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'{5

grad "r (iJt)

* T )r'. nli curl ({ *), (.!) grail (x*)1.1

V' (r tx) (v)

" G)f (n + r) (.:) . (v) - taihb+t) (=)*, I x 1-;sty : *q

.r;5 ir,,r,' lt A ,y-t\ uLel y-:li,. ff - f

t'r o .l
lKul= | . \\ -fi 

IL' -u= 'J
?," ub- 6L-r&&{r.11 ..r,ig-J$ &*,,x,'1x*y }-al 6,La-r^ n5-r+,.lb_l

'c'-'l ^:sf J13"o\ l:* Jf
Lt=Y,Lt:A,4-- \Y:d,-t

styttltd g = \, y, r) ,r,-"^,;t6Laca-.1 slrq) @ - \, t y) J*tlrb rr-r
.r.;5 Cr..t' y) bji:^.f-yL

I Y -rA/i- \Atr I
lr,il= + | -'rrf q/y r/v 

I

I ''tri rh rlv 
JL :*E

1t9=\ritrl=yrltrl=y

ff(r)- {(lfr 6, + 6, -"r), ff(Y)- + (VT d, - 6, +er), ff.,)- ( 6r+rr) tfr



6l 6)t.,o<:l;b:f ,J.-s

l-q !:e, .# ,gl't\ y;6itr1gL^,S-lL; .'-r:--lLx; '>l-.o:;'-.;: gir.re elif :1 flfv - f

."q-L; JF, fi o$ ,sa;-:-,SL^-,it;l oijl-:i o:p ,F ,taB ,5rljj:t; q b '])rt'-
.n-irl g-,! r:-f r:"^-, e-l; ^5.43r cl[,i.:

vx(V'")=i V(v.v)- (Y.V)v (-iJl)

v.uxw=Yxll .w(v)

V x (V x Y) = V (V' v)-Vtt (V)

Y . &V Ql = |VYO + VL. Vd (.r)

v\0il - rYYO + | FD. fvL) + OYtl (.!)

V. (vxu) = (V" u). Y-u.(V " v) (C)

! n5.r+, dt-! .J-!Li,>l-,o:;.olKi, a, nu-13 b 4S!!U SW-6 + v = b x X .,l:y ft f A - f

.c,-.il: f+lr ua;l-',5IUKIL; 1l o:Lu-l

divv=. (*) curlv=Yb (.-lJl)

el-*l L 4J # et-.; "r*-L; ,F ,r*Li 6.,U3rL; *lt fi.rl:L g.z r.i+r f l - I

V I n 6L-o1l:r- SQ t* 6! .:):l-.- c'*,! r:*, .rtJLf -;: or! oa;h gL^.l.lrly,l

;'fc JeV
div (Sv) = Q div v * v . grad d (*all)

uxcurlv * vxcurlu = -(u. grad) v-(v. grad) u * grad (o.v) (V)

div (uxv) = v. curlu-u. curlv (v)

curl (uxv) - (v. grad) u-(u. grarl) v * u divv-vdiv u(..r)

curl (curl u) = grad (div u) - VYu (e)

.2ltrax; -St,u\,-, tti ,t; Lb, 4r ni k-Jt"i q S )J*.-,- C-' 6,- 612ltV f-*-f " - f

nf r*^, rll.l; r-!U i 4r-'6ssl-g+- "i-b 
.;: oLi;-P c^:+;"

xin$S = 6ijV (Jji)
J,

Jroo.x). itds=rv (:)
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w=curt y,),:1(*),rir,nr 
{ 

lw.ffds: 
I w.grad ldv (v)

6[:-".51 ^rb-r67; qrirr-iJ [6;rry ej ,ildS=\V6ijG,)

(..x-i!.f .:l*":*.
JnSJA:. ua;l:6-rli<rL*; t J +-iJ,.t lt t) ott-*.,glo--- ?-ra : 6(e()

Iq"x,6j, i I : ft,"x)(i1"i)

4 .sl.rl, aSC o-t ; i p J:- cFJtFt t nJ.r+, ub ,lr-,1 *--b c(Jr rt - r
'c'"-ilr f"^lr Q 8) gt! .:.-,1 fu; o.t-t-\,r.,t^,1lr.ra 

"pl-4:

d Q,tu;= "r,C

dr:lJq sxj = xllx oS t+r r.ll:; rxL.u^x o-llsl ,g!rr asxi t4J4 1lsr1 6111rr - f

x,ii=*,", *'-'),ii: ry-$r*l x,ij= !-ffrr;lo
.p":l,r b 1a 6i.;;l 6l-r1l:y .l B ;A .Srl*;l 6t-r1j,-L- Slt. Sl+: ..Jlj ff - f

(A.a). (8. b,) - a.(Ar. B). b (rlt)

b x 8 = + (B _Br) . u ,

(v)

(v)

a. A.

I b; - e;i*B*1

b = b. A". a

."uf orfo:,,| \Y - f - y.l \\ -T- y,.r):L jlJri,SLn6iL;..rlil 6ltpslotf pff _f

[Aa, Ab, Acl : det a,/Ia,b, c] (".ail)



AT 6)t.,p obb:f ,J,.s

^l,r . 6,a x Ab) = det a;{ (a xb) (v)

.r.:..,i ,Stt*-lA .lr-b s4 b, c 6l.o.,1by

^S p-ierrlU- .r.-:U '>V:;,. olKir l: glrJ.e elirp = tlt (x) sQ : Q @) f tra -r

;:*; r'-l3tj'5 a*)i dJifl .r-tts" Y'0 f"qf,; s YQ Ft-LJ Q; u*;l-' 611j5:L;

..r,-i**,..r, fiotVbl--rr -,6.f|,i,ll.r:lgl;b \ -rf - Y aJ:L

I

t fi!,rrfis = J, (Q,ft,,; + wi dv

,$Jr". -r-r J* ! rrdrLi drli<rLJ t l, q;: yl

Ov 1p.ff as = { O # ot = Iu NO .vq) + Qy,v) av

nJ.r+, dh .fljty- ) a&3 "t-,y ;;*^,. .r-:tr.f e.S ,JS( t[,;l *. isf 6

| (f\,i - 1po,) n; d.s : I (f\,ii - q,oi dv
JS JV

y-.t ot:.at i.irLJ 6rtr(:L; I +5 Jtu .i

) 
ds = [ @Y',t,-,t,y' O) d.vJ- b1-q'Y

\dudn

,.>-'l gs--s? p9.s .sL>:( .,-t,9r'- oS





,.PJgel f
ff JQ,G^L-'.t,fr cslati | - f

.u-f ,-l.J:;; b t! -il \:.'J f-*? ,t- )J-"r* p S:: t+ J*t, ss 9E ,/ry
F ;r re.l;.l;{1 ,-*:l: p-.+.i- ur-p- 6trt9-,.$t5,.-r,5.:.;l:4?i J,-t

gj) g,-+ c^..tL O:.il.t & elt 6-t..lq b,',l Cr', ,Jt^l:* rtry dLn;r* W 6 s-$'l
1.^-l-*:y;tS;t 6.r::.,.,n 

"d$i 
ta.i-l 1s V -htr-r,JLI,J.*, S 1--Se 4+ Lr-r,..:*,1

.t:f 't JeV 't)V J"t",4 L-'y

.-r{F osye d/J-i S-rrf o.:ls;..oj -&r*" jl Jrt"i 6 si JIel U tt

'"r-i 6jf p-*a,r"L-, s: s ;^,,-Fct' JL"el 'lgl g ,f est 6"*brr+ tJsl .J,y,/

dr+.'ft-lJ 131? cJb:.* tl^-.- Oi;l g!.-f F cstay:'u iiru i '':*'l

-.rJ J-rd)4 .lL"j L-'y t- <,(f:a l-l-91.r st)b;:t,o.j d^5-, \ 6,*> gLn;-,*..:-,1 JE

Ut -r cJLrt f P :l Cf G:: ,*-* q 6.-t-bJr# 6lJ) .f.^r..f 0t^t^i (f.--

C-, )1611":;l '? &-\ )Je-* d*' )l ,# 'g ul Uj l5;,-t il -bu-e c$lo-t-i

.)LJ .f; rJ;bJ :L^i !. bl-,* y I .u*a & <S(a lr u. i jru LaoJ I cti!. f**? JEI)

y g-sV C-b Gs-t S d-b-lr* .g!.f eL-' t-li ts J-rd r{,St-rl, 3 $.9'3,r.. o.:1.:

b-l-,* Jtiil )l ,j*V 6 C-Vl t- (r,,* cSb-lr*) $l"f dLctl .J-, o:-r.,.ii ,(So f*
.gtf ,_f A Cll;l .-rr-taJB, J.::.,.4 ulilr e!-, :l.u"l.1:

..1U 4, 55 it*, L-'1' a.8 -sj,aavv f- 6\l: B 6rL 
''-*.7 

d r, cl;51

g.-a jl erltl) 4tn ..(,,- f .1,SC_F.r, .:*,1 o.:r5Jt;,it !., F;p 6l-oi tlR. *)t-*.
t"",lr"f ..r;1.:-,11r! \ - Y J<-,aU" c*,lA m ,:t l-.,a 

6l V F- a'.;i.7f "r7.s: {li
dAl ;.*r- c:yJ, ,./ ,-/Al6ftr ,t..7 A a-i 6.:*,1 .g.:L p-*7 6,;l ,+--V 1f
,/ry.J56. tlrll:j- tt,-6f ;.:6r*Ur^ r[U"tr *f.:*.1 p-*7 u] Jl utJlJ.,

;*j c.-i L-'g ls "? f+' d/l L*9:"

Lm
f):rave L V

(\ - \ -Y)
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| -r Js-t
..-. 'lP +t.ci :s A, m pr 6l2ls 6 LV "? l.V tuy, +-- F- ;l ue;L:,

P ALli 4, I 'S-f 
L: rr+- S ,-)V-;J .- .,rl d/l J- t: b p aLi; g s: p ,/% ,

€r,,lli,-F cl,9; ue r7,:,,

p- lim
AV+o

(Y-\-Y)

t 6,* 6[a;-,* L,i+:-,3r 5r_9".1, *gr .c.*,1(kglmY):*<"., J 6-# J1KT :,o'lj

,t) :l (NlmY) :*<,r- J i -* -r-t3 .s!tr p; : (Nlkg) ff E t ,J -* l>tj 6tsl,,b;

.-t1t-.f lFrt ft.J-j d.rL- L-,j, ,}q

pb;=pi t_ pb=p (Y- \ -r)

p=p(x;,t) l* p=p(x,t) (Y- \ -Y)

Lm = dm
AV dV

."tsr*;; _htt_r f."? 4 pb-,1.r -&t M +,,51"L;r jl tli,-l e.,



dy ,F cJr( :y cJ,.s

irsp Jpt t -r
,il .:a; 6 V f+- q S ;.i"at-" C!-,.g!lr B:f|,.^,". d,K^^ 6rL,',,.7 d
P fl .*6,y F.st I c*,1 ^af tt;u, ,# gLa:.* s f; e.t$l Lt Jo-' rsLn;-,*

.:U3l ,s;,,J.) tsSuu P aLi;;l,S* jL.a it- .i- # :-r* -uq B J;lr 4t.c; .<,"

JSL." f=.- II JI.:.^*i Jr I b tr 6 e.:-,l1'.Q-rg o:y gLi ci, 6D,io Ol.j;.cq

JL"-j L-,3, 6 
'it 

bJe;lA S* c"-L,.. gbl, .(7-6 e f yP 4l'ij .(.jJl Y - Y JS,..i)

/ .:.,.*; ,lji,(;' 5cft 
" c.rll:1lr! .r-,lr._f II u*3 o1 c^^*i ;l rli c.a; 6.St&

jl .'x[ ;r. a'.;-o yV y.r, d[- JUJI ulilr t5b_l:+ .$r./ ,lLlj ./ Y - Y ,[5.i -1.r

A r..:i GJi.<r- Lt Jrt-, A S* G, J_t Ui,5- I y;-J .LJ 6ssII &.'*j J'^e

o,t'; o.r[: oLi./ Y - f ji11.: 6 ,51:-ra\:_*gP aLrt;':L, M;4+:l ,lL*.i- -1"4

jii;.r ,lS t-h,f Jt.slsfi 6rJ*' rSLa-t-,* ib; u^-o gl,a-lr* 6tV gtf)..:-,t
+tii -rs ni &-Jt--j;l:y .:"67 :t'Vs) L M; s L fi 6r-t' qj .(c*,1 o-t*i.i g-i r - r

t ;bf A S* .:.-L- is bt, 5 JSs" l.tl oFf ,-i-; dr./.1:;*+ P

..:-!l: r".^lf c$Q .,il.t .rBl, ^Li;.>ss.otP 6 JV;: -t:f,-r" ,b *-

lim Lfi = -4t- -t,(i)
AS*-ro A S* dS* '

LM,llm :o
AS*-ro A ,S*

(\-Y-Y)

J

(Y-Y-\")

aJ.:t--.-,r:.Jc.U.r-. ,j;!S rlt2.rrLijl ,-;a\ ,*: /Jx|t df; I dS* = t/i) slrl
U- fr^-. .rL-; tAcl *ii- clL..ll.ry c.:*,lP t, il-l 6 s- y g'lr:f ubj Y - Y - Y
a., ! r-r::lr; 

"l*-f 
,Strr.*, e-r.r g;lJ.$t-d C\t-t-,CoJ.l[ Lyf.-f 6 ,hf gi-

.f.^r.f Lb.rl \ 12V ' JFj"t eU
c*,1 ,a[- -,,lrl 4 y I nS:.,;-9isl rt{ .r. .JJ ;l:,r1 61y.46 .rL; -r, (ff) cl$ r.aU

Aa;e.&Fr!*l 6lJ. e,.-r-,!.f ,:', ,g!b P a}.ji J.r fi Jt-j ,trl tt .L$ J..ei J

.s-"J1rf oa;:r t_i eVff.i_ L-,j,ll5ro ,tsSu"P ^Ld jl 6 e:p &l

.:;1.: .:;,.73 e:lS:|.\:'J f-*? .*- ,Sf: Oi fr !+r, t;@ ;:;1by .(7yS-rl**r O#
;fii;.r '* oat3'i- .t-,y *Scff-",. P aL;rrff; t;6 6l,a2brr cj7,,o!^t
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.JScr" i--* \P M )r dF:i OQ rl:-,1 ol; e_F Y-f

(.jJl)

AM.

A f .

| -r JS-,
P otj!.2s s.2lj,.rf- r :i (V)$r./ ltJ bS* .r" aeJe E a,;-ru, W g;l ,r,a;U (u,ill)

A S* "F C,-,

oJ.at-.L ,Gy.^^;-2 r\r;.r ,LJlr*(" J J"e Slt Ui lf rlfU;l .rta,l b

\:^^j 6Ji.iJ1i 5 ,gjl-,-il &*; 6ssl \L*; L-, j, r-Li JL.rl 6Ji S ry'l
6t;l.r"r, (y* fJr dJiU) ,p cS;z ';l-ul ;!^el;l c o3)\,*,."r-,tr"f 1.!*.i 6s.sII
L c.*,1 y)Lt-'14 J..., t: f--+ 4;t,J:^-"j y' tr ,F 6;z r;llt r:p; Gq aJ

(v)



AI ,i; dr( :f ,ks

q Jl.Cjl J* q i)li € l, }-l cII j/ 6t'o.:^J 6ly .:^*; r.ri y ,rl-, br:l,o 6Ji
.1-r;1,-r,i g-,l,. P $;-.;l-ut ;[-aljl f - 6 .ui.1r .r):L, Cf-l) ._r" .r!:L.

J,,

J,,,

{i) as. 
^[ _.pb;a, -- *,vr

t,6) ds. 
J u:r, 

dv = * I 
",f, 

o,

Ir,*'o' (-illr-Y-r)

(vY*Y-r)

r'i'

r -r J#
n; &- JV; .2ltr,. L-.1 o$ -;-4A,S* o--i-o P aLi) ,"t;(i) r:;S.,lsy

.l:;,,.t II 3 / 6Lac.^^*i g+- .*j \Va SVt S o-.;5 sye,u e t"Ct-, Sn ; Sr di j, 6

.?i.J-,qur.!*;;:y' 6lrt c-,.e ,-,O[ia ,;:,)Q p c u*qe gLal;b; O++^,t

.$;l: y.lr crl-i:>t - Js jl ,F olJ:oq ! s* pl"t5g sn -r sr 6 p:l:
c,lbK- oli,et't 

'PJ 
B f 6lt dli,-/ OU+^i lt 

'F 
,5y ';t-t';l ,[.al

)f -lE : j.:' y..a:

D,,

J, t'@ ds * J" pb;dv=* [" Fvi dV (f-Y-r)



OJ-JI,*4 ,gl, a:-9t, 66L!D" cS*8.

o.:Li:-,lf - y - y aJ.:L. jl-r Cl? -fi-tS--! t, Vy- y -y -r ._aJtf - y - y.ry:L,rfl
6jl-,,-II ,b3 6lJ 6 J)V 1r c i jt I \:.^J .JtJ S* J .J1", *3_l a1 4?i q sf:5

g-tgfY-j d':L,. q J-'Lt./ -ff

/o

J,. I 
t,6 + {-il 

fas 
: . (0-Y-r)

rr. $tH
a.t-Li rri c-a; re ! ttr" a:t ,;s Jel d^, olt-il 1 - y .bJ r: 6cf L.n

st €t' ;U":* fU .:t-aS,, ol*-,, ..{, Jl "W-.-r-,!.f t,6 ;lr.1lrrr .i p

_rrCil-ldsi 0: \, Y, \") ";-;6t-oc^-t*.jt .i-r,o!!1r"c,"rJ.._cr_r- p &;;
,j,J .rlr; 4 :iiija1 6, 1i = \, y, y) &_ 6L^Jt-j q,lr^" .rla* 6l.aoJ.a

-,1: ,L; -rlrr.i - ./-l 0tJl-4:; .St^"il,1. 

-J...:.;l: 
rg3 f - y S*, 6r.tLtrG)

.S-J g.11* -r_j Js-fe! ,->l-,"*. g1l.A-r'.i*atf !t*rt

,Jq..jr 6! -qt-1 aJ:t--. dr,-lS* 6:: { Jl-S;il.i_ g;t- Sn -r Sr Jr y' oJ?
J-a.:,r,c ;-. 6.J^ib .:l-pt (P ,LA ,l 62ya: GJ a-r";e -* cSlt .,;*,_) ,r*7 611":;l

ss ,J-l;l s:r! j,a l.-t^b J,-q JlFr I t) o:V
t,6 = - tr(il (2-Y-r)

a-,";;.,c ,* ,fry J-:,6A,-/u*il ,lji f*? Jlpyl c.^*i 64II c.^J fl .r.o.16 rlLi

''.^L-/ - t'(i)

11 11

r -r J6-t

P 4Lil.,1r gLra;i,o 6,laa-;,." tSSs j# rlt,

,F.t-FEr -r



?t "i; ds-( ;f Jas

1Gr) = r,(6t) 6, * rrG') e, + rrGrt *

1Gr) = r,Gt) a, + rrGt) e, + rrrivl *

t@) - r,Gt) e, + rrGt) e, + tr@) q

1,-cJl t-f-y)

(v\-Y-r)

(V\-r-Y)

, C:? :l.r;lri 
jl o.rU'*'l b o.rr*i,j rA t-

t@) - ,i@ 6i (Y-Y-Y)

,*f 
U ,gt"ra.il y gJP aLfr.,) c-$ a3l2l .>l-a:;' le.,;e 4 ,Stf b .,::;.,l-:y aJsL, gr-l

.>l-as* ,Su"nil-r 6,1L 6,htt.tJ ,.51 cl! ., o*,t;F Li.i- .+i Ut ,$,-/ 0iil ,J+:..-
4, Jr[.; ctj,,ain ,t-l Slt.sL..-f 6;1":;l a-r.ie 4 q tFrt ;rP +Lnj.l: ,lJ -,1by

g;;$l Jt-j L:s ^IABC ot-ci sP ,f'l.t\ ue:i6;fi.i;.r,".-7;l +-5.!*;
s-r.1./tiJl e:-b ,>1.,o*.61-rc.a7 .f$,g F.st tr O - f JS-i 4tt, i = ni6i

ft.n-S tlS r>l-*,.41A.e,;e +;J y uessVAPB J CPA , BPC * - 6
-u"lF oJ.eli c..-L., )l el* C,L.il 

.:.-L., ts-' ua;"*ds )lJi. ! l-l ."ttU c..-L,..
'l*t& t- dsr -- dS cos (i, i) , (i = \ , Y , Y) )t

xr 
:,1r,,

;1
,t' l'

ptb r

d-r J#
P ALii.r, 

Cl-r &f :Q 'es.tw 
rl.,1T;lrt;

x2

X.,



OA,$'k4 ,gQ o:*9- 6la Lr,"," *K" ?r

BPC 

"I; 
elt

cPA E!,; ett

APB {; stt

d^Sq : nrdS

dSy : nrdS

dSy - n$S

(...ailf-\"-f)

(V\"-f-f)

(VY-Y-r)

L-9:" )!Jl&,0 - Y .F 
'*-*sr$ C_b 4ij.2 oJ-x o.:l: o{-j.j ,i; 6La;by

L-'y 6lljfsLi 2: ls g.ay Orl .-u,su, Ot* l, -E:-,,-*JLrl l.6ji +f,rr-La.:.-1..- 6-9-,

.<r- ,ij rlsy 6,*-xU a.*b ,t_ q) .J:.a.r,r.. OlJ .ri.; 1l:rr rL.j ! o-t.i d*:j o.,L-, .i_
cestV J r:l-l cS[al'l* gL; LgJlf{ g".- 6c*"t Oi g;U..- .JrL,u .(.:*,1 6l&;;c..*s

r_r4r_ c -g\;"-

\i&) ds - y.G0 ds, - *y.Gil ds, - ,ry.Gfl dsr + p*by'v : 
" (f-Y-r)

;; uit-,gLac.-)tc ,S€ ,F fa ,f .tt 6c*,1 L-,_9.- c* g-J;-*b, il-lr +f

,J-l ,Sss&-,St^Jt-y o:y glB .3)jl dtj gt4*, 6,l.aaa.i-a t Lt-r,gbr--..S
.gr(il - -tr6 r5r;b,rr) -r::*,o Jvh-r,i,. 6tac47 \:-{.-, q .5,L,Lt"/ t^4r.i,

.!:.ii tjJs-req by - f _ \" aJ:L_ Jl'€f _y_ y d.rL. rfr_&" ft

* p*by'V = . (o-r-r)

r- '-u''5 'ts|' e. J--lJ ),*tiGil &-,gtnll.rr1 6;3-2 6,-r,.;u r++ {Vl fl
,-rl-ltr I*-''IABC oreti bP 4tn i 6sj^c 4r-u h 6 J^ri.dv : + h ds s#s:W

f".olf rr>;'ul dS .-ij-3 0-y_f aJ:t,.-lrcliclrf

*t,6 = *ti6) nj-| o*bh ('-Y-Y)

b *- .r.-o--, th dJ b Ut-S q !P +ti: a, rl-r=*t s 
"ps:W ,-S*fc il;;51

(t-,-rr) llro-;b * .gLacsSJ- J!_-lJ 
-1.r di_l ,". qi \: f-Sg F s, ft + ,) ;S

*t,6 ds - y.G) n1 ds



7r ,i; dr( :Y ,J,c,g

.c*ilr f*tf s-SgltP M.;r lac -J6L^ .-,*ilJ JdrU.

t,6 = t,G) nj (v-r-Y)

g+-rlr,tKi o1i = tiGil .4r'J q

ti6 = oi{tj t(i) - ff. o (^-r-Y)t

b -r::.,..a..rb..i 612l: aS uru-+l .Slf b {+rJ drr^A Jli€.-r-'tf"f gtf ,F ds"ts
O - Y J-(.i u<+s:le6lf b-lr+ JrL; 6q 'F 

,.5;-.1lSl 6Lr, ,l.al ;l '-r[:-,1
.1jl g*,J,

ii,; t9;l:
iJ-J .g*.\ ;l;-: ;g*r\ *. sJ9.i. o lJ) $.,^ .1r-'\ *3.- \g\b{,J y oii = 

''tiil 
.gfsc-,f

SpxWr c.,\d;., .g\in\<--, g*. t;@ uli j)J. ls\bdJy JUi\ $-S Ji ,t \. tlrt
\b - \ .:-.-,.i *. Lar) >i\d $.;s.p.,,p rsbeiilr\. JU3\ .).,-JU \-gpx'rx'rx',

4;i = 6'r'6i (\-\-\)
.$\..* 5\. -\,.\i c.,\'a:; .9\p\3--> l\ il"S.rb J) *rF-\bniJ-:. '"*r. t(il Oga

td - t,6 i, - 6,(i') 6,.

{i) = o1{tii; = o'i{t' ji'i

(*I\1" -\-\)
t\-\-\ A\>\",1\

(*r\" -\-\)

d!>\r-.bij\ ,.n'i = ai{tst\-b-\ AJt-..r\16'; = aijej c\-b-\ d\ilt"1\\"\

.-1"5 Js\.* ;-i ..lr.;gro". b.re;\l g+ crt \-e $" i\ \j",, Y \ ' - \ - \

(oo-airag'fl flri, = o (\\-\-\)

\s.Li.S\-r-,. $!. \\ -\ -\ d\$'-.5s.Ar rr,..tr Jit* Jt t)C-.0r.s\n.itf.6\fi
6 t-*.* osU.o c s.b\. r:r^t?s g\".itL

0o = alralF'i; \rr-\-\)
d,^.er.-L^ \\ - b - \ d>\t. t-y u-, cc*,\ q-f> $.1a )Jn,\ 6".S\f. JW\ d>\t^ itJU\

.'-*.* or$ \". ,KbI rF. ull sb{i\y .srJ*\



Ox.Jd4cA agly a:-9;1 cSbL,:-" *l& 7r

c..-l--. tf !fr" ui.:iJlrt cA - Y - y aJ.:L, L*,r, r-l....i 4j!l ,-*-5,_,*, J-ft
oi; u;; tyE,sl^*l;. 

-J 
b -*!.r P 4Lfi.1r 618 i)r.ni JVI 6\ls aS ,g

JU-; t:'lr^, ,;.JS 6La-;l.ry r4 os-nlp .1; u:;; Oeqfl .JS6",lt* ^ti:,li;,
fl 6 4-',r, oJ,aLL." a#ilW ,F #;jl c,-:*,1 oJ-i orlr ef i +trj -lr 0i t -tjJ,
t- r,p".^'.il.: +:.i1.: \P atJilr, 

,.l 
E olK;,ry'.1r .>l*a4,, ar";e u 6ss b ,i.; 6La;l.ry

c,*,1 ;..-l-r.-1jl c;t,".b-- J,,ali. dlJ.F.5 dl={ ls nL;; lj .p v,L.r g 6ly. u;
.r-nl, 0t*:$r*-jt J,*,oA-f-f aJrt ."

Ir,d ,tr6,tr6 J= [nr,nr,nrl

(\r _ r _ \")

,j)":* CtLJl6,;ll- .i- rl.as- LrUl tS-r-r crtfu, ti :&l l2o1; 
^)Jjn 

i

oJ-i'j )JLb C:LJl6;lg- 6,1, l,Jrtnl 6,o 6rl.i 4?i) c^.ai &,-, I* f-.*
.-t-,!"f 

',* :_*b,Sl^.iJ-f cr.rl.: ,j,Lj tJlJ .<Jk ol*-l .(r o:L ,-Ji.,Vlc(c.*,1
L- .r,Fd JL"-"IP .l;i:n 6Lrt 4 x ,F A_;JJ^ J 

f t-, (B 6;lJ.-$1j.i f*a 4 .rr
tr -l JL^"t .>l-,";;- dlAae.;p t (Jt;; 6rJ..srA nfrts*, L*9, oJ.j orl.: oLr dJJ*
y a:sf t$ Otq ,J.u .-rr..^,r ,JLi ,gLa ,iF +,. uit1r,-ljlo-t,.i oa^h orr J oy, otr
, ot\ , o;"laavlt -tl_;|.: irLrir, 6,.^sy.c^{? r-r o.,Lil nf.rLa:; |.l,"bJeFl,
.La+d-9. Al .J|llSrF 4+i.-t:.i|.,! ,f, ,gLa,:i;tt j3ru or Joy\,oyt,otr
y J-a.r,r--c 0l-s sA,g JL^rt 6 Srr rflrJr:J n5ls oL,o:;- AzJe 6y$,j:l
6,-j9t.:*,| s,*i.o 

'*'d-f 
.JJ.g"0t* b cFJ Jt,l r>l,o:;..c^{? ,,t:glrdrirJr

'ss: 6 Jb ,' J-iu c^ilr ,:La* 6,6;.ia.'njl .-S c-i,o c^{? I o.,t.ir .lt(.e, ;rrr.1
ciJ c.{? .i_ q 'rl.il 6t4^.o ar.;v eg J] \ JUJ 6 ,y,-t cJL."t 6l+a;e
.J-::*^ c.-i-' ? - Y j*i.l.r oJ..i ollr ,J.:,{L..j ,; 6tadJ -f ,-/L;._t ib c.il.r ,>l-.o;;_

agLag;,; -\,r;b Jty 6Lar; : ol,ls 6La&::! c..:, Jty 6Lar; ,r.#:-J..

f;:;:;:]
f "' 

orr oy



?6 .i; dr( :Y J.s

Cr" dl I J y,-e S/ a:^".." ,: (Nlmt ) et' t' J. U i 11; 6La-r-13 '-rili:r' ,StB

.*l ..rra Vl ,t:'-f u+ ,)19E..*- tr et' t' J. U -rr.i- .s!"r t4<J fry st (psi)

Jt<-,t-t3 q'lr r- l, L^,J,l; ,-/+ P ^L;J-11 
.:-,1 ;t; qf lt - .rl-- 4

.156" Ol*.(l<si) et' e-l t tt -rlf,f ,1<;t.gl,a-r-t3 9\(MPa)

, _T JK;

+ .rJ el.lot-r .SiL-r rlrp

Jt<-,t,t<" *J'#-JU;$i 1: P ALrt 1s ,il; r;-b glu'dl-r | - f -f cJU

.-t^l!"f s$ CtSj..at t

1o1i | :

tl.t ;r 11.:y (ill)
.ln'

,ss: 'F rl:y (9)

--t*5 .*.; r.i;U -.- l)-- .(,

f' Y\ -?Y rYl

I tt . 
^Yl

L YY ^Y -Y\l

JL"-i 6\B 6 P +tii rr 61l2'it a 63

:+(y6,-yAr+t+)

lJ-' A-SP +tii tr elJ g.la-.;e S{-

o*{ -u!"r J-i ,F q -i-

n

J-fu 4\L-ABC a''.i-a ,31

",+,,"



<i- t'q,a agly a;-9a 66L':"," <S*K" ?7

o.ti.i o.rl: .rtr>ltl 6ly \ Y - Y - Y aJ:L, jl (,JJl) dtt

Itr@ , tr6 , trd | = - ltq, af , -fyl

blJ rr J', dLn{ij -r slrJ.d/l t(D = tq 6, + 0y 6, - f fer p_-rb C;-rlr:* ;[il yr t_

.J56. Otd l-, t +, - +, + I l-,-f oJ^i urr-rri A-',;e 6:: e:',5) Ct-,
c*,1 Y rr * \" x, # xr: Y ^frF € #,JrL* )9-i ;sABC {r,;eal.rL, (e,)
i.r.r*r.r,, i = + (y 6, + y 6, + q) ;l c*,1 .r.lt* .e.;e eV ih &_ JUt ,

p;ls \f -Y-YaJ:L,;l

Ir'@ , tr@ , tr6l = [+, +,+l -[ -\Y, -\Y, vv ]

A',;e ;3"*'.tt CyJt JB, 
"/-l-r, 

.td = - \ f er - \ f ey + VV E,Srlrf J*,rr t_

.;-S -b ,- aL)).i_ 
-1, o3V;., otJ r.eJ,"etr r,t-ri-l , ;l €oJ,oLi-. ,ll; -,1l.ry y ,-it

.Jbt .J.iJ )J-V cStr.iJ-f L-,3; 
f"^ 

jl tj+.. ,l;S.;by Jr 6 t{,g 4+iiJ .9 c*,1 oJ;

.::f,-r&b'rl

r+,-+,+, 
l-'; 

-,r" 
;; 

I

L" ^r -Y\l

|l:: I]



?v ,i; drl :f !,as

Jb,r s-+ 4 tr;'i'! :iI :::,i:";,,! .,^*,,'
c ta.i-l;r .ot) I o:tj:-,,| ,-*f ,-f J-f -p ort:i tl-,J.r s 'F.r-l-b 

t-'-J- dlf JrLli
.-Jl-y

grr-li g*,$ Slt :F ri-S -Ftr e,t!i- Js:e g-..r t '*:l:5 
,9ss-l:* JsL;

+Scft^,"."r-,!.;l,rf c*,1 J.rb Jt-.1r aS o:-,24,Lg'-J'1"-,^7;l Tli:/ rJ-l-r r-!

#lsJ-t,U .rn-.o r>r.13 aLi gaJ,.:*j bO[^" C"? 6.:-'l ,li fJt"- J'b c":*'l :s&

6ttr.l[^.../fii-1:,i,J -syi 6 ;;+r2 -tt ::-,1 6lJ Jtt. J'L;.r!:L' q'lr^'\ L-rl

.f-J,g-,rE s!.r d-;G:" 'f f-*
,1b c; ,** .g-Se F.:tl1S -1-s"a'u p :V ,a7-- 6!b.5:t' f-*? '5-

,ty V - f J<-i ;t-t (;-f .r-13 -rr -r-#) b; u^'e t3b-l-,* s t,6 G'J"- gJ^i6

:/t".i,l JrL; d,y .!i-- .r$->\,;l ! t-*7 f-*6Latl['" r, }! -rlL '.-:*'l 'cif
.;lt" oJ.rL, 4 !-,t L-i Al .#1.;"- tll f J )rl-r La-r:d #g"e 6 SC

.:-r,-rotii f-.+J r-rl-r 6,L- J tr db-r-* ,f f -1.qtJtfitl

l' q6ds+ I pb;d'v=.
,S VV

(\ -Y-Y)

."r-,!"r V n-,rL;frrt, 'ra dVJS iL-,.-rlritJr{, 'rldS...1i1r lf

v -r JK-t

f 6il Ltr 6ya sl"t, :dS &f1!.-, r:--L*. ,Stt '# ,r:-:S llss. 'o"u-n-t.rL,-:.; 6-rL ,'---'

. x; ydV &f ,V



OrtJi,.,tf ,9(, a;*9an 15L6L,.a. <S*&

d:t--.),_*l3s-r_s,*.ii cLiL ue h -y - f d:L, ) rp; t,fO : oi{ti oft
.rF c*iy o1_* rJ-* \ f - Y dsl.- Jll .L+ r-,11s.r, jt+, (\ -A - y

Iroi*Fs: Iuo,',a'

.J*i J,6lJt \ - Y - \" al:t -,r-_

f @1;;*Pb)dv: "rly

7A

(Y-f-r)

r5(.:-,1 JrL; Jr r*?;t ..r:^-.-; J^) "itjq -p a;,t :;l f+- JA 6lJ Jr-q d-r[r. grl
.+i,g !:-,! ,h ,J"k <>lJ.tU.tKi.r3,.i -fu Jl-Sal t) #e./'..'

oii,i *Pbi: " (r-f-Y)
dc*;i fjl-- Jrb c \ - y - y aJrt -. L-,j:,g clld cSLn_lx Jrb y o_e)t.o

Ji 4, cll' dgb.r, .r3*ii jp o;rF^A Jr-u c 6;Lr;l d.ta r.a a-r c,*j LA6t^- c"?
cr:rSyk;l tl ,.f-l;Q."r;!.f si sr +$J,".;lry 6_;1.:y ?t' L-,3: nt; 4 Jr

"a;l; 
Jgl 6\ r-rs_1, .sls1x; n3_l I +i s, 6,f,ti. fy ol*0., .rtor; i_r=.

lr aq1L.-(, t)-sj..at ,PJ fq LSlt tarlL". Jrb rJ[.iL,r, (V - f Jfu) f J &
1l .:*,1 o;V ttl ,of -b

o (f_f_Y)

.*-:i,* r:*,J.r ,-rF.*13:y-s n*ii sto6 = oq{Nq Csl;;| o.:U.*"l q., J+ ;u;t

I e,,1, | @prr),u * xpb1, I dv - "l,V

Irrunrori) 
ds. / e,rt,pb1,d.v =

/" 
ei* I *i,roro r ,j (qrnn + pb*) | d.V - ,



71 # ,Jrt :y ,J.es

.t-# ;* J,-t .JlFlfj l+:,-l;r cr.!l 611-:;t V f:> 03,; , ir"r^.

e;7, oik : o (o-f-r)

plb (-/,a sy--" .!i-- !)i : f rl;i r-;U gtf , oJ:L, 
"f 

l :r^a \b f.it.- I*.: q

,Sly.&-J 0L-b!. orr =ofict--oyr-orr = o t{ srvtoyr *trrrorr = o

,rlsaJL>Jrcfr, O\y = Ott JOrr = or\ l:Si,-l\:*,! i = Y;i = Y

01* = oq ('-f-Y)

,-p syV , f f-* tJLoclL.- "/tii ,, f--+ 4 ,Stf LaOL, JrL; .,,r ,cfl;Q

.g.ii lj o;-r-q 0li./ l, f - f - Y aJ.rL, OFl 3 .:*l 0)U!.

