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Introduction to Robotics: Mechanics and Control
John J. Craig

Preface to the Persian Edition
It was with great pleasure that I learned that this text book would be

translated into the Persian la.nguage. The book is now available in En-
glish, Japanese, Korean, Polish, Italian, Chinese, and Persian. I hope
that readers of the Persian la,nguage find my efforts in writing this book
were worthwhile. My thanks to Prof. Ali Meghdari and his students for
this translation.

John J. Craig
August, 1992

California, USA
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Cg rtej,(r1-: .-t-; xl.,rl

tX:V ) ,LU;4-,t+t^(" ,tl+-i Y-Y

G\:t tsl - '= '-2) rJ-i nh. ,-;ls- ftol ul+Slt ;1:ju.-.* ,.'"ra:i J ,b
t ,ch. ts-l ts.r,:,t, r"t .;Jtt g;t! ,F L- ) dJl,c,[,Li xl-i,g 

f 
t€l s-l '*,1

.--:l\,1,c*la;i cs> |j.Li d ,?f,t[ l;a,; ,".xL 2 u.9rr3:4-,;t5, -i.--;
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f 46,.rt+llrr 1\it=.-7 YY

jt5.r inag

"[tJLrr,;i 
r, r-j b rsld.ju I f*lir-l,s.ju-i al--.-.11-, ,*i il u-,

,s-&-5 r.rc,;l -\,6t11t3!-r t^lil e5t+l-il .Far,r:"-[ I x \ ,JtSr-rlr;.S,- t:

.tl-, FU-t-, 6 ,r--it:,,.r+ .5.- ! lr-11.lr1 ,vl5 c) t> t;r: ,,a;,*,c,*tg;l + Llt
il+ cr-l .lAP.ut) .ur:,f r,-tj,.l;lo.u3 J:4;l a, o*; h.1l:ra rJ.:*l ;l-t"-
.x.rr,rr i|-i; {A} 6\* 6LL I b kll,/P u;tr{i& g;)rr -r_rb rf c*ti-
.-;J -brr ,il l rbt-. tf 6il -b tty i;r,2-5,o, il-i,r ! bd.-U y-l;l .S--1

.srt-/ iti,d t r-tr5rtl: i5.--21:2 L ti t {A} al'--,-.t3;-, \-Y J'fu'
osL1$a L_,[5t, cJK Jg=o+ slj,g,c-l o$ orlr ltii.2l:ra.5-- t 15" P'^LZ

2 t! & ,r-j-ilrr. ! ,lr; J^ crt^dj. .tf 25 rrls 4-- :l ;-t 6le2-.^. Jt-t-\
r-jg orlr F_Li z

AP =

|l']
(\-Y)

;ti F-, ,s\ir-; Ce i: j,.rtJ, -rl:j ! t tli ,' .ti; ra it(, ,r-o)E ,*+
,L.ai ;t tl ,sk-,-'- ts(6lil;;-ll-rs:J '>1u.,- lr:;L) ,r,-ba- 66^-ca.^- -.,:su7 LE

.6J;,.rp ,l; ca ;.,r"
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Y f k*rt'j1 r,t+r.G{e,Qt(, :t4i..-;

c;&e;r-a;
.f--r:-j! i l5 Jr t'-1 .S"- c5;,;*f i-a; a, ,L:i -1r J^i; .A- ,il; y o5)c ..-El

I, tU 
'SJK. 

(J;t! .s,_ c-t ;hX;l r ,r.(J|&ij ,r-Y Jfu, t, A P ,lt, Jt i*,-
.rr slF t;1',- J[ti rr.r':6i.Lr ;;1 6.3:a- S GU-ibc-r gl.6c^,,.;r,,lrr;l..li
;U:(t r S JLr, c-l irs-, ,\ryl: J-L,ri56rl.u; uSJtS. (J;t! )J.: e-i -Sl
J:aj 6!r .ritt c-:l: ,rrpt 6.,J:a- JA c#) :; ,.slc-U,.rt(. .h J L.^ai;r
r.. c-.-, ! .\3:-: u-\ r.rr .#,.r J.-. J ". b ;ta;.. .\3;-, ,1"..q g ,5-r_.,a-

f-" { fJ., ,s"--ht {B} ol.o:),. o6!-r,Y-Y J'fu,.rr.#,.r \-q,-r': g.r.K;r
a, r.-i 1., {B} otfc-, c*l,ri6 ,,.-a 6;+ ;;$ ,r;*t 61, .c*|..l: J.d.

.rS ,;*; {A}
.t+i r ,p al--.., rLf;-, t: pt-tl ,srr(:+- e ,ta-1|:ra t, .tt.i.; ;tS-. ,.*;; g,-.r,

Fj a, uLoz {B} c,t---., ot3;-, s:aj t-slfr,, jl ,F- .:-icf vrj

'p-+ 4 ,sS1+1 ;lS. ir.'; Y-YJifu

.J,-: J^li .rlr C/ f I I t5t+a; .,r ,c-l L;S J-L rl.u; r- .*"-l . \
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! 6-.sto,r',; .,-l L .c*l {A} c,L--,- .6!-, rr s'-,-i f 'f;:::; ".frnrcf aE 2" r,t",f,u t', r$--a {B} aL--;'- ot*-, ;bl;ta- i.r:.rr;tl; a5

,oto ,oX" 6trrL; L,r;9.i il-i {A},>l-,--^- otK;, a, .*j [e-21:.r1 til $,r,t3u"

,r-tL.5,-,sl'+F .t:e4l.ltr2^- U-l Jl c*l;o:L .r..i .l;.llF .:l: F-L; o 2u s

.r*Er-l j|,;r ,-r--JU lr,r-t| i/-l .Frn, it':j (/ 2" ,'o?u 'n*u 4J L) I x I
ib AR :L; ! l, ;T,r,5,r, J+aj {A} r + t {B} nL(:-, ,,fl; ,y-tl ul in
-rr,.r!J) r-sle---rL 4r.1, t+-:-rr ) Lte, : V-jt:,y*, vB;; l'&;,- .:lr p:+li

-u .lalF 6;, ,.tu"-i 6ta;-

(Y-Y)

,rjtl 6D.tj rrLl- .l jr1.-'aet ^.,:l ;;ljg 6;J+- f t* 6lra,^-,Y,-- r*q
,*rL",i/-!rq.Jlrr,r,, J-(..l; jsrl^- i/-l !,-*"-ttj- aic;L F^li I x I L#jl.
P"L ,r-j-{ t, i r+ g ,5j:a- ,r-J.,l ulo .rlr-,1 -S"- t: ^L; g ilS'. 6
,J.u-.;LJ ;-rL.& { t-F S ,lr 6}J4- J-t .&-t ,sWr,A- Y ,:4 .7: .r..i .irp

.# r."l:- tftt
;tT fl *-nr$ i.f-- g;tr:l.x.l1:i:r, ;ri nG vltl-;a .st^dJi. d"l *.-.i ti

I AR ^n? I ,dJ U-4.g*;;. (Y-Y) ts r;j (J'taJtS-l ,slr. GtV relte r..L,t-..^

c^:t il *t 4 ,a5-- (J;ta-rl:2 :l €st.5,- c'l&I v;,kV rt12,at il-id t (Y-Y)

AR-loru oY" ^2")

tb r, .f-lrtj ut-,|::.;* ,-ntt)'fu, ,;;i :l e*| o* u-;JL -;r ,,5--9;rrL 61,',

,.r:.l,L o-r-l .r:-.i9; -i,.z--.. rt3:*r 4-1, .l-*,1 
=-e t'-1, a56115.- ,S6tlt C, Jl

-21:149: r5ld.t.i; ,-,Ft-V af t'.;i;l .ciJ.up J1e-a opr., ol--,' o6;-, vEi;l
g)t^ g1( ,j= ( !,r!:, e-tlgsb^ili.,Ja:,r.. c-:a, lt41 t"L)lj o.j'J.^S--

'LU.r
-r, {A} d..,- ut^.rltt ,,r-tL ,s|l.b "5.r.l:,r, ;L.l; (f-Y) iJrb, -*, urtt
;rl;.,g Lrltt t lt:l tt, r^li jSi ,lrr t, t+- t -St ,t-.)t;--,1 tp u;l c*l;.rL ,rrtf -\

.(rr1ic-r,, j.-t jtalr ,-.,ti --e jl

["',', rrr rrrl

AR-lo*u oY" ^2"1 1",, 
?rr ",, I

L"rr ?"rr rrrl

lxu.xo ?u.Xo 2"-*o1
t^^t

I X o .Yo Yn .Y,q Z" .Yn 
It^^t

lxu.zo Yn.zo zn.ze) (r-Y)
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Y d l+rtl+1,Q23-Ar,t{ttr :ki..aj

u:&- ,J,:.*a {B} CrL--.. ot3;-,

AR-ln*" oYo o2u)

li'r)

ItYAI'" 
'?"^,"]

(r-Y)

(0-Y)

(P-Y)

t-Jr_t rtt' (r-r1 ;rt+!r '^b:a {B} t c*; {A} al-t.,K:-, iej ,u-lt\

"on - An'

;.tl-i,g I c..'ib 6.1 .,>-lrA;.,T;rl,+!i ! i!r, ,r-tl t iyls aS.r.rrr. ,l:; .l+!r,y_l

#;p tj rt:e+ J'L +.

An, AR _ -Ir

AR-Xn-'-"oR' (V-Y)

;T erl6;; L. )t,!k 64;* tr .r+-rt t istls a5;l:r, ;; [\] ,-}; -* :l
.,+_lo:lr ,b ,rs ,*+ ! "-tt u_l l+:,_lyr .c*l

VAtta .;ya;
llc,lfc Y-f Jfu,.2: ,S;ti d-r d^ri;,J,tiir.rt Lp"4 rslt:Q:_13,.-tc)tll
,l=:;l .p:a, ,t-'.. ,i_u; +! ;T ;tS, d l, 5 11 6l^Lr: .,s;+ 6- : uti. .i_;l
,, .$J -b .rt f--r r,. J.d. *rtr\t ir.. ,. ,i$, r, J ;r;.r JtL .r\r. t\ ,f a
Vakt St+ u.AL #r,;=-o \:,ry,l-r6* t'! ,t;+: ,lL qlcl ,JL-U:/

,[5;-1: ,L ."t t i-J; b xs]- r: ,l.L s.r:rslt-r ,lr1.rf;l c*l gslas2 ^. ^S
,7T ,g.3;a- J: j ulr -&-t .11s.,4a-;l 2 ,c.,.S;l J; ;tS, ,:"-[ ,slt rlr1-.S--;l y- y

atS,;l:; '9- ;a5-+ ll-ig b **rV g J.a; ,4J i,,..l t .,:*l ol.i o:ll- .l

;;I p 
^S 

,t-l al*i.. 16!-, .i- ilr.1: ,.-,5';$ .-iJ -J;-rr !!rr ,r_tL &- s

oa;"* u-&-t ot^**, /, c-,-..; f .t3;-r,r-l ir., ofi itsr-11:2.5.- ,rsrrS:.4--, U){t
,:-*,1 \i: j oPaonc :AR4-:q {B} v*rtq ,i:, .t-.;.,g orlr at-ii *tSu.
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:c-r { B},-,. ,-r*a,*,'^'l* i,r. ^T, :; "':"
{B} = {f R ,o P"o^o} (A-r)

.c-l rJ.i rrlr i[.:;; -&-t **rta- u ,1tr ;La]- ,t(:-t 2 rj]ts,t'-Y ,[5*1.1r

{ q1*, {C} v9'tl-6e, , 1V J-,.-.. oK:-, r, '-:---.; {B} , {A} ,rhr,rh
.c-l te ,.;ec.. {A} *:trttt

..r* cf l ,c-l .*ti ta,T ...,1, ,st, 6,ha[4a jl ;1+F ,r-,-[ l-Y ,[5J -1:

orlr .AL; rJb),rr ,|J.J b ai 'kl 
,s\t:n rt,.S,- jtr4r- t vr,rka g .c-l

,rtt el:J,t ii .t;.,l p S-t *r,-rka irr. t +*r|q-'r" i.rr. ;l;1lsr2.i- .tr.r
,c*l gl:rlr2 i4, tr S g*rV + r.*i,r1l:-1!riJl:ra g;L$;l tt slr ,t*r$i+
a, c*i {C} w31.rtC"yt r5.u:,r, it-i.; f-Y JSi 1t js.r2Cr-l .^f-.Jerr.. crL-i.i

.uJs.J c I c-l o.* ,sa}&, {A} -. A[.61
d, c----.,; ;rlui*' ,t(:-r .S- .;..-; ,sD ;rl-ir; tAtlt 1 ;l ,r"o1- .rt+
,,5^, u;d-: jtS,,.rta51 u,:,-ti ,b* *,. r,.rl,tr3.r;,rLf .r|'-t al.-:;,-06.:-,

il-l,g l, t+Li -;.5.b g +a)..i.tr, cr-l i:it- rr-*, Jt5-\lt aI ;tljc ),\.t,1
iT it5, .21:y c*i e ,:*l &- ,r-tL il gbrt ,r-tV c*i 3 ,ent$ Ll-5*.

,gxrE \ ;tligt 6;re ,-l*j-, tP +.rlr aLi; ,S,t J* i b uru Y',zb
.45 ,,;.- ,c-l j'u jtt iT ;lS,.1br, .5

.)r'L ,SV.ntga* ;l ,,gltt; f- YJfu
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Y V ,ir vrr| + G?rV ;t \i2.zj;rl.r .=i; ,q:l6i

?x:LE { 4xtV :l l1*i r,rls .*-:n '$.iK Y-Y

ft,
.tt*st.jJ:i. ;,l-,':;6tarti--,.1r uJ.S- i-r. ! ,.(*t:, Jitt.- jl t-s.rl-: -rr

;;yh,C-^: f l+i-l-rt s ,g-:J ,t e; b +j.'ryq 5 4srr3Jq-,ilS,. J* j4 .p.F:.r
.cilry. f,+li -&-t **rka I *9'r9-'.i-;l $JJfc;l .slr cJt* ,-l*\r

€itJ JtiJ I j+*/e #ti crt*
dr c*; l';i-2r b.Lr; ,-t ,.^l19 c.r"_lrr/,-e,-F 

B P jy2l, !.itS, ,f-Y .,[.-i-1r
.sl: {B} t itl- ,s;+ {A} -r.,V'-rrt 'bt 

tC s-f; {A} v*tV
ef 6;lr;) n Puo^c L rf c*l JE:\ .5.,- 1: t{i t1} l {B} .iy3l ,CL c.t .ri

. , _ .. . 
.r; rrp it.r .ltti ,(15.-r ,b-'; {A} ,t (#; I {B} 

'irr 
itS.

,.tAtf ,ryLf s,--,',,.r;rlr ;u- ul'+-;J4- I ,l431.rh.r, -21:; 5: ? b*
r;eT c-rr, csj:t g." t t o P 

'?- 
.{A} r, c-*.i P ili; ;tt

Ap=Bp+op"o^o (1-r)

)4, S c*l ;t-J* 6;+,s!lr,sh-rtrt41.rE cJL-rrtl. d++! a-:-il: o.e-

Ys

.Jf.:l .-t(; f-YJfu
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. F:*r .-iJ*, .;hrt, ka r: ::::;;t:
.,.,rlr ,L:;-F-, **rV + e*tgq-.A-;l b rlr...S.,- c-l6li ,o:L Jli tt-l p
r5> .r.21r.1!-1 c -^.-rl ,F-, *9-rf u. v*t$.i-;l tq{ 'l*; ni L-.-6; r4l

,.-lL u-l .tf rl ;t6-St 3I .4; t<,- r .$rl ri- (Lai .1: u;laLi; t+il.1r) c-J
ti: ^j " P \ 3 6lrLji. it^l ,rrcf ,s,-: ,56$a, ..;-l oJ-i orlr iLi; f-Y ,,fSJ.1r

*X.,V t + ,\ u-l,.J.i; ;i cs! g;{.rt 'i' i ,e* -r, .+!f Jti:;l ,r3.:r,
.r-l.f C*,ra, {A}

13,r .-,tc)tt I +S b: ,.tSg Lr'-fi ,lS t*+ b .;-.J;6; ,r-l 
o Pnono ,lr,;^ foj,g

.(c*,1 ;tJ- h;r,[3 ,s;+ e) *t !) r.rl, tt'b t*j -,* +s\:Q

qit- .lLrr gL{f3>..;l.{? ,Jrl,J c..it*
vl-l glit:n 6r.rrltJ i.!.21:raa- L lr 6;J4-.1- ;,.--; ,-iy ,Y-Y ,l-;1 -1r

J,-rS.,--16.r) \ 6-- jtrl u U-l JtL tslt.q-tf ,l-o fi +, W al-o-,-.t3!-t

u-l Jl.fr-+.tj ib.., ,r-tV b ,r-tV u-l t gJ -b tt l x f ,r-tU t9- ,t.12,.e*

.r=nrcr itJ 3.R rL; t ! ii ,sS 'i*; {A} *.!! lt {B) *-nt$,i!:) ,r-tL
i,E1^^r j ,Jrb .r-1, i;l,"ul iLtt ,r-tL, I ,sV* i.r ,L i-f; t\ 3 +S +t

S -;J aas il;u..-lL g,-l-;l ,g-..r,-r ,h.;;i1diU--..r;-u1u,,4f.,. c5l.b./lr; &l

AR-B^n-'-"nR'

,sb-!- ,J-l-A {A} 't5"-) -1r c.\3 
^: 

'.j ,{B} i5'- u;t^-,1:2 A R ut ,tr' 3* ,U-D\

.Jlor.3 *j {B} o6!-, a, c-.--,j a5:11 .u.r!i {A} 1t-- ,slt1l;'.,;fiR

;l 6l^-ct-*.l-: G* js.r1^- ;l ,.51^-ca.--.'t!.:+, al-i,g lt ;;b* ,f-t\ f u-,
:l: ,!-L; tj ut-teu tsrL- isrl t-

(\"-Y)

( \ \-Y)AR-lo*" oY" "2")=
f rrl
I"YT I

L" ztll

{B} .st ,g.31.t$ 4, d-.-.-,; L rltl.S-- +r-,--lcl ,r;r.. o-\,-: 0-Y J'fu'-r, &h
{r} ir" t;rTi+- d,{A} '$t 6Fr **rV r r*i 1,, aT-"-r* r-l-t, ,;,lt,t

^*,1'-, i/-l ,-uq ir-*. {A} o,*j {B} .s}Jp r;p; Jl.Ftl.i c-)4 ,c*,1u,L:',

,{B} i5-- q5tr-;lrr1 b,-r-4;* SAR jbs>,r-tL iJ=-r+ ,6r3:a-,jr-l .c*lr-{&l
.:-rg g. r,- rJlard J$ {A} ". 

c--; t-E dj
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Y i J,r vrrv t strr| ;t $2-oj;rlr,=n ,k-!1(.j

.rl)r 4 srj 1:l:;[r 0-YJSJ

jt," bT s-sl.; c^ip 1s ,2ly2rA 6b,.ilj" S 
'--\c.:l: 

e-.-f .l,_[r ,r P 16 ,sb.

y rr,i ( g;:rc r t \f :,1:'::'; ;Xl:; j:i13ll ;;
op"="*o ' aP

oPu=uto BP

opr="2o ' nP
( \ Y-Y)

1*L-.r-rr 
(\ \-Y) ilatil ,,r!r: ,r-tl * JkL r12-aa, (\ Y-Y) &b ;tl rstt

4-rq bljd ! (t r-Y) tl",:I y-!r,tn ." 2o , ,uYo ,u *o;l .ul;rLc dl? csb-!- 
^S

i)j 21 i r-J JS- I ,o!,rlr ,r-rL .S_

oP=aR BP ( \r-Y)

t c*; Ll-bi;6lrLic 6 rsrltrlB P )tp 3 Jer,.'r ,L! l, ;pk (\f-f) iJ:L
{A} =,*rlx" r, &; iL.l J: ,; 6 A P ,lt.^ t I (S.,,. Jt:aj {B} *:2.,V

.t-rKc/ ,c-l
[:.i& ,r:!r., r .JtL ,t Jrt.SJ,6-,,lifr[: F-L ,ra u-l ;,*,t o.1r a*L--
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,u.-L-1hlr,,.r, e5c*l ;T,u;r't)L; ,jy u-l rs\ly rr:t- ffi;,
,Jtr, ,slt .x--J.,-l ;L ,;l;l ,+ c^J ,sV-jt:ui, ! ,c^J 4 ,st*,- jt)ufu,

.-t-J -b;'r (\f-f) iJrL ttb B g;tr.ur4".

\-Y Jt:l r
2 u* Jf -1, f" 6jli;l t {A} *-nr9..' a, c*i Slt {B} vntV P-Y Jfu'

.c*l JiS 'a,,;E;l 61t- cs du 2 t>a7 Li-l-2.r .sr./ ;tJ.i ,c-l ciL- ;Lrt
4 ,sLer- ,-,rt'a. t+T cs+c-r:,{A} t # tB} li- 15b-rlr,i ,;;-; I

.:^.ilr "..rp,i[) ,r-tU

l',trt
AR - l'ro" "

l'r'"'

-ol0o o ol"""l

" 1A?? "r" "' 
I

o lo o o \lr. " 
J

( \ r-Y)

t-j Jt-t'*B P jyz #1, tr

(\o-Y)Bo-
T_

Li;'l

.c-l o.uir,- 2Jr a-..;:'l"" ;;l.llr, {B} vr.rtlt t-YJiS,J
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rr5+-h *, A P is.,2 r*lr,g

f-r'.''lAp-1'RBp-l r,vrrl t\r-y)
| '1" o ol

,-,. f;ykt 1 r:*; B P';9;,Slr. 6 )Ss. k,;:k Jy.e*. f R la;"-l g
ol3-1, il aS c;l: .l-! ,r-i c.if t*lU:l rt-f tr dit+ '.>*l tir rsa .o p 

1l:r1 .*_,{A}
,e*t$ rt .rl;l rsl-.r+ ,-*j l+" r ,r5.1 c-J I :.i -r: P ;t-l-71:y ,c--iK;
t .*-iaf r*:a r.(-r

I \ rL,r vr,tV .t st?JU ;t \i2.aj ;rtr o:.ir't**tJ3

(.r-t)"$ skr.;kt otrLi €,-it<j
J: ^t r+lr.re,g-.21r dr:-1r {B} st g.ntV { c,3; brl2.S,- -i--;,=-til
.r: t ..*ti "$.JL 

t+i-lr, .(r-Jj c-)r {A} ;* u-&_t.-. r?-rh i, '*; ! ;i
le y-lr,c--t',iL {A} .rnrka i+, t {B} -,. r,rL43 ir., il-rr d r.--J,y k
iltss s ,oP"o^" t I {B} i.r., iluor;t-l; 

-21:11 .r--J.,g Lp;.* ,stltt 4-:t .tlr!;l
-ut t o, e,-L/,8 P a;l: cdrJr ! .n*r., jg ARL.l, {a} r ;; {f }

.'-5+.h v-Y J'fu'

,lr: 4 (,-r-*l.'6..L+ V- YJfu

www.mohandesyar.com



,;[l- {A} .s}a+-! ;l cs-ft+a 6,,'--,rrqt ": :::rT: 
t t

lr ,g-+r f.-Y u:4r, &Lt,J*G O,-l .r-S;*;,.:*l ,;.!:-. {A} i+..y ;Ti.r.- Ll
al.oi". ir., r, ir=1 JU:il ,itT jl ,r,.t-*g l4l AR-2r (.-- c* ;1..p\ v-r-,h,

f-ttin c*). 1) Js.-aatj U;./l!,te.? !,g-{: f-Y ,:ntr &h,!
AP-f nuP+APBonc ( \v-Y)

*XrV 7 't*.,V ;l 
jtr1.5" -l.--; ,-.J,-rr ,, drl5t .,l5 *tft ,(\ V- Y) iJrL

s,x-;.,l *iL trB llf,(\V-Y) ,.I..lr 6JStU.r, d+5a.-.3i.re:,rr ;t.i; !.S_,
.#3:!-s"- ! t t+T il-i,/'* 8,--1./ c*)4 i/) r c^*r tryl:; {5

r+lf -il ot-t'*b;tl,,,!r i=-a 4-; rd^-r qJt" il+ (\V-Y) iJ:L J* t] 
. .w,

oP=aT BP (\A-r)

.S,L'.S"_ Jfu, +,b -&-' -. *rt-63 + ,g.nt$;l c^:6; k r*"1*,g ,-S-, rtV ,.

.c*l -#y s t_p ( \ V- Y) iJrL ! *_8, .r: ( \ A- Y) iJrL .C ,F 'r-tl(\A-Y) ol+lr, o.r-i:t+' :*, ,r_rL, j,L' Jfu t ! (tv-Y) iJrL Fli.S;T slr

dr-*orl..+'-,1 f x \ ati 6ta-,1, jl*tJ s'-f;l f x Y,f-tU rS,Lt.A-,f...--r
-r,l .r.rp c*)d, tj .t:nt (\A-Y) ila, ,-t ct_4

(\ 1-Y)

,ai-2r o5

.*,:; ;: :i'::,:;,';: : ilu- l
! f x Y e_tl.S_;: oS;l ..*; ,jtS, ,ltt f oS V-ttd | :l:-1[ Cr-l JL

t_*,g.a; (\1-Y) L,b J,-: .$tr f x \ L- f x \ "ulrcf ,>i v-* f x f

Ap =Anop +Apaonc
\_\t- I

[:

PB

(Y.-Y)

www.mohandesyar.com



ll ,L,r t*j* q st*t[;l\\oi;rl: "ji 't{r.itti

rl-i,g L ,u-ti. clts,t-i,t,rb; ofu ,L+ (\1-y) iJ:L,rr f x I ,r-tL
";.5 -h t, ,r-J,s. t t, b,-'6 .1,_+ 4 Jti:il t' r ,.r!r:,r af 

'# 'r_tL 
il;r*

rt--"l dt5
bbs>,r-tL L_,[. o o t] l*.r! -rT.b rf ;!) urlS.,.li. c,lj*cr (]4-/,)

.[Y] ,:-r5* (c*J nrrb-rl
,c*l ;i ar,1 i6^o ,ij*, aS 6rL; aJ * jr* ! (\A-Y) r.;L .,,trdrL IJG
,.11.*L or_-ri tts-oL;IrL ,tsj 6ly jsa.st+t-+ \ Jld+J-.y .1*_t,C

tl^:i'- i;J =* 6b,-,t.t-U-l.rr U: ljy,g osr;15r,. 64XS LN2g'l-, Ut

c{a* }t +^t-t-l,L*rn u:"-t-j U ,:,r-l:l ,rlt\.c.i-r $l:; -r.lr { -rl.-l .-;: t{.!
.s-,'.l.,g o:t ' .l ji6ts:,,t4i;:-r.elr,.p5-2: l.ralrL i/,_l iFLrr

,f-tS o:lr'," 1 6;+ ;$ u-;;, clt ib-: ,st+-_r[ )l S i-$aL" !#Jr
\ Jl d+J \i .y_tt6+ ,-,. -trh ;rlr,Jl-:i ,sDb (ofu L-,.) ,,st+I,+ -,l1.,/
kr,-rttt Li:zj ,sltb t+i tl,g-r/ j* t6-tK; it-.i1tt #-*,-st+t-+ ;.,.1;l ,,:.:,
.up orlr;Li! AT '.,-r-{ t,4} { # {B} vnrtp-,";= ;..r f+lF $+-,:

..L.,

Y-Y Jbr r
2 u* Jr b.tt \'. i;llla, {A} =x]-6. t c^*; Sl, {B} --rtrh A-y Jtfu,
;t-l ,c-l dj[ Jti:l i'a 6Lby) r> b O , X A ,sV-Lr) blr \. e;l.r;lr s *;] iLs>

.B P =1Y1" Yt" . t")T ^Supt' -)r,Ap +L* c*l ,_,. rlL.Ja:.r..
c*l a.a {B} -3-'/a;;-;

| " tA??

ar -l''0""
L"': 

" "

-or0oo olooo \"f".l

"/A?? olooo dt" I

o'oooo t'l "1" 
I\J

(Y\-Y)

2_; J9:, ^; 
B P ylry o:-i,lr L

ll'1
BP 

- ( Y Y- Y )

www.mohandesyar.com



,#,*$ utdl.ry st4itag ff

or/

/

oP"o^"

.{B} tit ;sl:s:sJlxl ,-frlf A-YJfu

f*-: t-l : d,g orlq'--'l .l'-+ .-S- J12"oa {B) ';-p ;l

AP-fTBP- ( Yr-Y)

I'i;:ll

,rS.rL*+ t ,$lrsr ,Lgtl.iil :tAr<,tr f-Y
;tlie lt -S--t =*rV + .tntV;l -tti; .-t( ,slt cit jS^1 u'ol-t c4tr bb
\ qh ,t-l t, .u;J .,5" -t: st 1 ! ,[.r.11r2 ;f3r ,.tti; J[c;l ,slr .,,-t^Jt^r 'rJ-n q.

.c,.-l:, f.."ti ,f"-r; 6i)6,yi di u-L-J.st+...il P

JtiJl 6bJ,L.c
! ..r^r./ 6f r)3Jar,r ,.it-, i;llla, ,t,r'. 61rt2 ,sV-b I I Lzi I 6laLi;,Jhil
..;;l: r+lf ;!;L:;-.6!-r.5.- 1 t{.i,ti.2:6leti; Jbl ,slr .* u-l:lo:tr-. I

6 L;: .S,- .-6; ,sb E , .1lSq u.-l_t ,rtt;L" ! ,L;.i -1r tLi; ; Jtill ,1.n; g,-.1,

c-*^.rl ai116ru. s-L-J =.*-Jrr,rrl.7. 
i^.e ttV-*.ciJ.ulrl pt+l ,u;b =nrf

www.mohandesyar.com



f0 .,[,.et*"yr,t+!l,l{llljl,bJLt

.? &*; -rl:ra .5-- d.f fu :c-l rrL Jt-, ,,(JS.,_.;l crl=.; gr_l arl: ...^,- .:.11r.,!
+, b v*tV ,Sf L- ,uJro + b it1^ cS2- lljct ,S,J Ef nJ-u q .rr,-rt{t
L2')) ;r'-l il V +r t+- 5 ,,b);t-..(,- cJL rr -,,r p nbL-1 ;)q .c;-S -b .tt nr--ir;

.2r .J.r:6 ;b ! ,nQ ,lt-r il= r{ ,A P1 jt2 Jtiil .F& t-Y Jfu' .Sc -J
.1lr 2 -1: I JE:;l pl+l r-r!r jV 't-r;l')ttl 

AQ )ltrI4L-l
;-*cl a*1..-, l) tUpa' aJ.:*l 'Pt "-t_+ jry .J,s. U_l J-S

oPr--oPr+nQ

dg.:tr'-.ly-j rL; :1 ,,e-tU J,Lt *t13.,a6 Jti:;l J^r U_| ,;;j clt
oPr=Dek)oP,

(Yr-Y)

(Y0-Y)

It De J,;t.c*l Q .rltt cLb I
$J.b 

"

Dq(q) -

Jtxl (ur.- t_ .* .;-)b !) 1l.tl q ;.;T ,t ,S

.r(^" .J,-+.f- -il ,eV e o:L JL q ;;lt,l
[\ o o q,1

l" \ o q, I

l' . \ ;,1 (Yt-Y)

L. o o \l

/:

{A} /
//or,

^P,

/
/

/
//r'

.Ju:lFr 1- Yjtu

www.mohandesyar.com



"5Cg ,.rkllrr r\ir.-i Y?

7_)t: r::..r Q Jd-Ji4,6ll'j'17 Qz ),Qv ,e, ,iT r5 S

,[5*: -1: Jt S +5o. j .c*l ttrr6* ,-rgf c,l=;L-.,, (yf-y): (1-y) 6bJrL _1r

#,-.S"- ,,q:-7 rrlrrF (1-Y) il"!.,r ,c15 \a-f; (^ Psone uh q) | B Pasa6 ,f-Y

ea j)|:;lFt*,c^..)tc ,t- oll .f_tj,g o.rlL:. (yf-f): (t-y) .L'.l,,,:1 d^,>{.c

dJ (:.-..,.; {B} iti i-f;..:*l a.-icl 7 al.o*^. o6!-, .Sf, <rJ:lr f jrl6f
:L; aiJL.lF jt4 ol ,fl-r...ri1r g 6 \re tr.* (,{ Paonc il-:q) {1}
.t,lt6\,.:Jt(; J12tar-,: s,4-*tt-6.- -i,.--; ,sDb ;l ;rli,g,c-l ori rJ.* Dq

c/l.rrr 6t^F t
+ R ibJ,,c--b:lLoP, j:r. ^S,c-l ,r,!rtur(Lr tt12.e,,j!:) ,r--rl -S-t -r*
o:l: .ri.-t-J ;,Lt Jt:-\ jby ,r--rt .5 u,tir'lF, .src/ .j oPr 4.q ,lr,
,F =-nj{t r, irLr: lt.;rl L ;rT D: *>-l u--;r: l- ,r-tt: ;Jl s[ ,:r;,r,

.>,t, ilrcr. p .d,c
AP,-R AP, (fv-y)

r (tf-Y) lbr -1r r-\^3 J: j al4t-, r,r--\-) t-6Jt.i:l l-f tr aa;i st r hi-l r:
.il ".|JL,,"^lL y_l .r.2lr i,rE cJL -e:7: a5c-L.*'i t{:]9 ,d*l ;t5- (f V-f )

zt-J.ct' iF^t ,trttc/ $u tSJ-t'd-n + 6 Gbtt.st*-rt ;rr51 c-r,".

*-nr\t ^5 
i-\ .r!rt .r-.rL ;L.: .s\i.,,- u. R ;!r: [. ! Uty. rS ,rr!r: ,-r-,_iL

.i.Su.. . '^: o-i g1./ v31r\t .. c-J U R ^!lr,r. o-!: oJ.\i-1-

t+.:l-r, l,l ,c-i; j; 9 ,3J^t et12-a6 Gai a blrd b ab-, e_tU t + Jl
;E rr*, t ,rfr) rr bI tt 6,rjr+lF i-r; 

"sL:t 
-r(.t-t rslt> 

-b 
613.r rL;
I oI3 o:lr

o P, -- RKQ) A P\ (Y^-Y)

6;l-lla, Ii Jt -.rt*!, JrL Gb:t aJc*l Gb:t,slJ* aftr(0)r,6rljl:L; ct-ltJ
alS.7l:r1 c*i S j1a 

"!-+.S,- 
.rJr,eu. ll-iglr.S-G,;r-l .-u:,r, 1el +1r 0

2 u* Jr .r!r, 3 6jJ*.,(\ \-Y) il"t ,s 6.,,lKL ! ,)l:, .L>:j *>*l j,- ;rI

qI+qJ+q!

www.mohandesyar.com



rv 
"5.rt*+.1,t+Ll 

,l+Jbt 'trJLr

r,l lrp cdra ,;5u. U-* lr 0 ;3lsl*

-sind o ol

cosd . "lo \ "l
o o \l

(Y1-Y)

,f* "l-+ 
q Lt-n I x I iby,y-tL c-^-i J n11l;e,;t5,-21:r1.p ,r!rr .s!x qJl

-bl f x f L- f x f un-,-jL J15^oa ll-i,g f nRrl rL;,r!r ir:-r 1.{rrUi:-l
altt' ,sb GLs' ,r-tL ilid 43.1 3 'J F"F :i*r.ry c1,r, i+ -o;J

,*,t K -u;L 'p: rstf Jf

l-Y Jllr r
tr Jr jtra y-l..rl.,rt jl 6l61lsa €lr,g.$rc/ iLJ t AP1 j;r; \'-Y JSJ'

.+/q AP, 
b *J+.rl:-r .C +A ;p,l Jt-t a.-r: \'o t;l.rla;2

,r-tU l,: c*l )t ,r!ru. 2 Jf -1, 1"" ;;l.lh !, tarl:.,1 6 Gbtt ,r-tl

Rz(,, _[T,

^1

X1

.c-l ,.t!r,- 2 Jf r-.rr t'" ;;lJlo SAPl 2lt1 \.-YJSi

www.mohandesyar.com



e>. ?-ftrht t c*; b Z Jf o,.r: 1"" 6;l.ula, r-D oJLir,- -. r,rh .S- d Gbst

i^:;:':X'r 
$'/ j:''

Rz(Y"t")=l.rO'o otA?? otoool tf"-Y)
ll
L.r"ro 

olooo \1.""J

+1.-f C-.r/c lj Jt-tuv.

= l- lt;;;l
L ";"..1

,_F ,ebi.rt*ll.rr t\i*rt fA

A P1 jsr1tsl, t

o P, = Rz(Y' t") o P,

(r \-Y)

A P1 js2

(rY-r)

I

,rht) It iR-St S +5-.r ..rulJrL u-l-r -btJ;l (YV-Y): (tr-Y) 6balrt,,

u-l .*,g it-L; (YV- Y) 'r\b I R ials ot3;T ,,'-rr1 ,:f ,-n-v ( \ f- Y) '&b I (A R

.src/ iL.l; ! <cic; t Jl.-;,j,v o6!-r,,rl:r: o-y'r, a jtt iLy,uj)t=l ,r..-'

u-L) LIA;l ot -r*er r-f,r, *$R iJe-1a,) {/} q c-*; {B} itS. i-r;
"s;;15-

..1+ g;bfLt
.t-S -* (,j,-$ fLrtr t-22ett ;tljg r l, v*rh ,r!rt ,-st{*,-/t 5 [r-2lry .sL
t- ,r--it-: is4T c-)lr ;l t4 .15 5 iyut .|S* '>l-,.i... rtS!-r .S,- -tii vr4 ;r2l I
/Pr 

+.rt.1bra b $)c/ JE:l: lb:tbAP1 j:2T JJr..lc llF orL[.-.1 e-tti
u-b.\.rr- J.-L

oP,, =T oP, (rr-Y)

,;lJ (ff-Y): (trt-Y) .L1br-2) o-IJ J:6j c,l=;tr,.r!lr .:JL -u;Ui tai-|.r,

'P'=Lii']

+ Slt r;*6td+ aS.u:,r, ;tt lL +-,.1 U-l r,.F+r.r.c-l c,5ti, U 
=r-- 

t#r

www.mohandesyar.com



f l .r5.st+!.y r,t+Ll,t{Jti::l'bJ,Lt

y3.?J\1 d,J-- !. c.*\ JsL. .rsr. $i:;\ I i!.-5r". r ,iLr: R'A*5r,. d J--
.J,Su.. q:-j t?t yj?r\t ..L-.-,1 Q\)r.. cit- JUi;\ 5 .R'rI-)r,. ..ul r:\s ;15:

,'5itS, ,lrts ib.;,r-l,L c*i1r;l ,[5 ,rS'u r].F arrr,)5.^. r1,-u

'.*,t sJ -b "

f-Y JEr r
un Jf a?-r: l'" l;l.r;h,, brlt,,^ U-l ,.^l,lf,g.src/ itJ L 

AP1 j11 \\-Y J.fu,

+t+.f^, Jl;:lYe cL!-,,r bl: 6: Xn,sE-b-r) bl: \" a;lllr, s,ibst Z
.+lri d-rlr b 

o P,, ,A P1 = lY t" Y t" " ,"fr
c*l 6"1; rJar,rr 

f 
t";l t Jti:;l r if:, d f JJ-'

T_

L";:."

- 
o70oo olooo

"1h?7 olooo

o 
lo 

o o \7o o o

1"]
(rr-Y)

/'
/

/
/

APz 
/ #p,

/

.c-l o.r.l .l+ "& 4 Jtiil s bb1o \ AP,,ltt \ \-YJKJ

www.mohandesyar.com



,-{ oM;,rtr!.^y tLi?ai' Fo

oPr 
=

t.rlr.f

(r0- Y )

V-i,c t #'l orLt-l jJ-t !)',;', * T il

oPr=ToP, (rP-Y)

Y-Y Jti s; i;.i5 15)r' k:l JE ,,r-l a5rjl.' a:--il: o.e;

.:_1 l:

tAJiri i..-)' 0- Y

.5'- Jr i!r, sScJL P;;5,j'o t:b*'+,jr-a Jti:l ;rLrr,r-.+U, it5ti
c*J csj!.Jbl:.,!:r"5tJt ,fJkr, !.F1,# j-o f ,,Li;;lJU:t )^Li

.Jl,r,.5 cJL ,h -,: 4T lt-: ,1-ilst iy .r!:: r i.. Jti:l;.:L .-JL .e: ,"

.f-l,r/ j* k-rt-rt.33 u:"-l cslt Ct' ,stlil il';. t ,:-1lr

,r*-tJ 4lrl t; gi a-,r(^" ,l-+ Cr-l .s!,

ia; {1} * c,*; 1., {B } *aL6; fT .c*l *51r\t .1,- -n, -; ,,.},-rn Cr-l . \

t {B} ;I-l csot.tn 15b-|, .5.u--.n 151,&- qita-/l:J,: AR rs\r oi-5^;.tSu.

.src/ iLJ b {B} ;L--... o6!-, 1rr, iti t o P"o^c : ;cJ.u. j*
.$)./ cd)de A P ,s:t L " P zF fT .c*l *,K .i- ,,-!-ri i/-l .Y

.$rc,/ dryr4 b 
o Pr r tSrt k o Pt css.t T .c*l"\,-ri Ft^r .5.,-,rl rJ i/-l .f

.i- ;r)lrq slS, -71:11 .i- .sti. { rr:a (.-!-{ D 5 r{.73a1\3 r ,st".-;b ,tr. Lt-l jl
UU ,.!-+ jl s u z= ^.i il c,,-,u f 

fu c ,,v:tr\,.1 r;l .c.i-1 .r:.rp jS^,, 6rr3;a--

c,JL.# J-+ ;;l.e ai-l ,+t t,,;r:.,*.r .s-.'J.e,:lc*"| .r3,1^t t- -:t* fttr^- a

l, (i* Jbl t-) \r ;!r, r+F Jl ,u)rq ,,-Jd t t, L ij ;rlrr'r Jbl ,,5
.tj 

'^lrlr 
orlr- .l 

"1,-+;;b 
jl UG ,C;!

[;']

:['ii::i]

;:Li;, )"6 6r-; Ll ,c*l
I

www.mohandesyar.com



f \ ,.F ,l* e p\, crga

,s<r+ l,Ls 5r u.t .,-sr+ r,- *i i.,,I :;,rfr-I :n'";1,
.Jlr:rr cdr. I .1,_+ 6tnJ,l*, c,tl^c;l ,J,tS Lsl^sr.^-,

$t 
"5.rt+!+.f-tT csr. , o P j:r1 rr-t\>c/ : ,.e-)t, " P js.,1 ,\ Y-Y rfS-: rr

*:trt+t r c..-, {B} =*}1; ., ,{B} *-nrV r ...,- {C} =ata1

Bp=3r"p (rv-Y)

,..u ,,t+l 1j t-ty.au l_, 
o P , " P ,J-$ ',+ :

Ap =Ar up (rA- Y )

,r;l polF c*)d, L*tbl jlurjlr+.i'r+i,(fA-f )J (fV-Y) tg|.^,JrL:J; t

AP-ArBrcP

C.J,-+ 
u P + tj ;'t-t'+ b " P ;l1;r_r. ,.s-,. .c*l fb {n}

(11-Y)

Arf: _ Arn Brn
C! - pr gr (r" -Y)

u*7-i

.c-l fy'*. ,F v:tt[ q o'*; v:ttV ) t4-, cs[9.t[ \ Y- YJKJ

www.mohandesyar.com



tT arV rolj,l.# r^l'rL I c,t'-l-,, e-tt il,il-r"r''ff: r,
p+, "i-lr ti rt:e+ ,{C} : {B} c\xtV J fh c$-; *t b

I AnEn 'i1,R"Pcone+nP"o^"]
Aq_l I I tr\-y)sr l----- -i---- -----l

L'oo; \J

.,Lrr Jrf isul:
6li. t ,r-l) ;.-r31 -b .tt,.;-l ,,rl', {A} *X.tkA q &*; d !, { B} vXtV
,{A} 1r-:*; {a},;r-; b FJ iyl:b.1,-+ cr-l dU "16.(c-l 

AT rlri..,::-;lr
..;*l f x f #-j,-+ ;:rlr '.-l^. y6u-l yll ,sb..:L ,'jl, .4i .:*r" "of *-
;l;,rL ,-it :l ali,r,iT i:,,lr i-t^, ,slt S c*l 61143r, J-+ ,r-;L y-l-2h;L

.:J,rU- .l Jt-,' ;,
c*){, n Pnone : AR:l --i + b " Pnonc : "nn-r-rL +tt ,3f '+A ,sh

F-ljd,il,,:),-sl.f-,--rL 3.r1,:.r) ,-E rjf JtL a +i L: l+l .f-tT

"on - An' (rY-Y)

CC J:ai i,.+ {B} *-njy--;lb^Pnone ,(\Y-Y) iJrL;l ,:1.'-...1 t ,.'-
u (n P"o*r) = "nn 

o Pnonc * B P,aone (rr-r)

*\-b +! (rr-r) .J.1t * s!3n

" Poo^o = -|R n Pnonc = -f nr ^ Paonc (rr-Y)

L:j tj a.t-re+b uo?. ijd,(FF-Y) r (f Y-Y) ,st^.h!r;l orl.L-l I

I A*' i,-ARr a Pnoncf

'or-[.t,;i t ]

uoT - aT-, 
'L u;.,lir)L; "J t 6 +S +i

.c*l ;^^ ,1,-+ .,r iyl:'*6 cla ,t:-t-rl=* r ,{ ;l1tt (f O-f 1 iJrL

( ro- r)

www.mohandesyar.com



f f ,-F ,!-*,> ,;\1c,!r.r

0-Y Jb r
o.2.r l'o i;l.lh {A} v*tl.36 r c*; e5.u:r, itJ I {B} v*jq \f-Y Jfu'
i/-!rfl ...:*l d:jt- Jtiil r-b f tf ;J+tn, *o.-st^l-! 1t,ct1$;-,b:t Z t.tn Jf

. .+t=: , Nf .,:*l ,4^* ff
t-.-J.4 r-o'-;'; &+ {B} =*.,V

Artl _Br

Brn _ar

l' tA??

I"rd''

L"''"

-r t\?l
-'70tA

o 
/o

\

" th?7

- o r0o o

o 

'o oo 

o

-"rA"o olooo fr"l
.1A?7 ofooo fr"l
o 

,ooo 
o trl .1" 

I\J

(ff-Y)

o/0o o o lo o o

"1[?7 olooo

o lo o o \7o o o

t-ig a.*,; ,(f0-T) i.t!;l ,:ti- .l L

(rv-Y)

.{A} +.-,.'{B} *nr[ \f-YJSI

www.mohandesyar.com



,.F rl|'^e; at+l:.rr 2\\.ai f f

,L* 6lo+lstr" V- Y

;l ':tl .l \ ;rli,g b {D} *akt .,i -/, .tsrc/ jts !2 ,p: \f-r Jfu,
J12,.at' C-a.J .rJ it" drfk bg,o Jr { ,t+!-+ V;rkL

'oT = ir Ar ( r^- r)

(rr-Y)Yr - flr B"r $r
r,T .up c*)de tj ut_tpt ,!.t.j iJlt , ,'oT jl \): j;, ,l_l ,Jrl:-/lri ,srt- !

Xr Ar - Yr 3r ""r (0. -Y)

.J:r)s-. J=.5;; dl- .S: dtd+ ;l 6l^se.-- \f -YJKJ

www.mohandesyar.com



f 0 .L+ silrdrt,

,f,-.r; iJrL n 5 )2p..Jr-+ t d.ffu ,t$-rn '.*l-..,s|,.;tl-irl,.!r., 6trrJrL;l
.1r ,.11,,5L, ""f n $+ '.:S 6 uJ[- ,slt b (0"-Y) tL.lr.tj o:l.r-*"1 ,r;l 4-3.
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c1- t .jJH. ,k.slrlr,rt! ^it+ .fisT c-)d,r lr rlQ,,sLd,.+ ,-*k;
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Rz(Y.) Rr(f') = l"rO" "zVO -.rftl

L'r'" o/Ao "rAVJ (PY-Y)

f'rrtv -'/d" 'r'"-l
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:r; -ur!i i* hb" ,Js.-ay-lJ) .0 = o 

16

,J+-t^, 0* ilj,f lt vl3'..i- '6;T ,0 = o," Jl

0=or"
e=ol"

7 = AtanY(-",'r, rrr)

(v0- r)

n-ig c-)d, ur-a =l*.1 ,6;T ,0 = \ A"o Jl ,

0 = \Ao/o o

a="/" (VP-y)

7 = AtanY(",'t, -rrr)

L'_lg '+4.^t f.1t cttArlr./li
.st-b, ,c^,[.iX-Y-z 6LJy:J-3 o:lr cr cr3-++ (E 6b.:l:r]ri t- ,+'.K6tg!.-1r
u)L (iJ ! i[, o- {!,tul:-1!ri a2l;l.5._ }t>.Z-Y-Ty':l ut_l.U ),Z-y-X;L_rl
6.x--..r ,si4lj YY 't-st-",-;l ,;L{JL ,t'lr.7f u-l .t-J lq;,l ,*l sgla,,^. Jr-
Jr ifrr + Ll-,.:l:.1!f \Y ,as5^,.-. t_r_l tt ,r-*J1,,.'+,|; U-l "r;-r4;" 19ll:l:-rll
.-rl; ,st-l:.,i ,j:t jX d5+Jb.y.ly'_rl .rt-lt + Ltyri-_r :lr-1f \ y j,c-1,. 6l-r.,r.,
bd :l-r-,pfi \ Y t+- r:,-JJrr ,.ljl.raci .5,- 1 .r*-r Cla;-5J,2 Gy Sr,/_:l .St-lr; ,ta S

r(!_l t .:ylr:5.-e ;l-l csl.lt:n Jr Jl* tsLpfrrll orLf*.| ! i!:: ,-r-;r, ut=: .s!r
glrrlr-rlri.jjj*. il3x-;; jr? Ll ,srl'r 6;r. c-&_ry trsl:-2!ri y-l;l .5,_ e" *^lGl

.c*l ,-ui .r[5,,,1-!.lr ((r-.,D d-3^r, 1; c*rqi J12-a*. tf--;t ,t-l .sl

,sti-tlj: x a* ct.'-t,s.,ir.is, L...^tL 6-;r+-i: i;!rit,;)l,r:l
"qsl: : t* tt13,e6. 6;+ u,a_t^i jl Jt, tr_l .ry,g ,J:4 a-r: \"o ! JrL
-ro ,(6.,- tsbt*l il * 

":*) 
t-J ,lj opr ,;+ tt ct-*.?L" .c*l Jrll

{B} =*th ;l J-i .-a:.ai.r-2el ,*ra, ,*t:, L-.1b s un'al.*1s\ ili,r b 6;+
,l"-.& -bt lt
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,F,16,-rt*rr tl*i 67

Jr l, {B} ,-,+ .# A;,a-l ,j.[:- {A} fb *-rtt[ t E e.-nj.16 .;l

..r+: jLrr c-! c-: ;)tB * 0 L-el;;;l.lL, Ak ,lt"

{A} t d-*; {B},r56;+.vlr,g,r.rL:,.r!5: Jrt,, t* r}61k.,ltt
'.r;li J'L L-sb s tr ,r-f L ;rT :,:l.r ;L:; R*(e) L-AR(k,q 

't^; 
[t ;rl-ig L

-r) bl: )t orl-* j:1. 
"l;ilsll2-i,r--;.,l;t*;lU,3r 

L L;l oR .,lttc,L-.;h
,t b rt o-(- ,st*|, UU .*5.f A-i b rl-r ;-rl.Clr -,, ? ,-sb .t.*,g $J .b
.,|:ra;r1l .FtsT cryi& c;+ J.e;cs!, r x \ 6ylrr, E Cc w-,- 0 ;lt>i;lrl

.(+:r !, \1-Y Jfu) rrnr.r u'!t^i (,)ti i:+) K \ l)

,JrL, ilts>,r-tL,:; vt ;;l {A} -L.l c|t-tnjl ,ri-,jLrr yn 6 r,K:^
.r,i .up t) tj 6ll.,.,i--,st+fr, ,st*l '23e6

Rx(o) - cos d

sin 0

.l
-.in B I

.o, A-l

(vv-Y)

,Jrb, \sl: t .t* 'AE \ 1- Y Jfu

c.,til *-f,-:lLi,r.,lrr.e,'.1 0L-1l:lRrltr.{e}cc^#{B}6}.}-lrsltd.-lLu-l .\

.[f] ,i,r .+.[ ,r!rt ].[-sl\*i ),rl*l ,+--,

Zn

?B

?o
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f cosd " sin0l
nye)-l \ . I tv^-Y)

[- sin 0 ' cos 0J

fcos0 -sind "l
RzQ)- lsin0 cosd "l (vr-y)L" \J

.5 (r+r lt 7-Y u-r) rb ;E; ;-tl-ie,.r.:L ,p t "::;:t;;{ ,irr,r!;,

I k,k,uo + ro k,krao - k"so k"k,uo + kusdl

RK(0) - lf"fuu| + k"s0 krkra? 1c0 krk,u0 - k"s0 
| (A"-y)

Lk,k,u0 - krs| kuk,u0 I k,s0 k,k,a0 + c0 l
..:*l ok =lk, ks krl's,n0 = \ -cos0,s0 = sin0,c0 = cos0;lr:^S
,ll oK jt1.,,':, 6L-lr r> o*z c*:*t dJt 1> c*,!c*-r i,,b il 0 c.,)!

.r-i.f Cd)de ;-J,g
aS +5 +_i .;Se ,.J,--rr i!r, ,r_tL ;_t; + lt *-sl: ) r-rtu ;-l (4. - Y) iJ:L,

c-rl Jrt,., ibst ,;-,,,t.5.- ,jtL+ relj,-l,ol.eiJr ,-i;n L-j:: ulr5> rr^. jl
'f-ul

U-l uS€'
.(Y-Y s 7-\

(A \-Y)

'6aT

Ct) jl0 S K 'r*l^t 
"rl'-aL,T t-:.2r ,r[^r y-l e-H ;l u.z;.

f.rr ?nrr r,,..l

1"r,, rrr ,r.l
L'r' rrr 'rrj

.5t+-t) c*lr,-itS,l U ;rbst ,r-tl
Jt .trl c*t o

AR*(d) =

g=A.or( frr- \+
Y

rrr * rrr

["r, - t,rlR=*l',,'-",, 
1

Lttt - t''tJ
(^ Y- Y)
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) J-rtu et / ,Sl:l ,..JS."*U^' e-.-2s \ h' ) jp :,'-r:;;j, "6;+ jt^.J.;1.,, dr.1lr rrt: ( -nk,-0) J5; + u-S-t c$,(o k,q J:t'.. i-e!

,rsbst*,?-f q,.r!r: ,r-tljl 
"J',-.r;.rr,.r-!rQ..:*l 

;t1: ,r-tl it" q,L2"i-2r

,slr-sl: tst+f:r-r: dc*l ;T tai-l.rr -r.-+ ile..- .C*Hl l, J- rr u-lrl .F- +t:

cs t,.r!rrrl.ti..+Lt d.:*l Fu.. 
=1 
i* t rLti Jrt* ,-r!:r Jt^'''S*S

,(AY-Y) ilaI 4:-:*,-u.:lrl J- .rr.r.tp;r{&l 3l9y^. tr,-r;,rS ,I- -*-
.(4.-.: t Y-Y U-;) rlr.up cd)l, ,glr,d = \A'o [- s0 = "o Su;t5,o ts

A-Y JEr r
Jr ,r3 ,c-l *:- {A} t l+l { B) :s}u. '*i r12-o Cr-l r {B} *rrl"g?
.srrl o:lr;!er 0;;lxl+$rSe irr;l ^t) 

r R - ["rV.Y orvoV "r"lr jrt
.rt1T &-)& ;Su. J:at {A} * c*; I {B} *-n.,V d!, 

"I+ ,r-t\
.+l.f rld)t ,t:5;n'1 ,r-tl Glr:t d-*; ,(l'-Y) il.it tt isf i/--S-ti t,

.r91 $lF [. " o]Tt r,! rtS,rl:r,,c-l Ei!, Jtt' Jtill ,*r,rkt i-r.-rr;r,'

4ry1 
-gt

"/1ff " /"7Y
" /"py ./1ff

-.7\'0f " 7\'Af
o ro o ro

"71,0f o lo

-"f l"0f " /"
" 1A7? o lo
o ro \/'

(^r-Y)

I

fl JtAiv o6!-, irt ;l oJ-1jf ,sur-t* l.e,- ,Co., ty. ctibsr !l5 t"!-l b

,JUl.st+r,rt43 Lr,-r; l. ;rl-irt,l5l;, JE:;l ir- 6ll.L..--,,) a+t? .-utciJrt4t

iJ:U- trr .,!-+ tr&r-ti+,;l ,* E CLI lJ at.*. ,rj, ij t* 6il t4T i-r., .f
.'s b | 

"1,-+

l-Y Jhr r
,l',r Jr ',?.e 

,d-l & {A\ t l+l { B} ,'-;.,C t*j i"+ {B} -. r,rL3;
btr06;l.sla,,rtS,lAP = f\t" I t" Yl"liLii;l^SAk : ['rVo!'rV"V " t"fr

.ttsi d-:au ,;Su. J: jl, {B} *-n-,V.5!, J{ ,r-tV.t_*,g o:lr.;t-er

-r, d tt;tL-.11,;=k J,-S"- t ib*;ta"l ;l ,i;, { B} : {A} cshr,rh
-ulJitiJy.r5,- t $,{B') t{A'} ;,'-4 vfrj+trr i-s; !,rr.r orr Y"-Y J,fu,
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01 ,l;*{e r1l; ir!;r!r ,rJU,

.c-l J+:- {A} t {B} lrr:lrr .trK,} {,4} .t3:-: ir.;l 6 622r- Jr ilt-ts Y'-YJS-i

{A} q c*; t+T irr, Ll ,r,:....r {B} I tA} t, ?r a,;15- ,sl+-;r?,-s!,,1, r
i)j; bljd,c*l rJ,i f l: ,rb.1, t* Gil J djt- JtiJl

ft'" 
o to o to t'" 

I
A nt I "r" \/" o to tr. 

| (Ar_y)A'r = 
| 
"r. o ro \/" fl, 

I

L"r' olo olo \l'J

,-*,t J: i ;t:1 {B'} a, c*i {B} vntkt ,.*,, i,:-r +

[\l' oro oro -\r'l
B,n- l'r" \/" olo -rr'l
E'T = 

l";. o to \/. -y1,. | 
,Ao-Y)

L'r" oro olo \l"J

.:l:;!er {A'} 1r;*; t {B'} -. r,rt+a bli,r,hr,rh ,K-s G;lt& -U tt JL
;l orLi-,| \ folj.rl r:r-lJ-;r :oj,t Jy^a ttS,g i+r;l aS 612r,. Jf ib1o U-l
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,# ,eV; ,-rt+lr''..l J \i -4i I o

J: j,,4rt ,tb:t c*i.,*5^*b {A'} ,. c.*; L {B'} jLrr,(A.-Y) il+ll
ia. &-l a +-i t, .r.,rl cdra (A'-f) Qb., ;tt-S u-6-h t uly.f l, wnrl9'

t-rcl 4 s c*l [. " .]" iT ;t5,rl:, ,.r,1_; Jti:l

A' ,t-B,r =

Aq-
pt=

'7 tl'l ' t" ?Y

. /,?y "/tff
-'lfOF " /f 0f

o 
/o 

o 
/o

"ll'0f 'f'l
-"/fOt "r" 

I

"tA9.? "t"l
o ro rr"J

"7f0f
-'7\'0f

" 147?
o 

lo 
o o

(^^-Y)

(^r- Y )

,':J+f L-b t.,y ?-ftJq-* trlirl,,-i,-ri iJ:[.. L*t t,,,,$!

AT _ I,T },,T f,,T (Av- Y )

gi 6rr.c )bL S

'/1ff " /"7Y
" /" ?Y . /tff

-"7!'0f .7\"0f
o 

/o 
o o o 

/o 
o o

c*l ;.:a

-\/\r-l
\/\rl

t;::]

,s\a oxT c*)4 ,s;+ 'L- q ! ;tS,r-i.5.,- ,trj3u; ir.,;| 
^S 6sn Jr ;tbst t

,Jlop: {B'} : {A'} a5+J +j .t}lap :t-*,-l ,i.r.- il ,x1Ky^. Jr iLs;&JL
s ,=-tir$ st ct-l 6;+.:B;;l .t-J rlt ib': u* ts, r t+T 1+,. c*l ,i51
;; ! \ Y-Y ,r-- .s-r,g pt-+l '15-J, 7 -e ibs: tp 6il, t+T irr ;t(, vl;c;l ;
I '+:1

*_ll .St..t.L!
gta;;., l,'t* ,,[a, :.rs ,V :l ;Tyr a5 r_1lr )rs E ,s-&_t:lr-2!l lsrJ;-6- ,r_U ,sU.

ultUl,c*l *,lJy_l ;:e.r-.. ;l gju ,rt, y_l_rr,J,5c^n e Jl .t-rt,rl;- .l*-ll
.rj ''^llr ;t, rl:;!l i/-l ,f tL J--*

.>--; ,*,d J:t-. L-sl: s k = lk, k, k,l' Jrl'. Jttu, *J. y'-:l ,sl"r-ft*
r-r,g

0(t=krslnT; 0(r = ky Sln i

00(r=kzslnii €r=cos-

(Ar-Y)
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t \ 6iS&E ut-Li i]9 fi, dt!,

c--t rli, il '&\ l+l oo J -\:*; F..- J"-.l(,_;l qJ;tq u-l S ,>-l t:,
ef+ef+e[+e[-\ (r. -Y)

,[1; ,f .rr blr Lf t ,slr-S .h) J .l'l,.Li tt12ea bli.-r. b c;Jp t U-Ug.

JtLl .A- lrirt I x \ rlrr.i- it1:euy'-jl u;LAr:.,f1,;bel ,-16.tf ,.-.+ rr.r+
l! alfrt+t l, t+l ,r1,;6a1 f x \ -21:r, ,f5; + t"r!1. U-l Jl .s-;'g dJ _h ,,

tFg dLtj) 0:+ ,c^-l ,L_51 ,56.n

fr-r.;-y.l
R,= lf(.,ey{eye1)

lr(er€s - €y€1)

'eU.r
\\;l 6las2.^. ! JtL ^5,R, bbst ,r-tL

Y(e1e1 - €r(r) Y(.,e1' + eref)l
\ - Ye { - Y.l Y(e 1e; - .,,.r) I (1\-y)
Y(eyes*erer) \ - Y.l - r.ll

f,F tL:' ,r-;u Jl
Trr - Ttr

c, 
- 

-

' fet
?.rr - frr

€Y - 
_' fet
,l\ - , \r

C?--' fet
\_

et=iy'\+rrr*rrt*rrr

rSt-ttu Jr \A"o .rl,rlr.i_,J.l: jb1o,r-tL 6Gr-r-r: (ly-y) ila!, d+t.t-r
Ul .&iJ.up ip c* . { €r,.-,,.} tt_ltt !-;,v-il:.ulp.j!t^. rrr6,U!
t i!.2r ..uiLr, c/lr 4b, i cJL u-l ,sD (lf-Y) .st".lq! ef rlr lf ;jtg

..lL r,.rp./t t-\, \l ;-;!-2r o.,l.e-e tre;.5 c--l;;y,(At-y).st++r. ++,
-rrlo.r.i ^t :ti S er_1e ,b :l d Ck ;-p

c,!r.r tr jl rrl.r- ,l \ ;rl-i,l lrl+-;r+-r t+& <,r,;--fTD ,G\sr 6t{,r-.:_-.:i*.1:
;ti iI s t...J.,-1.:b cJr.- ?jL itS. q c,!l uSJtS. cy\ vj;:- g,-.r, .rl:11*.1

,s.16r[;t-" Lyf ;*t/ e-rT *j u-4 6 ,s.*rV .::J,c L-> aLiV .,s
t-..16.S,- Jt^,. c-l 615^, e5.!,c-l o$ crlr crli:l + aT *c^S;lt*r.Sc^-;
L.-1: ,ri-l I 6rrlr;lrlJltl .S"- ..t-t-1;!r,,;l ,oJL tl-l-r, ..r.r: ;t-:; I k f ,.,
,s;+ d-/; 4 ;-tuLt Lpd;l; ,6J:p 

';j/i 
tJ u_l.c*l or-i uli- .l .5r!T

(rY-Y)
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bbst,r- tL,t2 2,e t J-i d!r.T iLi ,lJl-, cr tr :.r :: :::::":',
ilt-.3, L- i+, ,,.g-1.jit:-lrJ::f rrll' -l,,.;* &rs.r*n;.f,l .L*.&-t G.rf L-

,J-1lr I c,lrr.r rr il-:q t+r,r["33 ,.):ylcrblj S u.\u ttl+-, , " ,u_D\.rrl.r $T
.rrlJd 'DrT/;!-u 6 ,J,4P'jvo' tog)tr ,le ' " u-t c-lui-, ..t1,-,. 5,tJ..rl, :

,tJ .r:..i,t c-:l: ;; (s"> cs *l L- aO*-1, c* tD J:-;L r-\-i sjr,-.;, 
'h, 

jl ,s;J+"
,slt,lW t,-t& U_lJI,JLro.,:.c*l orL aL;l a;lra*>l.o;^> Cr-l tr i#

..u Joli fJer,r -rl=* ,- "=- ,J:., 16{ 6;+ '*j

rli sta;lr; ,Lrr 1-Y
ya 3 ur- q5te-1lrr1 ..rii 15LCl--i y: .6-ll: -rSs-,rt(, dt^_rl:, ! .lo ,JL.oi r;l;r
..llc,;ti, U ,l ,4tr.1lrra 4T lt-:,c-l c,eLt l-o.2b2 i/-l ,.1,-{ .#r+tr ,rtt -o b

t aL;1\:r,.5: .f-Frl;16 olti,'larlr; (,r;-rlr") ,(:*" :6tb,g- &tS..2r
Lp; c*l gS-. r.!. ,lrr, j: .r-i[. ;L-S,-b{ .-e 5.0;\s\.;r..-,L_: { sr.\r.f,-S"-
.+-5.. -b I I Y \ - Y J"fu, .2r oJ-1, orlr lt l; ,Jtr lltra ^- >{:, .*! ^*B d)l;, ;l
J,_S"_ ! t ;_r. tL. ,r,,.trlr ;L*! !-{a r ,rl, ;;lsl ,)t j'.L-: yl:r1 u ,}-l

.it!

v2 vJ

///

.1112 c,-c- 6tr.2l:r1 Y \ - Y JS,J
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?Y gl g;b.1ly upe,.,

,.?.;t+ ,,;,,,-lrq .rJ\K qsE -r. dt-S,- j\ .u.;jr ur\:. r: rS s\S;-..-r ,r,L11\sr, 5r
JLr:r.. d-:a, u,;Ll_ ia; jsr, .-. f ,-I-iL r-\.i r)F, cit.- JL^, ,Y \-Y ufS;.2.r

! ,[.r-11:2 u-l ,f-A-bt ay i-"Je;l 7trjb.,V JlUt.rL3!...-r ,t-r ,s-lt, s
t j,6 

'fu,t+T 
jrr .t{.-- e [.r-11:r1 ,y. L.L ,U)'q..ff i .L..- ,bt.;. tb, s:+s

;t5- Jll ,soV yly.,r c-I OS^,i r:-+ -rlrS,r,-t-1lrr4.r-2l:.l3.:bcl,t=-
);rlS 6) t

,Jr.i ib Ji.rr5,- c-l OS-, ^S 
,,g\4;tstrgJ ;l u-ll U st i-,; I tj tt

:c^-lrr f+lf
-)l b t ,c^t? e ,;l.ll 2 .3)r 2b t -r .tQ i 3i ;l S c,-l 6rlsr; u!; rtry
,1lr p-, jT Ul e U-t .;l E a.5y rlrt /.st"jl UG .-ut, a:-,:l: ,r(:-, E tlr;-

.c*l 
"rL; 

<stlst si jtt;[Jr A=^.r .,.1

,t-J ,ll L:i ;l u,;tS, / .t5,c^6; ; ,;l.ul -hi- t xlicl *f c*l ,s_tltt :l;i ,l>1.
.r,-l ++ 6.J aT f*r-r o5,;T ;.1.r,

a, d*^i B N Dl'<rlrr n+h .,:*l ;l;I 1g2lt1 o1l9.e u4JV ,rb4.rltr'Y-,,
tj ru-a i {A) .-. r,-rtlt p | .15V-S;L" ,.=:lrcr ,-u,U fJL, {B} *;r3.rt+t

AN -fR a7y

,5 ^-lt-t-

(rr-Y)

-lt.-e-tu r.0; ,O/ .-,. f,.rh:r r-,;1r rl,-.rnrr,:-2lr d^^.ll c^g.1 r;lll t4;,:tTrlrrt: .;f,
.r,":L,l :rlj ;1.-L, r, hr,-r[.g3 i+- ..r.- jt(. : ,5))€.16{ ufr,

{A} v6jtr3 r, ,{B} -. *.r['63 .,pr r-\-3 , i,j oV asr j't ,dt tp \
1fc jL., i,*

Av -fR ay (ff-Y)

.11:,:*-.rl ;L*t^; i il q^etr.;l-ul l,a;; dJq,c-l :!T cstls;^.,L;:..,1i,_ Ls)-
1;1 .r!rs,JL c,=r.,r: Ll ,c^..i|:.up; 2l j;rat;lsl 1((lf-Y) il"t.2:) af5: rf^r
,5 +J aty .$rc/ 

f 
t4dl t {A} q {B} v*rkt ,1,_+ f tfu t j't ,J:4 6lr

,r')L .ttJd jV ,>n-rlrt ,.},-rirr Ll ,\*c./ o-r,s ,1t5, -rlrr 
"I,-rn 

tt A Paonc

lV - dY ,K;rT ,BV : oX JI,YY-Y J5;,
.JJ.f j* *6'*+ ,.al: < t ,y1 *72- 6trylrri 0 ,[.-i -1r
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,-{ eV;,-rkrr.ry t\L.j ?l

.lrvr 
"1,-.tr 

YY-YJSJ

./!-,tt" crtg-)'. \"-Y
Ll ,c*l c.:,b Jti "5 

5"-! y t*.t-i-2.1r ,;tful 
"sQt-.. 

;rs it1. d;d> Jt
.x-iL ,u-il: ,r*1.. ,:-;! ;t-t". -t-t ,G\tr 6[nt(*t el]-rr t' j-*

C+ ,sl.eylil,.1-.-l'cl-2: Ll ,c*,1 J:-.rr JU, 6t rslt 6,L. ,j-1- \ Jl
2l-rrr-- is{ --e ,slt csl-: ilj at:u 

"r-l 
t, D:,r-J. ,C ort - 'l td+il ii+.-,

(fO-Y)r (f t-Y).st".l+!-2: o.,r-l o:lr !l^i.i JS- t'1r-. d,t-t^. .trdr$ tt+i-
.l-.4,g cir-rlrr,. f x f q5L+--rL it; b)lt t n:-, wt';l 3;lu. 1.q;,1

Jt*ut+!r, ,'Jc. .r1lSu. ilrlt;U i,t-t-.. f J,,,I,-ri .sL+--rL v-e 4j
t'-r31 -b tt tj ut-t-l b rlt;^ 4 (4.1r.a)

op=AR in $n op ( 1o- Y)

rtV I #R ,e-tV b rJ +-*J,.rS"-r: b .r[: sl.t--r[ lt:.,| a5c*l ;T ,-ir,' .5.,-

L_i ,--tn.rr-1

op=iR op (tt-Y)

.up 3i ,k Y? ),-'r,> J^t Of q;! ,;l6r.e: Jg- a- 6, illR.lr.2eic-ra,
? s u-J J'^t t 1.1 !:- 3 $?-Y) ;rl=s t5 itt i e-tV v-e1t+l ..-1,
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?6 e.V

F,Lc YY 2,r2.b ,j* rY il* r.rr. d,q-b-, ,[5:l.r-- ,d1,;--r, .c*l g.a .,|.s
.a:*l

! t+,-,-;U 9 ,rrtj' ,l cful:l'rt-r. +, ,b-,. ,j-+ ,tt. jl ,,;,-rt ,tlt ,s4* Jt t l

,f-,d :.1 l3 c,f-L^.. .rt,F-"!-
op =AR
op=AR
AP=AR
AP _AP

in "rR 
DP

in C P
np

(1v-Y)

;t--t-..:l.u;. ; -: )ll5 u1,,_,F J^r \ A s --p J^r YV t+-,;t,.L,:l.u;,.[
.c*l Jsl Gy tt

;l urL-; rtr; ,.+li e ,IJJL qU BR s ,3R,AR c*l gS^, tCt ril r5
;Li:r, !, iT ,'r/ r*t^, ,t i- I $ R c--l -i4 ,;t-f ,-r-l tr.,-J .J,-+ 

A P; ! b too Pt

.+3:1t ], \ ?-Y u_r .f-tt6+ t-s& sl$:t^(; qJS,s!r

\"_y JL, r
-# v*.rkk .tl.u; ;1.r, d.r."r: tf l ,AR 3R,,rfr) ,r-tL 2t t-tyb ,sltb .ia

..r;! \ A :l -# g.1 ,Jtek :l-t'; 3 YV ;l
c-.tr; llicl,-r-L v-* kV ,r_tV jrt u e , r,3R,s4* L, +4

e,_lR i.,

E,_frR L,

Cr:CrxC,
( 1^- Y)

t .c*.1 \0 g.1 rgt+Lc :l.u;e,Yf dy i,t-L, 11l;l ,slt:-e,5t4lc :lu

6v
B. Noble, Applied Linear Algebrv, Prentice-Hall, 1969.

D. Ballard, and C. Brown, Computer Vision, Prentice-Hall, 1982.

O. Bottema, and B. Roth, Theoretical Kinematics, North Holland,

Amsterdam., 1979.

t1l
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t3l
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t{at
*.ts 6 s;llla, Xe Jr tr, rd>..2) 0 tilsl+ 2o Jr l+l .P.rl:, [\O] \-y
pt+l 'u f t *t ! !1 t+L:, U-l nt +51+, c/f:, ',-_tl 

.t-rct.:lr a!3r
.JA)

a-.;r fA;;l.rh *o Jr .-,? )r4>.-1) l" ;11-r;la, Yo Jr l+l oP;lry [\0] Y-Y

1tz.,l 'u f t 4t t: I Lpb, U-l E +51+ Glr:t,r_tV .:-*e orl: at-1r

.Jer

.c*l ,P {A} t l-r:,1 {B} ,,*l {JJ jt il t.,12-aa {B) *nrqe [\ t] r- Y

,-,. atlt J F^rc/ ;fe: a-.Jr 0 e;lsla' 2" Jr l' {B} v-nrv w
6 Gbtt,r-tV c.*l ,-rlL.r*fng *tt 6 6;l-tla, Xs Jr bPV

.$rc/ -J o P a. B P :l b l.r-,,1r2 ,J: j
.c*l J-Lr {A) t l+l {B} '.-l dJrlt tj;'u-1 {B} =*ja3 t\t] f-Y
Jf b J-S =n'Y'-': forcf ;fer a-_2: t"" ;;l.sla, 2u Jf 1., ;rT ,-,r
tr.2l:2 *i.ei 3 ,sb::,r-tU c-l ,-rlL.gfng a-yr f0 ti$la, Xs

.$rc/ -JAP ,, BP;ll
.(i - \/) r,*_-rlr) ,>-l e-oi ) "*o',\ .'-:y_rh [, f x Y .r_tl f ,B [\r]

5c....r- \ .i:rl.rl ! )c,ARt'-:rltt,6_* f:*
.r--r:l d-)de t (A'-Y) iJ:t^. [Y\]

,r-tV.5-- J:h, L-sl: s rt*, 3 xS 6i-1tl;t l- J*; l, ,;-r&l [Yf]
x-;;;:-L Ll ,-u,J Oi(t Y-Y) ijrb, Jvjbt,t_l ,slt.r.rr c-:qlJ abs'

t-J,g ttt -,: L 0 : \A'o J 0 = oo rfE.-rtCL U p-t fut.S

Js,.at- bbss r-tV ,-'t-tn Jlt Ls;;+-;-[; d+-,-i ug,lr..l2t-|u IYf]
:45;Gi dr+ JtS-[ ,1,;* b -\..rar r*j; J:L i-1! : t*

0-Y

,-l
v-Y

A-Y
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7Y Wt-

Procedure RMTOAA (VAR R: mat33; VAR K: vec3; VAR
theta: real);

Jy.at, JrL L-slj str Jt:- Jlys;:+- ul,-[; .S.p,-r: .s-S-t LE-r.t-)

Jlr *i; ilt,rt ,f-tL
Procedure AATORM (VAR K: vec3; VAR theta: real: VAR

R: mat33);

4S.ii-- .+J !r"l r:-,p3,e .r:3.rt ! t+i J 4.l) ,lt pr (-i, t )[ Lbr,y_; 3:
t+J it^-,|U L-,,!+?:r, .:JL r> .d t- .ll;u- 6tf t 6\D,,-rti. L-l aS

.+s.r!F,c-[i 6trr5r... Jr,,:t-J.6,,,J:,,r tsL-lr; 6DL A-Y ir,-; [YV] 1-Y

.+5r1.$ Z-Y-Z,L-51 6l_ly 6lrlJ A-Y y_; [YY] \"-Y
d,t.il) ,rlt r,_b*Q c _^..-E ,.rL:, ib,: ,;--tl,9s ,-.ri" ,rU,_t; ttr [\"] \ \-Y

:(c--4 
',;)ul ,rbt - t);+:oa,?r'lry [\f] \Y-Y

BV=

€\ ^::l' Jl

Arn
pl=

"14?? -or0oo olooo \\f"
or0oo "14?? 6looo -Y/o
o/ooo oorooo \7ooo t/"

.+5 q-t^, L 
nV

\0-Y ,f5.-i;: tji.l:.;t,Jlc$ orl: sr--rt r:"-[ l dI il csl*th [y \] \f-y
!, Ef u,?..l=.lr iU; b t+l ,yJ ,lt ,4; E ,*+r +J 1*t,++r

.ui a*tr...

