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- (LilbUlllf.JllLU l.t hw;l{wp4) 
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').wuwqpQiltU JWIJWJljll{Wo b(.i <LJnti1LliU1Uli1GUW4wG 

ul:JpbGLliGGJlp Lt Gpwlig pwGnfl OJl4UIUUbp)l tnGU111PJWU 

hlluntGpGbflD L lllb)uGntnqpwljwG qnJIOI}CipwqGl:ipp hw;l{wt141!: 

fl-wuwqltf1J211 Gw)uwtnbu~wa t 4.JIH!lWli1Gll1l:iunrp.JLUli 

ubpbGUI.JWqt.lwG l.t ubpbGwzpGntpJtUG ~Lllljnqtnbtnp muwGnflGbpp 

hwt.lwp, pG~uJ.bu Gwlt 4JIIlf1WtnGml:iumpJWG 6wpwwpwqpunu -

tnb)uGp4LllljUIG wz)uwmnqGl:ipp lt qJnUlLlbpbGwGbpp qont[ <.ltn 

ljnGutn[lntljtnn(lUG[l!l l.t LliUUJ.p[lUILitnGbpp hwllwp: 

lipl.twG © ~<1-U l99R , 320 t~ 

q.JfllllwmGml:iumpJwG hl:imwqw qwpqwguwll qnp()mu huJ.twJW­

ljrnG ql:ipmGj1 WJiillWllJlWqwll qnJl()-l!ll?wglll:ipJ! U:l:iJ21:;[iwJwguwG llJmpw­

ml:ifulll!J.twljwG pwqrnJjl t.1J16wqllm U:wlJWJlllWltll: 

Sllml:iuwqwG I}WJ1Wlll2WGGI:ijt[l mwpphpt.lmU: l:iG n~ ph GpwGnt.l, 

f)G jlU} t WjlillWil!lt.intU, WJl jlU2ll!hU t WjltnWilJIL!mU: lJ wzfuwmwGpjl jtG~ 

t.lJt9ngGhtm4: 'UJmpw-mbfuGjlqwqwG pwqwJJl 4Jt6wq11 hJlU:GwltwGmu 

pGmpwqJlt\lllU t C}Jlllf\lllillUml:iumpJWU U:hJ2hGwzjllilll}3JWU qwjtqwgm­

t.lnt.l, tutpqtm~Y. hqnrmt}}JmGGtpjl h tGtpqwqJlGt\w()-mpJwG w6n4, 

mGmbuntpJillGGhplt :t>nGqwqJtGt.lw()-mpJWUp h, t.ibJ12WUJhU, Gnp lmqhp}l 

JlllJlWgmU:n4 lt gwGpwmwpw()-mpJmGGbpJl !1lii1WJlOWlJ.nulmt; 

Cl-JllUlWillUillhUWJ.twG WjlillW'lJllllf)JWU (il:ipJ.tw 4J16wlj_j1 lwlJl 

t.lhllllll()ntpjlllll[! UUjUltnWqwmqllt.llllU t 'lhll!P cumqwmllmhulll}}JWG 

jlGmbliuJlt.lwgmU:[l, wnwt.lht mzwll!llll}}JntG I)WJlallhtnt.l U:htimprngurnG, 

pjtU:jtwguwG lJ wubGwlJ.wpltnJII!' hwuwtllJl U:hJ2bUWJwgU:wG tijlw : 

Cl-JntTJwmGmbumpJwli pG~.nhGuJtt\wgmU:£! qnp()-GwqwGmu GzwGwlJ.mu t 

wGgmu wpmwqJllltJlJWU pwpoJlWQillJU hwuwJ.twpqp, wphbumwltwfi 

ll!WJlwpmwliJmpbJlll tWJU oqmwqnJt()-uwG, ubphGwGhltil pwphtwt\uwG 

h wzfuwmwGpJl W(lillW'l(llllllliltWGlltpJWU h npwlJ.Jl PWJlO(lWgUWU[_l: 

bpltJtwqnpbmpJmG[_l UWJllllJ.IHI3JWG hGwqmJu ~Wf\UlllUJ2G t, h 

llllW hbm Y.wUJt.lwa wzJ:uwmwGJ2J1 qnp()-jtJ2GhpG mGhG pwqt.lw'lWilJWG 

UjwmumpjmG: Cl-JntllwtnGmbumpJWU UhJ2bGwjwgU:wG U:wuj1G qjlillllt­

PJlllUJt ohwt.lnpt.lbt t ll,l t\Wil <twuwGwJ.tGbpJ:lg, u WJU ljwUJt.lw()- t 

w4wqhU):llJnu '-Lwuj1tl1 OlJUtlwlllJ:l Cl-npJw~J.tjlGJ:l (1868-1935) wGt.!wG 

hhm: lJ11G( WJI} C}JlltllUlillU\.flbuwJ.twG ubpbGwGhJljl UWUjlG qjltnllt}}JlllUU 

mGhp qmm GlJ.wpwqpwJ.twG pGmjp: t..l. 01. Cl-n(lJUl(Y.J:lGJ:l zGnphJnt WJll 

qjtmmpJntG(! a uwt\nptl.bg h "bpqpwqnp()-wltwG ub]:uwGplJ.rn » rnG4w­

Gnu1ntl illJlt\bg UwJUlltmp JWG oqmwqnp()-uwG[_l: 

chuuwGwlJ.Jl }!U}}Wgpmu bJ14JlwqnpmultwG ubfuwuJtlJ.wG, jtU(ll!hu 

Gwh gwG4wgwb WJl qltmmpJmG, tGpwplJ.t{bt t tnWJ1WU2tutnU:wG lt 

jlGtnhqJlwguwG qnp()-J!UpwgGhpp, wnwGoGwght bG pGj2GnqunJG qjtmw-



~wli Ill!lf1111pJ1lllilil:ip, u ml:iq bG qtnbt qltmwltwli hbtnwqntnmpJmGGhii!t 

un11 ubpm1lihp u aubp: 

q.JlllflWtnfimhuwljwG Ul!ltnUllUUll}}JWU h}ttlliwljwli 0}121191! hm1li t' 

phpp}mtpjwtip odmtJ.wb- hpq]lWJ!Ili qhqh}1 tiwqhJlhUwJ!IG zhptnJ!: lJwplpll 

UIWtnwuJuwliwuHjmpJmlil! tnullt tlll(1wq}t, UJlw 6}tzm oqmwqnltauwli 

hwuwp l_W4J.wqwGg tiba t: 

bplutwqnpb"J! 2lt 4.Wlll11l 4J.nluht }1p hmllt tn}l\.4!1, uwltwJG 

hwUWUjWmwuJuwG ubJuwli}tqwljwG wqqbgmpJWUp ljwpnq t Gbpwqtlht 

hnil}l phpp}unpJWU tJ.pw : 

<.mu1 UIWhUiwlimpJwli 1J pbpJl}tmpJmUJ! pwpapwglibtm hwtiWJl 

wlihpwdbztn t , 1111 uwuliwqbmJ! 6Jtzm lJ.lwmqhttwgmu mfibliw Gpw 

:PJlqjllJ.wmbJulintnqJiw!J.wG hwmljmpJmGlihtl}t tiwu}1G, !J.PIIWll}l uzw!J.m­

PJWU nwg}mliwt hwuwf!wpq I.J hwuwl4wmwutuwli tnbJuG}tlJ.wf!wli 

u}l~mguhp: Y... 11}_ q.llJIJWl_lj}lli}t JunupbJmtJ. wuwo-· awtiwliwf!wf!}lg 

q}tUllltf'JiltUJ! tlhnuu pwtJ.WilWp mbllhf!mpJmGGbp lll mwijm lmttll 

:PJtqjiltwf!wli hwmf!mpJmlilihtlP uwuJili , 11!11! huqwJwljwli lizwliw­

f!mpJmG mli}1 luu1wtizwljtiwG UbpbliwGb]l}l f!wnmgtJ.wb-plibi!Jl 

tizwf!mpJwG hwuwp: liJu ljwpq}1 hwmljwGJtzlibp}tg bli hmtlt 

tiwuli}lljlibp}t utamp JtuGI!, ztlJtutil!, JunliwtJ.mp Jnt lil!, awljnmlj blimp Jmlil!, 

flb:Pnptiwg}lwJ}l lif!wmtiwup flpUWiliUHpJtUUI! u WJtG: liJil 

ubam}}Jmli!ihill!, Gzmti t Y... 11}_ q.npJwl_lJ.ltlil!, }lhWit4h mlihli odwliflwlj 

lizwGwljmvJmli , uwttwJG ti}1wu}1G tJ.bpgpwb- qwqumu tG WJG h}IUpJ!, UJI!I 

tJ.pw lJ.lhUlp t h}ttilitJ.}! WUIWqW UbpbGwj}tljwnmgnttil}: 

«q.JillflWUlUUlbuwlj_wG !.I tibl.lmpwm}ltl ubpbGwlibfl >> WllWflljwli 

ubpm lj_wt.q}l ut2 t WJUUI.lm}t uwu!iwq}lmmf}JntliGbpp hbm, J!Gl_ll!}luJtp 

bli. btiljpwqnpam}}JillUJ! I.J pmuwpmb-nt}}JillUJ}, lm'l.wqjlml1lpJmGJ! I.J 

tiblltntiwg}IwG , mpwqmnp!ibp I.J uhpbGwmpwqmnptuJ}lG lJ.lWplj}l 

zwhwqnpanll~J!: 

<l-JillllWtnlimnuw!J.wli tibpbliwlibpp pwlim1 opqwlilibpJ! , 4J.nJuwq­

qbgmpjwG ub2 umlil:itntJ. tizw!J.tJ.ml qwGqtJ.wb-}1 hbm, }lftWltwGwglimu bG 

npnzwq}l mbJulintnq}Iwltwli qnpb"J!GpwgGbJI, 1111t1Gg hbmuwGpnlJ. 

ljWUIWittJ.mtl t Wjfl qwGqtJ.wb-}1 zbJlUl}l npwqwqlllli tlJntlJnJuntpjmG: 

chuuwGwljwll.Pg qjlllllWtnGtnbuwljwG utpbGwGtp}l npnz UWUI! 

mbJulinptqpwqwG qnpb"f!Gpwglibptl}lJIWqwGwgGmu t n~ llttupdtu, gwb"Jl 

Wf1U1lUIU11111illqtulintpjwtip u lll_ pwtJ.WlllUII npw!J.ntJ.: l.Iuw(i ubpbliwlibp}l 
4 

ljlUilllilJLjlU() pLU)jiU l}WtnW)Ibtwqnpi:JUw(i hjnHiwj1tliq!tpp lljbU1p t. pn il l..li 

(, LU[IlnlUJIWt\]lUlWIJ.Wli l}tUIHll:ipp : 

q .111111 lutnlimbuwl}wli mbJuli]ll}WJ}l hbmwqw l}wmw-

pl.qwqnp~ntt!p LLJbU1p 1". tiltjUlUIWIIlJlijljWO l)ltijl. l".til:ipqwjUtiWJllll, 

ltJJJ}Lll tl(WlLll UjtUU tnli}uGtqnqjnulitp}l u Uibluti )JI.jwl}wli U] l~lt t!-Jlibpjl 

UJ lUljlltULl ]t. ilp1tliJ2 l}wtqwhntjbli WJ!uLUUIW OW/11Uill uGbpjl tultUUl 

lJ.p 6WUilll t5 lt W]lllJlliUW1{bU1111 flJLUU pwpopW()tllll, hwtiWl}!-JtjWO 

ubpbliwlibJIII UUlUllDliwlip, ll!llllip l}hwuwmbJ]bli till pwli]l mt}ulilljll­

qjllli4Wli qn]IOJilitHUglibpjl }IpwlttuliLU!-Jllllljl wqpbqwmji ubl.j EliflWLJp}l 

Jwliwliwl}, jiU[llJLu Gwu wtjmntiwtnwgtjwo L.lbpbliwlibp}l u 

hw uwl}wpqtpji d,? w\.juwGf} L lipwliq li bpllJtdwGp, rbnliw.Jilli 

bpl}pwqn[tOlll f>JWli htuUWUI!l tibpblitujW!-JtlWU!l: 

l l )Utl\ llUtllj . « 'l·JIIll)WtnUUll:iUWIJ.WU Ub}}bliwlibj! >> WllWill}Wli 

t\\Jwtjnp~wo t_ 11 plJ.lbu U1b}uG}1l}wl}wG qjJUiliii~JlliU , ll[lfl qwpqwtimd t 
ll)llU]WliiUUibuwl}wli WJIWWI}IIIIIJ3JlUU lljWIIWU \> UbJljlli hwtlWUjWUlWU­

}uwli, IIILHIIOliwu}liHIIO t 't,Jilli]WU1Utnbuwl}wli L.lj12W4.W.Jil]l u UJLitpbp]l, 

utb]uunptqjnut1tuli qttpOJllipwglibp}t u oUihpwyjtwGbtl}l , dbpbuwlibp}l m 

uttuwli!H.JUli l:q tiL wqpbqtumlibpll tibjuwlijt\.jwli L U}wl}mL.I q_pn qw ­

utlim bUill PJWU ubp bGw.JlU!-JUWli u wtjmndwutwgL.Iw(i (iWJIU1Wpwqji­

mwl}wu IIw; tJ.wpl}litpjl dt..pmllihpl!: 

<.bqJ1Li w 4 a btifl JunJu bli hw.JmGm u. np li l:ipl.jtu)tttgtjwo 

l}Wuwq}IJIPtl l}GUituuutjl WJll J:uGq[lplibpJl tm ot.l wli ]J: Pnp1p ll]IU1ll'llll­

\lJtllUGbp]l u wnwiJwllltntpJnililihJltlljplillntlitjtu zlintlhwlJ.wJlliP.JWUp : 
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1. ~lUll! npujhu tl2tulji1Lf).Jll1U opJhlltn 
1.1 .:.m1j1 punpn2. luum4utGjlzuhpl.! 

· I!Jjl ll)wlpntlp. pliqlnulilllp qtnqpnlL:i. li,>wlilu4nttl I: lip tu ;jplll 

'l.JillllUllllliUlUUJ.UljLUli LlUpliliLU_Ijl l1 LUli tl !J Llll.lljt.pl.nn][' [l IIIVLUJ)ili [j[,jl(jlljl · 

ulllj•Jlllli . U.Jil dwt.lwGw4 (1 IIW.JLil 1. qLtq)w u.'LUlJtlnq lllll)j l ljtupLlllJilllq :JJ pi 

1Iww4wG!t.Jp !tp 4.JILU liupwqq tnJ llld jtli qjJLitulJJI IIlp_pn li ~J IIllJIU f' Lq, lqm 

pGt[JJJ liwlpi1[1JillliJL 'l)tupqnt p iw li huni tlt}l tu liljwlib lip IU JIJ 1Jnqj 1 

LUUJUIL[lJlllli 

-:_lllJ)l lUUjlllljl.Jllllip 4nllj1ll)U ljlllll 1. Ui.liLlLUtilU IJjl pli]'LIILJj!I IIU 

lll[lllW.JLU4Wli I.I.JUlJtlLUlitiLp)!. lmq)1 llZLUlj lituli U [.'ll)IUbpjl weij1 1U(jij li -

9lllj)JWG mtulr Sti.Jtu] luu]wuJbup)l w li plllJlJ tllliJI l1 IJJILU l]lll4m!ut JI P.Jlldip 

JwJ.lwGw4[t plipWl)j]lliU pli111!3Wl}jlljllllJ lili hLU!lJJWI hwUJ ljtUlijiJUL•JIIIlj 

J.lfwuu~ljfihflll r-muwlpnl ()tutJ.mtll tlhl[ tfJnutlnJlnuf ljw 11 

amljnml[hump.Jlllfi htul[mmul[ uhanLpJllltlp: 

t5w ljnUJljb(imJ•JI11U!l lmqjJ 11WU! Uljllj OWljWIJI V,. llW[!WpbjlllljJ.Jllilili I. 

V, 
-j(}()';'' .­v I, 

0 

r~lil)tllGljw o 1: liw!J owljnmljblitllJlJ tUli (j.llJ!Ow4!t4 £ t'iuolllp_p11ll]l . npp 

l)WU!Wjllj L)WljLUJ)l V., hwpwpL]IIIl~)JlllliU t. I.I.Jjllilj t.lwutijJl.j!.ibpjt owljW]jlti 

Yr 

v 
C:=-11 

vr 
( 1.1) 

Dwljnm4t.tiniJlJWU qnpuwlj~Jit 0 5<r < l 5 wpJbpubpjt llbtL!I21llt'i lm1w 
lpt ,' tjll ltl t. jUJll Uiq tj LUO. t: > l .'> Wjll.l bp(lllLU1J2llltl ' 4mtfup : 

2, lrnwliJtlrlihJlp Ultupmar-tu.Jilfi ptulfutfwtfp 

U.JIJ pwJ Junn)p ~ un!JWJjlli mbuw4bmjtq hwt'ibt'iwtnbJ]l t lmqjl 

lj tUllllHjt jtu 0!? LU Jjlt.i i'lll,JjUllatti lit.UJ lJ ptitqm;Ljtnu 1: h!U]jl !umnlp.JWUp: 

h•ullllfl.Jlltli[_l pwqwpO.tulJ .'IIJI llll1Jll qwli tltlwbjt 111, lnupwpb ­

jliiiJlJl ll iiLi r. hl.ulllllflllllljlll) Gtint J il JIU!JhLLJlimp ilwtjuqjlli \ 'II ll.!llWtil] 

UilJI I.> Ji li:u ;ulnuljwli ljtuqt\j t juwtuUJLiwti 

J 11 . 
p 11 :.c -~---

11 

(!2) 

.,: lli i!' !llll illl ]l llll l;p l!Lll jlltjlUll 1. til:i mu lijJljLlll[lll li 4wqi..ljtq . llllltllllUIJ 

JHI.I liLIIlJ \Iq [, l·lLuli.Jll:iljk.iJJII' .flllli!llJ . <LwpLjUI,JlqltnjJ illl11111p_pl1Ujl 

, 11\t!llt' ltliLjt.llti I. tl tJ- [(, q uti ' uttilniLulililqllliL\ : •l.wpw 0 ii LJqlt juunnpJllllip 

~. 4 Uqtuqljw u 1.. p., · I J q 'uLI ' lJ wljt.Jit utpdLJJ]l qb L4J2llltf n1iJLq 

tqli!JlUI.Jlltuc) <lwph]W J Lpmji~J liLppu r.. I (J - ! ~ ljll ll
1

: 

, lun(iunlnt[lJllltlr : .~2 t tll pwlitul.t]l qliwl!wunjlllt'i t hnq]1 

j'lU(jLU]lOLUlJ juntituljnlpJWUj' \V ,(%). llJI Jl ll! lll(ljlllt'i 1. )1jljl qtuuqtjwu!l 

m,;- 'm,,-m, lJ ~IIJ I llnqJt qw Gqljwo !tn\IIWJIUtpliJilllJl.JWtl}' . 

'A' ,,=mh/m, . 1 00'1'(, : 

nputLq · m,, - hlll]lU.J!IG liulll.J)l qwliqLjwDli I .. 

( 1.3) 

-:.nqjt j1m!.iwl]w9tlwu unnnjt6wlip qtiwhwtnLjnlll' 1: hwJ!Wp bpwljwli 

(14) 

!IJIUlht( W.,-hlll)] l IJW Jl llW.JjlG )> JlWUlWJIIll)lllJ•.l lllUU L '',j, ?Ji ll LUJU 

pwtiwlp npmtip . IIJIJI hi11lJI UjWhliiU t. LUllWUl )1 Ji liJ lll(j lJ llJ11UtllnnwqJmli 

yJIUJl]t hbmuqli bpn g hbmn : 

..:nl]j l •dllUUillli )) ti!J OWl]\_1 hWUlllll[lll ll1lUU]11wlimt'i r W,,=-l() - 70'Y., 

LJWU \\',,c- J :'- JO'Io juntiwljlll]lJWU]!. 4wJul{tuD lmqjt utbuwltl14 

4. ~1111 ptulfunufl! : -~~HlJIJl hlll]llll.'i l]WJI1111 t J]llitq wq utw lt 

ljw tqw4qLjtUO a ltbpnlj: l!Wll.(W4ql]wo yll l]ljl llllJl!l tl?W4111J~JlliU J wt.lw­

tiwlj G4wl11bJ]l (t , Jtu4 tuqtUUlJ! , lJljUlJ[liiJ!LG WLJilJll U t hniJ[l uttitulinpl­

LJ\lWljwli lttum[jwG]l,Jtil.i]!]l 4JIW 

t~qwm ymp hmpnu J]tlimu t qpwljjJUnuq[mG. Lt tiwqwliliJlWJ llli 

tnbupnlj I•G~t4ltu hwJmlijt t. qpwlj]luHug]lllli }l ]lbpp qmliljtliL~ Lli tibo 

0wljwlJlllWUlWJI4111 J~.lliiUUbJilllU IJ ilwli]llll)".JtUli Jlldj1 lllLJI~l·lJil!J ))tuu utLULJ 

lmumu, hbnwlimti bli : \5w4WUII[JWJ\lli ~]IUJI]l llllil] LUJ lliJIVljlltLI bli 

LlwqwlinjlliLpnlj qllllil)WCJwc''J 111l]I]Jilp.Jwtlp' LUl!tutjbJ junli w 1j .'\ipUJ\,Jlll<J 

qhtLJ]l tjlll)lJI]UnlituljntpJwli J bpm l,Jqt : 

:' . 'llllllJ\! tl'lllufilll!(ihpj! t\'j1yl1: J~ til i]J:I ,1 tj llJll J: llll![J l t] UIJ! IIi 'Jl jlll ll j' 

: 111.! l! : ' 'l,!'• ! ! l 'l!'j ll lll) ~ ..:.n qJ ; il!l lLil] lj ldlilj ljl ll tl jl ljllijlll:] ! i ll l.i~'l UII IJI: ll\j · 



UllllilW.J]lli \.J 11 ~ UUl IUilljUllll JlWJ]lli : Uul Il111ljUl111 JlWJ]lli hlll]]l qwliqtj wop 

pwawlitjwo t: wnwGoj1li wqpbqwmlibp]L n~ umiunljmmilWJ]llip ljwqum u 

t hwtl:wmwpwo qwGqtjwo: l~uu1 2Wt\lbpll umpmljullllllWJ]lli wqpbqwm­

Ghll!_i J]llimu tu · ljnzmwJ[lli umimLljmmpw· I Ouu wtjhJ]lli ~ wlj:lhpntj. 

LjGa]IljwJ]IG um runljmm pw· I 0-3uu ~wlj:lbpmj. wqJlbqwmlibi~ IJ 

hwm]Iljwtjnp umJuuljmmpw · 3- 0.25uu ~wlj:lbpntj : 

0.25t1u LjmpJl ~wtj1]1 wqpbqwmGhpJl ljn~ljmu tli U]llJtmwq­

JlhqwmG hp ljwu tlmz t~: Unwljhf WJicJhpwtjnp hG I- 3uu wqphqwmG bJIJl, 

npnliu wnwtJht 211wljwJmG hli : 5wGljwJJ! bli Gwu 3 - lOuu wqJibqwm­

lihptJ: tnnqjlwJ]l mbuwljbm]1g wnwt\bt tjmwuqwtjup b(i u]iljpnumJillllj­

UllllJIWJ!IG lU4Jlbqwmubp[~ lJ 0.5- 0.1 UU ~WLjl]l WtjWqj}: bJ~b lnnJ]l LjbJl]lU 

zbJIUllllU (0- 5uu) WJU ljwqUmU t 50%, Wl4W pmuwowoljm!}jl pwgw­

ljw Jlll j} JWU qhll!PlllU wutumuwlj:l btl! t pwum tnnq]1wu: 

UUlJllllljUllltJIWJ]lG wqphqwmGLpjl W(\llbgm j}JIHUJI !Ull]]l uzwljm­

PJWU npwlj]l Ljpw iW41wqwGg uto t: liJU llbUU)Illtl gWOJI t Gwu 

qb.'pnpuwmnp]l pwpzwJ]IG ll]lUWllJilltpJmGJI: 

~mt11 UJl•Gq qwfiqlj.wb-JI pGml~wqrnJmu t mtuwljwpwp 

qwliqtj.womj - WJli pwgwpowlj ill!l, UJl!GIJ qwGqtJ.wo]I m< hwpwpt­

JUUpJntGG t ]1p owtj.wl11G V r 

me 
'F­

vl 
(1.5) 

Y.wljJ1 mbuwljwpwp qwliqljwop 2.7q/uu1 t. wtj.wq]1Gp ' 2.65, 

luuumuJlliJ!. 1.4, 6UWU!IlllGilLWJ]lG hmt11UJ1 ' 2.4- 2.6 u UIIIJl~lWhniJ]lUp ' 1.4 

- l. 7 q/uu1 
: 

<.nqj1 UlflJUILljmnqJWU pUIIl{}Wq(ILjlll U t UUlJllllljUllllJIWJ]l 

qnJIOwljgnlj K 

( 1.6) 

ntJmbtf m1- hwl.lwlllwuiwutuwlinpbli 0.25 - 7uu 2wl}1j1 wqptqwmutp]l 

qwGqljwoG t, m 2- lnull1 uliwgwo uwu]1 qwliqtJ.wol! : 

¢jupl:igt'iw(i [!UIJ.lllUwljnq~Jlll (ill 50uu Ljmi2Jl ~wlj:l]t ljGo]Iljlibtl]l 

qwGqljwo]1 hwttwphflllLpJmGU t lnutlt rtGtlhwlimJI qwGqLjwo]1li : lipb 

Ljmzm U!WJunGwljmp.JmliJ! uum t 30%, Wll!W WJll hnqbJill 

lill!WlllWljWhWJIUlUJI ~t tl{Wljhr J--.ilhWJWljWU lJn>LjlllU t lmqjl W.Jli 

u.Jwi.JmpJnllip . Lpp uhpl.lbp]1 pwquwli ltmJilllfJ.JWU tjpw wqpbqwmGbpp 

ljwqomu bli 0. 25 - 7uu. Jw4 WJll ztpm]1g lihppu owlJWJWJ]lli qwliqtjwop 

hwtjwuwp t l. l±O.Iq/uu3
, ljw]uljwo hmJJI mtuwlj]1g h uzwljtjnq 

lj111JUllllJIWJ]ly : 

1.2 ~nqll ltn.zmmpJmfi~ pfimpwqpnq l_wt}lwfil'tzfihpl't 
t}lmfmfuntpJDLfil! dwuwfiwltl't (!fipwgpmu 

..:.ml]l :PJiq]lljllllJwG u mhtuUnJnq]IwljwG hwmljnlJ~JmliUb[t[l , 

ljWt4Ljwo wpmwp]tli U!WJUWlilibtt]lg , lj:lntJ:!ututJmu b(i ~Wt!IwqwGg JWJU 

uwhtl:wGGbpmu: P-Gwljwu t. up hliwpwtjnp c'_t u lllllwltmlllJWil}bu n~ 

ULL!tUuiwljwhwpUwJI lJw?tJ.ll wnGbJ WJU pnplJI WGllWlJGbtJ]l lj:lnlj:ln­

tuwlrwli plimJ!lti, qpwlig mwpwOtl:w(i uwhUwGGbtl[!, HJUIGp twll}hu 

wq1pnu b(i hmJIIIU WllW2W9llll qnJIOl!UVwgubJI\1 tJ.pw lipw qb~IIJl· 

owgw]lWJ]lpGJ~wgpmu: 

!1tum]l, pbJIUU lill!WmwljwhW!lUWJl t hnqwUzwqUw(i ubpb(iw­

lihJl]l ll}WJIWUbmJibiiii h]IuliwtJ.ntmu.lLI ljwmwr1hl hnqj1 Lj]16wl!11 wJG 

uwhuwGGbp]l hwt!wJI, ilJl[l ljwlitunpnzntu t mbtulintnq]twljwli qupol!li ­

~wglibp!• PWll0\1 ll(lWlj: 

<.GwJiwt]Hll qH[IO[!li{}wgGhJtp G4wt1Wqtlbpug hhmumu t, IIJI mlj_Jtut 

lmttwmtupl_llmli]l upnzwlJli ljnzmm}3JmG: 

..!.mJJl ljnzmmJ~JmGu lj.wJI111J t LjuupntutJ.bt <twuwUwlj]1 l!Gpwgpmu' 

I.JwtutJwo WJU ljwu WJU bJJumwGtp]lg: llnw£]IU unmhguwup mwpplipmu 

bG LjitJitJm(i hill( , hmrl! uljqpGw4wG tumwguwG Lj]16wljmu IJ hmm 

uljqpliwljwli jumwguwG LjJHSwljmu lj:lnt!JntuwlJwG tunliwtjmpJwt!p: 

1.3. ~nrtfl wupmpJWfi npn.zmti(! 

<.nqll wu (llllpJlllU[I li(Ull b[lll lill!wmwljntJ oqmwqHllOtjll1 U hG 

lllWJlpb(l iWlJ:!k qupO]lpGhJI. hwptjwowJ]lG uljqpmGpntj, umwmjiLJ 

pbnliljwamJ~JWUp, llb~npuwmup]l um]lll!lllJWljwG mbqwzwtJJntj: Lf..bp­

~]Jliu wGhwUbUWUI JWJti ljjlJIWI!lllj)JlllU t umwgtJ QJIILIJWUIUUlhUill(),JWU 

ut2: 

-:.wuwowJG ll-OUS 70.2.15-73' UIJUIJIUlllli q]luwrnllpJwG gm gwti]ll 
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L plilJliiliLjwo .,llnqJI tiJI?Jili wupulpJnJlip ._ JwlJ lmtLitutqwtmuuJ uwlt 

;wl)1k qnpo!IJ1Jl wlitjwlitjwo L wtlpw,,tutji 

Ut5pw~wl)lJ1 w;juwmmu t hl.u1lt.JWJ Llt•)llLJ · 

!lid qnpOWIJJilt)lllj pn liwljlibJijJ (.~ 1 tjpw. Ullli qlllqwliLU LJJI (:2) [, 

O.llljjl ( 1) Ujlyllqnlj hWlJilJllllJllll.l ~- llJlll ,Hljlli (-+}. ll]ljl UJI :qLjlltLi !_ hn!i)l til. ~ ' 

I - ---.......... __ 

l~JI] llld[l. 1 tiltulli]J jlllUp lllllt\lUUtUp r hlll]jl 11jitll.Ul)p1111}_fWli liHJjJli u 
~WLjlljJJI\l t. qUIL]llili tulill uGJ]ti tjt U(llli}'.J II lli LlUilJII]'_IWUp.jiUlj 111lljjl quWJ]lli 

l)li :[>lljltiiULJjli.LJti ),_ljjlii ,7LI)l l111qj1 U b~1 Ulltqtiw li ,' tut.jllltj : 

:fll.tlllll lJLULi UllllUlil)lUjltlllllj plll)ll!Ul[LU U l.li hLLnuJW( Jl(lll}t\lit 11Jl 

l{IIUUit\IJ tlJill_;c) iJ!I ti pp I () l!ti-' ti t:..tli LJ1ltUiltjlt qtuqtupji 'r-~~"3 ()' wtilt_pntimj 

lljjiLiq !llll)i..pjl hnn! wp I; =uu hjld !> lltJ ;=:) LJ' iulili.flllUIILj tJlj11pll1ll hll!Jlip]l 

ilw~tup 'l \ ~ 1 ll q! 'll"<iu i iil ~ t :, · :: : . : 11 1 11-lqw!iiJtip junphHt(llJ J:,(j U1Lutlw 

lllliJ li [iu :tJ idlll llJi' lllllllit !Ji . 'q tr: , ta: ll p: iL,i 'nu :1 p. l[ill}l hil~pmj 

qjtu liw 1):ti IJ !lll/11 

1. '_:iJl ti: : itlij :p Ullijij'LU JjJ q Hj lU. l I_ tJIIILI ~i(j!llJ UUIJI!)lllj . llpJl lj[Ijl t 

! . 
(J 

200 --

100 '-- - -~----1------+--------t 

II i 15 ic. uu 

[ , [J I .' I .1.t\IHU: tutJ th qjlll. i< Jp tl ll i!l 

1-qlwlilltt'tl• qplP tln q. :- ll nl itll(\[, qpn_1 t\m( 

l •tiwLiwpnjqutytulituLJII LplJ llllllJ1JUILi qnpilwljjilJJl . " K ,. !lJlll_ll/ tli ti I 

l· ~ y n}(.tn : ..:.t,ullutJIIllllll[)Jilllilil,pp tqwpqL] Lili . ll ll imii/IULIUI!l 

hwunjult'JJ21Itj uwllu11 li LJlUlJil-'bJl 6l.Jji Jl]lll}UliLpmj lllll)jl ui..qtiLiliiiJ 

1)/llhUl]jllllpJnlli libpp unupp!.ptjJlltl bli Lijm(Jli u ljqpliwLJtll li tiwumj . 5-- 6 uu 

untqbpuy hbulll F llltlbppllwt'ipliljlimt.'i l.ili: 

..:_lllJli WtlJUllpJWli l]jlluqpwt\jl UltjJWJliLpjl t.jLi]l]IIIOillpJWli 

litqwu1Wljll\j tutli lilqll.JLUJLUtjlililip liJtljnl tJmqmj (lili I 3 ): 

'GlJ . I .3. SpnJnituli '1i lt1tuqpntp JUdi lt qutu.Jjllt flh1>npt5JuqjHU.Jjl lltu~u[lU · 

0!1\fl.JOl.li[! : 

wnwdqwljutli . LliUj W UIJlliUllljll1luuJul\Jt.lwG IILmlluJli)?Jllj . J· JIJr.l[llliGmu t. 
tlllUILUL[IljlllllljliU llll)ljlll(jjt0 : 

l;pl lil' tjt:l tjl llt[jl pliptuqplliU 1: lltr.l(l . ltw]uljtU () qL :j>ll[IU tuq jllUJjllJ :II 

lll lit ll ll' l, :u i/ 'tllJjl!ll\1 lll111 !1 lllU]llll PJlllli(l l!tUltllltltujll .' 

II 



F hk 
P = - =- . li /utf s s (I 7) 

ll]llfllil] h- WUJilllj~JLUli qjiUtqpwtijl ujt~jlli O]lljjlUWUJli) (uti) . S- lJilliJU]l 

tiw4ltJlliUjl (Uln. k-yUUJ.Wliwlj!t ljliJtnlllj)_llllUJI (li /uu) : 

J-lpw4wlinll\ twpilwG P u qL1mpt1w\-)jlwJjt]ll11jllll})JWG ), ul.i )1 l.jwt4p 

11 ,' pt. qDwJjtli t. P"'q,,/, , wn l.ptpwq]I<) : 

f'um lfh l.bmn; liuj1 WJtlltWUJ.li mlijt hbmuJWt mt.u!.)tl P=q11 :>," 
. . u 

pum U.U.Uw!JullJJWlijJ P = q0 [ ~ } 

llptnhJ] q11 

hwmlpnpJnllilihttJtg ( q,, _ ll /uu ~ ' ~) , D-IJilll!t.l)t UlJIWtlwqjtilG t. .P11-Imq!1 

mwGm] plll}lll llwl.jnq)_JIII lip, ll /ut.\ ~ , q- lunJ]l ilwt.JwtWJ]lli UJ[IIlpt.lwli 

qnpDw4lt!JP , u.'ut.l 5
: 

1,2t!wo ptuGwoltbtl]l~J wnwt.Jht 6]tzm t '-L<L lnutJ)lqJtGjt pwliw­

oup. 11]1]1 ~jlUUj.:i ]l GwjuWUJ.Wlflj1WULnt!wo hmlll hwuwp Ill lilt ltliliiUJWI 

ml.upp ' f': 9th (0.12 i.) : 

<.m]jl qL1mpUW9]1WJ)l 1>]tqjtljwljwli ]lUWUUlp wnwt.Jb] W]lUlW­

hWJLfllll U t OWtJWjWJjlli Ul]llljltlWli tJil]lOW lj]I~:jjl · 

(Ui) 

u ~Jlll.JY L liiWJ]Iu pwG]t ll nHt t U! tuhwG~4mu hbwwqw JlllpwpwGJJIILP 

I uu ' ilwL]LUJ]l hlll]jl LIIJlll]lbpll hwuwp : ru-wpu 4WJl4WO llll!]lll u 

y= I-2G /uu ', junqwGnnL qbpllll. uwpqwqumGn1 t.\ 5 - l Oli /uu ' . 4Jllll litnw­

J]lli 6wUWL4WJlli1UU 50- 900/ut.\ 1
: 

<.tmwqnUJntp_pnulihjJ]l Jwuwuwlj 2WtPUilJWUlJ I.J.Wtlunp t 

Ln[lllJluwli t\JluwqJUII))JWG P,
0 

uwhuwG]t ljwu lmq]1 mwlitiiJ 

p61pn Gw4lli))JWG uwhuwliJt BJill / lltJ.)p ' 

12 

(1.9) 

.(w6wju I!h-1>ntnlwgjlWJjl qfiwhwtnuwli dwuwfiwl.j wGhjlWObztn t 

Jl!Gmu ntm2bl awjuutj_wa tGhpqjlWJ}I ~wt!I~ : Unw2}1G lJ bpljJlllllll 

t!Jnll bpmu mpnpuwG tiJlw c}wjuulj_wa tfi bpqjlwGbpJ! hwUWUJ.W­

mwuJuwfintJbfi Il!lll24mu bG hbtnlJJWl pwfiwo utimtl' 

Anp 
Et =Fnp--

2 

E2=Fnv (.A6- Anp) 

ljwtnw[tbtntJ.11Ilfl2W4Jl tnbilW!}!UHUfibtl ljumwGwfip' 

_A'1 

E1 =qS~ 
2 

( 1.1 0) 

(1.11) 

'1-jiWq}lWU\1 (Glj.l.2) tntl.Jwtfibpjl u (l.ll) WjltnWhWjtnllliJJWU 

tjbppHOHL})JlllUUbJl[l gmjg bfi tnwt}lu, np Iuulll tl!1w mhuwljWJIWP 

IJ]!UWllillltf)JlliU[I ~UJ.btnp t hwufij1 J!Jl uwhuwGwJ]lfi W[lObp]lG (F"P), 

l1wljwnwlj IJbuwmu luuw lj_ulj_u]1 «hnub]» - IJb-1>nJlUwg]lwG lj_w6!t dwuw­

Gwl.j)Ig lj_wjuqwo-, Jw4 tGbtlq)IwG, lj_wJuttwa qb-l>nJluwg]lWJ\lg, 4w6]1 

ljpl.juwlj_Jl zwt!Imt: 

~ml11 WUJlllt~JWU uwu\IU UJ!I~ U}Wwlj_tpwgmo lj_wqllhtm hwOWJI 

gwfiljwJ]l t ljwnmgbt F=f(A.) :PmGljgjiWJ]l ti]12]1uwgt!wc} lll.Iwqpwtl(l, WJil 

UUJ.LUUJwlj_ntJ. wnw2UWJjlfi Y.nJlbJl]lq GwjuwUJ.bu JlliJ!WpWulJIIlJl JunJlllL­

J:lJWU (2uu) I!WUWJl Ilflllztlmu b(i UJ!2Jlu LUjtdbpfibp: 

'Vztuv GwL, np I.J.nJlbuwg[mu Y.wlit qnJillpJmG mG[1 li!JWJG tlwtt[l 

tjl1jlCll!UPWQ]llJ luul]l WUjllllf)JWu ' P-lt u[wL : 

.(mlll UJbJufintnqjlwljwu hwmljwujiz!ibti tG ljnzlj_mo WJU 

hwtnljwujlzfibJt[l, Il!U1U!2 j1 hwJtn hG qwt!lll Imqj1 ubjuwGJ!ljwljwG 

uzwi.J.lllPJWU qnjlb[IGpwgjt [!Gpwgpmu lJ 11tl]llLU4]1 lj_wu WUilllJllW4JI 

wqqbgmpJmG mGhfi lutrtll WUJllll})JWU 4l1w: 

'l-~uwqpnL~JmGI! tnWIIPbll mJlUIJl qt:JlntJuwgJ1wGb!lll Glj_wmuwup: 

UjJG]lumo tGtpqbmjilj O'wfuubpnt.J mbJuunptqJiwl.jwG qilflGJ.l!ipwgjJ 
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pwpop ll)lWlj WUjWlmtlhpll hwUW)l wuhpw<tbztn t }lllWUWt llllrUl 

wurunpJwu uwhUwufihpf! mwppb]t mbuwljjt tWJuuufibitlt <twuwuwlj : 

5w~np WJU Ulllll.lllPJWUp tnllJwtfihpf} qbn pwtlW)lW}l (OU 11> UjiWJU 

wnwG6JtG qntnjtGb]l}l, WJtu hnqwtn}lU}Iip]l hwUW]t: "'Gb]tljWJlllUU 

q]IWljWUlllflJWU ub~ hWjtnG}l b(i OJlllZ illl'lWtnJlUjbpJt WU)llllj}JWU 

uwhuwfimufiblt, qpwfigJtg bfi qwtlwwtlwqwJ}lG hmtltfi(!-

oquwfi <twuwuwqwtlnll tWiilllUJ.! 5-6 qtl}w 

uwhp}lfiu I 0 - 12qtl}w 

utquuwfil! 65- 10841T}w 

12bittlwD tnllJwtGbp(! gmJg bu tnwtlm, np lmq]t ubJ:uwGJtljwqwfi 

uzwljmpJWU <twuwuwlj wfihpwdbztn t aqtnbt oquw(i qb~npuwgJIWJ}l : 

'Gzbfip, nJl hrutlt qjuiWT}pntpJntfi{! mwppbp m}ltyjt qb~npuwg}lwfitp}l 

<twuwfiw4 tlmppwfinui t J:unfiw~mpJWG ub(lwguwG hbtn (nJmzwljJt 

uwhUwGGb)nuu) u Utn)unqmmpwJ}l twtlwguwfi llburnmu: UwhpJt u 

6quwfi I}jiUWilJllllpJmfiGbpf! qqwtlmltbu ljwJ:utlwD bfi luu}wJJtG qwGq­

tlwDmu pmuwqwG, WIIUWLnWJ}lG hwuwljwpq}lwnljWJnipJmfiJtg: 

:bpp~gpnfi hluUl~lufipztibp(! : Ctltmul! }l hWJLn t qwtllU bpljm 

uwlttiJiliGbp}l' ublJl! UJmuJt fiqwmuwup uwhp}lg : 

f 

a 

w 

f 

0.6 

0.5, 

0.4 

0.3 r-.,..~t-----t---; 

w. 0 10 20 304050 60 % 

p 

\..~ . 1 .4 . ~nllfl L l4"'ll4WU1~ u~~L zlfiuwfi qnpow~y~ ~wtul{luilmf!Jmlil) . 
1u- pwywpow~ tunliwtJ.mJlJntli~y w. p-hnqnui «-'!J~qJt~w~wfi ~w~., (O.Oiuu 
lfinpp .'flptu~g~wJ~) tqwpntlilU~ntpJmfi~y: 

Ctjluwfi qilJlbwljjtgl! hwmnwmmfi 2t u tltntlJnJ:utlmli t' 4wtutlwb 

lmrlJl tl}t6wljjtg u hwmljwujtzGbJt}lg (fiq.1.4w,p): ~W2tlWJ14fibJtjl hwuwp 

[.!fiqmfitlmli t «hwumfi» IUlJl.}l u UJ.llllUfWtn}l u}l2u ztltliw(i qitj1bwljgj1 f=0.5 
uMmpJlllUf!: 

14 

CtlJiiwfi q.Jlllbwljjtqfibpjt Wltdhpfitp{! LnWIIPhll IUlllWtnJtUJ.bltlt 

hwUW)l phptlmli b(i WJUillUWljmu· 

<.m1J1 Ln }1UU.! f-tg<p <p 

Ut.lwqwJJ!G L wt.lwqwljwtjwJJtG 

( tltJ:u 111n G) 0. 25 - 0.35 1411 
- 19°30' 

Ut.lwqwJJ1G L wt.lwqw4wtlwJ!Ifi 

(ljWU}WljgtlwD') 0.5- 0.7 26°30' - 35" 

fO'h!}u l! uJt2JtG 4wtlwwtlwqwJJIG 0.35- 0.5 19"30' - 26"30' 

Uwfip 4wtlwwtlwqwJJ1G u 4wtl 0.4 - 0.9 22"- 42" 

nm wu w w -l!.Iumuwqmu f-Jl ujtfijnimu W)HJbpfihp[.!, pwgw PJ p 4 UJ. 4 

gtlwD wtlwqwJJlG u wtlwqwqwtlwJ}Ifi hnJlhpJt, hwtiwUJ.wtnwuJ:uwumu 

tu gwDp, jiUlj uwpuj1Untli[.!' pwpa)1 JunfiwtlmpJWUJl: lit.lwqwJ}1G lUlllhil}l 

unm hwljwnwlj opjtfiw2wtltmpJmfifi t : 

IvnGwtlmpJWU uhDwguwli hbtn ztltliwfi q1111Dw ljgj1 WOJ.! pw­

QWUllltllllU t hmllt u ubUIWll}l U}12U untb4muwp oqmlW4WfilllpJWU mdb­

)1}1 WllW2WQOlUlltl : 

q.llJllLPJlllfi mfijt b114m mhuwljjt uwhpjt ztltmu· zwpduwfi L 

l}Wl}W)ljl: C}.wl}Wpjl ztlttiwfi qnp()wljjtgl_! llJ111zlJ.mU t IJbp hwpplllpJWU U 

~. U. d"htltqntlu4m UUJ.WUpntl : 4.. U. d-htltqn~Uqlll UU}WUp}l wzJ:uw­

mwGpJl uqqpmfip].! qWJWfimu t U)ltuGmu, np L_!Ul}lllfitlmli t UJmpJt 

ZW)lUlllU!_! hwljwqi}UWU llll111lllPJWUp' (inpuwtltg N zh1ltlWD ztlttiwfi 

wG4JwG <p mwq (fiq. l .5) : 

y-
'U~ 1.5. Clfiuwli qnp~w~y~ d-h!Pqnqu~m uhpnqml npnzuwli ufuhUlu 

1-hnlJ.WJ~U fiumzn. 2-ztlJqnl'[ uw~bpl.ml.Jfll), 3-qawqplU~tuli mtufl.anwlj 
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'U~ . I.o. tulip hwfl~nt~JWii Upingm!l)Wl)WflP ztfJuwli qnf!il"w~gp nflnzuwU 

ufuliuw 

{i}bj? hwppmpjwCi 4.i1w J}Uil)UIIl}l ztlJilwG qnpawljg}t nrmzmlltt 

hpufitlwa t ztlJtlnrJ UwljhJllm!Jpll t)llt.Jwapp wG4.JwG o. lt ztltuwG wGltJwG 

(jl 4wtqjl t.Jpw (64 .1.6.) 

l}..}Jmwp4btJnj UJlllpfl wfiqWJ111U hwtlwuwpWI!ZJllll}}jWG l)}lPPU 

php hwillmtpjW!i tlJIUI. qw)liHJ hGp qtlb( 

F=T (1 .12) 

fmg cosa =mg sina ( 1.13) 

<wzt.J.Jt wnCihtnt.l f~tg<p u tnhfJWtUlhLnt.L {1 .12), l.{umwCiwGp · 

a =<p (1.14) 

llJU}lCipG, llllllZhLntl UJillp}t wGl.{WJillU hwtlwuwltwl.jznntpJWU tlJtJIPU, 

2WtPhtntJ. a wutumGtf l.{umwuwup Gwu ztlJuwG wGltJndil.! a=<p 

wputwhw JUllllPJillU pg : 

CW)IOUWG ztltuwG qn}JOUII.{gjt np.nzuw(i UU.jWtnWl.{mj l.{wqutl_mu t 

UJmp}t ZWJictuwG hwtl_wuw!UHUU OX hWJlfHHpJwG tl_pw· 

m x = mg sin a- fmg cos a ( 1.15) 

2S 
f2 =tga - ---

gt2 cos a 
(1 .16) 
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SbtJW4WJbpnl_ pbp hwppmpjlll U(} a>>(jl WU4JW U mw4. hwJtJ.tJ.mu t I 

ctwuwGw4mu m UJll' pjt wugwo S owGwlljwphp Lt ( 1. 16) nrmJtlmu 

zljluwu qnpaw4}1ypl~=tg(jl2 

~nqft ~ull_nLfinLpjndil! IUllJjl UWUUjl4tibJljlg UW4bpunqpjlfi ljuvbtlll 

ttGrpHGw4mpJiHGG t lljG WJIUlWhWJUltllllU t: Lp4wq}t mbupmj' pwUilll 

\lwlJhltulllJflf!tlJlWJillj hnqj1 uwlru\lllJlUwru~:: ; pjwG u UlllJU Uw4hitlllllJI'l}lti 

4u.JWO luutJl U.JnquwG nhtltutlJllll)3JWUp: <!.tnl.ll uwhp}l tl\lUUillillltpjntULl 

414~ ttmg npnztlmu t htmltJwf pwuwoltmj' 

(1 .17) 

llllUlhtf P
0 

- Gnrnlwt 6GzuwG pwgwljw.JilljJjwCi U.JUIJUWCiUbJllltU ml:iuw-

4WJIWJI qllj1_11lUlll)'}JWU znzwljlnrJllldhp}t qnpawl.{j1gti t , lllw , 

p - Ull[lllWL 6G;ntUJtg WllW?W9WO mhuwqwpwp 4uumGmpJWU znzwtltn!J 

mctbJl]l qnpowl.{ltgJ!, u·2 
, 

S- ht4uw!i uthuwCihtJI uwl.{hptuu. u2
, 

N- UllJlUWL 6GzuwCi mctr!, G: 

D~ UUlJUHl.{mnqlWJ\tCi lmJl hJl\1 unm 4U.J2lll tim p Jill UJl 11 hw Jtn t 

qwtJtu \V0= 40 - 50%, UU1Jlllt4tnlli JIUIJJtG hniJbtmnf W0=60- 70% hwpw­

pbpwl.{wCi tunuwtl_ntpJwG t)btJWmu: 

20 25 30 35 40 W 3 /lc 

u,_,_ 7 4t4~ntfint~jWfi tnliuwljW[llU!l mdp Po ljtufu4wil"nt~jmUn hnTJ.ll 

ptugtU[lOtUll tunUw4nt~_lntUpg W,' J-L401J.l4lUln , 2-ljWt4!1nfi , 

3- ~llnn[IOL4[lUUln : 
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( !bpt.j LUO ( 1.17) W]llnLUllWJUllllll.JWU Lj li]l\111 0111 PJlll lip ~lll.J!-J t UlWjjiU . 11]1 II 

unupptplllp.Jmli Jl\H1wG n1cJ)I . I-··7 fN ljltW11Ulllp.J11ilip ljwjmjwo 1: 

t\wljt.p\Jujl ,' wtjl)I~J u JI hwJUI I. qw[jJU liuqlijwlj lill]ILlW[ 6li; uwli 

j!lU!-JW\jWJll!p_JWU IJbUJj)IllU : 

llllj ~ llllilll f!jWli UJLuwljwpwp Ill cJji lfW[ltLjW OIII Jl.JlllU[l llllljjl juuliw­

Ljlllj}.Jlllli]Iq llfWLnljbpt.jw/) ~- lilf . l .7 .. ll]lil lJIII.Jq 1: UlWJ)IU. lljl tunliWt.jlllpjWli 

t.\bowqt.luJli htm lju.J ~ Illlilllp.Jll1li p w 611nl. umjlu · t.tmppwli111u t.: 

f~liqhwliHIJI Wl!Uwup pwlinq o]Iqwlilitpp gtjummjllnl t.Li . bpp 

,npi.\wli u \jU.J[lllUlll]-JJWli mt.uwljwp llldbpj1 q111Uwpp uto t fml)Jl uwhpj1 

wupmpJWli uwhuwlij1g : 

tll.LttiUmfllllllf!JOdi u nmn•oqtu~LUU11LtJJ11LU, omomyfl~nLtJ.JllLU It 

lj1 fup m(imf}JilL(i: 

..!.ni]ji Ll!JWUUlji\jllWJlllli[I- IJW WJIUIWj)jili pbnliLjWOlll)t.JWU UIW\j 

ouwtjm[ltuwli u ptl!GLjwomp_flll li11 htulib]ll!lJ hbmn UIJli U.JWhU.Jwlibpn 

IJWUllfLU [ijiJU t.: 11l]WUtnjiljllljJ.Jllllijl ljLUjl.tt.jLUO J. hnqj1 libj"uwlijiljwljwli 

IJwqLI)Iq.junlitutjmp.J IIIUjiLJ [I plinpnJ t.J111li 1: L1.fiWUU1ji\jlliJ)jWli J~ t.Jnt.j ' 

\V"=W 111 - \VP , (ll S ) 

l1Jill1l:-.1] \Vn,-l4[lUUU1jilJ111P.Jiltli tjbpj1G uwhuwlili 1: (LUJU ]"ullliwt.jmp_Jllllip. 

np]1 cJwuwliw4 1~Lpu qliqm LililJ qwliqt.jwc)plmunnl U. 

WI' - U.J ituuulji\.jmp.Jwli libppuj1 uwln.lwlilit (WJU [uuliwt.jnq~Jllilip . nttll 

cJwliwliwlt 3Liti uqlluLiwqont.j qpu1fiwl[wa onqp uljumu ~- LjJ2[It.jbJ) : 

l~t.jwqwljwt.JwJ]Ili Imqtpj1 UJJtuumjiljlliJ)JWG J~Jit.jp Wn= I - 7 1.. 

ltwt.Jtuwt.jwqwJ]ll.i]l ' 7- 17. lJwt.jjllip ' 17 -]tq pwpop : UnwoqwljwlilliJlJil!lip 

l!wljtuiUHflliU t U.j]WUUljlljlllp.JWU!L tlnwoqwl[wliiHp.JIIIU[l llllll]I 6uj1 

Ljbpwljwliqlitiwli htuulljwli]I]li t wpmwpj1li pbnt' hwGLpug hbtnu : <uqji 

wnwc:\qwljwli 11h~11ptiwyjiWJli hwpwpt.pwljwli utoniJ·l.JIIIlip tnWUIWli­

t.jmu t 30 - 80% uwllt'iwfilib(Ulltl: 

lfWOI119)1\jlll(~Jil!llji- lmiJJI ljLUlil)Wl] 6ltLULj1lljump_JI11UU t ' ljwj"ut.jwo 

plin]lg u ctwuwGwlj[l~j: f1ppwG muwljwli L pLnjl utqijl;gmpjlllU[l . LUJUj2LUU 

li to ~- lllll)]l I1t1mtiUWCJ]IwG : .;_lll]jl uwonrgjtl[llli1Jlll lit! l.jw[ut.jw o 1. U!)llilj 

uwuGJi4Ghp]1. hlll]W.Jl tG O!J]I Lt )J)ljl Ljlll]l.lWllW]IO tn lo l]W}Wj!U[Ig : 

<llrllllllullq~Jllllip hw4w'ltlt.Jmli ~- uwamqJiljnq~J wG[i : <ll]"uJilllli 

hnqb[IIIIU pwgw\.jWJlllU 1: UjjLUUUJji\.j qt .jmpt.ltuqjiwli : !J)iWJU WllWUO]Ili 

I]bU.JpbplllU Lllll]JI yW[11ll) t. ocJ mt.jw o j)lUtij Ul.ilj lnumljwli[I?IILj . plilJLIWlill l JI 

wnt'iwt'ip UlJli WI!LUt\q w ljwli . UWOlllli]IlJ u lYJWUU1)14 lijmp t: 
1 s 

{nttJl lllhum4tuJllll(l 'lflti'tUilJIIILtJJndiJ!: f'um t.'iJLUlpH p.Jwli IJUl\WJHII­

Jl.JLULi liiUJLti\I I}Wuwljwpquwli qmgwlij12 I. t.jUipji cJwuwliwlt mLuwl.jw­

ptup l))iULUIJlllll]J.Jilllijl 

K =~ 
nab 

npu1bq P- tp npwliji ptupzw.J)Ili qjiUWI }]llliP.Jllllili 1. . li . 

a.h-wn]1 ~ tut.jitpjl uLI. 

n-ji]IWlilibpjl pjn.fp: 

(I.!')) 

1~ 11 . I - ~- ltl-bj>L ljtut[ ttnut[tuqtuJlll i hnq[1 tnl.utulp 11Jllll)l qjnhurJIIIIIflJLUli K 

IJIUjutJw omrJmfip rtuqtupc\tulJ jl.tnlitut[lllP.Jnili[l ~ J W,, : 

..:.nl]]l Ulliuwl[WjllUII I}jlUlUIJlllllp.JlllUJI ljw[ut.jwi'l t rmGwt.jl11-

PJlllli]l~J- ut.juwGjJL[wl[wli lttuqt.\)19 . 6)1Ulllllt.jW0111IJ.PIIUjJq u WJ[U. u 
Ljiiil\lll)uLjiiiU t. 0.2-1 .3 lJLpucJ/uU 2 uwhuwlilitpnn\ : Sbuwljwpwp 

t}jn1wqpiilpJLUli t.[unfJHjump_pnUp, l.jw[ut.jwo hnqj1 ]unliwLjmpJmli]ty 

Lit.pl[w.jlU!Jt.jWO t Glj.l.8: 

tiflt5nuutuu1nL~JilLU[! u UJIIU wq•lhHillf!JIIlU[! hmtJ! 

mhlufinLnqflwljtUfi hmUllttu(i)Ilfihrll ttJnu 

hnuu u tunU.JWU, uwpqwqhmGwJilli, Ulllll~WJIIG, PW4LlWUJW 

juum hp)ItJ wq tumt.jwa IlW2mLpJ1 hni]l..pp qnpot.jwo lili pn!JulipJI tu!Itn 

WptlUIUIWJ\t l.i qtUUljllt.j : <.q n]l W]IUWU1UL]il! qtnliLjlllU hli 6- 18uU u wljbjjl 

JunJilli] J.Jtuli t.jpw : li.JUl4\JUllt.j. t.jLupl..i]tu?b]llll[l plllq\.jwgwo t bp4111 · 

tnL ]ttUiqllqjiW\jwli hwm\.jwliJIJ UU[IIILj t.IllU[ipbp hlli]bpj1g : '-lbp!Ili zbpmli 

lllliji LUilltt0 4wljwli . jiUlj li bjlHUJ!U[l UJ]Wlltn[ll[ hwm4wli)IJ libp : lJl!W­

duH\tu Litult wlihpwJ li2 li1 ~- GJb[ . 11[1 luriJ)I t.JbtiJIG ' WJIUl.UlflWJ)IG IIWtll.U­

ljl.UJlqllt.j illU]l111UU1 zb[!UII! . 1!UUI tul!Jilllj)JWU lllliji tjlllt.[IIIjliWl]Wli 

ill.UUl\jLUliji,Jlibp: (liljl .9) 
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l!.JUL4bu op)1ti wl!. 6jn1mn hnqj1 oquw li wtlJln1 p.fwli uwhuwli11 · 

ljw tu~wil Gumzjl hllllWJbpmJl tunpm PJ m li Jl!-J h. Lfm~mju~mu t 

hJll4G!IPIIlWJjlG ophtipmJ.: lJnmwljnJIWUjbU unqG ljWJH}ll~ tPlltPllJuLjmu t. 

hwpwpLpwljwti bpljWJlWguw(i £ wumJr6WtiJl lljUjlfipfi, IIJ1!1WU ubow­

ti!ll\l t. lllll))l zbJIUljl tuHJllllf)JlllUJI . WJUj2WU Lftli!2JlWUillll t. hnqJI 

wnwoqwljwfinq}Jillfil!: 

T 
l '~ 20 

55 r-· \ 
"" " ............ - ~-

50 

45 

40 

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

'--- -- - ·· -- - -
15 

10 
l 2 3 4 5 6 h, uu 

4 ti s 10 12 1.:1 16 h,uu 

'G \j . I .9 LjlUl4LUijytJtuO OpUnUl hnqll li!lmz)l tunpntf'jLUli Wl{flhympntli[l 

6qthuli wlipntfiJLUli muh!ltu!i(1 au qpwli luuutuL4WLmuutmulinll 

htuptupbptu4wti bpljturtuy!ltuli £ LlpLu : 

fijlujl lJwl4wljg~wonq}j1HUp IIJlllZt.lllLU t llUUl oquwu lftllJIOWJllj­

uwfi 6wliWL4Wjlllll~, WJU hwLjWUUIJI t. l{UlJIUWU mdJl L liumzJt 

]]lliHWJUWljw(i hwm~wopJl uwljbpbuJl hwpwpbJilllflJWUl! : 

'-twpbtwhm)bpjl 6JtunmmpJWU wumj16wfi1_1 tinqGUjbu 11Jlll24mu 

t tlmt!Oliwljwu 6wfiwL4wplu1~· LjbJ194mu t wnj1 tunJlliiPJWUJI Inuuw­

L4WU1Wutuwli titllllJJl L llJlWU)tg wnwfiotiwgtjntu umnJ1qhmfiJw wpuw­

tnWJ[lli hwt\wljWJlql!, ~~wg~mu , ~npwg~mu u 4znLjmu: UpuwmwJJl!.i 

qwtiq~woj1 hwpwphJmtpJmUJl liumzJ1ti Ulwtl•u t 6jtU11UllllflJWU wumjl­

owup. ql quL -!.wuwowjti lftllJIGUWljw(i tntlJWlUhJl[l tuwu hm1J1 

cijlUilUllllftJWU WUU1JlOWUJll{WqUlllU t 18- 39, tunl4w(i lmqjlti[! ' u[lG2L 24, 

bpljm UIWJl[l oqUlWqllJI<JLjWO pwquWUJW hlllUI9 wqwUILjwo llWZUlJl 

llllllllGp' 4.5 - s qlqu' 

lfmzmJ~G hmm~mfipzGhpJ! hJ•uGwljwGmu 4wtut.lwi'> bfi hnqj1 

UbfuwlijlWljWfi l{wqtljl~j: <.wumwm~wi'> t, 11[1 Ublj hbljlflWJ1 ~WJIJIY !JbUlll 

tunlft[• uwzJl ljw~wJjiG L ljw~wwLjwqwJJ•ti hnqbpmu ljwqumu t 2- 30 q, 

:w 

LUljWqWJJIU U WLjWqWtjLU~WJJlli hllllt•jllllU 30 - J00Lj, uti) ]2WJIJ2WJill­

Lfilllj}_JWUp LULJ.wqwJJifi hnqt[llllt.l' I 00 - .f50q .: EJUL4JIU11~ . uwzwJJlli 

!JwUJljwliJlJjl lJJlJlmbp]Iwli lunpntl:}lJlq]rljwlJUIU wljwqj1 wnljWJlllj}Jilltili t: 

l ~nwt.lbl uwzwJ]Ili hwmljmpJWUp l•li oduuJ.wo 0.01 - 0.2 5 uu 2wlf1]1 

wljwqwJ]lli .llwmjlljlibpJl : 



2. ~nq}t Uhfuwfi~~W~Wfi tl2W~nLpJWfi 
mhfufintnq~w~wfi h~umfipfihp~ 

~nqwqnJH)[I ~Jt \.tWJillll tjmlub! J!JlbU UjWtnl.jwfinq lflWJIWOplibJ!Jl 

hlllJWtnbuvhJIJI , pwjg hUWJlW4_ll!llllf)JlllU ll!UJI 11Jlll2WYJI 6unLJ ~bJIWhulJ.hi 

awuwliwlJ.Jl ~lipW~JVIll u l.jWlflWJltjnq lllll]WlflbUpJl Lj1nlj1ntunt]:3.JIJ1 Glib )II!. 

hwmlJ.wUjbU Gpw WllJilllf)jllllif!: '1-w lJ.wmwptjmu t hlllJjl uttuwliJ!lJ.w4wG 

tizw4111PJWU 6uml, llJIJl hJ1Utiw4wU liUjWtnwlJ.li t ll{WlJwpmuhpJl hwllwp 

umbqot1 w6[1 m CJWJiqwyllwG wnw~tt GUjwumwtlnt• UjW.JllwllGtp· 

UjtwJwllwliwlJ. J:!W!IOJIWqlibtntl ptppJmtpJtllfi~ : 

.:!.ni]Jl UttuwliJllJ.W4Wli Uzw4lltf).J11tli\! lJ.WlflWJILJlllU t lflWJipbJI 

mttulinJnqJiw4wli qnJH)~fipwglitpntj' 4.WJI , 4mtmJnJ.wqJiw , qwpwlint u. 

qtwlitjw4nrll , tunp tflluptgmll u W.Jtti, nJmliv JIJ!hlig hbJlpjlli pwq4wgwo 

bU mhJulintnqJtwlJ.wli llj1 vwliJl 4_nntbJIJ!q: UlilJ.wtu l!llwliq vwliw4Jig u 

6u[1g lmqjl llbtuwGJ!lJ.Wljwti uzwljll1pjwli J!JIWI.jwliwguwU IJWUWJI 

wfihJtWltbzm t mtitliwt tptp tJhUbfimtibJI. tlitpqJiw (UIJIW4mnp) , pwllmt 

opqtuli (q.JHpwli, lt111JtnJ14_Wtnll[l u WJtli) U UzWltlllpjWli Opjbljm (llll!J): 

UJu bpbp t:,tuttimlihtlJl uJiwawuwliw4 l}mtuwqql:iympJmlip hwliqbqlimu 

t lmqJ• hwm4wGJtzlitpJ1 u 4JH'iw4J• Lj1ntflntump.Jwli~: liWJll}.lll Ujwpmw-

4wfinrp_pnlili u WJII tflnLj1utumpJmG~ mwfibt plllJUbJ!Jl hwllWJI w6[1 m 

qWJtqwqllwll wnw4_bt WJ11Uillliw4_bm UjWJUwGUbJI[l umtqMwli lliiJIJllt­

l}JWllp : 

SW[lphJUilll bG hmtJl llzwl.JmpJWU hl!UliwlJ.wli u wwgmgJli 

hwuwlJ.wJlqbp : ~JlllliwlJ.wG hwllw4wpqfi J!Jl hbJlpJifi bJILJIII mbuwlJ. t ' 

f}uw4_np u wGpu llzwl.JmpJwG, wwgmgJ!HI' UwJuwgwGuwJJ!G u 

bmgWUJ2WJJlu : 

~llllll tizwlJ.mpJWU hwllwl.twpqJlG hwllWUjWtnWutuwli]IliUIJ!LJmu 

bfi Gwu luulwllzwfluwG utptGwGbtlll : 

2.1 Ulium npllJliu hn11.wu2w~uwfi qnpa~pfihp~ h~up 
t. fipw tlmfuwqqhgmpJmfi[! hnqjl hhm 

~ll'IJ! UttuwliJlltWl.JWli ll2Wlp1LJ}jWU IIJ!Wltil ljwtutJ.wo t J1li~t4bu 

llzwlttJnq liJ•2wlJ.wJIIJl mttuGnrnqJ!wlJ.wG hwmlJ.wGJtzUbJlJ•g. WJliUjbu tt 

pwlinq nJiqwliJ• trlll!lw~wl}lwlJ.wG 61JJ1g: 
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ll4WI\bUJ!lJnu Ll.ill . q.npJw ~ ltJ!titl qnl)g t unjbJ . !lJl utuw 

wtibUWUjWJ14 (\.tlliJtnJ!~WlflllJIWJJIG pwpJ!\.t) U wtlbtiwpWJlll (qlll}}WU[l 

t111wG) pwGnq opqwGGbJlJI hJ!UpG t. WJil H1wm6umm\ t4'llJiqwqn1Jli 

qtuwm u hnqw tlzw lJ.llw G opqwfi G bpj1 u ubUjJl wqi}bqm pJm G Jl luulJI 4.JIW 

llnmw~llJI tinJiliWgtjmll t: 
1.2 uuJ bp\.tJIW~W~lW'-!Wfi ouj1 ubt4UJ1Jl JJltilll U bli hwpp U lJ.llJIWq[lO 

(]:3WJ:3Jl4. tunLJ! , pu) UJillU lJ.nqUJ!q mwppbpmu bli llllJJ111 u zbq UJJwti[!Ulfl , 

bplJ.tiJJUm u bnwliJJum ubt4bp : lJ1MimJG ubuJl! , ljwtuLJwo ZWJHttiwG 

liiiJI\IllJ:3JlliUJ1y, \.tWPllll t JJ!Gbt llllJjllJ u [bqwqJlJI : UbUjbJIJI mbuw'-!GbJl~ 

(J!Utn GJiumhpJl 1:34.!1) plill(lllZtJnru tG hnrtJ! hbm wGUJt£w4wfinpbG 

tJmtuwqqbqm):)JWU llb9 llmtinq liJmmtpJl ptjnLJ: 

l..olj .2. l Ztupp tltnulijtuUl ubnJ 

PJ!Wljwlimll lltwli UJlwGJmm ubl.ljbJI (G4 .2.1) vwGjl IIJI 11Jill2 

JwuwliwlJ. wztuwulbpug hbmn uwzlj_mu t VllPLl u WJli I}WilUlllll t 

bpljliJJUtn, ll[lll!iyJ•g llb\.tti pwtiuq t. UJiltUJf htliwpwU (G4 .2.2):bJI!111Jilf 

btnJlfi GJmmp, 4wGqUw4 t u l!I llwuGwlJ.gmu tnblulintnq[lw4wG 

qntl b'!! U}olwqJl ljwmwpuwGr. : 
SwpwompJWli lib ~ uJiufiniJG bplJGJmm ubUjJI mbqwqpbpnl. 

lflWJ!pi:..Jl oumj (li\.t .2.2) ljWJlbJJl t utOWUWJ hWJlfl ubUjJI GJ!bp 

UlWJipbJ!wlJllbp : Unw)>Jlu ubUjJ! l.JtnJlbtmJ hnqp pwpopwlimu t. 0: wGLLJwli 

mwl.J u 4I!1IJ1h!]lilllll. WJI] Ujllllfl0WI11lll_ 0: l.Jn ~ 4_11lll t 4IluJibgUwfi tUlilJ.jlllli: 

IJJIYJIIIJll] ub1.4G JlJI tjpw t[bpylibjlllj_ Willi 2J1211lll 1: ~ (JJl)lllWu) wliluwli 

mwl.J bJIJIIIJill ubl.ljJI ywlilj.JWU mwlt l.JwtnWJilllll t wnlt \.tllllV hrm1U : 

y wliltpuli~ hnJ!IH.Jllliwljwll hwppmpJwU Ub)l lJ.wmWJllllll t tUJli 

llbJIJI . J!li ~ IIJI (j- G' llllJIJWO[l4 hWJ1fllll]:3JWli Ub)l : 
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y 
IJ p w 

Ulj.2 .2 . ..:.wpp uhtlJbfl~ mwptumbuw4!ibp ' 

tu- tlJtUfll[, t~)upbqthuli a tuli4Jntlintj. p- tqwpq, ?fl ot tlt:uli ~ wlilumlimJ., 

q- llJWpq. lJO'l.J' hptltUU Y lUUlUnt!int[ U 1}- zhq hmuli~UUl UbLlJ . U. , ~ - Y 

w(i4Jmlilibpml : 

li.Jfl bpljnt WUl.jJtlltilibjlJI W2WlJQlliU bli ' wnjt )2WJPWJUWU 

qnpOJ!Upwg[Ili UlW)lphp hwpplllp_pu(i(ibtunu ("Glj .2.3) : 4WUlWJlhtnl( btlbl) 

ubl4bti!t hwuwutbttmu ujtulimJG ljmtJulJtGwmwJ!tli wnwGgulibpJt tJ.pw· 

ljwpbtJt t. UUlWUWl ublj bnwujtUUl UbUj (li4.2.2t}) , npli mujt bpb)2 a. , p, '{ 
wGljJmGGbtt i.J npnlig wnljw.Jlli):)Jwup ut4 ub1..411L( ljwutwpl(mu bG w.rG 

pnplJl qnttOtilipwglibtlJl, )tli~ np bttb1) UjWJlq ub_Ujbpnl( : 

p 
q 

w 

l.o4.2.3 . ttbub(imtupubUJ.bplt tun~ t(.ptu tuqquwli plintJfllf 

tu- awlilumGml (Ulbup tu~jly). p- P tuli4Jmliml (mhup bmully) u 

4-y wlilumlintl (mhup tlhpu~y) : 

Uy.h.\. bpL qbljwl(wpl(tliu t}jt:J!Lttbtigjtwt bplJJtW > wt!Jnq~Jwli 

o[ibUJ]UbJlllL[ . lJHJI qjtujl UjWutljbpwyGbptl( llJIUJbU wlil(Ljl}J pljnl( 

qjt1 >b pb(iyjtWj liLIJ[llj qobpjt qniUWp· qJL(WJI ~ t. bjtljtijtUUl ubtqjty UUJWtiwj 

t.JttUJlGf1UlllJ ):}Wjljllj . bmulijtUUl ubl4]t ~f llUjl uwljtpi.Jlllj):} : 

z 

A 

y 
y X 

').cJlj_wJI ~t. ljnwllbj, llJl bnwGJwut ub1..4[1 bpbp wlilj_pulilibtt[tg 

ljwpbJlt t. t!liuttLI:iJ u)tWJli bpljnlUI}, bttJlllJlllU wliUjWJtlWG HJlllll(llltl I: 

bpljmujt Wjtdbplibtun{ (lilj .2.4): 

UJUUjhU. Glj.2.4 .-)tg lJWllllll blip qpbt' 

OA=OB.tga.=OC tgp 

ljwu OA=OB.tgo:=OB tgy tgp 

l.J tga.= tgp tgy 

l,mjli Oi.Jnlj_ ljW)tbtjl t UUlWtiWj, llJI 

tga.=tg£s iny 

l.J tgB= tg£cosy 

(2 .1) 

(~ 2) 

Ubt4[1 qpwl1wli hwutljwGjtzlibp)tg t~b4li t t WJli t. np ljmpp 

?WJ)Ili mdnq wnw~wtimti bli ubt) GupuwtJUIJHIIUlitp (lilj.2.5> 
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N ==_2__ 
sin a 

UJq ]WpnuHitpu uum tmp.JwG Jnnw llb~nptlwy]lwJ]l bu 

blipwpljmtl JlUm 6quwu u uwhpj1, npj1 l1Gl41Jllttl wlihpwctb;m 6]1qp tlnm 

I 0 wliqwu tJ!nup t , pwli ubJ]Utlwli llh:Pnptlwy]lwJ]l llwtlwJL 

R 

~ 
T 

lvtLwgp oqmwqnJH)hplt.j WJlJJWtlmt1ubp]~ · qqwJJmpbu tlbowgt.jnn) 

t..u tNuptguwu wztuwmwlipll o .q .q.: 

UhUJp t.\lfuphgumli usG!uwG a wqJ}hgmpJlllli]l hml[l hbm tJ!ntuwq­

llG!:Jlll.JlJWG qllJIOUU))Wgmu huqw.Jwqwli t (liq .2.6) : l~w[ut.jwo WJl) 

wGtuwG uhblll!'JllLG]lg· Jlpwl.fwGwlimu t wz[uwmwG.pjl ntct]Jillibpjlg 

npllt UhlJli hiU]jl hwpwpbpwl.fwli zwpduwG WUJWlnnjmunt.j lrwu wnwli9 

ll!lWli . 

ll-jlUlWJllJbLnt.J lil.f .2.6, l.fwpnq blij) qpb], np m tlwuli]llt]t 

wliljwJmG hwtJ.wuWJlwiunmpJWU ll]lppmu N GuptlwL md]1 ;n;wtjluq 

pW!JWl!Jl[llJl hwtj_tUUWJI t 2t.llUWU !l1d]1G ' 

N.= F (23) 

pwGJinp· N.=N tg(90"-a) (24) 

u F=Ntgq> (2 :' ) 

WL4W a <LJO"- <j) (2 6) 

lrwpbtJl t wubt , np (2 .6) . L4WJI'iwGnt.j 4WL4Wllllt.jtUJ hmtJ! ULUhf!ll ub1.4]1 

J-'Wunq uwljbpumw!1 t.jpwJnt.J : U.1u tuliiJJ!Jtli wupH1J91Hf'JWUp t.jbpwptr1-

:?.6 

~ntt1 1. liwu [ump]1 ljm1un1 tqp]1li u uliwgwo ljwtJtlmJ qobp]1li, IIJlllli!:J 

!J]l!lPil UJbmp t pwt.jwpw]l]l y<90"-qJ UJWJUwli]lli: 

u4.2.6 Ulit4!J ~ptu Wl[flnTJ. mcflip[! hnrl.]l Ill tlwulip~]l hbUl 

t!JnlutU4flb\lnLflJLUli cftut.huliwlt 

R,, R,. li 

1200 ~~~ 1000 
~ 

]K_y"' 

) 
..,. 

C7 
80( 

6()( ) 

l 4()( 
-.;;;:::::::., R,. 

) ~ 
.............. 

2()( 

20 30 40 50 a0 

-u~ .2. 7. Utt11!J 'l!JtiwflJlmpJwli R, L R , ptU1J.W'lf1)1~libp~ t!Jnt!Jn-

jumpJmliu' 4tuju~tua t!Jtupliyuwli wlilumlijl~J a (hmm litut[tuw~tu-

4WJpli, tunliw~mpJntli[! 24'X,, tlzwl]ntpJwli tunpmpJmli[) 11\uo. 

uu 11qp~utuli LWJlimpJmliu souu ): 

<DtupbguwG a wutumuu huljwJwljwG wq!Jh9lllP.JlllU wG]1 Gwu 

UGUJ!l pwpzwJ]IU flJttlWI)jllll}}jWG tlJ!W (li4 .2. 7): 

Ub()wguhLllll a wu4JmGJ! . Illil11bliu[n~npbG w6nu'i t qJuhutJplllpJwli 

huJ!]lqnGw4wG pWllWtlJlll~ll . R, u L4W4wu ]1GmbGu[1tJ. tllliDPWlimtl t 
ntqllwO!lq pwqWllJl[lltl R,: 
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f..!b]njwo mti.JW]libpjlg bpltnru t. np ubl4)1 lnuliq)1um w;tuw­

mwlip Lt t)mpp tGupqbm)lltwLtwli owJuubp Ltwt4whnt!Lj)1 LjlllpJllllHJwop)l 

a wGLuwli 1Jhl4J2111U : 

UGq]IWilWnliwpltl lilt. 2.6-)lu · !Jdljw]l ~ t li]IIIJbt. 11]1 UlbuwLtw­

GnpbG ubl4)l pw]IJWJ)lli ll)lUWI!lllllp.J!IlliE' 

R = N sin(a+<p) 
X ' cos<p 

R = N cos( a + <p) 
z 1 

cos c;, 
tl)1wuqwtlw.Jti 

hwuwl4WUlwutuwtimtll tflnpoliwLtwli mtjJW]libp]lG (lilt.2 .7): 

Dpnzwlt)l htmwmiPJllllJ3.Jlllli t lihJlltw.JwgGnn1nnJ]11J Lt Jbqtu!J]IJI 

ubt4hJlil J]W)IJ WJ)lG lJ)lUW!]fllllJ~JIIllilitp)l hwuttlwmwltwG qliwhwtnw­

Ltwli]) (lilt .2. 8). Gl].2 .8-]1q zb![WIJ]l]l ubt4)1 lnuULUJI l]W]lll'l blip qpb] 

R =N sin(a +<p) 
Y cos<p ' ]mlt 11111]11[ ubu!l1 hwtlwp tfltupbgtlwli wlilt.Jm -

linlj £ 

z 

R, X 

y 

Hr2.X. Otl'\Jutl.J 2hrtturt~P ubUJt.p~ m<iw.J]lli ~bptmo ntflJtuli u]ut.Utu 

R£ = N sin(£+ <p) 
cos<p 

'blt.2.8-Jl hwUWOWJti ltWJlllll blip qpb( 

on 
sin a = OA , UJmu LtmJtlpg sin£=on/08 

PwG)IIIJl OB<OA(08=0Asiny).ltGzwGwlt)1 ' sinE> sina 

RE>Ry: 

l'.Jlll4)1Untl. mq)n] ubl4J1 PWJIJWJ)Ili ll)IUWWil]llliJ:lJlllup wtlb!ll tiM t Jbqw-

1])1]1 uhl4)1g: Upwtinlj Wl4wgmyljhg Jb!]Wll)l]I ubl4)l Ltu 0)1 Ltwpltnp 

hwmLtwG)lz : 

..:.mw !J.h:f>npumg~wfi uhUJml: ZmJllilh:PnJitlwg)lwJ)l plilll.JPll ubl4)l 

t.jmjuwqlJblJlllJJJWG ctwuwGwlt ~wt.j1wqwGg tnWJIWtnbuwLt t Lt Ltwtutlwo t 

wn)1 t.!l16wlt)1g Lt hwmLtwli)lJlibp)lg : Ubl4J1 wq11bgmpJwG tnwlt j}IIIJ] 

ltWl4Wltgljwo l4JWUtn)llt hllll!l, ll]lli twltwli ll)IUWllJllll}:!Jillfi ~)1 ltW]llll] 

gnqy Ll1lUl ontlwliE. llh1Jnptlwg)lwJ)l t hlipwpLtt!mtl hpltm lflnqnlj' 

l4W]lpbpwpwp lmq)1 tumwgmtl]l , 11]111 qwGqt!womu wnw2 t ph]l!lltl 

JIIJWlflll'l ]WJIIIIUlibjl U b]lltJlll]lll tPllll!l, bjlp JIIJWtPill] tWJIIIIUlib]ll) 

qhpwqwfigmu hli uwhp)1 ctwuwfiwLtwt.!nJl tWJIUwGu, hmm 6wpmu t , Lt 

hblitJhtntl uwl1p)1 libpplt)1 hwppmpJwG LjJIW, zwpctt!mtl tV, pwgwpowlt 

wpwqmp.rwup: 

li2)uwmwlip)1 ctwuwliwl] uhl4U tnb1JWJ W]Idt.jhp1Lj n lthm)1g A. n 

A~wt.jmtl , hmtll n tlwuli)lltJl tnhl]WJW]ldtjnul: t qbl4)1 n' q)l]l!2[L liju 

l]bUlJ2lllU, bpb q.IlJillPJlllli mG)1 hmtll tlwuli)lq)l uwhp. Wl4W zlfltlwti mct]1 

wqqbgmp.Jwli tnwlt nn '. mbi]WJW]lcljl tin]lUWUI9 zbqtjwi) lttllu)l <p zlfltlwli 

wtituwti mwLt . hwqwnwLt 11huwmu tnhqwzwJidU lttliGJl tinJitlwtll N 

llll[l[lllpJWUp (Glt2.9 w): 

Cw]mttiwltbtntl ubl4J1 mbqwJWJHftl.WilJI uqumtl t ontJ.bt (liq.2.9.p): 

bpb Wll]l 6]1UIIU1 t , JW]llllliwLttlmtl t anuwG qb:f>lljlUwg]lwli : 

Utn]lllllttnlll]lWJ)Ili hnqhp)l UIIUI onuwG llh:f>nptlwq)IWJ)l hbtnltwGpnlj 

wnwywGmu bG 6wph]l, hnp)1qnG)1 liqwtntlwtlp \jf wGLt.rwG tnwq (Gq.2.9q) 

lt l41llttlwo llll!]Wqtnll]l[l zwpdt!mtl t V. W]lWqmpJWUp WJl OJl)lu~w­

tJ.mq-lJWUp: 

q.bJI~liJI hnqh]lJ! ubl4J1 wqqhgmpJwG tnwlt tlnGnt11m)1y l411lttJ.mtl bG 

ltnztnbp)l oltntj (liq.2.91l). 11]1)1 hbtnltwlipntl wqnu)l hWtnWltJ! UtnWgljmU t 

tfliiJll)wa : ti]lUIIl.l1 luum 6wpb]l ~JI mwum. WllJ! UtnWlJtilliU t WUJIUllhWtn 

clwl4wtlbli]l tnbupntJ.: 

d·wuwGwLtwltJig 0)1 ZWJ1!2 q]ltnwLtwG wztuwtnwGptib]llllU Lt 

IJWUW4Jl!2b]Ull u ]IUllll!litJ.m u L 11]1 llhl4)1 wqllh9IIlj3JWU tnwlt owpb]IU 
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WllW)JWUIIltl bli WJU hWj!Jliiip.J!IIliiiitl. II]Illlblj hwljwqqtiwli IllliLpp 

R = N + F mnwlimti bli wt.ILI.iwtlto wpdbpp: UlJli:IJbn li.Jmpl.ipjl 

IJ]lDWI)JllliJlJIIIlijHJ htuJmLijJ t. 11]1 Gwpb]Jli tumu~)w[initl tCi tuJlimbq. 

npmbq ;n;wt.jl!IlJ JWJlintiliLpli wtlbl.iwtiboCi bli u qbpwqwli~JIIILl tli uwhpj1 

cJwtlwCiwljwt.jnp]lU]Illllllibpjlli 

w 

u/2 

C .1\= Gsinljl 

~ 
B A 

c Gsinljl 

CO.<;(()+ ljl) 

q 

't.AJ.2.9. UbuJ]l pwlin!] qnpilplif'IU9Ilt]111IJbJl[1. 

tu- ]lllmuymli. p-ilnmu. q- 6tupnnl. !]- nJnlJmt\ 

]() 

\" 

\' 

' sin a 
V. =----

.1 sin(U+Ijl) 

v 

flptlJ.buq]l hwtlnqt.J.blip WJll bpljll1 lj]llllJJ3libpj1 twljwl.i 

UlWJlpb[llll]JJWU Lib~. mbuwljwunpbli Hlmntluwujlpbup WJ11 hwpgb]l[l: 

fvliiJJljl wnw)Jjlli mwppbpwljmtl npn;bup WJU hwppnlpJWU 

llll]l]IllpJiliU]l, npmbq hwljwqJjlllD]l. R,umwlimtl t tlwj2ujiLllllU WJHJbp 

( [j Lj .2. 1 0) . 

Cliljhwlimp IJbl4pmu ubtlJ.jl t.JJlW wqrpnu bCi linpuw1 N mdp u 

;t.J.luwli F mtlJL npnlip ulWJ]w bli R = N + F hwuwqnpp: 

'Ulj.2.1 0. UbtL[]l ztuJH.ILltuli IHuppmp.Jtuli tlbi> 6wu]l ntl]l]ntf'JIUli npnzLhuli 

u]uhutu: 

r~ulplllibup, ll]l 6wpli ]l]lllj2 wnwywCimu t. R-]19 uta R' hwljWLJI1-

tlwli liUJlllllPJWUp llllJI[lqnu[l liljwu1uwuwp \!f wCiluwu mwlr <.wuw6w.JU 

Cilj.2.J 0-[I LjWJllll! blip qpbJ. ll]l R '= R/sin( cx+-<p+\jl): l!.Ju wpm w-

hW.JU1111p.JWU uwuliwlj[l WOWU~JJW]U ]lUUl \!1 wliluwli ltwt.J.wuwpbglibpnj 

qJm.Jjl. LjuUlwliwlip' 

\j/=90-( a+<p) (2 . 7) 

Umwgt.J.wo pwCiw6uj1g l4tupqt.J.mu t, np 6wpj1 mqillllflJlllliti R' 

hwtlpliljlimu t R-[1 hbm CinpuwJllg ;bqt.J.wo <P wliljJwU mwlj. 

liJdu JlCirpH li bup. np 6wpli wnw2w lim u t AI3 hwppm p.Jwli tib)J. 

ll]lUlbl] 2112wt.Jmq ]WJIIIIDUb]lJl UUlWUlllU tu wubliwuta W]ldbplibpp: 

Ub1411 JWJldLj bp14. wnw9 · uljqpm u tuUlwgCim u t hmn1, WllJ.W 

wnw9wglimu 6wp AB hWJlfllllfl.JWUp: D.wpj1 t.\wljb]lbuJl 4t!Jlijl AB.h , 

a a·b 
AI3= -- , muu1[1 AB · b = -.-- <.wuwqnp R mcJp, pwqwqJlbplLj 

Sin \jf SIn \jf 
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bpljm pwqWIIJ1]1( lilip]1 AB hwppmpJwliu qmqwht.n R, u linpuw1]1 

1111pJ111 PJWUp Ra. ljutnwliwlip · 

R, =Rsin(a+<p+o/) l 
Ra = Rcos(a+<p+o/)J 

(2.8) 

CnzwtJ1mJ 1: u linpllw1 cr twpmulibp]l I1wuwp hwuwL4wmwu­

juwGwpw11 ljumwliwup 

(2.Y) 

Uwhp]1 hwpplllpJWli lll1llllllPJWUp ljm(il:i(iw(ip li]1 md· S . npp hwtjwuwp 

ljtJJ!.i]l 2liJWtflllll R, u UllJIUW! lltd]19 Ra WllW\)Wgwo ztf1uwli r Ra mdbp]l 

qmuwp]1G (f-lm11]1 litpp]1li ztf1uwu qnpDwlj]1yG t) 

S = R l-;in(a + <p + o/) + tg<p. cos(a + <p + o/) J 
il1Jibuli AB hwppmpJwu ot2 wnw2wqwa zn;wtf1ml 

S sin ''r 
---''~''-ljwu 

a·b 
JWI11110libp[I hwtjwuwp t(i 

Ssin 'V = R lsin(a + <p + o/) + tg<p . cos( a+ <p + o/) jsin 'V 

a-b a ·b 
l!.otuwoto liiJ WYllll] tW!Hil oGb]ljl llllllllll):}Jlll UQ qmlil:ipn hwllwp 

LU<Jw(igblip tjb119]1li W]IU1WhWtnnipJ11LUQ llUU1 l.jl-]1 U hwtjWUW]Ibgliblij2 

lj]lllJ]L 

() rSsin 'V ) . , -;- = sm(a + <p + <p + 2'V) = 0. mumj1 
o'V a · b 

'V = 90- a+ <p + <p' 
2 

,., _,_ 

(2 . I 0) 

<t>npoliwljwli LntjJWtlilip]l ljLpp110li1P.Jll1lip 91li.J~ t mtjb1. up a <90-((> 

wpdbpj1 !]UlLJ!2111U 6wpj1 llll]l]lllp_pulip hWUlUl4WU1WUjuwlimu 1: (210) 

nqnnwhWJU1111pJwlip, l.ji=~O-(tx-'- ((>J wpmwhwJLnlllpJntlip 6]12m t. li]IWJli 

a+<p+ , 
90 - (a + <p) = 90 - <p 

2 

npmbrl]1y a,- ,<p·-~~ .: Pwli]1 1111 ((> u ((>. ubDmp_puGGbpp wlipliqhwm 

tjmtJmflJtjlllU bli. 111UU1]1 (2 7) W]IU1WhWJU1111f~JlltU[I ljnpgli111U t. ]1]1 

(jll]IDliwllwli liJWUWlj111ppulip : 

l•li ,'ulbu W]ll\GU liJtjliq (2.10) pwliwOu]l 6']!;m t , bpb a< 90-((> l1 

tllbl]\1 mli]1 wn]1 hwpw~l:ipwljwG mbqwzwpcl: l>pwljwGuJU u]1 ;wpp 

ptulinq opqwlilili11]1 wzjuwmwlipjl clwuwliwlj {tllju]lbqlimt PWI~]Iljlilip) 

n >90-<p: liJU llbl4!2ll1U (ub1.4]1) uwljl:qtuiiiJJJ]I \j[IW WHW\)WUIIIU l:ili 

hlii]WJ]lli juUJW911lUlibp u hnqjl qb:pii[IUW~J]IWU WI1W2WUIIIU t. WJ11 

[umtugdwG wliU]l)JWljwli Ull]1lbqlli]~JWU LnWlj, !1]1]1 1\lllj.wilp]l wliljpnlip 

Cf.=90-((>: (210) W]IUlWhWJllljJJWU Uby tf1njuwp]1libp1tj qp((>' u o:=lJO((>. 

[IULnWUWUp ' 

(2 II) 

Ubl4]1 JU!]lt~Owli llll]qWhWJWlJ hwpplllpJWU ut~) ljnqWJ]lli 6wpli]1]1 

ll]lllJUlUlJ hbm ljwqowo wlilJ.piiU]I pliiplllit]IIIU 1: hwt]tuuwp 1111q]1 libpp]1li 

J ttJ!lwli wliluwlip ' ((>: 

~mllt qJn1rnqpmr.Jmfi ~m~mtump.Jrnfi pfimJp~ 

~111[]1 :P]1q]1ljwl]Wli l& mb]ulinp1q]1wljw(i gm<Jwli]1Jlibp]1y ljwjut]wil 

ll]lllWI[]Ill\\)jWU tfll1l]111tUlllp_)I11Up ljlll]lllll 1: J]1lib] yj1lllW.J]lU U 11~ tJ]ll]]WJjlli: 

~nqj1 IJ]lllWI\IIlliPJWU tjllltjmtumpJUtli 11~ q]1ljjWJ]Ili plilllJPJl plill]lliJ t 
litULLJtuljytjwo 6]11.imn lmiJLI1]1li. tqmliq tjwp]1 dwuwliwlj wnp umwytjmlll 

hwtiwuHupwo clwL4wtJblimj : 

Ub14]1 w2]muLnwlip]1 tlwuwliwlJ ql:i.11npowqj1w J]1 tUI2UI )' !Ili LjBnpll ti 

n: l!LLillJllll]qtjtuo huqtqun u l]WLnLU]H[IIItl t llm]tul]1li qwliqt]wojl juuHu­

qnni. ]wl1 ,'11]1 LIU1LLJtuljqtjwD hmJb]IJI\0 . D11UU1li qt :]>ll]HIUI~J]nu l ;pljlll 

qLu]pmd t1 wum]16wliwpwp uGtlJ]l ;wpcltlwli l1bm uljumo I. w (i lq 

IJ ]1UW1)]1111]1.Jll1U]I litjWl]Lli(]Jl\JU]ItJ qbtl]]l LUI!tutjb]WljlliJUJI (lilj . ~.ll) 
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l~nw~wqwil ]WJlilllilil.J]IJI. qi:.]Hllqw fi4l.Jpnj l1111J[1 dwuwliwltunjnp 

]W]IIIIUtibp[lli (uwhp[I ltwli ilmlwli ). hiii]IIIU wnu1~Jwqlinnl tli (iwpt.p, 

11111]]1 j)WJplUJ4111ll I~ La Wpj l4lllil[lq pliljlilllU t. l][ltlWI]]Illl]~Jllllip 

wmu4 bJW411Jili[IlJ tl [tli : la ll]lll _? wlj ]t litjwqwqnJili l~_ ll] l.Jjlljlll t.llliiJli]IJ! 

lijnuujtti t.ib]llj]llll 0 l]Wl] UliJL\ bli Ulilj LULi]'ill]~LU ljw ti tJ[Il]] 'l-[IL'iWI]]IIII]~JlUU 

UIWlfiLUlimli li l:.p[l WLiL4][1lllllll]]l La IIW 6Lu[uwljwtitll]~ Jiilli]l 4tufuljwil l.Jli 

uLuJ.lt LU]IlU tpllpJntli[ltJ . U.JWljiii]JILUG lulllllli])_JIIlli[lq La li]I ~ Wt.ILUIJI[l 

:jl[llJ [lljll-lfl L[utill]llq[nu ljtllli hwmljm PJill [j [j G]!Jl ~J: t3 [1l]] WJ [tG lfl WlnLU till I u-

libp[l llloUl WlllU'l'UitJWO Jl[ILlUiqplllj)JWti ujllj]IIIUIUIUlUIUIIIUUbpp 

l4LU.Juwtiwt.!IIJHiwo bG hnq[1 111 ltwlituut;n t!ll6tulJmr pwpl•itlt . 

llWUlW]Iljll!])_]lllUUb]l[l u UIJ] qnponli(iLp[t wnl]WJill]lJUlUp: 

p .--
1 

I 
5: 

:::....=) 
L_ ______ =l i 

1---+---r---------...... ~~;_ j _ 
T 

'U ~ . 2 . 11 Ubq!1 'liitltU!]JllllJlJlllli tJuHJIIIJumpJtuli IJI•llltUJJlli ['liml}1!! 

l .~ rHll)l~li tJinq (hmlJl ju llt lU(j tlllL o nnnl) 

2.bpll!ll1[lll Ljmq (<\ lUJ2nUI. llf11l[ntU) : 

Utm1J1 lliHlttlll(lnLJ).Jillfi[! ~tufuqtuo mnl1 qmGqtj_mapg 

h IJfibJ1gptuJp mctpg 

Ublli[l BC pwGnq uwljb]IUIIIJP[l tlJIW lU2luWUJWUp\l Jwt.l wGwlj 

wqqmli b(i hbutlaJLUJ ntJliprl ' R, - lnulill[IL4UJ4wg- 21lli1mpuwqLjwiJ qwllq­

tjwa[l hwljwqll111U]I. J -wll[l jtlibpq\lWJil IIHJII4 UJWJ UWUWLjll]ll[WO l}[lliW­

ll[lljwljw(i 6liJ111up. G- wnlt owll]lllli)JWG mdp. R- lillpUWJ N u ztjtuwG F 

ltH.ltip[l hwliJUqnpJI : .:wuw6wJG lllj.2 . 12 ljWJlln]liGp qpbt 

R . a R -
1 = -Jsm - + sm(a+<p) 

I 

a 
J cos - + G - R cos( a + <p ) = 0 

') 

' ' .... 

(2 .12) 

li]tlJJIIlJI IJi twt.lwuwplllu]tq IIJIIIJhp t4 R -p- 4uu1w li w lip 

a 
J cos -- -

( 1 I 
R = ,--------

cos( a + tp) cos( a + cpJ 

a . 
R x = GLg(a + <p) + J cos-;;-tg(CY. + <p) 

a 
R, =G +J cos-. 2 

(2 13) 

(2.14) 

(2 15) 

l h muqt[LU ll LU]l\ntUhWJLnlll JlJlll lillbp[l uli~l tutihu1JU1 Lli G La .l 

t\L iJ IItJ ' JIIiliGLp]I. ll]lliJbUj? IJIIIUUp: 

l>JLULiLUl]LUp Ulll[l ~Uil[lbiiJL hLUUllllll}-llllllip ' 3 . ]WJU111ppl1Up ' h U 

t.pljtli]IIIIJlJIII lip ( . lnuJ[l mbuwljtupw]l qtuliqt.ltu op· y, mum)1 

G==ab 1 yg (2 .16) 

(J. 

J 

X 

z 

'U lt .2 . 12 l lnJ1 tjjlllllU<[lllll'l mdt.p}l utulitltul.i: 

~W.JUIU\1 L HJt[llib]t<:JinuritmJp J=-jm. 

ll]IUll.q . j - wnltli IIW!]ll]li]WO u[l~l[lli w pwqwqlll uti t 
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m - wnlt qwliqtjwop: DpnJ blip WJil uton1 fl.Jlll GlibiiJl m=ah [ y, 

. v;J 
J =- .npLnlil( V.-wn]t ltuJidtlwli pwqwpawlj WJtWqllLflJllllili t.; 

t 

V 2v 
. a ( 

"= sm-.t=-.[JuljV =V 
~ 2 v • I 

WJil UJWm6wnntj' J = 2abyV
2 sin a 

2 

r 

<.wJtj]t wnlibJIItj J iJ G mdbp]1 wpdbJ?Cib]IJI ljuLnw(iLUlip ubUJ[I 

PWf12WJjlU ll[1UW11111lli'}JWU WJIUUJ?]I ' 

Rx==a·b· ( ·yg·tg(a+<p)+abyV2sinatg(a+<p) (2.17) 

4.b(19]l!i hwtjwuwptlwli Ubj> WllW9]1U wlillWUJ! UbUj]l 

ll]lUW!lJllllflJIIlliU t Wll]l owliJUllflJWli mdjtg. UJIYilllllll wl.itlWUJI. 

[tCibpg[lWJ[l nuJ]19 

RxG =abCygtg(a+<p) } 

R XJ = abyV
2 sin atg(a + <p) 

(2.1 ~) 

..:_wtjWUWJIIll UUbJI[l tjbJILlllOillflJlllUJl 9lllJ9 t LnWL]lU. IIJI ubUjj1 

li]IUWillllltfl.JillUJ! wn]1 owGillHflJWG md[tg Y.wfutjwo t tlJltjwap[l a 

wGtuwG iJ llJ.ltlw(i <p wGtuwG tlbonlJ-l.JlllGGbll[tg , [tulj_ [tGb[tg[lWJ[t md(! 

ljw[utjwa t liw!J WJlWqm flJWU pwnw4mumg: 

Rl hwlJ.wqilUWU wutuwuto llilldbp(l. Rl"'"=ab cri•-V.• hw2tl1t 

wnGhtntl G, J wpdbpGbllJ.l iJ (2.14) WJlLnWhWJLnlllflJlllliJ! Y.wiUIIJ blip 

upuzbt hn!J]l ubt]tlt.lwli dllluwuwlJ.wtjnpiWJllltUJ.l-

cr,.,.~ y{lg tg(a + q>) + 2V 2 sin~ [cos~ tg(a + q>)- sin~ ]}(2.19) 
4.hpj>]IG lU JIUttuhW.Jtnlll flJWU wl.ihlttudbltnlll p Jill liJ! ub1.4!• 

llllllJIWtiULn(lbJI!I IIJIIlltlWU !ul.illlllllU ~tutj_twqwtig Ub<) t: O'c:o:-]1 W~ uwuj1g 

tjlllpJl mpdbp]1 1Jbuwnu1 lllllllWJliiiU t hmtl1 mhqwtjlnfum):}JillliJ! ubUJ]1 

tllllll.Jnt.J lt 4mu•w4tJmu t: liJll WJlmwhw.JLnlllp_rmGp fllll.JJ t mwJJtu ( , v, 
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a l4W]IWtlUUl(IUJI[l llULnJllllpJWUp tjl:.pwqlil:.pu hnq[1 qmmwlJUWli 

tiputii.JPIL 

lftu2t1.mo hqrntl. uhutlt hnq}l mpnpumfi 

IJ.ll u UllJ.fl m JlJ mfi l! 
.:ntjWUJWljUwli tlbpbliwlibp[t pwlitjnpwlj_w(i opqwlilibpp· funtJ1]! -

1]LUUllllJ11, pw~IJ4libJIII Hlllll Jwuwlitulj W2fuwmw!ip]lg hbmn pflwlimu 

Lli (lilJ.2.13) l.J W.Jil t.lwuntj ljwLnwpmtl bli wljnu]t hwmwljjt LnJlllJIIIIU: 

Af3 UwJljwo lilUlJ.l !nnw LnJliiJllllU t h hwuLnlllflJWUp h=ABsin£: 

['lil!111lililiJ2. 1111 AB bq[tJ.l uwztjbJ t llllJ]llJ qamJ., WJ1ll)bl4Pllltl linpUWJ 

]WJillllllibpjl tlllJIIIJlll ljmfibliW bnwlJljjWli OU, 11)1[1 WUblJtut.lbo lU]IdbpJ! · 

Pc lj .,h. Il)ltnbq q,-IUIIUI owtJtullll.J]tG LnJlllJIUtuti q.n)lowlJ.]•gG t: 
? 

N = ABbp = q 0 h-b 
1 2 sin£ 

IIJILnblJ ' b-ubLyjl 

JtUJlimpJllllili t: .:.wymql}llltl]l. R. IIJllt h11Jl]lqnliw4wG pWIJWIJJIIl~Jl]llll:iliiJg 

libpljuiJtuglimt.l t u!JUJ]1 pWJlJWJ]lll tl]lt.IWtlJilllfl.JLUI.i wtJ.l:iJW!-JIIIUJl. 