,:: 
----*--------=_

,..._,oi;j *pb;: o t_ V.o +pb= ") (v-f-\")
, --/-"**-\**_

r-, .JSU:"0,-'n5q di.f Yb tJA -Y-Y aJrL, c ri; .syY,l-'tE-rtUf ( Ori-it^.a

.,-501* rj )S:,
ti6 = o,j,j t- t(i) = o. ff (^-f-r)

n1 s t;@,5b11.:y c A - Y - f aJrL.,*-;Vrfii .l.r

.$lo-t-i

F Jt;;il ,iti 6 -r
,,1-b L-'y A - f J<-,aU" Px$#r rjE lgLa;3"*" dr ,- *,i P aLfi;r ,i; cltl

,)blt ,-/Jr 6l-uy>- a-eJArq 4..:-,1 .J*i 4iljl "t-:!.f o;1 6,ls+i,Jt, ,g\b 5 o ,:s

dsL. yO-p+J:L." d,oqkq*pbp= " grjb Y-Y-Yd:L, slsxi,q=6jrcly6Ll
.{t-.f ubK-l-r

t e;11, oft d.v = o

vv



O.uJ:# agly a;-9;1 6bL1D" *8. fo

I o;i I JUll 
'fli\ 

6 e:_b,p*rx#r db-r -r F* ,t S €,g ups*,px'tx'tx'y

)t*,'U.fr-o isja .ttf )..V r^iL orl: !l*rl s;;f. J,.l';o 
"r"-jt- 

L-,3: ! -9:r.li

L-'j' g,lf cl;+.SLndJ;, *Jrtrp*L* ot51-,, -ts oij.rq.bdJ, crnl -rti p-ls rrf
.;..y,-/.lt* .r;l.a Cft \f - 0 - Y aJrL,

o'ii=a;&^oq t- o'=AcAf (\ -0-Y)

Ol*,i ,F ,p ,l: p+l/, glr-J-r *t-." glf \ - 0 - Y aJrl-, ,-*-j;.rtJ^r
.rFcl o.:1.: 0t*i.j tj JU, Jr L-i 6-r-,lfrf

x1

A -r J6^t

.px' ,x'rx', q orr[- o32spxfifiy ;tJtu 6ts12z,-

px${r 6b13,>.-. +-r r:*i P &il g (MPa .."....-J) .,,*; ,Jtr"iJ-f t _ 6 _f JU
:*,1 o-t i ,lt* fj d_jV L-,r'

r.u, =L 
i

\,

\

o

Y

o

-Y

cos'ta,.,



,i; Jrl 'r J-svl

Jel- sor sF J;r f0" o;l.trt a., tf,:t;,F*,5- q px',,x'1x'1rlr6!* 6lasy,-

.-rJ O*+ ls o' ij ,; ,5Lra'iJ -f .$tf 
'l

'# 
ot-r-u.laijl JUlt ,/"1U,JK.: &ll,xr -tF Jr9 cJ4 

'Fr 4" alt cJ-

.C*'ly;

Iotil

sin0 o

cos0 o

o\

=l:::,
LO

'.5y 45 t-fg 4+.U c*,1 oJ-.i.tl*.r-_rrV r>;j.."r".6\ - O - f al.:t -o jt ,-f_l-,lQ

6.:*;i fIU,,- bl-1'.,. f 0" ,r-

^ 1,*#i][il:][]Flr:]
f Y "fl
L*;11



O*J:,.,tf 4g(y a:*9a1 <SbLz-" cS*8" vr

6ta;3,--. *-r c*i P aL;;;: (/cli:....-J)o u:J.rr*,t #,_?f f - A -f de",

.ryLf ,lt*y.j ,y-i\ L-,9 Px{t)

I o;il =

[:

-\Y
o

YY

4lLrx' ,x, a2Je )rX' | ;F; ,jl*f g,lf ,l;+ -tF - ! g;t- c1\lSsx' , ,-r* f I

. -r*5 O..n, -r-, lf .f t fu5 px' ,x' ,x' , o tK-, e) ,r. _e tf t, o ,S Ln dJ:. o_9-: g ly ,fil

I x'1.2j^- +5-r.^i'q 6;-.. y":\fl fl .t-S 01{ l.t I oii ] JWt .""-rrL +! l-rft <j-
L; sl s a,\ : an = a\y - cos B ol.,KJ,rjl*l J* at!" g,lf r.l;{ 6l_a.2y.

u-:\Q-Sl ,-ry.cosB = f //i;fl.r|.:i = j: f glr y-O-yaJ.:L,d.:yJ-.L:.o

tl 6 a'f;t^," .-r-,!"f a\y = cos Q : sin fl : I I {V .tK;i .-Ut, xr Jx,,r s'tu rt
c.:jL"r-- Xt JXt !,S;L- A\l$x'1 _s1-- tt_*€ oJ-aLL LAJJft,.."tr! rt*i 6rl";

5;lr/: \,i= f ,Sll f -O-toJrt--;l ir-r*, tt',.a\\:atr6"r:r.dJrJ,
o-t-i ;L;il ar, 61L c..i l:-)\." ;aj c*,1 ljY .,.ii .:.r)\.e) ar, = at\ = -l I {t
.:-,t jti ctt-rr &si; It tfu'l.t otK;*,, .<r-;lr5-lx 6la:'.9^-' 4*,--t g;lr .(.*,t
.ayr : o Jayr = - \ l r/\, art = t //f-+54++i dp_t q s! 0',, = 6,, 

" 
0,v

..:*il.:f.olf \ -0-f d-rl--jl .rt)!



vr ,i; cJs-l ;7 ,J,os

fo'ijl=

\ifr \//i-
-\lF \I'IV

-rA/?- o

rlff o

YA -?t'/Y
_?NY \ Y

,tlel ,.P aglnoaq ( 6lel glA'F 2 - f
€g,tut -e o:_pj f-*P 4L;;;r,tJ.lt* q !,lLrr; +i -fl-trt$.
Jk-. ;l n.f;rbb .c*,1 .l-: libl o4 ;+; -t*E L-,r, pxrtyxr 6lssj^. r-r ,.:*j

tni JVt -sl:LP *til -rr AS c^-L-. a;.6laaJ* ,F f 611 c-*,J- oJ.aLl- \ - y - f
g+lf .'-..1oS 4.-f'A - Y - f aJ.rL. L-ry, 6 ti,n) ,i;.;l:y ,t)-4r,;e eirb
n; tg ,re yo rlJ;by grlcJ,or,rr JL:j .-jJlq - f 

"[ft 
66;JtJtr e o3)\*, ..:-.il.r

d/lJti s S,l )^e n; c.{--r, il-r;.r r}i; sltLP st,fV \lrJ" 6lJ.q-Sl.c--i
* ,Sll I - f J<-,aU, r, Lr,. .)f .rQ JL";.;l:y jl 6r& ,J.rA ! t, r.li Jli,l

t,6 = *,
{*l:p"
(\-2-r)

aJst-- 4<i-l 6l:..n; L-,g oJ-^i oll.: clLlj 6Lnca; ..:*,1 n; 4jsJ-e etyi- o J s: 6

GL( ,jtJJ )lJs4\o il.ej c,.:-,1 gLl ,jE i5iolc1,o.!is-r -r*,!-rlyf \ - t - f
;l .c,*,1 *( ,.FJ 6^io tt i3r'- l-3,1.n; 1 :y-eP g 6 6,la-r,i.a,f6+^! .la,,Vu^o;1

.gtrri; c ;lpl dlaa-.)e J {i) Jsy 6.:_p-e }it".:Fg oJ-al*i.,. .., 1 - y Jr(.i
.$Jl$ tFJ lAat ;e #_l .,1s ,f t

-1, ciL- 4r-,Ji Jl3J dL-6'Wt oUt r;.5Loc^a7 : 
")--t 

riJ rr:tc.. O:ft
Jtl, t, lJr +lJ.0JU:, ;j*E -f ,*l,gl.oc.a7 : },.tr)U.0..*, Sll ? - y \}*;
s ti6 = oilxj g-lL; jl 

"Jl:j 
)J-U tsl|-,j-s;h,-. aJtu.t):L, J.<jr 1.: .-t:5,r,

l) Js-nr, i-r-t*, \ - t - Y e.JrL, b f=5.t o.:tj:-,| -S;lftJlJ, ,l u-V. 6l-Kb
.-t-b,

Ir
Ir,*

1,, I l'] [",ff",?'*]

l



O4-Jt*4 6(, a:-9n 664Do 8*K" vr

(oj; - 6ip) n1 : . (Y-2-r)

(n)tr

I _r J6:,

;Ipl .4-- 4 (V) d;-,krl ca.7 ,-f.- (.-iJt) .5t ,,P a.Lil _rr ,j-:S 2l:.,;

1-sltoil = ojijl o:[.p'.,.| U . o:;*5r$l1r t-

(orr-o)\ *d,r\*oyny= o (JJlf -t-\.)
o*flt* @r- o)\*o1lny: o (Vy-p-f)
ornt*or.flv * @n-o)nr: o (Vy-t-f)

fJt"o;1 -1j*tb.J[^dJJ, cY-? -Yd.rL, L-,; ogcll* P,f^"d.:L^ar,J
."r-,li,-f Oi ti tt-r" o *).al j* )l$4 jni u}.al JV-; ^-i)J.u, LaJ;a.., eJlo-r-j o.J
tSs-tls drJsJL";! L; c Jg-*- -tV U-l el_*,..])st -. otK:-,,,lrf ,[+i Al:f

f-J€;t$ c^67,Sb.r-rJ

t\li = \ (f-r-r)

,6)Ly-? -yaJ.:t,\nj : " ,l-) \ -? -y+J:L..;"-*,St^J-6!
tF ;"- .|-1. ni ,Ss: *_|t' 0Uifj, (c-+



Yd ,i; dr( :f J-s

I o,i -6,p | = o (o-r-r)

,rr-r;b dr.;.:;a aJl&. 6) t:-',; JeV o'.*,,.r-tll9- e-.i: eJrtt dl$ .t*1 ! 5

o'-rl +rW-III'= o

(:1lr gt,

(? -? -Y)

.*:r1 IIL : llo , lo +-l-e.J::.,.^ oa )'al r.xJ y ste,. ot, , o(r't, o(r ) O!-t'64-l-J 6

l) Js2eq clt*rta.;J y 
-J 

6-r-11f,-f oij f 9* t f 9r , !91 agb|Q y, i1f

ro=oii:trct ,-i;;-'l;

tro = i @,pii-oft): + t Grc)' -tr Ft)l (vv- 2 -y)

UL = ei1qtgrf1 : det c (Vv-t-Y)

dt"t-t, +-, cJ-iU6 ,r;*- glr*l;, 6bls o;U:, JJ*,b 6.oii 'F I,*jE o*

i-; ? - ? - Y nJ:L-. dLon i.,--l ,P- 'kt 
dt"bu:J a-,Ll, A-h 4; cr,.i,,..a ;; -Li> ;:;:

156" OQ 6grJ"r F st tl .r)rL. u--b, JL rll tl-rl: OLij gly..-r*l!.f &
l-r otrl c:-,11: r3,> J u* 4-i"-J 4 yt-t- & =)y ! f- t-.1: aJrL. 4 gtf
ae3.e,_c 4 f-5"- oa; :6r,(t) ! tt ut*t c^{-" Oi ! !+r" j a-L-1.1,,1|Pq

olK:-,, c.rrl -lr.ri[ n;(> ,.>g J)r'r 6J.5 ,t-r PX'rx'{'r & ,gttg-tU,gLa;-p.

;l trrr"*, Cfl q g*j o';j ,*z*fu +J.:[., 6 6lotf ,".d'ry = o'\r = " ,it.5Lar;
,F,-* JeV fj.lLyy, L 

".t

Ott) -O o o

o 0'l\-o o'ff

o o'ry o'rr - o
-o

(^-2-Y)

t_

Ior,,r-oll@')-(o'n lo'n)o *o", o'tr-@'rr)' ]= o (1 -2-y)



O?J:,F ,gly a;-9a 66L* r$J&

;pl: fJr r>.;r aJ:t '"6bd*l o<o Jorr1,r:.r-.$L+tl ;tel r.i; 9.:r, +J.:t.. d/l jl
JIJ 6.:*,1 c..i (ls-rA;-lr r-1.r nJrLr.l-l .JQrb -tj o:V Ll .-ra*,o .*,:f

'g!.f & o<rt Jo11y J.ar,r.o

(o'r * o'n)'- f t o'tr o'rr-@'rr), | = (o,r,,-o,n)t * y (o,rr)t

tf 4r" JIel,gLac.X; cJi:-iL gr jl leL:, o<1 J o$r, o(g )..t ui; ylb fl
ni$) Jnl" ;l c.:;1.: .:*rJl-l 

"tl 
l,r" n<r_l oJ-ak-. a;!y.-U:.9r-c fAy. Jt-l: tar* yl

tl ,Ki sJ:,.iU o<o Jorrl ! it-.i*.rq,ri L,Ly (rl.-s,56-tl:y) rlal c.{? 6La.ll.rr1

! rj-.*,- ,rLl: ?-t' &(,..i.; L.6 o;p1$) = oslri(" s orfl.('1 : o1r/e;(t) y - ? -y *J.:l--

o,fj")n.$ ) - o <rfii()n;$ 
)

orflj"'r." ) -- o <t ftr(r h-(r )

_l-,);W.JrLr.-t?.t*.ve ,.-eJl \ o -f -y drt .o;t V

o = [ d(r) - o<rl I n,(\)n.(r')

..:*il: f.=flf li:-,:* n;l) Jn;$' ss r>r.y

(,--4ll \.-t-f)

(9\" -?-Y)

\ . - 2 - Y aJrt-,,jr_rrt q .t
,j*r_ C.,*,1

(\\ -t-Y)

4++.,1) -\i:.-.o ,-.,3t5.gt"tra;Vj Si 
'Jht3 

c*.1 0-rl"- U:J JJ,*it cl;r; trli J.4y

otfljt')n'$) - oiplt)n,() - oiyt,$)n.<rt

.$r,_/ 4+J o<tl * oal b- er:...a raL:, ;lel.Jtorr-J 5,*lrlJ ,yf b* Vl

n;$)nr$) : o (\Y-t-r)
f Jnir) 6rl.: ot-:j 0liu" rLL ,j? q 5,-10t1 l, ni() Jn,rr, &.clry J,.L:,. 6

.c*,1 rJ,.$r i ni$) Jni$l d.J'



,i; cJs-( :f ,j..s

crrq o(r) : orrl gP- cJr3,.Q 4;jl,.,tf, ! .,iU I ,-Ji. Jtpl cJiJ JIL J, f I

c\ - ? - Y d.:L. ,l:y 
",L;rtE..t3.:*,1 

:rftr.a>,-- -s-Po<rl ! Iir" n;K) 
").ol 

c..e--

c u,,Ll y-lr .ttf yL:- ;t,v,lc^fi ,-i- 0lPq sl3: u"nlt'y ,,9 , a>,i'a .2: ;? f
olK:-,, 6 \&. tr, <-G,::l\ni$' Jki$) o6l J tf 0*.t t;,l ,.a>;-lsni() Jli,l

r$ !,s-lt-, Jtelj.:; +- Lr"L^t 6Jri*,iti;l fl .lJr$1t tf;-'tt Jtel 6laya-

,A *Ji.> d,rtltr a.a.1.1.:3.:1511 ;l obl c.g7.i-qlt-r.oq dlt€\,;aa;e c'lrir

J=-(*XJ It ul*t 6l-ayr- t-eJ.r's.{P +ti.j -l: tfutt g-tU.5t'o.1-p... 1l 6lacyz*
.J:,o.:.t

oath -h -tt JIel r; ,5Lac.a-7 Gss I,t ol-."*- 6la;.jz- ,,fV c1*jj;:

JU, dlJ ,u-,.{,g Pxt*tt;* r.113 tr t, Oi ..lJl \ o - f J<-, atL J 7-},-7 xl

c..l c.{? -1, fl.:-,|(ri.*l5) c.; S S€ )^-e xr* y s j.* aa,,ie ,3i-loslsrlrrrrlt)

aqj = Jt g+"^^ ..r;,.i JL"clx, * cLi;U ;L. W t fl (,S-rL:J) ry -tal-9i uit* j t j-'

6,la.p-'o-nbr ltrrl JUJI,-flJV ogl (Q : \, Y, fl ut-t.JrJ q 1 -t^k- UU;

cJr,:..ib,r, n/d L-i o-t-i .-o1rr; ,SJ-V 6|-2lspxgyx16;!:;l sg.asy,- \ ,rbl 'p
,S;ail-f oJ50t* JUJI .J.:Lr.r"Ll C-l L.$r./r.lLij ./ \ . - Y J;"re lf4iFL,b
aSltl 1tJ*q \Y-2-Y.J.rL*. L-'gP aLt;.;:611-=1 6Lar* yJ,*t,-p

o*,i = ai&^oq t{

.S-l-r'l

o*=AoAr (\y-t-y)

6,s:-J1..tFe,yEorq) sn{d L-'y\ -? -Y *J.rt, ,6tylo.i ro3)\*,

our/d = ok)nik

dtsl .o,flA = ok)aqiJ-i JllJt aui= n{d esl; ,SrU.6(q = \ , Y, fl Alt
,€g o.:ti:*,| ,JiJ -rr-b UlJs oalf )l s *-r ami )r ! ajrt - el i* J) y'

.,:-il.r f+lJt
o1Qqf^i = oglaq4mi

Jrl: J,t :.- L-'; \Y - t - Y eJ.:t'-.;l c-r;U,r, o** Jt4.lft, C-l !--- c;-od,



YACr:-tho agl7 a;-92i <SLaL,:-".*8"

(v)

l. -r JK-,

. ;l4l 6,1-a22^- 6,\ c:.g 6lau.y-.,5 J-l-r+ (V) ,P oL;; s"pxt*xrtrr* .,l.ol crLAJJr.,. (,_.Jl)

;l .:-,1 .:-lk ,-t-t+ n7*i c.r_f € ,J-6_q r:-! c,\..d, t, *5 aqi ami = dr

o*w=6*o(d (\y-p-f)

4,-t:.lj -ryj cJ-a.:,r-o cJ,i{t^j J-.iU oJ.i 'rlr 1to,l ;lel 6l-a1y,- \ eJ t, Oi nS

,*-iU,15-i.1r ..t-,!.f ;tpl -F er, ;iel ri;; yrtr." tl ,-"r" ,yE

ro*4r=f-:'",;,:]L-ro*;;r=f: ;,,:]
L. . "n,.1 

, L ': 
",,,)
(\0-r-\.)

(-iJl)

xl X2 xr

x *
t

t,r=ilI a,, =dll
(ft

fu=Q

xi ar,=nf uo=4 %=t{

x*
t ar, =tfl ao=nF, a.. ={



YI ,F cJrt :y t|es

?t' o12 oy2 ont os-te\;Lef6Lar; 5-tor.r, cll:': .5;t-r5:Li t p-l: oJ'rL' -l'd
."r-,!"f rlLi-:J-c t)U, )l -b*-e .,'el dt"b,Jij :l -{tL c c":,. 6ta,r; lJ-t.llo't'i

..:-ti Js-ta d/{,Jl-r.,,-/ b.ri:j ,Jtrt-q ' }-"t,Jt^.,J YJ.

L = or',t * otrl * otn = oI * oY * oY (..jjl \7 -? -Y)

IL = o(rlo(r) -l- orrlorl * d(r)o(r)= olon * ouom * oPoT (V \2 - t -Y)

IIL = o(r ) O(9 Og't = O1 O1 oY1 (v\P-t-Y)

yJ.P .1: ui;s sy| gtnniJ;, | -? -f JUpxfi{r 6,1As.92,-,, 1 r:*;

loiil =

MPa

[::

.Yf
fo o

.Yr

.llo"t-.X asli g 
'*-tV 

L-';

I
I

l
..t$O..* 11 P y ;tpl r;6tac.a; : 

")*t6l,or;
..:11.:-rrj J* q.iL.t-1, d- ? -Y aJ.:L, i oJ-i o:1.:9l;.rf-b elt cJo

|V-o o YY

o f o -O o

YY o fY-d

aJrL, \-* -b,|:t Jr t-.;Sb-f \\6

(0v - 0)(6. -o)(yy -o) -(Yf)Y(a o -o) = o

;l .:-,1 o:V ,J:' ,$jS )JSV rfK.i 1.r jL! t-

(0" - o)(o-\6)(o -vA) = "



CE-Jqr" agly u-9a1 cSLaL:^" *K"

r-+j +i.g!.f oK) = V0 3o1yy = 0o ,o(t): y0 ;lel r.i;yrtj, c as;rr-l 1l

J.:,b rFl J-ll,St-t, -ijl t ? - ? - f -l -.njl v - ? - y .r).:L, O:,rlr ** rl-pt;r 6
,5-F,g

Io:0V * 0o + yf = y0 * A" f V0: \0.

drl*-.,li6l;lo-, 
^S 1-#'l:h-rro(r) = yO l"rfl ..rLpl .gLocary o.:*,dlJ

".-ou-c1l: 
o1, t j-.tc^{? !Ly.-rc^{?6Lar.-pJ6ly.Jrt .a-,y- ? -y

YY n;(r'+ Yf ,rtt) =
Yo nY(r) -

q.lr^^

YY nr(r) + \A nr(l) = o

;l -r-"!.r ,r(" = - f ,, tt ) ;1.: aJ.:t - -lr jl -l ,r,t, = o

,,,tt) : 
= oI 

r.3.;.j .s:(nt 
t)t = * *Sr-* u.oJal.!.. tnp;

.$r.,/ qdf - ? - Y nJ.:L, o11y = 0o ,Sll ,W

v z,(t) + yf nr(t) = o

YY nt(Y)- V nr(t) : o

{d.;l.r k{ti : \ tF ,l ,13;i.J^iLr,(t) : nr,t, = o e.5 sy€i'*,tj eJ &
.nr"' = t \

g*tb Y - ? -Y dsl- jlor' = VO,Sl:,,fYq

lso

o

o

- \A n,r) + yy nr() =

- Y0 nr(rl -

Yf nrtt'-fY nr"'=

g-lr al:t ..;l 6c*,1 (\
: \ ,-.r_ ,::f JVy L;
.-r-tf.fnr"':=f,

o

o

cr-'?s J



Al ,j; ds-l :f aJ-s

,l 6 ty,u" {" -di f ,rtt) : Y /arcl 1(r d:L." -lr jl-l nr"' = . fJ, nJrL. jl tt!-l))

''r(t' : = * J hr(t : = *':*j;l: r=rlr rttt; : \ lr'

./ \. -f #tu Jr-r+ * -tlsl a;i I JU:;f e-iibtSl n{d 1'lt d/l jl

Jr-t-1 ,/-.rl 6La.13"*.- ol51*,, d:.11 tf;*'|rjl OU.ltl d!.i 4(!-l cl.:rr-., pq q

.r;lr ! rj F J.(,.i J[,:;l ,-""-yL,-r",.p:5.;r f*!, J^i[ ffr) = ff(t) x ff(Y)

Ioul

+f-6-
o

+f-6

.rJ; ort ;E .!y ,f-JV t, 
"f-Y! 

,514.:-.)to ..y*-l \ Y - 2 - Y aJ:L, jl .,.r-l;Q

I o4* ]-

o

VO

.{lu I ubl"t- ui:i tt:Un V - Y

I JU; ^-ilJ.{, q ,.:-,1 OS^.. P ;: 61.;;l ar.;e 4, .S-l-r t{i) un ,tr"
JS6-, J^- aa;,e 

"[--l-r.1: 
6 os ';lSl L dt^-ilJ..i- q 

'lr^"a ory ';l"rrt U ar,;-c

b"il-1, d)& 6La';lSt Ll (r;*j ;1.:y 05 
-9 

o1,' t-*:r-l 1r) .rrf +,F \ \ - Y J* atL
tl c g.al3 r3"L.1 .(r;t'J^i rtatl Sloily 6La:L*j Ol1rq S -lN dLnc"..iifj ,lu.!!.-f

o* soN = t{i) n, ,J.-i,-ls*,! drJt ?t' L-,y o7,r 6 :3-,,r, oJ-aLll, \ \ - Y J*,
6 ry.l o-a4ti6) = o;j nj

. =* I+\ " 
I

o *Y Ial
:L

f
6
o

r
6

o

o

\

o

o

fo

o

ON : orjnjn; t- ON : t@ . ff 1r -v-r)



O?J:,+4 gg(2 a;-9;1 6b L*;," *lS" hr

oYs = tr6 t,6 - "t"

oYs = t@ . t6 -o'N

glb c;iLl.q u,'u.r;l #+^,r

(Y-v-Y)

oiy l.ql , ,jg.SLn-J-r (Jt-jJt t i-t:"..) j5l-l- -r ,[rt-r-,rU". 6-* tt
c,.:*,!l.r l1P y J<^..6Lac-J9" s"L"t n; JVj sF,-l ,ff Jr.€'l ,gsJls
;l cr.Ll All.:F'f bQn{r; = \ t-rir.>.i j \ -V-yaJrt.. L-,yoy1:V

d/J-: €'l65tl: .^l oy JV*SIy.:U, rrrrJi g-,r ,JlJ _tF) ?-t' ,si,ss:-r_y
+f ..-il,* o tJ-c.)i .1-t r5f*r./ J-<-i.; t: f(n) = o,jnflj -o (nfli- \) db )JLb

!,-t-,1 -rv lb c*,lnp o r.:*i f(n) .>Ea:- filt,- 'iss C-\.-r-,!.-f yLSA *;E
..-:-,!ls frolJt 0n; I ilnp = 6* *3_l 1 q3,

* 6pn) -o (l n;6p)

.{t-.f 
"i"tSyi 

Js-tel aJ.rL, d,*l 
"r", 

.-t-"lf"f 6,rfj = nt s o;j = oj; clg Ll

(oU - o6ry) n1 = " (Y-v-r)

#= oq @*ni

rjui

lt -r JK.t

P y ,;-:S.1lt-r. ,it s JVt 6idts,



Ar ,i; Js-( ;f Jcs

c/lJq..r-,tr"f 0L*<.,- ;tel6torJ 6ly.,j-J-rhL J-rt r.*'- Y - ? - Y aJ'rt'- b 6

.gLa,r;.)ir,t,-ryr s S'l f4l ,,Ll ,JrJ.<r- ,i-L;o ttji ?-t' S p-SC 4+*j

.-r-,!"f J*ti l, 15lt-; ,frl.r- Jt -i ui:i Jl.tL Jr y' ;lpl
6la;S-- L-,;.r'l,J.l!, os r.it dJr -flv; ft-r-J'U-.a1 c'"-Lr U.

J;j.etut 6lall.:r -1,> 

")'al,JL^,JJ.c.*,1 
+L \Y - Y J<-'aU" pxr\r*r* ;lel

jl .:-,1 o:Vt3tlrJ. ,t5--i 1.r t,6 o4tr d S-r'f ?J. 01 ) oY ) ont

{i) =o. ff = ofltilt* * o1p16r* * onttrit* (f -v -Y)

= t6. i qLi ,-b. s

ON = OFlt\ * oa/trr (0-v-\")

f+f;; y -V -y rJ.:L-,rr 0 -V -f 3f -V -Y.ri:L. dt-S A&L- q.Ki
..:-il.r

osY = orrnr\ + oytnrY + on/nrY - (ofir' + ofii\Y + oilfly\)\ (P -v -Y)

nr' : \ -t?rY -/tr' ,-p,ft{ti =\ L:l .JSu, bQ.ni c.^{?,3Lar,,;;J *Jbost +5

.J-i $tF nt Jkt;l .*b Lii,lffl6c:y,^, .ji- ? -v - t aJ:L, ,ll, n, bli,g J

osY= (ol-nr') nrt+1ont-oill) nl +on1t-l(o1-oa) nrY +1on -oa) nr\ +onflY

(v-v-Y)

g'J_t **.! .3*.rtj:-i .rr-! , "i JU,#/rr.:U, ,iu- c G.-ic.,*,-lorr3i.:-{ 6tJ

.u-7;l crr, .)-# J- OU;^- s t$ sl-ts .b e:L,flt Jf,t dJr JA e.r r:*i tJ.:L,

a @st)

.f:ir-;\:rr! 6fr .r[Lr

= nt (or - oa) { oronr\ [@yofi nr' * (oroa) nrY11 = "

1-iltn-v-y)

.-.",lylrr o7y11

* otltrl

0n,



07- r..t.o agly a:-9a1 <Sb L,:^" S*K" Ar

a @st)
ont

: \ (e - oa) { oronr\ f@7ofi nrt * (on-om) nrYl; = "

(VA-v-\")

lr -r Js;
J.al 661y-" 11 c--;P -;.r ,_i5;ls -t ')t. 

: JV; C.:,+jt_r

4+Si.ss6ckl: flr: o jl c*"1 c:t!o A-V-yaJst-. )lrylSJ-.<.,_
-fu6t*"r,oJ.ol--i; v-v-f drl--;l Oi! W-t ory ,l$._eriJ^lJrzr= t \

6 Sg oa;b\, ,*l a-*;e 6 nr: -{- \ r,r.yry r:*,lrU.jl.r-;y r.::.:j 4, .f-l ..:*l
pt La*:,Olirq hr Jr\ ! l* n1" sn, \nf qLi, r*,1:... d.c*,1 -p ,-fJul ,Sr,

J-l- LfJ,ir 6lsa*i-a Oljoq 6_r*: JrlJt 
-S--, ,*l aa.;e 3.r a.r r2& c.:-9-i;

,l*;l Un-V-f ..:Y.:i-- 6lr:g_rrJ-6rr € c*s.^jt! )y€c;t*, (k)
Jlty : -F \ /y'T-rar,r. a-,.:i.xfu" JeV\ ostj s*,I ,Slt,F J kt :. ort

.:l.r-tol-e';brj6h: v-v-Yd:t ,.J*.rl elt.ky = t \ /y'T,lry.r-t-u,;l

dst = |(on-oa), t_ os - x, ](oa_on) (q_v_\")

$: y ,'J.rA.li- }l3;^r.lls nr s\ \nr 3 n1 4;l.sls.r)sL, c^f-r q ft, 1; tst_

n JsE J<*,q lr,J.ts ,F di,ghy : o Jny = " r'f 'es 
q;r. j r1-rK.



Ad ,i; cJs-( :f dos

.rJ.*, Jl*

ltr\:o, tx\= +\/y'T, fly= {-\/y'T, oS=l}@u-on) I

(,.J1 \"-V-Y)

fl\= t \ /fr , hy= o , ftr= t \ /\ry, dg- I ]@m-o) I

(../\._V_f)

flt= +\/ff, flt: +\/y'T, fly:o, os- |

-V_Y)

bf .Sg 0t* l, o-tV.!LyrLi" o" 6lJ.c!y,.r):L, )l 6:j c Lrt; ui;:6
jl .:-,1 .r-,F ,rlu$ )[L a-S,t]6.:*,1 Cls o7 2 on > oilr

uS(max) - ](oru-o) (\\ -v-r)

c c-^4ri crr-l -r: .J*i 4-ibl ,-F tt Lfi t;L:" ;lel,5tari; Slt 6.:l: rlLji Jli,J
J;Scr" Crr"tt b A - V - Y aJ-rt--

,F cSU ty 6lnojj: A - Y
J 4-&,Jitri.:-r*, l, (f f -f #ii) ;Lel 6l-a12-.r r.:*ip;: r.l; clll

-f tSs.tls os sox rtli.tr' $i -ru,;L .t$.i/ o7 ) oy ) om ,* t\ ;rel,gtar:;
.r-5.i1*;aj rt).:L, L-,y t^ie Oi fi Jt-j 6Lar.iJ y yJ. P .s: ,Sla-,.ie

](n-oil I

(:/ \'

oN = olxrY + o1prY *
o'N * ots = ot lftt' + o' ,fl/

ouy'trY

* o\ nrtr'

(Jr \-^-\")
(:\-A-f)

.-r-,lr.f $ L-i q,lr^^ 6

nr'*nr'*nr'= \ (',\-A-f)
.J56" t'ltr, Jflv , n\ 

G)-rl_ c^{? 6l.au,, j:J ,-, 6lL+JrL, u, 6



O2pJ:'te ag(y a:-92q 6bL'g" *lS" h7

;lsl r-f g-,I .:Y:L, Jr l Ji- jl

llrl

flrY

-_ 
(on - oil@N - on) + oY s

(o1- ofl(o1- on)

-_ 
(oy - oa)@N - o) + ot s

(oa-ofi(on-o)

n_t = (ox - o)(ow - oil + ot s'r 
(oru - o)(om - oa)

(,--rJl y-A-f)

("fY-A-\")

(VY-^-r)

ni 
'J,g-c.{+ 

6lau,3:..,5 )l ,f.li os Jou cJLi....o f1Jr-o om JoII, oI c,.r).rl.- d,rll.1:

eJry 6La,*i7 .Jbt q 
'xt 

t-.Jr1',lt dy .,r).tL, 5c.*,1 d.,{l 1- J.4i 1'.!-lt, .-t-.i!"f

LF, a*;-a tl aLi; 4,r.11-F q l, t - A - Y nJ.:L, 6 e:_h, iS --,-J os J oxJr)U,

.( \ f - f JS-i {. Qt).ri Crnlt -t3!"f os gs j.*e tF s ox ,}l sF.5!ls 6

tr -r JK-t

,-is Slttt' ua;V g;Lao;-ls

*55;l: *y l"url r, os Jow yJ. dJn u, ,.l; 01* .rJ O+l ui elt
Jot-on) o Jor-oa) o tJJ: f 6X c,*,1 c.;;Jl f -A-YaJ:l-, e-f

rgf 1.: ,S-- cnlY ) o O#
(on-oil@x-on) * osY ) o (Y-^-Y)



Av # drl :Y jos

6-F.:1"1^c J+ jl ,-*, oli,-t ! aJ.rL, uJ-l cc*,i .rltt. rJ;L; c.-)\e 6 jV 61L

..:-ii lS JS-fea'r o:L

Iov- i@o + on)lt + osY = t+ @a-oill' (Y -^-Y)

.:.eu6-l-r{ @a * ov,) eLi;.tt }fy,-r.i!,-r oN, os a2..;e-,1: oy-l: d aJ'rL' 6

\Y-f r[i.i1.rJ f=l[.-f C1 ! oyl: yl..:*,1 ] (oa-oa) o;l-r.,,1 I 6el'-r.51-1lr3o7y

c.:-,1 .:lty. Y - n - Y aJ.rt'.- 61, 16il'.-l ..:-.>\-" 6.lt- ClL.€,y oat':*
d,J. )a.;4 JSrt" Criab tJ .lqt, y-t 6os so1,'y-rU.' eJty 6La.!7 6 tygl oJ'aLi;

aJrt - 2r +5o5 sox #:- 't', 
o;dC1 orr-lr )l el-;.>l-.a;;Jt L. ,* 11;

.S-$'lrty \Y - f rlii;.rCq oyf: :l eV\ess JS6. ota sjJl Y - A - f

isjq.>-,1 ulv e-fu +5,*-',:l: *y, ? Y - A - Y d:L-' o)-r50L*:"1 U

^S 61:\J:-:*r! €Z-"J,> rl"t-el c^{?.gLarryaJ. oy- ot 1 o J oll-om ) o

.Ftb n,,' 2 o

(ow-oal@w-o) * ost s " (0-A-Y)

..:*il: f+lf J.S6^ 4-p oN, os ae'.ip;.: ! oyl.r d;L; .:-)\o 6Jb gt l

Ior-i("r + oa)l\ + osY = I+ @r-odl' e -^-r)

O.ftJb O-A-Y eJ:L,g-lL"-li6.ptUj-l f=nU"f Cy c \f -Y rfS,i-,1:!.ybgrl
l, V Y - A - Y aJ.rt--. tdf JIJJ JL! rl:r5JLjr L..t-S,g tl-i {l pb.ls JSL1"

.rr !r;'.t-,| 3i;lY - Y 
"fii;r 

C, lyoylr al:t--. b f.,5"f €-t 6lo'f ,'.

Iox-]@+ or)lY + osY = t+ @r-oa)l' (v-^-f)

oyl.r r-, S-SC;!J oyb Cf-t CrB l-,Sss s5 oN, os e-*i"e-lr.-i.*!, f[rU rf lU;

<Slr lf c'(aor-ls a'. iire, Jlo-t-3 o:l: 0t-i,i \f - Y ,$i 1: ^S o-f -,1J 
o-tJ w;'-a;

JS6" O*.b b Y - A - f aJrt', 6P s;os, oNtrti, O<^.6La.:i7 pL- .-u:..^,t ,:s



O*J:4f 61, o:-9* 6Lb L:+" <*K"

,r., it^-o.rl.;b.;ly rlUi L-,g )p;lra",L 6b.:-t-,- rpb;.: I Laoylr ,J-l tsss

6 t{.l oJ-aLi^.o c (.:*,1 \f - f F,gtf ,-5 -hJ 6U:" a.5) \ \ - y JS;;t c^i,i

fJ q jt+ 6loyb lls_j,.*, .dY! 4^i LA C/lJq cc*,l 6.1t-:;l il ,-,*, d_f r:*)te
:.-'t .;l j )-f .l.!oJ-l.r;1.:;,^j jl c o3)\*, ..:.-ilr f+lf c*rj Ol l-,, i-r*: ,-tJ^J ,5- .:-,1b

nJst-.--;) or-.i dlrl 4*! *Sc.*,lCy oyl:1t-r., OL.o P y;Sls- dt u::;JIl.i., +5

.rs6"J.'trb\\-v-r
J-(-i "X 

+*;-a;slsos 2 oy c2l^,a;La 6\ls ua;l; r* 4t.ij.{ 43_l ,JlJ

6(l:*,1 oJ; u.a>-).-'n; ! \Y - Y,[K.i1.:5)AS rf r.]->1,*o c,..r.iJ,, t l_, \f - f
i q-f GJf c*J.{,f.^, lFrt .:-,1 oJ-i Jt^.ot ul ,stros , oNr;6laa.iJy
L9tAc.{+ u"t^i n; &JL"-j 6 a.:-b..*#ryF.r, l.1p ;: f-pc*;,_ I* ,*
..rf -r,ol,; ,.Sf ,f C*, 6ss ,f q ,ijl rl_u,l j),\r +tij ,_ruf ; -Ji, Irp .,r g(^..
jl .*f_l, os, cryJ)U, t_*ry 4L-y, ? - V - \" _l O - V - y .:!.:L,,t S u_fi1

;!sl 6l.aa>,}-a;r 6l.i-i tt-;l. n; t1l.;^ ss d/l jt 3 cJ.i.:,,..a c^{? 6Larr.pJ )g+
&U- 6J; f*? 5.;.ll.i- a1 ryJ.a,o t-r,lL.tr; gi r.J"Ll ,t-l l."r5.',; 4.,*;,s

J-(; ;IABC ,-S C*, L.n; ;l t; 
',jX, ^Li e Ctt.€,y.jJt \ r _ y Jft,

.{"{:b,JJl \f-f
ff : co.r Q6t,* + cos B6r* + cos 96r* (A - A - y)

c,.:"3 ar .J; J^lF oN = o7 cJ;\ JJbA tr o ;)[; aLrt 6 6,1.,1" ff = ir* f I

;.r .r.J -tl,rllJt op - oru )F ,JJ:-C \ fl JoN : on c:1i JJbB L.e es ,Jl-r
,iJrr:tl.fl . (./ \f - Y J*) sjn oyls-,11:_g,^.r1.:..-*ul )t.aoS c slYL-.,1l fk

iV;"-,l 6: q jt+,A ri 661-,,.4 ftO6t.$,bllri c rb, a Llirrr.r*j..,
JrlJt 6f B VA ,lAB oylr 6t ,",ei rl-r:"1 stQ ,Gss,/ -p ,u.f ;t>tfUr.B) _r.itl

os Jox r>l-.";;- 6\b (Q aLrt y.a,,)q F eLii r./ \y - y JS*i ,-r*, e6.r_f
tQ S ,)t- -r, rF 4?i) .rr5 "r,olp ,Sf b V a;l C1 ,y l_r^; rl_u,l ;r clL;^.o .rrL,
oy-l"t^^j :l-url..r.: \Aoo ojlrl +'.q ,lSu" .Sf ,F-ii 6l-os .s:AB.:l-gl-,1J l oo o;l-[l

oyls 
6-r ,ss-tQ et'-l qL:. :-b..G-5 JrtJt 'Sf &ti 6l.oJ.1sb ata o-u,o.:JL.a;l

rss_slsoi t-.: \_e +tJ-, !i#,,4-.: q aLi: rrr*3 j; siJl \y - f )SaCA \BC
.rr5"trlr; cjb;t ./ \ f - f J<.i &U, ca jbc 6La.rrl-r^.;



Al .* cJrl if ,Jos

S tF sQ : O,"y,,el:f;t:;l l) 
+ )J;J.af; jJJ". +O ,-:l: flJrSt

,iJt \0 -Y;f#;t I{D 6loy-lr cr..rs:l-til ;tQ c-l-t7 t1t5;LJrU,,r"L"i 0: fl
jl .:*,1 .rt!o ;ll f - A - \" aJ.rl.- c,Jt- Cfl gll ,rj;q a;.:l.r l-1

J-.(..ia-,.:*,1 Ofu 6 (ow-oil@x-oa) +osY = (q-oa)@r-on) cosY p,

."u_!tr oyl.r aJrL-" s;l-rrt:-,|

[""-* (on * on)l' + orY = (oroa)@r-oa) cos\ p, + t+ @n-odlt - R,t

(1 -^-r)

(v)

f;^:,6.i_ ,Sltt-t" r:--.5Laay_t.r** (V) ,P 2" g,,.--

lr -r J<.t

,*f .-56.u.i_ 1ultl



Oe-J:,.,te ,gfy a:*9;1 66LaD," c*9"

Jlt.L,R' LU J .F 6Vi 1.: C1 oyl.: 11 ,jJi Sf-r 6l-11.r oy-l-: Orl 6:J,.i.r.. oJ-aLL

J-(.i &ll- KD 6loylr.rt 6ssQ dJt-rrr,C/_lJl,i.-t-,!,_f 1 - n - \" aJ:L.