'14?? -ol0"o olooo \\2"
o16"" "14?? olooo -\/'
o/ooo oorooo \7ooo A/'

li.;"1

Xr-
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,f ,lA;.rkJcr/ 5\)r..oi 7A

Brn 
-aI

\7""o olooo olooo olo

olooo .1h?7 -o7foo \o/o

oorooo 
.rott 

t"r^r, -trr"

"1h?7 -o16oo olooo -Yt'
.7f\'\' '/V0' -or0o" -flo
'/Y0" "7fl'\' "147? l'7'3r-

, {/} l.lnl ,r,4,rT €-rr, n c,JL I AT'^*l^.60 d J-r.j [f t]
AP'rLL J K .tj,t abst0;;llla, R Jr {B} u ; '.rlJ:k t't {B}

.('.,.rf"1 {A} vrrkr i+, J R ,-{ .:JL el ,25u.

ir+ tB) .ll;;ti,!-s"- L. 6;11--r: t+- {B} r {A} -rtta.- e: [rf]
k '^*-rlt1- Jr iL-r! 0 s;l.lla u+ t,c*l {A} r JrLt lll :4T,r, c^-).r

-$-t o.rVr, .l5r'. i!r:

\f-Y

@
AR _ ARK(0)

,>-l ,$y *'^\b +or iLl;

f R - erce

;T-1: 'f

r5-: c.:t3; lj ut-tot ,.rlrr ,-p-JU a- 1J*5t 4[ c;-rlry [YY] \t-Y

AP 
-ARZnconDe

K-l i' 
r;:r 

i]

d ** t' -rt lt ob:t ,r-tl u l.ril '5 c*l ,i ,5 ir,-l f 
t+l ,slt ,tv &-

r,-T c*r" il;tV p f Rl;

A p = f n o p
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tt Wr-

&,{ ?t'.rfrr tsLp,_ tL tt c^rr t b rltt dc*l ;ri -&.t ,b

AP =AR\n$nDr
AP =ARSRCP
A p = An 

u p
AP _AP

.pJ.1-L&"To.^r t ;bnPr-t ,tSu.-j-il \.. .L[- 6.o P bfr
r-rb ,O=.3L ,rrLo 1* , ,rrr.i; JL :r j] ibss ,r-tl u ,-&t 6-r jl
,,t+l ulr ,ju U-:+..-rr.tu, rh-l i,e \". .uL- \rgRs,8R,dl? ++

. '=rr rlf l ,S,l tt-... ! g-" t ?-f .Sbk rl-ro- .5 !., ;1.-t^,
al-,.:; ot(:-, ,l :.1 ,: .t;j .S,_ ;rlr ;[:; ,slr. rs$t,-sL-i Jfu t\t] \V-Y

u4r-/..:*l r$ c:lr ;t:; ,t(- t ;.,,-l ,roi^. a- Yl'-Y J*,.2r .c-l 15lilFl
,i.st*trr r i;l.ll*,f\s ua5,'.5-ur,r, .rt-:; xyi^i.a y \ ,1a2 0

cfi5: at o:;- .JSs. Lf;.- | xy Z^)a 7 7l;;tl U z ua*v.+[s; Jti;l
.j-r:T c-rar z 5,r,0 6ltl;;l;Lo:; pJl, ^ P 'aLjI

.sgliclt:-l ;,Lc.;... Yf- Y JSJ
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,t2.1616a15-1r.ti.,,- .-r,-j rsb; rs.&-) 6rnd- ff:,;;6
Yf-Y .$ y: ,[L, tt-l r s,p ,a aaL/ & .c-l 65tS 'il.-:;.. rtLt
g& LErl3 d-- t$ J:4 JliLr. b 0 : a (J;t^4-Jb .c*,1 r.r*: ob ;Lij
rlx,l ; uAi iL-U , ,;-,- 1r & .t; ,-l s-rcl J^f l' :l -rr d
*J t n P ili; .;16r alui,- .t-.J.,C P .b s12,, 'alj; o tSc*l usl*

.I-r:1 ar* 15 ,B ,a Lsif al-r-
c)a-b51s r--i't* Jr t-,+t$ailrla;42 X yzuJr l+l tfrtttf @,s -l:l .st-|r., 3-r!-r, ,6 ;UtL + +i ! .rr.f crl: ;125r rl: qlrlu,r.-\

^iU" .'-;..-t' J:zj R*(6)Rr(rD qV ! s* s-14 6;14-.5,'-{,
J13,.e* ,4 *uJJu.;t.+l c.:U t:r. v.;Jke .stor.l'^. Jf LCtrt u-l

L-: -b q tF,-/t =-* -t 
*tur -h *,..,/-!rq 'r.d Rv?b)n*@)

f 
tfu r, d rri! ^-t, -b I c-*l ;g' Ll .r-,;l: & 6t* ;1:e Srr,z'

,.rfr).-:ti .-. fJqe r, r.]---.i -- 
,Sr,ru,-,. fJh )l q-tn $- p-.q a!9:

rrrr-,/ 1lW|b il
R*(ilR"(/)n;'(d)

e12,ea,,,ti il"! r.-r. cs-,t +J:l R*(il v-,- t', ,[\] .*U ]-r; 
"t-l

.c:f oL.;;- Yf - YJfu
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Y\ W)-

,* t+-,-;t vt' t*y r-.rC .b.. ;1.2r r,f ,s--J. ,l a.o)L .y_t+ -r[-
,L_51 6l-121 '^Er-*, t, Jrt., ib1o tr_tt Jtfu, ,,61, 

621 a uj L .c-l ,r.l
.(c*l rr..l rrlr (VY-Y) \| 1.4g:;) 4.pl c-r r. b h : .0 ,a) Z-Y-Z --\

J-l- Q' .l,-+ ,l:r7 ;1T tl t S | 0 qlsl^; k ,lrr. Jr e ,lrt ;rb-, ty. ] C,
't--& -b t;_i€

Q' = R*(O)Q

c*-:r, ,\*c./ *t t-j ttry,-or, 6b,&.:tst JyS,(1. -Y)ilaf ;lr:tr- I L

r_-pi

e,= ecoso+sino(K xe)+ (\ _cosr)(K.ilK

,cosd = \ ,sin 0 - 0 t; r-ht ll;.$q*.:) 0+-f .rl:r sL-l:,,,Jt [\O] y\-y
.{.rrl c-)4 5 k 'lr;,lt t* Jr 0 jbst ! Jrt, i;,s> ,r-1,L ,(dt = o r

.r.:5 rrl.d .l (4" -f ) .lrl;l
c -^.--l; J.-SJl: .jt:rr: dr+r ;t:;,Y \-Y e_r'aa; ;lc:ti- .l t, [f " J yy-y

.(:rl.l c_--.rl t+t:r ft+il \+/ ,r-,-) .lrlr .,.,-t++tr
,u P\ 'ALi;u 'G)tt *J. , iT -*rV ef .r.-,-; s.lJ,fll [yO] yf-y

:-r;l;:L Lli; U-l \y t5 tj al5; .S i_r. u p7 5 ,u p1

.'rl' ,lt {A} *nrl11 ir., r ,P1 .\
.c-l {A} jl X .t-t* + ih r uP, .Y

.:.11r -7!ri {A} J XY '^^;- tt ? s,x. €,,}.t u} +.S--rj u p, .Y

.+5..:tjl ,- .uLitSl .st+*rt 6bb,#J:"j [fO] yf-y

-r) d,e-oi ),€oi,\11 llc,-21..;fr, ,r--rVtaj_sy-rti, d+^, j[.: [f.J y0-y

.i-\F ii
ulrr tsl+-- jU'4S rto ,s! ilrLr' lt.[-tl,st-l:, il ^.c5-^-.J" +5c^,[ [ff] lr-l

-sr1161 ir!.
.t-r-lc#)d, t ofJhi. ,YO-Y ,[5*: ,, qi 1., f tof @
.4ts-l c*r4 I, tT JbL,f O-Y JS- q ^"i q [\A] yA-y

.x-uT c*rde ,8T JIJL ,YO-Y ,fS-: a, a-.r; l [\0] yi-y
rO-r JS- * .", ! [\O] io-y
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,{ ,C6,rt+{.y tt$*i VY

'J,*- a6":f { ort k:,s\.nt[ Y0-YJKJ

.r-rrl ca)t b Af -rbi,,Y?-l Jf- q 
^"-t ! [\0]

.I-rrl cd)4J t tT rlli, ,Y?-Y JS- t ."-t ! [\0]

.{rri c*rt b 3f Jl.r;, ,Y?-Y JS- q a-.r; t [\0]

.t_u-l d*:a, ,"^T JIJL,Y?-l ,[5,:.,."-t t: [\01
.,.:*l r-b l.r )t orl--.e,ifr) *-tl * ,,tQt> +5 -B [Y " ]

r\ -Y
rY-Y

rr-Y

r
2I

t< s ----l

T
2I

l*-s-*l
,J,s-,sbc-S q J-> ,s49.rV Yt-YJS."i
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lY w;
s ,tstbl Lls a- l54 -J,.-(c;.L:Y ,JL;i) b,itp t, $ 4- s* fft] @
f.-t *rr ;tl.i.1lr ,S5bTL1t ,,:.:,r5rn L ggl;i p Sr-t -L f.*

.,:*l 6sl;TLrs i(lrt + /r) ,stl, ,u.rt N ..sU; y 5.,2,:.

c*l o.li orlry-; .1,-+ t\O](@

Aqt
Bl=

"rY0 "tYY "tA? 6/"

'lAV -" ,6" o lo o -f /"

.rtt .rto -.ro' \'/"

.o-.rsT d*:a, "oT tt t (r, \ r-
)V+.;rjlor-i J-, --L- f--: t I $ tF b u, s or ii_yl:r, er [Y0] fA-Y

tltt st U ,gb L_:lt ,S ib:: dt 7 a1 ,..L 1a 
"y_l 

a5.rpL cUl:

url43; -8, J^r .S,_ .* r-t ,r!r, ,-S_t orVt) :uU -rap cn0 Jt
qU (.t; g-, L- rLg; -r:) a-o)li t*+ ,c).--aV ,;,-l1l o:te---,1 tr .(c*t u*-slj

bbss ,r-tL ,ir.:-^^r ,d! ,1, ai;rt+!i ! l-! ,r[, 
:-0, ] 

iub.t+5

, .-l.uk tS,_ 

'r-l\
.5-_ ;tfrh .5 (JtS-q ,U t 6lo.lr; Jt-tay>ti) +r*,_:.: ,;-rrflt 1rv1 rl-Y

.+j;GI (1\-Y) L,t J.r5+t-., lr err- ibst ,r-tt r" t, )lL
,L-51 6l-111 .5 (JtLt, ,t,, t ,5lr,.lr1 ,-rt'^.i!) +-4i ,r"l-rr3l 1ff1 f"-Y
+D ((r-,)) cl*-9^,, ,, .rJ a*l-.' l-, e:* jbst ,f-tt ,o ! )12 Z-X-Z

.+J
.-.,tj ,st-l:, .5 (JtLt, ;t\:+ lgla.trq t-t12aa. )l:.) +--t ,;_rr(Jt 1ff1 f \-Y
+V {r9)) c*-;,, ,, .rJ a*1.- t ,}r.*, bb1o e_tt r" t, }Iz X-Y-X

'+5

( Yc-.-.'i) uaSt&bl d-r-
U-l 3 +--i 6la'Lr21;,c*l oti.; i-s; AtanY eb LJ t:*6 ihiL ,t Jt .\

.xt i_J- ! eb

.5..,- ti A-^;e J, t4-;:f- €lre,t-*6 t, lt";rl csjlt;:J,:L i;i^, .l
a:rd?rt\yb t+r,ri.g? uKrl:rae (y x y ibs,-,r-tt,sb+) 0 \:l:
t, ! -. r,rt.6; .5--,'-;l: -b tt,-&-t orV{ .r+, jt-,:j (Y x \,r-tV.i- .sb*)
+r.ai JtS-t. ,1.,; q 6lo.t1.r;; .{ 

"-;* ,lS,}* (r,y,,0) ;-,^ cr_Uo*
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.L*_JU JS- t (r,y,0) ,j-+; ,slt ..rrr,,l+l r t, :::;;: 

Yf

+$;UT ,* t, uLttj

Procedure UTOI (VAR uform: vec3; VAR iform: frame);

Jtf :l .1,_+) "User form TO Internal form " .jr.ii- UTOI aT.2, of

dbL 2i:l J:l r;u ,61 -elt,.tt.c-l (r-- tL w*.,V r-,f at r-u:Sorll--.1

IV ,11.j+t .-l .r-tl Jy*at. *rtrkt fr;l 1r: 1# ),(r,y,,0);t
.!t lt*nt$lylr.f .c*l Y x Y;te:'rrt-.i-r Y x \;tS,.2lrr1 ..5,_

Z,s-&-tLlt --j.o-l [' " \] f- L;;T1t o5.r+, il:; r x f 6,3-.r;ls
,45;GT * b aT g ,r: f 

t+jl t $l Ll;r.r-) ,k ;- d +.-,-r

Procedure ITOU (VAR iform: framel VAR uform: vec3);

4,5':fi-. .l * ,Fb;-r;l .15 *-*F"qr, L ,.,!-.rr rr 6+:*,-i 6la.lr12-; .f

Procedure TMULT (VAR brela, crelb, crela: frame);

U-l u.;l d+J u3' .c*l Lflf f-'- -/-rL, t,tstt)t Jrl rb r: ,d:, rD,i
.(\brela - AT 

'>U.) ,;L.f uQ^d rJa:,r-r 1t+l -br 31,, ,srS,l.h.:;.

+J;UT t) J.t-tn+lt;.,ir,{L; ay|'b 
"1,-+.S- 

af+-,-i seluL2li .f

Procedure TINVERT (VAR brela, arelb: frame);

,t^;L 6,,_l u,Ll .J +J a--.3; .r;*l tA)f lJ) r+ J cr)1;3 Jtl .& ,o-f -,-lt,tt
.(brela - AT y:.) +L;cr LF.L rJAr,rr ,,9:l r.b-r: 6t., ,s.,6

.15 ,rli- 'l iJ=-:t .s\)) Jp'-att hf,rtla y-l .Jlo..\J o:l: ,r-1 ,shrtrt+a .0

t-*S q,(,:-l d>.y) r.zr...>/ 0 i\ ,t.t) [o y 0];-t d-b.- ! (Y y-r,^,.1r)

d t*+.5 +J 1..J ,+ J) r) U|,(\O-Y) J't' $L r5rlr; .:5.3,rr o:l:

J TMULT 6tra,.[y * .xl*. d +.-,-i Lsla,lrt..re: ;E^; I hpt+; U-l 4J
,c*l pl 3f a:.;ji c-r+ 6udrl, *J^ ! (frl ,st*--r.r:) TINVERT

{A} * €-# ! tB} -.r,rtl,t ,brela.},-rr,.y-!r[.c*l (;) relative,,rL,,* brelarr rel .\

'l''S't "':'i
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VA WP

.xiJL;-l

XT - [, y e] - [\ \/o - \/o \".r.]

XT - l, y 4 = l" r' Yt. f0r"]

7,7 - l, y el- [-lr " - Y/' - \'"/"]

..r:1L.j v4 ,atr r, F,L: '^b:+,(.+y ,r,,[a--) .r5
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JA t, .,S1', tfu tJiLAi t{ 6J L.;:-,u

rn.ri,o \ -l
dtL ;l l.rc:S rt7-l 6bri dJ .b-rr .u* b .Sr rJ c-l ,5f rt' .-(.-lt .-
.st^ =ii;l ft\ At 6ki'.' , i-r,3 ,.rLJ tLe2-,;tL ,&t^+ ftr ir9Ja,..-2r .JSu.
.S*-t^l- ,4tu_4 ;-rcr tgJJ (r(, g;t.-i:, L- ;r -rn t- iL.; r, c.;) ;ti
&|.t-Je trtb,Sr ,)Lj r.qbJ Lr-x.r uL#1, i-lL .,SrtS,. ,st^.u!

L*y 6 t-*c Lt-n.S.-ti-r rJ'q t4l lr5rl."-l crt^-rjE:f: [o:* tY u-\ ,e.

,;ifr-l q5;[i*;e.2, llL ,r5ttS. tsr;tr st+-,i ^lj L;JJ-1 ,tS, ,;:irr-
,t-..J.,g Cb>,-,t* 5+*r- 6,.rfu ? s 6 .5tcLir:,&L.. . d'r g)J

..lc .loli trrJir*

.f-ulncd).., !, hr,rt13 U-l ,n &L ,-,+ t C,g ,P b ,,t|.*j-33 tdT.jL;
U-1 .# ,;"*,,:-l Cb * uSjt(. ,st^llr .$t^+ LllL tt I Jt,.. jl ,-*-
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IL ' ' \i (rr-r)
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q:*; ,,-\), tsll'(r'+S.ttLr-r ;t;T It r# "l 

tt Gtr+,/.gt+Jti :l-.,-l ,-t':!
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b". ^S ,fbyJ) {G} ?-fir[,YA-f ,$,-i;: )Su. Ltai^L.t(:--l *atre +
.c*l o.ti o:1.:.1f ,r;3 rJ! jl ir.,, t -t-t1

rshAs p j.r-e-i c-5[*. ,>,-5.s;16;iir+ ,iltdl.t;'\:tult-t- b
u!r1 ar-1|-sL-l l!;r ,l? n Cb -r, ,hr,rkt u-l :l ,rtr' "l .rJ it" .'ri rrl,sL-l

.Lt+!:, JLrl s-r[:-rr ;1srS c'-,-

:c*,ta' JlJ.l 1-r
,srlil ,s;+r ,.,tS, 'a*|,r,- g-Elr,.l,.iL + '.lr +! ;!y .rt ^S u,_t+Jtt g=:*Ajl .F_
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: utS. WHERE eE ,*:r YA-f ,$; r: xlu, ,w lr t! J^. -&-t ''rV + ,

.r: slri ,6 -* p + c-*; ,y,,sf-+-
u-r:a.S"-t^;-if "1,-+.c*l 

pt '=* 6tealr[, n-; Cbrr (\A-f) ij:t*.
,st+-l .,t le-'J h r) itj &.L l, aT ;,lj,-t d) ,-r5 ,L+ .s- ,l-r I l, t+-+4.,

,std+ el .:Se a.-l-. lYf ,),_+:) g_t+ (srry t'c-&_' 
"l 

+r,(f";_.g;) *_U,

i:,,':1.r, aJ:L g2l .lt-, e I u:"=i, s ulFl ! ,r,-t".rqt rrc/ ;tS..l L +,j\l
.CtS oFt,t(:-,-l =-n-,V/ { +

./t -tr" .:,Ui-)" \ . -t
c,t-t^. 1t+l uL 1;"! ;L; *)i--a;:,rli.'",1 \y fl uItS. .st"r,i! jl ctQ,tt
c,t"-L^, t, 6 iJUJ JtL 6-rtr-r, JLd;l a, ,,-in u_l -r, .r;l: c=^al A-t-,=-

.{r-, c-,.1 ,Ji ,-/ ,$J -br: (\ f -l) ilrL q ot. tji, ssJt-::-
lL:; cU.DU iL;; t c^,U it;; 

":"_[1] 
,:tr--"| ,rtrS+ Jj,g 6,g_ti-'rjl .,5.

:l ct*6 Ll2- 3$r;o:L JAt q,s_/t5. ,stQ-1r .c^,-l orl,n' .l :-75r q't#J.r:l:
At b rr- :.rl.s c:V e--ia.L-r;*-1yo 

"r_l 
r, ltr,r--J.,l o:t!-l DE i!.i; ,i[

-rL*3 { Lr+ ,trG u- 6 gl: tl .-uJ t^}i:, ur* plL J ;,l.rt+, d,t -L^.
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\ \r grh

; lrl.l Jti &E"-s ryS Br rS+ utl.lri:. 12;,c'*l j:*;lr c4U iLi; F-L; ,+l
'lLju ;,r,ot .i-[; ,slt :V.yy. r.LiL .sl*= rl.u; ..ulo.r-i d;t:.3 6r * 6. ; l ;r,_l

.[f] c-l YF ,drl ,st^rrr! ,rLlr ,c+li

4J ! I f t ?)e 6t+Lr rlu;l;r, (\f-f) ,.r31 ,,-hrJrL,.2r ,tA-{l;L
i*l-- j$:l !-; ,:-11: dJr uzf 'a4:3!--. ,k U-|.:lr 

"j.115 
,,Fy 6te-i:,

;l ,-(;L;l ,s-Jrf\]- pt+l ,sD .t5,1 u.J* ,;t-l;t-L, fK:"-r, t+-rt t
.[o] c*l ,-* ciJ.SJ; i-*S

q# s e* ,P- 'l,s-*-*) JL"-' el, { Ltt,d,[.-t-, !c.-y ;t-;-:a
L-[^,. ,t-],il,J:-:[ ori, sjr,_.;, Jrr;l l-*6 i.EiL t, d ,ltf r, ,CF g,_l .c*l
a;-r,CrlF oLis * e.,it J*e,L : cl-l .rrr .lii.f dar)4 ;l;6la-- L 

"
s urfu,_st+lr+,tJ!l ul0 ; = 

._il ctQ.tr vL::.1.e" iljL ,:r6crt,rlJr ir:-.r
Jr.h -rr Cly y_ly-rh, ;rJ l+, ,s2.15 rU ?J .;ir,g eFi ,,LiL ,t e-#
.src/ ui^5 ,\ uf" JLj - L :: t b n# L_ gi* 'r,*l^' jlj ,-t-*5 L ,J.

c*J t ,6f;a- ul-t-; .-r!, ,(\ f-f) iirL r.;L ,,rS--l '=. qstral:L, i*L, -2:

:, t+-- a:-2;l c*rq ,c,t-L, ufu5.str:., jl ,;_.c*l .r:! ,stS u-lr ,-T,r c*:a,
v-* J* *l t t+ d ) c*l rf.JE v-e.s-- i-L. LF: .,.rLl) ,-,-_tl )l i-;-
f ,h;l) t+:* ,i,-riorL .r,-tl |, .ti i* st aJ c*l #l .(r.rl: ;! f J,-s ,- 3

.rJ vEcll lu-l-r;!*.c

8v
l1l J. Denavit and R. S. Hartenberg, "A Kinematic Notation for Lower-

Pair Mechanisms Based on Matrices," Journal of Applied Mechan-

fcs , pp.215-221, June 1955.

12) J. Lenarcic, "Kinematics," in

Robotics, R. Dorf and S. Nof,

1988.

The International Encyclopedia of
Editors, John C. Wiley and Sons,

t3] J. Colson and N.D. Perreira, "Kinematic Arrangements Used in
Industrial Robots," 13 th Industrial Robots Conference Proceedings,

April 1983.

..trr1tdl bw* J*r.J"_ -jx\ [- r:Su, J* Sc.*l;Vi..,.;;L.; .\
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t4l

l5l

t6l

/L sSJtS,, ubr;lr.$L+- \ \f

T. Turner, J. Craig, and W. Gruver, "A Microprocessor Architec-
ture for Advanced Robots Control," 14th ISIR, Stockholm, Sweden,

October 1984.

W. Schiehlen, "Computer Generation of Equations of Motion" in

Computer Aided Analysis and Optimization of Mechanical System

Dynamics, E.J. Haug, Editor, Springer-Verlag, 1984.

C. Ruoff, "Fast Trigonometric Functions for Robot Control,"

Robotics Age,, November 1981.

t{!t
.t.r:T c-r 4, t f-f Jlt 6l^^;- citlt uSJl ', 6l.oalst [\0] \-f

t f J^-L iT.ts ^S 
x-r=31 -b t, O?. L* r.;[ 6J^U uSJtS, (J;tq[ fV] Y-f

f,, uL! 9 45,:S F i/-l +J et .c*l ,* ;.,,_f"-tt s-rsJ--j" .S,

6bdrL .ti-S-b t'b dr * jl*l -t-!;.r" tl .rl.r \A-r r[5.,-?rr
.+.--i ,p^t cpt FJ krt ! ,L e i/,-l .,S.^;U':

,r:;L,c-l c$ c:lr jti Y1-f Jifu,r, d6rlTL.rr a- t ptS,15tq [Y0] f-f
c:l-y,K-t r3^-:t ! \ J-L rr^, ;i t, 6 -r['ii y-l [ ,c*l f-f Jb, 6a;L

h| ,s6-ntL, .:-11: ,fr 1 'o tlt ,h, Y .1 \ 6te-1-7.. th e_f_7: _1 &---i
\A-J; t t"j"-l.r) 6 +5*.-r .*_rsi c-)A u*T ,sb t 

"$=;t-i- 
6tral:[.. I

.4 jVIr
Y J \ ..st+L-L f"-f ,$,.:.,p: rJ-.i c:l: ..r[]; 6:li L1s ^- ! .s-uitrr, [Vf] f-f
c-:ttt -1r t4Lo.L'a-^,tt:v. c.t_: ai;L ..sl61ly 1.1 Y 6taL-ir: t'r lrr
or.i c:l: ;t.l; J--i LJb ,* c^a1 JS- l, d +J o. j .r:-..A tf -k
y\,-9_' r.rk { .+5i/::-ttl u-l cslt ! {r} U {" } klys[nrkt .*l
,l-+ ,.st+.-- tV 'rr 

.t^S 
",-;,* 

l, ;tT + k-r1r.tla Jl--il J;& t ,7, L

.rtsI c*)4 l, lT :,)? ,i? ,r,,5

11c-c-.J:--i 62" Lrr,;!r,, .-J=;l-t=- 6tralrL b ,sl: a;lr-l2.-,llt] @
-Vl-r)..1=e: ,ia5;til-r- L b --r- 15t+Lr :l-r^,-.i,5 ,p ) J:S elSS

:45;Gi ,E lr

Procedure I(lN (VAR theta,: vec6; VAR Wrelb: fra,rne);
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,(f-fozi) YR 6ll''-).. 61;l Y1-fJSJ

t-+

.(f -f u-l fR u5Jti ,sr;! 4 ;l ,--,;5s f"-f jfu
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/L sfiiK. r.rtrr;!.$La"" \ \t

rUL e^" ,,L^c pFl v* iL; A l. rlt b qiJl- q* +-L* ;fu:
r) ?;-4 ivj "tl \-tlj.lJ|l.p + j& drl:,;.--.j ),?-r4 iLj ./rrr L

t' cSl .+JrrL* w-r- iL; f \*l.r,,:r b-.r i.-t^, rg.:rrrr .:.--J;-b
!r!lr +^li )V =-i ;t-i * 2 uLt u2l1t c)1

b I, f -r Jt:. 61,.;l;-l15tq Jtl ,.- 6treJrL af 44i^,r:_t y-; [y. J ,-f

Procedure KIN (VAR jointvar: vec3; VAR -#-;ffi,i 
*

r.blr F ,,L' 741 9* iL.r 0 \ tD.b qiJ t- ,rj* +-t^, ;L;
9 ';rit jLj . tl \ tA, bF q.rl& a:l: c:,-..J ,v1it jLj "/fff I
:V =-e iL-r.lt t e*.v1>.t-rr( -btt w*;L-r f b pt'r&-t i*[^,

lc-3lr ++lf
It al r +-,-i l-l y--* g;tq 

'SJL;= 
.5bdrL J- sslrl 6lulr2y-; [YY] V-f

:.$;Gl iJ,:+
Procedure KIN (VAR theta: vec3; VAR wrelb: frame);

tbb 5 .,Ll 1.1 ,*.* iL; 0 l. tlt b g-# s v* +*l^.. ;L;
) ,?-* jLj . tY \ tU.l, 6;-*t + )tu rr:l: o..,-"J yF iUj " /fff I
iL; -r:3 { d-r t' u:r .t-rK,_bt e-e ;rl:t l.)tb pr'n:.t e-t-.,

!r-.-i,lr +rli jV v*
,et tt+ ,\*,,-/ Lp,.t YT ,r-tl. l. ,S rl.,.l;K, ,f \-f Jfu.r, [\f] @
(;.r^) cb- il)l1t I il.lr$rl ,:i J-J:l o:l;- .l t -trr, .;,; 1b
c,!r,' .S;i;l .F..rJ:t lbrtt ZT at(..2: 5'uI 1$|r L-,.r.r:,r, ,Sf
,lt.t-fe J.trF-.r! t {f}: {G} .JI.rr.5.ojr..!J5, rti) ts-lt,
,ha-[-- L-;,sJ 613,;l;l ,rL-; t-rl; ;rli \ e*f) c.,tr:r jl(, ,c^ij
,87 t ET ;rtt lh ,ft tr .rF.f O.=+- ,.-Ly ,.J=-tr.- 6tealr[,, ,[- .1

.+-,-i I, W f) ,ltl v-nrQ a:;eT c*r + .sD pl .J:.F ilr[, ,^.
,(Jl) fY-f u[5..:.1: or-i o:l: jtJ !L:, i:lL uqtS, ,s:t\ ch t\\] 012:c-l u+ tj,T v-* Je;, .tlo.r,id*ra, )T : \T C L.lr,,l,-+ st+*,_;t

ir=
-c?ts9r sOr I$0t

-s0r s0r -c0t 11s01

c|t o o

f c0p01

l r/.,"o,

| 
':'

d.ffu .llol: o:l: r.a-ai,- (v)f Y-f Jfu, !;t!,r;tr,7_1.r, hr,.,t.63
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.(A-r u-;l )Ut v*rtl. 6g f \-fJSr

,(1-f 4-l !Lrr t* s-r;tr.r, hr,.rl+t f Y-f J5,J
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JrU ,rfiitf., grlrr;tr .SJLr.- \ \A

)t:.,L.;r, !t $ .'-J.e ,P { \} -. r.rtle, {'} *:tr!2 ,01 = '
,h_"r {. } *r,rka 4, c*; !, :rt stpl iti 4i 'Plb tltt ,slt.c,*l 11

..r,-.rrJ c-)& GtV,xSr,
: ull, dt,r$tr.- 6bdrL",(v-r ua) ,$i-r l:5rrt- c,!l .r!r [rt] \o-i
I i-', .(.r5.*t-, lr ;l-;..st-ly l.r:,1 .5;l ,st* t) b t **rh ,srJ*r
,AJ"...,- ,t-l ts ,f*..st+L'b jl ,-5- .t-rsi c*)d, ;54 cr*; tgl.uf Ky-rti,;I

.5-*C.J'lJ I eiJl- v*'7 2 'pt'a'L-1 2t '+.* J^t ff L{i

C"t IF-JS"- Srt--.- !;tr:,,c*) e. .SitJ *ta,ff-f Jfu-2r[ \V]

al L)tgst"rlt, , hakt .c-l o-r.; rrlr sLi.i ,lli .r,k Ll ,-u.Su,

.(+5 &l ,stlrT L.-;: \"t .;r;t !,*: 6.) l--pT cd54 !, ptS,
-,aLl,rV *r o.l3,s ;:lj6 t 4- g :|..plF, ,-'tf .t-+ t-l ['A]

f,\-D

:rJ ,l* (t-f) iJ:L,;l o:l'' 'l ! ,(0 r ,d ,0 ,o)

i-.-2: 0 t ft u5-itS. c:t\ cslt, t&1, ,st+r,rka Jt-,'l ,t"& t\O] @
.+5 cr*=*- .c-l o$ rrlr ;l-ii f F-f ,[5': -2r .5 g;rtl

a) asa;-l)L,rr !,rlrcr ItlS-1, !; ::t cF itS,,ri c.f .S;U 1t'1 \f-f
r5 r r5 6la'o---;) r-L.i lla !-f t5 ,X L-sl: a 5 L;9r ' l:.l . t-t' J*

.(\ \-f u-l -u!t ,- rf. \ lR c.,12 ff-f JK,J
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---a'
I
,
t

t
trl
alr

I
I

\\1 wP

.(\f-f ,rr-l lRPlRu$tS. cjtq .5=,L- rlrp ff-fJifu

'.L^,;l ,-sJK uE ;t, €rr- t .#g...,- (c*l Jr^.,5.(;'^ t.f bi t
dt+JLf .h 'a5.- j>t cLb l* q .tiu ;l o4K ;g , ,rh 'r5-- j;2 6l:-b \ p

.4:-,-f.r aSacSA,

.SitJ J-r,a;.56:!T L1t a- t 
"StS, 

,st:\,sltb L.lr6hat1; [\0] \O-f
.+S C,=.- ,c*l oli o:l: !t-i-i f A-f ,F; -1r ,JI

.(\0-r u;l rn utuK. 6r! 6 .5=;ti tta f6-f Jfu
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rtL sf:i6, r.strr;L .$L:.- \ Y "

.sb;!t,r +J 0*,;Y?-Y JSi .,l.'..i.r;trr., ,sltl, LL,4*rbt tf 6l(@
.n-tsT c-)4 l, ;rT L.l,

cr.,.i, o:l: ;L:; lV-l ,fs;yr S Llr- ! otrr,, ,sltb LU rsln. 3 l.i@
o$ crl: ;..' lA-l r$.1: 6 Llr.- ! c,!:,,,s0 L 

",ilffi'tl 
O

.+S 
"r^;^*,c:.l

.(\t-f u-rl RPR 6l,-,i.a alll ft-f JSJ

.(\Y-r u-l RRP 2L 15;15,6;! fV-fJiSJ
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\Y\ 4;

(\_
-Ki

03

(>-
-KJ

02

---ll'-

--ll"-

.(\A-r u,-l RRRTTL ptS. 6;L fA-f Jfu

.45 uo;^-:.. ,C*l
or..i o.:l: jL-l F"-f Jfu rr S hb - !,-,tr, 6lrL hlys!.nj41 [\0] Yo-t

.l5 rai..:-. ,C-l
or.,.i o:l: iL,, f \-f Jifu,Jr d bL -! -t,r, 6lr.lr hl., rs4.nrka tf Of @

.LS Uo;-L 'C*l
LF,,a f Y-f r$;;: or3 o:lr jt-r PfR;!r,, 6UlJ hb64.nrlq [\A] YY-f

ori o:lr ;r.:; lt-l r[5.i-2: ^S !!.r- ! ;!r Lslr b Lb rs4ntq" t\O] @

,tl

.(\l-f u'..l RPP r.rL Ft(. urjjL fl-f JKJ
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/t/ u*it$ arl,t l.1 lJt-.t- \ Y Y

.(Y"-f u;l PRRTTL ,rS;l$ 6gt f "-f JS.l

.(Y \-f u-;l PPP TTL ,!tS- 6;t f \-f JSJ

.+5 ,F t a1 2 ,d.s,dt stf* ,kr,rkt g,-l t oj t', .+5

(Y c^.;l o*'-;+.El Uf
.+-:i f-f J[l,;r t'R 6lui.-;!:r ,F-t+ 6;tralrt,. b ,sU 61a.[yy-; . \
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I

4
Ir
I
I

\l
\l

\l
o

\Yr Wf

.(YY-r uA PYR u5jt(- 6rtt .5=;L: rtp f Y-f JSJ

,-. f,Jl.1; a., r*i cdr 6. *frh) ?frr$.5'-3 6:115 t;LL.s[-1r,,-r-rb
:4J;tcT * b ult t-j .-t-rK1-h t ,a)r L (.,-t.

Procedure KIN (VAR theta: vec3; VAR wrelb: frame);

.c*l ("-[, vatfi q c-*; c*r e. -. akt) "*f J'-+; awrelblr .1i.1: o5

uts,a-;r.c-l(Y x Y)aK..1ls,1 &-, (Y x Y) ,r-JU -!;1J5.'-,i aframerr

ai lr )'- ^S 
(r x r) ,f-" .1,-+ .S.,- \ b Q3.'Ja;) frame -vlycr ,Jr,-t^r

./r = /r : o70m:c-li,r+,-J=t(. g;a;[;t--;.:-..+, ,'!-Li.c*l [" " \]

{ 6r:.rl .rJq.Lr rK:-,-l rr,-rtlt 1.:*; btlil1ts, dr-:;; 61r,.L12-; .Y

c.*l ]-t .sL-h, ,l'V gglt2,a,,1r211

Procedure WHERE (VAR theta: vec3l VAR trels: frame);

t-! 
-. r,rfl,t s rltl =-nr$;rt^a;;.;l +! WHERE LEt-rJ $ c--l ;;,

:YT ,-st+.-.,--"L y-:b .J:5 r:ll-. "l ,t.f:*t a, l-i tlil ,F t-t-.. ,.sD a\lt
ys ,r,-Lra-l::) ,>,s,o+ iltLr. r L *V gr-l) :.9.: .F5 t,rlS itjL.1s .r,-! !?

.(rrrT WHERE

LP,& ,{-:* t r'. qS 
1.q.|.1 cslt rtfr-,-l -. AL6a .5,- J ,l.1,l w-t?.}4; .5.- .f

1. Global Memory
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JAt ,5Jt5., db1.i! 5Jt..- \ Yf

:.tilol3 &-y; ir+" cr[i!;l ,l515li: "l

{f -fx y d] = [.7\' /yr "r"f
lf -lx y 0] = [-.7\ .ty "r.f

.....-J) il c\-fu, ar -/) ,t-(-,_l *rrh t + b ,lil c;+ r ,lS-
:45 a-t-, (-.r,

[0,' 0t 0r]=1"t. 1o/o -1"r.]
[d,l 0t 0r)=[-rr,r -i'rt" fAr"]

ldr 0t 0r]= [\f"ro lo,o \Yl"]
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J^t ,,(.-]tfu sb:;Lr byb.$t +-

*n-ri,o \ - f
o$ i-,r, ,t*-,-l r r*i b ,lll ,s;J4a r utS, .Jr.r2i c-rr, ik-.., ,rj+.. J.ai 1t
tt-f *U u$tS, c:t\ d'-t,st-lr; CFb cd)J) t, ,c',trrr;l ..r::5.rl,c''l L-;
cu r -,,, L ,;ljcf "t31 ,dg dtL b ,sttl-rt 'aI' , ,J'oi ,s-l ,t.,r-rlr jl +-i
;!*L at-lr.i ,.K:--l ,-,. r,rka d, c^,-..; ,ltl wfrj+t .JL c;a4-: ,[S. l*lr
.$k -, + b tf ..-.j f uL-i rr :t/..-L, rJl,r:,rr tl; u=.;trl-l.l: t c,t rr ef

dc rrJJl, Js:l:"SJt-ir- J; u-lrt Js,,"-),., . irl .., f:i;-r,
r, c^-j {T} j7l,-,. f,.rt;tJl-t-l clt:V 49. uf&..eU:, ;r/l+ t}--, &

,slt ,r ) ,{g a*t-.. !1 ,{B} ,"-1, .rr,.rh t + ,{W} ,cs) 6. val{t
.# rt+li orli- 'l ;1;le J=;l-; ;l ,'l'-L,rL-l:; crrt-

! ,ri.r, s rj,g rt.se ,-F*,sWy*-,.rt ptS. r"::*"*rJj
,ri o:lr gtral:L .n5l+, b 0" I ,. - . ,01 ,01 yrti.. ff g,rT g;r.lc r-tb CFlr
:c-l ;4 d?" Lr, -lrr, tt.f tt Jt'al:- a;, it=r .x_rK, -b I t ( \ f -f) L.L I
( \ f -f) q,[.aaJr[', ,(.u:...r cre-+ ;Trl.)L rl*? d') (JiJr JlJi, \ ? .t12-cu iT ;;;b I

.xtsT c-)d, b 0, E e\ 6bL.-st-b, r +5 b ,
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/U .,fiK, ,Jbrrt? iuJlJ.S:il.i- \ YP

aJ:L, o:;le:,(\F-f) 6Lrd:L t ltr 15t! $U) u;r!iL.-rr # tt ,gt:\ 15l-,

,r-JU c*i;l ..r.1 c,:-). iJrL. d;l drh, u $; Ll .,;;l: ,q+l* J:*uF:
.2lry c*i;l ..ui d-)rJJ,-: iJrh, r.- rl,.r r,, ,.Jrl.. u L1,l.J;lJtf:--. )T I abst

,b* tll:L g,_l ..u-r:r, Jsi b J:* r,r q rJrlt. ui-: .1*-r.S,-,1?r) ;lS,
! ,tl*r, + L-ty (\ f-r) .st^alrL ..r.:[: .rlr, c*l gS-. tdT J- s .xlc-,** s

cart *1" o 
L- ja l.)t ot r-)ti, tl tst|..1', Srs.,*r,Jlo:L ,Q. L.b ,s6;-bL,

a5 c*l tia .c-l -b \ rh 2 Ltt c4* : kb g]?]*l:l rs-rL* .iF;.,,,..^ .r-T.r

r5bal:L'. ,l-t;}- * t,lr.-st"r-lrt. Llf ,.,Trr.f) ,qjrti L1: 
"iJ 

t 
"5 

+l;;5- clt
u;lAaJrL.6!-, f tt dSiU-.rr: sl:i (\f-f) 6Lr*l:l*. ;l;rta,rt*,,S=;tr...
tgrJ,tral:L, ,F G:re ,ct^f.u ,sh|.5ry r5;3,t+l:+ ):1 {! ,.1*l J* 

'b*.:j-:

l,#b" I?r
,o:L ;L 1 .:.11: 

'Qr"t ,r!tS, q)L. Lrg tJL ' : t ,.rl:+ ,:tr ;.rr L- ,:tr
.Jr: rl,rr "Lt 
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.tkl Jl ,-...r-! -r,,tr # ;tS, rl-ir,- .iyls.St'-t+- t o$ ,:l: 6r17e 6lra*t:-:
DleI'1.*5*|.t;lL J*L g;Lai tt =l:t a,--S'._r] xl..,yU r:,_r:(Jl , ,] ldl
Sti L.b a- c-l 6* J* ut+!-r, ,)u, .r/+ -* -t3n* t bl-;L/ | n*s,-r;n

Jt.:--l ,sts,, ,s,2lrr .-u-lL r*l: (rr,' ,lV ,s-* ,s;+ & ,sl) *; hb - :

)Ss. LPlt ! 1-r: cs-r.rA3,t{;.-t; .kl, - t ,et.-5=,t5.,sl,it, Y-f Jfu

www.mohandesyar.com



\Y1 Jt1.Jr!,,

.srtf tL + t\ s,Ft crL ,B iLl ." ,ll-.r 6lr; ir!.-. J-.br, jl ,-,d f-f Jt*i
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.#.-t+, ,r)L,l dS-, b -b c*tr. t .-. r,rt43 u_-ri_ti q r;! ,rFt S I,

.r-rluA ,Fob,lrti, Jt cS;,,> ,holt f-f
qsba,lrL, b ,slt Jl:i, cjhJ J) t+i-1.1: ,,rS-;L; 6Lr.Jr[.. J- t .-<gi uh,- "

CC tgrJ 1., t| a- I 6la.,J-o e orL rot ,-JitS, tst! .'i-

(0-r)
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fcrtr -srrr o to lrcr * 
ltrrtl

B ry1 = 
,-T _ lt',tt 

ctYr o lo lrsr * Irsrr I"w'l , lo/o o ro \/o 
' 

": ,"' | 
(7-t)

L. o o \ J

ptu"l pl .r5,sk{+ 6 d,g ,rt ,iyls.SJLr=- t;F 4 fr; Jjlb, { JL

\ f A .rr.r"r [g ].b I o* b,tt

utfr J'r!r(
,s6-nb|.r:r! u-l .-r,-J -b I ,* ,J_,u r J,..i _r) d b \b.- ! lL ,rS;tS. 65!

..;-l cr,.i rrlr ;LS V-f .,[5; rr ;tI L.lJ

6trrJrb.. !r.pl c-)d, cb kb ,s!,rzlrL.:l ,.u clf f i[--i .,r S i, irJ Jl:t tr

Ce uti',lr;!u-l ,,S;L+

I ci-l ai-t di 0,

I 0 0 0 01

2 0 Lr 0 02

3 0 L2 0 03

.,:,i &!,stnrb! : k| u L 6leJ.o1t ,r$tS. 65! V-f JS-i
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/L u$K, dbrrq ;gl1.l.jt;. ' \ft

r-[, -. gl|.1; r d*i g. -.f,.rka ;l 6la-;":-, J12,ou.,.iJr iti rap .)5 ) J;lriJ
rz )Je ^-L. u$tlt i.lr l& a=*- ,u.lsgla^).o:t\ an.l"*f .J,-+) c-l o.ul;r

+ ,U-bq.(c*l +X Jt^.1 .:*J .',ie.r, I !! c;Jl+ 6l tl,4,g 
1lHJ Q :,A

il tfL- t ,y'-+ .,-^) cd)l .iJ^ 'Lz.,,"-t erte^,,rtt.Jt I b 
BwT.5;i ustt

r.-je -b t b

c6

s6

o 

'oo

iL
,hL

Brnwr =

(V-r) il:L,

;PP''"tt

-sp 
olo I

c6 olo 
A

olo \/" oro

oo\

(v-r)

65L.-- \ .t;-J,V
,01 ,01151+L{a, t ;l u;13;-) ,(V-f )r (P-f-) 6trel:t,. ;:11|;

.ul .up a-s* 01 5

co = ctrr

sd = strr

z=/rcr*/rcrr
g=/rsr*/rsrr

(^-r)

(1-r)

( \. -r)
( \ \-r)

(\.-F) iJrL :tJl.#,.+li ,F rs-* Js,.aa' L (t t-f) U (A-f) 6LrdrL.. JL
t_*,t 4,-5FF-.ri- t .r-r- t1o!;.r:.rly t t (\\-f)J

cr+ u'=l', +tl + Y/1/1c1 (\ Y-r)

Flr#.rtf*.1r,-; u;Lrrtdl;l ;T i 6

c\Y=c1c1 -S1sy

s\r=c1s1 fs1c1

+Tcr ca)a L,t+ q ,( \ Y-f )

xt*at-tl-tl.'= 
-i7J,-

( \r-r)

ilrL, J- t-

( \ r-r)

J- e.rFlyr..rJ[ -\: \ i]* (\f-f) iJrl,, c*,lc* a5c*l ;i w\t trsL-)
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\fY s.JJ&r J>J1 lb 9 cst hilt

", Jl,.F-i -b:l.tr.rlfuT *|r+ ir.r b \fcr s,-tls.+ ,:r-l tlr,t-l,',rtrL.
.s2ls j.ri c.,!-u ,frtt treur;l q-18 .i.u iti.6;l ,.uL; -\ r \ .,.:

t-;.C r.-L, .;i s1 ,r.11: -1[ qS 6-;i ,[lr ;r .i.rr r*"-l ,_h., \

c411,-;: erTt, t- <IL1r f-rb cJLrr.t!l f+b4.S;lr.*-r,(\O-f) iJrl^. c-)tc
,,r5';l '- 6Lral:[- J- Cf ,str-r,' il u!'-:1 .01 3sr91c-:4, tt .rflts..-Ell ,l:[
r5la-L.. rr Cb Ll;,2 ;l e t ,-b 2e. ].L L-el; u.;J s s-i* ,F L-r,--

c.t.l r-L.. L-sl: s o-l.f c-)/, .Jr[r6hh '"-J5,,.itU-+.lr-h#rrtr- .l ,AtanY

'j,; tlt tr;Ul:, 6t t' -,:
,F 0, j:rrT c-).., .sDlr (\ \-f)r (\.-f) 6tulrt', ;rl-i,g,0r irj l+, jl ,r,

:cJs tj J.t-te+ bljd | .JrL :, u_l .#

n-l,g c-)d, i,:+ \ AtanY 6lr-L-irr CL- 
LV2il o:L"',..1 L

dr = AtanY(s1, c1)

c-&rCr-rtr.9r

A=ktsr*krcr

kr:/r*lrcr
kr = /rsr

( \o-r)

o', l.l-.'
( \ 2-r)

( \Y-r)

( \A-r)

;T.1: .5

(\ r-r)

Clr ,, ,S 
"r_l 

\ .C', o:[r: .l tArnt -# ,]a jl ,t! U-l :l6ldJrL J- )*, ,,

.1*-i,l !-, /* q !1 kr r kwst+.rb

Jt

( Y. -r)
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/u 15$[(. strll1 ;rulr.S+u..- \fA

'13;rT

T

T

v
r

7 I 0t - Or.r,t (fl,

kr = rcosT

fty = rsinT

o:j o* alie ! (\A-r)r

cos 7 cos 0r - sin 7 sin 01

cos T sin 0r * sin 7 cos 01

cos(7 + 01) =

sin(7 * 0r) =

( r \-r)

(\V-f) s;belrL r-,.

(Yr-r)

( Yr-r)

t-

( Y r-r)

( Yo-r)

I
r
v
T

p--rlr AtanY g:U-;l ,rl.t-l L

z\:)=AtanY(g,c) (Yt-r)r/
y*,:J p 2

dr = AtanY(y, c) - AtanY(k1,,t1) ( rv-r)

Sg-#E k, c-)lt ,r.;i ol:.=.i ((\P-f ) 1:L,.1r) 0r ,.:-ic ,-rt:6 S +j
6brJrb.-1r r.rui,rlr;L!,JLC+--f.,-q !.r.11j3,r. j'b gr 6l ,uI ca.rdr j& t:
,t- loli=".1r 6,(\\-f) t-,(\'-f) rsb.Jrh, ,h rslt,iu,(r\-f)r (r.-F)
01 e,.-tli J-r; (YV-f) iJrL ol3;.,T,, = A =. -St.4e cdr r, ,rge )V

.rr sl.i cs-rl=3|
(t-f) r (A-f) gbalrL ;l orli-l L. ;rl-ir,. L 0, s ,01 ,01.Jt-lt Lfr ,f.l-

0r * 0r * 0r = AtanY(s6 ,co) = 6

trJ,.:-t.,

( YA-r)

sbritr c,l.rL, J- ffu.1r .(Jl..ul c-r., >ti Ot r 0r) \*,g J4L fu Vl ;l 5

Lfr t)13,o*. af(YA-f) $L Ct+.rL.c L ,d^i., g 'S.,rt', klt - t-r, ! r"t ,r(;tS-
'f'-/. rt st4strl.* 'c-l ;LL 15t-lt
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\f 1 s.r.l;.r Sn2 [b 9 srt h,lt

trrj:L irf .I,_Jj ;l ,z*l JtV,,r5*;l;, 6t-rJrb, ,F ,s-* s7,21 ,ut- ,*n
Js-c.ra ,l9l.s-. s-J:^ ,J[+JL ;l ,ql=-;(J;! .-L3t1 r-r..3 ,rbLl il J-rb 6 Atf +

tfrJ ! tulrL itl;r'-l;ldri:: ,jb'. ct-li.c-l :3-5n (rs.**\ Jld, 6tlJrL;l
.c-l ,ul 6riUrfst+L.f ;,,-l;lrK_t r-r:. r? (*5it-t,.r)) (6-) cas,,, .tt.rr-$

.'dJ:.r ,htl,
L*e s-iC ,'-, .,eL sS;t(, 19tq uSJl '= . q5balrL # .,-r:^ $b-r -r,
.;rq) t^rrt ;l cst|=.. tt tS U-l .t* +-y; ^',L...' L.u il:-.- rt q t! dt5
\;l-L,st-lr;,+L,. u-l:l ,r,.c*l ;LT-rl=-:,(4, = tl.o L a; - " 45',r,t3!"

,[5;11 q'rljl i--..1r r- ! .sr;t1slt .t;"-T,a .;r)dr [Y] a^t*. L.r:.r J:-l;l orl;-",1

.t:*l g;l^2,ie g\lt:,rJrsl;- .l ^.J"-,1*l:r;li =:'*. *l:t ,>-\,sU.3l;u. ,Y-Y

1+,, {.} -. r,rtf; l+, ,E kl, Lt ),/1 ,/1;l c.r-3 d;L c-J:, A-f ,$,.,i-2r
xl.i,t r5.urr6 ul-L; lys.{-t cl, t{+t; .c*l r$ orl: j|:; ,{f} ,-. r,rt43
LP^d C-L, rfJ -b l

qt ,1lc/.nt4-lJoytiu;l orl;-,.1 5 y LL ! ,.l.3

rt + y' = I', + tl - Y/1/1 cos( tA' * dr) (Y1-r)

,-, ,cos( \4" + 0r) = - cos(01) if
zt*at-ll-llcr= (r" -r)

Yt\lr

.L.1, u l. 6lloJua c,b2 6lrJr[.. J- 6l o,L.... Lr.r 1l nrti;l A-f Jfu
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/t sdiilS. rrtrr;tr a1111 .{jt;r . \ f "

J* U4-1, ..srt-. l-F (tffi) .i.u b d.-u rJ,:*l ;l ,c.l:. u;l \-5 L;
.Lr. +l.rr r,-t1 ,cJL u-l sbilJ dj.jt-L, p-t$l.r).,r.i! (lr *rr) t+h!
L.z U-\,-r"r! rr! v-?t:l CIV .i.rr ili; 6,grr tt .tf &ii t, Ol L; c-^-
t o (Hlr) 0t rbL (f.-F) iJrh, rt5lT,r.2lr rrr: vl:a t-* ,fJ.Sl .* yl* t\t
t -S-t vl3'..:y l: r5-3 A- f Jfu, cJL y-rl.i. u_l,sl:l+ Q D : r Jr:,rr cd)dJ - \ A o o

0" = -0, tlt,it6ll .:l;- .l L. al-irl,(c*l oJ.i o:l: ;Li; c';b dl,4:-Jt d)
.ry3i c-rr,

0 \i: .f-.t:T cdrd, A-f JSJ i b 0 s ,h ,sL-ltt c-l ,ri6 ,0t itf l+, ts!
Cb;l ,U_bq.r.lr ib al'-:;"' 6rlh jl 4 * .ts sltC ,A , r.-rt{*.t *r

f-te: de.:l;'- 'l AtanY

0 = AtanY(y, r) (r\-r)

,€,g l+.1, ,h ) (*-t,f t l0 :', "(i1rti ,.21e: JL

cos ry' -
xt*yt+/l-rl

Yl11/xt { yt
(rY-r)

.ri[ . S th S \A'o 
"r,_t1 ,(f Y-f) i^[..t i.srri ]-+ s-rr,.r 4r.Ei-.,jbt.,;lrr d

6lr.r=3 g t+ .rrT c-)d, L.l, , c*l .lr.rr.rL-: s.-.le Gy i,;tt-y, IJU_I

p-rlr.+=: ts;iu,l;51 ,lL,r, Lt;"',- d:-. L.r:.r t+l ,.sbl+ 8l.rr;t ;l

0'1 - B *t! (rr-r)

.sst,l t6+0, > ' cJL ,sb r* c-)lr s 0, < " cJL 6l c-:- 6,-jg ;irr 
^5ut-t-\ kl, u-rT6;+,:,5e.- 4 t ul.;,.f t tlt t+'.ju-a.1: r5;_l t b., tl

t>-itg aL:,j Ot+ .;I-.L L-.r,lj - Lfr
0t*0r*0v=6 (rr-r)

..li: r"F Ji5 d:-.- J- ,Oy iJrL;l 0, ;rJ l.g, L

crld.?J€ I ,L.rr e-} )l Lsre ,brb 0-f
.S,_ t+.; c-l gS^. \ Jl haJrh, u-lb:,c-l.,!.ir (6-**) Jt€,6trrJ:t-. r!
Lly i;trS+ t .xf errtt cos0e sin 9 ,.,^--2.Jil tl ,.rlL c-:lr (g st),,;:,
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\ f \ t5|{r.rn q .L+ ,l} ;l afr btt

r;el c-rr, u 3rL -* 
-t 

6lrJrt'. ilj,C u:
0z=tanT

- \-zr
cosd = 

-

\*ur
lu

stnd = \*zY

,l+T ,lrr r6q t, : t-rulrt*, i:['*l ,FL+ u;bd:L J- -rr ,.!, tslr.-- $-q :t
.rt.rJ,,[,-rn ,r, *J dt+-l.L" l\ a12-e1 q;bJrL t b JL, U;t^rJ:L Alj,f

.c-l '.r.T;UL 6tr:L;l -3-t t t++--6-t" u-l:l '?-i 
<.Jh ux.

f-t Jbr r
b0 L-:l:r+5,,1,-+ "-rb., ' c.;Db.* ,,6lrL-.tq.S,_ +b-tj Jt{, iJrL.

acos0+bsin0=c

zx13I c-:rr

(rr-r)

:-*,g,.?-d (\ + ?rr).,r aJrL ,f),-,7br (fO-f)-;l .rti-l L

o(\-rt)+lbu=c(\+ur) (rY-r)

g-)> u.rt+ly 

-r 
;.tsj it il ,r,

(a*c)ut -lbu*(r-a) = " (rA-f)

s-;.6 J-t u l4i ;l
6ar@] (rr-r)a+c

(ro-r)

n-l,g cdrd, 0 pllr :

(r'-r)

=h ;l-l Jl,L iJrL ,,ritr.rltst (f1-f) iJrh, ;l u ;s25i c-)4, ,st l-r tt -Sl
arr-rJ.1r s s*,t c.-tg cilit- J.,i Lt" ,aI c - " Jl d+Jo.;i.rrlJ L,ji,-
)t+ "u-t -F t FJ' Jk-l ,d:t'. i/-l J- ,s! o$ tt ,st-*ttLUJ t, .0 = \ Ao o

r (fA-f) iJrL.lr p: L.y: iL-- Crtt bV:l jl t 2F J F.J .:JL .s2i uath.
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Jrt, s5rtK, rrlrl! ,lllr .$Li.- \ f Y

I .t-;.,C rtall ,$l L.rs ilrL, r, dsL. j-u .1,-+

slrl! ;l ,;-s ;l ,.trlr [4, 1] d{ 15t+h ,f L..1r b ,st+l.L+ J," .5 t+l;l
,b It t+l-;JL- f L..1r 6-* 6trdrb. lr ilt.f 3 JhrL c/6.r.$q 6ll., yr!,rSJtS,

.tslr,g e,'. rrlt J' .I,U ,rl^r;! f U + ,rJ

&ii 4.r) eb&" rp d*' 6lJ J#! h ,ju ?-f
4, vlr ,rtt .JL ;r ,s;r!l L..,: ,_,1i, ! c,trr, \ Jl ,* ,rS U_l :1r1, rS;ta
,[f, F] t..1L,.rrrlcd).r 4,Jt:e+b vl* ;-tl-ig c-^"^.rl t,).]J 412,.1s Ll ,rrlS
+Li;.5.,--1r I-&rS"- gl,un u t4T-2r ^Sltgsl;lL1s ,riJ l.,ts,rL uSJtS,t.st rit':
J-L ,_F t ;l -1: .5 ,it ,sl;^ :l S b G:, ,,_h, tt-l ts.'/ .JtL ,r-u5u, etn
.stCL ,s\ x-1. J, .d,g LlrJ,c-l .:J .sJ-r,& Jl.-.1tt, rT .r* -: cI:l
.(r=.: !, [fJ f.r. xlj'.,l:..riis lsp) \tc/ 16 +i ,,e-# ut+t-; .J,tJ ,F-,

.rJ o:h,"1 ,4.y ,p,st+trr, -*. ,sA 3\d Gu U_l -il

,{f} &bqrhat43 i.r-,.r:5C1'I .Lii .5..,_-1: I.K-ri,_ ,ri 13n u $,rrtK:n
c*l gr:1._[ -. Atlt.lr eti; g2l d,--.- .sr,g il-r *h '.Lit 

,y-l ,t {?}r ,{0}

_ .11 \.f1 ln1 Y I)
- \I tI tr. Itonc

- I 6lilt, (t-f) 'r^}1,Ltt pt{" bj- jl 'rl;- .l !l:

'D _'tT1t IORG - tt ( r Y-r)

L.

(rr-r)'D _ "Tat |ORG - tr

l. Pieper

c--k.=:rr 6hLi;rt !-irS-- Itrr^- U-lD:,.r;l.r!Ll ,t_l s.e > tsJr ,e,\.ts* r- LrlJl:.Jt+lr, .y

''-Str F

" Pronc

c-:j; ilr,-/,i

( r \-r)

irirljlj

,[l[il]

www.mohandesyar.com



aT yr .5

al.2r "5

k] 
='"Lttl rrr

c-)de fi cslt il c[ti'.s,(FF-f)-2r f? ,rt"+ (2-f) U| J orLt I L

ft = arcr * dr.sarsr * nr

fr = aTcarsr - dtsarcarcr - drsarCQr - d'7sa1 (f A-f )

fr = arSarSr - dtSor.gor cr * d*corCar * drCar

,-*e 4 ,g-trSt (f r-f )r, )T r i? .sLtc ! (P-r) L.b Jl t

[ttn'' - 
srgrl

' Ptonc = 
l'''' I,"'n'l , r?-r)

I'J

\ff &n 4r,*b tF u,stl. *\,h,jy

9t=crft-sr,fr*ar
9r = s;ca1 f1 1 clcarI, - satfr - dvso1

.9r = srsor,fr * c1sot1 f,, * cotfr + drcat

'-j.r

( rv-r)

g-rl'(f?-f) a +-i\.1*--i,e"Pronc tl-tL 6t rslt GtV J;

r=ll+si+sI ( r^-r)

7-)s'9;,-s|.t+ 
(fV-f);l 'rt'L-l L I

" + fl + /J + a\ + di * ld,fr* Yor(.',f,' - srh) (r1-r)t-JrTJt'TJrTu\-

c,):[" o6c-, S--ounr,(Y?-l\.,t Z ^il? *. Ltr iJrb. .l.r.rq ,t al:L g,-l JL
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r-(&1c1 *krsr)Yor+ftt
s=(k1sy -krcr)sor*&r

kr = .fr

lcr = -ft
kr= fl +/J+ fi+a{ +ai *t&fr
kr=frcat*dqcat

at, ,5;t5,, ..rtrr;tl ;rl5 .S,.:t;= . \ f f

f*'--itl ,'-; t$': ".

(0. -f )

;1I,'$

(o \-r)

J2,o* ;1T; 01 1 
"ft*t, 

,o.t i .iL d1 ;i1r \; ,2-l Ji.r:3-, 6ldJr[', (0. -f ) iJrL

a+u./-j c,JL .- L t+ll ,, .{d b 0r,Jr./31 c-:* ,t;i'.:li ,l"t
'r*Frt

.,ab t{.; ,(,tr) c-f .irl .c*l lF r;T-2t o5 ,r = kr,'-rl, .KaT 1611 = " Jl .l
pJ f9r r"J) 6;ldrt'.,(fO-f) thr;ly-rti..,Jrlrr!/ tl ,r..c*l 0, ]i;l

.#J- 0, tpL-6bb;l;.,ltc 6'-r,t J"-t tan$

,-?-f..-q jt,EL:,-l.rr ',:*lf'J,.-ziT..,S,z = &s,c_.11:,tf;i,"or - " Jl .r
c-). aT :l b 0r ;,tl-i,l 3 t-*,C kV sass L1t iJrL..,(fO-f) d"rt ;l ;-oIL_

)rrl

'F }-; r-j'4 E Ce .iL (0'-f ).;l b ,, s s, ,t#lL y_L.2: .\"

,s-'ics.."1,-+ f 4tt jl g;l"J:h. *,0r c4+, (fO-f ) ilt ;rl:rlj jl ,r,,d:L, y-l
t.r-11i c-r + aT :l b 0r olje:

b $t-f ) iJ:h. 5 ,01 iss15i c*r., ,sb b (0. -f ) iJ:L, ;tl-i,g ,h +.2- jl ,r.
.tS b ,0t blj l+, ,s!

fl + fJ + fl = oI + aI+ dl + al + ldtdrcdr * laravcr* Yardrsarsr

(0Y-r)
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\ f 0 ,rt, ,r{Jtf., ,JIAJ! j1rl3.fJL:.";l Cl+Jb,

rfu ,Zl jn .:'ei c-r + ? t 02 e ,06 ,0r {Lr ,d.i:-... J- ;rJ ,1.6 t},,:-^,
.;E tt u-ri ,sr=fu r,. t+- l+I ;t-L .5t-1, ,r,5r, C"J &ri .5.,- .2r I F_.rf-

cr.*- ju ,gb:t c*i 1l 't;- .l t tii I qlt u-l rqltc or-.r.i yr .dljf Jlli
LP-, iftlr,=. llig,.tlLi a*L., 07 5 ,01,d\ .*T jl e,.f-uT c-,)al )R dz.; o*
.r.1eT c*: \ b ,0r = ' cJL r) t[, *-rrht { # {f} !I raltt ,s;;4-
;i J-;. a- J-s i) r T-,:{* i/_t ! {r} ,-,.,.rl"6. ,,,}L 6;+ nrU,;

qt ull,g,c*l oli o:l: i R d, , ct_l t) ;12- .,>,-l

lRlr,=. = ;ft-'lr,_.rR (0r-r)

,st_lr, ,F n, i:tt6\ t ,lr.r t;1 L_51; a- cr-l ,lL ulti .sln:;t, )l ctQ.f
,f 6l,r.rt-.. t, ,-J*tf, Lst)l.f tt.tj ^*lr,,lLlr,=. rt-f tt (Y ,,l.oi) Z-Y-Z ),-rl
6j) a; oS ,r),-5l,st_lr,l il 6l^c2^^- Jt-tn7 il-;L/ t.rT ;l-L L-sb -,etli:, ? t,d
,r-;lr r5,-3 =l* st rT J-L ^- csll o2\.a bs4 .22T cdrde ,iloJ.i i-f;,*L-

.r: $lF Jtl J-;.,,- tslt o-t,i l.t- ,Jhb" :lt;,,1",:: ,C,!l cL4lf ;[5rl.r;

JAto ,j$tfu g;l.A.1,! ;e,,l.l .$t^ir- :l ,g-t{JU" V-f
Sr rS+ G:, .-J F^li ,6q r;,>;!l s: 6lt l, ;rt,ls.S"-L+ ,,h cr-| .t,

Jl .tt.iap s-r^ .F ) 6-* ,F u-&_t ,sU:,tJ-* t+1,:, ;r,_l;l uS-_ clt
,rS .JL r, t+!:r 

"5;t-+- 
(J't^oJ:L b ,slt cfri t l$ J-,|/ t",-, u-l \

;-l..J,JiiUJ.',J^t uSjtS,,stor.it ;j=,rr: ^t|,it=Lc :l ,stQ Ll,.r:a:.,^; c-ra,
.1ln).,-o

d9o le3.,t, 0,t:4t)- g!-l
6t-r+l:L ,15)bT L1: ,,!..) t .rt,:., clt ts* Gy ttt5 jl Jt! llio+ td_l .r,
! ,or: ,url b ,L .tj F"li p ,.t.ui q-)4 f J,--i .,,, d L 6?" t.5a3 u$L;.-

.c*l ;tJ_ [6] F-, n,
o:l: 6;:Js -,r-rL ,-,-p..oa,.;T S c*l ,rrK-:"n 1:0;'a*lt , -l '.-j'lri J.- t -:

.lrtr !l-

'ry1 _9t

=

, \r , \r
Ttr T tr
Trr Trr

oo

)r(a' )

p,f
prl

rl
ITQ,

[li
i"(d' ) ) lr9,) [r?o1 lT(or)

(0r-r)
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tl, sSJtS, ,rbri! A.rrlr $t-.=- \f P

tV * s) tt 01 ,bLl urt^eLT ;l-2: ef ,tj rtr-+ Jl-iLr. t (Of-f) Urt^.

&.3J; ,X-Jrt

li"(r,)l-' )r = lr(e,) lr(0,) lr(01) Ir(do) |rer) (oa-r)

+l.r tr ti JL t (OO-f) iJ:L ,i? ;rJ i:,,lr !

l-:r 
1 i i] lili 

li il 7,)" .Prl"
I

L"

.ilrr ;ttj v* i:L ri2,yl .c*l o,u.i r:lr f Ji-r: (\f-f) il", l.)T ;ltt S
,J- ,,l ti u;laj:L d:-r5T (*rr, j tr +:, irj l+ r, UG ,iy|-.J,-r,, r, ,!-s :hL

g--rl, ,(0P-f) iJrt^. o-h ss.r: (Y,f) 6hr -'r ,r,r r;;it*
-srP" * ctPy - dr (0V-f )

C,g o:ti-. .l 2-; ,11!c.,rt+*-5-tt :l .oy Jfu t,. c;lalrL ,b ,sl,

p, = pCOsQ

pa = psin$ (o^-r)

;T.1:.5

(or-r)

(r. -r)

AtanY(p'p,)

p-
d-

t-,J ,t u; (0V-f )_7: (0A-f) ,J:l:-rli t1

d"r
CrSd-.91C6=-

p

,'-rlt btrlj ,pW J-r-t j4-,5r t, r

sin(/-d') -d'P (t\-r)
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\f Y ,rt, s{itt(, ,-rb.r;tr ;r1rlJ .l+t ir- :l ,C\)U

cos(d-dr)=*

u-bu'.

(r Y-r)

t#s

(Pr-r)

t-prr l+, c* o, r.V
0r = Atany(pv ,p") -Atant (rr, +@Jl (pr-r)

'^\b t;:. c-,)tr ,sb !51-1 r.;5 c-)lr 
"!, ,F-) +lr l: 0r uA I +S +j

!.rr.f f!'-lOf-f) iJrL 
- 

r-h,01 ql22 i$ l+, t .r-l.f c-). ((tf-f)
t-icl r;;,(62-f) irt.1:.2: (l'-f) r (\-fl 66ra-c.;:l:.1f 62.-.-

ctP" * srPy = arcr - drsrr * arcr

-Pz = orsrr * drQr * orsr (Po-r)

,rt5F f^ t b J-;6tral.rt', ) tL;.rr,;lr r !1 
(OV-f)r (PO-f) 6Lrol:h,Jl

arcr-dtsr- Ii

|'--rl:

(?7-Y)

;1.1, .5

(2Y-r)-at,-al-dl.-di
lar

itrb, Jfu q (??-f\ iJ:[,.:-2lJ:-e-..e 0, 
^, u$;*b,l??-f) iJ:L tt S +J-.y

,* lr 0r s tj b I, il ,*L:, ;UL ,-rt<---$-t+ \ ;tlir-t az,..a ,s.e .;-l (OV-f 
1

:-61 r*)a

0r : Atany(as, d) -Aranr (n, +tF + al - tr,) (t^-r)

..r.[+lcf 0r c\,-,,jtli vlf 5: t.,l?A-f) il:b, .1s dt L c;.. c-It
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/t .,S.itt. 1;ttjt, arr,J 4/t::- \ f A

.f uysr* lr ;,T ;rl.y,g d +, r*^l9- ,v--& -b t'| (or-f 1 ',/..b ,r\:' Jl
,r, .rit: 0, s fhy_tb :l ,*.?-Li; il - 

i-h

lir(r')J-, ;r = lr(f,r) Ir(ao) |r(e,) (rr-r)

t_

frn
=Pr

(v. -r)

jlf .,i./, .5

J).rr (Y,f )r

(v\-r)

I tralrl'. g,-l

(orrt - dt)p, - (-ot - a1c1)(ctp, *srpv)Lrr -

(\,r)

?'t r ?" tr ptl
Trt Ttr prl
Trt Trr prl
o o \l

.i rr ( \ \-f) iJ:L,
V'-F) ilrL *it

' ArCr - Ag

' orsr - d,r

up t*+ tl-ict

eu)(arsr - dr)
tu )t

f tl.rr, SrCrr :syr -arcr'l ["lt
f -rrrr,' -SrSvr -crr arsr I lrrt
| -r,, c1 " -d. I l"r'L ' ' \ lL.

,.g6r-:-c.,rlr.rF 13;JL t,.r-T,f c-)re f J.-;
s-*t-; e.*.; ,(V

CtCrrPx * SrCrrPy - SrP, -
-Ct$rrP, - .grSrrPy - CtrP, *

)19T r*rl ,* lJ crr J .err s tJ J.- ;t

(-ot - arcr)p, * ("rp, * sri
Drr -

(v r-r)

0r = AtanY[( -a7 - arcr)p, - ("rp, * srpv)(d, - orsr)

(otrr - dt)p, - (o, f alcy)(c e, * s,pv )l (Vf-f )

0w clt (0r s 0t g.4lj,-.;l 6,5-, -S; rtfi t, }t=) L .,lb.rl.c" (Vr-f) iJrL
,t sli s-j -t-tea,. 01 .,'l27 r[41 .-r.f c-){,

0r=0rr-0r (vr- r)

.n-TA c-)de It, ,latr 1|5 
.: \ ,0, ,sb,*,[:, vlr

,gl.tr-:-s;rlr-1f (J;JL tr.c*l ,,?U- J,g.*t (Y'-f )ijrt*. L.> L*,,lrryu-*
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\ f t .rrt, u{Jt5., qrlrr,i! iurlr .(Jt i*-;l ctdb,

:-*,g u.; ,(V'-f ) ijrb, .i.,,} rr .2r (\',1) J ( \,f)

f 1sC1C11'* rtrsr 4r - ?rrSrr = -Cf SO

-rrr.er * rrrcr = sf$6 (V$-f )

:.,p9i r*,ra ,h lJ 0t ;-tllg ,so * ' a5;L; b

0r = AtanY(-r1;sr * rrrcrr -?nrrcrcrr * rrrsrcrr * rrrsrr) (V2-f)

c-! r +b-!,^" ?t f ;bL s5l.l12n,.,i.r: at :.21r 
"p$ 

cr.li.s:i, t,\ ,00 - " Jl
Ler ):-11: c--.rtaS sh l.+r-,.:JL 1'lts.sr,g rt4 ttJtSf fr.! rtz._l

lt ,r* (J;+J:,, ;.,;l .c-l 0, s 0, U;t-lt Plt l- gr.a-,(c-l r*L, ,Lti d ,al*
-b Jlr-rrt+T t-l .S!_l dJr'.,' tlY?-f).rr AtanY 6b i-ti )t I tstls\;.,\-irl
,r, ) ,\ r, 1o. ?t;;;l .pr q l+l 0r .*\ .,ll-, dL U-l .Sl.c;L r&l ,J-2lr 2|1

.Ft1.In d-rr, l, ;,,Llr-rlli. t ."t li irro, ,0e i*l-- 1l

0, : pb-l-)ti, bi :1.*b ii \"1 .l,l $ u-i 61,;23* bliL/ b (of -f ) iJrL,

( \,r)

";t'- 
.'l.3L

[;r(or)l-' ;r -f,r(ro) lr(0,) (vv-r)

,-l.r c#)dc u 4b ;l []f Q1)]-' ii.r, d

rCrrCr * Srsr .91C1yC1 - Cr.9t -.9rrCr -A1C1Cs * drSr - orCtl
11C1y.9y * srcr -SlCyySy - CrCt .9rr$r a1C7S1 * drcr * arsr 

I

t:"tt t:ttt -:tt o1s;- d1 

l

1v,r-f 1

6Lrr,^:s; ,.1:lr-1lri gs5L..' t .c-l oJ..i r:l: f Ji jl ( \ " -l) ilrh, ,t lT ,I-+
t-rcr q; (YV-fl ilp-1: (l',1').;

C1

-c

rrr(cr crrcr * srsr) * rrr(sr crrcr - crsr) - "rt(ttrcr) = -so
rrr(-crsrr) * rrr(-srsrr) * r71(-cy;) = 66

(Y1-f)

t;.Sc -b t t ;I-L '"-:t: ,F,IJL ! ,la !1 0t i-- .\
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/L sfiilSr dbtli ;urlr .fjL+- \ 0'

r/ l+, ,* lr 0o Jl-t,-r ,r.

0o = AtanY(s6, c6) (A" -f )

jliL/,.jr.r jLr;l ..1!p irl:- -l t,.*-l.f cd)rJ (Yl-f) UbJ coJ$o ,JI-lt oj

o:j tj ;'t-tnt L (Of-f): # a*t,, ! (;f)-t

(;")-' ;r - \r(e,) (^ \-r)

a*t^.. i* 0r,(VY-f) iJrt.. i* :t-rr (\,\): (\',\) g;trr"-- .rrl.:-rli ,s:t- t

l-r,a

0r = AtanY(s2, cp) (AY-f )

;i.1, o5

sr = -rrr(c1c1ssr - srcr) - rrr(s1c1ys1 * crct) * rrr(strsr)

c, = r\r[(c1c11cy * srsr)to - clsy;s6] * rrr[(s1c1ycp - crsr)to - s1s71,s6]

- rrr(srrcrco * crrso)

vlr.rtrt trdrt , u-l ,5-*,t *lL (?A-f) ) Vl-Y) p jt- t_ c;. ,st+:,)t' i*
.+icf dd)rJ ;!l g. (jf nrS'.ncJL ,sDi -&-t *lrrl43 ,u-lr, o3ilr ..1;.21r

ili/:+ ,)! r, oLl a*t',. vl:trh \ pV-- n-fu trhb"

0', = 0, + \A'o

0'o = -00
0'r=0r+\A'o

(^r-r)

d--)Jrr-, :5,-1 
'pra, 

gi.T:l 
'f t.r.:t: fr1 C-l ,iS^. ,Ot vlf CJ^ f j5; l+, jl ,.1,-,,

csil :r-r r{.4 + 3 ,-tl1'.,oJt-i! 15h|,; jl .xrt r,lK rls,t+Loi, ,*.,- 1t
..l.3 J"lF rrbi;l ,,:*l !"_:;1t ,r5.;tS,

L-Y 6$3t l-rtt:,i! .;,!-r.r

,\3 tsJ-t,J, f Ji tt 3,tL-f lV-l-r b5lrt-;!l ,r$Lr=- 6t-r.JrL,Jt:, y-l;:
a5:-1lr Jlt a- nt:r.r ,7-l .c*l s-r^ '# s 6-* .F b na .de ,b
3 c*l ;tT Jl: lel .1L,r j-A t i .SJt,'-" ;l >LK I, ;rT ;r:rl:.SJk* ijr,
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\0\ 7t .,$lS, ,rtel! ,!rb .l=iL': -;lsal{tl

t ,f ,t4 c-* clre J itS. ilid ,J-;- ei, t{i d':lr t# { ;,lrr,, u-l

ulf x& t.t+s 6 c*l ;l y:t J)-:.-u.tFI5,,rl5 cJL 1r .i.u csl+rtrt* ,s!,

L- rt Jr r;1.1f 5.5t,- .- 5r, tf C d.cL ,.iLy ,-r-l i g.-z.i"dj Sy-: rsl4y.rtfa
c--+ c"ti tr;l.lt6,it5- tre.Ie,r dc*l bT ly Ji-t,lt+!-.1 ..ula:o J.-t A+

r.-l-, -r-rb ^r-t)4r t-T rS:.,-l ,-r+.r-fu, rt-;'; -2r .:ylr ,fur(-r 6tryl.l!5;t5,, a 3
.c-J ;LI ,c L- :-21: tll -i!.- i13 p,tryl-u!6,slr .!

c-*l ,sltJ t (,srbT L..rr 
6.3 

l.: ,st+!l :l ctQ,5l alir;tr-r,, Lttji ,'-1c.'=L
yl2ltr3l c4- :rJ .i:4.-b tr-rcS+ t-e!, r=, &,;ttf t* t !, ;l it-i,f S
ri c-l u.:lt 't-- z a,+r.i - U-l .t-J .rF a,rS;ti cs:1.'^",;-,).1r -\,-i1 ,2y gz.. u*-
; a 6$:a- U--;&-t, .t-Jr; t i L 0: f ,s6.t-tn 5t*t iti; r ,\ "pL s"-.
'A2.;e-1r,gS.-. ;!3: $l.u l. j1l6.2L:l c-6- ;1.2r.5 u-l ar34- ,r-#,s-lt<z

6lrlr riy,r-5 "lt ,?-t' i-f l;\; u-l c|,6l ir+ l+i-l.r, '.Jg tlt ot
t+ c-".r U-l S +S +i .tj ,p,lr O..',-,;T 6y J.,6.i- .-. r,rka .5-'-;tt} **
,c*l 2s, q,b-t yr Jbl .5,-.1r l*r.rl;l **rV ) t +frtka i',rE S 

-dV 
uA.