11]1112llm0: t ltbLnli.JlllllUJllllWhWJLnlllpJWUp' 

N q 0 h 2b 
R=--=-~-- (2 20) 

cos(j) 2sin£cos<p 

(2.21) 
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<t.wljwql}UWG Ill qqwa jJq pWl]WlJJI!l~)f R z oqmm 0 t pwlinq OJH:lW­

Gu I)lliJlU hwlibtlulltJig 

(2 .2:2) 

'-lbp)>J!G pwliwouL[tJ! l[bJIJlllOillJl.JIIIlijJg UJWJlq~mu t, llJI ubtlJ.!l 

PWJIJW.JJ!G 'liJUWI}[IlUJ}JlllUJ! u UbUJJ! IU11lJlg f}lllj!U h]lllll mlt]_t ubowlimu 

tG U:wz~wa bqJJjl pwJIOJllll.pJwG pwnwljmumli hwuttlwmwljwG 

2.2 ~wpp uluqfl uw~hpl.tmJpfltlhpwtfmfumul! ~nptuq.fla 
uw~hpl.tmjpfl 

~wpp ubUJbpmli bJJljGJtum, pb bnwGJwm a., ~' y wliltJmGGhJltl 

uwljliJiulliJPJ! gwliljwgwa ljtmmu uGmu bG hwumwmmG , llJtJl htmuwG­

pnt.[ wnj1 tlt:PnpliwgjJwG mbl)Jt t mGtGmu uwljbpumwJI ti..Jtw 

PWJIOJ!WGwvn uljqpGwljwli t.[mqmti, IlJlWUjlg htmn wnU wGW)JQbt 

uwhmu 1: qbUJl! l[bp' wnwUg blipWJlljLjbpu IJlWgmgJl~ llb:J>nJlUwqJtwJJt: 

Unu wnw~bt tiGmwGu]ll[ tf!luttbqUtpn GUJwmwljn~ wGhJlw<.tbzm t a, 

uljqpGwljwli wGY.JmGnt.[ ubUJJl Lj]tW rJUbt li]lLUJJ uLUJ ·a~ > a, wGljJmUnt.[, 

WUJW Ujl WJ[ Ubllj' a 3> a 2 wliltJlllUlllf u WJUUjhU 2WJllllUW4 JiliUIJllitllt.l 

wubGw~b[lJ!G Ubllj[! a. > an-I wliY.JtuGnt.[ (U4 .2.!4): 

w p 
'V4 2.14 <!.wpfl uhut~ qwpqwgmuu 4npLu4~a ULulJhJ!LmJfl]l 
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li.JuUJ.iwn~ , uljqpGwljwu · a, ubUJ.ll tllluJlbquwG wliY..Jnlli]l. wliplill­

hwm ttintllnlu~btn~ . umwgtjmu t lij1 pwquwG4.Jndi liwY,bpuul.Jf 

PGwljwG t. 1111 wnj1 wGplil}hwm qb:fmpliwgjlWJ!l liUJwmw ljn~ pwq­

uwG ltpn U[l t4tmp t 1u npq t 1 hw J1!3 ljnpwqJtb uwlj bJlumJpn~: 

lmtqp ubUJ]l ~bpwljwnmgmlip mwpwawY,wli Y.nJI uwY,bpuniJI3JI 

llliWJtW~np 1: a.~- ywGY.JmlilibpJt WUJIUilhwm t[!n~mlumlim~ UwY.wJG. 

ljwlutJwo hmJJ! :j;>jiqjiljwljwli u mbjulinpiqjiwljwG hwmljwliJlzlibr!Jlg · WJIJ 

wGLtpn(ilitpu t[!ut[!njmJmu t G UIWJipbp uJtJIGw2wtf!mp.Jn' GGbpn~: Unhw-

utuputY. wnw~btwt4bu t[!mjmju~mu l.Jli t[!jupbgtiwG a u zpyliwu ~ 

wGlumliGbpp : OpJ!GWlJ. w~wqwJJ!G IUit]bpJl hwtlwJl pw~wljwli r 
ljw mwpbt wnJt tJ.ljupbym t1 u ow uG 114 lib Jill juwnGmu: l!Jll UJWJ uwGG liJll! 

pw~wpwpbtm hwtlwJI pwl.jwlrwG t oqmwqnpobt wnwljb] wom1 

wpJtrm~ tf!lupbguml a tuli4JmGn~ ubuJbJI (GY, .2.15 w): A,B,C, hWJlP 

tnbqJI ubuJll (a,) htuul.liJn~ A2B2C2 pwlinq GJwmmf a2> a , wGltJmlin~. 

wt4w ~liJl'i>llGu A,B,C, ulit4n~ (a,> a1) u ~hJl)>WUJbu· A,B,C3 liJwm[I 

hwmbllnl A4B4C~ GJ!utnn~, 11]1]1 a~> a, , ljumwliwun tij1 pbltJWl 

liwljbJlUlllJP · pWilljwgwD :npu G Jwm GJljlg : 

liJil liwljtpum.Jrl! ~bJtuJig uwhtlwGwt[!wlJbtn~ 4-4 qon~ u 

bpljwpwgGbtn~ (ijiUUibJI!J hwmuwu qatpu I-1 . . 4-4. ljumwuwun 

qmpwliJI pbljJWI pwlitnt liwljbpumwl! (lilj .2.15): 

UGl[bJ12 ubowgGbpl~ hwmnq liJwmb[!J! J2WUWlJ!!' qd~wp ~t 

hwtinq~bJ. IIJI ljumwGwGn hwJtf ljnpwqjH) qtwliwou liw4bJlulllJ!3, HJI!t y 

= const : 

lrwUJwljgt.[wo huqj1 U:zwljm}}JmGp UJliWljm]lptG wlihUwp 1: 

]lpwljwUwgULt hWJlp utUJn~ : liJll Ul]lUJ]t hmlh!ll! U:JltljiWJG 2Jl 'i> ~llltl bG, 

]tulj t[!]upbgmUJ! ljwUIW[lljmU 1: w_nlmqwtizwljtiwG tibpbGwubpnLj: 

ti]ttinm wnj1 ljmJltlwli u JJ19tlwG hwliwp wlihpwdLzm 1: mGLGwJ 

!tGUJbGujll] won~ ~ wGlJ.JntGnt.[ ubL4: llJll UJWJUWGGI:itlntu wnj1 

4mttmljtpng tumuwtf!htm hwUWJI wGhpwJtzm t a wGltJIIlU[~ t[!m.jlnlubt 

wmu~bJ t[!npp won~ : 

3() 



y 
'U~. 2.16 bnhttJt uhUJr qwpqwgmu~ UJUlntunu~WJpfi pwGnq utulJhplmtJflP 

CJt~!lwG ~ wlituwli Gowli ljW)lqji lflm.J.mtumpJlllUJ! ljwmwptjmo t utu.Ut 

BC bq}lll BD lllllilJI tlltw wumJt6wGwpW)I uwhbgGbtntl l.J UJU1U1bpul 

(lilj.2.16): UJU tqwliwljntj umwgl[mtl t pLJ• UJUllllU\WljWJJtG tlwljtplmtJp 

(qbtli4nJl11J): 

liJUUJjmmt hw}tp bnb411 ubu.Ut a, ~. y wli4Jmlilibt•JI(i mwtntl WJU ljwtl 

Wjli tjlntjllltuOw(i OJ1JlUW2WlfllllpJlllUL! ljW)lblJI t UU\WUW[ UlW)lpb}l OuJl 

owljhJlumwlitp· q}WUWJJlG (a), qJwGwljbpUJ (a,y) l.J UJmmmwljwJJlG (~): 
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3. luntjl- pllwjfdi ftpwfifihp 

ft.lm.Jl-t~uwJ)lli )l}lWUUh(l}l qmpwG)1 qtJ:uwtjll)l pwlim] opqwlilibp(i 

tli u liwtuwUJhutjwb h(i luuJ)l h)nHiw4wli llJw4mpJwli' tJwtt]l hwllwjl: 

Cl·JlllllllllliULnhuw4wG W)IU\WlllllHPJWU llh2 wnwtJbt 4Jt)IW11111p.Jmli bli 

umwqhj tjut}l]l hbmll.JWI mhuw4Ghtlll. tjwp wnwug Gw]uwqmpwli]I4]t, 

lpHJUlllljlLU4wli. wGlumliwhwGntj. wnp wln.J. 2)19lllllntj. wlipl.J 

(tjl]UJlli9lllll}, IIHIJ tuuJIWgm dntj, 4mptjwbpntjJIJ1Wlilibtmtl_, JWjllllUWJ]IG u 

lUJJ(j · ltw!utJwo UlliJW) qHUIJll hnqw4t[lllWJWljWU UJWJllWtilibp]14 

oqunuqHpilljlllll b(i WJU 4wll WJU 4wnmgl[wbpJt)lpwlilihtmtl hwllwHHJwD 

(\lllfllUllliLp .f>. WjlUUl)lllUl, tnnq)lWJJl blipw4w l.J pt{llllUlWJ)lli hlll]bp)l 

t.IJLUl)lll)'JWli htullw}I oqmwqnpotjmll bli llwmm4 fi2wliw4uqJJLUli 

lun ILut.l)w ljL\ wti llbpbGtuli bjl: 

'LWJl)l mbuwljJiq 4wtutjwa· oqmwqtttti>l[mll tli hbmuJWJ mhuw4Jt 

]1pwlilibt•· q[WCitu.J)tli . ljnqmmpwljwll, 4JIUWUJU1mmwljwJJtG, UJU1ll1UJW-

4uqjili . wlipu. ljutptjwopntj pl.Jml, zwtt<tw4wli IJtmtJ. Gwtmuqnqnuli]tlj. 

Pl1141)I\f 

fl)lwli]l h)Illliw4wG OJiqwGGbt•G tli tumflJI, ll)IU wnp ljlll)lllltl 1: 

llllUljjtq. llWUUWlj]l tjl!upbg(imll l.J UlWJ[lU pl.J)IU. l{b[t2)1UU ljWUIW)llllll 1: 

wn]1 2Jl2lllll u tjtJUJlbgmll, flW{UlWJJtli mwtumwlJt!. bwnwJHlll t ]tpUili]tli 

ljWJillUlllpJlllU llllll)Ill hwllW)l, 4wGqGw4G )111 tjpw t hwLJWplllll ]qnuli)l 

tiliwqwb llwubtiJI: 

3.1 ~putfi~ lumfl-pll uw~bplamjp~ ~wnntgt~wfi 

l!fiqhwfimp u~qpmfipfihpf! 

ft.mtjl-pu Ow4htiumw)t ljwnmqowli tulil)[Iplitpli JiliqwhwlimJI 

wntlwtlp 4wytbtlt t tmbbt btt4m bTjwliwlj11tj . liw]u· ttLHW9WilflbpHj hnq]1 

llh~>ll}ltlW~]lWJjl OUJl, ll}lllJbt pull owljb[IU!lljpjl L t'ipllU)l. WllW~Wl)Jllipltj 

tlwljbpl.Jlllj}}l), 11)1112hJ llb~f)))}ltlWljjlWjjl t\LIJI: '1-lml.Ju UJtjWO bplpl l 

httwliwljGhtt)tg u 112_ oblm tlbti~JGwljwu p11omu ,'l' umwglq. w.rq 

UJWm6wnntj tunl{l- pl.J tlw4btiLm.Jpli ttGmpt[uitl t W)ll)bti Lqwo j1pw lilit.p]1 

tlw4btlUIIIJpGbtt)Ig' WJli b£ipwpljtp1tj uJt.uwljulli ljli)IJIIIDliiJlJWu l.J 

hbmwqw 
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tjhp]IlHJlll])llllUl_! )3111JJ t illWJ)lU hliflillllllh[ )IJlWU)l t.\wl.jtpi.JIIljp]l lljbUlp t 
Jllli)t qowJ)tli I.J tf1ntjnq: tl-[twlip ht2m tli L4WUIJIWUultjmt.l I.J pJt~ 

gbfunUitjmt.l: 

z 

w 

Yo 

Ymin=4QO 

Yo 

I 
I 
\ 

I 
----,---~-ymin=35°1 

Z=5 Z, ut.Y Z0 

p 

"L~. 3.1 q.lLUUtulth[1L4 ptulinT) UWL(b(lunt.lfl 

tu-4wttllwt{njluuru utuhutu, 

Z=7.5 Z, utl 

q 

p,q- Y LUlilJJLU ll lj1mpnj"uutuu oppulU~LUlpnLflJnLU(i hp(i {!Utn pWflOflnlflJlUU (4ntt­

mnt[llU~lUU U ~pUlUL4illnLtnLUl(LUJpU fll..rhpp htUULU(I) 

;I 

ltWUIW[IUJiltj lJ[tl.jWJIWUli.J hbunuqUUllllp.Jlll ulih[l , t.l.'T}(}.ll{lJW?4Jtli[! 

liJliiU L 11[1 Llwl.jl..[llllllj[)lili[l[l UUIII[lwpwctwlitjmt.l t.li t.[Ihj] Jul.lpii . 

llJUIIllUILUl.jtuJJ•U. qjwliw.JJ•li u u)12wu4Jwr .P-wli)1 np 4[Wliw.J)lliJI 

hwqtjwqlillj t. oqUiwqnpatjmt.l lJ qjwliwl.jbpllj)l uwuliwtjtq: I]hlljj]U t. 
111 UUI)l lJ)IUlilljil.jblin Q] wliwl.jlipllj 1.J lljUllll UIWl.jWJ)lU flUL(l]l ( li l.j . 3 .I) 

fl-[WliWlljb(Illj putt(I]I]JlUllltll.i(i bpbp m)n4J1' 

Q[WLiWJ)Ili L1r 0( i1'FYm.,-Yo) 

l.jlli]Ullll[IWl.jwli .1y=2- 7" 

l.j)IUWlljilllllUlWl.jWJ)lU i1'F7 -[5" 

q.twliwJJlli (3UU]Ili wnp LWtl ~IJ1l[lhyumu hli , uwl.juqli tjwlll ZI•s>mt.l , 

l.jlll(Ullll[IWl.jWUJL, hwt.lbuwmwpW]l tWtJ 2Jl91llU bli, tjWUl tjlJupbylimtl U 

l.j)lUWlljUllllUlWl.jLU.JJlli pubp]l]Wtj ?Jl9111U b[i WllJ.!, tjwUI tJ.t)ll(lhljUllltl : 

q·(Wlitul]bJil4 [~Uh[l(l l.jwnmgtJ.mu bli UIWJIPUJI t..qwliwlJlihJlllLJ. 

npuliqJH.J (wJli utWJiwomu t qUibJ u.um:P. l.,.Y.. C~ni,ll.j)tlil• t.lLflllliD. (lUUI 

ll(l)t WJll t.lwl.jL]lUlllJ[)[I uUiwgtjmu t (lil.j.3. I w) · mqJul Ltwqt.lnq q)IOJI LF 

2W[H.thpttj ntt[IJlllll1 lp•I•I• BC tlJIWJntl.' t.l)•wctwuwliwl.j tJ.mtjmfubpltj 

l.jwqt.lmt. qoJI u wl.juuJ• t4wUI)1 t.ll•2u l.jwquwo y wlil.jJmlip puUI 

pW]IO]Ull[)jWli (Z) : 

fhqqn1u1 Ltnt•I~ tjt1tgtjmu t N hwt•rmt1JWli ut.y. n11u ntqqwhwJW9 t 

Jlllltflll l.jUI[UllJ I.Jq(I)lli: liwqt.lnq qoJ• tJ.mtf1ntut.lwli OJI)Iliw~wtJ.unp.JmlililiJIJ! 

UIW[lpl:i]l pub[l)l hwtlWjl qpW~>)ll.jll]lbli Ul]llJ.WO h(i lilt . 3. I p q-IIIU: 

fd·u· l]!lljilllll]llUl.jWli u flU l.j)lllWlljUllll UIWl.jW.J)Iu ]3hLpJt LlllUI 

ul.jqpmt.l tJ.IllpJIWU111tl t y WlitiJlllUjl Y11-)llJ Y111,, . Wlljl hwliq)IUlll tjLJlylibpn 

hwl.lwp : l!JlimhbUII.J WJil wliltpnliuh]lJI tu6m u l:ili l.jnqumqnul]utli)l t.lmn 

mmnyJ•l.j Ltnpntj, 4J•uwt4Ulll1 Ul w LtwJJIG Jtli UIIUI · qnqw~np l.jnpntj : Ep) 

wlil.J.rm UGbttJl tf1ntJ.mtut.lwli o[IJ•liw~Wtfllll.fJIHlilii.JJUH1 t l.jwli)utqmztjmt.l 

pi.Jhiilt UibtulintnqJtwLt.wu hwUILt.wGJlzGbttLI' tf1tui•bgt.lwU. 21t2U:wli: 

fl}UlllLUIWltWJ)lU pi.Jb]lli (!UUI llll[!lll[U} l.jll[l)l b[!l.j]IW~WlJ.IWltWli 6l.J)l J)llillltl 

b(i tpbp m)lllJ)l. mnmyJ•Lt. qnqw~np lJ llii[IJW6)Iq llll]l[ll(ll]liLpml 

llll[l[liJll()l WJU 4wt.l WJli G(ll.j[IW~WtflWl.jw(i ouJI LIUUl[UIIJljlllli(! l.jw)latJ.wo t. 

hJiltlll W411Wl.Jlib[l)ly' pwlinq OJlqwliJI gh)UllUIUWU hwtJ.wGwl.jwulllf)JWli 

tfllll}!IWYUWli U Wll)l Illi1>11iltlWQJIWJJl tjJIW OWtuUlJ.lll[ tlih[Iq)IWJ!l 

lJ.llll]jLWytlWU UlGUWltbUIJlg: -!.WUUIWUllJ.WO t, llll f)I.J)1 yhJU11Ulllltl)l 
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ti4_wtntjlllti t WJUtnbij. IIJilflDI] Wll]l ulu.fl ~]I Gutniilll U:w~liJIU111Jp]l ~pw. u 

WJIJ owujt 6liJIIIO[I wlihwtibtiwm ~111J)JI t: 

z 

w A 

p L 

ulj . 3.2 ITJUlntUllUlJIUJjtli ptutinqthuljbpLOlJfl lU· ljtU(.[UlUt[npuLUii ufubthu, 

p L q - tunjl ;p~tlluli tuli4Jtuli ~ tflntltnfuuwli opjllitu~LUtJmtp_rmlilib[l[! php 

bpljtUpntp_lmlijly lltufmltw) l4tnntmtu4fl hwumwmmli (p) lo tjlnpptuynq (q) 

pmntpr~l 
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lJJ!W)_JWI]Jl~WO L4Whwu~libp]1ti pwtj_WJIWJ1llltl t qnqw~II(I IIIIJI]ll]lll 4_11]1]1 , 

HJlll Jumj1]I U:w4_bpunq-m~ WJH]bli qb:PnJ1Uwg~wo wnp qr14_mu t 

wU:plll]?lllJl.JWUp : .(wumwtn~wo t uwu , IIJ1 llJI!2WU puJ! bJI4WJI t, W.JUJ)WU 

U:bo t Hll[IJIIJIIl 4_npj• zwnw1.Uum: 

1Tlmmmtu4WJ~fi ~Wfinq Utu4_bplmLJ~fi ]1jiW4_WUlliU pwq4_wgwo t 

]1J1WJI zwrunuwlpnp_pn li 4_wqU:mJ l:aJ14.m U:w4bJlunLJlibr•l•9 · 4.Jlopjl u puj1 : 

Lipop]1 U:w4_bpumJPJI 4_wnmg~mu t' BC 4_wqU:nf\ qjiDJ~ U:j1wdwuwliw4. 

Llltntnbtu~ u BB' llllJI]llJIIJj1 ~JIW uwhbgfibtmJ.: flu]l]lllllll! BB' IIUJI]Wqflo t 

u qtnli~mu t w4nuj1 hwtnw4.I•!i' qmqwhbn w4_11UWL4Wtnj1ti u hbnwgtJ.wa 

~b!12]1lij•y wnj1 JWJUlllp.Jwti b ,~_wtj_unj: Q(iq IIJllll u, 4_wqunq BC qf1oJ! 

qmG~mu t ZOY hWJ1JlllljlJWU ut~ (G4_ . 3.2w): l)..d~WJI ~t 4_nwhbt. IIJI 

4.JIOJ)f1 OU)} 4_wfutJ.wo t 4_wqU:uq qof1 ouf19 u UJIW L4UlUlW4_wti Ill 

hwuplivwg zwJlduwli wpwqmpJmGG bpf1 hwpwpbJUllfJlll GG bJlf1!-J : 

lumpf1 u 4_poul• wqllLgmpJwtlp wnu l4lfltn~mu I. 90": Unf1 

hbmwqw L4UllllJUlL1 4_wmwp~mu t wnw2f1Gj1y (BB 1
) wnf1 hwutnmpJwG 

~wt.jm~ hbnwgwo DD 1 mqqHJUlf1 zm1•2t1: '-lb112l•G hwGqwuwlivntl t 

pwgWU1JltJ.lllU pu]l ollfl tl.J1W Uwu wnjl]WJUlllj:)JWU wqqbylllj}JlllUJ!: 

.(bmwqnmmpJmtitil!J1f1g l4WJlq~bt L np bpb wnf1 l4UlUIIHJUIG J!UUl 

pu]l bpljlUJlllljlJWU ljwUlWJI~IllU t hwumwuunti WJIWqillpJWUp. WJU]1Uj]U 

bpp L4Ul111UIW411 PWJJJ! hWUU1WUllli (j t (G4_. 3.2p ), 6U2.lllUJ! j}U]1 tJ.J1W 

tJ.untmJuw4_wu t, 4_pOJ)]1 tJ.J1W Ubo, pwfi pu]1 4.J1w, I?Wfi]1 llJI 4_j10l)]l ~[1W 

wnJl 1.4wn4_wo t, )IU4_ pu]1 ~J1W qmlitJ.mU: t wli4_wpnG hwtJ.w· 

uwJnu4znmpJwti q]1JltJlllU: '-lbJ19]1G hwGqwuwGuntJ. t pwgwmptJ.mU: pu)1 

gbJunmmU[l : 

liJll bJlUlllJJlllg Jumuwtj_1btm hwU:w11 tjmuJ•wgtJ.mu t l4Ulllltnw-

4wJ]lti qo!1 J2WJLJ! puj1 tl.JlW (3 .2q), UJ1]1 hbwuwGputJ. utowGmu t 

L4tntntiwti wG4JmUwJflG WJ1wqmpJlllUJ~ hbwuwpwp f!Gbpgf1wJI1 mdJ!, 

llJIJ1 u WI!)! ubqumu t JlU]lG, ubowgGmu 6tizmUJ1, tJ.!nJ]JlWglimU 

gbJuumuwG hwtJ.wGw4_wUmpJm uu : 

UJI mqlU}lU[ld ptulin•l uwltli[llunJ ~lib[l ~ mmulia(huhmmltmpJ mlilibp(! 

'-lWJ1fl WJ1WqillPJWU ubowgmULl 4 - 7 4_1.1 /dwu uwhtiwtiGbpmu 

1Iwuqbgj1by llJIW4_w4_wli gmywGf12.UGJl)l LW4W~JUWU[L v:wgwtJ. 4ll2.UlbJlll 

pwliw4J!, wnwt[bj JWtl. owo4_tfbgl1li UllJ.WJunmbp[!: .P-wt1ZWJf1G 
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llJillWIIJUII P.JWU I 0% uliowgnu}p tlJw~t.jLq pU(IJ]WUltJ.III PJWU pwpo­

pwyuwup : UJ!Wtpll.p.Jwli l!twwqw uLowqJuup ujlli ; I.J IO~u.'Jwu 

lnuliqtgptg t.jwpJl 11JlLU4W~UIU tjlllqwli[12libpj1 t.jWU!lUlJUWlip ' Wl!J! 

2J!Yt.lmu t wliltwlinli I.J }UUIUJt.jiuu htnm EJll tuGll!IJ! tiiiOuwG hwuwtl 

wGll]!WJbJUl t11 wtywlmt.jbt Wl!Jl wlitlJntlJntu WJIWqlll ppnti 1.J liiiJIUW[ 

ZJI ')) IItU ' wli~wtu qmpwliJ! wpwqmpJWG utowqmuJ!~j: l!Jll GUJWU1W4ntl. 

tlmppwqt.jLy]tG Ym" ·Yo u ex,, wG4JmGGtpp: C))Juptquwli a wGLuwG 

tlJnmJwqmu]J Jwt.jwqph9 wnJ1 pwp6tnuqmup pu]1 t.ltJW. Jw~ y wGluwli 

tlJnpptugmtlJ! hwGqtgpl:ig wnJ! ZUJllUlUwG ]tGtnLGuJ!t.jlllpJwli 

tlJnppwguwlip: 

' ·. I 
~ 

ult .3.3. Q-lllfHUtip PfHUlitibpp 4(lUUtUlJbfllll ptutinq tltUIJhpLntjp!ibp[! . 1-

untjnptuiJtUti tU(HUqnt.Jfllut\p tjmpp , 2- tuptuqt(tupp : 

'\.,[, .3.4 UmjnptulJtUti l)ltulituiJbJlt4 ptulinq thuiJbplmt.Jplibp(l ljlU(lLituynttl[! 

lUfllUl)lll2lll(10[1. lU- lllll(nptuiJLUU. p- t'ibUlULJl(lUU lU(llUtpllfl.JlliU , q- lUJHUq t(lUJlJl 

llJHUli, IJ·lUfllULJillfJtUli plUIJ.lUJlJIPl libpp tpmpnttJnlf.JillU[! IJtU)UI)tuu rh)l <llo)HI 
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t\tilm!).Jlll Gtil:ipJ! tJlllJuwpLti (li4 3.3 ): 

'-ll:itlJilll)tptt.j y wlituwli utolllpJwli wqqtgmf)JillliJl wnJl 4nqp 

zt4JlUJUWli W(tWqlllpJwli \' <1 tJ.pw . hwuwowJli li4 . 3.4-Jl , 4WJllll] blip qpLJ 

v6"" \',~in y, ll(IU!tl] V, J!pwli]l .JWp<Juwli WJIWqiHpjlliGli t. : l~.Jll 

pulliW<\ I.Jilll Lpulll tl t 11]1 WJlWQlllPJWU utawgtiwli hbUJ ll{OUlp t 

t.jJIIPJILU ~JlitJ ·1 wli4Jw li tH.iOlllJ)JIIIli]l: l!Ju b1Jwliw4nt.l Gwtuwqot.jwo 

(\UG(l]l wt.jLJJl Lp4LUJI liti UliiUitjl]lllll, IIJ!Jl lill{Wtnw4wltwpuwp ~t : 

ll)ulllllllW~WJJ!l.i pub(lllt.j J!J!Wiilibtlt! hwubuwtnwpWJl pJl~ tG 

lll[H.lwtiplll u lU(ILUtpllJlJWli utomyuwli[!, pwli UJlllU U!Jlll{G(I(l, bf)b t.jwpJl 

qupo; tlipuHpnli wntt pnpt[lntJ.Jili 2!1 4tnptJ.mu hwtnw41•Y u 4mw ZUJlltntJ.mu : 

'-lLpqLiLLip a X b X !JJ ,'Wt.jtJt Wll u qJli.IlWJI4blip Wl1W2WllJitJ.WO 

tLJtUJti tUlitt (!i4 . 3.5) . 

UnJl qbtnGJ•g wG2wwt.jtqm wnwt.lbt t.jwtn ll{WJUW!i(l 41..llliJt, bJlp lji''O. 

N=O, WJllllbuwmu mo:h > mg, ntttnb•ll•g 

w<~ (3 .1) 

ll(ltnbl] · m-wnJ• qtuliqt.jtuoli L w-1..4tnU1UwG wli 4.tmliwJJ!li WjlwqmpjlllliJI. 

r-umJl otuliplllJl.JUlU 41:iliUIJ111UJ!q uJ!(i2u '-4tntnuwG 4blitnJ111li]I 

.p 



hbnwt.jnpnlf.JHilili t, 111- ljbGmpnliwP,tlllJu u owlilllllf.JWU llllfbp[l tl[1yu 

ljwquwo wti4.Jlll lif_J : 

L bpljW]llll(lJWUp u V wpwqtHJfWUp lWJH.It.juq [1pwli[1 Ljpw lUllll 

4qmlit.j[t t= L'V dwuwliwlj u 4t4LnLnt.j[l p=wt wlilLJllllint.j '-lbpy[1G 

wpmwhWJUllllJ-lJlll lilibp[I hwuwmli11 pnomu[HJ lrumwliwlip' 

~v 
W = -

L 
(3 .2) 

<.wttwuWJilllulibp[l (3 _l. 3.2) hwuwmb11 JlllollluJtq ljuuuuGwlip' 

[ L ~ V< -- .£. 

~max r 
( 3.3) 

ll[!UibiJ LIP - UJUIIII UIW4[t j2WJUl pGmpwq[I]lli t : 

<.wt.jwuwpuwG (3 .3) [IllollluJ! llllllltu4[l UJLnlllmwljwJ[IG pubp[1 

lllWJlWUbUipbp[l hwuwp hwliqb!jlilllu t uq(i btUlWl]tuglllp_)WU, 11]1 U]Lnlll­

UIW4WJ[lli [IpwlilibJullj 4wJlbJJI 1: 4wmwploJ Ljwp wpwqmp.JWG ~ 6- J 3 

lp.l/cJwu uwlnlwGGtJLIHu: Un[t ljwuJUI494WillnllJWG [lJIWlftuG wpcJbpGbpp 

hwzlj[I wnlibpll!-J Limwqttmu t V> 134UicJ wu: l~n[t 4nqp lUJJtulmlit! wJu 

[tpwlint[ uwltuwlitut!ltuljtjmu l Y-7min UJWJUWlin4: 'Gzttwa bp4lll l4W.J­

uwUGbpJ! hwztj[l bU wnliljmu [tpwti[t Gw[uwqouwG dwuwtiwlj · wn[t 

lllllllltJlllll OJljtUw,-wtllmtlJWU WllLU~Willllll untj P=r (l): 

w 

QJi 
dL 

L p L 

"Vlj . .i .o Unj1 zwpduwli ~ tu!ilJJtuli tjlntjlnj1115tuti opjJ!itu ~Jutjmtp_pHlilibp 1~ ­

tu- 2P2Utuli tuliliJtuli _ p- 2JlyUtU(i tuptuqntp_ltu li 

l!_1u lptp[t wowtitJJLUI[l~ utnwgt.jtuo wpwcpnp_1wli lJI!Jt[l 

tJtippnontpJndill !Jill.J!-J t mwJJtu ltbUiuJWIJ): 

L!.11p 1~L1[1 Ljpw wG~J Gbpll uljq_pGwljwli lJI:nulimu lllu[l !-JWOJI 

tupwqnq~J illti. npG wlihtm'Lluzm t UJlitulinpllJ[Iw4wG qupopGpwq[1 

llwGqJtuUl u Ljllll-)Jl I][lUWIJJllllP_IWli JtpwljwliWtjtltuli hwuwp, W_)Ullihb Ulu 

ll!LIILn UWli WJIWqlllf_)lllli \1 uboLUlilllt) t. ll]lli Wlifl(lWdbzm 1: pu[l 

liJ14WJllllll.JWli L}lll!2fllU ~JUUili hwuwp: <.Lmwqtu_lllll~ W.ll] WfllUl)IIIJlJiliUJ~ 

pliljGmu t , npli [1p ht.pp[tli wlilqnullbzm I. ulnJI lL4J1UtbUJ llwli[:ul:.pll 

hwuwp : 

3.2 '-lmpj1 mh}ufintnqpw~mfi t~np<)l!fipmgp mhum~mfi 

hpumfipfihlll! 

'-lwp[t mb[ulinp1qj1w4wli qnpClJJGptuqp plilJ4Jl4m u t b)lbp 

OL4b]lW~Jilwlibp - wn[1 4mpmu, 2lllmtu u L}ljU[lliqlllL'i : c1-[nnwp4Llip W.Jl! 

lllllb]lwg[lwubp]lY JlltpwpwliLJlllJlll mtuw4wG h[tum GpGtpp: 

Unp l]lllJlflUif!: <.111)[1 U?W4lllJ~JWU ubpLliwlibJUlltl Ol)UlW<-jll)lOlllU 

bli bJlljm mbuutlj ljm]Ullu· ulit4llll u UWJJlllll : Ul:.lllnt-1 hmJ[l 4LnJlutuli 

(twuwliw4 11Jlll2[ 1~ GzwGw4m ):)Jilt li m G It pwtilll] G jiULnJ! · [tu4 UWJJlJl 

4WUIWJUHU t wwqm!-J[l ]_ i}b)J: UtU.Jjllllj ljulpuwli d tmlwliw4 4Jtuwtjll)l I}li)l[l 

UJU1lll4tulilll U t UWJJljlG , bpbuw4G b)IJ! 4Wtl1W]llll U bli !llWtjlll HI I ~ Ijbp: 

Uw4wtli 4lllJIUWli WJil bJI4lll qupopliptu~lib)1[1 uji~u ~ljwli tu[IUlll 

uwht'iwlitibp u L'il:i4Jl 4WJ111IJ t mpwtiu:pnpuw!-Jt-lbJ UJIIIU mhuw4!1li ' 

ljw[utjwo pwlinq opqwlijl UJWJIWtlbUI]IbJlll!-J u U/ W4L\1111 u[lywtjw_l)l[l 

hwm4wli[tzGbJlllg : U_1G hwliqwuwlipp, np [1JillJ2 mliq[1 t_ mlililimu LJUIJillltl 

UWJJllll[. u W_lll lllUjl tw4wli lizwliw4ntpjll1U. wt'itoli [19 WHW9 tjlllpWtijl 

tlit.pqblii[I4tUJIIIU , 44w.Jnlu t R,= f(8) (lilj .3.7). llJIUllitl ' R,-qmpwGjt vwp-

2WJ[lli t)jtuwqpmp_pnGG t. 

8-tumpjl UW.J]l[l hWUU1111p.JlllUJI : J>[i~Ll)l:iU gll tJL) J. LnWJjiU l]JlW~ljt4[1 

Ljt.ppnomp.PllliLI , ppwgwo uWJJlli [lJlllP qqwJII !lbowylilllu t tpupwG[i 

PWJlZWJ!lli lJ[IUWllJUll JlJlllU)I : 

llW.J Jillt.j ljmpuwli qH)lO!lUPW~Jil hw ubUtULnWJ-lWJI UWplllp ountl 

liljWUILjllltl r. qwliw4li bpjL l(IH.tLnlltlwuul)IW.J[Ili PWfii4libpji wz[:uwmwlipjl 



awuwliw~. f.:pl hwpqj1 LI!b.uw~wli hjn.\mGvlibjlll ~l)JlUIWJI~Llip 

]JWthUL4WLIIWUjl.lWU t\lllljulibpmu 

' R\ 
% 

I60 

I40 v 
I20 

/ IOO 
I 2 

/ v 
3 4 8, 00 

\,~ 3 7 lvmi1(1 UlUJJlll lnuuUJnq>.JtUli tUlJ.I)b<JnlJl.Jlllli(l qnqnuliJl l!lUJlJ lUJ~li 

llJilhUI)Jlnl]lJtuli t.IJILU 

Unit Zf12nLU: U.1u fuli!!J!Jlp qJnnwp\.jbJJIU Lllil).lllU~nu.l t., IIJI Will! ~! 1 

6uwtJilltu~mti. L4WhL4WU!llU t J![l uljqpGwljwli vwnwliLumGJ! OUJI . <JXb 

hwm~wovml: u.Jil llhl4J2lll u ABCD hwtn ~wopmj Wll[l !}Ujl wqqblj!lli}jWli 

mwlj uljqp!HJ tqmmtjmu t A LjbmJI J IIIJI'))tJ . umwlimu · IIIIJI]W6jtq qJ•JIJ2 , 

W.Jlinr hbm L L4LliLIItjm u t D 1• LjbmJ• Jill J19U LIJ•li ~ u , 11[1 hblitJJ• liwfunp•l 

2119tjWb Wlljl lj[IW (lilj. 3.8): 

<.wuwow.rG lii.J..3 .~ -Jt •1a~wp 2t liljwmht, D 1, D1• D". D1 'LtbmbpJ• 

tljtyu hbnw~npmJ~Jndit• hwtJ.wuWJI t wnl•tWJUIHJ3JWUJt. h: '1-dt[wp 2.t liwL 

WL4W9lllljb[, ll[l 2Jl 2tl.Wo wnu Ljw.rm!i LjUJ.Wnljjt, bpb Gpw bwlijllll(J.JWli 

mdt! P"wliqliJ• ltbliuwli I.J.bmJ•g D1 wy: frrt j1li2 wliluwu mwlj L4bmu t 

211~bt Wll[! u J•li i hwttwpb[llltfJlllli L4btnp t mlibliwli li[tW b u a ,•w4tbjt[l. 

Ljwpb[Jt t ll[ll!Jb[ . b[}b J]jltnW[tljblip wnl• wfi~WJlllli lnmjwuw ­

JIWI.jJnntpJWli •Jl•ttln•. npJt •ltl4umu owli[lllltJJWli 111dll wGqfinru t 

vwnwGI.jjwG wlilumliwqomj L l•wmtJ.m u t qbmlijtli htqtlwli 0 1 u D, 

Ljtmb[llllU: A,B 10 1 L D, A: 0 2 tnwpGlumlilibpJt liuwlimpJnlG\tg LjwphJjt t. 

B.D . A .B . .Ja~ + b' b b 
q[tb( ----- = ---~ LJWU =- liJUiliwljtpnj - == k . 

0,0,' A,D, b a a 
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uw llliw liwJJ•liuLbmpJilllip uuHUlJLJlllli t knp~l.27: l~Jil L4WJU:wliJtq 

lpupb JJ! I ll!lll{b] UlLjJWJ pliqqp~uwli ]LU]lillljl.JLUUJIJ!WUII~ ~WJIJ! awuwliw~ 

LLII! jlhLliUUIIII(JJWll wulJliwuL i) (plllJ]lUUl]!bJli) ~ WtP 

b 
-- = 1.27. a,"'=O.Xb: 
a . n •. ,, 

p 

ul] 3.X q_n q> tuli~ ~JlLUlim[tun~ Zfll'llLUli uiubutuli . 

LU-lJlU.Jnlli I)~Jlp. p- lUU([LU.Jntli l)(lpj:1: 

. s: a I 
J!wliJl ll[l Sill u = b = k. wu1w wnjt 2P:1Li wli wliluwli utuhuw GwJ Jlli 

tul tJtpp lJJ]•lil• unut 52" • q_twliwljliJHtJ pulipl• hwtiwp t.jlwJJuw4np4mli t. 

pLilJnllit.1 k~-1.3-1 ~- utmnluHuljwJJ•G pu]l hwuutp· k > l .75 Unj1 !Jll•~ 

.'il 



/P)IIIIUp (I XO''lt4Uilllutwl.jwJitli punlj ljwplijJt t jtpwl.jwliwl)libj. bpL k >· 

2.0- 2 3: 1,wtutulpupwli]tl.jnLj !.Jwit]t Jwutuliw4 wnjt pbputuli tulilj_pnlip 

WLjbj]l 1: LflliJ>pwlilllU. W.JII UjWUlOWI!IILj plil)JIIUI.jmu r. k == 1: Enw(i~l 

liw]1Iwtpnpwlijti.IIt Ljlllp]l Jwuwliwl.j wn]1 pwljwpwp Jp~nttili 

[tpwl.jwliwlimu 1. k I 5 wpJLpj1 ql:.L4J!IIIU. tpJuJullli lmqbJt]t Ljwpjt 

Jwuwliwl1 pliquilit.jnit\ I k c. 1.3: Zw eiw j11 wGhpwuLJUI t !ltGmu LjWJILjwo 

I}WJLil]t thulJLplmqpp uutwliw1 LUJ(itqLu , 1111 13/:,n, pblj_1wu1 J]lli]t 

wtlblituUlii.> ,IWLjl]t: I ~PI pwlili lUJHilllll I. Jlii.JU]t, ~bJIUlll[l.JWU L pwUtll 

uH.!IlliqntpJwli Litowqtiwli lit4wtntul.jnlj (l-]1mwpl.jblip WJil Julit!]1pp: 

..:.wuwt\tu1li lil.j .3. k-]1 B,C, .;. C)3, ----}Jlla< Ot lit lip B ,C,= bsin8. C,B
2 

-~ 

hcos8: Cl-muwpbptlj tjbpy/1li lij1l.jll1 tiL<'JnipJIHUUliJ1J~ L llJlllJb]nlj WJIJ 

qmuwpj1 wowlitJJWIJl jtui.Il 8-[1. l.juunuliwliu W.JG wliLuwCi wpJbpp np]1 

llULljlJIII U Ljwp]l Uwl.jlqtLIILJ(ljl LIUI wql{tll U t WLililiwUbov · 

:
8 

[b(cos 8 +sin 8)] = 0 l.jwu t:o~cS-siu8- , 0: ll.1u l4W.Jt.lwlip mbq]1 111 G]1 . 

Lpp 8 =· 4:'1 '' ljwt.l k = 1.4: k = 1.4 l4WJUtulinLj Ljwpj1q hbun1 , bpb 

wlil1[1lUuliJI.Il t. Lj_t11j2pWglib) l]W}Ul]l qlljll[IJ]ILU!-JUUIG Uwl.jbpL111Jpp. W.jU 

<JUij1WU411t ti t: 

l_w[i)_>bJ1]1 tjwpjt Jtut.lwliwl.j Wll]1 JJ12111UJl I}bllj]1 tjbp l[WI.IlWphp11 

b . 
hwuwp wlil1pwJh}I.Il t uhOwqlibj - hwpwpbplll)J)mlip Uj1G:Lt k = 1 

a 

l twJutlwo twli~)I pbpnt~lJWli wGLumli]H.J a wn]1 wlil.jwJmli 

ltwLjwuUIJ1Wl.jJlllllpJwli IJ.]1JIJ211 !.J.mJul[mu 1: · 8 = 80+a, llJ1Lilh1J. 8-wnj1 

l.jtuquwo wlil.JJntGG t hnp]1qnli]1 hhm. 8"-wtl]1 l.jwquwo wGLumup· 1_wGy]1 

pbpmpJwli hbm (lil.j.3.9) : 

<.wUWOWJU li4.3.9-]l. 

LDCB = 9011+a-(90"-8u)=a+ 80 (3.4) 

UJlllU lplqU]1tJ 

b 
tg(a + 80 ) =- = k 

a 

a a I 
sin8 ::::: -= - = -

0 AC b k 
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(3.5) 

( 3.6) 

Lmohv1Lj hwuwmbq (3.5) L (3.6) wpmwhwJmmpJtlllilihJ!Ll, 

ljUI.IlWUWUp· 

' .J 0 4 k2 tcra = -k · + k + k - - I 0 (3. 7) 

Umwgljwo WJimwhw.Jmmp_pnGp wlihJ1wdb2m t oqmwqupobJ 

1tnGwJ]tli qmpwG]t liwJuwqMwG hwuwp : l!.Ju qbL4J2111U 4hpg!.J.mu t k-]1 

WJG ubblll)JJlllUI! , ll[ll! hwUWlljWI.IlwuJuwG t a= am., wpdbp]1li : 

UnJl tftfuphgnul[! l.jw)uljwo t )1[1WU]1 pwlilllj uwl.jhJ1UillJP]l 

bpl.jJ1W ~ w!Jlwl.jwG olt]lg: Un]l Ljpw wqtp1q .JlllJlWJ2WliL,)lll]1 pwlinq 

opqwG 6li2mu t qnpowqjlllltl linpuwllt mqt]lllflW.JWUp : 

t;ph UIHJl uwlllllU t Uwl.jbpLillJ13]1 !.J.J1UIJ114, WUJUI wq1p1q 6li ,JUWU 

nHJJ.l R GnpUUI[]Ig zhqljmu t J!.J.tUwG wGluwG iUIIJln!.J.: liJll pwli]_l 

WHWUOUWUJ.hU hwmml.j t fu)tli: Swpphp mhuwl.j]1 pWUllll uwl.jh­

[lUlll.JVUh[ll! l.jwphlli t l}WUWl.jW[1qhJ hpbp Jut.lpjt ' hWJlf, 11li2Illyj14 lt 

qnqwtlnJI: <,wpp pwGnq opqwG[1 w2JuwmwGpj1 dwuwGwl.j nhwl.jg]1WJfl 

mt!hpp· R; wqtllllU hG ]I]lW]l qmqwhhn , ,- tG hwm!.J.mu 0]1 l.jbmmu, L lmqJI 

!.J.tJupbquwG wum]16wuu umwy!.J.mu t wlipwljwpwp: 

Unw!.J.ht !.J.wm UJ.WJUwGGhp hG umhqotl_mu mmng]1l.j uwl.jli]tltmJP)1 

wzJuwUiwGpjt JwuwGwl.j (lil.j. 3.1 Op) : liJumbtJ tGhpq]nuli J!Ul}hwGpwtybu 

gpL!tuU t u oqmwl.jwp qnpouqnt}JJtUG qHpowl.j]tgJ! wtlbJJ1 t !.J.mppwGmu 

L!.zJuwmwlip]t twL!wqmJG UI]llllmGp bli LilWJ]lU qnqwljnp uwl.jb­

JILIIlJPIILj pltbp[L npmbq nbwl.jg]IUIJ]I mdhJil1 l.jhlililJ1llUWlill1U b(i wn]1 ujt 

UlUUIII U L W.Jli bGpwpl.jmu ]tlitnhliu)1Lj IJlJupbyuwli : 
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'-lwp)t (fwuwliwlt tJttuptguwfi wnwLjbJwqmJG IIJIW\.t hli 

WUjwluntmu tJmtJmtuwltwG \.tHJUllpJwll JWnwLj)lllHtl puhpp: f~uq IIJllllU , 

gwfilJWJJI t, 11[1 ru)l lJpbp)l UWUlll U W.Jll zwnwtj}lllll uhb t. WUjW qliwtntJ 

tjmppwlimu t.: 'GuwG hwmLtwli)JZlihpn4 hli o(fmljwa q]wliwlthJll.4 pLbJlll. 

lljllllig llll)l)llJllllJnpbpli Ill libfi tj)tUjU)l LJwU l4WJ1WPlll)l tnbup : 

R 
R 

w p 

q 

"Utj.3.1 0 Swpphp oup t.ltu~hpumJpuhpp wnp tJ.ptu wqqnq nuhu.Jpti 

ptint~nuqppl). w- luupp , p- mnmgpl1. q- qnqtut[np : 

3.3. lunl}l- pt. uw~hpi.Jntjp~ ~wnmguwli mhuw~w(i 

h~umliplibpf! 

t>pwfi)1 uwl}bpLmJP)I GwtuwqbtlwG c.twuwGwl} tnbuwl}wlinpbG 

llJUlZtJmu bG mqqnJlll l}ll[l)l h)1up hwGq]1UW9llll2!11?WUWqbJI zwnwtJJulG Ill 

bJ14wtlllLJ3JmGl!: JO-L)1 milllHJlll l}nJlG l!fitlluGtJmu t Ujwpwpn~l oL]1 wJu 

lllllili10Willl4, 11]1 l}llJl[Ifi lilW[Ill\ lflWJlpG]l qnqw411Jllllj3Jllt. htiwpw-
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ljll]llll PJlllU t utnbTjbljmu Wll]l [WL\ l!lillqJlltbJm L runt\ PWL\WJIW]l JJ12htm 

hWOW]l fhqqll]lfl LJnp)l JWilWt\Jlll\! [lUlil]IL\lllU t Rmin < R< Rm" 

UjWJOwfi)Jg : Oll)flllJlll LJnp)l \.tll]llll_f).JWU zwnwl\q)l wubfiwubb wp(fbpu 

. 1t 
jlUUI!ll\lllU t WJU WlllllUIIL\ I ::::; 

2 
, up pu)l WlJllUW.J)lfi bqpu zj!G]l)l Jili?L\Wb 

wnu (lilJ.3.II w): R.,,,-nJmztJmu t llhtnu.JWJ pwliwouml_' 

b.Jk 2 -l 
R max ::: .., ( ) k- COS£- COS8 

II ]Ill bq ' 8 wli 4Jmliu IIJlllZL\11111 t hbtnu JWL W]ltn whw Jlfllllp JWUp. 

.Jk 2 -1 
tg8=---

cos 'Y 0 

(3.8) 

3.9) 

£- ]ump)l11Jll\wa!2]J wli4Jmllli t : fctmnwtnpbiJI Ronin (WllWt\Jl.IU! llJlllZtlmu t 

pu]1 4J1w wn]1 t11wpdbp UjWII\.tbtm mbuwli4J111G}1g: liJillllWJUWU[l pwljw­

pwp4mu t, tpb mqlul BC = uBC': 
BC mrtllllJ! utnwgtjmu t BC Wl)bill! HU)IJblmg: .Qwfi}I np 

llllJl)IqnGwLJwG hWJlpmrJwll L\JIW )}I b]Jumu BC Ltnplt tnbup[!, mutn}l WJG 

gmJg mwlip tuntJl)l 4tnJ111TJ b<ul]lli llli"lllWhwJwg hwppmrJwli ub2 : 

luntJlll LttnJlllil bqp)1 ZWJllHliwljmrJwli tlJ!w tnwliblip wLJnu}l 

B"C" hwmwljn gnl)g tnl\1111 nu1tull! , Wl.4W gmJg mwlip tuntJlll 

IlJIL\wal2ll wG4JmGu E0 = C"B"L : PGwl}wG t, HJl pu)1 pwJlOJllllPJilllitl . 

h Ujblllp t pwtJwpWJl)l h ~ ~a 2 + b 2 
UjWJUWlijJG: 

Cliipulibtnl\, IIJI B"L mqllill! hl:itnwqntnt\_nl"l LJnpp znzntJ!Ililfi t , 

l}wfiqfibglibGp UJlWfi mqqwhwJW9 B"K q)10l! u uwhuwfiwtjlwl}bfip h 

hbnwl\ll]llHf)JWUp C"'O nuu111nl\ , npn qmqwhbn t wLJnup hwtnwl})1fi : 

B"C"' liji}IlbUJnmU BC nuuutll u l}ll]lbJlll hwt\_WUW]llHPJWU lllWJUWUJ! 

LJwpnq bfip q]lbt hbtnLJWLI.}bpUj' 

b 
BC = = uB"C" = R min (90- E0 ), nptnbl"lllg· 

COS"fo 

55 



w 

ulJ_ 3.11 nuvJ.nrullJnp~ z wmutt~!J.It h~tHitut\npthuu utul:iuw 

tu - wubuwul:i a z wmutj_~IJ.lt R"'"'' p - wllbuw~npp z wmul{~!J.~ R m;n 

Rmi" = ( b) 
~- £ 0 cosy0 

(3 .1 0) 

lJJhGp, 11f1 Rmin-11 (3 . I 0) wptnwhWJlnlllj)JWUp llilllZtjWO t.lhompJillUJI 

hwt.lwUJWUIWufuwGmt.l t t.I]1U (lt k::; I.57 W1tdhp!_! : k> 1.57 wpd-hp]1 qhUJplll t.1 

L11 UJW2lnUJWULjmt.l Rmiu<R<Rm., lljWJUWUl_!: k> 1.57 Wildhl!]l Ilhuwmt.l Rmin 

11pnztjmt.l t hhutLJW!_ pwuwo Lntj · 

' b~k 2 -I 
Rmin = . 

k(cos £ + sm ~E) 
(3 II) 

1111tnh11' .6.t:=5 - I 0"-wn]l pwtjwpwp 2J1s>t.lwG hwuwp wtihitwdhztn 

21'9wliwqiJII t.1towg4wo W1lhiUJ wwgmgi12 wti4Jmuu t : 

uzhp , 1111 llJlpwG t.lntn t R-1! ~in--]IU WJUpwu tW4. t 4'ttu1Jbgtjll1UlUJll_!: 

4wtnWJlh[11tl hwt.lwUJwtnwutuwu hwztjwpljGhit' utnwtimt.l hup 

4mttnllljlWljwG tn]n.l.lll f}Lhti!I hwt.lwp 1.35b::; R :5: 1.75b, 4lJUWiljtnlll­

tnwljwJllG m!nllll f)Lhpll hwt.IWII I .1 b:S: R::; I .55b: 
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3.4 q.mpmfi~ ~pwfi~ pwCanq tiw~hplantjp~ fiwfuwq.c:)mti~ 

Un11 tuml1]1 4tn!lllll btumtj funpmpJwt.lp ljtnJ1tjmt.l t h1111]1qn­

Gwljwu mqqmpJwt.lp, WJUmhbtnL JJLntj Zlls>tJmt.l L tlJfuJ1byl{mt.l t: 

l1-111pwlij1 pwGL{U[1WljwG t.lwljh[!LIHJp]1 tn]IURIUJWJUWtiwtjnptjwiJ 1: f, 

y,,. Ym, 11 , Ym.,• <X, ~ lljW)1WUhtnph)llltj L Y wG4JmGGht1]1 tlJntlJn}ut.lwG 

opJ1Gwl wtj1mpJWU(:! : liJutnh11 £-G }um}ll1 'lll4.wop]l wG4JmtiG t (}umJI]l L 

wljnu]1 hwtnwlj]l t.I]1\)L ljwqt.IL{wiJ wliljJinG~) , y"-tun4I]1 ljtnpnq htUl]l L 

wljnUWUJWtn]1 t.I]19L ljwqt.14_wo wli4Jmli[!, Ymin- wljnu]1 hwtnwlj]1g 5-10 ut.l 

(:!WJlopmpJwli 4_pw qtnGtjnq ljwqt.lnq qontj (ali]12ntj) L wljnuwUJwtn]l t.l]1s_>L 

ljwqt.ltlwiJ wli4JmliJl , 

Ymax-flL]l wt.lbGwpWJ10J1 ljwqt.lmt qo]1 (oG]12]t) L wljnuwlljwtn]l !l]tSJL 

ljwqt.l4_wa wti4Jmli1_1, 

<X- ljlfuphgt.lwG wG4JmG[!, 

~ - ?PSJt.lwG wli4JmG11: 

Un]1 lll£UWli tnhfuG11plq]IwljwG qnJlOJ}Gpwg[l UJWpqhglibpn 

Gt4wtnwljnl{ J!U1l-llllitlmt.l t , 1111 UJ1W mqqwG4JmG tnbuppUJWhUJwGtjmt.l t 

2!12UWG qn)lOtltipwg]lt!lipwgpm!l : 

PJIWU]l pwliuq t.lwljhiiLllljp]l 6wlJ.wtnwj]lG (Ul.JUI:f>]l!_) UJllllJh4g]lwli 

ljwnmgtjmt.l t wnj1 2lls_>t.lwG 6wljwtnWJ]lG UJIUIJhljg]lWJ]1 qiJwqi1]1 l.jj1w : 

U.1li 4WilhUl t ljwnmgbt_ hil4m hl[WGwljmf: 

Utnn)IL tnptlwiJ t ljwnmgt.lwti bqwliwlj[l [IUtn UJilll:f>. C2m 24l1G]1 

t.lbpm1]1, np]1 1lhUJpmt.l l)LG wtjhL11 ljnt.IUJwljtn t utnwg4_mt.l : ITJ.Im:f>. 

Ciml 4l1GG JlGrpuGmt.l t , 1111 wz}uwtnwGp]1 dwt.lwGw4 4.wit]l a 

funpHlJl.flllU!_! ljW[lll1l t 2.5ut.l-ntj w6bt_, WJU]lGpG 11wnGwt a+2.5: UJu 

qtuwmt.l (a+2.5)xb 4mtt.lh11 mGbgm1 Wll[l, 2-pll q]1pp]1g 3-Illl ll]1Jll2}'G 

wGgGhtlm 421t2l\ll n~_ ph e ljhtnj1 Jll1Il2L1, WJ[_ 2.5 ut.l W2 qtnG4_nq e' ljhtn}1 

llllJ12[1 (Glj .3.I2): 

3-JUl11JlJ1p]1 4.hi1SJ]tti tlJnqmt.l wljnuj1 hwtnwlj]1 Gljtutnt.lwt.lp Zlls>tJwo 

s: ~ . a+ 2.5 
wn[! ljljwqt.l]l11{ ph u wG4Jmli, wn u 1 = arcsm wGI.umu : . b 

57 



. ....,___,__ -j_ --

w 

0 
p 

"U~.3 . 12 pL~ tiw~wmLUJ~U LLJJlOJh~g~LUJfllJwnmgmu~. 
LU - LUO}l2Jl~ULUii ujuhuLUti, p - pL}l DW~LUUlLUJflli ll{JlOJh~g}ltuti 

q.owqpjt 4.J1w (a+2 .5)xb ~wlflb.Jt]I mGbgm1 wn1~ 1 .2.3. tlllppmu mpt.J.w<) t 

ltbmwq<)bpnt.J.: linj1g wqwmt.J.wo tnWJiwi)mpJlllU[l 4n~t.J.mu t wltnu, 

(doecc'), IIJttnbt)'do- 4n~t.J.mu t wltnu]lll!Wtn, oe- w4nup hwmwlr 

ilputbuqji]IJ1WG{1 ~WJtji c:huuwGw4]tp 4.J1w •wt.J.wi) .'j>mG4g]twG 6jt2m 

4wmwpjt, wGhpwdb2m t, BJ1 pwGm1 uw lthiii.mtjpji 6w4wmw.J]tG 

UUillJb4gpwG wqwm tnbqwt.J.nllt.J.1t w4nuj1 ub~: PwGnq uwltbJlulliJJl]l 

6w4wtnwJ]IG hqjtwqp<)l! pwtl4wgwo t Gb)Ipup, t}W2lflWJjtG, w4nuwJjlG u 
~bjtjtG hqjlhjt]Ig : 

\.,bppujt hCJ.II!! hwu!!G4Gmu t w4nu]1 hwmw4j1 hbm u ]1Jlb.Gj1g 

GbJiltWJWQGmu t Junlflfl lttnJUll) hqj1jt uum.'J>]lt UU111JhltgJtwG: 
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'IAi)lJ2L]l hq)l]l 4wnmguwli hwuW[l (ti4.3.l2) 0 4htn]l!-J llhll!Jt Wi> 

Ulhl]WIUJ~Ill u f. wn]1 [1UllqJ14uwG l W.JUlll.f3JlllU[l b, llJllljhuq]l t.jwpjt 

dwuwGw4 Juwpw4tibp ~uGwG , WJll uhOillJ3JillUJ! bp4wpwgt.J.mu t llb = 

2.5uu : llb wti~wtit.J.mu t t.J.bttwi)wo4]1 ubilmJ3Jlllu: \.,b[!pL]l bqp]1 

tp4WJllllJ3JlllUl! tn]•G]l b+~b uhonlppnG : 

'1-W}lflWJ]lti hq]t]l 4wnmguwti hWUWJI 0 ltbtn]lg tnhi]Wl}Jlt.J.Illu t 

H=b+MI 1 wptlhp[l (bpp a~20uu, llH=O; a=I2.5- I7 .5uu , MI 1=1 - 2uu, 

a= !Ouu, Ml 1=2- 3uu ): 

fl]lll!l:itiq]t ]lJlWU]l l}W}tnWJ]lG bqp[l ~2414.!1 wltnu]l \.4WU1]1 hbUI P' 

ltbtnt~ tnhi\wt.J.m!ut.J.mu t w~ · 10 uu . ~wJ!1n~ u umwgt.J.wi) P 4bm[l 

u]twgt.J.mu t 0 -jlti, 11!11! GbpltWJWQUiliU t l]WJUlWJ]lG bqjlp: 

li4ItuWJ]lti bqJ•I• 4wmnguwti hwuwp d 1 4bm]tg' (a+2.5uu) ltnqunt.J 

wnj1 u]li>UWlthUil!, (axb) 4111\Uh]l mtibgnq wn]lu tnW]tt.J.nul t qmqwhhn 

nni.]tq u n,ltbtn]tg WJIJ mqq]1G ]t2hgt.J.mu t 1111111Whw.Jwg: Umwgt.J.wi) 4btn{1 

d~ u]twgt.Jmu t n ltbtn]lti: 

PpwG]1 ~bp]tli hqJlJI ltnpwq]I<) t L 4wmugt.jmu t hbtnuJWl olmt.J. : 

0Jl112t.J.lllu t bqpwqi)jt wubtiwpW)IOJl H"'"' PWJlO)llllJlJlllUtl' w4nu]t 

hwtnwltlig htU2~wo: H max =~a 2 + b 2 ± ~H, ll]ltnhlj llH = 0 - lOuu. 

(+) wpdbpti JlUUlJtt.J.mu t hJihut.J.wp]l Ilhuwmu (a::::I5uu), (-) WJtdbpG 

J!UlflJlt.J.mu t tunJIJl t.JwJijt l}buwmu(a> 16uu): n 1 ltbtn]tg mwpt.Jmu t w4nu]1 

hwmwlt]tti mqqwhwjwg mqJul L lijtw 4J1w mhl)Wl1Jlt.J.mu H'",.=n 1q 

wpdbpjt: q ltbtn)! ujtwgt.jmu t P 4btn]lti L tnWJit.jmu t Pq mqqjtG 

ujt~Uilllll\WhWJWg ' UjtG~L qnl 2WJllllUW411lJ3.JWU hbtn 0' 4btnmU hwtnt.Jbw: 

Umwgt.jwo o· 4btnflg O'q 2Wnwt.J.qnt.J. qot.Jmu t Pq wJ)hlll! u d 1 ltbtn(! 

uwlunG 4ntiwqont.j (qd 1) u]twgt.jmu t q ltbm]IG: 

cl-pwlint.J wt.Jwptntlmti t ]IJlWUjl pwGnq uwltbJ1ulllJ.f3]1 bqjtwqo]t 

n0Pqdd 1n 4wnmgmup: 

i!mfinq umfi~hplmLJ~~ mqqnpq ~np~ ~mnmgmu~ 

li4nu]t hwmw4Jt O"r'' G4wmuwup (G4.3. 13) £ wG4JwG mw4 (Junt.J.I]l 

llJI~w<)p]t wG4JmGp) mwJnJmu t O"r'"nuuuw: 0 " ltbm]Ig mwJttlmti t O"r"· 
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lllljfJ]lli lllljljWhWJWg lllllfliJ11 u WJI) 1111)1)]1 tiJIW 0' 4b1.11]1g UltUWO 

1.11bf\W11Jltlmu t lllllJlflJll} 4nJIP 

R 0 "0'" JLU11WtiJ1]1 hwztlwp4WJ]lli Wjlclbpl! p ::::: . : 

l.Jwr1wqouwli ctwuwliw4 hwpUWJI t R llwz . wpctbpp tllimpbt R,n111 

wpctbp]tli wtJ.bj]l unm: 4WJ14Jlli]tli LnWJUtJ. R hwz . pwgtJ.wap ' cr· 
lJblimJmli]lg wqbq t qotJ.mu: 0 "' 4bmJig w4nuJ1 hwmw4Jili qmqwhbn 

mwptJ.wo qaJtg zbqtJ.wa mwptJ.mu t 1'1£ = 511 mw4 uJI n11l]u1 ilJ1li2u WJ]bq]I 

hbm d 4bmmu hwmtJ.btu: O"d' 2Jl2WliwqowJJlli lliJlllJIJlll 4nJI]Ilmqwzbpmp 

[Wlj LfiJupbglibt ~11 4wJmll, pwGJ1 np 4npm~JwG zwnwtJ.Juw u]tzm 

hwumwmmG t LiGmu: <l>JupbymuG w4mJltlllWJHWbp11 hwdwJI O"d' 4nJll! 

tJ.bJIWL!IIIJumu blip Uj.WjlWpn[J!: l!JU Gtywmw4ntl d' ltbm]Iq ltwliqtitqGmQ 

blip O'"d' lllllllllG lllllllWhWJWY uJtG,?lt O 'r' ' qo]lltbm c ltbmmQ hwmtjbu! 

O 'r"'nu11lf1 tjpw ()"' ltbmJ1g mbqWll!lliLQ blip Junlfi]l [WJUlll}}JlltUJ! b 

umwqtJ.wo cd' Lt co· m!J1tGb]tl! pwctwlimd LGp pwGwltmiJtJIWJI hwtjwuwp 

uwubp]t (8 uwuJt): PwuwlidwG LiwubJlJI hwdwUJ.wmwuJuwGwpwp 

Gzwtiwltblip 1,2,3,4,5.6,7, Lt 1,2,3,4,5,6,7 : PJlWJl LiJlwglibtntJ. I lttmu 1'­

JlG.2-u 2'-JtG Lt WJJU, ttumwgtJ.It nulJul qobpJt uJt [ltimwG]tp, llJl]IG LnWJitJ.wo 

[OllJllllllll! ]t]lbli]tg ljUbJlltWJWgli]l UJ.WJ1Wp11J]l mtup mlibgnq llll)l\IIJlJ) 

ltnJll!: 

l!tuunq omlthfllintJp~ hnJl~qnuwltmG UfJlll.Jhltg~tuJ~ ltmnmyumG 

hWUWJl UUlll~>]l[ UJ.llliJbltg]twG lt llll\1]11]11} ltnJI{l hwmmQ blip wljnuJt 

hwmwltJtG qmqwhbn · ]tiiWJtJlg 5 ud. hbnwtJ.nJllll~Jwlip octwGJ}Wlt 

hWJlplllflJillUG bJmtJ.: 

uztjwo hWJlfllllPJlllliGbjl]l PWJlOJUilPJlllUUbjljl w4nu]l hwmwltJtg 

GzwGwltblip Z1, Z2, Z3, ... , Z,-ntj : Utu hwppmpJmGlibJtJI lt uwltbpumwJl 

hwmuwG qobJlll (nJmGp nulfut qab11 bG) wGtjwGmli bG ltwqunq qobp, 

llJillUp ltmtmnqtwltwli, Q[WUWJJtG u lt]tUWUJ.LillllUJ.WltWJJtG ~ltbpJt Qnm 

uJtzm qmqwhbn bti wljnu]t hwmwli[tG : 'l1Jm.'p]lL UJ.llliJbltq]lWJjt tUIW 

ltwqunq qobJll! hwt.lwtywmwuJuwliwpwp GzwGwljhGr 1-I, II-II. III-III Lt 

WJ[li: l.,ztJ.wa hWJlfHilpJmUGbtt]lq Jlll[1Wj2WU2Jli1Jl[lllll\l[llJill 411JIJ~ ljhwmJt 

ut4w4wG ltbmmu : Uju ltbmbJl]l w4nu]1 hwutwlt]lg ltqmGtjbli oclwtil!W4 

hLUJI!Jillf!JlllliGbjt[t u]tltGn!JU Z 1 , Z2 • . . Z, , pwpopmpJWU tjpw , ]1G2UJ.bu 

uum1>Jtt UJ.llllJ b4g]tw Jll tjpw : 
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flup]llJU}]l ltnpJt tUIW L II, ltbUiliJI]l lmtl]tqnGwltwG 

UJ.lmJbltg]tWJIIIU ltqutlitjbG tunlfi]t ltmJllll\ bqp]1G llll]l]WhwJW~J NN 

hWJl['HIIflJWG tl!1w: 4mJLillllJIWltwG t}u]t GwJuwqoLiwli Jwdwliw4 NN 

hLUJIJmlflJIIIU[!, ll[lU llli\1\WhWJWg t JunlfiJt ltlllJlllll l.tUI]lli. LllW[ItjlllQ t 

]Ulll!I]l OA ltUIJUIJl hqjt[t' 2/3 ULUU]ty, 0 ltbm]1q hWJtjtuil: 

li]luwUJ.mmmwltwJ!tG pubp]1 unm NN hwppmpJmtitJ mWJttjmli t A 

ltbut[1g: 

Cl-twGwJ]lG pubp]1 unm NN hwJlpmpJmlip 4wpbJ1• t mwuL1 OA 

lllllllll gwGltwgwo ltbm]1g : .!.nJI]•qnliwltwli llJJ111Jli4gJtwJ]l NN 

hwpplllpjwli tUlW oli]1~]1 lt UJ.WJlWpll]WJ]lG hWUlUWU ltbmbpjt 

UJ.llllJb4yJtwtibJlt1 umwliw1m hwuwp IIIIJJlllJill ltnJl]l Gztjwo ltbmbp]tg 

mwtimu lilij2 rmL!ljl 4U1JIIIIl hqpJt hnp[lqnGw4wG ty[U1Jbf•q[lWJ]lli 
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qmqwhbn llll]jll]Ub)l ujili~LI h.h. hwppnlpJwli hbm hwunJbJp: fc.>-Lijt 

uw~bpLimwJI 4wnmquwG hwuw11 wlihpwdb7U1 t mqlnl qjtop (oGJt~ Jt) 

mtt]wzwpdb] mt]tlll!lll 4npj1G h14~wo · WJli utiZUl w4nuJt hwll1w4Jtti 

qmqwhbn ll!WhbtB~ : Glijl~Jl li w4nUWil!WUljl ujtyll 4wqutjwo y 

wG4JmGJ.! nuJllllflll 4npj1 tl.Jtw ?W]Idbtltu t!Jnt!JBtu~mu t npnz 

opJtGw lwtjiill~JWUp : UJUil!bu· qJWUWJjtli pllbJt)l UllUl y wG4Jmlip ujizul 

hWUUlWUllllU t utimu· y == cons!: lJZWUW~IliU t pnpl)l o(ijiltibpti Jl!lWJI 

qmqwhbn l..li: 4mtUimpw4wti U1JmJlt pllbJiji unm y wG4Jmtiti t!Jntut.Jmu t 

hbUlliJWt opjitiw lwt!JmJ~JWUp: lvnt!JJt 4UlJllli1 bcUtli li w4nuwll!WU1jl uJt yli 

4wqu~wb" Yo wG4JwG G4wll1uwup w4nuJt hwtnw4JH.J 7-10 uu 

PWJIO)llllfl.JWU ~JlW tjlllj))IWlilllU t 1-2 "-n~, llli]jlfl qoj1 opjlUW~Wtjllll flJWUp 

( ec), W.JUlllhUUllJ ll!WJIWJ!IlUl O)ljlUWlWtPIIIJ3JWUp w6mu t 2-7° -II~ 

(ti~ . 3 . 14 ): 

4jiUWll!UllllUlw4wJJili pllb[Ijl unUI Yo wli4JmGl! lit.J.wqmu l. 2-4 

WUU1j16wlint.j, WJUlllhbUllJ w6111U 7-1 5 WUUljt6wtin~ : 

y wG4JmGp ~llllU1lllJ1W4wli mJmJ]I ~LI)1 Jlbll!t:JlllU t!Jnt!Jntu~mu t 

6.2x 2 

Y = X 2 + J OO l4WJ1Wpll[ll~: Y wli4Jwti t!JntJmtuuw(i OJtJ!GW~WtPlllfl.Jlll U[! 

Ym in 

Z, uli 
z 

ulj.3.J4 Y LUliliJLUU tllntjinfullLU[j OJI!llitU~lUl~nlf\Jnlli[l ~nqtnnljHU[jLUli 

m~ttt~ pt.~ tlnm: 
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y 
y 

X 

Yo Ymin 

Zio 
z 

U lJ . ~ . 1 5 '{ LUlilUlllli LjlllL~ntuULUU OJlllliLU ~ lUl~OiflJnLliP. lj~UlUlLJLnnLUllU[JLU­

Jll li UllHLJjlplljl Ulltn : 

1r4. 3.14 li 3.1 :"- IIIU Zl " -p w~nujt hWU1W4Jig wubliwtPHJ2Jl YnHH 

wlilj_pllti mtibqnq oliJ!,-J! PWJlOJilllflJlllUli t: OJwlitlW4 hW]lflllljJJlllUUbtJJlg 

Jl ll JllU J2 Wli:Jm)lG tULJitU!t hwUiw41Ig 4mli btiw nJlll l W4Jt pW)IO(llll pJmG , 

lU.Jl} UlllJU plU)IL\ JIIIl(JJlUU LjJIW ljqutlit.jjl (iwlJ WJI} hWJIJmlpJWU Uby 

qmtit[nq otiJt:JL 5w tll jwgwil pwp6]1111}3JWli t.J.pw qUlG~nq ilGJt2Jt li 

w4nuwll!tumJt uji)lli 4wqut.J.wo y wti4Jwti npnzuwti hwuwp hj1up t 

Jtliqml.i~mu ti4 3.14 LI 3.15 uiJit.J.tuo y wtilj_pulilibpj1 tjmtJmtuuwli 

OJlJ!liW 2 W~llll(~JiliUUb(tl! : 

Swppl:iJI pWJIO(llllJ~.llllliGbpJ! Z, ~JIW qUIGLjm] illijt; tibpJ! li 

wlptuwll!wUlJI ujt~lll LJtuqt\tjwo y wli4Jm lilibJtJI wpal:iplibpJlnJmlmup: 

I . lmiJU1111JIW4tuti Uljll4Jt J!]lWUtibp]l hwUWJI O(i]t2libJijl 

pwJIOJilll (JJill GGtpp mpt.jmu bG wljnuj1 hwUiw4!Ig ' u4uwo jtpWJijig 5-

w4wli uu . lunut.jnJillli~JWUp (I oliJt:Jt Z1=5uu,2-Jlll oliji ~ Jl Z~= I O uu . 3-Jlll 

oliJ1211 z,~ 15 uu LJ wnG ): 

Z=·O pW[IOJillll~.JWU tl.J1w 4qUitilijl tuut!JJ! LJUl[llll] l:iqpp 

libp4WJWqlinq iltijt~[l , llJ!Jt ljwqUWO wti4Jm(i(i W~IIUlUUJWUljl hhtn 

li ; wliw4t.Jwo t y,. nt.j , Z = Z1= 5uu ptUJIOJllliPJWli ~JIW 4qmli4J1 2 -Jill 

oliJ!:JL W.JU OU]l ~jl li wlpiUWL4WUljl uJI:»lJ 4wqut.J.wo wtilj_pulip YI-p 4w[!liJJI 

t ll[lllll:it cd..: li cnm 

lnu Ut U LU tn IIIJ~JIIIU p' 
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de de deone - = -. ntlmhrt]Jg mn = 
mn ne de 

llJILnhtl de = Yo-Ymin ' dc=Z 1° = lOul.l, nc=Z 1
11/2=5ul.l 

hwl.lwt4Wmwufuwli wp<:ttpGhpfl mht]LU11Ilhpnf ljumwgtJ]l 

(yo -YmiJ - _ +y _(Yo -Ymin)o5 +y . mn = 
10 

° ), Y1 - mn 1 -
10 

m1n 

~ . '-!IU]UIIIt[IWljwG m]Hl!]l ]liiWGGtp]l hwtlwp CC. 6jllll]llltl Y wGljjwli 

lJ1nlJ1nfu111}1Jlllli[! l!WlliWp~lltli t UJW[lWplltWJ]lli O!l]lliW2_L; ·· jllllflJWtlp : Y 

wGljJWG npnJIIItlLlljwmwpt{mtl t html.tJWL hw~mpqwljwGmpJwtlp: 

'bl.j. 3012-]19 11Jlll2t{mtl t 6wljwmw J]lG m hup]1 wl.ltGwpwp6[1 q 

ljtmp Z"'"·' lj1111Jll1]1UWlli[!: 

LJI.j.3 .14-]19 11Jlll2hlip uwu2mwp1~ A., pt y -]1 JIU[lwpwG z.JIIIJl luti-j1G 

P-Wli]l wum]16wG t hwUwlljwmwufuwGnn1 html.tJWt hwl.ltl.lunmnpjwli 

!uti 

A = Y max - Y min 

Y max 
t5G]llll Z pwpornupjllllil! wljnu]1 hwmwlj]1g ljW[Jbt]l t 

wpmwhwJmht x-nlj. npmtq ' Z-t! b(i]lL[l pwpdpmpJmGG t' hwzt{wa Ymiu 

wpclhP- mG tgm1 a ti ]1L[1g : 

~wztjtGP- Z=l5uU-]1 qtll.jpllltl Yl5 Wildhpp: z, ,-Z, 0=X, , 15-10=5uu 

602X 2 

X 1, -]1 wpdhpJJ mh!]WllJih]nt{ Y = pwGwol.tllltl . ljumwgtJll 
X 

2 + 100 
X,, -j1G hwtlWUJWmwufuwGnq Y,, -]1 wpclhP-tl Uti-nt{: 

Yf,)~. WilLnWIUIJWW ljGbpl.jwjwgti]l y 1,utl-]lG hwUWUJWmwufuwGm] 

y wtiljjwG utampJni Gtl : 

y"OA.+ymin ljGtpljwJwgG]l ntlllGht]l y, , wGljjwli utampJmGt! 
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'") 

A 6°2 ° X J5 Yrnax - Ymin 
Yis==Yiso +Ymin= 2 lOOO +Ymin• 

X 15 + Y max 

7 
0 

Xmax =Zmax -ZI, 
602 0 X ;nax 

Ymax = OO 7 ' 
] + X~ax 

? 

6°2 ° X l5 Ymax -Ymm 
Y1s = 2 ° 2 +Ymin• 

X 15 + I 00 602 ° X max 
7 

X~ax + 100 

2 

Y _ X1s 0 Ymax -Ymin (x2 +lOO)+y . 0 

15 - 7 ? max rmn ° 

x)5 + 100 x;nax 

x""'' l.t x" wpdhpG htll! Z-nt{ wpm whw JLn htwt{ ' t{ bJiS?GwljwGwUJbU 

ljumwgt{l1 

(zis -z~Y · (Ymax -ymin){(zmax -z~[ + 100] 

Y1s= [( )' J ( )' +Ymin zl5 - z~ - + 100 ° zmax - z~ -

Z=20uu PWFOlllllflJWUp lliW[lt{Wb hwppmpJWU tlb2 qmGt{nrt oG]l2]1 I.J 

wl.jnuwUJwmp tl]121.t ljwqut{wo y wGljjmGu H[lH2hllu hwuwp 

hwtlwUJwmwufuwGwpwrl ljumwgt{l1 

3. ec 6jllt11ntU lj]lUWUJLnlllLnWljWJ]lu mjuq]l ]l[lWGGGtp]l hwl.lwp 

hwzt{W[IYI! ljwmwpt{mu t ]IuzUJhu 4mtmmpwljwG m]nq]1 l.lnm: 

4. ceo 6JllL'llllU ljjiUWUJLnlltmWljWJ]lli m]1UJ]1 ]l!lWGGtp]l hwl.lwp 

hwztlwpljl! ljwmwr1t{nttl t GmJG htppwljwGntpJwtlp, t.l]lWJG WJG 

UlW[lptrunpJWUp, np cc· 6Jmqmtl h]1tlp t l!liqmut{nui WJU pi.J]tG 

JIILilWhwmmlj y = x:/2P UjwpwplllHJ]lG hwt{wUW[lllLUt! : 
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Z== 15uu pwpa[mtpJwUp mw[Hjma hw[l~mpJlllf! ut2 qmul.jm1 aliJ12l1 

hwUW[l hwUWUJ.WUIWUfuWUil[ll:iu LJ.umwgt{ll 

x 15 = zl5 - z~, 
x~, (zl5-z~ r 

y15 = 2P = 2P 

'~~ = (zl s -z?}. (ymax -YmiJ +'~~ . 
115 2p 1 mm 

Ymax 

_(zls-Z?J _(ymax - YmiJ ·2P +'~~ . 
Y1s - 2p {, o\2 1mm 

\zmax - z, J 

auwtftnfumpjmU)lg hbmn Li.bl12WlJ.wGwUihu LJ.umwg4.l1 ' 

y _ (zl5 -z?Y (Ymax -Ymin) +y . 
15 - { 0 \2 mm 

zmax- zl J 

SW[lph[l z pwpopntpjmGlih[lJl Li.IIUl muhuwtntl aul12Ub[lp Y; 

wu4.Jmuuh[l)l hWUWUJ.WU1WUtuwu Ul]H:thp(i bp{! ' IUJ[lJlqllulll\jlllU 

UJ.IUIJbltg}lwJ)l NN hwppmpJwu ut2 umlllglJ.wa hwt.lwUiwmwufuwu 

IJ.bmJJg mwpl{mu bfi Y; UJli\jjmfifihpnt{ au)l2uhpJ!: l.J(iwgwa 

IJ.wnmgmuuhpJ! IJ.wUiwpt{mu tfi mttuu)l\jwljwu qawqrunpJwfi 

IJ.wunufi trmt[: 

tiwLJ.wmwJ)lfi lllllllJhlJ.g)lwJ)t 4.I1w au)12liht1)1 u Jlrlwu)l h<u1wqal1 

hwUIUw(i ltbmtpu, hwlJ.wUJ.wmwu}uwfiwpwjl UIJillJh4U1htntl hntl)Iqn-

liwLJ.wu UJ.J111Jh4gJlwJp NN hwppm~Jlllu 4.I1lll y wu4.Jmlifihp)1 mwlJ. 

Ulrupt[wa auj12fihi1}1 4.I1UJ, ljuUiwgt[bu hQIIUJqaJl lm[t}JqnuwlJ.wfi 

UJ.llliJ l:iljgJlruJfl 4 bUlhil{l, qpwup hW211I1JlWPUJP llflliJUJUg U}1wgu btntl' 

lJ.uUiwyt{ll J1Jllllfi}llmrlpqnuUJ4UJli UJ.IlllJhlJ.g}lwfi: 

<_jlUp {!(iJpn(i btntl au)12 fibti!J. lmp)1qnuw ljwfi U UJ.Illl:P}lt UJ.IUIJ b 4-

gpwfihtll! ' ltwJlbL)l t umwuw1 U[lUJug lllll.IlWOJiq UJ]ll1Jh4g1JwuhJIJ! : 

. . z. 
PWIIO[mtpJmUGhtmtl mwpt[mu bfi wLJ.nuJl hwmw4l1fi qmqwhbn qoh11: 

<.np}1qnuw4wu l41111Jh4g)1WJ)l hwUWUIWUlWU}uwfi au)l~uh[l}l O"wjpW-
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yl:imhpti lllJlliJblJ.ml:ipiLj WJil qohp)1 LiJIW, LJ.umwgl.jhu hwl1wUJ.wmwutuwu 

ou)l ~ tlhp)llllllllWO)Iq UJ.JlllJhlJ.g)lwuhtl!l, llJUiug bwJpwlJ.l:imhpJ.! l1Jtwguhtmf 

LJ.umwgtlJimqqwa)Jq UJ..IUIJhlJ.g)twJ)l tqpwq)loir 

~ruu(i~ pwfinq uwlJ.b.plmLJ~P L)lfupb.gfinq hwmlJ.m~Jmfifi wpmwhWJUlnq 

LJ.np)l LJ.wnmgmul! mqqwo)lq tqpnJblJ.g)lruJp tJ.pm 

fiJ-u)1 ljiluJtbgfim\ hwmljm~ Jmfifi w [lmwhw JUILjmu t a wfi4.Jm fiml : 

lijl} wfi4.Jwfi l}lnljmfumpjntfifi W[lUituhWJillnq ljlllll! UU1WUlllllll hWUUlp 

!UJ[l)lqufiwljwu UJ..llllJhltgJiwfi hwmmu bfip wljnup UJ.Wm)Ili qmqwhbn ' 

ll)n1J wlig)1g 5-wljwfi uu hhnwl{npm~JlllUp hwp~IU~Jmufih[mt{ : 'ULJ.. 3.13-

nul qntJ9 t mpl.jwa WJI} hwppm pJ111 fifihii)Ig uhlJ.[! · q0- q0: <.up)1qnfiwl)wfi 

UJ.lllljliiJ.g)llllJP tlllW WJU hlllppmpJiltU{! afil12fibp)lfi \jhUJUip ubljwl)wfi 

ljl:imuuL UJI} ljbmbpl! UJ..llllJhlJ.mbptl{ mqqwa}1q U!JlliJhljg)lwJli hwuUJ­

UJ.Wlllwufulllfi afi)12fihpjl Li.IIW , UUllllUIUU bfip WJll \jbUlbjl)l lllllf\UlhWJlll9 

UJ.llllJ bljg)JwfihpJ.! : UUiwgl.jUJa lJ.bUlhpJ.! hW211MWPWP uJtwgfibtnl{' 

ljumwgl.jj1 a- wfiltJmfili llliiUIWhlllJ.UIIHl ltnpJ.!: 'Vzl{wa LJ.nrljl gwGqwgwa 

lj hmm U a wultJwfi ubampjntUJ.! ll[lll2hLIH hwuwp U1Wpl.jmu t LJ.np)lfi WJll 

ljbmmu znzwl}lnq lllllJlll, WJI} mrptll u llll[l)lqnfi)l UJ12U IJ.wqul{wa 

WUll_)IILUl! lj_(ibpl{WJlll9U)l a; UJu4.JntuJ.! : 

~ rnufi)l pwfinq uwlJ.b.plmLJ~P2J1~nq hwm4mpJmfifi wprnwhwjmnq 

ltnp)l 4wnmgnuil! utPn:P)lttqpnJhlJ.g)lruJ)l tJ.pru 

fO'u)l 2J12llll hWUl\jntpjmu(i WjlUllllhWjillt{ntU t ~ U1li4.Jmum{: ~ 

wu4JUtu tflnl}lntumpJmuu wpmwhWJilll1l1 lJ.nJII! uUiwuwtm hUJUWil 

llll!l}Iqnliwljw(i UJ.III1Jb4g}1WU hWUlntU bfip wqnu)l UJ.WUI}lU IU1jllWhWJlU9 

hwppntpJmlifihrmt{, o)IUJwligJig 5-wlJ.wfi uu hhnwt{njlllt)}Jwtlp (lilJ. . 3.13-

mu 9IliJ9 t mpt{wa WJll hwppntpjmfiubpjlg Uh4J!' Po- PI)) : <.np)lqn(iwqw(i 

UJ.IlllJb4g}lWJ)1 tUlW WJI1 IUrUuU! afij12Ghpflfi lj_hUJUljl UbiJ.wlJ.wu lJ.bUlntU : 

liJI1 l}bmb[tjlllllm:Pflt UJ.J111Jhltg)lwfibpJ.! uUiwfiwtm hwuw11 UJ..llliJhiJ.mt[mu 

hfi lllflll:P}lL UJ.)111Jhqg}IWJP hwtlWUJ.WUlwufuwfi aG)12Gbpjl t[pw, UUlwgt[wa 

lJ.bmbJll! hW211[1JlWpWJ1 ujlwgfihtnt{' lJ.umwgtlJl ~ wu4.Jmu(i Ul)lilllUhWj­

Ulilf\ 4npJ! : 'Uzl{wa LJ.np)t gwGqwgwa qhUI}t hwuwJI ~; wfi4.Jwli 

utampJntfijl npnzbpn uUJ.UJUlwlJ.ml WJil LJ.bmjlg UlWJlt{mu t znzmlll1l1 
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llli][Ut . WJI} 1111UUUI [J w4nujt hwmw411 u[I).)ll 4wqutj.wo wli4.Jllllll• 

4libpl.jWJW9lili 411[1[1 W.Jl} 4btnjlli hwUW\.liWtnWUjuWUlllj l ll~lll] ~ ~ 

wli4Jmlip : 

t!w6nq tfm4hJ1llmJf}~ ztu~Lnfi 4nJlwq.ahJ1~ IJ tftm.t.wap~ 

4mnmgnui(! 

f?l ·ujt pwGnq Liw4lipumwt• Gw]uwqomli]19 hbum ]Ipwli]I 

\.liWUl[IWUmliwG 6zmmpJntGtJ um111qLpn hwuwp wlihpwdbzut 1: mlibliwt 

WJI} Liw4bpumwt1 mwppt11 hwmiiiJI~libtl]l JW!!tHG 4npwqobpl1: 

CwpJnG 4ntJwqabpl! 4wmngmu hli wnwG6]1G qbwqttw4wli ~tpp]1 

tJ11w : U.Jt} linlJG qbwllJIW4wli pbppj1 \jJIW , h]nlp J.!GipnGbplt.j JWpptG 

I.JilllwqobpJl , 4wnmg4m t.l t. liwi.J pw lin!] uw 4hpU.nlJp]l tjmtl.wbptl : 

Cw~Jnli 4ntlwqb[J 4wnmgllwG llwuwplm[l]tqnGw4wli l.llllli.Jh4gJlwJ!I 

lJillU junt.jl]l hqjl]l q]Jbjl JWIUIIUW4t.jm U t hbtn]lG ClWJll[l llll]l]lllJl.JWUp Ill 

]uut.jlj1 bwJII]tg u4uwb wJG pwdwlitjmt.l t ]lllWJl[Ig 5-w4wli uti 

hbnwtl.nlllllJ)Jillli mGbgnt] hwmtJwoGh11]1 I! 1, t "' f ·" . .. , 1: 11 : UmwqtJ.wb 

JllljlW)2WliL.JlltJI 4btn]lg lfllUIIt.jll\U t tuntl.l]l 4tnJllllj bqjl]lli Illlji]WhW.JW9 

lih4w4wli hwppm P.JIIIU: 

Cwpp1li 4ntlwqb]l 4wnm!-JmUp 4WtnWil4mt.l t G4 . 3.13 qbwqp[1 

h[lllw(i lJIIW : 

rlS. 

' l ! ~~ ! T ! 1'-

~ ; I :~ ( I iriS 
i . 

:-r I 'I I I I \ 
I !T I ""--l . \ \ 

·-
' I I 

' I '\ Nl ,,, 
. \ ' I 

+-L:+-~-L J . .\ \: ""'-1\ \ \ "' \ \ I \ : ·, : \ ~ \ t'~ , \\ \ "' '-- I \ :'1~ ~ ' ' ' ' ~ " " ' ' ' ' '~ '..._,r ', ! ',,, ',I ', .......... ~ ~ '"" "'I '\J 
sl (', 1', (:, !', (; r, f ~ p, 

. l l) Wqpw 4tuli W}jUWUIWUj]!.l l.jwtnwptJm U t hbtnU.JlU] 

ltW ~'IIJUJtU4wGiup.JWUp . lil.j .3.13-]I lmpjiqnliw4wli \.liJIII.Jb4q]Iw.J]l OS, 

111 qjulJI ( ,, f ,, f 3 . .... S, pwc.Jwliuwli 4bmb1mt1 lin1JGillpJwlip Li]IuGmJli 

:tutjmtJ mLIJWIJlllJnlll t. qowqpwl]wli pilJ~ji ti.Jtw (li4 . 3.16), WJI} qoj1G l 1 • 

z> z lll"' PWJIOJllllPJLUU tJpw illWJ!lJlllll bli qmqwhtn llliJ]lllUb[l u 

l.j tUI ~ lll!-jljlllU JWPJIIU 4npb]IJ!: 

tl-!HJlliD, gtuG4wlimu bGp l.jwm119LJ y,. - Yo hwppmpJwG JWpJnli 

llllJIWqjiOJI: l~Gqmliblip , llJI y 0 - Yo llUJ]U]li wliyGmu t t , 4bmntJ : 'b4 3.16-

lll u OS , llll]ll!I 4J1w f., 4bm]Ig u4uwo · I)bl.l.lli chu]u, mbqWIIIUHU blip y0 -

Yo llll]IJ]I L ali ]l( li b11[1 hwtnlituG 4tmbpj1 hbnwtJnJHll pJmGlibpp ( G 4- 3 13) 

( / ,, d ,, d2• d,) : 

"UJtJwb 4bmbpj1g (li4.3.16) OS,- ]1li 4wliqlibgtjmli t HliJJlWhWJWCJ 

lllljjllj . U]lli ~ U. iiWUWI.liWilllUUjuwli oli]l(Gbp]l !Ibm hwtntjbJlL U..tiJ 4bmt.pp 

t.I]Iwglinq 411Jil.i ]lpbli]I\J 4lit;pi.J.w.JlU(jliji Yo - y, hWJIJHlljJ)WG lib ~ JWpptG 

LlliJiwq]IOJI : (, L1bm]H.J (G4 . 3 16) 4wliqlibgGmu bliJ2 OS ,- ]1li 

lllljl jWhW.J LUg lll!Ulll[.l u ( ,d5 lp1pli UIJl}lllJli]Jl tJpw 6qmu blip llllj]U] qontj : 

U 15d , = L,d ~: U.1u 4nJI]I 6qmt.lp 4wtnWilt]mu t. 4wp4j1li]1 oqGmp.JWUp. 

tul)bllll tjbpwotjmU t. pb4.JW] qo]1 .(W))lliU)WpWjl 4Wlllll(j\j111U bli uGwywo 

PllJIIJI zwpp!G 4npwqbbpp , u hLUUW\.liWUlWujuwliwpWII 6qbpltj " 

ULmugtJmu bli W.Jil 4uptp]1 tJmtjwaplit.pJI : fliq]nJlibpjl btuJpLul.jbtnbJlti 

t\jiUJLulig li]1wgGtpnj' lJUillWl.Jtj]l pwlim1 liw4bpLmJP]1 tjmtjwoplt: 

'l·[tUUWJ]lG thultbJlUIIlJI~libptl hGwpwtjnp t 6}tn11pbG t.jmbt. qJ.wliw4bJI\.ll 

Liw4bpum.IJ1!1 t.jmt.jwbnp umwgtjmu t unmw~utt 6zmmpJwlip : 

3. 5. ~Jtmfi)l tl_pm mqqnq nL<thp[! 1.t JlJltufig 

hmtlutulllJ1tu42nmpJmfi tqtujtltufifihp[! 

fitdtuJJtfi pfimpmqJlJll! 

l1-t11pwli]I WJ]uwmwGp]I ctwuwliw4 wn[1 u ]umjt-pu uw4bpumwt1 

t.jmjmuqt}Ul)!Hj)JWli qlllnlllt.l l.inpliwt IJ hwpwphpw4wli zwtidmliGbp]tq 

tunw~' wlimu tli znJwt.jmtJ [WJmtulitp, ntmGp. I.Jw tut.Jwo hm1]1 



luum4wfill2UhJl}lg lJ tJlH:iwljJtg , uw4hp!Jntjp}l o!Jltg , tuntlJI• UW2~WOlli!}JWU 

wump6wfi]1g tnWJlphp qnmltlihJmtu umwGutu bu tnWJIPb11 W1Hthplihp lJ 

mubumu mwppb11 llllllllll!}JillUUb)t: lJwl{b)l!Jilljp}l ~pw WI1W2W9WO WJI} 

finpUWt lJ 2112WtPlll1 lllOb)ll! lb{j pbplJ.ntU U)l hwuwqup)l, lJ qmpwli)l 

ctwuwliw4w4}1g mbumpJmlifi ]1 tJ1•6w4J• .>t nru•2htin hwuwqnJ•I• n'l 

uhOmpJlllUU, lJ n'l tt lllllllnt!}.JillUJr liJI} tuGIJJtpJl UhJ14WJillUU pnatJ.mu t 

tlJn110fiw4wfi 6wfiwU!WJllmlJ.' nutwlwtlJuwfi mwpwaw4wli bqwfiw4nlJ., 

npfi wnw2}1fi wfiqwu wnw2w1•'-lbt t q_.4Jmlibfi , I•u4 WJUmhbtn!J wnwlJ.bt 

4wtnwphtWqt1110lJ.wo UJ.11W4tn)l4 4Jl11WI1lll!}JlltU t utnwght fvUU<.lJ-nt u' 

Q . . 'V.U]Ifibn4ntJl1 qh4wlJ.wpmpJwup : Iltctw~wtlJuwfi mw1twaw4wfi 

bqwfiw4nlJ. 111ill211lll hfi hwuwqn1I1t hpbp pwqwqpplfibpJl ' R,;, Ry, R, 

4nn11l)}lUWtnWJ]lfi wnwligpubp]l bphp llll11Jill!}Jntlilib1mlJ.: Ujt} mdbpli 

!!UI}lllUlJ.mu bfi 111lll!hu 1uuu1 tthlibfitnW1l 1}]1UWillilltpJmlilib11P qttuw~n11 

tJ.b4mnp]1 UJ..llllJ b4g}Iwlibp: 'V2tJ.wo pwqwqp}1lfib1•l•g JlllpwpwUl.Jlllll 

b114mu]t lJ.b4tnn1tw4wfi qttu.lwpf! tnw!lm t R,Y, Rxn ~z hwuwqnpli bp.J! 

bpbp hwppmpJmlilihp]l tlltw (lilJ.. 3.17): 

liJI}Illdbp]1 ubompJmlilih1IJ! ll1ll12ntll hli hhtn!JJWl pwliwo!Jb)llllJ., 

Rxy == ~R; + R~, R ., I 2 2 R I 2 2 . = \'R x + R z, ,, = \'R Y + Rz . (3.12) 

fltc:tbp}1 wqquwfi lllllll nt p JIll {j {j b Jl Jl h(i hhtn!JJWl 

wfi4JmfifibpttlJ. ' 

R R R 
Tl == arctg-Y , \jl = arctg - 2 

, ~ = arctg-z (3 .13) 
Rx Rx Ry 

<.wppnt})JWU hwuwqnpuhp}1 wqquwu qbtnb11J! Il1ill2mu hfi £ 'Y ' 

£"' f Y' uhb"mpJntUUbJllllJ.' qpw-1>!1qwqwfi h11wfiw4n4.: 4nqmmpwqwfi 

mflll!li l•pwul• hwuwp umwglJ.ht hu fi2lJ.wb" U!W11WUbtn11hplt hhm!JJWL 

wpc:thpfibpl!' TJ= 15 - 25°, £ xy = (0.3 - 0.5)b, npmbq b-p11wup J1Ul}q1•4liwfi 

LWJUULJ)JntUU t lJ J!Ul}lllU~lllU t ' f xy=0.4b, \jl = ± 12°, £ xz==0.5a, \jl 

wG4JwG l)pWqwfi W1Hfbp}1 l}bUU!IllU lJ £ xz=0.33a \jl - wG4Jwfi 

pwgwuwqwu wpc:tbpp qbuwmu, npmbq · a-lJ.wp}I tun1illLJ3JlllGG t , ~= ± 
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45", f ),=0.75b, ~-wliY.Jwli IlJlW4wli W)IObpubp}t l}bUWntll !J £ ,, = 0.75b, 

~-11 pwgwuw4wli W1tcthnl•qhuwmu: 

OqtnlJ.htnlJ. fi'-!.3 .17-]19 lJ TJ , \jf,~ wli4.Jmlilib1t]1 WJtdbplibp]tg ' hb2tn t 

1111ll2bt mctwJ]lli pwqwtwl•llihp]t 4WU!JL UJull!hu, mwpwaw4wli 

lllOW,.) WtPUWU ubpiU)lllJ. 11Jlll2btn~ R,y lllOJ!, WJUmhbtn!J hb2tn t hw2lJ.bt' 

R,= Rxy COS11 , Ry=Rxtg11 == R,;tg(( 15° . . 25 11 )=(0.25 ... 0.45) Rx 

qwu R):::: 0.35Rx, (3.14) 

(3 .15) 

J2wfi]1 1111 mc:twlwtlJuwfi mwpwbw4wli bqwfiw41! U!WhWU2lllU t PW1ll} 

uw1•vwtJ.n1mtufihp, mutnp fiU!wtnwqwhwpuw11 t mc:tw~wq.uwfi hwpp 

bilWfiwqnlJ. 11Jlll2bt R,; pW11Wl}11l1lJ!, WU!W fiw!J ufiwgwa Ry, R; 

uhamp JlllUU bpJl ' hw2lJ.w114w J]lU Uhf311l}lllJ. : 

?wtlJbtnlJ. qmpwli)l J1WP2WJ)1U R.nu ll1lll2lJ.ntu t ubq ll11WU}l 

t}}tUWillll1lf3 JlllU I! 

(3 . 16) 

HJitnbtf TJ- qmpwu}1 o.q.q.-li t , hw~wuw11' 0.6 - 0.8, n- ]Ipwlifibp.]l p]tlJ.J! 

qtnpwfil• tll•w: 

UJull!lmn~ , R,; pwq Wl)Jll•~Jl pfinru•2mu t ppwfi}1 mc:twJl•li pUlllJPir 

1J11w wpc:tbpJ! qwJulJ.wo t 1uuu• -1>l•ql•qwqwli lJ tnb}ufintnq}twqwli 

hwtnqwli}I2fib11llg, tJ.wpl• Jun1uHpJmlipg , W11Wqtll!}Jntliltg, p!Jp tnhuw4l•g , 

JuntlJlt UWJll}l U1llll!}JlllU}Ig, l}WUW4.ll lJ uwtuwqmpwu}1ljJ1 wnqw­

Jllt!}JlltU)lg : 

Sb}ufintwql•w4wu hwmqwfil•2fitpu liltwu}1u ~bpgpwa pumpwq)llltli bu 

lmtlll mbuw4w1IW11 qptlwl}1llllPJlllUJl, 1111Jl UJillJ)hpp 'l.llUWillllllpJWU 

Rx 
011hfipfih11P hwuwowJu 11Jlll2lJ.mu t hbtn!JJWL pwfiwolmlJ.' K == ab , 

wJul•upu hrnll• J1WJJ1WJUwu qpuw•umtpJmuu ml1lul hwuhuwmwqwu t 
fipw tnhuw4w11WPl)pliwqpmpJWUJ! lJ wn}1 J!Ul}tWJGwqwu uwqhpbultG a.b: 

<.mu• mhuwqwpwp qltuwt}JlllLJ3JlllGJ1 tlJntlJnJulJ.mu t tWJG uwh­

uwuub1mtu' 4wJulJ.wb" uttuwuJ•4w4wG 4wqu}1g \J JunuwlJ.ntpJmupg 

(fiq.l.7) 
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I 
/ 

LLI 
. / 
p~ 

\,[] .. , . 17 J·,pwli]l llltlluJJlli p[ill\)'lllqjtpjl l.pl..piHLIJlf'lllf'.Jill[i[il;pmLl 

ill· h npjHjll[illllpuli , ]'- lipl] LUJ(iLll l]lll li-ll ii\I]IUt'l jHJ . lj · \_llii]].IU.JliLUl]LULi 

llliJit lll('IJtq 

<:nqbp[l UJLmu4WJllll]l !J[!UUllf(l111pJWU wputpliLpp UllU]lpbp 

l111l[hpJ! llwliwp tijl ~ [lu liwzLjm[ ltbmuJlUJU Lu · pl..pu (wL[llllJLUJJtl.i , 

wLjtuqWl]UII.[lUJ]lli) -2 0-3 5 tJil)w. li[l y[ l(t (4Uil[Wl[Ull]W.JJ!li) -35-" .'i . OWU]l 

(owlip ljwt[wt[WLJLUJ[lli )-55-XO L ?UIUI Cl wl.ip (6liwJ[lli !J 4tUL[LuJJtli 1-!LUJLt\ ]1 

[unliwt[lliJJfWlipHW- 130'-l:'l)w 

l•]IUIU]l Ljpw wql}.Jllj lllvbpJl LjnnJmflllll]JJ Uili t[]lW qquq[1 

wqtlbynq-1Jlllli IIIU[l uuil.J Ljwp[1 [1111Jlll1P.JIIIUJI (lil.j 3 1 0~') : l!.JutqLu. 

hGwLjwp hllllll\Ll Ljwp[t [L111J1111J1JIUU tib o wqlllllJI hwliql..qlintt\1. J1lli]IJ[llllV J! 

R, [!liuJt.liu[!Lj w6[1li . IIJIIIJ Wlj[mpL·,(i GwL R, LU(i]lli U1•Li,'qbn . 

IIIIJllwhwJW~J R, pw!]LUIJ[l[t:J• w6111li t: J!Li~LI.JLU l}JIWLJwli. WJUL4bu fJ 

pwqwuwljwu tliiJlJ111PJIL1 lilibjtllLj: R, -[1 pwqLUmuljwli tupJLpp 

llJWJtlWUWLjli]!LjW C) }- ]llllljl]l UWJLjUlolll]1JWU UlUL11[16wliuLj : cJ>upp 

[Ull]llll])JWLi L wlilllJI lmq[1 llJWJlitul.il.ibplltli [qnulip lj!IIJIU hJllll] ntJp 

77. 

w611tti 1:, wuml16wuwpwp tibi'lwgGtpnt Ljwp[t tunJlllll~JlllUI}, R,-v 
Ljmtutlmti 1: llJlW4wG llllllllliJ-}JWlip (G4.3 . 1 ~p ): 

R~ r----.- --.----. 

N Ry t--t---~-+-1 
Rz 

p 

'LLJ .3.1 R t1pwlip ntdtuJ~li plint]~tuqJlJI{!. 

w- hnpj1qnUwl)LUli hwppmpjntlinulJIJlLU(i!t L[ptu LUlJJlniJ mJhp~ utuht.huU , 

p- nt<Jhp~ LjlllljlnjUnLfl.JLUli plinlJJli! lttuJlt~LU() l[LUJljl junplll[l.Jntlip~j' a: 

Cl-mpLUU[l QLU[1Jll1Jftfi qftUtUIWlllPJLUfi lftn~mfuulllfi pfimJpp t{pLU 

qqtuL)l LUQIJUI-JillP.J'lLfi mfib(i fiptufig ~mnmgt{wOQtuJ[lfi u 4!Jfib-

umuJft~tu~w(i llllU[llUUbmpbJI[! 

Swppb]l U1[l l4[l lm'lbJl[l tlWJI]l 4WUlWJlbJill[ W.JU ljwti WJU ou[l 

[l]IWUIII.[' Wll]l bupwpljtlmti t: ll]lll2W4[l qbJIWl.ulllll] UlbUp[l l]b:}>lljl­

tiwg[lWJ[l u hwGqbgumti pW]l( WJ[lG ll[lliWilJllllJ~.JLUU tibo wgtiw(i lj_tuti 

tpllDJIWgtiwl.i: U.Jull1bu. 61.\nm hlll\1.! 4mJUllllJIWljwG ~unt.I tlwptpn 

t~bLLJDlllli Wll]l bGpWJlljtlmti t UlJlllJlliw(i u i'lntituG, U1U11lllntu4w.J[lu punt! 

Lj wpliJlll 11 bL41)111 ti ' ti[lWJ G ll]llJIUWG: Y.b]l2[lu hwliqwtiwGvJI ( 6[1tinm hnq[1 

llJlllWllJllllpJiliUJI ti11m 1.5 wGqwti (G4. 3.19w) : 

0::.HqjJ mLuwljWjlWJI ll[lWf1]llll~JWG tlpw npnzw4[1 wqllUYlllP.JlllU t 
tml)Gmti Cilllu Unquwm[lll1 ]l]lWU[l UJW]IWUbUljlb[tjl t_pnLjm[untp.JlllUJ! : 

llJUUJbU. q]WUW4billl1 ~U]l 0:0=250 U ji()=3 i{ () (uipwq tlWJl]l) UJWJIW-
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Ubtnpbpml_ 4nqtnlllJlW4Wfi pu}l (a0=300; y()=420) hwutllwtn11lp.JWUp 

Imrll1 mhuw4wpwp I}}IuwqpmpJmG.I! }12hgG.mu t 25- 30 % (G.4 . 3 .l9p): 

K1 
lrlllw 

100 

90 

80 

70 I 

0 

l ,5 

- -v 
~ 

l. 

1 ~ -
2,0 

ill 

v 

'--" 

( 

411J.w 

7 

60 
50 

40 

/ 

/ v/ 

/ 
:/ / v; 2. / 

1-Y 

~-
v, u/4P4 1,5 2,0 2.5 3,0 v l oltlJl4 

p 

'l.JljJ .I9 ~n'lP mhuwl.jtu[HUfl q~t.lwqrm~Jwti !pmtmfumpJmtirf ljwfu~wa 

tJ.wr~ wrwqmll.Jmu~g Lu-lJmtrnmrwljLuti pu~ 1 u L4mmmwljwJ~ti ~I.J~ 2 qbl4pmt.l , 

p-qtwtiw\jbflL4 ~rwu~ qbL4pmu· utmuuqwrm I IJ wpwq tJ.wp~ 2 pubrntJ.: 

<.nr\11 mh}uG.ntnq{lw4wG hwmqwG.{12Ghp}1 (zt}luwfi wGI.!JwG) 

U}12119ntl hGwpwt.tnp t 111U12ht Gwu JlJlWU}l t.l.Jlw WQI}Il.Il. 4mlWJ{lG ma}l 

utompJmGrf Ry=R,ctg(y0+ q>) (Gq. 3.1 8w) : 

(.mlll tnbuw4WJ1W}1 Ill1UWI}11IllpJWU 4Pw qqwtll t WJlWqJllpjWG. 

ubompJillGJ.! (G4 .19w,p) : liJ1WqJ1LpJWG ubowguwG hhm w6mu t hmlll 

mtuw4wpwp q}lUWilJllltpJmfi{! :'UzbG.~ fiwu , 1111 }unt}l]1 pw11ZWJ}1G 

q}lUWllltntpjntG.{! pwGmt liw4hpumJP{l {!GqhwG.m11 I}]lUWilJllUpJWU 50-60 

%-G t: 
'Uw}uwqmpwG}14}1 tnhllW4WJillUI} qmpwG)l t.l.Jlw t.lhiJ2}1U{lU ~W112WJ}1G 

!]jlUWI}1llll}ljntG{! t}lnt}ln}umu t ±1 0 %: ~WP2WJPU q}ltlWI}JtnlpJWU 

wnwtfhtwqnLJG {l)?bgmuJ! mhflll t mGtG.nu1, hllP GwfuwqJupwG!l4}l 

tnhll.wl.twJliWG lull!llll}lJillGJ! anr J.!GqhwG.mp tun1llllJlJWG a 4tu{1 ~wt}l t ' 

a.P==0.5a: 'Uw}uwqJupwG.{14P oqmwqnpomu~ qpw4wG t wqqmu 

4wUJw4gt.lwo 6pumn llllJlbJlp qwp{ll}hl..lWntli: 

lit.lwqwJpG., wt.lwqwqwt.lwJ}lG lulll.bJ1)1 t{wpll l}hUWlllU 

Gw}uwqntpwG)lltll oqmwqn110lllUJ! QJllpwG}l ~wpzwJpG I]}lliwi}Jllll}3JillUJ! 

uhowgGmu t I 0%-nt.l: 
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U4wlfwnw4wJ}lfi qwG.wlJ.ll mhqw4WJIHUI}. JmpwpwG.LJIHJl 

}lJlWU{lg WllW2 , 4WUJW4t.lwo 6Jllllltn hnqbJllt t.lwp{l owuwGw4Jl2hgGmu t 
qmpwG{1 ~WJlZWJ{lG I})lUWilJllll}'}JlllUl! 5-6.5% -nt.l u n~ u{1 wqqhgntpjntG lll 

pnqfimu qnqmmpwqwG nnnqhtll hnqbJl}l uzwl.tmpJWG owuwGw4: PntnJl 

l}bUWbfllHU u4wt.lwnw4wJitG qwGw4Ghptl t.twmwgGnu1 tG qmpwGp 

t.lWJlP }uupmpJwG. 4wJmGmpJlllUl!: 

'l-~uwq.pntf)JWU J!UnLJf}l! : Q.mpwGJl {lJlWU}l pWJ12WJJlG l}}ll.lWilJllll­

PJillU\! t}mt[m}uwl.twfi ubompJmG. t , 1111\! qJlW~{141lJlbG {lJlbGJtg 

Ghpl.twJwgGmu t UJWJlpbpwpWJl JlJlWP t}m}uwp{1linq uUI4hJl lJ 

}12t.lwbpGh1t, ntmGp }lJlblig hbJlp{lG LJu mGtu u{141mmwmwtimuGhp 

(G4.3 .20) : lrwp6wmu uUI4wJl1G wpcttpGhtll! 2-2.7 wfiqwu qhpwqwGgmu 

hG l}pUWJ1JllllpJWU UJ19llG WJlObpGbJlliG.. R~•ax = (2- 2.7 ) R~ed : 

l)..}luwrumtpJwG t.twp)lwg{lWJ}l qnpow4.l1911 G.mJGUJbu mwmwGt.tmu t 

tWJU uwhUwGGhJllUU. 80-100%: Q.mpwGll pWJLZWJJlG I}{ltlWll!lllLPJWG UlJlt.l 

pGmpwq.JitlwG hwuwJl llflll2t.lmu t Gpw u}12J1G pwnwqmuwJJlG zhlllllUJf 

<JR =±~(R-RJ 2 
/ (n-1 ) (3.17) 

2 aR 
l)..}lUUJb11upwG DR= <J R u t.lwp}lwgJlwJp qnpbw4{19J! V R = --, 

Rmed 

11}ltnbq R -q}1UWI1lll1LJ)JWU u}l2l1G W110b~G t , R; -~wt}luwG i-}ll} WJl<thpl! , 

n-~ wt}lmuG t11l1 p}lt.ll!: 

flJll12 I}bUWhJllHU l}JlUWil!tnlpJWG t}lnt}lnjuw4wG pGillJPl! 

t.lbJitmatvu GUjwtnw4nt.lnlmzmu h(i q).lUWil!llllpJwG wGhwt.lwuwruupJWG 

wumMwGJ:!'OR u mwmwumuG.hpll hw6w}uw4wGmp.JmGu· nR 

S:: Rmax - Rmin Rmax - Rmin 
UR = U OR = (3 .19) 

Rmed TR 

l)..l.IUWillllll}3JWG pwz}uuwG l.tnpJ! unmbGmu t Ull}lUWt pwzjuuwfi 

O]lbGppG, 1111tnbJl R max - R min = 6a R 'Jm4 a R z 6v R : 

f:apwfilt hwzl[wpltwJltfi phnfil[wcmLtJJnLfil!, npG. wG.hJiw<thzm t 

WUjWlmt.lJ.llll hwzt.lwpqll hwuwp, untjGUjbU 4WJ1UllJl UjWJlWUbtn11 t: 

QuqhwU11WUjbU J.!GrpuGt.lwo t , 1111 }uupwJ{lG WUjW1mt.lJ.lll1 li!1wguwG 
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ll}ltlWllJlni}lJWU lliOI! Rnr Uibmp t uho J]Illj~ ~ 1 1UJ12WJ}lG ll}lUWllJllllf!JWU 

wubGwubo wpdhp)1g , hw4wnwlJ !jl. c:_;j] i . ,j L}lllpWG]l wGpliqhwm 

4wti'))WU!Lijl W}\UUIInUIUIJ}lg: 

ljl(R) i(t) 

f:GtpnGywa t. np R.r=2nR,: UJu qbummu wl1pm12 qmpwu11 hwGIJ}lllllllll t. 