1,, ..'' \0 - Y JS^i &t!- I<d 6lor.-lt cF q j.,-t aLi; t-6u".5.2-,...eJ1 t0 - f

] (oa-on) arRr , cosQ, = o r-r!rrsldr = +fl6r-f qil.J,-Q._/

,f,Uy.rLi, lL;0 sQ 4solKii,-r'.!U fr : f, . + flt .+U-,-r u:AKCr .yl: Ll; 
":*,-

.JSL." 6'z._eJl \ 0 - f )S; tl EG 6l.y l: r,,9i .:l.r:"1 st Q +tU c.ruf ;t ttl b u-JJr,

.rJd ?J,. L4. J; )S.s,".olid! V y - A - \" aJ.rLr,cJt-- y-l .Slr

o

(-;Jl)

(v)
ta -r J6;

2jt 6|aoy.ls;ls-pi (9)', p--"7 i.:r 5.- (,-il|) , tsst| :Q 6,t ,Sl-lst

lo



il .i- ,Jr( :7 ,J,*

[or*i ("r +on)lt + osY =(on-on)@a-o) cost fl, + t] (or -oill' - R,,t

(\" -l-Y)
,Ft = i etcl-.i-l.):.-rus,r.. i--*Rt Lb bCy oyl.: J.iJb Cfy ! t'llr,5- 6

,tf ,Ss.:Q 6 Jf r, ..:*,lCy oyl: LUj 6{t-"f 
"irt5+ 

(or - on) a.,.Ry 1L:
J5; st eg 6lor-_lr dt' q j:; oLrt 

'.tSu" :Sy -,iJl \ 0 - f JS3 ;t EG 6lo1l,>

.r,-Q./b*\A-f
fi;l :l-r:,t 6 jt?l Q ^Lrt,,...-?;l P aLd ;s u.a),-L,i J(r- ,SlJ., o-r>B rA
6loy-l.r gb.r,r 6p* +tii rr [(,_eJt \ O - Y J(,;) JS6" 

C"J !, 

''...7 
;l .f g-;.,, ;l-

.ls (os joy Jl-.a:ln,gt.1lr) Oi ! !+r, q ,:*' 4tA 4Lr-J riL-a.1r;:.1lr )l;iEG 3KD

r:lt {jeJj Jti..r.,l.r;lr!./ \0 - f Js:.i ;;s aa;.a.tse7 Jkd 6lo1l: Slttf j)t;
.$r,-./ e3lslls ,stss

L-r p*rxt) g1as q + MPa pJP,Lrt;: rlr,)Q | - A - f JU
.c,*,1 oJ-.i orl: -$ ,,*-iV

Ioiil =

o

-fio

0

o

-/o

0

[': 
]:

.r-:!.r ff = + (Y 0, + 6v + Y E) ,-Jl& Jt--i 6 61.*i-a 6ssls r:.:;lby (-iJl)

..r;5 o.r_

.+5C".- l) az.ie tll-a 63; ot dL e d-f J ox Jl--i ,-,- d-f Q)
.t-S ,5rsl. .,, \ 0 - Y Js".i, ;tl" .21n ,1lt d;;L ! tr (V) .!J Cb (V)

. -gg-,J.r tr@ ,11L,-,.1-iirfii.;-: A-Y-YrJ.rLrll o:ti:-,| q(.jJl) d-

lIi] [{]l [': ]:
t{i)
t16

tJ^)



trO4pJ:,.,tf ag(51 a:*gai 66 L!;," .S*&

oN= trq). ff: + (oo 6r - \0. 6v -0. ar/.+ (r 6, + 6, + r er/

t6 ,o1yy-:U-,. ,Sl-e,6 csyi,u" a3lrl y - V - y .Jrl-, .(^(, os ,it a-i)J.

.:F'f rr; d:L, t *-.!t r, cri a*,!..o

osY =
YOoo + YYO.o * Yoo o YYoo o

{n) -+ (oo 6r - \0. ey - o. E) 
t

.r-n, *l*,. e-j\,--tr.,a 11 6;>lal.s ott Oli€ \ - V - \" drLrll orli;-,| ! (y)

[++'*'f': 
-:: 

)o] 
fi] 

='N

L 
o -?"

oN= +._+_+

t) 6t-v ?-t' t {+J yl n'-ry.i o?i .J-,tl cfox = - l-0"- = 

.rr;, 
rf:tfr:

-=
A\

.FYtl
os : 6\ lv MPa

,-l-b ,Sly.6 # ,rtt t;iliC Ot-r,a;ts \ - ? - f cJE Jls.: jl orLh-,| fr (V)
.oilr = -v0: oil = Y0, o7 = Ao jl g;!, ;tel r$y:U, c o;L;l :-2yoo;1 up

;l c,*,1 otVpx,*r\r* \ px${r 6,619^.jl JU:;t .r_-rL dr-+

Io;il

tvvv/t1

l.::l



rr ,i; Jr( :Y chs

ff ,gba"J;* 4a.;j 1r

,Q: cor-\ (+) = V"/of r,'-iJl f -f J*qc..j,#-lJq
J* Ot;U ,Slf .S 01J., Jl91 cl:J^r':*n; tf t++ , 'f : 0 = cos-\ (Ir) = f A/\ q"

,;tsl 1., q F^LJ;,>l-*.,Cti: . ;l o:J,.,J JeV \2 -YJK-i,,; \0-Y

.r.1,..*, .rjb l-r os : OY/V , oN = - \ 2/V JrU, : uf

t, -r JK;

\ - A - f Jt:, ,Slt. t-f 6Lao.,,-lr 2l'r1-

gla.r.;aF- t -f

,,,r1, 
l-r ag(o,>3- d;J Jtd r'-t.iq -fu '.L-ldtn,.i; 

jt ,F- Lil J L]3 6 6"1<b

6ll-jc..^,rt t:,J.l; .lt* 
"f.l 

.eU"f a*fx aai,o l) y-* ;Iel CJ,is;: a-io 6

..r-,!"f ,-1j J.fu ,'r. 

")'al 
66y^^ 4J. s.*'

hl Lr : :llil L il

q(-16.7,52.7)



O"-J{r. 612 a:*9,11 <SbLza, 8-8" ff

OlJ b uJ s-*t f--? 4 sp gl e::-r, _rL: tJ-er a!i; 4 t, ,-&* t4;J
6Laoyl.: L-'2: o-L,i o.:l: Otij ,JLl ,i; +-, -ll .F_ c.*,1 OS^. -k ,*l r,U .Jar,r..

.JJU \V - y r$,,.:-l: rti t LXt :y

(v ) o*-o

lv - r JK.t

6,lA2J,,a ,j; 6,111sy 4;Voy_ls

xt 611";;lrlt-i -k ;lel ,.::; c.<+ J r..itt 0.r.il .;; ;tel ,Su.sZ:; -Sl

(.Jt) o, {

(v) om -o



IA ,i; Jr( :y J..s

JS Os7et .J.- ,-P-JV-I'fdL.r/ xrXl a'>'i"'a L. ,Sjl;" 6la''.i'o r'U c-f^iL. o-t'.x '-;tjuil
.a:*rl

(,.-4ll \-q-y)

..r-,!.f J: ,F a.'. 

")'al 
6la:'iau l, c.i U-

(v\-q-t)

L*- t' )l U"tu.-r(, '? &- L-'; 6leJ-a F (t ;t'l 6,1va: ef i

,-8 ,yoyl: ,J(, L-,y clUJI ,P.3 c*,1 oJ-i c.rl.: otJ .-iJl \A - Y jii;r '';-'J'-

,sf.rlr) JS€- oat:a L,Ji; -bUi 45 G-i6.(./ \A - Y JSJ) 5F,€ orl: ,l"Lj
jii1.r oyl.: nJrL, .;i -5,; rli,xrx, le,ie;-: !-i.i.3v C;br.Jt t Slt(os sort '>l'a;;u

.t-,t"f l) Js-fq ./ \ A - f

I orr*or, \t* (o*lt=(orr-or, \t* (orr)' (y-q-r)
(oN-T)*'ot,--\ , t

b,;e;rr5l-r- ,ft ,F :.:-,1 o-t; €lso* = { (otr * ovr) , oS = ' ortlt f;"
olls,gis B sA-ttii . Y - q - Y d:Lr.:-,! c.-ed' )+ P-oy -t'al.;r'ylr lti"rtxv

dtJ .$rd oLi b 0, -l0r & gL"Jty rSl-rtr t1t,iq ,Slfl .:eL"' elt r-JJ,JLn0ql

Jr Jr-q c-tJb,r,P e"ti;.1: 6;L:;t c.{? 4, -r: ^*- 
t.lU; 4, ,Sbl' 5.:'-L'- )l 'f &

.: j+,, ua;.*y"fSrii 0Q tJ 4; yb- l, V \A - Y ,i(':'.l't c':j;;i;t'a oyl'r

fu$rh 4-.t \:*j.rr sF Jf 0 rr-i[ .:^>; 6 Ox'fi'{'r 6,la2Sz" r'r c'*j

dcJ4 2t 6l+r,i,,.c ;:,:S eW UJt .flrL, G\!l a;,.i|: .ll-l-1, UJI t q - Y J<-' ;.tL

;t ,rli:-,| !.rr,-r dbl \f - O - Y aJ.rL,,t-- Jbl-r-l-b €,f d-rS L''i; xrx,

crr-,| oJ..i .:-,5j ./ \ q - Y Js:i; .;t 6 ';f;* YJ Al elt c'{? 6tar";;JJ-lre

4t.t, g-lf, .u{ gLn"ilr" t0 ,-F-* ,-sD *-/.1r rl: p*lr{ ,:'; 6t'ra;J -f €li€
.r-1 ,, .l! -lj

r.,=1,,: I :]
[ot" 

o,,, : ]ro*4 1= 

L ' ..l



O..,,J;,,F agly a:-y 16L6 \^" *9" 17

(dJl)

q)-

b.)

lA-r J,<-t

Sll ctf 1y 6l-oS-1, (V) s 6la-".)-a u; 6111 a,aJ4 ,.)y oy_ls (,;) , 4;la-*i-,or;- ,ra (t-iJl)

. 6lat-ie j:;;

t\ -r JK-t

Ol',^* ur- 6)S JEit ..l-r.t- (r-t) , gSli-Jt a ,ys 6ly.a:iL- rll2jr .51.o.,1r-a, (u,il1)

'q
x, xr

xi o0 In0 0

4 -$0 or0 o
ri 0 0 1

(v)



ry ,i; cJs-( :f ,J-s

o'\\ ={ (orr * dvr) + + (o\r -ov',) cos Y 0 + orrsin l0

o'\, ={ (orr * orr) - } (o'r -ovr) cos Y 0 -o* sin \ 0

o'\\: --| (orr - orr) sin \ 0 + o* cos \ 0

O(r)= YO11yrd(r):O1fl=

1r n-*-:-l;: (rl: 04+-:6

(,-Jlf-q-Y)

(vY-q-r)

(Vr-q-r)

orlr rlf;i Gl-,Iq .)F .-/b"jlrt, p*lr, 6Lac.a7 elL'F ;l,,,113141,9"-, fl , .r\
jl -srq" ;* * ;lel uir rl"t.L Jr 6 )-r-'L/

..:*,1 ,J^i 4it)l *'*-tU L-'yt 6laa,i-a ;X 6,jjt-,JlJ | - I - f J&

l'. o. .l
10 t: 

L 
1

pr:"y l.s -t,f6taoyl: -l .r*L.i O":{ \ J)elr$ rr:Ur,.r-i!,-f c.ltj 
",J 

o. ul.;r 6

(Y-q-r)

.ln'

1l c*,1 ..:.1!o 6 - ? - Y aJrL. ,lbr.y, 
",.xJ 

0t* U C-l Slt cb

o

o

*o

. (")-t r.i.;rr.:tc,) gLn.tu: q :.'sdrL.4 q yt:- aS

f - q - Y aJrL- ;l ol1:u..>ef +.,6C-FL*I tfic-l

o"-o o"

o" o.-o
oo



O?J:'.4f agl;1 o:-g21 aglaL2a" *& lA

! *l L1L;t; ',--jU ;r,r.l,gLa.1.p,,fS-:

lo*iil =

;t ,r5r- +-L);s 0:J.l -*- *U. tr.il.1.: ..:*,1 oJ-l o.:lr !Lj^i Ji*, st s-f orrlr;l:3^j

.s-F.l JJb e J ;i., oylr s: s :Fc/ ti-r.,1 4t.i! ...(r- J-f+ L'.b'y 6taoyl.:

j c*,lx,* c.47tr 6ln.<r_ Ui,i56_.f.1 o.:L 3 ,_J.1-tJ,_b.6,.r;l: a+j c6a,,r*,o

,>L.a;;- dl"Ae.i.r.ls (c,*,loJ-i osl.r OL.jiB JA Lld L-,y 6)r5l.r- ,-ftr$y.rU..
.Sl.f dLltl sjL.," xr* 

")*cl 
c^{? q yO" ,u jls i(.x1 3x,

t-tl.ra;l F ,tl:t 6$dp Jl*. l" - f
., JL; 6L^,Jr-, sA*-;.**

oM= {(o,r *oyv *on) =*o,, (\ - \. -r)

-t.itf .S-lt,- JIel ri; u, LrrL"i S ;:;: jl ,lt- ..:-,1 isy ,Jl"i ,F g&t* y
u.:r-t^j ,S:b e-ji L-2' s:F,goJ.lti ,F As.S lc.JL>(ouL.,S;.,.,,..f.l-r:e;)

Ii"



il .i; Jrl :y tJ,.s

J* ,: otKi ,-S rs_25J-Su 6lrt 6liu^ tl JrL, yl ..:*.1 -SJl-{,JtJrd;; ..li-rr 5
.t -* cf r'nt!tirU:r,fliv

[r,, s,, s',," I l' otr - oM drr orr I
lr,, s,, s,,- I = | o'., ott-oM otr I ,t-\'-Y)

[t,'. s,. t* I L orr ow on - "* )

.rrt* .ilFl ,.l:; t-t,.rl-ll 6 ;.y,y +tb nLrU\ Y - \o - f aJrL,;l d,+"^,!

;l c,.."1

S;;:o,t-*6;;oPr= " (0-\"-Y)

? - ? - Y drL, !L:*) .-ilFl ,F elt d.:L, 4+r:i .,: (c.*,ld;; = Y oJ")

ry Jrl3i c>2j,e d/-+ ( oij 6lJ
(2-r.-Y)

jt -l;tL* ,; 6Lat-t, 6

lo, o o I 
':g'''oo:l:

l"' I

Io;il: | . o74 " | (Y-\.-f)

I o oM ILJ
o$ o:1.: epi ? - Y.:^^J .1, 5 G:y,lL^ q J::"'^ ;tef t'oc'a'7 '.ttt 6 e:-.;?t'

0F Jt- t, o-rt..i 4..1-r ,ii;l .l,l .rt!o c cJl-' Cf-l ,Sl; '.(.t>\t 'fr;!- 
JE' '..:*'l

'<Jtt*,| rt-ij ou = - P. ,Sll. s +-Sg dt'lb(tr'r:a ,i;rr\ ui'-9- o'.i1 'u.6
.-u!.-r

.-is q is-rst .# ,5- ; 6if c'^-,s 4 q 6li €l: oU ,*;t lb rl
.'-f leyj aJsL, * ^-!lFl

o,i = S,i + 6ij ou = Si + |6;1 os (Y- t" -f)

sr + rIJ-III" = o



O*".JJ.,k4 rgf, a:-9ri 66L:r. cS*K" loo

IIo : -i S;; qr = SrSz * Sr Sar * SzrSr

III' - eijrSV Stj Srr - S/SzSnr

v-s
o

YY

1.-.allV- \" -Y)

(Vv- \" -f)

o?-r )lr;A drt-- 6 +-&.F.,, ,sll;_&.lro,1 Stnfd ;tpl c..6? 4, . ,ryt:

fl.rbS- +"p;l 'tKi.r.trS;..b lo;i -o(r)6;jln/t': "

t_ t S, * ou 6ij - o(q) 6;1y nfd = o

Isu-@@t-oil6;jlr/t) = " (A-\.-\")

.,^.*-r.l Si JIel 
'-rU, 

,,li I -lr-_," c c*,1 Stj ;iel c^e- Of:"^i nfd J^ru^ OLii 4t

.ty€ ailtl y_t.r-r!o L-,3; o;i ).al JrU."
S(q) = o(d - ou , (q-\,Y,r) (q*\"-r)

+slj+"*ilFl j6jf ,,>**,,3J)qb \ -2-\"JU,;:o ul; )J*.li l-t -f dU
.-trr-L; O* b -ilFl .:*J Jel rl; y_rir..3

1l c.*,1 .rt!o ui;s 611014t\ - \o -yaJ.rL..(J, cJ-
oM:{(Ov*0o+ff):6o

't -l't,g

lou o

lfo
1,, .
L

rat \"- \o -YaJ.rL. L-,g.g;Lly."cr*,-

::]+[':.:.:]

0+,,) .t*1;t ._ilFl c.^J ;tpl r:; y.:Lo

t-i g+.r--yL q

::l[:
."fs JeV
oYYl

: -;-, I

- - s [ (v -s,)(*v -s) - (vr)' I = o



lol ,-i; cJr( ;y ,J".s

e-t;j ",*l 
.St t = -YO JS(rl = o , S1t) = Y0 -t'a:,r" 4+#-, e$:-f! u'-1L6

d:L-. cnts _l \ - 2 - f Jtj- 1.: oJ.-.i g-,!. ;Lely.:U-. jl orU:*,l q JrL.t
."f€#tr1-\.-Y

sgt i:ia it,P ll -f
,.: .:jL,r,. JIel r; 6bca; ! gtL- cSt-l-lj .,.il{ Jt--i +S P st 614'Je

d, P ur-n*. ol *r* 6"riU6 €e9 0.:6 dai,o l) bip U-t .+-&. -h
c:#J c.i,b.*- 

'rt*1r,4.1, 
GrL- 6 t-J r-l sF -l .t"it: Y" -Y )5J ;:ABC

{o) - o*. ff =

jl .:*,1 .rtl* lr,;p ,J-l ,SSs r.::*511.ly .J-it uJJ,^..-o

or,r 6,* * otrr 0r* * ot' 4* (\-\\-r)

i c^a-7 -st 
"),|+ily' 

I

oN: t@ ' i : (Y-\\-Y)

\ry

! *lr:l11

^ a.+6,+i'
;= 

v\ I vY I af

Vr

* [ ",'r 
r ot,r * ot'r 

] 
= +"n

xi

aaa
. otlat+al
or-

,E

f" -r JS-t

. ust c--5;/ : JV;.rLno3- t u#s t* a-;e



OI-J:\,F agly a:-g2a 66 L:.r" ,3+lS" I oI

,j,:; *. iSf s r544J!:*:l^ r'a;e 6Ss ilrs Cr" c Y - V - Y +J.rt .. jl, .XlfQ
..;*,1 l) Os-req 6J-,!"/ €et O.tb 6:,

atnt=t6.t6 -otp= + [oY.r*oYt,r 
*"tn, 

I + [dr,,r 
*orrr *o,r,]t

ooct= *V to(r)-otrJt * [or'-orrilt * [otrr-o.Jt

=ff

(Y-l\-r)
.{t_ .J:^tS -$ os:,e J, jl ,F r c*,1 OS^" -,

\fy

(Y-\\-r)
t_

(0-\\-r)

!:^iA d,'.)p 6s:fft_b.lt ooctJopt u^X1 :JVt,SLndJ-f l- ll -f JU
ont 6lLb {++i -r -r'S.j*{'r^i dll \ - p - f JL:" r, 5..p ;l CV. Slt'rFJ

."t1[j r/)J. f - \\ -f nJ:Lr.5^S,

$ltl y r*_iV ?t' L*,9 csasc-ir^ ao.;p 6ss t-Flby c \ - t - f JU, jl &

,; ][ffi] 
:[|]F]

.: oi -o

{o) -
(vo 0,* + oo 0r* + yo E*)

t_

a-:r,J,j lr
fr

oN=t(i). i = {(vo * oo + yo) = oo Mpa

f": ..

L. .

Stt,,*sY,r,+,sY,.,

Y - V - Y a.hL,;l i,++^,r



lof ,F ,Jr( :f ,J.cs

ctnt=t6.t6 -otN= * [fuo)t 
+ (0.)'+ (yo)'l -(0")' = Y\?fY

g)L"l4l,,-.Y- \\ -f aJ.rLr.5^S, ooct='lffi = 1'7f \ MPa d/lr.ti
.,.:-.il: f.^tf J €'l

toct=+ :Yo/Y\ MPa



toFO'.-,J.{r4 aSly o:-92i GlaL*q *lS"

$t*
eSt.tJ,\,f o;i 6Gai,J3-" 6,1.11:pxgfiy ,gl-alj-,- tu (:s; ,S -l_l-b ,P oLld ci- -;.: I - l,

c...-t*. csst s..:*,1 t(il) ,.:; 1l:y .-r-!tr.r i, &- Jt; ,5!b nSdS(l ) ,y c>'-L-n

1:1(ir) dy s-ron: rrl-.1;..r-,ti.rtrir) .-r* ,br, o,- -,1ff.,, & Jb;6fl., 6 dS(r)".,-

...*,|ff' e,.e.- Jr {i') n;,)t" 6jl-.,- ffy .a1

d)J rr...-i -r:j .SL^Jt; 6l.sb 6 Jgl c,^--L-- tSlt.b \ - f 4l.r-.- 1s oJ..i (:-r! aa,?f, f - f
.rs

i,: {fva,+yey+?%)

ffr: $fra,-r4 +rE)

.tr*I, a:\l y) ot_f\fu$,rxr 6,G.p-,- q c..*; P y u:; 'r-i| f I

lro ,'l
I

Ioiil= | yq 
I"r' 

ltt . \rILJ
t)y.ea-:.MPA p'- gbd3- 6,ljspx{{y 6l-n13.,-- 4-i ca--j P .1s u:; r:-b f -f

f y \ I 
'-t-'tr'rAe'iu

|"''I
[o'il= | 

t . ] 
|L\ Y 'J

;l :f;ifi -t t-* a*;e 
^S+JO*,-P lri ,tr ,;+ ci- .c*,1 ot ,l; ua;-i.,,ol1 r.li.1: aS

9 !:t, -r,-lr -,tl3 b-,- U-l ,sl,-otr Jh,a, ..r^1t,1(i) - " aa;e is'l 6strt*,- .J-,t, ,:;

ff=*(r0'-0t-lE) , ou=yMPa tfQ

ot^X ua-.L' il o*-gl. Li 6 r:-,llri .:...-J 
"jbdl" 6)jtP o.tfi 1.r ,g r.r*,b f -f



I oA ,.i; ,Jrl :f ,Jos

Io;jl =

,*.11:r, y-l .llsl (...')

Jt"; c.a11: ,-r:i ,lrr, .r!.5* (:7)

JL; ;t:r, S '*1lrJ .r.: Q; t-es: q.ltj (.r)

vyroAo {o)S (.-7) t@ : y'-\o. (v) td = 06r + \\ 6, - Y., tJJrl : *q

c{tj "i- o. 6,r*l or.i *ltlo;i -- + o"nfli Jt-re! 6,1^Li;1r 
"r5- 

JJ-ti,gl.*1.1, 6 -f

.-r-!.f n; o4a st J ! J. o;l.ll tt ,_.,5 6)p.* ,)t*t c(,- 4S,44r cll-i; .J*:L.," c..-l,

c.j.rJ-. )l ,fu t>l-a:;..o 6,6^.-La GSI .F 6ta.1l:y ollll oLr,. C"- 45.r..n.r clt-l; , - f

.c*,1 !L- e) rq nJ-r*^, clL:; ,rl*,-.lt-i!.f .>l-c;;.^ 6,1r-43.,.-rl-,(e.

,.Gi ,.Gt) * ,.Gt) ,.(it) 4- t,Gi s,Gr)

[ -* r ^ 
'1 '*:*i

l; 
";lL' 1 -P.J

+s;x*r''

J*\ dUJ j;r' oSP y 6lo-*La Gs-t cF 1l:y ('.-cJt)

ff=+(0,+Tay+^er)
.$! y-j .:.r



O?J:4f ag(2 a;-92a cSo, Lza" c3lJg" lo?

L-'i ,->l*:;. *J r,l:,',Jl* OXrX,,X, 6,Gy>' q + V -f

[::' x" 
;-l

L''" 
.i: 

:,',,1

.g-,1 o-t -! aSltl ,; e-i\

Io,il:

+5"t.*^,'

1.: e*,ltly JrL; .r).rL f t ot*t;- )l ,*lt blrb\l) u^.7- Ss';,gbacJ.y (..-il|)

.t;tf ir."L- h ro
Jo)J-.t os:*.\:i&,a,-k-Jt-; aS,g,la-,i-e,SssltP (1, l, f) ^LAlrrl;rbr1 (l7)

.rA r-l .>l-a:;,' c.,:",5t o;3*, ti g.ll-.-,SL-l;j

,by=ftr.t'l:*qp
-l Ir

=+ p
bt = -YrY

p ,b,

-r

-r

t@ = 
(r 6' + tq6t + rt6r) 

(.,)
flF

fi e-tV L--; Fclhia 4 ,Axrx14 t;ltag:-, 6l-ay-,. a., l:*.; A

Ift-x,t)xt**r,' -(r-xl)x, I
l-rt-x,')x, -{(x,'-\Y.r,) 

|

L ' ' (r -xl1'' 
J

J. $fr g y ,it-c (F gLn-Ui dl; Jr|-,' .:Y.tL n5.r+, dt-l (.--cJl)

' Yrr = \Y aJ.:[.. +,,g,\a-J.a;tP (1, -\, ?) rjz,ji,lrrSrl:ra(9)

.rj5 ,:,._.,

t(il : { (-116, -r"0, * ver) tvl : *E

jl Jurqe t 
LL..i :L J* t tlr, cl..:-,| .(,-.1: ,; ,gLadl3* I

.r:*rl o-\-i o:l.l 
.

Ioiil =

."U:...rt .rlrl-

l.r Yrr * ?\ *



loY ,F cJs-( :f ,J.as

L

Ax, * 84
Cx,,

-Cx,

Cx, -Cx,

o

o

Ioul

.J.:.i-,! tlll JrL; .r!.tt', ,. 6.e-.-,Slr.l.f ./Lg .l: 4t J:5 u',,U (._iJl)

.tfig .ii.- cl..:-,1 ;;^,. 7\ e :t ttij .,"L.; 1: ,:;;l:r, ..f ,4.4r c-rt-l; (.-r)

L; Sn- tf*tt.lb.l, 4 L-,; pxrxrx, 6G1ja- ;lpxr'xr'4' uiL- ctf3r 6Lo1j-., | . - f

, .1t.r f-! 6b"iJy .slo.r,i s-r! ,jL,-f Px${r 6,1-ayz,- 41 g*i 6,11-"- gL-l;j 6 PQ

.r.5a.*r,.r-:!t"o (:) t- \Y"o (.:Jl) cl!-e: a,-3! d: fi(MPa..*J) r;.;r'*,b,5111

I oiil = :lL:



loAU*J:*- agly o:-9a1 cSbL=^" cS+K"

[-o \. \'l [. " .l 
:*q

ro";l= i l : -'] :1"" (1)to'i1t : 
| " -" 

1 
Mpa e)')

L\" -y'tr1 L.r tl

"lj JG:;t ,f-t\ L-i:pxrxr4 L5bJJ.." *.px'rxtrx'r -iL- clf3:6Lr;.9,..,. oP oLfr;: il *t,

.sla;i[ lli.,l

l- a r-r'r ,, *fil
Ioiit=+ | '*vt b r-rI

L r-f r+f ' J

Pxfi{r 6,1r-a.p*- a: r.i*i rS r--rL ft.nr-;",^,- r:*,1 -tl-p C Sb , A j y oS

.$5 J.i., lrl. o'ij I ,tKri .r-ilr y-j ,.>.ry,,oa'.MPa pJ

l'\ o 1

to;it=l f ;]l
L\ ' 'J

l'\\+rfi o+fi -\ I
[o';i l:+l .+rF o o-fluro:*q

L -\ o-rfir \\-YrryJ

-,11 
c.*,1 otVksi r*J.px,;,;y'.,61r1j,*, q + ,-1;.f--lL lf -f

f'' - 'r Ir,o;ir: l: y\ 
I

L '' U 
J



lol ,.i; cJr( :y J,.s

L.-.6Lr1l:; J.l.rra L-,1pxrxr4 6,1sy.,. a1c.?;px'rx'{'t a;iL- cll2j: 6,lsy^t

Slo.t--i ,-e'--f l) ol-fur\

or^i clt t) ot-*\Px&rh 6,1-n13-,' q c..*; MPa YJ. u5'o*,-J,L ,P oLfi 1': tl'-t'

.r:*rl

\ c.Jl- '.I oij | :
f

7

,5 i,,*1"- olL ,^ 6!
,.L-l 'p r,-:li" (.--,ell)

-bl 'p,gLrcaa, 
(..,)

:*E

u,*,- .J.J!.,^ ,l.tg,-tlr 6,La.t2a' y t3 e P ' L;; ,: aS 6,i-x^-*i.e 6u c.F 6t'olby ( jJl)

'rl,5,:..+ E 16r, 6t .stiv.5t-r-,1by YJl,tG'il j 1G'r1 ' 
1G't1

i U- t$y-.1,*, ,lrg-lr, 6,6ya' 6l.tlt (-ilt);t o-r.i r:*'.t ,5 ,5t'r1bJ jl 6.,- -f (*)

.sy' A*+ I o';j I dt-r

.t :S 4.tt \ - O - Y aJ:L, f=it- )-p15..1 !-,i fi (V) 1.r oJ.oi ti*'! qp (.-7)

f' \rr Y? \\rI
lo'ijl=+l tr \?? rlrr',rQ

L \\T r -tol

:]Y':JL:Io;t:LIil]
L

et aY er

6,, L
V

t
V

7
V

6,, r
v -?

V
Y

V

6,,- L
V

L
V

_r
V



O?J:,k4 agly a;*92,, Agl.oL2a" *K" Ito

: 'l c-JL (.ijl)

:YeJt.-

: \ c.JL (.-,)

:Y eJt-

o(r): -lMPa ,o$)=lMPa , o(r)= \,MPa
o1r) : ot) = \ MPA, O(r) = f MPA

ff(r)--6'*=6r, ff(u=teii, fi,r,: +e,.Vy lf ' --

ffo) - 6' + gr-+ "r, i,r, =Vr
-6,-+ 6', ffff) _ -6, -6, + t6,Vr ' -- ,/,

.:tl*- I<si ,-..,-.,-. ,F ,:--lV ,s3Ju^ P ,Lil y u!.cl 6l,asr-- t 1L.rt nS,r,t53o lf - f
;l c'*'l

l'Y o .l
Io*;jl= | " v "f

L' ' ''J
..t-!.lj ot-re\ Px$fir 6Gy^. t &l 6Gy-,-.xi JU:jl ,f-ti fl

f-r \ -rl
Ioiit= * l": o,i,, ":, IL* -\ fJ

..rsL; a*-,[-.. trloU | .t<ri.$_F 6.,r.,- c*,1 tl]arr Jatr , ar1 ,si ,, n!

l'v Y "l
Io;il= I t v t l kri:7*Q

L' r uJ

;l c---'l otV ty L4ipxfig,1 6,lsy-- t 
"/.1 

MPa *Jr:; ,--rL I d - r



ill ,i; ds-t :f cbS

Ioil |

rrS O.*t,

Om, oil, oI u,rtet 6Lrr.-' (-;lt)

,rL-I'p,5bc.a.7 (.-')

or = Tf MPa, oil= . MPa,6ilI = -fV MPa (.-c.Jt): g". E

ff(t) - - "/rqf 6r * .rvrtl ay + 'ITVY "" tvl
ff(Y) - "rl\Y 0r * "rYVr 0, + 'ri'T 0.

i(r) - .7\\. 61 * "roo\ 0, - '/AYV 4

1l r:-,t o2WMPa y1h${r 6,1-a22^.4i g*; cJ:J d*'-lL 'P oLfr y lP -f

,:;; d*,-J,t PXr*l*\* 6,1^y.'tu c#i  t'a; ;Lr.;: 'rilo-t-Li oe;;rb jA i y oS

.t-:-,lt; JS-' q

:'L::,,:]

toiit =f : o. 
; l

L-' b ''l

l"' o ol
Io*ijr: 

I " 
," 

,rlL "'J

.r;5 J.r., ltom j01 **\ 6A MPa -,rlt.P 1: .r5l-r- et '* ';tsl ,51

or=YMPa, CIil:-f MPa:*q

o..u! a-Jl.1t -f),-f-ii L-,;pXrXrq 6,lay^- 4i g*i l<si t-'"'-s1P ^Lk 1: r; tlta

.g*rl

lv -r



C,i-Jn6. ag(y a;-92a 66L**.5*& ilr

Io;il =

.t*si*+
P ), uJel r;- ,gLrca- , J.l r*;"- yrh" (-,iJl)

P y ,Slt-- ,rl .,* -llrL (:)
.t-y'g JLrl;51.r- ,*t ',* 

6l)P,L;: rr '-.;p t stlsi = n;6; Jty (V)

drrl : I (lsi, o(y) = \ kJi, oF)= -f &Jt (..-1l) : *E

ro;t=f 
I

.rrSCrt+ $,\Q = | oil som = Y MPa ft.uto.r-:;. ilF b j f nl

,*t,-pystn(jJt)
D,k;" (-,)

on )*l r; c.g (u)
or : |r MPa, oil = y MPa, oilI = y Mpa (Jry : *E

b=o(v)
l4r) - 6, (v)

ll
ol

\o

o -l

ff(r)- Y6'Jq,fi(r):6r, fi(",:-6, IyEVO '-- -I ' " /t

(or)** = t Yio ftsi (:)

n- H: (v)

.r:*,1 o"r-i o:lrlMPa 

-J 
s e-il J#r, &$,rh a, t:*;p.,1:,I; tyi lA_f

l:l



I rr ,F cJg-( ;y ,J,os

t -ro)p

r
1

LP

ti,

Ax-r

LAJ

T

a

ri

ksi

a,

fi{r 6

q

r

a-^i.e a,

: \Y I

ff*-

n-lj r-;.J*,-,;L L-'t'lrc;i 

-J. 
fi\Px

Ioiil:L

os - f kJi JoN = \ Y ft:li isi ,g,i2 ^S 6,1 4J

oI= \^|lci,

.Jgi,r-)JY - A - Y aJ:L jl orl.e:-,| l,,. b 6i.l)./ \q - f a.k'..-;l o-Lol r:*,J, t-;; l" -t'

6La1ro.-, :l.li.l 1: o.5I^'5 g;31 oJ-i orl: tll--li .r:J dt..-.t {tl Slt. t-l .lr" 6l^'y-l: I I - f'

.r!5 f*t .ui!"f u>\..a;;*t

(v)

2q



ilrO*l:4e agly a:-9;i 66 L*r." cS*&

.c*,1 o-t-! $lj r-.,.r--jL L-,i;MPa plpxtx{1 6G.p>,., ,.r!|,t,F-,Jl* f f -f

f 1 \Y .l
roiit=1', q .l

L 
O O OJ

+s ctt'-"

iri&- Jt--; o.SP y 6la..L.a,sstlsos so1?*yq ,-*t sJt;,5Ladl.r (*Jl)

fi=*(r0l +r0,)

\t - f J#t, o'r:'l y# tf oy_ls c(,- g; L-i L (-ijl).1: or.oir:-,r nap (.-r)

.J+S 
'4J 

s*,1 oLi orlr tJl-j;

oN = \T7"; MPA , OS : 6r\X MPA : *q
..qi-Lj tj -ulor-! oslj t; eLre\ +Sr::,- o.:L 6t-ocJL Sl_tb t.f .3boy-1.: lt" - t"

1". . o.l 1". . .l
(.ir)[ o;jl= | o. . | (v)[ oijl= | ro. " I

L" ' o'J L' ' -o.J

.+S Cr.+ l, ;Sl.t- et '* 
.:JL 9 .1.:

(oi** = + o. (:) (os)^ax = o. (JJt) : *E

.r,:*,1 o-r--i o.:lsy-j.f-yL b-y O 2.: r$ blaaxrx14 ,g,lsy-. q g*j f f _f

f ? -Y 'l
lo;il= f -r ? l*t

IL' ' 'J

1l c.*,1 o1V oS.r-ry[ &r\r\"1* 6,1^y^,4J \:*-; *S"r*.os rlt-.];



lld .i; drl :Y rJe,s

r . .l
. q l*t
o o 'l

r

[o*;; | =

,,--J;t t, e-b .r-l .$lr"r \ ::* J

[,, .
l

lo,il= | ' -\?

t?
L

fOo ojlsl 1 Al-l.lr jl J-L b.rJ-.,. i,ril nt

.t';Sg-tt.Y-1-YoJrl"

.r.:-,1 oli a:li ,-i J.ye*.P 1r ,:; .l--it dt* f 0 - f

i]ksi

L .ilFl -L-l r; r1:8, .t3;i j r;Slj+" -ilFt s 6sf 6b.:*J q l.r .r-rL .r-l

.+-tJ,j#..t

Sr = VO lsi, Sz = 2 l<si, Szl = -f\ l$i : *q
:*,1 or-! .lt* -lj o13-eau. )-cl y-:V YJ -ilFl ,-'5 ;.1' ,5,\\f f -f

II"=SlSn+Srfnr+Szdr

,,b, &l '*t 
dt^.r;r.:1+f C- f.;r-.,J) dl-ei !,.:*,1 lt g. iil nS'r.'o:.rLl;

..r-,!"f V - \" - Y aJ.lt -" r' *;i

d)J.11 u;-.Jc.-:.i sil ;; Sll,0- \\ -Y;f - \\ -Y ..r'i:t'-1: oJJClrl -t:jfV -f

.$t

a1 c*i MPa 

-t 
u:urr;L'6L^*Jf c &Jr,4 f- "i- jl P ^Li; 

yf A-f

-f ol-i o.:lr y-j ,-r--JU L*'; furxyx1 6,ll ya,

l' -1lr -r 'fr Itt
Ioiil= l-r \ -fTl

l_l
l/Y -fi Y 

ILJ



6x- t.*a 6(y o;-9;i 66L*" c*l&

+5a.+
$t-t *bt 'p 

g;trca"- t, .lr^ lt oru JaII , o1 )-l r;- y:Li, (jJl)

III' J llo , Io;;" 6t^t-! (:)
.t;-*,g JL"t Ai ,Sst E ,91a^i.a q Jk JL.. :Flo ,*t ,_,*.rlr;^ (V)

.ilFt _L-l ,;; y-rli" (.r)

,j-,t,Sl^nily s bi JU tr lli ',1-*ss,i+, 
c-.i., tSst u:;s1l:y (&)

\PQ yav at s*J t$r'; dy6 P.o ojl-ul o.;6 ;l-a1r-,, ,Sl'.bF.r-r,t (C)

.-tJL a--ilr 6lljtpxg{1 ,>l.o:;.. 6Gy>- a1 e*j,S.9l..._ tSL-l-lj

or = ? MPa, oil: I Mpa, oilr - _y Mpa GjJl) : e*q

fr(I)=+G,-G,rfiE)

iso - JG,-ay-/y"rlY'

;lQI)- 6,+6,
/T

I" = ? MPa , IIo - -f MPa ,III.: -yf Mpa et)

(or)**=yMPa, i^*: ,",

Sr=f MPa , SU=.MPa, Sm=-f Mpa (.r)

ff,.,

lt?

