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= oJl lf f 7o.rO = t.,rogo fu111f " e.L--.rr

j o sf

\ -ro f 7o.r \ orA = I ro I Y L.rU!- *--r,
:17,:.-l y.l ,: ltjl u];l> )l:l 5 cn,



'J,r.li Gtda:-d s-),.,. ttit* f f y

jlJ3 3,ltiicsl-lr jtJ: 
^t 

LJ:.t,i251 )-;l 3; i! -rt^. r-.-.,i csl-r: JS.rl lr;, u-;[:(i.r
:t, .;-l 1:1.1: ,V rc.1 l.6;..r1 i1-i

X = ory f oJ\ +-" 
lI 

- oJA r1r--r:

P": (t-,o5.)(r-,"1
oJA

:jl,:--l otl^e ,bsl5o lJ 5t^, 
-,

sin6-yJloSing el1-.rr

.c-al g,Q;.r, i;^:a1 t>*i ;il sls: i1-11; cf ,.li_,r nf

.c9)t)).r{;K, o13; a:"1 I .c--l oJ) y) p-\ y J(^:-;5 Z2)l;-;l 5; il rt^, e,_t
6. - yAry\,' JK Z,_:l: cu-g* i23l)_;l 3; .-i>ia1: ;r,h; ZL;; ) c-tl c-,li cp^
oJi orlr )g Lll):,! ,L[,L:,, ()ril); 3 )Jir) $;lJ:,| qi:i,51 ) af _r:f.r.;^,, l-2

:;^ul ,'-) o)Je^! ,s1)\" sls*, [; iJ : l^, .c--l

H dY6
= lro- YJI o sin8.:l1-.1r (u-rv)\Aof dt\

0 28 44'

.a-lr L'r_lr

=*>J 
g 3 rri-^- s(:r:* I o-;g)i f ,r-T-lslK._r, Ss3lK., ?->J If ..rl-rr rf

esK Lll ,J'15 lr-$ r^:{).r::f l.r 61 
h' u-?sl-*, y;;lsi4.o.-l ,r-(1-,K, li-.rr

Jvtl p*LS)t)t.r(;f, dlJ, t,JgU:r kr;, P"= yJl o Sin.yAJf f": \Jo pU
tr .t>-l-ri.,a url;)

,P 'oLi;.n 6)lia- .,l U4, ltl f*::- r,t^r 6lj l:4sl)-,.:ls, iJrL" cJ,, J[, .lr
.r.:rl g^L,..t;j,:..1 ,Jlt W:, +f,rrllt, .y;,f u. ts:.; tJto:,'l 4;t6L- )l u(2 Lul
a"' ull.ai 1.11 15,r".2K oJirf 3 L2l.rSss f-1f JU. y:^-:- ,;i5 f-tp Jtf"
i-l:U" 9o:f ult.a,'l ,**r- |sl)-i:li U:t^..J-ar,r. Lr t-tf J(j p iLi;:r jU

9A

dt€l U^

1 80'

rSl4;*- o-s /-\f J(-

P,. = 2 lOs rn
- P. = I 50s nt\

P, 08C8snn
P



Y Y Y s.,.,i Fi-! drlr, t,

.r,.,rK, A i\,iJ/MVA l1 [! r.'^{ ;1^i t 1 513x, L- ,Lki
f:*^.-)l P',,Li;t:.rl [.a;l ,f ,,ia, lr,r-;t:(il:lr-..i,(.,,) o-lv J(r :tr'
;153-; i.' lt)> f-) .J-ildJ1-J: r-, l4*i [:^,:l :l-\i, ,tr{l ,.gss:lJ-e l.J-ar.r, ot.:.i

,i1t*; lr .r-lL.a;l 1lu.!,U oUr-fJl,.a.ilr^i\t t7-"ie+-1(e) O-\ f J*,r*;L(i;,
orJl-l er\i G.)il, )t;l);3 4;l;ji,r-l-l: j[:J trt"-\YJU,-L-b.,".j,[t".J.or,rr
.-;t:..:l -t,t, .Jit..r.,rit, Er- lroA /yAJf f " 2tl 21 t;Jl,sr-rtirjta.r-:;jriL
q5;lji,:t^.! f-lJr, r(,'l:- hr:^,, .>.r{;^,,^i l-r jl,:l -r g:k,6,r::fJ--s uatl; .,l tA, I

