[wb ,,_b/JtnrJ111,9frou1fr 11nrttu1bfr Jbttntfil!"'-'bbbl'l! "'"'rPbr 

'ii1n1.ft!hrfr r.iuJ"'r "'n"'a'l"'Y"''iln1.fl1"''b ""'fi.J"''iJ'ilbrn1.J 'lriu'iis ,,_b/Jtnr

J"'sfr-1/r 1'"'1..[!n1.J mr'l-"" lib 3-r'I "''1./"'""'~"1.J'1 

ll 'l Jn Lum 11 3. lw1Gm~wG qhlt>npdwg~wJ~ qnp.\w~gJ• wpdl.v6Lpp 

"bJ"LfJfr w?.t[w.,,nLJf I I' l "b/"Lf'fr w"l.t[w?.,.1.Jl'. I /J. 

0,25-0,33 
0,31-0,34 
0,32 - u, a5 
0,23-0,27 

0,45 
0,32-0,42 
0,32-0,36 

0,21 

fl11ft_fr • 
lJ.r.)"'fl 
ll."lwft.fr 

'flwr "" µ,,,,,,,,, 
t'wrtL1_nLft_ 
119111'11 • • 

,y...,,, "" • 
BliunLl"fr'l • 

0,42 
0,39 
0,25 

0, 16-0,3i 
0,08-0, 18 

0,47 
0,00 
0.07 
0,39 

'1-frurl.'i,"'lni/_ 11-'ii, 'twrbtfr t '-zi/.bl 'iiJn1.;_fr q1111...,Lfr ifr~f n/un<

fJ1m'iie l._7Jw'j, twJ u/,'l.JJwb ,,DU(j!nLJt tJn1.zir hrftwrnt[il/nL'il(! 'lb

/JtnrJ1119fr1111fr9 foburn fowif.111u"'r t l(1 +e)1 ll'wyliphue 'fMf>npJwsfrwifrs 

foburn fo111qU111iur f- F(1-el-'J2' Uwif.wll! 'lb!f.nrJw8 fr..,lfrS fi.lunn ~w- . 

i/_•uwr t 

nrurb,,_ V-'il u+qrbwftaub ""-1.-Lf, t• 
'i'w'ilfr nr E-f! J/r'ilJ.IA fowJhJ'wuuu+w'i11t1.fl1111'ii ,,..,f.Jw'ile ./-n.pr Jb-

6n1.fl1n1.'ii t, 1817 "fwur-&U111.ni/. 'ilrw 1!11111.wtni.ufrb 111pr..111J111rfontJ bi,~1 
lJ.J'I- .,.,..,_,,,,._J vl t),.,.,_lll[(! '"Ul"lllUUlr fttfr'ilfs . 

(6 
V1== V[l+E{l-2p.)j1 

'tla"/wlfr r.1111rwpbr111lf111'il 1frn1/rnfuni.fi11nibl! r.1114_111u111r t 

v,-V = e(I ~2p.)1 
v 

0 p fr 't, w "- 41 ~wz1b,,I uwtw1wbfuw.)"f,w1fr?. "l"'l"l"'11nfr9 "f.Ullln['Uluuryw.) 

Jt1"'.) J,,'lfr .)..,,/wlfr '""l'"'l'"r"'"-"''11 Jb.)w9nL1ft1 1J.,..,,J9111ft.w'111rt.p 1.,,'Jr J"'l"Ll/!. 
E = .2.10& l1qlud 2• l"'l,,..,"-111"" 'll.!JnpJwgfr1111fr 'l"l'b1111J.fr!JI! p.=o,a . .lt"'I l111ruJ

-,,1il'I!. r.w1wu111r b'll uwft.w1 ... ~fuwb'l.1111fr"" "1."'IUf"'"''' flna..11111urrblfr 1wrJ111't,r, w/t, 

t- a=UOO l1qfuJ'21 "tl'w1111lfr Jb.).,,,,,,LJf!. '""'""'"'(' I; 

2,,,.,, +nep JUnL/IJnL'll (-1 . 

b[iJb L"'J'ii111~w'ii 7blpnpJ1119fow11' 'f'r;•d-wi[fr9f! 11=0,.7, "'"#."' 7bfl.nr
Jw,9fr1111fr J111Jw'i1111y d-iui/_llll(! lfr i[m-Jrn/ui/_111.J: 'flUl'iifr n11 'ii1n•f'b1•/r J/,

J111JU1ubn1.f'1111'ii t;U1J'iup p. < 0,5, lll"f.111 A11n1.f//, n1.7bft9i/_n1.J t d-iuiJ.wl/r 

Jbd-"'9n1.Jni/_1 frul[ u4'1.Jn1.Je' d-w4_wtfr */inepw9tr1.Jni/_1 fl.49/rbfr fi.U1Jiur 

~~0,5, /,. ilrw """'"-"'ll! a,J..,'j, JU1JU1'iJU.y r:.-J-r1- tfr +n+nfui/.n1.J1 

brlfw1'iiw~iu'b '1b/JtnrJ1119frw'iibrfr fi.burl..111'ii,enif. 11111iliuft"'b ,,_bfl.nr
Jw9/rw'iibr 11111.wr_w'iiw[nL 9npq'ii111ft111'ii 'ii2111'iiw~rr1.f'1rr1.'iif! l_wlfr111q111'ii9 J/,r} 

t1 U.n il2ou'ilw+ntfil1n1.'ilf! f.hurw91111n1.J Jw'ilr111Jw11'ii +in1.11iurw'ii4_fr1 
~ 

0 I' fr 'II"' t If, P = 4 a E'lr" l'"'l'~l'"'IJ't,l.lnL r,..,J.,,l' .. wn.1111n'l 2.'IPw?. {'t,t,_. 12) 

"f.W"'['"'urnif w.) t a .IJ = B1 lt q/dd2 wJ ['nLf/J"'j, .,..,r,J.,,'t, nL1'bt1"'l ~l"l' "l."'l"l.111-

"'fr!J' '"'Z"'l'fr tnl'_."'tfr!ll! k = 61 ll-~-
Jw't.wi/.wft.if•tnif -&.1nL'1'1l'nLJ .,,,..,,1111-

!J"'l .t'f"'l -O.fi.,brfr r,,,,2.111111.nLJnif • "l'"lhl 

0"111"-" ,,,-,,r,l'"'""2"' d "'l'"'J"''lfr.)e.t 
t'l"l'111!/111.) J111ulirnLJ ft.u11 .. 111twtw't, L111-

l'" .. fll,/,l' 't,111/c "'J'l 1/11111/,['fr .)ll.nLJfr9• 

"'"' l 111rn..1&"r1' "P"lJ..,-;, ""P"'ll! 
"-z"'l'"''lrt/fr XXXI tt/-"'LJ' 

. 'fl.,,';,fr "l' P n&.JI! 9np.)nLJ ~ '"["'"-" •ll1.111't,IJI!'"" ..,..,_,. "'l't, o'lwft.J.. f..rtnL 
"-"'11/lipj. J/r!_fc tP"':/u1fr ""'""'""'['"''/."""' o,,iut,_fr J"L('Wl!Ul'j,'l.JnL[' 'J"L'lfr Jwft_li
['lzUf! "l"Z"'l "l"' 1J 111't,,, ,, .. t,fr U111lc1wt mbull!' 

p 

F=...!..r 
r~1 

,.,,LJL•"'r"1fr {a] L•rnLJI! ~"'""'""'l' I; 

a,u g7oo 
[a)== - =--= 617 ~q/u1C21 

k 6 



ll.1u"lfrun4, -G.1nL'1./r +."'ri/"'~llfr. Jwl,.1.rt...I! (.,.'[,,,uwr +Lfr'bf 

p 

2 2000 
F= -=--=3 24 utl'2 , 

(Gj 617 ' 

fiu+ o'lw'1.fr dn'l/r "'l'"'Jw9JrJ.e r.wrfwuwp I; 

V
- r-4F . I 4·3,24 

d = - = J; __ =2,03 ~ 2,1 u.C1 
1t 1t 

0 l' Jr" w + 6. 4'wJ"'I"' AC l.n'l/r9 £. ltr+wfl1w AB dyw'b[iu +.uu1JrfwJ. ABC 
l'"'l'l.w+.Jr A +.&urnLJ '1.w/ur/wJ. I; Q = 4 10 pltn.l! ("'+· 13 )1 AB l.yw'hJr +.urr1-.tl!I! 

+t"l' 1;, AC dn'lfrlre.' l!wn.w+nLuJrl /l>.1."1/ruJr"'ll "ll""I! I; t/r'lllt'h AB l.n'l/r d "'r"'

Jw9IJ.'ll "' ewn.w~nLUnL a tn'l''l! (AC dn'l)• "P" .,..,,,.,,,. r.wJwr flnLJ("'"'l'"l" 

tmpnLJf' fa __ ]= 2{i ~q/mF /;1 lu+. "l."'l"I."""" r...,J.,.r• [a+]= 900 ~q/uu2 ((a_j-p 

ult'lJJ.,;'b pnLll"'"'l'btfr 1wrnLllh I;. Jru+ [:r+)-l!' d7Jw'b1!)• 'llll'llltt A '1./,.,,Jr nL'l

'lwl.Jry £. r.nr/r'l.n'llw+,.i. 11rlt'lwpnfunLflJnL'b'bltl'l!' AC 1tr+.wr,.LflJnL.'l.f!. ~"'""'""'/' t 
l 2 = 1 J1 AB £ AC d.n'll.l'nLJ 'l"l'.)."'l N1 £. N2 lJr'lltl'I! '1.,,1,nLJ lt'ir/! A r.n7w

tw"l/r ""'Y""'"'r"'+zn."'-fl ,,,,.,, "l,,;J J w'l.101 "l'I! rf rw +l!ru11r.1w.J lt'I. Q r,,.,,,,,..,,/r "ulr 
/,. N nL N2· ,,,.,,,.,,,.,, '"''re.' 

1lwn.nL9lr1n1 "'l'I nLJ'1rfr r.wrf wuw rw+.zn.n<.fl I.,,.,, '111.w'r.tJ"L"'""' ,.,,,,. 14) 
u1ni.1"4nLJ l,'i,~\ , 

Q - -
N1 =-;--=2Q = B u" N2 =Qclg10° = QV3 = 6,93 m: 

sin 30° 

N1 800o N 2 6930 
F = -- = -- =A 89 uJ2

, F2 = --.-=---= 277 uJ21 
I [ 0'+1 9()() 

1 

[ G_) 2:) 

br+.nL rf'1J.ufl J•L'll'l.br'l. /;1 l!'ll'lnL 'llrf 111.t It'll '1.tnrw9w1.Jn4' "i"'l"I.""" I"' J."'lf .;,.,_ 
J,,.l' JJr'l.~£. ,.Jpn'l!. JJ, f'"'J"'I"' d.n'lJr r.,.,J,.,l' JJr'll!J. wJprrt!_ u.Ct 

A +!surf! f "'~'l.w1'nfunLflJnL'llf!. nrn~lttnL r,.,,,f,,.(' A '1.ltmnLJ ,,.'b!_wm/s.'bp Jrrw

{'/rfJ 1tr+nL l.n'll.l'l! £. "J.Ul"'+ltrlt'l.I! 'lf"''l.9 'bnr BA, /, C . .\
2 

1sr+wrnLf1JnL'b'bltl'I!.' 
f,Jr'I. ltr+wrnLfl1n1_~1'bltrl! J/,J.wg'h61nrf J. fneru•11'1.lttnrf M, =AA, J. 111

2 
= AA

0 
JltJ.nLfJJnL1r).,1trnrf, 1Un.1Ur/Ju 1..frnfnfult1nrf dn'lltf'I! ftL'J'JftLflJn'&'llltff!. (1.t• JI, a)t 

A '1.ltrnJ. 'llnr 'IPl'l!l! 'l"'"'"t"L r.,,.J,,,l', I Jf. pl.rls'l.p 'll.fnpJw9frw1fr lt'l.flwrtr/•~ 
dn'l/,l'l!' 'lf"'lr{! ul'n"'lttnt/ B /, C '1.1.url.rJr Z"Lflt!' /1 1 /, A: tl.•Jrltpf!. '1.urlt'lwfn/-

/ls't. A1A3 " AzA3 "''l"'l"'"r".1· "r""'e fr""'u +"i!l'"Lp, ... .,, "l."'"''"',.."1 t"'l'"'l 
(8 

a) 
~ 
·.,;. 



/,'j, l!'j,'lnL'j,""' nr"l.lzu BA,-fr ... £ CA.-/r ... "'-'l'l"'t;"'l"'9 "'-'lfr'l'j,lzrt 11.1'1 'l/,"LI?"'-" 
A ft_bu.fr t;,,rfr'l"'j,"'ft"''i. ,,.1z'l"'1'"f-n .. P1n'-'1.I! t;..,1""'"'L' ft_t}'J,fr 

f2 = AA 2 = /J./2 , 

fruit_ nLtf'l"'J.fr'l .,,J,'l..,fnfunLPJnL'j,I!.' ('j,ft• 1/i 6} 

f, =A.Al= A,A. + A~4.3: 
A, A. t;.,,,,,1.,,.>e t;.,,1.., 11111r t 

A•A• =AA~= !J.11 sin a, 

I 
A.A,= A1 A4 -: 

tga 

Fw19 Al A. =Al A~ + A~A. = J.l, cos a+ flt,. "'l'j,"tlzu "L' 

A.Al = {ll/1 cos a + M2} _1_ = M, cos• a+ fl/2cosa 
lia sin11 

f A !J.l cos•a+Al •1 
1 = 2At + A4 A3 = M1 sin a+ 1 • 2 cos:x = u 1 + fll,cosa 

Sina sin11 

'"""rJ
111

9frw'j,lzre "l'"Z1n&.J /,'j, '""'"'"'' p111'j,,,,J.£lzrn'{' 

flt _ N2 / 2 _ 6930. JOO _
1 •-E.F,- 10)·17• =2,4-10 uJ', 

Al, +flt, cosa 0,507+0.24 va 
f, = -·---- - 2 

sina - 0 = 1,43 J'J': .5 

f - .. /"-1 --. 2 i - r t1 + f2 = J/t .43 +o.zt• = l,45 .r.r, 

pJ.Ellt'lfr J/,1.,,lz'lnLJ """',) 40 UJ'-fr t;Ul1UIUUI(' [Ul/'j,nLflJnL'ftf!.I r:,,p,,,,Jo "'2/u"'
,.,,,,, ifwft_J.['J,Uf! 1-"'"''l"'1nr ftmr1•,)enLJ t:w1w••p e 

F= 4 4,5[65-30] = 630. J'u2 = 6,30 uu2 : 

fi',, .. ,,,,.,,,L'lttfr plzn.e P = 800-6,S = 5040 qq~5 m: 

It l_ ~ 

I 

p l 
I 

) ; 

' 
· ~ I 

., .-
tit_. 161 

0 L' fr 'it 111 ft 8. lln'l"1wft_111alt. Pn1.!lt "l"'-'j,I! 111"il9'1.n1.J (- ltl'ft_n1_ t;.,,L'ft_n11 tl'"' 
"'L'"""efr.,, "'r"'J,,,,,fr.>e D = 21i uJ', "t"'"'"rfr t;..,,,.,,nLp1,,._'itl!. t = 2,r; uJ'1 u1..,'it 

11zl'fr'it J•u/r l.rft•L'n'-PJn'-'itl'. 11 = S,O J', ""'"l'fr'j, J111ufr'itt / 2 = 4,0J't u,..,.,, '{lz

L'fr'it fturr1w.>pn'-J .,,..,.,, ..,,.,,,.,,uen1 "''l.'l,,..J t P1 = 25 m plznt /
2 

l'"'r'-rn .. p 1 .. -. 

ofr111 "J"''it 'il'"' "'1"t"''l.n .. J t Jfo!t:wrft1111f.'it .>111.>ft_fr9 bftnir P2 = 31i 1n plzn.I!.' 

'l-11?11 lt[ L"'L'"'-81,ltl'I!. u1w'it 11rl'fr'j, £ ""'"l'fr'j, Jwufr ft_url'1 111 ,)l!'j,J,pn&.J £ "L'"Z"L 'j,L'"' 

1r/r1 't"'l'~"'8" .. J I!. E = i ,s.10• ~ q/uu• ,,.,.,,,J.,,,,,4 • .,,,, .. p l"''it J'"l"'-Lfr 'llt"Len .. Ji 

'1.lzru'itlr'ite Jfr 't"'l''i"'.)e I, "r"-111rn .. p1w'it ,,.,,t;Jw'it'itt.r,,..J' '1."rfr"ii "-"'r1..,.) 
Jwue t;..,'{wuwrwft_zn.nLPJw'it Jlzt t :n,,,._J P1 ,,..,Jfr £ 11zl'81"',) "-"'L'1"'.)l!,, .. J 

'l"L',)"'l a' 'it11L'J"'L L"'rnLin.lsl'fr "''l.'1/,9,, .. p,w-;, "'"'"-' ~w1wuwl'wft_znn .. p1w'it "l."'J

J,,,'j,'j, "" ... " 

a'f=P, 
p 

a'=-' • "J"''j, "-"'L'-i"'.>efr tfwft_/,L'lt"I!. t:1u1wuwl' t 
F 

F = it(D-· t\·t = it·22,5·~,5=177 u.P: 

25000 
a'=--= 141 ~q/uJ'2 : 

177 

"-"r8'j,/,1,/! Jfr fturr1w.>e /J "r"-"'rn&.P/Ul'j, uwt:Jw'j,'j,/,('nLJ• UJW'j, 1"f'fr'j, 

"-"'r1w.> ,f,,.uc ~"'1"'""'L'"'4-zn.nLp ,,,,.,, Jh1 t :n,,, .. J a" L,.L',, .. m.J,L'fr £ P 
1 
+ P 

1 
nLtJ~ w'l'llssn._p,..,'it •wit_. "'J""'"'lf.8 

o"f=P1 +P1 £a" 
P, + P, '1'0000 

f 
=-· -=3'0 ~q/uifl: l77 . 



flw'6fr "I' "J•'il ""'"l'fr'il £. 1.llpfr'il JwullpnLJ [utpnLll£1tpf! "'"'l'l'-'11' II';,, •"Lw 
'ilpw LPfr1. twpi.•fJnLJ /!. twpblfr I; "1'"2J,l "l'"llzu bptnL Jwullpfr twpGwflnLll£'1pfr 
'f"LJ.,,p: P, nLtfn1. u'1'1J1.'".) 1.lrpfru Jwu/1 ~wJwl' twpGwflnLJf!. ~wywuwp I;' 

t:.I ~..!J_ _ 25000-300 
1 = EF - t ,3. f0'· 177 =0. 33 JJ: 

Pl + P 2 nuJlll'n./ u'1'1J1.w.) ""'"l'fr'il Jwu[r ~wJwp t111pi.wsnLJ /!. ~w1.wuwp t'' 

t;,./
2 
= (P1 + P2)l2 = 60000·400 _ . 

EF I , 3 · IO'. 177 - l 'O' .r J • 

~Pfr1. twpGwnnLJf!. ~a .. /muwp I;' 

'H. R)• lu Ill 

Q.ll '111~11 '1 '1Sfl~'3'bPti .2'l-trll '1 ttl, Ul;'lJflf Ll.'1 
«Pnr211r11r11i,11-., n~un~11-..11u1irnfl.~sn~-..l! ttl. 

~flMllllSPblfl lllPflMn.hr'1 (!'1SPhlnfl. ZiMfllfl."l.-1?'1hP(! 

§ 11. 2'Hftl" ').fltl <f.Ptllf[!: 't,Sn~ia-brti lf IJlull\tilJtlittl u 
f\\n~ia-11 <t>rorc 

l.wfunr'I 'flfi1n~J L,.Jft.,,~,,,ft t"'ri/."'tJJ!fr t-tJrbrt! nrnzbLfru "- 7'1~ 
fPnpJw9frw"bhrl! t:.wzi/.btfru tlb'i,l! t:.wf,7[r..,_lt9fr'ill! 'il1n1../lhrl! nl_ Jfrwill 

t;..,,JbJ "'111 ':'~"''ilni.fl l"'r;, u.,,t;.J w'it'ithrn1..J ( .,,nwa'l..,tw'ilm .. p
1 

wft J "'l"'-ll!, 
t;...,JJ,J,.,,,,..,~..,r;,ni.fl1w'it u.,,f.Jw"i,l!)• "'JI!.. ./!"'J.j!"'JJ,,,"j, zrtw'ilnLJ (wJ

rn1../J1w'il u ... t:..r.,,r;,r..) p'hn1..fiwtr"'l Jfr t.wr.e Jban1..fil1n1..'il'ilbrfr f.61111 

f:"i,'lf."i."i Jfr'ilt.4 J!"'JJ!"'l"'-J(! a'f,/.,,<;, J.. .. h'l.JJw'fl rJ.,,J.,,ft.,,t 'f.1n1..(i/1 

Jhfu.,,'itfrtwt•'il r.111111tn1..fil1n1..f,'ilbrfr Jwufr'h Lrfri/. "l.•urtbrw9nLJ tw11.Jbl"' 

f.wJwr .,,r;,r.rwrll.zui t tJrnr3.114_ 111..un1..&wufrrbL ... 111 hrl..n1..ifi'ilbre• 
nrn'il.[! uik'l.fr h'it n1.."i6b'ii .. 11..J "'l'I "l.l'''9b11fr rlw.lw'il .. ~: 
52 

'"'r'l a,J,,,"i, J.. u£'l.JJ,,,"i, '1£"/llm .. J Jbfuw'hMw~w'h f.wur~nL{tlJn<'L
llhrfr urwrphrnLfl ,,,,11 111fiUw~hur/r9 'i11nL{tlhr/!. uniJ.nrw~wll f_/,fJ IJIUUl/r

Aw'fl/r '1""1.ll"'-J l;l ~Ulrn'l /,"j, Lfr'hl.l tJiiu1mdi k unwumfiq: tPJurnL'ii 

"j,JnL(Jhrf! .j!llMJ.[!U1Ji/.n1..J h'ii zuun 1/tn.(!f m.w9nr'l"'Jfr"i, '1/JfPnrJ w9[rwflhrfr 
wn~wlnL/JJw'ii 'lh"l./!"1..1!1 /•'ilt iJ.hru1pbrnLJ I; ullwuu1fr~ 'ilJnLflhrfr'il, ... "iw 

•1rw'ii9 Jnur l!"'ll!"'l"'-Jt! iJ.rw t f.wu'ilnLJ Jfrw1'h 'l.'l"'Lfr l&w9nr'lu11fr'1 
'16/f.np.J'wsfr-'hhr/r 'l"'f'l"'fl"1..Jfr9 f.burn1 U.n.wt..fr'il urfr"lfr 'ilJnLflhrfr 
2.Ulf.j'/1'il h'il "l.IMlll~IU'iln1..J1 orf.i'illU~I fln<t_f!_1 J!IU/lf!.1 pb111n'ile ft UIJlr;,I 

lf/LwuurM 'h1n1..filhrfr9 L'ii uwt-•/1u6/uwd-'ilw1frll "i"'l"i"'urt!, "l.'lfr'ilaf!. L 

w1t'il1 

"'"'r'f./,,'j,J! 'ilw/u WJU "'rtn1.. 111/r"f.fr fl1111filhrfr t[•f.[!f!. a9Jw'il 1/1nr,J./1 

J111Jw'itwt e'h7r.n1.."i Jfr'ilt"- J!IUJJ!"'l"'-Je.1 U1u +nrafr f.wJwr Uf.WU1• 

r ... uuu/_nd t tL"r ~,,,J n<'l'l,.,ftt1n<'h ~urriJ.-JJ! na.'itb9n'l "l.r/•'f.J"'l..,al' 
"j,J'nLzl bJnLz/r 1Mz/uw111n'l Jiuufr ifrw l"'-fMIJ!Ul"j,UllLf U1M'ilui/1Jhuirfr!J 
~w<uw'iluifrJh111r/r Jfr Jwufr9 f.hurn wri/.n1..J b'h pw<fw'flJn1..llJ!'ilbr, 1frnr

a[r9 f.flurn ftJn1..1/r 'rt-rnLp, ... "j, +n+n/unLp, ... r;, Jwufr'il '/Wllfn'ln1..(J1m'il• 

'j,flr w'ilfltm. f.fl111r-i/.nrmfl1n1..'il Ulnh'l.dfltnL f.wJwr1 tJn1..zf! urh'lwiJ.nr• 

i/_n1..J t · Jh./!£11,.,1/r Jhp_ "- 'ilrw J,,,1r're .,,Jr ... sif.mJ I.Iii tJn<z/r J'fr 

Jw1rl! ";,Jn1..zf.i 1Mn.1M'il9J!fr ll'-'l'lnLf"1wJp ,,. ... 11,,. ... 'l tnh'lw+nJuhtn1.. antlf! 

J.'fnl..J /,'j, UlllUJ[rf.w'ilwpwr' ... nw'i.9 9'h911<1/££rfr llL r.-rif.-Jllbrfr wf.nil 

pl1nni/_1 1/Jnrafr J,,,J.,,r;,..,t 'hzn1..J k"i, pbn.fr Jfr 2"'fl! '-"'l"rtwtw'it Jl.

dn1..(i 1n1..'ii'hbr J.. t_wifm1..J hft llJn1..z/r 

if.rw 'ilzw11Ji/.,,,J l hrt-rn1..fil1 ... ..,, "'Ir;, 

JhJw9nLll£brf!1 nrn"ilJ! f.111Jm"/.U1UIUIU• 

fuw'ilnLJ b'il plmfr "'1'1 JbtJn1..fil1n1..'il• 

"""rfr'il1 

!Jw+n...tll.brfr "'f'll"'-"b,p'itbr"b 
,.,Jk'ilfr9 wiJ.hLfr w~'ilwnnL ~br"ini/. ~w

l'hlfr I; 'hhr~"'l"'9r;,bl ... l""ihu ~nt· 
1._wJ a,J,.,"j, '1frw11r-Jfr mbu.[!ni/.· 
Jb.[!b'ilw'iibrfr JbJ..,JwuftnLfll..,"j, if.rw 

tw ';,JnLz{i a9Jw'il JwJ.,,f,.,,~ Ul/'l 

'lfrw11rwJ f!. wi/_mnJ wm tkrU/.ni/_ 'lJ,.,. 

.II 

K 

O=----~~~~~--.t--o-o!:-e-~l • 

'ff"'l f.wrJ-rmftJ!l "'""''fr"'Jf! 11dktfru nL'l'lwa1r, UlllU1ft9.[!/r nL '1.'lm.• 
{J1u1Jp "1'"2."'t/r Jwiqz111wpni/_ urb'lw'lri/.111..J b'ii pbn.'hbrt!.• frul1 f.nrfr'l.:i

r;,..,~IU..,, wnwll9.efr nL'l'ln1..fil1tuJp' pw9wra/fll~ br~wrw9n1..m.£rf!I 

f1/1wu1nfrt fl1nL{i/rs UlU~Wi/_wd-fuwJftwJJrft "/."'l."i"'"'"fl "iWUlfWllUI• 

i/.wa ';,Jn1..zfr fu'l.Jw'il 'lb"l.l!"'-J 'lfrw'lr"'flL n1.'h/r "i,~. 17-nLJ 9ni.19 urp1/u1J 

111bu.[!f!.I '1-fiw'fpwJ[r ..,11,.,lfr'h Jwue' Jfr'i.t4 f.wJ'bJwuiwl1w'iln<fllw'il 

uwr.J w'ilfr'il r..,,J..,,,,,.,,,,,.,,,fu ... lln'l A ~""'t!.• frrhft[r9 'iibr~"' l"'flftn1..J 1; 

53 



~- -· 

' ' 

v· 
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'1'1l/"•rJw9~w'il f./rUbw~w'iinLJ ~h'i.urrn'i.w'imLJ t 'i.J nL2/r Jfi urh'f.nLJ • 

f.hurw7w/nLJ 'i.JnL2/r "'l'f urh'l./r J'nur 7ur'i.i/n'I. nl_ Jh,} f.wuri/wtJI!. h'ii

j1wr~.J.nLJ t wJh'i.wJh~ L"'rJw'i.f!• 'lr"' f.burl...w'i.$m/. ,,,,..,,t...,'i.nLJ t 

iw1'i.w~,.'j, ~ut1uJ.w6.J!/r urh'l.w~w'i. 'i.h'l."'9nLll /.. 7n 1w'i.nLJ t IMJU"lhu ~·l.
.J.w6 <ri/'1./r~» ('i.~. 19 )1 

'l-kf/>nrJw9/rw1/r h'i.flwr~l/.n'I. Jwunul J w~hrhul! 
.fin.f!.rw'i.1ul'"· f.hurl...111'i.$nl/. tnrui/w~/r r.hurw7w hr~"'r"'s

Jw'il f.wJwr "l"'f.w'i.'1..1/.nLJ t wuurfil.w'i.wpwr wi/ht/r fnl!r 

11Lclt •l..hr'l.."'"ihu nLcl/r OKl mrtlh$/r 'lh"i.f!."d urh'l./r t 
nL'lih'i.nLJ /r111.nLJ I 

bph Jk'i..e. OA1-/rs w.J.ht/r fn.e.r phnfr 'lh"i$nLJ 

'1u''l"'rh9'ilh'i..f!. pkn/r wf.e I.. phn'i.111(il111fh'i..[!. 'ilJnL2f!. , 

"'"i"' phn'i.w[lwrfiJ,,,'j, c/,,,J,,,'j,,,,~ nul/r IL hr~-r-9Jw'ii 

Jfip_I.. ~-"l~ ~-rurwt.w1uri/ft 'iinL/'j, nL'f./r'I.""' /r'i.t nr /,. OA 
phn/r 'lhUJ.f!.nLJ1 Phn.I! f.hn.,,,9'i.h[nL9 f,/,.,,,, hr~..,r-snLJf! 
w'ilf.hurw'ilnd t' Jhf,$ 11L'ilh/r'il$ Jfiw1'i. wn.uit'tqwqwG ,,_h

/f>n rJw9Jr1111 

b[ilh Jh'il,e phn.fl,,,pwfnLJf! u~11b'il$ '1/r,,,'lrwJfr C I.. D ~hurhr/r 
J/rll.. {!';,~,,,,} 1rrkt Z ~hurJr9• "'"i"' phn'i.1u(ilwfJw'ii JU1Jw'i.w~ '1/rw

'lr"'JI! ~"iwur~hri//r OA nL'1./r'1./r'i. f.wJwrl"' 'l.nL7wf.bn. zol nL'f./r'l.m/t 

lJ.1uUJ/rumJ. "'/" 'lh"i,end 'i.JnL2f! l/r i/hrw~w'i.'l'i./r /rr u~qp'iiw~w'i. l_u•

tfrhrl!' 0 10 2 '>wuri/wtJI! 'f.'i.hr~"'l"'S'i./r 'i.wju~fr'i./r Uf.h" ,,,,.,,,a'l.,,~"''imL• 
/!'Jw'il 'ilnL/'j, Jn'lnLLni/ pbn/r'i. f,,,,JbJwurw~w'i. fnfn/w/n'I. iuniultqmqwG 

br~wrw9nLJf!1 001 f.wmi/w6[! tffiwgnpqwJpfi br~-r-snL:Jb t 021 

phn.Jr 'lhUJ.enLJ, /ru~ 002 f.w1111[w6f!' irM. hr~wrw9nLJf!1 '1wrhi/r t 

'JUl'j,~L W/f."i/ru/r 081 phn.1 nrfr 'lhUJ.f!.nLJ Jb'j,.f!. ~nL'i.h'i,111';,.f!. J'/rlMIJ'j, 

wnw.l'lw~w'il ,,_hf/mrJw9/rw'ilhr1 1'/rw'lrwJ/r '>wJw"lwurwuJuw'il B ~""'I! 
uni/nrwpwr 'l"'uw.J.nrl/.wtJ t f.wJhJwurw~w'ilnLflJw'il uw'>.fw'ilJr'il r:,.,,J.,,. 

"f.wurwuJuw'iln'l A ~hur/r9 wi/hl/r P"'r"r• P"'J9 trw'i. z.wur Jn11t1 
llJG iwpnLtfe, np~ qbpwq_m6gnulli wn.w~ k pbpnuf t61l16 (d'nm 
O .001-+ 0,03°1oJ ulimgnpqwJ~G qh~npuwg~wGbp, finp}nuf J; wnwu
qw4wGm.pJw6 uwliumG a .. 1 1'/rw7rwJ/r tJ.rw ('i.~. 17) ..,1u l"'rnLI/i, 

wn.wt_w9'i.n'I. pbn.I! 1_wfi/m .. J t 081 or,,./r'iiwurtr'/_t 

A /,. B ~h111hrt /rrwr "'/'j,.[!.,,,'k Jnur bf,, "r uni/nr-pwr e'il11nL• 
'i.nLJ hf,, nr wn.wa.7w~111flnLfi/Jw°il nL f.wJbJwurw~w'i.nLflJwft uw'>Jwfl

flhrfl r.,,,J l!'i.~'ilnLJ h'i. /rrwr f,b,,,, U.1'1 "lwurf.wn.n1J; '>iuf.wJu wunLJ hf,, 

nr 'iiJnLflf! l.fl[lwr~1nLJ t ~nL~/r orhfl$/rfl, $wfl/r ,,_h,. lu1rnL:Jbhf[! l_£'j, 

'>w11hi .,,,..,,a,'l,,,."'f,nL{l !"'';, uw<Jw'ilfr'i.1 phi.. w1hi/r -G.frzur 'l.L/r'ilhr ..,uJ,l 

'>wJ hJ wurlMl~w'ilnL[l J"''i. 11wf.J w'il/r'i. 1 

tJnL2{! ap'l nLJ/r wJbf,..,Jb,} wrJhJlf! UJWUl~hr'/.nLJ t 001 
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or'ffriiwurnif• WJii f.wfi.w/u w'i.Ji[wiimJ hii J!IDJJ1WJD'J pbn, .ew'i.Jfr nr "'J'I 

WJii phnii b nrfr WW~ ufiutJ.nuf t .(!WJ.(!WJnLJf!• friit_ ifhrwp/,rnLJ t 
qbpt6mfiw6 .ew1,ew1Jwiie, "'"iw "'Jii urluzfr t nLiib'bmJ 'lfr"''lrwJfr 

ifrw K fthurfr or11friiwurni[ wrurwr.w1uri[nrz plmfr .,,,.,~, llub6wubb- pb
n~g Wnmtwgn'l tmpni_uE: qnttJ.nul' k mifpncpJw6 uuifiuwfi qwu Jw
tl'wfiwqmqnp IJ~U1.U1JpDLPJDLfi' OJ.fl U.JrnLflJwii uwr.Jwii[!1 nrf! uurw9-

i{nLJ t wJhiiwJb,} phne iiJn .. t_/r lw1iiw~wii ~urrifwJ.efr 

u~'lpiiw~wii Jw~brhufr ifrw pwcfwiiblnif1 piinrnznLJ t w1ii 

nL<fhrfr J/,Jmf!1nLii[!1 nrnii.e wiir.rwobzur J.ii 11/rurwr~ifnrz ii1nLpfr9 

"fwurrwuuri[wJ an'J.f! d,'fJ111ii 'fb"f.enLJ Jfriit_J.. .[!WJ.[!WJnLJf! r.wu9iihlnL 

r.wJwr• UW~wi[wJfuwJiiw1frii "fn'J."fwurfr r.wJwr IUJ'I JbJnL[iJntii[! 

t.wuiinLJ t - 4000 fiq/uu2: 

fl._unLffLwufrrhlnif 'ffrw'lr"'Jf!, J£ii.[! iirw ifrw ii;_b9frii.p iiJnL(ilfr 

urwrphr JbJuwiifr~w~wii piinLflw11rhrfr r.bur ~wu1ifwJ pbniihrfr JbJnL_ 

fl1nLiiiibrii wrurwr.w1urn'J. Jfr z.wr.e Or'ffriiwuriihrt llrz1nLUW~ 4. nLJ 

urrrf.wl t "'J'l plm'iJhrfr L. 'lrwii9 r.wJw"iwurwuJuwiinrz piimf!w11rhrfr 

(1wrnLl&brfr) wJ<f.npnde' iirwii9 ii;_wiiw~nLlll,l,rfr r.bur Jfrwufr.ii1 llrz-

1nLuw~nLJ iizi[wJ uwr.Jwiiiihrfr9 1nLrw.pw'iJtJnLrf! uurwiiwln'- r.wJwr 

r.111J "'"iwurwuJuwii phne pwcfwiii[nLJ t lwl'i.iw~wii ~urrif wl.efr uh_piiw

~wit ,Jw~brbufr ifrw1 

ll1u pntnr JbJuw'ilMw~wii piimflw'lrhre (t.wJhJwurw~wiinLf!Jw'i.J, 
111nwa11w~wiinLfl1wii, r.nunLiinLflJw'il b. wJrnLflluAr uwr.Jwii'bbre) piin

r'"t.nL,J bii a,Jwii 'fb''/.(!nLJ wrurw.efrii nL<fhrfr ~n'J.Jfr9 iiJnLzf! 'f/,IJ.nr-· 

,/w9frwJfr bii[lwr~hlnL /,. .pwJ.e.wJblnL a,urJwii(! ii1mfifr 'lfrJw'lrhtnL 

fii'lnL'ilw~nL[1JnL 'ii[!' 

_ tl>nrd.wr~tf'w';, 'ffrw11r1uJfr wpu9fruiibrf! p'h-Pw'frnLJ bii ii1nLfl{r 

,/fr lllJl t.wur~nL{!JnLil' Jfrii1_£. ,ewJ.P"'JnLJf! iirw wifbl ~wJ "iw~wu 'lb

IJ>nrJw9frw1/r ·hiiflwr~ifblnL (!ii'fnL'ilw~nLflJnL'il(!I 

IL 'l J n Lu w \ 4. bJDLphr~ dhluwG~\w\wti plinLp~ qrhre 

flul'l"''lP~ Jw11~ i/_lip~fl.r ~wJ .. .,'lp-
1nwuJ-111'1.n'l OA 1 pb"-1!. 

U.-,,..,flnp'lwlJ.i.-,, 'lfilJinpJw11J.iw.-,,b-p r,,,,,,,,_ 
'l.f!.iflitnL), f,wJ111"lwlnw•Juw'l.n'I. OB 1 

"""-/! 
~n11u'l.11LfJ 1w'I. bpl.nLJfJJ.i'I. ( 'lbfnpJw

fl/iw'blrpJ.i w1'f!. ~w111nw1nnL'I. pbn.J.i 
'lb"l.l!nLJ} 1;,,,.f..,"lw111w11Juw'l.n'I. QC1 
pb"-1!. 

U.Jlt.-,,,..ru 001 plrn.t 
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~wJw"lw111wuJ-u(b £wp1fw"b w'l11/w'l.ndfL 
nL 1'#' "b2w"bw~nLJf!. 

U.JpnLf//w'I. uw~Jai'i. ~w,/ JwJw.-,,W~Ul

i/_np 'IPJ"''ll'"LPJnL'I. a.JJ 

Q
3
Q

4 
l:,wuri[wJ{! (ii~. 17} J/,'1. urwLfr• t /z1'1.Ju1t JnJl.'burfrii 'uJnL• 

:_fr wn.wa'fw~W'j, 'fblJ>nrJw9frw1fr J/,JmflJnLiif!, nrii wiiJfrlw"'l_hU .(!UIJ-

wJnLJfr9 r.burn wiir.burwtnul ti 003=t:.lo hr~w{'nL[i/JnLiiii frrkii{r9 

tbr~w1,.,5iim J t iiJnLz/r l br~wrnLflJwii flliw9nr'l"'Jfrii kr~wr'"9mJ
'iihrfr JbJnL/ilJnLii(! fu'lnLJfr9 r.burn1 IJ.1u JbJuLflJm'iiii w1ii,ewii wi/_bi/' 

,fb,} ~lfr'iifr 1 np.[!wii wifblfr Jbr} l; t_wpnLUbhr/r r.wJwp eiiurrifwd Jwuf1 

"r~wrnL[if1nLii(! J.. friit_,ew'iJ wifblfr \lUUlUU\ltq t ""1nLf1£!.1 
A/

0 
hp~wrw9Jwii r.wrwplirrrLflJnLii(! [!"fturpi[wJ f,p11n1[wJ{r uhpiiw-

,1...,-;, I "r~wrnLp,wiiii eii'lnLiii[nLJ t nru1bu 'iitriL[ilp unumm\lqni_pJwfi, 
wiufrii.eii .ew1.pwiJw'iJ cfwJwiiw~ JU 'lbl/mrJ1u9fru1ii£-rfr biiflwr~if.hl"L 
itrw t.wur~nLfl1wii1 tw1Ji: 

lliu r.wrwphpmfl11uii JhJm(lJnLii(!, wpurwr.u11urifwd urn~11uiibrnif, 
iiz.wiiw~4_nd t o urwnni[ h ~nt_i[nLJ t 'LJnLzfr tl'fiu1gnpqwJl16. fiwpwpb
pwfiw6. bpqwpwgni_u Ju'l.nLJfr9 r.hurn• "in'l."iwuifr un1[npwpwp oqurw

'lnrJifn'I. urhuw~iibp/r r.wJwp will urwuiwiii[nLJ t 8-";-2So/0 uwr.Jwii-

'iJbpnLJ1 ll1u"lfruni[ 

~ !i.lo 00 o--·l : 
l 

tf/bur,e t "1,zbl, nr &wsnr'lw1frii r.wpwpbpw~w'iJ hr~wrw9Jwii Jb

JnLf!JnLiif! 'l_'IWlfrnrbii ~w/ui[UIJ t iiJnLzfr a£/t9' '1llz1wifnrw"fhU ~pUl 
bp.qwpni_pJWfi h_ lWJUUifiwli qmpqm~~~ uwqbpbu~ fi.wpwpbpncpJDl.
fi~g: U.n llfWUlbwnni[ 1wpnrwurnr "f('W~Ulfr~w1nLJ f!ii'lnLiii[wJ t iiJnL;/r 

fu'l.nLJfr9 r.burn fwpbl :J£w9nrlfWJfrii br~wpw9nLJf! nt_ [ilb iiJnLzfr w1J'

pn'J.t. br~,.,rmfl1wii, WJL ilfrw1ii iipw f.wzifwrl1w1frii ~ntif"'l r.w111i[wJfr 

•[rw' '1lnr 1 ,.,1iiw~wii ~urrifwJ,e miibs'''I. iiJ,, .. z'bhrnLJ r.wzifwr~wtfrii 
"r~wrnLfl1n~ii(! un4_nrwpwr [!iifnLUi{nLJ t 10d, frufl hrphl/i,' 5d1 nL'J.

'flllii~tnLii Lw1iiw~1uii ~urrtf_wl.e nLiib9n']_ iiJnLziiopnLJ r.wz'l_wr~w1frii hp

~wrnLflJnL'l.ii e'ilmp1[nLJ t- WJii"l/,u, np"fku'l_/r llUJ'i.JW~Wii ~urrtf_wJ.efr 
iinLJii F ,/w~bphu miih9nrz ~lnr l'°tiiw~wii ~urr•[wJ.efr 'lh"IJ!nLJ hr~w
rn'-fllwii h urpwJw'IJfr r.wrwphpnLfilJnL'hf! Ubw itw/_i1~(·iie1 Orfriiw~, 
~lnp ~urrifwd-.p nL'bh9n'J. iiJnLzfr f,wJwp f!ii'lnL'iJi[wJ 10d bp~wrnLfilJwii 
r:,,.,J.,,"iwurw11Juwit nt'l.'l.wii~JnL"ii lwliiw~wii ~urpi/_wd.J! nL'iih9n'I. iiJnL2/r 

r.wJwp r.wz4_wr~w1frii hp~wrnLflJnLiif! "ibure t f!~''lnLiihl 1t,3yF, 
1JnLziihp(! "'l_lllWPWUUf"nLJ /,ii WJii"fbU1 nr"fhuqfr iipwU9 fl/ufr~iibrfr 
Jfrl_J.. f:,bnwi[npnLflJnL'i.Jf! pn.[!{' friit_ wifblfr J/,J {/ziifr [!UlfnLiiwJ f.wzifwr-

~wJfrii bp~wrnLfi1JnL'iifr91 
a,Ju•iie 1frnpawp~hlnL cfwtfwiiw~ ii1nL[il/r "flWUU1/r~11Lfl1wii 'fiiw-

r.wur,/w"iJii t d-wn.wJnLJ iiwlL Jfr WJl tlhd-nLflJnL'iJ' WJU"'l_hu ~nl_t/_wJ fim
pmpbpwqwG Gb'luigni_tl'\!: fJpp 'i,JnLz{r ifrw wnn1z plme r.wuii11L,J t 
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/rf wJ/.'iJwJhJ wrJb.[!frL, an'l./r Jwubrfr!J J/,~mJ u~unuf ~ Wll.Wt_Mlfiwl 

cu['l./r't'>• J, 'flJnL;_/r 'tinriJ.wJ.[!l! /u'l.Jw'b uib'lmJ uniJ.nrwpwr nL'illi'ilnLJ t 
wiJ.lilfr T"l!f Jwltbrl1U, .gw'b uh_p'ilwltw'b Jw'tbrbu'ii tr {'bit• 19 }' 

'1uiriJ.wJ~fr ult'f.p'iiw'twL Jw'tl.rbir[! Lzw'iiw'tb'iil! F0·niJ., fruit fu'l.J,,.fj, 

urb'l.nLJ /,'l-,,,J Jw'tbrlrne' F1-niJ.. 
F -F1 If> =-0
-- • 100 
Fo 

JbJnLf//nL'b[! ( urn"nu'iibrniJ.} ltntiJ.,.LJ 

fu'l.nLJfr9 r.burn: f>'bulUL 1UiJ.btfr JM 

IUiJ.btfr uulUuurM t 'il1nLfilf!' 

t fiwpwpbpw~wG Gb11wgnuf 
t IUl'I J/,JnL(iJnL'iif!., wl'iiJ!w'ii 

i/,bN_W"f/,U 'bit• 17-nLJ pbriJ.IUJ 'ffr"''fflUJf!_ J/,'f. f,'j,IUflUiJ.nrnLfilJnL'ii 

t UflUf/rU UIUf,JIU'j,/,L r.IUri/.IUq'j,/,rfr UJ'f.'fb!Jmf11w'ile 'ii1nLfl/r "n11.Jfr9 9m19 

uiri/."'l '1-frJ1U'lrnL{rl11U'ii r.l11n lt1UUfi/.1UJ hu J'fr Jbfu1U'itM1Ult1U'ii p'iimf_iw

'lfrf'*' 11.l'I 'lfrJw'lrmfi1nL'il(! uur1U91/mJ t 1UJ'iiJ!1U'ii 1Ui/bLfr J£q, "fJ!IU'ii 

IU""'" J/,q t IUJ'j, W2_/-1UU11U'b.[!(!1 Rf(! "''"'.[! t tlwfuu/if 'j,JnL2_(! fu'f./ifnL 
f,IUJIUfl u.l'I Uf1UU1l..1Unni[, nrUfbU nuffr r.w'iiltlUrJIU't/r 'tfrrlUnJw'ii{! 'ii1nL• 

fl/r 9nLJf/ uri[wJ- '1frJw'lrmfi11U'b p'iinLflw'lfir ltwrbtfr t iJ.brsLbt IU/f, 
1U;_/uwur1U'ii.[!/r J/,JnL/_i/nL'ii(!, nr'b IU'j,f,flUd/,;_ur t Jwfuubf 'i,Jm;_f!_ Jfr'btf.. 

IUIJ.Wa'flU"IU'j,nLPJIU'j, U1Uf,J1u'b{!, 1twJ JfrfltfL /uqnLJ{! a'fb[nL f,IUJIUfl 

tf/wrqi/.nLJ ti nr IUl'I UJ2_}u1Uur1U'b.[!(! nrnzwltfr J1UU2_U11Upni[ IUfLnlUr....JUI• 

i[n~J t a'IJwL 'lfrlU'fflUJ{r Jwltbrbuni[ (Lit· 17 )1. 
1
f{rm1Uf'ib'ii.[! IUJ'I 'fPIU'tflUJfr Jfr Jwuf!_ ~nLlt/r urb'ii.g{r 1t/rr1Un.b1/rnL

/_iJ1U'b uwr.JIU'ii'iibrnLJ {'bit· 20)1 lf/r JIU1rniJ. 1UJf1U!JiJ.1UJ LJm;_/r a,,,.,,-;, 

p 
'lb"iJ!nLJ J /RL u Jw /{'/r mli'lw1'n/unL/iJ 1nL'il(! 

wuurfrl..w'iiwp"'r wl..n'l P nLfl/r "''l.'l/,9nL

fl1w'ii mw't t,,,.i[wuwr t 'ii11L1L"lbu wuur/r-
Pl 

-t..IU'iiwpwr w-6.11'1. fl[= EF "r""'r1U9Jw'iif!_I 

u.,,, wn'iitmP111L"i,f! wrurwr.1UJU1i/mJ t OB 

nL'l.fr'l.niJ.1 
p nLJfr nr"-t IUrJhl!frL (Bi 82 r,.,, __ 

i[wJf!_) r,,,,J "'Uf"'U11Uufuw"i,mJ t 6.l br~w
f'"'!JnLJ{! (082 r.1UuriJ.1uJe 'ii't· 20-/r iJ.rw)1 

lfbtllU!J'bb'ii.g pbne dP·niJ.. br'twrwsnLJf! 

'twl..fr d!l/-,,i[ IL a'ln'l null!, nrfr Jfrtfri, 
1 

"'f'llil!L ,,,1,.. 'l/,"il!nLJ r.wi[wuwr t P + 2 dP, ltltwrnwr/r 

dA = ( P + + dP) dM ~ Pdll + -i- dPd~l 

"'2.P'"'"'"''iil!1 '/-ht '19"L"i/. "rltr"r'I ~"'r'lfr w'bi[bn_ 1'".f!f + dPdM J'b-

J-nL/iJ"L'ii£!, uurw'iinLJ bf,.[!' 

dA = P6.l: 

<f.r"'lf.fr'tnrbfl dA w;_fu1Uur1U'iiJ!f! "l""",1tbr•/11d t P pwrapnL{rl1m'j, IL dM 
r.frJ .e nL'iib9n'l <;,f P"''ltliJ.wJ- nul'l.wf."1..,'iJ J wfrf;rb11ni/1 

p nLJfr wumJr6.w6.wqwG J/,Jw,gnLJ/!. •1/rm111rl1htnt/. nr"lbu dP pbn

'bbrfr Jfr 2"'fl! r,"'l"f'l"''t•'il wiJ.bL"'!J"Llfi1br, 'tuuuu'iiiu'iil!, nr wpurw• 
.g/1'iJ nLJJ.rfr "IUUIWfUI,}- w;_/11wur1U'j,J'{! 'iJJnL2_(! WUmJtfhufiwr\Up a'f/,fnL 
'//,Uf.[!nLJ IMfllf1Uf,w1111a/_nLJ t /;f/,J/,'i1mwr nL'['[w"i,lt/nt.f.'bL-r/r Ju1ltbrbu'iJb

r/r 'fnLJwrfr Jfr?_n9ni[ (i,'t• 20 )1 p · nu/fr wu~Gqfiwm ,/bJw9Jw'ii 'l/,"i

l!mJ, w1u/r'ii.[!'ii bpb dP-'ii ttL d.il 1U'it1[bn ifrnl!r /,';,, P·/r " t:.l-fr nrn

Z"'"" wrJbJ!'iibrfr r.wJIUr "'l'I 'f"LJWf{! r.-iJ.wu1Ur ltifr'iif. 013182 bn-

1U'iilt1w'ii J'wltbrbufr'it, nre /rr r.brfJfr'ii r.wiJ.wuwr t' 
1 1 

2 - R1B2 -0B2 = 2 PM: 

U.1u"lfruniJ. 1 lnru•/w"/r M JUmfi1wJp um.wA'flU~w"i, br~111rw9Jw"i, 
'1£"1..[!nLJ' ~wurw('i[1U6 IU;_fuwrn,.,'iJ.gf!. -~1ururwt.u11rniJ.fr 

1 A=-PM 
2 (3.1) 

plU'iiwahtJi/. /, 'f.)Ul'lf /r i/.rw lt"fwurltbri/./r J.7J w'iJ 'ffrtll'fflUJfr r.wJ WUfUl
UIUIU/uw"i, Jw•/1 Jw"brbuna/_1 

'tm1'ii"l.frufr '1-1Uurn1znL(i1nL'il'ilbr ltwrbtfr t ,.,<;,/,L 'iiwL. 'lfr"''lr"'Jfr 

('ii't· 17) Lrfri/. JIUltbrbufr 'bltwmJ1UJp1 'l-JrlU'l['"'Jfr Lf/ri/ Jwitbrbul!. wr-

111,..f.w4mmJ f; l "r"wrnLpJm.'ii J, L"'l-;,"''t'u'b 'tmriJ.wJ-l!fr F Jw'tbrbu 

nL'iib9n'I. 'iiJ nL;_[! fuqb LnL f.wJ wr JwfuulU.l AJJ Lrfri/. w;_fu1Uu1w'ii.pe• 

nl fib lium2!!• "'Ii Jfrw1'ii Gjnl.pe p'iim.fiw'lrn'l JbtlnLPJnL"i, 
uur111'iiw[llL r.wJIU['• e'il7n•'ili[wJ t A 1Uz/11wmw'iil!l! p1uJ.u'itbl 'iJJ,ILz/r 

- A 
J1Ui/1Uf/r iJ.rw1 a=-= - fiwf1UpJ.rmfJ1nL'it/! u1";,i[,.,'iJm_J bfl J,.'IJ,.,"j, wnwa

f0/ 

q wqwfi qb\inpuwgJtwJJt mbumqmpwp w2JuwmwGJ!: 

t c_ 1 1 ,_ 1 A JJ 
Jwuw"i'"' 1twr11Lfr 1. nrnz"L au=m __ · _ lPPll mbuwliwpwp w~-

F0t 

}uwUlwGp!!• 'l'" w1'ii w;_/uwuiw'ii.[!'il f;, nt•'il w'bf.rwJbz111 t J-1U/11uhL 

'iiJnL2_[! fu'l.bl"'- f,1UJ'wr1 flr.gw'ii IUiJ.blfr J/,.) t w1u JbJ11Lfil1nL'bf!_1 w1'b

J!"''ii IUiJ.&Lfr linLuwLfrnrb'b t -;,,,, .. pC! frr 'i_rw i/br9'iin,_J pbnfr r.wriJ.-

J-w1frL h fi111L't1Urtlw1tfr wnb9nLfJJnL"i,{!1 

f)9 



t/.bre Jh'I,.[! uikuu/i,.[!, nr f.nunLi.11Lp/u1i. u1uf.JwLi. wi.9i.kim9 

f,/,,nn i.Jmzfr t 1nLpf! 2wrnLi.w~11LJ I; ki./rlutr~iJkL ,,,,.,,,a'lw~,,,-;, 11kf/>nr

J,,,9fr,,,';,krfr, nrn<j,.[! i.ut{t1yfri.fr "f/,U ki.fJutr~i/.111 J /,';, 1,nL~/r or/,'i,.[!/l<j,l 

'rr,,,-;,9 Jfr..,Ji. ,,,1.bi,,,i.11d Li. m,,,,9 nr11,,,1{ii. 11bf/>nrJ,,,9 frwi.br1 U.1u 

t,.,,-;,'l.,,J1ui..[!{! r,.,,1111'l1utpbriJ.mJ t f.nunLtmflJUl'j, uwt:.Jwi.i. wi.9i.blm9 

r.buin i.J11Lze pl.n'l.ut[rlu.ufblfru {i.~! 17-fr 11/rw'lf"'''fr Z ~bme)1 
lJ(rlb i.J11L2f! "'Ju"lfru/r pb1<i.wpwr[rm.J{i9 t:.buin .,,';,Jfrp_w"fbu u~ubi..[! 

i.nrfrs iJ.'lbl, w"iw 11/rw'lr"'Jf! pbni.wif.nr.t,,,<;, J~Jwi.ut~ ~"l."'"'~"r1.fr 

OA-fri. 'l."L'futf.bn f.ut1fu1r1w i.m1i. olz nu1_/11lni/.1 fri.l. nr £ pbni.w[tlut1/1-

Ju1i. JwJuti.w~. fru~ z ~bmfr9 f.b&nn' i.11L1t ZDK ~nrnif., nre mluzfr mi.hr 

plmi.ut/Jut+J.,,'j, put9w~"'J"'PJuti. r1l.Uf.[!'1LJ1 IJ.1u"l'fru111/1 bpb f.wJbJut-

1111.i..p. pbni.ut/tl,,,+J,,,-;, t_bi.pwr~if.wJ i.JnLz/r a,J,,,-;, OCZDK 11/rw

rir"'''e i.11LJi. "il1m/Jfr9 "i"'"'rw11ui1/wd, i.wfi-ut"fbu Jfri.l.£ Z ~buie pb,.

i.,,,iJnr•/"'d £. Jfri.t.iL 0 1 t1l""l! pb,.';,,,,/tlut1/11/utd i.JnLz/r a,J,,,<;, 0 1ZDK 
11P"''lrwJfr f,b,,., "'"I"' JJ,i,.f! ~111bu'i.ki.l!, nr r.wJbJutuiut~uti.nL/JJ"''i, 

,,,,,t,,f,,,';,l! P"'l'iJ.r,,,i.mJ t J/1'ilt_£. ,,,1r;, l'urmJe, Jfri.t.k "l'f! <;,,,,p.,,,"ib'' 

pbn.i.u11J.nri/.,,,,} tr i.JnLzf!i /1u~ fi-'l.nLJfr9 f,J,.,,,. m,,,,9nr'1"'lfri. 11M/mr

J,,,9fr,,,fl +nl!r"'i.nLJ I; 001 JbJ11LPJ1UJp, "'Ju/•i..[!i. ffi1w9nr11"'Jfri. 

11bf/>nrJ,,,9 fr,,,Jfr ,,,1-;, JbJnLp1,,,Jp, "i'l! iJ.lml! /;r phrl.L tJnLzf! "bwfai
-;,,,,~,,,-;, pb,.LutiJn11Juti. JwJ.,,<;,.,,~1 

If fr'lit_h r.num i.11L[rl ,,,,.,, uwr.J uti.fr11 "'"-" Lfr P"'rJ.r l"' rnLJ I! i.wfi-i.w
~,,,"j, pbni.utiJ.n11Jwi. £. f,J,,,,.,,'I.,, pbni.utfJ..,r[rJwi. f.b111£wi..[!niJ utnwiw-

9"'1 f,.,,Jl.Ju1u1111~ut"i.u1L/JJ"''j, uwf,J.,,';,fr ;,.Ju"f/IU/r pwf'J.ru1911dli1 llL /i-qnL

J/19 r,.J,,,,,, :t;,,,,9 nr11w1fr~1 'Jblf>nrJ,,,9frw1fr 1'nl!rw9111Je lfl'llLJ I; ifwqw
qmpni_if wi.nL"bf!1 If ..,~w~n+J.,,';, J.,,J.,,';,wy ~wrdbu pb ~mriJ.nLJ I; 

iJ.'IJwi. 'IP"''lrwJ/.1 f,,,,Jw"iw"',;,up.wi. Jw"f!• Jfr pwi., nre i.iJwqb9'Lm.J 

I; trfr1. 111buw~"'rwr aJ utz/11wuiuti..f!l!' l>r"'~"'i.nLJ brt..nLJPe ml.11fr I; 

nLi.ki.mJ w1uuik'l 'i,~~fLU'ffiJutd UfLU[''f.L91/wd 11fi-kJwJfr9 z1U111 utiJ.hlfr 

P"'f11 iJ.£.nif.1 If utui.wiJ.nrwu1bu, bpb pL11'i.iwfJutiJ.111LJ{i9 f,b,,.n 'LJ11Lzfri. 

fln11'bb';,l! 1If.w'L'lu".nwi.wp 1 w1u/1i..ci. pl.n'Lu1iJnrm1fe u~ub"b.[! nl_ /elk 
w'bJ[1p_w"lbu, WJL Jb~-Lr~"L tfu1J r.bwn, u'"i"' 11/1w'lf"'Jfr f,.,,J.,,"iw

urutufi-U1i. ZDK J.,,,,r.. f1wi.9'bfr utiJklfr 1l.hpl1111J., .f!'""i,, f,,.."i,,'lumfr pw9w

~utJnLp JUl'j, 'J/,"f../_!nl Jz 

§ 12. lUPnMJ"litrti 'PtiU <t-PllU'C 

~,11• 17-nul pbrif."'d '1f'w'll'w1f f! 9nL9"''1rnLJ I; 'ii 1nLpfr 1."'f.f!f! 

'i,JnLz/r "'"-l"'l 1_wifrbrfr 'fb"i.f!nLJ. wi.,/frp_ut~ut"ilnrbi. nLunLf!i.utufrl'i/."'l 

"i,,JllL/Jf! pi.nLflut'lf"'l 'IJ"''lfrr ,,,,,,,,-;,,,,lnL f,,,,J,,,r a,'J,,,-;, 11frw'll'"'Jf! 

ifrn.f!r fri.l. iJ.£.uti[rnP,nLJ bi.1 
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t~. 17-mJ pbriJ.utd ~nrfr or11fri.ut111i.bre .. nr,,"i,,l! "'f"'"'""'JU1tlLJ k'il 
pbni.br, putcl-uti.nu/ /,';, i.JnL2fr ~"'fif.utd.[!p u~'f.p"i,,,,,~,,,'j, (Jfr"i,,t_J... +nriJ.e) 

F0 J,,,~brbufr 4.r"'' /ru~ M utpu9frui.hre' r,,,, 21.,,,r~w1{ii. l br~"'rnL
p1,,,-;, i/.futl l1.1u"ffrun1/1 "i,,nr 'JfrUl'ffUIJnLJ [!UU1 llL'l'l"'iJ.'ffr tnk'l_LU11{!f-

t[nLJ. /,';, '. _<'.''i··~.-: c;i 
I 

~--··· -~P 

Oj=-4 Fo 

L"'rndlLbrl!' frul1 f!U"' r.nrfr
'l"-;,,,,~,,,"i,,fr' 

t 

' ' ' I 
Ill 

€=-

t:,,,,r,,,pbrwt1,,,-;, 

,'!nLffL /, f (!I 

/ 

, 
• ' I E 

IJ.1u"l.frufr 'IP"''lf"'J I; 
"i"'"'~"riJwd ';,~. 21-nLJ1 U.1i. ~rnLJ t "'"-i"'l i.111Lpfr r.wJ,,,r 1m
pnLl1'6bpJi qJiwqpwll' il.quw6 qbutJ!Dl.ll' wi.nLi.[!1 Cuui 'IJ"''lrJ,,,';, "'!.,, 
'l,J,,,-;, t i.~. 17-nLJ pbr4_,,,J 11/r"''lr"'Jfri.. i.rw 1.r"' i.21_wJ bi. i.JnLPfr 

Jbfi-,,,"i,,Mw~,,,-;, r,,,,,,.~nLfl JnLi.i.bre pi.nLP"''lf"'l_ l"'f"L&brfr P"l"f Jb

Jm.p 1nLi.i.bre' r..111JbJutmw~uti.nL[i/Juti. au' r.nunLi.nL/J/uti. a~. £. wJrm-· 

. p ,,,,.,, a J.r uwr.J ,,,';,';,/,re' 

bpb Jbi.l! 'IP"'"'r~bi..f! ,,,111 11fr"''lrwJfr 
Jfr'i,t_£ f,,,,J/,Juturut~uti.nLp JW'j, uutf,J,,,'j,{! ei.-

~utJ OA J"'_Uf!1 "'"I."' nrnz a l"'rJw';, £. 

'If"'-;, t:.,,,J"'"i"'"'"'up.,,,-;,,,'l_ e f.wr"'P"r-~,,,'i, 
"r~"'r"'9Jwi. 11""/.f!nLJ OAB J,,.,,,-;,~1,,,-;, J,,,_ 

~brbue (i.~. 22). "fl! r,,,,if.,,,uwr I;~, ~"'r-
2 

ur,,,t.,,,1m{i ~"""rJ,,,9fr•uifr "'"""'~"'r"'r "'Z
"'"'"'"'.,,l!f! i.JnL/J(! Jfri.t_k a l"'fnLJ {! iJ.'fb[nL 

~~~-----..,,€~ '1-b"il!"'-J' f>u~w"ibu, 
at PM 
-=--=a 
2 2Fl 

'J.fruibi.utlniJ, nf E =_a_, ~wfblfr t 'fb
E 

/finrJut9frw1fr 11rbu-~U1 fUlf ut?_/uututWi..f_!fr UlfUJUlr.ut,urnL[ilJnLi.(! UlftUliJ.~ 
'f"'~ut"ilmtJ1uti. uwr.Jw"ili.br11LJ i.br~w1w9"i,,bl t:.bur£l"'l uibul!niJ' 

OE 02 
a=-=-1 

:: 2E 
(!J.2) 

{j 1 



tJw'itwUfbu 'it~. 21-/t f/r••111rwJft ..,Jpn'l.t.. Jw~hrbue ftph'it/r9 'itbr
~iu1iu,'itnLJ t nLund£wuftri/.n'1. 'it1nLf//rs "liuu.rwuuuJw6 'itJnLz/r fu'l.J,.'i, 

'1-hUf.pnLJ '1-h/f.nrJw9ftiu1/r QJ./ u.buw~wrwr wzfuiuurw'it.[!f!l IJ.J'I- JbJnL• 

fitnL'itf! ~wrbtft f; Uf.U1ln~hrw9'itht n11Ufhu f/rlU'lrUIJft 6 hr~iurnLfJ JIU'i,1 

wJb'itwJbJ 0 Jot or'lfr'itwu./r £. nrnz 1l 'lnrJwb/t wrurw11-r1w t' 

(3.3) 

npurb'l 11 'lnr6w~ft91! f.wi{_wuwr f; 'Jirw'lrwJ{r Jwftbrhu/r £. o nL (JJJ ~1111.Jhp 

nL'bl.9n'I. nL'l.'lw'bft1w'it Jw~bpbu/r f.u1rwpbp11LfJ/w'bl!1 

ll.1u"tfrum/_1 '(uq_tfwfi qbun!nuf ui.bumqwpwp wziu mmwlip_~ npn2 
1wtlinq pfinpnztlnuf k wtfpnt..pjwG u1ufiJ'wGp U. '(uq_nuf~g fibmn uwmg

tlnri fiwpwpb(lwqwG. bpqwpmgumfi 01pmwqpJm1ntl_: lJ._n "l"'"'-6.wnni[ 

f.wf.w{u f.wpi[wJ'bbrfr'b flJnLfJ/t 7frJwfph[nL (!'it711L'it1111tmf/ JllL'il(! 'l'itw~w• 

Ulft&.J /,'i, OJ} wrm11111-r1wt/r 11hJn&fJ1wJpz 

'tft, 22•/t 11-/rwfpwJfr9 /rp£.nLJ ti nr 

a 
tga- - == E: 

' 
U1uUffruni{_1 E Jm1nLlf! 'lrwJ/r1tnpb'b wpurwf.w1ur1_nLJ f; wpu9ftu

'itbpfr 1UllW'h5.[!/r L~wu.JwJp a,Jw'it W"''lr"'"" irL'l_'l_IU'f/"} Jwufr flb

l!nLfl1w'it w'it1t1w'it ur•'it'lb'itunr[z 

/o'l.Jw'it '1-b"l..[!nLJ Uftwuurftft 'it/nLfJhrft 111JrnLfl1w'it uwC.ilw'itft Jb

JnLf//nL'itf! n('°l. tw•frni/. ~w"lqwJ f; 11-rw'it9 11w[l<\[1nt..pJn1..fi ~nJ_rfn'I. 

r.w,,,~nLf/Jw'b !)£,,,, "wr6rmfl1nL'itl! '1-w 'iiJnLfi/t Jht iuu JiupJft'it'itbr 

'itbrfliu+w'it9htnL'it 'it1nLfl/r 'lfrJ•11-rbtnL :.wM.ftnLfJJm'it'b !;1 

'1wrJr11<fil JnL'j,f! nrnzhtnL Jbfiln11-'hhrftu wJb'itU1U11Ur1UJrjwJflbrftt1 

Jb~C!. ~ ~wrJrnLfll'u'b nrnzndfi, t (!UUI Prfr'hh1fr1 ll.1u h,,_w'bw~n" 
l1wrJrnLfilJnL'iJ(! nrnz.htftu ~wrJrnLf/JUl'it pflnL{iJw'l/rr f; f.w'iJ'l-fruw'itnLJ 

U1Ju"ihu ftnli/_wJ ttftwpJpnLfJ /"'fl fl/ri/_[!»1 npf! nrnzrjnLJ t uri/_jW[ 'bJnL[il/r 

Jht.. Jfr1rjwJ "ln'l."lwur/t9 UfwurpwumrJw~ 'l'it'l-fr~ 'itbrJ'l.hlnL '1fttn9n1_1 

thr1l'l.n'l P nLrlft JbJnLfYJw~ f.wpwphpnLfilJnL'h(! 'lrnz.Jft +nuM/r te'it

'1-"'J/r'b Jwftbrl..nL1fil/t Jwftbrhu/t'b 'tn1.1_nLJ f; tt'twr6rnLfiJJw'it P/rrJ f!Uur 

Prfr'ithtfr'' 

p ~p 

H =----= ' 6 nDh t1D(D - y'""D2 - d2 ) 

"r"'h'l D-'b 'l'b'l-ft't/t 111r"'""''lftJ'it b d-'b' '1-r 112Jfr mrwJw'lfrJe• h-e' 
'bpw /unpnLfiJnL'itf!1 UwftwrjwJ/uw6'bw1fr'b "l.n'l"t,.111/t f.wJwp w1u fl/ti/.{! 

f.wi/_•uwp f; HB ""' 100 + 120 ~<J . 'tl'il2 , 1th1uw1fr'it "-"'l."t"'urfr f.wJ•r 
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H8 - 200+220 ~q/uu2, ftwrJr Jfr11Jiu6 "ln'l"'lwu.fr r.-Jwr H
8
.r;, r.wu

'itnLJ t 400+450 qq/d'if2
1 I'.uu. Prfr'itbtft ftwr6rnLp1iu'it [ihl./t £.. fu'l.Jiu'it 

11-h"t.f!"LJ Uf.n'l."l"'u.ft wJrnLfJJw'it uwt:.Jw'itfr JbJnLfJJw'it Jfrtl.. 'lur'iti{_wJ 
t pu11Jw~w'it/r'it Uf.Ulr'l.nrnz +nrdwnw~w'it wn'it1.riLfJJnL'it' 

ll.1u"lftuniJ f.wurnLft 'itJnLz'itbp "l."'urrwuurhtnL /,._ '1-rw'it.p fu'l.b [nL 

Jfrt_n9niJ Ufn'l."f.Wllr/r wJrnL/iJJUl'j, uwr.,/wfl/r nrnz.nLJf!. 1twrhtfr f; +n/uww 

rfr'ith[ ftwpJpnL{tfJUl'j, nrnz_nLJni{_' ~ppft'i1b[w911LJniJI!1 lJ.1u b11.wLU1~f! fUIJ'j, 
~ftru11111Lf/JnL'it nL'it/r "l.rw~urMw1nLJ1 

'1wrJrllL{t/JnL'itf!. nrn~J,fnL UIJl Jb[rfn,_'itb11/r9 'itz_h'it.[! 'itnLJ'it"f.bu pw

iJwftw'bfr'i, mwpwJiJw6 IJ.nftr[hufr ilbfi"7.!.' lJ.1'it /rrw'lnrJ1_nLJ f; 'it/nL/J/t 

J/;2_ 1U[J1Uu•ft9 Uf.UIUlrlUuUli/_wJ ftn'i, ~IUJ 1,59 tflf urrwJw'lftJ nL'itb9n'l_ 

"ln'l"l"'"'lw tlfui{_wJ 'l'it'l-fr~ 'itbrJ'l.hL"L Jfrt_n9niJ1 

ll.1u h'f.w'itwft/t '1-b"l..[!nLtl ftwpJpnL[il JnL'itf!. p'itnL/iJwfp1.nul f; 'itbpJf!.'I.• 

J,,,'i, w1L /unrnLfl JUIJ p1 nre uurw9iJnLJ t- phne uft'l.p'iJw~w'iJ ( nt. J/,J) 
wrJbl!ft9 Jfr'bt."- rfbrt."ilwftw'b wprlb:pl! Jb6w9'i.blfru1 

!/,'l,Jw'i, rfwJw'itw~ [WrnLffi,bpft Ulj'i, '1-ft"''lpwJ/!, np(! 9nLJQ f urrjwJ 

'itft• Z1•nLJ, ftwrhlfr t 'J-/rurwr~ht nr"lh" a,J.,,'i, J-wJw'itw~ urrJl"'l 

'h111Lf1/t f.wur~nLfilJ"L'it'hhre p'hnLP"'tr"'I. '1-ft"''lr"'"' 

llwftwt'b 'bJnLfJ/r Jbfuw'hMwl1w'it f.wut~nLfJJnL'it'ithpfr .,,1,, p'itnLfiJw

'll'nLJf! upuJtfwG.wqwli k: f:(ilb +nrJ.wr~,f..,'iJ u~'f.pnLJ 'itJrrLz/r lwJ'itw• 

1tw'it ft111rtJ.w6,e/r Jw~brhue r.auilwr1w l.P ifinipnfu1_nLJ, IU"f.U11 u~u ... J 
:.nu11L'bnL[ilJw'it uwr.Jw'itft'b C.wrJwuwp [1UpnLliLbrfts• rJrw t f.wu'bnLJ Ul/'I 

Jw~hrhufr 'b~w111blfr 'biJ.w'f.nLJ, uft'f.pnLJ LJnLz./t wJpn'l.t. br;wrnLflJ•uJp 
f.wrJwuwpwz.wif., /tu~ wJpmfi1w'b uwr.Jw'lle w'itg'bhlflL!J r.hurn' urb,,_,._ 

ftw'it1 U.1u"f.frunrj1 ~ft• 21-rtLJ pbrrjwJ ~nrfr opfft'itwur'bhpf! t,,.unL'bnL

f/1w'it uwf.Jw'it/t9 wiJbtfr puipJ.r Lwrnd!Lbrft 1b"l.,enLJ pph'itofrs 'bbr
'tw1w9LnLJ b'i, "f.IU/Jw'itwtw'it twrnLflLbr1 nrn'it~ iJ.hpw'lp1_wJ b'it ~ur/!p
rjwJ.f!fr "l [ilh ~pw~w6, wll uqqpGwqwfi JwftbrbuftLt 

"lf/r2.'n flnL/'j,"ff..u 'j,~. 21-/r 11-/tw'lfWJ{r wpu9ftu'itbr/! J ft'i,l/,._ wJ rnL*' 

/IJw'b uwf.Jw'itl! f.wu'bbtl! ~w/urjwJ b'b Jfrw1'b 'ii1mfiJJt hrftwpwf.wlnL 

t.wur~11L[il 1nL'kft9• 4_q/tft wnwtiu'bwtnL9 f.burn r.,.rwpbrwftw'ii hr~wpw!J• 
Jw'b JbJnL[iJJnL'bf! "'r'l-/,'j, ~w/urjwJ f; 'bwt.. 'bJnLzp l."'+'rfr (bp~wpnL· 
fi1•lt /,. 111rwJw'16fr) r.wrwphpw~f!nL[J"/nL'bft!! J..1 IUJu"ffrunrJ1 "'1''1-J,'j, Jft-
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,.,J'j, 'b1mf!/r pbnLf!,.,'l/rr l_/r t:,,,.,'i,,'lfru,.,'bnLJ: 11.1'1 "i,.,urf.,.,nni/_1 pnLb 'b1nL

[il/r t:,,,.,ur~nLf!JnLbbbr'j, -iJ.blfr f.27rfrur pb11Lf!U1'fr"'l 'fr-/f>M uurUl'j,UllllL 

t:,,,.,J,.,r ~U1n11L9rnJ b'b ,.,l""ibu ~nl_i/_,.,q /ru~-~,.,'j, l,.,rnd!Lbr/r 'lfr,.,

'fr,.,Jf!: u,-;, LRLllUIPUl'j,llLJ I; LU1rnd!Lbc1/r /,_ 'lb!f.nrJ-9frw'bbrfr ~-"ii! 
'i,,JnL;_/r UIJb ~urriJ.md-.f'-nLJ, nrurb'l urb'lfr I; nL'j,/r'j,nLJ /u'l_nLJ(!t 

/>,,~,.,~,.,-;, L-rndlLb11/r 'lfr-'lr,.,J f! l1,.,nnL9blnL t:,,,.,J,.,r ,.,-;,r,r,.,Jb2ur 

I; ifrnra/r urU1r11br JnJbburbb(mLJ bzbl 'iJJnLzf!. a'fn'l nLJfr JbJmf!1nL'j,f! 

"- Jfr,.,J,.,J,.,'bwt1 t-fbl <;,,f,,L2/r l,.,1-;,,.,~w'b l..,.,'fr"re UJJb<;,,.,<;,b'l,.,9 ,.,J 
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JU1unLJt 

Cu"' UIJ'l l_U11frbrfr r.wzi/_nLJ b'b.f'- ';,JnL-

2/r frr-~w';, J,.,~brbuf!. t-.PJ,.,<;, 1nLrUl

.f! ... 'btJnLr JnJb'i1ur/r t:,,,.,J,.,r: P.n'l ,.,1'1 Jw

~brbuf!. t;.wi/_wuwr Lfri,fr Ft-/r• /ru~ a'l"'l 

nLJ t!.' P1-fr, u~'lP'j,,.,~,.,'j, J w~brbilf!. f!n'l 

Lfr';,fr F 0: U.pu9fru'bbr/r wnw';,9.[!/1 nL'l'lnL

f!1wJp urb'lw'frnLJ b';,.f'- l:,,wrwpbrw~w'b 

'bb'lw9Jw'b Jbd-nLf!JnL'j,f!. urn~nu';,brniJ.' 

~t = Fo - ft · 100, 
Fo 

~u~ t:,,,.,J,.,"iwurwufuw';, or7fr';,wur/r iJ.rw \ 

QI 02 0.3 ll4 ~ ,, fru~w~w'j, lwrJw';, Jbd-nLf!JnL';,f!.' 
~ 

tt·~ Pt 
"1--=-1 

Ft 

t~. 23-nul "iwur~briJ.wd- I; Jfr wl'l"lfru/r fru~w~w'b LwrndlLbrfr 

7frw7rwJ nbluw1fr'j, "i"'l"iwurfr9 "iwurrwuurqw.t 'bJ11L2/r t:,,..,Jwrt />'"llJ_

"ib,. br"-nLJ I; wn 7frw7rwJfr91 cr~ LwrnLJ'j, wf.nLJ t Jfr';,l../,_ pnL'b 

/u'ln~Jf!. l:,,wu'bblf!.' u~qpnLJ wrw'I• fru~ wJb'i,wJbq pbnfr';, f.,.,u'j,blnL9 

t;.burn (A ~burl!.) .... iJ.bLfr ,,_,.,'b'fw'lt lu,.,_J,.,'j, JnJb'i,urfr';, ~urriJ.wd-.f'_/r frrw.: 

~,.,-;, Jw~brbu/r';, iJ.brw'lriJ.wr) lwrnLJf!. uu1w9i/_nLJ t' wiJ.btfr JM, .f'-w~ 
uniJ.nrw~Ul'j, b'lw'i,w~ni/. t:,,Ul2_t[wq wJ r11Lp JUl'j, uwl:,,Jwbf!_t µbriJ.wq or/r• 

'j,,.,~mJ wJrnLf!Jw'j, uwt;.J,.,'j,f!. l:,,wi/_wuwr I; 67,7 qq/tftf2
, fru~ Ju,.,_J,.,'j, 

JnJb'bur/r [U1[tnLJf!.' 10211 qq/tftf2
: 

Uw~:ul'b ufuwl ~lfr';,br 07ur1uprd-bl iJ.brtfr'b Jbd-nLf!JnL'j,'j, ,.,,'j, wJb-

liwJbq nuffrrf!. l:,,wz.i/_blnL l:,,wJwr, nr ~wrn'l f" "i,.,r,bl J.n'lf!. Jfr'j,t/,_ 

/u'liJ.bLf!.• fri,l.. nr Jbq t:,,,.,J wr t:,,burw.f'-r.e/rr I; 'l',,r,J-<;,,.,~,.,-;, rnbuw~burfr9• 
,,,., br/inLJ I; b~· 17-fr a7Jwb 111ni/.nrru~W'j, 'Jfrw7rwJfr9• 'j,JnL2_/r ~n'l• 
Jfr9 "iwl:,,iJ.n'l wJb'bwJbq nLJf!. l:,,wJw"iwurwufuw';,nLJ I; nl_ f!b Ju,.,_J,.'j,, 

"'ll wiJ.blfr iJ.w'l JnJb'iiurfr, Wl'f pbn/r Jbd-nLf!JnL';,f!. ur1[jwl Jw~brb11 
nL'bb9n'l ';,J11L2/r l:,,wJwr p';,nrnz.iJ.nul I; t:,,b';,9 wJrnLf'Jw'b uwl:,,JwilniJ.1 

6, 

f>'b} iJ.brwplsrnLJ I; wJb'bwJU pbnfiil Ii fu'l.J,.,'j, JnJb';,rnfr';, t:,,..,,f,.,"i,.,. 

''!"'ufuw'im'l ~burbrfr Jfr'l_IL /rrwl1w';, LwrnLJ'j,brfr Jbd-wsJwilf!.i ,.,11/.,., 
"'J'j, ~w"i1/wJ I; 'bJ11Lz/1 Jw~brbufr Ju/ruur fn,erw9Jw';, t:,,bur, wiufr'b,e';,' 

qnrd-'b-~-'bnrb'b ';,rw .f'-U1J.e-1J,.,<;, f!.-;,/!,.,9.f'-fr t:,,bur: . 

07uriJ.btni/. /ru~-~,.,'j, L..,rnuf';,brfr 7frw7rwJfrs• ~-rbtfr I; uwl:,,Jw

'j,bl Jfr zwr.f'- 'i,nr Jbfrrtu';,Mw~w';, p';,nLfilw'lrbr: 

PuqwqwG q}iwqpwtfp opqpfiwmfibp~ p.fiill.pwqpnul bG UJ.lWumplJ. 

qb%mptfwgpwGbppfi fiJnLp}i qpuwqpbtn._ ~fiqnLGwqnLpJnLGI!: · 

"l[wuurM {il'llw9nr7w1fr';,} 7bl/mrJw9frw';, z.wrnL';,w~binL l:,,wJwr 

r,,.,r~ I; Lfr';,nLJ ';,lnLf!fr';, t:,,,.,'l"r'lbl wiJ.btfr nL wiJ.btfr JM LwrnLJ'bbr• 

uuwuurM 7bl/mrJw9frw1fr wf.btnL f:obur JfrwJwJw';,w~ wf.nLJ f; b 'j,JnL• 

{J/r 7frJw7rnLf!JnL'j,'j, wl'l 7b!f.nrJ,.,9frw1fr';,1 lJ.Ju brl..nLJf!I! ~nl_i/_nLJ /;' 

UIU(lUlUJ.Uf}IlLtf: 't1nLf!/r wJrw"J'j,'li/.b[nL f!.'j,'lnL'j,Ul~nLfilJnL'j,f!. pbnrn2i/_nLJ 

I; fru~w~"!'j, 'ffrw'lr,.,Jfr iJ.brbt.f'-fr 'l_wnfrp ... .pnLfi/J,.,J pt 
lJ.Jb'j,wJbq pbnfr';, f:owu';,bl'nL JnJb';,urfr';, f:,,.,J,.,"i,.,urwuJuw';,n'l. A 

~burfr 0r'lfr';,,.,urf!. ~nJ_i/_nLJ /; puqwqwu wupnqtJWfi uwfiuwfi ~wJ pu

qwqwu dwuwGwqwqnp qpdwqpnLpJnLfi: '1nrfr d-wirnLJ, futzJw'ii Jn• 

Jb'burfr'i, f:owJw"Jwurwufuw'i,n'l or7/rbwurf!. ~nl_i/_~LJ I; Juquwfi 1wpnuf: 

f>u~w~wi 7/rw7rwJfr wpu9fru'bbrf!. p';,nrnz.nLJ bi, -;,1nLf!/r "ilwuurM 

~/,/f>nrJ"w~frw1/r b'i,f!wr~iJ.b[nL f:owur~nLf!JnL'j,f!.1 nrf!. wrurwf.w1uriJ.nLJ I; 

'>wr-pbrw~w';, 'bb'lw9nLJniJ.t Ufr'i..J..b A ~burl!. Jw~brbufr wn irb..,_-

,'J"LJf!. <;,Jm.z./i ruJP"'l'l br~wrnLP1w<;, iJ.rw ~-r"'l I; l!.<;,'lm'biJ.bl Jfrb

'l.nLfi..f!.• w1'b ~nl_i/_nLJ /;' fiwqwuwpwiwtp Gb11w9mtf Ii p';,nrnz.nLJ t 

futzJ,.,'j, J,.,J,.,'j,,.,~ 'iiJnLf!/r f!.'j,'lf:,Ul';,nLr 7bl/mrJ-9frw1fi b';,f!wr~iJ.blnL 

f!b'lnL'j,IU~nLp JnL,f!.1 l.r/ri/. /i f:owi/_UIUUlrUI l_Ulifr 'j,b'lUl9nLJ'j,br/r urwrpbrnL

[rJ J"L'j,f!. p';,nrnz.nLJ t ';,JnLf!p urb'lw~-'b 7 1rq,nrJwsfrw';,brfr b';,f!wr~iJ.b

l"' f:owur~nLf!tnL';,f!. ( i/.'1./r~} Ii ~nJ_i/_nLJ /;' mb11wl1wfi fib'l.wgnuf: 

§ 14. 21-U'll" ').f>ll 1-PlllftbPI! llllUUSJ-i'1 bol, 4>luPntl.'1 
'1anti.fa'b('lti .muur • 

twJunr'l "1-r,.,fl',.,q,-;,brnLJ nLunLJ';,wu/rriJ.wd- /;' uw~wiJ.wd-fuw

,}'bw1fi'j, "i"'l"iwur/r ur/r"i/r Uflwu1nM ';,111Lfi//r9 "iwurrwu111iJ.wd- ';,Jm z.';,brfr 

07,/,.,'j, JwJw';,w~ urb'lfr nL'iib9n'l brlinLJf!';,brfr lf>/rtzMw~w';, "iwur~br/!1 

!JqJw';, tfwJ.';,w~ "ilwuurM 7b/f>nrJw9frw';,brfr b'b(rlwr~i/.n'l ,.,IL ur/r"i/r 
'blnLf!brfi l:,,wJwr u111w9i/_nLJ bi, f:owJwriw ';,nLl'j, url1U,e/r 11-frwtrwJ

'bbr, /r'j,l_ nr 'j,~, 21•nLJ trt 

'1/n'l"i,.,'"/r Jfr ,e,.,';,fr urbuw~'i..br (r.aaurnL~)· "l'lfr'bal!., Pr"'j,'l.I! l_m

'bb'j, f:onunL';,nLf!Jw';, (wrfilw~1 '1'fr-7rwJfi nL'l'l_W'ffrd- Jwuf!. ,.,<;,Jfry_w"ibu 

&~ 



U1 f.9'i1nLJ' !; ""f'Ul'f,)fi'i11 flf'"/_/su orfi'iJUlf 'iJ~. 24•nLJ' lJ"LJ9 /sf, •rrJ-d 

anLl111J-n "l."'l"I."""" (a)> Pl'"'iJ'l.fi (6), 'iiMltl1111/i'ii "l."'l"l.•"'/i (8) k J111'iJ. 

7 ,..'iJUI ifi'ii "l."'l"I."'"'" ( z) L-rnL.rilhrfi 'llr-'lr,..J''iihre.' 

'<•/.,.,• 
gaoo 

'fCJ 
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fOOO 
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U.1'ii 'ii1m.fd/r 

r,,.,rP"''t' "l'"l.liu 

1200 

1000 

800 

fi.00 

200 

~a·11Jtltfiu./a 
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l,~. :U: 

f,"'J'"'I'' nr/r a7J',..f, 'ffi,..'ll',..J/!. l_nL'ii/r ltnunL"bnL{J/Ulf, 

C.nunL'iinL{JJU1'ii uU1f,JU1'ii/i J'bJ-nL{i/nL'iJ .,U1JJ'U1"bU11tw-

'ilnrb'it e.'ii'fnL'iii/_wJ- t- f,,.,J'-rbl "'I"' l,.._ 

rnLJ'f!.1 nr/r 'fb"/../JnLJ 'itJ'nLz/r J'ilU19nrw 

'l-1111/i'il t.-r-phr-lt-'it hr1t-rU19nule. 
r..uu'ilnLJ t" J'n.n111iJ.nr,.."l.bu 'itnLt"b Jh-

J-nL[i/w'itl!., /r'ill_ nr 1£ nrnzw"/r wrurUl

f,UIJlni/_UI,) r.nunL'ilnL[i/111"b r.wrfiw'tfr '1-b"i• 

-1nLJ t-• flr"l.bu r,,,,rwphrw't111'il .rbw-

. 9"r'l-"'J/r'il '1r1t-r 1119J.,,'il ~1'1"1.fru/r Jh
J-nLPJ'""' f!.'il'l-nL'iJi/_,..J t O,Zo/01 

cf>Jupm.G GJmpbpe pf,nrnzi/_nLJ &'ii 

w1'il p,..'iJ,,i/_, nr ur111'il9 .,,../J!"'J"LJ(! 

111b'l/r t- llL'iJh'iJnLJ "'f''l-/,'iJ ifrn.er 'fl.flmrw 

J111s/r111'ilhr/r 'lh"l.IJ"'-"' U.1'ii"l.fru/r ,,,,._ 

"l.fr't i/r/i1rnL'il 'il1nL{i/i9 /r'ilt"l./ru/r'il {JnL-

1.f!'il f°, "/."'"'f'U1u1nrJwJ- "bJnLzf!. . a,,i,lfiu1 

Jb'illJ f!."1'1-'-"'"I. J/r'iltk fu'l.nLJf!. 'il'twurnLJ 

h'illJ J/rwi'ii t'ilt/r'il 'fbf!.nr.t1116 /r111'iihr· 

IJ"'llJ"'l"LJf!. urb'lfi t" nL'ilb'1nLJ Jfi111'il'lwJ/r9• fu'l.nLJfr(I f,burn u111•f1-

6G 

""" '--r-phrru't ... 'ii •r~-r-sndlb nL r.111rwrbr1111tw'b r;,1s.,_w9nLJ'f!. Lfi'ilnLJ' 
/s'iJ zwur ifrnlJf'I {U1rnLffi1brfi 'ffiU11ff'UIJf!. d7J' Ulf, ,,_h"l_.jJlfLJ J."L'flf&.fl/r 
f,U1J111r "'f'i/_UIJ- t 'il't• 2a•nLJt flLZUl'ff'llLPJnL'il /s'j,IJ f,{'111i/_fif'11LJ "'J'il 

f,w'ii7wJ•'il1Jfr iJ.rw, "I' 'ii't· 24-fi 'ffiUlff'"'Jfr r.wJbJu.111tnLPJ,..Jp 

'il't· 25-fr 'fli,..'ll'"'Jfi '-nrfi'l.n'ilw'tUl'il J111uz"'"'PI! JbJ-1119i/_wJ- t- Jnur111-

1_nrw"ibu 40 U1'i17urJ, fruit nL'l'l,..afr'l Jwuzurwpe.' J'n111w1_nrU1"fbu 6 

"'"''"'"' flr"l.bU 'tw'iJ#'j,, +JurnL'iJ fl1nLfi/sf'f!. "-/U.1111 /s'j, 'ffrJ'w11rnLJ atJ"-'ilf!.1 

'ilrw'il9 fu'l.Jw'il 111Jr11L{JJ111'il uwe.J'w'ilf!. "l.l"'""'"" 'ilJnL{Jhrfi 111JrnL{JJw'il 
uw·e.J111'il/r f.bur r.wJbJ111urwJ- 111'/.hi/r ifrn..Jll' f-1 

t/lfuf'nL'iJ 'iJ/nLf'brfr a,J'Ul'iJ JwJUl'iJw't ,,_btf.nrJ1119frw'i.brfi ""'"ff!. 
lwrnd/Lbf'fi f,/sur uni/_nrwpwf' 1_wur f" 111rurwf.w1ur1_•LJ ~nL't/i orb'il.jJni/_I 

1'/r1117r111J'fr 1.rw -.'l'l"''l/r,) J/U.lufr ifrn/u111rb'ii Jb'illJ Ulr7''il 9/U.IJ-r L"'

f'"LflLhrfi '1b"l.IJ"LJ uurw'ilnLJ' b'illJ ifr"IJI' /r'j,t 'tnrw9,..J tfid-1 1111u/i'il1J'il 

nuJfr ""'" lU1rJ'111'iJ l£ r.wJU1"/.UIUIUIUfu111'iJ 11blf>nrJ1119frU11/i Jfrlk /ufiuur 
'l,)'"Jfi'il t.wJ'bJw1n111't111'ilnL(il/nL'il tfr u1nU191_nLJI 

u,u,.,_/iuni/_ UlflWa,Ul"Ul"'nLPJUl'ii E J'n'1"Llf!1 nrf! "Ul"-UIUUlf' t- (§ 12) 

wpu9/ru'ilbr/r U1nU1'i19.[!/r 'il'tUJurJ wJ p l"'f'nLJ- d 

'ilbrfi 7-/r"''lr"'Jfr znt.wifrn'l/r fib1nLfiJw'il 

111'ii't1w'il 111w'il'lb'ilu/r'il. fr•'tw"l.bu U1u111J, U1JU

"l.frufr 'il1nLfihr/r r.111JU1r t/r 't-rbL/r r.111uurU1-

111nL'il JhJ-nLPJnL'il r.U1JU1rbl. 'ii111 ifrnfu'/.nLJ t" 
.,,,r;, L"'rJUl'j, JbJnLflJnL'il{r9 1tU1/u1_111J-, nrfr 

f,,.,Jwr Jb'il~ r.1112.'/nLJ b'iilJ 11hlf>nrJ-9 fr-'il1 

p'iJ i.IJUl'iJ UI J'1 lUlrnLf/L Ul'/.bl/r J'/s,) t-1 Ill 1"'./JUl'j, 

wiJ.bi/r ifrnll' itwJ J'bJ t" J'n'l"Llf!.• ~U1/u1_wJ If/ 
'j,f',..'iJfr91 pb tnrfr llLflffL9fr'tnLf'JnL'il'iJ nL'l'l.iJ.wJ o'---------£
t 11h"l.fi iJ.hr, ph 'ilbr1J'' 

·U witwJ'il Ul/'j, l"'f'nLflbbr/r uwt.J111'il'ilbf'nLJ, 

nrn'iJ9 UIUI" fl111Lpf!. uniJ.nf'Ul/fUlf' 1112}uU1urnLJ' 

l,~. 281 

t lt-nnLgi/_UIJIJ'iibrnLJ, ~nL"/r 011h'il1J/r9 'llruri/.n'l tb'lm.m.hr'il -'il'iizw'il 

b'il1 U.1'1 "i"'"'-6.wnni/_ 'l"rd-'ilw'tw'il r.1112frtf!!.brn11J '1/r"''ll'"'J/r it"r"''lfrtJ 

Jwue. ifrn/uUlrfi'iinLJ b'il l"'l'"i/. ('il't• 26) £ E Jn'f"Llf!. '--JwrnLJ h'il 

f,UIUlnUllnllL'j,I u Ill pnLJllUur('bi/r t- 'iJ111£ UI '"' "fU1urf'.111nn1_1 nr ifr/urt1L'il 

i.1nLfibr/r Jhfuw'il/r1t1111t111'ii p'il11Lp"''ll'hl'I! 111n111'ilafr'ii 'ilJ'nLz'ilhr/r r.UIJwr 
1/inifrn/urJnLJ' L'iJ wi[bifi [IU/'j, u111r.J'111fl'iJ/sf'11LJ1 IJlll'j, "flUIUlll{r't fl1nLflbr/r 

p'iinLP..,'lrhrf!.· "'1'1 "f_U1ur6.111nni/_ frJ',,,,,,,, J."L'il/r o'lur'/.bt lwrnLl//,brfr k 

7't/>nrJ111sfr111'1.brfr ,.,n.f/ t!•Lftl 1w'il 11111.hlfr 6.ar/r"' "'l'"'"'r,Ul/"'"Lfi JnL'il· 
'iihr/rs• 



§ 10. fUS4PUStrU '1 P.'10\l.Sfa'C llllUUStiti b'l «l>luPO\l.'1 °tJSOtifa'bPJ-i 
Ub~rrrru-., ~urruiu~: Ub~~rrui ~.-.u~rurrc 

Ub'lJ'J111'it 'lblf>nrJu19fru•tfr'it 'itJnL{Jbrfr 9'!LJ9 uri[111J 'lfrJ111'1rnL

{tJ1n'-'itf!. nLundID111ufrrL-1fru t;.mr~ t Lfr'itmJ ~frrwnbl funrw'bwr'lb ~,,,J 

urrwJ w7Jfr9 pn.[!r fr'itt_ wiJ.blfr J/,J pwrarn'-fl JnL 'j, nL'bb9n'l 'flw'itfr 

mbu.[! nL'bb9n'[ 'itJnt_z'itbrt 11.iJ.lzlfr J/,'J br~wrnL{JJnL'b nCi.1b9n'J. bJnLz

'itlzrfr 'lb"l.en'-J ifrnral'r/r rlu~Jw'itw~ '1JiJ.u1r t funLuwifrbl 'itJnLz/r Jl!n.

J en.n'-Jfr91 

'iJmz'bhrfr t_wifrbre urwrphr "ilJn'-fJbrfr t;.,,,J,.,r urwrpbr b'b £. 

mwurw'iti{nLJ b'it (/unrw'itwr'lfr ljn'll!) 2 wl·fr9 ( ifrw1urfr t;..,,Jwr) Jfr'ilt"-
20-30 mC ( pku1n'it)1 

ff/lwuurM bJnL/J/r9 "i"'mrwuuri[wJ 'll"''itMI! ub11.Jblfru t;.wJbJwurww 

~111'itnLfi/Jw'it ~wJ t;.11unL"ilnLfi/Jw'it uwt;.Jw'bfr9 wiJ.bLfr 9wJr l"'rnd//,brfr 

'f/,"f.[!nLJ 'f.JnL{iff!. frrb'it "fWt;,nLJ f; {,.frzur bnLJ'j,"f/,u, frbJ_u/.bu a,,Jwb 
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-l~llt""lifl.LnL ~lwthl ~wrif•,.,./r t'..'iiwrwiJ.•rfrt t_wi/r wiflrlfr 2.""ur ~Jr'iihurfi~ 
l;'iihrtfr""• -ifhlfi 'ii"lwurw~-~wrJwr I; o'furwtnrohl "llwu•/r~ 'ii1nLflhr1 

4'Jur11L'ii 'ii1nLFJhre f.wriJ.wd-fr 11""1..[!nLJ zwur f.bz.mnL{iJ1wJp L'ii .[!W/

.[!IU/a/.nLJ -l£ "lwm-6.wn.n.J., nr 'iipw'ii9 7hlfrnrJws/rw1/r "l"urh'iisfrwl 
l;'iJhrtfrw'iJ 2.lllUI ifrn.er /;1 />'iJt_ ifhrwphfnLJ I; f.w'iJ,puU11 UIUUl/rbw'iJm

pwr wbn'l_ u/,'1.Jn'I_ phnfrfl, llll"JUI 'iJnL/'iJ ifr/ufnL'iJ 'iiJnLflhrf!. /r i/./rfi.w~/r 

h'ii !srphfll. W"Jllllf.niJ. frrh'ii9 ifrw "-"rs'iihl 'l.f&Ulfrnrh'ii wifhlfr JM L""
rnLfll.hr, ,ew'iJ "ll&UUUl/r~ 'iJ1nL[iJl1rf!.1 z'iinrf./ri/. frrh'iJs f.wm~nLf!Jw'iJf!.' Uf&Ul 
Ufr 2.w_ur ifr•.er +•ifrnJunL[l/nL'ii'iihr w'b'lwJ wJrnL{l/w'ii uwr.Jw'iifr'ii 

J nur Lwrni.fll.hrfr 11""1..enLJ I 

br~nL urfr"J/i 'iJ1nLflhr'il frrwrfrs pwJw'bn'l "r~rnr11 p'iJnrnz f,.u11n
~w'iJfrz'iJ w1'il 1;, •r "llwuurM 'il1nLfihrfr f,.wJwr 7hlf.nrJw9frw1fi wn.w
tfa'ii 2.ftw'iinLJ 'ilrw'iJ9 ifwf.[!f!. d.9Jw'iJ J.. ub'lJJw'b 11/,"J.[!nLJ ~wfhlfr /; 

f.wJwrhl f.wJwr1w Jfrk'bnL1'iie1 f>'iit. ifhrwphrnLJ I; ifr/urnL'ii 'ii1nLf!br/>'ii,. 

"""I."" 'lf""'iiS -A.£zn'I. Jhd-wJ wu'ii,,L{1 /nL'bf!. J.9Jw'bl!. zwui. wifhlfr 1/wu1 I; 

p 

. 
I 

·-+· 
2 _ _L. 

I 
p 

p 

/} 

11frJw11rnLJ, .pw'b ub.,_JJw'iie1 U1u 'l.'lwlfrnl'J.'ii 

uuif,.Jw'bwifrw~nLJ I; ifr/r•rnL'I, 'iii''' f!hrfr l1~

rwnJ111'b p'iiw,wifwne• ~-J "l""f.w'iip_mJ I; 

f,.w111m~ Jfrin1wnnLfll.hr a,Jw'iJ Ufw~ 11rw'iJ9 

wzJuwurw'iJ.[!p '1£Uf_pnLJ. orfr'iJwf J.'fifwO l;l£

J/,flur'iJhrm.J pburn'iifr mJh'lw9nLJf!. "ln~"iw· 
urnif 1 

"llwuur/i~ £ ifr/urnL'ii 'ii1mf!hrfr d'frt"- p•fruui 

urwrpbrmf//nLfl /; f.w1ur'iiwphrifnL/ "'/""I.£"' 
~·tifwd- mbqmliw6 1wpnufGbp~ 'ii~wurJwJp 

'iir,.."bs ifwrl!fr Jht.' Sh'lw~wf, 1wrnLfll.hr 
wuhlnif Jh'ii.j! r.wu~w'iimJ h'bl! w J'ii"l.fiu/1 L"'• 
rnLfll.br, nrn"b.[! u1wrwtJifmJ £'ii /;LhJhtur~ 

lwl'iiw~w'ii ~urrifwd-.[!/r f.wJhJwuru1pwr ifrn.pr 

Jwufr ifrw• Unifnr""P"'r w1u LwrnLl/i,hr'ii 
wn.wf.w"bnLJ h"b J.n'l.fr hr~wrnLfil1wJp 'iirw L•1"bw~u1'ii ~urriJ.wtJ.[!/r l_w· 

+"rfr ~iµJ J.kfr nr£1; ~urrn~ ifrnifrn/unLP1wfl f./;ur£wfl.[!11i/.1 
u,."J/,u 1 h[l/, JJ.'iJ.[! a,h'iJ.[! Jfr w'iJs.pnif {lnLlur9if..,,} an'J.f!. ('iJ~. ,'J/j )• 

w"l.w 111"bsl!frS pwifw~w'iifr'ii f.hnwswd- 2-2 ~urrifwd-.[!11LJ Lwrm flbhrfi 

p-z/rznLJf!. r.wifwuwrwtwifr ~Lfr'iifr' a = .£.._, {wrmfll.hrfr w111 purzfi111..Je 
F 

fftLlf I; urrifwd- £~. 36•nLJI flw11 h[lh J/i£.[! ifkr9'iJh'iJ.p wJ/,'iJfr9 

wifhlfi flnLLWfJUI~ 1-1 ~urrifwd-.ef!.• """i"' a,,.,_/r pwifw~w'bfr'ii JM LWr 
'ilnLP1w"i. 'lbUf.j!nLJ, wl'I ~1nrifwo.[!nLJ LwrnLfll.hrfi pw;/izniJe ~Lfr'bfi 

IU/'iJUffiufr'iJ, fr'iJt_"J/,u W/'I flnL/fJ t urrif wJ fl~. 37-nLJ 1 W 1ufr'f1.[!'iJ' ~rnriJ.wO• 

12 

.f-nul wts.e/r Jnur l""lmLJf!. f.wiJ.wuwr ~lfrtp Jnu1wifnrw"llw 3a. uw• 

~w1'ii L"'rnLfll.hr/r UIJ'l"l.frufi' /ufiuur JhJwsnLJf!. urwrwd-1/nLJ (- y111rrf.wo

.[!/r ·Jfrw/il w'ils,e/r Jnur tut'iir/.n'l 2wm tlin~p Jwu/r i/.rw1 

"urriJ.wd-.[!/r ,,,/ pn'lf. HLwswd- J w~brl.· .. fr i/.c•w 

L"'rndR1hre 11bnLJ /,'ii f.wifwuwr a-fr, liwrohu filh ......,.u..LU..u..uu.J~ 
flnLLw9nd t_~wl U1u"lfiuni/.1 d.n'lnLJ Jfr ifrn.erfr/J Z Z 
w'ii9.[!/r Ulft~Ul/tlLf/JnL'iJf!. WftWf I; phrnLJ zwur J/,d-

urh'lw~w'iJ L"'rnLf/£hp1 nrn'iJ.[!1 UUl~W/'iJ frw1/nLJ £-'iJ 

l"'l'bw~w'ii ~urrifwd-.[!/r Jw~hrbufr zwur ifrn.pr Jwuf!.1 
lifrzur 'iinL1L"l.fiufr 111b'l.w~w'ii L"'rni.tlbhr I.';, wn....p_w-
'iinLJ d.n'lfr 1lw~hr£nLJflfr ifrw wr•f wd- qw'iiwqw'b 

p 

f,./,raw'iJ zif wd-.[!'iJ/, rfr 91 ifrn fLU~'iJ/,rfi9 J.. .e"r"""-wd-.[!'ii/, r/rs, "Jllr nLllJaur/11111fr'iJ 

"lwrnLJrfrs· ~-r/rt/r J zw~Jw'ii f.hurl!hr/rs "- llU JL'iil U111 •frnrifwo,e'iihrfr /, 
.f!hrd-ifwd-,ethrfr r.wuriu~fr Jn111 'b1nL{!/r Jh2. wn.,,.p_w'iind /,';, 'l.f"'lfrnph'ii 

wifhtfr Jhd- LwrnLfll.br, .p..,'iJ wJpn'lt HLwsw~ 

yurc1ifwtJ.enLJ1 U1u h'l.rw~w9nLflJnL'iiLbrl!. D.frzur /,';, 

w1'ii.f!w'ii tlwJw'iiw~, .[!w'iifr 11hn 'ii/nLfJf!. h'bf1wr~

r/_nLJ I; l,nL~/r or/,'iJ.[!/rfl1 /tu~ l""rnLf/£/,rfr'iJ nL'l_h~9n'I_ 

'lhlf>nrJw9frw'iihre ifr•.f!r h'i" 
UJk'iiwJhJ urh'l.w~w'ii Lwrndl£hrfr Jbd-w9J111'ii 

fnroiu~fr9f!. f!.fly.f.w'iJnLr lwrnLfll.hrfr 'iJ~wurJ~Jp ~nt_-
ifnLJ I; liwtl'wliblimpnGwgtfwli qnpt\-ui.li~g !.. 'bzw-

'iiw~ifnLJ (- 0.~·nif' 
0 rnax -

Cl~ = ---;;-• 

.Pw'iJp nr +JurnL'iJ "1nLf!hrfr 11/,U/.[!nl J Jfr'iJt_/, 

D 

t~- .17: 

pnL'ii .j!W/.[!WJnLJ{! Jh'b.p 'l.'lwlfr 1hlf>nrJw9fr..,'iihr z.b'ii.[! uurw'ii11LJ, "'"i"' 

l"'fnLfll.hrfr pwzfuJw'ii 'ii~wrwlfl1ifwJ "lur111l1hre "'l""l./111/r 'ii1nLfl/r9 
"fWurrwuurifw.J anr{/r ub'lJJwfl nL J.'fJwfl 'f/,"J.[!nLJ Jfrzur urLr1/r ~nL· 

'iiJ,£,,., .pw'il/r 7"n wJli'iiwJhJ 1wrnL11l.hf'l!. t_h'b f.wuh1 wJr"' -

µ1..,"b uwr.Jw'iifr'i..11 U1u ~-"l."'bnLpJ ... Jp ifr/r•rm.'ii 'il1nL{t1/r9 °i.w111rwu111-

r/_wd- a"'l.l!. urh'l.w~w'ii L""rndlbhrfi wn~':"1n1fil1w'b "JUIJJw'ii'bbrm.J ~.[!"'/• 

.[!W/i/./i ~wJ ,.'iih -A.w.f!hr l1urw "•c1Jwl Lwrni.fll.hrfr w1/blfr •/r•J'r 
p 

0 = f Jfr1/rfl wrrlh.e'iJbrfr '1/,"J.[!nLJ, .[!Ul'iJ 'iJnL1'iJ"/fr11/1 J.n'/_~ u1£-'l..,. 

~w'ii L"'rm :!Lkrfr 1'"'9w~wJnL{IJu•'ii 'lbUf.pm.J: 
"lluru111M 'ii1nLflhrl!. w'ii~wJkJiuur w.J.hLfr .f'frl. h"ii 'l.'l"'lm_'i...,11 "'/u• 

"l.frufr urJ.'lw~iufl f/,flwrnd/i.,kpfr "''l.11b9nLfilJw'iif!.1 ITJwut~brw9flh'ii.j!1 nr 

I IJ'/i'l,e .,.,.l,.11 6-'ite ~ .. ,,,. w2/u""'"""'~" ""'/![' /r'r.~ llJIUJ.''f/i9rfw~ 11[u/irf111'1rl 

73 



,//,f,.[! a1pu/ £'j,,/! "'4• .'J5-m,/ 9nL/9 urrtfUlt) an'/_{! /, nr 111/'J- lJ.n'[(! 

"i"'"'r"'uui.J-J t u ... 't .. ,J ... Jf., ... J'i.,..,Jfr't "i"'l"i..,.,,/,9 1 ft ... 'bf. 'lhn. 3o-/r 
l:, 1111/.wuwr "'h't..,'tw'b l"'rm.tlb'rl! fn.f!r ht r.nunL'tnLflJw'b u..,l:,J,,,'i,fi9' 

't"JUlt;"f.111';,if./r t"'r11d£hrfr pwz/11Jw'b w1'il {JruJ f.111Jwr/U1 ;,,/<;,' t;-J/s
Jwura1#t..,'i,wfJ1111'i, J... f.nunL'i,11Lf1J111'i, u111f.Jw'i,'bbr/r JJrp_A i11z/u-inw'b.[!/r 

l!.'i,flw9,enLJ) Uf.Ulln'thre• nrf! 9nL/9 t 111raJ.wf!. 'j,'t• 37-n&.ifl l,/,'i,9 nr 
..,<;,f/.[!/r lui.rhrnLJ 111.!h'bwJbJ L"'rnd//,hrf! r.wuftbf, r.nunL'itm.f11•'it .,,..,r,_ 
J..,'i,fr'b, w'i,Jfrp_-"f&u u•t'f 'tlsurhrnLJ 'tu'tuh'i, r,..,'i,'1/,u 'fllU[ tll.w9nr'l"'lfr'i, 

'lb~nrJ ma/r•/;,&~. nrnz JwJw<;,w't 'b1nLfJf! '1-Mf.nr.! -9/rwt/r 't6'i,[dwr'ti/./r 
wn.wlig 1wpn1.1f6bp}t libmwcpu tfbuwgtlwfi: 11.{ii pw1'fr9 l\/,urn, "rr ,.,,,, 

7!.l/urrJ-sfr-'iJhre 1ti::wuf.&f, nrnz-'t/r uwr.Jw'bfr, Ulll /unu.en'l UIUllU,}1 

6rp 'tu'tui/./r ..,Jrw"lf,'l,,LJf!., lwrn1.:0.bre "i1nrfrf1 ftulluh"b J/,t)..,f,,.,,l, pw19 
u1a[liY, ipu'i,'lw'l., .pw'b Jfr'btl.. r,,,,,,,,_f,,,,_[IJwfle t.wu'khtl!' 

1lurr.Jwd-.[!/r ffi,w9wJ Jwun1.J, "r"'h'l. L"'rndf;,J,l'l! 1'"./Jr &'i, r.nunL
flm[iliw'b .,..,1:,J..,"i.fr9, Lwrndlt..hre p&nfr f,J,,,,..,'l.., Jbt)w9Jw'ii 'l&"l../J"LJ 

" ... ~£';, £. "a, ... J;f, r,,.,."i,/,l ... 'bs.f!fr b.,_rhrfr 41 .. nl.rfr lllUrndll.brfr'i,, nrn'h9 _,{! nrnz JwJw'itw't 'tw'it9 t .., ... ,,, 11.Ju"l.fruniJ., hf'& r,,,,,,,,_r;,,,._p,wt 
r.wrfi""'tl! pwif.-'tw"ilfr'i. 'r't,.,r t. ,.,-;, ilnJb'i,111fr'i., krp Jfrtfr'ii LwrnLJ
ill.re f.,..u'i.b'f, '>nunL"i.nLfilJwfl UUlf:,J w"i.fr'J., /rr-'twfl [U1r1rLff/,11rf! 'f.'fllU[frn

r/sfl 1tr.-if.wuwr'lis'i,' /ufru111 ,,,..,rpbrn1.fi1nLil l/r Lfr'i,fi wf.9.pfr ''r'rfr 

, ... rnd!i.brfr £. 't"'r"-"'"' .pfr m...,9 ..,J J 11111/r l"'r"'-ffi,hrfr JM mp 1n,'b'blrrfr 

Jfri£.1 l,num .. ilnLfilJ..,'j, 't-ri. r,..,rfi-'t/r '11"'1.f!"LJ L"'('"'-m.&rfi ..,1'1 1'w-

4_111u-rl.9nLJC -iJ.&tfr ./J/rt 'l.'t"'Lfr 'tLf/i,fr ,.,Jr..,"l'i,fJw'b 'r'"'-Jfl/r t.'6-

ur£.w'br'1.• l!"''bfr nr ..,"j,9$/r "'l.rfr """' l"'('"!-11£&rf! ~u'tuk'i, 'i,nrfr9 
..,f'.&l "''1."Lfr 2."L"'• ./!wit 't-rif.-J.efr m...,s ... J J-ufr L"'rnL1£hre ~-u
<;,h'i, l\nu-'i,nL[ilJIU'j, u111f.J111";,,,'i,, 

!J,n'J.fr f.bin111fUJ atptw'b '1/s"f..pn,_,/ [Ul('nLlfbhrfr Jwu'bw'tfr f,..,iJ.wu111• 

rh9nLJ(! Jwu111Jp ""'"'f."f.111'j,'/.fr1 /,, wJ/s'j,..,,/J,t) p/sn.flli('(! ,..'j,fJ./J"i/. {fltrL• 

LIUf/IU,) IL t.P"L[W9IUI,; an'lhr" r,,,,Jwr "I l"'".,,"" 'i,JnL[il/1 7h"JJ!nLJ 
lf.'l..,LPnf'£'ii ..,iJ.bi/r J!h itu11urphpi[£"ii ./!"'<;, <;,J..,-;, a,,'l.br/r :.-J-r +eJu

rnL'L 'ilJnL{l/r 'J/s"f..[!nLJI U.1u"J/runi/. "f.[lllUUI"" 'il1n1.flfr!J "'J.1Uln('WUU1'1_1116 

a:,,'lbrn1.J ~b'l ... +.w'b 'lhrLwrndJi,&rl! uin ... 111fr't pknfr 'lb"l.f!"LJ 'l'l..,tJrn

rh'i, w1.b1fr [ilnLI/ /,'j, Wlf.'f"LJ wJrn'-PJW'j, if.r1111 .f!W'j, +JurnL'j, 'il/1nfdfi9 

"fw1nrwu111i/11Ut) an.,hrfr. 'Jb"fJ!nLJI U.J'I "J1UUlf'.1Un.nif. 1 orfr'i,w't, fnra111r~
J IU'j, J..,J Ul"'j,IM" Ult) fu..,t)'j,lll J/rfl ( waJ.b ,,. J!h "f [IUUUI"") "f."'l"flULnlrfl 

"lw"'r"'uuii/ ... 6 'i,JnLz'iihrl! "l ... r..'bp_mJ h"ii J iu't&r!..nLJ/1/r ..,-;,t,..,JJ,J.,,,,, 

-i/.&Lfr fu'i,111J .[!"'/. J zw't,,,_J I .p-'b UUl'twi/.-"'Juwt)'bw1/r'il "l"'l."1"'"'"9 

"f.W"'('"'""'"..,,; 'j,,/ n1.zL&rl!' ,,,, .... ,,,/r'tn'-fl ,..,<;, ""re "'"'l."'""'tt L"'rnul• 
'f.lsrfr f,~1UurJ1UJp 'tU1Jlllf1nLJ t 'ilr111'ilntJ1 nr ..,,'j, ""'rtfhu (fib r. ... 4wuW

r&9'f1nLJ t Ull'l lwrnLflj,Jsrf!I 

i4 

l]'/,f,,/! 'i#~wr"''Jr£9fr'i..J! w'i,9.[! nL'i.b9nit fl.1.,1/. wzf<1winw'i,J!/r f1•111UJ• 
'tw'i,fr'i, 16/.,..r'l.hgi[w_. 11fubJiu'b: f>rw~w'bniJ l..,rnLlli1hr/. r...,qurn,,,rkg

Jw'flc /11111'/,'lwrnul t "J. J/rw1'f. "'"r"'"l.r;,'1,1..,r;, '•rlmLJPf!• "'Jll.. L"'r
•J-J,., Jf<'i, i/./rf'.w't/r f nfnfrtn'fl J"L 'j,[! r.'"J ,..~J.'i,uil'""j,""9J' w'i. 111b'l1nJ' 9 .. w

J/r'L 1-ri/.111.)..,1/rL i/.fri'. 111~/r9 'i,rw ,.,'i,gmJe 6w1/w1•u1fr'i,fr: U.J""IP"/r p..,r'l 

L-raJ.111
rf

1111fr'i, "-"'"'"I!. t,.n1.und/£..,,,frr'f./r r.""'"''l"'J"LJ vrr 'it/un1.J1 
-l&rt."'"lbu, b.u Jfi f,..,'j,,.,.J,,,'i,I? t ·"l"'IJ..,r;,..,iJ.nrn1.J 1111u ~wlf "'/'fl 

'flJnLfJ/r f!'bwrn1.[il /"L'bl! 9nrtlitw't111'b 't/.rwn.nL[ilJ..,r;, '1/,U/.J'.nLJ: J.,,,f.-[u 
f1n'i,u1nrnL"9/r111'b r,,,,1.111.f!/,l/ru "f.""'.f! t nrnz t_wfniJ. t)n.&1 t,.wJ nL'l_'lhl 

JmJwt) tLh.t£fiure1 f!,,,'i,fr nr f/urnL'il -;,1,,._p&rl!. wn.w'bs J!1UJ1J..,Ji/.bl"'

'1frJ',.,'i.nLJ hf. ""'"!<;, 2"',., fn.f!r 7ktf:mrJw9fr,.,'i,hrfr• w"l.w 'i,rw'i.9 f.l.111 
'i.Jw'b 'fnrd-n'l_nL[il/nL'i,"it&rf! um[nrwp111r t,..,t.,&9'i.nLJ' J,'j, ~UIJ!"rf1 wn.W

£"'9J ..,-;,l!' />f, t. aJ.br111P&ru1.J t "i.l'1111ur/r't <;,l,, .. fil4rfr'b, "l'"".J! l!<;,'f"Lflw+. 
/,f, wnw'i,9 $"'1.f!"'la/.bl"'- &"ilfdwr'tif.bl p1Ui[111~w'i,fr'i, J/,,} '1!.fnrJ'1u9frw· 

'j,/,rfr• "'"flll ll('IU'j,.[! 1Un.1U"iJ9 'f"'l-rnLfdJnL'i,'j,J.('/r fdm/l /,"j, llllU[/rU 1UJ11• 
"1/.11/1 t)nndll.br k nul.'l."LJIL&rz · 

U.Juui~untf, tfi}upm.6 GJnt.pbp(! t{111m bli qt11fwq.pnuf ncpfwlie L. 
limpt{mufibpfi6, 2mm q_qwJnt.li bfi mbrpu~wfi pllpnuflil:rpfi liq1umtfwd'p. 
L. thG qtufmGnuf .qpw6gfig uimmrummt{wb- ktbllbGmlibpp nit.~ nt.ri
qm.tllihpfili: 

ftuq unwumfiq 6Jn1..pbpe lllJU pbpnt.pjn1..G6bp~ tnt.libli, WJUutfi
untl ui1ummfi~n1..pJndi~ 6w6.qfiuwlin1..u k GJnt.pbpfi wd'bG .w~w111tnp L. 
9wlil1w1r fiwmqnq> Jn1.Gfibpfig tfbq~: 

4'/urnL"iJ 'il1n1.fiJsr\ nLif/s'j, UIJ'j, UlftW4_b[nLfdJnL'i,(!, nr 'J('W'j,.[! u"'Ln

r'"P"'r -'{kt/< tJ..,.f, bf, IL r.wnwju .nLfthf, uln1Juwf, P"'rar -.rrn1.

p, ... -;, uwr.J,,,'i,, "rl! f,w'i,'lfruur plmfi 'lb"l.J!"'-J ""'r'-Li' t O'JU11U'fnrtt£l 

U.111"f.fruni/_1 +furnL'b £. "f.["'U"'"" 'L1n1.fibrf! n1_'i,fl'j, /u/iuin lnlUr
phf'if.n'Ji r,,,,~..,'1/rr r.111111'tn1.f11n1.'L'i.hr' f.111uwr111+ ul111J,r,.,,<;, ' d.yJ..,'i, 

"iir111"ii9 *J"''lrnLp, ... -;, 111hu1111tburfr91 U-1t-1t IUJ'I ur1Ur11brrrLfi11n11.."i.e 
r,.,,r;,'1/r11w"itn11..J t Jfi..,J'i, 6.wpwpbpwqwG: 4'Jurn11..'i, "i.(nL[ile 'twrn'I. t uur .... 

Lwl "l.l"'""'/r't L/nL[rl/r r.wur'tnLf'JnL'i,"i,6r t.. f!f.'lr.w't,.,,.,.,'tf.z 11.iu t,.., 11,~,,11..
fJJnL'il'ilhrt!' 1Jr/11rnL"i.nz-[ilJ"L"i."i. ,,,_ "ll..,"urfr~nLfiJJn'-'i,l!• ~w/m/ . ..,,; &'b 

Jz..,'tJ111'i, b'l..,'j,,,,'tfrf!• twrif.w~wJfril i//ri..w't/i urkuw'tfrs £. tlsrJwu,,,fr
fiuu'i,fi91 .PIUrf!, nr{! f.111u111r111't ub'l.J'J111';, 7/s"f._pnLJ f,.,,,'j,.,/r11w'i,n11..J t 
111

'1"1/r't f/urn'-'b 'il1n11..p, 't-r"'l t 7&,.nrJ1119fr 11111/r &'bf1..,r'ti/.'1t "r"ibu 

"il,.,u111H 'i,J,,Lfi. "r"Z fnrakrnul ""''l"'lt/.bt t ,.1,, /rr-'t"'"b"'f!r;,hl 
.f!-rfr 'll"'-;,,,,u <;,J,,,_zilhr/r 1.rw t..<;,z,;,_,,l! ,.,'l.'l,L"a/. "t. J/rw1'b t.frJ.e&rfr 
1
/r 1111 ..,/lJ,. flw'i,fr 'tn'l.lfb,.,//r'il J111'tl.rJ...nL/P/r '/rw1 11'/nLu 4n'l.J'fr9 uw• 

'tw'1_w6[uwt)'f,..,//r'k "l"'l"iwurl!, "rt! "il"'"uifr't 'b11r11..[il 1;, ltwr'1L/r t 'lr;,i,
1 

wzJulMllllU'i,.J!fr IUl'i,"f.frll/r Uf.W1J111'i,f,brfi J/,f_, •rfr'i.IU" 9111.J.r t.krJwuurfr-
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{..,.'i.,'j,J,rl· '11."l.f!."'-,f, nr .,.,';, ur.u J/u.u'i.i1-J-1t 1fr/u11m'k .f!"'J.[!Ul-

1n1..J1 

U.Ju"ffru"'J. Cfl/ifurn1..'i1J> £. ll"fl"'uur/rf(D p'i.in1..(Jw'frbrf!.• nr Jb'i.J.[! urw

Lfru b'i.i,e t1n1..filbrfr'i.i a'IJw'i.i £. ub'l.JJw'i.i i/rnrahrfr f.frJw'1 tJ.rw, tJ.brw

pbrn1..J h'i.i Jfrw 1'i.J wl'I 'ii1n1..flbrfr tJ.wr.efr'i.J umlnpwfiwli 2_bptfwum~tiwfi

Gbp~ "- qb~nptfwgl1wJ ~ fi2tJ.wa- mbuJ!hpl1 'lb"f.J!"'-J' f>u~ l!.'i.J'lf.w'ilrw"fbu 

1fifurn1..'i.J 'i.JJnLf/1!. ~LUrn'I. t 'fLUtt'iJLUl UflLUuurM J.. f!.'i.J'ff,LU~LUttw~'i.Jt fl1..uurfr 

..,tJ.b1fr f./rz111 ~Lfi'iibr frmuLL. "i pb rriJrfurn1..'i.i.D £. tr"flwuurM.D 'i.i1n1..f1brfr 

J..,ufi'ii· Ulll 'i.i1n1..Pfr tfi}upnLG RI.. uuwum~~ il11uwfilibp~ J..,ufr'iit 

/l'i.if.jiLUJbzur t 'i.izbl, nr 1frfupn1..'i.i 'i.i1n1..[lfr "flwuu1Mn1..fl1"''i.J f,..,J'b

Jwur"'P"'r 1frn.p(' J/;Ju19nul'i.i ..,'i.J,wJ (pb~nL'I. Jfr'i.itl.. 2°/0 f.wrwpbrw~w'i.i 

hr~wrw9111..Je fu'lJw'i.J 'lb"f.en1..J) f,'i.J,.,rLUtJ.nrn1..fl1n1..'i.i t urLULfru LUl'i.J' ~/r

r•nbl Jfr zwr.e 'lb"f.ebrn1..J, brp +furn1..'ii 'i.i1n1..p tt"r l1wrblfr ~frrwnbl 
( Jb,eb..,,wiibrfr JLU11brn..J )1 

Owm~ WJfiUJ.~U~ GJnLpbp~ uuwum~finLpJwli p.wpnpwgtfwfi nu1-
qnLpJwll'p. w2Juwmwfil!~· ~lilUJ.~u~li bli p.hmnG~,pnL~~· wpdwfi~ k 
wtfbliw1nLp~ nL2wqpnLp-Jwfi~: 

t1n1..pfr 1frfurn1..'i.i £. "flwuurM tJ.fr-6.LU~'i.Jbrfr "fwinf.LUn'i.ibl!.fr r,LUf9f!. 

LUtJ.bLfr J.,.'i.JrLUJwu'i.inrb'i.J nLUllLfiblUufrrtJ.LUJ t XXXVIII ,Lfun1..J1 

§ i 7. mrrn~l3'SU" fllUtnr11 ci.nruUl.:JBfl C't.srn~l3'SU't. 

.?.,flU'OP. '\i ~'\it PC! 

U, 'iwfunr'f "fUlrUl'ffLUlf.'bbrn1..J JLU'i.J11wJwu'b n1..un,_//L,.,ufrrtJ.1Ud- t 

l"'f"'-ffbllrfr r.wzt[Jw'b b'l.w'llw~'bbrf!.' 'j,l"'-filbrfr Jbfuw'bMw~w'ii f.LUur~n1..

fiJJn1..'b'iibrfr nrnzn1..Jf!. a,Jw'i, RL ub'l.JJw'i, 'Jb"fJ!nLJ /,_ urrtJ.LUJ b'i.J 9n1..

gn1..flbbr ~n'iiuurrn1..'te/1LU1fr wzfuwurLU'iiJ!fr "J"'IJw'i,'bbffr9 ~wfut[wJ 'ii1ni..pfr 

w1u ~wJ' WJ'j, urfr"ffr ("flwuurfr/f ~wJ i/r/urn1..'iJ) f!.'iiurrm.fil1w'ii Jwufr'i11 

Pbnfr wub9n1..fil1w'ii urwrphr ~"f.ebrllLJ fln'-ll"'urrbLfr l"'rn1..J

'ilbrfr JbJn1..{J1n1..'iif! uwt.Jw'ilbln'- t.wJwr pbr1/wJ wtJ.1wL'i.ibre 11-bnku 

LfrntJ.fr'ii pLUtJ.wrwr th'ii1 'i1n1..pfr JbfuLU'ilfr~LU~w'b f.LUur~n1..f'1n1..'il'i.ibre p'bn

f"Z"'I. P"l"f JbJn1..fJ 1n1..'iithre ( wJ rn1..p 1w'ii uwr.J w'be, r,LUfLUpb rLU~Ul'j, 
br~UlfUl9"'-J(!1 f,LUJb.JwurLU~LU'bn1..fl1w'b ULUf,JLU'i.Jf!. /,_ wu'b}1 UurLU9t[nLJ 

lz'j, l"'P"fWU111f 1finrabrfr9 UU\\UU\~li pbnft, u11ufr'b.J!'j, UIULn/rf.w'bLUpLUf' 

w1&w'ils t.rn..flitbrfr· t.wrtJ.wJ'"llbrfr 1.. 'ilzw'bfr P"ifinfuJw'b wf.n'I. plmfr 

"''l.1fb9 n1..f'1w'b 11-b"f.J!"'-J' lifrzur 'b111..1'il"fbu a 'iinrJwL l"'f"'-ffbbrfr J'bJn1..

filin1..'iif! ub'l.Jn'I. ~wJ J.'1"'1. P nulbrfr JbJn1..fJJw'b t.bur ~"'"f"'I. pw'bw· 

aJ..brf! UlfU1UIJt[1uJ b'j, Ulllf 111..rfbrfr U,_LUur/r~tu~LU'j,' "'lf.lfb9n1..fil1w'b 'fb"fJ'fr 

f,LUJLUr• {!_'ii'JnL'iitJ.n1..J tr• nr an'l.fr w'ii1.U1ur</WJ Jwufr 1rw ~/rrLUntJ.u11) 
LUfUlUl.j!fr'j, nufbr'j, Ill.. LWrn..J/j,brf!. pnfuLUlfLUrawpLUf t.wt[LUUWfUl~zttt[ntJ 
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b'kt llfrtnbn Jfr 2.LUP.[! 11""f.[!bpn1..J r,LUr~ t Lfr'i.1111..J 'l"t'" n1..'1bLLUL r,LUr

t[LUJLU1fr'£ /,_ u/ruuibJwinM iJrniJrnfut/.n'I. plm.'i.ibpfr r.burt 

Pbn'i.i£rfr f.wrtJ.LUJLU 1/1'i.i LU'l'lb9n1..p 1n1..'i.ie uurwurfr~w~w"itp r.w1fl11f wurn1..

fJ1wJp wrurwr.LU1urtJ.n1..J t br~nL a/rni{- Jfr ~n'l.1/fi9 1fi/urm'i.J £. "flLUu111fr~ 

'i.J1n1..filbrf!. nr"fbu liJmpbp UIJl ~br"f lit 'Jfr1/Ul'JfflL,/ p/m'i.Jbrfr f.LUpt[w

Jw1fr'i.J wq11-b9n1..f'1w'ii(!_• J1n1..u ~n'l.Jfr9 w1u 11-b"fl!"'-J iwpnLufibpfi t"t 

u11rw9t[n1..J b'i.J "'IL' ,e-'i.i uur111mfr~ pbn'i.ibrfr 'lb"f.J!"'-Jt U.1u f.LUr9f!. Jw'i.i

rwJ' wu'i.iwpwr ~n1..un1..ffbwu/rr•l/r pbn'i.ibrfr 'lfr'i.iwJfr~w~w'i.i Ullf.'Jb9111..p 1w'i.ie 

'i.it/.frrt/...,J ""1..fu'i.ibrn1..J1 U.1uuib'l Jb'i.i,e 111..zw11-rn1..f'i111..'i.i 1 iura'i.Jb'i.i,e Jfi

u•i'ii .. ,'i.J f.w'i.J'fLUUw'ii.efr t/.rLU1 nr pbn'i.Jbrfr 11-fr'i.JwJ/f~UJ~UJ'i.J LU'l'fb9n1..fl1w'b 

'lb"f.en1..J Lwrn1..ffbbrf!. untJ.nrwpwr m1J.b1~ tfbt} ~Lfr'i.ib'i.J, .ewt 'i.in1..1'i.i pbn

'i.Jbrfr u1nwurfr~w~w'i.i wq11-h9111..fil1w'i.i 7b"fJ!"LJt U.1u 11-f"'-IPI! r.wuurwur

t[n1..J t pnrabrni/. /,_ ~wrn'f t WUfLU9nL9tJ.bl urbuW~UJ'i.Jnrb'i,, LUllf ~wrtJ./r 

X pwrf'iin1..J1 

Pbnfr 11-ft'iiwJft~tu~w'i.i "''l.'lb9n1..[l1n1..'iifr9 wnwp_w9n'I. a1 l"'l'Jw'b f.w

fLUPbrmf'1n1..'bf!. 'iin1..1'b pbnfr uurwurfr~LU~w'b "''l.1fb9111.IJ1111..'ii/19 WllUl2_1U9"'l 

::i L"'rJw'iie ~n1.tJ.n1..J t 7/r'iiwJfr~iu~w'k 'l"fJLU~fr9 L 'iizw"i.w~t[ltLJ t 

K,-nt[' 

cr 
--'-= K,1 

a 

?fr"iiwJft~LU~w'b '1nrJwl19fr JbJ111..f'1n1..'bf!. ~wfutJ.LUd- t" pbnfr 11-fr'iiwJfr• 

~n'-f'JLU'j, p'iln1..1fl/r9 £. Jfr 2.""('$ 11-h"f.ebrn1..J f.LUu'i1n1..J t" pwt[w~LU'iiftf, 

JU wrrfb,e'ilkr[" 

P.. "r'1'b9 JbJ111..p 1111..'b{!_ ~LUJ JbtJ11L{l1n1..'b'ii llL 'iizLU'ii{!_ ufruurbJLUurfr~n

rb'il iJrni/rnfun'I. phn'iibrfr'ii 'b1n1..flbrfr 9"'-19 urt[LUJ 7.frJ1u7rn1..fl1n1..'bf! 

'l'P"Lfrnr.b'b urLUrP"rtJ.n1..J f pbn'iibrfr uurLUurMLU~LU'j, £. t.wrtJ.wJLUJfr'b LUlf.• 

11-h9111..p1w'be 'b1n1..flbrfr 9111..19 urt[LU~ '1frJLU1ff"'-P1n1..'bfr91 

t;pb, orfr'i..LU~, "fn'l."flUUlJUI an'l.f! J/;,'j,J! b'iifJLUrftb'j,J! 2_LUUI w'b9LUJ

'i.Jbr 1/tni/rnfuLU~frnrb'b a,JLU'j, £. ub'l.JJLU'j,, "'"f"' LLUrn1..ffbbrfr i/rni/rnfun1..

fil1..,'j, npnz J!LU'j,LU~/r9 /:,burn an'[{!_ nrnz 'fb"f.pbrn1..J (,.LUJ! ~urLU J.. LU1'i1n1..

f,lz,_,,f, ~J!LUJJ!LUlt/.fr LUJrn1..p1LUt uLUt.JLU'i.ifr9 zLUur LUtJ.bLfr P"./!f L111rn1..J

'bbrfr 1fb"l./!n1..J1 U.'ii'ILUJ "flLUuurM 'ii1n1..f'fr 11-b"f.J!"'-J 'iJJ,.,f, a£.nt[ .f"'J
.J!LUltJ.wJ 'j,Jn1..zfr flbu19RflfU1Jfr'j, 'fblf.nrJw9frw'b uurw9tJ.111..J t zwur w'ii• 

'bzw'ii' uib'l.fr t n1..'bb'b111..J ifi/urn1..'ii ~nurrn1..J1 

t1n1..pfr ,ew1.ew1Jw'ii krkn1..1Pl! wJrn1..f'1w'ii uwt.Jw'iifi9 wtJ.bLfr 1frn.er 

1finpnfuLU~LU'b L"'rn1..ffbbrfr "''l.'1b9n1..fl1LU'i. ~lunl..LU'ii,ent/. ~nitJ.mJ t 8.nqG.m
t}nLpJwfi brJ..n1..1f'1 U.1u w'bn1..'bf!. tfr t.wJw"fwwwufuiu'b11uf br£.nL1f'ft /f>frqfr

~-~LU'j, p'i.in1..1flfr'b, PLUl9 w 1'b LUl'i.i.J!LU'b t LUfJLUurLUtJ.nrtJ.bt, "f o'lur"''l"fd-

tJ.m-J '° £. "iibr~-1m,/ u1 



.Pnrakrf! 9nLJ9 /,f, U11U[/rU1 11r fnfnfuwftw'b a'fJ&Uf, nL ub'/.JJwf, 

'1/,"l..J!"LJ, w'l.'1"'1. nuf/r J/,JnLflJw'b 'biJw'l.Jw'b f:.bur w6.nLJ !; wl'l nul/r 

fnfn/unL/rJ111Lf,f,/,rfr IUjf, fl/rtJf!1 nrfl ,.,f,f:,r/UIJ/,zur !; f,JllL2_/r .[!1UJ.[!1UJnLJ 

1Un.wp_1U9'bblnL r:.wJ1Ur1 BnLrw.ew'bl_JnLr 'bJnL(il/r r:,..,Jwr 'l"J"LflJnL'b na.'il/r 

'bnrJwl LwrJw'b w1'il"l./ru/r wn.wiJblw'fnLJ'b a wrJb.[!, nr/r 'lb"l..J!nLll 

'bJnLlf! 'lnrt!'bwftw'bnrb'b wnw'b9 .[!1UJ.[!1UJiJ/,lnL 'lfrJ-'bnLJ t nLrf/r w'b
uwf:.J/Ulf, fli/ni/ fnfn/unLfiJJnL'b'iibr/r'ii1 IJ.1'1 LIWrnLJf! 'bzw'b1Uft'[nLJ !; 

aK-ni/ £. ftnti/11LJ !; q~ll'wgqm.6.nt._pJwfi uwfill'wfi ftwJ finqG.wc}nt.:pjwG. 
uwlitfwfi: 'Pw'b/r 'lbn. /rrwftw'b Lwrna.llLbre t"tbJbt111nLJ tb'ii wt9bl wl'l 

u1Ut:.Jw'il/r91 .[!1UJJ!U1JnLJ urb'l./r l/r nL'iib'bw, .[!IU'b/r IU'ii'lwJ t"l l..,rmJe 
fnfn/u/1 /rr JbJmfl1nL'iif!1 

ll.111"1./runtJ, ufruurbJwur/rftnrbt fnfn/ui/n'l pbn'iibrfr 'lb"l..[!'ILJ w'iiw 
t:.rwJbzur !; t/r'iinLJ uwt:.JIU'i,/,l 'iiJnLfl/r J/r 'iinr Jbfu1U'ii/rftwftw'ii p'iMnLfllU

'f/rr' '1/rJ-9ftw'bnL[rl1w'b uwt:.Jw'b1 ll.1'1 JbJ.nLf'JnL'bf! p'bnrnzm.J t ipn• 

fnfuwtlU'b .wrur1U.J!/r"ii n .. Jbrfr'ii 'i/1nLfl/r '1/rJw'lrbtnL t:.1UurftnLfi1JnL'iif!1 

µbn.'iibrfr urwrpbr "!/r"l.br/r 'fb"J.[!"LJ 'bJnL{i/r f:.rr'f'i,IUJnLflJw'b f:.wrgbr" 
JIUf,rwJwu'b nLund£wufrrnLflJnL'bf! fturri//r XXXVII 'flfunLJ1 

bwrw'lriJwt! P"l"r r:.w'b'flUJw'b.[!'bbre .,bur.[! !; r.wziJ/r ... n.'bbl ae'f

Jwt k ub'/.JJwf, 'fb"J.[!"LJ {inLJlwurrblfr [wrnLIJlibrfl f!'iiurrht/ru1 ftwJ, 
p'iJ~ "l' 'bm1'b'b !; 

[a]-=~ 
k 

(3.4) 

pw'b.aal.mJ Jwu'bwft9n'l "l.wzwr/r k 'fnrt!wftfrge ( urliu §§ 4 £. 7) nrnw 
2_b[nL JwJw'bwft1 

ll.1'1 'f"rt!wft/19e "I""'./! !; e'burrbl w1'b.,/ru/r t:./Ulzi/niJ, nr wJpn'J.l 
fturrif.IUJ.[!nLJ 'fnrJn'l 'ilnrJwl l/UlrnLJ'bbr/r JbJnLflJ"L'bf! l_w'b9'il/r 'bJnLfl/r 

wn1Ua'J:1Uft1U'bnLf1Jw'b {ft1UJ f:.nunL'bnLflJw'b) u1Uf:.Jw'il/r9, t:.1Ul[wn.1Mft 'lb"l.

.pnLJ Jbr a#'J.f! ftuurw'blU J'b1U9nr'lw1fr'b '1blfmrJw9frw'bhr1 /ruft fmfrnw 

/uwft1U't plm'bbr/r 'lb"l.J!"LJ tiu'b9'bfr '1frJ-9ftiu'b,.Lfi11w'b uwt:.J w'b/r9, "rf! 
uniJnrwr-wr 9..,Jr !; f:.nunL'bnLfilJw'b uwf:.Jw'bfrs1 

~1UriJ111Jw1/rfl pbn/r '1/,"f..[!nLJ wflf:.rwrfbzur !; f:.w;_iJ/r wn'ilb£i nr 

L-rnLJ'bbre .uniJnr"'P-r JbJw'bnLJ b'b1 .Pw'bfr nr £. IU/U 'lk"l.f!"LJ 

[1Urnuf'i1/,rf! uniJnrwpwr f:.wziJnLJ b'i,, h'ilflw'lrbtni/1 nr nLrf'j, &U'l.'fnLJ 

t 11urwur/r~nrb'b, wJ'I "f.1Uur6.wn.niJ nLrf/r 'lfr'bwJfrftwftw'b 'ilbr'fnr6na.filiw'b 

wnb9nLfiJJnLflf! f:.wrft t £/rflnLJ f:.wziJ/r iunflb[ "f.1U2.1Ur/r 'fnrJwfts/r f:.111-
Jw"f.wurwuJu/Ulf, J/,J1U9Jw'b Jfrp_119niJ1 

'!-. f>'ilt iJbrwpbrnLJ t urb'l.wftw'b twrnd'bbrfr'b ( urbu § 16 )• w"lw. 
"llw"ur/rft 'bJnLflbrnLJ f•i/rnfuu1ftw'b pbn.'bbr/r pwsiuft-imfljw'b '1/,"l.f!"LJ 

ft1.11rb1fr !; f:,IU2_11ri/bl w1fl f:.w'b'fiuJw'b,e/r f:.bur, nr '1rw'il9 J/,J.nLfltm'il'b iu'b9'bfr 

•nwa'fwftw'ilm.fJ1w'b £. f:.nunL'bnLflJiuf, 11wt:.J,,,f,'bbrfr91 ll.1u '1b"l.en1.J 
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J/,'j,.[! J'bw9nr'f1UJ/rfl 'f/,f>nrJIU9/r/Ulfl/,r bf,.[! uurwflnLJ Jfrw1fl anrz/r IUJ'b

.[!IU'j, T".f!r J/Ulu/r "rftwrnLfil1111'b iJrw· nr ftn'iluurrnLft9/rw1/r 1112/u-
urw'b.p/r i/rw w1u f:.w'b'fwJw'b.[!f! l~ IW'l.'1/r' /> t:.wz/ri/ .t'bw9nr'lw1/r'b '1b

f>nrJ-9frw'bbr/r br£wfl 'fWlnLfl urb'l.IW't/Ulf, flUrnLJ'tbr/r IU-6.e 'fW'f/Ulrn,_J 

!; £. lwrnLJ'bkre Jwu1UJp t:.1UtJwu1Urb9i[nLJ b'b1 .PfurnL'b 'btn'-flkrnLJ w 1u 

1UnwiJb[ttL{il JnL'bf! l_ftw (§ 16 )1 brwfl9 t:,IUJ -r f:.wrft !; lfrflnLJ f!fl'lnLfl/, l 

wiJl.tfr pwrar Uf.IU2_1Ur/r 'fnrJw~/r91 flwJ1Uf,wiJwfl'11 nr f:.1Ur'[wJf,brft 

"ilftwurJIUJp '1/rJIU'lf"LflJw'b 11rbu1Uftburfr9 'ilrlU'b.[! "I.LIU""'"" 'b1na.fi1br/r9 
2.IWUI 9/UIJ bf, "1Uf,'ff,1UJ1 

lf>nfnfuwftw'il pbn.'bbr/r 'lb"l.~nLJ, brp Jb'b.[! uur/r"l.tJwt! bf,./! f.wzi//r 

wn.'bbt t:,,.'ff,1UJnLfl/1U'il 6.1U.f!br/r '1.wr'llW9Jw'b t:.'bwrwiJnrnLflJnL'bf!, urb

'1.wft1U'b twrnLJ'bkr/r JbJnLflJIUf, t:.1U2.i/1Unna.Je IU'bt:.rwJbzur !; £. ft-rn'I. 

t 2_WUI llLf/b'l_ W'l.'J/,l "f.W2_1Ur/r 'fnrJwft9/r eflurrnLflJIUf, i/rw wfl'fwJ 

;.,lwuur/rft 'b1mfilkr/r f:.wJwr1 ~n'l'bwJ.nLflJIUf, l.w.f!br/r 1Un1Ur_w9Jw'b f.w

Jwr wflf:.rwrf/,2_Uf ti nr"f.bu11./r an'/./r nr£.t JwunLJ /rrwftw"I, lwrn1.Jflbrf! 

w'b9f,bf, 'lfrJwgft-'ilnLfJJwf, uwr.Jw'bfr91 'fl,,,f,/r nr urb'l.wft111'b twrnLJ

f,brf! Jb,} /,f, f!f,'fr.IU'iulLr (fturrtJwJ.[!/r ,//,J JwunLJ 'fnrJn'/.) l'urn1.J

'iJbr/r91 •Uf.- 6.1U.f!br 1Unwr.m'b1UlnL iJurw'b'l'b t£ ..,nwt_1U'iinLJ !; 'br..,'b~9 • 
nr t:.b'b9 "'"'1.wftw'b LwrnLlllihre ftwrn'I. /,f, w'b9'bbl '1frJw9ftw'b11Lfl1w'b 

uwf:.Jw'il/r91 .Pw'b/r nr fturrtJwt!.[!/r e'ilurrnLfilJnL'bf! J/,f,.[! "1Uln1Ur11d bf,.[! 

htflbtni/ wJbf,IUJbJ f!'b'Jt:.w'bnLr l/UlrnLfll.br/r JbJnLf</ J"L'b/r9 f!Ullr . 

P.,...() a,, 
Omax =- ...... 0 =-

f k 

piu"bwU/r. W"f.IU "f.1U2wr/r 'l"rt!wft/rse flmuwurrbl/r J!liqfiwG.mp Lw

rnLllLhr/r f:.wJwr &U/U 'lb"fJ!llLJ "f./,UI.[! t IMJf,Ufhu f!flurrbl1 nr"Jbu'l.fr 

uibriwlJ.wG LwrllLl/l,bre lw'b9'bb'b l}~tfwglJ.wfimpJwfi uwlltfwfi~g: ll.1u 

f)wfl'fwJwf,,/!{! zwur '1/,"f.f!/,rnLJ "fwf:.wfll_nLJ !; '/.'f&Ul/rnrbf, JbJwgflbl 

k 'f"r6wft/r9f!• uurwur/rftwftw'b plm/r 1U'f.'1'1911Lfl 1w'b 'lb"i.[!/r r:.wJbJ wurnL

fl1•Jpi 

lll1wum~IJ. 'b111Lflbr/r t:. ... Jwr P"lnr IU/'b 'lbUf.pbr,.LJ, brp '1/rJws

ftw'b11LfilJw'b uwr:.Jw'be f:.nunL'ilnLflJw'b uwf:.Jw'b/r9 wiJblfr pwrar f;, ftw

rblfr t ur/,'1.wftw'b l/UlrnLIJLbrf! r:.wzi//r J_wn.flbl1 .[!IU'j,fr nr r:.nunLfl11Lfi1wfl 

br£.nLJPf! 'i.i/w'l,b9'bnLJ !; 'frwfl9 ur111rwJtJb£nL t.'iiwrwi/nrnLflJnL'i,f!, 

ftwrJbu fib flwfwry/,L/r 'lbr t Ji1w'l.nLJ1 

cf>Jupnt.li fl1nL[ihr/r f:.wJwr1 nrnfl.[! r:.nunL'bnLfl1w'b f:.wrfiwft l_nL'bbf,, 

r:.n'l'bw611LflJw'b 6.w.pbr/r wn1Ut_w9Jw'b iJurw'b11f!. fni/rn/uwftw'b pb1L'bbr/r 

w11.'lb9nLfl1w'b '1/,"f.[!"L" i/rni//r'b nLJ/r Jbt_ !; Jf,,,LJ, I. WJU 'lb"l..[!"LJ 

Uf..,t:,,.,f,t.iJnLJ !; "lwzwr/r 'lnrt!wft9/r r.1uJ w"lwurwufuw'i. Jb6w9m.J uurw

ur/tltwl1w'i. pbnfr W'l.'1/,9nLfi1111fl 1""1.J!/r f.1uJbJiuurt1L/11wJp1 
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IJ.lu"ffrum[, .ewilfr np "fwzwpfr 'fnpt}w~9/r f!.'i1111pnLflJnL'bf!. "f"'/Jw
iiwi[npijwJ t 'il/nLfJ/r r:.wur1inLfJJnL'il'bbpni[ nL wpu1w.efrii nLJ-bpfr 11/rrwn

Jw'b luz1u'bw11niJ1 t/r/urnL'il 'il1nLfllrrl!. urrijnpwpwp Ufwr:.w'b!.nLJ b'b wiJbLfr 

J/,J UJW2wrfr 'Jn11JwJ1/19iibr, l_!Wii uuwu111ft11 'b1nLflbrf!.I zl/t2rn 'bnLJ'il"fOU 

"'!'1 'l"rJ/JU1ifrsiibrf!. '1/rilwJfr11w11wii "- t[rnt[rn/uw1lwii pbn'ilbpfr 'lb"l.enLJ 

r:.wp" t LfrilnLJ e'ilinpbl wiJbLfr J/;J, ,ewii UllrWl!'"""''tW'il pbnilbrft '"·"'
.enLJt 

'l·. /iJ•nL/lUIUJrblfr L"'rnurbbr'iJ e'iJurrbLfru r:.wr11 t tfr'iJnLJ fwu2iJ/r 

wn"bbl 'iJwk Jfr 2"'Pl! "'IL r:.w'b'lwJw"b,e'iJbpt Ubr r.wziJwr"iibrfr Jbt. 
Jm"bn'l ndbrl!. Jfru1'iJ'lwtlw1'iJ b.z'lrfrm r:.w1ur"b/1 1_b'i, tlbq. "b/nLfl brfr Jb

fuwiifr11w1lw"b r:.ium1111Lfl JnL'iJ'iJbpf!. 'fnpJ'iJw1lw'b11LJ r:.w6.wfu urw Lfru b"b pw

iJw11wiifr'iJ JJ,t} 111wurw'bnurbbr· Jbr r:.wziJwr11nLJ"bkrfr Jbfin'l"blrpf!.1 

11n"buurpitL11s/•w"bbrfr wnw'iJAfr'i, Jwubrfr ifrnfuw'l'l-b!J,,Lfl/w"b Jbp "l"'ur-
1ibrwsnLJ'iibrl!. unijnpwpwp "fwpqa9qwt} /,_ JnurwiJnr a"i,1 fl/wzwrfr 

'lnpt}w1lfi!ll!. "lbur,e t t}wt!11ft Jbr f:.1uzi[wr1lnLJ'ilbrfr Jbf. w'b{unLuw+bLfr 

,,,1 .. ,,,<;,i.zurnLfiJ"Lii'iJbrl!.' . 

f>'iJt.ew"b wijblfr w'bf:.wJ1uubn t 'ilJnLfilf!.1 np.p-'i, Jb"b.e wijblfr 'fwur 

tfr111b"b.e frrw11w'iJ pbn"bbrf!.• fr'i,1..J!..,r;, wiJbLfr "fwpqb9ijw<l k"b,e Jb'iJ.e "i"'ur-

1ibpw s'iJnd 1ln"bu111['nL1l9ftw Jfr wnw'iJAfr'i, t"lbJb'iJur'iJb pfr J pw9nLf' JnL "j,"j,lz['/!.• 

wi"b.ew'iJ ut'fblfr JbJ b'iJ.e uurfr"li/..,t} Lfr'iJnLJ e"burrbl "'1'1- pptl..,1ifrs
'ilbpf!.' Ub.pbiiwiibrfr J..,ubpf!_ utz/uuturwil.efr Jbp_ J..,z'fnLJ b'b, ..,1'1 

UfWU1bwnn1 zwur 'lb"l.eLrnLJ r..wr~ t Lfi"bnLJ UIWf ~J..,t_'fblnL "fLU2.Ul['])I 

zifr2ur 'iJnLJ'ii"lbu Jburw'lut1lw'ii /,_ t[rwJU1JW fr'iJJb"bbput1ILU'i, 1lwnnL9'fwJ,e

'iibpnLJ r;,..,r11 t Lfr'ilnLj f:...,zi//r wn'iJbl 11nnnqfrut"b nL ifrur11LJp1 

UinLU 11n'lt!frt1, ~,,,<;, ..,l"i,"lfru/r 1in'iluurr11L1l!J~..,<;,br (/r'il,e"bwflfrn"bbpf!.)• 

nprnb'I., .J'..,2.1!. •/rn,epw9'ilbl"L -;,"f,,,urut11niJ, Ufburl! t r:.'b..,pw'fnrfr'iJ 1-..,+ 

fr2_!•5"i,/,, UfLU2LUr/r ppt}LUfJ/r!Jf!.1 zl/r2ur 'iJnLJ'iJ"fOU ft"bJ-a'iJbpf!. uurfi"f'fwt} t 
frp_/,9";,al UfLUZW{'/r 'fnpJuttfr!Jf!. "fWllr/,f'LU'f.Jfr UfLUJJw'iJ'iJapnLJ 111z/u1u

rnw'iJ.eft ftr..,f1w'ilw9Jw'b 7b"ll!nLJ1 

U.1u"tfrun1/, fl11LJLWU1rblfr L"'rnd/Lb{'/t 6.fr21n e'ilurr11Lf'JnL'iJf!. frrb"bfr9 

'ilbp1i1u/LU!J'iJni..J t zutur pwf''l- fu"b'l-frf'• npf!. "LUUfi/_LUJ t f:.ut:.i/_utp"J..,'j, 

Jbfiln'l'iJbrfr• "ii 1nLflbrfr rrL undlLwu/rruLf'Jw"b Jbfiln'l"bbrfr, ur'burlsuw11..,r;,

rn'burbuw'lf.mut~LU'b Jfr 2..,1'.P UIJl 'l"rt}n'b"bbpfr t:.'1ur: il'nLJlwmrbLfr l"'p

J..,il LU/U "wJ w1'iJ Ja~nLp, ... ii e'ilurpnL[il/ltL'bf!. nrnz11LJ t /rilt"/.lzU 

urif.t•L r;,1m.flfr Jwfuue, 'iJnL/"b"l.1111 /,_ "br.., 11/rrwnJw'b AL[! 1ln"buurp1•L11-

9fr..,JnLJ, 111/'1 eilmpnL(ilJnL'iJf!. 1lw'iln'iJutijnp11LJ t /,_ 1iwnnL9i/_wt}J!fr OfU1LU

ljnpt}Jw'b lrr't"'r..,ur"-mfll"Liif!, k w 1u 11..,J "'Iii 'iJJnLflbrfr o'lur"''l"rJ--: 
Jw"b p'iiw'lwiJ.wne1 lhuurfr "l"'P'l. t,. nr Unif.burwtw"b UftnLfil1w"b J/,!. 

/tlnLJLWUlrblft L"'rndlLlrrfr'iJ if.bpwpbrmr r. ... r.'JI!. ulrrur ""'"'''..,J t br~r/r 
111'bu.bu,.,~w"b ~l,.,<;,l!fi 11wr'lwif.npJ..,'IJ nL "ll,.'i,..,if.nrJ..,'b f:.bur: 

80 

U/r 2..,r.e 1ln"buu.pnL~!J/rw'ilbrfr t:...,J,,,r [il11L!l111urrblfr l111pndlLbpfr 
'bnpJw'bbpf!. uwr:.Jw'ili/_nLJ b'& opbil.enif., "- friiJ-b"bbpf!. Ufbtnl! t Jfrw1'iJ 

"..,rn'lw<;,.., f./r:,111 o'lur"''lnrJ-bl "'1'1 'iJnpJ..,'&brl!.' />ii1_ iJ.brwpbpnLJ t 
put9wnfr1l 'lb"/.J!bpfrii, opfr'ilut" UfWU1bp111qJw"..,.,. J-wJw'iJw111w /rpw'lpnL• 

"''..,<;, Jbp_, fr"bJb'iJbre nrnz 'lb"l..ebrnLJ u111fr"l.'fwt} t Lfr"bnLJ zb'l.'fbl 

w J'l- "bnpJw'iJbpfr9. "'l'I- '1-/;"ll!brnLJ 'iJw 11wrn'1. t ,,_b11..,i/.wrif.hl wzu 

"l"'P"''lr"'l/mLJ &. XXXVII 'llfuaw 2wrw'lpi/_wt} f!.'b'lr..w'iJnLp 'b1lwurw
,.,_nLf/Lbpnif.1 

b. ~w'bpwpdwrft pbpbfni/. iJ.brf, wui/_wt}I!., 11wrhlfr t Uw1ibr"l.bl 
Sbur"-!"'l l!.r;,'1-r.w'bnLf' 'b"w.nwnnd/b/,pf!.' 

f!J..,2 111r/r 'l"rJ-w11frse "1°1111! t e'iJurrbl "'l"b"lfrufr t:.wziJn'f, "r"lbuq/r 
lllUJ.Ulfl.mltlmb- Lfr'b/r npnz "l.wzwr "ilJnL{i/r "'lu"lbu 1inl..'fwJ- tlmwGquulnp 
tlli-6.w~Ji 'iJ1i..,urJwJp, "Pl!. uui.wn.GuitJi 11Lfrifr 1in'i,uurpnL1i!Jfrw1fr wzfuw
urw'iJl!fr t>wJwpt 

Uurwur/r1lw11w'iJ 11wJ f:.wpi/_wt}wtfr'b pbnfr '1-b"l.-P-"LJ "l.lwuurfr11 f,/lfL

fibrfr r..,,,J,,,r "'lu"i/r"fr iJ.fr6.w11e p'bnpnzi/_nLJ t JbJ flLw9nr'1w1fr'iJ .,.1z_ 
l/mpJw9frwiibrft bpkw'b 'l"'lni/. (f:.nunL'iJnLfl'tw'il bpknLJf/f!_)• tfrfurnL'i6 

~•JnLfilbrfr f:.wJwr' 6.wl!brfr brkw'b 'lwln'f, 'b/nL[il/t .f-"'l.ew1ndniJ.1 '1r1ieii-

1_n,,_-+nifrn/u1111iw'b pbn/r 7b"l..f_!nLJ i/_rnw'b'lwi/.nr 'ffr6.wltl!. p'iJnpnzi/.nLJ' 
I; f:.n'l'bwt}nLfJ'Jw'b f...,.elzrfr bpk..,'j, 'fWtni/. nL 'l_LUP'f"'!J'PLJni/_: •l.urw'b'lw

iJ.nr iJ.ft6...,1ifr iJ.rw f:...,uflblnL'iJ f:.w1fw"lwurwufuw"bn'I. l"'pnLJf!. Jb'il.e "l"'l
Jw'iJw'J.w'bnrb'iJ 11w'iJi/_w'iJb'b.e 0°1 U.n lutpnLJf!. f:.wiJ.wuwr t' 

r 01u-f:.nunL'i,nLfl1w'fl Uutf:.Jw'i#fr'i,' "/.lwuurfr11 'flinL[il/r t:.nunL'fl11L{iJJW'fl 
'fpw f:.wu'bbl"L 'lb"ll!nLJ, 

J o.,,,-..,JpnL/JJw"b uwf:.Jw'bftii' tfr/upnL'iJ "il1n'-frl/r J!"'/J!LUJJ..,f, 
00 = I (6.w.efr} 7b"l..[!nLJ, 

aK-7frJw91iw'bm.[i1w'b uwf:.Jw'bfr'i,' f:.nlf'bwt}nLfJJw'b 6.wl!fr llp/,-
l i/_w'b 'fLUfnL 7b11u~nLJ1 

U.1u"l.fruni/_, (3,4) pw'ilwU'b w1JJ 1i"'l''Lfr I; 6.z7rrnbl /,_ ifrn{uw

rfr'bhl brb.e p111"iiwAUpniJ.' 1iwfu'f wJ- 'iJ/nLfl'/r tJ111w'btwif.np i/_fr-6.wtft 
p'iJnLtP/rs· 

o~. 
[o] = --, 

k<. 

'3. 

[aJ - if· 
K (3.5) 

npurb'I. k1.-'iJ, k.u-'iJ nL kK-'b "i."'2..,r/t f:.wJw"lwuruJufu..,'i, 7npt}w1lfrtr 

"bbr'b lr"ii1 ·u.,,, brbl! pw'bwa&.bpf!. 11wrblfr t f!'b'1t:.w'iJpw9'bb1 t:.bur"-l"'l 
11rbu.eni/.' 

aO 

(o]=T' 
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<1'-fr urwft f.uwftw'bU1fnif "UIJ :J,.1 "UIJ (JJJ' "UIJ IJl<J puft k-/r UIUI"' 'tUIJ 

k1.1 ftwJ k;.r1 "UIJ k,.1 
IJwftwJ'it Jhr ulf'l.P'itU1"w'it (3.4) p,,,'i,wA.L.{! J./r 1tnr9rbl frr 'l"rJ

"bwftw'i, 'i1zU1'i.wftnLfJ-Jn<'b[!I f'w'ii/r nr l:,num .. "i1n1.fJ-JU1'b I. 7frJw1ftw"i1nL(il/w"il 

u..,f.JU1"i.1'itbpf! npnz l_Uli/rni/ l1w"14.U1tl b'it 1UJrmftl1w'b uwf.Jw'b/r r,1,., 

Ul"fW 4.urw"b7111i(nr i(pfi.UI"" f'"lnr urf,.r,ehr/1 l',wJwr ftw/''1-t/r t- u,,,f.Jw

'j,/,l "l."'2."'I'f' 'inrr!-ft{r9 1WJ[r111-fiJl,,,"j, Ou u11Ut:..Jw'i./r 'bftw1111JwJp1 

U1u"f.f111/r4 b";,, l!"j,'1-r,.,,,";,mr wn.JwJp, w1'ii hiwftburw1/r"ii "iiftwurw

u11dlM1rl!• nrn'il,e '1-r•[wJ b'i, [ilnLu--r"Llr LU1rm.ffl1brfr f!"iiurrnLfilJw'it 

/r1"it7r/r r.1r.r ./Jl:L,// 

g. ll.'i.y'i1 4im/ "1"'2.'urfr 'lnf'J..,~9fr JHm .. fil!'u'it f!'iturrJw"it ~wr9/r'b 
U1n.w1Jtf uwl:,Jw-..,,u11frU11t1.k'i,j! zwm f.,wJw1Lnm 9nL9nLffLbrm{1 t1nrpfi 

U1'i.,t:,.u11f 1uuh11..m.fl1n1..'i,f!, nHl·br/1 n rn:?_Jw"il dwJw'"IJ1u" w"iiJunt..Pw'frblfr w'b-6f!t.

urm fJ Jiil 'i_,'bf,f'(!, f.Ulz1.Ulr't/i U1bb.2utnLfJJnt 'j,'j,/,rf!1 UI 1u/r'it.(!'j, eG.qfi.wG.m .. p 
q_n11~nGGbpe. r..1uzt/_/r b'il 'wll'ili{mJ UIJU"f.bu " -"li(wJ "llW2Wr/i n~tl'fiw~mfi 

k0 'lnrtlu1fJ9/r Jfrl119111J1 "l1wumfrl1 'itJnLfiJbrfo r.UIJUlp( <Afn'l"/Ulur} U1J'it 

un4.flfU1pwr f!"it'lnL'itifntJ t- ~Ul"UIUUlf k1. = k() =t 1,4 + 1,6, ifi/upnt..'it 

~'J"L{Jbl'P J... 'P"'Jml• t:,,.,,f,,, r '- kv = ko = 2,5 --;- 3 ,01 1J'itw9,,,J rppJn'it

'i,/,f(!• U1Juf/i1,p'it p41t'itbrfr 11f.'itwJ'p~mf11111."b[!• 'itpu1'b9 w'l.'llr9mfi11..,'b ifrn

rfnfr1,.,f11u"ii Lfi'ubll! L. u1b1L'u~111b '1/;f'LUlfnL11Lbp/r U1'1_'/-b9m.fiJ1nL'il(! r.wz•[/r 

b'it U1n.'i11/nul lfU19"'-.'!/rt 11nrJ-~p9'ilbrfi Jfrt_n9ni(, nrn'it9ni/_ PU1'1.Jw

"fU1u1~1[111..1! I; f.f1ffi.,u~111'b 'l"l'tJw'tfr9l!' 

ll.1u 'f/,Uf..[_!11LJ "fbut.[! t "frz};l1 nr (/J,.J) ptu'itu1d,f,_p9 uurw9i(wJ 

(ilnLJlUIU1pbfp fUl{'nLJ(! r~J-'b "/_f;ur.g !; f.w,//;JU1U1bf ftn'buurrnL't9ftui1/r 

'1/;u-,wlmJ 'l"r.Jn'l uutU1u-,frfttuftw"k L..,l,J..,'J, f,./,u-,' u1n111"ii9 t.wzqfr ,,,,,._'j,/,LnL 

p/111..fr 11/1'ilwJ(1ftnLf!JnL'it'it nL Illrw9uitl Lrw9nL9/ri_ 'lnrJ-n'it'ilhrf!' 

bpb (iJ11LlfU1utp£L/1 LwrnLt/I, l!~'fnL'itblfru t.Ulzi//r b'it UJll'iti(nLJ Jft,,,,;'it 

f!_'j,'ff.w'ilnLr 'fnrtJnb'ilhrf!1 UI rufr'ii.p'it "/Ul2_111rfr 'lnrtJwftfr9'b f!'b'lnL'bi{nLJ t 
l',..,i/_wutur J{r,.,4'it f..Jr.ifi.UJftUl'b ynrJ1u~9fr'b, U1"1w phtt{r '1fr'itwJfrf[n1.{l1nL'il'it 

nL UJb'lwftUl'it 1..,r111..m.hrl! r...,z•lfr b'it ..,n.'iti(nLJ, brr -n t.'ilwruiif nr t, 
frrui'tUl'b L'"l'J U1'it JlzJnL(rl 1w'b Jkt_, t.frI/l,w'tw'i. uurU11nfr'tU1ftUl"it fUlrnLJ

'ilbl'l! P"M'(1'tu"1111urftbini/. 1fr'itwJfrlJ111.fl11u'it k l',uiJ..,'ta'il111r"'ilw9Jw"b pr

J..,ftfr9'itbrn4_1 '1-rfi(UI(' /J f.111Jn'l1.bf1 nr wr'JJnL'ilJ_!'bbpf!_ hrftnt.. 'lb"/J!n,_,/ 

tL 'bn1.J'itl!. 't1/r'itb"b1 

ll.1/ rnLp ,..,'j, uu.f.J Ul'itfr "'"111tnJ wJ p "fU12_Ulf'fr (!'j,'lf.tu'itnLr tn r"Ul't!Jfr 

Jn1111u1Jnr "'rcfb.p'ilbrc f,,,,, /il/i mwrpbp i{/r!.w't'itbp~ "- pbn.'ilhrfr urwrr"r 

p'bn1.1filfr 1""ll!brni.J, 'itbrwn./LUL pknfr 'l-fr"bwJfr'tmfil1,.,'it £. 111b'lU1'tUl'k 

LUlrnLt/l,brfr ""l'lb9mfi11111'b unifnrw'tw'it ,/b<)nL{iJinL"'f!' 9nL19 /,';, urr'i.UI" 

6-r'I- Ulll/frLUUl/Jm-,/1 
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1. u ... .,,,,.;"-"'"-'""' r'"' 
2 • ~"'r; ... ~ ... ,1,, r",. 
J . ~nlfrnJ. .. ft_ .. <r. pJ,,. (Jj.£'1.nL/k 

J(,~nLPJUI), A'fnLJ-11/,,,J,.LJ} 

,-( "l1w·- .. -.,,-,.-~-,,-/-nL_/J ____ _;_ __ 2_, -f '.-2-.-6-

i/>ft.rnLJ, 1r1nLp 3,0-7-9 .0 

"llmu.,,~ft_ 1l1nLjJ 2 ,9-7-.5,0 

'91iuu.,,Jrft_ J,JnLp «'("7"fW"') 5,0-:--15,0 

ll.1u w'l1n1.uwlJI! Jfrw1'it ftn'lil'il"tmznrl p'bn._1p nL'it/r. wi'it 8i"'"'ft'rUI• 

!J"LJ t llfUl[pu '1"{',}Ulft9/r rpnifrn/un1-fi1JU1'b JwuJr'b "U1/u1_1UtJ urwrpb·r 

f.Ul"it'l,.,,/w'it.f!'ii/,rJif/1 l.U1r1_-JU11fr'it "- •frnifin/u..,'t..,'b pbn.'itbrfr -n'1
9

nL

(J 1w'b '1-h"l./!"'-J "IUl2"'r'1 11npJ-wbfr {!_'it111r11L[il 1w'L J IWufr";, U1t{_b LP J w'it 

r..,J 111u'it ftfunut[Jr XXXVl "- XXXVH 'l-tn1.fu'itbrn1.J1 

§ 18. 9'1-lfll\, btl, Ub'l,lflfll"t, ta-nfl.SlllSPblfl lUPOJ-o.Ul.br~ 
StlPf\bP tSOfl.fiJ'bPti 2,lJ.lTllr 
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& '1 Jn._ u w ~ 7. 1.ltJ'Gw~wG p11t.nwmpb1~ iwpat.J'Gbrli \nrplGnpn21\J\ 
wpdb11Gbpp: 

Un/arw'tnLiL pnLiJ!. J.nLL"'~"'), brnL.f 
OC b. CT· 2 "1."'l"f."'"',, "rr. 
CT B "'1.n'l"'l."""l'. 
CT a "l"'l"l."'"'l 1t_wJn'-l'l'LbruJ . 
fMJu-~'111u1fr'L 1t_n'Lumpnbfrn), "'1."'l"l"""),/,fl I 

Jbl'lr'Lwzfr'b,,LPJm'!. Jlrl 
f.b'lfrl'Y""~ ft_n),•.,.f'"L't_t1frn'b "l."'l"f."""'),IJL'l'. Jlr-

l'Uwzfr'LnLp J"''b Jlrl 
'1/11fr'!.J. 
11.pnLJ(' 
flrn'!.11 
11.unLJfr'!. 
fl.unLJfr'l.wJfr" f'f'n'b'f 
,,. JlfL('"' /JlfLff" '), 
Slrl''"""tfr ... 
'lolr ... J.'Lweu 
flw1t_lr1Ji1nw9yw~ f>w'!.lrp 
Unb.nL +"'J"' Pfz1Ji~'bbpfr ftL'l'l"'-PJwJp 
l/nonL i/ow.Jm pblJi~),lrl'fr'!. nL'l'J,,.(WJWfl nL11-

11nLfl J••llfp 
'111111'bnL i/owJm Plrt/r1t_'!.bpfr lfL'l'tftLPJ•.fp 
liw11l.nL 1'"'J"' pb tfr't_'!.lspJi"j, nL'l'l"'~WJ"'(f nL'l-1 

'lnLflJwJp 
flwp/r Z"'l'Y"'~l' 
fl.'IJnLufr l"'l'Y..,~l' 

1 
fllrmn'b 

! 

I .. 1.,1.r ... -,, 
a,J..,'!. 'l.b"l.e"LJI 'l.lr"f.enLJ 

260-800 -, 1200-1500 
uoo 
1600 
uoo 

6J0-2500 

1000-4000 b. ..,~bLJi P"'l'J.L' 
300-1'.&0 
700-1400 
600-1200 
300- 800 
800-1200 
800-1500 
300- 400 
500- 700 
400- 500 

70-100 100-120 

SO-ISO 
15- zo 

U0-150 

20- 95 
,_ 40 
Ii- 25 

10- 90 

TlrunLu,.,~nd Pi/."'r~iJ.,.,.l 'b1nLfillrrf!. "'l.b"'I! !; pwiJ.wrJUrb'b r.JUJw
"'i,.,"'..,ufuw'i.. u111w'ii'lwr111'iilrrnul "iwrnL'iiw~i/.n'l { .,,t;,, 'lrl!/r iJ.lrrinLJ 
urp1_JU.l r..;,y.lrt1.w.lf!.) "iJUt.111'ii2'iibrfr'ii m 'iinrJ,.,'iibrfrt ( Jbfuw'iiMw~JU"ii 

..,JrnL{iJ/JU'ii, "'ilwu111fr~nLPlwt, "fJU"'rwu111Jwt inbfu'i.mlnlf/rw1/r• ,e/r
Jfrw~w'ii pw'l."''lrnLfltJU'ii I. "'IL 111buuJ,_lr1nilhrfrs)• 

RU..J.a.'b II 

'H,llfllo IV 

USllS'1lJOl't'1 u. tnrnt;tlli UflUSt;trt.t;Pfi Z.U.L;1lU.PlJC. 
c.us Jt-n~BL.U.SPbl.fi lU.l1f1Mf'1bPfi 

§ 19. USU.Stittnrb\ U'1nrnr;11~ti U11USblf'1bP 

£n'lbrfr tpr/f>npJw9frw'bbrf!. a'fJw'j, fL 11/r'lJJw'j, 'Jb"/.j!nLJ f.u1ziJ.b[ 

~wrn11_w'iiwll!. Jlr,,_ f.'irwr..,i/.nrmf11ni.."b t- "'JUL/ru "i"'r'lbl, pb fr'iit..[!JU"ilnq 
J,'j, ifrnifrnfui/.nLJ ~nflurn('nL~9frw'iibrfr Jwubrfr afL'j, nL t.wifrfrrf!. wr111w./Jfr'j, 

nul·brfr w'l'1£9n1..f11.,,'j, rnJU~r llniJ.nrwpJUr AL.fr "'l'l ifrnifrnfun1..p1n1..'ii'bbr'ii 
JUj'j,.j!Ul'j, i'irtfr'j, b'j,,. nr pi[n1..J b'ir .ynrJ'j,Ul~JU'j, 'bzw'iiJU~t1L{iJjnL'bfr9 'l_nLrfJI 

llJUft-1'iJ p1n1..fl1n1..'ii nt.'ii/r ~n'iiu111rnL~9frJU'bbrfr Jfr wJpnu '1JUU1 
nrn"b9 f,wJJUr wJrnLf'JW'j, uwnt.lfnLJ'ii nt. JUttwfla/r'ir l;lbJfrflut"irbrfr 

~mr1_w.l J!'hkr/r nrnznulf! wn ... 'ii9 ~' nrJw9/rJU'ii'1rf! nrntbl ~wrn'lw'b ... ~ 
tnL w'iit.'iiwrfr'b t• 'lrJU'ii,e "'lu"iku ~nt.if."'u ummm~qnpbli mlinp:.izbi~ 

~n"iru111rn1..~9/rw'iibr'ii b'b ( u/ruurlrJ"bbpe)• 

'lr•'h9 t"tfrJfr'iiut"ilbrn..J $,_fr.ybr/r nrnznL

Jf'_ /rrlr"irfr9 'iilrr~"'J•s'iinul t- umwm~qn
phG wGnpnzbt~ }uliq~p: 

Ufr"irt.L. •iJJ n1..unul'i1JUu/rriJ.-u pn

lnl' orfr'h-~'iilrrn1..J an'lbrl! a'ln'l ~.,,J 

ulr'l.Jn'l i.fr'lbre nrnzqn1..J t/r'b "lfr"ir'l 

J,.,rJ"bfr urnJUurMwi/r "'w1t1 ... 'ir'hlrrfrs' 
u,u.,bu, b(iJll Q pbttf!. ~JU/ui/.wu t 

AB ,._ AC br~nL an'lbr/rs ('b~. 38 )· 

"'"iJU Jlr'ii,e "'l'l a.mzlrrl! a'l"'l N1 1. N2 

-0.fr.ylrrf! nr,,zn1..J b'b.e A ~""'" r.w1_JUUJU
r"'~znrtL/iJJU'ii "iJU/Jw'bfr91 A ~bwnLJ 

~/rrJUn.i{JUrJ brlrl! nulbpf!. "'""'./! t- pw-

8 

'. 

t+ 381 

i/_JUrlUrb'b r,.,,1...,.,,.,rJU~ztu11..f11•'h hr~nL r.wqwuwpn1..J"bbrfr'b, JU/ii t' JUl'l 
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nL Jbrf. "/[tn 1J.~9f.w'iJbrfr 7naJ111rf!. ~nnr7fr'iimuiw '"'j, lll1&u1'iJ9./!'iJ£rfr9 JnL• 

rlU.[!IU'j,l.JnLr/r 1.rlU "'"UI.(! t "IU"llllUIUr Lfr'iJfr 'f.rn1fr1 ll.1u"1frun1_1 1U'iJf.1UJU1-
'iJbrf. [il/r1.e (brtnL) r. ... 1_ ... u1111r t t,,.,tf..,w1111rm . .rbbrfr P1.fr'ii (brtnL), J.. 

Nl nL [\/2 -D-fr7bre ~-r"'l /,';, nrnzrfbi -1'1 r. ... 1_1111u1UrrrLJ'iibrfrs1 u,u 
fu'ii7/•re UutlUuiMnrb'b nrnzbLfr {u'ii7frr tr 

'trnL{lJnL'ii'ii UIJl ~bt'"i ~ifr'iifr, '1pb Q pb11e ~1111fu1_-tt ifi'iifi brb,e 

A.n'lbrfrs ('ii~. 39 )1 IJ.n 111r"i.f!nLJ A ~"-
~~~~~~~~~~~~ we 71n'ii1_nLJ t r.,.,1_,.,u1Ur,.,+znm.p1111'ii Jht. 

tnru ni ~Jl.rfr' Q, N3, N1 k N2, ,.,'1.'lt-

9nLP1•u'ii ui,.,~, e111n 11rnLJ 1_brtfr'ii brb.f!'ii 

1U'iJf,1UJU1 b'iJt fl111119 'iJ1Ufu~f1'iJfr 'j,J,.,'j, tlUrb

Lfr t 'lr"l Jfr,.,1'ii brtnL r. ... 1_ ... u ... r,.,+znm.
{rJ 1111ii r.,.,1_1111u1Urnult ll.111"lfr11n1_ 1 ,.,'i,I:,111Jm

'iibrfr [rl/11.e Jbtm/ ,.,1_J.·l t r.1111/•u,.,1md

'iibrf. fl1.h/ tn'iiuuirnLbfr,.,<;, J6t ,.,';,,,.,J 

u..,.,,uiMnrL'ii ,.,'iJnrnzblfr f-, k {i1'ii11frrt!. 

lfr t-r"'I. lnu)1_/,l Jfr,.,J'ii uur1UuiJrtw1/• 
'!,~. :19: f,..,1_,.,u,.,rnLJiibrfr 07'iini.frli1111Jp1 

'/u'i,'lrfr lnL6J,.,'ii r.111J,.,r ,.,'iir,r,.,,Jb;ui 

1r1119nL9/rz. r.1111/u1u111rnLJ{! +111rbifr t ~,.,'l.Jbl, 07ui1_bin1_ 'b1m.flbrf. r.1uw

tmfrl1nL'ii'i.brfi 1_br,.,pbrJ111l ,.,,<;, "l.111uitbr,.,9nLJ'iiLrfrs1 nrn'ii./J J/;'j,-1! 

UUllU!Jlll'j,.[!1 uibulUtlU'iJ Jbfu ... iifrtw1frs 'iJ1nLflbrfr 7frJ1117rnLfl11U'iJ(! Ut'ii9-

iJhln1.t lonul!l! 1_br111pbrnLJ t 'ii1,,.pf1 tLfnrJwofr111'iibre r.111z1_fr ,.,,.iJJ,

l"'·'ii' l.r111911Lfpl_ t:,.,.,1_1U111UrnLJ {! J/,'j,.[! tlUrn'l b'iJ,e 'fUJ'i,bl, nLUt1LJ'iJ111111fr

rJ.Ln1. ,.,,';, 7M/mrJw9/1111'iibre• nrn'ii9 b'iiflwrtifmJ t tn'iiuuir"'-~sfrw'ii1 
fflaur'l-J.nLJ t, nr Jfrzui twrbifr t 7ur'itbl ,..,';,.[!,.,';, Lrw9n&.11/rl r.-1-

llwrnLJ'iibr, "r.f!IU'b Jb'l. "'"111.J! t. nr"ibu'l.fr r.w1_wuwrnul'i1brfr Lr/ii/. 

P fr'i.l! ""',.,"'frt1111/r "i,.,IJ111'ii'iibrfr f,/;w J{i,.,ufi'b f,. 1111_,.,u,.,r Lfr'iifi 111'iir.,.,,.,,_ 
iibrf. P4fr'ii1 

ll.1u frw9nL9/rz. f,111'/.wu111rnLJiihre tlU'l.J6'nLJ b'iJ JJr f!'j,'Jf,111'iJnLr utf!'J.

pnL'iJJ!fr f,ftJw'it t/.r111' 'lr,.,'iJ.f! "ib"'l! t ,.,r.,,,.,r.w1uib'ii 11fruurbJ{i qbtm p
d'wgpwGbp~ liwdwuib'lm:p JWU utWJlfwGlibpl!: 

Bn&.11111.J!""'iil.JnLr 1!;:..'ituuirnL+sfr111 7b/f>nrJ 1119fr-1/r t b'iifl111rl11/nLJ 

1UJ'iJ"ibu1 nr urh'l~.1./r nL'iib'iJnLJ an11"rfi fu'J.nLJ1 WJ'J A.n'l.brf! l_b'iJ 111'iJ

llUU11.nLJ frr-rfrs · twJ ~b'lfr t./r m 'iib'iinLJ tn'iiuinr11Lt9/r111iJ. Jfr J1u11fr 

uib'l.,.,ifrnfunL{JJnL'ii J1nL11fr 'iit111uiJwJp, "rl! lP 'itw/1111111tb111_1U6 t 11111n&.s

'/au6'l!fr ufubJ,.,1n1_1 Ur ... 'iinLJ tl 11-1-'bmJ t 11/ruuibJfr f;ibJb'b111'iibrfr 
'lb~npuwg~wlibp~ 6wd'nunb'lnLptJnL61!: 

Uui1111nfrtnrb'it w'bnrnzhlfr 11fr11uibJ'iibrfi t.wz4J ... 'ii l!'j,'lf,,.,'j,nLr J/,

fln'll! +111111111';,,,,LJ t f.ba/..l"'l"'-J' t,.,{u "ib"'l! t "i111r'l"L• fib fr'itt"i/.u{i 
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i.fi'lbr t ... iir.r,.,,lb;u1 a 11nzb1 • .,,/imLr.burJ. 'frbl "lfi"b'l J '"rJ"i,fr uuiw111f>

~-ifr P"l"r f.111i/.w111UrnLJii/,rf!• '1r-'iifr9 f,buin t•u11Jhl ... ,ii,Qw'ii u·--
9"'-SPl. r..1_,.,u,.,rnul'iibr, nr111bu9.fr t,'ii,.,r11111.11r lfr'ii/1 'lw"i1bl pnLnr .,,'iJ_ 

" 1111ui 'fr'tbre1 

/.nLttJ w'ii e'iif/1119.(!{! "/lllr'f.b'ii~ 'i"roi/.1116 J Wll'iiw1_nr orfr'iiw~ni{ 
('ii~. 3.9 )1 ll'n'l lw1'ii111tu1'ii ~urr1_wtf.[!/r Jfrk'itm1'ii J-~/;rh,,';,£·r nL'iib9 n'I. 

b'l.r111ifr'ii a"'l."rf! lfr'iib'ii "i"'l"i"'"'tW• /rut J'h..frii a,,".e' "1'1.'iia1w, u 1i2p·;, 
a .. 'lfr brtwrnLfl1m'iie 13 t. £9.r-1/r'ii A.nrzhrfr'iie' 11· "i"'l"lwuifr [rlmr 

lwurrbLfi L"'r"'-Jl! fln'l Lfi'iifr !o"lj, fruit "i'l'iiA.fr'iie' iou1qJ1 ffl111f.111'ii'l.1.nLJ 

t nrnz/,[ IUJ'/ A.n11."rfr l 111/'iJlutw'iJ ,+uiri/.wr},e'iJbrfi lllJnLr t_uufr/ip(!i 'lrw"il

s/r!J tu1fu1_w6 Q nLtlfr IU9.7'·snLp,111"il 'J/,"/.f!llLJI 

't111fu /,_ Wna.t_ nrnzJ.'iJ.p. hrh.f! J.n'l_'rfrs JnLrW<l!W..,,lJlll·rft -/r111 lll'J.
'/n'l nule1 ~w'iifr 11r A, 8, C £. D thuibrm.J J/,'ii-1! nL'iib'ii.p f.n7w~w-

"111r• .,,"1111 P"l"r "r11.e A.m1."re ~'"t"'l b'ii b'hf1wrHbl tl'frm1'ii 11111..,,'ii9-

.pwifr'ii 'fr'fbrfr UUl.'lh!JnL(il 11111'iJf!l lln -0.fr'fbrp t.111J111rb'iJJ! a'fn'I_• 6.fi'fbrf! 

nrnzbtnL r,,.,,,..,,r Jb'ii.[! "'"UIJ! t m.uuul'iiwu/irb'ii.[! A ~bm/1 t.1mfmuu1r-

~?.!'"Lfl/11L'it(!, "l''"b'l. ~fir111111_wi! t Jf,..,,t r.1111ui'bfr Q 11ulf.!.1 ''""'" 1.rw 
nLJbrfr ..,,'l.'1b9n&./11wii u/ubJw'ii nL ~nnr7/1'iiu.un'iil.rfi wn..,'b9.f''iibrfr 7u1-

u..,,1_nrnL(l/n&.'ii(! ui'/.,.,6 t ~•t• 40-11LJ1 ~w-

1_wu111rb9'iih'ii./l 'l.rn ifr A ~buifi •frw 111'1.'ln'l 

nu//,rfi "/rn1'bfr111'iJbrfi pLJ111r'iJJ.rf! +nn11-

'1P'iJ1Uui'iJ/irfr wn111'ii9.p'iibrfr 1.r-· 

N 2slnet-N1sina =0, 

Q-Nr-· N1coscx-N2cosa=0: 

11.nw'l.fr'ii r.1u-J.w11wrnLJ{i9 11ui1111'i1nLJ b'iiJ! 

N1-N 2, brtr"r'l f.1111¥.111u111rJ111'it Jb!. N2-fr 
+nfu..,rb'ii uib'l111'lr"L"'l N1, uU11U'ii11LJ b'ii.p.' 

N 3+2N1cosrz=Q1 · · · · - ( 4 .1) 
},~. 401 

ll.1JJ Jb'ii.p nr.'iib'ii.[! d~ f,..,,1[•u111rnul bpqnl. wflr.-1uin1_1 

1.r•sms/il.. t.1111_wuwrnLJ u.,,..,';,..,lnL f,111J,.,r J6fJ.fJ "'""'./! t 7frJL'it.p 

Jkr +,,s,,,"'r"Llts/iwifi 7£~nrJ1119fr ... 'itbrfr numurii ... ufirmPi-'iie' Q nr.Jfr 

Ul'l.'l'OnLflJ111'ii inw+ P"Lnr Lrb.p an'l.br'ii f°L '1"rt111r..,,'ii1u"Lt IL A ''""'f.!. 
tfrt'iifii 1l1U'it{i "r Nl £. N2 b.fi'lbr'ii fir .... r r.1111_111u111r /;';, J.. 1 nL 2 c\n

"'rl! "i..,,wp111um1.,.,t) /,';, Jfil..'itnLt"ii 'ii1nr.flfi9, 111"1,., c\nri'rfr r.1111_1Uu1Ur 

krt-rnLp1m'ii'iihr/r 'lb"i.f!nLJ 7r111'ii9 Al1 k 1112 br11,..1,w9nr.J'bbre 'iinr./il

"ibu firwr t.w1_1Uu111r tlfi'iillii J.. A ~'"'I! nL'l.llwd.fr'l tfrP.'ii/i 9-61 brr"r'l 

A.n'l./r brt111r1119nLJf! 'iiz ... 'it1111~b'ii,e Al3-n1_1 
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t ,.,rnL'i.w1tl.Ln.f. JLr f.•ii1rfr 11nJm_J f!• N1-fr "'rJb,ce ( 4.4)-/rs .,,£_ 

'l"''lrnLJ b'i.i,c ( 4.1} t.w.f.11111..,rJw'ii Jl.l /,_ uu1w"i.nLJ b'i.J,c' 

/,_ ( 4.4)-f.9 

N3+2N3 E"'F'--cos30.==Q1 
E"i'lF3 

Nl= ___ Q __ _ 

I +2 E"LF, 3 ----cos a 
E"i.,F, 

(4.5) 

E"LF Q--1
- cos2a. 

N
1 
=: __ E"i'!£s · · ( 4.6} 

1 +2 E"'F, cos3a. = J\i•' 
E..,.,F, 

Uuiw9i/_wJ ,...,'j,,,,aJ..brfrs "r"-mJ t. nr N l.fr'lLr/• JbJn._p,nL'i..'iibre 

. ~-fuiJ_..,J b'ii nl_ fib F J1111fbrhu'i.ibl'fr £ E Jn1n .. 1'i.ilirfi P"'fl"'rJ.1111t Jb

JnLJd Jn< 'i.Jllbrfrs' ,,, Jl 'lr"''iifl r,,,,rwpbrnLfJ 1n .. 'i.i'iibrfrs• f.''i.i11n'- iblni/_ lltUlr-

L F, t. P r n=F "'r"'Pbrn'-f"1n .. 'i.i'iibr, Jb'iil! 1t,,.,,,,,r;,..,<;,I! N1 , N2 "- N3 t./•-, 
'lhrfr urwrphr 1tnJpf.'i.iw9f.111'iibr1 

l.'uui "'l'I fi.fr'lbrfr JbJ,,._filJ11L'i.i'i.Jbrfr "- {iln'-Jl"'"'rhtfr L"'rn..J'i.i£rfr• 

w1JJ 1t111rb1fi t 'luo'i.ibl /,_ ... ,'I Fl nL F3 J1111thrbu'iibrfr JbJ-n._p,nL'i.J1.hre 

_,.,, "t"'lJ,,,'j,'i.Jbrfrs 1 nr 

~1 < la"i]' · ~°" [a"i.,]1 (4.7) 
I F, 

Un,,,ffi'ii "i"'lJw'i.ifr9 nrnzbtni/_ f 1-e L. 'lfr,,,b'i.iw1ni/_ J£r 1tn1Jfr11 

e'iiuiri/_111J- n={' JbJn._p,,,._r;,f!, ,.,,.,,n .. J b'ii.e Fa=~· U1'iinLt.buo/,_ 
i n 

uuinL'ln'-J b'i.JI!, pb •r'IJn,P w1'i.i pwi/_wrwrmJ t ( 4.7) "i"'IJw'ii"ilbpfr9 

"r1trnr1fi'ii. bjd/, nt, "'"'-"' "'l'I "l"'1Jw'i.fr9 nrnzn._J b'ii,c F~-e· fruit F1 
nrnzn .. J b'ii.p 

(4.8) 
pw'ii111J.£ni/_ / 

U1u"tfrun4_, umwm~~npbfi wfinpn2b1~ u~umbunLU, ifrnifinfubln11, 

"'l'I 11/ruuibJfi J.n'l.brfr ,,.,.,,..,4,,,r;, 1tmri/_wJl!'iibrfi J.,1tbrb·'iibrfi t.wrw

pbrw1tpL/JJnL'iif!, Jb'iiJ! mi}Jwt p.bn.~ qbUfj!DLU ""'rn'l b'i.JI! frrw1fw'i.iws

fibt a.'lbrfi Jfrr.L. tipqbp~ rw2~1uwG pu1qump~q ~wppwfimGbp: l,bu.111-

p• "i"'r11.wpw'i.J..,.-,, f,,,,JUlr '1_br9'iib'ii.p Jfr [il.f.1111frru orfr'iiwl11 
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fil'n'l Q-4m, ct=30°, [a"l]=10CO~q/uu2, E"i=2·I06~q/utf2, [a"i'l]= 
=6001jq/uu2, E"i'l= 1 ·] Q6~q/utf2: 

'iwfu'i.iw1tllU'i.J t.-z1.fr r,,,,J lllr e'i.i1m 'i.inLJ £'i.J ,/! 

F 
n = -' =11 

F3 

4 2.10• "30·0 - -- COS" 

N -K=---L10"-------=1 li7m, 
1 • 2 10" , 

1 + -i--: -- -cos330" 
i.10• 

N -- -- -- 4- ----;,!Im: 
J - ') 106 

I + 2~_.___ cos330° 
1.10• 

flJ rnL/il 1w'i.i Of."' JJ 111'ii'iib rPY ,,,,,,,,';,nLJ b'ii.[!' 

F - N, =1670 =1,67u1.f~, 
1 -!o"l] 1000 

•f.,,,'i.Jfr n1• J£'i.JI' e'i.i'lm'i.ib9fr'i.il! Fi'=F3 , ""'i"' f 3 =L67uu
2

: 

UuinL'lh'i.JI!, [rib "'r'lln.p "'lu"i/ru/r "t"'JJ,,,'i.J'i.JLrfr 'lb"il!mJ p.ui/_w

r"'r"-"'J t 111J1u1L{rl1u1'i.J "f_UIJJlll';,{! J/ii/1'i.J J.n'f/1 f,,,,J..,r 

N 3 1110 • 67 1• , -•" > 6 1• / ,., -, =---:--o 'iq;uu· 00 'iq1ut1·1 
F 3 .t,67 

l.''i.i11'11'i.ii/_111J Fl J1111tLrbue 1'nl!r t. w'i.it.r111Jb;_ui t "-"rs'iiLt 

F3-=~-111~=} ,85 uu2z 
[o-"i'll 600 

llbr t.wz•lf. t.frJJ'nLJ 'lri/_,.,J F1=F3 "l"'lJ,,,'i.Je ..,..,e.,_,,,.-,,1.ln._ t.w

J111r Jb'ii.p "'-""'./! t e'ii1nL'i..£'i.i,e Fl= Fa= I,85 uu2
, 111n111l/1'ii "i"'lJ111'i.ifr9 

w'iit.r111Jh;_ui 1,67 uu2-nL ifrnfu,.,rL'i..1 aJ""lf.umJ_. L,,_rw1f.'ii J.n'lbrnul 

Jb'i.JI! nL'i.ib'i.J~ Lr1119nL9/il. u1u1z111r1 

bflh Jh'iil! 9111'ii1t111'i.J,.,1fr'iil! /r•nLu111pb1 "'l" 111i/_blnr'I "l"'Z"'rfr9 "

efl1n'- ';,/, fr'ii.p 
(4,9) 

. F 
1u"i"' u1'i.iJfr1w"ibu 1tifrnfui/_bfr'ii £ N1, N2 m_ Na l.fi'lbre• -f t.mrwpb-

3 

r11LfilJnL'i.J{! f,U1i/_w11wr 1ttfi'i.J/,r u1r1b'i.J nl_ pt. 1-fi, fr'iit"fLu f!'ii'fnL"ili/_111J

tr 'iiw/u~fr'iinLJ, "'ll 0,9: (4·5) p111'iiwil/._nLJ f,,,,J"'"'fUll'I!. 1tifrn~rw'iiw /. 

N
3
-e itJbJ,,,'i.J,,,, fruit (4 6} pw'iiwJ.L.nLJ t.w1uiwrwre wi/_l.tfi /!Pl 1t•frnc

rw'iiw, l!"'r;, f,,,,J wrf.le• 11LU111fr Nl-'ii nl. N2-e 1t•frn.eru1'i..ui'i..1 

t/>nl!r"'!J'iiblni/_ h,,_r,,,1/i'ii J.n'lbr/' J1111tbrhu'iibre Jfrr./•'ii/• 'ii1t111uoJ°U1J"p, 

J£'ii.e tJin1n1wgfinLu bfi~ w11 is'l_r"'lPf, tLbJh'iim'iibrnLJ' 'lnrJ-nrl fi.p'Jb

re £ Jbt11119'i.in .. J J"frp_frfi iJ.n'l""' 11nrJ-n'I_ "fr'lf!' 
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ll.1u1n/,'l "'rmw9nl'Jnul /; uurwurfr~nrh'b wtnrnzbLfr u/ruurl11/''i1hrnLJ 
dn'lbrfr Jfi'l.J.. f.{iflzr(i ('-'"..,2_p11rLJ (! p'i1tnfJw'lrni1 f!.'j,'fr,.IU'j,nLr orlz'j,.[!f!\ Ul/'f 
-6.frtlzrl! pwzfui(nul lzf, dn'lkrfr 't.nzurnLfrl/nL'b'bhrfr'b t.111Jw"l.111ur111u[uwfl. 

~GlJ!wG wqbt!t 1.Cbb- l unlJw1 nn'Jp tfm~bpbu-e, WJliJ!mli fi!tci!t mqbi~ 
1.Chb- uwu 1- WJG ~p qpw qhpglinuf 1L -eliqll.w'1wnw'1G: 

b[lh Jlz'ill! F1 J.. f 2 Jw~hrhi:Hrl! Jn11rk9'bkftl.! lf.rnifr· •Ufw £. N
1 

nL N2 l.fr9krf! it.Jnuih'bw'b lf.rn1fr'b, fruit. N3~l!' Q-fr'b1 />u't_ hp4 J/,f,I.! 

1rn.f!rw9'blz'bl! FJ Jw't.brhue, "'"I."' NJ-f! lp/rn.f!rlll'bw, fru~ Nz-lr nL NQ-l!' 
1t_Jh6w'bw'bt " 

n-0,9 t.111rwrhrn'-fil1111'b ,,,"i.[!nLJ [pw'b..,clJ. (4·8)] N1-N:= 
-1,60 Ul, N3=1,20 U\1 llw ~"l."'r."''b'l.fr F 3=2,0 utf2 " F

1
-1,8 ulC2 

"l.n'l."l ... "'lw d n'l./,l'fr r.wJwr wu rn'-fillw'b ."l."'I" w'bfrs "i,.,r_,,,t,l.i/.n'l. 
1,8 mf2-m_ 1/rn/uwr&'b1 

fJph J/,f,ll hf.r"'tP'il dn'lhrfr r.,.,J~r f!'b'lnLithfr'b,e. F
1
-1,6 ulP, 

w"i"' n r.wrwphrnL/JJnL'bf! 'bnrfr9 ~+nerw'il•r, J.. J/rp_fr'il dn'l.l! 'ilnrfro 
'lhrL-riJ.w.! 't.tfr'illzr• fl._u.nfr r...,r't. t- tfr'knul flnr/>s r.wz11ntf'1t btr..,1/rft 

d n'l.hrfi "i111z111r/r r.4,,,, ( 4 · 4) p111'ilwd.£fr9_ p[un.J f', nr Jwt,brhu'bhrfr 

n-- ~: ""'rwpbrnL[rljnL'kf! f.'ilwrwtf.nr t e"hurrhl w1'b"lbu, nr Lwrnul!! 

pnlnr dn'lhrnLJ t.wt/_wuiur Lfr'bfr pn'-ll"'"'rhtfr liurJw'bt!., Jfrwi'1 ~ wli
JumG npn2wq~ wpJbJ!~ '1/,"il!nLJt f>u~w"lku, hflh J/,'I. r.wtn'l4.hr [!_'1•-

1'/,l F ""''t."rhu'bltr'il w1'il"l.hu, nr dn'l.brn,_J 1-rm.JJ,brl! ""''1.•uwr 
Lfr'b/,frj, {JnL/l"'"'r'tfr fwrnulf1hrfr'il, w"l.111 ,///'ill! ~n,_f.J,<;,..,<;,l! r.burJ.iurl 
wtt'bl_nLf'JnL'b'bbrl!' 

~1=F1[a"']' N3-F3[~,,,.,J, (4-10) 

ll.111 Jb6m.f11nL'il'1hrl! ,,, litlw'lrhtn4_ ( 4. 4) r.wt/_wuwrnLfil 1,,,-;, Jhp_, u11rw• 
'ilnLJ /,f,.[! \ 

a,uurh'l.fr9 uurw'flnul bf,.[!' 

cos9a=-hl • E...,,, 
f cr•nJ E..., 

(4 · 11) 

(4·12} 

w1ufr'fl-1'j, nr"f/,u'/_fr 9w'b~w9w6 fl-/r 'f/,"/."6nLJ f,'flwrw1.nr f/r"iJ/r dn'l/,f'fr 

't.urri/.iu,)-.f!flhr'it f!"hurrhl 111n.w'19 wiJ.hlnl''I "i"'zwrfr, cosa-'it ..,_1z,,,ll t pw
t/_wrwr/r ( 4 · 12) "l.U1/.!.u'ilfr'11 
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Ubr ur1/Jw1'il6rfr 7-/,"lll"ul uurw'bnul bf,$' 

Cos2,..,_ 1000· l · 10' 0 
.,. ---- J.. «=24 I 

600·2·10' 

flw'b/r nf' J/,r 't.n'Uuurrnq9frw1nLJ rJ.=90°, Ul"/UI gutli~wgruh- fi-/r 
'1/,"l.f!n'-J Jlz'b.1 uur/r"ii/.w~ ~lfr'iJh'b.1 ~111J d.11'lhr/r Jfi fuJ11na.J na.flbfuul 

wiJ.hLnr'I "iwzwr, lf_wJ J1nLu [uJpnLU nL'bhfiwl 9l.rlwf'nLU1 f>'bt t/_krw
pkrm.J t fl-/r wrJ/,.f!frf,, Ul"/.UI 111/f, "fkln,D t f!"hr.nrkl lllJ'il"fbu, nr"f/suqfr 
uurw9t/_/r ,.JJ.'flwtft.n'ilntl/r't. [nLJ-nLJ [!I u']_,nLUU-1~ 8- llLI/ Lnf"UI~ /,f, r.wt_-

1.nLJ'blzrfr Ulr'f/nL'b.[!f,/,f'f! Ulwrplzr n-hrfr '1/,"f.[!n&.J I -,.J IU'j,lll[ni/. an']_lzrfr 

Jw1t_hrhu'flhrf!.• kr~wrnLf!/n&.'b'bhpf! J.. 'bln'-filf!• ~"'r"d' t {!'j,urrlzl wlft 
t;.wJ1U+9n'-P/nL'bf!i nrf! urw[pu f; wJb'bwf;'t.n'bnJfrft [nL~nLJf! ft•/ui/_w .. 

f,/trL[il/r 7fl/r91 

u. 'l Jn L II w ~ 8. SwrFhr n·br)t 'lh111pnur liwz)t~Gbr~ w r~Jnt.Gj!Gbrl' 

f, I N1=N~ I NJ I F1=F2 uJ• I F uif• 
ft=F on I "' wf.~p .. ,l/121nel f!_°'u'fn<-'b1w~p 3 l 

0,8 1,56 t .so 1.56 1.74 2.17 
0.9 t,60 1.20 1.60 1,80 2,00 
1,0 1.S7 1.11 1,67 1,85 1,85 
1.2 1.75 0,97 1, 75 1,94 1.62 
1.5 1,83 0,82 1.83 2,06 1.37 

§ 20. ClltlSPtlUSUU"b tl\tlliSnti.fil'00fl.\\bPJ1 Mri.b8nMa-snt'-\C 
usnsr~nrb\ n\nrntblr ~n\osrn~~B~~\bPr ~ltUt\S\trn~rr 

«t-nrun'\ tlr~trr ..._r11 

'Lwfunr'I "lwr"''lr111tf."'r""J .th'illl "l"'r'l.'sfr"bll uurwurMnrh'it w'im
rnz."L/r upuur/,,J"i,lzrfr .,,zlu.,,1111U'iJ.[!/r £ t;,.,,2,'/wrft/r wnw"iJd.fiwr.wur't.n'-~/nL'fl

'iJlz['f!I 

1. l!fr'f/,rf! nrn2h[nL f,wJwr MJ.Ulftwun'l. "•t/_U1UU1rna,Jf,lzrf! ftwrhlfr 
f' 111111u'b111l lf~wl(i ur'f.lUll ufrurnb,/fr 'llifnrJw9/rw'ilh('/r r.wJ111urhtznL• 
p ln'-'itf! nLUnul'Lwufrrht"nL °'ILnL{iJ 1w J p-t 

2. U1n1uurfr't.nrh'b w'i,nrnzblfi ~n'buurrn'-b/rw1/r tthJ/s'i11n'it6r"fr Jfrt_L. 
l.fr7hr1' p-wzfunule 't.wfut/_w6 t- UIJ'J f;l/,Jh'bur'b/,f'fr J111ftbrhu<ubrfr1 Wftllld• 

'lw~w'itnL{l/w'it Jn'lnL['ilhrfr /,, hr~.,rnL/f 1nt.'i.t'ithrfr Jfrt& h,,_ui,,_ r.wrwpb·· 

r•~9nt.(iltnL'b/r!JI 
9. M,U,.r;, wt/_htfr 't_nzur t-- ur1.1w1 l;1bJb'burf!_, -1ufr';,eit fr'bu;m'b 

LUi/.btfr +n11r t 'brw "rt"'r"'-filrnL'bf! L. fr'iltl!wL w4btfa Jb~ I;- J,,,~'r"
ue /,. Ulll.U1d7wftw'bni-fil1w'il Jn'ln'-ll!• tu1'b,ew'il -Q/r7/r r.wJbJwuiwpwr 

wiJ.hlfr J/,t} Jwu'b t irw /rr 1.rw 1.'ru"i1nu/ 1 

U1u "lwl'wfl'wf/mLJ ,//,j,.D ftnt.unL1lf1wufrrhft,e uurw11rfrtnrhft w'il

nrn2hlfr tn'il11urrnt.t9ft111'ithrfr f"r6'itwt111'itfr r.wJwr ft111rb.11r ku Jfr ,.,,,.,,_ 
~n'-fll"t.fitr 
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ll.1u1n/,'l "'rmw9nl'Jnul /; uurwurfr~nrh'b wtnrnzbLfr u/ruurl11/''i1hrnLJ 
dn'lbrfr Jfi'l.J.. f.{iflzr(i ('-'"..,2_p11rLJ (! p'i1tnfJw'lrni1 f!.'j,'fr,.IU'j,nLr orlz'j,.[!f!\ Ul/'f 
-6.frtlzrl! pwzfui(nul lzf, dn'lkrfr 't.nzurnLfrl/nL'b'bhrfr'b t.111Jw"l.111ur111u[uwfl. 

~GlJ!wG wqbt!t 1.Cbb- l unlJw1 nn'Jp tfm~bpbu-e, WJliJ!mli fi!tci!t mqbi~ 
1.Chb- uwu 1- WJG ~p qpw qhpglinuf 1L -eliqll.w'1wnw'1G: 

b[lh Jlz'ill! F1 J.. f 2 Jw~hrhi:Hrl! Jn11rk9'bkftl.! lf.rnifr· •Ufw £. N
1 

nL N2 l.fr9krf! it.Jnuih'bw'b lf.rn1fr'b, fruit. N3~l!' Q-fr'b1 />u't_ hp4 J/,f,I.! 

1rn.f!rw9'blz'bl! FJ Jw't.brhue, "'"I."' NJ-f! lp/rn.f!rlll'bw, fru~ Nz-lr nL NQ-l!' 
1t_Jh6w'bw'bt " 

n-0,9 t.111rwrhrn'-fil1111'b ,,,"i.[!nLJ [pw'b..,clJ. (4·8)] N1-N:= 
-1,60 Ul, N3=1,20 U\1 llw ~"l."'r."''b'l.fr F 3=2,0 utf2 " F

1
-1,8 ulC2 

"l.n'l."l ... "'lw d n'l./,l'fr r.wJwr wu rn'-fillw'b ."l."'I" w'bfrs "i,.,r_,,,t,l.i/.n'l. 
1,8 mf2-m_ 1/rn/uwr&'b1 

fJph J/,f,ll hf.r"'tP'il dn'lhrfr r.,.,J~r f!'b'fnLithfr'b,e. F
1
-1,6 ulP, 

w"i"' n r.wrwphrnL/JJn'-'bl! 'bnrfr9 ~+nerw'il•r, J.. J/rp_fr'il dn'l.l! 'ilnrfro 
'lhrL-riJ.w.! 't.tfr'illzr• fl._u.nfr r...,r't. t- tfr'knul flnr/>s r.wz11ntf'1t btr..,1/rft 

d n'l.hrfi "i111z111r/r r.4,,,, ( 4 · 4) p111'ilwd.£fr9_ p[un.J f', nr Jwt,brhu'bhrfr 

n-- ~: ""'rwpbrnL[rljnL'kf! f.'ilwrwtf.nr t e"hurrhl w1'b"lbu, nr Lwrnul!! 

pnlnr dn'lhrnLJ t.wt/_wuiur Lfr'bfr pn'-ll"'"'rhtfr liurJw'bt!., Jfrwi'1 ~ wli
JumG npn2wq~ wpJbJ!~ '1/,"ill"'-Jt f>u~w"lku, hflh J/,'I. r.wt"'l'ihr [!_'1•-
1'/,l F ""''t."rhu'bltr'il w1'il"l.hu, nr dn'l.brn,_J i-rn1.,/f,brl! ""'iJ.•uwr 
Lfr'b/,frj, {JnL/l"'"'r'tfr fwrnulf1hrfr'il, w"l.111 ,///'ill! ~n,_f.J,<;,..,<;,l! r.burJ.iurl 
wtt'bl_nLf'JnL'b'bbrl!' 

~1=F1[a"']' N3-F3[~,,,.,J, (4-10) 

ll.111 Jb6m.f11nL'il'1hrl! ,,, litlw'lrhtn4_ ( 4. 4) r.wt/_wuwrnLfil 1,,,-;, Jhp_, u11rw• 
'ilnLJ /,f,.[! \ 

a,uurh'l.fr9 uurw'flnul bf,.[!' 

cos9a=-hl • E...,,, 
f cr•nJ E..., 

(4 · 11) 

(4·12} 

w1ufr'fl-1'j, nr"f/,u'/_fr 9w'b~w9w6 fl-/r 'f/,"/."6nLJ f,'flwrw1.nr f/r"iJ/r dn'l/,f'fr 
't.urri/.iu,)-.f!flhr'it f!"hurrhl 111n.w'19 wiJ.hlnl''I Ufwzwrfr, cosa-'it ..,_1z,,,ll t pw
t/_wrwr/r ( 4 · 12) "l.U1/.!.u'ilfr'11 
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Ubr ur1/Jw1'il6rfr 7-/,"lll"ul uurw'bnul bf,$' 

Cos2,..,_ 1000· l · 10' 0 
.,. ---- J.. «=24 I 

600·2·10' 

flw'b/r nf' J/,r 't.n'Uuurrn'--'l.9frw1nLJ rJ.=90°, Ul"/UI gutli~wgruh- fi-/r 
'1/,"l.f!n'-J Jlz'b.1 uur/r"ii/.w~ ~lfr'iJh'b.1 ~111J d.11'lhr/r Jfi fuJ11na.J na.flbfuul 

wiJ.hLnr'I "iwzwr, lf_wJ J1nLu [uJpnLU nL'bhfiwl 9l.rlwf'nLU1 f>'bt t/_krw
pkrm.J t fl-/r wrJ/,.f!fr'il, Ul"/.W 1111'il "fkln,D t f!"hr.nrkl lllJ'il"fbu, nr"flsuqfr 
uurw9t/_/r ,.JJ.'flwtft.n'ilntf/r't. [DLJ-nLJ [!I u']_,nLUU-1~ 8- llLI/ Lnf"UI~ /,f, r.wt_-

1.nLJ'blzrfr Ulr'f/nL'b.[!f,/,f'f! Ulwrplzr n-hrfr '1/,"f.[!nLJ I -,.J IU'j,lll[ni/. an']_lzrfr 

Jw1t_hrhu'flhrf!.1 kr~wrnLf!/nL'b'bhpf! J.. 'bln'-filf!• ~"'r'tl' t {!'j,urrlzl w1ft 
t;.wJ1U+9n'-P/nL'bf!i nrf! urw[pu f; wJb'bwf;'t.n'bnJfrft [nL~nLJf! ft•/ui/_w .. 