L-s/F
,1._y

, oN: lrooct=

:;l
-\Y

rr+
+fii -\Y + rfr

rVy yy-\tfT
rr'T -y

Io'ijl: MPa 14



I ty ,.i; ,Jr( ;f Jas

Ioiil
t-' 

]

:L
xJxt r, (\ -xt')

', 
:r 

-x,') + O: -v,)

bt=bt:

O1 -

$r- \? 4'r

o, br:-f +lp (.-cJl):e*q

^A 
, Oil=A, OilI=-A(=)

(os)^*: +fro a(V)

Sz: -$a , Su = -\ a(o)

6jk

6Pk

6^t

'.5 i,,*r''
.Utr C,rr"b .ll+r 

"}5 
.r, r:*,lrlrr Jrt; .r!rL ft 6o- 6Ji Cjj (JJl)

P (a, ", \ {a) y }-al,gL^r,-' (9)

P y iSlt-,y-r ",* 
(V)

P y r-tlr^,1 ;lpl dLaL,ir (s)

"l.,lO 

o,i = eiqt& jp Qbn,qp dt! L i Qii clll;:" 61*E blt ' tl o;i ,.i.; ,r;b gtr-J.f t"' - t'

)l .t;-yrf ;.,1; JrL-; .r):L-. (F,SL^-l* "/F -l: n5.t*o.: clt.-lj .g-,1 y';:-'t

g,-tl:\f-V+k-

eist&jw :
6i, 6i,

6pi 60,

6*i 6mtt

,Sl^-J.r 4..t c*i ,-lFt ,.!.; g.l: ,5t-t, ,;..- ,r,*,- dIIo I \oii = - Si +f -r*.o.r cll*l;





67tJfu.#$ l',;?' f
$7 IJS*2*ela6-b.1fucctl3 I -f

1.r Ln;153 tao.;lJ c i:l.t.l- r[ii1.r ls agsL f(+l&J-,6l'4t9.".(1.'lSr.1.r

A-,-,f-J.r/-,t4 gt-,ql 0t-" .l! glr 6.J- gPi L.t1 g,ai"f$c* -h
\ ottJS X A;al;l 6,1l-e3^-r OlP! ! B 6rL p-.* 6- tj,ai. Crt .Slf €'l
,-<,- .[,Uj q 4 1 .-i- o.s-re\o:l: ib! .J-,.U 

6f*5.-f 6-f s-Jg oJ.r[ a9:6 Lb:

;r 110-;3n 4, r-# qy.-r-,!.-f &hi 6l-";jl R. ,>l.a:;*, otK:-,, Jf rgti

^L;:4 Lt*,l ((a:-,J*r, Lg.- o-13p .-i- c.:-,1 o.f.:,a p? 6- ,gf b .-{3yS ,srt<"

.\:-,1 oJ^i !a{J'i ,l ;q 6c.*,1 13:L

l-, Ot-; ;l 6laLJ .r, c,t13 ir." .(1 r, c.*l B .r!3 ,r"L; c.i,jJ," ol-at:-,
L-,; Lyy dr,-l , ,-f\.: ,h .+-S 4L*J ..li;, p-*7 <S+.& J-tn Lyf-f

)-r-,€,1! fj 6+P .tFrt

x:r(X) (\-\-f)

6 €'*,ft.S'l Oi*'J ttp--* tlX 
"3J^ 

h:, +rl:*jx c"..*i3*K 6;l-:y Ctr *f
jtt 5 Sl*-rJ.a tu !:.-,t A$|-jti, ,hU : t-t,gfu 2iu. ta*:. r.;J, tLirl O,,l

.rF€ dJi oy'e..*{ .r-5* .ry. -r.ol;i ,;S €-r u, L- 3.: Ll-Ftrh ,ri!

X = R-\ (x) (Y-\-f)

.r;lr;lj x c..r*i_;* _1sX os's 6 S,l uat *b J

,/f c,JL-- r, JL 4;l; c.:*,1 

'"* 
Ol&:rr:,-jl ,y'U ,J-t;1,(9'.1.: r*x

,t?.:,1 b r,-r? ,JJi,l1,' .<,- l.fritt € (i,ll.ur -r JU:;t6- J.b +.b f+ 6l9,2t*
L- c.aiJf .1: .:lr*:; Lli r r-t'rf f.-? J<-,U- ';l.Ul .;s.:lr*; gy Ll cJSu,

,rtK,r.i; &ti ')r '.. 6;pl cltir"p; ,5- F-, u* :I.-r-,!"f l: -r^ U- g.-e ,-;--lj



O41Ji.,k4 agly a;*94 6Lb Lf," *K" t Io

dJr rA Ut -l t_ J.(-i t- o;l-tjlrr F *_r 6-t-,lf.f cJS,tE* dr_+ J .)e f.
.:/,_rr t.6,l

ttx ,>1.2': e-e jn-,- +fc*,Ladl5,-; )l Ci) &p, iJU: ,518 tr ,:S*
yj nJ.:f', ! ul-r"f lt ,Ff 6;7 .tSu" J^- .t't 6l.ot 4 -r, .iJ*i, .SL^g-ri_S*.

x:K(X,t)
''-501*

(Y-\-Y)

.$r"/ dljl J-iLu. * o b - - jl 6 t.>lL^J lk-r, X o;3 -f 6lllx c=ri_9,. *f
aJrL, L-'t' 'J-i Otd '5;> Cb f=5cf oif tr>-,t A-S,F Jl-tr cJJri_r(*, 

"r"r-l
t, Oi r"r<'. e*,o .,.:.1lr 6-5|,-;lAr .a!E : lu'gfu $t ra^;-rA f - \ - y

.:1.l lLij tj os-rel dlid

X - r-\ (x, t) (Y - \ - f )

.c.*,1 '* i,, t eLA 1r x c..ri3* ;sX o-1t JS6" oatb 6
6+.& S.- Jl*ec -r:-i!.r, oce lJ4l-6!l: ,".*7 ,SL^g-r-rt j ..;n
Al-e, .$yd ?2@ C.-t' drr_l jl taOtirou u"L^i 6 €'*./Udl ls Fr
J*it cJl-- ..4 i.eJ Oi 6c^-.,r g.jV t:-,rf o;sf '>.5 \ et'6qfr, 6 6:j.ai.
t : o .,L*Jr, 

1,*.+ +f;b ,p_, +J/ 6+.&, Ji,l .JS6.JE;|'>t^" r** -S

Oi jl .r", 6 GSf3 Ln.l[ir*,:; J r_*c/./hl e:-f6qf40ljr1 ,S€JE;|
JU-rl t e.tV 4L'"Jr, f-.a 6c*,1 ul ,S,r(+ <S+.&..:*,1 Oi! tir" tFg JeV

'Js6"
,-f *.1-lrf oal;,Jq,l4 Jr d' UJ.*, ls rqi,Lnrl-5gU, ar-,j 1.r

c*,1 Jt** .f{.lb- jJL'-.:*,1 o-t-.i JeV J-lljl g-1, a-rit 66ldLir q ,,iL-l
JgE_-is 6+.& b g-r, cJl- 3 a.a6 Q !b.r*E 6+.& b (g.,"') Jrt c,Jl-- +f

cc.qj.jL;- ,-p;6La1y*,1; dr;9i c.*, \-.t ,t ,*b 0t-j, o-9)\*, .l:rl;u. o;Sl

.ty€ $f -Er: crt i Jl J;:* dqF' -rr y' d/l:t-l
.g!lr ta';t-i crg r;l$ pp OlJ+ oclt,st^gli-S*, !-trl cLaoll-.! 6jti;.r

o.J" a.5c*,1 'rL3 &- es)- Oh:. t Lf y d/-llti1 cJi;*i r,rrJ +-,.u,on g(-



til cz99 e rj(,lr* *(+:f ,)'.s

.:11,r I C/)qi,-#t^t* ,"!,;; 4Su"

alJ!.t LS)ln '2L',at;tl - f
F ,: b O b 6,t:1,j:,i; Cb .r+ L-'y o$ o.:l: epi eU dq-S4 0tSt

d/-{ \ -f J6.i, st Oxrx14 6la;jz-q+ Xos3 Xc.irJJr"ll.:y6,5:-b..4.K.

X=Q (X)

.t:,\ os-*
(\*Y-f)

oJ.i c:l: Ot..ij Jft, -lr 6 I, , Iy , tr .5!, 6l-a;1.:y 

-J. 
tJ X 0l3;u, c.Jt-- #-l tr
.rf 0t*;aj drt-. L-'1'

X=Xt\ (Y-Y-f)

| -r $t
x cr:b dqA tX Cy c5q.5c .2: ua-+V o1'! &- 4.r'

isf .Jbl;6.X or3 E>n c:tn;;* i:U3l ,r;'*.U- 616 c:ln:;"ltXn 61u.ailje s

d:L .rLar; *J6,J:.JJ^ 6S:\ lgrL .rLa:;1: c*Xjy; OlPq 6 3:|
.JSu- d^:'J It u,..;l-:',521-rf.tLJ 13laoJ-eU urL"i sr{,-/ orJ -lt{ J^i[ .J-, 0t*

.1.,...-:J L f b OlPq l-l 't3 y' (X;l:y. q*iJ'. c .1*,-) 6,rL .r[^ar; 6.:-,t Jt*-
Olid ! ,ti y' Oi;t :" 6L^,SJ.:,(.9' Lr"t^i.;s c r.7iJ 1.: .J.l-ar,,-c ,zcLa;;l.Ji Oi

xr,\



O.aJ:,.ld ag(y a;-9;, ggla L:c- cA*& trr

..:;1.::.1-_9 ,_/-fu dquii 6 €'*

)( = o-' rx) (t-r-r)

.lsSlr.f!:-,J.r f - \ - f aJ.:L. -lr Y - Y - f eJrt',,S-rl-rl-ta ! 
""",

x = K IO-t (X, t)] = y(X, t) (Y - T - Y)

Cb l*,f ol-.i o.:1.: Vi e:'-f dqF, o c*j 
'#_F 6,VJJ, C..* 6f 6

.JSs^ -4'-p tt O g-ti.F
It et,Jqt,-rr X c^r.rJ,, ! i', o-r3y' f - Y - Y d.rLr 6.:;b 4?i Jr-t1

0.8 gaL.!,., \ - Y rfiil.r 16r.j-3Jt (t ALIJ f 6sV dJitJrx.L;'i +t t:)6,j-l;
;l c*,1 .:-r!o 6:V qriJ," sls1.Oxrx1q,jE,gLa;9r.." r ,:,,.*j.c,*.1

x = x;Q; (0-Y-f)

6l-as1*-,,irr5 ,J+b 5-rq -p ..JbU.f 0.23 o.]Ai c:L..;;nlsx; 6,1-a+ilJ. Jl-r: 6

-p\ Ll cc.","*l 6sssurl:-,1 o$ lr-l t - f Ji*, st 6 ;4,-r. stl;J J drb ,.>1,,":;,

.:).:t*-- rJrlji g-,J., .1r gl-ril C/-tjl rS-r+ gLa.r-.r-9J.*,. J LrF gta.l ;r.t :y -r,olf
o.r1.rE eU 15-ti",S*, !'lr^^ Lil tJ:L.rLa:; 6 aa53".r5b..l11.r, ttrJ dJn
'}[.; S u-fiL, .rJ"r;!i o.:lc.,l ,sy lo,s-ri;511 rL glr aV; ,->l*ab- : :F,-l

,5; i5rL',,4 t 
::.,rff ?:;#il;:j:

xi = Xi (X,q., t) t_ x = X(X , t) (P-Y-f)



trr

xi= xi(Xe,t) t{ x = x (X, t) (v-Y-Y)

t sXr.li,,St"r-trt,6c*,1 *b -ftU.aJrL-..:-,t, ;r (x U-)"r; )L- 43-t 5r'!
. Lii.,.r 4Llj ,-i,- ,j*,- cr-:*,| Cb Jh5" -S"q!-q' \b.,.: :L+j 0t'6 5JL-.,: 'JdU,r'

'f-J.rl-'E "r'+ rV q b,JrlrS'Lj..'*l

rL$l lt €, dq-& ! !ir" ,E;\,ra:a;; t)U, X 6 uf s.:".xlr 4?y J,-tl

.s:l 13jtL6b c:r5J"lJt -r"j;6to.r.i.-r{F CV:4trU g;i.; tlL;'"-o t-h,t ,5,/
dblf*.?11013 t el.-bOt-;;l ..L-Jy't)oJu.i, JUjlx 

"'-lji+iJ, 
?'\ - f '.J:L.

.JS'",-,-J*, J;2edl{ l-,1 d-urJ<*,I db t : ttrri\:, oav.Jt-j 6.-,1r.JA.:,rr

x, = X(X, tJ (^-Y-Y)

OtP{,..-J.i,l 6J:5u" q"-r*bqJ;l dJiS#, ? -\ -f aJ-:L, ct = o;:ru""V2l\

!.ll-rL .EtJ;l +J/ g.lA3 r>L.":;.r, e-?b yl-9 cr:*,l o-t-i n:iy-4 ey d-ur.F*,

t = o d,L-J dlJ dt- 
"/.1-1, 

crr. ,.l^l:...'a Ot--<r- 6.rL .rLar;

x=X(X,o)=X (q - Y - f )

, € f* c*'lXP 6.:t- c4i -f )ltJ,5!tt 6 f eV o.t3 ,SJ.stt qi fl
,-S,gbrrJ<, ?-\ -f aJrL'

{=X(f,t) (\.-Y-Y)

.:l-u.f ;r o.13 { ,tns-.$r.,/ eni clL;;l u-ti 0lJ.o1 lr rri Oi ).- L6 la E*6
.c*,1 o-\,.i e-c,-rl c,.iJ* .rlr^; GU: iiol*t G*

='f=(#)
-{

(\\-Y-f)Pd{
Y-

dt

d3 -ts X c-r jrs urf lt<^ *, X -i:, 6-t-o.r..r, ot*i;J 6ri 6rtjfi[j di j.r 6



O=--U{f. aglSl a;-921 66L:"," *lS" lfr
5c*,1 oJ-i ,rsrr,. is? ag,j-s ^Li; clsb,f c r;[jL-,| gL r ri_+ .c.*,1 oJ,..i a:^il.:

,f *- ol+* Jlr-g/, -;l(.li clrlr c..r"-l , .(r-;.: .$r./ OtJ b dt j q d*i Jfu
.t-S *--* ,*.,o JSj.eu l, f*

v=i -d* = ax(x,t) = ax(x,t) /dt at T (\Y-Y-r)

1l c*,1 o:V 9b:; Ol+*, ,.1L.i.. -rA

a' x(x, t)
atl

(\r-Y-Y)

dra-.*J \\"- Y - f d:t -. lr,lidrt- sLe*.Stlj(-F \,fC 0t3y'./S.r-,
.:-*C

$'-S; )l ,Jt:* b ,S-rt r;l oSr -ll;li,l .9r!*;l ,h. g.,a 4, .:l-rs ., €Jl

,-4,A Ot-j.(,- _r, b t*ii;.r c..*i_1 .i- ul_p; 61013 l, d ,'W.Jlslrel
'p-SeF-r'$i-l-1-r 6rv osr st ol t -',.y,(.ltu3lrt*i c.,.,>) -usJtijr
J, gA ,(t*^r:rt dli,'ra,t J:-:--^ eUA d-urJSt,.1, ,(,-ri- ,(r-t .^^r 1r 6.9lo;3 ;r y'
5 o.llti...tJ J,_q c? - \ - y nJrt.trI db,J*), Cf-{._[L.f "llf 

t^,g.rftfL
'Yr -,c*,1j1# 66,1r.,:r"JiIlJ,lLi;Liia.,\:*i &'o.rli:-i.rr-!-l-t-i!u-,_1r1,

..r-,tf.f I-t ;"- ,-r-fu Cb q jl* , ,-l)tt ..r-lL .;.ll: €_f u !- -1, t

x=I-\$,t) (\Y - Y - f )

ls6r r1b,_4 jl+, \Y - Y - Y nJ:L. ,lJp -b )|..t*inu, l.t1,:,,lfoL.l a,5

eU.JJiS*";: r,:*,lx.rr cl.l5l 013 6lt Gq J eLq'1 l) i:,KJ 
'p J { Otr;".

0r-r.i ;"-* c J;Su- O.r-"oj \ o'js-.6b d,+" )Fs 6,_iU, L-i .€d:5
r,-ll l;q -* eJ:t .. *<lt gtr ;*,-.?V OrSl3OLr"j,

a=i, =*.=d'!:
dtt

0X,i

dX.a
1J- (\0-Y-f)



t16

.J-i J.6lJt a:-tJi l) o-l-f1'l-r + clLy;: yl

(\2 - Y - Y)

tJ ostoy g:lniJ-frlii lr t - Y - f aJ-:L, L-3'1'^"a 4'57 I - f -f dU
:-,1 o-Li oslr

x\=X'+lX'
xr=X'+lX'
xr=Xr

..r50"+

.-uq X (t , Y, \).r);ir." 661013 .r" (.:jl)

.ri! 
"JtJ/ = Y ,i-l o.l3 r,lL,o .-,1S J.t-eJ't 6t'aril;, (9)

jl c*,1 o;V,SyrJ.rLrX (\ , Y, \) o;3,JlJ ('Jt) J-

x\: \+YtY , xr-T+tY r lt=\

&JUr.r.13*o13 ,f,,,\ = \ Ot*,*^-a JXt- Yrr : -Y JArL/4+t'j ct ri:a._ii-t 6

.JSg" t5;- xr : 1 *.e.,,l-a 1r .:*'! E * &- eS:

g:lnil y jii 1.r ,-,k .i J \>-ef 6totll-r... \ Y - Y - T -l \ Y - Y - Y .r).:L, t-,i tVl
jt -t;'JF

= YXr

: YXI

g+tb/ = Y 4L-JJ: X (t , t, \) o;3 6lY. q.:.1'r

=f at:Y

=: 
r 

1)r=: "

r- l#

a\

aY

A1

yl

vr

vY

yl

vr

vY

= \ txr
- \ tx1 J

:o



O.i--u.h{ agly a:*92i OLaL,:>" *K" lr'
Jsj-e d/-J-i LJ +;..fdJi-tJ \ - y - y Jti-. ,S)--lr):1.- f _ f _f ,J&
!x (\ , " , \) 1:6il-e o;.!,-.,h-.i JtJ-ef S6oit-f,1K;i.-ri-ig*,! X : I-t (x, t)

.-tJC-';.:*,1 u;Lif = y ,.:tS
.fi:Si O \t*,$ 6;-,.)Y.:L.o otf u.iS', I 1,, ,rtu JD

x\- *,xu= ft|f , xr=xr

.$r./ 4+rl \ - Y - f JU" ..r[:-X J J-eJp! b.]Ss ;s 6j,t3.t? tl +f

rr: \(x'r-tYxr) n: \@r-ttxr)

vY:W

vr=o

vr=*

vr= o

q a,= \(xr-{-xr)
J --r 

\ -tr

aY= o

.c*"1 gti/ : 1 r,lJx (\ , o , \/ .l.: il-l .r3.Sl:

v, = -i!- c
'\AJ

a,=*

at=-*

aY: o

6flFY.t AJ.tl ,gtari*.as;f - f
,-#rg5lL"+-, o.lr 4 t- 'p Jqfu, n tr ,_51-l; rftr.i_-51
L-'9' uolf J €f O c.r;J cl! t ,Jl.)J X ,-/t- s Jl.,a;at 

-J 
tv c:,-er-, )3t

dq6i, Ot.;.-c u. e+y.JJit u#-t .c*,1 oJ.i dbl 6.rL L- Fn <-V.9;,,51

s*,,.Jr,;,.1.r,-r,. 6yl.StJ lq-,. 9:'yr .'o l.s, ):c! grlo.ld.lL:;lr = . +L-J;r r-il_9

.lY.rL,



trv c.Sg t JS.E* *(+:f l,as

p=p(Xe,t) l{ p=p(X,t) (.-.cJl \-r-f)
J

(v\-r-r)ri = t/i (Xa, t) t{ Y = v (X, t)

;l',j.fu sr.Sr./ dl* r-*;l or3 -f ,sl1.ls,flr i/l "/t-j 
4+n-rti evt Cy

,flr A 6f ,fe:;,i o.:l.r t dl4 3x 4Vi r>l-,"*' il eli os-r-u.Y sP 'flr
<Sl{ c*.9; L-,i' ,>-,1 g)L..'.rU-el -*'.6 t-FJ \ ,gB 'VoF 6" l-'t

-';;li,g\ - y - f nJrt--. 6c*,t (lsc \f - Y - f .J.rL, P ^Lt;11 
.Sl.-t-i cl!

.i:.-ii 0tjL/r,urLl Al l.rJ.l 6'-l-;i,;ra2' ss ,flf OL.l 0t* I ,j1{

p = p (X, t) = p lX^ 8, t), tl = p* (x, t) 1;llf -f-Y)
J

v = y (x,t) : th-t 6,t),tl=v* (x,t) (vY-Y-f)

4" -ai Lari:- .,3t+.tt? ;l -alcu., ,-*.1i g r-!"f r5b JJL! a', !'oi 'rU-' 0i .r' 5

.rl.r: ,Slf. rlrlit dLitl Jt--;, .2;i 6s.t qi 6:V -i4',"i st ' 69*-rl'a?i 'JrloJi-i

u.6$r>aq r5t aE i?oi;l 6,rJt-' st c ti.,iu' f -* '- *'lc5-2- Jb-rr ;j:'
.J^r,,/ Ol';t , ,fV tbi;: 6c*'l u"-UJ

jl -r;rl..e.J}FI 4ci !.Si"il-r" rtiil-t .Sy.rY.rL, I -f -f JA

x\ : Xret + X, (et - l)
xY = Xt * X, (et - e-t1

4:Xr
.$0..- l.t6r c-l elslwi

4L=J Jr rr : Xr Jxt = X, , x, - X\ Js-re! 
'{f 

6.1.6 si- qi J';; JD

ptr-.t .c-,1 o-tJ.1l-31 e:'l d-rrJS+, 0lpq qJ-lt ,S-t*5*, 6 tyul *:it = o

tr f.dl .r1l.r ;p rj-ll alrt -. Jr rrxr elt l.:+ 6li € , cSf ,SilflJ.:!rL' '$tV
.rf b tf*.r).rL. d:;-ei s*! 6l1.la.it"*



O:-J.l1ro agly a:-9a 6laL*. <S+& trA

Xr = xre-' + x, (e-t - \)
Xr = xt * *, (r-t - e')

Xr=xr

giy-r5A.*;lrVH JtJ-ef6tocll"r.r.(, \ -y- f Jtj, ,Sf ,S\f_f _ f JA,
."t lt.J r.rl* .SJ;l : ,Sgl-Sl ,;J.l,, +-i rfi.i j: y' rrl-r

,b
ttettfl r-ef,Sl"*l-r, \Y - Y - f aJ.:t . L-,g Je,-.4r,J s.Sf.ry.:t .11

''--:sin c*r+
vt:Xft*Xr"'

vt : Xr 1et + e41

vr: o

jl -t-.r!.e.-'t:-i,S[n.iJ_f \f -y-yal:t -;l3

at = (X, + Xr) ,,

ar = X, ('' - e-')

aY= o

.:Y.tL-.s \ -f - f JB-. 1:o-t ig*,.t, €-fudq.1ij.r):t-- ,C-f\ ,-l_ffe
.+i't \:-,! S) sl rfii .1r,-,t:..i

v,:"r, *;, a\=\*h
vr = xr 1et + e't; J at = x, (e' - e-t)

Vf=o Ay=o

,ts,#j0t+,f_r
6&2r* \r-'.i f..- ,l ua;V 61013 oFcl oJ.rLL \ - y JKj;t 6..;f L."

u = x-X (\ -y-y)



tn oS9 e Jf;,,;;,;;tr, *(+:f les

dlrt -t-.rb ,-l-l .r;a .c*,1 '6if .:l; c:V dq:S*' y et'.Jq:S*' )l s-* Jb rr

6/-ro- *lls.St U- J<-r*1- 6c,*,1 Ji. :+l ,Sr-/ oJ-o.:115 ..r'1.''

3: jl f y elnil-r "fii 1r ! u Otir."i;.ll:y tllyr" .ri; ,l$ f ots"r4a
.g.ii fj JrL." o:V

u=u;6;:ulll (Y-f-f)

6:Ljii;:l-,1 \ -Y -f aJ.:L. 6li€ L5'-l;tJdrL 6l-a';=ag 1.!-1:cU,o9)\*'r

u (X,t): x(X, t)-X (,.-Jlf -f -T)
sf ,*-;s G-l;3 rfi.i 1r U-

u(x, t):x-X(x't) (YY-f -f)

,s u* x 1l 6,51,t3 alr rhil "r.otr; Jbl 6 Jss"';:-i b Jt<"r.'r Jjt aJrL,

,St:irL- ! .-rrr"f dbl ,J.i Cl-l Oi c.-i x 1: cl;51"o 013 dt, .,,t<"r*l ,g:r oJ'L' -l

fu st ,J-ljl3 cJ-or,r.. tFrl eU dqft a1 b Lac'r"i J1 Lit 6:L ,.rLa;;, nS;-l

,Sl-;. ,t-F-l+ .-,-J- ,-i- .lt-r.eq ! Ot<,r*.u .:lr"l GU: aj bli € cr:-'l clL; ;l

, ,-t', rif F :t rer-'

d (x -x)
dt

(f - f - f )

3:y'-;r \ -Y-f JU.-,1)o-t-.i,11,-il .:5-; Slt\;Ot<,"*ijOlJi. l-f -f ,JU

.aJ s*,r Lr{;3; r3rb w;=ag

7-'lt'l.o;,*c \ - Y - f Jtir,.Sy.rY.:t-- )l J-

xt = Xret + X, (et - l)
xt : X, * X, ('' - e-t)

xr=Xr

dx
dt

da :
dt



Cr:-.L.t" agly a:-92; cSbL2a, *9. lfo

ut = \ -Xr - (X, + Xr)(et - l)
ilt = \ -Xt - Xr G' -r-t)
uy = 4-X, = "

,r:r.,_ c \ - f - f Jti, ,, r** ir)rL, 1l r.:ta;-,t b

X\ - xre-' + x, (et - l)
X,r : x,r * x, (e-' - e')

Xr=\

.4'* \:-,! 4:loil-f "$i -,1r cltir*g otJi. aG J*i

= (xt + +)(l -e't)

= + (e'-e'')

LgbJ*6-f
l-r ! a:-,-1*, +- f*? 6- ,-$jL"t* t- .F-j.t oAf "-F * c.:^*i c.*l-rr
,Lj t-.t L r'li .Ut, 6U*,V [- g:tr: c6ir& .:*,1 OS^, c-.,r\- d*l ,,lla .f--Sg -h

6rL ui..ay _,y.: c*,1 O<^.o di_l .51r tf Pu ... dr g

ul

ul

uY

Pt... -- Pii ... (X, t)

Pt .. - Pii ... (x, t)

(,JJl \-0-f)

aVi r-j..a.r; -rl U

(.:\-0-f)

4 ,Stf ,_rt i.li.:lr*i; GU: LJ )l c*,1 .rrt r elf ;ri7 6s6 ,5;e,.r-r; Jl*
}li.t' aiJgu-l b #.L gr_l . c-,.1,9, L--,r*.7;l (.;.*, t_ 4).rl-,13 rrl-- aoSa'e

,>lti'2-3 l+ o-r3 L,i*,o.-6 J .L$ rLU .i_ L-,1, rls PU... -*{ A) S :f sya.,

.,E,srL J;-, altl:j-; 4ys aLii orlr jlj \d I dt,Ft n_, ,iltl .:1- 6f ,;lsl



til

.J::...A d)L ..ft&-L # t, o-l-i r--c1-rJ -rb-i J t>'e)tt 6'-f ei tg-tgf

,rh grt ,*bc.r;,.i dlt ;Jl t - O - Y aJ.rL,.;$ 15'rL 'g.,'i -r'Pi "' uisJ

..-*.1 OLj tu r!.i ,J-f '#':r OL-a orL

d
a I P,r ... (X, t) l = (Y-0-f)

q + 3 J::*r *JLUf X 6:L ,->l..att c$ orl.r eii )U 6cfb clg

.:J.-.i osl: .-r \ - O - Y eJ.:L-. JJ C-l;t rti":r.1r Pt "' ft Jt 'J::f,r.i J.:ii 0t*j

s lS.l.i:i; t*t1r.ll;i 43J, Ftt-r ooV.>ls3 a'ei -' lS':ls f.otf o4+'3
.)y..rtS"t \ 6lo.r"v's 6-SPIA-: olcti -t-L

S tYti... (x, t)l

*n,* [Pu...(x,t)l= Pr ... (x , t)l + r*,tr# (Y-o-Y)$r

f-,, -urf"f it'e;l x t43J. Clt ,flf -r, 6 ,Seis '- "'L tb JJI dt"? t eJ':lt- c./-l -lr

c.:'rJ"..rlr*i; )l ,PV g-l: nJ^+ c.:-,1 c:(t-t: ,h ti r.isf 6J:t-r" 0t:

- y - Y dsL.. L-'y d.;q ..:*,1 e>(s-t: ,/fu| ti ,. isr -l I3!.-f tji 1r cr!3

tr f - O - f aJ.:L, o4€ +.f v = dx I dt 1U-v* : fup I dt) oye+., c.-cy, \ Y

..:..ii 6li€ *-S ;,-t

*, IPu... l= $t

daa,da
- 

= |.!_- - : = 
-dt il *&k - dt At

(x, t) pii ... (x , t)l . *[ 
Pu ... (x , t)l v1, (r - o - Y)

.r-rct!F".l 6'-l*i3 .i?,.1t 2J o-$ bV.,flf Slt <S:L ,5:;:* tylxl' crTll lf

+ v.V,

ua;hdel ,i:l1l.,r c,-.iyrrj -l c-t.i!"f d/-)U ,5.;l"rfiLi Jsi.ou;;r f[S; 6Jb

.r:*,1 6M3.5La;;, a-, c*i ,J-f .rti:-i 6 6'l

(0-0-Y)



4'1L.:.;,4... agly a:-9;1 66L*r. *& lrr
o.:1.:yj Clqit_f .rY.rt--!*** L-* 4,St : od*r,.Sf 4 t _d_ f dA

- I rg

Jl : Xr€-', xy : X(t, xy - Xr * X,, (e-t - t)

t) Os-*!'f6;rag J, f*-+ oslf 4?Jr dhia Lgl,

T=e-t(xr-\xt*yxr)

r--J.: ol+, dT I dt.g:L .;:.L,..ri;l orU*,| t .45ir.*, \ 6,-l;;,fS-.:;;.r \>cr 6lJi.

..t$+t.*, l-1r>.1..r>

.r' 's!"f er dJ..tts#, ..rlPq qJ;l ,S-ri-& 5c.*l;lr {?i J,-q ir-r*.. t-.i-l.,s a.,jo

.S[n-Jr-c.:;;o.rrr-rt{Y -O- y nJ:L, ;J:.:r,g,yU q - y - f drt 4+J

'x:''g O.ts osf d/+ d-lJ ,5rL r$l -;) r.L.c-,p.,

vt:-Xr€'' , v\:X,rgt ,vy=-Xre-t

."rr-i .r-,+ b ),5 u"Jt, 6li € L,Jr*. \ -Sf rr)rL. C;+^A

Xt : xret, Xt : xte-t, Xy = xr - xt 1g-\t - e-t)

.::-,cf4+;J 0i a6.Sl^-J_1, t cl-e f \l:r.,1.r,g1ljKt q a.f

Vt=-Jt , Vl:Xl , Vy=-Xre-"

.rf l-,1-, f - 0 - f +J:t--;l orl+:*"t !.l_E ;[K...i1r r)dr I dt ali:obFl ,i/lJt..l

dr : - r-' (rr- y rv * y xr) - xr€'' - \ x,,e't - y xr€-r,dt



trr e=59 e d$,Eis *l+:f dps

- \ Xre-rt - y& (\ r-" - e-t) - y Xrc'

,.lJf ,g 6c*,1 6"1<a Sl"f ibt 6 6r-*. ra2;4"1+; J 1J+ t+;J
;r rlt5,,.r*I 0hif tSssY - 0 - f aJ.:L, f=4.-. .l,1-rtf! a-6 "$:1.: 

lsc--er* Ohra

.156. e-* l-, 45j .r-lyi Jti.. .piL- lt l ;14tji JK^i

r,1ttiL.ul.-rris-,! \ - O - f JU"-lr 6l-1 ,>-cr-,6!l;t gLn"iJ;, f -d -f JA
-;) o-tJ 

-SS 
6f 6lr'. 41-ai rfS.i 1.r 0tiJ*iiJ .SLn*iJ;. 6ss Y - 0 - f nJ.:L." f,it."

.l.S 
"5e-:|. 

l.,1 JU,' Ot^,

;r o-LS olt-.il cSr-.:):t-, jlblir-li-.ar**, l-,,,SrL r[S.i-,1r OKr]+t g:u,on-f ub
.ry;iJi#6 \-0-f JU,

u\ = xt -Xt - X\ (r-' - l)
tty = Xt -Xt = X, (et - l)
lty : Xr-Xr : Xr G-' - l)

\ -O-f Jtj-.-;.:o-t-3a*-l-.-. X = I-t $, t) €J**.rYst -..- jl ,rG ..1 i 
t

.pig !:*J! lt 
'l-G LtLadK".:iiJ

u\: x\ (\ -et)

uY = xr (\ -e-t)

uY : *', ('-" - e-')

.$r"/ 4+J f - O - Y drL, t, Pi ... dlJ u; 6;ltK-t+ ! .,_*lr:ti

dT

-:dt

du' \lt' Eu'
!r.=- !r-r-_--j' dt il *&k



O?Jq4 agl2 a:-921 6b L!;," clJg" lff

v\ = - x\et + v, (\ -e')
vy = xf-t * vt (\ - e-t)

vy = - xt (\ e-" - e-') + v, (e-" - e'')

4"-.;j ! alr[, i];ry' st -bts-f J.ef ,Sto*iJ-f 6!l: rrY:l-. a-ey*".{ 6

e-f .l"il, ..4 orJJi cd,! .Slf ,.1L;^, -rr-U .f!.:L, a-eJ-'-^. Ot ,"F:-p...$r",/
;:f e JeV O;i iltSJ'- r, cJl- ,jr*l.rr .JtiJFi ,-F *y ,Sl-t

vt : -rt vr=xu _ltvr:-xl€'-

.rsLi.-t;16 b \ - 0 - f JU, et:.s

{Jaz.a ,f-5rs6tt;l; ,JK;}; ,g!a,tL-:lf f - f
b dl4by, -'r -l gSL dq15*,,9r a., 

'*5rr, 
-4ls +i c;fi,r*i; ,f-L;;r

ql-rl o:Sk Jk4_-i,t 6+.&)l .;_t+ o;SL (F,r* 6+.&6'*V oJtlr,Slr

-8,;.6- ..ll.9;q 0l-j I c*,1; O: * 6b ,e"Ll y-l; .f-:lS7llSorl-ei \:-,I
..tr l"r+t: t-s O;-fa? - Y - f drl.. a2.J.1r cc^-.y

x; = Xi (X) t_ x - X(X) (\-2-f)

_,1.r Jj;l: tlj *U J<-,r*+ ,JJi;fu )l Q : P Lli:r 6 g.-+ 4 ;l qt -^,o oJt -rr gr.,_

{.afrJ,- -,lrr-: L-'y Y - f J<-, aU" P +i c=.,j Q 4;J 6 e:_b. t#,g -h
.rJr 0t*1 $ uL-;lAs

dx--ilQra (Y-2-Y)

1l c.*.1 o;VdX .;l-ul 6r,

(il}' -- dx. dx = d)Qd)Q (Y-2-Y)



trd aS9 e (Jgrit, $(+:f !,as

,.:iU Jgr#

xl,xt

| -r J6.t

JS-r.*- Ljq-J* .t"Q sP LV ;r-dx a,.r-i -ul.p ,f,-r+ g-.,r Su.-*,:tQ :P tla; Cx dX rl"y.

.P :p !tr Crn ,i*l 6211' u Olir.;; -2lsy . a:iL-

Q sP t: Crl; r:!3 c \ - 2 - f d.:['-. Xi 6l: L-'y oJi.i g..*; cltir*;J tll-t.. c.t;

tu;: fuurn*n (7 -? -Y)

.:,*r-l {,.ii J.st' d/+ Ub 5

(v-2-f)
oi J, at

llry 6,5lnJ<'. J;5," ,5;z *it- Js:.:,r*! ,g"t-.-rS4 st Q sP dLnc:^t-1, I .i*Jq
..:*,1 Jsye C/+ Ot5l t+l ,J+ c.iJJ,"

dx : dri6i

@9Y - dx. dx = dxi dxi

(f-2-f)
.J^i JAIJ' si.;lJrl et' J

(0-2-Y)

tui= #d)e-xiAil(z



Or.,,J4''+ ag(y a:-92a cSbLzoo *9" ff?

xiA = Fu (^-r-Y)

F JJ*,Li.Jitju.- JS.E_JJ oL::l.S c o.:t*,rlh t_ dg,E!;t oL;lf )pbl)
c/l-r:.-S!X 4r q.:*,ll e-t'.7p.r>-'l O<^- 6 Sg oa;:a bX_r, -; J<-,r*;
,g*A t, J<-,."r*, .s!X;l #:*, F ;|.&U.r <fa* l, J<-,-*r c.Jt--

.+f't
.t_r'/-.lV t-jJsfJr jl F.1r V- ? -y drL,cyrL*,6rljS:L:-1.:

dx=F.dX t dx=FdX (1 -r-f)

.ii-- eJrt-- 
-s: ,g;--lr 4;t;n1:+l &rt $r"/ clt.t g;r cJrt ,. +rcfL,.,..1i;.r 6

f{.r-6- F dpjb"r, sl 6t;1jti; CE Ss,,ri JL^-"| €J \l-.;' 4,r jl .:F,;
..r;l: .:;*-9 F-\ u,,JKr-o +#.1: i.*"1

d)(a = Xe,fu; t" dX:tr*l.dx (\"-?-Y)

tsf t-, J<-,,=.- ';l.Ul d/J+ JJ*.,-b.' lrJ<-,r+ s oSf g*i sr

o4;*1r ,fii."..'.; Jyt .1.r ,*iJ 4;+ J 6 b OUi jl .,(.1 l.trl .-rlrrrr.. .,lri .:l-c-,,l
"W- r6f eF -r, -\::.-.t Q sP t, il-l .rb3 Crl {.it,- o1(s:l

(dx)' - (tuY)' = dxlxi - d)QilQ

l tj o;j.et.t sli,-l 6* 
-3'l1l-SdtJ, c....rt-, S.:l&V3 V - ? - y aJ-rL,;l +f

."trl,

(hc)' - (d"Y)' : (xiA d)(e)@i,n ffiil - 6A8 d)ac d)G

-- (xiA xi,B - 6Ad dXA ilG

= (C.qn - 6ad dxq Nn (rr-2-Y)



rrv

CZ3 : X;,e Xi,B t- C : F? . F

dJU:, syE dl jr 6

(\Y - 7 -r)

E,qa 6Ft.SU seso." ,i".5 )*b nL."Ut g,-l jl .eU,_f &.5 JSzEt t*bl:

\ E.qn - CAB -den t- Y E = C - I
.rF€vr.,_F
(\Y-?-Y)

(d*)' -(fuY)' : \ E,qnffitffin = dX. Y E. dX (\f - ? -\)

.rj.i oslt .t*: qU, ,y-*n'.6,-l*;t,gtor.;;. yJ..:-,| O<^-o (dr)t - (d"Y)' .J-ll.i;

(dr)' - (il]' - 5ii dr; tuj- (X.t; hc)(XAj dx)

= (6ij - XA,i X,q) dr; fuj

= (6ii - c4) dx; dxi

sii = xa,ixej t- . = (F-t)' . F^)

(\0-?-Y)

0JU:r rf-b ,Ji j, 6

(\2-?-Y)

-cr-F cS;J/ JrJ.a-o ,F.S )t*b 4+*i C/_l 
jl .eU.f irg (tfi4_-is tybls

\eij =@ii-cU) t_ Ye=(l-c)
.tyrf

(\v-?-Y)
O3.Sl +4-.1.1r

(\^-?-Y)(d*) -(il)t-reii dvituj =dx.Ye.dx



O2n.$# ag(y a;-92i <So,,Lzo" cS+8" lrA

Ol.iJJLt 1l 6 
^t,9K;L-o 

cx:.*.o o.;1L.. lJr t'J, 61a1.2*,b eij s Een ,yE Jr J, €Jl

.rF€ oJ,aLL

r Ji,arrr.c J<-,r.* .i*rl ddX(Y) J dX$ ) 62t :;l J..-t rr-, ;1.:y 3r -f csll

f*lf \f -2-Y..r \Y -t-f .r).:L,g"-+.e 1- ? -Y d.rt -;l dx(Y) Jd*()
..:--il-:

dx(t). dx(t) : F. dx(\). F. dx(r) = dX(\). F7. F. dx(t)

: dX(\). c. 4att) = dX(\'. 0 + y E) . dx(Y)

: dX(r). 4att) + dx(t). f E. dX(Y) (\q-?-Y)

6 S'l oqtl \ I - 2 - Y eJ:L, ($! a:;l-u r7r .F-S) --J,U. -*-"W- E -Sl
lrdxt') - 4att) = dX Oli,_fl gt"f r/tlr*.r dJ+ ut; )gl u"*,Jl^JJt
q3lj dx(t). 4*(t) = dx$)4*$) tot 0 4"-F -r,_, jl JI@r)' -- (ilgt 4+J-r.:-rr5,-/Bsl

,ltir*;; .({ !;i ,-p-5 !/tii Jr crdo .$t J.blJ* 
"/q 

r-,at cl;{ clL3^,r e f JsJ,t dr::

.Sl"f itlJl .-I.a f,.-"
J \f - ? -f .rY:L, L-ry' 'g clLi ej:lJ.JiF) s;Jrr.c ,-;;-S 6tr;_p,i;

b Ot--S,- ,5b1-9*,b OJ 
I .$loJ-i a3l)l u;;;- J<-,r.* 6[a,lL-slrf 

-J. 
\ V - 2 - f

F-*l ctj.."i. C-l e\.rl.r.u-,j 6l&2of agla6l:$-J.0b"^^ bli,-/
1:.pS,r-' U-i J<-,r.* JJ" !rl_l-l J,JL"j jl Ji't* r[i.i1rf - f - f dsL,

jt *,1 o-tV 6:L .-i..., ! c4;l+il j',5;l-rfiLi

u;(x) :x;(X) -x; (,.r.ll Y. -? -Y)

!.-l J.IJ.6'-l;;,-i-,ei: st j

ua @) = xA-xe @) (:Y"-t-f)

.J^i JAIJ; \Y - 2 - Y .,J.rL..r, J-91 aJrL-.;l



lrr oSg 9 J,9.lr-i'r, *(+:f J,os

\ Een: xiAxi,B-6.tn: @;rq * 6u)@i,a + 6;il -AAB

.{t".f .-,bl5yi o;:-\ 6

\ tr n = UA,B + UBA * U;r4U;,3 (rr-t-Y)

.$r./ 4+*i \Y - ? - f +J:L,r, g-lr oJrL, jl -l

, e;i = 6rj - Xn,, Xej = 6ri - @a, - ue,)@ej - u.q,)

\ eij = Utj * tli,; - llZ,; U.aj (YY-?-r)

i6x, =Xr, x\:Xt * kxr,\ =Xr * Wt.:L.,..i,yJ<-,r*+ l-?-f dU

Jft'.rJirr Jt^ot J<-,at!" dL t*'.q 6"-6.-'S".i- q c.:-,1 c.1tJ 4 k rsl st

.Jl^-E slt l.: (dx)' - (il]' o_rLb ; {i{ l, :r,(" jABGH C; "it- J<-,.+
.r50..-" .-r<" OG sBH , AG

.rl-r3 -l sb,-f .-/q ta ss O i+, 6 )F,g oJ-aLi.. d+.F aJrL, :t"t*;t* ,l-
,b (dL, dL, kdL), a (dL, O, O) ltejq?y1 H sG, B,A !la,-;.: AVt

{+3J stc;j1i6 ht?h (dL, ML, dL) : S IdL , (\ + k) dL, (\ + k) dL I

et' P -9 cJijL,r" ,,it Laa'.i"r |La.1.: X$r ac.,;.o1. ejl-f SlaA;ie;.r cr!3

.'y''r.J*r", J<-, at!" abgh JK.i, d.,Ut 1)UYltS )l* yABGH )*'
ot+rF 6 t-rrf oIaLL c h - ? - Y aJrL, j 6t:1,j+ii.:):L. ;l dri.+^!