2nR, qjnlwil)UHpJwG , Im4 UGwgwo }l[lwGlib[ll!, nrmtip ~bG hwGtJ}lUibL 

pwpCIJl rlllUW!l)llllpjwG 4mGbGwu (n-1 )R, IJUIJ12UIJ[IG 1110: lrti2liw4[1 pwp}1 

hwlilJ]lUJWb }lJlUIUJl 4bGpwp4tJ.l1 Rpac" = 2 R,n- Rx( n-l)=(n +I )R, 6}1q[1: 

UJuutlwutJ.. nppwG zwm t }lJIWGGbp[l fllltJ.l! qlllpwGmu, WjGpwG 

JlllJIWJ;lWU~JillJl}lllillU uta WUJUHpjmG Uibinp t Ill GbGw : Uw hwtiqbgGmu 

t qmpwCi[1 ubmwqwmW[llll}lJUIU wtJ.bJwguwG u ()C}-_q. -}ltlmppwguwGI!: 

3.6 Q..mprnfip nrnpztuJ]lfi qpurnqpntpjlllfil! 

q.Jilll,wmGmbump.Jwli wpmwiHllll!'JWG ut2 ~wpp wnwl}b[ 

W2\UWlllWU1WJl qnpopG):}wg t, WJil UIWm6wuntJ. wnwGouwhwmm4 

li2wliwiJIHP.Jlllli mli}1 OW[lJWJ!lu IJ}lUWIJ!llll!'JWG llJlllJillUp: Q.mpwli}l 

}2WP2WJ[Ili IJ}lUWIJJUll p JlllUJ! nJm24.m u t L}mpo G w4wG 6wtiwL4WJIImtJ. L 

mbuw4wunpbG: 

Q.m~mfi~ I}~Utull(lDL~JIUfi lliJ11UDLfimtlhU1 ptufimoL~ 

'-ltppnDbtntJ. q.Ill:fJWUjl W2\UWU1WUDLI. •-t rTl . q·ll[1JW~4llli]l gm]g 

mljbq , llJI Gpw IJW!l}WJ}!G !JilUWll!llll}lJlllULI pwq4wqwD t. bpbp 4wpq}l 
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lJ}lllWillllllf}JlllUGhtl}lg· << UhnJWJ>> Jl}lUWlllllllf)JillG, ntl(! awtuutJmu t 

ztltt.lwG mdh[l}l L qmpwG}1 w4nu}1 hwmw4n4!2WJI2 mwpllll}IUWq[Ulif)JWG 

hWllJ)WhwpuwG 4J1w , P, =f0G, IIJIInhll (,-qmrwG}l w4nu}1 pwg hwmw4n4. 

IJWJ12 InWLill qnpaw4}1gG t ~,=0.5( f-W[!InW:IJ}!G 2tJ.iuwG qupbw4Jlg()· 

uhmwlllt L hnq}t t.l}12L , G-qlll!'WG}I 42}lll[!: bp4[lllJ11l 4wpq}1 

IUlllWlJJllllf!JfllU[l UIWJtlwGwtJ.nptJ.wa t wn}1 qh:pnpt1wg}twJn4.' P2=kabn, 

ll[IInhrf k- lmq}1 mhuw4WJIW11 q}ItlWll)llll!'JlllUU t, a.b-wn}l [IU11JWJUW4wu 

uw4hphu}1 ~wtJ.ihJll! , n-}lJIWGuhtt}l pJttlJ! qmpwG}1 4J1w: 

bJIJlllllll 4wr1q}1 IUlllWIUllltl'Jlll.Gp UIWJUwGwtJ.nrll}wa 't wnj1G 

4}1G bm }14 tG httq}lw hwqnJUlbtm hhm : 3nqtwpwG~nqt 1l}twtJ.np 

Jwt1wGw4ml1 pup 4JtwJn4 2wpdqml1 t abv' awtJ..wLlt lmq 4wt1 abv'y 

qwGqtJ..wb}t luur <.mu1 uwuu}t4Gbp}l 2Wtldt.lwG WJIWqmpJmGI! vmq}ul 

hwubt1wmw4wG t qmpwli!1 wrtwqm})JWUfl. v'=£V: 

ll-mrwG}l hwumwmmu wpwq.Illl'JWG qhlll!2ml12wpduwG pwGw4}1 

dm . 
O[lhGIJI! 4qrnUt P, = V dt = Vm, IlJlmbq m'-lmll11 L}wJll4JwGwJ}lG 

qwGqtJ.waG t , llll[l « lmumt1 t >> pL[1 tlJIWJilq, 4G2wGw4}1 

P3=VabV'y=£"yabV2
, 4wl1 tJ.bJ12Gw4wGwUibu ' 

R, =fc,G+kabn+qabv2 (3. 19) 

UJu pwGwoutJ 4n~tJ.mu t nwg}mGwr ubtuwG}14wJ}l mbuwGlJ.JmG}lg , 

llJIInbq WHWljh[ t.lba t b[l4llllllll UIU!lUIU[! , hwUhtlwmwpWil tPll!2ll ' h[ltlllllll 

UIUllUIU[!: 

.fl.wg}mGwt pwGwoLmt1 lmqj1 mbuw4wpWJ1 qpuwqrmtl'JmGu 

4wpb~l t nrm2ht GwtuwUibu ~wtlJbtntl q.~npwG}1 :IJWll2WJ!lu 

Il}lUWlllllllJ)JlllUI!L wnwG6}1G f~G wGqwul!· 

R x - f 0 G - Eabyv 1 n k = ___:::..___--.::..._ __ ___:__ 
abn 

(3 .20) 

.2wG}tllJl f1), k L £ qupO"w4ltgGbJl}l lll1112ntULl ll!J1W4m!I4nllbG tldl}wp t , WJIJ 

UjWm6wmuJ. JtGqmGtJ.wa t qmpwGta :IJW112P mdu npn2bL hbmLJwf 

pwuwoLntJ. ' 

(3.21) 
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11Jllllhl1. K- qmpwup Uibuwi.J.wt1WJ1 l}(lllWJ}lll1lpJI1LUli t: Q-mpwGlibpG j!Ut.n 

t.J.WJ1(1 I.J.wt.nwpuwG t.JJ1w bwfuut.J.wo tuhpql1Wjjl hwubUwt.n4mu b(i 

t.nhuwi.J.Wt1Wp l}}lllWIJplllVJWUp· 

Rx 
K=-

abn 
(3.22) 

PJmp pwqliwUJWUII.J.btnt.J. t.J.hP2]1G WJ1U1Whw.Jt.nll1VJWG hwuwpjl~l! u 

hwjt.nW}1WPl! V -n4 , I.J.uUiwGwGp' 

(3.23) 

1111(1 hwuwp(t~G j1pbG(19 Gbpi.J.wJwgGmu t hqn1uupJmG, hwJmwpwJL!!. 

4wJP4JwGwJ]1Ci awt.J.wr 

liJuUJlmnt.J., qmpwCij1 t.nbuwi.J.tuptu[1 rlllUWI}JlllLVJiltUJ}, li!1w4np 

bw4wtll ltn11l1 uzwi.J.mpJtuG t.J.Ilw awfuut.J.wa hqntunvJmGG t: 

<!.wtibUwmhtnt.J. (3.20 lJ 3.22) WJlt.nWhtuJUilllpJmGGhpl! qc:tt.J.wp ~t 

qt.nGbt, 11]1 qmpwGfl mbuwljwptu]l IWUWfllllltVJillCif! uta t lmiJ.ll 

t.nbuwlJwiiWJ1 Ill.lliWfllllltpJmCijlg: ~w4wuwpbgGbp1t.J. (3 .19 lJ 3.21) ! 

wpUIWhtujUlllLVJlllUCibp(1 W2 uwubpJ! lJ tntbbtnt.J. K-jl Gljwmuwup ' 
ljuUiwCiwGp 

K = k +(foG +€"fY2) 
abn 

(3 .24) 

liJUjlGpG , qmvwCij1 t.nbuwljwpwp Ili.ItlWillllllVJlllU(! !!GIJqpljmo t lmll.l1 

t.nbuwljwpwp Il)llltuqpmpJlllU{!, <<Ubl1Jtut>> Ili.IUWJ}lll1tVJl1lU!! lJ wnf1 lJllfJP 

ZUJllt.nUwG qpUtul}lllllpJlllU(!: 

ll-m~Jwfi~ oqmwljwp qnp()nqmtJJWfi qnpmulj~gl! 

0 . Q-. Q-. oqmtulJWJ1 tllluwrllllltPJWU htupwphJmtpjntGG t 

l}Gl!llwGnql(lG : fl-wgpuCiwt pwGwO!.nuu wnw2l1G wfiqtutl{! n~ oqUiwljwp, 

«UbnJWL>> tWUWJ}lllltVJntG t , tuJil Ujtut.nO:tunnt.J.. 

kabn +£yabv 2 

11 == ----~--
foG+ kabn +£yabv 2 (3 .25) 

fl-wgpuGtut pwGwoll(1 bppnJUl wCiqwt.lj1 oqU1wlJwJ11UVJI1tUf.! 

pwgwmpt.J.mu t GJ1wGnt.J., np JlllJlWpwGLJmp wGqwu fintt 21t2tl.llll wnf! 
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UJbUip t ZUJ.llUitlil hw}luwG pwg wi.J.nuu· hwiJnrmtpul nJmzwi.J.p 

wpwqmvJmG (tCihJlq(nu): 

'-l..bJ12(1Ci c:twuwGwi.J.Gbpu pwpop wpwqmvJwu qmvwuCibJI}l 

UUihqbuwG I.J.wUJwi.J.gillpJWUp uwfuwqbmlGhp[! hWUI}}lUjlltU hu llJlllZ 

l}chJ.WJllll~JntCiGhp(l ' wpwqmpJWU pwnwi.J.mum ~wtfuut ubowCimu t 

qmvwujl pWJ12WJ}1Ci IJ}IUWI}lllllpjntG~ : lijl} UjWUinwnm!qpliWIJJllllpJWU 

hpJlllJlll wCiqwu~ hwzt.Jmu hu t.J.G.wuwi.J.wp u 0. Q-. Q-. npnznu1 hht.nuJWl 

pwuwouuf 

kabn 
lln11 = ? 

f 0 G + kabn + £yabv-
(3 .26) 

'-l..hp2Jlfi pwGwoLj1 4hppnbm~Jm GJ~ gmJg t UIWt}m, np qm pwfij1 

qwliqt.J.w0(1 G ubbwgmu~ hwGqbgGnul t 0 q .. Q-. -(1 tflnpJIWguwG[!: Y.WUj 

G 
hwut.ntut.nbGp qmvwGj1 UbUltui1Wt.nW}111tVJWU q =- u T!n-(1 Ufli>ll: liJil 

bn 

uUJwmwljnt.J. (3 .26) WJ1t.nwhtuJt.n111.pJtuli hwuwpflW lJ hWJUlWJ1WJ111 

ptudtuGbGp qmvwup J:!Ul}qpljuwG ttuJGntpjwG nb-p t.J.Ilw 

ka ka 
11 == G } 2 - qfo + ka + £yav~ (3 .27) 

- 0 +ka+£yav 
nb 

I 
6 L 

v 
/ 

5 I 
\ / 

'-.. / 
4 

1 2 3 4 5 6 7n 
'Ult .3.21 C}.mpwtijl l.lhmtuqwmwpmpJwG q t.Pnt.Pntuntf.Jntti[llftU]lHlwa 

~ruulitibpp n JltlJlg: 
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UbmwqwmW(llllfJWU ljw}utjwbmpJlllUJl \I(IWUUbpJl ftll19 qpw:}lJiljll(1bU 

Ub(lljWjWgtjnul t ulj .3.21-nu.l: 

UJll qpw:}lJ!lJ.\1 t.jbppHulltfJlllli\19 tytupqtjmu t, np wubuwtjlnpp 

ubmWlllUUlW}llllfJlllU mubu bpbp Jlpwliwli\1 qJ-.~(}lUUUb(l(!, np.nlip L 

WUjWhlllj!Jlli b(j pwpop Q_q._q._ ; P(IWUUbp\1 ubowgmU(I lj_wU 

~nliHlwgmtiJ1 bpbpJlg ilwuqbgumu t qmpwu11 0. q.._ q._ -11 tjlnpr1wguwGJ1: 

...:.wuwow.Jll q._-u. UJ1GhnljntjJ1 hbmwqmnmpJmliubp\1 umwgtjwo t 

1)='0.6-0.8 Y.wiuntlll qmpwuutr1J1 hwuw11 L 1)=055-0. 75 ljgmij1 

qmpwuutpp hwuwr1: 

3.7 'l-mpwfifihp)l hwtJ.wuwpw~.2llDLJlJWfi UJWJtlmfifihpf! 

q.mpwfiUb(1]l hwtjWUW(lW4.2nntpjWU UJWJUWUCibpJ1 lllUlllUUW­

ujl(llllflJWU c:twuwfiw4 J1Ulpnutjmu t, nti qwpli wqr1bqwmg 2WI1c:t4_mu t 

mqqwqJ1b hwtjwuwt1W(WtP, t.jwp\1 tunrmtpJIUUJI llmJUU(bu !!Ulpnutjmu t 

hwumwmmu: PwgJ1 tjbp[! U24Wb[!, utpbllwJp 4.!1w wqrp111 mc:th111~ 

Ghii4WJwgtjmu tu nriUJbu nrm2wl!Jt ljbmtrmtu 4tlimpH!lwgtjwo LI 

Y.lJIIWntjwb mc:ttw 'V2tjwo UjWJuwufiht1l1 wn4wJlllflJWU qhllll2mu 

luuJWU2w4uwu uhllhfiwutrP. hwtjwuwriw42nmpJwG }uuqpJ1 rmbmuJl 

hwliqbgtjmu t htl4m ljwu btlhl2 ljllll(lil\1UWUlWJ\1G hW(1~1llP.JlllUUb(mtU 

hbuwpwliwJ[1U hw4wq1pnuubpl1 11!lll2Uwllp, ntmGg ubbmpJlllUUbpJl 

pwtjwpwrunu bli hwtjwuwpwtunmpJwll wnwi'Wil!ltlwb UjWJUwllubpJ1fi: 

Stiw4mnti[I hbm wqpbqwmwtjnriuwu mbuw4!19 qmpwup . ljW(llllJ t 

mGbGwt 2-4 wqwmmn~JWU wumJI6wu: Uubu[1g 2wm wqwmmpJwU 

wump6wu mubu 4gn4t1 qmpwllllhp(!: Cl-mpwGJ1 4wJmU w2Iuwmbtm 

Gutwmw4ntl WJU hwuwwmu tu hbuwpwGwJJill hwpl.lwtiWllllllhrmtl ' 

hbuwpwCiwJ]IU wGJitjutrmtl (m1111W6[1q hwrpmpJWU ut2) LI I}W2UlWJ\Ifi 

mw}umw4litrmtj, hwpp 4wllquwljGb(m4_, IJWUwljutrm4. (hnpl1qnuwljwl.i 

hW(lfllllPJWU ub~): .QwliJI 11(1 WU\1tjUbpJ1 LI I}W2UlWJJICi mw}umWljJ1 lll11U1 

hbm mlitu u[1w4nquwu[1 Y.wUJ, lliULn[1 hwuw4wpqj1 hwtjw­

uwpw42nmpJWU hwt.lwp wGhtiwc:tb2Ul t , llil hhUW}1WUWJ[lll hw4wq­

rpnuubpp ubb tlifib(i qpnJ\1g: 'V2tun liwli, ll(1 qmpw!l[I 4wJmli 

W2}uWUlWU!2\l hWUW(l wuhpwc:tb2Ul t, ll}l hbuwpw(ifih(!Jl p[ltjl! hwtjwuwp 

l11fiJ1 wqwmmpJwU wump6wullhti!J ptjl1ll: CGI}hwupwUjbu hbuwpwufibtl\1 
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pJ1tjp qqwJl!npbli qb(Jwqwugmu t wqwmmp.Jwli wumJ16wliGbp\1li: 

UJUU(I:iu , l:inJ1IIWU Y.wiuntllJ qmpwli11 mpwljmnp\1 liljwmuwup m ll\1 bpljm 

wqwmmpJWU wum[16wu· UJUIIIIJUlll y L z wnwugpllb[!J! 2Il1P21! · uJIG(I}bn 

WJG hwuwwqwb t (11[1U hbGwpwliCib(mtj ' bpbp llW2llWJ[1ll mw}uuwlj 

lmp\lqnuwljwfi hW(lflll}}JWU Ub)J L I]J1W hbm ubljmbq hbllWt1WUWJJIG 

wli\141~ lll!JllWO\Iq hW(lflllfJWU uh)l: Cl-mpwliJI hwtjwuW(1WlJ21111tfJWU 

UjWJUwliCiht1J1nrm2tlmu bli wliwtllmplj LI qJJw:PlJljwljwu biJwfiwljutrmtj: 

Ullw[[IUI\14 bqwGwlJ.\1 tmpJlllU!! ljWJWUlllU t wqiplfJ mc:tbJIP L 

unub!imlib[l\1 qbg hwqwuW(llll u(i hpJ! ljwquuwli Ub2. wqrplll mc:tbpll 

qmUW(1Jl h]1bp wnwugnubpJ1 lllJ11\lll}}JWUp L WJI} mc:tbpJ! unubumCib]1\l 

qmuwp11 CinlJUUJbu WJI} wnwligpubpJl liljwmuwup hwqwuwpbgtjmu t 

q.J111J)1 -Ix=O, Iy=O, Iz=O, I:Mx(F)=O. I:My(F)=O. IM,(F)=O: 

'l-cttjwr1 (t ljwqtlbt L tmbbt WJI} hwtjwuwrmtullbpJ!, uwljWJU WJU 

pwtjwljwli\IU w2Iuwmwmwp t, WJI} U( wm6wnntj }ull[thmpq t mptjmu 

oqmtjb[ qr1w:}l\1ljwljwu bqwfiwlj_J1g: 

C}..pw:P\1ljwljwu bqwuwljntj hwtjwuwpwlJ.2nlllpJWCi UJWJUwllubpJ1 

umwuwpn hwuwp 11Jlli2WY.ll uwu2mwpnq ljwnmgqmu t ubpbliwJp 

ljwnmgtjwbpwJJ1li u}ubuwu bpljm UJ..llllJblJ.gJiwCibtmiU: U}ubUWJ\1 4.!1w 

mtqwqptjmu bu wqrplfJ mc:ttr1J1 4_bljmnpllbt1[1, WUJW ljwnmgtjmu mc:twJpU 

pwquwu4Jmll\1fi' ljwmwpqmu t hwJmllJI mc:th11!1 trY.Pw2wtjlwljwu 

qnu.lwrmu.l: Otc:tbp\1 qmuwrunUJ1 ljwphl11 t ljwmwpbt gwuljwgwb 

hbppwljwfimpJwUp, uwljwJU qhp2mu qmuwpqmu bu hbfiwpwllwJpU 

hwljwqlpllUJ1 LI IU1UWI}JllllfJWU PllJI1(1 mc:tbpJ1 hwuwqnpJl, nrmug 

ubbmpJmllfih(1U wGhWJUl bli, lllllfllllfJlllUUbpJ1' hWJUlU\1: ~wtjwuw­

pwlJ.211lllJ!JWU UJWJUWUJI hwUWOWJU mc:twJJ1U pwquwu4Jmfij1U UJbmp t 

U1UJ1 tjlwlj, Jlll4 hwt.lwqnpJl wugll\1 hwllw4wrqp UJUlUlUWU 

wljllpW[IfWJ]1U ljbumrmunq, bpb Ubpbuwu 4wluntlll t, li ljguw(i ljbmnq, 

bph WJU ljgn4.l1 t: 

ltwfuml.~ qmpwfi~ hwl[wuwpwlt2nnLpJmfiJ!: Y.wiuntllt qmpwllJl 

mpwljm11p\1fi llJ1wumu t Y.wiuntllt bnw4bm ub}uwfi[1quntj LI mllll 

wqwmmpJwU tr14m wumJ16wu· UJUllllJUI llliJilwopq- bpljwJ!lwljwu 

hwtlfllllflJWU XOZ ut2 (lmt1Jlqnuwljwu wnwugnp 2lll!I2J1 ) LI UJUimJm 

hnpllqnllw4wfi hwppmpJWU XOY ut2 (mqqw6[1q wnwugpp 2llli12J1): 

btllhtn4. ll2qwbJ1g' I}]ImW}1lj4_nq hwuwljwpqp hw4_wuwr1wtunmpJlllU[1 
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hbUlwqnUlLGp bJI4lll hW[l)Jlll f .JWU ub ~): flll)l]W6Jiq-bp4WJUW4wG 

hW[l)Jlll)J.JWU llb2 (li4 . 3.22) lflll)JWU]l ljjlW wqrpull bG hbLnltJW] mobpp 

bwG)llllfJWli ll!(.t] ~ G, JtpwGlibpJ• tj]tW wqqJil] lm!]Jt hw4wq•1uwG mop R" . 

2t.fluwG moJl IJWJ UlWJltli U1WjLIUlw4J• lt w4nuwUJwU1Jt li]t?lt R.s, , 

hbGw[!wliwJJtG wGj1tj[t hw4wqlJlllUll R, lt l)WJIJ]l mOLl P" : <1.ntpwGJt 

a wGJml pJwli nu.t1 ~ tjbpgl{mu t UlbtuGJt4w4wG pGmpwqp]1g u 

hw}l{WJ•4tjmu. tpt WJU liwtuwl.fbl{mu t JIUUl Ulbuw4WIIW[l qwGqtjwbJt 

G=qabn , IIJHntq' q=2.2-3LJ1 /u2
, a. b wnJ• ulitnwJGw4wG hwll1tjwapG t , 

Jm4 n-[tpwGlib]Iji plttjp: 

R" hwJtjwp4l{mU: t JlULJl 

pWJI21ImOJitlbbmJ3JWli R, : QGqJnGb]nl{, np pnp1p jiJIWGGbJIJt 4J1w wqipUJ 

hw4wqllmulibpJ1 R ,xz hwl{wuW)l bG , ll)lllJtjmll t RX/=nR" lt WJU 

I 
R Y = 3 R x , f = 0.5 4wu R'&X= I /6R, QliiJmGbtnl{, np pntnpiJW2ll1WJltli 

ll1Wtull1w4Gb)tG mGtG GmJG trt4WJllllJ3J111GGbptt, npn2tjmu t ?L/tuwG 

mohplt hwuwqnJIJ! R0x=n R sx: <!.bGwpwGwJJtG wGJu.Ut hw4wqquwG 

mottmqqmj3JIIlUJ.lllllll2l{lllU t J!UUl <flllJlUWG qnpaw4gJt' )J= lgD hwllw6wjli 

GnunqpwU:Jt (G4.5.9) 4wt1 llnU1wtJ.nJ1WUJbU }!Gq.mGI.{mu t ).1= 0. I UJ]Iliq lt 

).l= 0.2 t.flmtuJI hnqbplt hwtlWJl, npJt hwuw6WJU 8=9° u 12°: 

'-lbp]l G2l{wo mJbp]l 4ltpwm[mu tG JtpwGJt tlltw' hbUlltJW l 4bJIUJ , 

owG)Ullj3JWU m<.t)I <flllj3WUll OWU)llll)JJWU 4hGUl)lllUillU, hbUW]IWGWJJlG 

wGJt4Jt hw4wq1JmUJ! Rk-u wG!ll{l! qbU1G[1 hbtn hUJuwu 4bll1mu lt 

lllllllWO!IqJtg 2h11tjwo 0 WUlJJWU ll1W4 , J1JIWUJ1 hw4wqt}J11tl)~ ~,-]! 

lmpJtqnGJl Ci4wUluwup \1' wGtuwG U1W4 2tql{wC> , w4nu(t hWU1W4ltg a/2 

hbnwtjll)1lllj3JWU 4Jtw u 2tPUWU hwuwqntiJf Ro, uJtyJtG JtpwG[t IJWJlOWJJIG 

ll1Wlull1wltJt uJ12UW4hll1nttl : 

Q-mpwG(t ututuwJ!tg wnwG6JtG 4wnmgl{mu t mdwJ(Iu 

pwquwu4JmG]tG: liJtlliUJwll1w4nt.l nJm2w4l1 uwuJUlwpnl[ qtuuwptjmu bG 

G lt ~z mdbpJ!, 11Jll124mU: t •wwGg hwuwqnp R 1 .~ lt qtupwGJI ututuwJli 

4J:tw G L R,, nt<thpJ• 2WJmtGwljmpJwG hwll1UwG 1 lthmJtg mwptJ.mu t R,-
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jiG qmqwhbn lll!)Jlll ut•G ;- lt 2 4hll11llU Ro, moll JWJllllUW41JifjWU hbUl 
I 

hwll1l{tu~: 

UJGmhbUlu ?WJunGw4html 4wnmguwG WJtuwll1wGpGtpu mdwJJtG 

pwquwG4JwG tjpw ' R1 nutJtG qmliwpl{mu t R8x lt ull1wgtjmu R2 mou: 

Cl-mpwG]t ututuwJJt 4Jtw 2 4bll1Jtg Ulwpl{mu t R2-JtG qmqwhtn mq}ul 

uJtG,ILI Rklt hbUl hwll1l[tur Umwgtjwa 3 4tmu G, ~(, ,, Rox u Rk mJbJtJt 

qmuwpJI hwuwqnpJl 4ltpwnuwU 4bmG t: liJil liwuwqnpl} 

hwl[wuwpw42mJmu t pwp2[1 malt RX/-]1 hbUl , n)tG wGgGmu t 3 4hll1nl/ lt 

<flllJ3WUjt UjtnUltlwG w4GJ3WJIJ3WJJIG 4bGtnpnGnL/ 1t1 (G4.3.22) : Cl.mpwGp 

PWJIJJtmJjt R" mqqmpJwli nJmJmUjtg hbUln mowJ!IG pwquwG4JwG 4Jtw 

llJlllJ I.{mu t Gpw U:tampJmGu: liJil GUJwll1w4ml R2 mdJI bwJIIJtg mwJitjmu 

t R,-jtG qmqwhbn: '-lbJt2JtGGbJilt hwUluwG 4tll1J! mwtlm t bp4m 

hwUltjwoGbp, llJlllGgJtg ub4ll Rk -G t UJlllUJI' pWJ!J Jl mou' P" : P" mJ}! 

pwqwqptJntj bp4m pwqwqpJli G bJt]l ' qmqwhtn AB lt CD lllllllll (itpltG · 

U1JlW4ll1np]1 4wtungJt 6qw6m1hJ1ltG , umwGmu bGp S tjbJijtG lt N 1+N:: 

Gbpl)u]l 6qw6nqbpjl O]lqbpJl ubampJlHGGbpp 11Jlll2W4Jt UWU2U1Wpnl{: 

Ull1wgtjwa mdwJJtli pwquwG4JwG tJ.bJIJmbmJ3JlltUJ1 p111Jt t ll1WUIU 

wuhpn IIJU12 hqpwhwuqnuHitp : ~Ui UJbU b)tLmu t Glt 3.22-lig Rk L PX/ 

83 



mdbp]1 uballl}}Jm(iUbJl!) I.Jwtutlwo tG ~ wGljjwG ubbm}}JillG]lg· ljwqutlwa 

qmpwG]1 pwJIZ]I md)1 P" -]1 l.J mqw6]1q wnwugp]1 t1]19Li: UbawgGhpttl ~ 

wutumGtt' UbbwGmu t Gwl.J R, hwljwqrpu U[t: G-m }}WG]t J]WJIZ]I Ill ct]1 

utant}}JlllUJ! l.tL]1G]l wubliwtlmJ]Jl]l, bpp Gw mqqwhwjwg t R, 

hwlJ.wquwGJL lfJlllU ljnqt1]19 ~ wutuwG utbm}}JillUJl lJwtutlwo t P" md")t 

llllJlllllPJillU]lg, ]lUi! tlbJ12]IGu' qmpwG]1 UJUllllUWLi w4GpwJ1pW.J]lG 

4tGmJmU]l 1td1 tl]lJlp]tg : lil!lipwppwJ]lG 4tGmpnG~ I}]lJlPll qJ1UlWJI4tlmJ 

hWJlJ:lllt)JJWU lit9 lJ.wtutlwb t AB u BC 6qw6nqbJl]l u htGWJIWUWJ)Ili 

wG]ttl]t!l]tppbp]lg: UbbwgGbtntl BC oqw4]1 tpqWJllHPJillUJ!, ]12tgGbJntl A 

qbm]1 qjtJli2Jl L hbm mwGbtntl hbGwpwGwJ]1G wG]ItlJl utntGwJ]1G t 

unmtGmu n, qbUlJl L hwUWUJWlllWUtuwGnptG tlJnppwGmu bli ~ 

wG4JmGJ! L Rk hwltwqi}lUUJ!: PXI md]1 u ~ wG4JwG utompjlllUUtp]lg t 

lJ.wtutlwa lllJlwqmnJl]l mwGnq wG]1tlGbp]1 tlJ1w wq1p111 hwLtwqi}UWG 

mqtlWO]Iq pwqwill1]12.P. utampJ!HliJ!: 

4-mpwGJ!, wG]ltlwtlnfl mpwqmnp]1 hbm wqJlhqwmwtlnribJ]lu, 

utawgGttmt P" ntdJ! L tlJnnpwgGbLntl ~ wGljjmGJ! , JjlwpbnGttmu tG 

mpw4mnp]1 htm]1G wG]•tlGbpJ! L ptppbnGtlmll' wn2u]1GJr 

PtnGttwampJwG GuwG tlbpwpwztumUJ! GUJwmwljwhwpuwp t , bpp 

tlWJIJ! ljwlllWJltlntU t tunGwtl L tlJtuJmtG lm11 bpmu, 1111]1 qbUJPmU 

wGhpwdbzm t tlJnPJiwgGbt ubpbGwJP. hbGwpwGwJ]1G wG]nU1 

wGtlwhbmp]I tunJmtpJIHUJ! L mpwljmnp]1 mwGnq wG]ltllibJl]l 

U1 bq w UJU111t J lllJ!: 

4wtung]1 Ali B ljbmbp]1 mqqwop.q IlllllllllJJJWUp mhilWZWJld]l tlJlw 

t h]tuGttwa mwGm1 wli]ItlGbp]t uttuwG]1ljwljwG L]1wpbnGuwG 

qnpanqmpJwG uljqpmGpJ!: Spwljmnp]t mwGtlll wG]ItlGbtt]l L]1wptnGmuu 

mulmtG ]tpwqnJlOb[In hwuwp oqmwqnpatlmll tG h]uww4lltlJw4wG 

L]tw]!bn!i ]12_ G bp: 

..:,np~qnfiw~wfi hwppmpJwfi ut2 qmpwGjl tlJlw wqrpuu bG ' 

lmrllt hwljwqqmUJ! R ,y ]lJtwGGbp]l tlJlw, hbGwpwGwJ]lG wG]1tl]1 

hwqwqqmUJ! R~a, qwzmwJ]lG mwtumw4]1 hw4wqipnUJ! Ro qmpw-

G]l pwpz]t mctn P.y: 

lli1W2Wfllltlwa tuGI1J1]1 tmbuw!i zwJ11UGw4mpJWU UUJWmwlJntl 

Ciztlwa nutb]ll! lJP.pwmjmu bG qmpwG]1 lmp]1qnGw4wG UJil11Jb4-
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q]Iw.J]l ututliwJ]I tlpw: P.pwGGbp]1 tlpw wqqm1 hw4wqtpnuGbJ1]I R,Y 

qmUW[ll! 4!•pwnljmu t ti]12]1ti l•pwG]t tlJ1w tuntlJ]l qmJlilll bqp]1 

ti:)l)_)uwljbmmti 2WJ1dUwli mqqmpJwli liqwmuwup T) wG4JwG mwq 

(J!Ulll 3.13 pwGwoL]1), R" Ill~.! IlJltlmu t Rk md]1 hnp]1qnGw4wG 

u.umJblJg]IwJ]I [WtlJntl ' Rb =R.sino ]wq qwzmwJ]IG mwtumw4libJt]1 

hw4wqqmuG bp]1 hwtiwqnpJ! · 

mwtutmw4]t t1]12Gwqtmmu GnpUwJ}lY zbiltlwa <p wG4JwG mw4 : 

11HtwJ]lG pwqowliljjwG 4wnmgmup u4utlmt1 t R,, L Ru nutbpjt 

qmowp]1y' umwGwtml R3 hwowqnpp: G-mpwG]1 ututuwJ]l tlpw 

2W[l1HGwqtlmu tG WJil bpljm md"bpJ! L hwmtiwG 4 ljbm}19 mwrttlmli t R3-

]tli qmqwhbn mqJ111 U}lUi_L Ro- zwruuCiwl.jlll]JJWU llbm hwmtlblf! u WUJW 

umwyttwa 5 4bmJ! U}lwgtlmo t UJmmuwti w4GpwwwJ}lG ljbGmJmGji 

lmp]1qnliwljwG UJilllJbllQjiWJ]I hbm (1t2 ) umwliwtntl U]lWJG pwpzll met~ P,) 

llllllllliPJillU[l: Rs u P,) mdbpp. utampjlllU Gbpp UlllWUW[lll hwuwp 

mdwJ]lG pwquwli4JwG tlJiw R3 md]t OWJJ1]1g mwptlmu t Ro-pG qmqwhbn 

nuL]u1, JIU4 R3 u4qp]tg ' qmqwhbn P" -]1ti (qmpwG}1 ututUwJ}lg): liJ•l bpl.tm 

mdtp]l hwmtiwG ljbmu~ uwhuwGwtlJwljtlmti tG Ro L Pxy md"bp]1 

ubompJmlitibpJ!: UJtimhbmL mctwJ]l pwquwG4JwG tlJlw P,Y mltJ! 

pwqwiUib[Ittl AB,C, D 1, C2 D2, 11ll1]111Ubit]l mqqmpJWUp' ljumwCiwGp 

S,,N,.N2, 6}1qbp]1 ubampJmGGpu 4wtung]t 6qwomlbp]1 tlJtw : 

'Vztlwa ljwnmgmuGbp]] ljwmwpbpng htmn wGhJ1wctbzm t , llJI P" 

l.J P,Y pwpzlt mct}t pwilWilllll2libpll UJlll1Jb4gllwGbpJ! X wnwGgp~ tlJ1w 

J]ttibG UjiUJwGg hwtlwuwp, hw4wnw4 qbUJPmU UJbmp t tlJm)mlubt Ro, 
hwljwqquwG utampJillU[l, tij1G2_L np UJWJUWUJ] pwtlwrtwp4Jl: 

<Dnvp hqnJmtpJwUp wCilttlwtlnJl mpw4mnpp. hbm 4wtuntl]t 

qmpwGf! wqpbqwmwtlnpbllw' Ujbmv t hwztl]t wnGb[, np mpw4mnrt]l W)? 

wG]!~GbJll! 2WJldtjmu bG wl}nuntl: UJu qbu.wmu hw2tl]1 t wnGtlmu 

mpwljmup]1 lJwtungji pbntlwampJmliJ! , npjl hbmLwCipntl GtpvL}l 

6qw6nqbpf! lllilllWOjiq bplJwJliw4wli hwppmpJWG tlJtw UJil11JblJm4mt1 tG 

wnwlio]1ti nupllli.JJJ!llGGbJmtl: q_t112]1G hwGqwuwGpJl hw2tl]1 t wnlitlmu 

mdwJ]tG pwquwtiljjwG 4wnmguwG dwuwliwlj GmJGUJbu: UJq llbUJPmU 
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}ulillPlll! Lllloijnni t. Gwu htmwqmnijnq hwt.lw4wpq!1 bJlllllllll 

uumJt4gllwJJt hwuwp: 

'-l~um~mfumUt qmf}mli~ hmtlmumrnu~znm~JnLiif! : t> mwppbJUHPJlll (i 

ttwtumUt qmpwliJt. 41JUw4w}un4Jtu mu!1 bJt4m wli114· htuwpwGwJJ!u u 

httn}Iu: liJu }uGIUllt tlllbt.lwu ctwuwuw4 It mwpptj!mpJmG uw}unJllll• R..: 

mdJl t.lm}uWJtbu UJ.btnj2 t 4Jlpwnt( 
-o - -
R k = R k + R 3 hwuwqnJlQ, llJlf.!: umwg4mt1 t Rk u R, 

qmqwhtn nuttp}t qm UWJ!Jtg : CGipH Gijmu t Gwll, 1111 R, u R3 

hw4wq!}mt.llitlll.! hwijwuwp ta t.lJtUJWGg u np UJ1WU!2 qmpwG!1 4J1w 

mhf1WI1Jlllmo tu limJU tp4wJuwttwu wnwGgp{t 4Jtw , qmqwhtn X 

wnwugp]1G: 

'-lgntl~ qmJJm6~ hmtlmumpw~.znntf}JnL6(!: Y.gnuUl qntf}WU\! 

qtmu}tu htG4nu.l t tr1tp wGJ1ijlitJm4, WJI1 UJ.Wtn6wnn4 UJlW 

lnuijwuwpw4.znmf}JlllU1! q{ltnWJ144mt.l t U}lwJG hntlJtqnuwttwu 

hwppmpJwli ut2 (Glj 3.23): 

i.JW}u11Jl11 }uUllJl{l hwuwutiw(i Uwuztnwpnij 4wnmgijmu t 
qmpwu}1 hnp{tqnGwttwu uumJt4gltwu IJ 4J1WG tnbf1Wllll4mt.l wql}llll 

nutbpf!' JlJlWGCittl{l 4Jtw wql}lul lmf111 hw4wqqmuUtp}l hwuwqntlf! ~YIJ 

htGWJlWGwJJlli wi1Jt4GtpJl hw4wql}lnt.lGtJ1l1 hwuwqnJlD Rkx: lJumu t 

HJlllztpu J2WJ1Z{l mct{1 lmp{1qnuwljwli pwilWIUllliJ~ Pxy 1J qwztnwJ}lU Ulw}u-

tnw4utpll 411w wqiplfl hwttwqipltt.lutpJl hwuwqnpl! R.s: i.JztU~, 1111 ~y 

u Rkx mctti!J! otompJmGlitpJ! u wqqowli ljtmtpQ ntm.zijmo tli Gw}unJlll 

}uuqpJ!G hwt.lwGowG, i!GI} HJlllltl Rkx =R"' + R.sx +R3., llJlUltq R",­

I}WZtnWJ}lG wGJt4Jl hw4wqi}tlWU lmpJlqnliwttwu pWI)Willl{liU t , R,sx­

w4nuwjJ1G wGJt4Jl hwttwqi}UWU X PWflWilJlllif! u R3x- htUl}lG wu}14Jt 

hw4wqi}OW(i X pwl)Wlllll•iu: R.s hwowqnJlU zti)tlWO t unpuwJ.llg .zl{luwu 

wuY.Jw(i <p ~wl{ln4 : 

luuilllll LlllOmtl{! uttut.lmll t mdwJJlli pwqllwG4JwG ttwnmgmt.l\19 . 

qnu.lwtl4ml.l ta ~Yu R~.x mctttll! umwgijnu1 t 

R R x Y + R k x hwowqnpu : 

q_mpwli}1 u}uttlwJ!l 4J1w ~Yu · Rkx mcttpu 2WJ11Hliw4ttn4 

umwgt~mu t hwUit.lwu 1 tttmg: liJil 4tm}1g mwpt~mu t qmqwhtn R 

86 

hwllwqnJiltG UJ!Ci; L 2 4ttnml.l R0 hwt.lwqnt!Ji zwtmtuw4ntpjwG httn 

hwtn4btJ1: U.Jil 4tut0 4n~4mti t qmpwli}1 l}}HlUJIHllll}}JWU l.jhCiU1J111U, 11Jll1 

U}lwglitLn4 49HJU)Uw(i 0 4tU1}l httn umwlimt.l tup PW!1211 P.Y md}l 

nuv1mpJmGu: .2w.pz}l mct}J P,; u hwl}wqq.llluGttl}l R.s hwuwqupp 

utompJmGutp}t utnwguwu hwUWJl wGh]IUJcttztn t mctwJJlli 

pwquwliY.JwG ut2 R hwt.lwqnJlll 4htl2P9 tnUJlibJ qmqwhtn Rs mdJlG , 

IJU4 uttqp}tg · P,;-}lli: Umwgt.lwo 4ttn}l IJ}lppntl 4nJU1?4tG lllmGttl• mcttll}l 

utontpJillGGtJl[l: l1gn4J1 qmpwli]l wz}uwunulipJl ctwuwliwl.J. 2WU1 

hw6w}u Ulhtlwt.IJn.luijmtl t 4911Jli}UWU 0 4litnJ1 ' t}hUJll w~ l.J.wt.l ow}u: 

l).{nnwptttuv WJI} l.J.htnp l}}lpp}l wqqtgmp.JIIIUll 'J1WJ1211 mct}l utDmpJWU 

l{lnl{ln }um p J w (i 4J1w : 

.Qwpz}l mdll mqqttn4 0 4tU1Jig UJi> 2-0~ q0n4 mdwJ}IG 

pwqllwGY.JwG 4Jtw UU1Wgijmu t(i R6' u r·" mdhJ111 UllJl W}Jcttvutjt' 

P',Y<P,~ u R.s' <R0 , WJu}tupu }1 hwzl•4 qwzUlwJ]l!i mw}umwl.j]l 4J1w wqillii1 

hwuwqnltll hw4wqt}llwu l{lnppwguwu, l{lnppUIQUJ4 Gwu qmpwlil1 pwpzl1 

m~: 

R kX 

~ 

[ I I 

" R·r k)( 

,-.......:::-t-<-+..!:::: p xy 
. . 

l:R~ / / .. 
xy l:Rkx ~ R ·IR o 

L.Ro 
Ut. 3.23 ltynlj_p 4nqnuUp hLUlJ.tuuLupLu~znm~Jmli[! hnppqnli~u~tuG 

htu'p~npJtuli ll\i~ ~yt.huti ~ht.np t.nlUpphflllPJlUhPmu: 
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.f2W[l2}1 mct(i 11\1\IJI:i\114 ll[l112WlJlt V Wlii.!JWU lflWI.J. (lii.J.. 3.23) I.J.W[ll:iJJI 

hwuCibt R-i=O UJWJOWli}tli, llllll uw4WJli lit4wmw4whw[tt.IW[l .>.t , pwlilt HJI 

WJll 'lhUJPlllU qmpwli]! zwpcttjnu.l t wl14WJmli ' oow6L hl:imwqbmj: 

lf.[tmwtt4btml. mctwJ}lG. pwquwG.4Jmuu· qchJ.w[l ~t li4wml:ir, lll1!1WI12}lnu:i]l 

4mGI:iuw wt.ll:iuwtlJ.npp WJ!Ul:iQ, bph (ipw lllljl]lllpJ11tUJ! J]1li}1 llUlllWhWJWQ 

~ hw4wq'1UWUJ!: 

-f2WllZ}l mdJt IIUJlllll}}jlld.iJ! zl:it\tjWO t X wnwligp[tg Zlf.ltlWU 

wG4Jw(i (j) zwtlJ.mJ.t}bUJlt W2 (b=q>): pwpzJlllld'J.! 2 I.J.bm}tg IUIJIJbtmJ. qbUJll 

6wJu 2-0" mqqmpJwUp, tldtlwJI )t li4wmht, np mctwJltti pwquwultJwfi 

uh2 4w6hu Rs L Rxy 

mcthr1!1 wpcthQUh[t[l mumJt 4gt.lw(i 4hm[l 0 ljhml1g 6wju mhfJwtlJ.nJuhUl 

utampJWU tUIW qqwtlt wqtlbgmpJlllU mfi}I tJJlUWllJllltpjWU I.J.bGm]mli}l 2 

4bmp l}}lJll)J!: lf.}tUWI}JUllpJWU \jl:ililll[lllUJ! ijw[tbtlt t mbqwtlJ.nJubt 6wJu 

l:i]I\jnt bt\WUwijml pkx hWUWQilJlJ! awJu' ql:iUJl! ztjwpt\WO llWZlll 

mbqwzwpctbtml. u qwzlllwJ}IG. mwJulllwljG.bpJt bp\JWJtWgmt.lntj_: lli1w2}1G. 

bqwliwlJl! pJtz WJU1JmCiwtjbm t L UJ11Wijm}I4nttbfi 11u4.wp }1J1WqJI[tobtlt: 

UJ14lll1Jlll hi\WUwijJl llJIWqnpamt.IJ! llcftlWJUll}}J!llU ill ubrtl!WJWgumt.l ' 

h]l\jWJIWgCil:itntl. t.l}lWJG. }l[lwfi}I qwzmwJ}Ili mwjumw\j~ 2 ijl:illlJ! ml:iqw­

ZWJlabpnt tlhUJll owtu : 

lJgntlfl qntpw6~ hwl{tuutupwlunmpJntfi(! nti}I}WO~q hwppmpJw6 

uliS1 11[UIZW4lt hbUIW!1!1Pl111lJ3JillU t Gb[t\jwjwgG.mu ' bpb OWUJllllJ}JWU G 

mctj! (G.4. 3.24) wlihwtiht.lwm tlJ.nptl t G~PsinS: uuwu qhuwmt.l qmpwli~ 

\IUUl tj_wpp Jun[IDlpjWU wzJuwmmt.l t I.J.WJillU, bpl:i PWllZ}l mct}I p 

llUlllllliJJlllUJ! (b) w(ig(inu.l t qmpwfi}l OWU]UllJJJWU 4hlim[UIG}1 hbmpntj_: 

UM qwuqtj_wajt qtuwmti G>Psino, bpb qmpwfiJt pwJtzJt mUJ! 

.>_wugG.}l awG.runpjwG 4blillliillU}l hhmpntj, l}1 juwjumtl.Jt U[tW 

wzjuwmwG.pp 4wJlllUI1LJ3JillUJ!: DrmzbG.p pwpz\1 ma}t mqqmpJWU 

mwmwG.uwG. WJU uwhuwGG.t[I{! awupmpJwG. \jbG.mrmujtg hbm u wnw2, 

ll[lllUg llhuwmu qmpWU{! t}bllUU wztuwmmu t I.J.Wjll\G: Clitpllliblip, 11]1 

qmpwli}l PWllZP malt llllllllllJ3JI1lUU w(ig(imt.l t OWU[UllJJJWU I.J.hlimrmfi}l 

hhm11l19 hbm X htmutj_a[UllpJwG. tJ.pw: lf.}Imwpqtf.nq hwt.lwijwr•Qlt hwuwp 
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wlihpwctbzm t. , np pllJilJI WJIUIWl]JlCi wqtpll]mcfhp!I qmuwpJ! I.J.wqt.l}I tlJ.wlj 

pwq\lwutvmu[t, llJIJI uzwuwljmu t (iwu , 11(1 p u G mcthpjl qmUW[l]l 

wGgGJt ubUJ!t A ljbmmj : <.wljwuwpw4znmp.Jwti hwtlwJI wtihpwcthzm t. 
1111 N L Rllw4wqtput1tibJIJI qmtitjhu I-ll L AI3 uwhuwuubpmu : 

~wuw6wJG G4 3.24-lt 4wJUlll 

00, 
hlip QJlbJ ' X= -s:- . ll[IUlh!J OOI=lltg~, UJIHU I.J.Il!JU!tg ' 

tgu 

}:. G- Psin 0 
ta'? = lllJII:it.l(i 
~ Pcoso 

G- Psino 
X= 

1
' P sino 

(3.28) 

lrgntf.jt qmpw!.ilihp}l lflWllph[I liw4liJtzlil:ill}l hwllW[l t.IJ12}1G hWJtjlllj 

pwJ•zlt mc.tl• mlliJlllPJillUl!. 8=12°: Uuhpwc.thzm t uzht. nJt 3 wlill)wu 

Gt.lw(i wpcthpJ~ )Jl WUJWiunjmu J2WflZJl mcf]l utf.wqwqlllJU t.lhampjlll UJI: 

lf.Jiwtimu hwunqtjbpu hwuwp tll•uhul1 G4 . 2.24-!•G., pum nt•l• G 

qwliqtjwantj UWJIU}!GJ! ZW]Hthpn hwt.IW]l wGhJIWcfhJlll t f(G-Psinb ) 

s PcosS: 

YWillW[lhtmJ. WJU WUhWt\WUW[llll}3JWU UWUUWI.J.}t IUl:}>hpbligmu . 

I.J.muhliwun . 

f Pcos&<P sin& 

(3.29) 

CtlJ.uwG. wG4Jwu tiJt2!1U WilcthpJ! unm 26'1 t : fl.w I.J.uzG.wi.J.lt, 1111 

b= 12° ~WJlZll m<J}1 OUJID}l\lWL 1111\1\lll}Jjllllitl 2t , WJJ lljbmp t oqm bt 0~26" 

l4WJUWU]Ifi: 
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R, 
.X 

'Ulj. 3.24 Q.mpwtip hwt[wuwpwljznntfljLUti npnzuwli u)uhuw: 

4gn4JI qm~wGj1 pWJllll mdp ljwlmtwam~JmGI.! ljyuwG ljbm}1 

IJ11J1UJ19 (±o) lmpj1qnGwljwG (P", Rs )= f 1(o) lt nu]qwdjJq hWJIPIIlflJ lllUlib[ljl 

Pxz=f~(o) ut2 qJIW~}lljnptG GhtllJwJwgttwa t Glj.3 .25-mu: 

24 

16 

8 

0 

PXI.' Lj(J 

3 
---:-:-·li P ,v, rRs, Lju 

i' r-.. ; Jl __;= £/, ;\ 
r---:-~ 

-1-o. 

3 

""' ""-' ~·R -J ill\ 
3 

3 
,........._ 

'r--t--
-12 -8 -4 0 4 8 12 -0 

0 4 8 12 16 
w p 

'Ulj .3.25 Q.mptulip ptupzp mdp P,,,P" l.t f}wzmtujpli mtu)umwlJp 

hLUljtuql'}ututi R0 ljtu)u4tuamp.Jntlil! ljynrllPLP llPPPP\( 

w- hnppqntitulfLUG hwpflnLflJLUli tih?(k=0.5 ljqnJ uti' , a=25 uti, n=4) 

p-ml'}11wo j1q-hp\JwJliwljwli htuppntpJtuG tih2 (k=O. 7ljqnJuu2
• a=24uu. 

n=5) 
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Cl-m~wGj1 ljqrrpt}jl~il mbqwljwJbpnt. hwtlwdwJG ~li[ltl ptpljwo 

Ln~JW!libpjt (lilj.3 .24), ljwpbJji t qqwJJllltJbG t{!nppwgGtt ljgn4J1 qm~wGjt 

DWPZWJJIG qjltlWIJlllll f!JlllGI.! : 

UGIIpwobzm t LiJLJ. up n~ pntnJI qbuwtpmu t hw')HHJ~nu1 

ljwjtqwljnpb[ pwpzjt ntllj1 nLIJIJlllf!JIII G!.! , hwmljw utbu qmpwG j1 

JIU114JI4t1wli \WJGlllf!JWli u UIJIWljmnpJ! !.!GpwgpwJJtG uwujt wlihwtlw­

tqwmwutuwGmpJWG qhutnmu : Lw~wqniJliJ! hwuwp~mu t WJG t}bt4J1[L 

bpp pppHI[IW~II[I UI[IWljmn[lji hbm wqpbqwmw~npbJJ!U . qmpw lij1 

ljqnpqjt}jl bJ!ljWJGwljwG 6qw6m]LI qmqwhbn t wljnuwutwmjrG. tlj1wgwo 

t UljlWljUIII[ljl (iwptlwl.iq_lt ljbl.impnG j1G u f!!l~lll[ltl WljliUlUU!WUijllj 

lrbnwgwo t wnG~wqli ljwpj1 tunJUUflJWG ~wtJ!n~ : UGJt~wljnp ( I ,4) 

I}WU}l UIJIWljUIIIJljl hbm W4JibqwmW\.jl1jlbUJU. bpp tlh!1 2\IGjJU W2 wli jtlj­

libJIJI zwpdljmU bl.i wljnunlj. gwGljWUl t , 11[1 qmpwlijl ljljll[II}}I~ jl 

b[lljWJUWljwli oqwomw UlllJUutbU tlJGjl qmqwhtn WljliUWlljWUijJli u 
ljqtlwD" UIJIWljUIIljljl OwptlWUJ}jl ljbGmjlnlijtG: 

3.8 q.mpwfip tf.wpp funpmpJwfi l}wpqwtf.npuwfi 
uhfuwfipqup qpw:pnwfiwt.flmpl} hw2tf.wpl}(! 

ctwuwGwljwljj1g qmpwGGbJIJ! ljwtungjl uttuwGjtq!lGb!mtl 

pwquwatufi!J hwuwljwpqbJl tG lt l.ipwGg ollwlJGbpjl mJwJjlli hwzljwJlljjJ 

IIWUW[I GUjWUIWljWhW[IUWJl t oqmljhL wpwqntpjlllliGhpjl uuwG jl 

ltwmnguwG utpnt}jJg: 

4wtun411, ljjwwljwlun4J1 lt 4.gtlnq qmpwGGht!Jiq wnwljb1_ pWJlll m 

pG11hwlimJ1 t lj_gljlll] qmpwlilt pwGnq qnJIO"!.!G~wgjl ljwpqwtlnJlllwli 

l!Gt}hwlilllJI ututu, ~hpgfimu tGp ljgtlml qm~wGj1 tj_WJljJ lJWJiqwtlnpl.lwG 

l.lhtuwli jlqU[! (Glj.3.26): 

'Uzljwa l.lttuwGjJql.ljJ 4Jiw:jlnwliw(}lmjtlj hwzljwJllJll tm p_p11 li11 

ljWJWGmu t Utlwliml.l, 1111 hbGw[IWUWJjiG wGJ!ljGbpJl tlJIW OWG[Ulll~JWli 

md}1 hwljwqrvnt1Gbpjl hw.Jm lijl wpJbplib[mlj npu,>ljnrtl t ljw[ljl 

lutl[U!tpjwG ljW[Iqwt[li[IUWU UjUillllJI wljw JJ!G l.lttuwG jJqtljl wzJuwmwGp jl 

hwl.lw11 wGh[IWOhJm mdJ! : 

Cl-mpwlij1 ututl.lwG ljwnmgljml.l t j1pwlilibpjl (a) lunfUHJ~Jwtlp 

pwG\.jnJIWljwli qnpa~Gpwgj1 Ilhlljpjl hwl.lwp: 
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UJ!lmht..mli 11Illl2tjmu bG llbliwpwliwJjlti wGjnjUbJljl hwljwqtpuuGbpjl 

ubompJntlitibJlJ! Rn. R5 li R3 li [!litnptjmu wpwqmpJmGGhpjl pl!brz1_1: 

flpUjbU puhn !.!UUlJltjmu t ubtuwli)lqU[l wGzwpd 4btnbJl]lg llJIUt lib4p 

2,7.1 I, 4wt1I3: Climpblip 7 4bm1!: Upwqmp.JnttiGbpJl ll!tWlil_l 4wnmgt.[mu 

t chnljntJ.uljm t.lbpllllJltj, ]lULn flJlJl gwli4W~)W() 4btnJt WJlWqmpJWU 

llllJlllllPJntUp UjtnmtJ.mu t. 900 -j1 mwlj u hwJtjwa plibnJlg UJht]WlJWJtJ.mu t 
;wtfl{l npnzwljJ! uwuzmwpntJ.: 

.RwGJlllJI 4', 9', g, u 6' ljbmbpG wlit1)12WI.l.lbu liJtwgwo bli puhnJtG , 

mumt1 UJiwGg ubampJmGGtrl! LJll1GbG wli4JutGwJJ1fi wpwqmpJlltG!!' w 

pwqt.lwUjwmljwa }111 zwnwtjt]m.j' ~7'-4'), ui,_T-9) li WJtG, }mlj }1pwljwli 

llU]Jllllf'JlllliGhilLl nup1whwJwg lJtltGbti zwnwt.[Ju]GbpJlU: CUI]IlJtihptt.[ 

qawqil}l Uwuzmwpl_l, n puhnj1g UlWptJ.mu bli qmqwhbnUbp hwt.[wuwp 

GztJ.wa ljbmbiiJlzwnwt.UulGbptJG T-4'==n-4, T-9=n- 9. 7-8'==n:-8, 6-T=n-6: 

PlibnpG T wGt.l}l~WUjbu ,)Upwgtjwo ljbmbpj1 wpwqmpJIIIUUb[l!! 

nlmzmu bun oqmtJ.bpltJ. WJIJ 4btnbil}1 hw)1wpbpwljwu WlllU(J.IllflJlllQlibiJIJ 

llUJIJillf'JlllUUbilJlg UntJUUjbU zhqt.[wo 900-mt: 

<!.WUWOWJU zwpWI]Ill-lwajl 3' ljbmj1 WI~Wq.tll[)JWU ntf]llllt[)JlllUp 

llltWUJl tl.pw lJU!Ujl )lilbU qmqwhbn, Jm4 ubompJntG[! qmGtvn hwuwp 

mwiltJ.mu t qmqwhbn 8'-3', ot\tlJI wpwq.tnpJWU1! 900 2Jl~tJ.wa 

llll]llnlf'JWUp 8-3, [J umwumu 3' ljtm)t W[1Wq.tllflJlllU1! n:-3 ,)Wtflml: LI!llJU 

ljwpqntJ. IIJlllZtJ.lllU bG r 4htnj1 wpwqmpjntU[l, llJlUjbU hwpwptpw4wti 

WilWq.tU[)JWU lllillllllf}Jntfi l}ULnJlbtJll[ 3'-1' otiwLJp: 

't,uwu ountJ. HJmztjmu tu 10', I 2', 14' 4tmtp}1 wltwqmpJmGGtpjl 

llll]I]ntpJntUUbptl u utompJmuGbJll!, pwgwnmpJWUp ·IS' ljb111}1: UJq 4tm]1 

WJUUq.tnpJWU nimzuwG hwuwp n ljhmj1g mwptJ.mu t qmqwhbn 13'-IS" -j1G 

u mwGmu mqqwhWJW9 I2 4bm)tg, pwlij1 1111 15' ljbm)1 hwpwphpwljw(i 

WJlWqmpJlliUL! qmqwhbn t I3'-15 oqwljj1Ci: 

UpwqmpJWU llltWUjl ljwnmgmt.l)tg hbmn I ,4 , li 14 ljtw himu1 

mbi]WI!lll{lllU t(i htUUWUjWUlWUJuw(i wG!ttjUhii)l hwljwqrpuUUbJIJ!.]IUlj 6 

ljhmmu Q hwl{wuwpwljznnq nut)1 ujlwJG mtJIJlllPJlliUL!. uhampJmGu 

t]bnuu wGhwJm t: 

Q nut)l l.ltompJWU llllllZUWU UUjWLnWljlll{ ljwqut.[mu t unubGUl 

hwuwl.Jwilqll l{J1w wqqntl nuthJl)lg n pl!tnt1 Gljwwuwup : 
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L,4.3 .2o <1-mrwG~ tlwp~ junpmflJLUG 4tupqtut{npuwG uhfl.•u•G]14.U]l 

q[ltu:PmuGw!Pm~4 hwztltuf14~ ujuhum: 
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QHo = R"H" +R0 H0 +R,H 3 ljwu 

Q = RnHn + R 0H 0 + R:lH:l 

Ho 
ll}ullnmwljwGJnUt P mdJI npnzuwG hwuw11 ljwqubup 

w2JuwmwGpGbpJ1 hw4wuw]mtu~ 

PnD=t'Q,nJIIDbi] t' -ll!Ulntutwltil pbptlwo J2WJLU t, 

t'=rtd01,9 tg( a+<p ), d111,9 
= ( d 1 +d2)/2 , 

d,, d2 - 1.4mmmw4JI GbpJ2JIG u W(lmwvJtG mpwuwqDbJIJI , 

CX- l4IDllliDWltil tlbJlbWJl WU\.umug, 

<p- ll!UllllUlWldi u l4UIJOllW!Jli2tPUWU WU\.ulllU[!, 

D - l4IDlllmwl}wGJnlJI IDJIWUwqJtbti: 

bflb UbJuwGJtqtimu l4IDillmwljwGJnjji tltnJuWJibu mtqwqptlwb t 

hJlllllllq!wG, Wl4W hJuumqtwGJI UJungwljnfl}1 ntd[! nJmz4mti t Q 
UbblllflJWUp : 

3.9 Q-mpwfi~ pwfinq opqwfifihp~ h wfi~tJ.fihp~ 

mhqw~mJntUJ! 2P2Wfim~~ tJ.pw 

Q.mpwG}t pwGm] opqwGubpJ! mbt]Wl}WJUWfi ctwuwGwl} 1.4hmJ2 t 

uwtu hwztlJt wnutlJl JtpwGGbpp 4.I1w wqrp11] lmqp hwl}wqrpHUubpJl 

hwuwqnpJl Illlll]ntpntu[! lJ illli]lllU Wl1W)lWgwo 6wpbpJl pUlllJfl~ , J1u2l4tU 

Gw!J W(lJlllmttuuJil}wljw(i u mttuGntnqJiwl}w(i l4WhwG2uhp]_): PwGnq 

opqwGGbpJI 2{12wGwlj}1 tl11w mbqwl}WJUwG G1.4wmwl}ntJ. ImpJiqnuwl}wG 

l4Jll1Jb4gJIWJllltl U2Wqottmu tG !IpwGGbpJl fltllig utl}n~ wtJ.hlli n+ I 

wl}nuGhJll!, mwGbp1~ l•J•wppg wnt1 tW.JGmflJWU iWtltn4 b hbnwgwo n+2 

qmqwhbn qobp (Gl}.3 .27) : SbqWT]JibJIItl wnw2}1G JlJIWU[! , A , 4hmJig 

mwJ•4mt1 t tunt.PJI 4mJll1IJ hqJJ)l q}IOJI 2WJ1duw(i mqqmiJJWu GI.J.wmuwup 

Yo wuluwu mwl}, WJG lwt.PntJ., llJll4huqJI wll!wlmtJ.JI hwpuwu tunt.PtrmtJ. 

llJlll2W4J• tlhpwowb4lt tibbmiJJIIlU Lib : QurpuGbtntl, 11)1 JIJlwuGtpu hmtlt 

hwi.J.wqqmuGbJll! 1.4hmp t [!Grpuub(i UlllJU uwuntJ. , A1 l}bmJig GnJIUWU19 

2tPUWG wG4JwG <p iWtPntl' 2hfltlWO llli]I]IIlpJWUp IDWJl~lllU t 
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hwi.J.wqqmtiti lJ /WJUilliwi.J.tJ.mu t1JtG~lJ pnpiJI wi.J.nuwl4wmbpJ1 hbm 

hwmtlblJl : .::.wmuwG A" ljbmbpmu mwJnjmu bli hw~mJlll JlJIWGubrtlt 

Junt.PbJtlt I.J.mJllUJ bqpbJIJI pGmpwqJmt] qobp[l: 

UJlimhbmu qmpwliJI wljnuwJJIG wGJilJ.LI mbqwi.J.wJtJ.mu t GwtunJlll 

JllipwgpJI tJ.bJI21IG wi.J.numu, wn2u}1 JIJIWG}t tuntJ.IJl GnJIUWUI n~lJillllflWUp: 

'1-W/UlWJJIG wu}Itlll mblJwi.J.wJtJ.mu t IJW2m}I 24wptJ.wo uwumu , WJlill!hu . 

11]1 WJI] tp4m wGJnjGtp}l unGJIGb]I[! h(iwpwtJ.npJIG 2wtl1 unm qmGtJ.bG: 

4:g4nq qmiJwliji hbmj1li wG}ttJ.l~ mbiJW4WJtJ.mu t tJ.bJI2!JG wi.J.numu , 

Jtlii ll!bu gmJg t mJttJ.wo Gl} . 3.27-mu: 

P.pwuub]lp (iuwG ol!ntJ. mtqwl}WJUWU ctwuwtiw4 I]dtJ.wp Lt llJlll2hJ 

qu1 pwu}1 zwrictuwG llll1JJlllJ3.JWUp GpwG g UJ121J hbnwtJ.nJunr~JlllU(! . 

L'-'btg()'0+<p): Qum tJ.bJI2}IG WJimwhw.Jmnip.JwG b=30uu JlUIJqpljuwu 

JipwGGbpJI hwtiwJI. bJIP )'0=40°, <p=26°, ljumwuwup L=67uu, 

hwuwl4wmwutuwunpbu b=35uu WJidbpJI hwtiw]J umwumu bup L=78uu: 

PJiwGubJI}I htnwtJ.nJ11HpJwG Guwu hi]wuwl}ntJ. nJmzuwG ll!WJUWG[! 

wGhpwctbzm, pwJg pwtJ.wJIWJI2t : 

liJil JuGllJIJIJ! 1.4hmp t umw gLjj1 WJG l4WJUwGJtg, llJll4buqJt wn2ult 

Jt(lWU[I 2tuwuqwpJ1 hbmu}1 wnp l}wquwt[nJIUwu u 2J12UwG 

qnpb[!UJl WgCibp}IG: '1-Jimwpl}bGp WJI} l4WJUwuuhpl! : <+. \, . UJtCibnl}ntl!! 

qmGmu t, llJl JipwGGbJ•l• htnwl[nJmLIJJlllU[l JIJIWJIJ•g 1.4bmp t JJICiJI 

WJGpwu, np wn2ul1 JtpwGJl qwzmwJJiu mwtumw!Jl! 2luwGqwJIJI hbmJIG 

WI1Jl Ilh:t>npuwgJlWJJIG u 2Jl2UWU[! : 

U'jmu l}nqUJig ~- <1} _ Q.n]IJWLl}JlUJl tlUI]lllUbtnt[, lljl JuntltJI u JlllWUJl 

l}pbpJl l[pw WHJl QlllJQ mtJ.w() QU2lllU[! wtJ.bUl Uti) t, J)WU puJl tlJlW , Jlul} 

JuntPJI tliiW wnwtJ.bt 2WtPlllJ. , WllW2W]IljntU t hbmuJWL ll!WJUWU[! : 

lunt.Pll tl.I•w wqq.nq llllllll hwl}qqmti[!' zbqtJ.wb UIIJ1UWU19 u 

4JtpwntJ.wb l}mpmJ bqJlJI tiJI2liwi.J.bmmu, hwGJlJil4htn4 llW2IDWJJiu 

mwtumwl}J•G (ll!WJIIDWIJllJl), G1.4wummu t qmpwGJ! ljWJlllUlllflJWU[!: 

.::.Jiup [!Gq.m Gttntl tlhii2liG l4WJUwGtf nJmztGp qwzmwJJiu 

mwtumwl}Jl bpl}WJllllflJlllU[! 

(3.30) 
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.0 
_ ____ _L__I-----T>ek:---~~;....__.,.~----,2--IJ-----· -l 

·--,-------~c------'--~'2 -- §2,J;:l i .. -----~ >, ---, 
w 1,25b I 

'U4 3.27 C}.mpwti)l )lpwtitihp)l mhqtu4tuJmU[! 2P£Wtitu4)lt[ptu (tu) It 

)lptutitihp)l U[I£lt htnwtjnpntflJLUli ntln2nttl[! (p) : 

Cw[mt G wlJ. btntl mumuG wu ]lJllllf) JlllU (i b[tl}. Cf. 'V U )1u bnlJ.ntll} 

qm umu t, 11[1 qm pwu ]lU 111 JlllWq]10 2W[Hilll u hWJlll]lll hl'll hw Uw [1 

wlih[1wdb2m t. 1111 1JWJLnWJ]lu mwtumwl[]1 6uzmUJ! wl}nuwlllwm]tu . 

pwtlwJIWJl]l P~0.5 l}q m/uu 2 U!WJUwli)lli: Clirpnubpllj. 1111 IJwzmwJ]1u 

mwjumwl[]1 pwpO[llll?JlllU!} h ~ 2/3a umwgtlmu t Pl0 h~R) =0.35R, , 

lJ.wu 
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0.35R 
1 > X 

0 - 2 
0.5 · - a 

R, 

a 
3 

bcosm R . 
_____ 'f':..._ __ > - ·' 

2 siny
0

cos(y
0
+<p)- a 

(3 .31) 

<.]n1p pulplllibLHtl umwqttwo WJtmwhwJmmpJnt uubpp· jtpwuubp]t 

hbnwtjllJllllfJlllUJl llJllllblip wn]1 llb.'J>nJIUWQ]lWJ]l ~tuwuqWJIUw(i 

mbuwl}bm]tg: <.wuw6wju lil} .3.27 l}W[lllll blip qpbj L=l0+\1-l?: 

CuqmubJntl, 11[1 htmu]1 l!Jtwu]t lJ.nqU]1g hnqlt 6wm1 CO llll]Iltlwo t 'l' 

wG4Jwli mwlJ. . 4wJll1ll bup q[tb( 

L 
I = --·' - 1 o.~ at"'£ +llf) 1·wu 

I · , ·' .::.\ n 't' , lf smy0 

12=bctgy11 l}uzwuwl}]t 

bcos<p atg(£ 0 + '!') 
L= + -bctoy 

2siny0 cos(y0 +cp) siny0 1:> 
0 (3.32) 

CGqinubpttl b=35uu, <p=26'\ y0=40", a==25uu , £" ==30", l}umwuwup L=70uu, 

llJlll ujtwuqwtlwJli hwuwlllwmwutuwumu t )lJLWuGbp)t hbnwtlnJUllf)JWU 

)tpwl}wu w[tdtuutp)tG : 

3.10 l'pwfiJl m2tuwmwfinJl npwi.JI! 

<.ml11 U2w4mJ3JWU npwl}]1 quwhwmuwu 4Jt]tmb[1]twG lJ.wtuttwo t 

pGwlJ.tltUWJWlJ.WG U!WJUWliUb[l]tg , lmq]1 .'J>jtqltl}W- mttuuntnqltwl[w(i 

hwml}wujtzlib[l]lg u uwtuwmbutlWOlltJ3JlllU)1g: liJUU!bU, tnuqjtwj]l 

l}wutuwpqbttlwu hwuwp tWU2bp}t tlW!lJ.l U!hmp t tltu)t wum]16wuwl}wu , 

uwum bmqJIWJP tlmwliqjl IlhUfi1lllU U!tmu t U!WhU!WUtlJl tunqwu]l 75-

90%-ll . hliwtlw11 lmqhp)1 u2w4ml3JWU dwuwuwlJ. U!bmp t WU!wlunjtq 

wn]1 tlt]upbquwu pwJIOJl wumptiwGJt, ltwU!w4gtlwo hnqbp]t IlbllJ.I2mu· 

wn]1 Ull14 2)12lllU11: 

<.mtlt :P)lqJIL}W-lfl bjuuntnqjlw l}wli hwml}w u)tzlibp]t l}unfm-

juwl}wupulliJF]l hbmuwliuntl hGwpwtjnp lt l}wmw[tb] ]ulbwtwlJ.wu 
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uzwljlll]3Jlllli , WJI} lljWLn 6Wlllllj WllW ')J WIJIItjlliU bli W4JlllpiHJJilliilj2UhJI. 

)IULn np)I tl2Wljlllpjwli tunJUllfJWU tnWtnWlilltUlihp zUjhtnp t J)llihli Uta 

±2uu . pmuwljwli UUWQII)ll}Uh)IJI ll!htnp t. IJl)ltj pwqtjhli . IOut.l-J!g uto 

ljnzmhpp 2ll!hmp t qhJlwqwuy hli 2 CJ'~o -)tg. puphJl)l pwpopntpJniliJl u 
wljnulihp)1!111IJUllf)JIHUJ! zll!htnp t. wligli)1 7ut'i-)lg 

SWJlphp m)lll!ll )l)lWGlihp)l u lmqwm)lll!hJI)l t!Jntuwqt}ligmpJwli 

)IJIWljwli ll!Wtn4hJII! tmuwpwGhpn lill!wmw4ntl4wmwptlwo hli nrmzw4)1 

wqJmGuu)lwljwG hhmwqmnmpJmlilihp , npnG g wruumGplib]l!l phJltjwc} bli 

u4. 3.28-3 .31 : 

Sw)lph]I )tpwGGbJmtl pwqt.lwUJW tunmwi}W2tn)l tjwp)1 wruuntlip-

uhp]1 gmJg hli mWJJlU , 11)1 wn)1 twtJwqnlJli 

uuwgnpi}Uh]l)l J)IW]ldhp }3WIJIIIU ljwmwpmu 

pwGtjnpw4wli ilw4hplmtwuhpJ.! (li4.3.28w ) 

2JI?IIIU u pmuw4wli 

h(i ll!illllltnW4WJ)lG 

ru11 ll)llllU WJIWqmpJWU 1.5-2.511/tj uwhUwlilih)lllltl Wll!Whntjmt.l 

hG wn)t I~ hJ2IIIJ3JWli 4WJlllli wli4Jmu. U)1li21lhll qtwGw4hJill! )1pwliGhplJ 

wn)llll'i'IIUl)l 11Jlll2 zwtfmtj LWtlwglimu hli W]lWCflll)}JWU utowgt.lwli hhm: 

Clill ll)Ulltl qtwGw4hlllll )lpwGG hp)l wztuwmwlip)l llJlW4Jl uuwli 

twtlwgmt.lt• hwpwphpw4wG t, pwli)1 1111 wn)1 p111Jl O)ltlnmmpJwG 

I}hll!I2111U (4 .5qil}t1 3),lihpJ2L)l UWJ21lt)l 2hpmhpp pWJIOJI WI1WCflllJ3JWU mw4 

t!Jzptjmu h(i lt l9tlmt1 O)lUIILntjwb uwuJl tlilW Ill pwpgumu lll?tlWli 

ptruup Jmli lihJlJl: 

P muwljwG t.lliwgnrullibp)t pwqt.lwu IIJtW4Jl (pwiJ.UwG tunJmlpJWG 

hW)lwph)lllt!}JlllUJ} tjwp)l !11llJ11llpJWUll) htl4m tn)lll!ll )lllWGGhJllltj tJ.wp)l 

awuwGw4 WJ1WCflll)3JIIIU)lg 4wr•tlwi'l l!li4Gmu t , uw4WJU PlllllJl 

nhd)ltllih)l)l llhllll2111U ll!tnllltnW4WJ)lli plthp!l Wll!Wimtjmt.l hG 

hwutuwmwpwJI pwpopnpw4 (G4.3.28): 

.:!.niJ.]1 tl2W4mpjwG npw4J1 tjpw tw4wG wqqhgmpJmG mGhG Gmjli 

I•IlwG)l ll!WJIWUbutJihil)l t!Jnt!JntumpJiltUl! (G4.3.29): liJUll!hu, 4nqmmpw-

4wG tn)lllUl )lJlWUJ.! 1.4-1.8 U/tj WJlWCflllpJWU uwhUwGGhtUlltl pnluw4wG 

uGwgn)U}Gbpjl pwqmu t wtJhtllJWl{. pwG WilWq tJ.Wil)l )lilWGGtr•I! KCW-

35 . nrmlig unm tllturlhgt.lwG wGlumlit! a=25° (4nqmnqtw4wG)l unm 30°) L 

hwUWl4WillWUtuwlinphli Yu=3811 lt 42°: litlWCflll]3JWU hhmwqw uhowglllUl! 

2-2. 5li /tj uwht.lwlilitpmu hwuqbgGmu t wpwq tjwp[1 )lJIWlintJ. pmuw4wli 

UUWQllJll}UhJl[l pWIJUWli ll)lW4)11_WtjWgtlWUI! (li4.3 .29w,p) : 

98 

-

40 

I I / h I 

~I ! v 1 
I ;--.L. !---...< ,._ 

0 
v - r-, I 

.75 
•fi- --~2 

' t-" 

......-1 
/ 

! _.__ 

.65 

30 

1.5 2.0 v ul I 2.00 V, UltlJ14 
w p 

"UlJ. 3.2X Un~ phpntfJLuli wliluwli 6 (w) u pntULUIJLu li Llliwynpqlihp~ hn'lnt~ 

ihu iJittiwli qnpawljgfl k, (p ) LflmpntumpJnLUI} L!WJl~ LLI[Huqntpjnt u ~g ltwtm[wa· 

l-q)LUULUljhflL4 ~fllUU , 2-UjUlntulluljwjpU ~fllUU (pwq_UlUUJLU !un tn LUfllU( tn ): 
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0.8 
0.6 
0.4 
0.2 
~~,~ 

0 1 
\ 

UJ 

"" 
L 

" / 

p 

I 
I 

/ 
I 

I 
-

2 

% v / 
v 

v / 

~ 
/ v 

/ / 
80 

:::: v 2 

60 

2 v, u/4. 
q 

2 v u/4r4 

u lj. 3.29 LlW[l~ Wflllll)ntfjlUU LU<.J.l]ttSJnLPJnLUI} pnunulttu li Llutugnpquhpll 

ihu il' ltLituU tunpmfJLUU hi' (w) , ~ 0tu0ljtjwa pmuwlttuli tiUtugnpf! lihpfl ptu litulJil H
1
• 

(p) , lmflft l~tJ.lfl Lf! llWU nr (q) u ptlphpfl PLUfl(IJlnlfJWU hr (q} L[flLU ( 1-um[npwljwU 

~[lLUli , 2-LU[l l ll4 l[lUppfl fllUU). 
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{~Jllll4111flJlU U Lill t)Wtjlli l\p U:jtli,' u 2 )U 'L] jWl]LlltJUil!li r Wll]I Ljtjuplctjl\tu li 

np tuljp (li lj.3 .2 lJq) l1 t\]nut!wt\wliwl.j Ljll lj]JILUtjliJliU lll~pl.j]l 

[llil!ll1111p11jll)Jllj1}llllip (lilj .3 2l)q) : 

q .jwliwljlqnq ]1pwliliLpnlj 6]niHUI IU11]]1 1jwp]1 ltJILUl!ll UllllUtJ L]lllU I. 

wlipwtjtupwp Ell] l.jwpq]1 hnq Lpp t]wpt]lllU bli L5]1WJli ll.jlllllltnw ljlUJ ]lli 

]lptuli li lqnn]. wnp ,']1 ljulpwtmjnJu u uunuli1u tl I. wlipli11hwu1 tltmqwtJl• li! J 

LJJ b up l nu Lljtll ljtJl] w il 6jn)mn hnq l•(l]1 Ljuq 1 ]1 d w uw li tu lj tqtu h w li ~'L]IIILi I 

tun)! J]llll( lllli!l )(l }' lllU . lljljl plill(lll.)~lllU i.]lptulij1 JIUljt~pl.jtiw li JLUJ U1 llj)_jtulj h 

u lUll]! I!LUUUllll]-l .JWll a lllU]IWpG(llllj~.JLUUp 

~ 0 

l 7 0 f-------1,---t-+:7"41:::.....4----+--

150 1
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ulj. 3.30 (]hnnUillU[ILUJ]lli [lJlLU[i)l LUJtuLUUlllllip[l tjlllljLU[ijt,Jlii.;pl} 

:Jtlllljtllljyt[tuu hnq[1 tltup[l <.ltuLiwlitUlf LU- wr.jl J(l)lLltuli tu(iluw(i ~ 

ljtu]11L[tuomp.Jmli[1 b/a htuptupltpmpJnLii)ly, I' - tur.[l pliJ.' IHfl.JLllli wlilutuu o 
ljtll)lll[lll()llql.JnLU[l t[LUJI)l llljlLUtjnLfl.JillU]ly \'. q- LUil[l t11]1qli.; ~ JllLU[i qnpt)LUljtJ\1 k 1• 

lputuJ!tuompJillli[lt\tupjl tunpmp.rmlillll a: 

flpuwli ul:io 1. b/a hwpwph(llllj)_Jlllli(l, WJUUWU jWLj 1. J!l~'4111U Wll(l 

( t.ilj. 3.30 w) u k > 2.3 W]l<lh!2Jl I[Gl.l.lj2lllU, LUiljl )Jl]Ilj J(l yljlllll 1.: 

100 

l.!.)lwqnqlJWU wqqhgmpJlllU(! wnj1 2!1\_)\IwCi o wCiluwu tJpw utUimmw­

liW.J]Iu ]1pwliml. tJ.wp]Illhuwnu1 wliuzwCi t u v:2: 1.8u/lj-]Iq htmn o= const. 

ll(I[I pmJJ t mwt]w h(IwztuwtJ.uph( UIJJl ]1pwCibpCi oqmwqnpaht 

wpwqmp.JwCi t!JntlJ.ntuuwCi llllJCi uwhuwliCih(IIllU (Ci4. 3.30p): 

lJwutw4gtjwi) hnqtpp ljW(Ijl IJUU.J.pmu, ]lCi~uthU W]IqhCi uztjtg, wn~ 

, tqb.Uip t 4UipwUI4.ll, uw Cizwuw4mti t, np wn]1 tJltuilbgtiwu wuUI]HiwCi~ 

qliwhwUih( utq WJUlhCi hwJmCi)l UhJ3mJ114. (ti}1Ci~u 50 uu uwuCiJ•4lit1•jl 

qw!Jqt.lwo[I hWJIWph(llllj)JlllliJ.l (lUilhWUill(l qwCiqtj.wOjiCi) ~[1 4w[lb(]l: 

1Jtiw!J Iltuwmu hml]1 t!JtuptgmUJ.I qliwhwUilj_mu t puUI 

tl•tuphgtiwCi qn[IOw4g]I (Ciwfuuw4wli fummpJwu hwpwphJUIIPJlliCi(! 

4wiiii9 hhUin qwCiqlj_waji fummpJnCiJI): '-lwr•ll tun[UnpJmupg 4wtutJ.wa' 

wn]1 t!JtuptguwCi qnpaw4]19J.l t{lnt!JntutJ.mti t qnqwlj_np 4nJin4. (Ci4. 3.30q): 

liJll 41111[1 ljh[lpllOlllj)JlllUJ.l 91llJ9 t UIWijlU, np W11[l t{lnpp hWUUllll}}JUIU 

qtuwmu, ll(lJ~ hwrunuUI t 6UwJ]Ili uCiwgntlllllhtmtJ., ~]1 tli?Wti44_mu 

tuUimpJwli t!Jnt!Jntum}}JWCi , kr = I: Unj1 hwummpJwll titbwgmUJ! 

hwliqhgCimu t tlwppy llhmn U(IW fuUIIllJlJWU utawgtiwllJ.I, ll(ID 

pwgWUI(llj_lllU t !JpwGntJ., ll[l hml]l tu]IUm o]Itinm zh[lUljlll Ujlwllmu t llt!wq 

6jH1nmmpJwUp qwllqlj_w0(1 u tumwgllmu wJCi: Un]1 hwummpJwll 

hbmwqw titbwgmU(! ptrunu t tummpJwll t{lnppwguwllJ.I' pmJt 6]1UnUI 

zbpmJ•ll u]•wCimu t uwvmti hmw u utawgCimu t!Jtuptguwll qnJI0w4ll9J.I: 
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o 2 4 6 8 ±cr,uu 
'Ulj. 3.31 hnT\11 funlitut)mpjwli W0, ytutipbp}l LUJU!nuuuilmpJtUG 3. L 

ynpbG)l pbpptumt\mp.JWG Q11 lJwful{Lu\tmfJntlil! t\wp)l funpmfJLUG U}l\)}lli 

J:!lllnWllntULUj)lli zbqmU}ly 0 (tumu~HUfJ.JltltU\t}l hwUbULUUlnLpjwUp): 
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q .. JllUJWUilim buwljwG 

npnzwljjmpbG ljwtu~wo t. 

4mt UliHJIW G bpj1 p bppwm ~llll3Jlll ti [I 

~wpjl tunJilllJ-l.JWU ljW.JtlllilllpjlllUjlg · Wjli 

UJ.bmp t ]JlGjl hwumwmmli : '-lw[Ijl fuu[Uli[=)JWU mwm w linu.lG bJll! 

IIwGqtgGmu tli luuu1 fuuliw~ml)JWG t!mpJlWgliwGJI , gwlipbpj1 

wt]pnmtlwonqJJWG t.lbowguwGJI u ptpnwmtlmpJWli j1ybyt.lwG!_l (Glj . 3.31 ) 

102 

.:,uqj1 LlwljbjlbUW.JjlG t.lzwljlll tJJWU tlb£!bliwlibjl]l tiwfuwmbu~wa bli 

ljwmwpbJlll t!Jfupbgt.lwli .. tumwquwG u t.lnJwtunmbJlJl pwi]hwliuwG 

tjli]IOLilipwgGb]ll! : .:!..JIIUI UwljbjlbUWJJlli uzwljlllpJWli t.lbpbliwubpl! 

1\WUWljWjl(}tllllU bli ])UUl ltbUlUJlUJ jut.lpbjljl . ljnqUljlll_WUllljlUb]l 

(ltwt.lwmwpwo u ujlyJ WJIW.JIIli t.lzwljmpJwli ). lJWJ2wGGbJI (wUlwLIGwtlnp 

u ul]w~wnwljwtlup ) , uljw4wnwljw4nJI bpLutlwJlji;> lib]J, hnfllllJIWqlibp, 

(hWUWUlWJILUG u LljtyJWJIW.Jjlli UJWljlllpJWli) u q]Wli~w4Gbp: 

f-!wlim] O]lqwGGbpp Gbpwq1put.l bG lmq]1 4JIW J1G 2t4bu ubtqbjl, 

IIJllllig ~ u y wGI.JJnttiGtpg ;> bli tlun{m]utlmt.l .. WJUjllipu luuw 2tG ZJ12llltl : 

flJmz opqwli Gbpj1 llnm .. jlli~u.UwJ!li t t!JtuJibglim] OJIQWliJI .. Il[lll2W4JlllJibli 

wCtmu t a wli4JmGJI .. uljuwo a=30'1 -]19 li]Ili ~ u a=90'1
: '1-wliwljGb]Jji, 

tuutllbJIJl l.t U]lUj2WOU pwpjlljlibpjt lib]IWljqJIIU]l hnqj1 tl_jlW 11J1U14mu t 

HJH4liu UWJJIII4 4mpt.lwli qnpOLilipwg : UnwliojJli-wnwlioJtli t}]nnWJ14bGp 

t!Jfujtbgt.lwli u 4UlJltlWli qnpDpGpwgGbpp : 

4.1. ~nqjlt}h~ntnhugpUIJ)l qnmpfi h pUipplJfibp)l 

mbqUilJmJnlll(! 2J12lllfiUilJ)l t{plll 

'l-b~Jll]IUWUlll]ljt WlJI]LtjllljlJWU UIW4 hlll]IIIU wnwywGtuU bli uwh£!jl 

hwpj3lllf.Jllllilibp , npnlip]IUUI IJII[~.JWU ublj]l UJillU]lJLU]llliUWljlllj~.Jllllili bG: 

...:.tmwqnUI11I]')_IWU hli,J UlW!:JUWU Ul4LUllllUljll~ WJ!l ltwpplllj)JI11UUbp[l 

qj1m4nt 11 bli wnwliojtli pli q]W.Jliwljwli llll]IJWOjiq L bjtljwjliwljwli 

llll]IJUIOjiq L4]1ll.Jli49JttuliL]IIII tl (li4 . 4. 1 ): 

Pli,'UJ.bu w]nJLli liz4tq uLn.JbJI!I mbullll)JWu pwdtimu luullt 

IIIU]IWJ!U!lWLjWli }W]HJUIUU WllljlUJillfJLUU 11bL4!2lllU llll]llWOjlq 

bpljwJuwljwli hwppt11pJwli l.lby Gwn)1 nn]IJmp_JIIlliJI pliniUIJtlmu t 

o a +<p+<p' 
'tf 1 = 90 - '1 wlil.uwli LlbOlllflJWUp : 

<!.wpwpbpwljtuli JWJI<luwli pwywljWJlllpJWli llUUWlliU GWJ2[I 

wnw?wlinlll L 'tf 1 = 45°- ~~ wliljjwli mwlj : 
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CLJ1uwJliwqwli -nu111wol1q hw11pmpJwli uh2 hm1l1 qnqwJl1li 
l'.iwph111i nu1114wo hli 0/2 wli4Jwli uiwq (liq.4.1 ):Qliq npmu 0 wli4Jwli 
uhompJmliJ! unuiwi.J.npwuihu hwi.J.wuwp t luuu1 lih1112l1li z41uwli 
wli4Jwli!!' 0=<p'=40-50°: Ulih11wcthzui t lizht, n11 qm1wJ\1 wli4Jwli 0 
uhontl}JmliJ!, npnzwqlm11hli qwtui.J.wo t liwlJ zw11ctuwli wpwqmpJmlil1g' 
V , pwl}p.qp 1wJlimpJmlil1g· b0 lJ uzwqmpJUili tun1m1pJmlil1g' a , lJ 
UlllUl UillUI Juii.J.mu t hhuilJ JUll tuaj1pl1q pwliwo lJ114.' 

\j/2=0.4bn°.4 v+20a035 (4.1 ) 
�wztJ.11 wnlihtntl lull]\1 qh:pnpuwgp.wJl1 qmnm uhompJmliJ! 1 1 lJ b, , 

p.li�uihu liwlJ l'.iwphpl1 nuw11pJmlilih11J! ' \j/1,\j/2, qctt.J:w11 �t qwuiwphJ. 
q1111uil11.J.wui1111l1 pwlinq opqwlilih11l1 uihqwqUIJlllUJ! 2112wliwql1 411w 
(liq.4.1 ) 

1.,1.j.4.1 .!,najt qh�mpllwgpwjp ufuhowu 

b11qwJliwqwli mqqmpJwup l}Wl}l1qlihpf! uihqwqwJ 1.J.mu hli uhqJ! 
UJmul1g w Jlilll1ml1 hhnw4.11pmpJUili tJ.p.w, np wn2lil1g qliwg1111J! 
�wliqw11l1 hhuilJp. pwpl1qni.J. lull]\1 qh:Pn11uwgimli qnpol!lipwgl1li lJ 
�nlii.J.hli qnzuihpni.J.: �wuwowJli liq. 4.1-11 qw111lll hlip qpht' 

Lz I O + 1 1 = 10 +actg\jl 1 

�wplJwli pwpp.qlih11l! qnzuihpni.J. wnlii.J.h1m 
f!UIUUIJliwqwli mqqmpJwup lipwlig hhnwtJ.npmpJllllil! 
pwi.J.wpwpp. hhuilJJUil UIUIJUwlil1li 
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( 4.2) 
uihuwqhuit1g 

uihuip t 

 

' 

(4.3) 
.gwlil1 np UIJU qhUIPlllU uuiwgi.J.mu hli �uzwqi.J.wo pupl1qlih11 h=a 
pw1101uupJWUp , muui11 pwl}l1qlihpf! uihqwqwJtJ.mu hli hpqm zwppni.J., 111111 
qhUIPmU h=a/2 lJ hphp zw11pni.J. h=a/3: ShqwqwJtJ.m1 pwpl1qlihpp. zwpphpl1 
pl11.J.1! npnzi.J.mu t pupp.qlih11l1 pmJ1wuiphtl1 pwp.01uupJwup' h:5J-4uu: 
U1wnwolJ lJ u11wq11quwlit1 pwpt1qlihpf! uihqwqwJtJ.mu hli WJliuihu, n11 
li11Uilig hhuipmU UUlwgtJ.11 npnzwqp. 1.J.hllUIOWOqll C UhOlllj:)Jlllli' c=4-5uu 

4.2 UwJpml Itmpuwfi qnpcrt!fipwg}t mhfufintnq}twltwfi 
h}tumfipfihp[! 

U w Jlll14. quipuwli qnpoJ!lipwgJ! J!liqwb" t qui1u111 wuiwpwuilih11p. 
(l}wpt1q, llWliWq, uhquhliUl lJ WJtli) wztuwuiwlipll hl1UplllU lJ lillW OlJp.g t 
qwtu4wb" qui11uwli uwp1m1pJmliJ! lJ WJll qn110J!lipwgl1 tJ.p.w owtuui.J.wb" 
tlih11qt1wli: 

UwJplt pfinpnznuil!: lnnpm1 pwli1lll 011qwliJ!' 11wliwqJ!, pwqqwgwb" 
t' UWJpl1g, hphuwql1g lJ hl1Upp.g: L).wliwqll UWJPJ! llJlpWli tt Ulllp tl1lil1 
(unq1 wli4Jwli i uiwq, liq. 4.2) wnw2l1li up. pwlip quipmul1g {hm1, 
un1wtunuiI1 wpuwui) hhuin uqqpl1g b"ni.J.mu, wuiw qnuipi.J.mu t, lJ npnz 
ctwuwliwqt1g hhuin uuiwlimu t 2112wliwJllli q1wlip uihup: nmui11 UWJP.I! 
qwnlimu t 111mzw4l1 hwuuimpJwli, 11111! �.U. d-htpqni.J.uqm pfin1mzuwup 
qwliw4l1 wJli uwuli t, n11J! wnwlig uwhpp uipn1m1u t liJmpJ! lJ pwjpw­
JlllU: b11huwqJ! 11wliw4l1 UIJli uwuli t, 11111! I111wlil1g hhnwglimu t fiJmpl1 
qlll11wb" uwuh11l! lJ uwhmu fi11wlig liqwuiuwup: <l>wulll1111hli UUIJJlP. lJ 
h11huw4l1 huiuwli qhlllmu mfihlip qui11uwfi qi1110J!fipwgI1 wfiqwJmli 
hw4wuw11wqznmpJwli i.J.p.l'.iwq: Quill fiq.4.2-p. huiuwli e lJ d qhuih1unu 
liJmpl1 zw11ctmuJ! uqui.J.htm hwuw11 wfih11wcthzlll t, 1111 mqqwop.q 
wnwligpni.J. lJ h11huwq114. eb qwquwb" wfi4JmliJ!' i/2;5;90-<p, WJul11ipfi dfe 
w11h11111.J. J!liqq11q4.wb" wli4JmfiJ! 2�=2<p: C112wliwqb"p. de 1w11I! l1phlip.g 
lihpqwJwgfimu t qwliwqp UUIJllJ!, n11J! 11111121.J.mu t hhllllJJw1 pwliwolini.J.' 

1 ?;>:::1 1 / 6=2rsin<p _? (4.4) 
1111uih1f r-uWJllP- uwqh11lJmJl}l1 qnpntpJwli zwnwi.J.tu1li t: 

liwtui.J.wo quipm1 uwqhplJmJ�l1 :Pl1qp.qw- uihtuli11p1ql1wqwli hwui­
qml}Jmfifihpl1g, uwJ11I1 hwulllmpJmfit1g lJ qwliwqt1 u11uwfi wli4Jmfip.g i 
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lJU1JlUWG q.IlJlO[ItipwyJt qbJIWqznnq UWU[! qwpnq tti qwUlWJlbj UWJJl\1 

ljwu bJibuwqtibJlll : '-lbpiJJ!G l}bll!j211ttl li.pnpfl DWr?Jl uljmjmU t uj1ti2u UWJJIJI 

hwGqJ•ll!h\\! . bJtbuwljGbJllt wqi}bgmpJWG Ultuq : 

UmJpnt{ ljmpumfi nhd~ufihp~ : lJJill pJ! :jlJlJlljqfmG hwUlljm pJmG-

GbJ!Jt, jiUill!hU tiwu l}WGwljjl zwpcluwG lllllillllflJI!diGbpjtq ljwju~wo- Cs=O, 

0::; S S <p. s ><p) UlW[IpbJUILU tti lJUlJIUwti bpbl) ntdjtUGb]l. (Glj.4 .3) 

1. YUlJilltU hwUlmum~ . tpp Gnpuwtmdji u IJtuGwljjl wpwqmpJtuG 

/\ 

nup]lllflJllllltibpp hwuuGljtimu tG: (N, V) = s=O, 

2. YUlJllllu wnwGg utuhr?J• , tpljWJGwljwG IIUJI]IIlflJWUp qwtiwljj1 

U1hi]WZWJlcl1llull~ 0::; S::; <p 

3. YUl{llltU uwhpm{ s><p: 

<.wUlmUmj lJU1JluwG qnpapGpwgp UlbiJ.lt t. mGtGmu hnqj1 

l.lzwljmpJwti pwGm] opqwGGbpj1 wzjuwUlwGpJl clwuwGwlj u mGj1 

uw!JuwGwtltwlj ljjipwnmpJmG, uwuGwlj_npwll!bu ' pm[I}.nqbJtGhpji, 

mGljwhwG u WJl uhpbGwGhpjl UHUl , nrmGp j1ptGg lJU1JllllJ IJWGwljml 

GbJtWql}lnU tG lmqj1 uwuGj1ljji m 4J1w uj1G~u tJhJI2JIGjiU tlJzplJ.bJll : YU1JIIllu[l 

!JWliwljJ! bJllJWjliwljwG Ulb!]WJWJiclnlj_ J!Utn tmpJWG 2!1 UlWJ!pbJllJ.mU 

hwUlt.lwG uljqpmGpj1g : llJu I}tuwmu flwGw41! zwJidlj_mu t tltnlJ.wopjt 

wll4.JwG UlWlj. llJI[I y:290-<p ljWU y=90-s>90-<p, llJIUlb!1Jlg t[ ~< <p : 

:)Gw.JWO liJlWG, 11J1 N mdjl ujl PWIJWllllllLI! NT wzjuWUlllltl . t 
uwuliJiljJiti uwhbgGbt lJUllllliJ tcuunL uwljwJG NT =F ll!WJuwGn~ ztltt.lwG 

mcJu :jJJlpumu t uwuGJlljJ! lJU1Jllll] tqpJtG : 

lfwuGJtlJI! 2WJll}lJ.mu t Nv mciJl wqi}bgmpjwG Ulwlj : 

liUlJllll uu uwhpml pGnq~wqptjni u t y <90-<p ll!W JUwGntj : .ewGJ! np 

s=90-y IllUUlJ! . y= 90-s <90-<p us> <p : t>GlUjbU hpumu t Glj.4.3 N mdJI 

pW!]WllJ!Jli[l uta t Fmax ztlJt.lwG mcljlg, IIJlll hhUluWGr?ml uwuGJtljp (m) 

uwluuu r. UWJJI!l b]llJW[UilPJWUp NT-Fmax llldll~ : <.ni]WJJ!G uwuGJtljG jljl 

pwgWJIOWlj Ulh!]tutlJnjumpjlllGl! lJWUlWJllllU t 
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a 

p 

1.Jlt . 4.2. 'l-tutitul[p ttbllbtimlibpp hpUtitul{nJtUtuti utubuw· 

tU -llnlJl UlUJpnt[l}tUUWl[ , p- pwGt[npwljw(i UWJpnl{ l}tuUlUlj 

1-UlUJP . 2-bpbuw\J, J- hpUj] ): 

c:=:J 

I 
m 

\ ' 

N 

w p 

1.>11. 4.3 Uwwnl{ljmpuwti nbll\Hililirtf 

w- htummUm[lJtn[tnll~ , 

q 

p- l[lfl[JntU l}lUUlUl[p bpljtUJUtUl[tUU mbJ]LU,HUpdm[, wnwtiy Utuhpp , 

q-ljmpnu~ uwhpnl{: 

Uwh~~ qnpomlj~g~: vJntpwljwG L'iwuGJiltl! IJwGwldJ lJUlJllliJ 

tcum~ UlhqwtlJnjuuwG clwuwGw4 ljwmwJUHU t UlbqwtlJnjuwljwG u 
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hW]lWpbpwljwu zwpdmu: Clitplllitlw~ t hwpwpbpwljwG mbqwtl"In­

JumpJWU hwpwph]llllf.l.JillU(t uwuliJllj)t pwgw]towlj mb•twtl"InJumf.lJWUjl 

wlitlwfiht uwhv)t qn]lawlj)lg · i: Ulil}llWqwnGwpttl Glj. 4.4-Jlu · qdtlwp 2t 

liljwmbt ' ll]lllllllWJpU uwuuJllJ]! (m), hwfiilllUJ.htntl UWJ]l[tG a, ljbmmu u I 

t}Jl]IVJtg mhrtwtl"In)utlhpl~ II t}Jl]ll2l! R == N + F mdJl wqqbgm}JJWU mwlj 

ljwUIWJUHu t a,a3 pwgwpowlj u a2a1 hwpwpbpwljwG 

UibrtwtiinJumpJmfifibp : Y:uzwGwljJl hwuwdwJG Efiipnlitlwa UJ.WJUwuJl 

. a?a 1 sin(~-<p) 
ljW]llll1 hfiV q]thtl == ---· = ----

a1a3 cos~ 

~ wliljjm(i(i W]1U1WhWJUlbtntf 

ljuUiwfiwGv ' S=90-yL 

. cos(y+<p) 
1=----

siny 
(4 .5) 

0 

w p 

"Uit.4.4 Uwhpm{ ~Ulpuw!i utuhuw 

w- uwhpfl qnpO'tu~yfl npnzuwfi utuhUw, p- utuhp}l qnpaw~y}llflmflnfuuw!i 

pfinLJ(ll! 4tufut{wa ~ L y=90- ~ tuli~Jmfilihpfly: 

UUiwgt{w() pwuwoup (4.5) L hwUwUJ.wUiwuJuwfi q]tw:}l)1lj)1 

UltlJWtfibjlJl tfbJllBU)Ill}}JlllULl 91HJ9 t UlWtJm, ll]l b]lp y=O, i~ oo, pul.J. y=90 

- <p wpctbpJl qtuwmu i=O, WJUJlfip(i 'lWI)W]UUU t Uwufi}llm UWJ]l)l hQilllt{ 

uwhpp qtl}I()l!fipwgl!: uzwfiwljmu t ljUIJmtUE uwhpnt{ WUJ.wlmtfbtm 
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hwuwJl uWJJiml u JW]H:tuwli mqqmpJwup ljwqllwi> wuljjlllliJl UJ.hmv t 

plimpt( y < 90- <p L4WJUWUjlg: 

\tmpuLUfi 'lllUlUJlflnL!lJlUfi mdhtll! 

Uw.Jim~ ljm]Iuwli nl:id)u1ubpJ1 pwgwhwJmmU(I f.llllJI t mwtJw 

~h]lllll~bplt ljUljlUWU utdbpJl t.!mtlmJuuwli O]tJlUW2wtlmtpjntlilib[l(! u 

q.n]H)jiUf.lwgJI twljwli ljnqU:I:iJlll : ~ == 0 nl:idtnlJl J}bUJ.l)lll u fiJm flit ljmpuwfi 

q.n]l~tllipwgp !I]IWljwliwylihtm hwtiw]l wfihpwdbzm t., 1l]H4huqj1 No 

linptlwJ 6fiJmup UJllll~II ub2 umhilO!I WJUUJ.jmji LW]11111L ll]lJI hw~wuwp 

J!Ili)l l.J.wu qhtlwqwfigJl Gpw wupmp.Jwli uwhUwliJtli : l~fi.'UJ.bu b]ll!ntu t 

lilj.4.5-Jlg, wnw2J1G nb<ttlu\1 l}tuwmu R=N0, T=O: cJ)HLjmJubpnl ljmJlllll 

UWJJ1Jl zw]H.IIlwli llllJillllf.lJllllil) 0 < ~< <p uwltllwfilibjtmu· Ljmtl"InJut{nu.l t 

uwu fiJmpJl ljm]tuwG IJlluWIUUHf.lJlllfil) R 1 = N 1 + ~: Ubowgfibtml S 

wfiljjmfil! 1Jhu.j_]1 <p-u · tl"Inmiwlimu t l.J.UipuwG hwuw]I wGhpwctbzUI N 

GnpUWJJl Ubi>lllf.lJillUE u (lWUWUJ.WmwuJuwGnpbG ubowfinu.l t znzwtl"Iml T 

mdJl ubatll]~Jtll litl: UwjpJt ZWJlctuwG S = <p llliJI\lllf.lJWli t})lppm u znzwLjimt 

mct]l 

[ 1 

N; 

fJ' max 

I 
I 
I 
I 

R 

ITI hwuGmu t Jljl wutuwub() W}ltlbpJifi' Tm •• =Fm•x= Ntg<p: 

~ ~ <p W}JtlbpfihJI)I l}bUJ.Vmu l.J.U1[1l1wG R met]! w.nuu B1 tiintiinJut{mu n~ 

uhffill}}JWUp, II~ llllllllll}}JWUp: 
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s > <p pnJH)J W)Jabplihpll qhuwnn\ R Jb1Jtlm1l t li11p 1l w!IJ~ zi!J1lwli 

<p wli4Jwu Ulwlr 

cDIItPIIJubtntl l1WUW4Jl llll)T)lllJlJlllU(I <p S S S 90° uwhllwliubplllll . 