'b/trL[il/r 7fl/r91 

u. 'l Jn L II w ~ 8. SwrFhr n·br)t 'lh111pnur liwz)t~Gbr~ w r~Jnt.Gj!Gbrl' 

f, I N1=N~ I NJ I F1=F2 uJ• I F uif• 
ft=F ... I "' wf.~p-·ll121nel e'u'ln<-'b1w~p 3 l 

0,8 1,56 t .so 1.56 1.74 2.17 
0.9 t,60 1.20 1.60 1,80 2,00 
1,0 1.S7 1.11 1,67 1,85 1,85 
1.2 1.75 0,97 1, 75 1,94 1.62 
1.5 1,83 0,82 1.83 2,06 1.37 

§ 20. ClltlSPtlUSUU" tl\tlt;Snti.fil'00fl.\ \bPJ1 tlQri.b8nMa-snfl.\C 
usnsr~nrb\ n\nrntblr ~n\osrn~~B~~\bPr ~ltUt\S\trnfl.IT 

«t-nrun'\ tlr~trr ..._r11 

'Lwfunr'I "lwr"''lr111tf."'r""J "'fill "l"'r'l.'sfr"bll uurwurMnrh'it w'im
rnz."L/r upuur/,,J"i,lzrfr "'ziuU11111U'iJ.[!/r £ t;,.,,2.1.wrft/r wnw"iJd.fiwr.wur't.n'-~/nL'fl
'iJlz['f!I 

1. l!fr'f/,rf! nrn2h[nL f,wJwr MJ.Ulftwutr'l. "•t/_U1UU1rna,Jf,lzrf! ftwph[/r 
f' 111111u'b111l lf~wl(i ur'f.lUll ufrurnb,/fr 'llifnrJw9/rw'ilh('/r r.wJ111urhtznL• 
p ln'-'itf! nLUnul'Lwufrrht"trL °'ILnL{iJ ,.., J p-t _ 

2. U1n1uurfr't.nrh'b w'i,nrnzblfi ~n'buurrn'-b/rw1/r tthJlli11n'it6r"fr Jfrt_L. 
l.fr7hr1' p-wz[unufe 't.wfut/_w6 t- UIJ'J f;l/,Jh'b111'b/,f'fr J111ftbrhu<ubrfr1 Wftllld• 

'lw~w'itnLP1w'it Jn'lnL['ilhrfr /,, hr~.,rnL/f 1nt.'i.t'ithrfr Jfrt& h,,_ui,,_ r.wrwpb·· 

r•~9na.(il1nL'b/r!JI 
9. M,U,.r;, wt/_htfr 't_nzur t-- ur1.1w1 l;1bJb'burf!_, -1ufr';,eL fr'bu;m'b 

LUi/.btfr +n11r t 'brw "rt111rm-filrnL'bf! L. fr'iltl!wL w4btfa Jb~ I;- J,,,~'r"
ue /,. Ulll.U1d7wftw'bni-fil1w'il Jn'ln'-ll!• tu1'b,ew'il -Q/r7/r r.wJbJwuiwpwr 

wiJ.hlfr J/,t} Jwu'b t irw /rr 1.rw 1.'ru"i1nu/ 1 

U1u "lwl'wfl'wf/mLJ J/,j,.D ftnLunulflwufrphft,e uurw11rfrtnrhft w'il

nrn2hlfr tnfluurrnLt!lftwftbrfr f"rt}ftwt111ftfr f,UIJwr 1t_111r/J.11r /,.u Jfr r.111ur
~n'-fl1"Lfll 
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S111pphp 11rh11111~fi 'tumnL94_111J.J!'ilhr "i"'"'rwu111hlm. <fwJw'Lw~ t/i 

~wrhifr "'"i"'r.n'/.hl 'i.r111 Jwuhrfi l."'ifr"rfi pw9111pJ.w~ l.ztrfiur /rrw~w
'i.wunLJf!. Jfizur "fbut-6 !; r.wz.4_/i wn'i,J,[ IUJI/. Jwuhrf! "fWurrwuurh{/rU 

IUJU twJ .,"'J'j, nt_ Jb,} ,,,'j,f.zurnL{il/nLf,'j,J,r/i f,'j,111rw4_nrnLfilJnLf,f!l /;[i/, 

JJ,'j,.J! fnpJ nL'i.bf,.J! ""'"'"'Mnrh'il npnzblfi ufiuurbJfi t;.b,,,, "'"i"" 
"'l'l"lfrufr w'LilzurnLfil/nLJ,f,brf!. ufiuurbJnLJ l"'fnLJJ,br z.b'i. 111n.""l"'s'i.fii 

ll.111Ufbu, orfi';,wft, k{Jb AB J.n'll' 

('ilft. 98) ifrn.Hr-frill. "'"-"'" ft111rf. t
"i"'"' p111u1114_111J, J!.U'il 111 l'I ';, 111fu 111-

.,,&,,4_wJ t-r t'*"''lrni/.' "'"l"' "'1'1 
ft11111wp_w9';,fi CAB h11111';,~J1U'i1 J/1w1'il 

flbfl£. "''l"''/."''lnd1 Q nL<l/r pw-

9wftw111Lfi1111';, 'lb"i.[!nLJ ilfr'lhrl' 

AB £. AC J.n'lbrnLJ IVu4_111u111r 

'tlfr'ilbf, 'l.rn1fr ,.,';,ftwfu 'ilpw'iifi9, fib 
fi'i. l. l.z,,,nL{il l"'J p bf, frrwftw-;,,,,9 _ 

4_111J "'1'1 J.n'lbrfr kpft111pnLfilJnL'il
'ilhrl!' 

flnlnrn4_fr'i, "'ll d£.n4_ frrh'L 

ft"L111r.fi 'ilft. 99-nLJ "i"'"''t"r"-"''* 
uur•urfiftnph'il 111';,npnzblfr ftn'LuurpnLft1fr111'il1 1'fi9nL.J! Jfrt.fr'il J."'ll' "'""'./! 
b'l111'*/is AAo=B "r't111rnLP1111Jp 1114.bLfi 't111rf. !; "i"'"'r111uur1/111J (<;,ft.42)1 
llfitfr<;, J.n'lfr Ao J"'IPL' "tr111 1fr<;, J.n'lbrfr A t!w1rbrfr r,1,,,, fr<;,l.·nr A

1 
fth .. nLJ J'fi1119';,h[nL f,,,,J,,,r ,,,-;,t;,r,,,<1hz111 !; Jfrt./,f, J.n1ll' d.'lbl illJ= 

=AoA1 "rftlurnLfl1111Jp, fruft b'l.r-Jfr';,'ilhrl!. u&'lJhl ~l1-AB:i==AC2 
"r'twrnLfl1111Jp1 C2 k B2 """'"rnLJ ~"''j,'l'i,b9';,hl""-' nL'l'l"'t;,"'1"'9';,br b'l.
rw1fr'il J.n'lbrfi uft'f.p'ilw"w'f. nL'l'lnLfi1nL'f.'ilhr/r'k1 fr'bz."fbU "'!'f 'bftwr"''ff!r-

4_wJ !; § 19-nLJ, M111111'LnLJ /,'j,l! pnlnr hrb.e J.n'lbrfr Jw1rhrfr Jfrws

Jwit Ai "'"'£!.' 'l-t!1117p/i9 umw'bnLJ b'il.[! d.n'lbt•/! '1bl/mr•l111sp111'ilbrfi 
l;,111J1uurb'lnLfl Jlll'b f,,1114_11111111 r111,.J (! \ 

f'witfr nr lllf1111Ul!fr'il nL<lbr z.ftwit k NJ -6.fi'lf """"nil 
J.'fn'l t lllUflU t;,,,,4.•11111 flllft[llnL[il JW'j, ( 4 • 1) t;,111"-IUUIUfnLJ f! t;.b,,,,,,,,, "''"i!f!' 
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(4·19) 

f;, Jru" N3-l'' 
[!'b'fnL fl nLJ' f; 

(4·14) 

( 4 .19) t.1114_111 •wrJw'b Jbp_ t:./1 £. M3 JbJnL[I 1nL'i/ilhrf! 1/tnfu111rfi

'Lbln4. 'lr"''i.9 

Ill .... N1 /i,_ IL ~l3 -_!J 3 13 ,,,, N,l,cosa 
1 E.,F, E"l'lF1 E,,,,,F 

wp<lb.[!'ilhpn4_ £. t;,,.,J,,,urb'l l"LJblni/. ( 4·13)-'il m ( 4·14)-f!• u1111U'ilnLJ h'ilJ!' 

N=-~1 1 2cosa 
{4·15) 

NJ £. N1 '""'rfi "'r<lbJ!f,hrfi 'IP"'""'<;, 'bzw'i.f! :J"LJ9 t "'"'L~"' n1· 
'lr"''ils nL'l'lnLfilJnL'il'ilbrfr 4_brwpbrJ"'l Jbr b'b(duuum1-P1nL'b'il/;rl' ilfizur b';,1 

°bzb'ilJ!, np (4 ·3) pw'il,..dLfr J/,p_ Jfrp_frft J.n'lfi hp~wrnL{dJnL'bf!.1 J3-fr 

'i1~1UU1JwJ p 0•/i ifrnJ!rnLPJIU'j, llf1Ulnf.11mru/1 ( IJ -8 )·,, ifrnfulUr/,'j, ftwrhlfr 

f; "'"'l"''lr"L /31 . f:u111 "i"'"'r"'u111J111'b ,,,';,l.zurnLfJJnL'il'ilbrfr r.111ztf.Jw'b 

tlwJ111'ilwft "'I" "l"'r'l.bsnLJf! Jfrtur "'""'./! !; 'tfrrwn.bl' 
/lbpi/._wJ l;,wzfiiff! 9m19 !; lllU>Lfiu, nr UfWUlrwuurJw'il Olitf.zurnL• 

filJnLJ,itbpf! J.n'lhrnLJ wnw2. bf, pbpnLJ L"'rnul'i.h-p, wliq11Hf qnliumpnt.q
gliwJp t{pm wpmwj!pli mqqbgnqi>Jni.GGhpli p.wgwlimJmpJwli qbuu!nut': 

fl1u"lfrun4_1 "'l""i"" 4nt.'1_wJ GwJuliwliwli l"'rnLJJ,brfr 111n.111p_w9J111';, 
t;.f,wr111.fnpnLf'JnL'kf! 'bnL1it"lbu t;,,.,';,'lfruw'bnLJ !; uurwu.Mnrb'b witnr112.blfr 

ftn'fluur pnL'tsfrlU'j,/,rfr l;,frJJ,wft111'i, l;,111111/prL[il JnL'i, {!_I 

bflb P"L"r •rh~ J.n'lhrit /;[ "i"'"'P"'""'"-"''* tfrithit Jfr£.'LnL 1-;, 'L1nL
fl/rs £. nLitbit111it Jfrl..itnL1it Jw~brb"l'• "'"lw Q pbn.fr "''l.'lbsna·flt"'it 
'f""f.j!nLJ ('bft• 99) Jfrlfr'b an'lnLJ 'fnrt!n'l J.p'l £.fi'ff! wi/._hlp J/,J ~,,,. 

itfr1 ~W'j, b'l_rlUJfr'i. an'lhrnLJ ( 4 • 4 )• UJWUlrWUlllJwf. w'i.l.z11tnLf'1nL'i.'bbrfr 

wn.ft1111nLfilJnL'ilf! Jfip_fif, J.n'lnLJ' 111n111i ~pbpfr Lrwsm-9/rz. J.'ln'l -6.fr7 IL 

"'l.r"'1/r'il an'lbrnLJ' Lr"'S"L9frl ub'lJ"'l -6.Jr7hr· "'l" orfrJ,1111, ... .J -;,,,,,,,_ 

itw4wit L"'rn1-JJ,brfr 111n1f1111nL{J1nLitf! ni.CJb.qmglinuf }; iln'lbJI~ w2Jum
mtuli.l!li mlifimtlwuwrmimt)ini.pJni.Ge A r.1t.,,A111p111r 4_'j,111uwftwr !;1 

fJpb J/,'f,,/! Jfrp_/rft J.n'lf! 0 Jbt>11LfilJ111Jp w4_/,ifr "rtwr UflUUlrlUU• 

ur'1frf,./f1 lflUf, "'""',/! !:r1 IUUflU 'ilw,W'i.u1tw'b [IUfnLJf,/,rf! tiftnfubfrf, !ir•f,9 

itz1Uitf! & i[rn.pp-fi';,z. 4it4_w9h9itbfrit Q nL<lfr "''l.'lb9nL{tl1111'il urw+ Jfrlfrit J.. 

"'l.r1111/r-;, a.n'lbrJr Jfrt'- ilft76rfr P"' zfuJ ,,,ft ,,,v,,,,"-"'""'r"'l."'+nLfl 1nLitf!1 

ll.111 .,.i,"i~nLJ uurwurfrftnphit 111itnpnzb1fi ufiuurbJJ,brfr 'lfr"'"'rti/.wJ 
l;,w•ftnLfllnLitf! 071111117npt}4_,,,J ftLfr'bhp ftn'buurrnL~Sfi"' 1/i wzluwur111'bl!l! 

l"'"-"'sitblnL t;,.,,J "'r' 

'b111fu'b111twit l"'fnLJJ,brf! 'L"i"'"'"'""'.r,,,,rJ"'r J.An4_ o'l"'"'f"rJhlnL 
Jfr IUJl orfi'bwft t- t;,,_'j,'ffru111'f.nLJ zwr<fwftw'b +w'f.Jfr 111'f./11/.flbrft 4.rw 

ft111lw'j,.,.ft/,r t;,IU'f!J'j,/,lf!I llJ'I w'bJrl£brf! 't-'f.J'i.111" /,fr "rtnL Jwufru1 Jfi

zJr'fl a."'l"'J" 1/rs' w\4_w 1fr'b ftb'Slanru'kJru £. "in'l"t"'ur I"' """'"-"'J o'l."'""9' 
i:i 



"-wtw'il'lfr9• "re fawt94_nLJ t w'bt/w1fr'il "-h'burpn'il/r r/rw ('b"-. 49 a I. 6 )• 
""'t"''b'lf! "-b'ilurrn'kfr'b wJrw9'ilbtnL f.wJwr 'L/rrwnnLJ b'b t>wurnLt,. '>wr

Jwrw"h.e'bbr· pw 9/r '1rw'bfr91 ""'l"''b'lfr 'ilbr.efr'b d2 urrwJw'lfittl!. ~b'bur
rn'ii/r d1 urrwJw'ltt/r9 rfrn Br-/r'iit wiJbt/r 1-n.er b'ii "lwurrwuurnLJ. •tn-

iJnrwpwr~wl'l~"'wrpbpnLflJnL'il(! 'Lw'lJnLJ I; Jnurwt/nrw"lbu -~ d1 = 
1 n 

= 2000 di• ,,..,l,,,'j,'11! ..,f,4_,,,1/r'il t,.b'ilurpn'iifr iJ.r... r,..,f9'ilbtfru "'J'ii 'b ... -

/uw"lbu UIWJ!Ul9r/.nLJ t -J'j,J!1Uf.1 nr firw 'j,br.J!/r'j, llfrU1JU1ffrttf! 7wrr.'bw 
wiJ.btfr J /,,}' .,,,,f, w'bt/w 1/r'il t,.b'ilur rn'bfr "'rwJ "''lfrtte. r.w,9iJ...,J " ... l"''b'le' 

8 11u1rr.btn-J1 "c\7ur/r "'"-1.bl £. ""b'lJfr 

··-----

t~. 411 

"b'burrn'iifrf11 '1wlw'ii7fr Jbf. t,.wnw• 

!w'ilw c\7n'l N l:.fr'l• /ru" "..,l..,'j,'1/r 
£. w'ilr/_wJ/r'il t,.b'ilurrn'ilfr Jfrt"-' p 
t>wt,.wnnLJf! {'b"-. 43, 6)1 bflb Jbft.e 

"-"'rb'ill! "-"' L..,'il'le .,, r..,J ..,,J ... 1/r"h c ~ 
,.,,..,rf'mP1..,Jp ('iit,.. 44 J. IU"fUI br"-nL 

y N N ni.<lbrl!. "lb"'.e t t.wiJ.wuwr..,'Lf!z· 

nb'ii "-"'t"''b'lfr "hbr.e/r'h Jw"-brkni.r 

P/r 1r111 "''l'ln'l -6.f.2nu1Lbrfr 'fnL
JwrfrL1 C,..,'l.Jb'b.e t.w-J..,uwr..,"-f!zw 

nnLflJ..,f, Uf1UJJw'he· P"l"r nulbrf! "lrn1bt,.urbtni/. y wn.w'il9.e/r 1.rUI 
('b"-. 44). "-"'tw'il7/r br'LwrnLfiJJw'b ds ttbJb'iiurfr 1rw •nnw 1; pds 
l.'bznLJf!• ~rw "lrn1b"-9fr ... 'b Y wnw'ilg,e/r 1rw r.w-Jw•wr t-pds stnci= 

d d 
==-p2sin Cl da, .ew'ilfr •r ds-2 da;1 ~w-Jwuwrw'Lznn•filiw'b "l"'IJ111'iJf, 

f!f,'lnL'ilnLJ t '>burl..lwl urbu.el!' 

• 
2N -J p : sin a da: ::..0, "-"'J 2N- P: J sin ri da =01 

ABC O 

U.111ur b'l.fr fl 

2N-pd-:-O I.. N """~• t,.wJ . P=~ r 
2 d 

U.111"1fr11n1/ N "- p "r'LnL w'il'>w1ur'kbr/r ·t>wJwr Jb'b.e nL'ilb'b.e 11urw

urfr'Lw1/r J[r '>w-Jwu,.,rnLJ, fu'b'l/rrf! uurwurfr"-nrb'b w'bnrn2bLfr 1;1 IJ.'b'>w1ur 
6.fr'lbrf! 'lur'bblnL t,..,Jwr w'k'>r111Jb2ur I; t>w2-J/r wn'bbl t,.n'ilu•pnL"9/rw1/r 

7blf1nrJ1119frw'bbr/r t>wJwurlu1nL/J/nL'ilf!' 
'lwlw'il7/r a.1pLJ'il nL "b'iiurpn'b/r ub'lJnul'il wJ'b"lfru/r'b "lbur.e I; t/r

'j,/,'j,, nfr"lbu'l./r -Jbpw'ilUI dl /,_ d2 urpwJw'ftl-br/r JJit"- b,,_wJ urwrpbrnL• 

fJ1nL'kf!1 llrlawJwr'-bln1 "b'ilurrn'k/r '1b:/JnrJw9/rw'il1 'Lwlw'b7/r t.wJbJw• 
urnLfil1wJp 'krw Jwu•/r-JnLfilJw'il "f1UUJf.M1nn-J1 UurW'iinLJ b'fl.J!1 nr urrww 

Jw'fJbrfr urwrpbrnL/JJIU'j, -Jbrw9nLJ (! 111fu1/r "m.'ilb'ilw "1Ulw'i17fr br"-w
rw9J1M'j, r.wz-Jfr'bt flfJb ..,,,, urwrpbrnL/JJnL'il(! "Ull/.JnLJ t "UllDl'j,'1/r 

1 
"'rwJwtd-fr- Jwue, "'"!.- mrwJ..,,afr. r.b111£.wpwr £. wJpn'f.t ""'l"'<;,. 

n 
' . 1 

7/r• '-"'r"'Pbrw"-w'b en br"-wr1119nwf! 'bnLJ"h"l.bu r.,.-Jwuwr "-1/r"h/r-1 
n 

'1wtw"h'J/r t>wrw pbrw"-w'il br"-w11w9nLJ f! N -A/r7/r9 '>w-Jwuwr "-tfr'il/r 

e ~ =-:F' nrurb'l F·f! ""'l"''b~/r L..,1tw"w'il "-"'rr[ti111,efr J..,"-br&ufl ti 
f>rwr '>w-Jwuwrh9'ilbtn1 1111'1 br"-nL JbttnLPlnL"h'ilbre' e11=eN, uur111'bntJ 

b'b.e '>bur"-J"'l IJ'"'9nL9/r1. f.wt[wuw1mu/ t!' 

N 1 EF 2EF 
-=-; N=- " p•--
EF n n nd 

• {4· 16) 

l N E 
,wrnLJf! "-"'l"''i,'lnLJ t>w-Jwuwr I; o=F=--;-1 

( 4 • 16) pw'hwa.kn&.J d-/r rfrn/uwrb'il ("wtw'b7/r uhp'ilw"Ul'b d2 urrw

Jw7J/r pn/uwrb'il) ""'rbtfr I; urb'l"''lr"t "b'hurrn'h/r d1 "'rwJ..,,,frJI!, 
.pw'i,fr nr "'1'1 brt,.ni JbJ~1..f'1nL'i1f,£r'iJ /rrwr/rs zwul J!/rl b<;, 111wrpbr• 
'/n1..J1 

·U·rs'ilbt.e Jfr filrJ.1111/r"h orfr'iiwft ( pbn.'il ... urwr -Ju.tn'hfr 13 ull , .. ,. 
~nL{iJ JnL'il £. 1,5 UU '>wuurnLf'JnL'k n&.'bb9n'l 'L"'L"''j,'lf!)t fil',.'l 

d=d1 =900 dit, __!_=-1 
- , E=2· I08 ~q/uit~. 

n 1000 

F==7,:'.i· l3=97,5 utl'21 

U.1'1 76"1.J!nLJ uurwf.nvJ h'h,e' 

a•~·~ ~2000 ~q/utl'3, N= 
2 ' 1~~7 • 5 195000 fici=l95 w. 

p 2
·
2

·
10

'·
97

•
5-4330 ~q/uu1 

00.1000 
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§ 21. SUPllUlJO· '1801'-l<l'lJP1'8 ll~lfll .• UlJ' 20"1.lJPfl 4Ut1lllPllf! 
!l'l-U'll" lJ'l Ub'l,U'lfll t 'J.bQl~flMf 

J},ntlhl'fr UIJU ur/,,uU11tf! rf.brwp.hrnLJ t u11 .. uurfr1tnrb"j, ,."j,nrnzblfr dn

'J.b('p twrtfr"j,t flr"f.bU orfr"j,UI" Jw"hnf'Ul"j,Ul"j,.j! a ltn'J.Jnif_ .j!UltuU'tttLl#/r 

lUIJbwltw"i,, lturrrf.Uld-.[! It. H PU1rdrnLfJJnLb nL"i,,h9n'l "r1t,.,flp.burn"h1• 
UJUl"j, ("i,,lt• 45) 1w+brfr nrnzJ'w"j, t',/,ur/ u,na."i,,f! "f.UIUJ1'UIUU1i/_U1.J- f; pb

urn'bfr9 It. oJurt/,.,d- f; UJUl"j, Jwitbrl·'"LJflfr Jnur 1111.,wif.nrif.wd- 'r1t1111"i,,111-
1t111"h "l."'J."f.Ulur 1w dn'l.hl'nrf.' U1Ju"f.bu ltn tif.,.,d- "'r",.,"""Lf'"'l"if 1 

p 1lwur111rh'b./! r.1..,,t..1111L 'bzw"i,,111~nul"ilbc'f!• u iwil 

p.burn"i,,I,., J,.,ufr l111J'b,.,1t111"i,, 'turri/_111~.[!/r Jw'thrbuf! 

"i,,zw"i,,1111tb"i,,./! Fr , 111rJ111urnLl'"'lfr P"l"l' A.n'l.brfr l"'t· 
ilw'twi, ""' ri/.wd-l!fr J wlthrbu I!' F..,, p.burn'ilfr r.wJ "'I' 
ub'lJJwil flmll'""'l'blfr l111l'nLJf!' [ IJp ], "i,,n,i'ile "'ln1:1-

"'l"'"'P t',a1J,.,r' [ cr"l 1 • wn.111A.9,.,1tw"i,,nLfJJ111"b JnfnLlf! 
phurn'ilfr r.-J.,,r' Er , 'bnLJ'ilf! "f.n'l."'fUlurfr r.111J111r' E..,, 

1'fr9nL.j! "f.Ulf',Ul"j,1._i/.nLJ f; nrnzbl u1111'b t_111+hr"j, 

1111'k"l.bu, nr"I.""'" ,.,,-;, ltwrn'l.111";,,111 frr ifrw t/.ltrg· 
";,,bl P plm1 'iltmurbil.[!, "I' Fr +F..,==a2

1 

'l-ui'bbLJJ P p.kn.fio Fr h. F "t J ,.,ltkrhu'bhrfr 

1.rw JJJ .... ,_Ul9n'l Op nL ""' L-rnLJ'bbrl!. It. 1t11111.Jh'kl! 
UIJrnLfJ 1111-;, "fUllJ ,.,il'kbrf!' 

tt· 4/S: 

u 1111'b 1rw wnm .. J t 1"rfr'il ltmrqwd-l!fr d-w'il
rn1..(i ,..,.,, ltb'burrn'bm .. J ~frrwn.i/.wd- p null!• nrl! ~111-

ifwuwrw1t2n.i/_mJ f; t',fr,/ l!P 'bnLJ'b"lfru/r P r.w1t111y'fnL
Jnq ( u1w'il ub+w~w'b l:''!'2f! a1pt',U1Jwr~m_J b'b,e}t UinLhf! l#R'l_Jn,,_ nulb· 

r/r Jfr Pp Jwul! +nfuw"bgifnL.I f; p0 Pc 
p.burn'bfr Jfrp_n9ni/.1 fruit JJnLu P "l J 111-

uf!' wpJwurnLrw1fr Jfrftr9nif {flit• 46 }1 
/lburn'bnLJ nL wrJwurnLr1111m .. J L"'

rm.J'bbr Ullf.IU'l._U19"j,n'l_ UIJ'f "rltnL nufR

l'f! 91n"hlilnL r.wJ Ult' Jh"j,IJ m. 'bb'b./J 

l#utJJJurfr't111Jfr Jfr111J'b ,//,. "f"'JJ,,,,"j,' 

P..,+Pr =P • . (4·17) 

lu'b1frrl! uur111urfr1tnrb"h a1"hnrn2b

lfr f;. brltrnr'l t:.wqwua1rn1..Jf! uurw9-
ifmJ f; 'fbfnpJw9frw"hbrfr r.a1J111urb- Pa 
11.nLfl 1w'b 11Lu11LJ'bwufrr11L{iJ J"L'ilfr9, w1'b tt• ~461 
"f.1111Jw'bfr9,nr 111w'b fr'bz."l.bu p.l11nn'b1wi 

'iuu1'b"l.bu £. "f."'1."f•"'I"' Jwubrf! ('bit• 46 J1t1twrfiw"hw'b Jfrt..'b11t1'il fll lb-
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d-nLfilJnLJp., l!"'"hfr "I' ""1'1 brlt"'· Jwultrfr fr'bz."l.bu i/.ltrfr'b, 'bnLJ'b"fbu It. 

uurnrfr'b r.wpflnLfJJnL"j,'j,Jsl'f! frr111r t',/,,111 t',111J f!'blt'ilnLJ /,"j,t /!uur ~nLlt/r 

or/,"j,$fr nL"h/,"j,$ \ 

flt= PrH ==~", (4·18} 
ErFr E..,F.., 

1J,., tt t:.bLg lttfr'bfr Pr ·"ii "'· P..,-'b frr111r ~""' 1t111"1."'1. hr1tr"l''1 r.wi/.111-
u111rnulf!1 ( 4,18 )-fru fUl'bnLJ ltf,./J 

P..,==Pr F..,E..,' 
Fr Er 

Sb'l."''ll',l"i/. P..,-fr UIJU wrJb,el! ( 4.17) ~111t/_111uu.rrJw"h Jht., uurw"bnLJ 

b"bll' 

p 
Pr == ------, 

I+F.., • E.., 
Fr Er 

p 

( 
Fut E..,) p P,. I+ - . - - I 
Fp Er 

C1l'=----- CJ = I 

"' E Fr +F., F., +Fr -E" 
. Er "' 

(4.19) 

(4.W) 

Yuiwurfrlt"rb"b w"btrrnz."lfr ufruurbJ'ilhrnd 'frtbrfr pwtJ111a.Jf! f;tb

Jb"hus"hbrfr "frt.lt. 1t111/uqwd- f; ... ,,,. t1bJb"bur"bhrfr J1111tbrliu"bbrfr It. wn.111d

fU11tw"hn1..p 1w'b J "'fnL1"bbrfr r,,.,r-p.brnLfl1n1.."h"hbrfru1 1'11ft ( 4.18) r.111qu.r- ' 

uwrn...Jfr91 fr "hltwurfr wn."bbl""' "I' 

Pr ' P-i -=-a ... -=o , 
F" l' F., "' 

llutlU"hnLJ ./,"j,Jll nr pburn";,p £. "'fn'l."flll•fr ,,.,,.,,,_J"j,/,rfr r.111rwpbrnLfilJnL"hf! 

1t111fui/.•d- t Jfr1u1il J "'f"Lt'ilbrfr ~wrwpbrn1.fl1"'-"bfru 

E., -=-· 
al' E, 

lwrn1.J'bbrf! pwz/uifnLJ b"b wtrJMdtw+w'iln1..p1w'il Jn,,.n1.1'bbrfr"b "'-'lfr'l 

r.wJbJ1111n1111tw"h1 /!'b'fnL"bbt•i/.1 "I' 11b,,_JJw'b 'fb"IJJ"LJ E1 =2 • 106 ~q/ut1'2 

' E It. E,. =2 .105 qq/uu2, 1tuurU1iiw"b.[! E"' =10, It. "f.n'l."l"'urn...J L111rnLJf!. 
I' 

.lfrzur 1t11inw9iffr 10 w'b,,.111J wqblfr Jbd-, JJUl"j, pJ.,.,,<;,,,._J, P'ilt i/.brw

pbrnLJ t "f."'/."f.Ullnfr pnLJlUllnrbtfr LU1rJw"bf!1 Ul"f.UI UIJ'iJ 2() lll"j,fUIJ 

1111i[blfr JJ,d- f;, .[!..,<;, pburn'iifr uh'lJJ,.,"j, fil"'-ll"'urrhtfr lwrn1.Jf!1 Ul'f 
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"lw111l.wn.ru/. twrrrLJ';,brf! 111rJw111mpw1rrLJ JJr2111 [irrLuw111rbt/r LwrrrL• 

Jfr9 9wd-r ~lfrtb'in 

111..,'j, !_wi/rbrf!. nrnti/_nLJ lrt pbuint{r ub'lJJ,,,'j, wJrrrLfJl'uf, "fW1-
J ... tfr9' 

p 

E" F +F -,. "E,. 

p =-(-F_E_) ~ fci,. )1 
F,. 1+~ . ..-:!... 

F,. E,. 

(4.31) 

U.tC.pwJbzur f; w1.JJ Jft .. li. e'i.t11nL'ii/,1 ~ l',,wrwpbrn1..fJ1n1.ft(!_l Un-
f, 

"-"r ... pwr ... rJwmnLrw1'1 Jw~brbut! 1Uflnflllr.1U,mn1..J b'i. u1w'i. Lrfri/. 

F., + FI' ,,,.,*bpbui1 wn"nuLhrn1. " "rtwflw1.nrJ-'tJ u1111trrut et'fnL'itnul 
bt 0,4%70,2%-Jrs "l. "l."'twu1 

1..zw'iiu.ryb'i..p F., = ..!., ~w'irfr nr wrJwurnLr1111'1 Jwt"r""I! 
Fp +F" m 

pkurn'b/r J-thrbufr t:',wJbJwurn1.f11wJp if-'rr.er f-, "'"lw 

F., 1 F" ----'-- ==-~ _, 
F,. + F., m F,. 

U.lu JUmfi1n1..te urb'l~'ll'blni/. ( 4.21) '"lu.rl.!w'6fr Jl.t_, uuiu.r'itn1..J /,f,l!' 

P• 

( 
E )==(cr~ ] I.. 

F,. l+-"'
mF,. 

p F,.- _, 
[<:1,.1(1+~) 

mF,. 

tLfrJ,fl 

F F _ _!_, 

" m 

r./.'1ps'luu ... J ,.,,, !JlSX!JS Utl 11an.attni.up ~"'f!if"'~" ltL\lrgn'J "J"L'zl /,_ 7tr11.J 

""'" 6,:8 uJ" e'iit~ ... i. .... r o!wlJ.lrirlru nd1lr9n'l d=14 JJ ... , ... J,.,,'"n" ' .l119• 

lJ.1u"l.fru{o trr'i6uuir"'·'1s{owtbr[o t.wrlwr 7'1:/>nr.lw9fru.r'i../,r'1 C.wz1_nLJ l! 

tw111u.rri/.nLJ t (!Ulll [!'f1,r.111tn1..r ~wLnf,t/,rfrr f'wt" •r u1wt pb111n'it1111 

ru llf."'l"I...,,,, 1w Jwubp'1 ~wrt.w9nLJ {! J '1lt.L1n1Lt f;, w"l.w 6.[. {! r.u.z1_'1 l"'

f..a,/ 1np 'ilzwLwtnLf'JnL"i. J..nLL(r, fl.Ir (4.18) f.w'{wuwrJw'b nr P"'L111i1£.'19 

/,t-8 09u11/rrLJ 1 
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§ 22. 9.t:PlfllUStii.'1\.ti <l101Mluilflfil·!lnt•'Ll>B UJHJ.9.UBO'l, 
1.11rm\U'\.trc 

Uurwurfr*nrhf, 111'ilnrnzbLfr ufruurbJ~,1.rfr 1ll1t_ phn'ilbrfr pw9wtw1m

p1,.,.-,, 'l-b"f.l~nul lwl'nvl'ilbr Lil wnwp_w'imul nl_ J(uur'i. ll(wuirwu111,/,.,f,, 

n'- t:',wlf.111.f.lJ.,,'j, wt~zurm fl'1nL'b'i.kr/r91 "'IL"- · i_l•rJiuum~l.w'i.fr -ftnfrr/um· 

pl'" 'hfr9• 
U1u ur/r"i/r pw.JwtwL/rt 'l.f"'W [Wpnultbr bf, wnwtw'i.1nJ 'l."'l,f..,f, 

Jh_n9niJ .tl!'i.t'l~wut frrwr Jfr1119pwd- 11.b1ubrn1.J1 brp 11.blubpJr f.bp

Jwu111(rl.1u1.I!. .pniJrirJul/mJ t wl'i, t.brJwuur/rl.w"b/r "iltu.11nJw.fp1 11rfr 'lb"'i

.pnLJ *w111wr1_111d t 'l."'l"'JI!., Lrw'i.9 Jkt_ wnwp_w"imLU ITL 11111.t d'l"'l.• 

~w,/ ub'lJ"'l. lw('m.t'ilhp1 l.l.1u fu"il7frrl! ~wrbifr t ufubJw1w9'uhl C.h111J..-

1..,l urbu,en'/_. "'ri/.wd- Ii t1 r..kpJ111urnfrG.,.,t(r 'fbll{.[!"t.tl dwtrkrnr/ w'bzwrt! 

,.,Jrmbqwd- J(r a,,,,. ,.,,tl.l, fib fr'i.ttll{/ru/,. ,..,rnul'kbr l1wn..ui..,'j,.,,f, 

c\n'l./r Jbl., b flb thrJwuui/r-6.w'i.l! ifmif-'n/u•l/r .!fr'blJ.. t2-e ~~- 47) 1 9nri/.' 
hrtiurnLf'lnL'i.(! l f-, l"'ltw~wt 't"'r'fwd-J!fr J'w~brbue' F, wnwA'lw~w
'imLf'1w'L Jn'l"'Le' £1 

"'"'r'l.b'b.[!' pb fr'i.t.11(/ru/r m.rlbr twnlrt c\n•t'1 ¥.rw 1 bpb JkrJwu

url1-&.wtl' ti-'19 pwrdrUl'iuu Jfrt1..£. 121 ,u.,., 
'""'-.emJ a"'ll! a,111nt..! t lrpt111rw'i.w1 I. 
¥r/r A /,,. B r.b-;,,,,,.,,,f,'i,bpl1'i.1 u,., .C:bilw-

pw'i.'i,l.r'1 tn'1.J/r9 an'l.ft 4.rw twnlrL 
r.wtw'l'l"1..llLJ.p, nrn'i..1 nui.'liJwJ tLfr"iibL 

wl'ii"l.bu, fr'i.t."l.bu "'l'f 9n119 t mp1_wJ 

.,..t-... Efr"1..J1 U.n n1..t!hrl!. ~ub1plb6. d.n'l.l!.' 

U.1u f,-ywun1.J1,£-r'1 Jb6t11.fl1"1..L-

'Lhre f.'i,111p111<f.np !_f; yur'bbl uuuau.frt-1/r ll{wlJ111'ii'iibpft91 ,ew'i.fr np r,..,. 
iJ.wuwr-~21uufl1w"b .!/rwlJ "J.U1p/111'i.fr9 Jb'i.,e UllfU1'i.n1..J b'i.,e, nr A I.. [3 

f,h'i,wrwL'i.bpfr f,,,,*wqpul'i.bp'i. frpwr C.1114_wuwr h<;, J.. r..wyw'lfrr bf, 

""I'l.iJ.wd-1 /:11119 r..,,~.,,'l.'1-Jwt. P JbJrr'-f'JnL~f! ,J'i,,,,_J t ..,<;,r.,..,1111 1 muur/r 

~nLuurr,, .. t 9 '1,.,t uin•umMnrhL ..,.,,,,r"z"l'1 t• 
{f1119n1..s'1t. f.u11/wuwrnt..f{! ""'fJk[nL f.,.,.fu1r l',,frzb'i..e, nr Jw1rbrn-J 

..,Jl'u.1f/'/_..,J- c\"'l" [ f..r~1U{'mfJ1nL'it[! urw.1w9'iib[nt. tlwJw'i.wt Jf,,,,_,/ f' 
w'i.t{tnfnfu. tzw'i.wtn1..J f; P n1..Jl.rfr9 wnwr_w9nrz 6/p "111p-6.w9n1..Jl!. pw-

9wrclwt .tbd-nLP1"'"" l',,11.11/_wuwr f; wzL Mt p_bpJw11urfr-&.iuLiu1/rL f..rlJu.r

l'"'f/Jw'i,r_, "I' tuurw'i.wp a"'l.l!• bflb Lpw A t:.L'i,wpw'iil!. .riiiup /rr urh

'l"'-"' '1.,t B Jwll'f! ywpn'l_w'ii.,,r u11u-11wLwlnL J111.fw"iiu1y u.r'l.wut urb'l.w

iJrnfut/.bL' 'ttw'itw*nLJ t 

(4.:!2) 
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1/w tL t>hit9 'fLfr'i./r qb~nptfwg~wfibp~ fiwuwmbqnt.pjl:ufi uiwJumGe· 
WJU "fWJJw'f,f!. Jw111'i.w'i.znLJ t WJ'j, f,w'i.'fwJw'i,,J!f!.' nr p_brJ,..u111/rf.w'j,f!. 

pwrarw'i.w[nL9 'fwJ frt'i.hl"'B t>b111n I;[ an11/r br'fwrnLflJnL'i.f!. tfr fn/u• 
i[nLJ' an'ff!. t/r "/.n'fiJ11LJ w'i.zwrJ f;b'i.wrw'i.'i.brfr91 

'flw'i./r nr 
Pl 

6./p=-- £. 4/1=cxl(t2-t1). 
EF 

nr111b'f 11-'i. an'f/r 'i.JnL{rJ/r ft)w1fr'j, p_brJwu111/rf.1.U'j,1.UJ/r'j, f!.'j,'J-wrc\w'fJw'j, 

prd-w'f /rs'i. t• w"iw 

( 4.23) 

w1ufr'i..e'i.1 r_arJwu111/rf.w'i.fr fnfn/unLfi1JnL'i./r9 d-1111rbrni[ ~nzm wJ fl.U'ff!.s

"Wt) 6mummmn1.fi 'fmriJ,..d-1! nL'i.b9n'l a.n'lnLJ wnwp_w9n'l LwrnLJf!. 'fw/u• 

i[wd- I; 'i.JnL{i/r wnwa.'lw'fw'i.nLfilJw'i. Jn'fRL[/r91 'i.rw 'ltlw1fr'i. f!.'i.'1-wraw'f

Jw'i. in/ftw'f9/r91 tbrJ 1111u111/rf.w'j,'j,/,rfr U11UfflbrnLfi1JnL'i./r9 h pnfnrniJ/r'i. 

'fw/ui[wd ti; nt a.n'l/r hr'fwrnL{iJm .. 'i./rs• "i 'i.rw l .... l'i. .... 'fw'i. 'fmriJwd-l!fr 

Jw'fbrbufr91 
P nLdf!. t>wi[LUuwr I; 

P=-aEF(t2-t1 ) 1 

'l-frur .... r'fiJn'l orfr'i.w'fmJ, brp t2>t1 a [WfnLJf!. 'flfr'i.fr u&'lJn'l, J!Ul
'i.fr nr 'J-rw'fw'i. t f!.'i,,'J-nL'i.i[wd- p t>w'fwtnnLJ'i.br/r WJ'j, RL'f'fRLfilJnL'i.f!.1 

brp 'i.rw'i.J! ub'fJnLJ /,'j, an'ff!.1 bpb "fUlr."fw'j,J.'j,,/! 'i.zw~'i.&r/r uniJnrw• 

pwr 'ffrr .... niJn'l .... ,'j, 'fw'i.n'i.e, brp ub'lJn'l LwrmJ'bbre 'i.zw'i..w'fi[nLJ b'i. 

pw9wuw'fw'i. 'i.z .... 'i.ni[, /ru'f c\'l"'l [1.UfnLJ'i.bre' '1-rw'fw'i., w"iw LwrnLJ-

'i.brfr 'i.zw'i.f!. fr'i,,J!'i,,wpbrwpwr UUllU'j,Ul[nL f;wJwr (4,23) pw'i.wa.£.f!. "f/,UIJ! 

I; 'lfbl t>buihJWL mbul!niJ' 

a=cxE(t1-t2)1 

u,'j, IJ.h"fJ!RLJ1 "rfl a.n'l/r [1.UJ'i.w'f1M'i. 'fmriJwd-.pf!. {!_UU1 an'l/r "r'fl.U
rnLfiJw'i. fiWUU\W1Dilt.fi lk 'fl.UJ c\n'ff!. "flUUlfWUU1i[wJ I; UIWfpbr 'j,JnL• 

flbr/rs• brp t;b'i.wrw'i.'i.br/r 'fn'i.umrnL'fs/rw'i. a.n'lfr'i. t>'i.wrwiJnrnLfilJnL'i. t 
lllUl[/rU npn2 1_Uu}mq fnfnfubl /rr br'fwrnLfilJnL'i.f!.1 'fwJ bfilb Wl'I- "flllJ• 
J,..'j,'j,bre 111b'lfr nL'i.b'i. Jfr .... J .... J .... 'i. .... 'f, p_hrJwu111fr, .... 'i. .... 1fr'i. Lwrnu/i,bre 

nrnzlrfnL Jbfiln'l-f!. /rr t>frJJ!nLJ J'j,,..lniJ 'i.•fu'ffr'i.f!.1 LUJ'i.nuuJJ.'j,,..J'j,fri/. 

nL'i./r Jfr Zl.UfJ! 1.Unw'i.a.'j,,..\,..111'fnLflJnL'i.'i.br1 

'1mri[wtJl!fr f nfn/uw'fw'i. Lfr'i.blf!. £. 'i.1nLfilbr/r mwrpbr Lfr'i.&[f!. wfr
'>r .... Jbz111 I; r,,..z'f./r 1.Un'i.bl 6./-e t>wziJbLfru, .... ,'i. •rnzblniJ "f"ibu wnw'i.-
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a/r'i. .lwuhr/r t>wJwr r.wzi[wt) "r'fwrw9nLJ'i.hr/r (/1wJ 'fwr-&w9nuf'i.brfr} 

fnLJwr: U1'i. t>'i.wr1.UiJnrnLPJnL'i.f!.1 nr an'lf!. 'fwrn'l t /rr "r'fwrm{J1nL'i.{! 
nrnz twfrri[ fn/ukl, 'fwr111,..'>w1111iJ/r '1-hfpnrJw9fr,..'i.krfr t;,..Jw111b'lnL

f1Jw'i. ( 4.22) '>wi[wuLUrJw'i. Jbp_. t_brJwu111frf. .... 'b/r fnfn/unL(i1JnL'i./r9 £. 

nufhr/rs wnwp_w9n'f 'J-bf/>nrJw9frw'i.br/r UlwrphrnLfilJnLbf!. UIJU 'J-/,"fJ!nLJ 

t>wi[wuwp 'flfr'i./r nl fib 'l.fnJ/r• ,..I/ WJ'j, Jbd-nLflJw'i.f!.1 nrniJ an'lf!. t.'i.111-
rwiJnrnLfilJnL'i. m .. 'i.fr 'r'fwrw'i.w[nLt 

0 pp,, w ~ 9, tf/n'f."1."'"'J"' J.n'l/!.' npf!_ ~w'l.J4.wd. I; [ 1=40 utf nL [2=60 utf 
bp~wpnLfJJnL'-'-br Ii r,,.,J,.,"lwuu•ufuw,,wpwp F1 =10 uJ2 rrL F2=20 utf2 l'"J'bw~w'

~urr4'"~1!P Jw~bpbu'bbp nL,,b9n'l bp~nL J111up91 111Jpwb4.111J. I; pp JJ_. J.w1rni/• 

•fJnLu ~"'JPP Ii w'b2wpJ r.b,,wpw,,p Jnt. fln11,,4.wJ. I; !J.0=0,3 .Cd' pw9w~ ('b~. 48)1 

'J..,,,,bl l"'PnLJ,,bpf d.n'Jp bp~nL JwubpnLJ1 bfJb 

~bpJwuurpG.w,,/!. p111pd.pw,,nLJ I; 1=50° C-n4. ft 

a.=12$ .10-1 I 

Jln'l/!. ~bpJwuU1J_.G.w,,/!. pwpd.pw9),blnL r.b

"'""',,1!"4 bp~wpw'bnLJ I; fllt-n4. 1 pu~ f,b,,wrw

,,,., JP,, P r,,.,~"''l.'lnLJ,,brn4 ub11Ji{btnL9' ~wrG.w

'bnLJ I; tJ./p -n41 U.1u bp~nL 'lbf.nrJw9pw,,bpp 

mwppbf'nLfJ J"L,,f ( l'"'9"'rd.w~ JbJ.nL/jJ J"'''P) r,,,,_ 
"wuwr I; a.-1! ( .,,b., ..,,~. 48). 

Mt -MP=!J.0 • 

uw l;l f,b'!,9 ~lP,,P 11bf>npJw9pwl.bpp f,,.,J,.,.,,b. 

'JnLfJJw,, "l"'JJ"',,l!.' !J.11 Ii !J./p Jb~nLfJJnL'b,,bpf!. 

r.wJUl"fUIUIWU/uW,,Wf'UI r ""'"WU Wf' b'b 

P/1 [ l 2F1 J at(/1 + /2) - -E 1 +-- =tJ.01 
F1 l1Fa 

/,=l/!Ju.t 

lf50u.t 

trn~==F=~-T!.:;/N«;.,~ 
tJ? ~'L I f,./., 

"1LU~--r~--J 

i~. 481 

[125 .10-7 .100. 50-0,03) 2· 10~ · 10 

.io(1 60· JO j + 40·20 

9300 ~q: 

p 9300 
a'=-=--=930 ~q/utf2 

F, 10 

p 9300 
u111npp,, ,fwunLJ a"=F; = 20-- = 465 ~q/utf2 (bp~nL l"'P"''',,br,, bl ub11-

''"'l b,,)1 

bplt tJ.. l'"'9"'~1! ul!"'"r· "'"!"' G.p'f'- nL L"'rnuf,,bl'/' ~JbJ.,.,,,,,,,",, 1,92 
w'b'lwJ: 

103 



§ 23. SUPPbP q.nrunt tbPfl UNJ.d-UU'U \U.t:iSlJ. 1.Ut>I.U.fl.nftU'l! 

brph,f'j, UUIUlln/r~nrh"j, w'i1nrnzhtfr ~n';,umrnL~9frw';,hrnuf ~Wr~ t 
tfr'imul JfrwJwJw"i,w~ l.wzi/_/r ,.,n,'j,/,l "'rmwJ!fr'j, phnfr "''i'lb9nL(ilJnL'j,f!_, 
t_h rJ UIUUrfr'1u'j,fr 1_rnpn/unt filfnL 'j,f!. /,_ "i_Ullll r"' UW ,f ..,'j, W'j,'zmnL{iJ JnL'j,f,b re: 

U1u"l.frufr fu';,7frr'j,bre ~"'r"tfr {; lnu1"1 "r~'!L Uni/_. tnuUw'j, wnwp_fr'j, 
&I..[!' 7w P"l"r f"rd-n'il';,brfr tl'~wdwtl'wliwqJIU r..wzi/_wt<nul'is {;1 a,., 
""'6"1.1!-"LJ 'lhf>nrJ..,9frw';,brfr r..w.t..,inlnrm PJ"''il r:...,q ... u,.,rJ..,'j, .tbr_ "I.hurl!

{; J1n91/.h"b "'I" P"l"r r,..,r;,,..,J..,f,ll';,hre wr 111 ..,9"l"'l ..,r;,'1.uJthr ( pJ.,,_ 
'j,brl!' r_hrJwumfr'1u';,thrl!• "l."'urr..,uurJ..,r,, .,,';,,zinnL{JJnL';,'j,J,rf!)' ~ ... 2-, 

.J.wr~fr Jfrtn9n"./_ uurw91_n11. 'frtbr'j, m- lwrnul'iibrl! f,..,';,'lfruw';,nLJ h'is 
'.J.hri\w~..,-;,, 

'LJwt ~nt-.inrnL~Sfr"'""rfr f...,z•[wr~/r lrr~r"r'I Ue /rr"'tnr,;.4.,,tJ 
{; pbnfr91 tbrJwumfr,w'ilfr 1_rn1_rn/unLfJJnL';,fr9, "l.wmr..,umJw'j, w"i,-6.zmm• 

P1nL'ii{r9 UlftUl1_W9"'l f.ftthr/r nL l"'rnultbrfr mli2_mlll f.wz.,_..,,.J..,'is J'fr-

1"9""'' {nuti/_nul, bf, ~JHrttbU [ilb Jfr •ewt/r UlflW';,afrt fu';,11frr'kbr I nrn';,
u/rs JlfLrw-.,Wf.IJnLfnLJ f,..,z_i/_/r t f»n.'j,i/_nLJ UI J'I f"rf}n'i.J'j,/,rfrs U~WjG. 

tfb~p: '1.brt<j,W~UJf, 'frtbr'j, nL lwrnul'iibrf!_ nrnzi/_.nLJ /,'j, WJ'f fu';,'}/rr
'j,/,r/1g 1mrw-1wtunLrnLJ uin-9qw,;. .thJm.fJJnL'is'j,/,rfr f,..,'j,rw~zi/_w~w"b 

qnufmptl'1111i J fr~n911i/_1 'lbrp_fr';, b'lw';,w~l!' wnwr_w9';,btnil f.wzi/_nLJ'j,hrfr 

.6-w'£U1tfr zwm ,O/rt. JhtJ-..,:JnLJ1 f;...,'b,..,fu f'.,IU';,'lfruw';,nuf {; ..,i/_btfr "i."'r'I. 

lfL f.wrJwr1 UJfl ~rnLJ t nufbp ~ W'l,l)bgnLpJWfi 1JDLUWf1UIUfi b'}WfiW~ 
...,"i,nL f,f'I 

UurwurMnrbt w'ilnrn2_bt/r ~n\umrnL~9frw'ilbrfr t.wzi/_wr~/r Jfritt.k 
IUJJU 'Jfrurwr~i/_wd- pn1nr Jwu'isU11_nr orfr'j,w~tbr{!_ t'.,wzi/_/r l;fr'k UJtL'iJnLJ 

tlfrw1ft "r"-t 'l"rtlnfr/r w11.'lb9,,L{iJ/nL';,l!' "'rinw,e/r'j, phnfr, 2brJwuinfr
-G.wtfr pmfnfunLfllw'j, ~..,J ~..,i/...,8.lw'j, w';,-6.zmnLfJJ"''ii: U1u P"l"r 
t.w';,fwJwt.,tbpfr lf~wcJwtl'wG Ol~JUl fimzq umnllf'e fnLu.upw"bb[nL f.w

#wr lnLUt.[! l.burb.1wl fJi/.w1fr'j, orfritw~I!' 
0 l' /r 'b 111 ~ 101 i'tn:ur AB 1"1'""'-'j, "l"'r.iJ.nLJ t l=2 d """'"'"""'~ bpftwpnL

/11nt.1i nL.1ibf1n'l bpbe nL'l'l"'d.Jry. tln11bpniJ.t !Jnpunt./r '{pw ftfrP"'""-"'' t P=4 m 

uJ (1-ft. 49)1 Jln'lbrfr JJrflt r.b11.wiJ.npn'-/11nL'1.1ilrl'f!. t. J/rfJ_."t. tln11J.fl JJr1i2t. P "'-Jf!. 
,,,,., .. 41rn.wiJ.lfpnL/JJnL1i[!_ ;,..J,..Ufwrnm11fow1i..,pU1p f,,,,iJ.wuwp /r'j,' a=l1/J .f, b=l J' 

It c=0,24 .f1 UJrf_J.'I. J.n'll!. '!.wfowy. ..... 1/r'I. 1wtf.r/rs 8=0,2 .rd "''ibLfr ftwp& t "l"'"'
p.,11111iJ.m.>1 l.n'lltl'Jr iJ.ltl'"'l'"l'J"'l "'"-l"'l1ibpf!. 'l""'"t4."'' lr'ir B-r'I "''llnLuwftn._J: 

a Rn11lr_!_LM .~.I t1nLPf F ud2 j. E \q/ud' ------
1 "'""'ir.J. \ 2 I 1.10· 
2 "'"""'"'"' I 1 3.10· 
a "'"""'"'"' a 2 ·JO' 

11.10-• 
1a .10--• 
13.10-·-

i,n1uunpnLbJrw;b fbpJwamJr-&.w1.l'. '),l'"' 2"'~"',nl' .. Jw'I. J.,,J.,.1.w.\ t"'l''"l l 
p wpd.l'wLw1. 200C-ni/.1 

flpn2lr1. J.n11bpfr9 ;n<pwJ!w'b1JnLpnLJ waw!_"'H"'l l"'l'"LJ'l.bp/!: 

b'l.fl11111pb'llw np pn1.np J.n11lrpnLJ N,. N2 b. N3 J.qn'l lr'b: !ln11'1rfr twf.>JwL 

ftbmhpnuf wn.w!"'S"'l "'I" -G.Jry.lrpJr"J, ijwiJ.wuwp r,,..ft,,,'l'l"uluhp{'_ 9n•-,19 ft'j, "'l'<f"'li 

'L~· 49-nLJI .Pw'bfa np P"L"l' nLJbp/!. Jrrwr pup11r.1r,. JrL, Jh'lle ftwl''"l L)'.I' 

~.,..,_Jbl ijwiJ.wu"'l'"'~2"-nLPJw"J, lrptn'- ••4."'""'f'nLJI ~wiJ.wn111('nLJ"J,lrpfr9 11111-w!_/r~•t' 
"'-'l'l"'J./11i/r iJ.p111 pnl"l' nLJlrrfr "tl'"Jlrtsfrw'l.lrpfr 'l"•Jwre• u'l.Jr r.1i,.,1t1"'l .,,lruf!I!' 

N
1
+N

2
+N1-P-O• ( 1.:u I 

brtrnl''I r.,,,'[wumrnLJf'. ""'"-Jlrl'''- r.wJwp iJ.bru"J,lr'l.J! bpftpn{''I J.n'lfr ~ .. [.>J,,.-1, 

~lrmfr '1.ft,,,.,,J..,Jp f"l"l' nt.JlrrJr JnJlr'lun"J,bpfr pulwpf!.' 

N
1
a-N

1
b+Pc=01 (4.2a) 

brbe .,,1,r,,.,,,,, -lJr,bpf'. npn2lr1n'- r,,,,J,,,l' r.wiJ.wuwpwb1t.nL/IJ"''i. "'I" lrpftn 

'"'"-"''""l'"'-.n,bl'I!. pwiJ.111.\•"' 11r-,,, fl/b.,e t '1Jr.!lr1 'lbJnrJw9fr111'i.lrrfr """'"'l'~J,,,_ 
'i.{'_1 l..\· lfO-n._J fl"'-lfl t urpiJ."'.> Jbp ftn'i.11urrn'-ft1frw1/r 'lbfurpJ•fl/r"'lfri."Julu/w1., 

p 

"l'I!. ftw'lJiJ. 111 .> t lr'iif1111'1plrLniJ., "l' P"Lnl' J.,..,_bpnJ 'lf.J.t'1l'J!. J.pf b'ir1 ll1t •Julr
J,,,1f.r 'lf.ru11up~n'-JJ_.9 ftusrbLJr t ftw.,_Jlrl 'lhl/.,1pJw9J_.w1ibl'Jr ~U1Jwrnb11n'-P1w'i. ~Jr.,,t.-

J"'L "l""IJ~'i.I!.' 
( 4.26) 

1J,1,, '"'"-"'""'l'J.,,'i. Jbf J1111in'l 'lbfnrJw9J_.111"J,lrrf.r "'l''lltJ!'llbpf!. (~1112t{fr "'n.1116-

fbpJ"' utnfr-G.w"t.Jr "''l'llt9nt.£1 l"'-'j, /!.) ~tP'b lrL ~lr.,,l.1 1111'1. /, l' l'_ \ 

a+b 
---1 

a 
(4.21) 
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~.,,J..,.,./r'l 1n1/J'lr1n.f (4.U), (4.2~) /, (4.21) r,,,,4 111 .,.,;pniJ'l•lrpei 

Ni-e• N2 -e £. N3-e: 'J.p..,'i..f r.w•/wuwp +tf•'blr'll' 

N,=792 qq1 N,=1020 ~'I 4 N3=2188 ~q' 

J.n'IJ. r..wJwp uJu111l 

8"'""'"-"',, 111pJlrl!1 

RL't'IRLf/JnL'i.'i.lrpJ. .fb:pwplrrJ"'l Jlrp btp.u'lpnLPJnL'i.f!_ nphl; 

'tRLf'U 'fUlf'• W~UI 1fb:'j,I' WJ'l '"'f" r,,,,J,,,f' "-llllllll.,,IMJ,,.,,/! ~Ill-

1l.1JJ ,,,,.-,,nLJ '""I' r,,,,J.,,~,..'""'"Juw'b l"'f'"LJLl.re' 

N, 792 
..,,,.,,,!}';, .ln'lnLJ a. 1=- = -=396 qq/u42 , 

F1 2 
N2 1020 

b:p't_f'"l''l .ln'lnLJ a.2=-F = --=1020 qq/u1r•, 
2 l 

N 3 2188 
/,. /rf'['"f''l J.n'tnLJ 0. 3=- = ---=729 J•n/u42

1 F
3 

3 . .,_ 

§ 24. USllSfl'4nPb\ U."tinrntblf'l '40\llSPOfl.'48N1\brt• 
U.'ll. blf'i P.UP'l- 'l>bflt~bP 

'J.ft..,wp't_q ... ~ l'nlnf' "'""'"'J-'t_np/i'll w'llnpn2'11J. fu'll'lJ.f''llhpnLJ .,,.,,r,.,,,,,. fi.pfhpJ. 

PJ.4e Jlr+_,,4 111 1ht l;p ""'"'"'""-"''" ~"'""'""'f'nLJ'blrr1' p.fJ.s· "l'"',,I! Jh+_ ,,,,,,.,,J 
11urw.,.fi"-np/,'ll w'bnpn2lrtJ. Ju'i.'lf.p'i.lrp J,'b • ..,-;,r,,,, 1ur _ti.,,.,.ltpf.fl Jhlt_e +_,.,plrtJ. l;-l!'i..,..L-

·),f,l ",l'~/ru, 1''i.i"l/,u wunLJ /r'b, w.fhl"l''l• "'""'"'""-"'JJ. r,,,.4,,,11wpnLJ'blrpftfl inpn2-

.fn'l' ,,,.,,r,,,,J"'' ' 

'1wpn'f ,,,, "f."'"'"''"L "'J'i."IJ.uJ. 'lh"fl'"l'' hpe "'J'l"f.J.uJ. w.flrtnl''l ,,,.,,1,..,, ... "t.1rl'I!. 

JJ. l!"''llJ. r,.,,,,. t}'bk.,,. "'J'l '11."l/!"LJ w'llr.pwJh2,. 't_1J.'llJ.• '1J.'""'1'1t_/i1n.f uJ.umlrJJ. 

9/rf/onpJw9J.w'l.lrpJ. f,.,,J,.,,./r'lnL/JJnL'l.f!.' 1t_111'1Jlrl "'J'b/!,..'J, r, 111 4.,,.,,,,f'nL.n./rp, npew'I. 

u 
i--~~~~~--il--~02--~--' 

U3----+-- p 

"'"f.[n[''l ,,,f,f,,,,,.,'bf.p nL"J! uJ.u•IJJer 'J.w 1fJ!2,,. f,'llwpw•/np /;t flpu1/ru op,,'b•'t_ 

"-"'rlr1J. t 'b2lr 1 t.'t_· lU-nLlf "l."'"'"-"r.f 111/J 1t_n'l•u•apnL"-91'w'i.· 2,,,,,. +_ .. 2,,. J.n'le r.n,w

"-"'"Lnif w1fpw9.j_w/J I; 111'b2111pJ ~lr.,,wpw'i.J.'b, 't_wfu.fw/J ~ lip/re J.n'llrpJ.fJ t. p/i,.'bw-
.fnp.fw~ I; P nLJn.[1 · 
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AB J.n•/. r,.,,J,11p J,wpb/J. I; 'lf'/,l r,.,4wuw1•wlf2nnLPJ"'~' b:p/rp r.w.[wuwpnLJ• 

l'"'l
9 

,,,.,,r,.,,
1

,,,l.b:pJ. pJ..fe t.w.[wuwp I; r.J.'bq/1' b:pb:p J,w/un9'bb:pnuf 'l"l'/J"'l &.J.'1/,l'l!. 

£. A r.n'lwJ,w~J. f, 111 1,w'l'IJ,,,'b nL'l'l"'JJ.'f £. r.npf.'ln'bwl1w'b pw'l"''fl'h'blrpe' 

J,pwfJnL9f.'t r.w.[wuwpnuf'l.lrpl'_ 't_wpb:1J. I; 'ff'kl' 'lJ.u,.up1t_lr1n.f uJ.uonb:JJ. 'lb:-

~npJw9J.w'b'1prt -/lw'bJ. np Jb:'lll' AB J.n'lf!_ r,,,,Jwp nL•f b:'bl' 2"''" 1t_n2
111

• "'~"' 
'l•r"' ub:4'w't_w'b 'lb:flonpJ1119f.w'llb:p[! J,wplrtJ. I; "'l'r,,,,J,,,pr.b11 U.1'l 'l/,"fl'nLJ ,,,,,, 

,f'bwin.f nL'lJ.'l' +_,,p 111 .[J. AB
1 

'lf.l'l'l!.' l;nw'b't_JnL'bJ.'bbpJ. 'bJw'llnLf/JnL'bJ.9 J,wplr1J. I; 

'l'"'bkt 
111

n'i.inLfJJnL'111.bp /;./
1
-J., /}.[

2
-J. h /}.[ 3 -J. Jft!"-• 'll'w'bl' /;[ 't_111w'b b:p't_nL ll'"'-

9nL9J.i r..w.fwuwpnLJ1 WJ'b I;' 

~l_1_ = ~ " 
::i.t. az 

(}.[I al --=-· 
~ al 

cos4·,o 

l 
0 I' f. 1. w "- 11. A £. B /J1111rb:rn.f .,,Jpw't_s.fw/J .J.n'le 1t. 111 'l•!.f 111 /J I; 2 hpl,w-

f'nLPJnL'i. nL"iilr9n'l b:p~nL r,,,,4,,,uwp 't_b:ulipf.lf ('ll't_· 52, a)- .fhpf.'b l1lrue u1"''"l'"'u111-

.fw/J I; ~n'l"f"'"'J.9 , ... nnp/•'be' "l'l'l'AJ.9: !ln'IJ. hp't_nL ,f,,,uh1•J. Jw't_hplru'bhp'l. l;l 

'i.nLJ'j,'b h'b £. r,,,,4wuwp ht F=20 mf'I /Jn'IJ. Jf.!f.'b 1t_111p•/.,,/Jl'nLJ J,f.pwru/w/J I; 

Jn'l1' "'"-"'.,,
9

1'"4 .fhphf.9 'l""tf. 'blipl'h A /Jw1pJ.9 'l/,~f. B "'"'Jl'l!. nL'l'l'i"'/J P=8 m 

nLJI ,,.,,,.,,,,[ l"'f'nLJ'j,fipf!_ Jn,,/• "i'l'),JJW £. ~n'l~"''"J"' JwuJrpnLJI /,pp £hpJwuonJ.

Aw.,,f!_ P"'f'J.pw'llnuf t; t0 =30°C-m/1 IJ.,..,,J.'tw't_w'bnLPJw'b Jn'lnLi'blrpf r.w.[wuwp h'i. 

E ·=2.1tJ&l.qlmf2
1 

E"i,=lOG ~IJ/uJ21 'MwJJ.'b £hpJwu ... J.C.w'bw,1J.'ll {!_'j,'l"'l'J.,,,'t_Jw'ii 
..., I '"I J 7 

'l"l'/Jwlt_J.s'lllrpe' a., =126.10--' 1 a..,,=185 .10- 1 

!ln'/J. f,H1wpw'b'bfipJ. '"'"-"''/'lnLJ'blrpf!_ f!_'j,'l'IL'j,RLJ /,'bl' llL't'lif1u/J 'l/,"f.f. .f/;p/,. 

£. 'l12w'l.w't_nLJ ""I' Pa-n.f RL Pb-"'' {"Ill,· 62, a)• !!. 
lj,,.,,,,,.,.'t_..,J1' ui•/Jw'bJ.9 u111w'bnLJ h'bl'' .~··,,,. z,:••/·•/ .'.'" 

II " P11+Pb=P• 

Sli'IJ. nL'i.'19n'l 'lhf/onpJ111111'w'llbpJ. JwuJ.'11 

"l"'f'·'I ~"''""-"l'"'!fnLJ nLtb:'bw1nL f,,,,J,,,p1 lr'i.-

p 
f/w'll'lr'i.I', np Jn'IJ. u111npf.'b /JwJ('l'_ "''I"'"' /;1 
f,/,'llwpw'llf! p1119w't_w1nLJ I; (tl1• S2, 6)1 U.1u 

h'll/Jw.!lf'nL/JJnL'bf!_ If. pnJ .. J. "-"'),u.,.pnL't_IJJ.
111

1/. 8 
.,,

2
"'""""',,l'f!. IUJ.,, lj/i"lpnLJI /rf//r lllJ'l /JwJpf. O://;,,', ~'· 

urlr'fw4'n[unLf/JnL'llf! r,,,,4wuwp I; 'lf'nJJ. £. r.lr

,,,,,1',,,-,.J. "''l'lliffnLfJJ"Lbf!_ f,1112•/J- I; wn'll.j_w~ 
J.n,,,. Uutnpf.'11 /JwJpNLJ ~J.pwn.f 111/J WJ'l a'bw-

aJ 

p p 

pw'llf. r.w't_w'l'IJw'b' Pb nLJJ. "'"~"'JnLfJJ"'Jl'r 
cl1..fh1nf''l> ( r,,,,4wuwpwJ,2nnLfJJw'u f,w.[wuwpnLJ'bl.pJ. P4J. "'"-"'""'"''''') "'''l'"'B"L
Je 'l/,'I. 'flllilnL!f uinwsifn'l u111w111f.1t_nplr'll npn2hiJ. .\"'ll!. lt_ni.fnLJ I; J/,p u111111111J.

I /,'), w'l.npn2ErLJ. 1t_n'bu111pnL1t_9J.w1J. 6~JGw~wG u~oinbJ: lfJ.,,,J,,,J,,,'f,w't_ 'f,2/,'l'I'• !;I' J/,-,,1' 't_wpn'l l;J.'111' rt•ph[ /, "'II r.f,,r,,..,+_..,'11 """"'f,J, flh't_nL'l .fb:pf.'b l;/,'i.111-
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'i..hpfr 'i..~ ... ,,,JwJp, nrn'i..9 an'lhre ..,_w,,,rwuurqwd b'i.. Jbd ..,_i.uuurM 

'1-hf/1npJw9frw'i..hrfr b'i..filwrt'/.hfnL f!_'i..'lnL'i..wt 'i..1nL[il/r91 orfr'i..w~ uwtwqwd
/uwd'i..w1fr'j, "f_n'l"f_u.urfr91 

flr..,_hu orfr'i..w~ '1-frurwr~b'j,./! hpb.[! an'lhrfrs ~wqJqwd, Q nulnq 

phn'i..w'/_np'/_wd Jfr ufruurhJ ('i..~. 57 }: 'i-frsnL.[! pninr d.n'lbre "f_wurpwuur

qwd h'i, UW~w'1_wdfuwd'irw1fr'i.. "f_n'l"f_WU1/r91 nrfr r:.nunL'i..nLfil1w'i.. uwt:.Jw'i..f!_ 

r:.wqwuwr I; 0,.1 bqrw1fr'i.. d.n'lbrfr br

~wrnLfilJnL'i..f!_ 'i..zw'i..w~h'i...[! /
1
-nrJ_, Jfrlfr'i.. 

an'lfr'j,e' l3•n'/_1 frl'nLJfWUlphffr fWrnLJf!_ 

[aJ = ~·1 ,.'j,l_"f_hu I.. 'i.wfu~fr'i..nuf, w1u 

uurwurfr~nph'i.. w'i..npnzbifr ufruurbJe r:.wz

'/_wp~hifru 'i..wfuw"fkU fi'i..pL'j,h'j,.[! d.n'fhrfr 

Jwthrhu'ilhpfr r:.wpwphpnLfilJnL'i,f!_, f!_'i..'1-nL

'j,/,'j,.[!1 nr hph.[! an'lhr'j, /;[ nL'i,/,'j, JfrJ..'i..nLJ'j, 

F J wtbrbue1 ll.n '1-h"l,/!nLJ, /u'i..'lfrre 

inuMin'/_ wJ'i.."f_bu, fr'i..t"lbu 'i.zqwd I; 
t,4. 6'1. § 19-mJ, tuurw'i..w'i...[!' 

Na= Q , N1 = _Qco~=N.1 
1 + 2cos 3

11 I + 2cosia 2 

'flw'i..fr "r Na>N1, IUllfUI Jfrifr'i.. an'le """-'ifr zwur I; [wp'/_wd, .ew'i.. 

hqrw1fr'i..'i..hre· nLuurfr ~urpqwd.[!fr F Jw~bpbufr e'i..urpnLfilJnL'i..[! "'-""'.[! I; 
twurwph[ 

pw'i..waJ.1.n'/_1 
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F::;;:,. NJ= Q 
[cr) (1 + 2cos 3al[cr] 

tnLJ'i..f! ..,_hur.e 1; '1_brs'i..hi 'i..wl...b~rwJfr'i.. d.n'lhrfr Jw~hrhu'i..bre• wn 

J,.n'lbpnLJ uu1w9'/_nLJ /; nrnz l[•w9nL9/ri_ "f_W?_wp1 

'1frpumb'i...[! flnLJLwurrhifr pbn'i.hrfr h'lw'i..w~I!· wJpnLfil1w'i.. "f_W/Jw'i..e 

ttfr'i../r' 

,.~'j,} t;.wu~w'i..w'i...[! in'/_Jwl 'lh"l..[!nLJ uwt;.Jw'i..w1fr'i.. phn wubin'/_1 -f.w
'i..fr nr tnf.uurrnLtsfrw'i.. "f_wurpwuurqwd I; r:.nunL'i..nLfil1w'i.. r:.wrflwt nL'i.h

sn'l 'i,JnL[ilfr91 W"f_W WJ'l"f_frufr 'i..1mflfr9 "f_Wurpwuur'/_wJ an'lfr "f_WP'l_ 

a'lJw'j, 'i,Jw'i..nLfilJwJp np"l_bU uwr:.Jwflw1/rf. phn "f_hur.[! I;- '1_hp9'i../,f WJ'j, 

phnf!_J nrfr .'lh"f_.[!nLJ WUpDl]!_D\l~G. qbpgpmi} ~nG.umpm-~g~mG. r:.wuf.nLJ 

I; t;.nunL'i..nL{iJJw'i.. '1_frii.wtfr'i..1 U.J'I phne w'i..rJ_w'i..h'i...[! Qt1 'flw'i..fr 'lhn Q 
nu:le i_/r r:.wuhl wl'l wpJ-bl!fr'i.., t;.burw'lw 'lb:fwpJw9frw1/r t;.wJwp (A 
~burfr frt_h9Jw'i.. r:.wJwp} ..,_wt;.wf,t_'l_nLJ I;- Jhdw9'i..hl phne1 "ut hpp Q-'i.. 
'1-wn'i..w Qt-fr'i.. r:.wrJ_wuwr• '1-M/1nrJw9frw'i..hp/r t;.hurw'lw wh[! wp7h'i.. 

urh'lfr tnL'i..h'i,w wniu'i..9 phn.fr Jhdw9Jw'j,, tn'i..umpnLt9frw'i.. ?_Wp.[!/r9 

'lnLpu t'lw' 
Q' -fr JhdnLfilJnL'i..(! npnzhlnL r:.wJwr 'lfrurwrth'j,.[! Jhr am1w1fr'i.. 

ufruurbJfr '1-h//1npJw9frw1/r [!_'i..[ilw9.[!(!I flpnr/_t;.hurf.. Jfrt_fr'j, J.n'lf!_ bqpw1fr'i..

'i,hpfr9 w'/_hifr nu:fh'l I; fWr'/_wJ, WJ'l an'lnLJ fWpnLJ(! J'i,w9wd an'lbrfr 

[Wpnul'i..hpfr9 wr/_hifr ?_nLur tr:.wu'i..fr r:.nunLf.nLfilJw'j, uwr:.Jw'i..fr'i..1 u.J'l r/_/r
bwtfr'i.. r:.wJw"lwurwufuw'i..n'l phne 'i..zw'bwtb'i.../! Q,.-nrJ_. w1'i.. r:.wqwuwp 

~Lfr'i..fr 
Q,.= (1+2cos3cx) N;·, 

npurb'l N'·= Fa-. Jfrt_fr'i.. an'lfr b.fr'lfr JhdnLfilJnL'i..'i.. I;- wi'i.. '1-b"l..end, bpp 
3 

'i..pw Jbt_ [wpnLJf! r:.wrJ_wuwp I; r:.nunL'i..nL{iJJw'i.. uwr:.Jw'i..fr'i..1 

fl'lrw1fr'j, an,,hpnLJ, npn'i...p. nL'i..h'j, 'i..nLJ'j, Jwthrhuf!_1 fWpnLJ'j,/,Jl'j, 

wJ'I- JnJh'i..infr'i.. '1-b'L t;.wuwd tb'i.. Lfr'i..fr r:.nunL'i..nLfiJJw'i.. uwr:.Jw'i..fr'i.., I.. WJ'l

an'lLp[!_ tzwpnL'i..wth'i.. wn.wd.qwtw'i.. al..n'/_ '1-frJw'l-ph[ t;.hurw'fw 11k//1np

Jw9frwJfr';,1 'J.hl/mpJwgfrw'i.. Jhdw9'i.k[nL r:.wJwp w'i..r:.pw<lbzur I; pL·nfr 

t;.burw'fw JbJw9nLJ wJ'i...[!w'i.. J-wJw'i..wt, .[!w'i..fr 'lbn bq_pWJ~G. an,,bp11LJ 

lwpnul'i..hp[! 'i..nLJ'i.."f_hu J_b'i.. r:.wuhl r:.nu11L'i..nL{iJJw'i.. uwt;.Jw'i..fr'i..1 UfrwJ'i.. 

WJ'I- 'lh"f.[!nLJ Jh'j,,/! tuurw'i..w'i...[! tn'i..uurpt1Lt9frw1fr uwr:.Jw'irw1fr'i.. Qt wJ

/lwpd.nL'ilw~nLfilJnL'i..[!I 

'flw'i..fr nr Q,. plmfr ,,_b..,_.enLJ Jfrf.fr'i.. d.n'lrrLJ Lwrnul'i..bre wr'l-h'j, 

r:.wu'i..nLJ h'i.. t;.nunL'i..nLfiJJw'i.. a,. uwr:.Jw'i..fr'i.. 1 W"f_W phnfr t;.hurw'lw Jbdw9-

Jw'i.. J-wJw'i..w~ wl'l iwpnLJ'i..bp[!_1 t;.hinl..w"f_bu 'i..wl.. N 3 -S.fr'll!.' ibG tfb
~wGw: Uhr uurwurfrtnpb'i.. 1u'i..npnzhifr ufruurh1le tr/.hpwdr/_fr uurwu1fr~n

rb'i.. nrnzhtfr ufruurbJfr, nre ~wqJr[wd I;- AB nL AC brtnL an'lbrfrs I.. 

H~ 



A lfhumLJ ph11."i,1.111nr1U1d- . f; 'lh"l.fr 91.11'1- nL'l'l1"',) Q nuln1 nL 'l/,11/~ 
1"r' nL'l'l.1

111 <l- FJ,.-frii f,Uli/.•UUUlr 6mJ111li~ N~· '1.frp1 {ilft. 58)1 

Uhr lfn'i,uurpnLft9JrU1J/r -2/u-1nU1°il,elr Ul/u"lfrufr ufr1£JU1'b "'"'lfr ftnL• 
"j,/,fJUI UIJ"j,.j!Ul"j, tfU1JU1'bwt1 .j!Ul'i,fr ,,II. 

'Qc.< Q <'. Q~ I 

'" 
'1-frur-rft1n'l ftnilumrnL+sfr1.111fr '1ht/1n~Jiu9friu1fr l!'j,PUl9J1(! lnLuU1p.-