...:*,1 J) ,*-il- JKj 6!l: F J<-,rr"t

[::
rllFul =



O44JJ.4e ag(y a:-9a 6bL:"," cSaJlS" lFo

,p, fi!.'t'C = FT. F 0J"

.l
Yk I

\ +/ctl

.tycto# YE: C-I t+i;t

o ol
kt \k I

rk 
" .l

xt ,xt

tcent: 

[ "

e(f.(l+$tl.(t+$41

r *"
YK

[:

[tPr1:
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.J!.i Ol.-j a-r r:*i ,S-5,).-;lA.: 6,"..a: otJ b *.ii)q;: +tij srb.1lr! -,11 

o:t;:-"|

.(-t-,!"f a.tej .--* ,, CIJ "l:f ,-Fb e4J
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[ tu,u) 4*,$) i = t dx.$, I d*l', * tui$, I at{', ]

- dvi(') 4*.$) + d*l') 6r.$) - v;j 4*.<t)4*!r) * fu;(" ,rj fu|"

= (vii *\,) dx.$) dx.$' --, Dii 6,$) dx,$) (\y- \" -y)

.rr, ,s!./ 4*.$) 4*.$) -- dx() 68) cos 0 Vl

I dr")4*$)ror 0 l = [ dtt) 1 4*til cos 0 + dx,(\) 1 ta<rt i ror 0 -dc(\t6<rt g sin 0

(\r-\"-Y)

.f+r;lygU;L-b \f -\o-f -l\Y-\o-f .:):t rfl

tD;y'x;o)tu(\)- ({ #.%J} ,o,0-0sin0) *")6('rt
(\Y-\"-Y)

6(t)-6$):dx j sin| = o , cosg = \ 39 = " otK;i dx.() - 4*,8) = d.vi fl
.{t_"f ubKfj os-re\ \f - \ o - f d.rL. 6 S:-b.

=(t #.#) "' o-bsino) *")4*(t)

dx,i dx; (dx)
D.. . J-D:i1:1, =-u dx dx 'r't dx,

(\0-\"-f)

!) -t-,!.f n; &g tr Cl-l *V Jt- tr "? d* s,>(9 s.t ,-i-:.9 gr tFrl o.taLi- 5
,0 = 1 o_2je6i-,1r.,-t-.iL dr(.$) J. tft*.$) $U.(l.1Lj a*,_U. \ \ - \ o - f nJrt,

.ri JolJt \f -\o-f d.:L.otfti,.:*,1 sin|: \ ,cos 0= o

\ D6ni(\'nj"' : ir . Y D. i, = -b (\2-\.-f)

frt _l ii,, 6rJ."-e 6Lrc.X-7 -r, il-l Jfl ,t 6i-)r e.r {lSl 0 u_s81.: ,lot5 Ll C-t



t7v e,S9 9 $':'E* $(+:f dqs

Jt--;,-J i a i JlJ:.eq lt ,f * t.r- *5 c.^."1 JJ* cL/+ ,JLndi t, .$!,-f

-6rq q + n jli .gbl3;.2s ,5la.li:.J t-h,,StV ,F ef Js drd (,Jilt5t- .r!-ltl)

g,:1, fir = 6v Jff, = 0r ,SlJ.r-t',.J;5't i-y;

-e,.D.6t=Drr

c;*+ 4-, dlt 6:)1 66Cr, r[<.lr-4 Ll:*l: 6-b* t'W,,rlf.:Jt- 1-:3

.JS6r 0t* b .>l-a*,., 6l-a;.y*

J;,;,l6Lac.a.7 c ;l"^,,lt)tl, jfu,$!.f lJ) +.;r,Ort-r:"r-l-b 4,D r.l;a
.rJi tJ-l ttl sll oli € ls ,* 3 c"t5.-i.r# aJ il;-;l -;-l-b .s1,' 61oostb ;l F-Lj
,s-uirb- .-r1! a.*,1,, E ,-F-5 t-*L; 6rL ,P J D Oil .Jt.l"b .ry .r,alf J-.0'. c;"ri,"^r

6 tye
YE = c-I = Fr. F-I

.t-r,torJ -rE V - \ o - f aJ:L, 
^S o"g$+7.1 1-r

yE - rt. r + Fr. F = (L.Dr. F + rt.rt,.r)
= F?.Lr. F + Fr. L. F = F?.(L'+L). F - rt.(r D).F

E = Fr. D. F

t-

(\v-\"-f)

r:.tJ g;t-nrlt-rf fl tui{ + 6;4 = x;4 g7:.l;u; * X; = xi )l6rFa-i Ot+^,!

s (I = F) 6irc = xiA ,Ki , -bi-e "!U 
, u;r4 11 \ r,-t-ib *-6 ,F u;4 019,.,

JE=e sf -v- Y aJ.:L, L-,g*-6 r-b u;A;a,Slr,: .lL;*. F? = Ir = ta:Jl

{t_"f ub6rj rsy.au.6t-5rL* ,-h6\ \v - \ o - f aJ:L,

i=I.D.I=D (\A-\.-f)

-i o''

+3-l q qi r @x)' - (ill' = dx. Y E . dx oib ;l 6.:Lcf;;* !,'r)!
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.f::lg\:*,! "r-t!.r I@'Y)'I : o ,l;a[ @*)' - (ill'i = t @i, I

t@4'i -- dX. y E . dX = dx. Fr. y D . F . dx = dx. y D. dx

(\q-\"_f)

-tt Jl Lii'3 ft.>,t:& tr 6r,51x Ji,slntil.:..rL, 6f $r"/ otJ 6
-\.iq D : o 6x

.g-ij; di./ \\ - \o - f aJ.rtr-.;l orlil-,i siti,sllq - \o - f aJ.:L-.J- tl

it; = v;j n1-n;/t I /\ : (Dii + Wil ,i -Dq*nrkpk;

r_r-'d 4+Si c.:,1-.i.-,ti;-il D ;l4l c^{-.+,5_.rl"g-.-.1 .lsn; /t OFJI
cJ-a.),r,o OtJ !D uLrl:lJ* &-DOt rsl y 6D;1 ,l') - D@)n,@ (p = \ , y, f,)

o6J

ir; = D(p)n,@ + W,jnj@ -Dblnr@nr@nfn) : W,jrj(o) (Y.-\"-Y)

aJst -,"rJr;; ;,;,li,-t c^{+ }tJ;l !.ii 
^3i;1.:y o3f .nr@)nrb) = \ 6lr;

d--ltJlD J-.t 6la;.y-,,SDI: c4p 2s sro:i iiwf 5-r"o.r,-r, OIJ yo - \o - f
t-j sltlW lt lFrl _2r co-9)t*, .:-r,l o:l:W ,". 64*(\ ,;;t lU ,-l-, d/_ljl .$r../

.:;ls .:_1-3

wi=it,iur,ri t- *=+curlv (y\-\"-f)

..-:*.ilr f+lf ..}t *,t*, rlrf Jbr ! ,rr./ o{.U ,Fn ,(ss.6

epqYr : ] eorie1*v41 : + (dy' q* - 6p*6a) vai

: i0r*-ro,)-Wqp (yy-\"-f)

3dv; = L,fii = Wif,ri = eipw1y'x1o.,ij;: .Uri = Wij ots'*l cl,iLD = . fl ,-*,

eiik=-e;j*=ttoj,tsjq
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dv;-e;1pwi dtcp t- dv=wxdx (Yf-\.-Y)

),* )3tu.i- Jf :& f.-? 4 r.ll-.r-1, ,". jt:tp u7 ;t 6;*o Jef A ,* t S

.J56" .)ar;s l-r.rl-l-1, I,t, -l c.{? t 6laais J-efw;lry .-L;.\,-lP ;l ,sf

tsjLl-r*.r) c.dl 6p.;b ei '" *.:.1U:f ;-1 .# crsf a-,)B 6lrr

-r.r D o!; ,-rU, p-Dfol, (p =t, ; jr';X:; fri:T::
J!y./r.11* fj Js-re! c D -t Li -l{;r ;iel 6l-a.2j2., rl-url

A/A : ry: pii n,@)n,tr) - n{rt D@)n,@) : D(p)

.w 6lqJlj ,.teJ-, ti D .rL.l 6l-a1jz.u:& clf3: - Y

L^Fr rla,:zb, F 'lal 6)lu J&' I I - f
e;tr .l#gF;, tsdx = F . dX J.*jtq, ,*t *9 4i:V p \:*;'.j

V-\o-f d:L, L-,.1Ps@x) =F. dXc.*,\

(\-\\-f)

;l c.*,1 .:_,!o dx. dx 6l,La ?t',grL.p,L. \ - \ \ - f aJrL.;l 6.:;11 4?i Jr_l1

(dx.dx) - \d.x. @i = dx. YL. dx = dx. Y fD + W) . dx: dx. Y D. dx

.c*,1 .Flir, \1-\o-f oJrL."Uef

4rri u*+ o? J 6*L- tf, gtLo.rt-L-i ,S\ 6 ,-b.ltt 6'1. g; j. ;r'l

$71 L-'9 eU dq,(""' .;J oJ-i A,* *.:.-L- ,d/-lJq ..:*,1 -,1;t r-2..X o:l:

c..-1-... .*$e $;;: L I - Y JiLi 4tt- d){n(t jd)(n(\'J*;tF-t 
"l;

.c*,1 0i"1 
"!U 

t) sltJ L-, j: dS" Cl\iYl6l*
dS"n : ensg dN\)p dFt)g (Y-t\-Y)
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A - r J,<-'

6L-a.,1lrr- U-dS + "rg rl,-r+ g-.,, dq-s* .2, dX4,$t 1d){1$),5[.n;lr-r1 i;dso c.-L*.

. .uit J<..,"*; d-u".fi ,, fui$) ,fur"'

J+rn-f J<i&U"dS;esV c.eL,..4r.t^>l.*oC/l x = x(X, t) 6yjl-r,
1l i:*,1 o:V J r,*,g

dS;= rij,&j") 4*o$) = sijt xi,nd)(n()xhgd)(g(') (Y- t\ -f)

.$r"/ .++;xiA :t ,** ?:- \ 6

x;4dS; = Eijk xiA xj,n xlog dxa$) 42718) = s;jt F;n Fp Flrg dxs$) 4yr$)

gr.rlr \ Y - f - Y aJ.rL. )l : Q-e,-flj)det F = "/ t{,t,g;jir[-

eij* Fu Fin F*c = rABC det F = eaac J



tyl

.:*,J, XA,q ), Ji Oirt ?-t' 3x;4 dS; u. Ll-t nJrL' -,1: r2';l ;11 drJSr1l-l ! ty-lf Q

.:-1-9i,r9t;-

xirq X.q,q dS; = ez,nc I ilnu) dxr$) Xn,u

a1{t ;:X;ra XA,q : 6iqUl

\iqdsi - dS, -- XA,qI dS'n (Y - t \ - Y)

.JS6' J!.-J..a| c.eL- PJl,t e-tV.:--L*,6
grttr gjY lt *: SsV 'dS; 6:V.r*'O**' ,JlJ

(det A') = tr (L' A-') det A' (O - \ \ - f )

.f-:si O!:dr! A,Slr: tr'clr-S U-f--V !,Srl"t;l,;-b..5.,, A oi r' 5

@et E) -- i = (det F) t (i. F-',) = I tr L
t_

(2-t\-Y)

)-r-,L/ a.^-ii l)Js-fr,.:*,l t(.o"'f - \ \ - f *J':t'- e5.-;:;l:4?i +.q

dS, : JXa,u dS"n

.ttf ,-l JeV Y - \ \ - f oJ.rL, ,Jt-tj" C/-)Lj drli<)L- 1l ':U:-,1 !

ds = j $^)'. dso = ids'. F*t

I=Ivi,i=Idivv

ds.F=ids'
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..:-.i;l.r f.^tr ,J:L. #-tjl e6"L*JlAt U.

ds. F + ds. F = i ds" : I (trL) ds"

dS + dS. F. tr*r = f GrL)dSo. F-r = GrL) dS

'FYq
ds = (tr L)ds -ds. L t- dS; = v4&s;-dsiv1; (y- \ \ - f)

4JblL ,Sl^"iJ;, J L .)ef .lt-.tf;t ,6sV c.-t,., .3..1J I, eb c.r7 *j; aJ S
..IA:, -r

$: st ! 6lue ?t' L-,g e:-f d-r".t.lJ o-$ .4J* F oF (fr
.*$,s

dlP = 4;1tt). dX(Y)xdX(r) : yABCd)(Ao)dxor)d)(r{tl = [4att) , dX$), dp(r)y

F 'j-'- dJ+I-$-. -9 .:*,1 oJ-i oJ.5 J--F r I - Y J*, -r, 5 G.ty.lLo q

.s*"1 '-t^i 
.r5fl 1s OsS,eu 1 - Y J.(-.i,.;.r +:iU_ J<-,-+

dv : dx(t ) . dx(t) x d,xr) - t;j* fui$rfulrrdrorr, : I d*rrr, d*rrr, dx(r) |

c*,1 .Jh-> ?t',StV g+-r+# ssdx - F. dX1_sltcx: x (X , t) c-S;> 61L

dV = [F. dx(\), F. dx$), F. dx(r) I = t;i,rxiAxj,nxhgd)(n$rdxon, d.]{"<rt

= det FIdx(t),4{r),dxrtl= I dr (A- \\ -y)

lt*-r-fuF)I * " Jfr.$r../ *ltl;|")'el ';lsl yJ.tr.s;ta L.F'? 6
U-l'Ja}-rAtl .:-,1 ir<^r/ < . cui'L1 llJ;l .I >. U_"I < o,*,.-:bc(c,*,|

f"5.f .t.l ! ,1i,..1n," t J.iL. ,-/ '* f+- q iI.- Lf y



tyr

1-V J<.t

,-L-y; g.-a { e:-,' ,s+-fu, ydJ(1,() sdXn$l , dJ(a$' a-i a-t-: ul-.,t'i Ub)trg1tt:" ,-'-
.ty,-td-rr, cru- J<-rro6.q,s* ,tfui() ,fur"' , fur"' ib;tr|,;l;t I "; o'tJ'

f?., o;l-uil tdv = d.lP.lK:i"r;b"r = \ rSl !!t/ > " €ur rft 4q c*t jl

.c.*,1 &-tf *tl,3y g-f ,y.-t,3q l.-11 13,i'.'uX ,-fb elt I fl 's!u' bt;"'

(dV) :I dW: I (ftL) dlP - f v;,idlP =v;,;dV (q- \\ -f)

6cr,;i r-,lr 6--r-51A 6f l.3-l ,Slr ,tS s p) .tF 6- 
"r",

vi,i=divv= "
(\" - \\ -Y)

,ju; "? 4 J# tn J*r="; .lL-slrf 6 trg oJ-aLL ca.."j'- jA
L c-er-Ot-rf tt .Js6.d^if5t- tr '? &-.r$; s u-l'-'? &..:,lr".i;

.J56. J.,; $l"f etl;l .rp; d/l 5\,?J 6c.*,t
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$l*
.,',.,1 ol-) oa;* fi ,Sld-f .r):L L-5; ^:*,ry, -b.*, d,- tS)- I - f

xr : + 1x, + Xr) r, * + (X, _Xr) e-t

xy = + (x, + X,,) ,, _ 
+ (X, _Xr) e-r

4=Xr
C-fu.:rY:t -. Clrlt rli3 ,:j*i"r; .ij.-- J e--5l),)U.,';, *.f-r.^, dt.I (.jJt)

'+5J-X=X(x,t)
.rJo.-,1-^ 6rL oLa-... !t',4 l, VS J tte)-J Atr"il:, (V)

.lH -l .>e)a,Sto.il.l, .!--;i .lE l, (-iJl) ri , ,,i .lr .:ii: 1-,-t j ,-f -&-oY:L (.-,)

.JjS,ft,t ,J,,-[ji .:t^a:-. 

-l]lJ=coshtt-sinhrt=\ (.*ilt):*E

Xt: { (r, * xr) e-, + } (xr _xr) e,

Xt = + (tr * xr) r" - + (x, -x,,) et

Xr=\
v' : * (x, + xr) et_ + (x, _xr)r-, (:)
v, = * (X, + X,) e,+ + (Xr _Xr) ,-,

vr=o

a\ = + (x, + xr) r' * + (x, _x,,) e-t

at = + (x, + xr) r' _+ (X, _Xr) e-t

aY: o

vt =Xlrvl =Xt,vy= o rat =Xt,41 =Xlray=" (r/)

.,:*,1 oli $lj ,-r.rY:L L_,; 6l&l.5, Jfu 1.: a:-,.1*, !1.*, c<,- tSf f _ ?

Jr=Xr+X,,t+Xrl
JI=Xt*Xrt+Xrf
xy-Xr*Xrt+Xry'



IYA

.r,rJJ- ; fu.r):|.- Gl1,l-t!i. J * " aS.rg.r tll-:; (..-'cll)

..r;S.j{ia, ,'-;6,1-ac.g;s 6ll. t, :H 3 t-;,(9)

o.:yqil.1 t = "rdsi(YrV0, Y,VO, f)4t42.:+f6lo.l!,Sl-tt = \ sdL^J.r:(\)

.r:*'l

. J (\, \, -\) nt.i:1: 156lo1!,Sl-tt = Y s dE"J.r' (Y)

=#,xt:#,xt:#(.;I):c-q
+Oer , r=Pa,*far+f6r (:)

.,.:*,1 o.:y il, f :

J = (\ -t')' , X,

(\)v=16,+06,

(t)v = -16,, + 16, + fOr, 8 = -r0, + r6t + r 0t

..-:-,1 y-j or-i .-0,-y.; .rY.rt , l. 
'ff 

6,\l: a:-'3- 4 f* c('- f - f

xt =Xr + I Xrt', xr = X,, * \ Xrtr, xY - Xr

4la-Jt,b(Y, Y, T) rLiiaS6,lo o6,1.r112t = \r0 +1"-.J1: c*s-t61..a"J9"(iJt)

.J3S J{.f" r:*'l o:lo' Jti-flt : \ J

..r.5,-*.,' :;.j -r-olg ,rt (.-iJl) s-*i .,1: oJ'i ;;Ltti o1! 15 lt 6:* d:t" (..-'l)

.r;5 q-t-, t = | S aI'.'J .1.r ! o.;i trLr .-'b.i .51"+'iJ;" (.-7)

Vr=Y ,Vt: AlVy=o (.iJl):e:q

Xr - t a-J-.a1: T-f1 -Xt = O (.-:)

a\=I,o, =+,ay:. (t/)

.slo.t-i cl.rlr-j .r):L L-'5s 6,lilt,, Jfu r) x = x (X , t) '>St- f - f

xt = X, (l + t), xt :X, (l + 0t,h =Xr(\ + t')

!a*,JJ ,SlSl S,S;I-jY.:i rti, J)y' 
-J.:H 

-l tus-t gt^-J.l' 6)y. u,Lllj1

.+ti
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Vt:Xr= '':,Vy=I I 
\ +,

Ay= " , Ay

:*q
I Xy (\ * t) --fft, vr = | Xrt: #
=yX= Ytt 

= a-=tX-- Y,rr' (\+t)T ' aY =Yxr \+lY

jl c*,1 o:V ex L?- \Sf 4 6;tfy -iyr: A _ f

r,r = Xr€-t *X,(t-t-l) , xr:Xre'-X,(l-e-'),)=X*t

.+SCr,.*,- \ tSf 6,j31 -iryaj 3 cJU.i-.o l*'r_fu.rY.rl.- i/-l nt.r=r: crl-l;

:*q
Xt =xr€'-xr(et-l) , X, =x\€-t +xr(e-rt-r-,t),Xr-xp't

.,-*ul o-r.-i o:lrl ,-; ot-re\ ,S;lflJ J*.r, t e)r blt , f _ f

Vr = Y t +Xt, Vt =Xuet, Vy:Xr-t

eb.xl;t3.r,-i(:*Jtt = o rsx = Xlrx - x (X ,t)l+_&Jlf-rl.r):t-,;,-t;t
..t 5.:tr'""'l (gL;i) dJJl J.(.i r) ./H s w:u.sLn.iJ_1, aa,l-,- ,grr1

u.-\ *lt+tt v-=_y r, _lxr-lt-tt'r \+, t vl-*l t vy -llG'- : A-L

At=l,Al:Xy,4f=-\

.g-,1 o.t-i orl: yj \ls: Li ttuf,, L"", c<,- tSf V - f

rr:Xret-Xr(r'-l) , xt=Xue-t+Xr(l-r',) , \=Xy



ryy

u\ = (X, - Xr)(e'- \) = (x, - +)(\ - eu)

ut = (X,, - Xr)(r'- \) : (x, - 4)(l - t')

uY= "

:*q

.i:-,1 of-i .ll* y-j ,.rtJqt L-,9 o;-'3X, L--" c<'- , Ojf a'-.-,1: tll't " A - f

T : e-Yt lxY ..ri;, nf xY =;'t * xrY + xrY

gLn*!.1" 6,lit u-'g- Lo-.,>-or- bll1."

vt: xt * Yrr , v\ = xr-xt ,vY = 'r\ + f rY

.$irr.," \ oir- 4>.r) trl+rc dT I dt 6':L .;-:-" $!.r

-e-" (Yx' + ?lcrxr + xxfir) : *qx'

,Sl^*Jr, 6lis ,.zor- o oll-J .lL-.f )l gV oi-tj "i- 1r I - f

vt : A (xrt + xrxr' 1 e-H, vr : A (xlx, + xtt) e-H, v, : o

.St^.ilJ- lr r-ro -,l5(1 b (r,i-tJ) .5rL ,::ri tiltl.$-:-*a .'iti k tA A 1: n5 l-iL,,"

s.r,J*lt = o ^J;A611.(t, t , ") oLfit:./S

at:-\A(k-dA), at--A(k-OA),ay=" :*q

.,.:*,1 o-t.; sl:l fi,.:).rt , L-'; a1l J G-6614;..:" 
-J 

dt<"Jfu JlI,f t'- f

ut:x{\ , ur-xrt , uy:x$

dT _-

dt



6x r1(ra agly a;-9;g 16tb Lf," <*&

.r:-,1 or-i o:l: y-j .rY:L Li 3 6f .gly I t - f

xt = X, cos at + X, sin at

xr = - X, sin at * X, cos ott

h=(t+kt)X,

ryA

ut =.rr (\ - cos ott) + x, sin ott

ut = - x, sin at * xr (\ - cos ott)

uy=xrJctl(l+A)

:*q

6J.tl J-5J 6!b \ - f 4k,..-1: or-i JJ*i .Sr- 6!,-rt5";"'Au." n5-r=.nr rlt.ij II - r
.c*,ly; OIfo\

ut = r' -+ (x, * \) e-t -{ (rr -\) e'

u\ = -\ -+ (r, * xr) e-t + { (r, -xr) e,

J\re)r gt"*J.r @ui I dt = a4 lu * vfu; lq,5rL.;i, tjltl;t o:[."i"t u

'JtS q4J b \ - f +Lt.*r .1.: o.t-.! n*,1-., -rl-d
.r.:*,1 oli o:l: yj .lbk l-,-" J<-,r*.o .i- 6;tJ) s-e j lf - f

rr = Xr + X, (r' - e-')

x\ = X,, -X, (r' - l)
xr=Xre\



tyt c^59 t dsi2zit *l+:f cJes

J-
xl
xf

.+ i4J ,J.;13+.f-t--or,iti,itii bi t rFJ.i., lt Fu J<*'r.*' .lL-rtf ,Sln*l-r"

.ttf S*V J<-,r.*' 6jJl JPi b JiS ,-r-fu tr,gq.r"'":'irl--

:*q
€r , X, = xt -\ (l --t-')

= xt * & (\ -e-')
-Y=x&.

,-F;-l J#r.*t-- glr.r.l-b Lr^L*,- 6 r-rr-l orl:6ji; ,Sld-f a, '..l-f"'6 J<-'r.+ lf - f

dK,riiii ,il+J \ CP €.Jl-* J-t | ,-li ol-r,-l ir.-tJl+ eJjj'"'r t'z'l'4:;A;t #:-'
n5.r*or,itJ.(dLj )l ,e.lj rSreJL 2r t-) -r-l!"f qEA;i A tf bV.u; = A'Fi

qEA4 l,i<^" J<-,r.*' .f,",Sl-rr

.$L.r ,j\P ir)t'\t5:t 6!."- CF t;t1
..liL"f 

"/q fif:..- 
,Jt+-"i f="t -- tL; 'l7l (o)

J<-,"+' 6q-& y 6,.tJa:.7b l, r:':""a e :f g-.r,JJ'r-& 1: o'56:L C-b Q)
..lj-r,-l Jr.n *it-

Aii SGqU 45 ,F,r i-.,^, et\F*tti : A;i Xi +f /nt,-)<-^ J<-'r.l lO - r

Jr 6!.,t 15rl.^: dt*i;.rt'pite bl;u" ! tlt*,-b.7p 6 q-f ,5lojl-rl a''

L:-e 1r1.r-, 6,Jj;l a;btrtS"-.i; f 1,,l.,, dt5,ro.-- JS. Jlr *f lt-1 J<-'r*p
..r-ti.f slo.r-i Jbt t-r;$*,r",'.; 6 di*.

!*,r; .li.i e'--t- ,K-" J<-,r.* 6,ly l2 - |

xt:d(r+BX,
xr:-Xt+d*

\=lXv

.r..r: oL.i:.+50.-,t^, f.rE g;;ff'J r3-tir.ri-Jtr*,b esi."^ u.Ult lf , a,;i;: n5

g--.--tl!3s \:+-dqo-o sF.,,i-f'st lt = \ sF = sin|,a = cos0 fl6
..r- .r,tt.r-Xr )J* )F 0 o;lsl q :^L"
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,,-, 
]

nn:if
a\ +ft-l o

q,t + f'-t
: n.L(-?

.r:*,1 o-t-.i .-+F l) L.lSt l-y .,t<-, fr); lV - f

xt:Xt

xt =Xt * +Xrt
\:Xr

.+5''*,iX' : . a;e 2: l.lOABC.r-ll Cr i:it J*rp tr; Gill)
+rrL- fffur*; qgLrll.rr-,..1,r,1 4S"t;'Sir.i.,- b d*r', dx(t);1*;l'c,r sgLozbrr (v)

ilrC oL,o y ,Pt t ns-u*:tr.r dKf) = dx(t\ sd.XTt = dX(ttv )t p;
.Jrlory,

e ;l4l f U L-_rt; tr xi; to:i;f : +lf e*-l-., lrdx() . dxffi ,glaLi; :* (V)

.-qL; er*; "r-ory ? Jf-,r.*- r,'l.,: +Sb C .ti:.1, dX(r) -ldx(tl
.+Sn**,t*,r, N = 0, + l) l{ y &Jt;c.a-;r Bl.rApo.:S1.:)

xr

(:) dx(Y) - 4atr) ey , dx(r' = 41(rt G, + e.') ,

(.7)A0:-fOo
(.r)A: g

VY

. eprr
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.r.:*,1 oJ-.i o.:l: yj .rLk L-'; ,!S-';1,s I A * f

It-r

x\:X\+AXl
xt=Xt
xY - xY-AX|Y

-ryJ;ri., be tE:i.l-.. ,-Ff,Jir.l:-b u(c,*: &flf1f) ,.*,f .>;EA ei1, nS

-but A et' )l ft t* = X oS ew-&l:-r! .q-ttLa,iLir.ii:r fI S.r*."-: clh j
.-rr[-,-r ,-,:-ot5e t5;-f ,t*, ,r_S .t:-E q rJ-ti 3: y' c:j;

l' Axy .l :*q
,,j = | 2., -A*, 

I

I -Ar- IL' -Ax' 
J

..(3F kA;i6tr-"rt-j oSx; = Xi i A,ixi€rJrl**r 
"<^^ 

)Sa6: Gli.

& rlr-* c,.(-- J) CJt-;) }* ,\-S t+i;r I r.;.f E l), *lef :*!
'y-tsi,l s-i! l.,N : (It - It) l'/ \

f e1ry - Att -Ar, - Ar, * Ar, : *q

ls olre\ o"l-; !-.01r*' J<-,t+ 6ly.f " - f

X, X,r\ = ffiI ,xt=ffi , xr=Xr

.r-r.ri (:-r! lt ,-;l-bl-r-rb ;;3^.o -e C ;$-rg"" ,.r-b

C(,,) = Ctrr = 6J + Xr'l', C$r = \ : *q

xr:X\+qxy
xt : XY-a)

4=Xr

b-,; '* 4.tlJl JKi.*i," .ll-+" glr f I - f
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,.:f! oyl: n5 +^, .ll-5 ; ,.;5 0..^, l-l e : E ,SL^r.l-L' ,Slr-J.1, or:*,1 c,rL. a [i y E
.*t.r;f5;r;,'x't +trt = \ + a\ oy-lrqx,Y *Xrt = \

:*E

DLAB -

.l
'l'eij=,.',*4
"J

,,-*,1 oJ-.i .+F y-j .:!:L tr *-rg

x\:Xr+ldfii
x\=Xt-ld(\Y
xr=Xr

l5;-t,r.t t, l+i;l j "r.;5i,*^,'LE,S;ffY rJr-r ,-rf u*E.c,..,t c..rt3 k,si y 
^S

li lr.ll- .r-l .+-L; t!;-,t tte *-J rl**r &F l*b c*,t *f Jl; k

4rSrt*r *-F rslt Y si : uii * Uj,i i-f .11 o:Lpi,l .9 clt5"rsr;,tl"r,+ o.*,L

lAt

[1;:]
li." c<,- J<-r*+ ff -f

I

al

o

+11

.J*S ,J-)J

-.p-j .:.,)sL ot-re\ ot5.J*:,it .ll+l .Slf ff - f

u\ : fi$,
ur = AXrY

UY = AX,Y

.+5C,,r1"- *t €-f .-'L; *,rb ,S--A,.ri1r nf

o .5;r5rlr.,.r s=- r.l-b, e ,5315.rt-r.r-Srr-b 6t^dJ3r (,-il|)

(t , t , ") oLi: ye ).atrrLi" (v)
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:*q
€r\ =eyr =€rr= o rtrr : ]A)Q,trr: iA(X,, + YXr),tyr: AX, 1,;:t1

0t\ = @yt = O)fr : o r @tt - -@Vt = jM,

0rr = - @rr = iM, -AX\, aty = - 0y\ -, AXr

tg)=+A,tgl):o,egn1 =-+A (V)

6t-r13,,,-. :l-riol t lt J*,JL^.,!-f3 Jill: ,l/ f 0' qjl.l c,-; ,gl-i ,F 6trf.;tsl rr - r
.r;.I.u" 6,f ,;lsl/-j JS-.i ,1A,X't sXv Xt

,/ *i

--xr
jl -u,-Jt..e o"r-i r:-j ,Jtr,ri-SP +til 1:

tr\ = Px \.-Y , €yy = fx \o-Y , €'\l : Ax \o-Y

nJ-rti-1": ,f)t' 3 .-uJ.',iia-,'€'tr l-r oln ^ P ^LL f ltTn i:< 'F;
YO - V - Y .Jlt r) 6tt+ €yy = e't,* e'v,

Jat : @y\ -@y +5-r..arcll*:; ol @i = \ij*Opi o\q - V- f nJ:l-- {,-it-.- l*1 ! f 6-f

gi:l,-. tr gqu; -\.itr .-("-f J*t ,'l:A fl B  Sr$.rLil ;,;*^,t . .r;

x\ = X\ -AXr + AXY

xt = Xt -AXY + AX\

xY - xY -AX\ + AXI

xi
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ot;1 ,Sats tt**r F-A r.l-b o o3)t*, .$r../ ,J.iL"J b fE = ") ,--La ,r--a cl!3:

l)oi u>.r-- ,11-. op or--l .rLil *-E )l orti:-,| L, l+i;l j -r,:f J*.*,- c-JL ..,11-1, l.l

.-tsL; tlr'.:",1

ot=A(6,+6r+E) :*q

dt<,,,.*;.,',ll.ql,Stt f , - f
u\ : ld(\XY

ur = kX\Xl

uY=tk(x\+x)xY
c{ !.c.l n5+^, r.ll..i; _l +SO.o*, Itat u>- r.r-L-l-l ci3-f ,rp ,-rtJ k ,ti y rS

.:;lr (" , , , \) aLi: 6lr;;lel ;i+a> )lri^

0(r): o te)$)=-@()-ikfr, i-y'J :*q

r>.s3,.aat J<-r+ 6,1-r fy - f
x\ : X, + AX.X,

xt=Xt*AXrY

xr-Xr*AX,t
\OBCD gr elr...r*:!.f 4.i-if 4 f.;) oJ*i or-r tE c4lf ci-,4,.ri;, n5

.{+:;la;l C ^Lh f lt t) oq-L... JK-i;tL.g:L u!;,ty,t
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L06=9 =?oo,L91l=.,ti = \t/VV"(v)

.ri.tt-, L-,i; ,$,)t.r ir<^^ J<*,r.+ 6,11f A - f

xt=fr6**/-txt

xt = -x' + +& + 1/-txr

xy - x, -+ X, * 1/Tx'

r*Sn ,,:,

N = (i,, - i, + I) I ,17 c^{.? .1r 
'AVt ;u; '32 y.tti 

^5,- Jr-; (ulr)

'-,..t-lA(fu Fi-:.S(./)

6-r+F,Xr = \,Xt: o,X'" = -t oL;p#lolFto6t^."fr51V1

e?-f

6 = 
y'T 6 + (fT -, 6' + (fT + v) e' 

G;rD: *Lf \.f

A(x) : t/rVr (v)

L(^*) = t , l\6;n1 : "/o (:/)

xt=ar(Xr+lXr)
xt = atXt

x"r -- arX,

p o.t-*\ -t*r.# ,9,1t;f I - f
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J* r, 0.r",-i orl.: rtl,l; -r--13 6sL .-*(r -;) oJ-i or-r:.1t* ,SL^c4ti ar Jat , a1 bi 2s 6

xr rt

C,/

3o 7
rt\ xr

o

X1 rI1

ri5 a,.r
OC -El ^iL-JS*,r_+ Jrt t*;trl

J<-,r.+ jl ,r; OB sOA 6ls^1,.* tu-.ltj (V)

ft t;f 55.,* J<-,r-r ^*,_l ,slt -u;f O..t- qtr L"c.rtj S\ ,b-V e)
..r-,tr y-*bt'!; ';L (\ )

.JJt-", .,;l,, -; cl-r{ OD sOC ,ti-t.rr *-ltj (y)

/Y = 1 ar' * ar, * arY 1ult1 : *q

cos o: Y 't r-)
V Ta,Y + atr

14rY + atr = y arY (y) Arara, = \ (\) (V)

rr=aJ(t+BXl
xt = -q)\ + flXt

4 -- 1tx,

lh7

tI,2
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*.;5;.r.r.:.:...-b qilr sF, a<'1i1: a5

,*t SUJ# 6l^c,aa j to';lll (jJt)

R ,=rq.r,l-b '*-i!.r-Lj 
(:)

'F* 
a,-3t1 oll$l J 'F-* 1l>y 13-., c.<t (,-r)

:*q
(t-ijl)

At(,1 : AtG,) = | Gr , At(r) - AtGO = | 0', At(r) = /vr&): pr

Ri=
\ /fi
-\/fr

\/fr
\/fr

(:)

rr = X\ -AXt + AXY

xt = Xt -A)+ + A){\

xr - Xy -AX\ + A)*

j<J.<,- 6\1, J,J*S.:.-,!;r;L- uiel pi6-r+, tlt-i;.,.:-,1 qV 6.Ar'.ri.;r d

..:-,r N = (i, + i, + fr) laf f rlr:-.1 ;r ,-F*r;-b ),r* J-r-,tr.r..t-b.r,

.+5Cr,.1"' ttA 
'F* 

a,--91; ;";-'^'r s 'F* 1t:r' ,*-jL

A(rt: \ , Atrl=Afl= :*q

i=Ir,@:fo'(9)
.t-f1 -h tt lt ,-; )S-rt*;; tlt'r" t'| - f

F-t+YA
0 - t -YA

fl+r

\

T
[B*,

^o:# ln \+r,4

L 
f -t-YA

f - t -YA

f+t
fl-t+YA

+rA':f

, O = cos-\
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J(."r*+,ll-ry,Sllff-f
r\ =/TX' *X,
xr:lX1
xr=Xr

+scxtt"
R ,=- rJ-b e;| d.iL"i (-iJl)

V ,;t*l yrl-i-" a.J.r*--o: .ll.! lV Jg .5.r-r-L- JU ;,r*S r:_,f 1_e*,b (.7)

J::..^-b g.9L- V _l

'Fn 
a,-j! ollSl S cF* 1r,,.," c.a-7 (-r)

:*q

Ri=

ut=+6-Xr)

ut=+()i,-Xr)

uY:+6-x,)
.+5"r..^,"

dvlaw
,-k- 6t---llrr-t rll:-"1,, irlt ol Jh] ,li--l r]:_i {-JL; a_,-31.1 1r r..._; (._r)

t),-r-r3!"r*--fr, =0, + rir- 6ir)hmrfr, =(ri,-rir-ir,) /f\r

f f+r f-r .l
# l-*.r f+r .l (dr)

I " o r/TlLJ
Ar9 = rf7 , A<rl = r[7 , Affr: \ (v)

N = i, , Q = to'(v)
slo-r--i o.:b yj .rt!o t_,y; rltir*i; rll_ry ff _ f



lAr <zS9 9 .!S'X)r:;s *(+ :f ,J'oo

xt = y (Xr -Xr)
Xr=X\+Xr
xr=Xr

.+, eai
L0 - "o (-/) dV ldlP = \r\AV (.-lJl) : *q

'W-. \ - 1 - T JU".,1r o-L^,i 4jbl J6-triiii,- ir,-., rf - v

,J.r,*n''+.K.pY11

V ,jg !r" rJ*,ti (....cJl)

V JLel ,Jg6L^Jl.j c.aa (.-,)

:*q

o

o

\

(.iJl)

,frt=i, (:)

;*,1 o-t-! bV. ,>s-f rt+ JS.,-iJ{*L' cll-t, t'0 - f

xt = F (X, cos BXy * Xt sin BXr)

xt : F G X, sin BX, * Xr cos BXr)

xr = vXr

o

fi
o

f"r
V.an= | '

I

L

frt =i'

l
J

,frr=i'.