Lflnppwlim1l t. GutJ1lwt oGzuwG m~ N, L S"" 90" '1lllll2llltl N=O: UJll 

LflntllnjumpJtllup 'lllW:}lllynphG GhtlYWJW9tlwo t. Gy.4 .6 -m1l : 

R. 
N. 
T 

1t 

2 

Clll WlJlll'l m<fD' T, UntJUUJbu quwp14 tJmpflwUnlll t. pwuJl llJl uw 

m'liUJ hw1lb1lwmwqwu t N-j1G ' Trnax = Ntg<p : q_pw:P!I4m1l T-Jl YllflJI 

tg<p < l : '-!UI)lllWU 11JlllW-

ll!llll!JJWU maj1' R = .JN" + T 2 
4nflJ1 qmut!Tll1l t N=f, (S) ynr1!19 tlhpl.t : 

'UJIH!Jll 4Uit11lwu 'lilllWlJlUnpJwli li1lwu 4wJlqjl ljlnm1wgm1ll! '-l. fll . 

<1-lljlJWzy}lUll pwgWUIJllllll t qwuwy}l UjlllWU wu4JwG l{}lutllwUI)l­

ywyw(i UljlWUU:}llljlUWgJlWJllt.l : 

UJUllJOU , hwuw6WJU ul{ . 4.7-Jl YW!lllll blip qjlOL tgio=nb/nc , 

nc . de cos~ 
tg i ~=dddc : U"JIIIU l{lll]ll)lg de==--~ , llljltllU tg i~ = pw(ip lljl 

cos~ nc 

nb=dc , nqtbllu · 
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(4.6) 

1u1uj1Gpli nrtpwli 1lbihulil1l 1l t. ~==90-y ytml tJlllJ)JlWUI1l 1l t tllntlwopjl Y 

wli4Jmuu w.Jlipwli t.Jmrl(lwlimll t. i ~ up1lwu wliyJmup . llJl[l hwuqb~lim ll t 

ympllwli 1]/lllWI))lllt jJJWU md!l Lfl.up)lWqllLUU(I: 

w 

'l.J4.4 . 7 l{p!ihLiwmplJLUl)tuG Ulfllll!iu1> 11(lti LU ~j jHUJP qnpi) [!Gptuyr 

pwywmptlwli ujuhthu ' 

tu- 1fwlhuljp uputuli mlilJJ Luli . 

p- !i.Jmrr hnu11r twJlimpJtuli u uw.Jpll \lJHUIJLuli htuummpJwli 

lil.jWI}bllJll{llu 4...U. 0-bJ)lqmjuyjiU l{U1jlllWU lJllllWlUilll\}jWU lllU!I 

tPliPJIW9tlW (i bplmqp)l 111 utnllli WU jljllll f!Jlll G G bpjl awt.'iwt.i W 4 hWJUlUW-
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pl:ipl:i] t uu l:iJILjm L4WUl6wn: Unw2!1li L4tUU16tunJl l1W.Jwlimu l: U]IWlimu, 

1111 Jl:iq LjmpuwG ctwuwuwlj tjmppwtimu t UWJJlli t.lJlwtjnJI l:ip4wlllll}3Jwti 

tjpw uuLJGni] UJll!pJl lmupJ! JWJGmpJnlti]I lt=l11coss (Glj.4.7) : l;plJilllllll 

1.4WLI16wnp LjW.JWUill u t UllWUI\1 u, 1111 s wtiluwG ut.owguwti hl:iUl 

tlmppwulll U t UWJJlJl hWUUllll pjllltip: flllUliJ Ljm JlUWU Jll:ii.4[!IllU Ill u blip 811 

zl:iqJlilLL4!2111U, 8~ < 811 (Glj . 4 7) Uwhpntj LjLilJlUwu dwuwliwlj I}J!UWI}]llll­

PJWU mdJl t~Inppwgmt.lJ! pwgwm11tjmu t Uwu tipwtintj. np WJU Iltuwmu 

UWJJlll LjWlllWillllU t Uflli9Jl llhll . umbqal:itntJ aquwli u uwhpJl IW1llliUUbp, 

111mUg Ill:iuwmu U.JmpJI wUilllL}3.JWU uwl1uwUu wnwtjl:iJ tllnLHI t: 

lJ:mpthufi mhum4mpmp 1U2futummfip~: lijU UbampJWU llllll,IIHMi 

wuhpwctbJUl t UJI pwGJ! ml:iuwG4JmGUb11J1g ' lllWI1Pb11 UJlllpbJlJI LjLilJlUWG 

tlil:ipql:iLilJILjwljwU qUwhwmuwG, qwliwljl1 1.4W11WUbml•ll u nbdJ!UJl 

pUmpuwG: lim11Uwli mbuwljWJIWJl WJtuwmwGp[l awtuutjmu t UJllll3il 

UJlwtjnp UwlJblll:iUll 4LI1JlUWU tjpw [Ljq mct.uu/uu 2
] 

~ 
0 60 ... 65 ~0 

p 

w 
'\..Jlj . 4.R lttn[llltU!i mhutuljtU[ILU[ILUJj11lUllllU!iV]l n[1n2lltU!i uJubuw ' 

tu- tl]1wllnll.uw!i~ htupf1LJmpnq flwp~ll~ tlnpanqntflJW!i u]11huw, 

p - ljUl]llltu!i tnhlllUl(tU[IlU(l w1.Juwunu!ip]1 l(tllf1ll]tu0mf1.Jntli~ 1; wlil!JmG~~r 

ZwuwawJG tilj.4.8-Jl I}wGwlJII UlbqwtllntutJbpitj h 6wUwt4W11h, 

LjwLilWJilllU t A=R 1 h=Rh sin(y-'-cp) WJjltwLilwup .u lJLillllllU S=h.b=h I siny 

uwljhpbuntj lml}: 
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A Rh sin(y +<p) 
lJUJ]IUWli UILu:uljLUillliJl WJJuwunulipt_I E =- = __ ____:_~---'--.:__ 

S hlsiny 

N 
liwJtjJ! wnliL[utj Gtuu R = -- Ljumwliwtip ' 

cos<p 

N 
E =)(I+ fctgy) (4 .7) 

nwGwaut.pliiU [ - UWJJIII bpljWJiliiPJIIItiU t b- 1\WUWLjJI 

[Itiqqpljuwli JWJlilllp.Jlllli]l f~um (Hl. UJiqntj]l hbLilwqnmni pJIH titibpJt 

ULIIWqtjtUO l, llJI lllllll\lWti UlbuwljwpWJl WJfuWUlWtipp aqUllllU l: 

Gtjwqwqm.JtiJ! y=2S-35" WIHJl:ipJIIll:il4J]IIIU (tilj.4.8 p) : 

4.3 ltnqmfnlmumpruJ(lli prup(14fihp~ UJID(ltuUhmphpfl 

h~tifirut.l.nrlmUf! 

lfLlllf!lUOU fHUp~4lihp~ l.]1finui hfi hwppwhwLil u mliJ!tJbllUW] 

<.w]lpwhwLil PWI3J!Gl:ipJt UnUl tllfu1tbguwli u ]lUJI llJitJwopJl wu4JmliliL]l]l 

tllllPil bli a=9-l 011
, £=15-18u , WJl}I.4WLI10Wl!IItj tjlJUJibguwG tplJlOJlUpwg 

hwt.\wp.JW UlblJJI iniGJI, LjwLilWJllHU t uJlwJU t.lntwJunLilll pwqhwUmu: liJu 

pwpJ!lJJl upuwli wliljJillliJl i = 12-15'1 , Jllllj tllntjwbplt wUlumli]} 2'F 60-

700 : fliGJitjt.puwl pwJJJILjUbpp Ljwmwpmu bti hnq]lJIULilbliuJttj t~Itu11bgmu, 

Gpwlig UnLil a= 16-18 11
, £=25-30", 2)=55-6011 41.4illlli lmqbpli UJwljm­

P.JWli hwuwp u 2y---= 75-80° wtjwqw.JJIU llllilh}IlllU WJJuWUlbpn hwuw11: 

<.wprwhwLil - tunJttj1fu1IbgmgJiiubpJ• pwpl:ipti 111 UbU a = 17, 20, 

25 11
, £=25 u 2611

, 2y=75, I 00 u 12011 wlilj_pntil.ibp: Utu pwpbpJl hwUlljw­

l.iJwljwli Ljnquti wJG t', 1111 LjwLilw[lmU l:ili UIIJWfuHLI1bJIJ1 pwql!wlimu. 

IInlJJl fu11Jl tlllu1Ibqmu · t.lJtwdwuwGwlj l4Wh1.4wUbpitj tunqwu11 t.lJiti~u 

30'1<,, 111IJl qqwll11111hU ljwUfuniU LDWUlll hmqJiwU : 

<.wppwhwLil pwpJiljUtpJl hJit.ltiwljwti futiil]IJ!Jl Un]wfunLI1bllJ1 ql:iu 

Ll1LUJ11WJ!li L. uwljwJu WJfuwUlwupJl !JUpwqpmu UWJJl!I ppwquwG 

hLU1uwlip11tj pmuwljwG w1IUwU1libpp ~bu lJLillltjmu. u trt ljLil[UIIl LqJmtj 

,'uwhLli. Wl4W ljfuwjumtjJI Ulbjutinpiq[IWl[LUU l}llJIO]!UpwgJl tinpuw1 
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lJUilllLUJiliiUp : lJ•qwju JJUljl tliJIUtu tnliLpp qultitjmti Lli ltnqntu. u LjlL llllqp 

: uwhjl ljul [IIIIJ Lqplllj . LULlJLU l]tll[ll.J Li tuljjJ liwu t\JqwjutJulLpjl uw l1p[• li 

·, ,? ~W il U[WUICi um!llj pw pjli.JII t]m tjuJ ,) p jl tulilJ.I LUli tl l.i ullip.Jill li p ll[ ll l,1 liillll 

illll2LIIl I. w nliLjll lU WJU l ~lUWli wli(IJlliU[l . up li WllUIL[bi ubu l. ' <p,- l l]llhllli 

Wliljplllip UIJllllUllljl U UlUJ]l]l tljl~) ( l. <p- ,1 ljlUWU WU([pllU[l illlijjl U ULUJ)Ijl 

ujJ~'u 

y<90-ma:x( <.p,, <.p) 

-:LUlW(]IIUllllJJ!IllliliLp!H.J ll)Ul]lqljbJ t. ll]l lizt.jwu y<'JO-<p 

lllllillllU(iw~llllljlliUli mlijl uwuliwlj[l plilllJf' , WJU wuhptUUG,Jlll. llllll]LUJU 

pwLjwpwp ll]LLIJUWli ~1: <l>mjwil ).![l wliljJLuli Ot4u1]1ULUJ UllillllJ:-'Jllllip 

qliwl!wml..ptl itWUlil]l ]lUI]lllliLjwil t tlilJLUjUllUl bpjt pwliwljlli~Jpllli)L ll]l li 

plilj(im U l. UW.J]I[l Ljpw UlljJW] uwuwliwljwiiLUL11Ljw il lliU {~ liwljtuli t. 

nppwli p[l i ptjnLj tlntwtunl11 qmli~[1 uuiill[l tjpw . LUJtipwli ljut.owliw 

[1wp[llj]l wli!lnu!Jtwli WJ]uwunu liJl!• htut.jwlitul.jwlimp_pulip. LJnilulip Will 

]ulill]tpp 

(rl-tupjl lj]l wzjuWUILUti p jt ()IULlW liwlj UW.JJI]lli !JwuqjHqw il 

tlllJW]UilUlJl 1\. ljbUilliU l.jtUUllll)llliU I_ lllGI]W l]llljltWljlllli u liwpwpupwljwli 

zw[H!mulJnJtutunm]l pwi.JW[!Lhult mt.qwt.jm]untpJmCip 

AB 1 =A 1 B 1 + AA 
1 

ljwmLU[lljlllu t linptlwJillJ N Jt]ltlwti wliljJwLi 

mwlj zLqt.jwo hwl[wqqilwli hw uwqnp]1 R llll]l]ll1)3JLUUp: ftl ·wp]tljp 

UlGIJLUt.jlll]uLjliLil4 1 ,'wi.Jwt.j UW.Jll]lli hwtiJ]jll4WO /\.Bl31 uwljbpliu]t !'llJII)I 

tlllJWtu nwli[l)l ljuwltbti u lj]1~libli uptuu]lq, ]llllj A /\. 1n Uwljb[Jbu[l UllJLU­

jUlllllG]lJIULUJll[l /\. 1B 1 ll]l]lfJllltll}lwpwfi.JWO lj]]lubQ ljllJUll] l..qJI!lli .nwliJt 

ll[l AA 1B 1 u /\.B 1B bmulii.um!.i]•CihpJ.i hwt.jwuwp tli, mumj1 LUJI] 

uwljbpliulib[t]l Lj]lW GI[WO LlllJW]llliUlGjl]l pwCiwljp UlllJUL4GU hwLjWlllU)I 

l.jl]1libli tl]lli.JWUg 

f2li1Jllllibpli.J qwzmJl U[lwljnjt uwljtpbu]l UllJtutunmhpjl l~lt~JI n, 

tnwuluwli uwljtpbu · S=AB 1B, ljwpnq bCij2 qpl:iJ , np t.ltqwjuambpJt 

)lUIJhWCilll[l pwlitulJI! Q~,Sn (ulj. 4 9): lJJlllU 

1!4 

b ~ n 
0·'2( ct~tY + tg( y + <p) ) (-+ <)) 

Q f( y) -1ll ll lilJ1.J\twli 111lijt li!lli[tlinlu (lill . -1- 10 ): 

Ullli]n\nn1 jl upnJUtuli hwu w p lJunnwpl..lip :flmliljqj nuJ]l Li uwliwlj[t 

ul<) tulitpllU 

()Q b 2 n(. I I ~ 
- --= - . - , . --. -,- I= o. lljlUltl)Jlq 
()y 2 \ COs- (y + <p) Sill-y ) 

y ><L[ UI =(90-lp )12 (4 10) 

.--.-+------.-~ B I 
')'+ 

'G lt . 4-'! Uttupwou flLUfl~lJ\1 L~mjw0 plltuliLJ.ituli 2yo ujul jnhut tlh omp_[tu(i 

npn2thuli u\uhuw: 

-.:.uq]1 wql)G~Jlllp.Jtllli]J hwzt.j[Jtunubpn !]hLLJj)lllLllpulibliwli!1. 
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Q 

'l_,lJ . 4 _ 10. fihup~l1~ ljuiJlnl1 bqp~li qUilit]nrttlll[lUlumnbp~ l.!tuliwlJII Q 

tllm~ntwhuli plimwu· lrwtu~lUO t~n~wou]1 tuliljJmli~y y, 2t]Hhuli 

WUl!JlUli qJ 1 > <p2 > <p , UHUJ!pbp lU}Httulibp]l !l!:itqpnu.\ : 

4wnmgbpi~ Q=l(y.<p) 1>muljgjiWJ!l 4JIW1>lt4wljwG ljwum (Ulj. 

4. I 0), Ild~WJI ~t Gljwtnb], llJI ztJu1wG wtiljWJU <p LlbOllllJJlllUJl IIJillZW-

4!mpbG WQI}Jllll t UWJll!l ~JlW qmutjnq LlllJWjunmbJiji LlJiuJlLllllU pwtiw4_ji 

tlltw: 

<l>juphgfinq pwp~~fihp: 'Ubp4_w_pu UU W!llflWllJllllpJWU Llb')) JWJU 

ljJIJiwnmpJmG bG umwgbJqpwoiJ IJ 2Jl'))L}lllJ pwpJtljGbJ!tr l!Ju pwpji4,Gbpll 

hwm4_wGzwljwG 4_nqti[l L}lJutibgt.lwG wGltJwG (a) J!Ulfl pWJHlJllliPJWU 

uwlmtG L}lnl}lnjumpJmGG t: '1-tiWO IJ pwpJll}UbJI!l t.lnu1 b=20ut1 , ~,=40", 

2ll'i>~nq pwpJtl}Gbjll! 4nzm l}wGqGwl}!t tlltw mGbG ~,=40-45° . 

QUU!Wtiwl}w~np 4_wGqGwljll t111w mGbG ~,=25-3011 : CJI'))~lllJ pwpJiljubplt 

LWJfilllpJmGt! mwmwfi~mu t b= 35-65ut1 uwhuwGGbJliUU: <.wJpbGwl}wfi 

WJilflWIUllllpJwG pntnJl mbuwl}lt L}lluJtbgGnll pwpJil}GbJil! l}npwg~mu bG 

llJlll2W4Jt zwnw4ftlt 2!12WUWq()n~, UJIJI tiMmpJillUJtg qqwtllllJlbfi 

4_wju~w() t luuijt L}ljupbg!lwG wumJtnwGu: 

<.bmwqnmm~JmfiGbpG wtqwgmgbJ bfi, HJl hwumwmmG 

zwnw~qn~ p=const 4nJtwg~w() pw~Jtl}fibJll! mbtuGnplq!Iwl}wG qnJI<}J]fi­

~wgJt ljwmwp!lwG mbuw4_bmJtg Oll!tn!Itlwt. ~b(i : <.wumwm~w() t GwL, llJI 

WJU pw~Jtl}fibJl)~ , 11JlllU9 tlwl}bJIUillJpJl ~JlW WQllJlll tnW)l)lWl}wfi 
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l!wljWL]l]JllUGbpp hwtntjHlll b(i Llji lJbUllllLl - JlW}Lnji ybphljWjji(i 

LlLUlJLj!llliiJP]l Lj]llU. ljWLDW)llllLl b(i lmq)I ]WLjwqlllJG LfituJibqmL}' 

LGtpqbtnjiljwljwli Lflnpp owjuubJmtj : <.tmwqnmbGp Gzt.jwa U!UlJLlWG­

GbpjiG pwljwpwplll] pwpj1lj]I ljnJUllJ~JwG OuJl : CG!JmGbGp, 1111 pwpjiljJ! 

t.lwljtpiJinJpji JIIIJlwpwGLJmJI ljbmmt.l Gnpt.lw tJI~ J tfiLlwG wGluwG mwlj 

;bqtjwo ttbilbGmwp hwljwqqmt.lGbJIJI luumtjmt.l tU 0 ljtmmt.l (Glj4.11): 

..:wt.lwOLLIJli lilj . 4. I I -JllJUlJlllll blip qpbj' F p CO SijJ : y=psin\jf 

X 
--------------~~0 

?y 
l >lj . 4.!1 <(>luJ!hqlinr[ plUfl~lj~ l}npntpjlU(i OU]l h~LiliLUl[npthuli utu!:itltU 

lJjlllU ljm]tlJig ljli]!Jl2112WL}lllqji ljwqtlwo WUlJ.JillliLI OX WllluGgpji 

dy 
hbm ljJlillji a T·w!l to-a=-

" 
0 dx 

dy 
d'+f = pcos'+f+ plsin'+f, 

dx 
d'+f = p' cos 'V- p sin '+f, 

I • I 

tga = p cos 'V + p sm 'V = p + p tg'V _ 
._, p'cOS'+f-p Sill'+f p'-ptg'+f-

mpb!l(i 

L·jbilbtimwp hwljwqipltUtibpji uj1 ljbmm!l hwm!lw(i U!WJLlLUtij~ 

WJimwhwJmtj_mt.l t zwnwlj_Jul tlbljmn(IGbpji (p 1 ) GniJGU!bu tljl ljbumtu 

ltWlfllll Llnlj. U pwqjl WJ11, ljnpjl Jlll(llU!JLUfiLJIIIJI ljbtnllltl 211J WL}lllljjl U p-jl 

ljwqt.ltuo ill (j ltJlll (j Jl 90+<p=const: fltGbup (i LU U 0=a-ljJ, 

_ tga- tg'V p _ 
tg~ - = ---;-, tlJmu LJnqLl]lq 

I + tgo:tg'V p 
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tg~=tg(90+(j) )=-ctg(j) 4wtl 
p dp 
p' = -Ctgcp . W.JUUlbi]jH_f pd'tf = - tg<p. 

dp I P = - tgmd"j If! : 
p Po 't" '+'I 0 

(4 I 2) 

Utnwywlip JIIqwpJipt1w4wG uUJllJIWUJ hwtjwuwpmtl: l1wmwptjwo 

t{lnJlOliw4wG hbmwqnmlllfl.JlllUGtp)l WJllJJllllipGb]!Jl gmJg tG UlWUtu . np 

tnqwp[lJ3uw4wG uUJl!JlWIJI oumJ 4npwgpwb pwp)t4ntj lmt]J! uzw4mJ~.JWU 

npw4p qqwiJUIJ!bG qbpwqwGgmtl t. UUlWUIJW]Iill flWf1)14GbJ!)lli. 

t.flluptguwG WUUlj!OWUJ.l ubowGmu t 11 '%-ntj ' Lj111J[IwguwG WUUl)!Owlip 

t{lnppwGmtl t 2%, t{lmtt{lmpnpJmlip ubC>wGnui t wGlizwG , qqw1JmpbG 

t{lnppw Gmu t Gw u pwpzw J)lCi IJ[ltl WllJUHfl.JlllGp : 

4.4 U4tmlwnw4mJltfi pwfiqnpw4wfi opq_wfifihpJ! 

U4wtJwnw4wJ)tG opqwGGbpp J!pbGg lLJLDmw4wG zwpdmtl]t 

uUJwGn1 u bG lmqj1 llbLD hll!tlbpug: U.JtJUJl!U)l pwGtJ.nJiw4wG opqwl.iGbpp 

oqUlWqJIIIClyllltl bG hwill4Wll!bU pmuw4wG uGwgn]lllUb]lliY hw]llliUill 

llWJUlb]l)l tlJW4lllfljWG hwtlW]l , pwGJ! 11)1 l.ipwl.ip ~bG pnGymt.l 

tlllLWPlllillb1m4' 4ill11UlllLtl 4wt1 utqumu bG hmlll tlb2 qtnJltlwG JUII[th)ty : 

U4wywnw4Gb11JI tltGmu bG bp4m Ulbuw4' hwpf1 u u:f>bpp4: ruill tmpJwG 

hw111> u4wywnw41! 4wpb]jl t tJ)lmWJt4bl ll[lll!bu u:f>bp)t4, J.1GipuGbtn4 

4n1llllflJWU zwnwtiJUJtl r~oo : liJUUJllllny PlllllJI u4wywnw4Gbp)l 

h)1tlliw4wG ll!W11WtlbUl]lb[IJ.l 4tl1Gbu · ill]twuwq)lb D, 4n1mtpJwG 

zwnwtiJuJI! r : UJil bp4m ll!W11Wtlbm11b1Il! )1JIW11 hbm 4wlll4wC> bG 

htmuJWL4Wll!IIY (G4.4.12) : 

D=2rsin£1 (4.13) 

11 8 

J>li ,'L4bU U4WtjWnW4)1 UlJIWtlWq)IIJil , WJlill!bU t.t 4liJUilflJWli 

zwnwtj)n\11 ndibG UlbluGnpiq)Iw4wG GzwGw411IflJ!1IG !J GpwGg 

U:bompJmGlibpp 4wtiwynp 1_1Gmpbl ~)1 4wpb1l1 UJulllbu , tibowgGt1ntJ 

wpwtlwq)!Clf! tjwmwGmu t. u4wywuw4)1 hnq umGbtm ]!GrpnGw4mpJmGp, 

WJll ll!WUlOwnntj hwztiJ! wnGbtn4 tizw4mpJWU wtib(iwt}b () lunJUILflJlllUI_I. 

hliwpwtjnp)1G ~wtj1 t{lnppwgymu t UlJIWUwq)HJIJ : 

c!>npobpny hwuillwillywo t u4wywnw4)1 UlJlwuwqo)l !J 

uzw4mpJWU Plll[UllflJWU biUJllJl)t4 4Wll!J! . D=ka, npmbq k- qn]JClw4)19 t u 

Ulwppbp u4wywnw4GbJl)l hwuwpmG)1 mwppbp wpcttpGbJI . qmpwGGbp)1 

unill k=3-3.5, gwpwGGbp)1 tlnUl · 4-6 u bpbuyw]t)l~ Gbp)l unw · 5-6: 

'Ul(.4 . 12 U1•1ip~l] ul]tut[wmul]~ h~uliwl(tuli UJtupwulimplip~ npnzuwli 

utuliuw 

U4wywnw4Gbp)l h)1uGw4wG ll!W11Wtlbmpbp[! umwliqW}Jmwgywo 

bli, hW11f1 u4wywnw4Citp)1 mpwuwqiJbp[! [!GtpnGtjwC> t 250, 300, 350, 

400, 450, 5 10, 610, 660, 710, 760 u 800uti , 4gn4J1 u4wywnw4wJ)lG 

qmJ}WliGt11)1 u4wtjwnw4Gtp)1 mpwuwq)IC>Jl J.IGipnCitJ.wC> t 610-810uu, 

4wtuntiJICi[! 580-71 Outi , bpbuyw11)t~ G bp)IGJ.l ' 450-61 Otiu, gwpwGGbpJ!Ci(l ' 

450-660tltl , wubiJCiwynp u4wywnw4Gbp)ICi(l ' 350, 450 u 520uu , 

wptlwmwpw CiqCibJl[lCi[!' 680utL q.mf1wl.iCibp)l u4wtJ.wnw4Gbp)l 4nJml­

J3 JWU zwnwtiJUJ(l J.IU!pHGtjw() t 600uu, b11buyw11)1()1U]_I ' 169, gwj}WU)IUJ.l . 

to9. I69 , 220uu: 

lrn1111lflJWU zwnwyiUl t{lnppwguw(i hbm ubowGmu bG 

u4wywnw4)1 2Jl2lllJ u t{lluptgGtq hwm4mf1JlllGCitpl!: Q(impbtn4 bJI4m 
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UjWilWLitmph111l ( 4.13) hwtjwuwpt.lwli Ll]l)mgntj, 111lll?tjlll Ll t GJI11llllllJI £
1 

=31-3t' qmpwlilih11]1 hwt.lwp, £1=22-26° gwpwuutp]1 hwt.lwp l.t £
1
= 26-

3211 tptutj.wp]12litp]1 hwt.lw11: Ultwtjwnwltlitp]l linpLiwt wzluwmwup]l 

hwt.lw11 ltwpl.tnp U2WUWltlllpjlllU IllU]l UWJ]I]l ll1ltlWli wliltJmlip' i = 10-25 11 

l.t ljm11tlwu wu4Jn1 li11· a=i+£2 : n1m2 dwt.lwliwlt w2tuwmtpng htum. tpp 

ppwlimt.l t ultwtjwnwlj]l UWJJ11l, pliilhwmtjmLI t wpt.lwmlitp]l ljmpt.lwli 

qnpo[1lipwg11. uwltwJli wltwtj.wnwlt]l mpwt.lwqoj1 6]1zm [liULnJllllJJJWU 

qhUjj]mLI ltwJlhl]l t hwliq]lUjWo wpt.lwmlih]!ll litputqt.lh] hnq_]1 Llt2: 

'1-jlLnWJllthlip W.Jllluliq]lll1l hWtlWOW.JU lilt. 4.13-]1: 

'Uq. 4.13 UqwtJ.wnwq~ UJwruuubmpbp~ h~uuwtJ.npuw!i ufubuw 

U4wtJ.mnm4Jt mpmumq.o)t h)tulimqnpmul! 

Ultwtjwnwlt!l wpt.lwm]1 hwliq]lUjhllm, npUjhUqjl WJU pnli]1 l.t Imq 

Llmgli]l, wlihpwdtzm t, 1111 WllW2 zwpdlll1 N hwt.lwqn1l llld[l !Jmpp l]lli]l, 

pwli z!J!Liwu mdJ!. F: Upt.lwm]1 !JJ!W hmlll L ultwtJ.wnwlt]l ltnqLI]1g 

wqrpnt.l tli htmLJW]mJhpJ!' N, linpLiwtmdJ! qtmu]1g, N2 linpt.lwtmd[l · 

ultwtJ.wnwlt]19: liJrl hpltm mdhp]1g wnw2wlimt.l t N hwt.lwqnp[l, llJl!l 

wzluwmmt.l t 1pnpu h]lht wpt.lwmlih11]1li, llJllllip, ltm mwlttJ.htntJ. 

ultwtJ.wnwlt]l wn9Lmt.l, pnliLjmLI tli L r]wqwpmt.l t mhlulinlnq]lwltwli 

qnpo!llipwg]1 Ull1ltlW]\lUPW9J]!l: <.wt.lwqnp N md]1li hwltwqptJ.mLI tli N 
1 

l.t N2 mdtp]1g wpt.lwm]1 l.t hnq_]1 F 1, wpt.lwm]1 l.t ultwt.J.wnwlt]l LI]12Lt F
2 

Wlllll2W9WO z!J!Liw(i mdtpp: UltwtJ.wnwlj_]l W2luwmwupg ltJlUpwliw 

linpt.lwt, tpt mhllllmlitliw htmLJWl UjWJLIWli!l 
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(414) 

'flpn.JLljmbpitj F. IIIUJI Nmu]1 llllliJillp.JWU tjpw ltwllllll blip qpt( 

N:S:F,-'-Fpls~.mlit:.Gp liwl.t F,=N 1f 1, F2 '= N.l~,pwg]1 W.Jll N,=Nctg~, 

N f,Ncos~ 
N, = --- mptt.IG N::;; f 1 Nctg~ + ---.. -~ ltwmwphiBtl 111lll2 

- sin~ sm 1-' 

al.twt]mlun1J3JIIl lilitp· ljumwuwlip. 

tg ~::;; f,+ f~ (4.15) 

ll.JU'LI umwliwlip ~ wli4Jwli l.t ultwtjwnwlt]l UjWJIWtlhmptp]l LI]12L ltWU!11 

R-a 
<.wt.lwaw1u lilt. 4.13-]l ltw1m11 tup qpt( cos~=~, 

2aR- a 2 

---, ::;; f, + f, ' li]!Lnh!]_]lg 
(R-a)" -

a[l+(f1 +t'J" ±~l+(f1 +f2 )
2

] 

R~ _, (4.16) 
( f, + t 2)-

U.Juu.J.]mmJ. umw~Jwl.ip D=ka tt.lu.J.]lp]ll1 WJlmwhwJm!HpJwli k qnpowltg]I 

l+f 2 ±~ 
Llwptt.lwm]IltwljLUljw(i W]IU'hj]ll k = 2 II JlLn hq 

f=f,-r-t~: 

U4mtJ.mnm4]1 mhqm4mJUlllfi U.J.LUillltUhmJlhp(!: Ultwtjwnwlt]l 

mtqwltwJtlWU UjWpwt.lbmpt:.pli tli - ultwt.Jwnwlt]l q]mh]l wl.iltJlllUJl l.t 

Llwpmltng]l wnwugp]1 Ljpw Lltljp tlJlllU]llJ mlibf]WO hbnwt.jupmpjmlig: 

11ztj_wa U.J.WJIWtlhmptp]l tJ!ntJmlunlJ3Jlll Gp qqwi]1 wqqbgmp_pnli t pHqlimLI 

mt]uu11p1qj1wljwli qn]lO]lU13W(jjl npwltwltwli ~JllllJWU]l2UGJl]l' Ll;wltmpJWU 

]l.lll]llllpjWU, tlll]W]l.mmb]l]l ljUlllilltlWU WUUljiOWUjl .l.t WltiiUWhWUIWltmLI 

2uzwljtjwo ptlp]lltlitp]I pwJlOJlllli~Jwl.i tJ.pw: 

l!)U]!GG]llltj_ hLUUillWUlLjWo t, 11]1 ll]!pWU Lito t ultwt.Jwnwlt]I q1mhj1 

wlilt.Jndip, WJUpmli twtl. t ltwmwpLjmLI Lln1wtunmbp]1 pwqhwumt.IJI, ]unp 

l.t wmut]bJ jil.imtliujlLj t ltwmwpt.jmt.l tjijuptqt.lw(i qn]IOJIUpW(j]l l.t UllJltlWI 
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bG awaljtj_mll llntwJumnhJl)l UbJll.lhlllJ: SbJuGntnq}lwljwG mbuwljbtn)Ig 

~Gmptj_wa bli uljwtj_wnwljGbpji qpnh)1 wuluwu hbmuJWL wpctb~UbJIJI -

qmf)wuubp}l hwllwp 8=40-45", bpbutJ.wJI}J~ ubp}I 8= 1 0-35° u gwpwuGtpj1 

hWtlWJII 0-22°: 

Uztuwmwup}l JIUf)WQ!]llltl llwpmljng}1 JlllJlWpwli2JlllJI uljwtjwnwlj 

lmll119 ljm1mttl t npnzwljjl wn, ljwquwtJ.nrlhpltj_ ttinlJuwau wljnu (li4.4. 14): 

~WfiLwu uljwtj_wnwljGtrunj pwgttwa wljnuubpj1 u}I~ u wnw2wlimll t 

~llzwljtj_wa f)tlp)llj , npJI lmq_l1 llzwljmpJwG ~wt1Jwu!I2 t : :::>llzwljtjwa 

pllp}1lj}1 pwpapmpJmu~ lJwtutJ.wo t uljwttwnwljubp}l mpwuwqoj1g . 

hbnwtJ.nlmtpjmGpg u qpnh}1 wu4JmGj1g : .RwG}1 np uljwtj_wnwljuhpj1 

hbnwtj_n[!mpJmUJI llwpmljng}1 wnwGg~}1 tl!Iw u mpwuwqj1op 

wzJuwmwu~}l ~Uf)Wgpmtl hGwpwtj_np ~t tlJnJubt, mumj1 uzwljmp.JWU 

llJ!Wltll ljwquwtj_npmtl~ ljwtnwptj_nui t qJmhjl wuljjwu tlhOmpJWU 

4w11qwtj_npm llml: 

/ 
/ 
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Llllohpltj WJU hwtj_WUWilllltlJl ptlp}llj}l pW)I01Ul1}3JWU uljwmuwllp u hwztll• 

wnubp1tj uwL Cochctg8 wpctbpp- ljumwGwup . 

I , , , o -v o-- b-crg-e 
h = -- (4.1 7) 

2 2 
~wpuwu uljwtjwnwljtihpjl lmqwljnzumtj ~pntitlhLiu lilljwmwljntl 

tunphmp.r1L lfliitjmu oqmtjhJ b<:: l .Sa llJWJUWGJlg : 

qpnhp wG4JmGu 8° 

- -10 ?5 30 35 40 45 
g:--+-~--

--l -

i ( :vf -/ 
- IT+/- ---

c uu -: 
!t. ... 50 c 
C'- 40 -c 
C'-

3 30 

/ 7 7 !-; : +y / I I / 

~- ~y~ - 7' f.-- - I J v: 
7 / / I I 

v ,( I ' I ' 

bit-~ 
7 y 

>+- I- 7 f7" F - 1-t ' . 
j/ I i 'j 

/ ' _,.( I/ 1/ I )' I I I I ' ' : 
g. 

25 
20 

..c. 

l/ i I _./\ / I I ; ! I 

/ ;/ l ! 1/ / ' :I I I I I 
/ r -r- v 7 l7 i I I ' : I ' 

[7 I : / I / v y II I : 
: - 15 ... 

c 
1:1. 

"::! 
Cll.. 10 

/ 1/ i V 7. 171 1 I , 11 1; 

/. I / v ! i i ' I i I i v _ ' / !7 ' ' 'II : / J ' I 

i I i 17 I I \ I 

I I [7'1 I I I i II 
350 450 550 uu 150 200 250 300 350 

uljwlj_wnwlj~ UlfiWUW(l~a[! . D uljwlj_wnwljlibfl~ hbnwlj_npmpJnLii[!, b tio 

'U~.4. 15 U~wlj_wnw~J14pnhp wtiluwti npn,lllwti tinlln4pwtl 

lfzwljmpJwG IliJWljJI hwuwpl{nu1 t pwl{wpwp, bpb h:O::::OAa' 

qmpwuGbpj• hwllw11 u h~0.5a bptuttwpJ•~GhpJl hwuwr1 : 

Utnwgttwa uwpbuwtn}IljwljwG wptnwhWJilllllJnwG ( 4. 17) 

h=f(D,b,8) q11W:PJ1ljwljwG ljwum Gnunqr1wU!J mhupntl GtpljwJwgttwa t 
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Glj.4.!5-nu1 : <+Jmh]I wGtuwG OUJLII]nlwt ~ wtj1]1 Jllililplll}}JWG tl'brmw , 

ljwjutjwo D.b, h L4W]lwtl'bLI1pbpJig , gmJg t lilptjwo utwuGttunj : 

uwjuwUjbu Wq]UllilbjulijtljwljwG UjWhWG)?GbpJl IIwtl'w6wjG 11P112tjHIU t 

}}Upjllj]l pW]lO]llllflJIIlU]l . h, WU.jW uljwJ.lwnwljjl Ul]IWUWqojl WJHlbpjl 

wpugjJU]Ig mwpJ.lmtl' t nutqwhw.Jwg · tl'JIG ~ u h-]1 4nJI}l hblii hwliltjtw . 

UlilwgJ.lwo ljbm]•g mwptjmtl' t qmqwhbn lmp]Kp!Gwljwli wnwGgpjlli, jJU4 

uljwtjwnwljGbJl]l b hbnwtlHJUH]}JWU 8 wnwGgpjig llll[l)WO]Jq wnwGgpjtli 

hwmtl'wG ljbLI1}1g mwptjmtl' t php tl'j1G~u q]mh]I wGluwli wnwligpj1 8 hblii 

hwmJ.lbu~ : 

l1-]mhji wGtuwG umwgJ.lwo wpdbpu wnwllWI!Iniwo 

UJW.Jtl'wGGb]IjJ hwtl'wp 4t1ICi]I OUJm]Itl'ww: UljwtjwnwljwJ]!G qnpo]IpGb]Iji 

zwpt!tl'wG wllbGwuba wpwqmprmGp I Olju/t! t: 

4.5 U~m~t{ qnponqmpJmfi tqmmt{nq pwfinq 

opqwfifibp 

Uljm]Jtj qiiJl<JlliJlllFJWG tymmtlll'l pwGnq !lbpbGwlibpu ljn~ tjmtl' bG 

liwu luupupwqGb11: <.Ill[IHJIWqGbpjl pwG11q opqwGGb[lU Jl[IbGgjlg libjlljw­

Jll19Ullltl bG uljwJ.lwnwljjJ tlJiw hwtjwuwpwhbn wtl'IIWgtjwo IJwGwljGb]J , 

llJlnGp ]1pbGg zwpdmtl'p umwGmtl' tG hJuumzwpt!]IL!Ig ljwtl' mpwljmnp]l 

hqU]llll}}.JWU WU?WUlUWG rJmbnjJg: UzjuwmwGpjl dwtl'wGwlj pwlimt 

opqwGGb]lll ljwmw]untl' bG pWJUJ zwpt!nur hwtl'ulipwg u UJmmwljwG , 

np]1 hbtnuwGpntl IJWGwlj]I hbmwq}Iali umwgJ.lmtl' t. yjilj[H]UJW: P. 

LnWJlpb]UllflJIILU tywuJnl qnpO"lllJlllj}JWU L4tnUlJ.lllll O(IqwGGbJI}L nrmGp 

pn!]Gm!l bG ljwp6bgJ.lwo gjilJtnJulwJ}IG hbmwq]1a, wljm}Itl opqwGGb]l}l 

hbtnwqjiO"{l bjlljW]IWQJ.lwa gjlljplJUJW t : L!WUlWJlb]nJ.l UjlflUltlWG u 

hWUf!Upwy ;wpdtl'wG W(IWCJ.llll~JlllUGbpjl hWJIWpb[UllflJWU tjlntjlnjunttl" 

HJUIZW4]mpbli ljWJiqwJ.lnJIJ.lmtl t lmqj1 tJljuJiby!lwG wumj16wGp: 

l)_IUfitU~~ pwgmpllm~ zmpdumfi hhuuuq~a~: UzjuwmwGp]l 

JwuwGwlj ljwmwpbtutl UjtntnwljwG zwpdmtl' w wGl1JmGwJ]lG wpwqm­

p.Jwtl'p u hwtl'11Cipwg ' V~ 1 WJlillqiii~JWUp , JlllJlWpwli~ lliJI I}WUWlj 

A ,, A 2 • .• ljwmwrunu t pwqwp6wlj mbiJW2W(IJ : <.nqmpwq[! . ljwmw­

pbpnj v,1t mbqwtjlnjumpJlllU , U[IW IJWUWljp U]Jwt!wtl'wliwlj L4ll1Lntjllltl' t 
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ul! wGl1JwG ,'Wtjnnj u t\. 1 lJ]lJIU]lg mbllWtPIIJuJ.lmtl' t A' Il]l}IP!~ (Glj.4.1 6 ): 

' 1-wliwlj]I Gnp I)]lpp]l ljllll]Ul]lliWLIIUb]lJI WU2WJld wnwGgpGbp]l 

GljwliiUwtl'p npnztlniU L hbliluJWL hwtjwuw]BiltlUbJmtl ' 

x == V M t +~cos cot [ . 

y==R(l-smcot) J (4 .18) 

nrmlip ]l]ibGgjlg Cib]llJWJWglimtl b(i IJWGwljjl A 1 ljhmjl 2W]HtllwG 

hbmwqjlO[L 

U\j . 4.16 ~nqnl)llU<.jjl wzfutumw(ip~ hl:imwqnmuw(i uful:itiW 

'1-wfiwljf! hmm thnGbtm UJWh]JG G11W A 0 4hmu U!tntnJ.lwa t 

tl1Gmtl' q>0=Wl0 wG4,rmti u hbnwgwO" wljnujl hwmw4]1g y=a tl'zw4mpJWU 

junJullpJwG zwtlmtl : UJIJIJllJlJ2]I hwtlWJl 4wJm'l hGn qJibt a=R( I -sinq>u), 

a 
llJllilblUI9 GzwGwljbtntJ - = m, ljulilwGwGp. 

R 

sinq>11 = 1-m (4 .19) 

QCitpuCihjliJ.l, 11)1 A 0 ljhmmU IJWUWI.jjl pwgW(HlWlj wpwqmpjntUJ! IIUJ.JlJ.lwO' 

t lltlJllillO]lq J}bUjj1 GbpJ2u , ( 4.18) hwJ.lwuwpllwG WllW9]1fi WplilwhWJUllll-
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P.JIItliJtg 4WJlllll blip QJlbJ. liJt wpwqmJ3.JWli x pWl]WlJJIJt2Jt ltwt.jwuwp t. 

CUUIJJl, W.JUjllipli ' X= v~f -wRsin<p(J , ll[lUlbll]lg . 

.· YM I sm <p 0 = -- =-
coR A (4.20) 

li)twqm pJmliG tpjt hwpwpbJmt PJWG wR = "~ 
r.., utan1 p Jilt G[t 4B~Ljnt u t 

v/1.1 
liwu utvtliw.Jjl WJJuwmwGpjt 4JtGtuwmJt4w4wG !:Jlltgjl,l. !1)1[1 qqwtJllljlbG 

4wtiJullJUIZ111U t IUll)jt t.lzw4Htp.Jwli llJIW4tt : ..(wt.jwuwjtbgGbptt.j (4. l 9 u 
4.20) hwt.jwupmuutp[l· 4umwGwlip 

I 
A=-

1-m (4.21) 

<lbJ12JtG hwtJWUlU)Ulltljl wlihpwdtzm t, UW4W.JU pwlJ.WJIW)l UjWJUWU ~t 
qGwlnumtpn IUll)lll)lWqjt wzJuwmwlipJt lljiW4!I: <lll)lll)lWqjt 

wzJuwmwGpjt lljiW4!1 qliwhwmt.J.mu t Gwu UJW4lJ.w() lUli)WJJtG 

qwGqt.jwajt hwmw4mu pm1Gt.Jwa (Uzw4t.J.wo pupJ14JI pwpoJUIIJ~Jwup · h,: 

lfunnmgmu: lJwmmgmUJ! lit4 I]WGw4]1 4lllJUjlg 4mpwc) mwzbi]jt 

[WJUillpJmliG t ' bp4m hwjluwG qwGw4Gtpjt hml]1 liw4tptujt l1tm 

hwmuwG 4blllbJtjt htnwlJ.nJmlp.JmGp xz=J\,A0' : tJwmmguwG utomp.JwG 

ntmJ liwG hwuwl' wlih)lwdbzm t t]wliw4JI ut4 l4UllliJU1lt ctwuwliw4 

libpbUWJjl wGgw() 6wGWUjWjlhJ.! X pwuwlitt llWliw4libttJt plJ.l! Z L{j1w· 

wR 
x=VmT, T=2n:iw , lll)lbUG hw2411 wnGttnlJ. Gwu v~l = T' 4umwGwGp 

2nR 
X= -;;:-. Jlll4 UWU1lll911LU[l 

2nR 
X=-

z A.Z (4.22) 

SwJt!]_ll wnwljt[wqnqli ltwummpJlllU[! b"'"' ll)UlJt.jlllU t JW11Wlj!]jl R 

HIIJllllLP.JWUp ' J.!lit!Jll libptt.j , H[t y=90° (Jlllm L~.'1.. '1.w1j,Gjl): <wuwowJli 

[!Gllllltit.jwiJ UjW.JUWliji. 4umwGwtip brn.,=x,coscp
11 

u pwGj1 IIJI sin<p
0
= 1-m, 

cos<p0 = .J2m- m2
, 4umwGwGp 

12() 

8 =X .J2m - m 2 
max '-

(4 23) 

<Lt.qi SJ !IG WJimwhwJilllllJJJWli t.JLJttnu)Ht PJIHUJI !:Jl!lJY l. mwt}IU , UJI x,- j1 

llwumwuuu G wp<ttpj1 qtuwmu, timpJtwgG bptt.j m-JI · tflnmtwGmu t Gwu 

utUIJbtl]l ltwummpJllllil!· utowGmu lmqJt lJ.tJu[tLguwli wum}t6wlip : 

lunplmlJUJ t Uljtt.jmu [!Uill)tbi m=O.S-0.3: <Dupp JullJUll~JWG llbUJ.PlllU 

plimjlljlltU t m -jt tlmpjt wplltp: 

'•flubumm!llpuljtUu gmgflt~ A. [!GmpmtJ.JnLUI!: A gmgjt~jt t!GmpwJ~JmGu 

4wmwpt.J.lllt.l t ~Ll)w4t.J.w<'l pup]t4Gtpjt h, pwpcqmtrnmGJtg 4wJut.J.wo , IIJI[t 

hwuwawrli W<HllllltJuGJt4w4wG UjWhtuG 2litjtjt , Ujbmp t J}lGJt h,~2 uu : 

..:.wuwowJG G4. 4. 16-jt h,= R(l -s in<p 1), jJU4 h,-jtG hwl.lwUJwmwutuwG 

X 7t R 27tR 
x, = x1 + 

2
' : triiliU 4mJUJtg X 1 = YM T1 = 2i· Xz =----:;::;- , 4wt1 

x , ~ "; ( ± + ~} 4.b 1'2l•li w 1 >m whw JUnn l' J mli J•g x, wpmwpubJ m 

hwuwp qptGv Gpw wpllbJ2t' . 4wtut.J.w<'l <p 1 wGlJ.Jmlijtg ' x,=V Mt, +Rcoswt, , 

R 
ltwJlJ.lt wn li bpnj (l=<p /W, v,,=wR/A. 4umwliw(ip xr = i<pl + Rcos<p,: 

<wt.J.wuwptglibptt.j x,-jt tp4m wpcttpGb[l[t ' 4umwGwGp 

"; ( ~ + ~ )~ ~ <p, + R cos<p, 4wU 

1t( ~ + ~ )= <P, + A. cos <p, npm b>!Pg · 

"G+ ~}<P. 
A = -'----'---

cos<p 1 

(4.24) 

n [1112 bptlJ. <p 1 u cos<p, WJlcttpGbJIJ.! , h,=R( 1-sin<p,) wpmwhw JUllll~JmGjtg · 

lJ.bJI2UW4WliWUjbU 4umwGwfip 

I( I I} l I A=l-+- -arcsin(l-mJj~ 
2 

(4.25) 
2 Z 2m

1 
-m

1 
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.(wzqwJ14\1 awliwllw4 l4GLn}? t )IUipliGbt, 11)1 hr -11 \1J1Wljw(i 

WJIUbllJ1 4Inpp t UJbuwljwli11Q h; li!1G~u 4\mmjzwtll hr =(0.5-10) h~ : 

.(liwtlwp hm]bJ1!1 lizwljmpJWU awliwliw4 J1UU1)1b[ntl I)WUW4Gbp11 

p11tlll z=3-8 , 4!1Gbliwmj14w4w (i gmg11£1~ umwgljmli t ), =2-6: 

liWl4w4gtlwo 6)ttl11Ul hm]b)l\1 lizwljmpjwG awliwGwlj ]IUllJIIU~llltl t A.=4-

16: cJ·wuwliwljwlj1tg hm]11Ipwqlibp11 lWJialiwG wpwqmpJmliJ! 

pti!J:.Ill (itjm li t V ~~= 1-6 ljli/ct: .(nqmpwqG tp11 plipmlj Gbp1t LnJIWtlwq\H)It 

mwmwGtjmli t 225 - 800 lili uwhliwGlitpmli, l}wGwljGbJ11t r1JtlU. 4-12 

hwm, lizwljmp.JWU funtmtpJlllUJ~ 12-16 uti. 6wh6w J11G hlll)llliiWqGbp11lll~ 

25-45 uti (li1JGLu 13 liltl 2]19WqOWJ1tG u 4-6 ljli/a hWtl)tGpwq lWJHhlw(i 

wpwqmp Jill Gli bpntl): 

4.6 Umwofiwqnp gwewfilihp 

UmwliGwtJ.n11 gwpwliGbJ1J! liwfuwUJbutj_wo bG luullt tllfuJibgliwli , 

liwljbJIUlllJfJWJ)tG 2hJ1ut\t tuwnliliwG, lintwfunml:ip\1 hwlib[ln l.t qwzm\1 

liwltbJIUlllJI'lJ~ hW[IpbgGbtm hwliwp: 5wpwCi11 wmwliGbJI[I tJ!limli bG 

pwnwljmu)1 l.t lttHII hwllltlwapnq: t5wlip l.t !l}12!1G gwpwGCiblt[l 4J1w 

ll]ltj_mli tG pwnwljmuj1 hwmqwavntl WUlwliGb11, pbrl.t gwuwGGbJ1)1 ljpw' 

ljp111: 5wvwGJ! wmwuGb[IJI lm11]1 tlJIW Gbpwq1pnli tG 11u~l4bU bJ14GJwut 

ubt4b]l ' j) , 1 hwulllWUllllU wGljjmGGbplttj_: UmwliGbp)1 UJbl]WljWJllltl[l 

pGm}}WC}llljmli t a wGl.umGntj_ , HJI}Ig lito ~wtltntJ.ljwfuljwo- t hm1I1 hbut 

u11w tJmfuwqilbgmpJwG pGmwJ!: a=rr/2 Wl1dbp\1 Iltuwmu gwnwGJJ lull)jt 

lib2 fun[IWGmli t awGrunpJWG mdntj_l.t tllfupbgmli[~ ljwmwpqmu t wnwGg 

Gb[l}?u\t funuwq zb]Jutb[lll tlbJ1 hwlitpn : a<rt/2 tnblJWltWJUWG wGljjwli 

IlhL4f2lllli IJJH11t GtiiPI..tl12b]lLnbJ1[1ljhll tG hwGtlmli: 

SwpwG~ wmwuGmJ~G qmzm~ ~wnmgmU[! 

UmwliGwJ)IG llWltn\1 6[12m LtwnmgmUJJ l4hLnj2 t Wl4Whntlj1 

gwuwlij1 hwuq\lULn l.t hwtj_WUWJIWl.J.2nqWO wzfuwmwli}?[l, llllll]1 

128 

UW 4 bJllllllJPW J11ll hwqwuwpwzwtll 

wqilGYIIL[l.JIIl (i: i:3JIIIlWpWuiJIIll1 WUlWtl l4Glfl}? t Ill (i bliw j1)1 lll)llllJU 

l1t.mpp l.t ht.mpbJIJl htnwtlHJUII)lJlltUlibi1U )l)IWJI)lg l4Glfl!) t luutj.WUW)I 

IJ!GbG: Unw2W11Jttlwo l4WJtlwGlibll]tG pwtlWJlWilllltl l W.JU wmwliGWJ\1li 

llllilUl[l , Il)lf! UUlW(jtlmli t hwppmp.JWU tlJ1W pwqtl]tlipwg l4lfllllLnWljWJ)1U 

qG-11 tllnmliJiq . \::i)tp Jll1)1W}?WU2JIIl)l l4LnlllLnwljwjjtG qG-\1 tlpw 

lnutlwuWilW~Wtlt mbJ]WljWJtlm\i bli wmwlilibJ111 illmmmwljwJ]tli qo)1 

hi14WJliiiPJI11UJ1. L=Ml , M- wmwliGt.JI]t pj1tlli t' l4LnlllmwljwJ\1li qG-11 tlt1W, 

1- wmwlilitp\1 htt ·rutjnJUHpJmlili t J1JlWJ1jig: .P-wlij1 1111 pwquuupwg 

l4LnlllLnW4\1 Ub2 l4lflllltnWlJWJ\1U qQ-b)1Jl hwqwuLi.lpwhbn b(i ]1J1W)1 

liljwmliwlip , mum1t liJIWGg JlUil[WJUwljwli hbnwtlnrunpJIIlUJl b=t/k , 

llJ1Ulbq' t- l4LnlliLnWlj]l PWJLU t , k- l4UllllLnWlJWJ\1li qoblt\1 PP4Jl: 

UljCihw.Jln t, np h hwmJlwop\t tl11W wutliwzwm hbmptp]t P11Jll! lt!)lli}t M 

hwUJ: 

.P.wli]1 11)1 wUJwuGbpJl pn[llll L4Lnlllmw4wJJtG qoblt\1 tlJtW 

mbqw4wJtj_wo tli GmJli hwqwuwiiWi WtPlllPJWUp, muUJ\1 PlllllJI wnw2)1G 

wmwulib[1J! GumwD bli l-1 ' G)1lJJllllllll1G)l' 2-2 u WJlU , oliJ1~Gbp\t 4J1w : 

GliJ1£lib)lJ1 tltnfuWJI\IlibJHtl Clll'lh)lll~, ljumwliwlip M hwm JlUIHWJliwljwli 

6nq: lTJ122WJ112WJ\tG UJwpwomJ3JIIlliJ! Gzwuwljbtntl a-ntl, ljumwliwuv 

b=Ma=t/k ljwu t=bk=Mka, WJU}IGpG' t pwJIJ1 4J1w mbqwljnJitlmli t Mk 

li\122WI1VJr UmwuGt11\1 lllhll.Jl nJmzqmli t l4LnmmwljwJ11G qotp11 u 

JlU!ltWJGwljwli 6nqbJt11 hwmliwG ljtmtqmtj: t:;pt. tlbJigGtliv wliuwhUwG 

hlllJWJUU}}JWU l4LnlllLnWlj l.t 4Inblip, Wl4W WUpll1]2 llWllflJ! ljowalj\1 

wmwuGhlllllj , llJlllU}? WJU 4pwdw(ib(i hwtlwuwp tnwGljjmli)IUGJ1\I: 

'1-pwGg u11 ljm]lill ljwqlitlmli t llUI][WJuwljwG 6m]bimtl, UJlllU LtmtUJ! ' 

L4Lnllltnw4wJ!1G AB qontl, Imlt hlllllllllllJmJlill ' CD miJlnJntl , HJ1J! ljW[lbtJI t 

1ll1UJW[Iljb[H]ll4bu hwLtwnw4 uG}}wgp)l l4Lnmmwlt]1 -tjmtj_wop: 

UJuUJ.!mnlj , umwgtj_nu1 t t+t 1=Mb: t=kb Wl1UlWhWJLnlllpJWU[I 

llluliwuuw(i umwgtlmli 1: t 1=k 1b, lllUill\1 k 1b+kb=Mb ljwu k 1+k=M: 

tqpwhmGqnuifiliJl 

I. M-\t l.t k-11 lllitn)llltf}JWli dwuwGwlj fumuwtllhl WJliL4\lU]I 

pqbp\Ig , nJmlip ljmlituwG ttGqhwGnqt pwqliwl4wm!t4, pwGj1 np tlb1•2J1G[1 

pumpwq)mtli t li!1 hbmp11tj_ wGgliuq wmwliGbpj1 p1ttJ.u: 
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2. !I.Jmuwl{ll:il M =k+ I P4!H.J. pwli]1np umwgljmu t. k 1= I , W.JUJilipG 

L4tnlll mwltwJ]lli qjH)Jl Uj1 11li I}Wqpw li [1 1: , npp gwpwli ]1 11li pwgpp 

l}Wilolimu t. wlihwUqjiUm : 

3. UwhuwGwl{lwlt4l:iJ k<M 1.4W.JUWUulj: 

d-wuwUwltwliJig gwpwliGI:i1I!I wmwuliwJjlG 11ill2tnJI zltwmuguwli 

hwuwpi}Grpuliljmu t M=5 . k~~3 . k 1=2 : 

5 wpwGJI PWI12]1 mJ]1 nup]111pJm Up lmp[1qnU[1 lll:im 1.twqun1 u 1. 15-20° : 

.Rwpzjl md]1 ' i,Jljwo mqqmpJmGli wGglimu t. owliplllpjwG lttGw1mU]I 

hbmp]1G unm. 1111)1 WL4Whmjmu 1: gwpwG]1 hwliqjlum wztuwmwlipu : 

0wGp (ul:ilt wmwuJI tl11w 11li!.two pl:inu 21 U) L u]12]1G (utlt wwwu[1 

tlJIW pGltwo pbn)l 17.5 G) gwpwGGb]lll ltWJlllll l:iU wztuwmbt pW]lOJl 

WJ1W411lJ}JWG mwlt (I 2-l3ltU!ct) , j}UpLjl. (wwwU[l phnJ! 8li) U[IU)L 7-8 lttllct 

wpwqmpJWUp : 

= 

Vl(.4.17 5tuptuup tuuJwtlUtuJpu qwzmp ljwnntyutuu ututuw 
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4.7 .:_ml.Jl tlWIJhJlhUWJ~U uzw~mpJWU pw~nq opqwfifiht* 

mdwJ~fi pfimpwq~p(! 

<llwu[Ilj qn]IOIH]lllj} JWli ltniJ tn[llj Wlllll]IW.J[l(t IJWflJiltG l:i]lll 

h[IuGwltwGmu ujiUbmpJ!lt l:iG (UJW[!WOL, l{ltupl:iqGuq), lllUill[l ltwpl:ij]l t 

tiGqmGI:il , up GpwGq 4J1W wqqnq hwuwqn11 hwltwqqnnl:t~ R" I11I1I1tlwo t 

linpuwtJlg zl{luwG <p wGltJwG mwlt zl:iqljwo (lilf .2 .6) L JlUm ul:iomflJWG 

R" = R, + Rz: PwqWil!l[l~Gl:ip]lg R,-pGmpwqlllliU t }3WjJ]li.t[I 

tunpwGwpn JIGqmliwl(mp_puGp. R, -~~ · pWfiZW.J]lG qjiUWlliUllpJ111G)1: 

-:wl]wqipl:wG R, L R, pLUllWilJIJl~GbpJl ul:iompJmliGbpJ~ ltwtuljwa b(i 

tll[upl:iguwG a u zl{luwG wGljJwG <p ubampJniGGbpjlg: !l.mGwljwguwG 

ul:iowguwli hbm UJiwdwuwGwlt ubowGmu t Gwu zl{luwG qiiJIOWlf[IgJ! tg<p 

llfiJI hl:imuwGpnlj 11li4Gmu t flWpjiltji . hm1mu tunpwliwpu 

J~lii}JILGwltmp.JmGti tg\j/=R) R, : <Dtupl:igGm1 pwpjiltGhp[l unm qqwtJmpbG 

ul:iowGmu t. a wGltJmGp, llJIJI hbmuwGpnlj l{lnmlwGm U t \j/=90-(a+<p) 

wGljJmGp, u tlwmwGmu t pwp]Ilt!I w ztuwmwGp]Ii.tW.JIILliillflJlllGJI' !g\j/: 

lm11 m]ttlWUlll]ICi b]Ijl J2Wil{W.JJiG I}]lUWillllll }3.Jlllli)l lllll12tllllU t 

mctw~wl{lntl u wpmwhwJmljmu t hbmu.JWJ J:!wGwolmlj 

Rx=kab (4.26) 

II[IlllGil k- lu11tJ1 mbuwltwpW[l Il[IUWf}lllll];}JlllGli t. , a- uzwltlll!JJWG 

tunJllll!JJlllliE , b- ]lGI}q[tlttlwG LWJGmpJmGJ!: 

Umn!lli J:!hlltlmu bG mwpph11 opqwGGI:itmtl wztuwmwGpjl 

ctwuwGwlt lm11]1 gnqg mtlwa mbuwltwpwp r}jiUWlllllllpJWG 

utompJmGGbJIJ!. utwpwou pwp[1l]Gb]l 11-20, tP!utii:igGml pwpfiltGbp' 50-

1000, awGp gwpwG[1 wmwuGbp ' 15-30, hwppwhwm - tun11 

tP!ulthgmgfl~[l )3Wp. 3 1-46, W}IUWU1WpWCiil tunl{lbp ' 50-60 Y:<llw : 

0-wp]tl]Gbp]l tGbpqbmJtltwl.twG gmgwG[tzGhJI]I 411w qqw1[1 

wqqbqmpJmG mGJ! tlzwltmpJWG tunJllll);}Jllllil.! (lilt 4.18): I>G~1.4bu gmJg 

bG lllW[jlU l{lnpobjl[l WluumGuGI:ip)l . uzwltmpjWG tunJlllljJJWU utawguwG 

hl:im ubowGmu t pwp[llt]l ~WJIZWJjtG Rx l)]lUWIUllHp_JIIllil.! , tlmppwlimu t. 

tun1IwguwG qnpawlt]IQJ! tg\jf, R,-1! l{lnutlwGmu t u1wvwou pwp[1ltlibp]1 

unm u w6mu' l{ltu11bgGnq pwp]14Gtp]1 unm : 
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5 10 15 a, uu 
'Ul1 4.1 R ~n'lP 11lu.lwrwmpJtuli R,!J .R , ptuqLUIJP~!litrlt !J \jltuli!JJtuli 

tjtnt{tntumpJmfiu ljtututJwa tlJLUlintPJLuli tunrmp.Jmfilty a 

----- lnuppwhtuu1 ptup~lj , 

------ ----------· t.flturtylinq ptup~li : 

<wl)wqquwG R, PWflWilllli,>Jl utawgmULl pwgWV111t\IliU t I!UUl 

tun1UllpJWU lmq}1 UJ.UipllpjwG w6utJ.: 

U4tmlmnw4fihp~ mctw J}lG pGmpwq}lJlJl Ill Ulll uGwu}I1lbtlJU 

wGh1lwctt2Vl t hwpp u u-'J?bJI)t4 opqwGGbJll.! I}}lVlW114bt wnwG6)1G -

wnwG6J1G: 

..:,mpp u4mtlwnw4~ oqmwqnpaLjmu t JWJIWhbplt 

lJillLU!JlLjWUlllpUbJI)l L\llW WllW2}1U lJillLL11)1tjWgjtWJ}l ctwuwliwl) hlllUI 

l)nqwJ}tG 6wpbp}1 uwhuwGwt.{l.wl)uwG hwuw11, qmpwliGb11l1 4l1w wnu 

lllilllWO}lq hwppntpJwG ut2 lJ.U!Jlbl'n u WJLG : ~wpp uljwt\wnwlJJ• 

hwuUlntf)JillU!! LlGmpt\ntU t <'5=0.01 D WJIU1WhWJL111llfJillliJ•g , mumJt 

mGbGWJlltJ. lJU!Jlllll bqJ1}1 upuwG wG4Jmu· ljwU!WjlLjntu t 1mqjt Vl1lll1UllU J111 

L\ltW t!bJigGbLllL\ UlJillJlUWG l}}lUWIUllUPJWU u 2tPUwli mctbpjt 

wqt}bgmpJntULl: <l>n1•ot1mtJ. WUJ.wgmgLjwa t, np 2t.PO:wG mctbJll! tlllm 

utampJWU WUU2WU tu, WJI} UJWU10Wl1l1Lj uljwLjwnwlj[l L\llW wqtlllll R 

hwljqtpn U!! wnw2wumu t lmiJ.ll UlJlll!lUwG llb.'l>npuwg}IWJ}tg u wq1puu t 

hm\lt htm hUJ.UwG qnVlnt ut•2GwljbU1mu' nuJI1tJ.wa }Wnwtltlnt.l : 

<wl)wql}UWG R, pwqwqp}tH!' 12W112WJJ!G t})lUWI}IllltpJillU!! GUjwummu t 
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;1 

uljlll~lllllWljjt tqtnUHlWUJ! R, 2 UllllUliUllllj . !tulj R, p WI]Wllll[l~Jl oqmmu t 

uljUll\ LUllWlj[tti IJll!!LU hJLltjlllll][llj: .:.nq[I mbuw[{W]IW!l ll[IUWI})IlllpJWU 40-

1\ 0 lj rl)w ULul!uwlilili]Hiltl tflut!mtumpJtuli 1JLLLJ.J2111U R,= 0 .7-2 .2 ljG. R,= 

1.2 R, : LtmpLjwo tq1mt! 11wtiwlj\t ptUJIJWJ[Ili IJ[IUWillllll)JJlHlip LjmpJI l. 1 ~ -

25 "·": 'l-wliwlj}I pwp;wJ[Ili Il}lllWl)JllllpJWU LjpLU qqw)}l wqiJbljlllpJI11U 

cor 
mli!t lj!Jlibt.lwtnjlljwljwli nbJjtU}l qmq}Ii Jl A= V =(0-1 ): U0owqlit1nt! A 

m 

0-!tq L'i jtli ~ lt l, R,-l! l}luupwlimu t 2. 5 tutiqwu : /c-It pLjwljwli WJlObpJ.! 

t1wjuLjwo t IJWGwlj\t ljwnmgLjwop\tq · hm\lt t\\lowlj\tg · A= 1.02-1.098 

hW1IJ3 UWJJIIIL\ llUJUWlj\I hWUWJI , 1.0~-1.3 1' WljliULjWO U 1.045 - 1.1 65' 

ljtnjtLjLUO UWJJ111Lj qwliwl)llbjljl hwUwp: ;ii1111Wl]UIU~Jill}l jl)lUJGjtq UlllW2 , 

t}Wlituljjl tnbijWljWJIIIU[l [lS:JbqUillll t j]WflJWJ[tll t)\lllWllJllllpJlliUjl 3.8-6.5 
0/>-~ lt\ . }Wt\W9UIIttl wn}1 211\HilUJL EUpwqp[t ljw.pnlimJ)JIIlUfl IJ pmuwljwG 

t.lliwqll1llllibp[l owal)mUL!: h]]lJI1lllLJlll t tnptjmt.l Jlll1lwpwG~Jlll11 )tpwli 

ltwUw\IIbl uljwLjwnwljwJ!tG I}Wliwl)nt\ (4 .19 w) : 

U:phplll! U~tmJumtu4~ wztuwmwGp[l qup011Gpwgmu [tp L\JIW t 

Ljl.ipqli111 U UWJp[l, bpbuwl)}l u pwlit!npwljw(i Uwljbpu111Jf)\l 1}\lUW­

llJlll iJ)jlJI GGbJIIr 

LJWUIW[!LjWO hbmwqntnlllpJIIIUGUJ!Illj hwumwmljbt t , 1111 

uljwt\wnwlj}I UWJJl}l u pwGtlnpwl)w(i uwl)bpumjp}l t!JIW wq1p1q 

tJ}IUWI}JIIIIj}JWG lJttlbGmw11 nutb1111 ~mGtG t.l}1 JtGqllwGmp hwuwqnJl, 

uwlJWJG UJtwlig ljwpbt11 t pbJibL t114m tuw ~ Ljuq mdbJt\1 R' u R' l)wu 

I}[tGwt.l[t (mct[t u um1tGmjl) (Gl).4.19): 

f:GtlJHGLjmu t, 1111 R' mctu wligGmu t uljwtjwnwlllt UJVlmt.lwG 

wnwGqpuLj , }IUlj R" met!! qmqwhtn t UJLI1V1UwG wnwGgpjtG u qVlGLjmu t 

wl)nujt ltwUJwlj)lg a/2 htnwtJ.n1llllpJwG tJ.Jlw : 4jtpwnwl)wG UlbuwljbUl\tq 

GUJWUlwlJ.whwpt.lwp t bJllJm tuwll\11'1. lllllilllGl:ql\19 wGglibt bpbp mctwJ\lG 

pwqwtwl•~Gtpjt . R,_ , R:. R, n1•ttg hbVln qawJ[tG mctw2wtJ.•O:wG 

tqwGLUlptLj 111lll2bJit4 pWJ12WJ!•G IJJlUWll1llliflJillliJl , R, 1111112bt Gwu RY u R, 

PWIJWIJJI)I;GbtiJ! tut4\l1l\t4 ljwUJll U\J~)JlgntJ. · R:=nR, , R,=mR, , (n = 0 .76 -

1.24 tqtbmjwpjt2Gt1•l• hwuwp, n = 0.12 -1.2 qwpwGt11!1 hwuwp, m = 0.37 

- 0. 76 lipliut\wp\12GtpJ1 hwuwp u m = 0.76-1.57 qwpwGGLp[1 hwuwp: 
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w 

p 

n-]1 pW[lOJl wpdbj2lihp[! t.Jhilwphpt.Jmu bG l}lllj2[l jun[mtpJWGJl u qimhJI uho 

wGLuwGtl. Jmlj m-Jl uta wpctbpGh[l!!' UzwljmpJwG uta Jun[llltl}JWliJl u 

qimhJ! l}ln12I1 wG4JwG]}): 

UqmqmnwqWj~li umpmqnglihp~ hmtl_mmupmqznmf}JnLii(! 

lrWillll\jngGbp]l uj1UhmpJ1\j mhqw\jwJUWG llhlljpmu hwJ.!wuw­

pwljznm{}JWU UjWJUWGGbp]} pwJ.!WilWil bG ' W'iJ u awju UW[!lll\jllgtihi!Jl 

hwuwqnp hwljwqipnuGhJll! mwt]m bG Gnp hwuwqnp, npG wGgGmu t 

llliiW\jllliii!Jl hhlll ljgniUlUWG \jhmnJ.! U qmGt.Jlll U t WqJlhqwmJl 

ujJUhllli1JlwJJ1 wnwugpJl J.!pw: 

L1-J1GwuJI\jWJ!I mbuwljbmJ•g wnwtlbt wG\jw.JmG tJlH1wljmu bG 111. 

uJ!Uhlllil]l\j uwpmljngGbpJ! (wJqhqnpowljwG gwj2wGGbp[!), uw\jwJG 6J12lll 

[!GlllJ!Ollltl Wll2U]l u hbmu]J uwpmljngGbpJl qJlllh]l wG4JmGGbp]} (8n,8)) 

hGwpwtlnii t hwuGbt WqJJhqwmJl zwpctuwG hwt.Jwuwpwljznml}JWGU' 

j2WII2]1 qJIO[! llli)I)Ol hwuwqnpj1 R,yllll)l)lllf)JWUp (Glj.4.20): 

lfWillll\jngGhilJl hwtlwuwpwljznlllf)JWG WHW2]1G UjWJUWUI! e3>e. 
wGhwtlwuwiunpJmGG t, Hill} hwuqbgumu t R,Y=P,y hwt.JwuwillllflJWGJ! 
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J~b lllljl]llll}JWUp. l'~' LlGGIII flJUlllp: 

uljA.20 U~LUL[LUmuljLUJpU LlLUjlLn~nqli\:ipp hlUl[lUULUjllu~znnlflJlUU 

l4lUitltulilibp[l · tu- utnl'\:impp\j tl'tupUllJnqli\:ip, p- n1 u]Jtl'l:imp]l\i UtuptnljntJUI:ip 

Dtqqwa]1q hwpf)lli{}JWG ut2 R" mrru (Glj. 4 . I 9p) lj]I!Iwm!wo t 
uwpmljng!1 wnwGg12J1g Gh[lpl.J, lli!Jl hbmuwGpml umbqot.JwD lljllllllHIJ 

UuUhGUl]l' R"(r-a/2) aqmmu t tunilWgGb] UW[!lll\jngJl WJG OtUJ[l]l, ll[lJ!G 

uljwt.Jwnwljll qnqwtlnim•p.JwUp t. nuJilt.Jwo u IPHilU hwGb] u.IJG OWJ!l[!, 

llJ!JlG nmm gp\jm{}.JwUp t mqqtlwo: 

lfwpmljng]1 wupmJ2 h[l\jWill11J3JWUp uzwljmpJwG hummwmmG 

jull[llllf!Jlllli WUjWhntlhllll hwuwp JunpwguwG]} aqmnll OWJJlP 

2Jl'iJWGw\j]19 ljwjumu tG wtlh!ll pW[lO[l, pwG UWillll\jng]l hwljwnwlj 

ljnquu : 

~nqmpmqlihp~ mdmJ~Ii plinLJHUq~p(! ljwjut.Jwo t 

41IGhUwmJ1ljwljwG nbdJ!Ujl gmgJillig , qwGwljJl 6uJlg u ImqwJJ•G 

UjWJUWGGbpJlg: <!.lll)llli1WqJl l!WGw\jJI J.!IlW wq1p1q ttbUhGmt.lJII llldOJIJI 

hwuwqnp[! R., (Glj.4.2I) zWildUwu llliJlllllPJWG hbm ljwqUmu t \jf 

wG4JmG : P.Gllljbu hwuwqnpu. WJGUjbu tt \jf wG4JmGJ1 ljwjuJ.!wD pupmljJ! 

UjllllllUwG wG4JmGJ1g <p=wt, l{lnl}lnjuwljwG bu : CGq llillllU hi~l:i R" Ill d[! 

w6mu t qjU!JJlg upG~lt R ~~a x u ll'iJGillU UJ!Gzu qjlllJW\jwG wpdhj2JL WlljW 

\jf wGLumGti l}lnl}lnjuJ.!mu t +I 2-Jlg UJIG zu -I 5" , IlJlW\jwG t. , hiiP R., llldfl 
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mqqtjwo L tjbp u pwLJwuwljwti L bpp WJI1 map mqqtjwil L tiLppu 

f<1t5pmlj)ll4U1U1UWU ptipwqpnii.L bpp I)tutiwljp Ljbp)llJ LjwpLhnliiiltl ~- hm])I 

ub~. uljunn\ t tu6b] R" lllU]I. WJUillhbmu (1)(=15-25" U1Wlj hwulinlli I. 

wt.lbtiwubo wpabp)Ili , np)19 hbmn UJWljwu )Ilimbtiu)ILjlllJ3JWUp GLjwqmu . 

qwnlimu t qpn: 

w 
Y,li/4 

q 
ult.4 .21 ..:.nljnlJlllllj/1 ntdtuJI1li L tlibpqhtnjiljWIJLUli plintJp[]' 

LU- 'lWULlllj~ l[[llU lU<.[Jlnlj nu:thp~ ujuhtlwli , 

p- R, mel~ L ljlwliljJtuli t~m~njutlwli plintJP~ ljtufm!wa purmlJf1 

tqmmutuu LuulJJmuf1y, 

q- tnbutuljlU[lLU[l LUJfULUtntuup~ l~nt~njuntpJlUU ljjltu~>~y[lljntptu[iml 

t[tup/1 (a=20uu) L 'lllllitult~ tntupphp tYwtnmymtlm[ hn!jntptuq_~ 

LU2/ulUtntuuppJ1bltjj2nttl 

~wuwqnp]1 R, pwqwqpj12li mUj1 UliJ}wgpjl lllllll11tP.Jillli. hJtllltl t 

ubrtliwJJICi u t!JnpJlwgGmu LtlitlhwlimJI I!WJIZWJJlli q]IuwiwmrJmG]l, R, 

pwqwqp)la! q]ltlWillllltU t I}Wliwljji lunJIWUWLillli lmq umUb[Ing u 

w2w4gmu t lmqjig IPllJIU qtulm q.npo]!Cirwgji uupwgpmu : 

4UIJlUWli mbuwljWJIWJl l!llUWI}PlllpjlllG[l ljwjutjwa t lllliUI 

.'j>jlq]lljw-mbjulinplq]twljwli hwm4wlijlzlibp]lg, uwmmgmtl]lg h ljmpuwli 

WJIWqmpJlllU)lg <l>npJl tlwmmguw(i qbUWIUU Ub() t U1bUWljWJlWJI 

l})lUWI}lllllfJlllUJI, pwli)1 llJI uta t liwu lmq]1 t!JiuJtbgmU]!: .Znq]t Ljpw 

owluut[wo 

mbuwljwJIWJI tlibpqwmWJllHpJwli t!Jnt!Jnlut.lwli pumwu qpw:j>jiljnpbli 

U1Jlljwo t li4.4.21-mu t>li~UJGU gmjg t U1WUIU pbpt.jwo mt!JwLlibjt]I 
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L[UJI]IIIOillpjlli,Ujl . ULLtUWljLUJIW]I wz)uwUIWUJ?]l Ltmpllllj t5Lilwtinu.l t. 

1\wulliL!-JUwl.l t)mppwquwti u ubpbliwJ)I wpwqlllJ3JWUJI uLowLJt.iwti hbm 

qmq]IU)lW<J. Will L4WUHl WllllLj hllljlllJIWt))l pw(iLjll[IWlJWU W[!W'!lll[ljlllUp 

hwubtlWUIWj.!lUJl ubo ,'1: 4-5ljt.l!d Cl-pw.'P!Ilt)I UltjJWjUb[I)H.J bplmiLi I. UlUU. 

11]1 qmpwl.lml tjwp)1 tlibpqwmwJllll}}Jl!Ili]I qqw]Jmpbti tjlnp[l 1: 

illlljlll pwqnlj lmq)l uzwljHWJWU hwt.ltliwliilll P.JWt.ip: 

4.8 -:.mw uw4bpbuWJllCi U2W4ntpjWCi pwCim1 

opqwCitibpp W2fuwmwCipll nbctpl.llJ u npw4D 

U"wljbpbuw.JJ!li UJWL!lllf.JWU nbctJIUJ!llJ1112tJIIlU t hnq)I uzwljmpJWU 

tun[llllfJWUp u ubpbliwjJ! zwpduwli W[lWlllllPJWUp: Pnp!Jl I}bUffibJUIIU 

wpwqmpJWU tlbOWl)lllUJI hwliqbglimu t hlll]]l tpjupbgt\wti IIJ!Wlj)l 

1tuljw9uwlit1 (lilj.4.22w) u LtmJJmLjwil, hwliljwo u lmqnlj ilwilljljwo 

LlnJwtunUibJI)l pwliwljj1 wljb[wguwli[l , uwljwJli tl)l2JW[1WJ!Ili 

U1WJIW0lllp.JWU uzwljlllflJWU UWLlWUWlj tlbOWUillU t UWU ljlll[liiii1JIWljwli 

Pll1!UbJlll ljU1[lU1UWli u hllljlllj owoLtuwG WUU1[16Wli[!: 

t;1ubpn[ lilj.4.22-ll liiLjJWJlibpjlg' tuHJihllLJlll t liiJll[mu 

hwuwmwpwb ljnqm[ILjwgjlwli ljwmw11bL 9-15 , ]1ulj uji~ZWJlW.JIIli 

t.lzwljlllpj!ldi]l. 7.5-R lju/ct WJIWqlllfJWUp· W11W2)lli ljnqUI[lLjwgjiW.J[l 

tJwuwliwlj oqliiwqnpilbJ.nl[ pniUWUJWJU1J.4WG uljwljwnwljlibp u 

tjwhwliJiljlibp: 

lJl! (Will) pwlilllj opqwulibpjl wzluwmwlipjl ctwuwliwlj WJIW· 

qmpjwli ubilwqlllUil hwliqbglimu t uzwljlllJ}JWU iulllllllP.JWU t!Jnp­

[lwguwlip: uuw(i I}GUWbJUllU liwluWUJGU fW}}jlljlibJl]l U1bljWljWJUWli 

lunJunr.JiuUp wtJbtwgLjmu t l-2uu-nlj: 

.ZwgwllwmjJljWJ)lli I}WJU1bJlll gwpwliuwli ctwuwliwlj WJIW­

qmpJwU ubawgmtl]l 6-1 Olju/ct-nlj 11Jlll2 ~wt!Jnt[ tPIIJ?JIWglimu t ojJ[bJlll 

Ljliwuuwli wumj16wuu. uwljwJli WJIW<)lllfl.Jwli wljb]]I ubowgmuu 

hwCiqbglimu t wmwuj1 ]1lipwgpj1 tunJmi.pJwli ljwJmlimrJwli tjwliiwg­

LiwliJJ : llliq]14qwq zp~wCiwljntj gwpwlilibJIJI (gLUligwau) }}lllJl bu UIWJIIU 

lWJlcttltUu wpwqmpJlllU]l pWJIOJIWglibL UjtU~u 13lju/d: .Zwuw6wjli 

wqJlllUihiuli)Iljwltwli L4Whwli~libJI[l uzwljlll)3JWU iunJllllJ)JWU liiWU1W­

Gmtl[I ~l4bUilJ t qbpwqwCiy]1 ±luu, jwlj pupjiljjt pwJIOJUIIJ3JlllliJI . 4uu: 
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V,UIL 

ulj . 4 .22 ..:_LU[lfllUhtulil flWflpljfihpntl htuULUl[ltltuo ljlll[lilptltumnpp tuztuw­

lflLUtipp nptuljp tflmflntuntfljlllfiif ljwtutJ.wo ztupduw(i wpwqntf}Jllltipy. 

w- hwutumwpw o uzwljntflJWU ctwuwUwlj, 

p- UP22lU[1WjpU uztuljlllflJWU dwuwUwlj (HI' 24mptltuo Untwtunmhpp ptuliw­

lj]}. 'Y.,, K"-hn![wJpU liumzp 25uu-py tflnvp ~JpwljyfiwJ!I qwliqt[tuop hwpw­

phpntf!JmUn ]}fi![hwUmppU , %,31• -hni[ntl owaljtlwo uzwl[tupmJuhpp ptu!itu­

IJTI zwppnu1, %): 

tnnq.llWJP bupwqw 11W2tn)l tunqwu)1 t.I!iwut.IwbmpJ111U1.! iLlJbtnp t 
w!ig!ijl 15%-)lg: 

lilfuwtnw!ip)I uqqpm!ip)1g qwfut.Iwo 111tn2w4)mpb(i WJt tu 

uqwt.Iwnwqw.Jp!i qnpo)Ip!ibp)Ifi fib1I4wJwgt.lnq Jl!Whwli£Gb1il! : UJUJl!bU, 

wqnuw1Iwtnwq[I pup)Iqlibp)l pwp61mtpJlllU!.! iJl!btnp t qu11 wqwug)1 h, ~ 

0.4a qmpwG!ibp)l Umn, h~0 . 5a b1Ibut.Iwtl)li Ub[l)l Untn u h~a gwpw!iut11[1 

Untn, uwqwJG l}PW hbtn Ubqtnbll iJl!btnp t tuwfurnbt b~ 1.5a Jl!WJLlWUJ!, 

1111tnb11 b hw11uw!i uqwt.1wnwqfib11)1 U)lS!U hbnwt.Intllltpjmliu t : 

Uqpnrnbfuu)Iqwqwu Jl!Whw!i£GbppG pwt.lw11W[lllll q1mh)l wG4JwG 

{!Utn[lllt}}JillU{! Ujbtnp t qwtnW[lbt hwuw6WJU 8=f(D,b,h,) :pm Gqg)twJ[l 

Gnunqpwl1)1 (Gq . 4.15): 

<l>nJI6bJt11t.l hwutnwtnt.Iwo t , 11[1 l.lntwfuntnbJI)I (funqwG)l ) 

qtn)ltnUwG wuUI)ll:iwul! qwfut.IwiJ t uqwt.lwnwqp qllnh)1 wG4JwG u 

2wpctuw!i wpwqmpJWU UbiJntpjm!ifibJl)lg : 

li2tuwtnw!ip)1 pwt.lwpwp ll[lWq urnwgt.lmU t <l[lllh)I wG4Jw!i ubb 

wp<tbpG bp)1 11hll!Ilm u (G 4 .4 .23), u)1G illbn WJIWcpnp JWU utampJm Iii! 
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Ujbtnp t UlU)l UllS! IIli hw2tJ.ml 7qu/ct , nl wtJ.bl.II u lli Jl!Wqwu , wnwtJ.bt uu. 1111 

W)lWqili}}JWU hbtnwqw ubowgnttl)l hw!iqbg!imu t hnllli 2UJ.lllllUWU 

wqpnpmJttnmpll9 lllll!IU ubbwguwul.! : 
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14 

12 

10 

8 

6 

4 
2 

\ 
[\ 

\ H[8=23°] J 

I.A_(t=35~"' v a,u 

- v - ....__ 
~8=23° ;!;.: . 

r-::::: 
I 

' 
Hre=35° -

["'---., r--- t.--' +--

2 

-
1---r--

J 

v 

6 

5 

4 

v,u/tlfl · 

Ult. 4.23 :)ljmpmtlwo tunqw!ip vwfiwljp H L uljwtlwnwljp ]}fifltuypp 

tunpmf!Jtu!i a tflntflntumJlJlll!i[f ljwtutltuo zwpdUtu!i tuptuqmJljntUpy v L qpnhp 

wfiljJm!ipg 0: 

<!.nqmpwq)1 WlfuwtnwGpjt npw41! pGmpwqpt.l.mU t 11lll1P 

t.Ptuptguw!i wutn)t6w!int.l (UwtnmgmUL!) u LllwqmpJw!i funp.InpJw!i 

hwUWiWtPIIlj}JWUp (h,): liqp.IltnbfuG)lqwqw!i Jl!WhwG s_> !ibpjl hwUw6WJU 

wqnuwtnwqjl pt'ipjtqlibpjt PW116[1lltj}JlllUJ!. h, ~ 0.2a: <l>n[l6bp.Ilt.l 

hwurnwtnt.Iwb bG t'iwtnmguwG hbtnuJWl uwhuwGGbJlll. 6t'iwqwttJ.wo 

lmqb1l)l .U2WqmpJWU hwUW11. 3-6 ut'i , huwt.1w11 rulllb[ljl hwUW11 10-15 uU : 

llilW£Wil[lt.IWb t'ibompJWU UwtnmgUwfi WJl!WrnttJ.t'iw(i hwUW)l 

wGhpwctb2tn q)i!ibt'iwtnjtqwqwG nbdjtt'i)l gmg[lil! 11Jlll2!J.mu t ( 4.22) 

W[ltnWhWjtnlllpJWUp : 
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llJllll h11]1g . 

R-a 
arccosR = arctg( tgq> 1 + tgq>J, 

R= a 
1- cosarctg( tgq> 1 + tgq>] ) 

'L~. 5. I Q.LwlitJ.w~~ (wliPtJ.}l) l4Wf1wuhmf1hfl~ h~utitul(nruwti ufuhutu 

q.twGtJ.wl.jJI LWJUillpJilllil! DJmzt{mu t mtlJwt hm}WJJlli 

UfWJUWUUbp]l hwUWJliJJHUl JllllJlilllllflhtll l}b1JllJIUW9JlWJJl ubarnpJntU]!g 'h: 

Q-twGtJ.wl.jl! iJJlll.lllU Wllill2WilJltJ.wa h ubampJWUp t!GI.jqutJ.btmg UlJUIJilliU t 

(uwl.j. BCDxb) awtJ.wt11 lunr Q.twGtJ.wl.jll qtnpuw(i q.Jl]IOL!UJ3ill9L! 

lllllllWJll.J.btntJ. llJlUfbu \jWJllLUtugtJ.wa· l.jwpbtll t llluUl awtJ.WLWJJ!U 

mrutJtuwG q0 z q.JlJlO'wl.jJ•gtJ wpmwhwJmbt hbmuJwL pwuwouml 

G 
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R-h 
~ = arccos--: 

R 
hbmuJWI pwliwoun~ 

(5.2) 

~uq..ll hWUWlllWJIWO qJwti~WljllWU qJWUtj_wl.jlibpJl tWJUill~JIHU[l 

J!Ulll]ltj_mu t l.jw[utJ.wa mbJ}wlipl• pbpmpJmliJ•g, tWli}Hnu b=l.Ou , 

-:,wppw~WJJllitU ' uJ!li(U b=2u u ill111Jl [umwguw(i (WlPJI l.jwpqwtJ.HJltj_lllU t 

qtwlhlw4t! wwgmgt·~ pbn(iw~npbJn~: 

UwoJ•twmlil.j]l~UI:iJI]I qJwlitJ.wl.juwu tWJlimpJlllUJ.l lit4wmw-

l.jwhwpuwJI t. npnzbt umwgtJ.wa pwuwountJ. (5.2), J!UIJ H]HHU JIUqmut{mu 

t. np wlihJlWOhzm ( q0= 1-2 (i /uu3
) uwa]ll uwmmgnq pwlit{UJJJUh]llibJ!Jl 

UJ12Pli 4llllJ! G=701.jq: -:,IuUI tumwguwli ubompJWU h l.jWJlqwtJ.npmul! 

l.jwmwptJ.mu t. qtwlit{wl.jub]IJ! tunt!J.J•I.jlib]l]l ul.jwmuwup mbqwzwpuntJ.: 

5.2 <l-Lnpowfi nhdftofihp 

Q.twliwl.jlihp]l qJllJIUwti nhd]lulib]lJl mumuliwuJlJUllpJwli hwuw11 

wuhr•wdl:ilm t l.jwmwtlhL UJiwlig I}wuwl.jwJiqmutf qpiJUILU uwhpnt{ , 

qplJUUU lllGl)WUjllllllJLnllll . lllHJllllU wnw(ig tnbl)Wll{tnllljtnJl u wnwlig 

uwhpl• (lil.j.5.2): 

f = 2ttrn 

f 
5 

< 2run 
~~+-------- -------~~~~~~ 

r: ,, > 2ttrn 
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llnwlig uwhp]1 u mbi]Wil!UliiiJUl]l wli]Htil (qtwlilj_wq]l) qplJIUwG 

ctwuwliw4 JmpwpwU,IJill!l ll!UllllJUl]lg hbmn wligwo 6wliwll!Wtlhll 

hwt}WUWll t OflWqllUllll bJlqWJUllpJWUJl, 1=2rcr: 

Uwhpntl qlllJlUWU IJbll!Pllltl WUJHtil wugwo OWUWI.l.!WJlh]l 

bti4WJU1LfJJlllUJ! wt[btJIG t, pwG OT)WqJlUllll bpqwplllJ3JlllUJ! 1,,>2rrr, ]my 

UlOT)Wil!UllllJUlp llOI.l.!Pllltl J!UIJhwqwnw41! ' wugwo OWUWI.l.!WJlh]l 

Ub011tf}Jlllli[! t!mPJl t OI)WqJlUlllt bpqWJll11}3JillU]lg i6<2rrr: 

llu]ltlJl qtntunUJ! wnwug uwhp]1 u mbttWI.l.!UllllJUlJl 4wJm'1 t mb1l11 

mGbGwt wut[whbmpp qwquwl[nJunumj u wnwfig wfit[whhmpp: Unwtig 

wGL[whbmpJI wu]ltlJl qtnpuwu ctwuwuw4 (GqS3) oqwqnmm 

JlllJlW}lWULJlllJl qbm qwmwpmu t PWJUl zwpctnur uwuuwqgbtntl 

U]Iwctwuwliw4 mbqwtPntuw4wG u hWJlwpbJIWqwu mbqwtPntum­

p JlllU u tp]1u: £tJ1mwp4tlm1 nbct]n!]1 qbll!pmu gwG qwgwo 4 tm]1 

UlOI)Wtltntuwqw(i zwpctUw(i V WJ1WqJHJ3JillUJl J!UUl UbOntpjWU hwt}WUWll 

t hwpwpbJlwqwG WJIWqntpJWUJ! , J!UUl 11U)T)lllJ3JWU UJlWUp mwppbp bli ' 

pwgwnmpJWUp A qbmmu, npmbq upwup hwl[wUWJl bu Gwu J!UUl 

mqqm p J w (i: 

0Jtwqnmm C qbmmt! hwpwpbJIWqwfi u mbqwtPntuwqwti 

wpwqmpJmufibJlt! llli\Iltlw() hu hwqwnwq 11UllllltJ3JWtlp, np]1 hbmuwGpntl 
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Jlll]lWJ2lllli ~.llll[l wqlipwppn11'i WJI J ltbm]l pwqwp6w4 wpwqtupJlllUJI qJm t 

u 11 um L111f7JWU WJlWQlltpJmtilibp]l wylipwppw_t]lfi ybtimtmlifi t: 

Oqwqmmtt tlJlll u ybm bJl!ll u pwqwp6w4 WJlWlJlll J3JillliJI tPmJmtutlmU t 

puUl ubompjwli u llll)IJillpjWli , 111 hwt}wuwp !. wli]lt}]l ll!UlUlUWfi 

wli4_p11UWJ]lli WJlWQll1}3JWfi (l) U C qbmJlq Jltlibgtuo UJIWU!:J 

ilhnwt}npmpjwli p WJIUlWll!IJWUlli : llJUL4bU V B::= v + v = wpll : 

Oqwqnmm gwtiqwgwi> qbmJl ptu!:JWJlOWq WJlWQIIIJ'JWU llll)lllllPJWU 

111mzuwli hwt'iwp wlihpwJbzm t WJJ} qbmJ! U]1wgfibt C-]1li, umwliwt 

UJUltntiwti zwnwt}]lll- l[bqUlllJlll p U tlh!l~]lli]lU qwliqlibgLibtlllllllWhW­

JWg mq]ul wli]lt}Jlll!UlUlUWU llll)l]lllpJWUp: 

ll-Lnpnui wfitlmhhmpJt qwquwt[npmuntl 

(2 uJ1mutGp, nJI i>wlifllllfJWU mJJl mwq wu]nln hmtmll pnT)timu t h 

tun!ullpjwli wul[whbmp (uq-5.4): £tJlU1WflqbCip wuJlt}jl u hml11 tltn­

tuwqllbgm p.Jwli tufiq]l£111 : <1-tnJIUW G qnpol!fipwgm u wfi JnUI OJ)wqnmm a 

qtmv qwmwpbJIIll. ca zwnwt}Jul - t[bqmnpJlfi llll\llWhWJW9 llll]lllllPJWtlp 

pwgwp6w4 mbitwtPntumpJmGV,, N mdntl Cifizmt! t <plJli:>Wlllillll'i m 

lun1wJ]lfi uwufi]lqJl t}pw : P-wT)WllJibtntl N mctu a qbmJl pwgwp6wq 

WjlWqtllpjWU V. u Ol)WQllUllll znzwtltmt]l lllT)l)lllpjWtlp' qumwfiwfip 

N ::= N v +NT : CnzwtPnq pWllWIJJlll~J~ - Nr=Ntgs wztuwmmu t m 

tlWUUJlq]lli mbqwzwpcfbt Ol)WqliUllll uwqbp\JntjpJl tlJlWJill[, fiJlWfi 

wpqbtw4mu t ztltt!wfi mcfJ! F=Ntg<p: 

.P.wfiJl qbn s < <p uwufiJiqp i.Jl uwlm1t'i oqwqnmm t1w4bJibUmJfJiltlli 

zwpch}nu! t a qbmpfi l.IIl!wb N" mJJI wqJlb91llflJWUp u V. mqqmpJWUp : 

s > q> ll!WJtlwfiJllltuwmo Ntgs>Ngt<p, Nr PwllWllllPi.l! hwT)pwhwJunu t 

z4lt1wli F mcft! lJ m uwufi]Ilt!Ili uwhbgfimu OllWqtltnm tlJIWJn4' Nr­

F=N(tgs-tg<p) mdml: llJu Iltuwmt! t1wufiJI4l! ub11t1tlmt'i t luulwJJlti 

qwliqt[wop ut2' N lJ Nr-F mdbJIJl wqilbgmpJWfi mwq: 

s q> qbmmt! mfibfip m uwu!iJlqJl wfiqwJmfi 

hwt}WUWJlWqzmnpJWfi tlJUSwq, ll)lJlg llhll!ll Ollillqlllnl1l l}bppfi UWUJ! aB 

t1wufi]I4Jl uwlunt! t IJbll!Jl libJlpll, ac <pltnmt'i uwuli]lql! ~~~ uwhmu: 
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'Ulj .5.4 Umuli9 uwhpfl u mbll.LUUJU11lt.Jmfl , p1u.19 wlit[tuhbmufl ljtuqututjn 

pnulm[ tuli]u[fl ufubuw · 

tu - ..!.n11.p UwulifllJfl tj_pw lUl[J11lll. mdbpj1 npnztiWll ufubutu , 

p - Oll.tuqnmm Jnztut[mll.P ntll.ll.lllflJLUUp uwuliflltr utuhufl npnzuwU utubutu 

lJwuG[1ljj1 uwhpp oqwqnmm l[jtwJnl[ hwliqbglimu t hnq]1 !Jlnzwguwlip u 

wli)nlJlg wnw2 pupJ•41• wnwywguwli[!, IIJII! gwliljwJ)1 (L WJll 

lljWUlOWUill[ lljbUlp l oqmht, llJI q]wlitj_wlj)l (wliJttJ.l1 ) wzfuwmwlip)l 

ctwuwliwlj WUt.jWhbmpjl fullJllll f'Jilllil1 ~l}b]JWqwug)1 hcp= r-rcos2cp=2rsin1(j) 

ubGillf1JillU1!: 

Q-Lnpmu uwhpnl{: LJt.lwG nbct[n1ntJ. q]npuwG tlbllJI2mt.l wG)14J1 

wGgwo 6wliwlljWJ1hi! l,kwt.jbJ)lu t, pwG oqwqnmm bJt4WJllllfi.JlllU]l. 

l,k>2n:r: UGJti.[ll uwhpnt.J q]Hlllll UJ! wljwq. Y..lll. q_llJlJW(lj)lul! wnw}'W[tljnt u 

t q)1U1W]lljb] UjillJUwGwljwG ' wt.JbU1 lib() zwnwtJ.qntJ., wnwfig uwl1pp 

4LllJUilUilt.j , llJIJ! lib4 lljUllllJUl)l ctwt.lwuwlj wugumu t WJUpwG 

6wfiwlljwph, HJ1pwll lljWJliwGwljwG wli]1tJ.l1 bJI4WJllllj)JlllliG t , wJu)lfipG 

]d=2n:(r+M): li.JU qh14!2lllU wfi]14l1 uwl1p[1 WUU1)10WUJ! ill]IUlWhWJUlt.jlllU t 

uwhp]1 qn]Jawljgnt.J' 

2n(r+~r)-21tr ~r rk -r 
£= ------

21t(r+~r) r+~r rk 
(5.3) 
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flpml,q r,=r+::'lr wlit.jwlil[lllu t wlijtt]]t LLJUlmuwli l.j)tlitt.lwm)1l.jwlJWli 

zumwl[jtq : ' l-dl[tup :1. lil.jtutnb] . np wli)tl[jt UJU1U1uwll wljupuqt]IWJ)tli 

Ljl:illU1]llllip qtnlil[utu ~- llll]l]LU0)1q wnwu qp)t . h ' i:'lr )unpmp.Jwli l[ptu (c 

l]liu1mu ) ' l-[nnwplJt)nq IltLLJPlt hwuwp wli)ti.[j1 utuhp[t qnpowljJ1~J]l 

1jun)m]l.ttjutu t 0-1 uwhuwlilib]Uitt.L pwll)t np M =O-oo (wnwGg uwltp)t u 

U1LI]U1LLJU1lllJUl[l q]npuwll nbdJtullb]l]l) li.Jdli q)1UlillJlljtllp wllJtl[)t u 

lwqw.J[1li uwuli)1ljlltpjt t{mfuwqtlhgmpJWli liwpgbp[.l : Ulil[whbmpjt h 

tlhOill[lJWli lljW.Jlhulllili]UliU oqwqnm)tli BD uwum[ hUjt.jwo t hmJl1li , Jwlj 

wlij1l[U [t]l pwgwpawlj zwpdnrtl]1 ljWUlWJIIIIU t lljUlUlUWU C 

wljli]cllU]l]}WJ[lli ljblim]mlijl liljwmt.lwup: lllmmuwG zwnw4Jlll 

t]hljmnpGtp]1<:J ubljp· oqwqnumtll a ljtmlllu znzw!Jlnq t (Ca) (Glj.5.5w): 

UJu ljbwmt.l pwqwpowlj WJIWqmpJmGJ! V, u linpt.lwtnut]! N tullbu 

1\ 

lilltjli IUillllflJillULI, 4lizwGwljJI ~ = (N 1 va )=0, IIIJ!bt.lli hnqjt uwuli]14ll 

oqwcptmm t.JJIWJnl[ 2!1 uwlum1 S <(j): Uljwq. Y.. U. ctbLI1qnt.JuljJ1li WJU 

ljbUlll wut.jwlib] t «h]lillliWJ)l »: '1-ctt.jwp ~ t liljwUlb] , llJI llllli)WOJ1q 

Ul]IWliwqoJt Ljtpj1li u llbppu)1 GWJ]lh]mtt.l s=90°. GzwGwljmt.l t oqwqnmm 

t]J!w a ljtUJ]tg qbtLJJl l[hJI u qhllJ1]1 Gtppu ; =O-YO" u tpljm linpljbUJL]lllltl . a, 

a: . umwlimu t liwu ~= (j) wpctbp : Oqwqnmm a, B u a1D Wt[bqGtp)t L[pw 

S > (j). ll]l[l hbmuwlip11t.j lmqJt mi uwuuJtljubJIJ1 ljWUlill]lllltl \.i[i uwhp: 

<.mt11 qt~IIJIUwg)1illJ)1 4ll]l0[1Uj3Wg)t llllllllUUwuJtJ11llj3JWU 

ULLJwmwljnt.J Ljtp~JGbup bJt4m u)1~wliljJWJ ljtmhJI a3 u a4 , npmbq s > (j) . 