fihl1n f,-J-r 'l.>,.,trn1 "l.111"'fthph"b.[! Q nLtlfr k A fthurfr f urh'liuifrn-

/umft11iu'b "frt.k ""-"' t-"t.e {'kft. 59 ) 1 

~~~~~~~~~''~" 'f.-il/r '11.n. Q< Q'" A fthmfr frt.hunLJf! 

r.-111111-r f; "h.fr'b dn'lfr hr1iiupiu9rlU1"bf! 

q 

k,,,nrn21nLJ f f,J,,,,k_l"'l p111'iliudkn1J.' 

f - Al Ola 01 - 3= I 

(1 + 2cos 3a) EF 

Pw19 1'
111

1-tw'il f;, nr Q-~ 'l"'"il1fr Q, .. .(: Q <Qt "fr1.-'tw1.enLJ 

"'r'l/,"j, A fthmfr url.'lU1i/rn/rmL[iJnL'b(! "l.h"'.[! f; r.-2t/£l "rllfhu AB /.. AC 
hrftm. d.n'lhr/is 't•ug_JiJwd- k ,.1'1- r__r;,'fnL/QnLJ (Q - FJ,.j nLtlni[ phn.

"il-t/nrtJ.-6 ufruurhufr f,,,,"j,fRLJ9fr urb'l.iuifrn[unLf'JnL'ili tft• 41-fr i/.rUI rfh'b-1 

urbu"imLJ hf,.[!, "f WJ'I- "'''l"'ifrn/unLp l"Lf,l! r.wiJ.wuU1r f; 

t-~. 
COSa 

Af1=N,1,, N-Q-Fa,. 
L.l 1- I 

EF 2cosa: 

f ~ (Q - Fa, )11 12 - •• 
' 2EF cosi a 

(Q-Fa, ) /J =- ... I 

2Efcos1 a 
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f12·/r t..-""'r ( 'l"'"''lrfr "r'trnr'I t.wm•JwJ-mJ) uuuu'ilmJ b'll., ,,,,,,,,, 

'16/r f.wiJ.iuuwpnu/1 p'iuJ9 1UJ'I m'lfr'l 'If.le iur'l£"j, t_/i wfi9°ilnLJ ftnnrtft• 

'bUJ111'i,hrfr ulf'l.l'"bwl1burniJ1 brp Q phn.I! f.1uu'b/i frr Qt Ulr<lh.[!~fi, b'l.ru•-

1fi'k dn'lhrnLJ l"'P"L.riibrl! ti;iuu'bh'b l..nunL'bnL{iJw'b uU1f.Jw'iifr'il, k u[ru-

111/,JI! 'l"'"rJiu9/rw1fr fth'bf!liur'ti/./r 11111wil9 11h11fr Jlsd-w9J111'b1 Sh,,u11Jrn· 

~mfliw"b 'ld-"''lrrl! 'IM/>nrJ-9/r-1/r -1u 2rtw'llnul 'l."L'fU1f.h11 'tLfr'i./r 

111p"9fru"ilhr/r · 111111111"b9.[!fr"b1 

IJ.Jpa'lt. ufruurhJfr u111foJU1"j,W1/r'il U1Jp111rdnL'i11u~111.f!11nL'kf!' Qt-'il nrn• 

z.hlm f.wrlwr Jh'b.[! brftnL dn11hrfr9 'tw11.JiJ.-6 "- (Q - Fa,) nLtlniJ phn

'iliu.JnriJwd- ufru11rhJfr r.-"-r ..,,,.,,.[! t 'lur'ilb'b.D Q-/r .. ,"j, •urJh.J'[!• nrfi 

'fb"f_.[!RLJ LiurnL.riihrl! b'l.riui/r'k dn'll1r11ul f.wu'bnLJ h'il t;nunL'hmfi1..,iJ 

uwf.J111il.,,"il1 lll""l./ru/r fr1"b'lfrr tnuJ1_1U,) f; "biu/unr'I- '61.lllf'"''lriul/mtJt 

§ '.!6-fr (iu} -rurwf.wJurnLf!IJ,.,'i, Jiit. P-/r f11/u-rbil urh'lU1'1-rhtni/. Q-FJ~w 
J J.Jnifl JnL'bf!, uurw";,nLJ h'il_,' 

(Q - F"1.). =Qt - Fa~.= ~Fo1.cosa1 · 

Qt .. F"'·(l + 2cos11)1 

p'1n.l! f.-i[wu111r tLfr";,fr 

Q = Qt = FJr.. (1+2coscx)
1 

/1••11· k k 

/111~ f.1U21/r 1Utl"j,/,Ln1• nr 
01

• = [aj, UUllU"j,nLJ /,"j,.j! 
k 

Q11 ., 11.- F[oJ (1+2cosa)1 

ll1u Jbd-nLfl l"L"j,f! 1111/htfr <{in.[!r t, .[!"'<;, f.1112tf."'r't/r uwiJ.nr111lfiur,, Jh[iln~ 
'1-"t/ uu111191_111t} Jwfthrhu(!1 "'l"/r'b.c'b 

___ Q.;_ __ , 

[a}(l + 2cos3a) 

f;/1/1 Q = 4 U\i a= 30°, [a.,.]= 1()00 ~q/ulf2 (llf.R'["l,IUlll} uuuu'iJnuf 

6tl'' "ntJnrw~w'b h'lw"bw~n'/ 

4000 2 F = = 1, 7 4 uU: • 
1000 (1+2cos,30°) 

p ni llUlurrhtfr pb,."i,br/r h'liu'ilwftm/. 

{006 % F = ____ , ___ = 1.46 uu I 

1000 (I + 2cos 30°) 
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ll1u111frun1/1 l!uur pnLJl"'"'r"Lfr plm'bbrfr l:,wz.i[w11ft/• Jb[ilnrw. JJ.'I. 
t:,'b-rw1.nrnL{ilJnL'U I; "'"'l/ru 'bwfuw1rH•£ f.nunL'bn1.fl1111fi r.wrflwft nL'bh9n'I. 

'j,JnL[il/t9 UJ.llUUlrLUuuuJ.mJ UUIUIUl/tftnrfl'j, w'i1nr11zhlfr upuur/,J(! 'i.1nL{i/r 

wr/.hl/r JM mllmbutfmtfp. J!iu'i.- filnLuwurrbL/r L"'rnulLhr/r r. ... z1_ ... rlt/r 

lu1w'Uwft/r 'll"il!nLJ 1 1J w r.wu"w'i.wlfr I;. (ilnLJl"'/Ulrht/r L"'rnul'Uhr/r fHut.

tJ.rurft/r h'l.wtw"/r 'lb"l./lnLJ J/,'j,I nr"lbu Jbr "n'buurrnL+flfr"'JP uwr.Jw

r;,,.,1/r'i. pbn. l;fr'bl! {!'b'fnL'i,nul Q,. phne.1 nrft 7"1"[J!nLJ f.•unL'iinLfilJruL 

u,.,l:,JwLft'j, /;[' r.wu'bnLJ JfrwJ'j, Jh_f.'i. an'lp 'i.JnL{iJ[!1 /ruft fu[['IU/fr'i, an

'lbrf! pbrlwrr/.w.J f;p'i.1 ll'nLJL"'urrbLfr pbn.'i.brfr r. ... z'/.wrft/i .thpm1fi '1-h"l.

.enLJ uwfoJwflw1fr\ ruJ,.,.,('a.n1.f.wftnL[il/nL'j,{! nrnztJ.nLJ t Qt >Q,. Jb-

J,,L{IJwJp.1 Qt pl11r.Jr 'lb"l~nd tfrntJ.fr'U "'1111uu1nrJ.1.n1.1/ t- pntnr hr4./l 

~"''lbr/r 'U1nLflf!.' 

U.1u"lfrum/.• t:.wz.J.wrft/r 'Unr Jhfln'lf!. f.'b111ruu/.nrnL{il1m.'b I; urwt/ru 

O'J"'"''l"r"" l UUfLUa.nfrftrrrhfi w"ilnrn2h LP ufruinhil'ilbrfi ... J rnLfl l'"'j, r.1r-;, 

lulw"il,..ft/r JwJ,,."ilwft filw.e'i.iJ.w6 "l..,2."'f"ilhre.• r.U111'is/,l 'Urw'i.9 Swz~wp
qwJ~ll wJpwra.nL'bwftnLfilJUl'j, r-ra.r1.119Jw'j,f!. J. ftrr'i.uuirnL1t9frw1/r pntnr 

Jwubrfr /rrutftw'b d'~wwbuwq mupn'-J>J1UG~: U.1u Jbfln'll! ,,._,'j,9 npkt

'lfliJ.wrnLflJw'il ftwrht/r I; itPfUlll./,l k wj'j, 'JJ."i.j!ntJ1 brr JJrtfr'j, /._ ,,_ 

r-1fr'j, amlhrfr J,,.,fthrhu'i,brfr r.wrwphrnLfilJnL'il(! t:.wtJ.UIUUlf lt J/,ftfr1 

'Lhre 2."'r"''lrlf.u"} urbuwftw'U 'Uftwurwnnurilbre l'"''l.J p9u w"il9wJ 

t11¥Jn<-11.J.ht J,'j, +nra.nr/.1 (!UU1 nrnLJ Jfr2ur 'UftwuriJ.bt t r.wz'/.wrft/r J/rp_11-

9ntJ. &. tJ.rnra.ntJ. uurw9.J.w6 uwf.Jw'i.w1fr'i. phn./r JhJnLflJw'U pw.J.w+.,,'j,fi'j, 

./nur' t:,..,J{!'bft'bnLJI Uru r/.uurU1t:.11L{IJnL"il ti uurb'l,JnLJ {lnLJlwurrhtft p6n'ilb

('/r J'1fin11/r urhuw"w'U 'i.w/111u'1l'l"'L'j,brft -6.2urnL[l11.11'i. iJ.brwp4f'l"'l' 

§ 28. rc)tnfl.BlU.SPbtfl l\bR-'l.bPfl b'l,lltUltfi lt~run-n~~BOl't'lil? 
br1111,..~tsntau 2n'lbr11 .t.llt•lUP4fl 'l>bC!l~nMr 

§ 21 -tti.J 9n1..19 t 1111'4"'~ ltrftwpp&urn"'1"' "J"'1i ~"'t4"'1'1il!. ult'IJJ.,,'j, '11,"l

I'""' I'.""' P"'-ll"'"'l'"i.J. l"'l'n .. J'hlrr~ J/,f1,,'lfi 1 fr;.1"1.lr 11 J'1'h11 ..,b.,.,-,,1!, "'/" 'l""L
~nLJ J/,'l i""'f"'l4bs ~..,.,'i,/,l r...,4.,,.,..,1' .,,Jl'"'-fll"''l,. L"'l'n1..1f'bltpf!. p'1 111 n'hfi Jlr!_ 

1,..,.,.,,'j, fil•t.t·JL"'rnl'lrlfi l"'l'"'-J'bbp/•'h• Jtu't wpJ""""'-l'"'J"'-J n.!_l 

""('""'""'{! P"'-JIUIUlf'btfi rhnu'11·1' ,,., .. .,, ... ftc• 11.JrlYLPJ"'"' "i"'JJ ... 'llu nL1if 
t,/,,,,J,.J"'L ,../r.,l!I!.' 

p ~ p/1••11·' 

P11 .. •11· ,,..,~J.,"i./,L"'- r. .. J..,l' 1'llt 111 11 t 9ui'bltl P. ,,.,,r.J,,,'isw1fo'!. "'l'Jltp.e. mi· 
Fn'l~ u1wG r,.,,J.,,l' £. "'It. p,,,J..,'l.lt1 "1"'2"'1'1' 'l"l'~"'ltsfo 41'"' 1 

tPnpAltre. 9"LJS l.'b .. 41.,, "I' '1pft•u/lp'1mn'llJ"' .,,,, .. 'J.&l'Jt ,,f,.,J,f,.,'b JwJw-

1uuft pbuon'llJt rlltf L"'f'nL,r,,ltl'/!. 111Jp••·fJJ"''11 u111r.Jw"llJi'b r,.,,,,'j,f,l"' II .;f11nn1 ph•n'lr/!. 
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u . .rrn• P1"'"" "l."'JJ .. 'b1' c"'l",_.,,,, ... ., ~ o, ... 1..J"'L "'"""-/!.' 

p ~ (Fl'[cr,.J+F.,[~"IJl=Fr([crrl +[a.,]~} 

30000 
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ti. I. R H1 VI 

Ut«PlllJU.o -f?U.tti .Z.U.t1l,.U.fl-OMTC 21-lflll. l;•l Ut;'l.lflfllu 
'l-tQ)-f?UMf 

ti Ii n flu fil't U:J' 11 .Z. U.~11.. llf' ltf! 

§ 29. 4SP-I_U'o'~"Lbrti Ctsrnttfil'Bnfl"LC 
UM>l14Ut ~ur.c i.ut1l,11 Un·"Lblni.t (9'1-U'Ut ttl. Ub'l.lflfU.t 'l-bfl)~nMf) 

'1n'buurrnLbfr-'i,hrfr ttlzJb'bur'bbr/! d.'Jn'l ~-J ub'lJ n'l a1rur1U,e/r'k' 
nufbr/! nrnzhtfru J/z'i,J! Jfr'bj_h. IUJcfJ 1U'iturbunLJ tfr'i,.J! IUJ'l tL/,.J/z'i,ur'iJ/,

rfr ub+w~IU'j, .J!IUZ(!I ~Ulr9 t IUn.wp_w'bmJ, IUr'JJn.J! "-z1-r~/r IUJU"f.frufr 
"f.1Ur'/.lz9nLJn1 J/z'j,.J! zUlur J/;J u/u1Ul J_/f'j,.J! 1U'iJmJ1 IJ.1u ~IU"f.IU~flnLfilJIUJp 
r.-z1b'bl! L-rnLJ'bhrfr h. 11M/mrJ-ofr-'bhrfr Jkt!nLfilJnL'i.'bhrl! a

7
1-J /.. 

uh'lJ1-J d.n'lhrfr ub+w~w'b ,ewzfr -nhonLp1nL'b[! t:.-zt//r 1Un'i.l.tfru1 

r T} 
p 

a) 

t~. 601 

, 1'fr9nt,e nL'l'l1Ud.fr7 d.mze 

{'i.~. 60• a) -"r-fl1~J t frr 

6(X} 
1hrfr'b t!U11rn1. d.nr1/r uurnrfr'b 
6-1rfrs ~-fu1-J t P pbnl!' 

.4 - ~- l B an'lfr hr~wrnLPJnL'b[! l t, Lw1-
'i.1U~U1'b ~mr1-6.efr J-~kphuf! 

~ 1-t F t• 'b1nLpfr urbu-~wr-r ~zlr-
~ l nl!' j h. 1Utt1Ud.71U~1U'bnLpJw'i. 

Jn'JnLLJ!' £, ~-z1h'be L-rnu/

p 

')) 

'bbrl! d.n'l/r IU'f.IUur t!-irfro x r.b

n.-1nrnLp1 ... 'b 1r- p•'k1n'l AB 
~mr1w6,emJ1 

'1urrk'i.l! d.n'll! AB "-r-
[ilnLp 1-J p h. 1U'bp_wurh'i..p 'kr111 

X br~-rnLfi'JnL'k nt'bb9n'l u~nrfr'b JIUU[! WJ'J J1Uu/r 1rlU ~frr1Un.1Ult! 
-rur-.f!fr'b mclbrfr' P phnfr h. 1Fx uh+-~Ul'b .e-zft t:.k1111 Jfr-ufr'i. 
{'b~. 60, b)1 ll1u hr~nL n,,Lclhrl! t;...,1-u-r-~zn1nLJ h'b 111.'b 
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ufr9 AB. J-~brbufr 1r- -nn'l Lwrnu/'i,hrn11 lln L-rnu/'i,Jrrl! ~Lfr'i.h'b 
'bnrJwl, ~urr1-J.J!nLJ f,Ul11UUIU('IU11U+ p1Uz/u11UJ h. nL'l'l1wJ ~lfr'b/,'j, 
d.a'lfr 'J/rur1Ur~1n'l J1Uufr9 'Jh"ffr 'JnL('U1 IUJufr'k.J!'i, d.tpr'll "'r-to JhJnL
filJnL'b[! r.Ul11Uu1Ur ~lfr'bfr 

c(x) = P + yFX =" ~ +rxi 
F F (6.1) 

U1u"f.frum[1 ub+-~-'b l!.wzf! t:.-z1/r 1Un.'bhlnL 'lh"i,enLJ 'bnr.t-L L-
rnu/'j,bp[! pn l"l' ~urr1w6 ,e'bbrnq/ Jfr-urhuw~ tb'b1 U..tk'b1i1e,1Uur l'"r1-J, 

1J.10m6.cim1J.np ~lfr'bfr d.n'lfr 1hrfr'k ~urr1w6.J!f!• nrfr t:.-J -r X-f! f!'b'lm
llO 

(6.2). 

0.JrnLPJ-'it "f.IUJJIU'k/! "l.bU.l! t 12-1-rUlr1-J tfr'kfr r.htu UIJ'l ~U1r1wt!· 

.f!fr "-"Ulr 

ll.111urk11fr9 d.n'lfr 111'br.rwclkzur Jw~hrkuf! 1'w1wuwr t 

F > p I (6.4) 
-[a)-;/ 

Uh+-~w'b .f!IUZ{! 1U'burhuhlnL 7""1J!nLJ d.71w6 d.n'lfr Jw~brbue 

nrnzhlnL pw'iiwd.h.fr9 IUJU pw'bUld./,~ urwrr"r1nLJ t Jfrw1'il 'krw'kn11 nr 
(ilnLJl1Uurrblfr LwrnLJfr9 -1uurls'l r.w'k1nul t 1 l JbJnLp 1nL'b[!1 

U.1u nL'l'lJ w'k JhJnLp 1nL'bf! 'l'bwr:.wurblnL r:.wJ -r r.wz1b'bl! w 1'b hr· 

~nL 'lb"l.l!fr r.wJwr1' rl.br9'bh'bl! +w+nL~ "l.n'l"l.wurfr9 "f.1Uurrwuur11Ur} 

10 u br~wrnLPJnL'il m'kb9n'l Jfr d.n'l• ur1U r.-J-r [c)!= 1400 1Jq/uu2
, 

fru~ jl = 7,86·10-3 
• 103 = 7 ,85 ~41/uu91 U.1u"ifrun11 +-+n~ "in'l"flU-

7 ,85 fr'b t urfr9 "f.Wur('IUUlll1wJ d.n'l/r r.IUJUI(' nL'l'lnLJ(! r.w1U1UIU(' t aoo' UIJU ,/! 

Jnur 0,6 % I u,c1J 1br9'bb'b,e 'knLJ'k"ibu 10 If P-rd.rnLf11-Jp 1U'lJnL11b 

Jfr UJnL'b, urw r:,IU,/IUl' l c] = 121J41/uu2, /ru~ rl= 1,8.10-3•103= 1,81J41/uu2
, 

. 1,8 
ll.1u"l.fiun1, w'lJnLub u1w'b r.-J-r nL'l'f"LJ[! t>w1wuwr ~lfr'bfr 12' w1• 

ufrf.l!'j, -r11b'b 15%1 

llfr-'b'11UJ1U1t "f.1Ur'l. ti np ub+IU~IU'j, J!IUZ/r IU'f.'Jb9nLflJnL'iJ{! af!'I• 
J..,f, h. ub'lJJIUf, 'l""f..J!nLJ ~-rhlfr t w'bui/,ubl, bpb Jh'bJ! 'ln{'J t_nL• 

'bh'b,e kr~-r d.n'lhrfr ~wJ +"l!l' -JrnLPJnL'b { l!"'r• w'lJnLu} h. JU 
.J!IUZ nL'bb9n'l 'bJnL[illzrfr9 "f.Ulurrwuur1wrt d.n'lbl'fr t.hurl IJ.Jpwrd.frt_'bhrfr 

hr~wr fi.n"f.1U'll'bbrfr• br~wr an'lhrfr h. r-rar J!wrb ~-nnL91wt!,e'bhrfr 
( +-rnu'bbrfr wzurwrw~'kbrfr• ~,,,J rr_w1fr'b lphrJ111'bhrfr r.h'k-rw'b'bbrfr) 

r:.w z1wr~/r clwJ IU'bw~ w'kr.rwclbzur t Lfr'bnLJ r.-z1wr~fr .fbt. "ur9'bbl /., 

~n'burnrnL~9fr-1/r ub+-~w'b J!1UZI!' 
ll.1u"f.fru/r ~"f..J!brnLJ r:.wro t WttUlt_1U'bnLJ an'lfr 'b"f.wurw~wr.wr

J wr Ufr Jwufr'b1 bpb Jh'i,l! d.n'lfr ~urr1-J.J!I! {'b~. 60) l!'burrh'b,e l!uur 

(6.4) p-'b-d.h.fr h. d.n'lfr -Jpn'll. br~wrnLp1-Jp "f.1Ut:."fU1'bh'b.J! 'bm1'b 

~U1r1-<>l!I!• IU"f.IU d.n'lfr 'bJnL[il[! 1-ur ~o7rn-'lnr61fr· 'knrJ-L L-rnLJI! 

d.n'lfr Jl.-p_ ~r.-u'bfr filnLJL-urrhL/r L~r.t-'bf! Jfr-1'b 1hrfr'b ~U1r1-6.emJ. 
Ji,-9-t! pnlnr ~"'r1•JJ!'kbrnLJ Jb'b,e L-rnun.brfr .thp_ ~nL'bb'bw'b.J! 

1!1 



t11m2mp, w1ufi'bl!'b wi/.hLnr'l- "b1r1t/J1 fl._uurfr 'bUfwurwftwt..wrilwr t ,.,1'iJ. 

"I.bu il1111fuw'IJ-£l d.n'l_fr l_wifrhrf! • npuibuqp Gpw pnLnp (WJ6w4wG (wnw';,s

,e/i';, n'-'l_'l_wt.w1w9) 4mp~waJ!Gbpnuf 1wpnufGbp~ fiwumwmnLG t~GbG: 
U1u"i.frufr an,,_e ~nli/.n,_J t d.'IJw';,f! ftwJ ub,,_JJ,.,i;,f! nw~wuwp q~

uwqpnl PJWG an,,_, fJpb pw9fr '1-rw'i.fr9 L"'rnu!'iJbrf! r..wi/.wuwr /,';, 

filn'-JlUlllrr."tfr 0lU1fJU1'j,f!J UIUf.UI WJ'l-Uf.frufr an'l_f! ftn1_';,/,'i,w 'j,"Ul'l_W'ln'-l'j, J!UIZI 

'1.kr9'bb'b,e Jfi "rftwr d.n,,_, nre uh,,_Ji/.mJ t p nulni/_ /,_ uhifrwftw';, 

f ,ewzni/. (';,ft. 61)1 />';,l_.[!w';, d.n'l_fr t..frJ,efr';, Jnur 

,-"-.. i/.br9r,,h'b,e fturri/_wJ-.ef!• ,.,li;,J!,.,i;, wi/.blfr JU ft1/i-

- J ' I ';,fr wl'l- fturri/.wd-l!n'-J Lwrn,_J';,£r ,.,,.,.,2,,,9 i;,n,,_ 

J n1_Jl!, w1';,,ew';, wi/.htfr JhJ- Uf.hure fttfr';,fr i/.hr9';,hl 

l,~. tilt 

fturri/_wJ- .efr J wftkrhufr twifrhrl!' !ln'I_{! ftuurw';,w 

'1-£"1.fi 9wd- l"'J'b..,9n'l d£.1 '1urri/_wd-l!fi F Jwftb

rhu(! l!""' pwrarn'-Plw';, ftwfui/.wd- X·frs ftpnpnfu-

4.fr· w1ufr';,,e'iJ F=f(x)• 
'J.ur'i,/,'j,.[! Jwft£rhufr pnpnfuJ w'iJ UIJU orb'iJ.[!{! 

ftw/ui/.wd- 'an,,_fr i/.brfr';, Jw1rfrs fturri/_wd-l!fi ni';,'-

91111J- X t:.hnwi/.nrn'-flln'-';,fr91 

!ln,,_fi 4_£rfi';, fturrif_wd-l!fr F0 Jwftbrkul! ftn
rnzi/.fr wJ11n1_fil1w'b "f.11111Jw'bfi9' 

p p 
-- =(a] "- F0 =-, 
Fo . f ~J 

nr11rh'l [a]-il ub'IJJ,.,f, fln'-llwurrblfr L1111rn,_J';, t· d.n'l_fr J';,w9111rt l'"l"f 

ftrnri/.wJ-l!'f.brnLJ lwrnultbrf! 'iJn,_lf,"i.£u "1.£"'.e t r..wi/.wuwr lfi';,h';, 

o =[a]=~ 
Fo 

JhJ-n'-flJ..,r;,t!, 

f:,,,,, a,,,,_fr pwrarn'-fl1w'b Jwftbrh~';,hrfr ifrnifrnfuJ,.,';, or&L,ee "i.wr'l.1.

l"'- t:,,.,J,.,r "-"rsilh';,l! a .. 'l.fr "-"rfril J-w1rfrs x r.hnwi/_nrnifl 1w'b i/.rw 'l"''bl!

""'I_ frr-r 1111i4_hrt. Jnur hrftn1 r..wr£.w';, fturri!_wd-JJ';,hr. fturri/.""J-l!';,brfr 

Jfrt"- t..knwi/.nrn'-fill"'-'bf! dx t· i/.hrfr';, fturri/_wd-,efr Jwftbrbul! i;,2..,'bw

fth'bl! F(x)•ni/.• r..wr"-w'b fturri/.wd-,efi Jwftbrbul! 'tlfr';,fr F(x) + dF(x)1 
ll ... fthrbu/r dF(x) w-6.l! Jfr fturri/.wd-l!fr9 Jln'-ufr'b w'b9';,blfru "/.£"'.[! 

t frr i/.rw 4."rsilfr a,,,,_fr hrft"'- fturri/.wd-,eilhrfr Jfrp_"- 'f"''bi/.n'I_ tL£J£';,urfr 

1' F( x)dx .[!1111Zf!' .P.w'bfi "r dF( x) J wftbrbufr i/.rw ;,, 1'1- .[!UIZ[! Uf.bur,e t 

wnw1.w9'bfi fil"'-ILwurrhl/i [ o] lwrJw';,f! r,,,,i/...,uwr l..,r,,,_J';,J,r, ,,,"/..., 
dF(x)-t! ftnrn24_fr t:,/,111'11_1,.,l "i.w1Jw'bfrg' 

7F(x)dx = [o]t 
dF(:i) . 

(6.5) 
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d;0 (x) 1 d --= - X• 
F(x) [crJ 

/>'burh'lrn'-Jfr9 t.burn uurw'bn,_J /,';,.[!' 

lnF(x)+C=_Lx, (6.6) 
[oj 

flrp x=O F(x) = F 0• w1u wrclh,e';,brl! .,,1s,,_,.,,1rhLni/. (6 .6)-fr Jh2., uurw
';,n,_J bf,,e' 

lnF 0 + C c: 0 "- C = - lnF o' 

T 
1 f(xl F(x) ~J x 

- x = lnF(x)-ln F0 c::: ln -, - F. = e 
[o] t'o o 

(6.7) 

flfJh ft11rri/.wd-,e(! pnpnfu£';,.[! -6.fizur Ul/11 orb'i,.j!ni/_,'";,_ Ul"f.W an'l_/i ftn'l_J

'iJw1fr'j, ';,fruurhrl! ftn1_'i,,/,';,w'b ftnrw'lfrd- mri/_w'IJ-n,_J (';,ft. 61), nrl! ftpwr

'1-U19'bfr n1_ ftflw'i,ftw9';,fr wzfulUurUl'iJJ!(!I u.,,,_ "f.WUJnwnni/_ uni/_nr•upwr 

w111Uf./rufr ftwnn1_9if_wd-l!fr';, urwlfiu £ii t..wi/_wuwr '1-frJw

'1-f"'-fllw'b ant.fr J nurwi/.nr a1._, orfi';,wft r..wrfil 'bfiuurh

rni/. r..wurwd- pn'-r'lfr a1._, 
fll.ri/_wJ- t:.wzi/.wrftf!. Jnur1111i/.nr ts U'J.'b_, l!'b'l-n'-';,£-

9fr'bl!, nr r..-4.wuwr '1-fiJw'l-rn'-flJw'b an'lfi wJpn'l_t_ 
fturri/.wd-,en,_J w1nn,_J J,i,, Jfrwl';, ';,nrJ..,l lwrn,_J';,/,r· 

frrwftw'iJn,_J fturri/.wrt.[!/r Q'f.rhrfr Jn11r [Wfn1_J'i,,/,ff!. nL'l_{!_'l_

i/_wJ- fttfr';,h';, ft,,,,_J'bw 1fr';, J wftbp£.n1_1fl fr znzwifrn"-""-' 
brftwr -6,,,"f.Ul'j,'j,hrfr ftwJ a,,i1_wJ- J/JurW'l_tlllan'l_bffr 

'1-/,"f..[!nLJ r..wi/_UIUUlf '1-ftJw'l-rn'-flJw'iJ d.n'l_fr a/,_{! 'iJn,_,'j, . 

"I.bu frrwftw'bw9if_n1_J ~,Jnurwi/.nrw"lbu, wJpn'l! an'I_{! 

p 

~ 

__ J 

f!UUJ "rftwrn'-fl1w'iJ pw(/w'iJhtni/_ Jfr zwf.[! Jwubrfi• Jn'-fW.[!W'iJl_JnLf Jwufr 

hrftwrn'-fllwJp fturri/_wJl!l! Ji,,,,,_J t r..wuurwurn1_';, ('bft. 62), uinwgi/_n,_J t 

wluUf.bu ftnti/.wd- wuurfr-6.mtwa/,_ d.n'l_I 

F1, F2, • • • Jwft£rh,,';,£rfr nrnzn'-Jl! , l!i;,"'r4.1111J- &rftwrn'-flln,_il'iJhrfr 

'1-b"i.l!"'-J ftwinwri/_n,_J t r.£.,,£.1,.,, a/mi/_1 tbrrfrs Ulllllll'l_fr'b J-ufr lw1-

';,..,ft..,';, fturri/...,d-,efr Jurfthrbue euur (6 .4) pw'bwa£.fi r.wi/.wuwr ftL_fr'bfi' 

p 
Fl= I 

[<3}- ,1, 
brftrnr'I Jwufr lw1'bwftw';, fturri/.wd-l!fr Jwftbrhuf!. uurw'ilwl"'- t:,,.,_ 
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J111r1 "l./,"'J! t- 11115' pb,.'i.wiJ.nrLL, 111pu11.,.pfi'i. 'P nulniJ. m wniutfi'i. Jwufi 

1F1'1 J!W2n1/' 

F2 = p + jF,1,, 
(a) -1/1 

bprnr'f Jwufi r.wJwr wru•w.[!/i'il nL<lfif. wiJ.blw'i.nLJ £';, wnw1_fi'i,, 

£. brftrnr'f Jwulipfi 11w2brt!' "iJw'il UniJ. /,';, iJ.wriJ.nul £ .ritwow.J Jww 
ullrfi 'i.ftw.,J-Jp1 

flr"l.bu'l.fi r.-JhJ-urh'i.J! firwr r.bur "•iJ.wu-r 'ffiJw'fr"'/IJ•'i., 

wuurfi£u.,';,wAb.. £. r.111uur11UllfnLfl fturriJ.111.JJ! nL'ilk9n'l d.n'lbrfi o'lurwftwpnL• 

fl1nLfle, 'lfiuiwrftbfl,e Jfi [iliJ.wi[rfi opfr'i.wft• 

0['Jr11 w ft. 15, h = 42 J i'"'l'iJ.l'nLPJnL"h nL,,h9n'J ~h'l.wl'"',,l!. b'Lf/1111''1.YnLJ t 
ub.,JJ,,,,,, ,,,,.,,,,,Sl!"Y ""l'l"'l P = 400 1n •LJny. 2"'l'Y"'<>l!f .>"'Y"'L"'Jf,, hfn I!. 
f!,,'lnL"hbp•y ~,:! m/Jl, fu't. ubyJJ,,,,, pnLJL"""l'bt} l-tmLJ!!_' 12 ~q/uJ2, ~,,,J/,J,,,_ 

"'"' frr"'l' ~,, ... 2111r-l 111<>,Jr· 1111 -l"'L""re. ~""''-J"'L 'l""l.e"rJr ~ ... J .. p' 
~ .... ,.,,,,,,,.ulf ft.1nr1.111<>e "'-""s"'l ~'11'111p111'1.f, 

'1r'11! ~w1.•11111p '1p'1.111pnr..Jil111L1' nL11'1sn'l "l.l'/r'IJ,,,1111J.£. J,.uhpf9 ~w'{Jy111.> 
H'l.111p1111'Jr, 

111.'lJJ...,,,f! ~111.,.111111111' 'lfJ111'JpnLPJlll,, ~"~'"'l'"'"""' 
~w21.111 r'1.I! '1.111•',,,pnLJ '11.I! ..,n,,'l.w'l.bpny nL Jb111plsrn1.• 
Un.111£f'I. 'lb"ll!f ~ ... J,,,l' 1w11.111ft.111}, 't"'l'Y"'.>l'f J1111t.'1plsue ~111y111uwp t 

p 400 
F = -[-a]--b1- = 120 - 42·2,2 = U.:i .r•i 

V = Fh = \4,,5·42""' 610 ,r3, . 

bp'tl'"l"l 11'1"1.l!"LJ </.hpJ.11 J,,,,,f ft."'l'Y"'.>l'Jr Jwft.bL•hul!. ~ .. Y"'""'l' !; 

(()() 
---- = 4 ,48 .r21 
120-a.2.2 

,,,.._1,, "l"'"'"'"f"•,,e +_111r'11.f !; .,.,.,,,,,..,l It. ,,,,,, "l"'JJ1111'Jr91 "l' '1rpnp11 J111ufo 
umnpf}, '1.mpy111.>l'nLJ G.f'I/!' nl'f! ~111y111uwp !; P + G (nl'"'/,'l G-i. -1pn'f.£ ~,,,,,._ 

l'"'"hf l!w2,, t). JfwJ111Jw,,wft. ~"'""'""'l' t [a]F2• nL""'" 

V=_Q .,..(a]f3-P =261 i111 

1 T 
Ul.'lJJw,,l!. ~wywu111p '1JrJ111'lpnr..fl1wii ~lr,,111p1111'Jr 'l"''ll'"'-J 1.hrf"u '1."'r1.w<>

l'f J,.+_lsrbul! ~"'Y"'",.l' t 

p 400 
F = - = -·=a n .r2

: 0 [a J 120 ' 
u ... nrJr'i. "-"'r""'.>'" J111ft.brl.ue. ~"'""'""'l' !; 

...L h 2.2.42 

1~1 120 
.Fh=F0e =3,33e -,.=3,33e0

•
77 =7,15 J2

1 

~,,,4.,,uwr 'lfJ"''ll'nLfl J,.}, ;,/,'11,.pus"hf G l'..,21!. '1.nrn21.f ;,&inb.J"'l "l"'JJ111},f3' 

P +G= [a]Fh' 

G = (a]Fh -1' = 120·7,15- 400 = 460 m• 

~b'i.111p•,,Jr '°"'""'LI!. ~111ywu111r t 
G 400 v = -=- = 200 ,fJ, 
T 2,2 

"l'l!. i/rnn t wu111f,,.,,,.,J.£. ;,1.-;,,,,r..,'llJr .>,,,1,,,L/r9 200/0·•1. £. Jn,,,,.1."l'"'utlsu bpi.I! 

w"uywJ ifrnll' t ~111uU1111•n°il "-"'ro/.w.>I' nr..1''13n'l ~/,},111p111'!.Jr .>wy• 1.fr91 

§ 30. 'l-bainrtrll8}lU't.brC UM>UltU'\J f.Ut}l 11g'l-b8n"fa'Sll'1 
'l-b4a.P.0"1-lf 

!ln'l..llrfi d.'lJ w'il £. u/,'l..JJ w'b 'f/,"l.J!"d 'l/,flnrJ w9fiw 1/r iJ.rw ub

t(rwftwfi .[!"'z/r ""l'fb9nL(il JnLfl(! nrntblfru "/./,"'.[! t r,,,, ti/.P wn.'i./,L, nr .1n• 

'lfi wnwfiAfiL Jwubrfr r.wrwphrwftw'i. brftwpw9nul I!.• 

f>'i.l"l./,u £. a(x} L•r"df!, lfrnifrnfuw~wfl ftlfr'i.fit ~111u

ur111urnLfl ~llfrl/Ul.JJ! nL"J.h9nl/.. d.n'lfi trfri/. /,p~wrw9nLJ (! 

t.w2iJ.hLnL r,,,,J,,,r 'ilwfu fowiiJ.b'ilJ! An'l..fi i1111rfr9 X r.h

nwiJ.npnLflJwfl iJ.rw fUlfliJ.nl/.. dx /,p~wrnLfl JnLfl nLfi/,9n'l 

w"i.iJ.brt.. lfrn.p.r Jwufi brftwrwonde (.-,,~. 63 )• Un 
Jwu/i pw9wr.1w~ br~wrw9nLJf! [(2.5) pw'i.w.1£.] (,.,. 

iJ.wuwp t 
Ad IP + yxF1dx dx [ P + ] .u x = = - - 1x ' EF E F 

fl,,'l,. wfri/. 6./ "r~-r1119ndf!. r.uufwuwr t 
' r 

6./==rAdx=--+1x=- -1 S Sd:t[ P ] Pl +rt• 
E F EF 2E 

u 0 

r 
i. 

p 

~f 
l ...., 
_J 

ns 



br~rnr'I tnLJ111rbtfr'b p111qJ111"'1.111ur~b'bJ! £. p111clw'bb'ilJ! F-/r i/.rw £. 

/r 'b~111urfr 111n.'bb'il.g, nr 1F l == Q J.n'l/r Ll'/ri/. J!wz'i. ti ll.l'f '1b"'l.en1.J 

Jfrw J'b ubt[rw~w'b .[!U1t_/r9 "r~Ulrw9nLJ f! ( pw'bwJ.b.[r "r~rnr'f fttLJwrb
L/r'b) t.wif_..,•n•r ~t/r'b/r 

Ill~ . .,. = QE l I 

% F 

w1u/r'bJ!'b w1'i. bp~nL .,r;,,.J wif.btfr ifrn-lll' t J.n'f_/r d-wirnLJ ~/rrwnif.wd
Lrw ubifr-~w'b J!""t./r'i. t.wi/_UJulUr Q nLclfrs wnw1.-9n'f_ "r~111r1UfJnLJfr91 

/>'bl 1."rwphrnLJ I; t:.wif_w11wr 'JfrJ•'Jrn1.fl1w'b an'f_brfr 'lbl/m(.Jw. 

9fr..,'bbrfr'b, U1Uf.1U1 J!IU'bfr nr l""rn1.J'ilbpf! pn[np ~111pi/_111JeLbrn1.J Jfrb.
'bnLJ'b'b b'b J.. t.wif_.., • ..,19 b'b {lnLJl""urrbtfr [crJ twrJw'i.e, ... ..,_.., J.. t.wrw

pbr-~w'b "r~111r-9mJe an'f_/r 1UJp•'f_t_ "r~-rn1.fJ1wilp r.wumw111n1.'b 
~t/r'b/r £_ t:.111i/_U1UIUf' 

!=~t 
E 

lJpb d.n'l/r br~-rnLfJJnL'bf! l f', w"i"' p ... 9wraw~ br~wr-sn1.Je' 
Ill -= el = [a)/= ~, 

E EF0 

nrurb'I. 'j,2_Ml'j,IU~nLJ'b/,('f! t_..,JUl"f.IUUIWU/r'f''bn1.J lz'j, ';,~, 61-/rfll 

Uu.n/r{.,..,flwaJ.. a"'l"rfr 7 blfmrJw9f. ... 'b "'I.burl! t nrnt.bl Jwu-J _,, 

t.w2_i/_nLJ'j,/,('f! ~ruurwrblnif. wn.w'i,afr'b llf.r/rfJw1wJ.J.. Jwubrfr t:.wJ wrt 

BnLrUIJ!Ul'i.lJnLr Jwu/r '1blf>nrJw9/r111'i. nrnt.blfru ;:. ... z.1./r I; um"iiif_n1..t nl_ 

Jfrwt'b uri/./ 161l Jwufr uhlfr111~111'b J!U12.f!1 iuuli. ..,,';, pntnr J111~brfr ub

lfr111~111'b Jlwzbrf!> nrn'ilJ! fnLJwrif.blnif. Ul('llt/Ulefr'b pbnfr'b Ul'f_'fr'LJ /;'j, 
111 i/./ ... l Jwu/r '1bl/11119Jw9frw1fr if.rw' l.r/rif. '1btf>nrJ111sfrw'b ~uurwsif.fr 
Wn.w'bJ.fr'iJ Jwuhr/r 7b//mrJ1119frw'bbpf! /rr/UI(' ft1LJwrblnif.t 

0 f j L w 't 16. ~np,.),w;j'L ,,.Jp,,,pJ.fot_{i 120 J ltpft.111pnLpJ'uJp J/z..,,.'l.,.,Gn

Uf.IUUf!. "Lt.j J"Lf'IUIJIU'LLJnLpf!. 80 .r ltpft.wpr ... p, ... Jp lrpft_nL J,,,,,, '1.lzpjL J111uj 

t"'JUwft_aa'L 't,.p.J.111•1!~ J111lt_'1plrul! ~w.j_..,uwp t 4 uJ'3 , u11rnpfa), J,.oJLe' 3 uiJZ: 
Ult111w'l."''""l.w'bj .,,,,,Lpj ••i/.wtw;J'L b_fnt '1,86 qr/uJ'l t 1 ),I'., ,,,,...,.i.,,,,,,_..,,,,,L_ 
,,.,,,, J111pLt1!.' E=l,5 .101 ~ q/ud2

t u1z,..,.,,,,,,,"l.w.,,n.J. P"'r"r"'l1Y'"l wJrwpJ.m

""'"'l"'+.f l!"'U!. '"'Y""""'I! I; 1500 qCJi flpn2lrt Jft"'"''l"''n"tw'Lf '1p1twp,.8 nLJf!.' 
U'binw'f"''""l.."'uj uinnpjL .rwuj 1!"'21!. ~wywuwp t 

01=7.85·10-3 ·3·60·102 = 141,3 ~q, 

Q2 = 7 ,85·10-'·'·60·102 = 188,4 qqt 

U'b.,,.,,'l"''""l.w'j,j u"'npfi'L .rw•j ltptwp1113nLJf!. ~"'Y"'""'~ '1.if),j 
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Ju't yltrfo.,, Jwuf.i lzr'twpw(lnLJe' 

[(P+01)+ ~2 1/ 
M2='------

Ef2 

U'lnnw'lwGn..,_w),f.i tl'fi/. bp1t_wrw3nLJf!. ~w.J.wump 'ttfi),f.i 

M=AL1 +Al2 =2,l0+1,7'=3,8! uJ1 

§ 31. ~tiOf\t ~blbP 

0.• Sbfu'b/r~1111nd t:.111'b1Jfr"l.n..J I; d.yif.1116 f't/,Jb'bin'll'1p/r £.u Jfr urb· 

tlW~I nrn'b9 wJpmfi11nLfl(!_ nrnzklfru ~-r£nr1Uft1LJ'j, 'ilt.111flw~n1.fil1n1.fl 

nL'b{r 11bt[rw~111'b J!1112.f!.' '/>w' 11UJ11"ibu ~nJ.if.111~ f.~nL'b flbtbr'il b'bt "ii~n1.'b 

fclbtbl' h'b ~nJ.if.nul l;ib~urrwr.w'l."l''1Jw'il t6kp/r1 f.n"'l.w'bn1.'1.fr'f,hrfr• ~w/u· 
if_•uJ ~wJu1.n'bbrfr £. w11 ~wrur1.9if.111JJ!.'ilhr/r f.~na.'b f'tbJb'bur'ilbrl!' 

'1'fr9nLJJ. nL'bh'ilJJ. ('ii~. 64} t.wuurwurm'b ~urrif.11161! nL'bb9n'I. Jfr f.~n1.f, 

p1.,, nre pbn'b111.Jnr.J.wd- t ubp111~w'b l!wznif. /,_ ~-/u'{wd- t urwrr"r 

Jw~wr'lw~/r if.rw 'lin'bi/_n'f_ !J 
br~n1. yburbrfrs' Ubpw~w'i. -i--------.--
J!wt'./r w'l'1b9n1.fl1w'b urw~ {lb

ll! ~b.~qfr nrnz AO B ~nrni/.1 
fil'btfr t.k'bw19 ... 'b'bbrfr 

( ... J rw9Jw'b ~burbrfr) Jfr1k 

b'l.111J t.bn111if.nrnL{l/w'i. t.n1•/rw 

'l.n'bw~w'b "'l.rn1b~9friu'b,_ nre 
'i1z111'bw~if.n1.J t [ uiwnnif_, 

~ntif.mJ t Pbtfr pn.~rn: 

·-··~-l 
__ -J 

l.'t· tl4t 

fil'bll! f...,u1n.Uurn1. 'b ~urr.Jw6 J! m.'bfr, t.burkw..,_bu, 'brw J!lll Zl! f!Uur 

'brw br~111rn1.p 1w'il pwzfuif.wJ t t.wif_~uwrwl.-+' U nif.nr111pwr pblfr 

b.~if.wJ-.ee 'ilr111 (in/ru/r r.wJ'1J'111uinL(i1111Jp pnJ!r t. J.. AOB ~nrfr br

~111r111.ftl1111.'be J!.frl t urwrpbr.Jn1.J (10°1o·frs nJ. 111if.bt) AB ,.,r/r br~w .. 
rm(il /l1L'bfr9t U.n 'fbllf..eni.J p111if.111r111r f.z.tnnL[il 1wJp ~llUrn'l. /,';,,/!. f!'i.'JnL

'j,/,l> nr flbtfr J!"'Zl! t.wif_wuwrwtwifr I; pwz.fuqwJ nt fib 'iirw hr~111rna.

fl1111Jp, wu t.nr/rqn'b111~w'b wnw'b9.[!./r i/.rw 'bpw "l.rn1b~9frwl~' w1u/r'bJ!.1. 

l pn.plJ!~ br'twrnLfl1wJp1 ll.1u ~"'r'lfr ~nL'b pblbr'b t"l r.b'b9 Jb'bl! 

~'ffrurlUlr'tb'bJ!l f!'i,,,nt_'j,/,flJ!1. '1(' (ilbffr {Jn.frJ.J!fr "r~wrnL/IJWJp t.111qwuww 

rlUt._Wp pwz/IJll.UI.,. pbn.fr fr'burb'bufr1.nL(il/nL'bf! r.111iJwu1Ur t q•/rt u.,U pbw 

nf!, n11fr twifrbtfrnLfiJm'b'b t nul/bpl1rupnLf}JDt.li, ~wrn'f_ t tfr'kbt nt 

Jfr.,,1'il filnfrtJ!/r brl1wrmP1-'b Jb~ Jfrwif.nrfr'i. f!'b~'bn'l. flbtfr ubp..,~w'b 

.[!.WZf!• 11UJL"- uwn.9/r J!IUl ~wt! 'bn1.1'bUf.bu r.wif_111uwrw1.wifr pwz/uiJ.w6 

fJIU'j,~IUlfJlllq IUJl pbn.t µbn.fr pwzjuJ111fl orlz'ii.[!/r iJ.lzrwfib('Jlll[ wpif.wJ 

t•7 



f!'j,'l'IL'j,bLnLP1m"iif! 'l!l"'lfrnrb'i, C.bzurw9f11n._J /; f.wz.J.wr~f!· P"'l9 Jpl..
r;,,,LJ"ii tlwJw"bw~ w1"ii 11wra"iim.J t Jnurw'[nr• bpb '1.z'frfrur [tti.J-Jw"b 

JwJw"bw~ (brp pbne pwzfu4_wt) t ~nr/t brtwrni.fJ1wJp) £.~Jw"ii ~nrl! 
nPw1wtw"b ~nr t"· "'"IW Jnurw'[nr lnLJ-Jw"b '1£"1.[!nLJ ... ,-;, Uur1U9ifnul 

t- J_>wnw~ni.u~ "l"'rwpnl' 

'1nnr'ffr'bwur'bbrfr uh_p'bwtbme 4_br9'bb'i,J!. flbtfr £.~Jw'b ,,,Jb'bw9111J-r 

0 ~burni.J {'fit• 64), nr{r WttWJcJJu J/,q ,,,'fif.w1ur '1frr1Jf!• "f.Wr'l_ ti 
qwfu'[wJ- l- phn{r q JMni./J1nL'bfr9• euur ~nr{r flbtfr br~wrni.fl1w'b £. 

fln./tUJ/t br~wrni.{iJ 1w'b t.wrwpbrni.fl1m 'bfrs• fr'bt"lbu ';,.,,£. t.b'bwrw'i.w1/t'b 

qb111brfr r..wrwpbrwlfw'b 11/tr.p{r91 0 "hurnL.J pbl{r (."Jw'b ~nrfr znzw

pnlJ.e• ,..,~'i,f.w1a1 f;, f.nrfrqn'i,w~w'j, f;1 UJ'I 2nzwpn'ln4. 'lb"lfr '"l n'-'l'lb'j,IJ 

X Wll.W..,,9,/!f!I 

b r~ni. ~ur r4_wJ ,e'bhrn4_' U1tu11tfi"iif! lfn nr'lfi"iiwur'bbr {r u~'l.P'j,.,,~bmn._J, 

/ru~ br~rnr'll! u~'l.p'bw~bur/t9 x t.bn.wiJ.nrni.fl1w'b 4.rw (m - n 'turrifwJ-

,/!I!)• ~urrbf,,e fl"il• Jfr Jwue1 'llw"ii{r nr flbtf! b'i,f1w'lr4.ni.J f; f.~ni.'b, 

wiufr'i,l!'k ~wrn'l !; '1fru11111rbl ufr1111"i, d.7Jw"iif!1 w"lw 'lbf, '194.wd- Jiu

u{r w'l..,k9n .. fi1ni.'i,I! f1n'l'i,4_wJ- uwufr t/.rw ~wrn'l t Lfi"i,bl ufrwlf, ~url!r

J=.t.efr mb'l"'"" £.~.tw'b ~nr/t znzwpn'l_n4_~nL.'l'l1wJ- ap'l ni.tl. "'l'l nL.tlfr 

UIJ[ nL'l.'lni.[ilznL"iJ'i. w'bf.f.,,,r{rt- tt 
•t~. 6S-{r 4.r"' 'isbr~w 1"'94.wJ- t filbL{r w'b1wur'[u11} J w111!' 'itrw 11'"' 

w'l.'ln'l nLtlbr/t f.bm Jfr111ufr'l.,1 ~1u'[wuwr,,,t.wp pwzfu4_wt) q fr'i,urb'i,ufr-

H 

,,~. 661 

m '[nL.flJnL.'j, nL."i,b9n'I. pbn.e "'-'l'lifwJ-

1 /; nu1.'1.wl..fr'f '//,"l{r 9"utJ- I !lwfu '//,'j, 

' 

" 

/ ts4_wJ Jw~fr w'l.'fb9ni.fil1ni.'i.e (r..n-

rfrqn'bw~'it H ni.tle)• ew'bfr nr 

filbtl! wz/uwurn._J !; a7 J,,,r;,, na'l.l!'l-

4_wJ- f; ,,_b"lfr awfu1 al 'l/,'j, 79ifwJ 

Uwufr wq7b9n'-flJnL.'j,f!.t T nL.tlf!1 

nL'l'l.4.wJ t WJ'f ~burnLJ flbtfr 

{.~Jw"i, ~n('{r zn2wpn'l.n4. 'lb"lfr 1112_1 

'1wqub'is.e . filblfr w'itiwur4_wJ

,/ wu/t t.111i[wuutrw~2nni.[i11w'b f.wi[wuwrnLJ e1 '1.br9Lb'is.e T nL.dfr ~{rrwn.

J .,,r;, ~burfr 'j,1fwuruwup P"L"r nL.cl/,rfr unJll'i,ur'ilhr/r 7n .. Jwrl! b. ,,,,r;,. 
f.wi[111u111rb9'bbf,J!. 'l.rn1fr1 l!'ii11 nrni..t, 1'.,b'it4_hlnif u~qpnL.J wr4_wJ e'ii11ni.

f,bl"'-fi11wf, 1r"'• fr 'it'twur/t wn.'i,b'b.j!, nr q frilurb'Uufr1n .. p,ni."i, .... 'bb9n'l 

p111zfu4_1116 pbn.(r f.,,,,f,,,'l."rl! f.1111_wuwr t qx b. ~/rrwn.tJ.wJ t X f.wur-

4_wJfr Jb2.urb'l11£J (';,~. 65 )1 a,,, 'l'"i.eni.J 

x q~ 
H. y- qx ·-;;- - o, nrurb'l.frs y = --1 

.., 2H 
.(6.8) 

ll1uurluzft9 f.bur£.nLJ f;, n1• Pbtfr -6.lt.Jw"i.i 'tnrl' "fWrwp.nl /;1 brp 

{iJ/•tfr fiU1fr1J111'ii bl''tnL "b111hr'b t} 7ur"i.iqnLJ b'i.1 Jfr£.'i.1rrL1"ii Jw'twr'lw~/r 

•fl"'" "'"I"' f1 = f2 =ft f JbJm[IJnL'iJ['_ rnlu 7bUJ.J!.nLJ ttfr'i.l/r "'l"U/.bu 
qnt_qn'l f.f1Jw'f. U[IU.j!f!l U.1"iJ f.'1zur11L{d1wJp nrnz'[nuf /; (6,t:/) f.wtJ.wt.1111• 

rlll_Jfrg• />m'i.Jfr nr am/_JW[ 'fh"ll!"'·"J f.w.fwt_w1frnLfl1au'£ "f1Uur-6.1Uttn4_, flbtft 

wJb'iJwgw~p It.but(! 7ur'i.J1f11LJ /; pn./r/.[!f J'bt_urb'l_11LJ 1 Ulll/.111 a = b .,. 

_ __!_, (6.8) f.wqauuaurJw'iJ Jl.2. urb'l."''1-rbtnrf X = b :2 + £. Y ::-:= f, 
2 

,,ui.,,'b,,,J bite' 
q/2 f=-: 
8H 

(6 .. 9) 

(6.10) 

H "'"" Jb.tnLf"r~te ~nt.ifnLJ /.; pbLr r.,,,rfrqn'i1w~w'b nqnuf: 
(/,l""if"""' bpb r.w1ur'j,{t b'u q phn'i.J nL H J.7nLJf!., "'"I"' (6.9} 

pw'ttwA.£.fr9 ~7an'iib'"r.1.[! '-"J w'is f "["'.[!/!' bpb urrt/_.,,J- b'it q-'b nL f-1!, 

"'"I'" H C.'ln'-JI! nrnz'[nd t (6.10) pw"i.iwa!•.n4_: U1u JMm.flJnL'iif,brfr 

l1wu1e f.~Jw'b 'tnrm[ fiblfr s br'twrnLfiJw'i.J t.bur ''r"24_nLJ !; J.,,pb

JwurMwifr!J f.wiur'bfr f.b1111£.1wl Jnmwi[nr pau'bwaL(r1 Q7'iJni.{J1111Jp1 

sP#l 1+ --1 ( 
8 f2) 
3 /2 

(6.11) 

'1,1.l'w'lwn.'i,w'bl! 'bit. 65-fr 2/rurwr~,f,,,'j,I!' '1w'l.Jb'i.JI! f1blfr w'i,lwur-

1/wJ- Jwufr f.wt[wuwr'"lfzn.nL[iJw'i.J £.u Jfr "l"'IJw'i.J, w1'tt f;, 'l.rn1fr r.,,,,_ 
1/u>uw('J.[J",,h'iJ.p X ':"n.w'i19,e/r tf.rw pntnr nLclbrfr UfrnJh~9frw'i,brfr 7ni.-

,/,,,I' I'· 

- H + Teas a = 01 

11.iu r.,.,,ifwuwrnLJ(r9 'lan'iJbf,.[! T 11LJc' pblfr ~.u.t,,,,w/1wu l1lwrmJ 

C.7mJ'c 
. H 

T=-1 
CO Sa 

(6.12) 
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(6.12) pw'i.wakfr!J hrkm_J I;, n1• T nLJf! Phlfr wJ'&'i.w9&0Jr ~h · 

urfr9 'f/,"ffr f.h'iJwrw'iJ'iJJ.rf! Ul(,.,ILJ !; /,_ f.wu'iJnuJ' I; frr wJ'J.'iJw,J'hJ wr• 

JJ..f!fr'iJ ~w/u,J'w'iJ ~/unhrnL,J'' w1'iJuih'l1 11rurh'l fiJh1fr fi.lt.J'w'iJ ~nr/r znt.W• 

+n'll! f.nrfaqn'bw~w'i.fr f.hur l1wq.fm,J' I; w.fh'i.w,J'hJ w'i.~JnL'ilt fil'hlfr 1'nl!I 

Q~,J'w'iJ ,,.,,"f.[!nL,J' WJ'I w'iJ/unL'iJf! ,J'hJ wrJb.[!'iJhrfr tfr f.wu'iJnLJ'1 nLuur/ 

9nrJ'iJ111~w'iJfr f.u,,J'wr pw4.wrwr nz7rurmf'1w.J'p ~wrhlfr I; f!'iJ'lnL'iJ/,l, 

nr P'lfr "'t -6.fr'll! f.wu11r1uurnL'i. I; /,_ f.w4wuwr !; 'ilrw H a,.rw'i.f! 

Un4.nrwpwr "'lu JhJnLf'1w'i. urUJ~ t[ ~wurwrif.mJ' I; (ill.Y, wJ'rnLPJ"'~ 

t.wt,q"'r~e: Uw~wl'i. bpi. "'1'ilnLwJ'hJ,w1'il/r4. "l"'t,.,,<;,21.nul I; f.wzif.wr~l 
~1Uurwrhl ~wJu.fw'i. ~hurhrfr ilnur umU1t_w9n'l .,,,rL<;,'"',J'hJ nLJfr urw~ 

WUfUI f.w,J'r1't"'+ pblfr t,,,.,r..,r wJ'I 11LJfr ,f/,JnLPJnL'ilf! ~nrnzh'i..[! ~· 

ur/,_JUll ~'r"fl Z,b'iJ,.,rw'iJ'iJbrfr f,,IU~Ul'l.'fnL,J'<;,brfr nL'l'f_Ulafr'f PW'lUl'lrfrt'iJbrl 

frrwr "-"'q"'u"'r h'i. Ii f.w4wuw,n h'i. phlf1 1.r"' "''l.'ln'l. 9m.J'"'r"'1/r~ 

plmfr ~hufr'i., w1d/t'il.[!'i. ..9
1 

z Z.".:"fr'l.n'bw~wt P"''l"''1rfrt'ilhrf! f.w41UuM1[ 
2 

b'i. (6.10) p.,,'iJ,.,a£.n1. nrn1.iJ.n'l H 11ul fr'i.1 Z,h'ilu:.rw'il'ilbrfr Lr/rt/. f.w~wq· 

pL,J'<;,hrf! ~UlllU19-/.h'iJ nr"fbU IUJU pw'lu1t1rfrt'iJbrfr "r~r1Ut_1U+IU~W'i. 
·fnL.fwr' 

T =-. f(qi• )' + (~)· = ~, ,f 1 +1s!..=H1/ 1 +is~, 
max v Sf 2 8f V 1• ., 1• 

h~nL'b Pblfr wilr1nf'l1w'i. UfW1J111'ile1 bfrlh ~"'r""'Jl!fr .rw~h,,buc 
'i.zsu'i.w~h<;,I! F-nq1 nL'il/r t:.bu:!.l..,l mbul!i!' 

H ' } 0 = f ~LO I 

H A9mile ifrnJuwrfr'ilhln1. (6.10) pw'b ... Unq ..,rmwt:.~11114.n'l 'ilr"' 
Ill rclb.[!nq I ~UlnUl'i.Ul'i..j! \ 

q/2 
-8ff- ~ [a] I 

U.1u pw'iJ,,,a1,/r9 urrqwJ l-fr, q-~, F-/r "- {a]-/r 11h"1.enul ~-rhtfr I; 
nrnzhl Q~,J'w~ w~f.rwJhzur f Ul"'./!f!' {11LJ'l'ii.U[! UIJU '1/,Uf.[!nLU ~Uf"'r'l.UI• 
'i.a1, h[jb q-/1 J'Lt_ .fur'i.nLU !; Jfrw1'i. ub+w~w'i. .[!W2f!• WJ'I '11.Uf.j!nLJ 

q = l.p, nrurluz 1-~ Phlfr 'i.ynfi/r Jwq ... ,p_ ufrwiJ.nrfr l!wz~ 1;, k 
lf/2 1/! 

f =- --=-- · 
8F[a] 8[a} 

•1ufr~.e~ F ubJnLfl JnL~[! t:,,.,24."'r~/r ""2 t/r Uur~fr· 
I\, bpb P'ifr ~-Juilw'i. ~bmbre '1"'~4.nL.r b~ "'"'rrhr ""'~"'r'lw~

~brfr 1.r"'• ..,Uf.., (6.8) t.111qwuwr.r w~ .J'hp_ ,,,/,'lw'lrb1nq x =- - a I. 

X :z b 111rr/b.[!~/,rf!• 9ur~nLU /,';,.[! f1-'iJ nL f z-f!• 

. qa• 
f =-· 1 2H 

b2 
f =9-, 2 2H 

(6.14) 

b-/r .,,1u 111rrlb.f!f! uili'lw11rh1n4. (6.14) pwt ... akfr Jbp_, 4.hrtt"'~"'~ ... -
"lbu nrn2.nLU b'i..[!1' 

(6.15) 

1 ll.n.m!~), wl..,,.J H-Jr pw'ltwtlh./!_ Jnurw<fnp·,."lbu w1u"IJruJr url1111n</ 1'2•/w.) 

t "fpnfl>. />. 8 ... turwlipJ.,,.,,Jr 4,,,,J~9 (,Hay Ka H TexUHJ<a •, iKypHan 0 .teCCKoro 
nonHJeXHHGtCKOru HHCTHryra 1925) 
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r/r 03 uh_p'bw~lunf!. f..w.twurluzi/_nLJ' I; A ~burfr t..bur1 zf~J'w';, WJU ~· 
w1'b al.ti!. ~uinw9i/_/r ~w/ui/_w6 b.Fw'b AOB ~npni/_ [ilhtfr hp~wrnLfilJ• 
('b~. 64) Lt AB 1wrfr hp~wrmfil1w'b r.wpiuphpnLfilJnL'bfr9: 

b[ilh urwppbr J'w~wr7wl1'bbrfr 4_riu 7 ur'b1Jn'l r.b'biupiu'b'bhrfr 
7

1,, 

,emJ' w'bt.w1ur b';, -6.~1/w'b f1 Lt f2 u[w,e'bbrf!.• piu19 r.w
1
ur'bfr I; H d'lnLJ 

W"f.W t.hzurnifil1w.tp ~iurbtfr I;' 11ur'iJbf a nL b t.hn.iui/_nr11Lfil1nL'iJ'iJhrfr 
-6,.~,/Ul'j, f1 llL f2 UfUl.J!'iJbpfr wp<fb,e'iJbf(!_l 

'11ufr:J'w'b Jw~wr'lw~'bhpfr h urwppbpnLfJJm'bf!. (i.~. 64 Lt 66) t;, 
i/_wuwr I;' 

h = f2 ~fl, 

U.111 w1•urwt.w1urmfil1iu'b .thp_ (6.13)-/rg urb'liu7pb'b,e f
1
-fr ni f

2
-fr iu

1 
Jh,e'bh11f!. k, /r 'b~wurfr iun.'bhtni/_, nr a + b - /, dltiu1frnfuh'b,e uuriu9if.u 
iupurwt.w1ur111_[il J"'-'j,f!.• ~lluriu'biu'b,e' 

h = qb
2 

- qa~ = __9__ (b2 
- a2

) = ~ (b +a) (b- a)= _q~ (b - a) 
2H 2H 2H 2H 2H 

n11urb'lfr9 

21-f h b-a=--, 
ql 

/ru~ ~w'bfr 1111 C f- b =· /, Ul"liu 

a = __!__ _ Hh "- b = _1 + Hh, 
2 qi 2 qi 

f!Jbur,e I; /r 'b~u1urfr iun.'b/,b np b11p a> 0 urluifr ~11L'bb'bw [Jbi 

-6.~J'w'b iunwp_fr'b al.ti! ('b~. 66 ), hpp a< 0 filhtfr -£.~Jiu';, Lt'~l'"L''I al.. 
/,_ a = 0 7hu1..e11L,/' "rrnr'I M1.f!.: Sb7w711L·tni/_ a-fr /,_ b-/r wrd-L·,e'bbr 
(6.13) iupuriut.iu1ur1n/ilinL'b'bhpfr J'hp_, uuriu'b1nJ' h'b,e f

1 
11. f

2 
,//,.),,, 

fil1nL'b'iJhrl!.' 

qi' Hh 0 h f--+----
1 SH 2q/2 2 

f - ~+ Hh' + ~: 2 
SH 2ql2 2 

q,., 111<1-.t "liur'lhb,e, [ilk fr'bt. urh'lfr ~mbh'biu l [ilnf•t.ef!. 6wJ~,,, 
r..1uJ'wt_iu1/1 {ilhlfr t.bur, bfih f1 p_hpJ'wuurfr-6.w'bfr /,_ phn.fr q

1 
/r'burb'bufr 

q1n{J1w'b 'lh"l~"LJ' iu1'b ~iu/11hf"L9 t.bmn filhLfr p_hpJiuumfr-6.1u'bf!. pmpt\_, 
pwGw Jfr'bt_k t2, pu~ phnf!. ubc}wfi m Jfr'bt.k q

2 
fr'burh'bufri/_1nfil J'IL'j,[ 

( ol'fr'bw~, filhtfr uiun.9iu~wlJ' iu'b. t.burltiu'b,eni/_)1 /!uur npniJ' h'b[ilw7ph'b-1-

np iu11wp_fr'b 4_/r-6.iu~nLJ' urri/_~J I; ~IU,, H1 dpL.tf!., ~wJ' -6.~.tw'b fl U[IU 

J!f!' {<J.frurh'biutni/_ wJ" hr~"L J'h611LfilJ"''b'bhpfr9 ,/h~f!.' (6.10) pw'bwal.h 
Jfr;_ur ~iu11blfr I; n1inzl'L J'111Luf!.)1 -
132 

(6.17) 

l:[ilh H2 w1/btfr fn.pr tfr'bfr Hi-/r9• WUJW AS2 .tb.JnL{JJnL'bf'. p.u9iu

uiu~w'b ~lfr'bfr 1 Jlbp.twuurfr-l.iu'bf!. frp_'bhtfru piu9wuiu~iu'b ~Lfr'b/1 .1s1 J'/;J,,,_ 
{J1m_'bf!.1 

ll.iu"tfruni[, filbtfr bp~wpnLfilJnL'bf!. 'bpw br~rnr'I qfrG.iu~ni,/ t.w1/111-

11wr ~Lfr'iJfr IUILWl_p'iJ i/_frG.w~nL,/ 'iJpw m'iJb9u1t) bp~wpnLfilJIU'j,(!_ czmJ'iu

pwJ wJ'b 'lhlfmpJiusfriu'bbpf!.' npn'b.p urb'lfr ~llL'bh'bw'b p_hpJwum/1-6.w'bfr 

. pwr1afW[jl1LJ'fr9 nL a11mJfr9' 

+ A + AS (6.18) ·s 2 = s1 uS1 u 21 

P.b1fr brliiurnL[ilJw'b 1frnifrn/u11ifl1rn'bf'. ~wnJJ1p_w9'bfr 'bpw -6.~1/L!l'j, 
"L"'.J!/• 1frmfrn/um-fJi1n'b1 fc/r •frnfuwph'b w1'b ~711111';,iu f21 

IJ.1JJ' (6.18) t.uuJ•uuwpJw'b J'hp_ S1-'b nL S2•f!. 1/rn/uiup/i'bh'be f!." 111 

( 6 .11)-/r 'bl'w'b9 wr1uru1t.iu1ur11Lftl JnL'b'bhpnif, /1u~ .1s1 J.. As2 'lMfwr" 1U-

9/rw'bh111!.' {6.16) J.. (6,.17) piu'biuakhpm/ wpurwt.iu1m•[n'I_ 'bl'w'by iu11 ~ 
d-b11~il;pni/_1/lJ'l7-l'"f.V1nJ' (6.18) t.w1/wuwl""-"l! ~l!'j,'f"''b[1 t.£111kJ"'l udiu./'!! 

(6.19) 
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U.1u '>wi/_u111wrilw'ii ,/bl fnfuwrfr'iib'j,.[! fi-'ii m. f2-e (6.9) pw'iiwat..n./ 

wpurw'>w1111iJn'I. 'lrw'ii9 wrtlh.e'iihrniJ' 

fi= ~ J... f =-9·~, 
8H 1 

2 SH 2 

u.l'l 'lb"i.[!nL,/ nrnz at.wfnfunL{JJnL'j,'j,brfrs f.'6utn (6,19) f.w'l_wuwrnL,/f!_ 

~wr6Lfr t 'lfbl t.burl...Jwl urhu.[!ni/_' 

H
2 
+ -- + EFcx (t2 - ti) - Hi H!- --2 = 01 (6.20) 3 [EFq~/2 ] EF q212 

2t.H~ 24 

(6.20) '>wi/_wuwrnLilfr9 nrnzhtni/_ H2-l!.' (6.9) pw'ilwd.£.fi9 +wrhtfr 

t 'lur'iiht f2 U£U1.f!f!.' 

l; f1b wn.ulfr'ii iJfr-6.w~/19 b r~r" r'lfr'ii w'i19'iih Lfru phne lfr fnf nfu
i/_nul, WJL fnfn/ui/_m,/ t ilfrwJ'ii lh11ilwum/r6.tu'i1[!, w"iw (6.20) r.wiJ.w• 

uwrilw'ii ,/bl q2 fr'iiurh'iiu/ri/_nLPJnL'j,f!_ fn/uwrfrbi/_nL.J t qi-niJt u,'j, 'lh"f• 

.enL.J, hrp wnwlfr'iifr9 . hr~r"r'I 'l_fr-6.w~fr'ii w'i19'iihtfru lhrilwuurfr-6.w'ilf!. 

t/r fnpnfui/_nL,/, WJl pnfnfui/_mil t ilfrwJ'ii pbne, w"iw (6.20) f.w4_w• 

uwpilw'ii Jbl .[!wnw~nLu/r fw~w'librfr .Jb2 ilfrlfr'j, w'ii'lwile C.wi/_wuwr 

t 'lrn1fr' 
· (6.20) f.wi/_wuwrnL,/f!. "ifurw'iifr t, frr.wr~b, £. lbrilwuurfr-6.w'iic 

/r{uhlfru m pbne fn.prw'iiwlfru1 

ll.fil 'lh"i.ehrnL.J brp -6.y.Jw'b "l"'l!l!. {J1L/r/...[!/r f.wilb.JwurnLp1w.Jp 

fn.er tb "-'ril wrurwJ'l_wJ. pw'bwak.bre• /ufruur wuwJ., ~frrwnlitfr 1..1.-;,, 
./!w'bfr nr filbtfr -6.Fw'b frrw~w'ii ~nre' 2.7.filwJw~w'b 'lfrd-e, wr'lh'b 'l.'lw

Lfrnrh'b ~urwrphr'l_fr "iwf"'P"lf9• "fl! ,//,'j,./! uurw9w'b.p z'bnrr.fi'I_ w/il 
pwbfr, np f!.b'fnLbb9pb.[! phnfr r.wi/_wuWfUl}_Ulp pw;_/unL.J [!Ulll fJblfr 

pnP2.11r1 UIJ£ nl_ [Jh f!_UUJ flrw bp~WJllllf)JWli. frbl.. nr urb'f.fr ULb/r frrw• 
~wbnLilt 

lizyr/r111 '>wzfriJ'ilhre f1nLJ9 b'b lllUILfru, "r H ay./w';, ,JhlnLfJ1wil 

":2 w;u h'ilfilw'lr"L/1 /"L 'ilfr9 wn.w2"'9"'1. ufr.w Lbhl'f!. t.hurkiw l'j, hf,, 

l < 2iJ f.wru1pbrnL{J 1w'b 'lb"i.[!"<,/ ufr.wll! t/r w'bs'iin<,/ 0,3 %-/rs• 

f 1 
hrp. -

1
- = lO 11/uwll! "'r'lb'b ~wqilnL.J t 1,3%, fru~ brp 

1 

ufuwlf!. P".f!r fr'ilt ,ru t 5 %-rs' 

§ 3o. orti'1U.ti'1or 

0('/r1' w 4 17, F=120 JJZ 4anr1w.>l! nd1b9n'l P.,'lJwf/r'l "l'l1'J.1,,,r,,,,'lnl"l"'• 

l"'l'I!. r,,,,J,,,:_w.Jrnrb1' 4wJu1w.> I; J.pwpJ.9 l = 100 J f,bn.w1nrnLfJJ"''), 11'"' '1"'1'1n'l 

"r4nL f,/,),Ul('IM'),'),/,('J.9t ~"''l"(''/"'l"'('" 1._kpJUIUUlfG.w"uc. J.Jnw'!.e. 4111pn'l I; fft1bl 

13( 

JJ.r'l.tf.. -40°C, J.11~ -IS'°C 1'1rJ111u111Jr'u,'l.Ji 'flt"l.[!nLJ anb'lfr /; nL'l./,'l.nL•I f,"''l"l''l"'" 

L"'f" uwnuw4wlnLJl'. "r"' 11'"' , .. JnL G."),2Jwu ,,,.,, JJ.rwJ,,,J.,,"),..,41 

flpn2bl r,,,,Pl''l"'l"'l'/i J.9nLJf!. £. "l."'l''lbl, pb '),21 111 <> "1."'IJ,,,'!."),bl'Jrfl "l'f< 

'llt"ll!"LJ '!.pw 1/rG.111 41! w11tl/r 1 111 "'"),'1 1111"P 4LJr'!,Jrt 
p,,,,,J,u!/r'l "('l"),J.1111 r,,,,'lnl''l"'l"'l'bl'Jr 111bu1119nL9111lLJ.r r,,,,J,,,J.111/ll f = 120 J,£2 

4uir1w.>[! nL'!,lt9n'l r.w'lnf'l"'l"'fl!. nL°il/r 14,2 JJ "'l'"'J,,,.,J..> £. "r"' Jbtt_ .,.1,,,1J.1' 

Jburr/r 1'"'2P r.1111111urup I; J,000 ~II' ~"''l"l''l"'l"'P/r 'i.JnLP/r ,,,,.,,,a.,,,,~,,,'),nLf/Jw1' 
Jn'l"Llf'. '"'1"'""'1' I; E= 1,a.10• ~q/JJ2 , 't.>"'IP'), 1_brJ1111f" l!.'),'f"'l'J...,4J1111' 'f"l'"'" 

.>w4/!fll! r,.,,1wuwl' I; a.= 17.10-6 : PnLJLW"'('bLJ.r l"'l'nLJ(! f),'lnL'),ft'),[! r.w1111UU1f' 

1~1 =8 \'EfJ'J't 

H -p- ~ [ ~1 ,,,J rnLp ,,,,.,, "l"'IJ,,,"),Jrfl 't"''t.n< J ,,,,l! Ill J/,"),,,,Jb~ pnLJl"'"'l',, Lia 

J.9nLJ [!_\ 

Hpn•n· = F[~J = 120.s = 960 ljq1 

11.1JJ b"),fJUl'f(',,.,,/!I n(' -40°C ~brJwuut/1-G.w'),/r 'J,,"f.J!nLJ J.'fnLJf!. "'' b1.111Jb.>'), 

I;' r.w1wuw(' I; /JnLJl"'"'l'bl~ J.'l:Jw't.1•1 ru1uJ.rl.1.-., 960 qqt UmnL~bl.[!1 fib [r'!,1."1./r
uJ.r'!. 4LJ.l.Jr J.7nLJf!. bl'~l'nl''l 'lb"f.pnLJ' u111n5111~111lJ,,,), 1 l'"'JnL £. -6°C 1_ltrJru11-

,,.,. ... ,,,,,,. 'lb"l.l!nLJ1 'Jor.,. r,,,,J,,,l' -;,,,,,_ "'/'I "l."'IJ,,,'1r"),br/< 'lb"l.f'"LJ r..,,211tl.[! '•u-

•inl''l'"l"'l'/r .,.,,,,,..,, JE.mr/r 11'"' e.'!.4'!.n'l pbne.I 
U111nf11114wlJw'), r.111u111nLp/nL'!.f!. l'.'),'lnL'!.•/w~ I; r,,,,. 

ofruurup JO .IJ-Jrl s11~l 'J/,"/f!nLJ llUIAflfr l"'J"IU4Ul'j, 

~"'1'1"'~1'1• Jw4brbup ("4· 61) r.w1wurur 4L/r"/r' 

3.14 
F. = --

4
- (3.422 -1.422) = 7,58 01£

2
1 

Uu,,.,5/r 0,9 4Jp/u.I3 ~w1wl "1/r'!. 42n./r 'lb"l.f'"L,f 

Ulllnf}/rfl f,lll'lR(''f'ULlll(',. JRLf'"'l'"'),:..Jni.p .,~,,,,,.,, Jb111rfr 

o/pw I "41'"'1 pl"•f'. r,,,,1wuw(' 4Lfr1'/r 

0.9·100·7.58 
q. = 1000 = 0,682\q/J't 'i+ 67: 

U'1.Jrw4w'!. l!"'ZJ.rfl nL uwn.5Jr5 r,,,,'ln(''fWL"'l'/i 11'"' "''l'l"'l plrnr. 4um11191/r 

'tnL•lwrJ,,,'), JJ.rtn9n1t U.1'!. r,,.1"'""'1' 4L/r-~/r' 

q~··' = q~ + G. = i.oso+ o.ss2 = 1, 772 ljq/J': 

-f.uJ1JnL -G.l.znL•'r. nrn:•fnLJ I; r.111,,n(''J"'l"'l'" mpw•fw.,~1111/r'• 4 ... ,,.f111.>['/r 

11'"'' lil.2Jrul. f'!..,,f,'t.uJ.r1nLPJnLl'{' f!.),'lnL'ir1"'<> t 24 qq/J2
1 p.,,JnL nul'lnLf/JnLl•p' 

r.nr/r'ln't.w4wl.t U.1u "l"'IJw"ll'!.lirJ.r 'lb"l.[!"LJ l!"'JnL9 r,,,,'lnl''lwl'"l'/r 11'"' "''l'l"'l 

/'""[' r.wofwuwp 4LJ."),/i' 
q" = :14-1·0,034~=0,822 ljq/Jt 

'lonLJrup1111Jr'!. pbnf!. 4uui1115of/r r,"''l"l''l"'l"'l'f' ut..J.1114111'!. l'"'zJ.9 £. uwn.9/• ('"'

c/rf! Ul<LllltlllflR'l pbn'i•,,('f!. [!UIJnL p/tnfr f,bur /,p~('<U1_111.Jrru4111), 'fnLJwrJw'), JJ.rfnfln11 

ll.17 'lb"l.enLJ '"''l"l''l"'l"'Pf< Jb'f .,<>m1Jrl. Jb,,,rJ.r 11'"' ru'l'ln'l ll'/r1 ph"I' r.1111111-

.,.,, l' 4LJ.ru Jr' 
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rJ.1JJ Jlt''l'I 1t.111rn'l lrLI! 111LsLlr1 "'I" rlr•f.r 1lu11.1nuf r,,,,'lnl''l"'l"'l'P J.yJwL 

nrn2J,,,Ler Ultl.I! "l.lr"'I! t wn.•1Jrl. 1/r'w't.J.rs, "rr t, = -40°C1 q, = 1,090 ~'f J 
(JJ.r,,,1l. .ltlfr111+.111'i. ll"'te) I. H, =11110 ~'f (pnLJl"'"'l'lrtf.r J.pLJf!.)1 111l.9l.ltt.I! lrr+.

l'nl''l 'iJo&.w+.Jol., 1t,.,. t, =-60C1 q 2 =1,950~q/J1J.r11+. H2 dpLJj! ..,',,r,..,J,,. t: 'IJ,.;_ 
"'i"'l.lrt"1 2_wt/ilttJn•/IJ"'-Ll!1 "'J" "f"'JJwf.Llr('/o u f.-/r• F - fi• I-Ji nL ri-fo •J£ 1° .1~ 
r"r-i-<> 111f'Jlt11llrrfi 'lb"l.l!nLJ, 'fl',,.,,, (11 .20) r,,.,4W8U1f'nLJf!.' 

H + --·--- ---------- + 1 S-104 .120·17·10-0 (- :>+ 40)-960 H ·--J l1,3.104-120-t.09'-100' ] • 
2 24- 9602 • 2 

H3 +soott'-2,41.101 =01 
2 - I I 

lJ.111 r,..,4 • .,.,.J.,,'), J-lt'l r,/r,,,.,,ll'l'l'n'l JJow+. 'll'"''t..,L n1119J.rn'i.1111 "'l'J"'"'l' 

•Jlrl.fil 111 t/lr1Jt ""l"' +. 111rlrtJ. t "l'"tlrl l!.'),"'f'nL/IJ 111l. J/ifns•o/• ""'1"f'l 111 1t.•l. Jn

•'19nul"lllrl'fi ,,.,.,,-;.,,,+.nt/I ll.1l. '"'""''""!' t 
H, = 1130 ~q1 

... f''l'i"!J' nf' -re 11rpJw11111fi,wl.fi, llW•!Jw1t.w1Jw'), ' #'wJnL 'f/r"{pn<.J JufRl. J1. 

111-ilrtf.r JU t• 11111"1. - 40"C £1trJ11111111fi'111l.J• 4 Jfiw1ll 11lt<fr1111, ... t 11"'2.fis 111n.wf111-

tl"'I r"'"fi 'llt"l.1n .. Jt ll.111"1.fi 11"'i• Jul.'ll'fi "'"""'~ "1."'JJ1111i'i.lrrJo 'l,,."1._11 .. J r,.,,l'~ I; 
d!LnLJ Rf'"f/r" o/••L'f"'t/"l' •ffi'w+. /!_'f.'lnLl./,l •wn.9111+.1111J1111. u 11111Jn1. w1<+.1111nL

JIJll• ."llf'I U.1• -lfi'111+.n._J, "'IL "l pit .,,,,, 'llr"l11 n .. J, Itri' t = - 40°C, a.,,, .. Je 

..,1.-.... t ""'""'""'[' '"')," flnLJlM,. .. f'/,ffi a.,J,,,1, f!.1 lllJllf'j,I!'), 96D ~qt ~111+.111n111+. 
#lllRL'fnLJ" _,'),/,lf!. fiJ111ufll 2_nL1'f 1 11111Lfi Rf' 4/rf''), "'f'""' .. r.w2t/w['+.f'_ 111f''f/r'), 9nLJ!J 

•t/'19 1 "l' 1111111.91111t.111LJ.,,'), I. 11111JnL ""''fl"LJ .t'fnLJ',, 111-l"tfi J"~ t• pwl. w1"tfi 

9m~r !lrrJ ... ,,,.fi, ... Lfi ,,1r"l.l"LJ1 Jr1.1 -l"l'"'Pltl'nLJ t• 9"'~1' 11trJ11111111J:t•111l.fi ""'r 
,,,LJ .&'IJ.,,'), .tlr•nLJIJw1'e, "'"f"' ,,,,,, Jlt'l 11! """'"'l!l'lf'nLJ, +.111r4nr t Jfiw11I 

"'J'),1 "f' lllJ'f .l'f11LJf!. [ilnLJf"'"'f'/rlfi J.'fBLJfi9 pnl!f' l;t 

0 I'",, Ill+. 18. l.111/_ullf''f O{'ft•+.nLJ 'E""'"'l'4.•Ju.1 .. r,..,'lnl'P'l ... l'l' "-"'"'"" · J I; 
r.6L.{'111l.'iiltl'fit1 + 16°C flrrJ,,,.,,.fiG.111l.fi """'11n1 J1 llrn21rt r,,,,'lnl''i"'•"'l'/t Q'+.J .. L 

•Lr,r.,Jlrzca "L"'I~.' "£1" ,,.,,..,.,,,..,t/nl' o[fi-G.w+.n .. J d.7n<.JJ! Lr"' Jlrf r,,,,4,,,,,,,,1' t 
p,, .. ll.,"'l'blf.r .t..,J..,Let 

t,.,,1_u,,,.,, orfil.111+.n• J J,,,,/! "l .. l',,,!!fl.111 "I' ""'"'"'""'""/' ""'"'"-/'!. "'"'lf.r n<.l.f.r 
11w1191111t.111t•f•i, 'E""l.~n1.J1 U.n o[JoG.1111t_e eL•1n._L,,1nof np"{"" "1111+.'1,,...,1fil. u w1"1. 

1111JJ 111Lt/111L "t"'i ""'"'f/oL• e'i.'fn..'11,,LI! ( r,,,,J111d111 ,l. orfil.111+. 11-fi 111t/1111t'blrpfi) 

Ii =-6°C, G1 = 1,950 qq/J" HI= 960 ~q " wL9"1.lrLI' ""+.rnr'E ""'1114.J.rLr R['[' 

,.lt.,_fi ,, .. ,,Ji 1fn),111wJf.r J,,,J..,l.111+.• "rP 12 = + 15°C, q2 = J,090 li'f,ilf, Jiu+. 1-1 2 -L! 

.,,'),r,,.,,,, l;t l.nl'fiO "'I" -i/:t'"'4fi (,,,Jwp 'lrlrL11 (6.20) r,..,1..,,,,,,pn..J e' 

- I [1·3· 104 -120-1,95' .100• I 2 
H + --+J.3·t0•.120.11.10-e(15+5)-960 H -

2 - 24-960" 2 

"r•"'lfis Ha = 627 ~q1 
136 

1,3.10•.120-1.092 ·1002 

- =0· 
2-1 

H' + 2250H
2 
-7, 72·10' =0• 

2 I 

zi/1,f,.), "l"'l'l~ Jbl.r 1,,.,.Lh),I' (6.9) pw»•d.Uf>9' 

q2 / 2 1,090-1002 
f = -- ---- = --·-··--- = 2. 59 J, 

2 SH, 8 -527 

""'' r. "''l"l''l"' t"'l'r ""+.111r .... fl in .. .-,,e• <"· 11) ,,,,,f,..,J.£.f.ro' 

s-/ 1+- -2 =100 1+--- =100,lfidi 
( 

8 f') ( 8 2.59°) 
- s /2 3 100• 

Op Ji t. 111 +. 19. flrn21r1 1.111/_unr'I· •rfil.111+.t."pn• J 'lfi"'"'l''t.1.,,.. r,,,,'lnP'l"'l"'l'/r 

11 ,,,Ji,,fw'I. "-""'"l'fi w'l.r.p111Jb2,,. P"'l'&['nLflJ"' ""t' lJpfilulr+.nL/IJn<.1•e "'"l.111r,;,41t1nL 

r,.,.J111l' r.n'lfifl Jfil.1u r,.,,'lnl''l"'l"'l'/o ,.J,,'bm9111 .. l' ~""'!!. lt'lw .. r.lrn.111-/nrn<.fl JnLl.f!. 

l''l/u"I' t P"llP LJo"l.Jo 6 J-Jo3t ~w'lnl''l"'l"'f'Jo ,,.,J,,'j,,,.JU G.f[n<.J /!. 't.wpn'I I; "'"'lfi 

,.L),1.1.wl .,,J,.111 ';,/!. + 400C fl.pJ 111 u.n/1C.wLJo 'llt"lllnLJ, fi'l.}_ur_ltu ),.,,/, l.rm 11wn9w

't.wlJ,,,'), J,,,J,.11 111 +. -6°C 1"rJ11111•fiG.wLJ. 'Elt"fl!n._J, l''"J9 l'-111Jn<. t111!J111~1111n .. -

fl1111Jl'1 
l/w/_uJ 111 ',, "-" 111 /rpf.r l'"'P.lf'nLflJnLl.f!_, n['n2/r[nL r,..,J,.f' "{/r"'I'- I; J.11111.wt G.+.Jw'I. 

,,,JJ,'),..,J/r .. "l"'l'/o J,,~nL/IJn<.1.f'.t '1-p111 r,,,,J,.p r,"''l"l''l"'l,.".f.r J/r'l r,,,.,,..,L/o nphl; 

t/f G.wlt.fis "t/,"'I'- t 111l.9l.lr1 11111. tfiG.wlt.l.lrrfil.1 nrnl.9 'Elt"l.l'-"._J "11"'/! 111 ·.'np t G.+.JwL 

..,J/rl.wJlt .. "lllll'-J!I 

lJ.J'E w1.9nLJe_ +.111rlrlfi I; "-"'"'"'l'"l f1'l.''f"" 4111111'1.'f"'t/np1 1.,,LJl."llru 4 Jrrl.

mwJ111JfL ""'"·+.fist U"L" "r+.nL 'llr"l.11"rnLJ /;1 nr"l"" lrt111+.b111w1Jo"' 41tp9Llt'),I' 

4.,,.,,,,'l 111 1nr 'i/o' 111't.l!. 1 . 
f,.,,J_u •{'n:_/r'),ll -G.+.JwL 1111111!/!. 11111.111),9 l'suJnL 11111n.9w't.wLJ..,'j, 'llt"ll'"LJI lJ.,...,_ 

!/·1' ""' w+.nLJ el.pLl."f," 11 = - 6°C, qi = 1,950 ~·1/.C. H1 = 9110 ~q· brf1pnp'1 

•!fit.w+.,. .. J t
2
=t

1 
4 q1 =1.772 ~'f/J (u"4'1111t.w'll 1111'1.'), nL 11111n.f!w't.111tnLJf!.)t .'l·r"'),I' 

( a.20) r.1114111u111rnLJ r.· P"'J!J waouL9 ""'""'"-"L"" •/rw+.w,~bpf> Jltf 'l"'"'•fn'l "'P"""'
~ ... 1111n•P 1-l. Jfi!}L .,'),'lwJJ.. 11 ..,-,.fi n1• !"l'J.,,,,.,,fiG.wu~ o[mpn/•m•-flJnLl, ,,,ft'IJ:t !/. 
nr L,,l.nLJ' 

3 ll.3 · 104 ·120·1,952 ·100
2 

_ 960]H'-
H2 + 24·9602 I 

1 . 3 . 10' . l20. 1. 772' · 1002 

24 

"l'"'"'lfio H 2 =886 qqt 
li+.J..,'), "l"'I'/!. 't.npn2-/Ji ( 6.9) p111"1.w.t.£.no[' 

1. 772 -1001 

s.sB:> f= 2.51 J: 

0; 

IJ. JJ npn 2ltLp r;4JwL "l"'l'P. 111Jf,'),..,p111f'&p !'1pJ11111u1Jif;11rLJ.r 'lh"ll'n'-Jt lJ.n.•u

t/•11 o[;G. ... lt.e l.wHfLt 1;. lrplt.f'"P'I 4.f•'"''t.fi 'llt"ll'"._J t2 = + 40"C u q2 = 
= 1,090 ~q i .Ct 

u.1• 'l""ll'-1! r,,,,J,.l' (6.20) '"'""'""'PnLJ /!_ +.e1'7nL"ll/r r, 1r.,.1.,.,,, "'""l'-1'.' 

3 -1- ['·l· 10
1
·12o.1. 95• · 100 + 1.3-104 .120.17. J0-0(40 + 5) - 96o] t-1~ -

Hz ' ~4 . U6oz 
· _ 1,3.101 .120.t.09'·1002 

_ o," H = 478 ~'l' 
24 

2 

.... J .. 'b 111111 1!/!. ,,,,,,.,,,,,p t1fil.fi 

1109-1002 

f=-----=-2,85 -l.1 
8°4.78 
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~,, ... ,..,..,,.,, q,.f..,'), ..,JJ,1'.,,Jt./, 11/U'['J! "'"'11' nL'i./o "'"' ... -rwrJ.p !•rJUlll•J.
,,,.,,, 'l/,"t.~nul b. '"'""'",.,f t 

fmax = :!,85 ut 
brfill.lt~"L./_IJ1111. 'l"'i'"'l''""f!.' 6 U "'"l"'''"'"L"L f,.,J..,p ~-fuJ..,,, ,,,,.,.,I'/!. 

"''"'" t o/.'6r9),/,/ 6 i 2,81.'S = 8,811 J pwrA1,,,.p1,..i, 1f'•I 

'H 111> Ill VI! 

~u.r·~ lU.Pt\.U.trU.6'11, tl,flz\U.'1 
lU.PRMr'bt1fl'b m\ 'J.b3'0PlfU.8MJ.. ttrc 

§ 33. P-b~ 11srt1..U~'1trnfltr wrun'l. lUrnf-lU'tbrc nn·ll'18·~llStit 
~'HfU 'j, bal. Utrl,U'lfU" 'l·b<IJ-f\O!LU' ('M1U8fl'b lUfl'l,UullSJ>u 1lMUll) 

l..wfunr'I UflUftu'lrwtJ'iihrnLJ, ua.nna.yhLn'{ ~7a/.111J ftwJ uh'lJ.J.wd 

dn'lfi 111JrnL/JJnL'ilf!, Jh'b.p nrnz,,LJ t/r'i..[! JfiwJ'i, 'j,f'" wn.w5'9,e/i'ii nL'l

'l111f,UIJIU9 't111riJ.w6.j!"iihr11LJ 7nrJn'l [LUfllLJ'bhrl!' Fw19 an'l/r ,,,J rnL

[tl 1111'il(! ""'lwn.'i.w91"L .Ja.nw'il'lf! f..Jizm ~wrblfi t 'l"bwf.wa.nhl Jfrw1'b 1/rni//r'b 

~/r,,.h'b..,lnif. i.r.., l~r'l.-.!-1/ri. '/./rfuu~l!' '1-rw r.UIJwr "I""'.[! t- ftwrn'l"'

""'L l\wz.1.ht "I. Jfrw1'il wn.w'il9.p{i'i. "'-'l'lwt.w1w9, wll /.. 9w'ilftw9w,) ft"'f!i'• 
.J.wJ4!~LJ 'lnrJn'l l"'f"' J'bhrl!' 

l..111
t.'/.b'b./! nr!.t filhJ! ft111rt/_w6.l!na.J 'lnrd-n'l L"'rnul'llhrf!.' '1.brs'ilh'bl! 

p mtfltpnt/_ ayiJ.-6 Jp "lrf>'l.Jw1wJ.b. an'I. {'iift. 68)1 !.,bJw'bfi wn.w'St9~{i'b 
P lfL'l'l.IUf,.IU/1119 mk ftt.11r'/.wJJ!/r f,,/,UI ti w'bft1na."iJ 

A I 

'~ I 
I I 

I , lfo 
- r-

1 
I 

fl ; I 

ftu'lJn'l mu fturrqwJJ!m/ ~n'll!. pwclru'Uh'U,e l 
/.. jf /,p~nL Jwubr/r1 tnl.Jb w'bft/nL'ii(! fttw'l.JJ,f, 

/rf•wr t,J,,,, "'l'I 't111r'1.w6,e'ilhr/r 'bnrJ111L'iihrl!.' 

flr"'i"" "'l'f ,..r;,~Jm'bl!. r. ... 24'61nL l}JlW~wli 
nl.IJ'JDlftJUL6. "-'rs'i.ibt.e J-JwanLJ9fi U[W.[!/r 

lhu~wnw~ "L'l'L"Lfil JnL'b[!t !Jn'l/r fln'l'i.i/111J J111-

11fi9 qbuift qnt.pu na.'l'lf."'J OA 'lln r.t "'LI! 'fw'i.
t/_w'i.hil.e mn ftuir'/.w.!J!fi -r"'"'.[!/r'i. 'impJ~l' 
mk ftuir.Jw6l!fr ""''t"r'"t!. i12,,,-;,..,fth'ii./! F0-n'/., 
/iu't mn fta.nr"'/.w6 .[!.~ J 111'tbrb11e' Fa -n'/.• 

l+ 681 -1.hrfi'i. (/) Jwu/r9 u•nrfit (11) J111ufrL 

'il2if.tu6 ~urr'/.111'11!/r Jh_n9n./. iJrnJuw'i.9'/.n'l l"'
rnLJ'b/trl!. p1'i./,lnL f.wJwr Ja.n.pm/. ,,,,'ii '19/,'J,.p "-"r/ri. Jwuf! /,_ 'i.rw IUf-

'f/,9m.p;nLbJ! u111nrf>'il Jwufr 1rw pnf"wrfr'bb'il.p P. 1wrnLJ'bbrni/.t 11,,,n. 

r/r'il J wufi f.w.J.w11wrwft2n.m p 1w'b t,.,,J..,r pa. Ll,UrnLJ"ithre "''""./! t r.w

"-"'""'r"'ftzn.il'il p na.rlfi'ii "- "''l.'t.'/wJ t/rfth'ii J.n'l.fi w11111ftg.[!ni/.1 'tbrtlU 
UB 

'1'1Uf.j!nLJ l"'rnul\./irf! "'r'f£'j, llLll'l'"'t;,"'1"'9 l_£"j, w1'iJ r.wr[Jwftfi'b, nr/i 

.J.rw 'iir ... fl.e ... 'l.,,.nLJ Li11 'tr1u'iis JhJnL(i/nL'il'ii tL wu 'tlfr"bfi, JlWii mk 

t.wrfi"''t~ t.w.!tur tr' 
b'iiflw'frhLniJ., /r'ilt.Uf.h" 'f"' wrl/hr Lw1'bwftw'il ft111riJ.w6l!fi f,,wJwp 

(§ 6). nr P. l"'rm,ff,hre ft"'r1.w6,efi J,.,fthrlumul p111tJ111/wJ h'il ;,, ... _ 

./_wuwr"'l."'P' itfm'ilh'il.p' 
p 

P .. =~' 

rw19 .j!W'ii/r nr F Cl = ~. IUUfW 
cos a 

Pcosa 
Pa"""' -F = a0 cos:x, 

0 

nrUJ"'l :JO= - -~-i, J.'Jn'l llL<f/r'il nL'l'1.wt.w1w9 ffik r.wr[JwftnLJ 'fnrJnf 
fo 

SmrJwl lwrnu/11 ti 

ct w~ft1na.ile ifrn/u.J.btnL '1-/,"1.l!"'-J +n/ru/.m.J t £.' uiwr.fwJ ftr.nrifwJ

.[!11&.J 'l"rJn'l tr/u/. P .. Lwrnd'ilhr/r tl'Mm.pJnt.G~, £.' "'J'l f.wrfl111't/i 
'ii'twuiJ wJp i.rw'il9 {J/,,ena.f11w'ii (90° -a.) wfiluudi~: 

flr"lhu'l.fi {ilh.j!n&.p, ... 'b 9w'bftwsu.J a au5'ft1-"b '""'e"'-J ynr6 na.'bh

'i11u'ii./! Jfr£.ilnLJ'b a.nhu,e{i lwrnLJ'i.br/r r.ha.n, Pa LwrllLJ{! '/.brl"u)h"b./! hr

¥nL fl"''l"''fr/rt.'iihrfi' ffifl f,.wrfilnLPJIUr;, JJ,l /,,_ 'brw'ii llL'/.'llUf,.UIJWH {'iiJ1• 69)1 

U.1uUf/run'{ mn r.-rPwftp A ~J,,,,,,._J 'l"r6"'l Pa l"'f"L- _.:p.j-
JI! Jh'b., ifrnfu111r/r'ilnLJ b'b-1 "r'tnL +n/u111'1-111rAwp111p 

nL'l'l"''"'l.,9 l"'rnul'iibrn.J.' a5 6npd'w1 1wpn1.1fnq J. 
'ta ;in2a11jm') 1wpnL1fni\: ll.1u hr~nL L"'rnu/r;,hp/r JUnL

p JnL'b'i.bre 't./ini/rn/u.J.h'il ~wfu.J.w6 r.wrf'wft/r 'ilnpJ"'l~ 
/, AIJn'l nttf/r nol.'lnLPJ•U'il .l/rf_I'- ftw'l..ll/111.)- (l w'i.~lwfi 

i/rnifrn/una.Jl1nL'i./r9t · 

t~, 69•/rfl RL'i,bf/e' 

o .. = p COS :r. = -:i0 C'OS 2:t, . (7.1) 

. . 1 . 2 -r .. - p sin ci = -,0stn a: cos ix --a0 stn a1 
Cl 2 

~+ .e~' 

(7.2) 

~. £. -c. l..,rnu/1.hc•/r fi2wfiGb11ft .J.hrwpbr1wt uwt.Jw'i.b'b,e t:.bui/..l"'l 

"i"'t"w'ii'iibre' 2qn'1 aa. , ... rnLJ'bhre• w1ufi'b.e'ii ... ,L 'iinrJ"'l L"'rno/1.hre• 

nrn'ii' nL'l'lnLf'Jn&.'i.f!_ f..uJe.'iifi1nLJ' t WPIDW_J!pfi 'bnr.Jwi/1 nL'J'lna.fJ11.11'iJ 

t;,4,,,, ftl:,,.,J1.11r1't,e 'lflw~wG. tiwlpunw'i na.'l'1."'P1nLt m'bh9n'l 'bnrJ'"'l 

l"'rna.J'bbrl!! 1111u/i'il.p'il ub'llfn'l L"'rnul'hhre• fte'b'fnL'i.h'il,e pwgwuwfiwG. 

'i, z111'bn" I 

?;nzwifrn'l i'"rnul'i.hre f•wJwrb'ii.p. qpml1mG, 1rp1. 'iirw'ils m.'l'lna.

{J tnL'J,f! IU l'j,Uffiufi'i. ti nr IUrUllUJ!/r'j, j,trrJ Ullf! 'ilrw'b9 f,£&.n f:.wJ e'J.ftbs-
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'i.hln• r.wJwr UJ.hur,e t" "l.111u1hl clwtfwgn1.19~ U[WJ!~ mqrini .PJwt!r: 
'ta -/r t,"'~"'n"'~ flL'l.'ln•f'1n•'ilf!. l11\1uJauph'ill! pw9auuau~..,'i,1 11wrhY, t 'l.h

~w<f."'rif.hl "- 5izw'i.'i.hpfr t.k,,.£1,"L ~u1f.n'i.n1J.' 4[ih znzu11fin'l 't LwrmJl! 
'1-frurwr~i/.n'l_ !;~hJh'i11nfr ~b"i.urrn'i.fr 'i.~wurJwJp urwifru !; duu!'wgn1.Jg~ 
u1m~J1 n1.1111n'-JtJWtfp "'l"'urif.n11 JnJh"i.ur, w"l.w i.w t.wJwriJ.n•J !; 'lr..,-
~w"i., J..,J,,,9n•19/i ulw.[!/r foau~ulflw~ nl'['l_n•fi1auJp' pw9u1aw~wt1 . 

"i1f. 7V-ni.J 9n•19 hi. uri[w6 "-•/i, a-/i "- 't-/r 'i.t.wt'1'hpfr 1fhrwphr
l"'l et,_n.t1fw6 "l.w1Jw'1''i.bre1 

_ }"'rP:,_~/i f'h.gm~1w"i. 9wt~muwJ a ,.,<;,~1w5. 'lh"l../!nul J/,'j,l! tnr,) 
~ntth'ilw'i..[!' ' urwrif.wJ'--' J.111 .J J /r c. 

_. • ioiioi'l r'llU ~ /ntrlUJ?UIUl.JnL(' 4h111nLJ 'fnr,)n'l_ lUl-

J.. I rnu!thr/r Jfr ... ,t bpqnL 111huw~/i '>bur' 

6nptlwl £. 2n2w*n:q L"'rnulflhrfr t.hur1 
.1.wrnuri.brfr w1u hr'trr• .,,J,uau~'ilbrl! 
fo..,J IU"fUI UIUI ufuw'i,nLJ /,"j, 'f/,lf> nrJ w

:1/rw"i.brJr lrr1fn• urhuw't"i.lsrfr"i., nrn'i.9 

b"i.fiu1r~if.nul t- a,,'1./r '1'1n•f'f!' 

br'tn'- flh,e, /rrwr 'l"1.'l..,r.J1n 
1-1 b. 2-2 ~urp'/-J.g"i.brni[, a,1wJ 
an'l_/r9 ... tr_wur/,"i..p "i.JnL/J/t Jfr pwrw~ 
zhr"' (f.~. 11). t11- 71-/r iJ.rw ..,1'1-

;hrure f.rP"''l'if.auJ ti U1u zbrwe 
uwr.Jautwpw~lll/ hr~nL r.aurf'n1.f'1nLflr 

'i.brfr i/.rw tt ~au'l.'lb'i. aa £. 'ta 'knr-

J Ull £. znzwpn'l lwrn.Jtbr1 />"i.l_"'fbu 
11r"-n•J t" 'IJ .. ,,1r/rs1_ "i.npJwl Lwrn.Ji.hre t;...,J,.,.,wurwufuwi.11'-J b'i, ..,c;,. 
t"""""'r} zhrurfr A7J'wtf!.• fi"ht 1fhr..,phrniJ t- znzwpn'l_ -r

11 
L"'rnul'kb

rfr'il, IM"fUI '1-rUltj! J.fUlnL,/ /,'j, UUll)/,9fl/,[ 1-1 £. 2-2 

't111riJ..uJ l!'khl'f! Jb~I!. J Jntup'i. 'l"'-'l'ur.hnt 

"bzwilw~n•J t' hr~nL 111huw't l"'rnul'i.brfr ..,,.~..,
/"LfJ JnL'1'(!, f.wJwUJWUlwu/uw'i.nLJ !; hrftr1L urb"'u't '1-b

f>nrJw9/iw'ilbrfr w11't..,1n~fil1-'kl!' kr'tw1ilw'twt ,,_bl/onr

J..,9fr ... 1/r (br'twrwsn•J ~wJ l1111r-6.w9 nt.J) It.. uwt.,efr 

'l"f n r" w9Jr111 '"' 
Urmil t;...,J..,..,_..,,,.wufuw'imu/ kil /,. <;,J,,•{tl/r ,ewi-

,DWJJwfi hr'tn1. urbuwf;,br' "ln~J-<;, Jfrtnsm/ /,. uwf.l!l
Jfrt_n9n1/1 

flr"fhu9fr r:.wJn9t/,f.fl.g1 nr .J!WJ.DUJJtfW"j, "i.'twurJwJp a,.,,,, j,JnLf'[! 

pwif.wr111r '1/r1f w,.rnLp 1nL"i. nL ';,fr I J /,";,,/! ..,_,,,,,,/! t flll'ftlt'ft1 Oa /,_ 'ta [IU
rnulthrfr wtfbfiuulbb· wrJh.[!'i.brf! ~w{uif.wJ mn f.wpf'111~fr '1-/ir,e/i91 

(7,1) /,_ ('1,2) pw'i.wa£.hr/is >,/,UT/,_nLJ t;, nr : • • 'j, r...,u'£nuf t /1• 
1'<) 

wJhf.wJh,) UJpJb.[!/i'j, W/'f, 'ffi"f.f!11LJ, brp CQS2~ /)w1Jwu1up !; J/J~~' IUJ
u{t'k.[l'j, hrp a = 01 />u~ 'tfl -fr wn. ... i[hi.w'ln•1'j, wrJhl!f!. ~uurw9<[(i "rr 
sin 2a. r= 1, w1ufrt.e'k bpp 2(2 = 90° £. ci = 45°1 u,,, wJh"iiwJbt) l&Urnul

'ilbrfr JhJn•f'in•"ii"iihr~ !:aw<[wuwr ~Lfr'uli"ii' 

inaxoa '= o0 = _P_, max "'t0 = ..:!.E..., (7 .3) 
F0 2 

ll1u"l/runiJ.1 mtCbG.mub~ G.npJ'ui1 \Ulpnd'Gbpri u•~JWt qblll~n1.J' qnp
bnLU bG nn'ljl wn.wG.g}!!iG. D'-1)'1WfiWJW9' 6wppwq6bpn1.u. wtfbfiwtlbb
zo2w1fmq \Ulpn1..IJ'fibp{! qnpc\nuf bfi c.\.n'lfi mn.wfig~fi R'-IJ'JR'-flJWU fibm 
45° mfiqJndi lJwq_un'l liwppwqfibpn'-tl L. 6.wtj_wump bli wtfh6wtfhc)
G.nptlw1 \111pndlibp~ qhufili: 

~wrs t wn.Wf1U"i.n.J, ... , .. L"'rnLJ'kbrfrs nr/i 'i.~wurJwJp "''"'.e t 
~UJllllUrhf 'ft1nt.(il/r wJrnifJ1w'k Ulnnl.fllL,/(!1 urw"i.9/i9 nr/rfl if.hrwfrJ.f 

'il1n•fl/r wJrn•fiJUl'j, fu-fuurJw"i. Jkp_ 1/f.n.1u~Ul'j, ,_brr!' u.,u ""'r:Jl! Jw'ft

l'"'""'"'i, ln1.11wpw"i.tf.wJ f; VIII 'IL/unt.J (§ 43)1 

§ 34. t.UUltU8fi'l.fiM.,.SfiM.1 <HJuO.t1.nr t.Urfifl.IJi,tflr lfllUr'h: 
'iiSOfl.lit'ti 1.ur~U'crUBti'ii '1.lihU.'l\1 SbU\J.'l'\,bl'l! 

'l,.,,funr'I "lwr..,'lrw•'J."i.hrnul .thil,D .Jw"i.nflw9wil.e wn...,L9.p..,1fr"i. 

(/puJ /rflt"f.hu fow-6.w/u au'fti/w'i.nLJ /,'ft, "f"'r'l) a,Jw'ft /,_ uh'lJJw'k 'f/,"f• 

.pnLJ t1mf'/i if.wr.e/i t:.hurt ?-nrdtw~wtmJ, uw~w1t, fotwrauif.nr bil 

UIJ'i,"ffrufi 'f/,"f..f!hr1 brp Ulrurw.j!/i"i. nttfhrfr IU'l'fb9n•P1w'i., llJW" "i.1ni(ifi 

J;ibJ/,'i,ure /,'i,fiUlr't1nLJ !; /,.'JJ..,'j, ""'" uh'lJJwfl •r'tnL ~-J "r'.f! 

,,.'l_'l.nLPJn•t'fthrniJ., w1u/r1t.j!'i, 7urti[nt.J f; pwpq \Wp~mb-wJfiG ~Jitiruqfi 
"fUl/Jw'il"i.hrn'-J' 

§ 33·nLJ !lnLl9 111riJ.h9, nr £. u1wr9 a'fJw'il 'fU"f.[!nLJ t:.twrw1.nr 

/;'ft "r~nL 111huw~/r L"'r"'-.rbhr' ilnrJwl ~ "- znt.wfn'l. 'ti ('i.1} /,. (7.2) 
, • .,,.-,, ... J.£1.rfro t:.burhad b nr a,1 ... ~ an'l./r ... n.w'i.9.[!/r"i. nu1.'lwr.w,U19 

~rnriJ."'J.f!"i.brn1.1/ (a.= 0) ,.,n...,2.wtnLJ h"i. Jfrwit "i.nrJ"'l LwrnLJ'fthr 

(~ = 0 ), ~u~ 'i.pw wnw'i19.f!fr'il 'lnL'lwl)lin. ~111riJ.wd.[!"i,lspnLJ (a.= 90°) 

l~-t nl. 'ftnrJ ... ,, nJ_ 2nzwpn'J. lwrnt..rbbr (~ = 0 "- 't - 0)1 . 

U1t"lfru/r liwrfl111'tthrf!• 1rrn'il9 iJ.rru t'tw'ft znz.wo[rmz L"'rnul'itbr• 

~ntrJnLJ b"i. <JtJuwtlnp t;,,,,rfi-451hr· w 1u r.wrf'w'tfl/,rfi rJrw 7nrrfn'l 

'bnrJwl 1wrnul'bhrf! 'tnl_i[nLJ h'ft q1Juru~np [Wpnu!'Ghp: 
U.nwa, ... 4w'itn•Piwt 111hua•fd1..,r;, Jbp_ "'"l."'9"L9r/nt.J t. nr 9wft~w-

9wJ l"'l'if.w6 Jwrtl'b/r 1n•r"'J!"''itt1n1.r ~bm11if. 'trurblfr t ,,,,,,<;,bl hrbe 

•Jrnfuw'laurawpwr "•'l_'l"'r:. ... 1,,.9 tifuwif.nr t.•rPw~t•r· nr•'ks .tfrf..ns"'l 
r/rn[u ... "i.9i[nd h"i. lrr£.f! <Jllnmqnp ("i. .. rJwl) \Wpmtlfibp. 'lrw'i.9/r9 kr
+nLU'it nL'ft/,'ft l;.f!uUlr/,J,..l 111rJh.j!'ftbr• ,//;~{! f.wfl'f~U~'ftnLJ !; wJb'ftwJbJ 
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'i,nrJ..,l L..,rmJe, J1nLue' ..,JJ,'i,..,,frnl!rl!• "rrnr7e' Jh_..,f,'tl..,l' ~ ... rif...,6 
J..,r.r;,fr 1nLfU11!..,f,llnLr ftbuinLJ 't..,rJ,lfi I; ..,-;,t_..,m4t ..,l'i,"lf>ufr tt4Jb"i.

UIU1f /unrUl'bUlr'I• nrfi fl/iuur/,re q1JuwiJnp fi.wppw~libp hG: lunrU1'ilU1r'1'1 
f,/nLfiJf! a,1_nLJ ft111J u/,'/.Jif.nLJ I; ..,,,,· 'i,fiuurbrfr Jfrp_n9nif. ifrnfu111'i,9if.n'/. 

lir/,l! rfrn/uU1'1UJrd.wpU1f nL'/_'/_Ult:,UI 1w9 'lLfu ... 1.nr LUJrnLJ'b4rnif. ('i.ft. 72 )1 

'Ulr'f a~111'j, '//,'f.f!nLJ (§ 33) 1nLflll.f!Ulf,l.lnLr ""UlnLJ Jfi 'lf/uUl
if.nr t:,..,rfilwfte nL'/_'/_UlflU1JU19 t an'/./r U1ruufl9.[!/rfl ( (). = 0° )1 f>uft J'bU19U16 
brftnLUf! 'fnL1fUlr./,n. /,'j, Ull'I Uln.111"119.[!/rf, ( (). = 900 )1 "ft..,f," nr UlftUlt_/rf, 

'li/u..,if.nr t:,..,rfilwftf> 1.r111 'bnrJ..,l [UlfnLJf! t:,..,1_..,uwr tt 'lrn1/i (a. =I= 0), 

a, 

/ruft J'bru9..,6 "rftnL lla1rfilruft'bbrfr 1.r.., 
6, 

.., If, flwiJ.wu ... r t 'l.rn tfr• "'"lw "lwr'I 
a,Jw'i,. £ ub,,_JJwf, '1/,"f,/!nLJ dn'/.f> 1nL-

fiz r..,.e..,f.unLr ftbmnul "r"./! 'llfuwif.nr 
[U1fnL,/f,/,rf>9 Jfr..,,'i, ubqli J; U1U1fp/,f 

'f.fnJfr9• 111/f, nL'l.'1.r/.w6 t J.'ln'/. nuJfr'i, nL 

an'/./r wn.111';,9.[!/rf, 'fnL'lwr.4n.1 "i1nLfiJ/i w1u

"ffrufr Lwrif.111" 1111/i'b if.frD..wfte ftnlif.nLJ t 
l+ 121 qllmJ~fi: !ln'l.fr9 ..,f,p_..,uriJ.1116 t[bJ/,f,111(! 

. a,1_nLJ /; Jfr1111f, Jp nL'/_'/_nLP.1111Jp1 
'J.nr6'bruft111'bnLJ fla1'i,'/f>"fnLJ /,'j, '//,"f./!/,fl nr f,1nL(il/r f>tnr111'bU1f'lfr 

111/,U.J! nL'i,/,9n'/_ t1bJ/,'j,U1(! /,'i,fiJ111rftiJ.nLJ t a,J111'j, "r'JnL pnfuw7111rd.111- . 

PUlr nL'l.'1."'""'1w9 nL'l.'l_nL(il/nLf,'bbrnif. ftwJ rntnr "r'./! nu1'lnLfl1nLf,f,J,_ 

rnif. {';,ft, 72)1 bJnL[il/r Ul2_/uwur111'i,./!fr UIJU"ffrut- 'f/,"f.J!f!i brp bpqm. · 
'1Lfu1111.n11 L-rnLJ'b&re fl ... r/.wuwr t4'b 'lrn1fr• ftntr/.nLJ I; 6wpp lwpqw
bwJlili iJ~iiwq: 

fault /,fib 7/r111wrft1.n'l ft&uinLJ pntnr 'r'.e L-rnLJ'bbre urwrr"r 
/;f, 'ffn/f>91 Ul"fUI wiz+w t 'bJnLflt- Jbp_ [WfnLJ'i,/,ffr pwzfuJ111f. wubfiw
)!lil}fiwfint.p0 'lb"l./!l!' c)-wtJ.wrwJpG 1wpiJwawJpG tj~uwqp. ttbJ/,'bmwr 

/unrwtwr'll! ft4';,filwrft1./r a,J..,f, ftwJ ub'lJJ,,,f, pntnr "r"e rfrnf>1U17wr
d. ... p111r nL'l'l."'t:, ... 1..,9 nL'J'l.nLfJJnL'bf,/,pni/.1 

•1111Jw'i,wif.nrif.4'i..p t:,J,,,,..,,, ... ,nLt! 'ltfu-1.nr LwrnLJ'b4rf! 'bz..,'b ... ft/,L 
01' Oz1 03 UJU1n.lzrnif.1 'J.[/rtUlr/.nr [UlfnLJ'b/,pf> fl111JU1fU1ftU1[nLJ(! UUlflJ111 _ 

f,/,f,.[! 111t'il"lbu, nr"lbu'lf> "1-e 'bz-'11 ... ftf> fiwlipwfiw2qwquili wrrJb_,.,,_ 

mubfiwubc)-, /iuft a3•[! wtl'bfiw1fm~p ["'pnLJf!' 04,,_Jn'I. [UlfnLJ[! "f..,JJ111 -

f, ... 1_nrif.b'i,.[!, /i'ilt"lhu £. 'j,..,fuftfr'ilnLJ, t:,,,,J ... rlrl pw9wuwftw'il. nLumfr, 

bfiJJ,, 0 rfr'b ... ft, '1Lf>1..,iJ.nr L-rnu!'bbrft ni.'bbit + 1000 qqfuu2, -600qq/uJ2, 
+ 400 liq/uu

2 
wrrJ/,,/!f,/,ff!' Ul"fUI [UlpnLJ'b/,rt- flwJWrUl'tlU[nLJ {! fl/zmJ.

IUllf! "14ur e I; tfr'bfr' 

a1 = + 1000 qq/utl'2, a2 = + 400 qq/uu2, aJ = - 600 ~q/uJ2, 
a1 > 3z > a3 "lwlJ ..,-;,(! frr..,'1...,'il11191_w6 ftlfr'i,f>1 
H2 

U1u"lf>unif.1 J/,'j,I! utwrr"r''.LJ J,f,.[! bpb~ urlu1U1ft/r l'"r"-U16U11/r'b 

tffrD.. ... ft'bbr' 
1} 6wiJ...,L..,lfr'b L..,rif...,6wif>'b if.f>-D. ... f brr pntnr bph~ 'llfu ... -

r/nr L..,rnLJ'b/,p'b l;L fi.wiJwuwp ~bll 'lrn1/r (orf>'ilwft, 4rb.e rfrn/it..,'lwr

a ... pwr nL'l'lU1flU11w9 nL'l'lnLfl1nL'j,f,/,rni/. d_'f,/ w'b "UIJ ulz'lJJUl'j, 'lb"f

.[!nlJ ). 

2) fi.wpp 1wp1lw~WJ~G iJpti.w~' "rr Jfr 'llfu..,iJ.nr Lwrnde t:,..,1...,

u..,r I; 'frn1/r ( lzrftnL nL'1'1nLfiJ1nL'j,'j,/,rnif. ;i.,J..,'j, ftwJ ub'lJJ..,'j, '//,"fl!f!)• 

a) q<)-wJ~G l wpiJwb-wJ !16 iJl1ti.w~' brr brftnL 'll/u..,i/.nr l..,fnLJ'b4re 

r_..,iJ.wu ... r b'b 'lrn1/r (Jfr nL'l'l_nLfiJJ..,Jp ii'IJ..,f, ftwJ ub'lJJ111f, 7b"ll!l!)' 

§ 33-nLJ J/,f,.J! 'lfrur..,rftb9f>'bl! LwrnLJ'bbrf> p..,z/unLJf! '16..,1/rft 

L"'riJ...,6 ... 1/i'il if.fr-G. ... ftfr 'IJ,"ll!nLJ1 Umnr£ 1Jr4rif.4'b t:,..,rP l. 6...,1...,L..,lfr"ll 

L"'rr/.w6 ... 1f>'il "-""Ulft'ilbr/i orfr'b111%'b"r J.. ftnLunLJ'bUluf>rr/.'1' w1u 'lb"ll!"rnLJ 
'l..,'j,..,'l..,f, lla1rfl..,ft'i,4rnLJ ,..,rnLJ'bbrfr p111zfunLJ f!' 

§ 35. t.U.Pfa' b'l 'crll'lU.lU.Sfl" lU.P'lllb'llSfl"li 'lMU.t:i"Lbl'fl 
orti"LU.t:i"litr: 

'l-lll "LU.St>t t:iU.fa'UU.Sti l,lll1tl,U.P4l',: 
.LUUt:ill8n'lnt1-~3nfl."ti t:iff't.1Sllt:iSllSf>"li lllrnti.tn.trfl trU.Ur"li 

flr"lbu P..,r'I 1wr1_111t)w1fr'i, iJ.f>-D.wft/i opf>';,..,ft 7frmwrftb'bl! ..,,-;, [U1-

rnLJ'bbrf!• nrn'ils /,'i,(il111rftiJ.nLJ t p111rwftU1"fUIUf "fwfl/,uutruJru'i,f> ('tUlfil

UlllJ/r} flw'il1111fr'il J~u/r 'i,JnLf'f!• brp "l..,t:,J,um..,J..,'i,f> Jbp_ "l"'rrfrwftif.w6 
I; q Uftli1 UIJUfr'j,l!f, q 1J.q/uu2 b'ilznul nL'i,bfln'l 'IW'f1 zn'lf> ftwJ t_nLrl 

'f111t:.J,,,,,,,,,J 111"11/r ftn'lJ'ba1Jfr'b "lwm4re l. r,..,m..,ft'il4re 4'bfil..,r'tif.nLJ 

bf, llwif...,11..,r..,l..,+ p111z/uiJ...,6 q b.'bzJ111'il1 "l.allbuura1Jw'ilmJ 9m'bif.n'l 

r.b'lnLft/r u4rfra1ftw'i, .[!Ul2_(! wrfl111J UlfflnLJ /,'j,.[!1 

~UIUIU1ft'ilbrfr 1.rw 111'['/n'l {,,'i,2_nLJ (! a,UlnLJ t 'fWUln./,l 'l[Ul'j,UIJfr'i, 

J..,,,l! 1a11';,111ft..,'i, ftmrif.1116,enq. ~n'IJ'bw1fr'il "11111114rfr 1r.., IU'f'fn'l b.'bznL

Je fta'lurf> "l111mn.4L 'llw'bwif>'il Jwue 'll111'i,f> 6'bfrt'iibrf> brft..,rnLfl1wJp1 

(, 

A I Fi 

-0-o' 
i1 l c 

t,~. 13t 

0
, 
' I 

ll1u"lfruniJ.1 kf'/, JJ,'j,.[! "lwflkumwJ111fl/r 'llwf,..,lfr'b J wuf>9 ..,'j,?_U1mb'b~ 
Jfr nL'l'lw'bftJnL'i, ABCD l;[bJ/,'ilm, w"lw W/'1 tthJ/,f,111£! 4rftnL nL'l'lnL

/11nL'b'il/,rniJ. A'lJw'b ftb'ilflwrfti/./r' d'ilfrtfr'b nL'l'l..,r,"'l'"!I ftmpiJ.w6.J!f,brnLJ 
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'l"rJ,,,1 ,· liurnL•ri.tbrnt/. J, Jiiftl.iibrf.ii qnL9111t.bn ~urrt/.w,},e'flbrnLJ 9nr

J-,,'l a" L'"rnLJiibrn4 (ii~. 7 3 )• 

/..wzi{_b'il,e WJ'l lwrnuf'i1brf!.I tf/wr.buurwJwiifi 9[Wiiw1fiii Jauu/i urrau

Jw9fi,}f!. 'bzw'baullb'il,e D-nt/.1 iirw br~wrnLPJnLiif!' l-nt[, iirau "i."'"''rfi 

:.wuurnLp 1nL'ile' t-ni/_ r 1,i;,,,Jaurhii,e1 "r t-'b D-/i t.111JbJwurnL(iJ1wJp 

ifn.er l; ( t < ;u D) ]1 

/..wurw~\brfi 4rw '"'l'l"'l. J.. "l."'t:.buurwJwiifi 9l"''il"'Jfiii Jwue d-iifit" 
iibrfi nL'l_'l_nLf111111/p a,n 'l_ nLJ-brf!. t:.wt[wuiur bii 

ttD2 

p = q--t 
4 

ll1u nulbrrf l•r t/.rw t[brsiin.'l. Jau~brbue firbiifis iibr~-1iu9iimJ t-
r.wuurnLfl1m.'b J.. D urrwJw9fi,} nL'bb9n'l. Jfi o'lw~ ( 9[1Ut'ilw1fiii Jiuufi 

,, N l"'liiiu~iuii ~rnrt/.-,}.ee)• lln J,.,~J,rbufi Jb.}nL

p1nLiif!. (nr"i.bu t L"'liinLflJnLii J.. 1tD br~iupnL

filJnLii nL'iJb9n 'l zbrurfi J IUl~brbu) 

F = t'lt'D1 

U.1u1nb'lfifJ lfUlrnLJ f!. r.1Utt/.1Utuwr l; 

110 2 

p q-,- qD 
al i:= - - -- =- _, 

F 't11:D 4t 

cr" lfUlrnLJf!. 9miiblnL t:.wJwr ~urrbii,e "f.wt.huurwJiu'bf!. urrwJw9<tiu-

1~'iJ r.fUlrflnLPJauJp J.. 11bii 99b'il,e t[brfi'il J1Utuf! ('ii~. 74)1 frl'n'l'ilt/.w~ 

JuwnLJ f,b,fnL~" ~-J 7wq/i urriuJw7,}auJfiii Jw~br£.nLJfifr t/.rw wq'fm.J 

t q -6.'bz11LJf!.1 ll1ii r.wi(_wuw11w~znt/.nLJ l; "lwr.buurwJauiifi iiinLPI! ,}iifit

'ilbrfi'il nL'l_'lfUlr.fUl,~9 nL'l'l_ntfil1111Jp a,n'l. N n1.Jbrrrt/.t Uurnrfi'il Jw11fi 

t>aut[wuiurw~znnLp,IU'b "f.IUJJwiie nLiifi t:.burJ..1iul urhu,ee \ 

qD{ = 2N, 

N,,.. qDl, 
2 

" N qDl qD 
O' = -- = -- = _, 

ti 211 2t 

ll1u"l.fiunt[, "l."'r.butn1U11l iu'bfi 9[•»ii1U11/i'il J 1Ut~b11£.nL1P/i 6'bfr t'ilbrfi'il 

qnL9wt:.bn t:.iurf1w~iibrnLJ tnr,}n'l llUrn~J'i.ibrf!. bp~nt. wii'fauJ aut[blfi 

Hi 

,/ f,,} bii, 11-iuii nL'l_'l_IUr,..,liu9 nL'l.'l_nL[il 1iuJ pt 'fiut:.luuriuJiu'bft "f.1U"'f'9 iu'll-

iuurt/.iu,} ABCD l;lbJbiiur(! 6iifiliurtt/.nLJ I; '19Jiuii bpJina. tJin}nmqmp
~wpwp nl-'l'lwfiwJmg nLIJIJnl.J>Jnt.llllbpml: a' J.. a" liurnul'ilbrl! 9lfuiu-

4nr Liurnuri.tbr bii, 11-iuiifi nr uriuii9 t:.-Jiu"i.wurwufuiu'iln'l. ~urr4_iu.},e

iibrnd, l;lbJh'buifi t/.riu iuq'Jn'l. phnfi J.. l;lhJ_biiurfi 11h"nrJiu9fiiu1fi r.w .. 

Jiutiuifrm[il , ... ii "l."'"'-6.wnnt/.' zn zwifrn'l. liurnLJiibrl! P"'9"'~"' 1nLJ 6iit 

;'-/iii J.. a''-fiii nL'l.'l."'"IUJIU9 hrrnr'l 9Lfuiu4nr LiurnLJ(! t:.iu4wuiur 

t qrni/i• ( ABCD r.iur(iJ-nLf11iuii t/.r"' iu'l'ln'l. 9wqfi -6.iiznLJ(! J.. ~wf1u1111fi 
,fiu~br£.nL1P/i t/.rw IUf.'ln'l. J[iliinlnrurw1fiii -6.iiznLJ(!, nrnii.[! t:.wJiuUfw

U11UUfuwiinLJ bii iul'l 9lfuiu4nr liurJ,.,iil!, a' -/i J.. a" -/i ii~iuurJwJp 

pn,ernL{l/iuii "i.iuur-6.iunnt/. iuiiurbunLJ bii,e)t ll1u"l.fiunt[, Jbii.[! iu1uurb'l. 

9nr6 nLiihii,e fl w PP l"'rt/.iu.}w 1fiii t[/r-6.w~/i t:.bur t '1firiunblnt/. 9lfuw4_n r 

l"'rnLJ'i.ibrfi t:.iuJwrlM~IUlJiuii ~wiirrii(!1 umiuiinLJ bii,e' 

a1 =a"=~, a2 =a' - ~~, :Ji=01 (7.4) 

U'wtl w1 WJ ~ ll liurt[iu6iu 1fiii t[fi-6.w~/i •rfiiiiu~ ~iurn'l. t .},,,n,,, Jhl ii 1nL

(il/i iuzfuiuuriuii.el! 9ii11Miut/.nr wniuii9,eiu~wL/i Jbt. 9ii'1Mfrs Mf.1Ur,R,'ii-~fi 
6.ii;_ntJ(! ifrnfuwii9t[blnL JwJwiiw~, ~wJ zwrJiu~w'f.Jfi iu'flfi'l.iibrfis nbl

ufiii 6.iiznLJ(! ifrnfi1iuii9t[blnL JwJiuiiw~I 

of.auiifr nr nblufr 9[/u/r~fr J.. ~tu[tuii'lfr Jiu~br/,nL/[i/iibrfr t:."f.nLJf! 

f.rhiifr9 iibr~w11119iinLJ I; urwrphr zwniut/.fi'liibr nLiiJ.9n'l_ br~nL 9[1Uii

iibrfi r."f.nLJ1 nrnii9 diifiz.iibrf! nL'l_'l_IUr.IUJIU9 /;ii firiur1 IUMf.111 "'l'l hdnL 

Jiu~brl..nL1piibre frr-r ~znziu.Jrbii Jfi ~burnLJt 

U fi JwrJ'i.ifi9 J1mufiii -6.iizntJ ifrnfuiuii9t[b1/iu r."lJwii ~hurnLJ wniu-

2iu9n 'l iirrrJ iu l l'"rnLJiihre ~n z.4_mJ £ii ~niiuriu~ur1111fiii Liu rm Jiibr1 

"iiiizrrLJ ifrnfuwii9bLfiu nblu/i IL ~iuliuii'lfi ii1mfiJ'b '"1'1- ~burfi Jnur 

'IMJ.nrJwsfiauifi l; biifliur~t/.nLJ, IL 6.iizJiuii ifrnfuiuii9nLJ(! anA'lfi I; 

nLiibiim J f:,"/Jwii r.wrfliu~fi Jfiinsnt/.1 nrii nLiib'iJmJ I; l;lfi"f.ufi d.J..1 al'l 

r.wrP-~fr JMnLp JnL'bf! ~-fut/.iu.} t ifrnfuwii94n'l. -6.'i.izJiuii JMnLf1Jm iifi9 

nL t:."l.t/.n'l. Jau~brl.nLJ{lfi ziunaut/.fi'liibrfi t>auriupbrn•flJnLiifi91 bpb Jhiil! 

ii.iizJ wii r.wrf1w~fi ~biiuirniinLJ nblufi ii1rr•P/is wii1_auurhiiJ! Jfi ifrn-1rfr+ 

funriuiiaur'l- ( orfiiiiu~, funriu'bwr'l· nr/• ~n'l.f! t.iu4iuuiur I; 1 tftf ), nr/r 

iifiuurl.rf!. 'l_nL'fiut:.lm I.ii J.. nu1_'liut.au 1iu9 nblufr iuniuiisifiii (ii~. 7 5), '""/."'' 

w l'l /unrwiiaur'lfi iifiuinbrfi 4.rw ~"''l.'lbii Jfiw iii iinrJ "'l ub'l.J "'I. LIU

rnLJiibr1' ll1u"f.fiunt[ (ii~. 76) rnt[1w f 'lb"f.~nLJ Jb'b.[! "'r' nL'bhii, 

bpbp ifrnfuw'fiurd.iupwr nL'l_'l_IUf,WJWfJ t:.iurfiliu~iibrfi t:.brn, nrnii9 4rw iuq• 

'l"LJ bii o', o'' IL a"' 9lfuwt/.nr L"'rnLJiihre.1 

~ 1J.1,, t•pnull1'61'/i r.w2.Jnullt6p/! l'lil'.Jn•J I; •n..,d.9w't•ltnLPJ••'il urbun•
f11ml. 'l•uf!'bflwg>.6rnLJ. ,.,J.,,.,,..,.,.,.,,,.,.,,,. ~w2rfwp1tltbpJ. "'l''IJ"•"J.l!ltl.pf'_ p'6p.J .. • 

6'i. IX 'l/,..nLJI 
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Cl' 

.J1 ubrfr1111fr zn't&.e111rz/r -Jrn1rM wufril.iJkrf! 11 '1 tu/r'i. ""'il"Lfru Jb'il.f! .,,_,, 
a"-/r "- a"' -fr f.wJ.ur uurw'ilnul b'il.e f.burt..1wl 1//,J,,,_(i 1,,,_'j,'i,hre' 

1 

·· a' = 110 fiq/tl'u2, o" = 90 ln/itu2, o''' = 80 ~q/tfil21 

9'1fu111i{nr L-rnuriibrfr r,..,J..,rw~IULJw'ii ~111'iin'ill! 'lfrurwr~r./.1116 orfr

..,,111~,;,_J "' 111Lfru t' 

a1 = a'"= - 80 fiq/lf'u2, a2 - a"= - 90 ~q/utf'2 , .,3 = a' = _ I Io fiq/ tftJ'21 

~·r./.1 111 L 'lb"'l.f!"'J Jb'il.e Jfr 111'ii'1..,Jfr9 'lur111'il.e 1111'ii"tfrufr funr.u'ii111r'I• 

nrfr 'bfrumbrfr, i/r• "''l.'l",_J b'il 1.f11w1li r,,nrJ..,l L111rn._rf'j,br 1 1111ufr'il~ 

Jfr 111"i.'1111Jfr1 '1111..,'iJ.e "- '1Lfu111r./.nr L111rn,_,r;,brfr Jb.)n'-filn,_'iJ'iJbrf!• "- ,,,,-;, 

r,...,rl' 111~'iibrfr 'lfrr.tt!• nrn'ii9 r./.r111 'f•rJ,,,_J ,..,, IUl'I L111rn._,r;,bre1 C'ii'l

r.111iinLr 'lb"t~,_J ..,f,i111uir./_111J funr111'il111r'lfr 'iifr11urbrfr i/r"' i,.u'l.,,:b'h frilt· 

"fbu 'iJnrrf•t• . 'iJnL/'j,"/.lzu /,_ znzwifrn'l. (lllfnLJbbr1 lJ111~1111'iJ /,_ llll'J 'JJ,"/.. 

.pnul. ifrnifrn/uhl"r./. tLl.Jbiiur111r funr111iiwr'll! uwr.J111ii111ifrw~n'l. r.111rflna:• 

. ~1na:'ii'f.brfr na:'l.'1.,;a:p 1n'-iil!, ~111rbtfr t priibt 1111'il"l.frufr brb.p ifrnfu111'1"'r· 

JllP,.W(' _nL'l_'l_Wf,.lllJlll!J r.111rfl111~~br, nrn'i.9 4.r• lll'l'fnLJ Ji'iJ JfrurJ'i. iJnr

''"l' -111/r'ii.pii '1L/u111r./.nr Lwrn,_J'bbr1 ll111 'ii1nLf'/r L"'r"'-J'iibrfr p111zfuJ..,r;. 

.. .. :1. H. M •. Bem1ea, Bbl~HCJieHHe H1H6011bLiJHi pac11er111>1x uanpiui.:eHKA npH 
C.l!~:T .H.li conpH~aca10lllHICll ten. C6opnnK Jleuuttrpuc1mro HHC rnryta KHLKeaepo• 
nyt'eA coolhiteHKR, BblD. 99 H 102, 1929. 

1'6 

..,,Jbii•uf!ii'1t:..111iinLr '1-b"l.J!'ii I;' J1ui{wlwlfr'ii L"'rr./.111J•1frii .JJrG.w~e· P.nt•f'. 

.llrb.e , 1Juwr./.nr Lwrn,_J'iibrf!. f.111r./_111u111r t_hii 'l.r"lfr' 

s ;3G. t..llrm-..m.trC! l.llrlU' lllN.U'l1U8l>"l, '1J1i.\l\tti 'H;CTt·P.OMf 

~"'rf' "- J-r./.-L"'tfrii L"'r'[..,Jwifrii r././d .... t1i.brfr ,,_hutrd 'iil"'-fift 
·•UIJ('rtL{IJnLiJf! uurnufb/nL f,.wJwr w'iJC.rwJhzur t 7m'i.bl 'iJnrrf111l /,_ znzw-

·..fin'l 1-rnd'i.hrfr 111Jbii111JbJ wr.!£.ei.hre' 
Ut

1
uuii,c 1'111rfl L111rr./.111Jw1fr'i. 1[fr-6.w~/r9• "lwur~brw9'iihii.e Jfr na:'l.-

szw'ii~tn'-'i. 'l"'-'l"'r.bn.wiifruur1 nrfr ~n,,_.t'ii1111frii ilfruuobrfr 4.r.); llltl.'lna:J b'i. 

01 
"- a

2 
'ttfuwr./.nr 1wrndiibre (ii~. 77 ): 1l.1u hr't"• L111rn,_J'iihrii tL r.w-

J111rb'i..f! a,,,'l, l:tbJLiiurfr b.111~111-

uzU11/rii 'i.fruurbr/r r./.r"' nt Jft 1111-

,fn1J l~"'· r.burl.tw"l.hu hrrnr'l

'tlfi'"'r./."r taurn•Je . t;...,r./_..,uwr I; 

11.rn1fr' bph al !.. 02 LwrnLJ'iJbrfrs 
Jb~f!_ ~..,.r Jfr111J111J111'i.w~ br~"'-"'ii 
tL ub,,_J,,.,_ bi,, 111"1."' f.husw'l111 p111-

4i.1.,.Al.tb11/r Jbp_ r,..,J..,"l.111ur,..ufur»ii 

t"'rJ ..,..,, wrtl'.ee "''""$ t ,,,b,,_w
'll'"L pw,91uuw~111'i. 'itz.uiini/_ £., § 34-/r 

"t"'l.f'uiifr r,...,J..,"l.wurwufu111'ii, ifrn

,fubt 7 tfur»iJ.nr Lwrn,_Ji.brfr liunl'w-

pm~wtnuf~: ll.1u"lbu, h(Jb 'llfi'w

if.nr 1111r,,,_Jiihr/rs Jh~e a,,,,,,_ t, 
Jru~ J'lnLUf!_ ub,,_J,..,_, "'"I."' wnw- l.~. 'I'll 

tfr'iie "'""'.[! I; wiiiJ.111iibL a1, fruit 
br~r"r'l-e' 03· b[lb 'r~nL Lwrn,_Ji.brii tL uh,,_Jn,,_ b'iJ, "'"1. ... pw9wraw11 

wrrlb.en•[ wr./.htfr ifrn,crt! "l.b"'.[! t 111iii{wiibt '2' ""~ JhJe' 031 

'l-u1iibii.e tiw~wmWJ~li G~umbp~li Il'-'l'lwfiwJWS ~urrr./_w<tJ!'iibrn._J 
wJliiiwJb~ ii11rafU1[ "- znz111ifrn'l. lwrm.Jiibre• 

S ..... <;,h"ii.e wlii"l.fr"/r · ~uirr./_111.t.e, nr/r 'i.nr''"'lf! I "'-'1.'1.n'-flJ111ii t;.b,. 
'1w'l..fnLJ f- :i

1 
au'il~l"'-'j, ('i.~. 77 )1 II nt.'l_'l.m·Pl111'il C.brn ..,,,,,_,..,, iinrrl"'lf! 

lt'tw'fJfr 0.
2 

auiJf11nLiJl 1J.1u ~urr1fwJ ,J!/r r./.('"' ~'lnrJ£'j, frilt_"/.bu 01-fr9 ..,,,,,_,..,,_ 

"''" "- a2-/r9 ~w/ur./.1uJ "-' iinrJ-L da ' /,_' znzwifrn'l. -:,. Lwr11LJ'ilhr1 11.l'I 
L"'rn...J'i,brfr Jb.tn._p

1
,,._t.iibre Jb'ilJ! ~uurwiiwil.[!1 wn111ilJ.frii·wnw'ila.fril 

.m.un1..JiiwufrrbLn4. o1-fr "- o2-fr lll'f'lh9na:f'1n'-ii'ilhre "- uuiw9r./_wt)- -r.
'1-lnLii.[!iibrf! 'fn1..Jwrblnr./_ frrwrt tnrJ111l twrn,_Ji.£rfr "'/';, Jauuf!_, nr'it 
M1n111'lw!Jiina:J t o

1
-e, f!."!" (7 .1) p111iiwAl.tfr ft111rurwf.w1urr./.fr t;.burk1wl 

•bul!.nr./.' 01Cos2a1. Oa t111rJwii J1nLu Jwue· nrii wn111r_w'i,n1_J t 02-frS• 
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'StnLJfr piuJ,Ulal..fr t.a11IU1d.iuJJ, ~U1rurU1t.iu1uu/fr a2cos2rt2 url1U.[!""' ~rP'/. a., 
lU1rnL1/f! r.Uli/.UluUlr t 

a. = 01COSaal + Cl2COS2rl2 = 01COS221 + Cl2Co·s2( (ll + 90°) 

IJUIJ a. = 01COS2al + Cl2Sln 2cxlt (7 • .l 

lifiz"' 'flnLJ'it"IP".P 'flU"'"'l."'-flJn'-'it'itkr,,i/. (7.2) pU1'bU1al.r.fr o't'itn'-flJU1J 
7111Lnul b'b.e UllUri/.iut) ~uiri/.Ul,).f!nLJ 't"r"'"'I. T,. znzwrfrn'J Lwrnul'it/,r 
Jht)nL{IJnL';,f!.' 

1 I 
T• = 2 fa1sln 2cx1 + a2sin :!a2] = 2 1 a1sin 2::r

1 
+ a

2
sfn 2(::r

1 
+ 90°)j 

ftwJ a -a 
T• - ~sin 2a1 z (7.~ 

(7.5) l.r.. (7.(J) P-'itwal.r.hrn._J a.1-e Jfr w'it~im'it t, "rt! t.iuzi/.i/.mJ 

JU1Jw9n'-J9P ulw.f!fr t,.U1~iu11w~ "'-'1.'l_nL/J1iuJp I iun.iu'it9.efr nL'l.'1."'-fiJm'it~ 
(

0
1 lwrJiu'it) Jfi'itt.I.. 7puiiur~'i."'1. ~"'ri/.wt).e/r 'bn11Jiull!.' a,. /, i:,. liurnuJ 

ftbrp, pf/t_"/ku ftwf.r. a1 nL a2 w'i,~JnL'i,ftlzrfr 'itziu'it'i,lzrf! ~f!'b'lnL'i,/,f,.f! f!U• 
if.hrl!• § 93-nLJ 11iut.JU1'iti/.w6 ~w'itn'itfr1 

l,hurU1fU1JnLJ a"' -fr l.r.. T 0 -/r pu.'itiud.1.hrnLJ ::r
1 

iu'it~l"'-'itf! ~'itziu'itw 
ftb'it.e rz-ni/., iul'I iu'it~l"'-'itf!. Jpzur t.u.z1_bl"i/. wtlbG wllbb- (t.iu'itriut.iuzi/.n 

rh'it} 9lfuwi/.nr L"'rJw'i, nL'l.'1."'-P JnL'itp9 u~uiu6 JiuJ w9nLJ9/r U[IU.j! 
6mljw1Lw4 "'-'1.'1."'-fl1iuJ pt 

09uii/.b[n" a - a t.iurfJUl~nLJ 'fnrJn'I_ ~lWrnLJ'blzrp (7,5) f.r.. (7.{J 
piu'itwd.1.hrfis ('it~. 78), t.hz11tn'-filJU1Jp ,..,<;,,,,_J h'it.J! 'itriu'it "'-'1.'1.iut.iu

1
UI, 

:a o, b - b t:.iur[ilUl~n,_J 't"r,)"'1. LUlrmJ'itbr, 

I (b - 0 t.iurfliu~fr 'itnrJUl['it t n/l ' nrj 

iuJ/,'itiuJbJ 'tlfuiui/.nr liurJwf, nL'l_'l_nL/JJiu 

t;,/,.., ~,.,,,_JnLJ t ~=a+ 90° iu'it~JnL'itj. 
013 -= cr1cos2?+ cr2sln2~ =- a1cos1 (a+ 90° ·-1 

+ a2sin2
( a+ 90°), 

011 =- a1sin2a + o2cos2a. 

a-a a-a 

a1 - a, 2 

} (7 .5' 

•l· ,., ,, ~ T' ·:2:ao'7"'" c2. +J r1.o' 

i:11 - - -
2
--sln at 

Uuiw9_'/.w6 pU1'itwd.ilrfi9 "IUlrlf.i/.nLJ t rfrn/uw'liurl-UlpUlr nL'l_'l_U.t,...,. 

1•11 r.,.,r/ilUl~'ithrfi 'i.r- Pr,)"7. t•rnLJ'bbrfi r.,.,..,'tn'-flJnL'it'itbrl!' "inrJ,. 
1wrll1..rilbrfr fOUIJIUr nL'itbir.e 
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a. = Cl1COS1
'1 + OzSln1a, 

011 -a1sfn2a+a2cos1at 

'"r""r 'fnLJIUrhtni/. UL111U'itnLJ b'it-1' 

0 11 +a11 = a1 + a1 = const. (7.7) 

.,,,1uft'it.e'it' bp~nL i.pn'fuwqmpll.wpwp nL1p1wlimJID9 limppmq&bp}t tlpm 
wqqnq Gnptlw1 iwpnul'fibp~ qnul'wpJ! liwumwmm.11 ); h. liwqmump k 
qLl'1w~np 1wpnuffibp~ qnufwp~G: 

unziurfrn'I. [UlpnLJ'ithr/i t.iuJUlr t.wJ/,Jwmhtni/. (7.6) l.r. (7 .6') pU1-

"UwJ.l.r.hrc' ~umiu'it ... 'it.e' 
't~ =-'t,.z (7.8) 

1.hui/.r..iu"f./zu, hp4nL t}m}uWl}W(lQWJ!W(l lll.'lf\nlnWJmg nwppw~fibp(t 

~pUI ;m2WtPDI) tW(lDt.Ufibpe eum tfbllm.pJWfi ~(lW(l fimqwuwp btl h_ 

~UU\ Ci2wfi~ nwqwn.mq bfi: IJ.1u t,..,.,_,,~nL[ilJnL'itf! uni/.nrwpwr Ulf.li/.w'ftnLJ 

Mr «2n2wi.pnq iwpnuffibp~ qnJqnt.pJwG ophfi-1!>» f!ULn nrnLJ iu1'it uib

' ft m'itfi pn[nr U1Jft '1/,"f..J!lzrnLJ, lzrp ~Ulj, znzwrfrn'I_ [UlrnLJfllzrt 
'1. (7.5) l.r.. (7.6) pw'itU1d.l.r.fr9 kri.r.nLJ t. nr 9iu'it~iu9Ult) t.Ulrfil-+r i/.rw 

prJn'I. finptl'w1 h ;.m2wi.l1n'l iwpnt.Ufibp~ JhJnL{JJnL'it'ithrf!. ~-/ui/.iu,) hit 

"'J'f t;,UlrP-~/t [ilh.emfil1nL'itfr91 
'LnrJUI[ (UlfJw'iJ UIJ/J'iJwJ/z,) IUfU/r.[!f! 'ui'itlz[nL t,.U1Jiur1 nLUnLJ

"i1<uuf•rh'it.j! (7.5) iurmiut.w1mnLPJ"'-j,l! l.r. 't'-"'itb'itc 'itriu J,..,eu{rJn,_Jf!t 

fl.Jw'itshLni/. 1111'1 U1fUfwt.iu1mnLfilJnL'itf! l.r. t.iui/.1Uu111rh9'ithtni/. lf.r"Jfr• +umiu
';,.,,'it.p' 

daa. = - 2a1 cos a sin o: + 2J2 sin a; cos a= 0 
d. 

dcr,. = -(a
1 

- cr
2

) sin 2a,,.. 01 
d .. 

(7.9) 

Umiusi/.U16 (7.9) U1rmu.t.iu1mnL[il/nL'itf!. t.iuJbJU1LnkLni/. (7.6) pw'itiu

J.J..ft t;,/,m, m/zu'itmJ lz'it.j!1 nr Oo: ~p Jw,eufrJnLJfr "f.WJJ1Uft(! t.iuJcfl~'itnLJ 

t t;,.,,J,.."f.IUUIWUJu ... 'it t.wrfJ-~'ithrfi 'i.r- znziui/rn'J. 1iurnLJ'itbrl! tr" Lr
j,b[nL "f.IUJJiu'itfr t,./,Ln/ ll.1u ftu~ 1UrLn1Ut;,IUJLnnlfilJnL'it/r9 t,./,ui/.r.m.J f;, nr 

o2 = J1 cos2 a + c2 sln2 a tiurnLJf! frr J.,. l'ufrJn,_Jfr'it ~t.iuu'itfr, brp a =- 0, 

~wJ :X = 900 I .P.iu'l.fr nr 01 > Cl21 IU"f.IU 

(hrp a= O), 

(hrp a. ..,. 90° ). 

4.UJup'it.p'it' ID~JWl qbmnt.tl' wubfiwtfM l.t wtl'bfiwi.pn.J!p Gnptl'1111 1mpnul'
Gbp~' qpwfil! 2n2wi.l1n1J 1mpn• tlGbp~g mqwui i.pnJuwqmpll.mpmp n1..raqw
OWJW9' nwppwqfibp~ tlrw mqqn'l al L. "2 <11Juwtln11 l111(1Dt.tlfibp6 bli.: 

tnziurfrn'I. Liurnu/S,brfi iuJh'it.,.Jb6 iurtl-h~I!.· fr'itt"lbu wl'I brl..nLJ 

~ (7.6 J piu'itiual.r..fr9, r,..,.,_,., ..... r ~Lfr'itft' 

U9 



(7.10) 

l,flur&,,,,.,_bu, wJb'bwJbJ znziu4rn7. lwpnul'bbpf! t:.iut/_iuuiur b'U 'ltfuiut/_np

lwrrrL,/'i,brfi ftfiuwurwrpbrnLflJiu'b "- iu1nnLJ b'U 'll/uiut/_np t:.iurfliuft'bbrf.· 

"bftiuurJ wJp 45° UllUlt flb./!tJIUJ nL 7Jiu7rfi ""'r/ilntfl1iu'b(! llLll'l"'r..IU JIUf/' 

f:.turflwft"bbrntJt 02•/i'h 'l_nL7iut:.bn t:.iurfllUft'bbrnLJ iuJb'biuJbJ znziu+ntt 
twrnLJf! t:.iut/_iuuiur ftLfi'bfi 

max't = 2, 
2 (7.10') 

§ 37. lUrnt>-lf\or11 1Fau<J.ru1.:iu.., nrntm-'lfi! (lfnp~ 2p~wlil!) 
(7.5) "- (7 .6) pw'bwal.tbrntJ oa: "- ta /wpnt,/'i,brfi t:.iuzt/_ntJ l! lt"'rb

tfi t +n/uwrfi'bbl 7Jw7pwftw'b ftwnnL9ntJnt/_ ('bft. 79 ) 1 

l/..br9'bb'b.[! a "- 't wnw'b9.[!'bbr nL'bb9n'l Jfi nL'l'liu'bftJnL'b ftnnr'l-fa~ 

I' 

'l+ 79: 

"ililimw rfi'i, ufiuurbJ I 0 W•w'i,9.[!/i '1-rwftw'i, nL'l'lnLfl/nL 'j,f!_ {!'b7nL'i,/,'j,./! ,,_b-

16/_/i IU1_1 a wniu'b9,e/r tJrw urb'lw'l-rb'b.[! OA "- OB r,,,,,,,t/_iuJ'bbrf!1 npn'b.p

nrn2~1t/r Jwuzurwpnt/_ wrurwr..WJUlnLJ £'j, Ol /,_ CJ2 [1UrnLJ'bbrfi fltJiu1fi~ 
JbJnLflJnL'b'hbrl!. (a wnw'b9,/!(! t:.iupJiur I; '1-"'uiut/_nrbl iuJb'hiuJbJ a 
9Jlr11uiJ.nr· L1UrJ1u'b nL'l'ln1fl1wJp)1 l 

l+ 79-fi tJriu IUJU bpftnt [1UpnL,/'i,br'b tl l!'j,~L 'btJ ... J b'b d.p'l "

"'"'llU'l-rtJwJ b'i, a umiu'b9,e/i "-r"' 7piuftiu'b nL'l'lnLf11iuJp1 tpb LIUrnLJ

'bbrfio Jbftl!. 1 ftiuJ "rftnL LIUrllL,/'i,br'b t, ub'lJn'l Lfi'bbfi'b, IU"J.IU Jb'i,l!. 

'H'w'bl! fturb'l"''l-rbfi'b,e t:,,,,ft,,,,,_iuft nL'l'lnLfl1iuJp1 AB t:.iuurt/_,,,J[! f!'b'l-m

"bb[ni/ nr"l.bu urpwJiu'lfiJ, ftiunn19b'b.[! Jfi zrp__w'b, nrfi ftb'burrn'be 'If!"'• 

"bijl/_~LJ t c ftbur,,LJ, IUJ'l- 2.r2_1U'j,(! iu'bt/_iu'bb'i,,/! l Wpm.\flibp~ 2P~Wli: ll17. 

'1""1.[!nLJ nr"-t r,...,rflwftfr tJrw, nrfi 'bnrJIU/{! ... Jb'bwJbJ 01 7l/uwt/_nr LIUr

Jtu"b t:.b,,, lt-7.JnLJ t a. iu'ilft1nL'b, Oa 'bnrJwl "- 'ta: znzw+n7. LwrnL,/'i,/i ... 

Pf! 7ur'Ub[nL f:.iuJiur "J.bUI.[! t c ftburnLJ ftwnnL9b[ 2a. ftb-'burpn'bwi/w'b w"b-
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~JnL'b1 ,,,'i,ftJ"''j, '1-P"'ft"''i, ,,,pJb,e'bbp[! wb'l"''IPblnt/_ 0 ,,,n,,,'i,9.[!/i9 JiuJJ.. 

9m19/i U[IUJ!fi fim4_wnm4. nuz11nLfl1iuJp1 {iupnL,/'i,brfi 2.rP._ ... 'bfi D ftbtn{! 

lf-iuJiu"'fiuwiuufuiu'bfi l!'bmpt/_iuJ f:.iup{Jiuftfi'b. 'bpiu OK "- DK ftnnr'l-fi'biu,,,. 

'Ubp[! t:.iuJIU"'flULnlUU/ulU'blUp-r t:.iut/_iuuiur b'b Oa: -fi'b nL 'ta -fi'b1 IJ,,, t:.bzm 

I; 1U"f"'9nt9bl' </-J,,,7rfis 7111_'bnLJ -b'il,e L"'rnLJ'bbrfi 2.rt."''bfi ziun ... t/_~•lf!' 

CD= AC= BC - !\_~ = OA-OB = _(J_,_-cr2. 
2 2 2 

DK= CD sin 2a = 
0

' -.z.2 sin 2': ~'ta 1 

2 

r 

OK= OB+ BC+ CK= o
2 
+a, -·cr 2 + a,-:_,cos 2et = 

2 2 

cr -"" a -cr 2 = a2 +-1
--

2 (I+ cos ::-a)= o2 + 1
--·

2 2cos a= 
~ 2 

ll1u"ffiunt/_, L"'rnLJ'bJ.p{! nrnzt/_nLJ h'U 2.r2_1U'j,1U'fJfi ftbwbrfi ftnnp7fi• 

-u ... ,,,'i,~pnt/_: aa -fr JbJ11L{JJnL'b'bbrl! l."'4'•/nLJ b'i, o iun,,,'b,'J.J!/i f:.wwt/_iuJ-

'i,hpnt/_1 'J-p1uftou'i, Oa -~brf! wb'l"''frtJiuJ £'j, 0 ,,,,,_,,,'j,9./!fi '1-riuftiu'b llL'l7_nL• 

fi11 ... Jp1 '1-riuftiu'b 'ta: -'bbrc nuz'lt/"'J b'U ,,_b"{/i tJbr, ./!"'';," nr Jbr ftn'l

Jfi9 f!'b~L'bt/_wJ "iiu1Jiu'b'bbrfi f:.wJwd.w1~• 'J.·/r O-fi9 Jfr'bt_li 90° iurJbl!

'bbrfi'b f:.wJiu"i"'u1wuJuw'bn1 J b'b t"' -fr '1-riuftw'b iurJbl!'bbrf!• 'hntJ'ill! 

bpl.tntJ I; "-

t ~ ~,-<= 2 sin 2et 
'l 2 

p,,,'biud.Lfi91 npfi 1lb2 o1-f! wJbGwubb 7tfuiu.f'nr liurnLJ'i, /;1 

Oa: "- ta L"'rnL,/'i,bpf! L"'rn1J'bbrfr zpp__iu'bl! ft ... nnL9b[nL Jfip_n9nt/_ 

nrnzb1n19 f:.bwn, "'ilULnftbrb'b,e IUJ'l- [IUpntJ'bbrf! iu'bt_U1Lnt/_1UJ l;lbJb'bur/r 

7 Jiu'lrfr tJriu, r.. ... 2t/_fi iun'bbLntJ 'l-riu'b9 'bziu'b'hbre ('bft. 79 )1 l,fizbq'bb'bl!• 

nr Jb'i,l! "flUJJ1U'b1Ut/_nrtJb9fi'b.e '1-fimlUrlttJn'l t:.iur(Jwftfi iupmiu.eft'b 'bnp

J,,,Lfi 'I-fir.el! npnzn'l ,,,'bft1m'bl! r..,,,ztJhl ilfizw wubGmubb (t:. ... 'bpiut:.iuz· 

t/•rb'b) 7LfuiutJnr L"'rJ,,,-u ,,,,,_,,_Jiu'b 7Jfi91 '1-r,,, r,.,,,Jiur t:.iuJf!'bftb9'bb'b,e 

iuJb'b ... JbJ "1 'll/u"'t/nr L"'rJ,,,r;, IU,,_,,_Jiu'U 7/ide zrr.u.'ilfi a iuniu'U9J!fi 

t:,_b.,,, WJ'l- '1-b"(.j!nLJ 0 1Un.iu'b9,efi 'bftiuurJiu,/p Cl iu'bftJIU'j, LnlUlt flb./!</_IU~ 

BO 7frJI!. 'l_nL7wt:.bn ftlfi'bfi 7fi111wrfttJmz r,.,,,rfliuftfi 'bnpJiulfi'b, t:.burl.tw

"l.bu "- a,, -fi'b. BM 7/rJl! 'l_nt7wt:.bn fttfi'bfi 'ta: -fi'bi 

/•"bt."/.bu bplmLJ I; 'bft. 79-/r91 znziu+n'l LwrnL,/'i,brfi ..,,/f,'i,..,JbJ-
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"'t'JJ,-N! t:.m'/1au~I' I: CD0 r.wurtf.wlfrJ,, w1u/ril,e"it' twrnu/"i,lzr/r 2r1.-'il/r 
2161-'/'1./t'"I, 

(wJ,."iwurw11[uwf, 21% w'il"1nL'ill! r.,.,.,_,,.,, ... r t 00°, /r11y a.= 45°1 /.1a

rn1 ~/,l'fr 2J'lUl'itfr J/,t ma1.'ta. Jbr>nL/IJnL'il(! 'l/.Ul"'""rifmJ t CDo or,Jt"it111-

111n1. c "",,," wp119frue r. .. 4 •• ,,1..,r t- oc =a,+•\ 111111/r'il~t ... ,"it t.-r-
2 

P-+fr '1.r
111

• nru."'l "" ="mu' r;,,,rJ,.,, twrn&.Je nt.ilfr Jfrtfr'"" "'rr1"-1>' 
llfr2111 'ilnLlf,"iJ,u 'ii+. 79-frg bpl..111.J t-, "I' uni bGuul'bc\- 'ilnpJ" w l ,,.,_ 

rnLJf! "i"'"'"""""LJ I: OA r,,,..,,.,_,.,r> .. 4 la. r.111iJ.wu1ar t '11-/r1 ""~ wcfh
Gwifin~pl!' OB l'ow111i/aud-ncf h f.w'/w11•r t o2-fr1 U.1111nl111/r9 r.burhnul t-, 
"f a. filkJ>n'-filJ"L'il nL'b£9nrz 'flrurwr~r/."'l f.wrfilw+ilkr/r9 9w'bt,.,9wJ-fr 

'/rw 'ilnrJ111l l..,l'J,.f, wrJh.J!l! f"''ili/nLJ f- a1 J.. "2 ft/u-ifnr L"'rnul-
f,brfr Jbd-n&.fJr&.f.'ilbrfr Jfrt'' ' . 

ll111"1/tun</.1 f.wrfil lWr'/wtJ-w1J.'i# af.fr6.1a+fr 'J/,UJ.j!n&.J y{un'1'i11u1n'/. 

ttfu-if.nr l"'fnLJ'f,brl!• J"h'ile lwp,,LJ'ilbrfr 2r1.au'ilfr o'l'il"Lp
1 
... .r,. +aurn'l 

/,ill pauf_Jau+1r'IJ w'ilfrnrbil "L11n&.J<;,,-111u/rrbt "'"l"'l :+&111fr 2.t•t.111+111 IJ!nLJ' 
L1nLP/r 1111r'1_111J-1111/r'il iffr6.au+e' 

0 r,, f, w + 20. 'J.r>,.,'lr•t,au'il lz'l_auilw+n1. 'flll'ilh'b,e ti = - 30° fJb

l!nLflJnL'il nt.'i#'19 n'l r.wr{Jaut,/t ifrau f"l'"""'l 0 11 £. 't4 1wrnul'ilbrl!• 'liJu~
ifnr l-rnLJ'ilbrl! t;..,'/..,uwr /,f, o3 = - 700 ~q(uif'll £. o

1 
= + 900 ~q(ui1'2 1 

'rw1tnt9nLJ[! urr1auJ- t- Lt. 80-f. -fr.u · 

l+ 801 
j 

152 

:l• ,_..,. + f>O ~v/ut1'2, "• = - 430 4q/ucf2, 

Otur'/btnif 1wrnu/S,'1pfr 2.rtw'ilfrl• /!",,, r.w1ur'ilfr o
1 

la. o
2 

'lt/uwif.nr 

-~ 6 
oL. -~~~rC---F-~:--tr~t-----r;;-A-

{j, 



~~nm9b'hJ! 2a. w'i.1t,m'i.e1 . Do: 'thure 1tf>wJw"f.UIU11UU/uiu'b/r a - a. r.-r 

pw~fr'i., .fruit D .. Ka 1. OK. f>wuri/wJ'bbre frrb'b9fr9 't'iil.r'tw,w9'iib'b "''~ 
~wpfJw't/r i/rw 'lnr.!"'l 'to: h "" Lwrnuf'bhrl!' 

b-b t.iurfJ-'tfr i/rw 'lnr.tn'l. L"'l'nurii£re 'l'n'bbtnL r.wJ wr Uf.UUIJ. 

t 'f.wnm9&L 2~ · w'b't'nL'iJf!, w 'u/r'i.~i.' 2" w'i.'t1w'iie w1/.I• Lw9ilbt 180°1 '1-r.., 
r.,,,,J..,r ..,<;,t.rwJb2ur !; Jfrw''b 2wrm'bw'tbt cu .. 2.IWnwi/fr'll!· D(l 'f_burf 

t.wJw"l.w"'"'ufuw"i.niJ t b - b '-wrflw'tfr'b: 

't(l h all LwrnLJ'ilbre 'ilbr'tw1w9.JnLJ b'b D\l K~ h OK~ '-iuuu/.wJ

'Lhrni/t 'J.6 ... 'lrfrs "f.IUr'l. f;, nr 't(l = - 'tg , fruit 

a,.+ a~= a1 + a2 =canst• 

a IL b r.wp[ilmfi11nLfli.brnr/. w'biwurif.wJ l;LbJlluurfr 'Ufruurbpfr Y.r-

9np~n'l lwrnul'i1£re 9nLJ9 b'ii uirr{wJ 'bit• 81-fr wt '1.n'lJm.J h 'ii4. 82-~ 

i/rw• 
{wrnul'i.brfr 2rt_w'bfr iJ.rw r..wJe'b'tb9'i.bln'1 wJb'bwJM (>.w'brw

r.w2r[nrb'il) a1 'llfuwi/nr L"'rJw'b w'l.rplw'b 'lfrJl! a wnw'ii9J!.fr t.bur 

('i.'t• 81), Jb'iJ,e uurw'i.nLJ b'iJ~, nr 2.rt_w'ilfr fiw}u ~WJJlWqnt.Jfi ~bme 

Da 4burfr r..lon Jfrw9'bnq BDa .'fl>JI! '[m7.,,l,lm I; 011 L"'rJw'ite• BD~ 7fr

~1!' a~ LwrJ-'itl!.. ULIUJ!'i.brl! :'Ir~-,) h'b LwrmJ'i.hr/r uurw9iJ.wJ 'bz-'b
Lbrfr t.wJwdw 1'b1 

'tit• 83-fi r{rw "l.wur'tbri/wJ I; lwrnLJ'iibrfr 2r2w'Ufr 'twnnLfJ""'l! ... ,t 'lb"IJ!fi r.wJ•r· ·. hrp br'tm 91/uwr/.nr twrnul'i1br'b /;[ ub'l.Jn'I. b'iu 

§ 38. 'HluU1lOP 1.11rnMTtbrti nrntnttrrr. (;£19.lltl> O'F\,fll'-fa'SlltJP.. 

brpbJ"i, f.wr't t tfi"i.nLJ l"',)bl 'i.wfunr'l UJ.wrw'lrw!frnul 'lfiur-r4-

i/UH) fu'b•Jffi t.w'twnw't fu'b'lfrrl!• w1ufr'b.p'U' euur aa , 'ta h a~ , 'tp l"'

rnul'ilbrfi 7.n'i.bl 'llfuwi/nr Lwrnul'ilbre• 

'l-fr9nLJ! Jb'i,./' q}urllil./' {'bit, 84) '1Jw7rfr t.wrfln•[J,w'ilf!. rr<qqw~w
;w9 h Jrrwr f.bur m'lfr'I. w1'1t1n•'il 'twqJn'l .. a h b f>wrflw't'iibrfr i/.r"' 

w'l.'P''l i.nrJwc J... tn2wifrn'l L"'rn,J'Uhre• lmrJwl .L'"'rnul'ilbre 'bzw'bw

'1.b'b.g ·a., -niJ. m a~ ·ni/, fruit t.nzw'frn'l. twrmJ'i.brl! 't• ~m/. 'fL 't~ -ni/.

l!'b'l "rnLJ 'ta = -'t~ / "l.u 1J w'i.iwi/nri/b'U.p a /, ~ fr'i.'fb,eu'bl.rf!. 'l'Uht w 1'bw 

""-""' •r"f.b"'l.P a0 >a~ {t.w'iirw'-wzi/nrh'i.)1 flrnzw~frn•Pl,,.<;, ~,,.J,,.r 
l!'b'JnL'ilb'b,e, nr a .. > a~ > 0 h 't,. > 01 

Sb'lw'lrb'il,e a.. • a~ • 'ta h "~ Lwrnuriihrf!. £Ulrni.J'bbrfr nrnf,btfi• 

2.rt_w'UJr 'f.nnr'lfr'iiwurw 1fr'b ufruurbJfr i/rw {'il'f.. 84 )• 

o .. =0 K. , a~ =- OK\l • "• = K,. Doi , 

't~ = K~ r~ , K .. o. = - K~ ~ , 



. .,11,,1194.•ul /,it 'Ir-It.wit (it't.· 84)1 "'"I."' -4."Lfr JUe 't.Lfr'i.fr 0'11 fruit. +n.,
l'l! o1• p11119 '1[1'1 LwrnLJitlir/r1 J'/,'t.l! 7r111~111it f, fru~ J'1nLue' pw9w
. .,or.iw'i., ..,"I..., Uln.wp_/rite 't.Lft'i./r '!:11 1 fruit. hr1!rnr'lf!.' c3• if.hpp_wUfh,,, b[ill# 

-"r't.nL Lwr•LJit/,rit h f1U19UIUUl't.1Uit £1'1 1UUfU1 pw9,,,ptl.U1't. mrJ-'1,enif. 

·-if"Lli J'l#.)f!. 't.tfrit/r 0'3 1 /r 11~ ifrn.er' "21 

CX -itlt.1w'i. Jl#,JnL(il/nL'i.f!. nrnzif.nLJ t f,,/,Ul/,/Ull pw'i.U1d.'1.hrnif. (if't.• 84) 

tg2cx = - D' .I<. = - --~~. j 
CK" Oa -CI~ 

D' aK... ""' "' ' tgcx= ----= ---=---1 
BK.. aa-a2 a, ~ a~ 

(7.11) 

P-9wu ... 't.wiii <;,2w"i.re 7ri/.1ri.J t ,.,,<;, "l,.,,,,t;,,111ni/., nr a. -ft !.. t. -/r 
''lr-'t.w"i, ,,,.rJl#.eillir/r 71#"1.-lnLJ Cl willt./nL"i.r[! ( 'J11 •/r nL'l.'1."'-f' 1ni.'i./rg 'll/uw• 
·i/.•r nL'f.'l.n1.fl1-ife wit9"i,/,lnL "fmurJ w';, w"i.rlt.1n1."i,{!) fiw2'1'1nL1f k da11fw

· fDLJ9~ U[ml!~ Dtl)IJDlPJWUJ!: 
09111if/,Lni/. flit.• 84-frg• 't.wrl#Lfr I; 11urw'i.wl r.wrfil lwri/.w6 ... 1/r'L i/./r

·"w't./r ,,.."l..f!nLJ OA I. OB r. ... uri/.w.)'i.brnif. "l.111"''t."r4.•'I. 'ILfu-•fnr L ... -
·l'nu/f,l#re t.w2if.£Lnt. p-'i.-d.£./,r1 ~6w7rfr9 nLf.£-J..e 

OA=OC+CA /.. Ot:i OC-CB1 

0 C o,.+o~ CK - CK Cla-Cl!l - - -, .. - ;i ==-- 1 
~ 2 

l.111rnLJi.6rfr 2.rt.w"i.rfr 2.wn.wif.fr'l.Llirc' CA= CB. nrnil-i r,,,,4.,.,,,,,,r lift 
CDa =coil I r. .... ,_ ... uwr /,"i.r' 

·CA =CB - co. -= v CK: + K .. D! = if (esa ~ Cl~j2 + t: 
1 

= °"i'"v ( 011 - 0~. )
2 + 4t=I 

(7.12) 

(7.13) 

l.56 

I}. urnli'l ..,Jh'ilw+n.er fl/u"'i/.nr LwrnLJ(! 'i.2w'i.u·'t.4.1116 .t <:a•""-' .e111'il/r:· 
I I. c L (11rn•lf,,bur/.. wrJwurwllrUl't. wr111,,,r.1111onnL[11nL'il(! 

nr _,-;, p-gwuw.,-11 !. 'l 

J/,.} :,.~;;;;~',iuwif•r L"'rJ111'il [1h.en1.f'1w"i, w'i.'t.1nLit[! a wn.w"i.r9.#/r f,~U1,"'• 
J•Jr •r•2'1•,J t (7.11);;;:•rfr::"'1"' <&w•1-1 r-~_,..,,(7~14)-

't.Ui" 
't. 

tgcx =---1 
a, 

U111nrt.., or/r"i,..,IJ'i.brni/. 9nLJ9 t 11rrrJ.w6 'ILJuwi/.nr Lwrnu/f,'1r/r nrn-

znLJ{! Lwrnul..,,'1r/r zri.w'i.fr 07"ilnLfl1111Jp1 

!' 

ti,. 85: 
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§ 39 ucrttwnra lUrnMn,trti nrntnMrc 
lrlN,,lllllSti\ lJlP&t.ll'o'UStii, 1l,f>~ll~f> 'l-blll~OMf 

U.arfwlwJfrit lwrr/_wJ-w1frit r/_fr$.w'tfr 'fb"l..pnLJ 9wit'tw9wJ- r..111rftlw'tfr 
rfrw lllCf_'f"'J. L111rn .. J'bbrl! itnLJit"ibu 'twrblfr t itbr't1111w9itbl J-111 /r 
,/frt.n.r1nr/_1 'I 'Ir 

'l-f.9nL.j! Jbit.p nLitbit.p JwrJitfr9 witfaunr/_wJ- funr"'itwr'ffr d/,_ nL'i.b-
gn'I. Jfr tf/sJJs'i,ur, nrfr 'i.fruur/srp "r/_rw 111q'fnLJ /,';, brb Ju .I 

' .[!fi~¥ 
t

111
rn .. J'b/,r crt,02, crJ ('i.'t · 87 )1 ~l',.,'1.rfbit.p 111'htwur1/wJ- fr1nrw'i.wr'1l! r..w-

urn'I. 9111it't1119wJ r..wrfilw'tfr rfrw lllf.'fntz 'hnrJ wl "- t.nz111if.n'I. Lwrn..J'hbrfr 
nrnzJal'i1 /uit1rnrf1 

tw{u t',
111

zrf_bit.p 'ILf11-rfnr Lwr11LJ'ilbrfr.'1 Jl.itfrit, orfr'i.111't o
1
-frit, qnt.

qu1fl.bn r..wrfilw't'hbruLJ 'lnrJn'l Lw-
a, rnLJit/sf'(!I tit• 87, 3-/r rfrw lllJ'I r..111r

Pw't{! itrpw7Jr/_wJ ti 

:l) 

r 

" 

6,1 

f.wrfil~'tithrfr f.wJa1r' cr1 "- crz 

fi'j,l"ilw Jb';,.f- urbu111';,.[! rfbrt! 

(§ 34), un/.J111l t',wrp111~fr';, f.nL'fwt',/1n. 

'ftfuwr/_nr fWr11LJf! 'hrw rfrw J/r au1w
!_lll9'i.nLJ nz. itnrJUI{ /,_ "l t{ l"l111r/rn'l. 

LwrnLJ'ilhr1 flLuurfr 1/1urwr't•/n'l r..111r

flw'titbrfr i/.r111 Pl'J"'I. Lwrnul'i./,re 
'tw/ur/_wJ 'tLfr'hb';, Jfra11'h 02-frlJ nL cr3• /r91 

'1rw'h9 r..u,J-r Jb'i.,e 7nrd- 'tnLitb'hw'i..f. 

Ii w P~ L"'rif 111Ja11frit '1.fr6.w~fr r..k-1 
flLuurfr a1!'1 r..wrfrJw4'hbrfr'i. 1tr..111Ja1-
"iwinw11/uwitbit o2 [, cr3 'lffulllr/_nr La1-

rnullib1r/r 1/ra1 'twnnL9r/_a1J- {WrnLJ

'j,Jsrfr zrtwitfr 'thurbrl! ('i.'t· 87, 6)1 

lifrzur itnLJ'h"l.lw, a2-frit 'l.nL'fwt',bn. 

f.wrfl111't'i.brfr rfrw 'l"rJ"'I. L111rnLJ

itbrl! 't"i'"ur'tkrrfkit c1 I.. a3 i111rnLJ

"Ubrfr if.r111 4w11nL9iJ.wd- zrpwitfr 'th•h

rfr 'tnnr1frit111initbrnr/_ 0 a3-frit f."L'fwf.bn. 

Lwrnw'bbrfr rfr111 "-"'11.nLsr/_111' ;rp_a1'i.fr 
"-""'"rfr 'tnnr1frit11111ritbrni/.1 

a,u"l.frunr/_, twrnul'i.brfr brh.e zrtwit'bbrfr 'tburhrfr """r'ffr'bwon'bbrt! 
(fi. 87 • 6) "iwur'tbrnLJ b';, /rin[r111'bwr'lfr• 'llfriwrfnr fwrnLJ'ilbrfr

9 
Jb

't/r.-,, 'l_nLf111t',bn. 'tinrrfa1J..f_ithrfr </rat 't"rd-n'l_ "UnrJ111f £. znzwifrn'I. fWrnLJ
fl/,rf!t 

l>itz. if.br111pbrnul t '1L/u111rfnr flllrnLJ'ilbrfr P"l"(l bpb.J! llln.Ul'i.9.p-
158 

·'flhrf! '0111111n'l_ f.wrfilw'titbrfrit, w"lw w1tatd7w'twitnLfilJ':''j, tabunLfl1a1"il 

Jbt_ 9nLJ9 t inrrfwJ, nr 'fr.-it9 f.a1Jwr 0 /,_ 't LwrnLJ'ilbrf! "l.wur'tbr

-J.nLJ b'b 87 ,6 it'twrfr i/.rw itrpw'fJ-4.wli J,.,'tbrbufr D 'tburbrfr 'tnnr1/r-

·'flwwitbrn1/.1 · · 
l}.1'1 tiurmJ'i.brfr JbJmf'JnLititbrl! 'twrbtfr t t.wzrfht t:.binl..1111L ,.,.,_ 

'ft,..,aJ..h rnrf' 

a,. = o.cos2
:tl + 02COS

2
:t2 + 03COS

2
GZ3 1 

·- --=------=-----...· ·-- - --1 
't" -= V ,J2 cos2 cz1 + 0

2 cos2 a2 + o3 cos2 
a;3 - a~ 

I . 2 

(7.15} 

(7.16) 

U.iuinb'I. rz1-l!, ~-/! t.. a.3-l!. t:.wrflw'tfr itnrJ•Lfr 't111'l.J111r> 111it'tJnL'll

'bbr1i bit r.wJa1"1.wu1111ufri111it a 1, cr2 t.. c;3 tatrnd!Lbrfr nL'l_'l.mfl tnL'iJitb

rfr t;/, U1 I 

1+ 87-frg "f.IUlr'f. ti nr Jwr/_WfUIJfr'j, f1U1riJ.wJw1frit t/.frGi.111~/r 'fh"/,enLJ 
,,,,fb'iJ111JbJ- £. 111Jb'b111ifrn.er itnrJwl L-rndlbbrl!. f.111r/_wua1r bit f.wJw~ 

"I"' ina1ufriwit111pa1 r 111J.bit111JbJ 4 wJb'hwifrn.er 'ltfu111rfnr l111rnLJ-

b b {' /,'j, I 

IJ.Jb'bwJl.J 2."l111fn'l. LwrnLJf! f.a1tJ.a1u111r t a1Jb'bwJbt> 2.rlwi.fr 

2.'unwrf'l.fr'b, f.b111J..111"1bu, wJb'b111JbJ £. a1Jb'ba1i[.n.pr '1Lfua1t/.nr La1rnLJ

itbrfr 'tfru111ur111rpbrnLfilJwitr1 U.1'b 'l"rdnLJ t 11117- 'llfriwi/.nr La1rnd£'1rfr 
nHr'lnLfilJw'il 'b'twurJwJp 45° witl11111it ura1't fJl,l!tf.,.,J- f.wrfl-'titbrfr 1.ru., 

eum nrnLJ -1'1"1.fru/r f.111rfilU11.'tit!.rfr rfrw itnjrJwl L-rnLflLbrt! f.111r/_a1ua1r 

[,~, wJ/sitwJ/sJ /,_ wJbitwif.rrJ!r 'ff/uwr/_nr fWrnLffL/,rfr 'tfru1117nLJa1rfr";, 

( :11>'2>73)1 

U.Ju"l.frun4_, ittnL(il/r L111rrf,.,J-1111frit t/.frGi.w'tfr f!'h'ft.1111.mr 'fb"i~n._J, brp 

11;, 111111r'tt/.n'1. 'thurnLJ l'"L"r hrk.p LwrnLflLbr'h tL f.111r/_wuwr z.bit f.r"Jfr, 
11111 tJI 'j, nLJ £'j, .e \ 

0 1- ::l'l 
max ~a. = 0'1' m inlj'(I == G3' max'ta == __ 2 __ , 

(7.17) 

9-Lfuwtf.nr LwrnLll£brfru Jh'tfrit 11.nL7wr:.l1n, £. 1/L..,fl,.,J. 1sr'tnLufr 

'&~u1161Ja1Jp 45o urw't pb.prf_atJ f.111rflw't'bbrnLJ max't-fl nrnz4_nLJ t 
( 7. 17) pw'&a1dt..nr/_, fruit 

cr1-cr2 a. - a3 
'ti·~=~-, 't~·J - _ "". __ ._, 

• 2 - 2 (7 .17') 

* 40. 'l·bfunrll'UBMl obrfl . Z.Uttl.RJ't.lfl! Z,Urfa' b1l_ 'CrU1l,UlUSf1'1 
lU.PtlJlU'USflt 11.f>~U.~ttrfl '1-blll~OJ't.lf 

IJ.Jit tf/,J/,iturfr a11frnLfi1JnLit(! uurnL7'f/ru ('bit• 87 )1 nrfr 'bfru111J.rfr 

.. /.rw 'lnrJnLJ b'& a •• 02• ::l'J flllrndlbhrl!• Jbit.[! u111fr"l.tf.-d- 'ttfritb'b,e fnrJ 

m'&/,i,Wf f)111J111"/.lllUIWUJuwit ~fnrJwufrw'bbrfr J/,,}nLfilJnL'bitJ,rfr f.atrf/fr 

15~ 



l,lnn1 a1 7,Juwt[nr 1•rJ-<;,f! fnupul'Jrn. t"f/! w"baf.w'bhtnt/ wnU1pfr'i,, fr• 
a2 '- aa 'fl.fu•'/.nr l"'rnt.&hrfr'L 9nt.9a16"hn tn'l.hrl!' "r11rnr'I "- "rrnr, 
nrnzh'i,~ fthJhiturft f.wr..,phrw~w\ hrtw1.-,,wtw'i, 7hlfmrJ-9/uu'ilhr1 

•t'I ""'llll'fi nui_'l.nt.fil1wJp, zwpnt.llLhrfrU 1nt.p ... .pw'ilt.Jnt.rfr wy7'69nt. 

fl1nt.'flf! '1frur111r'thLnlf. 111nw'b.l(r"b A. uinw94_111.! '°r71m'ito1'flhpf! ynt.Jwr6 

L"a/. frr 111r• 
a1 L"'rJw'il •9'1A1ntfl1w'b urwt !;1hJh'i1111f!. oun.U1t/t'il 'tmi/i nt.'l_'l_nL 

£'1•Jp 'tuuu11it111 
, ; er• 

a1=:-
\ E 
I 

r.,.,1'111P-'r 1111i•1' hrft111re119n1..! 1!1 

Ufr&'i,n,1't. J,.,J-'iit,.,11 ,••111'l.fr'k 'tniie a2 '1.. ~3 £wpnt11Lhrfr "b't111urJwJp 

l,.,,';,7fru~'i,nt.J t IWJGlU~WU J..•r/t• nt.uUl/i f:thJh'il•(! wn111t_fr'il ftn'I./r nL'l• 

'l."t.fliw.fp "'2 '- 03·l1Ul'nt.llhhr/r Ulf'l"S"t.fl1-1t .., ... t uurw'imi.J !; r..uJw

..,..,.,..," fu111\wpwr 

• a, "' o-, 
t1=-11- "E-, t, =-p.£-

"-r-r.br-1t-'St t111rO.w9n&.llhbrf!' l;l11Jb'ilrn1' tr/"/. J:.wrwrbr"''t.,,'b 11h

f»11rJ1119Jr111\ 1111uut.Jrfl 11n'lfi n1..'1.'l."'-f1 l111J p ft111rurwt.w J"'i/."/t 

. + . rn a. O't a1 e1 =E t +t =--u - - •~-
1 I IE 'E 'E 

tnt.J111rn1/1 'tJw'i, -rur..,r.1111111nt.f11n1.'iiLhr "uurw\w'il,e £. lfl.11u9w~ br~nt. 

"''1.'l"'/ll"'f,f,llr"'i ... nwt!"!J"'I. 'lhfnrJ 111sfr111'ithrfr t.u,J..,r· 'Jiurl.w111.bu• 
.,...,\,,u/ 4"6,e' 

(7.18) 

bp4 a1' a2• a, l11111'"'1£4rft!J "r't "'ti! .,&,,,Jn' f;, "'U/"' '11'.u 
flaf.111t..,f, -rrl4,el! .,,,,,,., t "'"'1.-fr"l (1.18) p-"bwd.Ur/i Jbr. r-s-

uwtwfr it2111\n'/.1 

(7.18). pw'ilwaJ.brfir ,,,f,J[tt_w-t"" t"'r"tfr t uur,,,'il.ut f.,..,rwrbrw

t-fr fhfnrJ11111fr111'i1£rfr IU('W1Mf.1111ur#t./ltnL'i,'ilbrf!. £rtnL nt.'1_1J.nt.fl1nt.';,'j,J,_ 

rnaf. a,,/Ul'j, t-J .,J,'l_,/J111f. '""'.enuf. UIJ'I """'~n1.J '1lfuw4.11r 1111rn1.1/-. 

"'"rt-a JAftl! ""'"'.e t eit'lnt.Ut '-'/.U1J11111r 'l.rni/t• Or/r"biu't, it't· 8 l-nu6 
fln&.lfl urr.J.,,,t) t"Jlf..efr r..1111.t 111r ""'w"bnul /,£~' 
160 

~I C: 
s =--11.-, 1 E E l 

\ 

(1-2 ·~ ) 
fj = -- --'-- . : a1 

E 

0 J _J_ ~ 2 _l c :1 

t> -'-- e + e -4- s ,-; ----·--v - l 2 ' 3 ;iJ\. 

(7.19) 

(1.20) 

(7.22) 

llH 



lfbL.p 111bu'imLJ b'ii.[!, nr 6wi/_1u[/t 1frnifrn/unLf'!"'·'iJ{! ~111fui/_w6 I; .!fr. 

llUJ'j, 'l:t/uwi/_nr 1111rnLffi1br/r 'fnLJwrfrrJ1 WJL nf_ pb 'ilrw'il9 r:.wrwrbrw~• 
9nLfl /nL'iJfr91 fl 1.u111f. /11n rw'iJ"'r'ffr awi/_wlfr 'frm/m/um(tf /llL'j,{! 'iJnt.J'iJ(! 

~lfr'ilfr. .U'iJJ1iu/u 'ilrou'i.fr9. [ill1 /unr.,,<;,,,,1,,1/, 'i.fruinbrfi 1.r,.., ..,'l.'P .. J b'ia 

frrb'IJ9 J'btt,, .. p, .. J'p. inwrr'r " 1' .:;2 I.. :;J 'fif"ia1nr ,.,,r111.&br, [J4 
tf~U.GnLJrl 

__ a, +a3 +a" 
'-'n-~----

3 

€n am ~~:+--e, =--= .:•_.± _~-~- + J,-= -~-~~-
3 3K 3 3K 

(7.23) 

t.wr1.1111br 111~"''b 1Mf>nrJ 1.119fr-'ir: 

0 r /r lt,,, ~ 211. a=!O uJ' 'tnf n1.-,,lr11n'l pl11nn'l,J"' ft•n r w"4wr'I! 'tfr"l "'"'lUl 
'[npywo I; l'"'IT"'l'A"'ft ft"l"' "t."'(nLlt..,'tfr Jbj J. •'17,f'/nLJ t wnw'l,Ql!"'J/r't, 

P = 24 m nulhpn'/ (\.~. 88)1 

9-ut'tllrl "t."'(nLltw'tJ. "i""""r/r 11'"' "'f'l"'l tr'Lz.nd/I, nL 

pl..,.nltJ- Jlrf. wn•l111:T"'l i"'l'"'-""'"rl!.' tnL,.uun"u/r 't"l'~"'
'tfr?I! pl..n'l.f r. .. .r ... r µ = 0,181 

Pls..,n'),P. 1sr1tw1~"" 1t•ult "b7JJ,.,'), J..,J...,'J,..,~ .J.'f.,.nLJ t 
f't,'1,.l'A..,ft'/lr l I "'Jluuftw'b nul'luf.J J••Jp J. tr'b nLJ t "f"'

~nL'l,w't/r "t.""""rfr 1r,. "i'""'"rfr (..,1t"''l.'IJ..,'t,I!. (,.1,,,••r 
n...Jn41 '"'"'"rfr ~-ft"''lfndll.ltrl!. 1.z1111.wft•lte Nrn'/ n 

Ny-ni (P nullsre RLf'l't'.... ,,,, z ..,,._,,flen1): ~..,J.,,1,,,
+nL/11•u'I. ~lr ... J.w\.en1 X• y £ z wn.111'1.9e>.lrre (..,rfl!.'),ftltnLJ 

,..,, flfu..,1nr L"'r"1.ll£'1r/r nLf'lnL/1JnL'l.l.1srfr r.i. .. 1 .p..,,,,. "I' 

J-nrwlt..,r7/r ii'"' '"''l'l"'l f'"l"l' n1.Jbrl! r.wuryn1.J /,lt Jfr 

ftl11nnocJ, "'"!."' •"'"'"'/r'twi/r (.,,,,,.,,.,,.,l'"d£•re tlrlt +"'r•'l 
0 'f"'•vnr~1•t• ew'l.J. "I' 'fl'"',,I! 1 "r-~1nLJ lrlt 0 = 0 

"'""'" ltnL1'),nLP1n._lt"ultrfr' 

'J./rrflrlte .,. .. ,,,J.,puftwlt 'llrf>nrJ"'flt-ltlsrfr 7fr.,. ... r~-
,,,,,.,,t, !w(nL'l.Ul~/r ~nt1nn1.£11..,l. (/r1nJ.111'1t~nt{ i"'Jltwft•l. 

7bfonrJ•5fw'),ltl'~ (x £. y ... n...,'),ge"'ltrfr "L'lfnL/IJwJp) ..,'j,(J..,,rJtlt ltlt1 ~lt.,,£..
."t. Ir., €1 = Ey = 01 ~-l'"'l'ltrwft ... lt lrrftwr-unufj,/,l'l! "'l'"'"'~•iurblte <:x• ay' az 
i"'l'"L.l/l,.'6rfr J/of.n11nt[' 

Ny p 
'1 y = - - It Oz= -1 a2 a2 

I' Ox =:sy = --·Oz' 
I-µ 

.s1,.,.,,,,l'·,,, .. 4 ,,.rJlr~'l.krf!.• ,,.,,,,,,,,,..,,,e 
I' 0, 18 

Nx=Ny= - - · P ftu11/ N1 = Ny=--- · 2i=5.29 on: 
1-µ , 1-0,18 

ftlrurn'l.fr Jht ,.,.,.l"'IT"'l 1..,rndruhrl! '"'Y"'""'I' 'ttfr'i.b'i.' 

Nx 5J.90 
2 a =cr =--=- - -·-- =-13,2 1·q /uJ, 

X I a2 ~{)' 'I . 

ay=:i 2 = -13 ,2 ~q/uJ'' . 

p 2t000 
a o - - - --;:_

0
--_- - = ' -- SO'·q/ud2 : z = J - - a2 - - ., . .. 

s 41. Ull-U!l'rU'lU"t.i 'H1:hnrtrll8Ml3l1 111nst°IJ8flUl. l;"t.ibf'"rJ1U'\, 
~Ul''l- t.Uf'-t.U'UU.Sti"t.i . 'lti~Ullti 'l-bflli~n~rr 

'1-blfurrJ..,9fr-1/r "ininl.'ir9fr-L l;'ilbr7fr- I; ~ntiJ.nt.J "'f11111U11/r'b nul:b

f'fr "'frj_l<9n1.fl inLfi/r9 IUA&U1.W 9n1f. wnwd.7w~111'i1 'l/,fP nrJ 1119fr1111fr f:./,111J..111'i1-

.pni/_ 'iiJnL[il/r J/,'l ~nLUr111~i/_n'f. t'b6r'lfriu'ir1 

Un.,,, a,111~111'il 11fru1nbJfr ~nt.urw~,,,J U/.n11rk'irsfr111 l t'irkr7frw'ir t.iuzif_b1n1. 

r:.wJUlr ~wrbtfr I; opriJ.bt- l;'iibr7friu1fr U/."'~U/."'';,J,,.';, ork'il.[!fr91 

bw{u 'lfr111wr~b'i..[! U/."'r'l. d.'lJ,..,';, 71.Uf..[!f! ('i.~ . 89 )1 b[ilb .!b'i..[! d.nqf! 

phn'ittu'[nrb'ir.[! UllrlUUl/r~nrbt, o\n'l.frs &Uuurfr~-'ii-p-r z-ur .Jrn./!r AP 
pbnW•r · ~w/ubtni/_, "'"/."' "'/'1"1.fru~ wJlt'b Jfr phn. 111i/_h1ou9'bbt.fru phn.ft 

IJ.111/u./.u.1d- J111ul! ~~p_'il~ I.. 'ilr111 Uf.nurh'il9fr111L l;'ilbr'lfr111L ~'frnllr111'i11M, fr11~ 

d7i/_wd- d.n'l_/r "l.nurh'il9fr111l l;'ilhl''l:frw'b ~.!U111'it1111 

f:hnfr 7111'il7iui;_, wuurfr6.111'hwp111r 1116.fr 'l/,'1.[!nd d.n'l.fr 

Ll.l'f.Ulllr J-...,1rfr urbq-tfrn/uJw'ii wrtu'ln1.fl1n1.'i.l! z-ur ifin.f!l' 

'ufr'itfr1 lhuurfr inbqiu•frn/uif '"l .! ... u,, ... 'i.hrfr fr'irbrsfr-1/r 

11ulbrl! 'rurhtfr I; iu'iiinbubl /,., r.b111J..w"l.hu, ~wrhlfr I; r:..,,~ 

JiarGL1 nr d.n'f.fr 'JhffinrJou9/rw'il t_/r nL'f.'b"-fr ufruur/,,,/fr 

~(r'i.l11nfr~ l;'i.br'lfr1111fr 'frn'frn/un1.[il1wJp.1 

U.111 U/.1111Jw'bi.hrfr . 'l/,U/.J!n1.J p.bn.fi U/.mnh'ir9fr111L 

l;Ur'lfrUlt 'brw /rt,'ithtnL J.,,J,,.r;.,,,,~ ~tfrn/uwr~i//r d.nqfr 

"'1t.wd.'1111~.,,'j, ,,.&l/inrJ 1119/rw Jfr U/.ninb'b9frwt l;'ith l''lfr1111/r 

( •n.1ud.'1:111~111'b 11bt/1nrJ1119fr111'i.. nt.'1.hbn'1. 1.'r"'1111fr'b J.. tth~urr"'""'t'il/r· 
•uut111f. hrl..trt.Jfl'ilhrfr r.hur/,,111'b11ni/. l;'i..b{''1fr1111fr 9fnLIJb 111rr.mJ111rf:.nLJ 

h'il,e)1 U.Ju"lfruni/_, nt.tlhrfr uur11111r{r~111~111'iJ 111'1.'fb9nLfJJw'i. 'fb'1,ent.J 
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U11uua'lau~ipf, ufruurbJ[! ~aupblfr /.; 7/r111wr~bl nr"fbu •"fnrnb'iJfJfrwl tftlzr.: 

'ffrw1fi Jfr urbu,ee J1,,Lufr'b +nfuwrltn'l JnLr•u'>wrnnL~ Jb.[!b'b1111 

fl111ilfr nr rlmfr ~nrsrwrl "'nrnb'hs/•wt t'hbr'lfrwil pif.iu"'bu ~ ... if. .... -
,,,.r t frt_b9Jw'b clwJw'iiw~ 'hrw ~u11nwrwt1- wzluw'!'w'bl!fr'b, w"lw 'lb.it 

tf.nrJw9frwJfr "fnurb'b9frwl l;'bbr'lfrw'b nrnzbl11L /u'b7frrf! t.w'il'lb9i/_nLJ t' 
1ururw,e/r'b nulbrfr w 2fuwrnw'il.[!l! t.w zif.b l'"'iz: 'fwrq "'IJ w'il 'lb"l.J!"Llf 

(§ 11) WrUIW.[!/i'b nL<fhrfr ~IUUIUlrUI,) 111z_/11u11n1u'iJ11fi t:.wJwr UU1111_q111'b.[!' 

A=~ 
2 (3.1) 

wrurwt.w1111nL{IJnL'il(!1 'ilz_w'bw~nLJ 1;, /,_ "'lJw';, "fnUl/z';,9frwl l;'bbr'lfiw'it 

(hrp ~l = ~~) '>wif.wuwr ~Lfi'bfi' 
P2 / c 2Fl U=A=--=---1 
2EF 2E (7.24) 

O'wif.,..Lfr Jfr,..i/.nrnLJ ~nLmwHn'l "lnurh'b9fi,..L l;'ilbr7frw1/r .[!w'ilw

~nL{IJnL'il[! (3.2) '>wif.wuwr t' 
c 2 

OE 
U=a=-=-1 

2E 2 (7.25) 

ll1JJ w'i19'ilh'b.[! Jfrwif.nr rlwif.wLnLJ ~nu.niu~1[n'I. "ln111b'b9fr-.L t'hbr-

'1:/rw1Jr .gw'ilw~nLflJw'il nrnzJw'be pwr'I lwrqwrJw1fi"i.t if_fri.w~/1 'lb"IJ!"LJ' 

(l.,if.auL1111fr'ii ~wJ '>wrf1)1 O'l1111/bln1/ nLJkrfr wrl'J.b9nL{IJnL'il'itbrfr w'il

~ ... fum-fl1w'b h 'fnLJwrJw'iJ u~7pnL'iJ$fr!J h b'i.iflU1'Jrbtni/_, nr 'flfuwi/_nr 

lwr,,d!bhrf! Jbd-w'bnLJ b"i.t 1Uu111fri.w•i11upwr, ·t:..u21/nLJ b'b.[! "lnurbit9frwl 

t'blzr'ffiw"fl, nr"fhU "i.t1nL{J/r d-1Uif.aulfr Jfrw1/"rnLJ 'llf11wif.nr 01' 0'2 /,_ JJ: 

. lwrnd&brfrs JnLrW.j!IU"i.tl.JnLr/r w7tiJr9nLp,w'b UIUJ~ ~IJLUIW~iJ.nq "f1JU1b"i.t-

9frw l !;'ithr'lfr.u'bbrfi 'l"LJ 111r' 

0'1E1 C2E2 03E3 u = a = - --- +- - - - + --, 
2 2 2 . 

nrUl''J. ClJ C2 &. €3w{!\ '>wrwplzrw~IU'j, "r~1Urw9ndlbb(il /,';,, nrn'b,/! nrnz

if_n1_J b"i.t euur (7 .18) pw"i.twa&.brJr1 l,burl..w"l.hu, 11bl/mrJw9frw 1/r uibuw

~auraur. wzfu1U111w'b,/!f! UJIU 'fb"IJ!"LJ '>w1/auuwr ~lfr'bfr' 

u =- _!_[c ( 2 - p. ~2- - u. 2-) +a ( ~- - p. ..2. - p. ~) + 
2 1

\ E E · ' E 2 
\ E E E 

(7.26) 

164 

U.J""lfrunif., 'bJ,,L/lfr rlwifwlfr Jfrwif.nr"LJ' (funrw'b ... r'I• nrfr ~"'l/!. 
·;,,,,j,.,uwr !; hr~ ... r"'-fill,..<;, JJrwif.nrfi"i.t) ~1JL111w~if_ ... 6 'f"lf-nrJwufiw1f' 

1rl14. );fibpqfnuli ~111rbLJr I; nrnzbt (7.26) pw'ilwa&.nif_I Un l;'bhr'l:frw'i. 

11,,,rblfr !; 11/1111wr~hl ~iu'l.Jif. ... d- hr~"'- Jwubrfis' 1) 11/ranwrH"'l /unrw-

11wr'ffr V d-auif.wlfr fnfn{uJw'b l.auzi/.fr"i.t {w1ufr"i.tl!"i.t P"l"r l_wfhr/r JJrw-

111£11111~ 1'nfnfun'-fltw'b1 wn.w'b9 /unrw'ilwr'lfr ""-fr t{tn1'nfun'-fll,..<;,t!.) 

'1"'"',..~11"'1. Uv l;'bhr11.frw1frl1 £. 2) funrw'b ... r'lfi J.hfi 1'ntf1n/un'-fllw'il t.bm 

~w"f•J,..d- U a l;'iibrlffrw1fill ( w 1ufi'ill!'il w1'b l;'bhr'lfrw1fr9• "rl! tt ... fuui/_nLJ 

t- /11nr,..'it,..r'll! qnL'lw'>bnw'bfiuui/r if.brwrlblnL i/.rau )1 
"lnmh'b9 fiwl l;'itbr'lfiw1/r "'lu"lfrufi pw<lw"i.tn'-Jf! hr~"'- Jwufr '>aurJwr 

t- utnUJ9i/_nLJ '>h111w'l1UJn'-J ,),..iJ.,..LUJJfr'b LwriJ.wd-w1fi'b i/_/rfa,..~Jr 'fb"l,/!nul 

.-,, /"L{l/r wJ rnLfl 1w'b t,,.,r9l! 'ffi111wr~bLJru1 
1,wzif.b"i.tl! 111buw~111rwr "ln111b'i:9frw1 (-'ilbr'lfrw1fr br~"L pw'l.,..'lr/rt

..,,brfr Jbd-m P1n1_"i.t'itbre: •{bre 9"LllJ uirif.b9 (§ 40 )1 nr funr1U'b1Ur'lfr 

~n'lbrfr 1lfiw111buw~ 11btf.nrJw9frw'bkrJr 'lb"IJ!"'-J, au1u/r'il.[!'b U~WJfi t\-w
qwu~ +n+ufi1ifbl"'- 'lb"l.f!mJ', imrw.gau'bun'-r ~nqfi '>wrwrbrw~w"i.t hr

~uif'"'.9,,,_Je {p,.,"i.twJ.h 7. 23) t:.wi/_wuaur !;' 

E 41,,.Lf! K = ______ , 
3( l--2p.) 

~n 

E:n =SK' 

11. n 'lb"l J!"'-J d auiJ.w lfr •fr nifr n/u n1_fil 11111'b l;'itbr'lfiw"i.t ~ ... "-... UIU r ~LJr'ilfr' 

2 (G ' a .J... cr )2 
O'pEn C 1 -r 2 I 3 3 , - n -

Uv = -~-- 2K -- 18K 

(7 • .27) 

t 1m.pfr w'hiwuiif.wtl ttbJb"i.turfi ab fr "'""'"/u"'-P 1.uilf! t:..u.tw..,.,.. 

urwufu .. 'imq UfnU1b'b9frwL l;'hbr'lfrw'il w1JJ ~nrn2if.fi nrUfbU Lrfri/. !;'bbr· 

41fiw1fr h tJwif.,..Lf1 t{tm/rn/unLfllw'il if.rw d-UJfuuif.n'l Ufn111b'il9fr,..L !;'bkr· 

'1:/:iau1fi "'-rrhrnLfl1nL'b' 

Ua=U - Uv = 

= 2~- f '.l! + a; + 0 i - 2p.( a1"z + ~i"a + a2°a) J -
1 

;E 
2

1'-{ 0'1 + :J2 + ";1}21 
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(7.28) 

'lwr'l. d9Jw'b '1-b"f.f!nL.t, brr :s1 = :s == : , a2 = o, "a= O, lLb,/b'iJ-

"'-r /unr•u'i...,r'l/r J...,1_,..Lf pn'f nfunLp Jw'ii t;/, 1. 
"l.nurh'b9frwL t'iihr9f1w'ii m .,w"fqw6 url111w~wrwr 

(I - .2µ.)o2 
Uv=--~-

6E 

/rut dkw'[rn/unLfllw'b utnur/,'b9frwl t'bbr'lfrUJ'b' 

U 
_ (I + µ.)a 2 

~ - I 
3E 

o• u = u,. + u~ ,_ -1 

2E 

'f.l fl to lu VIII 

(7.29) 

(7.30) 

U.trrflJtj}>SlJ." USU1'<J.0Mf{! ~llr'l- lllP1lJll>'U6J-), 
1l '1zm. '1 '1 1H1flt~ll Mr 

§ 42. l.llU~ll8fl'l.nflfl'Sflftt lllfrflti.fil'SUt SbUntt~snti.ttbl'Ji U'llUM, 

§ 33.n,_J 'lf'.J.h9 'u/nL[il-fr wJ f'"Lfil 1w'b utnnL'IJ iu'il r, 

twrtJ.wtl-wrfr'iJ 1.fr~iu'tfr '1-/,"fJ!"LJ' UfW['f a'fJiu'iJ 'l-h"f,/1nL,/, :;;[! 
p 

0 1 = -, a =- 0 ,.. ~ 0 F 2 ' "'3 - 1 

tiuJ +wr' d.n11.brfr ub11.JJw'i, '1/,Uf,/!nLJ', /,f'p 

Ol = 0, 02 = 0 /,_ a3 = - ~I 
F 

~/,.,,£:~; ~~;::.~~/,~~~Lfilfr w.!rnLfil1w'b uurnL9null'. 4wuiwptJ.mJ t- l!."-

4urJ 1031 ~ fa] I 

166 
( ,.f.-,1Jr1LJ) 

!:s) u11unnq 'bt_.u'bw~if.UI~ t l"'f'"LJ'bhrfr [JnLJlwurrhtfr JMnL[il/nL'ilf! 
a,,Jw'iJ ~UI,/ U/,'[,/Jw'i, 'Jb"f_.f!nLJ/ fl/llUUUI"~ 'iJJnL(lhr/r ,//,JwJauu'i1nt[il1w'iJ 

fiw,/Ulf' WJ'J wrJlz.j!'iJbrf! 'i.mL1'iJ'i1 /J'iJ, +furnL'b 'j,JnLP'rli fiwJaur' 

wwrr"r' 
§ 17-nLJ 'bzif.wtl t. nr {ilm-JLW"'f'"Lfr L"'rnLJ'b e'bu1r4.na..J t w1'ii

U/.bu, nr"lbuy/r i/urw'iJ'/w4.nr 4.frOoW~f! 4.rw fiwu'ilh[nL 'iJ~wurJwJ,. Ul"fW• 

r,,,44wu Lfr';,fr nrn 2w~fr k "fUI l_Ulf'' 

"l'"'h'l .:,O.f, 4.mw'b'lw1nr •//rf.w~l! p';,nr"Z"'l lwrnul'i. t• UiniuurM pbnfr 

'1/,Uf.f!nUJ' U1JU"ff1u/r t/_/16cu~/i t/_riu fiwu'iJhl/! U/lUIUUl/i~ 'b/nt[il/r fiwJwr 

p'ilnrn2.J.11LJ t JJ,J &w9nr'l"'J/r'ii '1-M/>nr.!w9/ru1'ilhrfr brkw'b 'l'"L"i/.• fru~ 
+/urnL'b 'il1nLfilbrfr r.w.twr' -0.w./!brfr hr£..,'iJ 'lw1n4, L1nL(l/r ./!wuw1nL• 

Jn.J.1 fl LUinfr wnwf.fr'iJ 'J/,Uf.[!llW OO= ;J(•' /tu~ /,f'~r"f''I- 'fb"f_./!nuf r:.O=O.JJI 

'lb-WJ~li lwr4_wJ-iu1fr'b 1fr6w~fr 'lLUf.[!nLJ w1u JbtJnLfltnL'b'ilbrl!. 
uurw34_nL,/ b'b w'bJfriw~iu'i.mrb'b a'lJw'b b. ub,,.r.tw'b lwpnrwurnr afrnr

abr/r91 flL<fbrfr W'l.'l-£9nLfJ/W'j, WJU"ffr11fr 'J/,Uf/! r.£21.11nLfJJwJp ~wrbtfr t 
frrw~w'bw9'ilbl :lwrnrwmnrfrwJnLJ 16. l1wrb1fr t i(rnrawr~i/."'1. 'il1nLf'4rfi 
t;w1fwp w'b.!fr'l1u~iu'i.mrb'i. "l'"ZJ,l 'inunL'bnLfilJiu'b uwt.Jw'bfr L. iuJrm.f'1w'b 
ucufiJiu'bfr JhJ-11L{ilJnL'ii(!I 

'1-/rmwr~4'b.e w1<IJ1 f'b fr'bt_U[hu "'""'./! t ~w111wrb1 iuJrnLfiJJw"1 

""'"L'fnLJ(! w1'b '1-h"l.f!brm-J, brp "r~nL ~UI,/ P"l"r brb./! crl, a~, ;JJ 

'lli'1w.;_,.,r 1u1p11Lllhhrl! fiwtlwuwp L bG '1.l'"Jfr• 

U.1u 'lh"l.[!"uf 'ilJnLfJ/r if.uiw'i19iut/_nr if.fri.iu~l! ~Wf'"'l_ t wnw2w'bw1, 

f!r;,'l:.w'briu"lhu wuwtl, al' 021 03 'tt/uiui/_nr 1iurnL11bhrfr urwpphr [JtJ.w· 

'""' wrJ-b.[!''iJbrfr 'JhU[.IJnLJ, ~wfui/_1uJ IUJ'1- JJ,flnLp,nL'iJ'iJJ,rfr pn/uW'flUrd 
liwriuphrnLp 1na..'b'iibrfrs1 u.1,,. r..urwpbrnL(U J"L'ii'bhrfr J"Lf'..,1!,,..-;,lJ"Lf' fiw

.tiu49,,._p1a1'i. ~f.,iuJiuUfWinU111fs-U1'iJ/1 'llfriwtJ.n/' lwrnLff£bf'fr nrnziu4fr if.uuu'iJ• 

fWif.nr :1~1 a;, 'J; J/,Jn1_[ilJnL'iJ'j,/zf', nrn'il9 'J/,Uf.[!'1LJ '1rw ~t:.wu'iJfr 'ilJnLf'/r 

t/_inw'bq-w1/nr 4.frli.w~{! (.tbtl- &w9nr'l-wJ/r'b .P,f/>nrJw9frw'bhrfr 4iuJ ~w

.f!hrfr brkw'b 'fWLf!)' 
U.1u"lfrun41 a11 a2, o3 l.urndlht.r/t ..,1u '1_.,,..,t;,9iuif.nr iurJ-/,./!'bbrl! 

9in'bhl"'- t.wJ.,,r :.-r~ 4tfr'bhr 'u1,,Lp/r 'bJnL2_f! [wpnrwinnpfrw1nJ b"ir-

fil-r~hl "f[fr1cu-J"f' l""f'nLffhbrfr iunh9nL{J1w'il(! 2, 2!._ uuurpb(' fiurrUI• 
02 o, 

pbrnLfi/ J"'-'fl'bbrfi 'JbUf.IJ"'-J I 'J.n rJ'iJ.,,~w'iJn{'h'iJ ""JUUffrufr +nrAb/' frrw• 

~-'biu9'bbll! -'ir_r.'bwrfr'b t -n 'frnrakrl! '1-r;,J,l"'- 'f'h/.iurnLfilJ.,,r;, £. +nr· 
d'"r~ndlbbrfr t:.u~w 1wqw'b tl-iu4_w1fr "l'""'l,.wn.n4,1 

fl1_uinfr 1U'illirwJ-'12"' t 'l"''bbi pmpq 1wrtJ.w4w1fri, 4./r'-,,.~/r tb"IJJnLJ 
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U,,/ rnLfil 1w'il "fUI '" Ul'i,f! 
pn.f uurU1!f.f U16 !;;<• J.. 
1s,,_,.,-;,,.,~, 

iphuJfiG L-rtf.-6-1fr'ii tf.fr-1..-11~ r.-J' 111r ifmrab
!;Ju ,//,J-nL{JJnLbbbrnif wr111111f\Ul/UJb·1nL nrJ..t 

IJ.Ju"f.{runif 'il/nLfdp w,/ rnL{J JnL"i#f! 

'1J,"i.J!"ul, "rP P"L"r hrh./! LwrnLflUr"il 
I; f.burL.11111 11"r"l' 

1) l\wztf.-r11ni/ "P" :.fw6 6-'ii 
01 > '?2 >!;;3' 

2) f!'i,mrif111.J- I; bjt1L{J-[!i 

Ull1llL'fb1nL fu'b'ff.re f!'i,'}-r,,lllbnLr 

f-1 r.,,,t/...,uwr t_h'il 'l.f"!P• 1r•fn'-J 

3) 1111'1- 'il/'"[J/, r,.,,,r.,,[' 1wpnr-1nnr .'/•nrd.wrftnLffkhr/r ll}p_nf!nif 

"fUlf'l a.,,fw'iJ 11w.f uluz,/Jw'il 7-/;"f..j_!ll<,/ 'fU1'iJifU16 h'i, ifu1w'i111wifnp Lw
rnLffj, /,ffr ,//J6nL{JJnL'ilb/,rf!' cfl = O<• ",.,,/ oO =Ou f. UUlf,,/111'iJt/_..,t) t 
filnLJ/""'urrk1ft l"'f,:,L,ff!1 l!J111f.w'bp_t/_nL,/ f- "-,.,,,_JJ,l w.!1•m.{Jl'.u'ii "i"'/,f...,<;,I! 

1-rif -d.., 1/r'il iffr-6.-11fr f!'i.7-r..,,•;,,nr 7-b"l../!P t,..,,r -r· 11/•mh'il-Lnt/. o
1

, a
2 

t.. 
0

J 1-rnd!Lhrf! I.. "i."'r,"l...,<;,J,1n•f "i."'z111rft 'ilnL 1'il k 'l"r<>w11frsl! {'ii~. 90 )1 

p 

(J, II 

'trtf.-6 /11'ii'lfirf! 
,. 1l111rn'I. f- JnL•4iJ6-l .f/uu/'il 
OIMJll'IU~ I; 

(f,:f~m nr£t h'iifJ ... 'lrm(rJ1111'ii 

<11'0 {f.fi"fn{Jb'l.fi) f.p./111f, 
<f, •II 

1.r"' ..,,'iJ ""'"fr'ii, ftlh 
ft'iit"l.ftuf. 111bu.[! m'iif. 

bJnL{Jft 111.f rnLfl/nLbf! 

'11/u"'"-"r lwrndl/,/,rf. 

/•'ilt"l.fruf. 'lnrd-n'b f- "lwl,/"''bwifnrnL.f. 'ilJnL{J/t 
t,..,~';,bll!' 

Jhd-nL{J1111'h £. 'iiz111'iif. 

l',bm ~'u"l."'1. tf.nL'ii"9f.111'i11 

tf.111,,,'ily111tf.nr tf.f.'111"-fr tf.r-

'1,,.rh1f. I; 'iizllf ,/f. .[!"''iifr "'t'l-"lfiufr 7nrJn'il'bhp f•11'f111"1.hu, w'ii7w.t 

"fl111UU1"" b/nL{J /rs "f.1UUJrwu1nt/_111J a11'1_/1 "fWf'f ~'fd w'iJ 'f/J "f..j!nt ,/ "lll

pb1ft I; r,"'f9 'f'ilhl, {Jh fr'°L:_'il t f.1LU'b7-fru111'ii11LU t.nu11L'iinL{J/w'li "lw"''- ""-f!' 

''"'rh1f. I; lz'iJ{Jlll'J-fhf1 nr f.nu11L'iJnL/rJ1nL'i1{! /1;1f.U1'iJ ~-'JIU "'J'i, 'f(,"f_ 
.[!11LJ, hrp An'l_nL,/ ..,,fb'ilw.!bJ- Gnpiftu[ JWjlll1UG!Jpp f.111u'iih'i1 C.nunLbnL-
Q b -
rJ"' ~ •• u ... r..r,,,'iJfr'bi Uwft1111'ii 't-rb1fr tr f.111r9f.'ii .!n111h'il-1 UIJL mh-

UU11lhmf.9 '- h'ilfl111'1r"L' nr f.nunLbm{J1w'ii 'r""LJ/lf! •Jr- "f...,u'iift "'If, 
'J-bUJ.J!nL,/, hrp °ilJ"Lflf. tutfbuwtff;-c} bpqtupwgm.tf~ r.ILllu'ilf. nrnzw"-,1, u111f.

Jw'i1f.1 '1wrk1f. f- w'iihl £. hrrnr'I /,';,f;-'1-rnL{l-JnL~f!' ..,
1

<;, f;, "f JU 

l/l,U19nr'f-Jfr'i, 'fh,,np.fU19pw'il/;rfr 6rf.111'j, f"'lf! 'f111"fifw6 I; WJb p ... 'iJfr 

f,/,.,,, nr 2n2m1Jmri ['UpnufGbpe f.ruub11L,/ bb nrnz"'"" '!lzd-mf111LUbl 

ll.1u"1f.untf., Jb'i,$ ft111rnrz h'bl! f!.'ii'lnL'hb1 .!fr Z"'fl! f,f."lnflhy'iihr, 

'twn.nL9bl ilf. Z"'r$ wlu"ihu ~nt_1fw6 "'"r"'fl1w'il 111h1111L{JJm'il'bbp1 /''i,z.-
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,,,_bu 1J"f.'j,,/! 11urhu'iihb.j! f.hur111'11LUJllLlf1 "f.ILUf'f. a.,.tutb " uh'l.J',/1a'iJ 'lb"l.

J!"LJ' 1 '101JJ 1/r b 1-rif 1U61LU 1/rfl if fi-6.w~fr 'f/, "IJ!nL,/ 1 IU,/ r 111.{J 1-'il UlllnL'f,/ -
;,,r'l:JnLb.J!~lbr f! uur1119tf.nul /,';, 'ilnLJ'iif!, 111'ii"-wfu 'iJr..,'iJft9, {Jh f./r"l.nftlh'l.

'bbrfrB nrb bb.[! ,/lz'il,e [!b'lnL'iJ/,[I U111 p1LU9w111rifm,/ f" bf1UbniJ, nr WJU 

'fU"f..j!"vf ILUJ' rnL{J Jiiii, uurm.7nJ [! f.pfJl11/nuf f" ..,';,,/ /•l_•U'tw'iinrb'j, i/rn fa,. 
t/.r"" 

flninpn•J/.'ii WJ[ 11"r"I. "1/.'ilf. 'f"PJ{! pw[''T- 1111r1Jw61111f.'il iff.6.•u11fr 

qh"t.e"'"' l.wt_nr'l "l."'r'u'lr111,,'ilhr"L" 9"'-!9 "-'nri/.fr' flh f.'ilt"l.hu t 
t/•n/w/m J' ,,_, l["''-fd J'"'b "1.wl'lw'iif! f!'ii'111L'iii_.u6 urlru11L{J J"L'iifr9 1l.u/u.fW1d-1 

'l•"t")'uw!11u°u "-f•rwn.nLfill"'''j, f.w.!1.11r 1111u "-..,,/ w1'i. urlwmfiJ1w'il f!b'"f"L

{J 1nLll [! l"u r'I Lwr1/ 1uJw 1f1'ii "fr6.1uftf. 'lh"l..J!nL,/ "b l'l'ii wl1111'iiw"lbu n rn z
~, ,, .. , t i/rnra111/ ILUf'1- urfw11LfrJ111a_'iJ{! UU1ffL'Jb1nL "f.z119n1/1 

~"" /rtJ,_t1U'IJ 1111( rnL{J J''-'~1 1t1hu11L{JJnLb'iJbr/1 2_.lll[llU'J-fJ W'iJf! 111'iJ9'i1blf! I 

'l,"-wu-rb'b.e, "l' •/m1U'iJ'f'u1f11r 'lfrnL{tlJnL'bf! fr'i.l_"f.lw "1.Lwu111f.~ 'ii111Lflkrf. 

c,,.,.t-r (Jbo tfb.usnr'l-"'Jf.'il '1£f/>nr.tw9ftw'iibr brt.-'il .,..,l"L ,/nJb'ilmr)• 

'u,,._1ii"[bu £. .frfurnL'ii 'j, J'"{J hrfi f,..,,f "'f ( 6.111/!bf brl..111'ii '1111LnL ,/ n

_.fh'burf!) 7ur'ilifn._,/ t 1,11Lft/r orh'ilef. 'tfrr111"-/;lfrnL/IJ1U'i, umC,1/w'ilnL,/ ( nrn

zwf1/r1 7nr6f,1.11ft1ubf. r.,,,.t.ur p•utf.-rwr .fntn111tf.nr11L/;1wJp)1 Uw l\'iJw-

1•-1/nrnL{J11n'ii I; u1u•Lf.u ,..Jrn•{,JJ..,'i, umn._.,.t..,'b(! ifb1'111phr'"l_ l\/;1n111-

'f"' C.wz1Jmffl1brl• J-,,,J',,,'iuuft •'f111ifb1 'ii111funr'I "l.wl,..,f!'wtf>'l,!ir11LJ, '-"L11/r 

"l'b'l._f'{' 'f/1r1LUnh1f.m.{J J"''i, u11111J,..';,p '1-b"l.'"L,/ wrinwoi/_1116 pw'i11uM1hrfr91 

U.n.ui~j1G, ,,,'J'f,'b,.."l"'f'I. bGpwqpnt.pjndi~ "-u•1w'il11tJ I; 'ilr111'iinLJ, 

"f 'i11mpf. tf.ur..,'iJ'l"'tf.nr •/fr6wftr tf.r111 I; r.,..u'ii11LJ "'J'ii Jn,/b'ii1,11fr'b, hrp 

PW!Jlll[ldlll~ wrJh.J!"'' lUt.l'bGwuht\- GnpUtu[ l"'rnLJ I! f.111u'iimJ t- tf.urw'b

'l'u'f nr ..,1,cJh.pf.'il1 U.1u f./."1.11{Jhq(! ~rnLJ t wtl'bGwd'bb- linpuwi 1wpnuf
!i!1pr u1hum(JJnL'iJ, l1wJ' w.!rnL{JJU1'il wn.w~j1G 111hunLfiJJ"'--'i, w'ii11L'ii[!1 

tJ.1,,"lf.untf.. I. f!'iJ'lr.,,,-;,nLr 'lb"/..pnLJ', hrp :;1, c2 "- a3 brhl! 'llfuw

•/nr L"'f'"111tbr'il tL "-·J-uwr t_bb 'lr"I"' f!UU1 ILllJU urbunL/il1w'il ...,,,_ 

r111.fJ1m'&f! UU"'L'fbtf.U Ut'ilf.rUI lhzLl'I t l\wzi/f. U1n':Jh1 J/rwJb 111J'hbw./h~ 

a'l"'l ftw.! wJ b'iJ111JhJ uh.,_J,,,,_ L"'rJ'w'b Jhd-111.(ltt•Lb(!I l•'iit "-"r"'P" .. 

I""'/ t- UJ,.,,9 ,ud- hr'f"'- 'ILfuwiJnr 1wpnLlli•hrfr ilbd-nL(tl I"' 'il'iihrfr'il, 1u"f_111 

'lf'"'iiJ! "-"'rd-bu {Jb "l ,/f. ..,'l.'1b9m-fil1nL'il l_nL'iih'j, bJ11L{;/r wJrnL(rl1111'ii 

t/('IU 1 'ilrw t/_urLUb'flU.f nr "fr6...."-f! ifr111 f.wu'ilhfttL 'lh"f..J!ffL,/1 /, Ill,/ rnLfil 1nLf.(! 

u<nnL'fblfru '1-f"'c;,9 ilwuf.'ii ~wrbtfr t Unn_w'bwll U.n '1-b"f..j!nLJ nrnz 

l"'i/rnif 11nr~"'-" t- qb-wJrG t.. b-wtlmtmJrG L-r•Jw6.u1fr'b iffr'-w"-'iibrf. 
~u1,J Ulf 1ui/ p11LPJIU'i, UUllll 7r/111b ,/hz b'lwd- u-r111rpLr11L(tf JllL'°llf!l 
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b(ilh . "lwr'l tl'IJw'b It uh'l.JJw'b 'Jh"l./!mJ Jh'i.t.[! a1 J.. o2 Lwrn._J. 

'rJhrfr t,..,Jwr filn<.JL...,111rn .. J' l;fr'IJJJ [ aJ JhJn .. ftl1n'-'rJl!., w"lw J.. l!'i.t'lr...,•;.m .. (-1 

'f""l.enc.J, krp a1, a2, :i3 hrh./! 'llfuwi/.nr Lwr11dlbhr'IJ l;l r.wq111uwr tM. 

cr_rn1fr, '/rw'iJ9fr9 wJh'iJ"!JbJfr f,wJutp J'£'iJ.p Uf.Q<n.[! t filn'-J/1U111p/,b.j! [aJ.' 
Jhttn•(il1n•b(!1 0.1u "lwlJ'w'ii'iihrfr 'JhUfJ_]ntJ' qurw'ii'lwi/.nr qfr-6.w~ hrkw1* 

'1w tnL 'ii~wmJ' IUJJ' p "I"' z-rfr 7n po au~fr!JI! 'itn<.Jh(! ~Lfr'iifr p'ii l"lh u "IW P'l 

a.7J111'it, 'itm 1""'1.hu la (!'ii'Jf,111'iin<r 'lhUf.[!_nLJt 

11.Jpn'-fil'Jau'ii "l..,lJw'iie hrl1n'- 1114"1.J!"'-" l;l ~'lri/./r J'frJ..'it,,,_1'iJ 111hu.pnq" 

a1 <. [aJ ~IUJJ /:;3! -< [:;}1 (8.1) 

llw~1111'ii 'itz-J.wtt . t.frutnPh'll! +nra.hpnaf utnnull.lfru r.w1m'ii111phpi/.hff 

"{'"' 111'iir.wJ'wUf_w111111ufu..,'f1111_filJn<b(! pnl"P "'-'1.'l."'-Pl"'-'i/itbpn1[ uk'lJJwL. 

ifrnra.brfr -r'11"'-'i.t1!"1brfr r.hin nt "'fr...,1'ii utlwuurfr~ ..,,,n._Pkrfr· wut. 

ifrfr1r"'-"' 'i.111'-fil"rfr 'Jb"l.J!"'-"' ll.111 ~"'r"1fr I; mhu'ilkt 111'itplf1!.brfi /,. n.kr 
uhr/r f,"IJ'w'it clwJ'1u'iiiu~ wn. ... y_1119nrz § 8$-n._J phpq,,,r} Lwpnd/Lbpfr9t 

ll.1u 'Jb':f.pmJ ci3 ::::: 110 ~q/utf2 , "('[! zwrn waJ.hLfi J'M t• ,e.,.if 
u1111r'I. '17Jw'ii ~wJ' uh,,_JJ,..'iJ '11"'1..J!n'-J' nhluw1fr'ii U/"'1"1111urfr r.num'ilnL

fJ1w'il uwr:.Jwbf!. (40 ~ci /utf2)1 ll'fiwJb +furnL'iJ bJll'-filbrfr a,.r;,,'iJ 'J/,Uf_

./.!nuf I; w1u 111hu1nfil1nc.b(! f,wJw3.w1'il"9iJ.nL1' .Jrnr3.hrfi r:.bm: ~w'ilfr "fP 

"'Ju u1hun'-/J11n."ue P'"l''l Lwrafautttu1/i'ii aJ.fib.w~fr fb"l..[!"'-J umfnrwpwr 

urwlfru I; ~n'ituurp11'-~9fi111'iibpfr l;lhJl'iJm'itbrfi ~mriJ.111,}.[!'hbrfr ~..,J wqh-

1nr'1• ~..,J tubpwi/.aurwr l"'<fhr, IUIJ'J "l..,m6.tunm/ .,,1'iJ pinLu111ojind /,~ 

'"ftnlU'f''rJh I' 

lJ.,.111f.fr'iifr9 1114.htfi "'2.• "- "i'"Z t.111+ni/. "rut.I"' wn.w!fr'iip'il r,.,,~.,,~zfin_ 
Ulttlllt_wr~i/.w,} bp~pnpq fi~UJDpbqe f!.b'JllLblnJ .I;, nr -J.mw'i11l'»afnr i/./i· 
'6,,,,~/r i/.r- ;.,wu'ithll! nrnz.Jm .. J' I; Ill_ (ilk u1Jh'ii111Jl;J L"'rn'-""''·' IUJl 

wtl'bliwtl'bb- fiwpwp.bpm~wli bpqwpwguwG ~.,,J qwp6wgtfwG JkttnL

fi11•Jp1 

bp!i WJ'JU[hu 1;, wUf_w wJrmfi11w'ii utn"'-'l"'-Jf! "l.hur,e I; ~111m111rbl 
f!U&n wJJ.'iJ1<1J'kf} f,Ul('lllfl/,plU~Ulb 'Jf.lpnpJ 1119fr111'iJbpfrt f/Jwf,UflllhQLlll/. "ftu

:..111rfr 'i.n._1'il 'l"rJ-"'~P91!• Jb'il,e l!'il'Jr..w'itn'-r 'lhut,enLJ ( P"l"P '1L/u 111rfnrr 

1111rndli.hp'ii tL r..wiJ_11111111r 1.t.'ii '1.l'"lP) "'""'J! t wJk'itwJkJ ;..,,pwpbrw

.~-'it . brtw1'il-~w'it '1hf/lnrJ.,,9p ... 1/r t..,,J..,r filn•ll.,,'"rb'ill! 'i,,,._1<;, Jbd·nL

fl1n'-'iil!, fr'iJl_ np /,. "l_lll(''J. a,,J..,'iJ 'JhUf_J_]nLJI 

C'iJ'Jr,..,.-,,,,._r 'lb"l..[!"<.J 9Lfuws/nr 7Jw 1fr'ii 'Jht/mpJ 1119/rw'itbrfi t,..,,J -r 
(§ 40) J/,'b.p ,,,_'iJhfr'iJ./! ( 7 .16) piu'ilau3.t..brcr '1wfi11/,.,r} '1t/u111i/.nr l"'Pn,_J_ 

'iJf.r/r JbJm [ii /111 'iJ'iJhrfi f)utpwplzrw~!JllL{il 1nLbfr!J LU J'J 'J/,:f. nrJ 1119fiw'iJhrfi9 

Jh~I! fils/-"fbu iuJ/,'iJ..,JMe ~Lfr'ii/r1 '>/r9111 .P "'l'I ei-'iJ 1;1 11.n 'lh"l..J!nLJ 

1 
Sm ax_,,. €1-= - [ Jl - p.( ::!2 + aJ) j r 

E . 
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(8.2) 

I [ ( ' ] _,. [c] - C -- t.L j <) + o3 J ~ --
E 1 ' - E 

(8.3) 

U.1uutfruni/., c'il'ln L 'ilh l"" wJb'iJwJ'M r..iurwpk r111~111'il hr~aurw9mJ
'iibr/i u.bum(il1n'-'iil!., Jh'it.p Uf.111(''1. a7Jw'it ~-J uh'l.JJ111'il r.wJwr uwt:.

J'111'iis/wt} filn'-Jl111111rhlfr L"'rJ'w'i. r.bur "lb"'./! t r,..,JbJiuurb'i.t.[! nt (ilh 

w1u ~-J' ,.,,..,, 'fl/t1U1s/nr llU('llLJ{!, 111Jl '1(' 111'iJ!J Jfr-~9ntfiJnL'rJf!' WJU"l./Ju 

~"trfwd- pbpqwb- (r.111zs/111r'r»1fi'il) Lwrn'-Jl!, npf! nrnzi(_nuf I; 

Orz= [::11- p.(::!2 + ::!3)] 

pw'iliua.J..nyt 
ll1u f,fr"fnfilh'lf! bnLJ'iJ"lhu r,..,~wu11L[i1J111"1 Jbl I; 'lw'ity111_J "llwuurp~ 

'iJ!nL[ilbrfi wJpm(ilJn'-bf! n1_u111BLwuppk/nL npn?_ rfonra.brfr f,/,ur1 lJ(lf. "'J'iJ 

IUJUUf.fiu/r 'iJ11,._fi1hr/r f)iuJwp '6.frzur Lfr'iJbp, 111"1.W lzp~nL ~llllJ hrb.f! nLr 

'l"'-ftJJm'rJ'itkrnaf a'lo/_"'l 'i.Jn'-zl! .,,s/blfr wJ11'-p tLfr'iibp, ./Jau'il 9Jw1fr'it11rb'ii 

a.'ls/"'l 'iJJnLzf!• ifrnpa.l! wn 1.P r.111uuiwurmJ1 !lfr r.'f'uurwwsjnLJ 1111u · 

r.p"lnf111'll!. L P"L"r "'-'1.'ln'-p 1n._'i.'ilkrns/ >.,111rf 111u111rw t wifr ub'l.JJ .,,-;, 

'l:b"l.J!nLd: 
t

1
,.._phr/r rfrfurn'-'il qpb.au~p t:..,,,J wp u,Jh'iJiuJM r.111r111pbpw~wil 

'lhf/ln{rJ .,,
9

ftw'ithr/i urbunL[IJnLbf! uns/t1rwpiup "' 111lfru t ifrnrafr f,but 

r:.wJ ,,,a w1'1J'19i/.n'1. wr'll"'-"'./!f.,hrr 
bppnp'} 'fi"lnfilh'l.f!. Jh'l. 'itnr/i9 i[hrw'l-wra.'iin,_J I; w1'it "l.wur~br111S-

Jw'itf!1 nr 'IJ1n .. p/i quriu'i17wqnp s/fi'6.wtf! rfpou r..wu'iihL"'- Jht. 'llfuwi/.nr 

'lhrl! "l.IWur~iu'iln,_J t wubfiwubb- [Wpndfihpltfi, P"'J9 iup'Jb'il nt (ilh 

'itnrJwl' lllJl 2n2w1}m'l· np(! r.111qwuiur' I; wJb'iJU1Jht} 4 iuJh'ilw<f"'.[!r 

'tl/uws/"r Lwrnd&hr/i ~fiuwur111rphpn•fil 1w'iie' 

ll.1u h'itP111'1r11'-fil 1iu'it 

~iuuriurhl l!""' znz111<fn'I. 

mk1w1 ur/,u./!i!' 

cr. - ~3 
~max '= 2 - ·-t 

'J-ll"f.[!llLJ 111J rnLflJw"i, UtnNL'fll'-J(! "fbur_p t 
L"'r"'-BLbpfir ll.Jrm.(l1w'ii "1."'IJ"''itf!. ,,._';,fr t;b-

'tmax 4 (-:j 1 

lil 



f>'iil qbrwpbrn,_J I; {i:] f1"'-llwmrblfr 1wrJw'bf!.1 wui"' f!.'b'ln'-'iib1nq. 
nr i{mw'b'lwi{nr i(fr6.w~/r 1[rw t:.wu'bb[f!. ~w/ur[wJ I; Jfrw1'b wJb'bwJb~ 

znzwrfrn'f. fWrnL1Jb/,f'fr!J1 Jb'iJ,/! Jwqw1w1fr'iJ fW('r[uiJw1fr'iJ i(fr6.w~fr 'lbUf_
j!nLJ 1;, uibm.e I; IUJ'1 fW('nL1Jbbpfr r..wJwr {lnLJlWUlrb'iJ.e 'iJ,,,_,'j, JbJnL

fil1ru'bf!.1 fr'bt nr /,_ UJWr'l. a'fJw'iJ 'fbUJ.enLJt U.n 'fbUJ.enLJ qurw'iJ'fwqnr 

qfr-6.w~/r i(rw t:.wu'bbl"'- 'b~wmJwJ p w'bi(mw'iilfn'-fl1w'b wumfr6.w'bf!. br~nL 

'fbUJ.[!n'-J I;[ 'iJ,,,_J'iJf!. ~lfr'bfrt 

b[ilb Jbii.e UJW(''l. a'fJw'iJ 'fh"Jj!llLJ 'iin('dUlf fW('ll'-fil,J;rfr f'.,uiJw,. 

filnLJLWLnrllLJ b'b.[! [ Jj JbJnL/iJJnL'iif!.1 WUJW 11rw'hnq /tu~ wJh'bwJhJ zn• 

Z"'T"'I. [W('nL1lbhrfr t:.wJwr Jh'b~ pnLuwmrn,_J b'b,e [ i:] = l +I wr<lh.el! 

[mbu (7.3) pw'iJwalLf!.]• WJ'f znzw1frn'J fW('n,_ffbbpf!.1 fr'iJt."f.bll r..w,m'iJf. 

1;, 'fnrJm_J b'iJ alf'1'f. nLJfr nL'f.'f.'1Lfi11111'h 'j,~WmJwJp 45° w'iJ~1w'ii UlW~ 

{tlh.ei(wJ t:.wrfil,.,~,,,_J 1 

Uwi(wlwlfr'b 1wpqwJui1fr'ii i(fr6.w~/r t:.wJwp wJrn'-filJw'h uiw1Jw'bf!. 

f!.'ii'ln'-'bn,_J I; t:.hm£.1w l mhll.[!f!.' 

(8.4) 

U.1uuifruni(, f!.'iJ'l",_'iJh1nq 'bz.if.w<l t:.fr~nfilh'l.f!.• t:.wr~ I; Lfr'iind wJr,,,_

filln'-'bf!. ULnllLfblfru atp1w'i.i ~wJ ub'f.JJw'iJ f'JnLJLWmrblfr fwrJw'iJ t.bm 

r:.wJhJwmbl. nt pb wJh'bwJbJ 'iinrJ'.ul 1wrn'-Jl!, WJL wJh'iiwJbJ "'

wJh'bwrfrn.[!p 'iJnrJwf ('flfuwi/_nr) fW('n'-I/i,brfr mwrphpn'-fi/JnL'i.if!.l ~wz
i/_wr~w1fr'iJ ( pb{tr[wJ} 1wrJw'b JbJ,,,_/jlln'-'bf!. w1u 11hui,en,_J t.wi(wuurr I; 

llubGwtfb~ 2.n2un}m'l iwpnLti'Gbpl1 mbunq:tJnLGp mw1fru I; rfrnrafr 

wr111nL'iJ.e'iJbrfr'iJ pwi(1u~w'iJfr'iJ Jnm Ul(''JJnL'iJ.e'iJhp1 f'.,WLn~W"fhu "JfWUUl/r~ 

'j, Jn'-fil brfr 'fUUJ.[!11'-,/, w J'iJ t:.wumwmi(n,_J f; pn [" (' "'-'f.'f.nL{il J'u'i.i'iJbpnq 

uh'l.JJw'b rfrnrabrni/_t Uni(nruipwr w1u mhun'-filJ"'-'iif!. wuiwt.nq1uJ I; 

~n'bump1n~9frw'iikrfr t'.,.,,z.,Jwr~i/.n'I. l;1bJb'bm'iihrfr wJ1ur t,.,rfrhr• bpphUI. 

wl'l twrfrhpf!. uihm.e b'l.wJfr9 w'blfwtl wif.btfr JbJ h'b umw91/11,_J: 

1J.1'b UJW(''l. mbu.eni{1 /r'iiJ_uibu WJ'J mpqwJ I; (8.4) pw'bwal.nq, 

,,,Jpn'-fillw'b uiw1Jiu'bf!. ~wrhlfr I; 'lrht Jfrw1'ii w1'iiuifru/r 'ii111'-frlhrfr r.,..,. 

JwpJ nrn'iJ9 '.wJwr a'fJw'iJ £. ub'f.JJw'iJ pnLuwmrbf/r [LU('nLUi.brf!. 

~wrn'I. h'ii f!."''1"'-"'""' /rrwr t:.wi(uiuwr· orfr'iiw~, uin'l.UJ"'"'" r..wJwju 
U1'buifru/r 'ii1n'-Phr/r t:.uiJwr• fi'iituifrufrl! b'i, filmtf!.• l!"'rf!. £. uiu'h (8.4) 

pui'bwab.fr Jht uibm,e I; Jm9'iib1 "r"2. rfrnrfrnfun'-/JJn'-'b'bbp, npn'il9 z.w
rw11r1uJf!. wri(wd- I; XXXVII 'ftfu"'-"' 

lJ.Jb'bwJhJ z.nz.wrfrn'I. Lwpm.Ul.hr/r mbunL/iJ 1w'b wt.e/r 'l.wr'iin'I. (ilh
rn'-filln'-'b'bhp/r9 Jh~'iJ w1'iJ J;, nr UIJU mbunL{l/nL'iif!. pn1nrni(fr'b t:.wz1l/r 
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tfr iun'iinLJ f!UID 1fbc"lnLpJWU ufi~l1fi 'fLf11wqnr f"'rJ,,,'j, w'/.,,J;9n'-fr1/11L'ii(!_. 
.,,,,u{Jfr wzfr1w1nw'ii.efr 1.rwt Umw9i/_nLJ f;, nr r..wumwmnL'ii al wJb'i11u-

1lhJ b. O'a wJb'iiwifrn.er 1wrnLlfiibrfr 'lb"f.pnLJ l1wrn'I. h'ii.e yw'ii~w9uiJ 
abnq rfrnfuhL Jfr'l.fr'ii -;

2 
LuirJw'b JbJnL/jlJ"''iif!. 1A111}ub1nq GJnqtfi ruz

]inumrufrl!fi UJUIJtfwGlibpe• Jfrw1'h {Jh 0 2 LwruLJf! m.w 0
1-/ra ifrnl!r IL 

~ -/r!J JbJi U.iu e.w'ii'lwJw'h,ef!. ~wu~,,,J I; umwrw9'h11ul, h. •/rnrabrf!. 

~3.uumuimnLJ b'ii, nr a~ Lwr1fui'ii JbJnL/jlJnL'ii[! w1'iim.wJb'iiw{1J/ri/_ W'l.'fmJ 

!; 'ii nL/jl/r uiJrnL{<IJui'ii 1Jrwt U.1u ,.-,bum[lJm'iie [<lbrwlf'iiwt:.wmmJ I; IL 

t; b~b'iim/r wJrn'-{J1m'iif!. /u,,,/11urbl"'- ifmw'ii'Jf!. w1'ii 11bui.emJ, brp !;lh

)h'iimf!. hrh.e 'llfuwqn-r '''-'I'l.mfilJ"L'ii'iihrmJ l;l b'iiflwr~i/_mJ I; t:.wJwr1ui 

r...uqwuwr alfn'I. 1wrndlbhrfr1 . 
~/r'ii urhunL/jlJn'-'ii'iihp/r [ilhrm{<l1m'ii'iibrfr ~uiuiwbm {JJ,.,JP umwf 

ll~w'i.J 'imr fr'lbm'iibr w1'iJ pw'ii/r Jw11fr'ii1 /jib nr EfN('Jn'ii'ii I; W'/.'llllJ 

qmw'b'fUli/_nr qfriw~ WUWfW'i.iUlfl;L '1rwl 
llfr zuir.c t:.b'lfr'iiw~'iib[I t.w1m'iib9fr'b wl'b b'ii(<lw'lr"'{<IJ11L'iif!., nr 

'iit'" /jl/r qmw'b'lw1/nr i(fri1ulie ~w/ui{wJ t nt. [<lb wnw'iiafr'ii qhr9rwJ 

'lbfPnrJw9fr1u'iibrfr ~wJ fJUrmm.brfr t!bJnL/jlJnL'iJ'j,br/r!J1 "'Jl WttWy/r'ii
'iibrft "'· hrt1rnr11'iibr/• Jfru1l19m/iJJtn'iifr9' uinmb'i19fru•1 l;'iibr'lf•w1/r• l1wJ 
/jlqwUJhu 'iJr,.,'iJ r.,,,,q_,.,mur 11bf/inr.t"'9frw1/r m£uur~r,,rwr wzfr1LUmLU'i.iJ!fr 

JbJnL[il1nL'iifr91 U.n wzfuwu1u1'ii.J'fr J/;JnL/jlJ11L'bf!. wrmwt.w1mi/_111J I; P"L"r 

hrh.p. lflfuw•Jnr 1wrnLtlbbrfr Jfrrn9rrq1 
b[ilb b'bfilw'lrh'ii,e, nr •/w"''iilfwqnr •Jfriui~/r ui.umiwne 11MfmrJ,.,-

.'ffrwi/r trfitl mhuw~u1rwr uinmb'by/rw1 l;'bhr'ffrw1/r ~mmw~ndlb J;, wui~ 
'iiimltlfr wJrn'-/jlJ1u'bf! w41,.,r.nif•/wo luf1'bfr, h(Jh U ~ [uJ1 U.1umb'I. u
'lLflinr•f u19/'"'J/r uinu1b'";;3/iwl l;'iibr'lfrw'b I; d-uii[w1w1fr'h 1wrq,.,Jw1/r~ 
i/friJU~/r 'l·b"f.[!llLlfl n('f!. Wl'UllUr..Ul,Ull,llLJ I; (7.26) pw'ituia.J..fr 1lfrf_n9nq 

u = ~ 1~~ + ·~~ -+- :;~ ~ 2p.(jlJZ + 0 1°3 + 0 z0a)l· 
2~ . -

fiu~ tu ]-'ii UJ" wf,'bsfr"' l l;'iibr'lfrur i/r [!rrL Jlmmrblfr ,ew'h"'~"'-fil J"'-'ii'ii I;• 

n ('f!. ( f!."'" PLU(''J b. qow 1/1'iI l'"rqwJui '""' ·11·{,.,.,~'j,brfr 'fhUJ.e",_J 'ii J'~/jl~ 
r:.wquiuwr iuJrm {J1ui'it "f"'JJW~1/r) ~Wfln'[ I; umw9qh1 "JIU(''/. a, W \ 

1Lui.p.ruJ 11kfPnrJ ,.,9/1ui 1/r Lrfr•l /;~1br9frw '" (7 .2.'5) wrmwt.w1mn1_(il1nL'h/r9 

c• 
u=· 

~F 

"Jui(''/. a,J,.,'iJ 'fb"f.l!"'-J Jb'iJJ! 'iJnrJuil f"'rnL:Jbbrfr t.wJwr /jlm Jluimrm.J 

L'b,e \o] JbJm(<IJn'-'bf!., 'lrwi,,nq fr11~ 'lbfl>nrJw9frui1/r mbuw~wrwr wz-

friwmw'b~/r r.,,,,.fwr filnLuwmrh1nq' 
. [cr)' 

[uJ =-I 
2E 



f!it'l-f:,.,,'i..mr '1-llL'l.J!"'J w'i.11/ rnw'i.'f-11•/tl J°''i. 'i.t11LJ'i.t wuurfi6.u1b[! "l..,r,"l°'
:'j,/,lnL t:...,Jwr '1bf/>nrJ..,9fiwJ/i urbu<u~wrwr wzfu<uurau'b.J!fi Jbdn<PJn.'i,f! 

t"lhur11 t If/,<} Ll1'ii/i [u]-fr91 11.Jr"'fiJw'i. "lw1.tw'i.c c'i.'ln<'i.mJ t t:.&. 
·tnl.JLUl ur/IU,f!(! \ 

l __ { -' -1- _2 ' _z 2 ( . - - + - - ) ] .· ( :i 12 
~ '"'• ..J:! --r ""'1 - !L 01~·1 1 ""1"J "•'a .,:...., -2E - • . 2E 

(8.6) 

ll.1u t..fi"lnfib'l.f! 1'nrabl1n4 lf t.wuurw1.lfl/~i I. 'it/,i"~w 111u!u J/11.u/'i. 
"lwurJ' LU~w'il 'i.zLUbw~11 .. fil1m'i. 111.'r.ifi1 IJLU~WJb w 1'i. l:.fiJ ~ t.w'i.'lft"LUSLU.f 

'bnr u111'11111.pjlUU hGupqlnul1l1 mf;unLpjtuG uUJluzJJ,,,iJ t:..uJIWr, nrf! 

uni/nrwpwr lw1/ t f,wJwJ.u11'iJb,rJ1/nLJ lfrnrAl1rfr f,/,ur: 

ll.111 ..,J,u11Lfi!J11LU[!, "rf! urr.fnrwrwr LUbi/w'b11of /,';, wJrmfil1w'il 

~nppnp'f urb"'"fiin•b r ~·u" t.ftuinfiJb'I.), bitp ... ,,r,,ut t. "r .furw'i.qw.fnr 

"Jlwumfr~ •1£f/>npJw9/1.., w1Lwp_w'b1»l'" "iwur6.wn{! "l pb 'lbfl>nri!JU-

9frw1fr LUJpnqp_ ut.nurl•~•!Jfrwl f'i.hp'ffrw'il t, LUJl Jfrwli1 'ilpw wi'i. J'wuf!1 
nrl! ~wut.1/wd- t 'b11n{tl/1 1nu1rrw~w'il d..,t{w{iJLrft 0.L.P, ,~ 11lmfuntpJwG. 
f:.bur1 ~burlu1"lbu, _'llJ'u[tl/i ..,Jf'm/IJ11L'i.[! WllfJUr,n.f1.,.,J ~tf.'ilfr, bflb 

UJ :!f; (ud)1 

u.,UUIQ'I_ U~-';, abwtf1rrfu11LPJLUb "f.t1U1b'it,9frwl ~bbpqfrw'b t f'l.Ur'l- fLUr.fUl

,}W Jfr'b 4.fr~~fr 'J/,"fJ!lli.111 nr{! (!11111 (7.28)-fr r.wywuwr t' 

l • 1• [ • + . . 
Lid = . ,, - :i; (j ~ +- c:; - Jl J,, - 0'0::13 - 0'103J' 

3;: . -- - -

f>'b1 .fbrwpbr1uJ t "lwr'I. a'fJu1'"ti 'lb"ii!"'J Ah.fr 1finlfrnfun•f6iw'b pm.r 

lwurrbtft "i."urbl,9ftw1 t'i.br7fr11.11ft'i., ..,"11u w1'i. c1.1ur (i.30 )-fr l:.wtf.wuJUr t 

u, = ~-~ [a] 21 
3E 

IJ.J' rm[' JIU'iJ "f.11.11Jwb(! {!Ullr t'i.br7/Jurfi~ urbu11Lp 1w'iJ ~f!'b'l-11L'iJfr f.binf.• 

(8.6} 

fru~ phr.fw.t Lwrnulf!1 t:.witwu"'r ~t/r'i./r' 

---- :rr4 =Jr;~+-;~ +~~~J~;!l_·;~-;J_-,2,J 
1 'L•t.J'h wpy~n'--,,f!I'!. +umw'l,..,l,f! (8-~) f'"''J,..,J£f JI,£ ,,.J,'l."''IPJ,Ln1 fol=O,I, 

·npf!. t:,..,J..,"i"""w"fuw'l,m..J I; Jw1w//• ..,"i11Jrnt/rnful.lfrn1.pl..,'I, "lw/J..,'1,fr'l,1 

17-l 

IJ.Jr11<[J JUl'i.J ( 8,(j) UfW JJ Ulb(! ~-r"tfr t bhr~WJIU!J'j,/,l W1L1 
.J.m.flLbr/i t:.wJwr •mJhl/i f:.wrJwr urhuJ!ntf.' 

;- - ·---· -··----- ·-·--------

~ --~-1<:;1- 02) 2 + (02-:rJ)!!+(oJ-01)2
] ~ [-:;]: (8.7) 

(8.6) L. (8.7} pw'bwl.L.brf!. frrb'b9fr9 'bbr~-1w9'i.mJ /,f, wJrnL/i1-'b 

"f"l!'l"''itf!. (!ltln "'Ju"lh" ~nf.!/"'d- at.fr if11fl/rn/umf61w'fl wJh'i.-J'bd- "l"
..,.f,',,9/i"''l l;'i..br'l/i,..1/r ur/,unL/lJn1'i.1 

'1wrhlfi (; W"fW!JnL9hl1 nr (!ULn l.llJU urhumfil1w"il O'r4 C,1.11zi/wr~w1fi" 

.lwf'"'"(! r..wJ'bJwur ... ~..,iJ t' 'llfi1wi/nr L"'rndR..brfr ""l'1.nL/6Jn._'i.'J.1,rfr 'b~wur
Ju11f11 Jfrl.'itnL/b JUb~JWb urw~ P".etf.w<l t:.wrfilJU~nLJ '1"r<lnq znzwifrn'l 

.l"'f"fw'i.[!' flLuurfr lGhpqhwji.q mhunt.pjwli '"Ju urbu./!f! iln'-l'i."ihu ~au

rh(/1 t '1-uril'bl mhun._p,m'i.'i.brfr 1.UJ'i. ~mr11fr'i., nrn'i.J! "llwuurfr~ 'ii111Lpb
rl· ,,,JrnL/d1w'i. uurnLyrnJ[! f.frfl11n,_J L'b 2n21U1pn11 1wpnufG.bp~ Jh~n .. -

/JJ"''b .frw (qtm/u XXXVII)r tllnralirl! 2."'"' lwi/ t:.1uuuiwmnLJ bft uuwu

m/•~ 'iJ1nLfi!hrfr r.wJ'wr (!Ulll &»JU inhunL{iJiau'iJ UU1LUfJ.fw6 wr'fJnLbJ!'iJ/,r(!I 

(7.17) pLUbwa/1..brfr ;frJwb if.rw wJ'r11<f61w'i. (8,7) "fLUJJ'Wbf! ~W

J.L,/1 t- 'l:rbc 'j,..,/, f.b,,,J,.JIUll urhu.entf.' 

(8.8) 

'.1u'brw11n<J' ... rft pbrhlnr/ JUJrn•fiJ1w'b ,,,bunL{VJn<'i.'iihrfr 'Jfturwr~

.J1u'b Ulf''f/lll.bj!b/,rf! • Jhb.[! <lwtf.w LW 1/r'b fW ritwJw Jfr'b .f fi6.w~ft 'fh"IJ!nt.1/ 

1UJ'f11L//Jwb "f."'JJw'bf! ~wrn'l b'iJ,e 'fph[ /)/,ur/,,IJU{ urhUJ!n{ 

O'r ~ lo), (8.9) 

.nrinb'I. ar~f! t:.wz.fwr~l.UJftu (phr.fw<l) l...,r,,.l/b t· [a]-'i. pm ... uJU111rbtfr 

J_wpn..lfi. t UJWP'f. a'fJ..,'11 ~wJ' uluzJ Jiu'i.J 'JJ,"fJ!nLJ1 ~LU z.1/1.Ur~'" J/rb Or l..,_ 

r11LJ(! ~wrhlfi t ,/b~'bwpLU'iJbl nr"J.bU 'ffrurrur~•/n'I_ 6wtf.wLW/frb lUlf'.f.w• 

dw1ft'i.J .ffrf.11.1ftfr1t 'b/n'-filfr w.trn•Pi-f, 'i.ftwurJ'wJ'p tf.urU1'i17fr urhuw~hmfr9 

r.wJmrtlb.[! 'l<lw1fr'b L..,r.fw6w1ftf, i/frf4-~fr ~"IJ!."L" J'l"'l. 1wrnLJ1 
IJ.Ju"lfrun.f, U1./pn•P1au'b mbun•f61w'i. (!burrn'-/6/nLbf!' 'i.zw'ilJU~nLJ t 

f,_ 'Jr f•o1uzt/wr~UI'""' l"'rJwb paubwA.l.fr c:'i.urrn•fi1nLb(!1 UJ.Wurutu/uw'i.na.J 

t "'J'i. t.Ulrsft'b, fib 'b1n•P/i UIJrn1..fl1w'b fr'bt"l.frufr tw•frw'i.frz'i. t '1frur ... r~-

4f.n7 t}iu.fwlwlfr'i, lwri/U1<l11.11fr'b tf.frl.wftft f.11.1..twr 'bnLJf,,ew'il t.nLuwlft, fr'i.1.

.[!ru'b I. 'f~-1/i'it Lwr4_wJw1/r'b qfr&.w~fr t:.11.1J'11.1r1 

fo'bt .fbrwpbrn._J t 'l"rd-'bUl~w'i. t:.wz..f..,r~'bbrfr 'b~wurJwJp UIJrn•

[<11..,'f. urbunLfiJJnL'i.'iibr/i ~/irwn.J'w'i.f!, w"/.w "lhur,e "t fi 'b~wur/i wn.fi6l• 

nr lrJ!.•JJ!WJnLJJJ IUubtn.f Jh'b.e "llwuurM 1.fr"-~mJ ,,,,'lltf. .. 'l 'i.1n .. pft 

t:.wJ1Ur f:.wu~JU'i.nul h'i../! 'i.~wurblfr 1Riw9nr'1wlfr'b '1Mf>nrJ11.19ftwf,brfr 

'1ph.w'i. <fU1lf!' l:.nun .. 'bmfiJnL'ii(!• fru~ 1f/urnLb .ffr6.-~nLJ ymf11/.'"'l. b/nLf'/i 

r...,J-r' 6.w.phrft hrlcw'b 'lwll!1 'ii1n .. pft Jft tlwufi "l"~i/bll! J1n•ufr9 1 
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.p..,r;,/r "r• ~wfui/_iur) -2/uuunw'i.,e/r "iwlJ..,r;,<;,hr/r9 /, l ... r4_wJw1/r,._ 

of.fr-6.-~/r p'bm1fil/r9• ..,,/ht Jfr t1mfil ~-r"'l t 7ur'iu[bl fr'bl."lbu 1/r/urtN.°il.~ 
'bnLJ'il"lbu /, "il°'uur/r~ 4/r-6.w~m_J, w"lw' l!'j,'lf,w'br..,"lbu wu~r), 'l"rJ
'j,..,~..,'j, 07ur..,'lnrJJ..,'j, r...,J..,r "ihur.e t m.'ilh'b..,l mtl'pn1._pjm6 bp1Jni_ 
mbumpJn1._66bp' umm2r6e, "fl! "l,,ur..,'bfr Lfr'b,, 'ii111L[il/r w1lrnLf'JnL'i.I! 

uurm'lhlfr" 'hr ... unwumrq tJ.rfhuqp "'"'"nu/, " hp~pnpqr.' '11Iu11ndi, 
°l{puw~p '1-h"f.j!nLJ1 t/J11rAJ.p[! 9nLJ9 h'j, "'"'lfru, nr bJm{J/1 U(lwump~' 

i/_/r-D.Ul~/r f:,wJwr ifrnrJ.brni/_ wJb'j,fr!J U1i/_b[/r LU11/ Ulr'/-"'rW,IJ'/nLJ t UIJ
rnLp ,..,.,, l;'bb r9l11nfr~ mhunL[il JllL'il(!· ifrn.er-/r'il t • PUl/9 ..,.,,.,, /"''j, J.Ulifrni/_' 

ifrnrAbrfrs 2111,i/_1nJ t ..,Jb'j,..,,fbd- znzUlifrn'l. Lwrndli1br/r mbunL/IJnL'il(!i 

t 1mpfr +fr,r11L'h of.fr-6.w~/r t;..,J-r, euur br£nL1filfr'b, hrphtll. ~..,r"'l 
t ~,,r..,nif.bt 1uJL'hwJhJ br~wr ... 5ndlbhr/r urbum.filJnL'bf!• ~w'il wJ'h"'lfrup 

ifrnrd..hr, nrn'il.p 9m19 /z'j, urw1fru1 nr 'j,JnL[il/r UIJ'l-"ffru/r 1/{r{,Ul~/r f.wJui(P 
Jfr zwr•.p. 'lh"1.ehr11LJ f.wuurUlurt[nLJ t £. ... Jb'j,..,Jl:tJ 'b11r1l Ull LUlr ,,,J_ 

'j,£rfr u1bulf1 [ii JnL'j,(!I 0.1u urkunLfilJnL'il/r!J 'fnrd'ilw~Ul'j,llLJ "'luri/_11LJ b'j,. 

UI l'b"lfru/r 'j, 1nLfilhr/r ..,J rnifl 1n•'ilf! JIUf nL'fhlfru. fr'ilt."1/ru(1'b L'b filnL2.f! .. 

.e.., r f!. " .., u 'i11 
s/.brt./r'il JwJ..,";,..,~'bhru uni/_bu. ... ~..,r;, '1fru1'i...,~..,"i.i'hbr1 t. t. 1-uuf.fi-

"lb'il~ni/./r £. 8..,. P. 3>rfr1J..,tfr ~n'lJfr9 wn111twl'N..,J t 'imr• 1CJ/r-!JJ"'l 

iuJrnLfilJUl'j, urhunLfilJnL'iJ,, "ff! f!'j,'/-f,.Ul'j,rw9'bntJ t 'tC,furm'i.1 /, li/lUIUUIJ.'r 

"f-6...,~'bhrfr 1h"ll!"'J 'hJnLfilbrfr ..,JrnLfill..,r;, r...,rs"rfr ifh1•wr•br1"'L J;u

J..,r;,..,~..,~fts urhu..,~Lm'bbrl!' U.1u urbumf'1n•'hf! J ..,r;,r..,J ,,..,, 'b 7frurwr!r· 

i/.n•J t XXXVII 'ltfun.J1 

UJrn•filJ..,r;, inhun•fJJnL'b'ilhr/r 1/brmphrl"'L z"'r""tri/wJ P."l"r· 
r;,~..,uuun.ndliibrl! 'fbru1t.1brn.J b'b ... 1'b"lfru/r 'i11m{J6rf/i,, "r''"'.e ,...,i{w-· 
~ ... 'bfi'it Jl:td- -6.zurnLfilJ..,,fp ~..,r"'l h'b r...,,fwr•fbl J1qnu1pm~i; ll.G.rq_nmp:wr 
'j,JnL/iJhrfr• orfr'ilw~ ifrw1ur,, f.wJwr iJ.lzrf! phrif.UIJ- 111u'f1111Gf1Urf! ~frru1-

nbtfr th'b. w1u111/u1 f.,Ulr~ t £/r'hnLJ f.,Ul2_i/_/r Uln.'iJb[ fiJh1j1f/id1rfr 'j,~UIUI~ 

JiuJp -6.fr'lhr/r 11ul'l"Lfil1n•'ilf!. (ifr ... iu.fr Jbt)1 

U'hf..r..,Jhzur I;- ~w'b'I ... n'ithl 'l"rJ'b ... ~w'b r. ... zfr:P.brft J..,,,..,r;,,,,fr 

..,Jrn•fil1u1'it · Jfr urhunL{IJnL'b/r9 J1n•u/r'b w'it9'bk[nL ;,..,NIP i/r..,, l~JU' 

'l..,rft w1LU1t.fr'it .j!Ul""f'l''LJ 'b..,fu..,'tt!J..,<;, "irw~ur/r~m l"'J, r.wm~U1Ufh~ 
Jh.eb'itw;_fr'bnLfilJ..,'j, Jhp_1 l..,J<;, ~/rrU1nnLfilJn1.'it f-/r'b uurU19bl ..,Jk<;,..,J/,J· 

,,.MfmrJ..,9frw'ithrfr urhun•Piw'i. 4-r":' t.frlRuJ_ ... J p ... 'it ... t..1.brl!' Ufr ... 'it'lw· 

Jw1'il f../rffii..,iJ.nri/...,1 b'l.wi/_ "il..,uur/r~ 'it1mfilbrfr f.,..,J..,r ..,J£<;,,uJhJ 

2n2wifrn'l Lwrn.fJl.br'1 1. wJb'bu.1Jht! u1nu1L'h9frU1l f-'bhr'lftUIJ/r UI""'"" 
'frzur rnhum /iJ1nL'b'bhr/1'b w'it9°ilh1J!I fllhur,/! t f../rzkl, "r IU£U 1M'it9n.Je 11' 
~..,rbtft ~w1nwrht Jh/uw'i.Mnrl.'it' wJr11LfilJ..,r;, "l'"JJw'hfr Jht_ t,..,z.4_wr

l1wlfr'i1 [UlfJ Ul'j, ,./ /r wrurUlt;UI Jlnnl fil1nL'itf! J rnLUn•{ ifrn/uUlf'fr'j,hlni/_ I U'b• 

r.rwJh;_m I;- ifrnifr"f"hl 'j,..,J.c ..,r;,r.w4..,u,,,rn•fil1w'il wl J..,ul!,. {111•1Lwurrb1fi 
171j 

l,,.,l'J'"'b laj J/,,},,.filln'-'i.J!' F ... 'b'b ,.,,r;, 1;-, "r -6.t.'lr"'blni/ r. ... 24,,.,r~I!· 
U(fw~urMw1/r Jb.~ Jur9'ilh1ni/_ ,.,Jrn•fil1w'b ... 4_hl/r -6.fr2111 urbum/11m.'bf!.1 

Jb'b,e zwur 'lh"il!hrnu/ Uf""'.e t ifrnifrnfub'b.e 1..:"1U12Ulr/r k 'l"rJ-..,~fr9l!• 
fru~ t:.hur/,..,"lhu £. jo]-i11 b[ilh wl'I tw'hl.'b.e,. UIUflU brphllii ~-r"'l h'i. 

U1n.wp_ ... 'bw1 l"Lrl ufu ... L'hhrt Umnr"· uwr..pjr £. d-nJ..,'j, p..,J.,,'j,'j,hrnLJ, 

orf1'it1ufi1brl. t/rw ,,..., Jw'ilrwJwu'b ~pw9 ... u1raf./u 

0 I'".,, w + ~4. '1.brs.,,,,.,,I! tfbre (§ 35) p/,ptfwl 2n11'1l!wr:fa + .. n w'lif.ll!!."""' 
n'11 u/ . .,, &'l.znLJ 4,,./.,w'l.11tfbtnL 'lb"ll'I!' I JJ bl'~"'f'nLPJwJ1, t•t6f' ,., 'bhsn'I Jt.n

i•w.,,u•r'lfr tfpw' "ff ,,,.,,£•uur-tw.> (- ,,,,.,, r,..,l'Pwtf. 'tb.,,.,,l',..,,,. .. J, npf. Jl-fn9ntf 

,;'J,2"'-J{! w't.tf ,.fl i/rnJt.llU.,,fl-fn&.J (- 1&'1111fi't., "''l'lnLJ '1't. 0
1 
= - 80 ~ qjJJ2 , 

(!2 = - 90 ~q/JJ2 
b. a1 = -110 ~q/J.P 9://u""/"l' .,ls'IJ"'l l"'l'"L81.bl'l'' £: .. ur wr/-

1'"' p, ... ,, ,,.,,,,,, .. p, .... ,,.,,,,,."9 , .... ,. ... ,IU.,,U•Lpf. ~.u2tfblre r,,,,21 .. ,.+w1f.'t. l"'l'J,,,"I, 

J!...>n .. p1n•1rf! 1 "l'l' "l/,"'I! t- f,,,,JbJ,,,.,,lil IPnLll"",.l'"1f. l"'l'J,,,.,, f,J,,,,, ~.,.2tfwp1t111-
1Jrlr 1wrnLflltbpJ.o Jb.>nLfiJ 1wt. •rn2nul e f!."• w1&mpf.t. "r'tnL 1nb•n• fl 1n .. l.lrhpf. 'tw
"'"'l'•/nLJ (- J{tw1'b "'l''l/"Lt,l!.,,bl't ~ .. JbJ,.,.,,b/nL l."{••11n1111tntfl 1J.1u ,,.£•nLfJ/nL'ii• 

'bbrf'• Jr'bl"lh" "'l''llr.,, .,,1tfb,.,, "II"'""'""- 'll1na.pf. r,,,,Jwr 'tf-r-n.lrtf- tlr'bt 

£:u.,, wJblrwJb.> "L,,rJ"'I l"'r" .. ml.rft 111bun• fl,..,,, r;,,,21..,rit.wif.1. L"'l'na.Jr 

~'""'" 
f: .. ,,. urJ'1.,,wJbr} 91.fnpJwfJf.w.,,ltpfi 1J1lr11n•Jl1w'L ~wttf"'P~"'J/ol. l"'l'n..Jt ~wtfuruwr ~ 

[a,-p.(c2 +a1)] = [-110+0,3(90+80)]=59 ~ci/J'.P: 

f:u.,. ,.Jt1,..,Jb~ Z'"2w"'"'I l"'l'"Ll//,l l'f• 111b .. nL.[l.rw~1 (w2 4.,.,.~,,,1J.t. l"'l'na.Jl! ~w
tfwu•up (--

( :, - c-,) = - 8j + 110 = 30 1111 / .!'J": 

"-""!"'"I.~"' t!.""' 1;.,,1.r.,""'""- .,.,,,,,, .. ,,,,,,,}, 

-fl,~t,~ np •ntfnl'111~w'l. n.'1111.,.1/1'11 "l"'l"f11Urnf. r,.,.,fwp t;"""' 'bn. p 1,,,'j, ,,,,.t,J111 'j,/!. 

"""' I; 40 ~q/JJ2 , ""~ wn.•t!.9:"'~ .. .,, .... ftJ,,,.'b uwt,J,.,,I! Jn•wtfnr"'"I."" ao ~q/J'J3 
I;. "'"I"' J,.,,,,,, '1ritnL 1/hrpft'b ,,,1;,,,, .. p,,.._,,.,,bp'b lt'b · 

fJnLJ8 "'"'lf-u, "I' ·1-rnLl&lirt!. 'l"''l.tfnLJ 6lr pnL1Jw
.,.l''11f. ,,.,,r,J,,.t,'bhpnLll• .,,,, ~.,..,,,,,,.,,t/.nLll t" n.'11uw1{t'b 

•utnL 2"' ~""l "r<>rl ...,.-,, >frnrt!.ru/' 

),~. 91: 

Or/i.,,,,,'t 2!J. ,,,,,,.,.,,l'/it.e ..,.,.;1,,,,.,,,J,.,.,,Jt "l"'

..,,. ''"! 'l"l',."'l l"'l'"Llf£hr1' "''"''·9:" .. Jt!. (§ as;' ,..,,1_ 
"'"• "l"'f''lt/'19 "'I" fulr'lf.rt ,,. .. ,.,,,f.u, "l,...u,,,,,,,,Jwlrf. 
9:/•l.w1f.'l. "lw111j 11 "r't ..... < ... rt.. ... lr r}1'f.i_lrbpntf & ,,,.+,, .. 
l•1'bw'tw'l. ~rnptfw~el.bp,,,f •'bf.,,,.1,,,~ "''l'l"''t.'t1na. '11 

t,lrJ&-t.,,.f. t/flw ('i.'t• 91) hr'tnL nL'l'l" .. p/nLlrt.lrpntf "''l'l'" J lr'b J, it c;
2 

'II(.. w~nf' 

li7 
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(8.9) 

(8· 10) 

'H, IH lu IX 

§ 45. C\'l-.t.ll\nti.r .t.llUtill8n'l.nti.ra-sn1't ttr: P.ll 'bllllbwl.,br 
1.:tnis111.:ts110Jt\ lllPnMrttrJt .t.mrnr 

c'1bl,,npn'i11119w.> nuh r.wuit1119n'lnL[rlJnL)1f! u111~Jwulz1Jiu (§ Z) wr,lr'I. ),2iflz!I• 

"'l' i\),2Jwu ifrnfuw'lt9nLJ/! itn'l.u111pnLltf1f>w1/r JJi Jwufi9 J1nL11Ji), 11•</npwpwr ,../,fp 

.t ,,L.,, b'!tnLJ "ut.<f "'l /;1 bJ b),ur),bp Ji 1wifrlrpfo r.,,.Jb J ..,.,, nL[il l"'J P, 2w111 i/rnep "•r
JlwltJ. J/ifn9n</I U.1'1 r.wpflwlt/i 21' jwltwJ('nLJ ),JnLfiJf'_ bltfJ111plt<fnLJ I; .>w<f "'l"'J/il. 

,,,.,.<fw .. 1111/i'lt <//if.wit.Ji• f'_""' "f"•J 1wp•><_ffi,bpJi l'wtfun•.Jf'_ uww9</nLJ I; 2111ur pwp7 

I. ltwpnq I; nLunurGwu~p~hl J'!tu11G WrLw&qwqwGnLpJwG 1nhunLp1u1G JhpnqGbp~ 
-oqlinLfJW.fp: Un 1wpnLl&bre• npn'rte wnr.uf111'1tnLJ ,,,, "".,,""'f'nLlt9Jiw1Ji •l/i Jw•e. 

JrLuJi'lt. ubqJ<fb1nL J111J~),UI" ( .,.,,,,,.",,.""[' f. ~ .. ,,,.,Ul"U"'"" Ullr.Ul.,,9/!Ul,fUl/'ltbr/i 

fiJw<f iutnLlf ltb pfo, w111111/JJ,w<f np "w), fo </ltb ('Ji w2fuw 111wlte/! !. w //),), itn1<f rrLJ blt ltnG· 
,nwqmm1~G lwf'•L/JJ,bpl Upw'lt9 J/,~nLfiJf"Lltf'_ 2w,,. wpw'I .,,.,.,,.,,.LJ I; C"tJ,.,), 

r.wp[ilwitJrs f,b,.w'l.u•t"L 'lb"fl!"LJI 'J.pw ,.,,,r,,.,. bppbtfb w1'l 1•pnL/JJ,bpf!_ w),6',..

ltnuf blt uilz'lwlt.1111.1 

Uwnpf. plzp<fnLJ fr}, itnlto11witurw1fr), /W('nL/JJ,bpJi npn2Ju•b 111 .. wJ'f•lt .. ~•L

PJw), .,,bunL[i/J'u), Jb!_ UUlutf!<fw.> Wf''IJ"L),l!),bpf'_I ~U(Jwlt JutJ111'1.wlt w .. w~•fl"'f 

rfiJw'lt nLJlzp[! r,.,,~</utpitlt/:;pfr Jlif ~"'2'f/i 1/,), wn.lt<fw.>t 

• Uit'lf'lt111t,w'I. JnJb),.,.,., J JJi ltbmnJ ~"t</'1/"L ""'"Pf. 'lfow111pltrf"'I. 'lb''il!"l'i 

r,,,,Jwp f,"lJw), •iutl1bpbn1 J[ilf'_ 11w:.Jw),uti/rw~<f111.> I; l;rf"l.un<f, npJi r.wifwuwp,.Llfl. I;' 

Ax. 2 --+ By 2 = C = consl· (9.1) 

'"'/•"'/,'I A I. B-), r,Uf<fn'l Jwp•fp),),/zpf>9 J"Lf'"'#'W.,,tfnLp/i ""l'nL[i/Jut), •11/uwif•,. 

)"'"-"'<//i'1ltbpfr9 1 it111fuqw.>- Jb<>-n•fJ1nltltt.plt b'rt, Jiult C-lt r...,Jw'b CwrP•-'t•ii 

.,,1;'1/' nLltb9"'1 wn.111A'lwltwlt 'lb.:f>npJw.,fw;/r O,/,url.wlte,,./ hpltu f,"l</"'I JwpJl'l.

lt br/i ,t,...,b9 J.,,.,, JbJnL/J/"' .,,.,, 1;1 

~"tJ.w), (111pfiJutlt"• J 1wpnL/JJ,lzp[!_ put2/u1/n• J lr'ir l;lfU/unJi'l/i oplrlt~n</ b lt•

l'"'l bu npn2'f'1l 

2 3 p 
"max. - itab = p ltw•f crrnax = -- ---

J 2 T.:ab (9.1) 

1,.,,'/"'""'f'"LJJi9t lJ.111"'b'l p_.,, 1'lt21futl• Jfr,)nLfJJnt.'ir"k I; f,U(Jutlt Jr•Jw),1111t• i,.'t 
') 

;- n:ab-amax-e' l"'l'"'-m,/,pfo ltf.uw/;1/r"tun/i'l/r ..,.,,,/wilt 1;, "l'/i r.frJee Jipb'),~• 

'),bpitutfUlf/.,,"LJ I; a /, b ~Jiu111w .. ut1.9e',f,f' nL11'19n'1 l;Jf."f.11• a /,_ b lt.Jiru11•lfl.,,,'),·~

A 
'It/, l' Ji J /;rJ,.LfJ-J ,.L),f'_ 111111- .,,,,,) I; B r,.,,l' wp frp,.Lf' J"'· ltf 91 

'l-1 fuut</ "I' 1t_•pn• p /"L'),),b I'!!. raJ fr'),utJb,) b wJb'ltwr/rnl'I' lt"f'"Lfl /"L'),'), "r'), 
lrlt, ,.,.,,.,,, l!),1t_ut,) /,), ltnpnLPJ"'.,, ltbltuipnltnif wlts"kn'I. bp1t_nL l{r•/-"''l"'l'a"'f'•r 
"L'l.f .. c.,,,,, r. .. ,,p .. Lf1JnL1."l.bpJi Jb1_1 ,,,.,.,.,p,,.L'irf'_ r.wJ•r6'nLJ I; 'lP-it·,,· 1.p• 
"-"l'"'-i'J"''), +_hwpnLf'_ 'l:"'),4,.._J t Jwpl&/r Jbfl 

1'19 



(9.3) 

.. " .1 ft a ), ~ 'wr"'l'brn•PJnL'bJ.9 l1w,..i(w.) tnr.,•ftfs t: a tnr.)..,~-l'••••un.,, .. r- 'I • B 

!< ft p •J .I~ f,l, ,.'lJnLuwl• 10-nLolJo s/r "'rJ ,,~,,,,r~ ~ ... ,."..,., B ~""r"'P r"• .i·• .. ':J "'r., ., 

IL I\ In Lu w q 10· (l qa(lc\wltg~ wrd!.11Gbre (9.3) puiGwdL.nuf 

I ---/ ; 
J .o o.~ I o,B o. 1 0,11 I o.s 0,4 

1 

0,3 j 

;;;-l~ io~;~ o.440 o,458 f o,4~o o.:i36_ l_o,600 -, 
. . I. l I I . ·---'-\ -~-

A 

n 
1-

1 

a 

1~ 0,15 1 0,10 
I A 0,05 l 0,0:! 0 .01 0,007 -

H 1··- .... . 
jo. 71G 

1
o,boo /o.e;o 1.280 2,27l 3,202 a I t.800 

§ 46. i,ll\'ln'l. trU.r\fl>Vlibrll u.urn1'fcl'SU"L USOM·01'U'C'. 

1''r.?_"llr" -r'lb:'r. fJ"LJ' mpofb11 § 35.,., J ~"lof"'I Jwpolfl.l.61'/r 'l.J•LPr. ~ .. ,J..,l, 

, .. pwft/t +1z11.,.,,,.,,nLJ 'l"'°"i/•LJ t' ,),"""'t-1/o°ll t•ri( •u.),..1/r'u i/Jr'w'tf. Uf.•JJ .. 1.

'a.lt;n,J ' 'I,.,. ~..,J..,r ~"'""'//rnrill 1t_•pn11 t- •2l-•unb:1 2"'"' Jlt,) """""" 1-,.n· J
'!.hpJ. ,,,,.,,, .. ur: ""'l"l"""P.' . or~"'"'"' lt.wr•'I t ,,,,,",,"'" fl' i(rw ""r:/hbt .lf'r.2£ 
86000 ~ 40000 q q/ul2 '"'2nLdJ,bp1 

'U.w-/wlwlf'b 1•ri/"',)"'l~'I. '//o~w't/o 'llr"fpn• ,{ llin•Pf w.frnLPI~• ),~ ""'"L
'fJ,f'•L (.,,J..,1, .,,1z,,,, I; Jr.lwl.w1 -Jm-'r•.,wtfnr 'tli.,.nLJ '""'"'""" l"'I'"' Hhbrfr ""
.,),.LPJ"L"'r t.. •Jp, .. p 1 • .,, .,,1, .. ,,.p1nL>.>.brJr11 Jh4.Jr liwJwd.w/h 1t•9Jh1 wJrn1.P1w..,, 

"f"'IJ,,,),,1 L 

1 .1 ..,, .1 1.J,.,.,. 'l"'l.ojn1.J I; "u1ofn1 JwrJrL-'1 .. r'1t~ ~ !J"L/f1 "'""I ' "r ., ......... ., .. ,. "I L 

Situ H. M. oeJlllCB, 0 Bbl'1HC.1eHHH Ha116o~blllHX pac'llCTHbl.X Hanp1111teHHl!i 

C6opHH K Jlemrnrpa.1tcKoro 1111crn1 yTa npM ClllaTHH cor10HKaca10111HXCll TC.,, . 

llH>tCCHCpOB ny1eii °COO(HU~lll111, Bbln. 99. 19,-g r. H 8blR. 102, 1929 r . 
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1-br•/i ,,,..,,_"~"·•1fl"'"rJr1 "1'"2 ,_,,,,.Lp,,,,,, o/r·•· " c.,.,J.,,,,,,,.,..,,.,.,..,,, ,. ... ,, ... at.ltrl 
•1/tf".?"o/ 'l"'llh1 .,,,..,..o/,,r 1-rnd&hrl'' 

"J,..p'fofnLJ l;-1 np e·- t-t.ftrf""'"" "'""•<-{ii JUI" l.JnL/11' ,,,,f'Ultl.J •"'"'""" 
'i"'"'"''lwi(np 't/r,,,,.._J ~"'2o/•r+•1f'I. l•rnLJf art :::0,6amu.' ~"t.t,,,>, J•fthr'"LJ/1/1 

.,r ... ~ ... 2.; ... ,.+,,,1/ill L"'rnLtti.hre t""' ,,,.L,,, "'"""Lp1 ... 'i. r...,J."f.."'"'"i-•1.111p•r 
;.,,""'""'/' bl.' 

. . 
,..,J..,l. tJl•.., .. Jr ,,_,,,,.,,,.,.,,,,LJ art= n,a•ax• 

,/b,) 'r.Jr ........ ,.,..-,.31'/! ,)"'IPnLJ a;:= n
2
amax' 

.\ 
n, £. n, 9np~wftf.u'J.hre ~-1-i{,,,_. B '•rwr4rnLfl1•0.'l.f9 inrofw> lrlo ,,,,. 112-1-

~·)"'Yrf o/r"'' 
IJ.1,,"(/runo[, fiw2~w11l1w1~G 1wrnL11i.brr.. npn2ll1nL f,.,,J,.,1'

1 
np•ltl! "'""'I! t 

r,.,.,,,,,,,,.,,,,,, UfWP'I uLqJ'J'wG l}b"fl!~ p ... ""'"''"'" GnrJ'wl purnLJ'libr~ o ... , ..,ft,_ -1,r-·'"2- t' 

1) r,.,.2{61 A·'I. t. B-l., "l'"t/," A fl.711._i,J,l"o/ 11 "'fJllLu,..'r.J- l'"'),,.,df,ftl'nof 

""" .. Ii""" "'l'l "rftnL Jb~ .... p,,,L.,,,,"rJrs "'""'" "'"l!re: 
A 

!! ) I'""' B '"'rwµ'1rn•f11wl. 'l"'llb1 a-1. (w'l/"L""'t 10). 

3) 11 "''lJ"LuwftJr 1•w"l,.,,J.£Jt Jf1r11ni( "w2i/'11 amn:•t• 

4) ~..,_.r ,..,, ~..,,.p,,,t,f 1t'1,..£rnul ..,Jr•• p ,,.._..,,l'. ... ,,._., "t•L ~ .. J "'f amu-1! 
l'"'yJw"i,..,,41z 1 n ,..,..,.,,,,,." ("bt,. 9a )· 

G 

'J 

·'" """--'3 -
'1 I "· in, 
I I 

I 
Q DJ 41 /l,J l(V P,S D,5 11,7 0.1 I/I 1,0 I.I 

5) ...,Jb't...,,/,,,w'l.qu.ynJ' 4J,..,,,LJ wJr,.LP/"L,,f!. ""'"L'f"/"'- '"'"•r i:r
111

u-e 
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§ 47. i,U.UtiU.80'1.0ft.fc)oBOft.'1 Ull.Z,~ta U1J.Uta'1: 'HllfbPta 
11SPlfl1'1 .Z,1lfi1ll1Pti~ 

'iw/unp'f pwJ'i.inLJ J/,'i#$ ur011w'i#$ (§ 3:J), nr "J."'r'I. .l.'fJ'w'i# ~wJ 

"'l'"r'I. uh'lJJ'w"u 'lbutl!nd an'l/i /irwr/r9 flb.e yurriJ.wt)$ni/. pwcfw'hiJ.wt} 

bpffnL JUIU/,f'{! a,,ur1aJ O'i# nl_ Jpw1'il /irwrr!J Ufn'ti/.b[1 wu£. UW~l 

JL'tf! JJnLU/i 'i,'tw111JwJp1 !l71fw'il(! 'lfrJw'lrna.J b'ii 6npi!w1, /ru't uwt.

.f!fr'u' 2112m~m11 laurnuruhrf!.' 

Cf.npJ'i,w"w'i,nLJ 'tn'buurr"._/[9/rw'bb('/r Jfr zwr.J! 'lburw['i#bp · £. t[b

J'Mmt''ubp wzfuw111nLJ /;·';, ll~J'i,"Jfrufr "J..,J,f iu'b'bbpmJ, nr wrurw.J!p'i. 

1ntfb{'{! a,urnLJ' n'il 'l('Uf'i,,/! J!"'J$WJbl f.b'i,9 UUlti~jl Jptn9n'/.l 

'trw'il f.wJw"l.wurwufuw'il, "'l'l"lfrufr t[bJb'bur'ilbr/r wJrm·flJnL'il(! 
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JW[lllllfbhrf!I 'tJw'il ,,Jzurw1'ilbr/i llf.Ulr'l.Ul'fffl.J'il or/r'ilw/1'ilbr b'il r,..,.r;,,,_,,_ 
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2_Ul'J.Wi/ii/_nLJ' ~wJ J-~'l.n•J b'i# w'b9,ebr: f/,l'f w'i#!J.J!Op/r J/,1_ 'lf!.r
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J,,,~brlr.nLJflfr 1.rw r...,J..,,.,_..,.,,..,.,/r,w'h [ilbr/tlfr 

f:irzJw'iJ J/1p_n9nif.: pl nLJb{'f! a'}UfnLJ /,'j, 
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mk t,..,r{JnLflJ1UJp1 

-Un i>wrPnLfl1w'h Jbt. 'lnrd-n'l ,..,. 

rnuf"ilbrf! nrnzbtnL r:.wJaur, 9auJfr J.n'l(! 
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n 

Jrnl!nif. mk "-"'rifwd-l!nif. pwdw'bb'h.[! br
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na.Jfr"ii: Z,l1ur/u,,UJ_bu, "'/'I l[urri/wt)l!"'-J wnwp_w9n'l Ir. lfurriJ..,J--l!f. · 

r.wrPnLPJIU'i.(! znz-+n'I. IU'l.'1-"'l lwrm,/'i,bre• '1-rw'h.p znzwifin'l 't , __ 
rnL,r;.,hr b'i,1 UniJnrwpwr l!'i.'lna.iii/_nLJ t-1 nr Ul/'1- LwrmJ'i,lrre '1.111r'fwd-

.pn11.J pw2/uiJ.wa b';, i>wiJ.U1uU1r1UJ.w+1 Un .,_bUf.enLJ, bpb ,_J,, urrwJ w

tfrc)l! d t' '1.urr'fwJ l!P J w'1.brbu /r l"'-- f"'.Q_m'i. t./nLr J/rwif.nrfr iJrw ~wn/r 
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l>rlLJlUl"'rblfr znzw+n'I. LwrJw"il' [i:J'f-fr, l[wJ, /r"iit"Lbu wunul bi., 

1J.mf1U1Uli [dn1.Jlwurrbtfr 1wpd'wG Jbc)nL{tltw'i. nrnznul(! "'rr/_wJ- t 
§ 53-nLll: 'l•frurlr'bwlnr/. ('tk'i., Jb'ir.[! ~'1-rl.'i..p 'fcuJ'fr wJ1rn· flJ..,'j, 
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nLJ(!I nrf! Ul"/Ulr.n" frr i/rw '1.wrn'l !; rJ.fir9fi/,l /nLrUl.[!IU'j,l_JnLr 7wJ(!t 

'1-fr9nL.j! P-72000 ~'I ' d- 2 utl', [-;:J'f= 1~00 ~'l/utP. w/'l 'JbUJ_-

7'2000 
~241 

3,14 • " --'---.1000 . 

{ 10 .2 J p•frwJ.lr fr •ruuud-J ,.,<;, JurJ w'i.1U'1. pw 9/r ~wii fuwUJ_W I,/ wf.i/.w~ 

.t,zurnLfl1n1.'f.'6lirfrs pnLJl t- utriJ.Mld- /r_u Jfr uriiDt_utnL[iJ 1n1.';,: p,.<j,'j, 111,f, . 

lS't 



t> nr 'fwJfr 1.rw Wll.'lnt/. pl nufbrf! nt {Jb nU-f'"fifiLUJ /,'it Jfr 'fJn"J 

WJI ;w'f.J.m.J b'it nufw'l."LJ'f' /ll'I nLrlw'f_nLJ7f! C.wifw11wpw;z.ru/nLJ l 
'lwJfr tlfuM/r ifrw w'l.P'l Jfrw9if n'l {JbpfJbrfr r.w;wnmJ'ilbrfrs ;w'f.J~ 
1_wJ nufw'l_nLJ'fnif ('it;. 95 )• WJ'I nufw'l.nLJ'ff! WttWl_W9bnLJ t 'fWJ~ 
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W"f_wr.n1_nLJ t 'lwJbpfr Jfrin9nif Jfrw9-
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Jfri"- zifrJw'it mJbrfr wnwiw,911LJ[!, 
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ll1u [wpnLJ'ilbp[! wnw'itJ.fr'it w'itw[unpdnL{ilJn<bbbp tb'b ;wpn'f wnwl.""S

'itbl1 '1-wJbpf! "f_wmpwumifnuf k'it pw1_w;w'iifr'iJ JbJ "f.[Wum/r;m{JJnL'iJ 

nL'itb9n'[ "f_n'["f_wmfr9, nLUm/r iu'it'liuJ b[ilb '"l'I finpU'wt L'"rnLJ'bbpf! 

r.wu'itb'it r.nui1L'itm[ilJtub uiuC.Jiu'itfr'it, W"f.W 'l;,,Jfr ~"'ll! ;umw'itw npnz 

"f.lWumfr; bp;U1pw9nuf, nrf! JfrwJb ;+n.erw9bfr fJbrfJbrfr J"2_£. wn.w

l_W9n'f zifrJwb nLdbpf! " ;Jnmb9'itfr 'fWJfr /rrw;wb wzfrtWLnWb.j!f! r.w2-

ifwr;/r JwJw'itw; f!b'ln1..'itifn'l ;mpJw'it wzfuu.u•w'b.f!fr'b: lln "f.1UUJhwn.m/ 

ILUJU 'itnpJwl LwrnLJ'iJbpf! r.wzifwr;/r JwJw'itw; r.wzif/r z.b'it wn'itifnLJt 

§ 48. 'l-Utrtrti srnrlfU'1 tJtl. fa'bPfa'trti ruQtru" usntt'l-nttlff! 

§ 47-mJ 7frmwp;if.wJ b'it ;,,l'j, "f.w1Jw'iJ'itbpf!1 npn'iJ.[! "'"f.wt:.m/mJ 

b'it 'l'"_Jw1fr'it Jfrw9nL/JJnLbf! 'fwJbpfr ;,,,pJw'iJ r.b-1111...iu'it.[!ni/ .[!W[.[!WJ•fw'it 

""'"''it'ffr91 Uw;wJb 'it;. 93-nLJ gnLJ9 mpifwJ ;n'itu,,,pnL;gfrwimJ 'lw

Jbpfr'it "- Jfrw9ifn'l fJhrfJbrfw'iJ u"f_wn'itnLJ b'it t... wu ""''"'it'l'itbr: 

.µwbfr nr 'fwJfr J.n'ffr'i_, m.Jfr ifrr1fuw'it9nLJf! mb'ffr t nL'iJbbnLJ 'fW

Jfr ifrw 'fwJw1fr'it w'it9.[!/r "f.wmbpfr ub'lJJw'iJ Jfrinsnif1 w"f.'" "f.b"'.[! t 

"f."'P'f.bl, {Jb '"P'IJ".[! mb'lfr z./r nL'b4'bw WJ'f an'lfr ,,,,,J w'it9,e/r Uf.WLnb
r/r wpmw.f!frb -6..ftnLJ' ;wmwpb[ tnpnptfwfi umm.qm.tft 

t;. 96-fr ·i/rw 9n1..19 /; mp1_wJ 'f"'Jfr \an'lfr'it -6.'itznul'itbr/t ifrn

Juw'it5Jw'it Jnmwifnr ufubJw'itt lll'I -6.'itznul'itbrfr pw2.fuJw'it opb'itl!l! 
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'llw'itw1fr'it Jw;bp£.nLJ{ilfr ifrw Jb'l. w'itr.w1m f-. w1'it ,/bawJ111uwJp ;w[u

ifwJ t qwJw1fr'it wb9.[!/r nL an'lfr al.1.fr ;nbumpnL;9/rwb "f.WLnrwuLnb[nL 

"l.w/Jw'it'itbpfr r.bm£.w'it,enif uuiw5ifn'l w'it-6.zuinL{ilJnL'it'itbp~91 lll'I "f.wur-6.w

nni/ r.wzifwp;f! ;wu.wpifnLJ t "f.w/Jw'itw;iu'itnph'it: C'it7n1..'ittJwJ t r,.,,_ 

Jwph[> np fJbrfJ/r9 '1-w1ffr Jw;/,pfrnLJ{Jfr'iJ ifrnfuw'it9ifn'f wbr.wifwuw-· 

rwtWP hb2_nLJ{! 'fwJfr mpwJw'fJw1fr'iJ ;u.pifwJ.efr '>wr(iJnL{iJJWb 1.rw 

pwzfuifnd t f.w1_iu

uwrwtwifr ('it;. 96 )1 

ll.1u lfb "f.(!11L J W J'1 
inpwJwqJw1fr'it r.wr-

{Jmfl1w'it ifrw 'l"rJ,,,l 
[wpmJ{! umw91_nLJ t 

r.iuJwpJw r.iuifwuwr 

qw1f/1 Jw;bp£.nLlfJ/r A 
;hwnLJ 'f"pJn'l wJb
'itw.f hJ u.rnrn'l "OMr 

L"'rJw~'l!' 
/ll'I "fW J,/ w'itw;w'it 

?,~. 9G: 

iwpJw'it JbJnL{J/nL"ilf! r.wzifblm r.wJwr wbf,pwJbzm t 'fw1f/r ifrw f!'it;

'itn'l null! p-rfw'itb[ BCC'B' "'rwJw'ld'"J/r'it ;mpif.iuJ,efr Jw;bpbufr ifrw 

{'ii;. 96 )1 Un Jw;bpbuf! frpb'itfr9 'itt...p;w1w9'itnLJ t Jfr nL'f'fw'it;JnL'it, 

nr/r ;n'fJbrfro Jb;f! 'fwJfr lftrw1fw'ffrJ'it t> fru; JJnLU(! r.wifiuuwr t 

'lwJfr J.n11./1'it -6.'itznLJ ifrn/uw'it9n'[ fJbrfJ/r '>wumn1..fl1w"ilf!.1 
p 

'f.wbft nr Jfr ,,_wJfr <frw f!b~~tnl[ -6.'itzndf! r.wifwuwr t --, W"f_W 

n 
p 

c .,. ·= --. {10.4) 
ntd 

(10.5) 

npuib11 [ jmr-l-'it mrn11J wb [ilnLJlUl"'rbLfi LwrnLJ'it /;: ll1umb'lfr9 'lwJbrfr 

wbf,pwJbzm {J/rifl!' 
p 

n>---
tdfc] •r 

10.6) 

SrnrJ,,,r;, fdmuw"'rbtfr L"'rn1..Jl! unif.npwpwr f!.b'lnLbnLJ b'it 2-2,5 

Wb'fWJ wifblfr Jhl, .j!Wb J_'fJwb I... uh'fJJwb l:,ftJ'ilw;wb [al {JnLJLU1Ln

rb1fr L'"rnLJf!, ,ew'itfr nr "'rnrJw'it r.wzifiur;l! ifrwu<nnpb'it f.w'it7fruiu

'itnd t eum ;n'itmw;mw1fr'it Lwrnul'iihpfr wJpnL{JJw'it "f.wr'lb91_wJ 

U"'nL'fnLJ l 
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ll1u"lfrum[. P"rP"rr! frrwr r.bur wJnLr Jfrw9'illqnL t;w.rwr wit. 

·r.JwJbzur 7 wJlrrfr Pfri/.t! nrnziJ.mJ t (10.3) "- (10.6) pw'bwa&brni/' 

Il-/r r.wJwr uur•9iJ.wJ br~nL wrJb,e'iJ4rfrs• frr.wr~b, "'""'.[! t iJ.br9'i.ft 
wiJ.£Lfr JbJe1 

bflb Jh'b,e iJ.brw'lwn.'bw'b,e iJ.brr 'lfrmwr~iJ.wJ fu'b'1rfr'b {'b~. 93) ~ 
f!b'fnL'bh'b.e' P = 7:W00 qq. t=-1 ui.f, d= 2 m.f, [cr.rJ =2-100 qq/mP 
w"'l.w ~uurw'bw'b~' 

p 7'.'0)0 
n > ---= --- = lb: 

td[a~PJ 2·1·2400 

U.1u"'l.fruni/. 7wJbrfr ~urrJw'b wJrnL/JJwb "1.w1Jw'bfr9 "'l.wr.w'i.r_iJ.nu 

t 'lbbl .J!UWbl_nru 'flUJ, fru4 urrnrJw'i. wJrnLfdJwb "'/.1UJJ1Ubfr9' urwufr, 

"frb'f 7wJ1 11.~'bbrfi t. nr ..,_bur,e t 'Jbbl .J!UWbl_n(IU 'fWJI ll1u orfrblM• 