:)ji.re ^:Jj; o-;> (C) O-\Y Jfu iE-)\^t, You, e J'loJi

frfff o

o -!)lo
rJTTT YJAO

f-V;;., ,rie jn .i-tsa-t 1,,.,|- ,.ll-1iu. 3 c--j ),e9 c;i-rl> C^i,e-^a4, f L+
::jJI c..-14, g:l: lt r,:il, ;rK i;; ;i:-.rl g,-t ,ilry sr{ai-

[],, ]-,r-l T-YJf"A o;Y21-l
I r-/r 

I[]'r, ]'r,,-l 'L o)Y?t -zrlYr-l
:;1lr'l\5 g-l oJY21 1l .r, ul ta;l u*ik^.;l iil.t;l

P.,,"*= If ,i lfil If,rl==(t-r"A)(r.,")(':Vrl)_ o-r1o 1,!t--st

:j1--l gr;["c cnl*--:r.rl l.ail grS\ ttyll.l €.[1-;r gl_1; iJrt"^ r-,

P.:o.JAoASin$ eJi-tr

: jlc--l 
-.1t^c ,"tt:;, r-r-1ro U il rL"9

a d\6
1A"l' 7U 

:l:o-oJAoAtin$':J1--r: (rt-tr)

7):.r^^;; UT ,rl t-;l L)it qt(;01: Jil;i,r^,' )J> .,:;! s..lce, ssi3) lfl:fc-ir
;lr-i .c.-l YAJyf " 11 1y-\ f Jt;. jrtt.6 .)Ji)).rrl.t.-1l 'e2tlt ,;21 1k, .,ta4

:jl.r;lcr-rt"e. ?:i sia! ;-; utlJ;tl 6J:it,[-l sslsig u-9r>.rir:it
P": oJAoA Sin YA;f f " = o-r\"AA di-Jr

P,= \ Jo - o;YAA = oti \A ell-.,r>

:! ..:.1 7rl;r jlo)1.r, It t>ul r-| r.3lJ\:, I .f E



.r!r9 (i t{a;-p ,,r. ) sr. tsi tl Y f Y

gt6 
- 

\Ao.f (:?\a)= vYJtY,f elec deg/sYdtt a

.c--l ,:*.- ,r;V j ,f ;:T s> 6
!tr;* irr-f )tt I s.Lif -" n-ls -t; rll.ail ct, 6jj-ir-l.1 gi-^-
,5rK;s i15ls-JlJt iJ rt, r)IJ:JJ 4lt1 ..[(,r. jj- lt.rl l.ail tL) ru.gt45(j.,11.t-"
tr ..a-l uil, )^^^i oS; lri s3)u. y{l>

fi*:- c,l t.a;l co:-rfrsJ t.at I t- .r-15 ,gl6{);lJr dt.;.l o.l.: jt, A-t f Jti.
u..^i ls 2:e )16, ))7-,li iJ ;t,,.9 t,-)lf-isl 3i il :t^. .Jif.r".:j- l; y_l f Jti

.J^:r
rorrf,rlt^erl ti jlj- jlLJ-, rf.ta>,r.;tl .(;ll) A-\f Jfu iI+i. :J-

: [1 c-- I stl st j;*,u 6 ..ul ,u ,cl t; .r] [i;,. I .r*; [:.,r I

1

-/rr =7.1.rr +.I +,,,) - - i \rrY 1 cl'-;:

iai:3 el-i t;^r: I ,*1ri t.-,lr l,

Irr =7\-.rYY1

:jlg-l ,221^o,.^c tlel.\sl-t-,-tl3i ll 5t- c,_r1 lr, li,

P" = (\ .loo;1r .lo)( t ryy 1) sin 6 - \.rAo o sin g

1 11o f dt\

:jl c.-l -t1l^c t23i,,U iJ :L^ r

:1Jo-\JAooSinD

Jfu.r.lt, cs-*-r #J .rT..rs -23it1 gla25l) g;se2 r.rtt.a,'l gj- i.L^!.rr -,t:.,i
tr .Jlfo. a--llu 116-l y tr f-l f dt{J t1l i1:lj-glj grt{*:'t:r .r-l f