[m4 F"'"'=Ntg (j): 1Jzt.jwo ljbmbJllnu FuN mcttpJ• qmliwpbp1t.j ' umwGmli 

LGv OI]Wqt1Ullll hwljwqlltllUU hwliwqnJ1 mcthp]l R m.> = N m' +Fill.' u 

R =N +F · m-' m~ m-t · 

SwpwompJwli ub9 a, ljbm]t 2W]Hh[bplt.J V;,J llU]IjlllpJtutlp wqt(llltl t 
LituuliJtlj[t t.Jptu R"' , mdnt.j u mbt)WZW]tdtut'i R"' ,-]1 lllljllJllj~JWtlp 

li.JUUj)tunt.j, V,J u V ITI.' W]lWqlllj3JillliliLJIJ1 zbql[wa tll )1]1WJI)tg ~ -(j). 

wli4.Jwli ~wtflnl[ , np)1 htmuwlipnl[ a, ljhm[! uwhmt.l t m , ljtm)1l[jtwJnt.J: 
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UJdtl liJIHJ li li~ V., I.J V,, pwqwpowlj_ I.J uwhl'lt wpwqlntlJlliGGhp!I 

utomp J'" G ti Lp1t : 

w 

~(J)-

p 

'Ulj 5.5 Utuhpm[4l"f1tln'1. tuli)ll[!J utuhthu 

P.wgwpow4 v ai Wl'Wq.Illf.JWU ubompJWU llllll2llWU hwuwp tPllJIOUwlj_wG 

6wGwUjW!lill1tl_ , hwtlWUjWlllWU!uwG ~wtl_nnuGbtl]lg (l<l) lllll121Ull bGp M-]1 

libomp.JmU]I, Wl.ljw zwnwtlJul tl_hlj_mnrlt_t p u GpwG mqqwhwJwg · IIJUIGbtll 
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wpwqlllJ3JWG lllllf1nt}}JillG!! : UJGmhhmu. npuztpnl_ qtwli\j_wl.J(l hwlltllipwg 

V, u 2J12WGwqOWJ]lG V0=0X:r+L\r) WI1Wq.IllfJIIIGGhpp (W=27t/T, npmhq T-

uh4 ]l!lWlj_wG l.ljU1lltJU1]1 awuwGwl.JG t) lll11124Illu t Y., =yo+ Yo: 

OtGbGwpnl_ V,, wpw(illlfJWG ubompJmtip, (Glj_ .5.5p)' Gpw \l_bp2]1g 

]l )> hg\l_m U: t nu111whwJwg N,3 Gnpuwt11G UJll uulllwhwJW9l! hwmmu t 

R,"3 md-]19 V m J U:tompJlll Gn, lllll! m, lj_bm!1 pwgwpowlj_ wpwqmpJmGG t : 

V a,m 3 \l_blj_mn]ll) Oilwqnmm a3 lj_hm]1 uwh~p qowJ]lG wpwqmpJmGG t m3 

lj_hm]1 Glj_wmuwup : 

'UU:wG l.J.wr1q]1 lj_wnm gmu11 lj_wmwp\l_mu t WJG pwGp hpuw t1J1w , 1111 

Va, u vm3 WilWq.IllJPlllGUb!l]l l4JlllJbl.Jg]lWUb]ltl NaJ GnrluWtll tl.JlW llflWil 

hw\l_wuwp bG , hwlj_wnwl.J l}h~mu m, uwuG]l4l! l.Jwu Ujhmp t hbnwGw]l 

OllWq.IlllllllQ , lj_wt! umGb!l U!lill uh2. llliD hGWIIW\l_llll lll: UlllJU 4wpqn4 

lj_wnmgbtml. a4 u m4 4bmhp]l hbm lj_wl.lj\j_wo \l_blj_mnpGhil[! (Gl.J.5.5p) 

umwg\l_mu t , 1111 a4 u a3 qbmbr1]1 wpwqmp_pnGGtpu mqqll_wo bG PilWit 

Glj_.wmuwup hw4wnwq mt)f1ntpJmGGtrmll_: ~wuwGuwG 4wl4trm4 

umwgll_mu bG ]l!lW!l hwqwnw4 mqqtl_wo uwhphp]l U:bompJmGGbill!: 

UJutttiJUnll_ uwhpntl_ qtnJltj_nq wG(nlJl OllWqilmm t111w umwgtl_mu bG 

3 qillll]llibtl. Da2 uwhp(1, a2a1 qgt!wG u a,B mhllilll4U111lJlllll qnm]1: 

~b]lpnobtn4 IUHUI hwlj_wqquwG Rm; u wG!nij1 GLll!Hl:wG 

tlJn!uwqilh91HfJ11lUI! . tld"tl_W!1 ~ t Gqwmbt, np « h(1wGwt11 » a lj_htnpg Gbppup 

hwlj_wqtpnu{! R,0 oqGmu t wG(ulJl qtntlilwGQ, !m4 tl_br1U' R, 11 ll(luwruunu 

4P111uwGl!: Dwg(1 WJil mwppb]l qitU1(1Ghpmu hwlj_wqlpnU:GbJl(l tnWIIPhll 

llllll)lllj)JWUp wqqbm OllWqnmm u(1 uwumu luum !umwGmu t, tlJlllU 

U:wumt! dqtl_mU:-tlJ!upbgtl_mu , nri!J hhtnuwGpntl_ wGtl_whbmpmu 

illllW2wGmu bG 6wphJ1, IIJllltig ~wtlJblll! qw!utl_wo bG wG(nijl 

UlJIWOWqO(Ig , phn(1g , ill!IWqlllJ3J11lU!l9 lt lmtl}l .'}J(lql14W-tnb(uGujnq!JwqwG 

hwm4wG !12 G btl]lg : 

Q..Lmlhl.m~Jt zmpdum!i tupmqm~Jmli~ 

<(m1]1 qtwGtj_wl.JuwG mb(uGntnq(1w4wG qnponGpwgGbp]I llJlwl.III 

tUlW qqwtll WtlllbgmpjlltU t qntlO"IllU U:bphGwj(l zwpauwG wpwqilli;}JlllU{l: 

UbptGwj(l 2WtHhl:wG v wpwqm}}JillU!! l.ljhlllp t nGmptlJ! WJUUjbU, llJl 

GtwGtl_w4!! hnqmu h t!bOm}}JWUp !untlwGwpn awuwGwl.JL!' th UlU(l wtl_btll 
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UbO, ptuli UbpbliWJjl wligwo 6wGWUjW(Ihjl 

UjWJUWGjlg ljW(llll] blip qpb] , 

x rsin~ ~r 2 -( r - h ) 2 

v <.:; - = --= --'-------
t h th th 

(5 .4) 

<DnpMiw4wl.i hblllwqmnmpJml.iGbpJig UJW(lq~bl t, 11(1 JmqJi Ljb[IJ!li 

4-8uu zbJll!l(l lulllwglibpn hwuwp wGhpwdb2lll t, np V:S: 15-2.0Uitj : 

d ·wuwGwyj1 td1 tflnppwguwl.i hwuwp wlihpwdb?lll t wLjb]wglibJ 

q(wGLjwyjJ LjJIW wq1p11] pbnj1 utampJmGp G: 

•l-tnpnui mhqruUJinOLJmmJ.: Sbqwzwiidjl wnljwJmJ-nwG •1tuwmu 

tflm}mltJLjntU t qjwGLjwljJi ljjllibUwlllJiljwlJ.wl.i zwnwtJlu]p .1r Ub OIII(JJWUp 

( r~=r-.1r) Jm4 

2rrr-2rr(r-~r) 
T] = - --

2rr( r- ~r) r- ~r 
(5 .5 ) 

npmbq · T] tflntflnltJLjm u t 0-oo uwhuwGGb(llllU (.1r=O-r): 

l.At.5.6 StqwlljmntJmmJ. qtnptjnq wli~tJ..P u(uhtlw 

150 

i , 

.:. wtlwowJli lilj .5 .6 •Jll~wp ~]1 liljtumb( , IIJI mqqw6Jiq mpwuwqoj1 A u D 

lJ bUi bJIII IU s=90° liJll lJ.Llll b(IJiq libpu pliljwo tljl~> WlJWJ)2111U ; <90". pwjq 

11 ~ tl'JlmbJ( s;eO : llJu 11tuwmu BD WIJbiJJl wupmw bpljwpmpJwtlp a ybmJI 

1upuHpHJpmlip tlwuGj1ljjt liljwultlwUp mqqtjwa t tqmmuwli llll]l]lll PJWUp , 

hwljwqtputlp R'" wliglimu t- ljblll\19 WI! u wpqbjwljnu.l qpqttlWli(l . 

UIJU]llipG wlitjwhbmJ2ll q_Jlpomu t ll(lli.Jbu wpqbtw4w.JJtli 4tu]wliq , 

lml)WJ]tli UwuliJt4GbppjumwGwpttj uwluntl bli Ujllltntiwli llll )l]lll pJWtlp : 

5.3 'l-LilJlUWfi IJ~UWIJJlnL}}Jntfil! 

.:.nqj1 ]umwgtlwl.i qnJlO(IU })Wgmt.l qjwGLjwlj]l Ljpw wqrpnt.l bli 

ihuliJllllpJwG nuJ)l ' P , pw(lZ\t wdp' T : "l.,ztlwa tpljm mdbpJtg qmt.lw]tljmu 

t hwt.lwqnpp, IIJIJI wlitjwl1bmpj1 wqbqp hwmmu t nput a l.J.bmmu: llJI! 

hwt.IWLJIIJl\1 wqilbgmp_Jill li JI wnwy t. pbJimU lmqj1 liwljwq•Jt.lwli IIH.tjl' R: 

PwqqwlllbtntJ R map R, u R" pWl)WllJl]l~ liltpJl l.J.wqtiblip qjwGLjwljJI 

}W(ldt.lwu hwtjWUW(UilUGbpp (Glj .5.7) 

T+mx- R =0 1 
P~ my- R ~ = 0 

(T±mx)y" ±J~ - Rpa =OJ 
(5 .6) 

IIJllllbl) p, - G R hwljwqq t.l wG hbnwtjllJllll~lJillU G t UJllllllUwG 

wljlipwppwJ]IG ybGm]ml.iji~J: Rwlij1 ll(l qjwlitjwqGbpjl wzltJwmwl.ipJI 

ctwuwliwlj uwhuwGwtjlwljmu blip zwpctuwli wpwqn•p.JmGp V:S: l.5 LI/Lj , 

11(1\l llbu.wmu WJU uttuwGJilJ.wljwG hwtl'wljwpq)! ljwpbtll t ]!Urpnl.ibt 

4wJmliwgtJwa (mx = 0, my= 0, J~ = 0), WUJw 4w1uu1 tun qpt1, nJl 

Ty, =Px. llJlmbqjlg ' 

X 
T=P-" 

Ya 
(5. 7) 

Ulllwgtjwo WJitnwhwJmmp.JwG tlhJlLHu)mpJlllU)l gnlJg t lllWJ}IU, IIJI 

nppwli tflnpp t wlitjwhbmp)l h ubbmpJlllU)! , W.JGnwl.i t.jl.llVJl t 

IUlUWlllllll?JWG LlntibGllll! Px, u J2W(i2Jl mcru T: f!wg[1 WJil , nppwG Ubc) t 
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qtwfilj_w4Jt mttwuwq}tau, WJfipwG tJlnzHt t T-G , pwGlt 1111 wlJ.btlt 

ltfimtfiultlJ. t utOwGmu y, ptuqmqJ.!, pwG x, : 

~tppnb-btn4. oqwwg wGJnUt (qttu!ilj_wl}lt ) qtntniw!i q.Jtttb"[!lipwgl!· 

htuuq.~uu bup hbUluJWl bqjltuqwgmpJtuUt!: 

y y 
w 

"Uij.5.7 4nzm oqwqnmml. (w) 1.1 oqwtlJy (p) wu~tJ.fihp~ tJ.pw wqqnq mdhp[! 

'umJU ~wtJllt mttwuwqbp D tJ pbnlt P qtuwmu oqwtltg wfilt4.lt 

qtnpuwU hwuwp UJWhwU~lj_mu t wqttlt tJlnpp pwpzwJpfi mo ' T : Uw 

pwgwmplj_mu t !ipwunlj_, np wfiqwtpum 'lt:Pnpuwglj_mu t wlJ.btlt uM 

~wtJlnlJ., npll htmllwupml utOwumu t htfiuwu uwqbpbu[!, htmllwpwp 

tJtnpttw!imu t mtuwl.ftuttwp ofizmuu tJ wfilj_whtmpp h tunpmpJillli[!: 

lfJmu qnqupg qn2m oqwqnmm qtuwmu lmiJ.lt ttttitumtutt 

hwqwql}lnufibp(! wql}lnU bfi Uptujfi wfip@ WDSJlJpg, ltuq oqtutltgp 

mqqwt\pq wnwfigppg w~ lJ t\wtu , npp htmllwfipnlj_ 

hwqwqquwfi R hwuwqnttfi wqttlt unm t miJ.tlwq}tb mttwuwq()p Gbttplll• 

b"tujpp!i, hbtnllwpwtl wqbtJl tJlnptl t IJ.ltuwrumtpjwfi unutfimJ:t x. 
pwqmq(! lJ PWP2P mdJ:t T ubmnpJ!UUI!: Q.tw!iqtuqp hwlj_wUWilW~WtP 

zwpdUwG dtuuwfiwq T==R., IUUUl}l fiwtuwUJbU npnzbup wulj_whbtnpJ:t 

Rr 
hwqwqtlUWU ubbntpJIUU(!' R = ~ : 

SID1-1 

<.mijt mJUtpuwu ttbtibGLntutl man dR=q.dS,npLnt;q· q- l~llllt 

mpntttituu mbuwlJ.tuttwp qpuwryunpJmfifi t : fitubfip q=q0y, npmtq' q0 -
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lunijt i>wlJ.wttuJltU UlJlll!IUtuli qnttcrtu4Jtgfi t, y - hmllt qi>wJJtU 

dx 
llh~npuwgJtwU, ds=bdl=b--r:t- ' nqtbuU · 

cos'"' 

q0b J R = -- ydx (5 .8) 
cos~ 0 

<.wuwowJU GqS8 -}1, 4tutlllll b(ip qpbt r=x2+(r-h+y)2, nptnhlijtg ' x2+(h­

y)2 -D(h-y)=O, [!GqmUbtn4. (h-yf=O, qumwUwUp y=h-x2/D: lfJmu l.fmlupg 

x-I• uwhUwUwJltU wpdbpJ.! qtJtUp X= Jr 2
- (r- h)

2 
:::=. .JDh , mum}t' 

2 bq 0h R=--.JDh 
3 cos~ 

(5.9) 

liqttbqwmJt l}tujlllli wztuwmwtiplt dtuuwUwq aw!itnUpjtuG P man 

hwlj_wuwttw4.znlj_mu t hwqwqllUtuU Rcos~ pwtlWIUl}llll htm' P= Rcos~, 

lltUUl}l p = ~ bq0h.JDh , ll[IUlblijlg ' 
3 

(5. 1 0) 

"Uij. 5.R Ufipti.Jl pwpzwJ~Ii q~owqpntflJWfi npnzowli utuhuw 
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lJjmu 4ulllill9 T=RsinP : t;nwG4.JmGw,~ wtJlw4wli 1,mG4gJiwli sin ~ 

WJ1lllWJ2UGJill hWUWJl wpmwhWJUlblip R- u· y-Jl9 4wJut.jwo : dR= 

dy q 0 b J q 0 bh
2 

q0bydl=qoby-- . R = ~- ydy = . R , mpbtiG T=RsinP=O 5 
sin~ sm,_.. 0 2sJn,_.. 

q0bh2
: <.wzt.{Jl wnlihJinl h-}1 wpcttvl! 4umwliwGp 

(5 .11 ) 

UGJnlJI pwpzp mct}1 pwGwou11 (5 .11) tJlnpoGw4wG 6wGWUJWJ!hmj 

wnw2!1G wGqwu umwgbt t Cl--pwGiltl_lllwGtG. Jw4 hbmwqwJmu '--till . 

Cl--nJ1JW L.4!IGll umwgbt t wGw\JnnJI4 hqwliw4ntl_, W.Jll UJwm6wnnt.{ WJU 

4nl4_mu t q__IIwGq4_mwtit-q.IIJ1JW}41Iliji pwGwou: 

ITliiW4mli4WJillil hw6w}u oqmt.{mu tG pwpzJl mdJl UJwpqtgtl_wa 

pwGwouJig T=)lP upmt11 )1= T = 0.86-' ri:: 
p v~ 

l p 
q__ll1J1UWU qnpOw4gJl hw4WI}Wi10 utomp_putip J.1 = T '-LU. <.ftJll-

qu4_u4_llG wGtl_wlimu t wGJnlJI tPll}uWIUllll} {!Gqmliw41ll1}Jl1lti , ll)ll! 9lll.J9 t 

mwum ph JIG ~ P ptn 4W1ll1ll t mbqwtJm}ubt wlijnl_p T J2WJ1Zll nu:tj1 U:t4 

u}1wt.{nppwGw4ml_ : 

UGJitlll qp1puwG qnJ1Dw4gJI hwJniwp ntmzuwG GUJwmw4m.l_ q___-v _ 

U}1Ghn4ntlu wnws>WJI4m u t )l=f(P ,q1J,b.D) 1>m G 49]1w J!I Gnunqpwlit! 

(G4.5 .9), ll]llllhll. gntjg t mp4_wo Gwu l}JIWU}lg oqmljbtm 4wpql! : n~ hwpp 

qtwGt.{w4GhJlJ! pWJ12WJ}lU ll}ltlWillllll}}JIIlUl! hwppJtg tit{) t limn l.l-1.3 

~ wtJlnt.{ (Thg=ET), OilWUl9JlGI! t!Inpp t T"=kT (k=0.75-0.79' tlwpwa 

11wzmmu, 0.65-0.68 }unqwGj1 tl_pw, 0.58-0.62' uw11qwqbmGmu, 0.6-0.65 

cuunGmwJ]IG 6wliWUJW1lh}t tUIW , u]I21IG hwzt.{ntl_ 30%-ml): 

'-lwpwa 11wzmmu wGtl_whtmpJl }ullllllt_f)JntGp tJlnppwgGbtm. 

htmuwpWJl Gtl_wqwqm_1G PWIIZW.J}lli met ow}uuttm hwliWJI wGhpwctbzm 
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t J12hgGbt wliJnlJt 6tizmliJl J}IIIJLWillilbiJl uwhuwGGh11111tl, Il!lwGml_ Jm4 

utawgGtvnl_ hbG!lwG uw4tptup: 

L.4.59 q.twlituoL 4nzU1 OI'J.wqnUlmj_ wlitnl_p tttnpuwli 1-l 

qnpbtu4yp npnzuwli finunqpwu 

oo,uu 

5.4 ~nqp UwlJhphUWJ}lli U.zwlJntpjWfi Uh~hfiwfihpp 

~wp.zwJ~fi qpuwqpmpJntfit! 

bptutl_wpJll GbpJI , gwuwGGt11J1 u 4mtmJnl_wmupGb11Jl wz}uwmwG-

12}1 ch.uuwGw4 n1mzw4]1 ~tG wnj1 J~GqtwJGw4wG hwmt.{wap!1 ~wtJltpn. 

W.Jll UJWU16wnnt\ llllWGg PW112WJ]IG Tl}ItlWlll111l~JlllUl! npnzt\mu t 

unmwtl_np pwGwountl_' 

R=KB X 
(5 .12) 

npmtq K-utptGwJ}l mtuw4WJlWJlll]lUWllJllll_f)JlllUU t , G/u, B- utptGwJJl 

t!Gllq114tiwG tWJUnL_f)JlllUll, u: 
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R.=KB (5 .12) 

lllltnhtl K-utptGwj]ltnbuwljwpwll 'lltUWtUUIIJlJlllfifi t, G/u, B- utptGwJJl 

I!fil}qlllJUwfi lWJlimpjntG!!, u: 

UbpbUWJJl mbuwljwpw11 'lltUWllJllll[}JlllUll lJWlutjw() t WlltnWpJtli 

zwm wqqwljGbpJig· luuij1 ~>Jiqpljw- mblufintnqJiwljwG llwmljwGJlzGbpJlg , 

uzwljmpJWU tunJllllJ)JntliJlg, zwpduwG wpwqmpJ111liJig l.t WJtli : 

Utn11111.t pbpi.Jmu tli llillijl uwljtptuwJ]lli uzwljmpJwG wnwtJbt 

lflWIIW()t.Jw() utpbliwlitp]l. mbuwlJWilWp q]l.UWlllllllJ)JWU K WlldhpGhpl! 

zwt.]l.uwG 

uJ!wt.Jn11 4Giu 

UmwuGwt.Jnp gwpwGGtp (<)wfip) 0.6- 0.9 

UmwuGwt.Jnp gwpwGGtp (t.lJ12]1.G) 

5wpwGGtp gwligwtJ.n11 

5wpwGGbp qull}wfiwljwtJnp 

5wpwGfihll uwpqwqbmGwJJlli (qwGwljwol.t 

wmwufit1mt.J) 

Uljwt.Jwnwljwt.Jnll gwpwliGtp 

Uljwt.JwnwljwtJnll gwpwGGh11 (()wfip) 

Uljwt.Jwnwljwt.Jnrl bpbut.JwpJtzGbp 

lunt.]l.wt.Jnp bpbutJwll]l.zGbp 

4nqm!It.JwmnpGtp· hwppwhwm pwp]l.ljGtrmtJ 

4nqmJltJwmnpGbp' dm]wtJnll 

q_twGt.JwljGtp' oqwlupwliwt.Jnp 

q_twfit.Jwljfibp' hWIIJl 2PWtbgmG 

0.4- 0.7 

0.4- 0.65 

1.5 - 4.0 

1.5-2.3 

1.9-2.2 

4.0-8.0 

1.2-2.6 

2.0-4.0 

1.2-2.4 

1.6-2.6 

0.5-0.7 

1.0-1.2 

5.5 ~nqwulw~mpJw6 qnpul!fipwg~ wqmnuwm 

~wnwqwpuw6 hwuw~wpqhp 

"UtpljwJmt.lu hmtwt.lzwljuwG q.np()ufipwgJI wi.Jmnuwm ljwnw­

t.JwriuwG hwuwljwpqbp]l. umbq()uwG l.t ljwmwpbtwqnpMwG 

wztuwmwfipfihlll! tnWJttJmu bG b11hp hJit.lGwljwG mqqmpJmGGblmtJ' 

wqrtbqwmGbpJl wt.Jmnuwm qbljwt.JwpuwG, luutll uzwljmpJWG 

lunlllllJlJWU hwumwmmG uMmpJWG ll}Whll}wfiuwG l.t UJ12ZWJIWJ]l.fi 
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UJWljlll]lJWU Jwuwliwlj p111UWU}WZU1ll[WU qllUllll WllW9Wil[lljWO 

Li bOlll[}jW U WU!Wlnnjuwli llll]l[lllpJWUp : 

Uttuuu1wm 11.h4tut!wttnu1: <.nqwuzwljuwli wqt•hqwmGbpJl 

wtjumuwm qbljwtJ.wJlUWfi l!WUWJI wnW2WI1Jltlwo wtJ.mnUwm ljwpqw-

1iupuwli hwuwljwpqbpJI tJ.bpwpb[mtu tli hbmlmqhwuwljw[JqbpJ• tuup}1G : 

L~nw~wl•lttlwD hwuwljw[Jqb[IJty u 112 ublj[! J}bnuu WJllflWllJlWljwG 

ljJlJlWlllllj}jlldi 2\1 qmb[: "Ub[llJWJIIIllU tnW[!tJ.IIl] wztuwmwGpUb[l[l 

li ll}WUIWljWI)ptjw() bG wq[IhqwmGbtt]l qbljwtjw[llllUJ! ljwtnW[Iht nw­

IJ]IllJilt! . 6wnwqwwutJ., ]1Grpnljg}mG u ~nmnttbl.Jmpwljwli bqwGwljGbtmtJ.: 

tfzwlpnpJtuG tunrtmpJIUU hwutntutnmG urtuhupuGiltufi Jufiq~(ll! 

LJWJIUIIII GzwliwljmpJtllli mG]1 wqpnmbluliJtljwljwli LljWhWG2fihtiJt 

pwtjwpwpuwli mbuwljbmJtg (lilj .3.3l) UJU lulill!l]l tm()uwG lill}wmwljntl 

umhqotJ.wo bli llJl[ipWJJlG , pWjlCI[llHJPWJJtG l.t mawj]IU hltWliwljlibp \II 

hwUWLljWtnwutuwG UW[tpbpl.t llJIWUg ljnUpJ!GwgtJ.w() mwppbpwljGb11: 

q_~flQtUJJtfi htlmfim41! h]tuGLjwo t qnq-)wGJI 2J12wliwljJl (ljwtuuwG 

uttuwG]tqt.l]t ) ll]lllPI! mpwljmnpJl 2l'2wGwljJt Gljwmuwup hwumwmmG 

llJWhbpn uljqpmGpJ• tJ.Jlw: SpwljmnttJt IIJuumhwuwljWJlqll wGpwtjwpwp 

ljJ!LLJIIlJlJWli hbmuwGpntj Jllllll! uJt ttht.lbGmJlg lmumu t UJIILUI) u 

tlnHtmtumu 4JnpwGJllllll1!2ll tnJIWljmnpJl Gljwmuwup U.Jil mt qwzwllctbpJI 

t.Jmtuwligtjmu bli uqwljJtG, ll[lll pwgmu t JlllllJI unmpJ! ljwu b!JlJt wGgpl! l.t 

hwliwlljwmwutuwfinpbli J12tglimu ljwu pwpo11wgGmu t q.tnpwliJ! : 

q.mpwG!J npnzwlj]t ll!IJIPWJ!tli mbqwzwpaJlg l1bmn ljwpqwtJnllUwli 

[OW4JI UJ1211!11ltJ U![WlJJI ptptjmU t ~bqnp rl.IIJ1j2Jl u l)U!}.hWmmu Jllli]Jl lu1Upp 

tunnn~Jlg tunnnr '1-JlliPWJJtli tqwGwljJl l}hll}pmu tunlmlpJwG 

mwmwGmulib[lt~ l.JwtutJ.wo bG ubptliwJil bpljwJGwljwG pwqwJJl , 

i!UIJGillJUwG lWJUIIlpjwli l.t llWZtnJt wGhwppmpJWG UbompJmGGtp~g : 

f!w(lOflllLPtUJJtfi hqwfiwlJI! hJtt.lGtJ.wo t tJWJl]l tuntllllf3JWU 

mwmwfimulitpu hbGwpwfiwJJtG wGJttlntJ. uwhuwGwt.]l.wljbtJU uljqpmlip]1 

i.JJtw UJu bqwGwljJl hwuwljwpql! pwtJ.wljwGwzwtJ.l wpowqwGpmu t 

luuu1 tummJ~JwG (wGtJ.whtmplt tunluHpJmGJ) t.]l.nt.]l.nlui.Jmu t), qwzmll 

t.lwl.J.bpl.tmwJl wliltwppmpJWli l.t wqpbqwtnJI b[tljwjGwljwG mwmw­

GmuGbJIJt t.]l.Ht.]l.nlumpJWU[I : 

OLCttUJJtfi hqwfim41! hJtufitjw<) t UlJIWlJlflllllll j2Wil2WJ!•G maJI 

lJWJlllfiwgt.lwG uljqpmGpJ! i.JJtw : (ltawJJlfi hwUWlJWJlqJI qnJIOIII}IIlJ)JWU 
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u4_qpmlipp ljw_twliulll t UJltulilllli. IIJI pbnGt.lwolllpJWU t.J.mljmtumpjtuli 

t}bUJpmtl mt.lliW UJ W\jnnl t wGlJwtlwUJwmwutuwGlllpJwli wqt}WUJWU 

(]1JIU14_w(i U WllW2WI}JlljWO pbnlit.lWOlll flJWU mwppbtUllJ~JIIIUJl ). ll fl JI 

Ill JblJW9lll9!1iP Ll)l\)II!:Jllt.l t}1ntuwGqljllnl t 4_wmWJIIII] t.lb(uwlij1qtljili 

liWLnWJlllll uttuwli)tqULl, Gbpwqqbtnt.l 4_wpqwt.lUJllllJ hwGqnLJg)I t.lpw. 

LjbpwyGmtl t pbnGt.lwompJWli mwppbp111p_pnGp: .P-wpJ WJjlG J}jiUWI)}llll­

PJIIlUJI plimpwqpm] UJWpwt.lbmpbJI bu ttlilpnuljmu mpw4_mup)l ltw)unyJ1 

Ljbpj1G L ubppj1li oqwon11 bJljl 6JlqbpJI : 

'1-jlLnWJl\jblip WJILnWilJllll{}JWU tlb\) tlWUWUp OC}UlWqllJIOt.llllJ 

pbnlit.lwompJWG mllJlt.lbJIUWL ljwpqwt.lnpjl~)l (YPH) qnpGI1lJlll PJWU 

uljqpmGpp (Glj .5.10) : 

liJILnWpjlG wqqwljGbJljig t.lbOwliwLJlt.l qmpwGjl }2WJll WJjlu 

llllUWlllll1lpJlllULJ R, LOW\jWJjlG hWUWJll1Jlt.l, ubowGmu t Gwu lJwtungll 

t.lbJl]lG 6qw6nq]1 quUJwGw4_!1 X llblllJlUwgjlwG L Ft>t mog: 

.9.uUJwGwlJll l}b{mpuwg]IwG 6qw6mtbp]t L tow4_GbJlll 

hwuwljwpqnt.l t}1ntuwligt.lll1Li t pwztulti -4wpqwt.lnpjli )l (8 ) uqwljj1G, nJIJI 

pwgmu t UIJ]l ~)lg (7) bljm1 Jnnl.ll Uli1LnJ2J! qbUJjl hllllll114LWlijt w 2 tunnn i (3) 

L pwpopwgGmu t qmpwli11 (2), llJiwGut.l J1U4 tPII!2JlwgGlliLi 4WJ1ll 

liiiiJHllpJlllUJt hbmuwpwp' 11 pwpzwJ]Ili R, t}jlUWlllllllPJlllUJl: 

.'2 uUJwliwl1li WJll 11Gpwgpmt1 tlGJpnlibtnt.l wnwyWIUtt.lwa q]lP!2l1 . liqwLJJ1G 

LjbpWl}WllOGmu t bjJ?WJ]lli ll]tppjl . 2bqup llJlliiPJWG : '-l.bJijlli 6qw6ml!I 

6jiq]1 tlJnpJIW~JUWG llbUJpmu qmpwG[l tunpwlimu t [1p qwliqt.jwa[1 

Wl}l}bglli[}JWU mwlj : 

lrwJiqwt.lnpuwG m awJ[lli bqwGwlJI.! pwpopm J3WJjtG]I hwt.lbuw­

mmpJwUp tjWJl)l wqpbqwm!l WJILnWilJllll]WljwGmpJlllUll ubow~JUllltl t 9-

l 5'/'o, t.lwnbJ]lpll owtuuJ1]12bgunu.l I 0-1 2%: 

~wp4 t lizb! , 1111 mJwJJIG ljwpqwt.luJI]li Gbpp liwtuwmbut.ltua bli 

mpwljtnllJijl pbnlit.lWOIII}jJWU ljW_JlllUWqUwli u UIWllllll wG!lt.llit.pj1 

Ull..i!]WUJLnlliJLnjl tjlllj2JlW9UlUU hWUW]I , WJI} UJWUHlWillli.J. t.lWJijl 

!ullJIIHf!JlllU\.! hwumwmmG t UUIIIU U[IWJU hwuwubi! Imqbp[l uzwljmpJWU 

awuwliwlj : 

ubJtljWJ111UU wnwt.lbl \jWU1WllbtW4llllOt.lWO bli lJWllqW\{Il!lllWG 

4utip]Iliwgt.lwo hwtiwljwpqbJl\.! , ll)111lip ntlihG bp4m qmqwhbn W?tuwumt] 

4nlitnll1JIUbJI lliUWJjlG 11 l}jlpJ2WJ[lli : llJU llbuwmti mJwjjJG 
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t
1
tuJHlWL\ll!ll\wLi llwuw4wpqp hwuwun.JmU r 4n7m hw4wllWJIO 4wupnj' 

JtllPPWJ\Ili 4wpqwt.lnpU:wli 4_nLiumqmlj : 

<l- IIJllll ~ Pll li 111li bli Ill Jw -IJl..itn 11m] 4_11Upjlli wqlj WO hwU:w4_wJiqbp 

t.lWJI\1 jUllJllllj)JWU ~ w4ll1wli utwm6bLiupqn4 11 t.lbJljlli 6qwo1llijl 6j1qj1 

~ wt.llUtull qut4wliwljnt.l mt.ljl,'Gbpnlj : 

1, 
\ 

'UI.j .S . I 0 f.l tnlitltuompJLUli mlitnlb£1ULUL ljtupqtulj_n(lp(\1 qn)JanflntpJwG 

ul,qpmlipp u]lthtlw 
I - qmqtuliwlj , 2 - qnLfHUli, 3- hpfl[1"4llUU, 4 - atnnml flbljwlj_wpuwli ptuzfu\12 , 5 

- 4ml12, 6- pwp , 7 - o'1}12, 11-p wz fur ~ -litupqwlJ.npjl ~ 

liJU qtuwmu bJI\jlll ltnliunupGtpG wztuwmmtl tG hwliwmtrj' 

ljwpqwt.lnJlbJilt.l t.lWJljl JunlllllpJmGp 11 pwpzwJjlG ll)lUWllJllllf)JlUU 

u bam pJm Gp: 

J!muWUJW2li1UJtUfi qnmm ltwJmfimglimfi hmlimltmpq ( Glj . 5 .1 I) 

PmuwUJW2lllUJWG qnmm ljwJmGwgliwG hwuw4.WJ1q}! mbilW­

ljwJLjwa t tuwqnqj1 LijlyljwqwJliG ti zwlJmrJwG ilwpuWJlWlipll tl..Jlw L 

WJ(IJWmllltl t hbmi1JWl uljqpmGpnt.l: Uqpbqwmjl zwpatiwG owt1wGw4 

hwpuwpwlipJl 2nzwl}myl.! (! ) hwGI]JIUJbtnt.l hbGwuJwG 4_wu tuwqnrt}I 

t.lwqjl plij1G. zb1Jt.l111u t I}buUl owtu 11 6q.t1ltl quUJwGwll!_! : Cnzwtllngjl 

zwpchulil! U\12wG4Jw1 oqwonl]b)l\1 ilwuw\.jwJlq.tlt.l tllntuwGgtjmu t 
Li11wlJI1G ( 4 ), npp mbltwzw jld"tJ.mu t 6w]u l}}lJlP L pwgmu hJuumqtwGjl ( 6) 
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LU)> tuunu2]1li U]llugw o Jllli[]l 6wliuH.4lll]lhp : ..:.]uJ11114LWli]l l]llt>JI ; wptlt.jbpnj 

owtu tnl.qwLjmtulllU l_ liwh pwlinq Ojii1Wlijlli (3) u / jl~) UllitjlllU 
t"ttu ~ pliqmnp 

'G LJ . 5. 1 I lvwqt11l]l ti]1?4LUl[LUJ]lli uzwlJnLPJLUU ltnt[Ul]H[llllnnp[l plUUnlJ. 

OJlljlUulihpjl lJLUntUl[LUJIUW!i htUlltllljLUJlll 

1 -.'nJ LUl]10~J . 2-jULUIJ.lllJ.]l l[tuq, 3-pLUlinlJ. OJiqtu!i . 4-ti11Wij, 5-qliLljLUiilULJ , 

6-hllll!l OlltlU U 

lvn,' J•lilpnn!J 2Jli>WliymUJ14 hbmn quUJWliw4]1 m<fnLJ tli[LUYJ! u ptulim] 

opqwGJI LjbJlWIIWllGmtl bli w2, tilJG~u 1111 lilJW4tJ JiliJpllli]l 2t4nnqJ•tiJ? : 
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6. ~nqp funp lflfupp[fihp 

..:.nq]1 tun11 Lji]Uilbgmtll! Gu11LUqmJG mbtuGntnq]nu t bti4pw-

4Il!H)lllpJUlli uti9 . Ul.JU \)uwtjnp Lpllj)wliGbpmJ. LjUlll\1 llwtlbUUlUllllf'JUltlp 

Ljmpp W2tuwmwlipwJ]IG DwtuumuGblliiLj wtJhtwgGmtl t plillj)W­

mt.jnl ppnlit! · hwgwllwm]J4wJ]lli t12w4wpnqubpJ1G]1 I 0%-mL 2Wilwhbp4 

tlzw4wpmJubpJ!Gp tl]1li2u 34% : 

..:.tu]]l Jun11 LJ!lu1IbgmtiJ1 hwm4wt4bu tWJU 4]1pwnmpJillU t umwqbj 

UbjjlllpWul]lt.j w2tuwmwlipliblllllU u wJqbqnpOillj)JWG tlb)l : <.nqJI junp 

4Itul•bgnnlJ1 4wmwpt.j111 tl t l6-]1g t\]1G ~ u I OOutl tunpn1 flJWUp . 

h]1t\Gw4wlimu 20-45utl : 

lvntiil Lji!uii]I ~ Gbpjl 4tUJWJ]lli l4Jlll:p]1LtJ pwqtlwqwG t u 1l1limu t 

mllJUJ qbwJ]•G]lg ti]IU(U 4npwq]H) lJwtutJwo 4IIl]UlJ}lG l4Jlli:P]•lJ•~f tPtul•i•(]l 

PWIIJWJ]lli IJ]ItlwqlllllflJllllip tu]Ium Lj1nt.j1ntuw4wli t. u !-JWLjHp, 

qpw4wGtllf:}JWU tlb 9 i 4W q]IU1W4wG h]ltlliwLJnJllltU hllll.]l l]b.'j>llllUWqjlWJ]l 

GLjwqwqniJG tGbtiqbm]l4w4wG uwtuubp]1 mtuw4bm]1g : 

<l>lutl]l ,'[l mbiJW4WJUWUWU"4JwG u 4wliqliw4[1 WI12U]1 tjwliw4ll 

uptlwli oUJmlitiwtwguwG Juli•JillllibpJl uuoljwo bG Gwtunrul pwctGmu 

l!._tumbq LillOLjmtl t 4wliqGw4[1 L4Jlll:P]1Jll WJU oup lll1112llllll ]uliJ}}lJI!l , ll)l]l 

t[wUjwllnLj}l GtJ.wqwqmJG j2Wj12WJ]lli I}[lUW11J111lfl JlllU: 

CGtpnGLjmu t , 1111 Lj"l}u]I]l,' ]l 2WtlctuwG t!UflWgpmtl U2W4mpJwG a 

tunpmpJlllUJ1 u zwtictuwG Y0 WtiWqlllpJtllUJl t\Gmu bG hwumwmmG: 

4wqubGp Lj1Ju11]12J1 u luu]Jl Lj1ntuwqilbgmr.twG qnmmu hnqwJ]lG 

uwuGJl4]1ll]lliwUJ14w4wG hwLjwuwpw4znnlflJWU hwLjwULU{UIIUJl : 

<.wtlwowJG G4. 6.1 4w1uu1 tun q11ht 

dG + dJ cos a- dR cos( <p' + 'JI)- dPcos(a + cp) = o,lJ 
(6 .1) 

dJ sin a+ dR sin( <p' + 'V)- dP sin( a+ cp) == 0, 

ll]llllblf a- tflt"tllliiBl 2112Wtflllll]ILIUJ3W9]l4 wG'-!Jmlili t, 

<p\ <p - luul.]1 Gbpp]1li u LUjlmwp]lu zt.j1tlwli wGtumGGbflJl, 
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\jf- 6wp]ll[wquwo wGljJmGp tNup]l,'llJwpctuwli 

llll]!]lll}~J WU hbm , 

Ci- hn'!]l qwliqtjmop . 

.I - wnj1 ]!Gbpg]IWJ]l mctp , 

R- 6wpj1q hbulll hlll]]l 2WJH.!Uwli q]HlWJjpHr ppulil!­

p- lj!Jup]l(]ljlW[lZ]l mctp 

y 

y 

c 

0 

1,,[J. o. l <[>jupp,, jllfnT[LU.fp(i LL)pn .1>p~l hjltllilU!JnpULUli u)ubtfLU 

rl-utJwp zt Gljwwl.iJ, np dG = 'Vab dS 
I np ' 

dG v~ 
dJ=--lll 

g p ' 

X 

llJI LOOij Y- hlll]jl OWtjWJWJ]lli lJJtmG t., abnr - wnjl J!UllLWJliuwli 

hwuJttwop]t uwljbpbUJI ' JS-hnqjl UWUU]lq]l hWUUllll!JJlll UJ! u ljnpwq]H) 

lj11npq]1Gwm J.l . p-tj1 tuJl]l~l 4npur p Jwli JwnwttJum, V
111

-luuJll uwuG ]1411 

lW[!OUWli hWJIWpbpwljwG W[lWqllljJJlllUJl, 

dS dx 1 d 
vlll == dt = d("Jl+ y'2:::: vo~1+ y'2' y' = d~ 
..:.wt.'iwmbl]JlllObpnj (6.1) hwt.jWUWIUHUGbJlll ljumwGwup 

dR = dPsin(a+q>)-dJsina 

sin(cp' +\V) 
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dP 
---- ( 1 · (6 .2 ) 
dS sinCX+(j)+(j) + \V) · 

f'(iqwlihpn] wnruywl}[ll]llltl L4U IJLl'lu (iJL BJI tjJtup]l?]l qnpp 14 l• tnj] t tJJ(ijJ 

tUJUL4hu] lli , IIJllll l•uqjr wtqwlnn]tltl Gt]wqwqniJG j2WJllW.JJ!G 

dP 
qjn:iull}J""l~J'll li . ( (> ~ \ lnutjwuwpnr ujt~J uw wGm u bGp - = 0 ljwu 

dS 

. ( ). v.~ , ) . ( . 
sm_<.p'+~f +-lJ-: y'- SlnCX+cp'+\j/)=0 

pg 
Ol}UL wqll[ll) liJntJ hhw UJWJ htUJUI li ]1 wpm whw.JUllllJl.JillU G bJll! 

v' I ±~1 + y'z 
sin a.= -r=

1
=-==, coso:= 

1 1 , P = 
±"1+y'~ ±" l +y'~ y" 

ljuwwliwlip 

£{I+ y' 2
) , + ~ y = 

- v~ [y 'ctg(<p + \jl) + 1] 
(<U) 

lJUJwytJ.wo lJ]l .'pbJlblig.JWL hwtjwuwpuwG JlllDUwGJ! lj]l[JwnwljwG plimw 

lilutpn Gt4wu1w4ml pliqmlimt.'i tlip npnz ll!WJUwGGb]l, npnGp t.wljwG 

wqJlbqm[J_puG }lili !JlllJli]l hwztJwplj]l wJuumGpGbp]l tJtlw : 

<wztJll wnGbtm] Gwu llJllll uljqpGw4wli ll!WJUwGGtp . 

x = 0, y(O) = 0 u x = 0, y'(O) = -ctga.11 

umwlimu blip 

ll]lUlbl] ' 

A(a.o) = I , ~= ~ , 
1 + tga.0 ctg( <p' + '!') a 

<X 0 - tJ.!JuJ!]lL]l mbJ1W4WJUWli uljqpfiw4wG wGljJmuu t: 
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<ll!Uilll ~ ll l.jlli]WJ!Iti Uj]lll:}>jljjl ]WL.jWqlllJU OUl_l . JJ]IU WUjWilllt.jt.jun:i t. 

litjwqwqill JU J2WJil WJ}Ili Jll•t.lwi])UllpJwli ZW]HJt1wli UlW]lptip 

LU]IWqlllpjl iiUlibp}l!JbU!l2lllll , ljiiJibJi/1 mbuput.j mptjwo t liy . 6.2 -IIJU 

114. 6.2 <l>)l.iflll :P pu ljlllqnlJ!i !JnllLUI!lli L4fln1>PtGhpptmupphp 

lU(llUtpHpjntG!ihpp UllUl(lli/Jtlllllllh(nt lHUtllUf\ : 

l.rwmngLjwa 4npbpj1 4lippnomp.Jlllll]_l gmJlJ t ulwJJtu, HJI uppwli 

uta L t!JtupJ! ~ Jl 2wpJt1wu wpwqJupJmlip. LuJlivwG Ujbmp t oto t.lLp!JUbJ 

ljllJUilflJWli JW11Wtj}ll\l~ : 1'lJ1Wljtnjtlj ljjl}1WI1111]3JWU UJLuw4litnjlg ljwpL!ll t. 
3-6tl!t.j wpwqmpJwG hwuwp t["l)lql]l~ ]1 bqJlwqjtOJ.! t{bpglibtn•IJIJWqj1o , ]wlj 

!-3tl!t.j WtiWqlllpjwG llWOW!l. ljnpwq}ti>'. hwt.lw6wjli Glj . 6.2 qpw.1>/t4J1 : 

SbtuGn]nqjlwljwli }1owumnt.l lm1l11 t!Jjupbgintlp lllllJWJ]lG 

qwGqt.jwOjJg l}h:}Jnptltutnll]ljl wqt}Lyuq)jWUp uwulijlljlitp}l Wli'))Wtnlltuli t 
t1Jll1Gg otonq~Jtuli 4wpqwt.lnpmuntj hGwpwtjnp t pwJibLwt.JliJ lmiJjl 

~J jl<JJlljwljwli u mbtuGnplq)lwljwG hwmlJ.wG]tJlibpp: 

.(tnJ]l 41/upbgowliu liw)lmrupno t litlw LtmpmliJl , npp pGupnztjnlll t 

uh1.4\1 ljwo UWJ[l[t Gpw hbUJ t!Jntuwqt}hgtnpJwtlp: 

UbUllt WJtuwmwlipjl dwliwGwlj tl[lliZili wqqbguq).JIILG n1Gj1 Gjlw 

pwGnq CijlUUJ\L UWJJili WJU llbuwmu lJ.wtnW]llllU t odwCil}w4 llb!l : UbUJ.]t 

WLJ.l}bgmpJWUp hmJWJllG qwGqtjwbl! uljqpmu bli}3wpljLjmu t. tn]mpuwli, 

164 

}1ulj wJlilllhtmu 6wp}1 ljwu }1limtiliu}n.j qti :pnpuwq}1WJ}l ljwtm.jwo hm1}1 

hwmljwGJ12Gbpj1q : PwGnlJ O)Jqwlijl UWJ]lJ1 ljwtnW]lllltl t li]lWJU IUIIJ}l 

l.Jmplnu wnwli 9 lwljwli qb{>n]ltlW9llW.J}l: 

l~ll]ll]l IJbUjpb]UJTtl hm]J1 u l}G .'jlli]ILIWtnll)l/l l{ln/uwqJlbgmpJWli 

!uliq}Jpli mli}1 t.l}1 qJtuw~np liUjUlU1wl.j . qmlib] bl]wliwlj, ll]lJl ljhwuqtgU}1 

U]l)IWt.jWJII}l l}b.'!mJIUW(jjlWJjl /l]!Wl.jWUW9tlWG hWLlW]l l4Whw(i2~1ll1 

tUlipqbm}1lj owtuun1tHitp}1 ULJwqbqL1wlitL 

Enwli6Gwt4bu lmq}1 tunp LjJ!upbgt.lwCi ctwt.lw!iwlj wCi lq1wdbJ U1 t 

hw .J t.J./1 wnlib] 6wuli11}1 hwpp111 ~lJmGGtp}l bpl.juJ llllJI]IIIflJlllUGb]l, 

l}t:pnpULUUill)lll zwpt.hlwu llllJ I)lllpJWtlp \j/1 u llli]IJWhWjWO hW]I!}IHpjWU 

ut.y \j/2 

..:m1l1 Lt 1Jli1>HJ1tlwmnJ1}1 mUWJilli t["lntuwql}b<:Jlll})JWG, Ll}12Wl.J.WJll}l 

!]LU)j}LUJUWU u ll!IW!ig hbm l.jwt4t}wb pwGuq opqwGj1 L4WJlWUbUI]IbJl}l 

Oll.jUI}lllWtwyuwG UL4Wtnwljntj ljwpUII]Hjmt.l t lmqj1 JWJH.jw ihu ­

l}t:pnptlw9]Uili t.l]J6wl.j}l mbuwljwG u q]1mwt.jmp6GwljwG pwgw­

IIWJtnllJUtJ: li.J11 tuGqp]l hbtnwqnmliw(i dwowliwlj lljbtnp t mwppbpbl 

bpljlll llbll.jp. lllli}Wj}lli qwliqt.lwotl uwluntl t pWUlll] tlwljbpulll.Jfl)l lJJlWJlllJ 

u .' It uwlunli : 'UJL.jwa bpljm qtuwbJUHtl t1 hnq}1 nwmw_pHU[! ll[niGw­

LJLUGm u 4wtutjw(} t UIIJIUWL !;· zn2 wt!Jnq tWlUILOU b]lJI qmqwljgm UJig 4wo 

lmiJ !I 1 w pt.J wi>'w-qli.'lmpo wq \mli Ljj16w l.jj1g : 

U.Pl tuGqpjt pnoml.ltl lmqwJJIG tlj1 \) WtjWJJI}l hwtlwp (Wtj1wqw!ig 

bwGp 111 PWJlll t . uwljwJG hwJtjmpljwJ}lG tlllllhtll ljwqotiwG dwowliwi.J. , 

JIUI}llllibJnt.l 11Jli12W4JI GwtuwllllJWtGbtl, nrmGJ2 twljwG wqJ}bgmpJmG ~ hG 

4WJ111fl mGbGwt pu()tlwli W!UlJlllUplibpJ1 4J1w, ljWJlbtJl t WJU qqwtllllJlhG 

UjW}Iqb!-)Ciht: 'l-pwGp hCi. 

I . .Zuqj1 tjpw wjGt4J1U]1 mctbp/1 wnljtUJiliPJillU , ll}lliGg IJbuwmu mbllJlmG]l 

tl)l'))WtjWJII)l qOWJ)lu qb.'!mllOWQ]lW: 

2. <-mtJt qt:pnpliwg[1wG 4wtut.Jwa t. hjniGwljwGmo qb:pn]ltlwgjlWJ}l 

LllllpllJ]lg u ozwljt.JniJ lllll]WJJ!G wn}1 bpljpw ~.wl{lwlJ.wG u wnwoqwljwG 

Ll.j w JlW t1bm JlbpJtg : 

3. <!.nqJI u qb1mJlUWtnnp}1 lJ.nGmwljlilWJJtG 1.4WJtlWliGbp]] WJUllj\lll\1G bfi , 

llJUJGg IJhuwmG ljnGmwljmwJ)lG t.lwlJ.htilllliJPillj wGglibtm ctwuwliw4, 

tW)ILjwontpJmGGbp}l 11wzmu UjWhtqwlimu t wCiuliqhwmmpJlnG, }wlj 

m bqwt!Jntum p Jill up· [!Ul}hwmmp Jill G: 
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6.2.1. ..:.nrtfl LWpqwaw-q.h~npuwgJmu tlf16w~[! wn}l (hn'lwzhpmll) 

wfi2wmutuu ctwuwuw~ 

luGqp\1 llm}htwt.J.ntunup ljwmwpt.J.mu t h\1UJ2 tlliqmlihpnj G4 6.3 

utuhuwli, npmhi] npll!bu llJlll2hJl1 uhompJmliGh]l ]lUill]1~wo hG lmq!1 IJ 

qh.'pn]1UWillllJl\1 hll!tllllli hwppmpjwli tinpUW] a u uwhp\1 1 jW[llltUGbp[1: 

f2(iwlt_wGwpwp hw?t.J.WJiljwJllli uiuht.lwJl1 GnpUWJ lllOJ1 N = J o(x)dx, 

uwhp\1 IHOJ! 

T( x) = J -r( x)dx (6 .5) 

<.wzt.J.wJ1ljWJ]1li uJubt.lwJmU ljnCimwljmwJ!IG ll!WJUwfifibJll! 

liuw(i wlj~mu b G wnwo qwljw li-IUlllJlwl}lm.J.mlubt!I ljwll! bp]1 oqlimp JwUp , 

linrniwL IJ uwhp\1 nu]qmpJmGGhpi1t.J. wt4wlmt.J.niu bli hiUJ]1 IJ 

l}h.'pnpuwmnflp ppwljwG hwuwmb11 wztuwmwlim! : 

Cliqmlit.J.wo hli . Gnpuwl ljwll)h]l\1 ljnzmmfJ.rwfi qnpow\.j]I9l! K" , 

uwltp]1 4wll!hPlJ. hwUlllJ1 Kc : 

'l-h.'pnpuwmnJI-lmrJWJ\1li mwzhil 4wll!hJ1]1 Gn]!t.lwt a IJ uwhp\1 1 

wlihwJm ubompJntliGhJl\1 npnzuwG hwuwp ljwqubGp bpljwJliwljwfi 

J}h.'pnpuwg]1wG hp\1 ( 81 ,82) IJ 6ljt.J.wopGbpJ1 (y 1 ,y 2) (qb.'pnJ1UwmnJ1lJ IJ 

lllllllllJ\lli ljbqu\1 hWUWJ1) wliwJl1rnj1lj Wf1illWhwjilllll}3jntGGh]1!_!: 

, ( ) T( x) ( ) v, ( v, v," l 81 x =---+m x --M
4 

x)--T(x)-,1 
B, D, D 1 D, ~ 

, ( ) T(x) Y2 V2 v; J 8, x = -+ m(x)-- MP(x)--T(x)--, 
- Bl D2 D2 D2 

(6.6) 

ll]lUlbrj' 8: ( x), 8~ ( x)- WI1W2\Ili u h{lljJlllJlll ttht.lbGmGh[l\1 

(ljnGmwljmwJpG hw]lpntpjwG Uh2) bpljwjGwljwG hw]lwphpwljwG 

qb.'pnJ1Uwg]1wlibpG hG. m(x)- onnq unubGmGhp{! Gnpuwl l(wll!h]mtt.l, V~> 

Y2 - wnw2!1G u hp\.umJlll ttbt.lhfimGhp}l pwpOJliUJ3J!llGGbp}I l(buh]l[!, M 1,­

onm1 unuhGmGhp[! lll]lmwp}Ifi \1GmbGu]n.J. pbnGt.J.wompJmfi]lg , P, Mq -

Ollllll unubGmGhpJ! illlllWJJ1G wnJl ub$wl(wu pwzJlg, B, u D, - WI1W2JlG 

tthubGm\1 (hn.q}l) l(nzmntpJmGGhpG bG oquwG (ubquwli) u onuwG 
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tltuL\wliuiL[. B: u 0 2 - qh.jmpllwmtlJI]I \.jnJUilllJ-}.JlllliJI oquwG (uhquwG) u 

ut!L\wli Jtmlwliwl] , 

R 

'Vlj . 63 <!.nfllltwrtlwihu-qb~mpuwqjtnli tJ.jt6wljjt hbmwqnmmpJwli utubuw 

(a<90-<p) 

B,=E1Ft> B2=E2F2, D1=E 111 L D2=E2J2, 
E~_E, - qb:tJnJIUUlillll]l)l u lmqj1 wnwoqwljwGntpjWU IJ qt:pn]IUWQ\1W.J\l 

LliHplljUl:ipli bG, F1.F 1 - hwllwll!wmwuJuwGn]IhG wnw'))pG IJ hpljJllllll} 

t:Iht\bGmuh]l\lJ!UllllllJGwl(wG hwm4wopGl:iJ1}1 pl:iJlt.J.wo uwljb]lhuGl:il11! , J1,J 2 

- pbpt.J. wo ]Iuh]19\1wJ\1 unubfi mG l:ipl_l : 

4nGmw4mJl uwl(h!1UlHJp)1 4.11W uwhp\1 pwgwpowlj 1lh:PntiUWg}1wG 

4lllli\l. 
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L18(x)=8 2 (x)-8 1(x) (67) 

[IGtpnGbpuJ T( x) -11 L L18( x) -11 t.lli?L qowJ!lu 4wuf 4Wtllll[ blip qpbJ 

·r( x) == K "L18( x) (6 8) 

UJullllwmj (6.8) hwljwuwruu t.l!HJ 4umtuGwliv 

TN(x)-a:!T(x) = ym(x)+L1
1
(x) (6 .9) 

npw btj' 

1 ( I I V," V 1
2 

) a-=K -+ - +-+--
" B, B2 D1 D2 

( 
v, vi ) ) r vi v, l 

"(= Kc 
0

- -- L1 1\X = KclM
4
(x)--MP(x)--_ j 

"- 0 1 0 1 D, .J 

Umwgl[wo I!WLjWUW[lDWli Ub2 T(x) u mtx) ubamp_f!IIGlitpj! wlilmqm tli . 

GtJwGg WllcthpGbtlP nrmzhpll hwuwp lJwqutGp hbud.IJWJ hJilJm lJwt4b!lJl 

l{nJUllj).JWll L Dnllt] unt\blitnll t.l!l)>L. 

_!_== m~-T(x)~- M4(x)' l 
P1 D 1 0 1 0 1 ~ 

1 m( x) ( ) V 2 M P ( x) I 
p2 ==- 02 -Tx 02+ 02 J 

(6.10) 

~wztlll wnlibptlj 4tl!IIIIP.Jllllilih1lll p1, p2 L 6ljljwopuhpll y 1• y~ 

mwppbpmpJnl GlihJtll 11 pnzuw G h w JUI lilt U!Jtm wltw.J mnt ~.Jill li lihJ1p 

4umwGwup. 

_!_ - _!__ ::::: L1 y( x) , l 
Pt P2 ~ 
6y( x) ::::: y t - y 2 j 

Oqml[bGp Gwu o(x)u 6y(x)-!•qowJ!lu 4tuuU1\:J. 

o(x) = KJy 2 - Y1 ) = Kntly(x) 

(6.11) 

(6.12) 

ltplJliw4jt wowGgbpn-1 Ljl.ip~j1G (6.12) W]ltnWllWJtnlli~JlllUU u 

hw,n1!1 1unGbpnj (6.10, 6.11) u hwJmG!t mN(x)=-a(x) 

uqJUJWl!WJU111tfl.Jill lig· ljUtnWGWGD. 

m1
' . ( x) + 4v4 m(x) = ~T(x) + L1 2 ( x). (6.13) 

!ljlll1 \ill. 

4 ( 1 1 ) ( V1 V, ) 
4v = K 11 D I + D 2 . ~ = K n D I - D ~ 

r 1 1 l 
L1 2(x)=K{Mq(x)

01 
+MP(x)

02
j 

l~JULl.J!IUnl[ tulitl!l!l 1111\.[wopl! hwQqtgfimu t pnobtm hbmuJWl. 

Jtlt-1)tptGgJ wr hwl[ w uw1u11 u G bJlll hw uw l{wpqjt: 

T"(x)- a 2T(x) = ym(x) + L1 1 (x), (6.14) 

m 1"(x) +4v4 m(x) = ~T(x) + ~ 2 (x) : (6.15) 

Uumtqljwo hwl[wuwrunuGhtt!l hwt\w~.nbtt puamUJl hwGqbyGnn! t 

hbtnLJWI!lG. 

Tv1 (x)- <X 2T 1v ( x) + 4v 4T"( x) + ( ~ 2 
- yj))T( x) = 

= ~L12 (x) + 4v-' ~~ (x) + ~~~- (x), 
(6.16) 

rn vJ ( x)- a 2 rn 1v ( x) + 4v4 m"(x)- ( y+ 4v4a 2 )m( x) = 

= a 2 6 
2 

( x) + 6 1 ( x) + 6 ;( x) 
(6.17) 

l~muy)tG hwl[WUW!lUWG (6 .16) pGmpwq)tW4Wli hunlWUW]lllltlJ! 4llllil1. 

tlJULt!IJUntl, plimj)W<t!lwl{wli llwl[wuwruuuu mGI• 6 WJlUtumlihJl , 

liJDlligllg 2-tl ll11W4wG tli , u.G11 ll1Ulltl, t.lb4~ IHltul{wli , UJillU!.! 

pWtJWuwl{wli . L pwqwrH~w4 wpJbpn~ hw~WUWJI wnw~l•G!tli: 

tJliwqwo wpt'iwmGLtlU 4nt\t4thJ;1U tli: 

Zwz4Jl wnli htn~ ( 6.15) hwtjwuw)IUwG pu auw li pwjUJ.lll~JlllUJl . 

wnw2UJI14~nu1 t GpwGq {6.14) u (6 .15) tmMwu thnnwljnp biJWGwtr 

IAwli 4wJlQ)l tuuq}1pub11ll pnouwl.i WJnumupGbtlll J.!bJlJnuomvJmUfl gmJg 

t w•~h]. 1111 T mJ)1 uwhtgCiutJ U1WJllwGGbp\! wGlizwG bG wql].llltl GnpUWJ 
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JWIUlllHibpjl pwzfuuw(i u liilWUQ UtiOm~Jillliubpjl tJ.JIW , WJll UjWLnOWillllj 

(6. I4) hwtJ.wuWilUWU Uh2 W.Jll ubom~JIUUUbp~ hw24]1 2hG wnGtjmu: 

lJj1G2u (6. I 5) q]J~bphGgJwl hwtjwuwpuwG tmamuv npnzhuv P u q 

mcthil]lg onn11. uHt.lblimGhp]! : ~GqmGhtntJ. , np phnlitJ.wonl~JmCiGhp]I 
hru]WJ]lG mwzbqjl OWUJllll~.JIIlU]lg pwztmlmu b(i hwtJ.wuwiiW{WtJ.l. 
4utnwGwlip . . 

qx
2 

Px 2 

Mq (x) = 2 , MP(x) = 2-M 0 (6 . 19) 

<!.wztJ.ll wnuhpnl Mq u Mr unuhGmGbp]l Wilcttvuhp]} (6 . I 9) 

wpmwhwJmm~JmG}lg fl 1 (x) u fl 2 (x)-jJ hwuwp qwiUUJ tuv qph[. 

tl (x) = K ll qx 2. ~-(Px2- M J~Jl 
I c 2 D 2 °D' 

I 2 
(6.20) 

I qx
2 

lPx
2 ~l Ll(x)=K l -+--M j· 2 

" 2D 2 ° D . 
I 2 

(6.2I) 

UJutqjlumJ., hwztJ.ll wnG htntJ. Ll 1 ( x) u Ll 2 ( x) -j1 wpcthp GbpJ! ( 6. I 5) 

llll~hphGgJWt hwtJ.wuwpuwG f!GIJ.hwGmp tntomUJ! GhilqWjwgGhlip 
hbtnuJWl Ouml: 

m'(x) = ve-vx[( C 2 - C 1) cosvx- ( C
1 

+ C
2

) sinvx] + 

+Vevx [( C 3 + C 4 ) cosvx + ( C
3 

+ C
4

) sinvx] + 

Kn '( q P }l 
+ 4v4l Dl + D2 J 

(6.22) 

(6.23) 

4wt.lwjwqwG hwumwmmGGbpjl (C 1, C2, C3, C4) I1Illl2UWG hwuwp 

oqmtJ.hGp hhmllJWl uqqpGwqwG UIWJt.lwGGhpjlg. 

m(O) = 0, m'(O)::: 0, m(f) = 0, m'(f ) = 0: 
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Jhum]I (6.22) u (6 .23) wpmwhWJUllllf)JlllCiGbp]Ig qumwGwGJ2. 

K n Mo C C 0 C +c =--.- C -C + + = , 
1 3 4v4 D

2 
, 2 1 3 4 

e -vi ( CJ cosv e + c2 sinv e) + eV ' ( c, cosv e + c4 sinv£) ~ l 
=- ~: [(~, + ;,Y:- ~: J I 

ve _, [( c,- c,) cosv£- ( c, + c,) sinve] + r (624) 

+vev ' [(C 3 +CJcosv £+(C 4 -cJsinv e] + I 

+_!S_'l(_9__ + ~}Jl = 0 Jl 
4v 4 D 1 D 2 

~hP2PU hwtJ.wUWillitUGbp}l llllOIUUjlg UUlWUlltU hup Cl, C2, C), c4 
hwumwmmGG hp]1 wpcthpG hil[! u qpw UJ2 m hTJ.WilPhtntJ. (6 .22) 

wpmwhwjtnlltpjwG uh2, qmumu hup. 

m(x)=e-v(I+x)_l_~vf(C+ D£2 Xcosvf +sinv£)- 2Csinv£~osvx-
4v4 

-lve(c + D £2 Xcos vf + 3sin v£) - 2C(sin v£- cosv£)jsin vx }+ 

+ e-v(l+x)_l_~2Csin v£ - v-e (c + D£2 Xcosv £ +sin vR)]cosvx + 
. 4v4 

+ [v e(c + D£2 Xcosv£ - sin v£)- 2Ccosv£ ]sin vx }+ 

+ K~ (c + Dx2) (6.25) 
4v 

OqmtJ.htntJ. m"'(x) = -o(x) wpmwhwjtnntpjntG}lg' nrmzhGp Gwu 

linpuwtlWillitUlibp]l WJlcthplibilf!. 

cr(x) = e -v(l+x) _I_ {[v_e(c + D£2 Xcosv e + sinv£)- 2Csinv£ ]sinvx-
2v3 

- ~.e(c+ D£2 Xcosv£ + 3sinv£)- 2C(2sinv£ -cosv-e)]cosvx }+ 
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+ e -v(l+x) -
1
-. ~t(c + Dr2 Xcosv ( +sin v f )- 2Csin v r:·]cosvf: -

2v 3 

-[ 2Csinv ~- v f ( C - D f 2 
)( cosv f + sinvO] sin vx} (6 26) 

'-l_lijt~JtG hwt.jWUWJIIIIUUb]UilU wlimbub[nlj hW[ LjWJ14Jt 

W]UlJlllUj2UbJlJI Lj]IW wlili?Wli wqtJG91HJJJlllU plll]Uill] utomp.JIIlli!itp[! · 
umwlimu bliv . 

( ) - 1 - vi J- xl sinvx - X
2 

m x ==-q-e . +q-. (o .27) 
2v sinv ( -cosv t 2 · 

( ) - 1 .. ,q_, 1 sinvx + cosvx -
2 Q x == - g -e . . + gx , (6 .2X) 

2 smvt-cosv{ 

- cosvx 
o(x) =-g(v r)e -'1 1

-'
1 

. , +g, 

q =.!_(P+g) 
2 

smvt- cosv C 
(6.29) 

li.JUU ll]llt{hup uwhpjt mabpJt u [WJ!liJUGhJIJt ubampJmlilili]IJI (6 14) 

hwt.jwuwJUtl uJtg oqmwqnpabptt.j m(x)-Jt umwqt.jwo wpabpJ! (6 .27) 

~ qf2 (e -v(]-x l sinvx X 2 ll 
T"'(x)-a

2
T(x)=-'11- · - -, 11<6.30) 

l 2 v f sinv(- cosv f c- ~ 

lijU IJJI.'pbjtbligjWJ hwt.jWUW]IUWU [!Uljhwunqt JIIIOIIIU[! 

Glip4wJwgt.jmu t hbtnuJwt mbuvnt.j . 

T( x) = C 1 shax + C 
2
chax + 

q( Jl I - vii -~ ) sinv~ ~2 l ( ) ~ 
2a YJv e e · sinvt-cosv e ( jsha x-~ d ' <6·31 ) 

() qf2 rr I v(l' l T' x =aC 1chax+aC ,shax+-y l-e- -.,X 
- 2 0 ve 

cosy~+ sin~y ~ l ( ~) ~ 
X - 2.., icha X-'-, d.., (6.32) 

sin ye- cosv t J 

Putnbqpbptt.j LjbJ12]1G W]ltnWhW.JtnlllpjntGGbJill. 4utnwGwGp 
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T( x) = C,shax + C,chax- q
2
F' J t:"·: , ) X - Y[ v t a + v 

a\hvx + 2v 2 
cosvx 2+a2

X
2

} 

X - ~ {' 2 sinv t - cosw a : 

qC { e-vi l - x i 

-r(x)=aC 1chax+aC 2shax-
2 

Y a4+ 4v-~ x 

)a' -2v' smvx+(a' +2v'))cosvx _ : .} 
smvf-cosv ( a £ 

(6.33) 

(6. 34) 

U4qpGw4wG L4WJUWGGt.ip]t oqGmpJwup T( 0) = 0, T'(f.') = 0 

(h 33 , 6.34) WjltnWIILUJilllllJJ.JlllUUb]Ijlg 4umwliwtip ' 

qt { 1 C1chexf +C ,shexf =-y 4 4 
4x 

- 2ex ex + v 

x [(ex 
1

- 2v
2 
)sin vf +(ex=' + 2v

2 
)cos v.e _ ~]}, 

sinvf -cosvt ex-

c, ~ q~' +-''. v!(a4 ~4v4 )[ sinv:~:os v l } )12 ] (
6

.3S) 

l!..Jut4.Jtunt.j 4mnwGwliv 

. q( 2 {[ 2v
2
e- v

1 
2 jcha(l-x) 

T(x =--- y . . . . --u- , + 
) 2 v t·(a4 +4v 4 fsmv(-cosvc) a ( chaf 

+[(a2 -2~ 2 )sin4v t ~ a2 +2v 2 ~osvf'_-;-J sinax .}-
a4 +4v stn v ( -cosv f ) a a (:cha( 

_ qr- e a smvx + _y cosvx _- . 
4 

, (
6

.
36

) ? { -v(l- x) [ 2 · 1 2 - 1 ?+a2x2} 

2 y v r:(a4 +4v 4 ) (sinv ( -cosv t) a 4 C 
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qf ri 2v"e - v i 2 l 
1"(x)=- 2 il v ~la;-+.:i·/)(sinvf-cosvO- a4 f 4 jx 
x a ( sin a( I - x) +l; e -v· J-xl[l a 2 

- 2v2)_~in vx +(a= + 2v2
) cosvx J Jl[ _ 

chat (a 4 +4v" j( '>lll\' ' ,.~ l'i) r 
. . ) 

qf
2 

{rla
2

-2v
2
sinvt+(a

2
+2v

2
)cosvf I jl 

--"{ -- X 
2 (a-+ +4v 4 )(sinv f -cosvf ) a 2 

chax x 1 

x cha t - a 2 t J (6.37) 

fllj!Wljmjllj htU2~W]1ljU trlJl (i U1WlnW ljn~ LlUrpll a l:ipnj 3-4% utuwt. ljwpnq 

tun q11t1 

( ) q lr cha( C- x) + atshax ( a 
2 
x 

1 ]ll T X =- ? - I+ --- (fi .3X) 
a -Y1 char: 2 '_j, 

( ) q r a tchax- sha( f - x) l 
1" x =-a VI l chaC -ax J (6.39) 

.:.wuwlliwmwu}uwli ljwpqml. T(x) I.J -r(x) wnw4LJWqlllJU WJtdtputr'l! 

4Llllitu . 

q rl+a(shae ( a
2

r•
2 Jl 

maxT( [) = --, -l - 1+-- II a·v chat 2 ~ 
( 6.40) 

q (ae- shat 1 max 1"(0) = -- ; 
aV chat ) 

(6.41) 

'l}1unuplj~wo IJbuwtrtJl hwt.lwp (a<90-q>) mwJlpbJI lmlJwmtupl:ifl}l 

hwUW(l ljwnmghlip m, Q, 0', T L 't ul:iontp.Jmutit)l)l ljw}utlwolllflJWli 

q(lw.1>JlljutJ•ll 1Jb:j>npuwmnp}lll1WI1wutmpt(l}lg . (ulj. 6.4-6.8): 
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Ill( X) 

xoo 
700 
600 
500 
400 
300 
200 
100 

0 

~ f- -- -
v 1=0 .11(1 Ill ( X)~ ~ 
~_(), y~ 

~S";(dTX ;/ ...,., 
~ ~ 
~ I 

10 20 30 

~ 
~ 

A 
~ 
2 

f utf 

40 

LJlt .ClA ' l-h1,nptltuU1nJ1)1 l[(lLU ur!n 'ltlnuli!imtitp)l Ill (x.) lttutuqwam pJ ntlil} 

ptulin'ltiLUl[hplmlJp)l tpl[tupntp)nttipy P. 

( 1-t~hplt hm1, 2 - tljt~lr!i LUtlpntj~JLUU U 3-LlJ.)lli'l hn11): 

Q(x) 

-
r utf 

20) ~~~"' 
I(~ 

I 

0 10 20 30 40 

l,lj .6.5 'l-h1>nptltutnnp)lti ntT]'ltuhtU.JtUy nu:thp]t 

Q(x.) lrtututltuampJntti[! pllllin'ltlwlrhttllmJpp hpljtupmpJmlijt~J f' (ptipu. 

tl]t\'Pli tUupntp_ltuti lt tlJ.Piill hn'1hJ1ntu): 
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T(X ) r---,--- ,----,---, 

'Vlt.fi .o ' 1 -h~mpthumnpl"t thulthplmt.Jillt uwhplt [LUpnullil;pjl T( x) 

ltwlwlwompJnLU[! ptulin'l. Lhul thtll•ntll·lll l;plttupnq)jntlilt>J ( 

(pbpL. tl tJ ~ tJli [, tqjtU'lLULl[lntflJLU!i hn'l.hpn!L\) : 

) 1.-~ 
a 1==0.07 L' ~ ~ ~ 
a2==0.0Y T( x) ~ ~ ~ r 

T (x) 

60 
)( 

40 
30 
20 

a ~=0 . 1 2 \...1111 ~ 

I C )~ 
~ 

I I 
0 10 20 30 

1 ut.f 
40 

"l.At.li .7 ' l - b~mpthuuwplt tltultbpl.<nt.Jfllt uwhplt n1<Jbpjt T (X) 

lt tutmJtuompJmli[! pwlin11. dwlthpltntJfllt hplpupmpJmlilty f: (flbt)L, 

Lllt>lltli lt t4ltli'ltutlpntfl.Jtuli hn11.bpmd) : 

cr(x) 

5 .(j 
4.5 
4.0 
].) 

- ~IJ-0.0 1 

3.0 
2.5 
2.0 
1.5 
1.0 
0.5 

0 

v 1=0.04 
v 2=0.06 
v 3-0.08 
V~-0.085 -] [ 

10 

~ 

l I 

4y 

I 
v !/. 

/ / v cr(xl L / 

~ [.,!! ~ 

'20 30 

I 
'j 

3 

/ 
2 ,..,.. 

f Ulf 
40 

'Vlt .6 R 'VnptltU[[Lu pntdlihplt o(x) ~tutut[tuontpJntli[l ptulin'l. LhulthpLmwlt 

hplttupntpjntlijly f (phplt . tltJ i> tJ!i h ul!J(i'ltllllpntpJwli hnrthpntd) : 
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LtWIIIIIljljU!ll t]JIW :jl]llttlllttllli ~! Llllt!L•]I\1 tJl:.ttjliiOllq~plllitt tjlll.JlJ l. 

UllU{\IU lit:.tnl.t.ILU{JI : 

1. ..:.nqjt 1Jilltlllpnnt.]ulinptqjllultwti hwll1ltlllJ'.JlllliliLpp IIPII2Wlt]mpt:.li 

wqqmli Lli (n 1. 1.\. a.~- ·1) t ·-:tlJtJWtlbm pl:.Jl]l t.lt:.OlllflJlllliliLp]t ljjHu. uwl.J.w.JG 

plitlhwlimp opjllitu_,Lut] tn: pi u\iGbp1l ulinnl bli liuwli. pliq ll]lliiU 

um u! ~JI·I'lllpll!li :uqlljtu/'lnqjtll 1' ,1( wlt wmu~)Wlillltl I. lJUIJHH] UlUJJlll 

l ]l'))WlJWJj!lll !! ( I - ~lll <l\. lilt . (\.3.) : 

2. UulWLJt.ltuil hut; tjltipl[lit.pm! hwtnu~btllllfJJIIIG]I U]!~Jtli hw2tlllll 
v 

!Wl[WUUI[ll. O.:'X 0.12 c(}..f(); 

' ll]tliq llllqb[llllll t!lt.pq)nuli l'lw ]uULJmu I. lj_quwli mcJbp]1. pLplt 

hnqbjlllltl .• JLPLlLUli mdl,tt Jl hllll]!)Wilw[ILlLUli tjpw : 

' - -· 1 // 



6.2.2. ~n'l}l tmrtlwowtlh:J>nruwgllnfi tl~6w~~ 6wp~ hwrpmp.Ju•fi 

tlrw pwrvwqwfiqt[wa~ wnw2wyuwu qbummu 

'1-Jlmwpljtj_nq /ltG!UlJl bpljpll}U} l)bUWJl (a>90-((l) pGGwpljuwG 

hwuwp oqmtjbGD GL16 9 hw,njwpljwJJlG ututUwJJlg 

'U~ 69 .(nr1!1 ttuptjmittul}b~mpthuypnti l{p6tu~p hbtmuqmnntpJLuti 

utuMtuG (a>90-q>) : 

'l_,npuwl lJ znJntjlmJ LWllmuGbpJl n1mzuwfi hwuw11 oqmtjtlip 

I.U}ll}bli t5-2Wqtjwi) Uh}}llllJlg : 

<.wpwpbpwqwfi ql:i:}>n}tuwgJiwlihpJl utom~Jll1 GGtp[! tGpwqptjmJ 

hwtj_wGwljwli ljHGmwljmwJ[lu uwljbpllmJ~[l tJTlw lJU!libli 

T(x) V
1
] V

1 
) V1 (): ( x) = ---- T(x) -+ m(x)-- M

4 
(x 0 - (6.42) 

Bl Dl Dl I 
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T(x) v; . V, 
8~(x) = ---T(x)-- + m(x)-0 ·· B, D" 2 

(643) 

(6.44) 

<.w}tjjl wnG bpn[ T'( x) = 1( x), ljumwGwGp 

T"( x)- a 2T( x) = ym( x) + ll 1 ( x), (6.46) 

Umwgtj_wb hwttwuW}luwG (6.46) htm hwuwl}wpqJl ljwquuwG 

hwl.lw 11 oqmtjtGp l}n}llltpJmGGbpJl mwppblunpJmGGbpJlg' hru1)1 lJ 

ll t:pnpuwumpJt hw uw p. 

_!_ = m( x) - T( x) VI - Mq ( x) __!_' (6.46) 
PI D. Dl Dl 

_!_ =- m( x) - T( x) V2 (6.47) 

P2 D2 D2 

1 1 ( 1 1 J (vi v2 J ( ) 1 8 ---= m(x) -+- -T(x) --- -Mq x -(6.4) 
P1 Pz Dl D2 Dl Dz Dl 

C:GqmGtlip 6l}tlwbpGb}l}l mwppb}llllpJWU lJ Gnpuwt lWllllluUb}l)l 

uJll?li qowJJlG l}wtutlwbmpJmG. 

K"tly(x) = Kn [y 1 ( x)- y 2 (x)] = O:x) (6.49) 
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I I 
.PwliJt up ~y"( X) ::::: - --- -. muu1J1 (6 .4Sl hw~tuuur[lllll l p 

r! P 
lj liqnrLilr hbmuJWI mbupp . 

[ 
1 J ') ( V 1 V, \ . 1 

,-_~y..,.(x) = m(x) -+ - - T( xl1-- - .:- )- tv1 'l( xJ --- (650) 
D, D 2 _. \ l\ D~ D, 

..:.tliJmLi!t 1: liwlr 

qxl 
\1 (x)= - -- Lr m"( xl.c::: -o1x )_n!uuiJt 

: 1 3/ 

1 I 
BJilflblJ 4\'~ :::..:. K -------\- - --

" D, 0 2 

' \ 1... ~ 
- I 

···- ~- I 

[) l j 
_1 

q \ 
.:\,( x ) - L , - -- · - -

, I Dl 1t 

(o 51 l 

(~ JUll.JJIUill! lllllWlJWU j! htui!J.JW( bp4111 lj[l11b[lblilJJIW! 

hW~WUWJ!IIIUlibp 

(6 5:2) 

(6 .53) 

r ~ liqmliLpllj llfliiJ I'UIU ' • , , I !i ti l i(l ( 6.53) hw~UlliW(Illl U[l qpLli n 

hliuJujWJ UJ LLil)lllj 

n• 1 ' ( x ) - ", · ' .. x)=~z(x ) 

t lwp l.Jil t. llli l !li!d l lj litu: ,_ I !1 lqil!IUI!ll( l.(Llll , li'llll jUII(Illlj)pllli(l 

h~ =00 , 111Ull1jl . 

K 
B, == D,:::: oo ll 4v~ = -" 

- - Dl 

lJUHU(Jljru i) (6.54 ) lllUlilliULUJILilUU pliqhwlim p j!II OIIIU(I 

liLpljlliJLUtjliblil! hLUlu)!Ui UJli upml. 

+cv'{ C , cosvx+C~ sinvx) +q ~ (-, _, . (6.55 ) 

m'(x) = v{e -\"' [(c ~ - cl )cosvx- (cl + c ~ )sin vx]+ 
0 

\' X [ ' • D X -+e (c, +CJcosvx+(C4 +C3 )smvx +q-" 

m( 0) = 0. m '( 0) - 0. m ( t ) = 0, UU1WUtllU blip ' 

C, +C 1 = 0, C ~ C , + C , + C ~ = 0, 

qr2 
e v• ( c 1 cos vI+ c ~ :-- i 11 \'I 'i + e V I ( c l cos v e + c ~ sin v 0 = -3' 

e "' [ ( C 1 + C J CP> \' 1 
-,- ( (_ , --- cJ Sin V £] + 

+e ·vl [( c2- c ,) .. osv l - ( c, + c:') sinv c] = -~: (6 .56) 

<.wuwutbl[ pnbt[ll~ tJLp ')) jlli hwtj_wuW[llllUlibp[l u [lU!plllibpllj 

ll[l112 pwgwnmtHibp umwlinu.l blip . 

blip 

{

1 

'( 2 ) l C =-C, =Le-"'l1-- sinv{+cosvf j, 1 • 3 Vt 

C qtz _,.,ll(1 2 ) [, . elJ 
~ = 3 e - V( COSVc-SillV _' 

2q t
2 ,J( 1 ) ( 1 } l C, == - C -1 --e- ll-- sinvf + 1+- osv ej 

- I 3 V ( V { 

<.wzti!J umli t.p1~ liwu m..,.( x) = -o( x) , Q, :::: m'( x) umwlim u 

m(x) = _c! ' ~- - . , _ _. ~ v{l -x )[( 2 - 1 Jsin v(e- x )- cos v(e - x)] + 
3 l l v t 

'} x· 
+-, ' 

f ·' 
) 

(6.57) 
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( )( ) q ' J -. -v• , - ' ' ( ;l'l ( I I ) - ( ) , .\ -= -i[..cc · · vt l vr- s111V 1-x --

l ' I 
' I \ --h-I ---_ -- -_- lcnw( t - x)j + ----, . 
' \-'I ) ( -

(6.58) 

cr(x) ' .2q x 

x H c 'hl(vl )'[sin v(l - x )+ (:I- I }osv(l - x )] - ; }(659) 

llltil.itiuqn~ ilnnq t.lnt.lbumj1 (6.57) t.lbiJmrlJmuubpp l.t oqm~hp1~ 

(6 .59) hw~wuwpmt.IJHJ. IIJilllbtip uwhpj1mdbpj1 T(x) t.lbompJlllutibpg. 

qr ' 
T•"(xJ --a 2T(x) = --yx 

3 

{ - vi I -\ I ( f")l'( 2 I \ . ( /) ) ( r· ) ll X ' 1 x c - · v -- /smv ( -x -cosv · -x +-, J (6 _(10) 
V( ) J ( 

'lbp~1h '. :JlULjlillllU[ILlUIU l_luqhwlimp JlllillllUI_l libpljtuJW!--Jublip 

hhmu1uq tn li uJ)Ii<l 

T( x) ~ Asho:x + Bchax + :: y l e ~•' ~'' {[( v~ -I }invt- cos vi ]x 

xcosv~ +[ ( l ··· ,~~[cos vt- sin vi ]sinvS} sin a( x- S}di;, (6.61) 

(- ) qf
2 

]- vii <J{'( 2 ) l -r x =aAchO:\.+aBshax+ - ,- y e- -., l-.-1 sinvf-cosvf:jx 
_, 

0 
vC 

'( 2 I. l } ( . xcosv~ +I_ 1- y (: rosv ( - sinvf jsinv~ cha X- ~)dl; (6.62) 

Ulimtubp1~ tPliJ211 t.lbompJmlitJIJI l.t oqm~bJn~ uljq_pliwljwG 

L4W.JUwliGt;p!lg 

V a~ 
T(f') = 0. -r(O) = 0, y = -K c o' = -1.33y-. ljUUIWUtllGJ_). 

I I 

IX2 

q 
T(x)== -2.66--, -x 

rv· V (_­
\h I-

[
shcx(r- x) [ C a·' r. 3 

-l chcxx_ ( . a·\:-. l~l x - a +-- --- +lax+-- (6.63) 
cha.( 6 chw 6 

q 
-r(x) = 1.33 , x 

a·V
1
t 

I chaU- x) [ a ' 1 ' l shax [ a 
2 
x 

2 ]lj xj ar + --- --+ I+-- j (6_()'-n 
L chaf: 3 chat 2 _ 

q ~ 1 r (X-' I _; \! I 
maxT(O) = -2.66-,- -: thu.t - - - -- CJ.I + - ---·-

. a· Y
1 
r l dHXI 3 

q 
max -r ( () = 1.3 3 --:;--- -- x 

a. ·v,' 
1 a' · ex -, - 1 r 

[ 
;,'} ( ,_, ll 

xj--_+ at+-- hat+ 1+-- il 
L chat: 3 \ 2 ~ 

(6 .66) 

Sl.imuljwli WJIUludltuJUIIIIJ:-l.JIHLiut.pjt 4Pw:p]lljuilJtuti tn Lur!LPII 

mp~wo b(i ulj. 6.10-6 .13: 

-- ~ 

I 

:, 1iTi- -
····-

\j (J(. 

10 20 

l..lJ .!i. \(1 llllll'~ lllllljlip\.tnl_lfll l[JllU '} I ' •; -

lttulm[w0nlJ~.Jmlip ptulinTJ li 

tlll )l llli L 0 tuliJl hnTjbJlll!ll J 

1 s_-; 

40 

•inJ\lo!iln!il.p[I Ill( \ ) 

tllplHJ'.Jillli]lll ()'loJ'll . 



-0.2 J---+----+....c..__:_::_~~~...---~ 

-0.41----+---+-.::.__--J-_~~,...~ 

-0.6 v ,:::0.08 t ut.f 
0 I 0 20 30 40 

'Ult .n. ll 'Dtup~ hwp~ntf!JtuG L!tnu tuttl)nll ntfjfjWhulJLUY Q(x ) 

ntdbpjl ~tutln[wantp.JntO[! ptulillfjt.ILul]bplmtJt~ll bpl]tupnqljntlijly 

(pbpl! , tljl)lpli h awlip hnfjbpnn\) 

UUJwgt]wb l[w]mjwbmpJmGGbJl]l tjbptmilm!'}.i!llGGbJlJI 1~ 111.11 bli 

mw]]IU wGbpn hbUiuJWtltbmumpJIU Glibpp : 

I. Umwgtjwil qpw:jl]1l[wl[wli UltJ.JwtlilipJ! JHILJl 

l[wtnWIIU]IIl Ilb~mJIUWLnllJl]l u llll!J]l tlJn]uwqqliqmpjwG 

mJwJ]lli llWJtJ.wpl[: 

IWJltJ.waw-qb:pnpuwg]mli 

b[i lflilll]lU 

gwGl[wgwb 

Ill Ulll UUW-

U]lJIIII)}JiliGlibJIJl. cx>90-(jl llbL4U]l hwuwp , j:HliJl bG LnW]]lll npnlbJill 

OWpbJl]l LnWJlWOUWG hbmwqobJI]l aubJl[!: 

liJil hbmwqbbJIU hwuGl[Gm u bG UliJlUWl u lllllltPilll lWJlmUGbJl]l 

q[]uWtJ.IIJl hwp[lwl[GbJl]l qbbp]l hbtn . 

tg\j/0 = 

a 2V1 e{ v(e -v(r- x) · [(v e)sin v(£- x )+ (2- vf)cosv(l- x)]- 3~} , 

1 
tg\j/, = --: 

tg\jl 

18-1. 

(')( X 

0 

.:l 

3 

2 

I 

0 
-I 

-2 

) 

0 

1'( x) 

Vt =0.04 

v 2=<Ul6 

V;=O.OX 

10 20 
"Ul[ .6.12 

J 
7 

:,7} 
~~ 

O'(X) A/I 
/ 

~ i'J 
-._,7' 

30 

r ut.f 
40 

12 
cx

1
=0.07 T(x) 

~----4-~---+------4----~ 
CX 2=0.09 T,( x) 3 60 

10 

8 
(J 

4 

2 

() 