.J::..^ Ln..rti v sf , F ii l6
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Cr-l Cri .l"ib Stt &<-" -r,*bd$ ai*rJr L.-. c1,- 6lJ J(-,rr..,- e*,1 .1lj Jf f-ilfy
.+5Cr.+- b L^..:tj

*fgr*^i or,,J tt{ JS; ;tL 23& +i|,.:-,ttr clt J*-r+ f t <=)

;q *'f ,-1,- v sF ,ft,St"c.iti ta ;,-i.oL +.,--Jl ,,iL-J<-,r+- J:t tf l
.r1l: zlri e:-r" 6b.&2r cl_.il .t-t* cill-f .l -r-ll Jp 6lj: 6

)r,$ly l -\-ll $b 6,121: -S;t- q! rSst u,L;,y S,!L *J-rf Jrt (l)
.lt l[<;r*-.; n&t;t cr..i .:dt ct_.:_,t

:*q
L=Lr/!"'+ \ (y)/= W o> (v) trtv: \(.i1r)

r:*'l o-t-j -t-y.';;j .rYsL L-; t:v; J g5t-V),.rt-o:; ti...-J u *t|hia .i- r, - r

/r = Ybc1 sin 4
vY=lLqcos4
vr=o

+5Cr,r,'tr. +tjf = \ ,U-JJ (\ , -\ , .) ,.ti;,:

F* tYE -l J<-'r*5 1r.r-r-b (-il|)
i : (0, + 6.,, + q I fr JLy ca1 :, J*.r-t31: ,-S:-;51.r (v)

t io
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..il".r ill;t 4t uk s Jp t--31: r5l.r- ,jg 6.-r 
(v)

-Fto ,rt,rfi-i (.:,)

:*q

(,iJl)p;i =

l'o o \

l.o
I -t . o

L

i = 0r (.7)A / A

[;Ii]w=
i^* = \r0 (.:,) 1Ir I L1^* = I , { tvr

.S+-& J €t6.r..-& 1r l1i'jt l.r ,SrL u!; 'y ci- c.aa ,strrrgJni sNa JtfV - f

.,t{fi u.a;g611-rfrL; :Sg-irt;/\= x;ANtoA- \" -T al'rL'[''r:Ii ua-'-:-'5'1V

nf rrn, 4l-Li .J,-.ra

A/A-Piin;niGAt)

*.,tii6LruJ f ai,Q;j = |(at; + afl bl1, nf A llv = Qiln;ni + itpl (v)

..ll.i*r!

jl glL* JeJ'',S1"*lf" ,'rL-r- ,,ft- n:,>b ci- 1: lA - |

v, = (xrY + xrx,,\) e'H

v,, = (x,rY -xrlxr) eb

vr=o

t: o"/.1(t, \, \) aLi;y..r-,tr"f n*b...*; tsVlt ,t:*'l c'^rt3 'S'-kil .2t6

r;5;."".; ..:-,1

.-rLi 6buJy (*11)

J<-'r.+ ii t-*Ug,I".t Y'r$" (..-',)

Fto ,tt|5J-* 7iQ)
at = y (f -k), h = -f , ar = " (.:Jl):-q

i^*= +y(.7)D(,1 =f ,D<rl=YrDrrl= " (V)
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x\

xY

rt-t'\ 
'fr 6,lyf I - f

-v- 1l'1

= X,r€t * X, (r' - l)

xr - X, (r'-e'1 + X,

tSr- ,l-l Oll. *f +^, ,lL$.1 +5i".* l1v; = v; (x) ,.:-er*, rrl-r..

L = F. F*t 1*,att;

t = o +L*J;.r D : i (..)

^k- Jt--i3D Jitu*+ Lt t;L?--'r d (ln d*) /dt 6,J.,j:-L 6la6l&.1)si-r. -f
.+Si*+ i -- dx / dx

d(lnd*)ldt=i.D.ff:*E

..-.,,f ol^i orl: yj .fbt, Li,16 O.l:e\ ti-s F-trll+, f l - f

vt = x\xY

vr = xllt

v, = xr4t

.r50.*., Itw us* itJ sW r=- 1-;b (.-J1)

.6 ,_*t-,t (-iJl) rL*i Ctr ,Slt\epqiwi = W* al:t .. (..,)
o--!-J c(,- h Ff rr-b."r-lL/ = \ .+-, (\ , " , \) ,Ljl--;: *f J,^5,1[-! (V)

r-11:,r4,i-

w\ : +r/ , wy: *r, , wy:. (.-r]t) : *E

i = {- \ 45 ot_b.W(r) : o, W$) - -W<rt - i l/ I Cv)
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.+'K. -b tt l, y-; '.>-cr-' 1r1.r.,.. f I - f

v\ = {-"t cos at

vY : {-"t sin ott

VY:C

.J::.".4 l^..rtj a sc,.ril, n5

.,:-l c,"t-i o.l! p ooyt n5-t ^, dt^! (.jJl)

.r.;5 i,.*-" 11 a;,.4l':.!' 6t oo"l3, (9)

f 6tV ,se-fu, r 6 Gr ,stt ttA / A - d. (ln /v) I dt e'$ ,fV fq
.r*5..*,t*."cr:-,1 x: o .lrff = (6r + 

"tl tt/ Y c.*--

A\ = -AVl , At = DVt, Ay = " (V),-!

I r-"t cos at (.t)
Y

r>cs-t,ll+" n5.r*r": crl-! ff - f

vr = \lOxr-lxr
Vt = lXt-Xr

vy : xr - 1/O xr

.rJ Or.l, It Q_if 1t:;) ;4i-,1 )-rH J,.i*,| ,--l-, p*r clf-9: t .lt^:"

*:6,*\106r+re, :*q
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c,;lJii_ ust,lt..r1,. 13h ff - f
vt = xttxr

vY = YrYh

vr=Yx$fr

.+50.+(r 6r - Y6,,) lo ..(i.1l.ry c.4.7 f (l , ", \) y u:.-:s 6:

LIL-_YA:*q

i,r.Lt, fi6r.lqrr.r.t 65'*tJ.'w jd (tnD lat = div v +S4;5,:-l.lro-r

JSu"

rr=Xr+laX,
xt:Xr+ktXt
x\r-&-h(Xr+Xr)

.r:*,t r:rli ,5- k 1si y 6

j lt -- div v = 'k"=- o't=;7ry,i-r

oJ:t*- dill orli= -"t t+..r,rr,r-. 
"Jbl b Drj *r.dx\ ,grid;.L \1- \" - f oJ:L f , -f

;l r:-,t .rrk ;t^; ;:* J Dii pJd' (dx') I dtt S ta: clLl,; , U_i aLi: btivg
d' (dx') I dlt =, I @,i * v*,r Dol + vui D*) dri fui

o2j.e y-q 0K-^ J<-,r.+ r:*; ;[<-, 4U" -r-lj ,.-'5, JS-, q &J- 4- f* dl f y - f
utr.r

\ = ltXt

\=L'Xt
h=QXr

t"..1bit lLt , 1,, tsi ,:6
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11rt1

(.jJl)

I2 rt 1

(v)

ft'6 t*)ry tlt , )rt J- 4t ;\lJ)
.rrt^i .,il'i ,:i., dJ+ OC -E JJt (.jJl)

.rJl-"t .,i! ,;; d.2u.ABFE J*L:"- cr'-L'- (''')

.st-r,-;! -1; AjtACE ,r.b.>t- (V)

)rr' (1r' + 1r') = Y (v) i'Y * )rr' * h' = r (-il|) : *q
1r' )rr' + )'lLt' + Lt' lJ : Y (r7)
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dL-,-_j 6La;;.- r-, c*j .-,Llr ,s3Jl :l jf 6;,I;lAr cgrlJ o-r)\r

.$r,-/ qrJ b d*Q, i.; 6,1.a;:,-S c,rirQry;

(Y-n-01

:c*ii $ f; f b rrFt, 63J1,-*;t q, J<j Oljd,# ht-rr ll orlh"l U

ilA

0= tu
aq

0u
L^ 

- 

-
No

du=kdrt+}r.ar" (f-^-0)

6L"rr,*5fi J t>2lr-- a->.-;),--r r5 t{,t' c$t--.l-o Y-A-0.1 \-A-0 L-t15, tl
.J::.-^ dbr*j.St -rttt, I utstl:l ,*.li eu(.1Qry;

tl yu 6S- &..p, t*y $lc.t.i ,...c.,-F ,-fr. &l -rr 6 e.li i^! l.3-l ,-it \.

.c..-,lf{0t(,l oslf L..1r.:)\^7 *J.,J,Jtl J-,*ltf ol;ri.J.r 4-t -*
4 = 4(0,vo) (0-^-0)



.Jr.;J,-: U-f--V dbrj ,St fttt, t Jslf
u = u(0, vo) (2-^-0)

.$r./ l, *J!> ,s:lr hlt, 4r- gtS(rtf-A-o aJ-:L, r, e-b drljl o:[i:-'l

to = to(O, vo) (v-A-0)

.$r.-/ +rp t1 dl-"-j,St"r.,tr! A ntS* S
Yo = vo(0, ro) (^-^-0)

1 r:*,1 ;<-, 6 s-*r; Oh ,r<."b- )yj,f q st,l* ;: .{"Qr -ri J-rl :&l
:r-t' 6-f e )s;

(JJlq-A-0)ultlr,sSJl
(v1 -^-o):titr9,3;t

(vq-^-o);lsl

(.rl-^-o)r6i;ut

nt
r-.,.:;l .,-ti *J.,rl>b 6Jlot"1 ,-S!,1 d,Jt- d{JtSiJrL,.rr .:-'t iF" e-tr .fl

u

rl=u-rl0
x = u -2r"r.

E=X-q0=u-q0-2r,r,

u-rp +6-X= o (\" -A-0)

.*J; I j Jtu6tar;. .:i;t 4 r^ tt ep;r .!l O(^- ,S3Jl dt^Ji.-Q i^,

e,Yai 0,Yoi 4,toi 0,to

g.rr
(\\ -A-0)

."it.al ..:*,1 )Vxi = xi6* 4 Cb &p, -t -, odv,J$t<" .5y e* s$:,. a'.

s;lr ! 11 ,4.9a.1.0i JrL, \c0 *>sli- r-.1: cl:f dljl .1jt* ,-ri"Q:yr g-t, cl,f
.J::,. 

^ 
clLj ; c.i$/ dtJ 

l+i Jr -f 6

0 = 0(X* t) t- e = e(Xe, t) (\Y-A-0)



Or*$+4 61, a;-9- 6b L2G"t cS*K" ll o

o.:1.: i drL-. il*-l q JS ,J,::.1't<i cf=5 iJL'- f p u:a, ll,t )F +i f I

.t-frul
(\Y-^-0)H- foa,

I,P

r- l*0,UP
(\Y-A-0)

cJl*, q 6 6lr" jS a' ,tli g l, g-1.: clyU ..:-,1 uota;.- cgt.F( {1;ryJt<-,| +156
cr.2lr> irii-jl-r, edJjl.rr-n:, tf 

-l )t ,Jsyl;rr*i; GU:if :rt'tlt* , - 't
q g.^.r ,lp ;l;.4 ,Stf lfultlr Cpil+Ji bLjl +, .:.^-*i 6 \,Strrs ,;isly sV

:tF,_l {.iJi y, ;[<-l

* I:*': I,ffdv- I,trds + I,*0" (\o-^-o)

cSrrlxU J-ftrr lJr OiU O{* q ! t-:JL ylcl:*,| c.-j, d,J}l rJy.lle .n

.sr../ o-r fb.g.r- qyJlE

(\t-^-0)

t-.f .rr5 OV ,$s-rl :J-i u-l:-i 6L-o6;-r U. .rnJ. ,*u.Oli.l l, 
'# J*, O{l

:t9{.f r-r;j cj-rtf .rb .).l!o e\ ,-*13:y-: a=ai A$:S r.

ffds= [,(#),,0,

c,.bl ,f :e,r#4<i-l u. qi l. 4spl.r-r[* :t e-S,L*jly1.: ,611J o;)to
c . ..1:i.*:]Ji oti./ d/ljti,(.-rr* t-r t t-f-O d:t - ry-A rl;)..:*,1 ,_r;;OLi

* I:*"= 16o, I,,a;tas



ril U-rt* r:U:l* g ,*lf :6 J,os

:g;lr cr:-,| .ur;r -ry o, JlFrjl s JtW,*-a;l .l9iJr .:.^*i -f tSlt d/-l 6t+"1 jl -l

pq - o;* (ti),= n - p6. + - fi e,e, = "

..:*,1 lUJlt A-A-O) Jye I gb3.: - dt-j)\SaJrL' L.f y J<'i 'O''ltt!

peq-pr+Qi,i- }.4,0,,=. 1,;JltA - A - 6)

eJ.rL, c.Jt-- c,rtl .lr 6 ,-.J.,-t c.ii 8i : 0,i F u..orlr-'et Ot-rlrf -Jlit
:-r,i"f sr JJJ# q 1;JltA-A-0)

pe?t-pr+Qi,i-Jon,f,= ' (9\r-A-0)

rrS.ul.;,-.,*U; .:r!o.r) jd t, ,rbl, ,s3Jl s ,-F oli \f-v-O drL' ! C-b yl .-Ji
.J^r.-/ q# lb-1, - Lr,J{jJSdrL';l ,3lcrt- ,:'"5J'(.i J

pery-ptt+Dioi-|n,t,= "

LV,-o'* fr))av= '
(\v-A-0)

(\1-^-A)

ejli JJ-"-.Slf VI-A-O iJ.rL, rJ;6! gt^-e.r - .ry-jXf drL';l ,,*U JK,.x .-i-

..:*,1 c/.Li-,:;frU oL;l rf y

,p +nb-Pii"r-*Qigi2. (Y. - A - 0)

tKaQ:3,,j fJ, Jilt ib.t a' ,S;-.Yl :Q" J Glar>-4.ta,. 
q - d

J*ti eS ;;'-,'l Cl-l- il.*-l*+ Jr-tl ,F&yy 'u''-t*, f ,-r-F t**.
&p, L-,- tt.>f ua;.-- elL.tF o4t:s cr:-'l ,rfuL.,-ry' i I fi* rStac"*S



OE*,JJ*4 agl7 a:*9;1 66L*" *8" frf
SB'.bH_ L-,-,r*a .*- dlJ ."tjq oli .-o,-f Jr_li d*q syi +(f ,"l.lS rybar.
e4lrL'^Lii s oLj q c*,|-l Cti c*i,. tl t b-r -il f,.-l-f cr.ll x 6tv -Luj 6!lr

::y .l;.rl_f il )Sa t Cl-1, y-l .c*,1 o-r-.i ,_.cr-r.r,

xi : Xi(X,t) ,16 c:^i-1, - \
qii : o;1(X,t) uiJ JJjtj _y

bi = bi(X,t) lf t-ls J cfr 6Ji _y

u = u(X,t) uera,,, .,l;lr,$rl-y
ei = Qi6,t) ollr>.;t-i 11.:y -0

r = r(X,t) fr. .lels J. e:lf Zr;:t -?
lt = rt(Xl) (f -p cr,_l.r,l-V

0 - O(X,t) (c* d..j:..o) oslf a>.Jr _A

c-tjl6jr;l .Stb-t, : 
"h; lpy rlr!.; q ,tlr;.r 66b c_:^ grl;t,gl.l.e -r,9.-

-l f -Y-0 L.lss ;: )^-;[ii 1r Jr[u clyti -e-: g.,-l ._ur:r, .F.ner_rj _rj,_lj J:fu
$lor.i rlF # ,l .>3liz,,FJ* ! y-j t, -e JloJ-i o.:b \y-V_A

oiij-p;=-pb;
pu-oiDi+qi,i:pr (\-1-0)

-rr u^.€ LSJ{ 3 coslr> ir.-;,f.-+ 6ss ,5r.tVi-br,Ji*, C.xl q te drrlJ, C,*,9j;.r
S4 sQ; ss to;i cxi cxf oar* t<t 6f*t_ ,g )t3 .:*,1 0.L..! orl: :l:, ,SSb c*,1-,

.Jj-r,-* d,::'r \-1-0 L.lss )lb; sr .$L.1!tl _r:,_tj db -rr e.:*,1 
'J6 

0

1.: t"a.:.r-.:3J.-.r Ott{ ,gL-o3.: - cry_j)tS J-(-.i t g,lr clyti 6Laryrl5 jl .F
lb-r, - u,-.,*j>\s iJrL. Otp 1 y 

" -A-O drl.- Uf -S -b 1.r ! ..:*,1 ;13 .JL^f t,

\Ld.st; oath J,-tl .t-rL--rL.i; s4,:.;,1 cJj ,;jr,|cu.xs Cl-" nS ,y4oJlti.
dH J dr^15) ..:*,1 K:rt^n sF Jel V"V 6lorL ).t,f f ..fLl e:\ rSlt U-i

.(\ qzr

sF b r-"r ,ia}^l l_L eo.rL 6_ .fLl aJrl-- .st rf f $:*.c, d
Ir 

_9 orL c^n:e j-al co.rL o.tlb ,fS ! rt";; )-,Lb yr:l u;- ^*l F*,S! n:_il.:



ttr 4'J(* aUtb t (*leS :6 cF

.J^it ..Jirb-r;rj dlt
.J.(..:, ,*J.J,lt+rf rr. n:*rl-9 ft, Cl-r' 6 c-"1 '# ,f -f t'(S-')l irL 6ly

::,*,-l ,f J rct-llH .rl $lJt oif o'-.-1't ..lL-'lr5 3 'J2lsz 2;:

ori = 6;1(F;a,0,g;); 'l = Q(Fu,0,.g)i

q : ry(Fu,O,g;)i ei: 4i(Fu,0,8;)i (Y-q-o)

L9+B e\- r:..j,e .J.,lo-t^! l:.i2i l*.;i rtri, J Cli e. ,*;*,T,JlJ g-t, Cl-f Cf-l

..:*,1 -i-r.rKq g-t,.rl&;t g! 6tt

ti ,l;t*.gtar.;:. ;f .-rrbF os'e q J''-t It' ifu Y'-A-0 tJ'tL" 1l o':ti:-'l .,':

.rf 0f*

i'= #Frq+ Se * #g, (Y-q -o)

J<- r"+ Ot-rf;t" ),ytu.Stt-rX,t+ )JYbt V-\ o-f d'rL' 1l''rt+-'l U aJsL' y-l

.c.*,1 oJ-.i 6jLo.:L crt* r*a ..lt-rtf J r-of Ot-rF;l ,J)V o22o *t

it'= #L,fin+
(f-1-0)ffrt*#s,

:g+-rlr Si-:-dt^d^+ e-S:-f V3 Y'-A-0 .,'r f-l-A iJ:L' tsll-rK-b t''.

'r(# +,t)b. (, -, #'o)",-o#,s, - |4's'>' (o - I - 0)

c:3i a;.3yn,Pri Jst' 1.:4fu-l rSf+ q ,iJ clly O-q-O aJ'rL' Fr;' 6 +S ei

cuf d[..r] i c*,1 d.,ti:r ,-e ltJr,'.:ll iJ:'rKal c\:-'l otui d-aiy o'Fti Js'au'

o.:Li:-,| .tcf .lt-rF.c*,| ,Sflf[ \ -F rlrf rit'al J*l stL;i 'a--rl - olU:" .b*;

,rL-rl:S:rt+lj .str J<-,,"p .rt-rtjtu c.*r tl:l e3tl if ,P lyj cc'*'l o'ui

.{^*J 0JU:, 6 t*r. J<-, -'..*

.:*,1 6i- cJL- d/l 6,-r-ilt .lf t Fk*rJ,"i -u'-lt -f ,Slt {! 9;' ''ryti

,rt.: 6i.,f ool; .-,Jt- Jl-* er. r>slr- qss J rlti ,*l; dta0hi:' Js-t il*-lq



q+ agly a:-921 <SbL,r^" <S*& frr

x; : X(X*t) = Ya + A4Q)IXA _ yel

0 = 0(Xat) = a(t) + [AAi(t)a;(t)llxe_yel

(t-q-o)

(1 -q-0)

6.AuQ) cb -r tY 2X 6-rL tte.i eu r[i-i 1r c^:+J,, -S;u.ya sxe,aJ.:r-, d/.rrs
,.+iJ,'.;r.-tr*A tlL;;ldrJr 6l;a(t) -9 cclLl r, a:*,ll slslaiQ) (rJr-u,JS,, )J_1,

:.:f n--,b., Oli€ GU lyei7-s
0(Y4t):a(t) (v_q_O)

F^(y^t)=AuQ) (A_q_o)

:.:;i c.r! l) Os:- 1 rJ.rl+ d[ii 1.r t-q-O d.:L, c*,1 g(^, 6_r=Jqy

0(y*) = a(t) + a;(t)[x; -y;l

0,i:8i=aiQ) (\"-q-0)

t*yl:Fu sgi ,0 6Lac6f bri€ 6c*,r ,'-',rsl-l-o 1A-1-0 sv-1-0 L.r3, ,l
.l;iJr t*t rtli'*; t, tac.*s el ,-;q 6b.j:.:-. ,illJ o;)\.e .r-5VBu;l Llj:*,
sFu s8i 4t Cli'tFJr 0.:'i Ot<,| ,et, 4li ,Ss:,-fu*, rff#, q.sf ._,1*;l

.r1b .r1-3 t+i jU; .rtj:*i.-.
L*.1s oJ.i osl.r 6sL U.A .(.t 6ly cf-1-0 iJsLrJ.<r-,yl .5lo.rL t,e+:\
: -fu 0l*<r- t-bu. L;i *>er-,,1t-rf 6,*, j]* ,_f.i,..Lr. ,r:Jl- 1 b ,r -Lj ,c-,gy,
S # o.j ir+"^r .b = o JLij : . 6c*,1 .rir ot-u gr-l ..:*,1 c1l.i.1p r.1.r

::-j'10-1-0 iJsL, gi = g';.lib c*lr olyiJ.r ctl31tri, ojfr_.-rr clL-rF



ff6

-e "l'(F^#;'s 
)-g' - + 4i(Fie,'.,s')s'i 2 "

cory ol3J r;-bt}i b3aj.:*,1 ,:rLo 6-ur-tJ-Ptr glr,lyti 6l+i;l o1!j.:

GU: j&' ?--t' d/lrt:1 tS 
"z;: 

lr,Sf!U 6-r.^..iq o"t-.i -'t'-:.it 6t^;f 1.:*'l O<--

.,U\ -p -t-! .:;lf l.-.1.: clL-rlrf

eT(Fu,0.,9';)

-=o

ogi
(\\-q-0)

.:J), \ \-q-O aJ.:L. cr:-,| o-l;...,|i:il ,llJ.: oslfa-..;" tlL--rlr5(JlPq g; 6t+i;t

: j:')-cc.ry! ojf a--.-,1r,lL-.rlr5jl .*b c:li 6,i1,6:;lr:JL e-l t

\ip(Fu,0.,gi)
ogi

al:t-.Jr lJ-,il^? .-'rlj,.- -=- c,.loc> U-l xP :Q(Fw 0) ty'14"-.':j 4LU)t 5
.tpcl 0-q-0

,.rtp>\-tl 60-1-0 a:it- ui,bu aJrt '" s.23+ ss 
'JVl oav 6b-Jt-' r-,*6 !

'rL]; +r\ tf ei t-&-.: ,gtll--r".;: ..-*'l Cb:-,| .!U .rt.,l oVt ir!-r, 6.$*
.:rti.,,l-r; o-tlf o--.,.t,1L-rlrjll g, = o JL;j = " diolyiJr cl[.;;:-l ,rrl;Jr 6sL

lb-1, - rr-;,,-jy.f e-tllV,.:JL-' irr-l .1r.f$L"f iJL'- o.1l: ! 8; = {i 'lj'J.:
-uf, "ulr* a*Ji U os-fu.

- (*'#" ., (F*nl,s*')), - + 4i(F*n0,s*")g;'>" (\ y - q - o)

t--J" 
'F.rljl 

,5jr;l ,l ,SltV os-re\

tQ(Fw0)
a0

q(F*no,gi) :



Oi.-,Jr,ho ag(y o:-9;i SbLz^" *K. fr7

Jr-q -it ,j,s:'l crt,l otlr lo.ssJ J<-,r* rl[.:lrf;l u-b t+- ,l;i 63Jl6l+i;l _l

:ui*,- c-r*iq bi;l u-b J,_t: tFJ

rt = e(Frn9) (\Y-q-0)

,-j-5,-F elt ,J)V t,-rV d-r"-lt dl; gb3, - .,,,tiys el 2i:l -&' 6ry-r6

Lt t 'l-e'Jr lli os\- e..,.t,1[rlr5,-r--li U-l elt.r.i J,6lF -*t tlj ,$Jl 
-J0-1-0 aJrl*.- .€.*./ts"i| :;v sbl-S'-1._byl_s r>;lr> e.-rr crL_rF.rl.p GU.,

:r.i -t-alJ> J_j Js-teu.

(r<r*anr,) -, # r*) 
"0 

- | a, (Fwl,st')si' 2 o(\r - q - o)

t:yL tiuaLii ?-t' 6 
"t:ft, 

t.g:j .-r."lr "rlyf L;i e.er-,6t^clt_rlrf Lo ,Stf Jr_q *f
.-u,Si; el-t p dst-..1.r 6.rf ./ti:;l ,Sl Lii 6li €

6ii =at@we)=offirit

A.b

a0

(\0 - I - 0)

4-: dp_l jl J* 6rJ,-tOL^ :lj 6j1t +flK; crt q 4?t ! \r-q-A d.:L, t dJ3,;_,1r

:l* 1*lLuac.:--,1 o;lf e.-ls oL-rbf )l Ji;* cry oJ-..i o.rb 0l*ri \ \-q-o .JrL, '4}-,;lJ

!l;, 6 ls .S-rl.r(-t+ ,g1+rlr .)y oJ-i .!i.- \ y-l-O drL, y )b,.,,.61ar.,:, .:..-J

a:;l*.J.;-,)l i:L lgly r.!-.:3J>r.o ,jA O-q-O.,: \ \-q-O; \y-l-6; \0-1-A

48i3.
.:-*c*

(\P-1-0)

611+U*'i; l' -d
c.:,"s.c*,i :;; d-:r.r Ln-l_l-b )J, t) O-f ,:; St CSSt*t r=* -S\-b
-fi-t otV I .JUQ .,!tt r*J rl3J., OL,atir 6lay^u;t+" ,Sl^.JUJl .:; S ,SryE
oJ-l .rilu:J c,Jt- -SJq rt{,i orl.r 0t-i.i sj. i1-b li +fd;J .iL; ,5toa.iJj" L.o

dt ur:; oJ" C:V t ctJr"-r )Jyb I ,.l; .iLi, 6L^"iJj" pl.irl1.r 6y_{U-;



rrY erl* <>4.:6 s *(st :6 <bS

..:*,1 ./Ll J ff (Tresca criterion) ti,; tl.r t-) {"^'-fl'

7:) .tS,; tql a:-,-9.r, 1gt""-t -, ,Jtt<, -rJ jd It e-fr-t f'€. .F ,Jy-{U.n''

6 jV: e,t, J#i l& t- g'.rn ?*.:4 f -F.1: ai-';r#, L*' cl:y 1du,"*ij

oar,t.i+rI J+ c,.:-,1 ,J.i JLtl 6.:L tte, lk q * p+ oJ-i.-tfl f^ t 6f

./L-,f gLncj.r, J o$ JL-"t r.!-r3J.er,c .:-,1 O<^. 6,b .,*l r/-J4 ;PLf JeV
.ty'l ,g)J-g d,.-r. J.rl Uj.i.r;-: 6-U:!

p.rs c*ij r.:.1lr.:-9,-3./Ll ryt, dlr dJ{Ur*-d Ott:,1 6ty. ''t^r ,-}s-, st

f-* g,,q ,Sil urst st .c-,J- f*'oti, rs+: fbn olgcfJr J 6JU ?*)q Eitr'

eu ?*:4;, otfJr-r;l o-t^i c4,*, #;t '*5y t+ -l ,rJt^tl .st^-lr* tu a'i-r}r' L-"'

s $-r,-l c^i,l.: d3 -U ,-Jtrl tJb-l-* J t' c.Jt- c/-l -rr 'r'i!. 0t'*i- "t.,-t -iL;
g,.q 6i r;;r 1r * ,,',+ ,5y 

"re,t'J 
s: .s/;,-/ ef oIj*r e:'l ?n:4 W

..:11: ! tn.lf ,l ur^7,5-rt, i!.iir^.Jb i*l .l: '..:*'l 0l''..(.l- oJ;Lr eU ?-*:4
.t-r-,r/ o$b-,g co.r-i"raig,o L 6f 'lr^^ ;d 1*.+ *i Jttl ,Jbl;

JL-t elt,ssl-Ll 01,;-e 
^-1 :& g..a otJ,uatg^f. .5f ,siss ctP c,r+l tr 'JSs"

.J^i J,6lJt Cbl g_p_tUr*al

./t*,1 q,-p q o[-i 
"!U 

jU; ,-t-14":t? tl .l.r^^ 4'. -*7' 'Sf rref^J

x; = 7;(X4 t)

..:*rl ,57
(\-\"-0)

,grL !ta, e.,j-l-f\:*; i^," J.l- q:& p*'+:'r;;g'f cSf tlQ yt;t

q fi ,Jt-j 
"/-t?tl+ 

,c*,1 01-j jl .-*b ,322 6 leji ;t O++^'t "5y'.,g 
o).r ils1

6Lj -l: yx+; 4;tVib c^iii 3,. co'6u4tgt 6f .ry.1611 J*' .'':*'l 'J^i JLtt 'r57
,5g45,J{LaC^i,..5 ,Sll'*',--o)U.:j-r J-alf r,.:-,1 CIU A oSt+ = t * 4

On J:Jrlo.:r5o.r[i:-,|"*".]-)\.p;l ttc.l;j iL.C*,loJ-i o.:LL-,| eJrll.r t-lJ,leJ

..:*,1 o-t-i o.:LL-,|"+o.:"r)\.e epl..rr5o.:Li:-,1 Jiel r; 6toc45 ,Slll-: r:r)\c d/-l l-

:t4.l A;.tti J-s Js-te q'I-i..g,'ee I 6f J3 q '-5y

xi* = xi* (X* t) (Y-\.-a)



O-.J{r. 6(y a:-94 3glaL,7^" *& rrA

t+l ;l .s..xi 6:Vjii.1r jX^? osy,a q dliL./ ],.{7JfuJ-_ ,]S ,i, \
:7_slsXa = X-\(xt t) 6

xi* : Xi* (X,q, t) = i,* @ t) (Y* t. -0)

.rAul ,4,:"7+, ,l ;:bdb q 6.2*,lXn = [\ (*rt) Srt-K-t? #, \*,;* ;,: -i 6
;:.r.!l ol-.i tr,li;-jl u-.Ss 6tL iJrcj co.;3 3s ltia.r- 'L.V rjrl., rlLi 61,

..:*'l g-,lr*.li ir..r,i ,Lf S rf J)

yi* = )(i* (ye, t) - i,+ $t, t) (f-\.-0)

::-*.f di^!i t) Js-f ar.Yn 3Xa,grL c:!J cl!_. 1g:L "^J-lt

(xi - t)@; - y) : plWr,l - i,*0t O)[*:<+ D - i;*1tr)]ro - \ . - o)

O;2eyY1.lXe.g.:L .tid 6l4.li ;l .g-,ly;-e-q.gLrc._".*i y &.-,1by.glrtij ?r- 6
iJsl-, tt 6-S,Ft r*, Oi Jl1,, q .sl,Jir--y;jx;.5tac..""5cJ;sy oJ-i ,-.rtjujl .lFr

:! tFc* -*f; ,w sx; !c*j o-\ o-0

aX,* (+ t) Q,,* 0t t) _ 
^ax, ty, = oPq

a*,,* @t t) U,* 0t t) _
Axp Ayp

y o3)\c .c.*,1 -trLi Q;pQ).r"_jt" 6-to:.r.. lLij t- \ " -0 .,,r V- \ " -0 ij:l-r -yl o.rl-cl-,1

'.rAc/ c-l:-i e', t- ,* 6f JIP t 6o-ri..:'4:g^r cjr ,l ,fV cJL-.,r cyl

f*t! a:.11.: 
',:.,- 

c"r-.iL ,& "r.Li 4\QpQ).r-_rt d/lJq il*;@tr t) - x; rrrlt
.det(Q;) - +\ sQipQ)QiqQ)=60,

c.*,1 g(,^. V- \ o -0 njrt . ,.U,,#e t eSf ,S\ ,fV,r:Jl- n n'1, .1|;:. +,.

(2-t.-0)

Q;p(t) (v - \. - o)



rrt

:g,;lr 6r-/ ,S-SJl-Stit 
"*6 ,*y

:.:9i a:-i9i,5 J.(; *t a; 1|'s1.:-,1 d,,S^"o 6
: ci* (t*) - Q;^Q)c^(t)

- ci* + QuW* - c^l

QaQn=Q^iQni-6^n, J det(Q,,)= \

it* (+ t) = aiQ) + Qi^QY^

xi*:a;+Qg,^

1,...cJll- \" -0)
t{

(..-'A- \. -O)

(q-\"-0)
l+$ 1.:

(\.-\"-0)
:6

(\\-\"-0)

aiQ)

xi*

I &txft ,J-j:6 ,>l-.";; -tt (f I li tll_r,_f b '.t.i,lf" t 6f jl qL.i; e,lr--,, j;
3 o.,t-i,.-,-F.:La* jl+, JUJI U j c-lb 4l^aU c;(t) ,l:1 L-,j: 6O+x+rx*l*,
+J:L.. tt 6,SJtf-sl ,St+ t.Jl-.(\q2q .t.r;JL) r.r5.-Jb -t.iq oJ.i.g Qi^'^]:.,su.

tc>.2.9.,.a q 0li./ b 
"rpf-lJ 

c52> .f$rf #i, r.li;lv-\ .-0
P

l-aJK^t
.o.r-ir+gAt:& f* il..--l q o+rr*r1*ry+ o1axp1x161r olK;-,, Gr osL;s

p;* =c;(t)+Qa(1p^ (\Y-\.-0)

cb;"-1;r.-ljloJ,i -^ar-p co$ o.rlr Ot.ij Y-A rfS.i1.r 6 
"t:_reu.p* 

sp+i rl:1 r.5c-;;



O?J;*4 agl2 a:-9;1 agtal2a" *K" flo

.c*,1 O+x+ &*{*, J fufi{r cl* 6[ar5rLa,J,tJ.r"_it" Ft +,.Qi^

\o-\.-0 iJ.rL- L 45 ')4 p,.+ o.r.ilgrf cSf J+r rlL:^;:l -l " - 6 dU
..:*,1 rl.aU J A.t-J\iJJ;S L;- eg-,l oJ.i *,-F

'Sf ;t ;ttt - Jsp ,u.Ya yXn g;tJ tf C-r {rti err \ qi \ : r_b

.f_-lls '$grpe-r:
@f - yi+)@i+ - yi\ = Qr* @^ - l)Qn@, - l,)

= Q;,nQn@^ - y^)@" - l")

c*,1 -t L;, Qu 66 :l I

@,* -yi\@i+ -y;*) = 6^,@^ -y^)(x, -y,)
= @^ - Y^)(x^ - l^)

!.i- coJ..i.-reeJ 6;- tr rLaU d/lJt:1 sr.:-,i oJ.! o.rLii-,| lJr ,g.;ljK t7 c*naB ;l 6
..:-,1 oJ-i

;-t...x.lf^ t Sf 1.: b_13; b 0rl, Ot.i; ,Sl-l Z,t, JYa Xa,6rL i.f,n +-, 1l

.JJ\rr* - zi* Jxi* - !i* 6Lall.ry .l"r t--llj 0* 6 ,-if..:*,loJ.i orLii-,[.-J*.o {*-+
: p;lr 6lrLa ?t' *l*;l orl;'. .l U

cosg+ =ffi,
U .s1l.ry ';lSt ,KL." oJJ) lJj t,J5,1 JSrt Cl? J, e'* .ss n u*2Jtl 6 rr5 r;y
.+J ;l '.:li;l s Qa ory JrL:'o c*"at-- )l s-S r*. J A- \ . -0 rJrL, -1, ,srl-r(,-t+

:ptlr .JE if.l JJI .!*i

Qi^@^ -l)Qn@" - z,)wcos g+ =



ril U-rl* ,:Utl* s *(* :5 ,!ai

Qi^Qn@* -Y*)(x" - z,)
!:

Ti-r^llx,-znl
6,*r(x*-l^)@"-zn)=m
@^-l,)@*-z^)=6

=cos0

tvs.,, J* rr.irJ,64)gt 6r -#u 6J& q L'r ot Jb y-l ;l -t-'

g*-i ,-/t-j ,yfu *J..J.i.,.ef^ t F -ssls o'r'r.- 'f*-ll't6 r-i.t'b"' l;ati*t L?*
.€,-* '-a4r; t+ a'.

ui* =*,* =# (\Y-\.-o)

o.rl: ;,rj o't' u. uyt (dlcJ.zrj i-rcU ,5J 1 -l A- \ ' -0 d'! e-lS ;t o'rLi:-'l U

.tr,l

ui* = fiIo,1r1 
+ Q;^QY^|

= *IaiQ) 
+ Q,^QY^l*t)

y-t;l,ghars t)It' ^'..dtldt+ = \ 15:c*'l €lr,.r.l;Q 't* = t + a 6"f-t'S'r;i't* tl

,-/Uj 6J.-il.r-l q :& t':*r* gt $r u>'>'i c-e,"" 6l-,1 ,1t:'V ''Jl"
:-u-i.l \:r,r ,. -*l d:L' .l' ylt,d3.lr il*7 )l ,f -S

ui* = it;(t) + Qi^QY^ + Qin?)itn

= itil) + aaQW+ Q6Q)u* (\Y- \' -0)
..1:r"tc/ 4-f



OlrJ;4f 61, a:-9* 6laL,7-" <*K" rrr

ati?) : Qi*Q)Qi^Q) (\0-\.-0)

: p-rlr Q*'{-'i 1 drf ctrijl &1 d-3_t l.i t_

aij?)gk\) -- e;*(t)ei^Q)e*(t) = e*@ (\p _ \. _ o)

4, *r OU:f 6116laL.b q tf-\ o-0 aJ.rL. d"1-p1s \p-\ "-0 aJ.rL,,Stlj(_F

.:Fg *-.* f*> oriu+i t'l 'F* 
slri .u-,_;*r, 4* f*

ui* = a; + Q;;Qp1, * Qirrp^ (\v- \. -0)

f, Iooo,,r -- * [\t : .