,slt k sy,, tlrl,l !^+? J ,M ,;l t >9-s 2l>2,! !, ;t :, 69l i.rJua,,-, ;;'
Ab9t 0 i-3! i;l.sh tt an ctltt Jr r-! .;t:l c^tr- u-l .dr-f LP,t 2, t lr rttt
k ,ltr. ai c*l ,ya .t-S ,,lt t\ '* f ,2b ,.r,-+ iJbl c^p ;tI tl t b :r".t .rlr

.o*l t-,.r- Zi s Zr 2 5 12ls tlt :t\'a2Jr 1) ,0 l-u,.lS t*;:,

.ALj.r o\y rst'\t-; ..|-l, { .ir ?*tV ;rltst q-f Jfu
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TH

/t/ ,rSJK/ crbril* Attr.lo'.t i- \0Y

1j.,A \A-t; ,* ,rf)/u j.u.r.5,-..1tftr^ .J;U M j,

M--+l;'l (^r-r)
lfni+nl L 

. l
K rlttr:r-,tjt:.trlil ?llL;t5, * Lt-nY : X crLa.;- pv )px,.r1-r, oj

,-T.f c-)&

(^o-r)

t-r,l J-V *'r,b tl Z, ,ltt s

Z'r-KxM (AP-r)

I(-Mx2,

cosg=2r.2,
sind= (2rx2+l .k

1fr-f a.d,;.( 'i.,r t Y'-Y Cr--) $-.ttst Jyt:l orlr-*.1 L

v+ - crty * sg( K x y7) + (\ - cl)(x .i'r\ti (AA-r)

o-T.f csra. ;.,4 elil l-.rr .r!:: ,r-tljl ,J\;t1jt1 J:+ry i* ,1Qj,-.

Xi =Y'i, x Z, (A1-r)

r (f)p./.i- ,s;r4- 9 345 pn, ,sUb ,iy,(At-f) b (Af-f) u;b.JrL
.x-r:,r.. ul-rl ,;tV;t ;!r,, ,,g2it2-; til)

,lylr .1f ;!r,, 6Ai2-; i ,\vT ,t 6b cJ.l c:l: *9't[ i.S,;-l *t ! Jt
!f cstd,-+ -'r-A-V f Ji -2) r,r--!-) .*U-- tf gV ,F I, A-t-.- u;tadJ:U,

-r.l .:,-ra., i.l:+ ,L-f ;:V-i-f ,St, 
'{

(^v-r)

(r.-r)LT = \r ir ir ir '^r
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Jr

(r\-r)
f.rr rr r rrr n"f

LT = lttt rrr rrr n, 
I

I rrr Trr Trr P' I

L" o o \l

g-.rlr ,"5 v-e i?-t.r,

i?-' ;r -lr ir i r\r
L. c*l 1.1,

Cr?nrr * Srrrr Cr?'rr * S111;

-Trt -Trr
-Sr?nrr * Crrrr -$r7'rr * Crrlr

b Ot iJrl- i) s' s

( 1 Y-r)

'-a u) ,4b 
"r-l 

tt

ctP, * srPv I
-P' I

I

-.erP" 1 t''f, 
I\J

( rr-r)

c-*lyi-h :

L::

\0f /, u$t5, ,rbr.iii arrlJ "fJL:.-;l.;t+lll

rr * srrrr
_, r\

rrr * Cr1" rr

t.i,g a-*.; ,(1",f) arlr.7!ri 65L.-

-srPc * ctPv

(1r-r)

Lf;"4 t'3 + ii tt 6

( r0-r)

trts./ J-V 0', V;T il e

ll

lo-f.iL ..r

-o

Lsllsd .

* srrt
* -crrf
c6o
oo

dr = AtanY(prp,) ( rP-r)

.-r.i .r.lF r*[-, 1 r;*l 6.,,h taL-; rJr' ir;r.r. il ,5, *lf ..fU- ;!ll grl;r . \
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r'L ,rtitg dtr1jtl i111lr.(.jL+- \0f

s-fC qj (f,Y) gg^r: (\",\) 6hr.o'r ;rlr.2[ .srL., t,

so=-s\rrr*crlntr

co=-srrrr*cr|"rr

Ltft - t fr

srrf = crrrr* strrr

(1v-r)

t-.J.,g a*l-- ,* 0o t+i;l:

go = AtanY(r11c1 - l"rrsrrlnyrcr - rrrsr) (14-f)

sFcl.+J (\,1) CF^^r J (Y,f) 6l-tt-:-c ;rlr -1!ri ,-srt-- !

0wr = AtanY(rrrcr * rrrsr, rrr)

(11-r)

''-.rlt 
u-!t:

(\".-F)

'.zJe \"-F Jfu C,t rrli'..'l s-r.r Gu:1 ,01 2,07,01 6l-ly;r;9Tc-r+ 6b
'rLii t,f J"oL J.r* J B'^Lic,Y $-L r-rtur5 A'rLi;.J^r,/ iti!7 ;!-u u-rrtr

.c*l e.tJ rll Y J-L upt C

gJt ABC .:.JL.1r tt-rJ iiu ,#r t

cos 0y -
pi+pJ+p:-ti-ti

ylrl, (\. \-r)

.;./-t-r,FlS, .sr;t \'-f Jfu
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\00 at, utJt(.. rrbrig A11lJ.Sjt :# :l elq/,b.,

0r = AtanY (\E;m,cos0r)
l_ ,01 - -O - A g_tlt, \ o -f 

"[5-:, 
,, qi t,

0t = -AtrnY (1, ,, \ET) - AtanY(ly sin 0r,,1, f /; cos dy)

( \. r-r)

'-rs "|.-L 
0, fW,.:

0r=0rrr-0r-0,

tt+l;l :

( \. Y-r)

",:.;a1 
a,.-.r ! .f.=5 +-b 1.,;l;;16 ltti- +! ,;L-L g;Ut ,rr-rel c-r t jl u-,

,-*e .-l'u Ch A; ,(\ 0-f) ibh. J- : ,V-l

\ - ),,)

( \. r-r)

(\"0-r)

Ar: *,'
A,=*(

A,=*(

-t ar 0r.o, (a,

-t .,rgr.o, (4, * or - tan-'t *l + ',. . )
Ar =*,tA"o * )r - g, - o, - or)

Ao=*,^. -oo)

i;3 ,t cFlr tll -b jl ot,shbt .r-L ,c-l )Jeu tgl-u!r6 ,5r t;3 ;tr1
u.,t c,!l lilS, \1 ,c*l o*, (irr jl+, a;:39t at-Ll U-1 .;i-*J. it^il ,;ta,
,iUj-r c,!r.r 1t .-s1l:/.u.;'tt e 6f t;3 ,,+tt :: ,r:.5 y,te;ll!5 ai c*l

c.-l ,l;1 o1l3t .r,_i 1.99L...1; af J:5.,, 
"-S e I ct* I r Y 6tr.;l.t!r6

Ar- \oooo )Ar)Arff"oo ( \. P-r)

l"Yoo"-At -Ao4ffooo ( \. v-r)
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/L sfii6., trtrritr irylr.fyU*, \0t

,sl:l+,c*l ;l.116 ,;rE YOP.' ! ,blrt 0 J--t jl ,j,LS .r!,,r, 4 6 tdi jl
;Lr ,rl .sbl*.5.- -l .,Jt tf- Cr-l .t-fg J-V Ao clt *l-n 5s,A1 ) l?"o

.:.21r .71.e.7 .i-;l ,:.1 L-f lVjy l:t5rL-

)JlJ,,h-,| 641'..tV A-f
gLrdrL il j,,-;. ,-rl lr; ar;5i c*r, ,,kl ik *. ,c,!r.r $5 6t+.- : .;& .1:

-b l,c*l c.Li rrb ;l.l; rrllL-l ah:trh ;T-1: .5! \ \-f 
"$- 

.c-.,1,JyLi-
'{rS

,x.Jg.rF orl:- .l r,J,. ,* j\y e.5,-y: hr,rt13 U-l ,r-# cJL.1r

u-l .S,C ,rai4-r,.r;L ;lr: ,t**l **.,V c*l ;[L d!, clr rrirr[-,*l . \

:Jti; a*,- .5,- 1 d- [ ,.rd! .r6jr, U-$ I \ Y-f JS- li:t .:-l i/S-, ;lS..
i-f;,{B} ,.-1, -. r,.rttra a, r.}..--.i ,{S} ,.t(:*,-l *f,rt.3; .r5.i, J.-:. Sr^;-

;-i,t
c,lr:r ,slt I b,ltl;l j,--; ,{T} *nrtq c.,,Loi-:.. arlr L s-gf ,51:: "l .y
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.Crir^r .t-*r; J*j,Sc/ ilo e *-nr!.-. a,, c:.*i b ,lil *nr[ 6
tt !, ,crl r, i-1, a1 c,*; ,tft*,-l *f,rh ,rj> 6-16 tr9le... ,crt:r,r;l o,u5o:tI-l

:{:-,-rt l) Jt:n7 61lr.12.2-; .,2-l ,sf Ut lT
Procedure SOLVE (VAR trels: framel VAR current, near, far:

vec3; VAR sol: boolean);

: tSrl i:at {S} -.r,rt4; * &*; b {f} *9'j9,* "trels" ;T-2: o5

.sW_-,- .J::-^ INVKIN L!,^,--j y) o-u ^# ,s|a-r.-!r[ iL" 2K-t ,,96;.]rL.
LEt,1-j.J*il, 

7G ,>La,; oK:-r.2, !r: s;-l; .st+nb t t+nf, .r,-L: {^t} : {f}
.spll t INVKIN r,TINVERT,TMULT 6.l;.12r,_; .r,-L SOLVE

os3 sa),,2a 6 s ,A tr +-*2t a5 | j,u *frkt .S,- .5 +,-i ;Ll 6la.L2 .f
(i; e ,c*l {S} q &*; {f } ;! ,*ila ;1>} ,^;"*g,-l ..l5 c.iL_-r, ,c*l

.$rc/ itJ ,r:5 
'pJ4,i. 

!, t+- c*l 
"l-L 

or5 o:LL",l a5 
!,1

cr-ga,lt ct--i t5 DJ: ua;^i urr6(;:.rl^-.) i.-|j rrlil ,Lo;l .-!:, ,-r?
x*C ,-o'-y; tj Jt:et {^9} : {T} ,tSu. o:1,+-.-"1 (Yc*;)

y dl -["7\ "tl \'.r.]
y 0] = [-.7\ " tY . t"f

.+5 o,-L.. uj ts 0..r.3 o:l: j.u .-3.-;ta.- a- jl .5-,_ ] 6D l, ;bL 6t_lt
4. \4; a, 3 c*l ,t-S ;GI d;ria t lt q,tf d JL I b cSr c,!r,, S ,-h-i
.xJl+,,,_r$ j.u'aLft r-...-yb wlf Cr-jS,,_:;; +! -[;r .b.tc/j.u a- y-l

lrr ut 6t) - 1"," o ro - t.r"]
[rr Ur 6r]-1"; -"tY fOr.]

[rt Ur 6r]-[-"rY "tY \Y"r']

lr, Ur 6rl-1"1A \rf \'"r.]

{ t#l a5 +5 6+;: -rjl:4 tt ,}t* '*+ ! WHERE r SOLVE L[2r;;
.rJ*q iub gt; ,-?tr

{r - lx

lr -lx
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.Fh-I sstar.ry: W-,* r4u.f$

a.o.li., \ - 0

p+l;- ;V ,&Ll .rtS, JbL- -il b G\y *t ,-$K ,st"l! i-JU, ,Jui ,r-l r'
u!ts" ,st \ .Sr J$ a;1.,1 *).- r. q .S,- ,slr-sb , ;u; c-cr t aU, il s :t
UU".2: t4T;l , ,y-$,C.b I t ,.* fi Jrrlr t-Ebr,* ,O^:--.^ .#ftpli o:tj;-l

Ce or[i;-.,,| ,rot ,,.!;tS, ,Jt"ri! t rl1' .,S.x-t-l ,-sLnjLi

,rot ,;it(". tst! \ ,g-f l: ,r-tl t ,,r(;k-l ,-sto:r s W-*6t+i- e'JU,

..u Joli (fJJ 'F u-l.tt ,r-tU ;t2l .-t l4lu.
t+.5 ,rrl:. .;i*.2r s 1*e dtt '* .,*+ t+;t(, 5Jt+- Lt'y h.*lrt
.2r.;.L,: i'JtL,5!r,.riailc i-$l,!..li"i r"li ort-il tl,r-Ll .Sr!:r tt E,r^+ti, a,

.S *ly ([f] b t\] erlr) .SJ[S, ,sht5 a; slju" +=,j g,_l

aU: U x-* 6;eE J ,lt^(i LslJ c5-rlif)ti Y-O

c;e rdry tgrJrl-Ll q I "-1, t.aU, ,it*-lu fe 4f ve,-y; il ,-fu.
.ctrfifrLj s ,,51,-sli 'J'sr "l-L; 

,tr.2lrra 1l

.LU.r u u2f ln *Y t*+t,JI,.fu-!, ,>11,x1u.16+b ns.f 6 n"-;6 C)t!--l;H4;L--, .\
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stJb-lab.ur tW.r ,W..ft: \V"

&t(.c (JlllJlr; ;l 6$e
.S,_ ..;*. clt il ql6sL,.jl ,(hLj ? J-t r, r ) | ir-n,r (fJJ cslt cl+L. ll*+

de 'r["'1.11-17

"ve=ft"e=lig.W
'-e,-f; il t it5- js2 3 6l,,Li; ,); e^sr- Js..eat ;.,\-irl ! itS. jtl- , tcr
I, Q g* tb.r, ^S 

t; orrLl ;rl-i,1,(\-O) ijrh. + +j\.r-fJ.b 1s;fut
-# {B} 6 c*i 6l; ,*iji L. Q Jl fu .,.S., a-l,, {B} v*rl43 q c-*;
c^i.-; Q a5rr! c.3lr r3+.9 u-&-t *r,rkt -St *,s31 .u!i ,ire c.s-.r-, rK;l ,lS;
tslib jt.,;;l 

;.1T g 
^S csn.,V StrS ,r;,* dtu-l a, .c-l ,_-;; JSr, ..,1 t

.r-rlr c--ll ,rl?,rr

U-l s ,t-S 4r. ,gXrV ) *.t al-ie J,-t jt2J^ lsL 3r, l, c.s- rls2
C-.,Jl CcJ- jt.r' ,e',,.i.1l .$ .Up orlr ;L,i; ,rf-llj,h,4 t Gt ?frJlo-

:-fg a:,.tj 0.+ {A} vX.|4" r....-/ ,(\-0);l o.r.T

"("vd -#"0

( \-0)

(Y-0)

(r-0)

q'rJc y_rb Ll ,c*l Lr-, L ' i .rr 4Hj .5: a isr jt]. f ,r5.JL .rr d fr,uf
a, .i-*i ,s;'".:', 3 ,s.njYB:.1-2lr p-, =*r€er & ,aLii ;rT c-- t.ru.u;Lr

.s-ig il.r il a1 c*; ,.x.-lr2 cc- .rltt E 6*rV , ;jr;;L+l il
,-,c-l D-r.i cjj c;U- vf,rV -,..olo.Li a.-L, ,isr,(\-O) 'r\bl
cr-ttjrrl d,jJt ;,u$tl ,sA.d.rls ;t-I B ,r_u:,J+ l1 ijel, +s

.>:j jliLr.e rrl.s t3'-s ,ltV *_ttj;rlr ;l-:; { 15jLi ,ril,.'(,-

" ("vd - nve

,(+,:n | \ ' - Y u:4) Gl wf,tkt.rt ,..+ i.sr9l {* ul,,r, ,r-tl o1l5..t jg ,,,41r
il+ i/-f .tJ.iL b r*tf ,r--i-tjcfu,b1-i,-/ r.213.r,.*icl orlr;l-! e-re r*+

n("Vd = lR BVq

nf c*Lr.

(r-0)

,slt 4-1tfa1 u;hrL; b F.-,-yt,.. (f-0) ijr[. c.*l c* Jfu + t Ldrtr't ',
tr-.rtjLh. Fj q t+l.rr, ,-t:-lL 6;U- *9'r$ Jt usr i;u o1l2-t tLc2-t
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\ Y \ 6g b. **,t "it&Er 
it(r cb qt$J;

.r-itJ cjV s21V
g.rl=31 ?nJ!.o'.S'- 1c.*; &i;.S,- a'sr,rtt.Jt d;l.sLt+ ,4112,, ts.1Qf
,r1,. ,o,*. lG Ft ...nrf 4 q c-i ! v*r\tt 6'i+ 'Jsr 'y--5. -h I b

dg orli'. "l tj ot:et 6la.o):,- 6rlj3t[.J il 1;oE cJL u-l glt .tf eV
'uc : uV"o^n (0-0)

ilid'i:..c-l ltt ?fttq" {U} t,{C} *xr[ '1,r.'t'ltL t1v't}fi;l.,r '5
**.,q6i+- u- ,sbb Aas s-;: ,{C} =*r$iu tn- I o;l;l ,sb.b 06: rLi

,rJ,$-S {U} + c-*; 6L \ JD rr.r6t {A} v*tkt.r, .t:,.;=-; {C}
.(c-l

\-0 Jb.r r
o.sr t d urtb * J.-:. rah ,{U} -B: * Gy rr,rtlt \-0 u[S*i;r
$f.,rr t"o mph &cr \ 5 ,*.-jl a f-:',-. Al-64 : ,{?} JSs. r*f \ " mph

tsf {U} =nje;l X t*rl*..| ttas-e:r}.c-l oli orlr;tJ,{C} c*l
c*l ,-tlL..llc"tj ) lbUR tYR ;tbst,st*,-it .r5,r.

ud

E 'P"o*" .\

.,F Sf.r'hr..rtaa )t JU \-OJfu
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sSrib-l qrbtC t$-r ,Q.fr: \ Y Y

" (uVro^n)

" ('v"or")

+Tg c-)dl ,*,Ot.Shlrt
udrP^^-^-tJ 

f"xE' Pcone ="Vcone - ac - |

" (rvro^c) = " r, = ?,Ro, - ?,R(\..*) -YR-t \..rt .r

" (,v"o^o) : FRrv"oRG = -Yn-, Yn v'.f .r

I

Lsl1-t)j e^,ort jtJ
.;$t-" .farcr il.i; O rL; ti b aI : dC .-0,-r; l, glqj: u2t rlry l^i-lrr
iL. ! f.-" .S,- Ji-, ,slr-sb trsr ,.tSg ,_i"^, b "Li; e- ,Ji, ,rL; c,"s- 

^S.rtr tltrl ,{e ,P 
'e;'''r$ 

dtL s12. 1l,al q oyl3rr dtdl;l ..ur,r.

'e.& -b I E vn.t[.S.,- ,5,!:r osf Js,a* l, ,slr--.1l:

J;lA;l )Ss. i:4j {A} + &*; t {B} =1''rV ibss 
AQs,(Y-O) 

,[5*i.1r
t>er- AQs j.tu : {A} t c*; {B} ;tlt:t ,ll,* ,^L'J } tt Adln c^p ,,r5.,_;;

ot3.:-, * t: ;)tiL/ .r1.,-t jt2JA -u;U i b ,sl+:l: cnr1l:y ..Ler,r, il'J; ! i!:r

.Y

.r

.\

.*l.r JU:;l {4} v-nt[ q c.*; AVnone .>er l, {B} *9;[ Y-OJiJ
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\Vf +, &?t dtr 2 rrLi *y

i -&-r,r-.it;,,h,.5'- itj nl-bl \ ;tljg or.ii -1r 3,:lr ;l-:; irE . rpr oLoz;a

{A} + c*i {B} vnrk .rlqrb L.cr "('Or)')E .rb u,:,-ti l,;l ,srrliftL;
.tFe,ll.t {C} *9't1q PJ dc'*l

Ul .t;p+li orli'.."| rri orL g;rljfrU;l ,.:---e!, t elt .,JL dJU l+i-l.r)

.2) r!)5; ,,a;,* #t+ ,t:t ol',.:; ot(it;l-1r.5 >ilcf Ch| 6\t.t ,c:JL

,-is^' rrlg U;rljf)L;

0)c ='{1" (r-0)

'>L. .c-l {U} w gt ,6;-l & c*j {C} *nrta3 ul*:b (>cr uc itl.rt d
g;le-tb,J.er + Jll c-,1 {,a} ot(;-r;) o-Li il.,t {C} .,. fJh .sla"Jb €*2-Aws

.(c*l 'r-j "iJ -b-rr {U} a1 c*;

,4e 
f t-.?l upbss t ,F &o;t f-0

,rl?,rr L"n(J.cr q d,Jt" b Jill ,b4- F*".S,- tsf &-a;,J4 o-lf
;r rJ-i J:-j,sl+-;J4a:l+tbl ,sW,*,b&-lrr,.1"1 cfl t.r[, .dg tgJt
dtL Ib vE: py?J;.2r.:b x.rp eli,iL.i trrit cJL +lrl 'I;'#r-tli
dC P ot-o-"' ot3;-, .i- dtL \E g g a ,l J.oi -u;U ;.; l+.:lrt

F.l,- -b l,,l:S,- 1 c*; hatr3 ,*? ruelb 4- ft-"1 4f 
Zi

&.>trt
q c*; )t tQ eSy €lre .S e, ,-J- cr,-".o. q J.-.. lt {B} *1.'tV

'f-je F.t' c4U !, {A} '€ i:6t 'r-o jtu *;L '{A} *xtg
i.tbs> u--tL s o Pnone ;tS. ,lrr1 t ,{A} **tV a1 o*; {B} v*tV
if+ &l ..r:s; ,a, 3..; uK \ AR 6;+ de ,;,tt"i .'-*,t ,.4; $n
.!Lj { c*.; BQ E; (t-)r o Paone ,ra';l ,{A} 1 c*; Q'"Lft Ef dc^-L..

't/.rl ,iE
:r/ c^..1 .ri6.c-.1 rrL;L,r {A} ,*t Q '.rLit ,rL; ,>sr-, ;rrf c^-).

r.5 f t'1,. l, t+I, ro-b il..: {A} *rb eor'ril?

ove 
-- 

ov"o*. + AR 
Bva (Y-0)

www.mohandesyar.com



.+t,r Jt;:l {,4} ,nr[ q c.*; ,AVBonc .>'r l {B} ,-*rV f-0JfJ

.!rL ,rL,r. cf lr -1U {A} : {B} '# 
,s;rp ;;I; 

^S ,lV ,slt l+ (V-O) ilrl,.
..:*l

,lb:t u;e
rtf+Ti+. d,V-jl\t,i-b & L>tr-, t,(;', br. lr *e-rd )s sr-tt,+ JL
4- f t-rD f+ + alid b vnt[rr.p t- .5.,- .c*l ,fuJ,-S,- 2. ,iU;',! '^oS

.Jlo$ orlr ;Ll; ?C f 
t€l ,du js-i, .t'a ul,l-6 rfS*i -2r Ll ,rJ ,P

a*1" )S'. rra, 3l; uS ! ,{,4} ,*rV { c.,*.; {B} vnr9e- ,s}..++
.t-f. cl it=: /Oa tltt\,{,4} 1 .:*; {A} Gb:s.>.sr ;firs. r-\,r f-0 .,fSi;r
b ,r+ ,.fot JL .c-,1 c4U {B} -rr d r5s. .rain^, b ,jdJ; tQ jU r,7irr.r

u.l(l,e,{A} -,. r,rhrr CbrtL +r jl ,;.b:1 c*;;l.rra.S,- el-; rde Cb
rljv. ifrr F_S_ 11 c*; tB) r {A} g]v**rht, c.-l c.li {A} + c*; r5

t,:-l t't(a
..tj; bli.,r.,c-,1 c4U {B}.rr tbrtb +r ;l e jt2.*T t .-.j t,

"vg-"

.,ijb-l ,sbti tW.,' .Q.ftj \Yf

(^-0)

Lsr-' re>.e rprr, ,{A}rr Cb}l; +r;t Ll ,..:*, 
:t {B} * c.r.J j4;s,_l + -Sl

b.up r>syn{|" ,gb.'t
eLrJ rr ,0-0 Jifu .rt .1r--Se.-SJ6rr+.i c^ibJ jl ,Q /Li,; c,c-'*L- ,slt
rJrLL {A} l}E 6 c*l 63.,-;r2l .r:,..-l cJ.t orl: r[.l.J,Oa Jf Q jtr; },tJ;l
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v-rar!F{ c*; AQs,sl^,;! c.r - !,c-l c4b {B} vnrb r> 6 B Q rls, f-0Jfu
)Sa. Abt {/}

.r.sln-tb qr- s*sJl u':b ,& 4 e-- 6-6Jf.3
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sSrib-ldbt'l tW.r ,Q.fl: \Yt

.J,lg.

{/} .rt eb }U S t*al b .,1'r, I ,rj; j.tLr c^rt iltd,o-o JS-: tJtL t

t t' +\ AQ rt ;l?;l;4,-rroii dc*l ,t'st ,Jsl L..2r;r .tpl c-,r t JSut rJrLir

#;J\JLS t-frl r.t,.r,0-0 JS... +.-.t !,;,Jr L.tr.rr.S! tt'AQ Jt'tndla
c,*l 0;" ubli,_)

lLQl - ("Ql sin d) (l/o"lAr)

,r cJ-i 
^:;3 

*)t l5s..fl5 b rsrlttvt' ^J..-b! 
r d^trarrl& t f; L-F u-l- (3 

# iI u:'L.b \ ali.- b jer c.+t i.1!.1r r!
ove=nQ"xoQ

(r-0)

( \. -0)

#J .brr L .15,*i; il {B}.-. r,rkt a1 c*; c*l irS^. Q ,lry,,rlf cJL.2r

f_.llr ,rl.tr ,Jp_l

ove=o("vd+roa xne ( \ \-0)

i AQ J:6j dt-l q o-.r q r,(.16:r ,r-t-tj.iL rJh-q) .rlrrr ,r-tl rtjJ6q tl

c*i,lr F+lf ,a-l f R "Q &'J t
ove = An "ve + loa x AR "e ( \ Y-0)

et ;nl Ltlt"-tlj t ;L, wr
L,r,-u:*i ,* ol.-z;-irr,rr;T.2r.5.,Jt t !, (\Y-O) iJrh. bli.J JtL+
is.,, uy ,slt ,-{ \b : ,\f cl or5rl (\ Y-O) * i+.. ,}; c,"sr- ,b,y-J, .rlr

*lcf c-)& ,h {A}rr tb.rt[ +r jl ,{B} ,>1.-z;- ot(:-, a1 c*.; c"Li

ove=ovto*" +AR"ve+oo" x An"Q (\r-o)

,bu .s.,- 4r;l ,Jrr.:, ,-. r,rh.rt tb ctlstd- t. ,sltb cJL irrjJs(\r-o) ltrL
.J:5.,, il.t ,,t'L **r$r, Cb

g/l+Jlj, €-.ert 6l!ls .;-i# ,JtI" f-0
t+i_f .rr .de tfrr.+ l, ,(\.-0) &! c,tjl ,ir+ ,sl+sb &,Er ,,:;1 i;-l 9
nrh-l s-Js^ c-ihJ jl (\.-0) iJrb. ,5^rll.rrlr ;t; ,sl,,',;,,T t d,Jl; ul4 .i)EJ
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\ VY sl+j: *7 i1U.g .4t s.Jt^tr.

,vl5u-f iJU" st ir;-,J'i. I ;.lrr.t lr ,-h ;tl .7-$C uit,.1r b ,.el-r.:.it^J ,ri

J.l,sl& ,)--.|J."J:;:
tj Jt-tot ;t" '&b ;tl;,A,artl rL, ,r-jL.S,-3.uUu,K- ,r-rL.S,-,;'t. 6,

L,tji al-iLr. ,R ,rL x n s.uk ti- ,r-tl ., g;b.r.,;31 c^.,x1

ntr-In
t- .uk t5.,- ,r-tV t tu = f .:JE tai-l.rr ..:*l n x n;tr ,r-tl In 6T ,> ^S

s-;.6 qJ ( \ f-O) lJrh. jl ,F-S 6* t .c,-f .l ,y ,bl:'s n-;L L- ,R

h,tr + Ritr = o,, ( \0-0)

.:*ij on ;tlie, (\0-0) iJrb..c.-l nx n.b ,.,-;tL .,. .rT i 6

h,tr+(hR!)r=on ( \r-0)

.;-r. tr

( \v-o)

c,tj; * lJ (\t-0) ;:lis

S = ita!

^9 + ^9" = on ( \A-0)

!, .utr:.Q ,rl+-,--rL d;.I 6 ,slJi-: u-; ',>-l artl rL ,-,-;[ ,S 6 r;,:.r. ..1r

s-t'1g iL{ &+ ,r;L,r, L"n a/tf.r.L, 6la-x7L 1

.9 - R.B-\

( \ f-0)

( \ r-0)

(r. -0)

6l qrtV,.r!,'rr tl t &rt 4 *;-
9 jn2,r-l .+ri -b t,.r:S; .# {B} **.,V 1 c.,*; 6 l, " P cali.1lrr;

s-.J.,s '): j ,h {A} -&-t,rrV
Ap =An"p
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sfr:b-' gltrtr.,, tWyQ.f[ \VA

,1:- ,AP.6;l ,(ul* -b A'R O*,r-,-).utr .rfr, JL-rr {B} *xt$ -Sl

.p-:t;.rrp *i; ,,,>-,1 c.'.13 B P d.ffu
A'p=An"p (Y \-o)

.>sr-, 6b att.26q u;-rlifrL;;l orlf- ,f lr ,t-

ovr=An"p ( Y Y-0)

f*-idti rue+,;l1r BP rlri.,;rlr.1[ t* I tf Y-0) JL

ovr=ARf.R-\ AP (Yr-0)

p-,rlr ,.uk. t! ,sLe-,-;V ,slt (\t-0) 'aa; il orti-*,| L

nv"=As "p (Yr-0)

,-r--tU E 1f .rlr ;[-L; ,q.t'rrl-{ b c*,1 o,* ,sa.L,.L, V--it: ) J-i \ ^9 ;1.lr .5
'^kb.tt (S) arta. rL,,r-yL u-l;tx..:*,1 AR,rtr ibs> e-tl + L-1-,..uUi:,t1,

w;e ,11-JU ! iI ,+, F+l9- .:.tr+ S ,s-&-t.,|,)t q e ,c-l o.l;r.ett (Yf-O)

.&b./ u.lu-rl)

cill>J. e'a J ,lrti:e l! UQ*;t,
r..& -b I li Jue+ l, 'S a;tr' tL, ,.r'r-rL S'- ,slntat Jl

s- 
| *' :" *']

(ro-o)

F ,-.F lt * Y x \ ,-rj-, tlt-, s

(YP-o)

rlr ;tJ ;tlje;LI.s '6;l

"= Lll

SP - O x P (YV-0)
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\Vl d1-tlj *'ti1\p.4t srJtll,

.r>l 61lsr, ?* 3xl;Li.; x c^.It 9 ,.pr ci\ P 3l ,> 6
.c.-ly'itb I x I (sl.-t)i,isr,r-t| lrr,;tlorlr iti O t .!, ileJ,l'x \.11rr,1

.s j* Y-0 ,ln 9 jy2 u-l .'-*c/,r;li gl+tb wy itst
s-.J,. ,g atJj ir;r (Yf-O) '^\b ,-,-,

ovr=ndl"xAP ( YA-o)

i:aj {A} t .:*; lt {B} *9'rj6 r>Sf ^Sc*l Glu-tb,>,s.,-,.1lsr,AQe iT;o 3
)Su.

ir- ( Y 1-0)

R(t)

llj,s,(vv- Y)

k!Lof
- k" Lol\l

L4+)U ssrr jtJ,!je pp
6rr+ I, aT ,f-* fta,- ,'^l1lr..r' JL )Sv..ir.- (YA-0) '^bb t O.2l:r; dp-{r

";',- 
:r.291 c-rl ,!!r) *-tl;l ,;z-6;i*\ ;tli,A t O .Fj
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iL^ il 6;+r ,gb c*r 6l{jl.1r a5 {l} ,*rht r*r, b aI.' ;"-.J
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.+J+-;, {?) ee-rkar, lr 6?. Ux,,-t-fljtft] @
,*-r.,st+hl, J*:d}f ,W- ! ;;& t ;.-&aJc*lc-.2r t-T [fV] @
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;ilr6 e*l -t; .i- ll-ig ? t,6 ,Y 6las^' -rb 'oLx t,r ,Y sl-ol

,J.cr SltY xY u2tS\,f J'-oi;l f-l JL,.;lt,rtt5,,srrt, slr [Yf]
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6t$.c* ilS Ltr.,A-fl:.(-lo$ orlr ^f = 0r ),0 = 01 ,a - 0t csljl+

.r-rsT cs)4, l, -il Ll., ,sl*-:l: ctr t ;LL
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(0 c.--i) .r-.r;a.rEt Utn
,:',- ,srls d- J"-S,- a1 c*; S 
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L^o"l
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(*,rar,(f-f JLrr) Ll.t -L 6la^i.-r"t,-$.;tS, 'sA\,slt I f x Y ,;.-fl: .Y

"$i:.l 
c:* M L-,(r-o JL,, r;L) \>cr i't:,1 JL;;1.!-! ,5ir,-l ,sU.n-r'.T
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. (;' ,-*-r') /r = It = " 16 ;l xlart+:;t, 6tao:l:
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.1r u*,ti ,Q ,stlJ6,.S:rli-r.2, o.uT c-)4J ,gtf.-r, ,it ll .C ntt,c*l ;l
ori a.-.;ir"t,-JSIS.,st"riti 6rg;;c-^..rL { t+Tt, d,CWy oi9a1 ,.1;.rlr.Soty
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,-,Je ,1-1 srbj l-,
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dt
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dt
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'b-a, : u Voo^"

"CI" = liT.
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t
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AQn(t+Ar) -ofir(r)o{1"
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i!

c)r; tj rs:-t l, (O-P) il-iL/ ,c*l u,Lt, et 4.e'th lrr, ix
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de
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.rJr""fF crLi:.lft .J"e .-sr;t ,skllt ,sl*-sb.-L-i '^*'l-. 6il, ,aa;; ;tll;l

fr. G)i Y-'

Gb:, 8f .t> .5-;.,1 a4 Q- fr (fr 6-r!r) iJU ,.rrr!l L.,r .1,- ! sL.^,*= .rr

.1r ilr!.;T ,)- f"-" d,;t-2r.c*h-iT iL-!r, dtl tJ pytJ c.,tt 612a" Jr-
6tF Jf ,lfrt ttf tl.c-l c--ta; ,OS., i.tb1o g14-t* rl-u; ,x5r, cSy &i a-

,rtl ,,jti l+i-|.,,, .pS 
"-;A>t6.|, ')- 1..+J, f-,. ei-. ,;"e.lL ,opr

de i-* ,-;J -b r, fi.s- .sJel CA .9 e I iI i;u' ^S 'lt
,Gt *-nr!6 a1 a; ?J- fi ln 6Ur 3-r!.rr ^5, W;l 6l's3"" )V
o- .5 .urr, ;LJ t ,-G cr^-* \-tJfu' d,g ,-a'.c; tJLar.rr cd)/e ;tclll
opr *nrf1 a, c^*i ;)ljdt 

'{tstorfb -Sl .r>-i 
'l-:. ,-s9'tq aI

r--0,,-rt, ,.)- te 4 P -,. f,rh t # S lt 6tFb o-11-9 1 t+i-l,r, trl ,rt 4:.
'l

.S.,- f.: l, *:* 6:il.,r;l; f G, *n.,V ,1s! ttr rt .g--Je -b tt ,t-.;. cl
,t'-;t, r42,e* lt {A} ,-,. r,-rt43 a, c*i 

'# trb .tt+r.t iV; ,r--itiLfu,

ftot.f ,i-L; i/:+ I x I

(\?-?)

il sl,irl^cJt5.-l 66t-:.c ;1T r: ^S

( \ r-P)

lI,, -Ixy -1,"fAI-l-r,,, Iuu -Ir,l
l-,,,, -'in, I,-, )

Ill"(s' + zt) pd,aIr, =
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Y \t ;r2 g;;

{A} Z

bg- AP.js2.l4-1.;) .$16.1t:; ;1.2, b pe 6:i J-&,'".1 J^ 6*J t;l; \-tJ*
)Ss. LP*t 12,du ,rto ,-,/#.V-t rn

Io,

1,,

Iry

1,,

In,

: lll.
= il|.
= lll.
-- ilt.
: III,

(rt + zt) pda

(rt + ut) pda

xy pda

xz pdu

gz pdu

( \ v-r)

*>*l p t4l er[ Jq 6 ,da ,g* u$\.i,_: u;t^'j+ ;l ,-t-- r-" ,( \ V-P) Lla tt
;: o-\-i o:lr aLi.i J12-aa,AP - fr y ,)' ,ltl t, f,+- ".h f ;tt".rr-cf ,|5'.J

.t1-!r-f O*: ,\-t J.fu'

-rA -rr t d +5 a>s .t;.Lu, F &,Jb,SuJ b 1,, t ,Ir, ,1,, 1slq, 's

s,-;l ildti il"-U tr't'b pd, F. rt --ek| Jl&l,cJL u u-lil .i-
fr? ,& cWFle; I ;J,^aEu$-t:-),srlt tsh: '' .,'-l,r-sa*L-" ,-h',-r
;tJ- o1 ,.r,.Io f ,JlJ,rli:--o g;t+:*( ;l 63;s. L# 'A-cr^-', 6,-l .l;.lu^
,.rb;l ,tJl.rylt J:-,c*l oJ.l i-J;,;Tr, c*; fi ^S gnrV 6;+ )
j,- ,*,),sl+*t-|- dr/ k,sr* iljLf,i! tl;I gr *akls;+
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/1, sS=.tlSr,Jtrtq.f.rQr Y \f

6^$P' $.*'t :€ ;:#'"Y i"r ut,F i irY;"":K E,

\-t JEr r
: c;lj$- itJQ aS l!) l-? ,[5*i,2r or.i, oslr ;l; JS- J+:* f ,i t-FE

b I* l;i:,| .-l-r9l ca)4, ,Jfu,: o-L.i u4',^, ,il^;,;". ot-l-, d: .:*; ,€-l p \ -rb
t-*g a^^a ,du = dr d,y dz fr en ,.rrr -r6q ! .n5.,. a*l^.

r,, = l.^ I.' l.* ,0, 1 zt)pdr dy d,z

- l.^ l.' ,r' a zt)wpdv d'z

- l^ (+- '')'o 
dz

=(ry.+),
= +(/Y + h,)

( \ A-2)

.c;!g Jq ! .r-: l-r,ft
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Y \A ;,; g;;

,l.f4L- c;(-; t, t+-l ,*,1^.;t:4 iligb I* s Iu, .c-l,--" JS lfr rn;.21.o 
^S

131 c-re, 6r.:3

rvv = ?@'+ h')

r,,=TfU+?rr)

( \ r-P)

(Y. -P)

de a*l.u b I,u JV

r,y = l,^ l.' I.' ,rooa d.y d,z

- l.^ I.'{ood'Yd'z
th -t 1t

- J. fna'
m

= T'l

r", = Tn'

Iy" = ?0,

(Y\-P)

( Y Y-t)

t

( Yr-r)

c*l ir:+ f< u-l 6*J tt;l n

AI 
-

') -T.l
?('' + h')

-?ht ?

( Y r-P)

I

;l j GtJ ,'*;E -* i* "a*l-- ,slt o* a;t* .-st++f J ,-$- ,cillf sls.t.gtuo

or.3 . r: or 
'F tr[ ! l, ,r-2lr -1!l fr lr ]-n t;T iV S ,s,-/ vntV tt

{A} : fr lfr f-,. ,' {C} vnr$ Jl .sjlct Ltt ,r(--t u,-r. -.pt43 r,

-?h. I
-Tht 

I

(tt + rt)l
f?tr'+ t,

| -r,,
| -?n.
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/L .,frtK, 13trtt/.torQr I \t

t\l ,J jL1 &r" al-i,tl, g r_l ,-uq dit_ JE:jle opr 4frJW
Arrr=cIr"**(rl+y:)
Alrc=clty-ffir"A" ( Y0-P)

t-L. .S,g jl.=t {A} -. r,rL6; a, .*i b f- ft a& P" = lt..,U", z"fT ii ,t 6
.tf +L*, (YO-t)iLb t' z ),n ,a_c3-t \ a|;,-t t & ,sl+,:,^L, bF

"t; 
O:4 iltd e-SL-tStly, -43-a*.lt *

AI = cI+ *lp: p,k - p"{l (Y ?-?)

.c*l I x f ;La ,r-tl Ir iTrr d

l-f )l:t t

,;l-*^. rt^l*, t "*.r! ,s2l,Y-? r[5-:-2r oJ-.] orl: ;t*i.; .-J..- fe 6b.b ,# r-,*;E

.r-.,r1 c#)4 ,s.2lr.,;f fi lt f-n ,st iT ir., .5

;11, .5 de ortr:,"1 ((YO-P) iJrl',.) q\r ,s6t:* )*'i j

g-rlr ,a+J t:
l,'l*Lll

cy - fr(r'+,')
( YV-r)

"trt - "txa

c*; ,F ,fb: .r;rf a*l-. ,y -ti; * o-.t t: ,,r-tV J2: sg\,zt
41,r, c*r + * p,+ ft r, Cb *,. r,rh

c r =l*t':+ 
,') 

fr(,J+ h,) : I (Y^-P)

L ' fr('r+?',r)l

.sl.-L- f+ U-l;L-l rs6r-t*,{C} *ntte' c6r**>-l cs}; ,r--}U U-l aX

1)
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Y \Y *rlit:hr-ajsj iJrtrr

:c-l ori iL1 ,u..'.J t-str.,Fb + Lly -&-t u6i-s jl ,lt ,J-j t5

,JIAI p.-a J) lft eii gh .r,,li '.;e.S- ,lJ"S ,t:-,..-. fJtc3 il unr, Jt . t

,.:.-,1 arti; 'a-..;r -t lss ,ravt.4T ,r-.it-; .a,- ,J uJJ,slg*)*L.tfli
.:t. Jt^lf )ru

"#, 
t ..:.i ,:*l !S^" ,F.SL4-*LL Ll ,.Slc-:, o-1!^.e ,rJ ,-st"t'J .Y

.ljL

.r.2ls p-, Gr v*tl4- Ls;J4- a, e c*l .-1ti o.2l-e^a ,;a $ a- g,r- .Y

i;e 6Lllrra ..uli-" bT ,-kl,..".t .st"F ,t'.-a t '# t-FE t7-2 ,.slL .f
.JlF.."- ;Ll ,Sla.tV -,: s-tL Ul \ -bg

iE ^ { e J.2ls Dr.&, 'V oS;3 a-JLa t* g-t+!! r"t .-$"itS, g;teg! .;-:,n

1F 15t"F '"*l-.,gttt'>t^r.c-l ,l,ft rf-c-/:,t+i .s!r (\V-2) i!! 12.25,rpr

6j,;lxl ,kb f cJ'h ,(d-.1 *Xr\ i:.) Ls*S,ilsl iL-:.i-;l orti:-l t i, t+T iltLt
.:J

-*:l iJsh.o-43p iJsh, l-r^
) lr f-,. ;te A .t;J F^l9- .b t 4- ,# It tU uSJtS' tsr;tr;l kb *
clt, .;-ict t-i^h y"tS it rt ffr eit ,S&.tflT ,*t ,.y,L-, !1lJ 6A tt;l;
1-Jr ffi 6\,';1 utrrl .F++ ('.uKt-'r-l1 D.,L*i t+T q 

"-t 
,[hf a.rlr cJr-

iJrt . ;1T u;let uh..." 1., .!r" 6;; eJrL, ...r,-t-6hf rt lt gji:,-b tt-r,-,L-i;l .*b
..\:5s, it.t ,q^t- f"-" .5"-.r, I hB s 1f 6t"F ,ta.l-; ,;-'&b ,-f,-:l

Ur. iJrtr
orl: ;Li.; *2-l ,>Sr- t5 bc ;.t-pl ,-,L-i \ ;.tT f.t f-n $ 4- tf, f-P ,[5*:,rr
ca)dr a;; '.J:[, jl .\*,t r.2le ,...a ,,-e ft t d,F 6ti .e; ;r:A p.c*l o.li

n-T,g

( Y r-r)

.c*l ,...- # fa m ;sl g 
^S

F = m'tc
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/t, sSritt dlrnt/ StrQr Y \A

(r" -r)

.s)c/ ic v* C.-" t,p.-" 4 le fr + or.: s.sl2 F 6er1 f-tJfu

y'51 fu:t'..

;L- ,.r5./ lbst & .l'll"-tlj,-,t:-i 9 u ,y'la'-5li L>.sr t .5.-L- ufi ,Y-? JSJ 1t
,$:t-.,-l tt ,/r iJ:+ b rr ,rb fiJ {tr d N DIS,cJt- r7-l-r.: ..:*l oli orlr

+T.f c-)de rJ"-31 iJrL;l

N -cIu+axcIa

fi lr f-,. t;l1r., a5,c*l {C) -rrQ.i q + fi 'F r-FE c I ;;T p aS

.uls ij

ut 6lr,-51;vl-r u 6lu-el;(>er ! 9-+ s5rcr rJlrcL fit N Dl'< f-tJfu
.S,s j\ss
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Y \ 1 1rl u* ,stt$ s*,t+, er!-h,

*sl- u* srl$,,Sl,qr.:'L*'h.o 6-,
tty b;l t ,J"e ,suL. ,sU. ,ft* ts-* l. -bf 6u,.3l:.5'a*l^' 'u4 ul i
y-l ! .6lr,r, ! (O, O,6) tctt ,-t:-i 2 *zrt,ilS, rl./ et .'.l't,g tV +-i
;bL,.eLr15l:-S relje,c,t::.r rt F gji:.-J"t-e- otritl a*l: L3 trc-;lr
.J c*l ,r:, t ,P,Ll-l;r o.tr; cf l ;.tlJl .C +A b eSr y-l rtall .-s! ;;1

..s1.:Jctl If] Gl f tJ[,r ,tJb ,t'J

r . ,_ r 
[:i J W:- di,ti cslt G:x tttl& crt '"1^"

t LF ..rts ) ,y.b1s c.sr ^LA gt) )-! ,@l I ,lS 6A cgl.uU; '1*l^. uh:.',^'
:ylr 6.2!f; ,r.+t, ,drt-t^, ;s,-l .s12T cd)dJ .|, .-'!;tS" ,sA\ hb ? ln ft Gttt

" kb 1 r *[-cr +.lrl <;jr4 u]r> ,-&-t k! a ,hb jl 'i;4 s ,jGT \ !l:l :
'l-i,g u€*'

.r_yJ W ,slt ,* tsJr O J.-i y ,S J.-t kb + ,hU:l Gb1; cer <i.ct-:lD

e*l 6;a,i + \

t*trr*,, - ;+tR 'r, + 0r*, i*\ 2;+t (r \-r)

c*)dJ * lJ -S--t Lj. a ,h|:l ,slu-sb.-l* ,l.u iJrL ,(\o-t) Ab J orLL-l L

Ft:,-ln

d*\':'' - ;*t R tb, * l*t a 'r, x 0,*1 t*t 2r+, * i)r+, '*' 2r*,wd+\ - i rL wi A ; IU .-d ^ ui+\ 2i+\ T vi+\ ", 
1rr_r1

1fg o:Ly-; it12-at al:t,, i/-l ,.l..ili G-F i + \ l-; Jl
t*trr*1 

- ;+tR 'r, (rr-P)

n-Te !:s)4, r:+ (\Y-P) 4b ttr5 t ,!,!t -. akar iV iU; ,-'*,

;+\o;+,, =l*t Rl'dt, x tB+, *iu; x ('r, yi P;+1) + tr,]

(rr-2)

tj rtt-r (( \. -2) iJrL ;l or[- .l l ) .lq, i/-l ,-u! d--# i + \ ,P.iLr a5

1. Luh 2. Walker 3. Paul
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/t, .,*iK, ,rtrr;! .drrQr Y Y'

-r,-T,rrtr

'*\rl,i+,, = j*tft ('iu, xtP,*,, *iai x ('r, x d4+r) +io;)

f Y'+tr,*r * ,lo*, o*'20*' * do* , o+'2n+,' (f0-2)

d,.+ (\Y-t) 4rJ or[:-l L .5,'r!: iV ? hlt* p* ]r ;Lt '-'V' t 'u:'?^^
+lcf cside

(Y?-?)

L.b fnJ-,t;TL., s t-id et Lt9," J--:. {C,} *;t!,&1, u-lt'
iJrL .c*l ;t5- {i} tt =*rV ,s;J4- t, ,-,. ah u-l ,s;:4- .c*l uJ:-
t- ,y-I:J .;JL :) -p ,slJ + J) J )JlJ *Vtt t+L-t ,5f ti .tr6+ a, (Y?-?\

.c*l .rlSa,i + \ J-L is,'^ ,g--F
.'e. - '(t" - " ,t-rl, \;,,:*lo:L.2!"r \ !r 6! taal:U.. 1^l:s16 6 +J.t-r

!!4 Jrtt:rrt;;Srr;
or ,l [ ,.tj f 

l+jl # ;lfi; 3 .tt ] lt J-n ,slr-9b , ;U;,st+* 'd*l-,:l ,r,
I, L., f lr f-n t ,1, ,F tl:-< ) :z rol:g ff-? "4\ )"-rl-cii 6taaJrL;l

g-rlt ,r,.C +a
F; = Tt'bs,

1/, - "'Irr*w;x"'Irn (rv-P)

hb =*rh ,-t-t+- t ;T qtu(e..1 c*l ,fu Lb pe j-n t {C,} i.u ;Tr' of

.c*l iL..5.,- {i}

I^DIS t toli dpli cslt Ga> Ltr lF ot*-t^,
J-L 661jc'S j-! ,,'-rj a*l'- lt_tt-p * or3 JLcl 6t.a.2 )tc < ) trr; .5;l il e,

.f-t:i c^.)4;i ,rilor-i kv t { t+T Jtrl d^r! dt
Llt * rbl,5=1, ..,lrr . +i ! t^Jru iJ.tlos- Jrk il:t'" Fj \ ;.'lt,s b tS u-l

t,.!r- 6Trr4,s$b;l u.la,1l:-S: [:,.1 \lr* r,.:l: pt+l (r;=1 lt 6-? #-r)
\b 6y jl ttl: ..al'-'.s ) )i ,-;--U 6lJ ,6P ts .5-*,1 tJlt ,G;) Jtl:,:< tlt .5-"

'FJ -ht: b -ei;;e 6ta:L; vs!
)Su" trl'. i L| t i - \ ,lt S s_s* = f;
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Y Y \ ;.,r1- dd ,sj$'f.rQr {r!-t ,

.rot .,(1K. csa\:l !t 6 6la,rgiJ ,so:i d--;l ,b'; J:b 6-r,ft

156" rrls i kb t i - \ }..1,, 6 612|r:-5 = n;

1*.tt:/ J-i cti J'E 'l+! a i ,lr t \l: csbr,* i'/6't t'r

tF, 
-if. - l*,R t+t.f,*, (r^-r)

iJrL',i,t+l .1rl:-2f -b\ ql-.- t lfi j-n Jr ttls rslaul-'3;;sJ 6.+ t,

l,-T,r, C.*t * ,-; ,gl:^S ItV

'1,{, -'r,-tnr*, +(-tPc,)x if. - (t4*'' -iPc)*'fr*\ (r1-t)

(f 1-P) il9,g,,rl:) ,r-:V .lq j# n3lr (fA-2) ^\ltJ J4l-14;l or1,-"""1 L

i)j t) Jt-t-6 b

ty'f, - 'n, - l*,ft '*\n;+, -o P", xi F; -i P;+r x l+,,ft 
t*t-f,*r (f "-t)

jl 6j6 kly o.t-t-+ 3 'j +.t 6* t rl8 ).f 6t.oalrt'. altr-; 1WF
.t-b, ,ra:[, e-rt; ! iL* t ,i! 6rk ! :,-t*".r

I

' f, - l*,ft t*t.f,*,, +i Fi

'ro = t/rr + l*,,ft i*\n;+, *i Pc, xi F;1-i Pi+,' x l+',ft 
t*t"f,*r (f Y-2)

;!:,, A-t, t b tyd 
'r,,Flr 

, .-t a,tt a t1b,o.i,i;trT " L.b;l ,taalrt^. y-l

-2: pb-l c:i 6lt,s"i csrde qlS !b, t,,jrt' ul:r),-sr\F LJI ,i,-l .x-2.

(r\-r)
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JAt .5$t5- ,Jbtt? .S;rQr Y Y Y

"iJ.};rt d:iS 6la.12l:.Sr by ,4b* (J;!, t+!-l rt 6 c,:ti y-l [,.sla,Li 0J.-;
.J.;lo-\.3

.pt < 2 iJ.Jy../U.:l l ,}; ,-r cF 6l4pl:.5 y t+i-lr, ,utL-l cJL :u,';L

o_Trl cd)4r ,iI ul+ L.b '. !!, .i_;l 
'.rb

(rr-P)rt = inT

=:+t,R 'r, + 0,*,, t*'2r*, (fO-2)

=l+tR 'r, +;*tR 'r, x 0r*r'*\ 2i+, 16r*r t*'2r*, $2-?)

=;+tR (brxt4+', *iu; x(tr, yiP;+',)+tri) (rv-P)

-t*trr*, x i+t P",*,+t*trr+r ,a (t*tr,*,, x t+tP",*,)

+ t+tr,+1 (fA-t)

-mi+1 t*tr",*, (ft-2)

=c,*r41,,t+trr1,, * t*trr*, X c'+''1,1,,t*trr1,, (0.-P)

C', ort-L- 'l :-:'&bil ,-uti &F i + \ J-i. Jl

r;-iff ;2 gY-?)

.c*l;l.i;!S ;L; s;.er.., sJL.e: iE r rL; alt, d
N*trr+,,, t*t"fr+r ,.tSu.4?:!l L..gir, ,r.t :, d.ffu ,.rjLau-ilr a-.;

orL -1t*t ,n t| U;t t^oJ:L g,-l :.,;16 d:l +s 1t 9 ,.\2^iut o:lr -2f -p \ lU.

-r, [: ,.rk ;r,-l;l J.-L ,.gl-451:-S 5 tor; ,rJl+,,rL; L"'.. tr -!r, Jl .t".up
Dl-.:S tr; Jrb U;t^.JrU, J, ,t*\nry+\ J 

N+\,fiu+r clt -p -* '-rJ- ,pJ.U
'r-J.,g J*'

-h:l-u* rtrl&,rfu Qr et5Jl
J5.'5 c*i e:;l taL-L 6f .;l or$-.,,1 \ ;bL 1sla;'al.-S 'a*l^. ,1.5 ,ZlJl
b \ !t jl ,c1al$ \l:t J o:tp-.-"| t t&, ,rhl:.: s Wr,lrl c*; rr .c*l o.l.l,

:6:|,;rr r.l*i | .5-*d &j tt t ,slr -[-:l-Cii 6teal:h, e ,+6 " tt
a*t .. ,\ !t ^; 

n L.l jl G,trG,r*^.,J-L;llf K 151.421:.5 2,[4.!.! ,h g.6tsu^,jj

,x.-i ,/ o.-")l- J-j i 4 rrtt-..a ct-LJ t+t-t'^:S 
^S Jt t5,og 6;taaJrL .x-*,1
i : " --+ 6 zut:x ,stl$ d.,t-t^.

t+\,.(,i+ \

t+\.'.wi+ \

r* \ ,r);+ 
r

d* r rc,*,,

t* t 4*,,
t*t y'y',*,,
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Y Yl q-, Jt-, q dlrdrb, 1 cs-if 6trdrll

t.f, =j*,R d+t,fi+r * d4

'n, -'Nr*l*,R 
t*tr,*1 +iPc,xiFi

+ d4+, x l+rR 
t*t"f,*,

r; -in! i 2;

(o \-t)
(oY-2)

(or-r)

;r.2, "5,-iJ -b .t, 
. b.= G irr:.,#j ir,f,'rt;! :[:ti;

lt 6rt \G .-,ti t ;t :r t-t, d t; ,fJ il';,f ,J12^a,s1l-2: .c*l ;lJ j4 G

g1.\ .1lr L6!t t ;$ i"b st^o 't*r, ,rrl ,1! 6r a Pt,-t:*i u-l .Sg df
.-iJ -b t b G$ tl tlje ,j5l'a*l^. ^;;€ i:* ,rdy

4:*, Jfu { t-EbaJ)tr s csjF cttAalrh.o ,-,
,|,+t5- d;lrlr rT-rt.f r.e:,r, cs)a,j!t^, ib&-,(0f-2) b (f0-P) (J;balrL

,r \ly u-l :l.r.2el c*r a; l |',-; 6le,.1.l:.5 bliLl ,t+LoL .shl:.; s W- s

:rJo:ti',-,| J,te,a2sa, bl-i.L/,0 Ji"-i tt g-fli'r*l^' ,slt tL.161 6l.r.JrL .l:iL

a:.251 c*,r *. clt ,*l; ,?-t&l J12,-aa [ 3 rg;rJc ,j!l- f*-t&t 'S- ,>1;o*
.g,-rL; 6tralrL

,t.n.J:L u-l 6:-21: c^.^ali .p ti t rg!)-\c .t-!t-, .,-riJl J2-aa.b.Jrb, ,tti
) ,P", u;ta-/l:; ,[ht lr ,,F,stor-#b c*l ,ri5..ll,;:L op: c,!-u t ,sb,

! tr.hL jli b );r: 
",a;*,uolLrot .,.(*;tS.(J;rq.f- ,slJ.+'R rs$-tL

.r t$+,opr 6f f ,,. Ls..r ;l-L 6layl:-S'^*l^' ,.glra'l^i'--,

€lr,g*, .,,:i!c-l: ta.J:L, rBL jl -*.,s.r,-r ,r+lF ,-/ ,rtl-f .-Icl.2r Ll

oltl ;rli- t, .*,-ti, I ,i6 oltl;tly L-.e,c*l at\ GF + L"r.st+rt r JS-,..,1a

! .,sft!-r 6;tr.Jrh, ,r3.-, ,-,tS; rfJ) c,t5; y-l d;lr c;lJ.c-*l 
'# +\,GbJ

i/-rLi u;t^al:U, ,J,rsL,, rtt5 \ al';,g L + 6ta.JrL ;r2l .g-td 4 JS*., t
l+, .slr o Ji r, o+T l, c*l Jrb, k u-1.:-2el r*:t ,6 : ,6 ,O ,sb -f,-:l-ui

.,*-rlr l4l ,rs.-flj cr-rf Jt-t- b>j
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/t s5rtK. dtriq .torQt Y Yf

4:*, .jrrqr crbalrh.o il ,jU Y-?
?-7 ,Ya.r, d,!! r, t ft ,rSJtS. ,syL. rsltlt +,ri,L,-: crl^dJrL" t+ll.r,
c--l'1* y-,t 6ii Cg;a,l:.'- JtL rslt.7r-r..TrS c-)r,,c-l cri rrlr;Lii
.tErl rnr ) Tat I, f* ,sV.e ;r2l .c.*l fr;. hl1 t sl+rl.r, ,,-a ,f t c-l orL

o:!', r;tiu. tV -L:l-ui ,F:\ g;tral:t^. t, I tt ,sf UJ6$Jrl.rL l.l*l
;i;lir? ,L.b t ,slt pa f-,. aK 6.urr;L-L; u;[^-/l:J,. drt

tPt' = /'''t''
, p", = Ir*,

\lt I ,sb, ,pt ft i oJr-i, ,r:."ie; 6*J .rt;I; c*l o*rr>;i' (,-ElnLi;) f* ffr bn
,>-l i.o ,r-tU \ lA

c,Ir -
c'Ir -

f-rlt e,,l-t'. ri ,ls 6-si ,-s-14 ,s-,ry t

fr-"
TLf=o

.\b *..sl#l.r' f* pe \ \t, Y t,1 r;t, ,-, #r
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tl-ow.-

t).="

V-i,C,taal:L, ,t G$ (J;t^li J:; nL:, a

a" - gl"

^\1., J,I_s"_ r # u,,1, Lb rh-rh ,tr,
t "r"llci+r -st+r 

I

ls;+'' c;+r " /" Ill
f'r' olo \l"J

I tr* r s,+,, ' z' I| "r'll-tt*t ci+r 
I

| 'r" o lo tr"l

.f-rd tS+ b (0r-2) b (r0-t) 6bal:t,. JL
i;lir+ \ !!, cD G:x,srl$ c,t-t^.

6ta

Y Y0 ea ,rSrrQr 6bdrtl )l ,JU

n-Tg c-lo J-i

l*',fi =

;*tR -

: 0r'2,

t,i.,, 
=

"UC, =

l"l
L.,'l

l.l
L.o'l

: 
'l lil ltl

. 
I i"] 

. 
lt'] 

= 
[;l;{;.;: ]

(nu b .-iJb 0f-P)

0r'2,

t;

L,il

tr,,
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/U s$Kr,rlr1;q JtrQr ll?

(,,J, b <er 0f-P)

-;l .tlorL' I t!,sD.,g:r.,alS c,t-t-.,

(,,:u b <-iJb 00-t)

;l .slc,rLc I .l,. cb. Gat ql$ c,t-L,

' f, -'F, (<.r,lb 67-P)

tF,'

trf,,

I
6r)

I
6r)

:: 
i] [;:;l'..;: ]= f;ril: 

;i,3i:, l;:r;]

.-u,,] 
* 

l-"'n':*''''] 
. 

filil: 
;1,3i:: i;:r:]

ii,,sr - m1lr0lc1 * mrgstr - mrlr(Ar + 0r)tl
,,li,cr * mrltdlrt + mtgctr * mlr(dr + ritl 

I

L-

[,i

l;

1,,,,'

lv,

L'l

,r, 
=

,r,, 
=

',it, --

ttc,:

tF, 
-

ty'f, 
-
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{--/ .F.q: sbdrhr )l ,}U

,l I''' = 
L-rr,, l1c1d1* rnrlrlrsral + rn1l1lJc1r * mrtl(,, + dryJ

(,,v, 67-?)

;slg1:; \ !l ,slr. Grr cjS c,t-t-..

fr, -s1 .l fm,/1srti,, - mrlt ,a{ + rrrrgstr - mrlr(4: * r.:)t'l
= 

f:' 
"o, ,l lmrtoer 

* rnrlrsr0{ * mrectr * mlr(o' + 0')l

l-*,/,,01 + rn,9s,'l

+ I mJgt * mtsct IL]t.ttrt:l 
I

L-,r., I1c1i), * mrlJrs,BI + m1l1lJc1r * mltl(d., + Br)l

t.l
I+l 

I

lrnl/f d1 i mt /r9crl

fll.l+l' 
lm1ll01 - mllllrsr(dr 10r)' I mllgsrrr, | / .l

L 
'*rrryl1/1c1(li1 

1 0r) ! m1lgc1c11 I 
(.=" <'jJb ov-P)

o-i,g c*)4 d-L 6la,.i.l:-S ,in; j 2 6a^;lV 3s12T ;;2y.L.

rt =mrll(0,, + dr) + m1lyl1c1(Y0,, * 0r) + (-l + m)t161

- rnrltllsll!, - Ymfl1l1s10r0r + mrlrgctr * (-r + m1)lgc1

rr =rrlrltl1c161 { mlllllsrBl + rn1l1!Jc1, + *rll(4, + 0r)

(,,*u e c,-jrJl> oA-t)

.r*: t-er*,itS,jl 48,-,,s-oq l ta;l"u!5r) oJ-i:t-.,-l-19L;3,(OA-P) 6taoJrh,

TYV

t.ft

www.mohandesyar.com



|V d*Li.,rb1;q .{orQr Y YA

cstrr.itr g,-ri.rL il ,&-glr: r*a*,'U.-,Cl; u-l S *5-.r.-rbr.re c.s)t J-L
d*: tt e$\ .sb 4 6lrrJrh, d c*l i,-3.r, .Jh.li J-; v-F,.,t,b ft uSJtS"

:^-l r,.Lz*^r,.ll: : ,6tbT 4.rt

JAt, ,r$tt 6iu.,,5r"qr 6bal)h, Jt:iL A-9,

-btt-f ta:; srlalrt*. Js,-aa.r"t ,,S=Jti g;r! usi"t:,-r UtAaJ:t'" ;t* :-213".-lcl.2r

;-ig o:l: ;Lii taal:L,.1b.-L- ,r*-2: Ll ,t-J.r-/jj.- c,!; .ft itT;; ^5*>-l

sJb LsL":; ilrh.o

,ri,L,-r g;lalrl'. ;;-*,1 ,aL-ll,Jtli ,slt u-t*r*+-l-:Lu-t t.'LrajrL. S s.l(':J
ttj 2-; JS; + lt ;tl bliLr. ,S 4lu. c-).

r - M(@)6 + Y(o, o) + c(o) (or-2)

n x \.1l.rra V(O, O) ,uSitS" g;t! { Ltt n x n F *}V M(@),rJ.rL. ci f
L"t a;Lrd-- ,trV n x \.1lry G(O) : 1-lu-f : fy:l i-J stLraL- 3x.r:;Ej

.r, d,V(O,O) lt-" ;Su]t#, + l.Jt- sLai iJrh, C)lt-l L.c^,-l gF+
.[f] fr.f 16a. ,o'c-r utS, c-J9r.r.r a1 ,rlJl.rrrlt] (Of-?lQb

,sA\ 61+L-L *5 tF ,@ { s*215 J c+*, .,.b .G(O) r M(O) r.d-e t
.c*,1 O r O 1l cr.e..,, ,e.E U V(@, O) ..-r tt .c*'l,rnt .,.!!tS.

'.s 
t+ 6s- ;l | ;f"eL-r ubalrL.;r oJ.i tb c$V af uf /ll n:t;n

.r..u J$ b ,1lJ,ltt s 1-lu-f : fi;l i-J rlsr2 ,t:\ 7-,2 ,r-t\ s

r-f JV t
r,V(O, O) .M(O) ,# ,,fi+.y ?-? #J-2.r oJ.i ,:lr lbrot ,$tS- ,st:\,sb

.4.1rT c^.,t., t G(O)

:l ,r-tl u-l .tS,g '-"-r; .!, ,M(O) ,uS,itS, cu\ ,,-o. ,r-tl (01-2) tlrL
,trl, u-!r:L:.c*l O;l ,.b )r r.;16.-.r;. 8 r*r; Jsi dtrd.- L^

Itl*, * Ylr l{n1e * l[(nz1 * mi ll*l ] Il1m1c1]

I tl*, + Il{\e tl*, 
J

(7" -7)

M(O) =
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YYt 1L s{Jtfu ..r1;l{ J:rqr 6bdrbr;LiL

.r>-12-t,;s51lr '-rlr- dJ\9,c..l, (W t irlil rJlr,o,.r^t ,.JrtS, A:\ 1-rt ,-t-'-JU

.J;Jb & ht-t ter + ri.:*l dbd-- t5.J.t-: y(O,@) ,c^c; il^r

f-Jlt d.

y(o, o) = 
[_nzrlrrr 

",frr,r_rr,r{nLl,rrsrri,,vl (, \_p)

o'r uW + lt: ,tFv. t!-l ff :l if 6ti tl t -mrlrtrsrtif ;5- srlaL"

s +lr-l ++ ,xlr tf ,s:i -)l -r, -Ynz1l1l1s10r0, in g;ld.- .t;lr ,3:-, 'W.c*l crrk ;l*;' osr 5s .t2"2LL .Jrt...i oj2.a

.t-J1,C *b,G$c.:b,g t+lr, E t-Se t.ts bdlrd-- 45,G(O),G$'+
g-)t ,r,

G(O) = (7t-7)lm1l1gq1* (-r 1 nz1)t19c1l

| *&ehr 
J

15+.fo (tL' i ilrh,
,At 

";r-rt !1 t tlr s;tralrt'. relje,V(O, O) .c.c- + d*lb tt-- p; t,

g''sT c''t+ *
r - M(@)6 + B(oxool + c1o;[o'] + c(o) (?Y-?)

[OO] e ,c-l ,-l*,-f v-V ;l n x n(n - \)/Y rt-l t ur-;tl B(O) .JI.rr .J

sfie 'rlry_y ou-4aS ;LL rs$r,-,*l-;;l n(n - \)/Y x \ 1g.jtt

tool - [0r01 0,0, . - . o^-,0^]' (7t-?)

:,.qta\n x \ ctlst [Ot]r ,fy:l i-J v-lr il n x n ,e-tL C(O) .drir-.r
c*\2-;

(?0-?)

,sr,it utS. Clt tii iT,str*,--"U b-: ,FEd tsr+.50* 6bi iJrt , lt(?Y-?l iJrL.

.[r] ryt .,SJIS.

.11 crli',', a, a,! ,:.2b ,fu O q -Lii GF'^+ d+:So.r

lli 6i ... e:1,
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,b ufrtt(r (JttrtU .{YQr Yl'"

,-;SE; tst^;!t, 1)-.J) d,,[--L. J*,r5',-ti-r g;l^drl'. ftbl ,-):t tt-) f
!r; 4trrr.r6.rr ,L*y ul .l*,ArrU; ,.t::...r 'O 'si:itS" tstL ilS";l ,r':b d
..r.1lr ,:^.-rl ,r;t ;,i1,r::\ 6r t, l-! 

"d..li-r 
g;trrJ-rh' 3l1r 'f 'rrl, 6t*6 J/

.Jrh,4lj,l-$.oi. ;6- eb J;i6r-!t!.rl.rt d.ur,r. 'Elrlb,/g (?Y-?l 
"JrL)

\' Ji-i,r ! rtrL. jl J.t-t- gr-l .(rlr -* t\tr+f::, *i c'sr-' t 
f 
fu ilid )J

.rlr p+F -,li +i r.1.e,'r c.1Le.r'r"t ,5*tS' qL J-S tfrJ ffu +

?-? JV I
;l) c(o) r B(o) ,]; ;>;; ?-? ,$.2.r rr.i rrlr iL:; lL sSJts, ,s::\ cb,

.n-t[ c*,.!. lJ (VY-?l iJrL

VJt ,kber ! ,rL ,st:\ u-l cb

tool - [(i,,or]

161 = [;i]

B(O) =
[- 

t-:,,,,",]

fo

l*,t't,',
-n'r,r/rtrst]

(?7-?)

6 t-*,g r*) U-,

(7Y-?)

(7A-?)c(o) =

srta.r;! ,"(o,qr uil.Aalrh, .lrlri c,*,s+ t, 7lf'! ,iu \-,
,r$ts"

r lorro J]-;rJ,Sfti-.r.1r (1" -?l: (Yt-P).itrl ,s\yt t'-[-:l-iii c^it+J

c-,)4, ,sb b u-&-, ,iy *)V ,*+ ,i4 tt-l f .c.*,1 ,11'l 't+h!, ,,x tsotsh5

,-ir,,c^ih, .tjrt+l- i-p Olf'l,rf-Ql cslyt,'l; a' ''("b-: g;taalrL.. ar-231

,j$l Gy 6"il'- ,t ,$J -b;: as..i Jrldr tj il ili,r | .S..1,-r \ -[-:Lt*
.5,- 1 ,j:., :r 1 ,;t5- .,nt ,-JttS. tst^ri! ,slt 4l.rylr nrsj;rb i-t, ,: .r'b.r
.5t! .5..,- uov .:JL + Lt-,. s -& ,sl$l.S.,li-r ;lL LtlJt .J!-J.u.rp q;
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Yf \ .,$tn abrig rdorQr 6bdrtr. ar.ule.-rq I?rf't riu

Gr .rf cJL ;r ,![5 .-/rr ch .\t.rrp vI- ,s*:b \ ,s.ds rt .'15*tS.
.4t=i !, [r]

\b t+.6;l .V-irt(Lr).tt,-JitS" ur;tr,r:; ciil ,sbt-t-.rtt lql
-rj ir;a bl'../ !, ,(kd) ,fli

n, - l*; a[, ac,*]'"I "'1,'r,

6jjl ,pt iLt y hb 7r fy ,F &cr jl ,j-V ,h cj,,,l ,Jsl it-+ ilr) d
,r,:..+ ,s[.:;l Ltr \ *. gL. JS e cjr;l .c*l kb Gb..t ccr* ;l ,;l; u.' i+

d*-.c-t+h! ;l .5'- ,r

r - ir, (v.-P)
i=l

sSjts. 6tj\) ,* cjjl,s::-.tO e O;l L*lt (?\-?l liut; t uc, u;bd.- .,J-

*t tH ,1rtl ), tfi o.' ;+ tsj-;l *4tU_t

k(o, o) = |o'u1o)o (Y \-P)

rt-t-4 grv .* j-* h-? ;4.rt d ,:.-l n x n Fp ,r-tL M(@);I;.r .5
br,;rT \:l J-;JtS-l iJrb. bjuu,E,g [O] l.p '92t cts,o!, (Y\-t) itl,
,,sjtl bn r,;;ir-.r.c*l pr L.,rr :l 6; + t+T,r**:ls 3 t-fr-t JJ.';4b.r.1,.+ ;l
cr.'r Cr{,. L_f_JU +lr fL uItS. ct)\ 1r ,r.tl,c-l c*l. r.115..r }S ,:*
JlS..l d+S rJtts $T;9r 4tl. ;u:- 6.l;...r ,.*l*-.,-;t ,€*l 0*. .l,.4*'-it .r:t{
.5'-,;; ci.il ,sE;T o.,V\;tlje t (Y\-t) ijrh. S t-*,1c{r..tr,-l c..rt

,J,,,t+ ,,sl"Lft 7r

k - !*o'
Y

.t-S nV,JK-I 7-e issj' cJ. o;l.e..r \ t ljc E b t:\ tr *-jV issg & ir:e
a)j; 0?? bljd | .u; ,li LI ,]4lu.,6;l

ui = -n1,; 
'gT ' Pc, * ur"!, (vr-r)

(?\-7)

(YY-2)

u,et; t ,li \1, 7-e ft;tS. e.ur.1Li.;;lrr2 'Pc. t ,G$ I x \ ,ltt'g ;T;, .5
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/t, stJti. strri! rlrQr Yf Y

c'.-i J5 J[-;b, 6jjl t.]i C EiJ -b t5 u; ,'^..:. yl.ri. ;.lr.i t- 6b d c^..1 ,r:11;

c-t+b, jl .5.'-,r J,n.;li, g]$,Jr, L* \ tb ::\.1) rJ.i

u -iu,
d=\

JtS-l ,tl rtr+ b|;,f .|r lt,1 ,[-.;E, cjtl,lr...A A j A); (Yf-t) f ' Pc, it,t?
.$ .)=-;,r(O) ,W itS,;l

f 
b qJlS*l ,*b;l ,*f u;tralrL" ;rrel c--,r + 6bl, ,srlil 6$1.r5,.,1,-r ,l1;

i-t; uSJtS. p.S,-':;r,I*Q ,s!-:;l uH 
j)h;l Js,.aa;d,4;.lFi

.up ;.,4 g-,rSJtS. 15tq ra U-j$^!,L g;-,ljfrL; t atL .ttsT,.-/ pF ,.:*l ou

L(O,O) = k(O, O) - "(O)

)91

(vo-r)

o-T.r cdrdJ * ,J a\ eSr 6t^dJs[r. u-,

dOL AL
dr;p- as-' (Y?-?)

aJrL. U-l *L,rSJtS, ,stt\ st-r;: .c-l;l.[f Kcrlnr3$:ln x \ ctlst r ;lT rt 3
t-t'.ct i! of

dAk 0k 0uL_-rdt\o ao'ao-'
..rlo.ri .iL et-:;l c.,-l-', tb a,u(.): f(.) 6ha-L-i;lyr.5

0-t Jllr r
,stor b g;tlr ,.:*l ori orlr 6l'a Y'7 ,[5*i .lr d,RP ,"t ,J*ts. tgr.itr rgkh!

J::...4 * d

ctlt =

,=li ,fl ;.irl /U .,S-b-: gtrrJrL,
..:*l ,!Jr F er Lbrl f c-,* Jr-tt, Ln-;l'L-*\.bV- rt_l .t.t.bli grF;l

(vr-r)

(vY-P)

ft't' i,,, t 

,]L. o 1,,
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Yff ,riJ& .JtrnU rSorQr grtre,trbr 3141 c.-rq.1 t ]1fr ,-iu

l"

.6'? Jlt,RPreL ,r$15" g;gt1 V-tJfu

llr* o o 
Ic,Ir= 

| 
. Iyvr 

I

L' " I"')
(YA-r)

\b 7-a J-* ,t-*,1o-\,r V-P .,f5;.1r d.;U" .u-l m1 ) Ir\ \ .rD i W.b ,f f-a
,\ sJ--i. t9..;l d, .*'^I-l;.rt Y !f p-o. ft3 ,\ .,J"oi. .t-tnil 11 3LoLi.1r \

.j-rrl csrq b ::\ U-l rSf iJrb, 4sj$'t.S.,ti-r;l orlr- "l ! .r.2lr;!ri

1*-ie * lJ \ !1, ,* 6iil 'l?\-2) iJ:t'. 6;164\

*, - |,,,,lf rif + ir,,,nl (v,\-P)

kr = |*,6i,l + ill + |r,,,a1
(A" -P)

t* rr -lf tlt,f ,k,sjtl ,r,
.\\

k(O,O) = 7(nzrl[ * I,,t * 1,,, * mrdl)el + Tmrdl (A\-P)
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tt ,,dlit(, utrtti .$rQr Yff

n-T,C c-,)4 ir:+ \ -hl Jx..;b, 6jil .(Vl-tl :l orlj-'*l t1

u\ = mJ$ sin(01) + mJ$ (AY-r)

t-*,C et t-: r12,.o* Y.L1I J#b, citl s

'trr = rrurgdr sin(01) * mrgdr^o, (Ar-P)

e*l ;.,r4 Jt JrJl:,, ,sjtl *,.c*l I ul-L Jt*S .SIJ- d1^o, ;1T ,: ^S

u(O) - g(mJt + mtdt) sin(d1) * rnr I$ *'tr\9dr,no, (AY-7)

C., a*l',n!l (VV-t) cU:V \-f Gfr 6l'0r-""i, JL

ak_=-
ao

ak
ao

0u
ao

_ f(-rrl * I,,t * I,,r + *rdl)lr]
-L mrdr 

J

_l ' l
lryd10ll

lg@J, * mrdr) cos(01)l
-l I

L g*y sin(01) 
J

(Ao-P)

(h?-?)