3 2 50 

FT~~~~~-1==~4o 
~~~~~~~~--~30 

10 

'U~ . 6 . 12 fitup~ hwpJlnLfi.Jtuli t!JlLU linpthut [tupnu.l' libp~ cr(x ) 

LttujuLjLUlllll~JlllU[! ptulinqthu~bphlllJPP bp~LU)llll~.Jntlipy e (JlbJlh , 

t.l'p )> [lli h l'ltulip hnfjbpnul ): 

'Ult. 6.13 Utup~ t.ILultbtllllllJ~Pli tuql)nfj utuhp!l nulbp]1 (T(x)) h 

[tupmt.l'libp~ ('t'(x)) lttuluLjwl'lmpJntli[l pwlinfj t.l'tu~bphntt~ll 

!Jp~LUflnLfljnt[ijly ( (pb~IJ . Ujl)lpU ll atulip hllfjb[lntU): 

185 



6.2.3.lwpnuiuhpll pfint.JPI! pwfin'l. umlthplamJpp tlr11u ( a> 91l-<p 

qhum~ hwuwp) 

l:JU pwd]IUJI U1.4WUIW4WIJJ14WO t oqmljbptlj u;wlJljWO 

tit>[-lliiJjtljwJ]lg . pwywhw.Jtnb[ J!WUIII] t1w4bplmt.Jpjt ljpw WllW9W!Jlll] 

6jtqbpjt pwqwtlPlt2tib]tjt ptilllJPI.!, IIJlliUp jtpbtig hbp[>]lti hjnlp bti 

hwu 4wti wpu ptnuljwomp Jill GG L[lfl tlb.'jlnpuwmn p]ty lmtJltti ljmtmu tiq tqm 

ptitiLJPft: 

-!.wzlju1Jt4WJ!tG ututuwti mJnjlllu t ti4 .6. 14 mtupnlj. npmbt] 

qn[IOJ.tUpWyft GuwGw4t.[utU t tin[IUW] u uwhpjt lJWl4bJ1lllj , 

ltwuwl.4WUJtuujuwti 4nzmmJ3JWU qnpow4]tgGb]llllj-K," K, : 

'lb.1mpuwg]JwGb[t]t hjtuGw4wti ltwljwuwpmulibftlt umwquwti 

lil.4WUJW4ntj oqmljblip 4llf1111pJWU u 011111] unuttimGbplt 4wu~Jt<.J l"qt4111 

tttlltGmGtp]l hwUW[t. 

(6.67) 

ll[IUlbq' M(x) -p R(x) md'ltg WHW2W91ll] 011111] UIIUl.iGmG t , Mr(x ). 

M4( x)-[l P(x) u q(x) ]tGmtGu]tt.[ ptnGb[l]ty Wl1lUiJW9llll 011111] unutGmtitpp 

(P I.J q 111 dtpp wnw~wGmu bG pwft2ll nuJ]tg u wu]1 otuGJunp.JWU 111 ctjtq ), 

M0-wpmwpj1G P md]1 wnwtJbtwqmJG WQIJbgmpJmG]tg WHW9W9111J onuq 

un u t tim Jl : 

~tuJtnli]t t Gwu 

(6.68) 

L\y( X)= y 1 - y 1 tp4111 tJbUbtitnGbpjt 64tJ.wapGbplt tnW]tpbJmtpJIIlU(.!, 

UJIIl u 4nqujtg 

K
11
L\y(x) = R(x) = -M ... (x). (6 .69) 

Rlx)- GnptlWlfWfllllUli t. tinpUWJ 4Wl4UJllllU : 

.::.wzljlt wulibtntl (6.67-6.69) ltwljwuwJllltUGbpp 4uUJwtiwlip 

JRn 

. I 
- .- GJ: , r . . .,~ 

t 
~NI&ININ/ 

p .. 
I . 

"Ulj. 6 .1-l f!tu(inq opqtUujlpuptltuiltufJL~mpt\tuqlmli tlltCilUl!ll 

htiuuuqnmntf1Jtuu ujubtltu (a>lJO-<p): 

J:-:7 



x 3 x.1 
M., (x) = q 

3
c, M (x) = P-, mum!• 

" l p 3f: 

M 1v(x)+4v~M(x)= 

( P q lx -' . (V1 v,l =K -+---KT(x)- -- --
" D 1 D I 3/ ,; D I 0' 

(6.71) 

UGm bubvnl uwhpl• 1 w Jllll uG bpJl wqq bgmJ3.Jll1li 11 onnq 

unublitnubpJl 4J1w , umwgtjwo llJl~lb)lbligJlWJ hwtjWUWJlUIUU J~lillhWUlll]l 

]lllOlllU[l l}[llilpnliJl hbmuJW[ tnbup[!. 

M(x) = e-\'X( cl cosvx + c2 sinvx) + e"'( c3 cosvx + c4 sinvx) + 

+ ~: ( ~' + ;, l ;; 
M ' (X) = v{ e -vx [ ( C 2 - C 1) COS V X -- ( C 1 + C 2 ) Sin V X] + 

+ev'[(C 3 +CJcosvx+(C4 -cJsinvx]}+ 

K"(q Plx 2 

+ 4v4 o. + 02 e: 

(6.72) 

(6. 73) 

Ul}qpliw4wG tqwJuwGGbpJ•g M(O) = 0, M'(O) = 0, 

M(C)=O, M'(e)=OumwGmubGJ2 C 1 +C3=0 . C,-C 1 -tC'C~=O mum!• 

C-VI ( C 1 CQS\!t + c2 sinve) + CVI ( c, CQS\!t + c~ sin yf) + l 
K r

2 

( q p J I +-"-- -+- =o I 
12v~ D, D 2 I 

e-v'[(C 2 -C,)cosve-(C 1 +C 2 )sinvC]+ f (6.74) 

+ev'[(C1 +CJcosv£+(C~ +CJsinvt]+ I 
I 

J 
f ( p J +K - ·-_ l+- =0 

" 4v) D
1 

D~ 

1H8 

qt 2 .. 
c = -C = --- e-'' [3~inv( -vflsinvt + cnsv r l]. 

' 
3 3v f · 

{ 2 

C, = C + .Le _, [3\cosvt- sinvf) + 2vt cosvr-]. 
- I J\'1 

(() 75) 

c =- qt
2 

e '" [3cosvf-vi:'(sinvt-cosvr)1: 
~ 3vf 

~wltll• wnli bpttj C; hwumwunulililipJl 

M'p;.) = Q( x.). M"( x) = -R(x), umwlimu blip 

t2 -v ._,, . . x ' 1 
M( x.) =L ~--l(2-vl) sin\( r -x) -vr:cos\1' f.' - xl]+--:; 1. (6.7hl 

. 3 y/ I , 

2qt . . . .
1 

3x ~ 
Q(x) = - · {c -'' ·- ,. [( 1- vl) sin\\ 1- x) -cos\\ 1- xl. +-:;'{: 111 i7l 

3 -

R(x) =- lq {vre-v' H ' [vr sinvU- xJ] + 
3 

x1 
+(2 -v r)cosv(t- x) + 3( J 

UwhpJt JWJllllllUbp]l u mdlip]t llJlll]thuli h·ullW]I '" u:•~tilip 

wmu~)Jlli u bp4JlllJ11J ttl:itlLGtnLibpJ• liwltbJibUtu.JJ•li .'LptnbJ•l• l;pljw• !i tulJU!h 

hwJ!Wpb[lW 4wli qb~lll[JUw~t•wli Li•l• mw pptquu p p11li ]HJ . 

T(x) Y1
2 V~ _ V, 

£ (x) =0 1 \X)=---T(x)-+ M(x)--MJ\l -
1 

· 
I I Bl 01 D: . ) , 

~ f , , -.::: } 

T(x) V2 . Vc Ml,Cx) -\i, 
£

2 
(x) =0~ (x) =-

8 
+ T(x) D- + l\·l(x)0 - - f ) ____ ·-· 

1 2 2 

I 

V,. 1 
. I 

llJlWbl] ~~lq!I4Wl[Wli ll bplJllWitUljHUijLU(i lljlUJHL1 1l:, , ,,, ·. , , 

lizwGwlpnulib[l(llilitllt.l hli liwltlllJilll•li lm•tlwli Cii .. ull 

OqmwqupoLplt] liLUb hw.Jmlijl w;nnllliHIIJUl , : · '''" 

K . r £ " ( x ) - £ I ( x ) J = 't, ( x ) . l[ L! lll w li w p 

I ~l) 



(6.80) 

(6.8 1) 

Umwgt.lw() WJ1LnWhWJLnlltJ3JillfiGbpp ljwpbtJ• t UJ.wpqbgfibJ, tpb 

J.!lil)mGtlin hbmuJWi UJ.WjU:wulibJlJ~-

B , Y1 x3 Y
1 , >> B1 , D2 >> D 1 , M 'X ) -= q- -

• 4 \ D 3fl D ' 
I · I 

[ ] 
Y2 x J Y

2 M (x) - M -= P--.-
r 0 Y 3( D 

I . ' 
(6.82) 

fltumJ• ljumwliwli12 ' 

( 
1 y2 J y 2 

a 2 = K . -+-1
- .:::: K _ _1_C 

" B D " D ' I I I 
( 4) V1 C=- A=K-

3 ~--' " D ' 
I 

(6.83) 

(6. 84) 

4wmwpbpnl t.lhJl~jiti hwtJ.wuwpuwfi bpljuwljj1 •JII:J>bptfigmu · 
ljumwuwfip 

1v 2 " (VI Y2 Jx - x T (x)-a T (x)=2Kcq ---- -=q~-, 
n. D 2 e e (6.85) 

190 

4iJ•GJ!. 

T( x) = C 1shax + C 2chax + C 3 x + C4 + 

+ ~ J a ; [ ( x - ~) 2 
+ sha( x - S) ]d~ 

a o t 

(6.86) 

J•Gmbqptpul WJti ' ljuUJwfiwlij2 

T(x ) = C 1shax + C ~ chax + C ,x + C-t + 

-~[a ' x ·' 'J +-q--l --+ 1-chax 
a 3f · 

(6 .87) 

UJumhl] uwuliwt.lnLILIILOtlwfi ljtuu ljWJihJl• t mwfihit•lillhwfimJI 

[lltOtltuG ub{ tPlllflllluhpnJ. hwUWUJ.Wmwuluwfi hwumwmGlibJI(l 

- ------X 
3 

T(x) = C 1shax + C 2 chax + C 3 x + C4 + q~ 3a 3 t (6. 88 ) 

<J>ml_mlutl_w() Ci hWUU1WU1111 (ifib]l[! lji1Jlll2blip ulj_qp(iwljwu 

l4WJUWlilib]Ijlg. 

T(x)l ,=o = 0, T'(x)l,=o ::::0, T''(x)i,=o = 0, 
(6. 89) 

(6.90) 

3q I( , ' )chax ( , , )-] 
-c (x) = , l 2+a-e·,-- - 2+a-:c j , (6.91) 

2a·f!Y1 chaf 

3q I. , ,shax ( . a3 ( 3 J~ 
maxT( ( ) = 3 l(2+a· r: -)-h fj- 2af + -

3
- J· 

2a tv. c a,, \. . 
(6.92 ) 

max -c(O) = ~q [(2 +a 2 
{

2 
) ---

1
- - 2] : 

2a- tV1 char 
(6.93) 
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lhnw9t!wb wpmwhwruuu pJHilili Lip)1 ljmlfln[lilii fl.JWG U[l]Juw­

,'wljlm fl Jill G fi bJIJl q1Iw:f>l•4 G tpj1 m bupny mptjwo !JG Glj .6. 1 5-6. I R: 

) 
~r=0 . 07 
p_,_()_Ol 0 ( X) 

)p: 0." ,.. 1/ -,~ --

'L( X) 

3.( 
2.5 
2.( 
1.5 
1.0 
0 . .'1 

~ ~ N )'.. 
-F-t"'T i 

I I I 
0 10 20 

--

~ 

30 

N: 
'NI l UJ.f 

40 

LJlJ A 15 ·· ).t,~ )OfllltUUlnpjl t[ptu utuhpjl 1(x) [tupnuitibp~ lftulutjw i.l mp.JmliJl 

ptu!inrt tltutrliplmt.Jflll fi bplJlUflnLflJntli[l!J (Jll.pl•, ti~~~ti u ihuUJl hnrtlipnul). 

) 

) 

1.-r.I; 
a 1=0.07 ---~~ ) . 

T !x ) ~ E:::= ~ r a 1=<Ul9 

T (x 

6( 
50 
4( 
30 
20 

I( 

a ,==O.I2 \..o~~~~ ~~ 

)~ 
l.....-1 

I I 
0 10 20 30 

(' uu 
40 

lJ lj.IL[ Il 'l-b~>nJlUlUUlOfl~ t[plU UlUhl![l T(x) nutbp[l 4tu}ut[LUO!llflJnLU~ 

l' tulinq ,jwlflqll•nlJp[l f. bplfLUflntflJlllli~!J (phpu , u[liJ[lti t. awlir1 hmlbpmu): 

R(x . ) 

2 - ~ V:;=0.08 

:r v 2=().06 

5 
Vt=0.04 

I 

0. 
() 

-0. 5 
-I. () 

10 20 

1 r/1 .60 

" I /} 
.60 

R<x) t:;'~ 
~ 
""" 

30 
l uu 

40 

'l.JLJ .o . l 7 'l-li~mJ1UtUUlnf1~ tlptu R( x) tinputu[tLUJJnllilit.p[l litUill­

t[tuomp.Jndi(l pw!inq utulJiiplmtJflp f. bp4tuf1ntp.Jntli[l~J li'hflL. 

ti~ ')l ~ti l1 t)wtip hnflhpnui): 

lljl) qpW1ljlljtibpJl Ljl:.ll[llli'llllp_JliJlip qlll)(j t LnWJ]IU . llJI pllpl)l 

J)bl4pLpmu GnpUWJJWillllUGtpll hmJI• ljtnJIUwG dwuwliwlj qt.puHJWli<.JHIU 

tli uwhpj1 [W[IIIl tilit..p]1li: 

'Dwpbpfl mwpwotiwG htmwqotpu gu•J9 bG tniUJJm . np WJli 

4wpb1J1 t plilJlll GbtJIJll4hu 111 q]u1 qj1 i'l ( lilj . 6. 18): 

'l.Jlj.(i .l R Utui!bJl~ luuppntfl .tnttililip[l tnLUJHliOtiluti ptinqpp hnl]~ C 

Ultiutu4tUplUp1J~ULUIJJllll[lJLUti UHUJlphptupJ bi!lilo[l[l 1Jl.llJJ1flll\ 

6.3. l).h~npuwmnJI~ q.~umrnmtpJmfi tlmtfmfumpJmfi 

pfimJpJ! 

l!-t:f>nptiwmnpJl lJJ!UWqJIIII P.JW li Ljl.ntJ.mJ'tliiiJlJW li pli111W]l 

hwumwmmtiu 4WIIlmp UJWUW4lllfljWG mliJl 11111]]1 uzw4mpjwli tjJJW 

tGl.iJJqbtnfl4w4wG owfuumtilit..pp litjwqwqmJGJl hwugfil.ipu hwUWJl. 

Wl4Wlmtjh]IIIt tnLfufinplqJnu4wli qsqlOJIU [)W9]1 wnw4btW4lllJU ll!IW4 : 

llJu fuGtl!ll• OJtlJI]IUl pu i'lm uli wnwtjbJWl4bu 4WJtllliJ1lJ.lliU t hnq[t 

funp tjlj11pbguwG mt]ufiniHqJ•w.rnt u: 

Unw)_}Wllll~Wi'l ]uuqpJ• 111 uHnHiu.JUjtptiwG 411IIOLJti[)W9Jl l•tlw4w­

liwglihpn hwuw11 hwJtjwp4tuJ[lli u]11h Li wG Gbtl4WJWgfibup G4 . 6. 19 

UIUUl1lltj: 

.:. w tiwc\w.rli W.JIJ u]uL ti wJ]l htuu w4 u.tJlq[l tjpw wqtpnu bu ' P­

tupm wp[tG tUql)IIIJ mtlt.p]1 lnuuwqllJIJI. N ' Q'. P ntc J• pwqwqpJ•.'libpil. 

).' lUI JLUIJJI]l : lit.plll! . N 1_2 u T r. 2 - linp t'i wJ L uwhp[1 ptUIJlUIIJIJ t: liLJlJI 

I ':>2 I 0.1 



L 

y~ 
IN2 

I 
I :-:f <-:: 

X 

---+-c:l X 

u4.6.19 hnrl]1 lJ qb:jlnpututnn)lp tflntutuqqb~nt(l.JlUU hbmwqnmthuli 

t:tubt\w . 

•.!whp]l llW[l!llllflJIIItitib]l]l lJ.JIW, G- wnj1 qwtiqlJ.wOJl , J- wn]1 jiGbpgjiWJ]l 

IIIULI: 

<!.wuwow.JG Gl) .6. 19 \.JWJUUJ blip qJlbL 

R = G cos( a+ <p) + J sin( a +<p+ 'l') + T1 sin( a+ <p+ 'l')­

-N 1 cos(a+<p+ 'l') + 2T2 cos~sin(a+<p)-

-2N 1 sin~ sin( a+~), 

N 1 = G cos \j/- 2T2 cos~ sin \j/- 2N 2 sin~ sin \j/+ 

+Rsin(a+<p+\j/): 

(6 .94) 

(6.95) 

U)mu l)nqt1j1g hWjtnG]l t , llJl T1 = fN 1 + Tcu. ll)ltnbll · f'- hnqj1 

UbppjlG zt!JU:wti qnpowl)jlgG t , Tcu- lmqJl l)guw(i Ill~ , WJI} Tcu = Cb np 

( cl , c - hnllll l)guwti qnpowl)]l9(~ . 
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a 
b I , - L411ljl.jWO hnq]1 6wp]lllllllJ111tlJWUp uw\.[b[lbup , ( .l= -.- , 

nr " Sill \jl 

Cabnr 
IllUUI]l Tl = fN I+-.-, 

s lil \jl 
, 

a-
G = y 

2 
b nr ( ctga + ctg\j/) = G 0 ( ctga + ctg\j/), 

G V, 
J - - - · 

- g t , 

sina a a 
v .. = V11 . ( ) _ t = . = -(ctga+ctg\j/), 

smU+'Jf Slll\j/Y3 V0 

G
0
V:sina v,;sina 

J :::: ( ) =G 0 Cv, Cv = ( ): 
ag sm a+ \jl ag sin a+ \jl 

UjJU IIJIHZ btip 6wpj1 hWJ1fllllj)JlllU b[Uil u uwl1pJ1 T~ Ill d\1 

u bout j).Jlll ti 11: 

tilizmlil! Z JunJllll!lJWU tl.Jlw <J, = y0Z, muUI]l 4nqwJ]lfi 

uw4bplmtW]l qpw 6Gzmlil! 4tJIG]l <JY = l;cr, = y0Zl;, HJIUihq ~- ym1w-

lmqj1 hwuwp: 

Ylli]WJ!Iti UUJIUWJ lliLIJI ttblibliUIWJI uw\.[bJibU\1 4JIW 4JllU\l 

crvdF 
dN, = - · -, 11JlU1blt dF = b(Z)dZ . b{Z)- lm11]1 

- cos~ 

z .! 
~ll ;, -

ttblibumwp uwuGJl\.JJI tWJGlll!lJillUU t, b(Z) = - .- ·· -~ ~ mum]1. 
cos~ 

{ 
z~z { z)(ctga+ctg\j/) 

dN , = cr I -- = y Z· 1 - - dZ, 
- ' a cos~ 0 a cos~ 

a 'l;( ctga + ctg\j/) N :c = Yo _____ _ 
6cos~ 
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- a 3 tcr<p' 
T=fN =y -"-(ctaa+cta\Ir)-c-: 

2 (J 6 y_ b b 'f' cos ~ 

UwhuJimJfi 6wut1 hwppm~~.JwG tltiw 4fliGJI 

T2 = fN 2 +Tcu= 

a 
3 

" ( } tg<p' Ca ( } b nr =Yo-<; ctgo: + ctg\j/ --+- ctga + ctg\j/ --: 
6 cos~ 2 cos~ 

<!.w,JtjJI wnlibtml T, G. J. T2 u N2 ntdlipJI utomp_pnGGbpf) 

4umwGwGu 

( ( ( cos<p 
1 sin <p'+\j/) ctga + ctg\j/)+Cv ·sin(a+<p'+\j/)+K0 · -.- + 

R = G ~ Stn\j/ 
0 I sin(a+<p+<p' +\j/) 

l 
+ 2K, sin( a+ (jl + \jl)( ctga + Ctgljl)[ coscp' + tgfl sin( a + (jl + (jl' + \jl)] } 

(6.96) 

ll[ltnbtf 

Ca 
2 

( a , ) Cab"~' 
K, = 2Gu l+Yo 3C~tg<p . Ko = G : 

Umw~tjwo (6.96) hwtjwuwpuwG tjbpflllOmpJllllif! gnLJg t u1wL)IU, 

ll[I J![mp lmqJI qt.1mpi.lw~JIWJI1 qjiUWtlJllllpJnlGJ! 4wtutJwo t wl!Jt u 
1lL-1HI[!UWtnli[!Jl UJlU[IWUhtnpbpjl~ , J!U2UJhU liwu ltnqJI :PJiqJ14W4wG u 

lllbfuGnJnqjnulJLUli hwtn4wGjiJGbJijig u W[tWqmp.Jilllijlg (ptunw4nlllji 

WUUlJ!OWUillj ): 

PGw4wG L np OWJ1]1 wnwyWUillll WJlitnhq . ll[IU!Ul] h11qJ1 

l)]IUW1Jflll1PJU1Ufl GtjwqwqniJliG t' 

I , ' , -vc - + h- - a - - c 
tg\j/0 = - - -------·. 

b-a 

1% 

111 UU!J! ( 6. 96) 

(6 97) 

npmtq · a =sin( a+ <p)ctga- cos( a+ <p) + C v sin( a+ <p), 

b =sin( a+ <p)ctga- cos( a+ <p+ l<p') + 2K 0 cos<p' · sin(a+<p+<p'), 

c = sin( a+ <p)- sin( a+ <p + 2<p') + 2K 0 cos<p · cos( a+ <p + <p'): 

PGw4wG t, n[I hm]W.JJIG 4nzmJI wnwtJbtwqnlJG tp4wJunpJmGf! 

(l r) 4fJ!GJI (G4.6.19) 

Lr = a( ctga + ctg\j/}: (6.98) 

<.nqj1 6wpJ1 wG4JwG 4wfutJ.wO'lll!JJll1GJ! I1b:f>npi.lwtnllJIJI 

wpwqlllJ:1jlllGJ19 UlWJlpbp tnbuw4WJ1Wfl llJlUW11tllllj}jWG C llhUWlllU 

u1Jltjwo t li4 .6.20 

~r---r--.---.---r--,r-----~ 

70~-~---r---~--~~7n~~~~~ 

60 t-----1-----+ 

sor-~--f~~~~--~~~=i 
40~-~~~~--~~~--4---~ 

0 2 3 4 

'Ulj .6.20 '1-h:jmpthumnJltJ v LUJltuqmpJwli WlJ.flh~ntpJmlil) 6tuptJ tulil!Jtuli 

l\[lLU . hnqfl tnlUjlphp C qtJtiWflpnLflJlUli flhLl[J}ntO: 

..:,n'llt tizw~mpJlUfi ~plnn~~w~wfi tunpmJJJmfin: Pwquwpjn1 

hblllwqBtntll!J.JIII GG hJmtl. hwumwmqwo t , nJI UJW 4mp JWG 4Jliitnjl4w4wG 

j11llJllli)')JillGJ1 4wtutJ.wo t lmqli :}ljlql14n-mttuGnp•qllw4wG hwm4m­

pJmlilibp[Ig , Illi ~jmpi.lwtnnpjl UJWJlWUbtnpbpJ19 U wzfuwmwlipjl nbdj1uj1g : 

Uw4w.JG nput uwpbUwtnJ14w4wG wptnwhWJlillllf)JlliG , llJlf! L)lWJldbj;! 

W[!tnWILWJlilbJl WJ11 qllJlO]llipwgjl tmpjlllG[!, ujiG,IU WjdU 24w: 

dRI Umw~tJ.wo (6 .96) WJltnWhWJtnlllJ:1JlllUJI da a=a,r = 0 UJWJUWlintj 

Uj1wGqwtiwjG hGwpwtJ.nJllllf)JIIIG t mwL)m JlllObtm wnW2W11Jltjwo 

fuUllJIJl[L 
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~IJf l=.f( ( ) 
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V= l'i/unl 
a-60U 

L<l>_= I<Pn=30( 
h 20u~_ 
h, !=40ul'i 

40 80 

30 60 

20 40 
r- I 30 0 20 

a 

o o. 1 0.2 0.3 0.4 c rywu/ul'iz 

"V~ . 6.22 .:.nrtlJ C mbutulJwpwp q~uwqpm~JW<i wql}t:.ym~Jntli~ 6wp~ 

\jl OUJI']OlflJLUti L hn'lWJ~ti ~02111~ e bp~WflnlflJLUU ~pw ( - mhuw~w(j 
~nptp6-~npoliw~wfi ~hmb.p): 
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OqmtJbtntl tJbJ•2J•G LLJWJthuGjtg , pwgwnbtntl npnz tPlllHl 

ubolllj3JlllUUh]J u hwztJJ! wnubpltl T2 s ()np FllO tg~ 11[llllbll ' cr.p- hmlJ! 

uwhtlwuwJjiG J}jJUWI}]llllJ3JlllUG L F,r,-hlll1WJjiG qwuqtJwbji 4HIJWJ]Iu 

uwl.jbpbulibjlp , umwumtl blip 

r cr"Jl ( ) l 1 
ak =l-. acoscp'sin <p+'lf0 +2<p' -0.6oJ- - , 

P K ,. coscp 
(6.99) 

nptnblf K,-hmll• mbuwljwpW]l IllttiWI}lllllJ3Jllluu t . 8 - qb:jlnpuwmnpj1 

JWJUilLJ3Jlll (i~ : 

.:.mu• tlzwljmJ3JWU akr LJlljimjlljwljwu fun]unpJwG tllntllnfumpJmUI! 

LtwtutJwo lJb.'pnptlwmnJijt 8 tWJfimpJmfijtg l.r qb.'pnpuwumpjt 

mbqwljwJtlwG wGliJmGjJg, mptJwa t 04 .6.23 : 

r' h. 
25 
20 
15 
10 
5 

" h."=tt fx) 

' --I~ -JQ ~ 
lp=lp0=30v ljln=45 ~ 

6=15° 
20 40 60 80 

-
-

a 0 
0 5.0 10.0 15 .0 20.0 0 

"V~.6 . 23 \..rpjlm[l4w4wfi )unpmpJLufi h.p ~w!ut.J.wamflJmti~ qh~mpuw­

mnp~ hlUUU1W111nLJlJnLUpy 8\.t 111h'lWtfWJUWU a wlilt.Jmlijly : 

6wl!liPlt wlill)ntfi(! hnqll um~liplmLJP\t l\.}lw 

'1-wzm)l tlwltbJlUlliJ]3jl tJJlW 6wpbp]1 tllntJwop]l wull.Jwu Ubont­

J3JWU llilllZilltl(! ltW[lUllll GzwGwl.jntj3jlllU mujl pwunq Oitqwuubpp 

LljWJUW!ijtg, 11]1]1 llJlllZ auwtllnfuntpJmfi]tg u pwgwnmJGbp]lg hbmn 

umwumu bup 

r 2atg'lfo- 0.60 l 
~ 0 == arct~ ( ) t 

12a ctga + ctg\j/0 J 
(6.1 00) 
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l)..h.'Jmpuwmnp~ mhqw~WJUWfi OUJm~UWL wfi~DLfi[!: 

'l-b~I1J1UWtnlljl]l tnhqw4WJUWU wG4Jw(i OUJ.tnlniwt ubOmpJlllUI! 

HJU12t.lmU t hwzt.lwpqwJtiu rUIUWI}JUltfiJWU l}lllpjlWQUWU u oqmwqwp 

qnJli>nqntpJWU qnpi>w4gll wnwt.lhtwqntJU ubi>mpJmG WUJ.Wlmt.lhtiH 

UU{Wtnwqnt.l: IvfirlliP\! pni>t.lmU t {lUqmfihtnt.l dRI = 0 UJ.WJUWU\!: 
da a=ao 

<.wuwowJu !!Ul}mfit.lwi> UJ.WJUWfill ctg<X.dl fiqwmuwup umwgtJmu 

t hbtnujW[ J:unJIWUWJl.l} wumtll5wfil1 hwt.IWUWJllltU{l . 

ctg 3a + [ ctg( <p + <p' + \jl) ]ctg 2a + [( K0 - l)ctg( <p + <p' + \jl)] x 

xctga+ [o.sc vctg(<p+\j/0 ) -(K0 - 1)] = 0: (6 .101) 

<Xo 
30 
25 

20 

15 
10 
5 

0 

......... 
...... ....... -... ~ 

h-20u!l 

IY=2Uit.IJ lq 
<p=<pn=3 pv 
\jf=40~ 

0.1 0.2 0.3 c qwu/mf 

'Vlj .6 .24 '1-h~mpuwmnp~ mh'lwlJwJULUfi OLlJlll~ULUL wfiljJwli a,, ljw]ulj_w­

ampJmlil! hn~ mhuwljwptup ~utuqpmpJntG~y C: 

Y:wmwpt.lwi> hwzt.lw[14fihll]l WJ111JlllUpUhll[l qpw~llqUhJI!I oum! 

lllllt.lwa b(i uq.6.24: 

l).t~nJ1Uwmnpll PW112WJl1fi q.lniwqpmpJWU qwJ:ut.lwampJlltU!! 

wpmwp\IU qilllOnUUbp\19 qJIW~\lqwqwfi tnbupnt.l fibpqWJWQLjntU t 6.25-

6.27 uqwpuhlllitu : 

200 

P .. , ; 
800 
700 
600 
500 

1------+--t---r--- t4/ Jjj-
~-4---+---rv~~~---+-~~ 

' o/a=60" 

/_ I 

400 
300 
200 -

v 
_.......~ h=20mf 

-
0 2 3 4 5 6 v utl{r4 

'Ulj.6.25 '1-h~mpuwmnp~ wpwqmpJtuG V wqqhgntpJmGn pwpzwJ~Ii 

q~uwqpmpJwli Po6 lj_ptu 

250 
200 
!50 
100 
50 

0 

)""=f( (X _..,. ...... 
20 40 

.J 

/ 
/ 17 

60 

'Ulj .6.26 '1-h~>npUwlllnp~ lllh'lWljlUJULU!i tu!iljjw!i a 

wqqhgmpJmGI! pwpzwJ~li q~uwqpmpJwli Po6 t[J1w 

P,,, 
450 
400 

350 

300 

250 
200 
!50 
100 

50 

0 10 h uli 

'Ulj.6.27 '1-h~>npUWUln(l~ [!fipwgp~ funJlnLflJLU!i h wqqhgntpjnt!i[! J}W[lZLUJjl!i 

q~uwqpntflJLUli Po6lJ.(IlU (-mhuwljwli ljnphp , ~- q~mwtltnpO!ituljwli lthmhp): 

201 



7. <J)fup~[fihp~ wzfuwmwfivl! q~uwqpnq 

u~~wqmJpmu 

7.1$fup~1Jt u ewp~ tftnfuwqqbgmpjwfi q.np~fipwg[! 

<.HIJ.]l !Jl}uJlbguwli qnpal!fipwgli mqbl{gqmu t q]1fiwtipl{ mdbp]1 

wnw2wgmunq, nJmlip ]1pbfig pfimwntl Ulwmwfinqwl{wfi bfi: ~]1uwti]1l{ 

mdbJ1}1 UlWI.Jlwuuwfi wuun]1mmqwfi !J hwow}uwl{wlimpJntU[! l{w}uqwa 

bli lmTJ.]l :j>]lqlil{wl{wli L Ulblulintnq]lwl{wfi hwUll{wu]lzfibp]Ig, )1ll2Uibu 

uw!J UIWmwhwpwp hwlii}]llllllJl wpqtn~Gbp)1g, nrmGpll1fimu bG pwpbJl]l, 

lllliUI}lbf1Ulhf1)1 L WJl Ulbupnq: 

lJ}lfi2L qbp2bpu luulwuzwl{uwu wq}lhqwmubp]t q)Ifiwti}ll{ 

W2luWU1WUj2fibpp mumu(iwu]lJllllUl! l{WUlWilqlllU tp UpWillW!lP lmqbp)l 

hwUWJI, u hwq4wqJntm wz}uwUlwlipfibpnui t hwztlfl wnfiqmu WIIqtrn]l 

hbi.Jl pwfiiUJ. opqwfi)1 UIWmwhwl{wG hwliqflUintlil!: 

Cwpwqpqwa mbuwG4JmG]19 6]1zm l{lliG]l luutwlizwl{uwu 

wqpbqwmubpp I}]lfiwti]ll{wJ]I tuG1l]1pl! Il]IU1htl!Gqhwumr1 qtuw]1 hwuwp, 

bpp lUUJ.J! hWptUUI.Jl t wpqbmfibJUlq: 

PGwl{wfiwpwp, lmqmu wpqtrnutp]• wnl{wJmpJwG qbuwnui WJt 

l{bJllll Uibmp t q]1mbt pwUlUJ. opqwGfibJ!fl wurmtpJwfi hwzqwpl{fibilP 

hW}lgbp]!: 

"Vl{wmtup, np wupmpJWU hwztlwii4fl J!Gqmul{wa UIWJUwfir!' 

twl{Gwyp Uiwzwptil{ k=2 l{wu urmz WflPJlllpGtruuu k=2.5 , qmr14 tu 

h)ltiuwqnpntU)lg: Qmn bpumjppfi l}W << l{mJP» tliUilip]ll{wJ]l 

hwzqwpyuwG ubpnq(ibp]lfi bupwrll{qbtnt wruumfip t: ~]IfiwU]ll{wl{wG 

k<plJlO'wyflgl! hwzqwpl{btm hwuwr1 UJ.bUlp t l{wmw,tbt llllilwuzwl{uwfi 

tibpbfiWJ]l WilqbW]l hbm pw}uuw(i qiljlO[!fipwg]I Uwfipwtiwu(i 

mumuGwufllmtpJmu: <.nqwuzwl{uwfi ubpbfiwutp]l uwubptnu hwp­

qwowJ]lfi pbnfil{wampJmfifibii)l wnw2wgmul! UJ.WIIqbtm fiUIWUlwl{nl{ 

ll]lU1Wpl{b(ip flUl}hwfimp I}bl.l.J.I2, bliP !Jllull]llll WUlWUJ} pwtuqmu t 

WIIqbtn]l hbi.Jl : lvUIUl]l l}PqWbpp dwuwuwl{ I_!UI'lJHUqmU bfi hbUlUJWl 

Gw}uuwl{wG lll~JtiwGGbpu . wqJibqwUl]l wpwqmpJmUJ} ti]1fi2L WIIqbU?]lG 

hwGq]lUibll! hwui.JlwUlmG t V 0=const, wpqtwu pwgwpawy UI]lUil t, 2]1 

11h:t>npuwgqmu, I}b:)>nJitiwgqmu t ti)lwJfi luuw, npu odi.Jlqwa t 
wnwaqwl{wfi -·· UJtwum]Il{ hwUll{mpJwUp, pwfillll opqwfi]l wpqbtn]I hbi.Jl 
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pwlmJ.bpu dwuwGwl{ ti]1wdwuwuwl{ IJb:)>npuwg4mti bu luuu! L 

ubpbfiwfi : 

"Vl{ . 7.1-mu mpqmu t Iunu1 L utpbfiwJ]li}b:)>nJIUwg]lwJ]l u}ubuw u, 

UbpbliwJ]l wpqhJP]lfi hwfii}]nqbpug hhmn: 

y 

X 

n 

liqJ1bqwm]1 hwuwpdbp utubuwfi Wllqtw]lu hwuq]IUJbpug 

fitpl{wJwgl{mu t fit{. 7.2-mu: 

y 

c 
n 

X 
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'l.,zwuwqbGJ2. 

M.- wqpbqwtnfl pbJlt.!wa qwGqt.!wau. 

M"- wpqbml1 qwuqt.!war. 

8- wqpbqwtnfl tnbl}WJWJld"u liWJlt.!waflg hbmu, 

8n- j)WJlfl tnbl]W}WJH:t(l , 

C,- wqpbqwmfl qnzmm~JlllU[! , 

Cn- wpqb!J2ll qnzmmpJmun: 

Pwum1 OJlqwlifl wpqb1J2ll hbm hwCiq!n.4uwG qnpauupwgmu 

lmJ]wUzwquw(i UbQbGw.Jfl l}]l.GwuflqWJfl t.ibfltlllOlllflJWU hwUWJl 

qwqubup lipw JWJlduwG hwt.!wuwJllllUJ!: 

UbtuwGfl4wqw(i hwuwqWJlqfl zwpduw(i hwt.!WUWJllllUJ! qwqub­

!lll dwuwuwq qwpunJI t , pb np mflUJllG t 1.4wtnqwumu hwuwqwJlq[! 

lmtnunu , pb n~ Imp1unu: 

Ubtuwufl4w4wu hwuw4wpq!1 1.4WtnqwGbilmtp.Jmuu tizt.!wcr 

tnfll4bJl!lg npl.tt ubqflU llfl hbp~]l.G 4wtut.!wo t qwUJ11 mbuwqfig : 

Unt.!npwpwJI 4wl4bJIJ! Il1Gmu bG b[lqbt mbuwqfi , 4w1.4b[I, IIJIIIUJl 

ll[lll}wqfi 1.4WJUwGGbJI b(i l}UntU hwuwqwpqfl qbtnb[lfl qfiJij]flG: ~wt.!w­

uwpmuGbp]!, npnup WJltnwhWJtnmu bG WJI}UJllUfl 4wl4hJIJI, flpbug ub9 

1.4WJliUtiwqmu b(i ]!UllhWU]lWgt.!wo qmlJUlllGwtnGbjl, u qw1.4h]l, npnup 

l}UlllU b(i llJlllZWqfl 1.4WJUWUUbJl hwuwqW[lqfl qhtnh[l[l WJIWqnt~JWU 

tlpw: ~wt.iwUWJllllUUbJI[! , llJlliUp WJltnWhWjtnlliU b(i WJilUJllU[t qwl4bJI[!. 

ll!WJunuwqmu tu ~~~ uflwJG t~Gqhwupwgt.!wa qniiJUlftGwmut11, WJJu 

flUIJ.hwGpwgt.!wcr wr1wqm~ Jill G G bp: 

liJdU hwuwqwJiqJ! GbJI4WJwgubup K(q,,q2, •. • ,qk_, ,CJJ.) JIUI}hwti­

Jlwgt.!wcr qnnrulflGwmubrmt.! l.t m 4wl4brmt.!. nrmun hwuwqwJlqll qbtnbJlll 

wpqmpJmUCibpfl 4J1w qumu bG npnzwqfl uwhuwGwtflwqmulibJI: li.Jq 

4wl4bJlfl hwt.!WUWJllllUUbJI[! Ullt.illJIWPWJI WJitnWhWJtnt.illlU b(i hbtnUJW] 

tnbupnt.!. 

k 

LAi.Aj =gi (7.1) 

nptnbll ' i(l ,2, ... ,m) 4wl4bfl[l J}fit.!Ci UL -JIGI}hwupwgt.!wa w 1lwqm~JIIIUJI, 

g, u A;i - :pmuqg/lwGbpG b(i . qi l.t t dwuwuwqfl uuq.hwGJIWgt.!wa 

qnnJlllllCiwmubJlllgqwtut.!wo: 
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( 7) hwt.!wuwpuwu t44114wl bum o UJ! 4tiUI}IIl u [1 WJu mtuv11 
k 

" A dq . = cr dt .£...t L J .I OJ 
(7 2) 

J= l 

l..lb[l2jlU hwt.!WUWJIIIIUUbJIJI qn2t.!111U hli IT}:PwN>[l hwt.!w-

UWJllllUUUJl u qW[Illl] b(i JflGbJ fllitnhq[lhjfl u II .> [ltitnbq]ll:ij[t: fltitnliqpbilt 

4wl4bJlp qn,,t.!mu bli lmpiUnu, [wq n~ flUtnbqpbil!UbJll! nL hnptGnu 

'\,qwtnbup , llJI LwqpwudjJ hwli[IW6wtiwL zwpduwli hwt.!WUWJIIIIUUbJljL 

lmptUnu u n: lllljllUIIU qwll!liti[l hU!UlUJI, tnW]lpb]lt.illiU b(i /IJIWJI/lg: 

fl tnW[lpb]llllJ~JIIIU <J· , l.wq[IWUG/1, :PJIWUU/lwgfl uwpbUwtn/lqllU u 

ubjuwli!Iq IT}. lil.4l4bJ/l qlll]U/19 WllW9/IU wuqwu utnwgt.!wo uhtuw­

UftqwqwG hwuwqwpq[t ZWJiduwu hwt.!wuwJunuGbJIL! fl[twt.lwgfl bti 

[1U~1.4bu iUI[IlUIIU, WJUL4hU t) IIi hll[HUHU qwll!bJI)l hwuwp. 

as 
a-:-=Qv ,(V= 1,2, ... ,3n - m) (7 .3) 

q,, 

llJitnbif q" -pGI}hwlipwgt.!wa qtmJUlftGwtn t, 

V-J!lillhwlipwgt.!wo qnnJnlllCiwmuhp!l p]lt.!p. 

3n-m · 4wl4bJI[I ~llt.!JI : 

~wuwliuwli 4l1Gbmft4 tGbJlqltw.J)lG S 411Lt.!mu t WJlwqwguwu 

tUb]lqflw . 

n 

s = 2, ~~ v (x ~ + y ~ + z ~ ) 
V=l 

Qv-JIUI}hWUJIUI9t.iWO lllG[! hb}Ul t ll[IIIJ bJ hbillUJWJ WJIUlWhW.J­

illlllJJJWUp. 

Q = t-(x a xi + Y ay i + z. azi J 
\' .L...t l (j" I ") " l (j" •=• qv uqv qv 

( 7.4) 

npmbq' X;.Y;.Z;-ubtuwG!lqwqwG hwuwqWJlqfl 4J1w wqi}IIl] wqm]1t.! 

mdb[l/IL4JII1Jbljg]lwUbJ1li bG : 

UJUL4[tunt.!, }W[lduwti hwt.!WUW[llllUJI lil4l4hJ!I ount.! 4JIUI}111tift 

IIbtnUJWJ UlbUpJ!. 
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]!Ul}hwlipwqtjwo lJnllJU})lUWmubJllltJ. . 

o" hmJ]I qowJ]IG IJb:Pn!Itlwg)Iw.J)I tlbi>mp Jill fintj , 

0-WJI<Jbl.I2)1U hWUIJ)ll.ljtpng hbmu illJ!WlJillliJl]l mbJ]W-tJ111Jump.JWtlp 

lJbpbliWJ)l qowJ)lli ljt:j>ll!ltlWg)IWJ)l tlbompJillU\1. Om J!UljhWli-

pwgtJ.wi> lJm!JlllliGwm ~]1 hwtiWJ!tJ.m tl , nwli)l 11)1 w JU wpmwhWJUltjlll tl t. 

0-ntJ. u 0"-ntj . 

UJullJJwmJ., mlitun v=2, q 1=0, q2=0": 

<.wtlwLJwpqJI wpwqwgtlw(i tlibJiq]Iwli qnJWUmtl t. btiLJm tlwu)1g . 

s = Ma ~)2 + Mn $ 2 
2 2 n 

npmb1f M, -lmiJwtlzwLJtlwu wqpbqwm)1 pbptjwo qwuqtJ.wou t, 

=Mrp+M ~o+M\, , 

Mn --mJiwLJmnJl)I pbJitJ.wo qwuqtjwou, 

(7 .6) 

M, 

M~o - mJiwlJmntili UJ.mmnqJ}tmwLlihJI)I qwuqtJ.wou pbptJ.wa mwlinq 

wli)ltJ.libJII!tJ.J!W. 

M" - WJlqbiV)l qwuqtjwou , 

M,1 - tltpbGwJ)I pbptjwo LJztml! : 

.Q(i(iwpLJtjnq hwtlwlJWJlq]I zwpJmtl\1 hWJifl qmqwhbn t u mu)l 

tl)lw.JG tlblJ x LJnnJlll]luwm zwJidUwu nuliliHJJJWtlp, tiJ!wGzwuwLJ O; ]1u: 

<.wtlwlJwpqmtl qnpamtl bG bplJm wlJm)ltl. mJbp' hnq]1 u tlbpbUwJ]l 

Ilb~>IIJIUWQ)lwubp)Ig WllW2WQll1Jil)ltlwqpm-pJmUUbp' C; : 

lJbpbUWJ]l 001 qt:pnptlwgjiWJ)lQ WllWW)'WglliJ !JlltlWllJllll)lJliiU]~ 

LJL)!UJ! 

X&~1=-C~10 \ 1=- C,1 ( o-8,J, 
JwLJ hmij1 I)b:}lnptlwg J1w Jll9 wnw 2W!-JIIIJ IJ.]ItlwqJllll p JlllU(I · 
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OqmtJhtntl (7.5) zw!H.h.lw(i hwtJ.wuwJitlwfi w2 tlwu)Ig · LJumwuwlip 

]IliitiiWUJIW<:JtjWo mJbilJ! tl bi>Illfl.JlllUfibJI\1 . 

()$M ()$n 
Ql =X liM-.. -+ X lin-.. ao ao 

()$M ()$n 
Q? = Xl>M - .. -+Xlin -.-. 

- d0 0 dOn 

(7 .7) 

()$.~ = l 
ao 

=-Cnon +CM(0-0"): 

li[lWqwgtlw(i llib(lq)lWJ)l tlwuuwlJ)l wowGgJWLUbJI\1 \IUI}hWliJlWQ-

tjwo LJnHJll1)IuwmlibJmtJ. LJL)1ubu . 

as .. 
- .. =Mao, ao 

lijUllJ]IUlltj Wtl!lbqwmjl zwpd"tlWU hwtJ.wUWJUIUiUbJI\1 lJJ..]!tibU . 

Ma$=-CM (o-on) } 

Mn$n =-C 0 011 +CJ\1(0-0n) 
(7 .8) 

Uqpbqwm)1 pb[nj_wa qwGqtjwati pwqwqJI)l~ libJIJI npnztjmtl bG 

hwJmli!I tlbpnqntj 

i.j. Gm 
MTPg=GTP. Mb =112+122 ' M t\.r =--+13 ') , 

r r g rM 

ll[lmbq · G1 -Ul[lWLJmnp!I OWUJUil)lJWU md"(i t , 

.r 1-mtlw LJmnJIII zw pd"]t2!1 UJ.mm tJ.mt qwuqtJ.woti bp[1 ltG bJ19 ]lWJ 11 

lintltumu, 

.T2-mpwLJmntl)I mpwuuti)JU!IW.Jil tl"tntuwugliwG u t~GpwgpwJ]tli 
uwuJI lllmmtjnq qwuqtJ.woGbpp ]tGbpg]IwJ]l tlntlbliml!, pbptjwo 

mpwLJmnJ1]1 mwGmt wutu.J.lib!lll tl.J!w . 
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J,-iJliphtiWJ]l lJ1UILntjlll] UWUb]l]l Jttihpg]IWJ]l Unuhtimp. phpljw() 

ptipwqpWJ]t[i wti]1Ljtih]ljl LjJIW, 

ir-Lnpw4ump]1 mpwtiut5]1U]IWJ]l tJmtuwtiqiJwti p]1Ljp . 

r-Ul]llUl]Ulll]l]l UlWUlllj wlij1Lj]1 }WllWLlilllll 

r"'- Uhj]L.tiw.J]l JIUJ~ W!:JJ2W.J]IG wGJnltJ }WnwLl]HlJI. 

( im- ul..plil.iwJ)l owtipmp.JWG mJu: 

lijUL4]1UlllJ . . 

_ GT i~r I GM I 
M . - - +1 1 -+1..,-+-+1 , -

.t 2 - ? -1 7 g r r- g r~ 
(7.9) 

I 
),4wmlltip. 11]1 13 - 7-;::;, 0, WJU)ltipG WJli zwm tPIIJ211 LlhOllt}3.Jlllli t 

r.;l 
Wl}Jll.iqwm]I qwtiqt.jwo]1 hwuhuwmmpJwup: 

<.miJl 4llJ U1111p.J111 tip ' C11=q11F, ll]li.Jlhlf 

q11 ·lmq]1 owt.jWJW.J]lti UlJlllJIUWG qnpow4]1gG 1: . 

F-wpqtm]1 " iJ]uJhJJwli » IJWtnlllJPJl. Wl}lll.iqwm]l 

llllJllWhWJWtJ IHU]l~~tllp.JWU Uh2: 
lWJJduwG 

(7.8) hwt]WUW]llhu(i Llh}> CM- ubphtiwJ]l phpljwo 4li)Ullllf.JlllliG t: 
U.qphqwm]1 lttuG4wpaw4]1 4wGq wnlih]lll lJ1Wh]Jli wpqb1J2jl 

hwliq]mJhllw UIJttulJUlllJl]l 1J1tnmLjmJ qwGqtJwotihpp. phJlljwo mwGHIJ 

wG]ILltihp]l lj]ttu. wmu ywqGHtu hG JJIWfJlii!:J]l.' Jll/LUtPIIIJ mJ, llJl]l 

hhmltwuvllt.J UIJtUI4mnpjt pwpz]llll dJ.! wlj Ltwlimu t. u]1G ,' u wnwLlhJwqnlJG 

p"'"'" W]JJbpJ! : 

pk m~t x = ~Gc = pk + gMb 

npmhq ' 1-1- mpwiJmnp!t u lllnl]l 4guwG qHpaw4]1gG t, 

( i,- lll]llU(]Ulll]l]l 4qi5wl.i 4/]lll]l , 

P~- utptu4tll11JI]l jlLUJIJ ]IJillWL)IlllllllVJI. (P.=P"-1'·'-P,). 

P~ 1 .- tnptul]UliiJl! t ciulJniwlii]WJ]lri !?LLIJI,']t ntdp . 

P,- t1l ]lllllJLI111JI J1 m!Jqtu;w]H.lllwli IJ)lliWI]JllHpJtll tip : 

(711) ) LU[Illl llliHUJllllltp_JIIIUjlq 

(7.10) 

I 
M h = -- luG e --·· (PK r + Pc )]. WJll IJhll1J21nt\ ( 7 9) w1JmwhtuJmlllJ3Jml'i1, g 

4PUI}Illti]l hliUIUJLU] UlliUJ]]l 
20}) 

( 7.11) 

' l · ]l:) ,t;ptli~J.IWJ hwt.jutUW]IIIIUtlul.ip]t (7 ~) hwt\w4wpq]t ]lliOlltU]! 

s:: rl s:: B rt h d 7 ")I .. t)ll.impi..G!J u = Ae l.t u 11 = e mtuvulj . Sllqw1lP Jll ... ( .o uu'-~w-

uwp!lwti ul.i y l.t OUWlflll]uhpnf 4UUlwtiwtiu hwutuutn qouqjtl.i 

lnuljtuuwpmutillp]t hwt.iw4tupq . 

A(r
2
Ma + ef\1 ) - BeM = 0 lJ 

(7.12) .., , 
Ar -Ma + B(r-Mn +en)= 0 

flpujlluqJl (7 .12) hwt\wuhn hwLtwuw]tlllUtihp]l htut\w4wpqG 

1ulittiw n: mp]tti]Hul pnom u. wl.ilt]JwJL.}tn t. HJI tiput qhmhpu]ttiwGmu 

hwt.jwuw]t]]lG]l q]lll.J]l. 

7 
r-Ma 

4umwtiwGv 

hwLjwutUJHilU[I. 

(7.K 1 

-CM 
') 

r-M 11 +e 11 

ltwuw4wJlq]l 

=0 

pGn1 ptuqpw4wG 

M)\1 11 r ~ + ( MaeM + Maen + M 11 eM )r2 +eM en= 0 (713) 

Umwyljtuo bp4pwnw4muj1 lnuLjwuwpmLi]14 hpumu t.np 

_ --lCl\1 +en CT\1 + [C.,, +en+ eM ]
2 

_ eMen j<O 1
1.2- 2M + 'JMa - 2M

11 
2Ma M 

1
M 

~ Jl -.. ' II 

.hl:illll.twpwp ( 7.1 3) pGlii]JWqptu4wG !Jwtjwuwpt\w(i btipwqpljm} 

W]IUWllltibpp 4blJO b(i . 1'1.2 = ±ik 1.2 , ll[lUlhl) 

r 
I eM +e" eM 

K = +--+ 
u l 'J M 2M -

- ll .1 

[
e + e e )

2 
e e l

1
'
12 

~ ~ "+-\_1 _ M 11 ( 7.l 4 ) 

2M" 2M,, M .. M" j 
Otum]l l}]l:PbpbliyjlWJ hwt.jwuwpmulihp]l (7 .R) hwuw4wP 

[lUt}hWtilllllllltOIIIU]l 4liUI)lllU]l hhmll.tWJ tnbUJ2]l. 
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8 =A 1 sin k 1 t + B1 cos k 1 t + Ary sin kry t + BJ coskJ t - - - -

15, ~rl-ki ~:,A, sink 1t+ 81 cosk,t)+ 

+(I-ki ~: JA,sink,t+B,cosk,t) 

(7. 15) 

nptnbq A,, B, , A2, B2 -jlGtnbq]HiwG llwuulwtnmliLib]lG bG IIJlllUJ2 14btnj2 t 
IIJmztJ.bli u4qpGw4wli UJWJUWGGbJijig : 

U4qpGw4wG UJWJUWLijig t=O, 8=0, o,=O 4utnwGwliu 

B,+B2=0 

B (I 2 M a ) ( , M a ) , -k, eM +B2 I-k ; eM =O, 

HJitnbrtJig hbmumu t ,11JI B,=B2=0, u pwGj1 1111 W.Jll hwuwLiwJlqji 
qbtnhJlU]!GwGtn].! q]lll ~t m utnji 

U)mu u4qpGw4wG UJWJtlwGjlg' t = 0, 8 = Y
0

, 8" = 0 

4utnwGwGp qUWJJ!G hW~WUW]lllLL\fib]lJI hwuw'-!w]lq 

A,K, +A 2 K2 = Y0 , 

K (I 2 M a ) ( ' M a ) A, , -K, eM +A 2 K 2 I-K;eM =O, 

1111tn bq_ltg umwgtjm u bG j1G tn UClJ.lUWG hwumwmm (i(i tp11. 

A,~ K~~(I-K; ~J l 
Yo ( , Ma )' 

A-c =-K,~ 1-Kj eM ~ 

qt:pnJIUwgjlwGbJ!Jl ubom~JlllGGbJI)l hwUWJI 4umwGwGp 
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(7. 16) 

(7. I 7) 

UJ<:h.l hw?lJ.WJllJ.ll 4wmwpbGp PH-40 t!J.Jupjl~Jl hwuwJI, 11)1]1 

Iltuwmu V.,=3-54u/J ,MTP=70004q, M\1=6204q, G<=70000G, ).1=0.6, 

p~I'=30000Li : 

UJUUJ.[!UntJ. 4utnwGwGp' M.o=J()8004q, or=8uu , UJW.JtlwGmj, IIJI 

C,1= 15004qm /uu, C.= I 0004qm/uu : 

brt J!lilllllGbGp, HJl pwp]1 qwGqtjwbp hWJH[wiljig hbtnn uGmu t 

U>O/ lli]>d, 4umw0cu0p M,o-, K," Jf , K 0o 0, 6o]" 

o·" ~ v ~M , 
p 0 e 

M 

f1wm]1 hwp4wa11 md-t! 41JIGji 

R = e 8""" == Y /M e yd M ~ 0 '\J a M 

4wmwJibtutJ hwuwUJ.wmwuJuwG hwztJwp4libp, 4umwGwGp 

R,J= I oOOOOli: 

(7 .20) 

'Uuwli 4WJH))l huqbJUllU W?JuWUlbtlll llWUW)l WlihpwJb?Ul t 

JIU ljJllliLj Wt!Jlbt!Wtn)I WJIWqlli~Jlll Ull II~ wtjbj]l 24u/J UbOlllpjntliJig, 

pwGJ! np tlJ>W]lWJ]lli Ill df.l 4umwg4)1 

R,h "' R", -'- P.._ ,. = I 60000+ 30000= 190000G, npG w~btJl ubo t. uwu 

t!J.JuJI[l ~ [1 wu ]llliJl JWG hGwpwljn]lllt J3J!Illifih JlJI: 
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7.2 .f!wpEWpntn hnqbp~ l}lfup~1..fl mupmpjwfi 

hw2ti.WJI~)t mhumpJntfi(! 

.P.tuppW[lliU1 hnqbp]1 ]lJIW<.JIIl tl[I h[li.Jpwqnpowi.J tuli tiLtutuli]li.JWJ]l 

Gn[J llli[IJIII!)JIIIlit. ]1li2ll.lhu w2tuwmwlipubp]1 l.jwunuptituli mt ]uGnpi­

qjlwJ]L WJUUJbu t.[ hwmmi.J UtphGwlibp]lliwtuwqo thuG mtuwl.jt.m]l~J: 

<.wuw; tuwphwJ]lli !lwu2mwpn4. pwJlpwpiiUI Imqt.p]1 ]IJIW<.JmUG 

]Ipwi.JwGwtJtJ.mu t. U]1 l.jnqtl]l<.J Gnp U1W]nuoulit.p]l 2 Jl >) tuGwunq~JwG !lh9 

IJ[IWGq pUlJqJil[tlWG mbuwlii.JJmli]Ig, ll.llllU I.JIIIJU]lq j]W[IJHU[IIIU1 hnqbpp 

LUJUL4]1U]l qnm]llit.[UIIU U1WJIWDtJ.wo J]IUUJiltJ , II]IUibi] wobgtJnq 

tl2wi.JwpniJuhp]l tJ.h[l i'Gwl.jwG W[IIIJlllli!2JilJ4LUJ]I11Jibli tupdbvwtJnp t.: 
<.w jtuuuJwli]l .::.wGJlWll.lbUlmJ~JIHlitl hwpmum t. UWJIPWJIIIUI 

lmqhpml. La t{lwuulnJlhli U<11<. hJli.Jplibp]I JWJI!2IHU GuwG Imqt.p]1 

ll2WIJ111pJWli mhtuGnplq]IWJ]l u mh]uli]II.Jwi.Jmli tl]I911<.JUU[l]l umbqMtu li 

h]!UliLUIJ]l[lli J: : 

..:wJLUUU1WU]l <.wlipWll!UU1IIlj)JWU IUJI]WJ]lli 1liiUI]jl hwuwwtJ.wo r. 
]IJIW ~JtJIIq lllli[bpjl UbO GWtJWLIHJ.. )UWJWO IJUilUU qqWJ]l U1WJIW 0plibp 

tllimtl bG wliU{WI.j: 

.HW[l{lW)UIU1 llliiJUJljl ]l)IW!-JUWU mb]ulinplq]IWJlllU hwmmi.J 

G2wliwi.JmpJmu mG]1 hnl[hJl]l t}ltuptquwG qnJIDI)GJ~wmJ : <.mJIIIU pwptp]1 

wui.JWJIItPJIIIUll WJil qllJIOI_IupwgJI l)WJiolimu 1. l)]Iliwtl]li.J u (WUl pwJur 

'1-w ptugwulptJ.mu t hwGq]lll.lllll pwphJl]l 6u]1 pwquwqwulllJ)JWUp . 

IJW2Ul111tl lJpwGq UlLUJIWOtlwG tunJIIHJ1JWtlp 111 tumm[}JWUp La WJl 

~Jmgwli ]12li bJmtl : 

-f<W[lj]WJIIIUl hnqbp]l ]l[IWl)UlUli l1 hl.imwqw t{Jlu[Jb<.jUWU 

plipw~Jpnitl h]Itluwi.Jwunll1 qdtJwp L [ttuunupb[ uwphJI]l hnq.Jtg l[IllJIU 

hwlim!lp, hpb t]hpy]tlililqw :.p uu jl.IllJll!l hli [twu dwJnnm : E.pJ 

Ll{wmawnntJ. wnw9 l qw[]Ju tp lp11 h]lliliwl.jwli tulilJ]lJL pwJI]l l)JllJlU 

hwlimU[! lmq]1 uwl.jh[Jl.anlJp hbmwqw hhmuguwG hwuwp, u bpi.JJUIJlll · 

w;tuwUlllll !l bphuwJ]l hmuwi.lntiJ)JWli. hJ14wpwi.Jhqnq}JWli La 

wlitJ.UlwliqiiiJ)JWli wlllwhntJ.muu : 

l.Jbpi.Jw w2tuwmwuuJl GtJ.]l[ltJ.mu t t}ltuJI]t~]l I.J !2W!l]J 

tJ.mtuwqqbgmpJWU pwgWhWJUltlWU[! , u hlllUWUl W2luWU111l], zlp1U1[UIIJ 

pwlillll opqwli]1 u 4wtuny]J hw!lw[tw[Jq]J GwtuwqM wG tmiJwtGh[l]l 

UUIW<.jtlWU[J : 

r ~ Gl)hwlim[l l}hUWilltl , bpp t}llu[l]I ~ !J hwlil}]mpnu t pwp]1li , 

hwptJ.wowJ]1G nut11 pwllWIJptJ.mu t hJlhp pwqwq.Jl]lzlihp]l P., P~, P/ 

(GI.J .7.3) : Ujumbq lllWJlq l}h:j>nptlwg]JwubJIJ) U]1wu]1G wpmwhWJU1llltl 

bG t]ltuJ1]12]1 pwJU1Jl]ltlwilJIIIIJ3JWG wuwtJ.ht ti liJ1hwGnqJ 11huwu: 

'VI.J.7.3-mu ll!Wllll.jhJlt\wo t tJ.ltuJ1]12PI_IUl}hwGmp lll(tWJ]lG utuhuwG , 

l.ipp liw hwGqjll.l!lllU t WJiqhw]l: 'VI.jwUlblip , np x I.J y wnwGgpGhp]1 

Gl.jwmuwup t}llu!l]11J! bupw)l[ttJ.mu t onuwli , Jw4 z wnwugpj1 GI.Jwiiiuwup · 

lllii!IUWG : 

'Vbp[twjwgtJ.wo hW2lJ.WJII.JWJ]lli utubUWJ[l hWUWOWJU I.JWU1W[Ihfi~ 

tplJIOJlGpwg]J m buwl.jwG hhmwqnmmpJmG : 

I 
M" 3 =+ZP I 

M;' ~:P,~±r,(; +C Jf 

(
h ) I 

M ~r = P y -f + C J 

<.wumwmhu11 h, - ]1 I.JwtutJ.wompJmuu Z-j1g : 

h , -h o e 
<.wuwowJG fi\t .7.3-!J mGhGp =- , nJlmhq.Jlg · 

h x -h o Z 

h , =h 0 + ~ (h , -h 0 ) 

e 

(7 .21) 

(7 .22) 

fhlibuwpttJ. wqqn11 mdh[l]l u unubumlihJl]l UbampJIILGGhpJ!· 

l.jW[tbL]l t ll[lll2hLLW[IIltUuhJII} t}lluJl]li ll tJ.mwuqwtJ.nJI hwmtJ.wapGbJUIIU : 
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max'tx 
'V~.7 . 3 '1-b~>nrnlwumJl~ t((lw wqqniJ. mdbfl~ ufubuw: 

1 

(7.23) 

I 
(

, 1 cr, I ~ , , f max cr - = -~ +- ~ + 4't-
fi\ 2 2 2 2 

max cr0 1 = cr-' + _!_ fd; + 4't: 
f i\ 2 2 " 3 J 

maxd~ , =cr1 +cr~, maxt<51 =~max't:~+max'tY;J 
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M KP M KP P,S y PySx 
,.,. 't - -- max'! = -- max'! = --
• l = -w' -' - w ' x) J b ' y5 J a ' 

KP2 KP.l y x 

M, = P), M~ = P,I + P,(h
2

2 
+C) 

M KP = py l h22 + c) 
S) -umwm)1lj unuhfimfi t , y wnw!igpp !i(Jwrnuwup , wnw!igppg 

ljh)liJ (Jwu !ihppiJ l!fi4wCI uw(Jhphu)! hwUWJl, S, - UUlWUl)l\j unuhfiUll! X 

wnwfigppg ow)u (Jwu w~ p!i4wCI uw(Jhptu)• hwuwJl, J, , JY -JtlihJtg)•wJ)l 

unutfim!ih)l)l x,y wnw!igpfilipp !i4wmuwup wupm19 uw(Jh)lhup hWUW)l, 

W1 -hwuwUJwmwu)uwfi wnw!igp)1 G(Jwmuwup mtl.Jwt (Jbm)1 hwuwp 

!J)lUWl}Jllll}JJWU unubfirnr!: 

4.pWJIWJ)lti llldJf P"b = P, + PY + P, wnw~wGmu t tp4m 

uhCint}Jjnt!i!ihp)lg ' hwptj_wCiwj)lli phn!itj_wbm}JJlllU)Jg 1.1 OWJIUWUI}Wjp!i 

Ill d)lg : 

Lwpuw!i uMm}JJllllilihJl)l 11JU12UW!i hwUWJl wlihpwdh2Ul t 

)luwGwt tltJuJl)l~p 4.J1w hwplj_wCiwJ)lG ptnGI.j_wlim}JJmli • wnw~wgGnq 

mdOJl)l hWUWUJWUlWU)uwli ut{)mpjnt!ilib)ll!: 

liJl} mdbJlfl uMmpJm !i!ihpf! (Jw)ulj_w?i t!i tJt)up)ll)l 1.1 pwJlfl 

hw(iJ}pUJIIwG UJWhpg 1.1 61J)1g (filj .7.4) : 

'l-buu~ lUnw~~6 IJlJuJl)l~)l PJl)liJI! W)lqtmpG hwfil})lUJntU t 
nu1qwhwJwg (Glj.7.4w): UJI} dwuwliwlj 

Pr = P, = 0, P.h = P, == Q, : 

'l-bUfp bpljpnpq PVI•4l! hwtif})lUJUIIi t pwp)1ll' a wGtuwG mw4 

ptptj_w() (li4.7.4p) Uju J}OI.lJPmU, (Jw)utj_wi) pWJIP ptpmJJJWU wutumli)1g, 

IPJui•l•m 4WJlllll t uwhht (Jwu luwhht WJlqhwl• tiw4bJlhl.lnlJpp lj_pwJntj_: 

:Juwhbtm l}bUJVJ! gmJg t UlJllj_wCI filJ . 7 .4w-mu : 
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~ 
a<90-

a<90-

'Vlj. 7.4 c:I>fup~2~ L pwp~ nu:twj~fi tjlnfuwqqbgm~Jwli ufubU:wlibp 

ilrmzbup P. ll P1 pwqwqpJl.l.fihp~: 

P, = P.b ( cos
2
• a- 0.5s.in

2

2a · tg<p)} . 

Pz = Pab { 0.5sm2a- sm atg<p) 

~w~nrlll 'lhuwmu (GlJ. 7.4 q) 

Px = P.b{cos 2 a-05sin2atg<p) } 

Pz = -P.b { O.Ssin 2a- sin 2 atg<p) 

(7.28) 

(7.29) 

Pwunq opqwUJl hWUW!l wub(iw4_wmwqnljU llhUWI! Wilqhwl• 

ltllllWJJlG wql}hgmpJntUG t (GI.J.7.4I]): 
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UJ'l 'lhuwmu P,=O, 

P x =( P T-F)cosa, 

P>=(P,-F)sina, 

Ltwu 4.hp2liw I.Jwunrhu 

P. = P.b(cos
2 

a-0.5sin2atg<p)} 

PY = Pab{0.5sin2a-sin 2 atg<p) 
(7.30) 

~nqfl uzwi.Jmpjwfi uhghfiwfihp~ I.Jwutwphtwqnpouwfi h~ufiwi.Jwfi 

n tq qmp J mfifihp I! 

.!.mlwuzwlJuwG ubphliwuhp}l I.Jwmwrll•twqnrbllw(i h}lUUwi.Jwli 

mqqmpJillUJ! UJ.Wluuli~tlnq tuhr•qJ•wJJ• murnhumuli t Jl hwzJltl hnqJ• 

uzwi.Jmpjwfi finp uthJufintnq~wfihp~ urnhqb"Uwfi , up pwup qnru}!!U­

pwgGhpJl hwuwrn hquwG ll WJtfi : 

lwJG wztuwrnwGpGhtl hG rnwr4_mu pllwtln!l qm}lwfiuhrn4. 

tuhr•qwrnwr 4_wpl! ui.Jw4_wnwi.Jw4.nrl gwpwfifihrm4. ll ~J•qhtGhpn4. 

uzwlJm}lJWG tfmtuwrlJ!Gbllu hwuwr1:: f0-llw4_n!l qm}lwGGht!Jl tflntuWilhG 

Willlh(i WilUlWI}lllll})JWG ub~ LWJU I.JJl!lWlllll}}JlllU b(i qrnGmu ~JlqhtWJJ!G 

qm}lwfifi hpJ! : 

~llllWUzwi.JuwG O:bpbGwGhtlJl I.Jwrnwrhtwqnpb"UwG lllllllntPJlllU t 

~Gmr•ttwa fir•wGg lJnupJ•Gwgmu~ ll mGJltlhr•uwtwgmO:J!: UGhr•wdhzrn 

wztuwrnwGpGhtl bfi rnwr4_mu fiwll tnnqpwJJl lJwfituuwG O:bphGwfihtlJ! 

lJwrnWtlhtwqnp()UwG llUllllll}lJWUp: 

lwJli q]nnwlJwG- urnbqawqnr•a414wfi wztuwmwfipfihti bG 

mwr•4.m0: mhtuGntnqpwlJwfi qil!lOJ!Gpwgfiht!Jl nrw4J1 hulJO:wu ll 

UJ.WilWUhrnt•ht•Jl I.Jwrqw4_ntiO:wfi w4_rnnuwrn lJwnwttwruwG hwuw­

I.JwrlqhtlJl urnh•1bllwu ll I.Jwrnwphtwqn!lauwG mqqmpJwUp: 
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8.Unpmfi fijntphpft ~ftqft~w-mhfufintnqftw~wfi 

hwm~wfift2fihpf! 

Unrunfi fiJmpbp(! l}wu~mu bfi JQ~mt pbnllbJtll zw1tp]lfi u 

pumpwq)t~nul (!Utn lWtPP uMmpJwfi pwfiwlJwlJwli pwzJu~wi>mpJwUp : 

<!.wmplJw~wlftwJJtu lJwqli(! npnz~mu t unJuu fi qwllq4wi>JI UWIJbtn• 

bqwuwlJn~ · oqmwqnrtbbtmt mwppbp lWtPJI wliypbJm~ UWIJbJJ: 

fl]tlljbu :j>Jiq]llJwlJwu hwmlJwfiJIJ, fiJmpJt unpmllmpJIIlU(! 

pfimpwqp~mu t qwfiq~wi>Jl zbtltnntU uwhuwuwjJ!ll znzwlftml 

tWJlmuGbJIJt u ouzuwa lJwJu~wi>mpJwtlp : 

UwhUwllwJJlfi znzwl}lllll tWlllllUfibtt}l q(tW:j>JilJLJ (fil) .S.l) 

ltwnmg~mu t tn)t}tpnubtntiJI ~pw l}lnJl<\WttlJuwfi wtuumfiplibpn~: 

t 

Stt.flpnubtnpJt wzJuwmwup(! hbtnuJWtfi t (fii.J.8.2) 

'Uw~t}Wfitt (I) u ZJ19WUWlJI! (2) lQ~mu bfi unruuu fiJmpbJm~ : UJu 

bplJm qwfiq~wblibJt(! Jtttwp bfi uhtlUillU lJlWgmgJt~ pbnn~ (3): 

Cti9WfiwlJI! wfi~wlJubpn~ (5) hbfilfmu t nuJilnfU}ubp}t (6) ~w u lJwpm1 t 
ZWJtd~bt htli.JwJllwlJwu mtllllllPJWUp: 

UJli ZWJtdlfmu t Tnutp wqt}bgmpJwfi mwlJ, npl! umbtJi>lfmu t· 
pwuJt (4) ~pw wumJll)wuwpWJt pbn w~btwyfibtnlf uJifilu bJtltm 
qwliq~wi>libpJ!Juqmul!: 

'UllJIUWJ u znzwlftnq lWJUllUfibptt llJUlZ~IllU b(i hWjtnliJt 

G T-T 
wpmwhwJtnmpJmfilibpn~ cr=- u t = P u umwglfwo s s 
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w1uumfipfibtm~ lJwnmgmu uwhuwfiwJltfi JllJWI}llul JWJmtufibplt 

qrJw:f>JtlJl!· (npUlbJt G-]Wtl(twlJwfi llliJWfiwi.Jlt Ub9 fiJmpJt u UtWgmgJtl 

pbnlt qmUWJlWJJtli pw]fi t. , Tr zwttdwlJwfi Zil2WfiwltJt {}WlllWJltfi 

llJulwqrunpJiliU(t, S-Juquwfi uwi.Jbpbult ubbmpjmfi(!, T-uwhpJtmd(!:) 

u4. R.2 S(lflpnuhm(l~ utuhuwli 

Qum ~liiJt<\fiwi.Jwu mti.JwtGbttlt (a;t) Ltwnmglfmu bu uwhuwuwJJtu 

znzw~HUJ tWJnuulibttJt mqJum (ac) : Umwg~wc) CI.JbmJtg tnWJtlfmu t <p' 

fibppJtli 2~1 iw[i wfiltJwfi mwi.J, oa hwmlfwi>tf t 0 -uwhpJt ul{qpfiwl{wfi 

llllUWJlJllltJl.l .r fi(!, plimpwqrmtu t uJmplt LtwL4wi.Jglfwc}mpJmutr lwlf 

unpmfi <,••JbWtwi.Jwu) fiJmpbttlt unm' t 0=0: <pa -wGltJmu(! ltntlfmu t 

libttpltfi uwhpJt wfiltJmfi u npnzlfmu t hbtnhJWL pwfiwduml.' tg<pa = 

tg<p'+to /<J: lwlf Ull)llllfi UJill(lbJ!Jt Ulltn (to=O) tg<p(l = tg<p'' fibttllltfi zl}luwfi 

wultJmfi(! hwlfWUWJl t puwi.Jwu pbplll(lJWU wliltJWU(! <p =ag: Unrunu 

fiJmpbpJt pfiwi.Jwli pbpmpJwfi wfiltJmfi(! ntutzmu bli qtwG[t ub~ LQfibtnlf 

UJlllPI! u wumlt6wuwpwJt WJU pwrt<\pwgGbtn~: liwl4wi.Jg~wc} UJlltpbttJt 

pfiwlJwli pbpru p JWfi wultJmfi(! tiM t fi bttJ2llfi ztfluwfi wfiltJnr fi!1g ~. ><p' u 

lJwJu4wi> t pbpmpJWU I.JwquwlfnJtUwfi bllWfiwi.JJ!g' lfbJtuJig JQUWfi 

dwuwfiwi.J lJwquwlfnitlfmu t LQtlwfi wliltJmfi -<Xt 1, }tui.J tfltmquwfi 

t}h1.4J2mu· tfltmquwfi wultJmli a..6 (ui.J.8.3) 
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"VIj . R.3 Lyuwfi a 11 - tPlnttft.ltufi asn wli{j.Jwti npnzuwu ufuhuw 

npmbrfh-zbUJ..ll pwrtoJmtpJmuu t , Ah-qwpuw4mJt.n]l bnw!iluwu h]niJ?f!, 

y-GJmp}l ow~wtwJ}lu qwUqqwon: 

'GJmpp unpmiJmpJmUf! piJmpwqp~mu t uwu 2WJHhnUmpjwU 

qnpbwljgn~ m' , np[! hw~WUWJI . t qtluw~~p twpmufibtl]l hwpw.pb-

Jllllj}JWUU m'= cr2 I <J1 ~ npnUg ubOmpJmUlibJlf! umwg~mu bU tfnr1!1 

2P2WUwqO}l ljwtmtgi~tun~ (lilj.8.4): 

lw~WUllJilllU zwrtctm G wljmp JW (i 

1- sin<p' 
m = , pbpu unr1mU liJmpbp!t hwuwJl m i\ = 0.18 I tg<p', 

' l+sin<p' 
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Uwllp]l u4qpliwljwli ll]H1WIJPliiPJWU 11 IIJIII?UWU ljlllJIOliwljwli 

l..qwliwlj]1 l.nlp_JIHUJI htmi.IJUitli t. UJ11 bqwtiw4lib!IP liplpuuli bli . 

!J]JulitjLuil wqwu1 ljwliqtinq llllllJWO]Iq LlJWUI]I wnw4l..twqnqli 

pwpopnq~Jwli u ljwuwpwljwquuwli Luliqp]l tunwtjl:.qwqlliJli WJtlH•vliL•!l]l 

tl!IW tliljK5w,p): 

'VlJ .~.S L!.qwlilljtuliqlituil tqtumJttumuLjl:qwqnLJli ptup<IJlnlP.ILU U 
llJln.'Lituli llllJLUliL' (tU) L. [JIUOlUfllU · lJlU t[lltUl(llfllltllli l'ih'l,pll [lli.Jlinq>JUdi 
11(111}Li tu!i llllJlUliJl (p) : 



fhi]I]woJiq UJWlllJI wnwtJbtwqnlJti pwpopmpJwli upn}Uwli 

UUjtuup[! pwiJljwgwo t wGnpJig (l), uplt UJI 4mltull!WlllJI (2) }JlytJnq t : 

<l>nJtoJt uljqpmu 4m1wutwmJI 2 mqqwoJtq qJippntu wlin 1~ 11 1qtJmu t 

UIIJilllG GpliplltJ WJGUJbU, 11]1 wlinpJt Uwljb]IbU[_J J]lliJl hwpp : ''1-wlii]WI] 

llliJb]IltJ ljlll]Wl4WlllJ! l{WlllWJllJillU t llJllllW]Iljlll U. bpb WJI} UjWlll]l ~ ~I 

t!"IpnqtJmu . l{nqwUjWlllll pbJitJmu t ul{qpGwl{wli IJJlJipJI l.t wtJbtwgtJmu 

UJIIl]:)l} . WJlipwli , 11]1 41111Wll!Wlll]I htu211Jll}2Jlyi11UJig hhmn IIJ1112ti!I uu]tmG 

liJllij:)Jlllllli]WO]tq UJWlll}I h11 wnwtJb]wqnqli pWJlO]llllpjlllGI_I. 11]1]19 hbmn 

L4Wlll[! uljumu t ttiJmqtJtr 

8h 
UJu ttinpontj_ hwumwmtJmu t, IIJl 1 0 = 0 

: U)mu 
4 .7~tg<p' 

UUJWUVU pWI]ljwgw<) t h JWJI.int pJwUp hwmwl{Jt wGgpntJ wGni}]Ig (I) : 

UGgpJl Gwtuwutbu t!"Iwljtj_mu t ttiwlJwGntj_ (2) : Uugplt tJtwlj tj_Jt6wl{mu 

wunpl! l9tlmu t liJmpntJ , WUJW wumJt6wGwpwp mbilWZWfHJtj_mu t 

t!"Iwljwliu WJGpwl.i , 1111 ntmztj_Jt liJmp]l wqwm lmupJI hwuwp wliltpwdbzm 

ba cy 
'to=--..:....:..-

3.2(b + ac) 

fTJbmp t hltzbt, 11]1 UHJtmG GJmpJt uwh~Jll uljqpGwljwG 

J}jlUWt}JllllJ:lJWG 1 0 ubompJlllli[! ttinttintuw4wG t ' l{wfut.jwb tunGwtJnt-

pJmG]tg lJ fuU1wguwG wumJt6wGjJg : 

liJUUjbU OJlJtGwlj, i11]1 UjW]IW]lU1Wlijlltpb]IJl mbt]WtPilfuUwli 

dwuwliw4 WJG ub<)wl.imu t UJ1G2l.t 3-4 wuqwt.l , hwU1ljWUjbU, b]lp 

U1WU1wGuwl.i W]twqwgmul.ibJlU unm bG ljpJnnJII{wljwGJtl.i : 

Untnnl.i GJmpbJtlt tumwguwl.i pl.impwq]IUwG hwuw11 oqmtj_mu bG 

tlllltwguwl.i qn]tbwl{gJ1g , npJ1 npnzttmu t hbtnl.tJWI pwGwollntj_ k >' = "!....!_ 
Yo 

ll]llll bt] "fo- wqwtn tgtl_w<) l.i.Jlll pj1 i'lwt.jw] wJJll.i qwl.iqtj_w<)G t. Y;- fuU1wg­

tJwo G.pnpJt <)wtJwtw.Jllli qwGqtj_wi'l]l : uJmplt tumwguwG Jwuwliwl{ 

oqmtJn•u bG tll1pJ1nubqwGjlg lJ UJW]Ipbpwpw]l wum}J1 UJWljwuwbptgGmu 

wJlipwG. ujtli~liii]I pnpnmUJiq UJmpJt <)wt.jww WJ]l.tu ~ Lllw4wuJ1: 

.,..,, 

UHJllltli li.JlnpbJtll plimpwq]IUwG hwpgmu ljwpl.tnJI GzwGwljmpJtliG 

111 GJI wGgpJlg W]lmwhnubpn hwmljwGJtzl!, wnwGg ljwuwpwlj.wq­

uwtJHpuwG : 

liwuwttwljwquwtj_n]IUwu pwgwnuwG hwuwp, ljwfutJw<) btpJt 

wligp]l ol.t[1g . wlih]lWOb}lll t hwztj_w]Il{bt wligp[l OUjlll[IUWL2WtPb]I]) : 

SW]lp b]llltU b(i Ull]llll (i l.i.Jlllj)b]1J1 W]llllWhnuuwl.i b]tbp bi]wl.iwlj . 

lill]IUW], hwUWlllW]lWO l.t h[lll!lWt.iJJlljwljwG : 

't,ll]lUWl W]IlllWllllUUWG dwuwl.iw4 zwpdt.jmu bG GjmpJl WJG 

Uwuli]IljUb]l]l, ll]Ull.il] qmlitj_mU bl.i wl.iUJ12WUJbU W]ltnWllllUUWU wugp[l 

tJ]IW: CUI} IIJllltU wugp[1 unm wGnpJl utwmJt pbpm)}JlllUl! lm]tJtqnGJt hbm 

hwtJwuwp t 45-55 11
: liJu wG4JmGt! ubbwgubpttJ uJtG2lJ 70-80

11 
, mbq]t t 

mlibGmu hWUWlllW]lWb W]llllwlmumu: u4wtntup, 11]1 wl.igpJl pwguwli 

uljq_pmu mbqjt t mubGmu UI1]1UWL W]IlllWhnumu, 11]1J1g hbmn 

WUlll[l6wl.iwpW]l uljutJmu t UJ!ll))Jl hwUWlllW]lWcJ ztu]Hfmu qbUJll twit 

wlig1]]1 : 

z htga · 

I.AJ .R.6 Upmtuhn111huti tuti~Ji111 ~wt!Jhp!J h!JtHilutlnptlw(i utuhtlw 

.quwwtlJJiljwl{wG WJimwlmumi l{WlllWft4m u t G.Jlll]}[I lultum 

funGwt.j tJJ16wljmu, b]tp UnmbGmu t UlltUUjbGqjtwJJl tJJt6wljJtG , l.t b]tp 
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li.tm f'fi uu.JtiiJ !3H]mwg4mli t , WJUliL4bu. np I uw]um4111 d t. ljiii[WJ]lti 

6tiJUWU hwumwmmump.JIILUJ!: 

Uutmili liJillpbJ1]1 l.jwuwpw!Jwquwli wnw y]1G L4LUJtituGp wli~p]1 

L4Lupwqau4 wqqmJ lllllJlW0]1q JliJWLjllliJ mdbpp wGgp]1 4pw qmli4nq 

UJIII)'l]I }btn.nh \JwGtunpJWU md]1q wLjbi11 lito t]tlibtli t. fllmn]1 

ljwULliJiwljwquwli juw]utnuwG wnw iJ]Ili l4WJUwumj u[bmpt wliqp]1 

,'wtf!tiJ1l.! t]Ilibli WJlipwu, 1111 GJulp]I owGpwpJwli mtltt wLjbtJI ilto J]lG]l , 

j2LUu lllll.IJWO]lq J112Wtflllll mdbpp 'Gztliv tiLUu, 11]1 jutiqp]t LlllCJUw(i 

w JllUlll UI!Uh[1ll fuuU111[1l:iti ljwju4wo tti wliq)2]t 6 u]tq : '1-]1tnwpl.jbup bpbp 

mwppbpwlj· 6tq_}2w411Jl , I.JtnJI IJ pwnwljmu]1 wliqpbJmLj qbumbJl]lu 

hwtlwt4tULnwujuwG (GI.j .R.6) : 

'l-hum wmus>~li . tibiWw4nJl wliqp- a0 jW.JUillpJ111Ul1 lJ.4WJ]111Jibu 

tl1HJ2JI t: b bJ!I.JwJUllJlJillU]Ig u qwliqLjwo]lllllJIJW0]1q owliJllllJlJ111li[l. 

dG(z) = a(z)by,dz (8.1) 

llJU WJlUlWhWJUllllflJWU ut~ wtihW.Jln utamp.JlllU[! UJlllp]l i)wljw]WJ]lli 

qwtiqt.!wc)(i t , 11]1]1 t.!tntlmjut.!mti t zbpm]l pwJIOJ1111 fl.JlllU]Iq ljw)u4wa: 

UJu tibOmpJwU llllllltiwG GUjwtnwi.Jnt.! ljwqdbti!J qwGqljwaGbJI!• 

llwt.!wuwpuwG WJimwllwJU1lli)3JlllUll . u]1G~ll UJmp]• IJb1mpuwq]•wu u 
J ~t..:puptlwg!Iw.Jl1Y hbuw: 

y0dxdydz = Yz (dx- L\dx)(dy- L\dy)(dz- L\dz) = 
11Jlmlill]1g . 

lz = Yo 
(I - £X )(I - £ y )(I - £ 7. ) 

£ , , £ " , £ , -GJmp]l hwpwpbpwl.jwG qb:j>npuwy]Iwlib]IU liG 

wnwGgpGb(tJI IHIJlllll)}jWUp : 

.P-wG]1 11(1 £x£y = £y£ z == £,£, = £,£ y£ z = 0 . mutnJI 

L\dx == L\dy L\dz 
Zw_1mG]1 t., 11]1 £ , = -dx , £ ) , £ = --. uwljwJti 

dy · ' dz · 
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(8 .2) 

x.y,z 

(lU) 

..:.mlJIIopLlip]I hwuw6tutti mtiLGnlituL 

£, = ~ (cr,- 11(cr, +cr, )] 

E, = ~[cr , - 11(0, +cr, )] 

£ = ~(cr -"(a +a )) 
I E I r--' 'i ) 

u11mbq' I:-wnw6qwljLUUll1JliWli umputti t .. 11- 111mwunl.i]I qn]tDwlj]I!-JJI : 

..:.wJLjii umlil:iJnt.! l]liti)l]Iti wpmwhwJmlllp.JIB(iul.ip]l ubonipJIUulil.ipp · 

ljmnwliwlip 

(~.4) 

I ' --=- I - 1 !1 ( ) I - __ ___ _:-_ cr + cr + cr 
E \ ' I 

tiL•wtutJnp wli!-JJ.:']I hwiiUIJI I.Jtu1miJ LGp qpbJ.cr, = 0, cr, =ncr,, npmt•1 

11- !l[!ll)W\.j\1 qllJIOWq]Iq L. 0 , == f 1_ ( h - Z) , 111UU1]1 

-.. t = Yo . npmt..q}1g 

z I - I - 2~ (I + n ) y' ( h - z) 
E 

D - -r==2=Y=o===­Y == 
' 1-~l+y).,;,(h-z) 

(8.5) 

1- 2!1 
1111mtq k, == 2(1 + n)-~- wnwoqwljwtimp.twli ilwljw-Jw.J]lG 

UIII]IIl] ti 1.: 

Sbqwq]Ibpnj y~ W(Idbpjl (~ I) !Iwtjtuuw(!Uwli db~) . 4uunuliwliu 

ll Jh (a o +2ztga~z hl( It fl..) "() G ( z ) == :2 Yn b "" Yo ) u fl + 1 g \ " · ' 
0 
1- ~I+ 2y).;. , ( h- z) 

-l!umm4mu~ tufi~p~ lHlllllll(l lJW(IIIIJ Llip l)ptq 

dG''(z) == y, (alz )]"dz 
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(K.7) 





1 4 tga. J 
3 tga-2\j/(a) 

(8.14) 

Upmwhnmiw!i w!i~.HJ!I JWJlintpJwu uuJwyljw(J ubOmflJlllu!ibJtJI 

(a~) uLjW4Wqll1JG )Wt!Jbp(i bu : 

t)wli12[1 obptuwGbp!l lJ.wnmgtjwapJ.! uzwlJ.tjmtl t hwtiw6WJU 

wqpmnb[uli]l4w4wli. mb[uGntnq)lwlJ.wG L mb[uG)llJ.wmGmbuwlJ.wG 

ll.JWhWl.i~uLJI]l lijl) tlbpbGwGb)lJ.! l)WUWlJ.WJlqljmtl bu J.!Ulfl gwGp)l 

bi)wl.iwlJ.jl. tlwlJ.bJll.llllj}}jl gbJlblJ.WJ!lG lll!lll~]lUl (hWJl}}, ptlpWJ!lfi, 

wlJ.uuwJ]lG u gwGp JunqwGll ti..Jlw - lJ.w[utjwa mt!Jwt qnmm hnqw-

4JlnlwJw4wli ll.JWJtlwfiGbp]tg u tizwlJ.LjnrJ. 4nqmm1IWJP JlllJ1Whwm-

4mp.Jill G)l!:J) u gwGp]l u)ubtlWJll (lwpWJ!IG, )uW)WOu, fibll. zwp, 

LWJGwzwp, dwll.JwtjhGwJ)Iu, lJ.bmwqawJ)I!i , p!iwJ)I!i , l]WnwlJ.mu)J­

pGwJ)IG, 11~ 2W11WJ]lG u 2WI)WgwG): 

5wGp!I mb)ufintnq]IwlJ.wfi qn)ICJJ.!fipwg!Ifi fibJ14WJWgt.jmo bG bJlbp 

hjn\liwlJ.wli ll.JWhWG'j)Gbp. WllW'j)WilJILjw(J pwfiwlJ.J! UbJIUbp)l gwlil] ' 

qwzm)l t.ll1wljnp CwlJ.bJlbull ti..Jlw, uhpubp)1 hwtjwuWJIW2WtP pwz)unt u 

IJW2Ul)l uwlJ.bJihu}lG u ubptlbjl}l gwGp hwtjwUW)l fulljllllpJWtlp: 

5wGp]l ubpbGwUbJl)l pwUlll1 OJlqwGGhp)l mbumpjlllUJ.! uzw4tlmt.l t 

lJ.w[utjwa 1mqwJ)lG ll.JWJtlwGfihpllg , gwGp]1 u)ubUwJ)Ig u ubpt.lhp)1 

~)1qj14w-m b [uGnt.nqtlwlJ.wG hwmlJ.wCil12 G hp!1g: 

SbJuGntnqllwlJ.wG 4n~tlmt1 bG ubptlbJlll W.JG hwmlJ.wfi)IzCibpJ.!, 

llJmGp )1 hwJm bfi qwum mb[uGnt.nq)lw4wG qnpcrJ!GJ)wg)I 

)11lwlJ.wGwguwfi dwuwGwlJ. IJ twll.Jbu wqqmu bG WJll qnpcrJ.!Gpwg)l 

[!GJ)WQ}2)1 OJll1CiW2WtPill}}JWU ti.Jlw, llJlWGp bG - Ub1ltlhJl)l 6ug, qilWJIIG 

2WtPbJIJ.! , uwlJ.bJllllllJPll pGmJPL! (zt.Pt.lwfi qnpaw4JigGbJIJ.!, unpmfim­

PJmfiJ!), wnw6qwlJ.wGlllpJntU{!, wtlJimpJmGJ!. JummpJlllUJ!, qwGqtlwOJ!: 

Uhru.fhp~ ot.hp~ UlCimu bG' tllill.JUW 4bJlll.J , qfiiJW 4 b)lll.J, 

plllJiqwlJ.bJlll.J, null.JwlJ.bJill.J: (}.c)wJ~fi twtfthpl! pGmpwqptlmu bG ' 

( bJI4WJmtpJWUp , b tWJGlllpJWUp u a hwummpJwup : <:wywhwm]tlJ.WJ)lG 

4lll[.UllllJIWUb]l]l bJllJ.WJllltpJillUJ! mwmwGLjmu t 4 (qWJIGwG gnpbG) t.l!1G2u 

18.6uo (tlwJmwlJ.), LWJlilllpJmliD 1.4-4ut.l , hwummpJm uv 1-4 suo, 

2Ul)lWhhplJ. lJ.nqtnlll)lWUb[ljl Ub)ltlbJljl bjllJ.Wplll)').JlllliJ!. 1.8-13.500. 

J.WJGmpJmfipl.5-ll.5ou u hwummpJmliJ! 1.5-8ul1-ll uwhtlwCiGbpmu: 
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Ubpubltlt o!Jtt !J qil"wJ[lli zwtltbpli t.wUJ.bu wqrpnu tG wligpjty lmubtm 

qnpil"[!lipwg[t tjpw !J 4wGtunlmzmu bG gwGnq WUJ.WilWlll[l utbuw4tt u 

6Nil[nn gwGp[l <.twuwGw4 gwli1111 u4wtj.wnw4Gbp[t p)>[l2Gbp[l 

UJ.WitwU:btnttb[ll! : .Rwli[t 1111 ubpublt[I qil"wJ[tG zwtltbJIU mwmwlitjmu tG 

zwtltwqw(ig [WJU uwhuwu(ibpmu ll\Utn[l gwGnq WUJ.Willlltnlibll[l 

wz[uwmwGp[l ll11W4J! [Wtjwglibpn hWUWJI hwtn4WL4bU 6zqp[ltn gwlip[l 

<.twuwliw4, 4wmwpttmu t Gw[uGw4wli ~wtltwtlnlllllU . pwdwGmu puu1 

:}J[tW4g[twGbll[t: 

UhptlhpJt lltu~hltlmLJP~ pfimJPI! wqqmu t Gpwug ubpp[tG u 

Wlltnwp[tu ztltU:wG qnpbw4ltglib[t[l tl11w : C~um U:w4bllUlllJJ~[t pUm.JP[l 

ubltllbllll tltGmu bG hwpp !J n; llllllll4: 5wGp[l qnpbpGpwg[t 

mumuliwu[tlmLpJwG dwuwuw4 hwztllt bli wnuttmu q[tGwU:[t4 (zwpauwG) 

!J umwm[t4 (t}WIJWJl[t) ztlttiwG qnltbw4[tgGbJ1Ll: 5npbG[t , 

qwpm,bq[ll4lflW91lllbli[l qjtuwuJt4 WlltnWp[tU ZtDUWU qnpbw4[tglibllll 

lflW[lpbp lipmpb11[1 tiJtWJiltl 4WlJUlllU t 0.3-0.5 (UJ.IIllll.J.WUI[l tJilW 0.3): 

'1-wl}W[l[l ztltU:wli fcm qnpbw4[1911 4wtutlwb t l}[tGwU:Jt4Jtg 

~I = (0.6-0.7) f~m: ~wgwhwtn[l4WJ[lli 41lltlfllllllWUbJI[l UUilV[lli ztltuwli 

qnpbw4Jt9U f' = 0.44-0.57: Ub1tubp[1 unlmllimp.JmfiJl (ztltmU:p 

hwmJt4liblt[l zbpmmu) qGwhwmtlmU: l pGw4wG pbpmpJwG wG4JmGn4, 

ll[l[l mwmwlitjmu t 25°-4011 uwhuwGlibltmu: lunGwtjmpJwG ubbwguwG 

hbtn ubowlimu t u WJIJ wG4JlllU]] : 5upbG[t tunGwtllliJ3JillU[! 11-12%-Jtg 

U:bowgGbpttl U:JtG 2u 14-15% 41l[tmJt4w4wG luufiwtjmpJlllUJ!' pGw4wli 

pbpmpJwG wG4JmliG w6mu t 34"-Jtg U:JtGzu 37°: 

Unwoqw~mfintpJnLfil! pGmpwqptjmu t hwptlwbJt <.twuwGw4 

V, 
tlb[tW4wGqGU:wG qH[lOW4gn4 K = v- , ll[ltnbll VI u v, ubpubp[l 

I 

W[lWq.tli pjmGubp[t GnpUWL pwqWllJI[li Ubp(i bG · hwU:wUJ.wmwutuwGwpwp 

u[tG ~U U:w4b[lUlllJP!lli hWiltlWObll! u hW[ltjWO[lg hbmn: Ujtubn[l llWUWJI K 

= 0.3-0.42, ubpUb[l[l hWiltlWbp tnb!Ul mlijl gwGnq WUJ.WIIWlllUbll[l 

httll2litplt , wGilJIWIJWtlo[tz p[tptq[l, qtmG[1 tt1tw u ut1tuwmw1t 

lulllllltlw4libll[l Ub2 ZW[ldt{btltu : 

UtlpmpJRLfi(! pGmpwqlttlmU: t WJU pbnGtjwbmpJWUp , npli wnw2 t 

pb[mtU: ubpU:b11[1 tlGwutjwbp !J tlb119[1li hwztlntJ opuGw4mpJwli m 

pbilj2WtntllllfJWU [12bgmu: 5w(inq WUJ.WJIWtnGbp[l pwGnq opqwGGbllP 
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UJ.WJlWUbmpbp[t u wztuwmwGpwJ[tG nbdjtU:[t dwuwliw4 wGhpwdbztn t 

[tUWUWJ pbnlitjwampJWU WJU uwhU:wGwjjtG wpdbplib[l[l, lljllllip ~bG 

[12bglimu ubJtUbp[t {)'Jmliwl]m:fJIII li11 . pwupw4Jt L unJWJ[l hwuwp WJli 

4wqumu t 50G, bq[n4mwgnpbli[1 hwliwp' 55G.: 

lutnmpJlllU(! JJ]Uiltlnl u t ubpli[1 qwGqtlwi)'[l u ()'wtjwtlt 

hwjtwpb]lllifl.JWUp : <..Lwpuw4[1 lummpJlllU]l p = l.Om/u '-t, u]mbn[tlil! ' p = 

!4m/u3 : flppwu uta t. ubpU:[tlullllllj3jlllli[l , Wjlipwli pW]H~Jl t flWZlllW.J[Ili 

()'pnGw4m pJmlip : 
J!mgtuplnu~ qmfiqqtuO(! pGmpwqptlmU: t 1000 ubpU:]t qwliqtlwbntj ' 

wpmwhwjmtjwa 4JIWUUbJilltl : ~wgwhwm]t4WJ]lli 4mlllllll]lWUbJI[l 

hwuwp pwgwpow4 qwGqtjwop 4wqumu t 20-42q, bq]tUJ.mwgnpbG]tlip 

150-300q, uJtubn[tGJ! ' I00-200q, 4npb4JtGJ.! 7-9q, hGIJ4wgnpbGJtGJ.!. 15-25q 

t5tuqtutmJ~fi qtufiqqtuO(! npnzttmu t ubJtUbpJt pwgwp6w4 

qwGqtlwi)'ntj L owtlLUJJl jgU:wG KnA qnpow4gntl (mbqwtlnpuwG 

[ummpJillUI}) : KnA = Gq/ Gm, ntnnbq' Gq,-U:JtwtlnJI bwtlwtlt tlJwumwgJt 

qwGqtlwoG t. Gm - lill!JU awtjwJ[l mbuwl]WU qwGqtlWGtl : t5wtlWLWJ!lli 

qwliqljwi)'l} 4wpuw4l1 hwuwp 4wqumu t 400-565, gnpbGJIGLt' 750-880, 

bqJtUJ.lllWQllJ!bG!tlitf 700-865q/r ~JtliGw4wG hwu4wJJtG 4niJllllllJIWUb)lp 

hwU:w]l KnA = 0. 58-0.65 : 

9.2. Uhpuwp4'1P lllwpwuhmphpfl hfluliwqnpmul! 

UbJtUWJI4qG JtpbliJtg GbJt4wJwgGmu t uGm1 mwJUliJIItflJlllliJl , IIJIJ! 

WUJ.whntlmli t gwGpJt WUJ.WJIWlllUbJIJ! wG[uwtltwG wz[uwmwlip[l' 

ub]tliwGJmpJt wG[IUIJhwm lmupu wGgpJtg 'lbUJ.it ~wtltwtlnJlllll hwpuw­

J!Wlip[!: 

UbJtUb]tJt, UJ.WtW]tlibJI[l L hwU1Jt4wtlnJttlwo UJ.WJlWJllllWGJmpbJt!t 

lmuw wGgpJtg blipw]!4tJmli t unpmfi Gjmpbpjt ZWJldliwfi oppGw.?.w­

tltmpJmGfibJt!tG: 

llGgpjtg unJullG Gjmpb]!Jl (ubJtUbJtJt) hnupjt qnJIOJtlipwg]t 

pwq4wgwo t lilt pwGJt tltnqbJIJtg (G4.9. I) : 

"Gbp4w Jwgttwa tltmt bJIJtg Jill pwpw li~JmpJt Ilbuwmu tlmtltntuttmu 

t ubJIUWUJlllp[t lmupjt W[1Wqtll)3Jll1 liLt !J ()'w[uup: UGgp[1 
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Plllllll tiwljmpJmUJl PlllliJl lflntthJunu UJ.hmv t WUJ.wluniJ• qnqwmnp)1 

wubtiwubo WJllnWllJlllll114wtimpJlllULI: UqwUl hnuvJ• ljbUJ.UlltU 

UbJlUWUJlllJ3)l owfuULl ljwfutl_wo t btp)l wugvl• uw\jhJlhu)tg : UtigJ2)1 OUJl 

wnwtiotiwUJ.bu (}1 wqrvuu q.IlJlbJltipwg)l tl_pn, uw\jwJti qhpwqwuhtl• t 4tnJt 

WU9J2Jl ' hwmwo ljntiJl ol.Jml, h)lUpmjtjbUJ.lt tibpvu : Uligvt• ~ Wtl.lJl twljw(i 

wqtlbgmpjntU t pnqGmli hnup)l WJlWq.IltJ3JWU l.J tnbuw\jW[lWJl owtuuJt 

tlJ•w (Gij.9. lq) : 

w p 

v, uut4r4 , 

32 

24 

16 

8 

0 

y 
I jl. 

II 
w 

q 

v 

v ~ 

10 20 30 

'1 -

'Lij . 9.1 Ubrnl'jl hnupn 4tnlltuliyppy ' 

,;::) 

tu-hnupp ul[pqpn ( I tflnq) . p-otuqwpjlljwqtl'tu4npnul'n (2 tflnq), 4-hnupjl 

4hf12(} ( I , 2 L 3-ubptl'jl 4lirj1G, u jl ~ jl (i L GbppLj1 2bflU1bpn), 11-ubrujl 

UJbuwljtuf1tup i>wfuujl (V tU(HUqntflJUlti ) ljtufumtl'n tl'wljbpbujly (S) 

(1 -y npbG, 11-(l'l-QlU flfl ): 
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UGgp)1 4I•l•mJt4w4wli ~wlfl)l IlhUJ.PmU IJWllWJUitU l lmuJ2J• 

qnJlb[!lipwgu : Uligp)1 4Jt)tm)t4w4wti zwnwtiJulJl ll[lll2tllllli t r kp = 4-Jab 
pwGwol.Jutl_: Jab lihbmpJIILUJ! gnphG)1 hwuwp ljwqumli t 2.2, qw1un 

hwUW]t 2.4, hqJIUJ.UlWgnphG)l' 3.2lili nqtbliG wGgp)t JWnwtl_full! UJ.hUlp t 

tl•G)t r > 4-Jab : <.wgwhwtnJ14WJ)tG 4mtmmpwGhttlt hwuwp t!GtJinti ­

tjmli t r = 25liu , npp hwuwUJ.wmwutuwumu t 4Jntt wtigp)• 20uu 2 

uwljbphuJtti : 

UbJJUW[I\jilJI bwtl.wiJl li[UIZtlm u t hbml.J JWJ pwliwo l.Jmj 

V = LBQ 
10-t 'fTle 

nptnhq' L- qnpoJ! hp\jWJUliJ3Jllllili t tgwtJ.nJmtUJtg U)lU i l.J 

hw~mJUl19Wtjll[U1lU]l , U, 

B- uhpbuwJJlJ!UTJqpljliwu lWJUlltJ3JlllU[l, U, 

Q - gwupJl wuhuwubo lintlliwu , ljq/hw, 

y- uhpuJ• tuUlmpJlllUJ!, lj_q/11 3 

11<- owtjwJfl oqUlWq.Il[IOUwli q.IlJlOW4Jlg]!, llJlU hw­

tjwuwp t 0.85-0.9: 

(9. I) 

5wupJl uhvhuwuh[IJI lih4 l_9Wtjli[UllUJl pwtjwljw liwgGmu t U)lUiU 

2 dulli wztuwUlwuvt•: 

UhiiUWJl4rtl• hwmw\j)t JWJlimpJm!iJ! ntmztjmu t hhmuJLUl 

pwuwol.Jntj 

baH =do+ 2bi , 

llJIUlhrf d0-btpJl wugp)1 UlJlWUwqJtbu t , 

b 1 - nJmzw4Jt pwgwlj wligp)l hpljm 4nf1uhp)lg (b 1=20-

40uu) : 

UbpUW[l\jiJlt hp\jWJllltpJlllUJlli[UlZtjmu t 

(" = b(Z+ 1) pwuwal.Jntj 

liJltnhll , b - U)t2ZWJIWJJIU hbnwtjnJllllJolJlllUU t. 
Z- tum!Jlt4lihJ1Jll)lttlJ1: 

(9.2) 

(9.3) 

<.bm)t!i l.J Wll2u)I UJ.Wtnb[IJl hnJtJtqnG)t hhUl 4wqlimu b(i Jtjn\: wti wultJwu 

ljpljGwljJt WJHthpJt wGtumu : 

UhpUWJl\j!Jlt - J!litUWJliw4m!i hwmtjwapJl uw4htthUtt' 
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v s =- (9.4) 
' (i 

- ' 

9.3. Uljnuwljn6wjpfi wtqmpmmp mhumpJnLfi(! 

UI.J.nuwi.J.n6]I L4WJIWtlbmJlh[IJ! h]•t1uwtjnptjmt1 bG gwGp]1 

WIIW9WIJJ1tlwo Gnpt\wG WL4Wlmtlhpll mbuwG4JIIIG]Ig: 5wlip]l UllJltlWU 

I.J.wpqwt!HJltillltl t I.J.nO]l pWUllll b[IljW]llllj:)JWU u UjUlUltlWU 

hw6w]uwi.J.wGmpJWU tfunlm]umtlntl, uwljwJti t!Gwutlwopp tlmpJ!WgUbpn 

Ul tuw 4 bm]lg qbJIWI}WU btl! t pw UIUl bJI\jW]llll)) JWU uta wgm tll!: 

5wGp]l Ull]ltlWU wi.J.nuwi.J.n6wtlnJl WUjill]lWUl]l wz]uwmwup]l 

ctwt\wGwi.J. ljw]utlwo t Gwu ubpt\wmmtP.I• u ljn6]1 JIUIJlWJUwi.J.wG 

hwmtlwop]Izwljltp]Ig (GI.J.. 9.2): Lin6]1 Ujmmt\wG dwt\wuwi.J. wnw9wGmt1 

b(i Ubjltl]l zwpdt\wu bpbp qnm]lUbp' I) wqwm }W(ldtlwU, 2) 

um]lll!llllwlJwu zw]lcttlwu u 3) zwpctmtlJ! wljm]•tl zb]lmmtl : 1-]Iti qnmmtl 

ubptlb]I[l zwpcttlmt1 bu wqwm, OWU]llltpJWU md]1 wqJ}bgmp.JwG mw4 

]l?UbJntl utppu, 2-tul q.tlmmu wi.J.nu]l l1b9 t!UI.J.wo ub]ItlbJIJI }W]Idtjmt\ tG 

um]IUjnqwi.J.wG 1.J.n6]I wr UjUlUltlWU W]IWCflll))JWtlp, 3-Jlll q.timmLI wljm]Itl 

zb]!Ulllltl , ubptlb]lJ! zwpdtlmt1 b(i Gbpp]lU ztllt1wu mctbp]l wqJ}bgmpJwtlp, 

lljlllUj2 WUW?WUllltl b(i I.J.nOjl I.J.llllWUjWUlbjl]l }W]H.hntljlg L LjlnjuwGgtlmtl 

tl]l zbpm]lg tlJllllll!: UI.J.m]ltl zbpm]lg Gbppu "ubnJWJ .. qnm]I t .. lllUU1]1 b[j?]l 

wugp]1 wnwtlht t\bowgmtll! mb]uGntnq]lwi.J.wG lizwuwljmJ}JIHli 2mU]l L 

UL4WU1WI.J.whwptlwjl ~t: 5ntlhU]l qwGqt!wi'lmtl wi.J.mJ•tl zbjiUl]l 

pwqi.J.wgwo t zli]IU hwmjli.J.jlg, UlW]IpbJl Ub]lllbJl]l tlllUl W.Jll ]bjiUljl 

tlbOm"f}JlltU(l U1WJlpbJI t: 
l! .P.Lm]IJb]I hbmwqnmmpJmGubp]Ig UjWJiqtlbt t, ll]I wi.J.mJ•tl 

zbJIUlllltl ubptl]l ZWJidtlwU WJIWqlll))JlllUl! Ljlnljln]utlmtl t htmLJWJ 

Ojl]!UWlWLjllll p JWtl p. 

V = f(x) = V 1-~ ( l
m, 

' k c , (9.5) 

ll]lUlbq' Vk - I.J.n6]1 2Jl~WqOWJ]lG W]lWqlllj)JlllUG t, C - wljm]1ti zbJIUl]l 

hwummrJmlip, m,- L)mpoGwi.J.wG qnpowi.J.]•g (gnpbG]1 L qwplll hwt\wp 

m 1=2.6, tlwpuwi.J.]IUJl - 2.5. tlmz]•up· 1.7 L wnu) 

2~4 

Ub(ltl]l bwl• pwuwi.J.g wi.J.mtnt zbpmmtl IIJlll}bpn hwllWJl 

Jlliq.mutjmtl t. 11(1 (WJHttlw(i W!IWCflllj)JIUUJ! Plllll]l zbJ!Ulh(lllltl 

IIWUUlWUllllU t V, = vk = (t)(' , ]wlj wljm]ltj }h[lUlh]l]l tlln]uwpbG 

oqmtlmt1 b(i wi.J.m]l\.j zbpm]l pbptjwo en hWUUllltj)JlltU]lg: U.Jl}llhU.WIIltl 

C, V, = r f( x)dx = V, J( 1- ~ r dx, "I'mhq)•9 

c c =-­
n m +1 

I 

'uzbup, ll]l zbpm]l hwummpJmUg ljw]utlwo t ljn6]1 

(9.6) 

e p 

b]II.J.W]llll))Jlll U]Ig ( e p tlbowgmtl]Ig tPll!2JlWUllltl t C,) u tP.ntP.n]utjmtl t 

bq]IUjmwgupbu]1 hwt1wr• I 0.3-5.3\lt\, gnpbu]1 hwtlwJI 5-3.2t1t1-]I 

uwMwGUb]UHtl: 

v 

p 
w 

L,lj . 9.2 Utrui~ 2tupdnnl[! wljnuwlrn6wtj_np tUt4W[Hummtl ' tU-2Wfldtlwti 

4nm)ltih[1[!. p-wrw4ntJlJtuti ptu2tuuwti pGnt.JP[! wljm~tl2hf1mnttl 

UjUUj]JUlltl , wljm]Itl zbJILnlltl hwutlw() ubptlbjl]l OW\.j.WlJ! 4tliU]l" 

V" = V k C / r = n:[ ( r + C J 2 

- r 
2

] f r = f r n:( 2rC" + C ~) : 
Utlj wljnu]Ilj]l tWJUWljwu hwmtl_wop]1 t\wljb]lbUl! l!UipnGbtntl S, 

wi.J.nuubp]I pJ•tll! Z, wi.J.Hu]•Y.l• s [gtlwu qn]IO"wi.J.]•gl!· 0.7-0.9, I.J.wrmq bup 

llJmzbt wi.J.nuwi.J.n6]I pwunq owtl_wtl• t\bompJlllUl!. 
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(9.7) 

Cwppwgwu)l wu)ltiJI dl:i4 UjUllllJUl)l <twuwGw4 Ub4 WUjW}IWUllllJ. 

gwutJ.wo UbJIU)l OW~Wil! gwUp)l WllW2Willl~WO Q unpUWJ)l qblljplllU 

4LJ1u)l 

rrDkaQ v =--=-----
OK J03y(J- £) ' (9 8) 

IIJlUltil( D~- wuptiJl UlJIWUwq)IOU t, u, a- Uf122W}IWJ)1U LWJUlllj}JillUtl. uu, 

y- ubpd)t owtJ.wtwJ)lu qwuqtJ.woJ! , q/uu\ 

£- WU)ltiJl UWhl])l qnpOw4)19l}: 

UG)ttiJlg 4n6pu zwp<twpbpuwu l}:ln)uwuguwu PPtll! uzwuw4btntl. i­
ntJ. , 4umw(iw(ip ' 

VOK 
V=-o . 

I 
(9.9) 

<.w~wuwrJbgGbtntJ. (9.7) IJ (9.9) hwtJ.wuwynuuubpu· npnzbup 4n6Jt pwGmt 

UWUjl bp4W}IIllj}JWU UbOiltj}JlltUU, 11}11} 4WUJWlmtiJI gwup)l WllW2WI}JllJ.WO 
unpuw(i 

10-3 rrDkaQ 
e = (9.10) 

P iy(l-E)(~ZS+rrdC" +rrC~) 
UmwgtJ.wa wpmwhwJtnlllpJmuu )111 ub2 J}UI}q1t4mu t zw1tpwgwU)1 

4nuumpm4tn)Itl. IJ mb)uGntnq)1w4wu UJWJlWUbtn1tbpJ! IJ huw1twtJ.npm­

pJmG t tnWtJIU llJill2hllll 4n6)! pwunq bJ14WJIDlj}Jl11U]l: 

UmwgtJ.wo wpmwhWJUllllj}JWU Ubi> l}bn WUI111112 t w4nu)I4Jt 