.iL Ot"i"o gt6il3i' \r"€oo Ltl,
0. = t A.l f f ' crl j lq P- t f .,l(i.rr P 

" 
sn g4- uixTt sg) s .rt ;K iti,' rt"- l f .J t!.rr

.u-l P" uTt -f .r(,r$ I 6lei ;r I J tP 
^.5$)),r(yK, 

;l.p ;T "lr lfJeTc,r,rrr

A dY6

1. Coefficient



Y f A e,,;.tg p-:. r.S,rl.t- tr,

,*-'1; $tll ,i-l P^ ttltt P. jl 6. = l A \ t6?" ts qf s)lr,o*-r J(i JLo.l,
.c.-: bi? rfr._^or,r.;ti.6;f I Lt .-r:t, 6rKtr Ji J:6 sK iLi; c--t

c-TJr .,(-r:(t I blti .-lit cf.;-l ,.rT tK iLi; .J;-r, J3j ,)ttl 4,_J: L2)
Jot36:l ts-)t-4 dlrl .Ja-t ,:"-r jl l-r,i:ii;^r.;jlri) Jif,r^ ,::ii t;r.4.aL
l'-.r$-. S:>:K'tLi;rglaVlJt,Jr I I 2tt s;i;-.t-,r.(c;t-i .r(JK"4;rr 13 ilgoo rl)tt

6 =6"*6a P"= P,o*P"a (r,-r r)
l-J: arti li.; Jrr.r.utl l.l Ul^ c.! t- -lK iLi; ,,.sG. c.ri.,o t,-);J) t4;T:r d
tr (Y.-t f) cSt^alrl,^;i-iljfL .-ui,r-. t)a;). l-s .r,5ti.,.,rlal r:^j G)r ,r^;;

:J, T,r. g-->n, al-L:r .r1f ,.;:- \sl )-Al s; ll > L. ,(f V- I f ) il r L,

P".+P"L=P-"* sin (6"f 6o)

= P^u*(sin D" cos 6a *cos 6. sin 5o )

'.c--l u! ,:,6" jl 6A ,-sl ,*il is j-

sin Eo =z $o J COS6a o \ (r r-r v)

::s3r! ir+ Ji ilrt- e

P ""*P "t: P*u* sin 6" *(P-," cos 6.)DA (rr-tr)
!ptl:6. Lstll:, I lV'tL;; J.r .c--l oJj o>ti;-|6;[j c-)\cjt ,""jtl ..'T-,,r rj

P ^= P.o: P-"' sin 6" (rr- r r)

o)3i tsljiur r-;l'oJtL"sr jl .rll1.l:2 I

P ^- (P ""+P.o) = -( P*", cos 6. )da (rv-rr)
r.as)4: .t)t^;t, (l Y-\F) il)t". -r> (Yo-\f ) i-l:L. ui17 4;lare;,;;tlJ? I'

Ylr dr(6.*6a)
- P *- (P.. *P"a )

zys)T,s,

(ro-r r)
0)s dt\

d.rte. --rl s..ul2 arb cStr qr (f f-f f ) AJ)h, 6;tlj{ [, rc.-l ,r:1ti zlJir 6" ,r?
:g,-;lr ctanl.- g,. lfatF (f;n t

f -L*(P-o*cos6")6^ 
- o (rr-t r)



eJ.Li rSkd-.- ,?).t ,l\- yy?

. .<''f:^r (,' ul J!

(vv-rv)
", = *1, - a. P-u* cos 6o

aforl,il-t Sp jt (f t-\ y) aJ)t". tt ,lt "F,L.c/ !L {5Li.r i5\ei S* tr g"
tg:-tsit.1g1 l.r tsi)t\)liui;7,t| ,17ctt {G r.rea1 [; i! :t- fyl-/rs,

#uL*s-06:o (rr-t r)

.rttr,r(;, Sp 6rr ,:.,)\e q, ,rtuL,s o.tl uh) gJr iJr. Jtilyrr it 5t"..:1,. +f
rSl;yL' Lil4;lur; u.>ul ;EV;. olta.riluSi ;..{ r-L.60(l) 6-U, .l-l ,;:l,,S",r5_l
J> dr+ Eo(f) --t, r:.-l .ri. Sr,r:il .J-o)s..r1.1 t^; l-l ,sS s- J.:-'€K;i ,)-
iti;,f =yAJyy'-lK iLr; (?-\y J(r rr rrlzlt:r .J-,t,.r" ,i,);il g3tl; seLa;

,E;jl .c.-l A1'r-f J>{:;t .Il J- )) )9ie1i25l 1:t5;2t; l_r1j.;-l ;1"r1 [, ,t 5Li
j! D" - YAJFf ' \ ls ss;st iltls cs1la,,gir:* I *ie, J>\l;t ;tr- ,u$tf
[.lT.lr ll) s-ltls;.[,t,',r!5L; iLi; ,$= 1A I 152' 'eLi; trKz5 arL)l .Jilrrl,r,