(^v-P)

t-.;. s. a.*; ,(VV- ?l; pV u-l atf u-&-q ! ,;$!

11 - (rn1 tl + I,,t * I,,r * rydl)dr * lmrdr|d+

* (rn1l,' + rudt)g cos(d1)

rt = rhd4 - m1daTl + mrl sin(91)

(^^-P)

M(O) =

v(o, o) =

c(o) -

f(rnrl{ *1""t*1""r*rn
t

lr 
m,a,era,]

L -*rdr|l J

f(-rlr + nud)s cos(Or)l

| *rs sin(01) 
J

3 ,*.n (AA-P) t a-., tl

,dl) " I
*r)

(Ar-r)
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YlO .1161 6Lli.1r sdrll(, (J'bri! uf.rqr grlrdrhr ;r-pl c.-ro

J) J,it5" gtlr;t{ .f.rQr .rtaallh" ,,rrli €'*,)a., \ o-l

siJK) LsL.ai

6b) i ,?- $\ ;t-L,rt-|, rJLi ulS-.' ,r .rlS. pr l, ufut!-l 6lr.JrL.

f-)lrT c-,r4/ t-: ,-# Jfu t LJ.a;s'

r - M(@)6 + Y(o, o) + G(o) (t'-P)

gleT c-:a.,-2r ,quljr-l o--bu-alt:,p# LsJ-rG,;LL 6l)i;: | .JrL ir-l U

6b"Jrb" ;:,J c*r, n"--b .&u-lrr .,*5.rti-l 1itS" c-d:.-gL..;l ,tralrL.

;.1T a. t lz;r5r 6tn2eh;5r t"ri a b GrSt g,|j r) cttf, 6-p,-b-i aS rS-,l--t
.t rArcf t$ c^^' 2y )Sut Lt-,

.,iJK) sJb (.JlL' i ijrh,
il:t . r+b4 c-l irS-, CK ,t,J.,C 'rlr gir \ \ : \ o 6t{L-i tt ^|1};;6
,[?]f-** ,-{ Jy..aat gr5, ctt^;:- a1 r:*; It tU sSJtS. (J;tq .5.,- ,ri,L,-r

T = M,(O)i + %(O,O) + c"(O)

(4\f-2)

(tr-2)

(r \-r)

.116, 11t2. X :,s-.J.c./ t-rb c,!l ,gW c-* 2 ^S 
c-l 6rrl:;3-r; itr2 f ;lvr '5

,;t-L gj.;i,sl'+#P..:*l [V] at+ 6Jys;+r itS, ul-l-; Glr,,-tu
g,l^zi 15 &e2* I d-,b 6trd^- ,l.E j;r1V,(@,O) ,,,jr6, It f-Jlt Mr(O)

.J +J a>j .c.*l.tr5r glj'. rt G$ { ,;*1b 6taaL-- ,!Li-,l:r1 G,(O) r ,j;sr
,t+Lolrt tb c;t^;li!6 L-; ci:i- 1s t:'liu.,dt+ 6-p t rls F ,ft tsb:,*

J\;t JL'l u:'r.l1.b r-r:r5l:

r=Jr(o)r (r Y-P)

,c-l {T} j2l ,xrfir.'.. 6,X: f vx.,V lLr.r)t J(O) o:f,rt {r:.1.(#l o.js U!

l.lil .pr,,-,^. ti ru-t ! (tt-2) r (1.-P) iJrh. .,t^al...- e Ab tlirl
puIn c-,)dJ t d'l w-* g-fl: ert+li bylsf c-.> c^r..,;l | (1"-P)

J-r r -- 1-r M(O)6 + J-r v(O, O) + J-r G(O)

F = J-r M(O)6 + J-r v(O, O) + J-r G(@)
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rat, .,SJtfu qrt{jti .t rQr lY?

:l vS U_l clt .d,g LsJ-J,j, .,;J5) .:t* r ;I-L g]-bi -r, .:t* U. ,slL.lr ttr
Ce Qi ef ti 4.r;

X_JQ ( ro-P)

t-tsio

:-*g aa-,: ,r99 L,t J Uj;*t

i - is + /6 g?-?)

t J-L,s[' I =t*: dc* ,F 1., (\7-?) iJ:L

- J-ti1 -.r-t-ro (1V-2)

p_rl, ,(1f-t)1: (tV-2) i'; uf--q \

f - J-r M(O)J-\r - J-r M(O)/-\"/O + J-r I/(O, O) + J-rG@)
( r^_r)

ltsTO cer^ GtSt ,;.lzi-2: ,ri,L,-: ilrt^, g;bal,.- ,slt ,g-WtV ,&b U-l :l

M,(O) : J-r (O) M(o)/-'(O)

( 1 1-r)

G"(O) - J-r (O) c(O)

,r;lor.l jt., (t \-?)"^\, tt X s f 6 ,g.g'r€ rL-or: (tt-P) 4b tt ,s-f l:

.5'-:; t ^t+5a-.; 
\.r-:[ o-r-i.-t-eilop:r, xll,g,-,. aL66 U-l \ Jl;;g *j

.-u,lu, J* ,.-,_t+* { .,S:"b-) g;t-oalrL yr [4:J ;J ,OSJ g'l^L; t tt: jri

9-? Jt:n t
;:;-. 1l ?-7 F I hb er L 6la^.L a 6r)\ 6lr.lJ GtS' 6l;i ,ri"t--: (J;t^aJ:L',.

.+*,-91 pt Llt,sQ.| q J.-.' ,*rV { + ! taalrb, g2l .t-12T,>-sa;,Y-?

lr ((??-6\ eJ:L) e-f l: : (Y-? ,:;e -2r) .,fub-) 6t.o.J:L" ljib y\ ul ,slt

C*)4

6

v,(o,o) = J-"(o) (rr".o) - M(o)J-\(o) /(o) o)

)Sv";;r;l , d,t-t-, .,rV ,s4*r[i .fr ,-Etrl .\
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YfV ,_J:6t 61"^:i 9,r$& dtr1;t{ sf.rqr 6bdslu;r-ple*,se1

.uT c-:a .H vt;lj ,g-+: dS;L" . fl&t-i

r(o) = 
[,, 

j] ; ,, ;] ( \' '-P)

dr; ^*l-u b ,-tf l: irb l-'"rl

/-'(o): # [-,,r',-,, ,,r,] (\'\-t)

fisTn c#)ar L AT ,;U: ,* e t

. ltr.c,|r. "l (\"y_p)/(o) : 
l_/,,",0,, .l

o-T,g c-:a, ,Y-? u4 eb: (11-t);l ,:ti:-l L

M,(o)-l*'+? 'l
L ' mrJ

v,(o, o) : 
[-t-'l' 

cr + mrl)01

G,(o) -l*'nfl 
* rnrsslll

I m'gc" 
J

{ iT d..L,-r 6l.ra[-- :l ,it s t],g tll t S ,sl,Lft r) rr! r.e1 = ' .t u,t(:^
,taL*,(.:*l o-Li o.lJ b u-rT t- -rrt ) 0t = o d.f fu ,)b .$.f J., .-,-k+

.-sl,4-l * J.-z' ,nr$ :l *, c^tr- J) ,e.4 ,s-* t? G$t lfi ,tydJtL:.;l d

o$.-e ,,l; 
a, g,*. ,k,g^(;,5r-&J=:,-rr,15lt.JL f 'fi,l c--tg ,Y !.|,

,c^X> ;s,-l 2 <4..c; 6L.oi tj ts ,-{ 6r Ll ,o*l 
"S-, 

* Er aT-2: d r.1l: :5'-.9

r .[A] c-lr-{r&l

.,iJtt) (J'+;ir 6Lzi rtwf ilrh"
1l orlr-""1 t ! Jrt ;L-L,sla:'ul;-S "!:,(lY-t),r 

(t\-l) ubalrL:# t*

(*tt gr4 uySs 6l-hi-1r oJ.i ;! .S.rL,-l

r - Jr (@l (u,tol i + v,(o, o) + G"(o)) ( \. r-t)

- m,fl,el - (Ym{1 * mrlte * rntr':i)d,,d'l

mrlrsl|l + lrmrs,,6r0, I

( \. r-t)
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JAU sfJK. (J;tatt{.{.rQr YfA

,; $lF J.-rr3-, uj Jt-t', "JrL U-l t*_t

r - Jr (O)M,(O)i + B,(O)[OO] + C,(O)[O'J + C1O) ( \. o-P)

[OO] 5o*l ,-l:-tf *-lr;lnxn(n- \)/Yrt l+,e-t| B,(O);.1T,'.3
cs)de U'&b;l aS c*l ;LL cs$r ,-'F)-; ;l n(n - \ )/ Y x \ ,hl t ,stlss.

too] = [d, 0,oro, . . . o^-r0^)'

+l.r

(\" ?-7)

.Sc*l n x \ ctltt [Ot] : ,]-,":lr-Jn"V;l JS;."-. nxn,e-t|C,(O)
s-licf o:lr y_; Jt-t' *

( \. v-P)

( \'A-t)

(\"1-P)

liiii ... eil"

,r-2lr | ;I-L g.'5 iJ:|,' -2: o.uT d*ra, ,I.lL ;La G(O) ,(\' O-t) Ir d +5 -.y
.C"(o) t C(o): B,(o) + B(o) Jt.Jt.2: Ll

Y-? Jtu t
I, C"(O) r B"(O) ,Y-? u41> ?-? r[..:-2: or..i o:lr i[*i;r"L .,s.itS, ca\ clt

.t-.,sT c*)d, ((\ " 0-t) iJrL.;l)
8 ..L-,tJ) .ra) J5 i; lu Jr(O)V,(O, O) ,-,PJe; Jl

B"(o) = l-"'*rli""']
c,(o)= 

[-,,1,,r, 
-rnrlr/rsr]

T

deri ffi eltJ| &J \\-t
.r: JLc\ rr\j\'15 ,iJl5L- o.uT c*:a, ,ri,t-r g;halrL. a5r.2lr c -^.^al alc*, u-l Jr,
.SJ[S. ;l a5 .x*r, .r_hr. .J,ti t.3; f{ ,r;J*; r. 15 ! }U J*K. ,s:r[. .i- y.

Jt.(l.-l ,r,\or,L, gJ -b ,t 6 ,s-6ti ? U-ry .x_ie Je; ,* f 
t--"1

jl $ ,j-f .st+l :., -1r ..rJ-11.l Jt; ;StSL-l ,st.lr* jb c-"; t+";tS" 4.tt ,.cJl .c:*l
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Yf t vL-* r-,: €/!illtj-l

)eJ>;! *b r ,-\jL sri,Q o-l dS* JtISL-l6tali isv. oru-,"1 oJjJig

.J:.rr g.eLabl ,f * J* 614:-'j'51t ! -ritr ;rJ, LSr* cb, 7:'t ;rl;S ;l'/.Y 6

b ;lSJ"-l st"r* y-l ;l jt -l-l ,c-;1, y rS.-ti-: 6llbh. 3ry5 OrL'- selv

;fu1.f1(h.rl ,JlSL.,l 6!r, orLrt.*, J. .-iJ.b tLt:-f t*+, t'-t)
,.*yU* .(-:*l t -Li W ,*f osr-, lJ ,Jts.t o l;l )''; Dl":'(;l-1r t5c*l

|'-'rlr

Tyriction - a0 ( \ \'-t)

;21g jS4 CK S,JtSt -l ,slt -&t 6rL J.u .c*,1;3S*,-J Jt(t -l .-^,tt a iT p 3

W u-*;l c^,)lr Ll ,c,*l c.ti .S:; Jt(!,-l-rl.ri. .c-l *fu; .ftSt rl
r-1l' p*,

TTri"tion - c sgn(0) (\\\-P)

Jtg,-l ?--p ,c.*l 0 = " d.r"tK:" c.rltL .r>*l.Si; JtSt"-l c^:8 c ;T.2: t5

,ib; (,rfut--r) ,k Jt(t-l ?-'e,ory;&,;S,r:tr, # " 6GU:J 'u.(ib*'l
'lt*,tt ,rJ=;tS, csu\:l u.lt vl,-L f tt JtSt'-l ;r; .-S:; t ;-5-'-: 't-.'i.,g

U s, i ^S 
c,*,1 ,*,li f -r. .-r-2lr 

'fu 
,>lll ,3.-s 9 616;i21 1 5 c-l g;lola-'

r;U'ir,,. -)l * f lr-:,tj t;r I Jt5.t ."l

rj,iction - c sgn(6)+ rit (\\Y-P)

& y J-t rtS" q JtS.t -lJl.l;- ,r.oL ,rSJlS, ,sto:;t, 614-Lil tsrL*: -rr

il-;l;rT -;lJ.rJc;lr [.rcsJi.,,'- 64. u;lc17-|,>1"6 ili,rb -,.1 u-l;b\,,[Jr 'r-1lr

'*?t', b# JJ. ,r, .JSv. x-;s J-L r[5- ,yLl J SISL-I t s-J. ul ial ]t' il
c.*l ;r.:a SISJ"-I cly.

Tyrietion - f (0re) ( \ \r-P)

nl^bt 4- r.q J.r.;l o.ulc*)4, -s--t ,&,ti-r 6traLa., ! Jt(!--l g;Qr. gr_l

{ +*:a * -rLS J-r. b ,J::Su,

r - M(@)6 + Y(o,o) + G(o) + r(o,o) (\\r-P)

!+h! ,rr 4- ,-ht>U.Jlo-r.'i ciJ,'r,:b J.r, g,l-r: aS'lrlr )rs; 6J"-s '>lll
cirf ,-gr[ 6f ilrL tr (iFd .1,.r,i,; rta.,-l c^c! .S) ,:; '>l]l aS c*ti- ;l.l
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/U s*itn .lbt! .dorQr Yf "

c-l -,15g,-l ere.t^.;l 6.lE 4l ,r.r"e.$ylr o*?4.2L*.: q;t+J.u olll ,JlLl ..tb.r;
.(+*r !, [\',tJ et!r.)

,5."q) sriL{-i \ Y-t
u;4 f a4T sL ,r5..,1i-r J.u ;l +! ,,rt s$K, ul! ,SrU,-r qr-iL.- 'i q5!,1

,slr ,((Of-P) ijrt*.) d*. .,!.b-r 6LralrL, d-:b L .F{.rli:-f ,CJ Frr #
C J- I .rh.: .,S.,b-i iJrb, r,-1 6;Lr.-l

6 - M-'(o) [, - y(o, o) - c(o) - r(o, o)] ( \ \o-p)

ca)a,e,.-,b-i;l FJ JtJ";l ,sbb g)Jr .rrSFJf 19lt;,:.,;l.S-,.l relj,g ,tr
.y-$ t6+,6J', uiq;tJ,-: Lee !r.r:l

s-*e orlry-; JS- *'1r ', d:.,t, ,Sf [tl L-t;g,*ilr tr

o(.) - o.

o(') = ' ( \ \P-r)

qQ 6py .ciJ Jlji;l6rrs r12.euAt Gl:6taaL-Lirr (\ \O-P) :l ;tlj,C
1b *,6r.rr 

"At&| ,-)a U-t,rL tai-l.rr.[\\] .srl: )5>..1 rgi)]c u].lltJ;l ul"
: vGT t = o '^l;A ;l ,{r-l atlrl '}u. ,,H,1 U Jt:-+ d ! .}.j ,rr3tF\ ;rl

dC a*l-^.,F ,j:, + b il,st+rt,

o(t+At) = o(t)+61t;lr

o(r + ar) - o(r) + o(r)ar+ )61r;ar, 
(\\Y-t)

.-h-i 5 tu2- ils. et'/ tr-4.t;.,c J- 6 i*L, ,sb(\ \o-t) iJrh. vl$ t r,

..\j J:^F a*l^.ts)Jr Jg,o*.,ilo$:ta.-l iJ,.. ,gt212:.uJ:,:SEb Jtrljll E,::\
,slt S stry srr*?:1 

".&l&l 
rslds, Ll ,r.1b orL ,r,r4i. -l-:l ,jy + Jl

;s,, ssl*.-,u ArJlJi. .rba;l .[\ \] l-,r. +--i1! ,r;! ! Oar, tshlrt I)JJI c*r&
ry_l * (c*l ,L-;.,.J),rL.i d--fu S r; vBtil .(-,r5rs;T +! t At.c*l c-".r
d'u'' (""'s ;'t 

* :*f;: ; ;: ";jf * :ttt"i, X[
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Yf \ d.t..:rtb'f,r

dt -t-, €,,U.'), \ V-t
d!t-, Jbt-. 'fJ -b.r) ,.lL .,Sit5. slrltr ,t-L,-r 6btJrb. lrr .*+:,, +.b
cft .tS F+F +j J'.aL UtUi 6rrq.r * l+ ,Jb,. ct-l.ts.c.-l c---rljlL tdl

.iLri tf,JJ [A ,V] e:b.1r ,,r,.26r .Sr,ti-r d!t^, ,rj! ,1. ,]U :l
o>ib. 61b. 1r .ri.1;b g;l{.*

'A*l^' O$l .Su,t3ir (Of-P) b (fO-P) 6tral:b.J, F t ?'e Jtrl rl.u; rr:rL;
:Jer,rr a4a-J 0?a ,itf &tJ -b I i Gat 6rL L-t^.. U-.,-T ) ,g5ls1a. tsL

\l?n - tt ze2-b 6[Lc:l.u;
\" ?n - t Y :g-- ut6l^c :l.u;

,c*l oJ.a,-,, (J;b b jjb ,s)iJ/t U-l \ Jl .c^-t (!f :, ,.pl.r-) taL!2 :lu n ;11:,) 
^S

,rnt 
"$tS..sl"r;! 

.S.,[i-r 6U (* t,ui:l+.r.,,, c\-ilyt:l ,it t 
--b..1: 

Ll

,[\f,\ Y] ,ot uSJtS. cU\ cb u(..t!-r 6balrt.. ,st:Jyt 4*;.r.2lr-2!4 .iltJ
[\f] :; ,lt u-l:lV-* alc,f-t^. rl.u;e ciJ p$l ,rL t:,;.;$l dtt:lorti:-l I

Ylnt * h?nr + \V\zr + Oln - \YA ztt2..b 6t4t r rl.u;

Y0nr | ??nt + \Ylnr + lln - \? :g.- 6$-r rl.u;

l\>-l j$\ ,-)y:.b \. " tn-y' -[-:l-Ui 6r$ ur,, .:j! .TL = ? L*^cJL -2r

.5.,- a1 
't+, ; g;)tr nt-t^. J ,J;3.3 ,r;ii;t..(,- 6tealrL t {! uia :s rn 4l

a5c^4 L^. ul+ o;l .L*l c,:til UtS aJ; Jr.rr te.JrL ,BL ll ,t;-ru. ^a;
-r: d stc/ ;ti; e*,-ti, .1,-l a5{ ru ,-,. 5> or;! ! 6b.Jrt,. rh-l a..:l; ylfi ;2.,
rt{[", ,}a '# ')jt..#a-..9i o:;! a, r,-[,alc.... i/-l J- uA jQA pb 6$ft
lob, ,r- e rls -S--t h! \ ,hlr;l o!""h, ;Trr'lel E ,,*e.-U f+l;l ,or-i

.[\0] ll,.u: ,l-,- u.tt ulrf { ..rlr) i6ES tstr€J
,l+hl r' ln eit ,5& ,stJ-rt tr!r: ,[\V] ,;;rt(^a J 'l-JJ t,[\P]t-i,
6baa+L 6jU! i'JtL fK:" .t5 -r: [\A]te-:yDf::r tFt"-l .ll'f ;t=, ,sJA
lLiI lr Otfi ;,? Gy c4+ ,rAsl-u:r,D 

'iy 
B.r!r, ,;i,,,,i ,jtJl uL, 3 o*r

tV);l,oJ17 of .st+l y tstaL,-r) ,-)y U-l rra;6.2: [\t] u,l;llS^r :o,ttsl..r;f
yr tr.2eh;fr br* Fj o):l .|, ";1,, tn"^^ d..;rlS- ) Lt-Dl .st-|.h *.r+ ,r;l:
c-^..rL t4;T ..srlr &-Vltrrlb b ,(,,:il ,-. ph ,st+q & g:." Lb,shr,rl+t

a 111lr.i-;l ! c.,t-,|-, u;lall;r

l. Renaud 2. Liegois 3. Stepanenko 4. Vukobratovic S. Orin
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JtL s$t5.. trbJt? .l.rQr Yf Y

aVr I IY] 
tJt,: ,'f lr,toltJ IY " ]\.(!:..-JT .-sr; u.r, t 1t, 'r;t \ 6t$ rst;J-rt

t-rfJl ;.,;l .c*l o(") L.-2r;l J*.i 6lf .-:;i .r-t$le Jrilrr o5;l''

r, t+h! .rh* s Wr,.rTr) r c*l o.uT cd)d'si$ Gtr,. c,t-t- FL5il
GQacA-t-fi|; It 6l'r'/'-: [\r]ott Jb.rl'u iti !I ,b,.tt+r.rtlr
u.V g;[-ra-.r:,r ulr.$.s:lr;LJ IY\]YJ^-:1trJt"..[lorlr ,ll ,]:S t -rl, G;U;

.t-.;. e c-K r,-r&t ;r,-l u$-4*.;l ,L...- e

,stl-SJ ,-ist5 q 
'iu 

ory! L--6"

dJ*uS.,,t.:,-) 'r*l^. att,F da't-r +,,r[-i ct-ltr r.u clrl ,stl$,ta + Jl
,uoV d-t! ult 'ui c*)4 i:..r .stooJ:t^ Ll ,r.71: ,r1io ,:-;! 9L 1-55jtfu ,sr;!

-b t, 1., Y-? ui-L2 1: Lb :, I 6la-i--rot ,-J=1tS" 6a1! .srl: ,s:+. o';L'le "
b rslt,,stl.$ ,-iy.tr r5-r,-: F"lF ,\f-t u4 \1, 15 TL_ Y ,r)l: tlt\ '.l,"ri

51 J- \Y'l 
=-e J^t \Of * JcJL tt,bltr, ! C:r!,ri-'L,-: u;taal:L"

c*l 6la^i- l2-;**l o:L-2t*, tail-2r ,* "i; -br) rl:.r! Ll ..-l: f+ti;!
,-h t, olT c*:a, i:..1 gt".J tt' Jt r*, .Jlo.ui ,ft ,slr&.jd I ;tI ,siq}..b lr )

J,^c f ' :lJ- { ,cJL ,l-l rr uS.rL,-) ;t-L, o5 .l-r f+lF , j--& -b tt t Y-?

-r[-: o.'i ilJ.btt Gst\lr,-;*>*l^,]-].,Jl y-l .c*l '['iti g'" J- \Y )'-'u-b

-2: !,:;! U-r+t;;lt,g i/-)L; i:*: st".J:b" rJJorc/ rL:; JL,r-l I tl 'c*l o:L

aillo:lr it-I t$T-2:e c*l o)J r.i.:l ctQ,6t^Jt-i".-u,[, c-:l:,r(-.U"-r .5x{rj
-""yt ; ,g-t' 6Wa u-*..; o:;[ il ,,rE 6J\ ,sU. c+,gi'L.,-r ]a 'r\

.IYV-Y Y] .c*l
,x-r ,gV.:L ,r!.t.:,-r 9 ,r5*;l ;=," J;lA ;lroL. ,,S=;ti ,st"r;t, Jl ,4tup
I ,#t t -, -blr -11 o:L ,rfuti ,sU\ .c^:ls .u!'- g;lo:L 

'fuL,-: 
6t-roJrL

,1o o,o' t r! (t+t I i].5t ) \| u-r*,-4,L;\ ;.1T p S .iJ -br,,-5::i! il-iL/
!t"J -11 orL ututS. .5r! ..l-q ;"- \ *5-tjt:l ,aQ .ilFl : # r ,-1"' L-

.-r.:t .tJ {C},-,. nQ1 r, ,rT bb * GbJ.)rl; oS c.*l G-rl.; ,rirQ:
tsst L.rKu-l ,;V JL-rr ric*l ;T ,,u*, Jfu t;1:L;t-,,eTc*r{ \.f t-€.,

g;taoJrl., {:b o5y-:L; ct-rS 6t'4a..! ,-&-t u-11 .:;b tV ,tei 
"J"b 

;L;l
;J,s-J.{U ,-!.t., ,-rt+.rfr;l.r5rF t}+,.t;.,peTc*r{ ptS" } 6lr,b cSr):-""t

.[f " - YA, Y0].llo,ul a:-ie; ;..i,JLar f 
t+.;l !1 ;U,ll..,st*,:6"t+ :

1. Armstrong 2. Luh

7. Sahar 8. extreme

3. Walker 4. Paul 5. Hollerbach 6. Silver
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Yfr g:!r

6;1"a.; .Jlt lli ,)jt{ t{ .(yQr
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LP*tlt ,gV c* 4.r.1.rb t1.9n j.u

G\a P s.tr+ It aVn -S-t t tL&1-, ,il*;; ,-?,.ilr t i4p ulr g';1 iL;
't-r14

: ,t-S g!- (frt b i-r-,,6 rt t+I 
"ilt J"e 'Lrr:"" t ..; il *. ,F ii f

,*. $; 'at,* t_ i,intJr[-lr.1r iI d,-L; ,;'k + +iLyr-.'a*l^..'^lu g+
,.:JL ;r;rlS g s ,t-Jd ,,.al,| 6,*SLl;J,-s\rt\[. iL:- ,- !-i.-u r"l,; J'
ct'.t ,s6.*,,6i!-9a, 6*'a*1.-.t t+;T :l .t-;.,g ^*lr.u.-t:-i 5 t42-,,;15.

^*l-- Ft btf -tni)u.fui 1t; 
a, ir"-. u1"T \ -* LE; ;j7 J.'t",.a (Jtir+-r)

'.>*lY""Hz sl" U.fuT s,-l ,j2-r. ufutS,,sri!,-sb; . '.r).S.L.rp
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*- 4i 16?

J-*-c +.|, 2 tioa;6.r!t) ,lS c,'t!-)" Y-Y
c*; {T} .rbl,-. r,rttt eSy r12et I, tU uS=:t5" ,s:r\ tSr ,lCL .;.i r .1r

t.u:f .rlr..l rf c*l cet iL. gl, f ul .r*jrs -b I t.s) .t*,-l rr,rtrt +
,r, $-i 5 tt2-aj fu &- 

'fb 
.r5v. &-b.r y ipl i b p;l ,-ct+

.r.2lr,,y q;,. .l:3

;! 't3-*,-l -. f,rl+t a1 .:*j .rli.l v*rttr; .lf Jse* b l^# d.ffu
-b I u-lL JIS ^'Lt L_ ,,-"t+ 6-#,&!r.r *-f t ;l Jit-.- b $r Jlej ,d,g
! it.S,- 6* i:aj il-lLr.:,*lJ_u,. &]il p rr_*ikl ,r-3y-,7_-r, .f-$rS
jlt€.o.:'r.r^ .tr 16{,c,3l.i:,l1l e;lxl t it-{ .st+!r,,sb L-.s-ilii{sv\:r rslt
d,;l+ vSu-l.rjit" jJ (.Jti; a; x;L) Sy;..tfr-,-l *-nr[.S.,- 11 c*i bVSr
-*';,fJ-bl L3,.lK:-,_l **rV 1.:*;ll"b .i: t L,.ui oS u_l;l;1,

.c*ly-i,;t+l +,Et ,sl*l L ;[^r ,!Lj t c*; {^9}

:l tL uSjtS. 61;L 3rlr ,5f ,.,..Ll tk , , ,t-.',i. cl or,r \-V Jg,.rr &h
,k-:t b.,br rXrV eVC,F-r ortre, .c-l -b t -r c*l+ itJ- + +lrf ilS"
,cS2- u-l 6 # +j.f.r! 6? ,{?7;not} .F tt-r at+ J^, *,{T;n;rio,} ,3l,rt ;

eG .t$r; 2; p t(i*;l r, c*; b rli ,s;J+a -,*, e: utS.. -* e,rl5 cJL 1r

b tl-* Gt* +! rL .,ttl- ast\ ,vlL .i.rr (J'r 
". 4:l alS. ;l 6r ,t \ - Y JfJ

..l5 Jti,
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Y0Y JtaL csbi csWu

LP^t-&tQaVr tt clf c*l 1;1J,c^-dj6,;t+- t Ct+ U;&JS:i, d,::rd

\"Jj ! si.{t+ Lll; 3$ t1l5,.,1.-. J?-jr).ii* oVr3tl skr! jl ,S..t,;
;l +lr 5f -r* !::ti,.,rr vhl **t!p^,qr*yu_* .-l Ct+r +Jrl ,-rt+e U.,(fE
.2: ,sr:Li LIJ; U-l;l.S-l .r.16 ,d.ll+ tEu'!-1.*9r ori sjr,,-;,r, ,sl+-;a+"r t+&

lL,.-: g2l;l .tSu.;L.t-3!-,-l a, r.:*i lrrltlc:-*r itS, rJc*l .-*At43gb
)l;^..*r.L/,5t,.tt+ :4sl lti; &t:,,,j=rq lh l5a1 o.2t-il ,sltb:*,u Lltt

s.*.,V aLi; 9 Cl:r, Ll ,"5.t o:lr- .l <!ti;u ql2;l UG t Jl S lpLc-llr
y-l y oltc .r,.3! 

"1,-t 
c*l irS^, oJi o:Li- .l ..ur,r.. jt.i; t 0=,. ,s;J4-: utS. 1,,

i{-r clt S:^t ;;L,: alt,g,)U, .-uJ ui^L I b 6r GV, J,V,L;I5 .sto.p
.sf ,9;t -* ryj ,t b -&-t d*Q "oL,. 

^, d.1l+ eli .5,_;l

,e.E vl;."a Cbrl #t t+i-|.r, .$tr r\-r- +! ,nt uSJtS" ,sUL. cSr ir -"
:,F6b't- ..1i."?! +-.,,:,lieb pt r* r-t .*6.e*la:-r;{tl J-.:.- L c--. -

j-*.r:Tut,-; c,[L;rl ;l-2r,.r,-.r-t; c,JL ,h-l tr s:--;.,g fitS. J+-; c^r!,,it.gft;
.tti;,-. lb Gl: ),.511ai S ,C; aT;r.r,-! yy.t isrsrl-*;l ;[tl ,slr..t s\d

.-;J .br, ,r*Uo
,-i^-t ;tJV6'sW:t a \6-,- al-ige,r-1lr r-9.e s;rJdr .rhhl ,aL-;,u-l-rr

-,* ,Fs JS- c.=- ,slt xl-re,r-,.r! d*U=.. LIJ;;l 6 aU::l ,a|* eb,,l .rJ
r ,[Y] ,[\] ,s\**.r" tt .Cg d^.', orL Cly y-l;l 6:lJ'J t-rlrr ,tra; ci ts.rr.r -r6t

.c-it- !, u-&-',st+.rh-, ll-ie [\ r- \ t]

,lai o sg';.s. Lsbi,a f-V
(iL;: L'i -r) \ b -,* Jtu ai r-j,r -h r .* 4j ,slt b s-t+^i:; ,,-h. cl f

c-*r {r} rbt-,r., kt,sb. *.b El;; :{:',!f;T'
o:lr--,1 !,""ot+ L6; Uljl .A- f ut.s-*g Ld^t,{.t}.t*-,_l:_nr$ *.

i.t*tl nr[,-.pu ,-b tty ;IA-,st-l,u il 6la.ca.'-a,bals,,5=;t-+ qgtaal.:L;l

4,&K d.r.t+ LI;;l 6 tf l-1x,rlr.r.*b r-! ,W n;l .S-* rslt,Jr, iLrr
,c*l ;[5_ qJ,-t '+-S rsll ,-,* jl "r] ; ] jrJ.:r, ,slt 7:"! aU: .t-*;; j.u aLi

.prr b {f} rsD-h yy rsl6t rlS,: bt./ d"t+'^L}; ^, iL;-a t+T'.- 6rsr}^
trt+*b + 1fE ;LL ,slt J-dt ;LL Lb gb i,rrr; ..lbr ut c)-sa L,idU.,: Ui;

.c*l il*.d Jd. f 6lJ. o$ uai,,.i.t;L; c,.r, [g;9 ,rrll 
'fu J.2t 6[al,-;.

eli ,*U.t lE t b -h tty ,s;+: ,lS, ,;bL 6l;i,st+-r, ,qdrtr-*
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.E-.- 4i YoA

^il+ Ll ,c*l ,:L ,rL-.L 6Lhi )r + Jt 1AQ !ti; ,',1x t5 *;[5; ..rrel,r,

J;I-J il ,;L-L ,,gLai c!"J1tif..-ui J^li '{:#, ,t2^i ,J=-ai 
";6r 

uL;i.rr

's'- t's-'t'' "fer ?,: ffi fr ;5Js#,Ii" :;";,'ffi.
l-r- "+tt.st+l'L:.t+

l .f-- .;t+ ;tt u ts.&tia ;l; ot -2, ,al 4ll itS" ;l \ ial *-ntlle* €lf ,l
! .i.u 6;r1*1t(, \ jV-- d-L,st-b, al;,g,ials,,5=;t+.- crtrdJrL .,1.-

fh ,ul,-;.sU:, ;l 6las2.'-, e)te6 d *l,rfutS, .gr,itl U:l ;tS' 'tJ ^*l^'
4rl ;tS, \ )t t" ,: ;11 rbL ^S 

c^-l J-". t ,slt.*b c"rt- j-u ta;-l ,: .c*l
o,r,-r Y-V ,$ -1: 4tJt+ ..ut J--i ,slt -h s.,er j.\.4 it5, tl tD tr 1> 5 1pL
.rJ o:Li-. ,l fQ) aJUj tt:-,sk*b ;l ,)-L L-el; iti- ci!:;, ,slt al-i,t ,s,*,g

$ :r ..r;.,l: :3-e 0(D ,sA va E,,t.3a $lo ,.;6 r ,l-* d- rh-l .s!
ll6b ,;t+ r qlly-:U, +, L-ty

0(") - 0.

o(tl) - 01 ( \-v)

oer ;ss1..,i*.a f:y + t+--l tr 3,s,l,.>c- Cb urr &t,+ L-r,-n,F-, .li:tr

.r!-j-.t- c-c!, O5'-, r.- r* Y-YJfu
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YAt JL-'.gl.ti ,,tlv,ar

c-l cittr; tJtr s 4:l

d(" ) = "

01t,7 - " ( Y-V)

a + i \ . :j l;j 
1 r 4t > )l Ji l-r- 6 lal,-- s 

C 
U .A_ if-rt :-,lj,g I +i, L6; al

iT I b (Y-V) r (\-V) rslo$ bljd ,sj> c-;ri,1kt f- a1-2: 6laJ.^'* * d-:l

, ,{ Ji*, .r-5s, LF,& !., A-t{ t (fV ir- +r5-c;laL-.r= t"-1i u-l .s.,5 yL^'
) ;.,;1 11 4ts U;lal^-J,-

0(t)-a.*aJ+artt +art'

;l .ll;rt+ -* U-l:l.r,l ; J.oL,-,t* 2 u2t tsk*b .r,

e1t7-at*lartlYaltl
0(t)-la1 l?a1t

(r-v)

(r-v)

JS- t J:+ryrL61l* al:b, t9=*,-b )rr" rprh: (f-V)r (r-V) 6tralrh, q$ t',

+lcf Odll" J-i

0.-a"
0t = a. * atty * artt, * art]

" -(l\

o - (z\ | Yalty tYaytt,

1*g J^.l.- a; ,s4.lilir1:l'. ot-3!-, i/-l J- tr

a"-0"
o\=o

at=|o,-,..)
Yay=-q9r-0")

t_rb ,ti 2 ^S 
t-S *--* b 

'l- 
a-.-2r 6la[.- t4 llic/ ,(t-V) ^L.b ;rtl^r5q t

cs) t'JL u!,gb y-l .r;L L"-n;tI ,sbrb ut+ itS, f alr 4rl;bL

(0-v)

(2-v)
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..:*l j'- J-L a,l4 c.s-: +J:l otr;T;s .f c*l '-r.l

\-Y Jllr r
W €lrr-l.c*l JL +rt g - \ 6 c*,;tr, ,,rr)rl ,P s,Lb.S,- ti G\tt
,SW-*.t onr df i=.tl 0 - VO ,J!-rit *. 112* 6-* y: ,a.iti t' Cr.l, t, ,f il
.i.u iLi; .rt ! rr! 9 ,JAr 

f 
t+jl t 6f U-l 6l-.131 c-: *. b ,gy a-.Jr UilaL-J:-

;$::l ctt-C.:b J12,-ea' 5 J-L,-,li-i 9 t*2-,;[5, 6t':-'l 's12T I i5- cJL t
.+Jr.,

t-S +L*. * lr4"-* blid,(t-V) r.st".l+!, ; 15L--r-rb arlr.lf I

a. - \07"

a\=olo

Qt : l" l"

aY: -ltlf

(Y-Y)

g-.rlr ,(f-V): (f-V);l orli:-l L

0(t) * \47. * lo /"tt - f tYf{
e1t1 - l" /"t - \lTlltY

61t1 - lo to - t?t??t

(^-v)

..r^i 6.;111.;t F'Hz lL t1 dI Ef u-l .rb"i 2 tsst,llS. uL6n-L f-Y JSi

.s-t{ r[5": r, 114ts ebf cl1 ce- c,!.*d ,P.5+5o..ei .Jr:,r.r ;l-:; c*l
I .c*l o-l .L; JS-t + vLi ,>l-; ,-ie :

c,i#l+ Ltd \ 6;;u ,sll ly L.;r (JlklaL?J.?

;r rl.Li,rr J:aj t-*l+ .i.u :L:: , =b ;L; cr.L i!-rt d ! .;t+-$ AiSb

) oat-r,rLJ d.1U* -tti &l.i Slr G]^f €116.,.16.JL p.plerrKp

b roli,c,tfil ,4l.rt .rF JL q L#q zLi; i;: ptS'. ,st:\ -Sl 'C n,t
i:* dc*l ;T j.u'1r ', Ll .g-r ,6+;rT ,sb.b f-Y ,:4;r ,.t i c-)de ,614ts

clr L.-1r 6t+-l.l^"q UL- rsblt.;!S,-i:r r-L: ,r* .f-t& d..:q !b;l -'"U
.C nltt ,,x-f cl,J.t.i lr r".-. 6tr4P af
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.,# 4j l7l

,bl v*jp ,-,JL ,s;4-: iti 
-rI 

;.,qi'Lz 9,.i.ll iti .r:;L

6jr6+ ! ,dol+ -Lbi irr-l il .5.,- t ;fi,g ,'arh ,rt(:-,-l **tV a1 c*;
'Ac.^.,. ,iT jl ,r, .t-J. g,,.,!-.!,u *b ;Lr..st-lr; ;l 6l^-ca.r- q ,ir.rb .SJLJ.-

,** l! J-L r" d=.:L=i Llft 
^S dc tgrJ b ,gr 4rt ts|.+-l^t-rq 'a*l-.

6t9-lal^- \ olj r-lotf;l,*L fJ-, .,inlr* !Li; .1r ef# ir*
aS.f ,.u..=; -L-Wl;^-r) c.sr,rt"+ t+.:lrt Ul .VtsT c*ia # Jiit b ,,r4tt

l;;Sv. -* t-j Js,.a* (Y-V) ,st".l+!.2r oJ^i nb' 6'.x4.-, .rllF ,stltu

o(") = o'

e1t,7 - i,

- &. * afiy * artt, + artl

-(/"1

= or * lalty tYaTttt

o-T.f c*)4 ,H a; frb ,tealrL, t-l & t?

a. -0"
at=0.

at: 
irt, - 

o.)- t,." - ]et
ar = -|0, - o.) + 

]r,.t 
+ ().)

.;t+ iti r !, qll jtS, db,g-r a-.-2:6lal*-r+ itd,(\\-V) 4b:l orU'*l L

.tj +V-,op: u'-Q --y: drl ue4s\,tild [-"
( t t-v1 &lt ,sA6..1 ! ,15;l ,p,,l+ 1,, .*to '"L"; 9; "2IL ;bL uW-.Sl
,str-:, .f-tT c-)4, lt -b tty f-r +r5tst+-l^l^tq tliql2,* il *L'f rslt

:J-21: :1,--e d=rU* lti.;.,1r ,-b 6Wr 3>j ,p;*:- <5t ur:J",:.

,slr-slt t ;L, c,-cr J12,.aa; !., .*t+ '^Lt g tt -h l2t c's;- o-t::.J or['*'l . \

0"

0t

6"

0,

( r-v)

( \'-Y)

( \ \-v)
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l?Y Jtar.6Wi 6951

)Su. L,;^-l ^L) ;1T .,s (;.25, 6Lbi tt) -rlil ?fJt33

Kj-',Tr3- uian.i-;l crtj;.l t !r.,..1Q tti;-2r c.srr6rr t*+;..=,-.Y
.J\:,Ss, vBu;l ,;bL gel;i t_ ;.rtS, 6L.zi.1r ,r.*,LlstgS

,-fu*,?.* S rsv..rLru;l u.,-* l, .*t+ tLi;.2r (Jtrr6rr ,$+,;.-- .r
.ri .tE c.r_l.rr .-,[*

;rals ,sfl; ;l ,:tl-l t, ,",=,Q tti; ;: -b 2,y .tr5, r.s[,r, . ,Jsl Gst f
.5,--2r 

^?.;t+ 
.x-*,g <.r:-:t(;u -b tt-r P,glerr". t,LW aT-2r ,rS*;ti .,sr.itr

q,)bl o-I!5 orlr-.." L\S;;T ,t-J ,lt a$ LJt -rr :^L ,rSrts. ca\ ,,rV d=.:U* Ui,;

Jrprr -* 4j da ,!l-i \ Jl.c*ilr .up; , ^L;; ct-l t: opr ,Fr.rEe;l
iJr-l .,( i"-^ ;;$ ",;.* 

Ll ;y,lrbt 4t ,j+ti ,or:5 ort-L:. 'l -b t -r \>tr
,Jr[.i +t,,*L- P.5.,- a4p.r).r-1: up tl-..''i,t 15-rK oJ,l.l5 o:lf -l,J;lJ .Jl?ot o-

..r":ti (:, ,a t-) Y ,-itt [ ,Y .,,:,
d.'rt+ c&*ct2-S ciyTt- ,Cl:lo:tl- 'l [r5'r tt+ ;...'-'l ,-]att
;l*L ,sb ,*Q -tLi; il=,,y{ F-V ,$,,i -2: 6 b 6.* r5,. vt a;l ! J1,,; .l ti

.-r'-j,1 -b tt,C*l o-ul, ,-4"-, <<0n if
.f-l.rJ.rB;;l d.1t+ tti;.2r J-r. cs$ysDb J;p ,,Ltir-rb,f-V rfS..i-2r

gr-l ..[lo.lJ orlr !t-i.J d*U.,: Z'L"; p rt e;r4L. t nL 'bt' t5tab o1l.l L4rr' 
"s'-l

rgat .c>-l (;!t-, ) r/ty -b :ll otJ y.T4z,yr,, .i- ur3t6+ J-;,-kil
L$; y-l e-l Jt.xS* kt-{_S_r Ftu 6t4b'.,[ i!-:r d*t+ lti; dt+:S

,4 Jl: ,+J.rEi;l -b \ )tb d.iU* \>;.yJar.r.. c-)l.c -*-, ,Aq i.Li;-r:

d=':q car \ * b *-; r, ,iStv ,Jar.'.; c-)l' -* ,lQ ili.; -2: L-F u-l

.Jlor-i orlr ;tli (? t oL Lp; L.6 -b >y ,s$r tr aL* tn f-VJfu
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.# 4t l?f

aLir.r p,x,ljl d*:q !b c.,t;.1;l ,rUf .l ! t*;..*.T;"j.J 
frj:

..$lr { " :lr3 dnf+ 'iLji y.,t:i S $'-vt c;l ur* b 4'-;.-- ,l ,-}tt f
{p rr ,++ (P t-l f .r;el c-r+ gl-.b ,-ist + ly ,;^.. t! yK ir,-l TUil ,SU

Ce u-$-q u.,-b-&r +i:, ! ,! pr 4ts crlaL-r+:t (;.r.) u.l; J^.9 csr
.l..:L c-r-, .-L-l qC , ,-t-'frl .S

Y-V Jl:.t r
,JJlori ,P-&rS-- t (aS;t L;aiD.5,-.1r Sb fy L.-;r qglal^-Jt>3r ,sW-*
'^Lft t ,0, ,;:Q. iLz: ,Q. 4:l L-:l: .t-rsT c-)d,, ,J.2lr &-p, ,-,ti d=:t+ '^L); 1; 5

.t--J.c;. ttJ .brr d, j.u
C*l g.q 1f '+tt q5;la[-- ':* 0:*;

0(t) - 0r. * orrt * atrtt * alrtt ( \ Y-v)

glnj,.f * ty)s,

eQ) - ar.*ar!*arrtt Iarrtr (\f-V)

t+.rl.r, .s-j.,g ,sL-:tl t = tt; b t - " ,y Glj iL-U tt ,V L.Jr (J'lal--.Iq J^
.t--j:etj'J.grri= Y [-i- \

-;l .slc,rLc ,p'5 Jt^rt ...lr,g d.;-t"$

0. = at.

0u = at * arltyr * orrt'r1 * orrtlr

0' = ar'

tn" 

-':t 

- arJ!' l alrtlr a alrtlr

( \ r-v)
o = 0r\ | la11ty, lYarrttlr

@rr * la11t11 f falyllr : orr

Yorr l' ?a,,1tyr = Yorr

U-l b ! .lor.f cry)dJ L J:++ c^-la 9 aJ:L.. c^-!A uli 't*-r .5.,- ,to+'i 1,-l
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l?6 JL-'.,51'l,;krr

-hflu*Y?n+0d.
t{t

0u (\0-Y)
Yqs - Ye.

Itt
-\Ye,+?0s+70"

Yti
A0,-60s-Y0"

Yfr

ot**, ,,r-rlr (7r 4tt +L; nl (r +J5 6lal.--Jc,-- n 
^S u.t(:a,,rlf cJL-2r

tt1,-aa ;)ltd ,t--;.,l k; u,-.,t+ tti; -2: tux,,-,b..:, +5'b \ 6 b c,lrL
,l ,r_tV.r-,eT,*ra, b ,*4 Lti; .s$*e-;| iJrL & !: ,oij) L*-JL

.[f] c*l J- "Lti JtL+ 5,6]i a* ;IrL

jtiti L.-r) g;|4Jld.?r+

Jl>U. .s,i,C o:Lo'-..1-r1! L.-r, .st+-1.1^+t jl 2,* g;b.,'Li itj +--* ,sb ,*6
.5'- a1 ,d 

"*,* -r- jl 6l^'Li (J;t#l J l+ltt t .rtr 5 *1^s.,-, ,its, f,"li
c*ilr f+lf ;tr f+-, L.-1r U;lal'-r.-

0(t) - a. * att * artt + artr + attr + aoto ( \ r-v)

;i;1g"9 ;rT, {;.st"+'i d

-4"

- a. * afty * a1tt, * artl * artr, + a5tj

-O1

: ar * Yalty * Yartt, * Yart[ * 6a6tt,

t11 = f1r cJL-2, ,t(:-,

o\r =

al- =

0r\ =

all =

&lY =

0.

0l

6.

0t
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0. = lar

6r = la, + ?a7ty * \Yo1l) | Y"a5tl

-L-.,., 4i l7?

( \ v-v)

U-l b tr.r5.l LF^db J:+ry r-F: eJ:b, F rts ot^(;*r.S.- J! tJ;b+,
:f CS a-;; ,ot^(;*:

a"-0"
at:0.

6.
At=-'Y

Y"or - t"o. - (Aol + \Yd.)r/ - (r;;" - 6il't
( \ A-Y)ar= ttl

y"0. -y"0t + (\r(i/ + \?o.)tt * (r0.- ti)t)4
&f=

\Yol - \Y0. - (?0t + rc.)t, - @. - i)t)+
r.0 -

;l ,xrK (-9-t U; t- .s1.1^t+) ,l:- ,Jt41b 2,*l-^ rsU. G;E; .l.la;.!;Jl
*t5,r-l 6rsre*r;l 6.1t- tdT ,J"6 tdrJ..s,[f-f] :-2lr :-e-e ,r:* LI"; j c;l^ct '-

.c*l

Ltt +) 6bi-f tl r.bn gb

;tS, ,0-Y JL atL ,jl.r) oJ,c*l ;Lt 6F ,-iJ -h i jlt,g 
^S 6J--: r.-,.'

Jt S.ri;[,*lr ]V+.s*e crtil: ,l ct+ itS" t c.*l t;.5"- t ,J--L uti
F{..- ,F ,rS .:JLr, g-t+ 6* fe,c*l 'b ;, t-r-lf ,W } cSr u

.r,s; JL;r tji -1r !
a. *l[ ,5r-,st+rl9l.t:,1-2r \>srr' 6 t-*,g r*, orL ;Lt p.i- q;Ll17r Ul

f tt s ,u,L; l;iilr: b -* r[S.^: ,r;-, &tr plS, t rl:- 6-,* rh-l .slr .rr
c*i rr c^:b .-ll'i;l ortr-.."| .eiJ F+lf -b tt rlu.5,'^4-r ,(""oQ Lli;\ p'^Lfr
c;L 'itU-l + 3 lr orL 6r:-..'. 2-V Jfu .$rc,/ -# ,Ct 7 | c.-c- ,-* c,*
a5.tlcit- JtilJ"-S"- +6t* ;tT ,st+,st+.,I 2t 2 u,L;6b..rer,r, ;Li.i,c*l o.li

.I:...A &y, -,* ,F i Ctr r ,[S,
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l?Y 
'p 

qrt.a; 6t+r,

.c-l -t+; .-,ti #- ^S ;Lt ctlr.rr 6-VJfu

.6-* cS:-,. 
'flt 

1,,,F."-. -L: t-VJfu

,1V;'aL-l; ,;.,T ,st+ c*i Jr J^ Cr; tf| ,p;l .uli ;r2l ,Jr-; uL:.,o,

I 6 * jL^ .(.l5.,, r..o vt:.l c-)[c Le) {1, ;15- -b ..:t:'i aar:J 1s J ,.,1*5y

,hb" i/-l 45Ll ,:-1lr rf.e (J;r[;U;[.6.A!/ ,-# .r-lJ:4j,sb,\*d 0.r,-: V-V r[5.i
r) tj.sr.ll;.1tii ,(0n) ujts, eL-u L)'^Lz: (tn) ;1.; zl-b }*t'^Li dr c-*i

prl: a+:r -r, .$! ttt 'b 4: [ -,') c.sr q r,-q ,u;J 0- r.'[ it-1,

iit^=on-oo" tn-ta
( \ r-v)

.c*l (sr+ i:U-rt '-u, JLtl .-t* A :,cs-t+ i-t; .stx-l rt 0 rbL 0b;l-2, .5

+Ie c*:a., * ,"}..b;l 06 ,ltL

ou=0.+|ar;

g-)t,t - ltn di-l q .-.r q:,(Y'-V)r (\1-V) qJr t,

|tI - ottu + (ot - o") :. (Y \-v)

(Y"-Y)
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0e

.* 4i t?A

'Lsr+ cs:-e glt 1,,ts r.. 'tnl: V-VJfu

gela-s2..*, f iljL/ t s,0. ,01 J*l> t .c-l 3f clt eb;L; ;.r. t ;11 .p 3
l.rillr ', .rJ.rtxl .L*- il:ea ,x54 oro (Y \-V) iJrl-. J) d b to s 0 a-J'. il
c*)4 (Y \-V) iJrb, jl jT ! plb t6 1l;;a. L,? ) t-*d,./k;l 0 

=Ee 
6lJ. cjtu

t, .r,T r^lt j c*)4 g)r iJ,,s:l.Sri jS,st +! ,o-t.; ..-L.:!l g ,-,l:.i .n-Trl

*l.r cs)4 * 1b clto,irt, -&t t.-,ti 
-r 

tb rbL,(Y \-Y) iJ:L ;f-

( Y Y-Y)

c-*l ;,,;1 ,t:: atJ -b-rr .l,-! 6r+ i:|.; vh-i .:bcil ,sU 6 cE

tta: I t0

h>Y(ot-0")
tt

2: il ,.-..t J r:t1 .b 'b 
c*i $ I c-l ,$t,r"K:" {Yf-V) '^\b l15JL;

,i-'L ;u Ai\.).9; .,!S"il ,r,i,-/ PJ--rS"- 7 65|*- # q S 6t+ +E
,(c*l c.-l,a; ,-ti d.,,U.;) L r, S,st*, ,t-J. dj"bt ct+ +E $,.:l--;

.t-;.,g J-;,.l; 0.2l.il iT t >{p 6 ,;Lt d!:.rr BsL ,-JL

t'-v Jt:-l r
il*,.:s. ts.1'g (J;tly t ,ts -,* jldl:r ,si r5rt!. \-V Jb.-2: 6,s-,* O 

"\,{-l:I

-2r.c-l o.li-2t-:-l J:i.,lO 0 ;rT 1t a5.u:,r, itJ | 6* (._i.Jl) A-V Jifu,

( Yr-v)
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4rU

a71>f allirsta-

'-+t>/48

,* 6t4:.i. .P.c9s-# .?l: L. ;L, ,s;Vrs gLr vE 9,C*1*,;t5.. 61.6:ri. A-VJfu

.c*l ;:.r c-f c* ts[4'-l:l cy+ i.-lj .-rt:J ,,.-.-

uiAg fq; ) ,5fi,1c-[i c-.c- tx-,c-l J,-ri iaa cc- ,]-lil lll ,cJL g,-l

c*; ;l y: af $)c/ ib !.1 *-f vly+./b-, t1 G-# (v) A-Y JS- .+t-.r
r .c*l o.r.i .iL l--j; ,;;-,-. ")";

.i:iL* Iti tl 6y 611 Lst+ ,-"li ! ,rb gU

-tti;;l op5 g;rl.u 3,b,ss+,s:-,.,;lj tr,Li /l-*il ,rJL,c^*.i r-r-lrr

6Vi d.1ti1 Ll,,; ;l 61"4.'- 1-V Jtfu' .tfe -b tt ,t-.J.,g J.b !, d=':q
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l-rarz----rl* rr, *l

.lan'Li (h 6t+ €lj \.S; -r= F .* l-VJfu

J,-rF-ri- a'b glr iL-* .#q tE; .,rer,r, ig 0 in .P,slrlr ;l-L
.ilo-u n2l 6r+ ,flj,d:?l+ 'r,Lz g jbl.2r e ,JloJ.i

o{,l; / s,k,j 8b * tsr.r {l ,.,r '^Li; "-.Cg or1r' "l 2;61lKtL;;l lau"-|.2r

c^^-.i ;',J. &: ,tr tr ):. k :L;: .r: 6t+ i,--b o.l, # ."-.5 -b tt,Jlo.l,i

bk: j LWSu-,-;l +'Li aT al: c,r.Jt.c*l tjkl.r.U k:i LIi; o:;Lt
+E $rr r:lli 5 e1r ,rL; c*i $ I (>,sr .c-l t6i1, \ )t,S,g k: t'+

.(+;=.: ! t-v Js-t) c*l i)1 L. )t j i'Lt; e Gr+

"iJ -bt) .r[* jtL r-.'.'-r, c*l gS^. ,6la'Li .1,- r.- cJL $U i t+i-lrt
!Ui;) 

"it* 
ltr 45 a;-:l: t .+l c-)dr ,j;U;(J'hb" .!ir t4 4:b ,o -2) o-u

ax 3l;g ,16rl * jl &/ rr ..,[* ;;l.ule ,tai1, e3p. Gl, ,s},x ,01, l*
,(.;t+-lr qr:l.x,l lb;a) ,Fl, d=iq LE; ,sb,.r.2el c*:a, Lt* ct+ i-br" ;b

.]d.t'.,g a*\r.. ,* Ol g;tr€J

n -00-0ivjk - rtajt

dr = SGN (|kt - 0,r) ld* I

,. -0r'-|iruE - (ir

\\tip=tai*- fti-ltr

( Y r-v)
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YV \ JtaL. 6Wi 6$51

,"Ji .,t J5;b 'a*l-. I lil ,tS f,u;rtl+ ,/ "-t 
,dLF.;lr 4l.ql ubtl I ,r1,

.tf ai.S -b rs ^'Li ;tT r 4.r) .s-r+ 4.t; f 
L; *t

1) Lc2t 611. ruT cdr,tu JtVer a:l:.1[ 65|..'- 
! :- c?;l 'r"l i ,]sl:;.
(att ili,f ,.Li ;l ,tL; c-*i

( Yo-v)

,0r, .-,?.o-l,g c*,rt (4lril 'tLL; p 6r+ i=-[ o-r. #) tt ,aJrL. i/-l # l:

xyrl a*l^. G;l+i trr

0t = SGN(0, - til l0'l

rr Y(0r - 0\ )
'arr-n-

drr=ffi

#fr=ii,r,

fr = tart -

( YP-v)

trr=fart-tr-ir,

IS,- 4 lr n 5 n - \ -bti; d6la'ln) *,-;-* ill.'L; u--pT cD,\4JiE,r4
,trlt (.xSur J-r

|n-t - 0n
= 6ntn (YY-v)

$e c-)4' vlr t+T;lr

ta,.-ly' - |t'

6n = SGN(0^-, - 0n) lr" I

tn = tdi-\).

01"- r;" - ' 
o:-- o"-+ (YA-v)

Ld(n-\)n - lcrt

l1n-r;n = ta@-\)' - r" - i,"-'

b Wr t ,s'* i-[ ,'l ;L; ;.r, n1.li,r,(YA-v) U (Yf -V) ,s6.byl o:[:,'l L

;L; ;.r, J c#t+ lti; t4; oi.Jort'i;-lL.', .d nA Lsla'Li \ -*.5.,- ,-s!
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(3Ju', O.:d 'fo, 
;,ly-rlirl 3l ,a,r:JL "l rt 

.JSu. LP^-r lt ,'Lt 
' 

,sb *b
&J. f:.,r-,rJ::5orlj-.,1 '^*: ar,f .rL 6b r;K JSs. orll-l J-L t LtU.rtll
i5.1r .JSv. t-L^.,.ig.,S;". rr3 g..r,- ,fa,;l gWr u"*,,U,;i-lJ.b )Jy u.WL,i

c.^*i t j{:-.r cb ;$i b rJ o.rU' .l 3.,1 jg.r.rit chb.:;l *lr ,u.e 1-, ,-flt
..l.it* jK ,s2,2;liT g,4, 6t+-, i--[ r5;l;l Ji ,ut;

f-V JEr r
,YO ,fO , \' l,1 jt +.rt pJ. .* Lll;:c-l o.*,.sa)-i, ;r;a AV ,!,-;- *
ryl.ll ..rcL rr[ l':,\ ,Y .41; { t! i.'Li u Lr-ljl 4 I ll: c,r. .,1:....r \'e
L5-1r c,cr.c*l O'deg/sr .s-r+ 4.l; tli; '"--S ,sb eJu! g;r; ,,:a, il .rt:-i

.+J*L, I, F g;q;^ ,i c,x, $ t,6t* qstaa'Li au J*,b+Li
n-T,g c*ro (Yt-V) L.la J:l iJrl',;l ,r^Li d:l ,slt

0t=6"t" ( Y r-v)

s-fe J-; (Yt-V) h[ pt iJrL;l ,4l.tcl 2'L1;y 6t+ i.-'[;-r. $

fr=Y- _ ./YV (r. -v)

t--J.,g t*l^. o+ (l?-Y) klt, ly il:L :l 0r, t>tr

drr =
r0 - \. (r \-v)I - o/0(./YY) - \ l'ro"

n-T,l ca)4, g+ (Yf-V) !19 J:l iJrl'. jl 0w ,r,sr

0w=
YA_TA

(rY-v)= -\oro

t--J.rl # .d,g o)[-"""1 (f f-V1 !1, ;r, iJrh. :l ,AI jl ,r,

0t = -6" lo (rr-v)

l-i,/ a*l'u tt ,(Yf-V) !1, fr iJ:h. j2ts\\ ,e

-\ol'- \\'t0'tt=

Y(ro - \. )
6" /"

_6" /"
_ "lrY (rr-v)
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YVf J..i. gtLbi g.gt)

c-i., d,:+ (Yt-V) !,, U,* iJr[.1] orl,-*"1 L.;tl-irl I \ t.Li ,!; c-*l $
tlrT

rrr = t - o rlY -i,.rfY) - 116" (ro-v)

prl'(YA-V) hly J:l iJrL :l ,e

0r=6"/" (rP-Y)

Cg ^*l-- *t rr ,(YA-V) !1, prr iJ:L"11 or$:.."1 \2,*'^'Li ;r;yT 612

tr=Y- e , Y(\" - Y0)
I -r --;-- - 

o7\. Y (rv-v)'

t-;.,t a*l'- (YA-V) L)a ly ilr[,, :l 6r, isr

' \'- Y00rr= . --0t\"f - oro f o

s-J.,c 4.dc o:ii- "l (Yf-V) \ltt pt iJ:h" il e
0r=d"/" (rr-v)

o-T,g c#)de (Yf-V) hly ly ilrLll or[-*,1 [: tt,ry

t.p,-t J-;,(YF-V) I,, Ul-63 ibL;l o:t.i;-l t ,1$!":

- \ - ]t",tt)- |r'2.1A) - "/Y\?

- r- i,'r'14) -'l\oY = Y/AFI

LU alnl f 
fu 1s 1* .rJ3,o ..lar,r, c-rd, b .* :l n,g)r,crl.-t-., y-l e-b

up orl+',,"1 ,-,* i-t$ yl:a.fuT t,ffu ,e ,0 ,0'a*t-.6!r,:l.rl ,i,-l;l ,6.r,2,*,6

.tf

(rA-v)

(r" -v)

trr

trr

(r \-v)

( r Y-v)

& ,nrn.,,*t+ .tti; t )l^r .Sc,.-?b o-.-? {t, ,c2,y-u,L; 6la;'--. ct-lt:
Sri jS a* +.-,bi;;l.rl a5.r,t(" t^El.ri ii;. !ti; ;T-,,r u5;t(. .5tt{ dJI
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;l .zzi t r.+li Jt..t.up.i-ry ,h tty d*t+'oLz *,sr[ L bJ*.,c*l
;.*g rlS -*;, ,r*Uo '^Lo 'pr& t'Li; .-5.,-
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e :ril t+T + lt U tt l{i .t ,rf ;r*,; ,*^:,;S !11, t, ;tL lt.* ;,l-a;t
,,sjUy 

"io\-,'.t}; 
:, tr,r.1.i( rl;l -rit, €1r,g.5!1 d"t+ i^Li;;T;6r-e- t*+

:ta--l ,.- .(+;-.: !, \'-v Jt.:) )su. u-&-q ,x-Je rlri J*l't"}; i* 3:,2: "5
6* ,F +u 1t ,u!.ol d"t+'"li; JL $J.up ;42.a # ,st+JL xl *
t+-i lly.f o;5 o:lr'- .l .tle ,lt ,Sd ,Ft e t !1 c:Q 

"#q 
'aL," y oS

c--1221t I .*Q 'aLi;;l w G+ *, t,:;t #jJaS{ ,""ot+ '^L;i;lr;t, ,ir, 6;K
t-i ir,T4L qa t, 1,, ;T ,ltL ty6.xt u4,4 \ c.s- y-l .-r5o:tr---'i Jt .S
6loL; ;;$ ",.;.*,s!, 

("*Q zLz 6laa\ tS"ALi- C),L-l;l 3l;u".rJ-lF
.:J o:l;'. .l ,,'|,*l:le;T;l ;;:K t I .,5=;e ,s;L oS,--.^;l
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.rK& 6 rl+l cltcs:Q At+ ili;er tt.t$ \.-VJfu
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,ROT(S K.a ,05s) 

^-sl: -t* urt-a;:ll,g l, 3L:t ',--tt a-l .$u- cF^d

g-,,1, ,.*tu_* .p+r,rl ;t..iJ

txo - ( rr-v)

,r, .n-Tr-/ c*)a ,0se ,abss JbJ-'ar*,)r. 
s ko if---2lrr1 ,alS,-r| il s I( 4 ;1T g 

^S

J; y-l aS fS .-e'-f; ,|* c,1knb r,-! ,,'-:l: "i-L; 
4J U-+ t -,* :l aL": g.5;T;l

Jl ..u", Er lL::l ctt64b i-ts..aat,,.!t 
",*t+ 

'^L; 
^, d=1q iti;.S,- ;lly r-r-S

,rL; ,ua.t+ lti; G.-# Jt:,rr: orl.i"-,| 6t+ ,s\i-,. \ ,); tl-t' 6ta":^.,;l
,gJ+,,d=?Ud Lll; ;l iI tf jl ,r, dl+ 6-* ,sln-sli , ;U; ,s$r.::: sl:i

Ga U-l,ori rlt'""t:i .tr6, L;-:*lu 6f -S-, ,s4r.i)Ey 
"t#|OuJtL ,2zt,,>.S,- Jrt+fr, 2&-t'Mt o, g91^L,.:l cSr ftfu t, S S; 0*2;

,4tur. , ,Sd *; 6ja; 6;+;l -r, .5 c*l orL .ia o2l .r;v. l4l
.:J orlr'"""1';tT 

'sl:. 
,;t-L 6L;ri ,slo.,* CI "1, 

8, ,6a alr;L-t iL";l bl-id
J ...^.,, l5'- *-51;-19^. Jy^a*.6;J+" u!-tJ al-,,, o5c*l ;T ,-)a ul g;- JtS:t

(tfio ,oro): (tKo,oso{ nY?"o)

f"rlr

(ff-v)

:L:: a {a} aQ i'L}; il csy 
f 
fu* .c*l t,rrt u- c^i) f 6rrr n ;11 ,> ,S

c't-t<* {A} ,s;rp- ui-t-.; &l ,-ht q .r.5i e;!3r r[5-11.li. {L: ,{B} ,j.1tii

Ii;:;"]
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YVV p]16t 6Vi tsWu

It K" - t Kol ;T,-sbl+ aS ,,:S vt u;l ct* b ,rtr t Kn -r-L ,c-l cr-i orb s Kn
s K e ,r:* 6h;lr; f, f+T d"!, r ,oS-. t K 

" 1lt2 i'q \ \ -V JS.l )lt .rt f+.,
*f sKa jsr;;1T s,r-f,s. r-,-b,J,-rS,- q (Ll:.1,I;) J;li; g;b.rl:Ji .stc/ ib !,

.t-f.,g rrE.:;l (s Knert t+i-l yl s.12Tu..l,-+ I ily2> 4;S1S
,g-rt' ,F ,;;q--;L]; g Lslr.lJ X 

";$t 
,s;+: itS" ,l.tu ;x a5.;T;l ,*,,

,fl-i l ,F slar'Li;l JS.*" * cW rh-l tslr ^S ;Ql-t;La-rl relj,;
c*l;r,-l aT : d ditil I lt -5,,-t .lp .S,- {! t+-l-2r Ll .r:J'rti:-l .nif $, 6-}+
iljd,+i ,r-l &-b, tt.-uq ;l.5- 6tliT'^-rt t c|,-r,-! tsrt- ,fl-i'E$b c,.u a5

in.tt.rap L;i-2: c*\ uh; orr,-1 ,(J;)blc,L.-2r Udr 6 t-515,;[tl
f g\,Jfu Lr+ 4:[.r) tir rsa.-b*i ,.1.:[ ;t-,.!.!-q u;J +- €l-i'+S ou J*
,d,g 

'i^L t Jfu 6+ i2[; ;"i, J* ,q;y-* .re: -ulr; ,>^li,u 6iiT Lrs
a(r-l .sbt) V-t:Ig cd)a b:Q tt-r,-t:;,(Yf-V) kla fy iJ:L;l o:l,-*'l L-1

.-b-i $ tJ.:B;il q* iliL/b rst+ i---[ c,-r. l}.(rt+, ft+jl !, ,k u-l "-ft.s2,:; ;-:* ;-*. L ,l
r9.e j,5: :* tr 6;+ c*i dl*l: r g!-f cb i -S-t uW, ctQ,
,slt h-Y ub,.-.,, d r,1 lL u-&-t l x \ 6t^-rl),: :l ;;l-irl,L3j1, cr-l ;t,.-,: .r-1lr

-- /
.3
- tKo \t

lK",o,

\
t\ tr,
o\

..r!:: 4#,^:... tslt qsU-:-t* 
'-L; Ga \ \-VJifu
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.,# 4i YVA

,\Y-Y ,fS*i.2r 
\2"oTu$Li-lrt 

,JotS. tsrit,'>li .r;u j-* ,s;J+. ui-t .;

+ A# r;-t;;l orti:-l \l4I ,s;r+. dl*lt 6 Srl ,>Sf ,-.*1lr LAt cLbl
..:*l fiJ rqj,l z-Y-z-{rl ut l,

Gl6t LSIAJ'.',A,,-r'JUI g')S"fu 0-V
&y, u-b| ,;bL.st+e J q5r-26: 6L;i .1r oJ-i Jrej * J*' 0:. ^S 

t+l-il
,o,.l; -[ti; s rsrs 6l;i t !l"rl tt GjE-f c.,X.i, Gt6tclo-*rt,4igt|t

.rr.,, th_l

o.-;*,),Ltt ,or si#t+ IUi; ,J:l Lt .;')r15,.L.

qS ggli 3:9Ja... -r) J) ra ,rAU ,rttS. rsr;! c;t+ .i.ra eli; t 4:l &:.-4 + Jl
tlJ,srS ull^bi.,r,ati.;r: cr-l ,h r)--lt Lt r gb .ttr u22 ylt;til tl ,-u:--.-n;T

-b.tt \f-V ,$;y.: l, ;rT ,srS 6l;i : L.L 5s L.6la,u-a;1r,, ,6r; il1.tct.r;,.S

\ ,sby 615 s5L2i ,t 6rsrla, ,c-l -;^Ef \ !l il Y tb..f,tr:.r cr-l t'.{ri
,,[-lr -1r B .i.u'^Lft ) A ;GI :L;: .g*l o-i-i :h-l,Lb st l} .i)t!l \ tlt gEe
Jt t l ;1j1u; {-r,, tslals..- .;LL LsL;; f B a; A ;l Ef .rrls ,l} qS 6l;i

1. Intelledex 6057

\ Y-vJSr
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YVt ,j.r6t,rlrro" - (./J;r er)f"l

.G.,6'-* i Jtt A Jg. \r-VJK,r

rlt 7 tr*: ot3;T ,r-, ,,t+l c-f ;L; g.L*,l; 
"s1S> 

6tji I L 4r p+l'4
;T.2: .5 $rc/ iL..i; !1 uJt ,Jb. ,r-l .rr: rlF tf-. ,r=..u 6l:-.1, 7t .;Q !ti;
tS^,,.tr5r L;-z-\rr- 4.;l o:Lt-l Ll ,:,1 iS^r GLTa bliL/lr;l-L 6l;i

\.c--;

CrtJ !U; .,!+ r5 W ,lj cu-,-:,,rr f3l c.,)15;"

JLr| t+1.,, a5l-,l: rrt:.t-t+&,-r"t,;,tS. uajL.,aS g...5;r d,',-.r,-r 0 J.-iy
.c*l a<-,* ,GtSt 6Lzi r, g-t+ 6-p =-b ocr rL+"| .s! ;l-L trl6:r.*
6lzi tt\ ,rf g-6*.r, JF ,r5.jtS, ,sUl. Jl r; .ulri; ,#* 6t-- a-; -2:

,6- ,s-*.-e ,r5 Jt,, I ctJl5, l.-ri I c*\ 
'b A\ Jt >Y, .S .Sr (;6t

r ,*L- ,;-;l1.l J-L J+ 11 5_ c^c- c*l ;S-, ,tu 
'h,fitS, o=(i tst+-+-$, _rl

c^r! Uti *: g,_l ,.t-21: &_)-eJ:u l! -;l ,f;;tS, ,s$r if ..l5 .1. ,-,-t++ q

.r_*,g -h t.,y -*:lt! .ilr"dl

hb:tL,gla^;--;!:,,.5-- dT-/r af .u:,r, jtJ ! cJL ;t2l;l )ll \f-V J"fu'
c.-l iT =,b cJL )s6. 6r B a. A jl 6* ,sE-b.r: (rs:t-.- !I ,st+l:t t*)

$ll rt 1 ,r:rJ .,r c52 
". b :rl..r5.r T

-! U +l .f r.l:l .1 r.;i,r, iVI ,-- 
"tl 

r^, ,>l.y ,zS7.Jrt g;i.6":",=- clt t; Ll ,r;r, .rlr

')r -nf ,r!tS. SiL. s,r-r r.1r .rL ili; + J-;.
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JP 4J YA"

.G:6t :* tt pt t! Jg. \f -VJfu

'r:; ,fS*i;r .tS 6r L;->-| .* Lst*,t t, ,*:ti t); c-"s- t,1 rrtr .rt+-l d
'r.S 

^'. tr.)-t + Jl .$l tF ,)B ,fb+ asf b ,c*l o$ p-.r ltr 
"r.it+ 

L>{.-bt

J-L ,J,er ;1Ku. -,-- GV c*i ;l ,>L.2, d.'.fu Ll ,c-l ,jS^, E- L6;

.up ;1 ce- i/-l ,-r.iq ;i-r; \ ul-.".i, J-rN a f + f .tFcl )t,-i JL*i $l
'+Scn- aic*l .sL L-.=.- Jir, otr !:.r:Ton-t,,Jig. g,-l J- a! c;rhr.rr:
GU: -b ;l ,...- c*l gS^" aSJI t ,\.r,/ U-+ .5rS JF t+T ,;-,ll-i 5:3Lar yr t4L-.L

.t: slF ,*,L, ,o-\.i i.;o p ?$ LVJ;l,,lrlo Ll ,.l.iL .r*ll b *b g-:

Jrlrt, skb?.rr j.u J UF LW Ls.f4 L/-?t ,fy A c;')lS.a.

;!-u .5'- tail-1: .c*l oJ.3 orlr at,,t.i \ 0-V J'*'Jr ,Jar 621 c*l OS-, I ,l- JS.l,
,u:"-t+J,.-L I Cr &-)eJer,.o C;.ilr #r* ,g;et-...0 Llt 64* t II g L 6luLo
,su u.l(:^a o13a,,r[5-l'. cl .ut I 'ir: 0-.u;l^Ll; a' 6$,-.6hb" e^A L ili.l
.i.u ili 1 ,r-1lr dr- O; 'e i E ,f-* c:,it ita ! tli c,trz af .urr,
.sf.f ,st+lrt ilSt, i Ll ,.ur4 tF -* lti i5t xl-irl oll .\0-V,,[5.i;r..r-y
,Jar cJ.r.- -t*- g.i*,,blbtq.s.jT i:* rlrcf ,c,[:l ,*- L] e,-,cJl t-r-l:;.