]!Ul}LWJUW4Wu hwmtJ.wop)t dw4bpbu]~ : lijl} ubampJWU 111Ul2UWu hwow11 

4wnmgbup w4nuw4n6p tWJuw4wu hwtn~WOl]]l (G4 . 9.3): 

liJil uUJwmwltJl hwuwp 4wnmgtJ.mu bu bp4m 2P2WGwqabp' 

D( wpmw11)1u) IJ d( o<tw UIJW4) mpwuwqab1m~: liJ Gmhbi.J w11tnwp)tu 

2112WUwqltOu pw<twti~mu t 2Z (Z-w4nutibpj1 pfl~l!) hwtJ.wuw11 uwubJt)l: 

UmwgtJ.wo hwmuwu 4bmbp)tg db4uli11lih2 wpmw11)1u 2112wuwqa)t tUJW 

hwmtJ.mu bu I .6Uu bp4wpmpJwdp d)12UWL4Wtnjl hwummp.Jmuubpp IJ 

WJI} hwmtJ.woUb)lll bp4m 411IJU)lg U)twg~nlll o<twui1W4 2}12Wuwqajl 0
1 

4bmjtu : UmwytJ.wo wqbqj1 0"' u)ISJGw4bm)tg mwptJ.mu b(i nupJwhwJwg 
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Imtluttibp mO"', npnup plliJmlibpJ~ IIJIUJbu zwnwtiJllJul:ip· 4wnmg~mu t 

lll111 Wl]bl]]l : 

D 

utubow 

Umwg~wo O ... mmO' ... uw4lipbu(i Jtphti)Jg UhJl4WJWgumu t w4nu)J 

t~UIUWJGw4wti hwtntJ.wop)t t~w4bpl.iup: li4nu)J ptil~llUU11lJ1 

S uw4brtbuu pwq4wgwo l bpbl] wnwuo)1ti dw4bJJbuubJt)lg · S = S, +S~+SJ, 

npmb•f S,- r zwnwtiJupttJ. mm ubqubUmjt dw4h1thuu t S 2 - mm0..,.0..,. 

UbiJWU)l dw4bpbUJ! IJ S-R zwnw~)liJlltJ. 0 ... 0 ... ubqubtitn)l uw4bpbup: 

U4nuw4n6)t wz)uwmwupjl dwuwtiw4 ub11Uhp(ll}II1!1U bti hwli~mu 

pwd)ttiUtrmtJ., IJ bpb •wwug hbmwqw mbiJW~m)umpJwU <twuwGw4 

U)lti~u )unl}:I)I4 ~hWJIJHl.Jl lUJll wuhwuw~wtJ.unpJillU]l. WUJW ubJIUbJl)l 

pwz)um ULI •lwzm)t liw4bJibu)t ~11w GmJuUJbu wtihwuw~w~t 4t1Itijl: 

ut1tubp)t Guwu wtihwuw~wl}:lmp.Jmtiu hwJtptJ.mu l uhrtuwmwrt 

)umpttJ.w4m u: 

fhum uuwujtphup WJI} qnpi)J!Gpw~ll!: 
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9.4. UhpuhpJl .zwr1dmul! uhpuunnwp funqm.f.w~mu 

J!JIWljwGwgtJlllU t bpljm I].bUffimU. bpp UbllllWUIW]J jUlllJIIL!Wljl_l ]IUl)lllUillU 

t llll}l]woJiq lj.JlJip. ljwu UJI t}lnpp ptu lmpJ1qnGJ1 Gljwmuwtip. u bpp 

UbJIUwulwll JumJntJwljji ptpmpJHI Gp qqw1J1 t : Unw2]1u l].litqplll u utpUb[IJl 

ljwtnWjllllU b(i wqwm wuljmU, J1Ulj bpljJUIIIl]. Jj.btljj]IIIU zwpJtiw(i 

'PIIH)J.!G~wg~ qJimt.jm u t llJIUJbu zwJHhnu ptp hwppmpJwli t.jpwJnL!. n11j1 

H 
lJbuwmu lWJHinu.lp hGwpwt.jnp t, tw a~<p, ljwu tga =-. 1111mtq · H _ 

X 

ubpt!Jt wGljuw(i PWJIOJllll~JiliUG t , X -Ubj!UJ! llbtnwqaJl zbqmup 

mqqwoqJlg: CGJlhwGIIWUJbu J.!lii].mGt~mu t a = 75-8011: Ut1Juwmw11 

JumJnt.jwljJl a ptpmpJwti wGtuwG GuwG WJldbplt uJiwGqwuwJG 

pwtJWJIWJUllU t gwunq Wl4WilWtnJlg ubpUJI tmJI~pJ! hbtnwqOJ!u· ubpuJ1 

hJluGwljwG Uwup ljwmw111UU t wqwm wGljmu: fcrnJ1LJ2jl L!bJI~mu 
ubJiubllJ.! hwptJwDmu bG wGqJIW!]wpoJl~ !3ltpb!JJIG, 9JIL!mu u qwup11 
I].WpOGm u lnuuw~wt.P : liJUUJ}JUnt.j, gwfim} WUJWJIWtnJlg pnJIWJ1 U=u.x 

uljqpuwljwG WJIWqlllp.JWU wnltWJill~JWU UjWJUw(i(iblllllU 

UJ11WljtnJI4wUJbu !!Ul}lll G4mti t, np ubpUbJI[! utr•uGwmwp julliJHtjwljmu 

4wmwJuHu tG wqwm wG4mu, llJlJ! pwL!wJIWJnnu t zwpctuwG mZ = mg 

hw4wuwpuwGJ.!: loGmbqpbpi4 WJU hwL!wuwJmtup· 4umwGwGp 

Z = gt + C, bpp t = 0, C = Z= U1 , IlJltnbq' U,. - ubjniJl pnJliPJI ux 

uljqpGw4wG WJIWQillpJWU llll}ljWOJlq pWijWilJIJ!~(i t. 

liJUUJ}IUnt.j, ljumw(iw(ip z = gt + u z: YWlflWJlbtn4 J!Gtnbqlllll u' 

ljumwGwuv· 
crt2 

Z=E.._+U t · 2 z . UbjlUWtnWp 

JumJntlw4ll bpltlll!llll})Jill Ul_! J!UI].mGblu4 Z = He u pu abtu4 4bJi2JlG 

llllltnwhwJUlillpJmGu I dwuwGwljJI Gljwmt.iwup· ljumwGwp· 

(-uz +~u: +2H,g) 
t = ------- -- (9 .11) 
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UtptiJl wuljtiwu t g J!JlWljwG dwtiwGwlj~ J!UIJ.mGL!mti t hwL!wUWJl Ill , 

llJltnbq· 11- tflupoGwljtuG qupowljJJg t' ZWIIWJJIG ZWIII)wgwGGbJIJI hwtiw1t, 

npti hwL!wuwJI t 1.05-1 .1 

9.5. lfhmwqowj1fi h pfiwgwfi .zwpEwgwfifihp~ mhumpJwfi 

tthuhfimfihpf! 

9.5.1. tizqp~m gwfip~ [!fiJ}hwfinLp pfimplllq~pf! h pwfinq 

wpwqmpJwfi [!fimpmpJnLUf! 

tizqrlJlm gwGpJ1 twljwti ljmJU[! Gpwtimu t , np JmtlwpwG.umr• 

pumti gwGL!mu t WQJlllUlbjuGJlljwljw(i UjWhw(i2libtlllLl WllW2W1Ult.jwi) 

nrmzwljJI pwGwljmp.JwG ubJIUb[I: tizqpJttn gwGpJl ZW[lpwgwGGbt!Ji 

WUjWpWtnUbllll ljwjutllliU b(i ZJ12WUW4l•g' ublju UJlllUJlg wGljwju, ll[lJl 

hbmuwGpn4 GpwGqJlg JlliJIWpwG.umpG wnwGoJlti UJWtn6bGwhwGmu t 
IlwztnJJ t.iwljtpulllJPJ! u WUJwlunJmti gwGpJ• hwumwmmG junJUllflJntUI}: 

liJu UJUjwpwmGbJll.l zwpdmt.i!l umwGmt.i bG hbGwJiwUwJpG-zwJldwpb[I 

wG!JL!libpJlg· tJuufmJubtnt.l i t.jmjuw GgtiwG 1:lJ!Lll! t. hGWJlWLlHJI t qwnGmu 

ltwpqw~ll!lbJln ubJIUbllJI pwGwlju plimu, t.iJ•wdwtiwGwlj pGb11l1 

hbmu4np111 p.JlllUJ! uJIUJwGgJlg : tizqtlJitn gwfipl1 WUJWIJwuGbllll tlifimt.i bG 

uljwL!wnwljwou u IIJ•t.iliwljwGmt.i UJUlmt.iwG IUIJlliqnGwljwG t. mqqwoJ1q 

wnwGgpGb!UI~ : 'UJIWuy mbiuGurnqJ•wljwG hwztlwtl4l• btwl!btnw.JJlfi 

mtiJWLlibrlu bG ' ubpt.ibpJl (pubpJ•) pwz)utiwG ujubt.iwG u t.iblj hbljmw11J1 

tiJiw gwGL!nll ub[JUbJIJipwuw41.1 : 

U bpt.ibpJI pwGwljJl tiblj hbljtnWJ* tlJlw llJUIZL!mti t hbmuJUJL UJW[IQ 

pwGwountj' 

10"' 
Qc = -e -n. (9.12) 

c a 

UbJtUbJIJl pwGwlJ.G t pum u, e c " UJl2plilllJllG 

htnwL!nlllHPJillli[!. a - t.iJI2ZW!1W JJ!U hbnwL!nJilll PJillUJ.! : 

P-GwljwG t' ll)li)WU ubo t tibubGwjJl WJIWQlll~JIIlUll, W.JUI)W U ubo t 

t.iJ•wL!nJl dwuwGwljmu t.iblj WUJWJlWUm4 hwGL!wa ub!It.ib[l)I pwGw41! 
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(913) 

DltibGwpl~ q, .. llJlllJblip d g liiiiWUwqon~ , z ~ py]lyliLpjl fl~ll~ 

u4u~wnw4Jl UJUlliiUWli n hw6wJuw4wfintp.Jlllti]J: U4w~wnw4]l tiL4 

( Zo 2rr 
T __ ,_~ --- -

VM (I) 

Pumu n. ut11t1J1JlbUJpmu 4Il1G}l 

60VM 
n = · n ( z " 

~_· g 

(9. 14) 

~w2~]1 wntibtn~ hbUwllWI.iwJJIG-zwrJdwpbJl wliji~}J uw1Iul1 £. 

qnpow4]1gp, 4UliiWUWfi}2 ' 

60VM 
n = n" 

Z/ )1-E) 
(9. 15) 

ttbpyJlti pwfiwauJlg 4WJ1b]Jl t. llllllJbJ Ui.aJ1GliWJ]l 2WIHJUwti 

wutl.iwuliD fllllJJWliiJlblll w 11wqmv.tm u,~ · 

nC . (1-E)Zo v = l .-

M 600}1 (9 .1 o) 

U4w~wnw4tuJjll.i WUJWIIWlii]l w;juwlilwlipJl l1wqu~wo t. t11bp 

Lf!m1]1g· ub(ltljt t.lmlilpJ! pjljJ)J, w~bJIIJlll ubpubpjl htnwym u. ubpuj1 hJml t1 

w4nuj1 t.lby: 

U4lihW.Jlii t . 1111 liJlj]Wti ubi) bti p~>yjl ~W~lbJl)} , WJUpwl.i 

hwtjwGw4wG t wnwtiq pwqpn•JmutibllP qw!ipp: Uw4wJU ub() ~wlfJ}l 

P2ll~lJI 4Will111 t. ~bpgUbt ub4Jlg w~bJJ! ubpu. IIJIJI qwl.i4wl]l 2t: Ujl} 

UJWUIOWllll~ P22ll qawJJIG ~wtflbpjl hWJ~WJ14ll owuwUw4 l4blilp t h}lUp 

J!lirpntibJ, 1111 lilbqw~nptlJl wubUwob() ubpt'i)J, uw4tuJI.i ~lilblJW~HJt~bU 
liltlJWJ.'pllW4gJlwJJ1 wubuwLflnpll b114m UbJIUb)l: 

b~ WJUUJbu. pyy]l (411111) L lilllWUwqDJl u ubllU}l wubuwlfmpp 
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2a . > L - b + K 111111 - rna;.. 1 (Y 17) 

IIJllilbi] a,,jn - utqn.lJ! wuhuwljlll)211 llwulillll P.Jlll (j(j t b lll'l ' .. uhp O]l 

wtltuwlito JlUJUmump_pntip. K1 - pyy]l UJWUljJ u ubplij1 ti!Jyu pwyw4JI 

I~'i':YIJ h tunJlllLPJlllliJI L4Dlilj) L Jl1Gj1 W.JGU!IIUJ!li . 1111 bp4111 L4WJ14wo 

ublltltp 2 liltqw~nJl~bti ptimu 

2a """ > h =a""" + K 2• (9. 1X) 

nJllilblJ ' K,- ulJLU~wnw4]1 ~bp]1ti hwppmp.Jwfi u ubpu]1 u]1~>l.J bqwo 

pwyw4G t: 

f~ lil}hwlimp IlLL4!]111tl , wnwtiy utpu]1 IJJ1JIJ2Jl hw;~}1 wnlib]IIl. 

pfiqmti~mu t. ubpubpJl V, u pyyJl v" OW~WJtibpJl ,'WlfibJIJl 

2VCmin > v}l > V C m;IX ' 4wtl Gpw(iy tiJlyJlG ~Wlflbllll 

z:~ P h a . > VLAB > V f b a . 
. m il l nllll nllll nl ll.). lllCU lnol X 

(9.19) 

hwpwpbJUHp.Jmfi!) , llJililblJ L. A. B- pyy]l bJl4WJUltfJlllliJ1 . IWJGIHPJIHlip u 

J.!WJIOJUllfl.Jlll tip f ' b, a -ubpUJl bp4WJillli}Jlll up . JW.Jlilll JlJIII Gp u 

hwulillllp.Jill fiLl : 

Pbjl~Wi) WjlliiWhWJUllllfl.JlllUlibJIU LUlihjlWGb2lii . UW4WJti Ilbllh 

pw~WILWII t4WJUWti ~bti: UbllUII py]12 Ulilfibpn 4wpu1111 L4LUJUWti L tiwh 

liJIW hwpwpb11w4wti 2WildmU(l , wnwtig npJl htiwpw~llJI ~t. 

jiJIW4Wuwgtibl WJI} qllllOJ!UflWlJll : lJbljJb)IUl ubpujt 2WILGUWti dwuwGw4 

ubpUJI uli!I.imu t P2i>J1 uby. bJIP ubpu]1 owtiJmlp.Jwfi mat• wliglimu t. pyy]l 

bqpn~ (l.i4 .9.4): 

X 

L 

w 

"U~. 9.4 utrui[! P~ll~ uti> omUhtm u)lihtituU· w- ul.iJ1UI.iJ1~ ol.ilr lhJllll~ 

llhLlJ)2010, p- pwqOLU,Jh(llll uhJlUh(l~ flhtl(pntO . 
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PwquwzbJlUl ubJlUJI qbuwmu nJlG wnwtlbt hwUwUJwmwutuwGm u t 
JlpwlJwGntpjWG]!, WllW2Wgw() JllWymgJl~ oGzUwG u ztfJUwli mdbJlJI 

wqijbgmpJwG mwlJ hwmJllJ~ umGmu t P2!12 llJUlzwltll () 6wGwUJWJlh 

wGgGbpng hbmn (owlJliqbilJl hwuwp () =(0.35 -0.45) £ ) u Ulll4 

a 
mbilw4nJI411l U t , bpb hwumntpjwG lJbutl 2 ulJwtlwnwlJJl UwlJbpbuJJg 

J12Gmu t GbJlU u bJIP ubpUJl DwGJUllJl.JWG lJbGUlJlllliP. hwGIUillfWlJwg 

e 
UjwmJlg qbnuu hbnm t' 2 ~wtfln4: 

UlJwtlwnwlJtl UJU1Ul4btn4 U = ur WJlWqtll))JWUp, WJl wql}wlJGbJtJl 

hbm hwuwmb11 ubJ•UJJ!i hwqnJlpmu t Uc hwpwpbJlWlJwG wpwqmpJilt.G, 

llJlll hbmuwGvn4 ubpUJ! P2l12 t pn2mu U - Uc = V ulJqGwlJwG 

wpwqtll)}JWUp : 

liJuUJ.!mn4 UbJlUJ! lJwmwJlbtn4 wqwm w!iqmu' V ulJqpGwlJw!i 

. e 
wpwqmpJwUp P22ll Ub2 mbiJwzwpdtlmU t Xc = L...:... ()- 2 = VM t 

ot2 

owGWUJWJlh u !12Gmu Zc = 
0 

2 
2w4m4: fllJmgbuJl llJlwlJwGwguw!i 

a 
hwuwp, J!GIJ.lllUbJn4 Zc = 2 UjWJUWG]!, bJllJJlllJU} WJlillWhWJUllll))jllllipg 

~ ( t j{i lJuillwGwGp t = Vg , JmlJ wnw2l•GJtg ' V = L- ()-2 }V~ qwu 

U $ Uc + V = Uc +( L-8--i * (9.20) 

UJUjllip , nppwfi Ub() t ubpUj1 zwtflbp]!, WJlipwli tflnpp Ujbillp t 
tlbpgfibt ulJw4wnwlJJ1Zl12WqDwJJlG wpwqmpJmG: 

fiwlJGJ}bllJl zwppwgwGJl 9lJU!d WJlWqmpJWUp ZWJUJ4btm qbuwmu P22ll 

lJbfimJmliJl ZWJlchiwfi wjlwqmpJiltUJ!' U= 0.43 U/4. : 
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9.5.2. fll(iLtfngwfinq WUJwpwmfihpp rnhumJ1JnLfil! 

fllG!JUWUlJllJ uqqpmlipntl wzfuWUlllJl WUjWJlWUllibpJ! 

qilJlb"lllllll)}JWG hJlUpmu J!GlJwD t UbJlUtl OI}WJJIG lmuwlipn4 ouLiwG 

qnJlD]!lipwgJ! : liUJWJlWUlJl wztuwmw!ipJl dwuwGwlJ ulipUJl 4pw wql}IIIU 

bG ubpUJl rug DwGJun pJwli m d]!, UjmmmUJly wnw2wgwo 

lJblimJmliwfumJU moo\ mdp, oJ]wJJili hnuw!ipn4 ubJlUJl DD'UwG P mdJ! u 

wGgpJlli lJUJwD ubJlUJl 4JlW qwliq4wDJ1 wqiJbym pjwG Pn mdbJIJl 

(UJmmuwG wnwligvJIG qmqwhbn nulJllllJl.JWUp), llJUllip twtlwgGmu bli 

WUjWJlWUlJl wztuwmwGpJ!. Po - lltllllWOJlq lltlllliHJlJWUp UbJlUbJlll lJnqUJlg 

wqrplll mdJ! , llfll! 4willwyGmu t WUjWJIWUl!l wztuwllwfivl! : Po u r .. 

mdbpJl UbDmpJmlilibJI(! tflntflnfuwlJwG bG u jlJIWJI n2li2wgfimJ, P0 tg<p 

mqq4wD t hwlJwnwlJ Ps mdJlG , WJJ} UJWUlOWnn4 UJ11WljillJ14 

hwztlwJlljGbflll dwuwGwlJ lJwJ•bilJ t IlJlwlip wGmbuhr UJuUJ.llwt4 ubJlUJ! 

ulimu t gwfi!12 WUJWJlwmJI UJWUljlfi lJUJwb" Ptg<p ztfluwG md!1 zGnJlhjJ4, 

npJlG hwljwql}lnU bG rug u moirg mdbJll! (GlJ. 9.5): 

'UlJ. 9 .5. Uhptlfl Mtltuti I.J uqtutJ.wmu4ml. qwtiqtJ.tu()JJg l}lllflU phptlwti 

ufubtltuti . I- u4tutJ.tunw4 , 2- htumfl4 
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m r · 
P > - - \f('Jr 

tgtp 

! Ill! Li \II Lilli! Ill I LJ.> " Il l I' Jlll li lljW.JtiUili }l 

(l} 21 ) 

[ J Uilll qtjtu •J w !'Lfl w lnUJUl ! ': Jl lt ll li 'I tq 1 Jlll t) 11\ p_pnli p gm]l) 1·. tn W]jlll . 

,, ' "'' l!lliJitliLII )I llJ,'lll'tlln tui::>! • ttiiH,LiwtjmwGqtmJnp 4)16w4p 

'Hll ll i!!t l! liiUllUUjUUililllll ! [) . lJ(i lljl) l f\ l•UJnlllll 

. Ill '--' . ' ') ' P ''-' ------v(J)-r(ctn· + 2g + g-
tglp 

(9 .22) 

: ilq~tiJl :j;HiUlit tiidJl wpulwlnuJml:tpn.j LUUlJJl)l S tiw4bphuJl u lillUIIW!-jUWfi 

1:)p 1l 1,(1JIIjlJlUI\j• ljULflWUWlip. 

P = Kl~PS . 

11p tnt.r: k- t.jlllJlOliwllwli qnpow4)1q I ll plinqnuqpnni ~ 

'lllll]li'I•Jl qnp0nlilibJiJ! CjlllLlWjllUJ)lli llllJI]l•lJlllPJ!liU(I, K ,-c 1.5 

L.q]ll41llLUlJIIjlltlil1 iltutiwp. K 0. 7X ,l lUJ?tupjt ciw4liqbqlt 

uLpLilipjt ilwtiwp : 

(9 .2 3) 

Eliyp,JI d mpwLiw4Jtop t•limlt4ntl.l ~ lltutmtwo ubpl.lJtiWJUlllp_pllliJI~J 

d (0 6-0 7)h, npm bq h - JLUJUillJl.llll Lili L ..:.w;LIJl wnlib[ntl S-Jt u K-Jt 

UbOnlJ1JilllilibppljuuJtllliwuu 

Ill ' ' ( ' ) , C.P > --- , \ion· o_n · + 22: + l!- : 
tgcpK0.3h- ~ ~ 

(9.24 ) 

I oi lllJillllJII Itip pliuqnjtuLI I 4tnpt\ Liwljwli 6wliuuqwplunj. qwfiqtjwC>j1q 

p 
uLttUjJ :p11 pu plqnl'lllli L4W.JDwlijt~J- uqli lnu,>tjll4. 11]1 ·- - bqJttqmwynphliJl 

Ill~ 

illutlllljiJilli/I 12 2. (itu4liqtqJI uliptHqtll lnutiwp 125 
1f1lil!Lllllllll(W]lUllllJI WJJllllllllWlii)J! ntJJttlll U lj tUillll\-jt.jWOj2WJjlli 

L4WjllliUliUljlli]lJ1JIUU1]1411tDlili JIUUI lJLUlitJIIIJ ubptiJt qwliqtlwC>Jt u 2W4tl:tpJt: 

l~JUlljliU tuliljj1l.JIJ! ( 
<Y! 

2-l4 

( ,
11 
~ 2 ( rnax . pwujl ll}l f! OT = d + fl. f = 0.35b + fl. e, l1J1LflhJ1 f'l f 

wGgptpJl l}llliWlljWUlhpJl hbnwl[llJlllLP.JlllUU t. Ill]! hUG nD 2: ZOT 2 € m :lX , 

D = 2 t Ill :IX z OT 

' 1t 

ll]lUlbll Zorn- wGgphJ1Jlt)J14G t ul}wl[wn wl}Jl L!JIW : 

Ul}wl{wnw4l•L4U1U1Uwli hw6wtuwl}wlimpJmfitJ l}l]llill 

60VM 
n= 

inD 

(9.25) 

(9.26) 

0 11!1 l!lillllwlii}I,Jl Q awtuup pwuhwJlJlg nJm2tJ.mu thhU1uJWJ pwfiwolml[· 

(9.27) 

llJlLflhq ' Kn - aauwG qnpawl}Jlgfi t (0.55-0 72 UbJlUill[ wGgpJ19 0111• 

wpwqnq~JWU hWJlWphJUHpJmfiG t 011!• WJlWqmpJWU J! wnwGg uhJlUJl), 

V en - oqj1 hnuwGpJ• WJlwqmpJlllUfi t wGgpmu, Z0 m
8 

- l[wl}nunujl qnUJmU 

qmlit{nq wfiyphJ1(1pJn1Jl, Zan - WlljWJ1WU1UhJlJ1 JtJltll!, 

lljlUlbq· a- wGgpJl rJJlUWll:Jllll)3JWli Wh]llU}}IUWU)llJWlJWU 

QJ1JlOW4J1gG t, ll]l[! hwl[WUWJl t 0.7-0.72 -jl wfigpJt 0.8-3 UU 

LflJlWUwqbJl llhl4r>l1lU, p- O'lJl fummpJWU!! : 

245 

(9.28) 



I o. Sfi~uwfi uhnhfiwfihp 

IO.l. '-lwpmn:f>fltwmfi~Jl Uh~hfiwJfl mhumpJwfi mwpphp(! 

ltw)ttnn:Pittwmlil.Jitzlt pwlim1 qnpb]llipwgu pwtJlJ.wgwi'l t /IJlWJI 

hw~m)ll}llll bpbp h/tt.lGwlj_wG lfmqbp/Ig . L4WLWPGbJI/l hwtj_WUWJIW2Wlfl 

lmunlt umbqi'lmt.l I.J t.lwmmgntt.l tunt.l1/tl.J/tG , tunt.lt/tlJ.ml. wlj_nu/1 pwgmt.l u 

\llill)W[tGbttlt qwuwtJ.U[lllltl wlj_uuwhwmwlj_[1G . \llWLWJ1tib[t/1 owolj_mt.l 

lmqntJ. : 

ltwpmn:P/t[WtntiljJtzjt mbtuliuptq/twlj_wli hwztJ.w[Iljji hjtt.lp b(i Ublj 

hbljmwJt]l tJ.pw UlWLWJltibp]1 Q" pwtiw411 u mli4uwG utubUwG (mlilj_uwli 

f. c pWJll! u U]l2ZWJlW.J]tG b JWJGmpJmG]l) : 'UzwGw4btntJ. ub4 WL4WJIWm!I 

tJ.pw mbqw4WJtJ.Wb qqwtltlJ.libp!t p!ttJ.p Z~ lflntuwugmutibpJt pJttJ.p 

ZW[l(twpbp!tg UJtG(U mGlJ.mJ W\llW)lWUl i-ntJ. IJdtJ.wp (t ll)lll/b] ubpbGw.J]l 

zwJtduwG VM WJIWqmp.JIIlU]l 

(1 0. 1) 

npmbt( n - mGlJ.ml u4wtJ.wnwlj_Jt \llUlUltlWG hw6wtuwl.JwGmpJmliG 

t: <l>npowplJ.mt.lGbpJtg UlWJiqtJ.bt t , llJl t.lbpbGwJ!t zwdt.lwG wpwqmpJIILU[l 

2. J1 lj_w[tbtlt wGpGt}hwm t.lbi'lwgGbt, vwGJt llJl t.lbi'lwGmt.l t Gwu pwg 

pmJmUGbJtlt p]ttl.J!: <!,wumwmtJ.wo t Gwu, ll[l 3 % pwgpm1muGbp]1 

IJbUW!llU \llW[WJlUbJl]t Uwmmgt.lwG hwawjuwlj_wGmpjlllGJ! (UlbUlV t uta 

JJtG]t v,,., = 7hwmitJ. , lllJtbuG 

v . = vmax ec 
Mn1.1x 

m 

llJlUlLIJ m- gwGtJ.nqUJWLWJtGbJ1Jl pwGwlJ.G t pGmu: 

Sfilj_nq WUftupwmft htuzqwplJ.J!: 

(10.2) 

Ltwpmn:PJttwmGlJ.!t(GbpJt mlil.Jml W\llW[lwmGbJIJ! tltGmu bti bJt4m mbuwlj_' 

qqwtltl.Jw-lflntuwqpltzWJIIG u qqwtltlJ.w- ulj_wtJ.wnwlJ.wJ]Iti : Unw2]1GGb)IU 

uwltt.lwtiwlflwlj 4JttiwnmpJmti bG qmbJ JWpntl.JtqwgtJ.wo 4W1Imn:P]tLII 

mGlj_t.lwG hwtlWJl: liJUO[l lilT}..( bplj_pGbJlllltl LWJG 4JtpwmHpJmG mtibG 
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q1}wL]14w- u4wtJ.wnw4wJ]1G mG4ml WUJWJIWUlUbJ!ll : SG4nq W\llW[lWUl]l 

mbtuGnptq]lwlj_wG qu[Ii'l]llipwgp pwq4wgwi'l t bJtbp lfnntltg . \llWLWJlP 

tJ.bJ19UlllU]l qiJWtJI411tJ. zbpmmU }Wdtj_h]Ill lllipwgpmU, \llWLWJl]l :P]IpumUp 

t.lwmntJ. I.J mbqwlflntumt.l[! tunlflltlJ.Jl plj_wtigp, UJWLWII]l pwg pnqmt.l : 

Ltwpmu:PJttJt hwt.lw2wlfl mmGlJ.Jt lJ.wtutJ.wo I. GztJ.wo lflnqbp]t 

mbtuGntnqjtWUlLu 6]tztn ]lJIWlJ.wGwgmU]tg : 

S6lj_nq lUUfW(llUUlft mztUluunu6pJt mmus>Jtfi lftmm· UJWLWP]l 

tJ.bpgGmtl[! ql}WJ]1lJ.mi lJ.wtutJ.wo t mti4wG_pnp]1 ,'wlflbJt]1g u ouJtg , 

ulJ.wtJ.wnwlJ.[t UJUimt.lwG hwawtuwlJ.wGmpJmG]tg , utiuwG zb[tUl]t 

4HIJWL4Wtnlt u qtJWtJ1lj_]t u]12u pwgw4]1g , qtJWtJt4p WJlUlWV]lG bq)t]l u 

ulit.lwG zbJtblfl]t t.l]I)lu pwgwljJlg, utiuwG JbJtbqnnu UJWLWJllibp]l zbJIUl]l 

hwummp.JmUjtg : 

lllWLWJlUb)l[! qt}Wt]llj_llltl hlllUW]jl :j>]1J2Utj_llltl bli (pwgpnqmt.lti b[l[l 

t.l]tG (u 3%), bpb rwwu g qwGqtJ.wO[! 2_]1 mwmwGtJ.nu1 40-IOOq-]t 

uwhuwtiGbJtJtg qmpu: UnwtJ.btluHuwllt pnlitJ.mu bli lf!npp l4WLWJllibJ1]1 , 

uw4w.1G 40q lflnpJl]t qbuwmu GJlWLltlJ.p tJ.bpgGmu t btt4m UlWJWJI : Pwg]1 

WJIJ wnw2 t qwt]lU t4WLW!l]1 6utuwG tJ.mwGq , llJlJ! pwgwntJ.mt.l t a > 2<p 

l4WJUWU]l1JbUW!lltl , ll)lUlbtf a- UjWUlJt u qt}WJ]t4JtG \llWLWJlll ltbUl hUjUWU 

lj_bmmt.l tnW11tJ.wi'l znzwlf!mtlt t.l]12u lj_wqt.ltJ.wo wli4JmGG t, <p- zlf!uwG 

wG4JmGL!: .2wli]l llJl <p = 30°-35°, WUJW a = 60°-70": 

Ulj_wtJ.wnwlj_]t UJmmt.lwG hwawtuwlJ.wtimpJllLGL! utmztJ.mt.l t 

4wtutJ.wa mft4t.lwG utubtlwJJtg u t.lbnbGwJl• WJlwqmpJmG/19 

2rr e z 
T = - = ~' llJIUlbrU19 

W VM 

60Vmm 
n= . eczn · ( 1 0.3) 

ll)ltnbrf Zn- qiJWU!lJ.GbJlP p]ttJ.G t u4wtJ.wnwlj_Gbp]l tJ.pw : Ulj_wtJ.wnw4]t 

UJmmt.lwG hw6wtuwlJ.wGmpJI11UJ! , 7UJWLWP14 t.lwmmgt.lwG qbUJJ2111tl WJU 

4wqumu t 3 5 JUIUJ-1
: 

Ulj_wtj_wnw4J1 UJmmt.lwG hwowtuwlJ.wGmpjwG hbmwqw wop 

hwGqbgGmt.l t pwgpmtmt.lGbitlt mnlj_nu]1 t.lbi'lwgt.lwG]l: 'Ut.lwG bJIUlll.JJ'lll 
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pwgwmptjm11 t GpwG11tj, IIJI 11bowGm11 t UJ.WJWJI]I UJmm11wG 

4bGmpnliwJumJu moiR nu:t1_1 (lii.J..IO.l): 

<.w}tjjl llunGbpltj lJ.Il!]WlljWU1]1 u UjWJW)ljt 11]l~U hwi.J.wqq11w(i mctp' 

tjb]1~]1G]m lj]IW wqqm11 bG' mg owGpmpJwG md[I. moiR 

4bGmpnliwJunqu nu:tp, qilWUII.J.ji tlliw wqipll] N GnJI11wt u F JIIJWtjllliJ 

hwlJ.wqipu11lili]lJI: <.w11w6wJG GI.J..IO.l UJWLWJIJl qilWtli4]Ig 2G4libtm 

lljWJ11WUJI lJ.W1ltnWhWJU1tjji mga>mcu"Rb UjWJ11Wlilltj_: .Rwli]l ll]l UJWLW11]1 

qGqwoumpJwli IlbUJpm11 4wJibtli t {lGipu libt mpw11wqJHrJ1· d = const, 

mum]I a = O.Sdsin(\jl-y) ]m4 b = Rsina: UJuUJ.]mntJ. UJ.WLWJIJI qilWJjllJ.m11 

hmuwt11 11liwtm UJWJ11WG]! lJ.tliGj1' 

(I 0.4) 

Umwgtj_wo W1ItnwhwJmlllpJml.ijig bpum11 t, 1111 \jl wG4JwG tjlnpp 

wpctbpGbpj1 llbUJ.Pm11 sin(\jl-y)--?min, mumfl UJWLWJI]l wl.i411wG 

hwtJ.wl.iwlJ.mpJllll.il_l wtim11 t, uwlJ.wJG \jl--?min UJWJ11wGfl dw11wliw4 
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qilW]]ll1JI I}bnuu qmGtjm11 t UJ.Wl wpwqwGqtjwam 11, 11]1]1 zGn]Ih]Itj_ wlii.J.m 11[1 

pwgwntJ.m11 t: 

UlihwtjwuwpmpJwG ( 10.4) JuwJum11wli qbUJ.pm11 UJ.WJWJIU 

J!GI.J.lilllll t qqwJ]!lJ.]Ig: Slii.J.nq WUJW11Wtn]l hm tLW]]l wzJuwmwGp]l tlJIW 

twi.J.wli wqi}bgm]JJmG 111 G ]1 qqwt114]1 u uGm] 2 bpbtjlj1 4mJWUJ.Wtn]I 11ji~u 

pwgwi.J.p l...rwjutjwa tl}WLW1I]I 11bompJmlijig WJil pwgw41_1 lJ.w1lqw­

tjnptJ.m 11 t 

tl}WJWJl]I 30-40q IlbUJ.Um11 pwgw41_1 I.J.wq11m11 t 2-41111 60-70q qbUJ.Pm11 

8-101111. 70-80 qbUJ.pm11 7-121111 u 90-IOOq llbUJ.Um11 14-161111: UJll 

pwgwi.J.p lJ.tu]IqwtJ.n1ltl.m11 t lJ.mJWUJ.Wtnl_l otJ.wtw6u wl.igpbpj1 11]12119114 

m biJ wtJ.m Jum 11ntJ.: 

lllw]WJI]l pwgpmtm 11GbJ1t! 11bawlim11 bl.i, bpb qwGqtJ.wawzb]Itn]l 

ul.i11wli ,Jbpbtjlm11 tjlnpp t, bpb w.JG wnwtJ.bt hwum t, 11bowGm11 t 
UJ.W]W1t]l tJ.liwu11wG tJ.mwliq]!: lllw]wpwzbpmjl linp11wt hwummpJntU[' 

UJ.bmp t tlJl.iji 10-15u11: 

ff}wtWJt]I :PJ!pu11wl.i tjlmll_l ]IJlwlJ.wliwl.im11 t, bpb tJ.bJl2]Il.iu IllHJIU 1: 

qwtlJU UJ.WJWJIW}b)ltn]Jg, jmi.J. 11wtnjl lljll~llli.J.Jl ]12Ulll11 t lllllf]Wtnllljlg· 

bpi.J.J1111lll tjlmpn11 UJ.WJWJI]l wl.ii.J.m11J! qilWUllJ.IIg tnbl]]l t mlibl.im11, bpp 

11wtnJ! ctw11wGwlJ.jiG lll]l2l.illl11lljWLWJljl tj_pw: 

<.w11wowjG l.ii.J..1 0.1 (13 qbtn) UJ.WLWJIJ! (}llWUII.J.jig ~~~ 1_1l.ii.J.Gj1 bpb 

mga 1>moiR1h1 4w11 

sin('lf1 -y 1 ):c:::;(2olRisina 1 )1gd (10.5) 

UmwgtJ.wa W]ltnwhWJllllllJlJWG tJ.bptmompJULUJ! gnqg t mwtlm, 

IIJI UJ.WLW11Il qllWUII.J.lll11 hiUUWUl UJ.Whbpn hw11wp 11WlllJ! UJ.btnp t ubq11]1 

\j/ 1=90-115n wG4Jwl.i mwi.J.: ITlwtwJI]t pwg pm]G11wl.i tjmiJ/1 tizqJI]Itn 

]lpwlJ.wl.iwgm11jig t 4wJutJ.wo JWJIJ2IIL11 pl.ibpj1 hwtJ.wuwpwhbnuqlJWl.i 

WUJ.WlmtJ.m11JI: lllwtwpji pwg pmtl.im11J! qqwJ]tlJ.jig ulJ.utJ.m11 t, bpp 11wmj1 

tl}n~m4J! pwpopwl.im11 t rnlJilWtnmji tjpw: 

flliJilWtnmji 4.I1w 11wmji pwJI01IWg11wG ui.J.jtqpp Gmjlitqbu 

4wJutJ.wa t UJ.WLWJI]l ~wtjlb11]1g: UJUUJbu, bpb qqwt114m11 qmGtJ.m11 t tjlnPJI 

~wtjlj1 UJ.WJWJI, WUJ.W 11wmJ! 2 llllJIJWtnmji tJ.pw t pwJlOJiwlim11 wtJbt]I 

zmm (1 ll]tpp), pwG junznpjll}bUWill11 (3-pqq]l11J2): f~l.ii1llll.ibpitj, ll11 11]12/lli 

~wtjljl UJ.WJW1lJI uG4l.im11 t ql}W1]Iqjl A IJ]lJlpllt11 (lii.J..10.2p). l]lllJ2]Ib]I]l 
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twG4lihli B q]IJipmu, uhahpp c qJIJipmu : liJullj]wm.[, bph u)I2)Ili ~wtf!)I 

UJWJWJI]I wli4mtip hwuwll!wmwutuwlimu t u4w~wnw4p l4UlUlUWG (jl, 

wli4JWU[! , WL4W ~lll)2J!JI l}Gl4)2llltl . t..cp; wGl!_]mlin~ tflllJlll. tunznp]I 

11huwmu' t..cp; wlilj_Jill lin~ uba: 

t..S 
~WUWOWJU G4.1 0 .2-ji f..q> 2 ""'- , lllltnhif ~S-1~ t..cp; wlilj_JWUJI 

ri 

iiWUWL4WUlWUtuwlinl] WI] hq(i t, r 1 - Illl]l]WUlllljl 2WI1W~jll1J!: ~S WI] h!]Jl 

~mtuwpj1lih1_n~ JWim~ (G4.1 0.2)' 4umwGwlip f..S = c( tg~ 2 - tg~ 1 ) , 

t..cp:: c(tg~ 2 - tg~ 1 ) I r1 } 

f..q> 2 - c ( tg~ 3 - tg~z) I r1 

(10.6) 

'-lhp2Jlli pw(iwouh[Iji ~UJl]Illi'llllj3JlllUJI QlltJQ t tnWI)lU, IIJI tnWIIPUJI 

t_ W~Ijl ll!WLWJllihiiJl , qi}WUI4jig 41!li4GhG qhtnjiG tnWIIPhll 

PWJIOillllflJ!IlGlihpJlg (G4 . 10.2), 

H 1 =_ H 2 + R s.i·n t..cp;,} 
H 3 - H 2 - Rsmf..<p 2 

(10 7) 

li.JuUJlwn~ , 4wtut.[wi'l ll!WlWJlji ~wtf!)Ig , tf!mlmtut.[mu t qi}WUI4)Ig 

wli4uwli pwpolmtpJmUJ!, hhmuwpwp ll!WIWIIIJ wG4uwG dwuwGw4p, 

ll[ll!Ug JlUflWQ}2llltl wqpl:iqwmJI 4wmW[Uiltl t mwppGJI 2Wtfl)l 

ml:iJ]WtfintumpJmG, hwGqhgGmu uJ12pGwJpli unupwampJWli 

tf!ntf!ntumpjwli : liJUll!GU 30-I!Oq qwliq~waj1 ll!WLWJIUGJlJ! tnmli4JI 

dwuwliw4 mli4uwli pwJU_I mwmwlit.[mu t wnw2WilJlt.[wajig ±( 15-18)% 

uwhtlwlilih1unu : 

SG4uwli pWJUl mwmwliuwli tf!ni!JIWguwG liL4wmw4n~ ubpuwgm 

4wpmn~JIW tnl:iuw4w~n[llllU tli 30-50, 50-80 u 80-1 OOq ~[IWljgjiwGhpji: 

Sli4mup hwuwpt.[mu t Gnpuwl. l:iJ3h u)I2pliwJ)Ili hhnw~ntmtpJlllliJI. 

/, ::::; M ± 0.2M , lllltnhq M-1_1 uJt2pliwJJ!G hhnwt.[nluupJwli 

W11W2W11Jl~WO ~WtfiU t: 
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~· ::c 

'Utt. l0.2 lllwttUPI! qqwt]ll{~y wqtumuwfi utuhuw 

w- uhqu~L~ qnpanqntpJmUI! p-qqwt]l4~ q~pphpl! 

1- qqwt]l4 2- taw\{ 3- qwqnmrt]l 
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l1wptnn-1>}1111 tnGljtiwG hwtiw2wtjullpJ1HUJl qliwhwmljtull ~ K qnpi>wljynlj · 

lOOn 
K = --9o nptnbll N-Ll}WJWpGbpJ! 1~GqhwGmp pwGwlJG t. N -

hwzLjwnllwG bJt4WflllliJJWU tjJ1w. n-GnpJw1 pwJtntJ ( (.: ~ M ± 0.2M) 

Ulliljtfwi> L4illlill11Ubjljl }-ljltjp: 

l 0.2. UwoiJLwtnfi~ptJ! mhumpJmfi tLhtfhfimfihp{! 

UwoJqwmliljjlzGbpG tmm mlilj_nq Wll}WJIWtnlibpJt 1)1limu tli · 

uwbJlJwpnlill .>.GhtlP Ll}tntnwljwG zwpdmllntj u tnGlj_liwli !.J1ltnnJJ1 

UWOiltWJ!IlUji.>_Gbpjl llWtljlU}-}Wq zwpdmuntj : UfT}.( blllJ.t!Gbpmll LWJli 

mwpwomu bG qmbt t4tntnwlj_wG zwtldmuntj Wllj_WjlWtnGbtJP. : SGlj_Illl 

Wll}wpwmGbpjt mb)uGnptqJlwlj_wG q.JlllO]JGpwqt! pwtllJ.wqwo t bptv 

tjmqjtq ' uwblttJl UWtnlll gm un uwo [11 wpnG Ji2' tn bl]Wt.flll)ulll up LU lJnu u 
mlilj_nttltl hnqmll : c.huuwGwljw\jlJg uw0lltWJ!nGjl2Gbptl 4Jtuwtfmnuwm bG 

u uwojlJjl llWtnlllglllll[l UWO[l\WpnG}lz_ lJWtnWjltflllll t 6bnpntj ' \WtJwqnt_Jf.i 

qbt412111D 35-40 uwo[ll llb4 jlllll}bnnl: Ublj uwi>[l\[1 llwmmgliwG 

( 21t 
dwllwGwljp t 1 ""'___:__:_ lij1 ljnq!lj1g u UJlllU ljnqt.l\tg t 3 = --, mumJl 

· vM wzg 

Ljjtw : "VzwGwljbf.ip mGljm1 Wllj_wpwmjl ljjJGb!lwtnJlljwljwG gmgj1~p A. 

wr 
tnwnntf, WJllllhl412mD ljumwGwGp A= -- lJwll 

VM 

A= 2m 
e czg 

( 10.8) 

UwbJJtwtnGljJ!~Jl 2WitdllwG Ljbp~j1G wpwqmp_pnf.i{! n1mzt1mu t 

t.lwmmguwG v.,c~ hw6w)uwljwf.impJmuJlg lj_w)utfwa 

f 
v~1 = vmed ~~ u/tj (10.9) 
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Utu \) lllll mliljllwli vwnp tfnHpntutlnlli t. I 5-70ull-[l uwhllwliGbpmll, lllll_J 

llpwljwliwqljlllll 1: uljwljwnwlJJl tlpw uwi>JljWpnGJi~ GbtlJI pwliwlj[1 

tlllltjllljllllJlllllj z~ = 14. 12. I 0. 8. 7, 6, 5, 4, 3, hwtlWJ.4WUlWU)uwG 

tnliljliwli pw_ntpp 41llliLli 15 , I~ - 21, 25. 30, 35 , 42. 60. 70ull: 

l:JuJ.4Jwntl v:::~~ = 40 uwojlJil l}h1.412mll llbpl.iliwJJI zwtldllwG 

wpwqntpJlliUl_l lJtuJuLjwo L tnGlj_llwli pWJI)l~r Yutnwqtlil ' V,,1 = 40(0.15-

0.7)-60 = 0 I-0.47DIL[. 

\'" -= lll-0 5 D.' tl wpwqnljJJWllp wz)uwmbj!H hwilwp uwOJ!ILUtnliljJ!~Jl 

hbtn wqptqwmwljnplj1111 tnpwljtnllliGbp[! wGt4WJDWG tlj_btnp t 

hwllWj plj bG ptipwqpjl IJWliljWII W0111 q[1211Lj: 

Uztumunufip~ hfllU'"fl'l lf!ml'nu uwDllltl tnbttwt.fw)utj_lll ll t. l}bJ.4JI 

wljnu ' lj_wtnwpbpltl pLUJlll 2WJH:tmil · WR J.4Lmnwlj_wG ll V\1 hWUftli\)Wg 

WIIWQ.lllj}Jlll GGbpnlj : .(wllw6wJG GlJ . I 0.3 qatJw11 .>_ t lj_nwhbt . np uwbltlll 

.Jillllillj]WU.>.JIIIjl ljbtnjl 2illjl(tlllll mUJI qJllJtnilllWJJ! tnbup, J!Ull 11jllllll 

hbtnwq}tOll W}ltnLUhWJUltllllU t, hbtnuW] hwt.j_wUWillllllU!Jpntl ' 

x , = VMt + R; COS(J)t} 

y, = R, sin cut 
( 10.1 0) 

X; 
y 
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UwDI•Jll ZWJHhiw(i pwgwpaw4 WJIWqlll))JWU pwi}WIJJIII~(itiJI!l 

hwliwutWUJWUfuwlin)lhU 4Jl!GJt' 

x. ; = V M - roR; sin rot} 
(I 0.11) 

Y. = roR cos rot 
I I 

f"IJIW4wfimu llllitJtqnfiw4wti mqqmpJwllp uwDJtJwpnGJI)UbJIJI 

wugwb owliwutwphn X; # V"' t + R; cosrot , WJt hhliwiiWUW.JJtG 

}WJI<twphJI wGJt~lihit!I uwhJ]JI hhUJlJUtupnt.l l1Jtw4wti 6wGwutWilhl! 

Rg -R L\R 
I I 

4n~t.lm ll t 4JtlihUwUJw4w4wfi zwnwtllul , ll)ll! ctwliwtiwlJw4Jtg 

UWCJp)WUJUI.ill~UbJlJI hWllWil hwt.IWUW)l t 
RK = 1.2R;: 

liJuUJ.ltunlf uwhpll pwgwpaw4 lih()mp.JIIlUJ~ 4tltfilt' 

Ax __ 2rrR K 2rrR; 2rr(R K - R; ) 2rr 
Ll A --A-= A = TL\Ri • OJlllU 4lllllll19 

L\R ER. 
E = 1 

• 4tizwtiw4Jt L\R; = --~ u 
R 1 + L\R; 1-E 

2rr ER; 
L\x=--­

A 1-E 
(10.12) 

OJIJlllJUl t.lmqmli 4wUIWJit.lmli t. uwbJtii• UJmfi4u hnqm u. nJtltti 

hwUWutWUIWUfuwtimli t rot = 90° wti4Jm (i ' lihiiJJUP 'lliPP!l: SG4liw(i 

w4tipwJI))mU wuhpwcthzUJ t. llii uwbllilt pwgwpaw4 wpwqmpJIIlUJ! 

hW~WUWJI JliUJI q)UtJJl. 

V M = x = VM - roR 1 = 0 (10.13) 

bph i!Uilmlihup. np uwbt•il• nput i 4hmmu A.= I, w1.4w WJ'l 4hmJ~ 

4qbJI Ull~lliiW4wli gJt4tnJU)WJllU 411Il : 

Ptiw4wli t. 11)1 I 4hUil! (A.,> I) 4qDJt hi14WIIWgt.lwb gJ14Jll!ll)W, ltu4 

2 4hUJl!. (A.2< I) 4wp6wg~w(): <l>nl.ftntuhtJI~ i 4hUJJI I)PJIPJ!. WJUJ!Gpu. 
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uuqmlih1n~ 2 4hUJmli A. = I 4uUJwtiwup llll\11 uwDf:lJlt hJI4WJUil~JWli 

zwJicfliwu wpwqmpJwli pwztuowu UJwpphJ• t.utJnqtuhp: 

~hUWJIWUWJ}lU )W)Jctwpb)l wtiJt~UbJllt uwhplt hbUJl.lwupml 

l4JIW4UJJt411JlbU hUWJIW~llJl ~ t. uUJhqbbt A. = I utWJUWli!l: Uwbltll• 

IIII}IJWO!tq UJmti4l• hwliWJl {!UUI)I~mu t UJIW WJillwUIJI pwgwi1aw4 

wpwqmpJWU UJ.WJOWUll. wR;>VM, 4wli A. > I: fllpw4UJl14wJmll 

JIUI}Jltlilfmli t 1.23<A1<1.68 1.4W.JllWUl!, 11)1\! ]tiiW4wtiwglfmli t 

uwDltJWUili4Jt~Jt }Il)JWUw4JI lfiiW 'llllfw() hwUJm4 qwtialltll lilt~ngnlf: 

UwbltJlt UJli4liwti qnpbutipwgu w~wiitn~mu t wpliwmlt 

}Jt~wutwtnnll. hmllt fuUJwgmlinlf , lliiU ltJtw4wfiwg~mu t hwUJm4 

qtwlilfw4tihJmlf: 

UwbltU! hwllwJilfmli t linJlllWJtnli4wb, h))h qwi1qwgwb tnhitllltg 

aqbtnlf' tnhitlJ{! 1.4114lfmli t, ltu4 UWblltJ! tpUJlU ~~I QWjpU )UUUlg : liJll 

1.4WJOWUUb)lJtti pwlfWJlW)UltU t hbUilJ.JWl W)lUIWhWJUilllpjlllU!l 

(10.14) 

lliitnhlf G - qtwtilfw4I• lfltw wqqm1 phnti t, bo - qtwtilfwltll oT)wqnmm 

tWJUlllpJlli.UJ!, d0 - qJwlitJw4I• tnilWllwq}tbTI, K - hnq}t tumwgliwu 

JtGtnhliuJit.lmpJWU ql1Ilbw4l19ll (K = 2-3): 

SGlJuwG gtuJI.Jt l{pw wqaptq qnp(}nGGbp(!: Uwbltii• mti4liwu pWJill 

mwUJwumliuhpJ! 4wtulfwD hu zwiictwpbrt wfilit.lfihitlt uwhpltg, 

WUJ.W)lWtnll lfllW UWblltWp11lilt~ Ub)lJI j2WUW4Jig, WUJ.WilWtnll 

4wnmg~wbpwJJlU utWJlWllhmphrtllg u WJtli: Cwitctwphp wtiJttllt 

uwhplt t)hUJ.pmo l.ftnp)lwlimu t uwblt\wpntilti.lt Zll2WqbwJltG 

WilWqlll))JlllUJ!, ... uhbwumu t UJti4liw(i j2WJUf VJ = v M(l-£), i = I 

lJmtuwugliwti ptll• t)hUJ.Pm u: V 3 = wR - uwbJitwpnliJI~lt ZII2wqbwJJIG 

wpwq.tnpJmliti t : 

SG4uwu pwJJll lihDm))JWU w6t! uwhplt zlinJ!hJt~ 4nJlliZtlll (I 0.12) 

WpUIWhWJUI!ll J)JlllUltg : 

2rrR; E 
L\S=---­

AZg 1-E 
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2 

w q 

'Ut1 .1 0.4. Uwoflt}l mturphp ljhmbpj1 tulnuqmfl.rmuubpfl l'lUJfutl'tuli 

b4Jntplihf1~ mli~uwli mwpphp nhdflulibpp qht4umu 

OJlll!buq]t mGljuw(i pwJtli tJtmJm]'umpJmUL! tiS = 0, wGhJ!wLib;m ~ 

lJtntltnJ'uhL t}mJuwGguwl.i p}lt{~ i = 1-!tg hwugl.ihtnt{ wR "' V,
1

: UJIJ 

Ull}wmw4n~ wpmwhwjtnbGp V 3 tltn_tuwGguwti p~n~ 

VM 
VJ =-.-= VM(l-£) 

I 

1 
t=--

1-£ (10.16) 

l!JullllmmJ, [!Ut}hWUill)l tJtn.tuwuguwl.i pjlt{J! ZWIIdwpbpJ!g ujlfi~L 

u4wtJwnwl} UjbUJU t J.llGJt tJ!nlJtnJ'uw4wG' E-)Ig !Jw.tutlwb, WJUpGpG 

uwDfiLwtnGl}Jl~J.! UJbmp t mGtGw qwGoJtr 
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11. tllrnpW)ltnWfiJOLpwgwfi Uhphfiwfihp 

11.1 tllwpwpmmfiJmphpfl mhfufintnqflw~wfi 

hwm~wfifJzfihp[! 

r.um pju1}Iw4wG 4wquJ1 pnp1p UJWpwpmwGJmpbpJl pwctwli~mu 

bti znpu Juup}t' hwGpwJJifi, opqwliwqwG , opqwGw-hwGpwJ}tfi L 

pwqm trtJuuqwG: 

11.1.1. -4mfi~mJ~fi utUJfHUJlUlWfiJmphpfi f!UUl fimfutumhmJtu­

OntpJmfi t]IGnul bti. mqqwq}1 wqi}bgm~Jwfi ' wGtilt2wqwGurtbG pmJubpJ! 

ufimgtiwli liWUW[l L wlimqqwlllt wqi}bglll}}JWli lmiJ}l :PJ1CUI4w­

tihJuwGJtqw{JwG hwmqwGit2lihpJ! pw[tbtwtlbtm huniw11 C4ltp, qltll!u) : 

li[IWll!WPW[1U1Wgm UJl 4,wmwp~m u t ]'unGwtl lmqbttli ppt{wJJIG 

nbw4gjiWJjl ~bqn12wguwu Glllwmwljntl, qjtll!uwgnuiu' wqmmGbpj1 

hJtUUWJJtG nhwljgJIWJ}l ~bqnpwgtiwG : 

<.wGpwJJlfi ll!WJtwpmwGJmpbpp tJtGmu bli ll!WIIq (npLt ujt 

ttbUbGmjtg 4wqul[wo) L 4ntipjtuwgtj_wo (bJt4m L wtJ.btli tywrtq 

L4W!IW[lU1WUJlllpbpjl tibtuwfiJt4w4wti tuwrtumpt}!Ig 4wquttwo): 

<.w Gpw JJtli ll!W[IWtttnwGJlllf)bpjl U1 b tuGntnqjiw4 wG hwm 4wG lt2-

libiiU bli ' _tumm pJlllUI.!, hwtn!14J1 ~wtltbpJ.! , Ull!llllUlllpJlllUf~, tiwamgJI4m­

I~Jll1 U{!. 9IllltGw 4mp JllLU!!, UJWn4wUJGrpnp Jill Gu, hJ~umu 4nlll1I4mp Jllllll! : 

-4wfi~mJ~fi utmrwpmmfiJmphr~ fummpJntfi(! mwmwGtl,mu t 

~wtltwqwtig tWJG uwhuwGGtrnnu - 0.8-l.7m/u3
, uw4WJU GpwtigJtg 

hJnlliw4wGGbrtG mGbG 0.9-1.2m /ti 3
: 

4mmpltfihp~ l.tutlJhpf! mwmwuttmu bG l-4uu uwMwGlibJllnU: 

<.wmlt4Jt ~wtltu ubowgGbtmf 4uu-Itg wtlbtlt J!U4limu t WU}llllPJlllU!!' 

uwGpwumu, tlmzjtwGmu L l[wtn t gwlitjmu: 

Unpm6mpjntfi(! pfimpwqpt{mu t wugpntj_ lmubtm J!UlpllUW-

4mp.JWUp: UnrnnGmpJlllUl! 4w.tutlwo t ll.JWPWitmwGJm}}ll .tunuwtJ.m­

pJmGJig L ~wtltl[mu t UjiwtJ.nJl UwltbJibujl wugpntJ. pwtlttJ.nq qwGqt].wontJ.: 

UJG wGmilll.W4JmtibG 4wpbtl1 t pGm}}tuqpbt pGw4wG pbpntpjwG 

wG4.JmGm{: <l>nz!I ll.JWpwpmwGJmpu wligpnl[lmubtm hwuwp pGw4wG 

phnmpJwfi wG4.JmGu ~ll.Jbmp t wGgG!1 35°-}Ig, hwtnJI4wtlnptlwbJIGt!' 

40° : fl}wpwpmwfiJmplt unlunfimpJlllUI! wfil.llt2wUJbu 4wll}l{wo t Gpw 

4.wuwpw4wllllllPJWU hbm: 
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Bpnl'}mliLu~mtJ.JlllU[! WutWJIW m]t twit litq 6tqpmj wlig li upn 

Jllil)mliwl.jm \}Jill Gli t., W.Jli qliwhwmtjm u t: I 0 ~WfWJ]tli uwlitpfw4utJ 

5pmliwl.jmp.Jwli hbm wliu]t)1w4wlinpl:ili I.JwuttJwo t utWf1Wflll1WliJlltp]t 

UWOilt ~J]l\.jlll P.Jill Uft : Uwomg]t\.jmp.Jlllli]l ub]uw li]tl.jw l.jwli wqt]ht.JmpJwli 

mwl.j uwuliwmtjwo UIWflWfitnWliJlllf)]t juUBfiW\.jhflut tj]t6wi.JJ• wli~Jlihptl 

hwml.jmpJmlili t, liJI]IlJliUIP•IlU ytuGmJ wG!-JphllJl tjlwl.jtjmu tG : 

llhun~LUUJUiplLJJ.JllLU[! UJWhtl)Utlint pJwli <.twliwliw4 UJUlfllUflUlW­

li.JIIl pjl pwpwliwtm hw Ul\.jm pJmli li t: OqUlwqHpoliJllHJ wnw? WJil 

UJWflwpmwli.JIIlPlii•J' WIJwqtJtuu u uwt1tJmu tli 3-5uu wu 412 ,, uwttliJmtJ: 

.:,~qltnu~nurft~nLJJJillfi[! Ot]]tg funliwtjmp.Jllt G 4twliupn hwUl\.jllt­

pJmlili t llflfl qliwhWJ)tjntu t 12 pWJWliii~J uwlit].IJW\.jntj .· lllll]Wli PWilOil t 

PWJLI, W.Jlipwu llJWJIWiltntuG.pnpp h]llUlllU\.jmq]t\.j t.: 

11.1.2. Op~mumltmfi UJLUIHupmtuu,~mphp[! htlllJt hw1mmwglinlll tli 

PlllJUlill]l Ulilllt.JUWli hwliwp wliiiJIW<.IliJtn hptp ttht.lblitnlihpntj u 

]Wtj wglint u lipw .NaJ]t\.jw-uttuwli ]ti.Jw4wli hwU14m PJlll lili UJIJ! : 

UJiqwliw4wli UIWIIWiltnWliJmptp]t h]Iuliwl.jwG mlifulintnq]tw4wli 

hwut4wli]Izlihp(i hli' futnlllj}JlltUfl, \.jUJ21HlitllpJ11tliJ! , JtPUWU qllfiOW\.j]Igtt u 

uwhpjt Ill \.jmpuwG tl]lUWI)fllllj}JIIIUfl: 

lt•umLtJJmli£!, ljwfutjwo •l]•uwtlfllllf:l.Jlltli]t4. tllntjmfutjmu t: fWJG 

uwhliwlilitpmu· tlWfiU qHtlWllJ!]I tummpJmlip 4wqlimu t. 0 3-0.6m/u', 

4]mwhwumG qnuwqp]tlip ' 06-0.7, hwumli]IGt!' 0 .7-0.8, hmlintu]tlitt ' 

0.8Ul!tl 3
: Snp:f>]I tumntpJmliJ! 40-XO% funliwtjmpJwli •1tuwmu 

UlWtnwGLjmu t 0.27-1.02Ul /u 3 uwhliwlilit1unu: 

ltUJtmlimfJnLU£! 4wfutjwo t. fummpJmli]tg . funliwtjmf}Jlllli]Ig u 

hlllUIILUWJ]lli uwuliji\.jlihll]l Wll4WJ11LpJlll li]Ig:lvtnlltf3JWU u fllllUlllUWJ]lli 

liwuli]Iljlihll]t wtjhJWYlllUJI utowglimu t. qliUWttp[l ljtl);ntlinq}JIIIGJ!: 

l!Jzwt] hJW4li1Jli 4UizntlimpJlll lip Ul w pw pm wli Jill f) ]1 80-84 o;;1 

JunliwtjBtf)JLuli qhUipmu t Jltlintu: 

CtjiuwG qnpow\.j]t~Jll utowlimu t. · 4wfutjwo qnUW!lJ!IllU oqnm]t 

pwliw\.j]Ig, tjlllpf!WUIIIU. ljwfutjwi) funliwtjlllp.JWU u mhuwljWIIW)I 

6liJUWU m<.t]Iq: ClllUWqp]l ztjluwli qt1f10Wlj]l9Ll utmwqw4wli 

liw4hpumJtl]I tUIWJllll l.jwqunu1 t 0.85-1 .0: 

Cl-nuwtJp]t hwumliwguwGp qmqulipwg pGwljwG phpmpJwli 

wli4Jm UJI tlllll211Wlim u t. 50-38"-ntj: 
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Uwhp]t u \.jUlftdwG t]]tliwqlunpJmlilitpp IIJUIJW4]mJthli 4wfmjwo 

I.Jli Otlnm]t nwliw\.j]ty u mtuwl.jwpwp 6lizmli]ty: Stuwl.jwpwp 6liJiliUJI 

utowgli t.pn] 2 -I 0\.j 111w-ntj, uwhp]l muuw4WflWfl ll]lUWilfllHJ')Jlllli)I 

tlhilwl.itlltl t 4 .5 u]tli~u 10 4111w, ]tu\.j Ol)lltn]l pwliW4Jl utowgGhtntJ 10-

50'~'" · \.jtn]lUtuli IJ]IuwqpmpJIILUJI utowlilltU t 7.3-1041Tlw-ntj: 

11.2. tl}wpwpmrnfiJmpwgwfi wtqwpwmfibp~ 

mbumpJmfi(! 

iTlWJ!WiltnWliJlll]~WgwG WUIWflWtnliLilfl utptliwlihp]l IJ.nqwtjll)llllJ 

hwpuwpwliplitpli tli , llJllllip f!UUl 4wnmgtjwap]l J]llilllll [i(j ' uhfuwli]tljw­

LIWli , tl)liuliwm]t\.j u h]lllJlWljf]I\.jwl.jwli (Uilii.Jlin-h]lllJlWLjJ]t4w4wli): 

Ub]uwliJt4w4wG ul.jqpmlip]t UIWJIWJ!tnWGJmpwgwli WUIWJ!Wtn­

lihJifl Gnr.rliUihu pwquwqwG tli , uw4wJli litp\.jwJmtlu JWJli tnwpwomu tli 

uunugt1 wmwuliwljn6wljnfl, wtjlutwo u, u4wtJwnw4wJ]Ili u tJmfuwtlfl]I­

~WJ]!G WllJWIIWUllilopft : CuUl liwfuwUlhutjwontpJwli UIWJIWiltnWliJm­

J)WgwG WLlJWflWtnlihpJ! tl•limu t(i ulimguwG (t)nqwtjnJllUl) u hwuwmw­

pwo 911uwli : 

11.2.1. 'l-nqunJnpnq WUJWJ1WU1 Ghp 

UmtmHitu~ntirml.np tuuJmpmUllihp[! llliGW LjllJllll) tli, 1 w J (j 

Lt]IJIWIHIIJ)Jlllli bli umwght hwqwhwU1]14WJ]tli 2Will2WQwGlitJI]I lJJ!W u 

GwfuwUlbutjwo tli hwm]t\.jwtjnptjwo UJWfiWJIUlWliJmp]I gwlip]t hwuwp : 

U.Ju WllJWJIWUl]I wzfuwmwlip]t mttulintnq]Iwljwli uljqpHr lint~ UuwG t 

wljnuwljwl.jn6wtJni•J•li' gwlip]1 Gnpuwli 4WJiqwtjHJttjmu t ljn6]lUJ.tnUluwli 

hw6wtuw4wlim pJwG u uliuwG 6hqp]1 4wt•qwtJntunumJ.: l!UIWIIWUl]l 

tnhtuuuptqjtwljwli qllfiOtlGj)W9f! 6]IZU1 4WtnWflhtm hwuwp (llllUihUqjl 

l4WJIWf!UlWUJ111p]l I!Wtn]lljlibllll llJIIJIU ~pn;hli owqWJl]llj]l hqjt]Ig) 

wlihttwdhJm t hw2tJwp4ht 4n6]1 Uitntnuwli wpwqmJ}JlltliJ• (Glj. 11.1 ): 

Enw~wqptjwo fulitl!l]I tmouwG liUiwtnwljntj l.jwqutlip f}]twlj]ty 

(wmwu]tq) wli)?wtntjmJ hwm]tlj]I zwiiduwG hwtjwuw1uuuu yOx 

wnwligplihtt]I Gl.jwmuwup· 
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m)i = - mg l 
mx= O J 

Jolimtqptpnl ljutmuliwli !2 .x =- C 1 • y = - gt + c"'. 
l = 0. C 1 = .\ = Wrsinr..c Cc = ~ = ( I)! CO<.; CX ljll.IU 

X. = u)r ~ i n a l 
)' = --gt +wrcosa.J 

t.,_U u1 bqp bpnt 11 .2 hwt~wuwpill tl p Ljutnwliwlip 

x = (t)rt sin a+ C _~ 

!:!.12 
y =--~· - + (t)l"t COSO'. + C .t 

2 

j__ 
\f::::(tJr 

v \ 

( I !_ l 1 

bpp 

(II ~!) 

I.J l( . l I. I. l'.uHuLI"litulpl(Hut[np tUtl(lll lllllll ljl ptlpm lJJ l tqtn tllti llll i 

llllllllljll i Jl.JlU[i llflll ,' lltU[i u)u btl iU 

\ jpp l =c 0. C, = X o= 0. c .j = y ,_ O.mpl:iuli 

x = wrt sin ex 1 

£1l ~ 
y = -~ + (l)rt cos a _j . 2 

( 11 3) 

:Jwqwpjt bplptl liqpL.pnit.l. uljqp111t.i \1 Ljlip )J nlll. y - 0. JJtutnjl ( 11 3) 

hLUtiWULUJIUWU U]ll]JIIIJII) Ul]llllllliiLUJllllll]lJIIlli]llJ 4UU1Wlilllli).l . 

2 hiJ 

( £: l l l , 2·- CJ)f cos CJ. =- 0, npm bl)]ll( 

UJJr cos a 
t=----

g 
( 114) 

a. lliLIUljl. o4m4LpnJ ( 11 3. 114) hwtlWUUI[llllUlib[l]H.j. 

w\z 
yumwliwli11 a = - - - sin 2a . nptn tqjilJ wuHutmw\.jn6ji U1tnmuwu 

()" 
~ 

wtlliliw!lbi) lU]lLUl)ll!J)JIIIlijl \.j]]IGjl 

1 
(l)max < -

r sin 2a 
( 115) 

l~tftubtu6L llllljlU[HUmlihp~ mhjl.Ilill)lll)]llu\.jwG lplJH)JlU]}W~Jll 

pwq\.jWLJUIO t. UJ14111 hjtt.'iliw4wG tjllllJLpjlq · wG~JJ2]Ig U1WJIWllUlUIU.Jlllpji 

bW]IlJW!l4LUtl11JllllU]lY u wtlwhjl tlJlW.J]llJ Gpw 2L4JIUUUU]Iq: 

fflW)IW[lLnWliJlll~~~l ll]UI2W\.jjt zbpmji l)lll(lU hwlilllUJ! bJ12]1 wligpjllj 

\.jwtnWJltllliU t JtlHlWU mdh[l]1 jGllllhjltl. lllllllip 11um ULOIIIFJWG L4bLn:Q t 

J[lliLG W.JUl)Uili . 1111 Wll(WlllltlbG UilwGg LljLIILnllltlll wtjlul:ij1 hbt.n, wnwliy 

UWhf! jl. WJLWU1bu U1W!IWilUlWUJillpp ~jl UllUlblJt!II wugpjlli 

IJ]iwdwt\wlitulj hwpljwtlnJl t pwtlwpwpl:iJ wtiiUbji 4.JIW.J[llJ 

U1ill]IW)ItnWGjlllpjljllipuw4wu ~ }}Wtlitlhpll l4LUJUWlijl. 

fmg 2 mw2 r npt.nbtlll~( 

c tl.o) 

lljltnbJf uJ • wtjlubjl U1U1UlUWli wli4JlllliW.Jli W!IWtpllj)JIIIGU 1:. f -

L4W[lW(ILnWU_JlllP]l L wtjl.ubjt oj1~ L ltllUWli qnpowlJ]llJJI, r - wt.lmh[I 

Jtunwti]HlJI, g - wqwm wG4t.lwG wrtwqtuqnlllp: <Jwt.lwGw4w4!IlJ 

L4WJIUl)lU1WliJill[)WljWG WU1lUJ1UIUllibJI111U fg >> (!)
2 r , lllULnjl 

pt.uqwntjmu t GJlW jlliJ2Gw4wG FW414liul wt.jiUbjt 4JIWJ]tg : 

Ut4WJIWU1Jl mbJulinJnqjlw4wli qnpOJllipwgjl wnw~j1G tjlnq]t 

Jwt'iwliw4 U1bUlp t WL4Whnljjl WUlJp[tg WllW')'WflJltlUH) j1WUW41ltj 

UJUlplU)lUILUU.Jlllpjl tlWJJl4.JWGWJjlU hll.)(l: fflW)IW]lUllUli.pllpjl 
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tjw JJlltJW liw J)lli h]pJI - 4 mwpn1p11 PJIII li)l<.J ljw)utjwo t. wliqp)1 S 

owljbpbu)Jq. ?WIJJOwli U)Jy!Jli W]IUl41JI)l.JlllU)l<.J U,r (lilj . ll 2) u 

owtjW]WJ)lG qw(iqtjwo)H.J y. 4 c ySl!, r . 

<.wowowJG Gljll.2-)t 

ll,+lJ 1 w( ) 
S=h(R-r), Ucr =z- -=z R+r ,mum)1 

ywh( R 2 
- r 2 ) 

q= 
2 

ll]IU!hl] h- wugnJ• PWJIOIIliiPJJIIUU ~: 

I 
I 

/ 
/ 

I 

0 

'Uit . ll .2. IT}tupwpmtu!i.Jntrlt l]ntpu htu!inul[! wtltuhmj 

(II. 7) 

lllWIIWIIUJWGJmp)l awtuuJ• umwgtJ.wa pwtiw4miJJlllliU UJhmp t 

pwtJ.wpwp)l liwu wqpnmbfuG)JljwljwG UJWhWG)?Ghlmtl wnwyWIUJtl.wo 

hbqmwllWJ)•ti GnJIOWJ)lG Q: 'VzwGw4btntl. WUJWIJwmGhll)J IJ)Itl.l! K, 

obpbGwJJ! ]llil}qJllJOwG ]WJUllt)}JlltUl! B, ZWJ!etOwli W11Wqlllj3JlllUl! V, 

qumwGwtip ' 

BVQ 
q = K · l0 4 (IU 

<.wtjWUWJlhglibtntJ. (11.7) u (11.8) hwtJ.WUWillltOGhll~ u llllObtntJ. h 

Gqwmowup, qumwGwGp' 
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2 · 10-4 BVQ 
h = -------,--------, 

KyuiR 2- rz) 
(11 .9) 

ShfulinLnqJuuljtufi qnpo~fiptuyp tpljpnpq t}tmuf UJWIIWIIUJWUJ111.Jlp 

I~WlfJIIIOJI Wlf!UhJlg , )lllWljWULUgtjmO t UJWUJltj ljWO WljUJ)llJ. 

2L411Ln)12.Uhplllj: J!wG)l 11)1 JlllllWpwunmll WUJWIIWUJ UJWJIWIIUIWU.Jlllj3~ 

OwmmgmO t bpljm lWJlpbp)l, lllUUJ)I 2UJllU1)12GhpJ~ UJhU!p t Ulhi\WljWJtJ.b(i 

W.JUUJhU. 1111 liiiLUliy)tg JlllllWpwli~.Jlllll)l tJ.hJIQ}lWO pwet}lUJI hwtjwuwpJllG}l 

OJIBU)JG: 
1!-)JUlWpljblip UJWU}!tJ. 2UJJIU1)1~)1 wzfuwmwGpJF IT}wu)Itj 2UJllUI}lW 

UIIJIOWJ wztuwmwGp)l hwliwp wlihpwetb2m t , 11)1 mtJ.mbmJ. 

mbqwtJ.mfutjwo UJW11WIIUIWUJli1J3l! WGl!lilJhWUJ lWJlettJ.l! ?UJ.IIUI}l)_)l 

hl!lJ.WJGpntJ. qbUJll hJn)l wGgp11: 

m owuti)14I!, zwpettJ.bJntl. U = wR Wllwqmp.Jwli llllllllllJ3JWOp, 

hwlilJ)lUJmO t UJWU}Jtl. pbp)1~)1ti, npp hbmuwupntj Jtptiwli F1 met~ 

pwJwGtJ.mti hlllJill pWJlWllll)!~GhllP, npnGg)1g Uhlj]l. F ,cosa, oqmmo t 

wnw2 mwlibt owuGJ!lj)JG, pu4 OJmu pWIJWllJI}'l.lf F,sina = N, 

WllW)?WgGmO t lillll zt!Jtiw(i met phJ!pLJ! tl.Jtw , ll)IU WlfuWUJntO t hbUJ 

UJWhht Owuu)14}1U WllW9 2WilettJ.htmg: 

SbfuGntnq)JwqwG qnpb'TIGpwgp )lllwlJwGwgowG hwOWJI 

wGhpwetbzm t, llll F 1cosa>F2 : fltGbGp F,=mgtg<p, 

F2 = F 1sinatg<p = mgsinatg2<p, WJI} UJwmownntJ. qumwGwun 

mgcosatg<p > mgsinatg2<p, qwo tmbhtntl. a-)1 tiqwmowop , ljumwuwun 

a~ 90- <p (11.10) 

SbfuGntnq)JwqwG qtliH){!Gpwgp WUl!Ul}hwm )lllwqwGwgowG 

hwOWJI w(ihllWetbzm t, 1111 a < 90 - <p UJWJOWU[I UJWhUJWUtl.ll ph11)12}1 

wOpmw hJlljWJllllj3JWOp, WJU)!Gp(i qbuUJilllU}lg hbnwGWlllt hbm 

qmqwhbn a wG4JmG{! UJhmp t oGw hwumwmmG ljwo tJ.mppwGw: liJll 

UJWJOwti(ihll)lG pwtJ.WIIWillltO b(i lli4Wil)lpOwqw(i uUJllllWUl all mubgnq 

qnp phJ1)12Uhlll!: 

Uljm)14. 2UJ11U1)12fih11)1 onm pwgwntJ.mo t UJWpwpmwGJmJlJl 

hwtJ.wnmou u tumwgmou: liJumbq UJwhwG9tJ.mti t, np GpwGg)1g 

JlllllWpwG2JlllJlJ! 2UJ.IIUI}1 GmJG pwGw4J1 UJWJIWJIUIWUJntp: linWl?WllJltjwa 
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Ujwhwli~litpp pw~wpwpbpu hwuwp un{wbj1 ~pw tunwliyp[l9 b 

h biiW~ll]llllJ'l.JW U 4JIW mbqwljW.J~lllU ~ hWlflllllj pwJwlitU]IW11: l!. :;> L o wju 

Zl1!Jllflll~ ULJ!llli liw~wuwp uwliwljjl UjWJIW]IUIWUJlllj) uwmwljUIJIW]lb]Ill 

hwuwp wuhpwtltzm t.. npU .~1 ·h(b-r)=U 11 ·h(R-h), 11pmbq · 

U, ,Un - 6wju L w~ J ll.j[llflji~Gbp[lli UWUIJllg~nq UjW]IW11UIWU.Pllfl[l u[l ~ [lli 

W11WQll11}JIIIUlibpli bli . h- UjW11WJllflWG.pnpjl Jbpm[l pwJIO]IJJiflJIIIU[!: 

w p 
'\..,~ . 11 . 3 . Utjlubtuou ( LU~LU~tunwl]tUJilli) l4WJHUfll!ltuliJmpwqtu!i 

LUl4lU[IIUl!ljl IHUJ~lU[IlJ!J ujuhthu!i 

LU - LL(LUU!JL[ ZL4f1Ul!J~. p- LU(Jl!ljll[ J H(fll!I!J~ ( J-wt!Juh (U~lUijLUlllUlJ). 

2-zl4JIU1!J~, 3-plU(hUULUJILUJl) 

UII=O)(R+b) , 
2 

Ill UUI jl pwtlwliwliwp[1 hbnw4u1mtp.JmU[l 

u 4wtlwnw 411 4b li m pnG jtg tn]•li ]1. 

b~~ (11.11) 
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$nfutUil[l~l_LUJ~fi WUJlllJHUtnfihp(! 4J!JIW1!4lllu bli zwpw.J[lli 

(ljwpmn -'l>l1Jll um1 lil1[1 Jwuwliwlj) L hwuwmwpwo UJWpwpmwq uwli 

uuJLUUIUllju~ : 0114wliwljwli l1!W11W11lflWUJnlpjl qwG 12 [1 linpuwli 

ljtupqw~npLjlllu l: !JllljUWilll[l~jl 2WJlduwli wpwqmp.Jwli. lllllj hwlipw.J[!G[l . 

!Jmjuwllll[li [l W1llU4JllflJWli L llJH11U 

pwpo 1un p.Jwli !JtnljllljumuGbpn!J: 

pb]l~llll UjW11W[IlflWUJ11tpjl zbpmjl 

Ul1w~np dwuwliw4n1u l4lUJIWJIUIWUJlll pj1 

uwliwl[Jllp.J111U]l 4w!u~wo t lJ!njuwq[1[12[1 Ump WJIWQIIlflJillUjlg , b 

JWJUillfl.flHlijlq. l4W11WJllfllUUp111}lt Jb[ltn[l H hwummpJmlijJy L y 

juu1 111 [l.Jlll [j !19 

(11.12) 

flpt4buqj1 Ul~JWL l4lU[IWubtn]lb1Ul!J hwu~wo l4W(IW]ltnWUJ1Hpj1 

J)ulliwljmppuup pwtjwpwp[thbljtnwJIWJ[lG Q linpliw.J)lli , wlihpwdbzm t, 

llJI Ull1Jli q owjuup hwt.!wUW]l tJt(ijl" 

g = 10-o~BVQ (1ll 3) 

1111mbq 13-ututliw1jl 1!lill()114uwG JW.Jlinql.Jmliu t . V-Jwptluwli 

wpwqn1 Jl.JIH lip: 

~Ul~Wuwpbqlib111~ ( 1112) . ( 11.13) J1wliw6ub[IJI u Jll10b]Jl~ 

!Jmjuwqp[1 ~ [1 U mp wpwqmpJwu li4wwuwup. lJumwliwp 

to -o~ BVQ 
U mp = ybH (1114) 

lflfiLtfmm~l]UjlliJlWJIUHUfi.JntpLUgmfi lUllflU[IlUtnfihpJ! ljjlJIWlltjlll U b(i 

lJ!llJ jt l4WJIW11UIWU.Jill pbpnt.! lllll.lUI]l htUUWUIW(IWO L4lliJ1WJIUIW!-JUWU 

hwUW1J: 5 tulipjt Ul111ULuli lpupqt lltjuptjmu ~ LU-1[1 wliq p jt uwljbpLu[1 L 

ubpbliw.J]IJWJitlliwG lU11lllljll1 PJllllJ 4WJiljUI411Jlii1Lin4 : 

.qlllliWt.!J[l4W4wli h Ll[UlnltuiJjllllllll~Jill]LUl]Wli ilW]IlliU[IWUj2liLpn~ 

4WlflW[I~JitU l hb!Jlll4 UjlU[IW[IUIWCipnpjl mu11u fJUl]llU[l Uli[IUWU 

4wpqwtlnp!Jmu t. OWJ11W14Wliwljlil:iJijl tltmjll1jU1JtU11ll l• 6GJliwli 

Uwq]1Ulfl11W1111 U hblJIII4jl 6lizuwli 4wpqlll~ll]llll Ullt.! : 
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11.2.2."lwpwpmwfiJmpwgp~~ WUJWpwmfibp 

lTJ.wltwpmwGJmvwgpjl~Gbpl! oqmwqnpattmu bG hwGpwJJ•u u 

opqwuw4wu UjWJIWiltnWUJlllJlhllJl UbO pwGw4ntl hnqJI uwiJ.bpbu!JG 

hwuwmwpwa m•uwu hwuw11: 

~UWJWO 911Jt~Ubpjl pwqUWuUlUlllJlJWULI, llJIWUp m(ib(i ubl.j 

pUllhWUiltll hwml.jwUjlz' UJWIIWiltnWU.JillpJt 91111\U, llllJ.I hbmwqwJmU 

Dwo4~mu t h.tutwUJw4uwG ubpbGwGbpntt : 5Jtllzfihlllt hjtuGwiJ.wG pwfinq 

opqwGn UjtntntJnq u4wttwnw4G t (pupm4) . hwfipwJJtG 

UJWIIWiltnWUJilt}lb)ljl hwuwp UjllltnUwfi lllllJlWOJH.~ wnwGgpntJ.. 

o1•qwGw4wGI• hwuw1Jimpjtqnuw4wu wnwGgnntt : 

'UztJ.wa WUJWIIWtntibpjl wzfuwtnWUJ2WJjlfi gJt4Ul pwq4_wgwo t 

h114m tlJ.mtJ1g ' Ujtntn4ml opqwGJt tl.JlWJn4 uwuGJ•4Jt hw11wpbpw4wG 

2WitdmUjlg u wqwm pnJtWJtq' u1J.wttwnw4.ltg wG2wmtJ.bpug hbmn: 

.!.wGpwJJ!G UJWililllltnWUJlllJlW9Jlll~ WUJWIIWtnGhllJl pWlli.JWgwo 

bG UJmmuwumqqwo!tq wnwGgpntJ. lib4 4_wu hlti.Jm hwpp 

uw4wtJ.wnw4fihl•l•g, n1mug uwiJ.b!JbuJtu zwnwti'llt nuJJllll)}JWUp 4wu (10-

150) zbqmuntJ. WUIIWgtJ.wa bu hWil}l )}jlw4GbJl: 

ShfuGntnq~wiJ.wG qnpol!fipwg~ wmu9~fi l}lmm' uwuGJ•4Jt 

hWI1WpbiiW4WU 2WJH.tlllUJ! u4utJ.mU t UwuGJ14!! ui.J.wttwnw4.1J tl.JlW 

pG4Gbpug u pwq4wgwa t bp4m bGJlwtlJ.nqJ•g ' uwuGJ•4JtzwJuhnUJ! Uf1fi2u 

pJ•w4J•fi hwfiqjlUJbiJ! lt )}jtw4Jtli hwfirlltUJhllll9 hbmn: <l>nltOblm4 UJWpq4bt 

t, 1111 UwuGJt4.ll 2WIHhllUJ! wnw2J1G bGpwtlJ.mtmU 4wtnWiltJ.mU t 

tnqwJ•l•pliw4wG UUJJ•pwtJ• 4n11 hbmwqamf, bp4Jlllllll bGpwtlJ.mtmu WJU 

zwpdtJ.mU t pftw4JI bp4WJUpntJ.: 

OJ141Ulllll bupwtlJ.mtmU zwpdtJ.btJIU uwuGJt4Jt tl.JlW wql}lllU bG 

hbtnuJWL mdbJlll (G4. 11 .4) - UjtntnuwG 4bGtnlmGwfumJU fu = mw\ m<Jn, 

u4wtJ.wnw4l• tl.1•w, F2 = f( 2mwri - rnw\ sin 'V) ztlJ.uwG m<Jn p[1w4.l• 

tl.Jtw . lllltnbq' r; - uwuuti4.lt hbnwtJ.nJUilpJmfi(i t u4wtJ.wnwl.j_[J UJtntnuwu 

wnwGgpj1g , ro - u4wtJ.wnw4.lJ llltntnuwG wGtumGwJJ!G wpwqtH}}JlllUJ!, 

i· = V, - p]•w4J• bJt4WJGnntt uwuGJt4.1• uwhpJ! hwpwpbpw4wG 

WilWqmp.JIHUil , f- ltlJ.Uwfi qtlllOW4Jl9J! uwuGj14j1 lt pjlw4Jt (u4w4wnwl.j_j1) 
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uj1~L. - tV, l~l•w41• lt JWllW~llJl uj12lt 4wquwo wutumUJl (\jf, = consl, bpb 

pj1w4p 0 l.jbunuu 111 Gj1 pltbn lt [nqwpJ•vuwl.jwG UuUlltWtJl mbup. lt tjf, 

-to consl, bpb }l!twlt(i mqfnl t): 

L~l!W}lWJl]lt!WO juuqpJ• tJI.ip)JUWI.jWG UUJWlflWI.j[l uwuGJt4lt pnjl~J2ll 

m umuGwul•lllnp_pn uu t. llllll IJ.wtuttwo t ri = r ybmmu uwulil•4.lt 

pwgWJlOW4_ wpwqmpJlllUjtg , 11]1[! hwt!WUWil t llWillUpbpwl.jwU r U 

mbqwtlJ.nfuwiJ.wu Vc= wr WllWqlll}lJlllUUbpjl bpiJ.pw~wtlJ.wl[wG qmuwp!tG 

Va =~(Ve ±Vrsin'VK)
2 

+(VrCOS\VK? (11.15) 

A 

y 

p 

w 

q 

ul( . ll4 . .!_wtiplllj~ti UjlU[llU[llfllUtiJOlfl ~JillltUti Ul(tUt{WnWl(lU.J(lti LUI41Uptu­

Ul~ lU2ltltulflWlii)LUJ~li qn[lO(llipwy~ hw2Lj_wp4Llwfi utttbuwlibp lU-ntflfllU6 ~l\ UjUlUlULUti 

wmutigpml. uljtutjwnwlj~ p~lulj~ bpl(lUJtinnt.l 2LU[l,h(nq uwuti(tlt~ t{JllU Wttll"'l 

hbnwt{npmpJlUli npn2uLUti u)uhtllu,q-

UjW[llll[ltnLUliJmp~ ypuwti qnmm npn2utuli u)ubutu : 
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..;.wow6WJU lilJ..ll.4-JI + U}Wli]I lnuliwUJunnwutuwlim o I. pjiwlJ.JI 

IJbUJII wnw~ pbp~wo qjippJili,- liJwlip' I}bUJII hLu1 \jl,= \jl , = 0 UJWJOwuji 

qbUJpmo. tpp pj1w4li hwOJililJ.limo t }WnW~IJ!Ili , lJ.umwuwlip 

( 1116) 

hwpwpbpwlJ.wG wpqmp.JwG f ; ObOIIIJ3JIIIUJI , llJIJI hw0tU11 lJ.wqOblip 

uwuGJ•4l• zwJltluwli hwLJ.wuwpmug p[lwlJ.J•G hwuplilJ.Gnq wnwGgp[1 

GlJ.wmuwup · 

mi'; = mul r; cos 'lf; - fmg - fm( 2wi·, - W
2 r; sin 'lf;) , lJ.p6wmliJn~ 

WJU m-ul.J. · lJ.umwGwlip 

i'; = w\ cos 'll; - fg- f( 2wi·; - w\ sin '1',) ( 1117) 

Umwytjwo IJ)l~b]lblig)IWJ hwtJ.wuwpuwli JlllOlll u[ty lljWJlqtjmu t. IIJI 

uibiJwtlm!uwlJ.wli wpwqmpJwli wr hwutuwmmp.JWUp hwjtwptpwlJ.wG 

WJIWClJllJ3Jllllil! qqwtlmptG l.J.mpJl t V" >> V, . r; =' r lJ.buunu , WJll 

UJ.wm6wnmJ. JIUIJ.mutjmu t, IIJI v. = V" = wr : 

tfmufi~~~ zmpdomfi hplJJlOJlll l}lnq[! ulJ.utJ.mu t. r, = r lJ.bmiiY wr 

ulJ.qpliwlJ.wli WJlWqmpJwup pn)lW[tg , IIJI[l hwuwp 2WJII.h.lwli 

hwtJ.WUlU]IJil UU b]IJI lJ.JjlU b(i , 

m~ = -Kn Y
2 co:~. } 

my= mg- Kll v- Sin~ 
(11.18) 

ll]ltnbij" mg-uuliJilJ.Jl owliJUIIJ~JWU mtJG t, K nV 2
- oiJ[l l}JltlWl!lllllPJWli mctp, 

K.- uwuGJ•Y.lt wnwqwutnWJUillJ3JWU qujtbwlJ.)lYJI Y =~X 2 + y 2 
, ~-

uwuu)llJ.[I hbmwqo[1 zuzntJ.miJ11 lJ.wquwo tuliY.Jmup Ox wnwligp!l htm: 

1,2 blip , HJI OI\It IJ!niwilJml p Jill liJ! 1Iw2LJ.11 wnli bpn qbUJ.I2m u (II. IS) 

1nutjwuwpuwli )1Gmbqpmup ~ wtjlwqwug pwJnJ.I: LJ t4JnulJ.ml14 h[Iupbp[lg 

qlllJllJ. , WJI] UJ.WlllOWllll~ , JIUiplllibJlltJ. R" = 0 LJ 4Wll1WJ!bp!tJ. WJI}. 

hwtjwuw]Iuwli lJ.JilJ.liwlJ.!l!Ilimbqpmu' lJ.umwliwlip . 

2oX 

( 1119) 

bp4t"'l"l wpmwhwJmmvJmhJ•g ntmzhtml dwtlwtiw4u t ~ J¥ 
hwz~.li wnliLpuJ. y = H UJ.WJOwup lJ.umwuwlip owuGJ!lJ.JI lmpjlqnuwlJ.wG 

I Ax! llllJIJlllPJWOp pnJI2Pii Obom p Jill lip 

x~wr~ (II 20) 

U4w~wnw4JI l.J.JIW UJ.WJIW[ItnWGJlllPJ~ lmo qwuql.J.wonl.J. pwtjujl:qjiU 

lipw tunwGl'lJili uwuliJ!lJ.Gbjl\! plilJ.lilliU bu UJ.llltnuwG wnwligp[19 llllll1IPb1I 

r, hbnwl.J.nJBilJ~JWli 4.J1w : UJ!l LJ WJL UJ.Wm6wnG.bp)l html!wlinml 

qwliql.J.wDJI ulJ.wl.J.wnwlJ.J•g pwtjll.J.mu t A 1A 2 (GlJ..Il.4 ) wqbqj1 

]lliqqplJ.munl.J. LJ Ilwzm)l tJJIW pwJful.J.mO 11Jlll2 tjlli~ml.J.: .(wumwml.J.wo t. 11JI 

AIA2 wqbi)jl hwUWUJ.WtnWUfuwG e wGY.JmGJ.! UlWUlWGtjmu t. 72- 150" 

uwhuwG.lib1llllU: Y.blill11lllUWlJ.wli 8 wlilJ.JWU, fo-!19 lJ.wful.J.wb 

tjmtjlnfuwlJ.wG pumJP11 11wliqbglimu t ubpbuwJJI JIUil4JilJ.uwG ]WJUlll])JWU 

l.J.pw UJ.WJIW11tnWUJlllp)l fu111111pJWU hwuw~wtjlmpJWU tjlntjlnfunlJ:.JJWUjl : 

lllw11WJIU1WG.JlllpJ! uwmmgbpll.J. t4111111Uwu lJ.blimpnli)Iu unm (ro--7min)' 

qwliql.J.woJI JummpJlllUJI utowlinul t gwGLJ.wo zbplllJl bqjlbJllllU . 

ubbwglibtnl.J. r0 zwnw4J11Uf JummpJmUJ.! utowlimu t gwGLJ.wo 2bJillljl 

uJlyjlu owunul: 

O::,wulJ.wGwJ1I t , HJI ulJ.wtjwnwlJ.)l UJ.tnllluwG lj_tGmpnG[1 unm 

pwtjuJ.wo 11Jlll2 uwuG)llJ.G.bp lJ.pG.lJ.lib(i ubnJWl qn111j1 lJ ~ b(i tnbl]W2W1Itll.J.1I 

qbl4Jl j3)1W lJ. : f0 }WllWljilJl WUbliWtjlllj)11 W]ltlbpp lJ.11Jlll2tJJ1 

• min(t)2 > fma mt 0 o 

fa 
min> b 

fo - , w-

W]ltn whwjtnlll pJlll Gj1y , llJltn bil[tg lJ.umwGwlip 

hwuwp wG.hpwdbzm 1: ulJ.wtjwnwlJ.lt ti.J.Iw UJ.WJlWJltnWliJmp)l pwtjluwli 

min 
cpltn!JG ulJ.ubJ r0 zwnwtJ.IJJl uwhuwli[Ig Ipnpu: 
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lJJI4uywt.lwnwy WL4WJIWlii]l 1_1Ull4JIYUWG tWJlll~JlllUJI llJlll24111U t 

hbliiLJWJ pwGwol.tmj' 

( 1121) 

IIJ!mbq' A-bpym uyw4wnwyGbp]1 4bGliiilllGlib)l]I hbnwt.ln!llHpJmliG t. 

llJIWJl]lg A= (2.4-2 6 )r : 

.:.wlij2WJ]!G l4WJIW)IliiWUJlll13WY)l]l~ c.twuwGwywyt]lg UliubGwGbJl]l 

Unlii 2r = 0.35-0.70u. H = 0.45-0.65u, uywt1_w11wy]• UJliiliiUwti 

hw6w]uwywGmpJillU£! ng = 400-600)mUJ·' , 'I' = 0 ± !5° : 

Uyw4wnwy]1 lii)IWUwqo]t Ubbwymtin4 t.lwutwlimu t 

UJWJIW)ILnWUJIIIp]l pwz]utlwG ]uliilllpJWU hwUW~Wtftlll!lJlllUJ!, l4liiLnUWli 

hwaw]uw4wGmpJwG tibOwguwG11 qmq[!G13wg twt.lwGmu t ]uullll!lJWG 

hwUW(Wtftlll!lJlll Gp : fflwpWJlliiWGJmp]l pwz]utiwG fuliilll!lJWG wmutlbJ 

hwuw~wt[tmpJmGp WUJWhntlblm hwuwp wGhttwdbllii t p]1wyGb)t)l 

zwnwt.IIJ]l liywLntlwtlp l4liiliiUWG mqrpnpJWUp pbpb) l 0-12" -nt.l: 

Opqluliluymfi utlUJnupum•fiJmptuyp~l lUllllUflLUmfihp~ WlfuW­

mwGp]l mb]uGnp1q]1wywli qnlt0tlliJ3W9J! GnqG14bu pwqywgwb t btt4m 

tftlllUl9 . UwuG]1y]1 hwpwpb)tWywli JWJH.hHUJI p]1wy]1 b)tYWJGpnt.l ' 

qwGqt.lwo]Jg l}III)IU qwl_lll unubGlll]lY hwztlwb l.t Uwuti]1y]1 pn]t(j2[! Y, = Y< 

= c.or uytjptiwywG wpwqm~JWUp: lfwuGjly]l 4l1w 2W)ldtlwli wnw~J•G 

l}nn)mtl wqrpnu bti P = mg- owG]llltPJWG nult!. f 11 = mw1 r; L4l11l11Uwli 

yblitmGwtumJU 1110[!, FK = 2mc.or; 4np]mll•ujl jlGbpyjlwJ]l 111<1[!, Fmp = 

f(mgcos(l)t + 2mwr; )- ltfiuwG md11 p]1wyj• tliiw: 

lJwuG]14J1 hW(lWpbllWywG mbllWtftllfulllPJlllU)l pj1wy]1 bflYWJGpntl 

ywpbJJl t GbJIYWJWgGbt zwpduwG hbliiuJWJ hwtlwuwpmUntl (Gy. 11 .5) : 

mi'; = mw\ - mg sin wt- f( mg coswt + 2mwi";), ywu 

i'; = w\- gsinwt- f(gcoswt + 2u:>i';) (11.22) 

Umwgtjwb hwtlwuwJIUWli JlllOillllLl GnqG14bu yw144wb t 

pW)lllJlljJJlllUUbJl]I hblii , Jm4 r W[11Ull1Uj2J.I z]l YW)lllll Gb)lYWJWQUb[ 

uwGwywywG wpllbp pwli]l IIJI j·i << wr, WJil L4WliiOWIIII4 LlUilJILUlllU 

tG12 , u11 v. = v< = (Jl:: 
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P.G ~ Ujbu b)li.tlllU l tiy . ll .5-]lg uwuli]IYJI ox uyqptiwywli 

W)IWqlllp.JWUp !ltlPlllY]l p]lWY]l!-J Ujnyt.lbpng hbliiii wt.lb[]l hbnm uGylib[lll 

hwuwp lipw pn]•~PJI UJbliip t uyut.IJ• wnw£]!G pwml)lllmu· wt < 90": '1-)IW 

hbm ubyliibl) pn]l)j2]1 hbnwt.lnpmpjwG 4ltw wqqmu t tiwl.t 

UjWJIWJiliiWU.JIII p]l 2 bJllii]l h hWUliilll PJlllU[!, ll)lj2WG ubO t h-J!, w jGpwG 

utb t wt. IIJI]l liiWY uwuG]lylibJII_l Wli£Wl114111U bG Pl•w4l•Y · l.tw]ut.lwb 

liiW)lpbJI wqqwylib)t]ty wubG]tg WllW£ p]1Wy]1 bJIYWJllHpJWUp 

UJWJIW)IliiWGJnlp]• pwztut.lwompJmG]l!-J , uwu!.i]•ylibpl• wliyuwG 

vuqcwyuwli e wG4JmGpliWUWt4WliiWUfuWUillll t llllll2W4Jl A,A1 Wi)blllt : 

Shlufintnq~luymfi qnJH)[!fipmg~ hpypnpq lftnqfi ]1pbG]•g 

libpyWJW!-Jlimu t. hup]IqnG]l GywliiUwtlp ~ wG4Jwli liiW4, ox uyqpGwywG 

WJIWlpltpJWUp libliit.lwb uwpuG]! 2W)ldmu : (0-]Iwy]J OWJ)l]lg A, yblii]lg 

libliit.lwo uwpuG]1 2W)JduwG hwt.l.wuwpmuGbpp 4ll•libG ' 

mx=O } 
my = - mg 

4wmwpbtntl (11.23) hwt.lwuwpuwG ]!Gmbq)unu· yuliiwGwGv 

x=C 1 , y=-gt+C~ , b1•pt = O. 

C, = x = wrcos~, C, = y = wrsinj3 m11tuG 

x = wr cos~ } 
y = -gt + wr sin~ 

4wmwt•litntl ( 11 .24) hwttwuwpuwG jiGmbq)Uiltl. yuliiwGwGp 

x = wrt c,os ~ l 
at-

Y =- ~ 
2 

+ wrt sin~ J 

(11.23) 

( 11.24) 

(!1.25) 

l;Jl4Jlllllll hw4wuwpmti]19 fH1]12J2]1 tlwuwliwy)l y = -h L4WJtlwli]1g 

1l)lll2bllllllhl4121llli yumwtiwGp hbliil.tJWlJl. 

(wrsin~+~co2 r 2 sin 2 ~+2gh) 
t::: ------------
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X 

l.,IJ . II .5. ..:.np!Jqnliwljtuti tqtnuuhuti wmuliypnt[ opqtuuwlJLllti 

lLJLLIJllliJllllllllijntplllljpJl ~ LULL(tUptULiljl pwlinrtqn[lUDUfllU!Jjl htUJ L[wpljt\tuli ufl.lhUIU 

mbuwlj JWJHJuwli lllljlllllPJWU[! qmqwhbn 

wnw!iyplihpmj L!J1w2]1G t}hUJplllu pwGnq 

LIWtlfwljliuut.J. ?lihlj]l mbup ' wnwGmJ]l 

UIGI]lllljUlJtjwo })jiUJljGhjllltj : 

u llll]l]WhWJW9 UjUIUIUWU 

opqwGG 111 li]1 ljmpmtjwo 

tjJILU UjUIUIWlJWU qautj 

frr ]nuljlibJIJI umwGynl• Gljwmuwup mbqwljwJt.J.mu bG 45 u 135" 

wG4Jw!i uuulj. JllJIU J wppntj , up]1 hhmuwGpntj UJWJIWptnwG_pliJ)Jl yptj_mu 

t WiJ u ow]u: Utl!WJIWUI]l j3Upllllj]l mpwuwq]IOLI 300uu t, bpljWjllllflJillUJI . 

L= 1.6-I . Su. r•lill41Il.JuwG JWJGmpJH• up· 13=(2-3 )L: 

l;plJilllJlll 1Jhtqpmu pwGmJ opqwG11 ijilinll.l t bpljm mwpptpwljHtj . 

ljlliJUI]llJ lJJlllJill qhtlfj]lll U - lllllfllljl, ljiJWUWJJ]I pwl}lp]ll) l)JlGjlll hwtiwp -

j3Upllllj : flJIUjbu ljw(in(i lllllflllJIU mG]t 211JIU p]tw4, 700-1200Uu 

UIJIWULUqontj , 320-500 Jlllllj -1 UJUIUIUWU hw6wfuw4wlilltflJWUp : flhlpmlj]l 

UJUimuwG hw6w fuw ljwGnt JlJIII Gp 500 JlllUJ-1
, UJWJIWJlUIWUJmp]l pn]l2J2]1 

hbnwtjupi11pJlllGJ1 hwulimu t. u]1Giu 12u : 

27'2 

•Gl]Ullj(lh[llt.J. t-]1 wpdbpl_! wnw9]1!i liwt.J.wuwptiw!i ub•{ ljuUJwuwGp 

hup]Hjn!iwljwG llllll]lltflJWup UjlllJIWJIUIUlliJmp]l pn]tW]t ubbnzpJillUJI . 

x = W
2
r

2 
sin 2~ + wr cos ~J w2r2 sin 2 ~ + 2gh 

2 (11.27) g a 
0 
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luntJl[llllt wzfuwmwGp[l mb fuUn!nq[Iw4wG qnpb[tUf)WQ [1 

UUJwmwljfi t ljwquwnpb[ n1mzwl!I• Iun1unp.rwup wljnu, ub!tUb1Il! 

UJWilljbgGbt U!lW hwmw4J•G u awolJbt 1Ull]lllJ.: Cum qnllblll]lllf).JWU 

ulJQJ!mliul• Iun!J1It4Ghlll! 1[1Gmu tG hwupfipwg u UJmmw4wG zw!tduwu , 

[mlJ[IUUl mhfuGntnq[tw4w!i u4UQJ!IIlUl][l' llll]}U]. pmp u Ulllll wliltJw!i: 

Iun1Jll•41• pwunq 1}11110~Gpwgl! UmJUUJbu pwqljwgwb t bpbu 

IJlnttJ•g· wljnu[t 4wquwtJ.n1unu, ub1Itlh1tlt mbilwpwzfumu w4numu, 

Ubjttlb1l[l uwuGw4I• 4wu tp[ttJ. awoljm u hnqntJ.: 

U~nu~ ~mquml[npnui: U4nu}t auG Ill ~wtJlhp[l 4wfutJ.wb bG 

Iun!J1It4lt 4wqun11 ubUJJ• UJWitwubmith1tlt~J" hwuuGpwg zw1•duwu 

qbuwmu u u4wtJ.wnw4Ghitlt IJlnfuwilWPa •ll•PI.?[tg' UJmmw4wiJ zw!tduwu 

IuntJ1It4lihitlt •lhuwmu : 

Unq1 uputJ. Iun1Jl[t41t wzfuwmwliul• mbfuGntnq[tw4wG 

qnlto~Gf}wgJ! 4wmwlt!J.mu t finpllwt, bpb •wtJ.wault wGtumGJ! 

a< 90- <p , WJU[tuuG lunllt uwuG[tlJGbpp wqwm uwhmu bu IuntJl[tlllt 

WlliJU[l h<umtJ.: Pmp pf)n!J. IuntJll•4lt UllllUWt wzfuwmwGu[l hwUWil 

wUhitWdbzm t a< 90 + <p UJWJUWUJ!, llllUJbUqll hmm ljwu untwfunmbp[l 

W!tUwmlihllJ! IuntJl[t WlliJu[t h<Um!J. uwhbG qbUJJt Gb!lPU u uhilU!J.hG lnut[l 

ub2: 

1Tlmmw4wfi zwitduwG fuu1Jl[t41• ulJwtJ.wnwlJ[t hwltpmpJmUG bpu 

ljWUlW!llllU bu PZitlJGh!t[l llh!l, pu4 Wll9ltlt u[twguwu qnm[tG 

IJlnfuwll[lUlllU t pwp[t4[1G., WJ'l UJWU16wnntJ. w4nn[1 auG Ill ~wtJlb!ll! 

lJwiutJ.wb bG [1U2_Ujbu u4wtJ.wnwlJGb!1[1 u[12u 4wqutJ.wb wGltJwG. 

utampJmli[tg, wJG.UJbu tt wn2ult uwumu GpwGg hUJuwu 4hm!t 

PW!lO!llll!} jntU [tg : 

blipwtutbGp, up uljw!J.wnw4G.hltlt hUJtlwG A ljbutl! qmG.tJ.mu t 

npnzw4[t pwllO[HllpJwG tJ.pw, Hill! nfmztJ.mu t zwnwtJ.qJt R=OA 

pbl]ll1f}JWU a wG4JmumJ. : U4wtJ.wnw4fihii!t IJlntJ.w<)p[t wfi4JmGu 

GzwG.w4btJltJ. ~-ntJ. ' llllllZhGp w4nu[t tWJUntf}JillU[f b=BC=2ABsin~/2: 

ntubup uwu (ulJ.I2. I) 

AB=OA-OB=R-Rcosa= R(l-cosa), mum[t 

27-1 

b= 2R( 1-cosa)sin~/2 

'U~.12 . 1 UlJLU~LumuljLUJ~U tum~JllJn~ pw~JL(wa Lu~nu)l[lUJ!imp.JLUU 

n(ln;nlwfi utuhtlul 

( 12.1) 

Uynu[t tWJlimpJmU[! lllll12l[lll u t u4wtJ.wnw4Gb!1[1 hnqj1 hbm 

hUJUWIJ fibitl}u[l ybmhtt[l hbnw!J.nlmlpJWUp: 

UmwgtJ.wo pwuwau[t (12 .I) tJ.bptml)mf}Jl11 uu gmJg t mwutu , 1111 a 

u ~ wUll,Jmlilihit[l ubawgmu[tg ubowumu t uwlt wynu[t tWJU111-

PJIUU~<wgwhwmJt4wJ[IU zwppwgwuubp[l UIIUl J!UtpnutJ.wo t a=50°, 

~=I O" lJbowglibtntJ.a wGll,Jwli w1tdh!m· a>50° - [1g uywtJ.wnw4I• Gbltpu[t 

ljbmhpp hbnw(imu bu [lllillll[Ig u upwlig[tg JlliJlWl]WliDntlll! pwgmU t 

wnwfia[tli w4nu: liJll mwpphpw41! oqmwqnltatJ.mu t fibqwzwp 

zwppwgwuGbp[t tJ.pw (a=100°, ~= 18" , 2R=350uu, b=65uu) : 

tp~pnpq ~1mL)l· ub]lUbltll pwzfumu~ wynumu num funpmpJwG 

hbmwqnmmpJIHli~ gnlJg t mwJ[lU , np ubpubp[t gwuuwG funlllliPJIHG~ 112_ 

u[1zm t hwuuliyUmu Iun!J1J•4lt J!lipwgp[t fuupmpJwli hbm: l.,ztJ.wo 

pwgwuwljwu b[lUlltJPI! UlblUI t Ill ubGmu (W!J. GwfuWUJWU1JlWUU1tJ.wl) 

lmq111u : UnpmG hmw 211iJtuGgmu t tun1Jll•41• pzJt4Ghptt. Gh11u t !3wtJ.ttJ.nni 

u lJwquwtJ.npmu pbp ab lnuppmpJlllli (G4.12.2), [1U4 ubpuhltG l.llilJGmu bG 

WJI} hWilPillf)JWU tJ.pw u owoytJ.mu h 1,h2, h1 u WJlU fulllllllf)JWU tiJtw: l!jl} 

hltUlll.JP[tq fumuwtJlbtm hwUW[l, fun!J.t[l ubppu[t uwumu rwtJ.mu t phD 
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wuwwqwpaJi,' pJipbrL!Jlt wnwaqwltwG ubjn.lbj!Ji hwuwp: Ubpulip11 , 

hWJ!tJ.wotpnj pbp pJ!j}bJtJ!ltJJG, liiiJlJ4nlu bG qbUJJI Jumjljtlt!I ppwuwup' a 

lthllljl I.J gwlitJ.ntU hWUUlWUllllU tunjllll pJWUp : Ct}luwli ubi) L]ll[IOWI.t!Iq 

mGbgm1 utpubpJI gwtipJl I}huwmu hpl.twpwglj111U bli JumjlJtltGbpJ! 

PZJlltGhjlJ.! , npnlip l1Jill2 ctwuwGwlt 14whmu bG lllllJWJJ!li 4wliqtJ.wop UJ!ll,I_I.J 

ubpU[l hwutiJ1 wltnuJt hwmwltJIG : 

w 

v ---

p 

'Vlj . l :!.2 .:_nflll !ibp[HUIJ.l~ q npa [!!ipwyli bp[ltuljllULUI(Wt[UWLJ nfl ULUU OLUllLU­
(iwlj' 

w- tu!iljbpLUJ~U tunlJ.l~lj, 

p- ul]w!J.tumuljwj~(j lunlJ.l~lj 

Uhpuhplt chuoljmtil! ltwtutJ.wa hnq}1 un[llllU111!~JWU wumJ16wGJty 

ltWlllWJltJ.ll1 U t UWUUW lt}l ltWU UJJllj: .(llllJ.l , fHUt}lljbpilj tumpJilt}l 

ltnqwu[Wlllb[!Jig , nl.iJ}lllUlllU t p tiwltwl.i pbplllj} JWU wG ltJm G: L!.tihpw<.tb2m 

t j!Ulll)lb[ tumPJ!ljJI WJGUJ.lmJ! ljwnmqtlwDp. ll]ll! hl.iwpwljllJllllpJiltG mw, 

llJIU)buqp Wl1W 2JIG hbppJ!G ubpUJl tJ.[lW pwt}ltlJI J1mtiwtJ. lnlllll (UbppJtG 

2h[lmhpJig), WUJW ~n11 hnql! : tfwuwtiwljwljJlg tunt}IJ!ljlibpJt umtqatlwo 

bG w Jl} uljqpmGpntJ. ' hwllj!Gpwg 2WJlctuwti tunt}IJ!ljGbj!Jl ljlll]WUjWill hpJ! 

GtpvuJ! uwuJ! pbp t ljmptJ.wD , Jm4 ultwtJ.wnwljwJJlti Junt}IJ!ljGbpJI unm 

(l.ilj . l2 .2) ultqpmu pwt}ltlmu t a1 b1 ztpmJl tunGwtJ. hmJJl , WUJW a,b, 

2 b[llllJI 2.ll[l Iuum: 
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lumftltljlihplt mhqmljwJnUI(! ZP2Wiiwljlt I!Pw ltwmwptJ.mu t ' 

hwztJ.JI wnGbpitJ. gwtitJ.niJ ltnt[llllll]IWJP u}I2ZW!IWJ}Ili [WJUlllpjntU[l u 

tuntflJ!I}Jl qwnmgtJ.wDvwJllli wnwlioliwhwmljmpJmlilihpJ!: tunt}lpljp 

wztuwmwlip}l ctwuwGwl} IJruwhJI}lg I.J Wl12U}lg 2W}ldt.lwG lllllfjlllpJWUp 

WllW2WU!ltU bli llJlllZWIJ}l ~wt}lhjlp hnJjWJJ!G puppqGh]l: linw2wgwb 

lmiJWJJ!G pupJ!IJ.GbpJl lWJulllpjntG[l hGwpwtJ.npmpjntG ~}1 U!Wj}lu }unt}lpq­

l.ihJll! mbqwl}wJht u}1 2WJipntJ.' }IJIWJl}Ig uJ12ZW}IWJ}IG hbnwtJ.n[mtpjwG 