4_11LJ 'fwJbrfr ~urrJwb wzfuwur1.11b,e(! uurw9i/_nLJ t wiJ.bLfr i/_urwb7wr/.tor 

.ew'b urrnrJw'b wz/uwurwb.[!f!' U.1u"'l.bu t uniJ.nrwpwr Lfr'bnLJ tf(l 1iem· 
JlnLU m"hb9n'l ywJhrni/_ 4u11[_J1f1.11J Jfrw9nL{iJ11L'u"h4rnLJ, nrn'b9 7b-,, 

~nLJ 1mrw.J!w"hl.Jmr 'lwJ ~urr•JnLJ t Jfr r.wrf"11LftlJ ... "h Jb1.1 

I II 

L @@:@@ 
@@:@@ 

1+ (}71 

p 
f--

p ....._ 

1+ 981 

~n.er fr'bt wll Uf.WJJw~1'blrr11LJ ~wzfu1.11urb'b f,~. 97-nLJ 9nL1i 

urr1fw.t Jfow9mfi1wb 'fwJbrf!I ll.1u1nb'l "r~llL fil/1rfibrfr ~UlrU>'j,{! frrw 

ljwitwyiJ.wrl I; bl'~"L 1/br1u'lfrt1'bbrfr Jfrt_n,9nrf 1 P mJI! wnwt_fr'b fut/pj 

ywJbrfr Jfrt_n9ni/_ a"'P' fJbrfil/r9 ifrnfuw'b9i/_mJ t br~nL 1(brw'ffrl''bbrfr'b 

fr 11~ iJ.·&rtfr'b'bhr/•9 br~r"P'l fuJpfr 'lwJbrfr Jfrt.n9ni/_ 1/rnfuw'b9i/_mJ t w: 
P'rflfr'b1 

fil'brfifr9 iJ.brw'lfrr'bbrfr"h "- iJ.brw'lfrr'bbrfru J1nL• fibrfifr'b P i./t9' 
ifrnfuw'iJ9blnL r.wJwr 1.11bt..rwJbzur 'lwJbrfr flfii/.f! bzwbw~blniJ. O•n'I. 

uuru.bnLJ b'iJ.[!1 nr fnlrl.U.J!Wbl.JnLr 'lwJfr'iJ 1:,frJbw~wb flbrfifr9 ifrn 

fuw'b9i/_nLJ t P /n 6.fr'l' ll.1'b t:.u.i/_wuwrw~zn.i/_nLJ t iJ.brw'l,,r'bbrfrf/ 'I"" 

Jfr'b ifrnfuw'b9iJ.n'l P/'2n ~fr'lhrniJ. {'b~. 98)1 

'lowJfr !nt[{!_ w1JJ b'bfiwr~o/.nLJ t ~urrJwb wr'fbb br~- f.wrf'nL 

flJnLbbbrnLJ. 'fwJfr Jfrt_/rb Jwuf! uw'.b9i/_nLJ t 'fb-,.fr awful /!b'fnL°bnL4 

1~0 

.h'b. nr ~"'r'"'l P/n nLJf! pwt_fui/_nLJ t r.wiJ.wuwrwiw+ mk '- gf "rtn1. 
·'t.urri/_iuJ-.pflbrfr Jfrt_/U 't lw('nLJ(! nrnzi/_nLJ f- r.l.urfiJwl pw'bwafinr/_' 

p 
't: =----, 

1td2 
n-2 -

\ 

£. wJrnL{J1w'b "1.wlJw'ilf! bpqnL qmpnLU nL'bb9n'l 'lwJfr f.wJwr f!b'JnL• 

'StnLJ f- r.bUJJ, JWL urlwl!I!' 
p 

---J'.S [i:J.,. 
1td' 

n-
2 

p 
n>---

7td2 

2[t)'f 

( 10.7) 

ll.1u"lfruni/_, ~r~'bw~fr ~urrJw'b 'lb"l.,enLJ 'lwJbrb Pfri/.f! f!uur ~"'l!r

Jw'k uurw9i/_nLJ t br~nL w"h'lwJ w1{blfr fn,er• .ew'b Jfr ~-rJw'b '1-b-t

.[!"vf [pw'bwd..lt {10.3)]1 

ll.'b9'bb'b.e "'r"rJw'b uurnL'IJ111'bf!1 <J.wJiJ."'1. fibrf"krfr r.wuurnLf'1n1--

1'[! t f;. iJ.br•"1frr"hb1•/r t;wuurna.{J l"'-'bf! t1·f! t"1.b 111.J! t ifrner lfr'ilfr 

o,5t-frs· ~w'bfr nr LpJim iJ."rw'l-frrii"rt! ..,_bme t t.frJ'llw~w'b P"rflfrs 

/1rb'ii9 1fru1 iJ.br9'bb'b wilpn'l'l P na.tl(!t fla.uurfr 

0,5 t<t1< ti 
P/n trLtlf!. urrnrnLJ t ,.uJfr "- Jfr'lfr" JU1Uf! £ iJ.brfr'b na. uurnr/r'b 

J-ubrc' ll.ifbLf1 o(_urw'b'lwi/.nr ~Lfr'bfr w1'b Jwufr urrnrn1.Jf!, nrurb'l urrnr· 

Jw~• Jw~brbue 111iJ.bLfr ifrn.J!r ti 
.P.w~fr nr Jfit.fr'b flbr/r/fr f.w11urnLfilJnLbf! Jb,} t.t hr~nl. "-"rw'ffrf'• 

'iJbrfi t;wuUJ1iL/ifJnLb'"lll.rfr 'fnLJwrfr91 IU"'/.IU (!U"' urrnrJw'IJ wi/_blfr i/_KIUI 
"f"'IJw~'bbr1nJ ~lfi'bfr 'lwJfr Jfrt.fr'b Jwu/!1 SrnrJw'b wJrn1.fi1w'b {10.li} 

"fLUJJWb(! ~Jbw bn1.1'"llf!1 frbt_ nr fi Jfr ~urrna.J nLbb9nq 'lwJbrfr 'fb-,-

p 
a.,.=--- J'.S [amr]' 

utd 

ll.1u"'lfruniJ.• W"'"'r~iJ.n'l ~n'bumrn~bfrw1fr t:.U1Jwr 7wJhrfr Pfri/.f! 

-nwt.fr'b "- br~rnr'f fuJpJ.rnLJ ~nrnzi/./r {10.7) "- (10.6) .,_-1J.u'b'bbrfrfl' 

1'fr9nL.J! P-72000qq. d=2uu, t=lmf, t1=0,8mf, (-cJ-. 
-1000 qq/1.ur2, (,_,.]='.HOO qq/utf2: U.n '1-b"lenLJ 

p 
n>---

r::2 Ji:], 

T:Oi)O 
12 - ~ , 

3'14 .' .1000 
2 

P 'i~OOO 
n > --= =151 

td[cr) 2·1·2400 

br~nL ~11rrn1.J nL"i,b9n'l 'lwJbrfr IMJU 'l/,"'/.J!nLJ 'i.rw'ii9 wz/u1111nK1'i.

~" .,_..,,Jw'b'bbrf! inrnrJ w'b inbuw~bur/r9 .uiJ.btfr d ... 'bl' b'b, .e111'b 'turf!p

J..,"j, mbuwtb•/r9· "'l.bure t f!'b'lna.\bl n=llit 
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IJr~nL 'lfturwr~if.w,) orft'iJw~'iJ/,rnLJ ,/b'iJ.p UU1f,Jw'iJh9/r'iJ.p 'f1UJ1111J.'iJ 

J/rw9nLf'1nL'ii'iihrft wJrnLp, ... -;, uuinUfJ,,,'j, c!'t.,,.r.w'i1nLr Jhfln'l'iihrf!.' Uh 

ur"''l."'~"''j, ~n'iiuurrnL~9/rw'iihrnLJ hrp6A f.wr~ t Lft'iinw 'lurJhl Jftur9 

if.n'I. tLhJh11ur'iihrft wJpn'l.t f1hrfilw~ur"lnfl'iihr1 ll.1u"lftuft filhr[ilur~w"lnfl 
'iI6rnLJ 7,,,Jhrf!. ~"'rn'I. /,';, ru2fuiuurhl IL ruaJhL/r Jh,) [ilif.nif. ~uirnLAhrnaJ 
u-~-1'ii piu'l.J,,,~urrnul 'lwJbrft r.iuz.if.iur~ft Jhflnrl'i..brf!. lb';, ururrp"r 

if.nw 2."'r"''lrif.iuJfts• &nziurfrn'l tiurnuJ"i,hre r.iuz.1/btnL r,,.,J,.,r .,_hur,e t 
J/r 'lurJft if.riu f!.'ii~'iin'l nulf!_ piurlw'iibl "'l'I nLrlf!_ f!.-;,,,_,,L'ii"'I. ~urrJw'ii 
7nLJiuriu1fr'j, Jiu~hrhuft if.riut />u~ urrnrJiufl liurnLJ'iibrf!. r.iuzif."t"L f,,,, 
Jwr U/_/,ur./l t 'fUl'i,./,l fUIJ/r Ul/'i, JU1Uf!.1 nrf!. 'fui'iJif.nLJ t ,.,J/,flwiJ.urw'fl 

,.uif.nr "l,.,IJ,,,'ii'iibrn,_J, "'t•/r'ii,e'ii ,.,,rb';,iurfrnl!r br~iurmP1,.,'fl i/.r• 
"-"rs"ilnLJ t ,,,J/,'j,,,,J/,,) nule1 SrnrJ,,,'j, L"'rnLJ'iihrf!. u111w9if.n1-J /,';, ,,,,, 
nLrf[! pwrJwflbtni/. ,,,,J,, iuJb';,iulUlrif.urJ Jiuuft urrurJU1f,)U1jf1'i. ~uirif.w,)./ll 
Jw~brhuft if.rwt IJ.{llnLfohur£. J'iJnLJ t- 'fr/It wJrnLfilJiu'j, br~"'- "t"'JJ,,,'j, 

'iihrf!. b uur1M'iitU1t n~f!.t 

<J.wJhrft IUll~IU,nLfdJnL'iJf! nrnz. rfrnpn/unL/11nL'iJ'j,br t Jur9'iJnLJ 

'l"'Jif.iur!- P"rP"r/r a,Jur'ii ~,,,J uk.,_.rJ,.,'j, iuJrn•fil1nL'ii[! UUlliLthtnL Jb~ 
U1rfJ 1m.r1UJ!U1fll.JnLr filhrfilft r.iuJwr if.urw'iJ7iuif.nr ~uir.J.iuJ./l 'tt/r"i,, 

('i.~. 99) ,,,,J,.,1/r-;, ."i.s./lbr""- ,.,-;,9"i.n'I. ~urrif.iur!-.ee· "'lu"'h'I. flhrP. 

p 

-z.fuururn'l l"'l'i,n1_f1JnL'i.[! ~tft'i./r fliJ.w'l.Ulfnl ,'j,, f!fl'lnl fliJ.w,) t U1Uh[1 nr 

w 1u ~U.rif."'Jl!f!. pm-1w9qwb- J. .,,,,J,,,1fr"i. iu'ii9,ehrni/.1 il"brflfr U'/ri/. l'ul 
'ilnL{iJnL"i.f!. 'iiz.iu'iiw~hlni/. b-naJ1 [ihrfilfr r,,,,J,,,r uurw'iinLJ h'iiiJ! wrlrmfdiulil 

t,,/,urlLl"'l "l"'IJ"''j,l!.' 

p 
-~--- < Ja), 
t(b-md) 

(10.i 

nrurb'l m-f!. ~ur11if.wJJ!fr Jht efl~f,n'l w'ii9.[!hr/r filfr{U t ( ... if.l"'l ,,,,., 

.[!flLJ' "r~llL )1 
Hl2 

Uiuur,'l/rf/• f!.'i.'fnLf.h[ni/_ flhrflft t t.wuurnLfl1nL'iif!1 ~urr6L/r t 9urfr!-i 

b-/l JhJnLfl/nLf,f!I fil'n'-l"'fl"-"'" ~urrif.wd-,efr (b - md)t J,,,~f,p/,.,/! ,,,-;,.,,,,. 

f,nLJ /,f, f,hururn Jw~hrhu, /rut flhrfil/r lr/ri/. ~urrif.ur,)l!fr bl Jmthr•ul!.' 

prm.ururn Jou+hrhu1 
<J.wJif.n'I. P"rfl"r" -JrnLp,,,,-;, if.rw 'fU1Jw1frf, w'ig,e•r/r "''1.7-,,_ 

9 ,.,.,,,,,,-;, "'l•"l~u/r r,,,, tif...,n.nLJ(! t!f,'l:t.m';,n,_r/r ~n'IJ /rs l!f,7-n'-';,if.wd- ti 
l'"'lf/ UIJ'j, zw• "l"'/Jtuf.Ul~Ul'j, (°I ,,f'Ul~Ul'j,nLJ 'fUIJU11frf, Ulf,f/J!f!. fl"r· 

[ilnLJr a,/wf, nL'l.,,n'-P/Ul'j,(! nL'l.'lUlf, ... ,Ulfl urrwJw'fl/r Jw1rhrnLJ ur';,g• 

.p/t h'l.rhrft Jnur wn.mpw9';,nLJ t pwif.w~w'i./r'i J/,,) mb11m'ftwG. iwpm.d'Gbp, 
nrnf,J! ~Ul(ln'I. /,'j, f,uruf,/,l f,/nL[d/r r.n#nL';,n._p,wf, uwr.J•'iJ/r'iJ ' UIN.UI• 

r.w9'iihl 1 -&./r2ur t P"rfil/r f,ln'-fl/r z.wur tfrn,er d-wif.wt l!f,ffr~"'I.• ,,.-,,,,,. 

9"r'l"'l/rf, ,,_hf/lnrJur9/rw'iithr' 
ll.1'1- urh,,_-~Ulf, L-rn1..ri.h,,e '"'.l?"r Ultl.UlfUlflf,hlnL ur"""'~hur/rg 

nrnz. if.urw'ii' ~wrn'I. H1 "i.hrt"'l"'flf,hl rl/rw1'ii r.,,.,f,wd-nLp,,,,-;, fl"',)r 
uiur.J,,,f, nL'iih9n'I. 'ii1n'-P/t Jht_ tfrn1Jrafumtwf, phn.'iihrft "'ff"!l"'-fll•'L 
'lh"f.[!nLJ (§ 17 )1 Uwtwlf, 'l"'J1111ft';, J/rw9nL/il1n,_';,f,/,r/r wz.{uwurw"i.l!fr an• 

if.nrw~111'ii "l"'IJ.,';,f,hr/r '1-h"IJ!nLJ "'I" if.urw"i.7(! pwgwn.if.wd- twrhl/r t 
r,.,,J,,,rh11 '1-wJ'r/r "''l.'1-hfln'-flliu'ii ..,,,,~ fl"rfilhrft ./!"'II!"' f/.hln'- "-,,,,,,-;,. 
'lir9 funLuwtfrhln'- l>wJwr ,,,,Jhrl! frrwrftg '- flhrfd/r htrfrs 'l:"'""'"-nr
if.nul 6'f. nrnzw~/r f,/,n_wif.nrn'-fl1nLf,f,/,r/r if.rwl 

'fl,,,f,,,..J 'l"'Jh,./r '1-"'""'i/.nrn'-flln'-'iif!. twurwrif.n..J t fr'Lz.ut."" /,lf,/,. 

l"i/. J/rw!Jn'-fill"''j, w.trnL{il/nL'iif, nL ~/r"l.n'-flJnL'iif, "'"l"'t,,nif.hln' "l"'IJwf,.. 

'iihrft!J• ';,nL1'iiathu IL 'l.n'-m "'r..,"''1-rur~mf, 'htwuiwn.nLJ'i.t.rfr!J' '#-,,,J/,r/i 
~b'iiurrn'ii"i.hrfr Jfrt'- l>hiuui/_npnLf'J-f,f,hr'ii l!-;,,,_,,,_-;,"-,,,,) 6';, Bd-frg nt Uf_UI• 

~uru IL 7d-ftfl nt •uif.hl' Uft"i.tiL P"rP/r hyre f.hn.iuif.npn'-Ptn'-"i.f!. J_Ufh..,.e 

t rfrnJ!r t/rf,/r (1,/J +2) d-ftg (fi~. 100 )1 n,,11/.Uf/r ~lllrwf,fr "rtwrnL{l/n,__ 

f,f!. f,fl,.rwrf.nrfrf, l"'rfr pn• 1.5+2/d 
l!l!r Lft';,ft, if.hr!J'iinLJ M. 

a =- (a t--4)d. /rut ~urer- /!_ 

iJ.wr!-.[!/r fln'-l"'!J"'-JI! i/rtr.p
r"'flf,lll'n. r. .. J,,,r e f.hn.w: 

iJ.nrnt.fl1nLfif! l>'iiwp wi/_npftfl 

l"'P JH h'ii i/hr!J'Ln._J 
( Jfrf,tlz. 7d). nre f.Lwrw· 
if.nrnL(l/nLf, t "'"'l/ru ifrnJ!• 

+-·+·-·+ 'T I i ~ ! I 

:+·-· --+ 1 ' . 

rwu'*"l ;_•r,ehpfr Pfri/.e• ,,,,,,,~,.,..,_hu IL p •• ,..,,,,,_Jei 

p 

'1w(luw'iihr/r '6. "l"'''uutwJw'i.'iihr/r 'l"'J"'lfr';, J/rw9n'-f' 1n1 f,f,hrf! 

-;,,;,fuwtd-hl/ru, nr"'"'l ~"'l'ht'l! "l""'J! t tfr"I 1/r'iihL, p1119fr ~urrJwf, 
r.wzif.111rt/rt1 ~UllllUlr,,._J Jif, ';,wk z+J,,,f, nLJhrfr ""'z"-fr" P"rP""" +·· 
fuw'l-wrA uwr.,e/rf, '1-frJw'l-l'hln'- uurnLp1.Jf!.1 Uw~"'lf, u111f..e/r (ln1.11murrh-
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Lfi LwrnLJe 111rifnul t 'lwJfr Lw1'bwyw'b y1nrifwd-.J!fr t,..,Jwr qq/ull2-ni[. 
U1JUUf./runi[1 zifiJw'iJ Ul.nnL'fnUff!. Jfr y1nrnuf nL'iJhun'l fWJhrfr 'fhUf.w 

J!"LJ phrifnul t y1nrJw'ii ulnnL,Jw'ile Jfiw1'ii WJL {lnLuwmrhLfr LUI-. 

f'nLJni[I brynL y1nrnLJ nL..,,h9n'f. fWJbrfr 'fbUf.(!n<.J zifiJw'j, f.wzifwrw 

y/i Jht. t J1119i[nLJ, frt.wryh, 'lwJfr y1nriJ-,}.f!fr Jfr Jw~hrhue• 1'"'!19 

'ff'UI ifin/uwrh'ii f.wJwrJW brynL w'ii'fwJ JHw9ifn1..J t zpJw'il filmr 

lwurrbLfr LwrnLJf!., t.wzi[/r wn.'iihl"" bryn1.. ifbrw'l-frr..,,hrfr wn.yw1-.

fl1n1..'be1 

flLuinfr1 UIJUUf.f,U ynl_i[U1~1 fWJhrfr zifiJw.-,, f.wzifwrye (!UU1 l;nL[ilJUl'j, 

f.w'ii'l-fiuw'iinLJ I; yinrJw.-,, wJ pnL[il 1w.-,, umnL'fnLI, 'lwJfr lwl'ilwyw.-,, 

Y"'rifwd-.J!fr J"LfUl.f!W'iiJ..lnLr J!Wll.IUynLUfr 11w'binfrJhinrfr ifrw eilY..,,"'l WJL 

{lnLJLwinrbLfr LwrnLJni[1 

11.i[hLfr 6.fizur ~Lfr'iihr '61.wr:."l.w'iihl fwJw1fr'b Jfrw9nLJ'iibre inrnrJwf, 

&_ y1nrJw'i. uurnt..'fhlm._ . Jfrw1'iJ Jfr . Jhfiln'f1 fru~ zifiJw'iJ nufbrfr W'f.

'f69111..flfnL"i1f!. ywfui[111J 'lwJbln'- b'lw'iiwyfr9, w'il9,ekrfr nrwyfr9 & Yfr"l.n1..

P1-'ii urhuwyburfis ywrfr'ii 'iibryw1- 9iJn'l "'"'t.wiltilhrfrs t.wziffr wn.
'iibL pn'-JJWmpb1Jt iwpn'-tl'GbpJ! uwC.Jw'iiblfru1 

'1u1[iuw'iibrfr 'lwJw1fr'ii Jfiw9nLf1JnL'il'iihrnLJ umJnrwpwr uwf.,e/i 

[inLuwurrhLfr LwrnLJf!. ('tw1lfr Lw1f.wyw'ii y1nrifrud-.J!fr 1uu2 Jwybphufr 

if rw) f!.'iJ'fnL'iJnLJ h'iJ 

500-fr9 Jfr'iit& 700 qq/uu2 b'l.rwJwJ~ ywrhrnLJ, 

900-fi9 Jfr'iit& 1200 qqu/utl'2 hrynL 1/hrw'ffrr'iihrnif ywrbrnLJ1 

/:11111 w1u 1nif1w/i..hrfi u1nnLfJw'ii 'fh"l.f!"'-J, Uf.Ulf''I. f;, t.wzifwryf!. 

"l.hlB.J! t yw1nwrbl nr"lbu Jfr yurrn1..J n1..i.b9n'l 'lwJhrfi t.wzifwr~· 

[lnt..JfUllnfh[/r [WfnLJ'ii (!'ii'f"L'iJhlniJ 500~fi9 Jfi'iJt_£. 700 ywJ 900-frfJ 

Jfi'iit& 1200 qq/uu21 

u.'l,nLUWY 12~nLJ f.l.rifwJ -ht znzwifin'l Lwrn1..J'iibrfr l't] PnLuw· 

m('h[/r JJ.JnL[ilJnL'il'iJJ.{'f!. «Cffi - 3.J> Uf."'l.Ufwurfr f.wJ1ur ( 0,1,f"""' 38-+ 

-+- 45~0qq/tfu2)1 fr'iJJ._UfbU 'iJw£. 'fWJhrfr f.wJw{' mrnpJw'iJ [o,.~] pnLJLUI• 

mfhlfr ,(wfn1..J"i,hf(! (!Um 'f"l"'-filln'-..,, nL'ilh9n'l 'iinrJu/i..hp/11 U'll"'-muy{: 

ifhrwpbrn1..J t !t.fr'l-rnmh/u'iiMwyw..,, £. wr'l-l"L'iiwphrwyw'ii ywnnL9i[wJ .[!' 

'iihrfr'il u1nw111Mwyw'i. phn'i.hpfr 1U'f.'l-h9n1..fl1w'i. 'l-h"l.l!"'-J' 

/>'i..[!'i.w{ifrn'i.hrfi · ~n"i,umrn1..Yflfrw'iihpn1..1/ uni[npwp"'f o't"'..,'l"rd-ifnu 

/,'j, 'f/"'-fU1lln1..Jfr'iJh 11wJhr {fuqJw'iJ ruJrn1..fl1w'iJ UIUf,JUl'j,(! Jnm 40 qq/uu2J 
wn 'lwJhrfi r.wJwp filnL1Lw1nrhLfr Lwrn1..J'i.bre 1nwmw..,,</n1..J bl 

l't]=18+25 li<J/tfu2
, [cr .. 1']=60+70 q<J/ifu2 uwr.Jw'il'ilhrnLJ (T·Y· MH 

HHCTepcTBO aBHanpOMblWJleHHOCTti 345 1.MTY)' 

qwtCwJ~G J~wgnLpJRLGGhr~ '11.lljpLJ 

I {wpnLJ I!. q q/uJ2 

~f-J'!.w't.w'!. 1,;l/,J/,'!..,,'bbpf!. 

'1-wJbpl 

B 't"'P'l' 2"'7"'PY"'~ w'!.gebrnLJ 

§ 49. OPM1ll4'1bP 

{ 
[cr) = 1600 
[i:J = IOOO 

{ [i:J = 1400 
[o.,,] =3200 

0 r",,"'" 28. UurnL'f/,l +.wpuwJf- '"'""'"""JI''" +.snLJny fopwp Jfow9yw~ 
flbpfJ/,pf- lrp1t"'J'i."'1t.w1. 1t.wpf- 'fwJbpfo u.JpnLpJnL1'f!.• 1twpf!. ~"'~"""'~ t 1tr1t.1'w1tf
-fbpw'ff-p'l./.p,,y1 1lwpu1111f- u.pwJ111'lf-~I!. D = 1500 t!J, fJbpfJbpf- r.wu~nLfJJnL'1f!. 
I = 18 JJ, i//,pw'lfop1.bpfo r,,.,.,.,,nLjil JnL1'f!. t1 = 10 JJ, 'lwJbpf- inpwJw'lf-~I!. 
d=22 JJ. (i:] 9 =800 ~q/uJ2 , [a.r]=2000 ~q1uJ2, 'j.,,,tlbpf! 'l"'uwynpyw~ /,1, 

p -

l+ 1011 

bp~nL 2"'/'~ny 2wfuJ w111wtlt.. (1.'t.• 10; )• 2"'Pe"rfo Jfo!t.. r.&n.wynpn~p JnL'Lf!. b=1S JJ, 

'fwJ/,pfo ~"'Jll!. a=90 JJ1 lin'fnL ti.'l.2nLJ/!. q = 9 JplJ1 

~ qd 
"twfJuwJfo "f.wm/spnLJ lwpnLJp (§ 35) a= 2tl '1wfJuwJf-S 1t. 111p/,1,~ .)'11h_f-

nL'17nLfJJwJp 'lwJbpf- 1tr1t.'llw1tf- ~"'Jlf-1.' 2a = 180 JJ br+."'rnLfJ 1..,J,. Jf- o'lw't.I 

11.1'1 o7111~f- ~"'Jpbpf!. i[bpw'ff-pLbpf- Jf-1,,9ny fop.up Jf-w9yw~ /,1, 1npu br'tnL 

1t.111pnLJ nL1''19n'l 'lwJbpnf 1twr1111.f- JnLpwew1'tJnLp 'tir'IJf.(J bp't.nL 'l"'J"i' Ofw
'tt! tl'li/nLJ t p = cr2at = qDa nLJnyl 

UmnL'f/,1,~ 'l,.Jbpf- wJ/'nLfJJnL1'f!. 1tmp1fw1.e' 

qDa 9.150.9 
't= xd2 =314·2·22 :::::80()~~/uJ2 =l'tJ,z 

2-.2 ' 
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qDa 9·150·9 2 o., =--= = 1520 ~q/u.C <[a.,]1 
2dt 2. 2,2.1.s 

SpnpJ ....... 11111nL1lnLJf!. ....... !Ji/nLJ t ... 41r,p l'""l'"""'I.•""'' e-,, 1t.urpJ .. ,,I!., fb•
, .. ~ .,,,,,, ,.,,,,,fi.,,, nl' .,,,.,,,,,, 9: .. Jltpf!. llL,,,,,, lrp't.nL +_urpnLJI u .. l'IM!J•"'ti/nLJ t 
,,[' 1111,,•i/ I np filltl'filltp/!_ 2"" 111 liwam ,,,,I 

0l'fi,,"'1t. 21° ~'19.nLJ"f!. Jp.,,,!J1'"LJ t l'Lfl"',,91'1!. ltl'l[nL ifltp 111'1Pl',,ltl'fi lilr .. 

(,,+_, 102,a): fl,P,..,,!1/JP d.n'lfi li111uonnL/JJnL1'f!. t = 15 ifJ, 9:"',,lrl liltpLJ•p d "'l'111Jm-

p -- ----.;;- -· 

t+.· 102a1 

'l~~I!. I. d.n'lfi b L•J.-,.nLf'JnL,,f!_·~An'll!. .It;~"'~ t P= 12 '•n nLJniJ· [~J = 800 ~q(ud'2 

[i:] = 600 ~ q/u.C1 , [a.,] = 1600 ~ q/a.C21 11'/i•!JlfLflJ"""' wzfuw_w,,e/t u[ultJ111"1 

111pi/•~ t 111t.• 1021 6-nLJI 

p 1200 
b ~ --= = 10 u.C· 
_ t[o] 1,5-800 

t:lt'lnLJuJ.. •l'•"•'f/i~I!. •pn:_i/nLJ l; 't.url'J.,,, £. 111pnpJ,,.,, 111JpnLPI.,.-,. "l."'IJ.,L 

lltl'fill' 
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p 12000 
d ">--=. =5u.C1 

t[o.,] l,5 · 1600 

U. If bur"''l.'"~"'r;, ~n'iluurrnL~Ofr"''ilbr "l."'urrwu111blfru f.w,111/u ~/r
r"''"/_nul f; tlh~urrw~&U'j, IU']_/,'J.fr Jfrtnom/. 'lnfnLJf!_I 

O.n.wtfr'il w'il'lwJ !;lb~urrw~w'il "''lb'l.f!. f.w1111'ilwynrr}4_hl I; n.nLu 

1Jfr111'ilw~wlt 111rnlf.. '{. '{. tf/burrm/.fr ~n'l.Jfr9 1802 p.1 ~w1ur'ilwpb- · 

rblmf_• nr /rr ~n'l.Jfr9 uurw9wd- hh~urrw~w'il "''1."'l.fr J/,P.. Jhmw'l_'ilhrl! 

r.wllf_nul J,r;,, "/rnlf.. 'fhurr•i/.f!. 'ilzh9 "'l'I brlinLIPI!. urh/ui1Mw1/r Jht 

o'l"'"''lnrr}hlnL f.Lwrwif.nrm..fl 1nL'ilp1 Uw~w1'il t-Lh~urrw~wf, "''l/,'l.f,"'lfr'il 
q_n7Jw'il 'llnLurfl wr4_h9 Jfrw1'il XIX 'l"'l'fr r/_hrtfr'il nnLuw~w'il fr'iltlh'ilbr'ilhr 

'(,, t. Pllilwrpu/r (1882 P·J k t. "'· ul ... 4.1w'ilnif.fr {1888 P·) ~n'l.J/rs 
h f.hurWfWJnLJ l"'l'j, llflUflU,}nLJ UllllU91UI/_ wJpn'J.l. wz/uwrf.nufl 

UL"'if.lw'ilnif./r Jkfln7nif. hk~mrw~w'il q_•7Jw'il f;m .. fl1nL'ilf!. ~w1wLnul 
f; 'ilrw'ilm.J, nr f;lb~urrw~w'il "''1.h'J./r Jfrtn9nif. f.wlhlnif. hht111rn'1/r 'il111L

flf!. ( llfn'l.llf"'ur ), 'lrw'imif. Lo'ilnLJ b'il Jfrw9if.n'I. tLkJh'ilurilbr/r ~9J"'f, urk
'lt!• l;lbJh'ilur'ilhrf!. 'ilnLJ'il"l.hu w't_ii'l/r Jfrt..nonif. urw,ew9iJ.nLJ k'il Jfr'iltk 

r.wlJ.,.'j, thrJwuurfr'w'ilf!_I 1-rw z'ilnrf./riJ. r.wlif.wd- J/,urw'l/r uU1nDlnL9 f.burn 

UllllU9if.mJ I; "r~nL /;Lb1fb';,111'i1brf, /rrwr. ~ f.bur 111JnL,. Jfrw9'i1n'f ~Ulfl 

~n'l-Jw'il ufubJw'il 9nLJ9 

I; urrif.w6 <;,~. 103-Jr if.rwl 

l;lb~urrw~w'il "''lh'l'il w1r-
4_mJ I; JJ,,,,.,.'l"'tw'il l;lb~

urrn'l-/r IL q_ntif.n'l JJ,,,.,,,'l/r 

Jfrt..k• r.wlhlnif. l;lh~urrn'l'il nL 

J burw'l/r ,/ frw9if.nt l;lbJb'ilur

f,brfr b'lrbrf!.• nrn'il9 Jfr1'

UlllMltU1'ilnLJ I; WJU"f."" ~nt· 
l/_wJ 'ln'IJ mf, iJ.w'il'ilw1 

tt. 1031 

~"'lif.n'l Jhurw'lf!. 2.f P.."'llf"'llln'l o'l/r9 f!.'il~'iln'l iJ.'bw•w~wr pw'l_w
'lrfrt'ilbr/r9 "l."'2.urllfw'il/,lnL 0f.wJwr tLb~111rn'l/r Jw~/,flurLJ{i/r if.rw wr· 

if.nLJ I; f.wuur "l."'2.ur"Jw'ilfrl. ,eu'/.wd-,e, •re l;lbturrnt/r f.wlJw'il J111Jw'ilwt 
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1,l;,t.,.,,,,,,..J t J/1t} ,ew'il.U~n'-fi1wJp /uwrwJ ni. 'lwqhr• nr~ ~tnrroM 
r,,.,li/.n'I. Jhllllll'l_f!. J/,"-,,Luw9.J.n1..J t zr1"'UJ"'"'"'I. O'J-/r91 

Urw'ilm( wuiwf.ni[i[n,_J t qn,_..."-u1r/r JhurUl'l./r pwr~r nrw"-e• nrfr 

JhfiiUJ'il/r"-w"w'i, f.wm"-n'-Pln,_fl'j,hl'l!. ",.,l'"'l. bf, /ii/ruur i[U11nw'ilw1 o'lf 

[il[ili[wJ'ilfr A w'l.nmfr w'l.,_J,9n1._{J1U1'il urw" ( ,eui[wJ./!fr pw9w"wln'-fillw~ 
",.,J pwf'UI" ./!u.J.wJ,e/r '1-b"l./!"'-J )1 7'nLl'il 'il"l.wurw"-n.J. ... 4urnJwurfr"- 'I.~ 

'1-"'-Je "IUUllUf'""'-J t r,.,,'""'1. JJ,,,.,.,'1.l!. .. 71r Pfili/-J'ilfrs nL '"'I.nm~ 
UJW2.UIUJIDfltr'l_ f umufr zhrurfr UIUl"I 

Ufrw9nu/f,hl'fr "-n'iluurrmt9/rw1fr• 'il1n1._filbrfr A 9."'IJw'il mhfu'ilnl"'lfrwJ 

ii.frzur f!.f,lll('nLfllfl!f, 'J/H'f.j!#&.J 'l."'JJIPf, J/rw9n,_J'il/,rf!. frrbfl9 l:.nLUUl//rnl 

[ii 1wJ I' [h'il q/rt._nLJ 'lwJw1/rfl Jfrw9n,_Jf,hrfr'il /r'iltuihu 11ur1Uur/r"-w"-wl 
<;,;.,_1flU,.b11 Ii '1/r'ilwJ/r"-w"-w'il ( 111 l'I [ilr{ni..J A l:.wrr(wJw 1/r'il "'- 'ilz111'ilw1/u 

t[rn{u) phn.'ilbr fi wq'1-h9n'-£11w'il '1-/,"l./!",_J' ll' frk'iln'-lf, clw.!w'ilw"- /;lb~ 
Uf('W"Ulf, '/.#'JtflJf!. 'fUl,//,lnL r.wJhJwurn1._fil1iuJp nLfl/r Jfr zwrJ? MlftUI• 

i/hln'-fil 1n1._';,f,b{', nrn'il9fr9 "wf'f..."f'Ul'fn'-lf,f,b{'f, bf, qn,J w'il wzfuw111111flJr 

'ilbrfr w.J.blfr ifrn,er wzfuw111111urwrn'-filnL'il'il nL J/r1119i/n'l. l;lhJb'ilur'ilb· 

rn...J wfllJi"rfr r.b111/LwflJ!n4. UlftUl2_W9n'l_ [lnLf1119nLJ'il/,f'fr p1119U1"-U11nL• 

fl1n'-'ile1 lJ. ·Jnwl/ru I; Jfrp_n9'ilhrfr k Jhurw'l.fr 'l't,.,lfr 111'ilurh.n1._J, l',.,9/r 

Jfrw 9n1._J'ilhrfr· "nJ "lw"urnL[il 1w'il r.hurkw'bJ!ni/. IOn.1112_1U9"'1. ur'ilurhu n,_J fr91 

Ubt) m'ilmbuwtwfl o'fnLur'ilbl'f!; "l'"f,J! umw9'{n1._J b'il tfb'Imrw'Iw'il qnlJ• 

Jw'il 7""1./!n'-J, A '1-l'- Jfr1.n9ni[ "-n'il11urr•'-'I8/r,.,1/r uiwrqb9na.Je • .J.hrr_fr'il 
JwJw'ilw'I'ilb[iu r,.,,f,'tb9{'/r'il 9w_Jw1fr'il Jfrw9n1._(J1n,_flf,hl'f! wuurfr~w

flwpwl'. 'l"'IJm'il Jfrw9nul'ilhrnr/. ifrnfuwrfr'ilbln'-'b' 

"1;1bt111rw"-w'il qn'ln'-Jf! UUfl.U .,,,_J 9.'l,.,Lfr urwrwJn,_J 11mw9wi[ 

z'ilnrl:.fri/ umJ.hmw"-w'il tfrur'ilw'Jw'ilWzr "lwmn'ilfr. "-.nln'l'Jli'ilfr, tMfrurfr'ilfr, 
blrhtni/_/r /,,_ Ullltf9 wz/uwurnLfilJnLflflbrfr• nrnfl$ J zw"b9Jrfl Jfrw9ntJ'ilb

r/r l'Ulf'~f' IUJ(fnL[il1nLflf, Ul"Jl#f.tri/tr'l_ q_n'l'w11 11nr J/,fln'J-fl/,f'I 

~. ~n'IJw'il Jfr1119tt1._J'bhr/r• fr'ilt"ib" k 'l"'Jw1fr'il J/rw9m.J'ilhrfr 

l:.wz.J.wr"-/r JwJw11w"- "i"'IJw'itw"w'ilnrb'il f!'il'l"'-'il.J.n1._J t. nr Lwrn,_J'ilhre 

twrfr -JP"'l.l "-urr.J.wJ,en1._J pwzfii.J.nLJ J.'j, f.wi[wuwrwtwt/r• C'il'I nrnLJ 

WJ'I r.111zaJ.wr"-l!. uhrur 'J111"i.J.111J I; 9."'IJw"i. urhfii"i.nln't/rw1/r f.bm. Jwu'bw.J.n· 

f'"'"I""' UUI /rr wrur1119nln1._J'j, I; 'l"''j,,,,_J 9."'lw"wrfr r;,,,, .. ,,,. flnLILUllnf'/,. 

Lfl 1wrJw'b JbJn'-fi1w'il Jbt.• nr'il f!.'il'l-"'-'il.J.nLJ t "w/ui[wJ 9."'IJw'il b,,_ ... 

'il111+Jr9 (abn;[!/r "-wJ ,.,4..,.J,.,a.nfr"-}' fr'btuibu 'bwk /;[b"-urrn'IJ. 11uiJ.111Jefr 

l',.,'1. w'll'"'-/IJnL'il/r9 k r...,umn1..fl1n'-'il/r91 

u.,,_1,,,_,,.,,lt. J.3.,,,_J pkrif.1116- h'b CT-3 Jwr"-"'1/r "i"'l."iw"'fr9 "i"'"'. 

rw•a.ni[wJ "n'ilumrn'-IJ.9/rw'bkrfr 9."'llU"-IUrbr/r P"'-ll"'"'l'"Lfr LwrnLJ'ilbre 

eum 'l"l"'-/i!l"1.'il n1.flA9n'I. 'ilnrJw"iihr/r (fOCT-960-46)1 ~"'l"'"-wrAr/r 
wJrni:.f#1•'-f,I!. uurnl.lfhtfru f.111z4_/r I; wn'bi[n...J "-"'l'/r u"-qpnLJ f.'bwrw•[nr 

flbrf.•''P"'.JI!. £. "-w,./r iJ.brz.n1._,/ [uu1n'ila1r,.,fl/r wnwtiu9ade1 U.1'1 "iwur· 

UIS 

~nm[ "-wr/r t.wz.J.wr"-wi/r~ "r"wrn'-filln'-Lf!. l!.~'1-,;,_ti[nul I; wt[hL/r t{r"J!I'• 

./!w'il /rrw"-w'il "-wJ 'ilwfii ... 'IJw 1/r'i. hr"-iurn'-P l"'-f,f, t ( euin 1946 p. 

.,.bfii'il/r"-w"-w'il uiw1J w'il'ilbr/r 10 ifil •n1l}1 

Jl'1n..pni[ 'l"'l"'-J 

{"'l'J"'L 
r•r•t ••1•'-j'··• ••{•>,•1 

U.r["'nJwintft 
l.2 ... Lwtn,_JL'1p[! 

'fn'fnLJ .,,j,u .. tl! .pni[ l;l'1ftmpn'f- l;l'1't"'l'"'lL'1p 
.,,,,l' 

.tynt.J l 1000 qq/utfZ 1300 qq/u1£Z 1300 ~q/ul2 

[at] • 
ufT,,JnLJ 1100 qq/ud2 1450 q q/ud2 1450 l1 q/ul2 - -

ftmpnt.J [1:t) 800 qq/ud2 1100 l1q.'ud2 HOO qq/ud2 

'}-, lf frw9nul'ilbrfr wJb'bfrs w.J.hLfr uiwr.9. nL f.nLuw1/r a.nfr"ll1 7-,., fim~\UU\ 
wn. -fim~mm tf~m901.tl'u J., n{'f!. uu11u9.J.nLJ t Jfr..,9iJ.n'l tLbJb'j,,,,f,b{'/r 

fi..w"-wur'ilhr/r JJrp_k b'l111.j- pw9w"-e 1:,wl4_u;t} Jhmw'lni/. 19'ilh[nL Jfrt.n9na/_1 

iiw"wa.n wn ~"wur Jfrw9nLJf!. "-wfua/_wJ Jfrw9i/n'1. tLhJb'ila.n'ilbrfr r,,.,.,. 
mn._p1nL'il/r9• frrw"-w'bw9.J.n,J I; 'ii"-· 104-n,_J 9"'-19 1nro/.wtt 111fr"l.l.rfr9 

fl('k/; Jb"-fr urbu.J!n.J.r U.Jrn'-fillw.._ u•an'-'ln'-JI! "-wurwr.J.n,_J I; ~,Jw'b 

~wJ ub,,_JJw'il urw" euur 

(10.9) 

pw'bwahfr1 

U.1uur6'1. It - Ft "-wr/r 
"-inr.J.wd-J?/r "i"' 1Jw'ilw"-w'i, 

wzfuwa.nn'l_ Jw"-brbu'b t. n.r

a.nb'l. "-iurfr iuz/u"'..,"'1. "r"-w
rn,_p 1nL'ile' l := b -10 ilif I 

fru"- "-iurfr ,. ... l'al'"'-fil ,,,,_<;,<;, 
e'b'J"&.fla/_nd I; r.iui[wuwr 

J frw9.J.n'I. tLbJll'bur'ilhrfr t 

t - .1"1t_~ &.t.! 

/ 

f.w11urnL{J1111'be1 t"ft· 1041 

flw'i,fr nr 9_R'JIU"Ul('/r 

f.wJwr /ln'-uwmrbLfr Lwrn'--

p 

p 

JI! w.J.btfr t{rn.pr 1;. J!IU'il ,.,.,r;,,.,"w'il JhmUl'l./r \wJwr, a'turnLJ II';, Jh-

t}u.9'ilkt "-wrfr br"-"'rnLfillnL'bf!.' U1u 'iluiwurw"-na/. "-frrwni[n,_J t fihJ! "-wr 
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a1,f,/,9nf iCw ... .,. IMa. ~.-.,, tl/rwlJnLJ (f,~. i.06)1 U.l'"'./ru/r Jfr..,fJnL1lt1'6r/r 
n'-•nul"il-11frrn1.fi1nL"il"'1rf!.• nrn'il-8 t"'ur111ri/.'1L llL 11/>UUIJ. 9'frurnLjl1na.'il~ 
'illtr/r •/putln/fr..,1/r tLll~urr"'t"'f, t.ntp/111f, /r'il11urfr111nunm.J, gna.11 uri/.'1-

•"f,, •r ~.n,..,t..,ir Jlt"'"''L/r ~ ... "f"''ill f.•i/.11111111r 111JrnLfl1nL'ilf!. Jfrt"' 

"'"l.111fani/.i/...,tf ti 

il''1'6 t 111rhr/r ..,J .. 
rm.f11wf, lllltn&.fl'LJf!. 

+"'111"'ri/.nLJ t t!"ur +111-
r/r mn turri/."'•rLJ 

"'•"'t"'!ln'I. fr'ilt"l.'1• 
r,,•rJ"'L• 'ilnL1ir"l.'1u 4. 

t.nz..,+n'I. L"'rnLJ'illlrfr' 

p 
"" - P• stn=-.slna:, . Fa 

p 
'ta - p .. cos11- - cos«r 

/t 't·"'~ ••HL"'I.• "I' P. =-lt (f.t• 106), t,,,,,..,-;,..,t,i!' 
Fa 

"* -L·sfn«-(: [o,),j 
It 

p 
'tt- -·COS a:<: !oet]t 

It 

(10.1.0) 

U111ur/,'J. 'J•r/r fawt.4.1Urt"'1fr" "rt"'rnLfil1nL'j,f, (!Ullf 1n'1/u'il/rt1U+IU'j, 

"l.•1J..,L'il'1r/r f!'il'l''L'iliJ.nul t t....4,..,,..,r' l =~ -10 lfu1 
. s!ncz 

/tf,t"l.'1• ;,..,,,111,.,mi/...,t) t +nrani/.1 nulfr 111,rp1..,-;, t•/r f,t..,urJ111Jp. 

+-r/r fillrLfill"''- ..,JJ,'il,,,,n.1111frn'il111L ..,-;,+1nL'ilf < 45+00° t1 /J'J,Jl tw· 
r•l/. Jfr•gJ..,f, /1'1rnLfll 111-'ilf! f."rp/"'f, J..,J..,f,,,,,t Jfr"'Ui/.n'I. tt'1JU1n'i1'1-
rf! t'1'il1nrnLw9f,/,lnL ..,t,f,..,rJ"'rna.fi1m.r,,f, ti •1t '61,lll•Qwn.ni/. "'I" Jfr111• 
Bm.Je '-t.4."1111'"1. t 'tfrr•lll/_nLlll .. 

'lo. br,.llA Jfr111snule /rr"'t•fl..,14.nLJ t "'r""•""•t t•J 4."r"'
t/rr",,r•i/ •~•ti/."'• '•+"'111 .... '-t"'"'' Un ,,,,.,,,,l."'!1-;," .. J t Jfr t. ... r .. 
flmfl l"''j, J/,1. am'1i/.n'J. flhrfi"rf! /rr-r f,J,,. f"f/,[nl.. ..,f,far1UrJJ,2.,,,,,L• 

P1nL'k. P' /rr"'t"''il111si/.nul t "'l""l.J,11 tnti/.wt) flt/ P"'1/r'il t..,J "''iltrL• 
f,..,,Jif, t•r"rfr Jfrt.nsnt/.1 nrn'i,Jl lfr'i,,,..,/ /,f, '-'t1111n1111frf, ( 111f.,,.'J. llLJ/r 

ru.n•filJIM'ill! nL'l.1J."'f.m1•1)' tn'l.,.1/r'il t"'" fl'-1/r'il (wn n1..'l.'J."Lfl1"''itf! 
f.•LfM1fJl1&}I 

il-J P."'t•l'/t t•rl/."'t)l!f, 111..'ilfr p.wi/.wtw'ilfr';, w'ilnrne air.. (~t· 106,a)i 

'U.JrnLflJ-'it •••-t-'il '-t.1'."'rt'ilhrna.J t 111r/r t•r1'."'•~'il f!1'pa.f,_i/.nul t 
tOo 

tt. J0'11 

p 
'tt =-· 

2Ft 

flw'ilfr nr 1i"'r/r +•ri/.111•.er 
Jwt"r""t! ft - hl==tcos45°l=0,7 lt, /rut f.•2i/."'r+"'1/r'il hr't111rn1..· 
flinr..'61! l-b-:-10 1ltl, "'"I."' ,,,Jrm/11111'il "l."'1"111'ilf! 'u!.'il'fn1..'il/r ~'""-l"'L 
In/, II .ef! \ 

p 
'tt - -< [-tt] I 

1,4 • t I 
(10.11) 

Jt,.,,,t,,,flnLJ t"'r/r "1•...Pt! 'f•'ili/.nr..J t P"'r'I l"'ri/."'•1111/r'il 4.11'-w· 
tm.J, fllUI nrniJ Llllr"'-''""rt! I!""' AB turri/.w•.e/r pwz/111[n1..J /,';, ..,f,~ 
f,,,,i/...,11wr"' t"'+' ll.n.wd.'l"'t111'iln1.jl1111fl ,,,J,,.n1.fl1wfl Jhfln7fl'1rni/. tw• 
lnlUri/.wt) 6. +nrahrni/. f.11111ur1Uuri/.1116 n1..unu/f,1U11/rrnLfl1n1..flfl/,rf! 8"'1fJ 



u.l{hu1''#, nr t ... rfr wLl11nL'i.°flhrt1LJ 11111nLp 1nL'i. nL'i.fr L"'f'nui'Lhr/r P"'r'-r 
r.,.J 111~hilurrni.1119nw 1 

/11119/r 'fr111'i.fr91 umn1'_lnL J111J111'i.111~ ~111rhrf!. ~111r-6.111'i.111lnL r.hur£.111il~ 

'n" '1.n'lJ.,,'j,: tnurnLJ 111n111'l111'i.n1eJ hi. Lr"'onL9/rl. L"'rnul"bhr nt Jfr1111'i# 
'1.n'l"'~"'rfr il1n'-fil /r Jht, ,,, u' f.fr.rbiu~111'i. Jhur111'ln'-J. 'fr"' r.burb.111'&,nil, 
'j, 1nLf!lf!. ,,, zfr1111111 nd I; P"'r'l l"' riJ.111d-,,, 1/rii iJ.fr-6.111~/r "I."' 1J 111'i.ilhrnLJ I 

ll1u f.,,,'j, 11 ,,,J ,,,f,.f!f!. ~"'rn'l I; ~111p111ilnLJ iliJ.111'1.h!Jiihl il1nL[il/r "l.l"'"•· 

urfr~n'-f!l lnL'i.f!., "ff!. £. 111 lu"l.fru/r Jfr1119nd f!. { 6.111~111ur1111frL ~111r1'rni/.) 
'l"'railnw I; 111iJ.hLfr .f!frl fanLu111Lfr• .f!"''i. 111n111'i.9 iJ.hr"''lfrri.hrfr '- 111~111ur 
111n. -6.111~111ur Jfr1119nLJ f!.' 

lJ, fil'£.1111fr'j, (~111J ~n'l1111fr'j,) ~111rbrm[ Jfr1119ndf!. !JnL/fJ I; urriJ.111d

f,~. 108, a-nLJI '1111rfr .f!"'l./i!"'lnLJe, nr/r ufubJ111'j, 9m.19 I; urriJ.111J- 'j,~. 108, 

6•mJ, 11th'lfr I; m'i.h'i.nLJ~ ·ilr111 p111iJ.111~111'i.fr'j, J/,d- hr~111rnL[il1111il "-r"' 

p p 

p 

~ 
6) a) 

t~. 1081 

~"'r/r nL'l'lnL[il l"''i.f!. 'l.nLf111f.hn 111Jh'i.111[ilnL IL AB f.111rf!lm(il 1,,,J p r,,,,l_ 
4_111d- Jhur111'lfr ~urrJ,,,'j, f.hur£111'i.,n4_1 br~nL r,,,,J,,, l."'"1 1iuu111if.nr4_111d

~111rhrfr (,.J 111f ,,,J rnL[il/Ul'j, "f.UI 1J Ul'j,f!. r.hur£.1"'L' I;' 
p 

'tt - < ['tt) 1 
2. 0,7.t./ 

(10.12) 

bflh ~"'r.uiil! hr~nL ~n'lJ fro tL J-,,,J-~iJ.111d- I; 4."r"''lfrrilbrnif., "'"I."' 
~111rhrfr f!lfr'i.f!. ~~f~'j,Ul"f.Ulur~if./r £_ 111J rnLf!l1111'i. "f."'JJUl'j,f!. ~f!.'j,'fnL'itfr f,/,.i 

m'-l"'l urhul!f!.' 

(10.12') 

(10,12) £. (10,12') p111'i.111a£.hrfr9 unl{nr"'l'"'f nr112nLJ hi. /il#..1111/rfl 

~"'rbrfr r.,,,24.iur~"'lfr'it br~"'rnLfilln'-'i.f!.' BnLr"'.P."'ill.Jmr ~iurfr 'i.111fu111· 
'ld-;,,1fril l.r~"'rnL[il/nLil(! [!'i.pLil4_nLJ I; f.111iJ.111u111r l0 = l + 10 uu1 

f>'j,t"f.hll 9nL/fJ /,'j, urif.hl ifrnrabrf!.• [il#..wJfr'j, ~"'r"rfr 1!1111./i!"'/l&Jf! 
rnh'lfr I; nL'i.h'iimJ "l.lmuurfr~ il1nLf!lhrfr .f!iul.P."'IJ,,,'j, "I.bu' 'l.'lwlfr ,J"L,,, .. 

fl•f'fllllfr'j, 'fh/f.nrJ 1119fr111i.hr iutua'i.111'i.111lnL9 r.hurn I u Ill (!1£.1111fr'i. ~-rhrfr 

•z/u111•1111ll!f! 'l~ra'itnd I; 1114.hlfr P"'rhfl"L11111ur, l!"'fl 6.111~111ur111ifril ~--
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J. frr,/;, l;i U111~111ltg "I.bur.[! I; fr 'U~111urfr t1Lfil/u111l• nr [ilb.1111/rii ~111phrfr 
~~rhrnLJ l;l urh'lfr nLilfr L"'rnul'Lhrfr P"'rar r,,,,J,,,~hilurrnil1119nLJI 

t 111/u 111'1J-J 111'j, J111J 111'i.111~ f,iu6.111fu a,,urnLJ h'j, J fr1119J 111'i. r.nLUllll/rnL-, 

inLilf!. JhJ-,,,uii"hl• -o,.,,,~,,,ur 111n -6.iu~111ur Jfr,,,9J,,,f, q1nfu111rhii, ~,,,J iir"' 

~ur Jfr111ufr'i., ~Ulrlllilf!. ,j-,,,,}~blni/. iJ.hr1111frrilbrniJ.1 nrnil.(! '[_ntfiJ.nLJ /,'j, 

Jfr,,,si/.n'l l;lhJh'i.uriihrfril [ilk111ifril ~,,,J 6.111~111ur1111fril ~"'r"rniJ., fru~ br
hJ'i. Jfr111J 111J111f,,,,~ £.' f!lb.111 ifril, £' 6.111~iuur111 ifrii ~,,,rbrni/. 1 f>iit"l.hu 111r1hii 

~ziJ.hu• qrnqrnfu111 ~,,,f, /.. r.wriJ.111d-iuifril ph,,_tbrfr 'lh"l..f!nd ~,,,r,,,i.fr i.J,,,'i. 

((nLJh'l"'fJnLJ f!.JJ ~"'rn'l I; 111 iJ.h1fr 2111ur iJ.t111u ur"'l• .f!"''j, 011nLurl 
f>tt iJ.hr"'PhrnLJ 1; "'lu"l.frufr r,,,,J,,,biJ.111d- ~,,,r,,,i.fr r.111ziJ.111r~fr'i., 

"'"/."' -o,.,,,~,,,ur1111fril /.. f!l'-1111fril ~,,,rbrfr Jfr111J111J111'i.111~1"' ~frr111nnL[il1111il 
h nLJ f.111J111rnW /,'j,, nr Jfr1119J111'j, 'ffrJ1111rn'-filln'-ile r.111iJ.111u111r I; pn-

; .. r"f.,/!~Ulrhrfr 1frJ1111rnL[il1nLiliihrfr 11n1_J111rfril, u11ufr'i..f!ii' p - p, +Pp, 
nrurh'l -6,iu~111ur1111frii ~Ulrfr 'ffrJ 111'ffn'-fil JnL'i.f!. l.. f. 111zi/.111r~UI Jfr'j, "r~iurnt -
fll"''j, 'l/,"1..f!n'-J r.111iJ.111u111r I; P,=0,7 t. l, (\]• fru~ hr~n'- [i1£1111fril ~111-
rhr/r 'ffrJiu'frn'-filJnLilf!.' pp= 2 • 0,7 t, [p ['Ct 1 • f!.ULn nrn,_J l, = b, nrurh'l 

b·ii iJ.hr1111rfr l"'l'i.nL[il 1nL'i.ii 1;1 Sh'liu'lrb,niJ. iu1u "'rJb.[!iihre• uurw• 

'i.nLJ /,'j,.(!\ 

(10.13) 

CJ.frur6'i.1111ni/. -6.111~111ur1111fril ~111rfr "r~111rn'-f!l ln'-'i.f!.1 nrnzn1_J bi. f!l'-1111/rL 

~"'t'hrfr l P hr~"'r"'-fil 1nLilf!.' br~~n'lJ,,,'i.fr ifbr•u1frriibrfr 'lb"f .f!",_J ~IU rh· 

r/r fl/ri/.f!. ~r~ii"'"l."'ur~iJ.nd 1;, 
,,, iufr'i..f!ii' ( 10.13) p111'i.111a£fr 

"'t J111uf!. "I.bur.[! I; ~r~i.111 - p -"l."'ur~h/I 
-fl,,, ii fr n r 6.111 ~,,, ur,,, I fril 

Lt!J 

t~. 1091 

j 
~111rbrf!. 111iJ.hLfr ~n zur bi., 

"'"I."' [ilk1111fril ~"'r"rfr r.hur 
r,,,, J 111 ur h 'l 111z/u111ur 111 ii .[!/r J ,,,_ 
J 111 <j,111~ 'lr"'il.f! 'lbrpbn'i.iJ.n._J hi., '!rfr r.hur#..111fl.[!ni/. Jfr1119nLJf!. 111z/u111-
urnLJ I; 111'i.f.1114_U1UUlfU1l.U1i/tl b[ilh f.111z4.fr 111n'i.hii,p1 nr UIJU"f.fiufr JfrU1-

sn'-f!l 1111il Jht p_hrJ111ifril L"'rnLJilhrii tL r.111uiimJ hi. Jb.t 111rJh.p.iihrfr• 

"'"I."' fj,J,,,'j, ~111{i111ilfr frr111~111ii1119nLJfr9 "I.bur.[! I; fun1_u111iftbl1 
!t brpb.rb h'l.r"',,_,,,J-~ Jfr1119J 111ii J,,,J,,,f,,,,~ [ill.. 1111/rii ~"'r"rfr r.hur 

Jfr111J.,,,J111'i.111~ ~frr111n;,LJ bi. Ub'}~WJ ~fi ~111rbr, nrni..(! /rf 111~111'j,11194.nLJ 
hi. Jfr1119i/.n'l l;lbJ/,f,uri.hrfrf/ Jb~fr J/,! Jfr1119nLJf!. ap'l nLJfr 111'1.'f/,fJnL• 

[ii ,,,,'j, nt 'l'lnL[il 1111ile 'I. nu1111r.hn ,,, rif.111d- iih'l 6.h'l .f!f!. r,,,, Lif."'d- J hur111 'ln4. 

LoiihlnL Jfr'lnsni/. (ii~. 109 )1 
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'l16'1.l!w1/li, ~-r/r I,, /,r~-rntp1 ... L I.. ~b,,_.e/r d ,..,1'£m(l1..,<;, ''"'~ 
.f!ntJ •1u"lfrufr ~-r/r ~111rJ..,'j, 'lfrJ..,7rm-fil1nt'bf!. r,..,if...,u..,r !;' 

P,, = ['ttl l,,d, 

nrur611. p ,, -';, °"''1..e.-1/r'b ~wrfr 1.rw f!'b~'bn'I. 6.fr'l'b ti 
fil'4w1fr'b t-r"rfr r.bur r:,..,J..,~91.111'° Jfr..,9Jw'b r:,,.zi/.-rt-1/r'b "lw1-

J..,'be 'lr6lnL r.wJwr f!'btprt'bntJ b'b, nr p =pl'+ P,, ~,,.J 

P-(2·0,7·tl11 +l,;d}['tt}' (10.14) 

f!fnpn.f,6lni/. ~wrbrfr9 J/,~fr br~wrntf11m'be ( uni[nrwpwr fl"-..,1/r'b 
~111rfr'be)• 'l"''bntJ b'b J 1ntufr ..,w,r..,tlbzui br~-rnLp 1nt'bf!1 ll.1u 7b.,,_-
1nul '-"11.1/r d L..,1'bnt[l1nt'bf! f!'btprt'6i{nLJ t t;,..,i{..,u..,r (J,'1..J!i/.wd- Jb

ur..,'1.fr r.~u111ntfl1111il ~r~Lw"f_wur~fr'b, fru4 br~-r,,tfllntilf!' ..,l'I r:,..,uurnt-
1 Pl..,f, ,eu•f,.,,"l..,111~fr9 n1_ Jbd-1 

z/6'1..e..,1/r'b ~"'r"rni{ Jfr..,9Jwfl fi6rntfl1nt'bilbrf! t:.'1111£..1..,LHril b'b' 
1) ~•ri/...,'°.efr {lnLL..,9nLJf!. (J,'1.l!brni[ ..,fi/untu..,pblfr flbrf.mp/..,<;, f.b-
111!..wil1ni{ 4 2) r:,/r,r;,..,~..,f, Jburw'l.fr Jbt. t.n'l-J..,f, 'l.nilm1nd lwpnuliArfr 

pwl'ar t;,..,J..,~/,f,urrn'ilw!ln1Je 1 nre nrnz 'lb"lFr"tJ ~-rn'I. t t:.wu9e
H·t £.b'l.#"'lfr'il t-rbrfr ..,fi~1ntili1'1rnLJ -G.w,ebrfr 111n..,p_w9J..,f,I!' IJ.l'I 
.,_.,.-&.,.nni[ w1u"lfr•/r Jfrw9nLJf! ~wrn'I. t ~frrwtuf.bl Jfrwlf, w1i 7b"f_
,entJ, brp ..,If, 1../r wzfuwurblnL ifrnpn/uw~Ulf, /,. r:.wri[waw1/rfl pbn'bbpfr 
wf.11b9ntfl1wfl 111w~1 

bf.rlUfUJ~blni/. UIUi{Ulaf! f,~UJU1bf#,e1 "r w1fl 'lb"f_,ebrnLJ, brp r:.wr~ 
t L/rflnLJ 'l~J/,l bf.r-"..,t}~ Jfr..,9Jwflf!.1 wJbflfr9 wi[/,Lfr ,..," /; uwf,J..,';,w

fUlti/.b/ Jfr,.1il [ll..w1fr~ ~wrbrfr ~frrwnntJni[, /untuwpblni/. r:,..,J..,49i(,wa 

Jfrw9m.J'bbrfr9 1 

~. lJ' burw'f_w~wf, ~nflu
urrnLbfrw'bbrfr /;lbJ/,flur-

(/. 'bbrt! t.n'lblfru w'bt:.rwtlbzur 

t LfrilnLJ tn'lbl w1il"lfrufr 
tLbJbilurilbp, orfrilw~ wil-

t~. 1101 ~lnL flw~flbr I n rnfl9 ;.,..,_ 

J.,.r nLtf/r IMf_'/Jwf, 'ffraf! 

t.fr w'b9finLJ P'lif.n'l. 4n
'1.brbufr Jbp_urb'/.ni/.l ll.1u '//,lll.J!nLJ f,..,r~ (- L/rflnLJ frrw~wflw9';,/,l lllwr-

pbr "r~wrntfl1nLfl ~UJJ urwrpbr pwrd.rntfi1ni.'b ntflb9n'l_ "r~nL {1£.su1fr'b 
t111r/,r1 ,,..,,./,rfr {!_fiff\mf#ntr "r4wrnL/IJnL ... f! nrnzi{ntJ t pnfuwi,91/n'l 

'liiffa JJ,J,,tfltwJp, fra~ "rur'il9 br~111rnL[ilJntflilbrfr r:.wrwrlir111~911Lfl1nL'bf!.' 
6.frf/r wnb9nLfilJU1f, fafr 'lfrr.eni{t 

'it• 110-fr 1.rw 9nLJfl (; urpi[wa Ul"~1nL'blll~/r UJJ rwflnLJ (! fl"r-

Pfr'b. pt..wifr'b ~..,r'rfr La 1.. le "r~wrntp1nt'bilbrfr ptJsure nrnzi[n1.1t 
/; f.b111!..1wl r:.wif.wuwrntJnif.' 

't = p ~r"'"J' 
t o.7 tla+0.1 tlc 

p 
I a + le =- = /pl 

0,7 t[~tJ 

lJ' 1nLU ~n'/.Jfr9 ~wrbrfrs JnLrw-1w'bl_1ntp/r 1.rw f!f,~'£n'/. ~/rfbrf! pwz/ui{nLJ 
h'i.. p nttl/r w'b~1ntf#w~/r ~urri{wa.pfr awilpntp,..,r;, ~bilurpnilnif. wf19iln11. 

"''1.'IJwf, 'lafr9 ~"'r"rfr ntilb9wa t:.bn.wi[nrnt[l(Ulf,f! r.w~Ul'IUlr' t:.wJ/,
,f wurw~wlr. ntuurfr 

la C 
--=-I 

le a 

</ofrurb'i,wlnif. ~Ulr'rfr "r~wrntfl1ni.fl'b/,rfr fnLJ..,r'j, nL flr.:U'b9 f>wrwpb

r11t{iJnLfl(!i nrnzntJ /,f,.j! 1ntpw.pwfll_JnLr ~wrfr wzfuwurn'l_ "r~wrni.fl 1n&.
'il(!I t,..,rbrfr ilwfuw'law1frl bp~wpntfiintfle f!ilfnt'6i[ntJ t 10 dd-ni[ 

uu/bLfr Jba, .pwfl ... zfuwurn'l_ br~wrntfi1ntilf!1 

§ 51. 0Pfl'\i1llt'\ibP 

0 l' [. t..., ~ 80. ~•2if.wfftlt1 12 X 2/JO dd ~"'l'""'~e nL 'lllt9n'l ltl'ftnL Pltl'Pltl'f. 

hpftnL if.ltl'"''lf.l'l.hl'nif. ~ ... ~ti/ ... ~• d.'lif."'~ 'l"'l"'ft"'l'"'l.l! ~f.Jl.wft111l. Jlturw'lf. ~bu: 
r,wi{wuw[' w1f['nL/IJ111l. "f.lllJJ"'l.f.91 bpfr /lnLJl,."'l'"lf. l"'['nLJ),ftl'l! ~wif.11111111[' ftlt 

~""°""'ft"'l. Jlt"'"''lf. J.'lJ ..,.,, ~ ... J..,l' [al = 1600 ~ q/ud2
, 

ft111rhl'f. Jlt111111'lf. ft"'l'J..,<r. ~ ... J..,l' [-rt]= 1100 ~q/ud'1 

''"'l'"'"'" pnLJL•"'l'ltlf. nLJJ!. plrl'flltl'f. J.'lJ111'1. wJp11Lp J"'l. "l"'JJ,.'!,[.a 

P= [a) F = 1600 .1,2. 25= !i8oOO \qt 

F 1,2 · 25 
t ~ ---- =068 uifr 

I ,,,- 2b
1 

- 2 • 22 ' 
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p 48000 
4.o,1.t1['tt) - 2,8·9,8.1100 =l9.5 u.r. 

fl&w1fo,, t,_wl'f trf1 bl'4"'rnLp1nL,,f!. l!.u"' mbf-,,f+_,.4,.,,, "f."'JJ,.,'J,,,,,l'f "f.b"'e .t /!,,,,,,L.,,"" ~Ul1-••f' 
10 =I+10dd=193+10 JJ =205 JJ, 

t:f.pL"l.b,,e 10 = ~oo J.I1 

0 i' f),,. +_ 31. 8'bpJw1f 1!1X76X8 '1pt,_nL r,,.,1wuwp111t,_n7 w,,t,_
1

in,,w+_,,b
l'ffl 't.w'IJ1..,~ d.ru1J.t ,,,Jpw9Jw,, r.,,,Jwp "l'"tbl P"-1111/o't 't.•rbrfo 111"1.r.p..,Jb2,,, 1.r

"-"'rnLfJJnL"l.f! ("+_. 112): lltn'l 'f'll!. N= l 2m t '1wrbrf +_mpJ,,,,, pnLJL"'"'r"tf 
1
,._ 

f'nLJf!. ['tt] = 1100 ~q/uJ2 1 
ll'Jt ,,,,,'t.JnL"t,w'tf 1rw f!.,,t,_"t,n7 ;.Cfoy1!.' P=0,6 N= 

= 16000 ~qt U.'tlunL,,,,,t,_f "-"'1'1"'~l!f ~..,,,f'nLp1 ..,,, 
le t,_/s,,.,,p,,,,f r.1t11.w·1np•RPJnL"t,t_ w't't.1nL1.wftf 'l"''l"'Pft1 

/!""' ,,,J,,,,,,+_w9nL9w+_fo a= Zo = ,2, l uJ, fut,_ ,,_,,,,,,_ 

I' buf b'lrfs C = b - Z0 = 1,!S - 2.l = !l,4 u.I: 

BnLf'""ew1.1JnLp wt.+_,,,.,"l.wt,_/!. wJpw9'tn7 p&,._ 

1/o,, 't.wrbrf •Mpw.lbz m bp+_wpnLPJ•tL't,,bpfr ynL-
J.,,l'I!. r.w1wuwp t' • 

p 1600 
la + le ~ = = 26 ud: 

0, 7 • t[Tt l 0, 7 ·0,8 •1100 
,. ~ c 

"l.t,_w111Ji ,.,,.,,ltn1, "l' - = - 1 ftumw"t,111"1.e' 
le · a 

c 5,4 
la= -le=- le ftwJ la=258 let 

a 2,1 ' 
• ----· o1. t. '"I -+ - la .,+_. 112: .,.,.,,, "t,111ln1 .L a· le ' ynLJwp"t, ~nL J'; r,'"l'"'l'bpnL-

fl'JnL,,f! • 4f-"t,b,,e' 

26 
2,58 le +le = 26 uJ £. le= -- = 7 25 ud 

3,58 ' • 
la= 2,68 le= 2,58 ° 7,25 =:= 18, 75 udt 

'fl,.,,/o "I' •1ueru'I. "'"'l'l'bl' bp+_rupnLfl'JnL"t,'1.br nL"l.bgn7 't.•rbrfr qbmb
7

nLJ,, 
•111r.•fwt1,,nLJ I; t,_n"l.11111pnLft.,,,/r1 ,.,-,,r,.pJ111pnLfhnL"t,'t,/,l', W"{_UI ft.rupl.lfr (- rfrnepwiJ

~"L 111
l.+_1nL'l.wft.fr 'l.,'l•flfr t,_n7JnLJ 'l"'"w1nr1•' t,_111pfr bp+_wpnLPJnL,,f! (/a)• · 

1,,.,!:'•"ttumw11J-ru"I. 1wr/r•r[ Jb~1119,,btnr[ "l.pw ~-umnLpJnL'tf': 
1J,J'I lt. 111

pfr /;fp JU,,LpJnL"l.f!. f!.1.'lnL,,/,ln1 r.w1111u111p ta = l2 Jd, Jb,, e "-"'l'"'I 

,,,, ,, b J. · .. ta 12 
e l'"' l'"t."'l'"LPJ•Lt.f! r/rnel'"'ll,,/,l. -

1
- = S = 1,5 w1.t111J1 11.1'1 'lb"f.e nu/ 

• 18,76 
la = -- = 12,:S u.lt u 

""'r
6rJ ,,,./rrwt' 1111frt. 1 1111/rltr,, ett'l"L..,,,,,,e '""'"-l"'tt.bre' 

/~ = 1'11 JJ, ta=& JJ, 

l~ ;::;i 90 .JiJ, tc = 12 .Jil1 

§ 52. 'tibPZ,USOMJ''bbl'fl i.Utl\..Ul'lt~ 

zJb'l_./1,/111'1, /,. urrnrJ111'1, llllrnt,/f,br/r f.btn f.111r~ !; l~'llnLJ f"r~ 

nLflbf,111l """l"'llll f;lbJb'llur'llbr/r ~9"r'l"'~r/r' Lbrf.111urnulHr/r r.1112if.111r~fr 
J111J111'b111~t 

tP1111,,,e, nr"lbu 111Lt.111J111ubn L1m.[il. ~wfuif.111J- filblMf,br/r f,~111urJ111Jp 

nL<fbr/r wq7bg11L[il 1w'll nu1'1.nL[il 1nL'll/r91 Jfrk'llnLJ'll ur/r"i/r 7bf.nrJ 1119fr111-

ilbr/r'il 9nL/9 !; 111111[/ru uuurpbr 7/rJU17rtrL[il/"L"'I SrnrJ111'b £. ~urrJw'll 
£/f>nrJ1119/rw'llbr/r 'b~wurJwJp uni/_nrwpwr ur111rpbrmJ bf, br~nL ur/r

~/r 7frJw7rnLfilJnL'b'ilbr' filblMf,br/r nL'l.'l."LfilJw.!p £. P"lM'i1£rfr" nL'l_-

'l."'f.w11119 trL'l_'l_nL[il/U1Jp1 . . 
14-r'I Ul'l_lRLUUl~nLJ nr"f.'U or/r'il111~ r"rif.1111- /,'b urif.1111l'bbr D..1111,e

,/lll'b 'lblfinr.t1119/r1111/r'll iJr1111111/r 7frJ1117rnLfil1111'll if.bpUlpbrJ""L' tbrr.Ul

innLJ'bbr/r Jbt. +-1111/r {JnLJL"'"'rblfr L"'r"LJ'llbre ~111/ui/_w.t b'll i/.11111-
111,,,.-,,1,,L[il/r 111£u111~/r9 /,_ ~nfturnrnLb/rw J/r ,...,,RLJfil/r1t 't.m rJ w'llbr/r f.wJw

aw,f, 'lrwft.e ~wrblfr f; (!fl7nLf,bl f!Uur 15-[''1 lll'l_JnLu111~/rt IJ.111 ~111J IU/f, . 
14. U.Jrn~pJwG uwfiJwGI' lib1111JwG 'lhuipn~J 
W('IDWfiWJID~wc\ ~ q juJ2-n~ 

____ u_"-'=-fo ___ , :~ l 
,,,,,,,,, fo 

30 

tn'l.Jf! tb'l_trLJil/,rf! (25 --30% 1 nrrr'll9 ,/wufrL J111f,r111J111u'11 UIUi/_UIJ- f; 

'imrJw'itbrtrLJ) ~w/ui/_wt) lr'it P"'Jtn/r nrw~/r9• /un'it111i/_nLfil1111it wuur/rAUlw 

fl/ru' ~n'buurrn~9/rUIJ/r w2fu111111w'll.efr "l"'l.r U1'11Lbr/rs £. UIJL"'' 

S~J'utGhp pnLJlWm('ht~ lW('RLJGhr~ ~h('mFhl'JWl 
~q/u.!2·n~ 

llynd • . , • • . • • • • • • • • • • • • • • • I (aJ I 100 l 130 
Vb7JnLJ fllttfot,,bl'fo nL'l'lnLPJ,,,Jl' "- .c,,,4,.,,,,,.,,fo'J, 

"'l'"f'nLJ • " ' • ' ' • " • ' • 0 
• 

0 0 
• 

0 

Sr .. l'nLJf!. ,,"r~ ... ,,,,, .. Jl.bpnLJ flbtfr+_t.brfo nL'f'l"L-
P1111Jp • · · • · • • • • • • · · · • • . . 

SpnpnLJ I!. fllttfo+_,,bpfo"I. "'-'l'l"''"'J"'fl nL7'[nLfJ J"'Jl' 
(10 u.I-fra •1htfr JH bpft.wpnLP1wt. 1rw) • • 

l1lt7enLJf! 't.bl'f,.,,,,,,,._J't.hpnLJ Pbtf't.'l.brfr n&.'l'ln&.-

P1,,,Jr · • • · • • • · · • . • · • • • • • 
l1b7enLJf!. t.ltr~"'"'nLJ'l.bpnLJ flblfr~'t.ltpfo'I. nLf'lru-

r,'"l"'fl. "L'l'l"._p,,.,Jr • • • I 
.,,,.,,LJ • • • • • • • • • • • • • • "I 
zJb711nLJ ~ .. J.,,"I. 7b"lf"L1{ •. • . • • , ' • • 

(a.,) 

fa.,] 

fa,.r)oo 

['t] 

!'t] •O 

<l~AI 
(i:•·l 

120 150 

80 110 

24 48 

5-10 8-14 

6 8 
120 lflO 
20 28 
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l:pp urplfpnLJ(! (+wJ i.b'lll"dl!} 111b'lfr t nL'ilb'bnul flblfr+'bbrfr lfL'I."' 
'l_nLfllw'b 'b+wu11/wJp a w'b+1w'b. 111w+, flnLJlwurpblfr lwpnLJ(! nL'bb'ilnLrl 

t [a.,.i-fr £. [a.,]so-fr twJ l't]-fr "- l'tlso-fr Jfrr."- (!'b+w" nrnz Jfrl•'b
+1wl wpJbll £. "rnzi{nLJ t f.burL.1wl uiw1Jw'bw+w'b pw'bwak11i[' 

[a.] -= { [ ) J ' 1+ a.,. I ·sin'a 
[a.,.) go 

la.,.1 {10.16) 

iJ'blfr+flbrfr RL'f'l.nLfd1wiJ fl+w111JwJp a wfl+1wfl urw+ [ilb.[li[wJ zn• 

zwifrn'f r.wp[ilnL[il1wfl J/,1.. b,/,'/.,fln'I_ (WpnLJ'bkpfr wnb9nLfd1u1fl 'J.flUJ,fl nul 

filnLuWurrblfr lwrnLJ(! nrnzi[nLJ t 'bJw'b pw'bwakni[1 Jfr-1'b pwflwakfr J/,t_ 

[a .. ,.]-/r ifrn/uwrb'b i[bp9i[nLJ t ['t]1 
tbpf.wurJ,.,r;, wJpnL[il/nL'b(! uurnLtblnL k'l.w'bw+'bbrf! fl"L/9 urw'bll 

•rfr'bw+ni[1 
0 l' /r.,, .. ~ 62. tl"lt.'l..,, .. n,,,,I!. H'i.if nLJ t J.'fw'L/r ifl'w Cl = 30° ,,,,,~,,,,,, ,,, ... ~ 

(b~· lll~lS)- ,)"lf,'l'Lwntn/!/r Jf,! '""/! r,,."UIUWf' t P = 5 m• npn2_/,l J.'ftM'L/r J/,f 
.>"lt.'l'L.,.n.,e/r 'L f,l'r,..,,,,J ,,,..,, 

1wtJrbl'/!. £. J.'f;,,'L/r ,)"l/,'l"""'

""'1!/rS 'lnLf'" fl"'l""if.w.> .>wr 

"" ""~"'f'"LfJ JnL ""e' t1nLPf!. 
""'nL tJrwJ"' t1 !lnl'11nL'L'11'/r 

'-"'"'""e r,,,.""'""'" ,,..,, 2ox 
XW u.C1 

Jl'f,,,,, /r .. ,,, II' I! p rtL JJr 

~nt'/r'l""""'~"'"" p I "l.[lnJb~-
9Jr111 i/r ,,,,,,t.9 nLp ,,,,..,, ,,,..,~ ,,,,_ 

P•f'~i/nLJ t 1''1'leJw'L' 

P1 = P cos 3G0 = 5·0,B&l>~=

= ~.325 ml 

t~. 113. 
bf'p J.'fw'L/r l"'J..,,nLp JnL

'Lr r,,,,'i"'""'l' t b = 15 u.C f 
l.b'll!.r,,,..,, bl'~"'l'n ... f11n ... ..,,I!. r,..,""'""'l' ta-Jr, ,,,Jl',, ... p, .. 'L "l."'JJ"'""t ~n ... 'Lb'Lw r,f,. 

pl pl '3'Z5 
- ~ ['t]• ~,,,J a~ -- = -- = 29 uJi 
ba b['t) Iii· 10 

l.nLJ\, nul'L tt "'f'n[lnLJ (- ..,,,,l'r,,,,,.,J,,,'f, nL'1'1.,,AJr9 r,,,,l'pnLPJnL'Lll ll9•'LI 

~wJwl' 'flU ~t/r'il/r "'l'"f'nLJ PbtJr~'i./,l'Jr nL'l'lnLPJwJp, Jr11~ ,)"l./,'l'L111n,.,1!/r r..,,J,,,l' 

"'l'"f'nLJ f1btJr~'l.bf'Jr nL'l'lnLf1Jw'L 1.~•111JwJp Cl= 80° 111'L~J•"" "'"'~I ~,,.z..,,b'i.~ 

fJ"'-ll,.,"'l'btJr lwf'nLJt_' 

[cr.,.) BO 
[aa) = - = 6:'1 ~Cf/uJ1t 

1 + { [a.,.) -1} sin 3a l+ ( ~. -1) sin1 $0° 
[a.,J.o '-

t'1r~wmJ,.<;, b P"f'"L.PJl•LLJ! ~"1'"2.1/r ,,,,,, "l"'1Jw..,,Jrg, "l' "'l'"l'"'I •r.JI!. 
''//rut#! t {/r),/r "'"/!f' ~IUJ f,IU"Ullllllf' u1pnpJw..,,/!_ ,,,,f'r.wtnJw,, 'fJrJIU'ff'nLPJIM'Lf!I 

St.nl'J111'L Jw~bpb111! h f'W[IJ.f'OLf/JnL'L h b lWJ'ilnp JnL'L nL..,,'1fJn'l rtL'l'l"''L~JrtL'il/r 
1,.· u1Jl'nLf/Jw'L "(WJJw'L'L rtL""/r r,f,,,./,.J"'l tnbul!I!.' 

P 1 P1 4325 
a•=- ~ [cro], "l'"'/,'lJrS b > --= -- <:::: 4,6 u.C1 

bh b[aa] 15°63 

U.,..,,,, ... r,f,.,.£. w'L~l'wrlt.2."' (- ,,.,,, ... 'ff,l J.'fw1'Jr "'l'"f'nLJf! P'1tJr~""/,l'Jr'r1 "L'l'l•f,111-

J"'f/ nL'l'l"LP1111Jp P nLllJ. nL'l'lwA.Jr'f "ll'"JbbJ..., r,,,,,,'l/r111119n'I. P2 nLrl/r "''l'l"
:J"Lf/J"'"" MIW~·. 

1 
P 2 = P cos 60° = 5·--:;-- = 2,5 mi .. 

P 2 251l0. 
C > = -- ~ 7 u.C1 

b [a .,.Jgo 1.J.24 

§ 53. tru~ntir out.~= ct-UuUl\..nr LUrnti.tr'1brf' nrntntilf'1 nti. 
utrrntiia-su" usntt'l-ntitrc 

twfunr'I- .,wrw'lrwq,'bbp11LJ Jb'bll 7frurwr+b9fr'bll 11w'-llfr /,fl ... 

(rlwr+i/.n'I_ ftrptt'bw+au'bnLJ lwl'b +frrwlUJLfilJnL'b •urw91UJ Jfr zwrJZ 
Jfrw9nul'iJbp { 'lwJw1fr'b, f.b'lnL1uw1fr'b, 'l.n'lw+wrw1fr'b Jfrw9irLJ'bbp 1 

'bbpf.wurnLJ'bbp )1 

ll.1uuifrufr Jfrw9nLJ'bbrfr f.wzi[wr+f!.1 fr'bt.uibu Wl'I- wp7b'b 'bzi[b91 
JbJ Jwum1Jp uiw1Jw'b-+w'b ti Uwf..[l/r 7bUJ.[lnLJ wJrnL[il1w'b uurnLfnt.J(! 
uni[npwpwp +wurwpi[nLJ t f!.U,. 

p 
't = F::::; ['tJ (10.1) 

pw'iJwabfr, b'iJ(ilw7rbLni[, nr znzwifrn'l. lwrnu/'bbpf!. +urri[ml.[lnLJ pwzfu
i[wJ. b'b f.wi[wuwrwt.wifr1 

fil'nLllwurpblfr LwpJw'b .!'t] JbttmfilJnL'ilf!. umf.Jw'bblnL f.wJwr Jb'bll 

uiburll ti 'l_b+wi[wpi[blni/. ifrnpa11i[, 'lur'bb'b.[l wJpnLfd1w'b uwf.J,,,'bfr k f.n

unL'bnLfd1w'b uwr.Jw'iJfr JbttnL[il/nLflf!. iu1'iJuifrufr an'ffr r.iuJwp1 nrfr +U•f!r
i[wJ.[l'bbpn~ wn.wr.w'bnLJ b'b Jfrw1'b 2n2wifn'l LwpnLJ'iJbr• w1'ilnLf.b

urk, (!flfnLflblni/. UJW2wrfr fnp6w+,.9{!• uwr.Jw'bbfrfl.fl fdnL/lWurrblfr znzw

ifrn'/. lwrJw'b [i:] JUnLfdJnL'ilf!.1 Uw+w1'b wnuifrufr ifrnra 7'bbl f.'bwrw

i[nr l,t1 .[lwflfr np Jfrw9fln'l_ tlb,//,burf!. {f.b'[nL/Uf!. 1 'fWJ(! /,_ wufl) fu'l.Jwfl 

20~ 



.Jtnra•ur~hlfru 'ilrw l"'J'j,.,,~.,,'j, ~111rif.wJ-.J!'ilbrnLJ ~UJn.wp_w'bw'b nl_ Jfrwi'b 

znz .... <frn'l 1 "'Ill.. 'bnrJ"'l L"'rnLJ'il/,r (§ 47), /.. '1-MJ.nrJw9frw'b ~Lfr'bfP 

P"'r'l-1 

fJ.J'I- Jb'I. uurfrUfnLJ I; [ilnLJLwurrbtfr L"'rJw'b [ 't] JbJ-nLfdJnL'ilf! uwr.-

Jw'iibLfru f!'b'l-C.w'bnLr '1-but,e.nLJ b1'ilbl nl_ [db 'lwJw1fr'il ~wJ IUJL Jfrw• 

9nurillirfr wz/uw111wfl.J!p pwif.w~w'bfr'b P"'r'l

!;,....____... __ ---"1. 

A· l ~ ::-1 I r 
1 I 
I .L---- -

/ 

/ -----

frrw~w'b Uf"'IJw'b'ilbrf! 'l-frurwr~blnL9, "'ll nrnz 
f!'j,'J-f.w'bni r 111buw~w'j, 'j,~WlllWfl.#lLJilbrfr9t 1Jllr• 

JU1'ilbrf! u-t:.JUl'bbtfru [ 't]-/r urbuUl~Ul'b Ulrtlb

.J!f!• Jtr.Ulr~b. fi.z'l:rurif.nw t .Jtnra/r 111if.JU1l
'ilbrnif.1 

/ r 

l+ 1141 

'tfr9nL.J!• nL'ilb'b,e. 'ilJnLfil/r Jfr ifrnl!r l;Lb
Jb'b111, n(l}i 6.lmmb(llt tl_(ltu qn11b-nLu bG. u~
UIJG. znzu11}tn'l 1m11nLJGb11 {'ii~. 114)1 ~UlrP 

LU1rif.U1JU11fril if.fr-6.Ul~/r UIJ"Uffrufr urbul!f! ~"l.
if.nLJ t- U1D.J!nLP uU1f.,e.t '/afr9nL.J!• f!U19/r 'l-rwilfr9, f.U1Jurbfr I; 'ilJnL{d/r 

p11LJl"'urrbLf1 'ilnrJwl [a] LUlrnLJ{! Li utwf..wflp_if.11L.t t• fnf'blnif.jwJrnL

/di1;11'il Uf"'IJw'bf! '1-frurwr~i/.l!'l l;lbJb'burfr f.wJwr• 'lur'bbl {dnLJLU1111rbLfr 

zn;_U1.Jtn'l t•rJw'b ['tj JbJ-nLfi/JnL'il(!t 

f>'iltutbo f.w1111'ilfr I; ( 111/iu 'l:lnLfu'ilbr VII 
J.. Vlll) , l"'rif.wJ- hJnL{rlfr 1nLrwl!w'bl..JnLr ~/,-

111/r t:.wJ.wr ~wr6Lfr I; '1:111'bb1 'l:Lfuwif.nr f.a1r

fdw~'ilbr'il nL 'l:Lf"wif.11r LUlrnLJilhrf! (§ 84), 

nLuurfr uwf..J!/r 'J-bUfj!nLJ U1JrnLfd1w'b f.wzif.wr~

J..,'j, fu'b'l-frrt! ~wrbLfr I; t:.w'b'lb9'bbl P"'r'I- LUlr-

4 ... tt.uifr'b if.fr-6.w~/r 'f/,Ufj!nd 'ilJnL{d/r wJ rnL

fd JnL'il(! utnnL'l:blnL /u'ii'frfr'il (§ 42}t 

'trif.Uld- fu'b'lfirl! tnLJ-blnL f:.wJUlr '1:111'bh'il.J! 

'l:Lfu•uif.nr L"'rnLJ'iibrfr JbJ-nLfd1m'il'ilbrf! J.. ~/r
rw_n.b'ii.J! § .48-nLJ 'ffrurwr~if.wJ- UIJrnL/dJW'j, 

urbunLp JnLb'ilbrct 

b~wurb'b,e., nr f!UUI znzwifrn'l L"'rnLJ'ilbrfr 

'f."LJ'l:"Lfd JW'j, orb'il.J!fr [ § 86, pU1'bU1aJ.. (7 .8) J 

l;lbJb'burfr nL'l'lwafr'l J.. f.nrfr'l.n'bw~w'b 'bfruurb

r/r if.rw 'lnrttn'l tnzwifrn'l LwrnLJ'ilbr'il /trUlr 
t:.w41uuwr b'bt "iiw~wurw1fr'b abed 'bfruur/r if.rw 

'1b~c1 M,, 
a ti. 

a; 

I! 

L..,rnLJ'bbp J_b'b 'lnrJ-nLJt ~b111J..wUfb" "'J'I- 'bfruurt! 'l:LfuU1i/.nr f.wf'fdU1~

'ilbrfr9 J/,~'j, 1;, nr/r if.rw 'l:lfuwif.nr [UlrnLJf! f.wif.wuwr I; 'f.rnJ/r,1 

11,~LU hr~nL 'llfuwif.nr L"'rnul'bbrfr nL'l'lnL[dJnL'b'b nL JbJ-nLfiJJnL'bf! 

npn;_b[nL ~wJwr o'lurifb'b,e. fUlrnLJilhff/t :zre.Ul'b/t ~U1n.nL9nulfi91 Jfi 

pUl'j,, nrf! ~Ulrblfr I; w'ilbt, bfdb f.w1111'ilfr /,'j, br~m. "'"~IU'fwrawpwr 
t1L'l'lwt:.w1w9 f.wrflw~"i.brfr if.rw 'lnrttn'l L"'rnLJ'bbrf! {'ii~. 115, 6)1 

oflU1'b/r nr l;lbJbf/111/r 'bfru111brfr i/.r•u Ul'f.'f"'l 'ilnrJwl L"'rnor;,brf! f.wr/w
uUlr b'ii 'l.rni/r ('ii~. 114), 0 ~bur/rs 111b'l"''l-rif.wJ h'il' '1-bUffr if.hr OD .. t:.w111-

i/.U1J-f!, nrt! t:.u1if.wuwr 1; 'tab ='t, £ ,,_butfr ilbrl!J.. OD~ t:.U11114wttt!, nrt! 

f..w.J.wuUlr I; 'tbc = - 'ti "flUl'bfr nr D a J.. DP ~burbrf! 'lur'bif.nLJ b'b 2er

f.w'ilw'l:J-fr i/.r"'• wuru zrp_w'il/r zwn.wif.fr'lt! t:.wif.wuwr 1; ODa ... 'ti 
OA J.. OB t:.Ulurif.wJ-'bbrf! urUILfru b'b ¥tfuwif.nr a1 J.. a3 LUlrnLJ'bbrfr 

JbJnLfdJnL'b'ilbrf! J.. l.wtf.UluUlr b'b 2rt.wilfr zwnUlr/qfr'b, fru~ BD~ nL'l.

'l"LfdJnL'bf!1 nrf! be f:,UlrfilUl~/r 'br1rJU1lfr f./,111 ~Ul'f.JnLJ t 45° Ul'j,~JnL'i11 
t:.wJ{!'b~'bnLJ I; al 'l:LfuUli/.nr L-rJw'b nL'l'lnLfd1w'b t:.b1111 l,b1116U1"ibu I 

~frrwn.btnif. §· 84-fr 'ilzw'b1U~nLJ'bbrf!1 nL'j,/,'j,j!' 

lfw~1Uur•1fr'il abed 'bfruurfr if.rw LIUrm .. Jt!' o2 = 01 

1/.1uutfrunif., bfdb Jbr tLbJb'burf! ~urrb'il.J! (bfdb JfrlUJ'il abed 'bfru-

111(! j!IUfl.W~nLU/r I;} IU'j,~JnL'j,Ul'l:J-w1fr'il f:.UlrfdnLf' JnL'b'bbrnif.1 Ul"IUI ae 

~111rif.wJj!nLJ ~'l"rJb'j, a,n'l O'l = 't lWrnLJ'j,lzrf!1 fru~ bd ~urrif.wJ-j!nLJ' 
ub'lJ"'l 03 = - 't L"'rnLJ'ilbrc {'ii~. 11/'j, a)1 Uw ~wrbtfr tr U1UfU1SnL-

9bl J.. "'IL ~brut• l_O'f111if.blnr/ L"'rnLJ'bbrfr 2.rP_IU'bfr ~wnnL9nLJfr9• "'IL 
'ffr111U1r~blni/. ~·r•Jwd- JIUu/r f.wif.wuwrw~zn.nL{l 1w'b Uf"'IJ w'b'ilbrf!. 

('bll. 116 )1 Unutfruft Ul"fU1QnL9nL.t wnwt.wr~if.nLJ I; f!'bfdl.rs"'l'ilbrfi'il 

~w111wrbL fr'b$'ilnLrnL1'il1 
r 

l,bml..wutbu J1Uj!1tLr 

uwf...J!l! t:,.,,J .. rJbl! I; Pi/.IU-

1/r'b JbJ-nL{d 1nL'il'ilbrnif. 

frrlUr f..wif.wm.,r bp~nL 

• 'j, n rJ IU l LIU rnLJilbr /r f.1U

J w~9J w 'bf!' Jb~f! a,n'l, 

J1nLuf! uh'lJn'lt lll'f L"'-

rnLJilbrfrs JnLrUl.J!W'j,l_JnL- Cl _... 

rt! P4.IU1/r'il JbJnLfi11wJp 
~wif.1Uuwr I; Jw.J!nLr uwf.l! 

1Unw2w9'bn'l znzwifrn'l 

t'L· 1161 

l1UrJ1U'bf!. 'll/ulUi/."r {'ilnrJUIL) LIUrnLJflbrfr 'iibr'l"rd-nLfdJUl'b f..wrfilUl~
'ilbrf! ~w'f.JllLJ b"k 45° IU'j,~JnL'b IUJ'j, f.wrfilw~'ilbrfr f.bur, nrnb9 if.rw 

'l"rJnLJ b'b Jfr•u1'b znzUlifrn'l LUlrnL Jflbr1 
fJ{db J/,'j,j! abed 'f."L'lwr:.bn.w'bfruurfr9 ac J.. bd Ulb~/flL'j,W'l'°/,rfr'j, 

"L'l'Lwr.w11u9 f..wr/ilnLfdJnL'b'ilbrni/. ..,'bp_1uurb';,.J! 11/r l;lbJb'b111 {'ii~. 115,a), 

-"JIU "'J'I l;lbJb'ilmc bd llLl['["LPJ•uJp ~b'bfillUr~i/./r a,Jw'b 0'1 L"'r11LJ-
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'j,/,rfr Ulli.'f/,9nLfil1111'il •111~1 Jru~ ac nL'l'/.nLfil1wJp' uJ111JJ1.11f. OJ l"'rlNJ 
'ilbrfr w'l.'fb9nLf1J"''il ,,,,,,~1 

§ 33-nLJ J/,'j,l! "l."'r'l.b9fr'i..e, fib Jr'ilt"l./ru{r mbu~fi '1-/,//urrJ w9/1111 

'ilhr/r t:./,ui /,f, tw"iiJ."'d- 'i.npJ1ul £. 2."2"'Pn'I. l"'rmJillirl!.1 ll.n111t.fr'il'i,J.fl1 

f,J,,,, ~w"iiJ.111d- tr "rftwr"'9"LJf! ~.,,J t"'r-6.-9nde, /rut "r~rnr'IS.lir" 
f.bur' uwr...et!.1 ll.1clJ J/,'j,l! 111bu'itmJ li'it,e, nr "'l'f"tfru/r /ufru111 .,,,,r..t,,, 

'j,lllfWUJnLJ w'iJbl 1_/i twf'bt/rl Uwt:.1/r ,_/l,,nrJw9fr11/b 111t/una.u-i/o/, 

t/inrbt lfLl/bft9i[nLJ t a,J,,,'j, £. u/,'1.JJ111f, 'fblfinrJw9fr111'ithrniJ.1 

fa'bt_"i/,u brknLJ t 'kt• 115, a-Jr9; "'J'it ttliJh'itm{r91 nr/r 'itJru•A('/I 

i[p111 ..,'l.'l"d /rf, upwJG 2.n2111i/rn'1. l"'rnL.rilhp1 ~wrht/i t 111'i.1wui'1t a 

'bnr tthJ/,f,.,,, np/r 'bfru111brfr iJ.rw "''l'l"LJ b'i. u~wJG 'ilnrJ"'l L"'rn(J. 

'ilbr1 IJ.1u"lfruni[, it. 114-11LJ "i"'"'~"riJ.111d- .,,J P"'l.f t[hJ/,'bure /,1 
/iJ111r~ifn1.1/ t Jw.j!nLr Ulllt:,.j!/r 7/,//>npJ1119fr1111/i1 fru~ Ull'I ttbJ/,fl~ 

fiJnLpj! J{r£.'i#nLJ'j, cfwJ111'£w~ nrn2_ nL'J.'llfLPJlfL'j,'j,Jsrm/. b'i.,1J111rti/.nuf . 

~'lJ.,,r;, twJ ub'l.J,/111'b1 

<J.{rmb'bwtni/. 'ltfu111i[nr al' a2, o3 l"'rnL.rilhre £. "i"'P'l ~'lJulit 

'1/,"ll!nLJ Jbr ttbJb'i6111Jr 'i.1nL[1/r {dnLJlw"'r"tfr [o) L"'rnLJf!, t/rr"'"-"tr.J. 
""('(! 2.U1r"''JriJ.111d- U,J rnL[d ,,,,'j, tn/,unL[d JnL'j,'j,/,rfrs nrt..t J/,tf!1 J/,'i../! 

~111rn11. hf,e ... 1,,. tth,Jb'i.mfr t:,,..J..,r ~w'l.J/,l 111JrnLf11111iI "i"'l.fiu'b/!1 Cuur 

,,,J/,'i,,,,Jhd- L-rnLJilbrfr mhunLp1 ... <;, 'twrfrl! ttw ""'"L'l"d ~w1nwpht 
·.j!wt{r nr IUJ'j, t:,f,,.,9/,[ ti nLUm/r Jw.j!nLr uwt:..efr '/bUf,nul wJrni. 

filJnL'itf! uurnL'lb[nL t:.111r9/r [nLd-n1.Je Jb'itl! tutuht.e ,,,JJ,'j,..,J/,d- t:.wrwp/, 

rwtwfl "r~111rw91tLJilbp/r 111/iunLfdJw'it tfrrwn.nLJ/r91 "/'f! Jfs,e/lJ1w2/iflnL 

fJ1111'it Jilt. ~/rrwni/hl t wi[h[/1 l!"'f, ~bu 'f"'I'' pu, Jufru1n wu111'1-, 'I"' 

"ilwu,,.frt fi1ni.fd"rfr 'iJftwurJwJp w'i.tfrrwnh[/r ti 
l.J.1u 'lb"f./J"l.J ( § 43) wJ rnL[J ,,.,'j, "f"' 1J ,,,'j,'j, lfL'it/r lf/,m£.1w1 m/iu.ee. 

[a1 - p. (a2 + aaJ] ~ [a]1 

Sh'l""fr"L"i/. al == 't1 02.,.. 0 £. "a - - 't wr<lh.e'it"re· uur1u'i.nLJ b'j,l!' 

(t - p. (-t)] ~[a] twJ t(l + p.) ~ [0]1 

llju111b11./rs 2n2111i/rn'l l""rnu/ft/,pfr Jhd-mfJ1nL'itf! J,.,en1.r uwt:.,e/r .,.,,..,. 

.[!nLJ "'""'./! !; fl1114.UlrlU r/r 

't ~ _M_ = [•} (10.16} 
I +fl 

"iwlJ,,,'ilfr'i.t IJ.<;,t:,..,i[U.uwrnL/iJl'u'b ..,l J111unLJ 'l"''ii'/.n'l. ~n"'nr"'~l! frrb.:.. 

fi/r9 'iJbr"w1w9'i.nLJ !; JUIJ!lfLr uwf..e/r q./,"JJ!nLJ flm. J[UIUJ('h[/r t.nz111i/rn'l 

L"'rJ w'i. [ 't] Jhd-aL{d JlfL'iif!I ""'1."lw"'fr r.,,,J wr p. ~ 0,3' nLuui/r 

[t) = (0.7+0,8} !0]1 

/•ul1 b[rlh Jb'bJ! ·nr"lhu t./ril,e iJ.l..r9th'i..e wJrn•fil""o;, hrrnr'f urL

,,,,LflJ"Lile ( ,,,JJ,'j,,,,J/;d- t."2."'P"'l tuirnLJ'i.hr/r )• Ul"JIP tu111w'bw'b.e' 

(o
1 

- a3} < [a) ~,,,.r ['t - (-'t)} < (a}1 

't< 1-1 ... ['t] £. (t) =.0.5 (0]1 
2 

(10.17) 

./..brl"'"ibu I l!""' ..,J rnL(il , ... L tnrr"r'I ,,,b,,,,. p '"'" ( tt&r.,lsmfr~) 
nLr;,J,'i.nLJ b'i..e' 

(10.18) 

l//,'j,./_! urJsu'i.nLJ J.'i1J!1 nr f!UUI Ul•rr"r wJrnLfJJwb mbu1nf11n1'it

'j,/,r/i u111U19wd- "'r'flllL 'i.l!ilhre t ... ..,,,u "'"'rrhriJ.na.J J,f, frru.,.fr91 11.n 
UJ."'111-6.wn.ffi[ "'J" ~wJ "'/f, 111bunL{iJJw'it f!'it111rnLflJn1.'itf! uurui'imLJ t ~111-
f/..nr 9nrd-'il111~w'i. 'i.2w'i.w~nL[IJnL'il 1 

l.wfu~{r'bnd f.w2iJ.wrtw1fr'b pw'itwAUre ~111'1.JnLJ t/rf. /!.""' wJh'ilw

Jbd- IrrtUlrUI 9nLJ'ilhr/r urliunLp 1w'b. -li. cfwJ wLw~ If rMf.bU flni JlWUI r"
f/r ;_nzwi/rn'I. l111rnLJ f!.'it'lnL'bnd t/r'it (t} so 0,8 (a) JbJnLflJnL'itf!.1 t'1r

l1wJ11LJu "J[UIUUJ/rt 'i.JnLflhr/r f.U1JU1r wJb'it1111JUr~111'itwt:.111r/_U1UJ "'""',/! t 
r.,..,,f..,rht tfihrt"mfrt 111bu11LfJJnL'it/!.• f!UU1 nr/r ('t}-/r £. [a)~fr J{rp_t.. wn.e'it

tn<(rl J"L'itf! ..,rurwt:.w 1111i[nLJ t 

['t} = 0,6 [o] 
pm'b..,:J.kni[: 

Ul''ll"•J? ,,.., f62,,,-;,,,,~,,.J t, fr'iltllf"" lirpbJ'il Jmwd-n,J b'it, "I' 

l;'hkr'lh111fr~ tnbu11Lf'Jw'il tfrr111nnde. "lbin,e t wnwy_11119'il/r t.nzwi/rn'I. l"'

r11u/f,brfr fd11LJLWU1r£f/r JJ.d-nLflJIM'j, i/rn.prw9nLJ lz. 'ilJnL{l/r d-wfuu/r J/,

J1119111J'1 IJ.1u"lfru/r b'i.filw'frnLflJnL'ill!. J/r111'ii'lauJw1'b "F"'l t. f!f,'ft:..,~w

nwt'b, wJrnLfllw'i. 'ilnc1 urhunL/dJ..,'j, li.fr2m ~/rr..,n.nLJf! "'""'$ t f)w'i.'lb9'i./r 

{ilnLJt"'urr/,lfr ["'rJ111'iJ pU1ra/'1119J'U'iJ(!1 'i.J11L[il/r t[ "'""'" /"''/ oyurw

'lnrJJ..,'j,[!1 
Uw t:.lr2in t 9"'19 UIW[ ,.,,,,,,, ... , orfr'b111~nrf.1 /.,wJ/,J u1ur6'it,e Jb

u1w1Lwtw'b tn'ilu111rnLbfr-'itlir~ P"•lt"'"'f"Lfr twrrrLJ'ilhrfr 'itnrJ,,,'i.lirf! 

,,.Jf,'i,,,,J/,J ""'r"'r"r.."'~"''j, £rtwr'449nd'itbr/r mbunL/Js1111'it L"'l'j, tfrpw• 
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nn'-fi'lw'it JwJwflwl1wzpp_w'itnLJ ( Jnurwi[nrLU''lbu 1910-1911 filiJhr/at 

JLUJLU'itw'tLU'tfrs 'itnpJLU'itbpfr t:.bur1 

1.•urnL't "in'l."l.wur'ilbpfr (DC, uLU'tLU4.lb'lfrri[wJ /,, LU Jl'it) 'tfrrLUIU/~ 
t:.bur . Jfrwurb'l Jburw'lUJ'tw'it 'tnLuinpn'-'t9/rLU'itl.-p "[LU"' pLU11tnbtn'- i>LUJ~ 
'itbr'tLUJnLJu /;[ 'tfrrwn4,aLJ I; 'i.tnL J'it "/.n'l"l.Ulll(! 1 n('{! ~frflUltti{nLJ • 

1912 fil· (Cm-3, nrfr LUJrn._p1LU-;, uLUt:.J..,'ite J,,,,, 4000 liq/mP ·• 
fruit t:.nunL'itn'-fillLU'it uwr.JLU'j,(!' Jnur 2400 1J.'1/uu2)1 

ll'n'-llLUtnrbLfr L"'rmJ'itbre 191i fil· nL'itbfr'it t:.bur£.1LUL LUrJbe'itbr11, 

'itnpJwl lLUrnL.riibrfr t:.LUJ'111r [a]=- 1000 liq/utf2, 2nzLUrfin'l lwrnulilA 

rfr t:,,.,JLUr [ 't] =- 0,8 [a] = 800 liq/utl'2
1 />'itt"'IEu "/bur.[! I; rfin/u'1t wj 

'itnpJLU'itbre 'itbr'tLUJnLJu, kpp Jb'it.[! ~/t('LUttnLJ b'it.p LUJrnLp,w'it l;'itllr 
yl.-urM urltunL{IJn'-Lf!t 11.r'llnto .[! Ufb"'I! I; i>wJwpbl, np npUfhu f,frJ'bm 

~au'it pnLJlLUurrktfr LLUrnLJ e'il'lnL'itbtn4. [al = 1000 lJ.q,'uiJ'Z LUrcfb.J!(}, 

Jb'it.[! [t]-fr t:.wJwr Uf/,ur.e I; f!'it'JnL'itk'it.[! [-;] = Q,(j [a] .... 600 liq/u~ 
J/,Jn'-fiJnL'it(!t 

U. 'ttfr'ilkr lJ.mq]nn uJuml' [ t] = 800 1i.1/uu2 JbJn'-/lln'-'itl! mpqw 
(lwgt{mb- k qnpb-limlJ.m6nq, 'tn'iluurpnL't9frw'ithrfr 'itLU/uwyi}Jw'i.t rfin pan~ 

nLuurfr w1'it rfin.[!pw9'it#,ln'- t:,..,Jwp Jb'it.[! nt Jfr t:.frJJ! l"'-'itk'itl!t f>u 

b[ilb W/'I LUJ'J"/.b". I;, 'it21M'itLU'tn'-J I; tLU+LUl/_W'it9 fr2_b9i[LUJ- l;fr'it ayJui 

fil"'-JlLUurrbtfi [ :;,] lLUrn,_J'itbpe1 

U'itl 1"-Jf! 'itnp, Ul"'Lfr 'tLUurLUrJLUl ..,J pnL@/Ul'it l;'itbpykinfr't mbunL 

P1LU'ite t:.'itwpwi[npn'-filnL'it I; UILUlfru r.w,ur'itwpbrbl 'itnpJw1 [1U1pnLJ"j,br1 

Jbp_ b'lwJ wJpmfi11w'i.t wt{binpq "llUl2_LUrf!l 'Lbr1tLU1nLJu Cffi• 9 "l."'l' 

"ILUurfr t:.wJLUr ayJ w'it /,, ub'lJJ..,f, [ilnLJllUurrbtf. LUlrnLJ'itb-r/r JkJn,_. 

fil1nL'itf! PLUrar..._s4.•J-· I; Jfi'itt£. 1600 li1/utf2 (fOCT-960-46), frui 

uLUt:.,c/r pn'-llLUurrbLfr L•rn'-J'itbr/r JMn'-Ptn'-'itl! Jfr'itt£. 1000 q CJ/utfll 
nre ~LUl/_JnLJ I;' JnurLU4,nrLUUfbu 0,6 [ 0] 1 . -

ll.1u"/./runi[1 LUJrnLp,w'it 'itnr urbunLfiJnL'it'itbp[r U~2Uli n} ufunlUIU' 

urfr't• qn(lb-liwliwG.~ i[rw libG.qnq 't/rrLU"-n'-JI! nt J'frLUJ'it ~J1 wn.m· 
!_W91in1.U [ilnLJlLUurpb[/r lLUrnLJ'itbr/r tfin~pmgmiJ', UIJl1 (!f,'Jf;Ul~Ulfl.LU"' 
tnLU[/ru I; 11rw'it,e pLUpapLU9'itlsln'-1 LUJpn'-flJLUL LU1Jkt•r'l "l."'2.LUp'itbpfr f.b· 
ur wyw oyurwynpd-J ..,<;, Jk{/ n71 

/>'it!_ tJkrwrbrnLJ ·I; yw.!br/r 'turrJw'it [ilnLllwwpblfr lwpnL.riibrl 

JbJnL[/JW'itf!1 npn'itg wz/uwtnLU'it.[!fr "/.WJJLU'it'itbre J_b'it f:,UIJLU"fUlurLUU/uLU• 

'itnLJ Jw,cn'-p uLUt:..[!{r 'lfrurLUr'ti{wJ 'lbut,e/r'it1 "'UfLU ynpJ-'itLU'tw'itnLJ WJ1 
JbJn'-filln'-'i.tl!, 'tw/ui[LUd- fLUJ.u1fr'it JfrLU9JLU'j, "l.wurpLUuurJw'it /,'lLU'ilLU'tfr9. 

pwi[w'tw'i.tfr'it nLtlb'l urwurLU'iti{nLJ I; (['t] = 0,6-".-0,8 [01)1 9-wJ&r/r t:,,.. 

J'LUr filn'-JLLUtnph[/r [LUpnL.riibrfr f./rzrn e'itinpn'-flln'-'itl! 't•rn'l I; 'twurwr-

4.bl Jfrru1L t:.wzi/_/r LUntblni/ wJpn'f.'l.LU't..,'it ywJLU1/r'it Jfrwunul'ilbp/r rfinpa• 

<;,..,,,, .. f, nLUnt1f'b,.ufrrnL[i 1nL'it'ilbp(!I 
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§ 54. lJJ.Pnt"l.tn..trti t-t. 'l-t3>0PU'U8Ml'litPti ltUll\(! .lfo.~ntir UlU.~ti 
'}.bll\·f·Ofl.lf: Ullt.~ti 11\0Stfl,BtiUl l;:'libfl'+Ml'l. 

1,hurun1w1mJ, n1npn'-Jl! nLu11ul'itwufrrbdru, 1/by f:.wp~ 'tlfr'bfr f:.w'it

'lfr"lbl t.n2wrfin'I. lwrnuf'i1bpfr Ul'J.'Jb9n'-fl1u/ii urw't. l;lbJb'itu1'ilbrn'-J .UttUl

'l"'9n'I 7hlJ>nrJ..,9 frw'ithrfr t:,..,p9fr t:.burr .P.w'itfr 7bn funuJ!l! i[br1.11pbrn'-J 

!; , .... Jbrfr /,, t:,b'J.nLJu'itbrfr f:.1.1121.Ulr'tfr'it, UIJ'f 7bf[,npJw9frw'itbrfr nLUnLJ
'i,,wufrrn'-flln'-'it{! 11npb'itw~w'it 'it2w'itw'tn'-filln'-'it tm.'itfr £. pw9fr 'lr..,'itfr9 
pwp7w'iln,_J I; ..,,'it "iwurf.wnni{1 nr pntnr ..,,.,_ Jfr..,9n,_J'ilbpn'-J Jb'it.[! 

,,,_'i,,b'it.p 2."2.wrfin~ L..,rnul'itbpfr w'itf:.wJbJwur ..,i[blfr pwr'I pw2fun,_J, 

.pw'it ..,,'it pw2funule1 npf!_ '1ri/h9 ..,Jpn'-Ptn'-'itf! 

,,,,,n,_11bln'- Jbr t:,..,2.4....,r't'itkpfr t:.frJJ!n,_J, 

Uw'twi'it ..,,., 7klpnpJ111sfrw1fr e'it'lr...,'it,,,_r p'itmr 

Pc 'twrbtfr t "l.inr•1-"t [ilk'tn'-'1. f:.b'it9 'im'-1'it , ... Jfr 

orfr'it•u'tfr •Lr..,, lJ...,.tfr an'l.frs ..,'i,,l..,uri[wJ it1n._pfr 

z1u~ pwr-'t 2.brure ('it". 117) 'itpw 4.rw UllJ.'ln'l 

znz..,rfin'l L..,rnuf'i1brfr w1nk9n'-fill..,'it urw't A'lurn'-J' 

I; ?h'lt{bt· w1u zb'ln'-J'it tL t:.b'il9 p'itnpn2 I; 
,,..,t,l!fr 7kf[,nrJ..,9frw1/• t:,..,J..,p1 ll.1u t.k'ltfw'it ~w
"1.l!. t /Ulrn,_J"itbrfr t:,bur 11wJfr Jbp_ nun,_J"itwufrrbl ..,'i,,t:,'it..,rfr'it I;, .[!w'itfr 

np Jb'it.[! tyfrurb'it,e ,..,Jfr Lw1'itw'tw'it 1tuir4_wJ.[!n'-J t.nzuufr'"l l'urnul'itb
r/r p•2fr1Jw'it frrw~w'it opk'it.[!f!' 11.n Uf1UurbU1nni{ Jb'it_, 'tnwn,_J'itwufr

rL'ii.[! z11z1uif.m'l l..,1,,,,_Jr;,ki'fr ..,,_,,1.9 ,,._p-1..,'it ,,,,.,,,, ttkJh'iturn,_J -,...,l..,9 n'l 

'lblpnpJ'w9frw'itbrl!. J ... .[!n'-r uwf:.e/r b'itfiUlr'tiJn'I. 

• t"tkJ'k'it111/r '1-/,Uf.[!n'-J ('it't• 118 )i 
D 45 J, ·i.--1-.:.:;:;:...,-_,,,__.,,.,.. "- IJ/db Jk'it.e w'itz1urtl wJrw9'itb'it.[! .... ,,, l;lb-

~"' Jb'ilurfr AB 'itfruure, ..,Uf.., t.nzwrfin'l L..,rmJ"itbp/r 

wnbsn'-fil 1..,-;, urw't 'itrw CD 'itfruine 'tu/Ult.fr AB 
'itfruurfr'it ynu1wr.bn nrnz DD1 = CC1 ... :ls Jk

J,.,_[i11..,Jp, nrf! 'tnti[nLJ I; pmgwplimli UUlf:.,/!1 

ABCD t"tbJk'iture 'tzb'1_1[fr1 "- nu1._fr'I. w'it't.1n,_'it'itb

pf!1 rfinrfin/i,,fhtn•J I JkJn'-fllwJp, 't4_kpwJ4_b'it 

un'-r ,,_..,,; pn'-f<I w'it't1m.'il'itkpfr1 U.1'1 1 ..,'i;/!Jn'-'itl!. 
~+ 1 lS: 

,,,-;;;_;;,,'"':J I; fiwpwpbpmqwfi uwr.;p, 'twJ u1ut.,efr ..,'il't.JnL'it, /,_ Jwnw1nLJ I; 

"l'"iku n'-'l'lw'it't.1w'i.t w'it'tin'-'it'ithp/r U1'lhw1mlw'it ( t.L'l.J'w'it) l_wi/rt 'f'.w'it/r 
"I' 'tn'iluurpn'-"9frw'itk1m'-J' Jb'it.[! ynpJ m'iib'it.[! Jfr1u{i.t wnwa'l..,fJ,u'it '1k
:pnpJ'w9fr..,'itkpfr f:.kur, UI J'J w'it~JnL'itf! 'ttfr'itfr zwur i[rn,er1 

1,..,r..,Pbr..,'t..,'it ,,..,t:.,ee /rr J'bJ,,,_(il ,..,,f I!' 'twuti/...,J I; pw9w pA1ul1 

,,..,t,.[!/r /,, AB nL CD ::.iup{lnLPJm'i.t'itbr/r 11/rl"- ,,'l..,J a f:.b1Lw1fn1111'-fil1w'it 

t:.kur' 
L\s 

1- tg1 = -, 
a 

(10.19) 

~15 



I dQ_ = sv 
tJQ 

.~ Jmnm"/rm'.I 'ilil''Jmn 

lim?J,,.GmtJ 1(8H ·~'!.) pu11mllf V il''!.'I 111'1m'!.ml1J 'ilJ'l'!.'!."'uliJ-.uJu/rm
11 

-9'J i/Jqmn4'!. uq'.l"'lnub JmJr/ •/tu• ct iP°'!.'l~m'!.mllJ. •'iJJ'l'!J'"'"Jm1 Lu+ml 

_,,z '!.'I ,.,ufJub mJ/r G'!.uJu •i1Jq'!.n'IJ'l'1ml' 4J'1111nr/1J '!,Im '1"''!.'ll''ll:'J. 

1
GtJJ?4'm? r/ur'!.l/1''11~ Lup'1Jmuri/-£ .,,11m •6r/'!."'u11!}-.uf'll' 4Jlf'1J'"'uJm1 

L111JrmZuZ rt,I mr/p 1 u ~ {'m/rnJm'1 'illJ.-.ul pj .. uf'll' iJil''.lmn Iimvdm6tn-d 
1lh/,J11,P '!.ml' 

-Julu 71u'JJm.,,,m'!.m"J ,P,mLlnu V 1'1'!."'' ~ r/11fJm'1 '!.Im BlmJ • .,,11"7'fmlJmJ 

(rl+T)& 
(z6·01) 3 ~ O 

1'1/rlm'.I ~ r1111Jm~ i11-.u11/-.uf'll' 4-0 

,'!."'u11!}-.•1J, 

-mp'!, 1'r/J1 iJJ'Plym'!,•J l,u.,,,m'1 "''l'.I JmJ'1 '!.m48mpJ11tj'1il '!.m'1mJ'IJ 

-mJm'J "JU '!.J'"fUJmJ '1mlJ.lflJ'•f' r/il''Jmn .., f!.mJ',,'f il'IJI/ J'"IU'J,'l'J"1U iJ''J'/J' .,, 

,'ilil'n'I"' 1m1'1"!1/'.I ~ l'"'u'!."711-£'!.il '!."7"f"''!.mJ (ra·or) 
1( fm1'1'1/rm'.1 JIA) pw'1mn-.u1Lm fmfrL'l"'lfb J'"'"lJ'l/r 4i1JI. ".'I 

{'m.,.J'IJ i1Jl/'!.'!."'u1p}-.ufqJ' '!.41m/rp} r/-0. Jmpm'J 4J'lp}"1u1'!. '!,mbm'!.m~ 
17-.ul.up r/il''Jmn 1'""'1 11-iuilbutb 1J.illlmn hobuJl 9m[d-.unml\mhym11m 

('rl + J)C; 
'!.'I l'"'u'!.m/r'!,m 7/ /ru 11mur D '!.'I l''u'1m'!.ml'!. J'!.~u1 tJ-.uf'I/' 3 . 

1/r.uil''!.l/Jo r/'1-.u'z "'!/'J 

JmJ4 '!.'I fm7r1nm7 '!.miJG,.,pJuf'll. '&m'1mJ_,,JmJm'.I £u'!.mnJnmurm1nmpm'J 

1JmJ£ -.u '!J'-.uJm1 '1m'!.mf'mp 4il''.lmn ,'!.il''!.r/nl• ''l7 '!.m'1murmJ''fl'"''.I JmJr/ 

iJ pwJm1 Lulfrmlul :i. -.u f!.il''Jmn f!.•'1mJ'IJmJm'.I J. •7run41nnln 

(Tl+tJ~ 
1J. = :l. (n~·oi) '3 

•J.~=(n + 1)~ 
l J. 

~ r!~m'J,murn7 •lqp r/nm~mrl { oz·oc) ~,,1,,,11,,,,1111111 iJil'qpJm nlm r/-a 

:('fl + l )~ = _t3 -rt - -.:J_ = I3 = ; 
J. D 1D 

J•unm'!.mJ ( 8I«G) 11/urlm'.lmurJm ~ r/11/Jm'1 '{ !lli •'1'!. '119 §) 
7...,ur '!.m1pj-1uG'll.bm r/J1f11..;nuJm1 Ju/rmnJ11. l. - - to V ~=le J''IUIJ, 

-'l'!."'u ~ r/'£'1111 ilJu 1 ilp-iu6mJm7J'I i/f'"''!.""l~'!.m •B1p'£11~ n7u1 Jl 

(o~·or) 

o9t DIS ,_'I!_ =1 

z 
1J.- - i 

l 

1 ·--; lV 

'n'f1n"'"7"''1°t 

Jlp-.uG,.Jm'1J'I '!."''1"'J'IJ111Jm'.I r/f,mlJ.-.u1'1'!.11 

I oStSO:>sv = TV 

""'"".,,,""' 
I.In 10 !Jf Jmnm"/rm'J 1'1'!,.,u-£11,'il ~ .P'1Jm7 "/ruw•'9-urmlrt '!,mltJ-.uJil'ulfr 4J 

-i/11,1n4BmpJurfJ11I. 'il'!.-.ul'1'!.,., bu/rGmurn urup r/ur11'1 1a •'ilJ'"'u8,,.Jnr'1J'I IV 
rffl.m'!."'"''1'!.m ,ilpLu'1 1aia '1n'1 ·~ '!.il''.lmn sv '1m-eJnrGmJ ilpLu'1 100 
r/Ju ''!.r/'!."'ul111J.m1111 '!.-.ul'1'!.mU-.u &ataa i/''!.'I l'""f!.mrnn l''"il'"'""' 1.111 1il1 

-q"/rurm'J "''l'J r/-1av ,r/il'J4lr Ju'!. '1fl.m,,. .. u1,,,,.,,. I.Im v?'!.41' ,,,,.,,,_mlJl 

i/ r il''!.'I<'& puL/rmuml Jmnm/rm'J '!.4·0'1 Gr/urq'1 'I '111'1 •il''!.m'!.murn'1 

if'!.'11' Jp-,uGmJm'1J'I ~myJmGmJ r/{'l.m'!.-.u1,,,,,m mJ7r '1-sn •Jn 
1il.,,,m'1 

('"'L'I .,li}p r/-1 "7 '1-l- il''!.lf'!."'''1 •ilJ'l'!.'!."'u1tJ-.u1'!.11m -.u'1J'I "'1m "/r111 

-7G7mpm'J '"''l'J 4il''.lmn '!.m'1m,JqJinJm'.I /Jr/pbu'1 n-.u1 I' '"''l'J 4J11'!J'"'uJ 

-m1 LufJul. 11f1nm~ s4pLu'1 "" ~ ,,,,,Jm'1 ilpuGmJm,,Jq n1n I~ p-.u,,.mJ 

-m'1J'I 'ilfr/&m'!.wl'1'!.m aV •n.P'l/rLq'Z il"''!.'11''11~ J'lll 1i1Jm'1'J. SH 

it'!.'1'1Jm111,,,, Jmpm'J -.u1'1'!.ml''.lmn '!.-.u1'tJ-.u1'!.um vlr/I' 4-l, ? 4.J. 

tf!.mr/GmrJ11j'f" 4il''Jmn ~ p-.ul11J11'!.J n'llrt 

-m/rt} Ju J?'!.r/ '-1 q_.lm G'!.'l'.1 i1'!.-.uli/-.uf'll' '!.'"l'b'll 4"''!.'11''11-1 ,'ilif''.lmn 

'!.m'1mJ'IJmJm'.I •1runr/lnn1m ''!,r/J'l'!.J'-.uJml l, ~ '!.m'1murmp'frm'.I L'1£-.u 

il,,_-.ultJ-.uf'll' r/il''Jmn '!.m'1mJ9JmJ-:J Ju •1mur GI ru6 ~ l{J9Jm'1. 

1/ruJ'l'!.1J.m'1l.m11 ~ p-.u/r+m? '!.Im 

•mJ7r '!.mlfl 1uJ•7rm11'1'.I fmL'I "7lr/p r/J'l'!.'!."'u11/-.ui/Jm~ Lu/rB'l'.l'"n fm'!.ml' 

-.mil ~il'.lmn Jrm-eJmGmrl ~ Jmnm.,,m'J ilil''.lmn ,_,.~mJqJmJm'1 ,'!.il''!.r/nlnr 



P1119111ra.111~ u,..r..l!I! nL'f P'l f...,JbJu11niu~..,'j, !; u.,,r.b9'iin11 nLJfr'b, 

• .,,r.b9</_n'l 'bfr111.nbrfi Jfrtb. £'1...,t) r..bn..,i/_nrnLfll..,r,,l!. /, r,..,~.,,11 ... ra r,..,Jb

J..,m..,~..,r,, !; ..,l'f 'bfr11urbrfr J..,~£rhufr'b nL .. ..,r,l!fi 111il'J.l!mJ • ..,nMlay--
1,.,,'b,,Lfl1w'b Jn'JDLtfr'b1 lt1ufr'bl!'j,' ,//,'j,./! llL'j,/,'j,./! ~DL~fr orb'j,./!f!. u111r..,e/i 

'JbfnrJ-9fiw1fr 1fh"ff!RLJ Ulrmiur.Ul,UIR'l_ Jfr ,...,'j,111af11 nre Jfi111'i,9-

J1111'i, 'j,J..,'j, t a,J..,'j, 'lb"i.[!nLJ PMl9Ulr"-~ 'r~-rUl!JnLJ{! r.. ... zif_btnL 

pu1'b111d£.fr'b1 

4l-~ 
EF 

o/f111'i,fr nr Ulllf'.,.[!/r Jn'JDL£/r f,LUJu1r ULnLU!J4_1Ub (10,22) p111'b111d£nLJ 

'1rhl!, 1111u"lhu ~nl.4_111J, wnLUcl'lw~..,'j, E, p. l.t G r..wum111urm.'i,'b£rfrfl 

Jfr1111r;, hr~niu'b h'b 111'bl1111fu, "'"/."' brrnr'll! Jfrz.in ftwrhLfr !; 111rm..,r.111r 

mhl wnmlfr'il hr~ni.ufr Jfrtn9n4_1 U.1u 111n111r;,ar;,,,,r,..,,,,~nLflJnL'i,f!. p'bnrnz. t 
frqnmrn"/. ..,,,rn.pfr r.111JU1r1 nrfr f,&UUr~n&.[1Jlll'j,'j,£rf!. pnlnr D'-'/.'l_nLfiJJnL'j,-

'j,/,rni/_ 'bnLJ'b'u h'i,1 . 

t~Ultnb'j,,/!1 •r UB1f'.,f!fr 'fbf •rJ•gfr1111fr 'J/,IJ/$'1LU !;{hJb'i,mfr 'j,JnL{i/r 

Jw<f_wtfr tfrn1/rnfunLfiJJm .. 'i,f!. r.,..,4..,u..,r !; 'l.rn1fr1 U.,, r.bur&nLJ !; § 40-fr 

(7 .19) p111'bwal.tfr91 .[!"'..,,~ nr ULU.r•r UIUr,.[!/r 'lh"/..f!DLJ fl/uiui/_nr L"'-
rnurilhrfr 'fnLUlllf(! f,1114_11111111r t 'lf"Jfrt . 

lliJJ ~wrbLfr t r,..,z4.ht 'bwl.t "l.ns•b'i,gfrwt !;'i,hr'lfr"'Jfr JhbnLflJn''ill!. 

Jw,rLr Ulllf,..[!/r 'fb"f.[!DLJt /!"il'JnL'bh£nt/.1 nr Q DLdf!. ftfrr111n4_111t) !; um111-

111Mnrb'j,, 4s rnh'l..wtfrwfuJw'i, 4_rw "'l'I nLJfr 111zfuwur111'i,n!. ~wrn'I.. h'b,e 

111r111111r.1111mhl r.hm£.1,,,l p111'i,111c\£.n4_' 

1 
A--Q~s 

2 

1 ( A-/r ,...,r;,..,ufr Jbt ?: prttw~frst!. Jrnwtf. ,,,1r;, "l"'"'~wnntf., nrnr/.-

r.hm& m J'j, "'~"'" t qrn1fr9 Jfr'b1_l1 4_hrt.r;,,,,~,,,'j, 111rrfh.[!f! 111umfr~'iJ.,,_ 

P"'r' ... z.fuwmwr;,l!<;, wrrn111r.w1•il_mJ !; bnw'b~1,,,r,, Jwithrbuwi/_)1 S'1'1.•

'lrbLni/_ fls·fr (10.23) wrrfh./!f!.• ~uurw'bw'b,e' 

Q2a 't 2aF U= -- = --1 
2GF 2G 

(10.24) 

{:..,J.'j,htn4_ V = af ttLU</_111tfr t/.f"'' ~9ur'bb'i,.p mbuu1/1LUrwf1 "1-

mh'bgfr.,,l !;'i,brffr1111/r #lfJb./!f!. Jlllf!RLf lllUl'.,f!fr '1£"/..f!Dt .. J' 

u 't 
U=-=-1 

F 2G 
(10.25) 

·218 

l\lOPllMf: 

q.l.,.Old11 XI 

u.trrnM1·BU. u usnti'l·lU-tlfu ml. 
utr~ t-U.t'lJ\Mfl! 

'\-tfunl1U'U.61' U.-



1lfr9 l1u•'l_1f11LJ l.'is tfr11bnfr wnw"ii91'/:"ii n"J'I"'~"' 1"'9 r:,Ull'pm p 1u1"ii 1fl.p_ 

'lnpJn'l m Jw'l_nLJ'lh/11 

I pn~w"iifri/frs Lfrubn.fr"ii pnfr1u1"il9i/n'l JnJb"iiure t,..,,,..,,,..,l, 111/r"il/1' 

t~. 1201 

M1 = T1 R1 - t1 R1 = (T1 - ti) R1 1 

"iJ w"i11uutl1U, II pn~w"ilful.fr9 tfrubn.fi"iJ 

~pnfuw"ii9i/fi wn.w1fi"iifi"ii fiwqwq.rp 
m-'l'lil•J M2 JnJb"iiure, nre ;,,,,_ 

""'""'P !; 

M2 = (T2 - t2) R2
1 

libl!b"ilw1fi t.w-Lwuwr"'l"'P 

e"ii(iw9.[!/r JwJw"iiw~ 1frul1nfr 1.rw 

"''l_'l•'l pn1nr nLJbpf!. 'lur'isi/nLJ b"ii 

t.wi/_wuwpw~zn.nLp l"'"ii Jb!. "lf!Ul

urn'l (T 1-t1) R1 JnJb'isure f.wi/wuwpw~zn.i/nd !; 'lfrJw'IP"'l (T2 - t2) R2 

JnJb"iiurni/• "'Jufr"ii,e'is' 

(11.1) 

IJ.ubn.fr "'J"ii ""'"f!.· "Pf!. e"ii~wJ !; pn~w"iifri/"iibrfr ~b"iiurpn"ii'bbpfr 
Jfrp_b., b'is[iwp~i/nLJ !; tfiulmfi wn.w"ii9,efi"ii nL'l'l..,.c,.., 1"'9 f.wp[inLp J"L'is

"iibpfi Jbt 'l"rJn'l bp~nL f.w-Liuuwp b. t".iu~w'lfrr 11L'l'li/"'J nLJw'lnLJ'lbrfr 
wnh9nLfi1w"ii(!• WJfi n1npl[m.u k: UJuu1Junl)_, n1npuwli q.b~npuwgftwli 
lUn.WtWGm.i.1' }.- 6.nq ft wn.wfig~ ftG DLl]IJ1llfiWJtng fiwppDLpJn Llilibpft tl'bj! 
qnphq nLduiqnLJqbpft mqq.bgnLf>JWli 111wq1 

{frubn.e n1npn'l nLJw'l_nLJ'lbrfr JnJb"iiurl!. ~nti/nLJ !; ntnrn'l Jn

Jh"iiu11 ?-fimwp~i/n'l 'lb"i.[!nLJ 'IP"' JbJmfi1n1."iie npnzi/nd !; (11.1) piu

"ii.,l./,ni/· P"'lfl ._w"iifr nr T ,"-- t -6.fr'lbrfr JbJllLp 1ni"ii"iibre uni/nr"'P"'r 
..,"iit".w1m b"ii, "'J'I "i"'ur-6.wnni/ M., JnJb"iiurfi JbJnL[i/nL"ii(! t.wz1/mJ I.ii 

"'IL ~br"l (§ 56 )1 
U'b~,e '1frurwp~b9fi"ii,e w1"ii 'lb"ll!f!• hpp tfiubn.fi i/r"' f,"''l9•/wJ b"ii 

Jfi..,J"ii br~"'- pn~w"iifri/• npn"iiJ_! 1fiubn.fi"ii b'il 1frnfuw"ii9nuf PP"'f' t.w-Lw

uwp /, t".w~iu'lfrr nL'l'li/wJ Mn, J'nJb"iiu1'ilbp. IU/'1 'lb"l.J!nLlf Lfrubn.fr ifm

~w"iifrl(bbpfr Jfi1_£ e'il~wJ Jwue n1nr1.nd tr IU/'1 Mn, 1fnJb'i..mn'1_1 

l,u."ii'lfr"lnLJ b'is wi/btfr piup'I '1b"l.,elz1,, hpp Lfrubn.fr 1Jpw t.w'l9i/u1J 

~ Jfi. Jliu"iifr pn~w'ilfrl(bbp• '1riu"ii9fr9 Jb~l!. uriu"iin'l !;, fiul1 .ritiu9wJ

'ilbpf!. mwpi/n'lr t/Jn~w"iifrl(bbpfr9 1mrw11 ... "iit1n'-pf!. 1fr11bn.fr'b -Jrnfi1..,"i19nuf 

t /tr JnJb'i..me, b. Jb.[!b"iiw1fr r.iui/wuwr"'l"'P ['_"iifiw9.[!/r JwJiu"iiiu~ 

tfruhn.fr •Jriu "''l'l"'l P"L"r JnJ'l.'ilur"iibrfr 'JnLJ"'rl!. t,..,1...,,,wr !; 111in1fr1 

220 

t~. 120-fr i/pw 9nLJ9 /; urpi/wJ Jfr t/111bn., npfr i/pw "''l_P1 J /;'ii 

,..,,
1

, M
2

• Ma b. M4 JnJb"iiur"iibre· JnJb"iiur"iibrfrs Mee nL'l'li/"'J !; Jfr 

fJ'"lJ ( u1111"iin'l -Jrn~w"iiful.fr9) • fru~ Mz. Ma• M4-l!. f.w~wn.w~ ~'"l,/ I! 
( urwpi/n'l +n~w"iifri(Ubrfr9)1 {frubn.fr t:.wi/w11wrwt-+ e"iifiw9.efr Jw

J,u'isw~ 

-M1 + M2 +Ma+ M4 =Or 

1J.1uurb'l ntnpm[ JnJb"iiurf! lfrubn.fr urwrpbp J'wubpnu/ ltnL"iib"ii .. 

mUl('php JbJm_p,nL"iit {frubn.fr WJ"ii UWUf!• np'is f!"ii~wJ !; 1 - 1 ~urer
'1_wJ,efr9 'lb"lfr 1..wfu, ~,r;,.., f.wi/wuwpw~zn.m[i1w"il Jbl M4 JnJ'b"iiurfr £. 

1 - 1 ~urpi/wJ,enLJ' 'l"rJn'l Z"Z"''P"'l t•rnL.rithrfr "'"-'1b9nLPJ"'"ii ,,...,~. 
"'!u"lfruni/ 1 "'l'I ~urpi/wJ,efr f.wJ'wp M .. , JnJb"iiure t.wi/wuwp !; M4-fr1 

f>u~ b[ib Jb"ii,e i/bp9"iib"ii,e 1 /, 2 -Jrn~w"iifrl(bbpfr J'frt"-- 'lur"iii/n'l 2 - 2 

~urri/wJ.ef!• "'"I."' "'1'1 ~urr1.wJ,e11LU 'fnpJn'l znzu11/m11 L"'rnLJ"iibpf!. 
"lbur,e !; f.wi/wuwpw~zn.b"ii w"iit_wuri/..,J d.wfu Jwufr"ii 1 b. 4 pnl1w"iifii/

'bbpfi9 -Jrn/11w"ii9i/n'l JnJ'b'bur"iibrfr 'lnLJwpfr"ii, w1ufr'bl!'b' n1nrn'l J'n

J'b"iiur"ii "'l'I ~urpi/wJ,enLJ' t.w-Lwuwp !; ~., - M4 - M11 

flt"P"'l JnJ'b'burfr "iinLJ"ii JbJn.LfiJnL"ii(! Jb"ii,e ~uurw"iiw1fr'ill! 2 - 2 ~f!· 
tn['pi/urJl!fr t,..,J..,p. b[ib 'lfrurwp~l.fr'is.p "'l ~urri/wJ Jwue, nrfr 1.r"' 
W'l_'lnLJ b"ii Ma b. ~ JnJb'bur'bbpe1 ul'I '1b"l..en1.J M .. , _;__ M~ + M2. 
pw 19 t.wi/wuwpw~zn.nL{i J"''b "I"' 1Jw"iifr9 

M3 + M2 = M1 - M41 

1l1u"lfruni/• 2 - 2 qmpl[wb-~in.u M .. , JnJb"iiurl!. n1."iifr Jfib."iinLJ"ii Jb

,)m(i JttL"iif!., w"ii~u.fu "iipwbfr9, pb Jb"ii.j! ffrubn.fr np UUlufr t.wi/iuuUlrlU•' 

~:_1rnL{rl1nL"ii"ii b"iil'- 'lfrurwp~nLJ' "'l• fib awfu1 UJli fiwl[wump }; uuupl[mb
l:mpl[wb-~ft9 q.kuift Wf qmi.I' q.buift lnuJu irubn!t ~pm mqqnl} tl'ntl'blim
libpr qnu.l'mpltfi: fl1npn'l JnJb"iiurfr "iizw'be ~f!"iipL"iib"ii~ euur ~urpi/wJ
.efr9 'lb"lfr 1.wfu IM'l_'lll'l wpurw,fr'i.. JnJb"iirn'isbrfr "iizw'i..fr, iu1ufi'is~"ii, h[ib 

J'h"ii.[! 'i..wJnLJ' bii,e Lfrubn.fr iun...,'i..9,efr nL'l'lnL[iJwJ'p l.wfufr9 '1'"1.fi "'l• 

""-'flU cJwJ'iu9mJ9fr ul ... l!fr m'l'l"LfiJwJp "'"-'l"'l JnJb"iiurf! f,..,J..,pnLJ 

b'il.[! 'll'"'~"'"ii1 
fltnpn'l JnJb'ilurfr J'bJnL[ifnL"iif!. 1fr11bufr urwppbp Jwuh1mLJ ~wpbtfr 

!; "l"'ur~bpbt 'lJ"''lP"i/• ~wn.nL9h[ni/ u.1u"lb" ~n!_i/n'l n1npnq i.l'ni.l'b6m
libpl1 kuiimpwfir 'triu t.iuJu.r Lfr"""fr 'lJ"''lrfi uriu~ "-burb'l,,d b"ii,e 

wpu9fru"iibpfr wnw'b9J>l!. b. "'1'1 wn.iu"ii9.[!/i!J urb'l"''IP"'J b"ii.f! "L"rnr1 J'n
Jb'i..mfr J/,J11LfiJ11L'i..f!. JnLplU.j!Ul'j,1_/nLr UWllllLJ' Uf1UUl~brn11 or'lfr'iJwur"iibpf!l 

?-fr9"Ll'-• "iiiu/unr'I opfr'i..w~nLJ M 1 = + 600 qqtl', M2 =- 300,qqlf, 
Ma = - 100 l1qlf. M4 == - 200 qqJ• t~. 120-f. 1.r"' "liuur~bri/iuJ t 
"L"Pn'l J'11J'h'bm'i..b11p p•zfun1.J(! l!.""' Lfrubn.fr bp~wpm_fi1iu"ii1 



fl Lnrn'l Jmlh'i11n'bbre r.1uziJbLm- 1;.,J111r "it,,.../! !; 7fr111b'i~1111 !n'-r111-

.f!w'bl.Jn<-r i/in'tw'b/ri[/r9 Lfrubnfr'b i/infri111'i.1iJn'l JnJb'b111fr JU,,._(ilJnL'bf!.' 

11.l'I JnJb'b111'bhre 'twrblfr !; nrnzbl, hflb r.1111111'i.fr h'b Lfrubn.fr 

"'l.lllnLJUJ'bhr/r fl~•(f! h. i/in't111'b/ri[/r .!/rr_n9ni[ i/in(u111'b9iJ.n'l r.'l.nrnLflJnL"Of!t 

1'fr9n'-l! (tit. 121) i/in't,.,'bfri[fr iJrw IU'l.'fn'-.t !; 

M .!n.!b';,111 ni_'bb9n'l ni_J,.,'l.n'-J'I' '1',,,pblfr 

!; U/_IUllllthr1119'bhJ1 nr llll'f nLJw'l.n'-J'lf!. lt111q_U4_1Ud

!; i/inltw'bfri[fr 2.fl_IU7Jfr iJr111 'tfrr111n.iJ.wJ "rltnL 

P ni_J/,ffr!Jl </Jnit111'bfriJf!. .,_,..,.."/,ffru 11LJ1U

q_nLJ'1f! 'twur_IUfnLU !; llM2.friw1111U'il.f!1 nrfr ,//,. 

Jn'-flJn'-'bf!. J,.,,flllf,,.,ltfr Jfr 1111.nr/r e'bf11u9.[!n'-J 

r.111qwuwr !; i/i•lt111'bfr"-fr .!frt_n9ni[ i/infri111'b9-

tt• 1211 iJn'I. r.'l.nrn'-fillw'be: 

l.-2i[h'b.[! i/inltw'b/ri[/r ,,,,_,..,..,r,.,';, 'fh"il!n'-J M nLJ111qn'-J'lfr 't111111111r,.,J 

w2/riwurw'b,ee1 <Pnlt111'il/riJf! a wfilt1ni'bni[ "iur111i[h1/ru JnLr111.ew'ill.J"Lf n'-Jf! 

ltw'b9'bfr R:i. -&. .. 'b-,,,,_wrr., nr111h'l R-e +nltw'bfriJ/r zwn.111iJfr'l.'b t;. 111.tpn'l.l 

nLJwpLJf/r 'twurwrwJ wzfriw111w'b.[!f!. r.wqwu111r lt1fr'bfr' 

A = 2PRa; = M:xr 

l1.1u"ifrunq, m.dwqnLJIJ~ qwm~puib- m2Jummmfi.J!I! 11 w6qJnLGntl 
tJinqwliptJ. ~ Uf lDmtfmG qbUf]!DLlf fhutJ. wuwp ,k nLdwqn~ Jqp d'nd'blime pw.q
d'mu:iwm~wb- Ufl.lluuhuG wGqJnLGnq (mpl.llwliwJin~uib- n.mqpw66bpnq): 

fJ{tlh tfruhn.e Jw.tw'bwltfr Jfr111iJnrfr e'bfl1119.en'-.t lt111111111rn'-J !; m 
"'l.UlnLJUl1 lllU/_111 JnJh'bur/r wzfri111111w'b.ef! r.wq111u111r !; A = M27tm: 11' JnLU 

ltn'1.J/r91 J111J111'ilwlt/i J/rwi[nr/i eilfl1119enul 'tw111111riJ111d- -zfri111111w'b,e(!1 

'f• W t,'l.nrn'-flJnt.'bL !;1 ~J,,..f..,.,"tbu, ,.1npn'I. JnJb'b111f! ltwrhlfr !; wr-

1111Ur.w1urbl r.w1ur'b/r r.qnr11t.fl1111'b J. t/ruhn.fr 11/urnLJur'bbpfr fli[/r J/rr_ngni[' 

w M=--1 
27tm 

{11.2) 

bp& r.qnrniflin'-'bf! urri[wd- !; ~frwn,_JJ.rni/.'. W = N a. n._. t1111J 

w = 75 N qqtl' /tlpq. /ru't "/.lnnLJUJ'bbpfr fl/rile Jblt rn"thnt.J m = 

=fl Ufut/pnUfh 1fwJ Jhlt 1-1rlt1w'bni_,/ ~I W"flll 
tO 

M _ '·5-N.fiO 2250·N 
716 2 

N I _r 
- ---- =----= 1 - )<JUI 

hn ~n n 
(11.3) 

l,qnr"'flln'-'bf! 'twrn'I. !; urri[111J Lfr'bb1 'i.wl.. 'tfr1n4_w111brni[ w = K lpJ.m1 
.Pw'b/r nr 1 qtJ.111 r.wqwuwr !; Unurwi[nrw"ihu 102 qqit;tl_pq. lllU/_IU 

M 102·60 K 1• -• _ 973 6 K 1• .r 
-:= • - 'jqLI - I - 'jqut * n n 

( 1 i. ') 

u.1u p111'boua1..brfrs .tb'b.f! eu111 111ri[wd- N-/r (ltw.t K-/r) £. n-/r u1111U'bnL.t 

h'b.[! tn'-flU.[!lll'blJn'-r i/in't111'bfri[/r .!frt..n9ni[ i/in/uw'b9iJn'I. Jn.th'b111fr ,/bd-n'-

[iJnL'bf! lir1nqpwUillfbmpbpntl_, nrfrs f,/,UJn 7111'bnLJ /,';,.[! [/rubn.fr 1t111ri[wJ

.[!f!. f!.UUI 111Jh'b111JbJ •1nrn'I_ JnJh'bur/r /,_ (!UUI 'fflU'j, nrnznt.U /,'j,./J 1/r

ubnfr ,.,';,f,r111Jbz111 l_wi/ihre (§§ 57 £. 59 )1 

§ 57. lUPnt>-lf'i.ibPfl nrntnt>-lfl! '41,nr ltsr~uu~ nt>-'bbBn'l. 
l,'flUbn-" ni.nrlfU\ 'l-blll.P.nMr 

U. '1wnn'-!Jh1ni[ ntnrn'I. Jn.th'bur'bhp/r !;"iln'-r111'i. Jh'bl) tfruhn/r 9w'b

't1119wd- 'turri[111d-.pnt.J 't-rn'l /,';,.[! 7111'bh1 ntnrn'I. .tnJb'burfr Jbd-nt.f/Jn'-'be: 

fl1n1m'I. .!nJh'b111'ilhp/r ,.,'l.'1-J,!JnLflJ,.,';, r.h111h..w'b.p11i[ "urpi[wd-.[!nLJ 111n.w

l"'9"'l 1wrnt..t'bhre 7ur'bb1n'- r,,.,,r111r o7uri[h'i..p 'i.Jn'-flbrfr '1frJ111'1rm·fil1w'b 

fri'b'ffrr'bhpf! lnt.d-htn'- f,frJ'bw't111'b Jbfln'ffr!I' lt111pntJ'bbrfr Jbfiln'ffr91 

llwlt1111'il 'b111fri.pw'b 'friJ111d- fri'i.'1rfr ln._J,f,..';,f!. ,.,';,9'bhtl! 'f/rJh'iJ.f! 

1frnpa'bwlt111'b nLunul'ilwufrrnt.filJnt.'b'bbl'fr 111r'1/nt.'b.[!'bbrfr 'ffr111wrtJw'be1 

<Pnpahrf! 9n'-J9 /,';, 1111111fru-, nr lttnr 't1111•iJ111d-l! nt.'bhgn'I_ lfrulme 

M., nt.Jw'l. .... J'lhpni[ nlnrhlfru ('b~. 122) 111b'lfr f ni_';,b';,ni_J f,b,..£.l"'lf!.' 

tt· 122: 

Fntnr d-'it/rJ.'bhpf!. flh,ei[nt..! h'b Jfr£.'bnt.J'b T w'iiilttnt.'bm/.• fruit lfrub,,fr 

Jwlthrb.nLJflfr iJr111 7JqwJ J!llln.lllltnt.Ufrf,/,ff! zh'l.iJnt.J /,';,, 'f1Un.fiw1ni[ 

zb'l111'blt1nt.'bfr, ,,,,,,fr'bl!'b' h'bfil111rltiJnd b'b uwr.,n. 'fhlf•nr.!1119frw1fr1 

8nt.p111.pw"bi_JnLp l"'l'bwltw'b lt111riJ.wd-l! "'l.ur111i[nt.J !; lfiul.n/r wnw'ii9-

.f'fr znLfl.f! JJnLufr .'blt1U111UwJp nrn2 ..,'j,ltJnL'bnt/_1 nrf!. 'tnl_qni_,/ !; n1nr

J111';, -'illtJnt.'b: 11.n w'blt1w'b Jl.Jn'-filJnL'bf! nt.'l/r'I. r.wJhJw111w+U1'b !; 111n

rn'I. Jn,/b';,111(1 JbJn'-filJw';,'iJ nL lt111ri[wJ.f!'iJb/1/r ufrt..£. b'/.111J f,J.n.wi[n

fllL{J Jlll'j,(!I 



/Jr11bnfr l.111lt111ur111(fr'il ft11rr4_111t).e'ilhrf! J'ilnLJ ,&.r;, r,..,rfl• fruit pnl"r 

l"'lr;,,.,ft111'il 1t-riJ.111fl_,'ilhrfr h'l.r'°'l'°br'il tL tb'il 111'l•4.111'liJ.nLJ ( zn_111'ilw-
1t)J.1,t! J'ilnLJ b';, zri111'it111,,,,.hr )1 

'li111ftwur1111fr'i. fturr4_wt).,,, 4.r111 "'°"Ill' z111nwiJ.fr'l'ilbp(! 'lbfnrJ111-
.'Jl·-1Jrs f.buin th'il t)n.Jn4_11LJ1 

brftni. t.wr!.111';, fturriJ.w,,._,'ilbrfr Jfrt.Lr.. b'l111,,. f.b1t.111iJ.nrnL[ilJnL'il'ilbrt! 

'J"r'°'i.111ft111'ilnrh'b th'il tfrnfuiJ.nLJ, 1111ufr'b.e'il' hrp 1-1 £. 2-2 ft"'r"-"'".e

'i1brt! "i"'"'"-nLJ /,';, frr111r 'ilftwurJ111Jp ~<f 111'ilft1nL'iln4_, 'ilr111'b9 Jfri& 

"""''° ~X f.b11.•iJ.nrnLpjnL'b(! J'ilnLJ t ,.'btfrntfrn/ut 

U.Ju"ifr"""' •tfrnrabrfr 111r7-/llL.[!fl[,rf! 9nLl9 /,S, ur111lfru, nr nlnrJw'fl 
<l111Jiu'it1Mft a_,,'J'j, frrb'bfr9 'j,J.rft11111119'bnLJ t ""'rt)-bu [ii/, ftnzur 2.rt_111fl'ilb

f'fr9 lt111q.r 4_111,)- Jfr ufruurbJ, nrn'il.e ftb'burrn'b'i.brni/. """194."''° bf, f!L'f
r.w'iinLr 0 10 7 111n.111'b9Jdr iJ.r1111 '1-bfnrJ111sfr111i/r d-111J111'biuft ..,,,,. P"L"r 

zrt.111'b'bbrf!• ttfrntfrnfubLniJ. frrb'b9 urbu.et!• t111tfrbrt! £. tJrnfu111'1111rA l>bn-
iJ.nrnLf'JnL'il'ilbrt!• "l."'"'i/.nLJ b'b frr111r 'bft111urJ111Jp1 

fi1'4_111rW-,)- tfrnra'b111ft111'il 'lfrurn'lnL{IJnL'il'bbrl! f.fr.!., /,';, uriulfru (!'il-

'lnL'bbl r.b.,.Lr.1•L fi~uinpbq_libpl!• 

1. F11L"r L1111il111 ftwil lt111r4.•'°.e'bhrf!. J'i1nLJ b'il ""'rP 1 

2. 1-r111'b9 iJ.r111 'f'°iJ.111,} zwn111iJ.fr'lflhrf! J'ilnLJ /,';, "'-'lfr'fl 

9. '1.nriJ.•' .e'bbrfr J.llr.. b'l111,,. r./,11111iJ.nrnL[IJnL'itflbrt! J.bfl tJrn-
tfrn/uiJ.n1-J1 

a,u f,fr"lnfibq'bhrfr i.zJ111pur1119frn1-fil1nL'il(! f\111uU1111UfiJ.nLJ t 'ilr111fln4_, 

nr 'f['lll';,fl f.frJ111fl 4_r111 u111111g4_111fl p.111'it111A£.brf! l1114_ [,fl qnLfwft94_nLJ 

t/rnrabrfr Ulr'1JnL'b.[!';,/,['/t f\burt 

~. 0.rJJ 111'il9'bbr;,_, Lfrulmfr 111nw'ilu.eJ.rit nL'l'l"'f.11111119 fturriJ.111tl,e'ilb

rnLJ 'l"r'"'l L"'rnul'itbrt! 'l"'';,blnL'ill u ur,eni/. ntnriJ.n'l 0102 a"'lt! Lfr
ubll.fr 111n.111'i19Jdr'b nL'f'flllf\11111119 k 'ilrw 0 1 fturriJ.111'°.efr9 X f\f.n111iJnrnL

fi1111';, iJ.r111 'lur'iliJ.n'l 1-1 fturriJ.111'° .eni/. p111J111f,b'il,e I '4 II hrftnL J111ub

rfrt ?-b'il '19b'b.e a,,'lfr 11 . J111ut! Lr.. fin'l'flb'il.e I J"'"f!· 1111,,. J111ufr 4.r"' 

111rur111,efrir nL<lhrfrs 'l"r'°nLJ t Jfr1111'il 01 fturriJ.1116,enLJ "frr111n.iJ111t)- M., 
./nJb'bur(!I 

!ln'lfr Pn'l'iliJ.111,)- J111u{! fur'iliJ.mJ t f.111iJ.11111111r111"z11nL[il 1111'7. Jbr_ ..,l'I 

JnJb'ilurfr £ 1-1 "urriJ.111,,.,enLJ 7-bi, '194.111,)- Jwufr9 fln'l'iliJ.1116 J111ufr'ii 

tfrnfu111'il9iJ.n'l nLJbrfr 111'1.'1b9nLfi11111'il ur111" (ft". 129 )1 

'fl111';,fr nr "mriJ.111,,.jlnLJ 'f"r'°n'l nLJhre f.111iJ.111uwp111l[zn.nLJ /,f, tfr

ulm.fr 111n.w'il9Jdr'il m'l'l111f.iu11119 t....r[ilnLfJl"'fl Jbl 'l"r'°"'l M., JnJb';,

urfr'it, 111"1111 flr"'fl.e "'"ure t r"riJ.hfl Ox UlttU1f19,efr'b nL'l'l"'""'t"'9 

""'rfin~fll"'fl Jbr, 1111ufril.efl' 1-1 "urri/."''°l!fr f.111rflnLfili-'il Jh1 'l"'fliJ.n'l 
nLdU1f.nL1'1fr1 ~bur£"'"'""• 1111'1 nLJbrt! £. f.111J11111111ura1ufr11•fl L111rn1.J';,/,., 
224 

rt! 1t-riJ.111Jl!fr 'bftU1urJ,,,Jp 2."2."'"'"'l h'it £. "''l'l"'r.11111119 bfl 2"'""'4.fr'l
'iibrfr'b (Si". 12a )1 

""''l,f/;1,./! "i"'"""''° I ./mufr f.wiJ."'""'rwl12.nmfd1111fl "l."'JJwfl(! Q 0 
wn7'its.e/r 'itl1U1urJ-.rp P"l"r nLJbpfr~·JnJb'itui"ilbrJ.r r.-4_wu111rJ"'r;, .,.;"_ 
em/ 

1-1 fturpi/wJ J!nLJ "''1.

'l"'l nLJbpfr JnJb'ilurflbrfr 

9n1.J'111re' EM,-'il ""'zi/.blnL 

:.wJ' 111r 4.hr9'itb'il./! 2ri111'ilfr 
l1h'ii.npn'ilfr9 p f.bnU1i/npnLfill"'r;, 

t/r"' 'l"'i."-"'I. Jft 9"'r;,""'9"''° 
ftbm Lr.. 'itr111 zr l"'""' Jl!"'-J 
,,,r;,2-"'"'"r;,./! dF t1bJb'il,,,111r 

r.-rP"'ltf!' 11.,,, '"'rfil111"fr 

"" 
- ~Ci_ __ 
\\°'i / :r 

i/r"' ltfrr"'niJ."'d i.fr'lf! l\u.4."'""'r fttfr'iifr dP = i:P dF, "r"'"'l 'tp-'it "t!uir-
4 ... ,,. ./!fr '1frm111rfti/.n'/. "hurnLJ ppfln'f znz_111tfrn'f l"'pnLJ'ii t1 u.nr i.fr'ffr 
JnJb'ilm{! 0 ftbmfr ';,""'mp111Jp f."'i/111u111p t 

dM. == 'tp dFp' 

dF t."'rP"'"t! ""'J"'r"L""- "''it4_bn_ •frnl!r• lt111rb1fr t 'l"''ilbl P"L"r 
mrlbrfr JnJb"i1111'ilbp[t 9n1..ftup(! nr"l.bu l[mp4_111J.l!fr J111"bphufr 4.r"' m111-

p111J.iJ111J n rn z111"fr fr'itmb'll'"' / 

EM, = J -cP p dF, 
p 

~,,,,r, o'l"'"''l"r'°bLniJ. 'it111fu"fr'iln1.J ft111qJ"'J t.111i/111u111p111"znnLfli111'it r,._ 
iJ.111u111pnLJ(!' 

(11.5) 

ll"'ft"'lf, UU111194_"',)- l\u.i/U1u111pmJfr9 JIJ'j,,e 'lbn£u l_b'it./! ""'P"'l 
6Jur'bbl 't-'it, npniJ.f.burlr.. Jb'it./! q.hn£u l'lfrmbS,./!, (Jb l[urp4_111t)-./!n1.J fr'ill

"ibu b';, P"'ZfuiJ.111tl 2."2."'t/r"'l L"'rnLJ"iibrt!' 
't-. llur111urfrf["'Jfr f.111iJ.11111iupn1.J'ilkp(! f.'h111r"'i/.npmfl1n1.L tb'b ur111Lfru 

ufr';,1_1£ i/hrt. ur111'ilbl 1-1 ""'r4_111t)-,en1,J 'f"pJ.n'l l"'pnL,r;,bpfr npnzJ"'f, 
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fu'b'Jfrff!I Ju"b'Jpff! uurw,,,Mnpb"b w"bnpnzblfr f;, £. "bpw l"LhnLJf! Jfr"b tLr.. 

iJ.hn f.wu9"bblnL f.wJwp Jb"b.[! u"'/r"iifwJ ~Lfr'bb'b.[! 'JfrJbl a.n'lfr 

";,~. 122-fr k 124-fr if.rw 9nLJ9 "'riJ.wJ 1J.hl/1npJw,9frw"bbpf! 'ffr"'wr~hlnL"b1 

fllnpif.n'l. J.n'lfr Jw~bpknLJf!/r if.rw Jfr'btLr.. "bpw 'JUf.npJw9/rw1fr 
b"b[ilwr~if.blf! ab Lr_ Cd bp~nL f.wphw'b J"bfrt"bbpn1_ £. 1-1 nL 2-2 f.w• 

pkw"b ~"'rif.wJ.p"ilbrfr bqpw'fJbpmJ w'b2w,,,b'b.[! Jfr ABDC' ~nL'l.'f"''b
~J"L'b/r (";,~, 124 )1 

'1-M/mpJw9frw1/r9 f,b,,,n fr'bt"ibu 1-1, "il11LJ'b"ibu k 2 _;_2 ~"'rif.wJe

'libpf! ~"i"'"'if.h"b J.n'lfr wJpU1~9ijwJ Jw1rfr 'b~w,,,JwJp Cflx (1-1 ~"'f!P ... 

l.~- 124i 

1Jwt!.pf!) Lr_ Cflx + dqi (2-2 ~"'riJwt!.pf!) w"b~1•1L"b'bbpnij1 C'il'JnL'biJ.wt! f./r
u1nfilhq'bbpfr r.w.twa.w1"b bp~nL ~"'riJwJ.p"bhp'b !;l ~.riiw'b f.wrf!• 0 213 Lr.. 

0 1 A, ::01c ~1.r_ 0 2D zwn.w4.fr7.'bhrf! F'i.w"b nu1_fr'l, fru~ 1-1 i.. 2-2 

t1uipif.wJ.J!"bbp/r Jfr'l.k b'l.wJ dx f.bn.wif.npni.{ilJnL"bf! ~J''bw -"bifinpnfu1 

U.1u "iw1Jw'b'iibpfr 'JbUf..pni.J wJpn'f.'l. ABDC010 2 !;1bJh'b,,,f! lf1nb'lwifin/u

•/fr k '1zb7ijfr, .pw'bfr np 'bpw "''l. 'bfruU1f!1 nrf! r,,,,J~'b~'bni.J !; 2-2 

~"'riJwt!.pfr f,b,,,, 1-1 l1urr1Jwt!.pfa f.bm r,..,,/f!'b~'bn'l. J.wfu 'bfru,,,/r 'b~11.1ur

JwJp l1"iur"'if./r dcp w"bl11ni.'bnij1 Al3DC n'-'l'l"''j,~JnL"bfr"b ~'lrwiJ/r 'it~. 

124-nLJ 'iippw9JnLJnij 9n'-J9 "'riJ.wJ 'JPP.J!f!' '&b'l.r/.wJ A1B1D1C10 102 

!;1bJb'bU1f! 9n'-19 !; U.pijwJ 'b~. 125-nLJI tnLJ'ii U1b'l11LJ ~b"'w'IJniJ. 9nLJ9 

!; "'rijwJ "'J'J !;lbJh'b,,,fr ,,,bu.pf! w1'b 'Jb"f.pn._J, b[ilb 'bw tzh'lif.hr, 

11.11ufr'b.p'b' a.w/u Lr_ "''l. 'bfru,,,bpf! "i"'"'iJ.bfr'b Jfr£.'bnL/'b w'b~JnLbnr/.I 

1-1 k 2-2 ~,,,1.,ijwJ.pubrfr "'"'rPbr twifinif. "i"'"'nLJJr9 wn.wp_w9n'l. 

z&7n1Jf! ABDC nL'l'l."''b~1w'b nL'l.P'l. "'""~1nL'b'i.lhpf! 'Jwpa.'bnlJ !; pnL{rl £_ 

m•'-r· Jbp !;lbJh'k,,,fr 'bln'-filf! b'bf!wp~ijnLJ !; uwf..p/r 7h:/mpJw9Jrw1fr 

(fit• 122 Lr.. 124)1 U.1'1 ·_7MpnpJw9frw1/r JhJnLf!JnL'bf! ~p'bnpnzijfr ib'l
umG. mfi~JDLllnq' f.wpwp/,pw~w'lt uwf..p1"/• ~J.n'lfr Jw~bp£nL/{!/r if.pw~ 

A1B1D1C1 llL'['fw'b~lw"b Jh'l. i..,1'1 w'i.l~JnL'bf! r.w6'wuwp ~lfr'b/r BA1Bi-fr"b .. 
w1'b 'ii~'. 125-fr iJrw 'bzw'i.lw~i(wJ !; T U1wn.nij1 
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/•'bt"ilw f.w1ur'bfr !;, uwf.,e/r 1J.b1/mpJw9/r11U'b n17h~9,jnLJ t tl.'1.if.n7 

l;Lb1lb'b,,,/t 'bfru,,,brfr if.rw ?..nzwifm'l. L"'rnLJ'bhpfr wn.wp_w9nLJniJ. (§ 54) 1 
1.~. 125-fr if.rw 9nL19 h"b urriJ.wJ AiB1D1C10102 tfhJh"burfr Ult 

'i.lfru"'/r (2-2 Lw/ilw~w'b ~"'riJwJe) Lr_ f.npfrqn"bw~"''j, Jw~bpLr..nLJP/r 
1Jrw ijbp9qwJ f.wp(rlw~'bhpfr if.rw 9npJn'l. wn L"'rnLJ'bbpf!i {wpnLJ

'i.lhp/r JhJnLfilJnL"bf! Jb"b.[! ~wrn'l b"b.p wpU1wf.w1urbl A
1
B

1
D

1
C

1 
nL'l'lw'b

~lw'il zb'fnLJf! p"bnpnzn'f j f.w

pwpbpw~w'i, uwf.,e/r Jfr2.n9m/_, 

(IUUI (10.21) pw"bw'-L.fr' 't = 701 
.P.w'bfr nr !;1hJb"burfr pw

.'!"'fdUI~ uwf..pf! Lfrubn.fr Jw~b-

1'/u1LJ[il/r if.rw f.w1_wuwp !; 

BB' -rdcp, /ru~ f.wpwphpw~w'b 
·~ BB' rd'f 

uwt..f!f! j = -- - -, "'"i"' 
. A 1B dx 

lwf111LJf! 81 ~b,,,fr Jn,,, f.wijw

mu r ~Lfr'bfr' 
'd 

"n =Gr= rG ~, 
dx 

U.1JJ.,-'fU1'j,/,'j,.[! ~UI rif wJ .efr 

f1t.'b,,,rn'bfr9 P f.h11.wijnpnLfi11w'b iJrw 'lur'bijn7 L1 ~h,,,nLJ 'tp l"'fnLJf! 

('ii~. 125 )1 'fpw f.wJwp "l.h"'.e !; 'f"'"bbl f.wpwpbpw~w'b uw·C..pfr Jh

<}m{djnL"il(' L1 ~bU1nLJ.1 t~. 125-fr iJ.rw !JnLIS !; "'r•JwJ f.wpwpbpw~w"b 
""'".[!{!' zb'lJw"b LKLl w'b~JnL'bf!, npf! 'bzw"b .. +JwJ !; "'(p-nij1 ll.1'b mqb-
1!1 ija1 Efl Jflfr'b/r' .J!"'"b a.n'lfr ~ u1~bp£m1fr1l• if.rw U1nu191.n'l. 1 r.-r-pb-

r fUl~Ul"b uwf..pf!: "r~'bblni/. "bnii"b 'J"'"'n'l.ni

filJnL'b"bbrf!• fr'bt np Lr_ j f.wziJbifr", Jb"b,e 

/, CJ,C dq;i I /, \ "t'fUIU U.[!J np "'(p - p • -, u. "tUUIW"bw'b.p 
dx 

dri> 
'tr= pG-1 

dx 
(11.6) 

~wpwpbpw~w'b uu1f..p~ nL znz.wifin'l LW

pnLJf! l"'Jfrw~w'b ~"'riJwt! J!P /nLpw.pw'b lln'-p 

l1h"'n'-J DLl]~q fimubtfwmwqwli hG ~"'riJwJ-
l.1[. 1261 .p/r ~b'b,,,pn"bfrs "'l'f ~burfr nL'bb9 ,,,J p f.bn.w-

if.npn'-P J."''bf!: 9-Jw'lrfr i/.r,.. znzwifin'l L"'-
1rn•J'bhp/r pnpnfuJw'b "'l'f opb'b.p"b wpU1wf.w1uriJ.nLJ t nL'lP'l. 'fJniJ. 

('b~. 126 )1 f>pb'i.19 wJh'bwJhJ wpJb.pfr'b. 't L"'rn..J~hrf! f.wu"bn .. J h<;,, 

~urpijwJ J!P bqpnLJ 'f"''bif.n'l ~hurbpnul, fru~ ~111pif.wtl .pft ~b'b,,,pn'bnLJ 
'}wn.'bnLJ /,';, qpn1 
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U1u"l.frumJ., Jh'b.[! 9111w'b.[! nLnriJ.n'l an'lfr LWJ'iJ.,,~w'il ~-riJ.w6.[!nLJ 

;_nzw+n'l LwrnLJhrfr pwzfuJw'iJ orh'il.[![!1 

..... u,r1J znzw+n'f_ LwrnLJ'iJhrfr JhJ-m_filJnL'bf! ~wrhlfr t- 9m'ilht 

~mpiJ.wd- Jwu{r r.wqwuwpw~ziwLfi/Jw'il "l.wlJw'iJ'b wp111wr.w1111n'l_ (11.5) 

r.wqwuu.1pn'-Jfr91 

ll17- r.wqwuwpJ,..'iJ 

rnpurwr.w1111n1_fi/Jn'-'bf! "-

{r'iluih9ph[nL '1-/,"l..[!nLJ 

Jhp_ 'tp-/r +n/11wph'il urh'lw'l-rhLni/. 'ilpw ( 11.6) 

{r'iJurh9pwLfr 'bzw'b{r9 r.w'bhlni/. f!"ur Jw~hphu/r 

r.wuurwmm'b G ~ Jhd-nt{IJnL'ilf!1 ~11mw'bw'iJJ!' 
dx 

o ~ r p' dF - M.L' 
dx J 

E 

sp2df fr'bmh'lrwtf!• wiufr'bl!'iJ' l-LbJb'burwr Jw~hphu'bhp{r "- 0 ~bmfr!l 
p 

'1-rw'ily m'bhywd- r.lmwi/_npnLfilJnL'iJ'ilbrfr l!wnw~nLu{r'ilhrfr wpmw7r JWL

'ilhrfr 'ln'-Jwpf! ~nl__i/_nLJ t- fr'ilhpy/rw1fr p"-hnw1fr'iJ JnJh'iJur "- 'ilzw'bw~i/_nLJ' 

t- J p·ni/.1 U17- 7b"l..f!nLJ 

d . 
G -1.. ·Jp = M.1• 

dx 

npurb'lfrS Lfruhnfr hp~wpnLfi/Jw'il J{rwi/_npfr'il t>wJw"l.wurwufuw'bn'l "L"r

Jw'b w'il~ln'-'bf! ( ntnpJw'b 1>wpwpbpw~w'b w'il~JnL'ilf!) 1>wiJ.wuwp t-

d'f M.t 
-- -- -I 
dx - GJp 

(11.7 )' 

ll rl '- L '- .I (11.6) 1>w•lwuwpJw'iJ Jho, '·uurw'bw'b.[!' tU Ulf U.f!f! lnU'lUl'l-f"l"'L '{ L "f 

M., 
'tp =-- P' 

Jp 
(11.8) 

{wpnLJ'iJbpf! ~r.wu'bh'iJ frrh'il9 wJh'bwJbo wprlhl!fr'iJ ~urriJ.wd-J!fr 

w1'iJ ~hurhpnLJ, npn'b.[! 9ur'bi/_nLJ b'iJ Lfruhn{r Jw~hpknLJ[il/r i/_pw, npurh'l 

P-= Pmu = f· 

- M. 1 Pmax M. 1r 
'twax = J = -J-t 

p p 
(11.9) 

llJh'ilwJhJ- 'tmu Lwpnul'ilbrfr pw'bwa"-f! ~wrhtfr t- 'iihp~w1 ... 9'ilht "- WJl 

ur /,u.[!ni/.1 w1'il t-' 

'tmax = (11.10) 
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_}__£.___ = Wp 1>wputphpnL[ilJnL'bf! ~nti/_nLJ t- '1-frJw7pnL/ilJ•'il JnJb'iJ1n 
pm ax 

;nlll(IJUJ'iJ 7-h"lJ!nLJ, .[!Ul'iJ{r nr f1'iJhp9f1w1fr Jp JnJh'iJur(! -r111mr.U1,lnw 

411LJ t- hp~wrn'-fillw'iJ Jfru.1i/.np/r tnrrnr'l- wumfr-6.w'bni/_, w"lw 7frJw

'U'"Lfil1w'iJ Wp JnJh'i11n'iJ wpurwr.w1111iJ.nLJ t- J.p~wpnLfilJw'il J{rwiJ.nrfr 
.L.rrnr'f wuurfr-6.w'bniJ.1 

§ i"18. ltiUbrl-ti ~SPtl.llU'f.ti ti'libPBMlSJi P.btl.brl-USJ-i'li lfOlfb'liSllbPt
bit, 'l-titru 'l-rnti-fa'Sll '1 trntrttsturti .t.llttl. ntitrl! 

f>'bhp9frw1fr pkbn...,1fr'il JnJh'burf!' Jp= S p2dF r.w;_iJ.bLn'- r.wJwp 

F 

~wriJ.wd-.[!nd iJ.hp9'iJ&'bJ! p /, p + dp zwnwi/_fr'l'ilbr m'bh9n'l Jfr o'lw~wU 
('b~. 127) Jw~hphut U17- o'lw~fr uwr.Jw'iJ'ilhr1nJ wn.w'ba'b..,9'iJbf,l! Jfr 

+nl!r dF r.wp[ilw~1 'l-nLJ wpb'ill! frrwr p2df '"f'mw

'1-f'lwl'ilhpf! 'ilwfu o'liu~wab. J w~hpbufr r.wJwp, jiu~ 
WJbnLr.hur/,_ frrwr 'fnLJUlp/,'iJ,/! UIJ'iJ pn[np 0'lUl~Ula£. 
J w~hphu'iJhrfr r.wJwr uurw9i/_wJ- IUf'/-JnL'iJJ!'iJhpf!1 

"['"'b9 ~wrhlfr t- pwrlw'ilht ~urpiJ.wd-.[!f!l 'flw'ilfr nr o'lw

''" Jhp_ pn[np li.wp[ilw~'bhpf! ~h'bmpn'il{r9 9m'biJ.n1_J h'iJ 

,f{rk'ilnL1'iJ p "'n.wi/_npn'-filJw'il iJ.rw, w"l.w '1-rw'il9 t+ 12'1: 
c.UJJUlr 

E p2DF = p2E DF1 
f~w19 EdF-f! o'lw~fr t>wJwr, nr"l.hu 'ilh'l ;_brmfr Jw~brbu, t:.wi/_wuwr 

I; .EdF = 2itp dp £., f.hurb.w"lhu p1EdF = 2itpadp1 llJpn'll ~urpi/_wJ-l!fr 
;:,.wJwp /rrwr 'fn'-JwrbLniJ. w1u JhJ-nLfilJnL'il'ilhpf!1 uurw'fm,_J h'iJI!' 

r r 

f S 
1tr• Jp =. 2itpa dp = 2it pJ dp::::.: T 

0 0 

~wJ, -rm..,r,w1urbtni/_ urpwJ w'fd-fr J{rp_n9ni/_, 

nd• 
Jp== -~0,1d41 

32 

(11.11) 

U.., t-1 t:.b'b9 ~Lfr'bfr fr'ilhp9frw1fr p£.hnw1fr'il JnJh'iJurf! zn_w'bfr t:.w

.J-1', 'l-frJ"''l-f"Lfilfw'b JnJb'iJmf! nlnpJw"h '1-h-,.~ni_J 2~l1Ml.{r t:.wJwp 
·•wqwuwp t' 

(11.12) 
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(11.8) pw"iluiaJ.fr9 br£.nLJ t, nr ~/,'iJurrn'iJfr'iJ Jnur 7ur'iJ1fn'f ~burb

pnLJ ( bpp p-'it pn.pr t) 't (Wpnuf'bbpf! pn1r b'iJ1 n cnrn'I. JnJb'iJur{! 

r.UJ"UJUUl('Ul~z"'/nLJ t 'f{/uui-1.nruiU/.bu an'l.fr J UJ~/,pJ..nLJ{Jfr'iJ J nur 'fU1'i11/n'l_ 

JuiunLJ 'fnp~n'I. £U1rn1..J'iibrn1.• cfrubn/r Ulft.UJ'ii9.p/r'ii Jnur 'J-UIUUJ1.nr1.UJ~ 

'ilJnLPf! zuiur pn.pr Juiu'iJui~9nL{tlJnL'iJ t 111..'iJb'iJnLJ UIJU uizJuuiinui'iJ.pnLJI" 

U.n U/_UIUlbUJttn-1. cfrulm'iJbpf! [lb[i1£.ui9'iJbln1.. 'iJU/_UIUIUJ~n" /ippbJ'iJ 'J-rui'iJ.p 

fun'l.n1.ui~uia£. h'ii U/."'urpuiuurnLJ ('ii~. 128 )1 ll.1u '1-/,U/.J!nLJ JfrwcluiJ w'iiu.~, 

'i.~- 128• 

P"'9P flbfil£.w9'iibcm9, r.£nui91.nLJ t cfrubne 

.,_wurruiuurblnL r.wJwp 1."rs-1.w~ ~n+...,Jn1/t' 

~n'l.J'ilw~/r Juuin'ii1.uiJ.p'iibpn1. wJb'iifr9 w-1.bcfr' 

~b'l.urnur-1.uiJ ~b'iiurpn'iiU1~ui'ii Jwue1 

~-z-1.b'ii.p w1uU/./ru/r Jumcn-1.ui~wU ~urer
"-"'~,P/r fr'iibr9/rui1/r JnJb'ii111'ii n1.. '1-frJw'l-f"'L

p 1w'ii J nJbfture1 '1urr1.wJ.pfr uirurw.p/r'ii b'l.

P"''IJfr zwn.w-1.fr'l.f! ilzw'iiw~b'ii.p R.-n-1., fruit 

5.brl!fr'iifr'iie' r-n1.1 11.n ?U/../!nLJ 

R 

JP= .f pzdF = 21tJ p3dp = ; (R4 - r4) 

p 
( 11.13) 

Jp= ~ (D4 -d4)RIO,l (D4 -d4)1 
32 

'l-JrJw'l-t'n1..fl1-fl JnJbilure' 

J 7t (R 4 
- r4

) 7t (D 4 
- d4) w p ·c= __ P -= -----= I 

Pmax 2R 160 
( 11.14) 

t;pb il111/u1UU/.bu eft'J-nLftb'ii.p urrwJui'IJbrfr r.uipuipbrmfi1n1..ilf!.' 

~ = ~ ~-J d = riD, wU/.w ~uurw'iiwfl.p' 
D 

11:04 
JP= - (l -ri4), (11.13') 

3:! 
itDl 

Wv=-(l-ri')1 (11.14') 
16 

lun'l.n1.1U~1UU lfrul1n.fr U/.Ulurhpfr rfrn.pf' t r.1UuurnLPJ..,'iJ '1-bUf.pna.J 

{t<O,IR)• /un7n1.-~/r Jfrt.fril zuin.w-1.fr'l.l!. ilz ... 'iiui~bln-1. r 0 = R: r k 

/r f,~--/r n1..'i..hi11Utn1., "f' R - r = t. ~UUIUlf,Ulf,J! \ 

JP=-...!__ (R.4 -r4)=~ (R. 2 + r2} (R+r) (R-r) =~ (R.2 + ·r2} 2r0t• 2 2 2 
i;JO 

4'nfuwrfr"ilbcn1. R-c! (r0 + _!-)-n-1. £. r-e' (r0 - -· 
1 

)-n-1. £. ._.,rr,,"'J..,pr.bcn1 
2 2 

r_., 1111,,,,p,wu .puinw~mufi'b, fr'iibr9/r•1/r p£.bnw1/r'ii JnJb'iiurfr r.uiJwp 

~uurwhlUU.[!' 

JP~ 27tr0
3t• 

zi/.zm UnL1'iiu1bu iJ-frJwruwLfJ J"''ii J nJb'bur/. r.uiJ uir ~uurw'iiui'ii.p' 

W p ~ 2r.r0
2t• 

(11.15) 

(11.16) 

lJ.1,, Jnurui-1.nr pui'iiu1d£.brl!. 'l"f'J'iiw~w'ii r.wz1uir~ilbr/r r.uiJwr 

Z"'"' r.uirJwr h'ii1 
/>'ii lU/.bu urbu'iinLJ b'b.[!, /.flbr9/.U11/r pl..bnui 1/.'b J nJh'iiur'b nL '1-frJ 1U

'1rm fil1w'b JnJb'iiure' Jp·U llL Wp-'ii J"Lf'W.pw'b,un1..r cw1'ii-~ui'ii ~urr1.wJ
J!1' f.uiJUlf' nL'iJb'iJ Jfrw'iJ,wJw1"il nrnzw~fr Ulf'cf/,.j!I II('{! ~ui/r11.uiJ t c/r

ubnfr L"'t'bw~wil 1wpbrfr91 

9'frurb'iiuicn1. ~urr1_uiJ.pfr '1-frJ"''lf'"Lfil1ui'ii pl..bnw1/.'ii JnJh'iiU1/r Jb

ttm[rlJnLh(!1 JL'ii.p euui (11.10} pui'buidbfr ~"'f'"'I. b'ii.p 'lm'bbc max'C-'ii1 

E:uur wJpnL{J1ui'iJ U/_UIJ<fui'iJfr uiJ/,'iJuiJ/,J znzwpn'I. cuirnLJ{! lU/./,ur.p 

I; w'bs'b/. [ilnLJlwmrbcfr l"'f'"LJfr9, "'lufr'ii.j!'ii' 

(11.17) 

U.1uurb'l.fr9 r.ui1ur'ii/r "l"f'n'l JnJb'burfr £. f'm1c..,urrbcfr l"'f'J..,'j, 

f!Umf'-1.UIJ J/,JnL{dJw'iJ 'J-/,U/.J!nLJ ~"'f'/,lfr t nrnzbl ~urf'-1.uiJ.pfr w'iJf,,f'Ul

cfbzm '1-frJ W'J-f'nLp l"''ii JnJb'iiure, fru~ w 1ilmr.bmb Lfrubn.fr ui'iir.rwc!bzur 

zuinui1.fr1W ~uiJ mruiJ 111'1fiJe 1 

f>'iii 1."r"'P"f'"LJ I; ftlmJL•uurrbc/r [ 't] l"'f'Jui'b JbJn1..filiw'iie 1 "'U/.w, 
fr'ii1U/.bu U/.Ulf'lf.b9fr'iiJ! 1."r"11LJ (§ 53), "'J'ii U/.bur.p I; e'iip1..'iibl r.ui-1.w

UUlf' a,Jwil r.frJ'bw~w'ii flmuwurrbLfr L-rJwil 0,5-/rs Jfril1£. 0,6 Jw_ufr'b1 

9-nrJ'iiui~wilmJ ['t]-/r Jl.Jn1..f'111L'ii(! ~w/u-1.wJ pbn'iibrfr pftnL1fl/r9 

(r.uiuurwinnL'ii, rfrm/rn/uw~ui'ii, r,,..,f'1.wJw1/r'b} £. Lfr11bnfr rJ.rw uip1.1UJ ~Ln

rw•frnubrfr• "rfrfil'iibrfr r.wJUlf' "'f'""'J p'bbrfr £. ~urr-LwJ.pfr rfrnrfrn/u

Jui"i. wll ~J.bpfr urb'l.nLJ ..,n..,'l..,9"'1 mb7w~wf, l"'f'mJ'ilbrfr JbJnLP1n1..

ilfr9 lllUIU1UJ'ii1.n1..J I; +Ul+llL~ U/."'l.U/.UI"'" r.u.Juir 200-fr9 Jfrl.1£. 1000 

~q/u1.t'2, ~-r.tr "1"'1.U/...,ur/r r.uiJwr 300-frs Jfr'iii£. 1200 l}q/uu2
1 

U.JrnL{JJ..,'ii (11.15) U/."'JJw'iifr ~/rruinnLfilJm'iie Lfrubnfr ~"'f'-1."'Jl!f! 

eilurrblnl.. r.wJUlf' 9m19 urw'ii.p orfr'iiui~n1.1 
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o l' J.il- .. ;~pa . .,..,,,,ht.e n = 60 uim/r11uih "¥"'nLJ"'"'"r'1 P1'1 7 '1"f.enLJ N = 
=·150 d• RL. f,'ln['nLPJnL'i. "'!fnfuUll.fln'l '¥n'l'¥m"'J"' tJ."'1n/• "'l'"'J"''l"~f!.: /i'n._J

l"'"'l'alJ. ·2n2wfn'l ~1wrnLJf!. (1:] = 400 ~ q/u.!2
: 

( ll.3) pwl..,,d.b.J.u 11111U11'nLJ £'bl?' 

2250·150 

1!·60 
i 790 lJ.qu: 

f>'ilt"l.bu Jb'h.e mhuw'b.e § 57-nLJ ~L"P L...,1-U...,~w'iJ ~urpiJ.wd-.e nL'bb-

9"'1 'llw'bwa.L. an'll! ~'ilrw Jw1rbrnLJ ~/rrwniJ .... J M., nLJUl'l.nLJ'lbrniJ 

"L"rbtfru, 'lblfmpJw9fr...,'b frrb'ilfrrJ 'bhp~...,J...,!/'ilnLJ f; J.n'l/r ~urriJ.wJ.e'iJb

r/r "/.UllllnLJ w'iJz.LUfef t.b'bU1f1U'bU11/r'b ~urpqwJ.efr 'b~wurJwJp: 

t,hilwrwilw1fr'il ~urriJ...,J,e/r9 x l:,/mwiJ.nrnLfilJw'b i/.r..., 'lur'biJ.n'l 

~urpiJ.wJ.e/r t,...,J...,p "'l'l "l.urmJw'b .... 'b~JnL'ilf!. Jhil.e 'bz....,'b...,~nLJ l;fril.e 

(ii~. 122) · Cfx urwnniJ L. ...,'biJ.w'bnLJ /;fr~'./! n [npJw'b ...,'b~JnL'il: IJ.J'I w'h

~JnL'ilf! nrnz.bfnL f,...,J...,r O'furiJ.h'b,e (11.7) ':.U1tJU1llU1fnLfi1JnL'ilfr9' 

J'f' = M., ~...,J dy = M.1 dX, 
dx: G Jp .GJp 

Cum X-/r fr'burb'lrbtntf, (t. .... um...,u•nL'il M.,-/r 'lb"l.,enLJ} u111w'h11ul 

h'il.IJ \ 

G[illz an'f/r bp~llUfnLfilJnL'bf!. l f;, Ul"l.UI n[npJu1'b wJh'b...,JbJ ...,'b~JnL

'f,f! Jw1rw1fr'b ~mpqwtl.[!'bbp/r Jfr'l.k (bpp X =I) r,...,,J...,uutp ~lfr'hfr' 

M.1 l cp=--1 
G Jp 

(11.18) 

(11,18) pUl'bU1a£.f! nL'iJ/r a,J...,-u ~wJ ub'f,/J...,'b 'fb"/..e/r f.wJw"l.UJ

UfUlll/uw'ii pw'bwal1ft'b Jfrw'b'l...,J...,J'b 'iJJw'b 111hu,e1 
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7tr• 
IJ.1umh'l mh'lJr'b I; /unubl Jp = - JbttnLf'J...,'b /f>/r11.MU1~U1'b {rJ...,11-

2 

ur/r J .... ufr'b: f>'ilt"l.hu hpL.nLJ I; {11.18) p...,-U...,abjr9 n1npJ...,'b 9 ...,-u~JnL'bf! 

{ uri/....,J M.,-/r 'lh"l..enLJ) UI 1-U.e .... 'b .... iJbtfr tfrn.er I;, n r.e .... -u JhJ f; GJ p 

...,rin...,'ff JUl[f!.' ...,lu"ibu ~nti/....,J ntnrJ ...,-u J...,J ...,-ul.U~ q n2111n'-pJn LG.]! 1 

IJ.Ju"f/runiJ, Jp-'b U1fm1.U9n[nLJ I; ntnrJ...,'iJ J...,J...,'iJ...,/L J.n'l/r 'lblfonpJ..,_ 

9 t,,,,'llbpfr i/.r..., 'hr- L...,1'iJ .... ~...,'iJ ~mr•L...,J.efr l .... tfrbrfr .... '1.'lbflnLp1nL'bf!.: 

hfilb Jb'he nL'iJb'h,e Jfr Lfrubn, nr/r i/.rUI r:,...,'lfl1U1.t b'iJ Jfr .J!Ul'hft 

•/"'~"''h/rif'hlrr, nrn'h.e tfrubnf!. p...,J...,'iJnLJ lr'iJ ur111ppbp M.l Jm/b'hm'hlt

f''"' "L"ri/."'l Jwubrfr, .... "l.w f!.Uur (11.18) p...,'iJ...,ah/r ~ .... rbLfr t 
r:,,,,,2iJ.bl JnLr...,.e...,'iJunLr J...,u/r Jfr J...,1r/r "L"rJ...,'iJ ...,'iJ~JnL'hf!. JJnLu J...,1-

rfr 'iJ~UJmJwJp: l,w'hr .... t. .... 2iJ.nrb'iJ /rr"'r 7nLJ...,rhtni/. P"L"r Jwubrfr 

(,wJUJr t_...,z.i/.Ul,j- LUJ'f ntnrJw'iJ UJ'iJ~JnL'iJ'iJbpf!.1 Jb'iJ.e f111urU1'bU1'iJ,/! UIJpnn 

lfiubufr t,...,J...,r "L"rJw'b 1r/ri/. .... -u~JnL'h(': 

II L"rJ .... -u w'b~JnL'il'hhr/r f.u1z.if nLJf!. 'nL'b/r br~w~/r 7nrt>'iJ .... ~ .... -u ~z. .... -
J,w~nL{J 1m 'h, 'b .... fu L. ...,n...,1.. w1'b ...,'bf.pwclhz.ur I; uwUJur/r~nrh'h ...,-Unrn

zl'l/r ufruurbJ'hbpnLJ 111nr1fn'f J.n'fbrfr t.b'iJU1rU1'iJU11fr'iJ t_Ul~Ul'/.'f:nLJ'ifbpf! 

nrnz.lrtn.L r:,...,J...,r' UUI .e/rt. f.w'h1fr"1.n'l 'lb"l..e 1;. br~r"r'lf!.• "L"r1lw'iJ Ul'b

~l"''i.,f!. "I.burl! /; ll"'P"'l...,'iJ...,l t....,z.iJ.bL Lfrubn/r ~nz.mrrLp1'1L'bf! uurnL7b[nL 
r,...,,J'...,r: 

'J.npJ'iJUl~Ul'iJnLJ cp U1':i1~1Ul'h t,...,J LI.If J 2Ul~"UIQ h'b UI 1'h .... Jb'iJ-Jb.1-

/dnLuUlmrht/r uwt.J ...,'b'iJbpf!1 npn'b,p t./r ~UlrbL/r fuwfumbl Jb.eb'iJ..., 1/r -2-

fr1 .... mw'h.e/r fuwpw'hnLJ t,um...,'iJw[nL t,...,J...,p: lJ.l'l u...,f.Jw'b'hbpf!. t.b

wk/w['hbp'h h'iJ. uniJ.nr...,~...,'iJ "l.Ul/Jw'iJ'hhrnLJ Lfruhnfr bp~wpnLPJw'h 

jlll(IUl.J!Ul'iJunLr Jhurr/r 1rUI [cpl = o,a~ • pnpn/uUJ~Ul'iJ phn'iJhp/r ,.,,,,"/._ 

,enLJ [ cp] = 0,25°. f,...,'iJ~wrJ...,~/r {f....,piJ.wJniJ) pntfrn/uifn'l pbn'hbp/r f.1U

JUJp [9] = 0,1/J"t fJrpbJ'u uniJ.nrUl~Ul'iJ "/.UIJJw'iJ'iJhr/r t_...,Jwp f!.'iJ'lnL

'lrnLJ b'iJ" ( cp] = 1° Lfrubnfr urp...,Jw11Jfr .eu...,'iJ...,"l.wur~/r'h f.wiJ...,u...,p bp

~ut{'nL{tfJ...,'iJ iJ.rw 1
: 

ll.1u"i/iumJ, Lfrul1nfr t....,tfrbrl! "l.liur.e I; npn2bL "l Jfrw1'b ...,JpnL[ilJw'b 

( 11,Jij) "1.U1JJ...,'iJfr91 UlJl/,_ ~nz.urnLfilJUl'iJ "/.U1JJU1'iJ/r9' 

M., l [ ] 9=--< 9: 
G Jp 

(11.19) 

ii.Ju "l....,JJw'hf!. br~...,r Lfrubn'hbr/r 'lb"l..enLJ ...,"...,'l.r,,...,~...,r'l 'lhr t 
/11...,rznLJt {frubn/r ~n2urnLfil1w'h umnL7m.Jf!. 9nLJ9 urUJ'h,e op/r'h...,~niJ.1 

0 ['" 'j, W ft. ;14, § 59-nLJ fftL~"W~ fu'b'lf'" r.wJwp (arJ.'bwft. 33) UlllnLlf,,,,, 

1/1ub,.J. "l"l'Jw't ..,'/,ft.iw'b ,f/,~nLp/"L'j,f!. l = 1 .I '1pft.u•pnLfJJ..,'b ifrw• wnwJ.y.wft.m-

I •{hr!J.11 rlmJwl.w~l.bpu unif'1111w~wl. Jlrl?hl.wzJ.l.nLp1u11' Jb! n1nrJ.,."1. 

/JnLJ£W"'['bJ)i wl.ft.JnL'i.f' ('f']-'i. l!.'/,'l"L'i.ifnLJ t LJ.11bn.ft bpft.wpnLflJ'"'i, y.~1111/tl. 
Jbmr[• ifrw JJ.'blb. 20: 



-;. ... p , ... ,, Jn'l"L/(! /!.,,'l"L,,,,.,,/! ~ .... J.w•""l' G =8.10$ ~11/u1!21 J:u ... ( 11.19) rw1'wal.f.
.... _.,,,,LJ .r.i.,.• 

•rt Jlz~ t- 1 J-fr •fl'"' P"LJl''""r"tfr 0,3° 'llnrJ•1/rs' ""2"'"LP1wll "l.•J•lw

"~ '"l""~"{,.,"J,hlnL ~.,,J.,,l' 1/u1hn.J. twn.,,i/Jr•u "lb.,~ ~ "l'"t.J,I (11.19} .w"J,~"'f""""
,.,.Lp J"L.,,1-fl' 

M. 11 r.r• M., l 
-- ,;:; ['f l• ~,,,J Jp= - > - -

GJp 2 G ['fl ' 

T ::;:;,. -.-4/~M~ 1~= 4 ~~000 · 100 • 1"0 = 7,25 utfi 
V "G ['fl it • 8 · 105 

• it -_0,3 

§ 61. m.nrtrU\ d>UlfU\Ulf 9fl'lJ1 110-U\Bofll> \lfUSU'Ulfl\ ~b-f. 

11srlf.ut:r.,."Ltrnf\tr <f.nrtrnt 1.u.rnfltn..trc 

nLUnul'b-ufirbLni/_ ~Lnr ~urri/_wJJ!ni/_ an'lp nlnrJw'b JwJw'iuuft 

---r.-sm1 /MlrnLJ'Slbrf!. (§ 07) Jk'ile ur/,u..,'i,.p1 nr 1Mrr1M'il9.[!fr'j, nL'['f.llll

li.a11•s ~urri/_a1J~p JnLral.[!Ul'j,lJnLr ~b11111LJ 'fnrJnLJ /,'j, znzwt/tn'l "r° 

l"'rmJ'i."rf!' &nzwi/rn'l l"'rnLJ'i.b-----...----P rfr 'l"'-J'lnLflJ..,'j, orb'il~p t:,..,Jwawjir 

'i.nLJ'il"lfrup L"'r"L,ff,br ~prJb'i. 'i.wt.. 

an'lfis IU-;,1 ... urqwJ. tthJh'i.urfr "r~"'r 

'i.w~w'i. 'i.fiuurbrfi i/.rw ('i.~. 125 Ir. 

130 )1 U.1u l"'rnul'i.brt! 'i.n1.1'i.Ufhu 

.,,Jh'i.uuJhJ wrJh~ ~tn'ilbi.w'i. an'l/t" 

J w~/, rb.nLJ(ilp J nur /, WtUU'il9~p ~£-

l,~. 1291 urhrnLJ r.wi/_wuwr ~lfr'i.h'il 'lrnJpl 

U.1u"l.fruni/_1 hflh Jh'il-1 a"'ll!' 

lt-r£'j,~ urruaJw'JJw1p'i. t:.wrfilnLPJwJp (ft~, 129), uuyw an'[/r Ult<Ml'j,f/

-1/r'il nul'l"'""'l"'9 AB nL'l'lP ~hurhrnLJ znzwtfrn• tiurm,/f,hre ~.,.,,_ 

+•Jm/_h'il llL'l_P'I. 7.1-fr orhi..pni/_1 u,,,. r. ... rfilnLflJnL'iliibrft i/.r- LnrJ-c 

t-rn1.,/f,hr l,h'il ifr'ilfr1 tnrJwi L"'rnu/'j,brt! tnr6nLJ b'il fib~ ~wriJ.w6.[!
i.hrfi i/.rw /, r.wu'ilnLJ /,'j, frrb'j,9 wJb'ilwJh.) wrtfb.efr'i. an'l/r Ulftw'i19-

.{!/t 'il~wurJ..,Jp 4o0 ..,<;,~l.,,'i,, uuu~ filbl!iJ.1116 ~urriJ.1116,e'ilhr11LJ1 

134 

/ • u~w"ll.u, tfrubnfr J,.,~brl"'LJ{J/• Jn.n 'i.rw'il/.9 ~uiri/_.,,~ : .BCD 
!abJ'b'ilwp ~n'l.J'i.w1fi'ii 'ilpuurhrfi iJ.rw W'f'JnLtf b'b Jfi1111'i.. znzwqmq LW

r"'"'f'j,br ('iJq 130 )• ... ,,,:1;l£Jb'i..urf!. 'IUJbi/_111.J t 'i..ttLJ'j, "1WJJW'j,'j,/,,f'nLJ1 

fr'ilt nr £ 'i.q. 115-p abed tthJb'iiurf!.1 w1uJt'k.e'i.' Jw.e:~r uwt:..efr (-"'J
J111'ii'i.hr11LJ1 flLu&n/1 an'lfr wnw"it9.ep 'iJ/11111.nJwJp .fa w'i..~JIU'j, 0LnW~ 
fJb.ji/_wJ t:.wr{lw~'i.brfi •/rw znzwpn'l t"'rn .. J'i.hr tb'i. tfi'ilfi. 'lrw'i.~ 
'llfut11ifnr r.-rfl-filbr b'i., nrni.9 i/.r- 7nrJ-nuf h'i. l"LrW.j!Ul'j,llnLr qb

,nn'-lf 't l,.,rJw'i..e t:.uai/_wuwr d'ln'l b. ub'l1lnq ~1 £ c2 tlfuwi/_nr L"'rnLJ-

"iibr£! ( urliu 'bit• 115 )• 

t+ 1301 

lln L"'rnul'bht'P JMnL[I 1nL'ilf!. ltinriJ.w6Jlfr pntnr qhurbrnLJ i/rni/rnfr•-

4_nLJ I; qb'i.urrn'ilfro 11L'i..hswJ r.bnwiJ.nrnL/l1w'i..f!. 11u1fi'l f.wJb,/wc.nw~w'i. 
/,_ r.wqwuwr I; 't-pt .PJurnLf. 'ii1n1.flbrf!.1 0rfiilw~ flnL!_f!.J ntnrJw'i. (/w

Jw'j,UI~ .f!"'ll!wli/_nLJ h'il ('ii~. 131) flb,e BC ~uiri/_wJ.[!'iibrni/. /u'liJ.htnL 

f,./,ur/,_w'i.,eni/. ('i.~, 130),' w1ufr'b.e'i.. IUJ'j, qurri/_wJ.{!'j,brni/.1 nru1h11 'JnrJnLJ 

b'ii wJh'i..wJb.} A'ln'l l ... rnLJ'i.hrf!.' 
'l-fiwb'bwt,;i/. 9.,.'j,~..,9.,,J. l1bu1nLJ 'll/u"'i/.nr L-r11LJ'i.brJr Jb,)nL

fl1nL'b'i.. nL "''l.'1.nL{J 1nL'bf!., Jh'i.J!. L"'rnuf'i,,brfi trt_w'iifr ~wJ (7 ,5) £. (7,6) 
p111'i..wa!..brfi Jfrrnuni/. ~wrn'l · b'i.Jl 'lc.n'i..bt 9w'i..~w9wJ [lh,e t:.wrfilw~p 
i/r"' 'lnrt)n1l 'ilnrJ,.,l £. zn2."''"n'l. L"'rnulfthrf!.' f>'itt .J.hr•11krn1.J I; ..,J
rnLfJ JW'j, uUJnLtf'fwf.f!.1 Ut"fW .[!wbfr nr ntnrJw'i. JwJ111'i,,,.,~ wJ£'j,wJbJ 

'bnrJwl /,_ znz-tfrn'l L"'rnL,/f,hrf!l pw9wra111l1 JhJnL{J1wJp firwr t:.w

i/wuwr J,'j,1 fru~ znzwrpn']_ llUfUILJ"ilbrfi f,.wJwr {JnLuwurrhtfi J/,JnL-
23:i 



f'JnL'bf! uu/bLfi i/'nJ!r !;, J!UI~ 'bnrJwl Lwrnut'ilhrfi f,,.,J111r 1 ,.,"[,., t.wu
'tw.-,,wlfi f;, nr trfnpJw'b 'J-/,16[.[!"LJ, fi'i,t"lbu £. um.f..111U11wr111~ Jw.[!nL,-.i 

""""-8/r ,,i...,-8nLJ, ~wrbt.lr t uwt:.Jw'bw+w~'f.bl Jfiw1'b znz-+n'l L""rnLJ. 
'ilbrfi 'b~ .. ,,,JwJp llllJllL'fnLJf! ~WllfW('bLm{1 

'1,bpJ..nLJ, a~df! nLllnLJ'bw11fipbffiU1 9nLJ9 mpi{/,9 (§ 41), np· 

... ,.,wc\'lw~w'b ufiu.,,/,Jfi '1-M/mrJ-9fiw1/r JwJ,.'bw~ ufiuurhJfi Jbr_ ~IJL

urw~'f.nLJ t t'bbr'lfiw, nrl! Jh'b.[! -'b'f.w'bb9fi'b1? '1-blfmrJ .... 9 fiwJfi "ln

uih'b9fi-L t'ilhr'lfrw1 

Uiu. hrl...nLJf/I! mlu1fi nL'bfr £. "L"rJw'b 'lb"lenLJ1 fJpb wn.wc\'lw~wi. 
c\n'lf! wn.wd'lw~wi.nL/iJ J"''b uwr.J w'b'bbrnLJ "L"rb'b.[! "1'"2. wi.~JnL'bn'f.1 

Ul"fUI wr"'w./!fi';, nuJbrf! f,lz11w9'bhlnL9 f,,lz,,,n c\n'lf! f,,/,,,, ~nlnr'f.fr /,. fir 

Jht. ~nLurw~'f.w6 nlnrJw'b ..,,,,,,/,';,9ftw1 t';,hr'lfiw1fi r.wz.'f.fr';, ~wrn'I. !; w2-

Juwurw';,-8 lJ.wunurhl' 11.rr.wJwrr.bln'f. wf,f,J,,,,,..,,_wrc\hlfr ~nrnLuur'bbrl! 

( urw./!w9nLJf!1 i,br.f!fi';, z.+nLJf'_ £. auu'b) 1 J/z'b.[! "'""'./! t f!';,'fnL';,b'b.[!, nr 

'lihr./!fi';, nu/brfi WJU c\J..n'f. f.w1ur';,wphpi{n'l, wzluwurUl';,.[!(!I nrf! nrn2-

'f.nLJ t 'lbfnrJ•sfiwifi "lnurh'b9fiwl t'bhr7/rw1fi U .[!1U'bw~11Lfl1-Jp, 
f.w'f.wuwr t ,..r,,,,..i!fir;, nL<lhrfi A wzf.uwurw'b.pfr<;,1 

1'fi9nL_p, nt'lih'll.p fir Jfi Jw1rn11f -Jr1119'f.wr) Jfi Lfruhn.1 nrfi ... ,,_ ... ,,, 

Jw1rnLJ Jb';,.p ~firwnnLJ h'b.p 'l.r"Jfis Jfr';,tk i[hrt.'bw~w'b M., wr<lh.[!f! 

A/ wuurfiit.w';,1Upwr 1Ui.n'l JnJb'bur nL'ilh9n'l. nLtJIU'l"Ll'l' 
flL<lwqnLJt/r JnJh'b11tfi JMnLfJJwi. w-6./r f,bur Jfr-

ufi';, ~Jht)w'blU ';,...,/,,. nlnrJw';, <f' w";,~JnL"'f!• nrl! M.l 
JnJb'burfi f.11• ~w"l'f.wd- !; {11,18) /:,wr/_wuwpnLJmJ.' 

M.1 1 
<p=-: 

G Jp 

cph wpu9fiu'bhrfi wnw';,9.[!fi 4.rw urh'lw'lrh'b.[! 

"l~rJwi. w';,~JnL';,'lihrf! {'1-htJ.nrJw9fi-i.)1 fru~ onfr'bwuri.hrfi w11.w'b9-
$/r i/.rw llfllrn'l. JnJ/,f.urfi f.wJwUf_UIUIWU[uw'b wrJb./!'bbpf!• ,....,,., 'f('""f,9 

+nJuw'l-wl'c\ ~"""ii! ~..,,...,,~br'f.fi fib.[! OA nL'l'l"'/. ('b11• 132)1 '1r~'bhlni/. 
c\7Jw'b JwJwf.w~ p nL<lfi wz./u1Uurwf.,e(! f,,w2i{bfnL f,wJwr wr'f.w,} 'lw

mn'l.nL/I 1nL'b'bbrf!1 ~'l:ur';,hf,J!, nr M.L nL<lw'l.nLt'lft ""2.f.uwurw'b.pf! ~wrurw-

w1ur.Jfi OAB b11w'b~1w'b Jw~hrhun'f.' 

A= M.1'f t 
J 

(11.20) 

( 11.20) pm'bwc\£.nLJ + wr"'w'lrfitfi wn~us :nL[ti /nL'bf! p.w9wurpi{nLJ 

t 'iirw'bn4_, nr M., JnJh'burf! ~firwni{hs "l fil" Jfi w'b,wJfis fir wJ

pn'ff Jbr)nLfl1wJp, WJL wuLnfi-6.w'bwp.wr 'l.rn1fis Jfi'bt"- r/.hrr'bw~w'b wr

Jh.p{' 11uLnwurMw~w'bJJ wb.fi Jfi!..n9ni{: 
1-fi +nf.uwplz'iJ Lnh'/.Ul'f('hln'f. 'ilrw (11 .18) r.w11J.1UWf"LJnr/. nrnz.i/.n'f 

wrJ-h.pf! "- fi 'b~wurfi nL'ilh'bwlnr/.1 nr u =A •. ~uurw'bw'b.[! "L"rJw'b · 

/z nt1L1f wnur/s'iJ9fiwl l;'iJhr'ffiwJ/r Ul('LnWf,WJUlnLflJnL'bf!' 
'I "i<- -, 

i\\2 l 
U=-·1_, 

2GJp 
(11.21) 

fT/nurb"i.tsfiwl ti.hr'lfiw'b ~wrbLfi !; wr"'"'r,"'l,,,hl £. 'lblfonrJwflfi"'lfr 
Jfry_ngn'/., hph (11.20) pw'bwc\£.nd nlnl'"'l J nJh'burf! +nfuwr/,'i./,'b.(l 

'bru.r (11.18) p-'bwc\Lfrs uurU6!J'/."'I. wpLnwr.w1urnLflJwJp' 

G Jp 
M .... -·'°: •I I T 

U 
GJp 2 

-= -•<f' I 
2/ 

(11.22) 

( 11.21) /,_ ( 11,22) pw'iJwc\£.hrfis 1/h'iJ_p Ln/,u'bnLJ hiJ.p1 nr Uf_nurbi9frwl 

l;'bhr'f/rwf. ntnrJw'b 'J-/,Uf_.[!llLJ, fi'bt"lhu /,,. c\'fJw'b 'f/z"f~llLJ1 nLJ-fi 'tu'J 
'1b:f.nrJw9fiw1fi hr~l'"l''I wu111fi-G.w'bfi lj>nL'b~9Jrw ti 

§ 63. nlnrtt.n'l. 2n'lfl muuu.uusfl"t, uur-u.r2n~uu.i.n~ra-su." 
nrntnMrc 

iwf.unp'I "lwl'w'f{'"'/foi.hrnLJ Jbi..[l npn2111.J tfi'llJ! nlnri/.n'I. d.n'lfi 

w'b;r-clhz"' tw+hrf! ht'bhtn'f. ..,,..,, ,,,..,,J ... 'bfi91 nr ,..,,i.-~w"i.t ~urr'f.w"'
.pfi bqrw'l,}fi Jnur 9ur'ili[n'l ~/,urhpnLJ mtfbliuufbq z.nz.U1+n'l L"'rnul'i.hw 

l'I! l 1u'b9";,h'b f!nL1£-"'l'blfr [ ~ J 1wrn~ft91 U.1u"lfrun'f., t:.wz'/.fi l"'n.'bhl"'f. 
~urri[w,}.fnLll Lwrnul'ishr/r ..,'iJ',w'f.iuu.urwtwi/' p-z./unLJI!, Jb'bl! t:.wz-

r/.wr~f!. ~wurwrbsfr'b.p l!uur pnLJLwurrbtft Lwrnul'ishrfi1 
:,wz.iJ.wr~fi w 1u b11.w'bw~/r 'lh"l.[!"LJ, €.fi2ur 'bnLt'b"lhu fr'ill"f.I." "

uur-urfi~nrh'b w'bnrn2.blfr u/ru111bJ'bbrf! LnLt)h1ftu1 Jh'b,e. LfiniJ.fi"i.t tb'il.p 

o'l"'"''l"r"'nLJ d.n'lfr uwf..Jw'b-ifi'b 1UJpU6rJ.nL'bw~nL[1JnLi.f!1 iwfi>nr'I 

oaiwrw'lrwlf>'bhpmJ Jh'b.p 'f.urw"i.t'lw'f.nr t/r'b.e t:.wJ1urnd c\n'l.fi wl'b"f.fiufi 

r/./r-6.w~/!• nrfr 'JbUf../!"d ,/fiwJf. ~urr'f.wt)_pfr '1'1_('Ul'ft)fi ~lzurh('nLJ [Wpnd-
237 



'fibre ~'wuiibii uU1l..[!fr 'lbU/..emJ bJnL/J {• ( U/.n'J.Uf.Ulurfr) l.nunLbm (:I JUl'il 'tc. 

uU1f.JU1bfrb (ii~. 133, a)1 T.1 0 -fr JUn1..fil1mbf!. f!.Uur wJrnLfiJJUlb f;bf1r7b~>. 
mfr~ uobun1..[il1U1'h "ibur$ t f.U1i/wuU1r Lfriifr 0,60101 ll.111 '1/,U/.$"'J nLn"i 

.rmi. JnJb'burf!. t.U1i/_U1uwr 'tLfriifr' 

-r3-
M . " • (u 

(u
1===--1 

2 

n,nrJwii ,..iif11n1..bf!. :"'"-""' 1lbJw,9iih1111.. t.U1J1ur u1kur.p I; Jbttw9-

~J,l nfnrn'J. JnJbbU1f!.1 nrnrf.f,/rurfL 'j,JnLflf! l,n'Jfr 'uf.runLJ 'fUn./r.u 'fUl'j,f!.;_ 

i~. 1331 

"l111J I; . wn.wA.7..,~wii rf.fr6.w~nLJz'j'tuif>nrJ.,,9/rw'"ubpfr JbJu1'"uwln'- 'l·kUf.• 

.e111..J lwrn..Jbhrfr ..,6,l! l1urrif.wJ-.ef• '"1.rbrfr J,,ur 'r'"'"''l ~•un.iifr (r.nun1..

'i1111..{tl 1w'h "r"-"'-!.file) i. nrnz M > M1. 'l""Il!"'-J twr111..J'i.tbrfr 1w1z/un1..JI! 

'tt,,.,J "'U/.wur111ufuw'il/r ii". 133, 6-/1 1Jr•u ''fwUJft'•rwJ 61 .)uu1rfril1 !l'i1rpw

yJif.1uJ zn_wiiw7J~ 'llbrun1..J, nr/• zwuuul.f•'l.f' r.uu[wuwr 1; OB-fr, ii1111..

/ll!. i.Ulfu"fr'bfr 1.J ..,.,, lufr'bfr wn ... a'fUl~Ulii rf.fr-6.w"n1..J1 

llwt.J..,iJw1frii •Jfr6.w~l!.• "rt! t,,..J,.,U/.ruurwu/11w'i1111..J I; J.mzfr wJpwr

a,,._il...,~n1..{J1w'h Lrfr1. UUf.Wn.Jw'ul!., ~Lfr'bfr l'urn1..J'b!.rfr WJ'bUf.pufr p ... zfun1..Jf!• 

nr_/r 'fkU/.J!"'-J U1n.wA.'1w~rub 7nur/r'b w'br.liurwb11uf I;, wJ P"'Z'l ~urrif.wJ

l!'"-J lwrn1..Jiibrl! f.wi/U1uwr !.<;, f.nun1'bn1..fi11w'b -:1 • u/Ult.Jw'ilfr'il ('b~. 

133,b)11 

.~o( "l"r"'J. J11Jf/burf!. UIJU 'fl.Uf.J!nLJ ""'rbtfr I; t,,..z.'fhf ~IU'f.'fhfnt/. 
zrP..w'i.tfr "b'burrn'ilfr 'b"wurJwJp pnlnr 'hbr.1J11ii nulkrfr JnJl/'i.ur'bbrfr 

I lJ,,,~J"'lr"'Jfr), r//r'"'~"LJ ~anl'rf"',.efr "'lJu"""'""e/r "'I" u[o/,J,,,), Jf"'I), Jn
""'"/nl' u[o'1Jm l;I frpw~111'1.nLJ1 t/ral.•/r ~/,'irurpnt1nLJ l"'l'"LJ),ltl'I!. wf>nLJ lr'ir flli6. 

~,..,, fu/ruu., P"'-•9 "l fln./r~l?"'J/r), Af,.,r[ £. J"'~"r""LJflfr ifrw ~lr'ir J'lrnLJ ~-i/•

""'l' ~'·-fr• "'IL lrJnLfJ/r fr'irl'lr"'Jr w91f.,.), r.'1 .. £.w'irenrf ,,,t;,,LJ l..'l.1 
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.,,,._JUJrt!1 'trw t,UIJ'-"r Jbr ~urrifwcJ.eft Jw~brbuf! t,,..J...,~bii111pn'b 
UJ'j,"z,brni/_ nwr/wbbb.[! Ul'j,"/,f'l.. ifrn.er ( O'J.W~UIA£.) f.wrfilw"iJbrfr1 

zrf. r 
8n1..rw.D..,'j,t.lnLr Ullu"lfrufr r,,..,rfilw~fr ifcuu t"rJ-"'l. Lwrn1..J"bbrl! 

111
,,,t,,fwbruJf/U if.fr-6.w~nLJ nLflh'iJ f.wuutw ... nLb wrrJ/,$ /,_ f.wqUluUlr /,'j, 'Ct.-/r 

('iii/· 133, b )1 p t_U1n.wi/.fr'1. n1..'bb9n'I_ l;1bJbiiurwr t.wrfi11uqfr if.rw ~frrwn.-

qwJ- iibr.efr"i. -6.ftthrc r.wqwuUlr b'i1 ("i.". 134) 1-M 

-:, •. dF. fru~ iibr.efrii ~/rf/r JnJb'bure' -:,.·df·p• ~ 
11r"'r 'l'"JwrbLni/. o,,_wl1fr JU1~brbufr 4.rw w'l._- // ~ 
'ln'l iihr.J!fr'b n1..rlhrfr l;ibJbiiurrur JnJbiiurhhrl!.• 

~ulllU1hw'il.e' 

U.1rJJ 

Jb'11miihrfr 

"'l'"'i.rb'ii.[!' 

dM~ = -::,.pEdF - T.,"p21tpdp1 

"w'l.Jblnif wrinw.p/1'il L. iihr.f!.f''b Jn

l.wif.wuU1rlU~zn.n1..fil1w'li "!"' 1J U1bf!., 

r 

EM0 = o, M., - s :2n:'t1.p2dp = 01 

0 

2 M., """" - 7.r·3t,.• 
3 

1,~. 134: 

{11.29) 

P.n1..uwurrbifr ninrn'l. JnJb'bure, brp "iwzwr/r ynrcJw"fr91! k 1;, 

-;u,,/1u·uwr ~lfriifr' 

!M I M"' 2it 3 't,. 21t 3 [] =--=-r- --r t, 
~i k 3 k 3 

(11.24) 

r:;;;.. ~I V
....,,..-----
~ (•] 

.f11..uu1/1 euur [iln1..uwurrblfr pbn.'ilbrfr t.wzrfwr~fr'b w'h9ilb1f! t,"l,...,rwif.11-

l'"'-i"d!'''-'j, I; "'"''"" lfrubnfr urrwJw'lfrJl! ifrn~rw9'bbl 

~=Ll 
.,,'j,'f"'J I 

lJ.Ju"f.fruni/_1 ~-r4.wJ-$na.J an'l_/t Uln.UIA.lfUl"Ul'j, i/ftQwtfr J-J w'ilwt 
l"-'{"''-J<;,/,-rfr w!iliwtlwumpwlmtli pwz/uJw'il t.brn£w'b,eni/ pn1..uwurrbLfr 
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,.1.,..'bbrfr '"'z"-"'r~/r J'bfln'lfr'b .,,<;,9'bbll!. ~"'f"'l t rn111l "i.JnL[il/r fu"i.iuJ"'l"L• 
fl1nL"i.I 

uv.r .... Jhzur t· u,,,~,,,,f,, f./rzbl, nr phrif....,,,. r....,zif.111r~l! G.frzur t 
Jfr...,1"i. uurUJurM...,~...,f, phn'bbrfr 'lb"l.J!"LJ', bpp "-"'"'f,'1...,1."r if.frG.iu~f! 'bJnL-' 

P/r f.nunL'bnLp,,,,<;, 1.fd.-~'b ti nl"f'""'l d.n'lbre.• Lf1ubn"i.bre. '1""'-l!"r~ 
b.'bzn'l Jb6'wJwu'bnL{d 1w'b JwJ ...,<;,...,~ -zfu111urn'-J' /,f, .Jin.Jrnfuw~...,"j, pbn ... 

"j,/,rfr llflU~ W/"i."l_/ru/r "1_1UJJ1U"j,"j,/,fnLJ1 /,fl' iuJrnLflJwf, UurnL'fnLJf! U[bur.p 

t ~wurwrif./r r.n.,'i.u1,}nL/IJ"'f, G....,l!hrfi hrlLw"i. 'lwlnL f.'bwriuif.nrnL[ilJwf#. :· 

r.wzif.wr~/r f.[iJiu'b if.rwt flt.uurfr zwr .... '1r1.-,,. b'lw'bu1~/r ~frrwn.nL/IJnL'hf! 

lfrubn.'bbrfr f,~,,,urJ ...,JI' r.uur brk"LJfJfr'b 'f/,"f-8hrfr Jh,},.,J wu'bnt.[il 1w'ir 

r,,,,J wr iu'i.f."i.wrfr"i. t• Uu ~brui ~tfr"i.fr 'l"f,,.l!• fr'bt."fbu ,,,11 r.,m...,'l"' 1,,ur 
'tinbu"i.b'b,e, f,/,J...,'b"i.brfi ,}nJ...,<;, r.iuzif.wr~'bllrfr JwJw"i.w~1 

FhriJ.iu6' "'f'lJ"L"i.J!l!. f.bur...,J!r.p/rr t 'brw"i.nif., •r .,,,<;, r,<;,...,rwiJ.nr t
uurnL'fhl iJ.mrd.nif.: 4'nrd.hrf!. 9"L(9 bf, urif.J,L, nr f!uur <f-nrAfr9 uuriu9if.wtl. 

uwf.Jw'bw1fi'b JnJb'burfr (11•23} p...,iJ...,Akni/_ r,...,ztf.u.1J -c4.-/r JhJnL[il 1m'il~ 

pwtf.w~iu'il{i'i. Jnur t 0,604.-fr, fr'bt. nr ..,_bm~ tr uUfu.1ubl e.uur ... Jr,,L

fl /"'<;, t"i.1'r'llsurfr~ url1UnLp ,,,,"j,, 

§ 64. OPJi'Lllli\bP 

0 l' Jr l..., It 35. d = 300 .f,f ""l'wJw'lfr~ n._'l,/;p'l r.n~ ifrub•r.. i/rnfuwpfr'),lz[ 

.,Jf'n&.jlJ"''I, 111/zuw~lz.,,fr9 ul'.,,'1, r,,,.J.,.l',J/,l! D = 350 .f.C "'L""Jw'lfrJ n'-'1,l.9n'l ul.-

Jbf 1fr11bn.niJ1 'lour't.lri .'1,,,,Jbf. ifr•lrn.fr .,,,,refr"' d, "'L'"'J"''lfrJe· r,,,,JlrJ,,,.,,/,L frl'-r 

~bur "'l'I 11'11 /zn.'Llzl'fr ~·2"re1 

lJ.Jl,-,,.,,Jlrt) 2nz•i/rn'l l"'l'"'-J1./,l'I!. bl'fin'- ifrul.n'l,bl'n'-J !;l "11""1! t nL-,,/,'),,,,~ 

rl Jrl), nLJ.,, JbJn'-fl JnL'), /!.' 

M.1 2M.1 ~M.1 
max 't= -= ---= ' 

Wp r.r' 1tR'(l-a•) 

ll.1u111b.,P9 ,,,,.,,,,,n._J ,,,. a-" r. ... 2f.lzln'- r,,,,J,,,l' ,,,-,,(l',,,J/;2ur l',,,,,,,,a£.t!.' 

tlzrefr'- "''l'"'J"''lfr~I!. ~-'1"'""'1' t' d1 =aD = o,78.360 = 273 JJ: fl,,, 21.l'fr r. ... -

r•r"l'•'-PJ"'-.,,1!. (,,,iJ .. u"'" ~t 1, .. ,,, .. ,,,,,.,, "-"'"""'<>i!,,,,l'fr Jw't"r"".,,"rfr (,,,",,,r"
rnt.fli"'"'t!.' ftLUurfr ,,,,,,,J,,f. tfr•""'" '"'21!. ,,,,,,,Jnt_J t r.nJ Lfrubnfr 1!"'2" 

D2 
- J; 352 27 32 

----· = - ' =0.:>24 J,,,,,l', 
d' 30z 

0 I' fr'), 111 It 3'1, Ol'n2 '11 300 u1m/rn°ib "'f."' nLJ.,'1,Le[• {J~/' 'lb"ll!n-._J 450 J. nL• 

~'l."l'n'-PJnL'), ijrnfuw'l,9n'l Uf.n'lul"""J"' Lfrul.n.fr "'l'"'J11111/r<>e• ~nLJl"'"'l'bL/r L"'l'n'-Jt• 

['t] = 800 l1q/u.f2
• nlnl'J,,,'j, fln'-Jl""nl'l.Lfr 111't.'tJn'-'I,/! Jlr't Jb"'I' lil''t"'l'n'-PJ•>. 

if.I'- r,,.""'""'l' (; 0,3°. wn.wd'lw'tm.,,nL/ilJ'"'.,, Jn'l"'-IL' G =8 · 105 li.'J/u.f21 

240 

d , 2 y2M.1 =2 v ~·1075·100 = 8,82 0 ,r, 
"" -[-] bOO 1t 't 1t• 

2 V 2M.1 l _ 2 v2·107f>. l()O. l00· l80 = 12 8 u.f• 
d;;> --- 5 03 ' 1tG['f') 11: • 8 • iO · 1t • ' 

/J.iu"ifruniJ 1 Lfruhn.Jr ,;,l'.,,J,,.'lfrt)I!. npnt.f.n'-J t 'tn2mnLjlJ"'.,, "l."'JJ.,,'),fr9 £. "1.1."'e 

t e'"'l"'-"''1fr ~"'""'""'l' d = 12,8 u.ft 
0 L' Jr 'j,,,. 't 3'1. § /j/l. nd 'lfr"'wl''tiJw~ "ln'l"l."'.,J"' 1Jr11lzn.Jt. ~.,,J,,,l' P•'t• 120) 

npn2'1l Ulf'"'J"''l/r~I!. l }_nf'l'nl''I i/rn't,,,'l,friJ/r .,,,, • .,,JwJ[' /,l'l'nl''l i/rn'twl,friJ/r "'f.•em

J,,,'), ll'fri/ w'),'tJnL.,,f!.• i/rn'tw..,.JriJ),/,l'fr J/rf.£. b'l"'t) ~lznwi/"l'nLPJ"'-,,'),bl'/!. r,,,,J.,."I.,._ 

,,.,,,,,Ju.,,'luup,,.l' ~w1w•wp ' ,,,,, 

/
41 

= 1,0 J, / 11 =0,9 J', / 21 =l,5 .fr 

~n• Jlwurpl.ffr l"'l'"'-Jl'. ~"'""'""'l' (; [-;]=400 ~q/u.f2 • nlnl'J,.-,, P"''Jl"'"'l'blfr .,..,,_ 
itJn'-,,l!. 1./. brlt."'l'"''-PI"'"' '11'"' r.wiJw11•f' I; [<;]=0,2~0, 0=8,10

5 qq/ud2
: 

~Jrul.nr. nlnl'n'l JnJb'l,ur'r.J.l'fr JUnLfJJnL'),'j,/,pf!. "'l'i/"'J b'1, ),'t• 120-Jr 11'"' 1 

U.Jb'l,..,JU n1npn'[ JnJb'),ui/!. 'l"l'~nd I; 1 /, :I i/rn'tw"'friJ.,,bl'fr J/rf.I. /!..,,,,,,,~ J.,, • 

11nLJ. WJ.,, (wiJwutur I; 400 q qJ• nl'"2,,.,,l! 1frubnfr Ulf' ... J"''lfrJI!. ,,,J f'nLP ,,,,.,, 

"i..,,J,.,'),fr9' 

max 't = ;w;; :::: M.1 < [-;], ft.wJ d >- l/ M.1 = lS/ 40 OW ::::: 8 uJ• 
Wp 0,2d' • ,,_ V O,::.:l['t} . V 0,2 · 400 

M::11 M.tl [ 
'f' = G Jp = (j . 0,1 d· ~ 'fl I 

'(l,.,-,,fr nl' "lnl'J,,,-,, P•"-JL"'"'tblfr w'),'tJnL'),f!. 1 d bl''L"'l'"'-fiJJ"'.,, i/l'"' r.111iJ•11"'l' t 

0,25 __'.:''._ = 4 116 .10-3 n.wtfrw),, "'"l,. 11urw.,,nt_J b'l,e' 
180 

d >- 1 'Y M.1 lo = 4 
,,_ V U,1 G [cii] 

4(1000 • 1110 • JOl A J' 
----~--=-=- :;; 10,<t: u ' 

0, l • !:I • 105 • 4.36 

1'..,,'1p9ftwJ/r pb.bn.wifr,, JnJb.,,.,l!. f;wiJwnwl' t Jp = ~ • 5,24 = 1145 uJ4
t IJ.ubn.fr 

2 . 
•n.w'L.lfr'L ,r.,,,/,pfr ntnrJ•,, .,,-,,'LJnL,,..,.bl'I!. ~wiJwuwr lr'L' 

= M41 / 41 = 20000 · 100 = 2,lS .tO-'. 
'f'u G J p 8 · 105 

• I U5 · 
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"' = JYl 1.3~ = 4U UUIJ • '1\J = J 98 • lO- J, 

T12 GJp s.10•.1u5 ' 

'f = M23l23 = _10 000 ·~~- = 1,6-l · 10-3: 
23 GJp 8 · 10' · 1145 

flw<j,/r np 'f., w'b't_JnL'b~ RL'l'l{""J I; Jw,fw9nLJ9/r U[•Uf!/r RL'['[RLfil1wJp, fruit_ 'f,2 £. 

T w'b't_JnL'),'),J,p~' JwJw9n<.Jf1/r U["'l'fo r.w't_wn.w't_ nL'['[RLfiJJwJp, w"f_W '-"L'l'"L'f 

,/~'t_w'bfr{/r 'b't_wmJu,Jp hppnp'[ {•n't_w'j,/r{/r "l"'"'Jw'b [p/r1_ w'b't_JnL'j,~ r.w{wuUilf' 

't.1/r'j,/r. 

<p =(3,98 + 1,6-l - 2, 18) • 10 - 3 = 3,U · JO - 3 n.•u'l/r•u'b = 0, 197°1 
H 

§ 65. cJ>n~r ~UBl nti\,tJBn'l. lflSnl'-SU~U!ltJ'l ~IJlflU uUl1\,bPOJ->.lT 
ILIHJ..9,.U8n'l. lUPnMf\,tJP\, Ill> ').IJ:hnPlfU.8MJ.\,bPQ 

'1,,w'ln'b'bbrfr qu"[n9'bbrn._J, tfrw~w'bbbrnul ·"- Jbfuw'bfrq./'i.brfr "'I { 
'fbU1W[bhfnLJ O'fU1W'fnrJif.nLJ hb "fU1nLU1W~Wak 'l_U"fU1btu~bhf1 nrn'iJ,e 

bbflwr~if.nLJ hb ub'lJn'f. ~wJ a'fn'l nL<fbf'fr "''l'f'','J"'-[rftWbf!_l ll.1u"ff.tu{r 

qu"lw'bw~'i.br 'bwfiiw'IJhLfru Ufbui.[! I; l1wrn'lw51wl r:..wz1[ul wJ'b'bw.lb~ 

Ll+ 1ss1 

rurnLJbbff!_ (wJ'rn'-[iJ111'-'u{! UU1/1L'f/,£"'- ,:;..,_ 

Jwr) /,_ nrnzbl qu"[wbw~{r '1-l,ff,,,rJ'iu9{rw'b' 

'iirw hr~wrw9nLJ'f! ~wJ 'buuit[wJ.[!f!' '1,,bnf'iiu 

wb/:,rw<fbzui I;, .[!Wb{r 11f 'fnrJ'iJw~WbllL,/ 

qu"fw'bw~fr •ft'"' f!_h~bn'l null! ~"'f'l"'if.nr11'-J 
bb 'l_U"fWbWff{rb U1Wfnif. ub'lJJ Wb ~wJ' a'fJ',ub 

wif.blfr ~wJ' "l"'~wu 11Mf>nrJw9frw'bbr'1 

ll.1u"lfrunif., w'br.rw<lbzui I; f!Uui qu"[w

'bw~fr twtfrbrfr ~"'f"'l"''b"'l t:.wzif.bl 'iirw 'I-bl/> 'I'~ 
Jw9frw1/r k "''1.'fn'l nuf{r Jfr'l..k b'lwJ wnb}_llL

{t/.(n'-hf!_l "'"'f'l_l[nLJ I;, nr 'l_U"f11Jbw~{r bln'-{t/f!_ 

b'b(tlwr~•[n'-J' I; "l"fn'l l"'f"'-J'bbrfr wq

'1-bsn'-{t/lw'bf!, {rb}_"fbu "'!'I- 9n'-J!J ~uirif.fr uuinrfLI 

fl/w111~brw9bbb.f_! J{r 'f[WbWaU 'l_U"fWbW~ ('iJ~, 1,"J,J, a)1 nrf! a'fif.nLJ 

I; frr wn.wb!J.[!/r n'-'l'ln'-{t/1wJp ~frrwnqwJ P nufbrnif.: ftu"lw'bw~{r 

u1urnLU1W~W 1/r'b wn.wb9.[!/r ( 'l"'l"'r/r) zwn.wif.fr'lf! 'bzw'bw~b'b.[! R-nif., 'l"'

L"'r'iibrfr Pfrif.t!' n-lfi/.1 'l_U"fWbw~{r an'lfr l"'l'bw~w'b ~uirif.w.!.efr zwn.w

i/.fr'lt!' r-nif., uwr..[!{r Jn'l-n'-LI!' O-nif.1 9-wtwr'bbrfr (tlb.en'-{t/JnLbf!_ t:.wz•l/r 

}_hb.[! wn.bnLJ I 

{wrn'-J'bbrf! t:.w2if.bln'- t:.wJwr qu"fwbw~ni/. ~wqJqwJ 1uw'b{r 

wn.wb!J.[!ni/. w'b9'bn'l ~uirif.wJ.[!nq w1u qu"lw'bw~f!_ pw<fw'bb'i..[! br~n'

Jwu{r1 ?b'b 'lsb'b.[! qu"fw'bw~fr if.brfr'b Jwuf!_ k '1-fruiwr~b'b.e uuinrfr'i. 

Jwu{r t>wqwuwrw~zn.n'-{t/Jn'-bf! ('b~. 135, 6): 

2i2 

IJ.111 Jwufr if.rw W'l_'fnUI b'b . wruuu.[!{rb p null! /,_ 'l_U"fWbw~fr 

'turrif.wJ.[!nul 'lnrJn'l L'"rnurilbrf!' ll1u 1wrnul'bbrfr l;n'-filn'-'bf! "l"'f" 

qbln'- t:.wJwr qu"fw'bw~fr l"'l'bw~w'b ~uirif.wJ.efr 0 ~b'buirn'bm.J ~frrw
n.b'b.[! n'-'l'l"'a'lm/ urwrpbr l1n'lJbr n'-'l'liJwJ /,_ f!_UU1 Jb~n'-fl1w'i. P-[r'b 
f.wqwuwr pl /,_ P2 br~nL nufbrf! ('b~. 136)1 

-f.w'bfr nr k P2 ,,._,JI! k' M.1 .... P. R JnJb'bui m'bb9n'l p =P
1 

nufwqn'-l'lf! 'lur'biJn'-J b'b uiwrif.w6 ~"'fi/."'~.[!/r"' t>wr{rln'-flJwb Jb1_, 

"'"i"' '1-f"'b.[! "fhU1.[! I; r:.wqwuwrw~zn.if.b'b zn

zwifrn'l L"'rnul'iibrnif.1 

P ~ null! qu"fwbw~{r wb'l_wuiqwJ Jwuf! uw

t:.b9'i.Jn,_ J I; 'fb"lfr 9wJ /,_ wnw'l_w9'bn._J 'ii~. 137, 

a-fr if.rw 9n'-19 uiriJwJ znzwifrn'l L"'rnLJ'bbrf!1 
nrn'iJ9 ,//,Jn'-flJnLbf!_ r:.wqwuwr I;' 

P, p 
't -- -~1 

1 - F -~r2 l,'t_. 1361 

IJ,_J-,,,qn'-l'lfr M.l = PR JnJb'buif! wnwp_w9'bn._J ._I; 'f_UUfWbw~fr an

q{r nlnrn'-J /,_ t:.w'b'l-fruwbnLJ I; "r~rnr'I- fr1Jp{r znzwifrn'l L"'rnurilbrfr 

p 

l.'t_· 137: 

wnwp_w9J'w'b "fW111bwn., "'1'1- L"'

f"'-J'b/,rfr JbJ,,,_{t/111'-bf! nr11z

"-"•" I; {11.8) pw'bwa.L_11q' 

. M.1 
"2 = J;; p: 

11.tu L"'rn,_J'i.Jbrf! tfrntfrnfuif.llLJ 

b'b f!_UUJ JbJn,_/iJ1w'b ~uirif.wJ.efr 

~b'iiuir11'iifrs b'lwJ t:.bn.wif.11r11'-

P1w'bf! "'-'lfr'l t>wJbJwuiw~w'b 
('i.J~. 137 1 6) /,_ r:.wub11LJ bb frrb'i.J9 wJhbwJbJ wr<fb.f_!{rb ~Ulrif.wJ .f!fr 
bqrw'IJfr J11ui 'l'-"'bif.n'l r:.wr(tlw~'bbr"'-"· "'1'1- wJb'bwJ'J,J l"'f"'-J'bbrfr 
Jf,J,,,_{t/111'-hf! t:.w1[wuwr I;' 

M.1 rI< 
't2= -=-·I 

Wp "r3 
max 

2 

"r"'r 'l"'-""'rbL"i/. (br~r"'t.•utfr11rb'ii) L"'f"'-J'bbrfi ht•~n'- fuJpbrf!• 
Jb'b.[! uuiw'k11w b'b.[! ~uirif.wJ.[!nLJ L"'rmJ'bbrfr Lrfi1 pwz{r111LJ'f!_I 

'1,,ui ... 'b'lwif.nr ~1/r'bfi bqpw'fJfr ,,,,'j, ~bU1{!_1 11ruib'l 'ti-/r /,_ maxvfr 
"'-'l'l"'-fll"'-'b'bbrf! r:.,,,Jf!'b~'i.J,,,_J h'b1 U.n"lfrufi ~bui I; ~uirif.wJ.f!fr 'bbr.efi'b 

bqr[• Jnur 'lui'bif.11'1 A ~buif!• "'1'1- ~buin._J Lrfri/. 211zwifrn'l l"'f"'-"f! 
('b~. 137) t>wqwuwp I;' 
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't 111u - ___!' _ + 2P~ = ~ ( 1 + 2R )' 
7tr2 7tr3 1tf2 r 

(11.26) 

'f'w'ii/r "r 'lhutlJhr/r Jbd-wJwu'ilnLflJw'it r.wJwr ifrw'tw"IJbr/r 111.r_ 

9ur'iti[1r1z hr¥.rnr'I. 9nLJ111rbL~'it 'l.f"'l/r"rb'il JbJ t Jht,./rs• "'l'I "l"'~"'
n.ni/_ uni/_nr111p111r 111"-LU'/../rft 1:fnLJ111['b[/rft' "f"'[''I_ 'turrn'-JfrfJ 111"-W'/_LUfln'l 

---c -- - -,--·- - -_ .... -
<lA _ _._.-

1..__.....- .- --
r;, 

?+ 1381 

LU1rn•J[!_ w'burbunLJ b'b J.. t:.wzi[/a 

b'it wn'itn._J Jfr,,,fi1 dn'l/r "l"r"'-JI! 

FR nLJLU'l."'J"lbrfr LUll/_'J-hsn'-fiJLU°il 
1111•¥.1 U.n 7but.f!"'-J 

21-'R 
'tmax=--: 

nr> 
(11.26)' 

IJ.Ju"i/ru/r df_W{''l_b9Jw'it 7bdf_
.enLJ 2_LUlll t;bzur t r.wzi[bf 'l_Udf_lll

'itwt,~ atp1LU'j, 'lbf/1nrJLU9/rLU'ii1 nrl!: 
Jb'ft.J! t,'ilzw'itu1t,b'il1J A-ni/_1 

!J.u..,ou'iiw't/rs"ftr., -n.111'it9.[!!1i/. ,,,';,9'iin'l hr'tnL r,,,,r£.w'it col /,_ C02 
'ttnri/_wc}J!_'iibrni/_ w'it'lwurb'ii.J! ds brfrar111-fil1nL'ft nL'itb91111. Jft t:.wur4_w.) 
{'fly• 198 )1 'flw"itfr _ nr Jh'i.,e UIJ'I- 'turri/_wJ,eftltrf! {!_ft111rnLJ J,'i,,l/ /r['ILllr 

2_1UUf Jnan, IU"f.UI 'twrblfr t f!ft'JnL'ithl, nr '1-bl/JnrJw9/rwJ/r.'] lllnlUf_ 'l_f!_U

UfU1'itU1y/r wn.w'it9.j!_/r9 Jfr'itt"- urwri/_wJ ¥.inri/_wJ.e'iibr/r t,h'iturrn'it"itbrf!_ 

'lf,"'fl"'I. R. Z"'"-"'i/.fr'l'ilh['{!_ 'lur'bi[n..J h'it Jfr;r.wrflnLf!Jw'ii Jhr_ J.. 'tw'l.J,,._J· 

b°il Q1CQ2 hn111'ityJnL'itf!1 

?bf/>nrJws/rwJ/r9 lab111n br"rnr7 it111r4_w.).J!I!• an'l/r ds J-u/r "Lnr
Jw°il f)/nn/..•'it.[!ni[. wnwi/r"il 'turri[-J.efr 'itt,wurJ111Jp 't"lururi[/r dfJ -

= ~--~ 111'ily1nL'itni[1 U.n 'lhU/.,_,,._J 02C zwn.1114./r'll! ltdf.1111114./r Ole z111-
GJp 

nwiJ'lP 'ilywu11/111J,_ 'im'-{11"1/ru/r d0 w'itt,Jn'-'bniJ., /.. C t,b111[! lt'lrwi/_fr C1 

'l/rr.J!f!• .,r"' r.hur£.w.-,,1Jn4. quUfw'itwt,/r Jw Jr/!_ 'tfrr_'it/r 

d>.. = Rd6 = R MwtJs 
GJp 

Jhc}nL{i J11UJp1 
bph Jb'iilJ t:.111z4./r wn.'bb'ii,e, nr 11/_llU/Ul'j,Ul/1/r a,,,,_/r pnl"r l;lhJh'bur

'Uhre 'lb,,,,rJwsfrwi/t b'i. b'Uflwr't4.nul i.Jsz"' 'iim1'ituthu, 111"1"' 'l.udf.w

'il111y/r uurnr/r'il .)w1r/r Lr/r4. /rp_h9nLJ {!• "'Ju/r'it.[!'i. 'l_UUflll'it ... t,./r "r'twrwsnL

Je, ""'f"',..'-"'J"'r/./r d>.. Jbt!-nL(6JnL"il"ilhrfr 9nulwr111J.' 

l 

A= l: di..= SR M.,ds = R M.,I ' 
GJp GJp 

(11.27) 

0 
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I 

lJ.1u111b'I. l = \ ds 'l.u"l,,_.'it,,,'t/r An'l./r Lr/ril br'twrnL{lJ"L'it'it t• /rut,. M., l 
~ GJp 

JbJnL{l 1m'iif! lf.uut.u"ilU1't/r d.n'l_/r c}111Jrkr/r nLnrJ111'iJ t{rn/uwrpura ..,ft'tJnL\f, 
!;, nrf!_ nrnzi/_w.) ti f!'it'l-nL'ithtnt/.1 nr LUJ'f an'[_{! nL'[_'[_i/_ILll.) b ' 

U.rt:.,,,Jwrt:.bl'"l t:.nr/r'l.n'itwyw'it/r 'byw111J111Jp 'f"'LUlr'iihpfr (ilhJ!_nt[IJnL• 

bf' J.. "f"'l"'r'ilhr/r {il/ri/_f!_ f!'it'l-nL'itblm/_ f.wi/_111u1LUr fl-fr, uur111'il11LJ /,f,.IJ., nr 
"fur11un111t,wd.J.. d.n'l_ft Lr/r4- hrY.wrnLfill"L'itf! t:.111i/_111uLUr t' 

l = 21tRn. 

>-. ..: M.1 R 2 11:nR = 4PR'n , 
GJp Gr4 

{11.28) 

(11.25) /,_ (11.28) pwftwaJ..b['f! f:,ft111rwi/_nrnL[il/nLft /,ft U>Ul//ru 

umnLtf/,l -'l_UU/Wftwt,p 1UJ['nLflJnLfi(! /,, nrn2bl 'ilr111 'f/zfnrJw9frw'ilt 

flrlJ"''it wiJ.blfr P"'l'ar t 11.mrJw'ft {lnLJllUU7rhtft (t] L ... rnu!e, 111p

./?"'r;, wi[hJ/r ~nL'it 'tl/r'bfr, w1'it.Dw'it wiJ.hl/r J/,J 'ltuuri[wJ.j! 'turw 'l_llUfW'bwte 

j,llLJ'it p nLJ/r lll'f.'fbun'-flJllUfi UIUI"' .J!IU'itft llf 'f.U"liµ'itwlte 'twrhl/r 'tlfr'it/r 
"f_Ullll['IUUUlbl 1114.bL/r ifrn.er L-J'it-t,.111'11 ""'ri/_wd-,e nL'itb9n'l_ an'l_/rf]I 

~w'it/r nr 'lu"lns..,,"rl! pwi[111t,111iiwt111+ A+nL'it Uf.llln.J! t Lfr'i.b'i., lllJ'J

"l_IUUli.utn.ni[ tr111'it1J df_Ullllr111uurhtnL f,wJ111r i[brgi[nul t Z"'"' r-rar 
wnwa'fUl~W'iJnLfl1-'j, uw~J111ft . nt fib9n'l_ Jfu4_wf!- Uf"'ldf_IUlll• lllJU 

"l_n'ldf.111ur'itbrfr r.wJwr 'turrJw'it {!nLJLwmphi/r L"'rrrLJI!. r.wu'bnLJ I; 

40 ~q/llit2-nL IL ,,,r;,,,,,J 80 . ~q/uu2-11u flrnJ111i[w'itw'l-frnul111J/r'ii df."'1.
Uf"'ur/r /)wJutp ap[w.) 'f_Udf_lll'i.wyfthrnLJ, brp'f-(!, 6 tf.tf.-/r9 Jfr'itz.J.. 8 tld 
t. fln'-JlUllllr4.nLJ t J/_iftt_f.. 70 1J.q/UU2 llU['llLJfihrt :bnulJ.nrwltw'i. rrn'it

-11/_/r t:.wJwr, 'rr G === 4400 ~q/uu2 "- r-e lfa ,,.~9<;,,,u1 8 uu-fr9 , P"'-t-
1 ... urrn..J bit ['CJ = 13 qq/iCtfZ, · 

U.1u L"'r"'-Abrf! 'twrn'l '6r,, f!m. IL"'"'riJ.bz f.111'it'lfru"' pl.nfr 'lhdf.
.e.n._J, 4'ni(rn/u4.n'I. pb"-/r r.wJwr "'1'1- l"'rnul'ithre 'ili/_w'l_b9i[nul h'i. Jn

m11UiJ.nr111df.bu 1/;,-114_ 1 fruit IU'ftf!_ft'ff:,UIUI UlzPtlllurll'l lf_UU/Ul'i,IU"'j,brfr r.wJwr 

(1frwt,w'it'ilbr/r l/.uutw'itwy'ftbrl!.) Jn,,,w4_nrwutbu 2
/ 3-n4_1 UJu ,,_hut.J!"""J 

Jhd- 'J-hr t Ju"''l"'-J r.,,,,ru,,.c},,._[i11w"it fi.w.fbl' 'l_Ul[''fw'bwl"'- t:.iiwrwiJ•

rmflim 'i.e ( ,,,s-u § 17 )1 Pw9/r 7r111'it/r9 i(rwt,w'it'ftkrft 'l."df."''it111t,ftbrl! 
C,111-f.w/u 111zfuwurnLJ J;r,, pwrar 1..J.rJ111u111/rf>.w'iJfl/,f'fr urt11¥.1 "rf! 'itnL/"ildf_bU 

..,_/IUt:.w'bp_n'-J t t:.fr.hw~llU'ft f!"'-IL111111rbL/r L"'rndli.hr/r 'i.4_w.,_l.9n'-J1 

9-nr~l..:..+_..,';,,.LJ 'lu"lw'llwt,.-,,i.rJ.r· r...,21-l''tfr J..,J,.,.,,..,,, ( 11.26) p,..-,,..,U/i ·'~!. 
,f,,.9"1,nLJ /,.';, "'-'1.'IJ..,t, k 'l"l'~.,+_frsf!.' "l'f!. r,,.2t/fr t wnl.nul f.llt"llsu +_.,.pJw'll, 

},n._/),"I/," I. Jfr 2"'1'~ "'IL t[ls['f!. r,.,,2"1' 1wnl.t[w~ 'l"l'~nl.'111.rf. "''/.'1'1t1nfi11n<.l.l!. 

h_.,.,,.,,t,..,+_[t J.•'f./t ~n.m Jf!.• lrr'tw1.-,,wlt,,,l. '1'1f.npJw9#uul.lrrf!. I. will.). w1u 'l"l'-
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r 
~w't_9p Jb.>nLf/JnL'bf' w/Lew'bn1 w•fhtfi Jb.> 1;, nl'l!"''J, Jh.> t" - r.wpwpbpn"-

R 
fJJnL'bf'' "'Jup'be'b' np,w'b hp't.f'"'i""P"''t."''b 111buw't_b111p9 w1htfi 't.n2111 I; 'lu"l.w'uw't.l'~ 

( 11.26) ,..,,'),..,J.ltp ,Pnfuwph"o, npf' pw9p ntnpnLJp9 r,.,,21P I; wn'bnLJ Jpwj>. 

p nLJn1 'l""I."',,"'"-" "-"'l'""'<>er 't_111pJw'b L{' ... 9nL9fi1 "''l'1b9nL/ilJnL'),l', r,.,,21"'r"-~ 
"- UllllUl['nLJ b'), 

. M., PR 
max 't = k -- = k -

Wp -nr2 

2 

l',,.'),,,,J.b.nq• nL'l'lJ.,.'b k 1fnp.>w't_p9{' 't_wpbtfi I; 1hp9'bbt 16-r'I "''IJnLu ... 't_p9t 

IJ.'IJRLUW~ 16. nL'l'l,f Wli k qnp.)w\}tglihpl' 

R 
4 I I 3 5 6 7 8 9 10 

r 

k 1,58 uo 1,31 J 1.25 I 1,21 J 1.1s 11,16 l 1,1.t 

~ll"f."'..,,,,."-,,"rr r.w21wr't.r Jwifw"J.w't_ bppbJ"), "'['""'.} I; tfi'bnLJ nl_ fib '/ll"f.UI-· 

~-'t.e 11'1,Jn'l 't_,,,,f 3.tn'l nL<lf', "'IL "'i" T l;'bbp'fpw11, "l'l' "l./,"'I! I; 't.tw'b4J. 'll'•

"f."''b,,.'t_/! 't.n'IJJ.91 Jln'[p J.yJw'b 't_wJ ub'IJJ.,.'), 'lb"l.l!f '),J,,,'),, f"Uf."''b"''t.P 'lbfnr

J,,,9J.w1J. U "l.n,,,b'bgf'"'L l;'bbp'lf"'1' l_w,PqnLJ I; "'l'"'"'l!P'b nL<lbpp w2fuw,,,w'ben1:-

fl.,.'bp np 'l""l"'"""'"-" r,,,,Jwp /..-p It P-r Jpflt """'.> "-"'"I.I' nL'l'l"''l.>w1fi'b I; 

[( 11. 18) pw'b ... J.lt] 1 'l""l"'"""'"-" 'lb:Ji npJ "'9P"'JP "l.n111iz1'9pw l l;"J. "r'lr•"' r,,,,4 UIUUI l' I;\. 

t 2P 2R3n 
U=-.-PA= , 

2 Gr• 

"'"'"" •r i1tRn-e '1""1."',,"'tr 
+_ .. r1-•1r ''"'t"r""l'' "'"l,. 

't2 

U=-V, 
CG 

( 11.30 )• 

(11.31) 

.,..,,,,, V-,, 'l""I."'.,,"'"-" •"'i"'L,, 1;. (11.31)-ro• r 'b't."'"'P ,.,n,,btn1• nr U =T,. 
fllr'bnLJ /,'),, \ 

(11.32) 
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/lJu"lpunq, '),wJuw"lhu l'.u'lnL'bhtn1 l'"l'J"'u -;; = [i:) .,..,r,J.,!...,1fi"J. Jb.>nL

fJinL'bf'.' Jh'),I' 't_wpn'[ /,'),l' r.wzqbl 111pqw.> T = U JUn•-/ilJ"'), l;1'l.p11pw), · 't.tw'bbtnL 

l,~ilwp ..,'br.pwtlb2111 'l""l."'..,,"''t.P .>w4wll' wJ1'Uf.bu, np l"'l'"'-'l'l.bpf' i"''),9),b..,, p11LJ

l''""i'l.LP [-c) l"'l'"LJJ.9• a,.. 7b"l.{!nLJ ..,..,,r,r,,,Jb2m I; UUlnL'f,,l 'l""l"'.,,"'"-" 'bl'u111-

""' .. l'l' 1~1 L"'f'"LJ'bbrr '1,,"ll'"LJ, "iu"'i"'.>l'l' -:-l""lf
"f..,, "lb"'l' I; Lfi'bp1 "l'"lbu'tf 'f"'l"'l''bbpp rip !It b'lw.> 

l'"'B"''t..,,brl' 1.>w<>'t.-/bl,1 
µ.., 9 r .,1 ... 11,,,1,r'b "l."'"L"'"'"-"'J.lt 'i""l"'-:. ... t,,,hpJ-a 

f"l'.>'Lw'tw'),nLJ r,..,'),'IJ-"l"LJ b'L b. 't_n'bw't.w), 'l""l"'),,,,'t_

'),bp ("!,'t_. 139 ): •{hpp), b. u111npp), 'l"'l"'l''),bpp 2111nw-/J.'l

),bp{' '),2"'.,,"'"-""'.> b'b r,,,,J ... "l."'"'"'""'"'"""'P.U[' Rl-"" /, 
R,-.,1· ,fJ.1w'b't_J"'l 2""'"'-/'IP Jb.>.,LflJnLue "l'"Z1"LJ I; 

. R,-R, 
R = R 

1 
+ --- ---- a 

2r.n 

l''".,,,,,a1. .. -1, nr"'"" n-l' 'l"'t"'r.,,"rr Pr-I.,, 1;, J.u't. a-.,, 
'IP"''"i''t.-/n'I 2wnw-/'1P b. -/bpp'b R, 2wnwq'IP Jfi!b. 't.w'IJ

-/w.> w'b't.JnL'),'), I; It r.w2-/qnLJ t" '1 11 "1."''Lw't.f' 'f"'l"'l'"J.1.-

l'"-/' 
11.,'),w't_w'b 'lu"lw'),w't.p wJpnLfJJw'b ,u111nL'lnLJ[' ,,_.,,_ l,'t_. 1891 

111 wpqnLJ I; ( 11.2S) It ( 11.26) pw'bwJ.b.bpni/• '11'"'),9 Jbf 

R-p ,fl..>n<f/JnL'bf'. .pnfuwpf'"l,h1n1 '11'"' wJb'bwJh.> R2 wpJhl'n./1 />'bi qbpwphpnLJ 

/; ). ). 11111 qw.>{!pl. 1 "'"l"' '1"' r.w21/htn•. tlwJw),w't., p'),l_Uf.bu b. '),wfu't_J-"l,nuf, "lb"'I' I; 

Pl'"'l' pLJwpbl l;l/,,fb~1111wp 

( 11.33) 

l;ppb 1f1. '/U"f.Ul'bw't.'llbpf' "l."'"'l'"'""'"nLJ b'b nl_ fib 't.t"l'' "'Jl nL'l'l"''b't.JnL,, 

'tmp-/w.>{! nL"J.h9n'[ J.n'IP9• "'J'I 'lh"ll'"LJ l"'l'nuf'),bl'l' /, '1bfJinpJw9J-w'bbpl' r.w2-

•/htnL f,,,,J..,p r,,,,r't. I; LP-,,.,L.r 0'1111-!bt § 61-nLJ pbpqw.> ,.,,,'),..,J.ltbrpff ("''IJ"L

uw't 11 ): 

§ 66. OPflliU~libP 

0 [' p '), w 't_ 38. D = 1S J,f "'l'"'Jw'lJ-.> nL),hffn'l "'"l."''"1fl ,Pw't.w'bl' "l.'1 111 1 t" 
1'"'9-/P q = (J JpG 2n'lnL &...,,2Jw'b '1'1"1.l'"LJI </Jw't.w'bf' 'lu"lw),w't.e "l."'"'l'"'""'""'. 

I; d = 12 ,f,f rnpwJ"''IP.> nL"J.b9n'1 "l."'l"l.w"'J"' 't.tnr J.n'IP9• 'l""l"''il"''t.P f"'L 111rfr 
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urp•J.,..,JrJI!.' .! R = 60 JJ: Pbnfr 1'"'11"'1t.w1nLP1w'b 11/i"ll'm J t,.,,rb.w"b ·'lwlwr";,1.r I 
,.,...,'),91''1.brJr Jfrt.lt. b111111J r.bn.w1_nrnLfJJnL'bf!. f!.U"' nL'l'l"''-'1/r ('luUf.w"bwqfr l""lll!.) 
r. .. 1_wu•p t t 1'1 J,[1 

'twt.w'b!.1.nul t ,, .. ,,,,l 'f.U"l"'""'i/r 'fWlWf!'blzpfr .,,'j,t,rw<lbtm n Pfr1.I!.• h1.-
p ... ,plrtn1.1 np +-+.111),p LUtt.w1.lr£tU'fn L/i. f' wrJ.pw9Jw'j, 11/,U/./'nLJ "f.lzme t ,/),. 
wn.'l.t[u"l'), A1=3.J JJ "f."'2"'1' 'fU"f.w'l.wqfr H"""''I:"' ub'IJJ.,,'), r.wJwp ( Jfr'bilt. 'l:•
l"'l'"blrpfr /r[' 1111[' r,"f.tflzll!.)• /r'biUf.lzu '1.w/, npnllzt 'f.UUf.w'bwqJr ut'f.p'l.w1t.w'b i .. 

1 
ulz'lJnuf'I. 

nt.. fwqw'J,/!_ lf'fr1 f'Ul!JtflztnL 'f/,"f.[!nLJ 't £Ulf'nLJf!• "'nWJ.'fw't.w'bnLflJm'J, Jn'fnLtr_• 

G =8.105 ~«t/uu'1 
Opn2lz'bl' fwtw'bl!. pwpJ.1uu9'bn'l nt..JI!.' 

-nD2 1"·75' 
P=q-=6--'-=265 ~q1 

4 4 

Op"f.lz'"l.f.r 'fu"l.111'1.111ql!. Jfrw/11 WJU nulf.r ,,,,.,4 uquf.r ub'lJif.lzl' 'bpw'i. "l.b"'I! t "'"'l 
r.1r.,,1t.1"'l uq'fr"'•4w'i. 'bum1_wt>el!.' 

. 4:PR1n '1·265·3 1n 
A,=- o;;-=8.1QS.0,6•=0,2i6n uJ; 

!J.u"l.w'bwr,p lf'frt/ bp4wpnL£1JnL'i.f!. i_pbn'i.w1_np1_w<l 1/.Jr&wqnt..J ( r.w21_w.l 'bp111 

"L'l'l"''-fr'I: wn.w'l.untf) 4w'lJ1_wJ 4tfr'bf.r 1'1-f.r!I b. 1.2 "l."'2"'l'P91 

U.111 fnLJwpf!. "f.b"'I' !; t.wt[wuwp tfr'b/r 'l""l."''b"'1t_/! uwt.Jw'bt11J/r'b i.
6 
= (t -d)n 

ub'lJJ.u'bl!.' 

~,+l. 2 =(t-d)n. 

0,276n+3,5 (1,7 I.:.!)n, 

3.5 
n = L6 'l:"'L..,l'' 

0,2:.li 

i. 1 =0,276 · 16 i,4 u.!1 

"'"'¥"'"'" u•fr1 pw9Jw'b J.,,J..,'j,.,,4 'l""f."''i.w4f.r Jbt "'""'2"'!1"'1 wJb'bwJbJ l•-
1''"-JI!. r.w!J.ifbtnL t.wJwp ).-'I. It. i:-'i. qw"f.b'i.I' f.rpwp t,f,.,,, JJ.r 4n'l 1/fr,'J 

2PR 
'i:' rn ax = --;;;--- ' 

. iP Ran 
>-.,=---: 

Or4 

nL'bb'J,/' l 

p i.1• G 

P-/r "'J" "'l'J/,I'/!. "'"'l"''ll'bln1/. wn.wlJ.r'b r.wt[wuwpnLflJw'i. 1fb£1 umw'bnLJ f,'j,I' ' 

hG 

,q,.,,qw'i.Jr ll'fr1 pw9Jw'i. JwJ,.'),wq 

I.= A1 + A2 = ,,4: 3,5 = 7,9 JJ. 
7,9 . 0,6 • 8 • 105 

maxi: = = 4070 qq/ud'1t 
2. 3• · 16. 3,H 

0 p fr 'b w 4 39. "illfnuuu4wJ.lt. 'fU"f.w'bwql!. "l"',,.l'wuur1/.-bc !; d = 4 J..C "'/',._ 
,/wtfrJ nL'hb9n11 Jburw'l"'l"'l'fr!lt 'O'itfri 'll"''bfr utpwJw'lfrJt!. r.wt[usuwp t' D= 4(1 .t.ti 
!/lwp1_wJ 'l:f!"Lp l"''j, Jbt. 'l"'l"'l''bbp/! Jfrilt. b'lw.l l"Lu.,,'i.9w1fr'b pw9w4/!. t.w1_utulllllt" 

t t = 1,0 JJ: fl'J,i."l.P"fr" n1..Jn1_ "f.buie t ub7Jl.l 'l""l."'"'""'t.f!.• np"f.lz"'lP l:'"'!l-'1.1! 

"-"/'"'"'"'' G =a . 105 ~ q/uu2 = s . 10i ~ q/u.c2, 
!(u"f.w'bw't./r 'l:"'lW['/r D = eR utpwJw9frJe. r, ... 4wuU1p t <l'l.fri 'l:lw'bfr I.. 'l""l"'

'llw4/i J.n11/r mpwJut'l:Hl'fr 9nLJwpf.r'h' .IR = 0 1 +d=60 Jdt f/w9wqf!. 1/.bl'w'bwl"'

,;..,J,,.I' Jp 'l"'l"'l'P 'buont[w~l't!. "f.bmj? I; l',w1_111uwp lfr'i.f.r pw9wqfr'bt U.l'l '1/,"l./!nt.J 

8 · 103 ·24
• 1.0 

4 • 253 =2,05 lt«t' 

max~ 
M.1 PR 2,05 • 25 -·- = --·- = 2 . ----
Wp r.r3 n · V 

2 

'J.npJ'bw4w'bnLJ pw1_w't.,,,'b/r'I. r.w&.uJ:u r,..,'j,'1/r"f.nLJ b), "'J'b"lfruJr '1/,"f.[!bp1 bpi' 

"l"l'Jwu !; b'bflwpq1_nLJ "i. 1t.1np +_utpt[wJ{!: nL'bb9n'I. '-"'ll!.' U1u"lfrufr J.n11bpnLJ 

"l:li!J.nl'Jw9Jrw1fi!I !,lz.,,n 4"'1'1/."'Jl.'I!. l',wpp iP J'i.n,.J, "'IL 'ln'lw1/.nrtfnLJ t'• 2"2"'f"'l 

[wpnL,/1,bpf!. qU1p1_w<lenLJ WJU 'f"''f.f!:RL<f a 
I pw2Ju1/.nLJ b'i. w1/.bt/! pwp'I <>pb'ben1, 

rw'i. hnp qmptfw<lefr ,,.,,"I.I'"' J ('1.'1.· uo )z 
lf Ulf!:"Ll' ( qwJ Ul'{Ullft) ntnpnuf 

'1.ndnLJ !; J.n'lfr "'J'b"l.JruJr "l"l'"u/ /!.' 
npJr 'lb"f.f!:nLJ l"'J'bwqw'b +_.n1'1/."'Jl'nLJf 

'l.npJwl l"'f'nLJ'j,J,I' if,'j, •UnU1t.w'i.nLJ1 

Jf• (""'j,' "l'I!. f,'j,"'1'"'1/.np I; Jf.r.,,J'b pn

J"f' 1t_mp1_•uJ.l''i.bpJr U1'bml''l/,ll! 'lb"iL"'

~""IJP•uJ/r ( '{nlfw1/.npJw'b) 'lb"f.[!"LJI 

lfwl!nLp n1npJ w'b 'l:f:r"l.f!:nLJ 2n2w.Pn'l 

/Wpni_J'i.bpfr l:'"'l/unLJ'b IJL Jlt<lnt..{ilJnL

'j,[' dn'l/r l:'"l"l' 4utp1_wJ11'i.bpnLJ JJrlt.-

-
L . 
Ll· 

lJ± 
1-4~ 
~h~ 
~...i 

'--~ 
....... >-1:11 

~ 

~ ..... .... ~ 
L.. . 
i.! 

-~ ~ 

7i 
J-!f' 
ri /~ 

t- ' ------
-

-
-

~"><;1t'11 t1 t+.· 140: 
lfw(JnLp "l"l'"'-Jt!. r."bwpw1_np !; 

1lf.rw1'i. wJpn'lf bp4wpnL£1JwJp t,,,,,,,,.,,,_ 
.,,,,,'j, 4mpt[w<ll' nL'i.bgn'[ J.n'lbl'Jr 'fb"f.l'"'-J' bflb "'J'l J.n'lbl'e ntnpt[nJ b'h Jw1-

pbpn<.J qfrpwrr.1_U1J nLdw'["LJ'fbpn1_1
t 

1 lJ.ifbtfr Ju1'i.p,,,J.uu'b J"'l!"L[' It. w'i.w'{•"' ntnpJw'b ~"'1'9l 2111l'w'lp1/.• .. f; 

XXX 'lt/unul: 



~·[''), "'u-fw•/rs U[IU[''f /;1 R[' 111111.iJbr/r tJ/1J w11rn1..fl1w1I ~J.J\w1tlM11 ~/r"1npJr9~ 

C111rfl +urr'{"'•l!>.brJ. •/r..,nPlrur_, ".t ltt"l' '1.onr-f ..,,)/! n1..1llrun'l J.,,'l/,l'Ji "l"l'J,.,i, 

t.1112-f 111rlJf. 'llr"ll!"'--J, 111'111t/oru11a1'1fr l,;1 fl._...,.; "'Ju"t/ruJ. J.n'lhr/o "l"l'J,,,'b r.,,,21,.,r

+e +aurh1Jr I; IJwu11urht J/uu/1• ..,,...,J.,,.,'t ... '11,,._p ,..,.,, anbu11LpJw1' Jl;Pn111''1r11-f1 

IJ.t 'tl"l' 1tanr-f••1t n1..l.hs 11 '1 """" J"'l!"'--1' "l"l'J..,'11 f-1.'lr/o l'" ,)J..,'11 l!'lt'lf,..,_ 
ltn1..r Jb!J"'ll!. ""'""'£/o1' ..,"b,,.,J onif.ht I,; llh<u-'1.h"b,,,<ul 1864 p.1 ti',., IJn'IJJoff tr 
C'1\.9 J2,..IJ'/w• I,; "'JU Jt.'h11r/.r , ..... J..,,, JJ. 2"'1'1! .,,,"ll''r ( ,,._,,,,,,,1111111 • 'I.Ji. t1r"t" 

I. .. n<u)i 1865 p. ""Lu 'l/ian11wJ, ... <u 1J,. lJ,,'1.,,t"-fl!. 1111//;9 "l 'tt"l' IJu.r-fw<tl! n1..t.b-

fl"'l A.n1zhr/r "l"l'J.,,'), Jj 2"'1'1! /u11'l/or"'"r" opfyf'I.. ... , l'"-,),,,_Jet 

IJ.,.,.,!fi'I. ._.,,.,..,J l'"'l''I '1.anr'["'•I! ,.,_...,1,fl"'l J.11'llrtJ. J"'l!"'-P "l"l'J,,.<i, 2wur ful.

'f/il'1.lrp bl. ,,,..,,,,,_,n,,.,ufil'"l """""'"'"-"''!. '1/r 1111l,.1tw1.'ltlrr fl. 'lo. 'l>wunr+fr<u.l!.' t. 1' 
UnLu~lrtJ.2'/h/i.,,• (. U. (h111lt't.9n.,,p_1 U·'I..· 'J.J-'1.'l.Ht! I. n1..r/r2'i.lrn_1 Prur"''tau"I,."" 

~ .. ,,hr1' "t"rJ,.,,, 1-"'lr/o l!,,,.,~ ... -,. ..... 1' ,,,._l,,._Jt. "'"-"' ~ "ll'"f· (. ~. '1.t""'"if l!.t· 
U.1u ,..,,,,/rr11hr1' [nL .• nLJf phr'[nLJ I,; ..,,...,J.,..,+.w"bn1..fl1ru'l, an/,un<flJw'rl 'flll"

f!_'ilpw9'u,,['nLJ Ir ~"""'"'· "- 'll'"''t"''!."1..fl1w1. Jlr!t 
(nLuwl'ru'rlrfw'i. r..,,J..,l' lilt· 141-/' -fr.,. fl"'--19 I,; "'r-1 111• l"' l'"'--J1. l.·r f. r-zJuu

J f! /;1J.llf.u1U1tw'rl /,. "'-'l'l"'"ll

IJ.1n1..'l.J. ltrnri(w<>l!'rllrr/r ~w

Jwpt tn2"'+"'1 l"'f'"LJ'i.brfr 

'l"L"n'-flJIM'rl op/,'u/!Ji f,J.Jw• 

4.rw ~"2."'"'-PJ"'Jl' .. "I,.._ 

6"'-9.J.n1..J - t• "I' 9w"b/t..,9w~ 

"-"'r'/••I! ,,,_,,,,9"'1 a .. ,,~ "L"r
J,,.,, 'f#,"(j!nLJ /,'f[' ... 'l,)P 1tb-

ur lrpn1..J 2"2""""'1 l"'l'"'--J"bbrr_ · 
nL'f'l-fw,) /i-'), ,,.,,,,.,,,)" "r'tw-

['"Lp 1wJp ( 2"2"'+n.,n.f )• ,,,,_ 

r•'I•}>. "'--'l'l'"'f,"'1 1119 P 111 '1"'frJt.t'fllirf "'"""'J 111 fl.1"''rl 'lli"ll!"._J 'lf"u'f.9 ~ ... -f .. u"'~ 
L •rn1..J'Llrp ,,,,,,,., t .,nr•4J.'f. + .. ,,J<u ... ,/,lf Jw+lrrl1nL1fl/r 'ir"'· P"'Jfl ,. ... ,,fr npr-

._.,,J1i ... ,J'rl (rup•rul'J.1.) J..,~lirl..nLJPI!. .,,9 ,...,. I; l"'l'"uf'1,l.l'Jifl• "'"f"' /,. ~"'l'.J.w•

'"LJ 1lrlt ~"'l'"'l iJ.'lili-1 h.,r,.'l<>Ji<u. "'-'l'l"'r,,.,1..,9 1.,.rn1..J'l.l.r1 

ll.1u <u~..,.,.,..,.n,__J1.lrrfrs "'"'"'""' 1twrh1f t c'll'I"' ~1,, "I' 2"2."'-i'"'l l"'l'"._J'i.h
rl'. '1.•'IJ,,._J l.u ~rnp-f ... •l!f ,,'ll'"''I'" "rltrurn .. fJ1ruJp "'--'l'l-i"'• ~ ... r..,,u,., /r..,,.t"l""' 
... ,., •r1.,,._j t i+. 141~/ou' 

U.n.wt19wlJ.w'r.n1..fl1-'rl ,,,J,.,,,1..fl1wlt Jf,£ ""'"'Ba/wit .!Ji 1!"'1.fr ,.,t'll"'--"bll'j,/il' 

""r-f111Jt ,,.,, 11-r'I U1'1J•LU1U'ttr1..JI 17-r'I !ll'IJRLUIMIJ./o!J O'l""l"f"U "'""'/! I,; /r ,,,,,., .. fr 
ftL'j,f,'r,.,,, .f/r /!"'..,," 'rlnp 'rl2ru'fl,..lt•1..J'j,fi['l ~"/"[' al../1 ""'['""'/tl!'rl/ip/i f,,,,Jwp ninp

J.,.'j, ,..),tJnL'flf' /,. .Jlr'f.,.,Jb,) 2"2"'+"'1 l"'pn1..Jf!. ~'"l'"'I l:r1. "'l'"'"'""'J"'-f"l "'J'u

Gf/tufr p..,"J,.,.J.1..6r"4• npn<ul' .,,J.,.'j, l:r11 lit"l' IJ.urr.J.w•11fr ~ ... J.r urnrut1.J.w.> P"''L•

J.Up/r1.· J/iw1<u ""J'I rw'lt .. J.Hpf Jlr! fr't.lrr9fr..,1/r pUn_w1/r'f. Jp J,,J/,<u.,.f f .. f- ... -

rl), IJ.Ju.'j,fr .,,,,,__,,,.,,,,,, "r'1.rurn1..fl1•" """'""r.,,•rr l."l'l'"l''I .,,,,,,,frl.ru'lln'[ 1Mprn•

~ ... , .... ,,,., J., J/,,)n1..fl I"'-'I.I!.' J.u/t W p-fr o/onl-wl' lt'lt 'l,,,,__l'j, 1"'+"'1"'+w'fln1..fl J"L 'ii· 

,.,_.,,i,9"'1 W., Jli-•nLP1n1..l.p_ 1 ltu.r-fwltl!f. ..,,. lirtr"'l"'+"'+..,,, r<u,, ... p .. .,rbrr. "l"'r 
J..,1,,.,+w'llnph"b ,.,-,,-f,,,'u'{,.,j '11. fr"hr9fru1f JnJl:r1.m "t"l'''"'"' ,,i..,,,n.J' J., "' 
9f.Jw'fpn1..fJ1w'f. rlnJl.'r1111 "l"PJ..,-,, 'l/,"11!"'-J' W. 11 

flr,, 2 ah.J. ~"'r-f .. .>l!<ulirf. ~ ... J,.,l' (uf .. 'rl, O'f"''t) 

250 

nr"''" n = 1, _ 2, 3, ' 
pwJw'rl-fru• I,; 1turr.J."'Jl!l!1 

fl,.."llf. "I' "l"l'J,,,<u 

J/rl..'lln1..1"bl. I,;' 

"I'"'"" 
W.1 =I J \ 

"' n J ~ \V .,,-: , max 

( JJ./111) 

·J·111 
Jn.,. ---- -e.• .. 

\V •IR . 

( ll.38)' 

251_ 



""'l'""'t)l!J.. fi\lrl'll~"'J~ 
J,,J/,'f,.,I!. nlnl'Jru'I. 
'l•"ll!nLJ J.j-uJ4 

D' 
J •• =a-

16 

d 
a-l. t. ~-1' lt_wJ..i/111,)- (w1uupltl'nLPJnL..,,~fJ 

D 

""''"nLJ ,,..,, W'lJ"L~wtJ..8 

n mi 
j. =-. --b4= 

I 16 m'+1 

16F4 

J., == ab4 

11b1 

w~-;=-· m= 
16 

11:b2 h 

16 

W.1 =~b1 

h 
-:>OS d • 

a "' P .,,,,.,..,'th"'""~ ,..,.,,,,~,,"rt. 
d/D I 11 I ~ I d/D 1 11 I p 

</Jnl'-/ ,,.,)/? J.. (,.,.,,,,.tnLJ 

M.1 
max't=---

W.1 

o.o I 1.51 I 1.51 \ 0.40 I o,76 I l,Z'J 

o,o5 I 0,80 I o,56 I 0,60 I o.oo I o,92 

0, 10 I 0,81 ( 1.56 I o,so ~ 0,521 0,63 

0.20 I o.s2 \ 1.•s 11.oo t o.38 ! o.38 

~"ll' '1.Jruwrunw'h91?fo 

.M.1 
li-m1pnLJ tmax =--

W .1 

Ubt) ft~u1uwraw'bs1J.. 

'tm~x 
Jwll'"'-J (t = -

m 

UU ftJ..uwwn.w,,fll~ 
'tmax 

1i-.. ,,nLJ 't= -
m 

bl'lt"'l' lt_n1J~ J1'!_

U16'ln1..J max 'C = 
M., 

= - · · 1 w., 

""'l'' ,,_,,,,_JJ_. Jf,t_,,,lt

'lnLJ 't = T 'tmax1 

l1.1'ftJDL,, ... ,,l'nLJ l"'

rn"6bre _r .. ,,4wuwr 
,,,. '11'"1/! 

h 
-=m:;>lt 
b 

a, b £. l Pl'""'tfis""1f.i ... ,,,.,.,,,,l'I!. 
.Jlzru./."LJ /,';, "''IJDLllW"-"' 1 I 

I 1,0 0,1~ 0,20'\ 1,0 

~ 1,5 j~ 0,*94: 0,3t6 0,859 
1----1 

2.0 o,657 0,493 0,795 

3,0 o. 700 0,801 0,753 
1----1----1 

4,0 1,123 1,1110 0,745 
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"l'urlr'I fi-'blr['(! IMJ'lr nL'('f"''L't.JnL'j,'j,/,l'f- r/onl!f' 'tn'IJl.-r'b Ir),, "l'""'I "-"'l'"t1' t l'"'

J,,,uf,L ,,_ ... r<f"'.>l!I!' f-u't h··"pe:' "l' 't"'l' ,,,.,,Jlrrf!: 

"l 'l"l'i>"'1L1'uc lt ... faa/ '"'°' t 1L111r.Jwbe1' .UJ.9 J. liiu.Jwu"'l' t' 
..,"111t_1nL'ilw1t_U1JJt'i. 1t_"'t.J•bl1Jt r,,,,J,,.l' • • 1j =1,00, 

""""'"'"" , , • 
11 = t;~o. 

"'"'"l'"''".,, , . , • 11 =1,1;,, 
"'"'2"'''.i.i.. J! ·11=1,121 

T .,,'1.llJ"'-''f! 'j,,.,j.Jiftbft '),J .. .,, 4..,,..,,,,.r,.,.,.,.t/~ 

q: = M.,t 
GJ., 

J',.'f,,,..I. !.n t/' 
U.Jli'i,..,Jlrt> 2"2,,.r/t"'l l"'l'"ufe "'""'" I; ""l"'ulrt "-"'"""'.>l!I! .,,_ ... .,J,.'l nL'l'f"'1.-

lt;n'-"11t.lrr1'u ..,Ji,'fi ... t,..J'h"LJ: U.n L"'l'"'-J c 1t"'r"L1' t 1;,,.24" L 

(U.31) 
~mall= 

pw'h1u.l.hn-f.1 "l'"'"'l l'imax-1! "l"'ur%'1r1' r,,..,,..,,.._p,nLlrl.brf-fl ,,.J1r-,.,,,Jbt>'ri l;t 

fl).. 'tl"l' "-"'l'""',>I' nL'j,bl"'l /u"'l"""'""'J./, .l.n'fl.l'~ "l"t'J"''j, fi.,.2</.•t't/r J111Jur

u .. 1t "l."'"'"l'" "'"/!l' f, .. uurrtLPJ"''l. IJ/,"1.l'"LJ ""'""'" /; 09tntu'f"f'~bl lf.Jttp O'f.,""',t" 
'£u•r.J,.,i>e~ r,.,,,r,,,l' ""'"'I'/"'.> ,...,,,.,,.!.4htl'.' fl,..r,..lf."'"l"'ur o.,..,,,..,.i.i.. 'turt't/."'.>l'Jr 'f1'-
J.,,7rnf1J"''h JaJbl.utJ! I!""' ( JJ.16) p,.'i,,.,.l.ltJo l,,,.rf,,..,,..,. t' 

nl'"'"'l F
4
-'), o'l .. 't1' J1'f.Jo"1 'f.>n.J u,,.r,J,.,"J.u.+..,ft""'.> 2!'f"''),~ Jw'tbtliu'i. ti f"' 

t-'L o
1

w%1' r..uurnLf'JnLl.'u 1;1 l:l.'l"Ll.lz(l•r/• nt t•rn1.J11hre o'lw'tJo ft•ptf-ite,.Ltl 

l'"'~·"'""'.> b'i. r. ... .J ... u"'l'"'l .. f• 1t_u.,.,...,, ... 1'e 
.M., 

't=--' 
2F0t 

IJ•J" f'"''j,,..J.lt1'fl ,,_.,.f'bt1' /; D'f"'""' nt ltl"l' "'"'" 1fuif'""',>4! ffL'),bqnt pwrw~WutWm 
.i.,.'l/;Pf- ~-z.Jrurlt1' 4..,J,..,,..,'t_1 

"l"J'J..,u w'll'tJUl'i, l,..,J.,,f'. ftL,,,,.,,,/?, 

I'-u•11•'""'l"""'thtn.J 2itr
0 

= S Jbt>n'-filJ""Jp I.. l'"',J.,,'j,bLni "'J'l: Jb;,nLfll"''j, a/l' .. 

l[u"'"'~""ui'' 
'ts 

cp= - -{, 
2GF0 

( 11.38) 

"l'"'"'l S-e o'l'""-"''""' "-"'l'"'""'~ ..,.._,,.-;,fll•J1',, 9.>p bplt"'l'"LfilJ"L.,,,, 1;, Jou't F
0
-1' 

"lfur"'tHn'l "'"'"- lf."'l'.J"'.>41Jo J{t!}'t. 'fi>nt/ u..,t.J.,.),111t/r1111t"""" J.,.ftltrhu..,. I;: 255 



0 I' Jr 'i. ,. t 40. 'J.,.,),J,l 12 U "r'twrnL/JJn&.'i. nL'i.bqn'l )l A 1nfr"lfr nl.lufs Jb[ 

wnwf_"'fl"'I wJb'i.wJb .. 2n2u11ftn'l l..,l',,,_.n, nL nlnrJw'i. w'bl/.1nLi.f!_, brp nbl"l!. nlnp
i/nLJ t i.pw bpft.n&. .. "'Jl'bf'n&.J ft.fspw11.i/w6' M.1 =. 0,1 mu J,.JJ,),.,,),/,pnift 

DA 

l.ft.- 1421 

nl"l'J ... ,, J,,,J.,,,,.,,i,_ ""l"'nJ 

wn.w!.wf!n'l lWf'n&..n.br'i. n&. 'll.

fnrJw9Jrw'i.brl!. r.w2if bln&. r.wJwr· 

nbluJ. ft.1nri/"' .. /!/!_ "l/,"'I! /; pw

Jw'i./,l "l"'f''fw'l"'-J'il Jwubrfr "'Jb

"lJ,,,, fs'l.1"f"U 111/'J fJR&./9 /; uiifw .. 

"t· 142-Jr i/r-· "'J'l Jwubrfr 
1w+brl!. ,,,..,,,r,, .. J "'Pi/,.,. "~ 
J frLJ.Jb,,,rb l'"i/' 

U.Jb),.,,JJ, .. l"'l'"'-.n, ,,._ "l"l'
Jw'i. _,,,,_,,,._,,/!_ "-"'['lftWf,IUJtnif /,"/r 

(11.34) I. (11.3/S J p,,,'),.,,J.b.brnif' 

M.r M.11 
'tma1:= --, cp = --, 

W.1 GJ.1 

nlnl'J,.,), 'l/,"fl?"'-JI w •1-/!_ 'ffsJw'll'"'-fJJIU';, JnJ/,';,1n'j, I; "l"f'JUI), 'l/,Uf/!nLJ:' 

(J.m/W •inJmax-1!_ r,.,,J.,,,,,..,,..,,,fuwi. JnJJ,<;,.,,),brfs r.wrwplspup1n&.11b I; turrifw .. efs 

W/,, Jwufr r.wJWf'I "f'"'/r'l lllJ'l Jb .. nL/JJnL),';, lfL)," 111J/;),,.,f/r .. wrJlre• J.
1 
= 

= J.,' + J.," = J.c"'• "l'"'lr'l wf JwuJ. 'fnLJwrlrlJ.bltpf.r9 J"'-l'wew""1J"Ll'I!. J.plsbJ.!! 
"illspft.u•1w9'i.n._J I; fsblsr9/rw1J. JnJlr'bui "l"rJw), 'Jltu1en1..J, r.w2ifw .. ft.urpifw .. efr 

,,,,_. 142-Jr i/L'"' "l"'"'"-"rifw.) lrrbe JwultrJrs l"'-l'wew'lltJ"Ll'/r r.wJwr• r,,,,2iflslnL 
J_,Jwi.wft. 1-+"f'/!_ 1tlnf'W9-/n&.J lr'i.t 

t1111'il r,.,,J.,,r (11-p'f ... .,,,,,_,,.,.+, 5-pf 'lfz"l.e) a=o,a:so, J./=0,369.4•= 

= 91,P uu4
1 W .,' = ~b3 , ~ = 0,106, W .,' = 0,405 .41 = 26,9 uu'• 

256 

J' •1 91,9 
--=-- = 3,55 uJt 
W.·1 25,ll 

r 1 i' 
•

1
= 3 (m - 0,63) b4 w 4,6 u.!4, -.;,1_ = b = 1,3 uilt 

w., 

J'" 
~.'. c:::: b = 1,7 UU• w., 

J.1-= 91,9+4,&+19,1=11:1,6 u.t' 
I 

J.,JW •1 r.wpwpbpn&./IJn&.'1.1!. wJb'l.wJb.. "'l'Jbe ,,...,,/.r 'ltfuf.rft./.r f.wJ•r• nu•~ 

..,Jb'i.111JU 'C 11111.111fw'iin&.J t 'ltfafrtnul 'iir"' l•1'1n&.f11•" Jltf,.,lt'l,,._J' ifltr~J, 

"'-rn._J, 

J., . 115,6 
w.,=--~-=---=31 uJ•, 

( J~, ) 3,55 

w., 
M.11 10000 · 1200 180 

Ip= -- = :::::; 0,126 n11111J.ru..,,, Ip=- . 0,128 = 7°3S'z 
GJ .. 1 B • 105 • 115,G 1' 

Op~Gwq 41. ['t) = soa ;)'l/uJ2 /Jn&.JlW"'l'lrtJ. l"'l'J,,,,, ,1t,,,, .... J "·21.ltl wJlt

'),.,,J/, .. "l"f'"'l JnJlz';,ur/!_ f,l,,n . . ,_l l"'J""'t"'';, "-"'f'""' .. /!,,,,f'/!_ lfL'b/i9nq "f"'l"f .... J .. 
J.n'lbl'J. f,,,,J,,,l'' w} 18X80 ,;-.r· 1w+1tr nL'),b9nq n&.qqru),ft.JnL'i.J.. p) 18 Ju J. 10 JJ' 
"'l'"'J"'' .. "" tr1..1.ls9nq hfr"fll• 'l) 30 .r.r •r•J .. ,Jr .. n1.."i.lr9n'I 2r1-i.. 'I) a=30 uu 
ft.nqJ J. 't=6 UU "l"'"'"l'J. r,,,.,,.,,,,Lp J"L), n1..),b9nq /!"''""'tnLuf.r funqnifwt: 

30 
fl,_'l'l,,,,,lt.J,, .. i. "-"'r""' .. I!" f,,,,J..,r "1'"2.,,,,1! m Jlr .. n£11n1..i.1!.' m = - = 1,67. 

18 

ri-fs " ~-/r f,,,,J ""l"'"'"'""'"''ii wpJlse1'fzp /!_ '{fzr9'i.b'i.e 11-p'f "''ll"'-'""""11 ( J.1,.,,lsp
"l"lJWS" w1nif )• ~ = 0,396, a= 0,3493, wJ'l 'IJ,"f#?nLJ 

J., = ab4 = 0,3'93. 1,84=3,66 u.r•, w., =~bi= 0,396 · 1,81 =2,315 uu1t 

'rmax = 500 qq/uu2 
•• Jls1.wJlr,j l"'l'J,,.), 'lls"ll!" .. J P"'-ll"'"'l'lslJ. n{"l'"'I J,,Jb1,111e 

n&.q111"i.ft.1n&.'io ft."'l'if.111 .. ~/r r.wJwr r.1114wuwp I; M. = 'tmax W "I = :J,315 • 500 = 
= 1157 ~ quJ = 11,57 ~qilt 

cll-"I.""'"-"'-;, "-"'""-"',.e/r r...,r1,,,p 

1tb2h tt • 1,82 • 3,0 w., = -- = ""1,91 uu3 

16 16 

b. /JnLJt"'ml''1lf.r "l"l'"'l J,,J#,';,,,,l!. Mp = 500 • 1,91 = 955 ~ quu = 9,55 ~ q.t1 
d-= 30 JJ mpwJw'fJ.,j n1..1.b9n'1 ft.l"l' ft.mr4_"'.)l!f r..,,J,.p 

2tf1 1t • 1,51 

w.1= - = --'--2 . % 5,31 uu1 

I. flnLJl"'"'l'"tfr J,,Jf,-;,.,,l!. M, =500 • 1,31=2655 ~11uu =i6,55 \CJJ' 



bi_~ """l"'"l./,u, fun'lniw+.wJ.t. ewn.w+.nLUfi '1.•1'1"',)I!" ~ ... J ... p I!." .. ( 11.38) P•
>. .. d.t./t .n,_),/,),,.,_J /,),I!• 

nl'"'/,'1 
M.t= [t) 2 · F P~' 

F0 =(a - 1)2 = (30- 0,6)2 = 860 u.C2, 
.M., =500 • 2 • 860 · 0,6 = 51~ ~qu.C1 

Or~Gwq 42. flLtt111'1.'1.1nLl. '1."'1'1"'~1! n._.,,lt!J.n'l "l.n'l"l."'•J"' An'll!. tfinfuw),flnLJ 

t M.1 =100 \ q.C nl"l'n'l JnJ~),.,,. Jl"'-Jl"""l'/, Lfi 1..,pn..J I'. [tJ = '00 ~ q/uJ'i, d.ntfi 
~"'""'nL/il JnLl.p I = 2.8 u.C1 ,..,,.,,/,z ),l'"' b {1111l.nLflJ"'-'l./'1 flpn2b),I! 

M., 10000 w.t = - =--·-=26 uil31 
[ t) 400 

aJllUf/,'J/t!J npn2nLJ /,'J,I! ~ 'i:"f',)IU'1./i!Jf!' 

W,;1 25 
~=-= -= 11351 

t3 2,8~ ' 

1'1-p'f IW'lJnLUIU+.fifl npn2n,_J /,),I! m-e (/_,.,,,,,J,f'"f.nlJIUfl/i"'Jn1 )' 

m =3,96 t. b =Im= 2,8 . 3,96 = 11,l uJ'1 

lffHfU." d-lllfll 'Ml'-1 tllfrflflfil'Sll o USflfl~lfll 1. 1111.'l-Pfl 
'l-P'llllf-1?(! b'l 1.rtl l.fll,lflfll 1. OCfil'fl'l-l! 

§ 69. l!"li'l.t,ll tn1'r .t,llUtill8n'l.nMa.sn1't tbr ufHfll t 'l-b:bnrlfllBt-llati 
lfllUtit: ~b'o'll"li tbrti .t,b"l..llr11v1..brti 11an-n1'Bt1,.ll~l! 

nulfr'l IBttUl'bfJI! nL'ilb9n'l "11'fr'l.Jw1wAb. An'lfr JnJw'b 1M/1nrJ-9frw'b 
mb'lfr t nLfl/,flnLJ W ,..,, 'f/,"fJ!nLJ, /, rf'- flr.u r/.rw c:\n'l ~ \UR\Ufi9J!ntl 

mli9lin11 r.wrflnLflJnL'b'ilbrfr J/,2. ~frrwnr/_wJ h'b nulwpL19hr ~wJ 'ilrw 

wn.u'b91!fr'b nL'l'l.wr. ... 1w9 nLJhr1 
UnJw'b UIW~ wzfuwurn'l . An'l.I! unr/_nrwp.wr ~ntr/_nLJ t t;/,J.u'bt 

tlJnrJ.f! !JnLJ9 t lllW[fru, nr nLJhrfr 'bzr/_wJ .Uf.1"!JnLflJ.ufl '/-/,"f/!nuf 1"/,
~.u'bfr Wttw'i19/!(! ~nrwflnLJ ti f,/,Jwfle Jnr/_nuf ti 'i,~, 143•nLJ nr"f/,u 

orfr'bUI~ fJnL/9 t urr/_wJ nL'l.'{.Ub~JnLfl ~-ri[.uJ/! nLflh9n'{ r,,/,J.ufle Jtttr'{ 

nLJkrfr Jfr ufru111bJ1 flLJhre '1-wuwr/.nrr/_wJ h'b t;bJw'bfr r. ... J..,lwrfrnL• 

fl1wfl r.wrflnLfiJwfl J/,2_1 fJ/I/, nLJ/,rfr wnh9nL[iJwfl 1"wrf'nLflJnLflf! 

r.wJwtw+nLf'Jw'b r.wrflnL{IJnL'b tfr r.w'b• 
,,Jiuw'ilnLJ, w"l.u p..u9Jr JnnLJfr9 An'l.f! 

~-rn'I. t 'bwb. ntnrr/.bti 

~hJw'b'bbre r. ... 'b'l-frum'b11LJ /,j, ~-
nnLur/_wJ ,eflhrfr b_ J/,/!/,flwfl/,rfr wJ/,flfr9 

wr/_hi/r r.w&ufu 1"w'b'lfr"ln'l WJ'b"lfrufr t[b• 
J/,flmfl/,r, nrnfl,e (!flfnLflnLJ /,fl ~nfl• 

uU1rnLbfrw1fr ... IL ttbJh'bur'bhrfru h~n'I. t+.· 1431 

662nuf'libpe (orfr'il-~ pl, p~, Pa nLJbre 
..,,~, 143•nLJ} h, .Ul'f l:.'bznLf/b/,rf! f,.u'l.nrfnLJ /,fl WJfl J.uubrfrfl, nrnfl,e 

t,/,tlw'b/r 1"wJwr r.b'bwrw'b ,,..,, r.w'b1fruw'ilnLJ ( orfr'bw~, p 4 " Ps nLJhre 

'~· 143•11LJ )1 

.259 



U.1u"l.frum{1 t.hd-iu'i./r i/.riu iu'l.'fnLJ .hf, qflpmn.qm~ nul.hr'i. nL t;.J,f,..,_ 

riu'f.'f.hrfr fimqmq_ l}nt.Ufibpe: 't1nLfilhr/r 'fltJ.u'frnL(il JIU'f. /uil'li'rf! lnLhhlnL 

r...,J,.,r 1a'f.t.rwrlhzur (; frJw'f.iui fr'i.tUfhu iun.iu'l..fr'i.'i.hrl!• 'i.nLl'i."l.hu J.. hr~

rnr'f'i..hrf!' 
'1frriun.i/_iuJ. iururw,e/r'f. llLtfhrf! ~,.,rhifr (; r.w z4.hi1 hpa r.w 1ur'f./r f-, 

filh ~n'f.umrnL~9frw1/r fr'i.t"l.fru/r Jiuuhr hf, r.h'f.i/_nLJ r.Miu'i.fr i/.rw1 U.1'1 

phnilhrl! phr4_ru.J h'f. P (w, qq} ~h'i.urrn'i.w9wJ. nuliFrfr• M (mu, qcpIJ 
mJiu'l.nLJlfhrfr /.. t;..bJ.w'f./r br~iurnLfilJiuJp l;.wi/_iuuiurwJ..iuifr ~iuJ w'f.r.iu

i/_iuuiu r-J..iuifr ,. ... 2.fu4_-6 phn.'f.h r ,,, 
l,iui/_iuu111r111t111ifr pwz/ui/_~J. phn.'f.hrl! J_wi/ri/_nLJ hf, frrb'f.9 q fr'i.urhfl.. 

. ufri/_m.fi11wJ P• w 1u/r'f.,e'f.' r.hJ.111'i.fr hr~-rnL(tl 1w'f. Jfr1114_., r/r 4.rw [!'i.~'i.nrz 
phnfr JhJ.m(il1iuJp /,._ wrur111r.iu1mi/_nLJ _bf, m/U-ni/_ /,._ qq/U•ni/_I 

U.'f.r.iu4_uu1wrw i_iuifr piuz/ui/_wJ. phn.'i.hr/r fllimbliuflqm ppn.G~ ifrnifrn/u

i/_mJ t l!uur r.Miu'i./r hr~"'rnLfilJw'f. b.. 'i.ziu'i.w~i/_nLJ t q(x)-ni/_1 U.1u '1-h"i

J!"LJ q(x)·Z! r.wi/_wuwr t t;./;J.,,f,fr ur4_1iul ~hurnLJ 'i.r111 br~iurmP1w'f. 

Jfrwi/_nr/r 4.r"' f!'i.~'i.nrz phnfr JMnLfil1w'i.f!1
' U.u ~hr"I.• q(x)-l! r.wi/_w

uwr f° t;.bJ...,'i,fr '1-fruriur~i/_nrz ~hurnLJ dX br~wrnL(dJw'f. i/_r.u f!f,~'f.nrz 

phnfr JhJ.nLfil11u'f. /.. Ull'f hr~iurnLfil1111'f. t..urwpbrnLfil1w'f. u111r.Jw'f./r'f.1 

t~, 144 a, 6, b• nLJ phr4_wJ. h'f. r.hJw'f.'f.hr/r Jfr ,ew'f./r op/r'f.Ut~

'f./yrl 1'rw'f.9/r9 wn.wfir'i.l!, Jfrtr.iur~iu1f'i. J.wJ.~/r r.Mw'f.l!, phn'i.w4_nr4_wJ. 

'lo< f21JO Wu 

f" q = 200 qq/tl" t;.iui/_wuiu

rw l"'"' pruzf•i/_iud- phnntf.. 

hr~r"r'fl!' 0-/rs Jfr'i.tb.. 
Cfo = 1200 qq/u ifrnifrnfu

i/_nrz q(X) fr'i.111h'i.u/r'1_nL

fil1m'f. 11L'i.b9nrz hniu'intJnL'i. 

phn.11i{ ( pp/r -G.'i.zJ wJp) 

p.hn.'i.iu4_nr4_iu6 iuJpiup-

ur ... ~fr ~"'f,'lf,..,~ t· hr

r"r'fl! ~-Jrr_/r 'ltfuiui/_nr 
t;.bJ.w'f. I;' phn'f.wi/_11r4_iud-

l"'lb .e-r z/r w'i.frfl!!.hrfr 

b.'i.znd!i.hrni/_1 

'1,w,n'f./r un.'f./r'f. /rrh'f./r9 'f.hr~IU 1w9'f.nLJ t iu'f./ri/_'f.hrfr i/.rw t;.h'f.

'1_LUb b.. 1aruu'f.9,ewurn;_ifrhrfr -G.'i.zndlUrni/. phn.'i.iu4_nr4_wJ. r.Miu'i.. fr'i..e

f,..,[ilfn./r P"r/r ~w'l.Jfr Jhr_ Jur'i.nrz r.M ... f,'f.hrl! hni/_nLJ hf, o'ffr -G.'i.znLJni/_: 

U.nw rJ-Ju ~ntund&iuufr riF'f.J! LU 1'i."l.fru/r r.hd-iu'i.'i.hr' nrn'i.,e P-4.-
r-rnLJ /;f, t.hmh.Jiul ULUt;,J..,'f.iui/r111~nLffi.hrfrfl, 

1
) q(x) 1'2w1'w~n._afl! f1nLJf1 t "'"'{"Uj ncr ['""-!! f1'm/,1'uf!1n•f/JnL,,.,, WJU 

7buu~nLaf f.w1''fl!UUl,,nLaf t X-1! !/tnL"zt~!JfUll 

~6Q 

1) l\hJ.iu'i./r ~urr4_w6,e'U nLt/r 'lntb Jfr r.wJiuJ_wfn•fiJ1wt wnmt9,e 

(ii~· 145 )· f, 
2 )pni"r wrurw.e/r'f. nLrfhrf! 'lUl'f.i/_nLJ b'f. f,,/;Jw'f./r r.wJwJ_wi/rnL(tl1w 

"'1'1 r.wrfilnLftl1wil Jhr_1 
t,h'f.wrw'i.wi/r'f. f.w~"''l.'l-"d£hrf!• f.wi/_wuwrw~znhini/. r.hd-w'f./r i/.rw 

Vrurni/_wJ. wrurw.e./r'f. IJLtlhr/r'f.1 'i.m 1'f.UJ.hu 'I-"'""'"" r4_wJ. ~Lfr'i.h'f. 'i.nLJ'i. 

r.wrf1nL(tl1w'f. Jhr_1 z 

L,bliwpwliwJflG lim- OJz I11: ~z A r:::b, 
lfwq_qm--tl"Ghpe r.wz4_hinL ~ , j . z.I 'f lJl U 
f.wJwr "l.hur.e t nLund£w-

60 

ufrrhL f.Mw'f.'i.hr/r f.h'bw-

rw'f.'f.hr/r ~wnm94_wJ. .el!' ·1+ U.5: 

u.,'1- t.h'f.wrw'i.'f.hrl! uni/_n-