: g,-:l: o9,:' ,;sf ,j:- t,/ 6 GU:
Q;^Qi,*QnQin=.

: t1.,'J1.14*!.r-r!r c./_l.1r S:\-K_V s \?-\.-0 d.rL. tlea -ar-*;l ost;. ..1 U 
-e

Q;^IQi;*QijlQj^=.

: u's_,S! n- a::f rJ31s rJ.,t e 6.:*,1 C*r,J G-:y', l*J rl.rL, grl

gii =-Q/ (\A-\.-A)

tj q-* L. 6s jz,rllry ,gf ls +5c..*,1 ,1r- Al a.r cl:.,l .*;l - cl.;U:.. A4 rf c^4;- O, t

: c*,1

a)k=-*rrroo (\q-\.-0)



frr uJ(* c>U:6 s cE(y :6 d,4e

:r1S cl! t;Zl: ,f_€*. O;;o r.,.1*,1 0i,.5

Qi = -erjt&* (Y" - \. -0)

oQ r.llyr, g-a 6,lat lls r>-e- Olp +,.lsap 6s7;l.ry t,.-L f..-" .<ifli: .r.1.g,r 1.:

1gtace-fcry.rl-- e,r-,1*,1 djLJr- :l -3t i:tr;-,|-l: .(Jr.":t b ff-O iJ:..-y :r5

t+.r-t:r .r-1l'1 $lJt jl* ,.1-1, * g*+ o-r--i.,gfr ..r5-; c.r.; ,r<-1":,." ll3lc,

e-* J<-,r"; 7t : .,,l:r56ta )t-V J rJ- ,,..q "ree 
t 6r ,tt l;;-,1 .ri-r.r

.J.i J^tJt

: p,..;lt r-rA- \ " -A d.rL,

ui* =h,+Q,,p,,* -ojl+ eipj (..,Jly\-\.-d)
= Q;Pi + Qi,*^+ h;-Q;iai (VY\ - \. -O)

= QiPi + Q;^x,* * c; (:;Y\ - \. -O)

..:*,lori os[i:,*l-iJlf \-\ o-0;t..;y\-\ o-0 aJ-:L, ,FydlJ \0-\ "-0 d.:t--;ld

..:..,1 cJ-i c.:tiil ,-rY\-\.-A 1./Y\-\ o-0 aJlt - jl rl.fr,: ,SlJ.ci - Ai - Arioi jl S

u.J e;;,,fii;: \>.ef .lt-rlrf;.:--1, ?t-." 0t<rl t r, rfS; #-l -1, ,t-eJ-, F_y

or,+ dr,+ ;-'." b 's.'rflf-^ J Js-re

W =QiW+Qii* (TY-\"-o)
:6+5qi

I
&c"

#=6i^
0u; 0u; e" Aui A--r, 

== a -'.., Ieu(*f _ a*)l&^' a,, fu,*+ e" &**

eb "Xlll 
c.rl;ul .i)r;\:..cr \x*+ gl; Vn-\.-0 U.:L, ,F )lg-rl-r(-t+ U_F 6

lJ.o.r,r"c {+J YY-\ .-0 aJ.rLr.1.: kJs ,glK-V c...,at-- olr^r r.,

&tt,*

# - g\i* * eqe*,p1,, = ei^ *eije*,IDj" + Wj"l (yf _ \" _O)



O2'JJ'F agly a:-921 <Su,,Lrs" .*K" frr

.:.-,1 ;r5^r 6'rlu4jf'a t cSf;r.-t3.-A C.lt-S S J<-,r.* aJ ?; ,.Wjn tDir S
;-F u..qJ 1.l:l - 0tti:" J d.;t-c.. 6la.:^*i 4a tL,cf Ut-rF

^+dU:
i"'* -Di^* *Wi^*
ffi,n

(YY-\.-0)
J

(Y0- \. -0)

L.lssjl .J::-..^^ '-r.i,1t' t 4e ,*4 ?*:1 y u'.ltj J J[5.:, # i; S

6c.*,1 Uls \A-\ o-0 J Yf-\.-0
P,i* = QnQi,D*,,

,1r,i* = Q,,r + QaQi,W*,

-9 L-a1lrr-, +-5 c-,1 Jtbt )JJ', lJ) pi g ,rtt UU:t o.8 u,tr*a hll, 0r.rrl ,t- q q

,rit_ JUJI ,,l5,StnJy t e\lt p-r, !.1,," ,SLn-r.rib

Iti* = Qi^U*, uri* = Qi^Qinu^,,

,.iss -'. r-l.lt..S J.?)r'.c"-,+ .its C/l 6J:r.rrr Ot:i t" q,Ji etJ lrl

..f Ll 1l;.., 6:-F ,--u :h 6lrl Ot J,orLi eo$L .,ili ^"Jl 
L" ..rit-,,f Jta;t c;jo:"g,,',

s ,F -11.:y JLLjI .c.*,1 :& f.^,o.oJ:,6$gf cJf \:"'.t uf.J JElt 6'e O'.{
;l 6lqp yl ..r:-; )! ,, oJ,i c.:l.r gf i,,5+t^+, 6Lac45,r:-1, q ui ,56^i)?

6b1l:y dP t L^;* 6 c.-"1 'S ,-?-f .g!,_f c-,1 3; ,5{ d r:; lbrr V.U}
.{t_ JUsly, ,fS.: u. ,-/-ru

ti = Qiti

,,rtdt^+" G3tr -l * I AK ! tc*,| CL-, -r-tj J. Ji )lJi' F 6t+i;t
dr:!.J -J-c f-? 'ri.le I 6f c.^; .r!lr!-, iL" Jt.ist ,Fe c-,1 ;j)

:syi l;-J, j tj os-n 1 c*,1 O<^- 6:V jii;r C!;l .,._Ulr!, clLJl .i_ .:p

dXndap=I*Mx
dQ,



fr6

dalr+ =da+n1r+ :J* ffi*- (YP-\.-0)

:*i- Jt"j 2|s1np+ j .:*,1 5a-6rt *l C*,da+ cqU,l r*. eU 6trc.1356
g:V 

Oat .-fij.1: .JjloJ.i 0k l-L, g--+ cJ.-:leJ .5.2.> dt-' .,1) a,..o -l .- ,,*l C!-,

op-rr.(-r:.* bf "-o 4l:..-).:..,1/+ =J u.';lr,.,'.trtb ilt:;il:jJ,3
c-!i.;; ?*:1 .1: r5.1y' oL*,t c.:*,| JS.-.i -,:itJ .lt-rtj ,-f -S*, * +fs&p'

: p*-rb ,5lorsj; i-tsti ,,1.lt5! .-\-i.rt+bl :& f^.? 'Ii.,eeJ

(Yv-\"-0)ilQ ilQ &.

----
M.p' Aj M,p

.rr cri ?t' il*-l u.xp 6,ly.0i J- J ?A- \ " -d aJrL. ./LlJ eJrL. Jr-l il^- U-y'
+lrl-.- il-+ U-A +-f-tar,r-. Ol-:i q::i tt e$rpll--s ..:*,1 ol-i t;jL Q*

oxx ilQ ^ 
: a't.lrQ s.:*'l Q;r 

's|*.o 
Yv- \ ' -o

T: *, 'o'clX1, dcj 
t

(F**)-' -- Fjx'e*t (YA- \" -0)

:r-f,_/ t+r! Y2- \ . -0 rJrL, rr ,}i .-iflrt, ;l eh ,J.rli<-F q

dAp+ = do*no* = Qr/ai = Q6(da)n1 (yq - \ " - O)

*! 1+l 0rl, rtj e g;1.,.., -l !! aJ:L, jl .)Jk d,ifrt*? J ,j*s:O$Lr Y Oti q

tc*,| c..l 44..a.:.-t..r *fti.ji 31 3(da+)t : (da)Y $r,-./

da+ = da (\""-\.-0)



O:-J.{r. aSly a;-9a l6Lb 4^" *K. rw

:6r:*,1 (\ Y"-\ o-0 J Yq-\ "-0 hllr;l o.:li-,| b

nk* = Q*i (ft - \" -0)

g..,7 o;-xuqtgtt 6f c.'.i u.:; iSt- JUst .Jto.iJ-i, 6"e O.# eo$L .,iq l1t|

t-"q ;-u.r4; gt 6f ?*.t4;: ..:*,Lr-c JUJI d/-l g;lt- dlr g-Ls ;L; ..:-,1 :&
:\:-ri Jli € -r) os-* \lst;* ,.l:; ;l.ry *-J-.o

ti* : o;i*nj* = o;j* Qj{t* (Yr-\.-0)

: \tFd rt:4 ;;s .2ltL611.rb ,i-f JESi ..:*,1 cJ-i c:Lii-,lf t-\ o-0 iJrL" 6

ti* =Qitj=Q;oflir, (Yr- \" -0)

;l.ry 0.:l.r ;lj rg,j-.-.c*"1 oJ-i ostii-,I 
';-f '* J_ft cYY-\.-0 eJ:t-- c.l.r?.^.6 6

:q rFd ,4;'' ot,:'uqtt'f :& fr €f ?-nt41: r.l:;

@,'*i go - Q;o1)nk = o

?t;.-u-!L -fu 9911. *, J"-L: jJlJ d_91: r])\,c7 d/-tJti ec--,| -rlttW -f ell6
6_7- c".'..i ,,xJ 4it- JL;lt ,Sbrilr,- r5l: -,.-j.r.r!, Q* f .riL+q .r>\^7

o,i* = Qa^Q;no,*, (Yr-\"-0)

JJ-*- t*y u,lJ u-,Ll g.,u, c:3J.u el*l e-t' rlg.,Y9"y oJ'?.r^ ,r:.-=-,\.;s

.J*u l-tr ,F at.c.*.| cJ.i orLii-,| ,:l aJ,;-s.:-,i cJ-t.JJ.;i,-+-ltl Js7o tt

:6 ,1-, C*l 1 r,.t,.lti oJ.aLL

,r,* = QaQino*, + Qi*Qno^,, * QaQlrb*, (fO - \. - O)



rrY U_rl*,>A:6tc*(p:glA

q .:*,1 o-g osls 6tJj YO- \ . -A iJrt', y 6 
'-FLA 

,Ji.:t ii tn r,'.:*'l f'6r 4+rJ OJ-l

crlb;-.i;i .tyLt' orth*,l ,t1L, db #:..- ,5b;;"'-"'; I t- g-t, Cti OlP

C # elJ 'b .4 ..1b r;l7e .;a+Ur:::ij rhi.r.rr F Ct;t ,rK-' i,t* .styl-r "rJ'a
yO-\ "-0 !-:l-11 il o.:[.ei.l tf .lj"f r:4,r yWA t.ltITJJJ*,I';l o.:ift."| ! ,frl-l ,;

C.ltf .r)\^7 fJQii el1. ,F : \ 0- \ " -0

Q,r: W,i*Qio - Q;^W-p (Y2-\.-0)

,7-.,i,; \:r,r q YO- \ " -0 d:L.. I 6it31t+ jl 
"r", 

6

ori* = Wrq* Qr^o^rrQi, * Qno^nQEWrq*

* Qi^fb^, - Wqo^u - W^roElQi,

(Yv- \. -0)

2s t.;;|u. L*r * f...r oriu{j gt 6f q 6,;b+J i^r 0:l.r .llri

:tj,J.,-14+:J fT-\ '-0 iJ:L, jl o.rl-i:-'l S ;SSll.j *

o,j* -W,r*orf -o;r+W1r* =Qi^Iir^n-W^{w-o^qWrqlQin (rn - \ " - 0)

F tr-i-r.., 1l-, t- +f c'*'t atg-A^n - W{^, - W^qos,, +56t:-'l €ls
.J56".:r-l-ta (Iaumann stress rate) 6L9q

o,i' =o;i -Wirori-oUWi, (fq- \" -O)

tr.rsl, s-t+s rS./ o.a'b b ,lrl ,t+ b;6 e-1-t rJr;' r: 66at 'J.,--r-

:.:-,1 J-s os-r u (Green - Naghdi,stress rate) 6$; - U-.5 c;;;

orj' : ori * Arroui * o;r{21, (Y. - \. -0)

..:*,1 o-tJ l..oy; \ O- \ . -6 nJ.:L, -ss(2;, 6



ch- t'*-o agly auga 66L:", <*l& rrA

:AJ-+U#J ih,-'19 I abl 6llal',l'u 1. oLJ Jl^,ot 6bqPtJ^. I I - A

f t, Clr ,[ii :l.r l-r 

"rLt^.:"-r3J>r,o 
.fuQr;*r g-1, r,l;iE 6-r-l o! r 1-0 ,.xn .,.r

F '=le l"+ .JJ,-5#e t 6r Q ea.g:1" ./r,rb orF -r*; ..r,o.:.r,o )U3 ,s-,1-,1
r:;50{*i- sf .Fl rt 6 :-b OLa ,3r1, yt, Cb ,y;*,gtr;i:, ; ,-r_b*_r_eJ>.,c
.t-r.i eJ.,' 4".. .$t<".l.r orLi:-,| 1y 6[ac. _-Jjl .S-l!-f tLit \ . -0 ,.:; -,1.r ._t.i

It.+l g,[ Cl-1, ,-;*-L.;l s ,;rstr., ,ii-, crrltr .ri dbl :& p*-; o-r.ilp^f c.Sf
Jt^.t 6[ac*.r3Ja.,o I l-r ,f -h ']_l .p)bt,-t':& p-.q o.r-ilf$: clf .:*;

r*5"r -3JL'- coJ-i, o.rlr Y-1-A drt ..-2r 6,r-Ll $tu6toai:"y oJ-i

Jli,f -l J$l.',r-'g/! Jrt-t rr-;J.,.rh-el ,.-L g--a o-r.-ilfry clf .:*;
: .-:*iJi

(\-\\-0)

6f \:-ii e :X at, 6.>-,1 g*;lJ CI-A-O b -.il11-l-0 !fl-1, .21 os9- c/-l-rs
iJ)[.-' ft, Clr ;$Lit: .gtoc-J.rL,-r 

"/q J*J.t cl-9! .Ia r..+ .s,,reer
;J'lt:& r---7;-r-14;gAf cSf ;t*iJcU,* gb,.ri-l-r tl tii ,l**".,gl,or.r:, -:r 

y-l-6
tl L-.ly drl jl ,?t) rit-"r JUst rj J.(.i I Clj at 'Fr o+" g-*r .-rjy-!,.r

:(-ril'r.i .2lf; ,>3V;. 
""SJ* 

q t- J(,; 0t" q \ o_0 ur,.J

u* =u, ry* =q, 0+ =0

F^* = Q,fi"
F^* =a,fi"+AqQ*Fu
Li^* = QdyQ*,, * Q;r,

o,i* = QuP,rQri

Qi* = Qipi

gi* = Qijgj

(qJlT-\\-0)
(vY-\\-0)
(VY-\\-0)
(crf-\\-0)
(drY-\\-0)
(CY-\\-0)

..:*,1 oJ-i r-cr-rr; \ 0- \ " -0 iJsLr.lr ;l s:-,1 
=:l 

- O.lk:, ...:-U eu d
ts o.t-ro t :& ,-*7 ;"r;;g^r c5r u; ft Lij. J ft st;;-..#Ll !l-r.,

:-t f t- Jl;:;t

(.-"Jlf-\\-0),* (q* , Fu*) = u(e , Fu)



rrt

e* Qt* , F^*)

o,j* (rt* , F,**)

qi* Qt* , F** , gk* , Lr*)

= 0(n , Fu)

= Qaga?t , Fr,'e)Qu

= Qirrrq*Qt , F*.q., gk, LH)

(-.Y-\\-0)
(Vr- \\ -0)
(.)f-\\-0)

1 ?y- \ \ -o b -illr- \ \ -o lr).:L, Jr,*,gtar;. .d d:y .::Jar'o ;;,7^l ,:f

-l O^lf1 .-l ,,If LiJt- 5 o-t-i o.rl: oLi.j J<-, ,+ .rt-rf s (sslF 4-. r'J U-) dJtl

dli *J.,;X^?;.: ,*,Ll dly ;t 6le-e y--.:-'t ;ri' '*'-la; -l: '(\12f eJ;41

ft, Cl-r, ,s: ej t+i q 1-O ,:,;- -rr rf,J::-,)l -rl-9*,JE,,JlJ.-t3q,r.-ltit g-t,

o;i 0 u 1l u-.1: 

-J+f 
.:*,t cre--rr. ,41 tlzs [ .-r:ulls 0i s4 oii alt *J.fL"

.Jr*,r iQi s
,$,-/.r3J.*.. \ $tu 6La,*;. f- \ \ -0 iJsL, ':tK7 d:'-l;l dldJ ., Olrr q
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:g+tlr
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= -\Go

atbt Ge

^--ffi

:Orlfe
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naYbrGoMt=ffi
; qri ;l-ljl



C,:-.u,1,+ 6ly a:-921 agla L--x <S*9" lof

- (at + bY)u- ' vt" naYbYG 
t

iJ.o.r,r". n-r;j c.r3,i gtljK_t+ O ,*I.:t!o r: 6;L;

e=-#[#.#-'1

do \M, -- do \M, 
:.,,'F tr u;

otr=A: --\i oyr= - 
", 

= -ffi*,

:U c*,1 i-t s Sl.-f ..jU;l .q-f .t=.sqr;|.r, ,,.^,_fL ,;
IM,

4-r''tmax - J- .T
ftaD',

:U c*,1 ,11i5 t|,€ +;, ,-fu, -=.I.a ,-lLi q

x = L: raYbYT 
= G(A\r

0 a, + bt yntlo

.:-,lrrly ..H; ra ,t kV ri; c(.gloy l: u.,orc Ctt) a = b 6,,:Jb ,Slt S +i

c=tffiQ__+,

.c.*,1 jt-rL 6:-F tl ,ilt rr 6
c:f r.r! o.:L Ltll; q 0l-f.'# b l+i .t*" 6 s,-la)Jr- ss-f ss6r-1'.i ,tt.il .r,_tl

il-tol :l ;l-p LAJ"LJ g,l ..t-;-ei r:-,r I c6r J* q F Cb;l orU:..,1 lr .,|-r"f l, ,y
..:-,1 GVJb u:in, OJ_l

g4 o-. i;*,,;,.Ylq - f
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Y-? jb))rJJU,.rYsL, J-,.rLtf 6.:-'1 6l& 2t;'; cS*cJg'fcJ-ll '.:*'l ^ii
a*S ,fr 6+ c|yfcg-l: rJli J-rS.tU-"f A-,-'ti i \ai c/l.r, o.lL.;'r I s ,l!
Y-? jb) 1.r ,-"lA - Ji* ,.:,; .r)rL, 'L^r 1 Jrb O):h," F :t 6 tP€

1.l ..r):L^ Ul .tf 'l 'J#. 
lr.,.iJf *J e:6)V '.r)'rL' .rLlJ ; J'S f.;it-'t

.J.,lo-\.3 .S.r;irt+ ;4 .5rn r-iflrt,

s orf U-f .l-jloJ-i '-*,?l Y-? it;.).t, 6J(*tt-,ll-)l u'"l.ll lrllL' I
,€,;rlF +.'+ 6lao-lt^'i q h!-lt'l-rl+i o-,!;'

c\ -f -P nJ:L, cJrb .r!rL,

oijj+pb;= " (r-1-i)
Y-T-2 nJ:L,,crt^(, # ,,-Pf ,.r).:L..

Yei=u;; *ui,t (Y-q-P)

uY-Y-2 t- Jjlf-r-2 d.rL, c,5.l,a OjU

6ii:)'6iiew* \pe;1

r,; = *t(\ -v)o;1 -v6;,owl

(.-Jlf-q-2)

(vr-q-t)

iJ.:L. r: Oi qp drl.t rLi -r ,..,J|y-q-P ilrL, ,5.,^ rlyf lr t-r-j drL' drti(-F t1

:7-SSl€ \:-'J +r (\-1-P

l.4uijj + ()v + p)ui;i * pb; = " (f-q-r)

.c*,1 .:s* ,-9b <>AsbblP o 3.:*,1 ss4-t.:t jr Ji.*lli, iJ-rL. u, rl'tJ l5

iJrL-. 4-.: tJ V-f .Jir*.:-1) o-t'..! C-y ,-;-f A:6)V,.r!-:t-, 
";.J 

.S-r-f J-rt ,Sl-t

t€rf-'tFt, Oi to:,-t ss 3 osf ,t,-r=,YY-v-f

eij,m * ebn,ij - eW^ - Eim,ik = o (c - q - r)

\ -1-t iJrl-- ! 0i :-5t J ._cJtY-q- ? 'dsl'-;l ..:U:-,1 q b..rij yJ.'F-t.l.l!o q

:7:i,-f r:rr 4J



Cr- \*t o ag(y a;-9;1 agLa L=x <SrJ& Yof

o;jJ,* * * o4;i * p@;; + bp) + 1fr 6;fbq, = . (t - q - t)

ev:.J_f;t) a? Ln1,,tf 6JzJtL,.?1.:.-tr,.-.o ,g(*- ,Jfu <S:E)L c:4ilt 6
,# gln-t.* 6 €'* r+-r 

"/-bc.Jt- 
I t{.:j cr.iJ S\ J-r-p -rr a? -r clt* r*;;

S i),y,f^^ J-,lr* ,sfy:t lf \ &tf:&t a.fdb-r.* o* )r;> .r;ri-c
.:-*'t tb ej-r t"lts./LlJ 61,!J Jlfdl J# q JJ-*-,_b r.

q.f=s..i 0K"r*if, 6Ji J-f-plr 6lciL- e*'t!.Jt"J- t lql l.f44r.;bl

.Jb,Fq *J b Ot<" J*iii 0Ui. cgj:.,- t* u.y_1tj ..r)rt" J- ,JlJ .ri)b .Jt?

cJi-ar,_r,. r2,"t t, jt* ,-r-r, 6t",Fq $i J- 6 | ;)rL, 3 o.:r5..1! 6:ro s ,SslrJ.

€'.,y';-'t
.rY.:t-.-,y-:U.r)sL, 1) oJ-i C-b.jt^.,L*jb, 

-J.ui 
6lJ. rJ)+ 0t"i l.i

5l;- .-/t^,j,.jk, J+-".-lj,l .e:ig '-;rr q l-r.*t- .Jlrr[tlr., ,JlJ rtt-
d-tbl tJU .rY:L, .F y rJJ::"-l 6\l-rv' ,jss ^-,.-r;13-b-9s .fuJrJLA tr .fu_f-lb

''f r,rlr
IJ{^l^ :S& 6:_F J. & sr.:-,| o-t-i orLii-,t 6i;l ,-is-t 6;;;.11 6,9l,r;
ctyS' iuo 6a-frL*r-rs -l s! :-eJ.*,o .11 ej,,6 6sltL db ro 6 S'l rltl .e .*,1

li;r-TJ*b tlr-l 6J1t s F*;lsy ,r(, cr:*,tauJj,. jl &i'..i_ al *,-jal 
"!U

1 c.*,lQ -r.;t 6Jti,l Ot-rFa .t(:i c-r;b ,;.a a dJ?-$.6 olgiJr -rlrrt .i- J-S f ld/lJq

,5t cOU;^-o t_J y.:Fr.l ,;;S ,1ltr:tdi a.:.rE-rl ,it U_ c.*,1 o:;;q,o; a

..:*,1 &*tlrf 4, srtt tt.2a^.a e-flt.it1 Jf a.tKi,-r;U ,;-aa;by l$ly:
o.rl.: yj Jy.;,e I 0tS";:iU 0h:. S *t,_l ,f -fIr3*t S.:_F q ,.plt 1r cr*Ll yly

Ui=Qj*tioqrls,o

ir:-,| oJ.i

(v-q-r)

rrtir*;-;l.ry grl ,glK.-l+.,.:*1 '#* ,rb\ J-S t,-F** .p.-fiU.Q,, S
: Lrr!_ co.$ ,;ifF t, j.. {l .2: t6b; y f -1-p ilrt - 1.r

1n-1-p)
.i
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lQ,rii + Peipsl\s,pii + @ + t4f,iii + Q'+ t4tin'l'wii=' (q-1-P)
:-rricf f J) c>y,e +' 6

Qr+ fp)O,iii+ Pe;o4tPq,pji= " (\'-q-2)

:,.:-,1 J-s Js-f 4., \ " -1-2 aJ:L, d,1rk! 611-rf:Lj s: slpq\q,pii = o aS

@ + ty)YV'O + ttY xYttP = " (\\-q-t)

V-q-t d:t -.031r +5 u"t9u7 rJO.-L l-, t.-1-P rJrt". 6{ s0'^eJ4- }
.t-r-,,go..'b 1l-\-P) y-3t, iJ.:L, 6 S,geli l, ;t<" .*ii OlJi.r,(''-t' ,g\JK-V

: -,-*\:-,) n.tlt SQ rStt,SrJ,"Jt^ 1-lJ tf 6l^'ca t't *'(U t* y

YtQ= "

YtE=o
1,.Jlr y - q - 2)

(v\Y - q - t)

.rY.rt - cf -* rf-,,:*,1 l-1-2 ilrL, Jp \Y-1-t iJ.:L" 6 CV::;i ';l-il .t-U

,O )ful-b,f=SVlxjl \I-q-2 iJ:L, ;:ls{ = o JVtC = c4b t-r5l .c*+rajti

Or-l dr3i.tt{ 3 \ . -1-2 aJ.:L, )l el3:t-, Oti-Sq '>-,1 t.ia':- *) ,lf .fb' clttt q

:6.t.,-.:,'.*t;t s.ll *- ,)f .r"ljtl-, 6.-1L
J
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ui 6lJ. )- er. iQ ttjA'* 
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...(iJ,,Jta dlt'4 )JYb u.,PV aJ:L' )l 'F 
S

:6.t1t-,-/ ;r \ o -q-2 iJ-'L, )l J-S ,f J \ caJLi' t* u. ;v6 fi-
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.Jrr,-/ ail2lu; elt 
'bjd d/-l 6

*1.0L<^ ;;-J 0l+- Ot* +#i .rLlJ Jll., .r!'t' J-' g.0. 1s: ois.)



O?JJ*4 agly a:*9;i <SbL':a, *K" YoA

C) F = 46; o-23-a a-, to.:--l ri c*"1 ()S)lS )ltJ u. slp 6slrJ fJr dLa#.j-
oev Jfu q ,#,rJ& /Jx*-tu; JV,^r..* 

^Sf.:S.f a.f ,_issd.r{l.1r .:yg

ui= \(\*v)F;;t -Fi;,

lc*,1 oJ.i o.lls yj

(\6-1-2)

-1 oJ-i o,L'il Jl*ilt{, ,ff ! .rr"r.srllK_t+ A-q-t il.:t , yr p=c.,- ,-b y S
d)y-rrt-lu.lY-rLr drot-.r sslv = ffi. csL;,S^So J-l-.rY.rt .1,,i,65

:6 ;dr;n o.n'b

VYF=o (\2-1-r)
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:nf rlr

(,--4Jl\V - q - t)

J
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Jy,e

(,JJ|\A-q-t)
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(v\A-q-P)
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-1s 3 ol..a:L,,
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.c*,1 or.i, orb \|-q-t iJrt*- st S s* dL.6u; = Y(l-v)F;;1-Fi;i -t a.: o;t-71 :gjo

cU.Lt Orlt

ut = -F1',rr

ur = -F1,rr
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r:.,tj .u-e ,5.,-B 6Fy = BR'^\ ': 1r. J F"-SCF .1, Tr., ;' 4LrU Cr" L: .#L:, bFr
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ut = -Rr-
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:6.:lr ol.i.j
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J
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O:-&..{f. agly o;-9;1 CbJ.:"," cS+lS. t"l o

(-on)\nr dr

:O*lrQ stdr = RdR l,t

: d,*1b_,rr 1r c;ljl3
D_ P,,_EG-,)

- F*q Ji.F 6ori '-rb gjr ,is.t st.*tf o3)\-o y;U .r)rt Ji- Clt Sr ,-iss

4;l .(*;,1b 6;li *t j)rt .. a'.6:yXu" dS(Paptrovich - Neuber) ,y,
4 ti 6 6l^.'i! ,'.0t<" Jeii.zl:y .:.Jl- C*l glf .ry€r+r ,,t *.,b, rlrf 6- 3 Ji<-,|
,pfeF -r, p $*' q 6rF .ll*x; c..JJ, .):1JV ,'.jU', s|ry.8 Jt<-,| ,J="Jq

ui=Vr-8i- (4{i,i (\q-q-2)
Y( \ -v)

"= J-

P = \nB[fr-t,x'[#+ yx/[+l

, $-f 6j L o: Li = ffi .sr L; j t o: [ii I ! -r,srl -ri- t+ rr-r 1'; .f^^ .rY r L, 1.r i : 6
:1.ti,; s-'r 

''r
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VYV= o
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J
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J $i-+ t' jl #:.,- ,!S t-b {.8 svi }l(*,'l Cb tka erll: rnJj, u, Qu rlt* rog
rJrL, ,* ,flg-,lrr ! b,fq yl6sl.r Ot-i; oljL/.$Jt<-,lCb.-,q.rb6rliE

:-ljlc*r.1r,



v= Y(t -v)vYF

B=v.F- Y'*
Y( \ -v)
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1-iJlry-q-p)
J

(9YY-q-t)

1 ol-2;J5 L.r:.n lf 
"*."e "!.U 

Jit - 6lJ Ctu t* u.y-ll, .l)lt" J-' 6 ;s;- st

J'- .5{ ,Stf cl.;Li; e.oB ..r)L .JlJ t{J 3 ci f{01(,l JJ " t} u.oat'^bU
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,€C e-f il rst' I ;lS, r.P; Ol-t..

u; = QQYI (YY-q-2)
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4r'r r dr
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:p,;lr YO-q-t .l YY-l-P ..r).rL,;l .rli-'l U n5
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l5c*,t op=otfi{tj(.J+*11 tJ \-V-Y d:Lr) €el,*J-c.{? 2t,}.,:S.zlrra 64;;irtt- f
:s -*,g Y O-q -t oJ.:L, e:l -€-.V.rLtJ



Ory*a agly a;-9;a 6tbL:"," *tS" rlr

oN=(fi.+ \pY,.ry (T^-1-P)

jlo.rtiil tf ..-,L".JfU.ff ,.XScrLL t* y..:*,lcl.i o.:tiilxi = m;4yV 6
:c*,[ Js Js-f- 4J ra.1 ..:*,1 ni 1 sge K_ _rlry v; ScJ.ib €oo = o;iV;vi

as-(fl+ \py,.+ (yq-q-r)
.V;Xi = . lyj

r,6.:*,1 Als ru--J.€O.r'J j# J.ftl- ,Sj-t \l-r3 rlA, 5Ar,SLnc+tj

ON=-Pt -1J f =lt
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:g,;lr l, 13 ,tgU glaJ;rJ cou o.;t il 6-* crqLe gt+t tf
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_ prr,Y - p,,r{_ * t,,trrt pt - pt ,os=- f*=f;1T (yY"-q-t)

"!f-r,-t..it-i 
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1s J:b .:)rL, 11 .-u! r15jL ./H - J-i* .r).:L,. tl Oi -qt{ J- ,rf J1i6 )JLb
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oijj= o (r\-q-t)

:r-fr,! 0l* -$ J1j,e t uJ Ol+,
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\ 
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<D4 6
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"r*t+lt+ 
c"..-i- t i+f s g-)-fi,gLar-_-Ul g.s: g+1.6

:.tul,rr-lt .;'rj



rtr ,]6 E?",i.-A( ? J.s

or\ = YOvr,lr - Qrr,r, - O6,rt
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.r:*.A,ft,..-" Laolt-i dLi c.*,1 o.rr-.t.JrU a_n" -r-b.ldgtrbb

F(p,p,T)=o



rrt +lJS 6tao2h ;tl ,J.as

J$t ualt; q rlr^, grl ..:*,1 ,fjt,.^, J'-ti.5{ q - V - p aJ:L. s, K;jpq,d/lJq

olL3.i- ,Sl116 *f,g 4++.!U- di,bts \ a'Kqou?--t'A\ 6r;l.r,r, -114- r;1 3D;1

1l c.*,1 otV 
"/Ll 

eJ:L.t, O<^r rfL** 
'/i

oij = - p6ii + 1* 6,i D* * \ trt* D;1 (\" - \ -V)

#-tjl .JSu" i,tl l,.;l;,r5-u...7 cflf +f .r:.*,n ,f+ ?(rpx ,)v*.JiJ,6
..-*.1 l) J.t-req d-11..,1..i .Sl: OF+ JU-j r* 6ry.:,,r,. oJ-aLL aJrL,-

* on =. -p + + (\" ]'* + \ p*) Dii = - p + R* D,, (\\-\-v)

L; .c."-t .rfq- g, cfq- *p t is-rK * = + fy ),* + \ p*) r.li;, a.f

K*=+(Y)'*+\lt*)=o

]r* = _trlr*
Y

.l.lsi4\:*,r ,€ C-o \ o - V - 2 oJrL..rrl-rl+ifl .J*q

S, +*du okk= -pdii * *do (V1* + \ tt*) Dw* \ p*\ii (\r- \ -v)

1,-all tY-\-V)
JrL.. rA t_

(v\Y-\-v)

L; dfl 6 t-r.t oraLl \\ -V- P d.:l--11 -ec.r..:U,r, ,y'1l*l L.;y.j,s-r

.':*'l

'F elt -ilFl 61,^rr;U ft

Si="u-*d;j ow

f,i =P;i-}.6aD*

(,-AJl \f-\-V)

J<-,r.* 7t ,Sl-t s

(v\Y-\-v)
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si= \P*fii

oii = -f @ + K * Di)

(,-iJl \0-\-v)

(y\0-\-v)

Jti ,-pL.li;rr.3r: $rc/ tt+rt ,-p it-o'jl *. l-r cSy et il 4+ yl l-rl
.rjLL/ 1-r tr ;$x.-.2 -l .r5r..Qr yj tW l{ l, JSt .

,-{*l - JJU .:l.tL- ( c&! Jl'.f ,rlel eYsL." I - v
e t,J53 !,i- orl JLrt dtrl.* cl:f La-, ! b *r"I cJbr bo;b *<i . b

st ,S)11J:€t JJ '-;A .r1l.r I'F-rt \>efOl.r.r ., i^;- j*..ztJbl:+ rl1l7

,-*,.:F,f o.l,1 -rE oJ:.r+ .-rt^i qF i Gil slJu", JiL-,JlJ ftt- .r):L, F,
.JUr.i O,-b -t,-tr fj 0tJi. g):L, ,C 3a-'.rLi 6- u<Jt<rJ, j sVis elt

(P - f - A .JrLr),-fu-r-,dsL, (-iJl)

P + Pvi,i= o (\-T-v)

(f - f - 0 rJrLr) cSf .l)rL, (.-r)

oiii+pbi=pi; (Y-Y-v)

(\ " - Y - ? dsLr) ./Ll cr):L, (.-,)

6;i = - plii + 1* 6;i Dw * \ trt* D;1 (Y-r-v)

(\f - V - 0 rJrL,),S3JldrL, (.r)

pit = ori Dri - Qi,i * pr (T-Y-v)

(2 - v - 2 drt',) di- ,* aJ.rL, (.:,')

P=P(P,T) (0-Y-v)



rrl 82-W 6bo2h ;tl d-,s

u:tt(p,T)
c,Jl--,4JKdJrt (e)

(2-r-v)

(\ " - V - A d.:Lr) d)lf .:r-l-tr al.:t - (6)

Qi= -KT,; (V-Y-V)

V - A - ? V \ - A - 2 .r)rl.-,-r.*,- alrL-o olK;-,, y-l

\Dt-vij*vp
l.#, *i;

Q J'-

(^-Y-v)

.::,'ljlJl ..r;r:r".Jbl b T:P,Qi,tt,Dij,vr,P,o;1 }S44,,YYUaJ.rL, 11 
-t 

^;
cr!:[r.- {-.: jU Lii orj.:k;-*:{ odV ,r<Jt<" aJtu 6- ; .rJ+ p*i -t' ,J )lf
0-A-2al.rl--.J-fu4,-l A-A-2 aJrL,.O#J Y- 

^-7 
ti\ - A-?

..ry -trlf ltJs-n*'.O.slF.{'.Jr jl fu
P=P(p) (q-Y-v)

.ll^ru/ JJ"iJ p sDii , vi, P , o;i lgze \V -9 aJ:L, \V otK:-,.r.5{ *f

! ,.rrij .r)rL, Js^lJ J *Si fs lr .:*,t O<^." iy 0l't=, .:).rL, ;t ,,;-'.
rj:l*-Jrf - 

^ 
-? +JsL.-..S-rl.ri-L+ !,.,-,.Sely oJi*+ 6Lao1Li #b-r,

;-;'Sl,-f\:*,J, cA -A - P aJrL..4;., jl o:t-i:-,|9 Y - h-?

pii = pbi-p,i + (1* + p*) v1;i I lt*vijj (\. - y-V)

!'lr,*" rrI:t'-. Cr-l .r.ltru- tAoJl*i ,SD ,#*(- ,* rrirL, \isr 6
, p, vic,^i^ dl1 drL. c.i^ ot<:-,r.i- ? - X - ? sA - A - ? eY - A - 2 .r)rL,

,.r.*Ll rJrL, 4r - A - P d.rL, 6 6t2+s! rr a?j .Jrr./ J5$ l.s T iu, p

,*r.rlr ,SJ-ll ..r)rL, Js-iJ s:lJ-s.tu.^.^ ,-b* 'f *t- JJU rrirL, c\:-,1 *-

ii=-j+ vjvij
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tU", 
J#q \' -A - 2 eJrL,,J.,!,8,-?-f ( ),* = - * r* )

pi; = pbi-p,i * *p* (vy; + y r,,j)

'6-t*,1 
L; -St

.{t-,-r
(\\-Y-v)

- :e-l[. .r!.rt - ,"t;! 1 - n - P a.l:L- J;;ott c,Jt- Lf],:+ d.rL. ft r,i*r n

ls p sv; )142,-rQa t drLrrka J-S la 3-*ata.4,$-yr, drL.. !.1,,"" ,-{-t*,t
.$r"/ JS.:r

t^Ji- ' 
ji -;r o-tj cl! .Ju-.*; 

'JLx Jt.- g;l; ,.:YrL-" &53 Lfl 6L*, -r,

t F,Sl^dlrJry' ess4sl s 6)-* !l-i q.lr^, l) 6;i,0hi..r!.:L, -r,[

a4 rOi J)sls Jt--j I t{J d r.;fr;t* *-ftl Ct-,.i- 6ss t$_f \lr|.lusg.,b &er
Jil LA.Jt-i jS..+ tSS.t atS)-f r,-)l rf 116 ss j.J4r-!i- F^ #f u-,L, ^AJ.0+"^,!
cS6OL_:+\L-r.-r l.g:;.:^*; c,r_l-;: ,J:, eLr,:,,)rL, Js-U *fc.*,|-nfi q pj).r;l.r

..r;l.r 6.;*X*.rG->t n1 jU d!L:,nl C6OL-*.-r."tr"f cSl+A

ojta;botUf -v
x - 7 .:**i.,1r oJ-i dl-1| .:Y.rL, lJg -,1J cJi-.-7 t5Lao.;t i &JU" 6J+ 

-,^

)l o?-s 6tac-.r-.;-9 6.rl-t*;.<, gr.+^J,-r"i!.f llr to'.,11-.i.qK, y\ j,al ,j:,ii
.trjc r-t+t ls 6,ty.s6 T *ti:;l +t? JSt.- S ,-;-,,-l

6L', )l*a:il +r 3 o.r;+j i*,s4| It n-i g,r.X+, Jjt-r:, ,_b.6 ov-rt;l ,grlu , lq.:,_lJ.)