.JLr ori orlr- .l p{!l a,, tb Jt{- .i_ 4,-:q s,t-'; \r b JS.:",A tr:
yii-a st+!:,' $561€; .= " .:-L ,;-,6r sta*1: c,)tS.:" ul t3-s (# I
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YA \ cslslf Lt;1,r!*'rS i -* Sj

.r;6: :*tt V A Jg. \O-VJKJ

,Jsra. o.l5 orli- .l .#'l $ .,,16 6tAi Jt t' ) tP srL:l J, t' b -*
J-L 6L;ri c6-*.r,-!,;16r ula-r*-1) oJ-i:[- c,)S.i r1,-.9 rlra d+[-cfi,

.r:5 o:ti' .l g16, ,s6-,* :l :V Js.al, t{5 , ,tj ,S+ b

cst*ts'atVJ Lslf I tfu r, r,.u +Jt ,-Y
a*l^., (i , ,0 .0 *2.b -*'U^', -n i, Lilt-i ,st-t-S LEt ,Sln I gb;.1r

,.12. LL121i .r^)r/ ,ot ,J*tS. (U\ J;S fu- ,. It }-; ;tc)tll t Srl
.$rc/ SF,l ,r*- at-S vl:y.(:."T \ )t,*- tr l, o!L,

L/-aiA LtL.bt 6taro.. r qJ;
f 6b! borl: ;l 6lo-ca.^.,1-V r;--2) o$ ,Jt,slSlail .i- f '^.s+-* eF
,rsts;,6 Ll;a 612l f 

tfu 1) t22'a ly o.''.+ laorlr y-l .rr:.r,..*:{ ,.,--;l a'Li

..:lyc/ t6+ 0 5 ,0 ,0 '+A ,sD

(f-Y) iJsb, u$s*,*. -* i, ,c--l 1r L.;r 6ln[.- \ * J'fu' di uJL -r,
.\,-.b gglas9..tt ,p Gbr;l atli J^ it-t, f .S'/ a*l-. t e.t4ljl-/-rh. Cl:l+b

+lj: ;p,l o:lr -2[ -b \ tA. t ;.*,1'J'ilili 1y 4ts u;lal^- \ +-l* :l
.+t-af a.l:1 .=n..
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.# ii YAY

t-J.r.l rltt .P.;l +'Li f t5 t ;-tl: ,6,* ,rl-i 6ltlt uU;6t-6.:-i' rr
c^-.-i .2r .g-.21: ,lt Qs:+ t ,ts c*i) LP;l tli 

1l-rf -2: 6 t-."J" uar-r l;

t-*,g a*lt n ;1 uLo;- t ,SD r* ,;L;

0=0i*|i*t
0=6iu

d_'
( ro-v)

,Lj ,, ,(Y F-V) L.l:, J:l iJ:b, ;l g1r,.e c*l flj ,a.Q. zL"; ;l 3f aU: t ;T-1, '5
o.l,i a*t2.. t) Jt-l-a j.-;. / GlJ.-#,LSt +- 4:b-1, .t-.J.g a*l'u -* aP

-t(#l

tinb :, - (ir, + ,i*)

o * oi + i,ikJ - t;nt) * i r,otl^o

0=|jr*|rtno
6:0u

cdrde (YA-V) b (Yf-V) g;tral:L :l -,* $ lU: rt ,tirc 2 ,ti ,()1, ,01r iT.r, d
,*L-.f +olrl ,l-.r- 

'b ,p -Lt ro g;l;cilr: t - |t1;:11[ tr ;t -L, y-l .-slo-ul

.::-1, orLe-"",| ,22....g;t^drlri + Ll-* 6taorlr '$:l.trit" b

.,lJK) g;L' i clrt+i..., !;
* P J:at clt-* Jr";l ,* jr f-V ,:n tt $,d.rll, -* c)a i
,s;+: ul(, ,,ja ,l-2.l o-u a*t-, y-tb i5; Ll d', ork-l 6#-Jht
,(f P-V) J (f O-V) qrt^drL.2) rJlnr,r,o it-:.i (ut-L cJtt^f,;l, -/-rb, Lsttq) !, g16,

.l.r6t cl^bi p ,.gr$;-i-: utS, i:r2;l ,sl^iJ? il5 ,J-,^' a5 'e :L; ;l 0 .512a;

,h X g.tl;,T 4t5 f 1P;l .ut i f 
'P 

c*i;: aa-.-:i I .€rS orU--*l ,d*l
t-J ,g ^*l^t

r=rj*-n1pt
i = ijr,

il="
( rv-v)

!19 Jl ilr[, t, qLl g;lrJ,,,.lrili1t 3,c-l fli ,*qi}.jl;31 ,S)-;-tl:t;1.2:.5
a*I^. ;r.:a 6iiT'gtr f r* ,cJ* 4+[-rt .r: irai l* gh bl':.r:) (Yf-V)

( rr-v)
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YAI e,!n ceayatil *:\:*.;--;

/\ \
tinb= t- (rti *tir)

r = xj + iix (t - t,^o) + |t*t;"6
i:iir* i*t;nu

L 
- 

LK

s-*'g

( r^-v)

{ ;;t:1t ,upL gJ,^,j cJt- J.LJL ,*;r r tir, 2,ti ,i1, ,i1* cQ-J ;l p 
^S

o(r; =

61r; =

..[loJ.i tW -*

J--, c;Lai r, ,rl Jrt*. crt+Jt {tr lt (i ,,* ,X\.t-r5, -p u-l 1q;
'^*I-- 6b b)b,f;t^+ g;taal:L;l +1.: ,4k-... ir,-l slJ^;.J"6J- ,t-rr.rJ.J:-tr

J:-! 63)lca, aab ,g.-f lj :l : ,W- 'r*1.,' clt ;rst!' ,;.-f l: ;l ,u!-.L ,s|";J+-
X :ptd ,S+ b s-; 2o:0,1l uG .,f^s.lr tl .t o:bl [O] t+ti 'a*l-, ob,aT

.|,-+,3",rri J:L Glzr,- u:.-t-i Jf-* ,-* is;5 ;.,.Tra.fuT I tA F-l.b
SOLVE cst*6L1.,1 ;l,O uto tty ,P ,sL-la rltJ+G. cb, ur Ce
,U)rq, t.o-T.r c#)du .5)rr 6;i* t ;; 6 t6 .de ork-l (-r;=.:.!2 A-f ,-JJ'r.\

e*l ;r"4 -b tt-r &tfJl

o(,) = SoLVtr(a")

o(r)-o(r-6r)
6t

o(r)-o(r-dr)
6t

( rr-v)

);Fc/ orl: ,rS*;ti ,st\ J;S e t ,6: ,O ,O ,slt ,uI c-ra., y-rb

crle.r c1./-tuUJ. JU. j U * i:ai V-V
t+i-lr, .# r.+l- LrJys-& aQy t, I ol*r,, 6j2tvbtl gct+!; \' .,["oi y:

,l; t^^, t12. j.oi t-r-l i dt ! u,-t^Jr",., i;U; $l llie ^;$a o5 r.r:,r, oLJ

jl ,r-;.,g ,sl;l 6 d-l+U,r, .rJ L4,d;!l 6y-1uL2..-rt+!; jl ,.'5-- i{..:t ,.8;J

C', or[r"""1 ,[2] c-l '* Ll+l r.,lL-l ,tJ':;l: rr d,Al,itr.i

: @cs[; 6;a a;$ r.1 :lr ;t+l .u C) ,p;l ut^r.- s! itJlr- ,** ;rl1.,-t t ,slit- u-l .\

4l sU6 ^a+-rr.1 
,IrlJ .tl==|6 tsrr.r-r ,.,J.5 t-rt+;..n* :l rs-rQ,.d,,:i.?-.r .c^i[ c*r 6

.tf ,d r"-t-,
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.,?,4i YAf

;L; Al;trjr, b u=*r$, A:l g.l^f, vj cvf,r: D: ,C ,B ,A g;tar[^;

L-) .ll'u o:lr ,':.-=- + ,*-)+ 3 $cl Lp"d b c-* LW |9-nrh cr-l .rb:r,.
A c^r,;t r) ,-raL ,rSJtS, ,st:\ 61 4 e'.(.r;lo.;d .J:4 ;l ,sb, [ ,c;r"l;T "
il-i L,/,,4,g-u,L;,stor.-,sLb p ]--L,;.L;,,ir) :.r! arl:Jr- g,12. .tt:, iGT

c;j
move ARM to C with duration - 3 * seconds;

c-:J; ;tl-icl c*l ub; 1s 6;+ r ,lS, ,Lo { 1;[ arl: cSls}
move ARM to C linearly with duration - 3 * seconds;

.rr5, L;-.:,*lt,Sf1l +! o5.u:,r, itJ (.,li t*+) "linearly" orV ;1T 1t oS

;Li ia),:- xlsg oJ:5 orl"--,l ,U! ,*ll ,r;"^al 6f ;L; o.r" Jt .tr: orl.p--""|

.iap -b I i-sys\l., oJ,.i g..r; Jprl ,srlfu P,Jy-ars,-l-2:.-uf .!L,
,.tJ

move ARM to C;

ni Aitil ;l + E 
"".1U".: 

^L,; 
S"_ Jl )

move ARM to C via B:

$ ,9;.* (H iltL/ ! 
"+Uo 

LIL ;l 6la.ca ^-, L-

move ARM to C via B, A, D;

t*t tt $ +5 -.y
move ARM to C via B with duration -6 * seconds;

J) c.r: It aU: Cr-l ,,.; ;"& )-;'- fu- e ,c*l ,5f [ ,slt or.3 osls ou J*
-p jl 6l^'Li cl2,-,t $ ;1tJr9;"*;tS"l AL rL,jr, .rJ*lr ,jr*; ,-,"^"1 i

ili .r-21, >_ns E
move ARM to C via B where duration - 3 * seconds;

+b o- \tb Gt Jt,tFg,,.,,iLa, B tli u aS,,gr,-.,u arL; grl-J-,,>12,-a;r,-l1t

.c.-ils .tap

"5."q) 
JJr -11 o:tc,-l [, .r..,0 Ls],-p-h A-V

[-) ,U i,.=J # ;l gelltL 6t+ 4E :l ^LZ g 1) ,s...a ,sir] f 
tfu ,, '13 

^.
r)-r,,li ,slJ J-e,; 

"l*b 
vL*JIJL ib tt.1*,1 "iJ.btr.:bi ult(f-fL 6.11.lL
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YAd g:!.,"

tr.;llf tf Fn .c*l ;l u;tr.rlJlrK dr 3:3J:,,. 3 1it1 .t .1"-r;l ,',b ,rt^l;r
..^,b f-t'L vb-i L-JJU.fl i ,rr.f rrl: c.c.r,- :,...oJJIbJ.S g? 4"u+

r'-f U..b-i .5'- ,t-srbT '*i t .su-;lJ.1r t- J--L.i.r) e) *l L b c * Jl
.rBu;l iUL-, o-! ,r*-;SU.-b.i ir-l .J"i.up rrL.2L...: t6,{,st-f},r;lr r.1-.9

6i-rh ),y-!Q .t-2 6la.s,a,rTcbly;l 6rB csl.er! Jttl #rq ,ol*-, + b t.;i
orli-.""| ,lS t** st\ cnr.st+-lb il ,J.-i u-l l: ,.1"1 clrl tst+il l!s* .*

C,r
,;J1,.t$ 6* -b;tS, * ;;.J,l, L, trti Cb lt ,-bt:, ir,-l c*l tf-,
(-ul.f .1,-+ ngt;-;K" *n q ! a.r& *l J-'i Sl lt GU:;t')ttl bl-id
r [V] .st+.-.r, 1s :s] ry.-a.rS^, ;L; $l.u -2r 

j'ta t i*t ^S 
s12T cdrd/ ut]

r=' L''r "'''" \ j !,{; :,:';,f""##"i H',#J
rJ*J tl cstb g;Llr,.*t LSI-* q-V

rl.u;e ,f ,*e rpr: i[; ! .i.u ili; l+" otr, a rol*Jt c--t,.-*.,1i-1!*"

.itlrrfu- r.9- 6{€ {,iU l',-it i:*,! .i-u { i*t cslr pI .*L* !U
t,6,f ,lt gt,. iJfe,6-,6e.--[, uSttS, s:;! cst+l.u +! t.,* ,6,s-l 1.l rsb

,s.t6'*E aLe-r: u-S-t,rtti crriq c*l ,L...r.iL ,r:-:lrrtn;l,r, I f=b u-lr:
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^S 

c*l
..:*l &,t,v-i t;t+.1 f Qr..rl&

.fi:. Jlri- U-l ..u! itl- ,P a4 f 8f iilr aJ ;-*e p^r:. ot3a g 
"

.,fS;y: ot-i crlr iL:; t-sgtr r.;L,Jb.1l .r.r.l"r g:;tr /t5,-&-t u-:l .c*l Qr, = Yt"

J-ls rrlrr u-l:l &,^slr rrb,cJ ul .er. - frrlr ? "r?y p-rlr,f-A
r.rc ,.rrile,sl^r;Ltr a:*ll .JSv. +-'b,diJit.irf qlS 6Lzi-rr br7! U U-l *,
,;LL q't-C;,-rel^. jl t ,aS 6l;i f b-j,r.e1 .ul-e! .Sri ,F Q " rr! 

,.r-i o:lr

.+L-cf uiatJ

\-A JEr r

c4reJarr t+L-t # ,".e Jt; 6la. ...*l d, \ )t -* Y ,g-# J-L c$- ;ult
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rfL s$K. a$\ l;;,lSt nl)o Y"7

;r,-lrltL s \*c/ ,.^i-j{ d7;litL + cl:l+Qr,.*:I c*:a, ! Qn s xtlx u{r
t.:*lJq fit:-.

aT qV u;L:; F ),L = lll +lll * dr = l+ drL.)t:.;! cr-l J$ Lfr
rar..l,i.1r .c*l d7 L6rl s I LA t t'b Ul;-l g+ \ -rlt

Qr =
l*dr (r-^){are

.[f] .u:,r, cs)dr b d, : lll '+e.rbL,dyf I c^*.; :l ,AE J12,e* Qr, i$ 
'.-,r .c*l \7 Y 1 :!r dy 'aL*, rl& tr jlb Q t fi-, jtu

.-*.r[;..n 4t a b. ,stS 6I;i ,f*
;l+ cr-l .$rc/ c*r-;l b tr 6:l;iL1: q t_.i_r"t,FtS,c;t!,ir:S tti;;r
,.-t !E 

"f-U.^",r 
,tb,r .:l: ,,t+l ahu ;1T,t 3l;6 t br5 ,it 6,:*li.

GtV+.riLi .*,t:, 1iL :rSLc c*l i/S-, ,(,-sr5 6Vi cltay,,: g5; tE J.ti)
:+, s,xSun 6f-i6ltf-,ri -4r jl ts Ll"; iltti it-U + j S c^JS bl-i,f
6,,-q,d.k.., U-1 ,/ L/rJrslt.S rrle tet*t L5.2: c;ljS,- t*r., t"lt sltrl
6tU u!tS, ,sr\ a ,€l),,t(:o -7, brt - y-l;l o:tl-l .c*l o.li rt4:-i.-,.21,

.c*l o.ri tiJ -brr_.*L L-t; ! ,.s-,6 6tii u-.$i;T.,: o5+,tdl .up
+ie c*)4, 2-; 'olslr' & t O$ ,st+-+ -r, oS L+T;l

det(/(o)) - ' ( r-^)

,[f] 61.r,ys.,-5o:[r- 
.ltq i,JtF ,Q +.-*,slt,afl:,rL:.y) J 6a1ltr-l'i;,*L

t-*g \A-f; j+ .w,Cr-lb lV

(0-^)

1ie orL y-y t:1e,-a7 &b u-|,-uL c;l.l +b .srbT +tt t:\ Jl

tu - ldet(J(o))l (2-^)

.a-l w 3ri,-tj- ! .srS Lslii J Jri €lj 6!lr ,.,1i ,rSJtS, ,$)\ t
;r$-zn5y,;l ,ftLl ,c*l o.ulc-r+ c-cr J^l';;l or['.""1 ! (t-A) &b + Jt
,[0] -r, 

\l:LT .-ul':J 'r'-a; U )i Jtrl +J,ti t- vt- JJ-; ,-n!l t b or! ,V

det(/(o)/'(o))

1. Asada
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l'" Y ,,t16 g."^}; c/t.ei& oS ,sl|tF

M,(@) - /-"(O) M(O) /-'(O) (v-^)

,ot g:t-2) .Ja:,rr |,A ;tfUi cr6t c;t^b-!rr, l:,,! c-&L ctlti 'lJ',:lt u-l

c-l o.ti o:lr.rr-1 iJrL, t .itJ ,l'r-.a*. Jt:-\,srK.* cJti e$ ui-t .;

xr M,(o)x - \ (^-^)

c6.t-ln..:*l X g;t".l',1 :l.u n al-2, .5 )Ss. ,-,a;^* b c+ n Lrz!.S'- ,tJ:L y-l

c\-t* Jt :.r.21: .2f M,(O) s72 6la1l4 ,sLb.r: ((A-A) il:L) tlt*o ;.,11

616 65i.rr.-r-L L-l; crtl: lti.c*l o[-e-r-tb Sst'&-t "-fu 
\ tlt el2-o=1

.x-*,g LF^h 4ssj t"-.fi L- ctJ 
'# 

6lajr4".'^.s+,rat ptS, g;1it

38 ,#F ,*+ ,Lb :t L 6la;--rot .-J=;tS" (J;tq .i- ,rlr , \ Y-A ,,[5*: -1:

r5l11lr ;-j; tarlr;o.lr,-; ,c*1,*ti tl; tsf lr:,'! ,cstS g;L:i f-n tt.c*l o-t j
af .ur,r, ut...i.J u-l 2 c*l '+5 Jt3e*txttt*"6tL ,t5-25 GI5 ,s\)y1) .-r"J-*"a

t-Jg o-tt' cs.tlyt* ',P r-,-6L!.r' Al. c-&EA

;t-:; rJ ,glerlrao;lr: r5,15ibl L..2r-1r L.6l;o,;-- 6t! 4 ,qS 6L;i \Y-AJSJ

Ld,,t 6215 65i.;r ! (;t-! t,p .ell:) :,;eJ, tE u-r^ ,JlS.. o""t-i .[0] llol-: o:lr

.J:fu..

-.'{'-'S\.. 's \*,
WuFo.,
)*

4@'h,3\
+ Bg qe+

Wv
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/t .,trt[lr tsl\ 716- ,;,1)' l'. A

,.t-l :lC":3 ,tstS t5L '1.2r r*t:, L-l;:ta.-l.r(-: 6Wy,[A] b [?) 6lar-y g
.c-l

4:*, J qD cS-dt 6taojLr 0-A
ut+-+;.rrl eJteu 3 x-J.,-l dttclU,,S11ti cstr:,,tr t+ ..rtiu-l-2r ,'JS.:JL-2:
6-r!.r) a"o)l- ,*+ o4u_l-r, ,JL r-l q .;u:.:q F L- J-L.ts ! ,drrd 6-dj

C,y d^e., ,r.i-11: tF 6*4 y-l;l g1L tt 6 cf-|":,,t:

+\ cs>l:i .:,b..1r t 4b.a lt
u;rl&; :5,-.9 Ll ,c*l;L; :1y c>l;T L1t .,i),1 :-i.rr # 6r cJti ,h_l g! + Jl

.:-2lr ,r,-tg- 
', 

I J;S 
"l 

ti jUl J-t
\r i:|lja.,*+ ;r1.,3,;oe1,,.,!.-r) S ,|i,l-bl(J;)bl c,L.r: y-l e:Li'..1 ,.rr. 4
-2: ,i.,!t,.i-.r .c*l+tl AJ).r, ,[\.,n\] r-21: i & U;la:j-l5 5 c--l atJ,ll +j
,r*tS, 15tq.i- q,t{:jl tt $ c*l ;ir ) er (JrblL.-2:.u3;l JS*, .-J.Jt
: rrrc/ l+l Sti i:.lr L ,lW7J*,rSJtS, ts:;! ."urd * <,rlr *.1

: i-) 4r $:f,.trl: ,*; dr a,-b ,rlf c,JL -r, .rT st+L-L 6 ,c,\ai-t
.:1b os4s1 | 5;

,\\] .rer,r. cstl-i o,5;.sh+ -fu.:l isJ,stss_r, t fiK .j2l ,3laL--
A^ip.5.--2: ;l-Lt*-g aS,r"t(" ,g.tbTLr> a- ! 6. pt(".pr),iU".1tf
* -il ;tl-i,-l ,6tbT L.-rr.rh \ ,*rr Ll ,:Fd rt^,-l .;S ts+J=:, ,x-J rlt

.[ \ r- \ 0] rJ csts' y--!-+,S=.
t,*t uSrtS, csteritr 6U.l\Y,\\] -2r o-\i )b'*':,,6+J:i,e:,\l-A rf5J_2r

.c*l ol3 orl: !1"i.! ,15rbl L.;: c^i.a

6laLe,- 1) )Fy J ,s-$*;r ,*-! 6r!T c,L._2, ! .;t+!:, ,rLc gt.lryrS;l A
xltg g;reJa,g;l-64, jlt4;,(J'rbl L1s ,,:.i t .l!r., .fJ-l,-) dit+ .c*lp!r.ilr, 6./6

b*t .slsnl :l.u; W,r, c^rL ,fi^ ,W 3sf nl;l .xt ,rs*c;+: rlS, t
.#=Eu;l tr*t J,s-.3* ,sDlr v-Ir -* al;.aer..:i_2: s,5--j c^,_ta; i.ro q

*,.,*r UitnolL
.st"riq :l gt Ul ,,' l,f ,grJ lt (rsr\ G))6 6-dj,st"r,it, t# irib + Jl
,* ,gtJ. f J f 15L0I.oi.2s a5,L-\' ;tL-i-r;!:,, ,ti .:ulc*, g;lio;L J.L"i ,r$ti.
iT c*: gb';L &e-)4.c*l c*, tsta';L g;!lr,:3- f : l6Qf.^; Sf. fitS,.2:
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l'" t c*rr "r:b $.#),.rbrL

.6rbl i-..2:,;ia lr,rt,r.(il5.,st^r;! 6! 6rla.Q C* tt \f-AJfu

,rlt.JL Jr 4:*, sla.;L ,-$-t u-jl .[\P].urr, ,-;--|ul I ptS. 
'fu 

aJc*l
.J:-rr,r.. u:r6 lt,S.$ 6[.ai a;l.Sl ,.*;; U-*: )5'. .leJ.ar ! t+t-t GSf Z;-lt

L.6rra;;,r5rtS, csr;! J:L s 4 L/itS. dl, t'>i5i-'l ljt'tlr \f-A Jfu'
'^U:+,litS, ts-l t5 eQ cs-* ,s;+: ulS, .$rc/ ;b ,&*l tsrbT L1s ,r:')
9l-u!5r.e .:-f e Jj5,s;L,r ,P;lr:,,e-t, q I '"T S ,.F;ll!r6r:; $ E;
2&-t;h l: fi& l-[, *,.srbl4rter L (;1r.25) 0.26a^.r ;l-L iJ:-,:q jrt.5..,-;l

h ,1ylS- y-l .c*l ,t-1 ,J.-2, ,g-V ,s-* I ,(J;)bl L1t a- L. ,s:f ;LL L-;
q5^,) c.r-.,Q.b aT ij,ge c*!lr b +.styi& '$ ut,!:.;., u$i-t
.,:*l 2seta., ,Q, ,s-*:,.tt+;ti t, --ti, .r, .rT ,/9L.b dr a:-.lr Ll ,c;L
;t" .Sr\ Jlt,t2z iul:: p,,-J"t i,- 6tral:h, ,shbt 1s ,Jji-lf tS,

cJL r, .-,1 F1--. J- dJt -2: ,c*l orL 'll "' aI ;a1ls 6balrt'. r! :.ur,rr ;tJ t
.(+;-: ! \ Y-A : V-A ,gt+---*) c*l .,:-, .jtS; sU ,jG :,0J.2,-,, g;rtc

.rJ'.uLi .t;:t + il-;Lf lt + f;;ls. .5.,- crrbT c,L.;r rl.rr;,.rlfcJL;r

1. Stewart
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/t stnttg ct:\ 7|$ ,;l1c l'\'

.c*l qr:!l L)t ux \ ,rfil-r)L66;ti ,o.,1;>l fit5. \f-AJK'J

n

F -?(t-n- \)+t/,
f=\

,tel.o.i.. r[5rlu r,("-L,,J.tj) taLf rlu t1Zl* csrll .-L.rr r[5:l.u; F ;1T9 6
.ts,t.ft,f) .*tJ Jyj g;la-;- cJL .,>-l li ,P + Ltr U;.!bT;tt-r, rl-u; fi e

rrc a:lr ,ll \ iliLl ! (r-..." a;,e-2r g;r!l jts a- g;!11: ,rtl c,JL r, ,,t-+l {lf
.:-2jl c*:a, ,Jt '&, 1s ? ts csttt I

Y-A Jhe r
Lrt ux r*.bu.(\f-A Jfu) r$*l litS, d+5 G*2,; 2etJ Jyl:l orl,-.',1 [

.:-21: u;rbT

[\V] al,r, c-)d., '*tf Jyl ,il ,stliT c,L.-1r ,[5:l.u-

(r-^)

l. Griibler
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f\\ cit$\66tt.,:t

,.F : ,,stS W,Ll ,9lfr^r ,P u:-i) \A t+t-i. rl,u orlril p,a9tS..rr

r ,,',t+ 6*.1,- 9ll!t5 ) .ir !f rt) \ r t&t rl.u; e (tr;l.s!r6; t ,e-# 'p
.lt{ Jrt..rr; -16{ l, .c-l Y? I t+L-t (J;)bl c,t+.r, # Z* e .;*l ("-t, 4

F=?(\f-\A-\)*12=2

tg:'6 $

( \. -A)

I

Lill.slrg skil ?-A

,;"k tfrJ rl.'ak*,l i ..,l;.:!l.r"t ,-JrtS. Gt\ 6S.,S,1L+ i;L aS;T;l ,*,,

Jh:l -..,r-, 3 d*'- 
"16 P,;ll!r$rg;rtr .1JL,,:..1*,g! cSt+J..-i ct;ll;t6

.s-* at) 4 ! +! 3 .srlr .S,-ry *AtF-q ! ;.,.,;

;]sl26 rsftt; ,b
ilslrls Jl .s-f ,g orlr.2f ,xbr-s l, ;tI S ;^-,L,F-+ .1: ;l,lf 6,cJL y-ri'rL.2r

u-lc.-y.tS rP- W { t,=t-*.", lr;tT;rlie,sl.../5r:U-:JU-rt' )h-l t.r)b
il Jb ,s;,x.J-iS t eb J'L r, ,[\ h] o--fe f,-;u ,ilt uT t d 1-Fb ']a
,)-;.i c)U'","1t>,.t- 116L- crr.ri JErl 6t^.,t-13;l .S;T i:* d.:*Lt il+ g,-l ...:*l

.rlr;hl ,;l.s!r5:; c$r #Jt, )t,#\b J-L.-tt+-b J/;tl;,-t
ir..A +e Jl*li 

6,y---------------1, utlrls tlf,1 t:,; ,sWr 6!, ta-;l;u!rls ;.+.ctii:,
Jl ,sto{:* [:U to.;lr';bS ;rn ,cl t o5ilc ..s.21: :V wr rat5 P* { ,#t
.,t ti il;r. q ;ti, -S ,;; ,:l: -2!ri ;!-u i-t, ,F-ri p 3 J'oL il tt l t+T il*
5;;,elt.-5.r :V t -r 6t^-rlJ6fKe;l.xl;l ;f \j + u-l:,c^iL- lolr 

":.rK 
sni

43l,r4L a;l.st6;l 6f Jtillc^j- c,,:Ji Jlitl e:*-'.*'.1 ,t+"-.r. y-l a, ;4.:i1
.c*l;t:

,15f..,,- il-;.Lt,r.2lr.2[ W il.at;T;ll!,5 ^S ;l-L dt P.i-.rr

"a6: 
&tli JE:;l c,$^r16i,.="r tl 

'fs.rl:.,!ri 
Wr: L--;l-uf6.r, ! csr

:ta,-l C^cL'5br,r;l.rro-,19l dc*l ;Tl6J ', ,s-l ,.-.s.Jlarrr ,'t+l y^! L cnr
rt itr r:.r5 e d.rfu .xf ,g fits, p gVl g;y-i,jtL;l r JtSt -l
.up J* *-t 6la,al:-S 5ttt, ,Jbr.* -2) d.2Ji Jb:l ;"..- ,:J..i rrb Jl; J-;
(j.cj.rie6 ;--- J t Ul .rj,r. t6-l,s-#Jg, 6r-i,jtk l,cro-1, grl^Dls r: .rJ

.Jin:,rr c*r :l b t1s$-..:l ,it P il ts crta-,lJc!6,$L iJSLn
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/t/ s*ttf., ,s$. f/,5," ,eV f \ f

,c,!r tt-l f .rr i! L-Y 1L;t,l:6rt- otr-r,, sr;l.t;r6 P tVr,l' ,[.oi.1r

,5.,-q { ,UT '^&:+,ri JLrl ;8" c4t- I JjLri v,.at W Jl ut lr;ll!6
!, tr;l.rltf L-; t+.t ;,52- tlo-l ,;r& ,Fu t (\0-i) 6b.hL. ;lc-rb

.r,lr,r. l: cSr +b t:,t' ,Y (J;l$.oi. Y;l.s!r5.ili ..1^r,r, it.:.;

;t* *l* { &-t+ -2) r,-yJi Jhrl ftK:^ f &c2-, ui^tt ,bl,- '4 6:i
uiAlJ p,r Jt5,tol ,cc- ui^6 e 4ie,&.2Ji Jh:l 

"..,,. 
cly-i,jtLil

.r.2lr $-,,rSJtS. ,.st\ 6 C)rt 10,:..,= 
0,-l ,,---; Jt;2 tu2-r

c,,.1$ Jtill 3 +sst uiAK g;t+;""r-
,.S-t'b*.; 4L;i;s s;;l;4 s.llc^c- ,-};S,sb, ratt;5+,slnl u-j:* lao.r.r.ri.;

6 6sr- )5 6-Srlt t2z+ t ,Ei, ,Sa u;[aoJ;gJ,- g ..l:5 t6-l Sti ,sWr uia5
cs!,2,orL 6[.eoJJ-.;- :l cs:l-f ,g6,.1.r,.6!r,::-1lr ,fu,*L-.f Jti:l oy.$ l+l Oo

g;t-acJJi.r.- jl 1,L., ,s1.et3* ,sll s ,,*th Ltt^cJ$J,- jl eJ tJ t *li, ,s6t:*
ut J-d c+ti (J;f b ,taoJjl;.rt .iJ*, /il .ti,t ortr-.,,| . . . J ,e,,.rL t,. ;-r;t-

.r:...4 G:V, ;SISL-I a!-t-- s1-F-ll l*
;r* -Stt jl t L,-l.J:...^ 1;;loJr;J.- rsl0;,"=,, ,;,Sls^r Jr ,J[S.L-l t j
Jt u?t? iJiJi.;- g;la'-tb Ef U--&.;l c*l atV rJa:,r,0 ts;Lr oJ.\>.p 5t ,ail
f-S,- a oJiJ>.;>er (J;[^ilir;rF \Jl .t* c-ilras; c-rti srr.rr 6JJ.-.1,- S A;
,iirtt*: [.roJJ-r,- Jt.tt::t-.,-l qtrL-; JtSt-l c*l iJS^. ,tf;tT,d .iL r,ril

.+t-cf ,-P-lil too-,l Ll l;1u. 5* ilr- U-;-S { tg.f ,J-l ,r.-.; r-G e d;L
.Jiu, i! I o.\JJi.r> Ca u8 ,-r-lil 5 czr-, uia6 d,Jll ,q ,errJi.; dr.*i
,t.a11.l;-5 ) ,i)f s tssj,t 6Wr ,y A! s ,Ti ) \ ,C^c.r- ubtt ,SW Cll

:*l ..-;
tr/- t

0" -- (\ lrt)0,

To = TIT; ( \ \-A)

u,lu) t ufi)f 6tny9l::5 r; ) ro ) ,G\)) t 6)f 6t+:r. - *;a 0, ,0";1.r, .5

.J.::--a

r,t*6r--i,;tL;l .sto-rly IV u- da6 ,;-.-*-2: o:l.e' .l :12. a;lal1r:'c-r
,-\LiL I b I t.l.jj -2era a:jaiL 6b p^t ,sr-*i k I +! l; I i/-l Llf ;r- ..:*ba*;
.c*t+T J* \.*t:i El u-l.sr-*ik| ;rlt.r::-..^ r--l.;tL;t E d*,,sLb tt
6lh aiL ;.l:, J--il u!r:1, JLcl 6l.i L-; l-t,,b;*=* cr-l rsy-t.itL;l ,pra,
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.+!i lC b;lll6 rh.; a ,r*.2r Ll ,tSu. .iL .!, r- jf ,-fu..,L.,h, Jf.:. ,,J.tt
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r 1 u>2s> s-it Le r r r 6rr: t:t#;ilfi 
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T1q- -f1

\>ar r[; ,bK ,sltb u-&-t J* ;, ,&-A.gk?jl L. (r-/") c^rl.u,skay,

.st"r! .!1rb e llc^;.214 c.-l.u,sLi+r, .( \ 2-A JS..r) rS s. t'l,r r:-l^. 4Lai ;r
t-skao,.S.l,-+ ;Lt 8f +lt Gb:t 8? r;l-i,g t:-f-r.r::SJn; | $i |-;
6leoJr 6, JL,=;'*, 0r,tr, 6taoJr a5;-l ,-sqq ,$T.r, Ll,.slc"-l.u g;t6aj,, # ,;J-A

( \ Y-A)

g)rt tA)f

+--S: eu- 
"-eK 
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.utL

.L+ ,rf; +\ Glt:t cSy t:Qn (./) 
"5;,1 
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.t-S ,s:l)t" ,kL / rr -;l.l!16 6- ,-,
C);l e ,r5J!, I g;lor-i ,r--i gh.il 66t-'-. e;tr st+L; €lr,g in
'A*1.- ,sb J.J P--' cf, jl +\ ,x-Je 3lS ,5r:.5 pJ.,: a\:t ctt^-rlJl;!5

,t Q.*.rrJ rta,-l ,P .tt -b t -r .Sr b # o:1,'.,.1 ,ta;l.l!r6 q .*L-. .-sl+Lf
.x,*r-S a*l-,. ;bL cttaa-|.,- il .S\3i,-1 L-; ,l^Dl::< ,111 ,>i2. ir6

;lr jry o!:,'..:*l ori orl: iti u/rb c,!l t-# l-r,a il"t \-1 .,fS,.i.1:

gLl ,15$5q i,t , g;taa*[...- .JSu. .:.iL-tr J;S;-..r- jlt;t-L y:laJtl:J.3

LS; itS.;li lu ;L;" ts$r;l O .2lry t &,rt+e ;l O .1l:y i; .ru:,r,
.(c*1;L 6la),-; rl.u;1[) J::...A /[ x \ 6ta-2lr2,J,L \-t J*'-2: JLK,-

'de tsrr ;21g16* \-1 Jl*' I J-J ;"...*'a^'> 1t ^S 5 4-ttAl tr;
(g--r,-: ? M .tt ;y1.I,;2tL) c.,!-u ui-t!-, iJrt,, 1l o:lr-.."1 L aJ c*l iT .rr,' 4
! 60, , 6, ,Oa y-r[.i, -,* l-r ifr .€ a*l-- b ,ftr 6)* ,slt p:^! gl^Jtl$

oaQ)

JJ"

J.s
T

c,!r.r
oaQ\ A
edQ)

.o\s.t #5d.=- 4,Jlrlrr \-lJfu

i,F q't+-L,r! rt:. ,*+,,j--1) st+l"t i./Ly.r..r.:.JJIU:Jt.tg[,r-l: rL- * .\
.uSr 1 c*|.;rL
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ffO (4qrr).llr;-1, irz-ti.v )t'

(*-*, iS crli-*,| (01-t) ilrb. il n1'li,J '5)u.. L {

r - M(@a)6a * V(Oa, Oo) * G(Oo)

Jt ."Frl a-l^',.!lg,j1 -h t,y r*- 4i tslr ,J! tt-l i 6 ubtl.6,grvu-*
'J.,1l.t sa$,t:! -.!t (J;t.3.:,t'tl [ ,,;r, i-S* -riu: ,.!.ir e ,J..tt t ,rS"Qr Jr..

it.i.L LI .:.2eT.ule; ++ ! -* u-| 2b try -,* rs?*l y ac-3.;t*+ (\-'\)

,jy u-l;l orl;- "l ,r-2lr:.9>.9;T-rr ,r:l$L?tlJLtjt: c^-* .J,6,rfut -) J! if
;l ;T.1: Dj;u,l,t:\ iu J.{ t J.S,-)y ul.c^-+ J8' ,vnle c;l^:v-r6-rr

2".... Lz'.;l .*b (\-t) ';!,.b'S-t -rLrt) t-;:r-i^' o:lj'-*l t+t.t g;tra-[...- 'tbP,
.(c-4 ,O,';1, p eie ,c*l ;T c.,Uii r Oo -h tty

6l-ra-L " - ;l xlr;*; #J ,-r:fl.t U t)-S ,:---=- 6;t-., qi ,,rKcJLv:

'A*L- ,sll lb-t*,, ur-l t^*. .c*l (\-t JS.: -2r oJ^i orlr ,,,LJ'; J't''l t+Lt;

\y Lo2-, U. U s,ur;ilr rtf, r -b try uti irn .!>L;l UL- O-) il iy g;tb
4)u/,r61 ',,tll; c^s- t j;

( Y-'\)

,r g;VL.rl .*b ,t12^aau.! ta;ll!5q JL.rl tslr p) ,tl:J xl;,g JF r'.:. Lt?
6t^U; ai c*l ali6+ p);lr!5 'l4)tS 

'^*1.- ,;tal a'r,-l t4i-l-r, .$ a*Vu

c*r ,l-to e q*d o:Li'- 'l ):,tfu,;l ;1T ; S , J-# e.+t- ul5:r
,-l.,1, iyl*,tt J-S fu &rt ,r-i J*5.-5 u:-',"*.,|-un,\-1 Jifu;.':;.122u'

.c*l ;t-[; 6.r,
,,;*, rlr p:fLc;l ;L=.ll Jt-- ,J-$ e t L?l)1: .r-Ll 1h ^
J' j; ;l .c*l e r-s-rf{! ,b.rt1, U-l UlJ .c*l t* vf ol;"* uL
,rrL .f ! n4 S, ;tJCJ tsla-* ,sltl1t(:o;t taG; ;sT p 

'S 
c-lrl4L, L*

J/ ;..,* Jl Sc..ilr o-.i {q .lu.it, ttr-f <tL-3zn r' Jr u.L0.ititI Jl,*
,r:a66bt jr c6lL- a:r-li-1r s,t3J,,grlqliU ,C6;tT:rSl^c ,t,# gV c*J)

tl C)lS .-1tj .J c*l iT ,i.# ,-r)+ '^;$t 6*i ,rfJr c,,.-a t .-ur[ur ,-;'-ltl
7u..,,lsn:fl^r $,-,tt aJ .:*l ;tI ,;ll"1'J: (;ytl : ,t-id ,*L, -rl4[ ,r:..r* a,

s-l-r;!-t-.. 1+l O--b ;l rl;u. <c,Ljb s:l ,J-s -2: .c-l Jb+-l-br,1'.--i-
,,-F-L1T t- (J;jLd::.: il r,-V G-* e-b;lorti:-l t', t,-r,Crr- C-t+J-r, :44t t,F

ty-.L, ,rt+l

( \-r)

E:Oa-O
E=Oa-O
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tt .,Sl'jt(. sbr;tr 'b J.{ YY?

J.rc/ ;1":;,.u:....r trf x \ 6le.1lr2 .iJ*. JUi.- Lp;45ilrr d,\-t JS.l,

.,;r.c*l \(MIMO) L2.tf Jt.l LttuJJt q JF,tlA:* ,t+1,:, JF 'alc* S

W t il r, d r"-je ul*.rr J-S g;.,,- 'fV 
,slt b (J;lo:L c^ihJ 4; u-l

rl.r'; ,rf..o.i ff i .Ftt- dt! 6lt, dJU-+ .rrf J$ ,;lfls (* J12o*
c^iL) u-l .d,g ,rl) r(SISO) .-ftf 4.r 6ttst ..! t, Ji:..- J/ r:--- n
ct-l f .s-icr 6J ,6+ .u;':--.-st+!:, ;tfiu;L .4'4:*,ra p; JL r, ,tfl+
,Sf 6balrL ,c-l u--r* ,ry s s-#. d olb; Ji;*.n JEit JirS d,c^ih,
l.r:*l c;t+a rr .Jlc.-,bJ"-r! t d,-u t d{ r.t::*.! Ja.- l? Plr ..uT .:*t1)

P t ,$tS, ,st":,i! ,sD f c-r ,t ,F JrrS Ga ttt6.*,l:; ,J-t ul
,J,r+l- a.--..9i ,6lo-rJ J4a

p) 47,) .,b gil*i-..:,.,r l-1
uSJtS, p.i- l.ql : y-t-Se:t1 r^i' + ,F *L,,rSJtS, q)L J-{ dJr. jl ,_h.

,P k r??--,p\,S.rt 4* ln a tfr,Y-1 JS.l, ,t.g--SrS-bl ! orL
.:..6a: lp O:.it,Jifu, ts-lt>.c*l b,C*' t, p-.t Jt(.t,-l ?-t'; c-l o.t-i

,*,Li JKt -l ,s:." Jl.c*l o.l3 ,-F^-i (f-t ;ti tl5d,.=i) l.tr ,s^-, c*
+Te c*)4, 6;1 cS7 iJrb, ,,.-a ,blA rlrr nll J. ,r,f f| g u-c- L

mi+bi+kr=o (r-1)

.Jts!--l 6t B /17 - = Y- qJfu

L Multi- Input, Multi-output (MIMO) 2. single-Input, single-output (sISo)
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llY p '99 ,rL; slF : -

J !i-r iJrL. ,r.2lr 15rbT L..r, 4 6 ,r:'--- ct-l f;!;1.r. s(-t!-) iJrh, ,?:,Ja-+

eb,((f-1) it1f) J#!/:.l iJ:h. U-l ,b.c.-,1 [t] .-.,18 ?-'et, pr, 4t:l t ;U;
,?-,f* 4i 4V + ,vl:t U-l .tSe Ld^-, b f 6)p d,c-l r(t) ;1.;

.r-1lr f*, ,;i,-'&.^J.lr ,.rl asr: itS,
o:k-l ,J-# 6l+;,,=,, rt 4rl ,-eU, .ft j-,- rs!21 ,orL FtS. f4 ;t2l il
srr,c*l il t*,-U "*Ur b J-{L--b el;rr orL L'ri. g,-l t cLu'L" .#r+tr
aa.ii;:3 :.11: G-*I 'rL ,F!rt-r u;l^dJrt', q L6J Ja.rl, t*S.f &J U+-1.1r .t':5

Lft-,. .Cn o.lti:-1.10i.r., -3-t t,J")tJ J+ sL ,$5 (r+ J:* 6ley[l;l
.c*l [f] f.r. ,L.py u_l rsU,-'r

Jt >Y,..ru ;[-J ,r jl l, oslc. dr
,K* 6 sJ ,r; bl-i,t ,*\ l3ti b) ,L-; Jt.*: Jt(t--l r (.S-,t k) , z='; tQ *
Jt t'l .$.up jq r,'- 4j ;.,& o*^bt t ,s.r:5 L 2 ^:-..aT 

j=*: ,r,.: '+5r...-
i;j r\ l; ,;.r..i 6; :l # *l tS^. f.--" ,J':! ;.;[ Jt(t -13 c^; tQ. -rt
r-rb t (f-t) iJr[', +lr p; aS t;-fe:ta.-l ,!r y-l *.,,i):.,).' 6la:r';2 gr-l .rj

.r.,,lr p*, k s ,b ,m 6la1:,,ll,

t,(r-'\) Lr;l g;l"J:L J- Jg.5.r-: r+F,[\] J#|i-:15[aalrL. tJtL t'.

,-21, p*, iTi--;,.:- iJ:tt .slod-,

n'Lst+bs*lc-" (f-t)

r-2lr e'19 f a--aj'& ilrb, y-l

b vF:1*E
L\\ 

- 
-' lm Ym

u JFT*E
rt? 

- - lm lm

tLEha "A;--7: (-u-[,r-. ? e,it+l"i t, t+l .+6 oJ) .tr e s1 6taa:,-, ,F
r JuJ fu .l:,i1 oK;'T,.uL & sr r s, Jl .tSo ui^t lt p- cSr U
.6;T,(*L .r:":l: gg-r ^il;. 

.i- ..,i*-) -*! LJ-' sr J sr Jl .tt.up G;-ir-
L*r: ,j/ cJL s5 th-'(-, ,lL ,*J .U;r lr .rr lap Ga: (n 16,

,tf rftt P U-l ,slt,b n'g-1, - ;.tlte

,c*l Jti JlSt--l ,;-,_,br > Ymk ,c-Jo- ct-ltt:g;1L-eU t ;trt- sslat4: .\
.o[.r ,el.f op I tJL u_l .'-;. ,g k; GLjr- s S t6t s

(0-r)
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,t, .,(oilS, atrri! ,)e W ffA

tEL s c*,1 JLi ;i dt- 
"p-,bt 

l lmk,.:JL t-r-lf ,J*e. rrb*{.1 .Y

.&b.f ,j*l: t cJL ;r'-l .x-lu. ++ dLj
,# J JtJ.t-l u-,-,br = lmk,cJL ctl t5 z62l.-t t ;it- rrb*4.1 .f
, .:JL U-l t;Fe d.rlt .|, ,f-. GL--i* t5t u-P-r s b1' Jrt-- t,"r

.&b.f ,Jl?.L;,'--
p,..:JL ul.t5l2-; *:,*l db a:,.-4 ,(Gt* 61L-) ly .:JL- 1-{ t*+
itS. q ,GLirU.r .r:* t & \>.cr U- h t r ,$.f 

'F 
lt;"-* 4rl L-t;

ttJ,gjq ,F (.r-t1 c",J

,5Jt....oU t ;;:t gtaa"4_r

e.rl5it: G--,r(t) vlr.t((f-t).2r,q4-, ,-;.-f--q L):l: it; .rlrcr cLT q

c-l g Jfu q .A' ^L i iJ:b, ,sD. cs|-*,,b , .,4F 'a.L-1 2s .:JL .1) r,+..- 8f

r(t)-c\e"'lcte"' (t-'\)

{tl L"t; ,sl:l+5 ,llc^,ti e t ct *-V .u-Te cs)ar (0-t1 L!:l sr r sr ;l-2, of

.t-S +L-,1, t+T al-ict,(r*t 4:l cur3 ;tS,) o.,,
2b * 4tl L-l; ,slt ;.,T \ )b;u; f u. r hJ.i ,F ,il Jli ,r-t ,[5*:.2r

"/r ,., - ,.,l*t, rrL[ : ,*,1:: L.r: 
'#,rhL, Jl .c*t ori orlr !t!

.c;l: .trp lr-01t- r:5
a;l.tl 6f l: J;;l ;;lje,.:*lr.(-, *l; J AiJt"",: "^Li .S,- llll aS 6y\a p
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fft 1.9 L.;r.rl; ,et+i , -

4 t-r "Ii 
,tG f.J t o*,-ti.;: .;l \ -bu;-' Gl: orV b-: "j -bj2^" jti

.ul ,j-#.lU;y1! L..r, li ts[,:.".=,, { ,dto ,-^Li;l Fy ul .+-$ ;u,l3- P
,* ,312,.aat,il .=Jti Ji 3: ,t'.$.b ,s L. 6l;u. b r* L.1r ,:---rr ):.

.r.,5.JtL prr L.;r

\-1 Jbr r
,m = \ ;T 1;;t^ilt, -r-rb a5,rJ[- ,sb L Y-t J5..l' -2) o-u-i o:lr !t$ e 4f
.t=S 

"-;*,s-*c/t", 
(;F JL;l) c - -\ ;tS, ;1 r...-e,c-l k = ?e,b = 0

u-l ,'r;.-. ;..=- ;r'-l t -r* iJrt..v_rl,

sr+0s*7:" (v-1)

n-T,l cd)de 94 ,11.; !.*L,,-,.sr = f I sr - Y;l .ll;-1tr al:b, y-l 6Le,ul"--2

z(t) - cte-tt+cre-"

,t = o rt.f-td r5a ",, t c\ o:*; rsltb i(') :. 
," ::(') 

: -\ UJI t-F J;
t -9 '*,lr {t1 ,l-!/.; ;tll 6l;i ,.912.

cr*cr--\

-Ycr - \'c1 - o

(1-r)

t > ' J) fu- 6f iJ:L. ,f,.cr - Y J Cr : -t" tX"-T,g Cd)d, ;t;a t^,-lr> IJJ

r(t) - -Ye-tt 1ls-rt

-tLzl ,'e
lJ- t

(\"-t)

Ubt uil,od.!-,

.r:.i! -r-j c45o* ;LIi- rl.Lcl,a-oii iJrt-.,-st^.6-.r a5,rJL -2r

(^-r)

( \ \-1)
s\=)+/ri
sr=\*lti

www.mohandesyar.com



/t, s*iK, 6tant{ ,F J.S l"f "

:;lr I r-j c# Jfu, ,./b" fajt'

L}'-- sltcl .,>17,oct-li b:,t-,"j; 0t.r21641L ,43,o^, (\Y-1) iJ:L c.*l;a, L'l

\-1 ,,--,.;) c"tj *:l'^1lr-;l o:tt-l \;rlie,uo-f tt.l-;.,lr"nLt ;T-2, l.,t''*,
(+*',: t

(\r-'\)

Ct = T cosd

cr = rsinrJ

x(t) - c\e"t * cre"t

e" -- cosu * isinr

( \ Y-r)

( \ 0-1)

r;el.2r tj rt-t-a bl-;€!1 (\ Y-t) =lr
r(t) - cte\t cos(pl) + cre^'sin(pt) ( \ r-r)

Jl .xt^*L,.l ti 4tl L-p;l o:lr-,l \uS i.;U dtr::-..a d-t3ib e )e *-V
1*-*ti r.t-tpt I t+*U y-l

c;j; o* ;;li,cl/ (\r-t) 'l[irb'6aI

r(t) - re^' cos(p,t - 6) ( \ 2-1)

al.2r .5

( \ v-r)

,ciL ui^5 ,cEGt tr ;b uS !;T iilr oSl,;.T ca)dJ Gal 6r ,t_)ut
.rJ '.uLi bl;,g ;+ ,x-$e J-a a,

*r t4l ilrL ,fj,1:r L.rr Gal.st+4 \i* j,slr-S-t J*,ty
rr u-l pJ fu* a.at\i iJ:t*. ,:r:,yg,-* .r>-l oJ.r.rt*, : ,Clf r:.".j

t-1.i,g *j ,h,;ubl.

r-1lc\+cl
d = AtanY(c1, c1)

st *(uns*c.rj - " ( \A-r)
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f f \ ;lr L;r .rli ,Jirl;'=*

\.c*l fu- * vl-. an s ,(\ I ' ir:1 + .rJ+ g;rl.c\ ,-*lf c^i ( ;T-2: "5
L*l 0:4 t";lU, cr-l r t+t , ,F ,y 4b

\ - -(un
( \ 1-1)

,slt.x-l,g or, lr" e.J -r,ol- u;tI eK dc*t+rl i c.r*-r c*; 1t;lrt oS

o-i,g d*: au o* u* r"L*:: ,J)e + ,Y-1 Jfu -st lr=, y1n e f
_b/ -_\ - YJkm

d,,:1f klnt

dL--;, e ,-u .up -p elr c^*i ,(b : " Jl ,L, Jf -,,r) -\.rtJ !r=" ,z--,- Jl
':-*t-l-tlr 4 \ r;)r &*;'(llt - f knt) Gln

;p* 4j L_l; ,sl:. ;.,T l. jU eU: '-,\r ht , F :l JU, , f - 1 ,fS,-i ,s

df p-d ,-[l!J;i, 1rr atr: fu- .5..,- .,sl6,l"i d.ffu ..:*l ori orlr dt-:..;

.s-.il: -rap l* U dr I .t;t

Y-1Jt! I
;l c*l JtV t"r-.lU,_r-rb dCLrr t Y-1 J"fu,.7) oJ..i o:l: ;Lr p r5f

(Y"-1)

.l*tJ ,k ,slt,4sl L-V + .,,b f !, laa-i., ,[. f- 1Jfu

tp+ r1lr: .rr1 ,6*-ot"- O;gsk+ ,slt Ali,g l,* !L. :,.r_\r.. c=-: oL)L-l .t
.c*l € ) \r"
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JAt, sSJlS, glt nq ,F J.S f f f

,t-j.tt b.r o - -\ itS.;l (c*l iJSL lr:,1 .t) f...- t,k - \ e,b = \ ,?r? = \

.+5 cr.*
n-I,l c-,rq 1;3 ,cJL ci f fu-

sr*s+\-. ( r \-r)

( Y Y-r)

csral b"rscr csl.3.:[,tf-Jdt6+b i(') = " sx(")= -\ UJI L-l;J;
ili c-lt, +q lli ,;1ll 6Ei ,slt ,t = o J) .fisTO

ct = -\
\\f

-Tt"-Is'-o (Yf-l)

Pn^,tjat:-4t)-' ,sb,e6f iJ:h, ),ct = f ,", - -\ a-t.Ji1s

t-t'g

,:r slF ,* p i*t,,na+-2r.c*l si = -i + fd ;l 6la^.:--., 
^S

x(t) -r-+ (.' .o, f, * cr sin +r)

x(t\ - "-+ 
( - ro"fr , - tfr .i" {r\\/ \ Y r r )

( Y r-r)

u.ij r:+ (\P-t) iJrh, JS- r bl-;.d ! alrb, yl

( Yo-r)

I

621,,.n t u* glba,lgJ
| -- rgt2t-a t ,# a.l"-.1 er cJL tt $ rlr ;tJ; bl-;.d,(f-l) iJrL Jt si_6_t" tl

c*l g ut12.o*..Jrl', i/-l J- ,(.rrlF g;t^14J)

r(r)- +*.o,(1!,+\Y.")

r(t) - c\e"l 1c1te"t

L>)j; O4 ;;lie I (Yt-'\) ijrb. r/, .sr

r(t)-(",,+cfi)e-*t

( Yt-t)

D 'T raJ-.>t--GotJ

( YV-1)
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lfl p'+t> ;A; rrrlr'.:.*

,cr .p cb $ t*,d tr]JU,g* 6.rc6 1l orU'- 'l tr ,$F $v JL 8u;t3,- f

lim (cr ! c1t\e-ot = o

t+oo'

P * 4j L); cDlr iT \ ju;u; 
L-u. r roili ,F :l JtL 0-t Jttu'

qr!l: f--,-r:..iL 1g9L- t & prr L..rr e.5.- 1.5;l0,L'd.ffu .lA)u, dLl;

.rr $l:i ,OS^, G;-;*'' ,,L, U--*-r u?-,Gln Glf \ 'F-

l-1 Jtle r
,b * f rrl-- t t";lt,-r-rb d,rJL.rt L Y-t Jfu'-2) o-\3 orlr at.i.; edf

.+Sor.- ;-*dVr, - -\ ilS,;l (c*l irSL lJ:,| .5)f..qe,c*l k -l1'
o-Tr; cd)d., U:+ a-A-, ilrlr, ,&JL Ul ,Slt

sr+fs+F-" ( Y r-r)

c.*l 6r:1A!' Jfu (,*,, ,s\ - .ei = Y ;l ll;-rL-c al:b, y-l 6t^4.:"-.,

x(t) - (rr + cfi)e-|l (r" -r)

c*) 4 b", s cr csl{.:B,i(')= o J r(") = -\ ill L-t;-;l orti-l q Jt

g-)s & ),cr

(YA-r)

.cl--.,t-l*\ *,sl1. 4sl \lr + .,,b !*!., taa.i., ;!,. 0-lJfu
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/t ,,Srtl(, trtrr;! ,P J.{ ff f

ri! c-:tt +tt ,l],i ,l 6Vi .lilt, ,t = o J) .lr-tsTn

ct = -\

-Ycr*cr=o
(r \-t)

+1r; cd)dJ 64t>' ,slte4f iJrL ),ct = -YJ c\ = -\ aeujt:

u(t) - (- \ - Yt) e-tt (rY-'\)

I

,f-* Pf .l'lJ,=^tL y-l .1151 ,1.t,-1, t+;.=' ,,Jt,f-l b \-t tskJE rr
6tl: o-rb^.r,rSJtS.(J;l+i 

=* J# cr_l .c*l (!rL,Y-1 J,fu, e sL Jti;
.xti elr

rn) "

b> "

k>.
(rr-1)

v-V il v-* q ! 6 rl& I ,J;:S r:.'.* $t^c tl t 6 {, r+li ,.rr,, ,i..1 ,r
c -^,.^rl ,fu- r.tr./lJ,-!,lJ t- .S-ll+t, 6-l[:-l) 64-; ,J12,ars'-l i .t-,-J.,g t!-l t?.*;; ,jI

)Su" l.q ul.)-r

1:5 ae.t) cstF.nrd' J;tS f-l
.$tJ ,r5' ,,'--rlr -b I S 

'*\ ! ,L 1r: L.-2r ptS, fu- ,*,J'yL, S ,ft
t- .-ut a.aB ;ly; G-lj-- ,,"l1lr,e dJt rr ,c*l G;: 4r l.V * fu- )U,

,.tltqt" JLcl;l tr, 1* dyq s ,(k = " ) u! o.r,"i .iL ,;-,.-;l p c*l rS^,
.1-3 glru!r6.S,-,a-[....- *;l o:li:-l t, p*lr.f .rrF j\x - o d2+Jt

CCLI -'jlL ry.-aa It i: t6t ,J-iS fr-
r.1le,.-.1 ,.lr f ,s:i 6 c*l 'U a;1,-bl(J;jlif5 yln e t,?-1 ,fs,,i1r

+l.r cdra * rry 6f iJrb,,r--? rblJ:, _,ltr a +, t, .r5.r

mi*bi+kr- f (rr-1)

JL .Frl: ,t#l r) r.r ocr r .rt(" w u,'. r 6;ll,o-G d.l ,rt
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lfO pL..psrt,''o'$:f

.cf.Jtr.;llu!5.5, l- !r/ r1n r..=- t-1Jfu

,a.u: g-.- );lJt;,*1;,l .*E ;'t-t't ,-uJ:t b.l-U; l;!.,5a5 g-t'r-1*l^. c\b il #rtUU

f=-koa-k,i

Ce rlCL;i=i

(r0-t)

,;sr-LL la> C-r-., al.2: of ,JA:,r.r il.iJ!1 q':-.,:-/lJ, P J-*.tltf V-t JS'i

,F-;e e ,,-s'-.LL c*11(>x t,lr'J. ,t Sh,l;s,6&rt't--. sl J/ p
tsty)c,ts)tll 2,;lxl6 u-;,sl+tr ,J-$ ;.*5.s[ti, Ji ,J"fu' u-lr:.c*l

.c*l oli tb 'P tt*,d-i....-

e-L-- )l s>stsc,Le)ll(C*b g.' c# l) J.5 i,..,6..,:- tlu J-S f:-- V-qJfu
)56.lU l.t;l-uf tf 611. u7e4sVUl s slr,c lt
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Jrt, stJtt, dbt! & Jf YW

cstrr,* t't 4aJ,c-l itS. tt .h;; e.5'- ,,'rl'f r1+';=l llrrt S 
")/ ,+

,t*:i il (F-.1: .r.1lr c.,U ,ttS- Jt f.--t ;pb& .t5 t? ,fr t stls u:l*;l
u,tS. :..- %J,i +b g sljr-1,6,c;L Fal.9> -E*t '= rrrJ J/ g:"* 4 ,ts.l+

..u5.11r19 , e7p
ll-i e,( f O- t ) JF ijb t: ( f f - t ) ; t r b. .rS., L,-r c5;'al : L.. ;r lr-2!ri s:L*. 1,,

r.291 r.*,ro * t +:" 'r rl-t ,rS.rL,-l iJr[.

mi+bb+lcx=-krr-k,i (rt-t)

l,

(rY-1)

t

(rA-1)

nxi + (b + k,)t + (/c + ko), -* "

mi*b'i+k'r:o

:b;;l I a5c-l #l ,(fA-1)r (fV-1) q -.y \.k' = k*kp )b' = b+k,;T;r.5

e 6; tt b )ty ,tit ,-$ * +,lr 4 rl* ,:--'r- ili,J ,ko e k, J-{ rslao.r#

(b' = l\ffi) Gln c-lj-- 6 J;j'rl.rk;l ur* ! to,r+'1r^-. ..-.-i,lrle ;:r L.,rr

..1,-i c*r" ,c*l o-U] orlr k/ t l.y: ,,, 3 ,,gltc*t ise 6i,-t *,-P s >-* J-;
t- c^:, c-l gS-.e,JJ-21: ,fu;L-l e.st"r-ft, 4kp sk,3 +5-.r
,tr cr;l !,s,,1+1,[ i/-l .Jd.uprh,-t,[ e,li;l". k'\b' Jtt'l.u!,rr-.
i:* .s .uprST,((Y2-1) L-,(\f-t),(2-t) rtt'^\ ps 4-,. .,l*;!i1r iJrL

rr c;tal,ti ,J;r; u;t k' L-b' Jl S .:.iL-.r, llj,-l -* rsss+; s-*+,J +t^, ft+jl
)5',l+, 

",l"-lf 
l ,ub6,Jt?q

f-l JEr r
,ru;L k = \ 5,b = \ rrr) = \ ! :!r 2-t J,fu,.1) oJ^i orlr .rL:; e 6la;.1L, Jl
?--p t, fu- Glfr ,elr-- a, )4i d itS'. & JF ;;iE ,sD.lt k, : k, ,sb',ot+

.ttsl c*r4, ,1*,1 \71" 2u tlL tl::,,-'
.b' -1uffi = Ar'.l,-! ,GA g)f .lh-l ,s! o6;1,.*[ k'- \ ?1" g\aJl
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ff V ,1;5;,r;urlil

kp = \01'

lc, = Yt"

r--,h-\J/c=\.r,3

(rt-1)

JirS jitl F--J 0- I
It G:l;c. ex;SJ-Jtb;L t+t-lrr ,/!+i?t', 1910,'*-" ,el) g;b;)tt rtL,l sL:.,, *
c**i J) L '.l.::J #5 uS u-l 14 l,sb.# r-+li tgJr,P-l J.S*i lk* 6b
,b,rn ttr cr-1.2r) 

"."*,.rt"r-lL,,,,l.ril 
y-l -rlt.d,g F-,- 3y: Jl q {-{b

2-l-;..s-fe F-.- t"r,],,t* u-l:l 3r c*i s *b Jr" t d-1b c*i.1r t4; (ke

, \ o ,[-oirr a*l;1.r, Ll ,;,*-t -b^.c -^.^al L.*V JL-r, c*l arS^" c*i:r,tl ,rrj
JiE F-ii &ibJ i/-l ..l': .up ,fuT ;T c-=^al ,prt' (rrr l, ,F,c 6t+;.,,=

.rr r*alF.,6 + .rl5 rl- tt b J.rS
zc*l ;r=:1 e clt -i\ it cSr,- ilrL

n'Li+bi+lcx= f (r. -r)

d..1b c^^-.i 1fli :t-f ctl-1r.,..5 t-y; c^-;:r { !1 fu ;r2let5iJfi elirs
,r;rb;l c^*.i U-l .Sg ortq'-'*l k :,b ,m 31\1s t:t-f ;tcill il ,J-{ rtti J. t
.'-l .Lr -F.. .ro\: t.,r i.,15..aa.,. b .lrr u:.^\S t e 3 1ig ,,J:; ,st$ ,J-#

ryr41 sh:,,* ub-t*, jl ,J-# igti p3: c^*.i .-u JoF #a c4, JL, -r, r"tL
F,r J)-re+ b ;-'--- ,J-;S;iti J! t d-:b c*; bn .S,g o:l;:.l f:-'? JU|J

.rBu;l ut* aT crt^oJ+ Dj ,tl.up orL.2t *: sr 6 Lfl),Ja:,r.. 'y't ob

.x-iL t.*ti 16:;-.rr* r JtSt"-l i:+) "r'b F \ e J-J ,sU t+i d x*.J.cl

t-;.,e )b t-j JS* + J-J;tlli f ,J-# J-u r 41, c*i

f-af'+0 ( r \-r)

srln) alic+ f' Jl 6 x-.J.,-t vb.:l ur*3.llc"ti t-s;-:l.i, t tpb g s a;1.1r.5
d) ;.-* iJr[" .r-r. J-". l-\r ./rt C.19..aa.,. i-- ,tte oJ -b g ,:.,,.- & $-
,r slri o;a,J-J rrtr jlrBL cr-l," .$-f,! J-; (f t-11: (f.-t) rd;;l

mi*bi+kr-af'+p ( rY-r)
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/1, sSJl5r,rtrr,il* .F ;;S ff A

u-l ,sa. ,bt .b+ vb (n .-,rtea, ,f ' ,srsts {) jl e ,'^l1l-n Jt S c*l tia

'r5t[;i;l 
;t:1 b 0 :0 -\,-q ,eli e

a=n'L

0:bi*kx

i=f'

.f'=-koi-kox

( rr-r)

,r5..,1,-: iJrL t)_12".oa, (f f-t) iJ:['" jL .c*l y! (n rSf iJ:t'" ,oJrt*. y-l

,slt b * J.J ryb ,5 u-l clt .ej,s -b t ,"t J-{ +t: d ,fu;! .rl.u

g--,-i,5.(g-rlr f 
l+jl U a4l st) f' +;,

(ff-r)

( r0-r)

i+k,i*kpr-" ( f 2-'\)

.2r ..slrfi:--. e,st"r-lt.;l te.r4 u) t-,:,.:lt U'* p ,,iu r,-l ),:./5!
c-:i ;;ts,g GA &r-- cJL 6lt,a4;;

k,=lvE ( rv-r)

$JrS+,2-1 Jtfu, p J/,slt a5f ,r: r-.-t t:SJ;s,JArltr,A-t J,fu,
.$rc/ 1t-lJ ,c*l o.l.,l,

0-1Jtl r
5,8 ,ar_rb,k = \ 3,b = \ ,TrL = \;l *L JtV t-1 Jfu, p 6leV[l,Jl
.* ?--p \ Gln LrL- ;.-'*t' d,!tS. F JF ;ti! ,sltL k, s k, 6;6014

.l-l:l csldJ ,.r:5,r, :t .,-l \71" \t.-.rls.

Ce.:Be;l * lr 0 s a-r-rb

a= \

0-i+r (r^-1)
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I

I

I

L

fFt .E.-,?!in JF

.rJ-l c-u orti:, 1 JF € Gst:l ;11 ,s 6 a-- )b. J/ p* A- qJfu

?-2e \ tA b k, t* t# .bt -b+ 'l-ls ln Js,.aa ,f ' 
"rz1 

65ut;l t:--- U

J) .Ftrc/ tlt I Jq L. )t ,Gl*. 6-L- c,JL i b k, t ,b \-f 4 tl-t ;:;,,-'
Azr:;

kp = \?t'
ku = l\t" ( rr-r)

-L,*o *iri JirS ?-1

rr f--t ;;:l;& gt++ 
^S 

,sr*^,.^a: cJr:g ! ,f tJlSJ;S €lrg l+i-l .r,
,;tUj jl OaL a12e4r* g,-l ..lj.2lr|'-b tty-* jtJ Jt*t+ lt;tT,tL tt-r rF
dc ,rt .t-*r-/ bQ'lLu. L|^b b f -b tt-r,rt+e '1et4. 

^S,aa(t)
r-rb ,.;.-. l!2. i,.:"^^ 9 ,(.lrlr sr>: xa(t) lrl O-*,9r ,1*,_) c-l r\..t -b t -f -,n
eb r* t -h try -t* tU 3r ,slL;.src/ c*rd., t ;tl:/.rr b io s ,i4 ,t4
d^rq , )?, l-Ji-; xltg 

^S ,.5t3r Jf ;.ttli dg i-f; e -- td - r J12,ot 11

,>-l ;t:1 ;;

f'=ia+k,e*kpe (0. -r)
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JAt stJtg rrbr;! ,rl* S* l'4"

vB;;l ((f f-11 iJ:[.) ;-ls ft osf iJrt . ! (0" -t) ih!; 4; $ 
'-/. ,t orrL!

s-*,g ag; .J:[, s: ,t-l -S; t .c*l u:-lt
i=ia+k"e*kpe (0 \-t)

t-

(0Y-1)E+le"b*koe="

Pt*f feljr;,d*l ,-L{il JE +-V l. ps 4r J=-!*-t iJ:L. .5.,- ,.JrL u-l ;.,-tf

y-l ob3l .,.l rJ.('.1; ,-/ EiJ.b i GA ;-,-L-ir*,) r.--& -b t ;ti ,slt l, 
"*lr^,,;t-f 

'* 
a, c^*j , t^U; utt* -,- lt:,.u[,, tb ,fLai -,p) o-\.3 *i lJ al:lrr

.$tc/ itJ t :-. t*i'; 3xl#5 ul ;-*..rlrr 1-1 J's.j -\:5s, 
"e;,* 

,j;
a:;l.s rr.r ul+J:l 6tb : i-l -SlJ ,(ft'l+ b k :,b ,Tn,r:--) r*ti .J..6 t Ju Jl

"J t,*J:l .-ell; \75 rs,e i ;j.up Jt,, | -h try .*'Wt,-..- ,t3;l ,uL

.#-F Jt,r't +, b.* e ,iT jl ,r.r.l; $lr +lE iT: (Or-1) :1",t,

urL.:.:il c, v- I
,(,ro-L,,sU;) 6>rz];t rrSJ*c L; u-'-,uiLx;lf I ,$staJ^ 6$Jail ,-F-

-,- #;r::SJF \.-t ,[5*i-2: .ul ]i [- 6.rE urt+:tr.il ,-e.-.e;t3!r, tt F

.t-t Jfu t+ ,slt -,* \rii ;.15$5.5"- 1- lJfu
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il

f0 \ ,,pta:;tgir

.fairt Ai:l u-l*;l c>as 4 l r.- (/-Jrd JFr..* \'-tJSJ

jx ,:.,,* JJ"d .,;*l cJ.i crlr ;sl.ii ,f a;1 ,.,.iL;$l ,$r; A j 4Al !55u.t.5,_ l:

sQe a_j 6lLL ilrl'. a I L ,c*,

e+k,e*kpe= fa;,t (0r-r)

)l-Slf fa;,, Jl.ll: r3-.ero eb;1.1r.5 c--l j';lri.,-r it:L (Of-t) iJsb,

"Sqln # l+, alr\ lr @ cnB r.\c ,i- ,riL

max,fairt(t) < o

gsut Jtt rf:,/l cr-l #, .r; $li ,lxVE,e(t) ,J*;I,.i,-r ilrL alT ,13;17

q ,+Ll 'Aa'* U-1.[f .f] c*lrl4L ,F ,sfu.pr \(BIBOLISIf ,Atf tlslf
,lat, t:--- d-, ,o(^, ..etpk;;l y'll:l qQ. Jt'l -)l t I $rc/ ;t=Jl t

'JL.r

lJtJ ofb srG;
.f"-je h t,,:-l c^:li (J;)r' l. tb. f or,, ^5, eV G'r,JtLjJ.Ll gl u_;,tL l.J.il

i6- JL-r, p JrL; t l' J^r ir-l .F+, ft+;l Ul{ eJt' J.lrl reljr;,cJL ct-l,'
l0i'*i-,;rlr-1!l -b\.rlr p+lr;l+l ,(.sri.- e u;1.6]i:, iJf 6l+i.- i,n;Tyr aS)

(0r-r)

1. Bounded Input-Bounded Output(BIBO)
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tt siJtn 6brq ,F Jf fOY

+TC c-rt or:" l! cJL iJrL.,(0f-t)rr

kre = fai,, (oo-t)

!

(0r-r)e = farrr/k,

s.fe r-r,r,1ni.,iir_+.c...,t1tJ rJt glb \ ,;y'rr,(}f-f) qr;l ,.ulc-r)4, e.rlsiu

.rr: $l:i *f t-t, olt 6U+ ,*L .Srl.ko ilS- t* +t E

,)tfttiJ.7ar+l
cJL .s,f,g ork-l o.l; gl.ol J;S;,tlti..i-;l 

"f6,t-t, 
.:JL 6tL; jL th,.a

&5itb a4=r.1r .+T.r c-rd' J-{ irtt * Jttst il-" 4 ir5il tr 
'.1., C>{.-l

t-fd ilj il J12e*

f'=ia+k,e*kpe+k;ledt (ov-r)

e + k"e * kpe * f, I ed,t = fai,t (oA-r)

;l*il r5-.e,,K:r,rr fu-,rt-t, dL (J;tt; 6 t--j:,A nl^bl 6liJr' Jt*tt'+
t (o,t-11 ilrb, ,t ) o ,sb. ;rl_irl ,K6T ,(t < . .sbl+) e(t; < " Jl .sf ,iua ,c"Ii

'b' + k"E * ko| * kie = fa;,t

-4.(zo ,'tzv5JV-,

(01-r)

n-T,g tt t-j Jf- q (.-,U ,-iHl ,sl) t-t, *lt f 6

k;e-" (r. -r)

4i
(r \-r)

p[,* ,sA,:'t-*,1.,!-'" pr L1s o;"*' 1fu- 'J-{;.til; u-l Jttl ti

.(-,t b kt\*.tjJ- lr;rT + Lt.n 1r'+t.J=;!i-, iJrh, +L: ,*fl L-l; + ;,7
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f0f tH:,.) c-;rU1 s"X dU: J.;-S

,j*-) r9; a{ri> 4t-- O,-l dJ+ p) L.r: 
"-..- 

4 (y L1t ,,ry E xjgl -b,tt-
JirS Ji6!, (OV-t) ibL ,* J.5 ijti.(#orli: I(.rJU Jiu Jrt.; il blt,J
u;tAaJrU. ui-t^; p,u$rl,J!.[f] eb.r (CLL ,JlJst,qr*ls> iiti t-r,PID

.r; rnlt.; * JlSr I il^" ,yl:f ,t-l f otJ ct-tt& J.;S ,ilt

(e ,.) c-3;,U 3 ,+*t91* ,CU: $rS A-1

e -r-t-6.Jc*l orja .rl-r ,rt vl-'o,f-lott' dJJ itib S J-S u;t+^:*-/r
rJA:,r,0 1t+l 

(g-r c^,-ta; 
'*"\ 

P ,Li ,t b $t tS, J-J itti c,t-I^' ,J;:S

;! ib { .t-t .." ,.,[-.c-2r r;Jl .c-l ll::l L,1.,,*E ,f ;l.ll5 Gti S,srtv
j: "t &J,.lt:S *l t5.)r $lF 4"".:,,,U e <6le!,n ,.*E ,r-; Lsti 4;r g ,JJ-2lr

r>cr S";tt'-rr ,---F ;r,-l .g-1,t,/,6-tI ar;...- * rsb !r ;t-t-. 1t+l .l:: 6-*
up J'i 

"l 
ti ,r:L Jj5c^'i r*:- ,*,J.ul.-r .;l ;:n -r1.4 / ++ r-rb '^*l-.

$+ ol +-* ,.s,r) $S L- +*,:ritj ,CU: J;;.S'^&:+ e J$ f 
tfurr .rt

.[r] 'r.r ";J.b t J-J P f 3r <i..i ,r*r: J )rcf
(r cl,;lxla;11;u"1l c,t-t ." 6 t-Sr*lF ,?j,* t-f *q,,rJS cJL.2:

,-ri;r 8 t-.;.r-l Cb ,pt i/-l JL .r:,[ ,;^ , lLi btt L.r, ,-h-e 3:lr ;t+l
:sJ a--jy-j c.,K; { {L: ,er c/5-r.Iiq (r-s-3-\ ,stl51,6-r.fuT.rb;;l tslr tne-

;!L r*r,C:-,A tssr)l--b tt-r 65yt ts.ut*: 6l;^',gf cS4}us s/ti:-,
)t sr,Jrfo +! 6.11s2.a;2i.fu1 )5,5" LF^, | 61lt.,aa;2 ,.fuT up-|, ilf

.r-T"l ,L-.i{ c;lo.l5).eJ:u }tt L^'" i/-l ...ut: 6-.r rs[+-::,,r .!l': tsLg,

orl: d-Jp, oL; fr.i" l-y :$^c 
"iJ! 

ilf ,,rr[.:;ilCr.rt :rib-lgil
ej \\ r.jq ,-;t.:ilJtil uK:...,^^ aU::l -a.J 61lt2d2i =tV -Sl .;-ie
.:J ;s aljtr t t+JL::;l u-l;1,t3;l ,(;'ti crt#'Lt,.;l ,sD 6ful Jr"

;L::;l ;:...,^" lU::l *Ef )t or ! g;-2lryi; ,-,31; ;)li€ ,g-P t*+
.[Y],tJ ];.)'

,:F orl,-"., I d, J-J ,jt ,,37Ci LL-- ;l 3 Sliro ,tl; rtall;l 6;*
-2r .:y' )9J:u >l"S.-t..- t1t-t> lt .5;l J- ,*.ulr; :yl9 tli f*t:
.fui -t-tr ,#, ir.^^ 1 ..lrll g;lo.r-i )i.Lar-r t1tf i[ [aa-L,.- ,4ly ctQ.
;,--U ,G; ctf l: JUJ.:--2: oJ-i *U; ,sitl rbL S rJt:Ecl ut* b ,sJtt^r

uSJti .stori! ,rS.,t-r c'lzr,-).^ t: l, o:; ,stor:" t+ll lJ :6|101|'- {.t,l.;
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/t, .,(oit5r (J'trjjt, ,P J.{ fof

,JJr o.^r 1e r$rshr ,-?,5!rlr .grb tst{..,ylS. +5 .n-lcj$ -b I tL
,6 u-l e^lil) -u.lr pI kibrl r,-l .iL Jt .t-Jr; ,lt l$,6rl dil -;t t-;
-r) .,r.i! l.et-rl U-l ,rr+.r.L ;y'tst t'*, ql.1 15.,lr,riJ- .(:"I. ,(c-l pt

.tf el* d.ru J,-J.5 3lt:.,,r ..,r!lr ,J'i U-l c{t'st+:4

W J-i" 4 #5 J csj[J.r,n 1-1

tfrJr"t ,;ttS- r.sr,rtr t) !.1 t4i ,-r-irl W.i-;l orj orL )t ,r,4 ctl f
.1:r L.rr ;U; 7-.5'-,'yro+b o\y bl-;d1-ht \ ,:rtJ-b;:1.,*5.r,
Gt +,tl.s!r6 L*';l orhil-2t5a W.i-;l dJtrir Jr. UtL ,sb.t-5t-siUr

'+{3n, lol

,,9121:-:3.r;r. ;-fc/ c^iL- r;;';--,.st+tt, :l qQ,r, ULi a5,r,-b;l:r;!r5;l .F-
.ALiL^.;l ,lt/l;-'l\ i-r u-l 6; c--.i ..:*l ,(\A-A JS-r) (DC) P uL-rt

c*i jl+l I ejl;-l,.rt"l r-T .1ie ,[J.il ,fltl- [ pl, ,sl"l r-T : ,t+BbL-

J5 t: cttt+*,t - s t,'.i- ;l,-ist .6,g tllt,*L; il+r,,Uit) rjy ;.,ltJ
a*:l b\f u-l .S,g d,r$ tlj $-r rslt,,4T;: c..-,-$Jl ipt- i[.,+ E t-t'.,C

+ q* iEt' .\i,g c"-l.u tiy ,sQ;9',1* +,-r;-rb ,,L; iEt' l d.;l+!rrlr
;r o.1l:..r rtl:;f ai,c-l ,t*,).a' (.lii;.; U.*u)l !, t+l Sl;tfU6,.stt+o,t...

:l ;*--* t* ,,6;a 4 '-*J.4 
d^'t. d l?l ,5"-t' kl .t-.'J.,g 

't+-l Jt \y *
s-.J:g i! ori 'r'-l 'r'-'1 ,rl::3 r;r' f vta.shao,r..-

f-qVxB (P Y-r)

,sl# ,Sr-l6f B tt.:, t u-+[:i. ,l+,r, V cc-\ 6,q.F-;SJlr! ., ;l.1r .5

,ults- ul{..r ,k?4J,r1 ;l ox,1K.sbr;$l it" ,,F-iSJl t-st".,! .;-*g trb F

Dl:^*:t+,-l cJb ,,rl5.JL .,: .c-l tiLl,st"t r-T il*3*. o* tVt il.r., iLr
,3y,-aat b -*rT rL-rt ,,sy .'1.u;3c.ti .15,r, lV. iy ;-;.hsi c+tj a!-: +b iy

)jLr/ Lr-, 1,il? yE-S , r,i

Tm = k^io (Pr-r)

;U3 j)h; L2yl yJ)r)J )5,5" k iA:.l;;L ,c-l u!r, JL .ts r$ty d.f fu
.e[.f i5y-l,V 62sp €4tj ! 3l oS t;A ve,-a;ty.tr ur'.rr c-U.r.l315r {*
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f00 k, J.-i. .f/ J.J t sjur

s)c/ C-,re,, ,h lJ gb:toar ? 6b r.I.i rL'.,,-l;U9 ,Cnli y-l

u = k"i)^ (rf-r)

rta,-l c^s! vjE.J L..; bf U; rst++_*r- rr ,rL-.* (li?-.;-) r* ,rlf .:JL ;r
c..\:b alj,y sJe,, .:1 I b ,-ial{* .:Fcf ,ti; +lt ,.9l:-S p )J6 di url;f-

.r:: $lri Jg. ;rI;rl*,rj,sjtJ.,. lr;rT al*Jt r*e,c-l ,1.i,

i.r .#ti uihtril
llc,.2l.c ,lt ;r.l ;l-l ,sltl.c-l or.i o:l: ;[-iJ HrT,F-;Slt-rl,u \ \-1 ,fS*iyr
.o ro$ 4j ZS-,* t; ,ssi 2 ,Io ,.sz-11 O,,r* ((J;tiJbF) ,*,t59.s1 ,ao 3lC2 e.:- jl

t-;.,g J:aj ,Jsl'--,. J ,rUtl-r iJ:L'. L rl.r. g,_l

Ioio*roio-ao-k"il* (Po-r)

,-Fb,lu'^b:+ b k,l cn-* s :) $-r'^b:+, o.rj rt^,-l -1ed n+ l*.r,,,rlf cJ L .lr

6:, jUlosJ ,;'.- lu fr{rT il o;r.1K u[-rt ,r-;;b qr[^.rl.l. U-l .d JF,u5*;t5Jl
,-Fb jx lt ,stlu ;p ..tS ,* ,^..rT;l i" ,-jlL il--,+ 6 8r; gb 6$ | a"

v#tI u[rt r-i J. T,r!rr ,rb ,sW tt-l tl.[V] r",L,r, .r!.;ry fbr-/,,l
,J'^r or-l uAV'tats .sg:,v. r9J.an fia t6ljUr.J! .b 2,Io vjy ,:.,|d.'rl il*3a,

.t-;.,t rta,-l .rLjto#! jl.j &-,,Atr Jtt';S t -b t y ai-n 0: ^S 
c*l ;T

-h;-*j*b, hEtiy r*,t:frll ,Sc*l ;T,nk*. a:JorL 6bV ubj b+J;
.l.- lr o*rti. Jr rdr*, ,ly J-J ft- ,*rJ xl"t $rsge f ,rit y_l .c*l ;rJ

.DC 61eE:3 i-r i ,4111 ,l* \ \ - lJfu
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,)V -Sl.r:: .bli Jt .l li ,rlL .S.-,tl* ,ri;lr.2l-u.2: r-r.-f 1t,S;ro-U,a|-r.t*1

b rtb.5 3..a ,>;li el7K;rT ,vJ -bjy y ,5tz:3,iy, iI-{ il ,ot (ft r.