rwp.1ur UJ.IUUl~w'f.nLJ bf, t;.burh1iui hrh.e urfrMJ.hrfrs nr£t Jh~{-'f., 

w) w'f.zwrtf-r.n'flU~WUfWJ/r'f. f.6'f.wrw'f.. 

p) zwrJw~iu'f.•r.n'J-W~IU"f.W 1/r'f. f.h'f.wrw'f., 

'l) wJrw~94_wd- 6wJr' 
UGzwpd-linqwqwuiwJflli libliwrnulie ufuhJa1Jw~w'il ahni/_ "1."'ur~br-

i/_wt> t f,~. 146-/r A ~hurnLJ1 U.1'f. r.Mw'f./r t;.h'f.wrw'f.w1/r'f. ~111 r4.wJ..efr'i. 
f,'f.wrw4_nrnLfl1n1..'f. t uriut}ru W'f.WU1 UJ.Ulllli/_hl t,/;'f.wr1U'f.w1/r'f. ~urr4_w6J!fr 
J-w'f.rmfil ,.,,f, A ~h'i.ur rn'i.11LJ urh .. wi/_n r4_wJ. f.n'l-iu~WU[/r znLrfl!, ,. ... J!J 

wr'fh[nLJ (; Ull'f Jw1r/r r.wJ{!'f.[ilw9 urbrzwifrn/umfilJnL'f.'f.hrf!I u.J'I- '1-fr
Jw'J-rnLfilJnL'f.'j, wrurwr.w1ur4_n1J t l;.h'f.wriu'f.1111/r'f. r.w~W'f.'J-nLJni/_1 nr(!_ 

t;.L'i.t.uriu'i./r!J f.n'l-w~w"i/r Jfr'l..n9ni/_ ifrnfuw'i.9i/_nLJ t r.hd-w'f./r d-w Jl'fr'i. /,._ 

'fUlbi/_nLJ t wrurw,e/r'f. 11ufhrfr 'f.hrtnrJ.nLP1w'f. r.wrftln•fd1w'f. J~f_I 
1/h'I. f.wiur'f./r I; Jfrurl'i. "'1'1- r.w~"''l.'1-Jw'f. ~frrwntlw'il ~hm[! r.n11w· 

~1.U"f.f!i Jfriu~ ~hur[!• nrurh'f. f.hJ.w'f.'f. nL t;.b'f.wrlU'f.[! t;.U/.i/_nLJ /,f, frrwr, 

l'"'JS t....iur'f./r J..h'f. n' l. r,...,~..,'l.'1-J..,f, JhhnL[ilJnL'i.[! /,._ lrJ_ f°L 'i.rw nLrz'lm

{tlJnL'i.f!' 1-rw r.wJiur f°L Jfr211r "'1'1 r.h'i.wrw'f.w1/r'f. r.";~"''l.'f"LJ{! ~+~; 
fu..,rfr'i..hil.e 'i.rw hr~nL P"''l"''lrfrz.'i.hrn4_, nrn'i.9/r9 Jh~[! HA-'f. nl'l'l.4-
t t;./;;Jw'f./r iun.w'f.!JJ!""-' fru~ J111<u[!' A-'f. nLrzrzi/_iud- t f.bd-w'f./r ... nw'i.9,e/r'f. 

nLrz'liur.IU llU!JI U.'f.ziurtf-r.n'J-W~IU"f.LUJ/r'ii f,h'f.iurw'f.(!1 WJU urhuiu~hur /r9' 

ur..uifru I; l!"ur JbJ.nLfilJiu'i. hr~n< wV.w11n r,,.,~"''l.'J-nLfliihr (A b.. }h)1 

liwpdw~wfi-linqwqwuiwJflG libfiwpwfie, pw9/r UfururnLJ/r9• filnLJl 

I; urwlfru 'f.wb.. "''l."'ur 111h'liuifrnJunL[il JnL'i. t;.iuJ "'"i"'"'111ufuiu'i. nLrz 'lnL

fil iwJ p {'f.~. 146, B ~hurl!)' 1l1u"l.fruni/_, 'J-frurwr~i/.nrz t;.b'f.wrw'i.[! mp
qbip. };- fiwpnt.gnt.U JfriuJ'f. nrnziu~/r nL'l'f.nL[il[iu'f.(! nLrzrzwr.wJIU!J urb

rziuifrnfunLfilJnL'f.'f.h{'/r'f.z Urw'i. r.wJw"l.wurwufuw'f. IUJU"f.fru/r r.h'f.iuriu'i.fr 

f,w~iu'l.'1mflii w'f.s'i.niJ t r.n'fw~IUU[/r ~h'f.urr.,'i.ni/_ /.. nL'l'l.'1.wJ. t t;.h'f.w

r,;,'f./r W'f.IUU1 urhrzwifrn/rtnt.f' 1w'f. nLrz'lnL[l1w'f.f ( um/nc1wpwr r.hJ.w'f./r 
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1Un.wL9,efr'b} nu17_wf .. u1u191 twpdw\wfi 6nqw~WU{UIJ jiu fihliwpwlie mnt 
(~U l tC~wJfi tC~ wlifiwJm B fiw~wq_qnLU! 

w/.hrp_wUf/,UJ (,/,Jwfl{r wJr111biJ.w.J Jw1rfr 'J-/,"fl!nLJ l;,/l'itwr111fll 
111r'lhl.e t f.w'b7fruw'bnLJ mJhrft 'ilhrynrJnL{i/w'b r.wrfJnLfl/w'b J/,'l. ,..1~ 

IA 

(~A kA 8 
~i '?- I 

I 
A I 

,,.~ 

i+. 1411 

Uu11r/r 9wfl't11191Uc} m/,7wifmfunLPJU1flf!.I ll1fl ft111rn'l t UU1w9tf/,l wflz-rJ 

r.n7w'tw"lw1fr'b f,bfl111r 111'bfr9 r.n7w't111"'1fr iJ.hrw9Jw'b Jfrp_n9ntf (f.'t• 147 )1 
w/.br,..9flblniJ. l;,n71U't1U"'Jf!. Jhf,l! wr'lhlJ! bfl,e l;,u1rnL9nLJ f,/,Jwfl{r 

J,..1r1U1{rf. 'turrtfwJ,e{r apnu\lfwlie' Jm9flnLJ /,fl,e flnr f..w't1UnnLJ, nrf!. 

""""'e t ,..ryhlfr ,..1'1 "'JlllurnLJ f!.• w1u"'lfrufr r,..,'t..,nnw 't,..rn'l t Lfr'bhl 
Jfr,..Jfl nu}ruq_oLJqe: flLuuifr libb-mfi~ WUpW~!:Jllwb- c)-wJpe UIW(~U ); 
bpbj! wlifimJln fiw~wqqnd' t,/,J..,f,{r ,..n.,..f.9,efr'b ynu,.ur.bn. HA P•'l111• 

'lrfrw· wn.w'b9efr'b nL,,,,,.,r,...,1,..9 A ,. ... ,, ... ,,rfrw ' MA (,J,f,..,r,..flw1ft'b 
JnJh'bure.1 

~J,J..,f,l! 'twrn'l t t;.b'biJ..bL -'bziJ.w6 urfr"'lhrfr J/r zwr.p t;.J,f,..,r..,flilbrfr 
1frw1 l1.1u"'lbu, 147 'il'twrft tfrw "'l'uuifturiJ.wJ t Jfr awirniJ. wJr..,'tl!s· 
1.IUa l;,/,t}..,f,, 146 fl'twrnLJ' t;,/,c},..f,, nr{! Jfr J,./rnLJ tn'bft w'bzwrJ• 

l;,n'J-IU'tUl"'JIUJfrfl t;J,flnLJ, fruit JJnLU <}.., JrnLJ' z.w rJwitwfl-t.n7w'tUl"'JUIJ/rfl 
t;/,f,nLJ, 148, a fl'tlUrntJ' flnL1fl t;,i,J..,f,f!. Jfr1U1fl J/,1..Ul/,'[nW /;/,floJ.wJ /..u 

J{r 2,..rJ111ftw'b r.n,, ... 't,.."'l..,lfr'b t;./,fl..,r111'ilfr tfr111• 148, 6 fl't,.,rnLJ' Jfr 

t},.,lrntf wJr111ft9tfwJ /,. Jfrp_111fl'tJ111l ftuiriJ.w6.pflbrfr9 Jb.ft11LJ zwrJwitwfl
(,n7w't,.."'1111/pfl t.h'bwrwilfr .J.r111 t.b'bt[wJ f,J,6..,f,1 

r L t. ('~; .I ~ ' • If HA ' a; ~ 
i+. 1481 

ll1u f'nlnr "'Jlllur'thrfl/,rmJ f/nLJ9 ufl urrtf111t) w1fl /:,/,flmrwflw1frfl 

f,IU"Ul'f.'lnLfJi./,rf!• nrnfl,e f,bflwpwflw 1/rf. J wuhrfr 'twn.nL9iJ.wtl J?/r ft111Uf1U't-
9nLfJ JU1J p1 'twrn'l /,f, wn.wp_111'b111l, bpb t;,ht)w'b'bhrfr iJ.r111 111r 111..,.,Jtfl 

nul/,r Ul'f.'1/,f,, Ul/'1 nLJ/,rf! 'JJlll'Jr"rft 1.rw 9m19 1_/,f, urraf.-61 

IJ.'j,f;Ul/Uf t.w'tUlf.'lnLt//,lip[! nrnzhfnL f.111J111r J/,fl,e lllftlll'l_/rfl /:,/,rfJ/r'il 

.~°'l"'IU'lnrJA'b,e UUIUlurfrft-1/r f.w.J.wuwrnLl/l,L·re.• nrnil,e wrur111r. ... ,.,,nLJ 
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h'b ... 11' "lw1Jw'bl!, "r t.bJ,..f,l! 111Jpn'lln1/~'h .J.br9iJ.wtJ· frr i/.rw ~/rr"'""' 
1fu1J pntnr wruiw,efrfl nLJ/,rfr J. r.w1tw1nnLf/l,/,rfr Ul'f.'J-/,f/nL[il1wfl •wit 

'lui'btfnLJ t r.111iJ.wuwrw'tzn.nLfJ1w'b Jhz.1 1'w'bfr "r ,..,61 pntnr nLJhrl! 

'lui'btfnLJ bf. Jfr r.wrfinLfl1111'b Jht! ..,"I.., 7rw'b9 t;...,J..,r 'twrhlfr t 'lr"c 
hph,e r.wt[wu111rw'tzn.nLfJJw'b l;,111o/_wu111pnLJ1 ll111"lfruntf, uuiwmMw1/r· 

"l ... ,J ... 'b'bbrfrs r,,.,'t..,'l.'lndlhbrfr nrnzJw'b /u'b7frrl! lnLtJhlfr t U~WJfi bpb1 
..,f,t;...,,. r,..,'t..,'l'lndl£hr/r ..,~,.. JnLfJJw'b 7h"l.enLJ1 

11.1u"ffruntf, UI /fl f,/,c}..,f,fl/,rf!> nrnfl9 f,/,'bwrw'ilfl/,rfr 'twn.nL9o/_w6 ,e{! 

uiwtfru t hrh,e r,..,'t,.,'l'lnul {'bit• 146-147 ), r.w'b7fr11w'bnu! 6f, umm;.. 
m~~npbfi nrn2bt~ fibb-wlifibp: UuiwuiMnrhil nrnzbLfr r.M..,flilbr .bil 

t;...,'b'lfruwilnu! f,..,/,. J{rp_wil'tlwl r.n7w'tw"lhr nL'ilh9m1 pw9Jw[ln.frl.l! 

( P..,'l.J..,t;.J,fl..,r..,fl) t;.J,J,..flilhrl! {'bft. 149 )· ... ,,,"lfrufr r.i,.J..,fl'ilhre. 't,..r"'l 

hf, pwJ111'btfbl f,{rllbw'tw'b UlllUllll/r'tnrhil nrnzhlfr f,J,J..,f,'bbrfr ( A-1 ' 

2-3) &. 'tw/uniJ.fr ( 1-2 &. 3-D )• ...... ..,p_fr'bilhrfr iJ.r111 r.n,,,..~,.."lhrfr 
Jfr'l_n9ntf f,/,fliJ.n'l t;,ht},..f,f,/,rfr1 

IJ"b,..9,..J t;,J,J..,'b'ilhrl! iJ..br111rhrnLJ bf. ummm~~npbfi wfinpnzbt~ 

t;,/,J,..f,f,/,rfr 'tlUr'J/rfl, nrn'il9 t;,,..zi/.fr r.wrs0r/rfl fliJ./rriJ.IUJ /,f, t;,lllUlnL.ft 

'flllLJu'ilhr• 

H11-..~(..,,.li--11 ---<9~l-P -+:~,_J;"""'. , .... , -i .... --, -11,!tl-IH..._ji .... uJ:,-.J.J,.,, 

11.-<t-I-: A __ .... 9 __ i_P ""1..~-;i"*, e.__~ -!_,._c_. -..? 1111 
tt· 1491 

~b.J,..f,fl/,rfr t;J,f,,..r,..flilhr/r 'twn.nL9t[w6 J?t!·~~frrwftw'bnLJ n I. J/rz.111 t 
t.uul1u"'l111u1wu/uw'bnul 146 /,. 147 fl'twrilhrfl r/rw "l111ui'throf.w6 u[Uli~ 

J1uil&rfril1 11.1'1 "l"'ui&wn.naf., u'tuhtnl/. f,/,Jw'bfr. l;,111z.tfwr'tfr iJ.brwp&r1wl 

J11'b11-r/r LnLJm_JI!, "'""'./! t · 'bwJu /,. wn.w'l_ nL11nLt//,wufrrhl• fib fr'bt"'lhu t 
'b1ufuw'laiJ.wt! ... 1,, f,/,Jw'bfr t;.J,flwrw'b'ilhrfr 't,..n.nLsiJ.111.!,el! /,. 1111'1 t.h'iliarw'b-

f,/,rl! -iJ.hrwyrh1146 b. 147 'il'twrilhr/r '1.r111 UfUlur't"r.J.w6 mfr"'l"rfrfl nr&.t 
Jh1tJi'b1 

flw'bfr nr l;J,Jw'bilhrfr 61MfmrJ,..9{r111ilhrl! un.J.npwpwr z111ui 1/rn,er 
h'b &. L111rndR·hrf! yui'b.J.nw h'b ..,,...,a., ... ~..,'bn1..p, ... il .. ..,r,J,..fl'illrrnLJ, 

"'""' £! t "'lwr'l."l • fib f,/,t)w'bfr l;,/,flwrw'il'bhpfr 't,..n.nL9'1_wJ l!f! pnLJL t 
ur111Lfru ¥-nth n l J/,c} "lui"'nL.! 't111J 1nh'l111ifrn/unL[l/11L'b. 1111u 111r1h'b pw

i/.a1't1u"b ti nr f,bflwrwfl/! t.wJwrbile r.n7wltlll"'JIUJ/ifl 1t111J '2111rJU11tW'bt 

bfJh Jb111111'lw'twii 't111J tf11111ur1• r.J,J,..Lfr t),..lrf!. Jur9t[wtJ t . "'i/./nLu/r 
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lilf"'ur/t Jht_ ;,1. JU (u11rnLPJ,,,Jp, "'"I"' 4wrhL/r t f.,,,J,,,r/,L J/rwt'I' 
Jw 1'ii f:,,'iJ,,,rw.Jnr "'l'l ,},,, 1r/r w'ii'iizw'ii "iururndlbbre• /,_, t;hurkwpUJ 

r.wz.Jwr~/r J-wJw'iiw~ w1'ii f!'ii'lm'iihl nr"i"" r.n'l"'~"'"i"'J/r'ii t;b';,wrw 
U I" "i/r11n.J, w'ii!J'iih Ln4. t;bJ w'ii/r t;b'iiwrw'iiw i/r'ii t;,,,~"''l.'lndlbhr/r n rn 

Jw'iie, "ih"'IJ t 11(ubJw1w9'iihl t;b'iiwrw'iiw1/r'b Jwubrl!• /rrw~w'ii ~n' 

11urrnL~9/rw'ii 1'n(uwr/r'iihln4_ 'ii rw'ii wJb'i./r9 w.JhL/r zwm J nur u(uhJ w I' 

•) 

i 
l+ 160: 

(ii~. 146 /,_ 147 )• 

flr"ib" or/r'iiw~ '1/rurwr~M 
4.w'ln'iJw 1/r'iJ un'iJnL W z(uwurw'iJ~ 

(ii~. 150, a)r A "- B ~l.urbrnLJ 

un'iinL'ii .Jw'ln'ii/r f'w1'1J/r9 +n(uw'ii9-
4_nLJ h'ii P nL<lhrf!• C "- D ~hurb
rnLJ UIJ'f 'iJ11L1'iJ -6.'iJznLfJblzrf! +n

(uw'iJ94_nLJ b'ii nblubr/r'iit Ub'iilJ 

~wrn'l b'ii./J un'ii/r'ii '1/rurwr~bl nr
"ih" t;b.t,,,'iJ (ii~. 150, 6 ), nre A 
/,_ B ~hmhrnLJ pbn'ilw.Jnr.Jw<t t 
P nL<lhrn4. "- C nL D ~hurhrnLJ 

m'ii/r f:,,b'iJwrw'iJ'iJlzrz ~wr9 t WllWt_W'iinu/j llr tn/r"iwrw1/r\ 11(u/zJw1/r'iJ .Jb

r"''lrb'iJ,e "'I" t;b'iiwrw'ii'iibrf!' 
Uiir.rw<lhzur t "i"'r'l.bl, fib /r'iitfr'ii t (uw'ii'lwrnLJ £. /r'iit t pnLJl 

"'"'L/r" "'l'l f:,,b'iJ,,,rw'ii'iihr/r ~n'iiuurrnL~ur/r.J ~wnnL94_w.t1Jf!' Urt;,,,J,,,rt;b

Ln4. l"'l'iiw~w'ii nl'l.'lnLf'1wJp w'ii/r4./r £. nhlu/r J/rt_"- ,,,,..,1.."'fln'l. z+nule 
/,_ /r 'iJ~wur/r wn'iJbln4. Zft_W~n'llzr/r W1l~w1nLf'JnL'iif!1 ~wrn'l. /z'iJ~ WUbL1 

nr IUJU f:,,£';,wrw'ii'iJbrf! 

1) wrtlzL-B b'ii r.wr11LfJllLJ un'iinL c /,_ D ~burbr/r nL,,_,,_,,,a,,, urbw 

'l"'+n (unLfl JnL'ii'iibr/r'ii• 
2) "'r'lhl.e h'ii t;wrnL9nLJ wJpn'lt. un.'iinL urb'lw1'n(umf'1w'iif! r.n

r/r'l.n'iiw~w'ii nL'l.'lnLP1wJp, 

3) pnLIL"'"'rnLJ h'ii "'l'l ~hurhr/r t;wrwphrw~w'ii JnurhsnLJ "- t;J,. 
nwgnLJ. 

4} flnLJL"'"'fnLJ b'ii un'iim t;b'iiwrw'iiw1/r'ii ~urr.JwJ-ll\br/r "if!"'
urnLJ'iihrr 

U1u "i"'IJw'ii'iibr/r'ii ~"'r'Llr t P"'4."'r"'r"L• C £. D ~hurhr/rs Jh
~nLJ 'f'iJ/zln4. w'iJzwrJ--f:,,n'JW~W"l.W 1/r'iJ1 /ru~ J1nLunLJ zwrJ-w~'iJ-f:,,;,'JW

~Ul"f.WJ/r'iJ f:,,/z'i,wrui'iJ, /r'iit"fbu 11(ulzJw1nr4'iJ 9nLJfj t urr.Jw<t 'iJ~, 150, f5•nLJ/ 

u urwurM .. rb'ii n rn zh L/r t;b.tw'ii'iibrnLJ t;b'iiw rw'iiiµ 1/r'ii t;,,,~,,,,,pLJ
'iJ/,rf! "rnzhLnL t;,,,J,,,r Jb'iill ~o'lur.Jh'ii~ t;w4_wuwrw~zn.1rLflJw'ii brb./J 

f:,,w.JwuwrnLfJblzr/r91 cs.,,. nrnLJ nr"flzu X wn.w'i,9./J ~f!'iJ'JnL'iJ/,'iJ./J f:,,£.}w'iJ/r 

wnw'ii91J{!, nr"f."" ~nnr'l/r'ii•ur'iihr/r "~'l.l·'i.w~b,,,' t;b'iiwrw'iiw 1/r'ii t;n'l"'-
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~"'"f"r/ts Jb~/r ~/J'iJurr11'iif!1 /tu~ y IUIUUf,QIJ/! ~nL,,_,,_J,t_p nl 'l'lwJ.J.f 

'I'"'" 4."r, 
"bw(u ~"''l.JnLJ h'iilJ x wnu1'ii91J/r 4.rw pnLnr nL<lhrfr "irn 1b~9/rw-

'iibr/r pLJwr/r 'l.rn L/r'iiblnL "i"'IJ"''iif!' t;b'iiwrw'iiw1/r'ii t;,,,~"''l.tpl"''ii r.n

r/r'l.n'iiw~w'ii l'"''l."''1-f/rJ..[! nrnz/,lnL f:,,,,,J,,,rt 
nL'l.'1."'a,,, P"''l"''lr/rt'ii nL t;b'iiwrw'iiw1/r'll JnJb'iiure nrnznul b'ii1J1 

~"''l.Jbln.J f:,,£.}w'ii/r nr"-t hr~nL ~burbr/r• un.Jnr"'P"'f f:,,J,t}w'ii/r t;b'iJwrw

f.,,,J/r'ii ~urr.J"'<tlJ'iibr/r .tw'iirnLp1wii ~l.'iiurrn'ii'iibr/r 'iJ~,,,,,,J,,,Jp P'!Lnr 

nL<lbr/r JnJb'iiur'iihr/r 'lnLJwr/r 'l.rn L/r'iihlnL "r~nL "i"'IJ,,,'iJt y ,,,,.,,,iJr 
"" 4.r"' pntnr nL<lhr/r "lrn1bb/rw'iibr/r pLJwr/r 'l.rn L/r'ii/,LnL "i"'J
Jw'iie w.JbL/r L"'4. t f'n'l'iibl ~wurwr.Jw<t t;wz.JnLJ'iihre uurnL'l'L"L r,,,,,_ 
Jwr• OIJ'iJ "flzlDIJ ti 'iJrw Jbt_ f:,,£'iJwrw'iJw1/r'iJ f:,,w~W'1.7_nL1fi1£rfr wr?'iJ 

nrnz4_wt} Jbt}nLp JnL'iJ'iJlzrf! ur£'1."''ff£lnL9- f:,,£urn, 4_brwtt4_/r 'iJnLJ'iJnLf'Jwflt 

U/rt_w'ii~l"'l r.n'l"'~"'"i'r nL'iib9n'l. t;b.tw'ii'iibr/r (wJwr 'iiw(u '1/r
urwr9nd b'iJ./J ~w(u.J.wJ f:,,£,}w'iJ'iJbr/r f:,,w4_wuwr01~lllnL[iJnL'iJ(!1 ffW'iJIJ 

'J/rurwr~lzln4. nr"i'" lzr~nL f:,,£'iJwrw'iJw'iJ/r f:,,£Jw'iJ'iJlzr1 /,_ 'lur'iJnLJ b'iJ./J 

'lrwii9 t;,,,~"''l.'lnLJ'iihre' Un t;,,,~"''l.'lnLJ'iibre r.w.Jwuwrw~znnLJ h'ii 

t;n'l"'~"'"lbr/r J/rt"fJn4. ~w(u.Jw<t t;bJw'ii'iihr/r!I f:,,/rJ'iiw~w'ii'iibr/r'ii +n

fuw'iiu.Jn'l. -6.'iiznul'iihrf!' CJ./rurh'iiwln4. -6.'iiznLJ'iihrf!• 'lur'iinLJ h'iilJ t;/rJ'iiw~,,,'iJ 
t;/,.tw'ii'iibr/r t;,,,~"''l.'lnul'iibrl!. ( urBu § 73)t 

§ 70. ~urnMJ"'libP~ f\'liOflSfa'~:z.b'o'U'\inMf: trll-0'1. \ffilfb'liS 
t'l 11srn'l. nt'-d-

~wz.Jwr~w1/r'ii 11(ul.Jw1/r (!_'iiurrnL/iJnL'iJ(!_ /,. f:,,£'iJwrw'iiw1/r'ii f:,,w~W'l_
pLJ'iibr/r nrnznLJ(! b'l.r"'+w~nLJ b'iJ f:,,£.tw'iJ/r t;wz4_wr~/r (u'iiff/r wnw

r_/r'ii Jwue' t;bJw'ii/r .Jrw "''l.'1-n'l 

WfUIWIJ/r'iJ nLJ-lzr/r nrnznLJ(!_l 

U1J-J ~wrhi/r t ,,,iJ9iihL r.h

Jw'ii/r ~urr.Jw<tlJ'iibrnd pr.tn'l 

l"'fnLJ'iihr/r nrn'iiJw'iie· uw ~L/r'ii/r 
t}Jw'ii (u'ii'lr/r LnL.tJ w'ii r.wt_nr'l 

.,_,,,Ill!.' 
flr"lhu 'l"'urn'l.nLp 1nL'ii'iibr/r l+ 161: 

B 
8 

J 

wnwr~w 4_lzr9'iJb'iJ./J /rr lzr~llL Jw 1-
r'rn4. f:,,n'fW~W"fnr£'iJ-f:,,£'iJ4_wtt /,_ Pl': p 2, P 3 nLJ-£rn4. p£n'iJw4_nr4_wt} J/r 
t;b,},,,'iJ ('ii~. 1!'1 }1 HA t;,,,~"''l'l"LJ (!_ pbn'iibr/r ur.Jw<t 11/ruurbJ/r fb"ilJnLJ 

r.w4_111uwr t 'l.rn1/r• /ru~ A /,_ B t;,,,~"''l.'lndlbbre nrnz.JnL_J b'ii JnJh'iimw 

'j,lzr/r f:,,w4_wuwrnLfJblzr/r9• W J""f/run.J I WflllWIJ/r'ii nLJ-hr/!_ r.w1ur'ii/r J.'iJt 
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l111rndlUre i.IUz4.lrLllU "I.Ir"'$ f 7ur\lrl i.M ... 'il/r tl_mwG.qmtlnp turf!.p~ 
i/_1U6J!f!.• nr/r Jfrp_n9ni/_ ifrnfu111';,,94_n1J Ir';,, mtfbliwub~ L1UrnLl&lrre1 '1-rw 
t,,.J..,r Jlrftll "I.Iran-I? I; uan111'i1111'i,,ll iufo"l.frufr ,. ... r;.,111a/..lrr1 nrn'i,,ll f,'i,,111-

rwi/.nrnL[iJ JlfLft /r'i,, UllUlfru r.111 z4.lr1 1111rnd//,/rrf! 9wfty11191UJ. ftanri/_1116.[!nLlf 

( orfrftwy, 2-2 fJlrll "-"'r4_ ... 6 .enLJ )· 'lr"''i,,fr9 r.lrann ft-rlrtfr "-1fr'i,,fr '1111';,,lrc 
b.' i/_urw'i,,71Ui/_nr fturryw6.[!l!.• £' 1U.llrftwJlr6 llUrnLJf!' 

tlU/u uni/.nrh'i,,J? flwz4_lr1 IUn.W'i,,9.[!frft nL'l.'1.IUr.IUJW9 fturr4_"'6J?'i,,lrrnLJ 

'tnr6n'l. Lwrnd&lrrl!· ..,,r;.,,,,_r./rur£.' 11Bnw'i191lfr'i,, q_nLflUr./rn. fturriflU6.Jl'illr

rnLJ, £ IU"f.IU' flau'i,,qw9au,} ftanr4_wJ..Jlna.J1 ..Z.lrr9'i,,b'i,,,/l 1Utt1Uf.f!J!fr'i,, nuz.

'[IUf,,UIJIUfl Jfr mn fturr4_w61!, nrfr 0 ,}..,'i,,rnLfl1w'i,, ylrfturrn'i,,l!. A111fu r./,

r;.,..,rt11'i,,w1frft 6w1rfr9 7an'i,,i/_nLJ I; x r.lrnaui/_nrnL{JJ..,ft 4.rau1 U.1'1 ftanri/_aul

l?nul 1.urnd!Ure r.wzi/_lrlnL r.1UJ111r 'lb'il 79b'i,,ll r.lr6w'i,,fr Jfr J111ue £. 

f&w9111tt Jwufr i/.r111 ftrlU lll'l_'l/rflnL{JJnL'i,,f!. ifrn/ulUrfrft/rft/! nrn'i,,/r1/r!1w

rndlizbrni/.1 l,111zi/_ndl/,/rrf!. "f.1111rq_/r9ft/r1nL r.111J111r Uf_/rln.Jl I; fln'l_fthl r.h-

6wftfr w1ft JwUf!1 nrfr 4.r111 wi/.hlfr .[l/rJ. nLJhr -'ft "-frrwn4_w6, llli/_JIUl 

'fh"'f.J!nLJ' A111/u J111ue1 

l,lr6111ftfr fln'l.'il4.111d- a.u.fu JIUufr 4.rlU (';,,ft. 152) mn fturr4_111,}llfr 1nL

r1U1Jw'i,,11nLr ftlrur1JLJ ftwq_,,./rft lwrndfl.'1r1 nrn'i,,,/l 1!.111rlrlfr I; 'i,,/rr~u111111u

'i,,/rl 'ilnrJ..,l o b. z.nt.wifrn'I. 't f11U'l.111'lrfrl'i,,hrfr Jfrt._n9ni/_1 U.1u l111rnul

'ilhre lf.wi/_wu111rwft2nb'i,, fln'l.'i,,4_1Utt Jwufr 4.rw ftfrr1Uni/_w6 A· J.. P1 

nLJbrf!.1 11.ranw.Jlfrft lfLJ/,rft HL llllrnd/l.lrr/! 

Jfrwufr'i,, "-111q_JnLJ h'i,, nulhrfr mwr1U6111ft•'i,, 

ufrumbJ, nrfr r.111J1Ur ftwrhlfr I; 11.wq_J/,l r.w

i/_wu111r111ftz.ttnLfilJIU'i,, 4_49 r.1114_wuwrnLJ1 

tt• 11SIS1 

!47urblni/. w1u r.w4_111uwrndAlrrfr9 'lui'bb1 
o £. 't l111rn..tll.brf!.• Jh'hll 1nLrw1 111'i,,unLf' 
ftanr4_1Uttl!fr r.wJ111r (x-fr rfnifrn/unLfJJ..,r;., ,,.,,..,_ 

J!"'-J) Uf.h"'ll t ftnr/rs ftw'l.Jbft,e t.1114_111uwrauft2n.nLP1111'h r.1114_wuwrn'-"• 

"j,/rrf!.1 .[!Ulftp nr ""UllUrfti/.n'l. J1Uufr 4_r111 lll'l_'ln'I. IUrUIUl.Jlfr'i,, nufbrfr 

ufru111bJf!. ftnLJ'bf!. ttr lfr'i,,fr1 Orfr'i,,w~ P2 "- P3 11Lrlhrfr Jfr1/.. 'lur'i,,i/_n'I_ 

"-Ulri/_w6l!fr .f,,1UJ111r a111/u Jwufr 4_r111 'tfrrwni/_au6 yJ]rfthft n1_ (ii/, hrftnLr 
111ll 111r'lh'i,, "r"ll m .. Jbr1 

a-fr J.. t:.fr r.wJ111r x-/r 91U'i,,ftw9w6 111rrlhll'i,,brfr 'lh"f../!trLJ UfpanlULfr 

f!.'i,,'lt:..wftnLr p111'ilwa/..br UanlllftUllnL r.wJIUr r....rJ111r b nr"f.buq_fr fln'l.'hf!"' 

4_w6 J111ufr 4.r111 W'l.'ln'I. WrUIW./!fr'i,, lfLJlrrfr ufruurbJf!. Jfrz.UI lfr'hfr Jfrw 

•rfrft1Uy1 umwGqwpm U1b111J!fr' 

-/l1111'i,,fr nr WJU ufruurhJf!. "11119J4_au6 t Jfr t.111rflnLfil1w'i,, J/,l pri>n'l. 

n1.Jhrfr91 •UflU 'w1ft "frzur ftwrhlfr I; rfrn/uwrfr'i,,hl nr£t ftbUln,_,/' phr
Jwft ftb'h111rn'ilnLJ 't/rrU1n.i/_w6 Up 01-dO~ A nl.JIU'[lfLJpi/.• J1111uft1114_nr 

,_h"ll!'"-J 11Lrl[! ~wpn'I. t r.1114_wuwr Lfr'i,,bl 'l.rn1/r1 Uw tl r.hft9 ~lfrftfr ,.,,,_ 

~ti 

c Lf, J.. JLJ..ftnLJ'i,, ,j111Jw'i,,w" Jfrurfr'iiwft urltul!/r nuf111ufruurkJ, 
4..,"-111 r1c· "l.., rt ,. 
nrfr'i,, dp2w "111rlrlfr t plrrlrL r.Mw'i,,fr pn'l.'i,,i/.111.t JulUfr i/.rw 111q'ln'l. wr-

111..,l!frr;., nLJlrrfr ufruurlrJf!.1 
flr"'f./ru plrrJw'i,, y/r'i,,urrn'i,, um/.nrlllfllUr 4_lrr9'i,,nL.J b'i,, 'lfrurwrfti/.n'l. 

y111r4_111,}l!fr 6w'i,,rnLfl JIU-;., fth'i,,ur

rn'Lf!' nre· /rftt"'llru fturlru'i,,b'i,,I! 

'-""'"''l"'JnLJ, 'l.'1111/frnrlrft "'i111r
'lb9ftnLJ I; a-fr U. t-fr r.111z4_w1fr'i,, 

r111r;.,111au.1rrf!.' 

1 r-o, r-o ptA 

Di-

n a Rl--~------,o 
:1 -- A. 

~- ~ ~ l,Mw'i,,fr 'ffrurwrfti/.n'l. a.IU/u 

JwunLJ 1/1nfu111rfr'ilb'i,,l! A L P1 
nuflrrf!. u111111'i,,'11Urur mfrdffr r.w
J111rrflr.e_ ufruU1lrJn4_. phrJ111ft 
ylrfturrnftl! 4_br9 ftlrlni/. 0 yhurnLJ (fty. 153 )1 11.n "-bmnLJ lffrrwnlr'i,,I! 

'llrdffr ii.Irr J.. 'llr"'f.fr fthr.eJ.. nL'l.'l.4.w6 lrrftnL A nL<lbr1 u.1'1 'llrlJf-l"tJ A 
f,,wf[U1'l_'1nLJfr9 £. IUJ'l lrr"-nL nLrJhrfrs "IU'l_Ji/_1116 ufruU1bJf!. ""-"r"'64_fr 0 
l1hmnLJ "-frrwn4_w6 A fth'ilurrnftw91U6 nulfr (ft~. 153, 6·/r 4.rw e'il'l'lf!,,._ 

~w6 I; lrrlfnL 1Ur;.,7111J) J.. A nLrllrrfr9 "-111q_J4_w6 nd1U'l_nLJ'lfr ( f!.ft'l'l64_w6 

t Jfr 111ft'f111J )• nrfr fll.U'l_nLftf!. X /;I lJ.l'l nLJ111q_nLJf/r JnJh'i,,ur{! r.u.r4_111u1Ucr 

t AX• "dfrzur 'i,,nLtft Ah.ni/_ b'i,,I! 4_111ri/_nLJ £. P1 nLrlfr t:..lrU11 

'J.nLJ.urnLJ /r'i,,ll frrlUr 0 ftlr111nLJ "-frr111ni/_1U6 pnlnr lrrftnL lllr;.,'llUJ 

f!.'i,,'l'ld-4_w6 nLJlrrf!. /,. Jfr IU'i,,,wJ f!.'i,,'1'164_1116 nLJlrrfrs lf-q_J4_w6 pn1.nr 

nuf111q_nLi?rfr JnJhfturfthrf!.1 9-nLJIUrJwft JwJ1Uft1111[ nLJhrfr t:..1UJU1r 

'lrlU"-111';,, /f.wJ111rh'i,,.Jl 'l/r"'f.fr 4_br nL'l.'l.nLP J"Lf,f!., fruft JnJ/r'i,,urfthrfr f,,w

J..,r' J,..J1119nL1flfr ul"'.Jlfr nL'l.'l_n•f'1nLftf!1 
'J.nLJ1UrnLJfr9 r.hurn A £. P1 nLrlhrfr ifrn/ulUrlr'i,, Jlr'i,,ll ftu111111';,,111ft.e 

"-"'r4...,61!fr 6111';,,rnL{iJJIUr;., ylr'i,,urrn'l..nLJ ftfrr1Uni/_wt> Q n1-Jft nL M J.Jh'i,,111 

nLfthqn'[ n1-Jwq_nLJ'ff!.• ~M J.. Q JUnL{iJJna.'i,,'i,,ltrf!. nrnz.i/_na.J /r'i,, t.J.ur£.l""l 

p.111ft 111Ulrrn4_' 

M=Axl-P1(x-a1)• 

Q =A- P11 

~Mu.ft/r (iln'l.'i,,4_au6 J111ufr 4.rau ftfrru1n4_1U6 nLdmq_nLJll~ tl'nubGwJ:!: 
~n zqmJ I; h.n'l tl'ndblim r.hd..,'i,,fr l!'i,,urr4_w6 fturri/_1116,en~J. 'tlUrbtfr t 
'i,,mJft"fbu f!.f,'J"L'i,,/,l, nr dnn'l. JnJb'hur(! '/-IU U1i/_1wl ftU1ri/_wtlo1nuf ~
i)wftf. '1/,f, '194_1116 Jwu~ 111q_~9nL{iJJnLftf!. 'hr1U fj1n11.ft4_w6 Jwufr i/.r,., 

ifrn/uwrfr'hn'I. nLrlwu/iuU14Jfr JnJhftan'i,, /;1 
Unn'l. M JnJll'i,,url!. fi.unlwump k lirwri/_1116 l1111r4_1116,efr 61U'hrm.fil1wfl 

t1'1t.urrnftfr ft~wurJ111Jp r.b61Uft/r 'ffrurwr~i/."'1. J111ufr i/.r111 111'1.'ln'l. pnlnr 
111rurwllfrL OLrl4rfr JnJb'i.ur'i,,brfr 'lnd1Urfr'i,,1 Q 01..de, nrf! a,U1n1.J t 
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uwr..b9S.bl r.,b,}..,'i.Jr fJn'l'i.4_wJ Jwue trw 7£5' '1!14.wJ J-u/r 'i.~w111J111J, 

~nti/.nLJ /; ur1/J"'l ~urr4_wJJ!nLJ tnrtln'l tWJCiwqwCi {~wJ ~"'r"'l} nu 
'1urrn'l Q nLU[! ~wrhlfr f- 'i,niJ'i,"lbu 'lfrurwr~hl nr"lhu r..hJ111'j, 

uri/.l"'l ~urr4_wJJ!nLJ r..hJw'i.fr 'lb';, 794_wJ J11111/r "''l.'lb[JnLf'JnL'i,f! 'j,r, 

fln'l'i,4_111J J11111fr 4.r"' pnfuwrf'i,n'l nLJ-wufruurhJfr t,,.,J.,,'lnr/r "lrnJ'•~ 

g/rw ~urr4_wJJ!fr r..wrfinLflJ-'i, 4_r1111 

'1urrn'l Q nLU[! 6.wq wump k r../.Jw'i.Jr wnw'i,[J.[!/r 'i,nrJ"'L/r 4.r• 

'j,rlll fin'l'i,4_111J Jwu/r'i, ~/rrwn4_wJ pnlnr nLJ-hrJr "frn1hbJrw'i,hr 
'fnLJwrJr'i,1 ll.1u"i/run4_, M-i. J.. Q-'i, JJrwufr'i, pnfuwrfr'i,nLJ h'i, r.,bt}.,,'j, 

'fJrurwr~4.n'l J.-ufr 4.r111 ~/rrwn4_111J lllrUIW.J!/r'j, nLubrJr uJruurhJfr'j, 

r..111iJ.111u111rw~;_nnLJ h'i, r..bJw'i,fr 'fb'j, '194."'J JwuJru urwr4_wJ ~"'r"-"'J.J!j 

JJrtnuni/. pnfuw'i,si/.n'l -&.Jr7brJr uJruurhJJr'i,r 
't~111urh'i,J!1 nr h(lh r..hJw'i,Jr 4.r111 lll'l_'fnLJ h'i, JJr1111'i, f.r U1 UlnW'j,fJ 

,eJr'i, DL!]l]Wfl.WJW9 nLJ-hr, 111"/_UJ ~urrn'l nLU[! r..w4_wuwr /; r.,£J111';,j 
fln'l'i,4_111J J111uJr'i, ~Jrrwn4_111J mdbpp. fiw6.pwfiw2qwqw6. qnufwpp.li 
""'r"-nr /; 'i,zhl, nr M-'i, llL Q-'i, 'j,J.,,'j, p'i,nrnzJ.,,'j, 'fb"lJ!nLJ "lhur.[! j 

'""'"'r~bl r..111JU.urb'l, nrn4_t.b111J.. 'j,r,,,'j,J! frrb'i,9frs 'i,br~"'J"'fl'j,nd bl 

f.htl,,,';,Jr 'lJrurwr~i/.n'l J111uJr 4.r"' ~Jrrwn4_wJ A I.. P1 mJ-hrJr'i, pn/u111· 

rJr'i,n'l UU\mG.qW(lll\ urhuJ!Jr uJruurhJ't u.,u p'i,nrn znLffiJhrf! fJnLJ!J /,1 

ur111lJru1 ph Jr'i,l."fhu "/_bur.[! t f!_UUI urr4_wJ 111rur111J!Jr'j, nLJ-hrJr fiw2qh 
M-fl nL Q-'i,1 

Phr4_wJ orJr'i,w~nd M-'i, nL Q-'i, r..wz4."Lfru Jb'j,.[! '1Jrur111r~h9Jr'i,-1 

f.bJ.,,';,Jr d.wfu J "'"f!' P"' J!J zwur 'fb"lJ!hrnLJ r.,,., z4_nLf/J,hrJr r..111J Ill( 

wiJ.hLJr r.,.,,rJwr ~LJr'i,Jr 'ffrur111r~h1 r..hJ,,,'i,Jr "'! J111uf! I.. 'lh'i, 'lflbl d.111/uf! 

'1-rw f.wJwr ~"'"i uwr..J .,,';,h'i,J! r..bJ111';,fr li111fu I.. "'f J111u'1rJr r..111J111r 
M-/r IL Q·Jr · wrJ-bJ!'i,hrJr Jfrr_£1 

Cuur ii~. 154-Jr r..M.,,r;,Jr mn ~urr4_"'Jl!fr!1 a111fu f!r;,~,,,J Jw11/r 4.c'"' 

"''l.'fnLJ /; 111rur111J!fr'i, nLJ-hr/r A, P1 uJruurhJ{!• lllf_ J111uJr 4.rw' p~, P: 
I.. B nLJ-wuJruurhJf!I · 

fl 111';,Jr nr r.,h,).,,'j,f! 111Jpn'lf111"lhu 4_hr94_111J (';,~. 154) 'lur'i,1_nul i 
f.1114_111u111rw~znnLPJ"''j, Jhr_, 111"1"' A J.. P1 nLJ-brJr ufruurhJf! "lhur.J! t 
f.1114_111u111rw~znJr P2, P3 I.. B nulhrJr uJruurbJJr'i,1 11.nwr_Jr'j, uJruurbJr_ 

i/rnfuwrJr'i,4_wJ /; 0 ~hurnLJ ~/rrwn4_wJ J.. 'fh"i/r 4_br nL'l'l4.111J Q nLJ-n~ 
I.. J-111J1119nLJ!J/r "l"'l/r nL'f'[nL{iJ111Jp "lururn'l M mJ-wqnLJ'fn4_. nLUur/r 

P2, P~ I.. B m.J-hrJr uJruurbJI!. 'ffrur111r~4.n'l ~urr4_"'JJ!Jr J,,,'i,rnLPJ"''j, 

~h'i,urrn'i,f! pbrhLJru "lburl! t 1Jrn/uwrfr'i,4_Jr 0 ~bur11LJ ~/rr111n4_111J ftt1,_1r;,. 

"iJruJr Q nLJ-n4_, P"'lfl "'r'fh'i, 'fh"iJr g111J ~'!rui'li/.wJ {';,~. 154} I.. J111Jw-

9nLJ9Jr ulwJ!Jr nL'l'lnL/lJlll'j,[! r..111~111n111~ "lururn'l M nLUw'l_nLJ'fni/.t 

't;_wftw~nLJ ti nr hrp Jh'j,J! 'JJrurwr~nLJ b'j,J! r..hJw'i,Jr 1112_ Jwu{!1 

M-Jr I.. Q-Jr r.,..,J.,,r uur111';,nLJ h'i1.[! 'i,nLJ'j, wrJ-b.[!'i,hrf!• Jr'i,t nr I.. d.1uJr1 

Zl8 

Jwuf! 'ffrur111r~hlfru1 p11119 'fr111';,9 nu1'lnL{iJnL';,'i,hrf! uur11194_nLJ h'i, 

r., Ill ~UI 'fir r I 
Unn'l JnJh'i,urfr J.. ~urrn11_ nul/r r..wJ111r 1 111';,~,,,/u r..htl111fl/r "'t ~,,,J 

fA_L 
K==fo 
'--x--~ 
I t 
I ; w 

t-H 

aw/u J111u/r f!'i,urrnL{lJnL'i,fr9 

nl_ Jfr111J'j, {!Uur JbtJ.LPJUl'j,1 

"'Jl J.. f!""' 'i,z111';,fr 'i,nLJ'j, 111r
Jb,e'i,hrf! uur..;'i,111LnL r..111J111r 

"11111J 111';,1114_n r4_h'i,,e r.hJ-111';,fr 

uwlu J111uf! 'ffrurwr~bl/ru 

qpwqwG. r..111J111rb/ M-l!• 
hph lllJ'j, "/_UIUJnLJ t U111J111-

snL19/r ul111.fdr nL'l'lnLPJwJ p 

I.. Q-'i,, h[J-h 1111';, nL'l'li/.wtl t 
'lh"lfr 4_br, I.. f!r;,'lr...,,~111n111~f!' 

M·f! J-wJws•LJ[J/r "L"'J!/r 
r..111~U1nlll~ nL'l'lnL[J-1111Jp1 /ru~ Q-'i, 'fb"/_/r [Jiii,), b(Jb _ 'Jftur111r~nd bt.e 

r.,b,J,,,'j,fr W~ J111uf!I 11.,u "f"'JJlll'j,(! !JnLJ[/ t urr4_111tJ 'j,~, 154-/r 4.rwl 

b;_w'i,'i,br/r Ill JU"ffru/r {!'i,urrnLp Jlll'j, 'fb"/_.[!nLJ f.111 z4_11d/J,hr/r J-111JW'j,lll~ 
wliqwpi r..hJ,.,';,fr awpi ~wJ w2 Jwubr/r e'i,urrnL[J-JnLfl/ru Jh'il.[! M-/r IL 

Q•/r r..111J111r ~UUllll'j,lll'j,.J! 'iJnLJ'j, 111rUh.[!'j,brf!I 
M-/. /, Q-/r ';,z.,,';,'i,b-re ~111rbLfr t ~111"lhl 111rur111.[!/r'j, nr.J-hr/r ,,,,,__ 

'lh[JnL[J-Jw'j, 'l/,"i.[!nd f,bJ,,,'i,fr '1M/>nrJ111sfr1111/r ,_"UnLJP/r r..hur1 bph tlnn'l 

JnJb'i,ur{! ffiQ ~urr4_111JJ!nLJ 'frlll~Wfl ti Ul"/_111 t.hJw'i,l!_ lllJ'J ~urr4_wtl.[!nLJ 
tln4_nd t nLnnLfJ~nLPJWJp 'fh"/_/r fJIU,) (';,~, 155, a)1 fru~ h(ih Jnw 

Jb'i,ure P"'f/"'""'~"''j, f-, "'"l"' r..bJ..,fte Jn4_nLJ t nrnnLs~nL(i1111Jp 'fh"i/r 

1/br (';,~. 155' 6 )1 u.,r;, ~urr4_111J .[!nr.J' nrurb'l M-';, ,.,';,5ftnLJ t 7 qrn1/r 

1Jr1111m!. (pnfunLJ t /rr 'i,z1u'i,f!)1 r..hJ-111';,fr ~nrn'-fiJnL'i,f! .pnfunr.J t /rr 

"'-'l'lnL[i JnL';,f!, 1111ufr';,J!'j,' r..bJ-111';,fr wnw'i,5.[!'i, 111 l'f r ~urr4_wd-.[!nr.J nL'i,/r 

zr~J ..,'j, ~burl 

•M m '"' mb dm a([!S) __!_ 

-- __[_ 

6·~; g, _,,P -a 
z 

n 
t~.~1115: .,,~. 1561 t~. 1571 

t~. 156-Jr 4_r111 "l"'ur~hp4_wJ t 1J.hf/>nrJ1119Jrw'i,bp/r pilnLJ/ll!. mn 

~urr4_111J,enLJ 'lr111~111"U IL P"'fl"'""'~.,,-;, ~urrn'I. nLJ-hrJr "''l.'lhflnr.[J-1111'il 

'lh"f.f!nLJI 
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U.1JJ Jh"i.J!. 4,,,rn'l. k'il.[! ,,,'flg'ill.l a b. 't L"'rnLllLhre M-fr le. Q·/a 
Jfrt."9"4. "'f'"'"'""' 1u.6£nL 1V.ur9fr'b1 'illt. 157-mJ 'ilnrfr9 "lwurlthri/.,.,,. I: 
1',,/,6..,'i,fr Jfr J1UU[!1 "f'f! 'flw[u~fr'bnLJ "'f''f/,'j, 9n1.19 tr urr.J.IU6 "'"' 152-nui 
£. 154-nLJI s,,,,.p/,rnLf'JrlL'ilf!. 'ilpw'bnllii f;, nr wrur111-1Jrf, A /.. p nuli.-'. 

rfr +•fuwrh'fl 7/rmwrltrJ.n'I. Jwufr 4.r"' ltfrr,,,n.iJ.111d- /,f, M nLJ"''l."Llf~ 
nL Q nLJf!.' U.p_ 76'b f9tJ.wd- Jwufr 111f.'169nL[l/nL'b[! ifrnfuwrfr'&n'l o £. ~ 
taurnLlfL/,('{! "f/,UI.[! t r.1114_1MUIU('Ul"zn./,'f1 Ul('llfUl.[!fr'i, nLJhr/r ;..,U ufruui/,JJr'flt 

lmrJau1 o laurndlLhre th'fl lt"'f'"'l r.aui[auuaurwlt2n.6l Q nLtlfr'i., 

.j!W'fl/r nr 'ff'IUf,.[! nLll.'l.if.111,) b'iJ iJhrp_fr'iJfru trLll'l.auf,,au1au9t f:auJg 'j,f',..f,J! 

'Jiwpnq bll lt"''l.J/,l d-n.nq M JnJh'burfr'i. r.aui[wuwr,,;~z.nn'I. nLJ..,ynLlfi 

"f'"i/t;hur/L "'1'1 l"'l'nd//,/,('f, nL'l.'liJ."'d- /,';, f,,/,t),,,'j,fr t;,,,Jaut111+n1.f'1w'fl 

r.aurfin1.fi1w'fle 'l.nL,,,,r.hn., r,,,,,rPnLf11nL'il nr/r ""r. 'l"rd-nLJ t M 111.J,,,. 

f"LJ'fl!.' U.1u"lfrun4, 'flnpJwl o l111pndlb6pf!. lt"'fui/.,,,d- bf, Jfr,., 1t. M-frs• 
U 1nu ltn'l.Jfr9 2nz..,+n'l 't lwrndll.llrl!. 1_h'fl ~"'f'"'l. t;,,,4_wu"'r"'· · 

ltt.n.l.l M n1.J,,,9nLJ'lfr'b, l!"''fl/r "f' 'flr,,,"iJI! 'l"rd-111.J /,';, d-nn'l JrrJh'i.urfr 

"j,/,f''l"f't)nL(tl/au'fl t.wrf'na.filJ"'f,l! n1.'1.'l.wr,,,,,Jw9 mn r,,,,,f'fl"Lfll"'f, Jbf..• . 

l'-19 'fl('Ulf,J! ""'f'"'l /,f, f,,111rJ.111uaur1Ultzn6l Q n1.Jfr'b1 -D"'f,Jr nr 'fUl'flo{nLJ 

.61' 'fln1.1'b mn l;,wrpna.fil"'r;, Jbt., nrfr Jht. 'l"''fli/n1.J t IL Q na.Jei 

U1u"lfruni/., Jh'b,e r,,,,,r;,,,,,1.J hf,./! l;,/,111/...1-L b9.r-t-9,,Lp1,.,r;,l!' 'turrn'l 

Q nLJe r.wrJ.IUUIUf'Ulltzn.i/.nLJ t Jfrau1'b 2.nz1U4rn'l G,.fr'fh('no{1 nrn'b11 <fDL

d'wpe "'"'"./} I; tfr'il/t r,,,,i/.,,,uwr I.. r,,,,,~-~f' Q nulfr'i.1 t,hurkw"lhu' 

a=f1 (M). 
.. ~ f2 (Q)1 

(U.1) 

(12.2) 

( 12.1) IL ( 12 .2) P"''ilwUhrfr "'rurwd-na.Jf! ,. ... i[ ... lt,.,f. I; 't---rht 

Jfrw1'b Jfr ,,,f,,IUJ f:,/,d-111';,Ji Jfr nr£t +urrif.wd-l!fr f,,UIJIU('I t,lzUllU'flU/nLJ 

~1'1 "'f'"'..,r.w1urmp 1n1.'ilflhr/i9 ltaurhlfr t o'luit/hc 9111'fllt,,,9 ,,,,,_ +anriJ.wtl-,nr 
r,,..,J,,,,., 1'1111."'lt111'b t Jfrw1'b w17 ~"'r'/.-d-.efr r...,J-r 'l'"'flhl M-fr IL 

Q-/r -rJh.e'fl"re' 
f>'bt..[!w'fl "''1"Lfr J/,t) h'b M-'fl na. Q-<;,, w1'fl,e,,,'fl "'4"cfr J/,t) lttfr';,kf, 

0 nL 't l"'f'nd/l,b('[!• ,eau'flfr nr 'fltnLPfr ..,JrnL(il/nL'Uf! MUJnl.lfbln~ t;,,,,JUI(' 

iu'bfarwJ62ur !; ,,,,,f,/,l ,,,,,,. £1Urn1.flbhrfr 111J/,f,,.,J/,J. wrJlzl!f,/,f'I!• Ul"flU 

J/,f,J? "'""'.e t yur'bh'fl,e ,.,,,,.,,,-;," ,,,,r;, ltmro{111d--1'fllzrl!• nrn'b9 faauJ ... r 
.>n.n'I. J,,J/,'flurfr /,_ ltmrn'l nLJJr J/,d-nLfl111L'flf,/,('{! n1."illtft ,,,J/,'j,,,,i{/,t} Ulp• 

J/,J}I u,,,. tl_mwG.qwtl_np "'"f'""'t)J!f,/,f'{! 'fur'flhlrtL'j, zw111 t O'ff,lld IUJU

"'"U +"t."-"'J. ,,.,.,,,, JnJli'bur'flhrfr IL lt"'f'"'l 111.Jhrfr kUJJnL11w6.bpp lt"'
n.nL9n1.J [!I UI 1ufr'fl,e "j,' UI 1'fl"f frufr 'f('Ult/>(ilt'flllrfr 1twn.n1.9n1.if [! 1 n rn'iJ,e 9111.19 

/,f, ur111t.Jiu, [ils ltwfui/.,,,J X +mJtnfuau~..,f,Jr iJ.11+n~na{tl1nL'bfr9 r.U,,,f,fr 

-wrphr ~"'r4.,,,d-o1"ilhr/i r.wJ111r frilt"lhu I.fl +mfonfu1na.J M-r I. Q-ft 
Jh.>n1.Jil 1n1.'fl'b6rl!.' 
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u,u,,,frum/ . .- Q(x) ltanrn'I. nul'il nL M(x) ,.,.,,'!. JnJh'&urf!. r.wii,JruUI• 

'UnLJ /,ii x·fr IJ>nL'ilbfrw'ilhr' ~,,,JwnnurnL[il l"''j, r.wJ"'f' t.lw•"''l.,lnLJ 

Jh'il.[! 'll'"''j,I! lt'il2."''il"'ltb'il.[! Q·nt/. IL M·n'/.• (x) 'fl2,,,'fll! "l"'r:,"i,,,f,/,Ln'l Jfr

au1'fl ,,,,';, """'11"rnd, "rr w'flr.r-'"2."' t l!.'j,'l'lt)/,l, nr Q·'fl nL M-e X-/rs 
"auf.u[wd- +n+nfuaultw'fl J/,d-nLfllnL'fl'flkr /,f,1 l;"ilnLr"''flkrl! lt,,,nnLf!htfru 1nL

f'"'l!"''fl1JnL(' "urri/wd--1fr UIUI" f,,/,t),,,';,fr UJllUl'j,fJ./!fr'iJ '/.nL'flllf,/,n. Ullll('.J.111d

U1f"'9fru'flbrfr 1Un1U'fl9.[!/r9 urb'l."''lf'4nLJ f.'j, 0r11/r'flwur'flb('[!1 nrn'fl-1 e'iJurer• 

.J.wd- Jwuzurwpn-/_ "iw1111+h:rnLJ /,';, aul'l lturriJ."'d-.[!nLJ d-nn'l JnJ/,'i.urfr 

"UIJ tmrn'l nulfr JUnLfilJ'IL'fl[!' Uurnrk (§ 72) Jh'flJI orfrb1111t'flhrfr 4r
111 

gnLIB ltur"''&J' "'1'1 l;"f/nLf'"''&ltrfr lt,,,nnL9nLJ I!' 
Q &.. M f;"l/"L!'"''fl/,rfr lt"'nnL9n•Jf! +wrhtfr t r.62ur1119'i,6l, 6fi16 

uwf,,J ..,f,4_/,'j, n f'"Z 11111'fl lnLfl /trL'fl"j,/,(' f,U,,,"f,fr 9"''fl"UI 91116 ""'('""'.} .e"LJ 

""'f'"'l. nul-fr £. ...... 'l. JnJb'banfr "'f'J/,.p'ilhrfr Jfrr.11.1 fr"i.t"ibu c;,,,,1. 
111

1'1 Q 
t.. M tlhd-nLp 1nL'bilhrfr £. r,,/,d-,,,'i,fr 4.r"' ltfrr,,,n.41116 phnfr .!frt"-1 

P6-fi1 lturrn'l nLJJr £. t),.n'I. JnJh'burfr JJttl. "'1'1 ,,,"'6t_nLfllnL'fl'flbr~ 
ulUr.J ."j,J"' f,f, f; 'fli/./r (' " 1116 l\iu t" (''f "i "'f' 1111lf'"' q, f! I 

§ 71. 'l-'Mbbrb"b8Ji\J.l l1fi.'b!lOJ'l.~SnflV\1bl' ~lltrllSU.r\J.'(J P.bfi.ti 
MiSb'b\JJnl.OMa>S\J.\, 11srn'l. OJ'l.d-ti btl. 'IJ0-0'\, lfOlfb"liSti lfti~bll. 

Uh'i.1 "l."'f'l.hflfr'b.e (§ 70 ). nr r,,/,t),,,f,Jr 9111'i.#tU191U6 1t111rlf.U1d-,BnLJ 

IU('UllUJ?Jr'il n1.Jhre phr'/.nLJ /,';, Q nLJfr'i. nL M nLJ111p1.1"1f.1 t,'11111..111-

"ihu, ,,,'flr_111ani[1Ud- Jwu/r f:owrJ.1U

u111r111'tzt1.nLfllw'b r.111J111p1 fr'i.t"i/Ju 
J /,f, J!. UI f''l-/,f, "f"' f' f /,fl /r 'j, J! I IU f,. I/ l-,.........-..-rT"'l""!"'"mM"'l"'"l''TT"T'T'lM"'T'TT-Ji. 

,,,,.,,,Jhzan f;, "(' f,/,(',e~'fl nLJ/,f'f! •; 

r"r'l.h'fl 'fln1.1'i."lfrufr Q nLJ{r /,. M 
JnJ/,'burfr1 

flLuur/r1 6(1/, r.hd-111'fl/r9 ~urr&fi.[! 
,,,r;,,/hrt +n.er dx "rlt"'r"1.(il J"Lr;, 
na.'i,6911'1. Jfr tLhJ/,"ilur ('fllt• 158)' 

Ul"f.UI Ul/'fl "f/,an,e t 'fUlf,"" r.,,,4w• 

u"'r-ltz.11nLf'1w'b Jht. frr 4.r"' "''I.. 
'l"'l q fr'i.111/s'bufri[na.f' JnL'il nLfih9n'I. 
r,,,,,J IUUIUI('"'.. p.611/r ( Jr'ilurh"ilufro[nL• ,,~. 1181 

fl1na.'be dx "r+111rnLfil1"'f. i/.r"' 
""'r"Lfr t '--Jwrbl ~-uurlUUlllL'b). fr'i.t"ihu ';,auk Q b Ql na.Jhrfr nL M It 

Mi JnJli'f1111'bltrfr -nh9nLp, ... "i1 '""'"' nrn'flJ! +n/u,,,rfr'bna.J ,,~ ... ,, 

tt""""'"'" '/.rau r.,,,J,,,..,111urU1u/u,,,flwr111r a .. [u "- aut, ""'fl 99'/.111.> Jau-
fll 



ubrfr wnhsn1..fi1111..'il;,hrf!1' t'twurb'il1, nr Q1-Q+dQ "- M1==M+dM 
nrni/.f>buriA. WJ'f J/,t!nt..f11nL'il'j,/,f'fr wf:.bpf! mn 'turriJ.wt!,efro urw'i, w'iliJ.bri 
Jnur m1n1 'turriJ.w.!,efr'il w'ii9'iib1fru 'iin1..1'il"lbu w'iltJ.brt +n1r Jbt!nc.o 

P1nL'il'iibp b'ii1 

U.'iiy_wuriJ.wt! f;lbJ/,'iiurfr '>•iJ.wuwrw'tz.n.mfi1w'il llJ.WJJw'il'iibpf!. ~triJ.h'il 

l>burt..1wl urhu.entJ.' 

Ey-o, Q + qdx - (Q + dQ) =- o, 
Q dx 

M+ dx+qdx· - - (M + dM) =-=01 
2 

Un.w'/lr'ii f>wiJ.wuwpn1..Jfr9 uurw'iin1..J b'il1' 

qdx-dQ-o, 

dQ ax- = q, (12.3) 

w1ufr'il.f1'il1 ~mpnq n1.dil mb mGgJlDl G J!UUl l{mpqmb-J!p mp.ug~up fimqw
ump ); Gm.JG ~mpqmb-1!01.tl' fim\fmmmpmb- p.bn.p pGmbGu~qnq>JmG~: 

br'trnr'f f>wiJ.wuwpn1..Jfr1· wpf>wJwrr.blntJ. "r'trnr'f 'twrtfr w'iltJ.brl 
+n1r Jbd-nL[i1n1..'il'iibp[!1 ~uurw'ilw'il,c' 

Qdx-dM =0, 'twJ dM = Q, (12.4) 
dx 

w1ufr'il,c'il 1 h.nq untl'bGmp wb-mGgJmtG ~um qmpqmb-J!p mp.ugpup fiw
qmump J; Gnt.JG l{mpqmb J!Dl.U qnpb-nq ~mpn'l n1.dfiG: 

U.d-w'i19b[ni/. (12.4} f>wiJ.wuwrnL[i/ru'ii "r'tnL Jwubp[!• 'tuurw'iiw'ii.j!.' 

d 2M dQ d 2M 
--= -- 'twJ--=Q• 
dx2 dx dx2 

(12.6) 

11111ufr'il,e_'il, b-n.nq tl'ntl'b6mp bpl{pnp'l mb-mGgJmtG ~um mpugpup fim
qmump ); ~mtl'mmmpmb- p.wz}utl_mb- p.bn.p pGmbGupqn1.pJmG]!: bpb 

q-'ii n1..'1.'1.iJ.wt! f; 'fb"lfr 9wt! 1 w"lw {12.o} f>wiJ.wuwpnt..J{! 'tl!'il'fn£'ii[t 
d2M -- = - q urbU.[!f!I 
dx2 

Uur"w9iJ.wt! wn.'iltn1..fi1n1..'il'ilbrl! 'twrn'I. /,';, Ofurwprd-iJ.bL Qt.. M t"IJ"'-• 

rw'ilbpf!. twn.n1..9blfru, 'ilwJw'ilwiJ.w'il'f b[lb f>w2iJ.fr wn.'ilb'il,c, np lpnL'ii't9frw1fl 

1111d-w'il91wll!. hrtr"'tw+nrb'ii frl'b'ilfr9 'ilbr'tw1w9'ilnLJ f; wpu9fru'ilbpfr 

wn.w'i19,cfr f>6ur uri/.Jwl 'tburnLJ 'tnpfr'il urwriJ.wd- 2.nt.w+n'l.fr 'tw'l.Jwt) 

w'il't1w'il urw'Lyb'iluf!.1 U.ll ~bt'"I wuwt}, 'turrn'l nt..J{! uriJ.1wL ~url'iJ.wt},cnLJ 

'twrn'l t 'lfrurwr'tiJ.bL nr"lbu wl'l turriJ.•.!,efr'il t.wJwll/.wurwuJuw'iln'I 

1) dx '"'""'"'•~ ,,,.i;J,,,'J,lllrrnLJ +1r1,.,,,.,,..,,,,,11ui• nLJ tuiJ "'""'f"LJt ti 
+l!l'"'"-"••' 
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~burn1..J M f;u11nLpw1fr z.nz.w+n'l./r [lh,cn1..f' 1w'ii w'ii~Jw'ii uiw'iitlt'iiu1 11.l'f 

d/_wur6.wn.niJ. "lbur,c f; fr 'il'twurfr u1n.'iibb np brp X wn.w'ii9 (!{! "'-'1.'1.i/.wt! f; 
dM 

Ul'9/r9 flw/u1 W"fW - = - Q, nrniJ.f>/,ur/, wpu9fru'ilbrfr Ulll.Ul'i,9,cfr nt.. '/.• 
~ dx 

'lnL[IJnt..'ii[! 1[inJubLfru z.n2w+n'l.fr {ilh.j!.nt..(ilJw'ii w'ii~Jnt..'ii(! +nJunLJ f; /rp 
";,2w'i1[!1 

(22.3) f>wiJ.wuwrn1..Jfr9 r.burlLn1..J f;, nr w1'ii ~urri/.wd-,e'iibrn1..J, nr

"'"'l q =>= 01 'turrn'/. •nLJ(!\ Q = Qma~ 'twJ Q = Q mini nrniJ.f>hur/._ "rf' 

q = dQ = O, Q f;"IJnLt'"'lfr 2.nt.w+n'l.l! 'l.nLfwf.bn. f; wpu9fru'iibpfr 
dx 

mn.w'ii9,cfr'ii1 'bn1..1'il "lwurf:.wn.ni/. ( 12•4} pw'ilwilt..fr9 pfunLJ f; WJl' wiJ.bLfr 

~wrt..nr b'l.rw'tw9n1..f'1nL'ii' d-n.n'I. JnJb'iitn(! f>wu'iin1..J f; frr Jw,e_ufrJn1..
dM 

Jfr'il {~wJ Jfr'iifrJnt..Jfr'ii} w1'il 'turriJ.wd-.j!.'ii/,rnLJ, npurb'I. Q = - - Q, 
dx 

w1ufr'ii,c'ii' w1'ii 'turriJ.wd-,c'iibrnLJ, npurb'l 'turrn'I. nL<lf! w'ii9'ilnLJ f; 'l.t'nlfr 

i/rw1fru1 

fl'bt.. (12.4} f>wiJ.wuwrn1..Jl! f>'iiwrwi/.nrnLfilJnL'ii t urwlfru uurw'iiwl 

Q·fr wrurwr.w1urn1..p 1nL'i1f! nr"lhu M-fr wd-w'ilsJ"'L' uw~w1'ii t"lin1..rw
'iihrf! ~wn.n1..9blfru "lbur,e. f; Q-'ii nrn2bL M-frs w'il'twfu, f 12.4) r.wiJ.w
uwrn1..Jf! 07urw7nrt!blni/. Jfrw1'iJ Ullfnt..7Jw'i, f>wJwrl -ilfrzur 'ilnLJ'j,"f/,U 

M t"11n1..rw1fr 'twn.n1..9Jw'ii 'f:.2urn1..fil1n1..'il(! uurnLybtnt.. f>wJwr 'twrblfr f; 

07urw7nrd-bl ( 12.5) f>wi/wuw{'nLJf!, ,cw'iifr n{' br'tf'n{''f wd-w'il9Jwlfr 

'il2ru'iini/ nrn2iJ.n1J t W/'iJ ~nf'fr nLn.nL9'tn1..fi11w'il nt..'/.'/.nt..[IJnt..'iJ{!, npni/. 

'ld-w7rr/w.! f; M f;"IJnL{'w'ii1 Q t.. M t.,JnLrru'ilbrfr 'twn.nL9Jw'ii i:.2urn1..• 

f'JnL";,f! uurn1..7blnL iJ.bpwphpJwl 9n1..9nt..f/;,fs{'(! urriJ.wtJ- /,";, uuinrt.. (§ 74)1 

§ 12. un-n'l. rrnlfbtSl·trti btl... tisrn'l. nti.<1-brti 
l;fllSnfl.Pll"libPfl tiU.ll-Ofl.8nfl.lfl! 

0 t' fr';, w ~ 43. br'tn1.. f>b'ilwrw'il'ilhrfr iJ.rw 'frrfwd- t.. P n1..Jni/, phn.
'iiwiJ.nri/wd- f>Mw'i.fr f.wJwr {'il't. 159) 'twn.nL!Jbl JnJb'ilur'iibrfr t.. 'turrn'I. 
nLJbrfr f;uunL('Ul"j,/,('(!I 

U.1u f>Mw'ilfr 9w'il'tw9wd- 'turri/wd-,cnt..J M-ft nL Q-'il '>w2iJ.btnt.. f>w

Jw{' Jh'ii.p. 'iirufu "lbur,e. t nrn2b'il.[! f,/,'iJ,upw'iiw1fr'il f.u1ftw'l.'fnt..flLbrf!I 

t~. 159-fr ~('UI 'ii2i/.wd- /,";, wn A, HA t.. B '>w'tw'l.'fnl..1/Lbpfr b'bflw

'll!{'i/n'l nl'l.'l.nLf'JnLi,'j,/,('{!I 

l,Uw'iifr wn.w'il9.j!.fr iJ.rw ,.nlnt' n1..Jbrfr "ll'n1bbfrw'iibrft fnulwpfr 
'/.{'" Lfr'iiblnL Uf.w I,/ w'ilfr9 11urw'iin1..J /,";,.[!' 
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~· "'Pfl•L'it.,e ~"'r'Lfr tr ~111flfu"'urbubl ""'/uorn-1, 4!"'"~ •r 
tJl.n.ftlttre lfl.'l.'1."''-1"'9 /,f, f.,/,,}Ulfl[r U11&U1fl9.,Jrfl1 

,,"''l.Jhlni/. B ~6urfr f1~111urJ111Jp nLJhrfr JnJhflurflhrfr ,,,LJ111re• 

uurU1'i1nLJ hfl.e' 

£. 

£. 

EMa = o. + Al - Pb = 0 

Pb A-+-1 
I 

EMA= o. -Bl+ Pa== O 

B=+~' I 

UuuusiJ."'.!- "'P'llnLfl,eflhpfr . 6.z.urnL{i 1n1.fll! uurnLfblnL r..wJ"'r ~"''1.
Jhfl',e nL'l.'l."'d.frt Y U1n.U1fl9,efr . 'ir"' pnlnp n1.Jbpfr "irn1hbfr"'fl/,pfr fnL• 

J"'re' 
A - P + B = o ~111J A + B =- p, 

S/,'1."''lrhLni/. 11ur111.!- r.,..,~..,'l.'lnd&hrfr wpJh,eflhrl!• ~uurw"i.111fl,e' 

Pb+ Pa_ P<a+bJ = p, 
l . I l 

nre P"'il.wr"'rn1.J f; r.,"'""'U"'r"'~z.n.na.p I"'" "I"' 1J wfl[rfl1 U.111"1.frufr ulllnL

'l"LJ U~Z\D "f.""'" f; ~U1ur111phli .ew"i.fr nr l',,111~1Uf~L1//,hf(! nrnz.blnl. 

II 

t.t• IH1 

J 111J111flw~ pna.u urriJ.111.!- ufr1wll! ..,f,_ 

funiu111ifrb1frnpb"i. ~f.,111"i.fh9"i.fr Q " M 
1;"11n1.p111flbpfr ~wnn1.9J111"i. Jby_ wn.111i111-

9n'I. ufuwt"i.hpfr1 
l,h.!-wfl/r 9"'f1~1119"'.!--~ ~111pi[111.!-l!nLJ 

~urrn'I. nLJfr = £. .!-nn'I. JnJhflur[r Jh.!-nL
P1n1.fl"i.hpf! uri[n'I. 111pur111r.1111urnL(il 1nLflflhp 
u111111"i.111lnL f.,111J111p. iJ.bp9"i.h"i.J! f,h,}111flfr 

A £. C ~hurhrfr Jfr'l.£. 11111fli[n'I. £. A .!-wr 
rfrs X1 f,/,n.111i[npn1.fi1w'b i[p111 11ur"i.i[n'I. 

Jfr np£.f; 1-1 ~urri["'.!-1!' t~111111hfl,e, •r 
~i[hp9"i.bl ~-r'i"',Jl!, 111p111111r....1111nL

filin1.fle "l"'f.,IU"i.p_nLJ f; nt JfrlUlf, 'l.!-111-

'lrfr 4.r"' "i.zw"i.IU~ht 111lf ~111ri[IU.!-.ee• 
111Jl£. mliuiWJUmlinpbli &zbt 'frlll f,/,n.111i[npnL(il1nL"i.f! ~nnp,,Ji'ilwur"i.bpfr 
e"i.urpi[111.!- uhpfl111~b111frs' S111riJ."'.!- ~urri/.111.!-.p~ .!-111flrn1.fl1wft ~Vb,,,rn'ilc 
"i.zw"i.w~i["'.!- f; 0 1·ni[1 

/llf. ~urpi[111J-.enLJ Q ~"'Pn'I. nLJf! f."'z.i[bl"L f,UIJwp ""'rJ*p f
f/r111111p~/,l '-111/u ~111pi[111J- JU1Uf!1 ,e111fl[r np 'Ir"' i[p111 ~frr111n.i[U1J- /,f, 

111i[hLfr J'frl. nLJhr ( Jfr1111fl A nLJ e)1 'Jofrur111p~hlni[ f,bJ-111'ilfr 0 1 ~"'er
iJ.w.!-.efrs d.111fu e"i.~111.J. J111ue £. "lrn1b~111b1ni[ 7-r111 i/.r111 ~frr111n.iJ.111.!- 111r
ur111.efr" nLJ6pf! t;.h.!-111fl/r 111n.wfl9.efr .nL'l.'l.111t;.11111119fr r/r1111 J/,f,l! uurwflnLJ 
hfl,e A f.,h"i.iup111"i.fr9 x1 f.,/,n.wi[npnL(il1111fl i[p111 tur"i.i[n'I. ~urpi[111"rLJ pp

"n'I. Q1 ~urrn'I. nLJ~ 111pu1111r..w1urnLfil1n1."i.e' 

Pb Q == t A=_, 
l 

(12.6) 

'1111pn'I. nLJf! x1 111p119fru n1.flb9n11 ~urpi[111.!-,enLJ ~w/uiJ.•.!- tfr 1111'1 111pe11-

sfrufrg1 ll.1u"lfruni[, ,e111'ilfr 'lbn. x1-e tfrnifrnfui[n1.J t O·fr9 Jfrflt£. a uwr..
J..,f,"i.bpnLJ, lpnpn'I. n1.Je lll.n1.J f; r..111uurtu111nL"i., I.. 'bp111 l;"llnLp..,"i. 11111'1 

f.,wuri[111tJm.J ~"1111111~hpi[/r 111pu 9fru"i.6pfr A2 8 2 111n.111"i.9.efr"i. 'l.nL'lwf.,bn F 2 Dz 
nL'l.'l.ni[ {fl~, 159 )1 

Q1·fr {12,6) 111pur111r.w1urnL(il1n1.fle frrwi[1119fr ~Lfrfl[r 1111fl.e111fl J111J111-

r;,..,~, ,ew"i.fr fhn Jbr i[hrsrw.!- turri["'.!-1!1! tfr 111"i.9bl C ~burfr9 'lb"lfr 
"'!.' "'lufr"i..eL' l!"'f,[r 'lbn 0 ,,;; x1 <ii; a• bflb X 1 > a1, "'"/"' t;.U111"i.fr d.111/u 
J ... ufr il.rUI ~ ... ,,,./,";, 111r'1h"i. hp~nL n1.Jhr \ A-"i. nL P-"i., r.hur£.u1..,bu a111fu 

Jwufr i[fUI 'tfrpwn.i[111tJ n1.Jbrfr "IP"l/,~9fr"''i.hpfr 'ln1.Jiupf! ~ifrnfui[fri 
br~rnr'I JUIUnLJ ~111rn'I. n1.Jfr JhJ-nL/iJ1nLfl(! 9urflbln1. t:,,UIJIUr Jhfl.e 

"lhur.e t iJ.hp9flbfl,e B £. C ~hurhrfr Jfrr.£. turfli[n'I. 1..u Jfr ~urpi[w.!-.e· 
..,1'1 ~urpi[wtJ,e[r J-"'flrnLp1..,f, ~bflurpnfle flzwfl111~b),,e 0 2-ni[i tr.., x2 

r..bnwi[np11L(il1n1."i.e Jb"i..e' tr..wz.i[hL,e "'!. 8 f.,b"i.wp•"i.fr91 U.1'1 7h"l.en1.J 
1111i[bifr r.111pJwp tLfr"i.fr '1fr111wrthl l',,htt111"i.fr 111r_ Jwue, ,e111"i.fr np "i.pw i[pw 
,.,'l.'lnLJ I; Jfr1111"i. B n1.Je1 · 

'1-frurwp~/,Lni/. f.,h.!-111"i.fr wr_ ~urpi[111.!- Jwue, ~uurU1flw"i.,e 2-2 ~ur l!r

i["'.!-,enLJ f"rJ-n'I. ~urrn'I. nLJfr wr111U1r.1U1llln1.p lllL fie' 

· Pa 
Q2 =- - B = - -, I (12.7) 

µ..,9..,u ... ~urfl "i.z.w"i.e i[hp9i[111.!- f; 1111"i. "lwur-6.wnni[. nr B n1.Je, "Pl! 

~frrwni[w.!- f; w~ ~111ri[w.!- J wufr iJ.r111, nu1'1.i[w.!- t 7b"lfr i[hp1 
1'Ji[111r l,/; urbu"i.bl, nr bpa Jb"i.,e 7frur111p~bfr"i..e d.wfu ~111pi[wtt 

Jwue, "'"/.., Q2-fr r."'J..,r ~uurU1f11111fr"l! flnLJf, "'rJ6.ee' 

02 = A - p = - B ( .[!IU"fr nr A + B = p )1 

( 12, 7} 1111'111"'r..1111urnL[il lnL"i.f! "lfrur111fl/r f; X2-fr BC /iU1uri[w.!-fr u111f,

J111fl"i.bpfr9 'lm.ru th~n'I. 9w"i.~1119-1- wpJbl!flbrfr '1/,"ll!nLJ, 1111ufr"i.1!"i.' 

'r11 0 <ii; Xa <ii; b, I.. qnLlfl t •"'t~·· nr Q2-e X3-/rf1 t111Ji11/w.!- U" 
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'iurpn'l nulfr !.•unLpwil bp~pnp7 Jwufr t;.wJwp frpbilfr9 tbp~wiwg• 

'i111LJ t wp119fru'i.brfr wnwil9.efril 'l_nL7wl;./1n E20 2 nL'lfr'l1 '1urpn'l nulbpfr 

!;ulJnLrwil P nu/fr ~frpwnJwil ~burm.J nLilfr fr1'f.nLJ. w1u ~urriJ.llUtl.f!nLJ 

~urrn'l nulil wilgilnLJ !; 'l.rnJfr iJ.rw1niJ. £. fawiJ.wuwp tfr D2E2 = P l;.wur

i/_wtlfr';,1 C·fr9 wilJ/rp_w~wtnpbil dwfu 9ur'ili/.n'l ~urriJ.wtl.f!nLJ 

Q= + p:,' 
I 

fru~ wilJfrp_w~wil"rbt wf_ yurili/_n'l ~urriJ.wtl.[!.nLJ 

Pa Q=--1 
I 

"ti2h6.I!, np }tupl'mG. pmgmp.c\mq tfbb-DLp-JnLG~ nmtlmump };- WJll 
IJ.mpi.J.mb-J?nLU ~fipw.n.i.J.wb- IJ.bG.mpnGmgmb- P nLdfiG: 

'1urrn'l nulbrfr t11J.JnLrw1fr w1u11J.frufr 'ltlw7frrf!. (ii~. 159) fa/,ur£.wil.e 

t- wit pwilfr, nr Jbil.e r.w2iJ.wr~/r JwJwilw~ ~/,ilurrnilw9wtl p nule 

f!.il'JnLilnLJ /,ilJ! ~frrwni/_wtJ U~ C ~/,urnLJI f>rw~wilnLJ P -G.'iltnLJf!. pn

fuwi19iJ.nLJ t t;./,tlwtfril "l'n2. "r~wrnLflJnLil nLilb9n'l zwur P".f!I' r.wp(ilw

~fr Jfrlngni/. (ii~. 160 )1 flLuurfr frrw~wilnLJ ~urrn'l nLJf!. wJ'l br~a-
. Pb 

rnLf!IJwil iJrw +- J/,tJnL(il JnLilfr9 wuurfrf..wilwpwr ~pnpnfuiJ.fr JJiilt/a 
I 

~ 
WW 

'• •• 
Dl: : 

I 
I 

E, 

l+ 1601 

a. 
T 

'1urrn'l nu/fr wJbilwJbt} wr Jb.ef! 

~nLJ pw9wrd.w~ JbtlnLflJwJp (brp 
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,il'11,911,urb~ ,.,,up-.uJb'l"''!.i/ 'ilp-.uJnrpub .,,u1'1'!.i/Jmnjui/i .,, Jnrp 1ub i/J'lp-.u 

JmurlJ,'l/''11-7 Xp • (X) b fnr.,,11mJi/~ mJ.,, i/nmp {'nr.,,J111~ nfnr-p i/'!."'f'l':J n'llo 

-Ju ilp-.u £uJur~ pu1'1~Jmuri/o/., 1p-.ul'fm.,,Jur~ {'nrGnr~11,nrG {'nrJGJ'I.,, mJ.,, 

11,mT1'l-.uJu.,,nr11'1':J Ix Gi/Jlnrf urmbnr i/'!."'f'l':J il-W -.u 11,-Q il'IJ,'l.,,lm'( 

1n'IJ'I~ 

-nrp 11,i/lm11,11'1J ,'iln'IJ'l~"'I' fm.,,~nri/i 
-m'!."'/'':Jmn .,,,,{'b £1nr ~ni/ 'fi/b 11,i/1 

-"''!.v'IJ -1 p-.u-,.?u~ iJJu~ qa:>pv £u.,,ur 

61-.uG ilil''!.'IJo '!."'l'nfui/iui/i i/-(x)b 

1(x)o= o.,, (x)w = w 
, J'l11,mi/G~'!. -.utfl 

luJu i/-X '!.'l'!.i/1~ "'11n11,l-.u11, ilur'!.'11' 

-up £u11{' -.u 11,p-.u £uJ111'1. 1(x)b = b 
pm~ -7 nri/Gh-.ut/J i/-X 11,-b fmnm lnJ7~ 11'(J 1( !l9l ·~11,) -1 p-.u.,,nfui/i 

-11+ fm.,,n/m~ s1-x Jpnr1f/-.uJm~J'I '/'$mf'l'I a,,, ... ,,, f!/-.u.,,.,,,,,,,,,,,,,., .,J,, 

r;e: 
•11,,J f"'.,,np .. J t{tm'?mdmnmrmm1m f"'Jnrurmpnr':J -1 p-.u£bm mJ1' ,,,,,_., 

•'f':J JJ'I 1il-W -.u 11,-b 1,,-,.i,.,':J -1 ;t,,,,,,,, "'11rr111,i/ 'llil •8'11,'f'1Jmuri/o/.; 

111,-.u1'1f-.u1 

J'l'!.Ji/£11,n/ -£JnrJ i/1q.,,nr · il''!.'l'!.G'!.nr 1iJJ'1'!.1J,-.Ull/-.u~urnr':J i/J'l'l,.mJ-.ulln-1 -.u 

11,£11l/'11' J-.u11,nr';Jb11,il -.u1'1G-.-nr~ ilJ'l'!."'J-.ullrr-1 pu1'1Ji/nmrgpun-.IJ 

JUJlU7 i.IJ!hf.111Q'L 'LJU'd 
i.t)Q~l'-U i.t-UQ'd ~Jl'-lmNU'llUti i.tJQ'l.UJ'-IUSlb~ W pQ 0 "tl § 

1 1 1-+--= w qw vw 
,'!.'1"''!.'lrur 

i/bl-.ubm p-.u -1 J,.,nm.,,m':J il'!.-.ull/-.uf'll' I/Ju 'p-.ubnf -1 p-.u.,,Gmurn ,,,J.,, 
i/lmJ-.u11o~ l/J'l'!.111'!.'ll'"I' 1 'ilbl-.ubnrp-.u -1 fm.,,11mJi/~ £'1urJu •p-.uil'f"'~ 
.JiJur~ 11,lm Ju •nrJ.,, i/il'11,nrpmb'!.m':J '!.Im il''!.'l'!.'PJnr£ lf,"1111tJ-.uJ£ml-.IJ 

1 1 'w + = xamo ·(v < q JJ'I) qw - .... u1mw 

, il''!.'I p-.1111,nrurn #IJ,'IJ' 

Gi/G'!.nrJ£ •mJ.,, i/-Ml ·~'!. fnr.,,Jur '!.'I Gl-.uG iJJ'l'!.mJ-.u1Tn~ W .,, b 

1 . iq w - = zw q - 3x JJ'I ·o = 3w o -= zx JJlf 

1 1 
.~x- - =3xg- = 3W •--= g ... 30 

w w 
Jmpnr';J i/nmp £JuJ~J'I f"'~'!.il .,,11/p i/J'l'!.il'fm.,,Jur~ g .,, J 

1 
iv w - iw v =ix JJ'I ·o = iw o = tx JJ,, 

1 .ix_+= ixv+ =1W w 
Jnrpnr';J i/nnrp 

11,i/"lnr11nr f"'hil .,,11/1' i/J'l'!.il'fnr.,,Jur~ J .,, y 1'!.i/M,.,vm Jmpm':J i/nmr 

J-.ul71f,mil'mJ-.ul il'IJ,'ll'bnr~ iJJ'l'!.'!.-.ull/-.uurlnr':Jn•urJnr (x)w .,, (x)Q 

10=-w-1·v '0 ... ew:I 

,JpnrpurM~'!. 

t/urlf~ 8 ilJnrp-.ub i/J'l'!."''!.'ll'ul' •~m'!.i/Jo ,.,,u1'1'!.GJ'I.,, ,ilJ'l'IR-.uJm11 

.m.,."''I '/l·m~r/urminrr /•u1'1~Jmur'/I. ,,,.,.burm'I ~7 Jnr.,.p£ p-.u'!,.,JQ 



t.UIJIUr tlU/u1Uur£',,1_1U6 "f1Ut.bu1111UJ1Ut'bbrfr "(1Uurbrf! IUJ r-9'bn11 ~111"it11-
f11U~'bbrf!I tnL1'il U.m/_ hf, fr'bbrsfr-1/r nLJ-bpn1_ pbn'b1U1_nr1_mJ zn9b

Jb.[!b'b-'bbrl_r £. 'bbrl!fr'b -1rJ-'b 2-rJ-frt'bbrfr Jfuns-~nftlbrl!' 
U.1u pbnfr Jb6nLf11nL'b[! npnz1_nd t

q0 or'l-fr'b-urn1_' pbnfr -Jb'b ... Jb6 fr'b

urh'bu/r1_nLP1-Jp (qq/if-n1_}1 HA r,IU~Ul'l_
'1-nLJ[! f,1U1_1Uu1Ur t- 'l.rn1/r· nrnzb'b.[! A 
£. B r.-~-'l.'1-ndfbbrl!' 

-A r.-~-'l_'J-nLJ[! 9ur'bb[nL t.-J -r 

~IU'l_J'bf,.[! 8 ~bur/r 'b~1UurJwJp JnJb'bur

'bbrfr r.1U1_1Uu1UrnLJ[!1 Pbnfr ,/nJb'burl! 

r.-1_-u111r f; 'br- r.-J-,,_nr/r JnJb'b-

urfr'b, IUlufr'b.[!'b' phnfr IUJp.n'lP.. qol J--
2 

~brlwl!. P-'1.J"'"llUur~-6 B 6111ir/rs 

Jfr'bt'- - 1'1- J -~brlwfr 6-'brnL{tl 1-'b 

~b'burrn'bl! b'l-6 r.bn1U1_nrmf1inL'bn1_1 

~111J-'l.nrl! <;,~. 166-fr 1-r- "l-ur~br1_-t> 
I t- ~/,ur,.9Jn1_, ur1U'bn1_ [!'bff61_nuf /;1 n r (l) = - q

0
l pbni.IU 1/r'b JIU-

2 
~brb11fr'b f,IU"-IUUIUr ~b'burrni.1U91U6 nLJ-(! /rrlU~IU'j,nLJ f,b,)IU'i,fr 1-rlU l._/r 
~/rr-n1_1U6 /,_ nr Jb'b,e IUl'J- nLJ-fr9 O'fur1_nLJ bf,.[! IUUpn'l_p_ pbnfr Jn

J/,'bur'bbrfr fnLJIUrf! f,1U21_blnL f,IUJIUr Jfr-1'b f,IU~IU'J_'J-nl f/i,brf! nrnzblfru/ 

U nJb'b111'bbrfr f,1U1_1Uu1UrnL&brl! ~nL~bil-'b r.bur£.1-L urbul!l!' 

2 !:.Ma= o, Al - w - l = o, 
3 

A 2 q0 l = ---w = ---. 
3 3 

!:.MA= O, - Bl+ w· -
1
- = o, B =- __!____ w = qol, 

3 3 6 

U1u"lfiun1_, A f,bf,1Urw'bfr'b pn/u-'b91_nLJ t- -Jp.n'l_p_ w- qol pbnfr 
2 

it. bppnpqe, fru~ B f.b'b-r-'bfr'b' ubq bppnpqe: 
'"/;"llnLr-'bbrl! ~-nnLsblnL r.111J -r 1_1.rs'bb'b,e r.b.Jw'bfr -p_ J- ir/rs 

X r.bn1U1_nrnLfl1-'b 1-r- 9ur'b1_n'I_ Jfr ~urr1_-t>_, 1 IJ.1'1- ~urr1_wt>.[!nLJ pbnfr 

q(x) ortfri#1Uur[! nrnz1_nuf t- bn1U'i,~1nL'bf,brfr 'j,J1U'bnLf11nL'b/r9' 

q(x) x x 
--= -, q(x) =_q0 -

1 
1 

qo l 

Q-'b '- M-l! r.11121.blnL r.-J-r ~'J-frurwr~£-f,l! r.b6-"iifr 1Ut_ ,/1Uu[!1 
l!Ul'bfr nr lfl/f JU1u/r 1-r• Ul'J_'J-nLJ /; ~b'i,urrn'b.u,IU6 nuJ nL bt1.1U'b~1nL'iJ/r 
28£ 

pbn, Jfr'i,l._'J-bn a-tu J1Uufr 1-rlU IU'l_'J-nLJ t ~b'burrn'b1U91U6 nLJ- nL ub• 

'l_IUilwa/,_ p/m, nrf! ~pwr'J-IU9'i,fr '--z1_nLl/i,brf!I 

Q ~urrn'I. nLJ-[! t.1U1_1Uu1Ur t nL'l_'l_IUafr11/r 1-r- B f,b'b1Ur1U'b1U1fi'b 
t 1 x2 

r.-~-nJ-'h IL Lrp-11J1_-J w(x) = 2 q(x)x==- 2 q0 - 1
- p.bnfr "lrn• 

1b~9fr-'bbrfr 9nu(U1rfi'b, -1u/r'b.[!'b' 

Q =-B + w(X)=- ___J!_+-0 
- = --E- 1- - / q l q x
2 q /( 3x

2
) 

6 2/ 6 /I 

84_11Ul 'J-b"f.[!nLJ ~urrn'l nLJ-bf'fr t""ilnLrlUf, "flUur~br1_nLJ t- br~rnr'J

~-r'ffr ~nrn1_1 (!Uur nrnLJ 

.J) x =l 

.J) 

Q= - qol = -B, 
6 

Q = + qol _+A, 
3 

Q = - q~l (i -f )= Qol 
--/ 

24 

Xo-/r IUIU -rJ-b.ee Jbf,l! ~011ur-9nr6b'b.e M-/r J-.eufrJnLJ[! nrn-

2klnL f,1UJ1Url t/.brp_IU"fbu ~urrn'I_ nLJ-[! f,1Uu'bnLJ t /rr 1_br[nL61U~1Uf, 

J'w.eufrJnLJfr'b B ~burnLJ, nrurb'I_ f,,.,J1Uur1Ur1U6 P-2/u1_-6 pbnfr fr'b

urb'hufr1_nLf11nL'b[! f,1U1_wu1Ur t- 'lrn1fr1 fi'ht"lbu IUl'J- t.burknLJ t- {12.3) 

t:.w1_1UuU1rnLJfr91 ~urrn'I_ nLJ-fr t-"11nLrlU1/r zn21Uifln11f! IUl'J- ~urr1_1U6.[!nLJ 

'l"L'f1Ur,b,,_ t- 1Upu9fruilbrfr 1Un1U'b9.[!/r'b1 

IJ.'h9'hb'b.e M t-"11n'-r-1/r ~1UnnL9tl1U'b[!1 nrfi r.-Jwr 'bnr/rs '1-frurUlr

~bf,l! t;.bJ-'bfr -p_ w'bp_-ur1_1U6 J-ue1 trr-'161_-J bn1U'b~1n~'bfr p.bnfr 

('b~. 166) r.-J-'lnr/r JnJb'bur[! 0 ~burfr 'b~-ur,/-Jp r.-1_-u~r t- IUl'J-

pbnfi pbn'b-1fi'b Jw~brb11[! P1U'l_,/IU"/.1Uur~1U6 + P.1U'l_nL~n1_' 
1 x 1 q0 x' 

-w(x)3 x=-~q(x) · 3 x=--6/' 



SwrrJ.-6 y.nrrJ.w6,enul 6nn'I. JnJll'i11.nl! r. ... i/.wua.rr t' 
M = + Bx - QoXs =- q.l X - . qox3 = Qo~l (1 - _E_), 

61 6 61 6 12 

M-/r w1u a.rr111a.rC. ... 1111nLflJnL'i.if! ,,,,.,,,,..';.,fr t r.116 ... 'i.ifr UIJl'"'l.t "r't-· 

r"a.fil1wJp1 M-/r t"l.J"Lr...,r;, /rrh'b/r9 fthr't-1-9'b~LJ t hrr"r'l 't-r'l/r 
Y"r' Tonr,..fta.rr'I "l.wl'M!l'"ll! ywnnL9hlnc. r.wJ,..,. 'l"''bh'b./! Jfr .[!w'itfr 
or'l/rftwur'i,hr I 

"rr x = o 
I 

.> X=-
2 

» x=l 

M=O• 

M = q01• (i _ 2-) = 3q0 12 = q01
2 

, 

12 4 48 16 

M=01 

Unn'I. JnJ/,f,,,,I! ynL'i.i/,'i,,,.. ,..J/,'i,,,..J/,6 ,..rJ4.[! ,..,r;., 'tmri/.wJ.[!nLJ, 

"l'"'h'I. Q = 0, w1ufr'fll!f,' brr x0 = )
3
- .... ,,,. JnJh'burf! f.wi/.•uwr /; 

M =-9L(t2-__E_)=-~=~1 (12.14} 
msx 61-(s 3 9ya 15,58 

1;:,,,,nLrw'fl !JnLJ!J f' urriJ.w6 fty. 166-/r i/.rw I fi'bt"f/,U hrhnuf /; 
( 12.14) p111ftwal.fr9 a.rJhftwJ/,6 6n.n'I. J ,,Jbf,,,,f!. zwur l!frl. /; urwrphr

q ,. 
iJ.nLJ fln.frlJ!/r yb'i.iurrn'itnLJ 'lnr6n'I. JnJ/,'i,,urfr91 nrf!. r.wi/.wuwr /; -•-, 

16 
ufuwtl! t/r ,..'bu'bnul 2,6°1o-/r91 

0 l' /i 'ii"' It. lfJ, brlt.nL f,lr'r.111l'111'il't.ltl'fi 11'"' r.np•lt.w"lnl'lr'il r.b'r.1w.) " "l"'l'"'
l'"l"'lt.•" orb.-,,eny Y.nY.nl!-yn9 fo'i1111lrl.11fo1nL/IJnL..,, nL'ills9n9 r,,,,J,.,,,,,,l'..,,) P"'2/uY"'~ 

rlrn.ny plrn'il"'1"l'1"',) r.U,,,'ilfo r,,..r,,,l' (..,,+· 
16'1) lt.wn.nL9'1l Q £. M t""lJ"Lf'"',,/,l't 1 /i'il

urlr'il,,J.oyn</l 1wli +n+nfuJ..,.,, orlr"r.11! "'l'"'"'

""'J"'1nLJ t 

""'"•""' f'RLJ •if I 
~ ... J,,,}_ ... ,,,nL/IJ"'.,, ,,,,,,,.,,,.,,/!n1 ,,,,.,,,.,,.,,,_ 

.,,..,,~.,, ""'"-"'"'nLm.1t,.e ~,. .. ,. ""'1"'""'" ,,,,, 

A=B=~' 
2 

U.111111'19 w-'il f'ltn.'ilw1/i'il J..,lt.lrrlr11'il t• "l'I!. 

"l'"t.ifnd t ( n.t:z) "1."'JJ111';. 1'1' 

Sl • q I rr • Sl l 4.q l /I ,2 1 2 
(J)= q(x)dx =-0 xdx- - x2dx = ~ - - - = -q /I 

I. I IZ ~ ~· 
a o o 

(12.16) 

~ 

~lr,.&"'ut""' r.b'il"'f'"''l/'r.brfo r,,,,lt.,,.'ltnLIO.lrrl!. ""'"-"'""'l' lr"r. 

q.l 
A=B=·3 I 

u. JJ ..,,, .,,,,.,, A r.b'il"'l'"'.,,/io x1 """-"'Y"f'nL/IJ"',, 1r• 1"rs4.•I 1-1 "-"'l!.l'

.., .. : r,.,.J..,; Q(~) /,. M(x) "'l'"'"'""'J'"nLfJJnL'j,,,lrl'C. '1.wyJblnL't.1 X1 lr~lt."'l'nL
~J .. ~ YI'"' "'ffftf plm,,1111/o,, J111'1.lrrbue_ 'il2111'il.,,'1.lrtn1 w(1)-n1 "-""',.,,.,,, 

... ) ""'f'nf nul/i f,,,,J,,,l' Q(x)=A-w(x)1 
""'l'1"',)i!fo6 .~"'Ju e_'illt.,.,) plrn.'ilw1J.o'il J,,,lt.lrrlr•t ""'1"'""'1' t' 

Xt lt Xt 

w(x)= sq(x}dx= 'i·[Sxdx-+Sxzdx} 
0 0 0 

2 3 2 2 4q•I x, x, ]- - q.x, (3/ - 2x )1 
w(x)=7 2-31 - 3 /2 1 

( 12.18) 

dM = q(x)dx·(X1 - X)• 

.,,,,,,,,,,,,. . x 

M(x) =Ax, -Jx1q(x) (x, -x) dx =Ax, - l x, fq(x}dx- rq (x) x dx} 
0 0 

0 

287 



( 12.1'1) 

a./.u"-t----.....s.·;;.tC· ~"----,J:.:.L" 
p 

't+ 1681 

~f.-.,.,,p.,,"l.w1Jr>. r,.,,ft.,.,'l'lndli.l.pf!. r,.,,:.1'1tnL t,.,.J.,,l' ft.w'IJ/,1,1! A 4 B ft./,.,,/,pJ. 

1'ft.w111JU1_Jp JnJLftrn'l.bp/r f,,.iJ.u11wp•L/l/,bpf!.' 

' rb+c J ~MA = O, q (b+c)· -
2
- +a - M0 + P(l + c) - Bl= 01 

u.,,,.,.b.,J.9 

q l (h -+- c\1 
] M0 P B=-

1 2 
+ a(b + c) --

1 
+-

1 
(I+ c) = 

2l (8-1.2)
2 

] 16 2 =- --'-+2(8+2) --+-(10+2)=14,8mt 
IO 2 10 10 

b c 
EMB =0, A·l-qlJ. 2+qc·2-M0 +Pc=O. 

q Mo Pc 2 16 2.2. . 
A=-(b'-c')+ ---=-- (82 -2')+-- - =7•2 .,: 

21 I I 2-10 10 

Uurw94..,;, "'l!''lJnL'bl!'l.bl'J- 0.2.,,nLPJnL"l.f!. u.,,nL'ff.[nL t,.J..,l' lfl'i'lJb'b_.e Y 
wn..u"l.91!/r i/L'"' ifp• nLJ'1p/r "tl!'n1'1ft.sfo-"1.'1p/r (,.iJwu111pnLJf!.' . 

!:Y = o, A+ B- q(b-c)- P = 7.2 + 14,8-:.!(8+'2)-2=01 

~wft.wy'lndfb/,l!'l!. i:Jr:ur '/,'!. npn2.Jw,)1 1J.1J,f, ltpp pn[np "'l""'"'l!J.'b nLJ/,pf!. "•1on'bfr 

f.'j,, 1u'b9"1.b"l.I! Q b. M l;"{J;.L['Ul'j,/,l'! ft.1111&nL9blnL1.: 

lFl.>.I! ""'fr"l1-1 't.tfr>.l."I.~ '1/t"'"'l!'ft.l.t nLJb pfo JHJ... l!.,,'t...,;, AD, DB b. BE 
krlt, J..,ubpf!.1 ~bn...,ifnpn•{JJnL'b'l./,l'/!. Jfo"l.tb.. 1-1 b. :.!-2 ft.urpifwl11'1.'1pf!. ft.!,wz

if#.'l.I! °d.w[u A (b'b.,,pw'hfr9, Jruft. 3-p'l ft.•l'1"',)l!J. f,.,J,up' E ft.'1 ... Jt9 ('bft.. 168)1 

1'/•"'"'l'ft.btnif d.wJ- ft."'1'1"',) •'•"!!.• ft.u ... w'bw'bl! 1- l. ft.urriJ-lenLJ 'lnl'ln'l "-"'l'n'l 

nLJJr "'l!'"'"'("'l"'np JnL'l.c' Q, = A ( X "'"-"',,91!/r"I. 'lnLywr.lin. nL'lJ. 'I 9,)J. r,.4.,,_ 

,,,.,L>n•J)1 ll.111 r,.,,,,.,.,,,l'"LJr_ Jrp-ifwsfr I; •1"'1!"'"' JwJw"l.111ft. 1 ew'l.Jr .,t. ... O~x 1 ~at 
a ~ x2 ~ I "'pJbe1tbl'ni/ npn24n'l 2-2 ft."'1!'1."'t)l!fr t,,,,Jwp + • .,...,-;,..,..,,41 , 

Q2 =A -- q(x2 - a)• 

U.., nL'lJ-'l y•J- r,,,.4.,,,,...,['nLJ I;, nl'I!. ft.wn.nLfllilnL !,w.fw['. '1"''1.1."l.I! bl'ft.nL ~I,.,.• 

I.pp X1 =a \ 

Q,= A-q(l-a)=1,2-2·(10-'l)=-S',8 m: 

o/,bp!w"ll.u 3-p'f .f•nJi f,,,.Jwl'' '1/t"'"'l'ft.bLn1 ~! ft.url'i1111 J,..uf!.• ft.u1a..,1' w"l./! 

Q, = P + qx,r 

/;:"{JnLpw'b ft.wr"'"'""'l"'i/Jr n•'l/r'I. ylnif 1 npf!. "tP"'"'"fr I; 0 ~ X\ ~ C • .,r.Jw'l.'ltbpn•J 

lipp XJ = 0 

> x, = c 

Q3 =P = 2 m, 

Q,=P+qc=2+2·2=6 in: 

U"'"'Bif "'I '1p'111 !,.,,if,,,.,wpnd/£'1p/t !,J.J,.,'j, ifpw ft.•n.nLs.Jwt) ft."'l'n'l nLJl.rJ. 

ll'l-1 l;'"fJ"L['IM'j, "fWurft.l.l"i"',) I; ,,,,_. 168-Jr 11"wl l.:"l.1nLrw1fr9 brb. .. LJ (-1 np 

maxQ = 8,<:J ID ( f'•9"'l'Awft. Jlt~nLp,wJp) " 9npt)nLJ I; Awfufrs B f,/,'bwr-'ilJ

Jn,,, yurl.ifn'l ft."'1"1"'1enLJI 
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ll.1JJ .,l.ulll.i'i.I! ,)""'l JnJlr"i11n't.lrrf. /;"IJ"'-l'"'J/o +_..,,.n•9J111lll!.' nrfo t,,,,J..,I" 

.. , .... 'f:np,)lr,,., 'bnLJ,, "r"" ft_mr1"',)"'j,"['f!.1 a..,,,. ..,.,,£•uln1_UI,) J,,,uJ. 1.rw ft_Jrr-·

-1-,) 11LJlrrf. JnJlr),"'l!. 1-l "-"'r"-"',)l!f. ,),,,),l'n~fl1,,,.,, t,_lr"b.,rn'l.f. "b+_,,,.,.J,.JI' 
,.,.,,.,, .. I' 1;• 

M, =Ax, ( nL'lfo'l 'l.,)ft r,,,,4,,,,,,,,l'nLJ )1 

brr Xi= Q M, = o. •rr x, =a M, = Aa = 7,2.2=14·' mUI 

bpft_rnr'I Jwuf. t,,,,Jiul' (a ~ x2 ~ l )· 

x - a q( x2 - a)2 
M,= Ax2 -·M 0 -q(x1 -a)-2

-- = Ax 2 - . - M0 : 
2 2 

(12.18) 

Uw "f.•l'"'P"lf. t,,,,4,,,,.1111'nLJ #;1 nl'/!. ft_111111.nL!flrlnL t,..,J.,,l' X1 i/rn.frnf-wft_w),fi"b "l.lr"'I 

I; "'"'L ..... -.4,,,.,..,, "r"11 "'I',,,,.,' 

lrrl' Xa =a Mz = Aa - M. = 7~:.! . 2 - 16 = - 1,6 mu, 

• 
(l-a)' 2-(10-2)2 

"rl' X2= .... 2=Al-M.-q--2--=712· I0-16- --2-=-8 m.r: 

1J.1JJ "-21.lrl.11 M:-1!. x,-f. ,,.,";, "'l'Jtr.,i. f,,,,J,,,r, nrf. 'l,,"1.l!nLJ Mz-l' r.,,,u,,nul I; 

/tr wJlr";,,,,J/,,) mrJb/!f.111 U1Juf.'b/!l1 lllJ'j, "-""'f. f,,,,JU1['1 nrrnlr'l Q /;"l/ftL{',.'j, ,,,,,fl_ 
'bnLJ I; 9rn1f. 11'"'1"11 UnJltllut'blrrf. r.w1"'""'l'nLj(! nLun..fR,,,,,,f.l'lrln1. J,,..,,,f.
JnJf. .,.,,,,.,,,,_~ ... f.s• ,,_.,...,'bltlll!' 

dM2 A 7.'2 
-· =Q2 =A-q(x0 -aJ=0 +_,,,Jx0 =-+a=-+2=5,6 u: 
dx 2 q 2 

'iJ,,, .,.1r., .. ,,rlrtn1 M2-f. r.11114,,,,,111,.J,,,11 Jlif, +_ .... ,,,"b ... 11.,• 

(x. - a) 2 2. (o.6 - 2)' 
maxM2 = Ax0 -M0 -q =7,2·5,6-16,0- = 11,3 mu: 

. 2 2 

UnJlr"iunf. um111111•,) "rlrl! "'l'Jtr.,),lrrf. l,foJ111), 11'"' ft_111n11L9nL•' lr'it11. lrrit_rnrt 

JmunLJ JnJlr),rn'),lrrf. i/rni/rnl-J..,'j, orlrll/!f!. Wt'Lnlllf,Ul/lnftf "J.lllt'Ulfnl .. ,,__,, ft_nl'i 

( t111nnLf/'f.,,'b wrfltlf. Jlr,) •2urnLfl1111ll r,,.,,11lrlnL r,,,,,/,,,l' ft_wrlrlf. I; 'l.,.),lrl JnJlrl1111-

lllrrfi /;"J.JnLl'"'Jf. It. 'll'n1"'"-"'"' ft_ltmlrrl!.• l!c;,'l,.Llllrln1 M1 =0)1 
brrnr'I J,.unLJ ,),.f!'l JnJlr'it"'f. "'l'"'"'""'1mnLflJ'1L"lrl!. ,,.,.,,,11.,,lnL r,.,,J.,.I' 

lffi°'l'll'lt_Vf,ll f,bt),,,llf. 1111_ U1'itf_u1Uf1U1,) Jwu('_I lJ.f. nLJlrrJr JnJ#rll.,,(! 3-3 ft_urr1_"',)l{r 

~111l.r,, .. P1111..,, t,_lr"b•rn"bfo 11+_.,,.J..,Jp r.1111wuwr ft_Lf.11/.' 

2 qx, 
M3 = --.Px, - -

2
-1 ( 12.111) 

U.1,, "•1.•••rn .. Je ("f.•t'•l'nt) f.r•111111f. t 0 ~ x1 ~ c .,rJtr.,,,lrrJi "•"•r• 

291l 

lrrl' Xa = 0 

c 
> J: =, 2 

M,=O• 

Pc qc2 2·2 2.i2 

M,=---- =- -----=-3 mJ', z 8 2 8 

qc• 2·22 
. 

M =- PC--="--2·2---=-Bmif: 
J 2 2 

B o-,,.,,r..,.,,/r 1.r"' ,,.,,.,,1."'l "-"'r1.-•l'ft r,,,,J,..l' M,-/r u ... ,,,,4,,,• •rJlrl!l!. r,..,Ji!llf-
1.nLJ I; bnL/), ft_1nr1_w,)l!ft t,,,,J,,,l' 't.wf-ft_Jr),nLJ ,.,,.,) M.-Jt •rJlrl!Jt .a.1 

l'J',...,., JnJlr"111n.,,lrrf. l;"l.J"Ll'"'), ft_wn.u91,,,,) I; .,,,,_. 118-f. 'il'•' ,..,,l"l.lru ,.It 

lrrlanLJ I; l;"IJnL['UIJ/.S• maxM = 14,4 m.J' ( nl'I!. "'"-"Lf. .JU 1;, 11•"11 M2-f. r.,,,.r .. ,. 

'/"'"',) 1.lrrlnL,)Ulft_UI), Jw/!uf.JnLJJ!.)1 tt,_ .... 1r.,,.,, nr f..,,i"/.lru ,,_ ""-• 114-f. 1.f'•t 

..,1.,, ft_mp1_"',)l!nul 1 "l'"'lr'l t,_f.l'"'""-"',) I; M0 nLJ111ynLl'ff!.• M /;"(/"LI'..,), nL.,,/. Me 
,/ f;,)nLp 1n.L.,, nL),lr9n'l Ju9nLJI 

0 I' f.), ..:,, ft_ /JI. l.frJ'b..,+_,,,.,, ABC ft_n.,,unl"'lfr), r.U,,,.,,f.9 £. "I'"' !,lr111 C r.n.,.,_ 

ft_m"l.fo Jf.fnsn1. Jf.w91_..,,) CD ft_w/un1.f. r.U,,.),f.9 +_,,,9J1_,,,,) t,J,,),,,),),#rrf. uf.••lrJf. 

r,,,,J,,,r (bit_. 169) ft_wnnLslrl M ,,_ Q l;"l.JnLl'IM.,,,,l'I!' f:tr,,_,,,,l'.,, nL Jw•lrrf. "r"-"'rnL

p JftL),),/,l'l!. 9nLJ9 ,,,, "'1'1"',) 

'/,}"''/ l'nLJl 

/;"f./ftLt'Ul),#rl' (! ft_w1<nL9lr
["L t,.,,J.,,l' ,.,..,,,,.,,., ,,,,,.,..,,_ 

,,,,,./, r,.,,+_iunnLJt.lrr I!.' ,..,,i

"f.b" lrrlt.nLJ I; ),ft_. 169-f.s• 

l,b'°111b.,,lrrf. uf.u.,,lrJI!. ft_wrn'l 

t ftL,,,,,,,,,l ~RJ'U f,#r.,,,,,l',,,,,,,,_ 

JP.,, ,,,,,,,_,,,.,.,.Lin.tr,.• A. HA, 
B la Di P•1t1 WUFR'l~ AD ,,,,_ 
,)..,.,,/. t,..,J,,,l' Jlr),I! ft_iupn'l 

,,.,,., 'll'bl ~,,,4..,,,,,,l'..,+_2 .. nL

fll'".,, Jf.•1,, lrrtr., ""'1"' 11"'

rnLJ1 !lnrl'"l'·'l f,,,,1_UIUUlt'nL

Jf!. nrnz1nJ I; ..,,,, "1.""IJ,,,_ 

'lln1/ 1 "I' C l,n'l"'"-"'"1.1! { ft_n.,,_ 

•mpnLft_flf."'Jf. t,.,,,,.,,_,.._pJ"•·

'!Jf.9 ,,l,,lrln1) JnJlr.,,rn if. "-"'rn'l i/rnfuw,,slru .,,,,,,/. nr ,,,,.,, ,,,, .. ,,,.,," Jf. Jwuf.,, 

{AC) t,),,,,l'"'1nrnLflJnL), I; ur111lf." "l.urur1_1rl J1nu J..,,,f. {CD) ),ft_U1111J,,,Jpl 

o/.lrrf/.), "l..,IJ"''j,,l!. "iiul,.,,.,,fnL'J 1;, np C ft_lrmf. ),ft_,.,,.J..,,/l' "'l'I ""'l"'"-"'"l.f.9 

'lb"lf. d.wJu +_,,,J 'llr"l.f. "'f ft_/ol'"'""-'.",) 11LJlrrf. JnJ#r.,,ur),lrt'f. tnJwn ""'"-"'""'I' 

Lf..,,f. 'll'n1/o' U.n f-nu.,n1_, nr"l.""'lf. f,/,,),.c;,e 9ur),1_/. r,,,,4 .. ,,IU['Ul"-2"" .. p ,,,,.,, Jlt!, 

finqw~w"lnLU .\n.n'l J'nubGmp 111hm11 l; liw~wuwl' ipGp 'l·l'nJp: 11.111 1r•9nL9fri 

"l"'IJ"'"ltl!. AD ,,,, .. ,,,.,,"-;, 'l"'l'J.';,nLJ I; ""'"'"'f.ft_nplt'rt nrn2ltLf.' 

l.•ft_•y'fnLl/'Lltl'f. npn2nLJI'. uft_unLJ ,,.,,., HA t,,,,+_.,,,l'IJiu), r.wz1_nLJn11 ~#r,)w.,,/. 

IUff.Ul.,,9/!f. 1.r• pn1nr ftLJlrrf. "/.l'"J""-911~),#r['f. 'fnLJlllt'(! f,U11_1UU1U{'lr9blrln1. f['nJf.• 
t,..,Jn91_nLJ ,,.,,.,, "l' HA = 01 

U.1,,,.Lr,1r.,,1. Jlrbl! ft_111rn'l l;f.),I! 'll'lrl JnJ#r),.,.),#rrf. lrrhl! r..,4,,, .... rnLJ.,,lrr, 
,,,,,, I;' 

1) r.1111_11111111rlt9.,,lrl 'l.l'nlf. A t,_lrrnf. 'bt,_,,,.,.J,,,,/p pnlnl! nLJlrpf. JnJlr';,.,.),ltl'f. 

ynLJUll'l!./ 

2) ""'1"'""'l'lr9"r.lrl '1.l'n1f. B +_,,,JD t,_lr ... f. 'bft_111rnJiuJp {'nlnl' nLJlrrf. J.JJ,),.,_ 

.,,,,rf. 'f:nLJWl'f!.1 • 

3) r,,,,4,,,,,,,,l'#rs.,,lrl 9.l'"lf. C ft_lrrnf. llft_wurl/,.Jp "'/'I li.n'lwft_w"f.f.tf qbtqp W! 
t,_-J qbuip c\w}u ellft_111,) n&.Jlrrf. JnJlrllrnlllrrfo pLJIU['(!I 

{nL,)lrtn1_ "'I" lrplrl! l,1111_iuuwl'nLJ'blrl'f. u/1111nlrJI!., t,_,,,l'bl/i (- "l'"21rl fnl•l' 

· lrrlrl! ,,,.,,,,,,,,,.. ""'"-"''l'fnLJ'iiltrl'' A-11, B-11 I. D-'it1 Uwft_1111'b •1lrlfr r.tr:z .. I; "l'n2li£ 

·"'J'I r.wt,_"'9.'lnLJ"b"l'l!.• AD t,/,,),.111!. 1_lrp•,)lrln1 "1.,.1'9."''l"LJ'it f,/,,),,,'it'itlrrf.1 '1 ... f-nt//i 
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CD U./>,.'bl" C 'tl.•nLJ ~n'l"'lt,."lnl'l.'b U"1nLJ I; BC lr.n,,unl/r l>wJl'/r 1l'IU' /i"f 
D tl.onnLJ• 2 ... rJ•'t•,, ~-~wlr.111"lwi/r'b u,,, ... r,,,'br 11'"'' flLumJr •Jl'"'ll AD U·

.>-•'bf!. Jli,,I! 4:"'l'n'l .,,I! 'lJrm111r't"l "l'"lbu br!r.nL r,i,,1>,,,'b'bbrJr ~,,,,f,,,'ts"'-Pln'-"r. 
("4:• 170 )t '1wfun1Jr ~/rl>..,,,l" C ~"'l"'ltlU"fnLJ lr.n'bunl/r l>w1rJr9Ju111w'bnLJ I; C ~ ... -
4:•f'lnLJf J.. Jrr U.rP/r,, ''ilz,.,_J I; IUl'l l>w1r/r •frw 'bn,_1,,"1/ru/r C n .. Jn1t 

"r,wJ- 'l/r"'"'l''tliln1 't-

/un1Jr; r.Uw'bJr ~ .. 4,.,u111pw'tl"-

2f!n.nLFJ I"'-'bl", 'I .,,,,n,_J li'bl!' 

'll'111 D "- C '"'lt"''l'l"'-J1'1irl" • 
Jrult 1111,,nL~lrmh ltn'bunl/r />.,,I_ 

rn•.J lr.Jrrwn.bini/ "'l''lh' 
~"'!"'~'Jr C nLdf!1 ,,.,,,,n,_J ,,,,,.. 

A I. B ~w1f111'l'ln'-J1'brl"' Ubl!" 

P qi, 12 4.A 2 
C=D=-=6m. A=--C-=--6--=14,S m• 

2 2 I, 2 8 

qi, 1. + '· 4.g 10 B=-+C--=-+6-=23,5 mt 
2 l, 2 8 

~"'it"'f'l"'-J'illil'f! npn2bL"'-B ~bmn uJpn'l! ~bl>111'bl" 'ilnp/rs "i."'"'ltbpn._J b'bl!' 

npllf_liu JJr wJpn'lfn'-flln'-,, f'nlnl' nLJlirn1 nL r,,.~"''l'l"'-'l,,brn1 /, nrn2n..JJ_b'bl!" 

JnJli,,111'bbr,, n._ 't"'l'"'l nLJbpf! "l'"l.liu un1nr111+_w'b 'lb"l.1!/r ~wJ111rt ffrulbu umn1.,-

9nLJ lt.l>wn.1111/r C ~n'l1111t11111f_nLJ JnJb'bmJr 'Ii'" LJr,,bll"' lf/b.,,I! I; "'-2"''ll'"'-P I"'-,, 

'l111l'J.'bbl 111 l'b ~ 111 'b'l 111 Jw,,l!Jr 11'"'1 "l' liFJI. C ~"'l"'lt 111 "1.n'-J "'l'"' 111l!J.'b n._J U· 
1tJrp111n.41111>, 1111,, 1/r ~,,,,,'lJruw,,nLJ r.b1>111,,J. ,/ wubrJr pwJ111,,,/,,,,, !r.bml UnJb'bm

,,,,l'~ /,. ""'['nil nLJbpp tllf_lnLpw,,b{'l" 9n'-IB ,,,, rnr1wll- 'bit• 169-Jr 1f'wl 

1J.4blJr ~wpJwp I; ~b,,wpw,,1111/r'il ~wlr.111'1'1"'-J'ilbl'l! npn2b1n'-9 ~brnn 'twnnL-

8.l Q I.. M l;"l.J"'-1'111,,bpf! um.wGo~li l"'-1'"'1!111,,l_Jn'-l' lr.111fun1/Jr lr.wJ ~JrJ1'w1fw'h 
U./>w'l.Jr ~wJ"'l'• Q-Jr J.. M- Jr umws1111I> wpJ~'bbl'l" mb'lw'll'bln1 l"'b'l~ .. '!,n,_l' X. 

wn.w'h9eJr91 

0 ['Jr,, w 1t 5:!. Fb'tl"'L "'""'~'91! nL'hb5n'l 

~b/>w°bJr ~wJ111p1 nf'l" un1nf'W['UI{' w°b11U,,nLJ 

b'h 2l'fw'b..,'t {'hit• 171). 't111nn<9bl Q I.. M 
t"l.lftL['lll°bb{'J!.I 

~nl'/r'ln"b111ltw'il BC An'll" 111'b1w'bn,_J b'h 

"i"'l''l"'-,,"''t Jru't "'-'l'l111AJr'I J.n'll"' 2rfw"b111't/r 
'tw'b'l'h~'tt "l"'l''fnL,,111t'b nL 1tw'b9'h1111tl" Jrrwp 

~brn J~111941111> b'h 1tn2m C ~w..,,~n'-19"'[ J.. 't111'l

Jn,_J b'h ~n' uJrurnbJt '1n2m ~w'h'l"'-15,,bl' 

nL'hb9n'l 2pf111"bwlr.1!. L"'l'b rnwpwl>nLJ I; ,,.,,..,_ 

qltl Jr'l.Jb'/,bp1M1tw'h 'fn{'/>nLJI 

U.1u"1JruJr uJrurnbJ'i.1.rJr ~wJwp Q /,. M 
l;"lJ"Lf'"'..,,bl'l" 'twn."'-'lblnL ""'l''ll" J,,,.,_J I; 

,,.,,/u't/r'bl"t ~bl1wrw"bw1Jr'b ~w'fw'l'l"'-J"bbl'I!. 
npn2b1nL ~111J"'l' lt111'1Jb'he ~1114wuwp1111t2nnL

/11w..,, ~1114wu111pnLJ1'bl'l"' 

~X =O, qh - th =0• 

l+ 171: 

"""' HA= qh = 2·4 = 8 m• 

:!:¥=0· -A+B=O, 

A=B· 

qh2 
--Bl=O, 

2 

qh• r2.42 
B=-:=--=B 1111 

21 2·2 

'"'f''l"L'hw~Jr ~111Jwp 1 0 ;::::; X ;::::; /, lt"'l'n'l ,.,_Jl"' Q(X) = - B = - 8 m• l>nnt 

h" 
,inJl.,,rnl"' M(x) = Bx= L • x1 

21 
i,.,,,,'l'b1111t/r ~111J•l'' 't"'l'"'l n,_Jl" Q(y) = q • y. l>n.n'I JnJ/r'burl! M(y) = 

qy• 
=Bl--1 

2 

(H) 4 

_____ l 

Q J.. ~M l;Uf.l"'-l'111'bbrJr op'l/r'i.111.,.'bltpJr 111pJlte'bbpl" pbpt[111~ l.'b 11-l''l "'fJn-
·uu~nLJt 

y=O 

h 
v=- =2 . 2 

Q(x)=-B=-8 

Q(xl = - B=-8 
Q(y) = 0 

qh 
Q(y)= --=4 

2. 

1 M(x)=O 

I 

M(x)= Bl= 16 

M(y) =Bl= 16 

qh2 
M(y) = Bl - S = 12 

qh' 
y = h =4 I Q(y)= qh =8 .M(y) Bl-2=0 
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§ 7 4. Q bl\. M i;crisnttrll"bbrti 1111n-n1'81fll °tJ ~tSJlMiPSU '1 
1\. brU.1..U'IOfl.U'I! 

~-'l JnJh't.uifr• ~-f'"'l. 11LJfr l.t f,ruJ'flu.1Urwt! pw2fuiJ.wJ phnfr fr';,.;. 

,,,f,'bufr4_n1..fl1iu'il ~Jfrtk ""-"',) 11frf.hrh'il9fr,..l iun'itt_nLf' 1n1..'il'ilbrl! npnznul 
hf, 9at'UIJ...,9u11) phnfr 7'1"1.,enLJ ~wnnL9LUc) M ii. Q /;Ufl"Lrw'ilhrf. Jfr'l..4 

h'l...,c) tiu"ll!' U1u <frn/uiu11-iura 1fiu"ll! ~UluuuriJ.iut) 't111nnL9JLU';, -6.zmnL

fltnL'il(! i/_brwr.u~/,l"L f,atJ,,.r ~wrl.nr 'l"l'J'i,w~w'it 'ilzw~w~ntfilJnL'il nL'it/rii 

l.t· 1'131 

P hrlniJJ 11 fr .pw'ilfr 1i.,,...,+•u~fr I: 
'ffrinn'l_nLfiJJnL'itf,J,{', nrn'it.p tiuf'n'C 

ht. 0'f"'"'~"'r Lfr'ilht Q /.t M t.. . ..,, ... L
riu'ithre ~WttnL9/,Lfru1 

1) llr'lh'i. 't.ziJ.ho (§ 71), "!" 

~Ul('n'l_ nLJ/,f'fr t"fJ"Lf'UIJ/r J"Lf'IU• 
dM 

eiu'illJ"'-{' Q = - Df''ffr'itwu.{! /,{'""' 
dx 

~[!f'IUt,;,P"l'"'it frrh'itfr9 'ilhr~-I"' 9-
bnLJ t f.wJ1U"fWU11Uufuw't. 'tlnnnuf' 

X iunw'it9.pfr t:,/,.., M t""ll"Lf'W ,,... 

zn2iuifrn'l/t 'tiu'l.J we) w't.~, ... -;, .,,..,ft-
.,1i'ituf!. ('t.~. 173)1 tJw'it br~r"'tiu

rfiiutw'1 t.wrwphriu~9n1..fil1n1..'il'ilhp 'l"l"'-flln1..'it nLflh'il /,. q nL Q t"l.J"'f'w...I. 
Hrfr Jftr.£. (Wt· 179)1 

! } fJ(ilJ, "l'"Z r.iuur.j_wtlfr rJ.rw 

,., ) 'Q > O, w1ufr'ilJ!'it tgcr. > O, WUflU JnJ£Lmf! w£.n1..J t, 
p} Q<O, WJufr'il.[!'L tg1:t<O, "'"flU ,/,,JJ,'j,,,.l! 'itiJw'l.nLJ !;, 

'f) Q-fr ,.,';,qlmd t '1.£'"1"4.• <frn/uhLn1[ 'itziu'ite (+)-/rs (-)-fr• "'"I* 

M =-Mmax• bpb 'ilzw'ile 1'n/111JnLJ I; (-}-/r9 (+J·fr• iu"lw M=Mm1n• 
'f) Q = Q, IMJU/i .... .e'i. tg<J = Q, IUU/IU ;\.\ = cons t1 

3) tJpa q = O, w1u/t'lt,e'it dQ = 0, "'"I,.. Q =cons tz 1,burk.uu;.'111 
dx 

r. ... J IU"'IUf'UIJ r"rr.fr9 Ml'l.IUllf f.iu,,,.J.wJ'L/,('nLJ Q t"fJ"Lf'W'j, UIUf:',J IU'f,UI• 

.,...,,,4..,., t x iu11w'it9.pfr'il 11."L'liut.h... "L'l./i'l.'ithrniJ. fr'itt iJhrwrhrnLJ t 
JnJh'itrn'ithrfr t"fJllL('LUJ/r'it1 Ul"l.IU ,.,,'j, ~"l.Wln~/,('a/./r [ilb.j nL'l_fr'l.'ilhrniJ.1 

A(ilh Jfriut'it Q =I= 0 (mliu tlrm 2, 'f)' bph q < O, ..,111/r'it.e'il tg~ < O, 
Ul"flll IJ.mrn'I. nLtl(! Lifw'l.nLJ ti . 

4) ~bJw'itfr ..,,\ Ja1.,h('nLJ1 nrnft.[J phn'itw.l_np.l_wtl bit f.wiJ.11111iurw~ 
l_wr(i p111zlui/.111J p!srr.nrf.• M /;"IJ"L{'w'il aiut.J111'itiu+111NwJ I; "lwrwpnliu~iu'L 

'tnrntJ., fru~ Q t"IJ"Lrw'it' (il/,,e nL'l_'l_m/.1 U.~f:owiJ.wuwrwtwifi pU12/uiJuu) 

rl1rr.fr """'.e"'J Q /,. M "rtnL t"IJ"Ll' ... 'bhr'it ti u.uf../iu'iiw+,iu~iJ-" 4il 

+.•r""""-1 nrn'il9 p'itnLtfilr.. 'tiufurf.wJ- t pbnfr ut/t"ffr9 1 
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/j) U.fi.. ~"'f'if"',}.B'iihl'n.J, "f'"'J,'1. ~frriunif_.,.c) bf. ~J,'S,,,,{'n't.iu9u11J. 
nuJhr, Q /;UfJ"'f' ... 't. nLLfr /•111.nLJ ( "f'l!. tiuifinif r,..,rf...,u111r t nLtlfr JJ,

JnL{iJJw'ilf!}• fru~ M /;UfJ"'l'w'il' t"IJ"Lf'iulfr f,iurl1.11u'il Jiuuhrfr [ilh,enL~ 
fi1iu't. iu'ilt,1nL'b'i.bpfi fufiuin +n+nfuna.p 1nL'it ( pb~nLJ) ( ,,,,,.,., orJti.-~, B 
~"'riJ.wJ.pl! r;,~. 168-fr iJ.riu )1 

• . 6) b(tlb t:,..,J111uriurwt! plm.e nuppl_wc) I; """'-" 'ilhr,e!... w1ufr"i..e't. 

d'M_ = q < O, "'ll funu11ni/1 h[ilh M tt!fr ~nrnLflJnL'itf!. p'ilnrnzn'l hr~
d"2 
l'"f''l ,,,c).,,'j,Sl"'Ll! pw9iuuiu~iu'it /; 1 W"flU M /;UfJ"Lf'"''j, 'IJUl'f('i/.UIJ I; 

nLnrlL!J~nLf' l"'J p ,,_h"i/r .l_hr 
nL'l.'Lifwd ~npntJ.1 /!'il'lf,..,_ 

~-H.~~l!· "fil" q > 0 ( p&
ft(! nl'l.'1.1.IUc) f:" 'J/,"ffr .l_f.p )• 
1UUf1U r.wJU1Uf1UU1wufu111'it 

r,.,,,,,qu.1Jm.,.J M /;llf J"L{'~'it 
nL n.11L9~nL{J JUIJ I' nLll.'J.a/.Ulc) 

1; '""'" 'ithr.pl.t ('itt· 174)1 
7) b'.u J['IU Jfr'j, r.n,IU• 

t~. 1141 

~-"l"'lfr't. f,J,t,,,,rw'ilnLJ 
~"'l',"'I. nLtl(! :.w'fwuwr t iut'l f,//'i.iurw'ilfr ~,,,~,.,'1.'IJ111't.f!1 /1u~ Jnn'l Jn-

J6'ilu•f!• h(ilb f,/,f1wr ... 'it111 '"b ~urriJ.wJ.pnd rrlJIU'f.HLf'f t/r ~frrwniJ.wtl1 
'-wij111uwr t 'l.l'"lfr' 

8} ~J,Jw'ufr w'l.111ui Jw1rmJ (~nf.uni} Jnn'l_ JnJb'L"'(! t:,..,if_iuua1r t 
fl'"lfr• hf'h "'l'l ~wriJ111JJ!11LJ th't.111rn'itiu9111J m.Jiu'l."LJ'l tfr ~frr•1ntJ.111J1 
'1n'itunLf. Jwll""'Jf.'it ~mpij.,,t}.[J11LJ ~J,'it1npn'itw9111J nLtlfr pw9iu~JnLfJ1111'it 

7i,"l~nLJ "'l'l ~urriJ.111t!.e11LJ 4"'£'"'1. Q ind[! 'ilnLJ'il"lhu t.111qiuu111r t 

'l.l'"J"' 
9) UJr-~siJ.wtl JwirnLJ Q·'t. /,. M-e \wJw"lwurwufuw'il.,,piur t.w-

tJ.wuiur /,';, ;,b'itwrw'ilwifr'l.t r,..,~"''l.'IJ,,,'f.'i. m f,/,'i..111rw1'1111fr'il JnJb'itmf.'it1 

10) u,r;, turr1_111tl.[J'ilhrm.J I nrurh?_ ~"('"'""-"'.,. I; •1Ld1U,,nLJ'l• M· t..,-
1nLrw'i. nL'ilfr JbJnL[ilJ..,Jp "'l'l nuJ"'9."LJ'lP .lnJb'ilmfr'it f.wijiuuwr fu'l.mJt 

Q t"IJ"L{'IU//r 4.rw ,, ... t./r ..,-;,,_{'IU'J-IU1l'it11LJ1 
§ 71-nLJ 'itziJ.wd- '/-frfhrb'it9frw1 wrr.'itt_nLflJnL'j,'j,b('f! £. IUJUU1/,'l_ p/,('w 

r/_wc) 7/rurn'l.nL{JjllL'j,'j,/,('{! thunw1nJ /,ii nl_ Jfi-1';, t"fJftL('IU'j,/,f'fr ~Ul
nnL9Jw';, £.zinnLfilJnL'ii(! "Ul"L'fJ,JnL f,,..J..,{', "'Jl ii. Jh{' ~n'l.Jfr9 ~o'lunu
'f"f'dijh.'i.. f,£1nullJUIJ"LJ (§§ 1161 111 I. lllJL';,)1 

O l' ~ 't..., t 63. 1'14,a '1~wl'I! forOfo9 "'l't"'l"'D""nJ t B b. E +1,.,,bl'n .. J 

lin'lw~w"fnrfil1 '"-;.~ .. ~ AF 1;6~wllf t"'rn'I na.Jbr/i t"11nr"'"i.1 fll'n2lzl i;U..,'1.Ji 

-Ir"' ..,,.,,.., r'""I! J. ~ ... ,.u9 1z1 J,.Jlz'l.,,,'l.lz!_fi t"IJ"Ll'"',,' 
l;uunLpw1p '"""II! 9nLJ9 !; "'"'ii."'' np A, C /, D ~lzmlzrna.J ~prwa4w.> ~f, 
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<t'""'l'"'i.1115..,_. nLJ61'1 B £. E 41t..,/,rnLil' liw4•'f.'lnL.ri.'1p/!J ,.,,4 EF """'"'-'' i;...,_ 

if .,u"'l""!"'r/i 11112#u/wl p•n.: 
""b"'rnJ.•5111 .. rrLJ/t 4J.rwn.JU1b '1.utf'""'t)enLJ ""'f'"'f nJltrJ. /;"f.JRLl'UI/" 

•t'lfo'bw111'k./,l'~ 'i-'bp..,'i,.21wlt_ .. 'il Jftj11 '-f!JnL'bultpf. ,,.,.,.rftrnLPJnL1'1!. t;..,4 ... ..,,1' I; 

,,,.,., •&.J/!>.I A 4ftinnLJ lt_f.ru111.ifwt) l; 2 m 't_lt'b111l'n'b111qw.) nLJ1 "l'I!. nL'l'l1•,) t 

Jo'i.1'!'t"u s•LJS I; "'"'L"" "-""l'"'l ,,._J,. 'b2w>.e, ''""~ 5111,). B 't_l11nn._J "-"""'"-1•1 
(Jl/] IJI i:w't_w1nnLJf RL'fl!.f-~ 

') T 4.,,• t- 'l""lli 1"r· C "· D 
it_burbpnLJ ftJ.rw•u/_.,,) ''it 'lft-

l.'t_. 1'151 

A B 

"1.J. 5wt) RL'('{'./.wl Ii Ill " 4 IR 

't_ftt ... rnltw5111d- nL""r· E ~b-

tnrr._J' ''""" ·I" r no 'l'l.1 ..,,) 
J0%/3 m 'iltltw{"""lt"'IJ.u 'iw-

lt_w'l'l"ufe1 •1brfw"f.bu, EF 
t;..,,,,1..,,),,LJ 4J.r"'"-Y"',) 'iw

ifwuwrw!w+ P"'2Ju11ul>- q f"lt-

6 
Rf!. 'iwifwuwr l; - =6167 m/Jr 

0,9 

U,,Jf,'b.,.'bkrfo l;"lJ"Lf•• 

11' 't_w"-"'-:1"'-J C 'lJ4-r"'-
PJnL'it !ft 'itbl''t_ .. 1w5"1..nLJ1 A.E 
:,,,,.,,1.,.,)f. "r"-"'l'",_p,,,,J,.. w/" 
"l..,,,,41tr<{n1.J I; ,.i.4,,,., 'l:,)"11 

"l'" Ol''lf'!,-,,.').,Jsf' [! I; Js,,.flJUlf
'i,/,p')., lsb' 

c D E 

. I 
M /;"f.JR'-l'"'J/r otrq.Ji,,..,,,...,,1s,.l!.I o,o -1.2 :5,3 I 'll'l 4.3 -:!.7 

EF .ttuun1.J M /;UJ.J"Ll'"'"' "'""'" I; "l..,.,,4frpy /r "l"'l'"'f'"/'u't_11U'b "-"I'""-• "l'fi 
11st'L"L,),,,4,,.11 J,..e,,frJn<-.tf!. 't.Lf>.,,/> f %f,,,,,,,_J, "l'"'"'l Q = O • ..,l'l ftb111nuf jJnJlt'b-

111fi l'w6ml'J."'4 mpJbl!I!. MF= 0 (liJst),.,'bfr ,,..,_..,.,, ,).,,/{' )1 

'U'n.n'l .r,,J/,'J,.,f,bl'fr ~..,,f,."l"'"'"'""',..t /;"1./nLptut fJRL/f/ l; "'1'1"'.). ~'i.'t_. 115 

6-{t -tr,,,: 

.... 
§ 75. Ofl.cJ.brti U~'}bBntt-ia.snti."t/11brta Cf.OMfU.PlflluJb'l.llt.U4C 

1.:~snfl.rll ubfll! tio.n-ntt-BblrU 

'1-frurwrt"l""- -Lkn_fr'i. fu'b11frr'i.bpnLJ M-/r "- Q-/r t,UJJu.p uma19if-'" 
wpur.uf:.w1urnLflJnL"i/'6/,rf!1 J/,'j,,/! urhu'iiaLJ £';,.[!, lllfU wrur,,,r.111,urm.flJnLiJ

'j,/i['nLJ wpurw.[!{1"6 pb111.'itbpf! Jurj,,1LJ b'it ftrh'b9 ounwt_/r'i. ... uurfrQ...,<j,n.J. 

M-'b nL Q-'it yda1(111rrllt /,'f, t"'fuif w<f phn'iibpfr91 

'1-Jrurwrtblni/.1 •rfr'ilwt, M 3-/r C.wJ.up uur11191_a1d (1:!.19) t.w1_wuw• 

['llLJf! (290 l;p)" 
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M,=-Px~q~. 
2 

Jbt,e .urh11'i,,,..J b'b.e, .}-'I. JnJlibur'bbpfr or11fr'il111ur'ilbp(! Ul/11 r.111urifw"l-

4_urpif.wd-.[!'bbpnLJ 'r+•L or11fr'bwur'bbpfr 7nLJ111r bit' - Px I.. -q ~. 'IC!-
~ 2 

f' 111'f,9frfl IUllW'l_pfif! /rp/J'iJfrfl '""br+_w1a19'bntJ t f!'j,"'rifwJ fturpi/_UltJ..[!nLJ p 
nLtl/r9 1.11n"'1."'9"'1. .fn.n'l JnJhit1nf!.1 /ruft '11'41'"1''1-t!' Q pknfr9 lllflUlflUflH[ 
Jnn'l J ,,Jb'bure1 

Ub'b.[! l1wrn'l. t/r'il-1! wn1U'i1J.fr'b-um.111';,J.fr'f, ~wnnLflbl JnJb'i.uritbrJ

f;u11nLrw'il p nu/{19 /,_ q phnp91 ru't ·-1tn_Lf,burk ~w'brwf,wzif.nrbt tnL

Ja1ph[ ":/'f /;"ff"L['Ulfibrfr Ol''lfr'i.a11111'i.b['(!l ll/'I lti/r'ftbp nL1Jbpfi wqqb-
gnt.ftJlldifibpfi qnuftupum6 bqwfiw~fi ftftrwnnL/ifnL'il(!t 

0 r"..,, UI ,,_ ti4. ~..,1_,,..,,,.,,l"'"' l'"':./uyw,) pbn.J.9 't_ .. 'itun1Jr t;..,J..,,;Mq l;"l.J"L

,...,-;, n1.'l.Ji "/."'l'"'P"l" "'""'' nr/i ,,,Jft'f,.:,J/;i- ( f'"'!JwpJ..,.t,_ wpJl.11ni/_) op'lf.').,..,111 /! 

q[2 . 
wJrw't_sJw'b ~"'l"/,..~f!nLJ I; L. 4wywuwr l; minMq = _

2 
(,,,#;., § 72) 1 

.8 

tit_. 176, a: 

~Uwltfr "''I"'"' t),.Jl'n<-J E 't_f.pwn.i[,.,•, 
it_'1'b111pn"i..,,q111.> (; ,.._J/19 .>n.n'l Jn.t'1'b111f!. 

Mp= - Px •Jrnrfin/uifnul I; n1.'l.fi'l 'ldJ. opb'il

'"1' 
J\'lp = o, 

Mp=-Plt 

p 

tit_. J'l(J, 61 

UJ.l..'),n._,,, lt2w'I. RLbk9n'f /;plt_nL .,.a-,..,,./,pf. Of'lfrltwtn"J./,f'f pufwJ'J,[nL ,,,.,. 

'!""'e I; JJ. .,,,..,,J.re. ~gl.1 J1nu./1'il, fiJ.1..,i.., "'l'l ll"LJO I; int•if. ... .> 't~- 116,a-:-..... 
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Mp=-Px 
rlnJb'l.m'l.bpfi 9n1.1f111f'l'' 

bpb P nLJf! nu17.f111~ I; 'lb"f.fi 1"1'' "'"f.W Mp #;"{JnLl'"'J/i 'j,2..,'),L! H•nJuo//n 

SwrFbr "ioz111"i.J.j,r nL.,,,,fP'I '""nL , ..... ,"'"" op9fi"io .. 111"iobp """"" 7na_JwrblnL 
,..,,,,.,. .,...,4.,i,_..,.,, t ..,,,, , ..... .,.rl.rr ""ht /.r"'l' 1r"" ("i.lt_. 176, 6 ): · 

~noz r-11"'rd 111'1. "'l'Jbl!n1 minMqr- maxMp• ""l"fi"i.11"io' 

I q~· 1 > P/1 

'N••111rbre fir""l' 4r"' .,.,,blfi" ol"lfi"iou11n"iobpf! ... 4.,.,,J.,..,,,,l'J,'j, firwrfis i,_(,.,"i.1b'il, t.. 
••IJ,.L 'lj,"f.l!n'-J ..,J,...,'t_sJ"'l. i,_.,p4w.>11n'- J Jb.,,I! i,_.,.,...,.,,..,"j,,p l'"'fl"''"""'"'.,, 0 r'Eft

lr111.,,, """- pa.fil.l!n'-'' ,.,,,,2 'ri,_-,,.,. .. ._p ,..,,, 1 r"' Of' 'lfil. ... on'bbrr """'"-"'.,, lafi.,,b"i.1 . 
l.l.'i1zn•.2•1 .,_...,,l'"'"-"'.,, 9 n._J.,.l"f,,,"j, (.,,.,..,l' hr1t.n1. .,.<> ... .,rltr'I. tL "ib1n11 I;· 

ft111nn1.1b1 JfiJ.l.n._J"j, Jw•21n•rn~1 tJwl,,.,"ih" i,_..,rbrfi I; 'twn.nLfJbl /,. Q l;ul.J"'-f"'.,,' 

l,:"l.JnLl'"''t.brfi ,,,,._J..,rJ..,"j, "'I" 11,..,..,,,,,i,_I! ~"'r""'r I; "'""'"'/i'rnrh.,, ,,,.,,nr112ls1fo· 
1#-'fr/•~ (U..,'b"i.brfi (..,21"'r"-/. J..,,,,,,.,,,,,i,, 

1:"1.Jn'-r"'l.ltl'l' uno/nrw't,..,, .,,J,~l!f' ·rbrbl"'- (..,J,,,l' "-"'r"tfi I; •"'"'fl1"'~ 
'f"'-"-r•J[•l. op'lfi't.w111l.brl' "'~'l..,'ll'bt ~npfi9n"iow'1.wl. X ,,.,...,.,,91!1'11 (l.~. 176, 6)• .. 

§ 76. 'o'O·O'l. lfnlTb\S\trfl lJl.l, 4Srnri. OflcJ.tPfl l;CllSO~PU\bPC 
tiU.frOf\8bl0~ 'H1u.q.rUllU\ b'l.U\U.tiC 

tph r.h.tw'ilfr 4.rw wnnLJ A'il ""'t."f.bu ~l.'ilurrn'ilw9w6, 'ilnLJ'il"f.bu 

II.. p1112/u4_1116 z111ur phn'i.br, "'"I"' r.,Ufl.n'lm.fi11wup ~"'rbtfr t- ~/r,.punht 

f"l.l"Lrw'ilhp f1wnnL9blnL tt!"'fP"'~w'il b'lw'i.w~(!I CJ.6w'tfiPl! ~wnnL!JhLfru 

nrn2w~/r i:.zurnL{jlJnL'il ..,_wr...,w'ilbtnL 7hU{.enuf L"'""Llf(! 'l"r"'il"'~"''j, 
'il"lwur.U~'ilhpfr r.,,,J,,,r 11urw94_r1LU I; pw4_w~w'i.i/r'il i>.z'trfrur1 

'1-frurwp~l.'i..j' nul?."'a/r't P1 , P2 , P3 ;,ufhpnl/. pbn.'ilw'[np4_1116 AB 
t.Uw'ill! ('ii~· 177 ): 'tlnn'l JirJh'ilurfr £. · ~urr;,'l 11ulfr iJhrL"L"w~w'il 111p

_,,,,r...,1urnL{IJn._-Uubpc. 1 - l ~ur11if.1116.pfr r.,,,J"'r ~Lfr'i.h'il r.burl.1wl'i.hrc.' 

Q=A, M1 =Ax11 

2- 2 ~U1r1."'".P/r r.,uJJ.JJr u,,.IW-,,,,Lj h'ilJ!' 

Q2 =A-P1~ M2 -Ax2 - P1(x 2 -a)1 

lmLl'il ~urr'[1116,e'ilhpnLJ M· 'ii m Q·'il 'l""'trw~w'il b'l.w'il111~n'[ npn• 

2h1nL r.wJwp. if.hr9'i.h1n4_ ~,..J'..,1w~w'il H p£.bnw1fi'il r.hnw4_nrnL(IJnL'il, 

~wnnL9nLJ b'i.i.p nulw1/r'il I.. "fwpw'i.,..1/r'il pw'l.(w'il~lnL'il'ilbpt flulbpp 
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i - ~ ~..,.t Ax 1 = H·"t]1· 
A H 

P"' 19 AX1 =Mi• [.bur£.w"lbu' 
,\11 = HTl1' 

'l-Jif.111p t_I; 'ilnLl'il"lhu "'"l"'9nL9hL { "l"'P"'Cz""lf'il l'"''i.Jw'il~lau'ilJ ~n~~ 
J

£rl. nL 2 - 2 nLn'l.111aft'1/r zwpnL'iJlll4nLp,wJp ~u11:1.J4_wtl- /,_ nL WI , 
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;pw'l.Jw'b't.J..,'j, J/,1. 

Jfr9), nr 

Ax2 -P1(x2 -a1 ) = H·1)2 't.wJ M 2 = H·ri2 

" c'b11t.w'brw"lku 
M(x) .... H ·7Jr (12.20) 

llu 1ihr"I wu ... .t, b'nn'l unubliml! fibb'wfi~ gwll~wgwb' ~mptJ.wb'
J!Dl.U fiwtlwuwp k pL.bn.wJ~G H fibnmqnrnl.f>JnLGF:• tlbrgtlw~ nu}b
p~ dwu2mwpn4, pwqd'wuiwm~w~ WJI} ~mrtlw.}J!nuf uiwrwfiwJ~G. 
pwqdwG1uwfi 71 opq}ifiwmntl, ~ w1f:11l w~ br~wpnt.p JTIL Ii libp}i tfwuzmwpn~: 
'izw'bw't_nLJ J;, "lwr ... tu:1fr"i. P..,'lJ,,.'iJ't_JnL'il{r'b frrl."i.fr9 'ill.r't_•u1w9"i.nul I; M 
-!;uunLrau'b, nr/r "I) or11fri.wm"i.brc "'"Ul-e I; r:.wztf_ht P"l! ifrw't.n'l 't.n'lJfr9 

M 
nL'['[wafr'l nL'['[nLf'JwJp /, >.wt/_wuwr h'b 71 =-1 

H 

M t"l.J"Lrw1fr'b unt/_nr""'t.'P'b urbu.p UIWLnL t.wJwr 't.wrbtfr I; ... ,-;. 

'iJnrfrs 't_111rr.nLfJkt' 'iJm1'iJ 71 Of'ffr'iJwur'iJlzrf! Ul/,'lW'ffbtnt/_ f.1rrfr'f.n'iJw't_w'itJ 

'lrn11111tw'b ..,,..,,'iJ9.efr9: l:pb A L. B >.J,'iJ..,rw'bw1fr"i. t.w't.w'l.'lnLll'iibre 

>.wzt/_tf_..,J k"i. tf_brlnL.tw't_w"i. b'lwil111't_nt/_, ..,"I..,, p£brr.c inb'lauif.nrk1nt/_ 

nulw1fr'b pw'f.Jw'b't_1w'b Jbr_ A-'iJ £ B-'b frr-rfr!I w'iJr_wmn'l t.nrfr9n'bw

't..,'iJfr t/_rw, Jfr ..,'iJ'lwJfr9 't_uuiw'ilw'b.J! t.nrfr'ln"i.w't_w"i. ifrw't.n'l 't_n'lJ { 'l.nL

'lw>.bn. >.nrfrqn'bw;w'b A - B l.wrr.w'lwlf'fr"i.}t 

Q l;"fJnLfUIJ/r 't_wn.nL911LJf! "iwr'I. t 'l.tw'lrfr9t S,.,<;,/,LniJ 'll'n1wftu1'b 

•wn.w'il9.J!fr'ii 'f.nL"fw>.bn. 'lfr,} -n 111n.w'ii9.p/r9 awfu k'l.rw1fr'ii llLJ{r"i. (A 
>.w't.-'l.'1Jw"i.f!_) >.wt/_wuwji >.bn.111i/nrmfi1"''il t/_rw ( nulbrfr Jwuzinwprrt/_), 

. ..,1'iJnLt.h111t. frrb'b9 W'f.'Jh9nL[i 1w"i. 'ldnt/_ £ nL'l.'l"L[rl1wJ p frr_h9"i.niJ b'ii,e 

.,J'i,JU9wfl nLJlzrf!.1 fr"i.j_"fkU WJ'I !JllLJ9 I; urrif.wJ 'iJ't_, 171-/1 i/.('IUI '1uurJU

''iJw'iJJ! 't_urrn'l nLJbrfr wuurfrbw"i.Ula.£ l;ll/.JnLfW1 nrfr JllL('LUJ!W'iJtJlfL(' 

;1lQ""" Q(x) O(''ffr'iJwUI(!_ nL'bfr 'iJm1'iJ Jwut,urWpf!.J fr'iJl_ nr £ nLdwJfr'iJ pw'f.

Jw'iJlt1nL'iJfr'iJ1 

f:(ilb >.bJ111'ilc pbrr.'blilif.nrif.w.t I; t.wJwuiwr..,t; pwzfui[111J pbnrrt/_ 

{'b't_. 178 )• w"'I..., 'lfl..,'lr ... 't_"'"i. b'lw'bw't.ni/. M It Q /;UfJ"Lr.,,'iJI.rfr l11u1rnL

,9nLJf!. ~..,('hlfr I; 't_•ur..,rkt Jfr..,J"i. JnurU1t/_nr a£nt/_t ~wJ..,uiwr..,,} p-zfu

t/_..,fl pbrr.(!_ nul'lwafr'l"i.brnt/_ pwdw'iiktni/ Jfr .e..,'bfr Jw,,fr, £ JnLrw,e..,'b

_J.JnLr JWU{!_ iJtn/uwrfr'iJhtnt/_ /rr t,..,JW'f.nrnt/_ ( nre f.wt/_UIUWf I; f.wJW• 

"i..,urwufuw'b w pbn.'ilw1fr'b Jw't_krbufr"i.) nLJw1fr'b £ "lwrw"i.w1fr"i. pw'f.

.Jw'blt1m'b'bbrfr o'l'bnLfil 1wJp w1, ui2 , w3, ••••• ;&"i.urrn'iJ..,9wd nLrlbrfr 

ufrumbJfr >.w1!U1r 't_111rr.nL9nLJ ""'$ M " Q l;"l.JnLrUA'ilbre' fr'ilt"I"" WJ'I 

·wrtf_h9 4."r"-nLJ1 Q l;"l.JnLrw'iJ 't_uinw9i[{r wuuifrl.w'iJwalt, fruit. M l;"l.Jm

.J'"''b' pb't_Jwl pw'f.J w'il't_1111'il urbu.pnt/_1 

Uuiw9i[wJ yJw'lrhre M "- 0 t"'l.1mrw"i.brfr frulfwlfw'b 'IJ•'frJw'i. 

-"u.J!fr'ii pkrblnL t,..,J..,r ..,'iJ>.rwrlbzui I;' 
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... ; M /;1.1fJnLl''"Jfr t.wJ ... r "fwr'"'il'"sfr'il P'"'l.J..,'iJ't.1..,L Jbi. 'itrbr"l'H1l 

;nr, l'w'ilfr np to t.wJw'l.nl' nulbrfr fit/_fr w'ilt/_krl_ Jb.tw9uw'b 'lbuuinLJ 

"t'"rw'iiw1f1'b P..,'l.Jw'b't_JnL'iJ{r'iJ tf_brwrtt/_nLJ I; pw'f.J..,'iJ't_J.,'bf!. pwJw'i.JP1'ii 
't_/,urlzrnLJ znzwi/tn'[ "fllUrW'iJUIJ,,'j, 't_nrft• 

p) Q f-"fJntrwJfr t.wJ Wf ... umfrl.w'iJwa£.. /;"f JnLpw'iJ ifrnfuwrfr'iJ/, l J {r, 

,,_Jnq, nrf!. U1'b9'iJnLJ I; wli1 t 
't_l .. nl.rni[ 1 n r"'"'l Q l;"l-

1nLfW Jfr t.nr fr'ln'bw4U1'i. 
Jw11brf!. t.l.Llmi/_nLJ /,'ii pk

n.f!_ Jwubrfr pwrlw'iln'I. 

11L'l.'1."'a{r,'bbrfr t.kurr 

'1n'il11ntfr >.wJwr 'lf!.

.tw'll'w't.w'il b'lw'ilw't_nt/_ 

Jn.n'l JnJb'iJ.,'bbrfr l;uum

rw'b ftoun.1n9lzlnL ,.,n.w'iJa

'j,..,(,,.,,,,'t_mftJ 1nL'iJ{!_ w/b I;• 

nr AB iJrw't.n'lc .,,1uinb'l 

iJrnfu111rfr'btf_nd I; ,,,,n...,r_fr'b 

a - 1 hllUtr.LU'flilJ/iJ{r zwrnL

'iJw't.nLf!1wJp1 nrfr!J /, t.,wz-

1[nLJ /,'iJ "I) Of'Jfr'iiwm'iJ/,('{! 

('ii't_. 118)1 U.1u 'l/,"t.[!ntJ 

o pbbn.fr 'lfrrl!'ii f!.'h"'r"

t""- w J'ii"lbu, "r 111rr.wlfr"i. 

l.wrr.w'lwlfilf!. tfr'b{r >.nr/r-

t~. 1'18t 

'l.n"i.w't_wil, Jb'b.p Jfr w'b'lwJfr!I. uuiw'brILJ k"i.J! >.nrf.'l.n'bw't_w'b 111rr.w"i.9J! 

nL'bl. sn'l M /;"{J"LrUll 

Or Jo 'b.,, * 55, t*. 1'19-J. r/P"' "l"""*brrJ"'.> r.u ... ~.J. ~ ... J.,,r .,,.,.,'IP"'~"'~' 
b.,,,,),.,,i,,,4 *""'"'-!fbl M £ Q l;"l/"LP"''l.bpf!.' '1-Jw'lrou*"'~' {.,,,.,,.,."l"'P'"if~u,,,,.91"'<> 
maxM I. IDaXQ wpJbl'~'bpp um"L'lft/ rjftptnL,)wf1w'J. t;,,,2.,nLJ), brf. ,!f.fnflnrjt 

"'~"''tl'"'~wli """'"""'''"" M "- Q 1;,,,,nq•w'blrpf!. l1wnn9b1nL rr. •• r,,,,. ,..,,.,,,L
.,,,,L"" "P"~ ,,.,,,,21n-p 'IJb~·e ,,,,,. t;l,Jw'be.• .,. ..... ,,f.l'I!. r,,,,,.J.,,r ''l"'""'""l'"L"L ,,._ 

J,,.r r~ .. , .... '1.lt'l.e '"'"£1"'L ""'"l"'"'r"""re.' 
br*"'rnLfJJnL'b'liltrf.' 1 u.r - 1 .r, 
nLlbr~' 1 uJ-. 2 mt 

l'I.bnwi/•'I. t:,1,,,.,,.,,,pnLf/JnL ""' f!."b'lnL'l..JwJ t '"'""'""'l' 3 ult ~""'"-"'"l""' 
nulbrft Jwu2"'"'l''"/ H = 6 mt e"''l'"""'f•u<> J"'"2'"'"P-,,brn1 7.>'"'IP<f"'<> b'l. t;hJ,,,'bc· 
nLJw1J."i. /,_ "l"'pw'l.wJ,.b l'"''IJ01"b~1n•.M•tp[! £ ~"'f"'l ,,.J/rpfo /;"fJ"L['Yl'l. (b*' 1'19 )t 

'l/wp"'"i.wifo'b l''"'l''"'u*1w'b .,,.f/,),,.,,f&J 11rnax '"r'lf."bwrne. 'l"'"""[nprjwJ t ,.,,.,, 
t,,rnpi[wJefr "'"'*' nr111b'l ~f.p111•<f•J t PI nLJ('t 1J.J'l "f'ff>~'"'"'f! 1-+"/"Y "d-
rnLfJJnL't'l.bpf. Jwu2"'"'f""' !f111'J.nLJ /r'!.I!' '!]max= 1,'/5 JI lJ.11un""1.f.fl .,,J/rb111J/,J 
....... ,, J,,J/,),,,,I'' -

maxM= H·'TJmax = 6·1.75=.10,5m-.r' 
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UJlz'r...,,f/,,) ~onn'"I '"Jr ~ .. if...,uwr (- J...,J- ~/,'1.twr'"~'/• A ~w11 .,,,1 ,, .r,.,),l', "l'l!. 

t-rftlzl'"/ .,._Jbp/• ''""'2.lnW['nif.1 ,,;,,..,),,,LJ bt.{! A=5,:J 101 

l'"J~~~ 

F==f:,.-==lJ=l:'=-==~'===~s 

fll I. Q l.uun•rw'hlzrfr 
, .. ..,,rwftu1l. ~umn, f1 J..,~, ,;l'Z.
u>n<-/JJn<-"<tf!. .,·1,..,~..,m~I"'· ,.....,_ 
.t "'r • "- Lrt•._,)..,,,.,...,, b7w':. ,,,_ 

+ .. 1 .,.,,n._.11z>.,, maxM-/r t. 
maxQ-/- J /,,),,LP,,,._ ~.'l.lzrl!.t 
,,.,,.,J1;,,,1 8 +'1111/i ~,, ... .,._ 
,r.,,Jr Jn,l£''11111l.'1pJ. ~-1•-

""'f"'-''/!_• ,,,.,,,,""""' 
I:M8 =0, Al-P,(1- a 1 ) -

-- P2(1-ar)-P1(1-a1 )=0• 
u., ..... 1.,,J.3' 

1 
A=l (P1(1-a1)+Pr(l-

- aa) + P1(1- a 1)J = 
--~ 1 

= 6 [2 • :> + 5 . 3. 5 + 
+s .. 5J=5.3'l1 

i'i;.,,l' ... ~ ... ,, l"._ .. J,,..,, ~ ... J .. _ 

1fiuurnLP1wJr """'rr"r"Lfil1n<--
1.,. 1tw'1Jn._J t-
5. S4 -- :I. 3 
--·- --- 100 = 0,8°/ I 

5,34 ° 
1:1',.,,,, .!n.!lilunr. P2 nc.Jf- "'•+ tin1i1•'1 1t."'r1111llpnLJ r,,.if..,11wr t 

maxM = A-a2 - P1(a1 - a1 ) = 5,3,·2,5-2(2,5-1,0) = 10, 75 m.C1 

. ..,...,,.,r .. t•'I. /"L .. J111"1. ~wJ/,J,.innLfl1wJr .,,,.,rr"l'•<-/iJ/nLl.f! ~ ... ,,.r,.._J t 2,.'1°/
0
1 li.1u

"'t1'11/• •z1nnL/iJJ11 L'l.r 9"1',.111•+:•"1. """'1"' 111•1t."""r1' ~ .. J ... r Jfrw'l.y .. ;J.,,i" ,...,1..,r•r t 1 

Cl-1,ll"lu XIII 

'bRrlfU.l lU.PUftlrhtrfl lU.tA.nMTl! UIHfU. u 'l-t;lll~fil·lf 
b'l z.tuu." ""'l" u.u-1111Jt(il-8U. 11 usm,ci.nMTl! 

§ 71. \Bnt"lf3'Jl UtluUSll\·r.ti ci>nr!lUPllPUl:JU"' nt"lUOfl.trLU.Utiflnfi.P.SOl"l'l,(! 
lfUf.m\r b'fHfU'l. '1-tlllf.Ot"lU' 

Unn'l JnJb'itur'itbrfr £. 'tu.rn'I. nLJbrfr t"t.JnL1rw'itbrf!. nL111JLJ'itwufrrh

. ["LfJ f;./,111n ltwrblfr t "-"rlU'JWtt'bwl e'itmrif.wJ 'turrif.wJ.[!nLJ 7nrJn'f. 

·11nrJ111l £. 2.nz.w+n'l L"'rm.J'ithrf!. r.w2ifhLnL ~"'rs/r"il1 '1..hrhnLJ Jb'it.e 

'flt1Urfb9fr'il.e, nr "ilnrJwl LwrnLJ'itbre ltwfuif. .... ~ b'it ilfrur1'it Jnn'I. Jn

Jli'ilu.frs· frut. z.nz.urifin'I. L"'rn&.J'itl.re' Jfrw1'il 'turrn'l. nL<lfrs· 

·a= f1(Mj, 
't = f 2(Q)1 

(12.1) 

(12.2) 

Uw ~'itwrwifnrnLfilJnL'it t urwtfau "f.IUr9_b9'itbl a LwrJw'b ~wz.J.nLJf!.1 

.w,'it t, "'l'I LwrnLJf!. nrnzbl ~bJur'itft JnJw'it w1'it"t./rufr Jwu'iturif.nr 'lb"t.

.e/r ~ .... J...,r, hrp Q = 01 Uurw9if.urJ pw'itu.rahf!. frrwif.w9fr ~Lfr'itfr £. l/l,~-

9wJ 1fU"t..f!.brnLJ1 
:,hJur'itfr JnJlu'it "'l'it"t.fru/r 

'f/,"l,/!f!.> nr/r JurJur'itur// ~urrn'/. nLJf!. 

.~wif.wuwr t '1.rn1/r> Jfrur'it9wJw1'it 

~'itu.rrurif.nr t. hfil/, "'r~wJwr~b'ite 

.(,bJur'itfr ubt/iwl1ur'it 1!"'2ft 'l-rur ~w- -t · 
Jwr .... 'it~rur.Jbzur t. nr ~bJw'itfr 

ur'it2ururif.wJ Juru/z ifrw ~fr.rwn4_wJ 

urrurw.[!{t'it RLUbrfr 11/ruurbJe pbrif.fr 

J/riuJ'it nulw'(_nLJ'lfr: 

r ! a) 

r =t·' ··o 

OJ 

p 
a 

8 

flr"f.bu orfr'itur~ 'turrbl/r /; pbrbt br~w/r/nL'l_IUJ/1'it ifw'fn'itfr un'itn1. 

J1111LJf!. ( ur/iu § 69 }t flLJhrfr IU9.'1f19nLfilJw'it u/ubJw°b urrif.wJ t 'i,~.180~/r 
ifrur: b[ilh Jb'ill! ~urrif.wJ.f!.'ithrf!. if.brg'itb'itl! C £. D t,hmbrfr Jfrp_£., w"t."' 

"'1'1- t,ur[H/_urJe'itbrfrs 9ur'itt,w9wJfr ~wJwr Jnn'I. JnJb'itur'it nL ~urr"'l. 

11L.Jf! ~wJw"t.wurwufuu.r'itwpwr ~wif.uruwr b'it' 

M(x/ = Px -P(x-a) = Pa=const. Q(x)= P - P=01 

ll.1u"t.frunif., un'itnL Jfrt.fr'it CD Jwufr l'"L"r 'turrif.wJ.f!.'ithrnLJ Jnn'I. 

JnJbflure ~IUUUllLIUlnL'it ti fru~ ~urrn'/. nL.Jf!. ~IU"IUUIUr t 'l.rn1fr (~fr2b'itj!.• 

nr Q = dM)t UnJw'it "'l""t.frufr 'lb"t.l!f!. 'trrtif.nLJ t UWJ!Ill.(l chLnt.u: 
dx 

ll1u ~(,i)...,'j,f!. ~urrb'itj!. ('itt,. 180,a) alU/u Jw1rfr9 X ~bttu.rifnrnLPJIML 

'/.r"' 'lur'itif.n'I. t,urrif.wJl!nif.1 11.'itp_wmif.u.rJ Jwufr if.rw ('itt,. 180,6) 'twnhii 

M =Pa Jn11'1. JnJb'itme /, Jfrw1'it 'bnrJwl a LwrnL11'ilbrl!' IJ.'itp_wurif.wtt 

JJUufr .~wif.wuwrur'tznnL{IJu.r'it "lw1Jw'itf!. Uf_Ulr.w'itr.nLJ t. nr IUJ'l a L"'

rnLJ'ithre pbrif.b'i, wrurw.[!fr'i, nLJbrfr 'j,/,r'lnrJnL[I JIU';, ~wrfi11Lfil 1ur'it Jbt_' 

~bJur'itfr ~wJwi.u.rifinLfilJur'it ~urrfilnLfrltw'it Jbt_ 'l"rJn'l. nulw'l_nLJ'lfr' flw19 

'uJnL/tlfr urJb'itwlurrifurJ J...,"f!. 'lur'itblnL t:.wJwr "t.bm~ t ~urrn'l.w'itwl 

~wzifhl LwrnLJ'ithrf!. qmp~wb-1!~ Jill.JlWJ!WGLJ"Lfl qbmnut', 'lfiurb'itwl Lw

p11LJ'itbrfr pw2Junuf~ 'turrif.wJl!nLJ1 

t,uu[wuu.rrw~znnLfiltw'it "t.w1Jur'it'it/,rfr9 r.'itwrwif nr tfr 'lur'itbt L"'rnLJ

'itbrfr pw2/undf!., /u'il'J/rrt!. uurururfr'tnrb'it u.r'itnrn2bLfr t. /, Jh'it,/! uurfr"t.if."'J 

b'il.J! 'JfrJb l ~/,J.,,'itfr 7bf>nrJw9frw1fr ifin11awrwrw~ur'il ni.u11Lfll11.qufrrnL

P1w'ite1 
t,bJ.u.r'ite b'itfilwr'th'it,e Jwl!"Lr JnJ...,"b 'itrur ~wJwl_wi/inLfilJur'it ~w(r

flnLfilJIU'it Jb2_ 'fnrJn'I_ nLJW'l_nL/'fbrni/. /, 'Jfrur•r'tb'j,-1! IU/'J +nrA/r wr
IJJnL'it.j'.'i,/,f f!. ('itt,. 181) I 
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flul11UqnLJ'fbl'l!. ~/rpumblnL9 1111111up_ f:.bJ.,,'il{1 ~n'l.J"i,iulfr'ii Jiu~bpJ.m1(ilfr 
6/.('IU Uuu'iJb'j,l' 'j,('UI urnwi9l'fr'iJ llLll'lLUf.LUJLU91 P('W(' z1.11ur Jnur 1 - 1 IL 

2 - 2 'tahpe.1 Y pw'iil' 'tlft'hb'iJ frrlUl'frO ilx t.bnwi[npnLp 1w'b iJ.rLU 'tur'biJ.mr 

ipft11L f.wpluu'b fturpi[wa.p'iihpft r.l11n.ehre1 IJ.1'1 hrftwL fturri[wJ.p'iihpP. 

tit· 1811 

Jfrtk urw'iih'U.p t.bJw'iifr 1Wttwilu.p/r"i> 

'l_nL'fLUf.bn. ab " cd 'fJbpf!.1 nrn'iJ-

9/r9 Jbfte Jnui t f.baw'iifr i[br/r'i.: 

/,'l.l'ft'b, fru1t J1nLUf!_\ UUln('/r'j, b'l.('/r'iJ~ 

Ur'ittk 11bf/,,,pJw9pw'iJ ab= cd 
=Ax: 

tl>n~/! 9mJ9 t urwlfru, n(" 

11bf}npJw9frw1fr9 f.buin ('b1t· 181,6) 

, 1) 1 1 "- 2 2 ,d'hrl!' 

J"i,11w b'b nulfr'l., P.LUJ!J [ilb.p1Jm.1f 

b'iJ frr1ur 'iJftwmJwJr U p('W(' f.hm ftw'f.JnLJ h'iJ Llet w'iJft1nLb•. 

2) ab f.wmi[wd-f! 1t1Urii.a1"imLJ ti fruit cd f.1»111tfwd-f!\ hrftlU('LUbnd • 

3} f.bJ1»'bfr L1UlimLfi1JnL'bf!. ub'I.,/ i[wd- 'tnurnLJ JhJLU'iinLJ" t 1 frMr 

a,"LUJ 'JnlnnLJ' "'"./)('ILl'iJl'IL,/ ('iJft+ 181, b )1 

ll.1u +nrluu{'LU('LUftw'ii "'l''11m 'iJ.pilhrf!. f,'iJLU{'wi[nrmfill"' 'it bil 111wl11u 

Jwl'nLp JnJw'ii Jwbu'iJwft f.bJw'bft 11htf.npJ"'9P"'"'bkpfr p'itnLJ{il/r 4hpm

phrJ"'l w'bhl t.h111J.1wl h11.pwft1U9nL{ilJnL'ili,,bpf!.1 flw'bfr 'np .l 1 &. 2 2: 

9Jbpf!. 11-h1"1'('J1U9fr1UJ/r9 t',/unn J'bnLJ hi, llLr[/r'[1 JLUll/.IU 'tlUrbtfr t Ju11U

Jb(1 "l' f.hJw'b[r r.LUJw"l.winwufuw'b lwl'bwlJw'b ~mpqwi\vlibpp J'iJnul 

h'b r.IUl'fil k Jpw/il "l.inuri[nLJ h'b frrwr ilftwmJwJ'p ,1::1: w"U~111L'i111i[1 

'tfruuurfthlnil ab J. cd f.a11111i[wJ'Ubrfr hrfta1rnL{ilJm 'b'iihrfr +mf>nfr1m

fil1nL'bilhrl!. ftwrhlfr t h'l.rw1tiu9'bhb "l' (11rwftw'b M-fr 'lbu1.pmJ) i[hrfr'& 

filhtfrftilhpf!. ubtpf~ma h'iJ, fruft uurnpfril'i1hre' 6.qqwa: fliu'iifr "l' JlhLfr1t

'itbpfr ,,_hf}nrJw9frw'i. <fu•ft•i[m.J t ruG~Gqnmui, w"liu f:.bJw'iJfr pwpApni

fil 1w'b "l'"t. Jwftw1•11w'tfr i[rw Jb'it.p 'tf.w'iJ'lfr"l.h'b.J) filblfrft'bbpfr iu1'ii"lfr11/r 

zhrrnfr, 11('(! l/r +nfunLJ /r(' hpftiupnL[ilJnL'iJf!_+ ULU IU/U"(bu 'tnt_i[wJ f_hqn~ 

2bpmli t, WJ'1fr'ii.p'b LUJ'ii JwfthrL:nLlPI!.• "l'l!. ub'lJ<f.wJ 'l""'P'j, pLUclu•

'iind t: AqqwJp91 

l+ 1s1, 6-fr iJ.rLU th'l"J? zbruie "lLUui'thriJ.LUJ t 1tbmLU7 JniJ.. OPz 
t:.iuur<f.LUd-f! "llUr."flU'iinLJ t 'bwfuftft'b Ax hr'tLUrnLPl"'-'bl!.1 

Uhr r.hJw'iie t.wJ•utLUifr t LU('llrLUJ?fr'b nLJbrft .:.LUrfilnL{'/LU'ii 'b~wui

JLUJpt flLuur/t 'ilpw hp~"'- 1thuhp'i.t t"t ,,_h{f,npJw9frw1fi b'b b'ii[ilwrft<f.nLJ 

.. ,,,. r.LUrfilnLp,IU'b 'bqwurJ1uJp. nm'1miwt}i1 Uw f.'iiwr-<f.npnt.fil1nL'ii t 

Lniul/ru l>'itpLU'f['bl, np 1lu1n.p zhpurfr'b 'l.nu1iur.hn. 9m6~m9ma- 2bpm~ 
phtpl:J.Gbp~ qb~npuwgfiwG IJw}u~wa tr fiMmlip 1wJ61n.pJwup Gpwfig 
,pwqwa qppJ!lig: 
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.2bqn~ 2bpme nup1mfiwJwg ); libh1Gp 6mlfw1wt}inLPJU16 rimp
pnL)tJmG:e £. r.Hw'bp tLU1'b1111tw'b q111p<f.iu6.p'bhrfr9 l"L['UIJ?LU'btJ"L{'/i f,Lll['• 

[ilnLfJiLU'b f.hur r:.w111iJ.nul t:" 1tmr1m.J.pfr tb«t.nl! wn.mfigl! ~"1.i/."'l "'-'l'l"i/.' 
U.1'1 wnLUbOl'l!. "i"''-l'il"l.bu nL1ppufimJmg Ii f,/,,)LU'b/t r.wJ,,,tm+nLfllwf, 

~.urfilnLfl'Jw'bf!' 
.,,urpqiuh,efihpf! "f"'"'f"L,/ /,'ii pp/,'iJ9 l_b'f.O.f! LUttLUfl9l''iJapp tflL['1_(!t 

npnf.t,e b+• 181• p f{'.;.. "("""""['<f.LUJ /,fi 0 1 £. 02 ftbur6pn<f.t b[ilh +"'f!.r• 

t[wJ.p'i/hpf!. "f.urur<f.hfr'iJ t_hqn /! zbruinLJ 1.'lur'biJ.n'f LUttLUfl9,efllzrfi 2"'-('J!.f!• LU"(UI 

Q
1
0

2 
r.wm<f.wilf! thr +wrn'l "fLUl',,"l.w'bhl frr uft11.p.'itLU1tw'b hpftwpnLfil1m.'b(!1 

oflw'b/i np Lwi'bw'tw'il +mrsJw.J.p'bhpf! "l111ur<f.nLJ h'il nLJhrfr w911h· 

9
,,,p riu"il r.LUp{lnL{il 1.u'be nL'l'liut.LUJiuo th'I."./! wttw'b91J'iihp/i z.,,L['t_f!, _ w"lw 

,,LJhr/r t:.LUrflnL[il/w'ii l'"l"l' 1thuibpf!. '1btf.nrJw9fiw1frs t.hurn tl +.r&w'b 

.:;,,,Ll'j, r,,LUrfilnL{il 1,.,'b JJ12• l',,bui£.w1hu, l',,haiu'bfr wnw'b91J{! 11hlf!npJw9frLUIP9 

r,f1 urn, <f.bpwJi[bl"f l'uup[il +nrfr• ft.r&w nulhrfr w'l.11b9nLflJw'ii r,,,.,rfl'"L"' 
fllw'b Jhp_t U1'it"lfrup httnLJf!• np/r 11h"l.e"d f.,/,JLU'iifr LUttw'b91Jf! 11hfP"l'"' 

J.ugfrwifro t;.hurn J"i,nLJ I; nulhpp w11.fb9n'-fillLU'ii l',,111p[ilnL{i/w'il Jht1 

l1nti/nLJ t fimpp ~n.nuf: · . 
'l.ht•t_LU"fbu f,/,Jw"ilft 'il1"'-P/r 11blf!nrJLU9frLU'ilhpf! r.MLU'bfr lw1'bnL{i1LU"il 

"'-'i.'l"LfillwJp. 9"'-19 h'ii m"'1fru1 np 'iipw filhlfr't'bhpf! b'bfil.;..l'ft<f.nLJ h'b 

un<f.np111qw'b A'IJw'b ftwJ ub'l.JJLU'b, nrfi i""ll!"L" mb'f_p nL'it/i ff/nLJUU• 

11n'ii/r pp6w+sn<f. f,LUz</.fr LUn.'b<f.n'l hpl..nLlfill!.• f.h6LU'bfr ub'lJi/LUJ 't""'"LJ 

+111114LUa.pfr fLU/'iinL{il/nL'bf! J/,c}.,,'j,,,,_J t, fru+ Ayi[iuJ tnmnLJ'. f"IJ['LU"' 

· UnLJ ('bft. 1811 b )1 
~'1Jw'iJ'iJbpp Jn.Jw'ii tfrnpA111p111pw1tw'iJ nLunLJ"i,wuppnLfil /llL'il'iJh{'f! 1',,pJ J? 

b'b urwlfru w'i.tbt l',,burw'lw bqpw%w9nLfillni!'ii'bhpfr l't.pJ IJ"'J '11''/.wJ d~ 
zmrl! ell11nl Gb1nLpJnL6fibp. 

1. IJ'LU.J)"L[' 611.JLU'b '1-b"l.pn'-J r.Uw'bfr lw1'itwqLU'b +mri/rualJ'ilhrl! 

11bf}npJ1119fr1111fi f!.'iJfilw9.pnLJ J"i,11LJ b'iJ l',,wpfil ( Ul/U"t,b1t +nt_i/LU,) l't.wrfil 

""'['fLUJ .p'iJb {'/r f,p"(n[ila ff!) I 
2, brqLU1'iJLU1tt11f.t filhtfrli'bhp(! rr•r f('LU 1b'iJ '6..bt_rfl.,/ /,_I l',,hU1il..u"1bU1 

'bnpJiul lwpnd"Uhpfr "''l.'lb9nL{ilJLU'b uiwft h'ii[ilLU{'qi[nul b'b "(W[''I. ''"'"' 

1/rfl J_'fJLU'j, ftLUJ ub'lJJ ... 'bt 

fJ, fil'hlpq'iJapp 11hf}npJw9pLU'bbpf!. qw/u<f.1111 t_b'iJ f!_UIR ft1np.J.LU6/Jfr 

[LUJ'b11Lfil/w'ii 'bpLU'b9 'lrw<f.wJ '1frr.efr91· ~b111J.LU..,hu, 'i.tnpJ-l JLU('m./"i,hp(!1 

•frnpnfu<f.htni/. f!.UUI ft111p<f.LU61Jp p.wp&pnL[il1w'i.t1 f!.Uln l'°l'ilnLfil/w'b J"ilnu/ 

b'b l'.wuurwurnL'iit 

llLUsft LUiu e'b11nL'itblnL(i/nL'b'bbpfr9, J.,,9'iJh'b1J ILu hphlJ uw6.umGw
t}lml1n Lufibp. 

1. ~Mw'be nL'iip LUn'iti/LU'l.'b Jfr l',,wJLUt_wifrnL/lJ"'f, t:.LUpfilnLfl1m."il, IL 

P"l"l' Lll['Ul""IJ/i'b nulbrf! 'l"''Li[nLJ b'b LUJ'I ~LUrf'nLfi11LU"' Jhr.1 



!O~ 

J 
'o=,::1poS pm~ o=x:i (,rcr) 

Jlil'IJ'I 11,lmtJp l'lfJuimurio -1 
i/1'1Jm~ Gt/J'fll,J'7uJmnm/im':i G'l/i 11,mliJwul~mJmnm/im':i '/iuniJlnnlY/ 

(c·cr) .:l 
10 = f.. '.::IP0 S pm~ 0 = f.. • NP:I 'O = zW:i 

d 
·w=.::JPZ·Os fo·cr) 

d 

·o=z·.::1P0s-w pm~ o=z·NP:i-w 'o=·'w:I 

BiJ'1'1urJu 

•11,iJifG11,m11m X ll,'I u'l':imlnub ilJ'l/,t/"} :JPO =NP 
Ju t/tt,mil •11,mliJ.,1111,l7U11, -1 p7•/rfnrJ'l/r ilpwJmnm/rm':i 0 = XW:I 

1iJluJb -1 Jmnm/rm':i i/11111,'lpup mJ11, 
Jpmpurm~'!. iJJ'1tt,ilG11,mum ZQ 'I XQ /ruum'Jurmln Um 'I 'd'IP 11,ml£1we} 

-Jm':i ZQX -1 pw/i11,111I. ill.lwbmp7U W Ju •iltt,'lurm~'I. 1uJ'lll,J'7uJmnm/rm':! 

iJJ'ltt,urtt,'lpup Jpmp111m~11, iJJ'ltt,ilG'l,.mum z 'I !._ 'X iltt,'lpbm~ ppl'fl 

1niJlmur n? mtJG~'lluJI. 
mJ/r iJJ'111,ilG11,m11m Um i/J'l/,t/"} .::Jp.o =NP Ju i/11,mil' 1 iJJ'1tt,tt,Wl1J-•u11,l7Utt, 

iJiln'lur 0 = 0 11,'I p7U/rfmJ'l/i ilJ'l'IJ'7uJmnm/im':i 0 = Z:I 'I 0 = .A:J: 

d 
10 = .:IP0 S 'O =- X:I (rcr) 

, iltt,mtt,murn~ '/ru p-.Jl.'111111,iJ /ru1'1tt,i/JmnJu"1 mJ/r 
iJn'IJ'l~mp i/ilfm/iJur~ 'dlruJpm ilpwJmpwl. iJJ'll.iJ'J UTl 1iJluJb 11,'1 Jmn 

-m/rm':i mJ/r iJJ'111,ilB11,mum i/Jmp7UI. iJJ'111,miJG~'lluJln iJJ'll.iJ'J NP lmp 

-Ju11, Ju 
1 il11,m11,murn~ GiJJ'll1,/'7UJmnm/rm':i Um mlnm •iJluJb -1 Jmnm/rm':! 

mJ/r iJilG11,m11m fmGm~~mG 11,miJG~'lluJ/n iJT.lwbmp7U W Ju t/tt,mif 

1i/J'l'!.P7UJ 
-mnm/rm'J iJJ'ltt,miJGhluJ/n mJ/r iJJ'111,ilB11,m11m 11,i/lmurm11,iJliJuu~ il'IJ'I 

Z 'A 'X iltt,'IJ/, n/m'I,. 111,iJJ'IV'-.uJmnm/rm':i G'l/r iJlmHurmurn iJJm.Ln/rmJ 

-1 ilurqln ilp'furniJn nlm iJJ'lp7u Jmpm':J 11,mliJw11l~mJmnm/im'; 1~mur 
11,mliJwG'llibm iJJ'll.iJ'J lmpJu11, NP Z.u'!.iJJmnJu"1 il11,wliJ7UG'llibm i/n 

-mp fm"frGI. 11,'ll, i/'!.mf'l':i 'I iJJ'lp7U 11,iJil'm111Jm Z.ul'bm~ /,17Ubmp7U W 
l'IP 11,mlgm11ll1mJmnm"frm':i -1 pw"fr11,url. ilnm p fm"/rurm'd'!.- i/11,mf'I'; 

1 .::I p.o = NP il11,'l~m11,ml11, ilpw 
lrulibm mJ"fr mJ-£ 1 i/~mi}Jm':i .::IP· Jmur'!.'11''11-1 "frul'lurml11,m p7uillm~mlJl 
i/rn'I~ fmGm~11,mG i/p Z.uG'll1,7U J'ltt,rnm11,iJliJuu~ z 'I· f. 1ilJ'1'!.J'7UJml .0 

lrnl'Ju11, 'J'I J'7Ulibm J'7UIA'I~ JJUl?11,milmJwl ~fm"frJin~ 11,mtm11,lm7 

9fE 
1Gmlm':imLlnu ·~AJ'ltt,~Gtt,mum Z 71 A ,Jpmlg7uJm~J'I tJrnJ9l ilubql 

' fm"frBJ'l/i ilil'G11,m11m X 1-1 rnlm'J11,m pplmum 11,mfeJ,uJvJmJ t/11,mf'l"J 

~nil ililJtJf, mJ11, pwJu litt,il 1ilG11,mJ1m f.. n'llnJu -1 fm/r11,7u-£11,u ililG11,m11m 

rub'/? t/il'fm/iJin~ '(fmG iJln'll, -1 fm/iGJ'l"fr il11,wliJwLZ.7U 11,m~mJli) 

r811mvm z "'llnJu -1 fm"fr11,-.uli 

''!'ii ilfi/I. tt,mpurm':i 11,mliJ7uiJJm':i 

~mll!]w"1m?mpm':J i/tt,mf'l':i rn'l':i 

smll!]7uiJJm':i i/il'fm/rJur,, 

1 p7u~m"}i//r fm/r~Jmi} '1,.'I? 
flmiJGmpJutfJ'lli fm/rJur -1 Gl-.uG 

1nmp fm/iaun'dtt,m '-1 11,i/?11,l 

~tnrnmp'lpm'J rn'l':i tJJ'l"1m? mJtt, 

~frm? 11,mpuf i/11,mf'l':i p7u'jm~ 
iW.11,fJul. Ju i/tt,m~ 1iJ11,7Ul~11,mlr 

~lnu -1 fm/r11,7u-£11,il iii/ fm"frJur~ 

1~81 ·h 

JPD 

T'E·~ l~ 1; J 
f~mf'l':i Jmpm':J 11,mliJ1ubJmfn i/Jl.mf'b 1il11,7UleJwul~mJmnm"frm':i i/n 

~-p nJmv fm/rJur GlwG p7Unml' 11,iJJurnn i/-6RI ·~11, ~m11,i/Jo 't/~'IP GiJJ 

~nmp fm/irnml11,m iltt,'l~JmrntJli 'I tJnmp w~J'I iltt,'ltt,mpmJ "fruilfm"frJrn~ 

t- i iltt,mf'l':i •GiJliuiJ'IP iJJ'l'!.J'7UJ,.~ /rul'l/rurl.o 1fa8 r ·~"t,,J 11,mf'l':i 

t, 'hu/i~Jmi/11,'1 11,mpuf J7uil'mp /ruJ'l/;,l7ubmp7U W il'tt,'111,GJ'lp '"O 

.fi'-lU'if.ltJ!l'L 'lll.fi-l.1.0. 'll\i.t-bJ!l'l:'t )Ui.tQ'l!lSUlti 1-jU 'l'if.'lQJO i.tti'-lU7 
!.fil.jU'if.lti!l'L 'lll.fi-l.1.0. ~.fil.jU)..2U7 i.tJ!l'UNUJll) 111.fiJUil. "Sl § 

tl'l':iJmpm':JJrn -1 iJl'IJm~ il11,mJ-£ Ju •(t/J'lil/,,'11, ~7Uu1 

~-'ii JpmliJwumGmJ} 11,'1 Jilu"1 11,mil11,lm iJJ'ltt,lmnJn Z.unJ1I BiJJ'lll,11,7Ull1} 

i.-.uJlimiJtt,'I nlm 11,mliJwn'lrn 11,lm~mn 1n'llnmJu/rmurup 11,lmiJp 11,'I rnli/"} 

ft.-.uJ'lillrurl. 'J,m~mJu/run 11,ml"'f i/J'1'!.ll,-,uleJ-.11Jlimi/tt,'1 fm/rJm 11,J'lp 

111,'I pw/rnJu"1 i/J'lll,11,mplmln 

~+Jm/rlm':i mJ11, 'I •lr'liJi/eJ n9lnJu llm ''!mf'l':i nq}nJu 'liJ ?u -1 p1-,,rnmnJ 

s 1 
~m 11,lm mlnm '{ < q ,11,iJil?iJuiJ mJ11, i/11,wlp}wJ'IJmJm':i 11,mle}wJ 

•'fJmJ i/iffm/rJur~ 11,-.ul~11,mLZ.w i/tt,mf'l':i 'liJQ 1(-1 J'7u/rJu1u) u11,wle}w11, 

•7Ulm~ i/7'? e}Jm':i -1 pw11,GJu~ Jl'mleJ-.uurl'l':i ~m,.mpmp 11,m/"'f il11,mf 

•'l':J pwilln'lli 11,mlp}w11,1m1 Jilu"1 iJilfm/rJrn~ Ju '-1 t/11,urlm"J BiJvJut/J 

nu1'1"frJu1u 'I 

'ill'l?uw B11,m11m -1 pwrnmnJlm p-.uJ'lll,ll,ml'lmln 11,mpuf i}Jm':i il11,mf'l':i 

J,, '-1 11,i/niJln11,lm 11,11,wle}wG~mJ'IJmJm':i 71tJI' iJJ9"1m? t/tt,mf'I~ •t: 
'~ 1Jtt,lw11,'li/P l'-.uilln'll, 11,ml'l'L'ln 'I tt,ml'l.'f ilhuliul' 11,mlt}1u11,m~mlzvm11m 

l'wJu urnil '11,i/il11,'1Jo iJ~w~ -1 1'71~"fr~JmeJ11,'1 ileJwl11, i/11,mf'I~ •g 



EMy=O ~wJ J azdF~, 
. F 

EMz=O ~wJSaydF=01 
F 

(13.2') 

(13.3') 

Uw~wl;, uurw9i/_wJ. brb.f! r.wiJ.wuwrnL.JiJbrl! pwiJ.w~w'b z.b'b 'bnrJ'"l lw

rnLJ'bbr/r JbJ.nLfiJnL'ii(! nrn2btnL r.1:1Jwr 1 .[!w'b/r nr a-'b dF r.wrfiw~/r 

,,, 

tb'l.n.f! w1uu'b9.[!/r9 nL'bb9w~ z r.bn.wiJ.nrnL

[il JnL 'b/r9 ~w/r•i/.~~ pnpn/ui/_trLJ t 1U::,w1rfJ 

w'br.w1ur orb'b.[!n1/_1 u.l'l (z) l;/;nwiJ.nrnL{ilJnL'b(! 

'bnLJ'j,U/_/,U w'bf11,,11n ti .[!"'';," nr w'br.w1ur !; 

tb'l.".f! Y 1Unw'b9.[!/r 'll1r.f!l!1 

I\, '1-/rJb'b.f! , r.Mw'b/r 'lblf.nrJw9/rw'bbr/r 

'l/rurwr~Jw'b(!, nr/r r.w.rwr i;bJ.w'b/r9 /rrwr 

w'biJ.brt. Jnur 1-1 h. 2 - 2 ~urriJ.IUJ..[!'bbrniJ. 

IU'bp_wurb'b.Jl dx br~wrnLfrllnL'b nL'bb9n'I. J/r 

t[bJb'bur1 U.l'l tLbJb'bur/r 111bu.[!(! 'lblf.nrJw-

9/rw1/r9 Wtl.Wt_ h. !;burn 9m19 t urriJ.wJ. 'j,~, 

183-/rr iJ.rw' 
'1-~IU'fr/r Uf1Ur'l.nLP1w'b r.wJwr tLbJb'bur/r 

'f-,,-lf..,,_n-rJ-:9,.;;,'b snLJ9 t urriJ.IU,} /u/ruur JbJ.w9w 
t~· 1881 

iJ.w~1 br~nL Lw1'bw~w'b ~urriJ.wJ.,e'bbri. tL• 

J'j,,.L'"I r.wrP, ~U/.111uriJ.l.'b tb'l.n.f! 1Un.w'b9.[!'ilbr/r 2nLrt.l! (6..w~wur/r iJ.rw 

01 IL o~ ~burbrl!) IL ~~w'l.Jb'b dix ,.,'j,~1nLf.1 9bqne 2"r"'l! 9nLJ9 !; 

urriJ.wJ. ~burw'fJ.ni/_I 9b'/.n.f! 2brur/r'b U/_WUl~W'bn'I_ 0 102 'f/r,}(! 'fblf.nrJw-

9/rlUJ/rs !;burn U/.wr.U/.w'ilnLJ t /rr uhp'bw~w'b dx br~IUrnL[il 1nL'be1 91.

P.f! 2hr111/rs iJ.br 'lur'biJ.n'I. pnlnr fibL/r~'ilbrl! ~.,,r6..w'bnLJ b'b, /ru~ 9wJ. 

'l"''iliJ.n'l.'bbrl! • hr~wrnLJ 1 

'l-ur'bb'b.[! t.b'l.n.f! 2hrur/r9 z r.i,,,_.,,iJ.nrnLfilJ"'';, iJ.rw 'l"''iliJ.n'I. h. a LW"' 

rnultbrniJ. a.,i/_wJ. nrh.t AB P"L"~" lsr~111rw9nLJ(!1 u.,'l filbL/r~/r "~l!'l.P°' 
'ilw~111'b hr~wrnLf11m.'bl! r.,.iJ..,,uwr t dx=v010 2= pdix1 '1-hlf.nrJw9/rw1fr9 

l;b111rr 'iirw br~mrnLP1nL'b(! AB w'l.b'l.niJ. 'l"'ra.wiJ. r.wiJ.wuwr 'JAB= 
= (p + z)dcu 'l-/rurwr~iJ.n'I. P"Llr~/r 'pm9wrd.w~ "r~wrwsnLJ(! 1:::,.l = 
= (p + Z)dlX- P da= Z dlXI l.wrwpbrw~wf. "r~wrw9nLJ(! r.wi/_wuwr !; 

zda z 
E=-=-, 

pda p 

w1u/r'b,e'b' /lhL/r~'b6r/r br~wrw9nLJ(! nL'l./r'I. r.wJbJwur.,,~w'b !; t6t.n./! 

1Un.w'b9,e/r9 'brw'b9 nLfJi9w~ r.bn.wiJ.nrnLflJ•'ii(!1 

U.1u111b'I. p-'b t.b'l.n.f! 21srur/r ~nrnLPJIU'b 2"'"wi/./r'1.'b t• •r/r JbJ.nL

filtnL'il(! •fit_wuri/_wJ. ( w'biJ.brp_ pn.Jlr bp~wrnL[ilJnL'b nL'bb9n'I.} !;L6Jb'burJr 
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E·z 
a= Erz ~.,,J a=-1 

p 
(13.4) 

(1.'J,4) r.wiJ.wuwrnLJ(! 9m-19 !; U1WL/rU1 nr J.n.Jw'b rfwJw'bw~ 'ilnr

Jwl LwrnLll'ilbr/r Jb~nLfilJnL'ii(! pnpnfuiJ.mJ !; tb'l.n.e 2hrur/r9 'l/rurwr~
iJ.n'I. ~bur/r nL'ilbswJ. l;bnwi[nr 11LfilJ"''j,l! nL'l./r'I. r.wJbJwurw~w'b1 tzw'ilw

~mJ I;, LwrnLJ'bhrl! l!""' ~urriJ.wJ..[!/r pwrd.rnL[il 1w'il pwzfui/_wJ. b'il 7J.U1-

J/r'b orb'ill!niJ.1 
9b'l.".f! wn.w'bs.[!/r iJ.rw, brp z = 0, "'U/.w a= O. ub,,_Ji/_wJ. 'lnu1/r'b 

w'bs'ilbl/ru ( thqn.[! wn.w'ils.f!/rS iJ.br} a-'il z-/r r.bur J/rwurb'I. pnfumJ t /rr 

r;,2w'b(! 'lrw~w'il/r9 pw9wuw~w'b/r 
( ub,,_Jnd} Ii 'bnr/rs tb'l.n.e 

wn.w'ils.[!/rS i;bn.w'ilwLnL !;bur ( 
J/rwurb'I. pu19wra.w~ wrrlb.[!ni/. ~,;;..:~;.;.._~i\--

w6..nLJ !;1 t,burh.wU/.bu, LwrnLJ- If 

'ilbrl! ~r.wu'ilb'b /rrb'b9 IUJ/,';,w

Jb,} wrrlb.[!/r'b ~urriJ.wJ..[!/r iJ.b-

r/r'il h. u,nnr/r'il b'l.rm.J, hrp l-t- .1811 

Z = Zmax 1 lwrm.JiJbr/r pw2/u-
dw'il 'p'bmJ[il(! 9nLJ9 t urriJ.IU,} 'j,~, 184-/r iJ.rwl 

(13.4) r.wiJ.wuwrnLJ(! urwl/ru !; ~mriJ.wJ..[!nLJ 'bnrJwl Lwrnur;,br/• 

pwt.fuJw'b d/rwi'il p'ilnLJPl!• pw19 WJ'f r.wiJ.liiu.,,rJw'il J/rp_n9niJ. t/r ~wrbLfr 
r.wziJ.bl 'bnrJwl Lwrnul'bbr/r JMmfifnL'ii(!, .f!W'b/r nr tb'l.n.f! zbrur/r 11/ic•
.p/r w'i1r.w1ur L/r'ilblnL U/."'"'6,.wn.n1/ n1 p-'il h. nt z r.w,ur'b/r tb'b1 

.... a-/r ~wfunLJ{! J.n.n'I. JnJb'bur/r9 nrn2blnL l;wJwr 'f/rJ/,'j,.[! 'ff.

lf.nrJws/rw'bbr/r 'l/rinwr~mJ/rs 11urw9i/_wJ. (13.4) l;wiJ.wuwrJw'il fl 

uurwur/r~wi/r (13.1), (13.2) Ii. (13.3} r.wiJ.wuwr11ul'bbr/r r.wJwmbrz LnLJ.-

Jw'il(!1 
(13.4} r.wiJ.wuwrmd/rs a·/r wrrfh.pf!. uilulw'lrbLniJ. (13.1) r.wiJ.u•-

uwrJw'il Jbt_1 ~UUIUl'j,Ul'j,.[!\ 

EX= O ~wJ J~·zdF=01 

E ~ t ' 0 - =con:> 7 ' wU/.w 
p 

_\zdF= 01 
.t' 

(1.1.5) 



310 

9nLJU1rf!. ~pwJw'i11J/r £r~ni ift1itlwrfi1 nrn'iJ.[! J/,Jm{J1wJp frrwr f..wiJUI• 

uwr b'ii, pw19 nL'iib'ii 111wrphr 'iizw'iiiibrt U1u"lfruniJ, UIJU fr'ii111b'frUllf! 

t.wJwJ_wp ~urriJ.wJ.[!'bbrfr f..1uJwr Jfrzur f..uu/wuwr t- 'lrn1fr• Lt (13,6) 
f..wiJ.wuwrnLJ l! iJ.brwJiJ.mJ t 'iinL1'iimfJ1w'ii1 

t/..bn.w"lbu, o'lurwynrJb'ii.[! iJ.bn.fr'ii (13.2) f..w-J.wuwrnLJ(!• 'lrw Jbl 

urb'fw'frblni/. ( 13 ,4) wrurwf..w1urmfi1nL'iJ(!1 ~uurw'iJw'iJ.(!' 

{13,7) 

11.,,, /1'ii111b'frUILf!• w1ufi'ii.f!'b' 11btChG.mwp flwppwqlibpr h. WILWUSJ!r9 
lipwlig nL!ibgwa fibILw~npnLpJwli J!WILwqnLun~ wpmwqpJw1libp}l 
qnufwp~ qnplnltf );- tfwqbpbur rlibpgrwJr WILWUSJ!WJrli q1mf lWJ
liwqwli tfntfblim y wtlw'ii9.[!/r 'ii~w111J1uJ p Lt 'iizw'iiw~tfmJ f; JY 'iizw'iiniJ.t 

'flw'iJfi nr Y UltlW'j,9.(!f! t_b'fn.fl U1nw'iJ9.(! t, Ul"/UI Jy•f! f..bJw'iJfr ~urriJ.wJ

.(!/i Jw~brbufi fr'iibr9/rw1fr JnJ'l1'ilur'ii t- t_bp.[! wnw'ii9.[!/r 'ii~1uur.!wJ'pI1 

11.1'1 'fb"l.f!nLJ' f..b'iJ9 'iinr at..w.pnfr11.w~ (i3,2) r..Ul1UJUIUrnLJ'fi9 lllllUI• 
'iJnLJ h'ii.(! \ 

EJ E M 
-=M ~wJ'-=-1 
p p J 

Mz 
a=-1 

J 

{13.8). 

{13.9) 

ll.1u"lfr11niJ, qmpqw~.J!r gwliqwgwa 1ibmnuf linptl'w1 iwpnLlflibp~ 
DLJ}rJ} flwtfbtfwmwtiwfi b(i <)nnq tfntfblimr UllaD1.pJWUU DL i_bqn_J! 
wnwli.gJ!r9 qbmr nLlibgwa fibILw1lnpnLf>Jwli.~ h. fiwl1wqwpO. liu1tfb
uwmwqwli bli. i_bqn}! WILWUS.J!r liqwmtfwtfp qmp1lwa.J!r rlibpgrwJr 
untfbli.mrli: 

9bp.[! wnw'ii9.[![! w'ii9'iinul t- ~urriJ.wJ.f!f. JwY,rnL[iJw'b ~b'ii111rn'iiniJ 

J.. nL'l'lwf..w1w9 t- nLJbrfi w'l'1Jw'ii f..wr{JnLfiJw'iie1 

l>iit"lbu hrt.mJ t- (13,7) pw'iiwal.tfr9• ~111riJ.wJ.f!fi fr'iibr9fiw1/i J'n

Jb'ii111e t_wpiJ.nLJ t- br~wrnL[i1w'ii JfrwiJ.nrfr t_nrrnr'I wuurfrG.w'iiniJ Lt 

l ~buruu1wJnLJ ib'ln/! y wn.w"b9{!/r 'b~wur1f.uJp fr'bltr9frw1/r- Jn,fb.-,.ure 'b2w

"bw~lt1Jr11 J/,.-,.l! ~w&.w[u pw9 ~fln'l'bb'bl! y /r.-,.'llt/!ul!, ~p&.wurm P1w'b ~1111fwp Jy-/r 
i/rnfuwpb-u 'iPlttniJ nuz'lw~Jr J1 

3U 



~wJui[wJ- t 4urri[w6J?J. at.J.9 hi.. 1_wifr'1rJ.s1 Swrphr ~urri[wJJ?thrfr ~w
J-r -1'b r.wz.iJ.hlnL 'l"r6'bw't-'b /11la.'b-'t'iihre 9nL19 'turrqh'b r.hurlU'flU-
r~ . 

U.1, J'1J-nL/i11w'b l/>fr9_/r'tw'tw'b frJIUUUlf!. MJ.Wr9_hlnL f,IUJIUr af..1Ui[rnw 
Jult'b-6 (18.B) p-'ii-at.e.' 

l M -=-1 
p EJ 

{19.10) 

U.1uur/,'lfr9 hr£nLJ ti nr uri[1wl 6n.n'l JnJ/,'burfr 7'"f6nLJ nrJ?W'b 

JU t 'turri[-J-J?fr fr'iihrofr-1fr J JnJh'iiure, -1'bJ?-'b JU 'tlfr'bfr 1."9."l? 
zhrurfr, fruit f,/,ur/._IUMJ./,U /._ t;,/,J-w'bfr U1n.1U'b9j!fr1 ltnrnLfl11U'b zwn.1UiJ.fr'ff!.1 
w1ufr'bl?'b' wl'b.[!Ml'b -qhl.}r J?frl 'tJ-n.iJ.fr r.Uw'be.1 

ft'bhr9frw1fr JnJh'lturfr JhJ-nLfllnL'bf!. p'iinrnz.nLJ t ~npw6m1nt.fi fib
~mlifi qfiuaaqpbtnt. ]!liqnt.fim~nt.pjnt.6E: ~m}utlw~ fib~wlifi ~mptlm~l!~ 
tmiltbp~g DL ilh~g: 1J.n.-a'lw'tw'bnLfl1w'b E Jn'JnLlf!. 'iinLl'bUJ.hu p'iinr"
t.nul t 'tnrw'bwlnL'ii f.h6w'bfr 7frJw7rh1nL f!.'b'fnL'bw'tnLp l~L'bf!., p-19 -r
t''b 'tw/ui[wJ- f,hJ--'bfr 'ii1nL[ilfr91 EJ -rurw'1rlwll!. 't"li[nLJ · t r.U-'bfr 
~nzum1 pjnt.fi 6tu!w'b 'lh"iJ?"LJ, £. · fr'blJ?-'ii -iii JJ,J- t1 wi'bJJw'b uri[iwl 

6-n.n'l. JnJh'burfr w9.11k9nLfl1w'b 'lh"iJ?"LJ -4.hlfr J?frl ~'tnr1U'bw f,hJ-w'be.1 

'>. ~U-'bfr wn.w'b9J?fr 'tnrw9Jw'b ~hur t 't-MJ.4."'J- 'bp,., 'turriJ.,.,6,e
f,hrfr i[rn/uwtpura. "l.ururnL1fe• 0 10 2 == d.x r.wuri[wJ-fr hr't-rnLp 1nL'iif!., 

fr'bt"ih" w111 hrknLJ t 'IJ-"''lrfro {'bit. 189), r.wiJ.wuwr t pdco U1uurh

'1./r9 hr'tnL r.wrl.w'b 'turri[w6.[!.'bhrfr i[rn/u"''l"'ra. "iururJ1u'b w'b'tinL'bf!. 

dx dix=-1 
p 

1 M 
--fr i[rnfuwrh'b urh'lw'lr"l"" 'iirw - -rJh./JI!.• 'tuur1U'b1U'bJ?' 
p EJ 

dix= Mdx, (19.11) 
EJ 

UI 1ufr'bo6'b' J-n.J w'b J1UJw'b1U" 'J'11/>nrJw9frw'bhrf!. \ 'turri[IUJ-./Jfr "J.ururJ1U'b 

dix w'ii't1nL'bf!.1 fr'bl"lhu 'bwk t:,J,J-w'bfr wn.w'b9.[!./r _l_ 'tnrmfl1nLtf!., nL'lfr'l 
. p 

t.wJ/,J,.,urw'tw'b h'b J-n.n'l JnJh'burfr JhJnLfl1w'be £. t,,,.,'t,.,'l"'ra f,,.,JJ,
Jwurw'tw'b h~ f,/Nw'bfr 'tnz.urnLfl1w"lle1 

"'r't'iihln4. § 62-nu/ phriJ.,.,J- 'lwurn'lnLfllnL'b'iihrl!.• r.hzurnLf11,.,Jp 
'twrhlfr t t.wzi[hl ~nJwt J,.,Jw'bw't f,J,6,.,'bfr 'tnLurw'tw6 uinmbligfimt 
];fibPIJfiWli: ~/,6,.'bfr dx "r'twrnLfil1nL'b nL'bh9n'l IU'bi[hrt.. "'"J?r r.wuri[ww 
6fr J-n.J,.,'b J-J,.,'b,.,'t J-n.n'l Jnclh'ilurfr wzluwurw'b./JI!. da; ,.,'b't1nL'ii1U1fr'b 
urh11.wi[rn{llnLfl 1w'b iJ.r"' f,,.,i[,.,uwr 'tlfr'bfr 

11.! 

I 
dA=--Md~, 

2 

(13,11} t.w4_wuwrmJJ.9 w1uurh'l uih'lw'lrhlni[ da.-fr wrJl J?f!.1 ~uur.U• 
'b1U'bJ?' 

dU = dA= _!__ M2dx1 
2 EJ 

'J.nLJwrhln4. r.hlw'bfr wilpn'll. hr't-rnLfl1-Jp, 't'lur'bh'bl?' 

l 
U = s Mz.1x, 

0 
2EJ 

{19.12) 

~Uw'bfr JwJ?nLr J-tut-'b 'lh"IJ?"LJ (M =Const) £. hrp r.hJ-w'bfr 

'turri[wJl?I!. 'iirw wJpn'll. hr't-rnLflJ-Jp f,1Uuur1UurnL'ii t (EJ = COnst), 
"l.nurh'b9fr-L t'iihr'lfrw'b 'twrur-r.w1uri[/I 'hurAJw/ p1U'ii1Ua.l..n1[' 

M2/ 
U=--1 

~EJ 

§ 79. USU8tl.,lll:r Ur''l-60fl.t~tbPfl llflPUll-Ofl.U'C 
.Z,b'o'Utfl UU'POfl.fa'SOfl.tC USOfl.'f.bl,.Ofl. .Z,UU'UP 

(11.9) pw'b,.,af..e "'"'lfru t 'tmri[,.,6.enLJ 'il'!rJwl lwrnul'ilhrfr Jh
d-nLfllnLll'il nL. 'ilrw'ir9 l'"'z/unLJf!.1 IJ.1'1 pw'b ... a.J.e -rur1116iJ.h9 UWJ!mp 
~n.dmfi 'Jh"l.J?fr r.wJwr, hrp 'tmri[w6,e'ilhre J'ilnul h'il r.-rfl1 

flLunLJ'il1Ul(_frrnLfl1nL'il'j,/,rf! 9nLIQ J,'j, Ulwlfru, nr hrp Q-'il f,W"WUIU(' 

/.t 9.rn1/r1 lturri/_IUJ-J?'ii/,rf!. nl_ Jfr"'l'j, "f.IRuri[nLJ J,'j,, w1l£. znzwi/rn'l lUl

rnLJ'ilJtrfr W'l.'Jh9nLp, ... -;, UllU" nrnz l"'"'"" 61ailn.i[nLJ ,~, Uwitw1'il UIJU 

~n.Jn..LJf!. "r'tnL fowr£w'j, 'turriJ.IU6J?'j,/,rfr f,,.,J,.,r a11'b"ffrufr'i1 ti nr IU/'iJ 

tfr i[rnfum.J "'l'l hr'tnL 'turri[w6J?'iihrfr Jfrl" J,'l,.,6 filhlfr't'ilhrfr 7"1/>nr
J,.,9fr,.,tfr /f"'z/uJ,.,';i i[hrf!. uwr.Jw'ili[w6 orh'j,J?f!.l flLUurfr (19.9) /flU'ilw

a£f!. 't-rltLJr t 'tfrr,.,n.hl £ "'l'b 'lh"il?brnLJ, hrp Q-11 r.wi[wu ... r 1_1; 

11.r•1/fl 
lJ.1'ilnLf,/,ur£. "f/,"'.# t 'ilzbl, nr WllUljdd Jb'b,e frrwi[nL'i.J? nL'j,/,'j,Jl 

"'l'J pw'i1111a£.f!. 't/l(twn./,l Jfrw1'il w1'il 'l/,16/J?nLJ, "r/f f,/,61U'bf!. nL'iifr f,1U
J1Ul_1Ui[rnLfi1J1U'j,. ""'rfilnLfJ(nLli £. wrurw./Jfr'j, nLdhrf!. 'fnrdnuf /,'j, f,,.,Jw-

t_wi[rnLfl1w'il "'l'l r,,.,rflnLfll"''b J/,l.' · 
!Jh11.nJ? WftUl'j,Q./Jf!.1 nrfrs r.wzi[nLJ /,';i Z f,/,n.1Ui[nrnLfil1nL'j,'j,/,rf!.1 1nLw 

rlUIJUl'b1.1nLr 'turri[wJ-J?nLJ w'i19'ilnLJ t 6.'ilpnL[il11U'b 'th'iiurrn'iini[ /._ nL'l

'l,IUf,UllWQ t r,,.,Jwl_wi/rnL[il(w'il wn.w'il9J?fr'il1 

l+ 185-fr iJ.rw phri[IUJ- /,'j, lwrnLJ'ilbrfr pwz/uJw'j, orfr'ilw't'ilhr 

t;,/,6w'bfr 'turriJ.IUJ-J?fr UllUrf'br a.uhpfr 'l/,"f./JnLJ' nL'l'lW'it't1n1.'bfr, urwi/.r• 

bn.w'il't1nL'ilfr1 !Jh'l."l? wn.w'il9,efr9 r,,.,iJ.,.,uwr l"'i/rniJ. r.bn.,.,9wJ- l'"l"r 'tb
mbrnLJ 'bnrJwl LwrnLJ'ilhrf!. nL'j,/,'j, JfrJ..'ilnL1'it IUrJ/,./_!f!.I !j/,'l.n6 1Un.w'i19-

l!fr9 Jfr 'tn'lJ Jb'b./J uur1U'ilnLJ J,'j,6 uh'l.J"'l.' fr11't l1•u 'tn'lJnLJ' a.'l"'l. 
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HI. 
(gr•c.r) 1[0] :::> XBWW = X8Wp 

G'1pwJm1 '17'1J111m11'7up} 
\ ' 

'1'!.'11 f'll' ~ it111'11n7 ilp'7uJm1 

'!i.m'1mJ'1 f'l/'m'l,'l/'m Ju •ilif111'1p 

'!,.Im ~ pw111lm"Jm111Jm il'l,m/' 

-Tmhr I.In 1'1,w1'11''bm'1 il'!i."'l'lmln 

'1,mliJ-ruJpm 'l,mppL'fn pm'1 
rfi Int lif 

'!."'/'"? 111nil it'!i.'l'!i.8"!.m J'P11l 
(11 

1 l j I 1Z M n'11'17'lm"J rw1119'1 g: '1n'1 _,..... \ 

,1 M l'IJl.mL'1111 '1 it111qln n'11'17' 

'tt 
-lm"J ilpwJnrl rw111'1'1 V "l'll' '1nm'!i.mJ (C.1'f1.l) l'Pl'O 1f =&M,Jmrm"J 

ll{ 

4J'l'!i.'1'11qfl g ilnwlp "I f-= lM. .(9 '98l ·~'!,.} Jml'm"J '1J'l'!i.'1'11qiJ V 

il'1'11' •J'l'!i."''!i.?l'ul' 'l,mf e}wJl.mp'11. ,u~dq it'l,m'l,m111n'1 if'l,f/' mlnm ''1 
J7'mm ,-17 .pm7ml'"'"J Jrmr111m'1'!i. '1i1B'l,mum itub'l7 ilitfm7'J111'1 'ldq 

( _!_) 
I- l{ • r---M ~ _xewz .., q--

•'1-q '1 Jnrnm7'm"J 

( V' 98l •'1'!.) il'!. 1111 e}wJyJmJ '!.m1'1'!."'Llnu fel'I 'n'llnnlYl 1il' 'IPJm tJ.~mZud u 

9CmJ1mh9m~.Jl tJ.p '1ur11,qru1' '!.mlfl'7uJl.ml'i/I. JpmJ'111"''1'!. i/il'B'l,mum 

f.. i/11,-iu ilil'fm7'J111'1 i/ni/lnnlm 71 ''!.'I 'l,'!,1-ru'!. 'ilJ'l'!.'!.wlp]wJu7'mu'l"J fmL'I 

iJJ'l'!.'1i/1'1iJ fm7'1'L'ln 71 rm7'b-e '1,-llnrJb'I 77'!.'11' ( '!.wl'1'!.mLL-ru '1m'!.i/Jo) 

rwifln,,-£ i/iffm7'Jm'1 i/rm7mrm"J Jpmrurm'1'!i. i/ifG'!.mum ;t,,b'lo 

(fl'C.l) 

( crc.-i) 

xvwz 
i-=M r 
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L'l111Ju· 

•7'uni/lnnln 1£pn ,'1m 'I 
-'1Jo '7'u'!.m'J'/111nm l.J uJ J 'I i/J 'l'!.J u7'mi/ I' 11,ml e}wJnr'1J 'I i/7'i/rm7'1 'I,- ft\. 

mlrrm '7'u'!.m"Ji/111nm -£JuJJu7 ,,J,,'!.Ju/1mi/p '!.mliJwJm,,Jq -1 J'W,, .. I m"J 

-murJm '!,-r Ju i/'!."'11- ,,,.,umur M -1 rw7''1m11,ml11, .., 1111!,'fJ'UJ' '!.mliJ 
XBWz 

•'7u1ll11nr1£ '!.11mrfG'!."'um '/il' f"'7'Jui'1 -1 1•-ru7'7u'1 'i1'5wliJwf'll' 
f 

'" 
( 

xvmz ) 

f =XBWg 
I XVWW 

,'1-wwz 7'u1'1'1,"'P"'J ilJmJ 

-murlm"J w '!i.NJmJ'm~ ,,,,, p-.un/u+m71-e ilnm11,mJ n1m JmJ,,,J,,-,.,, a 
r =xewo 

'xewzxuwW 

,il7rm11,nrJ lml71111'1"J it11,'1 J''7U'I, 

-m111n Jmrm"J '1,"'l'Jml 1ml'Ju11, f'll'm'l,'l/'m J''7uilln'll. I.I'D 1il11,wliJwJ 

-u7'mu'l"J f"'L'I iJJq111q'1 fmGmu'l"J '11'17'm 6'111,'ll'm G'1'!i.mJ11, 71711,'11' G'1if 

-G'l,mum ilub'l7 , iJ_xewz l'IJl.mL'l111 'l,'IJmn/ui/r '1 •Z '1n'1 'ilil'lpJ m xuwW 

ff/'m'l,'1/'"' mJI. l'IJl.mL'l111 pw-,ynr11,mJ I.Im '1,'IJmn/ui/r '1-W ,11,if11,'1,. 

-Im •Jpmp111m'1'!i. tJ.if~mltdm~ dultmh9mml11'1umJ'1'1 il71ym'l,mJ (6'c.i} -1 
ilm'lln Jml'm"J mJ-1, 1ilJ'l'!J'-.uJml LurLqn 71 Lulir f'll'm'l,'ll'm '1,'I l'wf 
4J•/, mJ7' 811,uJu •iJJ'l'l,'1miJJm"J 11,lm 1'111,111'1 -1 if111'11n Jml'"'"J -.ul'1'1'7u111n 

il11,wlf]wJrm '1flwl11, '111,mf'l"J JJ'ml'111m~11, '1J'lvwJm1 lmrJui 
1iJJ'l'!i.;t'IPJm '1myJmGmJ '1-z w '1-W 1,,Jl.mL'l111 -1 

il'11191n 1'11' f/71ym11,mJ ( 6'C1) J''7uil'ln'll. nlm ''l~Jm"Jc/ 1fiu-,,,nrl11, 'l,m~mn 
-mGrnJ ,pw111ul. fm7'1'L'ln '1 J''7U7''J.111'1 qe}q '1n'1 •7'u11,ml'I, 11,m'1mJI. l'l'J. 

-GJ'l7' '1 il'111'11n '1,-0 mlnm 'J'Wlll 

-ul. fm'/rhr ' -1 r-ru7'11,111'1 'ii111,,,, 1£11 ·t-& 
'1iffm7'J111'1 Lu7J1Jm111'1I. 'liJ'I 

,7'u11,u11,m'1 lml71111'1"J 1'17'Jm.,,m'1 

-'IL -1 '17'1Jm'1 Jmrm"J -rul'lluJu I 

il11,ml'I, '1J'f'l,l''7uJm1 lmpJu'I, ·-m+ t G· 
n'119rw1 J'l'!i.Ji/l.11,n/ '!.m'1m'!.{'Jul. · 

fi I 
'1111n'7y 1ilJ'1'1111mln '1mum'1m"J .9-

'1 J''7u7'Gm111n rwifln'll. '1•'J.'ll' ,. 

-ul' Luuf '!.m'1rhn;.,Gm:J ip-7''1-e s 

,ilJ'l'!.'1i/1'1iJ 'l,i/Ju111n •( 0 > z) *+ . 
-i'I J''7u7'pLqn iJJ'l'!.'1'11'1fl 1!.'1J j -·~ .. mG 41n.p. Jrml,{""1Gw~• 8 J1 
'1 pw7'uf il'l,mf'l"J J''7uifln9I. _j 
i/ut'l,'f/'UJ' Luuf '!.m'1mJ-1, !J- . 

''!.m'1mnmGmJ ,Jml'm"J· '1J'l'!J'wJm1 LurLqn '1ni/ ''!i."''1 

-mJI. ,Jmrm"J i/Jq'l,l'wJml Luby ''!.nrl11, urli/"J Jmrm"J '1-o -1 ni/lmur '1,'IJ 

-u111mru1117'm il71ym'!,mJ ( 6'C.l) rwitlnql. i/J'l'!.'l,mplnrln f"'"'!. wl.'!.il lanl 

-J'IJmJ'l7' i/J'l'!.'!.ml'!, i/-Z 71 i/-W IJ''7UJ'f111'1'1 fmGmu'l"J 41q7'm Gi/'!.'11'"' 
8'/il'G'5mum ilub77 '!.'f r'7ufrGn._n·,., iJJ1vwJml f'll'm'J.'11''/I ,J'f'W'wJml 



1J.pJm'lrm-/t11u.1t .lnJl/i11ne "1111111;? t; 1/.Lfr ,//,,} ~w,/ t.wl/,111uwr 1111Jhtw
J'h,} J-nml J mlh'it .. I!. p1111dw'fl111tl- (ilnL11111111rkt/r t111r.t 1111'b if.rw' 

.P.u/U{r nr W -'it ~1111/uqw.) I; f;/,Jw'itfr ltUfri/_w,}J!fr dufrg llL l_Unpflr/r9• 
Ul"flll f!.brarh1m/. ft111r4_1U,)JJfr at..(! ( llL'l'l.111'itft1nLb/r1 UJIUi/.ri hrftrawi/.r }, 
Jh'it,f! ftftwrn'l.1111'itw1',f;? nrnzhl f.lsJ-.U'it/r 1..11111/rhr'b w1'i.UJ.hu, nr"I""'" firw 
ft 111riJ.w6,f;?'j, nL'bh'i.w (19.16) pw';,wUfr9 uurw9w6 '1/rJ1.11'lrnLp11111fi Jn• 
Jb'it111fr'it 1'1.11qwuwr 'ffrJw'frnLfJ11.11fl Jn,//,fiurt {iJ>/, /rfit"l,0U I; 'l:JM wriJ.ni.J 

f"rtl-'itiuft1.11'iinrh'it, 9nLJfl "urri/_fr uurnr£.1 '1-fn94_w.) "irnl/>f:l'ithr/r t.wJ1111r 
J-'it &. W-'it 111rt/.nLil h'it 111huwftm9nL9wftfr "''l.Jlll.UUl~f,hrni.J ( 111Gu r.w
,,_,,,,,_,.,.. lX): 

(13.15) ' (13.16) pw'itwat..hrl!. ~/rr111~h,/ru "1'11114? t; """rPhrhl 

"rftm.. '""".e' 
d Un.w1Fli iibui_p, 111'1!. wJlr'itfrs "'"""' l>wfw.{v t; r.w'it.,p..,_nLJ tl-nJ111'it 

wJJM"ltwft hrp 'il1nLfil!. '17J.w'b'b nL ub'l.J"''itf!. gni.19 I; 1111.111/tu .f/rh'it,,;.l'it 

'ffrJw'frnLfillnL'it/!.• UIJU 'fh"'llJnLJ fln'-ll"'lllr6t/r l"'rnu/f,htf!. hrft.ni. 111/rR/./r 
"''"' nr""'fl""'"'hrfr fiwJ1111r t1 fiwiJ.wuwr h'it /rrwr' 

(o.t,] =[a.,]= [ 0}1 

llJ'l 1fbR/.IJllL,/ nmd'm1 mlj:t ft.111rq1a,} .[!/r l>wJ Ulf 'itz111'ilwlyr1 p /llL'f, t_nL'ft/r 
fill¥ J&'itll 1.f4.JJ6- ftlhflrft"illir/r wJrn'-f'ln'-'it'it li'U,e u111nu1n.J, po uh'l.J-
1_wJ, nrn1_fihrn/.. 'r~ni.uft l>wJwr /;[ 9ftJ111,rnLf111.11'it w JnJ/,'itinf!. /,_ 
wJ6'itwJh6 /rr1.11'1_111"il purnul'ithre ftni.flh'ftwli Jft£."imL(i1 wrtlhJtf!.' U61iw
lfm1 mtft ltrnrtf.111411/r 'lltR/..f!"LJ (13.15) I.. ( 13 .16) pw'it1aJ.Urfr Jlit. W-/r 
.pnfuwrh'it "ihm,e t ,,,,i,'l.,.,'lrh1 W1 /,. W 2 "'r""l!'bhr/rs unlbt~ tftnppe· 
,.,,'j, ~i/_hpwphri/./r Uli/Of/r z11111t f:.bn11191111.J- filhtfrll.fr'i11 

bp~pnM 1)111.'ll!E urb'f./r nL'it/r 11111' JwJ111'it1111,,, hrr t:.Mw'i./r fiin1.fill!. 
111"'l'Phr 1..1111tfrnif. t '1ftJ11111Jrni.J a7JU1'itf!. h uh'l.JJw'itl!.• wit 'lb"i.p.ni..J 
( 11111."1/r J wflrwJwufl raJ:u § 90) wJ rnL(tl 1111fl Jhft 11111.11J 111'iJ/r ifin/111u

rhf.t Ulllw'bni.J 0';,./J hr'tm "f"' JJUl'b+ Jhfte' d'f""'' I ,/JRLU(!.' ub'l.J qw.J

[ilhtft1t.'bhrfr "-""'r 
(13.17) 

f\pmitbzm Jh.J-nL[l/nL'it[!I u,u Jhtl-ni.(11ni."ilfr9 fturri/_wlt.p/r J."'+"r/rfl wfl9• 
'ithini:. r.wJwr ..,_hurJ! f; uni/.nph1 L"'I'it111ft.w'it "urriJ.wd-,e'fthrfr 9w'it"1119w• 
at..hrft r.wJ111r r.wt.4.'L J-11 - W·'bl J-'it 6. W-'il t:.111z1.'11nL Jh[iln1'bhrf!. 

urriJ.wd- /,f, ""'t."l''f R/.Ul('"''fl'Ulfmi:.J I 
/>fit_ i/.hr111phrni.J t; 'lfitf111'1rn1:.f11111"1 ./nJk'bur/r l/>/r'l.M"''t"'"' /r.!w11111/r'it1 

Ul"l.IU llU,11 "'tlUr'f. t (13.13) pw'itw3.k/r9· nrll"''it ,,, ... !; W-'b, 1.111'it.ew'b 
wlj_bt/r Jh6- 6n.n'l .tn.tbflrn ftwrn'I. I; rJ.hrs'ilht /rr r/.r"' l>b61u"ile 111111u'itg 

.P."'ll!"'liJ.h1nL iJ.111w'bq/r'b ls"ilflwr't1/.ltlnLI U1u"l.ftunq, '1/rJ'"''ll'nLfillw"il Jn
Jh'bra/r .tHni.(11ni.'bf!. p.'itnrnt.n'-" t ~Gmpt\mb- limpt\mh-l!P 6.h.p h p11-
1}1bpl1 wy,,_hgni.filini.'ite fibb-lllli~ mupn1.pJmG. t\put fimJ,Cbumw.m.timGnt.
pJuifi uwflumGpg iuiGgGnq pupnt.u6bpp qbuil!n1..u: 

t
1
mpfr fi1111,/h,/w111w'f.w'itt11:.[I 1111'il uwr.J111'b/r9 wqhl/r pwrar 1.wrnd• 

'bbr/r ,,,"lr'-J (13.13) t.. (1a.11) p.111it111At..l.re 'l"''l"'r"'-" li'it /rr
111

tJ.1119fr 

t/r'ithf nLl!I 

,_t:O'f\Li XIV 

z.urP- 4l\u.stt11ru11r1' ruursMJ.611 lTOlflJuSuurli 
Z.llt lJ.JlMTl! 

§ so. 1tubr8J10.S1t U'f\U'b'bS"bbrfl b'l 41'U'1l q.rm-.ftl-Bll \ trntrb'bS"ubrti 
i..nt1tlnt-.rrr. ctmr~0.4l-Ofl.S'b 11sr'1.1llrf\'bbr1t t.uU1lr 

(18.1) 

11111
111

.e/r /t'it111h'l:l'"'ll!. wf11[w'itls9ft'il,e ft111r4_111IJ!/r ft'ithr9frw1/r JnJb'it"" th

'1."I! 111n.w'it9.gfr 'itftU1111JwJ p.t 
1l

1
u111h'I. Z"I!. l;[hJh'b.,,wr dF filllppmqfi t:.hn.111if.11pnL[1Jni.fl'b l; 1..h9n.f!. 

1u:tw'it9Jtfr9• f:ALJwrnWf! 11111111111tl-q111b t 'trnrif.wblJ.fr wJp.n'l.f Jw1thrh11/r 
1.1•Ull flr"f.hu orp'itwft !J"'-19 UfU/fle UllU ft'b111bqrw1/r fiw2iJ.n1.J{! h p.wr3.
('ttLf11n1.fl &. b 1w1'bni.[l1n'-'b n1.'itb9n'I. "'-'l.'l."''bft.1111"& ("it~. 187) 1iwJwr1 
fl._'l'l."''i,"'llU'j, #JU'itrm.f'/llU"j, 0 ft./;llUfrrt'itmJ 11111/j,/sf,J! 'brw 1'111./U1t_U1Y,nL
P1111'£ Oz &. Oy m11.111'i.s4?'itht'1!.' 1;p1s t.htl-w'ilfr 4.r"' "''l.'l"'l nuJhre 'l111'ite· 
i/n1.J 6-"il Oz t:.wrfilni.f 1.uil Jbf.• w"iw tlitn,e wn.w'it91J. 't.t/r'ilft Oy 
111n.1.11'it9J!l'!.' a,'I 11111.w'bg1fr ..,,~U1111.!1UJp •pn'ith'it.e 'itwfu nL'l.'l."''il'uw'il ""'"' 
ft.6rlsuJr fi1'hr9frw1fi, ftu~ r.b.,,n Is f{rJ1111JrnL/jl1w'it Jn.th'it111f!.1 

'lurrt/1111<>,e/r "'"P."'lt. J1111t1hrlwe p..,.f.,,'iih:ls.c dF fiwpjilw~'itbr/r• 
317 



trpn';,./! f1th111.j! t t/br9flbfl.[! b l"'/f,llL/l/m.f, /," dz p111rJ•rn1.f'/nL'iJ nLf,b/111'[ 
ftbt n1.'l'l"'itl11n1.fi'ilbrfr ,,,buent/. (Lit. 187 )1 Un 'lb"l../!nLJ 

<JF =bdz, 

'- J friturh9r111Ll! l!fl'lnL'ilnLJ t 

JY Jbz2dz 
F 

h h 
+- +-

2 2 

Jy= f bz2dz=b[~I =bh', 
ii 3 -...'!.. 12 

-2 2 

bh' 

W=_!_y_=E_ = Lh2, 
lmax h 6 

2 

{14.1) 

(14.2) 

f>uit hflJ, Jjf "[burl! L/r'iibr f.wz.i/bl nL'l'l.wf,"/wit fr'bhrs/r"'//r J,,. 
Jf,f,,,,'j, n1. 11frJw11rn1.p/MA'il JnJb'il,,,t! · Oz U1niu'i19efr ·w1.wurJu.rJp, "'"l.w 

!I 
l 

tf. 1811 

uurw9wd- pw'il11.1d.1..brn1.J 

911.ur./! 'ttfrflbr 'frtr/ubl b-/r 
"- h·/r urb,,_b re' 

Jz=~ 
12 

(14.3) 

t~wurbit.p, "r z2dF wr~ 
UIW'lf'/WL'ilbrfr ,,, .. J,,.,rl! l/r ·+11

./u1.fr, lz(lb Jb'il_, P"L"r dF = bdz 2br111bre 11J.b9 'iihit.e /irh'i1
9 

f"L• 

'"'""n. (L~. 187) •/it"lhu, "l' 'ilrw'il-1 11111111,,.,i/nr'/.hit AECD ,,_,,..,.,,t;J,. 
n.m9J-fi .,,.,r_J.,,flithrnLJ {itt. l88 )1 
~l~ 

(14.1) 

r zwnu11/_/r'[ n1.'ilb9n'[ 2p2wlifi (itlt· 189) fritbr9frw1/r ,/ nJhitine. ~z
i/'1 fru Jwtbrbul! itn1.1it"l.hu p•J-w'iln1.J hit./! Oz w11wit9e/r nLrl'l.nLfl 1•Jp 

dz l tia+ n1.itb9n'l. th,,_ z"r"'"rfr· "'l'I zbrurbrf. b = b(z) lw1'iln1.f11n1.'ill! 

""'rt/.wd-.efr r•rd.rn1.[il l"'J,. rfrnrfrn/uwlfwit ¥1/r'il/rt i:lbJhiturwr t.wrflwtfr 

J111ltbr£ul! t.wqwuiur t' 
dF = b(z}dz1 

fiitbr9frw1/r JnJbit1111!. f.1111/wuwr f 

J = J z2b(z)dz1 

~witp nr ""'1'1.wJ./!Jr "-"rfr'il r.. uurnr/rit ~hubrl! Jpwurliu•q bit~ "'"i"' 
Jr'il!sr9 fiw J/r JnJh'iiurfi f.wztJ.n1.Jt! 'twrht.Jr t lfw

••r"L JfrwJ'il uurnrfr'il lfkup f.,uJiur /,. U;JIUI• 

9 ,...J- ... i''l/nLiee ltrlfitw"t..,urlfbl' z-/r fntfin/u • 

Jw'il uwr.J.,it'bbrc itLfr'ilb'il 0- fi9 Jfr'iltl.. r' II 

r 

J = 2 f t 2b(z)Jz, 
0 

U ursith'il,e frt,urhfrJ.,,'j, 'ilnr +nrfr nfuwlfw'il' 1% 

w'bl11n1.'ile ('il't• 189 ). "'l'I 'lb"l./!.nul 

0: 1 0: d z = rcos -, dz= - - r sin - a, 
2 2 2 

(f. 

b(z)=2rsin 2"' 
Uw\J.,,'fl'ithr'il bit' brr z =0 a =- tt, 11,,,, z = r c:t = o, r.b,,,1..,,,"l/,.,, 

0 • ~ • 
o: o: 1 r J 2 d 1tf . J-2J2r4cos2 -sin3

- • -d~= - sin~~ --
- 2 2 2 20 ' 

"' 
(14.4) 

J J nr3 w----.=- _, 
7.max r 4 

{14.~} 

'{; rr.w'ilfr t.w.t1Ur ,J-,.,f,l'"'-/11w'il ~b'il111rn'ilnt/. .,,';,9'iln'l. 9w'il~w9w6 .,,,._ .. f,!l.f!f! 
r.wJwl.w'frn1.fl1wit w1W1it9J! ti fl1.u111fr (14.4) k {14.5) p•'£wU/,rl! 

"tf"n"'L/t bit 9a1f,~..,{Jw,J- .,, l'f"t/r u{w wn.wLg.f fr f.,,,,J "'f' 

~IS 



t~t 

nm~mLo.4~41.lr t/u'ln41 •( 9 '161 ·~'!.) ( J'l'!.m4G~-.uJurn'!.u~ '!.u4Gm4/rm) 
ilil'fm/rJur~ nm~mLo 4~m/ruLun/ Lu/r~Jml!i'!.'I 4lmqGmpJur/J'll. '!.mpuf 

(v',61 ·~'!} ilJ/rmur •~m'!4Jo •1'1'!41 -1 LuJm~ il'fm/rJur~ 4niJbri.l'll 

IJ'7U•08 § 
pw#ln'll. '1'!.m1J'l 'I '!ml~'!mLLw il''!i/B1Jm /,Im il''!'ll' ·n'l-,,,1'!i/ '"'"If 
.,,Jmln 4n4-,,,'!lm 1'1/r'lm"J 47'1Jm~ 4? ilur'!.'IJ'UJ' tJ.lm4GJ'l'!4 Jmpm"J G'!uJu 

•4J'l'!il'fm/rJur~ LuG'l'!-.u .,-e l.JmJ '!4'!no~m/rmJ 7'1-,,,l/l.'!m'J pw'J'11 ·1 

~Jm"I .,,'II' n47'1b-.uurn il'!-.ull]-.uJpm qJ'lnmp 4J'l'!m4Gt-.uJ111n'!u'1. 

~l:iU'\ UtQ J'1U'\. U'M/\.~ 
-IU'l•ft&2U7 ~Jfl'\S'\.QJlUJl 'i61N9JQ'\.'i 'iJQ'l.itQU"t&JSl:i 'LJ'O'd ·re § 

1il1J-.ulg-.uJu/rmu'l':J xewz fmL'I il~41'1S '!i/lmJ£'1 -.,?'!i/I' 

'!mil' 1 p-.ulJGmJil'ui/r il'IJ'I li/il' iJ1'1/rm ilurlJ'IJ'UJ' 41m4GJ'l'!i/ qil'fm/rJur~ 

p-.uil'ln'I/, nlm il''!'ll' Ju i/1Jmil' •ilur'!.'IJ'UJ' 1Jmll]-.uJl.mp4I. -1 l'"'u'!.Gmf 

•'I/' /rui/rm? 'luJu ( f16l ·~'!} ilp-.uJurt 4J'l'!ur'!'ll'b'ln fm/rfbmJJ'! Jmp 
-m';J qil'fm/rJur~ Ju1~ •~m'!.41To •n'llnnln 

' 1ilnmp 

'luJu f""6m11'1':J urm'lm'!'l/'m B4il'G1Jmum 

il'u.,,,,.l 4il' fm/rJur~ /ru1'1Jur~ ''!.~m11m~m':Jl.'!.il 

•llm '/ru1'1'!.Gm1'1/rm 'Iii lu ill]-.ul'! fmGmu 

-'l':J urm'lm'!'ll'm Gq.,,.GIJmum il'u£'1? 7'1'!.Gml 

.,,,;, -1 47'1Jm~ il"''!.'ll'ul' '!mlg-.uJLmpql1 

Jmpm':J 4J'l'!il'fm/rJur~ 'luJu '!.lm~mn 

llJW1'1Ju/rmL'lur -.uu'l':J i/1'1/rm ,-1 q7'1Jm~ '!mil 

.Ju G4il'G'!,m11m il'11b'11 ilnmp f'I/' 4tf•ul~ -1 p-.u'!.G'llr'!.m':J mfl tur'!.'IJ'UJ' 

qlm4GJ'l'!.4 ., ur'!'ll'ul' '1,mliJ-.u1ll.mpql. f'l/'m'!'l/'m 7m'!murn pwil'ln'l-t.. 

4n'IJ'l~mp d '!l-.u'!..,41' 7'1urbe -1 il'ur'lln ni/1'1fw1 iJGJm':J f!.mpfbmn/m1~ 
'!.m~mLulm'!n/m'!'ll'm 4il'fm/rJur~ •G4fm/rJl.mJm'l -1 p-.u71J'I "'I-,,,?'!.</ 

''!.'l'!ifl J'IJJmur iJJ'l'!J'wJm1 p-.uJ'l'!.~41'11] '!41 
.mJ£'1 Lu/rpL1n -., Lu/rbv qbn'llnJu ·~ p-.u6'!m':Jmln ilil'IJmpmb'!.m':J '!.i/J 

.J'l/r ''!'I p-.u/rJ'IJJmur urni/n/ B4JmJ4 iJJ'l'!.'!.-.ull]-.uJ/,mp41. 'JmppL'ln 'I 

If.mp/Iv G'!.uJu •il'!.uur'IJ •il6-.ufl '!'I '!4n4-,,,?'!i/ •Jmpm) 4J,,g-.ul'!. 4n4br 

-'&Im pm~ •p-.uJ'lil'ln'll. Lu/rJl.m7'1i/ lruJ'l'!.il''!,,mpmb'!.m':J /ri/ur~-.uJurn'!.u~ 
~-.uurm"I pm~ '!'I p-.u/r11mJ4~ ilJ'l'!il'fm/rJ111~ LuG'l'!-.u il'n'lur tJ.dlims 

1(ilnmp f'I/' 4J'l'!.Lmur'll') p-.uJil-11 

•mp4£ '!'I ~mn,urm4p il'!ml'i"'I" .,, 'il'!.mpbe il''!.uJu 'rwil'.,,,'11. 4J'lli 
--.ul'! 4n4-,,,'!lm -1 JmrJm"Jm~mmm-,,,'! il'!-.ulg-.uumJq~ 4J/rmur~Jq 1'lmil' 

Jil'u+ 41'1/rm GlmJ •il'!-.ulg-.uJrm '!1-.u'! i/'!-.u iJJu '(~6l ·~'!.} 14r!JuJln 
d) lDU\qdq :J pw/r8murn B4ilfm/rJ111~ '!.wl~'!mLL-.u n'l-,,,nln 1quimn/'lm~ 

Mt 
1"/n'!.'I"''!// f/79/rm '!.Im L'l•nJu •iJJ'l'!.4uru/, '!.~Juurn ""I '!.411,,./1 4'!.mf'l"J 
1'1n/ui/rmL'lur ilnmp n-.ulp ~n4 •7'1n'lur'!.ur 8'!.'I LuJm~ il''!.'11' iln"mp 41' 

4tJwl'!. I.Im •ilg-.ul'!. Lu/r'!.urb urup '!.4il'G'!.mum il'u'l.il il''!.'l'!.G"'u'l"J 41, 

-n'llnJu 'n'lln'!.Tm 1'1n/u4im-.,v ili!'f""/rJur~ '!.-.ul~'!.mLLw -1 JmpJm'Jm~m.,, 
_,,.;-,,,'!. /ruum'J-"'mln U'fl dl(/rfJulunurbo '!.i/fruql LuJml] q? n'lln'!.1-.u'!. ., 

[( 6•ei) nm'!.mJ] mJ/r J4 pw'!.G'l'l/r -1 J'l'!.l'"'uJm1_7mpJu'!. Jtfui/r ill]-.ul'! 

Lu/r'!.1111. urup qil'G'!.mum il'ul.'I? ~m'!,mpmp '!.mpuf qJ'l'!.'!.mf'I? 1p-.uur 

-mn/'lm -1 /rulnJ'I~ 71-.ull ilJu •ilnmp '!.Im 4iJ-.ul'!. '!.'l'!.Gm119"J q£n'llnJu 

'p-.u/rurnmJurm-,,, '!.'I 1'1 l'm'!.n iJJ'l'!.u'lni/1 Ju '{ 8!: §} il''!,mn'lur il''!.'l JI 
1il'!.m1J'l ., '!.i/'!.wl~'!.mLL-.u '!.'I '!.4n41n?11,,i/ 'pwil'ln'll. iJJ'l'!.il'fm/rJu1~ 

i/ni/-,,,'!.lm '!.mil' •1'1fJubmurbo -1 q1'1Jml] JmrlmLulm'!.n/ ql'l/rm .ill]-.ul'!. 

p-.uil'-,,,'11. 4J'l'!.il'fm/rJur~ 4n4brl.lm .,Ul'l"J.,.uJu •J'l'!.il'fmpJurl] '!.m6m'!. 
-lm1 l.Jmr/ '!.'I p-.u/rumJq~ JmrlmJu/ru11 pwJ'l'!.'!.mf'l"J '!.m~mLmur'IJI 

1p-.uJ'l'!~m'!.4Jo fm/rJ'IJ pw-06 § fm1'ur -1 Gl-.uG ill'l/rinl.o G4G'!.mJb 

~n4 'p-.ufm/r1'1/rm':J XI '!.'I fm/rL'lur'lb iJJ'l'!.~mn-.ulLm I.I'll 1ilJ'l'!.'!.,,,1£i 

--.uf'll' lfi. ., f Jmpm':J 4J,,,~1i/tJJuJln I.Im w '!.J'li/rm? qJ'l'!.141JuJln Lu/r 

.i/'!Lug GmJ B4pLu~ 4J'l'!.'!.mJmfJub '!.'I fm/rJur L'lur1lu '(~mG-.uGm~mn 

-'lur) B4J911,,~mnw1Lm i/-lJO 1'1/rur/,o ~ 41,,Jm/1 Jmpm':J 4Jq'!.14ijuJln 

fmlrBu1'b 1(l6l ·~'!) 'j]J'l'!.il'fm/rJur~ '!i/lmJ/rmur 'I J7rmur~J'I ,Jmpm':J 

4J'l'!.Lmur'll' •il'!m6J'l ., 11,i/'!,-.ul~'!.mLL-.u ,Jmpm"J 4urlmi/r ''!.'I p-.uln41.'!.m"J 

n/m'}-m';J i/1'1lrm B4'!'1/'m B</J'l'!il'fm/rJur~ i/rm?mpm'J pru'!.m~m'!fJu'b 
1J I'm purm~11,, 4il'B1Jm11m 

fmGm~11,mG ilur'!.'ll'ul' 4lm4GJ'l'!.4 4il'fm/rJur~ LuG'l'!w n l.Jmrl fmGm~ 
•1!,mG 1'1/r'lm':J ~ il'ur'lbr n'lln1'!i/ 'Iii •4/rJur~ GT-.u6 p-.un/lb Mu6m? 

~· . " £ ( q ) 0 i-=----zp - -1 1qf=avr ,qq ,qq ,4q z g 
II 

(
q ) lj d 

' - -y q =--q = ?q 'zZZp7qs . IIVf 
I z-q 

-1 Jmnm/rm';J rlpmpurm~'! 

4,il'G'!.mum BV ilur'!.'ll'ul' ql,,.4GJ'l'!.i/ ( 061 ·~'!.) Jmpm';J gmr~9m11q 



+u.-1'.pual!I! +wJ tL "'1."Lfr P"'r'1 +urrif."'.ll!l! (i.+·· 194,b)i Pnlnr "'lu 
~"'r4. .. ill!'ilhrl! ~wrbLfr t pwtlw'fthl UfUlr'l."''l"Ll'il +urr•f-.ll!'ilbrfr, .. ,'ii 
f;' nL'l_'lwfl~JnLfl/rflhr/r• bn.w'ft~JnL'ft/r'fthr/r• t_r!_U1'iJ'il/,r/r h_ IUJl'ftl 'lwrhl/r t 
9"'-19 U11UL1 nr UI JU"f""" P"'r'1 "i"'"'+"rfr fr'ilhrs/r1111/r J mlb'ilure f.U1i/_U1 -
u-r t 'ftrw P"''l+..,9 ni.s/rz. "i..,r'I. Jwubr/r fr'ilkrs/r"'J/r JnJb'ftur'ilbr/r 

9m .. Jwrfr'il1 
a/..br9'ilb'ill! Jfr nr"-!; "i"'ur+hr ('ft+. 195 )· nrl! frrh'il[r9 i.hr+Ul11U9-

z 
ID 

z 
IJ 

~, _ _i. ___ _ 

t~. 1951 

'ilni.J !; r.h.tw'il/r l"'l'ilwftUl'il ~urriJ.w.l,e. fir"' r. .. rfiln1.fl1w'il J/,l urwriJ.w.l 
!; y- Y U1tr.1Ufl9el!' u,,, UfWurfthrt /rflhr9frw1/r JnJhflur(! y - Y wn.UJ'iJs-
1!/r 'ilftwurJwJp euur (19. 7) p111'ilwd£.fr t:.U1i/_wuwr !;' 

JY = Sz2dF, 
p 

l 
nr111b11. Z-[! dF !;l/,Jh'i1111wr t:.111rfiU1ft'ilhr/r t;bn.wif.nrn1.[i1n1.'il'il !; y - y 
1Un.1U'il9Q/rs1 

a/..brsif.w.l Jw~hrbuf!. r .. J..,flh'il.e F1, F2, F3 " F, l"r" Jwufi1 
U1J-J fr'ilhrs/r"'lfr JnJh'ilur(! l!u"' (13.7} pw'ilwU/r t:.wziJ.hL/ru ftwrhl/r !; 

h'il[i/r'i,urh'lr"'l f}n1.'ilft9/rU11fi J hp_ f"LJ "'r" i/r'ilhrf! fuJp .. '/nrh1 "'l'iluthu' 
"ruthu'l./r .,,,..J,.,rni.Je .. 'ilp_wurif.w.l z.nru J.,,+11rbu'ilhr/r9 I"' r.,,.e..,flt1"'"
r/r t;.,,Jwr lj-urll(rlzl 1Utr.1Uf1a/rfl1 fru+ w1'ftr1Ll;/,ur£. 81J'1 '1nl.Jwp'ftlzp(! frrwr 

p1.J•r"L' ft'ilur'h'tr .. i/r JUn1.[il1n1.'ftl! '1r .. 'il/r9 l./r rfrn/uif./r1 
· llbr fr'il"'b'lr..,Ll! +urrnt:.if_/r z.nru fr'ilurh'lr"'l'ilhr/r• nrn'ils/rs 1n1.rw

;ew'ilJ.J"'-rf! +e'il'l'lr~/r F 1, F 2, F3 ~ .. J F, Jw~hrhu'ilhr/r9 nr£.!; Jhftl!' 

JY = S z2dF = S z2dF + S z2dF + f z2dF + S z2dF1 
f f1 . f2 13 \• 

ll1u fr'ilurh'lr .. L'fthr/ru l"'"r"'l!"''illl"'"rf!. /rrh'il/r9 'ilhr~"'1•9'iln1J !; Ju1~h
rbu/r f,.,;JUJ"/.UIUJIUU/uUlfl J..,,.,. /rflhp9/rUIJ/r JnJ/,'ftur y - y Ultr.1Ufl9.[!/r 

'il~iuUIJ ,.,,, P· llLUUl/r 

(14.6) 

I . 
nr"'"'l Jy-l! F1 J,,,+krbufr fr'ili.rs/r"'1/r JaJb'ftur'ft !; y - y wn.w'fts.e/r 

II ' f,~wurJwJp, Jy-l! 'ilnL/'ill! F2-/r r,..,J.,r J,, "'llf,' 

Uurw9if.w.l "'r'1JnL'ft.el! ~"'r"L/r t a.l..w~hr"lhl w 1u"ihu' l'"'r'1 "i"'ur
+"r/r /r'ilhr9/rw1/r JnJb'il111e r. ... if_,,,uwr !; 'ilrw l'"''l.~,.,9nLsfrt Jwubr/r 
/r'fthr9/rw1fr JnJ/,flurflhr/r '1nLJwp/r'ft1 flLuur/r1 orJrflwft1 'ft+, 194, b-/r if.rw 

"/.Ulur~hrif_iur} ~-rif."'.ll!/r /r'ilhr9/rw1/r J nJh'fturl! Oy IUtr.IU'ftgi!/r 'ft~ ... -
J.,Jp '-zif./,LnL f.wJiur w'ftf.rwtlhzur t flll'ft/,l llL'l_'l_W'ft~JnL'ft/rflhr/r £. 

h11.w'ft~1"'-'il/r'ilbr/r /r'ilbr9/rw1/r JnJb'ftur'il/,rt! Oy u111.w'ft9.[!/r 'ft~wurJwJp £. 

"'"i"' 'lr"''ill! pJwrhL /rr"'r' U.1u"t/runif_, Jh'il,D "lhurl! t ~111rn'l.111'il111'ill! 
llm2tJ.bt gwli~wgwc\- uiwm~bpp plibpg~wJp d'mfblimp lipw 11.wppnt.pJwli 
tfb~ qmlitJ.n'l gwli~wgwc\- wn.wlig~~ li~wmd'mtfp: 

U.1u fu'il'lr/r l"LilnLJ'il t ~"''l.Jnd "'lu 'lllu/r pnif.w'il'l"'~"Lfil"'-'ill!' 

§ 82. brtinf\ ~OM·UZ,bl} 111}11\8~\bPJi '\itillSU'U.lff' f1"t.bP8Jill8f1 
1fRU'b"1.S'\ibPf1 ~bll_ b'l,ll'Cf tilllllC, blctob llB't- llllU\8~'l.tbflf>8 lfbti(! 

tib\SPO\UtiU\ t 

8 ... fl~..,9,.,J wn.w'ilsl!/r 'ft~wurJ .. J,. 9w"i.ft-9..,J "fUlur~hr/r Jr'ilhrsfr .. 1[r 
JnJh'ilur[! f.wzifhln&. f.U1JU1r wJh'i1U1UfU1r'I. pU1'ftwd£.hr uurw'ilwln&. fu'il'lfrrl! 

Jh'h,e ftlni..lb'il,e J/r l!"''il/r . 'ilif. .. 'l"i/.' b[ih iJ."rs'ilh'ill! /rr"'r 'l."Uf .. r,1,,. 
U1nw'i19.[!'ilhr/r J/r Z"'r• ..,.,.., UfUlrtif.ni.J !;, 11r f.hz,,.n1.fi1 .. Jp ft..,rhLfr !; 

r. ... zif."L ... ,,, ..,,. .. 'bsl!'il"rfrs s"''ilft ... s .. .t/r fl+,,,urJ,,,Jp "' ... "''t"r/r Jr'ilhr
s/r"''" J nJh'ilure, h{lh f.a11ur'il/r !; UfUlur~hr/r l .. 'ilrn1.fi11 .. 'il 'th'ilurrn'ilniJ. 
.. 'ft9'ft,,,,_ h 1.hrsr"'il wn.w'ilsl!'ilbr/r'il ' 'l."'-'l"'r.lm ..,,...f,91!/r 'bft .. urJ .. Jp 
.. ,,, "t ... ur~br/r ,.'ilbr9/rw1/r JnJb'b,,,1!1 

Uw'ilrn1.(11w'il ~b'ilurrn'ilnif. w'i19'iln'l •n.w'ilg,e'ilhrf! Jh'il,D ~w'ilif.•
'ilb'ill! ~bGmpnliw~wli wn wligplibp: a/..l.r9'ill/'ill! J/r nr£.t utwurftbr 
('ii~. 196 )1 Sw'iih.,,l! ~/,'ilurrn'ilw~w'il Oy wn.U1'i19-

l!l! £. •1'1 wn.w'i19.[!/r 'il~wurJwJ,. [r'ilhr9f/.U1J/r 
JnJ/,f,,,.I! .'ilif_ ... f,/,f,l! J11 'fwurfthr/r f.wrfini.

p1w'b Jl.p_ urw'ilh'il.[! y U1n...,fl9.[!/r'il q_nt.qm6.bn. 
h 'ilrw'il/r9 a f.hn.wif.nrna·fi11w'il i/.r"' 'lur'ilif.n'l 

y 1 1Un.U1'i19,el!1 9-... 'bh'ill! Jy-/r " y 1 llltr.1U'i19.[!/r 
il+iuurJwJp J~ fr'ilhr9/r..,1/r JnJ/,'ilur/r Jfr'l.£. 

"11."'6 ftwutl!' ?-r .. r. .. J..,r 'lr"'il.e Jy·/r "- J~-/r 

l. 

t~· 196: 

.. r ..... r.,.,1urn1.fi1n1.'il'ilhrl!1 tf..,ur~hr/r J•fthrbu(! ,. .. t1 .. 'bL'il,e dF r. .. rp .. ft

'ilhr/r· l"'-r,.,l!"''ilJ.l"Lr w1u.,/ru/r r.wrfi ... +/r .r.hn.iu1/nrn1.p1nL'il'ilhrl! y £. y1 

wn.w'i19l!'ilhr/r9 'ilzw'itwfth'ilJ! Z-ni/_ 1& z1-11i/_1 IJ.J'I- '1-/,"il!"'-J 



Jy= Jz2df Lt.. J~=Jz12dF1 

Pw19 'l~"''lrfrg n1."bhii.e' 

r.huiL.wUfhu' 

JY. j (z+a)2JF - J (z2 + 2az + a2)dF = 

= ~ z2dF +2a i zdF + a2 fdF1 
I' ¥ ~ 

I; r".e fr"buih'lr"'t'ilhr{•!J wrr.wp_{t"b[! friihr9/rw1/r J nJh"but"b I; ~h"ilmrn
"bw~w"b Oy wn.w'ils.e/r 'fl~,,.,,,J,,,Jp1 br~rnr•i friimh'lr"'Lt! umwurM 1/n

Jb"ilurii t 'iln1.i'iz 111n.w'ils.efr "b~wurJwJp. "'Iii r.u11[wuwr f' 'l.rn1fr, l!"'"b/r 

nr y wrr.w'ils.ef! w'i19'iln1.J I; Uf"'"'~"rfr ~111'ilrn1.fl1w"il ~h"ilurrn"ilni/1 '1..hr

l"'"l."U' llrrnr'I fr"burhtr"'lf! r,,,.4,,.,,,,.r I; Uf"'"'~"rfr F Jw~hrh11fr"il1 
ll.111Uffruni/1 

(1.4.7) 

"'J"/r'fl.eii, {tGbpg{tmJ }1 untfblim~ gwliqwgrub wn.wli9J!li Gfimmuuufp lho-
1lmuwp k WJl) mn.wligl!{tli qn'-qwllbn. qblimpnliwqmli wn.wGg}!{t Gqmm
uwtfp {tGbpg{twJ{t tl'nublim{tli qn'-uwpwb- ui.wmqbpli uwqbpbu]! pwq
uwui.wmqwb- wn.wligl!Gbp{t U{t!_h. h!]wb- flbn.mqnpnLpJmU J!WILWqDLUnq: 
(1'.7) pw'ilwd.L./rs t.hurL.mJ !;, nr fr'ilhr9~1111/r .qbGmpnGwliwG JnJh"butf 

'l."'-'l"'r.hn. wnw'il9.eiihrfr 'il~wurJ wJp fr"b& rsfr1111/r JnJh"l.ut"ilhrfrs wubliw
tl1nl!pli !; Lt.. "ilrw r..u,Jwl' Jb'il-1 uur111'iln1.J hii.e' 

JY = JY - a2F• 

'J.in"bb"il.e. 'iln1.1'il•'f"U l1L.ii111 rn"ilw~w'il wn.w'il9.e"ilhrfr"il '1.nL'l .. r,,J,,. Y1 Z1 
wtLw'ils.eiihrfr "b~111 urJwJp fr"ilhr9frw1/• ~l,'ilurrn'ilwfrm'-lu .J' yt JnJb"ilme., 

"P" r. ... 1ui'i.fr t' Jyi = S yzdF ("ii~. 196 )1 oflwiifr nr i!.""' u ... r.J,,.'flJ,,,"b 

J~i= .\Y1Z1df, 
f' 

nru.brz y 1 = y + b1 Z1 """' Z + a, "'Uf"' 

J~, - S<Y + b)(z + a)dF= 
f 

c: \ yzdF + ab S dF + a \ ydF + b S zdF 1 

F F . F F 

.P. ... iifr nr iJ.hr:t..fr"il hr~"'- ft'Lurh7r"'Liihre. frrh"il9fr9 t.hr~"'l"'!l"bnu/ 

/,ii J,,.~Lrhufr uurwurM .!nJh"buriil.r Oy /. Oz ~li'ilurrntw~w~ wn.w"b9,e

"illirfr 'il~wuiJwJ11, "'Uf"' 'lr"''il.(! r.111i/111u111r hii 'l.rn1fr· r.hurL.wUfbu' 

{14.8) 

t:ibGmpnGwqwG wn.wGgl!GbpliG qm.qwllbn. ~m}uwqwpll.wpmp nLq
qwllwJwy wn.wGgl!Gbpli u{tumbu{t Gqwmuwup liGbpgliwJ{t qbGmpnliw
}unLJU tfnubGm~ llwqwump); qbG.mpnG.wqwG wn.wligl!G.bp{t G.qwmuwup 
J1Ghpg{twJti ~blimpnG.w}unLJU unubGm{tG., qnLtfwpwb- ui.wmqbp{t uwqb
pbu~ pwquwui.wmqwb- Gnp wn.wligl!Gbp~ Gqwmuwup lipw bwGpnL
p JWU ~bGmpnG {t qnn pq }lGwmGbpn tJ.: 

§ 83. fl\bPBl'US'1 lfnlfb\S\bf'fl lfN>.b'1.,. b'l.U'o' llfl.\inflia-anti\~ 
UO-ll '\,8~ubPC fl)SSbt.n" l)bfll.P.nMr 

'1uirif.w~.e/r t;,,.J,,.r ~wrhtfr t' 111w'ilht 9"'..,,~"'I"'~ [ii/ml. ~h"iluirn"ilw .. 
~,,.'fl wn111'ils.e"ilbr1 ~"'r9 I; wn.wp_w"bn1.J, lf! ~wrhtfr "'r'll;,ll 9111"b~w9u1d
~h"ilurrn"ilw~w"b wn.111"il9.efr 'il~wurJwJp fr'ilhr9frw1fr JnJh'iiurf! wrurwr. ... ,

urht Jfr ~ ... J "r~nl. -npnzwqli wn.w"il9J!iihrfr ii~ ... .,J,,.Jp fr"ilbr9fr1111/r Jn .. 
Jb'ilur"blirfr Jfrp_n9ni/1 'l-r111 r.,,.J,,.r mh11'ilh"il.e, fih fr'ill"l.hu ~ifrm/m{u1/L'ii 

"r~nl. ifrn/u"''l"'rd.wpwr "'-'l'l"'r."'1"'9 wn.w"b9.e'ilhrfr 'il~UlurJwJp fr'ilbr-
9frw1fr JnJh"but"ilhrf!• hflh Jb"il.e ... ,, wn.w"il9.e'ilhrf! Ufur111h"b,e 0: w"b

~1n1."ilni/1 

•{hr9"ill."il.e Jfr nrL.t Uf"'ur~hr L. 'fir"' 4-w"ilrn1.filiw'flJO:~b"ilurrn'il111/ 
urw"ilh"il.e frr"'r ifrnf""''l"'ra"'P"'r mrzrzwr. ... 1 ... 9 Oy 1&lOz wn.wiis.e"ilhrf! 
('fl~. 197 )1 '1-fr9n1..e Jp'I. r.,,.,,,,'fl/r h'il "'J'1 

wn.w"b9ll'ilhrfr 'fl~,,.,,,J,,.Jp friihr9/rw1fr 

wnw'i.9.e1111fr"il Jy "- Jz JnJb'ilm"ilhrl!.• fr'ill_

"l.hu "bwL. fr"ilhr9/rw1/r ~h"ilurrn"ilwfun1.1u 

.Tyz JnJh'il.ure.1 'l-d-h'il" ~n11r'lfr"ilwurw1fr'il 

Y 1 L. Z1 wn.w"il91J'i.hrfr hr~rnr'I'. ufruurbJ I!., i 
nre. wn.wp_fr'ilfr 'il~wurJwJp filh.ei/wtf !; a; 

w'ilt1n1."ilni/· "'1'1 ... i.~, ... "b 'lr"'~"'ii n1.rzrzn1.-

fil1n1.'ile. ~f!"b'lm'ilh"il.e "'l"b, hrp wn.w"il9.e- 'i+ 1971 
"ilhre. 0 ~burfr zn1.r1.e. Ufuruti/n1.J b"b J,,,_ 

Jw9n1.19fr ul"'l!fr r,.,,.~,,.n.w~ n1.rzrzn1.p J"'Jp1 '1nnr11fr"ilwuriibrfi 0 u~'f.p'ilw
thure. Jhii.e "l."'r.Uf ... "bn1.J h'il.e1 '1nnr'1fr"bwurw1fr"b wn.w"il9.e'i.hrfr "r~rnr'I 
u fruurbJfr 'il~wurJ ,,.J p friihr 9frw1/r J, y L. J, z Jn Jh'ilutiili re. wrurwt.w 1111h'il .(! 

fr"ilhr9frw1fr r,,,.lur'ilfr Jy L. Jz JnJh'ilur'ilhrfr Jfr2n9ni[1 
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kJ.rh'b.[! "'!'1 wnw'b9.[!'bhr/r 'ilywurJwJp fr'il£rufrw1f. 

wrur1Ur.w1111nLP1nL'iJ'iJhrt!' 

JY = .f z2dF, 
F 

J'y=Jz:dF, 
I' 

(14.9) 

'J.dw'lrfrfl hrl...nLJ f;, nr dF ~wrf.Jwyfr ynnr'lfr'bwui'i,hrf!. Uf.uiuri/_wr} 

y 10z1 wnw'b9.[!'bhr/r ufruurbJnLJ t.1ui/_wuwr Ylfr'bb'b' 

y1 =OE +EC = OE+ BD = y cos 11+zsin11,) ( 14_. 10) 

z1 ,_AD - DC = AD - BE= z cos 11 - y sin a.r 

Y1-/r £. Z1-/r "'lu wrd-h.[!'bbre uib'l"''lrbLnif (14.9) pw'bwd"-hrfr Jhl' 
yuinw'b111'b.[!' 

J' y =J (z cos ex -y sin a)2dF = 
l' 

-= J (z2cos2
11 + y2sin211 - 2yz sin 11 cos o:)dF, 

F 

J 'z = cos2
11 J z2dF + sin2

11 J y2dF - sin 211 J yzdF1 ( 14.11) 
I' F - I' 

tJw'bw"f.bu' 

J'z""" J (ycos 11 + zsin a)2dF 
F 

J'z = sin2
11 J z2dF + cos2 a .f y2dF +~in 2a. J yzdFr 

r I' F 

(14.12) 

(14.11) £. (14.12) wr111wt.w1urnLf.J1nL'iJ'i.Jurfr WllW2_/r'iJ brynL fr'bur/,

'fr'"L'j,/,rf! frrb'b9fr1 'iJbryw1w9'bnLJ /,';, Jy /,_ J, fr'iJbr9/rw1fr wnw'b9.[!111lfr';, 

J,,J'b'bui'bbre• fruy ifbn_fr), fr'burb'lr"'Lf!' fr'bbr9frw1/r yL'burrn'bwfr>nL1u Jyz 
JnJ/,';,ui';, I; '"1'1 wnw'b9.[!'bhr/r 'bywurJwJp1 4buikw"f.bu' 

J' y ="Jyros211 + J,sin2a. - Jyzsin 2a., I 
J'z === Jysin211 +.Jzco:}cx + JyzSin 2::t1 

(14.13) 

fu'iJ'lfrr'iJbr lnLJ-/.lnL r.wJu1r ywrn'l /,';., Uf./,U1.[! 'f"'l wnw'i19.[!'iJ/,rfr 

Jfr ufruurl.Jfr9 J'JnLu/r'b w'b9'bblnL 'lb"f..[!nLJ fr'bhr9/rw1/r yb'burrn'bw

/r>nLlu JnJb'iJuifr nrnzJw'iJ pw'iJwa£brf!l ll.n.w'iJ9.[!'iJhrf! Uf.111U1blfru ('iJy, 197) 
m'bb'bl!' 
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J' yz = f(z sin 11+ycos11)(z cos 11-y sin a.)dF= 
F 

=sin 11 coso. J z2dF - sin a cos11 J y2dF + cos2 
ix J yzdF - sin2a J yzdF1 

F F F I' 

!lbw1frn/unLf.JlnL'b'bbrfr9 r.buin yuuiw'bw'i,~' 

J' yz = + ( JY - Jz)sin 21l + J yzCOS 211 (14.14) 

ll.1u"lfru ni/_, 9w'bywf} wJ- y 1 lib'buirn'bwyw'b wnw'b9.[!/r 'bywuiJ wi{ p 

fr'bbr9/rw1/r JnJb'iJUJ{! r.wzi/.blnL r.wJwr Uf.bU1.[! I; 'ffruib'iJwl nr£.I; brynL 

ifrn/r>"''l"'ra"'P"'r nuz,,_,,,r,,,,1,,,fJ Oy £. Oz: iunw'bsl!'bbrfr 'bywui.twJp_ Jy 
£. Jz fr'bbr9frw1/r JnJb'bui'bbre' fr'bhr9frw1fr yb'burrn'bwfr>nLJu Jyz Jn.tb'b

ure /,_ y wnw'b9.[!/r 'bywuiJwJp Y1 wnw'b9.[!/r ftlb.[!11Lf!1w'b w'by1nL'bf!l 

/•';,! i/_brwpbrnLJ I; JY, Jz £. Jyz Jb,J-nLp1nL'b'i.Jhrfr r.wzi[Jw'be, 

"'"I."' 'IP"' r.wJwr y "- z wnw'b9.[!'bbre "f.buil! I; e'buirbl w(b"f.bu "

"f."'uiybrfr Jwyhrbue Uf.buil! I; "'l'b"f.fru/r P"''lY"'SnLs/rt Jwubrfr pw-Jw

'bbl, nr"f.buqfr "'1'1 r.wzi/_nLJ(! r.'bwrwifnr Lfr'b/r ''"'"'"'r"L .!frw1'b 1nLrw
.f!W'bt1nLr Jwufr yb'buirn'iJwyw'iJ wnw'iJ9.[!'iJbrfrs '1rw'iJ9 'l_llL'fWr.Jlll 

wnw'b9.[!'bbrfr'b w'b9'bbl11L pw'bwaL&rnif 1 fil'h fr'bt"f.bu '1"' w'i,bl 'lnr,}'iJ1u

yw'bnLJ, 9nLlfJ yuirif/r yn'i.Jyrbui orfr'iJwynt/ llU1nr£.t tywuib'j,.[!> nr -•n
"f.frufr ~wzifm.J'bbrfr d-wJw'bwy P"'r'l "f.wuit1hre "f.buil! I;. pwd-w'uhl euui 

r.'bwrw1Jn1•/r'b "'J'b"f.fru/r "i."'r'l."''fnLJ'j, Jw11brfr· nrn'b9 r.wJwr pnfuw

'l"'rawpwr "''l'lwr.w1w9 "'""''j,fJ.[!'bhr/r ufruuibJfr 'bywuiJwJp r.wJur'bfr 
b';, fr'bbr9frw1/r l1b'buirn'bwyw'b JnJb'bui'bbrfr Jb,J-nLp1nL'i.J'bbrf!' 

tf1wuib'b.[!1 nr (14.13) /,_ (14.14j p'-"'iJwaJ..brfr wruiwJ-Jw'iJ f!'bf.Jw9.[!';, 

nL UU1W9i/_wJ- "'r'llnL'i.J.[!'iJUrf! l_/;fr'i.J pn/r>i/_/r> bpb ynnri-fr';,iuui'iJbrfr uy{!'l_J'• 

'iJwybui(! i/_br9'i.Jbfr';,.f! n }_ f!b ltuir1fw,J-.JJfr J-w'i.JpnL(tl1w'iJ yb'iJuirn'iJnLJ, "'Jl 

Jfr "r"-1; 111r/rz 0 t1buim1l1 U.1u"1.fru-;,i/_, (14.13) £. (14.1-J) pw'bwUbre 

r.w'b'l/ruw'bnLJ b';, •/rn/11w'1wrJ.wpwr nL'l'l"'r,"'!"'9 wnw'b9.[!),brfr Jfr 

ufrvuibilfr!J 'lrUI 'iJywuiJw1fp fZ. w'iJJ11w'i.J UJWY -"f.U1U1WJ- J'fr "'ll ufruuibJ'fr'i.J 

w'b9'bbl11L pw'bwal1brl!.• w'byw/11 w1'b pw'bfi9, pb "'1'1 wnw'b9.[!'bhre 
yb'buirn'bw~w'b b'b, f!b nl_1 

(14.13) pw'bwa"-/r9 ywrbLfr I; uuiw'bwl wnw'bsl!'bbrfr u1uiuitlw'b 

d-wJ1u';,wf1 fr'i.Jkr9/rw1/r 1'nJb'bui'i.JLrfr Jfry_"- b'lwJ- Lu Jfr- '-"n'btmf!_inl.';,1 
J' y b_ J'z /1'iJhr9/rw1/r JnJb'i.Jui'iJbrfr (14.13) wruiwr.w1111nL[i1n1_'iJ'j,fi['{! 
'fnLJ1urb'b.[! frrwr1 l1uui1u'bw'b.[!' 

J' y + J'z =Jy(cos211 + :oin2
11) + Jz(sin2

11 + cos2a.) = Jy + J,. (14.15) 
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w1ubt.[!t1 ifrnfuU1'1Ulr!wpwr nL'J.'J.Ul~UIJU19 9wilftw9wJ. y A z U1n.U1t9,e· 

'i.hrfr 'i.ftwurJwJp fr'i.br9frw1/r JnJh'ilur'i.h_r/r 11nLJwrt: w1'1 wnw'i19.[!'ilhrl! 

"lururblnL fh"lJ!nd J./r iJrn/uif.nult {1,4.15} pw'i.wal.fr Jhl Jy-/r k Jz-fr 
ifrnfr•wrh'il urh'l.w'lrhlm/. '1rw'il9 ( 14.9) wrJh.[!'i.hre uurw'i.mJ /,';,.[!' 

JY + J 2 = J z2dE + J y2dF -J (z2 + y2)dF = i p2dF =JP, (14.16) 

nr.,h'l. p = V y2 + z2 dF r.wrflwft'ilhrfro Jfrilt& 0 fthure h'l.wJ. r.hnw

if.nrnLp1nL'il'il t-1 Jp = s p2dF Jlzf1-nLfJ/nl.'il(!1 /r'ilJ.."ilzu Ulr'Jlz'il l)Ul/Ln'il/r t, 
_F 

ft111riJ.wd-.[!fr fr'ilhr9/rw1/r pl.hn•1/r'L JnJh'ilur'il f; 0 ftburfr 'ilftwurJwJp 

(§ 08)1 

ltmptl_wb-_J!r rfibpgrwJ r pitbllWJ rfi lf'nubfime npJtJ. ~bmb fi~wm
Ullllfp lhutl_muwp ]; WJI} ~bmntl mfigfin11. tltn:tuwqwpO.mpmp n1.11.11m-
6.mJmg Wn.wfig_J!fibpr fi~wmUwUp rfibpg~mJr Wllmfig_J!WJrfi tfntfbfim-
6bpr qn1.d'wprfi: 11.1'1 "lwurb.wnni/. 1;, wn 11nLJwre wnw'ils.e'ilt.re 

.,_urur'6[nL JwJw'ilwft J'ilnLJ f; r.wuur.UurnL'ilt (14.16} wn'ill_nLfJJnL'il/r9 ftw

rhJ./r f; 07uri/_hl fr'ilhr9frw/fr JnJh'i1111'ilhrfr r.wz.i/_nuf(! l)bz.Lnw9'ilhlnL r.wJwr1 

lJ./uU/hu, 2J'1w'ilfr l)wJwr Jh'il_, wr'fh'il (§ 58) nL'ilhfr'il.[!' 

J _-'ltr• 
p-~2' 

ffwfl/r nr z.rt_w'i.fr /)wJU1l_U1i/rmfl1wfl l)lzurJ..w'il-1ni/. J, - Jy, Ul"/.W 

J 'ltr• Jz..,, Jy = ~..,. -_, 
2 4 

frLJ_ nr iJ.lzrknLJ uurw9i/_lz9 fr'ilU1lzfrJ..,'il Jfrt_n9ni/_ (§ 80 )1 

IJfrz.ur 'i.nL/'j,"l.lzu pwrwftw"iwur OIJ.UlftwU fturri/_~J. l'fr /)wJ wr (11.16) 
f'wf,wU/r r.frJwf, i/_pw ftwrhlfr t uinw'i.w/ 

J I 
Jy = -1!...~ 1tf ti 

2 0 

§ 84. f\'\1br8Nl8f\ ri-I.1u1N,nr IUHl\8~'\ibrc btl.' 1'\bP8Ml8t> 
ri-i.1uu.tt.nr lfOU'b'bStbPC 

(14.7) k (14.13) pw'i.wd&.hrf! LnLJ.nLJ h'i. § 81-mJ '1ri/.wJ. fu'i.'1/rre' 

•i/./IML "lwurfthr/r r.wJwr 11/rurh'i.wlni/. fr'i.hr9/rw1/r. fth'i.urrn'i.wftw'il Jv, J' 
k J,..1: JnJh'i.ui'i.hre r.wz.i/.bl fr'i.hr9frw1fr JnJk'i.ur'i.hre 9.U'i.ftw9 wr!- ... 1l 

wnw'i.9.[!/r 'i.ftwurJwJp1 

ll.1u '1/,"/..[!nLJ J/,'il.[! ftwrn'J. /,'j,.[! R('"/.J.u UlflUl'j,9,[!'i.lzr/r fi~UfiW~Wfi 

ufruur/,J iJ.lzr9'j,lzl 1U/'i1"1fr11/r ufr11urlzJ, nr/r """'"trLJ (14,13) pw'i.waJ..lzrf!. 
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"l.wr '>"tu Jt Lt: ll, t f, ~,,.·rLtfr t p.'i,J,L ~nr/,f>'iia.u-i.:1~~ urnUlt9,ethr/t 
UIJ'j,"/.frufr ufruur/,J, R('/r /)wJwr fr'i.lzr9ftw1/r ftlz'i.urrn'i.U1fuRLJU JnJ/,'j,ur{! 

r.wiJ.wuwr f; qrn1/r1 1'uftw"l.hu, fr'i.hr9frw1fr Jy k Jz JnJh'i.ur'ilbre nr

"'"" '1rwftw'il 11nLJwrhLfr'fihr/r 11nulwr Jfrz.ur 111•wft ... 'i. h'il, /ruft fr'i.br
sfrwi/r fth'ilurrn'ilw/unL/U JnJlz'j,Lnf!\ 

Jyz=JzydF 

ftwrn'l. f; lfr'i.hl k '1rwftw'il, k pw9wuwftw'i., .[!w'ilfr "r zydF 'fnLJwrhLfr

'ilhrf!i ftwfui/_..,J. w1u ftwJ w1'i. r.wrflw't/r r.wJwr z-/r k y-/r 'i.z.w'i.'ilhrfro• 

ftwrn'l. /,'j, Lfr'ilhL urwrphr 'ilz.w'i.'i.hrfr1 tz.w'i.wftnul !;, UIJ'j, ftwrn'l. f; r.w

i/_wuwr Lfr'i.hl k 'l.rn1/r ( urGu § 78, ftbur 'I-Jr 
11.i'b wnw'ilsJ!'i.hrf!• 'nrn'i.9 'i.ftwurJwJp fr'i.hr9frw1fr fth'i.urrn'i.wfunL/u 

JnJh'i.ure 11.un'i.nLJ f; 'l.rn, ftnti/_nLJ h'i. fr'i.hr9frw1/r q1:tumtlnp m1tmfig_J!
fibp: b[lh U1J'1"1fru/r ufruurbJfr uft'l.p'i.wfthure urh'l.wiJ.nriJ.wd- f; "lwurfthr/r 

J.w'i.rmfl1w'il fth'ilurrn'i.nLJ, w"lw w/'1 wnw'i.9.p.'i,hrf! 'tlfr'i.h'il q\}uwtlnp 
~bG.mpnG.mqmG. m1tmfi9J!fibp: 11.1'1 wnw'i.9.[!'i.hre Jb'ilJ! ft'ilz.wSlwfth'i.J! 

y 0-niJ. k z0-niJ.. '1rw'i.9 r.wJwr 

Jyozo=01 

'l-ur'i.h'i.Jl, fib fr'i.J.."lfru/r o:0 w'ilft1w'i. mwft h'il fJhJ!iJ.wJ. 'llfuwiJ.nr 

wnw'i.s.[!'ilhrf! y k z fth'hurrn'i.wftw'i. wn.w'i.9.[!'i.hrfr 'ilftwurJwJ p ('i.ft. 198 )1 
yz wniu'i19,[!'illzr fr9 Y 1z1 U1n1u'i19,[!'illzrfr'i. fr'illzr~ 
9/rw 1/r ftb'i.urrn'i.w funLJU JnJh'i.urfr w'i.9J w'il 

(14.14} p ... 'ilwdl.fr Jht. a. w'ilft1w'i.e urw'il.e a
0 

z,..._ 
wrJlz.j!• Ul/'1 '1/,16/.[!nLJ Y l £. z1 U1nU1'i19.[!'ilh('f! 

~UIJ f!'j,ft'j,lz'j, 'flfuwi/_n (' UltlUl'j,9-1'i.lzr/r {)bur /,. 

fr'ilhr9frw1/r fth'ilurrn'iiwfunL/u JnJh'i.ure r.wiJ.w

uwr ~lfr'i./r 'l.rn 1/r \ 

tg2ao= 2Jyz 
.lz-Jy 

.v, 

(14.17) 

U.1u /)Uli/_IUllUlrJIU'j,(! ptui/.mrwrnLJ /,'j, 2(1.o-/r hr/fnL u1rJlz.e'i.hr1 

nrn'i.,/! frrwr/rs UIUlrrriJ.1111/ /;'j, 180°-ni/. 1 ftwJ 1:1.0-/r lzrftnL .urJlz.e'i.lzr, 

nrn'i.I! frrwrfrs urwrphriJ.mJ /;'j, 90°-ni/.r U.1u"lfruni/_, (14.17) r.,,,iJ.ruuw

rmJe J/,'I_ IRUllfru f; frrwr /)/,in RL'l_/r'J. ..,'j,ft1nL'il ftwqJn'l. bp~nl. 1Dll1Dfig}!-
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G.bp}i 'IPfl!I!.' 11 rur'il.[! l;l t:.bt9 lttfr'ilkt 'IL/uwi/nr 1tk'ilmrntw1tw'i.. Yo I.. Zo 

wnu1'i19.[!'ilbrl!.• nrn'il9 t:.wJwr Jy0z0 = 01 

o,,mi/blni/ (14.17) pw'iJwabfr91 ltwrbLfr I; (!UU1 r.w1m'iJfr Jy1 JZ /, 
Jyz JbJ-nL{J/nL'il'ilbrfr umw'ilwl Jyo /, Jzo fr'ilbr9frw1fr 'IL/uwi/nr jnJb'ilm

'ilbrfr pw'ilwabbrf!.' ?-rw t:.wJwr 'ilnrfrs 0'11114.b'il.[! ( 14.13) pw'ilwabbrfrs• 

'lrw'il,e """- ltmw'il Jyo-fr /, J,o-fr wrJb.[!'ilbrf!.• b[Jb a.-fr i/rnfuwrb'il mb

'l."''lrbfi,e a.o· 

Jy0 = Jycos2a0 + Jzsin2a0 - Jy,sln 2a.0,} 

J,0 = Jysin2cx0 + J,cos2'10 + Jy,sin 2a01 
(14.18) 

lu'ii'lfrrl!. LnLJ-blfru ltwrhLfr I; o'lmi/bl w1u pw'ilwabbrfrs ( 14.17) pw'ilw

abfr t:.bm Jfrwufr'iJt § 85-nLJ 9nL19 ltmri/fr1 nr fr'ilbr9frw1fr 'fLfuwi/nr 
JnJb'ilur'ilbrfrs Jbltl!. Jmax 1;, fruit J1nLue' Jminl 

(14.18) pw'iJwa/,brf!. ltwrbLfr I; pbf/,l UIJ'iJUJ_frufr mbu.f!fr• nrmb'f. 

pw9wftw1nLJ I; Clo-'iJt CQS2::Xo• 'iJ /, Sifl2J.0-'iJ U1fU1Ulr.U11mblni/ CQS2rJ.o-fr Jfr-

2_n9ni/ /, 'lrw'il9 wrJb,e'ilbrf!. mb'l."''lf/,Lni/ ( 14.18) pw'ilwd.bbrfrs wnw

p_fr'ilfr Jbl, JfrwJ-wJw'ilwlt 111b'l."''lfblni/ Jyz-fr wrJb.[!I!. ( 14.17) pw'ilw

abfrs· ltumw'ilw'il,e' 

J - Jy + J, + Jy - J, 2 + Jy - J, Yo____ COS a.o 
2 2 2 

.... Jy+Jz + Jy-Jz • . 1 ' 
~ .2 2 cos2a

0 

1 
11.1umb'l.--. - ltnmnrwltl!. iJrn/umrfr'ilblni/ (14.17) pw'ilwabfr9 'ilrw 11mw9-

cos2ar0 

4.n'l wrJb.[!ni/' ± v 1 + tg2 2'1o = ± v I + ~;::2. umw'i111LJ b'il.e' 

Jm?~ = _:!y~J, ± +l/(Jy- J,) 2 + 4(Jy~) 2 r (14.18'} 
mm 

lifrzm 'iJnLl'iJ pw'iJwa£/!. /Lwfblfr /; •mw'ilwb 'iJJ w'iJ abwifmj11111{J1nL'iJ'iJbf 

11wmwrkLni/ (14.18) pw'i11ua/,Jsrfrs krl1rnr'lnLJ1 

flr"f.bu ltb'ilmrn'ilwltw'il wnw'i19.[!'ilbrfr t:.frJ'ilwl1w'i.. ufrumbJ, nrfrs 

l1wrbLfr I; w'i19'ilbl sw'illtw9wd- "'IL uf,,,mbJfr, ltwr£-1fr I; 1/br9'ilbl · nl_ [Jb 

Oy b Oz wnw'il9,e'ilbrfr• "'IL 'ILl"wi/nr Oy 0*1. Oz0 wn.w'il9.f!'ilbrfr ufru
mbJe. "'1'1 'lb"f..[!nLJ ( 14.13) mbul!fr pw'ilwa£br1nJ tfr Jwu'ilwltsfr 

fr'i,br9fru•1fr ltb'ilmrn'ilwfrmL1u JnJb'hm(! ( Jy0 z0 = 0 }: 'l-Lfu,,,i/nr Oy0 

wn.w'il9,efr f.bm y1 wn111'il9.[!fr ltw'l.1/wJ- w'ilftln~'ill!. 'ilzw'ilwftb'il.[! ~-ni/ 

('ill1· 199 )1 Yo /, Zo wnw'il9.[!'ilbr/rs Y1 /,_ Z1 wnw'il9.e'ilbrfr'il w'i19'i.bLfr" J' y-1!.· 

J' ,-/!. I.. J' yz-1!. t:.wzi/.bLn'- t:.wJwr• "f.bm,e I; ( 14.13) I.. ( 14.14) pw'ilwab-
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i/brnLJ a. w'il~lnL'ilf!. 1finfuwrfr'iJ/,l ~-ni/• fruit Jy-e• J,-f!. /, Jy,-e' JYo-mJ• 
.Jz

0
-ni/. /, Jyuzu = Ot 1J.1u"l.fr11n1/ umw'ilnLJ b'il.[!' 

d' Y = Jy0cos2 ~ + J,0sin2 ~· ll 
J', = Jy0sln2 ~ + J ,0cos2 ~. 

J' yz= Jyo - J,o sin 2~1 I 
2 J 

(14.19) 

f>rb'iJ9 mbu.[!ni/ w1u pw'iJwabbrf!. Jfrw'iJ'fwJw1'iJ 'iJJw'iJ /,'ii "rltnL nuz

'f.nL{J1nL'iJ'iJbrni/ a,,Jw'iJ b'il[Jwrlti/n'f. l;l/,,//,'iJurnLJ "rltnL iJrn/uw'IUlfaUl

pwr nL'f.'f.Ulf,UllUl9 r.wrfJwlt'iJbrfr i/rw 'fnrJ-n'f. 'iJn,1JwL 01 /, znzwiJrn'f. 'tor: 

wrnLJ'iJbrfr (7.5) /, (7.6) pw'iJwabbrfr'iJ (§ 36)1 flLumfr Jb'iJ.[! w1umb'f. 

/;l ltwrn'f. /,'iJ.[! ltfrrwnbl lfnrfr 2_f2_w'iJfr ltwnnL9nLJf!.• UJ_/,U1.[! /; Jfrw1'iJ 

t:.nrfrqnfiwltw'il wnw'b9.[!fr 11L'f.'l.nLfil1wJp mb'l."''lfbl fr'ilbr9frw1fr wnw'il9-

l!"'lfr'il JnJb'ilm'ilbrf!.• fruit nL'l.'f."'afr'I wn.w'i19.[!{r m7'1.mfJ1wJp' ltb'ilu1rn
'ilw/unL1u J nJb'iJm'fibff!.1 '{; f2_Ul\fr ltwnnL9nLJ f!. £_ 'iJrw 4."rLnLJ-nLp rL'iJf!. 

wn.wiwrlti/nLJ I; ltwmwrbl fr'ill!'ilnLrnL/'ilt 11.1umb'l. Jb'il.[! 'bzb'il.[! Jfrw1'il 

w1'iJ pw'iJwa/,f!.1 nrf!. f,'iJwrwiJ.nrnL{iJ 1nL'iJ I; U1U1Lfru (XO wfJlt1w'iJ "rltnL wr

J/,.[!'iJbrfrs (pw'iJwa/, (14.17 Jl nrnzbL w1'iJ wrJbJ'{!• nrf!. r.wJU1Uf.UIU1UIU

fuw'iJnLJ I; y wnw'ils,efr ult'l_p'ilwltw'il 'lfrrl!fr9 wnwifr'il '1Lfuw1Jnr wnw'il9,efr 

( nrl!. ·,,.,,,Lfru I; max J) [Jb.[!Jw'ile' 

J tg«o = zy ' 
Jmin - Jy 

11.1u pw'ilwabl!. Jfrw'il'lwJw1'il 'ilJw'il I; (7 .11} pw'ilwa!Lfr'i11 

U1JJ i/brt_'ilwltw'ilwUJ_bu ltwrkLfr I; d.bwltbr

UJ.bl, [lb fr'ilJ. UJ_bm.[! I; w'ilbl 9w'illtw9wJ- wnw'i19-

l!fr 'illtwmJwJp "l."'mltbrfr fr'ilbr9frw1fr JnJb'ilurf!. 

t:.wzi/bLnL r.wJwr1 ITJbur,e I; "l."'mltbrfr J-w'ilrnL

P1w'il ltb'ilmrn'ilni/ mw'ilbL Oy /, Oz wnw'i19.[!

'ilbr'il w1'il"l.bu. nr"l.bu,,_fr. UJ_wmltkre pwJw

'iibLniJ. "f."'f'J.U11fnL1'il Jwubrfr, J/,-'il.[! /Lwrn'l.w

'ilw'il.[! t:.bz111nLfJ1wJp t:.wziJ.bL JY, J, /, J,y Jn-

1//,'ilm'ilbrf!.1 ?-rw'ilfrs t:.bmn UJ_bm.[! I; eum 

t+ 1991 

(14.17') 

(14.17} pw'ilwabfr 'lm'ilbl cx0 w'illt1w'il JhJ-nL{J 1nL'ilf!. /, l'""' (1-1.18} pw

<;i,,,aMsrfr t:.wzi/kl fr'ilbr9frw1fr '1Lfuu1i/nr l1kfimrn'ilwltw'il Jy0 /, J10 Jn

Jb'ilur'irlsre1 

11.1'ilnLt:.bmb, euur (14.19 ).pw'ilwabfr ltwrbLfr I; 'lm'bbl Oy. wnw'ilyl!fr 

'illtwmJwJp p w'illt1w'il mwlt fJk.[!i/wJ 9w'ill1w9wJ lth'ilurrn'ilwltw'il Oy1 

wnw'i19.[!fr 'illtw,.JwJp ('ii~. 199} fr'ilk119fru11fr JnJb'ilme' 

J' y = Jy0 cos2 ~ + J,. sin2 ~' 
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f>.,~ 'lfruikiiwtniJ frilbr9/rw1/' l1b'il111rn'ilJW~w'b J' y Jn,JJ.f,uif!., I!.""' 
(14.7) pw'bwJ./,_fr ~wrbt/r t w'bJfr'l.w"lku '1111'bbt fr'bkr9frw1/r J11JL'i1111l! 
IUl'I· 1Ullwfl9.[!/r'il qnL'fJWf'.kn, 'w'ilrnL[i1w'il ~b'ilmrn'il/r9 a f'.bn.wiJ.nrm frJ 1u1'f1 

iJrw w'i19'iln'l 9w'b~w9wJ y2 1Wn.w'i19.[!/r {'ii~. 199} 'b~wm,/wJp' 

J"=J' + a 2F1 y y 

twur 'fk"l..f.!brnL,J f.w'ln'liJnL,/ t Jfr1W'b'fwJfr9 .,,,..r;,J,l "l.wm~kr/r 

'IL/uuriJnr 1Wnw'il9$'ilkre• kflb "l.wm~br'il nL'il/r t.wJwtwifrnLfJJw'il wnw'i19.[!• 
Mz 

w"l.w 'fw ~t/r'il/r 'it/uwiJnr wn.w'i19.[!'ilkr/r9 ,//,~/!.' f>u~w"l.hu, a =-T pw• 

'bwaJ..fr wr111ui.}JU1'j, JwJw'bwf[ ,/},'j,./_! wr'f/,'j, 'fnrJ nLf,J,fJ..,.'j,.f.! Y J.. Z 

1Unw'i19~'ilbr/r 'b~wmJwJp ~mri{w.}.[!/r /r'ilbr9/rw1/r ~h'il111rn'ilwfunL1u Jn-

,/b'ilu11!. 'ilbr~w1w9'iln'l s yzdF fr'ilmb'lrwL/r 1'.hm. "'"lwsn~9iJ.b91 nr h[JI• 
F 

Oz wn1W'b9.[!f!. ;r.wJwtwifrnL[iJw'il 1Wnw°i19.[! t• w1u fr'il111l111rwlf!. l'.wiJ.w

uwriJ.nL,J t qrn1fr: 

~km"-w"l.ku, 111iJ.1wL 'fh"l.f.!nLJ Oy 
"- Oz wnw'ii9.[!'ilkre 1'.w'b'flruw'ii11LJ 

k'il ~mriJw.}.e/r fr'ilbr9/rw1/r qtluw
qnp ~k'ilmrn'iiJW~w'b ;,,n.w'i19.[!°ilbr1 U.111-

"1./runiJ.1 nwuw~wtfinLpJwG wn.wfig~~ 
Jfrzm q1}uwqnp ftb'ilmrn'ilw~w'b wn.w'i19.[! 

t. br~rnr'f 'IL/uUliJ.nr ~b'ilurrnLw~wL 
wn.w'i19.[!f!. w'iiu'iln..J t Jw'ilrnL{iJw'il 

~b'iimrn'ilniJ t.JWJwj_wifrmfl 1w'il wn.w'il9-

J.!/r'il nL'l'lwl'.w1w91 

0 t' Jr :t. 111 +. !16. 9"11r'b'1t "Lf'l"''blt.1111"l. Jr.,,'1rs/r•1Jr JnJ'1"l.url!. y 1 £. Z1 ••111'b911-
'L'1pJr 'Llt.wmJwJl' ("l.'r.· WO} Jr'b:_"l.f,• 'b111& 'bpw lt.lt"l..,.l'n'b111/un1-111 J,,./f,t. .. I! 'bn1-J'L 
.... ,,9,,,,,t'/r "lt.,,,.,,J,,,Jr' 

y £. z +.'1f,.,,pn'6111lt.111'6 ,,,,.,..,,,,,.Irr/! "t'"f."" ~,,,J,,,:_111t/.on1-fl1111'b 111nw,,,,.,,,,r 

4:rJr'U"l. 91/u1114np 1111r.wf,Bl'bltp. lt.urp.f111~e/r Jr"l.ltp11Jr1111~ JnJ'1'b ... '1.lrn "'l'l 111n.111"l.r11!
'1.lirJr ,,t..,.,,.J,.Jl' ~,,,4 ... ,,,t' ,,,,, 

201 ·15 
Jy == 12 

11>'·20 
J2 = --- = 5625 uJ•1 

12 
fl/.,,.,,4,.~ Yo & Zo •n•:t.s11'bltpJr 'blt.wuiJ111Jl' Jr'Lbp9/r.,,1Jr "-"'""f.'-"-,,..,.,,,'J, JnJ'1.,,u•-

2'1trl!. ~"'""'"•r ,,,,, 
0 1 • 

Jy = Jy cos245° + Jz sin2,5° = 2 [10 000 + 5625] = 7813 u~• = Jy1 

1':t.'1ps/r1111Jr t£'1.urpn.,,111funL1• J,,J/,'b.,.I!. Yo /, z0 111n~'llse'll'1pJr ..,,lt.,.,.,.J,.Jr ~.,,4 .. -

"""l' t' 
o Jy-Jz 10000- 5625 

Jyz =----sin 90°= - = + 2188 uJ•1 
2 2 
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flul.'l"''Llt.J•'ll IJ.1111tpn1-flim"i. 4;fr.,,,,,l'n'LJr lt.nnp'lfr'llw.,,'Llrpt y, ' Z1 ,.,.,.'),fll!'l.lrpJr 
,,,,,,,.,,J.,,Jp ~111y11111•p ,,,,. 

y, =AB+ BD=7,5{2+2.5·0,'1=12,35 u.r. 

z,=0D=BD=2.5·0,7=+1,'15 uil1 

,.,_,,,.6,,,,,1/r ,fnJ'1'Lur'L'1l'I!. y, /,. z1 ••-t.se1thpJr .,,lt.,,,.,.J,,,Jr r.wy111u111p '1'11' 

J. = J° + Fz 2 = 7813 + 300 .1, 75' = 8734 u.r•, y y 1 

J~ = J: + Fy, 2 = 7813 + 300· 12,352 = 53616 uJ•1 

1•"l.bp9Jr111J/r lt.b"l.urpn.,,•/o•'-J• JnJ/,'j,.,.I!. r,"'Y"'""'l' t"' 
J' -J 0 +Fy z =2188 + 300·1, 75.12,85 = + 8678 u.r•1 yz - yz 1 I 

§ 85. '1\bPBMJ.Sfl '1b\Sl'nuU.'1U:'11 lfOlfbuSubPfl U.U'b\Ulfb'(J b'1. 
U.U'buU.tl>Of.P U.PcJ.b~ubPC! 

f>'ilt"l.hu ,JJ,'j,.[! wr11b'b '1fr111h'il.[!1 fr'il~rs/rw1/r. ~b'ilmrn'ilw~Ju'j, ,/n

Jb'iim'ilbre 'l."'-'fW .. hn. wn.w'i19.[!'j,/,rfr zwr.f.!/r 'j,~wurJwJp pntnr J'mfb'j,ur,. 

'iibr/rs wifbG.wtfinJ!pG bG: 
lJ.idJ '1111'iib'il./.! fr'ilkr9/rw1/r ~h'ilmrn'ilw~w'b Jn,Jb'ilm'ilkr/r Jw1rw

'l"' ''j, .urJb.e'ilbrf!. { Jw.eufrJm . .J'j, nL JJr'ilfr./nL,/f!.)1 '1.br9'ilk'il.e y 1 wn.w'i19w 

.[!f!. J.. 11~u£'il.f.! WJ'j, "l."'"'"l• w1ufr'i1.f.!';,' r/rnifrnfub';,./.! IX w'il~fnL'bf!.+ Wl'f 
'f/,"l.f.!nLJ 

·J~ = Jy cos2a + J2 sin2ct - Jyz sin 2ct 

,JbJ11L[iJnL'ilf!. ~ifrnr/rn/uiJ./ri 
u.,., fr'ilbr9frw1/r ,/n,Jh'ilmfr wJh'bu1Jb,} "- wJb'ilw1frn.f.!r wrJb./.!'iibre 

t.w./1u"l.w111wu/uw'bnul bf, .,,,r;, al w'il~1w'ile, nr/r ''"'.f.!nL.J dJ~ wJw'b91w
da 

lf!. '1wn.'i111LJ t 'lr"' lJ.n ui.}w'ilsJ"'lf!. 1'.wiJ.wuwr t' 
~~~ = - 2Jycos ct sin a+ 2Jz sin a cos a - 2Jyz cos 2a1 
da 