~wt}lntJ. : UJq UJ.wm6wnntJ. h}Iuliwl}wlimu lihiJwzwp gwtipp IJmtmm­

!lwGhJllt ZWJlpwgwGGbJlp 4.J1w tunt}l}lljGhpJ! mhqwljwJtJ.mu bG bpl}m 

zwppntJ. : 

funt}lJ!l}Gbpp hbnwtJ.npmpJmliJ.! GmJii zwpvmu UJ.bmp t trliJl b>b., 

IlJllllhiJ bx-puppl}Jl tWJfilllpJmfiG t , hwljwnwlj qhUJ.PntU hwpuwG 

tunt}lJ!IjG bJlJ! ltlntJ.bli hmtntJ. u l}qwqwp}l mhtuGntnq}lW ltwfi qnpbJ!fipwgp 

Gnpu WL}lJlW l}wGwgm U[l : 

<.wuwowJG t}lnpoGwljwG mti.Jwtlihpp G2tJ.wb hhnwtJ.nJmtpJmG[l 

1111limgwou tunt}IJll}lihpJ! hwuwp ljwqumu t b2::15uu , wGl}hpwJpfin' b? 

20uu, hpljuqwtJ.wnwqwJJlfiJ!' b?25uu: 

bpljwjGwqwG nupjmpJWUp tumJ!pl}GbpJI hhnwtJ.npnl}:lJlllU[l 

J.!GrpnGtJ.mu t. hpljuljwtJ.wnwljwJpG tunt}lpljGhpJlG[f 22uu, GhqW2WJIP 

gwGpJ• ultwtJ.wnwltwJpli tunt}l}lltlihpJlliJ!' 47uu, lliJumgwJJluJf 35uu : 

5wGpJI hwuwLwt}lmpJwG 4.J1w ' J!Ulll tunJlmpJwu wqtpnu t nL 

UJlwJii lll1Ill• pwt}ltl.hll! tunt}lpi}Jl ut2, WJtl.l lipw hwtJ.wuwpwqznmpJillUJ!: 

funt}!Jlqp WUplll}2 J!JlWUJ! (1) l}nzm uJlwgtJ.wb t hJlWUWGwl}JlG (8), np(i 

wqwm UJ.mmtJ.mu t lmpJlqnGwqwG wnwGgpJ! (0) 2lllJI21!, mumJl }unt}lplj­

bJiwuwGw4 hwuwljwpqG mGp wqwmmpjwG t.lb4 wumtJ6wG , npJl 

t}lnt}ln}umuntJ. UJ.WJUWGwtJ.nptj.wb t UJIW hwtJ.wuwpwiJ.znmpjntGJ.!: 

funt}IJ!ltp wztuwmwlipJ! hwlj_wuwpwqznntpjntUJ! ljwtutJ.wb t U)IW tJ.pw 

wqt}lliJ WJlmwpJtG mdbpJlg, hrntlt :Pllq}!IJ.wqwli mhlulintnq}Iwqw(i 

hwmljwGp2GhJ1J1g , IJW2U1Jl uwl}hpuntjppg u GpwGg t}lnt}lnfuwqwG 

pGnlJpJtg: funt}!Jllj- hpwuwGwlj hwuwqwpqp tlJIW wqJ}mU hG' tunt}lp4-
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bpwuwliw411 awlijllll?JWli Gnu:tJI, bjlwuwliw41I tjJIW wqiJllll quUiwliw4p 

(2) olizuwli G 1 mU]l, lmqj1 hw4wqquwli R hwuwqnJip, pwpzll PmdJl: 

uztjwo mdbpj1g UjlWJli Rmdli t u lijlwlijlg 4wtutjwa Pmd]l, np 

wztuwmwlipjl JlU?wgpmu tlJ.mpntutjmu bli qqwllizwtlJ.ntj. G u G 1 mdbJijl 

tlJ.m}mtum?JlllliJl wlilizwli t: 

<.w4wq11UWli mdj1 (R) tlJ.ntlJ.ntumpJwli UIWm6wnntj tlJ.ntlJ.ntutjmu t 

gwlipj1 tunJmipJlllU]l u tuwtumtjmu t wupm12 hwt1w4wJlqjl hwtjwuwpw-

4znmpJmlipmqqw6jiq (jilizUibu liwu lmpj1qnliw4wli ) hwpplll?JWli ut2: 

'l-jiUlWJl4tjnq hwuw4wpqj1 zwpduwli hwtjWUWjlllLUUbjljl 4wquuwli 

hwuwp plimpmu blip 4nnJlll!IliwmlibJill wlizwpd XO''{wnwligplibp]l: 

<.w4wqquwu mdj1 R tlJ.ntlJ.ntump.Jwli hbmuwlipntj 2WJlpwgwli]l V0t 

6wliwt4WJlh wliglibtmg hbmn, blipwilJiblip tlJ.ntlJ.ntutJbt t gwlipj1 

tunJllll?JlllUJl flpnzblip awliJllll?JWU 4blimpnliji 0 4miJ111Jlliwmlibpl} 

ubpbliwJjl mbqwzwpdjlg hbmn: <.wuw6wjli li4.12.3 4wpnq blip qJibt. 

x = v0t- r sin(\j/0 + \j/) + r sin \j/0 } 

(12.2) 
y = rcos\j/0 - rcos(\j/0 +\j/) 

li.JU hwt1w4WJlqjl OWliJllllpJWli 4bUU1Jllllip zwpduw(i 

WJlWqlll? JWU ll.JllllJ b 4gj1wli bJl]} 4Ulli b(i 

G 

x. = v 0. -. r\j!cos(\j/0 + \j/)} 
(12.3) 

y = f\j/Sin(\j/0 + \j/) 

ulj .12.3 iumpflljlibpp ljtujmlimflJLUU mumliliwuppliwli ututliw 
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Oqmtjbtntl Lwqpwlidj1 bp4JlllJl'l 4wpqj1 hwtjwuwJunulibpjig 

4wqublip tuntlJ.jl4WJj1U tuupjl zwpduwli hwtjWUWJllllUlibjlJl \jf 

pliilhwUJiwgtjwo 4nnJlll!Iliwmji IlhUipmu 

d (dTJ dT 
dt d\j! - d\jf = Q'l' (12.4) 

npm bit T- 1Iwuw4wpqj1 4}1li bm}14 tli bpqj1wli t, Qljl-l}liqhwlipwgtjwo 

md]l: .(wliw4WJiqji 4!IlibmJI4 tlibpqj1wli 4llilijl 

I . ) . ) 1 . " . 
T = - m( x- + y-) +- J 0 \jf-, npmbq m- hwuw4wpq}1 qwliqtjwali t , 

2 2 
lo- tuntlJ.ll4W.J!lli tuupjl jllibpgjlWJJl unubUUl]l OWUJllll?JWli 4bliU1JlllUlltj 

wliglinq wnwligpp li4wmuwup: UJuUilmntj 4umwliwlip' 

1) 7 .om . 1
1

.2 
T=-mv0+r-\j/---mv 0 f\j/COS(\j/0 +\j/)+-

2 0 \j/ ,mump 
2 2 

dT 7 • • 

d\j! = mr -'l'- mv 0 r cos(\j/0 + \j/) + J 0 \jf 

dT . . ) 
d\jf = mv 0 f\j/Sin(\j/0 + \jf 

d (aT~ 7.. • . 1 .. - -. = mr~\j/+ mv 0 r\j/Sin(\j/0 +\j/)+ 0 \j/ 
dt d\j/ 

liJuUilmntj, mumu(iw ujlJltjillj hwt1w4WJlqp 2WJldUwli 

hwtjwuwpmU]} 4lllli!L 

(12.5) 

llJlUlbiJ' J n = J O + illf 2 
-jllibpgjlWJjl pbptjw<J UllUbUUlU t: 

l2liq.hwlipwgtJ.wo mdj1 Q'l' npnzuwli hwuwp oqmtJ.blip tuntlJ.!I4!I tJ.pw 

wqllllll mdbJljl hliwpwtJ.np wztuwmwlipJl hwtj_wuwpmupg' 

MRb\j/= Q'l'b\jf, mumj1 MR = Q'l', npmbij' MR- tuntlJ.jll.jJl t1J1w wq!pul 

mdbpp unublimli t 4gt1wli 0 4bmJ! li4wmuwup: 

Oqmtj_bp1tj_ li4. 12.3-jig 4WJlllll blip qJibt 
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M R = R cosar cos( 'l'o +'I')+ R sin ar sin( 'l'o +'I')­

-Gr sin( 'l'o +'I')- G 1£ 

YWlnW1IhtntJ. llJllll uwpbuwmwl{wl{wG tlnnpn]umuGb11 l{umwGwGl2' 

MR =a 1 cos\jl-a 2 sin\jl-a, =Q 
-' ljl 

npmbJf 

a 1 = r[Rco~a-\ji0 )-Gsin\jl0 ], a 2 = r[Rsin('l'o -a)+Gcos\jl0 ], 

a 3 =G/ 
liJuUJlmntJ., ]untlt]Il{wJ]lG hwuwl{wpql1 2W1HtuwG hwqwuw1mLULI l{ll1G]1 

Jn\jl=a 1 COS\jl-a 2 sin\jl-a 3 (12.6) 

~bp2]1G hwqwuw11liwG pGmbqpuwG hwuw11 oqmqbG12 hwJmG]I 

.<t . d\jl .. dZ d\jl dZ · 
u pnqGb11]1g' GzwGwl{bGl2 \jl= -dt = Z, mum]1 \jl= --= Z-

dt d\jl d\jl' 

pu4 hwtJ.wuw1mLUJ! ( 12.6) l{qptJ.]I 

1 
ZdZ = J(a 1 cos\jl- a 2 sin\jl- aJd\jf, ]1Gmbq1Ihtntl. l{umwGwG12' 

II 

1 1 
2Z = J( at sin \jl+ a2 COS\jl- a 3 \jl+ C 1 ), nptnbll Cd! pGmbq11UwG 

n 

hwumwmmGG t, npJ! npnztJ.mu t ul{qpGwl{wG Uj_WJUwGGh1Ilt9' 

t = 0, \jl= 0, \jl= 0, cl = -a2 

liJullllluntJ., 2W1IduwG hwqwuw1nnuJ! l{umwGw hbtnuJWL mbul2J!· 

z? . ? 2 ( ) - = (\jl)- = J a 1 sin\jl+a 2 cos\jl-a 3\jl-a 2 (12.7) 
n 

= 15° l{wu 'I' = 0.3 nwq, mpbuG '1'2 = 0.09 l{wpilll bG12 J!GqmGbt '1'2 ~ 0 

4wU o/ = ~2 a,~ a, · .J\il, •hw<j>n]ubtn~ 4umwfiwfip 
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t= 

at- a, 2 
'I'= 

21 
· t , mbqwiUihpitJ. a, I.J a3 wpdb!2GbpJ! tJ.b112Gwl{wGwUj_bU 

n 

\jl= r[Rcos(a-\ji0 )-Gsin\ji0 ]-G 1£ ·t 2 

2(1 0 +mr 2
) 

(12.8) 

UmwgtJ.wb' W1ltnWhWjtnntpjwG tlh1ILllt0IUpJ11LGJ! gmjg t mwum, 1111 

111112WG ubb' bG quUj_wGwl{]l ubquuwG mdl! I.J hwuwl{wpq]1 b'wG1nnpJwG 

md11, WJG!2wG t!In12p t gwG12]1 ]unpmpJwG 'I' mwmwGmuGbpl!: lfJmu 

l{uqli]IlJ 11Jll2WG ubb' bG h11wuwGw4J1 r h1I4WJllUPJ11tGl! I.J pb11tJ.wb' 

]1Gh119]llUJ]l .J. unubGtnl!, WJG];2wG l{WjlltG t gwG12ll J:u111111Lpjll1Gl!: 

lvntltlt4]I mwmwGmuGbpJ! GtJ.wqwqnlJG]I hwugGbtm twtJ.wqmJG 

Uj_WJUWGI! 'I'= 0 W1Idb];2G t l{wu 

r[Rcos(a- 'l'o )- G sin \jl0 ]- G/ = 0 

lijU pwGWOUJ! hGwpwtJ.n1111tpjmG t mwum Uj_JlWL{tn]Il{ll1lbG GtJ.wqwqniJG]I 

hwugGbt ]untlt]ll{Gb1I]I J:un1unpJwG mwmwGmuGbpl!' tltntltnJ:ubtntJ. 

b'wG)llnpJWG G mdl! l{wu h11WuwGwl{]1 bpl{w)llnpJmGJ!, uwuGwtJ.n1IW­

Uj_bu hbtnuJWL Uj_WJUWGntJ.' 

G 1f 
r = (12.9) 

Reo~ a- 'l'o)- G sin 'l'o 

lipmw12]1G wqqwl{Gh1Ilt. hwml{wllj_bu, R hwl{wqtluwG hb­

mi.JwG12ntJ. wGJ!Gqhwm ]uw]umtJ.mu t hwuwl{w1Iqli hwtJ.wuw1Iwl{znm­

PJlltGJ!, npJ! I.J hwGqbgGmu t 0 l{bm]1 Gl{wmuwup J:untlt]t41I Uj_tnmuwG 

mwmwGuwGJ!' l{wJmGmpJwG tJ.wmwguwGl! I.J ubpu]1 pwquwG J:un1mt­

pJwG tltntltn]uuwGl!: ~wuwl{wpq]1 mwmwGmuGbpJ! zw1mtGwl{tJ.mu bG 

WJG!2WG dwuwGwl{, upG2U Wl1W2WGmu t wwgmgpL hwl{wqqmu I.J 

tltwl{mu mdwJ]lG pwquwG4JmG]1G: 

CGqhwGmp wnuwup ]untlt]IltP J!Gpwg];2]1 J:un1ullpJntGJ! 

Uj_Jlwl{m]I4n1lhG 4w1IqwtJ.n1ItJ.mu t mqqwopq pbnp (G+G1)- pwGllll 

011qwG]1 IUitJ.Wb-121• wh4JwG I.J l2WPZ]l md]1 mqqmpJWG tltntltn]uuwup: 
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UnwtlhJ uta 4]1]1Wlllllj3JillU t(i umwgtl tun]UllfJWU 4wpqwtlnpuw(i 

WllWH\)]lu hp4m hJ1wGw4Ghp~: 
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t3wtin]l u m!i41lwli ututuwutp]I J2Wil2WJ]Iu Il!Ii.lwl}lunpJiuGp 

4wtutlwb t hnq]1 ~]lq!I4w-mttuGHtnq]Iw4w!i hwm4wG]!JGhll]Ig, 

tump]I4lih]t)l JIU]JWLJD)l tunllllLJ3JillU)lg u utptGwJ]l J~UI}q[l41lwli 

]WJUillfJIILU)lg : .Qwli]l 1111 mtl.JWL 4mtmlll]IWJ)l gwGp)l dwi.lwGw4 

tunlllllf JilLUJI L4]1W4m]I4nllhG t\Gmu t wGtf!mpntu, I.!Ul}.lllUtlmi.l t 
PWIIJWJ)lti l})lUWil!llli]JJWU u J1Uqqp4t\w(i tWJUlllfJWU mq_ln1 qbwj]lli 

4Wt4 ' 

R , = KB ( 13.1) 

llllmhq ' K - uhpt!iwj]l mtuw4WJIW]l q]lUWiliUll]JJIIIUU t , (i /t\ , 11]1]1 

4wtutJ.wb t tuntf!]14lih11]1, wli]nJ.Ghll]l Il!IUWI}]llllfJIILUUh]l]lg u WJlU , H -

t\hptGwJ]l !.!UI}qll4tlwG ]WJUIIlfiJI1lGG t, t\ : 

Umnpu ptptjmt\ tli dwt\wGw4w4]1g gwGp]1 u mG4t\wli 

utptliwGtp]l mtuw4WJIWJlll]lUWil]llllf.JWU unmwtlll]l wp<tl:inlitlll! U]lli .>_u 

1140/d pwtinq WllwqmpJWU l}hL4PII1 u. 

~wgwhwm]14w.J]lti 4gntjj1 2W]lpwgwG 

<.wgwhwm)I4WJ]lU 4wtuntj_]l 2W]1DWLJwU 

~wG \) wpwtingwJ]Iu 4wtuntjJIJW]lpwgwG 

tiw4liilhll]l 4wtuntj_ll JW]lpwgwG 

b q]IlljmwgnptG]I 4wtuntj_]1 2WIIPW9WG 

fllwpwpmw UJIIL ]3W9]l]l.>. zwppwgwli 

4wtuntjjl 4Wilmn:p]llWmG4]I.>. 

K. 4li /u 

1.0- 1.5 

0.95- 1.4 

0.5-0.8 

0.8-1.2 

1.1-1.4 

0.35-0.7 

3.0-3. 5 

lipwqll1]3JWU t\tawgmt\]1 114!.1/d-]19 utawgGmu t liwu pW]lJWJ]lG 

Il!11JWllllllL]3 JlllU]!, ]!Gq lllllllU wnwtJ.hl ]1Gm tGu]nj 4wtuntj_]t 

JW]lpwgwtilitp]l unm: li.Jl} hwGqwuwGp]! pwgwm11tJ.mu t 2Witclt\wGG 

IliililwhwJwg IILJ1IpHfJWOp JW]IpwgwG]t mwmwGmuGh11]1 womJ.: 

flllll2 gwGp]1 u mG4t\wG t\tptGwGh]I ]tphlig pwlim1 opqwGGtp]1 

JW]IclwhwqnlllllllUI! umwlimt\ tG hqnJllllfJWU wG\)wmuwG Ll1Uhn]1g : 

vt\w(i I}hl4PlllLl tunJIIllll]ll} t mptjmt\ l}]IUWIJ]llll!JJWU hwzt!WJL41} 

4wmwpht]!Um hqnJnllpJwli ' 

N 1\-1 = R ' v + N llOM ( 13 .2) 
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nJnntq· R, - utvtliwJ~ vwpzwJJtli q~uwqJunpJinlili t, v - utvtliwJJt 

zwpauwli wpwqmpjntU[!, Nl\()\f- pWUilfl opqwlilitp}l zwpdwhWI111JllltlWU 

hwuwp wlihpwdhzm hQHJunpJlllUf~: 

lllWJlWJlUlWUJmpwgpp~lihpp unm NnoM qqwllt uMmpjntU t 

~wqumu, pu~ mhuw~wpwp hqnJunpJmU[!, qwjUtjwo lllWJtwpmwliJmpjl 

~pqp~w-mhJulintnqjtwqwli hwmqwli}tzlihpjlg, mwmwG~mu t 

NBOM 
q = -

8
-=3.1-7.1 ~t.lm/u: 
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ShJuG\tl.jwl.jwli t![t~mgGhp\1 WJlutWIHlllllW~wGmpJWll u pwllnq 

qnp01Ilipwqllhp\I npwl.j\I pwpapwgULUU llll]ljlllpJWUp hul.jWjWI.jwG 

WJJuWutWUJ)lil:.ji t;(j UlW]ll[ht u mwptjmU hll , UW\.jWJU W.Jl] qli]HJlllU 

wnwtJht wpwq u qqw1]1 hW):liiiJillPJlltlilihp]t hwuGhpu hLUtlwp WJUlll­

htmu wGhpwcJhzm t IJliJIIJlhli qpw11t.lhL qnpogGpwqGhpJt wt.[umuwm 

l.jwnwt.[wpuwG u hul.juwG wzJuwutWUJ)UilJUitj: 

t'>wGJ)jl, mGI.juwG u 1.4WJlW]ltnwguwG uhphliwlih]Ijt qnpo[!G­

pwglihp\1 wt.[mnuwmwguwG WJluwmwGpuhpp uhq UllUl u W]lUlWUWh­

uwGmu mwpt.[m u tli tphp lt]Iuliwl.jwli lllljljlllp.Jnl G lihpntj' LUqphqwmlihp\1 

wt.[mnuwm I]l:.l.jwtjwpuwli, mtJuGnptqjtwljwli qHpiJpGpwgGhpjl wtjmn­

tlwm huljuwl.i u wqiJtuGzwliuwli u mtJuGnpH.JjiwljwG qnJIO[!llpwgllll]tji 

wtjmnuwm ljwnwtjwpuwG mqqmJ~JmGGlltmtJ : 

UqJ1hqwmGhJ1p tutjmnUIUUl qWJlUlUfi hwtftulJwJlqhJlfl wzfuw­

unufipp u~qpmfipl! hjnilil[wo t zwpduwli WllW2WilJll[WO hhmwqbjt 

t4wm6hliwhLUGuwG l[jlW flJll4GU WllWiJWllJil[WO hbmwqjto [Iliqmlil[mu t 

h llmpwli Jtz bpjt pmJ wo w ljnuG hpp: <llwmobGnJUJ[l JLU[Hft.l bp14 W.Jll 

wljnulihJUll[ wqphqwut\1 zhquwli dwuwliw~ WQl]WlizwGmu t hjlT}]lll­

mdtqwgmg\t~ jl tlqwlj)Ili , llJILl hJuumq[wliji uj1~ngntj Gbpwqi}lllU t 

qhl.jwl[WJlUWU 6qw6nqjtli u zutljmu wqJibqwmjt wzJuwmwGmt: 

UlihJIWdbzm t lizbt. llJl wt.[umuwm qtljwt.[wpuwG WJU hwuwljwpq[t 

tuztuwmwGult uth\ulinpiqJiwljwG lmiUWJ}nnJ3JlllU!l (WtJlwqwug gwop t 
JlllflWJ2WU~Jlllll plipwgpJlg hl:.utll wqpbqwu1[1 zb!]UWU uhompJllllillh)lJI 

qmuwpt]lllu tG u j1 t.[tpyn utwtlm qnpopllpwg]t utGpwl[wJlWJliiJIWlj: UJ1l 

tqwmownnt.l GljwpwqJll[wa wt.[mnutum hwuwl.jwpqtpu umwqbL ta 

uwhuwGwt!Jwl.j ljjqtwnmJ3JmG: 'VbttlJWJlllUU tW.JU wzjuwmwGplihp bG 

unupt.[mu t]hl.JmJlWljwli . Ol4utJILjwl.jwG, nWIJJiwgjmli u WJJ uljqpmGpJl 

utt.llt2GliJlji oqmwqnpauwG ntqiJlllpJwup: 

Shfufintnqflwqmfi 4"Jlcrl!fif}wgfihJtfl uuJmnuwm huqnull! L. 

wqqtufizwfimul! 

').tnuu uJIU2U OJIU (lJIIIllWUlUmlluwljwG ubpbGwlitpjl wqpb­

qwmlib]l\1 uta uwup ~bG hwuw1Jll[lliU qn]IOJlUJ~WqlibpJl wt.[umuwm 

l.jwnwtjwpuwG u huljuwli uwppb]mt.[: l!_Pl l4WJlutwljwGmpJrnGGbJILI 
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4wtnWJlllltl t U1JIW4tnllJli1Utnlf tnpwl{tnnJll! t.lwpbpn1 hbtnpwfiJIJll hbtnpnt.l 

tlj1wc:twuwfiw4 hbUlubJnt.l fiwu ubvbfiwJJl WJjUWI11WfiJ]jiU: 

UqJ1bqw111fibpj1 pwfiiUl wpwq..rnpJmfilibJtjl tibbwgtiwG hbl1luwG­

pmj 111pW411111JljlUI1ll! :t>Jul]I4Wtqbu i}l hwuglinttl t.IWJIOt UlJIW4U111Jll! u 

tlJtwc:twtiwfiw4 hu4bt tlbpbliwJJl wzjuwtnwlipu: liJll tqWUlOWnnt.l 

fibpltWJllltlU l{WJlullp tqwhwli~ t I}WJlObt tnbjufill)llq}1W4wli q..tlpbtlli­

pwgfihJtJl wt.1111ntlw111 lm4tiwG Gnp UWJipbpjl utnbqbtlwG. qnJmpJmG 

mubgnqGbpjl 4wi11WJlbtwqnpbtiwfi u WJlUlWllJllliPJWU lib~ IUlWfig Gbp­

IIJIUWU hwJIQhJt)l: UlihJtwc:tbzm t, nJt U1JtW411lnJtJtumu wnwfig 

ll1JWI}JllllJ3JillU)l zbqbpn wt.J.umtlWUl l{wpqnt.J. bWI}IlJllplttl U\JlWUW pwfim} 

qnJlbJ.!GpwgJI tiwuJiu · OWJUWJJlG l{wti tmuwJJIG wqi}wGzwGJl 111buvnt.J.: f<tb 

nppwG c:twtiwGwl{ t bwjuut.J.mti tnpwl{UlUJlJtuU1Jl l{mttiJig wqJihqwl1lmtl 

wnw2wgwo wGuwppmpJmlifibJJtl hWJtnGwpbJitlwti l.J t.J.bpwgtiwG 

WJjuWtnwGpGbpji \jJlW, bpumtl t hbUlUJWl OJljlfiwl{jig (fil{ .l4.1 ): 

lJpqm GnlJfiWtnlilll wq_J1hqw111Ghpl- wnwtig wt.J.tnntiwtn uwppj1 11-

hul{tiwli W\jUllltlWtn hWtlWl{WJlqnt.J. hWUWUUJ.WO, wzjuwtnwfipjt {!lipwg­

pmtl UUlWtillltJlll. 11Jll12 wfiuwppmpjntG , l{npgGmti bG wzjuwtnwdw­

tiwliw4' 

l wqpbqwtnjt tintn t.t=t.t,+t.t2+t.t3+t.t4, 

II wqpbqwtnjl tinm t.t '=t.t, '+t.t2'+t.t3 '+t.t/. 

nptnhq t.t,=t 1-t11 u t.t, '=t1'-t,,' wGuwpvmpJwG hpuwG qWJIIl mumpnpJmGG t' 

WllW9WfiWJ1119 In tlJiU(U UlJIWqtnllJI!lUtnjl 41llltlJtg uti4WJhU! t, u t , ' I u II 

wqJihqwtnGbJtll tin111 , t.t 2=t2-t1 u t.t2'=t2'-t, ' - tnpwql1lnpJlu111Ji nhw4gjiWJjl u 

wGuwppm}lJWU tqWUlOWUljl hwjtnfiwphptiwG tni.JmpnpJillU[!, At~=t~-13 u 

t.t4'=t,'-t]' WUUWJlPillJJjWG 4hJ1Wgtiwfi u wqphqwtnjl wzjuwUlwfipjl 

!JhJtul{utiwG Uli.JnrpHJ3JillU!l: 

111 , 11, 12, !3, 14 - hwtiwtqW\JlWUjuwGnJlhfi ' WUUWJlj]llt}lJWU j1 hWJ\11 

QWJill, U1JlWqi1111Jlj1UtnJi 4mttlJlg WJI} tliWUUljl hWUlflWUltlWU , WqJthqwtnjl 

l{wfiqJt, UlOIUl u tqwtnownJt pwgwhwjtntlwfi , WQJlbqwtnJl zwpc:ttiwfi 

t.lbJlul{utiwG dwtiwfiwqGbJIU: 

l;Jt4m limJliwtnjltq WQJlhqwtnfihJI I - wnwGg wljtnntiwtn UWJIPil, 

Il-hul{tiwG wt.ltnutlW\11 hwtiwl{wpqnt.l hwtlWWJit.l.wo. wzjuwtnwGpJl 
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l!fi}lwgpmti utnwfiwtml 11JU12 wGuwppmpJIHG, . l{npgfim ti hG 

wzjuwtnwc:twt1wGwl{ ' 

I wqphqwtnll tintn t.t=t.t,+t.t2+At3+At4, 

II wqJihqwtnjl tintn t.t'=t.t(+At2'+At/+At4' , 

~t 

l 

\.,~ , 14.1 5wtiu~ qnpa[!ti~wyp wtiuwppm~Jtuti qpw~~~ · 

1-uml.npw~wti wqphqwtnp qpw, 11-hu~tiwG tutJ.mntiwm lnutiw~wpqhpnq 

hwtlwtpqtua tuqphqwm~ qptu : 4nnpqptiwmwJ~Ii wmuGyptihp~ Ll.pw 

H- wtiuwppntpJmtili t , t- ctwtiwtiwi.JI! 

nptnhll t.t'=t',-10 u t.t=t,-to' wGuwppmpJWU bpuwG qwtm tnllm}ntpJmGG t' 

wnw~wGwpng 10 tiJtG(ll LnJlWqtnHJl}mtnJl 4mt11Jlg J.!UltwthU! t 1 I.J t 1' I u II 

wqtthqwtnGhttll tintn , t.t2=t2-t 1 u At2'=t2'-t1'- UlJlWl{tnllJl}tump nhwqgjlWJjl u 

WQJthqwtnll WJ1Qhtw4tiwfi ml.Jm}lllj}JillUJ!, At3=t3-t2 u At/=t/ -t/- wfiuwJt­

pmpJwfi tqwtn6wn}l hWJUlGwphJlUWG tnlullllllPJillUJ:!, At4=t4-t3 u At/=t/­

t/- wfiuwJtpmpJwfi t.lhJtwguwa u w<uihqwmJI w2JuwmwfipJ1 tJ.bJtuquuwa 

tn unillllJ3 JlllG Jl : 
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Ptp~wb <lllw:Pliltll tmjJwtGhiiii hwutuwmw4wG ~tpvnbmpJllLU\! 

gmJg t mwtlm, np umtuiiW4wG wqphqwtnlt wztuwmwGplt wuUWJl· 

pmpJwG 1.4wtn6wnGhpp hwJmuwphJIUwu lJ ~tpwguwu t.J.pw C>wtuu~wa 

1.4WJ1W1.4 ctwuwuw4~ qqwt!I Uhb t hu4Uw(i wtj_mnuwm hwuw4wpqn~ 

hwUWJP~wa wqphqwm!t hwuhUwmmpJwllp : UJulllhu, wuuWJlpmpJwG 

WI1W2WUWllll9 UltG~u tn)lW4tnllllllUtnp 4lll1Ultg WJU I!U4Wth)lll 

mullllniPJlllUJ! w~mnuwm hwuw4w1Iql1 qh1.1J.I2mU qqwllittithG ¢.np11 t , 

pwu mtuwhw'lllJll}UWli dwuwuwl( 

hwuw4wpql1 WQI}WUZWUUWU tj_pw: 

Spw4mnpltumlt nhw4gjtw.Jjl u wq)Ihqwmll W)Iqhtw4uwu, lifi~1.4hu 

fiwu wfiuW)IpmpJWfi tj_hJIWguwfi lJ tn)IW4tnniili J!fipwgpli uh9 qgbpu 

tnlllllllllflJillUUh}I\! hii4m I}hlllPmU tt hwtj_WUW}l h(i ' f1t2=f1t2. lJ f1t4=f1t4' : 

U~umuwm hu4uwu hwuw4wpqlt wn4WJlllflJWfi I}hlllPmu uiiwfiqwuiig 

wqqw!izw!itj_mu t w!iuwpp hw!iqmJQI! , WJI} 1.4Wm6wnn~ tt f1t3 '< f1t3 

<l>npohJ111~ Wlllwgmg~w() t , 1111 wtj_mnuwm hwU:w4witqp qh1.1J.I2mU 

wqphqwtnli wfiuwpp zwp<hiwfi mun'llllflJlllUJ! 4wqumu t f1t, · + f1t 2= I. 7-

2.3 ~ . npp {!Gpwgpmu 7.2 41l/d wpwqmpJwup wztuwmht}lu ~gwutj_wa 

zwppll hpqW)UllflJlllJ! hwtj_wuwp t 3.4 -4.6 utmp, ltu4 tnhuwhu4Uwu 

qhlllPlllU' 150-200 uhtn)l : liJUillllUntj_, mhtuunpiqliw4wG WUUWJlpntpjwUp 

wq)lhpwtnll wztuwmwliplt dwUwliw4lt 4p6wtnmU{! hw!iqhgumu t 

gw!iplt npw411 lJ phppwmtj_mpJwfi pwpopwguwli{!, }lu4 lllWPWill 

dwuwuw4p luiOWtnniU{f Wq)Ihqwtnp wptnWflllllllW4WUnlflJWU Uhawg­

UWU)!: 

ShtuGntnqltw4w!i qn)Ib'J!Iipwgp hu4uw!i wtj_mnuwm hwuw4wpql1 

Jlll}lwpwlitllllP tthllh!itnp :pmG4gltwJll u U)lWGg ¢.ntuwqqtgmpjwu 

mumuuwu}lillll}}JWU UlllWtnw4m{ qlitnWp4hGp zwppwgwfill Gz~wa 

uwppwtj_n)IUwu umpmqtnm)lwJltG-:PmG4glmGwt ututuw(i (G4 .14.2): 

fiiiillhu twwJpG lllWpwuhmp {!Gmpmu hup uhpuhpll Imupli 

qnpb'J!!ipwg)! q(t) : U~mnuwm hul.J.U:wu WJil ¢.w4 hwuwqwpqmu 

wliJ!Gqhwm hul.J.tj_mu t twwJpli 111wpwutmpl!: 

flp1.4hu hJPWJpli lllWpwutmpll lih)lw4Jwgmg~w4w!i uwu 

{!liqm!itj_mu t utpup lmupp U:It uwul! q'(t)=xb,, D)lJ! umumu t mtl_IIlll D 

ummpJ! lJ !ipw ut2 qpqnmu wqqwuzwu: 
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q(t) 

6C YnY .Ll 

'Ult. 14.2. Sptul]tnnp)nrm-otljbptumnpm[ ~urlip~ lU4flbpwqtuU1~ mbjuGntn 

q)nuljtuli qnpanliptU ~J)l tut[mmhum hul]tltuli umpmltmmptUJ~G 

(~>mlilw~nliwt) ujul:itltuli : 

llJll wqqwlizwGtt mp~mu t mctbqwgmy]I~wt]mtuwlth)lllllt~ uwttplt (yny) 

UllltnJ2 , IIJIUlUI] t}m!uwltUJlllltlllll~ u mohqwgt}mu t WJUJ2WU , lljl JIUl1lll Gt}J• 

wqllWGJwli ]l pp14]1 (6C) 4nlJU]ty : UbJIU!l hnup]1 qntibttGpwglt tuwtumuwG 

'lbt4.12ll' u wqq urliJwliwl]tG ptn4tl wp6w 41ll u t ]lllUWJ]Ili 4wu OWJUWJllG 

wqqwli2tuli. I!Jll' p(irpnlitjmu t (C\) ot4hpwmntt]t 4nqu]rg , ntt]tg hhmn 

wGtljryunqLu ll[lll}lll U I_ pliqmGtjmu lJ hwqnJUJt}lllU tn)lw4umpltG (Tk), liJI[l 

4wliq(inrtl 1. I ~tlilllh b mu (0,) Oll!U]ILUUlllJIJl (tn)Htr4tnnp!lUtn[l 4w t1 

pw!itJ.nJtJr) liLttwqlpntl 1: lw4uwG optb4ml•· (nM) JWJIP-Wgwlilt l!tu ti 

qwlinq (BAl wu)W]lwm]r t}pw lJ t}hpwyGmu utLtulinJnq]tw4wG wliuwJI­

J21llfl.JlliUJl (2W)I}2wywu]t wliUW]lplllp.Jilllip Bn }W)lOwpbJlll 2JlPWJ]l 

4tn]IIIIU , zwpdwpbpll tlutuwu)tqU)l 4wu qwlinq WU)Wpwtnlt tJmhn)t 

4nmpmu u WJJlilr tumNt4lL uh]JUWtnWJI Iunqnt}w4!l 4wu ywGnq 

tUt4WJIWtn!t [ ~Jill tl B3): Uliuw]tpm pJurli t}hpwymu]tg hbmn mpw4-
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lnlllllmm- 0'-4hpwtnll{ltl, Gbpwqqhtntl T bg UlllWlJ.mnrl• tijlw, l\hJlUlj_umu t 

gwGvl• qnpoJlG pwgu: 

"VbJI4WJnLUU WllUlWlllllll!JJWU Uh}l llllll2WlJ.l! lWilW!lllL}}JlltU b(i 

qutht D utl\lt21•, YnY mdbqwgmgl•~ - l}lntuwlJ.hp'-4ltw. 5C wqiJW­

G2wGilwG PtnlJ.p UlWilphp lJ.wnmgqwapGbrt: Cum D L YnY -1• mbuwlj­

Ghlllt hulJ.uwG hwuwlJ.wrtqhlltt tltGmu bG' ttblJ.utpwubtuwGl•lJ.wlJ.wG, 

tt blJ.UlllWlj_w(i (tt blJ.tnJUIUWJl!G ), ~lllllll tt blJ.mJtWlJ.wG, '-4jbqntt hlJ.lllJ!WlJ.wG, 

OWJUWJllG L WJtG: 

lwJG lJ.llpwnmpJmG bG qmbt tthlJ.mJtwuhtuwGl•lJ.wljwG L 

~nmntthlJ.mpwljwG hwllwlJ.wltqhltJl: tth4mriwuhtuwuplJ.wlJ.wG mtj_ll~-

GbpJl lJ.l•pwnmpJmG bG qmGntU hwjpbGwlJwG wpmWI}JllltflJWG 

2wppwgwGGhplt L lJwpmn~lttwmGidtzGhrllt wtJ.mnuwm hulJ.uwG 

hwt.lw4w1Iqh1unu: Y.wpmn~l•twmG4l•zGhrmtu (CKC) huljl\mt.l t mGlJnq 

Ul'-4UlJ1Ulllllt U12JuwmwGpu' qwmUJJllJ. qi}WUtlJ.lt qhuwmu uhilU]tz UwmJ! 

'-411znt4Jl lll•wgGmu t ml\ltzlt lJ.nGmwlJ.tnlihilJl L mpwlJ.umpJmmlt tugl•lJmu 

wqqwG2wGwJJ1G tWtl'-411: S4.JtzJ1 pwqlJwgwa t bplJ.m p}IpbiUW WU2Wlll­

qwo lJ.nGmwlJtnGhrtltg, wJG mhqw4wJtJ.wo t mqrtwmmji hbmJtG bwJllltG: 

C3-3.6 2WppwgwGlt 4J1w hulJtJ.mu t gwGnq W'-4UlJlwtnGhr!Jl 

tlmhuGbplt U[lllllllllUJl L ]unl}llt4Ghpl• ]unpwgmUJl hnqmu: Uqqw­

U2UJUWJpG lJwU[ lJ.w Gwu u'-4wuwr•4ml pwGtJ.ni•P L mrtwlJ.mnr•lmmlt lllt2lJ : 

"UuwG lJ.wr•qJ• hulJ.uwG hwllwlJ.wpqJl mwtlm t wGmqqwlJ.lt wql}wG2wG 

2WPJ1WgwGp W2JuwmwupJl UwultG: tiJt2lll hwqntll}llttl zlJ.w ubpUlt hnupp 

WUtlGqhWllli11!JJWU uwut•G' lJ.wtutJ.wo gwU1111 W'-4WJ1Wllllt LQUUJU, 

qwGqtJ.wblt lj_wuwpw'-4wmt.lwG, ]unl}lltlJ.Ghplt lJ ubJtUwtnwii JunrtntJ.w4-

Ghpltl9t.lwG L WJlU}l uwultG: 

CwpJ;?wgwGlt w2]uwtnwGplt uwultG llHlllWlJ.ll tnbqblJ.ntpjmG 

uutwGwrm GU[wmwlJ.mt ]unplmttll} t tnpqmu ml\lizGhllJl mhllwlJ.wJhl 

J11tpwpwULJI1tJl tunl}lplj_mu lj_wu ubpllwmwr• JurulntJ.wlJ.mt.l ' nr•pwG 

hUWJlwtJ.np t Imrt}t t.lwlJbpbupG untn: liJ'l lJ.wJtqlt hulJ.uwG ml\llzUhJ1Jl 

tltGmu bG lJ.nGtnwlJmwJpG (ttblJ.mpwub]uwGplJ.wlJ.wG) lJ wGlJ.nGmwlJ.m 

(~nmntthlJ.mpwlJ.wG) mbuw4l• (ulJ..I4.3): 

tthlJ.mrtwt.lb]uwGl•4wlJ.wG ml\ltzlt (GlJ. . 14.3) hliUGwlJwG w2]uwml•~ 

OJlqwGGbpu unum (3) tijlw o]uUllwolJ WUJlwgqwo 2112UltPllQU t (2), llllJl 
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wn2!Jl• qrwGl•lJ.woL uwunq ubpuwmwrt tunqntJ.w41• (]untlll•4P.) (I) 6bqpl•g 

umumu t Gh1m: 

w 

\,q .14.3 4nGrnwqrnwJJlti -tu IJ wllqnlimwltm-p mtl]l2lihpp utuhuwfihpn' 1-

!lJmpJllt (uhpuwmwr tunqmtwlt) ' 2- LOWlt (zn2tutflny), 3- unfip ' 4- unlimwdwjpli 

flPflhl'j. 5- t~Jllt(lntUli\?WU1p~ , 6- hlUfjDflllWLLUfl, 7- wli2wrnp2, R-qmrnw4Jl~. 

9- Luqqtuli2tulituJpli LWUUJ , I 0-tntJUP LUl'\PJDlfl (LtuUUJ), II- nuutfiJtu4 , 12-

tntutuqmJ12, 13- tmu(!liqmllpr 
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CnzwtjliHJJI llhtnjiCi uwun~ ]bw4wJI1li hwuw4wpqmj UllJI]Jll u t. ujlllJin­

wG))wUJ\1?11 ( 5 ) 4nGUJw\.jU1tiL]Ijly ub\.jjl ~pw , ll]lli jlp hhppj1ti Wqljw­

UJWUWJ[IU JWUUJJl (9) lthtn hW211lll!WPWJI Uj1wq~wo I~ t.tL4tn!IW4wli 

ll]J)Wjjtli : l!Jjuwtnwlipjl [1UpW~J12lllli uhpuwmWil junqn~wl.jn~ (I) 

pw41~lliJ uh]tll"bpJI t.yWIIJ:!h[lwpwp llwp~wC>I:i]n~ mLjJ12l1 znJW~myjlli (2), 

111mmbgumu hli liftwli u tuli9wmmu ujtliimwli?wmJlzl' l.jnumw4mlibp[f 

WllW}' philh[IILj t]li\.jUIJIWJWUUJjl pW[ljlll!U: 5wupjl qnpuptipW<.Jjl pliqJIWU1-

tlWli 1}hL4)2lllU 4nlimw4tnlihilll lijtwtimu hu u t Jb4mpW[WUUjll 

[lll uw411Illll u t wnwuq Jllll[l}lh[lll : 

.iJnUIIlt.Jh4U1IlW4wli Ul~jl ~ IIIU (G4. I4.3) [IUUWJjlU WJlpjllt}l t. 

2114wguwG JWUUj[l (I 0) : LnlJUfl, JIG4lihtn4 nut.yliJw4Jl (II) 4J1w , 

6wnwqWJ}3Uhi1Jl ouw~npmU 1: hwpp IILI[IlWli4.Jwli mt.upntj u li1JlWII4lllU 

IJII uwqmj1,1llli ( 13 ): 0Ilt.yhu [lllUWIJUlpu Gil<' 4wpnq tli awnwJht 

:pnmmJjHi W11Jllll}} Jill UIJ. ~Hltnll t(bUh li tn 11 u w J JU : J>n tn lll}jlUwlllllll }l JIIIUII 

hq)lW.'tut.jlh[lll~ lflnpp t. qhpqqwjmli U W2tuWU1111U 1: LUllWUlj jWUUjWJjlli 

u[utuwJjl, WJll t.ywm6wnnt.j JWJU 4\t}IWillll!JJlllli t umwgh[ 

WIIU1Wll[llll pjlllUmU: 

Ub(IUWU1Wf1 [unqmJw4jllj ([unt.jljl\.jjlg) fWlf14htn4 · uhpUh[!I! 

t.yWilph]lwpwp Ljtw\.jmu tli [lltJult 6wnwqww11 6wliwUJ.W[!hiJ u 

tPII12IIWgGnu1 1m UWIJUI}IIl G j1~j1 tmuwLjnpLjwompJmli I!· Ljmlflntumu G pw 

J}jlliwll[lllLfJIIlGJI: Umwgt{wa wqllwtizwGJI m<ttqwgLjmu t m<ttqw­

gmgjl,,n4 u umGmu wqqwtizwGwJjlu pJn4, nJimbqjl hwJm 1: qwtlw hulJ.jl~ 

[WUt.yhpjl }lWflpmu: liG4nlitnw4tn mt{jl~Ghilf! JWJli 4lli1Wlllll.)}.JlllU hG 

utnwgh[ t.yG lnlwtnjl4 zwppwgwLitihJljl LjJIW: 

Sb.fufintnq~lu~mfi (}llflO[!fiplUQ~ wt{umUIUUl ~wnaut{IUJHimG 

hwuw4witq r. · mhltw4wJLjwo LJWJimn:t>lJtwmG4ll~[l 4flw (G4 .14.4): 

~3W(lllllilqwgljwiJ 4wptnn:rilfll uhptGwjwyLjwb UHnCi4JI 

[llipwgJ;!m u wuh.Itwohzm t hhmuht IIJit.yhuqll i>llthtlt! l4Gwu4bli: UJ!thJl[l 

LjGwuuwG wumj16wLiJl qqw)]lllJlbG 4wtu4wa t utiuwG z!:iphlflmu qmGtlnll 

L4Wl_Wl1Ut)ljl zhJIUljl hwuutlllfJlllUjlg . uha\1 llhutpmU l{GwuLjmu tG 

i)\llht•tl , tltn~Jll• 'lht.yumu· ut.owGmu t pwgf}IIIJmll"litJilll pJll{l): UGuwti 

zh[lht.jnnu l4WI_W(lW2hJ1U1l1 hwutnwtnlll (i uhompjlll OJ! t.ywhurwGLjmu t 

wtlmnuwm qw[1qn4: 
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q(t) 

ulj . l4.4 Lrtu[1tnn1•p[tutnlilt!t~ jl mhtulin[nqptuljtuli qn[1<)l1liJ1lU~ill llltjtnnULUUl 

\jlUnlUl!tuptituu utnpntljtnnt[1lU.Jpli qmtli\jqpnli tul) utulithuli 

' \-jlU1W[1\.j4lii] hWUWqW[IqlllU t li4 . 14.4) ljW(IC}WLjllillll\ ll]LU]ILUI\Luljl J. 

L4LUJWJlliU]l\l qwtiq4 wop q( tJ uliuwli nK zbJlhLjtlllll : ~wGtj~Wu jt uLulli ­

PJlll up iwtp41nu t_ n m~~~~~~~ . liJIJl 4wJlqw~nJltlw D t. llJWtlUflWJ LiJ!m!t 

ll)lllJwljjl H~ pWJIOJmtpJwG hwutUJl: tnu\Ut[w() qwliqtjwujltlliun!pJlllGjll.J 

n WU9WU1jl2_[1 UlJwgCimu ljwu wGytuLnlllU t ulinq nT LjtnjUlUI)]tjl; l• 

ttblJ.tnjlWUWqlijmwljwli 3M Wl}lllFJ!I u llwUWlljLUUlUtUjULutin]lLG 

UtUtlllll gn1 t1 4wu J)Wl)LUJlblJGnnl UjWJLUJl[l uwmnt yntU]t ljLtt]\1 ulilll] 2Ltt1L41 : 



15. Bmfi~t uhvhfimfihp~ W2fummmfinJ1 nJlW~~ 

qfimhmmm~mfiJ! 

0wppwqwliuhp]1, l.jWJ!Ulll~]IIWUlULI]liUb]l]I, uwa]l[WUlul.j]l,'Uhp]I u 

UJW[IWIIUlWUJillj:}WQWU Ubphliwlihp]I wzj11WU1WUJ2]1 IIIIWI.jp h]IUUW­

I.jWUillU plimpwqiiLjmu t gwlim1 WUJWJIWU1lihp]l wz]uwmwliput.j: f\WU111l 

LUUJWIIWmlibJl]l mh]ulinplq]lwlJwG qnpbpli1~wq]l npwl.j)l pliutpwqpLjlliU t 
hbm UJWI uhbnq~ j111lili hlmt.l ' uhpuhll]l ( UJlUJlWilUl WUJmp]l hwm]tltli tp]l) 

l.jnmpmu . llliithwlimp qwup]1 wliliWJmlinq-lJHili. wnwlio]1li wt4w­

pwmlihp]1 gwlip]1 wlihwtiw~unpmpJmli , zwppnlti uhpuhp]1 pw?]uuwli 

hwuw~wl}IIllJ:lJIIlli: liqpmnt]uli]llJwl.jwli J4whwli~lihp]1 hwuwow.1li 

ubptibJ!]I l.jnmiiiliUJI :J4hmp t wliqli]1 I %-]1q. qwlip]l linptiwli :t4bmp I: 

mwmwli4J1 WllW)lWilJH]wiJ]I ±3 % ub11Ubp]1 hwtiwp u ±I 0% t4W­

JlWJIU1WUJIIli~]I hwuwp: l!nwuo]1li WJ4W1Iwmlitp]l u]19!J qwup]1 wli­

hwuwiwtlJHIPJIIlliii ~UJhmp t wligli]1 ±3'% hwgwhwm]ILIWJ]lli l.juqmm­

pwlibp]I hwuwp, ±4'% lnum]Iltw!IUilbiJbUIUJ]Ili u ±8'% ]unmwuhputiiil 

hwuwp, ]wlt JIIIJIWJ]wli :JnlJI WUJWpwm]I hwtiwp ±2~•o-]I~J: 

tlwllll11LN1Jwll1liltlli lihll]l unl!1 mliltnq WL4WilWl!1Ghpl! i UJbl!1p 1: 

t.lliwubG JWJmt.lJlqwgt.jwiJ uhpti]I b]lthJI]l ±R%, pwgl~lll)lllUlihpl! ~14hmp t 

qbpwqwligbli ±3°/,,l.J pGmu h11ltm UJWLWil]l mmli4l' ~UJtll1p t wligl1]1 3%,: 

lllJWllhtl]lljllU '-l. Ill. Cl-11JIJWi lt]IUl! WllW9WJlltbJ t gWUI11] 

Wl4WJ1Wll1Ubp]l wzjuwll1WUj2]1 IIJlWltLI qliwhwmh1 wtibliwt}lllp)l 

pwnwltmu]llibp]I tibpm[nlj (wJli lt]lpwnt.jmu t U]lliiu opu): ~li11 1111111U 

1 " l 

cr = ± J ~ (x' - x) , 1111ll1h1( x;-

~ n -1 

uh11U]1 qwlip]1 i-1u1 wpJbpG t, X- tiblt WUJWJIWll111Lj gwlip]1 u]12]1li 

ptjwpwliwltwli W]IJbpJI, n- ~wt.juntiGh11]1 p]tt.IJI (WutWJIWUllibll]l p]llj]!): 

() 

<t>n110]I pwgw]16utlt t1!Is>]JG pwnwltmuwJ]lli u]uwm' m = ± .j;;: 
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lOOm 
P=±-_-9a 

X 

<l>upohp]I ltwmwpuwli 6zmlllJ~jllllip hWUWJILjlllU t pwt.IWJIWJI, bpb P~5~;, 

OpnlihiJI ubompJWU ]I[!WljwG wpahnl! xg= X±(): lJwltbpLIItJP]l tJJIW 

ubpU]l pw[]uUtuU hwUW,)WtPIIIPJlllUJ) mumuuwu]lllhiJIU ' WUl4lUJUW(i 

wUhpwabzll1 t UlWL Liwu JW]lp]I liltwll1UWUp plillLWJliWltwli Yllt.jWOIII ­

fl.JillUI} (lilt . 15. I w,p) : 

!•1ttultWUillU gwunu llllPWU lJilllli]Wq]IO l]1U]1 plib[I]! 

JlUJ1J1]1 wnwGgp]1g gpl}wa bli 111lim u, WJlll4tull16wnnt.l t1 

junphlllllll t UlJlt.illlU ]lUWliWl 2Wilj2WJ!Ili gwUp]l hhll1lJJWI l4W11lU-

" a a= I-' ' 11J1Ulhq a-zwpp]l PWJLU t, c-zwpp[l 
<=I n 

1w 1ump1m ug,b-u]1yzw11w J]lli 1wJlimp 1mlil' , t- pmuwUJwzmUiwu cp1mm 

LWJUlllPJIILUll (lilt. 15. I w): 

Uha pt.jnl} ~wl}mtulibll[l llbt4VIUU zwpp]l PWJUI a -ptJwlttuG 

WIHJhplih11~ hupwpltt.lmu bli linptlwt pwz]uuwu OJlhlip]!G (Cl-wmu]1 ljnJIJl 

lilt. 15.1 ), npmh11 hnp]1qnliwltwli wnwligp[1 4J1w l}!ll}mu bli pwJlJI' a 

~wl}uiwu WJlllJlllUJ]libJI~, nuvlw6]1q]1 4J1w· UJIWiig ljJiltlitiwu P 

hw6w ]uwltwlim fJJillUI} : 

CGq n1mtu ubJIU]l 9JIUWU qnll1nt C LWJUillfJJlllUI! tlJnl}mtutJmu t -

30-]lg dl1ti2_L + 3o, C =6o, 

i-1 ( 15. I) 
n -1 

CwllJ2]l PWJUI UJWhUJWUUWU 

() 
m = Fn pwfiwolimj_, J2WJI[l ]lJIWltWU W]Hfbp11 

a =a±m : g 

U}ly[W)IWJ]Ili LWJUIIlJlJI1lUL! b =a- 6cr- 2r : l.'.JU WJIU!WhWJ. 

U11llj:)JWU LjhllllllOlllpJlllUJl 9lllJ9 t ll1WJ]IU, 1111 [WJIWhbJllt ltlll(ll1llllliUliLJ1]1 
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gtulij}jl dWtlU!liWlj L4blllj) t Ol}Ulht 0-71llill. \IUlj hwqwhWUljlljlUJ\Ili 

4nqulli1]1Wlihp\1 llhUJ.piiLU' 0-7 ITI3AUjW.JUWLi[lU. W.Jli hwzt.lntl . 11]1 

Ujly}WJIWJ!Ili llzwljmpjwli qliUI\lG ubo !lllijl, li]lljJliiJII] ljbUjplliU utrnl'bpl• 

pwztut.lwOlllf->JIIIU[! htuUW2Wt.ltJ\lli]t: 

p 

w 

'Ult.l5.1 ULptlhpll zwptutflli !JLUliJ..?Il nptultll qliwluumtltuli ulubuw . 

tu- ubptlhpf12tuppnu1 mtrttupw,.,tutlLUli ulubtlw , p- ubptlbp~ 

pw,>tmlluli plinqp[! 

ti;qJijlul gwupj1 npwljJI qfiwhwllltiwG. ljwpllntt gmywCi!IJ t 

JWJlplll u utpubpj1 pwztuuwli hwuw.-_wtllm p.JIH uu: liJIJllhUJpmu ~wtllt.lm u 

t ubptlbJI!I x; htnwt.lntmtp.JIIlu[! ujtliJwuyjlg u npnzt.lmu hwllw2wtllmpJwU 

JOOcr 
9lli!:JWGft2]l' t.IWJl\ltug\IWJjl QllJH}Wlj\1!-JJl, V::::;; ---

X 

Y..w!lltwgjiWJlt qnpow4J1911, hwuwowJG wq.JlllwbJutijl4w4wG 

UjWhwl.i9GbpjL Jwpwpll 6wljliJ}h1UI gwGp[1 ctwllwliwlj UjbUip t ll1lij1 

\':::;3 5%.,, 4WJIU111:J.>Itlll UIGljuwG qbU.Jlllll u l4WlW]!Gb]l\l pwJtum UJ! JW]lp111 u' 

V:o;60-70°/.,: 
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efiqh wfiptuy tl tuc) qfittthtUUHUII Ill fi 

tJ-.JIIII]WUilimbuwljwti ljnqmm]Itulibpji u;wljmpJwli IJW.JUll.liJJiu La 

tPWlJ Q]llliUUllllU ljWUIWJlt.lnq wztuwmwtipubpJ! npwlJ!t t.lliJI~liwljw(i 

qliwhwmwljwli[l mpt.lmu t JlUUI pb]tpwwt.lmp.Jwli ll.Jil lil4WU1WlJnt.l 

wnw9WI]Jlt.lwa OCT -70.5. I -74 uwwuiJWJlWnt.l li wtuww but.lm u t qwliplt 

npwljj1 IJUilhwlipwqt.lwo quwhwUiwljwli JlUUl gwlit.lwo LJmtwmpw.Jl• 

pbppwwt.lmJ?Jwli : flpwlJlt GuwG. ljpjwtbp!twli wnwli6liwUJhu 6bnGuuu t 
hwubuwwwljwli qliwhwUiuwG. uwuwliwlj , Lpp wlihpwub; w t 

pwgwhtujWb] WllWUO\tti ubpbUwUb]l\L jlli:UJLU tiLUU wupnqy hwtiwLilJljl 

hwubuwwwljwli WJlltJinliwt.lbUimpJmlitt WJu ljwu WJli 'ljnquuuJtWJit 

u;wljnlpJwti dwuwG.wlj: U.uwli6ltli Ub!JbGwlib[l, jtli ,'l4bu liwu Ub!Jbliw­

lih]l\1 wnwli6!Jti hwuwt]qi[ibp pm.Juhp!I qwpqwquwli UIW]tpbp UJWJUwli­

li b]l bli uwbi]om u, w Jll UJwm6tunnt.l Imqj1 u;w ljm pJwli. gwlip!1 ljwu 

tuliwuu)l wztuwmwliutibp\1 npwljj1 uwu!1li I)WWLtiJU oqwt.lmu bli 

UUlbllatlwil l4W.JUWlilibpjl uljwUIUWUWp PlllJUbJI!I wpowqwlipl19 fi]twlig 

oqUI Wlpl]IO bptt.IIIJIU.l bu .Jlli]IWlJWUllll lj jlliq\lljWUlll]lU b]t: 

..:jJLilit.lbplt.l ljbliuwpwlim]3JWU l!JIIIJ IlJIIIIJPlib]t\1 4J1w' 

pbppwwt.lni)3JWfi liwtuftUW9lllJ3JillU(l pnqubJiji qw]tqwquwli t.ltuf] 

(IU(}W9WJJ12lUUniU hliwpwtjllJI t I}WUlilllU ]lUI~IWlilll]l quwliWWWljWliJ! 

UIW] Uj1G.2u pbppwhwt.ltup]!: 

<!.bUiwqnwmpJmliub]ll! !:JIHJ~l bu mt.lli!. 11]1 WJG pmJUbJI]l. ll]lllUj) 

wnwt.lbt JtGwbuuJlt.l bli w6mu wnw2j1G oliwnqblil.iqjt JmtjbujiJWJJ•u 

tUIWUjlllLl, UIW]jlU tU tut.lhJjl pWJlO]l pb]lp, WJlj UjWUlOW11llt.l IIJlUJUU 

phJtpwUit.llllJ?JWI.i 4JIJ1wb[Jjlw ljWJlbUI t Jturptllib] w6jt wpwqwguwu 

UWplljllllllU lU]lcl"bp(ibpjl UlW]Iph[llllpJlllli]l t]W]ll}Ul9llWli WllW)J\lli tUIUJUJll 

t.l h]12lll u: 
'IJtlwG quwhwmw4wlip h]G.nn\ t. wljwqbujtljuu Y...(]) C}.nJIJW~ljJllijJ 

ljnqtlltg wnwyjtliwGqwu uUiwgt.lwo pniJUb]tji 4W]14lU~Jliwl.i JIUI}hwlim]t 

ututUwJ!I~J: U.Jl} utuhULUJjl ljwnmgmup uljut.lmt! t. pntJUjl 'ljbGuw­

pwliwljwli qwG.qt.1woj1 (owt.lwt. bplJwrnnptm l.i) tlJmjmtumpJLuG 

(ctwuwGw4[19 LJwtut.lwo) jiGUibqpw] ljnp!1g m=nt) (l.ilj. I 5.2): 

U..Jil lJn!•l! ljwnmgt.lmu t wlill!IywljmG. ~wtltmulibJl]l UILIJwJlibpjl 

hjtuwu t.IJtW, nJijlg qpw:[>)JljwljwG •lll:[>bptG}Jt.lwu bqwUwlJntl ljwmugt.lmt.l 
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dm 
bli liwu wpwqnlJ-lJwli dt- = F( t) , Llll4Ul W(lWljW!-Jthuli 

l1(ll4GU pbppwm~lliPJWU 4JIJltnbjljllu ljwpl:iJJI t_ tjb(lqUb] w6Jt 

W(IWClJU[-)UlUU ljnpbp!l uwpujlUlll u W(IUbp(i bpJt Ultu)lpb]llll (}Jill UII a2- a, 

ljwu li(twlig hwpwpb(lliiJJJIHlit! (Ciq . 15.2): P.Ciqmlibpi~ _a,- Jl ll(ll4bu 

UUllllq!l1 UIW[lpl:ipwlj . ]mlj a, -[l qwlipp ljwu Jun]Jl U}Wljlll(}JWU bqwliwlj!l 

IJbUIJ2ll!U w6]1 wpwqw!-JUIUCi tiwpujJLllllU, 4tuilllll blip npnzbt tfbqtmwtnJt~ 
w6j1 ]lGmtliujl~lllllJWU qupilwl.j!I!-11! · k L:IIT=a/ a,: 

m, 
Qm 
dt 

_Q~m 

dt~ 

a 

2 

w 
'Vlj.15.2 5wtipfl ll[llUljfl [!lil}htUli[HUgL[lUO 4ULUhWUlULUli utuhthu . lU­

pmjuhp)l qtupqtugt'itu!i [!liq!Hulimp oppliw~tutflmpJmli(ih(l[!, p- phpptuUllj_llLflJLUli 

ll!l[lUlh(l[lwli : 

OqmwcplJiobpnt WJll '--lllJIOtulj]l!-J[l, mptfmu t pmJUb(t]l qwpqwguwCi 

l!lillhWUlllJI qliwhwmw4tuG[! : 

29R 

1 6.Bwfi~~ uhnhfiwfibp~ ~wtnwphLwq_npiMwfi 

h~ufiw~wfi mqqnLpJmfifibpl! 

q _ _lllli(WtnliUIUUWI.jwli WJILnWil[llii(}_IWU Ub2 t(ibpqwtuliWJIIIj, 

l•Umbliujl~, u W(llUIIJliwpbpwljwli mbtuGH[llqjJwuli(tjJ lib[Ul(ILltulit! qmqw­

hLin Gwjuwmbutjwti 1: qwGpj1 u mliljtlwli tibpbGwGLpji l.jwlllli!-J~wopjl 

ljwmwpb[WQllJlUUwli WJjuwmwGvGI:iJI!! wwGb( qwGnq (mliljnq) 

llil4WflWUllibpjl, funt{JjlilWJjl!i U OWOI.jlll( lzwliqlllJ!-JUUp(! W(lLlWliJWUjbU 

tjtpwtjllljubpn llllpJillPJWUp uwtuwmtutjmu 1: pwlinq W[lWQlllp_pnli­

GL(I(I pwpopwgGb( Ll)1li1L 15ljt51tt, pliqqpljtiwG JWJlilllpJntli]l ubowglib[ 

ujtli~u IRu: l!.nwlioliw41• lll]WlllllllPJillli t ljLU[lO~lllU wnwlio]•li tltpbliw­

libtlll hwliqmjgGbpjl IIIUjl:p)lljWljtlWG tuliq)l(tlibjtjl tjpw: liJU Wllllltlntj 

uthmp t ~b(JWliWJtjbli Gwu ljntipJ•liwgtjwo tii:ipbGwlibpl• tjbpwljwmng­

uwG hwpgb(lp: 

Unwlioliwhtumm4 mdtulllllllpJwli t W(tUwGwqbJ gwliul• Gnp 

U1 l:itulin[nqJ•wGbpjl (9(1W]Illll pwqwGpm u iljbgpwo Ub(tUbpJt u WIJ G) 

utptGwjwguwli UJ12ll9Ub(1J1 umtqouwG WllW2WlWWliplihjl(l: 

1,wtuwmbu~J11U t. unmwljw chuutuGwljW2112Wlilllll WJIUlW11J1111-

pJWU tib9 lib(Ullib[ gwGpj1 qn(tO]!GpwgJl huqtituli wtjmnuwm hwlituljwp­

qbJI: eu11 ll]lllltl lUJJl htuLlWI.jW(lqb(ll! L4bmg t hWULUUH\WO [)tlili(i 

!Jjtz11![111flJWli U wztuwmwlipjl Ol4illJlllW[ nbJjiUjl ljwpqwtjllJlllWli 

wtlmntiwmwgtjwo UW[IPbtmtf: 

LwJli w;tuwmwlipGbtl bG mwptlmu dwtiwliwl.jwlj)ty ljuliutnq)tul 

liJmpt.pll u pwlinq opqwGlibttiiii!ulpWti_LI•4- •llwmwlig!mU ljwnwtjwptiwli 

lib(Ul(lUWU mqqmpJtuUp : 

<:bmwppppwljwG wztuwmwGpGb(l bG UlW(ttjlllU l4lll[ltupmwG_Im­

pwgwG UbpbliwlibJlll W(lUlWlliUlllWl{WlilllpJWli pwpopwyuwfi lllllfllll­

pJWUp. 1,wtmutnbu~lllU t (}Uilq(lljuwG )WJUillPJWli ubowquwGit qmq(tli­

pwy O(lQWUWI.jw(i ll!WJIW)ltntuli_)lll))Wgwli utvtGwlibp!l pbnGwtnW(lll­

lllllJ3JlllU[l w~b)wgGbt tl!1li~u 24m' qqwtJmpbli l•2hqGli)n~ 6U2111Ll]l hnq!1 

tl__pw : 

<:wGptujJIG utW{IW[lUlWlijlllfiWQWli tlhpbGwlihpjl t\JIW utbmp t 
LWJlill(lbli ljJI(IWlltjjlutWIIW(IUJWguwli utGuuwm)t4 u4qpmlil2!1· uto-wgtUt 

liwu U11wGg pbnliwmwJ1111)111.("JillU(l: illwptu(lmwG.rmptugwfi tibpbGw-
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GLp]1 4JIW JWJl.ill]ll:ili ljlj]Itlwn4b!i h)H!llllljwnwttwtlt.lwl.i uljqpmlipJl u 

h]lll!lll hWl)llJil)W lj !i b]lll: 

..:_tqmlj hwtlWJ)l]l l4W{IW)IUlWUJillpWgwli ubntuwGbp]l qqwj]l 

uwu11 lji]Ili]ljJliU!iwqliwg u wnwtJbt pl:in!iwmw11· u)1G~u 24u3 : 

q·Jllii]WUl.UUlf.mwljw ti W)lUlWil!llll.fl JWU qjllflWUl l:iju(i jlljW ljw li 

WllW2)lUJltU9lll U ljwpl.Ill]l Ull:if) t Ul]ltlmu pjlujlwguwGtl. ll]l]l ]IUIJGJII.jlll u t 

Gwu PlllJUbJI]I h]lt1wGJ)l1lpJmGGbp]l u ttliwuwmmutp]lrJbu l4WJpw1111 : 

4]l]lWllb]n4 PlliJUb]l]l l4WJUll4WUlllj'IJWU p]lu]Iwljw(i u]l)?llg~b)ltl ' 
wlilrJHuctl:izm t p11[12 lllJWllJlllli"JIIlU IJwpoGt1 Gwu llll?wljw uj12wt1wJII]l 

t.Jpw UJlWU!-J fllliJWO hwljwiJWJIO t:Pbl.Jm]l' plimpJWU wqmnmuwG 

hWJI9bJl]l t.JJIW: liJIJ t UJWUI6wnp . np libpljwJmuu pnlJul:ipj1 l4WZUll4W­

Gll!flJWU vJnl]lwljw(i bl]WGwlj]lg pwgjJ JWJU lj]1]1Wl1111pjlllU b(i UUlWgbl 

Gwu i.jbGuwpwliwljwG (l4WJ1WqjJUitibp/1, q)l/WUI]J~Gl:iJl)l , t.l]lljJHIOJlqw­

G]Jqtltib)l]l), Wl}JillUlb]uli]lljWI.jwG (hmlll uzwljmpJWU, gwlip]l, ljWJlllU 

Ull]IUlbJl]l) , ub]uwli]lljwljwli (?]lwtlmubp]l, 4l421HU Gjll!pb]Jjl), ljbliuw:p]l­

qjlljwljwli (lllJUl]IWOWJli]l, pwpOJI lnu6w]uwljwlimpJwli Jmuwlip]L 

muq]mwljUI]ltlt4Jlbl4WJIWtnlibJl]l, nWIJ]lnwJJ!pGbp]l, ]mGJiqwglimJ 6wmu­

qwwuwl.i u WJ]U) l4WJj2W]l]l bqwl.iwljGbJI]!: 

tJJttwo hl]wGwtJlibtl]l ut2 !!]lU]lwljwli l4lllJI!WJlU qbnuu uGmu t 

pmJuhJl]l l4WJUIUJWtimpJwli hJtuuwljwG u u]1wlj hm uwu1 u]l)?ngu: 

gllqubp]l '-4WZUlt4utlimpJwG pH[IIJI pm Gwp]1t.lfJI.jwUitibJIJ1 ljn(4ntu 

bG l4hum]1g]u}Gbp (twm]IGb]lbli pcs1is-4wpwlj. caederc-u1.4wlibJ) 

W.JU]Itij!G ' t.jwpwljwul4wG]l(: U'ntw]unmbp]l ll(G(wguwG ~.411tl4W]IWUI­
(i bJIJ! ljn~4nu1 bG hbpp ]1g]u1(i bp (hcrba-]unm ), plllJU b]l ]1 hJitlwl.iqmp 1111 (i _ 

fihp]1 lJbU l4WJJ2WJ1]1 pmJGbpp' :PmGq]Ig)utlib]l (lungus-umlilj). 

pwljUlb]lWJ]lG h]ltltulil)lll)}.JlllUl.ib]l]l !)btl l4W.JVWJI]l ]}llljlii:.JIJJ. pwljmb­

Jl]lg]Hjlibjl, 4liwuwtmu libJl]l qtu l4W.JVWJI]J uu1 tu1w1Jwmlitp 11· J1Gublj­

l.ll]1!-J]Httibp (ins~.:cta-t.l]l9WtrJ) : t>pbl.ig hwwljmp.Jlll GGbpntl liuwli bli 

hb]1p]1g]u1libp]1G WJtpHJI]lgfuJl.ib]lJI - ownbJIJl n~fi~wylimt. l)bu]1ljwlimlibp 

PlliJUbp)l (ll]lwgGnq , l[b:flntJiwlimlib]I-ObJIW~)Gnq !J U1Lp!Jtupw41: I!wyj1 
UJbutn]lg]uJUbJl]Jg ljwli liw!J t.l]l))WUJGbJt 4w]uby!inq (ntt4tublil.lll.it 11 ) !J 
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qpwtlnq (wuiUIJIWI.jmwtimlib]l) )Hntiwp]ul]Jljwmlil:i]I: 

~]ItlwliqmpJwti ljwu ttuwuwuuu]J qWJiqwquwli ml:ilJ]lY u pHlJU]l 

t1]16wlj)1g nr qwpqwguwli t}mqJl!-J ljw]u4wil' oqmwqnJI04mt.l l:i(i 

pjlU]Iwljw(i l4WJ12WJ1)1 !Jl:JUIUJW] ubpnqlil:ipp ' upuljmU . t}HIJllUlllltl. 

uJwljmJ3Jm li wtJinqnpnL :f>mt.l)lqwg]lw . w]umwhwlimu. ul:iunpbJIWl4]1w 

(pnqutp]1 libjlp]lli p]lu)Iwljwti pl:i[IWt4]lw). tmrGwtln!l h[IWl411lJIWI.jlitp]l 

!Jillll u: 

17.1 f(}mfiwp~uft4wm~ 4wp~J..11 (uwufiftlJ~ ) tmtft~ 

wqq.hgmpJmfi~ U2w4mpJwfiwp'1JmfimtJ.hmmpJWfi tJ.pw 

ll}fuwmwtip]l nbd]ltl]lg ljw]u4wo upuf.t]lLUb]l]! hbqml.J.J! uwG]lWg­

lilll u bti 20-300uJllj[lllU Ul)IWUwqoJl ljwp]llU h]1]1: C))H]H~ b]IJJ !-JlllJ9 bli 

UIWtJlU, 11]1 UJiuUlllJU UJllbl4WflWUl]l UllU[lph]! )Wt}l]l ljwpll!Ub]IU mtibli 

Jlmliwt.jnJUHJ3JWG UIWJ!pbrl wutnJ16wli: fl.m}UJI ljw!}]ltlibtlll uwhmu bli 

uzwljtlnq Opjbljtn]l t.l.!IWJlltl , WJJ111ltl bl.i PlllJUbJlt! u 4Gwuwmmul:ip]r 

hwuwJI p]1L bli J3mliwt.J.up : <t>nm1 ljwp.]IJUbJl]l hwljwnwlj]l, 1wt1 bG l.J.l4)lllU 

u;wljtJmJ op.Jl:il.J.m]lli, pnlJubttl! )bli wwtJmu, ow]uuJ! wttbJJl p]l) t. wtlbtJt 

hwtltUUW)IW~WtP t i>waljmu opjbljUI]l u wnwt.J.bt ljWJlllU b(i wGOjlu)l 

Gljwtnuwup: 

..:.blJmlj]t uwlipwguwli wum!16wli]1 4J1w wqtpuu bG hwuwljw]tq)l 

pwliuq 6lizmt.l]!, fHHJtiJl mb]ulinplq)lwljwG hwUII.jwl.i]I}Ul:i]ll.J. OWJJIWll]LU­

Gw ltlibJl]l ljwnmgtlwapwJ]lG wnwtiouwhwUif.tmp.Jm G libJlJiu l4Jlhl4W[lW­

m]l Uibqwtlln]un1pJWU l:iitwGwl.J.J! (wqwm ljwu UJIJ1]14WJ]Ili hnuwGpntl): 

<lmJ]l pmtiwp]IU)lljWUl]l UlbltWtJm]ump.JWU bJtWGWI.jjl U]IU~U uzwljqlll] 

opJbljUI ljWJIUll[l wqllbgmpJmu mG]1 UJtuquwu HJiwlj]l 4Jtw, wnwlio­

Gw1.4bu pwpop ll]lWI.j t w1.4whnt1mu ~~mGwvflUJII.jwm]l 011]1 ImuwlipntJ 

mbqwtl'IH]uuwG l:iltwGwl.J.L!: 

fifmtiwpjlU]IljWUljl owjuu[1g ljwjutJwi) ' U]tUI.jmUb]IL! l}WUWI.jW]Iq­

t.J.mu bti hbmuJWL hlJWUwljGl:iJl]l' unt.J.upwljwG (pmJl ]ufJUl pwlimJ hl:iqmlj, 

500-2000tfhw owjuuntl), tPIIPJIWOWqW] (luJlUl pWUlll] hbljllllj. 15-500)/hw 

owjuunt.J., tPilZ]lWQUWU PWJ1l:itwt1tJ.wo ll[IWI.jll4) u 111lUl[lWt}1111))1WOWlJWt 

(pW]lO)l juUllll}lJWU (HHliwpJiu]lljWUl , i)wjuUJ! 0.5-l5tfhw tlmzwguw(i 

PWJIO]l WUUl!l6wtint1) : 
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Uml.lli1W4wli Ultu41.iwu dwuwliw4 4wpJttlt uhompjlllUll qhllWqwti­

gmu t 250 l.i)141111UJtg, 4Jni!IlWOwtlwtJt l}hl.lWlllU mwmwuttmu t 250-100 

l.i)14pnu)luwhuwuuhllllLU l.t nqmpw4Jlli!JlWOWtlwJ.P I}huwmu 100-25 

uJt4pnu: 

UtpnqntJl uzmzll 4wv)ltlt UlllWUWqjlOll mwmwuttmu t 25-100 

uJt41mli (gwb11 rll.mUJ. h1mmp JWU ), 5-25 liJ14pnu ( UJ12Jlu Il}tuUJ.bpum p JWU) 

l.t 0.5-51.i)14pnu (pwp6p I}JtuUJ.hpumpJwli - JuJlm uwnwJumq) uwhUwu­

lihltmu: Oppwu 4Jlll!ll t 4wpJltli mpwuwq)lbl!, Wjlipwu uhiJ t 

uzw4mpjwli mhJuuJ14w4wli t:}>h4ml!: 

Upu~umfi npm~l! qfimhwtmJ.mu t hhmLJWL hphp 4pJtmhp)lw­

utpntl' 

2 
l.Y:wpJttJl U}12Jlu UlllWUwqJIO d cp = 3dCA, llllU1hll de ..... 4wpJ1jJ1 

hhmpJI illllwuwqJtou t : 

2. Lrzw4tlnq uw4hltl.tmwl• 4wfll•tlihlmtl iJwiJ41.iwu wumJll)wuu 

k%, llll11Ztlmu t hhmLJWL wpwhWJUllllJ)JWUp ' 

k = l 001t " d 2 n . 
4S L; i I 

(17.1) 

llllillhq d;- i-pq zwl}lJt 4wpJitlihllJl hhmpJt UlllWUwq)tiJu t , n1- UntJu 

illllWUwqo)l 4wpJttlihpJt pwliw4u, S- hhmwqnmtlnq uw4hllhup 

UbOlllJ)JlllU\}: f!wtlwpwp llllW4Jt UIIU4UWU OWUWUW4 mhpl.tJl WJlU1WpJlU 

uwuJl owo4uwu wum)16wug k~80% , lihltuJl uwuJtug' k~60% : 

3.Y:wpJttUbpJl WJlllJlllUWtlhm wqt}hgmpjWU QllllbW4Jlg\} k" 

llJlllZtlmu t hbmLJWL hwpwpbJUUJ)JWUp ' 

K3 = S3<1> = (den + 2r) 
2 ' Sen d en 

(17.2) 

npmti} Sc ... -4wpJttll hhmpJl uw4hpbu(i t ' S:llj:>- 4wpJttJl WJlllJlllUWtlhm 

WQI}hgmpJWU l.iw4hJlbUJ!, r- WJUlllllUWtlbm WQI}hglllf)JWU qnmm 

LWJUlltpJntU(! ( r = 100-200uJt4Jmu): 

Lrzw4tlmt liw4hpLmwg 4wpJ1tntl wruumuwtthm iJwiJ4uwu 

wumJt6wUJ! hwtlwuwp t 

( 17.3) 
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WJUJlupu ' llJ1)2WU 4JnVJl t ltwpJlUl 2W4Jl1, WJUJ)WU ubiJ t illllllJlltUWtlhm 

wqqhgmpjWU qn110W4J1gll: 

<I>nz!I pmuwpJtl.iJtltwmntl 4Jnznmuwu IlltW4l1 pumpwqptlmu t 

4JnznmtlwiJmpJwli wumJt6wuntl'mhltl.tJt luu2 uw4hphuJtu l1G4wiJ 4Jnzm 

hwmJt4lihpJ1 pwliw4ntl : 
f!mJUJl 4JnJnmtlwiJmpJWU k wumJll)wlill 4wJutlwo t hnupJt q1mh)1 

wu4Jwu a ubiJmp.JmliJlg · k=k,(l +k0 sina), 1111mhq k, - mh11LJ1 hw4wnw4 

bphuJtg 4Jnznmuwu wumJl(iwuu t, k6- wnwug 2w4Jnqw4wlimpJWU 

qnltiJw4Jtg ' 4wJutlwb oqmu pmJlilt JummpJmUJtg: 

17.2 Pwnhp~ u fuwnfi~tfihp~ UJWpwuhmphpJ! 

Upu4JtzUhpJ! pwph11U muhu qtwGJt 6L' tLltUJ.UJl 4wu ZJ12WUJ! 

hJlUpbpntl: 'Uhltlt.WJ111UU U11u4uwu L}lnppwiJwtlWL L lllLUlllWL}lnpllW­

iJwtlwl bqwuw4Gh11}1 4JtllW1111lJ)JWU hhm wzJuwmmu b(i pwpb11J1 

iJwtlWU! uhiJwgGht WJUpwu, llJl WJU pwtlw4wGwgUJ1 Uilttl ltwu lthu 

hhpflw4JnJuJt wzJuwmwupJtu 'Uzwuwlthtlttl upu4JtzJl pwtinq WJtwqm­

PJntUI! V-ntl, l}Ul1QI14liwu LWJUillJ)JillUU B-ntl, hhppwt)lnJuJt uwpmp 

wzJuwmwupwjpU dwuwGw4u T -ntl, pmuwp)luJ14WU1Jl hh4U1WJ1WJJlU 

awJuuf! Q-ntl, 1111112 b(ip pwp)l Vc, iJwtlWLI! hbmLJWJ. pwuw6Lntl' 

Vs=l0.4TBVQ (17.4) 

4wtuut tup qptt 
1t ? -4 

Vo = -d -I= 10 TBVQ, npmhltJtg pwpJ! 
4 

hpltW!llllJ)JlllUJ} f J!Urpuuhtntl lllmzw4Jl zwt)lJt, 4WJ11ll1 hup 11JlllZht 

mpwuwqiJJl d uhompJillUit' 

d=2·10-2~ (17.5) 

luwnuJtzUhltJ! uwJuwmhutlmu bu pwUOI} hhqm4Jt JummpJ111Ul! 

pwpmu hwumwmmu UJ.Whhtm hwuw11 L J!UUl qnltiJmtlllPJWU u4qpmuvJ1 

tJtumu bu uhJuwGJ14w4wG, UJ.Ul.tuwmJtl.jw4wG L hJuwwtltP4Wllwu: 

lfbJuwtiJt4w4wG JuwnuJl2.J! mhqw4wJtlmu t WJUUJ.bu, 1111 flltw4Jt L pwpJt 
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hwmw4J• uJIIJu pw~w4p JJllill I 0-15uu, hJulJIWlJJI•4w4wli [uwnGJ1211 

UJbqw4wJtjmu t pwpl• hwUJw4l•Y 25-50uu pwJH'lJllllflJWG 4J1w . 

f! wGnq hhqm411 pwtjWJIWJI Juwnlimu 4wmwptjmu t h!uJIIulll­

ll•4w4wli Juwnlil• £'11 OWJJ1WUjwGw4t•q hhqm4Jl h1J2J1 wpwqlllflJWG 2 5u/Lj 

qhu.J.pmu :Qlil} liJilltU WJI} wpwqHiflJWU UjWJUwliGbJUIIU tclh4ql•wJJ! 

qnJIDw4J1Yl! (GtpootjmJ hbqm411 qwliqtjwoJ! hwpwpbJilllflJIIllip pwlinq 

hbiJHI4ll qwGqtjw oJlli ) Ujbmp t LJ1lil1 k,.,29: f! wGnq hbiJ1114ll JutunGt\wG 

l•limbliul•tJmflJlllU]l qliwhwmtjm tl t ?Ji yWUjU1IIIJU1Jl ku qnpow4ynt1 . 

k = Qm 
II v& 

llJIUlbl] Om-Jutunlij!~J:l WJlU1Will1111JW4wlilllflJ111UU t, u3/Lj ,- Vo 

OWLjWlJI , u': 

(!Hi) 

<.Junlwt!IJ14 ]l.Ituntijl~J! WJIU1WIJJlll1JW4wGmfJ1llGp hwztjwp4tjm u t 

hbmuJWJ pwliwountj · 

IT 
Q = 10-3 -d 2 Y 

r 4 , bp (l 7. 7) 

IIJILilbJ] . d, - OlUI]lWUjlliUWlJJl wtigpjt Ul]IWUWqJ!aU t , 

\ \,22.5u 'tj hbqmlJ!I lqpj1 wpwqmpJlllUJI , p-hbqm4J1JuU111lflJ11lli]llJq! u' : 

fl llllilll] (i li 2U lliU P hlUJlnliJ! ubo nq~JUIU !]bUIJ211tU (P== 2ll''lw) 

hjuumluumli[J ,'jl twl• tuptuqmpJmlip4wpbJJ1 liJill2hJ hbUluJWJ pwliw olmtj 

v -b - (1 7 K) 

npm l.q k, -0tuJJ1WllJWLi tuLJ]l mbqw4wli JlllUWJUUJIJ)JtuG qnpow411~li L np]l 

4lll)11ljlll l) t (i li,mnl]lq , tll ]lWUwqDjl(j u wGypJl uz w4mJ~.I tuli llLlWljJlq: 

l~plllqni p pu l i \~, upnzuwli hwuu•pltwJlbJ]l t oqUJtJbt liwu u]1 WJJ hw.Jmli]t 

~W lll th'llljH I 

( 17.9) 

IIJI Ul lll] .\1' - juwnli] l.' tl utlinq u IJlllJIU l.4n!J 6liznn1litqtlt UJtupp bpmpJn•liG 

r .. llltu. f- wpwqlll]lJlUli \\ tjpw ltltljplutj j]l4w4wli lJ]!UWJl)Ullfl,IWU u 

Uipwqll1pJUili pw21uuwli tuGhwuw,wljmlJ1JWli wqljuwG qnpow4Jl9Jl 

(£"-"0 9 7) Umw~tjwo WJ!Ul tuhwJU111IpJmlilibpp (17 .6-1 7.9) t\]twu!tli 
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tJ.hJlgpwo hliwpwtJ.npmpJmu hfi mwtlm npnzbtm ubq wfihpwdbzm 

lllWflWUbtnpp UbOmpjlllUJ! , oppfiw4 de: 

<l»n.zntn~l.fihp~ pwvhpJt Von owl{wm J!UUlpl{mu t Wjfi hwztjnl{, np 

pwl{w4wfiwguJl qnpop L=3-64u bp4wpmpJWUJ!. 

V = LBQ 
on 4 

10 Plle 
(17.10) 

npmbrf B- lj:mznmJllll l!lil}qp4tiwfi tWJumpJmuli t, Q- pnlJup 1 hb4ww­

pp hwzl{mt awJuul! 4qlhw, p- pnlJfip JummpJmGJ! - 4q/u3
• 11. - pwpp 

tgtiwli qnpow4Jl9J! : <l>nznmp~fib11Jl tuwnuJl~fibJlJ! Jlpbfigpg fibp4wJwg­

Gmu bfi pJlw4libpnl{ tllUbn, npnfip ownwJmU bfi 4wuwpp pwfiquwfi 

hwuwp: 

17.3 lfqfl1_fihp~ t. ufinLg~J.fihpfl 111wpwuhmphp(! 

Upu4Jl~ubpJ• tirtlt~fibpJ! hpuliw4wlimu uJungwJpli (llltntlidbpw­

JJlli) mplll11 bG ' pwq4wgwo bpbp uJungfibppg: 

'1-wzmwJpfi 4nqmmpwlibpp upu4uwu hwUWJl lllwhwli2t1mu t 

0.2- 1.0 lTfTlw nfizmu, wJqllfibpJl hwuwp· 2-2.5 lTfTlU: 

lTrJlllll owl{WtWJJlfi UWilllllQlllUJ! (qu31Jllllll) npnzl{mu t hbtnhJWl 

pwfiwohnl{' 

(17.11) 

npmbq' d- utungp mpwuwqJlOU t, qu, s.-utungp J!fipwgp(!, I}U , n,- uJungp 

qp4fiw411 J!lipwgpfibpp pJltiJ! Jllllll- 1
, Z- qtwfifibpJl pJll{J!, E- utungp 

qtwlilibpp owl{wtwJpG lQUWG qnpbw4Jlg(! 0.85-0.9: 

lTIJ!1~Gbpp wztuwwwGpJ! qfiwhwwl{mu t pwpwJuuwfi qnpow4gnl{. 

k = qma~- qmin 
n 

qmax 
(17.12) 

bnwuJung UrW~Gbpp k. = 0.1, npJ! ~wljlwqwug ljlnpp t h WJI} 

lllww6uinnl{ lll 111qwwqnpol{mu pwpwtuuwfi l{bpwguwfi oqwJJlG 

pwuw4: 

lJlungwJpfi titlll~Jl hqnpmpJlllUJ! npnztJ.mu t hbwhJWl pwfiwahnl{' 
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( 17 13) 

U]Itnbl( P -hwuwljwpq]1 6GznllHi t . ITlw , 11- nqmwljwp qnpunqlllp.JwG 

qnpbwlj]1gp· 11=11 1.112-111=0.6-0.75, 11 1 - h]ulJlwtj!liljwljwti () .< J. <t .. (0 7-

0.98), 11,- t:>wtJwtw.J]IG 0. 4-. 4-., 11111! liwztlli t wntim t.l hbqmlj[I 

ljnpmutnGhllll (0.85-0.95), -11 .> -zt!lmU\1 hwztllt WllUlll] ub]uwGJ!l.jwljwG 

0.4.fl- . (0.85-0 95), 

<!>nzntn]l[Ubll]l h]ttiGwljwti pwGmt OIIqwGJl uGmg]1~G I.. HJIP t11Gmu 

t.JlibljWJ]lli lJ 1.4GI.Jtiwtn]1ljwljwG: CGhljwJ]lli uGnrg]1~]1 WJlUJWI}JlllllWlJW­

(imJlJIIIU]l hwztlwpljtjmu t flUUl wljwfl. Y...ITl. <l-BJIJWLlj]Ili]I pwtiwdl.J]1 

Tr 'llHSn 
Q,u=4d- --w (17 J4) 

UpuljjtLlih11]1 t!lnz]IwgGmt DWJIIUlll!WUWljGhllJI UIGmti bli ljbGtn]UI­

(iw]ulllJU, Z]lllWJ]lli (llb:J>tblJUll!JlWJ]lli, 6bl]J?Wtlllll), UJ.lii.JUUJUlji\jW\jUJ!.i I.J 

tytnmtjnq, ll]lllUp OWilWJlllU bli pwum1 hhtpnlj]I uwlip ljwp]lJULpjt 

tlhpwob]mi.J WJU tizwljtlmt op.Jbljm]JG (pmJu]tG) hwugGLpn hwtiwp: 

Upulj]1L]1 OWJIIWUJ.Wliwlj[I 4wl•qwtlnllll1UJ~ ljwUlWJitltnu t W.Jli 

hwztjmj , 11]1 WUJ.Whm1tl]I }llll tiwp[lU]IljWUl]l WllW9WlllltJWO hbljmwpw 1[1Li 

Q ow]uutl mtj.JWJ Vwpwqm pJWLi I.J J!lil}q]lljllwli B JW.Jlitup.Jlu li 

W]H.tbpuhll]l llbUJ.VlllU : 

q= QBV/600Z (I 7 I 5 l 

ntlmbq' Z- OWJJlWtywtiwljllbJl]l pwliwlju t UJIUlJI12[1 tjpw: liJlllU ljnqt\ lt<.! 

pwGnJl hbqmlj[l uw]uU]l utlj OWJ]lW1.41UUWlj]14 liWJll.ill t. ll]llllliJ . Lplt 

hwjUlli]l t OWJ(IWtywliwlj!t hJP!I tu!.lgp]l dwpwt.lwq]top. hbqmlj]l 6li,llll t.ip 

hwtiwljW]lqm t.ll L u 

rrd 2 

q = 0.06!1-~2gH 
4 
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(17 .16) 

OWJJlWUJ.WGwlj(ibp]l hwtiwp lJ )1=0.27 ljblitnllllUWjulltJU tnwGqbGg]IWJ 

OWJJIWUJ.wGwljubp]l hwtiwp), g -wqwtn wuljuwG WllwqwgmtiJ!, 0.06 lJ 

600 LWtPlllJW\jwunt:flJWU qllllOWljjtgubiL 

<.wtlWUWilbgubpltl ( 17.15 lJ 17.16) hwtlwuwlunti(ibllJ! ti]IUJWGg ' 

4w1m11 tun n1mztt tw]l d mpwuwq]1ol! lJ uGmpht hwtiwutwmwu]uwG 

OWJilWUJ.WUWlj, ]mlj bpb m(ih(ip llllllZWlj]l OWJIIW1.4WUWlj, lJllltnztl]l uwl.J 

llJlWUQ pWUW\jJ! llllU\jjl~jl tlllW, 111111 \jW1.4Whntl]I WllW2WilJitlWO 

hhljtnW[lWJ]lU ow]uu[! tntl.Jwt nbd]lU]l l.lJ!Ul}q[lljUWU LWJU1llJlJWU hwUWil: 

[crmuwp]!U]Iljwtn]l owJuu\1 q • . t!lnzntn]l~]l OWJllW1.4WUWljntl 

hwztlwpljtlmti t hWUWOWJU tPilJ]l pmGwp]lU]lljWmjl WllW2Wll!ltlwo 

hbljtnWilWJ]!G Q ow]uu]l, ljq/hw, t!lnzm WUlP]l l!Ul}qpljtiwu B 

JWJUIUJ)JWU, U, lJ tibpbUWJ]l ZWJHftiw(i V WJlWqntpjwU , ljti/dwti 

Qn=600VBQ (17.17) 

.fJ.wtihwpGhJlP GzwuwljmpJmUtl pmJuhp]l p]lti]lwljwu l4wzm­

l4wGmpJwG uhptuwGbJl]l pwfim1 qnpbJ!Gpwg]l ut2 huljwJwljwu t: 
.Q.wuhw11Ghp\l hbf1m4 ljwu t!lnz]l pmuwp]lti]lljwmubpJ! uwuGwmmu tG 

uwGpwqntJU uwuG]lljGbJI]lG l.l tnbqwt!ln]umu ti]luLl.l uzwljtlilll opJhljtn: 

<.httntl!ll UWU]lWQUWU hWUWil pwtihW]IJ! 1.4bmp t tw]l tinm Wl4Wim4]1 

011]1 zwpduwu PWilOII wpwqmpJmG, ]mlj mb.qwt!ln]uuwu hwuwp 

pwtihWill! l4bUlp t mubuw ubi} WlltnWllllllllW\jWU1llJlJIUU lJ hhnwhWJlllt­

JlJiltU : U11ulj]l~Gbpmu l.l tlmzntn]l~Uhlmtu oqmwqnpotlmti bu ljbGtn]muw­

JumJu l.l wnwugpwJ]lU pwtihwpub11: 

.Q.wuhw11ubp]I pGntl}wqphp]l hwubuwmwljwu tlbptmonti}JlllGJ! 

QlllJQ t UlW!liU, llJl ljhuJ!JlllUWjuiHJU pWUbWpJ! hbqntlJ\1 tWtl UWU[lWQUlltU 

t, uwljwJu tjwm t!lnJuwruunu untJCi]mlj t!lnpp mwpwonti}JWU lij1w, 

wnwugpwJ]lUJ!, hwljwnwljJ!, tlwm uwu11wgumu t , twtl tlJn]uwruuuu: 

.Q.wG]l np ulm4]1~uh1uuu hbflmlj]l tiwupwgmtiJ! ljwmwpmu bG 

Gwl.l OWJilWUJ.wuwljG hpJ!, mum]l pwuhwp]l I} hpJ! mb]uCintnq]lwljwu 

qil]IOJ!UI}Wg ~uti tiumu t ti]lwju ljwp]ltCibp]l tnbflwtlJn]umpjlltuJ!: liJJ} t 
ll!WUlQWlll}, , np UllUlJ)l~(ihll]l Ubo UWU]l lijlW oqtnwqllllOtlntU b(i 

wnwugpwJ]Iu pwtihwiiUbll (ulj.l7.1 ): 
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v ut4.r4 

s·b:Fillld I I - ~ 
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\ '--- .... ,, ......._ - r--..... r---
2 4 6 8 l 0 12 !4 I! ,u 

'U~ . l7.1 O!lWJ~G hnupp wpwqntflJWii tlJntlJnluntflJWG pGntJfl~ ~wtuqwa 

u~Gzll htnpwfigpfi mlihywa hhnwqnpntflJntfijlg . 

1-~hfitnpnfiwjumJu pwuhwp 6000u)l!t wptnwllpnqw~wGntfljWG flhummu, 

2-wnwfigpwj~li pwuhwp, 33000u)/d WptnlU'lfiOlJlU~LUiintfljWii qhummu: 

<I>n~pwawtJ.wt upuqp~Gbpj1 tJ.pw oqmwqn[Iatj_nu.l bu 

4blimpnliwfumJu ~wuhwp!ib[I , npnu~ wtJ.b!P twtJ. bli uwliJiwgumu pwlinq 
hbqntq[! : 

OqmJ!Ili hnuwli~J! fllllJIU qwtntJ. OWJJiwtlJrulw4li9 [!UI}WJu:\w4tJ.mu 

t' bJ.Pp w!ig~jig m!ibgwa hhnwgtj_UJUilJ:lJWU[! hwuhUwmw4wli 1.J 

ubawlimu t Gpw qwuqtJ.wO[!, ~wlip np zwpduwu [!lipwg~mu [!Ul}qiiqtj_mu 

t ZP2WUJWL11}1 oq[!: tJwjpwtlJnqwqpg hbnwliwtntJ. , J!liqumu t OI}WJ!Ili 

lmuwli~p wpwqmpjntli[!: 

OqwJlili hnuwu~mu hwliqbu bu qwum b[Iqm mbqwuwubp' uqqpliwqwli 

I.J hpuliwqwli (Gq.l7.2): 

308 
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. 0 .3 35 d!a 

X 

U] . l7 2 01111 wqwm hnupp utuhuwG 

l .hnupp pl.Jhn, 2-hnup!J Up'J1ntlj , 3-wliymuwjpli htutnqwap , d-awjp tutlJnJ1wlt!J 

htn~ tuliyp~ tnptuuwq~a~ , V, -hnupjl htnP uljqpGw~wli tupwqntfljntli~,V,-hnup~ 

wptuqntfljntli~ atUJpwtlJnqw~jlg x hhmutJ.npntflJLuli qpw, a- hnupjl 

~lifltupow~uwti ~nJ1WJ~Ii wliljjmli~, r, - hnupjl ~GiltW.Jiiw~wti hwmqwapjl 

ztunwqpJ1J:1 xhhmuqnpnLflJWU t(pw, a-hnupp Upp~LUjlinLflJLUti qnpatu~py~ : 

U4qpliwqwG mbqwuwumu' 4nJillq}1 qnmnu.l , lmupj1 

wpwqmpjlllUJl ulimu t hwumwmmli, hjui!iwqwli mbqwuwuntU 

WJiwqmp.JmliG J!li4Gmu t : liiiwcpnpJmU(! tlJnppwlimu t liwi.J hnupj1 

wnwligpj1g •lhlllll uwhUwliwJ)lli zbJIUlbp[!: 

t:Jwlt wugpj1g x hbnwtJ.nlllllJ:lJWU tJ.pw OJ}WJllG hnupl• wnwugpwJ!IG 

WJiwqmpJmU[! llJllll tJ.mu t hbmi.JJWl pwliwoi.Jntj_' 

ax 
V,=0.48V0 /(-+ 0.145) 

d 

llJtlilbt( hnuplt UJl1I4WJUillJ3JWG qn[IawqpgJ! a== 0.07-0.14: 

(17.18) 

.QwullWJijl WJll11WilllllllWqWUlllJ3JillU[! Q=SV,P, llJllilhq' S - i:IWJIIW­

t}llll)Wqjt bJ.Pli uwqb1Ibuli t, V,.r - twp unm lmupj1 uJI2Jlli 

WJIWqJllJ3JillU[!'V,r=KV 11 , K -qllJIOWq!Ig t llJl[! libqwgru1 OWJI1Wt.Jimlw4}1 

hwUWJI lnutJ.wuWJl t I' 4lll[l wugphJl)l hwuwp 0.875, llll~mqnJIUhJlp 

hWUW]l 0.75: 



Gwnhpp UWfJWJlPJ:! npnzwld• q6tJ.wpmpJmuuhp t umhilDmu 

l}lnz}Iwgwa pmuwp}ltlpljwml} uhpu umgCihtm hwUWJl, wpwqmpJntU[! 

}lumtuu!ItJ. J!Uljumu t (u}1u~lt 6U!tJ.) : <Dnpohpml hwumwmt.Iwa t. 1111 oq}1 

hnupp 5-6ul tJ. wpwqntpJwG qtuwmu mhpltuhpJ! U)mmtJ.mu hu ljnpmup 

21llJ121!, U1Ptl. zbqtJ.mu lt QJlwtJ.mu ljwJmU Il11pp, pulj 35UitJ. wpwqmpJmU}lg 

pwpop hnup(i wpqh(i tJ.uwumu t mhJlltUhJlpU : 

CuqmutJ.wa t J:ul•m uwqwJ•pntJ. pwJIOJl awnhpp upuljuw(i hwtlwJl 

ummpp WJlWqJH:f)JlllUJ! tJ.hJlgCiht Hi U)Wljwu 20u/tJ., lt n~ wtJ.hLl• 35\XftJ., 

unup uwqwppp qhuwmu' 10-20u/q, )uwiFUUl tJ.wqhpp hwuwp' 8-1511/ t.!: 

fhuhCiwtntJ. uwqwpp}1 ummpp unm oq}1 Imupp Vx WJtwqmpJillU[!, nJmz­

tJ.mu t Yo WJlWqlllpJWU utampjntU!} (I 7.8) pw(iwoltpg: X hhnw­

tJ.npmpjntU[! nJmztJ.mu t htmltJWl pwuwoltnt.l· 

x~R (17 I 9) 

(17.20) 

4.tfimp.nuwJ:umJu pwuhwpUhJ•I! wll)hmjmu tu olll• hnupp 4-15 

hwqwp U3/6 awJ:uu,wnwligpwJ}1UI}' 18-160 hwqwp u3/d: liJil 

UIWID6wnntJ. wnwugpwj}1U nwuhwp(ibp[! pmJL b(i IDWUIU WQllhqwm}l 

wpwqntpJmfi[! qqwtlmptu pwpopwgUht ljtumpnfiwJ:umJup (4-5lju/6) 

hwtittiwmmpJWUp: 

17.6 Ul[mnuwmwguwfi hwpghpf! 

Pmjubpp p}lU}lwljw(i U)W2IDU)WfintpjwU utptfiwfitp}l 

qJl[lOI}Upwguhp}l ljwpqwtJ.nJlUwu, ljwnwtJ.wpuwu 1J wtJ.mnuwm huljuwu 

):uUIU111UbJll! U!WJUwfiwtJ.n1ltJ.wa b(i h11ljm h}lUUwljw(i U!WhWU£UbJmtJ.. 

mh):ufinp•q}1wljwu qnpo[!fipwguhpp I•umtuu!ItJ.wguwa (wzJ:uwmwup}• 

wpmwqJli1I1W4wumpJWfi PWJ1011wgtiwu) 1J ZJ12W4w ti}l£wtJ.wJ[1}1 

ppU}Iwljw(i UJntJ3h1mtJ. wqmnmtJ.htmg U)WZIDU)WUhLnt hbm: 
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Shtuunlnq~wljw6 qnp<}J!liptug~ ljwmuqwputU6 wqmnuwmwgmuJ! 

fill!wmwljW'lJllUU t wnwtJ.hL hwUwiwiP qwpoCihL pwu1111 hhqmljp 

ljwpjttGhpp pwz)umUJ! pmJubp}l mhjlltUbJlP tJ.JlW. UtphfiwJp J!UqqJlljtlwfi 

LWJUDlf)JWU lt zwp6uw(i 11llllllllJ3JWUp 

lJtphUwJp [!Gqqpljuwu LWJUmpJwtlp pmuwp}1upljwmp pwz):uuwu 

hwuwiwl}lmpJmU[! ljwJ:utJ.wa t I•fi2Uitu OWJPWU)wfiwljutpp, WJUU!hu tt 

pmJUbJ•l• tXI•21J bqwa hbnwtJ.nJuHpJmu}lg : fchnuwp}1upljwml1 pwz)utiw(i 

qJlJlO[!Upwgp lt hwuwiwl}lmpJWU tl.J•w npnzw4l• wqqtgmpJmU mut(i 

uwu LWJUWljwu mqqmpJWUp pwUllll onqp mwmwumuUh]ll}. 

wz)uwmwup}l [!Upwgpmu WJfl Olllll! U)hUip t UlUp qmqwhh 

Imppqnuwljw(i hWJlpntpJWU[!, Im4 OWJ[lWU)WGwljubp[! ' hwt.lwuwpwhtn 

qtmullg: 'UztJ.wa U)WJUwuCihJIP l•pwljwuwguwu UU)wmwljntJ. WJlllhU 

umtqatJ.wa ta ut):uwupljwljwu, h}ulllwtJ.LlllJwljwu 1J tthlJmpw­

ut):uwGI•4w4wU ljwJmUwguiUl uwpptp: 'Uuwu ljwpq!I utptfiwubpntu 

pwfinq 011111! Uhphuwjp ZJ1£WUwq}lU t U}1wgqwa aJ:uupuhpntJ.' oqmwqnp­

ahtntJ. WUllJliD}lqwmnr•uhp lt 6n6wuwljWJ}1U ljwu qmqwhtnwqowj}lU 

ut):uwu pquut1•: 

lJtpb(iwfihjlp zwpdtlwu 11llllllllJ3JWUp pmuwp}lupljwmti pwzJ:u­

uw(i hwUWiWtPlllf)JlllUJ! ljwJ:utJ.wa t U}l zwpp wqilW4utr•l•g hwmljwll)bU 

zwpdtlwU wpwqmpJmU}lg: fchuuwp}1U}1ljwm}1 pwzJ:utiwfi hwUWiW­

lftmpJWU tl.Jlw WJfl ljWJlq}• wqqwljJ1 wqqtgmpJWU pwgwnuw(i 

utqwmwljntJ. wpmwuwhtlwUJWU u}1 zwpp tpljputpntu upulJpiUhJll! 

hwUwLJ1IuU tu 2WJ16tiwu wpwq~npJmU}•g ljw):uqwa pmuwpplX!Iljwmti 

aw):uup ljWjlqwtJ.njlllWU h}1JlllwtJ.tiJljwqw(i, tthlJmpwljw(i U WJl hwuw­

ljW{lq}1 wtJ.mntiwm qnqwtJ.npnq hWJltlwpwupfihpntJ.: 

<.tmwnr•ppwljwfi t :ppwuu}1wljwu « btl.Jlwpq» :Pl•pliwJI• 4111111}1g 

WllW£WJ1lJtJ.I1Il qnqwqn]1I1Il uwpp[!, ll[lp wzJ:uwmwCip[! h}lUUtJ.wa t qwzmp 

upwtJ.n11 tiwljtphu}• tl.Jlw pmuwp}11Xpljwmp J:uumtpJntUf! hwumwmmu 

U)Whhtm uljqpm!lp}1 tl.Jlw: 'UztJ.wa uwppwtJ.nr•lXwfi ut9 wutlJ.nl}l.nJ:u t 

uumu pwu1111 htqmlj}l awJ:uun (ulj . I 7.3): 

liJu hwuwqwpq}1 h}1uuwljwu hwuqntJgUh11U b(i ' zw11dwpbp 

uljwtJ.wnwljn, (3), J:umwgt.lwa pmuwp}lti!Iljwm}l pwpn (4), u):ungwJ}1U 

Uillii qnqwmnp[! (hp441111UWU}l qnp01111nt.PJWU \.J l}l.npp wpmwqpnqw­

ljwumpJWU 5), 2IIP pwp[! (7), pwp011 W]liDWilJ1I1IlW{jwfimpJWU UfllJ~I! (8) 

1J J:uwnU}lil! (9): 
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4 

"U4.17.3 Upu4Jl~Jl zwpch1w!i tuptuqmpJmliJly 4wJmttuo pm!itupJ1liJ14wmJ1 

llwmmyuw!i Luttmnllwm 4tupqwt[nJIUtu!i u4qrm!ipw.J!I!i uful:illtu. 

J- [!!iptuyptujp!i- 2LU[Icftupl:ip tu!i!H[, 2-tpnJutu!iqOw!i Ul:ifutu!ijl4U. 3- UlJLUL[wnw4 , 

4- pm!ituppllp4wmfl pwJ) , 5- UI"J.I!~ Jlntttutnnp . 6-anpw4, 7-)l flP ptuJ) , !\ - uqpL, 9-

Juwn!ip~ , I 0- OWJflWUjWlitu4lihpp pwlinq o n11 

lfiUlW (8) wzJuwmmu t wutlJ.ntlJ.uJu nh<t[t11n4 h GwJuwmbutJ.wo t 

2lll]l{! Juwnutl~ (9) lllllW[tlJ.htnt hWUW]l: <llHJ2]l W)lUlWil!lllllWIJ.wumpJWU 

Urtll~l! (5) GwfuwUlbutJ.wo t Jupm pmuwp[lUlllJ.wmu Juwnu)ll mqw]llJ.htm 

hwUW]l: lijq Urtll~ll (5) W]lUlWllJUlllWIJ.wumpjlllUI! lJ.wJutJ.wo t utvtuwJll 

2W]lOUWU W[lWqnlj}JlltUpg ' zwpdmuu UUlWUillU t uhphuwj)l wulttJ.llg (!): 

lu)1m pmJG)l uwmmguwu lilltPl! qw]IqwtJ.nptJ.mu t Ullllill (5) J!Gpwgp)1 

qwpqwtJ.nruuuntJ.: lijq Ul4WU1W4.ll hWUW]l uqjllJl ZW]lOWph(! u)IwgtJ.mu t 

ZW]ldwpb]l uqwtJ.wnwlJ.ll hwuwlllwmwuJuwG wugJ2[1G' tlJ.ntlJ.nluhtntl. 

" znmmtJ.lllJ.)l » lwtlJ.u: Qm]l\1 h j}IUJUJ:!, u)lWUWtlltJ. Juwnu)lllllU (9), rpnpu 

tG qwtlm OWJPWlllwuwlJ.Gh]l[lg (10): 

lllivtGwJll wGuwpvmpJwG wtJ.UlnuwUl hulJ.uwG h wqqwGzwGuwG 

hwuwqw]lqb]ll! qp]lwnt.J.mu tG hwJllbuwqwG W]lUlWllPillPJWu n1m2 
ubpbuwubpp t.J.pw: liJUlllUU O]l)luwq, lmqWJ)lU :J>mU)lqWUlll]l[l 

wz_luwmwupp huquwu wqqwuzwGuwG uwppu mu)1 tplJ.pwqmq t<1wqp 

6h , np[l pwqmquh]lpg utqp tlJlw q[lt.J.wo t IplqwtJ.nptJ.wo pmuwJ2[1Ull­

qwm)l [!GJpuGuwG pwuu, UJmull tlJlw· hwqw4.ztm: bpt ll]lht 

l4WU16wnntJ. qwqW[llltU t pmuwJ2llU)llJ.wU1p Uwlllmguw(i !mUJ21!, Wl4W 

hwqw4.zpuu zl:irtmu t bplJ.pwqmq t<1w4I! h u)1wgumu ttblJmpwqwG 
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2f1PWJll qnuUlwqllllihJI!I, 111111 hhlllhwGpml. tmuwljnpttmu t 

UlpwlJ.llln!llmlllllJug!I4!I wqqwGzwuwJliu twtium: 

17.7 ~~t[wfiqntpJmfifihp~, t[fiwuwmmfihp~ h tintwfunmhp~ 

qhu UfW:jpwp~ Uhphfiwfihp~ ltwmwphtwqnp(}tiwfi 

hhnwfiltwpfihpf! 

ITlwJPWIIll utphuwuhpll lJ.wUlw!lhtwq..tl]Ibmuu h un1Itrlli 

UUlhqOWUWU W}fuWU1WUJ,2UU)lJl UlW]lljmU h(i 2]12Wl4WU1)1 hWUW]l 

l.llWIJ.wu JHUuwtJ.n]l UJ..llUl.llW)lWUlUU]lll h lllWJPW!l)l Ull[l uhpnquhrlll 

UUlUJlOUWU h qwUlW]lhtwqn]lOUWU hhUl uhlJ.Ulhq : .:!.wUlntlJ. lll}Wll[llll­

PJillU t qwp6tJ.mu lllWJPWllll llUUlhq]lWL hqwGwlJ.ll uzwqmpJWU tlllW, 11]11! 

GwJuwlllhumu t wq]mlllh_luuliiJ.wqwG, qhuuwpwuwqwu , pllU)lwlJ.wu h 

WJL UhpllllUU]lll OlllUlPUWL hwuwqgmu h hWUWUl]l l4WJJ,2W]t' UltlJWt 

q..tllllm h mtlJwt lJ.mtllllll]lWJll h!I4wliqmpJmGGhp!l, tJ.uwuwmmuhpliqhu h 

ll:ntwJunUlbJlll n~ulwgmu : Q-Gwtntl. LWJU wpmwqpwqwG lJ.ll!lwnmpJmU 

hu umwumu ulJ.w4wnwlJ.wJ!tG OWJ[lWlllwuwqutrm4 tlJ.nprtwowtJ.wt h 

lllLUl]lW - tlJ.np]lWOWtJ.Wt U]lUIJ.muuh]lJ!, npnup huW[lWtJ.Il[illlj}JillU h(i 

mwtlm UUlWUWLlll 30-200U)ll.umG Ul]lWUwqop qwp)ltUhp: 

'UwJuwmbutJ.mu t pwum1 hbqmlJ.ll owJuu)l htmwqw tlJ.np]lWgmu 

(35-40t/hw)' )1 hwzM hwlJ.wq..tlLHP2lll GJmptp)l oqlllwq..tl]lOUwu: Lnq12 

wzJuwmwuJ2Gh[l b(i UlW]ltJ.mu qwnwtJ.wpuwG, lJ.w[lqwtJ.npuwu h ll]lwlJ.p 

huquwG wnwtJ.ht qwUlw[lbtwqnpotJ.wo wtJ.mnuwm hwuwqw[lqh]l)l 

umtq ouwu mqqmpJwup : 

.:!.wmmq mzwinmtpJmu t qw]I6tJ.mu qJ11UlWU1Umhuwqwu 

wtJ.liwg}IWJ)l tJ.pw: M-15 ntwqmptJ. )lupuwp)ml! qwmwpmu t pmJUb]l[l 

upuqmu h tlJ.nznmmu Junznp, 11112)1u, uwupwqwppt, tlJ.np]lWO"wtJ.wt h 

lltLU1PWtPilJ2[lWOWtJ.wt tqwuwquh[llltJ.: 

lm]l2 wzJuwmwuvut[l b(i UlW[ltJ.mu uwh LWU2Ullll PlllJUb[l)l 

uzwlJ.mpJWU, hmU1 :J>mutiqwg)lwJp ubJ2hUWJwguwG hwpgbp)1 t.J.pw ' 

oqmwqn[lb"btntl. hhlllll4.ll lllGhuwmlllJ.wqwG .pnz)IwguwG h .pnz}lwgtJ.wo 

hl:irtmlJ.ll hnuph[lll tth4UlllliqwguwG hw[lUW]lwuvut]l: OtzwlnrntpJwu 

qbuUl]lllUlllU t utptuwuwub]l[l lllWUl]lWUUlUWli hwuwp Gnp Ujutpb]lll 
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oqmwqnpauwfi u wpmwqpnqwi.JwfimpJwfi hbmwqw pwpopwguwfi 

hwpgbp[l: 
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