.2r Ll ,:;3 :.21e e.rr (k- .l;;t) .,.F ?--p c-l ir(-. +Jl .FJ JLtl L,i'. , '
,t-J,-l bl'rt CL. rtr. ^S 

DIS u;lt g--. .S,- i-t12,eat;l;!r5 dg ,.ht U+'-l

str J*

-;?&
ft- ,c-!:l a5.ur,r. it; t DC 6121:-S ri-r &-.rr-1, ,rS;tS, J-u ,\ Y-1 J'fu'

v-iy \.riJLrl rtl;i<.c-l or.i P ,Gbst ,r*J 6lb tstl: * ,or:.16 aJJ>.;>

&.*i .c-l o.li o>ls .rr*,1T is. ;l o.x1K i" iL--,t;l .*b Jg,-ot'. Pf-1 '&lt \ ,r^
a.ar.i,iyr .r,*,g r\ c,-c- rb6r u! t) ;.9l:-* ,-J.11lyl *\ rt 3J;Ji;-

rm = I^d^ * b^0^ + (l ldle + UitT (rv-fi)

T--Tr*
0 = (\lri 0^

.(oJri9 f.-* iJr-r+) C;JJL * Ja,.DC 61eE-Sr;r ,rS;tS. Jr. \Y-qJtt
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,Jtdtit-[ | ;,-fu-s JtS.t -l ?--1t' b s b^ s ,\ s tja ,F *Ja I .t I,n al.1r .5

gy 6l.tr;t- 
-J 

I (PV-t) ili,r ,(7?-1) !1, 1l ortr,"l L .x--.-r t\: t-i.tt
(:..3i ,';>

lrn 
-

(rA-r)

r - (I * q'I,n)ii + Q + rl'b,.)i) (Pt-.r)

.e[.f oJJir.- e 6tf,r) (oJ-i 
'*,r> 

j]n ,r1a: ']6 
It I + r7t I^ JtV

"S J-L tt 6 +S +j.lp .)? ,Cl* jlid b b + qtb,n rtV ,-;r i,i-rt
r..art tj:t 

'F 
,(? ) \ ;l rr .i*-) 1lr aJ$.;- g;.rL-j rlu ;T 6JiJr.;- *

lJ;? 6A -l;,y #, ,p .e rl: .ul.e! uA-Ll rf t b # ;t, ,F J Jti
t +rt',t ,,,;tS, 3l J.-;..5.,- a1 L"-n I GhI af ,'-+: 7 P r, .l*5 ,ft c-.8

rl.u; 6f lr rst+!r,'-2r ,c,!"-.i,- u-l lli- l-l .JSs. -* ;)I t \l:.r! : pti 6+-5:i,
;l ;$l uh:,'a,.c*l -J 0l - \) p:it* ,-frlt,sbtrr, + c*; ,oJrir> 6rL-i

,slr. o5'- ,ltL 7-f V l. *.t I JlrL +tr ,rrcr lr * J* ,.\r l', cJ; dSr-l

P t--;. g ,*l l,no, vE";l .FErl l,,.o, b f*;f UJIJA, g,-l .-iJ .brt .rT

.& '# 
t t="-*., ,\" Ji rr ..r,.:Lc*!|, ov6i t- GA dL-w:i.S I

.,:."ilr F+b^, ,ft U-l a 6jV s t-S f-"lf rS

t-1 Jll.' r
,I^ - .7. \Kg.m' ,sa GIJ rS,; ?I(g.mY, YKg.mY &,1 Lb,s*V '#Jl:c*l t\ j? & f;Jt -e a^;"rrb .c*l q = \"o ;i oJ-li-;- 4:

I^n * q'I^ - | t" + (1.. )("1. \) = \ \r. (v. -r)

c*l 0.+ E 7-fL, d t

I^o, * rlt I^ = ?t" + (1..')('r' \) = \01" (V\-t)

(r * *) r,"* (,- * *) n^
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;l 6.t.o; t4gou 
'# 

ol*;,s;[JJi'9 fu;l ork,l \ 6 f*4l,.*ru-*
r .+t_.r ui^6 ,SS;y 6:;l

o$j 6jur.J{uittril ,slhl
hb:,ldlibt- .612n,cJJ.l.ir> e afty ;.,L,:...*6jU! t, c-&-t t ,fJ

,r ,l+T gry-i,;tkle ,{l: )jJer.r ;-,-' ltl u-l '+$,J-t J) .l::*; r--!;tkl ,oricJf

U-l ct4s[L;l-;l ;ttf -bi-e rlr .:lr .up ,-;--ltl b ;-..* L.;r ,61u )a r15e

q't'|{rii U-l v,*.rl^.r.1*r ,ts;T,ut.t c.u-,ri6ryl.tla, p.Sl S c^-l 3T ,\2t

6 u.5t 4.rr vJG ,sll,L, ;'b t a-,-ti,.rt t+T 
'iL, 

,c-11 -1L-: oJ"ij ,.rjlJ&
aS c.*l rT,gL'. t r{o.I.li ,tjulu Cit-l t.rr *lr- ,fe& rlli ,.llo.I.i,giUr

,rS...L,-r iJrh, ,otf ,it* ,b ,>lll;l ,J-{ ,-..* '?l}: JJ^; ;.r'.3 orL 6b
'r.j,; 16+ b (t1-t) x;L 6-,iorL

lt.:-lrt*, r-t ,f:5i s.1l5 r:.-.r-.rr ! g;lgL.st+-y-*ikl flliJ f bx
Jt S c*l ;l [A]rK u-l tsb o:L s;lo.rti .rF 6r^, t+T q L"-n.sto*.1"$ b f.5
,rLb .rr I-! +*: .,ll * ,*.uL 'tf;l ,u[ w,", 6lcl! +.l":i U-.*-f

tSouil

(vr-r)

*r+ L,F-lj,l .5,r-+r ip .rr, .up 'rl#srgb,r+ ,rk;l 6lt s!-^f ,63L-.[; g,l

.sto+s 6 ,*.,c JL tl .\fe tl* -lt a;tt; ,b6r Ft, iu -*-r cn\
6lr;l crLrj-J,LJt .. LP ,St+t -r, .X:L'l )9Jrr.. b ,*.rlli, .oL:.; .S;UI
,r:5r. orlr'.1"1 

'JL;. 
,rb 7:.'.*:l E csr*l ,s$-b.rr.[A] J;b l0Hzl;6Hz 0.

b q,lgL 4.$- rbL U-F-15 rJ.::*.i 6loir-J,- P jl ,;E,sr-*ikl ,J"t.i r
.['\] c*l d, J! Y"Hz

V-l Jbr r
.-,,_J -brk = \ 2,b = \,?D = \,st"rr!t,t, l, t-t r[5*:,-lroJ.iorb;l.lj 

",.=-,B ,ay-rb.$rc/ g A ndlsJ).d"..:-, gr_l u:;,tU! .\J,$ ,,s,_fuL,d;lr,r.
a:;b ,r;\y.. Lji- p.t +5 l+, ,st* itS, #5 UB cb b k, s ko a;u,'l- t
.-!n o,-l ,fJ.br) .r-).r ri*.riy.l

\
an 3 

Tcores
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f0t \tW4Jrir,rjur

OS^, ix U-itt il A* tlt 6;,;.-,9 ,.r5l; .t-r"; t ,,r;; .gjU! (J;la4J\;' ,i.:L

.r:l,

Cevk;l *lr0say-rb

(vr-r)

a.rcb;l o:t.i:-l tr.rt,rB .ub p* Jtf+,f' ,r;1 65t)t.J:b-r, P 6,st*^
L.la + o-.r t1 Cert ;l en = frad/s b + ju oJ.uL,(VY-t) i:L

aa..li ,r t ,kp = ul ,(Y?- 1) : ( \ A-t)

kp: \7t"

ko : ht"
(vr-t)

T

+rri JrL-r ,JJIJ.

6 t\ *.r::5.,, :t^,-l .l-.t.:; )u)J u-12 A Jt"-i .rr d 6lo;L .rr-*ikl 6t-.. ;La
jl J-; tst+-:brl :l ,g-* "Al; 

bl-;L/,:5.3 ,r,-LLi 6lo;L cry--L,jtL.;l e- 6-
,-j*;tl;t 2h -;? "+t 

t lr 6 rr slF & Grrr:l5i/-l dJl .42T J^'a ;l
t'1f ft- J12,.a* b 7+ ,J-; .st+-,brl IL i=.- cU. .ttsT c-)4, al*. b

): $lF ,.,; ,(Y.-t) &| r. o-.r ! *.uL ,e=q; e+.g--Je.b.1r orL

o= \

0-i+r

un

,-i6rl ftfu -2r o-u t+tt+ JrL." p.,,t

(vo-r)

trr 5 y.\.j,lL;l .;s 'fu ?--,e k ;I g 
^S

-t.L*rl

-6t*

A- 1 Jb.r r
Jl .tbe ! \ Kg.mr ;;lll t .t!r, Gh!,f ".N.m/rad Gi-,\ f- i.ts4 ctr
-1$.' oJ,Li 6j[*l! 4td; Cr-l .ul-r ,tF ,it& e.sjUl t5 t-rtu 

"rS"-, 
;l

!r31 .ul3'-

g--rl: (V0-t);l ':ti:-l I

- Yorad/s : Yo l$r)Hz ? YllH.z (Vt-t)F'./\
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J.rr;l .rli' .l ,b12nr [^rr.;r ]rLi.r.L Ci.;1.-!,4:l 11'11U. u!,[\"]g-.yr,
rlfr.r b6;* stl.r,,rt+^,1 ; 

"i:)"-, 
F\; \lv 'c-*l o'$ rlc'-i:i f-ft 6Uf*

.x:Ue elt t {r.:1 .rL*: ,:r!r ,sl1^:V :t-r -)? d;J l F i :S-* trt+h. 1,r-l r

.src/ it5 un.S,-rt.S,,- ,sl,^b [\'] ,s;yl .,ttd il J-; eb; '\f-t J*'
st#l-,, " llYm 6;lllr 6l^Li €-i \;tlielt * ln a 6-* ;,*c/ or.eli.r aSJU"

.r, l,r ' 1YYI f* 6sJ il;u. ,I 6ri3 d ,s4+,(*;i i,:^^ { .t} U-6-4 ;
.rl: -2f Jp 6$l

1-1 JEr r
e) *t l, .c*l Y?oo N/r" crt+l ./t? 'fu 

.5fl:,f7\"fv Kg lr a,h|
Jr:J,gtoor+ .t, ,kb.rr-{ik I ;l J''V J'-L:; lL 'c* I 'J- >1"6 d'f e

.{,LtT c*rd, b ,,", rle .rJ.up rl^',-l c^,-r9.1^'.

,\f-t,[.-:-2r S,,6+,-]a:lor[-"."1 t .c*l "t:3 t! J*yr f7\"fV Kg lrr
c*l ;.,r:1J,--U;.ul-: cr, .o-I,g caral ('lYfXf/ffv) ! \l' KS t,1 -r.lt:? ,,-,t

l 
Q'"' = = ?"rad/s = ?" l(r)Hz a \17H2 (VV-t)

.1 ,a-l ori o:l: (VA-t) '^L.bl +T:1,+",*rll .st"l! c1 ,*\4Jl
s> | 6lo;L ,slnlu;r,-i,jtLjl ,J-;-S ajo ,gV cA.6t tSq r* J-u r, +! ,-u!

+ 0.23m

ffi+ffi

77. " f \,'
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ft\ p c,!r,,4 i.r.5l;5;t.;L

S.,rS+ J-J r5q;.ye,c^.ilr xali 6/-y! L.yr,-JL it-ltt,etst+J! .f-AP
:;.1 .i- Ll ,.u2; .,5^1 ,,g't.- qs$!, ,, iJ ,J-# c$y y-l .ryo.r.a-, ,t+T r's!

.[\ Y,\ \] .u,:,r, JJ.J !, Jt.i ;U.;;
t{i J-4i, .5'- Jtj

l.rJ -b t5 b t) ,rS - ;-,|-icl,a.o)tl t*+

Ce -bi-*,lo v-ir,*,t5rllil .\

t J?.;J ,:L-; 6Jr :l.trJ L 6loJJi.,'- P ,J";F -rt ! .Y

.dg csiuJ" /*"* * rlt I^

,0J1es ,-!:u:; .uL*: .r-l=:t,;l t+- u d'l -hi-*r-i,jtLJl .-rlr;L ,slnlil .f
.#p"li ork 'l ir clto,4- .w 6lJ.

l=.- 615#5! l*t,#tS" cs:L.tl tcJ rl'^.L.5-- rly.r ,Vt u-l ++-i\
t; J-{ ,2) rl-zh,2a [ tJ;lori,

\ tlt: -:ti

e.= I^o,*q'I^
g:b*q'b^

(vA-1)

)

(vr-1)r'=0a+k,e*kpe

c.*l ;4,J,--L e ,slt +rll" ,rS.,L"-r iJrL"

i + k,i, I koe = rdist (A'-1)

k, - uf,: iri,,
k,:YJ6=e,es (A \-1)

,pg!_r4;*5#5jl.-.;t \o-1
t't-.r*+1, d?. Lt1, r1':-;ti:,, t5 $t t5, J-J fr.-;L;L ,,-h, tt-l t5
,e J'-l ,Alj'\.^t-.' iti;L ;-*,g oJ,: \ f-1 Jifu' rt &4 .# f*lF tfJJ
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/L siriK, ,rlrnt{ ,F J.{ Y?l

.d?" Ls:, olu J.;5F ,s-t-*6;L:;L \f -1Jfu

((.,J.-l)) u5'l;.5 t_*S u5; S DECLSI- \ \ ;r-.5.5-- :c*l;a" & J) J"tj
,Llo{lry, J-J u-l jl .5._ ;.r.-rar,r, .rL./ \t0" fJtl ;-i;-;l:rr, tt F I -e :rl: I
* .tS,g JF (r"-+r ,f--i cr-l t> +T + d:i) PID #5 ;yb .S,- t' t !t^-L .S,-

i.riiJt^-i.S- ol taJUtJt..,l-l ..*l ;a',.6laL,otJ\ rstjJIKS.S-- r,: 6?" l.t!,ulo;n

,: .r5 14,l ul;" itS" llycf ,h"?Jl^.i i.l;lF ! o{l:a; r .r;lJ-, J:il,sty
JJli s:-291 c*:r, L ,[^oL t>-sr ,f* 1t 5 *)-l oJ*i.j o:Li-l 611:: ;l 67 o LJt',

1.I:-',<;tj Jtrl:Pt +.t--J.,g o:-;,3=^iJ ,Jly cjr 6t^4-J- 1t J,-)..st+e
,r5.,, [-- S;Ui t (Jt-+-r) d, J+.,.i- 7l.,,xilry.i--r,DC ,srzE-S.1;3. ^
,L--rr .ry' orL-j ,[rt ,ib ,s6tb" t bUS at-* ty .st+t-rt ,c^Jrjy-], b

t12e ;^-ulr[rt t;;-,sD #ri r )t;L]e nb: ti 4Jtjl (J;+rl! tt v-y-f ;l oxlr
o:lr.,f-i; d?" 1". 1t [oL J/ 1a ,-J-*.Jtr,\O-t ;$Jr: .:-*cl tF,P.

.(al olr

t -\_+ ,r..h, ili; L ,;tl" iU .i- ,{tj,rl- YA ,,a _2: LSI- \ \ ;r^"6
.25srlaJtjuL-. "/AVA ,sl-r nLlT [ao{l:r,, t-, 

"r-1 

.:;-Soe t+t"-t 6t-oo;u;l:21-,

PID #5 ryb : jy 6lL- s ,d b .b 'ry;S" n$ Ui; t+l ,d,J,n ,-;-l;r .r5,r,
.rrar.r.r iU A-;SJ I ,s6ri-r , \ :.al:-Sil tsl-rr jb w,J51-5. +-L-, t

-2: .JA:.rr ltdl Jr:J fr- ,f ,sD. !, n)! Ct-,, ;trl^r 45 LSI-\ \ ;r-.5
tl ,r,,F- I ([":n, -t,:, tsy--1*,lt;!;) VAL Ll;J.-sto-rr-, tyS y-l ,lel L.-7:

1. Rockwell 6503

:l ,srQ,,Jt+1,J, /L JL )t .\)L/ rkt .r-i ;ttsl ,A.A irL .Jl^.rry$ ,l.l ,s:)# 'l
tSu. orL,ij-l (68020'!air ut) 

",=l 
l"Y gt-o."r;-;lrtl-,
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YfY gV

;!r- r-UrLl

.Ot" L ,,.1 rl.e1; ,p J/;-* ,-f-*tltr \0-1J5,J

Ltr;,[ -L, 4L LSI- \ \ ;-.5 ri r*,J ,*f ;ti .5;T il ,r. )Ss. l;4.l ,s-&-t

b -* d*U* LW s ,rS ab L -b ttyr:s rJA) ftdl I ;tyb ,-#t^i- c,,IrL' a,,

.r:5cr.- t+t-t ,st".-r:4Fg;lr yt.5.,- +tt,-J., YAI
.t; W; ;p.S*,-'r Jl.+,, .t .rt. .J,-L: + bl-id t LSI- \ \ ;r.-K
,,-;j-fT 'ara .tgtv. .P i ,i;yl ::r" .S,- r .;.t ..6,.rJ[ 6tgK;r y oltc

c,!:r ;)ljd,,;T (J;toJ, ;:lr;[i \: t-J,g rl] oS orli-",,| c-:-2r aic*l .j,l^J:'t

o,-l .SJa oi,r5o:li--."|,02" L-9., ,:..--rr,ili.:-29T.2: ,.*f a i;E; c$yrrb
8f ,,Jr6, J-i"- oK:-, .2r [- ,rf.oi, al-i^. o[-(;-, r, ! ;!r.r llj,r, a*t
;;ll: tj +L*b rs-,* jl-id,r-)j-fI ir'1 6trJ: arl:;t-?.i t,,.:JL y-lyr..Lar

.rb..,,/ ;LL' JF,st". xjsz1-1 + b ;tl

t3l

14l
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JS..l; rz x \ c.tlsty(O, O) ,,'l t ,rSJtS. 6tj\ nx n ,V) ,-,--rU /v/(O) ;T.2.r .5

+ L-tt 19t.ra,*-;l JS;. ,rr, X \ ctlst G(O) s ,'lp-f : f-,.:l i-J 6bd*-;l
,r;tr sLdt-i i5ilS- ,O { {*l oJ.a,-,, .,-U ,G(O) I M(O) rab, t .e*l 6$

.c*l O r O yl o.t^a^,, e.E E V(O.O) ,--.r.rr .r-2lr ,*-
u_l + i: lu QL- f fe ,>lll J,_t t_ r) Jt5.t -l ;l ).t f*lj,g ,,2_l 2 olb
,c*l ;LL 6l+;,e.-r h&;l .*b L dSISL-l J.u a*.,_l ,-hj \ .rS nl-bl ^Llu
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,t s{ittn ..rbtt, &* J.{ YV?

,* ,I-L- * Jt l; pJile !, f(O, O) il-" ( \ \- \') .Lr!r .:

r = M(@)6 + Y(o, o) + c(o) + r(O, o) ( \ r-\. )

J.{ th . reiir;. ,1.t-S j* 'F u-l f 3 g;lo$''yi; t-uJ JF ,}y U$ \
g--rlr,cJL tt-lf .d,b L (tr-\') i*,rfoir?*, P

r=ar'*0 (\r-\.)

de.rEi;l JL .c*l ;l-L 6612[:-:3;l n x \ s;-21:; r ;1T 9 ,S

a - M(@)

p - v(o, o) + G(o) + r(o, o) (\r-\.)

t-je -b t ,h 2i b ir urb r

r'-da*K,E+xrn (\0-\")

;1T g 
^S

(\P-\.)

.c*l o.li orlr aLii 0- \ " Jfu -2: ,rl.oL $ ;-.,--
{.,.:-2|J. e.5:ls;t,;;LT+;tlte,(\0-\.) U (\Y-\.) !lr;l ortL-l L

v'(o,o) + G(0) + F(e,0t

E=Oa-O

+t ,;itS, ,sa\ slt J.u q ub J.5 fu- 0- \'J(J
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fVY {rlt €rtli').

t.f C o1t"t 1,-; 6lL; iJrl*. L

E+r,E*KrE--" (\v-\.)

Era*+.slrs-JJ K, s K" 614...-tU b:,c*l .Ji:..- t;.ylrylJrb. U-l 3 +5o.r
u)j g;3,u6t.u .,t+,P t 6b! (tV-\') rl",', bliLt

E; *k,i e{kp;e=o (\A-\")

.c.iL- c...,r,c-l .li orlr;Ll; (\Y-\') il":l t, dJtt+l rrSLc + bl-;,?,,[^c-1r
:;l .slc,rLc l+l irr_.--{..;l b er a5,1lr ctQ, rl)r ,.rrl gr-l

aSlbal '&,-x; GU: J/ ijti,.lth, i ,ft t-*6:$.c '&gl c-+t .\
.c*l .:ie; (\O-\') : (tF-\' ) kly f

.(\f-\') il",:!, 'a*'1-. rsbll,r5rlS. g;t! JJ,-2, ;jI c-ir ri,-.3;rc .Y

-tf gV (frJ (csrrb b -f c*r) b Wyrr u-l 'o'u'-T ,'i"1rr

,rb €rth-), A- \ o

&rJi{ u[-r .1r rS,.:!r-* lr ,-?t r> crl:5 $b t ;ht J] ,sU,J*; ,sLt,:^: -r,
.rld)L

J*'"+*'6 u! 1;1 At";

Fl.rJ ,-ht 'p 
t*+,,l-i ,q1.ii; J-S ;tlti c;lrltt\ts 'r: ltdl cVut i^5;r

irti crt-l-, ll+l t-sh ;:1 ;L; ,:,,++^r s ,Sr-r. ,k *-r, Gl: tt P JS S

Gr.r.ri;l b +*'L".. rl.u rr blis. ,3tl ,C6 lito 61gt6 Cr:-:lr t .c-l -b iF
Of^. ,jV st-f J.H6rL; ii-l Ll ,.r;! J;*' (iL; irr ;*l p:t,et a5rlr pt+l

iJrb. JS.tt, Jr5ftfu;.r .r;L Of-, .i' ggsl.-:il -blJ :lb rltt g2l sr'16 c-l
.,!* ;!*6 u-l .t-S +L-, J;5 alt; r) {lr .!, (ttF-\') iJrb,) rrt .,S-..t!-r
,rj! q ,te-rrl=* .,,t*L, ,s[*l rii c.l,-: ? P I 6q*6 tg.1r e JloJ^a-,,

,-P-lyl Jtr.,',.st"y.*6 4 s.r-j*t ;tS.l a-,1 .c*l or.i sl+';* t+l lt+;l .s! ,1!

.r.ap.1f o:ti- .l tt.f .e. J*;) rJr...a ibli;U^. du S J.iS irt'lt.+[-
,J.r. { d*ib ,F* J.S ,ilt:r1;L(.;l 6-,+ JL, cr-.rq ,[O-t] GVI .$J
..-;*l ,* iL;l 3; ,;-b c5[^oJ.5 J-Jrt1il-] ;s;l;l 6lo1L,rtt6 s,c-,| oJ.i ,-)tl:S

;l otrr J-6 rsq;'", . i-lfyr q-* r-; JLr, ** oi31 J'.-i p oS6$*

U-l .t:Sg rlS ,;.-'. ..Sititit) tK:ai ! l+--*:" t-) s,l-;',l orlr- 'l oi, 6la1l'x
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JAt, strits, dtrnq ,*r* J.{ fVA

.J;b;' ui|-; 1;,-'';[; -Lli;.1r (br-l...- .3-t 
'fU=|3) ;ti c;tra-t..- af c*Lr, ;1.r,

.t.."J.g rrh"rl ;lsl6 I 5 ,4-l^.;l.u!r6;Lj ,o.li-i ,J;li rbL u.Ll t .ifirt

.(:.T t* .tt ,te.-3.tt+ r; ,lr;l.l!16 rrl+tl otLj e Lrut-- il;li .93;ri,.,2--rr

r c,L-t-. pt.+l;l ,sE GU: ;l; oljl Lfrr clt .Zf C;,t+l 4b, 611ryi2;

jl s,x-;.c/.I,-+ 
"rUU; 

c;laalrL a, ,l*;!rt-r G;lndJ:U" ,c. ,.,b GU: J/r, .l*J
.c^r...-)r bljd,t-Fti ,)^: rgtl{1, + Lt-,. cWt, t At, cU 6rQ,st"rl;l
,;lJazi \ Jl,c-l .-t:fyl i:e.r-,;l 6-2t-,+: ,.j,41.i GU: J.;3'^--bst\tr d^:r,

gl+ ! {..,.irgb,,[ 6$..1- t.tU, :l qQ,4L,'r:5'rrKt+t r, J.;S'+*i; aS

.(+;=r l, [\.Jg-..,.)

iJrt'. ,r"t .-SlS,..sri! uS.,li-) iJ:t', cU. y-l^;;li V + -Sl .rt tS^, ,rL;.;
.5"-,r!r 4,:,i.3b,r,L; JrL irJl+,.r5tJt.1r Ll 1*-*.tJlo*3l, 6)- JE*;!i,-)
yl*;t-rJ c*rt ,1, t+ .fb ,sl!:A.rr aic*l iT c^tt -c^-+ tS^' o2l2*'e
6.&tklll o:Li'-,| ,,r.oLi ;L; '^1,-l; t ,tsl17) ,4:l L-F i:-ilr \ dr iJrL
d ry ,up j5'-. Gt:--2r ai-s,,[.i c;L; gkJ.l. ,FL .c-*l (? ,F a&'.) tsrJt
l.l .f-rt -b.r, ! c*tr*-,* [ ,Frtorla:-l Ji#!i,-r u;b.JrL b ,sU cr c4l9. il
$ v "up; LP^^, ,13;T ,y-F it: v-* :l rf U,+ ,.,b Gl: Jt- ijLl- ,slt Jl
.c L- rr rap -*,L,:,GL:--* t, c-:n,J.u r,LlJ o.l..3 d;L J.r.;l ,Jr, ir-l

ael;; cl2.i!r,,'.e ,c-l ,l-.J.t c,!:r J-;S'u-r,t Gl: J"L; ^S 
c^is bl-iL/.2.rig"-a

.rsl ,ss.t 6:l+i t +l.i ,ir=,u ti,l>2C; .fuT *;l6.rt:-rr
,: e ,rlr ,,1+l rt_; j.-a cc- l. al-i,g b tQL- 6 Cr; 'ht 

,r-# cJL.2r
.c,*l -* ,tuy, Gl: v'-* e-p q*

t.*,,F* J.;rS
,J-{..ryb .1: 'b*,ri,L',-r 

J.u :2.,15 ,slt dy 'l? ,.,1*, J.# il ortr'.""|

[\\]jr g;kft"T I ].;u o+a:i, c,t-t ., c^-.:i pj),ri:r ,:-l:o.c*l ori rlf'.i?
,ryl:.1f ujr-'iitL.,[-br I J-J ryli Jr. t c*1b c*i,0-\o ,[5'-:-2r.sr ft+l
-S;loI ;l.r::Su, y,-s ,\ "'1fr u-l itr;l t+Jt 1- 4- c^sl;l aS;r r^ t: ib.r, d
.rr +t^, &"1 y-l L +! r;tr ,r(rtr-) Jr. ,K;rL;5.rE;;l l o "Hz | 61lsr2ii2-

J.{t+i-l.rr.c*l oJ*i orlr ;)E ?-\" Jifu,-1) r} ,6a.;;l;u. S rs-&-t J};.'.*
.rl-lr csjr iiL .S_ :l lljg,.*yrt-{ .:;lr_rf 3- iil- (6tt-lrr ,J.u { d-:b

J.r. * d-,tb gJtrtl:JJ),:i-j.,J =t' loorf -2: [all: t*- il-r, d,rJork*l e-
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fYl .rLr et!.)r

b;
0d

04

.jr "AiL;l rpl-l J.L q 4:*rb c*i \ J-S G:t t- \ " JSJ

.xsJe nl^bl aT a ric...al ,Ft q

' .r"l .up cs)ar o* lL; iJ:L , td...,- gr-l gt-aalrL i;-it t .Jj

E + u-\(o;lr, E + u-'(o;y'roE - " (\1-\.)

"$tt-l4 
,shL, , ,S,l 1g,t a:*t tlu t? 6*,u\ ts+J=:, r=J t? aS c-l Fa

,sjVT'r& ily,.;tlte | (tt-\') iJrt.. U..1-1,r" g,5r- ^' L}ia"aai.a 1t
q* l..-^,U,stoor+ ;l 6l^-c2-a,' c;-,-ttJrS^ ilpsi 6J;5 JFS &- rfp,slt
da .s-* 0*-a; u*L l-; 6l; r, t+l 

"Al;,t+l'i 
<cJ-2.-r t'tu. aS rJ l+,

+;,sht t rF Srsr*a,,c^.1 o!:,, cs+f=:,r-rd t: .=r:,. 6tao;4,,# .*t^',6t
.x;L c^,b pl*l

.1)3,d*l .b t y* 6b -Lii .,(/t!-r JJ",P-\' JS- r-..- tt S +5-.-r
, u Lt CJt-, ,$+.! -r-rb il-rLf 'r-?L pL" &,:l -b t,r * oS,r"t(u '4
f 
tfu -2) ,o-l..i a*l'- # rl ,26 2-rlL ,* .t-S +L-, ,4) 3GI cSy aS;l;l ,li

\ -e,sto,r+ ,4r 0:,,^ L...l,i .l:alF orJlF t-*6 itiL :l ,st-*6 +"12 6lt7l

f 
tK:" f Gy u-l ,s-SrS+.rJ'F, t,*S iLiL .1s 5 a*A #-;l ;,tlte Z b al:

.c*1q ;tT ,sjr &"1 a-2,-ii1s3,:.2b 6hE,i!t^" L-y,a"Lr2 rsll
uist &Ai ! ori L.')12,. )tl# 'fa

! ,r:.J Lu;-. t ;U; iLi JF p Jt=l r:r5 .f- .-$ ,lrr ,V- \' Jifu
,c*l o$ i:..ai r-9,- tsl.f*, 66 rr fu
,M(@a) = M(@) ,V(Oo,Oa) = 

y(O,O) ir::5orL ,sVt;l ,t.oalrt,, a:-,131 r-*ra, .s!, .\
.f-l,rt o>Li:-l .F'(Oo, Oa) = F(O, O) : ,G(Or) = G(O)
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/U .,fniKr uslrr.;! ,F.* J.{ l'A"

B(0) + C(0)

.u5';t(- crtli Jr" a. t -.le Jr:S * uASq V- \. JS.J

! glr y-l jtL ;;lj,-l t_,?..s|;tS, ett lii ,,lt ,;it(" ,saL ,s6-,.-\l 6ce$u

"Lrrl Jr+rtt+l q4:-..2 t, t-,[A] *-;l;;2"*,6 4 4,-:t !,u\c-l: c-s.l-!r'^U:+

.rS.,L,_r ,st"r-lt, ,-s! l-+ rrb ,,jt-t^. J,*, g,_lrr .rJ ir=i ,[\ Y] '.u a*l--
,sl+: c,t-t-.. ,)U, .# ,*1.u,+-*,:rll ,sjr.ful ;l;^:...aT ;l;"lJ \ al;rS b

Y A. Hz .1"T t ,u l;.r 4 ,, : .2lrr cjr 6J;,r ,Jy' 
l.a;J 

? " Hz ,.3;,tI t, c*l #*,
.it J-t

d-,:- rs6*b\.loil c^;|,:..i,'.ts

c;ti 1rc ,c-L ob r J o* a*l^u Dl: < Jt p-r$l ,s.Sr6+ tr 6 cfr: #,i
r.;L ,r:-..,.- .(=,1,-: ;l G*, ,st"nilj, \-f tr o;,.-.r7 ,-tl y-l .c*l ,rirt--: J.u ,ii,
tl-';t tQ ;StSL-l J.u ,LiL ,,,-Lti d- ilr rr .c-l .!rL ,,rSt(t -l oljl

-r-i.[r!.$ ,Hrot ,-$tS, ,su\-Sl.[rr] ;T,st"r,!t.-21.lL iill, *.L1^- ,c-l
a:l: c-,-. i ,6;T ,r,5r.=; ;ti:,, r.t ,Al"l t .5,r:*i ,i:. ,.l*i1., c-:lr rji .S..-.L,-r-,r

.rr $l:i rltsr ,t+U; '+-S ,s\ J,r" cstoj-.!rt, t ..*l-, y-:b
6.rfu .rlo.": tiJ .b ,' afEJ.st"rlile ;tJi irJ -\:l ,sL t+!-u;;:*
.$rcl 

^; , tq .,S/t!-: 6taal:L, eli.l ;l i:: : d,r-2lr c*r tt b qlil o!:,r
qb c^^-.it, L l+l ll-i,ge,c-lr-{&lr!il u:il t lr O*; ,Lr:'tb 6Lrry-25yr

,r-tl Alid,r-2|:-2[ ;!:r cs)J) ,,stltl d.rfu .-i.S.b f ,J-is ryli J. +

! ++ -r-:ti, e ,rlr ^; 
lr rot ,-JttS. 6t\ L.lr U-fT 6 ft s ,,f fpc#

f 
t-"1 tt-t ,rlr,tary.,6;l c.tQ.-2: Ll .t-S +L= ,ltl s -rT t! #; nLl t
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fA \ ,Lr vtA.Xr

,6,jr ,ri,b-: Jr. .S,- g..; J5 L*y g'-l 2 ,r>..'4 1rL. ,c,Ly 4 uq o.tJ &ilry
.JS,r. JlS.:l rtall

,tLs; uLj .r, t ,J.5 l-r, ;La-r ai c*l ai ,irS^. Jb+l ,* cJL ;1-jot!
y';;l-;;il 66121:2K il qlt.,aA-\. ,[5*iyr .f-.&-b I rfrr| r-j;t c.rd Ul

,p t; rs$:L:;rl u-l *-S.byr [,r:--- (J;U; iJrL .s-,-j:,c rrb c,!-u cl+I'-j-
n-\rl c.-54. L;)a

E + K,E + I{oE - M- '(o) r, (Y.-\.)

F* (Y. - \. ) il:L. c-"> cg .c*t+t-; g ,/|,:;.il 6Lb.r.rb-:t js2 ra;T.1r .5

gslaL-;' iJf.2r ,soV W ? tr ut2,i.l tr.,3 r,-.r ilrd c*l i):l Ll ,c*l
.c^-d .s-b,f,-JL, M(O),,r|S.JL t5 6 c*l ;Tc^J.c.'l5i.,, rt^.'-l lL; t;-&-t

.5tL; il-id u$L^;'j:..r1, pt+l ,rL JrL; t4 alie,(Y"-\') ilrb. !17
tj +L*, * lJ,c^,[i ;L;;;l tl t o.r.i rt-.,-l ,Jt-1, *lL 6ir

E - I{o\ M- t(O) ro (Y\-\.)

ttl-j,t ,J-"; "i. 2rl)-t e JrL;,r^il^J ,j.5,'l t ,rSitt (J;t! (Js.:.Qr J.u d'?.;Ut

u-,J n-;L J.r. ,U (g) ,e-tL ,dr; 
'-e,-tJ | 2-; ,,1lKt[.; ,.:JL u-l 6b .t-.;.cl

lt ,;l|^ f;;tS, .2r JlSt .o I : ,G$ tLs2x \ -bV-- (J;t0Jl. rg.larr.e .c*l .M(O) .:rt

,[,6 c,tc)tl c,*lr d6 LP"d F(O, O) r ,G(O) ,V(O, O) 6brL; tr s.ry+

B (e) + C(e)

.11.r .r;,--1 ,e.tL .-it$l ;l rr .5,J.r. { .:*:b sr:f #5 A- \ . JS.t
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/L s$tg,rlrrq ,F* J.{ fAY

c.-l t-; It1u., I ,J.u il

u(s) - M(o)
y(o, o) = y(o, o)

c(o) - G(o)

f(O, O) = .F(O, O)

(YY-\")

.!lirr+/t .r$tS. ,s:;t ,J..1,-: 6t-aab! +Jt,u-b\

r - M(o)6 + v(o, o) + G(o) + r(o, o) (Yr- \. )

)Ss. ^*l'u b il *V t JF i;b

r=art*0

" - M(o)
g - v(s, o) + G(o) + r(o, o)

(Yr-\.)

rJie.i LF.d t"+r t r.,!rt, d ,jJt .1r ,Lealrl.. ;t$rrL; 9 6i*r!t--- ,adi J)

p--rlr ,,.:--- u-l ,sb r;- rls. iJrL. Fj L .ri .up; ,,4| ,bS tt+

E + K,E * KrE - M-' [(r - ul6 + (v - :r)+ (G - cl+ (r - r)]
(Yo-\.)

-Sl S +5-.r ..rJlo$ orlr ;1..i; ,ri,L,-r elr strr,;:, ,JtL.:,-b-r t*:,,^,;l-1.r .5

( Y o- \' ) i!'1t,>*l i!'LK iTot"t/,!rL ( Y r- \' ),sl"ol+!,, S rstt t,r9:,.;air J.r.

,sl^rr!rL,6 j)t=lrJL,i fb ,?rr* t"r..-1,1, 6 ,gfu .J^ls. .iL t^U; ),F
.r,-.1 (Y0- \') ;4a-, 'b="; elrL ell t b i-.,stotb ,o.r.l 6yLJ s. 6lrV,lrL,r .*b

.([f \] rtsrl+t[ fu c-l irS., uV,>j2. tf:-:ol $sT,t
.€e c^+ Y-\. ,:4 .,s "$;*; 

t*r-rl.r. p.p ts:ll_[, JJ^,- Erlrr

tsjst'l Lp gt+!r,, JirS gil*i,.,:,,,r P- \ o

ptzf t-T {) -\,-q ,br-lL, trlr.r ,;.ir c,tc)ttl + c$-t obr J .,DlS.l.. r1-.5 ,pra,
c;lrr .i L_ c-l iiitc ,c,!-lr J.;S ,sb J.t + a:*:b J;S ;tlti i+?#, &t-L,
JS,bl t JSIS- ,sttr J.r c,l.-l^, 1FJ ,sb jV ,-r ,st-*6 3l; 6$;'*_y
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lAl u.il.,.l ,;;t:,.a c$b.u l;Jgllt; :.

3:!rt ti;r c,tc)ttl tf.r le #t* S v.t(Jt,,i.:+,$tr J:-.)r c-l irS^.,.-,tL'f*-l ,c,!-u ittJ::S+ll .Jrcr .F G:t u_l:l o:[-,"1 r;L_V ,f2-..?. tsL;llt
..ru:f cs.,b+;,,J:5 J-Jftq.J.6J,u ir: 16+:l );lEtJ e,6rl-:iI .,!Jr+
,/al 

" 
,# cJL f 6 6lorL ,lz J-J dlt 1., I ,o t ,rSJlS. r;trrilr ,r*r, t+T

.JSv. $:f,-srlr t- \ " ,:i_2: oJ^iJr 6taiJ- ! qL, dt-3L : ttSe J^, U;
.c*l oli o:lr.lb Jt::rSLc \ jr fu.l. u-* G\a,1-\or[5..:.l:

,)-i/ t ,slJ PID JfS
,.i:ai * U ts./ljfrli nll r, "S srb ,).{ Ga ,tsj:rl u:r,- tst+lrl -il cte

s-*ct

a: r (yt-\.)

c;L t,s;:lr* c.rl c5; 'ri--''+ f O::-, ,Fl, \ c*l ,rp\u,;! e,rl oLs 1- \ " J(.i
-t.L#t !J!

1. Adept Technology Inc.
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,L stJt(. .rtrr;g ,F* J.$ fAf

;l c*l cr.rtr , jr c*i .c*l n x n;Lr ,r-tl1 ,;l;r .5

c^-:i u.ri-s1s 6, ,tCL ctQ,.2:..11,:,li 6-b g;h*g/t K;5,Kp,Ko ;;19 'S
c*i jl ,c,t:r., urtloJ:;S J;S:l ctQ ai.:*li.;l+ Cr-l .t-j.rl olr-2|l -p tUs
,ja,PID J/ ,jy u-l -t5e I';iJ,- \rS ;r JlS.reti vr J'u t q!
,slnl 6b -.JCI .tf ,C J-{ ctJl.r- * Jt:e7,W:^ .rTrr lr,-; ,.;*l orL

aT erlrr \'-t ui.-21; 6 ,t-J.,-/ o:lr -2[ o-!i>r;a-1.S,- J^.t ] ts,(YV-f ') iL.L

ur;LJi:.-- 6U 6y;J1:l .c--; orL ,::.,.i,r. J.5 Q;rr-t.S 6u! $f.e J:4
..-,.,,ll:f,,up ;t -5.-t ,s14.-;.6)- r. J-L t cSr ;-*,j pt+l ,r,lsl balrh.

.s1.J.,g .,:; ,tti ,-J;]t\ JF ;tllr L-;.5,x1s, ,hl ! ,rt"tL; ,t4.::5,...-ry y-l

cle ut'n{ t+JL L5.2r t ut}.il a1 c*; fr g*[ d;li u;lr,J+ ,rh;l
i.-[;-rr It Glfr Glj-- S 

'b* 
ulao.,+ ,.,p: ,r-.oa, ..:*l U<-,*,lrrtt Gln

e,:,,! ts.l- ,-st+-+$, f .t.it/.rE:;l ,J,}.r, r[..,-l .-Ls qlS 6l;i cJy
#*, dll;r2l,d,!:.r uSJlS, C* oVn t ,--.t .c*ilr,ulr; .)f .ti t- ,gbil
loor+ t! ,q;ta-:* ;,=:a1s.rya rr:.;-:'-V.t o\a JF A4FJ.r9,.LiL.S-,r5c*l

.Ji s::; l."t u-*[t'rr ,y-*b..3L+l .s$l 'tl o,-l b -t.S.b.r, )! ;tS,l .u b !,

;tf iJl:f d* J.u

a.-2-btc,:=d-r) ,t-tol!i :ta,-lC^c! ,crt:r.r g;tralrL; t G$ + L"-rg;tral,.- .5tal;l

r) c,t:-r.r J;S ;rlti I | ,G(0) ,G$ J.r, .i- oll itfxs+l; ,a7-t ,s;'.lr. .,5.iL-,1
ry,-aat ,J"S J-# jti c'$n ur-l.r) .(0 = G(O) L 6rljt t-.; rr .-;-) t-Jg b

*-l.f .tr t-j

(YA- \ . ) ila! irt ..r..ti Jr, q qb lx5#5;l JL, y-;' t; ,J-{;r;ti ir:+ r,-t :
,orl5JFit^=Lr, ,.rli x-L,c"i.r?15{ J-.L ^, J.-L tt:-7V-e lljrf -3-tlt
;L-L qit^oJ.il:J, ut+t ,sf-," 6lox;l:2;l\,tf t|t LVtl ;bL u;l^or:.S J/ U

.:J rrl;'"""1 ,ri,

r' = 6a+ K,E * KrE * K; I na, (YV-\.)

,' - 6a+ ri,E + xon + I(i I nar+ c(o) (YA-\.)
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lA0 jysg g.jr*. &bs

,r*fLJb*. J;,SgjLorL
1lr r.9,-.9 uovrot .-J*tt- (J;tttJr ,rt,L,-r U;bdJrU" ;rJorL ,sb rj;E; Ut{at

tly.rlei c-', orl5 JLt, JL.- J-{ ailr.i- +t ,btS 'rL;l .-r-,.|\F,r ]

t# d*- t&e2-,15ba1.- jl ,-;E yl;.S 6lrril?:l itf -b \r,srlLrrL clt J*
o:l;- .l ;LSL-l(l'tcJ!;l Jil ,r5#syr.c-l G$t u:ij 6t^dl^- (,jur,
o>L 6t* l, ,F ,-,-;jU ,?6 .-l ,l;s Jt5.t-l f ,siLJ! lti,t.*e
jl ,sU c,lil .5;T ir*,rii! ! t"r:* ir. ;t-l"t+&*b il r;U {,lil t# 6 8.t
ft ,r-jL,;l c;loJ,.i orL i,;; ,[\f] e-.r,r, ,)i .t-Jt.t> b Gr J,k" ,st+5+b

e-tl a:.291 c-sa ,s|,';l oL*L, il'/.\' t€.:.; ;1T.1: ^S 
c*l or-i ,S* 6?. L-t:,

.c.*l'/.\ r3.r- r, r 1! ;T c;r l"l ,4)u" ,h;.l 7n ,bS

.iitU csj4U,JJ'j V-\o
,'i,b-: !-t :fi^c : s-rl{L,,w,sb. ;U^; t}+ b'b #5 u;t+;.,= - t rl--i .lr

^S,rrL--; (* .5t te!,t'i u-l .ftJ v-tt,c-,rll J! tst^+, : 6-V pJ
,Jlori uU; t,U;-..,,Jb.1_l J.u t d*ib 2 rrL;p (.l'lox:' J-J'^bta, ,1T c't^ojrt'.

t** ei! ,c,JL r7-l .rr oll c*ra, &6 f:--- aJ c*l il c^tt .J;r.ttr + ,;
* *+, t+T L-,.ro.r; l4llr csiLrrL;5 6;LJ3:-.-,r5#:t Jtt l.,>-l 

"rL;tsbi ,: ..2: .JL,r, ,j\ ,F*,.,5I*rh, ;..=- ol31T,.u, ,,t+l "t5[ 
t-..;"i,

JJd ,sAb 
'ia 

,r-h, rl-l-r: .c--l;rl;, -!r., rrSl^c r 6-,1*1, Jrt^; &*
,6", ,rL;,;,st++ .r!,. e t ;ht 13L+i- _* ,sU e 6 tf F^l3- j-p srl{1,

,)yd
s-j rt:pa iT LSf iJ:t.. d I t ki p Jtg.-l csl,tb tjn e:L ,:.--

mi*bi+kr="

-r,-.{.,L; yr ,c-l

(Y1-\.)

c*l 0; T fu- # u:;t

,-!*tt+]kr'YY
it$ ! -p t5 o,r-i, orir Fli, ,sjtl pt eL+ : 1r ,k <s:jl J:l "Lr iT tt $
JL .c*l lj,- \ c^i,) 

'* * o-21-9.a ,u ,*- qgjal jt*,.J +J o.9; .J.e:,r..

(r"-\")
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/t .,5:rK,,rltjq ,F* J.{ YA?

f-.tsln c-!r, (f '-\") iJrL, J,sli* ! I ;...3. ,f ,s:;lr::i &+1

it=mii*kai (r\-\')

t-;.,g ra":;,(l\-\').rr (Yt-\') il mt -rl&;rlr.1!l L

it - -bil (rY- \. )

o1l2s e ,-,-; .(b > ' !r-.r) ,>-l ,l,i 1p o1l2* ;-id or,-: aS,.iL; ,atV ,s-l

,i;Jf { lqlJ) fu af c*Lr- il+ y-l .ltii - " ^*TJ-rJAr,rr c*:;l citl
.l+I,st*U, cJL J"td lr .+t, j,S- JL q b :l: .ul5. .:*r;l 6jl pa;I,rr .!r;

I*JL/ t;;'aaS ,'e;ts- 6la:*';5 ,F tF { '(Yt- \')

kt=o (rr-\")

t

t = o (ff-\")

-hi-*,(Yt-\.)iJ:L ufb -=*.5,':l: jf;,cjtl JJ"d;l orl,i:-l !,r*,i.y-*
i,5.- JL + ,:3.- J:b '^Li ; lq;,(r.2lr ^S 6l^)51 ,s:tl * t, d--) 4tl L-l; :t
*;.5 ,iy :r2iS;l ':L fb. ,tsi-tl JJ^; o-) tl tsrll-1, ;L;l ir,-l ..uT up.,r
3l.t;L-, .iyy.U).c*l .iifU tn;t-, !) ;j: ,-ist l-,.ii*U LsJUlg J[ri fl;

.([\0] ,*l u;:Y/ t');y it trtt
ts-,,|r-[, il-yd,fu- J..-!*-, ilrt , J- ;r+ aS c*l iT,.i-iru ')y 44 Jtt
c--+ y:ti Ll ,d-l r.*,1-. 6r\r,\ w 6lJ + Jl iy:,U ,-)a .t-S ,gu b aT

6jll JrJz; a5 +5e-.-f .r.rr c#)dJ e:fLc l-rS p[, e.,ti.2r;tc)ttl ^;;e
;b.il ir-,.r:3 ts! pI ;b t- ) ,e c-L-,ti ! 6-lf tj 1t\i;tc>t!l ,..;ri

I lt:,.l.i 
"lrti 

;rtit J,-! ft- rfl^r : tstl*[, g1 .Ja:,r^, c#)d,, ,p '^b:+

J-S srSLc :1'- jl ,c*l olj tiJ -br, ,rl ,slt S 6:.,2j51s c*l 615^,rlr-1, 
'...=-..r.e: ;L:; GraU

qc$r,')9Jrr jl .ts- ,ea 
"r-l 

.c*l;5,,r--\,-) )t, Jtrt, o+T :l *.r-i-xV Gu
,-b.t t+t-l;:.JJ.r ,S^; u|^;;1510.:... . tsrl{[, ,W (slJ.L=r-*n x|tg aS c*l
tQ. atrr. lt 

^_-b y_l lrl ,(.:15 u_l cD. pI .-Lrr !) ;;*g ,)u gr St'
[\V , \ ?] 614'-/.rr ,.i-ry,U 2"_-b .'-S F"lF ab b 

_JU 
.r:; ,-,r t ,j-,u t't-

,l o-l.i ,rlr i 6*6 t$*
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IAV j;;tJ ,.tjr-U. S

t,*ct or[,- ,l U '# Jg I .Fli-, iJrh. tsrl*[, w 6b irrU ,]y:l
* - y1x1 (r0- \' )

6t^djrL, d +5 o-., .-uq 
'b* 

xlje f 0 :*>l m x \ u;-rlry X ;rT-r) d
4-" ,J*il*-: 6taal:L ;l ,,91^s2.'., Jy,.oa bljL-/ o-219 .r t .S"- il-J-n.,li! J#|i-t
,sjrl eb {q ,.irr,U ,}a+ p-ra tsrl{[, ,-Vl ,sD..\>)j (f0-\') Jfu, t J:l

'#l+, *,s6j-: t I a(X) ajt- f:-*,
,r(" ) = " h, X ,.:l^. "+-L{ ,sl:l+r ,;d! c*x, Jrl G?,s$-.i", 6f l: .l-! o(X) . \

#',btra(X)E;1sti. t ?r(X) l+:-l-r, *...rrt:l;; j"Uil 
,

.c*l e,sln-*
u-*L l-F s-rl{[ \1flt iJf.2r l-,,1...,s1f.-t;-rrQ! c*l irS-. #lt U-l

<r$L cjth, cJL ett.i- rJ,.-,U bljd aS c*l jT,L"i-l-2: rr,0:,;.1-l ..tc,.:,[.!rL
ltj,t-t.tapr[,-1,,:--- ,a-2,-]t-2r.JL,r, cf ! -b L ,l[f, fU :/:** a,:t,

.ciJ 4 t,i,u js2.! iT .rt*,s.tJ* $,s,*,$!tti2ilir;';:iti'"
,ge 4\t Ir dJ:lr.rt:; : SJ u,-1,'aa=; iy;U il31 .,6;l tf] rtSJ:tJLl
c,tjl I ,iQ ts-rlr-1, iljL/,(+:f uj u;5L c-ic *) o(X; < " .s./t<b d-
s.rlr-1, U-T dr; LP^L t, rJrr+tF t-t, -lt JJd|5 it(X) - . c,JL,l+r-l-rr.#
u-\:sJ, a(X) : o n cl^L";-2: c*l tL, &JtL rtr fu L- ,c*l ,-rnt* A:l

.(rr; cjr;;,)

.*b,/(.) 6b aT-2, l:-j,*8.l rlbr + I (f0-\ .\'^L.1., ! o.td ,J:aj *
;r .c*l ei "Lti; )lr,t4 t* -*.st++ t ,.irru ,ta .4 aU: tl e-p
g..4,o/ ,tt-f o-l-2: ;& tVf 6|r" .c*l &* Cbr, g;la-t:*i .1L1 ,16; 

=", 
g,-l

.*..r!,[\Y] r[r]

y-1o Jl:l r
x-r3. -b t \ 2-; ,); fu-

1. LaSalle 2. Lefschetz

X_*AX (rt- \. )
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/b sf'tt(r g;tr1;t{ ,F* J.S fAA

.P.1,-l .,J.,[U .-J{i Cl l+, ;t:; .c*,1 o^, o^r.l rn x m 
',-,-tL 

A iI p 3
c*l g JS-, +

,(x)- I lgt;g (rv- \. )

t--J. g aap ,6t; y-l ;l 6.r=ka:- t, .c*l Jrl; o1\..t ) L,1.,Cb .y-l

i,(X) - Xr X

= xr (- AX)
_ _XT AX

(rA-\")

5-,-r*fq (fV- \ " ),a^.:; -2r .c*l o,^, 0:./ cf-;L, A ll,i,c*l c^^t* o1l2-.a 6
t# t(X) !2-;,r-2lr ,,;1.1.-, srl{1, fu-.rr $li (f2-\') 

" 
'=-,s!, .iyy,U eb

.+t- u:o6 -t-q X ,J"-t -tti 2,.5 1t s ;-id j- X = o J)

6_\o JE" r
x-rr$'-b I ,xluL;;r:;r ,.5* s -rt iT tt 6 b * f1r uSrtS, P

i+b(i)*k(c) -' (r1- \. )

6rst**,ila:-re,, ly t Jsl et elj k(.): a(.) elr

ib(i)>" rf"
rk(r)>" xf'

,sl:l+

,sl:lr. (f'-\")

C,g 5lo'-.i*, * lJ .iy;U eb

k())d) (r\-\")

s-ig a4=: ,g,b ;.,') ;l 6$"* I

a(r,i)- +t' + l.'

i:(x,i)-ii{k(x)i

- -ib(i) - k(r)i + k(r)i

- -ib(b)

(rY-\')
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fAt iir$ 6j4\ ps

&J 6lr'.c.*l t eb L:i, c^-+ " eb lr;;,c*l (p 4 Ll c-:,[ tr(.),aa.:rr
,a jt -o -* ;-;fu.1r ,r...t- d f.{ Je; ;[tl +ti ,"rt+, tsrll-1, I tf r.51a4;

b I -!-! ,i - " l+T -r, d tt6-* il5l'Jt!.. ,slt .lt-;.rr -ur,) or5.,j -Jl
s,"-A

(fr-\")

= i = " &2t, [4; p- U_\q.c*l x = o ,aJ:[.. Cf_l .:|.9'1 t+-

+T.f r, ..rF

i - -k(x)

JLrx-i
I

l_\o Jtl, r
x.Jy -b tt b * ,*ti-: 6taalrt^" t .rr"t .,SJIS, 15t!

r-M(@)6+v(o,o) +G(o) (rr-\")

lie JF u: J;s al6:{-:q d

r-I{pE-I{d@+G(O) (ro-\")

6f trlrlr !r.,1 ,'I:SJF U-l S +5-.y .xl's-b sX c$-tl Ko s Ko;Tr: o5

6tralrL.. i{*r* oJdg..r; -,* tgb j.u '^Lo * I il a5{ ,15; u.lt g14.,-1s

;rl1f 651.,- jl J-; 7u ,ltn P .rss" Fb; l, utS, t+Trr e ,&-lJa ,,rS.,ti-r

M(o)6 + v(o, o) + I(do - ; 

*;::''",:-';'

,\A] r-2ls ,;W,srll-1, o;!^a e ul 6 rl:;[; bli,f ,.iry,U ,ja:l o:ti- .l I
.[\r

{rl .h t b il g-is.ft -;.::, 6b

,-|6'M(o)o +ln'x,n (rv-\.)

,1(o ,;K, 3.r+ ,r-tl:,M(@) ,u\ 1r ,r-tl lr;; ,c.-l j- l- c^^:. Ub^^ Cb ,-r-l
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rAL sSJlS, dt tt{ ,p*- J.$ l'1"

1*e a,..p (fY-\") iL1! J ,s;ie ! .llc^:, ,w ,slg lrl

r - +6'u1oyo + @r u10)6 - Er Kpo

= iU'M1oyo - 6" Ka@- 6"v(o,o) (rA-\.)

- -O"/i40
,(f A- \ " )i1", :l oL-r urI P.c*lc,;.U ,.l..lt, L^, 0-'.. Iid 

^S GV:E ,atV ,t-l

*losj or$'-,"1 * 44 :L;l ;lt'-

|o'u(o)s - o"v(o, o)

\V-P u-r\:l: at-r ,[\A-r"];Fi ,.Sr 6taoJ:[, il-:iL LJIL t I iT il-7,r S
.(+=:; !,

aS;-l t $; .i t- ,5 .,J, ,tp * g;tL! t, ,cl;.r e l-T 
^S FS,r. Jid JL

jl .Jl-l,J\ .b xl-i,g,c*l 6 = o r 6 - " t+l:r S Glp,sl-b.r, ki o

cJLo,-l ts I roL-.'. p (Y?- \') il":!
KoE = o (0"-\')

s-*J.g 4d; .csl Or*tj I(, b-n -t

E = o (0\-\")

d4, csrlr-[, o-2l3 a,r1,ytf1 (f f-\') - -* ,sb,(fo-\') #5 i,;li Jl,adiJ)
.c;lr $lF rr.r

b :yl tp ,-st+t,-r, it;JS ulr 6:-e.t- b af 1lr c -^.*al -b aT;l ,;Lil y-l

,t* ,;6 e ,tt- ,-J.;1l,. \ jr Bs* J/ ;--* ;l ,r;:':.o,st+!r, .,:,i,. .Jar d Vj
t .,t-2lr (f0-\') rl"l u. eQ.c-^!,i d,r::Su, orli- .l ,G$,st+J* t,

,rSJtS, .st":,it ,s 
"rL;r; 

J.{ ,tlt:l ,s-&-t.rt+Jf \2- \ " b \ \- \. cst+--r

,sl1pr6 rt'l;l,.iry,U L--h .c*,1 ;tjl .!,b iry,U ,jy \ t+l .srl+t, a5 ryL
.[\A-Y0] c*l orjl+, Glrlt 3:U- .l r-213n,,rS=;te;li.i;

.,iJK) e@v J ,# J;rS gilt,.;,-,:,,.r A- \ o

,J-*5 ,-itt u-l + Jl Ce j-* l, ;1tSt e@v J t# $"5 ,,h, ,_r-l t'
-1r 6-t4.JLi ,;t4j; J.r U\ yr Ll r:y6i t5a' ,1:':.o.st+t y f -eV JL It

(r1-\")
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f t \ ,it5t cil.artu J. L# l;5 rrt+i",:r .

.t-*,g 1V;l +q U_l

Ja;. J d cs$u tl ++U,
>t-f ,* 5,":-5,iJ ri orlr e."i irib 6 tl uSrtS,,$)l J-rs,sl#r, i-15.1r

ghrr.r: y-l a;:lr ! .c*l 
I.J 

, ,W.-Li 3 tu2-,atS. ,.tL; .st++l;,*-J|b
\ -*.st"l,b ,t6j:, tt-l .tt .f-t; ,gl) b J.a;" J. ,P $ts,sl+ir, ,): y3"
,t.*c/ bl1- ;LL 6Ei tt 6 ,d\ g;tgJe ,b a;t+J r* .iy3l ;# l+,

Jfu t ,s-6* l:r,Fi:.-. k .Jt+ (s-F elr.,,,sj2t ctQ.g,xfg ;rs;
CL.i csh+l;;tl-i,g,g-{r V Jir, &t*.$Jt,r b rltSt al.oi..;r oJ-i. l:.a.,,:

Jfu .rJ a*t^. ,xl1u;,.,,r5, L;.:*| u;l^J...- tl d ,! ;LL 6l;i ,/o-*
u-l t Ji-t.$rc/ ;L;; ,rL usJts, cy\ -* J-J t b ,jy ;;ll :ra1S \'- \'
;l ,J-s,-r-l Jlrt .r>-l J-L ,slo-,* i*I-- 6lJ r'.A J+ .u-!,r ;l o:ti:-l ,"1311

..l'; r"li ,:lr',..1 ,f-l,rjdtL +T ab ,J-L t # cjr ,jy cft
L-;; r*- a,) c*l ,|.*trt.*, ,rF 1te"l ,rt,t ; t*+ 6Gt-r- t5 ;*.1,-+ ,--!i

;l llc,.2L-r ,.|,-rn ul ,sb. pl ;t*t^. .(.r,t-;

Oa = INVI{IN(Xd)

6a = J-\ (@)xd

6a=/-'(o)&+J-'(o)&

u;lAalrU,;l o:tr-,",| q Od b'. ,tfiT,.r;; lrl 
";f 

,st4;*;: ^!:-l g; t\""1-' Jl
:{-:* (J;)rr t*+ ;" L,.rkl:.: t W- u,?: ,*T./ cdrae irrb .J"t-*
c.-2t; d.sL ,6r.tc 6;ie cst+.i:r 4g tl .i-ig a*l^,. ,p) J Jl g;t+L}tU

yr \.slr 
1Wl .'* * Ai.S"- t: l, t+l ;t* SrT -S- lJ' rta,-l;'b s r-;. ,-t tt

Xa

*d

xd

0a

0d

b;

.Gr6t t* cstus t J--t t c? J/,ja \o- \. JS,6

Jl .:lr 1i+l urr+ s.u),;,.rli7-rti. nLl t l, tl ;rl*.^taf t ,rSr,;i; :ta,-l rg!)rr ,5r** .t
.rJ.:ti:-l Ku,#,.r) tj').\r 6;t;. A u_l-il Ali,a ,t.f |sb ,_e. ],l..- #

(0Y-\.)
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/U .,fiit5r 6lr1;li ,F-* J.$ ftY

,(OY-\') flat'a*I^- 6UJt--y f ,;tt irJl+,:c^.'ilr F..F ui*,.rr rf er,a-d,i
.uL c.:ll 15jL1,dt c,tritl 4 ^5,>2liz',j.5 d, rlf"'* L-:

,-)y u-l.1r.c-l ori o:l: il-i.; #SJtrl tslt,s-&-t c.ihJ \\-\' ,[5*i.1:
,rlr J[i;;l .,,.r5, ,>I.o:;.. t ,rst'-t^+ 6Lralrlr. iJ:-:q ^L-bl, .gL i.Ur".- ;15.

q,t^tt; s,:-f ,l a-,-li, ,b ar6, its- ! ,i15,il G$t.): t ,-r-l ,r .s-/. e
cr6, 6Ai;r l-rtbt+Tr, S J-J ut*-il .-raru, J[S'i- b Gtgt sslzi ts tfy
,JrL ,sb .x-*e orlF siJtS) e@u J e $rS cWy ,xln 1S:

-b -tt I iT "-! 
br.r,.;5yr Ll ,c*l orLj orl: ;t..i; \\-\' J'fu' J5,Jtr t|i>

'C",
.tf u-S-4 tr-,'azL ,|-l: _1r ;Ia;^. rL+ .r, \ al-y,; b -*,.1,-+ r--li

6tQ, drt-t^.. 3- 't;'L -2r ,';t6: d,-':;"' I P g;laol5 J-J f d +5 -. j
JLi (d;L ,,[l:r -2r )L dct$-+ I .,S;t-* u;taal:[.. r-e,-.e ,,!ra,) ,e-".. t'L+l

e,J12.os,-11: !2-;,c*l .;16: ,>l-i^' t P,sWa tst#f jl A y-l .(.l.2lr

d*ilr 6j+-L,61lt2a|2-.uL ,rlol t ,*,st*-.... t, *-ti"-2r c*l OS^, Je;
utL;;.A tr st+Jti r srl{[, ,,r5.JL tt ,-rl u-l .G.lt ctys c^i] r-sblq)r-t:

.$)c/ u:.e5 lt ;-*

ur!+i G$t J.;.5 6k'i,
o:lr .;Li.J \Y-\' ,f5.-i-2r ,.8u. tF cp5 I Jlx-l ir* dt(.. #J.i:r 5-
6X 6lL; L trC a-,-ti.. =,bati, 

q ,*l: 
";tSt 

itS. ,cr:.r t-t-l tl.,:*l ,.[,
.ur ,,t+l .-ra I ','- ,S J-J e Jl S ,, lLt u-l .'-* ,[5'5 .t-,6, ,sLzi' 1t
,;)-L 6Li tt &-f .tttqt- 5r9J.'... -r: ,.r:.rl: ,g.-f l: '"1*-5q bljLr. ,c*l ;"--L
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,(.j.Jl)f-\\ Jfu,-2r.Ja:.rr jt; rtq s-LJ g:t44*;):l u-l cJL:r f-\\ Jtfu
c.ti 'ri a^e *.sto+i ,cJL ,s-l tt )Su. 4f rtl 6La; r).,,aL uStlS, 15r!
Jl'.t-;.,1 .b ,48* br,o i5 ,;5\ ,sl, & )"r fr.c #, r A-j ,rt r".op
Ll ,r..r: ,:_-, y.tljT L1t GJ tt b aT;tS, ,rrlrcr ,liL r*lr ts)bl L1: ,,,:..1 111

r, f :,'! t-J, cJL (.r)f-\\ Jtfu.rJ: F+br opr c^4. f,,, t,l:* Jtrl {t)b
;tS, +J,-J,.--'.;gL,cJL t-r_l:..$rc/ ub,rlr-, t,-*t+ 6;? i* ft1"
,-Ff bc*l ,bT:,,[r ,-&-t u-;l Ll .rlr .# jl-i,el il;tf. !r,-1 ,r.2lr ,F,r+

.r5 rrl: Jtl",S t si tlt-t ^,. 6>l;T L.r:
ufS*i -2r oJ^i orlr ;b c"=';, ,slt $ I ,itS,. JF 'aI:* ,\ o J 1 6t4J"oi -2r

(.;tt)

d;e yrJ.,-r. 4f r!1 6l.;i.rr (uJl) tsal. .tr; 6Q--;9;l g1j cJL 1r f - \ \u|l*i
ilJ;l 6y r;e ^scs:*",c*l or.r o.!L..- tl-tr 4 (:) .s:;l*.r.rl.s r.;-.-1 

-FU +

..'!.rfor- de --rlr rssr ;rl L=* tt
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/L sfaK, strr:! :: ti JF f \ f

b orr;+ rJ^c.1r (v)f-\\ Jtfu' o:'..4 i*.pf dlL ,t)td.r6+ (.;Jl) f-\\
J-$ u; p g.'l;,l c,L.yr :l ri-t S f-A -b t u.,* lr ti JF rt ,JA:,r,r

JitS tstpy ,F u-|.rr,u-hQ.r,iL c-ilr.,lri y Jlc;F-: €rt,1t5,
de drr l,'uY-aK' 'F;

:..Ulr y-j 'al:*- ^- J- t -r)b j-! u.rr-itS, ,A; tJ:S J;:S

.r-21: r3,-9 * ,s:-,: 4 d u,-t^U-! -r):,,! ;tS, JF .\

.r_11: r3o.9 *;l,i +J d u,-tnL-t -r) r.r[: ,-; J-S .l

grlrLl -. r,rh Jr eJ t2* ,stl;T;L.rr ,sE-b f og cJL -er c;-/L:;l .'Jy .f
.{c}

t'-6 d.-# LsJi J;'S 0- \ \

;l q5lo:Lrt-: cJL FJ "br, ! I it(, .J.6 J;5'al:* ca r. &JtL,1 ,[-oiyr

r"-# ts-;tJ x q* b *U .,SJ[S, (J;t! ,\ " J|.-; -tt t)+ .ptf ;VT;-,+ .5-- JF
;4 62lrr .(il.-; n\ ey\ 6l) t-i Jrb. ,jti:-, lt n #5! ,;.tI J-#'altu 6
,q5)bT L.yr .5'- l. rla t rls rs:r; J.J \ ,b :i JF 'aI:* gr1,oLi, s)u a; t

'de:L;T
.C++ ;,*c/ stls1,,i aT t 6 ,,.L-,.il Jt -t-tr ,,rf ,st"rl qrlf fut
s,$J-J f 6 t'r ci-[ u;t orL-rt-: l.u ;l *-lLriorL Stt ,slt t+i-lr,

,6-t orVr.{e.siLJ} ,s-rt atrab L{- t ,.tr .de orli.:-,,| ,iT L-^.
.,>-lk" +. &e*7b eS {'l *l

rssi ,s;-a+^t .tlC -b ,tt O-\ \ JS- atL b t * b. fi JF J;
jl Jt rt-t-\ il-iL/ b :; ul Ce nl*bl p a r;, ,far,, pl^..ti u:f";l
.-iJ ktr,-r^L,,S=;tS, 61! e.l: a.-,' r5l-aoJ.\i.,.- .n 6tt L- JtSt-l c:i
.rt t o$Jl-tl ,s:i L aJc*l ,f" ,L^ -r ,ls,ti ,€ Ji 6^l;s. ,S 6r;t

f"=k"x

c*l a|

(v-\\)

f-*ilk"x*fa,,, (A- \ \)
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f \0 2-r1.f f:...- ,s:i J.{

'ran r+..t 0- \ \ JS'r

t-..,J. g aa..: ,g.-,- h,€S J# g!-s. ,S cr;:. ,f" *2. ! aJrL. U-l .Sl

f -mk;'i"+ f"* fa;,, (t-\\)

c-:i iliLl,'-r^i,':-i tr::tJF py I 1-.r t':

a=mkf,\
0 = f"* fai,,

;-*e e-i ,* J;S ajti ,r.

f = * k;' ['io* k"t|t * kptei* f , * fa;,, (\"-\ \)

t r.tls 6riu.' ,Ssi ,f" 5*22IL,Ssi ,fa U,sti clL; ,e! = fa - f" ;l; ^S

f-*t,g il 4.,lx r:-..*t,f:J a*I^^! ( t " - r \) n';li,r Jl .,t-l,L--,.

Ey*lc,yd,y*kpyey -" (\\-\\)

a:r.:!-1r 9 r;q4r tll J-J,l.;rli-2r lt ;T ttS. n|;rf ,forr, i:t JsW r!:a l..l

JrL; tl ,F{.iL #5urtiil b for,, o.rt ' r:lic.c^-+ ,|.- ,.l ti (\"-\ \) ila!
,k" 6 ,r.I(;.l i r.;-s*,ob 

"r-l;l 
o:li:-l .r.1lr r3,-.3 ts:+, rb af .ur,r, ib t-t, cJL

..:*l ,.-*,ti ,(.:*l ,*u-l UU).-ll.,Lt- &
l, (\'-t\): (t-\\) 6b.Jrl,.r p-rl6 ,6 J.J rrl,i jl b f0,,, r.tV "iU"
aa;; ,r1l; tg[.C.tr*:,, i^5;rlr tV -p tb ,e--bjl ,t-t, .:JL J=l'*i lr ,-o, j] 9951.,-

www.mohandesyar.com



/t, s*tt5, tlrbJt{ rt ti JjrS Y \7

fa;,,€!= 
"

J.tV ,.rt++ F^bn Jt t l .&*LE; Xlrr;*; -)? 'rr+ te : rn k;' kot iT .tt 6
.up ,j.+ t-t, c,JL 6tb ,136T,1,:t"'.,,1 (\"-\ \) #5,.r.5rb.2r fa:1 ,(f"+ /ar,.r]

J.r

fa,,,
' \*o

.-rt-t, dL 6V; ar.-:;rr ';1.J.,g.S-Ja,(.:*l ,tU-l.rJil) -u[ c^t-, L{.Jl

.rr: slri -J +V+,( \ Y- \ \);l k; 6lti t *-E -2r ,( \f- \ \) -2r o.t-ia*L,

de rl+"i* b t: J-J uyli ,#t i,..^t

f = * k"' lio* lc,r|t * kprel+ fa

s-/ e

(\r-\\)

(\r-\\)

(\r-\\)

cir 16+ (\f-\ \) JFryti ii tt $ 6l.:-,rl.u ,; .=- 6Arltr,t-\ \ ufS,-i-2r

.t-r.l.e 0,.t,-: ,C-l

Jb.r,-lcJl t, ;:ti, Gt-4 :i J-J cjr,;)"e c,t!-)1" * *,'l5 cJL.2r

6t^J:..- \* aS c*l bT Jrl 'a[^- .$e $J ,S+,2- \ \ ,[5i ,r o.r^i orlr ;t:
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f \Y /-ft f,,.",' Ltrlj JF

& .-18 ,r^)*' I b ,rf (si f-rllrg\* ,-&-t orVt .J::..r -li .lrro
...:*l;r[ ,15 JL;r 1., ;tV: :l ,*E *tr ,n.U sl^r,,: t+T.r, E 64\.,r[-c .1r .f-.rlr

.n.rrrr ,lt -p \ -rl1. flt.,*+e-lil I J-S e+ f ia , io ,s4-trr,ddi J)
'A*I-. trlr ,#, i,:^r {9 ,Jlrlr^r1--t q qJil c}ig...- g;bri ric*l ;tT -&t c"db
jl t t,,i 6* bljd ,f " = k"x br tl .ry; ,br-i* t.e)rr c;i* c€a ,i"

,rSJfS. .sto:;! :l qQ,ly-i,c*l;dl-,3'iltr^1. rt-1.:.211 c-r\ i" = k" i'"L.,

il-;.d,o-l.i rL c^J.ib tt c;'-S -b tt il ,f,.J.2lr c^c- e; 
;s$,:.lll 

,!-Le,rrL
qt.H U #JirU

f = * [kotk"' "J - k,yi]* fa (\0-\\)

.c-l o.t i o:lr r,L:; V- \ \ ,$; -1r ,J-{ ryti ,y-l ,}A tltr
&er J.{;6J- cb ,g-sri,Jtal.t; ^S 

c*l il V- \ \ J5;, e.sl".=.-;l ,.!
lL".5..,- bV i; J.S u;ll:l it.x:5u, tt+,-l F!:; iLi;.S,- ,le,y tr4. t',.-J-1,

...r;...a tt, *lt $Lc s24. rslt Jl&t
k" L^,,' r? \ Jl.Jc*l ;l .:.21r c -^.-al rl=* r JL.f G\ S u-&-t'altu
.riu, -*:; r;b ti'f*-tJ .c*; lrt UC ;Trl.li. Vl ;;u. )V J-$oytiy,
:j rlb jl-i.,f a-2.J. 1s9,€-l ,,,f -rr t=J-;tJi ! g^lil ,0.u51b3" ,-'l.y Js
,r to,r+ t ,s-j.,g 

"i-S.b t5 ,?t U-l ,# .:JL r) .* .rep )t .rt-: k" 6;- 3
.rlt, frb k" c.l.*;..[b r, e $ r-#. ,t t-b ut*

f : mt + knx + f4,",
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/t u{iitf., ,-rbrq ), t1i J;rS f \A

urEL;rl: ;t:; ,L,.L; gsti J;:S 6lJ J;S urb ;rreT c*rd,;l j.u iiJb

"r>ri' 
,J; U-l :l'-ut+q 6Q;. -2: .c-l ory bcS; ,?t il| r&l: (J;rtp,

stL ot* i.,- .S,- ,pb t b iT s,c;L bli,r b ei J-{ ir u!-a ,S t} ''p,lr
r.:*; i;T lt rrSL.c \ ,l-:t-i J.J 3r P.S- +;L ,rf^c .,r .:lr.,lri A- \ \ J.fu'

! .; .t-t:JT .slr .[\ \-\f] s-*J.cl ubr!, c)Li Wy Cr-l cy r t-"; JL yt:
.in:,..:1, [\o] f-,.,+4 ul

j;.,-;tS,o ,#; J;rS ,-itt t- \ \
,;u5,r, ortp'.*l r*-iK" 

'#;6.15 
#:t il 3 b J.S r-*;L;L ,,-h, u-l -r,

Ce ';'o
{C} tr h-FA .,iJS) ,j5rtS" 6t\

,,t ,2,s$+t 1: u,-2.5 tsl+l--;- t, .srbl L-1s a--r,'tr il ,tt S t g;l'rL cJL l.lil
.s$bbt-.2r e c*l n'L J11lr f lr C', ,rt ,JtL cD .fle -b tt,:-21, -t
.r*i.-.r,.rl.g; t t"+, t+L-t.sb-b S {', ub},0:4^^.t}e Jl.(t-l ;e-r,

4.-c j:1.'o!s+ iT 6r3a- S ,k" ,;^-'1. ,s^Lt .r-t+ ts-*..*-t*!r",t {C}
.t5 ) 9i J-J , ct ,.>a2 t5 tr,.c*l ,-L; 1s ;2)un O* cY c^t? Jr & t

.in=.: l, t-\\ Jfu .f--,lr;! ;tt" J-J r.," 2 ,c X 6la4-

t! , f e \ 6[L-L .c*l ,t'a 9,;-i6- ,,--SJ J15'aI,* :lr,cJL ,t-l tt
.t'$ Y J-L.{ JF,p=3L l*l: l,-..s!, 1 

"l-i 
p dgti sr:SJ;J i{-r*
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f \ t .up-.rtf- ,#; J.{ A,

.CL .t t, ,-k JL.rr 6:!i L.rr a- ! 
";6r 

rat .rS;li 13;1;L 1- \ \ Jfu

at'l .t--l J-{ Y- \ \ ,:n ys oJ..l cd)4 G)i tr::SJtit .r-L ,r5,r, J* t c^+}

"t r:^a--rrJL tf t5),€rO-: ,;1S,J...-.5.,- "2 rcX ,51a4--rt Fltd
.CJIJ, ! (,-rurl& 5.Ll ot; -* &-z

i; 2 \ X t xl;4 3T t 4.-c 1|ryd,-o, -*-;,a*I { +- c^^-t ,'l|*Jt
;L:;L:"e: ,:-r; ,-{ *.tt' +b sr,.tr6, ,gl. J;5 fu {1.: ,r}i ,*
t,'!,^" t rI,6;K,J...-.5'-,(J;rbT ,.-1s a-JAtt Al-r.$ p:Le ur*lr,$J-S
J,g-jL itt il't^ t*+lJ ,iI +i 9F t ,',l;,r aJl ''J L4^'' ,1-; -'- '-S-

-* plS ut"d-i, ,r:* ll: *-2) Jr.a) ;Lr d,-J,=A" ! .;t+Jl tll u>3s p
..u .up JL;r

J-L Ap,e JIL+-lrr.l_J -btt, \.-\\ Jfu,;) oJ-i o:l: aL:; *SJ;;S
.t_*,g LP4b ylrr .5.,--2r )i st.;JiJ.Sr ulS, 6x4j5;:lr ;Ll; ! ,q5i.r5r 6-r;q

..t;lo.r.? j* ,J*"L ] ,slr ci., t6+ (; t it5,) J] t: w 6lr S': S ,st+..,-yt
d,;4rr.c*l '-u JtJ.5 .S-ert-o rl"rcl;l iT-b aJc*l 6-b.r*;JL, S ,r-:l
i;t j& J/ : ,z-l t3-9. je >tc S' ,r--r1.1: ,:-21: 1519 

'-5.,- 
r.tc ,t ,r-tl tt

.ulf :,19 .S,- rle ,9/ ,r-tl1r rr_2lr t9.) r*a r.Lc ^9 ,r-:Lrt d,5,-lt t: .5-j ,l
tsh gtr-rJf t-t12-aat S' r S 6k*-r[ ,(#/9i-+ ..u J"lF tltt :i J] :,c^-ilr
,,S 1 ,sl:lr. );;Ji6. J^t ,{C} ,-,. 9-;t43 J: 6r!1 4.t5 } clt St tS" J-J A; ,F
xlse,;tL Jt:S t ,i J-S 4; c*; + Jl ,\f ,t J-J * '^il:, a- olle a

L
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tu
t.u

Ia

1u .r$& ,,rtrr;tr t ti J.{ f Y "

.15)bi L.ssr- l,irtsr Lr5\ 6lr,;J;$JF \o- \ \ Jfu

.tf C -hjy,t+T * L"t cir .5t^l,b s-b tt-r -* -&-t iili, u il.;-iL ol;.Jr

4tt bT ujtS. 6t^tt; ;l *>-l ,i J.{.>; u;,r 15)bT L..1r .S,,- d.f fu dJq
.t-;.6 -bi-* tsrbl

Y-\ \ JEe r

#!'n.9+cY c-^a- p .;';S.r- ;11 I ^S,t-\ \ ;fS.,i.2r oJ.! orlr ;.J'a c' -*',;3 6lt
.I-.1:T c-)al b S' S ^9 ,St+rJL ,rl.?,r, t5l^' 

C_L-

,S ,r-tL -b ,sr.tt'^il?J) i/-l ,sl:l+,J.;'i .,tS, #5+t, 2 t X .sta.tili. ir

'* ),ryi".rr +:, .-r_ltr i15.. tsjr isJti d-!-rKi/-l .F^)c/.rf .5'-:.lc

e-JL,.tt .Cg -hj*t il/i,,slt ,l& r=,.,t 1gs21erAil .Il .up JL,r rsrr,,r

p-rlr a+# 1; 5 ,-\2)ut ,r* ,-b ,sr,sl+! t l^j- 1rli ,S'

g=11"r]

s'=l","]
(\2-\\)
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rY \ rr_,rri ,#; J.{ a,

cdJr t+t-t ,sb..,-t*;1.1r .5 .r-lt cJL ,sb. ,#; t#J/ \ " - \ \ j5*i;:
jl ,rsJ': ui.a g.c-l r.l.i .rlr ;[.i; ,x-j.,g U-!,^^ {C} +p ,nt[ 6tr.rJr.. L

b ,-"r.t e t.ti s-\:s#J s ,{rS r:[: 'l ,l:ir-15a,, ui1,, (J;l.0Loi tt 3 e#1y
ork-l ,{C} srt=31 *nrb } s ,plsrot ..JrtS. q)\ t ,s!, ;tT:l d* dtU-+
,o ! ot*!r-D st;li!5 $. ,c--$ 6 S,g k ,slif*, P,Jbr,-l cJL -2r L.l .rJ

.:.21: {C} -1: g;rlT c,L.r: jl .i-

ll,r.pt ,r5Jtfu 6ib.
q,t! .i- jl il'... ^S 

,sli23* , \ o - \ \ Jtfu, -2) o-I.i orlr ;Li; ,F; e-r5$5 ,-;
i .tFd orL ,j-26r alui^. t ,* J.J p:* u-St6+ t ,#ork-l 

f 
tt ,,53tS,

6:ry 4? *r iljL/ b *U,,S=;[S, ca\ cSr c;t^alrL, at\.S,'-+r ?P
u;b.J:[., isttsT cry)a ,slt Llt il jl ,\" ,Loi 1s 3,LJg GtSt d-o:)--rt cll+
aJc*l iTotf ,t-lts ;l-l u-l .g-rt'or[-",,1 ,:,'tr iti J] + L"-, JL.-.;r5r
rlr 1t+l u1* t J.$;l.;a ,.tr6.: 6Vi.2) oJ-i ^;'; ;Soti-r J.u S.- ,sjt6+ \
,SVf jl Jf-. ggllc7"^- t:1;ea,oLi a*t',, J.L : ,gb ,S::\ :l 4-,. ,:-..-- ^S

tt E u;lorL J-J jr:l tltr-.,.6;Lu,L; t ,fu;!^c 1t+l;l ,1, .r-Trr bb
.-5 'rLi:-l ,s) tS)lre Y' \ \ ,:4

,FtS,15t!;=,1"_r 6tral:', L-\r.,('-r:.56-.-;l;tn bb \ \-\ \ ,$;.2r
+b*.u l: st+r il 6las3,,-*. it12.-o a1; L d.t l' * pV;l ra*,..t, 6, 6L;i.2 r 1L
.;r5, ,S.,t--r U;baJrL. ,r-#; J/ ,jy rs dt-'.' y-l1l orlt-. "l $, + .utg -b+
; "$ti.- 

u;taal:L ,s;; i,i.^ t .x-r,g ti {C} $ vaL33 I ,;.-fli s

V,ttt.tt t tG,tt) t

.\" J--i.;) o$ j* G$t 6;Lrlc,-..;, \\-\\JSJ
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Jat, s(yt5., trbtt{ rt ti JF f Y Y

.X,J.l.t ^*l-...li vf,rkt t #
{C} +e ?-ftr!-' t h-!.l .116r rnt .-J;tt ca\ cltlt ,ftS.; i;JJ;:S an
;1-.5'- Jt ar,^r. ! 