'1-riJ.•u.} u1r111,,;~w1111nLfl1,..'b Jb'l. mb'lw'lrbtniJ a . a1 "- wl'I wpmw• 

;,w1w,,, [iJnL'ilf!. t.wiJ.wuU1rb9'bbiniJ. 'l.f"J/r1 umw'bnLJ b'il./.!' 

(Jz -Jy) sin 2Cii - 2Jyz cos 2a1 - O. 

~Jyz t 2 tg2ex1 =· = g a01 
J,;-Jy 

1J.l""i/ru111b fr'bbrs/rwi/r ~b'ilurrn'ilw~w'b mubGwtfb~ ~wJ wifbGwtfinl!Jl Jn
Jb'ilm'ilbr rrL'il/,f/n'l wn.w'i19.[!'j,},ff!. q1Jumtlnr ~J.'il111rn'ilw~1U'j, wn.w'b!J.f.!'j,J,f'j, 

h'il1 'flw'il/r nr ~k'bmrn'ilw~w'b wn.w'il9,e'ilbre Uf"'"'blfru fr'bbr9/rw1/r 1'.w
Jw"l.wurwu/uw'il ,/nJb'bm'ilbr/r 'fnL.Jwre t/r ifrn/ui/.nLJ, w"l.w 

J~+J~ =Jy + Jz=Jp' 
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brr fr'il'6r9/11u1fr '1h'ilurrn'il111'1w'il JnJ'6'ilur'ilbrfrs Jb'11!. f.wu'ilnLJ t frl' 
mubGwubb-· wrJb.efr'il, J1nLu JnJb'ilure f.wu'ilnLJ t /rr Gqwqwqm.JG. 
wrJb.efr'il, w1u/r'il.[!'il1 b(ilb 

Jyo =Jmax' "'"/."' Jzo=Jmin: 

l,bur£.wl6f_bu, fiGbpgfimJft qtJumqnp ~bGmpnGm~wG wn.wGg.J!GbpJ! 
qpmGl! ~mpqw3·l!ft b-mGpnt.pjmG 4hGmpnGnq 106960'1 WJGi.qftuft tjtn
}umqmpt\wpmp Dl.'JIJmfiwJmg mn.mGgJ!Gbp bli, npnG.g G4mmumup 
~GbpgfiwJft ijbGmpnGw}unt.Ju unuhGme fiwqmuwp }; qpnJft• fiu4 ~6.bp
gftm1ft mn.mGg~wJfiG. umt'bG.mGbpG nt.GbG mtl'bGmubb- 1.t. mubGwtjtn.J!p. 
mpcJbJ!Gbp: . 

l,burw9w1nLJ Jb'il.e fr'ilbr9frru1/r 9Lfuwi/nr wnw'ils.e'ilbrl!. '1'ilzw'ilw

'1h'il.e y-ni/ £. Z•ni/, fru'1 '1111riLwJ..efr fr'ilbr9/rw1fr 91/uwi/nr Jmlb'ilur'ilbrf!. 
J y• ni/ £. J z•ni/ 1 X wnw'i19.(!f!. 'ilwfu'1/r'il/r "I.bu t.Mw'ilfr hr'1wi'ilw'1w'il 
wnw'il9.e'il ti 

§ 86. '\,OPlfUt lUPnMn..brti t,Ut'1..,lfU1' P.U'i.ill9b'1..,ti "411PllO-OMfl! 
t,b'o'U'i.iti U'i.it,UlfU2Ucl> lfSP'1..,U'cr.eti ').bfll.f!O~lf 

09uri/blni/ 9Lfuwi/nr 111nw'il9.e'ilbrfr 'il'1wurJwJp. fr'ilbrsfrwifr '1h'ilur
rn'ilwfun1.1u JnJb'ilurfr 'l.rn Lfr'ilb[nL9, '1wrbLfr t 9nL111 llflU[J nr § 78-fr 

p.w'ilwUbre nrnzw'1fr "l."'IJw'il'ilbrfr 'lb"l.ra.J '1frru1n.blfr b'b I. mGfiw
uwl mtjt '1urri/wJ. .[!'ilb1•/r t.uulwr1 

'tnrJ"'l LwrnLJ'ilbrfr pw'ilwal..l!. wrurwJ.blfru {§ 78) Jbr '1n'lJfrg 
Jur9i/UI,} ,,,,';, uwf.Jw'i.wofrw'1nLJ{!_J nr f,/,J.w'ilf!. fiWUWlWtp }; wrurw.j!/r'il 

nLJbrfr 'ilbrprJ.nLfilJw'il xz t.wrfilnLfil1w'il 'il'1wurJwJp., Jb'I. "l.b"'./! b'lwi/ 

'bwfu £. wnwi w1'il p.w'ilfr t,,,,J,,,r 1) "r"l.bu'l.fr llflUr'l.h'il.e, nr t"'l.".e y 
wn.w'il9j!f!. nL'l'l"'t.wl"'9 t XZ t.wrfilnL(ilJw'ilf! £. 2) nr"l.bu'l.fr w"l.wsnL• 
9b'ilj!1 nr Z wnw'i19.[!/r 'il~wurJwJp. dN £.fr9brfr JnJb'bur'ilbrfr f"LJ"'rl! 
f.wi/111uwr t 'l.rn ifr' 

EM.i =0, -;-J zydF = O, S zydF =01 · ~13.6) 

Pw19 x £. y u1nw'il9 p'ilbrfr nL'l'lwt.w1w9nLfil1w'il £. s zydF = 0 fr'b-
F 

"'"'r"'Lfr 'l.r" Lfr'ilb[nL "/_WJJ,,,'b'ilbre +:urn'I. b'il "'"'lfr nL'ilb'bwl £. t.h
J.w'ilfr n!_ f.wJwl_wp '1urriLwJ..efr 'f/,"/_j!nLJo 'frlU f.wJwr p.wi/w'1w'il t, nr 

11LJ/,rfr 'ilbr9nrJ.nLfil1w'il t.wrfilnL{J/w'il Jbl. 9ur'ili/n7. z wn.w'b9,e'b nL tb'I."./! 

Y wn.w'i19,/!l!. Lfr'ilb'il t.Mw'ilfr l"'l'bw'1w'il '1urri/,,,J..efr fr'ilbr9frw1fr qtJuwqnp . 
4hGmpn6.m~mG wn.w'il9.e'ilbr1 ll.1'1 'lb"l./!"LJ £. '1"1.wt,"l..,,';,i/fr n upimfi m-

Jmgn.p jwG "l."'IJ,,.<;,l!, £. J zydF fr'ilurb9rwli!.' "r"l.bu 9Lfuwi/nr 
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wn.w'ii9.[!'ilbrfr 'il'1wurJwJp. '1111ri/wJ..efr fr'ilbr9/rw1fr '1h'ilurrnllwfunL1u Jn
Jb'i.ur, fiwqmump 4tfiGft qpnJ~: 

'tzw'ilw'1nLJ t, wrurw.f!fr'j, -Jbrfr 'i.br9nrtlnL{iJJw'il £. f.Mw'i.fr '1f!• 
ureri/wJ..[!'ilbrfr t,,,,J,,,J_wiJrnL(ilJw'il t.wr{ilnLfilJnL'il'ilbrfr t.wJe'il'1'ilh[nL "l.wr 

Jw'ile '1wrblfr t pnfuwrfr'ilbl wll. "l.w1Jw'ilni/' mpmmJ!ftG nutbpft 6.bp
qnpb-nt.pjmG fimppnt.pJnLGJ! "l.b"'l! t f.wJe'il'1'ilfr Lw1'ilw'1w'il lturri/wJ..efr 

fr'ilbr9frwJfr flfuwi/nr wnw'i19.[!'ilbrf!. "l.wr,,L'il111'1n'l bpqnt. fimppnt.pjnt.fi-
6.bppg npl.t.k tl'b4ft fibm: l,Mw'bfr wru hr'1na. t.wrfilna.Jil1nL'il'ilbrf! '1nti/na.J 
b'il ftGbpgftmJft qiJumqnp fi wppnt.p jDt.GGbp: 

IJ.J'I 'J/,"/..[!nLJ l_b'/.n./! wntiu'il9.j!f!. '1Lfr'ilfr wrurw.f!fr'il nLJhr/r 'ilbrtnr· 

J.nL{iJJw'il f.wrfilnL{iJ JW'j,f!. nL'l'lwf.w1w9 hr'1rnr'f f[/uwi/nr wn.w'i19j!f!. /, 

\ zydF = 0 "l.w1Jw'ile '1rwi/wrwri//r fr'il.e'il111p.br"'P"'r' 
F, 

-flw'ilfr nr f.Mw'ilfr [WJ'ilw'1w'il '1,.ri/111J..efr gm64mgmc)- t\L.p 'lb"l.

,/!"LJ Jb'il.e '1wrn'l b'il.e 9ur'ilbl fr'ilbr9frw1/r 9Lfuwi/nr '1fl'ilurrn'ilw'1w'il 
wn,.,'ilg.e'ilbrl!.• w"l.w gmliqmgwb- tmJGm~mG. ~mpqwb I! n\.G.bgn'I t.Uw'bfr 
f.wJwr J/,'j,.j! '1wrn'l /,';,./! 09tni/b[ wrurUIJ.iLwJ. {13.9) £. (13,13) pw'ilw• 

al.hr/rs' 

Mz maxM 
a i:m::: - £. Om ax = ---

J w 
b(il6 Jfrwr'il mpm1DJ!~li nt.cJbpJ! qnp3nt.t1' bG fibt\·mGft p.GbpgfimJft qiJum
~np fimppnt.pjnt.GG.bpftg ubqp. ub2. J-'il nl. W-'il il.brsi/nLJ b'il "'r"'w.efr'il 

nLJbrfr 'ilbrf"rJ.nL[il /Ul'j, t.wrfrJnLfil1w'ilf!. nL'l'lUlt_UIJIU9 /,_ J..b'/.n,/! 1Un.U1'il9.e 

f.w'il'lfruw9n'l J1n1.u 9Lfuwi/nr wnw'il9.[!/r 'il'1wurJwJp.1 

flr"l.bu orfr'ilw'1 '1wrblfr t 'ilzbl 'l.bfilwal.. '1urri/wJ..e nL'ilb9n'l t.Mw'ilf!. 

{'il'1• 201), nrfr flfuwi/nr wn.w'il9.e'ilbrf!. z-l, nL y-'il b'i11 -./.brf!. p.brtf.wJ. 
p.w'bwal.brl!. '1/rrwn.blfr b'il wl'I '1urri/"'J.l!ft 'b'1wurJwJp., 

/,(ii/, Jfrw1'il wrmw.efr'il .llLJ/,rf!. 9nrJ.11LJ /,';, Z ""'J y 
t.wrfilna.(il 1"1.'b,'ilhr.frs Jb'1fr Jht: wn.•ut.fr'il 'lb"l..ena.J J..b'I."./! 

. -v wn.•'ils.e '1Lfr'ilfr Y•f!.1 fru'1 "r'1rnr'1 '1""1..enLJ Z•f!.1 .P.w'ilfr 

nr '1urri/wJ...[!'ilbrfr l_b'/.n./! wnw'i19J!'il/,rf!. Ul/U '1·/,"l../!nLJ t[ 
nL'l'lwf.WJU19 /,';, UlrllflU.J!fr'il 111.Jbrfr 'ilbrfnrJ.nL[il/Ul'j, f.Ulr• 

z (iln1.fil1w'ilf! 1 "'"/."' t.bJ.w'ilfr wnw'il9.ef!. ~l/mrJw9frw1fr9 t.b-
t~. :aw urn '1J'ilw "'1'1 t.wr[ilnL[ilJw'b Jht.1 U.1u"l.fruni/1 fimpp b-en.-

uwG eGqfimGnt.p qbi.ql! 4t~·6.p. wpmwJ!fiG nulbp~ Gbpqnp
c\mpJwfi fimppnt.pJmli fiwue64Ghte fibb-wGfi fiGbpgrwJft qtJumqnp 
fiwppnt.pJnt.GGbpfig tfb4ft fibm: 

"'""'./! t . 'il'1wurb[J nr rrrnt. 'J/,ut/!hrrt1.J w'ilf.wJw1_wp { nLJbrfr 
fibrprJ.n1.f!1w'i, t.wrflnLfllw'b Jbl t"''ili/n'l umw'ilql!fr 'il'1wurJwJp.) 
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~·111raJ.•"Jl nL'f./,9n'l f,/,.}.,flfl/,rnLJ "r'-"i. I; '11111.fru f,/,.J-w'£fr tl'IU9nL9fr t 
"LnrJ111°il1 (/,,,, ~111 "14.,.,.J- 'ilnrJ,.,l la z.nz.•#n'l L-rnul£brfr ll'"'fl"Lflfrt 
u/ruurbJ (§ 96 )1 

§ 87. ti"t.bratit1ati J;t.t•~UI! 

µ ... ,,,,. iJhrlnLt)111~111'ilfrs• ~-r"Lfr I; ·-L fr'ilbrsfr-1/r JaJJ,"i..,flbrfr 

•frnifrn{uJ,..'j, 'lt)"''ll'"'~,..r;, 11f••~brnLJ(!, wluUf.bu ~ntaJ.w .. }ilibpg}tmJ}t 
1•1ruiu ~111n.11L9bLnL Jfrt.nsniJ.1 

tbrJnLt)J,';,J! Jfr 'ilnr JUnLfllnL'il' npW. w1twGg11}t GlJ.wuul'mdp 
1qaun\bp}t pGbpg PWJ r zw1tmtJ.r'1 (111u~1119n'l_aLf' ,,,Lr;,(!, 1''ilbrfJfr1111fr z.111· 
ttwaJ./r'l 'I ,.,,..,..'j,9./!/r 'j,~,..,,,J,..Jp. ~ntiJ.m .. J t 

.J-. V-
I. - "f' {14.20) 

Jb.J-nL{i 1nL'ilf!' "r"'"'l J.-ru ._ ... n.w'il9J!fr 'il~111urJ111Jp fr'ilbrsfrw1fr J,, .. 

Jb'ilur'il I;' fr11~ F-1! Uf."'ur~brfr J ... ~brbu'U ti 
/J(ib Jy-f, nL Jz-(! fr'ilbr9fr111Jfr 'llfu,..iJ.nr JnJb'ilur'U/,I'';, /,';,, •Uf.111 

.Ty • Jz V- {-
ty= ""F '- tz= -p 

JHnL/llnL'il'ilbre ~ntaJ.nL.! bil }tG.hp.g}tmJr 411JumtJ.np. 2wn.mtJ.r1JGbp: 
'f,,,,,,~brfr fr'ilbrsfr-1/r 'ILfuwaJ.nr wn. ... 'U9J!'ilbrfr (y £ Z wn.w'i19J!'U/, .. 

r/r) i/.rw ~llln.nL9/,flJ! iy £. iz ~/ru111n.w'i19J!'il/,r nLfl/,9n'I_ h/rU/_111 fy 2,lllw 

n.wiJ.fr'lt! urb'l"''lr/,LnaJ. y m1tmG.gp}tG. DLIJIJWfimJWU £. iz 1.111tu11iJ./r'le' z 
wn.wGg11}tG DLIJ1JWfiwr111g {fl~. 202 )• a,,,. tL/r"iul! tntiJ.nLJ t U/."'"'t"
r/r }ttihp.g~wj}t lJ.bGmp.nGm\wG k1}tiqu. tLfr"iu/r f.uaaJ.11111111rnLJ(! tnL'f.bfr,.. 

'JI-£ /•L ..,/,uJ!/!.' 

nr"'"'I. ,y-fl nL Z·e hfr"lufr ~burbrfr ~nnr,,,"ii111ur'ilbr'il /,';,, 

/Jflb iy =is= i. ,.,.,_,., fr'ilbr9frw1fr tLfr"iue 4."r•"aJ.nLJ t fr'ilbro/r•-

1/r zrt..111'ilfr, nr/r '-4.•u-rni..rb t 

y2 + z" = 1i, 

/o'ilbr9frw1fr l;Lfr"l.ufs 01f'il"L/11111Jp ~-r•,P t '11111'11'111t 111fl 11, .. "i..,tn'l 

'lur'il/,L Y 1Un.w'il9J!fr r,J,,,, ~ •"'+1-S. ~,..f.J"'I. 9w'il~1119111.J- X .. n.."i.91!/r 

I Sliu xxx "n•J-, fl"'l'"'""'"I."'• a,,,,,,.,~ "l"l'J.,.,, la ~,,_J,,,.,, '"'t""'l'"" 
'~JnL,,l!..,,,,l'I!.' 

3~6 

f,~w.nJwJp. ""'"rs/u•1/r ix zwn.wiJ.r'lf! (fl~. 202 )1 /r•I/ w1flnL'Jlur£. f.wzw 
i/."L la /r'ilbrs/r•1/i Jx JnJb'ilure euur 

{14.%1) 

pwLwa/./r1 
/>'ilbr9/rw1/r i;,, zwn.wiJ./r'lf! ,,,,J./,LnL r_,.,J,..r "1.J,"'J! t /rflbr9frw1fr 

t1/ruiufr'il --fl/,l X wn.wfl9J!fr'il '/..DL'flUf./,n. zn_zw+n'l• ttlr"l.ufr ~/,'ilurrn'il/rs 
Jfr'ilt..£. lllJ'f 2,,2,.,+n'lf! J,'l,.,t) r.bn.wiJ.nrnLfilnL

'ile (OA r.,.,-4.-'°I!) lufr'il/r fr'ilbrsfr-1/r Ix 2.w

nwaJ.fr'l.I!' />u~w"l.h,,, tril'ilJ! Jx-/r "'l'"'"'r.,..,_ 
llfDLfilltrL'il(!' 

J1 = Jycos1~+Jzsln,, 

U1u ,-.ilwU/r br~nL Jw11br'il h ,_tl.'i.blni/ • • -+..ut:....i....:!~ 

F-/r 4.r-· ~ .. .,. ... -;,,.,r;,J! ""•"-1-L ••'i.tnLfl1--"i.e' 

I~= i; cos9 ~ + i:s1n2~, 
U1JJ 'll'J,r;,J! fr'ilbr9frw1/r hfrUf.ufr ,.,,..,, z.n-

2•+n'lfr f.wiJ.wuwr•• JI!, nre y wn.w'il9J!fr ,.,,,,, 1.t· 2021 

~-'l..Jm.J t ~ ,.,r;,~lnL'il la r. ... ziJ.b'ilJ! tLfr"l. 11/r 

~/,flurrn'il/rg "'1'1 znz111+11'1.fr iJ.r111 frt.b9iJ.wt) nL'l'l."'f.1111w9fr QA· br't1111'nL-· 
[ii JnL'il(!I 'J:Lfr"l•fr f.,..aJ.,..uwpnw /! Uf.1U1'111Jburp111~,..r;, al.naJ. nLLfr, t,J,,,,£.l111l 

1nbUJ!(!\ 

y = izCOSCfl• z = i1slncp1 

tnz111+J,.,f, C ltburfr ~nnr'lfr'bwur'ilbre ilzb'ilJ! c fl2111flnaJ.' 

· y c = izCOS<f'c1 Zc = lyslnipc' 

t n z-+"'lfr f.111aJ.11111wrrrul (! 'Ir""'./! r.J,,,,£.1111 l "'"•J!""' 

z -=ay+ b1 

Dr111 •'il/unL 'ilw1fr'il 'lnrt)w~frsl! f.waJ.111u111r t 

a= tg~. 

(dz) I a - - -=-....!.... 
dy c 11 
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b Or'J/r'i11.uure 'l"''ilb1nL r.-Jwr urb'llUlfrb'il.e c '1.hurJr ftnnr'f/r'ilwurw 
li/,rf! 2_n2_w-frn'l/r r .. ui[wuwrJ1a'i1 J/,t_• nrn2 a&.w-frnfr1m~JRL'il'i.brfr9 f,burn 
'Luurw'ilw'il./!' 

b = _iy_ = lrt~cos2 1'l +i ;sinz13 
/ 

SiO;'lc COS~ 

0 'Lb'ilurrn'ilfr!! 2."2-+n'l/r 4.r.., /rt_b9i[rut) OA "'-'l'l ... ~ ... , ... s/r br'LrurnL
p1 ... 'il l!..,,...'LnLU/r'il r...,i[,.•,.•r t-' 

I • 2 

OA2= ~ = ilos
2p + 1 2 ,;in"~ 

1 +a• cos2p (1+1gzjl) 

/r'ill_ nr J/,'j,,/! nLf.•LJ tj._'ilJ! 1UUf.ru9n1..9b[I 

µ..,9/r 'il2ifwl ,1..,'lrru'tru'L 'twn.m9nLJfr9• "rt! U/.wur'Lbrn1..J t "'""r
pbr run.w'il9./!'ilbr/r 'il'L..,,..J,..Jp /r'ilbr9frw1/r JnJUur'ilbr/r JJrt.& h.,_ • .t 
1Un.'i11_nLfl1nL'il'il/,rf!1 'tw'il JJr 2_1Ur./! ,,..,,rw'tw'il b'[Ul'j,..,"'j,/,r1 nrn'ils/rg 

Jb'il.e 'L'J/ranrur't.b'il-1 Jfr..,1'il ...,_,..r..,<;,.., 1/r'il pru'lJw'il'L1w'il 'Lfrr111n.nL[l 1nL'Lf!.' 

§ 88. lfU~bPbUJl t>\bP8t>U8ti lfOlfb\S\bf'C! Z.lltitl.bt.Ofl 
trnsnq_nr b'll.L\'1111.! 

flt"'% '""fl!"l'"LJ t•/1.wtw1. "-"'l'"""~p./r J.f,f' "'J"il/!111), i'"'l''l t tfr"ilni.J1 nl' 

•/" '"""'" t ""'""'"'"' "l.•r'l J.,,,,,,r/r• '"'"'+"'"/."" "fl" "-"'"""'•et- "'ll'"'t/r•e 
lt.nr 't/r• t• UJ'l 11'1"iend lt.•r"tfr t lt./rr•,.•1 nrltt 

j Y ..,,.,.,.,,Bl!I- 'i.lt.,,,.,,J,,,Jp "i"'"'+"rfr fr"""rsfrw1J. Jn-

,~~~t-~~- Jltf,..,I". r.1112ylt(nL '""'"'J"'l Jn,.,•ynp JliP•'fl!. 
. ..: ti V ('irt• fOI )1 

.,,,,,,,,+"re Y ,,,,.,,,..,,,,/r.,, 'f"Lt•'"" ,~•r•if ,.,._ 
Jw'irltl.11 t'1r .. '1rfr· 21.r"'"r/r t , .. ,..,,,.LPJ"L"'I!.· "'"'"'
it.ltrfr ~-+"rfr ~ ... J/,J,,,.,,oLfJJ"'JP ""r!l""""J ,,.,,, 

tfinp(!: u.J'l 'f,,"f./!nLJ lllJ" 2"""'"""' J"Lf'IMl!"'1.1J•L• 
l't t•r"tl- t e'ir11nL'ir'11 "l'"I."" I p•pApnLP/#fL .. 
4 i/rnt/infuwtw'ir b l"'J"bnLp JnL'i. nL"ilbun'I n&.'1'1•1i-

1t.1nL'i.J.1 8nLl'"'l!"''l.1JnLl' •/""f/r•/r 2'1r•/r /t'ir'1pqfr•1J. ./nJlt'lune y ,..,,,tirt,fi 
'irit.wonJwJp '"'""'"•(I ttfr"J,fr' 

t1b ·- + a 2 tb1 
12 

flw'l,fr "l' Jl'l.e i"r"'ltrfr I pwpJ.pnLPJ"L°lll!_ """"'"' l;fr.,,I! tfi•IP• .. .,,. ii 
tnJwpl1fr"" a2tb f•LJ..,,.6lnL ,..,J6J••nLp1.,Jr t•r"lfr t ... ,.r..J ... ,.011 Kn 
t6"1enLJ '!••tlrrfi fi'ir6rul•J/r U'i-1 ./nJ/,'j,.,,I!. '"'Y'.,,"'l' ti/rt.fr' 
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l/,1u JltPnt/- 'nl'"'nLPJnL't.e_. 91."''"'"'"lnL ,,..J,.l' '•t"lt'ire 11+. 204-J. 
r/t"" "l"""'"-"r'i"'~ nL'1'1"'llt1•'ir J.1.ltpufr•1/r JnJltl."'I! 1t.ltf..,,,.,...,,,.1t...,'ir ..,,. • .,,,,11 /r 
'irlt.wuulwJp. nL'l'l"'"it.1nL't./r I; "ltl't/1n&.J "'J"J, "f•"''""""rf • •('n"'""'"' 1.p• '•
Jwp ~"2"' t '•2t/.lt1 Jy J,.Jltl. .. fr '21rl-• .,,,.J1t11e' fl,.1./r "l' Jlt'ir1 · frl."l'Bl-•1/r 
JnJlt'b.,,e '"'2"nLJ lt'ire ,..,J..,1 ... +nLPJ"'" .,.w'irqe/r 
l.ft111uiJ..,Jp1 "'"I"' l'"'Y•'t.wl. I; '"'2Yltl lt.uopyw~~/r ylt- J. 
('/rl. "-""" ".,,""'""''" J,.J/,'t,.,,I! L. uuowu1-~ •r- "' Id 

T 'll"L .,,,,. lt.rlt.1.w"l""""-"l' """"""'~1!/r Jwlt.lirltufr ""
l'i-"' +"·e ,._,,_,,,,..,,, I = 2 ud r•rAp•LP J"L'ir nL- llW 

.,, "l1"'1 5 2/,l'"'"rl-· l'"l"l' 2'1puolil'fr l"'/1.nL[IJnL.,,/!, • g 
JJrJ..'j,llLJUU t1 "lJ.Jf 'J/,"il"LJ 

Jy = 2bt~a• = 2.10·2(12 +3'+5'+72 +9')= 
, HffOO U J 4 I 

ll1• (11.ltr1/r•1/r J .. Jb'ir ... fr •2tr/r"' JUno.P1nLl1e 
~"'Y"'""'l' t' 

bh 3 10.203 

J. = - = --=6fl6'1 vd 4
1 

~ 12 12 

666;' - 66011 67 
;..;-::::1011 

6667 6667 ° 

~-

lf'1"ile ,,,,,.,-,,,,LJ '1'ire1 "l' Jwlt.lir/,"t w1.11wJ "'J""i/r"/r lt.n"l/"a J/,.," :."r"'"tl 

J:'lllJw"l.l.1/r 11 -l''fJn&.'ir/!/! ""'""6"nLJ t f'•i{--t"'""), '"%"'' u-'J ... 'r.fr), _..,,,, .. ,,,tr
J#,),, uuow'irnLJ l,ul! fr'irl,p9/rw1/r JnJ/,'t.uoJ. •zypfruo "'l'"'"'~"'J"'nLPJnLllf'I 

'f..,-tltrfr ,,,.,,lt.,,,'irnu lt.wJ "-"l'""l/r• clL.J. 'llt"ll!"LJ pwi/• I!.""' ( 14.22) ,. .. i. •• 

.dot.fr P1"'1,frll '"'2YnLJfrq 1t. 111r"tfr t lt.frrwnlil " 't~"''tl'"'it.111.,, J'1Pn11e' "t•rw'ir•1fr'ir 

,...,,,f,.l.lt.iw'ir 1t.111n.nLfJna.Je1 ~•tpli'i.1 Jfr npl.t "l"'"''rltr ('I.It.· 206) I /n t~•iJ.>. 
J•11t"'•rni(1 ,,...,-.,,.,,,, Y ,,,,..,,flit la '1/-"',,.l't"•'l Jwtlirb•t ,. ... .1,..,,,,..,., ht h•-
Jlt'i..,,,,,r :"r"'"rfi' Bn•-f'•e•"u .... r n-r'I 2"r"'/i .... .,,,..Lp ,,,,.,, +".,,"'r""" .... J ti-
,..,,.,,.,,, "l"'JJ.,.,,,,,t_,, (f/-lt..,./t'/) Fn "L"e• "l'I!. '•il• 11•r t :."r"'I J ... ,,,. •• ,. 
JI"•/"], J6•nLPJ-"t.I!_• nLJ6p,, nL'f'l,,.,,I! J wn.w1.111/r1i 'f"Lf111(/,,.1 



1/f J-112.,.•pn1 4'111nnL9lr'!.,r ft..,,J,,,1111ft.w'b H phlrnw1J.'!. ~Jrn.,,1npnLf/JnLl. 

f1L'l.lrt1n'I nulw1J.'!. l""''IJw'!.ft.1nL'!.J., mw'bb'!.e 0.111nw'lw1fil'!.lrpf!. I. ft.wnnL9lr'!.e .,,.,_ 

r•"'w1J.'i. f"''fJw'i.ft.1nL'i.f.'1,1 
flulw1J.'I. l'"''IJ..,'!.ft.1"'"' Jb! 11rr9"bb'bl' 1![. nphl; f 11 nul. "l"'l'w..,,1111/i"' r•'l

J,..,,ft.1•"' "'I'), 'ft.n'IJlrpe• nl'n'l.e. nulf.. "''l'lJw'!. 'l~/i 11'"' 11in"ll1n'l 0 ft.lrmnLJ ~-in
if.nLJ lr'ii "f'"'f' ~lrm1 2wpnL"'"'"'"'),/! Jf.'i.1J. y 111n111'b9eJ. ~lrm k /, ffi ft.lrinlrl'nLJ 
~ ...... 11ru• F11 nulf.9 Jf..,,11. y ..,,..,,.,,91!1'. ,,,,..,.> ~lrn1111npnLfiJ1nL"llf!. 1'2•"'wtlr"'l" 

a11-nif.t ..,_l'"'"'"'1f.'b l'"''IJ"'"'"1"'"' .,,1'1'"''1~1"'~ okm 1r,...,.,,"l"'-;,I!. ~ ... J"'"l""""'"J-111-
1-nJ I; nulw1f.'!. l'"''IJ"'"'ft.1•'ii Jlr! 'll'"''j, J{,J..,'), OKM lrnw'!.ft.JDL'iif.'b: U.1t lrnw'b

~lnL'l..,,lrl'fi '!.J m'lmLfil l"L"'.fis nL'l.lr1'e' 

an km 
ti =r::;· 

- 1 -
a0 • km= 2 · -a11 ·km 

2 

., ... ,,,,,.1"'11!. ~ .... , ...... l' I; ,,1'1'"''1~1-~ okm 1r,...,.,,+.1111'!. Jwft.lrplruJ. ft.p"'!."'"l"'-""'""'' 

U.111"lJ.•n1• n-p'l t.111pfilwft.f. ( Fn = bt) J.'blrp9J.•1J. JnJlr'l.ine y "'""'"'Bl!~ t.,, ..... J,.Jp fil1"'"l"" ~ ... 1"'""'1' I. ,,l'l'"''l~1 ... ~ okm lrnw'!.ft.1111'!. J~"""""I! ,. ... ,_ 

J"'"l"'"'"'"'~ pl.lr111111f.'b H ~lr11w1npnLfiJI"'"' ft.pft.'!.w"l111111J.ft.n1t 
'l/lrin-1 I; ~fi21rl, np H-p Jm'!.nLJ I; nLrlw1J.~• l'"''IJ..,.,,ft.1w"' Jlr! /,, ~lrml.w

P"'I'' wpin"'~"'l"'1nLJ /;• fi'b1"llru I. f 0 nLrllrl'/!' J111ft.lsplruJ. JJ.u111/np'l.lrrnift !.bplr. 
"'I" ~w2i[nLJ'lllrpf! ft.1111n ... pls'be pnl"l' Fn nL<llrpfo ~ .... r..,p I. ""'"'fl1"'~ wp

•IJnL'il-1'1.lrpe 'fn&Jwplr'l.-1 fil'"'l'• "'"l"' "l"'"'ft.lrpfo Jy J.'1.lrp9J.w1J. JnJlr"llme. 1 nl'I! 
2 

'"'""'""'I' I; l:f11a11 • '1~"''11'/i 11'"' ft."'l'"'"'~"'linifJ. pl.lram1J.'I. H ~lr11wifnpnLfiJ1w'!. 

£. "l"'l'"''),"'lfi'I. i'"''IJ"'"'ft.1wJp nL 'Lp111 lr'll'"'l/o"b ft.n'lJlrpJ. 2wpnL'il"'ft."LfiJlnL'!.'1.lr-

1'ni/. uw~Jw'!.wr/.rwft.i/w~ ABCDA J,,,ft.lrplr•J. ft.pft."'•"fwinJ.ft.J. "'l'"'"''ll'l"'lnift U.1'1 

Jwft.lrl'lru[. Jlr~ .. LfiJlnL1'f!. '1.2111.,,wft.lrlnif ti>-ni/1 "'""'"'"'"'"'I! ~lrml.l"'l pw1'wd.J.,._' 

Jy= 2H"'' (14.23) .. 
~-zifnL~lrpf. J,,,J..,.,,,..+. "llrin-1 I; Ji "'ft.1111nJ. .,,,..,,lrl Jwu21nwp.,,lrpe• w1uJ.'il-1'!. 

'l~ ... 'll'fi9 iflrp91w~ "' J,.ft.lrplr•e "llr"'-1 I; pw'l.J"'"l"'"'ft.lrl n2-nif• Jiu+. pl.lr11w1J.'1. 

H ~"-·ifnl'nLfiJ1nL.,,1!' f-nift nLllUI" lrfillr Jlr.,,_, 'l~"''ll'/i 11'"' 1"'P"l lr'!.e ABCDA 
Jwft.lrplrue I. ••wslrl lr'!.-1 "' ud2

, f..uft. pl.lr111111J."' f,lrnwifnpnLfillnL"'/!' H ud, "'"l• 

Jy = 2H"'f . n1
• 

~-rJ•p I; 2lrp"'lrpf. pwpl.pnLfillnL'l.I! i[lrp9.,,lrL JJ.l..,,nL1"'e· "'l'l ?:lr"l-1nut· 

~"l"I' F 11-lrpe f,,.JlrJ .,, .. ,,.+.•"' 't.Lfi"'lr"' 2lr1'1nlrpJ. l"'l"'nLfil 1nL .,,.,,lrpJ.'!.t "' J wft.lrplr

•f! 'twrlrLJ. I; 1111 ifrlrl "ll"''!.f.Jbmpnift ""'l'fi-1 1+.• 2lrp"'lrl'J. fil"1e 2"'m Jlr~ iflrps~ 
>.lrLI '(lrpf! Jlr'i.41 ... 1r.,,..,,_,, nl' ,,..,,,,..,J 2lrpwlsl'~ r,..,JlrJ,,,,,,..,i""l' Jlr~ l"'1"'nLP1,.,. 

HO 

"lL"tl!nLJ ""'"'91nLJ I; pw1wft.111'!.f.'!. Jlr~ 0.2'1l'"'nLfillnL'bl tfllr,,.I! I; ~f.2/,L, np 'l.lt'•

,f'"''ll'1"'~ lr'lw'!.wft.I'. ~J.~1111~ I; 2lrpinlspJ. J.'!.lrp9f.•1/i ulrr/.rwft.•'!. ft.""'"'l'""'wlt•'io 

JnJlr'b,,.'!.lrp[! "'l'~wJ111p~lrlnL 11'"' I 

U.1JJ "'I" 'll/unLJ 11m•t11"'~ •l''llnL"'""'"l'I! 't.fil'w"-lr"'e •11rlfi l'"'l''l ltinep
.jw~e nL'!.lr9n'l ~lr~..,.,,.,,lrpJ. wJpnLfillnL.,,f'. umnL'llrlnL /u'ii'lf.l'I! lnL~blnL ~-J•p: 

·~ 89. U\.t,UlfU21liti '-lSPt\.U~ ntt\.b80'l. t,bull\.ti t,Ulitl.1lP'-lti 0Pti\.1llt 

. 0 r /r 'ii UI ~ 57. u /r 6'w1rm/. .., ... tn/r "'r. ..,,/ rw~94_w6 r.U .. 'iifr r.w
Jwr nrnzhl flnLu_winrhl/r J-n.n11. ,/n,/h'iitn/r ,//,J-nLfl/nL'iif!.1 'fl' J1nLU 

dw1rnW ~/rrwn.4_wt} nLJw'/.nL/'ff!. Ul'/.PL,/ t /r'iihr9/rw1/r 'll/uwi/.nr f.wr

flnLfl1w'ii .!ht! '1inr4_w6.f!fr l_wtfrhre. .!frlfr.!hinrhrm/. gnL/9 hi. 

111rtf.wt} 'ii~. 206-/r 4.rw• 1,Uw'ii/r fln./rt.et!.' l = 0,6 u1 fil'nLllwinrhLfr 

1wrnL.!f!.' [a]= 1600 qq/utl'21 
'tw[u I._ ... n.wl "''IA.f! !; nrnzhl ~tnrt/.~J-.f!fr J-w'iirnLfl'1w'ii ~h'ii111rn'ii/r 

'lfrr.f!I!.' '1-rw r.w.twr e.'iiinrnd h'ii.e ~nnr'lfr'iiwin'iihrfr wn.w'iis.f!"'rfr ~w
Jw1w~w'ii Y1Z1 ufr111nh.t. f.wr.!wr !;, nr w.!p.n11.i "l.Ultn~'re. ,, ... 'bi/./r 
'f('w~w'ii .f!Wn.nrfnL.!1 "inrtf.w6' .efr r)w'iirnLfl1w'ii ~h'iiinrn'ii/r r.h ... 4_nrnL

fltnL'ii'ii'.r'ii Ullf UIR.1U'ii9.f!'iihr/rs ~lfrnz4_h'ii f.h1n£.1wl p.w'iiwd.lirn4.' 

s~ s· 
Ye =F £. Zc= ; , 

nrmh11. s" -:'ii nL s"-e. .!w~hrhufr utnwtnM Jn.Jh'ii111'iihr'ii h'ii Y1 £. Z1 
y z 

11Unw'ii9.f!'iihr/r 'ii~w111.!w.!p.1 
UmwmM Jn.Jh'iim'iilzre. r.wzi/.hlnL \.w.!wr .!hr "l.wur%hr/r J..,%hrh

Uf!. p.wJ..,';,h'ii.f! hr%nL nL'l.'l."''ii%1"''ii' nL'l.'l."'d.fr'l I £. f.nrfrtnLw%wL ll1 
"lw111~hr/r .!w%hrhue. r...,tf...,u"'r !; F = 1 • 12 + 7 · 1 ==- 19,0 utl'21 Um ... -

-M Jn.Jh'iim'ii'6re.1 r. ... 4 ... u ... r h'ii' 

S~ = F1y111 +F2y1 , 2 =12 · 0.5+7 (1+3,5)=37,5 uif3
, 

S~ = F1z1 ,1 -'- F2z1'2= 12 · 6,0 + 7 · 11,5=152,5 uif3
1 

(1..,'iirnLp1 ... 'b ~h'iimrn'ii/r %nnr'lfi'iiwm'iihre.' 

Y = 37
,5 = 1,97 uu ~ 2,0 ulf, 

c 19 

Zc = 152,5 = 8,00 u\£1 
19 

t IJ.iuinlr'l f,wpfilwt"'lrl'fi t,nnl'tJ."'•111'lrlrpJ. •••U"' fo"''f'l!"I! fl"LJI t ,,.,.iJo,.. 
..,,.,.,,Biii! (Yi• z,),. Jiu+. lrp't.l'nl''ll!' r...,,.p .. tJ. r,,.J..,re' 
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U.1JJ 'i.zw'IJh'i..[! tb'il111rni.wtw'i. y 0 h z0 wnw'i.9.[!'i.brfr u/ru.,,bJer 

ll.Jb'i.fr9 ,,,.[blfr "l.wr11. t wl'l wnw'i.9.[!'i.bre nu1'lbl ..,_,...,,tbrfr tn'lJbrfril 

11.nL'lwr.b,.. .,... t'>bz111w9i.fr wn ,,,,.,,,-;,9.[!i.brfr i.tw111J ,,,J p t111rif.w.! .[!/r 

Jwtbrbufr fri.br9/rw1/r JnJb'i.111i.brfr 1>wzif.nLJf!.' 

llnw'i.afr'i. nL'l'llU<j,tJnL'i.fr'i.brfr fr'i.br9frw1/r 

J nJb'i.111i.bre Yo " Zo wnw'i.9.[!'i.brfr 'i.twUl
JwJp f>wzif.i/.nLJ /,';, 11.nL'lwf>bn wnw'i.9.[!'i.blJt~ 
w'i.9'i.blnL ( 14.1) L. ( 14.8) pw'i.waL.brni/., frtil/. 

nu1.'l.w'i.t1nL'i.fri.brfr fr'-'1r9frw1/r ubifiwtw'i. Jn

Jb'ilur'i.bre' {14.1) pw'i.wab.brnif.1 

/,wzi/.nLJ'i.bre tw111wrnLJ b'i..[! eu"' 20-r'l

,...,_1nLuwtnLJ pbrif.w.l uJubJw1/r { 1111iu 'i.t. 206 ). 

O'f111if.blnif. IUl'l WllJRLUIUt/r9 twrblfr t ,,,,<j,/,l 

Oy 0 wnw'i.9.[!/r 'i.twurJwJ'p 'll/uwif.nJ' w11.w'i.9.[!

i.brfr [tlh.[!nL[il ,,..-;. w'i.t1nL'i.f!.' 

2JD 
tg21l

0 
==- __ Yz_ - 2 · 97 = - I.09, 21% =-47°40' L. IX= - 23°50'r 

JD - JD 100 - 278 D O 
z y 

Pw9wuwtw'i. 'i.zw'ile 9nLJ9 t .,, ... Lfru, nr IXD w'i.t111L'i.f!. "I.""'.[! t "'"",.._ 
'lr/,L J-Jw9nL19/r ulw.efr nL'l.'l.nL[ilJwJp. 

sin rJ.
0
=-0,404, COSIXD=0,915, s!n21X0 =-0,74, cos2cz,=0,6731 

/>'ilbr9frw1fr 'll/uwif.nr JnJb'i.ur'i.bre 

1>wif.wuwr ~Lfr'i.h'i.' 

Jy -J; cos21X0 + J: sin 2
1X0 -

- J ;zsln 2ix
0 

=278·0,9152 +100. 

· 0,4042 + 97 · 0,7 4 = 320 utl'4, 
t~. 2011 

Jz = J;slu2~ + J:cos1c;, + Jy2 sin21X0 = 278 · 0,4042 + 
+ 100 · 0,9152 - 97 · 0,7 4 = 58 mf4

, 

twurwr"".[! 1>111zif.nuJ'flbrfr bz111nL(i JIU<j, UllrnLfnLJ f!.• 

1) Jy + J 2 = 320 + 58 = 378 utl'4 -J). + J:=278 + 100 = 378 uu4
, 

2) Jy,-2- (J;-J:) sin2ix+Jy:cos2cz=--
1 

(278 -100)0,74 + 
2 2 

+ 97 : 0,673 = 01 
/,wzif.wrtf! 9nLJ9 urif./,9, nr Jy""' Jmax' /rut Jz '""'Jminl ~J.111J..~J.u, 

lnn'l. nLJw11.nLnf! wif.l.Lfr al.n'ilurnL t tfrrwnbl Oz f>wp(inL{tl1w'i. Jb1 ... ,-;,_ 

..,1.,,, nr"lbu11./r Oy 111nw'il9J!f! L/rf./r t.'111.nJ! wnw'i.'J! ('i.t. 201 )1 
3"2 

I 

l 
I 
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cf 
N ~ - I 

o. c:o - r:r:i 
II N c:o 

~1~ 
II a> 
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N c:o 00 
C> a:l 
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U1JJ 'l"''ilb'ilJ! ~mrif.wd-J!fr '1-frJwfrnLP1w'il JnJb'ilure.1 ?rw f.wJ.,.r 

U/_bllllJ! t tur'ilbl t_bqnJ! Oy w11•'il9J!fr9 wJb'bw2.wur f.bnw9wd- flblfr~fo 
Zmax r.bn.wif.nrnLfl/nL'ilf!.1 ?w '>bzur t 'lur'ilbl 'l,)"''lr.,.~w'il b,,_w'bw~ni/_, 

nrn2. ,/wuz1111wp.ni/_ td-"''lrblnif. ~urrif.wd-J!I!. £. 'ilrw if.r- "l"'"'~br/,lntf. 

'ttfawif.nr w11w'il9J!'ilbre.11 Ubr ~urrif.wd-l!fr t>wJwr t_wifrif.wd- t:.lm ... if.nrm

fl1nL'ilf!. u1111w9i/_b9 r.1.11i/_wuwr Zmax = 8,1 uuz l,burJ..wU/.bu, ~urrif.wd-J!f

'1-frJw'l-rnLp/w'il JnJb'ilurc y w11w'il9J!fr 'il~w1111J-Jp. '>wi/_wuwr t-' 

W J, 320 3 3 
y =a --=- = 9,5 UU I 

Zmu 8,1 

UJrnL[i1w'll U/."'IJw'ilfr92 '11111'il11LJ hill! pnLllwurrbLfr d-nn'1. JnJh'L

urfr Jbd-nLflJnL'ilf!.' 

maxM, [ ] a==--.,,:;; a, 
Wy 

max[M] ::!'; [o] • Wy' 

Mo= max[M] ::!'; 1600 • 39,5 .... 63200 ~quu ~ 0,63 mu1 

bp/, nulw'l.nLlff!. ~frrwnb'ill! Oy '>•rPnL[i/w'fl Jlit.• "'II/."' z w1UU'il9-

,s!f19 Jfrilt.£. hqrw1fr'il flblMI!. b'lwd- Ymu = 4,12 utl' r.bn.wif.nrnLfl1wf. 

'1-/;U/.l!nLJ ~urrif.wd-J!fr 'l-frJw,,.rnLfl1w'il JnJb'ilure. '>wi/_wuwr ~lfr'ilbr W2= 

Jz . 58 4 =---=- -1 ,1 
Ymax 4,12 

if.l!.1111w'il'lnr/,'il ~frrwnbl 

J"nJbflur nLflb9,.'l nulwqnLl'f1 nrf!. f.wJwr1w brbJ! wfl'lwJ wi/_/,lfr ifrnJ!r 

t, J!"''il Oz r.wrflni.fl1w'il Jbt_ wqfn'l nulwqnLl'lfr JnJb'ilure.1 

l,~,,,1111b'ilJ! 'ilwlt, nr bflb nulwq,.Ll'lf!. wq,,.{r J{r nrl.t "'IL' ,.l. 
'ft.fulUi/.,.r r.wrflnLfl1wfl Jht_, or[rflwf wfl~/nLflw~{r ~n'f.brbu{rfl 'l_nLf..r.b111 

_,,_,.. -n fhll/.J!nLJ d-n.nLJf!. '>wrfl l.fr lfr'il{r £. wJrnLfl1-'il 11/."'IJw'ile. "'IL 
mbuJ! ftl!.'ilfnLi{r {§ 157 )1 

1 Zmax-e · 't•J Ymax-e ifbrtnL~•t•"' "'•"'•t•i/. "l'"2"L"L r,,,,J.,. 1t•rb1Jr t 
011nif l.L ( 14.10) p•l.•J.UpJr91 

I o,.,. .... tnLJ ~-21./r t/r ....... ,,nLJ .,,.,,,.r1tt/n9 .,,,"l[!nLJ ,,,.,,,..,,,,,,, nl"l' nL

JJr11 •n.•f•IJ"'l Ll'•ll"Lfl/rt 'bnrJ•L 1•rnLJ.,,bre (•1111 'flnLt- XXX)1 
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() l' /r 'b 111 t 58. 'J.,..'j,/,l b..,.,),'tJw'b J.'bbr11/r"'J/r JnJlrl.1111!. ('bit· 190, § 80) 

;,/rJeJ."' .,nurw~b .. 1tb'b1nrnl.•1t111l. y ,,,,.,,,.,,11e/r 'b1t,,,,,,J,,,Jp1 

b,.111'1.t1 111"' ~J.Jenif ... '1.9'1.n'l AB ,,,,.,,,.,,111!/r t..,,J,,,r ifbre ""' 111111."11 (§ 80) .. 

bh 3 

J.\8= 12' 
'1/rl'"''"blnif 'lnufwt.b,. .,..,,"1.9el.br/r'b 111'1.9 '1.btnL p111'b111J.l..I!, ,,,,,..,'bnLJ b'bl!' 

0 • bh 3 l h' bh 3 

J.=JAB- Fh =----bh· -=-· 
) • 12 2 9 3ti 

0 l' /r 'b 111 t 59. flrn2bl "r't"'PnL'l"'J/rl. if111'ln'b/r ~an.'bnL d "'l'"'J"'t/r~t!• 
1/n~•Jr'b /rpb'bfr9 'j,/,{'~"'J"'!l),,nJ I; br'tnL 1tn'bunl'bb{' nL'bb9n'l ~bJw'l.1 n{'/!. 'tn'bunt

bb{'/r Jw1rbrnLJ plr,.'bwif nrifwJ I; P=6,25 m nLJbrnif ("'t· 150, § 69 )• fi'",.h
e/r """"'l'"Lf"JnL'bl!. I= 1,fS8 J', ~n'bun1.,,"r/r "r'twrnL/jJJnL'bl!. a=0,!.>67 .r, J,.J.,,), 

pnLJ£W"'{'bL/r L"'l'nLJ(! [aJ=600 qq/uJ'2
1 

UJb'b111JbJ J,.n'l JnJb''""f! t,,.i[wu•r I; 

Mmax =Pa= 6,25 · 0,257 = J,67 mJ'• 

d ·v :i2 Mmax -v32.161.ooo __ 1, 2 r ~ - - ':I:. utr 

" [ ~ j . T: 6J<I 

0 l' /r 'ii w 1t 60. I= 6 J' fl"hl' nLl.bll"'l .\! 40a br1t111wifr t.Uw'bl!. ~n'f•-
1t."'"lnrb'ii t.b'bi[wJ I; /rr J1111rbrnif f, 'trnLJ I; q =2m/J' f.111i[111•111r•~wi/r l'"'2t-1•~ 
pb,. ('bbl'"''"J"'l /, ubef.wtw'ir 1!"'21! )1 />},~"l/r"/r° 1tb'ii111rn"/,1119111~ nLJ 1t111rbt/r I; tr•-

. I 
!J"Lf//r~ J.t..ni[ 't/rl'"'""l "'J'l ~bJ111'b/r ifl'"' d.wfu J"'Jl'/rll a= 7 = 1,,; 1C r.1s .. ,,,i[n-

f'"Lp J"'"' if r~z fi'onLJL"'"'l'b t/r t•rnLJ l' [' J = UOO ~ q/u.r·i, 
{{'w9n1_9J.t P p/r,./r J/rJnLf/JnL'ii(! nrn2/s1n1_ r.111J111{' "f/,111(' I; 'J'"),/,[ wJ/s'j,.J/,~ 

<),."'l JnJbl.inf! np"fbu P-/r nL q-Jr ~nL'b't9Jrw1 UJbl.wJbJ JnJb'i.111 nLl.b9n9 

't.Ulrif111J/!)1br 1t111rn'l /,'j, 1Jr'iib1' p nLJJr 't/rrwrr.Jw'b 1t111rif•Jer1 "l'"'"'l lllJf [',,,.,.. 

.,,n.•fwfl"'l JnJbl.111r ~ ... a"l.n~J I; Jw111Jr1fnLJJ.,. FJrr./rt1/r 1tbl.111rn'iinLJ 11n'iiifn9 

ft111rif111J/!/!.' "l'"'"'l Jb'ii, nL'iib•e Mmax <l pbrt/rs· "'J'l br'tnL ""'l'''"'~l!'ii/,r/r JJrfl.. 

'l'nl.if n'l nrl..I; 1t1nrif-~1! 1 

Un..,,f/r'b ft111ri/.•~1!/r r.,,.J,,,l' JnJb'""'I! '"'1"'""'1' t 

Pa(l--a) I l l' Pa(l-a) 3q/1 

.M
1 
= I +q 

2 
.-

4
-q 

32 
= l + 32= [P · 1,125+6,75] mJ, 

3" 



bp+.rnl''I +.1np.J••")I'/! r.wJwp 

qi' Pa l 
M<!= -8 + -l- -2= [!J,OO+O,'i5PJ mJz 

X-c r.w2.Jh1n.J "'1 <>w1p/19, 111nm'l.n<J b'l.I' 

""'4-""'l'"' Je "'""''J"'l .,,i,,,,,n.J' 

I ~" Pa q Pa 
M, = q 2 x- q 2 + l x= 2 x (/ -x) + -

1
-xz 

M,-/! w~w'b9l"'/l' r.w.Jwuwph9'bhtn•/ 'll'".f/!• 11U1w1 nLJ b'b/! maxM 3 +.,..,( minM., 
nL'l.b9nq it."'Pi/."'dl'/! X 0 wpu9Jiup' 

l Pa 
q - - qx 0 + - =fl, 

2 l 

l Pa 
x =-+~, 

0 2 q/ 

M = _ q [ _L + ~ l 1 _!__ - __P_~ 1-+- _Pa r-l 
' :.i 2 qi J I 2 qt ' / 2 + ~:]= 

= [ 3 T : ][ 3- : J + : j 3 + -: ] = ( 3-r -: / mJz 

[MJ = \V [:;J ~ 1090 · 1400= I 5:.!HOC qquJ = 15,27 mJ1 

ll.111 J nJ £ 'b"'I' r.wiJ.u•uwph9'1. btni/. M 1 , M 2 , M 3 J nJb'l.m~ bpf!9 JnLpwl'w'blJnLp /!'b 1 P 
mJf! r,.,,Jwp qm'bnLJ lt'b/! bpb/! mpJb/!'bbp' 

15.27 - fi.7:5 
P = --· = 7 57 ID• 1 1.125 ' 

! 5.27 -- !J.00 P = _ .. _, __ , ___ ,, - - = 8.36 m
1 2 0,75 ' 

Pl= I ,t 15,21 - 3] · 8 = 7,29 mt 

U.111 brlrl! "'l'Jbl!,,brJ.s .,,Jb'b ... rfrnl!r"' t"t +.tf!'bf! pnLJl"'"'l'btf!'b' P = 7,29 m' 
0 I'/!'!, w +. '1· f:'b.,,rbt br+nL f,b'bwpw'!,'bbpfi iJ.rw 'll'i/."'~ l = 4 J p,.fi!I! 

nL'l.b9n'l r.b~w'bf! brlt."'"'i/.l' lt."'l'i/."'~/!/!.' bpb w1'1. pbn.'bw.Jnpi/.w~ t ~wiJ.wuwpwlwr/r 

pw2fr..J•11~ q = 2 m/J pbnniJ. b. P"/!U/! lt.b'bmpn'l.nLJ t/!r"'""-"'~ P=S,J tn it.b'b

"'l'n'j,•9"'~ n•tlniJ.• pnLJl"'"'l'btfi l"'PnLJf!.' (cr] = 1600 4q/uJ 2
1 

~-Jw}.wr/rnL/1Jw'b ~b.,,/,.,,'j,l!ni/. ~nnq JnJlr'b1ne ,..Jb'b.,,Jb~ "'l'Jltll it.nL

"i.h"i.u. Pnf.11!/! +b1'.,,pn'l.nLJI lJ.17 JnJb'l..,,f! JUnLPJnL"i.(! Jlt"i.I' h.,,'bb'bl' nLJbpfi 

;,.'l'll.9nL/1 JnL1''1.hpfi 'lnLJwpJ"''b Jbpnpi[t ~..,J,...,,,,.l'"'~ P"'2/rii/. .. ~ pbnfr9 (12.11 }• 

U6 

q/ 2 2.4• 
maxMq = -·--- = -- = 4 mJ• 

8 8 

Pl 5,3 ·' maxMP = ( = -
4
- = 5,3 mJz 

maxM = 4 + 5,3 =9,3 mJ = 930 000 ~quJ: 

W
• maxM 930 000 

:;., ---- ----=580 u1f31 
~ (;] - 1600 

Sbuw1t.w9nL9w1t.nLJ (rOCT - 10016) "{pnlf>hl! .,,Jb'bwJnUI r.wJ•rt!• nrt f'"'""'
rwrnLJ t- ... ,.. U[IMJJ..,\f!'!,, .... 30a br~1nwiJ.r"' t-· w = 497 uJ3 (1nli11 IX ""'""'
.Jw~p): 

O l' f! '!, "'+. 12. />1'l"l/ou/! r.wiJ.wuwp .. lwr/r £'"'1/!--

4 ... ~ pba. +..,,rbtf! t- lt.f!pwn.bl l = 10 J pnf!11! nL~b9n'! 

+.wJptw1/!1. r.b~ ... 1'/! i/.r'"' bpb pnLJlW"'l'btfr l"'l'nLJf! 

£~J=1400 qq/uJ2z ~b~..,,,/i it."'l'""'~l!P. it.w'IJ.Jw~ t M 60a 

brit."'wi/.r/r91 "l'I! nuJb'lw9.Jw~ t- ,,".,, iJ.rw 'l"'l"w~ 
2oox20 JJ 1wr/rbr nL'hb9 n., br~nL PbrPbrni/. ('bit.. 
208)1 ~b~w'be ~ ... JpbpnLJ nr..'!,f! r.n7wit."'"1"'J/!'b r.b'l.nLtl1 

~Uw'bf! it."'l'i/."'~i!I! f!'l.bp9fiw1Ji JnJb'b"'e lt.nrnti/.fi 

"l'"lbu y 1bqn/! ............ 91!/i i.~ .. .,,J ... Jp brlt."'w" rl! b. br
lt.nL pbppbpf!-lt.n'lbrbu'bbpf! f!l.bp9f!w1f! JnJb'b.,,'1.lrpfi 

'lnLJUlpl 

'1mpiJ.w~/!I! f!'bltp9f!w1/r Jnof/,'),.,,I, bpf! npn2b{nL r.w

Jwp otmiJ.h'bl' 'lnL,9wr.lrn .,,,..,,'j,fl/!1'bpf!'!, w'l.9'1.btnL pw

),,..J.l.J.9' 

J = J +2 - + F - - + - = 63800 + J [bt3 ( h t )2] 
y y 12 2 2 

+ 2 -- +20 • 2· (30 + 1) 2
' =::< 16"800 u.1'•1 [

20 21 ] 
12 . ' 

W = ~ = 
160800

::::: 6000 uJ3 z 
Zmax 32 

q/2 
ma1M= - ,,:; [cr]. W1 

8 

I/ /////,' 

>- -t• .'rlil----1 J. 

t+.·' 2081 

8fa)W s.:;000.1400 
q < -- = = !.6 qn/uJ =5600 l.njJ1 
~ / 2 ' 10•.1001 T '1-J 

1' 'l.tw"'/! ..,,.'1.btn.J1 "P ftpit.mwi/.r/! /!,,.ti! I!""' ... lruwit.w9nLfl"'t/! "''l/nLUwit.'1.lrp~ 
ltw'IJn•J t 118 qq/J, f!111t. bpit.nL PlrrPbrfi'!,t!' 2. :t. 20.100.0,00'IBlS=13 ~q/J1~ 

f,lt~-'l.J. 11b1fr-1t.,,.:i, /!"'1/i ~ ... J mp UU1•'j,n1..J "'/! f,b111b.1wl Jlt~nLPJn_L:lop' 118 + 
+ 63 = 181 q q/J. "'l'I 7lt"l/!nLJ pnLJlw"'rlrtf! (ot"'"'it."'l') plrnf!. ~wiJ.•••r 't.tfi"i.j" 

q = 5600 - 181 = 5&19 ~ q/J ::::: 5.4 m/Jz 

347' 



0p[.'j,,.11. 63. flp n:_lrl ,,,,_. 209-f. if.pw "l."'•'t.lrpif.•6 "-"'l'if.,,.61/. f.'&lrl'flfo"'J/< 

JnJ/r'j,.,.'j, nL 'lfiJ•'lpnL~/111), JnJlrb"'t' 't.lr),"'l'"),•'t.,,.'11 y ,.,,,.,,.'!,fll'f. ),'t. 111 rnJ.,Jpt 

fl111),[. "l' [.),lrpflf.1111[. JnJlr'rl111t f.plr),f.fl ),lrp+_,,.,,,.flllnLJ t Jy = S z2 dF 
F 

·•lruef. 9nLJ111p, lll"f.• f."illrpflf.1111/. JnJ/r),.,.t' r. ... 2if.lrLnL r.111J111p +_111plrlp t o'lrn-flr l 

z ( 14.l) £ (14.6) P,.,,, ... !-Urf.fl' 

BH 3 bh 3 

Jy=12. 12' 

""'rif.1116ef. 'lf.J111tpnLp Jiii,, J nJ/,),ln{'_ \ 

H , Jy Bt-1 3 --bh• I 
Wy =- -- =- -----~ = -- [BH•-bh 3j1 

Zmax H 6H 
12. -

2 

/l,_2"''ll'"LPJnLi. lr'&I' •rwif.f.rnLJ 1111'& r,,.,,,,.,.J,,.),ef. 

i/.['•1 nr '!,J,.,,'!, +.rnrif.1116,,,[. tf.JIUf['nLfi/J"'"' JnJ/r'!,-

1nf!. .tf. 't.111rlrtf. r.1112if.lrl nr"l.lru W = W' - W1 +_,.,J 

BH' bh 2 

\V = S -5 rnlruef. '""'l'PlrpnLp/nL), 1 "l'I!. r,,._ 

·'t_111unul (- f,/,6,,.),f. 't.rnl'if.""61'f. 'lf<J,.,'ll'nLp/111), JnJ/r'!,,.[. r.111u't.""!ln'l"LPJ111'b pnL'rl 

J 
. .,..,t;J,.,,'j,J..,),l!.1 np"f.lru --- t;..,p_mplrpnLPJnL'l.I 

zmax 

0l'/o),,..11. 6,. flrn2lrl '1111.· 210-f. if.pm "f.•ra+.lrrif.1116 rpnL!lr :.bJ-w'&f. ,,,J_ 

./'""rAnL),111+_nLp/nL),f!.r !l,,J,..), pnLJl"''"l'lrtf. l"'l'~LJt' (a)= 300 ~q/ud'. .. lr.,JJ,,.'!, 

flnLJLW"'l'lrt/o l"'l'nLJt' (a.,J = 800 ~q/ud2 r l,),'lnL
·-;,1r L• nr § '1'1-:nLJ Pif.wr+.if.1116 u111r.J,..),,.,,+,..+.nLJi.lrpf' 

.J1111rnnLp 1111Jp "l.,..r,"l,..),if.nLJ ,,,, £ 6"11n'1 JnJ,,),urt' 

·<fnpJ-nLJ t r.U,,.'j,fo f,,.,,J,.,,.tw+nLp ,,..,, r. ... l'pnLp 1•), 

Jlr!• 

9"111),Jr'j,,r "-"'r</,..6-ef. J-,,.),['"LflJ•'j, t_lr'rlrnrni.[. 

'l:f<rn• U•111•f.+. JnJ.lr,, .. l!. ,,,,., +.n1lrrbuf. lr'lr/. 

"u+.wrnJ,..Jp r.111if.wu•r t' 

s, = 36 . 3 . 3,,5 + so . 3 -18 + 9 . 3 . 1,5 = 
=5385ud1r 

"lrnpif.•61'f< J,.+_lrrlr•f!. "•if.•u•r t' 

F ::::!! 38 · 3 + 30 . 3 + 9 · 3 = 225 ud'1 

---·"-'-·-· -1 

0 

l.+_. 2101 

·i1r., +_n'l"r"•/o "'fr/ofl Jfoi.1£ 6w'rlrnLflJ""), 11.lrl.,.l'n),f' 1r.,.J- r.lr .... </nrnLflJnL),{'_ 

"-<1-••r t• 

s, 5385 
Z = ~=--=231 ud::::: .2'1 ud• 
' F 2.2a ' 

l.•1), 11.n'l.lrrlr•f. /,'ll'hJ Jf.),.t_£ J-'!'),PnLPJ""), ~lr'rlusrn"ile 1r., ... 6 r.lr .. ,.,,if.npnLflJnL'J.{'_ 

"l...,if.wuwp t' 

:"348 

l[.,.pqm6ef. Jo'&lrpflf<-1/o JnJh'rl"'e yy '.tlr'lnl' wnw'rloef. 'rl1t111.,.JwJp "•if.•••r t 
,,,,,, lrplre nLf'llll,,+.JnL'rl),lrrJo J.),lrpflf.1111J. Jn.f/r),.,,),lrrf. .,ni..J .. pf."· npn"'•"•" 

it,.,'1Jif.w6 t ,,,,,. .. +_/, [' !!' • 

31 • 36 301 • 3 3' . 9 
Jy = --12 + 36 . 3 . 10,52 + ~ + 30 - 3 . 50 + ~ + 

+ 3 • 9 · 22,52 = 356i0 ud41 . 

35640 
W = -- = 2970 ud3 r 

z 12 > > > > > > 

fl111"hf. np 6"'''f'nLPJ"''rl 11.lr),urpn"ill!. 111if.lrtf. Jn.,, (- l"'I), 11.n'llrrlruJ.),, 111"1.,,,.. 

lilJ'l 11.n'llrl'lruf. ,,,,['Ill/",, P"LJri,,lrrnLJ /Ul['nLJ'Ure P""H"'l'J.111+_ wrtllrenif. w~b11' 
.finl'JI 11.tf."h/r),, ,,.,.,,, ,,,,., 4 .. .,lrrlr•f. lryr1111f.~ Plr1f.+.),lrpnLJ. nLU111f. +.rnrif.1116-el!. 

"l.lrrnl' (- 'l"'u111if.nrlrl ,,./'!,"l.lru, np..,lruyf. .t_nu1ni),lr f,/,6111'&[. Liii/), 11.n'llrplrul!. At:if.•6-

Lf<),[., /.u+. ,,,,., +_ny,,plrut'' .. lr,Jif.11161 P-nL/llll'"l'"l" 611n'I JnJ/r),,,,,. nrn2if.nLJ t ,,,,_ 
.,,&l'"L pw'rl,.,,&lrlrpnif.' 

M, = W,[a.,) = 1485·800=I120 000 ~qud, 

M, = W z (a]= 2970 · 300 = 891000 ~qudt 

P-nLJl .. "'l'"L" r 111Jp111pd.nL),w+.nLp J"L,,f!. r.111if.111•"'[' t M.-f.1 flr"l.lr .. .,[. ,,,,,..,,,/!: 
I'""' A.,J,.), nL !!""' ulr'IJJw), n<),lr),111 Jf.£'11nL/i, 111Jp..,pAnL'rlw+.nLP/nL),t'• "l."'°lt 

t J,,.),['nLp/111'& +_lr),urrn'rl/o r.lr11111if.nrn•P1nL'rl),lrl'I! l"'l'j, t. ,,,,., +_n'llrrlru'rllrpf. ,,..,_ 

(a) 3 
r•pf.u r.,,,l',..Plrrlr'rl f<l'"'l' ,.,.,,,,,1ru, f.'11.t"l.lru -- = - , f.),.t "l' "-"'r"tf. t 

(a ... J 8 

J.r111+.111'rlw9),/r1, +n+nfulrtnif. +.111rif.w6ef. .t•+lrP/!• opf."i.111+_ +_n'llrrlr,,),lrpf.fl J"+.1'· 

JUIJ),nLp JnL,,f!I 



lJf).lfll'\J cf.lllfll\,llli lllffl01tfcl-Bll'1 
LtillltllSllr usnfl.q.nfl.trC 

Z.tO'll '1 '1tPl1 tfli;llct-fl'l t•l £\.1J11U.1UH' 
lllPm'-rr--i.tP 1· z.u.t•Ull'-ffC. 

§ 91. tntuit>n'l 1.urnMJtibrc nP-'l 'lUt~sm-..·L ~sr•t.uu·r. nr.ttBn'l 
t,b'o'U tr U'b5>. ( cJ.nP.PU'lUllnP. P.U tU2btl.C) 

UnJw'il JwJw'ilw" Q ""'rn'l n11.Jfr'il t.w4_ .... uwrw"znn'l znzwifrn'l 

Lwr11..J'ilhrf! f.wu'ilm.J b';, w1u ~.,,J w1'il J_wpfr 'l.'lwlfr JhJm.fil1w'il, fr'ilt:.. 

"/_bu IUJ'l "urhu'iJh'iJ,/! t.burw'llU/nLJ, IU/'iJ"ffrufr 1',,hJw'iJ'iJhrnLJ, nrtt'il9 

IJ.inr4_.,,J.ee nL'ilfr 'ilh'l nL'l'l"''il"1w'il urhu.[! "wJ ""'qJ4_.,,t) t- wn"l.frufr 

nL'l'l"''j,"JnL'iJ'iJbrfrs ('r"urw4.r )1 IJ.n "/.1L1urf.wnn1/ J/,'j,.{! wnwY,'iJ f.hr

[ilfr'iJ "qpw'l4_b'il.[! t.hJw'ilfr wnw'il9.efr'il nL'l'l"'t.w1w9 yurr4_wJ.[!'ilhrnLJ 

'lnrJn'l znzwifrn'l LWrnL,/';,hrfr t. .... 24_Jw'il t.wrsni/. w1'il '1'"1.~"u/, hrp 

w/'1 ""'1'4.wJ.[!';,hrl! h pwrarnLfilJnL'il IL b lw1'ilnL{iJ/nL'il nL'ilh9n'l nL'l'lw'il

IJ.JnL'il'ilbr h'il {'ii". 211)1 
1

ffr9nL.[! f.bt)w'iJfr 1awfu w'iJp_ILlur4_wJ Jwufr 4.rw wunLJ t- '//,"/.fr 

t~. 2111 

4_hr nL'l'l4.wJ Q ""'rn'l nufe1 ll.1'il f.w4_w11wrw

"2n4_nLJ t- Wt_ Jwufr9 awfufr'iJ pnfuw'iJ94_n'l /,_ 

"znp4_wJ.[!nLJ fr'iJl_-nr orh'iJ.[!ni/ pw2fu4_wJ 't zn

zwifrn'l lwrnL,/';,hrn4_: 

lwrn..J'ilhrfr p,,_,zfuJ,,_,<;, i/hru1pbr1wl J.nL

rw4_11yfr'il wrhl t- f.J,m/,/IUl h'iJfJ.,,'lrnL{iJJn'iJ'iJ/,rf!• 

1) pnlnr znzwifrn'l Lwrn•,/';,brfr nL'l'fnL{iJ/nL-

'ile qn11.'lwt.hn f- 7rw'il9n4_ t.w4_wu.,,rw"zni/n'l 

Q· nuffr'il. 

2) thqn.[! y wnw'il9.[!/r9 Jfrl.'ilnL/'il z t.hnw4_n

rnL{JJw'il 4.rw 7wuwi/.nr4_wJ t.Ulrf"w"'iJbrfr 4.rw 

'l"rJn'l znzwifrn'l lwrnLJ';,bre frrwr t.w4_wuwr h'il1 

f>'j, l_"/.hu 9nL/9 t- llllUlfru UlnlUa'flLl"IU'iJnL{iJ /IU'j, urbunL{iJ 1nL'ilf!1 'iJ24.-~ 

br"nL h'ilp..,7rn11.fd in11.'il'il f-L 11L'l'lw'il"1nL'il "mri/..,J-.[! n L'j,h9n'l t.hJ-w'il'ilhrfi 
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zn2•+•'1. t•rnul'ilbrl!' tl>n fu-r/i'it£'itJ! UlnUl'il!JJ!/r'il "Ll/.'l ... t."'l"'!J 'tur_rtJ.:::..' :!!~ 
';,hrnul 'lnl''"'l 't znz,,,iJrn'l LU1rn1.J'ilbr/r t.-ztJ.nul[! ';,n1.1'il Jwt-r'lwft,.,.J 

"-"I' !I",,,,, Ullllll f, !J.f" f, 'I. "'-'l"'f,/, ll 't• r ",,,, ,enul 'l" I'""" 'l ,,,.,,,-.!I f,,,, ""' UIM f" 
't' t•rnu/i,hr/r f.,.,2tJ.n1.JntJ. {'ilft. 214)• 

l).11,.,t./i"it t.-1 ... 9,e/rs ,,,_ror/ift-'t I; fltJ.nul "'l'I fturrtJ.w6J!f,hrnaJ 

(t.11,,,,-;,/r "'"--.B.e/r-;, 'l."'-'l"'t.h11.) 2,,2,,,+"'l L-rn1.J'ilhr/r 11,.1uu-;, 'f'Mt.r 

U-ftUIJ'j, Ul'j,J/rt_Ul"//,u ""'""l" I; f'/,1'/,l U1J'1- hr£.n1.1flf! f'U191Mlnl'n'l or/r'il-'tr 

'f-urfthr-9<;,h<;,,e /rrwr tJ.r... '1-i't/. ... .t hrftn1. "''l'l."'<;,f11n1.';, fturrtJ.-i.p 
n1.'i,b!Jll'l J/iU1urhu1Uft tnrun1.'i,hr/i9 f'IU'l'tlU!JIU"" JJr f,/,,,.,i, (i.lj. 215, a)• 
-rt. ... .t ... rf.b'j,J! tnrun1.'ilhr/r J/it_"- IUlllUf_IU!Jn'J. ziJrnuf(!I t:'i.fl/IU'lrh'ilJ!1 

nr "'l'I f,J,.t,,,'j,l! d-n-1.nul t flhftn1.' [iln/it,e/r fth'ilurrn'ilnul 't/ir"'n41/IU' p 
nulntJ.1 i,hJw'i.Jr urhu,el! d-ntJ.btn1.9 t:.hurn fu/iuur Jhd-m9tJ.11U' tl11Uuzurmpn•J. 

gnLJ!J t "'"""'"" 'i.ft. 215, 6·/i t/.r"'' i/..hr/i'il t:,H/IU'il/r uurnr/i'il A1Bi fl"LM
'ilbrl! a'ltJ.bs/i'b, /iuft~uurnr/r'il t.hJ ... 'il/i tJ.hr/i'il A2B2 fl'tM'ilbrl! "wrb. ... 9 ... il 
/rrb<;,9 uftqp<;,,,,ft..,'J. AB brft..,rn1.fil1"''il t,,,,JhJ,,,urn1.fl111UJpi 

/>uft b[ilb t.bJ11U'it[! .. Jpnrzt...,ft"''il tnrun1. f, /IU"i/IU 'ilw ft'n. i/./r ,.lf,"i/;u

/r'ilJ."ibu 9 n .. 19 t urrt/."'"° 'ilft. 215, b-/i t/.r"" AB flhtJr't'ilhrl! ft"r""iltJ.b"i. 
tbqn,e zhrurni.J £. /irbf,9 brft..,rn1.filin1.'ill! tb'il iJrnfu/r: 

i,J,,,,£...,"ibu, /IUJ pnn-ft"''il f.J,d-,,,';,/i d-nJ -'ii J-J w'il-ft f.£.t-'il/i tJ.br/i.'il

tbu/iu umnr/r'il ftbu/i'il, £. l!'il'lt.-ft-tuU't'i., ftiJrnfu-'i.9./.b'il t.H-'il/r tJ.br/i'il 

IL umnr/r'il ftbu'hr/i ifrnfuU1'1111ra u..,f.,el! tb'l.n.J! zbrur/r t.-rfiln1.fl1-Jr 

. •r'l"L-'tn'l 't' = 't znz111iJrn'l LU1rn1.J'ilbr (i.ft. 215, i)1 

'tft. 216-/r tJ.r- "i"'urfthrb'il,e t,,,,,.p .tn.J ,,,-;, ll'i.filwrftt/.n'l m.'l.'l"''il

'tin1.'il fturrtJ."'"" /! ,, .. it;,b9n'I. f,J.J..,f,/i {,.,,,ft ... ur/r u111nr/r'il .t ... [!1 "r"'r/rs dx 
f.hn ... tJ.nrn1.fil1"''il t/.r ... UlllU'itb'il.e ,,,.,,,,. za1111 Jnur 1.-1 I.. 2- 2 fturl!r

iJ.a1J.e'itbrl!' fla19/r 'lr..,'il/is 1£,,_,,., zhr111/ra z f.ba.1tJ.nr-fl1a1'il t/.r- -•
fth'ilJ! 'it111£. tl/r f.nr/iqn'ita1fta1'il fturrtJ.-d-J!1 
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. h 
U.1u"1JruntJ., f.Ma1'i.Jr9 ft..,'i.pa1urtJ./r dx, - - Z £. b l"'iJrbr n1. 'ilb9n'I. 

2 

Jfr ABCD l;tbJh'ilur1 ll.l'l- f;tbJb'iturp 11rl.uJ!I! U1J!upn'itnJl.urr/iU1Jnt/. url!r• 

o[ui.t f; iift• 211-/i tJ.r-1 'l-f9n1.J! ~ .t11n11 JnJh'iJurl! 1-1 fturrtJ.-'.en1.J 
t.,-tJ. ... u111r I; M-fr, /iuft r.111rt.-'il 2-2 

fturrtJ.-'.en1.J' M + dM1 11.l'I 'll"'i.fn1.J 

ttbJh'ilur/i ftn'lJ'il"'J/i'il 'i.Jruurhr/r t/.r"' 

""''l'l·A'il a 'ilnrJ"'l L"'l'n1.11£hr, nrn'itJl 

~"'fu/is 'tt/i'itA'it -tJ.lli/i iJin.er• ., ... 'it -us' 
i.nr/i'l.n'it,.,ft,,,'i# fturr"-"''l!li t/.r- 't!nr'h'it ,,;i2_r ~ 't' 2nzu11frn'l L-rn1.Jiihrl!1 

1 _ l £. · 2 - 2 fturrtJ.-'J!'ilhrnul 

L 
'lnr'n'l 't 2n2-ifrn'l L"'rniJ'ilhrl! ,,,-;,t,,,in• rJ.-' f;thJhiur/i l\..,rJ.,,,u"'l'"'ft2nntf'l"'f, 

/) 

M M•dM \Z 

------..,'rr2 ___ _,. · ··· · r:~~::::" ·: 
,._.. ___ , __ ---1 

I r ! 
,~~ 

' 
,.~,--~ I ... --.1 

A-. - - - - -.iJ 
!.....1....--__jj=~~=='"---' • ..... _._ . . . i 

t I" ' c ,. . ·. ~- __ , __ :-.-..i : : 
b~,1.~ I 2 

tf(.216: 

"i..,IJ,,,'i./i Jbl tbf, Jm'il/i, J!"''il/i "r Jb'ilJ! o'lur"''lnr.tn..J b'ilJ! f.Ma1'il/i 

-ftUlf,f/,f/r t/.rUI pntnr n1.Jbr/i "irn1lzft!J/iU1f,br/i 'l"'""'"" 'I.I'" 1/i'illztnL "/IUJ
,f..,f,{!, ..,,,,. "iUlur-&....n.ntJ. Jb'il,e 'l"°-'lr/r t/.r"' -,,,.. L..,rni.J'ilbrl! 9n1.19 

J_h'it.e ur111L/iu1 

i,,,,tJ.,,,ua1r"'ft2n.n1.fl ,,,,-;, f.,,,tJ.-u-rnuri.brl! fta1'1.Jbl"'- t,,,,J "'r r,..,ztJ.h'ilJ! 

A . 8 

Jbr t 1bJb'ilurfr tJ.r- r,u..,-;,1i ... tuU'ilu.e/i'i. t.n'-

7..,t.b,. IU'l.'fn'l pntnr n1.Jbrf!.1 bdx t.-rP ... 't/i 

t/.r.., Ul'l.'1n'l dT t(bJb<;,.,,,,,l' Z"Z"'ifr"'l b.fr'll! 
f. ... tJ.,,,ua1r 'tt/i-;,/i 

dT~-
N JI ~~ 
' ~~ 

!J c 
!Jbqn.e ,,,1UU'il9J1/r9 Z1 f,b_,tJ.nrn1.fll"'f, t/.l'"' tt• ai11 
'f"''ittJ.n'l ftn'l.r;,..,1/i-;, dF ..,f,tJ.bry_ iJrnJ!r C.wr-

fl,,,ftn1.J 'f"r"°"'l ';,nrJ"'l Lwrnuri..brl! r,,,,t/.U1ua1r 'tt/i'ilh'il' 

Mz 
"=--11. 

J 
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H.n. r.Ufr/l-+Jw if.rw e'ilri1n'l dN1 -6.frye. t:.wi/_wu-r 'ufr'bfr' 

dN
1 
~ Mz, df / 

j 

lJ.Jpnrn ~n'l..rii,.,tfr'i. AD 'i.fruur/r if.r- ftynrd/r N 1 null!. ('i.11• 211 )' 

N = s~z_._ dF =2~ ('z dF: 
1 J j J 1 

f 1 fr 

.\ z1dF fr"ilurhyr-te frr'6<;,/rs 'il/,r+-1-simul I; +-ri/. ... t}.e/i z J -+-r· 

I' 
,, ... ~/rs Jfr'btlL r.hd-w'bfi /,'I.rt!. e'ft+-J GF AD JU1u/r Jw1fbrbufi UU\Ulut~\ 
tl'.nJ'bliUlJ! !bq_n.}!. y wn.mGg}!~ G~wuufwar- (1.11.. 218 )1 "l,z1u'b-+b'iiJ! - 1,. 

S(z)~ni/_1 z 'bzw'bf!. 9nLt9 t tnU1tfru1 rrr S(z)-e i.frm/rnfui/_nLJ t +wfui/_wr) 
'iirw'b/19 , [ilb thf".e 1anU1'b9.efr9 fi'btUf.fiu/i Z t.hn.wr[npnL[il1w'ft 1.rw b'b,e 

J£'b.p. r.wzi/.nul 't L"'rnLJf!.1 1l.1u"lfiunrf 1 

N - MS(zl' (15.1) 
i - Jy 

,,J,,.';,u.Uf.bu "'r l;1bJb'burfr BC 'bfiuuifr rfr- wnnLJ I; 

Nn = (M + dM)S (Z (15.f} 
~ Jy 

nLJ f!.' i,..,.J -L -6.frthrfi .,.,.,rrhr~Lfll"L 'be' 
N _ N _ dM • S (z) 

2 1 - Jy 

Ox .. ,,.,,.<;,9~ti if.r- "lrnih+mhtfru {'ii+. 211) t. ... -1. ... .,.,,.,. ... +zn.r{nLJ t zn

Z"''r"'l dT -6.frynr[1 11.1umh'l.fr9 
dM srz) 't =-= - . ___ , 
dx Jyb 

dM ft.,,/!] - - Q, nLuurfr 
di 

QS(zl 
't=-· -, ( 15.!I) 

. Jyb 

'ilzw'ilu11LnLJ f-, w1u p ... 'bwd.ILnt/_ I; ... rur111t.1111urif.nLJ IL Z J,.1L.,,r'l-+11LJ' 

l.t· U81 

f:e/,t)Ul'j,Jt lllf&IM'j,IJ!f>'i, nL'l.'J. 111r..,.,Ul9 ""'er· 

4.-6,enul f"r6"'1. znz-i.frn'I. L"'r"ulf!I 
11.rm111Jh'bJ! S(z)-/i r-'il111al.1.e h 

flUlrd.rnL[il/nL'b IL b L"'t'bnLp,11L'il nL'ilhs,.'l 

nL'l.'l_..,'j,+JnL'j, ""'["/.-6 .e/i t.wJwr ('fllf• 21S}t 
GFAD Jwu/I J'wfthrhufr uuiwuifift J.

Jb'b.u•f!. Op1 ,..,;_,.,'ils.e/r 'il+-au1w.tr r...
t/.wuwr 11.t/r'bfr "'l'l J ... ftbrll-uJ. J/,6,.._

fltnL'ilf!. P"'t""'"'"'"'""'" tr• J..,<;,r-
[liw'it +h'burrn'b/i11 Jfr'btlL 0 10 1 ... ,..,"l.9,ee 

/,'1.wd- Zk t.bnwi/.nrnL[il1wJp1 GF :\D J'-1Lbrbul! l:eoai[.,,uwr I; 

35t 

--
1
- (J:. + z)1 

2 ' 2 

{15.4) 

'1uirt/_w6 .e/i "" J UIU" J -+'r"ufi UUl ... uifi+ J ntf/,'j,Ulf!. t.-zif."t>• 
'bzwf1.1.u1inLflJnL'il l_nL'bfr, fl' J/,'j,,e +mr1.Ul,).efr nr JUlu'i, /,'i,,e 1.br9'bnuf' 

m1'il _JU1uf!.1 "ff!. fU1uwt/_nri/_w6 I; l JU1+wr'fUl1l/r9 -iJbffr 9U1,), fl/7 Uli/_/,t} 
J/,6 JU1Uf!1 ,PUl'j," nr "r+nL uuuuurfr+ JnJ/,'i,urj,J.r'j, I;[ flUISU1rd.U1~ IDr• 

J/,J!ni/. /rrwr t.wiJwuwr k'b1 f!nr[nr-rwr 1/br9'ilnLJ h'ir .t-+hrbufi - 1'fl 
.Jwufi UUIUIU1fr+ JnJb'ftUlf!.1 nr/I r.wzi/.nLJf!. wt//rcfr f,/,zm l;t flUl'j," nr 

b' l 

.11L'l'Ju1'b1l.1w'b t.wJU1r Jy = ....!!..., "'"I., ( 15.3) pwb-16.[! f!'ilpL 'bnLJ t 
12 

~burL lwl uibu,ee' 

't ;-:: _9bh~(1- ."z.Z) = .! '...2(1- tz~)I (1-"J,5 
bbh1 ·8 h' Z bh h' 

ll.1u"f.JruniJ1 znzUli.frn'J. £UlrJUl'j, 't Jh6mfiJ~L'j,f!. f!.U°'. nL'l.'J.IU'j,11.JnL'i, 

lturr'/•d.f!,fr pwrd.rnLf'J'°'j, i.frmfrn/uiJnLJ I; UJWflW(lnl~ orb'ilJ!niJt l,bt),,,'j,/r 

4.br/r'il IL uurnrfi'b b11.rhr/i Jnm, brr z =- ± h/2 't znzwifrn'I. l"'
rnLJf! ,-n.'bnLJ I; ,.,.,,, "rt! r.-JUl"'UIUIUIU/uUl'iinLJ t znz.-i.frn'l. L-

rnLJj,lzrJr 'l."LlfnL[il_Jw'il orh'il,efr'ilt tnzwifr1111. lUlrnLJf!. f,Ulll'ftnLJ t frr 
J wJ!ufiJ mJfi'b tb11.n,e .,,,._';,9-1!/i 

-1.rw ( w1'buih'l.1 nrurh'l. 'ilnrJ'-c 

L111rnule t.-iJwuwr t 'l.r"Jfr )• 
hr11 Z = 0 /,_ f!'j,'f nrnLJ UIJ'j, 

..... r4111J-,e11LJ, nrur/,'1. Q (X) = 

-= Omax• 

~ Qm ax 
- --- • - - ··· I ·max - 2 bh ( 15.(J) 

f/.1u"tfiun1/1 nL'l'l.,..'j,"J"'-'j, 
~urrfu6,efr 7f.U/.J!nLJ WUbUW-

---------- ---

J'bc\. znzwifrn'I. lUlfnLdf!. 1112 .,'j,~ i+. 219. 