€,-l g)J oav 6too.;t.i a-r c*-; l, t+i

J^iL '>2lr-- d.->.;r ) "l;- 
cJL-- nJ:t -. fl , *=liS/, agLaosh (*iJl)

b.JL-.rlr;; c\bl cJ-i gt:: I -n - 2 rJ:L- L-,y, dCft"-o
qg[.ao1L-l JSs- c.*J L)r; d/l jl 4t jLa'JLi s ,t:r-_F,-f 6*,-lrr-lr!
a.->.1J c;iJr {5) ,J6;y/olr*;; -l: y' trs.a;l;;! ..U;l.r fU d*,-lrr-t-,1f

o;l-i :l eV t- ,-rl; ,t:lr 6P 6) 9stJa5:: ol-r.,{ -l (c*,1 c.it3 oJlf
. 
f..,,r- 

S .-f .S*,-ll-t-, t : ..rlr*,u bl p t l.1 ( rr.*
$lJt c.Jt- aJsL, ,$q crtj o.l!j .i- JK" f | , :r+b f U agLo osLi e.')

tL

p=c1B (\ -r-v)



&W agtaosLi;1f !'as

,5^5. ,b : o r..fsLtc/ Lry yl .-ta-:,r" eii tr,Sr-{Ut'li a'

,,-*-;-F;f .vi,i : . r{Udp .gb..lt-i Sl-*. ,-fu*, aJ:t'-'

1|'.:j.rlr.; ef g 
^S ups,rb 4 Jr.l6,>-,1 ;,'. y-{ dy-tufli

qgLaoll-i el-r'..*l{.-,^-; (f*- t) Jt<".1.: b e-r*-; €'rJ,f,. tl-i
.r.i $tJt F*t- ,l-rU .r).rL, , y-+Ufli

pi; = pbi - p,i * lt* viji (Y-Y-v)

€f ,-h. rc-t-L, o^,. .1t , 6iss -t ql "r-'!,.r vi,i = ' L; rtE 5
y-{dli i+* tn;t5.-Ut 6 JV;J cJ'ir'r"a v-t[fti 6 s-F.t ,ft

.gtf,-f

.5tarl.; -UlJ, 661,1t'.i 6.-' ( 8l<1.l Ot+ ) 6 v:-qp's 6laosLi; (u)

L- o r': .? :s o-lt-i .i- Js,f *-'l ':Sr> Jb r) 6 
'Pt e \ it

ss F* s]r* *)-* f t, eatt t-h,;r,u/ .J:rti aJ.8 ol34 i't ,?.
JS6. J:ai t., ff.tS.rt-l ,51 aJ-rL, rli (J.ib -k es;' \ o - V - 2 d'rL'

.{t-.-f 
"'i^6f-j 

os3'eu #*l- J{JU "l)lL,. -e

pii = pb; -P,r (Y-Y-v)

o-,t; 6- ll o v-( 113 6- .rr"r Utl r:l-t'' ,,Je( oSp '>U:6 fb. :&t r5

tso^ ct'i t'";60;U;t 6.:-,1 ;[..15

P:PRT (f-Y-v)

rf Ol..i; pV+,!..r-,!,-f {..Jl}, t>,; uaV i6 elt b;lSc-ti R tli.rr 5

.,i ii L u..tr d r. J::*r oJi...q : t-4fli ,J+ 6LaolL'i 
"/L"j 

*5

J*q rtL.f ( 6"r;frri oU,f ( 'S|;* ol'-.,? f - V 
-

cz;19{ OL-.nls $f ,-r-i! crL;;l ,fu,.;U '5{ \tef ,glaa;'Jt' fl
tteJ't 6.rL .;..i-. c ..f)b dri? Jr .eU./

+ + viv;i
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.*t_"r pS $,:L j-ii r,

i; = v1 v;;

.t-r-'ct' Ft Jsye.f { J-lt aJrL, e c;lrSl ,lb-..,a "i_ gtf ,."r,

Pvjvij = pbi-p,i (\-Y-v)

-9 .:*,1 0J<-, Jb tr o.lb , s[. f- tl]^ s {,1tj t? a-e-a;r .r-of0hia f t , Oty o3)\c

F*t - tJU .t)rL'. . .:Jt-- ..,r1 .r, .-u-_5,-* <$,lLlil+ b Lrt Al ,Sll y-h

Pbi-P,i = "

jl .r;.r!,." Ft*1
(Y-f-v)

.g!"f l) Js-reu. sbi eb&_.-,-r*r cltilp sp ,&.(*,-lrr:r! LrS ,ftl,.

P (p) = f 
o h

Jp. P
(\"-f-v)

,,fu," Ctr 4 .:^.rJ l, tii bli€,.r;q ctr5+luh, ,,q*rst,o_r.* -St,oi t 4y
.rf 0[: *; &): .L-,-" A

bi = S2,i (T-Y-v)

P,i : 
* 0,,

6 r--J ,-1e2..! c Y - \ o - feJrL. -b-* )l

t_ VP=Yplp (O-r-v)

.\:*!i Js;o if_{,llf"f l-r f - \. - p drt -.lf:Sl .r-,
(fl+P),i:. (p-y_V)

u.*.--> rJta-l-x- l-r .!,lrr-l! o-lb .i- c;lr;i- ,ll*-,+ ,JtJ f5l- ,JrL, Olirt 6
..t-,!,-f Clrl5.dlt-,



rra SW astaasLi; :f Jos

&- rsssq3t? jl c.rr ..;lF- crL--r .5- r*tUt't; ';i,.rLi 
6- | - f -Y J&'

* Srr-,t -Li -9 J:,U.h azJp J. ),f olt i .:,ti^i f | 't5.l f^lt l, 0 -$ U. 'e'}e

O.rg.lt+:a ,t-l ,Sl'.ls,>,cr--l;S .3t^,il+, tF ^i-5 -h:lr (cll'i &-)p : p' .llii

.+5

6V;Kbe4 d.rL, L-,y.s!r, = \ (\, v-) , vr : vr = ' l5 ef d-

7r:*V cr-,.vy = vr (4) Jvy,y = o t)ct.,-l jl 'vi,i = ' tt-+U,*Slt tlt'.,a

d.:L, .J::*,r .,t-o 1la!{ -l Drr = Dr = + (AvY I W) ,SLn"iJ-f 6!b 
"$'lr"v;

;l .:-,1 otV c,Ji- drtl.r, di..fLl
oii=-p6ii*\p*D;i

.rf 
^t-1 

., bli.t' ta"ti;t

x2

loul
-p

o

o

-p
lt* (\vr

L

p. (;, t uy)

ler) -P

.-r-,!,-f uf.+ esi k; q3t? oJ"

b = g gin 0 6' -cos 0 E)

..:*,1 l) Js-fq ,F .51.,111 6 '37 ..r!lL' 3

o;jj*Pbi=Pvjvij
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(611i = \)

(,slt i = Y)

(slt i = Y)

.")u l,rr-r: il ,-eV \lst osg-! cilr<r- ot--f tSLt

-P,\ = o

-p,t * lt* (o'vt l&'r) + p gsin0: o

-P,r-Pgcos0= o

6fl al.:t-, )l 6,;Jl$,sl\
p:(pgcos0)xr+f(xt)

(xr= h),p= p. rljiCt-,-;)..-,",1 ,s-SJl-Sr;l;l ;[.at-61$l eU {f@r) oijrn5

f (xr) =p.-pghcos0

p=p.+(pgcos0)(+-h)

.uv t r:*j (,slt i = Y/ frJl;j;h*,r drt-- ,,.;tET: rt:;.3* "

vy: -Pgs!n0 rYr* axr*b' \lr*

-F-tslO c*,!

.f{.rl: ,s.t-t hl-i;l Ll .la.a ,s;JtftJl ,gLac"ltl b sa

b = o ..*ljQxr. = . 6ci", vy = o (\)

a -- # sin o.r-lrQtr, = h 6,-rtJ otr = o (y)

..:*ilr f=alf a = (pgh / p*) sin O,Stl-rK_t+ ! u, t Ly.yaJrl-.-1.,..;yl1

,'*Lrt-o.A r
L/- ? J

f,
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V\= W$ h-x)xr

.-r-,!"f ,fS-l i,{Jr. ,?tq,J!b a'

x2

,rL--f €f ,g. )-t' -!i-Wr;-b +f't.3q ,i^;f ^'.'lb'i- ier 0Ui.'ft

J'Frt WU.YY - \o - f drL, L-2' 6tw u'):f tl:y.c.Jt'-c,*l-r:(.rl ,t;;8.*
F**t.lL-ra 6ty +4i.1r c''' "l ;"tV a-o-a.1r dLa'^'6 ril:

wi= it4ovhj= o w=JVxv-\curlY=oiY
(v-f-v)

aJrL-, 
^S A\* 4 ,Sty. S 7-$C o.;j curl ( grad Q) = " .5-eLj jl c'-,fYU

-eJ os-yett tlstt,fq yJ.6l1: ,-f ls c-e ,-,Obif ,J5;6"b ! v - \ ' - I
..:-ii

vi=Q,i t_ v=YQ (A-f-v)

t::y. u,;r7r! Sll.,JS t gt) tr dcurl Y = o tri 6rl.1 0t ii dlyd c 
6it-e ls

,>-,1 <J:-:4 O|*fU glf .-rU: l5.:-'l'-t; 01il A - \ o - 2 aJ':L';r cll ta;; 3..:*'l

.SL..-f r*;Jd/l q,L'.':.Dl rf

6li,-/\ ;tar:;nJ.:L-. s ):l d:L, ct-ddti F** O!,.r 4 .str



Or-JJ,,F ,gl, o:-9- 6LbL!.rt <S*& rrA

6 - t' Q,,, (q-f-v)

.ry; el; g tf .ltr.f l);*-,y *JrL.. s )sl nJ:i.-.r-J,"dlt.(*"_lrr_l.,q

(t' 6,j - v; v) vj,i : o (\.-f-v)

oJ.:l-. ,. &-t:.aJrt-, y-+Ut'lt ,f 1." .tb-.r .5ly .-:1lr f U t"j g ,S 1: altb.6
.{t_._f ,_.^5.r!)

Q,;i:. b. YY4:" (\\ -r-v)

rr.:-fc./orJtt{ A- \ o -f aJrL. 1l o:U;..l !.:-r-,Jhi.rt+"-l .Slf ui,SbJ*

J(^- LaF All- ,Vl g.- .!-l t*;!.1r cr:-,| ,p.r.,\) +JrL.. 6c.*l,5i ;t_i^i t*!-l

."r-l!.r

U-{4#3, Jit aJ.tbu 6 - v
\? - \. - 2 al:t*.-.st-.: 

"(*,_ly-l-rll ,b_b, tr SVs,; !,rl; ,4fl
.t-S AF_t+ Jll +Jrt-- .:-1, ..:r{*, -r: tJl_f c/

Sti;=(Q+P),i (\ -0-v)

O|;+ J.-;.i- ."f*-;lr.c,r alrl-- 
C,1l .Sl-l J- ,-<r_ or.,13T cd U. t, l$ "f-,- ,llpq

Iit, (11-rr1)'tS t>ef c.67 u.L"- llry ca_L.^; p ,l ^Li; r^ tr 6 €g qr-f
,S-SJl-fu| ! .-r-ltr"f clL_-r Lp,;.:l-u,l.,1: o.;Li ,>lrs ,*, c crlJ;<,_ .lb--r 4 gfri

6:11OL-rll.l,.;," GyUFtYY-t 4[..-t)Ot-j-t;51s,1rr \ - \ \ -t alr{-,11

I"*'r,+*, *{l+e+ P-G(t:)
Y

(Y-0-v)



rrt &l.E as6osh: f ,Jl"*;

aJ.rb -r..sqgr-l ..:*,1 Ot-r L;.rl-r:'l lr r,,L-.,11''y. rltili'5.l- fut 
'''l 'l'6

4 q 6;J1#l ,l ).aV G (t) iv:6b c-r'l;U tilF- ':57 ft 'c*"t dry

-51 ,,-l\ ..r:5 
".; 

,s-&-, q ,lL-.r tt ,.Jy 1l .:-,1 o<^" +5 {t-.-/ .prt5 G t'rl"

..:*,1 r:g 6U-- JSr' G. '* -P c4U 6- ''r*:'! 'Pf* 
tlt-.,a

c.1i -,1, +5 A - gh g-t '" cr"i;L t' -r't ).rl-l ,ssi l+- qit+ 6 s"l<a

..r-,!.r olb 1: e-fg! u)! L6rt ';lst 51 h i :'*'113q c^lli g : \rA \ mls'

crli,:r-F, t>-e flbrl glJ;rq hu : vY / Y g s sB t&.rttllJ:'q hp = P I g'Sl

-r*:r -r,olr; rtUftj 6Lao.1t-,i ,Slt J-ytoJrL.,,lK'i

h+hp*hu:h+ -G. (Y-o-v)

Gy\ u.Sy-,| '=r; jt )'aitt: 0 - A - Y nJ':L' A-b;l a'3-l g''-li'U- !

.jt(i &- ,ss, * ltFtt q l, 4r*). G,cr_- e- Jr tV Jlfsl a:;' o'-l'9,-'J,*,

l.r ,rLi jl n:*l * 6" JF t" O*!Jf.r- <Jsr !-; ./l L-'9 'J-as.r" lFrl

€,Y'-L-fJ
(Y-0-v)

C ;;-,..q.fL.. 'f "l*;lA, 
fu; sC Li tP S it-' & UU; n; $;t 6

,ly=.,i-f.r* -g curl v = o c .:-,1 
'#**oL-.f 

6 dt ..:-il': 4?i J.,-! '"t^l!.f

e;.rt ,, rr v - Y - O aJrL-. .rrJ rl5: ! l.r,l-r*tJ -fa- 6rL .;:':;' fl't-'l ..ii'-

.etigs-,J.,,f,slr-l Y - \ \ - ?

i"= {rr,tuitv;dv;)

PvY
-+-pg Yg

I:- fr,*,= J ,e;i*vt+in;dS

(0-0-v)

Oli.,..-\ Jlf$lg-,-l clL*r-U,,-,^.a> gl.a-l* b.-r:.,..---;.(*,-ly-l-ltl 'rl"i Ji- Ul.,,1

.$r./ 4dj s.'lb !-rY-fr* 4;l.;-l.: ,:=# a'.ol'S of ii-
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$t*
,r-;lslr ! 7,i =rU-i 6ijtr*ok L,!-,- *r!*jt ,S;; rl-; .;L,-jt I -y

..r-:tr.f Si = Tt t6r,.S..rb sG:* 6_V_?
l.t--l .l,{;,::-*; ,-/-* o.rE 4 ,Sltt;j Dii (:) soii Di (,-.oJt) 

",:; 
bli; 6,1, ,;tVr - v

*5 -t*,o: rlt-l;

t;j = (r * - {lr*) 6,j D,* * I trt* Dii

oi Di = -PDii + lc * D;i Dii + | p* f,i flU (.--ol); e*q
ttDi:K * (trD), + | p*F;i 0U e)

,j*,- -tl-f gt -a Ai ,t usrz*,| L.,-) 4Jb 
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,gtc.iLil 6si b,.sl f r t s ossV;l cylJ ol)\o t sFCt4r' Laa;l .st,r"

il 1-\-A rJ:L.'l'q &fl.sL"f gLS,- ta,-l clL. ;1u! +r" Ul ,t3''6 4i
...(,- ,Sfr ..rrlti d-Jp f6*, 6l cJ,L,r, 

"/q 
r*.r ur{ b1-t ;Kutt 4-t 6 4t

;: ,j:,i-. 1l^- Od....-J #-tJli oll$ ultl) ,$Jl J,Sil 6 ,5-p lr r*ii ,Ji,-r.,-l .fu-')

";*ltf 
tJ t€Jl tJ l.,il ,/KV'^J-13 4iJ,.i r,+5 rgl tlzs 1..,'*,1 :i,;'\-\-A iJ-:L,

LaOL"r*-7 ;r ,:,.a5 g-r-l ."tl.:r, ,Atsl, La'rg;; .JlJ O<^- ,5bclL"tg gllyb cosl'r

.:y,g J* ,-;--lyl -il t &stl )r LrtLo Jeir, .*
tlrrf ,S&o-t-* q t6:,l q ts;l,t .:,<t . J-b ,-rLlJ tcJ ig't 6-,Str d,stl
PQ) ,f- vlsJ Jtd-l ! .*b Ln,S-ri.:-r ,e :ll'; +(i-l 1 4?i q 'r.:-il: J^lJt

:g-ii JJ os-re '". rsli rlls ,J,stl U|:'. iJ':L' 11 o:Li:-'l U. -9 c'*'l

F=#-e#

+ r 
[un 

({"p)ry:ry.*klnPQ):rt.



O:-J.,h. ,gl, o:,-9- agl.oL=a" *K" l"Ao

rSs* (JloJr_l .*-,Y 4 ,St : q-\-A iJ.:L. )r Jill o:Ln;-,| ..:*l ,yly.cttiK 6
!J.o.:.r.. t; o_s_re 1 b t{:r o,,.9.;) 4 .Sh 6*f J o.ql )l )-V

r:4t
qy (*.-,1 Ir s\ A, Jir?S 6Lac*; jl ,jev JL"rl .5Ln:,,1 6fts *5tS-eI,, 1
a;Lnc.a- jl .i- -p t: '.Li gl+"1 JKc"- ;l|y .orL ;l or"v;; -f 6ss,:; jJ

s7G) - In". r* = # I"'r* = # fq,rtt1, - \h, (c- dr{)

,5tac.a-7 jl 4, _ri -r:,JS)LScLa.r.,n.j; Ll,g3;..r.i gt+"| .;K,1.:.r3i._,t*:-l o I
:*-l't \:-,J r., .fLa:;

l*,', = f f6oy - rl ),, (g"a,r-r*) (\y - \ -^)

c-{? .r, qj-rl t.5t6Jl tJ L{Jl c"** iL-u ;*-r & cu,osgil :l-u ;'t ,t,i, g.-a .rrLc 6
:1 rFcf r4& c*.1 &,sjsl-l t-r:,!: .<.i-,) i.S,i-l ,-r-S ,->-,lx;

Itt -klx;t)i= L<rt>i (g.+rll{)

4*,;r r5.rlrt r e? J \ Y-\-rf iJ.tl-. ss?-\-l iJ.:t -;tp ,!"-n 1 d/l .5Jh<_t? l.a

lJ-ar,r,o r-*;j *^a:i.o

w :n&_o*F,, + lr, +ir, _ rl (\r_ \ _A)Y <r'>.

:.i..iJi ls Os-f I .Jli"./ ! aJrL, .yt c.:J,X-, Sll.6

(\\-\-A)

l{-+F,t+ Ar, +trt_rl (\f-\-^)



A

Ao

r
L.

J-

r-^JS;

.r.>f oJ*i.r:5A ,t'-f * * :L J*q afA. e.f P *:L. qJ-rlJrU q 5''-! c;

:,l-r,g o:lr .,1j b)ssit*3 t 5.:-"1 L-f -t JSbG J f-V 6

N=+

<rt >,
G=Nkq-,:<r'>

,.,;#,gi.l..:*r (f-A Jii) d1^, ..5',-.;r 6t-r .-ft ,Ji$ Uf f -b -t' L. 
'..",o.,

'-!t-"f .',a"6rj J;j'e
Ir=)', Ir:1r=i

,-t.i gt+,|f.rl5..:*,1 oJ; o:Li:-,lltllry = \ Jiii ,.,-f V r[Ur." ?--P r.' c^'=L 6
l.:*,1 p OS-fe \

tr=+[r'*+-tl (\t-\-A)

dla-l:er il.=.,-l ar o-\,-..i ft+l JK U. t-l ..:*,1 gr*1, 6La'r3:; ,,|ss ofi fta"l 1l5 .J*l

dsLr;.: o-t-i o:1.: 6ki rlsi.Xl:Q c'.>l ;t-J(',r- t'oJ; ob;i Ji''r.l-l s(::-') tsg tz:V

J-(; r::'J )l kG ,sti.sr-lirL- U .c*,1 l9€^l^:l;i 6jr''l tr -,*'t'lJ \t-\-A

orlr.;r-j Jsp ,-,.1 u;-':S.i-;l Jel- 6J* cA-\-A iJrh' '^b: q o$ 4"*
3_r-'c/

(\0 - \ - 
^)



61* r,.t.o ag(y a:-y <SbLz^" <S*K" rAr

J* t c,.-l-,.- I " dlJ-) 6V = A.L. = AL pr--llr cc*,lf.-- "rJ-S y;-J<-, 
-;r5.:*l e;lJcg-l ), -- +c.JL-- c.*l t: ,_l#S!,.*j nft?.jill ..:;b c.Jyr qJ3lL.

:ri,-t' 4+*i \t-\-A iJrL" ,t S-$,-,;1l;;1-, sq.p O,lll o:lg,*l t,.+:+.dL L.

r.i w dw dl4/ dJ,,-:-:_:__
aL dL d"l, dL

r=+- Gv-iI

F =T t'-+l =z.Gv-+r

(tv - \ - A)

o:;s (neo-Hookean material) <is* *'osL r't:sun 6s*,aJrL. irr r;r 66rr_r t
'tFct'

PrJ 'ui*=i,, Yl aglr1 ,-rr.SrSjjl &gr l - A

OtJ b lr: ,slr.r- f , *lF 6Lao:1.: G.r t .Ji ui'1r ciL- {i-,Jj ,S:-F
jl .*b S 

'*f ,S3tl ttrJ o.f 1l .1a.fu-) ft, cl,rf J-r. AU -*,,f .-r.or;
.t-Sr-*.r'bj ..:-,1 3,i = F;rqFjna JS,:, ,*is * l*b O.j",a+, ,[S-.1*iij ,Jl*rL<

(Rivlin \qYA) ,|y-, L-,g Oi;l -r1 3(Moonqt \lf . ) j_r L-,y l.r:,1 6 €rs s,l
,g_F.fLl ..:-,1 ,cif .-r!,, c-r.i d-:.r \-A u$., -l:6 J;j| -f Gs: )lcrir-L;.
\'*V L5Ladjt"i;l -r,_tr,.(*,_ty-lll l"r:,1;t !:L6c,*,1 d,{l 6ijl Jn ,S6C;F s jy

.-u,5.- 
=,f &f ,Sjtl Cb ury JKj ,r*,tr q 4?'

tJtrt-t .;-.^1J ,-;;-5:t.!,-rj-r)-l.f:b ,+ae -ul3 t,-if ,Sjil +f+S o.f
.Stf /, s I, ,1, J<-, _+ :r? t_r,b

W = W(Ir,Ir,\)

I, = Bii

(\-Y-A)
4'



--,*'1LY-Y-A iJ:L, ,Jt^t-t, ,tKir,-rj-9"i ./tsil B,i ,*l6b1.e"'-' fl 6 -rJa+-1

:rjl.,-t 1*'J) ls o.t-ye u.h slq A\ ;:J:S,5l,oc:*;

/,=*IB$ii-B,Ful

Ir = eiiFr4rp* = det{Bii}

1r=lrY *)Lr'+Lrt
It = )rJ )rtt + )rr\ ]rr\ + A\t 1r\

Ir = )rrr )rtt )rr\

Q(Fu) = "

6(c*) = .

(Y-Y-^)

(Y - r - n)

.r-tgst,- 
"[Ur.r 

:,1;l 6 -r.l.,l-r ,r(;t<, ;-,q c4;r'"]-Yl J Lr<':-') :19" jl A-rl':*r

J.U* f -f \ J3l* ,l uelr;l cc^*a ,j(^" dF ,!Ur." ,hS t* a., i:L e- qfl

J.(; rg ,rt_rFJ .3r.; Otp a., o.:L f t; ,tBEi fQ.sp€ ,y,rrri dti
u-b ;(u.tt.i- il.."-l r.r osL y-",Ut'lt':..rL 6c.*,1 ,-rl', Ol-t., Al .ty.f sF
ql: Jt<"y-r,Udlt i.rL.5- elt .'y.t J.r, f$::;;,rt-rf ,51u,^;l? e. CVI
N =p. t- (A-f-O iJ:Lr) ui,i = o al.:l-- il*; q f-0 ,.rb )t Lyy O.,l .Jjlu,

e-, .;Jlt "-f-A eJ.rL-. s *Vrl.^1t] ,Jt<" ,5t3.:i jt .-u clt* (..-e.Jtt "-Y-0 iJ-rL,)

:6.:-,1 €ls, Jfu y-iJ.rL. rl! rll-i;c

I=det{Fu}'=\ (f-Y-^)

,rl-^;l:6# ! *rr, ;h*- ;'5 c.Jl- q ,sy-{U f l; "'V 
t-tri ;t OFI

4rK.F -r, ls t) rs-r- q 
'J5 

e* .7-:f 6)l
(0-Y-^)

Can = FieF;a 6ta;i;l .t-

(?-r-r)

'-t.3.;t' -t sls6r c"';6.:;l: ! .$.>raJ.a> ylcrrLl: -ti,str g-lr,$i y-l

: g;lr O tt e-S,,|*;ltrrr, ! .sb.r 
"lq 

r*! o;+ :& r^.*

hiea=h|rrF,a+Fuit,u)
(v-Y-^)



O:-Js.{r. 61, a:-9- 6LbL}*" cS*& r6r

OrEr 1J*,b.i- al d.;E:, rr-b .i_ q {.-**j jf 6-5,};l*-, tr ,r,-/ n_:,;i 3

:6 G;q ol"t, .,r*-,-1,r,

(^-Y-A)

drr-lJq c.:-,1 oJ-.i orlr \V-\.-f iJrL-. L 6o:y Er16 a.; kl :tCan 6 -r+50+-1,

,J;-2'e a, .:-,1 O<^- V-Y-A iJ-tL.

(q-Y-^)
il*-r t0;1 6
(\"-Y-A)

.t_r-c/,-,"F

3 c,r-t*,| yL, jt Clil*l ,jG eU,Jj.J .gl,^dJ_F g.7 q oi:J +5 6 'pt.{[.r J(J,,,J-|, -ti )l kv-r;1 JjAt F.9t^dJ-]

- 6;i + d,i (\\-Y-^)

6;1Dq : " (\Y-Y-A)

-9 J::*r DU t JrLi, o;j S0;i Jr y' 5"tor,r, cll*il t y-y-A j l-y-A .r)rL.. i*.,-U-

6;j : lhij (\r-Y-A)

6;iD;1 : "

d0 -\ (,)+ *,ld\ocen r \ ac# acu )

Q;p;1 = "

Qij :;rr(oc*L * ffi\r,,

(\Y-Y-^)

iJrt-- r.: r-li.s;t-r(_L+ U .q-y-A ilrL-. .pfi;j - 5ii ?t;:;t i!*,-l ! JrL- .,_b ,.\



Trii : -pdii

'.r1;,g d.++ \f-Y-A
(\0 - Y - 

^)
.,.:*,1 ,!i; gt! .:tF .,) 3 o)lr c,^.'ie r*; ,Lii J*b .r|J(;il .Slf Jt<-'l 45

::.y.:; a*:ry l) o:.se q .,1Jr,Ut'$ irL 4 t' ,;J .:-'l O5^- Jl-'

,tij=-p6;1 +&;1

,st^n;l"-f e-f ;x slt6 r-r,-/ or.*,.fLl 3-t, jl \2-T-A iJrt-'rr fJr il^?

:>-f ,g na;: JLjr O.tf I .JJ

(\2-Y-^)

(\v-Y-^),rii = -p6;i * Fu aW
aFin

.r, 6 
'*f..,iJ 

tt..:*,1 ,-.-- -i-13 J. Af ,SiJlW s ltl"t't ;'U ,SlJ.l : \ a'

"^.-,g r'Ff ,SiJl.:tF j.l-9ilr',J^i Ajlujl .,Li,i jl GltV *J. \V-Y-A d':L'

J - r r!,Ud$.rL Glt.ry€ ^if.r'Ul W ,sltsi,-eV F *;;l oi ;*i
:\!ii /j JsJ a1 oli./ t, t-f -n iJ:L' JIr = \ ,l-lfQ

W : W(lr,I,) (\A-Y-A)

.t-r-,€ J^V,F.5tar;j ? r,S*; i.rr[i./LtJ 'F;'Sill tt,Sf ,.|*jti'!

,,ij : _p6;i * Fi,tl# #; . # *o . # #;l (\ q _ Y _ 
^)

;l ,r-,bt.r *il, SIr 6.:*,1 .l;L.$loJ-3 orlr Y-Y-A iJrL' srltJ /t 6t'ot-t1 6

::y:; a;^l-9,r - ;.Ji-j, q oa;l olyo I JsJ r*; .lt-'lr(

It : FuFu

/, = * IFuFu\rFp - FaFplF;n\nl

Ir - detlFu\

(Y.-Y-A)



O4'JJ# agly a:-92i <SbLz^" cS+lS" r67

&L5 c!lrLi:--..- u{trc.i*s .llv.J? 4*--l a'. ei ! /, -l /, .Sbt-t, Jf 6tr,;;.
d/_lJli ,.tp€

:6ipdtp (y\-y-A)

Jlte u. d-f ,; ,gLrr;Ji. c\l-Y-A-lr yo-y-A 3 y\-y-A ..:)rL, 1l o.:ti:-,| U

:l:r_-l,g c*,r \ l-)

oFu

w

6,i =

J# q G ayt ey ::s:;#": fi ,""T,'J

6ti =y.6;j + yrBij * y,,BnBp (yf - y-A)

: TJrBil' + (y. - yl)dij + (T, - y{,)Bij

:+f-u-r,rr 4"J

6,i = 
W 

I, - r, 
ffiuu 

. K 
p,i * r # tr, (yr - y - 

^)

rLli .:-rt o 6fqii;l ,c.r*lJ oy)\c *r# = o Jfr = \ n'.:-,1 gjy ,drr{UaSf; Af-r:

.J; -rLi,i .:r-l!" ! rr-r-n iJ.rt -;l .lt* 0+-*i sr:-,| ,r3,J: ,rbb ,il .rj.,1.r

ut A-f ,-:;6\ il o:Voi i*1 ;Fc

+ \BtiW * r,ffi+ rn*Bit,ff (yy-y-^),,#uu

oii =-pdii +#tr*#tn,

oii = -pdii + #tu * #',

(Y0-Y-^)
t_

(Yt-Y-^)

.s*,1 oJ.i.*-F \?-?-y iJsL, 2sC;1 6
c,*.{.ii, "*b J'lj tl cc*,| ,E o>tI, slrjl .r,tb ef ,s:tl c[ grlls



rdv ,#*'a4,,,=z-U( : I J-s

r:a osye 1r,-q ,-#-S ,S3Jl 6 tf n; ;;t:' t* r. (\lfA) ,|y..:-,1 or;i

.r1,- 0t l I, sI, yJr56t.l^+

w=2c"p(1,-y)"(/,-rf (Yv-Y-A)

b o-t-i A* jI,, sI, +1 c..j/r-Y l1'-Y jl ,jtJqr yJ. ,-#-5 ,$Jl 6 :y'"5t azi
.:y ;rr^.a: ,* ,r:;f ,$Jl s p ,,;-f 0d &.U.i

tsf dti.,L-? .rl.r; t4.z4 rlt-;i o:l: .-,:-l- cJ5..x F J ':L p; ,./LlJ

?-lr4 -fl-, tCt.=G:/tsil !t,JE" elt.tA.t !/ti;jt YV-Y-A iJrt ,.l: o.:[i:-,l

iJsL, id.r-r q L^"rJ..:*,1 it J;e G 6 r{.l JeV ,t'-*--F t1t,4 ,r"-
.s$,g1fi o:tiil ts-f (Y-Y-O nJrLr) '3;-.J!:L, , s tFc-f r*,1 ., Y2-Y-A

.*,,L, 6l \lrJ ! rlr^^ Jitl* 6,la *Slr.c,-s rrY.:W r'ey--. os.f 1g-tS f t

.- .'r u. G)-f },-lt:" 0..'1r.,1) 3 o-t-i :J; tSy..:i.rL, t; O.*"U -,S .sr d ,-F

.q-tc

,#.5 csiil 'Pb agla':JbY - A

or,-j n:il u -<+!,.;.r5lo.:L ;l 6 uoV6l+L; gl* q o-uJJ1JJ dLj

L-,L." 6ly r-iK t/j d-l-rr t{ J.."tl ;ret-' i.rL."; ;l 6i}l t-.,.*,* -\-:jL s!:*,1

Ite,lu,:{l-ji 43-ljl # Ll ,rf rsf J,-q .rlt-ji ,*-S e:tl Ct't 
Jl:;" 6Lac.".tJ

;t ,grll-; q *3-l U c*,1 JrL-. J r-p, ,./tsrit Jr-! .rtt 6Jl tl ,-*V J'(..t, r,r,5

je 6 S:-b t.ri-t'./U"jl .r,-b (rv-r-A d:L,) ,|y-t- G-r'#;,S3Jl.)t)q'
t7r 

'#f ,s3Jl :l s-fi-' JJ'^,, 6LaJ(*i .-r5Ot r ! o.:L U\ it t* ,.r or'11

l, tfvf ,.rJr:) # Cb C-r il*-r n, a.S.r;l,rlil Jrt-,61.11"u1 b +"r 6.t.1l:

6tnJr-r.- dJ+-L.a 6-* 6tac-a5YV-Y-A il.:l.- :lC"p gLn,*tJ 6l.Ji jl .(+l
..!i...,6 .fU, iSU- ;;tf p gtoJrrbt, ,-Fl tt tr-tJ Jus.-r.o.j OtJ L "-'-,+".Y1

5c^."1 6p\\,4, J.r, 'rif .*-,).5lorL Slt 'if ,S3Jl r[ii OJ;':L
t tF€./L;;jl G ,,,*l.Jl! Jl-;l- q tsr t,bt, ti .t-*J.,g A ,>S*fi os!

t.:*,1 e:al1B;i J<-, r.* 1*V,gU-U, g+..-.J q W 
'#-S 

63Jl



O:-.u.{..o agly u-92i <SbLz-" *lS" r6A

W=G(1,-y) (\ -\"-A)

.gl.;lr +5 6-r sl-e. Eu JS,.l; -':.+r .-ra .u-L; )JLb \, ,kl 6l-asjr,u ,f -,t \
a:,..ii l) Otf a-' \-Y-A iJrL-"6c.*,1 ui', dlJ., tosj'.Ay s\ &, J.^,l6tt./5

W:G()',t*irt+,lrY-Y)
:t-Fd

(Y-Y-^)

j.:U.:*.r ]rr' = ]rr' : ]r-' ,lr' = ]tr osJe a,, Lar:,,.t,S qS)F,-*,J:Sc,Jt- dlJ

d/lJq ,JL\tltYlLyY = \ -r*i!J{Udlt ,:V fl ,t-l ,-o-e)\.e

w - G(r, + * - tl

"r-t3 6l;l I .,J s4isjzzt tJ u:-fscJt- 6ly \?-\-A U.:t'r t: .)t!r yl;l ,:li;-,l I

f =p,,=#: yGfr-il (Y - Y - n)

..:*,1 -i,*if-\ '* :l \ \ diJ3'"P,, 5
.}i, ,Jt^J- y .:*,1 A; ,Si;l Cb .Slrl JS,.i yjort*, O5;^--r- 'rL

- 6iy,6l*L' 3r L ,o.rL Jtn tu"1^-" FJ"tr.i- .rf.f ,a;-lt 6;gr>-,lt-

;:-.* )J*'U lJ, J J;l ,St^t-! o c*i A-S 6Jl db dt-- c.rtl-rr..:*,1 c-rrJyl

ss:-,l;a{Udlt -r Q;y:yl o:L d,i-t ,f -e L ,o.113.: ;Fe t;f _F1s ,rb 
"$.1,

:t-..:€ {^ii tJ os_*e I d; ,S3Jl

w=ct(tr,'+ 1,, +1,, -y) +.,(,!.7!.+-, (f -y-^)

,5.)-G--V.J::.*^ 1r' : )rr' :1-' s)rr' : I' ;!-',l 6taui5 *isyz.c,ss r4U;i6;
-t--ly l6):il 5, .;l; )v a-'..2.i 6-S,L;lA.r; f-Y-A iJsLrJ.: br::*ifor|

.$r"/ l-,1 *iU J<-,r.* ceL,-



(0-r-^)

Jr rLsl ui+-, J dV tr .,|i.-f b *it- r*1, J#.l.: ..>L,.-c rfu-l n1 4?y q ut>lt al

g!.{t""f f$-l e; -f ,-pcr.,,3i.:-,, u.JLr s\ "aJ*,J d,..iiit \xr s\ 6tnc'a;

er.L'4=".3 q .r;q/ r*; r:>L,... J Ji ?t' *f c*,1 ;r, rll"r, 4l $,;iz'-.* dt>
i:F€-*df ,Sp.<;.;;

f=P,,=Y(r-iX.,

d,, = Y(i'- +X., 
.' +)

.+)

(2-Y-^)

il:t*-, -rri 6L.n drL, di j, A n3-l q .lrf a+j'tJ^! 1A-A-f iJ-:L.;l orUul b

: _ 'l 
\:4rr ,.,_F-S )l.,;trtr gJ'F ,slt Jy-e cl:-,| t-r-A

(v - r - 
^)

*-.E11 0:y *-f g-e J* \ tSr o.tt' I V-t-A iJ:L. A'^J^? o*, L.".1

or\=?(Cr+Ct)E"
:t rJir/

(^-Y-^)

;,*tf {.ii E : ?(C, * Cr) Jsj,e tu A:i*##,Yl J-1"t .<"-5,*f Sll,d/lJt*t

dlJ,. Orl .*:.-,1 .16 jt Jylp\:*,i o.& u|;tdUt'li orL 5t+i;t ,c,1lJ o3)\r

G :Y(Cr+Cv) il*,-l y dl J;& c-alh-Y-2 iJ:L. c^.at- il*; ar c+fc.*,[ ;,-
.:yc/ 'rl.: .(3-95 ,*-5 Sll

U 6a-6,Stor:,56\ G.r o I o.:L g-t, ,!r:- i-r dld^? Jr corL Jr'

Ci-l jl ,?t..:*,1 jt+ ,-r-1, y)! .ir" .r)\^-7 327 u;'-S,Jlt t-l ,$r-/.rQ l-,-l-
o.rL ..5- cJk .gly .J.:-:,,.^ spv6tnf l 61.21;- u;;f ,S3Jl Cb glf .iL; 6tajS;

:J^1!. a:.il.: ,4j J<-, u. ,Ff ,S;yl 6r.r; ,; ,-et c(\ lVY ,O.rfl; OSI

w = }Zft" * ),,,an + ),ro' - Yl (q-r-^)



O.-,):,.,tf 6ly o:-9;i aglaL2a" cS*8" Y?O

,71-Slp, = -YCv Jltt : \C, A1 : -t Qt = \ jtt = \,Y 4turlt- Alf JKi OJI
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