"-:.-- cr6t 6;LrtI*. ,-)tt :l orti' 'l l i.56 : ,g-lcsf Ol

'#; 
r-u:.fJrir ,{ 6; f" t l, rr u-l c*l ,i6 ,'-.-J,.,t rla,-l crrigtut

.f-.tsi c*)al r5ldt-n*; cs:l-jti
o:lr ;ti,; f 

tr ,r!tS. tst! .i- ,slt ,Ft a:SJ;S ,j). tltr \ Y- \ \ ,$J -2r

..slo.ui *-..ij Jr, *-tttQr'' f ,g-fli e ,ri.L,-r u;t^al:L, d +5 a--.3i .c-l o.ul

c.*,s..>.-et"rl9,JiL..A +i -. f,rkt 4,>l-oi"',-'5,-L+,}.ti ,,$t^;1 6toalrb.

6tCL s*s_*,1 ^*l'u {C} +c*; j4sGV; .x-;. ,g rL+ {C} +n1V +-o

uSttS, q'tq \f- \ \J,.fu, t..r;ts.1 rta.-l .9 ,r-tV,st+ vHl [ ,{C}-2r lF ;tiCJ
t.p,g J-J ,ja ul + 6 src/ ib I ,slU

;--. GJn.,),i$f
st+-l J) -r) $5;.x-rr JE ,6-si li-r- L-;tS, 'li* ttrt ctrbl L..7r .5..,- $5
6lg:L:;il '+5 xljr-ls,c-l ca- c--ta;,Jk.l-l ;tS. cir.c*l ir Gh- 4

Kin (0)

4to,ril + G,(o)

AL:;l ,JtL ,slt. .t_t-*,rtK". ,sr;l* 4 cltt si-b5'- 'J; 
sr:5JF \ Y- \ \ Jfu

.c-l o.ui crJlry rc-.c.r* ):'bfu, iiL ;rl:
g,l;r ..tJ rll r,-lll r-na:l')ll I t ,O.-.

.,:-l .r,,i orl: ,r:-i ,J--ai
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f Yl ;-;* d; J-J,iu

u-l .+-*,g lt ,-*,,COSMOS fu J;S u,6? " Lxrat,r5;tS. g;;! \f- \ \Jifu
;-r5r".- u;q;:(l1l ,oli 1l+l ut+{L;l-,,r .c*l ci! ;;3 s.,t;'b-l ,t-(tlrrr $5-..L-

.[\ "]c*l o.\.,.1 o:lr-*,1 \ Y- \ \ ,$;.,2: $r 16+ Ga \ *f ].5 G-tt -t 'i

*>*l .,it o & c;t l.l ,Jbl l ,_s-:i cjr ,4J i,:.a t .S e, b 7:-* t ,ls GJi
eQ ,s-* #5.r:5 L;- lt -b t y Jtrl 6st xlte,sjts, crt+:L:.il ,rtr !:
.:JL-2:.c*l JLrj* ,riJLi;it.-,-te \-b n, c.&-s-r-rb & oS 6li9K*

.[\V,\P,\f] C J-Slr,-s-4 rs-*,r5:Jt5l.r-,hrrf f"^bn c*l irS^",uI5

s"K,:" .c*)L )I:,-. L*' & f-tj ,ft ,L-o- t .,1t+ ,S-ry r-L; ,[^;1s
.is s ,d,g or{r-"*l -b 'fu \ u J-J,il ;} i-t1e.a oe- Lr-..! ,-b d
.Frd tS+ L)t ,r:;.- tr itS, JF,(rbT 6Lzir, cSe) $\;'-- o* ,)* 'fu,? "-fr 

L. )tL* 3I ;:;,,*, 3 1s143^, ,g4 ts-* J-# S L,tct' -b^. ,u-lr.\
,t"/ L- .,*-.)1, otJi t, ,,.k f 

fut .afrrr .:,1 "up fL, ,511!l,r;[ t --.
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g,!-u cst1u\1. eJo cJ;'t+Ltj

t+l l, rs1-1+,Ll LslJ Gtiba rl-L;,.:o:-o ;l+" * il:tls uts t,,stor-r"5rl: [:

,e-j+,!t.-st+!; U-l .t{,g ql*l ,ct-r6,st+t, t or.i,*9;(J;taa"Lr;il*5a;

+ ) ,5--;. Ll Lt, t+!:, 6t-.tui1. JttL-, + "5:i;rlr olo).: aL"-r-- IJG ,,1.t-=,,5

1 af 6t+; "=*.,:.L=r.2: .L[.f t(Re11 cr!:.r cs]1Lo!1tSt+!-; I L6;T ,r[Jr C,.^a

orti--*l ,lb ,o.t-i hr- ;; ,t:yT i.:-.;.*.li e,.XrXz<e;!l 6;21anLr1u!; 6-
.c*l

tr.--' liT 't ^- alr t+!.; cr-l t+:-lr, .xfi ;23U; y'il,d,trr.r 6y-1anlr2 cst+!.;

,drl

n(!-l t : ,i*J+ '),5,.-1, ctt+,Et cst+!; Cr-l .cr!.u ,s,a,ati g:t+t{j .\
i fG 6t-*S r,Sa-1a,,lr2;!; 

"*6c*l 
gS^, Ll ,.r;lo.r.i eyt+1,:, e-*

l. Robot Programming Languages
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f l0 ctls sJtuUJi.* +'

.tt .)-;.,g o:LL.-l ,k;t r;t 6laLi 6.1K327 6111 ,-J;l GMF SfA" a\u)l \- \YJifu

)S'' 6a1a^ltlt c'\a Ul ,G)-ri Znt ;l o)l;--..1 L qs-"a:,. l+il

'* st+!r,, J# aD a5c*l VAL,!-i,t+t; 6.1 il 6lay,.-u"-irk 1

't: gos,*,!r, J/6b ';er1 VAL;!;.-*l ,-r: f+l [\] 
\,:i+r-J-;

,t ; .r-l ,):-. .rrlr r!^* ,.)'i lLij ,llr aj-*S cs1-1+^lt r!, ;15-ca; i**l
_2r -e c*J ./-Fl u;6$" t- U:* iLo) 611-:.sl :l-rcl t ;$-c ;t+l t IrG
.:; ;L; y-l ;r*, Cy--l Jfu, ,, ,ll;l .J,;.f #:. toa"[r, ti 4 t.orp ;i
62-1*,Nt,s$!; ,,1-5-, ,sldr.IY] c*l ,-* i]] u.sl-; g,l ,VAL If ;l:"'

.[f] c*i '- d+l :y3l,Ll oK-ll, tr 8,c*l AL;!r,',!l 6^-x
f,-i 1:,-tg csa--1+.lr,,s$!; Ul .)r-t' ,st-*6 jt ) ,sD G\:t bb"t:5 .Y

6l-aa^L2s-; ;l 6lal-^,L5 t+i + ,J (JtfuL, -sl") -rlo:y u-3^ ,sj_y-S.sT!,
o1 6la^11 xl:g oJ-J o:[L-l ,g^r,r .;_-r, .;-l or] dljl ,t+|,r, fte
,rt"l ,_,+,;l ,r,_tar."[y tj ,G\a u-1, ;L)L-l ,slt. s,r*_-94 Jtfut, ;!;
.5;) t.(=--1-AR;l -r;l;r!- ,t+t; A u-l:l o-&-'.sGir .sl--l" ], ,rJ

-,, .,r!j :) y' [o] (uJ-rJ;,_l cl,":) -!-*-r! u , ,lf] (t,-.lli..- t&-ri
1. Unimation Inc. 2. AR-BASIC 3. American Cimflex
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et\u csltul4 tsWJ t{.:..l.- f Y?

J) Crir^r ..x.tsT,t eli .S,..=? csrls itr; g1blr o*.L22-;;l .4teiE.16 ,kl
J ,JARS e\a cs -tu,Et itr., ,tL[ g,l^bi.,L;L 4 a*.12,\ JPL 't3;-U;l

.[?) c--l,.u f+l JtS-t, ili .-*Ll

,&[::,r rsy-1+.L2. st+!-r ul .f!.l {.rr tSl--1tv,U1. tl: gll Glu Xl4l:5 .f
6ll,^.Lr22-;;l g9ldl'.6 ,-,re ,Jlori fl+l l-+ L/-t' i!; .i- r>.,s,-a1lt1l

,c,ti:.r 622uL2.st+tr-; U-l tl 6rcr .c*l o-ui eiL;l il q ,cr!r., .f*
KARtrL c,!-r,, 6a-1+.lr; iti; .[V] c*l (IBM c-S; il*'a 

'.r": fl+l) AML

.[f] .*t+1.: u-l:l -S-t 6ltr;i (t GMF u-q;t1, ,5;'ll*1a; '..r": 1t+l)
.11: Jt(-t, it,; { 6)[j c^atr; l\: u-l

Jorc,/ ;L.- ,.rr!r., c$ 's4* ,sb, d,.lr-264 u;t^a.Et tsy J o* pte.l c,UtL

J Jti. &,r*.,,r.[V] .l:-+t+1,:, ,r.lt,taa'nbr2 tt-ltt t+ti J Jti t'a1t aS

i,,:.A { .t,*,* s,LQrl qllt,;iLr.-,Ldl : b-r:T,.i!:.r ,-;iyT j;- +!,-[;r
a e-fy:e,6.2lrre>t+!:., rsb rf-@,st+tr; i/:;L;l '.1-l-2: c-l gS^.,rl'J:

.()[ -1r \"e Y 6;tao-,L: .li;t) )3^i 4igl Gl.:t 6laa.l2.,;i ,(V Gt^a"t;J,t

./!Lt cs1- 1 awUl crt+!"r

t ,$!_r 4l .c*1./t.Lr 6J1bl1rst+U;l o:tL-l ,c,!:r u21uL2 l* u_r

xl:g o-r5o:[l- .l ,y7i,.l_1.r, .-r:5-,:L ,Jar ,,t+l ;!l c*l 
"l-t ^S | 615 ;lS

.5"- .J5 :-219 :3o Llr; -1: ,ero 62-.1+'Lt.st+!; jl y1! ,1, ". u',L- ,: \ -'lrj;-s
ctQ;Ll^c pt+.| <iSr 5;$l t-b+ r;lt ,-t, ,ctt:L' 62-1a"Lt t, .tL,:, e
,r5-t5" ,sstL. slt +! ;.-=- ,ss)1:1o,,J,,*r-,,, ! 6",, t*rJt,">U-.xSl1.llt
g,loLftr5rr 

'-b+,!:L 
4*l-r ,rtr iU \ trrt;tS"l ;i tt I )S ib lt ,s-* *U

t, ;!; y-l .,ek ,r( c*) J) l, 6r.-'r s ,r-J 
, h.t, A, 6, , ,*J 6l.r; ,*t:',

r) {! e-t-Et l, ab*t d/-l 45 ,Gf ,!j -r, oJc*l ii ,ef cttuLt i\)
)S r$t t3> Llrl

.:yl: i3-; L4"* ut, ,Gr)u G1-1auLt,St+t,1; ) e-r- tS2--1+'lt,St+!; ,*
,st+-r^-r, Ll ,c*l ;;L--e Jt Uf tS1-1+"t, ;:r5 ,rL ,sD. G;lXl ,.>V JL -,',

,storr! .tt=l^r 6r,-1o.o11 ,;J.h 1: ,g1-1+^LJ ft ,slnl *ty,-aa'.;tlig It J-;

.[ \ . ,1] c*l ,b-
l. Jet Propulsion Laborat,orl' 2. NASA 3. GN{F Robotics

www.mohandesyar.com



flV a; 6>116

,PJ+l; r--!i .S,--1r,Jt*4l ..urr, ir- !, slo-u3 H :jrf , l-JI,
c.*l^'L; b ,sltalli a*;6- .J"t.ir x4g,,t+l * 1.,:tr-r c,!-.c;lr$1rSc.^.".i

;t5" .r.;* 612 ,c,.-l ,P ,lQ fry + 6 Ut.ts 4;l .s-*e J/ :p-6t d
4 (c-l 6?" V3u,u[5.-:.lr oi),stK JF U-lf .\fd orlr.- .l ,.Jti; r,sr.r JrS a'Li

t-fu ,*; e$.,-ji;..:*l :W g, t5 si SJS,-- a, a5r.2lr tfs P c,!-r.r

tW qt.2r I otJi a\y.Jrrc/ J-r c,!l +l,r rs.fu-t rS ^'Li,GtS & u,
$' c/'u 

5 fr ,: i; i' :ff ,fr ;':fI,:r'ffu'f '
t ,sl+L; af .u: ,-iJf ,s-Q f ^S,r.ls'b s s-icl orl: cJr- ;Lrr "Jti a1 . \

,sb. b iI .t,S,g

.t-irt , iit;., alti; ,c*l cJ-i o-I,-r alti; cS:l

oJW tsa t b .vL; U-l 6;J4- r ,tS. ,"*t* 
"--- 

.Y

.I-f.,, o-L ,fL;-l*-L u+-J,,s

,' ,.-t)

.,jbe c,!r,,..!,J..b.u.S;lj ,etY JtL Y- \YJSJ
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et\u ctJs+.V1. r5{/15Jll,-*.:' f fA

c-)Jr ..Jalt/ &).i t 1r -Li,.,i1+ e,A)f;lort*'.,"| tr,,rS;tS, 15t! .l
iU..tl ,.'Li 1.L3 ,:iJ c*rt;ll; :e^:,u. J/ UL 6t:JJi;t- g*'.J.-,lt tjrl
,6,.*Lo P ) s1,,lrtic,t :, ,rlL c-u:i ,ztJ c*1; ei A.t': J.-t

)Ss. tF b tr

J-- ;tf lli,g ,al-r. cr-l ts .s-icl o.:b-7[ ,6 -* 6D J ilr.*,-1: a'Li .f
,FV obl-r . bl-;.,g b | : \ J-t,-S-' orV^ .rb-j .JE q ! s-rr Lt i

.rlr 1ta"l rS.t+

JIS A'Lttt ,*sF gby Flrq a^; b s,s-;.,g a:Jlsr;irt',.5.- ol5r,-ji; jl .0

o5l;: .f ,uT;"u pt+l 
"tts 

jy:T s,J*r iJ,l lle;.l rslt:* J-J:l .t-r,l ot:' f
,,-a '-L21 t,r-.J.,l o:lr c^r)tc 6)--a,1a { ,*uil.: Jtr Ct,615a,-ji; Jt.t-..J.,g

.$rc/'nturrtr'?rl'!ti";):il:;.,
ut, w.>td st tS.'Lirr ,lS t*+b ,y,s,t,f ,l JVi ,-rlaLr" y-l;r .V

;-*g orlr.lf c*, Jr dt+ L-t-. ,slt tS ^'Li t ,5'/ f)ttl !1 16:;E ;Uj
crtr:.r .t'.,'J.,g J-V;l;Jl *Lir: tV,,Pt zrit,*1s jl Di u".-;l o:$-"'l L .A
,-&-t ;ry:T * ;te.l L: ,$./ u* , iT ,-#t: 6)i ,th,1 .t't" .s:t JLrl tr

.I-f.r ,F lr a, u!;"t} jy
L ori rL- irln ;!:,, .c*l 

^;,iJ 
;ty"a c-J) jL,;-f 3 t-',. orlr ,.a.i..ii Jt .lJl

6).-a.:t t ,-ul.t t ,b 6& Jl ..t"tA ,ll ,btsf- 6a J u-S-t J^' ,t
.rr-rKi"Li ,.Ulr ,U.; 1t+l Gfa j\-f c,t]^c 6Gt-r- i .5-J' d orlr ,*.)tc

..u r"li c;l;i;l c,L-L; ,lt-
:;* "[.lS(t]u.,,t+l 

t" b O bV-l:ly+.s) Y '^Lt b S.r 
'e 

ol21 .\o
)56. ;,VI , Y '^Jo--r, tr

c,t=t^c eJ[ rlr lq GjS cp,st+!:, '^b:+ al-iC dgt=t^r;l :.e, f ti g,-l

,rttu. dy .r;_!i i-a; a5 c;lr o-.i .b-1.: .(c*l Jg. uJ ts:st I .st+!-r, ,slt ol
,sS t r5f fu a, aS c.-l il c-tr .rr rl:Ir-{&l'fU=f ,(ts-L; ,c-}:l ,-r;,-',Tl

-K-, .skt*; utS. ,,r s ,:-f c/ orlr .L; ;!l I -5- ;l 6l^4!;tS. ta; ,J--
,s&;l lti; '* j:-rT lr-:\ o-Te cd)& ,.eS- rt-l a +i ! r ,ar-L, o-) :l ;rT

t-,.j,r.1 'a.q;l or[- .l [,gri'.^.r.(rr rnlF ol5c.; : Gltrt..,,;tr., t J--
6t|l9,',LLc rp tt Cl+tf j:b ,:r ;tS.l a-.96.l 1'lr^r.,.,,ti:,il ,ta.j-i
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f f t e\u csJtuW ;rU.: ,sl1p't 4F

6t-tuEt ut ; S- .1 ,111-26 A u-l -2) r4.di ,: .:rlJ !"J ,F_$- t\ly t ./tJ*t
Jei ,-&-t u*;l .(*:: l, O- \ Y ,.r-r) s.il: F+l;r j! ,r-|, ,-): t ,slt t\t,
:l ,stQ.LU..-t ,l-*rrQ Gf .r!t' lpuir.st+!-, 6lyo9 ,tt5 p
It tr r,2t5 u-l .tj,-i* j t+t,:., ,sb g-e 6a1uNt,st+t ; &r+ 4! t tr:2r6

de ort.il ;T { ,c,!r,, .lil--tblt,st+U u$lt d-:., -2r s V-)su. & }l; rt

t:rtlr.r csJlab1 itr-i LslJ lji llra f - \ Y

./t{" (Jijuro

ft*"| dr-r9T./: .*)- q,J"l..i +tr.+-r- uJ,;.,l,y rsl';^,*,*9; srt^a.Nt I t+T;l

J: aj t t)b tS*+ ,x-\ ,qg2-1an[r ;!; g 
^S 

c*l LJa u-,, ,-u-i[ ts.bi. +- 6L ' i .2:

jl ,il, ..:*l L#Jq! 6Wi,o[:.u tsz-1uLrr,st+t ; t'b u-]sl:;-.$[ t65r- y-l

.shf,rQ3 t ,4-;:.+-,t+tS. u)ltt ,;t-L ,sL-l:r'a,.t ',- ;ts,S 
",;.:^.,s!r \fy

+ Lt-,.;trl^c 161 ,slt,sl,;u:-b-; sul) (J;t^JLt if .r-.J: ,g orLq.-",,| ,..rr5,
LJ-n + il-id,f J.i -2r oJ^i ,S* a.:-21.r;t:-l 6Qr,rhr;l .c*l q.fu>.r, [+"y

* r.:.*J tlil =*.}43 dr J1yaat I e'Sr 45,r/ or[r'.",1 s-j Jup{ dt-6a Jr.
,sWt,J'.t-i ,,srt-;l a_l+rt*;l; j"re ,st+r,rh : ,;i-J. ,g;! .13!*,-l -. r,rh

.X_irl c;L ,,sJLa

r;[:.r.r il-id,s,*c/,J.L.l !, .,--u^ ,s[l S,p\u cs2-1*.1, L*., #1, t:

jl .i- t + Ltt Brd 6.21j(ti 15ta'i:, ve,-a; o-):1!, t6:*e,.l,tJi,['.;[r.(-r
t+attt ;.1T;'. ^S,L d^',, yy c16 J*:1,#,r-\Y r$;-1: .rj,s:LJr.,LdT
c,!r,' LEt rt t+At.6; a,r-l;l .5.,- f .tf e o-r,,r ,rla:iJ ,V Lt-t g;JK u;l+;tS. -r:

.s-*g ,,a;+* (,-. 9-,-2ta;) "frame" A :l cr;t-1b:+
,.-.'-y; ctlti iJ:-^ l.tt{".S;LJ- o.L.l,cr!:.r ,Ss-tuEs..St+,!.; jl qQ.f
,-.!-* Jfu d+Jo..ei.rr:,r.r J$ ,;rf EJ ,s.r:",st+r-r;loli srrlj(,[ 15t6f,i:,.

"!- 
.r;; ,rl: akr .-siU! -r, ,t+T u$it -S-t t ,Wn,t0-^- ,C;L* t- pt*tl

iil: ,:./ ";J ""\ c,!:,, tsl-,1u12 p &- el) f 
tfu r) d s,-t#:..i y-;:,a. ;l

t5 8 ,slo-Fjl t-6.:; ,G-iS,st++ .;ir: -2r ..*l ,jt-61 ,-. f,;[4a -2: 1L.-l ,sjU!
.t-*g o:L,'-.".1 ,r"i o.2l,.il ;l+ l!

pt+l rS;L Jab,r.l^i 6.21j3..[ lL."l ir..t ,ctte" ujU] 1510.--,,=,u €s. tt
a, aorJr[.o:,1 ,,t--+l alj',+ *s) 6j,fs',tj f-- + ! :, d:*yy-* ,[f] ,r.l
tSa-1*,Lt tFt 6- il="u{ fL*"| U-l:l ,6- ol3} ,u-,;tT:l:,t-*,1 j-p f.=-
1s *ijg2+ .rJ r.lp 6f i al a o.ui,_[-o:,. 

f 
t*"1 415 ,ri o:lr cJr' e-,p
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z

I

,tt.9

eU.21 c1;1-.1u81. CQb.tJ t{+:.-:- f f "

6jU! 
'b 

tr-r 
f 
t-"1 + J.-> cshaL6a ;l 6lr-cy',- ^Q:+1.) ,s.)S Jj- qE f- \ YJ5,J

.l:5u-

4.":t) F= b. ,L.i5 sj tS ,''Li lbr ,[-lrq iro, 6;l;l + ,Y- \ Y J,fu, tsJK &L
^'Li ,s$r 1r, isI ;,l.ilaos J-rr, ^'Li t g-, d' s-ig 'rlr pltl (6la.lr2.t*t
t-..'J.,g c.cL ,(c*l o.li g;rli3-[ "bracket" aS,frame r;:t-2lli.-2r c.,!"F d--)

.J\:sj::i;i ttpintt .& rsu. o-u or..-irl&
;!:,,:9 3.2!-2: 6-&JL*1,-lr>ttl ,J.t.i./k" ,sjL*l- fu,Jb{l cJL.2:

I pt*tl S 
"--& -b .tt le ,-:--*,'>{, ..rl.,, rKt+T ! c,t,:, aJ c*l 6,L" 7l )

,t^d d-ri t ! r.* f ,J-6 JS- t+Jr" u-l .tS,g J:aj CAD Lrt+h. ry,-at
:l ql*; :l ;;ljr-16:-r$t ,,r,-tro:l: ,:4 5*B l', ..u.rrr, cd)4, ;tT ,a- t- ,C*-
\f Jj f ,6j_s y-l;l ort,-.,,l ;[t5,] .rJor{r-..,l rsrS ts2-1+,L, e.S,-.sk$-,

''-iL/ tfJJ

dreW
cr!r,, ,sA k tD,, U;$r> J: j ctlti ,c,!r.r tSy-1+.L2gt+L:, -&-t t tQ Ji-t
t llnrl tstlJt tt)b oJt-t5o:ir-"",1,6i-1a,,12 ;r\: uSr 6l^.,J:-r 6;J6+ t, .c-l
;tS.l ,;l,j:-r y-l .:-2 .up (V ,"t , 1) oJ), ;raj) * 6tAox5 +ly: 6i-r.b
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f f \ c,\u tsJtuV A\: ,sb f:'t \F

,.4l*lr ;t-t Ef ;l orll-l tllrr ,s;",= ^ 5 ,jrr iLi J "i.iq 
-Lb A..ru

o,rSorli-. .l ,4f4'.^.r .s.t:|,-r. eli ..r5rrU' .l 6UlJ .L;tc*| g-16r c.S7 L- ..ld
..lu,SJF b cSr &r. t,- tcr sl;.,A

c,lr-u g1bt tj tr 15lt'5r ,s-iJiir dr (c,lrj-r) 6lruJE - u!-[; u!;:-+

r.-je -b.tt

9r, "goall" ;tS. t . \

,2r2 "goal2tt ;lS-. t ,,z-l b ,sLb.lr .Y

.c*,-! e9 9r1 "goal3" a t'vial" ,c-) jl ,d -ii; a5;T;9.1,, .f

o.[tri ;11 o.t;2-2r L ,oJ^..i ,:b ,ri,;2,T c,!r,, { >l.i r* Llt; 6,;l'+S l6u,-l ,fl \
>:j O* b -lt;l ,;;.. U-l ll-ie,ct-"| ori

:VAL II i!; r
nove goaI1
noves goal2
nove vial
nove goal3

,$*,t J;;S "g^t-" roL ,rSJtS, (J;tq ta.j,-I.1r) AL ul1; t
nove garru to goall;
ltove garrn to goal2 linearly;
move garn to goal3 via vial;

:\rJrJii-l 5...='1-;!-u u!; + r

10 nove goall
20 nove straight goal2
30 cpon
40 nove vial
50 nove goal3
60 cpoff

Ll .s.rl: o:L U;[.65J- J:aj ,sb ,*& (J;t"uJq- ,,g7-1+.Lr7 t-st+tr;;;:t:
&lF ltful ,r<,-S,- t c.,tr, 6-1,-.1a,L2 tsL+!; d,rh ,d +i tj ,rV + d.f fu

.ll

1. Intelledex Robot-BASIC
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et\u csJtubl. ,s9b.:r tf..o- f f Y

e ,tr11.r.,1 ,hr,rkt -\:iL Jh;,L ,sblt ,sVj 6t) J. u-L-1o$^s pt+l -{b . \
.jL:) o\--jU

,*lL t 3t|Utl rt(,>) i/-q;, h3>*1t+a luL ,--u-r JI,..it,.)* i c-{ti .Y

..,K1.r5,- . L6.nt1-t i,,xl ,,1,-.l; ctJ.3ti J

,ll1.:* ;l ,,gl*ar, ,ili .u.V cS;-.S.,- c.c- L- cr.L -l) Ji lta.-l crytl; .f
6;3 rl.l';yr.rn-r!.,r f*;fL c,sr*,;l o;\;,bb L-cr xlig o.luSorli:-l

f-f| L-,tSr crr. [-rt*. 1fg orlr atf..l oJi:forUi-l + E t+ -,". ,il
.$ C,.=g op:a, It W .>tr

ot;,.2i&,cshr,rt{a ,trtr 6,af l;f c4nth t .^r*, .i.u tti.; irt{t c+ti . f
..r:-:!cf (Je 6 + J'-z):.) Jr^:, r-sh-rtrh e ,0J.5 ork-l '^b:q

,tUt rt|;l #J
olSo:[.t-l * ,6r'2".-,15 6i-1^nL2.,sl+!;.;ii: -u.;U ,r a\a 6a-1+,Lt,st+tr; r,
;rr ,-.r[, ai c*L', il+ i/-l .;S ,r;.:. b -V ,slnl 4J tFtl orl: alS'l

,r,.1; $i ,p s,le^.1211 Gli|,a..tirr-2r (vrJ) aiL rt-,-l ,;lb vLd;l s;t-r:T
.J-1lr :.9,13 i t\y ,St-tuEt gt+tr;.r:

6br2.26;l tstt**: t, --E .,;: ;L;^.4 ,t:lte,o;ui JgL;l ,n6,st+U- rr1.25.2r
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stiffness= (80 ,80,0, 100 , 100, 100)

force=2O*ounces along zhat;

g!-U cSJ/a61 Al:4-, 4r eit; cS>J.tS 0-\ Y
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tt-*.-/

BECIN "Palletizing sanple progran"
FRAME in-pallet, out-pa}let, part;
COHI.IENT

fhe (1,1) positions of the pallets and

grasping position of the parts;
VECTOR del-rl, del-cl;
VECT0R del-r2, del-c2;
C0HMENT Relative displacements along the rolts aad columns;
SCALAR r1, c1, ir1, ic1;
SCALAR t2, c2, ir2, ic2;
COMMENT counters;
EVENT in-pallet-enpty, in-pallet-replaced;
EVENT out-pallet-fulI, out-pallet-replaced;
totT::" 

insert the frame definitions for rN-PALLET

and 0UT-PALLET and th€ vector value for displacements
along the roes aad colunns. Tbese sould be taught and

recorded using the robot. FRAME definitions are typically
unreadable by hunans;

COMHENT

Nolr define tbe procedure PICK a-od PLACE called in the
main progran }ater on;
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PROCEDTJRE PICK;
BEGIII

FRAME Pick-f ra.me;

ir1:- ir1 + 1;

IF i.rl GT r1
THEN

BEGIN

irt := 1;
ic1 := ic1 + 1;

IF ic1 GT c1

THEN

BEGIN

SIGNAL in-Pallet-enPtY ;

WAIT i.n-Paltet-rePlaced ;

ic1 := 1;
END;

END;

pick-frane := in-Pa1let+(j.r1-1) *del-r1+(ic1-1)*deI-c1 ;

M0VE BHAND T0 Pick-frane;
CENTER BARM;

AFFIX part T0 BARI'I;

END;

PROCEDURE PLACE;

BEGIN

FRAME place-frame;
ir2:= ir2 + !;
IF i'r2 GT 12

THEN

BEGIN

ir2 := !;
ic2 := ic2 + t;
IF i.c2 GT c2

THEN

BEGIN

SIGNAL out-PaIIet-enPty ;

WAIT out-Pa11et -rePIaced ;

ic2 := I;
END;

END;

pLace-frame : = out-paltet+(ir2-1) *del-r2+(ic2-1) *del-c2 ;

M0VE part T0 Place-frane;
OPEN BHAND TO 3.0*IN;
UNFIX part FROM BARM;

END;

C0MMENT The nain Program;
OPEN BHAND TO 3.O*IN;
WHILE TRUE DO

BEGIN

PICK;
PLACE;

END;

END;
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progran PALLET

-- Transfers workpieces from one palIet to another.
var
-- Variables for th€ input pallet:

BASE1 : position -- (1,1) position on pallet
IRl,IC1 : integer -- counters fcr rous & cols
NRl ,NCl : integer -- limits for ror.rs & cols
DR1,DCl : vector -- delta between rous & cols
ISIG1,OSIG1 : integer -- signals for pallet changing

-- Variables for the output pallet:
BASE2 : position -- (t,1) position on pallet
IR2,IC2 : integer -- counters for rors & cols
NR2,NC2 : integer -- limits for rows & cols
DR2,DC2 : vector -- del,ta betueen rors & cols
ISIC2,0SIC2 : integer -- signals for pallet changing

routine PICK

-- Pick a uorkpiece from the input pallet.
var

TARCET : position -- target pose
begin

IR1=IR1+1
if IR1 > NRl

then
IR1=1
ICl=IC1+1
if Ic1 > Nc1

then
ICl=1

-- g€t a neu pallet
dout[0SIG1] = true

-- notify pallet-changer
r.rait f or din IISIGl] +

-- nait for input line to go high,
-- meani.ng pal1et has been cbanged

dout[0SIG1] = false
-- turn off our output signal
-- conPute targst Pose

endif
endif
TARGET = BASE1

-- start uith (1,1) pose
shif t (TARGET, ( IRl-1 ) *DRl+ ( IC1- I ) r,DC1)

-- shift for roe and col offset
-- g€t the part

nove near TARGET by 50 -- nlove to 50 nn away fron TARCET

nov€ to TARGET

close hand 1
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nove aray 50

end PICK

-- back anay from TARCET bY 50 nto

routine PLACE

-- Place a uorkpiece on

var
TARGET : Positi.on

begin
IR2=IR2+1
if IR2 > NR2

then
IR2=1
IC2=IC2+L
if Ic2 > NCz

then
IC2=1

-- get a neu Pallet
dout [0SIG2] = true

-- notify PaLlet-changer
uait for dinlISIG2l+

-- uait for inPut line to go hi'gh'
-- neaning Pallet has been changed

dout [0SIG2] = false
-- turn off our outPut signal
-- cornPute target Pose

endif
endif
TARGET = BASE2

-- start uith (1,1) pose

shif t (TARGET, (IR2-1) *DR2+ (IC2-1 ) *DC2)

-- shift for rou and col offset
nove near TARCET by 50 -- move to 50 mn auay from TARCET

nove to TARCET

open hand 1

move arlay 50 -- back away fron TARCET by 50 mn

end PLACE

MAIN PROCRAH

begi.n
IRl = 0 ; IC1 - 0 -- initialize counters
IR2=0;IC2=0

-- initialize other variables:

BASE1, NR1, NCl, DRI, DC1, ISIG1, OSIG1

-- 
BASE2 , NR2 , NC2 , DR2 , DC2 , ISIC2 , OSIC2

-- nunerical pose definitions onitted here
open hald 1

shile true do -- looP
pick
PIace

end.lthi le
end PALLET

the output paLl€t.

*- target Pose
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.PR0CRAM maino
;

; ABSTRACT: This is the top level program to move parts
; between two palJ,ets. It a1lows the operator to teach
; the pallet locations if desired, and then moves parts
; from one pallet to the next.
;

; DATA STRUCTURES:

;

; in.pa).let[] = An array of locations for items on the
; pallet to be unloaded.
; in.height = Approach,/depart height for input pallet.
; irr.ma.x = The nurnber of iterns on a full input pallet.
; in.count = The nuruber of items left on this input
; pallet.
; out.pallet[]= An array of locations for items on the
; pallet to be loaded.
; out.:reight = Approach,/depart height for output pallet.
; out. lax = The nunber of j,tems on a full output pallet.
; out. count = The nunber of items le . : on this output
; pallet.
; fsafe = Safe robot location reachable from both
; pallets.
;

LOCAL $ans, in.count, out.count
; Define binary signal numbers used to control pallets

transfer = 1001 ; Input signal TRUE ehen transfers permitted
in.ready = 1002 ;Input signal TRUE when input pallet ready
out.ready = 1003 ;Input signal TRUE when output pallet ready
in.change = 4 ;0utput signal requests new input pallet
out.change= 5 ;Output signal requests neu output pallet

; Ask operator about setup and teach new pallets if desired
PR0MPT "Do you uant to define the patlet (y/N):,', gans

IF $ans == "Y" THEN

DETACHO ;Detach robot from progra.m control
TYPE "Use the PENDANT to teach the input pallet location"
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CALL setup.pallet(in.count, in.pa1Iettl, in.height)
TYPE "Use the PENDANT to teach the output pallet location"
CALL setup.pallet(out.count, out.pallet[J, pout.height)
TYPE "Press the C0MP button on the PENDANT to continue"
ATTACHO ;Attach robot (wait for C0MP button)

END

; Initialize transfer data
transfer.count = 0 ;Couat of parts transferred
in.count = 0 ;Assume enpty iaput pallet at start
out.count = 0 ;Assume fuII output pallet at start

; Wait for transfer signal, then start the palIet transfer
MOVES *safe ;Move robot to a safe place
TYPE "Waitiug for trasfer sigual . . .", /S
WAIT Slc(transfer) ;Wait until trarxsfer signal seen
TYPE "starting transfer", /C2

; Main loop transferring from one pallet to the other, requesting
; new pallets as necessary, Quit when tr:nsfer signal becoroes FALSE

WHILE SlG(transfer) D0 ;While transfer i.s still ok. ..
IF in.count.(= 0 THEN ;If out of input parts, ask for new

SIGNAL in.change ;Request pallet change
WAIT SIG(-in.ready) ;Wait for input not ready
WAIT SIG(in.ready) ;Followed by input ready
in.count = in.max ;Indicate ful1 pallet

END

IF out.count <= 0 THEN ;If output pallet fuII, ask for new
SIGNAL out.change ;Request pallet change
WAIT SIG(-out.ready);lJai.t for output not ready
WAIT SIG(out.ready) ;Followed by output ready
out.count = out.nax ;Indicate enpty pallet

Et'lD

; Acquire input part
OPEN ;0pen gripper
APPR0S in.pallet[in.count], in.height ;Move over part
SPEED 20 ;Move at 20% speed
MOVES iu.pallet[in.count] ;Move to part
CLOSEI ;Close innediately
DEPARTS in.height ;Move up again
in.count=ia.couut-1 ;Couutdown
; Place output part
APPROS out.pallet[out.count], out.height ;Move over output
SPEED 20 ;Move at 207. speed
MOVES out.pallet[out.count] ;Move to enpty place
OPENI ;0pen innediately
DEPARTS out.height ;Move up again
out.coulrt=out,count-1 ;Couatdown
; Count transfer and display it
transfer.cou.nt = transf€r.count + 1

TYPE /U1 , "Nu.nber of parts transferred:,', /18, transfer.court
END ;End of while loop
; A11 done transferring partE, tnove robot to safe place and quit
MOVES fsafe

.E}ID
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sU.51 $|1u\ sVU.:r 1*g : . f0"

.PR0GRAM setp.pallet(count, array[J, approacb)
; ABSTRACT: Routiue to conput€ atr array of locatioas given locations
; which repres€nt the upper 1eft, lower left, and lower right Point
; of a pallet. All output locations have the orientati.on of the
; upper left part location.

, O*t* PARII: count = Number of itens ou this pal1et.
; arraylJ = Array containing the pallet locations.
; approach= The approach beight for this pallet.
i

LOCAL u1, 1I, 1r, ap, t[J, nco1, nrow
LOCAL row, col, cs, rs, i, frame

; Ask operator to teach palIet locations
CALL teach.point("upper left pallet position", ul)
CALL teach.point("Iower left pa1let posi.tion", ll)
CALL teach.point("Iower right pallet position", lr)
CALL teach.point("approach height above the pallet", ap)
PROMPT "Enter the number of colunns (left to right): ",ncol
PROMPT "Enter the uumber of rows (top to botton): ", nrou
count = ncol*nrow ;Conpute count of items

; Setup to conpute paIlet locations
cs = 0 ;Assune 1 coluron, zero spacing
IFncol>1THEN

cs = DISTANCE(11,1r)/(ncol-1) ;Conpute spacing of colu"nns
END

rs = 0 ;Assume 1 row, zero spacing
IFnrow>1THEN

rs = -DISTANCE(u1,1I)/(nrow-1);Conpute spacing of rows
END

; Compute frame values
SET frame = FRAME(}},1r,u1,u1) ;Coropute frame for palIet
approach = DZ(INVERSE(frarne) :ap) ;Conpute approach height

;wrt frarne plane
DEC0MP0SE t[1] = uI

; Loop to conpute array values
i=t
FOR row = 0 to nrow-1

FOR col = 0 to ncol-l
SET array[i] = frane:TRANS(row*rs,col*cs,0,t [4],t [5],t [6] )
i=i+1

END

END

RETURN

. END

www.mohandesyar.com



f 0 \ eb.21 se!1uY1. cW t ,lt ,!b

crtl.u cJlu\y. trt#tij i o1: $Jd t- \ Y

tS2-1u!r2.c*l .,Vt iit t+t r, G2-1+.12,r-l .rt+JLyr rri ;,t+l utf:rr+, ,f.r [r

o|jl ;l r^:b c,)S..- til"+ ,Jtu. 6t.*6 ts2-1a.L2 + Lly JFt.- i5 ,l+t y
.[\Y] #u. tib,f-*

rttV €,-..rib Jtir.,lr .rli'll c;ka Jr,
# t*6 r[lr.2r aS c*l.i t{a J.r. ,c,lrl g'y-1u,Lt P ++ ,rLe$-r;l ,F-

ir-l !:r: fu;l ;L=Jl Jt-- f 
tfu t ,-uq orL.;Ln.r J.r^ c,ol Jl * .c*,1 o$

c"#b t |Lls J.r...,rrr ,P.g-tft/, ar[j c.,iS-i \,sa1V c"Sb ! J'^.

tr :) .uU ;>p-Vr,(o!:, iJ=-r*) 
f 
L-*l FJ car J) $ t-..J.,g * ,u-jL

.-r,-l l-1-&, .,!f-.- ctQ, s ,s-f ,rtit L, ,(rr': 1t2.113.-l

-l- 1s 2 1s^aL& a.b2 g;l.ril .2, {! ,u716 c"#b , ,rlElr J- cr.., aU;
a.L2 ,,96tj;r .;-b '^i:\ ,6$L); \ ,st-.tult J:l'^L-,.-,;r .rr.3 Li'-- ^.1r, 6El
,s;-*S tss-1+.1r2 .i)br .c*l or::5 osbl is4s t ,tstS J* I ,J:-* c"db ti

o.rlrr u!; ,>r*>5 rF ,slt' ,(SAVE) .Fi .-J-l' 6ort" t+- iT i $ J*
j.; c^r*>t +b ,J1-C ft-."|+! ,t+!:r cst-,tultts,s-.;.c./ (RESTORE) G,!,.

.rt$;\
cl-t+-.2lr, E::\r1i c.ir iib ;r9 )gJau,arLi'e .r&t, ;ll c"nb ,,-lc7 oltc

ft4$l ,f ,tbt.u;l ,+ Lrr) q !, tSr l-tr r.itr iV-r c,tJ-c.2r .-lil .r.2eT,5,. {*
cj:;l jl .,iJ oic*l ,-rlry ,|-lrt &* 4 b>t sf ,5r-r. iJ-l-rr lelx, f [, ..u:

-l) r,,! cjr ,*;; ;1Lu. -iol:?*, e i/-l ;l | ^lz'.- 6 ,-*,r--f .c*l -# lL.y;K.
.c*l ;tI ,s$ 6J;i

ct-l .r,'Jt !, t+T;K. ;L')ttl 6t d-i4 -\,-l.t ,-uti LP"t't+, f G I 615- Jl
,sl+-;Fh I orlr-.,l t1 [-9,015,-J t c;-t-: tsba-L-'.J:-:t ilj,g;brl ,.nt5!rK

.rl: 1t+l ,o-r,i r^ir C'l'10'-F ult nL d-ti
Cy.-l il ,r, il;. Jl tr $li Jl,or9-, ,t=*, ,ol r, 6laa,[ri u-SW pK:o -r,

,s2i\ 6sltJa6L,, * ,c..,:S;l J.t .rrrlF ort :, b aT:l d.*i ,otJ,.>,'S;t -|;r,
l irj;5 f 

t3!" tl .c-t4T 
",,!; 

rJL I ,;l L-; '.rd ,[^- f 
L*"1 s ]U ,rSJtS.

;tJ-c S:..c.;./tq $l cJL t ( ulr.r ,jtL+ t-r) ,l:.ro-2lj.r,F-i ft-"1
8J 6 Srl rh-l dl""* fL-."|-2: ,6-1tS...3-p L- e ,g;-2t31- ,,q$t,,.5-2t1(;-,

9,15a'xi .r,-+ 6lle'; +lrl 
'.-t;l 

'r5orlr- 'l ,F p) c*l 6rS^.,4er.i,i.1r.-l;y-i,[
;tJ^c jl #'.l.i,'t+l c,tJ^c 1l,gt rj5;,u)_toj)lr .:2,,5+ rsrl$c,tJ^r tt b ;tT

..r".i[ a:*il: c^:, ,jb ,2.,,[:i g:Jt ;r'lc^atr-1r c*l OS^.. E ,vl-l ,al$
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s;,b.u 6Jr..b1cVb.:t (+; *, f 0Y

'nbl ii, €.r-L.t

ts-li.c*l Sri6t*66tu.bra Fj g;!r1 r.,ll.sL-l ir,itr q O*-b, gltuBl
l!1!-E .t-Je tlt e.2lS.rri 4',i +,L22.1*tr *- J.S-,t,slc'. .' l.ril ,;1,
c*i,+rtiy &,9f c;lf'" ,i 3c,.-l.rli;-,| .j*b.ffu ,-)y U-l.4lc*,r. J.6 LUJ.

,.5-,35616-', ", 
i u-l ,sEl tr!r) i,,E:+^^ 9 ,x-iL c-ll.s ,j.r-L'.- tr jl ri:, 6;la-l.lir a,

.:JL u-l ,t+t :, ts.;--tu|t-2r .-lil .t-r 
'ft 6r -t;-r: F f 4T ,s-Stl; f 

fu *
o-Jg,rF jt" 6le.Lr;f ,5,f ct lr-l ,;-tst c;tf * ,S 6la.L1. sl9 .4,.!rL
uSJtS, 62i\ c -,,.';2+ uEt irrc-:b ,[Jlful Cr-l #, .r5,r. :la,,-l Jtful .iLir.,

q;,f** rt * (rrt +lrl itS, )l,,) qfl L-l;t + ;55; 7;:t"'
U:l itS.. r4;J,:rr.r .4lKu.rj'b.rt-i:-l rr-f -,* t 4sl;tS. ,cSr- ,s6-,*.1r ..u-iL

,rSJtS'. .st"e;t -2: ,cJL ;rll '1li3g -;t -Sr ,JA c*i;, .,1 car t ,a\
'e ,6,1Jt,, (r". tf,11. V J-i rr d) L f* L1t jaL 6I;i ,sln-* 6 *L
tS-. ,-&-t u-;l Ll ,c;lr: jtl ;l 61-1a.12.,r c^i: L. a\g It Ol c,!jl ..ur,r,

tU ,L.iJ,ll -SrrLLra p : ,:, 'lAi *; Ltjr 6l jl e, t+- .:Fl 
"-l :.:

,slnl ,slt 6 ,*; L[r'lL:-l ,.,;lt .,s.jtfu ts:.r!r) ,ri5.*ir r.;,-.J lrr #r *
gb ,f--t ,br: iri AJ ,lS*. jl ,h, +tr ,rrcr *-i f,*.S- -7: u-V ;ts.
l3L are.r^, ; J,- JI--j; Ll .('r..r s,sF o:ls 

");yT 
o\:t t ot!:.: .r,-! t4tS,) :3-,

rd.d!-,r).$ .up;.u tti ! i*t ftK:" q rti c.E+J:, f -#:t-.,-l C..cL ,cstS

;lr:,' ctr *'-:,Jtt+ U;t^aJrL c-iry ,6tS J* I AL.,s$r e-2t13r n-h;
iL; sb'>L. c*l rL, ,oyler F;l t .S,g rh-l !, 15iL-j ;)5.i 5 ,rrlji1,Jil.,

I o"-t,-2r grT cJL ,1[.: -r, dJI ..:JL ,sttq ttl 6JI L- ,r1i e* ,>-1,. iL.i ! *
,,iIr! ,-r[b rt^,-l c.cL xljg,-ril.: u.lij=:,-2.r c,ly' tful,o-:rh^.Srt3l

.r.1i ,.r$ .bJ.sliS .st+*

,.52..i Jfu )k- | ,;!,u 616 6lzi, -ig, 151 6-",. , 
i g ,>Sr- ,slo-,* 

".JtV 
U

1l orlr-*,1 Ll ,c-l .!rL ;J'L, 6lzi ,slo-* f oj-s1 ,tl ,t-l )56. -J L{*
.r5:t-.,-l uDtfu.,ir-* ttt..5-+.2r c*l OL. i G$t u;t^J:-.-

u*-..T * I r;! c*l;4. r[ i,;i.i ,sl, .,5=;e csa\;-,Sr iVjI ffu t
\ AL. trft Jti-l a.uLi Js-o'r J.r:,rr ;til '15 o:k-l + tS ,l-l.f-, dr
t +T 6f a5;T;l g,-,.15a:,-L,:;:+lt a\y tSf tn"^A 9, ii;:. !:r!,gt
tl ,aQ,r: c*l Of^, ,J.cr r-r-lil.rlr,r:.-ljl lr;tI u- bl-;L/,1'i 6)tol 1;L
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,J;;S f;.,.*;r &-r9J.an r5>.l.* + ,t+!l.i&;: .$sla.-l -J 8r JVtaL
Gbti J.{ ft4dl fK:r.1r,i.r.l.?rr.r.-,"i J:oF }ti,y1t 6lf-r i ir 1gtrtb

-b t J;:S Att ey .sb E b ,s-:ic[.7l*l slt,g &cr ,6;; ,Lt- t tl ,,.b
. s;l jl g................,.s b .r; cirS

i::\ 4*:t t^; Jt-rlc;r : -;V t *L,rSJlS, s:r! s.r.rrS4 ..:*l OS^.

5,i*,|.i:+. u;JiJS:i,/r) ::\,efl: L-t;;sts,4)L;l .*b ,lu ir,-l .rr[f-iL
.,:*l j-..J't-rL -r ,ir[:r., G-21uLa.rt ,;T a +-;

tL; g*-;
,r'l+j, c*l i/S^. fL."l aS c*l AL,;-.'- it{" l.r b:}$ F4..- e-b;l-S-r,-(-
,h.r:q '!rl U; t t41c,6r- a,z..iu 1t , J;rk;f ,ori t;J -btr t+T ,slt $ ,lV
c,tJ-c jf&J) ,L-;;l 6lh tt c*: lol.L; ;.,21 3s1eT,-,L.-a, ,t+tt:, 1g2-1+,La il
sha.; U--4 jl ut- ; rJar.rr b .,,-btb i '-'.,-t- ul f '? 

Ul.c*l jtr-r
.c*trl,t; 621 6'-; ,;"&,t+!-r, te2-1u\,

,. ,-i6 c*l iJS^, ,c.,[:r.r ,sb o* a*j) LI;J I ,-Jf t*, i-$t V-* ,slnl

,L-,.*-;l .sl;rLc Jtgl rt^,-l u;)lr ;[1:;l ,it.tprr:r, Jttit t, ,#[J,.],-!,
a otJi it; -J,:52 J^. 1; ^Li.t- it-ilx ,lt,t\y c-) jl t+T LtL t- pt-rl

'r* t 'CL-;tS' i.+ G-Ul-; frt '-(-.rS1 .tt ,Ftrrr 1tK:..r

c+ti .rlstJt.rrt+!:,, i.56 .c*tli Q: s2L* ,lL; *^; r5 a): n #
Jye ql-*s+elil U; s,L,\ij\ y-l ,l.rlr gir,eJar-r ,P- 6j^a s js-{,-
u-l .t-* "iJ .b-2: tb V-l ,e-i +,tr -br -2: ,tJai ,;;l-rfrl ,rh:.^, t-J,l
,rt.r, ,)i .rr- 

f 
t+l ,f sr:S; ,sjr|.b:t:rtr ;tS" cltt tr rlr.r ,i-rjl

-b -rit', itS, d GJt' -2: ,c*l Cb-.S'- "[b rt rfr i4 sl JL r, c,trl d
;lrrtr c*l irS-, ,t-itr ,L-,;r;! itS. c,L=i;jl U-,u! ,t-5 -S Ul. c-l gS-, ,.sL-

.b I cQ ,st+Jb -rrt, . = I Jl..uiL o-\-3 b.r o!:,, c*r;l p-* t ,4.'.K Cb-
,y.J Jge.2r g ,1iiar; \ 16 ^rl 

;:1,,.3 ,g*S.c ,*J ! lly.f c,!r,, tISiT ;; ciJ
t,r?/-rt urj l::'b.rJo:U-"",|:t:l ;tlj,C l&-, ,sdrl:_r, .$ ,F lr ;rT ,L-
2 t--l o-rJ tr.2 5.;l t- s1b jrj c*) J) jia g* L-l .5:lr .up uti; ,;!r., c*r .2:

.c L r.2l: ,V:Q ir9Je.r.r, .rlJl.rl t-T.5c;t r: il-iL/,u-LJ 6si c-J':l;ul t t-

,sVy:T .t-..J- +l-f c*-fu, t, c*l LS*, -U ,-Jr ,-i-s t 6lfrl ^S 
laT j

Jli.:I +.L2 J--t 6t+'... i ;l c;-2* uQ ,CG ,,llcsr|$ e or::Sd-; ,Q oy *
t.6; I t+l ,.Jr!F rS^, ,stt; if* ,sU b |yj r-l .Sii ,sttq ,.,fJ: g"-r 

^; 
.t:Su.

x--!i .-ut: :[-; rt-i t+i ,slrtl_2r c* Jt^:-l 6 Frry 16+ g-6r-*) )y3,0;)
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.,*l ,.n12 Ft tF t5;!-r,, 6y J Gr aWy:l ft4il s,.i{p:^

,*+ blis. b ,6 u-l .s-*c ,,lsl ;l e ,sb ,* r&l dtt; r5;l;l ,.1
,rJ:5 '.rLt-l i!-:q ,i-s ,*+ ,u-l +,12 J-{ u d Ct r) rrL X=" yl .J.6
,sD ,-r*f c-l iJS^, ,t3JL y-l;l .5'-.ra.rr .:lr 

,,la..;l u) u-l il ,ftS; Js.ot L-3

xl1,4tL; g*;3 t-tJ.,g D.r,r,(-..ijil-+.r:5rta,-l .l-.ra ulL; ).jF,tt- C>t-l
.Jar g.al.a:--l ,f q l, ,".1;a.z:o

-2r L; e xltg,r"t ,rfotS, ,st":,it U;t^4.[J,: ts csil-f ;tJ^s ;l orlfi-l

F-r, tt! :ta,-l ,r.-J.c/ pl+l ;tf ,*+r-!i u-.l:3 d.rfu .r;L;,qs4 !, t4l

,>3;L !yl:t!; x-V ll-i,s,tdL ctQ,r: .:rlK }"b; ta-r--!; -S-'rc*l irs^.
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.r: d([A] b [\] ,,st+:r.-2) ol'lJi,st+tr; jl .5'-.p t) 4.*,-,i 6la..by [\0] \-\Y

.r-116 B J^.;.: e :.21:; A J?', il | 6l^'Li c,!r, ,T

3 r;tyoa,(,r;*t L-),r-rU 6Lr.r::-r tr I rf "-it+ d* J-F [Y'] Y-\Y

.+-,-J..: ,..r.'iL 6y-j,,rtt LIJJ .5"- f,b- rs! glqL,

tw 6bdt{ar.+5rt+;* t -1,r., 6s-1+.Lt r-.rt .r!;.5'- uJb;- [f Y] f-\Y
eV ct* J-#1iV 6ta,rt3'-r +IlO,sla,,F, 'JSf (isr L-;'r'
c,!^s ::r; J/ Aljr-....rrrs cll ,(cttb^,. 6f | :i at-S L,D t,.!r,r

.(-r;=: t f-\Y u-r) .r,-J o-r,-rJ ! cjl-r

"Jb+ 
.5-- ,+rjtt+r.+, f- \ I t-r--i t5 3 ,1\u r,sy-y,|" +.h itrl { [YA] f- \ Y

.+5 dtil -* ,s:ly c,!^c .slJ ,;Q.S- r r* J/ ,slt

;!*c d-\,*.tl C;l+,L2,c,,!:.r 6a-1+.LySlt s-ny gt+L:; il u! { [fA] 6-\Y

,rt+Jbl tr !tnrl.,', L fj1 ,rl $t..ra: pt+l !1 f-\Y j41: o.r-i cif
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ct\u csJtu\l. rsV\)lll; , - Yd7

t-,[A] b [\] .st+:.r. jl .i- t jl El.;,r.r--&,-b t,c,t lj- ,3"-t sIlO
.g o:l:- |,;W aVn,sb -&_r Fb

,.el; sslut;2,([rt1 U [f] ,stf-.r.'>U.l rsi-r-[: j!;.i-;l rrii'"-"| t [YA] t-\Y
lr15-,, c5! i,tJ; rl.r';41 a..[y.4*,_; 'pr i;l.ll L J^-6F.5"- {,l.i.-

s*,, JW # ,-bt..lr: pttl 6).-a! { ,L3 ..|i;-5- .5;T;l ..r-,J ,rrl^4
.r-.'.J.r-S orl:-2[ aJ6; a-;.S- t-s:.r t1fujl ir: ,*l>r' 3l

c;lr. gjla,,lr;,([A] b [\] .st+'-.r. Ll ,---;-br itr; .i-;l r:li-*,| q tfO] Y-\Y
.5.,- sl, t+T arlr-2!;e,(op, e.;l.ll L ) i+, J-- 6&.i-;l c,,l'16 i:,t;
ir- 'riJli ;tJi rl.u .l-L -[r .{r*,-;a ('pr 1l;ul L) raL J-- .s5-
I ,(.r.oi, cfu i$t, t-:) i.u .sF ir;Jtr jl ,r,3 ,r.2b ! F r,

.$: c.r)Lc 6)..aL

,*l.S-,s::r J-J'^U:t dJ.-,-i 6l*.12,[r]At;!;;l or1,-'"'l ! [r0] A-\Y

)9J>.2) urrr,r"[ uSJtS, ,sri.6 S,ft .JSt,tQ r.Lc Y' q !, j,
t^Jt1.-.rr pt+l ,i,t-L.c;ls:[; rl.b; c;! ]-!l-; JF a4r:.:.21: .7Y0 in

,sU. b t4l c,L-.... iJ ,gQ fry- 4 r ,JF ,f b "Jh a-; S,- ,stt t
.JS,J. C..; crt117

sela.L2,([A] b If ] ,sh^qr.'>U,) .t il, cr-;,,-L;- rt ; &-;l orLL-l ! tfO] 1-\Y

,# ,n; c*i 
',* 

.S:try b:rl.uL-l C) \ irif .S,- 
':; 

6 +-;*
t ,-*-l r-*,g J^- cJ ,.5--;.u-t-+ (r* s ,ti:,tt:, ,F;.t ,Asfu,c-r)
.(r"S.f J^- o b 'ast-r- &- otna'. l, 6J;.;; t5l 0-" . i 6 o;..-s ,a-fu ca
lil dt b ,s-&-t J;"., ,rt 4* .4ls ij c*r 4 plr;: ,rrf # 'ht.{ar 1t+li i*l:cf
':t ' .lrot,,5=;t5, s:rtrrr il;1T.,;.5+,*,-r.r [f]AL u!; + urla.ti2 [ll] \o-\Y

,fJ cd) f ,sb Lt'td- c*4 ,s-* 6 c*l GARM tq .5'- lti .r5.:

car tt b 
"iQ 

BARM..:*l BARM; -&.t ,sA\,,[ .r-2lr +L:,-i.rA 5-
,sf u.- 1., ,s.k i.l.iy, BARM ,rJ9 .1lr dJi 6t^a-1.,.- iT 6. s ;j,J

."uJC.t b +ej ch-tl; t;-t,g JtK* GARM 6t
(\ Y c-.-i) .r.*r;*rYl. U-rn

4lre.!F-, t \r.u,5orlj'.",| ,(;-L, Jti.S,,-,JtS-t, iti; q u|tt-j .r:3,#j t1

Fj t, "l* {ti ,x5o:k-l ,laa.L22-1 U-l utt.],,S jl ,r,.*jL*i ,.llc-:r; jr5b d
L..1: 3: t c,lrr, .5-- ,.sFc/ ,.J,;F!i 6e.L22; Ul ;tT tt $,JtS*t, u!; * 6la.,l.r2

l. Ur* i"t*f*"
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fOY q;iri

..r5 19;Ld:*.i 1., ,stl:T

Lra)^L b tbl : ''&-,-l ,Shf,rkt .r.lr ;tS,l oi.:JorLi-."" I + uj U;lr",j:-r .j,-ri tl

J,t

setstation (SrelB: vec3);

settool(TrelW: vec3);

?36J$*TrelW" :,;!l i-1, -. r,rh a, c-*i r.t**,-l-. ahttsrelB" ;1T; ^S

+5.i-t * ): b ,Fr 6to 'r:-: JSs. .r,-f; ,rl.1 6. *nrV a1 c*.; b _rlil

moveto(goal: vec3);

moveby(increment : vec3) ;

ttincrementt'3,01-(:-,-l 
,-. f,rlx3 ai .;*; l, .i.u -,. fJL6q ,rl.at.Lt ttgoaltt ;l g oS

4; ,sr-b b -\ )Ss. it? u& ,lil =*rV a &*i .|, i.r" =-nrtF rl.ar.,,
LfJ,tb * d*q LW u :-,;i!l.', t "pathmode" 6b l.rnl oJr,:for[-...1a54lr

)U. ..l5 lo,ll.. a.lr, ,"runpath" t*, t pt+I"3 ,15

pathmode; (* enter path mode *)

moveto (goall );

moveto(goal2);

runpath; ( + execute the path without stopping at goall*)

.rr vhrli- +b n f t5 ))L. J*, ;T g 6 +*;*,15lo:L <t6t.,,15> LLe
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LP ;ty|tl 6y-1a.Lt.r, fo E Atr G2-1a"lr2 tsl6.J.' , , ..l.itr ;trr,' 5F a
,!l* r,L ti;.".=., y_l ,fprr.Jylr ,.srL-; c,1-al ,,-$t :, ;Li-.;J, t' susjtyl

c,+ 'l2l Cb t ,{,g c-,; ,tV g,-l ;-2!3: J; U-l I .,iJ -b ,tt tt Aftf
6[zi ;-t; ;l -r:l;rL',r/ r+lF .JLjl t+l *. 3 6W*y.rorcr sltl lr t+^:...*

u;LoJrl.'" *S; ,tt;t 5;Ul 6;L.25;T ,,#$ rt-tn\ fL-"| i/-l "!-L; 
,,,t--l

,;L;.e 62-1a,lr,tea-t..- rsiL^=*'. ,.r(.rt:,-r 6;*a'; ,-* 6j-f* ,.,S..Jt^+

,srS J* a:-Q6:,bo{l:7r.,, 'ob:q, i;E;.;-t+ .st+t, j \ bl;^ z',.-;

.,.*l o:3, oJd s+uin, l* :l -J tQ ,rp .st+t :, tl:\ t:'t ,ril iar -rr
tStttS,Slt;-\:t.S-.-.-; .c*lrlp: )P tlyll o:{,e-.""| aJc*l ;T.rt--t ;t
.J,-), t .c*l .u;t=; l! u4d; r rlj L.i5 t ,4-;,sb, e 6;L':LT s1fV
.r, l+t::,, .4',.^:; -2: 9 ,d*l .r(, U;t^rJ,: .rS :l -n-+ tarra;5 c?l t5 aJ:*, U-l ,;tj\;
.Jlo"$ dJ 16+;tJ^r tL:lr):.r.rL*: ,rr$, 5 6loL,. 61lSJ3- i3,1 ,ri$^c
:l.u ;rr, -f ,ta:;_25 :l ctQr, cr[:r.r .st++ ./5 ri-, ls #, Ltg -b+
ui* U b o\a;l o:tc-l ,Lu-21a,,-s+ly.-sb:.!; J ittr.Jdti ox-tr);7nT;L-.ui

,s!r Le!-u J Jti )-arl.i^:,.^^.c*l ;tap ,r51;L.qa '^b:+,di;..Lti r- jl
litr-Ltr*P@
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1ll* u-l'45 I +-i tr ..rnr.r ib !1 t+l 
"i.ib 

6t+=lrti E s-J.,g oJ t6+.rt=t'
,tJ ,Si-r-l, 2,*'a, J;.-. 6;Li ,>tt f bl-itf , O:r|f."J':r[ 

XF
1-.t -\.,-q ,l9l L..,r .,r .{L,r, ,Vrl, crt,r, 6i-1+,1t1 ,S $r4-f l>t'n*. J,V
,ls E o!-u 62-1a.La t: d 1l: ,rDl5'i 6t,*S tS1-1*.E2 ,-# t*+ ai .:;l:
a5.t-11: u-&-t u.lt ,s4-rl-*t,jf2t 1t,a,,Et,FU-p Lr ,,4-L,' at+l :, ll .s;u.
,d,)t(i. 6;l .4 r,e,-!-) ,h, rQ.r, &Q .x:L,gilg. ! ,:LI 6lallSl.; Jt tS;

q'qi* g,-r;orL f c?.o-T.r {+ [t] ;T,F-;+ L*-. ! -t r., F et]j.tt
I r:t: ;l u$1:,,t..11 itS, Jfu 4,,-r-,/ - Lr^. i/-l (dt3" J.ur;l -,: tst-.tuit

r) c,[, LEt Fj f 
t3;" i .t.*d o:$'"'.1 ,;",11.1) '.ldJr i;ES.stil r.5,-.r lrt

Lr^.r,rl-lr J.t ;t.Lil l-tr,(rrcf o:tl- '! +lyr, a!:.r :l 6,s4,'al-t-t5 o;;-sa"

.:JL t | ;tr:,, L*' crLir., l-! ,o!:,, u;t^d..tjJi u.Se t5 .5f t;- t;!r,, ,-;,u.lt

,jlbt! c,t t^c ;r2l .slsJ;t t#T UJI .st+K + b ,-* s vlil,c,l,.Li e ,r-2eT.r, 4:l
(a;rt-: 5 qlS;13- st)y-j*ljc-5;t, ;t& Ut'Li t-) *tj; 6v r. c'tir., d.rfu
src/ e u.ls;^o c,JL U-Jt.rrr slF (--l :, r-*6:) -rlFr.2l: ,t ,Jer e p!;J

-2:9,r9^,i1t! ,.llor'; .,--tuE;. -bt -f 3 6.r,-i,Lc"-S;! oLt-r eJteb a,by Jt5-:l af

*L1. Lt.b,;rt::.r 5f c?: ,hrlil ,Crtttti a, aar:;

'f-rfd,. cl-t+-rlr'{'c',[rr.r ,-S-* Lr"- t',.-J-l'J" Ot$l 'slt + Jl
.4t+ *rt 9 ,ha-[-..- 6a J;E.i; .r-21: g;.2t-1 ,sl-l-r tS ,t-l.f c^-; qrJ,-.:J, Ll

,JL6" ,st+J- iliL/4T rsjt6+ L .Jc*l ,* ft:- e$y;r/l+, t,tst-rS
ub. GQa r-tfJtr,.e yl o:ii-"",| ,slt 6 ';-l u;y.:J .ji5 l- 5 ,6^; ,;]-c.l I

...;.-?l: -rtFl tt b ;tI L"'-. s o\a jl Jt l-tr ,;trr.r f ilt rt ,.,-l ik-.-
ug2-1*.L2 cp:t fus ,;--lil,;l':-r.r ts1'-tult rsLF",: " J.tiJ 1t J-1u,, Tt
d +!l G\y,st++.1: .r-21: P c-*; +,Lr11s sr r6+.Fl, .1-u J-r=a:, t:

)eJarr .tt-6" Jr.;l ,xtfd J,s ;l-L 6Vi t, <';-f ,c-) tl G:-rT, qLl ,.
,t-;l .t5 ,fE .tt=J*t p.l ,slt t-t-Et 3 ,l-ly, aa-JJ 1s s ,*€ o:{r'-,'l g;lor-i

,S.r*,*t-e- ,st+J. ,/o*, g;ta',i:lS J-J ,ft2r .J.i:3 )-9Ja,r tQ. i,;*ilr
Ef ,[a.-l: t+t-t .1:lr cJr-.2: ! or5 or[f .l c^;l;u" e "5,J.r^": 

8J 16+

a5 .r; df l l+!r, 611+.Lt ,sb i u-&-t,st+t,; e-JJ{ .lar tsrL- ,;r5: 6Loi .1:

,t+T q Lrr;tJ^r :;tJUj g;lo:l: ,sW-i uAS+ t c^;|.;;.,, o.rJo:lr: .l ta;T.1:

,r,,-b,Fr ,t+1,.; u-l :l ,ft.1: ..uf ,*l'.u L a\a (J;t+.:,:sJ ,(liul, t ;L^. ,rV
..tlcirrQ [Y] 6lt.S-t t,Dl'< t qr cslorl: cV:6;L"l-:. |t-

i+lr, !r-; ,+,.b Ke-p 621uV1..-rtf,t ;, il-i,f b ,s:syl;t:r,, cSy-1+.V2<'st+t ;
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Y?\ un

J).)a...i cS2-1a.La.;!:r riJJtJ 4 e4 L-; +lr,;trl '^U:+ 'J-i lt+.;l ,k t
a5,.lrlrrF t(TtP).tt tr 6a-2*.L2 crlC'. :". t(1tt1L.lrt tsl+!; '\L.5"-t i-b
,fut.i[l,r d- t- ,,rrJLb-J-|, .!, 6,,u .l.;.iLll eL st+tf jl bltLr.l+lr,
Ita"-|.134:, \ ,-fi.-, ,tg tsl gi,,a;l ,,314:* ir:+ f .:J crlr'.".| ,Ut* b G.;l
,ctt Lr 62-1a"lt,st+t,; Orl Ul .:-f ,g orli',-"| ,.S;L;l ,$qV) ,sjltsls c'6r
tr-l-r).[f] ,5.r,-',)i; iT,JF" ,i ,.A !+l .s! ;rlJ-:4ie,JloJ.oLJ \+s\ ,--j,
tslr e.t" .,1--i t.u;l r-! ,5;L;l ,** i;Ef ,sir) c,g^.' 

1e"1 ,sD.,Lg+
.r.r5 o:[-*,1 ,;1T L*^. s o\lt

r5le -*':,u Ll ,o*l *-t \-f cr!:l g;21u12 uolt il:."^ t{.:;,,,[..oi o-lt5 + Jl
1Li:r: 3 ,-*-r--r.t:r6{ ;o cVrSr:y-.t,a,1;2r(, .t(; t \tt ,slt al-ig, OLP
E i-t* -Jli;-;;s4 jlt,g I OLP e aJcr-l ;;Lt_f,-l BL t+;".="" 

a,,_l;l
g;t^CL-/5a+:--r): ,(r*t, jt* 't!rr y21ul*,t * $";.tf t:) tf 6tt-Et ott::, ,+ly
t++- .7-l ,6r:,"^a ..-.*ilrK; !; JL I 6-i\* d,.r, { jli./ | ,t:3r*L;l
-2r orl+-.""1 :_2.e" (CAD);*5.(Ja, 

'?l) 
6;lo:lr ,-rto"-[, ;:l:tL;yl 6U blrd b

3:Lo' ,l !,tar2-25 c.?1^ts.a;JrSo',J5,o".. iT ,3,j.b!; t Jr-.,' &- gb'aLr.
a t $ (J;l€'aiL cs! 1-;1 d/2u12 lL,: ;tl_y,-l ,CAD L-?l) 6;tao:lr il eU

.rl: ,,:.rK uj^".:.- alV
;Kr::Sor[,p-..,| *s tt-y J:U, a5r-11: -e c-&-t ,sl-ly,l+!r, b eV tsy-1uL,

dJJb -\a cs1_1a.12. jl ,gE c,X;. :l LsLt,,r-l jl ri:,.c*l dJ,V t+L:-r,,;l

'ol"-:+,u-::.;..5-i c$ J-J*.'f.," d r-Jr-l *r t+T;l c,)tS;. ir,l.;-+ .ret;
t-Jry tt15,a 6115):a; j;V; ,s{-;l*l Jtrl a+J r) .t-r,g J;5 ,>1.2, Ll;,

J-lr yr cS2-1ult g 
"r--&. 