9u.J JM t -J'l l,.,rJ-'b lf~11~6 

-rJb.pfi91 ,,,,, 219-fi 4.r- "'l ... .,,,,briJ-6 t znzou+n'l. l-r-Ji,hr/- r-z/u

.Jw'b Uflll~+brf!. 'frw1Lw'b ftinrn'l. nuJJr 'f/,"fJ!'"-,/I 

4u6w'bnLJ znzUli.frn'l. lWrnLJ'b/,rJr Ul...,,Ul,nL/iJJnL'ilf!. i.frn.er-fr'bt Ul'l.IM" 

4/111'1.i/nLJ t t:.1.6-'bfr tktf.nrJ•sfr-1/i 'il-fu+!r'i.,,LJ Jhr +n'l.Jfis f!'ilpL'il

W 



iJ.-• uJubJw'ill uv;,J! (!'i111-m.'iinLJ /_;/rh.[!, nr J,,.,,,_ JnJb'iiur'iibrfr UUf_'/-b9nL

fl1w'ii ,,,,..i,_ f..bJ-w'iifr Lw1'iiw'1.w'ii '1.111r4_wJ.[!'iibrf!• ri.wln1 f..wrfl• "l"'"'"-"uf 

b'ii th'l."I! wnw'ii9.[!/r znLrt.f! ('iii,_. 220,a)i l;nzw+n,,_ LwrniJ'iibrfr ... ,'1-11.:. 

9nLfl1w'ii urwi,_ hr'1.nL '1.urr4_,.,J-.[!'iibrfr Jfrt"- 'l"''ii4_n'l_ 'ii1nLfl/r l;lbJb'Uur'bbrf! 

zh,,_4_nLJ /,'ii. ...,'I- zh,,_nLJf! znzwifin'l_ L-rnLJ'iibrfr JbJ-nLp, ... 'ii +•ifrn/u

Jw'iif! f.,,..J ... "l,..,,,,..ufuw'ii, t,J,J,..'iifr b'l.rbrf.s '1-b"lfr th'l.nl! ,..nw'iis./!f! 

w(J.nLJ l;t u,'J "l_WLnf.1Unn4_ '1.urr4_1U,}.[!'),brf! J-nJn4_nLJ £'ii ('iii,_, 220,6)# 

Uwi,_wJ'ii WJ'I- J-nJnnLJ{! f.,,..J,..rJIU tfr (w'ii'l-rw'l-w"-'iinLJ flhlf.'1.'iibrfr hr

t-1'ii•'1.w'ii '/-b/pnrJ-9fr1U'iibrfr 4_r1U1 nrf! f..'iiwr ... 4-nrnLfl1nL'ii I; urlUL/ru 
- Mz 
0'11114.hl a = ·J p ... 'ii,..Ufr9 £. '1.111rn'l. nLJ-fr ... ~ ... JnLfl1w'ii '1-b"IJ!nLJ: 

?-rUI f.,,..J,..r p1U9/r 'iiJnLfl/r IUJrnLflJnL'ii(! {!ULn wJh'iiwJbJ- flnrJ-1 

l,..rnu/f,brfr uurnL'fblnL9 ( 19.15) 

~ _ OmaxSmax _ [~] 
•max - Jy b _,,, • 1 (1/;.7) 

['t] flnLJLWurrbLfr LwrJw'ii -rJ-b.[!'iihrf! urrif.h9fr'il ~hrl..nLJI 
nL.,.,111,,,,_JnL'j, Ji<np1w.)., RL,,,,fln'l f,/,,),,.'J.,,/,pnLJ 't-/r J/,~nLf//111), ~W('IJ~ J_,_ 

•Jr't. 'l"''l"'1'"'l' +_111.,Jb1nL f,,,,J,,,p 'lfrm .. l'+_b,,, JJr flr/.1111/r" ol'fr,,111+1 

'J.rn'i.'1'i.e wJ/,,,,,,J/,,) llnpJwl Ir ~ni•+•'l l"'l'nLJl.'1p[!_ nL'l'l"'"Ji1n• ll Jimp1•,)i! 

nL't.'1sn'l f,'1,),,,,,f_. r,,,,J.,I' r,i,·.,,1..11111 •11,,.L;,,,_,.Jr '1'1"1.,nLJ• f,/,,),,,,,t '11'1,,,.). t '1ptnL 

f,/,'j,,,,l',,,,,,,,,l'/r 11'"' £. Jrp I= 4 .t 111Jpn'l1 '1p+_111rnLP1111ll r/_p111 p'1~,,111rf.npr/_•.). I:: 
q = 1,2 m/il ""'1"'""'1'"'1"'1' f'•1-/o1w.). pbnnrf. Mmax = 2,4 111.tr Omax = .2,4 • 
h = 27 u.t, b = 18 u.t, (a]= 110 \q/u.t2 , ['t] = :2 \q/u.t•• 

3()6 

Mmax 240000·6 
•max=----w-= 

18
.272 = 109,5 ~q/u.t• <: 110 \q;'id', 

30max 3·2400 
'tma:i:= -

2
-b-_h- = ---- = 7,5~q/uil2 <: 22\q/uJ'•i 

2·27°18 

TJ.Jllllf/r•n</• ,,,.,. nL'l'lw'i.Ji1nLll 'i-f'11U,), nLllbsn'l "•,)..,),), e"•f'1"',). t ,,,,,,_ 
'"lhu, np l.•pJ,.l l"'f'nLJ'i.bpf!_ r.1111/w""'l' /,), pnLJl"'"'l'blfr 1•1'J,.),f!_• ,,,. 2nz•'fo"'I 

i"'l'"LJl.bpfr ,.i,,,..,Ji'1•Jrs nL"/r J/,.). pbl'l"'f'nLJI 

l1•t"'I,, 9npJl.wtwllnLJ Jiwpn'l t f,,,,,,'f/r"l./,I £. "•tw•w+. '1pJ.•0&·Jflt• "'/'I 

"''"t/r nL>.Jr •/), JwJwl.111Ji, bpp J/,.). Jiurpn'l nLJJr tb"l'"'--J ~""'l JnJH1W11!. +nel' 

I;: U.1'1"1.fr11Jr 7'1"1ebpnLJ nL'l'lwl.Ji1•L,, Ji..,1'1"',).' n&--llbs•'l r,i,,).,,,'j,Jr t1111''1l'I!! npn

~bi nL r,,.,J.,,p 2n21111'n'l l"'f'nLJllbpJr JbJnLp/nLlll!_ ~-f'"'l t 1&.n111Ji111ll 9/,p J-•'f."'L' 

n • .,.,,,,),i,1n•.), '1•f'1"',)/! nL.,,,,fln'l f,#;~.,,nLJ t,nt,1111'n'l lw/'nu/l.'1pJr pw,,wd./,l!_ 

wnw1Jr'i. 111'i.'1:111J wpmra~bl t nnL11111Ji111ll Jrl1Jlr,,'1p 'J.. _,., J.nLl'1111al/Jr,, 181111 JI• 
fllnnhrp•Ll''I: - Un11Ji1111 hrJi111p9JJr 11'"' +-1111'1 Ji111JnLp1'Lbp ,,111J-111'f~bLJr·11 1 1 J.,.L4 
prurf11JiJrll "'l'l pw'i.wd.J,f!_ ,,,.,,,,,,.,L"L f,111J111p oy,,.11.l t +n,p-Jrlli "'ll• w1itJr 'IJ1•f' 

dM 
l>7rul.111Ji,,s• 1'i/rpwnb1n1 -=Q ,.,._),l_nLp/nL'i.[!_1 npJr f,b.,, '1ppbJ), JJr,,,,,.,..,J,.,j'I• 

dx 
,,,V.frJll tl.hnrf i,,,,..,,,, J '" 1;1'19l'1l'/r ..,,,n<--lltl 

§ 92. tntllct>O'l, l,llPOMf"LbP~ bPlJSll11,.P lJSP11,.ll'O'-ll Ofl."bb8n'l, 
t,b'O'U 'linMf 

-!l ... 'bfr nr br'1_urw4_rw1f.'ii £. urw4_r-1fr'il f.,J,J-..,'ii'iihrfr '1_111r4_wJ-l!'iibrf! 

J1.,.rblfr /; 'Jfrurwr'1.hl nr"l.hu nL'l_'l_w'ii'1.JnLflflbrfr9 i,_,..,J4_,..J- '1_urr4_wJ-.[!

j,J,r, IUMflU nrnzw'1.fr Jn111w4_nrnLflJ1UJp IUJU"ffrufr f..bdwflflhrfr 4-rlU '1_w• 
rbtf. I; Ln1UrlU6hl 'bwJunr'J llflUrlU'frlU/f>nLJ z-r-'l-r1w• urbunLflJnLflf!t 

U1u"lfrun4_, thtnl! wruu'il9J!fr9 z f..b11,..4_nrnLfll,..f, iJ.r,.. _ 'lur'il4_n'l_ '1.hurnLJ 

znz-+•'l_ LwrnLJ'ilbrf! hr'1_ur111rJ.r '1_urr4_w•.f!lr {fl'1_. 221) f.,,..J,..r h wr

urwr.w1ur4_tt1.J b'ii 

_ Q S (z) 
,. __ _ 

Jy b(z) 
(15.3) 

1 11· H. >Ky pa B c KHA, 0 MOCrax paCKOCHOH ClfCTeMbl ray, qacrb II, npH· 
JIOlKeHHC Ill. 3aMe'laHH!I OTHOCHTe.llltHO co11pOTHBJ1eHH!I 6PfCa, no.uep•eHHoro 
CH.le. HOpM8JlbHOii IC ero Jl.AKHC, CTp. 130. 



U.14'mb'I. S(z)-e 'iiwfi•~/i'ii/i "I.bu ~mrifwJl!fi z ,/,,.,~"'r'l-"'~/i £. r.£J-,,,,'iJ[P 
b11.r/i Jfi'lb._ efl~wq Jwu/i Jw~brb11fi UUllUUI"~ JnJb'iJm'iJ t y tb'l.n.[! 

1Mn1;11fl{ll!P 'ii~wmJwJp1 f>'iit ifhrwphr11LJ t ~mrifwJ-l!fi l"'J'ilm fi11w'i.e' 

b(z) JbJ.nLfJJw'i.e, "'"!."' 'iirw Jnm "'"-l"'l '1-b"ll!'!LJ '1-rifiuJ- t z 'iizw
i,l'. '/-IU 'ilzlM'iJw~nLJ t, nr (15.3) pw'iJwa£.p t:.w1urwrwrnLJ "/.bUl.J! t-
11tb'l_w'/-rbl ~Lnrifw6'l!fi l"'J'iinLfJJnL'iif! z J,,,~"'r'l-"'~/r ifrw• M.t"l'" hrb
ijmJ t (15.3) pw'iJwa£.p wrmwJnLJp9 b JbJ-nLfJinL'iJ[! nr"/.bu wrmw

fl!r/il J111'iJnLJ tr 't'bdx 'f:nLJwrhtnL J/,'l, WJufi'iJ.f!'iJ' /:,w'iJ7fiuw'iJnLJ tr 

.. ,-;. fuur[il-~/i l°'J'iiw~w'ii l."'Tf!• nr/i ifrw 'tnrJ-nLJ tr -:' L""rnLJ[!. 

U1Ju"lfiunif 1 b-'ii t:.bJ-wLfi l"'l'iimfJ1nL'ii'iJ tr z Jw~wr'l-"'~P ifrw: flLuLn/r 

(15.3) piu'iiwM•.f! br~mwifr ~Lnrt/.wJ-l!fi t:.wJwr ~/irwnhtfiu "11.Ln.[! t. 

2.nzwi/rn'I. L"'r11LJ'iihre z, J,,,~"'r'l-111~/i ifru• t:.wzifhtfiu ('ii~. 221, 6), 
•1u/i'ii.[!'ii' ~n'l.brbufi uwt:.Jw'ii'iibrnLJ 't111'ii1/n'I. t:.wr[ilw~/i ifrw t:.w;_i/htfiu, 

t.w1mwrwrmJ mb'l."''1-f'bl 'lnmnL b, l"'l'iinLpzm'iie: u.17 'lb"l..[!niJ 
( 15.3) pw'iJwaflf! [!'iJ'/-nL'iJnLJ t 

Qh 2 I 4z 2
' 

-:, = _ l' 1- _,) (15.8)· 
8Jy ' h2, 

mbu.[!f!' 

f>u~ hflb Jb'iil! znz-+n'I. L"'rnLJ'iihrf! t:.wzifn.J h'ii.[! z Jw~wr
'1-"'~" i/.riu1 WJu/i'iJ.[!'iJ' "/.wmfi uiu/:,Jw'iJ'iJbrnLJ 'fUl'iJifn'/. r.w;pw~'iJbrfi 
ifrw, "'"/."' b(z)-p pn/uwrb'iJ "/./,m.[! t mb'/."''1-r/,l "/."'UI" b"I t:.wumtn

flJnL'iJf!:. fl.,,'iJ.,,J.£1! 'iim1'ii"lbu ~Uwpn/uif/i· t:.wr~ ~tfi'ii/i 1_br9iibt hr~nL 
nL'l.'l."''ii~JnL'ii'iibrfi UlllWUIM JnJb'iime (iirP"''lqmJe 'ii~. 221, a-fi ifrw): 

1.wzifnLJ'iibre ~wmwr'1tm9 t:.bmn ~umw'iJ.,,tl!' 

-:"'=_9 ___ \b,h2(1- h;)+b h'(t-4z~)]:. 
Sb"'Jy l h' "' ' h' (15.9) 

' br~nL '1-b"ll!nul'i. it -:-'ii pnpn/uifnLJ t "l"'rwpn[w~w'ii ~nrnif: 
flw'iJfi nr br~mwifr l1mrifw~./!" /:,wJwr "/.WUI" r.wumnLf'JnL'iJ(! un 

i/.nr"'P"'r zwur pn.f!r t Lfi'iimJ, "'"!."' "''""'"u" ~urr1.-Jl!nLJ znzw
pn'I_ L-rnLJ'iihre r.wu'iinLJ b'ii pwifw~w'iifi'ii JJ,q wrclb.[!'iibrfi· nwmfi k 

'/-rw'il9 uurnLfnLJf! Jfizm w'iJf.rwcfbzm ti 

.,,n'l.brbufi9 ( 'ln111n19) "l.,,111/i'ii .,,'iJ9'iilltni. mb'l_nLJ b(z) t•u1'iimf'im 'he 

i/rn/u1/m..J t Jfi w'ii'lwJfi9· (15.9) pw'iiwal..fi r.w1mwrwrnLJ ~wrn'I. b'ii.f! 

"'''l."'trht £. b., I k b., wrclb.[!'iihrf!' '/?nzwi/rn'I. L"'rJw'ii Jb,)m.fli-'ii 

t.wJwr "'I':- Jw~wr'I-"'~" ifrw Jb'iil! UUllU'iim.J &ill! "r~"'- wrclbl!' l;n

z-+n'I. L"'rnLJ'iibrfi pwzJuJw'ii 'IJ-"''IPrl! Z - Z wnwfl9.[!/i nL'l_'l.mfJ1wJp 

11mw'ilnLJ t 'iJ~. 221,b-p J.. 'iJ~. 222,a-p "{'"" 9nLJQ "'rifwq mbu.[![!l 

•/,•I? t" l,Jr~bl' "'r "'J• "'r'IJ"L,,/!{'_ 111nw11.Jb11 tuJ'li b'tf't11•1rnLPJ.,'t, l,JrJw'I. 

1'.l'"" nr ( 1$.S) p•twdhl'. ~Jrr ... nb1Jr t 'l""'n'·l1 "l.wUl/r" ..,,,9 .,,'1lnL ,,.J,.,,., J l"'l'"' J-
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'bbre r,.•2.fb1nL r. ... Jwr•'. 1•,w+wlm• J "-mr.fwll~/r /'"J,,"''pJ .. 'I. +U1fnL~ ifr".f"·/onL
JilJnL'lif! wn.w£1U9,,nLJ t l·wrnd&l.eJr .. h'lw'tw,, .fbr'"l'"'~JunLJI 

lJ..fblJr -t.ar/r"' r.b ..... p ... nLj/J"L,,,,b'l'I! (J"Llfl b,, ''""W"• •r lt-r.f•,..el- r.w

J•lwifrnLflJ"'.,, ,,,,._..,,,111'/o 1,bm r,..,.Jl!.,,+'),n' ,<>/r .fr• 1wrnLJ,,ltl'Jr pw,funLJ~ l''' ~ 
.f.wrwr t.armnLPJ"'Jl' ~"lwm~br.f/r ,,~. 222, 6 .,,."''ll'n.f. Jr•I[ "/.,..,.,,. ll'lrn/. 

Ul,,11,,n'f !!_- 2 .,<>Jr 1r"' l"'f'n< .n.br/r p•~funLJfl ft"lwmftbr.f/r ,,~• 222, b-/,i .fr-

11nLJ9 uor.f-.. ftnrn.f• ""ri/r,, ,,<> ... ,/rrf! ... L,, t m•t/r"I np ftU1r.fw<>f'/r ""r1fnLlll 

,.,'bftinL'J,,,bpJr J·nUJ 'l"'b.fn'f "-b..,bpn•J 2n2wi{rn9 j•['"LJ'J,brl'. .,.J,,,,..~.,"bnpblo ''""-

12 

0 
I 2 

a 

lmLJ b'b zwm Jb.> "'rJlr11,,l•r/r• '1nr''b ... ~1u'J,n1 J '"/'I 'tb,,J.,,,,, ..,).~Jn•,,)1 /,l'l'. 
~/"rw!J.f"•·J b,,, l"'l'"LJ"bbrl'. .,,.fw'lni J b.,, b. 'lrw'b9 pwz/un•Je -2- 2 t'/r ftb,,.b

rn• J Jnurw.fnr"'"lbu "l"'"'""r.fn•J t ,,". 222, z-/r ftnrn.f: i~. •22, a-'1· (!-Jr " 
l-/r ..,Jb,,wJb,} or'f/r,,WUI/!_ Jn"'"'""l'"'"f./;u JJr/,"JlnLJL,, t- /,. f,UIJWUjWmwufuw,,nLJ 

l '-"'Inf! wn.w"J,'fp/r ~b ... lsrJr,,1 
UUlflo/"',. n•'l'ln'J.,,bre ,_b,, .fnJ.•n• J 'I.~. 222, a-Jr 'l,.'"'lf'ir.B l'l-"'l br~nL 

l,J1Jz,.,~.,,'j, f,/,,,,.!.napJ'n'b,,bf'l'.' "'J,, t' 
1) ,,,J/;,,..,Jb' 2nz ... .frn'l l"'rn• JI!. 'l"l' .. "' 1/ t lb'l"I' wnw'J,91'/r ~bmbpn• ,/. 
2) ~Ulfln'I nLJJr J_b,} J,,.ul'. 1,..,.[wuwrwhn.fm J t "f.W."'"'J 'lnl'in'l 2n~•u+,n'l 

{W(On LJ'bbrn.f: 
UJ'l "l"'"'-t. ... nn.f "1w1Jwf.w~wG .,,.'"'ll'~U (""ft· 222, a) ot"".fbtl'. Pn•JL"'"'r"

i/r t• t//bU1[! t- JJrwiu 'h"t' nr w 1,, i/r uru11/ru 6.Jr2U1 'u/.•"'"-"r"'snLJ /r,,i."lb" 

~n'lbl' lruJr9 "!"'"'",, w'b9'1. bin• mb'fnLJ' ,,nL J'b"lbu I. pn,.'t. ~n'lbr bunLJ zn~wi/rn'I 
1wrnLJ'J,br/r l'"':fuJw,, .[brwrbr1-i' 

lJpft"'"'"l' ~Ulr.fw'l!"'J l'"rnLd'LbrJr 1'w7fuJw,, r.bU1w~mnnL/JJn•"J,'Lbp/r wr

'IJnL,,/!,,bl'I!. r,,,..,r111.fnrn•P1n• 'j, b'b mw 1Jru w'bb1 r.bU1bJw/ 'b~r"'~'"IJ"'PJnL"J,l'. "'l'E 
~mr.fw'l'/r "'"'rl'bl' t"tbJb'J,UJ"l.1.rJr w~fu-Ulw'bl'Jt >1brwpbJ'J.,_j1 

~b,w'b/r 'ln"'Jr""• 4:wJ ftn'lhrbu'l.hrf'.• l'.,,ft,,n•J J,'j, ..,,JJ,'j,,..,Jb.) ,,nrJwl 1w-

rn•J'j,brJr "'"f'"LJf/f'.• [!iM,,/r •r 'frw,,9 i"'J"l.n•f/J;,L,,{'_ J/, .. ti Jru~ r.wuUlnLf/rL,,{'_ 

l,,!Jr'b, 'lrw"l.9 ..,Jpn'lf J,.,~brltuJr .frw ,,,.,.J.,l l"'rni J"brl'. JnUJ /,j, ..,Jb'bwJU 

l'"rJ..,'be• "'J""l/run.f 'If'"',,/! Jrrb,,9 .Jr"' b,, .fbr9'bn1 J inn'I JnJb,,.,/i,, "-"'l'-1"',._ 

r/r 'l.JrJwtr"•Pi-" "fuw.fnr J,,,,,ei Urw,,9 Jbf 2 .. 2 ... +,.., 1 ... rn.n.bre 2.,, .. if.n~r 
u,, "'J'f "f."'Ul'"'nn.f 9n•Jt"'~rf'. Jrrbt9 .fr- /,'), .Jbrs"'nLJ ~"'f'"'l nLJJt r.wJb,f ... -

UfWl'"'r if.nl!r J,,,,,l'.1 
L:,,'fl,Ulfta1nmft1t1 "'f•m/r'I. pwJ/r,, t {'_'j,ftl,nLJ .>nn'/ JnJb"liUIJr'U 11"L/f/ Ulp.fn'/ 

'f/rJ"''lrn•/IJ•'t. +nl'l' "••f!.• npn.[r.bUlh. ,,r., ,!I..> 1-+e '1"' 11
•'(

11r1'."'' t- '"'"'""" 
l'"'l'Arn•/IJ"'"' n•'l.'1."'/IJ•JI'• Jru~ lb'lnl! "'n-'t.111?/r,, Jn.,b'b•t~" i.nrtl•t L"'r"._,f_ 

"b br/r JltlnL/1 JnL,, l'. "'f "'' 1..[w9uJ ti UJnLU t_n,JJrfl S(z)- /r JUn•P JnL'b f!. ur.••/! 
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,..,,r,J.,,'b,,ltpnLJ z-Ji "'"'l'E'ltl' 111rtlltp,,ltpfi r..,,J,,,r 2"'"' l'h. I; +mfirrfu1na.J (111t_. 

222, a-Ji 11'"' "1."'"'ft_lt,.1,,,,) ft_npfi Jfitfi" J111ul'.)• fiuft_ b• l"'J"n•PJnL-,,f'. "'"l'l' l;t 

U.1'1 "l."'"''"''""1 2"2"'"'"'1 l'•('nun.ltl'l'. "I."'"'" wJpn'lf Jwft_ltpltufr 11'"' 1'"'1"'+•
'ltfi'lt Jlt,) lt'lt, £. r,,,,J,,,l'I"' wJpn'lf "-"'l'"'I nLtll'. r,,,,1,,,••('"'h"1nul I; "'l'I 1111-

rnLJ'ltltrn11 

U1u"l.fru111• 1trlt_"""1l' ft_urr1"'.,l'"'-J 't""'fi'ltltrl'. l;fiJ'lt,,,ft_w'ltnLJ r..,,y,,,uwr"'

"-t•nLJ lt'lt ,),. .. ., JnJlt'lt111l'.' fruit_ "l."'"'l'."' "-"'l'"'l nLJl'.1 

UmnL'flt'ltp Q = 2,4 ID "-"'l'"'l nLJ/r "''l'lltsnLp J"''ltl'. lt';,pwpft_y.µ,) f,lt,J.,,'ltJ. 

,,.,JrnLPJnL'ltl'. I'.""' 2n2w+n'I 1wrnLJ'ltltrfr• l'.'lt'JnL'ltlt1n1 [i:] = 1000 qq/u.C2
1 M 18 

"r"-"'"'11' lt. 1111'i/.111 .. l!l'. ufs.ltJ ... ,.,,,,1,,,,) "'""1!"1 S"LJfl I; 111r1,,,,) "'"-· i 23-/r 1r-· 
/>'ltlr9frw1Ji JnJlt'lt,,,l'. Jy = 1660 u.C4

1 

9' ... 'ltlt'lte 2"2"'+"'l l"'l'"LJ'ltl.rl'. 1• 2 • 11 J,,,ft_,,,l''f"'"-"'"r"LJ 'l"''i.Y'"l ft_l.ml.
l'"'·J' u ... ,,,,,,frft_ JnJlt'lt ... 'ltltl'l'. '"'1"'""'1' ,,,,,, 

L 

7.93 2 
. 

S3 =9,4.1,07 ·8,'7+0,65--=107,4 u.C3: 
2 

'"1 =0, 

2i()().87,2 
c2 " = = 194 ~q/u.C2 

0.65-1660 

~M00.107,4 
= 2'0 ~qu1f2t 

0,65·1660 

~"2."'+"'l l"'P"&.J'ltltpfi E'"'lfuJw'lt "l."'JJw'lt111ft_ .. 'lt 't,)"''ffil'I!. f/"LJJ I; "'l'1w,) 'lt4 

11'•' f>'ltJ:."l.ltu 1tr£.nLJ ti .,,Jlt'ltwJlt,) 2"2"'T"'l L"'f'"LJ I!. 'l'f"'Lfinrlt..,, ifrnrr 

tr 

3 lllD'It 

PnLJ/"',,.r"tfi l"'f'"LJfi.'11 ,,.,,, ""'"'flt/.& 
.,,,.,, ..,.,,,,,,,,,,.,.1, nr Jlt'lte 1"l'fll'ltf1fi'1t 

.,, .. ,,1,,,,) "ll'"ll-fit• nr/r "l."'"'l'. E'"'1111"-" 
'ltfr'lt f,,,,.,,,, I; U/W"'f'"'""'""',)z ""'1"fl 
J l.'lte ft_mbu'bl.'lte """'"''f"'J"LJ, 'f "'J 1· 

"-"'r•1fi"' "- 'l"'l"'"-"'r"'1fr"' "-•"J,., 
~lt,)w'lt'ltltrnLJ ft_wplt1Ji I; r,.,..,'ltltl 'lt1n· 

Pfi .,,.,,t;.,,Jt,J.,. ... -11t1fi trfi1 °'1"'" 
'f"P._J,,,'ltl'.1 flrn2lt'ltp ft_inr"'I ,,._Jfi "' 

J"'"I!.' "l'l'. "l"'JJ,.'ltwft_w'lt l;ulJnLf'"' 

f,wJ•'-w1'1t l'.'ltft_'ltnul' t "I."'"'" 1rw: l 
2w+n., fUlf'RLln.ltrfi 1;"1.J"Lf'UIJ/i Of'I 
.,,.,,,,,.,,,,l'I!. , ... ,J.,,..,,,,,,,1t_1.'lt, "r"-"' .... 

"I."'"'" J,,,ft_ltpltuni/. . Q., = 1/}4 • 0,6 

2 
1li18tl + 4tl • O,tl:S • - • 1:S,86=2111tl \q• "Pl'. ft_1119JnLJ I; ,,,J pn'lf Q n 

3 
9(1,{J % I 

bp'1_ ...... 1r "-"'r1••1nLJ l"l"'+n., L"'f'"LJ'ltltpfi nrn1J-'lt .. ,., "l."'l'"''fi'"'!# 
pltri/."'1- ,,.,..,'ltouft_l'. ft_wplttfi I; +Jirw11.lt1 £. •11 'ltJ,,,'lt ft_111r1•,)i!'ltlrfr 'ltft_,,, ... J, 

( u'lt.Jltt nL'l'l"''ltft_JnL'lt, lllU11p £. "'J 'It )1 
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§ 93. tntllcfJO'l lllPOll-Ul.bfll! lilOP btl. U"i.illlfb.9.. tiSPtl.Ub'~ 
Oll-"i.ib80'l ~bb'll"i.i"i.ibPO~lf 

t:'lt'fnL'ltl.,n1 'b,,,1-ft_fr'ltnLJ nL'l'l"''ltft_1nL'lt lt_111r1,,,.>efi r..,,J"'l' "'1'1,,,,) ,,,1'1t lt'lt

P"''lf'"LPJn'-'bl'.' nr 2"2."'"'"" l"'l'"LJ'ltltrl'. l'.u"' "-"'l'""',)"" l"'J~lnLPJ"'"' r,.,,,,,,, __ 
1nnL'lt lr'lt £. 'lnL'fwf,lt,. lt'lt ft_111rn'l nLJfi'lt1 Jfr pw'lt, "f'l'. 2f'fw'ltfr r,.,.J,,,f' "'J'lt,,,,'lt l;l 

fr"'1-ufi it· Jlt'lte "-"'l'"'l ""'" 0 '1"'1"1 
(l:S.3) p ,,,'lt,,,.1£.fi9' 

QS(z) 

'= Jyb<z)' 
( l!S.3) 

"I'"'/ finpn21/r 2"2"'T"'l l"'l'Jw'lt ,,,,'It 

l'"''l"''ff'hl'.• Rf'l'. 'JRL'fUlr,#,ft I; Q-/r'ltl 
U.1u111b'I S(zl-l'. 'ltw[uft_fr'ltfr 'ltJ.,,~, 

11"'1'Y"',)l!fr "'l'lt J,,,ufi Jwft_brl.ufr um.,,-
1n/rft_ JnJ!,'lt111'1t 1;, np'lt l'.'ltit_w,) I; z Jw-

'1111l"lwlt.Jifl J"fr'lt~£. "-"'r1"',)1'/r b7re £. 

"'l'"'""""'J"'1nLJ I; ('!tit_. 224) ~#,,,.£./,,,I 

f'"''lt..,d.£.n1' 

S(z) = Jz1dF=.fz1 b(z 1 \ • dz 11 

F f 

.-~~~-'q--...-. 

' ---·'%'l'---So1""'1 

'zl :-: ~~~~::ZZ:::!'Z22Z~~· 
fr -+--+-~--r:..._,\ 

2 

~w21lr1nL r,.,.J,.,l' w11.tfr 1"'1 I; Juru'itl.1 'ltnr +n+nJuwft_w'lt' <fz 1 w'ltft_JnL'ltl'.• 

r-1• '1"'r1,,,,)rfr 2_wnw1fr'l'lt l;r fJ.J'l '11."l.l!"LJ 

z = r·sin 'fz' z, =~ r·sin 9zi' b(z 1 ) =2 rcos Yzi' dz,= r cos ':'lll ·d 'fz
1

' 

b(z = 2 r cos 'fz' 

Omax3max 
-:max= 

Jyb 

\
,., 2 r' ' 

Srnax= 2rcos~ ·rsin<f -rcosi' dt;,,=-!-cos3 'f 
I '7.1 %1 7.1 . 3 / Zl 

0 I I 

nr• 
J = - £. liz.-:-·o = d =:fr, "'"I"' .,.,.,,,'bn1.1f b'lte' 

4 
~ Q 

-:max~--•• 
3 r: ,- . 

"'J"fr'j,/>'lt cmax-e 1 1
; 3 111 '1t•1•uJ Jb,) I; 't-fi Jfrf[r'lt "'l'Jb11Jis1 

2 
I 2 r 3 

I= a' (16.10) 

(15.11) 

flw'bfr Rf' ""f''J,,.,, "'-'f'11U'bft_JnL'b "-"'f'1Ul,)j!Ji f,,,,J,,,f'' "f'"'"" 'tm3X-l'. 1'/, _,,,_ 
'f"'J J#,,) I; '1:-fi Jfitfi'lt "'f'Jl.efifl• l'.""' 2"2"'"'"'l l"'f'nLJ'ltltrfi wJf'nLPJw'lt ., .. .,L

'f"LJf'. r,,,.,;,.,,/u "'""'"l''I t tfi'ltnLJ, Ull"f"' w11t1fi £.u ,,.,, 1"r"'r"rnLJ I; lt.1•r '1.•l'.p
f_.,,,)rfr'lt: 'fl.,.,p 1;, uwft_w1'1t• 'it2t.1, "l' J-n'ln1wft_w.lla ~lt,)w'lt'ltbrfr r,,,,J..,r 2"2""'/•nt 

4wpnLJ'ltbrl'. ""'l'"'l L'lt r,,,,.,,,,,,l m1'1tfr ,fb/I "'l'Jl.e'ltbrfi1 

31;{ 



! 

·: l 

0l'fr.-,.'"1t 6J. flpn2b1 ,,,,f/;'1,,.,J/;J 2"2'""""1 l'"['"u~bre '"l"'""'i!I'~' d =10 uJ· 
-p ... J..,.,frJ rni.b9n11 Pn•tb """']"""'"'"-''' """ "l"'m"1·r ;,,,.,,,,"'-PJ'"-..,,1! I= 1 u.r. 
Qmax = 21n1 

U.Jbi.wJ/,.> ~n:w+n'l 1"'l'nLJ11 'l"l'"'" ,f I; :b'l"I' ~•upJtln•fiJJ"'~' ft/;,,.#tpn1.J J.. +.,. .... ~ ... ,"'"" 
(.)~rnxSn;ax 

:m.1x~:--· 

Jy·b ( 1:s.7' 

,...,.-,...,at.ni(· "'J""'"'l Jv-1• "'l"''twd.I, 'twp•/u•<>p/• r.-,.Lp9frw1/i ,f,.,fl.'11.,.'b f;, Smax-f!• 

4'/ouwo'l'"H• um1111nf't 1fnJb.-,., .. .-,. I;, b=2t f"n•ino(111~f ,,,_,.,.,,£r/• ~w"'""'P.iwi. 'tl''t.-,...,
"'l"'"'f'ti. 1;. 

"l'"'"" r.-'i. J~n,,n1/1114f J/·2/·'ii "'l'"'''"'""J.,, l;t 

'i't· 225: 

'1Jruwo•1wft/• ""'"'"'"" •fn1fl'.~'"'/!. r.wo{w-
'""l' lofri./1 "'l''"J"''IJr '111t..,.,.J.,,,r1, "'l'"'"'l!f'i. Ir. 

.-,.il'l'J..-,. 'tr•"'2l'!"'.-,.-,,1,1,1' .,.,..,,,,H JnJb'i..'i.brfo 

MUlpt•bpnL{JJW~lf'_• 'trll•u:pi_wi.f u"'wutf4 JnJ/;"lt .. fa 
pw'luuJ.J.e ••• ~,J. 1, r,J,,,,J.1 w 1 ,,.L"l'f•' 

2r 3 

S(z)= --1 

3 
(15.10)-

'r/"'""''l"'H' n1111'hl.1f uUlw,,./14 1fnJhi."'I'. :;,,,,,.,,_ 

"'"!' I;' 

2 ! / I I 3' ( t \ 3 j 
Srnax - -; ! r~+ -J - r0--)

1 = 
3 I \ 2 2 

2 f t2 1 = 2 r 1 l l + -· ~ 2 r z ll o 12r2 o 
• 

"fJ.J""lr"ni/, 

Q·2r!t Q 2Q 
"':max=----=---=-· -1 

2t·itr~I o.r 0 t nd 0 t 

o., ... ~,,,J.& ~111{'1.wJ/!fr f,..,J,_p wJb'i.wJ/,.) 2n2LU+n11 /Wf'nLJf!. bp4n IU.,,'fLllJ J},J, !;_ 

JJi!Ji'i. 1-rnLJJ.9• "frzl.9';,l,'j,,I np nLll'fW'j,ftJU11, :;,,,,(.,,[' Wl'f ~ .. f'"'f'l.pnL/JJ"L.,,f'_ 

'"'"""""" I; 1,fS, """ r,,..) u!_w'i.J_. :;,,,Jwp' 1,33. 

2-2000 
'max = --- = 141,4 ~q/uJ2 : 

2t·9.} 

0 l' J_. 'ii.., 4 66. 1/1,,,,Jb!_ ftmpi{,,,Je nL.-,.hsn'l r.U..,'i.Jr ab' J.,,~"'l''l"''tfr 11'"' 
nrn:_b, .,,n,.J••t " 2112-+-., L-f' .. LJ'i.bre.' {bJ,.'t.fr ....... ,., .. ., .,,_ ... ,,.,_.), .. ._J 'f"l' .. "7 

~•n7 JnJb'i..,.l!. r,,.1.,,""'t' I; M = 1,2 m.!1 f111t t•t'"'f n<-JI!.' Q = 4 m: M-/r r. 
Q-fo '1.ltl't"l'~•LPJ•'ii r.-l'P•LfJJnc.'l.e xOz r..ppn._p, .. ._.-,.-;, I;: ~l.~ .. 'l.fr l"'J-;,.,~.'I. 
'1.•pi/"'Jl'Jr i.£.l!. "'l-•'tlrpi/wJ I; ';,~. 116-Jr o{pwl 
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r,,,.,, 1wJ1•1' J.'i.brofwJf JnJ/;i..,.e' 

8· 14' 4.JO' 4·23 

J - ---- - -·--· +.---- = 
y - 12 12 ' 12 

4 -23 

----(2·73 -:J3 .Ll)=l500 uJ'1 
12 I 

'11npo(wJ11/i lllJ.,, J,,,,,ufr alUIUl#f""- JnJlz.,,,.,e., npe. .,,,,.,,1nLJ I; ab Jw'twr'f•ultfrfl• 

... 4h1/> i{ltpt., "l'"'"'- 1twpb1fr I; ""l."'"ltl P.,i/..,~,,..-,./,"lt J#t.) .-,."l'J"'I & 2"2"'+"'1 ,..,-. 
r,.,,rr.J.p {hpp z=$ u.t). r...,4,.,.,..,1' I; 

S(z)=2-8(5+1) = 96 uJ': 

l/<n{"/wJef l'"l"ltn•PJ"'"'e. "fl,"'I! I; r_'lt'l,.Liibl r,.,.</,.,.,..,l' br4nL "l"'"'bl'fr ~wumnt-. 

PJ"' .,,.,,,.l'f 9n .. Jwpf"lt' 
b(z) = 2 + 2 = 4 1uh 

ab J,_4"'f'J"'4nLJ l"'f'"'·J.-,./,f'f!. '"'""'.""'" "'"'j,~.,,\ 
Mz 12tl000.5 

c = - = = 400 ~11 1uJ2. Jy 1500 I 

-r=_qS~) 41lC'0·96 =64 ~q1u.r2: 
Jyb tz I 1500·4 

§ 94. lltrrm-.ra-su"li usnr-'HlMiL cus 'HluU-•l,nr ~u.rnMr"librti 

't,.,fu,.r'I 2_1Uf'°'lr,.,'iJ.emJ Jw9iJ.h9 JnJw'ii tlwJw'i.iw~ t:./u)w'ii/r 'iiJnL

f'fr ouJrmflJ"'f, "r~nL UU1lrL1JnLJ' (!UUI 'iJnrJ"'l (13.10) £. f!UU1 ;_n;_w

ifrn'I_ L"'rnul11brfr {1ii.7 )' 

M max l ] 
Omax = W- ~ 0 • {13.15) 

(15.7) 

tf/iurql.'b,e, fib WJU pwf. ... a£.hrni/_ t:,bJw'i.ifr "f l;[bJ/,'i.iui'i.brfr wJr11L
fl ,,.._f,f, /,'j,.e Jhf.,e. UUllrL'flrl Jz 

't~. 2~6-fr iJ.rw 9nLJO t uir.J1uJ 11Lunuri,_.uu/rri/."'l t:,/,Jw'i.fr -G.w~wur/_t · 
"'t'i. Jwu{!_, nrurh'l 'fwuwiJ.nriJ.wJ h'ii wJb'i.wJhJ Jnn'l JnJb'i.m I.. ,.,JJ, .. 

'b,.JJ,J ~urrm1. nu/· .... Lbun'l ~uiriJ...,J.e'i.bre' 'Mw7r/r i/.r"' "l"'"'~br.JwJ 
Iii. w1'i. t"tbJh'i.m'itbre• •pnLu ;.,J f"' flJnL'i.f! Jh'i..e uurnL7nLJ h'i.l! ( 13.1ii) 
£. {15.7) .,_ ... 1J,.'i.Lbrnif.1 U .... t.fr'i.e if.br•rhr,,._J t w1'i.~ /;1hJb'i.1n'i.brfrL, 

"rn'b.e 9ur'bi/nL.! /,';, Mmax na.'i.b9n'l ~"'rif.wJ.efr iJ.hr/r'i. £. uurnrfr"b ''r"rfr. 
J,.,,., Un t;1&Jh'bur'i.bre bLfl,.r~iJ.na.J b'i. f.wuwr,..~ a7J,.,'i. ~..,J uh.,_J

J.,,i,, 1Llrn1.{tl1w'J. 'rtr"f'f (15.7) U/"'JJw'J.e i/hrwpbrnLJ f; QrnaX na.'ith-

9"'1. ~urr1wJ .e/r th'l."I t.hrur/r J,.,,, 'l"''i.i/n'l. f;l/,Jh'i.111fr'i.. w 1u t1bJl.'burf! · 
&'i.flwr~i/.nLJ f; Jw.enLr uwt:.l!fr; ' 

U1u"i/run1/, ~wmwrbtni/ t:.w2if.wr~/r Mni/nr111~w'i. b.,_w'itw~fr tll"IJ!"LJ 

f'i.fnLLif."'J wJrn~fl"1w'i. MlllnL'fnLJf! euui ..,,JJ,L-J/,J 'i.nrJaul I.. 2."2."'

""''l [Wfn&.,/i,/,rfr, J/,f,.j! /rrw~w'J.nLJ uurnUJnLJ /;'j,-8 f,/,Jwi.fr 'j,JfiLf//t-· 
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I 

1111J rnLflJnLfl(! Jfrw1fl flit• 226-fr 4.rUI '41fWur'thr4,wJ "r"J! 'ilz4.Ul6 l;1h
.Jhflur'ilhrm.J1 

/!'b'fJ;UlflrUl"f/,M WuU161 t'tw ni Jf. hrwz/u/r.[!i nr l;,/,'j,9 ... ,,,. "r"J! 
·t1hJh"ilurilhr'b h'b tur'b4,nLJ wtf'b6.w.qmu.iG.quHJ.np 4.fr-6.w'tnLJ1 IJ.l'l U/.wur.._ 

'6.,..nn4, J/,.fl.[! "lhur./! I; un4,nrhil./! uurn uiht t.h6w'bfr 
9

,..r;,'t,..
9

w6 'turer-

4 ... J./!nLJ £. th'l.n.[! wnw'b9.[!/r9 9w'i.'trw9wa- Z t.hn.w4,nrnL{iJJw'i. 4.rw 

·t
111

'i.4.n'l l"Lrw./!,.r;,JlnLr /;1!.Jh'i.urfr wJ l'"LflJnL'il(!1 U f.rw1'il wl'f 'f/,"ll!"LJ 
·Jh'il./! 't'twrn'lw'i.w'b.[! 9ur'i.h1 w17 /;16Jh'i.ur'i.hrfr9 ,..JJ.'i.,..lwr4,w6l! £. 

-! J 
I _1 _ 

"ma~ 't't 1111rn'l1LU'i.1LU'i..[! uurnL'fhl w J'f 

I 
-1 

--- t - - r---~ 
--"Jr~- , 

~ ... + r ,..,.a, 
-.-: -+Ot.:.6 -J, 

- .. '(- - .. f 
' 

!I 
.. 1'7"')t 

1;1/,J/,'i,urfr wJ rnLp JRL'j,(!I 

8w'i.'tw9w6 'turr4,w6-
.[!nLJ th'l.n.[! umw'i19.[!/r9 z 
t.bn.w4.nrnLfl1w'b 4.rw 4.hrs

'ilh'i../! 'i.JnL{iJ/r Jfr nr£.I; tlh
Jh'i.m ('i.'t.228)1 tnrJwl a1w

rnL1f'j,hre 'ttnr6h'ii Ull'I l;[h
Jh'i.urfr t.hJw'i.fr wn.w'i.9.[!fr'i. 

nL'l'l .. t,WJ"'9 'i.fruurhrfr 4.rw 1 

fruit 't' znzUl+n'l t"'rm.J'bhre' 

P"l"r l"ru 'tn'lJ'bw1fr'il 'i.fru
urhrfr 4.rw1 '11hJh'i.urfr -6.w
'twurw1fr'b 'i.fruurhre L"'rn.ul-
ilhrfr9 Ulf.Wlll /,'j, ('il't• 227 )1 

a I.. 't' twrnul'bhre 'twrur•'"•iur4,h"il '>hurl..lwl P"''ilwd.l..hrn4.' 

Mz a=-, 
J 

't' = QS(z) 
Jb ' (15.1!) 

1fffuu11/_nr t.wrfrlwJi'ilhrfr9 Jh'tl!• .[!w'i.fr nr Wl'f 'i.fruurfr l/_rw pw9w'tw/nLJI 
/,';, /,. 'i.nrJw1 fWrnuf'i.hre1 WllfUI Wl'I t.wrfl-'tfr'il t.wJUlllfUIUIWU/uwfllf'I_· 

'li/uw4.nr l"'rnLJ(! l;.U14,wuwr I; 'l.rn1fr1 U.1u"lfrun1/, Jb'i..[! 9nr6 nL'i.hS,.p 
fiwpp l"'r4,,.J-1fr'i. 4.fr-6.w'tfr t.hur1 · 

1/ h'i..[! U1Jrl-J 1 9frurh'i.wtn4. t.h6w'bfr WttU1'i.9.[!p'i. fnL9wl;.bn I.. nL'l'lw

r.w1w9 t;.wrP"''t'ilhrfr 4.rw tnrJn'l 'i.nrJ,..l £. znz ... rfrn'l lwrnLAhre• 
"lhur.[! I; 'f"''i.h'b.[! Aw9 wtl hr'tnL tl/uw4.nr 1wrnLJ'ilbre ('i.'t· 228 )1 
't,J,..'j, fu'il1frr J/,fl.[! wr7h'i. [RLJ/,l I,';,.[! § 38-nLJ fWrnLJ'bhrfr trt_Ul'j, 

'twnm9h[nt. Jfrp_n9ni/1 U.1'i.111h'l wn "'l"''i.w'te 'tfrrwn.r[h9 11111r4.1111Jw1fr'i.. 

.T 

• 

i+. 228: 

4.fr-6.1111'tfr 11114.htfr e'il'fr. ... "imLr 'fh"IJ!fr 'i.'t1111urJ1111Jp, hrp a £. ~ 'bnrJw/i.hr 

nL'i./,!/"'l "r'tnl. tfrn/u1111'f1111rJ.1111pwr RL'['[llll .. llllJMl9 r.1111rfil1111't'i.hrfr i/.ruJ fRf

JmJ l;fr'i. a._ ' a~ ' 't'~ = - 't'._ LwrnLJ'bhre1 '1/11111J1111'i.11114,nr4,b'i..[! 11111rl-J. 

fl fr'il'f/,.[!U(! 4.hrwfr/,l JJ.r f;l/,J/,'i.urfr 11111fl S,fru111fr'i., nr'i. RL'['[w'>w1w9 f 
l;.hJw'ilfr wnU1'i.9.[!fr'i.1 fruit ~-'i.' WJ'f wn.w'b9,efrS, 'l."Llf"'l;,/,n. "ilfrumfr'b 

('i.'t· 228)1 • \ 
O 'th111fr9 'frw't ... 'i. nL'l'lnLf/JwJp 111h'lw'frh'i../! aa =a JhJmfl1nL'il(! 

OK.. ~~-41111Je. a llllnU1'i19.[!/r n1.'l'l1111r.w1w9fr 4.rw K.. 'th111nLJ 'fh"l.fr 

ifhr urh'l1111'frh'ilJ! 't'-fr'i. t;.1111ifwu"'r K .. Da r.w1111_wJe1 D._ 'thure, nre 

yin'ilifnLJ I; L"'rnLJ'bhrfr zr2-'bfr ifrw, l;.wJw"l.wurwufuw'ilnLJ I; t;.hJu1'i.fr 

wnw'i.9./!fr'b nL'l'l,..t;."'1"'9 1;. ... rPw'tfr'i.1 . 
l,h6w'i.fr Ulnu.'il9 .pfr'b 'l."l.fwr.hn. r.wrfilw'tfr l;.wJwr. "P = O. 'i.zw'i.w

'tnLJ t K[3 'thure r. ... Je'i.'t'i.nLJ t 0 'thU.fr t.'61111 '1-h"l.fr 91111J urh'l1111'H'tJwtl

K[3 Di3 t.w11ntJ1111Je 't"l.wur'thrfr 't'[3 = - 't' zn 2."'"'"'l 1wrnLJ(!._ D13 """"[!. 
'i.nLJ'i."/./,u 9111'i.if.n1.J t fWrna-J\J.rfr 2r2wfifr tJrw1 1/ frw9'i1/,ini/ 2.r'l.w';,fr 
"r'tnL 'thur/,r/!• u11n1111'i.nLJ /,';,,/! 2.r'/.Ul'i,fr 'th'i.urrn'ile' C 'thur{! /,. co._ RL 

C013 zwnu.tJfr'l'ilhre' tr'l.w'i.fr 'twnnL9ndfr9 Jb'i..[! uurUl'bnLJ b'i..[! OA ,,_ 
OB t.1111111tJauJ'i.bre• nrn"il./! "l.wur'tbrn1.J b'b nrn'ilbtfr t1/uw4.nr 1wrnLJ-

. fl/,f(!I <J.Jw9rfr9 "/_Wff. /;1 nr 111117 flLllrnLA/,f(! 1111111rpbr 'i.zw'i.'i.hr m.'i.h'i.1 
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<fl1.uuofr 'ldmuiJ.nr L•rnu/Lhrfr ;:.IWJ,..r "'""'./! I; iJ.br9Lhl t.bur/..l"'l r:.-. 
•J•r-~wtnLJf!' 

a1 =0A>O· a2 =0, oac:oOB<01 

Oyu,./_blni/. § 38-nLJ mriJ.-6 (7 .13) pwLwa£.brfr9• ~umwLwLJ!' 

al - ~ + _!_11 a2 + 4-c2 = -·- r Cl + v a2 + 4't2], 
2 ~ 2 

03 = __.:.. - _l_l/~+-4,2 - ....!_ [a - lr;2+4~-2F 
2 2 2 

0'2 = 01 

al J.. . '2 L-rnLJ'ilbrfr rlW'ilwaLbre ~wrb1fr I; -rm·wr. ... , ... ,,l Jfr ,. ... L .... &£./r 

Jfrt_n9niJ.' 

(15.13) 

l/w11m.9nuff. nL t,,,,.zi/_01..Jfi/,rf!. Jb'j,J! ~1)1111U1rb9fri.J! ..,,fi 'fb"fJ!fr f,.,,J,,,.r, 

brp 0-fl llL 't-';, 'frW~IU'j, /,'j,1 u,u LWrnu/'bbrfrs nr£.1; J/z~fr pw9wum -

~wL u,rJ bJ!fr 'f/,"iJ!nLJ "thin./! I; (15.13) pw'bwal..hrnLJ tfrnfubl 'H'
'ilzw'ile• ~.,,J,,,."i,..,,,..,ufu .... ';, tfrntfrn/unLfJJn'-L "iburJ! ~lfr'kbr ,,,.';,bl 96 ... -

'lrw~,..'j, /,'l_Ulftw~ni/_ lwrnLJj,hrfr t.rt_&U'il/r Jfr1n9ni/_ 01•/r £. ClJ-/r wrJ/6.r 

'j,/,rf! nrnt_bln&. 'Jh"fJ!nLJI 

, nL'il/,flwlni/_ p.nlnr /.r/,J! fl/uwi/_nr twrn1..Jfibrfr Jb6nL[ilJn&.fl'il4rf!• 

Jb'il.J? l1wrn'I. bill! ~.,,,JJ,l t.w2iJ.wr~-1/r'il ..,_..,,J,..';,Lhre l!""' pnl"r ..,,r .. 
. ('nLfi'J,,,.'j, urb11nLflJnL'il'ilhrfr1 

f.'uuo wnwr.fr'il' .,,JJ,';,..,Jb6 'ilnrJ,,,.l lwrnuli.brfr 111bu11LflJw'il' 

{15.14) 

[01-11-(02+03)]~ [0]1 

s "'l"''lrb Lnil '1. /r I Oz-/r £. 03•/r wrJ b.efihrl!· 'lui'bnul hL.e.' 

l _!._a+ .l/;2-+ 4t"2)- _!_ fL (o - y~2 f .i-c2; j ~ [0)1 
2 . 2 

.J!i,'JflLilblniJ. fL = Q,3, umw'ilnLJ h'b.[!' 

(Jf2 = [0.35 a+ 0.65 v' ~2+·-4t2T ~ [0]1 

Cum "rrnr7' ,,,.JJ,_<;,,,,.JJ..6 zn2-tfrn'I. L"'rnLJ'ilhrfr 111hu11L{J1111'b' 
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1 I r---·-
['.Jl - a3l ~[a] ~.,,J -[a+ l a"I. + 4-c"I. - a+ l' a~+4-c2 ] ~ fo)• 

2 

(16.16) 

e/,hrt.."'"l"", eum t"rrnr'l' ah.fr tfrntfrnfu1rL[I 1w'il ,,,Jb'iJwJ/,6- "i""'hftflfr"'l 

J;Lh r'lfrw 1/r urh11n1.fil ,,,,.<;,' 

lC'.J1 - ai)• +(a, - o3)2 + ( 'J - a1)lij :i::.; 2 [a]2, 

nrurbt/r9 

_1 {(::1 -t- v 02-;-4~"2)2 + (o _ 'Jlall+4-t2)2 + (2Vaa+4-cz)2
] ~ 2 [oj 2

1 

" .1lkw1frn/t1n1..J'bhr/ro r:.1,,,,,, uuiw'ilna.J h'b.[!' 

l'.J2 + 3 -c2J ~ [a]2, au,= y 02 + 8-c2 ~ [a]t (15.17) 

l --E6. -=-·---- ---
___ - ---
--- ---

1) 6n."'I. JnJb';,111';, nL ~"'r"'I. nulp t..wu'ilnLJ b'il frrh'il9 ~JJ,r,,,,,.J/,6-

.,,r,IJ,.Ffr'il Jfr£.'ilnL1L ~mr.J.,,,.JJ!nLJ. 
2) f,/,6 111';,fr lwl'ilnL[ilJni.ft(! ~urr.J.wd-.efr bqrhr/r Jnui fufrum rJrnfu.J.-J 

~ ("f'tf.,fl,,,.~ br~in&U.J.r ~wJ 11iJ,,,.Jht nL'l_'l.W'iJ't1n1.fl/r 't'nr-f.Ull-J!n..J )• -111-

"fr"P ~111riJ.1116J!'ilhrfr r,,,,.J,,,r lwrnul'khrfr t"i1n1..rw'ilbrf! {fi't· 229) f/nLl!I 

""' uuu1fru1 nr ~n'/.hrbufru "fUIUffr'j, u.fJ9';,blnL J..,~Ulr'JUl~n..J (a /,. b 
~bmhrf!.) t.nz-tfrn'L A. LnrJ"'l l"'rnLJftbrl! na.'ilb'il d'm.~utuCw1~G uma 

JhJm ftllnL'ili 
~·~·•[,,,.J br~nL "i"'IJw'ililbrl!• "'l•"lfrun.J., nrnznc.J /,';, fr'iltut_hu w.t

rn1..fil11u'b Lrw9n1..9/r1.. UUtnL'lJw'il w'ilt.r-JhzurnLflJnL'ilf!., Ln1.1'ilut.h" £. .. ,1. 
a&t 



tLJ,J/,'i11nf!, np/i r.iuJiup Uf./,U1.j! (" ~UIU1Ulf/,l Ull'J umnL'fnLJf!• ft-pn'[ ~ 
aiium,..r,J,l, np Ull'J "f.UIJJiu"i."i.kpf! mb'l.fi ,tnL'ith"i.iu'it, Ull'J 'Jb"l.J!nLJ piu

i[iupiup'[nLJ lr"i. Jfi ./!iu"i.fi +kmlrpfi f!"i.urpnLfiJiuJp, npn"i.I' ~wrn'I. /,~ 
llfUIL ar-/i iuJlr"i.iuJb,} iupJJ../!"i./,p1 1'r;,t i[hpiuphpnLJ t r.iuzi[iup~wJfi"i. 
f'1M"i.makfi f!"j,U1fnLflJU1"j,f!1 Ul"f.UI wJ6iiiu-6.fi2111 'ufiiibr ~/iriun.lrl wJ/,"i.w
J/,,} "'l.n111h"i.9fiiul tiihp9fiiu1/i 111'111nLfJJnL"i.f! {16.17 )1 

'l-npd"i.iu~iuiinLJ, uiu~ ... 1-;,, r.brliu"i.iihrfi r.iu2i[iuptfi diuJiu"i.iu~ Jfi'l.tl.. 

oru "f.wr."f.iu"i.i[kl t iuJJ."i.iuJJ,,} "i.npJiul liupnLJ"i.J,pfi 111/,unLf/Jw"i. (16.14) 

+firiunnLJf!, "Pl! r.iu-6.iufu miulfiu t m"i.mhuiu~wL 111h11w+h111fi9 -i[h1/i 
clha"i.mnL ,twi/rhpt 

0 l' Ji J.,,, +. f/1. bp't.nL ~""'"'""'"'"'""" 1.1!"' '11'1"'' AB ~"'"'"'I!. ("'+.· 230) 
,.,,,,,_...,,,,1""""'~ /; """'"'""'"'"'""J.9 a= 50 uJ' ~"""'"-""n._p1 ... -.. "-""' 't./il'"'"Y"'' ~ ... -
J..,1 ... + 'l"'""'</.npt{ml hp't.n<. P = 6,4 Ill nLJbpn-{• pnLJl"'"'l'h1J. l"'l'" .. JI!. [aJ= 
= 1400 ~q/uJ'21 i:'b•f"l hl''t."'"'YI' 't.•f'-l"''ee ' ,,.,,,, .. 9 '11 -..1n._pfr ,,,Jpn•fli•· .. .,,r 
'1.n'll.pltuJ.9 "I."'"'"), .,,-,,91.htnL 1nbpa_Jt 

M-J. I.. Q-J. ,,,J/,'f,.,,JU •pJhe.,,hl'l'. 1t.1J.t.b-.. JJ.&.-..,,._,-,, 1t."'l'1"''en•.r nulf> 

Mmax =Pa= 0,5·6,4 = 3,2 mJ', 

Qmax = P= 6.4 ml 

f:> .. ,.pn'-J ""'e 1t.1np-{•lel'!.' 

Mm ax 320000 
W=--=--=229 u.P1 

[a] 1400 

'"-e I; """•"'"' .. Jo:a hp't.•-1.p ~u,,,-... w = 231 uJ'3. J = 2370 u.C11 IJ.17 

""'"""''eft '-"'"'""I'. un<-19 ""' •f'if"'' uft.bJ ... Jnpb.,, "'+.· 231-J. "'""'' f:'burr1-~ 
t•l'1"'~1!/i ~b~pnLJ 

Ba,6 
j_ 

7 

320000 
am ax = -- = 1350 ~ q/uJ'21 

237 

U.J pn'-fl ,,,,.,, ll'"'9"<-9/i! amn<.fn<.J /!. ~/,.,,, I; 

+"""'"'""' z = 8186 uJ' .!w't.wp~w+ft 11'"'' a l"'r"•JE. 
~-1-""'l' I; 

320000.S,86 
a= 

2370 
= 1195 ~q 1 uJ'~t 

Qma:r.S(z) 
't=~-~~ 

Jb(z) 
,..,'J.,.Al..n<f.t u ..... ,,./!t JnJJ,-,,,.,1!. (bpp z=8,86 uJ') ~ ... -/,,,.,.,. t 

S(z) = 10· l ,14· 9,43=107 uJ'J1 

6400· 107 
't 0, 7 ·2370 - 413 ~41/uJ'l1 

""''fl''IJnLJ L"bl' wJpn•fl1w'I. "lw1J ... '1..,,hpe· e" .... ... Jb.,,wJbl .,,npJ•1 l"'l'"'-J
.,,,,," (1~.14 J ,,,1.,,n.p, ... -..· 

_l_ [1195 + .,I 11952 + 4 · 4.13 2) = 1323 ~'1/uJ'2 < 1400 ~q/uJ'I, 
2 

/!. .... ..,.1w-.. ... JU· .,,,,.,.,,.,,9/i,,.t 1;-..ltl'tl"•Jft ( 16.11) ."'""n•fl1•'1.' 

yll952 -t- 3 • 4132 = 1392 ~q/uJ'2 < 1400 \q/uJ'21 

§ ·95. 'HJuU'l,nr 1.urnts.U'"tibrt- nts.ra. ra.nts.ia-ant-.vi..br(I, 

tiu,ufunr'J "l_WfUl'ffW/ftnLJ JJ."j,.j! npnz/,9fi"i..j! /,J.,}iu"i.fi ~UIJUIJUl"f./,11 

i[hpsi[wowrl tLhJb"i.mnLJ 7.Lfuwi[nr. Lwpnul'ilhpfi Jfiw1ii J/,rlnLfJ1miil! £. 

1r,1. 111 iul!"'f./!fi/'19/i"i..[! Lpw'fl9 nL'l_'l_nLfJ 1nL\"i.hpni/.1 a,Jiu'f,"i. nL uk'l.JJiu'ill! 

Jfiwmb:uiu~ 'lfiJw'lrn'I. iiimfillrrfi wJpnLfJJnL"i.f! uU1m.'f'1lnL 111kuiu~h.,,fi9 
11inUJ9iJ.,_,} Ulf'JJnL"i..[!';,/,pf! f'Uli/.W~Ul"j, /,f,1 u..._~Ull"j, ,,.,..,,..,,fiufi ii1nLfilhrfi 

r.wJwp, ., fi"i.t"l.fiufi"i. t hp~wflphmn"i.1!1 tw~w'il t 9fimb"i.wl .19n'I. LwpnLJ

'l.kr/i D"Rl-'l 'lDl-p JD 1.fip J"LrUI .[!Ulii unLr ~hmnLJ, wpJiuurnLpUI '" l.n 'l."rl! 

w!'f nLl~/.'l.nLfilJwJp 'JUlllW'[npblnL r.1aJU1fl 

9-LAfuiuiJ.np Liupnuliihpfi:._ nL'l_'l_nLf'JnL"i.f! ~wphlfi t npnz.bl liupmJ"i.lspfi 

z.pp_w"i.fi y 09"i.nLfil11aJp (ii~, 232)1 ?-fi9aL$ 'Jfiurwr~i/.n'I_ 'fJs"f..j!RLJ r.J.,}iu"i.fi 

..... -;,9"11./!fiii DL'lrimflwJmg r.wppw~fi 1.r- Ca. /, 't11 L"'rmJ"i.hrl! 'lriu

~-ii h"i.'.:1' 
Mz c =+a=-, 

II J 

QS(z) 
't = +'t =--I 

II Jb(z) 

'1iun.nLsN1nLJ bi../! 2fp_iu"i.f!• 0 11 L"'PJ w"i. h iuJbLwJ/,,} (t.wiir-r....21/.nph"i.) 

'llfuwiJ.n,mp 01 LwpJw"i. w'l.'Jlr9nLf11wL 'lrlkpfi 1frnfuiu71ara 'lwuiulJ.npnL

f' inL"i.l! t,,..Jf!"i.~"i.nLJ t Lwpnu/f,bpfi Zrt?11Lfi 9rlw7pfi iJ.rw /ifUlf f./,ur a 
ouL~JnL'l..ii ~iu'l.Jn'I. BD., 9d/i nL wpu9/,.,f,hrfi wnw"i.9./!fi 1frnfuw7iupcl 'JW• 

a.ui[npnrnLf'J1u"i. l.lrm {'I.~. 232 )1 

369 



/:ih,/h'i1111fi 7()w7r/i r/rw acfi wnk9nLfl1w'i.. 'lfi,}I! ~wnnLshlnL ~w
Jwr a .. -/i nul.'lnLfJ1nL'i..fi9 dunCwgnLJ9~ upuJ!~ nupJDLJ>JwtCp "l.l"nl! t 
_,,,,_,.,,,.rJ.L ci ,..'j,J11nL'bf!1 ""'rr/wt}J!fi uwl\J,..';,'bhrm_J WJU l;LkJ/,'i.,,,,I! ,,,,,_ 

'l_wpnfuhLfiu 'IL/uwr/nr Lwrnurbkrfi nL'l_'l_nLflJnL'bf! pnpnfur/nLJ /;r ~'1-
f)w'bfi h'l.rhrfi J,,,,, 'IL/uwr/nr L•rn1..,/';,hrfi9 JJ,~I! f\wr/wuwr I; 'l.r"IP• 
/iu~ J1nLUf! nL'l_'l_r/W" I; r..Jst)w'bfi WlllU'j,9.J!/i'b 'l."L'fWf\/,,,, l_k'l.n.e zhr1nt
Jnur 'IL/uwr/nr 1wrnLJ'bhrl! r.,/,,}..,';,fi wnw';,9j!/i r..k,,, ~w'l.JnLJ b'j, 45° 
w'b~l"'-'b'bhr1 

'(,~. 233-fi r/rw 'f.WUl~krr/wt} b';, Lwr11LJ'i..brfi zn.w'b'b!sr'b nL 7Lfuw-

I 

I 
• 
J 
I 

6-

i • 
t.t· 111111 
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-1_.,,1, Lwrtn,/';,hrfi nL'f.'l_"'-PJnL'b'b!srl! ~"'rr/wt}J!fi 'l.wi.w'l.w'b ~burbrn1..Jr 

Ols.,_Jnr1. LwrnL,/';,lsrfi "'-'l.'l."'-/IJnL'bf! r.,J,,},.,f,p li.w~wurfi r/rw 9nL/f1 t 
urrr/wt} r..wuur 'l,}brnr/1 fiu~ A7n'I_ LwrnL,/';,l.rfi'be' pwrw~ ',}krnr/1 t:'b-
7t1Lbr/wt} J;, nr turrr/Wt}j!nLJ 'fnrt}n'I_ ,}lln'I_ JnJJsi,uri, nL ~urrn'I_ n&.df! 

'1-r'w~w'b h'b t 

Swrr/wt} ~urrr/wt}l!fi nrl..t ~kurnLJ uurw'bwlnr/ 7Lfi•wr/nr Lwrni.,/-

l 

t~. :.134: 

flb11fi UL'l_'l_nLPJllL'b'bbrl!• zwrnL'bw~b'b,e 11rw'b9fi9 Jb~f! Jfi'btl.. r..wrl.w';, 

l1urrr/•,}1!fi r..hur r..wurr/hll!' Uurw9r/•u" ~burnLJ nrnzk'bl! """' ... r~r/n"I. 
'll/uwr/nr L-rJ,..'j, 'bnr "'-'l_'l_nLfJ/nL'bf! /,. ... ,r;, zlUrnL'b ... ~b'bl! Jfi'btl.. ~

t"r'f ~"'rr/wt}l!fi r..bur r..wurr/l.LI!' '1...wrr/htnr/ w1u ~br"I.• Jh'b,e ~u,,,,..r;,,.,r;,I! 

t~. 235t 

Jfi pb~/Wf '",}' "rf!. uwr..Jw'bnLJ ~r/hrwt}r/fi WJ'b"/.fiufi ~nrfi• nrfi zn2•
pn'l_fi "'-'l.'l_"'-Pln'-'bf! r.,,.,Jf!'b~'bnLJ. /; znzwpJ-'b ~hurnLJ 11/rur-r~r/n'l. 

'llfuwr/nr Lwr.tw';, nu1.'1.nLfltw'b r..b-1111 fln ~nrl! ~ntr/nLJ t q1Jumilnp 
1wptfwli fibmwq Jut: 9-Lfuwr/nr L•urnLJ'bhrfi r..lsurw7t}!srfi nL'l_'l_"LP1•a.fle 

~wfurJ.wt} I; ph ... fi urhul!fi9 I.. r..Uw'bfi r..h'bJw'b "l.w!Jw'b'bkrfi91 ~Uw'bfi 

J"Lrwl!wbl_JnLr ~burnr/ ~wrlslfi !: urw'bbl ttfawr/nr LwrnLJ'bkrfi "r~nL 
r..hurw,,t}br' a,,n.,_ Lwrnd'blsrfi /,. uls.,_Jn.,_ LwrnL,/';,brfi (';,~. 234)1 Uh.,_

Jn.,_ LwrnLJ'bhrfi l\wJwr r..1s,,, ... ,,)krf! 9nLJ9 ls'b urrr/wt} ~,,,,,,.,,,t}/,rni/.· 

a,,n.,_ flUrnLJ'bbrfi r..wJwr' r..nt} 7.}nr/.' 

br~wflpburn'b1w l;,b(}w'b'bhrn...J wrJwuona.rw'b "l.""'I! I; tpuuwi/.•r"t 

IUl'j,'f./,U, nr'f.hu'l.fi w1i. nL'bh'bw Jnurwr/nrw"/.'U flfuwr/nr !7nrz , __ 
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rnLAllrfr ~,,.,.,,,,,.,,,,r/r nL'{tinLfil JnL U(!I n r"'I."" "r""""'" "b". 236-/r 1r
fr'L J9 t •r1wtt wrJaturn1.r1111fr '/-UIMlll1nrn'-/JJllL"bf! _ "'J.Ulrt f.J,ttw"bniJt 

0,,1-21 .. r, tl8. h=JtlO dd ,, .. r"r•nfJ1~L~" b=BO ,dd , ... 'i.nLPI c. C.I 
· ..J I aLU nL•li-

~"'l ltLff..,\1t1nL'u +."'t11[,,..>I /,. l=0,80 d p-.Jt;_f! nL'i.6qn9 fe6.>.,.<ul! pJ.a'i.wi/_"1'1-<> 
t f•h'" 1tlr'i.111rn'i.•a.J +l•t'IM•of-.> p = ,2 UI na.J,.oft .,.,,..,,,,, 9i/ulM1nt' t•f'nLJ1.lr/'/_t 
"L'1'11tLPl1tL'u'i. nL Jlf,)1tLPJnL'i.e J._,,, f,lf';,,..f'"'.,,"fl Jlo = Q,3 J ~l.taw""l'nLPJIW\, 
1r• t•'Li/"'l +.•r1,.,,.,,.LJ, 169n11 2"r"'/t11 z = i ud i/'-r ,.,,.,,1,.'l r,1i ... ,.,_J1 

A i B ,.,lt..,nna..n.l.l'f' r,.,.1..,•111r Hr 1000 ~q· ""r!li/•,. lt"'r1.,,.enLJ ,.,.,.., 
JnJllt.•f!_ - "•1•11"'1' t M =Ax,= 1000 • 'O = ~0000 1.n uJt '1 1 

Q = 1000 ~.~ · 'I-,• ,,,.L'n'I. nurl!_ 

"•r1•,.,/t Jt<u•ru/t•1/t JnJlr2.-r 
18,.s 

J =-- =2730 ud4• 12 •. 

"""1'1111 ,.l!~ z J.,+111r'l-+./ts 11sr , .. ,,4 .. ., J ... ~ u"'"""fr1. (,,~. 21tl, a) ., JnJl.'i.rnl!. r,,,,1,, .. ,,.,r t 

S1.=8·6·5=241 ud'1 

'J.J_t..,.,,,.,,.,,,., +1.,,,,,._J \nrJw1 l"'l'"LJI'_ ,,.,,..,.,.r t 

Mz 
Q=---=-

J 

?: .. ,_,,,,+ .. , t"'l'" .. JI!. "•1 111••r t 
QS(z) 

'!:=---=+ 
Jb 

3000(l.2 

27SO = - 22 ~q,'ud2t 

1000.240 
2730.s - + 11 \q/aJ'

2
' 

l,r,. :36, b- Jt 11'- BD'~ 'fJ.>I!. r..Jw"l."'"'"'uJ.w.,,,,,_J I; a 1 L"'l'J.,,.-,, nLqfn

.fliw'i.l!.1 ~ .. 'l.1t1w1. ,J/,,),.'-PlnL'i./!_ nrn2i[nLJ I; "'"'"1-1 ,...,.-,,,,,J.1..tt1' 

f D .. I<:, 11 11 . 
tg'l i =1-- ==----=-=2.392. lri1=67°l!)", 

BK 26,6 - 22 4,6 

~u,,,.,,.-,,,,r/t '"'rP .>,,_J,.<u .,1,,,,1'. "'-""LJ1...,,,t-r•1Jt 11 Ji,.-,,, """P"'tr'611f<u,, 
"'I' pn(nf' "'f'"'_,,,,...,, .. uJ/,t'/'_ 'fnf',).,,_J • .,, f,/),)111'i.Jt ".-,,"r~/tlllJ/t 'ftJ-uu{nf' fewrfl•L

PJnL.,,.,,,,f'/tll JI.it/- JI.ft '1,1.rg'i.l.'i.I' fiwdw1w4' 1t111ri["'.>I! (orJt'i.w't, ,, .. ,.,,,,.,,ltJ"L..-,,Jt> 
"< .,,,,s,., JJt ,,,,,...,.,, £. .,,,,.,.,,,,.,,"' fl" fr'l.l 't1/r""/t• "P" J"1." •111 ,,,..,,,.,,I! ,.,,,..,,,._ 
; .. el.'i.e r,,.J.,.1•ifona.fl1"''i. 'ltfw""{nr "•rPnLfll,,..,,l'_ ,,, .. ,,,,r,1;.. Cwrfl"Lfl1•ll J/,1_ 

'lnl' .. "'l na.t1'1rn1 (<ur,. U1 )' '1-Jtanl! IUJ'l r,u.,,<uJ_t r. .. J.,,r p "'-"/!_ lt/tl'"'"-1•<> ~ 
r.u.,,,;; ... ,, ....... 1Jt<u +•r1•<>,Jt '-rfl"' p, ... ,, J6f 
., ... '1,./n'l 4 f./,.>,,.'i.J_t r,1,,., .,.J,.wsi[•<> 0 10 J.n'l/t 

.> .. 1,. .... Jt a·.r,,..,,•1/t'b lt"'r1•,.,/t .>.,<urnL/I 1w'i. 
t,/,'l.1nrn'l.,.a.J +.Jtr••11a'11n1 br~"L "-1wuwr I. -<•
't-'lrl' "L'l'l1 ..... p IOL""r· J6'1.IJ .,,,,..,,,.LJ l.-<u11· 

"" 't..> ... 'be It*"'"'-' ,,,,. ... ,, .. r Oz ....... <use/r r..,,r·
p .. , p,..,.,, Jl.f 9.> .. .,rJ. i/rw JI.~ w'l.9.,,J l!'i.'l'te<>-

1w.> P "'-""1 £. ftninr<//t P·O,O J,,J/,'I..,, ..... ~&
!!'"' nLJ.,,nL/f P ,,.,,,,, .. ,_, 1•}, ''"""-' IJ.Jll Ill,, 
Jli'l.r. ftnLltl.'i.111'1. 11 r.-rfl .>11.J111'1. la nJ"l'J..,'1. ; w

J,uonl.t •'l.'11.flnLfllw'b 'f.b"fl!' flr"ll.119/_t funL11w

+L'l.r n1nrna.Jf-91 nrJ.'1. \l.'l '"-'l'l"''b+1.,,'i. ,,,i,,., 
"'-''"l"'l lt•rrf ... .>1,.i/ ,,,,,.,,.,,I!. 1"'"' I; 'lf.Jwff'"LJ, 

:z 
' 

__ ...,.. 
'/ 

"""""L'lti/n'l 'l/,"1.1!"'-J P llLJ(!_ ,..';,t,,l'..,J62"' t 'tfrrwn. 6l it."'l'""' .. l/t ll.111J1111.,,+n1.
P 1w'i. Oz '•rP~L/IJ•.,, "ill.f 'l"''l.rfn'l 0 1t6,,.,,._Ji </lnrd.I! fl"'-lll t ,. .. ,.,J_t.,, "I' J. 11~ 

lt,,."1.1r,,, fiwJ'wiwifi t"'l'1••e n1..'1.ltqnf Ck .... 1.l! 
f,,..,J-1-+nLPJw'i. '"'f'fl•LflJ•.,, JI.! ,,,,.,,., 

n1..J6f'"1 pJr'1),Ul1rtplr11'u "l"f'llLJ 1,, "'''/t 
,,._.,,,,,,,,._J. u .... .,,t!. ""P"'r'r1na.J t fiul'P 
.... J..,\1 

"'"'" fr<u1 "'" +.1fr<ur 'f"r•t!.• "P" J1t,,~ 
Y Hr ....... l'_ pb .. i.-1nrl.'i.IJ 2.r,. li111duaiuatfiaLftJU1G -+-M----

Wl'lwGgp ) fiwGri~uwgnra 'llr"'-i."l' .,.,..,,lll!/t 
""'tflna.p JUI}, J/,l f"f' .. 11 '1 t,,,,..,,. .. .,, ....... fOL• 

P Jn1t ti1Llllit""Jfr"' (•1111.,,,.,AI..) "-"'1'1"' .. l! ,. .. i.'6-

1 
snf .(Uwll/_t r,.,J•r *J""l.fruf- pltn.J. "l'Ji'll•t. 

t "l."'•1t"r1• .. "'"-· :ss-Jt 61.r•' •·l'J.e .,. ... " 
Z t •-11'"• "I' [114 P 11a.JI!. tnrha.J t tl/e"'-

t+. 238: 1nr Oz "•rflnLflJ•'L Jl.f, ,.,.Jfl ~ .... ,,I!. •1 
JJtw1'1. .... 1 .... J 1;, -11' .. , .. ,1 ... J t ri.t. :181> ) 1 

••rd.fr J.J,,,l, .. ft l,.J..,'r. "'"' '1/t"'1"'l "l"L'J..,'i. '1r£.n1..1fll! fl"LJfl t ••1/i"' 
•r ..,I,, ,.t. .. f- 'lb"tl!"'-J .>,.,, .. Jfis ... ,.,.,f..,ll"'l t"t"'+•t ,..,,.,,._,f<ulrrf- Q ,..,J.,,-.,,.,.,._ 
'f"''b1na.J t "1 pt. xOz '•rPnLfl1111'b, "'Jt tr•ll f"Lf"''~" J1' ,.IL "•rf111a.f11•<,, 
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QS(z) 
""'""'"'"'~ P

111
S/r 't = --Jyb(z) 

2n2•+n'I l"'f'nL1n.'1pfr9, 111n.111!_111'lmLJ /,'), 'j,,.,f. fr'),1-np "'JI 2n2111.Pn'I ["'pnu/'),lzpt 

'"'l''ll.'),11 "'l'I ["'['nLJ-,,1.pfr Jl.,)nLfllnL'),'), nL p1112JunLJe_: 

'J.fr 111 "'l'~lz'),11 Jfr ,)111Jl•n.j 

,,,Jr.,,b1,,,,) .,,,,,2.,.,,,J.r. ~111p-J.111l11 

nL'11'19n'l Jfr .;/,,)111.,,, npf!_ '1111uw-

4np-J.,,,,) t u•J'l."11.u, np 'bpw "I"'

"' I' nL'l'l"'d/r'I ti /llzn.'11111-J.npb'),I/" 

l'1 

p 

l+ 2401 

.,1., .;1z,),,,<i,f!_ J1nLu ,)"'lf'nLJ ~/rp111n.'f111,) ~"'1'1"",)11/r '1tfu111-J.np ~/,'),,,,pn.,,,,,~,,,'), .;..,r
pnLfl 1111'), Jh!_ 'l"l',)"'I nL'l'l"'d./r'I P(nLCln-J. ('b~. 240 )t 11.J'l ~ Uw'),/rs 1-1 I. 2-2" 

~rnp-J.111,)11'),bpn-J. 111'),!_111url.'),11 ~dx lzp~wpnLp 1nL'), nL'blisn'l Jfr t1hJhl1111t UJ'l tik

Jb'b-e_ "lu"n~lzp-J.111,) t l.~. 241-/r 'll'"'· 1111'1"'"'1 tL S"Llfl h'I• "'1'1 111 ,) 1 111 11'"'~"'-,., 

t~. 2411 t~. 242t 

-turp-J.111111/r 1-•Jrlzpf!.' ~l.,).,,},/r 111n.ru'b911/r'), 'l"L'I"'.;/,,. if-3 ~urp-J..,,,)11n-J. ~urphl. 

1111'1 21.lzulzr/r -J.lzr/r,, ~"'l"rlzu/r Jfr J 111ul!. £. '1/r 111 "'l'~lz'b11 ,,,,,p_,,,,,,4,,,,) Jwufr .;,,,_ 

-{wuwp•~2n.nLfiJ 1nL'), f!.1 UJ'l J 111u/!. .,,111.,,~lzp-J.111,) t },~. 242-Jr 11'"'' 

U.J'l t1hJlz'l.rn/r A1B1C1D1 £. A,B2C2D2 l.Jr11ur'1p/r -J.p111 'l"l',)nLJ lz'l. rn-J.1"'1 'llz"t

l!nLJ d'l"'l ll '),npJ1111 l"'f'nLJ'Llzpf!_• 'll'"''),S Jb,)nLfllnL'),/!. ~wfrr-J..,,,) t 1-1 £. 2-2 

lt.•rl/111111'),lzpnLJ 'l"l',)"'I M J. M + dM ,)n.n'l JnJlz.,,,,,,,,, r/rs• A1B2C2 D2 J,,,~/zplzuJt 

-{p• 'lnl',)"'I ,,npJwl '""""" N. 'l"L""'l'I!. 111-J.bLfr J/,,) t. 11"',, A,B1C1D1 Jw~h
"""" -J.p111 'l"l',)"'I '),npJ1111 1'fr'l'1pfr N1 pLJ111pf!.• nLUurfr ~n'llzpb11Jr ,,,'),!_..,,.4,,,~ 
:'14 

tilz.!'11. .. ~ .;..,4,,,uwr111~2n.•"-fil1111,, .;..,J,,,p D1 A1..\ 2 D2 J111~'1p'1afr 1.r• "t""'11 t wn.111-

t.,.,,,,,,, ~"2"'P"'I 'tn l"'f'"LJ'),/zpt 'tn l"'f'"LJ'blzp/r '1nL1l111pf!_ "l./,"'11 t r,,.,.,_..,u"'l'"'

~2n.Jr 'lmpJrul i.Jr'llzl'fr 111111pplzpnLPl"''),/!.r w1u/r'),11'),' 

'tntdx = N1 - N11 

""""''"u/r A2B2C2D2 ...... ~ ... ,,," Jw~lzplzufr 11'"' """"' '),npJ111L L"'l'J,,,.,, Jfr
!/r,, mprl'111f!.• "'l"fr'),11'),' E, ~/,111/zpnLJ 'l"l'ln'I l"'f'nLJ/!_ ,,2 .. ,,-~,,.,,11 a"-n-J.1 /ru~ 

A 1B1C10 1 ~"'1'1"',)l!/r E1 ~l.111hpnLJ 'lnpln'I. t,,,,J.,"t,.,,,111u/ow'), Jfri_/r'lr L"'f'"LJI!_' 

o'-n-J. ('1+ 242)1 

U.1'1 .,,,"fl/nLJ 

N2 = a"ty. 

"['"'"" a" L"'l'J,,,'), Jb,)nLP1nL'lr/!_ r,,,,4 ... u ... p t 

o"= 
.\\ + dM 

J 

h 
-1 

2 

N. 
M+dM h 

• -ty1 
J 2 

dM h 
"t 11 tdx = N2 - N1 = J • 2 ty, 

dM h Qhy 
't = - . - y=--: 
n dx 2J 2J 

( 15.18) 

--r I I 1 ai/1 f- .I/ ._, 
:J I I 

I b,--J 
..., I 1 I j 

l 
IOz 1 

1 I 
t' t-'-fL--+-
1 I 11 I 
I I 11 I 
1 I 11 I 

11 i 
t, II I 

11 ! J 

l+ 2431 

7;n2111+n'l L"'f'nLJ'blzpfr 'f."Ll'lnLFJJ111'), .;1z,,.J...,'j,11n-J. A1 A2 D2 D1 .;,,,pfiJ111~/r -J.pw 'tn 

2n211ufrn'l l"'f'"LJ'),lzp/J 111n~1111nLfllnL'),f!. ~"t"'f,,.,'),!_/r '),nLl'),"tJruJr JlzlnLflJnL'b1 P"'Jfl 

.;.,-t,,,,..,,~ '),2..,'j, nL'),lz9n'l 2"2"'Pn'l /lll['nLIJ'),lzpJr 11111~•1nLfiJlnL'), A 282C20 2 t,,,,p

fl111~/r .A 20 2 ~n'l/r Jnur '1"''1.-J.n'l ~lz,,,lzpnLJ ('b~. 242): ('l/lzur11 t r.Jt2'1zr np 9:,).,'11'/r 
J111u2rn111pf!_ "''1"'1"''11"',) t• 0 10 2 = dx t,.,,.,,4,,,,)1!. 2"'"' P"l1l' tr /ru-t A1B2 = Y 
.;,,,..,4,,,,)1!_ -J.lzpi_w-J.np .iUnLfJlnL'), t)l 

11.l""l/run-J.1 2-2 ~111p-J.111,)11nLJ -J.lzp[r'), ~n'llzl'lzuJr ~f,';,./zpnd ~ppllz'), .;npfr

tn'),m~111'), nL'l'l-J.1111 'tn 2n2w+n'I l"'f'nLJ'blzpf!.• npn'),11 y-/rs ~111/o-J.111,) pnpn/o-J.nLJ 

6'), ('),~. 2411) nL'l/r'l 't,)/r oplz"j,11n-J.' 

Qh 
'tn = 2J Y' 

iifr2111 '),J.,,'b dl..n-J. ~wp'11/r t 9"Ll9 •Ill[• np '),nLl'),"t/r"/r> l""lfl ~"'~"'""'~ 
-tn'lJ/!. nL'l'l-J.•I l"'f'nLJ1.lzp ~'l"l',)/,'), £. r11nnp[r'), -tn'llzl'lz"[r ~lzrnlzpnLJI 

BnLpm11•'),11"Lf' -tn'llrl'lzu[r -J.pw 9:"1',)"f 'tn 2"2"'Pn'I l"'f'nLJ'l.lzpl!. 9:nLJ111l'
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1111 n"il 111Jm111m'1 -1 il'ur'lln il'!.-.uTtJ-.uJrn'!.il 4il'fnr7'Jm'1 i/'!..nrff~ '1rm1mp 

-nr'J '1"''!."" J'•P 4'1Jm7"lm'J 4J11 1~;u'IJ 41.,J111nrll-.ut} 111nil '/run4lnnln · 

,J:}_ :e:: XBWS(; ., (DI x•ws6. '>' nww 
nww 
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Jl3n'l.n 1m1'1"''1'J tJ'!.-.u il'!,nrplm'ln '!.""1tJ-.uJpn 
1"i1111'!.61P"P '14111nrurn i/n'l'1 i/il'fm1'J111'1 
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rru8'1n'll. l.1,,. •1'1'1urmlnm'!.'1J'1 "ilil'!.-.ull.J,,. {'m/rG,,..,,n .., Jnrpnr'J 

4n'l'1 '!.i/Ju111n pm'1 '!.4J'l/r i/il'{'m/rJur'1 '!.lmi/p "ilJmp-.ul. i/J'l'!.lll'Vf P"I' 

- +J'llnu I.Tm 1'1/rlnr'J -1 '!.nr'1m/rmJ /ri/'JJu'!.l '!.nr1tJw'1r,,.1tnl'm'J i/il'fin/r 

.JJ.,,'1 •i • dP")o -1 Jmnm/rnr'J "ilur'!.?l'"P i/p-iu I.Tm Jpnrp1111n'1'!. i/illJ'!.,...,"' 

il'ub111 •°ilp-.u :IP")o 41.bnr'1 ,,.J/r 4'1nrt/J,.'J :IP Lu.,.'!.~b nrJ1' '!.m11!]-.uJu/r 

-nru!!/'J z G4ilG11,mum ilubq0 ''!.4J11np-.uh tJJ'l'!."''J.'ll'"P i/J'lh4'1 f,,,,.,.J,,. 
61-.uG nrJ/r i/·(J '6fZ •'1'!. J pm p111m'1'!. 4ilB'!.nrunr ilulu// i/'!.i/1'1 Jmn11n/r · 

-nr"J '!.Iii 1"il11,ru1iJwf'll' 4"''!.'IP"P "tW '!.tJTm'!.""l''J"'n nlnr il'!.'IZuJy 

:lnm4mtio9 ft~mumlln f"'/r 
-lu'1 "'I"'"'"' -1 r~u'!.mlnrunr p-iu8'fm/rJur'1 J.,/r,,.h'!.nr111/r •il'!."'l'G"'flfl' 

4U1'!.'IJ'up G":.nrum '!.'l~J,.. m'!,q'!.-.u'1 .,.lt'lur '!."'i/GnrpJutJ:'ll. 1nhmur'l'J i/'!.nr{' 

·'Ii '"''!.'ll'"P Lu1millmil ''!.i/1-'!."'l''J"'n J11npm'J .,,,..f'l"J lbuJpm .4tt.41'1 

11 '!,111'!,'f PU r Lu-..{' 4'!.mlJl nT ni i/il'!."'"""""'i... i/'!."'f'li 1( (J , 61'~ ·'1'!.) 

il'n9ur i/J'l'!."."'u1'1'!.mLln11 w'1J'I 4'!.-.ul.'!."i1'1 tt,nrJ-.u1'1n-1 i/J'l'!.P"'uJm1 'tJ/r 

•unrlnn'1 '!.tJ/rutJl il'!.wT t/•u'1m'!."'"'VJnrJpnr i/'!.nrf'l":J .., 4""":1~ Jpnrlt/-.uJ-pJnrJ 

,, ,, Ill .... ,, 

l£uJpnr i/'!."'f'l".1 ilg-.uf'!. JJq •p-.uil'lnql. '!.i/Tnr'!."'l'"J"'n 'I ilifn'lur fmpJ.,,, 

lil1116 mJ/r i/-z •6 1 6 ·'1'!. m'!.'l'!.-.u'1 '!."'J-.uI'ln-1 4J'IV'"'"Jm1 •"il11J'I'!. t/'!.""f 
-'l'J 41n'I~ 4/rfnrJnr111'1 '!.tJ111uh '!.""11!/-.u11,-.unu".1 ntJlq'!,G"'f'I/' il-'!.'IP" Jl 
1l'l'"'""lnn tJ1 ,,..,..,,.,, "il'!.-.uTl')-.u'1""'t."'"'VJmJpnr 4'!.""f'l".1 •p-.uGmf'IP mhm"''l'1 

o/""'!.'11'"1' ltuu{' 'I tJu'IJ ~ 111Z'lf'""J'J'!."' Jmpnr'J i/fnri/6mpJutJ:'I£ nrll 



•IJurrif.w<tJ!'ilbrfr r.UIJwr n-e pmfrnfuif.1rLJ t 1,15-fro Jfiilt"- 1, l7. Jfrp_fr"i. 

r.Ulzif.nif. ~Ulrl.Lfr t f!'il'fnL'ilbl n=l,161 U.1u"lfrunif., pnLuUlurrblfr pb'l'ir!srfr 

Jb[iln'ffr'il U1'i19'i,,blf! "l"'l_"l IUUfJUI f;b<}w'i,,'i,,brfr wJb'ilw'fnrtl-Ul,)-Ul~Ul'i,, ~urer

"Ul<}J!fr 'fb"iJ!"LJ ~"'r"'I. t t;'bUlrwif.nrnL[ilJnL'il urUll PUlrarUlu'ilbl t;btl-Ul

'i,fr wJpUlranL'bw~nL[ilJnL'il(! 160fo-n4_, nrf! f.,UIJwrJbJ! t [ilnLuwurrblfr 

LUlrnul'bbrf! Jbtl-w9'ilb[nL'il1 /iJonLJlwurrblfr LUlrnul'bbrfr U1Ju"lfru/r J'l.tl-U1-

9nLJ(! ~"lwr.w'by_fr t;btl-w'bfr J!UIJ.[!""JJw'il U1Jl urbuw~ilbrfr 'b~U1urJwJp. 

"IU12.wrfr ( wJrnL{IJnL'ilf! uurnu1blfru) w1_blfr JU1i1rwq'bfr';, nLunul'bU1ufr

r"Lf1JnL'ililbr1 

'1>nraf! 9nLJ9 t UfUllfru, nr "l"'l_"lWUfJUI br~urwif.r '-btl-w'b'ilbrf! br

pb.[! tb'il ~wrn'I. .[!U1J.[!U1J1.bl Jfrw1'il U1Jpn'l.P_ ~urr1_U1tl-.[!mJ r.nunL'ilnL

[ilJnL'ilf! i/.rUI r.w1/itblnL t;bur£.U1°b.[!n1_: U.if.blfr f;U16.wfu 'il~wur1_nLJ f- 'lnurnL 

.JiU1JnL';,nLfilJU1'il (ii~. 250) ~wJ nL'l_'l_wafr'l "lwurfr ~wJnL°bnL(IJw'il ~nrnLuurl 
0.1u"lfrun1_1 [ilnLJLIM•rblfr LU1rnLJ°bbrfr Jbtl-w9mJe, nrfr';, r.w'b'fb9if.nLJ t 
urif.JU1l 'fb"i.[!"LJ [ilnLJLU1url'blfr pbn'hbrfr Jb{rfn'ffr ~/rrwnrrLJ(!, "lwr.w'b-

2."LJ (- r.wurm_~ nL2."''1rnL[ilJnL°h f;btl-w"i,fr f-LbJb'Durilbrfr ~wJnL'ilnL[ilJ•"-'il(! 
uurnL'fb[nL °b~U1urJU1Jp1 

'1r~';,if.n'l. pbnfr 'i,br'l"rtl-nL[ilJw'i, 'fb"IJ!"LJ "lburl! t fr 'h~wur/r Ultt• 

'kb l t..n'l°bU1<tnL[il JUl'h 6.U1J!brfr 'f.Ulr'fU19JUl'j, f;bur£.w'i,.[!ni/. 'hJnL[il/r ./!"' JJ!Ull-

Oc-.,,,,., ________ ]:::==:::! 

_JI 
t4. 25 ft 

~Jw';, t..'iiwrwif.nrnL[ilJnL°hf!' UUI "lwf;w'i,y_mJ t wJrnLfilJUl'j, Lrw9nL9/rt 

MUfnL'fnLJ ~n';,uurrnL~9frw'b 'j,J w'i, urfr"l/r .[!'-"J.[!'uJ'lLJfr9 Ul"lwr.nif.blnL 

r.UIJwr: 

11./b"#.fruJ_. aJwl.'bbpJ_. ~w,fwp1 npn'b9 4mp-f111Jf'f! nL),/_r ~wJ•u'l_w+nt.fJ/m'i. 

JJ_..,.1'b .!fr w1tw'rl9c ( opJ_.1.w4 urw-fpw1Ji1. 4urp-fwJI! nL'llb9n'l ~U1111.1.brfr f,,,,J,..p ) 1 

I!""' pnLllwmpl.Lfr pb,.~1bp/_r ~w2-f111p4e +nrr-fr'bl pwp'lw'l.nLJ tr 
t4. 251-J_. 4_pw 9t1t./9 I; tnp-fwJ Ul/'l"#.fruJ_. a.>w,,/1 4111p-fwJ,,.,, tlL wJp ... ,

~nt.'JJw4nLPJnL.,,(! ""l"'nr[b[nL JnJb'burJ_.'b 'i.npJwl l"'l'nul,,bpJ_. pw2[uJw1. l;"llnt.

rw'bt IJ.111111b'f 'bw[u "'"'"/! I;- npn:_bl '--"'Jn/! UIRUl.,,91!/r 'l/r('/!I!_• a,,,,.,," w2f-,_ .. ,..,,,,. 

'1fr ... U.p44_n'l +n• 1/r J,,,J.,,.,,,,,4 ~hqnp wnwGgp(! Wf"1hG ~~ wG9GnL.! ~"'f14wbpf. 
~wGpm.p1wG qbGml'nGn4: 

"lrinp-fw.>l!fr ub.,_J{_wJ J•u/_r J,.,4bpb"l' 'llt,,,,,..,41.'bl! F1-n-f1 J_.u~ J.'f-f•-> Jw-
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•f'),r' F 2 -n-f: .P.w"l./r np tl.qn'I 6/u1/,rfr 'lnLJwp('_ "''""I! I; ~"'""'"""[' J/r,,/r ab.,_Jn.,_ 

-Afr7l•rfr 'I"' JwpJ_.'11, "'"I"' 

cr.,.F 1 =cr,.F 2 4wJ F 1 =Fa' 

!tb'l"l' ""'"'';,91!1' J,urp-fwJl!fr Jwftbp'1ur pwJw,,nLJ I; t.w-fw•wpwrlbJ J.,._ 

ubrf: lJ.,.,,,a,.,,4..,,,nLPJ"',,_ uw~J,,,,,'bbpnLJ Jn.J,,,,, JwJw"llwl ,,nLJ,, "l"'JJ•"6f!. 

Jbq t,,,,'11'1'1t1rb9 4urr-f•Jf/_r ,,£.,_J4,,,.. t. J.".,-fwJ JwubpJ_. 11111111111/_rft JnJb,,tn,,lrrl_. 

~w-f"'""'P tfr'bbtnL,,, np/_r ~burt.w,,l!ntf 1""-"I! wn.w'b91!f .,,,,,,,n.J l;l' ~tnptja1.>,J_. 

Jw'bpnt.f/J"',, 4b,,urpn,,n-f: fi,,4 "'l""'"'l 1""-"I! .,,,._,,,,,91!/! 4J_.,,n,J I; 41111'-fwJ,J_. 
J,,,ft~l'l"'l!. 1 

'J.m'bbt"f 1 bqne ,,,,.,,,,,fll!fr 'lfrl'l!f'_' "l'n2nL J b,,I! 

JliJnLpJnt.,,{!_• npmb7 S1 -'rl nt. $ 2-e 1""-"I! .,,,..,,,,91!/r "l.4wtnJwJp 4urp-fwJl!fr -fb

pJ_.'b /, uurnpfr'b ~bubpJ_. Jw4bpl1U'rlbpJ_. "tnwur/r4 JnJb,,.,,';,bp'i. /,),: l/.Jpnt.p/,.';, 

"f_•J''"',,/!__ {!_,,'lnL"lrnu/ I; ~b ... t.l.,l ..,J,.,I![!_' 

l;"'l'"''ll'r/"'J 42n."''l"'"'nul'rlbpe -f bp111pbpnt.J b,, J1111!nt.p J,,_Jw,, 'lb"ll!f-11. 

4mt'"'I nt.Jjr wnftw1nt.p,,.._..,,,. 4' 111!1'-/r,,,__ l'-"'P'l"'9"1.ntJ t ~a12<fwpie 1 

0 ('".,, UI 4 '10. flpn2bt n 'f"('->wlt}9e f 2W"-UI""' nt.'bb9n'I_ 4t"(' 4urpr[w->,,. 
f,ui,f wp: 

,,,,._,,,J.sl!fr ,,4•111 J ,,,JP ~,,,4,..,,.,l' t-
11:r' 

JnJb'bure.' W = --, ~burt.w"lbu, 
4 

2Smax 4r3 ·4 
n=--- == -· -= 1,71 

W 3r.:r3 

0 p J_. 'II w ft '1 J. fil'nt.1L•tnpb1/i pbn.'i.bpJ_. Jbpn'ln-f "l'"2bl 1=2 J pn.fru nt.,,b

S"'I '"'l"'4w"l"l'b,, ~b'i.-fwJ ~bJ.,,,,J_. pn.f-u/- ~b'i.tnpn'llnt.J tfrp11111.{"'.> P ,,._JJ_. 

pn .. , 1,,,tnpb1f- .ru,,._p1n .. ,,e1 ~U,,,J.fr 4.,,p{,,,Jl!e. 1ox1oxs .r.r 1 ... q.bp n._,,,,gn, 

... fl' t (,,4. ~52)1 ,r,,._,t,,,tnpbtfr l"'l'nt.Jt r---
[ a)=1600 qq/uJZ1 

fr,.._ll,..,l'btfr Jn.n'l JnJli'burJ_. JbJnt.pJnt.'b[!_ 

1>pn:•/nLJ I; 

I' ... ~."' J. r. .. 41 

7/J 

S1-'b nt. S2-e 't'",,btnt. Cw,/wp "lb"'I! I; npn- t~· U2t 

:_b1 '--"'1~1! wnw'bol'fr 'l/rrl'l!. "'J'b"ibu, "l'"lb"'lfr 

._J.,, 4"'1'-f•Jl!f- ,t,,,4bpbu/!_ ,.,,,J,,,'bf- bp4.,._ ~ ... 1,,,••pwJb .. Jwuf- t. nL'l_'l•Cw1•t1 

1/-"'fr ~wJw1w4'n1-P1w,, 111nU1'b91!f-"11I !lbt"I! w11.111'b91!/- ~b ... w-fnl'"'-P/nt."llf!_ ~,,.,_bpb•J_. 
1 'Il'/r9 'li2•,,.,ibint/ Zi-"1• ,,.,,..,';,,.._J b,,I! ~burt.l"'l ~ .. 4 ... 11wp,,t.Jt' 



7-z, =6.2·0,9+7(0,S-z)· 

tr,.,,, J.Jld11•1!. r,,,.1.,,•"'P t 
Mmsx = (1, 99+15,81)·1600 = 29 J60 ~qu.Tt 

p ttLJ[o fJnLJl"'"'Pb 1J. Jlr~nLfJJnL"11!_ r,,.1•u•p_ t-

tMmax 4·28160 
(P] = -

1
- = 200 56:{ ~'I' 

'H .. 0 It lu XVI 

'bwfunr'I "1.•r•'frwf'bhr•d 'lfr111wr'LiJ.w"" ~ opfr'bw'Llih11mJ Jh..,,e 
,,,11,.,'bnd !;fr'b,e J.rt111•i/.r r..&J..,'bfr "l.,.,r.,,..f,'l..iJ.n'I.. 11frJw11rmfl1w'b JnJb'I.~ 

urfr UIJ'j,"/.frufr JJ.t}nLfJJnLfl1 nr Jhfl,e Jfr2111 f;fl,.,rwiJ.nrnL{rJJnLfl nL'bhfr'b.p..., 

{!~"' m/,uwtwgnLgw'Lfr [!'buirbl 'f[ngiJ.11116,} "l.rnlfofrl' lf hr wJb'bwJht) 'llnfl ... 

""'"' "l.rnlfofrll!' M 60 c hr"urwiJ.rl! nL';lfr 3040" utC3 
'lfrJ w'lr"'fil' 1w'b Jn

Jb'b1n1 
'1-nrt)'b,.,t,.,'bnLJ, u1Utw1'b1 2.wan f.,,..f,.,,,[u h'b fow'b'lfr"l.nLJ w1'b"l.frufr 

'lh"l..p/,r• hrr "l.wfow'bp_iJ.nLJ t m'bfowJhJwur ,.,iJ.hLfr JM •'Lu•riJ.w"".e' UJ'I 
6 'lh"l.,enLJ r.wrf !; Lfr'bmJ r..L-

E$~=l:::;I"·--- · ,,.,.,<;, 4111r"-"'".el! l!'i.111rhL 7wJ ... -

, 
_ ...... i--- --

'LwrhrniJ. frrwr Jfrw9i[wt) fil'hr
flhrfru nL w'bt1nL'b1UtflhrfrfJ1 twJ 

I 

'1.n'lw'L•rl.rniJ. frrwr Jfrw9i[wa 

P'rfil'rfrs1 

'lowJ wtwrw 1fr'b fobt}w'i.Je 

"Ul'l_Ji[wt} t ('bt• 253, a; nL'[

'/_Ulafr'f 1 P'rl'frs• Jfr ,ew'bfr 
'l_nLl'f r.nrJl'l.n\wtw'b _2 fil'hrfil'h

rfrs /.. 3 wfl'LJnL'i.w'L'i."rfrfll lJ.'b
'LJnL'i.wt'b£r'j, nL flbrflbp(! Jfrwu

iJ.n~J b'b frr"'r 'lwJbrniJ.1 

R.n11wtwrw1fr'b fobJw'bl! ('bt• 253-6) tw9.JiJ.wJ t frrwr fobur '1.n'lw

ltwrbrni/. JfrwgiJ.w"" nL'l'lwafr, P'rPfru llL f.nrfr'l.n'bw"wft P"rflhrfrsr 
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Orfi'ilw'Lni/. 9nLJS urw'b,e , .. Jw'Lwrw1fr'b t:,J,,},.,<;,fr ""'riJ.wJ,efr eftur
r• .. fil1w'il f!'bfiw9.[!{!I '/!'il'lnLj,/,'j,.f! f.hur£.JW[ flnLJlUllnrbLfr [Wrnun.hrf!. 
~Jw'b IA. ub'lJJ,.,c;, r.._wJwr [a]= 1600 qq/utC2, ~urrJw'b r.,,.,Jwr [i:) = 
= 1000 qq/utC2, 'fUIJbrfr Jht_ urrnrJ,.,'j, r. ... Jwr [o ... J = 2800 l{q/utC2, 

7.uJhrfr Jhl turrJw'b r.wJ•r r '!: ), = 1000 l{q/utC2
1 

l,wziJ.wr'Lfr r..wJwr [!flurrr/.wt} f,/,,},.,'j,fr I.. phn.flhrfr ufu/,J,.,'j, 9nLJ9 t 
onriJ.w,) 'b'L· 254-fr i/.r"'' .,__,,,,.,'bpiJ.nr ""'r"-"'"".e'bhrl! r..hurlA.1wt'ilhr'b 6'b' 

,.,) '.bJw'bfr fl•/rt..efr Jbt_urh'J..nLJ 'fur'biJ.n'I.. ""'ri/."',).[!f!• Mm1:.-

= 177,6 uuf, Q = 0 •. 

r) "r'LnL f.,J,fl,.,rw'b'bhrfr iJ.r- 'l"''biJ.n'I.. 'LmriJ.w,,.,e'bhrl!· M =174,2uur, 

Oma~ =- 94 \DI 

U'br.r,.,Jhzur wJw-

'lt"ILfJr'b JnJh'b~f! r.,,.,. 

•[wu"'r t' 
W = Mmax = 17760000 -

(a] 1600 
= 11100 ud31 

l,bt}w'bfr -l~ 1'b,.,ft-'b 

11.mriJ.~"".efr w'br..rwJb21n 
tw1fiUrf! nrnzh[nL f,,.,J,.,r 

"l.h"'.[! t twmwrhl r..h-

1. twJu h. wn"'l 

"/.bur.(! !; nrn2hl [UI 1'1.Jw

tw'b "urr4.w"".efr l".,frJ'bw'L1U'j, 

J.Ul+f!' nL'l'lwafr'I P'rPfr 
h pwpt\pnt.pJnt.G}!: 

10 

l,~. 264: 

bwfuw'ft>Jw'b +nrl.f! fJnLJfJ t 1ni[h[1 nr f'Ul"Ul"W'iifr'b [Wr/. Wr'IJnL'b.e
f.hr J,'b urwlfru r..burlA.1wl +nrawn_,,t,.,'b ,, ... 'bwa!..hrl!' 

h= 1,2 Vw, hrp W ~ 10000 utC3, 

(h-1! wr111wr. ... ,,,," ... "' t 11w'burfrJhurrhrniJ.) 

h = I,oy'\V~ hrr W > 30COO utf3
1 

S4Jwl 'lbut,enJ t•r"Lfr t f!'i.pL'itbl Jfr1.w'b'L1wl wrJb,e' 

h= 1~1sVl1100=-l.18·105,7=124-7 udr 

,,.,,,,fr pwrarnLf/JnLbf! £•b'fnLbh'ii.e h=l24 ut1'1 

2. U1'ilnLf.hurl.. w'1r.rw1lbzur t nrnzbl nL'f'llUl.fr'I "/...,,,,fr b fim.umnt.

PJDt.G.}! ( f.ht}w'I, fr Uf1Wu1/i r..w lfurn~fJ JliL 'I.JI!) I t//wurfr r..w11111nL[i 1w'i. f.,.,[u• 
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1'1111fwL f!.L"'rn1..p1 ... 'ii JwJ111'b1111t. wJpnc.f'1w"ii 'Y"'Z"'l'I! Jhuws'ilhtnlJ. 

't.l!.'ilfn1.1',fr,e, rir. 1.11Jpn'l.t "111rn'l. n1.Jf!. frr i/.rw (; t[hpsLn..J Jfr111i"b "i"' .. 

In/!_> 1111•/r'il.1~\ h pwrl.rn1.fi11ntfl /, b l"'l"i#na.fi11nL'j, n1.'bb9tt'l_ RL'l_'l_1Ufl1t.1n1.• 

'bfr'bt flJ'I 1Ji"f1nc.J f!Ulll znt_W+n'I_ t111rn1_J"bbrfr wJ pn'-filJwfl UJ.U11JJ111'i#f! 

"l!'b'ln1.'bfr t.h111£.1-l urhu1e' 

3Qmax [ r 
'tmax = -- ~ " ' 

2bh 

b = 3Qmax _ 3·94000 
- - =-= Ll3ud': 

2h['tJ 2·12i lOOO 

'1-nrd-'il-1t.-"bn1.J "l.111"'/r t:.wuuin1.fl1nc.'bl'. tw• +n11r tUJ.'6111.e t i/.hr11-
LJ,l ilrw 't.w1n1_'btt1.£'1n1.Lf!. WUJlllflnq~bln'- t.w1'wr (nmz.hln1. 'b't.U11111J-Jp 
'flrJ Ullfrn1.fi11nc.fle}1 l.,111J waw1fl 8h[u'bfr1t.w't.111'b •• ,J wfl"b/rrfr U/.IUurfr f.wu• 

.,mft11n1.'br., (utf} 't.-1n1.'bn1.f'1w'b 'YlillJw'b/r9 'fhur,p f; t:.-t[wuwr lfrltfr. 

b=-1-Vll+.,,,,J J11r orfr"'•t/r t.-J .. r, 
12.5 

b;..,, l ]1124 = 0.89 ud'1 
12,5 

Un1/nr"'fl"'r "1_111111fr r.-umn1.fl'1n1.'bf!. f!.'b'ln1.'bm.J k"il 8-fru Jfr'iiJ.I.. 12 h 

wt/htfr d'd'. eL,,.m.'bn1.J k'il1 b = 1,0 ud' = 10 d'd' I 
3~ l,'66,.'bfr CfDU1plibp~ tw+f!. nrnzktn1. f.111Jwr1 npn"b9fr9 1n1.r•

l111flum.rf! 1t.111t.JY.-.t t hr1t.n1. 111'b't.1111.'ilw't.'ilhrfrs 1. li.nrfrtn'ilw't.w'il fl'1r- · 

P 6rfrs· ,.'j,t;r-t1-•z- t "i"'r'l.'t· P' fr'il•rofr1111fr fr'ilt"lfrufr J nJktn.. 
"1_6111,p t' n1.'1h1'w t;J,~111"bf!.1 

al.•rl!. Jh'b1 9111111'il,e 'lfrJiufrni.fil1w'b. w'bfarwdbzur JnJll"iluifr Jh#n1.

fi11n1.1'e' W - 11100 ud'J, "'l""l.hu 't.nt_yw6 '1frJ111'1rn1.p1w'b 'ilhm1nn Jn .. 

Jh'b1111!., f,,h~ ... 'bfr 'EfrJw7rn1.fJ 1-'il p.w'iln'l. JnJ6"uurf!. 't.wJ t.h6w'iifr 'lw

Jw1frit w'il9~6rn4, (4'n1.l1119wd- 't.11trqwulJ,fa '1fr1!111'Ern1.fi11111L JnJh'burl!.1 

UL9'bh."il.1J fr"bhra/r1111r JnJll'bu.frii' 

"'l""'''l. Zm11,x•f!. tll'l.n./J 111n.w'il9J;!/r9 Jfr'bt.£. t:.k6w'bfr wJh'ilwli.hruu91116- P'

dr'tt!. ,.,,,,,,,) li.hn.U1t/.nrn1.fl1n1.'b'b /;1 Zma1•[! Jhd- I; nL'f.'1.-aP'l P'rP/r r-r1.

rn1.p, ... "b 1t.hufr11 li.nrfr'l.nL-'t.w'il P"rfilhrfr 1t.w"1n9/r f.wuur111.f'1-' tiu+rnf.· 
(!'il7m.LhtniJ.• nr Ullf li.U1u1nnc.fi11n1.'bl!. u;,i/.nr1111t.w'b t;J,Jw'il"bbr'!1.J anU11urw'*• 
4,m.J (; 1-frg J/1'ilt.ll. 3 ud', uurw'bn1.J' h'b-1' 

h 
Zmax = - + (l..:.... 3) uif'1 2 ' . 

8y/111l 'IJ,'Yl!n1.J [!'b'l"1."ilbfl1J, Zmax = 62 + 3 ::a 64 ulf 1 flpb IUJU wLllL•.J. 

386 

Jl.'b.p ufuwtybLe 1-2 uu-m[. ..,_,.,. r.wrwpbr.,.1t.1u'b ufuwtl!. 2--

4.n.pr 't.tfr'bfu U1Ln1.t;J,url.. 'lurLnLJ ll'b.jl' 

Ju.-= Wu. Zmax=lllOJ·64:=:-d711000 ud'41 

"b..,fu•uf6,J..,L +nraf!. 9nLl9 I; ury£-l, nr frL6r9fr-1/r · J nJll'burfr f1n1.

iwom.Jl!. 9wJ-1frL w'il9J!llrfr U11n.1t.w1n1.p1 ... ti t:.6"'1..w~nt/. unt/.nrwp-r 

'tU1'1.Jn1.J t 12-fr9 Jfr'btl.. 18%1 

ltmri/.-~,e/r frLbrg/rw Jfr tr/rt/. J nJb'il11tl!.• nl'I! "iwrnL'bw1t.n1.J /; J.. 
qwJ-1frL ... 'b9,ehrfr Jw't.hrbu'bhpfr flilrt1fr-1/r JnJh'bur'bhrt!! 1t.•'il4.w
f,h'ii.p J prn1.ururn £ +.Lzw'iiw"h'i,.jl Jl'l'-ni/.t l.,hurl..w"l_bu Jl'I' .... {1..12+ 

·+ 1,18) Ji.1. •• I . 

t:f,fnLfibf,./J Jl'I'""" 1,16Ju. -1,.15•711000~818000 UU4
l 

4. U1in1.r.hu.I.. "l.b-IJ. I; •rnt.hi 9mnfrLhrfr frLhrgfriu1fr JnJk'b"'t!' 

•Pw'b/r nr "iiu1nfr t-+£rl!.• npL nunw'ii't.1n1.'bfr /;1 Jh'I. '-1111'bfr h'i,, Ullllfur 

Jh'ii.f! +-r"'l. k'blJ. '-zi/.ht firw fr'bltrs/rwi/r JnJh'burl!.' U.1'ii t.-4-•-r t-

J"I = bhl = l • lHJ = 159000 ud'4, 
12 12 

1:r+.m. yn-/r'bbrfr r.-Jiur (r.nrfr9n'iiw't.wL l''rP'rfr '- -''t.1111.L-+.
'ithrfr) pwJfr'b t J'i1n1.J 

J'f Jl'l'-J"l=818000-159000-=659000 uu4 

fr'bbrg/riui/r JnJbL1ne1 

5. U.1dJ f!.uin 9nmn1. frLhr9fr1.111/r Jni/6'b111fr 't.wpn'l. kL1 t-1'•t ~r
J..,'t.brhufr Jn--4.nr F .. J£un1.fi1nL'il[!.1 fiL'ln1.Lht~*I.· nr 9mnn1. ,},,,ft,.n1.
p,,,,,-;, 't.hiliaroill! uni/.nrwpwp ,,,,'bt[n..J t n1.'l.'1.•'-/r7 f1krPfr t/.hrfr'b lltr/r 

Jn1n {"bit.• 255)1 

U.rt.wJwrr.htnq 'lnurnL Jw't.hrhu/r frL6r9/r•1fr uk+..,'t.w'il 't.h"burrn• 
l._,,..,.,, Jn.Jb'i1U1[!.1 't.wrhtfr I; [!.'iip1.'bht, nr 

'1-nurnL J.uft.hrhul!. pw'f.1t.w9w6 I; kr't.n1. 

-L+.1 ..... Lw't.'bht·~ le r.nrfr'l.n'iJw't.w'ii [lhrflkr/r 

+.•-,n9/. Jw't.hf'ku'ilhrfr111 

ULti111.'bw1t.'itkrfr J1111t.hrhul!. uni/.nr-P-r 

i,-'l.J ,, .. i1 1; 9 ntirn1. 1'1111t.hrlu1fr o,a + o,5 J"'"t!• ,.1,,frill!il' "'Yl"'l ,,11,,,,e-J 

:l6-fr9 ,/frLt.I.. 48 uu2:z S1t11-1t.1119nL9•1t.frs IUr"""frh'il,p "'IL P"lnr -ft-
387 



l11nL'i.wt'iibrf!.1 nrn'i..e J/,'l_ Ulutl/ru b'j, Jnmwi[nr ... u1bu "'"'"Ul'i.t_i[n'I_ J,,,_ 

thrbul!' 

90 X 90X 8 "r+nL 111'i.t1m'i.iul1'itbrfr Jiu4brbul! 28,0 mf2 

90X 90X10 " J) » 34,4 J) 

90X 90X12 » » » 40,8 » 

10ox1oox s » J) » 31.~ » 
1oox1oox10 J) J) 

100x10ox 12 J) 

12ox120.x10 J) .D 

J) 

.D 

!J8,4 J) 

45,6 .D 

46,6 J) 

U1u 9nL9wtnLJ (!U"' Jiu¥rbu/r #frt/r'it rnh'I. b'i. 'lriuiJ.nLJ 90X90X 
X 10 £. 100 X 100 X ·10 w'i.t1nL'i.w~'i.brl!1 '1iu'i.¥ wn'itb'it.e flbt11L'l. i/_br

tfr'i.'i.brfr i/_rw1 U.1'1 '1/,"l./!nLJ t.nrfr'l.n'i.iutw'i. /ilbrfilbr/r tiu"lns/r'i. pwJfr'i. 

86,0 - S8,4 = 4 7 ,6 utl'2 Rl 48 utl'2 

Jiutbrbul!' 

/!'i.pL'i.b1ni/_, nr p111/r'it "'".,,./! t liL'iib'i.w "r+nL P"rfl k P"rflbp/I 
'-•u111nLfilJnL'il'ii f!'i.pL'i.b1niJ. 10 du, Jb'it.f! flbrfibrfr 1iui'itnLf1JnL'ii(! "lb.,,_, 

48 t iJ.br9'i.b'it,e b = 2 = 24 utl' = 240 tl'tf1 12 tl'tl' t.iuu111nLflJm'b nL'bbgn'l 

fibrfl"r ·J/,'j,,/! t_b'b,/! +•rn'I_ i/_br9'bbl' .ew'i.fr nr Ull'l '1/,"l,/!nLJ [1UJ'bnL
fl1nL'i.(! tu111iu9i/_/r 20 Ulf /,_ flbrfl"rf! iu'btJnL..,,,W~'j,/,rf! zb'j, tlwtltfrt 

480 x 10 l.'""'"r nL'i.bgn'I_ Jfr P"rfil '>'itiur-iJ.nr tfr ,ib,, .pw'itfr 

nr w l'1 '""'-.f!nLJ P"rP/r w"l.t1nL'i.w~'i.brniJ. l_"flU'>i/_n'I_ l!fliJ."rl! tumwg-
,.. 10~ i/_b'b ziu111 JU: 11.l'l l!friJ.brl! t.Mw'itfr ub'l.J-
• 

1 240 
1 

i/_wtJ yn111nL 111zfuiurnw'it.e/r JwJiu'itiut tlll!,._ 

• : Jf!niJ.b'b: UniJ.nriur"'r l!friJ.brfr t_wtfrbrf!. 

' , 21H flnLJlw"'ri/.nLJ t i[hr9'itb16-fr9 Jfr'iizl. 30 d'tl' • 
...-,, iJ.brfr'i.. UIMf,JIU'j,(! nrnzi/_nLJ t llUJ'j, "11U-

f,1U"j,2._/r91 nr nL'l_'l_Ulafr'f 'fnlllUIJ/r"it yiuJ/r 

IWn ... "its.e/rs Jfr'ittk fi"rP/r 1.'l.rl!. b'l.iutl t.h-

t~- ~661 nwi/_nrnL{tlJnL"ii(! l."lb"'I! I; iu'i.9"itfr 80-fr9-
nr111b'I. 8-"it P"rfl/r r.IUUUf.tN.{i1n1.'ii'i. ft 

240X 10 t_iui/rbr nL"itb9n'I. fl"rfil"rfr '1/,U/_.f!n~ l!fri/./r l_Ult/r(! UllllU'fli/_n~ 
t fir+. 256) '>wi/_wuiup 15 d'J-fr, nrl! fimuw111rbtfr 1;1 

§ 99. ~btrO.'\,Jl ntrrm-..ra-su\ .usm-..q.m-..trl! cus \fiPlflll lllrm-..uubrP 

~pL"iib1niJ. t.Uiu'i.fr +111riJ.iul.efr · pw'l.tiuonLo/r'l. Jwubrfr t•tfrbrf!.~ 
•'i.g"itb.'i../! t.btliu"itfr iuJrnLfl1iu"it UUlnLyJiu'it(! f!UUI (19.15) £. (15.7) pw-

"ilw~kbrfr· nr/r '>wJwr .. "itr.r,.,Jhzm t wiJ.b1fr b..ar/r111 t.111.ziJ.bt J·/!· W-/a 
388 

/, S-fr wrrfb.e'iibrf!.' flnlnr UIJU JJ,tJ'nLfil1nL'ii'iibrfr t.iuzi[nLJ(! t.iurJiur t 
IJU1U11Urb1 uuunLUIU~" a£ni[t tJiu'ii. l'.iuzi[nurbbrfr 21-r'l- IU'l.1-u•t!! 
urpi[wtl t 390 /;l_/r 1.riul tJ/iur'f.IU/llU'i,/,'i,.[! IUl'l IUtl.InLu..,+n~ tiuurwr-

1/iutl t.wzi[11uf'iibr'it nL 'itzwyrn~brf!I 

U.tt1n•'Liut'iibr/r /r'itbr9/riu1/r JnJb'iturl! t.iui[•uiur t Jfr iu'itt1nL'iiiut/r 
/1'i./sr9friu1/i .JnJb'iim/r .[!IUlllU"llUUl+fr'i, {'iit• 257 )1 u,,,_ fi'itbr9/riu1/r Jn-. 

1f/s'it111f!. '>iui/_iuu111r t iu'iitJnL'itiut/r fr'itbr9/r1111/r ubifr111t1M"i. tb'iturrn'itiutiuii 
,f nJ/,'j,,.."'j, ( ""rs'iinLJ /,'i,.[! mbuiutiusnLslM+/r ,;.'l_JnLulUt/rs) 'fnLJ/IOrlU,} 

'uriu Jiutbrbu/r /,_ l/,'f.n,/! Ultl.,'i,f/.[!/rB w'ittjnL'itiut/r tlw'itrnLfilJ,_'i, tb'ii111-

rn'itfr a f.bn.w_i[nrnLfiJw'it .pwn111tnLUnL UlrUllUfrJIULl!• w'ittJnL'itiut/r "'1.r/rs 
Jfr'iit"- 'iir"' t)w'itrnLfiJ1iu'ii th'iturrn'itl! b'l.wtt z0 r.bnwi[nrnLflJnL'iif! U1ri[iatl 
I; mbuiutiu9nL9wt/r iu-,_JnLuiut'ithrnLJ t 

tJ,,,'j, Uni[ t nrn2i/_11L&f £. t.nr/rqn'itiutiu'ii fil"rfl"rfr "r+nL 'l.nLJ'lfr 
fr'itbr9/ru11/i J nJb'iim(!: 

ll hr +n'l.Jfra l!.'ii.,,ri/_"'tl +"'ri/_wtl.,,/r fr'ithra/r•i/r JnJb'iiurl! '>iui/_iu-

t~. 268: 

uwr t J"= 811000 utf4 1 f>.-,,,t.U/.hu Jbf,I! rnbu'i1nul bL,e, t_ft,.,1,.tl t"'riJ.iud-

.pfr (!"iiurrn•f11w'it JnuriuiJ.nrmfil1-"iif!1 Jb'il.e nrn'ilbtfr fr'ilbr9/r•1/. JnJb'il
u.fr '>iuJ•r uurw9w"it.[! Jbr 9w'Ltw9wtlfr'ii ziuui Jnur J/,t)11&jlJ•LL1 Smr• 
pk1rtr,L{l1nL'li(! tw'l.JnLJ t f!'L'l-iuJb"itl! 

811000- 81~000-· 100 = - 0,9 %: 
818000 

U.1JJ w'itt.riutl-bzur t '>iuziJ.bl t.btliultfr t•riJ.,..tl,efr frLilr!lf-Jf. J ... 

Jl.'ii111fr tfrnl!riugnLJ{! yiuJ1111frL w'iig.ebrfr •nlt-JnL/Jlw"it f.6,.£.•'itr11/.1 

'/..,Jbr/r ,,. ... uwiJ.nrnLflJnL'itf! t.btlwft/r b...twur/r iJ.rw S"Ll!J t •rt/.wl 
~+· 259.fr, 260-fr £. 261-/r iJ.rw1 



I 

I 
r,,,,l'1.,..>11f. J.Hp9f.w1f. 9-.J,.,,[.,, "'"11111.pf. """ ' I '1[.u•tmp1,w.>11[. ... 

~l6J'1'1,,,.'6/,pf. .,,,,.,,,.';,nL,J'6 nL JnJ/,,,.,,/!, j'Lltp9f.1111j JnJ/,,,.,,/!, ' t,J 
Pfna..uunn -c.. t S u111111mf.t J .. J'1"bm 

I ... s "' 
"r•"s 1110/rbp[!, I ..:- s ~ 

...... t 

l.t· ,~.n'' :ZISB t+ 261 .ti. "' ":> ! l,~. ~02 

! 

I 
i 

JJ uJ+ uJ+ uJ+ 
I 

uJl 

flL99111J.f.t fJ'1pfJ 
I· 12(3 

• 1'9000 I,_, ! (5U' + 42' + 113'100 1240,10 ~=· .. . 62· 1·31=1922 
12 + ao• + is• + 62

) = M 900 

!lnpu w'6t1n'6wt'6'1p 100.100.10 4(179 + 19,2.59,172 )=271000 4.1.2.61,52 = 240800 2.19,2.59,17= 2270 
= 30 200 

I 

2(~. 13+24.·62,52)= 187 500 9'n1nnL 111n...,1f.,, fJ'1pfJ'1p[!, 240.10 2.2 2· 1 ·62.52 = 156 300 J. 24·62,:, = 1500 
= 31 200 

9-n ... nL '1ptpn{''l fJbpfJ/,{'/!, 240,10 2(
24

.11 +24·63,52 )=193500 2.2.2.1.t-3.5·= I 161 300 1-24-63,5:= 1524 
12 . I = 322001 

~,,,,.,,,," '"""' t,,,,..,,,,,,,111!. . • . . I Ml 000 I 1165001692 500 = 7216 

------
"~ ~~~~\,r;;:j". ~"~P."~ .nL~~s~.,. t."'~.,,~~11~ . ( ~~u :': ~x .• I 1531 200 

---- ---'--
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'1>-J6rl! 'ln111w1/lit wfllt1m.'it-ft'it6r/r nul.'l.wd./rt IL t.nr/rt.•'it•ftwlti 
""'"r6u'ithr/r 1.r- 'l"'uuu/.nrif.-,) /rL z-/uJ-,,,.wa.J...1 9>wJ6r/r J{11.t.. 1s,~ 
a t.6-iJ.nrnL[tlJnL'itf! ft"l!/nLJ f; 'lwJ6r/r J!111Jl: 'i-nm.wJpG wG.qJm..liwq-
6.bpnu( 'flUJ/,rfr J)IUJJ}r J/,6nLf11w'ft nrnznLlfe ,JrriJ.w6 I: UUll'lr/,. § 102•nLJt 

9-uiJhr/r JJIUllt!. \nzmnt..pJwG. w6~Jnt.G.w\Gbpp Jht 11niJnrwpwr t:.wz

i/_111rftni/ lP nr•zl/.nLJ, IUJl iJhruiJnd t 5d+1d. nr-"'l d-ft 'wJ/t 
rnrwJ11111frh'it f;1 

CJ...,Jhrfr "'r-J-'lfr6e f!.'it'JnL'it'[nLJ f; t.1111/_U1u111r J •ur-iJ."r-111."• 
IJn'ituurrnLftf1frw1m.J ft/rr--J.n'I. f'brflhr/r t:.wuanmfii"''it ~rt'b-UJ-urft/r'it. 
11wJhrfr u111w'it7111ran 1nrwJ1Ufhhrft lift' ct - 14, 11- 20, 23, 26 tltl1 

Pwr111ft RL'l.'1.-afr'I "l.u11nfr ,)n.Jn.m.Jfrs IL n1.nl_m.Jp9 /un1.u1U+"tm. 
1'-J-r 'lrw'il wJr-9ftnul hL, frr-rfrfl tlnurwiJ.nrw"l.hu t:.'16w'it/r p111ra
l'"LftlJ"""ilf!. t.wiJu11.1111r t.Jin.-'f.nrnLfi1111'it 4.r- Ufwanfr'il twJbtniJ l1n2uwt..
pjmli w61tJnt.6mqG.bp: 

l.ft• 259-f. 4.rlU IJRLJ1J f; urriJ-J 'flUJu.rftwr-1/r"b fi./,61U'i1/r 6..-ft-ur/r 
Jfr J,,..u';, nt.. fturriJ-61Jf!.• w1uurh'I. ftnzur111.f'1iu'i.t -'itftJnL'it111t,'i.thrt!. Jfr-9-

iJ-a /,"ii "l.wurfr'it -"'ft1m.'it-ft'illrrfr k "1.-"'/r Jfrp_k Jfr1.-'ll!r 'l'ilhtni/l U /r
t-'lfrr'itlirf!. iuuft-urfr 1r- 'ilziJ.-6 lift r-r-lt 1trr-11dn1.Jnt/_1 

'4• 260-fr ""IU 8"Llfl f; urrt/_w6 ftnt_urn1.[i1111ft w'ilft1n1.'i1U1fb/;rf- wJ• 
r-9J111'£ Jfi "'Ii 6'lw"il-ft1 '1nz-nLf'1w'il w'ilft1n1.'iliuftl! t:.hd-..,'i.tfi Ufw•fl 
t.-rftlnL[I tnL'i.tfrfl puriu1fr'i.t iu'ilft1m .. "il-ft'ithrfr r....,r/ilnLf' 1 .... 'b /h!. url1'1.111tfrn

fu6t- r..,,J-r ft"2.111nLf'1-'it ... 'bft1nL'i11111ftfr 6-1r"re tr'buur .... t.-'iliJnul:1 h'il1 
hr"nL 'l/,11/..filhrnLJ f;[ ftnzurnLf1t-L 111111'itfttn1.'isoaft'it£re -Jr-uiJnul 6'11 lt.b-

6 ... 'itfi'it '-"""""' 
Uhr orfr"il-'tnul 'l"'Jhr/1 urr111J-11fr61! 1'rot/.-h t 20 tltC, /r•'t 

JJ"'lll!' a= 120 It.ti '1nt.urnLf'1111" 111'itftinL"il111ft'it6rt!. -Jr111s""'I. 11111J6rf:i 
fWUlllf•rnLf'JttLftl!, fl"LJfl f; urpt/.J 'ilft+ 259; 21JO /,_ 261-fr. t/.rlUI 

f"ilhr9/r1111/r JnJh'it1nfr /lnr..t1119nul'il6rfr JM,,Lf'JnL'itf!. t:.w2.t/.hl.fr11 t.-t.· 

i/Jr f; -n.'ilt/.nul, •r t.Hw'itf:i ft•rt/.-6.e/r -n.-La/rft t1111ih'ilur'ilhrl! pwg{t 

,,_-J&rfru nz.'ilt..nt/. /rr-r t.&ur th'il Jf--9-h1 U1'1 "l-ur~-1' -,,,. hh
J&'il-'ilhrJrfl 1nLr11111•"ilt1nLr/r t.-J-r r.-2.1-J hit t.'iliuriut/.nr unlb&m
ubb- f}Dl.(U19D"Ule: u,.,11/.,,Ui llL'l.'l.1Ua1r, 11"rl'/r f,.1UJ111r t/.hr9'f1n1.J 6'fr 
ftnz•,,LflflUfl 1U°i1ft1m.flwftf!. IUJ l'Ulfl'ft"'I. 'fwJbrny llU"j,IJflR'/. 1- J fturrt/.w6.., 

./JI!. ('ilft. atlO )· t.,,rf:itn'il111ftw'i.t flhrf!lhrfr ·. f.111J111r' "L'l.'1.-a/rf 11wJhr,,4. 

-L9'itn' 2-2 'turrt/.-6.ef!• 111Lt1nL'ilwft"hrfr r.-.tmr' "'"LJ""l.hu 2-2 
't111r!w64!1!1 11-'ilft "I' •"ilftl"'-"it111ft'ilhrfr t.nrfrtn'il•ft111'il ftn'1.hrlr11flhrfr 4.r
h'lw6 -ilo1hre -iJ.htfr 2-... h'il [ln1.1,..fl'iln1.J t;./,6u..'ilc, JJ-'L "'-'l.lf.-'-fnt 

ftn'l.6rhu'ilhr/r 4.r- "'-,) -"'01.1hrt!.• IUtUUtJrL'ithrt!. ihtn.e .,,.__.,,s.el-s 
u11/.lrJ}r t:.hnnL /,fl 'JIU"U11.nrt/.111d1 

n._.,,,,,, ,,,ur..,.1/rft -Lft1n1.'i.t-ftt!. "1.-ur/r'it ..,.Jrw9'iln'I. , ... Jbrfr t:.-J-r 
39! 

.,..,riJ-6 Ul-;,94?1! t.-zt/./t t; iun'ilif.nLJ "i"'ur/t filnLt-snLJ'ilbre t.wz'f.blft",, 
('itppiuth'f. .... a nL'1.'1.-ltft1m.'it/t'il "ilft. 261-/r i{rw), pw19 t:.111zq/t 11' -n.'LiJ.nLJ 
-'ill11nL'it111ftfr flnLt111911u/"i,61'f!. t.wziJh1fru ( hrftn1. u"i/iuunft· llL'l.'l.1U'ilft1nL'il• 

fl•re)1 
~b6w'ilfi ... JrnL(l1w"il if.r- -"ilo.ehr/r 111ulr!JnL[i1nL'ilf! c'itpL'itt/.w6 t 

r.-2.t/./r &Un.'ilht ,,,J,.,,,2. fturrt/.u16,efr ""'"rsfr-1/r J l'I' J nJb'iturfr9 t.-"itb1•4. 
,,-J-1/r'b w'i.to.ehr/r 'ilrr-thiJ.1116 J-fthr'u"ithr/t fr"ithrs/r-1/t LlJ JnJh'it
IUl(!I <J.,,,,J.,•jfrL 111"its.J!hrc t:.-ziJ./t 111n."ilhtnL w1u &.,_w'b .... ftf!. lJllllJtfwG.wqmii 
),. 1u1'il J[:i..,,'ft 111rur11U9ntn1.J f; 1111fl "'IUUUff!.1 nr Jfr IJwftp l:t/,J/,';,ur'ilh• 

l'P9 ftw'l.Jif.-d- t.&hw"itl!. p111.u f; r.,,~, wJpn'[r_wft111'is r.h.t-'i.tfr91 
9'111J-ifi"it -'ils1Jhrfr Jwfthrhu'ithr/r fr"ithrflfr,;,J/r JnJA'i11111'ilhrf!. r.-z-

1/btfr" wrt:.wJwrfi.111.,J h"il 'ilpw'i19 fr'ilhr9frw1/r uhtfrwftw'it fth'it•rn'il111ft-i. 

fi'ithrs/rUI 1/r JnJ6'il111'ilhrf!1 .e-'ilfr nr W l'I 1U'b9JJhrfr /..Wt/ihrl!. t.&6w'ilb 
l-+"rfr ·r:.wJhJiuurnL{i1wJr iJrn.er Mn Un ,,,,"llJnLlf ,lJ-"il nLt'l.-'tfr 

l;,-iJ.-u-r f; "ilrp-fht/.-<> J111"hrlsu"illsrfrs J"Lrw1.1w'itunLr/r Jh6nLfi1-t. 
£. /_"I/."./,? wn.-'il91Jfr1J 1.U/'J J IUfthrhup f,.h._iJ.nrnLf'1w'b ,c111n.&UftnLun1. -r

--'fr1-1ilbrfr fnLJ wr/r'ilz 
'lo,.J1111fr"il w'ils.e'r/r f.'ilhr,9fi•u1/t JnJA'b~"ilhrfr t:.w2if.ndl!. ftwur1UpnLJ 

.h'bl.! 21-r•,,. "''1.l"u•wft/r 3-r'I u1nL'itwft11LJl l>r-ft-"il ftlnLl..,fl"'-Jt!. u111111gw 
qn1.J f; l;.wtJ.-uwr 

ll8500.ll·O ·- U,7~o Jllr ftn'l.Jfr9 f!L'1"'-Lyw6 15%-/r tfr"/uwrlr'il1 
SlllXIO · 

J,Mwilfr fturrtJ.-J 1Jft fi'ii'~sl·-1/r. J,,Jt.c;, 1111!. t.-1'-""'r r' 
Ju .. '-= 692500 utl4

1 

"'1'/rJu•'l['"L{JJ..,'i.t 'ilb111urn J11J6"i11111'_' 

\\r _ JH.. _ 6!l2500 - IOS()O .ra 
'>£~ - -- - - - Uu 

Zmax 6f 

llnif.nr-r-r 11nr1H1wft111'b111.J jtnLJl..,urriJ.n1 .. J t Jfr'iil.k 5% thr1-

p111.J ("iuJ P'rt"'rnLJ )1 «t""i/run'f., eil11nL'ily111d fturrtJ.-d.ef!. lt-r"tfr t 
fln'l.'il/,l 1.11n.iu'i19 tfrniJrn/tmLf'1iu'b1 



bpb 'lbrl111rnLJ(! u111111gr[£r 5%-/rs JU, 111"1.lll t.U111'ir/r ""'rr/.1116-

-ll! ,,,_&,,,~ "lfr'bbr nulb'l1119'irht' ,,.111 111Jb'i.rfr9 wi/htfr r.hzur t 111'i.rbl "n'l.b

rhu'irbrfr lUl1'irn·P1nL'i.rf! J£61119'i.rhlnr/.· WJU d.£ni/ nLJb'lw8r[1116 ""'ri/1116~/r 
,,,JrnLPJnLil(! ilnrfrs ,,,_b,,,~ t- u11111L'lbl' 

§ loo. l.buU"ti utrrntiia-au" usnti'HlMTC cus tntu'1ln1l. 
1.urm ... tn.brto 

Uurw9r[au6 ""''"w""~I! ' ,,,_£ ... ~ t uurm'lhl (!U"' znz111fn'l lwrnLJ
'ilhrfi {15.7) p111'ir111Unr[' 

U1u p•u'iraud.£frg oyurr[h1f.u u11i/nr-pa1r t:..111r9 t au1uu'lau'irnLJ, p1, 

t..1urauraurnLJ J rr "111J J~,. 1/E.Jn1.fil 1n1.'i.r'irhr1'!1 .rrl! "I.bur~ t- ,,,£'l111'lr"tr 

IJ."<j,/,r/,_ l-1 nr ,;,n.1111.f.'i.r ,,"f~naJ r.111Jau{'/rl_nLJ "/_/,111,e "l"<j," urb'1.111'1{'/,£ 

!- Z-«J •: spp. {ru" 'r"rnr'I 'lh"l..enLJ' Su.t 

-

it. 2tl2t 

5
rr t:,,..ru1p'1rnafilinL'ir[! Jn111 .. i/nrau"l.hu J,.,. 

. Su.. ,. , a c_ 
r.aur[auuaur I; - - ..,..raup.urn'-r l..,"l!.' 

Ju .. 

l/./'I "f1Uurbwn.ni/ f!.ilfnL'iri/w6 f- br"nL 

Jbdm.pJnL'i.r'irhr'ir tl pau'i.raud.J.f. Jbp_ .,./,. 

'l.11111rht wnw'i.r9 pnLLwgnurilhrl! t:..111zi//t 

1Un'i.rh[ttL1 au1ufr'i.r.,'i.r' prnL111u1n1 

lt~um~uip~ we\ J! p uuraum "" J nJh'i.rurft 

l\auz4_nLJ(! ("'"' 262) "auuraurr[w6 t 21-r'I 

IU'l_JnLUIU"" """'''rnr'I u1na.ilaultnLJI l/.J. 

rna.fl1-"' "'f.IUJJ..,'i,,I! f!.U"' znz-+n'l L-

rnul'irbrfi' 

94000 7216 
': max= l·BllllOO _, 

§ lOI. ~buU"ti mrrntiia-sm. usnti'f.nMrc cus it-lloUtl.nr 
lW1fltotn.brti 

UJpna./11w'ir uurna.,nLJ(! euur 9Lfu-4.nr Lwrnurbbrfr "111ur111rn1.J h'ir_,. 

t.b'irwr•Lf. r/.r• · 'l"'"'""'l . "urril.-6 ,en1.J, "P"'''I. M = 174,2 mil' /.. Q = 
&:::: 94 m (fl". 254) I 

t:'i.r11n1.'bn1.J b'i.r, "P 'l,.J,..'1wr1111fi'ir r.lt6w'i.rn,J 111'ir"1n1.'bau'1ilhrl! 'l"'
Jltrfrs aui/hlfr 'irhrl!J. P."L"rnr[f.'i.r ftauut.i/1116 ih'ir "'1. 111"'/r ,,,,,,, U.1u h'i.rp,,.-

394 

'lrnLPJ"''ir t:./iJw'ir r[r111 "wrhtfr t t:,/,Jw'i.r{r ll'IJ'ir111"111'i.r ""'ri/w6,el! "1.111111• 

""rbl 1111il"/./,UJ f.'irJ."/.bu lllJ'I ••LJ9 t urri/1116 <j,". 269-fi r/.r1111 

l/.J'I. 'f""/_J!"LJ (!Ullr "urri/.w6 .e/r pwrd.rm.p Jiiii,, wJbi1111r[urw'i.r'l1114.nr 

4_f.G.111"m.J h'i.r u111iusl/.nLJ "l.111ur/r 'ir1n•P/i 11111' tlbJh'i.rurilhrf!• nrn'il,e 

'l"''irr/.nLJ h'i.r r.nrf.'ln'i.rau"111'i.r yn-1111/i'ir 

9111Jbrf. Jw"111r'l111"nu/. 1111u J~"aur

'1111"n1.J tt [!'i.r'JnL 'irt/au.J t "111m111rh l 
. ~ 

111Jrn1.1'1-"' uurn1.9nuf (!1 tnr.t111l lw-

rnurilhr/r J/,6nLp/nLilf!. "/.bur,e t l;111z

"'l f!.Uln 
Mz0 a---
Ju. 

pa1ilwd.£fi, fru'I znzwfn'l l"'r"'-.ri,h
r/r'ir(!' 

lJ2/JJ' ) ...,.., 

l_l 
pwi1111aJ.n4_1 nrurh'l b.,-1! "l.wur{r t.111uurni p 1rn.'iril t. {ru" s,-'i.r 9nurn1.: 

('irrpw.,Ji/_wJ Jou"hrbuf!.) · "- "'I..,,,,,. pur1111fr'ir ywJbrf.s r[hr"- l!.i.,,...d

Jwuf. Nr-"' Juauq J!-ziJ.1116 nL'['l_IU"'"1na.'i.rf.'i.r) umauurM JnJh'i,,,,,f, ti a,l 

/unu.e•r/. 111u1116, r.wJmrniJ /,S,, nr r.&6111'i.rf. LlllJ'ir J1Uufi9 ""'''""' wi.9nL• 

Jr. "1Uuraurr[n1.J I; ynurauif.'ir 9 .,Jbrfi J..,"..,r,,-"f. r/.raut '11Uuraurnd b'i.r~ 
r.auzi/nuriihrl!' 

a ~- _!!____'!~ '!0~~5- = 14 20 ~'I /utl'2, 
. 692500 . • 

S9 c. 3024 + 2270 + l · 5,1) (62 - 2, 75) :-:;: 5620 utl'3 , 

: 94 000 . 5620 1. 2 
't b - --- --- = 652 'lq/uu ' 

1 .s11000 

f>'i.i 4_br-rhrn1.J t '-•zi/111r"1111f.'ir Laurnurbbr/r pU1'irwUfi'il, 111ut.w· 

ynrtJ'i.r,.."LU'irnLJ 7hn.Au "'f.Ult:.."1.-'irr/.bl t l!u"' .,Jrna.fl1au'ir w .... lf.'i.r urb

una.fliw'i.r (wJb'i.rwJ£6 'irnrJwl L-rnurbhrfr) •"'"'-'l"LJf!.' 

arl - + [a+ r a2 + 4't2j ~ lo)-1 (15.14) 

a,., (1ll.14) p111'ir'u.a1.I! ur111Y,u t uril111h•.!111\ urh11•fthmp9 wi/blf. 

.\bn'i.rurna. [nL6n1.J, /i•t lllJU r-'i.111a.J.f!. 09urau7nr6h[nL "hu7111r1w -frn{'a.(!· 

ur111lf.u t p1Ui/_1U{'lll{' 1Ur'11nL'irJ!'i,,br1 

ll.r'IJnL'ir.pttLJ nt.'irk'i.rn1.J bil~' 

a = _I . (1420+V14202 + 4 · 6521) -= _!__ ( 1420 + 1926) = 
r1 2 . 2 

= 1673 ~'l /ud'11 
fJrp [aJ = 1600 ~'I ;ud2 9hrL-rnulf! "oul/.Jnt.J t l!.'ir'lauJh';,f!. 41ll%1 



'"1111.J! t wubl· nr ~ ... 'l.Jni/_/r r.b~w'il'ilbrfr r. ... J-r, nrn'i.9 11azlt-w-
111w'iil!I! frrwbw'iJnL.f w'iJ'>wJhJwm wi/_/,lfr f1Wr'f !;1 WJU UlllRLfllLJI!. 

'trnLJ t JbJ JwuwJp "l,.,IJ.u'i.w~m'b p'ilnLJfl• /r'i.tni/_ &. p1119111urri/_nul 

t 'iiztJ.wJ fawz.if_wr~1111/r'ii r-'iiwUI! Jfr'bt&. w1uor "1-r."l..,'iJblf!' 

'1-wJw~uir..,1/r'ii r..bJw'iifr P"l"r tt£Jh'i.1n'iihr/r r.,,..J,.,,,.b,,_ wzfuw-

111w'ii,ee ,,,..,,J,.,';,..,'/.nrif_wt} !; ;wJbrfr wnl/_w1nL{iJ..,Jp1 flLu111J. w'iir..rw

.1-bz"' I; 'fWUIU'/.nrhl 'nurw1fr'"li , ... JJ.rf!1 uwr..Jw'ilbl 'iJrw'iJ9 Jfrt'- h'l_ ... J 

;./,n.w'/.nrnLfl/nL'i.(! &_ U"'na.9/sl flr111'iJ9 wJ rnLf"JnLflf!I 'l-fr111111r~h'iJJ! 'i.Ul{u 

~nrfr'ln'b111~w'i. 'l""',.,J/r'ii ,.,,Jbrl!.' 
.t,U.'ilfrg 1 £ 2 ~urrif_wr)j!'ilhrn'/. (&~. Wl) .uftiwmh'iiJ! 'In,,.,, .. 

0) 2 d) 

+ + 

I I 
I I 
..... 0 -9' 

_, ·-·-·-----..,.. ·--· 

II 

W:f •. La 
\ I I / 
\ I I I 

\ .__ 0 --1 ,' 
\ ! I I 

\

I I I 
t : I 

\: I / 

\1 ~ I 
-.L.-..L-_ 

"r~nL "'-'l.'l."'A/r'I ,_Jhr/r .lfrt'- l!s,~..,t) a "r~wrnL{JJna.& ,,Ls,119,,'I. Jwue~ 
"?-(r9nLI!• Jn.n'I. JnJ6'ilure 1 ~111rif_..,t),CrrL.I f.wi/_wuUlr (- M-/r• fruft I t-er

.896 

i/_wd.[!nul' M + ~Mz ul'l 'l'"'ll!"ul 'l""'"L w'ilr_w1111J.U1,). l;lhJh'il111e ~.ru
r.wrJ.wuwrw~2n.'"·f11w'il Jhl aw{u/r9 £ wp_/r9 'ilrw'ii r. ... ,,,r'1'1."'I. 'ilnrJw~ 
lwrnLJ'ilbr/r 'l"L""'r'iibrfr (N2 J.. Ni) m•urrbrnLfl1w'il &. 'f"'Jfr N faw

~W'l.'IJw'ii W'/.'1/s9nLf/Jw'i, UIW~--('ii~• 264 b &_ z)z 
?onmnL w'illwurif_U1t} f;thJh'iim/r i.w~w111/r if_rw 'Pr,)"'I. Ni 'iinrJwl 

i.fr'll! fawtJ.wuwr ~lfr'il/r 'l""'"L 'ilrt""'l,)i/_,.,t} Jw~krhu/r uurw111H Jmfh'ii-

,,,/r "- M JhttnLflJW'il wrmw'lrJ"'lfr'il ('>wJhJwmhl 3li4 . l;p_fr tf.r
J 

"'r"-"'" (15.1) pw'il111~&./r fabur ) • 

N1 = MS, ' 
J 

N
2 

= (M+aM)S, : 
J 

'1>111Jf! ~Ulrn'L i.fr'ff! ( WJlll'{"U ~nz.tj_111t} 111Uf.h9fln'[ nLJf!) f.wi/_wul»r e 
N = N2-N1= aMS,_, 

J 

µ,.,19 dM = Q "- dM = Qctx. -'l.1wl 'lh"l.l!"LJ dx-f! ~-r"1/r t -1.mfuwr/r-
dx 

'i.bl a-m/_• fru~: dM-e t:,.M-nif_, t.bur&'!'"lhu, AM= Qa &. 

N = QS,a1 

J 
(16.1} 

U.1u pw'iJw~£(! Wn.Ult_/r'il wfl,wJ wr111111t}hl !; ..,.. "· JonLru:4.u~/rfll 
f>rl.'iis r.hrflfr'il, 'l"ur"L hr~nL ,,, ... u,hr'iirtt {w'il~J,, .. 'iJ,.,~'ilhrfr "'-'l.'L•'-frt 

~n'l.krhu'iil.re) ,,.,Jfril .~rfrnfuw'ii9h'il f.ht}r,u'ii/r "lwur/t N r. ... ~,.,'l'lnuf"'t° 
N . 

,._,,_ ... u ... rw~zn.i/_n'L T nLJbr (fl~. 264, Z)• ,,,,Jt! h'iiflwr~tf.rrul I; 

~r~f.,.,~/r ~,,,rJwf.1 ?owJ/r ~mrJw'il wJrnLf/Jw'ii "1."'IJ,.,f,I! nL'il~ fahmktwl 

urhU.[!f! \ 
(16.2( 

'1-wJfr uirnrJw'il wJrrr1.fliw'ii ..,_,.,,J.,,<;,I! ~nL'ilh'iiw f.ltm&.J..,L mhu1t!' 

a ==-N-= QS.a ~ [a.,.J, {16.S) 
.,. b"ld Jb.,d 

"r"'h'l. d-'i. 'lwJ/r mrwJw'lfrd'ii I;, b.,-'il f.Uw'i./r ,,,,.,,,,,, f.wumrrLf/Jna.'ilj, 

t-
1 

[ "t].-~ ft.,,.rJw'il flna.Jlw"'r"Lfr lwrnuri. 1;. la.,.]-'i. 111rnrJ'wfl p,, .. U,,,__ 

•er"tJr t-r,,,_,r;, tz 
397 



UurnL'lnult! "f.bur,e t tUlllJUlrbL Ull;, 1furriJ.UIJ,e11LJ, nrurb'I. Q·lr 
. .Jw-8u/rjUll ti Uhr orfr'bwtnLJ 

Qmax=9( m, J =811000 utf4 , S. = 3024 + 2270=529-i utf.1, 

d=2 utf, b"=l ut.f1 

9-.. Jbr/r Jbt.k 6'1.UIJ f.b11w6'.nrm·fl/nL'ilf! tnrnzi/./r turrJw'b wJrnLT 
Jl1w'b (16.2) ut-1Jw°ilfr9' 

a.:;: (-tJ,Jitd 1 
.... 1000 . suooo.3.11.~=IO.s uir 

:.!QS, 2.94000. 5294 

~UIJ urrnrJw'b (16,3) "f.U11Jw'bfr9' 

a~ (a.,.jJb"d = 2800 ·811~· 1·2 = 9,2 uur 
QS, 94 000. 5294 

- ~llur£.wutllu, qnmWJ~G piJhr/r .[!Ul/Lf!. U/.hur .[! t iJ.hro'bhl f.wiJ.111uwr 

a== 90 ttu1 
l1frz.ur °ilnL/'ilutfru/r f;.w'ilwut."'rf.niJ. twrbJ./r t uurnu16L /,. f.nrfrt.n'bllD~,;,o;, 

l'"rfl'rf!. w'b't1nL°i1U1t'b'rfr f,/,ur Jfrw9'bn'l 'fUIJ/,rfr UIJ rnLfl /llL.,,,l!,I u Ulw 
+.a1{h Ul/Uut/rufi UUJnLfnuf flrpfl,e l_/,f, ut'bnuf, nrniJ.f.liur£. IU/U ywJflrf! 
9an'i,l/.m.J b'i, iuiJ.htfr Lutt/. Uf.U1/Jw'b'i,hrnul1 .[!"'';, 'lnurnL f.npfr'fn'bwt.,.'j, 

p-Jbrf!' 

§ 103. ~n'Hl lfllf'llBta'i.. 1,blrll'1ta llSf''l U'CN'-ti l?tsrn"~Snfl.VL nfl. 
llU'PnNiJ.Sll '11 usnr.'l-flfl.U'I.! 

~n11111tU1f1U//r'b f,/,J.,.f,fr 'turrt/.wJ"'" l_611i/whrfr e'iJurrnLfljcu\ f!'bfl-9./!f! 
"itnL/'j,f, t 1 fr'i,l. nr £. 'l"'J161t"'r 161/fr'i,fr"i.l!. 1 Z,a1rt Ur Jp'itmJ Jfrw/'b f.wz.iJ.hl 

b - ·· 

I I I 
11 

11 
I 

11 
{f!/,J)!; 

~urrif..iJ .[!/r flnLLw9nurilhrl!.' "rrzurnLfil 1wf.I .u'i,'t1nLila1t'i,brl!. i/rn/111ap/ril
.J.nLt! b'i, U/IUur[rfl f."'lt/...J tn'l.brniJ. (';,~, 26fJ )1 n rut.bu or/r'il1U1f 'Jfrurwr-
398 

It.bit.[! § § 98--102-nLJ nLunul'i11i.ufrriJ.wJ f.bJ-'bfr f.a1z.iJ.-rtfr 1.-rfr1a'iiu.
'bbrfrs J/,f[l!,I t:'b7nL'ilnLJ flf,-8 U/IUUl/r 'ilnL/f, ,. ... rarnL[ilJnL'ilf!.1 fr'bt nr It 

'flllJ1UtUlrU11/r'b f,/,Jw'b/r f.a1Jwr tr1 IU/u/r'bJ!f,' h c= 1240 du, f!.'ilpL'ilhlnt/. 
nr 'fnllrnL t f,IUuurnLfl/nL'bf!. f.utiJ.IUuUlr t 2 UU1 UanUl'ilnLJ /,'j,,/! fi"i.hrs/r-11-
JnJflf,urfi a1'bf.r-Jbz.111 JhJnLfl/nL'bt!.' 

J - W ·Zmu = 11100·64 i::s 711000 ud'41 

Ura1'bfr9 f.w'bhlnt/. U/_UlllJ/r fr'bhr9fiw1fi JnJh'bure, uuru.''i1nLJ Aile 

ynurfr'bl.rfr fr'blrru/r-1/r JnJk'b111e' 

J, = 711000 -159000 = 552000 utl'41 

1'nurnL utwf.a1'bt.tJ.n'I. J a11thrhue f.a1tJ.wuwr t' 
F = 2J, 

' (h+W 
2. 552000 69 5 .•l! - = I UU I 

1262 

41-nu1fr'b "f."'urr1Uuurnul /,';,.[! Jh't C:a1uur flhrfil/r91 'l-nurnL b L"'l'bnLfl/•"* 
.£. f,/,J.,.f,fr h r-rarnLp,w'b Jfrt.'- 'bnrJUll f.wJU1t1U+nL/i/nL'b U/111.c;U/_ __ 

... ,lnL t.wJwr uniJ.nra1pwr eil,P.LilnLJ /,f, 
• 
b ~ 012h-+- 0.3h £. b ,:;: 30it 

brp P"rP"rfr f.1UuU1nLfi1nl.°ilf! t - 2ml', ffflllffl w'ilC:pw:lbzur lUl/"i.rr&.,'i, nL"il 

uurw9t/_ni.J t b == 35 ud', nrf! pwtJ.wrwrnul I; pnl"I' 'lrtJ.wJ uwC:J -
•f, wi/rw'tnLJ'bhr fr'b 1 

I --le-' 
I I 

c ) r--a---1 

.J 

~wz.iJ.b'U,e 'lnur/r'bhr/r fr'i,hr9/rw1/r J nt!h'i,urfr JhJnLfilJnL'bf! f!'il'JnL'ilt/_11UI 
.l."'P"rfr · 11but.#nLJ ('i,t. 267 I.. 268) 

J~ ""'." 2[ 
3:~

21 

+ 632 
• 35 . 2] .... 2 (23 + 277 830) :::::::'. 555 yoo uu4

1 

./J.J pnn 1l111r1.11Ud-11fr fr'bhr9frw1fr J nJh'b111f!. f.-iJ.wuwr t' 
J = 159000 + 555700 = 714700 utl'41 
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.. ,,,.ni.p1 ... L JnJ6'il111c' 

W 714700 l l l WO .rJ - --= u uu' 
64 

J6Lw.!/,d- Ltul'nLll'h/,l'I!.' 
i; 160 ooo l. I _,2 amax"""' = 1592 .,q uu , 

11150 

-1ufr'h.,z'U' l!'h'lwJhf,I! 0,6%-ni/. flm/l,,."'l'/,l"LS "'".Cl'' 
'lonurfr"i, "'-"'"'fr f,.J,,,, Jfr•9'il/,lnL t:.a1Jwr w1uur/,'l 'lwJbr"fr iJrn/u111rh'il 

wriJ.nLJ /,f, 'l."'fw'twrbr1 "-r'tfr t frrw"U1'bw9'U/,i. fr'ilt"l/,u f,.nd-1 '°unLJ'iJ
..,_,U ,._ c'h'lr. .. - 11-r"r {'h't- 266, 267 £. 268)1 

t:'b'fnL'il/,ft,e f,./,urfl.1wl fl;_wftUJ'tnL1rit/,re' m-e 'twrfr 'tmrr/u1J.J!fr f:.w 2-· 

i/_wr1l-1/lb pwrJ.rnLflJnLftf, ti c-ft 'twrfr f.wurr/_w6fr ( !srJifl/r) f:.w;_r/_wr
t1111/lj, 'r'twrnLflJnL'il'il f-, a-fl' br'1P"''rfr 'tlt'il1nrn'il'il6r'1 Jfr1_£. b'l..,~ 

t.bnwiJ.nr;,Lfl/nL'ilf!.1 ['ttl-e' 't•rfr 'ilJnLfl/r 1!111rJ111'il flnL/L"'IAf'/,lfr Lw

rnLJf!.' 
'1r'1fl'kbre 'l."'1,,.'twrw1fr'il r,,hl,.'ilnLJ_ /ulU'lnLJ hf, 'ilnLJft '1/,1'1!.' fr1't 

nr 'fwJ6rf! 'fUIJ-'twra11fr'il f.£lm'knLJI nLuurfr "•frfl'il/,rfr 1_1Mafrbp'U nL_ 

i,pwft9 Jfrt_J.. /11l111J f,./,n.wifnrnLflJnLflfl/,rf! "'""'.e t nrnt/,l U/r;_ur 'flnL/if• 

-tbu, ft'ilt.."f./,• wl'l wrr/_wJ t 'ilw/unr'f '1,,.l'IU'll'w~nLJ, l:irfrf'Urfr 1m

rw,ew"ilunLI' '-"LJ'lf!_ ( "Lll'lwa[r, U/_llllllP9 l.wfu '- Ult_ 'lur'it'/_n'I_) Pr -i_r-
"-" r 9'i1nLJ t 

N=QS"a 
J 

null br.Jrflp 1i"'l'Jw'il wJrnLflJ,.._'il 11/cwlJw'ile nL'ilfr l',,lturb/'r"l ,,,J,,,.[!f!' 

't = ~ - QS.a ~ [tt]z (18.4 
%me 2Jmc 

a 2Jm[tt) 
- ,,::: I 

c ~ QS" 
(16.l>) 

f:'it11nL'ilblniJ. 'tw/'fr m r-rarnLfl 1nL'ilf!1 fur"ilnu/ ,,.,,.,_ ~ ..... ,. .. ,.,,.,,Lp JllL
C 

'it{!t m-fr. Jbd-nLfl JnL"il[! 4 utf-Ji9 afrn~r l_U/_/,ur~ t Lfr'hfr1 

lirfrfJLbrfr Jfr1_'- /,'l•'° 1nLUw'i19w1fr"il r.6n.w'/.nrnLflJnL'itf!. t.U/.bur-1 t 
Jbd- ,j.'itfr 16'&-frs '- r. ... Jb'ilw1'il 'fh"l.u 260 U.iI-frs (1i-'il '-"'l'i."'l flhr

filbrfr 'il'i_,.,twtnLJ'il f.wumnLflJnL'h'it t )1 IJ'rfr~61'fr 61'~1U1'nLfl 1nL'ilf! "'-/,111.p

t pwi/_wl'IUl'P 
Cmin > 4m &. f.wJh"ilw1ft'l-/,U/.u Cmtn :> 40 u.t 

-1.w1Jw'&fr"i11 

fiJ'J,J.._ S. t. flm1LwurrnLJ /,';, l!f,'1-l',,wurifn'I. ~rurhr, pw19 'it1nLflbr/r 

'flrJ W'f-rnLfl 1w'il urbuw'thmfr9 '1-l'UJ'it,e 1_b'h 'twl'"'l wni»'l_IUl'~r/_/,l, .J!111'ilJ. 
.co 

"I' 't-rfr 1nLr•.e-'bum.r "r'1P r,. ... 'btfi .. -'i,..LJ t "'''l-tw'b L-r .. u/f,1'rfo 
t:. ... J-~/,f,,,,,.,,ft ... 9Jwft Ot_1U/u1 nrf!. t:. .... " ... U/_"• 1»'h9w'h~111Lfr t ,,,,,.JIU';, 

purnL 'il/nLflfr iJr/urnL!. iJ.frb.au't/i U/_Ul/J,,.f,ft/,rnLJI 
~nd- 't•r/r 'l/,'1.J!"'-J cuur 1 -1 pb't1wL 1i"'l'iJ.111J,efr 1!111rJau'il wJ

r,,Lfllw'il U/_UIJJIU'j,f!. "'fr1.fr t:_/,,,,/,._/"'l 111bu ,ewi[' 

Q·S. f l 
't - -- ~ l'Ct I 

J-2m 

QS., 
rn=-~~ 

J ·2['tt] 

{18.6) 

{16.'1) 

'tnL/f, ,.,.,,,.,.t.a11111nLfl/nLfif! "umwfiw'ilol £. (18.5) pwftU1Ufr9• bfl'6 f!.'ilw 

'fnLft/,f,,e1 nr a = Cf 

11-rt "l.•r•tr•f 11'J Jli'i.11 """'"'r~li1fr"'1 lir~'"L frr 111r 4r 111 'll"l"'t) Jfr .. •li

.,..,t 1nr"•L,,lirf:os t.,,,,_J4.,,t) "-'"''"''"' H,t),,.'bf 11111.l-"'"'"'"111!.' 
'lo..,,t).,,,.t,_.,,),nLJ ,,..,,,.,,,. ~bt)-,,.'f.} Jw11'1pp_ }r•r J}wa'bltt"L ~ .. J,,,f ""''"''-" 

~}rwn.ifnJ /,'j, /trfrfilL/Jl'/!! "l'".,,I' t111111ror11LJ /,), l111L/'j, ,1sl'/!_I ftt.1 "l' ,_,,.J/sl''j, nL 

'1"'1"'4_..,l'"'l}'t. br}(i"b brt~. J/,..,..,'l"'t"''i. liUm"b'i.b pnLJt ll;JJ 4_}p"'"-f"LJ I; l'"''I.• 

J 111fil}i/ 1n111rpltr 111fr"l.ltlf ltpf_.p1111f'b Jfr1119nul't.ilr• i'-"'l!I E'"l"l' "'J'l "'""'-'It. 
'f•P'f"'B"l /,), J} ,.J/r'i11u"l"'l''I. "''-'"i'-'9• "l''-' uonnL'f""'" liw:_ifwrt" t-1 JOe hf
"'"'1'4-1.'b'' 

4J111M1\fll'"'!J'iilt'LI' J} Iii.,),.,),, "l'l tw9J4_111t) (- frl'"'l' \w'l'i.nL 4_i111;111f:o9 "l."'"'-

r"'""'"-"',)- "rfrfl'Lbr"r/. Jfr•sr{•• t. u., ... ,.,.,,,r"-1 '-t-l.111• """'"' .. "-'"L,, "-"'"""',)" 
nL'Lb9n'l /tr~nL ,,,.,,... ,,_,,,.,111f_.9 "l."'"'l'"'"Ul"UI,) l_np11nL.,,ltl'/rB (1.4_• 269 )t ~,,,,,.,,,_, 

wzf-w,.,,.'t.l'f:o J.,,J..,),.,\ /"Lf'"'l'"'"t,U"Lf' 1.rf:ofl Jf:o 1"'l'ouf:ofl ,,.,.,.f,,,LJ £ J1• ... J.'* 
I; 4_.n/-lll~fftLJ 

•L"I!.• "P"'''I ~-" lrpf:ofil-1'-'"' (U,,.'i.ft 4-1'•-4_ 111pi/••eft .... ,,,,,,.[oi,_ J,.J/,'i..,1' t- 1.I
'"' ,,,._.,,,,1111 f:o 'i.t,_,,,.,,J,.Jp: IJ,.f_.p} ./rw N ""'" "'f'llrl"LP ,,..,, t'i."'--IPI!. !J"LJ!J t
"'l'4•• lot• 309-f:o •/pwl 
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N ,,ulc1 •J!I!. J.9111nLJ t .,..,,.,,,,,,,, o/lrrft,, t•1,.,,,,_,. . ,,.,,,rft 1'/t l.t,.,,.J • .t,.,. 
,,.nl-•"'BrfWLJ t Irr ft Pf. -Ir"" 6 "'n. 111 f"'t1"'"'-J t Clr 111 f.1•t L•r,,,_JL "l'I!. ( 1111 4-lrrJ. 
,,2..,,,•IJ.nLP 1nL1. I! 111ro/111• ,,,, ,,t. 289. ft t. 210-ft o/J!• )• . 

., ) "rfrP/t o.,,n..J cb J,,,t"r""""' 

w) t,U..,l.ft "'l!"J!"LJt_ 1.rft
Pno/. db J ... t,1.rliuft -il'"'• ,,,_.,.,,, 
b-1' ,,,, .. .,,,/t L"'1"' 11'-Pl11'-'L'L '(-, 

1'•'1. 2d-1'' "rf.P/r r-r'-r•L

p l"'-"t.· . 
I') r.H,,,,,ft ,,,,,,,,_J lrr~P-

1' br/r Jfttl. 1!1.IJ. ... • r,.,,,,,-1,,,•nd 

(a - c)b J,.,tl.l'lr11ni/• 
t) "r1'P/t urrnrn..J r.u,._ 

""fr ~"'"1'tl Jb J,.t"r"""" • 

U.1" <wpp,,,tUrfr -il'"' Jl"'-ll"'"''l'lr Lfr l"'l'",_,r,,f,l'fr 
,,,,, u ... 1., .. t ... ,,.,.,,,.,,,,re· 

[a .. r] = P"1fr'1."'"rft ,,,_.,.,,,._p, • .t,. •rnrJ..,,, =.1 
= '10 ~q/uJ2 

['Cl = P"Lftft. •rft •rt"'l'"'-JI , ... J,. . 
u.,,J.,,1, = 12 ~'f/uJ2 

[a 1 =P"1fr'1."'"r~'I. n'-'1'1"''"'1"'9 "'l'"l'-1 '"I' 90 
J 111'11 = 110 ~ 'f/u.12 

['t .. ] = P"Lftt.,,"rft.,, ,,,_.,.,.,r.., .. u 
,,,.,,J ... 'lt ,.,,,,.,,,,,,,.ft..,l 

"'-'IP'-P1"'Jl' == 10 ~11/uJ2 

N 
-:.;; [a l• db .,. . 

N 
db ~ [a.,.Jeo• 

N 
----.::s;['t]• 
(a-c)b 
N 

-.::;;; ['t] .. ' 
cb 

r.u,,,.,,fr 'l.1n'-Jl1' t,,,,J,.l' 
(un'lfL +•1• )• 

( 11.~) 

(18.lf) 

(16.11) 

( 16.11) 

~u,,,-;,I! wJpn'lf"'"i."" i/lirt1-i"'• "l.""'I! t l'•o/."'r111l'fr ,,.Jl'n'-/11•"11 

MmaxZmax Mmas [ ] a= =--~a 
J w 

..,,,,1.r..,1.fr1.1 "l'"'"" (a]·"ll .,.,,,,,,, J.,J,.,,,.t l.9Jw'L ~,,,J ,,,,,,,,,,..,, P,,,_1t•"'r"Ll · 

l"'l'"'-J'b t, "l'I! /!'irtn'-'llrfnLJ (- !i.111-i"'""'l' IO -~ ~/uJ2 r 
J-fr J,,.)nLflJnLl.f! "'"/"'l ,,,,..,,,,,_J llf""'' t[' nr•2."l ,,,.frp"'/"" p1flir1' Ill&• 

tw1n<-P1•"' t,f,urt.•.,,1!"o/ t.,rrf•.)l!fr Jln'-l"'JftLJ/!. <1112rf/' ,,,,.'lllitno/ I!""' 

J = I~ [h' - (2d)3J (11•1•) 
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,.,,,,,,.,J.l./o1 .p..,.,,/t nr 1"'4"r"'l'•l' :"'"l'c,.,,.J4u'lt ii-"l'"'-P1""-"1! o/ltr!Jo/" .. J l-
1/10 -7- 1/20 ho lllJ'l .,,_..,.,,,.,,11.no/ ... ,,l'~"'lfl•Ll/Lli['no/ lpnpo/111•1/t /11''-l•Bn&.Jf!. ,,,,,.,,_ 
o/,.,_J t J,,,,,,.o/nr..,°"1" 0,1°/o·fr .,,,r,J...,'L,,l.r"'-"' U.1"1fr'11 l'"''l.Jaipfti( i/11•r'-"l'I!. 

!l"'-1!1 ,,,, "'"''""' "l' '1. 1111Jnt/fr 1t1111'•/ 1dll ,,._,,,,,,,., r.H.,l.t. J/r 111S"'-"""l'ft l!"trft.'1-
1ftn .. f11.M" t,f,.,;&wl.eno/ •••!1t/n .. .t t t,,,.) ft. 111ro/111•e ,.,_,,,,,,,., t,l,.).'rif.!I 'lt-,,,lft"r"" 

"'"" tft p .... 11
1 

flr"a. .,,,,Je,,/tt•t111"" .., .. ,J..,11111r,. 1111'1 "t.,,,,, . .,,.,," ....... 1..•rt",_J lr'ir """"'-
'tr" .. p1w'k ""'t-l•rlt•Jfr'ir W JnJl.l.1111!. "l'n:l.L "'lj,"1.J,,., /t'Ll"f"• 111Jpn'l1.."'ft.111'i. 1nr
.,,,_,. f,,,,J.l' " ..,,,,,,,_,,,,.,/, ,. .. .,_J Ul•flllllntlr [ 0,8 +n/!l'"'fl""" 'f"l'•Mlt!Jno/ I lrplr 

iU..,'111!. '1.•'IJ-1,.,.) t lrrft.n 1"1'""'-1'1.r/rlJ• t. 0,7 Pl'.)"'~!J·nt[, ltp~ t,U111'bl!. ft.111'1.J

t/,- t "r"/! 1"l'""'-lts1 

0 l' fr~ .. ~ 72. IJ,,,,.,_,,,l 4•w1"'1"' t,f,.).,,i,ft Jlr1._ tnrln'I L"'l'"'-Jl.lrl'r ,,,,_,_ 

l"'l "'"l"'l,,,,l'ft 'l""l.l"'-J. l'"'"I!. r, ·111'111111111' 1111111+ 1' 11121"-tw• t P11 fttpJ. •rt•r• ... -
p1 ... J,. /,. ~111o/11111111r (- q = 1,U m/J. t,U,.,<;,[. PnfrMI!. l = 6 J ('lit• 2611 )• t,U,,,1'/t 
l'"'l'"l'"'-P /"'-"/!. h = 42 uJ. t"'i'""'-P l"'-';,I'. b = 30 uJ. 6rf.P/t t•i'Ln._p 1n .. t. I!. 
c = .u u.r, "rfrP1' r,,,, .... ,,._p ,,, .. .,,I!. ad= 4 u.r. "l'1'P""'r1' '!" ... 1161111trft . Jf.!t. 

1r,, •• "'""'""l'"'-Pl"'-""I! (lir/rf.11'1.rft ,..,Ill!) a= 22 uJ1 fl'.,_1L• .. pli1ft l"'l'"'-J
,,,,l'I! pltro/•• ,,,, 402-n t!f. -tr"'' 

tJ',..,.,_JJ.a 111Jlr1'111JU 'linrJw: l"'l'"'-J"'ltre ( 11.1' ). 

. Mmax ql2 ·6 3 -l.25.Q2 .IQS 
amax= -- = = . 79,8 \q/uJ2 < 80 11'1/nJ~, o.sw s.o,8.bh2 3.~.30.t22 

QSa q/bh2 al2 s.t.25·6·22 . 
N = -- == • ----- = 2,95 .. , 

.J 2.8.bh' • ·4:2 

Sr "l'J ,,,,, l"'l'"'-"""' l'I! .,,,.,,,_, o/nul · 1.2. t"''l11"' .. .+•1-J. """·"' l' · /Iii 1ftt'1li r ft'L 
"'-'l'l"'r,"'l"'S nul'ln .. fl1wJp, l!"'"fr "l' uw-l.nL .,.,.,,.,fr t;..,;J,,,r /lf'tf-t'Dltr~ "Lf'lnt.

fl1••fp "'l'"l'J,,,1, flnLIL 111111l''1t/r l"'l'"'-JI'. ,,,,,r,.,Jf,,J,.,.,, 111 .flilfr P"'l''-l' (-' 

N 2950 
a = - ::.oo -- = 49,2qn/uJ2 < 50 '·q/uJ21 

"'f'IO bd 30.2 T 'I 

lilr'll!J,,,<;, l"'l'"'-""'"n ((16.11) t. (11.12) p"'lt"'U.lrr) 

N 2950 
h(a-C)-= S0.10=9,Sq1Jfmf2< 12~q/u\C', 

N 2950 
l.r/ra. L Jf,a• 't = - · ·=-'------ = ·8;2 '·q uJ~ < ·1'0'·"'/uift1 ri· L uo be 30·l2 'I, 'h 

~U ... 'iif.. c,,.,..L,,1•' 1-+•rt r-1' 111t"'l'"'-" """ "'"r .... p, ... .,, r"L"I' "'l.•1""'"
,,,,,~.,,, 



'H. R fl lo XVII 

tr11utt-~bsn1'Btl tblfU "1.itrfl tUt1lO.r111! 

§ 105. bPIJU~~bSn"au .Z,b'CJ'U"l.it> .Z,Uti1f.,UP11{! {!US li>'OJl.SlUSPblti 
lUPOMJ'\bPt> 

C).,,,. .. 'irw't.wl.nL.t ~w-l:wfu frl. ~usl.'l/r"L"L" "'"'l'"'alrn. 'ir/nLp/,pfr9 it.us'l.tof,,,. 

~U..,,,'ir/,pr '1>1111•1111 u.,,,,,/!. 1t. 111p/,t} I; 111 .tp,,,a""t 9us•fra "1."'l"l."'"'I"' fl/,pflnrf t 
bp't.wflp/,onn'i./ur ~/,.,,,'j,'ir#spnLJ d.frf"'• z#sp..,nLJ ..,#s'lwrfnpnLJ ,,,, "1,•'l"t."'"'JUll ,,,,... 
1f1U.,,nLpUll 

U.1• 'l!z"t.e/,pnLJ l!."'l"L"rfnLJ 1;, np "'"'l'"'u/,n l;l/,JH1..,'i./,pf• npn'i.9ft9 't."''l"

rfw• I; ~"•"'t.I!., /tl'"'l' ~,, ... Jfr 111ar/ 111• "" "'l""I.""' "l' """''ire ~,,,,,,,,,..,,,, -zfu111-
.,,..,.,,l!I!. "'"l."'~nrfrfw• l;t f:'>,'lnL,,nLJ /,';,, np "'l""l./r•/r l',,,l''I: ~,, • ..,,,/r L"'l'i."''t."'" 
1f.urprfw•e't.l.pJ!. 'l/,fnpJw9ft1111fr Jw.t111'ir111't. .t't.nL.t lri. ~"'l'fl £. "t."'"'rfnLJ /,), i_/,fne 

wn.111),9,p),kpfr znLp£J!.t flp"f./," "'I" 'll'nLJfl/t ~/,.,,/.us),e l',..llLJ I; I!.""' ~,,.,,,,,/r 

pwpl.pnLfJ J"''ir """-"'l'"'9"LJ'i,/,l'fr £. 1t.111p&.1119nLh/,pft l'"'ZfuJw), , • ..,,/r), op/,),l!f!.' 

z 
£=-1 

p 

f,,, p.tw l l"' l' nL.t'i./, l'{!; np"z r/ u.t ,,,, ~ /,,,,£.1,,, l ,..,,,,.,,1, I. n rf' 

a= EE= E _!:_, p • 

,.~wp't./,, ~wzrfwp't.'ir/,pnLJ ~"'""- I; tft'i.nLJ ~wzrf/r 111a'J,/,l "'/""1.fruJ l'Ull[''l a.)ur),fr 
'/11nfl /, l' /r w11wl.11111't.w'i.nLp I"'), E .t n'tnLL'ir /,p fr ,...,l' l' /,p 111p"'1e,,lrp f!.1 

p p 

T 
I! ,;~ c~, 

'""--------- --- -- ______ )J ' --------------------J 

bp"-wpp/,,.n),I"' ~Uw"l./r ufrrltJw'L 9"'-19 I; "'1'1"'~ "l.'t.• 211-/r ip•I ~Uw"l./r 

uurnpfr't. ( .l'lrf"'~) ""'""'-" "'"'l"'rf"l'r/"'• (- #sp/,~ "l."'l"l."'"'I"' l.n'l/,l'fr9 't. 111'1.t1.w• 

"'r" "'"'"'-""',,, 
ll.1u"l.fr 11/r ~lt~w),fr ~ 111zr/ 111P't.~ ,,.,,,,,.,-,,,,,t l!."l.'l:n'-'ilnLJ ltL, "l' 

1) l',,,..,,.,,I!. frp """' a, .. ., L"'l'"'-,,..,,,,1' t/r """',,,, .. ,,, 
2) "'l'""'"'"'-l'"'),' z'i.np~/rr/ "-""""" "'""-"'J"'-P/111,,,, ftL p/,onn"l./r ~/,UI +.111• 

"f.IU't.a,f111'ir/!. rf"r!Jr'Lfru aon "'2/u"'"'"LJ I; ~"'""'"'"" /t ftp rfpw t rf/,p9~1nr..t l'"{"l' 
J'ln'l -l:ft'l/,l"f!• -

8) ~,, • ..,,,J t"'Prf"'•e.,,,,PI!. ,,,,,, .. ,, "" ""'PP 1 

'J.fr"'"'l''t.r/•'1 ~/,~,,,,,ft ~ ... J..,p r,,;,Zrf"'P't."'1/r'ir t"'""'l.t.bp ,,.,,.,,,,.,,,,, .. 'J,"l.warw-
1t.nr/ "I.""'# I; ~frJ,,.,,'t...,,,,, .. J 't.P't.""t §§ 18-nLJ £. 19-11 .. J 2"'1'"''1:1'1"'• ,.l'.,,.,..,,.__ 

Je1 ~,,. ... ,," ""'".,, P"1fr't."1./,pJ!. """"""'. ,,,,, amnpfr"l.Upf!' "·'""'·· ~,,,,,,,· z'P"'f 
p•"l.rfn...t t t,U,,,"I.~ rf /,p~), /,'11'~9 "l'"Z Zo '"""'1npnLfll111), 11'"'1 £:t.'ln•),/,l"rf1 
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np ••""'" J.,,,J,,,r,,,,,'t. "-"'l'rf"'•e..,,ltl'I!. hnLJ "" ~"'PP• ,,,,,.,,.,,n .. .r ""e' np ~"'l'"'""""'t"'" /,p't.111p1119nLJ),/,p'j, nL 1t.111p-$.w9nL,f),/,pJ!. f_rnf_rnfurfnLJ /,'j, nLll/"t. 'f•/r opbi
enr/ ('!.+.• 2'/: )t ~llll'IU[',,l'"'"-"'" 'l/,f,.,pJ1119frw" /nLl'IU/!111,,i_JnLp 't.lturnLJ ,.,,,,,,,,,,_ 

"l."'"''t.lrtnrf ~"'""'"t."'"'"'ufuw" '11/nLfJ/r 111awl.f"''t."'""LfJ I"'" Jn fnLtnr/ 1 u ,,,.,,,,,,L J 
,,,,./! ,,,,,.,,.,,, [lllpnLJ't./,pfr ['"'2"'""'" l;"i_JnLplll,, ('ir't.• 218 )t 

/.Mt;:-~~-------~-l~~ 
2, ~-,..__,...;;..,.;...-D. 

{~~ :_-_-j:_: _____ ~-----i-...:.,.-h._' ... :--ijzr 
~"'Of" 

t+.· 2121 'b+.· 2181 

"ln'l"l."'"'I"' "'l'""'"'nLpru1/r J/,! l"'l'"LJ'i./,pJ!. 111),~wJ/,J,,,.,, wrf/,Lfr J/,• 't.t/t

),/,),, e"'" ,.1s.nn),/t ""£· I!"',," np "l.n'l"l.,,,,,,fr "'""'"'"'"-"'"""Lp, ... 'ir E., """"Lil• 
10711> "'"'tt"' J J "• /; ,.,,,,,n'!.fr ,,,,.,,,a,..,+...,,,n .. p ,..,,, E,. .r n'l"'-tfta 1 r,,,, pl. tJr /; J ,,_ 

...... """"'"I."" /!.,, ,,,, .. ,,,, t' 
E" = 2·108 \q/ut£2

, E,. = 1400007200000 \q/utf21 

fl/,..,,,'!.,, .. .t 'l"l'.n'I ..,J/,,,..,J/,,) .k.,Jn11 l"'l'nL.t'i./,pJ!. ),z"'""'"-"),e ad-nit 

llJ,,,,..,_..,,./r ,f/,1 l"'l'"'-J't.ltpJ!. "'l"""'"'"Ll'"'lfr "'"l'"'I! Jw't.l.p#tunLJ 't.wp/,Lfr (- /!.'!.
'l"'-"'t Jfr£."n'-l'irl!.' 1!111),/r "l' "l."'l"l."'"'I"' l.n'lkl'fr "'l'"'""'tfr•t 't."'Pr/111 .)e/r l'"'l'd.
l'"'-PI"''!. ~ ... JJ,,f,,,,,,n._p, ... .rp tiinpp ~· "'l'l L"'l',,..J't./,pf 'i.zw),w't./,'i.e a" -nr/I 

lf,,,pif."''eft ""'IJrfw• lt11pfr9 Jfr),1£. "'l'""'"'"'-l'"'lfr •"'"l'"'-PI"',, +.Hunpn'!.e 

,,,,.,,. ~"11111 rfnpnLflJ"'-,,/!. "zw),w't./,1.e h1 - 11 r/• "'P""'"'"'·l'"'lfr ""'"-""""/!.' F- -n4, 
"-"' Prf "'•eft l'"'l'"l'"'-P I"'-'!. I!.' h- nrf' L"'l,,"'-P /"'-,,/!.' b-nr/· ,,, • .,,1.,..,+..,,,,n .. fl ,..,,, 

E" 
""P'-l,,,,l'/t ~"'l'"'l'"l'n•fJ1n'-,,I!. E= n = 1071111 ~,,.,,,,," """""" """"' Jfr),1£. 

l' 

i. ,,,,n, ,,,,..,,,,91!/!. ,,,, .... Zo a ..... rf npnLp ,,, .. ..,,/!. " l"'l'"'-,,,,,, l' /r ,,,,,.,, .. p ,,, .. ,, /!. npnzk"r.e 

"l.np.t"'L L"'l'"' ,,,,ltpft t. • 1111 '1 .tn.t/,,,,..fr "''l'l/,fJ"'-PI"'), 
111111+. ~/,,).,,),fr "'"l"'"'rf"'• .twufr ~rurf wu•pw+.2,.,, .. _ 

dz P ,,,,,, "I."' 1" ,,,,, /r91 

. ~"'""'""'P"''t.Z1111'-P1w), "l."'l""''i.),/,pf p/,prfn,_J 
/,l, /,p't.nLD/t• J) ,,,,,,,,,,,, l"'['nLJ't./,pJ. 'fnL.t•pJ!. ~111-

rfwawp t .lp'l l"'l'"'-J'!./,pfr 'f"'-Juspfr'J, £. 2) 'ir"peft), 
-&.fr,,ltpfr ,,,,,,,,.,,,,,/!. t"t"e O ..,,.,,,,,t11/r .,,+.,,,,,,J.,,J r 
~"'rf"'""'l' I; •nn'l .tnJk),urfr'bt 

u,,,,,,,.,, D 'fr'll!. "-"'""tfr I; ~-zrf "t "1.nL/" ,,,,,,,_ 
'-+.· 2141 ,,.,,'t.nrf 1 fr'irt ,,,,,,,,,.,,'t.nr/ np ·§ tu.,, .. ,, ~111zr/"t1fr,,I' 

N, -l:fr'll!.' !Upe ,,,,..,,.,,se/rt1 z a .. 111rfnpn .. p ,.,,,, rfpw 
't"''i.rfn'l bdz ~ ... ppm+.,. r/t"" (""-· 274) 'lftl'."'-" I; abdz ,, .. JI'.. ,,/,,,J,,., -&.fr'lkpfr 

"'"l'"'lf 't"'-""'PI!. ~"'1"'""'1' I; 
7 

' 
D == Jabdz. 

0 
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~-II LnpJ"'l l,_l',...,n,j,.l'} ~•.,,1}" op/,'J,J?~ (,.J,,,J..;,19; 

2 
1J=o11-· Zo 

zo 

D =Jad_z_bdz = ...!,, z ·bt 
Zo 2 d o 

u 

11.pJwurn&.f'lllJn&.J tnl' .. '"I .tt"'I f/rtl!. ~""""'""'/' t 

z.;=F-" , .,. 
~"'"°'""'1',.,~2.t1.n1-f/1..,<;, Wrtw!Jr'i. ~"'""'"'"f'"L,/f!. /("'Jni..'J, 11._J t '1un/,l"'l ,,.J,., 

~/!. (1111.· 2'13 ). 

- D t z., = 0 t111J D = z., , 
l 

- -,- adz0 • b + F .. a = Or 
:4 " 

a., L"'l'"..JI!. +"'l'"d t "'l'"'"'~"'l"'"l Qa-/.t.,JJr!"I""-' 

i/t'fnpJ•1Jw2rlrpJr tl"'Jfb op/,),~hJ f"+· 212} ,.._J,h,f!' 

E., h, - z0 1i - z 
a =ad----· =o n-1 - -

1
- , 

" E,. z0 d 20 

~'.,.""'•"'1'"'~2.RnL/1/111'11 ( J1,J) f,llli/.•lllMpnLJ /!. J!.),'JnL),,,._J t 

1 h, -z. -2 "ctzob+F .. adn =0 
Zo 

nF .. [ 1 / 2h l> J Zo:::::. - 0- -1 + y I+ nF~ r 

( 1'1.1) . 

( 1'1.2) 

'J.-ll"lr,.tnif 2o-" 4,.,1'"'1 ,,.,,e 11. 111'1.rlrl ~"'"-"'••p..,~tn.n._p,,.i. lip~l'"l"I r,,,,_ 
i[11111111pnLJf!.: bp1t,pnp'f '""'""'"'l'" .. J/!. 4,,,yJlrLJr" "l/,"'4! t Jr "ll't..,,,,,Jr .,,,,,.,, "I' D 
'Jste. '1.1'1'"'"""',. .t (wJ"'"'-"'"'";"/u"',, 11 .. -,,41..,,, :,.,,,rnLP 1,",,.-,, 41r,,.,.,.,.'1f,, .. .r. o 

"h/r t.l1n,,,tJ.trirnL/l/n• .,,l!. '61111'1.Jr .Jltl'fr'ii t.yl'l!fl ~-rf'"""'l' t ~' /rN1t, D /, z. 
3 

M-+adz0 b (h 1 -+Z0 ) =:O• 

U.1 1"""'1."11 .,.,.,,,,._J lr'l.e ,,,,,,,,.,,Jr Jb1 PL',."'l L•l'"Ll'"'"rJr r ·.,.'j,.,,1.f.I!.' 

2M 

( 11.6) 

"d = t (11.4) 

bz0( h1 -+Zo) 

Z.., D odzob M " =-=-=---=-------·· 
F h - - -z " F. F.. 2F.. ( t ) 

"' I 3 ~ 

IJ.J1n .. pJU1'i1 ,,,,,,, .. ,,,,_JI! "'J" 'lf,"l6"._.t "l.'1111, .t 11_,,,,,,.,p'f Js I!.'"" f,J,mt.l"'l l"N'i."'

J.f,f,l'fr' 

mu:" ~[a } . d Uf 
£. 

np111llf [o.,J pl.ut1r'b/r .,J,.,JJ,.,'J, filnLJl"',.l'/,LJr l"'f'"L,n, (-, /rut [a]-'b' "ln'l"I.••~ 

Jtilwlr p .... ll"'"'L'/,lfr L"'l'" .. J 1!1 

§ 106. bP'lllfa'f\bS0\.811 Z.btr1l \ti Z.U.l;~llPll(! (!lJS ia-nfl.8l1lSPblti 
fl.bll-\bPJl 

'1,6-p/!. i.4111l'"'tl't/M1I lt,,_,,,1,,.4n..J ~l.P"'tl't/.nLJ ti "I' ~U .. >.fr ~111wGqw~1tp 

""'"'"-/!. •Jlr if Js'1111I_), ti """ t-J /'6111n\n1-J f•l'llLJ'l./,pf ,,..,,;.LJ lllr ,..Jprr&.
fl , ... :.,, Cl"1/ ,,,,,,J .. lrJrJr, J,,wJ ... ,,Jl#llfll<f'"'J"LJ' <rrUnL'frnLfl1•'f< a(. UUl~J .. 'fr/>.1 (;.,,,. 

,.,,.,_,,,flnLlll "-"'l'"f t "l."'"'"'~/,l' np •J• /,p+.nL ~ .. 'J,,,,,JwJ,,f!'J,'f'f!. tfJr111J,.J,,,'j,-+ 

fl'"' <.,,.'j,/,lr , ••{nl'•l'"'I' •i/.lt1Jr i11un uturr•J ~ (nulil wpJw••LpU11r . /r,,1 i/.ltp141-

pltp,. .. J t plr111n1rfr2r1 •llf."' ""' •Jp11Lfl1•1r 11111~J1111.Jr "ll'1.111•J111JI' 'lltn6u n .. lrltun .. J 

t "1'"2. ."l."'2.•f'' 
.npA•p /!. f111LJf1 61r •-if•• "l' "'I" i/J.' ,,,11_~ .. J !',/, • .,-;,Jr , ,.J l'"'l'J.llL 1r1111l_n<-

(i Jn&.fle f6at.u 1/r•i//r'L ""l"'"if ,.I 1tr ll'lrla l'"""'"f• l!,,,~.1.l'''"''" ,,,.,,.,., +1-P"L" 
,,,,, .. p t• 1'"'18 b11~wpFb1nuG1w "'<>"'lrl!. II'"" .,,.,,, .. J t "l'"f/,,, J"Ll''"'lj,,,.,.,. .. 11_ "IL"'·"-. 

'f'/rlt, lrpr<-/1/rfl "f•"'l',.""'rf•I ~11<>,.lrr UpJ,.,,,,, .. l'"'l" .. J l"'f'•LJt,f,l'I!. (nuna.1.n .. [11•'11 

,,,.,J,,,"Jr" r,,,,.,-.,,,,,, .. 9 -"""'" ~U,,,,,Jr '"f"L'J"'s/r"',,,,l'I! .ru .. ,,,11,,, .. ""'""'" ,,,_,,.,, 
.t ,,,, .. _fl.,,,,[ """f' U.,.J"'"'"Lf'IU,, 2"'f'"L),w11_rrLJ t ,,,,,,,,, ~Wll•IMlllrrL'i. Q'h l"'f'J"'"ll 

,,.,.11_, /r•lt. pll111111.nLJ 'l"l',,"'1 L•pnul''t.lipl Ul,.1.Jr b'f.pfr Jn111 "''"LJ ll'io t!Jr1.tlr. 

,,/,,,_JJ,.'J, wtfp•LPJ•"ii 0"11 u111~J,.1rJr.,, r,,.,.,?,lllf!.1 IJ./'f J.,,J..,1.wt ,.,,.,,,,,I!. •"•"-
i[..,I !l.J,l'"'"LJ tfr:ri/•"..I .t; l.t liltl1112rl, "-"tfl,,'1tny /.I' ,,,Jl'"'l'Ana.'l,,.11_nLfllna.t.I!.' 

'°·7 



.,,Jl'ntf."'"I"" l!"'Jl!"'lf.tn ,/ 
Ill/If J,. 1f1Tl.U1 f'J. flnL/fl t 

t• 'LnpJ"'l f"'['nLJ'l.lrpf pwzfunLJf!. ~},~..,~'/• ,/I, 

"'("'"'~ >.4. 270-f """'' 

{lr~ ... .,,/i "'2/u"' 111-"'ef "'"· 
.jrnLlnLJ ~11.n'l JnJlz'J..,,'J. /;[ r.£-1.~ 

.--- Ii Zo 
~-.·---·- ~-L·-·- o f. 

'1.lf.,,/i .... ~J..,,,..,,",,, l!"'li! .. 1"9. 

JnJ/,-;,,,,f!.• ,,pw Mt Jb~nL• 

P/"Lf,f!. '1.wpJ.[f t r.m2t/.k[ "/'"I'" 
phinl.l! ,,J,.,J,.'l D -&f tfB t. "'l'· 

J..,lllnL('"',, .lp'l z. "-f'fftJ +.w'fJ• 

': :_-:,.-.-.-:.-_:-:,~.::c_. _-_·: • :.-_,_' ... , __ _,G.,• 

.\ 

t/.111~ ,.,.J,..'lnL/'l/i JnJltl.ml 0 L 

Z'I ti.f'lJ,l'I!. "'l'J,f wpmwr..,,,.,._ 

t/.nLJ Ir'!. '-£-m£./ru1 4'1p"[' 
1 

·D = 2 o.,.,z0b, z ... = a,.F.,1 

z1 r.lr,.wif.npnLp/nL1'f!. 'hnpflJ 4'nl'n2i/.~ t,,,.tJ.wawl'"'4V•nLfJI"'), "l"'IJm'hfu' 

I . 2o,.F. 
-D+z. =O, - o....,.z0 b = o, F ... zij == -- , 

:.! . • a.,.~b 

Mt= a.,,,bh! a (1-0.6711)1 (11.tJ) 

~b~w1.l!.~l!'"" flnL/L"'urplr1f p/r,.>.lrrJ.i ""'"L'lltlfu "llr"'e t 'll'/,l Mmax~MP•<ll' 

/iu4 flnL/l"'"'l'ltlf JnJlr-,,mf JHnLp/nLl. I!. '-•i/.w111up ttf"/i Mpull= .'1t 
1 

"l'"'lt'l 
k 

k-'h "i""2"'.l'f Pl'~"''t.fff.,, tr 
( 1'1.tl) l'"'),,.,.J.f,J.i wpurw~J..,-,, J.,,.r..,1,.,.t J.1.-l.e lrl.flw'lplrqj."b1 , "l' ,._,,,.,,..,,/!. 

.,..,r.Jwl.~J/i'r. wJp111pAn.:."/,111t'nLP1•l.1!. r...,.,'j,/,l"L J,.Jlr'l.111/il. p/r..,n'l.J.i Jlr£ l"'PnLJ

l.lrpf t"l/riLplll.,, +.tfl.f a"" ..,JJr.,, ... J,,.~ "PtJ."b ..... ,. .. ,,,,.,,." lrn.111'1.y1nL"llf1 ,.,..,,,.,_ 

"iln .. J r.1t~111'1.f 11111~J..,'1.1111f" 111Jpw('d.nL),'wtnLfl/nL"ill!. """"Si/.nLJ t wif.lrlfi pwpApl 

Pbmn"ll/!. u/r'l.Jyw~ :lr('mnLJ 1uu/nl'"'P"'l' nLJltp•9i/.111~ t L/il.nLJ /uwJnLp

l.lrpni/. £ ,,Jr.,JJw'tl J..,J.,,'j,,.t, ..,,..,,J.i&.w'i.wl'"'l' l!"'li!"'li/.lrtni/.1 lrl.fl..,l't.i/.m.J t 
l"'-l'wli111111nL'1. lin11n&.l.nLfl1wll lrpJ..n&.1/IJ. (fli!"l/r11 /,. u/r'lJi/.,.,~ .,1,...-,, Jlrf., § 2B)t 

U.111"1.f11nif., "l'"ilr" .. .,./pw~lr'l 'llr"ll ywplrlf t f!.'tt'lnL'l.ltl' np ~lr~w1.f .,,.,r.J..,'j,..,J/rl. 

wJr1111pAnLl.U1'1.nLflJnL'lll!. t'-wJ..,"i.,"'"'"/-wl./i "'J'tt JnJJ,.>..,,ftb, lt('p ·,.,JP"'l! .,/,'lJ
f"'~ 2_/rpurn&.J p/r111n'r.nLJ 'lnplnf ["'pnLJ'ii/rpl! /j.,,,.'j,,.._J J,.J. 111JpnLflJ1•"Ji a...., .,..,,_ 
Jwt.fi"' {wpuJ'ttltpfi tuunLpw"ll 1t.tl.9nLl.f l.t• !J1tl-J.i ifpw {fnLJS "'Pi/...,,. 111 Jrulf!.l 
llfitlrl'I!. (i.t. 1'11) li111i/.11111wp tlfU"b' 

D = rsN %0 b == z. = a,.F.1 

Mt =D (h 1-+.z0 )= a,u a'-F"' b(h1- a,.F. ) =a.,,, bh!o.(1-0,50.)1 ( 11,1) 
~ aub 2aub 

U.111"lf11nt/. 1 1.-p-t'nL ~"'/pruMt'l ""'fl"''ll'"Lfl/nd/'j,/,.l'I!.' lkn.wl.4'1nL'r.Ji £ nL'l'louli

'1.JnLl.Ji t"l/,.Ll'"'"'"l'I!.• o.-f Jn1R ( i[rw-t'"'t~lrpnLJ) urwLf"~ bl. 0,61 -t'wJ O,IJ 'l"l'-

• 
t,4. !l11lr H· 111, 

~111tftJ'L#tpl 4Jnp.J.bpf '""' '"'" t r.wJwJ.,..,.,,£.tJfnL J 0,6~ J/r~,.L£l/nL1'f!.1 "I'/! 

ilmltt t if.ltl'f"il 111 ft."'"ilw"llt 11 l!.1.'l'"·"lli/..,,~ '-"'2f"'l''1.w1f"ll l',..),,.,,t£f Jltf 

( 11 .8) 

(11111 Pnll"""('lt/} l'ltul.lrpf lrl'ywflplr111n"il1w r.H,.l.l./rpf '-1112i/.111p4/i %"'l'"''lfl'

i/.w~ Jlrpn'll!. wruuf}'r. w'ii'lwJ wttw!wpyif.lrl t UYfJ.1f-,.._J 111B2 fl· "LP"f• ( .. tlrr 

mf +.n1Jfut Uf Z"'l'I! i[rnpAlrl'I!. '"''"""'mlruf'r. "'l'l Jbfln'l/i '2•ufl1n1'J!.I 

§ 107. ll1Hfl1"b SbUnti.~ll"tr ~l1P't-l16m,U"C. 

~wpp ~n.J111l. utltunLp/wl. l,fi,/\,wtwl. 'll'nL/pl>bpf!.• npn1.I! r.w11U1wmifnul lt"ll 

+np.lnif £ 2"'l'"''ll'i/.'19/il. 78, 91 I. 93-p'l "l"'P""IP"'IJ>l.lr('nLJ1 "'IJJ J!'l pi[nLJ 

•"II r.,.,J"'l'I"' w'1.l.liw11111 Uwy1111'rl "'l'l 'l('"L/pl.hpJ!. ,.,..,~J,.,'1.lttnL r.wJwp 2""" Jw

J...,1,,..+. nL w21-w111w'be t "t"'r.,.t.t.if.lrlt 

1638 fJ• l.wi/.w2J.il.nLfJ1wl. Jul.9/i('.,,lrpf '1."'"t"'ton1.fl1wifp 9ow1fitlrll!. finl'AlttJ 

JJ. ~"'IP"f "'Jl'"'YtJf"'~ lilt~,.,l./i JI"'-" ~"'lfnLJ t/il'wn.yw .. 1"'11!"'1"9. p6n.f 

JUnLfl/nL'r.J!. 4w"l.bl r.Jr~w'!.J.i '1."'Pf"'a.l!f J_w.jrltpf r.1t.,,1 'low1fit'1JI!. l!.),'l n('nLJ 1t/uw1-

J111Jr /!.,,'lnLl.nLJ t('• "l' r.u ... >.fi P"l"l' fll.iJi'1.'iilrl'I!. b'l.fl.,,pyi{nJ lrl. Ap'l 'fi'tltl'fi 

Wf'l/rgnLP/w'J.I!. .l J_#tl. if!n/un&.J /i('#t'j,fJ #tpflll('nLfl/nL'r.J!.I 

1880 fl· 1lwl'f""'I!. +."'"'"'l'"fl Jf 2"'1'1 finpaltp, npnl.1 l.pwl. pt.(''1tJ/il. ..,1'b 

lr'l1'"''1.w9n&.PJ 111l.l!.1 np r.Jr~wl./i fllrlft'1"'1p/i Jf J.,,.,I!. '-'If"'~ ti /iut' JJnLll Jwul!' 

ulr'lJi/.w~I 8111yni/. Ph.l.nLt/il. .nif h9 li111l'fl '1.uil'if 111~elilr('/i ;;/i"inflk'll!.• P"'J9 -,,.., 

'1.wuyw.,nLJ tp 11/r'IJJw'rt 'llruu>nLJ ~"'-Y/i oplr'llpf tJ.rwn.lt1Jin .. f11111.,,, Jal.I 1118 fl. 

1lnLl"i.I!. ini/.lr9 a.,.,f..,i, mlrunLfl /nLl.J!., np'i. "'l''lbl. Jn.,, tp tw>..,.i..., .. J..,J,..,.,,w'1.w

'1.f8 111/run&.flJ'll),f!./ a,,, JwJw1'111y 111pf£-), Jfi 2"'l'{! frnr.J.lrpnif. 111Uf..WtJBL9of.w~ t{' 

.... J,.'tt 'llr"f.en&.J lilra.w"bn ... ! 11lrtJif.w~ .,.,,,,.,.._ 't"ln'-fl/nLl.l!.1 lf/w/jw"Ji[i/.lrtJ 1B8 111wpJr 

9" .. 1.h"11' t'n'lJfiu 'll'f .. ~ 1-"'l:r/i lnL .. Jwl.I!. J,..,,,,,..,l"'- li111il•pt 

409 
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~ ... f"l'f "'"'l'fi.,,lrl'fi .finrd.lrl'I!. •1el! l;/i'fl ei.4tnLJ ,.4lrtl! Jw"i.p"'f''A"' 'li!.l'"' 
iJ 111 .. p1[, 11lrfnpJwafiw),lr['/i wo[lrtfi '2'fl'/i"' iw+nL.n.lrp•i{I 'twi[1U irnl'J.fi"i. a'f
),nLPJ"'.,, plzplzg .,.,.,.a,,1111t_w.,,11Lfl JUI), 111'1,,nLf/Jw'I. liwi[wu•pna..Jl.lrl'I!. ( 18211 fl· )t 
?.pw 'f"l'.>fi 2."'f'"L.,,..,'t.•'ll! r,,.,-,,'l:fiuwgu"/ Ulr'll-'/,'1),111),f!.• np), w'{lrt/• '2'fr1'"' 'lwl'
'l"'f1l'lrf1 ,),.JwL anlz,,nLf/JnL),f!.1 

,..,,l"llz" •p'llr.,, '1.2i{lr91 't."'l'"'l nLJlrpfi t.. 2"2"'"'"'1 L"'l'"L,n,lrl'fi "''l'fht110L• 
£11"'-,,I!. ),i{/t['i[w.> P"''IJ,.,Pfio/ 111lruw1t_111L !,lr.,111pmnLp/nL),'t,/rl' ~ 't."'"'"'l'lrt 
"'· ,.. rfnL{'"'"""-""'' f,111 J.,,)l,.wJ_,, nL,,,,LJ.,, .... fil'lrL I;.,,..,,. 't.w"llrl'/. •2/u••U•,.,,,,_ 
el!. lt.•'f.J""" 1;u.,,.,,,,,,l'fi ,.,.J,,,.,, J.,,J..,,,.,,lt. " "'""' t J1<,•1" •p" """"' "'l'""l!I'. 
"l"'l;"l..,,,,,,,. li111zi[1111'lf.•1/i), ,.,.,,,,.,a.t.lrp1 ,., /t, rfnLpwi[•'t.nL "'2#-•,..,,,,,.,,,,l'I!. lip111-

"'"'l'"''t.i/bt ,,,, 18!11-1816 ptf1111t.111"'"""",,, . 
u,.J..,t, J,.J .,,,,wit. tll-111i/nl' l"'f'"LJ'l,lrpJr" (.:pit, LIU pn ... Jl.lrl'fi,,:J) 111[/i ['""' .. 

,.lrumt.,,), t.t,.,.,.,'f.n"'nLflJnL't.'l.ftl'/!.' nl'n't.9 J/rf ""'"'t1i/• .. /,), J111J111),,.,ftw'd!g liwr 

i[111 p1t_wifi"11 p 111"11111dt..lrr1 "l"',.it."''l11•LJ lrlt t. U,. Ph1lsunLp111t.nL'l.1 "l'l 1t_/opwnlrt I; 
.., J'I: p111'lltud.f.lrr l! lf.,.,J l' l"' J/o,, l;Uw.,,.,, h p/r liwzi[.,, pft/o J.,Jw),1111t_• Plr tftLJnLl'"'t./o"' 
~l' 111zf!-w,,..,,,,11.,,1rpe 1;1',."'"'l'"'lt"t I; 18'10-1878 P1"'1t.,,,,,,,,,/o-,,, 

Pwp111J,. ""'llrl'/o ,.,.J.,,'j,f!. i/h['111plrpn'l li/r1111MpurnLflJnL.,,),lrpf!. JJr 2."'l'lt ,,,.,,_ 
l'fi-,.'1p/o l!'Lfl•uenLJ, uft•w .. 11121 fl·• lf.111uuupi{bt /r), 111J,.•11lrJ/llf.nu fl, 'I-. 9-wunp· 

t/t.,,/t 1t.n'lJJr9t P•p111ft"'"I."'"' 1,1,,),,.),),/,l'fr J,.J,,,-,.l! 'i.,/1'Pt/"'<> l-npJ!. nL11nL.n.11111Jr
l'"'flJnL1.),f,l' t ft111111wplrL 'I.· ~. 'l.[w11no/l!• ""J'I: na..11nLJ),..,,,/o['nLflJnLM1'1l'I! lip111-
111111p•lf.i/.nLJ ftlt ,,,,.,,.,,. 1939 p.1 'f,111 '1:t/u111i/nl'ht ~ ),wJ. pwp111ft..U"1•"' J.n'lb['} 

nLllnLJ"llwufi l'"'-!J J"'), f!. L 1/i pi/w<> l"'J),,.,>,.,1/"'L +nl'l.'t. iu1t_tu), •2/tr111111"'1'1!),/,l' 1! 1 

~fi-,,wpwp111ftw), "'lrfu1.Jrftw1/o lilruua'f"' 'f."'l''l:"'!J"LJf!.• ),np l,JnL(llrp/o I. ftn),.,. 

"'['nLfts/o111'Llrl'nLJ ,,,,,LpJr -2,_,.,,,,..,,," ""l'·P"l'J"'l ),np "l"'"'ftlrp"'S"LJl.hpi 
lrpf.,,,'j, 'l"'ll!' l"'l'nl'IM"'np utlr(!-"11/o~"'J"LJ n1..11•L.n.11111~pnLfJJnL'L'llftp{r 't.np Jl.[1n11-
'i1hp rlur9'lllrtaL. ft111"1111ftsnLf/J111Jp, .,,, .. ,plrl'/o li111111ftnLfJJnL),'Llrp/o ,.iflrt/o "2'lrfr111 

+np.l'i.111ft,.L 1tLllllL,n,,..,fipn•fl 1nL'L'"11p/o ,,,,.,,,..,, 1[ nl'na..fl JnL '1.),lrpfi 1•1'1.1119nLJ f!. "I.,,,_ 

r,,,,),flrsfi'L IJ.n.1/w';, P.,,"'9:"'i/111a.nLJ r,.,,21,.P't./o Jl.fJn11'i.lrp/o i['1p111ltw1n1..J I. 'f.wl'9:"'
fl"LJI U.111 l;,.pslrp/1 1."l'"'Plrl'J"'L .,.,,.,,J,,,IJ.wll 1[ft1111111ftn1na..J"lllrl'f!. (lr1ftwpp'1on11),, 

"•zy"'pft !!""' Pn•JL"'"'l'lrt/o plr,.'1.'11'/o) rlrpo/111 <> "" 11•ut.Lflws/o P111 J/o"ll'Llrpn...J 
/i,,,J,,,"l"'"'"'"ju"''t. liwralrl'fi 2,.r"''ll'J,.'Ll! 'f.nL'f..,1;1r,., 

Z.btrll"b "i.bPl1 't-b:1»nrtr1LHl•ll "t.bflt1 nrntni.U'C 
un-1111--., 'l-b41l"f\ni.u· 

HRftlu XVIII 

~/,J,.,'j,fr ~'j,/,r9frw1fr 'Jt/Ullll[nr r.wrfJnL{J1m'i.';,hrfr9 11r"-t J£/Jfr J/,l_ 

'lnrttn'I. "'rui"'.f!fr'i. nulkrfr "''l.'}k9nLfJJw'fl 'll;"l..J¥"A f,,f..J-1u"bfr ,.,,..,.,'j,,9.f!l! 

l1nrw'i.11LJ t lint.Jfi fiwppnt.pjwll U'bf, uib'lfi t nL'blr''imul, "'l'"'ilw 11.nt_
i[w~, r.wr[rl hn.nLJ1 

"b1L• 278-m.J w11.wiJw'11[wb Jwuzurwpn•[ 

rn1/ wJ'rw'tf/i[w' /,._ 1f111Lu b1111rnLJ 1L/r
rw111/wtJ "k'i.urrn'i.w9wtf nulni[ phn'iiwiJnr· 

. i[wa f,,bJ.,.,'j,fr tfn.i[wtf 1Un.w"b9.J!I!' X wpu-

9/"' m'bb9n11. nr"-t l1urrl/_111h.[!/r 0 .f1u'i.pm.• 

f11w'i. 1l.h'b111rn'iie ,;,h11.u,,frn/ui[nLJ t 0
1 

11b111e• 

'-lmpqw~l!lt ~-wlipn.:pJUlfi . Iibfimpnfilt 
001 mbrrwtJtnft.m.pJn1.6e 6b~w6r wn.m69- 1.~. 2181 

l!~fi Dl.'f'JWliWJW!J n L'flfDl.f'JWUp li{IL ~nut 
.k fibh16~ ii4t{wb'l! WJI} limpqwb'l!nLu ~wtf fiMwGr 1llJI} ~mpqwbl!f1 
n4qw~l!: z11LiJwtf,ee Jb'i../! 11.'bzw'i.w'Lh'i../! y mwn.ni[r 

lofrum 111u111tf, .f!111'iifr nr f,,htf.w'ilfr 11111.w'i.9'./!I!• "Pl! 'l"''il'[nul t t_4-
'l.".f! zkpur11LJ1 tfn.Jw'j, J111,/w'j,U1" /rr frr""'/lllLfJJnL'j,(! l_/r 1finfunLd1 "'"/."' 

0 1 'Lhurl! r..Uw'i.fr wnw'i.9.p/r nul.'l"'r,,.1"'9/r9 ifrn.er fr'bt 'Lzh'J'/./r< Uw'Lwi'il 
11ni[npwp111p y i.1L'[111tf.p'ilhp[! f,,btfw'ilfr •rl/wrnLp1--;, t:,,..JJ.J,.,urn•f!J,.,,/p 

+n./!r h'il; f.. 'bz1_1Ut) zk'l.nufe f,,f.t),.,"j," kf'tlNrnc.p,,_'j, f'.,U1J'kJ1NurnLf!1wJ'p 

r,,,.,1"1Jruw'bnL.t t "'r'lb'ii 4r't.rnr'f frur'l/r ,..f.iJbrt. ifrn.er J'/,tf,,L{l/nL'i., 
"'l'I "truur~wnm/ "'1'1 'l/,'lnLJf! 1U"bur'611nul 4'i.:. 



~Mwt/r 11M/.nrJ1119fr1111/r JwJwi.w~ trw 1furr.J.wJJltkrl!• Jtwl'"' 
~"'rfil• "lururiJnul bi. /rrhi.9 i.wfu't/rii 11/rr./l/r 'i..f[ ... urJ'wJ'p: tit. 279-fr 

i/rw "/.IU•lthriJwJ !; 1 'trnriJwJ,/!/! 11hf/1nrJ'1119/r1111/r9 IUIUUf nL t.hurn1 

U.11i 6 wfiqJnt.GJ!, npntl JRI pwJ!mlii.Jnt.p qmptlwb-J! uimmtlm.u k fip 
ulfqpGwqwfi q~pJ!fi liqwmuwup, qni_qnt.u l qmpqwb-J!fi uimmuwli wli
qJnt.li: 9-nrJiiwt,.wi. 'i.."lwurw'tiihr/r r.wJwr wiir.rwtlhzur !; ltwrn'l.w'i..u.l 

r.wziJhL r.J.Jw'il/r 9w'i..t,.1119111J 'turriJw<tl!fr 
-6.l1iJwJ.[l<j, nL "lururJ'w'i.. w'i..'t1nL'i..[!1 

lJ.J'h'ilwJ'M -6.l1iJ111J,e/r J'hJnLfillnLiit:. 

lfwrn'l. !; Jwn1u1hl nr"lbu wrurw,e/rii nLJb

r/r urwlt t,.n'i..uurrnL't9/r1111/r at.Jr IU'l_IUi/W'l_

J'w'i.. t111fw'i..frz1 UniJnrwpwr f,bJwii/r J'w

ukr/r J'fr1119nurilhrl! fuwfuuriJhLnL9 "iwr."1111-

'bhlnL £. zwrJwt,.w'il phn/r IU'l.11h9nL/iJ1111'il 

ur•lt r.hJw'il/r urwurw'il.nLJ"ilhrf! fn,er1119'i..h

lnL 'i.."1111urU1'tni/ . uwr.J'w'i..wfwltnLJ' bi. pkn/r urwt,. f,/,Jwi.Jr wJ'h'i..wJ'bJ 

i..'tiJwJ,e/r J'hJnLfil1nL'i..[!1 ll.1u"lbu, "ln'l."lwur1w r.hJw'bi.hr/r r..,,J'wr ltw/u

iJwJ iirwi.9 'i.."1111urwltw11rnLJ'fr9 wJ'b'i..wJ'hJ (.t,.iJwJ,e/r J'hJnL(il1miil! 
l 1 

l"lhur,e !; w'i..9'i..fr flnfrt.e/r -- -+--~ J'wufr91 
1000 250 

flw9/r 11rw'il/r9 J'h'I. "lhur,e 'ti/r'i../r 'lfrurh'ilwl r.Mw'il/r 'lhlf>nrJ'1119/r•u

"iihrl! UUllUur/rltnrb'iJ w'iJnrnzhJ./r fu'iJ11frr'iJhrf! LttLJ/,lfru, brp 111'iJr.1111ur f,J._ 

"j,, IU r IU 'iJ W 1/r'iJ r.w "IU 'l.'lnLJ"ilh r/r (ii fri/f! UUI IUUI frltw 1/r r.1111 IU UIU r nl J"il/, r /r 

fi/iJfr9 wiJblfr J'I.J !;1 J.r,.;9nL9frl. r.wiJwuwrnLJ"ilhrf! 'twrblfr !; 'frbl 
Jfrw1'iJ nLUnLJ''iJiuufrrhlni/ t,.n'i.uurrnLltfJfrUI 1/r 11hfpnrJ'1119/rw'i.brf!I 1,J,J,.,';,fr 

'fhlf>nrJ'w9frw'il LfrniJ/r'il '1fr111h'iiwlnL r.wJ'wr J'h'il,e "lhur,e !; ltwrn'l."'• 

'iJw'iJ,e ilrw 1nLr1UJlW'iil.JnLr t,.ur riJwJ .e/r t,_J'..,r r.wziJhl Y {.t,.iJwJ .[l'iJ "' 

6 "lurur.!w'ii ..,iJlt1nL'iif!1 ll.1u krltnLu'ii !;l t,.nnnfr'iiwur'iihr/r u"'1_p'iiw'tburfr5 

'tmriJwJJlfr nL'iih9111J x r.bnwiJnrnLfil1111'ii f/>nL'iit,.9/rw'iihr ltJ./r'ilbi.. 1nLrw-

11wi.l_1nLr lturriJwJ,e/r y-/r nL 6-/r J'frp_£. 'fn1nLfil1nL'il nL'iJ/r nrnzwlt/r ltw"/.1 

f:i.urrhi.,e t,.nnr'llt'iJwur'ilhrfr ufruurhJ'f!1 nrfr9 J'h'il,e f,/,ur1U'fW1mJ' 

"I.bur~ !; 0'1uriJhil,e1 '1nnr'ffr'ilwuriihr/r ultfp'ilwt,.hurf! iJhr9'ilhil,e r.Mw'ilfr 

u't11.pi.wt,.111'il 111nw'i..9.[l/r nr"-t t,.kurnLJ'o f,bJw'ilfr u"'1_p'iJ111t,.111'il 1Unw'i..9.[l{! 

J'frzur itf!'il'fnL'ilh'il.[l nr"/.hu x-hr/r 1Un1U'i19,e• y-i.hr/r 1Un1U'i19.[l{! 'tnL'l_'l_/,<j,,/l 

r.Uwi.fr u"'1_p'ilwt,.w'ii 111,...,'il9,e/rii n~'l_'l_lllr.11111119 . 'lh"IP iJkr1 IJ.l""i/ru/r 

"1111J.t111'il'ilhr/r ~"IJ!nLJ' 

y == f (x) (18.1) 

r.wi[wuwrnuff! /rrh'iJ/r9 t,.flhrlt11111119'il/r U11fl 'tnr/r r.111i{111uU1rnLJ'(!.J nrni/ 

ftJn.i{/r r.Mw'b/r 111n.111'il9,e{! phnfr 111'1.'lhflnLf'1111'il 111w't.• uw lti./r'il/r fibb-mGfi 
b-atlwb- wn.mli 91!P liw~wuwpnt.ue: 
,12 

1,hJwi.fr Jn.iJwJ wniu'i..9.e/r znzu,,/rn'l_/! (i.f[ •. 279) 01 t,.hurnul x 
.,,,.w'i..9.[l/r r.hur 't't11111.J'fr 0-fri., 1111ufr'i..Jl'ii' /rr 11it11.p'ilwt,.w'ii 11/rr.[l/r 'ilt,.111ur

J'111J'p L1111'i..wt,.w'i.. 'turriJwJ,e/r "lurrnJ'w'ii w'iJuw'ilf! r.wi{wuwr w'illtJnL'ilt 

lf1nLU 'tn'l_J'fr9 Y = f (X) 1fnr/r znzwfn'l_/r £. X 1Un111i.9,e/r J'frt.£. /,'l_wJ 
w'il't1w'ii urw'ii'lh'iiuf!• /r'iil."1.ku r.w1ur'i..fr !;, r.wiJwuwr !; 

dy tg6 =-I 
dx 

{18.2) 

~w'b/r nr 'fnrJ'iJwt,.w'ilnLJ' f,/,Jw'il/r fi.'tiJwJ,e'ilhrf! 'ilrw filn./rJ..e/r r.111-

1fhJ'111urnLfil1111J'p uniJnrlUfllUr fn.er /,ii, IU"/.W 6-i. 'ilnLJ'il"f/,U zwUI fn.er 

wiilt1nL'il !; Lfr'iinLJ'. uniJnrwpwr 1111'il J'hJ t/r Lfr'ilnul 1°-Jr91 ll.1u"lfru/r 

111'i..'t1nL'il'il/,rfr r.wJ'wr ltwrhi./r !; f!'j,rL'il/,fl nr 111'il't1111'il urw'il,/,'iluf! r.111-

iJwuiur !; w'i..1f1wile' "'rurwC.1111uriJiuJ n11111/r-'il'ilhrni/t U.1uurh'l_fr9 r.hurh-

1/nLJ' !;1 nr 

dy 
6=-· 

dx 
(18.3) 

w1ufr'i1.[!'il' qmpqwbifi U{UlUlUmfi wfilJJnt.fie nmqwump k WJq qmep-
1jwb-J!nt.lf y -6.qqwb-:eli wnw~pli wb-mligJm1'[1li ~um x-fi: 

ll.1u"lfruniJ1 r.hJw'il/r 'lhl/.nrJ'1119fr1111/r nLunLJ"ilwufrrnLfillnL'ilf! phriJnul 

f. JniJwJ 111n.111'i19.[!/r y = f (X) r.wiJwuwrJw'il nrnzJ'w'iJf!• nL'ith'ilwlni{ 

'"l'l r.wi[wuwrnLJ'f! J'hil,e ltwrn'l. b'il,e wJ111'i19bLnt/. uurw'ilwl £. 9w'il'tw-

9111J lturr.J.111J,e/r "lururJ'w'il w'blt1nL'ilf!1 

Y-f! nr"lhu x-/r l/>nL'illt9/r111 uurw'ilwLnL r.wJ'wr "lbur,e !; tur'ilhl r.11-

Jw'il/r 'fhffmrJ'w9/r-1/r ltwfunLJ'{! r.hdftu'ilf! Jn.n'l_ mrurw,e/r'il nLJhr/r91 

iirw l_wfhr/rs £. '41nLfil/r9t U.1u"f.fru/r ltwfunLJ' J'b'il,e wr11h'iJ Uur1119bl 
b'il.[l § 7 8-nLJ'I 

o,urlU'fnrJh'il,e J'w,enLr Jn.Jw'il 'ffrurwrltJ'wb JwJ'w'ilwlt uur1119i{111J 

( 13.10) pw'ilwa£.f!1 IJ.1'il urwrwJhlni/. Jn.Jwfl (!'il'fr...,fmLr 'f/,"/..e/r '1.rw 1 

IU 1u/r'il,eil' wrr.wJ'wrr.h,ni[ ltmrn'l. nLJ/r 1U'l.'1h9nLfl 1nL'ilf! r.I.Jw'bfr 'lhl/.nr· 

J'1119frw1/r '1.rw, ltwrn'l. h'b./l 'lrhl 

1 M(x\ --=---· 
p (x) EJ 

nrurb'l_ p ( X)-f! 'tnnr'1-/rfl,.111flhrfr ult'l.p'iJwt,.hurfr9 X r.bn.wi/.rrrrrLfllUl'j, i/.rw 

hrltnL r.wrhw'il 'turri{wJ,e'ilhrfr J'frt.I. r.hJw'b/r Jn.i{wJ 111nw'b9.[l/r ltn· 

f"Lfil1w'il zwn.w'{fr"l'b t· M (x)-c 'bnL1'b ~urp1wJ.fnLJ' Jnmi J'nJh'ir111'b !;. 
. ~3 



EJ .. f, f.4.twLfr 1tn2111nLfilJtrL'i.lj, /;t Q (X)-p wnh9nLfi/JnL'ilf! f,qJwfip ,_h

fnrJw9frwJfr i/_pw unf.npwp.wp ,Pn,ep I;. "ilpw f.w24_wnJw'b Jhf'n'll! 
•f.wl I; § 192-nLJ t 

t;. 280-nJ U/.wm'tlrpi/_wl I; ltnpnLJilJw"il 2_W1UUi/_p•f'ithpp ,Pn,Pn/unL

filJ11L"iif! 't111fui[111d- dnn'l JnJlliunJr ,Pn,Pn[umf!1nL"ilJr91 Uni[wd- wnw'b9.eJr 
r.wt[wuwpnLJf! u1111w'i,,wlnL f.wJwp w'J,f.pwrlht.ur I; 09urw9nplhl waa1'i,,B./J.P 

'tnp11LflJa1"il 2_Wnwif.'lP k wnw'ii9.pp 'tlrmhpp X £. y 'tnnp'ffr'i,,uun'iihpft Jfi-

M" •i' tit k'lwd- w1L'iiJ_11Lf'J11L'i,,f!' 
rz "'z 

{18.4) 

l 
-- l1np11Lf'Jw'ii w1u wprllrJ.1(! urlr'la1'1rk-

p (x) 

L"i/. ( 19 .10) pw'iiwaltft Jht.• .. ,,...,r;,,,,LJ k'i,,.~ 
Y-1!• X-f!• M( x )-f.r Ill EJ-'b frrwr f.kur 

'ttu"l."'l 'lftfbpb'ii9ftwl f.wt[wuwpnJ' 

d2y 

. dx= M (x) ± ---1 v f i+(:~rr EJ 

(18.5) 

Uw '"JuU/.ku 'tntif.wd- d-ni[wd- u1ttU1'ii9.e/r qJtt>bpbG9}tm1 f.wt[wuwr11LJ'i,, !;, 

t,-J, fr'btU/.ku f..u'-"'fu w'bt[w"imul h'i,,, Cl'1U1Uua'l..,'tw'b td-f. 'lfrfkph'i,,ofi 111l 
f.a1t[wuwpnLJ (!.JJf 

9-npd-"iiwyw'iinph'ii f.w'i,,7/i"i"'l. fu'ii1/rpf.rkpfr 6.'i,,z.n'l JklwJwu'ii11Lfil.Jw'ii 
dy . • 

f,..,Jwp d.x -/t Jkd-nLflJnL"ilf!1 "l'I! /rpk"iift9 filrp'tw1w9f.rnLJ I; f.kd-w'iift 

t,urpif.111'1.gfr U/."'"'Jw"i,, wf.r't1nL'i,,f!, 2.,..,.. +n,pp Jltd-nLf!Jnt..f.r f;, £. fpw J!W

n.wt,ni.:ufr'b Jht,[i liwJhJ'wurtrLf'JwJp t,111phlfr /; wrf,wJwpr.bl• Ul/'f. 'fbU/.w 
>j!nLJ' { 18~/J} IN.i[wuwpm.Jf! "f1Uf'f.U1'iinLJ !;' 

+ d2
y-= M (x) r._J EJ d2y 

- dA2 EJ 't dx:2 =: M (X)t (18.6) 

U.1u f.wi[iuuwp11LJf! 'tnt4_nLJ' 'I; f.UwLfi d-n.t[wd- iunw"il91Jfr ll'nmmtlnp 
q}t4'bpb6gltml t.w1_w11wpnLJ': 

Unml JnJh"b"'/r r.wJwp 'il2,.'iifihp/r t,.ufinilf! uwr.Jw'ii1_tud f; w"ilt,wfu 

1tnnp11fr'i,,winw1fr'i, iunu.;'i,,9./J'';,llrfr nLHnLfiltnL"ilfr91 P'i,,J_ t[hrwphpm .. J' I; hpt,-

1'"1''1 iu6w"ii91..,Lr"'· w"f.'" .ii..,., friit"t"I! r..,,,.,.<;,/r 1;, ?-r-tw"il J, ls/'11 
'14 

mlw.e"t[t 11.111 'lfr"l..JJ."Lrf d-"-"'l JnJh"ll mfr 'j,2."''j,I! 

¥'1<;,f,'bl! f!UUI 'bw/uy/r'b 'tw"ii1t'ii'iikpfr1 

'(bufw.} 1111J.w'ii9.efr 1frf/.hpk'il9fr111l r.w1/w11wpnL

Jfr9 '1ft[w6,e'iillpf. y = f (x) f.wi[wuwrnLJf! u111w"ilw

l"L f.wJwp w'Lf.rwJ-hz.111 I; Jr'bmh'lr"L (18.1) f..u

i[wuwpnJe1 M (x)-/r 111p111111r.w1111aLfiJJnL'iif! fnL'iilt9/H11 I; x-/ro· 
fr'i,,urhtrlllnif.1 uurw'iinJ h'ii,e • 

EJ dy -SM(x) dx + c; 
dx 

l.pt,pnp'J wii'lwJ fr'iimhtrhlnif., nL";,li'imLJ' hii;e 

.EJy= Jdx J M·(x) dx+cx + 01 

U.111"1.frum/ Jbfi.e uurw9w'i,,.p U/,lllutJw'ii w'ii¥1nL'i,,'iihr/r l;wi[wuwpnlJ(!' 

O= dy = 2..[JM{x) dx + cJ 
dx EJ 

£. '1/i[wl.efikp/r r.wi[iuuwpnLJ'I!' 

y = ~Af dxf M (x) dx + Cx + D} 

{18.8) 

(18.9) 

U.111 IN.1_wumpnuf'j,hp/r Jht. J,,.,'j,,,LJ bf, /r"iiinh9pJwL C £. D f.wu

.,.,,,,.,,,,.r;,"i,,hpf!• IJ.l'J f.111utn111tnnL'J,'j,J,1'/r npn2Jul'i1. ttu/'f/! 9nLJ9 t,mpi{/r 

op/r'i,,wt,'iikpnLJt 

't.u[u.pw'b '1"1'6'flw'tw'ii orfi"'iu't'iikrfr'ii 111'ii9'ilkll! 111"ilt.r-rlkzin t J/r 

-~J £.u e'il'l'tJbl, nr (18.7) l)wi[wuwrnulc ll'n\11tuqn11 IN.4,wuwpnt.J 

il~ 



/;. IU/fl ufuwlf!• nr J/,fl,e {inL/l 1111/_b9frfl.e J/,~fr f.wJ/,JwmnL[il/wJp wrf.w

J'wrf.hfm/_ ( :~ )2-nL ,/MnL{i/nLil[!, 'l"l'JY,wf1wilnrbi1 tJtnJ!p k Jfrw1il 

..,1fl 'lh"l..ehrnul, brp t.Uwililbrfr '1f,lf1nrJw9frwilhrl! ilrwil9 l_wifrbrfr 
f.wJ'hJwmnL{IJwJp ifrnol!l' hf#:· fau~ b(1h w1u "l.wJJwill! tfr ~wm ... ri/_nLJ 

/, f>hJwilfr ~mri/_wd-,eilbrfr "l."'urJwfl wfl~JnLililbrl! w{i."l.frufril hf#, nr 
'i.rwi19 JUnL{l/n!-ililhrfr ,ewnw~nwfrilhrl! Jh~fr f.wJ/,JwurnLf11wJp lfr 

l1wrhlfr wrt.wJwrt.bl• W"l.UI t.wr~ t LfrilnLJ 'lfrJ/,l wr'lhil Lrfr4. {18.5} 
'>a1i/_wuwrJwil fril111b'lrJwill!1 

U.1u"l.frufr 'lh"l..e"r ~wrn17 /,fl "l.wmwr.kl pwrw~ 'l.u•'fw'i.w~ilbrfr• 
pwrw~ · flwilbrfr /, wn'>wuwrw~ {.~nL'i. t.Uw'i/'iibrfa '1hf/>11rJ-9~wl,brl! 

llLUllLJilwufrrhLfru I 

§ no. trti uusrn~ utrrut:aBll.Uu ~buUuti un.~11u ·Uft.U"t.B'f\ti 
'l-NbbPb"t.BflU~ ~Ull,.UUUPtrUu fl"t.Sbt}.POfl.tfl! 

i+. 2821 
d2y 

EJ-· =M (x). 
dX 2 

6tr.n'l JnJb'i.url! f.w2i[hfnL f.wJwr i[br9ilb'i.,p qnnprtJiG.wmlibpJi ul{qp6.m
qbm~g x t.bn.wi[nrnLfltwfl 4.rw !tm'i.i[n'l Jfr qwd'mJmqmG. ~urri[wd-,e. 
wn ~urri[wd-,enul Jn.n'I. JnJbfl,,,l! t.wi/_wu,,;r t M(x)=-P(l-x)1 
U.n '1-b"l..enLJ ; 

EJy"~= -·P (l-· x)1 

lJ.iu '>wi/_wuwrnLJ[! p'i.111/,'f('"LJ bil,e br~nL 111'i17wJ' 

EJy' = - P ( lx - ~ ) + C: (18.10) 

{18.11} 

c "- D f.wu111w111nL'i.ilbrl! nrnzhLnL f.wJwr t.bJw'i.fr "./rw ,,,,'j,/,fl.e 

ILIJ'i."l.frufr ~111ri[w6.e'bhr1 nrn'i.:1 t.wJwr Jb'i.1 ilwfuorn.p 7fr111h'i..p 'et-
41& 

qwt},e/r /,_ "l."'"'J w'i. wfl~1wfl JhJnL[il /nL'i.'i.brf!' 1J.1u"l.frufr'i. t A f.bLw• 
rw'i.w1ft'b ~111ri[w6.el!· 'ilrw f.wJwr, brp x = 0 

6 dy , 0 y=01 = -=y = I 
dx 

Sb'l_w'lr"L""- Ul/U wr<lb,e'i.brl! ilwfu ( 18.10) r:.1ui/_wua1rJw'i. Jht..1 

u•"l.W { 18.11}-fr Jbt.., umwilnLJ b'i..e' 

C = o "- D = 01 

fa'i.t"l.bu bri.nLJ t [lb,enL[l/w'i. w'i.~/nLil'i.hrfr £. f.~qw6,eflbrfr f.wi[1uuw

rnLJilbrfrs• c "- D ~wJw1w~wil f.wu111w111nL'i.ilbrl!• pwJwilwJ t,/,Jwi#fr 
EJ ~nz.111nLfl1w'i. i/_rw, 111wlfru h';, f.brJ.w'i.fr ~urri[w6.efr f.wJw"l.wurw11fuwil 

"i"'"',/wil w'i.~1w'i. " '~i[w6.efr wri:lk,e'i.brl! ~nnr'lfr'i.wut'i.brfr uhp'i.w-
1 b111nul1 c "- . D f.wuU.w111nLil'i.brl! m6.ilm6.mqmG. pilbp bG. urw'i.9 

:wlfrbLfrnL[i/nL'i.'i. t. C-frilt!' [ nLJ X kr~wrnL[il/nL'i.2 ] /, 0-frilt!_' [ nd X 
kr~wrnLfl/nL'i.3 ] 1 

fa'f,111/,frJw';, f.wu111w111nLfl'j,/,rf! f.wi/_wuwri/_b9frfl 'f.rn ffr• UUI Ul/fl 

1rw'i.fr f./,111£.wfl,e ti nr ~nnr'lfrflw111'i.brfr U~'f.p'i.w~/,111(! J/,'j,./J "-"rsr"

.'J/rfl.e f,/,Jw'i.fr wJrw~9i[wd- ~111ri[w6.f!nLJt i:"l./"'rwilbrl! ~wnnL9bLfru 
1/bil.e x wpu9frul! '>wzt/_nLJ tfr'i.,e f.Uw'i.fr pbn.'i.wi/_11ri[wd- d-w1rfr9. w1u

,,.1,.'I. "'"-"Lfr t.wrJwr t C-fr £. D-/r nrnz.Jw'i. i:lwJwilw~ t.w2i/_nurilbrl! 

•'fw~w11b9'i.blnL f.wJwr X-[! f.w2iJ.bL w_Jrw~9i/_w6 Jw1rfr9. uw if.'n.er fr'i.t 
pwf'l"'9flnLJ t Jn.n'/. JnJ/,'i.111fr wr111wf.w111111L[l/nL'i.f!_1 pw/9 f.bz.111w9flnLJ 

t 'l/,"nr.fw9frwilbr ,,,,';,J,ll!' 
n rn2hLn1 c "- D f.wu111wurnL'i.ilhrl!• Jb'i..e ~wrn'l bil.e wt'i."l.bu 

a.£.wt{fflfu/,L y•/r nL 6-fr UlflllWf.WJlllnL{i JnL';,'j,/,f{!1 nr"l./,u'f.fr if.'w~Wf,}/, .. 

t•fr Jbt. J'i.wil Jfrw1fl i[brw9w~w'i. [li[hr· uw t.bmw'lw/nLJ "l.wr'l.b9-

'i.ni.J I; '-~i/_wJ.eilbrfr £. "l.ur111Jw'i. ~'i.~/nL'i.ilbrfr f.w;_•/nLJilbrl!.: '1wurw
r·kil,e W/'f Uwif.'nfund'i.bre' 

dy Pix r x ] a - dx --2EJ 2--,- 1 (18.12) 

Y = - :~~a [ 3 --T ]' (18.13) 

o;,111i/_/,Ln4. UI /U WflllWf.w1111nLfJ /nL'i.'i./,rfrrJ ,,,,'j,/,'j,.e y-/r /, 6-fr wJ/, .. 

bwJ/,# wrJ/,,e';,/,f{!• ,ew'i.fr nr fr'i.J/,fl/,rfrfl f,/,lllUl.(!fJ!rnLJ t pmgmpt\.mq 
iuri:lb.pni/_ wJbilwJb,} "ti[w6.el!• W"f_w "l./,"'J! t 'l"''j,/,l Y flnL'i.bfrw1fr 

dy 
[r'i.J.."1.lru i[hrlnLJw~wil Jw.eufrJnLJf!, brp fJ = d~ = O, 'i.nL/'i."l.bu £. 'ilrw 

m1fb6.t111fba- wr<lb.f!l! 1111/1wL Jwufr b'lrw1fr'i. ~kml1l"" ,/, 1f br n1•fr~1111-



~nLJ Y-l! ;.,,,uflnLJ t p1119111ra111~ wrtlb,enr/. /rr 111Jbf,u,J/,t} wrtlbJ!-frL B 
~burnLJ, nrurb17_ 0-i. f',,wrJ.111u111r t_/r 'l.rn1fr1 

ll.nwi.Afri. ~burbrnd nrn2r/.n17_ f.~rJ.1116'.e'iibrf! ~i.2111i.111~bi.,e f urwn.ni/_, 

urwnfr J11ur '1-i.blnr/. f.~1.111J,efr urb17_(!_ 9nLJ9 urrJ.n17_ fri.1Jb,eu1 1'frur111r~i/n17_ 
'l·""i.e/r r,,,,J,,,r B ~burnLJ, hrp x=l, 

P/3 fa=- -1 

3E:J 
(18.14) 

F1119wuw~111i. i.2111ilf! 9nLJ9 t urwlfru, nr f.~rJ.1116'.el! nL'l_'l_r/.1116' t- """"'" 
i.6r,e£.1 'IJ,,,,,,J,,,i, 111Jbi.111Jbtt 111i.~1nL"ilf!, 111~i.br£.111p111r, ~L/r'il/r i.mjil 

~urrrJ.wJ,enLJ. 1111i. r.111rJ.111u111r t' 

P/2 

6a- __ , 
2EJ 

(18.15) 

Fw9111u111~111i. i.2111ilf! 9 m .. 1s t urwLfru, nr ~urrrJ.1116'.el! "i"'"'"-"1 t- J,,,. 

J 111911LJ!J/r "L"'J!-/r nL17_17_nL{iJ l"'J pi 
flr"ibu'l.fr 'li,,,,r,,,,,,,,/,i.,e r.b6111i.fr '1-blfmrJ1119fr111i.6rfr [iJrJ.wifri. JbttnL• 

fiJJnLilf!, f!.'i.'J-nLilbL,e P = 2m, l = 2'1, flnLJl"'"'rblfr 1wrnLJf!. I") -
= 1400 1J.q/uu2 £. f!i.urrbi..p f',,/,Jwi.fr "r~urwrJ.r ~urrrJ.1116' J!_f! f!Uln urbu111• 

~1119ni..9111~fr1 U.JrnL[i1111i. "i"'1J111ilf! nLilfr f',,/,.,,£.l"'L urbu,e{!' 

W > Mmax = 2 . 2 . 103 • 10' = 286 ui/31 
(a] 14:00 · · 

'1...br9i.b'il,e M 22a hr~ur111rJ.rl!• nrfr r,,._J,,,r W = 309qd3 £. J = 
3400 uu 4 •. f!'il'l-nLi.blm/_ E = 2 • 108 1J.11/uu2, uur111il11LJ bil,e' 

f _ _ 2 · 103 • 23 
• 111 

a- =-0,78uil, 
3 . 2 . 101 • 3{. 102 

2 . I03 • 12 • 104 1 1° 
0a - - = - - n.w7/r-i. ~ -1 

2 • 2 . 108 . 34 • 102 170 3 

ll.1u r.1112rJ.nLJfr9 br£.11LJ t. "r unrJ.nrw~w'b f',,/,t},,,i,'ilkrfr frr,,,~w'il 

'Jb~nrJ111sfr111i.brf!. ifrn.er b'il. 111Jbi.111JbJ -O.~rJ.1116.ef!. ~111'1.J,,LJ t- [iJn./rt.e/r 

0,78 I 
-=-J111uf!.l 
200 255 

1 1 
--.-~--I 

(170) 2 20000 

U1u .rbJnLfiJnLilf!., frr.111r~b, Jb~fr i.~u1urJ111Jp ~"'r"Lfr t- 111rr.111J111r
f',,/,L (ur&u p111i.111U {18.5))1 

Orfri.w~ 7~ •. 1'fr 111111r~bl Jfr 6'1111rnrJ. wJr111bi/111J £. r.wJ1111nw
rwtt p1112.frirJ.1116' q mf il pbnnrJ. pbrti.111rJ.nrrJ.wJ r.bJ111'bf!. {ii~. 283 )1 

'1r~i.blnr/. ">1112rJ.nLJ'iJbrfr f!.ilfiJ111s.ef!.• 
uurwilnLJ bi.,e' Y 

M(x) = - q (l-x)' 
2 

d2 
EJ -1.. ""'== "-_g_ (l - x)21 

. dx2 2 

'fl111n.111~nLu/r pwrd.r1119flb[nr/. ([ - X)-f!. 

£. 111i.'J111J "'" 111i.'l-111J /r'ilurb'lrbLnrJ. uur1119rJ.n17_ bn.111'il'l-111Jf!., Jbi.,e i.111-
/unr'I- orfri.111~/r i,Jwfl ~111J1111111~111i. f.111uur111urnLflflbrfr f.111JU1r ~uur111i.w• 

1/r'il,e 'l.rn 1111~111'11 111rJb,e'tlbr1 U.J'J 111n111p_ 111r~blnr/. ~"'"'"'rbL frrbi.9 un
i/nrn17_i.brfr'il, J6i.,e 1111uurb17_ t/rrwn.b'il,e fri.urbtrJw'b Jfr "'IL b17_111i.111~, 
nrf! f.111ur11L~ f.bur111.er.f!rnLfi/JnLi. {;- fl/,r~lllJW!Ji.nLJ 1',/,tt111i,fr r/.r111 "''l.'}tt'I_ 
111rJ.bLfr p111r7 pbni.brfr 7b"fJ!_nLJ1 •f.111i..fr nr dx __:_ -d({ - X)i "'"iw 

P"'!J J_w'ilb[n1[ ( l - x) 2 "'r"'"'""'1urnL[iJnLilf!. £ 111n.1111_fr'il ,,,i,,,,,J fri.
"'"'lr"lnr/. f!Uur [- d (l - x))-fr, uurw'ilnLJ bi.,e' 

EJ :~.;.., + ~ J (l - x) 2 d (l - x) + C• 

(J.p_ Jwufr wn.1112.fri. p4.J111rblfri. /rflurb'lrblnr/. f!Utn [-· d (l- x)]·/r• fru~ 
"r~rnr'Jl! f!U"' dx-/1, ,,,,i,,,LJ b"ll,e' 

EJ y = - --9.._ ( l - x )4 + c x + DI 
2• 

l•i.urb'lrJwi. "'lu"ifrufr rlbfin'l-fr '1-b"i,enLJ C £. D f.111u111111urnL'il'ilbrf!. 111'il

Jfr1_111~111i.nrb'il £bi. nrn2nd ~nnr'l-fr'il111uri.brfr u~'l.p'ilw~burnu/ "fUJurJw'i, 
wi.~JnL'ili. nL f.~rJ.wJ,e{! £. f.111rJ.111u111r J_b'b 'l.rn1fr1 

~1112rJ.1nJ b'il.e ~111J1111111~111'il r...,uurwurnLil'ilbrl!.' 

"rr x = o, y = o, 

q/3 
C=--, 

6 

4t!l 



~Uwfl/r 111l d-wirnLJ, brp x - [, 111Jhf1111.!M ,,_hf/mr.!1119/rwflhrf!. ~w
,/ U1Uf.w111111uJuwflwp111r ~wi/_,.uwr hf,' 

120 

qx2 
£Jy" =M (i.)=--· 

2 

qxl 
EJy'=---s+C• 

qx• 
EJv = - - + Ci. + D1 • 24 

"rl' x = /, y' c:: a= o, 
ltpp 1 = /, y = Ot 

ql3 
C=-· . 6 

qi• 
D=--1 

8 

qxl q/1 
EJy'=--+-· 

6 6 
qx.• q/ 3 x q/4 

EJ·• = --+ ---1 
J 2f. ~ 8 

(18.18) 

(18.19) 

(18.20) 

{18.21) 

( 18.2~) 

(18.23} 

J;'l. 11 n. 'hlt1n-J x = o /. <1112-Jlt111-J U ~.,., .. jwJI'"' J u .. tbGuiJU emax I. fmax ,,,,,_ 
Jlt~"il"re· t•••L ... L~ 

q/3 
6mu=6R-= -, 

6EJ 

qt• 
fmax =fa = - --t 

SEJ 

(18.18) 

/o"il1"1.1t" 111lt11LnL1! '11'e• t,. "'/" 'llt"l.enul C h. D r,.,,.,,,...,urnL1'"illtpf!. pwJ111u111J r.1t

J1111'f EJ tnzmnLPJ"'"il YP"' "'111Lfr• ltL ~bJ ... Lf.r tmrof111<>ef "l"'mJ111"il 111"il~1w"il 
/,. G.t-J111~ef 111p.Jlte1'ltp[! tnnp11f'r. .. 111"illtpf utifp1'111tlturnLJt 

,,nnr'lf"il111m"illtpf l!."il"'l'Y"'J 11f11mltJnLJ 6a 111"ilt1nLLf!. nL"l.f 'l1'111t111"1. 111rJlr1,: 
/>ut 1'111'futfLnLJ l!"l.'lnLL-J111J '1.nnp'ffr1'111m1111f1' ufumbJnL.J (1't. 283) "l.n11L ..,L
lf.lnL"l.[! nL"l.br P"'!/"'""'tw"l. wpJltet fa-f "l.2111Lf YI'"' X .,,,.,,,.,,,Sl'f nL'l'l"'flJ'u"l. 

.Jrn.Jrn/unLfl JnL'b /!. !•L'll''"'l"'PJ."'y t 

§ 111. bPllnfl l,b\llP\l \ tbrti tl.PU f).Ptl.Ulr t,blrll"titi 'o'rl-tl,U.'o' 
Uft-ll l.8.P.ti ri-NbbPb\Btilll. l,lltl,.UU\lPlfU "ti ti"LSb'l-POMf~ 

0 p fr 'II wt 75. flL'l.wrtlt'i.e bptnL f.b>1111rw'i.Lltrf 1r"' "''I."'"' 'll'Y"'J /,. ..,,f_ 
pn'1£ pnf!ef '1rt111rnLPJ•••lp r..,,J.,,,,,,.p111J p1112fu-J111J q plt11.n1 plt,.L111-Jnr-J..,J r,J,_ 

J111"ilf 'lltflnrJ"'!Jfwultrf •-zofnLJe ("'t· 285 )t ,,nnr'lf1'u11n'i.ltrf ut'f.p1'wt""'l'. 

-Jltrq'i.lt'l.e J.111fu f.b'i.111rwL111 1f'll t111r-J111<>- 19 
~nLJ1 X ,,,,.wLq~(! nL'l'lltLI! 'llt"lf w£t U1u 

Ju1''lrf Jlt£ M (X. "'l'"'wr.1111111nL/1JnLLf! 
t•'f.JlttnL r...,Jwp "l.lt'"e t 9ur'l.lrl f,lt'bw

pw'i. IU Jf 'j, r.wtlll'f.'l"L J';,J, f l!. 1 

~wJ..,1111.JrnLflJ111'1. r.1t.h ... 'i.eno/ A=B= 
ql 

= --, /mt HA= Q: ~111£np'lwpwp r.1112-
;:I 

t 
i---1--' 

~~~--1~....-z~~~ 
tt. 28/lt 

d 2y q{ Qll2 Q 
EJ - =M (x). M(x)=+- x-- = + - (lx-x 2), 

qi.2 2 2 2 

d2y q 
EJ - = - ( l1 - x~). 

dx 2 2 

£J-=- --- +c. dv q (li2 x') 
dx 2 2 3 

EJy = -- -- - - + Cx + Dt q[lxl x•] 
2 6 12 . 

Ult'l r..,,,.,';,j. lt'i. G.t-J111~eLltpf r.l1111h1"'L 111pJlte"l.ltp~' 

A '""""r,.,.,,f YP"" "'J 11f.,,~"· "rP x = O 'H-<>~r. y == O 
B > > > > X=l > y =0: 

8 

( 18.24) 

( l8.2!J) 

"f p111nlt1n-J (18.f!J} p,.,'i..,,J.J..I!. 'l.wfu A t'"rY"'~~f "l.~w111./111Jr, ,,,,.,.,,,"' J bLe 

D =O 

421 



fls.26) 

EJ = - - --- - 1-6-+t- I 
dy __g_(~ E_) _g_L~ _ Sl3 [ x2 xl] 
dx 2 2 3 2-1 2' l' /3 

( 18.21) 

q ( /x 3 x•) q/3 ql'x [ x2 x3
] 

EJy=2 0-12 - ~4 X=-~ 1-2 p+ [l' (18.28) 

lilt_4_wJl'J. wJ/z-;,,,,,r/,,) wpJbl'I!. 'l"''t.bt'!L r.wJwp "lb"'l' I; 'lrn't.lzt 1u1l. 't."'l!.l'-

4_wJl'I!.' np"'b'l 0 = Q. r,.,,J,u2w.j.11LPJ"'), r.honliwl.l'n4. 'I"' 't.1J.'t.J. JJ.fJ.~• lt_onp4_wJl'I'.· 
. x 1 ~ 

( 18.21) p.,,u.,,d.£.J. Jb£ .,,J,'l'"'ll'bln4. - = ---, 0 = - wu't.1w~• r.u11fwp ,,,,,,,,_ 
I . 2 dx 

'bnLJ lzul' qpn wpJ/zl', J.u't. 

5q/• 
f - ---1 
max- - 38f.EJ (18.21) 

0 wult_1w'il ,,,,f/,'j,.,,,f/,,) u1pJ/zl'l.bpf! u111wg1/m.J b'il r.lzl.u•pwl..w1J.l. lt_onp4_1uJr'illzpJ. 

r.wJwp1 bpp X = lJ h. X = [. 
q/3 e ~ :i: ---1 

max - !?4.EJ ( 18.30) 

b4_ "'/" Ofpl..,,lt_nLJ p'iJonlz'fpJw'i. lt_w•fw1wlt_wl. r.wu111111111nL'f.l.bpf! nl'nzbtfiu 1(/z'j,l' 

D . 
onbu'bnL•' lz'l.l'' np £J r./z~w'bJ. G.'t.4_.,,Je'b I; 't.nnp'lJi'bwU1'1.hpJ. u't.'lt•UU1't.l..,,nLJ1 J.u't. 

c: LJ-'il 't.nnp'fp'bw111l.lzpp u't.'lpl.wlt_b111J. r,1z.,, r,,,,Jl!.l.'t.'bn'l A r./z'ilwpw'bw1J.'j, 't.111L11/1uJl'fr 

"l"''"'f,,,'j, w'l.'t.JnL'ill. l;I 

f:l.mpb'i.l' 'IL"''j,4_.,,I r./zJ1u'ilp lt_111p4_wJl''j, nL npn2b'ill' l.pw 'llzt/>npJw9pw'l.lzpJ. 

1flzJnLflJnL't.I!. ,lz.,,lal"'L "l"'IJ~'j,'1.lzpp 'llz"ll'nLJ• q = 2 111/qllJ, I= 4 J, (cr] =1400 
qq/ud2, ll"'L'1"',)l'I!.' hp't.mw4_L'"'J/1'il 1 E=2 • 106 qq/uJZ: .flwl./• np w1lb>.wJ/z,) 

,)""'l 1fnJlz),,,,I! r.,,,4wuwp I; 

qi" 2 . 42 

Mmax= -- =---= .J mJ, ·s s 
p';,i"llzu £. § 110-p opJ.'ilwlt_ni.J, "'"l"' 'llnpp!J "lfi111w11J. I; .1\! 21?,a lzpl1mw4_p· 'llp111 

r.wJ .. p W = 309 uJ) h. J = 9400 0 J4. 

5 . 20 . 44 • 10• . 
fmax=- ---=-09BuJ 

38i . 2 . 10• . ;~' . 10' ' 

20 . 43 • 10• 1 
Hmax = =F 24 · 2 · 10' • 34 • 102 = + 1%8 "'"'lfi"''I.' 

'22 

f."l"l' 'l~U11u1•'t.4_wJ opJ.'t...,lt_t.b:pnLJ1 lzplz J/,'j,l' y w1uu'l.fll'/!. RL'f.'fnLJ lz'ili! '1/,-

1~J. 1/b:p1 J.u't. X wnw'iloel!. 'lb"lfi "'£• '""l"' 0 .,,'ll't.1111'11 pwgwuu•ltruG "'l'Jlzl'I!. r,,,,_ 
,f,,,,.1,,,rnw11/!'w'lln'-'f I; 't."'P-f "'~l'f. duufwgnLJ9~ u1wl.'~ m.qqnLpJmdp "l"'"'J"''j,'-' 

1 111mltwG~' JwJwgn•-19/. ulwl'J. li•ultwn.wlt fiL'l'\fiLf'JWdp: 
0 p Ji 'j, w 't. 16. ftL'ilwplt_bul' lzplt_nL '1z'l1w-

L'"'u'ilbpJ. 11'"' "''i"'"' 'll'4"'J I p .. fi1l'n4. r.1z_ II 
,)w'!./r 'lbt/>npJw9f.w'i.lzpf!. r.,,,24_lz1nL I.au J> 

.,1z"ll!1 Fb,.'llw4nplz'ill' "'lu r.Uw'lll!. w£ r.1z-;,.,,_ 

pw'i.w1J.'t. lt_ ... p4_w!1.nLJ 't.J.pw,.4w• M nLJw_ 

'l"LJ'l"4 (t.'t.• 1186 )1 Ah. B '"''t."''l.'lnLJl.lzp /'_ 
lt_wqJnLJ lrl. M JnJ/z),111 nL'lllz9n'[ m.Jm'lnLJ 'I 

/, r.w4_wuwp lz'll l,lt_. 2861 

M 
A=B '-= -1 

I 
1lnnpffil.w,,,l.bpf. uhpl.wlt_b1111!. .,,J,'1"'4.nplz'ill' ~"'/!' r.lrl.wpwl.nLJ• "'l'l 'IJ,"ll'"LJ 

,, .. ,,. ... ~ .... ,,l' 

d2y M 
EJ - = M (x) = + Ax = + -x, 

dx 2 I 
dy Mx 2 

EJ dx= ~+c. 

Mx 3 

EJy = /.6 + Cx +Di 

l•l.111/z'fp•f•'j, r.wu111w•nLl.'lllzpf!. npnz4_nLJ /z), A h. B r.l1'llwpw,1'illzpnLJ zil!'t.-
4_wJl'l.lzpr. 'll'" 1>'illztnL "l"'IJ.,,),'j,/zl'fis' 

I 
X0 = --=- = 0,577 [1 

fa 

D = o. 
Ml 

C=--1 
6 
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f= Ml • l [ 12 
] Ml2 Ml1 

6yTe;J 1- 312 - 9-("TEJ = - 15,6EJ I 

Jr11't /ln.Jrl.,(i 'tlri11npnLrrd '"""'"/!/!. ~"'""''""l' t 

Ml2 [ 12 ] Ml" 
fL= - 12EJ l- 412 =-16EJ I 

2 
ll.Jl.'Lw1/U ''t"wlleJr £. pn.Jru/r 't""""'l'."""" ''t"wllef.i J(ilt.. 1nmpf1'pnL/1JnL'!.t• 

't 111'1JnLJ t l!.'f"l:"'JlrLI! ~,5°/0 • "'l""t""""' Ul'f.'f,,.J "'l""t/r•/.i J.u(iu"' wL~ .. J~1wt/r 
flrn.Jr 'llr"l.11"..J "l'"t"" Lpli.nL fiLGwrwGGhp~ 411ui qp~wb fibbuiG~ wJlr'll,,,JU 'f't

""'"I! l'•""'l'"'l' S~arnLpjwJp qwrht~ 1; pGqnlGht pnfop~ li.bGmrnG~ Sq~wbgp: 

§ 112. 1.b'O'UVt• 'O'll-1\.U'O' Ull-Ut8~fl 'rNbbPbt6f1Ul. .t.Ul\.tlUUPU'U'L 
ti\.Sb'WOfl.U'~ bPlIOfl. U'UUbPti 'rblll~Ofl.U' 

bph r.htJ..,'i.fr m"'rP"r J-uhrnLJ tJn.n'l. JnJh'i.me -rm..,r...,1miJ.mJ 

t- "'"'rl'"r p-'i. ... Uhrni/., r. ... r~ t- Lfrilnul ~..,11.Jhl -1"'-P"'"' 'lfrf"r'"'· 
(J/rUll /:,wi/_wuwrnLJ"ilhr1 nr_pw'i. Jwubr ~UI t:,/,,)..,'j,fr i/.rwl 

'1.hrs'i.h'i..p hr~nL t:.hilwrwiliihr/r iJ.rw 
11ri/."'t) l Pn./ru nL'i.h9n'l Jfr l;/,t)..,'j,, 

nre phn.ilwiJ.nri/.-tJ ,. aw/u t:,hilwrwilfr9 

a £. "'2./rs b t:.hn-iJ.nrnLfil"'"' i/.r"' ~fr
rwni/.wtJ p nLJni[• 11fr9nL_p Q > b (ii~, 

2~7 )1 t,htJw'i./r t:.h'i.wrwil..,1/ril t:,..,~..,'1.-

'J"LJilhre t:.wi[wuwr h'i. 
I+ 2s11 Pb Pa 

HA= o.A =-· B=-1 
l l 

'1nnr11fri1111m'i./,rfr u~11.pilw~/,m {! "-"rs'j,/,'j,_p awfu f:,/,'j,wrwilnLJ k X 

U11UUi19.pe nLlz'fhil.p 11""'" "'ll . 
'Un.mz JnJh'i.milhrf!. wn.wyr'i. £. hr~rnr11 JwuhrnLJ ~wrtnwt:.w1uriJ.b'i. 

UIUlrP'r pwilwab.hrniJ.. nLumfr r,..,r~ ~lfr'i./r "-"rs"'"L X1 £. Xa wpu9{ru
'i.hrniJ. hr~nL ~..,J..,1..,~..,.,, ~urri[wtJ.p'i.hr £. 'lr"1 "r~nL '11rlf>hrh'i.9frwl 

t:.wi[wuwrnLJ'j,hr1 Y• M, C, D JMnL{i/nL'i.'i.hre J.. ~mriJ.wt)_p/r wpu9/r

ue wn.w1/r'i. Jwu/r t:,..,J..,r ~il2hil.p 1 fr'i.11,,.puni[. /ru~ "rlf.rnr11 Jwu/r 
r...,J..,r' 2 fr'i. 11b.puni/.1 

br~nL Jwuhr/r fowJwr tl JnJ/,ilmilhr/r wrmwt:.w1mnifi1nL'i.f!. ~Ul'I.• 
Jhlfru ~11frmwr~hil.p t:,J,,}..,'j,fr 6.w)u Jwue• ,.,1'1 11'1"1._pnLJ wn.w1/r'i. Jut• 

11nLJ 9m'i.iJ.n'l 0 1 ~mriJ.wt} .p/r t:.wJwr 

fru~ "r~rnr11 J..,u/r t:,..,J..,r (02 "-mri/...,f!.pe)• 

M 2 =Ax2 -P(x1 -a)= ~bx2 -P(x2-a) 1 

P (Xg - a) m/,uJ'/r 'fnLJUlr/,lfr'j,/,rfr fr'i.mb'lrnLJf!. ~~UIUIUlrJ.'j,J! 

..,,...,.,,,, P"'fl -"'"L"L "'"'~-,.!hre• /r'i.J."i.bu "'l'l "'r"-"'t} t- 74 orfr'i.iu
l1nLJI U1u "i."'IJ..,'i.ilhr/r 11'1"f._pnLJ r...,2i/_nLJilhre 11..,u..,i/.nriJ.nJ h'i. f.L-

m£.1.., l ~"r"i.· 

EJy.''= Ml= AX1• 

Pb 
EJy "= - x, 

l l l 

2 
Pb Xi 

EJy '= ---+C, 
. l ' 2 

Pb x~ 
EJy =- -+ 1 l 6 

+ C1x1 + 0 1 1 

(1S.S1) 

(18.3!!) 

, Pb x~ 
EJy~ = -- -

l 2 

- p fX2-a12 + C2· (JS.SB) 
2 

_ Pb x~ _ p (x1 - a) 3 
. 

EJy 2 - l 6 6 ' + 
+ C2 x2 + 0 21 (18.34) 

"il~i[wtJ .p'i.hr/r k "i.mmJwil wil~1nLil'i.brfr 111rmwt:.w 1mnL{i 1nL'i.'i.hrfr 

Jhj Jurwil frilmh'lrJw'i. l"ru r..wumwmnLil'i.hr, bp~m. wliqwif wtlbtft 
2wm, .put'i. Jwuhr/r P/ri/.'i. f-1 Un r.wumwmnL'i.'Lhre nrnzhlnL r..wJwr 

"i.hm.p f" 'lr/,l z.nru t:.wi/.U1uU1rnLJ1 fll'f f'.,wi/_wu'!'rnLJ'j,hrf!. Jfrzm ~wrb
i/r t- ~..,11.Jhl, fr'i.z."i.hu k "'"'"'"r11 11h"i..phrnd, 'l-frmwr~btni/. t:,M..,'i.fr 

..,,.,, ~mri[wtJ.pilhre• nrn'i.9 '~4.wtJ.pfi ~..,J "i.mmJw'i. "'"'~'"'"' Jwufr'i. 
J/,11. nr£t pwil t:.w1m'i./r t1 ?-frmwrlf.i/.n'f fu'i.11rnLJ "'111"f.frufr ~mri/.wf!.J!• 
ilhr hil t:,..,ii11fruwilnd' "'""'2./r'i. £. ,,rtrnr11 Jwuhr/r pwJ-wilJw'i. C 
~mri/.wtJ.pe £. A nL B """'"'r"'"'"'1/ril ~urri/.1utJ.pilhre' 

c ~mri/_wtJ_pf!.• nrf!. furili/_nLJ t- "r~nL Jwuhr/r uwr..Jw'i.fr iJ.rw I 

~"'r"'l t- · iJ.hrwtri/.hl fr'i.t"i.h" 11rwil9fr9 wn.w2_/rilfril, "'"'lil"i.bu £.. hp~
rnr'l-fr'i.1 fl1.umfr c lf.urri/_wtJ_pfr '~iJ.wt}_pfr /.. "f.UIUIJUl'j, Ul'j,~IUl'j, J/,tJnL• 

p1nLil'i.hrl! ~wrht.Jr f- fowzi/ht fr'i.z."i.bu wn.w2.fril Jwu/r t:,..,J..,r umw9wtJ, 

'i.nLl'j,"t/,u £. "r~rnr11 ,/wufr /:,wJwr uurw9wt) pU1i1waJ..hrni/.1 

w1ufril,e'i., hrp X1 = Xa =a. 
y•/i £. 6·/r /:,wJwr hr~nL J..,uhrfr9 uurw9wtJ JMni,/iJJnLilil,,rf!. Jfr£.'i.nLr 

'i.f! "'"•./! t tfa'i.Vi., -1ufril.eil' Y1 = Y2 "- 61 = 62, ft.wJ 

EJy:= EJy: (a) 

EJy1- EJy11 {b) 

4.25 



Uiu-tfruni/, JwuLr/. pwJw'bJw'J, IJ.burf!. Jlu1. Jfr2.ui urwt/ru t hrlJ.nt ~w• 
ifwuwrn1 J1 U''ilwowd- hrlJ.11L li.wif.wuwrnur;,hrl! Jh~.[! .1,,,,,.,u'b111'i1.p r.li-

'ilwrw'il'ilbrfr 1.rUI t1L'bh9iuJ urif.1iut'ilhr/rs' . , 
A IJ.urriJ.wd-.j!nLJ, hrp x1 - 0 b.IJ.iJ.wd-l!l! y1 = 0 (t) 

B IJ.urriJ.,.,J,enLJ, hrp x2= l f.4.iJ.w.l,el'. y2 - 01 (d) 
(18.31) £. (18.33) piu'bw!khrfr J/,p_ x1-/r £. x2-/r +nfuwrli'b urh

'l"''lrhlnif. a/,_ (!UUf (a) "f1111Jw'bfr frrwr f.wiJ.U1uU1rU19'bhtn1. Ull_ Jw11h

rf!.1 uurw'bnLJ h'il,e' 
Pb a2 + C _ Pb ~ _ p (a - a) 1 + c

2
, 

12 1.12 2 

C1 = C2• (18.35) 

(18.32} J.. (18.34} piu'biua.AhpfrfJ I!""' (b) "l111JJU1'bfr uurw-

0
1
= 0

2
, (18.96) 

11.iu"lfrunif., fr"iiurhtrJw'b r.wu111w11tnL'il'bhpf! hplJnL Jwuhpfr r.wJwp 

tt 'bnLJ'bf!_ uurwo.J.h9/r'b1 Uw urhqfr nL'bh9w1/ 11frf/lhrh'b9fr111l r.wiJ.11111-r
Jw'b IJ.iuqJJ,..'j, J.. fr'burhtrrlw'b f!'ilpL'biJ.IUJ Jh[1n11/r 2.'bnrr.fr1J1 

~b'b-r111'b1Utfr'b A "urriJ.IU.ll!fr 'illJ.wurJwJp "frpwnlitni/. ( 18.32} pw

"iiiuab.I! r.,..J,..aw1'b (c) "l,..IJIU'b/r IJ.uurU1'bw'b,e 0 1 = O, fr111J.1 f.hurJ..,. .. 

"lhu, £. D
2 
=Or 11frrwn.htniJ. (18.34) pw'bwa£.I! B t.h'b1Uriu'bw1fr"ii 

ltinriJ.iu.ll!fr 'b"w111J111Jp,_ (b} "liulJ,..'bfr f.frJw'b i/.rw uurw'bnLJ h'b,e' 

o - ~. _£__p (l-a)3 + C2l' 
I 6 6 

c = - Pbrz2-b2J =C1' 2 61 
U1t1J y-/r £.. 0-fr pw"iiU1Uhpf! umw'bnul b'b t.bur£1-L urbu,ef!.' 

U.nwf}'L J11111 

ll __ dy,_ 
vl -dx 

== 2._ [Pb x~ _ ~ (12- b') ] , 
EJ I 2 61 

flrn2'1f,l! 111JJ.'bwJM f l.IJ.if.iuJ.pp JhJnLP1nL'bf!1 U.1'b ~Lfr'b/t iu1fi 

IJ.urrif.wJJ!nLJ1 nrurh'I. 0 - 01 01-fr p111'ilwa.kfr9 urh11'ilnW h'il.j!1 np hpp 

X1 = Q, iu1ufr'b.p'b' A IJ.inpif ... Jl!nLJ 

6 =-=- Pb/[1-~1·<0. 1 6LJ _ /2 

""" c IJ.111piJ.wd-~nLJ np111h'I. X1 = a 

6-~(3a2 -l2 +b2)= Pab(a-b) 
1 6EJI SE.JI 

l!iu'bfr nr b <a. "'"I ... 01 > 01 

U.1u"lfrun1J1 01-f! A I.. C IJ.hurhr/r Jfrt.."- ifinfunLJ f; /rr 'b2w'bl!, "'r 
ufr'bl!'b w'b9'bnLJ I; qrn1/r iJ.pw1niJ.1 t2w"iiiu~nLJ I; wJh"iiiuJM "tiJ.iuJ~I! 

0 
IJ.tfr'il/r 111n.iu1/r'il J111unLJ1 ~wJw"lwuriuufuiu'il IJ.urpiJ.wd-l!fr X 1 iupuflfr"I! 

9111'bhtnL f.iuJ111p1 urh'/.111'1-r/,'j,Jl Wl'I- x: wrJh.{!{! 01-/r wrurwf.iu1urnL[11w'b 

JJs,_ £. wn iururwr.111,urnL{JJnL'j,f! r.iuiJ.tuMU6phfJ'j,b'j,,/! 'f.rn1/r' 

1 [Pb tx
0

j
2 Pb ' ] 0 v /2 -b 2 

- - • --
1 

- - (12 - b2
) = o, "'l""'''l.frs x = --'--1 

EJ I ~f 61 I 3 

'Sh'l.w'l-rhtnif. y1-fr pw'biua&fr Jhp_, 11ur1U'ilna.J h'il,e' 

f _ Pb(/1 -b2){3(12 -b2
) Pb71{l,. f( b')J 

max - - 27EJ/ - - - 27EJ v 1-/2 1 (18,97} 

1}.,//,'i,111JhJ -G.IJ.1.iufl,e nL'bhf,n'I. "mri/.iuJ.[!/r r.hniui/.npnLf/'JnL'bf! alUfu 

f'.h'bwpw'bfr9 phnfr 11/rp.[!/r ifrnifinfuJIU'j, f,J..,, Jfrwufr'b IJ.pnpnfui/./rt bph 
P null! tin'ili[nLJ I; pn.frt...[!/r Jh1_urh'l.nLJ1 U1"l111 

I I P/1 

b= -, Xo = -, f~ax= - -. 
2 2 48EJ 

(18.98) 

""" h[l/s J/,'j,.f! p nLflf! zwrrf/,'j,,/! 'f/,"lfr W1_ f,/,'i,111p111'b{! I.. b f,/,n.111-

1.nrnLfJJnL'j,f! uiuf.JUl'j,llLJ a'lurh9'j,/,'j,.j! 

qrn1/r• ,.."l_ j 

~ "rP b- o, I 
Xo=- = 0.57711 yl 

U.1u0/.frun1/_, bpp Jh'bl! P nLJI!_ -.:""'.', 4.':1 
{Jn./ru/r IJ.h'b,,.pn'b/r9 2.UlpJnLJ /,'j,J! Jfr'b- t~ .. 288t 

t."- r.h"ii ... r ... 'bl! D £. B 1Jh111hrfr Jfrr."-

('blJ. 288} U1Jb'bU1J/,J '1JiJ.wJl! nL'bhsn'I. IJ.urr1Jw.ll!fr 1Upu9/rul! ifrnifrn/u• 

i/.nLJ I; f!'b'fU1Jh'bf! O,.'i l-/r9 Jfr"iitk 0,577 l D . £. F +hmhp/r Jfrtkt 

'1-npJ'bwlJ.iu'bnLJ f.111-G.iufu "l..,1Jw"iiw~U1'bnrb"ii f!'b'fnL'ilnLJ h'b, np f.hJiu'bf! 

427 



'i'1"1fr 'JJr +n.,_J I'. t)nnt1 9111ft~tu9111J pluaUrfr '1'1"f.1n,,/, k.r~"'- r.1tt"'ru;ft

'bhrfr i/.r.., 'lri/."'"' f.hd-... 'b/r .uJh'bwJM fJ/1.-"'l!f!. +Lfr'bfr flnfrufr Jhl
,,,11,.nJ1 U'..,,,f...,iJ.nr"'"l.bu, h[ib phne 7U1u..,i/.nri/...,t) t ..,,'J,."l.'611, fr'bt_

"fl.u .u17 l"LJIJ t "'ri/.•_. _'b~. 287-nLJ, [lnfrufr JJ,2...,,J,'l.,,LJ "'-~"-"'"'l'f!. 

r.111q11111wr t 
r1 =-~ P'l2

- 4b2J, r1s.a9J 
2 t8EJ 

fil'iJ.w1fr'b f.wz.iJ.nuff,hrniJ. f./,z.111 t f.111Jn'l.iJ.hL• nr fmax-/r "- f_r/r Jfr· 
2 

l"- "'"'rr"r"Lfl 1nL'bf! ifr11-1r !;1 
0l'J..11,. 1t 'l'I. t:'i-•rbL fln.fttl!Jt 'tbuJ.. -/rw J;111Jwuu•r111I /1•2/u-/wl q = 

= 4 m/tl ,.t..,,4 ,.,,,,.,,..,4nr1"'1 brft.••11' J;b,).,,'LJ.. +.anr-1"'11!1!. (11t· tlBI> )• bpb pn .. r 
l"'"'l'bLJ.. L"'fn&.Jt (aJ = J(J(J()_ 1''1/ud21 Jtuft. lit.-/wJl!I!. 1"1.'""I! t ..,'J,9l1J.. r.U..,'JJJ.. 

~ I = 2'.0 rl fln.J..111' l~O J..,,,fe' '1tj s1i,, .. 1nrb"1I, ft.nnp'lf.o,,..,,,..,,,,r/o ult.fr'il•lr.""'I!. 
II . . , ., I A lt.b,.,...J, x ..,,., ... 116 n •nuU, "'""" •!.•/out,_ 

' , y wn.,,,,,fll!I!.' 'lb"f.J.. 1"r' U11111'1l'/i r...,J,.l',,,'t.•t"'·Jr 
j · 9n1..11 t "'I'""',) 9,)•'frJ.. 41'"'1 .,,,.'fJ,, .. J lr'i., ,)I!.,,_ rt- j ,,_,) ... n. ..... e,Jt '1/of'1r'1'1,9f.owl r.;,,111111"'l'.._.n.1r,, , 

. lrl''t" .. J,,,,,,,,.[t i;,,,J,,,r l>t s-e ""'z1"t"i A ft.b-v- 281 . . 
'I• I "'"fl•!/& •/bn&.f,/,,,.£. ",,"',,tl'nLJ /,),#! "'J'l •1U1w-

11wpn&.J'J./,f/!.I 

a,,....,yi, J111u 

d2yl 
EJ-2=0, 

dx
1 

dyl 
EJ-=C1 , 

dx 1 

EJy 1 =C1x1 +D 11 

, 

, , 

I 
x.1.=xa = 2 , , EJy, = l!JYa' 

'/l.,,'11/i nl' wJb,,wJU '1t1,,,ln 'tlf'i.J.. oUwl.[t 1..,JL•nuf1 4"rfi'"'ft.111'i. 111bu~n1 

''t.1,.,)1!';,&rJ.. •w-/wuwpn&.Jt 'll'b'i.I! JJ..w1,, ,.,...,!}'L JwuJ.. i;,.J,.,' 

11.1JJ 1r.n2111n&.£IJ"''il .,,,.,J,,.,,Jtfl J/,.'LI! ft.1111'"'1 ,,,,I! "1'"2/,.L J-'i.' 
f 7q/I 7ql1 7 . 40 . 8 • 101 • 103 

-,- = 384.EJ , J = 384:E ( +) = 384 • 2 • 10' = 2910 ud•: 

11.'il•r,,,Jt.2... t 1'1l'11-;.1r, M 22,a lrr't"'"'"l'I!.• nrf.o f.o'i.lirBf.o•i/o JnJ/,i,,,.c r,,,,.,.,,,,.r 
t J = 3400 ud4

1 

~ 113. 'l-ti:titflb\BtiUl ~U'1.,UlJU.POMfC ltMU'blOfl b'1., fltSt<\-PblO~ 
b'lJl '11111\bPC lfti ~U \fl lfUUbl'fl 'l-tQl~Rf'llf 

U. lfoufwJUI~mli fiwumwumt.G.G.bpJ! fipwp limqwuwpb96btnt. tl'b-

1~nq[I_: § 112.,, .. J [!'b'bwr+iJ.111"' orfr'bw+'b"re f111LJ9 b'b mwtfo"· nr f,/,t)-w 
~fr "'.uJ.Ult} wnw'b!fl!fr 7frtf.hrh'b9frwl f.,..iJ.wuwrn .. Je ~111'1.JhlnL IL l!'L
urb~rblm- "r"Z"'~fr r.U11."r'l111+w'b,,,..f11..,ft 7bUf..p11ul ~-rblfr t ~wJ1111ww 
ft..,'b f.w"mwurnL'b'bbr/r flfri/.I! +rnwurbl Jfr'b1"- hr+nLuf!.' Cwt. na. Dwi.1 

~M ... 'b/r pbn'b,.,iJ.nrJw'b J-ubrfr JM fli/./r 7bU[.pnul wl"Uf./ru/r 'tf!rw 
&...,,,,,,uff!. pwiJ.-+w'b/r'b f.bz.111111!f'b11LJ I; r,,,,zi/.trLJ'ilbrf!.' '1wJw1111~wil 4wuw 

m..,ur,,L'bilhre +Ulr"'l. b'b frr•r f.wiJ.wu-r Lfritbl (Ci= C2 = · • • = C. 
D1 = D2 == • • • = D) Jfrw1'b '-hml.i.1111l "l.1111Jw'b'b/,rf!. ~"'"'"'r"Lna. "6Uf.· 
,em.J. 

"') l'"l"r Jwuhr/r f.1111'111r "'1'"9/ru'bbre '-•zi/.i/.nLJ b'b ~nnr'1fr'b1111n
'bbrfr J/r "+'fp'b111+hur/t9' f.hJw'bfr um1a'b9l'fr aw[u {~wJ -i) "'r1111,.'b 

+""'"'!" , . 
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p) 'i,/flufunr'l Jwufr ~n.n'l Jmfb'i,,urfr wrurwf,,w1urrrL[il1111'i.i pntnr pw• 

'lw'lrfrt'i.ibpf! "l.bur,e t w'i.iifrni[rn/u "l.w'>"l.w'i.ii/b'i.i f,,b6w'i.ifr f.wfnr'l Jwufr 
6n.n'I JnJb'i.iurfr wr.urwf,,w1111nL{i1wil Jbf• w1u "l.w1Jw'i.if! twrblfr t "l.wf'..

"l.Wilbt• b[ilb JnJb'i.iurilbrf! f,,wzi/klfru 'lfrurwr~i/fr t.Mw'i.ifr w1'i.i. Jwut!, 

nrutb'I 9ur'i.ii/nul t tnnr'llrilwinilkrfr utfp'i.iwtb .. f!. 
'I:) 6n.n'I JnJb'i.iurfr wrurwt.W,l!fnLp,wil f,,wfnr'l JwukrnLJ Jur9i/n'l 

pntnr ilnr /IW'lW'lrfrtilbrf! "/.bur.[! t "/.WrnLilw+b'i,, (x - a) wrurw'lrfrl• 
nrurb'I a-ii pntnr 'i.iwfunr'l Jwubrfr brtwrnL(l1nL'i.iilbrfr 9nLJwril t• 

'1) '11'fbrbil9frwl f'..wi/w11wrJw'i.i fr'i.iurb9rnLJf! "I.burl! t twurwrbl 

wn.w'i.19 ifr-tw'6brt! pw9 w'i.ibtnLt 

flwzJui/w~ pbn.fr w~wJnL{iJw'i.i 'lb"l.l!nu/ p} "l.w1Jw'i.if! frrwtw'i.iw9-
'bbtn1.. t,,w.lwr pbn.f! l."1.burl! t cil'lf'..wuri/.fr· I.fib cuur fuil'lrfr "l.w1Jw'i.ifr 

pwt.fui/w6 pbn.f! f!'i.it· 

II H . I f,,wuri/nLJ t {ilt• 290, I' rTTT.,.,.,..~~,.,.,.,..'TT'Tfn.,.,,.+T,..,.,..,,.,.,,.. krtrnr'l Jwufr i/brtt!)• 
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w1il "I.burl! t zwrnL'i.iUl

tbl Jfr'i.ifh. f'..Hw'i.ifr i/br
l.C• Jfr..,JwJ ... 'i.iwt wi/.b

l w9flb l"i/ 'bnLJ'i.i fr'i.iurb'i.i
ufri/nL/i JnL'i.i nL'i.ik9n'l 

r.. ... ~wn.wt ~wilfr pbn. 

(u.liu krrnr'l Jwut!)' 
'1bilurrnilw9w6 M 

JnJb'i.iurfr w1t+w1nL[1Jwfl 'lb"l.~nLJ (flt· 290) 9) "l.w1Jw'iif! r.'iiwrwi/.nr 

t frrwtw'i.iw9'i.ibt1 b[ilb M (x) wrurwf,,w, .. nLfl1w'i.i Jbt. M Jb6nL/iJnL'i.if! 
pwfJUl"l.Ulurti//i (x - C)O Jb6nL{iJwJp1 nrurh'l C-fr t.bi}w'i,,fr hrtwrnLw 

P1nLil'b t tnnr'lfr'i.iwurilbrfr ul111.pilwtburfr9 Jfr'ilz.6. w1'i.i turri/w6l!f!• nr

urb'l tfrrwn.i/w,} t M JnJb'i.iurf!l 

'wr11.wp-'bl.'i.i.[! [Ji/wrtrf.w,} "l.w1Jw'i.iflhrfr frrwiwilwsnLJf! _'bt• 2110-/1 
orfrilwtni/I 

d'y 
EJ ~ =-PXi• 

dx 
l 

z 
dyt p x, + c EJ-=- - i' 
dx 1 2 

brtrnr'l · Jwu 

EJd
1y; =-Px

2 
+ A(x

2
-d)-q(x,-d)2, 

dx, 2 

(x3-d)3 + C 
q 6 2' 

l:rrnr'l Jwu 

EJd'y3 = - Px3 +A (x3 -d)-q (x, ~ d)2 + q (X3 ~ c)t + M(x3- c)o, 
dX I .. 

3 

dy1 • X
2 

d)I EJ-· =-P-2 +A (x,- -q (x,-d_t +- q lx 3 -c)1 + 
dx, 2 2 6 6 

+ M (x3 - c) + t 3 , 
3 

EJv =-Px3 +A (x3 -d)
3 

_ !!J-d14 + (x3-c)4 + 
,J 

2 6 6 q 21 q . 2! 

+ M ( Xa -- c\2 + C + D 
2 aXa a' 

flrnzb'b.[! twJiu1wtw'i.i f,,wuurwurn1..'ll'ilbrf! 

L d dy, dy2 c ,.-. ' "'rP x1 = - x2 - = - • i = 'J2 J dx 1 dx 2 

J) J) J) y i - y 2' D1 - D2 l Ci = C2 =Ca = C, 

brp X2=C=Xa dy.=dy,, C2=Ca Di""'D2=Da-=D1 
dX2 dX3 

J) J) J) Y2 - Ya• D2 - 03 J 

Yi - O, - P ~ + Cd t D = o, 
6 

"rr Xa =- h, Ya= o, h3 l3 l'' (h c)" -P-+A--q-+q - + 
6 6 2i 24 

~ M0 (h ~ c)
2 

+Ch+ D = 01 
2 

c ' D ~wJw1wtw'i.i f'..wuurwurn1..'i.i'bhrt! nrtrzi/rrLJ bf, WJU "r~trL 
wrurwf'..w1urnLP1nL'i.iilbrfr91 Orfrilwtfr f,,binu11pu lnL6nLJf! 'lJi/wrnLfiJnL'b
ilbr lfr "lwrnL'i.iwtm..J, 

!\. U~q plim~wG. 111mpwtlbmpbpfi ubpn!J~: '1-[rurwrtbtni/ f'..wi/wuw

f"LJ'i.ibril nL 'lrwil,e nL'lb~9n7. "l.wr9wpwilnLJ'i.iJ,rt! (§§ 110-112) 
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IJr/i/.wr tfr f,~wurb[1 nr UIJ'f r..w4wuwrmJ'i,/,rf! ~wrbf/r t UIJf,UfbU a£.ww 

i/>nf11bl, nr 'frwL,e r..Lwrwi/.nrnLf'JnL'b urw'i, fu'b'1frrl!. lnu)hl w1u111b'I. 

7fruuur~i/.wd- pbn.'i,wi/.nrJwf, urbu,ebrfr9 9w'b~w9wd-fr '1bUfJlnLJ1 

'1nnr'1fr'bw111';,brfr u~f.p'i,w~burfr9 /1 , / 2, • • • r..bn.wi/.nrnLf'JnL'b'bbrfr 

4.r.,. ~/rrwn.i/.wd- P1, P2 • • • ~b'i,urrn'i,w9wd- nLflbrl!. 0.~4.wd-,e'bbr/r (18.9) 

r..w4wuwrJw'i, Jbt_ ~urw'i, 

P 
(X -11 ) 1 

1 I 

8 

U1 'j, 'fUIJ'i, /, r (!I 

'1nar'1fr'i,wrn'i,br/r u~f.p'i,w~burfr9 'i,nLJr;, r..hn.wi/.nrmfl'1nL'b'i,brfr i/.rw 

t/rrwn.i/.wd- l\\1, M2 • • • ~b'i,urrn'bw9wd- J rrJb'i,111';,brl!. ( 18.9) r..wi/.wuwr• 

Jw'i, Jbp_ ~urwft 

'fnLJ wrbtfr'i,brf!I 

'1nar'1fr'iiwurflhr/r. u~f.p'ii111~burfr9 /~, 12 • • • r..bn.wi/.nrnL/lynL'ii'iibrfr 

l/r1u U~uiJ.n'I. £. w1finLr..bur£. wfi(!'j,'fr,UIUI zwrnL'i,wlti/.n'I. q1, q2, • • • r..w-
1/wuw.rwtwifr l'"'t.fu4.111d- pbn.'i,brl!. ~..,.,.<;, 

, .... 
• 

wrinwr..w1111nLfl'Jnt.'i,f,/,rf!I • 

'1wJw1w~w'ii r..wuurwurnL'i,'i,brl!. M (x} wrurwr..w,urnLf'JnL"il'i,brl!. ~Ulf.• 

JblnL I.. /r'iiurbyrbLnL 4.br<;, l!.r;,'f"L'i,4.wt} r..wp_nr'fw~w'i,nLf'Jw'i, '1but,enLJ 

pnlnr Jwubrfr r..wJwr 'iinLJr;,I!. ~Lfr'i,b'i, "- ~wrn'I. bi, ifrnfuwrfr'i,4.bL ~nnr· 

'lfr'i,wur'i,br/r u~9.l''i,w~burnd Yo O.~i/. ... ~,eni/. nL UfururJw'i, 60 w'it~1wJp J/,. 

iw9rwd- EJ w'i,7111J1 

'1.hrtwUfbu, '1flurwr~btn4. r..w1ur,..rwr'iibrmJ b'l..,.t} 7nrd-w~fr9';,brfr 
"'rJ-b,e'bbrl!. ~wrbLfr t <;,~wurbl, nr '1rw'i,,e i/.brwd-.Jnd bi, r..burb.1wL 

IJ~'l_ [''j,Ul~Ul'j, f'IU'l.J U1UfUlur~/r l_'i,b r/r \ 

24=1 ·2·3·4=4! 
6=1·2·3 =3 ! 
2=1·2 =2! 
1 .... 1 =1! 

(18+9) r..IM"UIUU1rJ111'i, IU'i,'fwJ'bbre. 'fUIUU1i/.nrb1n4. f!.Ulll X•/r wO.n'I. 

wuinfrO.w'i,'i,/,r/r1 /1, /2 • • ' • Jhd-nLf'JnLfi'j,/,r/!. ifrn/uwrfr'i,£Ln4. lo-ni/. /,_ 

frrwr 7nLJwr£Ln4. pntnr JfrwinfrUf w'i,'f.wJ'bbrl!.• ~wrn'I. b'i,,e ~111'1.J/,l 

wn.wa1wiw'ii 'Id-fr r..J,uib.lwl eG'}fi.wGn1.p r..w'/.wuw{'nLJ'bhl'e: 

432 

'f.,,urJw'i, ,,,r;,~JnL'b'bbrfr r..w41uuwrn1.J1!' 

EJ , = EJfJ + ~ M (x - 10 ) + ~- P (x .=!o..C.. + ~ q (x-- lo)' / {lB. 8 ') 
y 0 ~ 1! ~ 2! ~ 3! 

. '1frr111ab'i,[! UIJU r..w4111u111rnLJ'bbrf! Jfr Jw1rni/. wJrw~9i/.wd- /i. JJnLU 

d-wirnLJ ~/rrwn.i/.wd- P nLdni/. pbn.'iiwi/.nri/.w,t} (<;,t· 282) r..&d-w'ii/r O.[!~· 
ifwd-,e'i, nL Uflll.,,JUl<j, UJ'j,~JnL'i,(! 'furfibfnL r..wJwr1 ,. 'i,~wur/r wn.'i,blni/.1 nr 

Yo= 0 1 6
0 
= O, q =0 I.. 'ffrurwr~blni/. d.wfu ~n'l.JnLJ ~frrumi/.w~ 

nLflbrf!• wiufr'i,,e'i,' M = - Pl r,/,<;,w['wf.w1fr'i, JnJb'iiur'ii nL A = P r..w
twnnLJ{!, (18.10) £. (18.11) r..w4wuwrnLJ'ilbrfr ifrnfuwrb'b uurwLrrLJ l.'i,,e' 

Pl4 Px
2 

( x ) EJy'=--+-=-PX [--. 
11 2! . 2 

EJy---+-=-- l-- I 
Pix' Px3 Px'( x ) 

- 2! 3! 2 3 

Pl' 
Yp = - 3EJ' 

Pl2 6p= __ , 
2EJ 

(18.10') 

(18.11') 

?-frinwr~£'j,.e "r~nL r,/:;'i,wrw'i,'i,£rfr 4.rw 'f['i/.UI'* Jfr r..£d-w'i,, nrf! 

plm'iiw4.nri/.wd- t q [r<;,.,,J,';,ufr4.nLf'JnL'i, nL'i,h9n'I. · r..wJwurwrwi r..w4wuw

rwtwifr pw2fu4.wd- phn.n4. (<;,~. 285)1 U.1u '1but,enuf Yo == o, fru~ 60-<;, 

l1nrnz4./r w1'ii UfU11J111'iifr91 nr 'rl' x = /, y = 01 "lilf:!wd-,e'i,hrfr r..w4111-

11wrnLJ I!. ~Lfr'i,fr' 

x qi 
EJ y = EJ6 - + - · 0 1! 2 

x3 qx• ---, 3! ,, 

qi ,. ql4 

EJ · O = EJ · &0 ·l f - - - --·· 
2 6 21 

qi' 
f+ - ---1 
. 0 ~4Ey 

• 



§ 114. 'l-MbbPb"ti6rU( 1,U'lUUUPlfU"ti r"tiSb'rPOfl.lfC. .t,O'l-UilUQJ 
Ofl."tibBn'l. .t,b'aU"tir 'l-bllJ.P.Ofl.lf 

• I 

1J fr'bt.k 1111JJ 'lfrurwr~tJ.wd- orfr'bw~'i.hrni.J, hflh r.Hw'i.fr nrk!; r.wur• 

tJ.wd-fr wJpn'l.l hr~wrn1.P1111Jp d-nn'I. Jmlb'bur/r 111r1111111r.w11111n1.fl1n1.'i.l! J'bna.J 
tr w'bifrnifrnfu, 111"1.111 'bn1.1'i. r,..,.,,,tJ.wd-fr 111Jpn'I.£ hr~111rn1.fil1111Jp f',.bt)w'bfr 
d-nt[wd- 111n111'b9.e/r f,.111tJ.111u111rn1.J'b tl 111r1111ur.11111111tJ.n1.J tr Jfrk'bn1.1'i. pw• 

r;,.,.at.ntJ.1 
4'n.pr fr'bt wu !; tnrd-l! finqwlJ.wui m.Gbgnq r.hd-w'b'bhrfr 'Jb"l.~1.J1 

t:ph r.hd-w"bfr nrt.t r,..,.,,,t/..,.,,./r uwr.J.,.r;,r;,hrna.J ,,, 1na.p1na.'b na.'bfr r.,,,,..,,_. 

~111 "1., "'"I."' f',./,d-w'b/r wn111'b9.pfr '1frl>hrb'i.9fr111l r.wtJ.11111wrn1.Je fr'i.urhtrh

lfru r.wr~ ~lfr"b/r "'l'I r.w1111tJ.111d-e p111J-111'bht hr~ni. Jwufr, phi.. JnJh'burfr 

wr1111w'>11111111n1.f11n1.'be r.n,111~111"1.fr "r~ni. ~n'l.Jhrni.J tl Jfrk'bn1.1'i.'i. ti ~n· 

'1"'~111"1.fr ~1111rtJ.wd-.pn1.J "l.hur,e !; frrwr 
r.111tJ.111uwr tfr'i.h'b Jfr1111'b Jfr1119tJ.n'I. 

Jwubrfr fi.IJ.tJ.111'.f!'i.hre· fr'i.J.. tJ.hrwphrna.J 

t r.,,,,.,.~111 "1.fr'i. ~fro ~1111rt/.111 ,,. ,e'bhrfr Uf.e· 
1111f!1111Jw'b w'i.~1n1.'i.'i.hrfr'ii, 111UfU1 'lrw'i..e 

~lfr'i.h'i. 111111rpbr1 fl1.u1111/r r.hd-w'i.fr r.n'Jw• 

'i;"l.n1 'frrwr/ro p111J111"bt[111d- Jwuhrfr 

r,.,.Jwr d-nt[wd- wnw'iJ9.pfr f,wt[wuwrnLJf! 1111111rphr ~lfr'iJfrt 

1'frui111r~ht.f! ,r;,~. 201~1r tJ.rw "l."',,,~"rtJ.1116 r.u ... r;,e· r.u ... "be c 
~rnrtJ.1116.ena.J nL'iJfr r.n'flll~Ul"/.I ~111zt[n1.J'bbrf! "l."'rfh9'iJhlnt r.111Jwr f,/,. 

d-w"iie p.hn'i.wtJ.nrh'b$ Jfrw1'b B ~"'rtJ.111d-.pn1.J ~/rrwn.IJ.wd- M n1.J-1119n1.r 

If""' 8 r.w~111nn1.Je ~wrbtfr !; r.hz111n1.fil1111Jp nrnzhl c r.,,,, ... ~-"1./r 
'b~wurJwJ p r.n,,w~Ul"ffr9 '1/,"l.fr 111£. 'IWUUltJ.nrtJ.wt! pntnr na.J-hrfr ( UIJ
ufr'iJ.p'b' B na.Jfr t. M nLtl11111.n1.1tfr) JnJli"bur'iihr/r ,,,..J.,.re r..wt[wuwrh!r 

tt· 2911 

M 
"blstntJ. 'l.rn1fr1 '1u1111w'i.111"b.p B - -1 

l 

A ""'~"''l.'lna.J l! ~nrnzt[/r "L'l.'1."'afrt/r t/.r"' ACB r.H,.,'bfr tJ.rw "'f· 
'ln'I. pntnr ni.Jhrfr ( 1111u/r'b.p'b A " B ni.rlbrfr) "l.l'n 1h~9frwLhrfr qni.J W• 

r/r 11.rn tfr'bhlnL "l.1111Jw'bfr91 '1u1111111'bw'b.[! A = ~I MA nhw~ur/r·' Jn-
[ . 'I 

Jb'burl! r.wtJ.111u111r t A ~hur/r "i..~wurJwJp M n1.Jw'l.n1.1q/r k B ni.J-fr 
JnJb'bur'bbrfr 7 na.Jwrfr"ii' 

MA =a-M ~' 
l 

'1nnr'Jfr"b1111111'bbrfr u~'f.p'ii111~b1111f! tJ.hr9"bh'b.[! A ~h1111n1.J1 Unn'I. J,,. 

Jls"bure t.hdw'bfr A t. B ~hurlsrfr Jfr'lk 7•'i.tJ.n'I. gmGliwgmb- ~1111rtJ.111d-.enul 
~wr1111wr.11111111tJ.fr' 

M M. M M (x) = - x - - a= -(x - a) 
I I l 

pw"bwal.nt[ 1 

Unt[wd- wnw'il9.e/r r.wtJ.111uwrn1.Jl! ,,,,,.,.,r;,.,.l,,,_ r..,.J.,.r "l.h"'J? !; 'Jfr• 

urwr~hl r.Hw'i.fr AC k CB hr~na. Jwuhrl!' 1'frl>hph"b!lfr"'l r.111tJ.11111w• 
rna.J"ilhr'j, nl. '1rw'b9 fr'b1111b'lr111t'bbrf! nL'i,/,'j, f,/,1111/,JUll 1111hu.pf!' 

IJ.nwt.fr'i. Jwu 
d2y M. 

EJ --' """ - ( x -- a' , 
dx2 l ' 

EJ- ==---ax + C dy, M ( x
2 

) 

dx L 2 l' 

M (xi ax2) EJy1=- --- + 
I 6 2 

+ C1x + 0 1 

J) C • x=a 
B .1> x-a+l 

IJ.,..,,y.r;, hr~nLu/r9 u1111w'i.11LJ b"ii.p' 

C1 =0, 

l:r~rnr'I Jwu 
d 2y M 

EJ-2 =-(x-a), 
d.~ 2 l 

EJ dy 2 = ~(~-ax)+ C, 
dx I 2 2 

EJy 2 ==- ~(~, - ax2) + 
l 6 2 

dyl = 0 " y = o. 
dx · 1 

Y1 = Y2• 
Y2=01 

+C2x +D21 



M(a+L) 2 i1+2a) 
C2 = - 612 ' 

M (a+ I 12 (I -2a)a 
D2 = + 6/2 I 

11.iu UJ.WJJW'j,'j,brfr 'IUUf.f-nLJ /:,bJwbfr brftnL Jwub·rfr n/11[wJ.p'i,hr[!_ /:,n

'/wftwUJ.nLJ Jfr/,_'i,nLJ'j,'j, b'j,, fruit UJlninJ-w'j, w'UftJnL'i,'j,/,rf!_ frrwrfr!J mwr

pftri/_nLJ b'i, C2 JbJnLfa1wJp1 

U.Ju Ju'l.'1:/rf'/!_ f!_'j,'ff,w'r.nL[' r.w1_ uw['Jw'j, O'f°hnLfJJwJp- [nL<HI[M- 'f/,"f_j!nLJ 1_1up-

1_nLJ /,'r,l! r,J,,,./,Jwl ~/,l'"l' '1nnr'1:Jr'r.wur"bbp/_r uhpl•w~burnLJ Yo= Be= 0, Mo= 

= - M ____!!:___ k Q0=A=~I I /, II Jwubrfr r.wrb.w'hnLflJwu ~urp•/w~.('n.J urb'lfr 
I I 

I; nL°h6hnLJ "l"'"'Jw"b w'l.~Jw'r. w"b/!_"b'lr:.wmm-fJ1w"b /u'lnuf, np/!_ 'r.2w"bw~nLJ Ll'l! Oc-n1_1 

U.J'l: '1:/,"ll!nLJ f!_U"' ( 18.9') r.w1_wuwrJwl• IJ Jwu/_r r.wJwp umwl1nLJ /,),/'' 

t [ M x
2 

M x' I Y2 ,_,ii -1112 + -1-;;- ,+ncrx--11): 

y,-J_. f,wJwp "'-""'l! I; 'l/,"/, '19/,l w£ Jwu/_r 1_bp_~Jr'l. w"b'lwJ['_: f:'r.7nL"bb1n1_ : = l+a 
/, y

2
=0 (w£ f,/,'l.wpw'r./_r 1_pw b'lw~ "l.WJ•fw'r.['_) 8c -Jr r.uufwp um -l•n.,f b111' C2 -/_r 

r,i,,,. r.wJ/!_'),~'r.n'l wpurwr:.w1urnLfJJnL'r.I 

0 f' /_r ... W '£ 78, t~• 292-Jr 1_pw {J"LJ9 mr•l J•J f:,/,Jw~ .. Jr r.wJwp 'j,2/,l b~•fmJl'

'r,/,pp nrn2blnL fu't'll'fr LnL~nLJ(!_I 

~/,Jw'r.'l. nL'r.J_. 1_b9 Jw,,; /,, r.burb.w"f_bu, 'lb!f>npJm3/_rm~1bp[! npn2k1nL Ju"b'lfrl'l! 

1,,LJblfru J/,'j,I! ~uurw'l.w'l.e 12 ltw1fw1w~w'l. r.wuurwmnL°h'r.bpr 'J.J1_wr ii; uurnL'f/,l' 

, nr rbn.Jr p-u1Jw'l.Jw'j, 'l"'f'"W~j!'j,/,['/!_ /, 

1 __ '7. . iO r.n7u1~w"lbl'/!_ ,f/,7 ltmw"b w'tr.rwJb2ur 

A .J .... 1 .. rm :'t. L11 ---.. (0 . . ·-7-~ .. 12 r.w1_wuwpnLJ°hbpf!_I u .. 1,.w~91_w~ A 
' ") I I' I:> ( '' ---;;;;;;;.:, 1 ;l.'\ 
1'.t:, ·,) \{- <.i ' - \,":./ n " ~"'Jl'/'_ Ulwlfru /; bl1~n< r:.w4wuwpn1 J' 

.- t ,- F C 
/.J C _; ' -C.~1_"'~1'/' r.w1_•uuwp I; 'll'nJ/r /, ''l"'"'J1u'b 

'(,~. 2921 w"b~JnL'r.f! r.w1_wuwr I; 'l['n,r/_rl ~n'lw-

~w"lnrb'r. r.b'h1_w~ G J "Jl'f'_ ~"'"' JJ_. 

r.w1_muwpnuf' -C.~1_wJI'/'_ r.w1_wump /; '{l'nJ/•1 B /, D r.n'lw~w"lbl'l' "'"Lfru /,'!, Jb

~w~m"b r.w1wuwpnLJ' r.n'l•u~w"lbl'f' ltmp•JwJe'r.b1mLJ J.w/u b. w2 ,fmubpJ_r -C.p~

•Jw~l!'j,/,f'/'_ /_rpwp r.w1_wuwr /,'),1 

P/1n/_r p-wJ111'1.Jw'l. ~urp1_w~l''bbpf!_ (C ~urr•Jw~('/!_• npurb'l /!_"/,'lf:,wm.-JuLJ ~- r.u.-

1_wuwpw}_wi/_r p-w2fu1_wJ pbn.(!_ /, F ~"'l''fw~l!/!' nr"'"'l ~Jrrwn.•fwJ I; I' ~/,),,,,L..,'bw-
3w~ nLJ[!) ~mw"b br~nLw~w'I. r.w1_wuwpnLJ' WJ'f ~mp1_wJe"bbpnLJ J.wh b. w£ 

,fwubp/_r -C.~1_w~l!'j,/,f'/!_ J_.pwp r.w1_wuwp /,'),, /, mJ'l Jwubp/_r "l"'"''fw"b w'l.~rLM,br"h 

l;l /_rpwp r.w1_111uwp b"bz ~n'lw~w"f_wJ/_r'j, JJ_rfwU~Jwl E r.M1wpw'bf'_ mwt/rn I; bpbe 

"Jw1Jwl•' w£ /, J.wfu Jwubrfr -C.~1_w~l''j,/,l'I' frl'"'l' r.w1_wuwp /,'),, WJ'l Jwul.p/r 

"f_ururJw'h w'r.~JnL°h'l.bp/'_ /_rpwp r.w1_1uuwp b'i., /, WJ'l ~urp1_w~{!nLJ J1u11bpJ_r9 9w't

~w9wJJ_r q4w~l'/!_ r.w1_wuwp /; 'll'nJ/_rl 

436 

~·1Lftfr orb';,['£! frrw1_w9fr I; nt_ Jfr1u1'U 'U111L/lfr r,,,,,fwr, wJLk wJp1un111-

Ufbu "-"rrp/wJ /:,/,Jw'i,fr t:.wJ'wr• nft1f111J.[!'j,/,r'j, llL UfllllnJ'UJ'j, w'Uft1nL'j,'j,/,['fl 

nLtffr'l t:.wJ'1J1111nwl1"''j, b't. p'1n'Ubrfi'U1 lfw 11bn'Ubr/19 ftw/ui/_wJ Jnn'l Jn

Jh'Umfr, fruft Jnn'l JnJb'i,1nfr9 ftnr11Lf.' 1w'U 'fJIPJfr'i, ftwUJ.fr t:.hmkw'U.p'U f;z 

ll'fr J111u1n1/ wJrwft9qwJ' t:.wJwmwrw.i pwz/w/mJ q phnni/_ k w'l"'"' 

Jw1rnLJ ltfrrwni/_wJ ftb'U1nrn'Uw9wJ P mrfni/_ pltn'UwiJnr1_wJ t:.kJw't1fr 

t:.wJwr wJ rwft91_wJ J1111rfr9 X t:.hnwiJnrnLfa11u'i, 1/rw 'fm'i,iJn'f ftmri/_wd

.j!nLJ Jnn'f 1'nJb'i,m'j, wr1nwt:.w11n1_nLJ I; pb-nlib-pr liqWIDUWUp 'fJw1frl, 

(/ - x)2 
M(x} = -P(l-x)-q 

2 

WJ'I UJ.Wm6.wnm/ [!Uln x-fr fr'Umb'lrblm 9 r.Lmn umw'UnLJ Lb.[! pbn'i,L, /19 

ny1_wd-l'fr 'IJw tfrb ftw /u1nJ' 

y = - ~~~' [ 3 - + ]-- -;1~~ [ 6-4 f + :: } 
w111fr'U.p'i,' 'fnLJwrwJfrb nft1/1UJ.f'{! /:,wifwuwr I; wnw'iJafrb-UJllU;f:c\fr'i, p 
nulfr9 k q phn/19 u1nw91_11'l f.ft1/wJl''i,L11fr 'f"LJwrfr'i, ( mJ:u_§ 110, ew
'i,wakbtt (18.13) k (18.17)]1 

U.1u t:.w'i.t'lwJwb.p[! t:.'iiwrwiJnrnL

fi111n'U {- mwtf111 J'lLijll} ;•l:ml1 qlnqJ_!nuf lilJ
ou .. lift 0•'-qwO- wniuligJ!r liwilwuwpnd~ 
uuiwliw1 npUJbu tfwuliwqft pbnGbpi1 Ii 
fiwuwuiwmwuJuwlinq l1npbp}1 opqftliwm
libpJ1 qnufwp1 flrn2 'lhUf.pltruuf t:.mm

ftm"lltu "lwrq,,,'i,,:1LJ I; w1'L'i,u,,JLJ nt11[wJ

.pfr t:.w 21.llL•ic: 

'l-frinwrftL'i,.f! uufbrfi wq1L,9m{J1111_'i.t

'j,/,rf. 'l"vfwr1!111li Jbfan'lfr ltf1r111111n

fa11n'Ul! ,!frw//Jufrt_.p :\BC f,/,Jw'i,fr ftnb

unlfr A Jw1rfr i.ftiJwd.J!f! 'l"'c;,blnL t:.w

Jwr ('Uft. 293)1 AB ftnbunlfr tfrw ~fr-

j----n--io, -- - - - - , , 
II. & :p·tf , .f. .. ~ 
I' 

t~· 2931 

rwni/_wJ q pbnfr 1uq1b9nLfrl1111_'i,f!_ t:.LJw'i.tfr BC 1fwufr 1/rw 1fri1/uwr/,'iJL. 
qa2 .• 

Lni/_ Moo.= - 2 JnJh'irn1111/, 0'11niJ'11n1[ § 111-fr pwbwakfr9 (';,ft. 2&6 ), ftw-
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(rn'l I.ti' t;.,.,ziJ.bL t:,j,J,.,';,/1 B t.L"i.u1111ut{r •fir"' 9u1tiJ.n'l 4uiriJ,.,J.p{1 

Uf.UIUIJ IUb wb~JnLb[!' 
M 0 ! qa2 l 

Ou-=·--=-: 
3EJ 6EJ 

AB l1n"i.unlfr m 'lfr'l 1Un1Ub9.f!I! B 4uiriJ.,.,J.e{r UfuruiJw"i. 'lLUfl'nuf ~/rlLl'-:

iJ.{r -6.frzui "i.nL/JJUffru{r OB ,.,";,4J"'-"i.mJ. t. 411"i.11nlfr A J-wirfr i.~q,.,J-.pf!. r:,..,_ 

iJ.wuwr ~Lfr"i.fr' 
• _ - _ M0 la qla3 

h- AA1 - - OB. a= --- -= - --1 
3EJ 6EJ 

AB ~n"i.untf!. q f'hn{r "''l'lb9nLfJ J"'b uiw~ m 'lfr'l tfr J"i.w, w Jl l1J-nq{r1 

tr"'iJ.btniJ. A2B 'lfrr.el!. ( t'finfubtniJ.. u"'~"'J"i., 13' ~buifr Jnui b'l,.,J UfuiuiJ,.,";, 

OB IUb~JnLbf!.)• J.. ~n"i.unifr A J-,,,1rnLJ n~qlUJ.j!f! IUJU J-n.Jw"i. t:,bu1t.,,,"i..eniJ. 

nr"ibu J{r J-w1rniJ. ,,,J f"'~SiJ.-J t:..bJ-,,,";,{r n~iJ.u1J.e [ uiEu § 110, pw";,,,,. 

J.J.. (18.19)]• t:..,,,qwuwr ~Lfr"i.fr' 
.. -- qa4 
fa= A1A2 - - --1 

8EJ 

'tn"i.unLfa A J-w1rfr LrM n~tj,,,J-.el!. r:,,.,'1.,,,""'f ~Lf1"i.fr' 

f f , +-f" qfa3 qa• qaJ 
A= A c A=----=---(4l+3a)r 

• 6EJ SEJ 24EJ I 

~n'llU~IUUf/,f nLbh9n'l f:,/,J-,,,"j,"j,brfr '1/,tfrnrJ1U9{rw'ilbrfr nrnzmJf!. 

bnLJbUfbu ~wrbtfr !; ~wu1wrbL nulLrfr "''l'lbsnLf/J"'"i. 'fnLJ'wrJw'il Jb

II 
~ c 

01; ~:,t---->"~----.t 
~~ 

fl 

f
,Q c 

IJ '·---....i..;.8 
~-

M filn11fr m/i.11Lfl1wJp1 '1-r,,, t:..1uJ,,,r t:..b

J-w"i.l! Ufbuil' !; J,.,u'ilwurbt 1UJb ~..,'l_ 

Jn'l J{r .ew"i.fr t:..bJ-w"i.'ilbrfr• "'J'1 t:..b

J-,.,"i."i.brf!. 'lfruiwr~bl 1Unw"i.J.{r'il-1unw'il

a{r'il /,_ IUflWbJ.{r"j, f:,IU 2_qlUJ- '1/,tf. npJ' 1U-

9{r1U';,/, ff!. 'lmJwrhL frrwr: 

ll.1u"ihu, orfr"i.w~, ~ 11-J-{r t:..b

J-,,,';,{r ufubJw'il ("i.~. 294, a) ~"'r"ifr 
!; tfinfu,.,rfr"i.bl "i.~. 294, 6-{r ufubJw

JniJ.1 11.J'l 11fub1f1111n1.J rrl1wfunq{r.1> 

CB t:..bJ-w"i.f!. frr C a,,,fu J,,, 1rniJ. t:..h'k

•Jm.J !; rrt.{rJ"i.w~1Ub.J> AC t:..bJw"i.{r C 
'0 

/1 
N J,,,1rfr iJ.rw1 C t:..n'lw~w"l.f' "''l'lbsnL• 

I;". ----...~ - _: --;:.. !I filJnLbf!. ~wrhtfr !; rf111fuu1rfr"i.bt C 
/~·"'---- !.._.. '" " mrlbrmf ("i.~. 294, b,z)1· -

• c mrf/1 J/,J-nLf/JllLbf!. nrnzbtnL 

r:..,,,J,,,r Ufbui.e !; 'lfruiwr4"L CB t:..b-

J,.,"i.{r t:..wqw""'f"'~znnL{iJ J"L "i.f!.• ,., l'I 
t:..bJw"i.{r t:..unl111r C n1.Jl!. t:,,.,f,'lfru,,,'iJm.J !; u1wuu~l)_ Dl d' AC t:..Uw'k{r 

o~ 

f.w~w'l'lm.J1 AC t;.J,,j,.,";,{r iJ.rw ~"''i.'l-fr 'f.nLJb J/u)11L/tl11nL nL"i.b9n'[ w~

mlnl. C null!' CB t.hJw"i.{r -6."i.z111Jf!. AC t.bJ-w"i.{r iJ.r1u1 

11.nw"i.J.{r"i. iJ.br9•/wJ- CB t:,/,Jw"i.{r -6.~qwJ-l'l! 9w"i.~w9wJ ~buim.J 

~nrnzq{r "i.~. 294, b·{r ufubJwifr 'lfruiwr~nLJ{r91 AC t:,J,J,.,";,{r -6.~qwJ-.pf!_ 

f1nrnzq{r b~, 2941 Z-{r ufu/,Jw1fr 7{rurwr~nLJ{r91 11.1u "r~nL ufubJw"i./,r"j, 

!;l Jbr ~n'lJfr9 iJ.brl!. §§ 110-m.J J.. 111-nLJ "'f'l/,f, 'lfrurwr~iJ.bL b"i.1 

Sq-J- ACB r.Uw"i.{r '1btfmrJw9{r..,f, 9n1.19 !; uiriJ.wd- "i.~. 294, d-{r 

•Jr-1 ACB t;./,Jw"i.{r AC Jwu"i. frr wJpn'l2. br~wrm.fil1w"i. iJ.rw nL"i.{r 

bnLJb -6.~qwJ-.p"i.brf!• fr"i.t nr J.. wnw"i.a{r"i. 'lfrurwr~iJ.wJ- AC t:..bJ-wf,f!' 

fo"i.t iJ.brwrbrm.J !; ACB t:..hJ-w"i.{r CB Jwu{r -6.~qwJ-~"i.brfr"i., wU/.w 'lrw"i..p 

frrb"i.9{r9 ~"j,/,r~w1w9bbb hr~lll b~iJ.wJ-.e"i.brfr 'fnLJwr' ft bfJiJ.wJ-.efr• nrf! 

~w'lJ,,,_J' !; fc -6.~qwJ-.e{r J{r Jwuf!. { nL'lfr'l t:,,.,J/,Jwu1w~w"i. !; B ~b11r{r9 
b'lwJ- t:..bnwiJ.nrnLf/Jw"i.f!.} /.. CB t:..bJ-w"i.{r u{ubJwifr t:..wJwr t;.,.,zq,.,J

("i.~. 294, b) fa -6.~q,,,J-.efr1 

§§ 71-nLJ /.. 109-nLJ Jb"i.~ 11ur1U9w"i..p 'lfrtf.brb"i.9frwL 1UnbJ_nL

/ilJnL"i."i.br t:..wJ,,,urwr,,,J- P"'zfuq,,,J- q (x) pbnfr, Q (x) 4uir"'l nLJ(r, 

M ( x) J-nn'l J nJb"i.ur{r, ~urriJ.,.,J-.efr Uf ur111J w"i. 0 ,.,"j,~Jwf, /.. y a~tjwJ-.efr 

t:..wJwr' 

dM(x)=Qfx), dQ(x)=q(x), 
di ' dx 

d2y dy 
EJ-~= M(x), - = 61 

dx2 ' 
1 dx 

u.,U IUflbl_nL[il 1n1.-'ii"i.brf!. nrnz aJ.wrfrn{unLfi1JnLb{r9 f.b11rn l/.wrbtfr t 
'lwuwiJ.nrbL t.w2..nr'l"'P"'r' 

d - (EJ y) = EJ6, 
dx 

-
0 

EJy -= - (EJ6) = M (x), d2 ( ) d 
d1· dx 

- EJv = - (EJ~)= - .\!\ (x) = Q (x), ~( ) d2 d 
dx3 • dx2 xd · 

ct• d3 d' d 
-(EJy)= - (EJ&)= -,M (x)- - Q (x) -= q (x)1 
ctx• dx 3 d1- dx 

u.,u t:..wqwuwrllLJ'i.brfrs brlrnLJ' !;, nr 9{rurbb1UfniJ. q (x) pbnb nL 

t.bJ-w"i.{r t:..6"i.wr,.,"i."i.brfr ~wttnL9iJ.wd-.ef!1 ~wrbtfr !; fim~nprpu~wli ~limb-
439 
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~Yp ,xp 
, ___ -mg~---· 

Jw .P (.\f:iJ).P 

~fum •1'uu'IJ 1'i/111%i/1J bufsnfui/rui/r 1'uil'11,qJo i/"''!.'11' 

-up Luuf i/'!."'f'l':t '!.plJnrJi/ il'11,'1Ju1'm'!.11'1J iltr,"'f'l':t Jii/urW<f: ,tr,iftr,i/nlm 

1 (x)w=1b 

il'IJlltr,lUl.tr,'il 

'IPf fJ 1iJJ'f".J'..,uJmnmr"':t ( C:'61) V ( l '6T) ur'l':t JmJi/ il'ff,'furm P'I/'"''( 

.xp 
1lb--

1w.P 

•(fill §} GIJl'..,uJmnm1'm':t lmi/Gtr,'IJ'lrf:IJI. 

l,,,lnmlJ u''l':t JnrJi/ /'!. ..,uf p/w1't/111~711111,I} IJu'IJ f'"'1'n/-ZmJ f''"Jmurmp.,'i 
.., frult>/11nbo •ilnwlll·'1un'lr iJur'!."l'ul' !W Luu{' Lu(' 

"Ill '1_,Ulf!.fJ'UJ' UUllf , ·1 · .,, 'J T 7 

.J,,b l''uil'fm1'J.,,IJ Jlull11,m.ilmJml il11,7frlm':t 1'uGuoif p 'T,"'l'Jb'lui'l,I} n'lfn 

-11,lwrr,. Jmpm'i 1}11,m{'4':t 11,m1JmTml1m'1Jq li111 1'fru11,m"Z11, ! iftr,'11Jm'!m"l11,IJ ilJ'l'l, 

-11111lfi111fqp J111uJ puJqJnrJ'l1' ?.i/'!."'f!l':t £7n ''!."'f'l':t 1'i/ur?i/ifJ ''1,'"~ml 
_,;,,

1
,,.,

1
J'I cftr,q'!,m1'11,"' il11_,mf'l':t -LJuJIJJ'l nl'fl. ''!.'/•111J Jb 'Jlf',..llJmJmnm/•m':t 

.) durqln 'il1lq11,p1u-b"ll'1Jm':t 11,ljlm'!.mJm11,q';f Ju 'tf,TnrlJI' il'tr,'f'Z'l, t-ZuJu11,m 

n"?,7'1,Lufl pplnrunr "'lln'l,f..,u'!. "ililfm1'G..,1mm1J l}Jl/'!.tt,mJmll,'l':t l/tr,"'f!/':t 

£1,,, •J'/1' l}lnfb --'; f''/111,-.u-£11,il il11,wfe)mLb1u 11,mil1mJI, i/u'IJ •1'uvq-d f"'1' 
-11jlmJ fmJmurmpm';f Jb 1urlm':ttr,m ppl m 

-um 1"luJu -1 fm1'Ju1'm'!ul/J iJJu ''!."'f1':t 

LuG'l'!...,u '!.-.ul £1..,uJmlJJ'I 11,l w11, -LJ u1ll11l 'I 

i/1' il11,'IJ'l~urmln 4mur i/'1,"'{"f"J 11'1,{/ 

(1'61) 
•"P 

:(") W = (.\f3J cP 

ott 
1il~m'!.mb'I 9m\mdbm~b 1'1'!.i/1 l buJ,.~ JmpJ•':t 

i/1'11'"' 14'!.'IJlm p-,utlln'l-16 l}mllnnTYI 11/J'l'U'..,ulilm':t 1m'/unf"'f'IP '!.-'/'!."',, 
•m1'md l pw'!.6'11.'!.m':t 'il,-.uumJi/IJ i/£ueJ'll' nlm 'J'"luitln'f' i/•tpl #,J,.,J 

'T"''!. ni!ttl '!.'1 1 u111'i i/J'lnml' 'fru'frtJ {'11/' il''!.'1'!."'u fJul. il''!.'11' JJQ 

1il'!.-,ulhm 11,mpuunln "IU 11,8'fm1'b i/3'fm1' 

_jiJurlJ fmGn11J11,mS i/tr,"'{''l"J 1'1/il•"J ~ .p_,,J;,,? J pml£1111'!.llo G'!.uJ11 •ilJ 

-npwJmnm1'mc: i/J'l'l,tr,-.ul~11,m '!.ml'uunln 71 t/d911,il'fm/i1J,. ~ •'11mur "illl11tJ 

·11r ..,._] 'IJ/,'l"''!.i/ il p..,uJmnm1'm':t 1mi/Gtr,'IJ'lrfli/l6 ifil'Gf!.m111ff fm.,.•o. 

~MQt\ -LU~Qfl 'l'Oti·o,J-t. llJl"L ·1iq '\. lltillAllfU~IJQ)l-llJ"b 11.ll'h 
~Ui!fr2n? ~JQt\ 1l•l9'0JldUCCQ-l. lillt\ lUlll.P '1, ll.lHJ.Q. 

,J"'l''°':t 
•/tr,mf''I": f'm1'Ju1'm'!.u'IJ ( fm1'bbtu ftnG i/ln'll. ''!.m~mnmGmJ) 1'uu11rl 

(x) b fin,.,nJ-ZmJ ifrm"lmJmnm~m':ttr,m 
"I/ f"''frtr,q';f '!.'IJulnm?mbu'i ilJ'IJbmfb 

11,mrnful/rul/r i/Jq11,'1:,-.ul £1..,uf'lp Ju1 

-11rl bu-ZuJu11,J ilp-.uuf ~ fm1'J'l~urmln 

,,,.,,r,i/Jo ,,~/nJ11 mJ7' 4·!166 ·h '"..mlJmJ 
-db ,Jpmlf/wbb..,u IJmum?m':t ljil'm7n 1}6 

-huGmpmp IJnlj 'tf,m?m11mGmJ ,rJp,,,feJ 

--.ubb..,u i/ifm1n ljGT-.uGmpmp ,i/'!...,ul? 

-11,nr f!.mpururln i/i1'fm1'JurlJ 'Om IJm'lli 

it11,q11,..,ul.11,il il"..1uTl!/-.uU1u 11,mlJmJ-£ i/f 

-G11,mum X ·11il'Jq'!,. i/ln'I£ ,i1Jq11,'!.mlJmn 

-mGmJ IJnt/ 1J'1/t IJln!fL 79J£mh9ur iJJ 

-nr1qpJm 11,m?nrJ£ l}J'f'l,'!.-.ull/-.ufql' 

f"'/rlJJm1'eJ JuluJ il''l,91'Ju7'm11,mplmln 

Jmpm';f "IU1'1J!/1Jmmln mJ/r iJJl.mfb 

a,/ !/'1,'!."lultJ ... u1'!.u"' nln ,aJ,,,,,,.,,,s 

-·.~·rputj (x) b 71 (x) 0 '(X} W 'lif3 1m11, 
-murn Slj1nri/GIJ11,wtj Af3 tiuSuihJ.p 
um.r16-gm.qm -gml1mfnlu6mB i/-x .,.,,iJ 

~I~!~ 
I I 
I 
I 
I 

-'; iJlr1JnrlJ •iJp..,uJnrnrn1'm"J i/r1G11,nr11m fm1'uf 7'ulm11,'1u11}/, ,,,,,,,,,..,,,.,,,,,,,':t.,,'1,il 

.tJ,J'l'!."..'"lp/-.uffl' ii']-,, (Jf3 '(X)W •(X)Q lm'!."""" llU6ui!~p -gmr<lub 



G{JJ, f.u..JuwiurJ,,.'b "r~m Jwu£re. friturJ,'lf'/,Lfr" ~wui.£t.p f.u.u/w
uwrJ"''j, awJu f, Ull J11Jubrfr ~IUJWJIUfflU'b f.wumlUtntlL'j,'f,/,rfr r.ull{1Uuw

rmf1-1w'Lf!1 w1ufr'L1!-'L' c~ = C_ t. DJ ~o D •.• "'"I"' ~uanw<u..,.-,,.1!' 

.JA. ~} 

.IJ,~-----Jh. 

ff 
---.nil 

g :;; } 
&~-----Ill 

d1EJy) dMr --=-· 
dx dx 

EJy =Mr' 

dM· 
~11121/./r wn'bblni/., "r -' = Q1 "- lnLJ/,L"'/ 

dx 

"'/" wpu1wr...,,urmp/nL'L'Lbpf! y-/r I.. 0-/r 'iil!

~-urJ "'" P• ~"':"""'bw'b.e r,J,..,J.. l"'l pw'itwakbrl!' 

Mf 
y=-· 

EJ 

a= Qi, 
EJ 

(19.3) 

(19.4) 

Ppw4wG lib~wGJt l1mptlm~l!P -04tJ.w~pJ! 
{uuJwJ pl111.fr9} fiwtlwuwp I.- ~~4m~q flMw

GJt GntJG 4U\ptlwh-l!nuf' ~llnri t.fut.CbGme (/f>Hurfri/. pbnfr9) pwdwGw~ 
JtpwqwG fiMwGJt ~n2mnLpJmG tlpw: 

Ppwqw& lihh-wG~ 4mptlw~l!Jt upmmf'wG wG~JnLliJ! (uri/wJ pbnfrs} 
fiwqwump k ~Jt~UlJtq fib~wGJt Gn1_JG· qmptlwb-}!nLt.I' qnpc)-nq quipnq 
n1.de (/f>Murfril. pbnfr9) pwdwGw~ ~pw~wG fibb-wGJt qnzU\nLpJwG ~pm: 

'1-b/f>nrJ ""9/r..,'bhrf!. nrnzblnL i/hplnLJ..,~..,'f,, h'lw'bw~fr 11/,-"iJ!nLJ ~-
Jw /w~w'j, r.wuurwurnL'i#'j,/,rf!. nrnzi/nLJ l;fr'j, UlUf,,J..,'j,..,,fr'j, "/""/Jw';,'j,/,rfr91 

"', .. fr'LJ!'L' r,1,r;,..,r..,r;,11(/fr'b ~urril...,J ./! 'LhpnLJ f.~il..., J .e'L 're 'l.r" Lfr'bb L"L '
r.hJw'bfr /,p~nL r.wr£.w'j, J wubr/r r.wJ wr f!'b'lr.w'i#•Lr ~urril.wJ .j!_'j,/,rnu/ r,J,_ 

J..,'i#fr t.wp£.w'b Jwu/,rfr 11•f nrJw 9/rw'Lbrfr r.wi1.;...u1UrnLp /"'"' "/"' '" w'bfr91 
'1-frurwr~i/n'I. /,'l."'<;.,"'~/r 11/,"iJ!"LJ {19,1) £. (19.2) r.wi/wuwrnLJ'j,J,. 

rf! fr'burb'lpbtfru ~..,P/,lfr I; r,..,,,'j,/,l ~w1f "'/"'~"''j, r.wuurwurnL'b'bbpfr r.w• 
1_wuwpnLf1-Jw'Le. f/r~"'fri/. r.bJw'bfr J..,1r"rfr (~..,J Jfriw'L~/"'l ~urri/wJ.e'LJ,
rfrJ "'l'b"lfrµfr wJpw9Jw'b Jfrf.n9ni/• "Pl! P""i/"'r..,r/r (19.3) £. (19.4) wp
urwr.w1urnLp /"L 'b'itbpfr9 w'LJ friw~w'impb'b pfzln'I. r,J,,,,/,l"'l "i"' IJ wf.'bbrfr.-,,. 

1) bpb /rrw~w'L r.bJw'Lfr f f.~il.,,,JJ!I! r.u11/111u111r t 'l.P"tfr• "'"i"' f>/rr 
. urfri/ t.Uw'bfr 'Lm1'L ~tirpi/wJJ!nLJ /f>Mur/rr/. Jnn'I. JnJ6'Lu11! "i/,"'l!- t r,,,,_ 

r/,wuwr t.fr'bfr 'l.P"J/r• 

2} h[JJ, /rr-~..,'b t,/,J,,,';,fr ~utp4_wJ .ffr "l.uturJ ,,,r;, 0 ,,,'j,~JnL<;.,"f! t.wr/_w
""'r I; 'l.P"lfr• "'"i"' /f>Murfri/. r.Mwi./r iinL/'b ~urri/wd.emJ f>/r~urfrrl. 
~"'P"'I. 11Lrlf! Ufbur.e I; r.wr/_wuwp Lfri.fr 'l.P"lfr· ' 

3} b(I/, /rrw~w'j, r,t,J,,,'j,fr f.~i/,wJ./!I! ~,,,,r "iuiurJ1u'L ,,,.-,,~1m'bl! r,,,,_ 

i/wu•r i.t 'Ir"//'• "'"/"" 'lf'""i.9 t.-J..,"l"""''Ul'fu"''h"'I. M1·f! ~..,J Qr e 
1."I/,"'./! I; r.wr/_wuwr Lfr'Lfr 'l.rn1/r 1 

22,..r11 "''1./"Luw~mJ phrr/_wJ £ii frrw~w'L t.bJwi.fr t,/;i,J..,i. P"L"r 

11/,"f./!lzrfr "flU ,J,,,'j,'j,/, Pf!. £. f>/r~ur/rr/ r,/,J ..,'j,fr 'j,,.,_,'j, ~-ril.wJ.eiJhrfr IU /11 "I"',,, w'Li "rfr'L t,,,,J lll"f1UU11Uu/u111'Ln'I. ,,,Jr"" 9n1..J'j,'7 Pf!.' 1111 "''ll"'-UIU~/r 
"i"'IJw'L'Lbpni/ frrwr r.bur ~"'"tr/."'J frrw~..,'j, £. /fl/r~ur/ri/. r.bJwf.'Lbre. 
~ntr/_nLJ £'j, r.,,,J,,,LnLJ t.bJ,,,'j,'j,l;r' t~. 297-fr r/.r"' wJb'it111ur..,p111J

i/111J UU1lUU1M11r'6'b nrnzbLfr f,bJ111'L'Lhrfr r,,,,J,,,r 9nLJ9 t urrr/...,J 

frrw~w'L £. f>/r~urfra/ f./,J,,,'j,'j,brfr qnLyw~9n,Je.1 ~"'J"'l"'J r,J,J,,,<;.,

'bhp/r JnLP"'l!"''j,l./"Lr 'f."L/'l/r J£l 9w'L~1119wJ r.bJwi.e. ~"'P"'I. I; 

e.'b7m'br/_b1 "r"l"" · /rrw~ ... r;,, "'111 11""1-l!"L" r,J,J..,'bthrf s "r~r"t'11f!. ~tfr"i1/1 
/f>/r~urfrr/• fr'Lt np t.bzur !;- uurn''f/,l' 11frJ/,l"r/. 22-r11 "''/.JnLu111~fr'iJ1 

~"11"'~"'"1"r lfL ..,,,,9"'1. P"''l" wflnfrtl! r,J,Jw'b'bbrfr t.w1! wr r,,..,J IUL"'-J 

f,,/.J..,'j,fr e.'burpm(il1w'L Jwufr'b 'l"'?"'+"'r ~-rl..Lfr !;- ~"''i.Jbl f!."~ 'it~.298-/ri 
11.'Lt.r-rlbzur t 'Lzbl, nr UUllUUl/r~nrb'L "rnzbLfr. /rr-~..,'j, t,/,J..,'bfr'il 

Jfrzur t.wJ111.,_LUU11UUJu111'LnLJ t UUllUUl/r~np£'b nrnzbLfr /f>M•/rr/. t,J,J,,,'j,, 

11 q Int. u w lj 22. :b~ljm~~ fibbwGGbp ljwqJ'h1n1. uiu11J'wGGbpp 

1'pw~,.), H.>w"bl!. 1>Jtli."'l"I (Jr.>,,,..,,e 

I.,..,,.,,,,.,,_ I Mi-J_, I. Qd•I ~Jtli.u•U •U ... .,,J.t .,.,,, 

~""'-r"'""" w'ii</.w"bnLJe """r y-/t ~"'""'r "I."'- uL"'JJ ... 1.'1.lzrJt"' ~ ... J"'"I."'-
I. 0-/t '"'- ~w"b£</.n'l "'"'"fuwl.mz ~lz"l.nc...!e, 

""'r "l...,JJ"'"bl.hr/' 

~n'l"'t"'"l"'J/t'ii .>w1rw1Jt'li : y=O Mr=ll ~ n'lwt"'"'l"' 1/t"I. .>w JI'"' 1Jt1' 
•lz"l.wpw"b ( .fn1flz),.,, it"'• ~bl.wp•1' ('t1 ... .>I' it"'• 
~""""'I'"',,,.,"..,, ~ ... t ... .,-t"'l'""'.>l!Jt "l."'"'nLlff! ~"bau- 6 of 0 Ori= o 'Inc...! twrn'I. t t/t'iilit) r1114.nr t) 

-··---- -- -----··· --

~'1.>w"b/r ,,,Jpwts</."'.> ..... ,I' )' =0 Mr=O ~Uw't/r "''i"'"' <>•1p (it ... 
n.!_ t'11'utpn1'w9,.,.> . nc..J1 

('t</.w.>I' i~"' I. "l."' 111 nc..J !tw l 0=0 Or= o n,t .!n.fb'!iut) 

- · 
~,, .. ..,.,,/r ... ., ... ,,, ..... ,I' ( ~.,,..,_ )' ¥· 0 Mr +o ~Uw"r.Jr waf pwb</.w,) .>"'JI' 
pw</.np 6'!i t"'l'4."'<>l!/r I.' 'e11- (tw"I. ,,,.rrwbafwl. 1/n-

y_ ... .>I!, £.' "I"'"'""'"" wl.lum .. 'i.) 0 == 0 Qr of O JJ,'j,,,. la ~wtw'l'lnl-af) 

.. --- - - . ----

U/rfw'l.fr•L ~b"l.-pw'li ('et- y=O Mr=O ll"J.t!-"btJ"'L ~n'lwtw"I. 
yw.>e ~tw• t"'l''i"'.>l!Jr ( .fn.!'11'ut !t"'• ~n'lw~ ... -
"l."'"';,'-.rl!. ~'i...,pw</.np t) 0 i= 0 Qr 'f o "II!. ijin[u..,1'9nc..J t &."r.2n< . .f) 

,--·--i 
1--,;.n,,,~t1wL ~,,.,,,,,r..,.,, 

UJrtw"r.llJ"'l ~ntwtw"'l ( ~"1.w- 1 Y "/= 0 ! Mr i= O (~kl.wpw'i.w1Jt1' t.,r</.w.>-
l'"'</.nr ,,.,, t"'l'4."'<>1/r I.' I 

Qr+ o 
l'n1 .J •'liwpwynp t £.' .fn-

t.tyw.>ei f.' ''f"'"'""'), ,,,,,tJRL),) ! 0 * 0 
.t&'t.1111 /1.' ~"'t"''l'lnc..J) 
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' 11.Ju"i/iumj, "'f'ifuiJ (/.rw/1,u'b} t,l.t),,.'b/1 "£'"-/; 4u•dwJ.[!/r y t+J.,,JJ'i' 
·Ju11l "l"'"'Jw'b (j w'b4Jm.'b[! tm"1bl11L r,,..,Jw(' (,,ul"f''lwpwr "ibin.j• I; 4w-
1n1»rhl r.bur£.J"'l 'l"r.>"'l"'-P J"'-'ili.thrf!' 

UI) 9ttw9('b[ urrif.wJ f,/,Jw'i.,f. u[u/,J..,'iJ m('1fwtf pbnp (,J;UI J/iurnpb, 

p) 't111nrn9'1[ ttnn'l M (x) J,,J/,'bm'libr/r t"l.J"'-l'"'f,, 

'I) M (x) l:"i/"'l'wlfi 'l.('"
Jw4..,'i.t qfr.>'i.t [!'i.t'lm'iil1l "('"1£·11 

ftt------,---f#J-"""""'-- :PMcn/ii[ f,,/,Jw'b/r umw'i.t9.[!• 
~ f.u~ M (x) l:"1JnL{'u1'i.t' "l'"l/;11 , 

qf l}fr4U1/iif. pbn, ttnf1'J 1ln-

~ J/,f,U1Jr 11-rwltw'li wrJh.f!.'bhrfi 

'l/;"1"-"i.J Qf pbn/r O[''J/r'llmm

f,/,r"i.t m'l'l.i/.1uu /,';, 'Jh"lfo 1Jbp, 

pw9wuw'1.w'b wpJb.e'bbp/r 

. ~"i~LJ' 'Jb"f/r 'i.tbr,eJ..1 

'I) gn&.JfJ tnwl /}Jr'tmfrif. t.Uw"llfr t.h'llwrin''l./il'1rl!. i;wJwJ..w1"1 22-r'I 

W'J.JnLuw'1./r "l"'JJw<i,"ithrfr £.. "i.t'1.• 297-fr 't,..J -;,4. 298-f., 

b) r.wzif.hl ffr'1.m/ri/. t,/,J,.,'i,fr r.h"llwrw'ii..,Jfi'ii f.w'1.w'l.'l"ul"1'1rfr Jf,_ 

JnLfl Jn&.ii"ilhrl! f /r'1.111frif. phn/r9 { w 1u/r'k.e'i.t' lf./r4mfri/. f.f,',,.,,{',.,'j,w 1/r"ll f.w

'1.w'l.'ln'-,/f,hrl!}• . Jfr 6w1rm/. wJrw~91Jwtt t.bttw"ll'i.thr/r t,.,,Jwr "'l'l 

~wrhl.fr. I; tw'ilbl, 

q) r.wz.if.hL Mf ttnn'l. JnJ/,'b111f!. :P/r'1.urfri/. t;/,J,,,'i, fr w 1"1 1PnriJ.wit,em ,/ 1 

nr/r wpu9fruf!. "1n&.1'il"il J;, fr"llt "{' '- "'/'b f1mr1_wtt.efr"'l!· nrm'''l nrnzif1uJ 
/; f -G.'1.i/_wq,e(!i 

t} r.wt.if.hl Qi 4rnrn'I. mJ/r Jl.Jn&.{IJm'llf! t}Mrn/ri/_ t,bJw'll/1 ,,,1<;, 

~urrif.wu,en&.J, nrfr 1111pu9/ruf! 'iln&.1'il'il 1;, fr'ilt nr /,_ w''i.t 4u,111Ju.1J.J•[•'b(!1 

nrurb'l_ nrnz.i/_n&.J /; e ut_ll'Urlfw'i. w'i.t41rr<b[!i 

f!) nrnz/,l f-"11 nL 6•'i.t f!.UUJ (19.3) h (19,4) pw"i.wa/1.LC'fr1 

'JohfnrJwflfiw"ll/,{'f!. nrnzhln'- 'f,}"'frw-i[hrtnLJ1u'1.w'b J'hfiln'lf!. 1lLq 

..,,,.,urn&.J I; 1mr"'l!"''ilifnLr Jwu"llwi[nr 'l/,"lJ'."'-J '1.wJ w 1w4w"ll f.wuuuu

mm'i.t'ilhrl! npnt.h[nL w'kf.r111J/,zmn&.f/Jf1L'ftt/r91 /.. 22-(''J W1JJ11LUll14/r l.'L 

"lilt• 297-fr ~,.,J 298~/r ufuhJw'bb11/i uiif.1w1'ilbrf!. 07uiwtnrJ/1Lf.u• J'/r u1'ii

'l"'J/r9 U1Wi/ru !; nrnzw'1.fr u4'/.pflwyw"ll "{WJJ'111'b"ll/,r/r f.J.m f,wJu1Jw1-
'b/s9i/_wJ [n&.JmJ1 · 

:bfr~mfri/. JnJh'i.tur'bhre n&.'blr'il (mJ X4rftwrnLfilJnL."i1 3J l_w1ftn1z111ll"'" 

iln•f/JnLL. ~/r'1.111fri/. fturrn'l. nLrlhrl!' (mtf>~br'twrnLPJ"•i•~J. lpfiltmfo[ 

phnfr frLurh"i.tufri/_nLPJ"'f,I! l_wt/•i/.n•J t f n•J .X br'1.wrnL{J11n'b} J'frw•/111'
"ithrnif.1 

'44 

§ ns. <\>uuc:i.ru-."llJ;ru1~uo.4U"li trtl3-n'l>n"l\.. 'Ft;:1>nrtro.a110.uure 
nrntt~n~ or~~0.4ubr 

() l' [t 'j, w ~ 79. 'l-ur'tlt A JwJL'"Y wJpw~9'[111J Ii R '~"'Jf'"LJ 'r.ftpwn'[w~ P 
,,, Jn•f. el.n'li111'{np'{w~ / {Jn.pie nL'tl.9n'I. AB ;J,J,.,bfr B ~l;urp 6~'{1UJel!. ('t'r.· 299 ): 

lfnJb'1,,,.'tl.pfr /;"lJ"Lpw"b ~nL'i.lr"b111 '111.wl.~Jw"b onlrue1 np[t wJh"bwJhJ opq[tl.w

'"f!. t
1
'1.,,)'YP A ~"'l''f wJeft "'"'+ /.. r.w•[wuwp 'r.tf.i'i.[1 - P/1 llnJbl11n'i.lrp{t /;"1.J"Lf'W

.1/t •upuyftublip/• amw'i.9e'i. r.'i.'t"L"bb71e "l'"ll.u 

:f>Hin[r'[ f.Uwl.Jr ,.,n.w'l19e• l;uunLpw"b r(b piu

rilrbe !f?H.,,Jta/ plrn.p• 'fl'"' r.wJwp opqftl.w111-

)11.pft -f pw 'f'i.b'i.e qb"l.[r glllb nL11'1afw,} uiwe

-Uj,p ( 011q[i'bwur"bhpf!. pw9wuw~w'b b'b ): 

~hmf,{,tna/ 22-pq w<lJnLuw~[1 9nL9nuf'ub- · 

p{t"h' l/>Jr"-"'PY f,bJw'bp .,,J pw~9a[wJ ,}"'JP/!. 

!J"'-J!J "'"'"e Ji ~burnLJ ('i.ft· :t99) /, w•1won 

<lw.r1•f'.' A 'r.burn1-JI 
fl..11tnLf,j,.,,[.. "'""'/! I; r.wia/"1 c),,,j'I. JrrJli';,

UJfl !f?[•~"'PY f,J,,}..,),ji B 'r.111pafw,}enLJ: l; .. 1ulr

l11rri "'b pbn/1 JnJlr1'111r.. B ~,,..,,,, 'll~wuflf,,.Jp r,..,_ 

•i "'""'" I; pbn.[r !.. B 1t.t.ur[r9 "'J'I pbn.[r J.,,b-
l'"'·f'.rw'i. "-""""'r"'Lp nL),f,9.,,,} r,1r,,wr{rrprrLfJJw"b "'l"""''fl'l"'L[r"b' 

1 2 P/3 
M = - - Pl· l · - l = - -- 1 

!B 2 3 3 

l
,, , p •· J .. h .1 EJ /• ''L'"'' ,,.,.,,,.,,n,_J lt'i. '! ,,.,,..,Jbf'. 
l\o/U W('UIW~WJmn< Jnl- U I!_ pw IU II fn'{ . - l t· "f 7. .. 

1; ''""'"'·''' Pl3 

fu=---1 
3EJ 

(18.14) 

r ~- 1 f, 1· 'i ), ~u11Tr.l.'·'zlnL1f .I; § 110-nul 
ff.,ru 

1
,w7.md.f•r. 1!ftw'i.'fu" "'JUI I pwnJ"'l u '2"' f!.1 l. . 

11 mm!J1/m~ wr'l.int."'l.1efr ;L"': 
w/.f1in[ri{ ~Jraw"r.[1 1:3 ~111pif u•J1>nLlf ~tn,.r1'/ nLcfJ!_ flifw171/u1 r,.,,4wuwp (; ,.,.,,.'i,-

//Jl>l71/• '""''' tU•'/'"'I~ rf1u~bpb11Jr'i.' 
1 P/ 2 

Q1:;;--;Pl · l=-2• 

Q p[2 
OB,,,. ... _1 ~ --: 

EJ 2EJ 

(18.15) 

Op ft 'II., IL 80. bp~"'- :.lr1'1upu1"'b'i.lrp[• •[f'"' 'IL'a/"',} f,/r,}..,"j,I!. pbn~1u11npa[iuJ I; 

flnhl!r ~Jr'i. 111 prr"bnuf ~frpwn.ifw,} P rrLcln1[ ("u+.· 30011 q..,.'i.bt 'H'"~N!. "' ,Jft +.ft-

r•un.Jwb ~/r.,,ntJI 
/'rwlt.,.,'ii f,/r~w'ri~ 

f.111JU1/I 1fuJft),.n'J.br[1 /;u[JU' ('UI), 'r.llJU"""-"r•/lt ft,._w"J,lt.,/nL°i.nof 1 
Pl 

ftrl'"'"''"'1' 11f,.,,,,. ,f r,,,,,fwuu1p I. + ~ . l."LJ"•l'"''b 1[kl'w-
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~nLJ ,,.,,, :/>ftltrnft1 p/;n.ft1 U[W_f!,,,,l'f!.· WJU or/r.,,witnLJ nuz11.1tln1 'flt"(/• 1"r• ,.,,,,," 

ftJ' l;uunLl'WJJ. OJ''lf. .......... .,,,,.l'f!. 'Jl'UlltW'I. /,),/ 

llfiltur/11f. t;Uw2.ft l;lr'i1111pw.,,Llrl'fr ltwn.nL9 1..,,t)l!I! #tnpnzhLI! e.u"' 22-r'l w11.JnL-

11wltJr "'11"'l'l.'1pJr• '1t'lllztn1 J.l'wt111'1. t;U,.'llfi wJpw!JnLJ1.'1pfi u1w1J,..),),bpf.111 

.: ct~: 
14 _k-L---__;,..,L. ____ ......,. 8 

~ ~ 
I 
I 
I 

' 

8'H111Jr1 r.U..,j,J. folz"t."'l'"'"'"'"rfr fowltw~pLJ
"t.bpe. r.,,,J,,,l.,,+nLp,,,,.,, 'f.U1JJ,,,"t.Jr9 """'!' r..,,. 
4wu111p ltrJo'ialr<r,, L. J"Ll'"'l!"''"r.lJnLpf!. r.wywu111p 

'ttfi"t.J. wJpn'ff plrn.J. t6'uJr2.' 

I 1 Pl P/2 

RAf =RB1=-. - . -l =-1 
2 2 4 16 

tln.n'l JnJl.'1.uie C lt"'P1•~1!"LJ r,,,,4 •• 

uwp I; ""'""''l'IJw"t. J nJ'11.rnft.,, f pw9w11wt•'ll 

.,,zwi.nif.) 'fnLJwp ... ~ ,,.,...,'l,,~JnL"t./o plzn.~ lth11ft 

JnJlt'r11ne. (f'"''lnL'tl'. t.wif w11wp t- j__ ). 
6 I 

1 ~P/ I Pl1 I Pia I Pl' 
. --· -··l·-= - --:· - +- ·-~ -.-. -· 

2 ' .. 6 16 2 16 6 48 

• IP/3 fc:- ___ , 
48EJ 

Rwr f,/,'tiU1p1U.,,~ 1f'111 't.•r.J.w~/!ft "f.11JU1Jut1. 

w1.~JnL1'f!. r.wi[wu"'l' t 

, .. ..,,Jr nr tinl'~'l rnJI!. lik.,,_pw'llw1Jr1' 4"'e.L'-

1"'~l!nLJ r,..,4wuwp f; f.ls'l.wl'w.,,..,1/t"il r..,,~..,'l'l-

•fm1tl!. ("'11"'l 'llr"l.l!"LJ l'"'!J"'""'"-"'.,, "'z"'.,,""' 
ti,. 301: 

npn1/t.lrurb. RAl""'t"''l'l"LJl! nu1'l1"',) I; 'llr"t/.r .,,hpeb.)t B 

pp 
flB~ +-~1 

. 16EJ 

liGtutbu bplmul' k q}tuu.uplfqUJc)- op~Gwl{libp~g, ~}t'tiu11'q pbn.Gbplt, 
chinri umfbGmlibpp h ~mpn.ri nt.cJbp}t G2wGGbp1' Ii.mum Jl eliqm.Gqmb-
U{WJtl'mG libp~ .l)buu;!nul pmgmum~mG. G2m6e fi~q mb-"J!G.bpp p.mG1DnL.nt.tl' 
fiuufwuimmwu)umGnul' k, }ili1111bu h GwJ:u\~Gm.u, 11huip gw.~· DLl)'ln\.

PJWlie• pu~ UfUtuuJ'wG mG~JnLliGhpp pwGwnh.n\.tl'' dmtl'm901-J9fl u1m~Jt 
m.ri 11nl.p Jllllf p l'lmmilmlie· qpm~wG li2mlie fi. mlfmuiwU\wu )umlin ul I; lim
fiwn.1011 DLl)IJ ULftJDLfi libpflli: 

0 l' Jr.,, w ft. 81. 9'~"''ll'"'•rJltrtnL~,.,~,,,.,, tr.,wilw't.r"J •1m'ilhl 'i"t- 301-~ •/p111 

"t."'"''1lrp1/w~ AB f,h~ .. 't.Jr ~w1pltpJ.r "t.,...,,,r,,,-,, wl1itJnL2.'lllrpc,t 

U6 

:J.Hon/ .. J •lz,) 111"1.e_ pJ,,...,,,,,4,.p•/rnt) JnJlrf.ur.,.1Jrh J..,tJ,rlrun1 fl"LJ:J I; -l'1"'t) 

'lt)w,rnLJ: a ... ,.. ,,,,.,,wrw"t.ft f,..,J,,,l' "l"'"'Jw"t. BA .,,..,,"'"L,,f!. r. .. 4w11wr t' 

_!_. -1 Ml 
At 3 2 Ml OA·=-- .... - ___ , 
EJ EJ 6EJ 

2 1 
r- - ·-Ml Ml 
At 3 2 

6B i=. -=-= - ---- -1 
EJ EJ 3EJ 

O I' [i 11.., It Bt. 'iot)w'll'"' 4/ipl nv~"'""'..,, lu1."'"t.witn1 'l"''tilrt ~lritw'ti/r 

'tlt'ri.,,pn't,nLJ L. tn'iiun{klrpJr t)..,Jl'lrf'n&.J u111wfwS"'l f.lt4_111~1!1'. (i.'t• ,'J02)t 

l111.n2 JnJlr.,,111"1bpJr l;uunLpw'll 

nLhJr 11lr'l111'j,Jr .,./r"l!' npJr wJ/z),111Jlz~ 
or'lfr'i"""'t!. r. .. 4.,,uwp I; M = - Pa• 
~"tJ"Ll',.,-;, -tlir.,,.)nLJ b"ile plr11'1.,,:-

1[<'1. J,u'tltrbuJo, plz,.e nL'l.'lhtn1 'll.."lft 

9uit)1 llHuiJr4 l;lzt)w"t.f!. #tw'l.J4w~ ~LJr
"t.ft 'tw/u,,1/t AB t;U,,,'i.ft9 L. 1111'1. "l"'

r.n'l nL JJr ~"'Jl'"1 wJr111t9r{wt) lrp#tnL 
t;U,.,.,,f.llZ.kpft9 : fil',.hl'fr 'tb'l11npn.,,n11..J 

f.~r[u•~ll!. (f 'tft.,.nLJ) r,.,4.,,u111p I; 

WJ'l ti.111nLJ t;,,,4 .. uwpwl_w+ 1'-2/u-
1111~ phnJr9 wn.w!"'9"'1 fH.,,/r1 Jn

Jlr'1""1!. pwlUJ'llw~ t•z"'nLP ,,,,.,. 1L' 111 

qrlz Paiz 
ff=~= -1 

SEJ SEJ 

C ft.&-onnLJ 'ft.•/w~/!l!. 't'l"'.,,,,..-,.1!, t. 111z-
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l~~•'-pwJ/,2"' 'li'Jw'lrnL}l/w'r. JnJ/,1,.,,l!. f.uu[wu"'r ~li''i./" 

400000 
W =-- = 286 u1f3· 

HOO 

;..,:{"'r~i' f.,,,J,.,r f''b'fnL'i./,'i.e M 24 a "r~"'"'4rf'.· J = 4800 uJ4 , W = 400 uJ3z 
~/,,...,'j,l!. i npu f.w4wuwp IJ,,..,i' f'"'Jw'i./,[nL 'l/,"1.l'nLJ ('i.~· 308) 111nw'i.nLJ 

::./,,),,,),{!_ ., .. ,,..,,e 1!n=1!
0

100 Jwu2mwpn4• ,,,,.,,,.,," "rltwpnLf/JnL'j,f'. ~"f"'"'~"J'4" 
4 lllr "rltwrn•-flJnL'u nL'ulr9n., r,.,,.,,4 ..... n41 k-'i. f'.)"fnLl.lrl.e . r,..,>[wuwp 100-r 

EJ 
- =96 mJ2z k . 

//LJ/,ri' l'"''lJwb1t1nL'i.l!. "l"'"'~"r"L"L t,,,,J,,,r ( w-11 b. E: ) 4'1p9'i./,'i.1 

I ti ,r - 2 m .r2 ,/ Wll2"'"'1'' 

il"LJ'"'e"''biinLp w nLJ ~"l"'"'~"r4i' 2 uJ lrpltwpnLPJnL'b nL'i.lrsn'l t,,,..,,4 ... -

' EJ J,,.,, ""~ pb./,n.w1i''i. f.lrn.1114npnLflJnLbf'. H = k ~"l."'"'~"l'4i' 4,8 uJ /,p~"'P"L-

Pr• 'u .,,_),/,9n'l r,,,,.,,4w.>n1_1 "f,,.pwl.w1i''i. l'"''lJ,.,),~/nL'i.i''i. ltw•nL[l/,[nLfJ ~/,.,,., B 
IJ"'f'4"'.>l'nLJ i"'+4111.> 'j op'ffk.wtn{!_ "'"'l"" t f G.~4,.. .. 1'" i'J'•ltw'i. J/,.>nLjl/nL'j,{!_ 

( U.r/_JW[ ori''l11u1tnLJ lJ = f = 3,6 8d1 i''i.i-nr Wn.U11_111r1tr{nLJ t MlllnLf/,/ ~-llnL

ffnLJ n4 )z 

flr"lhu "r~rnn orfi'bw~ 'l/iurwp~h'b./J A J... B "r~nL t.h'bwrw'b'bhr/i 

Af.rw 'lri/.wtt I... ~w.!w1w~w'b phn.ni/_ phn.'bwi/_npi[wd- t.hJiu'bf!. {ii~. 309 )1 
3>Mur/ii/_ t.Uw'bf!. 'bn1.1'b"l.hu ~t/i'ilfi hp~nL f,.h'bwpw'b'bhpfi i/_p• t:.n

IJUl~"'"l"rh'il f..h'bi/...,6 f..httwf.. t/JMm/ii/_ phn/i .!w~hphul!. pwJw'bhlni/. J/i 
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-1111'i./r Jwuhr/r• ~-""'-9"'-J h'il,e "1111r"''i."'1/r" l'"''lJw'W11n'-'ilfr'il ~ .,,..,_ 

'i.nLJ h'i.,e +111~n'I. 0 -&,..,""''I"' lf'l!1 

'f111r111""'1/r'i. ,. ... 'l.J 111'il~1w'il •r'1/r'i.111ur'i.hrf!• r:. ... 24,..6 +"'~"'!. ~n'l• 

, 

---H---<.,. 
't,ft. 301': 

J/rs• r:.111JhJ111in111~111'i. ~t/r'i.h'i. {/>li~in/riJ. t.U ... 'i./r .)nn'I. JnJh'i.111'ilhr/r"il, 

fr11~ t.£in£..,..,J,.,, r:.r.r;, ... ~"''i. t.'16 ... 'i./r r.~4 ... J.,eUrfr'i.1 

IBtwrr L"'-""L"'- 4.'re z"'r111'lr4."'" ,,,_ ... 'i. 111~1! ..,,,,...e t "l"'r'l"s
'i.hl. ~wph. i qw uawmlfbpb1 ~p~mptl '. fib~ruGe L.. utmpq ht Gpm qm
n.nt.gqm~p~: 

l,h6111'i./r JniJ.wJ · wn.111'i.9.[!/r r:.wJ..,r 111pu9/ru'i.hr/r 111nw'i.9,e ~ 1111• 

n1111n'-J "~'1.l''i. ... ~w'i. "'-'1./r'I. 111nw'i.9.[!f!• t;,h111£w..,hu, .,,..,, ... r~iJ.111" or/r· 

'i, ... ~"i.hrn'-J "l"'r ... 'i.w 1fr'i. l'"''lJ,..'i.~1n•'i./r'i. "i"''"~"r"'-J tr "niJ.wd

... n111'i.9.j!f!' /r·~ "'1'i. ~"'l.J I!• •r/rs r:. .. 24.n._J !;fr'i.I! •r'l/r"b ... ,,,'i.hre • r.hJ,,,_ 

'i./r u~'l.l''i.w~w'i. 11m111'il9J!f!' 
.n\.Uutp lpwqwqmli :}; fipdliwqw6 fibb-wlip fimump ~mn.nL9b( un:.. 

ubGmlibp~ loiqJm.pmG, wn.11169 ~pl1mpq 6b~mGp fiblitfwG iqwJtfwGGL-
Pe npnzbtnL, '1tn)uwpplib1 pwz)oqwb- 1-P ~Ul pq rbn.~ lnunLpwG (q, };iqJnL
pwG) 4'fi~mpq qblimpn6wgwb- m.dbpnq, qpmGg 6wuwp fimifwll(mmwu
JumG ~hnq eGmptlwb- rL..bn.mJpG fibn.wtlnpnt.pJmtfp 1jmanL9b1 iqwpm-
611JJ~G pwq_dmGlfJnt.Gp, pu~ UlJGndibmL.. WJGiqbu mwGbt wpug~uGbp~ 

wamGgJ!J!• npiqbuq_p WJG iqwpwGwjpli pwq_tf111li~Jwli G~wmdwtfp qpm
tl~ Gnt.3Gll(pup IJPPl!• pGiu.iPuP .IJPJli! ); qpwtlnLd libb-mlip u~q_pGw~wli 
111n.wGgpe lipw h.tl m~ mn.wGg.J>p G~wmuu11lp: 

IJ.n.wr_/r'i. orfr'i.•~n._J ("ii+• 908) r.Uw'i./r "+'1.1'.-,,,..+..,'i, wn.111'i.9./!I! zn• 

z.,..if'n'-J tr J ... 4 ... 6 wnw'i.9.j!/r'il A ~111riJ.w6.e/r .,,..,~, "'-""'/r "'1'"9/r.,'i.h-

r/r ............. 91!1! .,,,'".[! t znz ... 1/r/r .., ... r ... 'il-1/r'i. ,. .. ,J ... 'i.~1 ... 'i.I! 'i.m1'i...,bu 

... ,.,. ~-ri/.11161!"'-J, -1.,/i'il,e'il' "'"1111 t- r. ... Je'i.+i./r ,..,.,..t./r'i. +n'l.Jfi z-r"'- .. 
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i.w~n•fliw'i. t;,/un. lrr~r"r'l orfr'i.w~niJ ('i.~. 309) r:.Uw'i.f. f.~l/_w61!i.brf! 

A la B ~'"r"-"'" ~'i.hrn._J "'ll11n,e t r:.wiJ.a11u111r t/r'i.''i. 'l.r•1/r~ "'-''""" "'I'" -
'/l/ru.-,,hr/r 1111uu'i.'/l.[!f (4'U1~n'I. ~n'l.Jf!) l.111•nLJ t "'l111rw'i.•1/r'i. 1'"''1.

J 111'11~1 ... te A £. B ~hurhrft ·U1111~1 
8n'-l9 urLUhJ! 'f/i111yr111~wfl J.,,_111'11111~/r ~/rr111n.mfl1nL'i.(! lu J/r or/r'i.w

~/r 4.r1111 •l.br9'bb'i.,e Jfr 6 1111rni/. 111Jr"'~s4.-" J/r r;,u..,t, "rl! "'l,..,.,.J 

t' ~n'i.unl nL'i.h9n'l ~-/uni/./r t;,ht)..,'i.[r'i. {'i.~. 910 }t 
Sw'ilh'i..j! wpu9/ru'i.hr/r LUn111'i.9.j!f! £. ~wnnL9h'i..j! JnJhflur'ilhr/i t"'ll"'-

r-'i.1 4'n/u111r/r'i.h'i1.c Qr plm Jwn111l"'I. M (x) t"'il"'-r"''i. nufbrn•[ £. ~"'-

ID ' 
c 1: 

A I 

I 
I 

w, 

. ' 
l 

I I 

t~. 3101 

11n1.9h'i.,e nLJw1fr'i. £. "f.-r-'i.w 1/r'i. p111'1.J w'i.~1m'i.fr'i.hrl!, ,.,,,.,r+" 1.J nn.w

'i.w1n4. f/>Mtn/ri/. n._Jhr/r 'i.2111til'6r/r J ..... fr'i.1 .P ... tfr "r A · J,.. U'f! ... J rw

~u4.•" t• ,....,,.. wpusfiuthr/r 11111111t9~f! AB r.h~w'i.fi t....Jwr ..,,,,,~ t 
,,,,..f,/,l ,..,f,..,, ... nr ... ,t ... ,,, ~"'riJ.-"~" ...... + znt.wi/r/r "iwr•flw1/i'i. 

p111'1,J•i.+1w'i.e, w 111/r'i.~'i. r,..,'i.'lfiu ... 'i.w ..,,..r,..'i.w 1/r'i. fl"''l.Jw'i.+1w'i. ..,,..,... 

yr'L ~n'l.J'fi z.wrn'-'i.111+n'-/ll"'-'i.e1 br+r"r'I BO r.'6J.111'i./i t,,..J,..r wpusfiu· 

f/hr/r Ulll ... f,'/J~f! tnrnt.4./r w1'i. .., ... ,J111f/'i.'6rfts• nr c ~/,.,nLJ "t4.wJ.,ef! 

t,..," ... ""'r t- 'lrn1ft• /ru+ B r.n'l-+"'"l"'-J "r~nL t;,J,J..,L'L'6r'i. tL nLtht 
Jfil..'i.nLJ'i, f.l/iJ.wJ_pf!I fla.M"'" "r~rnr'I f,/,Jwfl/r tUflUs/ru..,,/,rfi lllllJM'i,9-lfJ 

~w'Ls'L/i C f,/,flwrw'LniJ. w1'9tn'I. "'-'l.'1.,..a,'lfi "'- "iwrw'i.w1/r'i. pw'l,J,..'i,. 
+1w'il r,,...,, ·I w'i. :: 't'uuriJ. £. B r.n'lw~w"i"i/. ... lts'i.n, "'-'l.'1..,a.'lfi na. ..,,. __ 

t.fi'i. wpu9fr.,'i.brfi wnw'i.9~/i 1,,...,,J-J. b ~'111ni/.1 tit· 310-/r .,•nrfr'i. 
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J11U11nLJ f:.~iJ.11161f,brfr 0rtfr..,,111urf,brf! "'"'l."''frif.111t) bi, f!it'/f.111itnLr l:,nrfr',,;. 
,, • ..,,//U~lll..,, ... , .. ,9fr11f,brfr iun•..,,!J efr91 

a, .. .., .. ,. ... ,r-fna.J ..,,~..,r-trif.wd- '1,,.-,r-~-'j,- Jbfiln'll! n<-itfr J,, 
z-r.e. llllUMiJ.b[nLfl'/nLf,f,J,r, _,..,, ~frr111nb1fr t pbn.itbrfr 9wf,~1119111d- ufr11• 
,.J,Jfr '1/,"ll!"LJ. twn.nL9nul'bbrfr pbn.f,brfr ~"'rt 11/r11111bJfr 'lb"t,p"d .,_ ... 
t:,..,f,t,,ul bit r.,,.J,..r1- itnL1itl!111it J..,J,.f,,..~, fritll!"'it &_ "l"'r'l 11fr11uri.~ 

Jfr """"'J!nLJ, ufuwlf! f\},;_ur t it~111urb1• Ml/II "11-it-tfr i:.z'frurnLfi'1n1..it(! 
t"r•it-~.,,it it.., ... .,,_~itbrfr r.,,.J,.r r.-J 111r1111 Jfrzur l'1111l 111r-r t 1 

<1-flct-filuU.IJll \, I1SP1lJJ.lf~ JtltclJ\;80'1. Z.tJl)'lJ.'h "t1l;l1 

§ 12i. .Z.U'l.UUllr 'l-1'1T1l'l-rm,_ra-snfl....,fnfl....,t;8n'l: 4ti'<1m .. ...,trt> 
laSr--1.ll~t brti (!"t,SPnfl.fa'SOfl. ul! 

twfunr'I P'"L"r r.w2i/.111rtitbre if.br111pbrnLJ tfrit r...,,,,,,,.,"'"Lit t111er
iJ.1116.e. n1..itb9n11 l\hd-111ititbrfrit1 'J.,,r6..,,111t111f,,,LJ Jbit,p l\111i:.wfu 'l"r6 /,f,I! 
nLf,/,f,,,._J -1it"ffrufr f,,/,,)111f,itbrfr f\bur, nrnf,9 [lllJ'i,-111~111it 1.wr/rbrl! !\/,,),._ 

..,,,, •rt•rnLfil1111Jp r/rnr/r•/uif.na.J bf, ~..,J 11111111fri:.•'il ... p111r, ~-J Jfrw'i,-

7•Jfrg1 
U "'"r'- '1fr•111r~if.111J bit +nr/rnfu-twit ~urrif.wd-1! ,,._..,,1,9 ,,'l. .rJ,,).,f,_ 

i,/,rfr t-ri/.111d-1fr eiturrni/11-it /. 11bflmrJ-9frwf,/,rl! nrnz£fnL Jfr J!IMitf 

,,.1i"l~r· 
'f'wf,fr nr d-nn'l J nlbiturit/,rl! 11ni/_nr111p.111r f\/,J111itfr "r~111rnLfl 1111J I' 

r/rn+nfui/_n•J bit, "'"I."'• l!iturrbtni/. t:.bt>111itfr ~urri/.-d-.[!I! I!""' ..,JJ,f,..,JJ,~ 
J,.,,'l JnJb"i1111fr, Jbit.e r.!d-... itfr pnl"f turrif.-d-.gf,brn._J, l'"'Sfr ... 1it It-er· 

4.-d-1frs· nr"'"'l 'l"r6•LJ t Mma1 J,,JJ,J.,,.I!, 11111&11itnLJ bit.I! it1n1.fl{I 

( ..,Jr-.f11111..,,) •4."L"rf "l."'z-r' t1nLfi'f! "'it"'"""L"L r..,,J..,r, fritt"I."" 
itw£. ~ ,,.itf\r.,,J/,zllJ ,,.,,..,,,rnLJ f\/,,)111f,it/, rfr f:.tnLitna.fil 1nL ite J/,6w9f,/, JffL 

t:,.,,J,,.r, .'ifipwni[nLJ hit liw~ wump ... ~J'ml}pn1..pJn1. G n1..Gbgn'1 fibb mG
libp2: u,.. -itif.llU"' .,, ... ~ ~11~111itnd ,..,, 1111'f."l.fr11fr r.hd-111itithr•. nrnit9 

rntnr t11rrif.111d-1"'"rnLJ .JbitwJhd- itnrJ"'l L-rnLJf! Jfrl...,,n1..1it"j, t J.. 

r..4..,,,,,.r t pnLJt11nnpb1~ L"'rJ ... ite (t..,J Jbd- tJr 'ilrw..,,frs)1 

4:>6 

u, .. "l.frufr ,.,.,._..,,fr Ue nrnzn'l .,_ ... ,J -'ill! nL..,,,, r.1zUl1.,,,,, urhu.el! 
J\1..(1) ' 

'mu= --- [aJ (20.1) 
W(xl 

W(x)-M(x), 
(a! 

(20.2) 

U.1uurb'l M (x)-e "'- W (x)-l! i:.U.uit/r 9111ittw9wd- ~urrif.wd-,pn<-J 

.J""'l J,,Jbiturit ,,._ 'flrJ111'1r"'-fill,.,..,, Jmlbiturit /,it. W (x)-e l\ha111itfr 1na.· 
{'IUj!lllitlJ"'-r ~urrif.-6,pfr r.111J111r "f.""'-H t 1frnr/rnfuiJ.fr Unn11 JnJJ,i,,_,,, 
n..'lfr'l r. ... JbJ ... .,, ... t,,,..,,, 

(20.t) 1. (20.2) "l ... 1J,,,..,,it£rf!. fir"'i/.•Hfr ,..,, Lr ,,,JJ,it..,JM ,,.,.,., 
.J,,Jhitur ,, • ..,,1,9 ,,'l. lturriJ."'d-l!fr r,,..,J..,r. hflh ..,JJ,"r,,.,JbJ M:nu .,.,.,,'I. J •• 

Jhitur nLitb9n'l. turrif.-d-,pfr 'flrJ111'1r"LfilJwit ,/,,Jbiture itz111it111tbf,l! 

Vi o-ni/., 111"1. 111 ~-r"7 bit,p 'lrbi' 

Mmu = M (x) = laJ• 
W0 W (x) 

(20.3) 

~Ill z.if.nuriJbrp (!it[ilu19.[!I! 9nLJfJ llllUit,_ orfiitw~nif.1 'tfr111wrtbit.e. l 
flnfrtl! nLith9n'l.• A ,),.,1rniJ. ,.,Jr111bif.111d- £ J1nL11 r),.,Jr"d ~frr,.,nif.wd- P 
nL<fni/. pbn.it1Mif.nrif.111a f\/,r}wite (itt• 311 /. 312 )1 l~iturrbit [! IUJU f\/,d-111f,fr 

~urri/.wd-J!f! llL'l.'l"'it~11Uit urbu.[!m/. ,,.J.Jw,,rnLfilJMI..,, 1/nJbiture '-rt /,'l.111,) 
t 111r/rni/. r/rnr/rnfr1h1n1.. fuit'lfrrl! t-r"ifi t l"'-d-hi• fnr/rnfubtnif..~hJ.,f,fr ,. ... rA.
rnL[ilJnLitl! twJ l"'1'n1.fil1n1..ite ~111J britn1.. 1.111+arit ti, Jfr111<f111Jwit1Utl 

fil' "'I r,,f,,r},,.itfr l'"'rAr-Pln'-itl! ifritfr r..,,um1Uurn1..it' h = h0 , fru~ [WJ• 

"iinLfilJ"Lf,f! 1frnr/rn/r1&11t..,fl' b (x)1 1'/'Jiu'lr"'·fill"'it .fnJhitine "''l"'"' ,).,,J-

r/rs x t.bn.-iJ.nr11tfiJ1-it 4.r- 'l"'..,,""'1 ~urri/wd.[!,,.J r. ... 4 ... ,, ... r tifritfr 

W ( x) = !:(!)h~, fr .. ~ J,,n 11 J,,J£it,,.e' M = - Px. l\bitwrwit ... 1fiit t"'l!r-
. 6 

'f.-d.Hfr •ifrJ.,,11-rnLflJwit JnJbitare' \V0 = b~h~ , fru~ "'1'1 ~111rif.111a-
.p.n•J wJbitwJU dnn'l JnJbiture' Mmax = [Plj1 ~-zif.111rtfr Jhi f,2.,,_ 
"ii111~n1..fl1mit ntit6it M (x)-/i lr Mm 1,-fr Jfr1111it pw9wrd-~ Jhan<-flJ"Lf,itb

,rl!' f.uin {20 .. 1) pwit ... at.fr uurwitm.J bit./!' 

Pl . 6 P\ · 6 ) b x - -= ~, 11ru1b'1fr!I b(x = .1 --, 

11 ,, h~ b( x )h' I 
(20.4) 
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-1ufriil!ii' LIU1iimf11nLii(! x-fi9 ~LU/ui/_uu) fnfn/ui/_nd !; 7thu1fr"' orb'ii.[!ni/_~ 

IJpp x = [, l'u1'iim.flinLiif! t:,,,,4,,,u._.,r t b01 

1,M..,iJ/r 111bul!f! i.ui~LU111/is I.. 4_brl../r9 9 n._19 t "'r"-UIJ ii~. 911·/f 

i/_pU11 l,bJ,,,iJfi U1JuUffi11/i 7.lUl'l('n'-J ~umU19i/_/i JfrUIJ'ii ,,,,'ii tbUf,en._J, bpp· 

J/,'ii.[! t:,,.,24_/r bii,e U1n'iim.J JfrU1li1 'iinpJU1l LUl('"'-J'ilbrfr 'ii~U1mJU1Jp t:.b

t}Ul'ii/r U1Jrn'-flJ"'-"'l!· b (x) LU1J'iimfil1n'-'iif! B ~mpi/_U1tl.[!n'-J '1-wn'iin._J t-
9pn1 

UUl~WJ'ii U1'iJt:.pU1dbzw t Ul"fUlr..ni/_hl UIJp1nfJ1nL'iif! /.,_ znzwfn? LUl

pmJ'iibrfi 'iJ~U1mJU1Jp: U1u "lw1JU1'ii/r9 t:.bJUl'ii/r U1Jb'iJU1pn.[!p UfU1t:.U1'iit_· 

i/_n'l Lw1'iimftl1n'-'iif! ~npnz•f/r 

':max=-23_ . ~ax_= ["CJ 
bbmin 

r.UlqwuUlr"'-''rs ~u,J, .j!Ul"'/r "r Om ax= P, 
3P b . c: __ , 

m111 2bl-;J 

§ 122 . .:.u.11.u.uur 'H•U'U'Wn~fc)-BO~"li n~"ubBWl. ~hull"li"ubrti 

ci.nru"liUlJU.., OPti"liU.li"ubP 

1,J.'IJ!J 'iJnr '//i'-"Ul('~i/_UIJ opfi'iJUI~(! 7npt)'iiU1~UI j.,,,_J ~/r('wfli/_nLJ !; 

'l.""l"9iibr 'iJU1/i1U17tlb1/ru1 '~""l"Sf!' Ulft:,UIJwpt:.blni/. 'iirUI pU1i/_U1~U1'ii/r'i.i 

T"l!r ~"r"'frl I"'-"'(!• ~UlrbLfi t '1-/r'-"Ulr~bl nr"lb'! br~nL t:.b'iiwpUl'ii'iibr/r 

"-rUI t:.biiqUIJ (ii~. 313,a), P"/it.[!/r ~""''-"r""'"' J '1'1rU1ni/_U1J p ni_Jnq 
p . 

'- JUIJrbrn._J ~/rrUlnqwtJ -· t:,Ul~U1'1.'1-"'-J'h/,pni/_ pbn'iJU1qnpqwJ t:,/,t)U1'ii1 
2 

tUl1uU1,Jh'ii.[! Ul/U a,,,{! "r"l'" t:,UIULnUILnnL'ii ho PUlrJ.rnLflJnL'ii k 

•frnfn/uUl~Ul'ii bx LU11'iin'-/IJ"'-'ii n1.'iib9n'I. t:.U1i/_U1uU1r '1-/rJUl'f['"'-fllw'ii '>b• 

6-UJ'ii. t:.U1J1MJ_U1ifrn1.fl1U1"il UfU1LnQU1nni/_ ~Ulrbt/r t uU1t.Jw"ilU1fU1~i/_bL J/rUJ{ll 

filn/ru/r J/r ~bu/r '1-/r"'Ulr~n._Jni/_1 

w ( x) IL Wo • 'l/rJ Ul'J-f'"'-fl JUl'ii JnJb'iiLn'iibrl! 'l_Ul('LnUl .. UIJLn"-""' 'iinLJ"il 

~bp"f1 /r'iitUf"" '- U1nU1p_/r'ii or/r'ii-~n._J, llJb'ii .. JbJ tlnn'l_ .lnJbii.(!" 

Pn/ru/r ~/,fi._,,rn'iin._J tnrtln'l_ JnJb'ii~f! t:.wqU1uU1r t 

Pl 
Mmax= -r 

4, 

Unn'l JnJb'iiLnf! 9U1ii~U19UIJ ~111pi/_U1tl,en,_J' 

M (x) = Px' 
2 

2~ b (x) = b0-r I 
(20 •. i) 

p 
2 ~mrn? nul/r'ii 'l-fiJw1rbln'- t:.wJUI(' t:,/,JUl'ii/i Ul'iit:,p,,,Jh2111 LU1J'iim.-

fil1n'-'iif! nrn24_11._J t 

pw'iiU1J.l..ni/_1 

3 p 
bmin=-

4 h0 [-::J 

~u"ln9,. ._,,/,u./!f! (;.w~U1'-"fr9 I.. 4_bp£.fr9 9n'-19 t '-"fqwJ 'iinLJ'h 

'ii~. 313, 6 I.. B-/r i/.rw1 ~uUfn9/r 'iiJw'ii ~n'iiuLnpn'-~Sfrw'ii 7nptl'iJU1~w
'ii11._J tlw1rU1umfri.U1'iJ Ulr,,t:,UlrJ,,,r ~L/r'iibr• UIJ'I- UfU1Ln(;.wnni/. tfn/uhtni/. 

'iipw w z/uUILnUl'ii.[!f!.1 'l."Ufn9/r'i. LnW[/ru b'ii T"l!r-/r"'t UIJl J.J..1 tfJU1Ln~h
rw9'iib'ii.[!, np Uflwfin,_J 'l_UUfn9/r [ilbp(J[! pU1c/w'iJqU1J t 'iiP'/. zbp'-"b('/r• 

flhtUfbu UIJ'I- 9"'-19 t '-"ri/_wtl ii~. 313, z-/r i/.('UI' f:[Jb Jb'ii.P '1-wuwi/_n

pb'ii.[! WJ'J- 2"r'-""rf! nl_ fib /r('UI(' ~ntf.f!fr, LUJl J/,~f! J1uw/r i/.rw, UIM/_UIJ 
bpb Ulff:,U1JU1pt:.b'iJ.[! 'iJpw'ii9 Jfrp_J.. WnU1pU19n'[ zfni_J {!J f:,/,tfUl'iJfr UI 2/uU1-

LnU1'ii${! l_/r pn/ui/_/r, /ru~ 'l_""l"9f! ~ULnU1'iJU1 ullUJ'bni_J 'ii~. 31/J• d Lnbu.e/!• 

""~ (;.Ul~U1Ln/r9 'ii~. 313, e mbul!f!' 
/it:,Ulr~b, 7nptl'iJU1~w'i,ni_J 'l.""1"9/r l"'-fUl.[!Uls, umr pkrfl {!' 1-17ii, 

2-rf £_ U1Jl'ii1 "lUILnfUIULni/_ni_J b'ii UIJpnnw~Ul'j,, UIJl nl_ fl" "r~nL ~b
u'!r/rf/ ~Ul'/.J "-UIJI 

'1>nijinfuU1~w'ii ~'-"pi/_wtl.[!~n,_iJJ,9 ,,,,_ t:.Mw'ii'iibpf! ~/rrUlni/_n~J h'ii £. Jb

,eb'iiwzfr'iini_fiJJU1'ii Jbp_. opfriiUlf Lfrubn'iikpf! t,.Ul(;.Ulfu UfUl"'fl""'-"i/_ni_J /,';, 

nr"lku f:,Uli/_UIUUlf 'J-frJUlffnlfiJ ,,;,_'iJ ni_'IJ/,9n'I. f:,/,,)Ul'j,1 
0 l' ~,, UI" 87. .,_,,,.f,.,,4,,1! J,,,lr,,l'"'/ t,4),1,,,J I" J.,,,ft. Jw;p/.'9 a t.l.n,,,1n

l'nLf!'J-,, 1rw, ~uft w!_ Jw1p/t9 b f,J,._"'1"l'nL/jJ I"'), 11'"' 't"''L1J'l fJwiJrw'LJti( /t 
1!"'2"1 pl.•'L,.,1•p1wJ t/t11'1n,._ (,,It• 314, a)r (fuhn/t fln/tlee I tr 

.,..,,'j,/,'j,I! ""'""'""'l' 7JtJ"''lf'nLPJnt'I. nd1l.9n'[ f,/,JUl),Jt J./,/! tf"""-Jt f,,.,Jwpl 

(Jtul.nJt t.wft"''l'l"ulli1/'p/'_ ""'1"'u"'l' '111 

Pb A--, 
I 

Pa 
B=-r 

I 

M ab 
max= P -r 

'ltdJ 
W0=-r 

32 

I 

45£1 



460 

Pb 
M(r) = -

1
- x, /, 'll h [d(x)j' 

W(x) = . 
32 

uJ! !' I* - t---' d!.£ .. ,., I - z --., ... ,, 
''/'

7 
: Mq 

51 

t+ Sl3: 

Pab 32 Pbx, 32 --·--= 
'ICdJ l r. [d (x)jl 

d(x)=dV :·· 

31-
d (X) =d l ~~-I 

{Jr .. 6n.fr .>wJplrpfr Jnur U1Jlllu•lfrnlll' "'l'"'Jw'ffr .. I'. '1"'l'lrlfr I; npn2bl 2n2,..+n't~ 

1wpnLJ..,,br/i .,,'1..,.,.J..,Jp wJpnLflJ"'.,, "f•JJ,,,1'frs' 

4 4Pb 
0 rnax = - • 

3 litd 2rnin 

4 'Pa - , - - --·-- = ['t) wO JwuJi r,,.,,fwrt 
·mm - 3 • /'1td 2 min '-

V Pa 
dmin =4 

3P l ['t) 

a,., "'f'1uJw'ffr~/'.I UIUlt.IUJ'tJI 1Jrulrn.f. l[Wf'd.Jw'tl.lrpf' UIW~W,,W/nL "fUIJJW.,," 

u111nu1nLJfr9 unt/_nl'"'P"'l' r.wp't I; 1/r'i.nLJ 'l'l"'lfrnplr'u J/,,).,,11.-,,i,l, {Jrubn.Jr ..,,,,..,_ 

+-)', J.J,l! 9n•Jfl (- "'I'""',) l.'t• 314, 6-fr t/_pwl 

9-np.>.,,wtw,,nrh tfr,.lr .. Jr 111pwJ111'1fr.>I!. pn/1mLJ h .,..,.,,,,.,;..,'j,.,,tlJ,,1 d-Jr /,, 
dmin-Jr JJr!..1. 1,., ... .> """['P'1['n'-PJn._j,I'.. p..,J ... l.nLJ 61. JJr 11"',,Jr JwuJr. lllJU"ffr•n.f 

1JrulaJr 1Mn.w1'J.f1' J.,,.,J,l'l 'tn._"ut.1'w'i. d1 d 1, d:• • • • • "'l'"'J.,'1.)1.pl 8nLf'w#•'),

!JnL[' J11111Jr bp'twpnLPJn._j,/!. wJ£j,fr9 wt/_l.tfr t;/,2"' (- nrntbt 't.)"''tl'w't..,..,, 1r.,..,..,,,._ 
"""-• opufbtnt{ JnJb"llur'i.hpfr l;"lJ"Ll'"'Jfrs: '/>pm r,.,,J.,,l' t:w2t{lr'i.e d, d,, d2 , •••• 

111pwJw'l.>bpJr,, t;,.,J.,,"l"'"'"'ufaw.,,n'l 11/iJ"''ll'nLJ! ,.,,..,, JnJ11.-,,..,.-,,,,,. 'll'"'..,,.Q "•1."'••r 

'ltdJ 'ltd~ 
lufr"bl,'i. Wmax=32W 1= 3

21t. "'Jl..,,' 11.111 'lJrJw'll'nLP1111'i. JnJbl11n'i.bpf!. P"''l,J.,,_ 

"'f..,..,,~b/nt/_ flnLJl"'"'['b[Jr [o] ["'['nLJn'/1 tfrubn.f /"L['"'/!"',,!J"Ll' J,,,111/r t;.,,J,,,[' lll<nlM

... n•J It'!./! pnLJl"'"'l'b/Jr .>nn7 JnJlr,,111Jr JJ,,>,,._pJnL"lltl Un,J/r,,,,,..,,,,l'/r l;"lJnL('WJ/r 

t[pw ,,..,,.-,,,.._J lr"lle Wmax (a]. W,[a]. W2 (a]• • ; • • • op'lfr,,•"'"'"" nL..,,611"'1 
liarJr'ln),w,,,wJ1 'f.)6l' ('1.'t• 8J4, ~)· JrrJlr'iJon'iJbrJr /;.U/,JnLl'"'Jfr f,6111 MIJ• 'f.>lrpfr r,,_,,._ 

J,.,.-,, 'tbmlrpf! npn2rrLJ lr1' 1Jrubn.Jr Jwullpfr br't""l'flLFJJnL1'..,,bptl {JrubaJr ,,r•

't.,,..,, J.lt.e uirt/."'~ I; 'i.'t· :114, z-f t/rw' 
w/,lrp9,,bb/' flt{wJfr'J. Of'/r..,,IU'tl '/>JrflnL/' l = }12 d1 a= o, 7 J, b·= 015 d1 p = 5. I· 

10') = 400 ~q/ud2, (crj_= 250 l1q/ud'1 

5000. 0,5 
A= ~ 2100 ~q· 

1,2 
B -

- 5000·0,7 900 1. 
---- ; 2 'I.I 

t,2 

r- v d = 2 v 4Pab =2 4 · 5000 · 50 · 70 = 1515 .J ~ 16 ad, 
Tr./ [a] 1t • 120. 400 

4.61 



lJ.,,, "'i'"'.r""'l-'ltr/r r,,..r.l' f!Uut W (:ii p,.t..,,,U,/r ( 
/lt1LJ/"'"'['/,/fr ....... ., ilnJ/,.,.,.,..,,,,['f!.1 J,,J/,),.,,'1./, utz<{/,["f ,..,,,_"f.Wut"'uf-Ul'i. 
., ... ,,, ... ,,,.,,,.,. «•r/r<1•t.-i .. "'f."l'/! ("'+· 116 r/t" l;"l.l"'-1'"'1/r t/.r .. .... ,,,,,,."- ,,,,,,_ -
""'"'flY"'.. "r"-"'l'"'-Pl"'-'tt..,,,,r 1,, fl-

4 
"-1"r•s"'"'"" ..,,,,.,.,.J/rt. J • .,1.,.1r 

I!.• I' .., w'l.w"t/," ,,.,,(J-'l,,,,_,f /,),I' 1}111111.fr .f.&J!I 

r-'T'---- lJ.,,,,,/r,,,..,,,,,J.t. '"""""" 
c..,.1..," p .... ""'"'l',,tf ....... , 
Jnill.'i.,.'bl;l'/r l;uf_/•&.pw'll 11"'-ltf 

t "'rt/.wd "'4· 316-/r tfrw ..,,,_ 
"'"1: ... 1,,.,J.J, ,, ..... {- "'J'i. .. ~ "" 

"'"" t/r ~ .... ,,,,,._,, P "'-"/rs 
W1tutf_,9"'f /,.,_.,,1,~/11<.'b l;"f.J"'-

f'""Jf'l.. ,,,,/&'1.n,_r"' J/,'11' 

,.,_,,,,.,,, "l'"l "1"'2"'['' 
~-J/,,f..,_,l,/"L ,,.,,,,.,,. 

..,,.., "-"'rt/."'<>e-."r"<"' "'"""' 
+""'""'-" I; "''"""""'I" .. /!.' 
~ ... 2'1.""'" "'" l;"ll'"l'"'J/-

=Ax pw'l.wi!t.Jr I. 'lf'"'"'I! <wJ/,.r l.'b "'f''lf""'"'"brf! I!""' M {xj = 
l/r .>,..,., JnJlt'l.urfr i;i,.., (W f:JJ1 """ I' "'1'1 +.111r-/w .. l''bl.p/r ~ ... J..,l' /Jn<ll,."'l'"-

'lt''J 
WI r~J =- 32 . 400 = !07 GOO ~ qu..I > 2 100. 50 :::a 105 000 ~quJ', 

"' r 71:12
1 

"z aJ = -
3
., · 400= 67 °"" 1. r 
<E< OV\•'lqu11>2lo0·30= 63000~quJ', 

09uri/bt1t1/ firw~w'b tfn.n'I JnJ/i'i.ur'il/,rfi !;u11n'-r,.1ft!I -6.ftzm 'ilna.1L"l.b" 

1•'ilt"l"" £. Lftubn.fi '1/,Uf-1"'-"· r.L ... rwi/nr"' P1 11'-L /,';,./! ,,,,, ... f,,.,,_J nrnzlit 
tJi"huLfr r.nr/t'lnL,,.+.,,L fl"rflbrft ,,,,f.r.pa1Jbz1n "r't"'r"'-fl 1ni.'ile1 flrn-

21ii1./! W[~l·/r ,.rJb.D'ilhre §§ 98-102-n._J Jw'ilr-Jw11'b Jz-+4.w6 7 .. J .... 
"-""r"'Jfr'il f.kJ..,J.fi r...,Jwr• 1;, ... ~,,.,,..,,{t-;, "'i/JwLL£rl! i/br9'il,.,,_J bLI! 21-r'1 

•'1_1n1._u111~fo91 l.w:_i/na.1/''ilbrf! lf•uuurn._J k'il.j! 21ui llM'l_Jn'-llW+/r li.wJw~1Ul'i.1 

U.qJnLllW~ 21w· li'1unwmpl.1~ dn.thli1nGbpl' 

J~~- ZmaJ w !Ml 
uu• uJ uJ> md' 

-- - - ·- - --
1.rl!</ '£,,.,.,,,,,_.~ ,,.._-,,i,!ln'l "1-

692600 64 10800 .. _,./! . . . . . 173,0 

Ufr 'fltL/f .c; .. ,~,,,'L ... + ... t. 
EHrP"r trL'illt9rrf ~u ... t.l' 531 200 63 8400 135,0 

9-nrn,..1/r.-,, fl1'rf11.r !•L'l.lrqnf 
,,... ..... /! . . . 374 900 62 6050 96,:-1 

t~. 316-fr i/r"" Lrl'-'lJi/,w6 t 'l"rd-,.,,,_ Jn.n,,_ J,.,Jb'ilurUrfr ts.yi•
l'"''il' Uuurfr-0.w'ilwdk 'lfr"I!. fln'-Jl'»urr/,Lfr Jnn'I_ JnJh"il111L'1r/r !:"t1n1.r111"i. !;1 

t+· 3161 

'IJbm.e !: 'ilz/,l, nr ,,.,rl"ilw~ ... "ima.J ""'l.ln'-"Ml~'il/,rft Jfrt"- ~W"f(!_ LUI-. 

-/.1119'i1Ll"'- l;,wJwr uni/nrwp-•r fvna.uw+na.J /,fl r.&J ... 'i.f. ~-r11_•tl.ee f/n'l_-

1.bl ..,,;_,..Ls r.nrft'l.n'b ... ~u.'il flbrffbrfr' 



§ 123. 4>04'01uUliU'\, l:iSP~Uu.P. Ofl"bb8n'l i,butl"btbrti 
~tfunrrrua~n"bbr~ nrn~nflrrC 

tl>atfinfuw'tw'i, 1t111r4.1116.p nL'i,b9n'I_ f,/,61Uf,'j,£rfr '°'""w6.p'i,brf, n• 
..,-,,,Jw'i, IU'j,'1.1nL'i,f,/,f{! nrn2blfru "f/,111.J! t /r f,'1.w111/r 1Un'i,b/1 nr Ul/U"ffr

afr rJ,,}w'i,fr 1tn2111•1.fi1n1.'i,f! X·/r lf.n1.'i,1t9fr111 t: IJ.l'I "l"'"'-0.wnnl/ 6nl/wtl

a1nw'i,f1.pfr 'lfrfbrb'i,9frw1 f.ml/wuwrn1.J{! f!r;,'ln1.'i,nLJ t f.b111h.1wl 111bu~f!' 

d2y 
EJ (x)- =M (x), 

dx2 

nr"'"'I. J (x)-f! r.b6w'i,fr t,111r4.wtl.p'i,brfr tfintfinfuwt,w'i, fr'i,br9frw1/r Jn
Jbr;,,,,r;, ,., 

t.-fu.pw'i, • 1u f.wl/wuw rJ Ul'j, frit111byrn1.J (! J ( X )-e f.wJ 111UfllllnUI U fu111'h 

,..11'1."''ll'J111r;, Jfrt_ngnl/ 1t111rbtfr t wr111wf.w1111bl J.;fr, w1u/rr;,~r;, "'Ir;, 't-f!r
l/111tl1fr fr<;,br9fr-1/r JnJbr;,ut/r Jfrp_n9nl/, nr..,b'I. tnrtln..J t Mmax-1!· 'lr"'

-.1r9 f.b111n f.w2i/.nLJ'hbrf! 1t-"'wrl/n..J bf, iab2111 'i,n1.1'i,"lbu1 fr'i,t"lbu k f.wu

tnw111n1.'i, 1t111rl/w6.p n1.'i,b9n'I. f,bt)w'i,'i,brfr t,,.J,.r (§ 109 )1 

!Jn1.19 UIUl'j,.J! UIJ'l 4.brl! J2w1ti/.w6 orfr'i,wt,/r i/.rwl flrn2h'i,.p f.wu-· 
_,.,,,,.,_r;, pwrarn1.p,,, .. r;, n1.'i,b9n'I. f.wl/wuwr '1frJ111'lrn1.fl1111r;, f,/,6,.r;,p 

(i,'t• 311) £J,.4.w6.p[!• nrf! Jfr 6w1rn..J 111Jrw1t91/w6 t IL phn'i,1111/nrl/iuJ 

t J1n1.u tlw1rn1.J 1tfrrwn4.w6 P nulniJ.1 '1nnr'll'r;,,.,,,r;,J,rfr n't'l.Pr;,,.t,J,111(! 

'i."rsr;,i.r;,.p ,_.,,.r;,/r ,.'I."'"' 6w1rn1.J1 U.l'l 'lh"l~nLJ 

M (xJ = - Px J (x) = b(x)h' = boh
3 

• 2.... = J ~. (20.6 j 
' 12 12 I I 

x d'y 
EJ- • - =-Px1 

I dx.' -

?frtf.hrb'i,9friu1 fow4.111a1wrnul I! l!r;,'1n1.'i,n1.J t f.b111h.1wl u1hu.J!f!' 

d 2y Pxl EJ -- =- --= -Pl1 
dx2 x 

(20.7 )' 

/if1,,./,yrn1.,/ /,';,.,. "rtn1. 111';,'1111,/' 

E..J dy = - Plx + C, EJy~= - Pl~ + Cx + D1 

dx 2 

/i'i,111/,yrJw'il f.11111111murn1.'i,'i,brl! 1rrn2hin1. f.1uJ111r n1.'i,b'i,,e f.bur£.1wt 

.,.,,Jm'il'i,brl!' A t,b111n..J, brp x = [, -0.,,4.11161!1! y = 0 £. "lur,,,Jiu'il 111il-

~n._r;,,_. dy """ Q, twJ 
dx 

0 = - Pl2 + C £. 0 - - P/3 +Cl+ D, 
2 

Pl• C = Pl2 A. D = - _, 
2 

8 -= ~- - - £i x + ~ = Pt• [ l -- ~ ]• 
dx EJ EJ EJ I 

t,b6,.'i,fr ,.JJ,b,.JJ,,) -O.t,i[w6.pf! t,u111w9i[/r ,.,,_war B 61111rn..J, brl' 

.\'. ::= O, "'l'I ia't4.w6.J!f! fo111i[wuiur t' 

P/I 
fmsx == --r 

2EJ 

t;pb Jb'i,.p 111Jpnn fob6.r;,I! "l"'"'rwu111bfr'i,~ J fr'i,kp9/rw1/r JnJb'i,ur 

,,._vkun'l. f.wu111111111n1.'i, '1.111ri[w6 .J!nl/, "'"I"' wJb'i,wJb6 ia1t4_w6~1! f.wl/w

ulllf tLfr'i,br 

Pt' 
fmu=--1 

3EJ 

w111/rr;,.[!r;,' 1 _!_ 111'i,p1J wl/hlfr tfin.pr1 
2 

a,u..,,fru•l/1 <[rntfinfuwt,w'i, 1t-r4.w6.p n1.'i,h9n'I. f,/,,)w'i,'ii/,rfr -O.t,n1.'i,n1.

fl111Lr;,{! Jfrh.'i,n1.1f, wJrn1.fi1n1.'i, n1.'i,b9n'I. f.wu111wUJn1.'i, t,urpl/w6.pni{ f.b

Ju1'i,'i,br/r f.wJbJw111nt.fl1111Jp wi[hlfr Jb6 t-1 ~b'S,9 7l"u f.wJwr l:L• wll 

nt Jfr.u1r;, 'h1n1.[l/r fu'ilwJn'l.nLfJJw'il r;,"l"'"'"'"-'ni[, "'l'I f.Uw'b'i,brl! 't/r· 
ru11tiJ.111.J bf, lllJ'i,"Jfrufr t,n'i,11111rn1.1t9/r111flbrn1.J, fr'i,t"lfrufr'i, bf, f.U"fnr 

r;,bJ'I!' 
{20.1) f.wl/wuwrnull! 9n1.19 t rnwlfru, "r '1/r"'wr'tl/1116 •pfr'i,w'tnLJ 

f,/,J-111';,fr 1tnrn1.fl 1n1.'i,I! f.wu111111u.,,._r;, f-, w 1u/rr;,1!r;, f,/,6w'i,/r w11.w'i,9.p[! 'ibin.p 

t lm[/r 2Pl!.lDG.~ m11b11n* . 11 w'twlr;, fr'i,urb7rn..Jfr9 f.b111n Jb'i,.p uurw

!ltdr;,.J! U{Wpmpn[~ limtlmu~pnl.tl. 111nw1_wr1tn1.J h'i,.p uni[nr"'l.Mrfr'i, · pw

,'Jtd"'r"l' fl/, fr'i,tfrfl Ul/'I IURW1_1U!JUl"I 

'"JobfPnrJwu/rw'flhrf! nrn2./,lnL 'f6Ul'ffUl·1•r/nL6";'t,w'b Jbfln'J/r 't/r• 
,.,unn1.JI! tfin<[rnfuw'twr;, t,urrl/1116.p n1.'i,h9n'I. fob6w'b'i,/,rfr 'l/,"1.J!n1.J 'i,n1.1'i,

"'ihu '1J4.wrn1.'f11n1.'i,'i,br 1Jr 'i,hr'tw1w9'iln1.1/, f-l! h. 6-'b t..wz.i[btfru ifrn

fu111';,wt, EJ-/r l/rw pwtfw'i,blnL ~""""'"" f.h6w'b~ 6nn'I. JnJb'i,ur'i, nL 
~UIJ'll'I_ nLJ{!1 'twrbtfr t nr"lbu flfr1t111fr1 phn ""ruflbt f,frJ'i,w'tw'i, fob-

6U1'il/r ,JnJJ,r;,,,,r;,brfr t"lin•r111'il 'Ir"' or'Jlrr;,,.,,,111,rl! pwr1111r;,b1n4. EJ ·fr 
4.r 1111 U.l'I 'lb"ll!n..J 

q. M(x) Q' 
1 - -- ' r = M;, e - r' t·J 



f!&,,.r.w'"ll('w9ilhln4. w111 hfJ.wUw~f! 1frn.Jin/uw~w'"ll t111r4.wJ.p ,,,<;,"9"'l 
f:Jl,}wilfr "1'f.D"ul ~ilfnLilnul hil.D 

'/Jfrz.ur 'j,llLJ'j, wr7/nLil.Jl.f! J/z'j,$ tuwwi1wil,e1 f!'j,'1-m,.i,l,lniJ.1 II(' JJ,(' 

r.h,}wf,I! nL'i,,f. r.w11urwinnL'"ll EJ tnz."'nLf/JnLb, f.ut 'ilr.., d'n.n'I. JnJ/,f,.,,_ 

'b'1rf. f;llfJ"L('w'il ab.wr/rn/u.4.w,} t l"LrUl.ew'illJ"'r 

or7f.'i#Ullll(! ~ "'wrU1r'1rnL/J'1wJp P"''l.J,,,_ 
EJ (x) 

UfU111J~'1ltrL J f.t.."9 "i/.• a£.w+nfu4.wd- J nJh'bur'i16-

rf. tl6f/11L('W'i. tnL'ilbflwr 

- P x __E._ = - Px EJl = - Pl 
EJ(x) EJ1 

or7/rflwurflhrf! ('ilt, 318 )• IUJ'f 'fh"flJ,llLJ ,,,...,_ 

f('"'w"/,('LllL,}Ultw'b Jhptr7p f!'j,'fr.Ul'illlL(' ~-fm'bp 
r,..,J.,a ... ,-;, 

....__, Ip 

"I :' 
A' 18 
DI~ 

~i I I I l J1 

U.l""i/r"""-, ifr1rr/rnfua1~wil ~.,,r4.wlf ./J, nL'bh9n'l f,b,},.<;,/r -G.~4..ul-l!Hr· 
,;,rnz.hll! twrhtf. I; r. ... -;,y1t9 ilht fiwumwmn\.G. ]in2mnl.pJn1.G. nl.Gbgnl) 
r.1,,}..,<;,fr ~t4.-"' $'il!rl! "r"z'L'"-;,, J,,Jh'iiurfihrr · tutJ"Lrw<;, lth.nu}ln }ubtn~ 

EJ r.wrwphrnLfJJwJp pwf.JU1"fU1ur~/,l"' J/il."9"1/1 
EJ (1) 

46G 

0 I' /r f, "'~ B8. 'J.J.,,.,l'.,-4'-l'L"._,).,,~..,'r, /;'lut'l.wtfr Jfrln11n.J "l'"2"t lrrt•c. 
U.'1.utl'w'i.'b/;rfr 1l'"' "''!"'"' ~/,';,1,,,,) ' l Pn.frt.1/a J/,f"'lr'l.nc.J tfrl'"'"""',) P •c.Jni/, 
,.1;,.L..,i/,nrt[-.) u,,.,,,,,/t 6.t-/-,.1!1!. P •c.Jfr uuut (Lt· 311. a)1 <Uwl.fr d.wfu tl.uft 

J trnr1..,,.l!Lltrfr j'r./;l'!lfrw1fr JnJ/,'J,,,,I!. ~aui/,wuwr ~ J-fr, wt_ J..,ufrbi! ' 
2

_/t, Ji.t....,-

i/rn/unc.tf ,,.,,, JnJ6\rn'Urft ~t-.. , .... ,...,i, (2-t- : 311, 6)1! 0 111£ ft'1ufr or'1/a1.wrnL/,l'I! 

,,. I Z _I 
•1 cfi::i_t=i 

Pl 
iJ 

h~no 
l+ 8201 

pw7J,."l"'"'t"t"1 J: J/2 = 2 (',,.r•r"r"'-P1 111 Jp. :Pfrt1nU (},.)..,'r.e_ d.&..,+ .. ,..i/.1111 

pl.11.nt{ "l"'"'t"rtfw~ t "'t· 319, 8-/r i/.rwz Ilw/u f/rtrn/ai/. ~""+"''l'l"L.tf! ~U1i/,11111wr J 

1 Pl l 2 I ;p/ I I P/2 
Ar=-·-.-.-+-·-.-·-=-: 

2 · 4 2 3 % 2 2 3 u 

:bfrt1nfr1 J,.,,., J,,J/,'i.•e, C t•r-/ut .. enc..f &. C tlunfr 't1"',.l!t. (wJw"tutrnwP[uau
Lwptul' ~"'"'"'""'l' tt/a>-lr'b' 

l 1 l Pl l P/3 P/3 p/3 
M re = - Ar2 + 2 2 · • 6 = - 24 + 96 = - 32' 

P/I 
fc = -iiE'J' 

0, /r \ IU. /II. flrnzlr/ Jfr .)w/(f"f 111Jr1111uJ-twl !.. JJirl.P lw1r11t. J t/lrau'l.-

1111,) "'""" l'J,,,_).,,,1,,1'1"'* (t.t, 820, a) (l.J,,.1.fr 'H"'~l!r_i <Uw.'r.Jr Jls··+"-t!.· 
,.._'t,fr ut-/'1ifr J/,~ t,wt/if,l' nc.'L66n'l +.rnrt[w.)I!, I!""' "I'"'-" · · 

u ..... ,, M (x) J,,J,,.,,,..,,,,r/r t"''""'l'"',, (i+ aio, 6) 'f"'r'-Ut"1 f.H.,,/11 """' 

jz J6L, t"IJ"Ll'"'l/t ~111/w 'Jwufr or'l/r'l.1111nL/,l'C "1.h"'I! ~ JUUl,,f~liLI! J 111LfU1J 

I 



I 

I 
I 

' 

I. 

I 

I ':f 
I 

-- ioo r4"" zoo-=;:: coo-;- zoo1150-r--25o- /DO i--

: : ;1 I 

1 

I 
I 

I I 

I I 
I 

p~, P.1 
I 5 

I 

,..J·---H --• 
t~· 8211 

J w'i.11u~1~tfJhUJ,e t•f.h,) w'Ufr ~~UJrif.w,} ,efl/,rfrs'J h~/rJEJ f ~n 2.UJnL(iJ JnL'i.if!' unif.n rw

pwp wjh'i.iwJUe, f!'i.i'ln:ilhl nr"lhu t;,fr.t'itw~a1'il, ahwifrnJuhL JnJh'fl,,,'i.ihr/r 

tut.1n1.rw'i.i l 'lf.., f.wJwr twn.nL!Jhl H = ~J p/J,n.w1fr'i.i f,,hnwi[nrnLf'ln'--;, 

4:68 

iiLfihun'l "fwpw'i.i.u1f.'i.i pw'f.Jw'i.i~JnL'i.i {§ 120 }1 Unif.npw~w'i.i ~wppi/. ~w
n.n1.9iJ.wt)- p.w'f.Jw'U~1w'U or'lfi'i.iwUJ'i.ihpf! ~"flUUJ~hph'i.i Jhp t;,h,)w'i.ifr f.l!~

if.wt} ,e'i.ihre1 

t"IJnLrw'i.ihpf! a!1wifrn/uhLnL Jhfdn'll! r.wur~w"ll.u f.wrJwr t• h[dh 

t;.Hw'i.i/r ~urpiJ.wt).f!f! +-,,ifrnfuiJ.nLJ t nl._ filh w'i.if!'i.i'lt;.w.,,, wll wuUJ/rf.w

'i.iwat..1 '1ppwnh'i.i,e w1u h'lw.-.,u1~f! 'i.iwfunr'1 "l.wrw1urwfj>nLJ 'lfrUJwr~iJ.wJ 
Lfiuhn.fi t}n.if.wt} wnw'i.ifll!I! ~wn.nLShlnL t;.wJwp1 'iwn.nLfJnLJf! 9nLJ9 t 
UJriJ.w,) 'i.i~. 321· /r tjpwr I.I nJh'i.iur'i.ikp/r t"l.JnLpw'il nL'i.i/r 

Mmax = Pab 
l 

5000. 70. 50 • 0 '· -· -----=14a5 O 'iquu 
120 

wJh'i.iwJh,) •r'l/r'flwurniJ. hn.iu'i.i~Jiu'i.i UJhu,e1 

{fruhn.fr wnw'i.iafr'i.i Jwuhrfr d UJriuJiu11,)hre t.. r,,.,J,.,"lwUJwuJuw'i.i 
nd4 

M fr'i.ihr9frwJ/r JnJhifUJ'i.ihrf! nL'i.ih'i,, f)hur/..Jwl wrrfh11'i.ihre' 

u,.,,,h,.e SllfJ•'ffi~t. l>'Llrl' flP"'J/i JnJlr'Luie 

uif uJ• 
0 16 3217 

14 18~6 

2 12 1018 

3 10 491 

16 uu urprMJw-,/rt) nL'i.ih9n'l Jiuu/r9 14 uu urpwJiu'ffr,) nL'i.ih9n'l 

J~u/r'i.i iu'i.i9'i.ihl"'· ~rnpif.w,},e/r'i.i f.iuJw"lwUJwu/uw'i.in'l JnJ6'i.iUJ_'i.ihp/r t"l.JnL

rw.1/r or'lfr'ilwUJf! f.wiJ.wuwr t M1 =Ax1 =2100.50=105000\qutl. 

a/..iui{rn/unLfilJnL'i.i/r9 f)huin WJ'j, l)iuiJ.wuwp ~lfr'i.i/r 

3217 
I 05000 · 

1886 
- l 800001iquu' 

l.Jw'il ~knif. ~/..iuifrnfuif.h'i.i t.. .t'itw9wrt l"'Lnr u..,f.Jw'i.iw1/r'il or'l/r

';,,.,.,,'i.i/,rf!' UUJwflif."'6 pl.n'i.iw1/r'i.i Jw~6r6ufr Jwuhre ifrnfu111r/r'i.iif.iut} h'i.i 

~h'i.iUJrn'ilw9w6 nulhrni/.• 1111'i.inLl)h,,,/,., wr'l/,'j, f)w1rnil/r a1uri1. ~IUftlllf/i/.IU,) 

t Lfruhnfr 6niJ.w,} 111nw'i.i9.[!{! "iwur~hr11'1. "iwrw'i.iw1fr'il pw'l.Jw'i.i~JnL'i.if!1 
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iiJ.11.bl.~)L\J- 1; 

-

U."lt ",.,,,,.LJ I! 

f»1uw1Jrll (IA) • 

r,,,,po111'1.hpfr • • • 

r,,,,J l' !"''",, . . . 
p1tpp1111Jr" . 
dlt.wr/np • • • 

IU}uw.\Cwi~G UJR'l· 
"I wao npwluwt 

CT-OC 
Cr· 2 

. 

Gr· 3 

Cr. '1 

Cr. 5 

CT• 6 

Cr. 2 
CT. 3 

,,::i 
a ...... .. 
I 

t:> 

-

CT·3-K 

CT· 3 
lt. 111•'r1..· 

08 

20 

40 

60 

l.\•q~p~wb UJR'l"lw•n 
20f 

u .. .,,,. .. .,, .. 1Jr,, 

f'W'fwt11rnL

p JnLtl!• 

C=O, 14-0.23 
C=0,09-0;15 

Mn=0,30-0,50 
C=0,12-0,22 

Mn=0,3 5- 0,55 
Si=0,12-0,30 
C=0,18-0,27 

Mn=0,40-0,60 
Si=0.12-0,30 
C=0,28--0,37 

Mn=0,4&-0,70 
Si=0,15-0,30 
C=0,38-0,50 

Mn=0,4~-0,70 
Si =0,15-0,30 

c =0,30-0,48 
Mn=0,50-0,90 

Si=U,15-0,35 

c =0,35-o,4:; 

~fr.n,.,,t,,,,, 

'frJfr.,,tw>. 
l'"''l"''ll'OL-

Jl1no."l.l'. 

Mn=0,50-0,80 
Si=6,15 - 0,35 
Cr=O,S, Ni=0,5 

C=0,53 
Mn-0,60-0,90 

Si=0,15-0,10 
C=0,12-0,'.!2 

19 
24 

22 

27 

10 

ll: N 

.. t.i":I 
It .... '"" 

,:t ·--
.,j ... tr 
I:..;...=' 

= :1 -! ...,. " " 

-

-
23 e-1! n! "'""' 0,05 p ;JI ;JI 0,045 23 

C=0,Q5-0,12 18 
Mn==0,2~-0,5 

C=O,lfi-0,25 24 
Mn-0,35-0,65 

Si=0,17 - 0,37 
C=0,35-0,45 32 

Mn=0,50-0,80 
Si=°,17-0,37 
C=0,56-0,'15 37 

Mn= 0,50- 0,80 
Si=0,17-0,37 

C=O, I fa-0,25 25 
Mn=0,70-1,00 

Si=0,17-0,37 

I ! I I I 
32-47 18 
34-42 26 

38-47 21 -

• ._ •• 21-,.125-23 
50-62 17-15~-19 
60-72 13-1115-13 

34-42 
38-47 
52-62 

55-58 

,,::i 

ll t.I~ ... '"" ~,,::i--.. ii tr "..,,..:I" .. ~ 
..,, ii ~ 
:::s" ., 

I 
70 

38~44 

3B-45 
38-'5 

32 

40 

57 

65 

43 

I 

I 

26 
22 

-; .:"-a 
""t' .I 0 
I i: """ 

l° i' II ...... 
i :i-
.. "'2' 
I i:.."' ...,. .... =" 

l 

23 

2S 

.,.. 
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""t' .I "Cl 

t :..'° ..., ·I \\ 
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I - -

24-21 -

22 26 
24 28 
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- 25 
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I I 
l I - -
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60 131 

55 156 

45 217 
. ' 

35 255 

50 197 

1 

I 

6-3,5 

7 

I 
I 

.. ::.. ~'"" I" ll .... ",,. "'= .. 1.:;-=- ;:I 

ii"" """ ""t' iii .. ,,::i 
.~I: .I 
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~J~~ 

-

7-6 

8 
10 

-
-

-

-
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l';fr'I.. ~n'l.u"'('• 
;JI ;JI 

~frJJ.,,,t.,,,, 2fr"I.. 
tn'l.ump- ~,.Jwp 

, ;JI 

'/-w.Jhp 

~ I 
IJptwpnL'l"'J1L j 
r/wp'l/t.l.pfr urt'J.fr
,,,, l' 

bf'twJl•L'lWJfr'i, ~If• 

""'"'1'2' """'fr,, hp 

"frpw,.Jw,, 

tft1119111r/111ttf!. 

bptw flu'lw Jfr,, ,..,,,,,,,(' 
r;"'l"l!"'l'!J."'Jfr'I, 
twEJuw"l.hp 
r, w Jn a.p ff. h l' 

;JI " 
1J.r/.,,.,Jlte'ltw1f. . 

P"'+el• 'll."'wl'l.l.pe 
Un.L[.'1.ltp, 1fr•lsn-
'1.lsp1 •'frnnunw~'ll'r·I 

J,.,,, "t,,,, l' ' 
l;wpJw~n'lhl'' ' 
IU rn,.,J .,,,, r/ "'t"' b ('I 
l.p/>fJLhp1 ts ... -
a."Lf'fJ'1rt 

u .. .-,,fr"l.hp, /•1H"'"l'' 
'l""l"'twt'l.hp 

lJ..[[.11111[.n'i, z[.,,w-
l'"'l'nLfl JnL,, 
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• 

o/ll'nJw), J. tbt•t/•tft
l'"'J"' J/o'), • • • • • 

UJo 1/o~"'I' rnJ ,,,J wf.• , ... ,,.,,",, . . . . 

U.tn1111111r(n'1 

~ 
ii -t.. 
~ 

CXJI 

20X 

20XH 

. ~Jo.N.wt.,.'j, 
11/o JJo wt.,,,, 

C=0,18 
Mn=0,45-0,75 
Cr=0,5-0,8 
Cu=0,4-0,6 
Ni:=0,8 
C=O, 15- 0,25 

Mn=O,.'lO- 0,60 
Si=0,17--0,37 
~0,70-1,00 
C=0,15-0,25 

Cr=0,45-0, 75 
Ni=l,O -1,5 

C=0,35-0,45 
Ni=l,25-1,75 
Cr=0,6-0,9 

Mo=0,2-0,4 

25 X H BA C=.0,20-0,30 
Ni=4,0-4,6 
Cr=l,3-1,7 
w=0,8~ 1,2 

50C2 C=0,45-0,55 

~ 
I ..... 
;-

b 

Mn-0,6-1,2 
Si=l.,2-1,8 

!O XfCAI C=0,28-0,351 
Cr=0,8-0, 11 

Mn=0,8-1,1 
Si=0,9-1,2 

38XMJOA C=O,SB -0,45 
Cr=l,35-1,65 
Al-0,7-1,1 

Mo=0,15- 0,60 

35 

60 

60 

85 

95 

120 

l~O 

85 

50-621 -

I 

80 - 12 50 

80 - 10 50 

100 lO 

100 10 50 

130 - 30 

155 l I I - 7 ,0 

100 - 13 50 

l 

10 _I 
I 

8 

9 

- ... 4,1> 

- 9 

I 

,.,,.,,,,,,, 1111 "/!. 

U.1.•""'l'-t"'"l'"'-
1/o,, .,,, ... ,.{111..l' II 

11•2"1' 111t{111n
•r•t111nl'"'J/o'I. ,,,..,..,,,,,,I.' 
Ub~ 1..,1'bl' nL11b

fl"'l "l.•lllUIU /uw
,,IUlanL ,,,,,,,,,,,,,,,{' 

"(f..,,,l' P /,,.'),.,,1,np
t{111h h,,t..,.U. t/o
uba,, bp 

!lu"i111,,111t'il bl', 

fU"i "fl,," l' 

I Pwpd.{' t"'l'~l'nL-
[11··· ....... I ,,1i., .. .,L,,,_1' 

t ...... ,,, .......... fo .. -
,,,,,.,,,,L ,,,.,n1111119- ! 
""" """'IUL,,,,I' I 

"lrwGnpw qflnLpJnLG: U.t{J,11- J .,i,,,,J..,.,'t, ..,b7btn• fl JnL ..,,,,,.l' t"'I' b1Jo t .,.,..,,,,, .1;..,.,,,Lt .,b,£t.,,'ll'l}bl'n._J h .,,.,,l!.l.fl1119'tzb{'nLJ 

(KOllCTpyKU110HHble CTa.lllh cnpaBoq1rnKnO,ll pe,ll. BK<l,ll. fyAUOBa, M. 1947, r. A. KameHKO, 0CH0llbl 111eTaJ11\0BeAeHllJI. JI-M. 1950 
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Z.IJ.tl..bl.'l,,\J.U 11 

~ lUJu ~G }>G h. l Gu pm\g}>nG t11n'lt11wmGhr\> .Ih}uwG\>\u1\wG pGnLl'W'll'hl'I' .Jim}m}uwqwG phnGLr\> 'lhunmLd
1 

w WJ 1n U1 

I - I I I " l I I I w l ,. 

• 

·' 

"<• a< '<" OJJ a_I "-1 -1 I l'"""il .... "I fl/rJ"wJ,w'b pw'lw- Jl.bl'JwJ2wJ,nLJ/! .M.M 
J"'l'tw1' "IC'nLf/JnL.,,[!_ qq/dd2 \q/.iJ2 ' qq/dd2 qq/dd2 qq/dd2 qq/dd

2 
qq/dd

2 

I 
1 10 c = 0,05 - 0,15; 

Si=0,3; 
Mn= 0,35 - 0,M 

s+ P=0,08 
Ni~ 0,3 
Cr~ 0,2 

2 20 c = 0,15 - 0,25 
SI= 0,17-0,37; 

Mn = 0,3&- 0,65; 
S +P=0,08; 

Ni ~O,~; 
Cr~ 0,2 

3 30 c = 0,25 - 0,35; 
Si =0,17-0,37 

Mn = 0,5 - 0,8; 
s+ P=0,08; 

NI.~ 0,3 
Cr:::; 0,2 · 

4 65 c = 0,40 - 0,50 
Si= 0,17 - 0,37 

Mn = O,ti - 0,8 
5 40XH c = 0,35 - 0,,5; 

Si=0,17-0,37; 
Mn = 0,5 - 0,8; 

S +P=0,08; 
Ni= 1,0-1,5; 
Cr= 0,5-0,8 

6 12XH3A C<:0,17; . · 
Si= 0,17 -0,37; 

MM . '"'f"IW•n/rl flJrJJrwJ,w,, rw'lw-
Jwl'J,w,, "IC'nLp JllL,,[!_ 

I I Mn -= 0,25 - 0,55; 
S+P = OJ>6; 

!vi = 2. 7o - 3,25; 
Cr =0.6-0.9 

7 18XHBA l_ = 0,15- 0.22; 
Si = 0,17 - 0,37; 

Mn = 0.25 - o,:m; 
S+P =0,0fJ; 

Ni= 4,1 - 4.6; 

l 

Cr = 1.35 - 1.65; 
W =0,~ - L2 lt_wJ 

Mo= 0,2.) - 0,45; 
8 25XHBA C = 0,2- 0,3; 

Si=0,17-0,37; 
Mn= o,~5- 0,55; 

S+P = 0,06; 
Ni= 4.1 - 4,6; 
Cr = 1,35 - 1,65; 
w =0,5-1..2; 

9 30XMA C = 0,25 - 0,36; 
Si = 0,17 - 0.37; 

Mn =OJ-0,9; 
S+P=0,06; 
Ni~ 0,3; 
Cr= 0,8- 1,1; 

Mo= 0,15- 0,25: 
c = 0,35 - 0,45; 

10 D'T An Si = 0,2 - 0,35; 
5140 Mn = 0,5- 0,8; 

S+P = 0,08; 
Cr= 0,8-1,t 

l,nl'Jwlw9nLJ 

l,,nl'Jwlw9nLJ 

tnl'J"'lw9nLJ 

l,,,l'Jwlw9nLJ 

JfunLJ 830- 8'0° 
J"L'l/r Jhf• JJ-111fln-

., ... ,,, 500 - 550° 

J funLJ 860° JllL 'fir J b'f •, 

Jf!' ... fl"""'"' 560° I 

11' funLJ 9;>0° I IUJ,,nL
~b.,,J,, 850° 1nu1fr J/,f.• 

Jfuwf111'lw)1e 200° 

U'JunLJ 850°, Jfuw
'pn'l.,,,I! 560° JnL'l/r 

J/,f. 

U'JunLJ 850° - 830° 
J"L'l/r J/,f, Jfuwfln

'l,.,~I? 500° - 650° 

I 

I I I I I I I 
48*) ~6 14 3.!-42 16-22 12-15 8-12 

l 
. l 

22*) so 16 i0-50 17-22 12-16110-1' I 

26*) 37 17 48-60 20-27 17-21 11-12 ] 
I 

32*) ~3 22 6C)....-75 25-3i 19-25 15-20 

75 83 39 - 90 40 23 24 

I 
70*) 72 40 95 139-47 27-32 I %2-26 l 

I ,;fa,, I ,;fa,, I ,:11 •. 1 ,:h~· ' ,:~~. / ,;1~~. I 
I I I I I I 

.! I I 
I 115*) 54-59 36-40 

1

33-36 : 

I I 

' I I 
I I 

85*) 

105 60 HO t6-54 at-36 28-31 I 

I 
I 
I 

. I 
I 

75 47 95 

I 
75 90- 100 38-45 27-30 22-26 i 

I 
I 

I 11.'lJnLUWlt_/r '""J"'t""re r[b{'9r/"·J. ,,,, Cepettcen C. B., TeTc.1bliayM H. M. If npmopoBCKHH H. H. • JlttHaMMqecKa!I npotJ
HQCfb B MaWHHOcrpoett1n1• 'tflfrH' ... 

~ * t2rjw~ ,,,, wpJ&e~brJr '"""r/r" .,..,~JwLLbl'l'.1 
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