$ trg,* ,6yL*j cJL t, l+tr.r,, tS1_1+,Nt

,s{tl-;,tt I tsrt=-: ,.;ru-* .:r b5q-.fi.h t1y ts. jSdcl. U ,rJf t+ | ...-*S
'\)L/;t=";l 't+t',:, tSl-1uli, + Lt-,"

6a-1a.lt.st++ * *-t ia e2t.a+ {! I t.- eE ,stt..[i,, 6t+^-. ":,
Gtr ,OLP e ctio>L .c;l: .tt=Lr 6t-.tu?t 15[4^:...=. 6-1 1 e-,e
ft.- .5-_ 

"1 l, ;ri ;.,1-;.r-l "5 ;et"; y_l [ ,,.*l c.,!:, 621uLr rt,; S- J ,#$
.$Ul ,st**t, ;;;L f*!i t ,c#-tx 

';-S y-l .:l: ,-).5,c./Ll^.c 621anLr;

3 GL: b .+[.r uii .i_ra-|, Lt Wi 6AS+ : ,;rftJ ust tL),^s ,slr. ,*
d,t=I^t ,gl-:tl t ;5LJ -r,_L o.l5 o:[-o' ,l ,:; Ju5 6-s,-.1ulr6t+^+ ,FL ea
tr-,9-l-* l.r-b u-lJt ..ro, +.1:l ,:F ,sstt5LE.' ,-)-#e,o-u '?l++iUl
l. Task-Level Programming S.yst,enr
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!j' 6lU' csJ-1u01i,rl+{,qr* Y?l

-b t.tttr 6a-1*,L2 t'st4; -* ,-)-# : ubri ,sb ,*ltslqt, rs''oat OLP

oLP , b;u;,slhl,r.e,- c,tii;;l $ir ,, ,;rl.,K':u23;:l c.tQ,'t-*,g 'a'J
y;tu-4.llc;L l, (,-i J ,ctlii u;[^oJi;ll/ ,f, 1-#6 uit-J ,rJ{ a- crt+J'u)

.J+t ,alil; c,t{$ 1t ,uii-a c,t J-c 2 '}tc 'OLP csl+;"': '

OtP gil&i,*,="' -)5 ;).el trJt!" Y- \ Y

drr,t-JrV *i tt-r oLP ,st+^:^-* cfp r 'l,! dJL- :l'aQ'',-h ,t-ltt
)5,s" cra b OLP e 4 i-ri;l.lul"4 ,&e,, >15t cL+t*y'aet'a. .s-*,g

oJ:So:L*ut S;-;a).a:
tsz-lultirJi,rL .sly;L..'-:t-.,-l ,OLP f -*,j-#I;Llefl;l S t+T;l

U-| ,r1-#rr-S-, '4.rr(;l Ll .r-2lr csrL*: c-^.-al orl5ortr"-'l ' (r--'n rf''i 'c*ta;[r.r
,a)21 ueti1r.c*l 61-1a.ls. tf t>,F-;J ol;*a; a,fub ;r*lry.;t"";l'Ji =
Al-i.l J.rfu ;!r,, ce2-1u,1r,.;,;l#;Er, -i--ri- ! 'i5Jlr, ,-r-l 3 -t,g -b+
u-llr-J. g -F*;T ,sl--tuEt,;T ,r(-i .,-yb ;t:* 6j5 r'*', 'c*l ,l-f t 4 +*': L ;T

)Ji6" c^,-l-ra OLP e 'fl)'l:-, 
tt' a b U 

'bt,
,-st+!; il xl;o;!y iSu J ,Jti ).-aJtr5.ulciL-.rr aft 6.,c,!:.r i6.l5!-t
jl .xi.t ctlsto;1,*,*,1-o 6i)4,x-*./ o:f l l+tr:r '!.4 q '5(RPL) ;!:,' tS2-1+'12

,r;1^-ol2 tltl ,sl:..-$" '[f] xrB u-L-2r ^ !:.i . P P,st+t :., :l cstQ, a U-l

,ltt LVrl ;ti:,, \, G)yT::r".5.,-;l o:t-i:-l tr ,,gr[t rlril .u;:tt tltl ,slt u-&-t t
s ,s.,6I[i: ,*l; #r 4 -e ttb[r1 :lril .xl15" f.t- .lT '. b -b tt-tn cs16"L 'o'J
,tti ,jr; jl ,,ta:, ,l-l ,, ,u5 r*+.xj'l ,Sr.l, RPL ,st+!; ,a'-oL2 u-JW

,.,-s -b,r RpL at+t,; it .*'|# !:;lfl:r;:flt'r? ,'

'(;-:, ,F ,S-e 6laa4,o' il ,-,5-- al* +,RPL ,t,; 6 .'li 'l, .5 aJ uJ
,-st*-"* t, 3 b ,s-t#tr 4L ,RPL ,l',; u-l .t-* $-S ,5', ,or5o:[f*'lr t\a u:.

,g!1, .st+t, ; rl ,6:,Sna1cst+t?-i ,>\:" .-t-t, !l: ,-rJ.ll: c-=^al ,-tf ;tr:,, tst-tu|t
,-[: .J,-F ,-E1- ,Alt)l i>- ,lS q ,Lol1t 1) -* ] ,sl:l+ t '.r5 o:tr:-l 'J,/f

<,ri-u RPL .st+'; . *r+ rri$;:f;tt: r:-!;,U'
orti:-l (c*l -F*J;l ,raysJ) .:r-t, { $-, JJ il -r,-L OLP e.2r ['l'c*l
,g;2-1aal12 c^r.; ;[2 6t-*6 e$;"L.J ! '-F" uLoi ,s;l :l 'r+ ;4 ':]
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f Pl or,P qrtr;.r:-.1r ,,LrlJLLr

,Lnsl)'i-t, L- gty d i,q ,J_L, ):.rK L or;fo:U-*l ..ur6 JJ i ;11 Le. ,
,(.r'.,:,. F ,rb.rr .ri ,H; $$'12,;e 6r) r l, ;rf\f f 

t-"1 t- !b sltrt
;t$r4^-tb * 'S:itJ'r'..;*e o,.u:5ort.t-l O:. LVj q|t r;"&,oll5orti-"*l
iJFL JL*i:,.rE;;l ,sb;rlje,,j.t l-,st-, {;l 4ie orb;b [i;,,-b;.5'-

.:j o:ti-. .l tu,io t;rf\; Jt l

,hl rslr 19:tl i-.r: ";; ! cu,-,l"6;D ! J cJ'J6'd,t;.; ,.;jyT ,r4. ,s6t-*, jl A
tsr6 ;bli : t+:- ;l 6t !. a- 610h" c,;-.il: c*) J) t .c*l ,.Sj$'a,'ip t !t rl
:l.x,.l .i- ;.r.: ,lrti t , (r',-)*, J; .>r;u. ,,!l u,3tL1'l.r^'. ,6 

"r-l,OLP 
p r,

6y J It LW r.r:6 ;tS.l '$ orli: .l 4 gfrtV 6;+ ,sl, 
'b 

q!- t st''
D-,c t,.y!e: ,s;+ t&5-1r j!r^;l ,h-l uf Jtrl 1H .tS 

",.;"^l Cb
.1, .(jf la,:,,;l ,s-5,:+ t: ,.51LIr1 Jtrl y-l ,r.,1-25 u$l-t 

-J.c*l 
pt+l 

"!6.X_*,g LF^^l,rr.,.i g;;La*'' L*.
(21^.L.,1,1t).srlr :!/laSr^ilr .up fL, C) 6,,fu,orlo:h.-.".15-* M
hakt ,;t- tfr tt..ua, 1t+l ,it_t, b $T il ,b ,srQ. Jtrl ;l .SS t Jslt
OLP P L-; il-iL/ t ,srtr rlril i1=n-3a, noJ..i orl: ,_):yi, cWr Jl-; t
o:L 6ta+.\ u_l r;lj,g ytl 6l,ur,1a.lr1 .tj *t RPt t-\-i &:J; 6[a.,J:-ra

,Fj;til ,RPL ,. ,--;-r ..rlar ,-r-lil I iT ,.Et+Jb -e .srls .* npl rt-t-a b

.tt1,ld t'l;r 62-1+,Lt U-l ,sU b,/043,1, 6ta:r1-25.1r 6.,p$l uto$

6.r;ti. a".r UUtJr.
qS J-F5 c-\-3 ,e;la;;!:,, ,#$ J:--;,OLP tstp 3 fy 6W,_r;l F-
J12e*,rs.r6#- I tble ,&Ll,.i ,uT,sl+ , ilf: ;t1,, *-! u5g,-l ft+il 6;2 *.2*l ;11

,s.tl,;l t- .it'b Ju tJ* j ,+,Nr1:ta"-l c.c- ,r-Vl rb ^ 
.,x-* J.u .s.l'1o- f 

L*"1

,-)-#rc^ir+, !.rr.r orlr-"*l ,r,ry>y;L-l eb + Lr.-n CAD fu-.r, d
u-.r:-: G;T { s-x.r 6laorlr a-SUl , jl-i,f .ctu.2r CAD rsl0;,=,u blj1l:a
.up d;)blr ,1-i'^L-,.t rfl)'aLr.;l CAD t.^t5 q +J.;.!-k t o-., t?.rJl+,
ti12,-a* ,f t_ r ,.r.i! j,p., CAD ,SjUt cft y,*.5.,- .i OLP p d ,t
. !-";i., .F "-t, 

,J-iL Ji:..- OLP r:..:- Jl .41 ,t CAD ,rl) fu.1_;l ,r4
..l,.iL c-:b !,t+T;l l+J.u c^it--r: L ,CAD ,ir;,sl+;.,.,-- q tal.uJtAl ,slt *L
,-st+J! Er ft g;! g;lo:L CAD p +q t OLP ,,U:*. i _* .51.,) 

"F 
tl

+ G\a LP^* 6h'rlr ;r5il ,sb, t- s ,6tS J* i ,;.1...-rr-c.csF r + L-t-,.

,, O"r., 
.t oJFrr 6-r r*;l or: c.il,-.r) cAD6l+J!
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-h; 6rb 6jloV7. drli : - f ?f

qQ,J) .c,*ljLi .,:t;i ul+lJ* U6+ u:"-t i a, .OLP 6t+,.:...:-., t ,uF r*+
,#|t u:.-Li 6b SJ;-1r ,ryb tr: j+ t Ct-.iir: .lJ*t J: j,;!*c;l
.r, dcr$,...,"=* cb G-f ulij,Js..:*l;tr,rF-, ,ki ,jy.-usc *;r-"; ;r,-t

.S!-l q 94tU-4.o-l l-*li.rt*r ,c-l C"-,.Uq .S,- ,sL-l u!-L;.,Frt+T
,r:^nL ,slt ,,-s+l r[^c -2r ,rlr ;l.J tl-* '^L 

t, il* lt ,*;[t* c*l OS^,

1 ,.1t-il ,y. '#$;tJ^r i.5-*d ortl-.."| +t Cb'^-s*. u,:"-k ;llr;21; a.

,s2^3 g.e..J"., \rr-,i- & urr,6laLt',e $l:-2r +q,Ct-.5-- qrl J UlaLft

.:3-i o-r,r .S-,t Cb Jr. .5'- u!-t-.; 'a^;p .st) J Jt 'ptt*i.$Uil gr;L.rtt-ii-2r ,,n--- ,-rl+J- Ls,li,.4- Lta 
,.6a ubrrru;l ,F-

rJ.A) ci.:u tSstfJ.c-Li 6;L.r---i L"t-'r, tb ft-"1 Oe ^S,J.l(;'a 
,-$-t orVa, .c-l

.$tc/ ib ! 5t-itLyr r.r, ,[^, ,o:l:ytt--l olSor[r-'""1 q.r5rf t*+ OLP P
^, ,,91a3!^,.r,-L ,c-l r!^e cslt-: u;ta(r-rFJru L ,;lJi j|-r in GW ^S 

lal ;l
d,rtJL ;) r,l:.t?rr^.rrl; t6;l ,,(r5-- \ c'* ft--"| ,?t ttrt d;t^+ e
,|.r.:.e 4L ,c*l 'jLU4T t ns tSe t* -&-5.-rlS:l w LlAj ! ,,Ltl
Ll ,c*l ,1,*t 6M.L fL-."| ,slt r-{ cJL ts.lt-*J 6;L.16*il +Jl.:;,rl:1jl

.s-fcl f$.l ,gr a, ,.S-rf CF t-stCr..rr

,,5..',tir- +lil
,--l;.f qgtr.r.:- ;l gr,.- +,li; ,gL3; 6;la*: J.url+rl ti-.2r ;Ll ,],Vjl ,F-
\ 'ia 2: a1 .s;lju. OLP p ,iyls.SJli* ;: .c-l o.Li cr;L+-: ;,\s.t f
6lidJrL. or$1" sl-i,g OLP p ,Jtl Ga _1s .r;L tltt LVrl c,!r, sr5#5
I pl5. ;LL g;Lai rr &!r.r ati o.1l.1r s ,5_* JL.y trrs$S irrb ,,5=;L*

'.t,l#51 ,q;-25r al.o=;,- tr c.,!l jt5, ;i 7:: tiu -2) .Ja) Jti:;l '15$5a,
tw 6D o{L '^U:+ 3,iylt,,(=,t+ 15t^alrL jl ,lc5JF u,? s,tfi,l #-.
vE*l p, ,iU ,tj3,'^)S 1, t,-Jt JS,s. o:U--"l ,c*l oli o:lr crLg g;t+-+.,5,1,

.2r .Jl,f.iUT t+t :r rr ! rr[. b[i; t.ri l.'-llA5 Ga;l orti:-l ,;tS.r;L h: ,t.f ,t
uto r*L .sj*+ ;tI i-;-s ilb ,Jtt ..* 6taal:L c,t:-r,, t 6b,1-,*1,,J1S ,-)y u-l
.up r:.rr ,-tr6, eL y: ,d,!l ,st"'.r:SJF L c,tr)lll JrL; ,q.*y U-+ .tfig

'J'92

,6+;rsrls) p,,S=;t *.st+*b aiu*r b cr-+ ,-{.,}+,6ri c,tL),
;tS:u;L L-;;!-u 

"xSJ-{t) 
d.r 16^1 u.-,l,st{+b J;t:; +tr,;L+.; Li o.,

,r-L ,.llo.li L,aJ"a c.r,;;L '^&s*. E ,jstl,,-5tt+,Stfib;l 6rJi':-. oVf .r:! ,T

al-n 8 *L 6lif", -r,-tr ,;lb ,,S';L+ yu$l,.l.Jr5.i +li; ,6;Lari,ltlfr L-;
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l?d oLP g;t+; : . I u|zt JLb

r;e.>:.it1s6?" U-r.jl0 J-.t Jl >Y,.rJJ- I 1,=.(,-,-rt+tL,ctut-:;l,rhtxl tt

t-r-l i .srl,-s -r,-+ !, o$ dJt s x-;.,g gb rlr,l .5'--2: ? s I cl^tv oj rll
)l ;l-L,sl-ls., L* l+, c-l.2rti,i,L17 t$J.{t, i-ub,J"t-e* tE,Jt-t-
fr-.Js,-,E:;l bl-b: y-l;l .5.,- |,ctu|.'l 6loJ.cti;l orti-. 'l t.1 ,ry 5,t-l-^' \ 7

-r: dc*l lL + Lty,F-' JL .-\:J+l;; b $,,,5+ P-t&l n-S t 4L OLP

;l +1.: 11,=..'.,J12.e,s21i.1f€ r:E;;l vlr u--$-ti,1iS^. =lr * ,t.;l il
qs;la; ; Sl;);,stot!; :ta.-l;l b .xi o:lr-.""1 ,vSJ-J.t) d.r ,6+ f*-t-JJl ;L"

-b I c,trr crl^or:S J-J tt ,?6 I ,+, (s6,-::l ,-*- .tF c;h ,,el: ,stt\
;sf ,r;.* '? 

f ,j-16r J.oi,,' oK*, -r: j.u .i,- i/EJ6 ctlti ;f ,g atJ
+'E q civ ,J,-s ts-l t99\.t-J tS* +! r;tr aJc*l (tL, ,shlrt itr;D ,,"l-tt
rr vb;; I sl;u. OLP e lti ,r-t.ralp iJa;'^U:+ =l*.rt a;l f-t&t

.r.t J[.; 'I:SJ-J t b

Pctfp#
,5;,.,-.)* +!,,,lt,};tS.(J;ttl (FL-lJL.::-l ,Js:;t*i* +Ji;: oj)c,OLP e
fu ,S u-l iT 

'kl 
,al-itt t+!-1.2: .r54Jti; c;: a y t L;i -2: 1;L i,1*1a" o.r.i

,st{*,-r-fJl ,t-l s,l5 6;L,u; b a\y et5J,J t) d,.2t5oi (J;L6-i-rFt 
"-t, 

OLP

,9;La1..llc,9ti:,JL*, ,.jt; ;tl-u;L 6rLc-l rt-f F 6tr) ,sWa ) ,elrl
.lylr c^.^.rl ,;T L.--:;!:.r iV lrt6;L,rts-il .b J,o$ o)3,-,, * G-15 JSJ'

.t-..i,g or[^-.",1 ,[.]:.11-16 ;V; 6laa-.r- uh.,h,Jt 2*,r,L; 6tla1.a ,5;La*:';l
,.i'i, ,sjL a*; ,tSu.r6(F-, Cll ,>r2la.rr')i) Syt u,L.'- g c,!r,, d.f fu
uh,.-fu, + ,ly LfJ Jt 9 ,,:.-l ,'.i) b:tFr 6:r: L,r-':u:ii, ,sb ,cSr ,iU: ,lV
1s 5 gseL-,.-sbr,,: Jttl tl t f;;& i.uj- $L) s;L;L;^" l,. rItJrl ;X..i-.

,c*l;l.: t-'l-q c^a- j)E

. LrL"r -r-I,e.,l,

c,!r Jle ,.ro, fg;,l ,sr" ! '-u:t#s .* rsi-r-h V-tfJt 7 +l;; OLP ,;* * Jt
Ef-1r ,rS.-ti-: c,t-i.o :l al-ie,lSJtir;.;[ cstb \t.b \y c61a*, ,r^;als

,---i';9,611J{t ,rJ-- L-p L- Jt,st#rrrr Ll .tf -bi-et! s.r; c:L*.i
cstq .,fub-:6;;LJ.u lfu taL; b2l -l.iL^-:'.o-T,l J-* crttyr[,b 6t^U; ,5,.-

g tcl t6+ J-J f*-.,fJt s ,$.f ,€ orlr cJ.r- aT 'c*: a aS u.l.al ,f[ uSrtS,

t,&!r.r ;)6*t;,-il ,16 c,t-')ttl eJtt,rDtg. ,pl- JL.rr..:*gL urSJ;S
ggi!a*; i1,-l ,tCL rlltt Ll,r.2lr rj,-.9,,rirQ: U;;L"=.i a, lrlr ,k ;:tlJtht

.ttsT,lr! t ,r..:, OU;
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!i 6-rti 3Jlub1 r.rlF : ' Y77

cs{:V \ cs:L*r
,r .8,g 6;1t(.r ;t5- ;L+.J, ,.o t, ol 9 .l;3 t- 5s tui;+ 15Lr)i.r5 €t ts
,rrLo ,....,* ,JlI;l .L.- ,dJli; a. ,:4 .J.b I^El ,lrl: ;!l .5,_ t{.5 3 ,sr6,Jl+y'-

t r)B .l-L OLP r-- ,r!r c,=--r r, ..slc,!s t !l"rl qltt ,sb -&-t,-el&: t-

rh-l slr .rt &,J,-S,- ,>l;19e4 !, t+T .st*tt^i ,ul:e: .l.:! otis-, i/-r+ ,sjl* i
,c'^11/d-{.Ii! sl-.|f r+,y!; .furt orlr'*,1 s2et Jl21;L; c*l pI ,c.:.LE gr-l

,sl*l t ,ry 5 tis ;llu J-J LU ,6tS JJ- ,st+t,r,, ;l .i- t Lsb bl-ic/
3 "signal" ,s|ot-j*,: a:5rl .tJ ,s:L+; l, ,aS J* ,F rrSLc ,ba..bri cr-l ;L;^r

.8 ,-rset ,,-;'uls ttt6.uJL c--rr l]1*.r/ rrb l t+t l, ,.!y itr; a, "wait"

laa."L^> sgil-t1-;
6trrj:-: ,;!:.r 6tla..[;y-2r lcir r6a6tarF:.:i.: .S.u.r:,r, ag $J ft+I c,UtL

,r-l-Ll . . . ),(I/O) vtsr l,st1r1 ,,ellL; ,t4i j-p 1 d{ ,-L.i dr
6;L^1 uA nL JL-' :t-.,-l .2r OLP e cJti ,r!: O=-e ,, .[0] .s.rlr

y-L l LVj qltt:,aJEjIlO d.,i-r ,tea-L.- t ,lSper ;rn *6 crl.ar2.rtt

6iL*a;9 l.la-L.- 6;*a; q-r)b dJOLP fu/tr.S./ l.1.2,,:_*-al ,t4at3;:
Ll;2 6;l;L;^r :,)VJ c*i d{ ,c,!:, tSr;t+l ;til t+c,r:t 6l.:"_|,.rr+

.s-j.,A ,rrls E t\y

;.,-rl-il lstaatf--r y-L:) ,p,st+!-l, ;l 613-rirr"J ft: rOt'i"?.
fl+l tr Jt- .,slt,j-sdlii,;!:.r e-r:S4Jyro a5c*l bT,x-s.1'^a;T q (r-.r,-U,

.st+t: z*; ""[b.r.,-L ,c.iJ'.r+ t+!-r,, iJf.2r OLP p jl il;. S;1 ,slt )Sv.
-ule,rilr;.rB;;l ,ctl-*ti/-l J- 6lr,lr.d.rJrFtti;E;tst+!:r.1rortj;-l :.2.e,.

(.;t+) j.u c.,11;r orli-,,,| :t-r j\ j c-t ^ i!; u_l ,.1,-+ ,r e ,OLP fr..? Lsb.

.c*l OLP p I .ira Oil' tt ;ft crt^a.bJi Jti:il ,F-.r =b +tti ..:*l
.;in ..r;.rlt Gk*, *: '*:, gny ! Lj'*, , ,OLP ,;.,-*-2r d ,3_st 3:

t-s!r cttta .(;"t, J"-i .S,- eJ'Q l aJ.sloli +y OLP q,t+i ,:". illrl:n
lt ayUil ilr; r-+ u-Jtt- jl ,rV ,st+-.,|r, al-;.d ,if E-f ,st+t,r, 6y-1+,L2

.r, d,rrt(" ,i+,oJi-T 6rL tl crtA-). 1 ,OLP t5b-- =.. 
c,;). t,^,ss.t-S j-ht

+.. rla.-l 191tl L- y .c*l L" -n,:e-i cr [r' . l c, t*:, ilJl;e +ti t- e t e.l,o ;l tors g
jl it'ltr-l ,(d*ir<,(r',-:-, Jj .S,- ) g2luLrrt ; &-.ru.;L) c,.r.ria 62-1r,1,

t.sb, aJc*|.;+ ,t-s:L-Tl -b:l..l..i rnF ;!-u t 6lr. p U-l s-tb;l 1216
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l?Y cim,t*.-ll

r (u,;lLD OLP e.5.-;l 6 oiJ -b rs ;.1;11Ll ,o,ir^ d, t*S..FS.5.,- c,!-r,

orL ,rr!j a Jtstr ,-tkt ,-i\: :l +.1;,, L*;,(*;tci,--\ -t-j. ,g n-ti; ,rsf.t Jt$i
.:.21r u;-r[:-t c-^.-.ll OtP ,510.]*,: . 1> ,u'Vl .,!ti ;!.rl g;lo.$lrrr.l, d

,srS J* a*|i6
.c-l .-t:=l ..l,ti*c 6lak-,- ,J.t. c^i: lJr ,rpb t{-bt * ctxS u;;lJ! -r:

,slt ,s-t$y 6 ,t.up o:ti:-l .-.|*U .rfu ,OLP d..* .2: o-s+:Jei 6taa.L,t

,AJ'-.,,- y-l .^"^al ..$[ a:.:lr l3'-s fr;, b,t[$- t22-aa ,6sE J* l*|ft5
.rQ rrly cftt> Lt C)lr Gy-2ulr,,.fJ: L.-..4 a19,:,21r ts)[-i ,fu rr.16 Ai +
c,!:,, '^.s+,,c.,,!:.r u;-/5!h i t,n .r*it 1jI t-s::r5 ,t.Sl.c*lr(-, ttly il-;.;t+ib
c-:;l b tr ,g-bS OLP6t++,JJ-e.'i orl: 

')i-fT 
ot!:),t!.- r:-a6 uL:"^: r-;,ol:

.Jla:,rr

J,,r:' rt+-l')ll, .s-*,C 1t+l 9; (f t +;tJ^c,tary.;5;l cstt-,:.r)

- \ ultg l, a\a t # M ,*,t J:,)t .x-,"{ -b tt &l'i .S,- I b Lb-r
,tr,b1pbyi15o-+ ,[a,,.,trorl: ;r2l ;;;l> L .rl: ,-;iyT;!r,,)f t{-:t ,6}o;lxl
*)1;e 

"r-l 
rt .t-S +6. bljL/,.u.i[ rd .u.ij CAD e.5'- c,L-:;., tt 6 s;t-tn

;t^J...c :l ,stQ,.F"r 
"f.,J,,T,-,t,r, 

t !, at.i; u Lllc*l j5t3;J,d'ti J.rr>.-sttq
otJ^c y-l;l ,r,-taa.if ..u; ^ ("^l^." f...".5.,- { 1:.*; ;b!i c,t&D ?t Ul tb"i
6-25.i5,- ,Gll-t ;f ,F tt u'4,.:',stoy.*r6 ilS &;- ,slnl itf :t;l 'slc',rLc

5,g.rr3^J.,6;K.(;1 ,Jt^- crF '^D:+ .,1t*ttt ,,F-iSJl ,.yy ti.a6;3z,.rlt
.r:s

Cim ot*,*.11 f-\l
Ll+l 

tLJr cll, r, d t OLP J-S ;-..*.5.- ,Cim 'tK:*,-l 
'a;....a ib ,,-h ,-r-l t>

;l;r .5,c*l ,.:-"-* ;Ll c*i r(dt..a C)r:lt-fu C., drJ,[2] c*l 'u
o{€: I pt-.tl ,>la)&, tL s,Les-,;tl, .,r,-L;i J.S..i' r,i:.ri,,jt3" J-r" .5--

,6+,slt kV 6t-aa.[j ,]-+ da:,,,ka Jx,sit-V Gu,.^lL Ll:l.2r.r-21:

.ri .rel.e'- &JtL +lb ,-,.u t 6taaK:-: g=l.rul

.$F, QJ.r.
. !-,.i.. F aljl ! t+l L-: ,rjt-: uli:,".^ 1$4, CAD ,st+J- c-l-2:ti Cim 't(:*,.1
i ts.$ c^iL-: t u^oV CAD 6ta;-.* -;l ,(q!l ,#$ Jrb ,-,1-;.:-.) rIGtrS

1. SILMA 2. Initial Graphical Exchange Specification
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E gtL; csJ-/o61g;ll;,:.* Y?A

,iL-, I l";r, ul .r-J.,g o:lr ;l..5 ,r+- [ g!* 66;'y u,!-Li ,t-] :l l-3J-r. ,rr:.

t;-fd,Ls,.(rJ Ch- t & 6ta..JD.u ;l u2ll,^-ca.r.., ,*SJ-J r[lr.1r
t{:;,t t"4 cr-l 6r, S;t LW *J,.S-,t Cfu,11 .!'",t"n ,st"+J ,J.L (J;lorb-2b--L

.S-,t Cb;l 6las9.^' ,t'J.b';r ;t5,1 ,c*i ct-l tt )Ss. oFi :3'- -2r.2tS-

,-p & *t;O,$-f C.l- 116lo-ca ',,,')b..r-21, )r:-* tu3,.,& .! Jy.aa;

c*l gS^" J.u,.G;5 Cb* i{*:t U,tilJ t-'-; t oe).c ..u-ar #."-; I il;-l .S.,_

CAD 6$ -* \ J.5 e ;sj i3;L ,sla ,;,,*"^a.s! i ,sLJrJ,*t., ,J"ti

dt+;,Jt, ;l 6las2 ^.^,t4J.u ul .L^tJ -b-2: ;T.,r ;* | tgl&; g;t{Jr. ili€ ,GiS

.Jla:,rr ,|5.5 lt & ,.Lt-," c,tcjll Sti

d-t+JL.. \ - \ f r$.-i .:.21: 5r:,-)tt :u--,.5.-,r5 Cb t J *-;n .,L6h",&Ui,slt
.*l g:l*(-i u&ti ')a 

,,AC 1a ,:-;"L .-ra-:,r, ,dbl tr-r oWst gt J b

,j:t:l o:[.p--,1 ! .rF.f yr.l#z-t) rs.b".-J*+;l o:lo:.--'l ! g-^t .;to+l .ri-l' '5

,sL,,+-,* c-.1-J) *-i*..(-,/ CF t J.:-:-. .st+t- ,n* sW:r;|.*QJL \- \iJSJ

e ,6 6-u, o:;qL Jr. ,,jrl.; tp ;i J-r" ,,5115-: J-r" :)L {r-^> c# Jr(j jl .c^cL

.a:*54 5-i-i o:;a1L J-r,
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W\ cim,tl:4t

61.,, ,S 11ei ,*>a, 6;;ar ,#Jt, l;/,sklfu jl4t. LE i|iL1GyU L jLt iL
,t* .ll+t LJL, ji e.t" ,jy:l ,GtE Lp; iL .i, .r:t r#,.l b r4 '.u:r3

Lfu ;t;.5 t,!tci, L$;4r+ J.u rh-l,s! .t .i- .r.21: ;LI,,;U^, e,cl-lriorL
ro.fL, jl yst.S-,t Cb fJ \.c:*l cJ.i orjtL ctp e19l c-,rq : ,JJ. +t
.iL .rt+-. L$t,jTr) 

^S 
xrjTg {-\,. t J-, x-*eib t+l cs,h :'F-+ ab

Z-ibl- ,ja:l rlylc-;*,1-rltlf,,-r) {! ,o-U o:ja-L J)',-;,J,5;-t^; cs!,; ,Jlo.u

Et tJ-'X G:*; 'ra.tJ 
o:[r--.,1 ,a.jl: a, U-&t) al:, ]3t 7l-a.,;3"o' Olk,slt

.tt t5a ,F 4 |ex 6s-2,-d rt+-l: ,.S-,tCt- 9r g.1 t-st"+J 6;a t|* ,slt ;tl-irl

..,1r, r ,ry-i,./ ltdl ,'|ts t u^L- J- r, f (y ,rtcD ,r-rt 6;L;6;T
6;L.25*:l c^sr &lil #, q .l-*J.,g o:l+'--"1 d,t-t-,.. ,slt &f Cb F-[;l
dg-[F t, .5-J.,1 a*1.,., jLx; J*r,-,, gl, f L-o l'^:S )lJilfg;talr- fu ,r ,F,
a;i.1 1S*. r*_rfJl.uL :rjo7 6;LTKJI r-rfJt.i_ ;l ll-i,-1,{lJ r-5 J rljlc,;
i,l.-t ." ,sU;rltg (fu--7):51.1 Jtt';r) L '*$jtlc^i.rJo:l;-'"l [V]-2:

,ty \ LVj tt ,r:tt-&l_;l ,Cim 't(:--lr) .:,1 $+ E ,rt u;;L.,6.i1y, pl
JLdl ult 6 61$lc.;-", ,t-rfJt tt-l t5 .:-*ct o:[-.,"1 ,;1i;l;-lS tl ,[A] ,t a;ir rs+

J.4 c'sr + ;r-ltL/,t-Jr-l-2ll o:[.i:-l tt-f 6bi. L- tfr il:l {1,: t+.*L;q
,stu.i. u ra.- ylsldi.- .s-ltr.i L -r5,r" J-ls LF4b f+-.5'-t ..-, tl .SJ.f

6;L-2t5".:l fi&|.,.*l J-:t.. .,^'t .S," Lt 6-:)y LI'J ;lg ,r-21: F *. ,st"d
:11> 21 rtf 7 q_.fi 

';U 
"A" f-? | t.r-ft

.i t- .r5cf J-ls "A",ll!J4," ti t+.'t-+ jl .t-6a t-T d,t',r--,b .\

,^ t: , jT ,[;ls:;t* bjrf i^,- ,(\) iLr. -2r o-u l+, .r$;,q t 6b.Y
',j qrub "A" I't* J u'l-L-

tt-it F 4srltlp L\;l orl.i;-l L ,6rlr u 4,,;,v; .,Ll, (Y) iLr, .,t Jl .f
.6,*t&urt+.,U)+

4T ,slt S ,;t);6-;l;la, ], 1t-.tl '+-S rl-;.,1 qjl blr,,a o.9)tc ,Cim.t3c--l

+) xrjSo!-S- ,15:l L6.-,!lt u-l ! ft--tl "5l a-tCl.- i,<rJr5 Stir,,*l ,!"22.
.S ,sjLrU';i ,(<.ry',t t.t J"_S_ ;J e;b ,a;t=,tr Cyt.-l

./t1; Ju s ll,.ql
,...1 .5._ &rt l, ,,-t,r, It t 9 ,ct* ,S o'Li r.;L ,:r-i,r, 6jua=J 6 tsh *
,;i-S-, ,jlt i/-+ c-^.rL jl J- &tj ,r.-- / tslo:l: rBL .,i:a:,rr ,.rLii
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,ctt+ 6-p .S- ,;t::, .5'- ,J"Li
t4+.t; ,Jfu u-l _r) .c*l o-r*?

!; 6.rti tfJlobl. grl+;"":.," f V"

.S,- li cri o;-5 -&-t Ji-t;l orL JE .-l s.u: qrt^o:l: iril ,slJ jS rsl+ :
irl:lr \ aljr-t I pL-tl .t*,C 'rlr 1L.-11 f< *.61 'dr-27 

^S 
c*l rfir. ,t€

.rJ'-;i Lrcrlr 6triti,l5.rr,tJJn U;ti:2.,6 cb,:,c;L t+l Jr.
jL.y,>L, .lt set4,2$ ,;;r: ,rDt$rk;L 6 tr-t-* 1t-.11 dc*l ,*
cft r.- 2+ \ 9,c^!.2r ',^l-t 3T.;-- J-r. af c^-l;;rr-2t:iL L u*- 'L.ltn\
r:5.,, crrrlj(-tj * L*tb,Cl fL-"| .c*l ;l 6t^r;Lii (<n LL, b a. t,!r)
t, o;I js4 r;tr:-2biLt,.*,'.t^i 6;;Lq=; ik" J5.("pn-al/link3" i:,)
,r5-i o:lr t5f t# ,Gj .4;g oJ-.ti "world" ;l &-, 6,c*l ,r-- J.u .S-

-1rL ,'...- J ,,ft r* 5- 6f Ll ,-lJ.,, 3f 3 iI (,Ct 
f 
t*"1) g;tra;b i!5

,:L ;ta2 J,u .S- il JU, ,-,r'15!"t'
o:lr at^i.; ,crtrl ,tlt ^-1,.S,- J ,(g=,,) .rK a'l i .5.,-

.Jiu, cP^t It f )5 tE, c$,, 4- J-, .5.- rhl rs! dt tS, qJt^or^: Jtil
15t! { rg^:-rr.r,a .xar,rr l:t, -!l L.b U-fT + b g-Q ,S-,ry,t.lo.u.lrJL;l y-l

oJ-i a:lr;t: c^.r;r_2r.r-2lrr1 t o.l*i 6j*a;6n,4 Jl,a:,r,. ;lil ..r*3 6iL^;
"gripper" ,"pumal/linkn" 3f 6ler::-r '^U:+, b U\ altg,Y-\f ,$; -1r

.r-29T-2r 6f t ,(e-,,) "bolt" t-J (,-t, if)
#rt c*l 6,5^.. E GV J.,.rr sfyF-r fL*l ,.1-Tr, 6f 1,s* 'Kg
8f jl '!r" a, ,t-eo.ua:JLo;l r3;e #r+ L- e ,.i;rl: ./k" F.p;BL .tt 6 ,#:

.-rt+* J.r.

;L.' i,L

/
I

/

\L-

vLS-t

L- c-:ftt

.dt64 J.r. c.-rr )l JL Y- \fJit;
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fV\ cimoLl:4t

ut:y.r) o\b:t J[.i:l ;:--r- J12,-aa.,J.e-l o:lr 6f -t-tl d 
'/+l'^-ct*,- 

)S
t4l ,rfi"."rJtil 4b :,.tt{" ,;-';r J.u; I t4l ra- E- &1n 'aL.l zxs:'u..rt^, rr

;l;l 
^S b ,slo!r,,;T ,t5, a5:-11: :3>.9 K,rr.Is, pL; a1 (fi0.213 .r ,.tt3.1 ,*j 

-

,fi cs6,-r;l ,F- 't? +,d& U-l G-iS'd*l; )5,s" Lra;^*,f-SrS it+a t
')L .rl, 6r op: i'L; y a ,i;U;;l.ut*t-. ,slt ;tli,-r b su .t-*cr oFi

'j + t'*;c ;54 df ;!r,, LJ ,l*q 6 'slE .l-: -;l J-tL ^: + .s-tnl. ,slJ

.s*grp

,BL,Jrl) ft-ql a, .fut;:"u ?Ljl
+ ili,j,rot ,FtS, ,storr! -r:UJ"--rS"- a uL-.- ,s$,tt,Sf 6;*a; nL:-, ^
,Cim,tft--l tt .5f n2l, Jtt+-,Jlo"= q,,it+" J.u rr rBL g;!lr,...- r,t

tS+ ,t-ir-/ rJlF nn L,f r o-21-e a d,,-,!:, k\ eri crt ,.,5-;l;='" ,5taa-:- g,-l

.5'- q aS u^-.--o, 'Kg .x'Lu".f-rtE g--1 I Jit+- 6ta,u; ! .* .tac-/
,,.5i-rrb f*." JtL+ g;taoJ:L,:J-l o:l: ,.5f ;Lj,c-*l '-rJ. Ja, cf-:rb C.-t
,Y- \r ,[5.:r: (6,,) "bolt" cJ,- iLt ttb ,Qtu-4.r: slF rsb, ,5? u-l J
5 Sya, ,s!L.b'r=JS s ,5-1-J, !r-l "pumal" ,sylz,,.l.it-+ c;t^dJrL, t{,g Ln\

.tS .Sr i t+T a; ox)J.oz 
f 

L- 

"1;t1ya -2s Ll ,r,5,r, o:[r-.,.1 c*,. ,J"t+ 6$a J # r]+,Cim 't*-,-l
.. . a a -loeue. u*u=- 6Wy jl .tt tS^.-,: lt,stlJt (J')]r ul,f-"r,,c*l iJS^. 9tj

,FtS, 15t!.S,-,f-\f Jfu .#ort ',l L+-*, ',tlj,g -,: -\st til)rt &:*
,L.1, U-riU-.,li.l 6-,-,st+tr.$rc,/ itJ I qS J*.5.,-.2r o.tu: u;;Ld,-*:J^L

.-ut+lcf t+I!, i5 6f i*lr- ts iyls,-5"t^+ g;balrL t;^r5^.

dJ* x;l-i,g s ,x--;.,/ f r t\ tsr a6-,g;:1 a-.:6:a t yEL 6f l: 1L--11

.-uts ,J,L: ,cJL U--# t'b ,fijw
tL-l 4., LA-=..... ,;[..:jl

o:l: r.;-..,i 
"..,n 

.i- alr ,,t(:o -2, fr f { ,.tL*" J.u t ;["; -r{ i\tl yL:., o,

,;";,- ,$r r6a *_nr$ *r a5,c*l lV::1.*b CcJL 15,2"a.t-*,g
OS^.. ,^LA-r^t:.$rc/ c,*rar ,i|j jl ,eE tt-f+b f g 6r=K:a-9;tSrr*;
q'tt--'". 6;L^; i_t, u_l :,s-*j- #r.rL0" J.ur, f-" i/--\+ ,slt-* !,-ri '*,1

.$rc/ #."1; b ;t!',o
LP^h ,ta \ a., ,Cim 'tft*,-l_;l o:tL-l t ,r!.f b -*-,,r trs u$l.t
jl .5-- f .xt,g tSr.b 

"r.lU: 
Llj; p .w g;..-El ,J-',. uttr RPL i.tj
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!i 6:b cslluV.lrJtli,irr fYY

t, [4.t.I +55x-;.e c^"!,rl a,o-r-irf.a:. -*? tr,.*t+ sy-c5.,-6QLt f-\iJK,J
.r:5.5r ,;!l iI ials.J"t^;- 6b;l ,:lf...l

,ja^. ilr,/ b y.c;L LF^h cjrr' l_ 

'#1J'*+ ilr,g I *U" LlJi U_l

"A*l-^' ,slt It SIL ;L; q s;l+,L1 ol::.fo:Li-l #t u_+ .# LF,* , GQA
;c,=-al ;JL".o.ti.up ,,soV ,*_r&1"^b:+ o;uii..=r; gt+f,t[4a jl ,;*.4
..r-2eT r*:r, CAD qJLAo:l:;l o:Uf .l ! *i'-".,, ,*r.1"-F l) b.,...- Al-?,C ^S 

c*l ;l
(c*l Dr: uat-i,'(S"- ;l al--l;Jl62l*r g.'rrkt t .St b,s-*,F-\r;$.*:_2:
"|--s+ E Jt- Ul tr .c*l or.i $ CAD J-r" .t_ ,sD. gr ;l+ aS $)u/ dt;

.c*l or-i s1l2 ssJ--t CAD e;l IGtrS .^.j

./t*? Ct' 
't\)t 

lj .{"1*,r
ot-*,--l 

^?Jt+ 
aS )J.6, lL_l1r,-,;)L. alo-* r:i; ,11*tl a, o.r^: orlr c^.-.,.i cstar.-

,ri,t-r ,e;L,a; Jl .t, -r..ap JrL .*l: ,sto,,-.- [ ,i-* .rfut-_r ,5;Lr==; Cim

s ,u!.i' .:JL ,-,jL- -*'o/-sl ,(J;Jt ,st+b r) f..-t f 6.b;tS" .6;l 6j f.l
,st+J.;l ,Cim ,t-L_l ,,rS.,1,: c,JLr) .s lap cn!,f*.- ai + Lt-r J/ ;r;E
6f t-t ." ,slt s ,sSun o:tr'.,,IF-, 

f 
L-olr.roL u!t(" ,-st"r;t, 6lj ,-)- f

,S+lrtbt'-&, pta1 ey ,s$tCat g_r&lrt+l J-S i.,r19, ,o.r; 6;La*: f 
t-"1

{rt -r-rb r--- ,}.:! -b t.,-r GV cJL ,#$ ui"-t^i Jt.!; } t> t-Jry
-[.ts, .*1.9'-_7: ,Sj$'a^i-,u,:,-t^j gb;l t# 9 ,a*l^u 

f 
L-"1 '+# ,sU. .|,, ;tS"

f- R""g*Krtt
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f Vl Cim rtL:.-l

.CAD ,*"-- 6lao:l:;l o.ui c-rar.:r f- \f JSJ

2;;r2lil6r" af ,:-2lr ,fu jT GiS'all;,,fe ,F +,u,i,_L; 'a2,ite c-:,^b,

.rS #; iL; tr r; c*l o(^,
E b ,t:Sg 6-ltS^A J"-S"- t d ;t r, t4 ;;lics,,r(,1,-: .s;L*j cJL -2r

_tt 6 ts* '^U:a, o.l.iJ[^c I .stor.,l -)l t -\ae: 6l e--!- ,O- \ f ;[5.: -r: .>] ssjLa;
2r--rlt uS..,b") e g 6;Lc: f 

tfu.,r .Jlori d*ibJ"-S,_ a1 ,:-21: ,lt4T *
g;r-i + L-t-,. GU, ,s!.,1b 15t+.:-u, :h-l r ,tao:lr ,s.,sTtJ Cim .6;--l ,,J,6

t-J,g orte : l, ;rjCJ

SIt ;L;
,t;' J-; t 

"5,.r: o-) :l b ,sttrS u;t^a.t;j xlie ,;!:.r yl o.r:5orLi-"""1

.2r ..u5 6J-JG.,[1]SIL * + Gtxt,ci2-1u12 *t'{*l:+ 'L+-*, l- s ,<t_t--G-t,>

4tarF: L l*-,j: , !-..i". P jl o:Lnt *l L o-U-:,--o; ;lJ^c ,a.lr, rta.-l (:1r) cJL
: -r3! ttuEt oJtSo:U- .l 

"4* t) JLltr ,et,_r_r..x-*,g 
"l-+ 

SIL i!; +

,p-r;)t=6; -;l Cim ,t-(*t riu, rh-l ! SIL 6t.er.[;7 ,Cim ,t(:*,-l ("u! a3

.xlu, or(,-,*l D-,c ),,A)f ,J[U J[.SJ p 1? &-lts,sD,;*y 6-fu

'fu,j16[ie,a..tJr1 
r-j,A qQ.rl.u; r[.tjr,J&t* ;1.; 

"Sba 
6tlr SIL;L;

cSt-lst'ast.r,'\zyz 1l lblLr oJ.i.-!-j ufu,jl ,SVr;l ,r1trc;.,:*l or.isju-;,
.S,) frame,f l:r1 .S) point ,(c-rts ,sla;a*. Jr J:rJ ,6,, uL- ,gt+!:r) ypr,$-:l
moveto LEtt-j,ori.-qrri &. jl Ll;^t-j;l 61d2 , .-&-t'r;r i/-+ I ,(iJS^^ ,J,-.J,i
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!i 6.rb 6J1ubr1crlF ll' f Vf

)5,r. P.'(r! { L t+i ,s-4 64-* ^S sr i# JL.,5 c,!l r: 0- \f JSJ

.5ad-26r, ,SIL tt ,Ff JtatL-Lo F'-:. Ja*t 612 ^S 
,*'l

ui:.s-jer 6ba-L.i rl.r';3 Wi SGtr tt lti,Jrl.tilJ SIL g;t'oa"Ett-i

t: -t,:, cs.^tbE-r. a\: ,rV rt ,,-5,-t y-l .rl: ;tX- l[:r ro a iliL/,-r:.:[ r:tc
;[iJ rlu;1 oJ::forli-*.1 ty,-g'-l tt b-i,:.rl: g;r[1 c^t^al ,cl+5;LiJ rl-r'; ,]lo
foo 4 l, (tool) -2lyl,moveto((6tool", foo) t*r,ili .rrt-,g )tr'+ lt c-J
.1t-il-2lrra r-5w- rr.-,. -9a,rt-$".S,- ,;)*,.-1lrr1 .5-- c*l arS^" foo ;T tt 6,Ja:,r.0 3f
uta.,F, a, SIL ta-a.J:r).s! (,r!r, J-L.i tii) Glt:t p,.S'- t-r,(J[:l J,,Li lii)
,rotate ,jog ,jmov€ rrrtov€ r.;[) -ug,r" 16o'. csro Jt=S -5"-t cst+!; tt 6 6:JrL

.r-rl-r;;! (translate L e

,rb I p,,J,-ry_l .c*l jL! 6$i.$t"il J+ ,sIL ,11-; -S-' Jlt
.:jLcl ellltLiu'j ul e 'FK 6lr.-i-r- utS"l: ,xSu^ Jrt^. 6Wi ua=,,.:; a'

J"-S"- t .S.;til ,*+SIL -2: AliL/ b ,st';.o- 6Lbi .r) .rfr: 6lar;[; ,st+*-r ,ii
al-icl.L-UX ,)y-! b ry,,L-el 6L-121 ei:l ,sl^-l* ,sl,."lr,* Jl,i/-!q .rJ,-1,-+

"^5b:,* 
rh-l q ,oy ,Jl:.rlFli -&t Gb:'Alt [-r,YPr Qi :l tslo-t* ! !;l

rsu^ 
"-Jh 

ta"[ :-r'; ;l 2 ul;lu" rJn]-;;
L;r.L; b -l.. i-ie ;tT tt l1-t,,>*l;o>;J rrl.r;L-l JtLt, a\::l SIL ;[;
.rJ $t-_,, *l:t e :l ;;lj,g u*'-S,- .Lii i# *-b ! ;b .p rr .'; lrl
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f V0 Cim rtls-1|

66+,1;22-j : ,6$,tr.ii ;tI I D:,:.,plr c.r!l' LISP L='- r, SIL ct-.tuE-r +-
!, ++ ,r-b.l5,rli-""| ,S v.l(a .slc ii e-*r.1: e[.oti>t ;tr+ ,>l.oz;
SIL;[;,LISP i)By.r-l.f rr trt41 .:JL ;l ,;:-; r.12ei"gb,r-l ,5,-t s,-t;
,t-*-,-l 6b.1.9:-:.;.:rn .c*l orL 'U+ ,JtS-1, ,ct ;tI ,-;W s ,tf n-U 3l;4 lt

r-r{J" .-rk*b e t or5orU'".'l d.ffu a4.:J.2r .x-..J.,g +;r; SIL;L-; a Cim

SIL;r: 9-JW>L5 urt"-Uri ..rr:,r, ;.# aT ;t;l) -st ! p *tSu. nl-bl

#,Lf ,or;L ;i.i.1 1! ,s! jid lr

-rt *: Jt5.-.,t, it ; :l lt aLJ'-t ,s2l e *>l tsl-lf q t- t-* rrtr-i ,SIL i!-i

"Jt+- 
t1 itl- )1"5,-Jt+ q ! u-\i .i- ;lj.r 0tr5 orli-- "l .qlu. ;El;

o.r,.3 orlr Y-\f r P-\f 6Leifu'-2r s;lorLrt.*,,s[+l[,).$.,t-rd ,lnl Ga.5.,- f)ttl
{rti l"o-!f .o;lr .up \75 ,,sa;r t*+ l-!i u-* ,s!l;lS,l ,;l;l u,*,, .(c*l
!;t:, eJrL,.6Lr.rFr .t:SrljtttJJlj"-rS"- !,lto, iJrt, t, [-r,.,,tf- u;t^Jt, 1U:+

-b r-! t-r \ s-ie orlr (signal) JtK,-.5.;[.eo:l: U.bl,g wait5 signal

oS^. t+to,,rdr u-+.tS vE;.;l Sln irKCrS6Wj it ,;l bl;d ! ,(.r":(wait) t+T

+ Lt-r,st+-;Lq,.i :l ctQt .8-J t2: ! ola*^,, ,sW: b \J: 6Vt il c*l
crb::,sto' c,i,sD V-i ut t'.: 

.';rj;:lil 
tfiri;,;j; 

rf5ri;.t,:Trr,:i
V;:l tstQ.d;t Srs.l;-lr r" JfS-t. b\: tt-t-. il-7t-/ ! SIL ,r"o1i ,*+

.-iJ k;r,JJloJ.i nL!;T a1 '.ui- f ,-l,;,;l sk*b:

process punal(is-ok: booleaa) ;

var x,biu1,bin2,drop: fra.me;

begin
bint := [40,40,0,0,90,-90] as crl-zyzi
bin2:= [20,80,0,0,90,-90] as ctt-zYzi
drop: = [0,0, 15,0, 180,0] as crt-ypr;
signal (sensor, ready, true) ;

wait(is-ok);
if is-ok then

x: =bin1
else

x: =bin2;
noveto('bolt' , drop ret x) ;

end;

.(;.rn a\: + +.; JB.-) SIL ,tr; * o-*&j Lbr, 4 t- \f Jfu
1. Bool 2. Port
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b 6.1li cstlubr2 rtll-',?"' fY?

process puna2(is-ok: boolean) ;

var x,bin1,biu2,droP: fra.ne;
begin

biul:= [40,40,0,0,90,-90] as crt-zyzi
bin2:- [20,80,0,0,90,-90] as crt'zyz;
drop:= [0,0,15,0, 180,0] as crt-ypr;
signal (sensor, readY, true) ;

wait (is-ok) ;

if is-ok then
x:=drop re1 binl

else
x:=drop rel bin2;

"oll""tot'bort" 
x);

.(;.u ,Jt{j q L-.i Ji6) SIL ;[; u o.**i LE'T V- \f JSJ

tl*"L.r g.j|.ll?.,

,I-'; orf') ,rx5o)ti-l .J,J 6il+'.|, -t-..- A U-\ c-l-2rb Cim '&*,-l
tra.-L.- .i.;, ,r;L +; ,sb.4ba.b.,a ,l g.(,-25,-s t 6b-lt + Ji-:jrrk-lt ,;l;.r
.s-;. ,C C.e., ,l-ra-t..- 6;Lar-: 6lr, orL 6t$Jti :l il tr!t: ,r-&, ,-r-l:y' .l-,-i.:

cnlb: tglu,-!,,r J4 L?.11 orti:.""| [ ,cUb-.. g\Jr <slt:i u..- 1.9;L'';

,a r) .4t+ ts-try Oo cirtft ,";lLlb.6f f .t5.c-lJ!tS.1,t.,-it 6;L;5'il
;-fc/ tfJJ.52a 6jt2\-.-fuT L 'L^f s3--ffL*lrtq l', (il * o$]'a y*
iKlr- 6-\:,-!,, ,-rll t )i 3;SJ.# .ssJ,g -Jli;' a\st ,5f ,l-t.iti.tt Jt:n t5 s

)Sv. tfJJ ! .-s+ ,*t Jk-l ,((o-rJ -r1.r.,1, \t;1lrta;tn &"T t : '5.'. J-
o6;-r;l crli:.l t t ,rip ei cVa-L.- J ol5:91^. Gb+5,*,, ir:.^ t

. x-J.,gc;l al, r;.et 6; L.1 6..:l

U_l .t;6114,ct,=r p +$,-s!r 6r:"-!.,r tttSl. al-i,; I ct+ (J't{,r*-*

;'r-r t qS J* f ;ff 
f 
t-"lil.i- A gerr3,.A9 itS. ,JtJ.* L-; Jlj.f e-ji

,--,. fJk; ;rslt-S:\ g? J ,c,t-h. 1hll cslt ;rp' ;l';F'b ,J'.tj ,5;La='.: 'r5
o"r-i 61La*i rEDs -I,-:.2: fi Jl.c*l o-ui '.r;b;!i !-!i * qS J*rr f lr ;--1

.sJ 
",;..1;rlrJLS=- 

t,1 ,! f.-" cpL-r: d;t le ilt,g ,t-J; tV

.i.ra ,.:.*o- sst+ti; ,u. r*J

f."!i ,,ih" J.u I dt--, c+6 r s ,ti-;., 6$i-: t I 
',tr 

c;tr; ,SIL +-.
Fj rl-*t ,k ;ttj;orL.13J":,. o e ,c-l ;LT iT ,t.tS : ,ct1Jiy, LI.' g2l .t15i,4

orlr'. ,l ,;!; Cr-l o o-U+:,.39i LL2. ;l ili dr-l 612 ,*l ,* gV ,;!r,, ,sU. ul,;'
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f YV Cim.t*-11

.xl:J2 (r-+.b, ;r-*,U1,,l rsl+lr;..(r t- r) ..r: 6;L4 c.,L-u iL; q !, il -r-1, .rJ
,61+.Lr;6tr.1l3L e ,d,,u.s ,Vj,la; jl ,G-{ c,l*-u 6trrx5.|15 r5 .zJ.r6q ,Jl+!;
tsl+tr; t ! SIL itr; d tlls gri',*-*,Cim 't**,-l .J.2lr1!4 &:liF-rS.,- t

,(-r .-^.-; 5 u (r: '", t+t*; tt-( 6b G\-A P d.Stlc.-*i .Jiu. et -&-t

,,Vr,,S-, at ; t .tf'c" itr; .i-;l ,rL.J,!.sil ,O;l -* i: ,?r::' '
ulrj .r, e ,:-1lr gi.r.1J:, .rt+..{b .i.rn a!; 3 4lu. ++ #, U-l + ,srl'j,r g,-l .c*l
LtiJ.S,-.c^-+ lfrrj.u ,;-.=.- tt ,# .:JL f 6 s-,..l.,g 

'Jt 
i,l u,t-6" ,rJ.r. a, ,SIL

ru:.ric.r 3.c*l orJorl.i:-l laox.uJl;l il.ttc" J* 6b S 
"-.& -b l!, SIt

rJ-i crlr.tt{" J.utr s-tty.iJbi, ft-"| t Y t+T itt d,c,L::., .i.u .tti; a,

gr:g ,.uL tro-u.rrJL;l: ckr J.r. ;btS,l sti .i.u e Jl .Sc,,Lil ,c*l
-r, d1p;!Lc ! t{rj;l SIt LL2..1t Jt,*-; i,:-^ t.c^ir-*.r.rp; | 6l+.1;2

"$y 
c-^*i r!a1;-2: .c^.,i|: .up; ;lSrl a^-.;,:.g^.i ork-l ,J.2lJ r3'-.J .iJA .Sf-

,!; q ;ry y-i,.-- j -b;l SIL Ll;J. JM t +q ,Cim 
'tK:-,-l 1s a-.>j r*-t&l:t

.i.u itr;;: SIL,-sl+Jb r b.,Fr :1'-.r lrr L ,r.: { t+ ,JJ^; g,-l .r;lrrs j.u
1Je t i E lt,s-S-t Jbt-.- e r;l:4,r^,

u;1, l^a.tjJi u_| .+-&F.tt ! v-\Y s?-\r (J;bt'J.2r SIL LL2;lorL JE e:

I (.-,. 9-Jt4- v-el rel c,t^l^.e Ll ,,uL,.i.r, It vntV p; ^S 6l.15#5 t J[.i:;l

hal.1a.2r rel ,(Lt ;l +,L2rr ;^ r) t Jl .xl,t: t;-S .b.,r rJa) ;t+l llrcr
P- \ f J,fu, LtiJ Ersljro tt,c*lr-i (0.-.y) JUsl V- \ f J,fu, ,.,,EJ Ll ;F€ orli-.""|

8 t-fr;.r"ts .;-t+rt .c.rr t4; rel JJ-t.v-\f Jfu, LbJ .t5 .tJ a-.>a il.;r,-; lr

.t-S +L-. # rl b 4T ;tA,C,;!r g"-.r + s 8,c 6-J ^.L.,; ;1L-2.r, t+l ,-rt+tb
*-l.f 1s g2ls2^, JS- t SIL LtiJ l:;,.1 .$u. 1h,1il J12..a* l.-* ,-Er.J=b
li; il c;tA",J:-: ,:.f d;VI ,.^----r;.S,- t': aS c*l q5;.tJ i.xarrl-L; tJ * ;1T.p oS

6; "go to" ,^*-; t*t ! ,"go tot'rr:-:4 t i ,JLi-..a \(q;,.rrsr,) ,iJ J2,at2
+,ll csf,1-l 0:-rr c-l OS^, a5.r:.r:.r, ;t.i.i t a.l2.,sl3',t, ylr4sll .:-f,C
,f ,-,+.(:71: c-;c ) ,arf .st*-rrrr ,l.rl t ,fu t+l (r'L-l) lr:.; ! : xF lnl
oFi cJ\- ,,\ry. .5'-r: tr-i s :-*,t tfrJ,hr*,, ,ttS ,;-& -b -il SIL LUJ

,iJ.r fu ts St _261 c,!^c : W-i t: SIL c,!f^s : Vj i-,-li. jl ,r, .x-,-J.,g

,.tlci;.r6a1 jra ,t j r, ^S 
js2 

;.,21 il 6lara,-c,!lrj :r U-l )V Jrrr 1l o:lf.,"l L

,,J ;rI irj rrb ,slt ,;b L_I aS ry:a Jl* ,a.lr; j4i :l ,J * f .x-.J.d Lfi^^,
! :-21: :3,-.-9 ,-r.-iL a:-:lr -irJi:j.,y-rb ll; j.re j\j i oL.LJu.ir,-rr,rnfr.S,- 6rSt*,
l-"q"""tt"t

www.mohandesyar.com



S Crb 6jlnB1. urt+i :,. f YA

,J:5 or[' ,l .i.u i!; rr ait ,6+ ,:,:- ;l 2b tty rJ Jl r .$! ** ,-ll2> -St ."
l#,.i.u itr;.rr r-\iisi,-;r, c,$^c ef .ur ;t: J-t'; Jl .t".u!.; ,2),,t-.>j +.Lr1

>tp ,if;.f 1., oltV y-l ,ru.5; ,*,, *,L.,a bL-n-.,, d xlc;J ftri .;l+tV csst t
.t*,t11!;.rr LL.,29 t+T eb l4s,asecAi.t-S +L'

,,.^., lLI/ O 6b.,Fr J tal L; L,J..Li,.Jr 6 6l+.lr; 6-,-,li L rr-i,r--. ; e.l;t J l

;f-f .i.u tst+! i ;l qlr*; * SIL Ll;2 $*;) JtlJl ..>)j .trp 
l* 

tt , "

Fj j tel;u. ,-#r*+,Jrlr ,3t,-iT;.u,-st+!; 6qi-r3l^. f'. .s.,,K;lfrO'
[\'] KAREL i!; q 6l+.L2.,4-\f JT.i ..l5(J;-rlr)f ,J,-i[a^-.; SIL c;t^a.L,

if 6 +J +j .$rc/ ;l.i; ,c*l V- \ f ,[*i y: f r-:4:i1; SIL Ltjr l*i aS ,lr

!, ,.1.u orlr aLlJ 1! l, .5,SIL Lti.; er f )5./ or[', .l rel ,(Lr ;l KAREL
A; zyz:l) c& u!-t-.; p r*i; ol4- g-r- .t-S *t 'r4F Ul a\: a bl-iL/

PROGRAM PUMA2

CONST

IS-0K = 2

SENS0RREADY = 3

VAR

X,DR0P,BIN1,BIN2 : POSITION

BEGIN

$MOTYPE = JOINT

$TERI'ITYPE = COARSE

$UFRAME = POS (0, O, O. O, -950. O, O. O, O. 0, O. 0, ")
$UT00L = PoS (-0. O, -0. O, 334 . 962,-0. O, O. O, 0. 0, ")
$SPEED = 346.4t
G336::
BINl = P0S(400.0,400.0,0.0,-89.9994,0.000508,-89.9999, ")
BIN2 = POS(2OO.0,8OO.O,O.O,-89.9994,0.000508,-89.9999, ")
DRoP = PoS(0.0,0.0,150.0,0.0, 180.0,0.0, ")
DOUTISENS0RREADY] = TRUE

IF DIN [IS-OK] THEN

c0T0 G329

ENDIF

G0T0 c332
G329::
X = (BIN1:DR0P)

G0T0 c326
G332::
X = (BIN2:DR0P)

G326: :

MOVE TO X NOWAII]

END PUI,lA2

.KAREL u!; q t-\r Jifu, LUr i-ry A- \f Jfu
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f Vt OLP gr[+;":* )i Cl €rg.r ar.,,b;.l

cm jl) cl16a.,Jb15.,- g *j;e,(.;*,1 Jrt'. ypr q dtKAREL.1: orti:-l tty tj
.c-l 

"i.S.b;r | 
(mm .,,

a.;*1tA5 €r)[{j
yr .r.;3 W t; r5!J .;JL.rr &[:r,r sr:5JF q ci-r ,*+ rJjrl Cim 't*-,_l
Cim ot(:-,-l L .J5o)lr'",.1 d.ffu ,g\ o!:,,J o.l-i 6j*,a*e cr!r,, ,.:JL y-l

,sb ;,\:t 1l o:tr'-""| ;tS.l ,.t; ,, dL .r;Jis. 6f!-S"- U ,S./ .,ltt LV,J
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I rB", c0 -s\c,t 
I
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Rvxz(''1,0,4) =
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sls^l ,0 )

I cac7cl - sa.s7

I ,o"t
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I cac\s1 | socl

L totl
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| -,p,,
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0 - AtanY(-o, b)

t

(^- e)
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(\\- c)
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locomotion
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state vector

line vector

angular velocity vector

actuator vector
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position vector
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resolver

bottom-up programming
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fixture
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control gain
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homogeneous transform
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voltage divider
kinematic emulation

path-planning emulation

repeatability
playback

singular

regulation

mass distribution
description

computer- aided manufacturing ( CAM)
path generator

trajectory generation

Cartesian tragectory generation

gravitational constant

.f.^ +-+

e..+
tt; Irbl J'b;

.iy*U ts.rl*1, JJ^t
t_t, *ll- J"t,;

tlt *;
U-rr.) ilt-flj

I .t -c)t'.Pt

4j
'#;dli.r-;

r I a-JrJ-,

"91';Li.l-'
o.r.lJJr. .1.t-5

U- 6-.;
6Jtjl t*+ olr-r., (J;t? il::-

:.-. *ii
J.S 'ltb F-jl;
;U9 uS'.-.i;
,jtl-i1. +li;

,r-... 1g7-r-.rL 4Jft

tSt-I,iF
eSr tlS

,rS
br*,y-frl,_!:;

ilt c.-],-''

J:''j
i-*6.SJr +lt

.=".- tr:5 +lj
-.- .r);

Gr6t.* $j

g$ e'.1;

www.mohandesyar.com



motor torque constant

back emf constant

premution

compensation

wrist-pa,rtitioned

overhead gantry crane

inspection

teach pendant

bounding box

antialiasing

closed form solution

spot welding

singular direction

orientation

worm gear

spur gear

cross helical gear

bevel gear

cycle time
(edit,compile,ruu cycle

cubic polynomial

planar polygon

multi-input,multi-out put

frame

tool frame

station frame

base frame

sensor frame

local link frame

constraint frame

wrist frame
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universal (world) frame

task frame

goal frame

unit quaternion

mass product of inertia
z-buffer

global memory

state

singular state

workspace interior singularities

workspace bounding singularities

work volume

hidden line elimination
backface elimination

Cartesian motion

Cartesian straight line motion

guarded move

coordinated motion

sensor

vision sensor

proprioceptive sensor

wrist sensor

joint position sensor

light beam interrupt sensor

context sensitivity
position sensing

force sensing

off-line

memory location

line of action

error checking
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steady-state error

servo error

linear
moving linearization
local linearization

deflection

autonomous

pixel

degree offreedom

interpolation
universe coordinate system

universal device

disturbance rejection

accuracy

tachometer

dynamics

link
direct drive

closed form solution

algebraic solution

geometric solution

full rank
tracking reference input
iterative relations

industrial robot
garrtry robot

rotor
update

finite element method

numerical solution

heuristic method
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Lyaponov's second (direct) method
joint space scheme

actuation scheme

linear control method

intuitive scheme of Cartesian control

path control scheme

computed torque method

Lyapunov's method

Cartesian decoupling scheme

intuition
microprocessor

micromanipulator
repeated roots

real and equal roots

real and unequal roots

complex roots

link twist
joint angle

redundant

AL
robot programming language

SIt
explicit programming language

task-level programming language

interactive language

specialized manipulation language

multiprocessin g language

dual superscript

run time

automatic scheduling

multiply time
correlation time
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open kinematic chain

roller chain

Euler angles

Z-Y-X Euler angles

Z-Y-Z Euler angles

X-Y-Z fixed angles

roll, pitch, yaw

subroutine

subspace

underdamped state

Jacobian

inverse Jacobian

dynamicdlly simple

kinematically simple

structure

closed loop structure

orienting structure

positioning structure

redundant and closed chain structure

Goraud shading

orthonormal columns

stiffness

torsional stiffness

closed loop stiffness

effective stiffness

rotational speed

force-controlling servo

surface

generalized surface

constraint surface

facet
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pallet

host platform

workcell

transmission system

task level programming system (TLP)
vision system

second-order linear system

error-driven servo

direct time servo

discrete time simulation system

reduction system

control system

multi-input,multi-output control system

position control system

closed loop system

aliased signal

pneumatic cylinder

hydraulic cylinder

kinematics

forward kinematics, direct kinematics

inverse kinematics

structural length index

quasi-static

anthropomorphic

simulation

multiprocess simulation

off-line simulation

dynamic simulation

angular acceleration

initial conditions

up-down counter

argument
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servo valve

arm signature stule

keyboard

quadratic form

closed loop stiffness

computer-aided design (CAD)

path planner

collision-free path planning

link length

load capacity

lens

overload protection

performance

operator

high-level operations

debugger

nonautonomous

decoupled

background process

Lagrangian dynamic formulation

Rodrique's formula

Cayley's formula for orthonormal

Grubler's formula

effective recursive formula

extreme

interface
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world interface

configuration space

error space

Cartesian space

null space

operational space

actuator space

workspace

reachable workspace

rigid workspace

dextrous workspace

joint space

task-oriented space

over damped state

low pass filter
noncausal filter

closed form solvable

chain rule

I'Hopital's rule

control law

PID control law

error-driven control law

position control law

force control law

angle set convention

servo portion

model-based portion

Euler's theorem on rotation
parallel axis theorem

pole

dominant pole

diagonal
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light pen

natural constraint

artificial constraint

position constraint

force constraint

actuator

vane actuator
joint actuator

subtask

virtual work

workcell calibration

digital computer

robot library
incremental rotary optical encoder

bounded

strain gauge

direction cosines

limit switch

feed forward control

hybrid control

hybrid position-force control

adaptive control

trajectory-followin g control

linear control

linearizing control

linearizing and decoupling control

digital control

discrete time control

numerical control (NC)

nonlinear control

decoupled control

hybrid position-force controller
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transpose Jacobian controller

inverse Jacobian controller

robust controller

force monitor
Cartesian-based control
joint-based control

independent joint control

position control

force control

active force control

shaded graphics

actuator torque
joint torque

gripper

Lagrangian

keyword

backlash

clearance

crank

moment of inertia
pricipal moment of inertia
mass moment of inertia
effective inertia

skew symmetric matrix
mass matrix
Cartesian mass matrix
rotation matrix
angular velocity matrix
tridiagonal matrix
identity matrix
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proper orthonormal matrix
unity matrix
affixment

character string
joint variable

end effector

length sum

wrist
three roll wrist

outward iterations

inward iterations
iterative Newton-Euler dynamic formulation

outward computation

inward computation

instantaneous axis of rotation

equivalent angle-axis

principal axes

joint axes

programming environment

generalized coordinates

open loop

closed loop

world model

world modeling

3-D modeling

wireframe model

null model

perfect model

CAD model

gravity model

lumped model

inverse model

modulus of elasticity
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shear modulus of elasticity

sequencer

center of mass

mechanical advantage

uncoupled

decouple

path

trajectory

time-optimal path

cubic spline trajectory
parabolic blend

collision-free path

numerical differentiation

Euler's equation

recursive Newton - Euler equation

transform equation

undefined equation

configuration space equation

state space equation

characteristic equation

parametric equation

Newtonts equation

maniput ability measure

positive definite
joint
ball and socket

prismatic joint
revolute joint
eigenvalue

scaling

partially constrained

position

Stewartts mechanism
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servo- controlled mechanism

well-conditioned
parallelism in programming

limit stops

menu

brushless motor

stepper motor

direct current torque motor

on-line mode

background mode

mouse

path generator

assembly

automated assembly

component

damper

critical damping

effective damping

unstable

nonsingular

nonproper

time-invariant
gear ratio
damping ratio

event monitoring
via points

pseudo via points

singularities

computed points

paih points

conveyor

taught point
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set-point

fixed point

floating point

operating point

through point

wrist point

feature point

mapping

notation
Denavit- Hartenberg not ation

faceted represent ation

analytic representation

shaded surface display

wireframe rendering

data types

geometric types

noise

linear actuator force

joint actuator force

Coriolis force

centrifugal force

semiconductor

semidefinite

model-based

inverse

invertible

bounded-input, bounded-output

active positioning device

text editors

co-located

smooth
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artifi cial intelligence

single-input, single-output (SISO)

unit
orthonormal
isotropic
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accuracy

active force control

active positioning device

actuation scheme

actuator

actuator space

actuator torque

actuator vector

adaptive control

AL
algebraic solution

aliased signal

analytic representation

angle set convention

angular acceleration

angular velocity matrix
angular velocity vector

anthropomorphic manipulator
antialiasing

argument

armature

arm signatures style

array

articulated manipulator

artificial constraint

artifi cial int elligen ce

assembly strategy

asymptotic stability
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automated assembly

automatic coercion

automatic collision detection

automatic robot placement

autonomous

back ernf constant

back face elimination

background mode

backlash

ball and socket

ballbearing screw

band width

base frame

bevel gear

bounded

bounded-input, bounded-output

bounding box

brushless motor

CAD model

Cartesian-b ased control

Cartesian decoupling scheme

Cartesian manipulator

Cartesian mass matrix
Cartesian motion

Cartesian space

Cartesian straight line motion

Cartesian trajectory generation

Cayley's formula for orthonormal matrices

center of mass

centrifugal force

chain rule

characteristic equation

character string
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circuit board

clearance

closed form solvable

closed loop

closed loop stiffness

closed loop system

collision-free path

collision-free path planning

co-located

compensation

complex roots

component

computed points

computed torque method

computer-aided design (CAD)

computer-aided manufacturing (CAM)

computer vision

configuration

configuration space

confi guration space equation

constraint frame

constraint surface

context sensitivity

continuous

control algorithm

control gain

control law

control law partitioning

control system

conveyor

conveyor belt

coordinated motion

Coriolis force

correlation time

Coulomb friction
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crank

critical damping

cross helical gear

cubic polynomial

cubic spline trajectory
current amplifier

cycle time

cylindrical manipulator

damped natural frequency

damper

damping ratio
data types

debugger

deburring

decouple

decoupled

deflection

degree of freedom

delay

Denavit- Hartenberg notation

description

dextrous workspace

diagonal

digital computer

digital control

direct current torque motor

direct drive

direct kinematics

direction cosines

direct time servo

discrete time control

discrete time simulation

disturbance rejection

dominant pole
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dual superscript

dynamically simple

dynamics

dynamic simulation
eccentricity

eccentricity
ttedit, compile, runtt cycle

effective damping

effective force feedback gain

effective inertia
effective stiffness

efficiency

eigenvalue

eigenvector

elbow manipulator
end effector

end of arm tooling
equivalent angle-axis

error checking

error-driven control law

error-driven servo

error propagation analysis

error recovery

error space

Euler angles

Euler's eguation

Euler's formula
Eulerts parameters

Euler's theorem on rotation
event monitoring
explicit programming language

extreme

facet
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faceted represent ation

face width

feature point

feedback

feedforward control

finite element method

fixed automation

fixed link parameters

fixed point

fixture
flrg
floating point

force constraint

force control

force control law

force- controlling servo

force-moment tran sformation

force monitor

force sensing

force-sensing fingers

forward kinematics

frame

free vector

frequency 
{,\

full rank

gain

gantry robot

gear ratio
generalized coordinates

generalized energy function

generalized surface

geometric solution

geometric types

goal frame
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Goraud shading

graphic window

gravitational constant

gravity model

gravity vector

gripper

Grubler's formula
guarded move

hard automation

heuristic method

hidden line elimination

high-level operations

homogeneous transform

host platform

hybrid
hybrid control

hybrid position-force control

hybrid position-force controller

hydraulic cylinder

hysterisis

identity matrix
independent joint control

industrial robot

inertia ellipsoid

inertia pendulum

inertia tensor

initial conditions

inspection

instantaneous axis of rotation

interactive language

integration
interface

interpolation
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interval
intuition
intuitive sheme of Cartesian control

inverse

inverse Jacobian

inverse Jacobian controller

inverse kinematics

inverse model

inverted pendulum

inward computation

invertible
isotropic

iterative Newton-Euler dynamic formulation

iterative relations

Jacobian
joint
joint actuator
joint actuator force

joint angle

joint axes

joint-based control
jointed manipulator
joint offset

joint position sensor

joint space

joint space scheme

joint torque
joint variable t

joint vector

keyboard

keyword

kinematically simple
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kinematic emulation

kinematics

label

Lagrangian

Lagrangian dynamic formulation

Laplace transform

leading subscript

leading superscript

lead screw

length sum

lens

light beam interrupt sensor

light pen

I'Hopital's rule

limit stops

limit switch

linear

linear actuator force

linear control

linear control method

linearizing and decoupling control

linearizing control

line of action

line vector

link
link length

link offset

link twist

load capacity

local linearization

local link frame

locomotion

logic testing and branching

lower pair
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low pass filter
lumped model

Lyapunov's method

Lyapunov's second (direct) method

Lyapunov's stability analysis

maniputability measure

mapping

mass distribution

mass matrix

mass moment of inertia

mass product of inertia

mechanical advantage

mechanical impedance

mechanical manipulator

memory bit
memory location

menu

micromanipulator

microprocessor

model-based

model-based portion

modulus of elasticity

motor armature inductance

motor torque constant

mouse

moving linearization

multi-input, multi-output (MIMO)
multi-input, multi-output control system

multiply time

multiprocessing language

multiprocess simulation

Newtonts equation

noise
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nominal function

nonautonomous

noncausal filter
nonlinear control

nonproper

nonsingular

notation
null model

numerical control (NC)

numerical differentiation

numerical integration
numerical solution

off-line

off-line programming

off-line simulation

offset

on-line mode

open kinematic chain

open loop

operating point

operational space

operator

orientation
orienting structure
orthonormal

orthonormal columns

outward computation

outward iterations
overdamped

overhead gantry
overload protection

pallet

parabolic blend
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parallel axis theorem

parallelism in programming

parametric equation

partially constrained

passive compliance

path

path control scheme

path generator

path planner

path-plannin g emulation

path points

path update rate

perfect model

performance

PID control law

pixel

playback

pneumatic cylinder

pole

polymorfhic

position

position constraint

position control

position control law
position control system

positioning structure
position sensing

position vector

positive definite

post processor

potentiometer

premultiply

premution
principal axes

principal moment of inertia
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principle of virtual work

prismatic joint
programming environment

proper orthonormal matrix
proprioceptive sensor

pseudo via points

quadrate form
quasi-static

random disturbance

reachable workspace

real and equal roots

real and unequal roots

recursive Newton-Euler equation

reduction system

redundant

redundant and closed chain structure
redundant manipulator
redundant plane manipulator
regulation

remote center compliance

repeatability
repeated roots

resolver

resonance

revolute jdrnt

rigid workspace

robot library
robot programming language

robust controller
Rodrique's formula
roller chain

roll, pitch, yaw

rotational speed
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rotation matrix
rotor
run time

sample rate

scaling

SCARA manipulator

second-order linear system

self-collision

semiconductor

semidefinite

sensor

sensor frame

sequencer

serial kinematic linkages

servo- controlled mechanism

servo errol
servo portion

servo rate

servo valve

set-point

shaded graphics

shaded surface display

shear modulus of elasticity

SIL

similarity transform

simulation

single-input, single-output (SISO)

singular

singular direction

Singularities

singular state

skew-symmetric

skew-symmetric matrix

smooth
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smooth function
specialized manipulation language

spline

spot welding

spur gear

stable

state

state vector

station frame

stator
steady

steady-state analysis

steady-state error

stepper motor

Stewartts mechanism

stiffness

strain gauge

structural length index

structural resonance

structure
subspace

subta,sk

surface

synthesis

tachometer

task frame

task-level programming langua,ge (TLP )

task-oriented spa,ce

taught point

teach pendant

text editors

3-D modeling

three roll wrist

through point
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time-invariant
time-optimal path
tool frame

torque ripple

torsional stiffness

tracking reference input
trailing subscript

trailing superscript

trajectory
trajectory conversion

trajectory-following
trajectory generation

transcendent al fun ction

transducer

transform

transformation

transform equation

transmission system

transpose

transpose Jacobian controller

trial and error

tridiagonal matrix
trivial

undefined equation

underdamped state

unit
unit quaternion

unity matrix
universe coordinate system

universal device

universal (world) frame

unmodeled resonance

unstable

update
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up-down counter

vane actuator

velocity tra^nsformation

via points

virtual work

viscous friction
vision sensor

vision system

voltage divider

well-conditioned

wireframe model

workcell

workcell calibration
work envelope

workspace

workspace bounding singularities

workspace interior singularities

workstation
work volume

world interface

world model

world modeling

worm gear

wrist
wrist partitioned

wrist sensor

X-Y-Z fixed angles

z-buffer

Z-Y X Euler angles

Z-Y-Z Euler angles
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