.c-*^i 6,.r"7tt .;6'qLi,; .d.Ll; o;l ljj ..i-l .ri:,, $,
D ) 3) ut ./ U,:.: lpi u,'a:-i *2 c.; 4{ I ) ) j; I J 5 ) i ) ) )* o,;^i ) c.- l r(o.
-,Liel1j| s!)3x4t o"i e{|2 uR;2T c(sill) y-\ f 

"}(.r 
61tt, .rrf,.-n, .rt[i,t,

'oLi'; tr- e(':I Lltny-i c/t4; -tU; rc 3 4 Lli;.J-.,::Kr ,b;15 513)u. -,U;f L
r;.{?J) e{l1oo.ri Jt- .Jif.r. ;}i3;, fi ttlse(;sT r;l7ilr- ,tsllt:,...1, lb JrL;
J2rK ,his5.(-,) V-t f J* J.:,'[^o Ji3r, e3.;9T )3xt )r7 eol* 6,taa, rie
{if.r, o{r- s t-t a il e(;i ,ri9 ..t^:f+*i ,-f .i 6 t-4 l: 6,;:T *{ r-1
-ul.r-. c-{.r- a ^-! c I e*.;9T urziJ .r>.1 gri ,>eru )l ,;SJ{a;le25l1 *ort
,6J1T 6le-2sli trest g s a Lli;t> .*ul ocri c-e)* il)7:..2 J{4;le,.5l) s.,e ,-
6lt22l 1*e ,t ,{ I .,-i-l d2i 6112)1.1 c>,e ,tr1l .22 tJ{61+'-sl),>,crul t>l ,ie
Jtt) :.lt^tb'c.r,-tfio ,eK;sT*{r-.rlls*l: tsi.)s 3i;^auet- J.l 12 qJP j
u,dl I o{ i- \f -,, ) e<i 5T ,>{ ,- gi{,i jr t: $.1 

"rie 
[-i ,.}t ki ut '^:Y"j.L- +1*i I -s

.,t" [1t.i,r, ll ssitl

s-^Jt' "-t, 
6l;ls +f d\xldt\*otl":o ;-l c;;t.c o:l.- -i L9; ;f "- 

i-]rl^^ x
dL,c-[..\:.r.f.rr;-^.^; ,r,-l.r:, I Llr: l; B s A tsle+!,; .;-l Acosa*t*B sinc,.rol

.;-l r,lo ,9ly5l) oiKritl lr.etJ .r-3:^- ,r.r::r



f YV c,.rui Fr..p 1.S.rl'rr-g

...1,t$,r, i:-.i ar;-j )3t)-l st.x,L-;,t; cgl .rl oB.:? ue"i2e{;jT Y-tf Jf^f

J-il, c,.i. rg" rjL;t,;n..ll3-; ,(-r ,lt t{ ,f,_.r:l ,:,,4i;i yt, &-,jl
lr^,1; 614;l-J;6,111')l) rr;V j.r.,l Jal3j LS-Ji:. 614;luj; (U_f f )i! rt", 

.-L
:jl'--l c';Lc

"^={ * elec rad/s

,":+{* Hz

(rr-rr)

,;*.1 1) gt-r; ,-;Krit, ,L[^. rf

tr (0"-tr)

&s-utt .t5,r-.;K 6= yA;f y' .rr t,-\ y JE" 6.JL ,s_it 7-lf Jt^.o

6-t, cl;r-ri*; r('I;t;urlt .:3t6,5;rr .r(.r5!t .4-ettrft +i;r et)\ut
.J-rf0::- l-r ,f [.. )s-i)s lsl-s-; iln u;Kri r5j.i Ai^ilr-,pl J)t-:;l J-la

.H:6 MI/MVA
jL ;rtr;.r ;sl3i $.as,;.-l (f l-l f ) il:L" rl-sl JrtS 513;-1h il:U, :J-

:! c.*l ;tl21 rtY ALi;.st

Sp= YJ \ o cos YAJYf" -\sAY??
:t1 c.rl 111 3l-9; Cll1.ll) ./Kti rr,-lr1 L1

"^={ *=/*+#==^Jrrr elec rad/s

drrT (Jl) ,-r-i ,Ss: d;3T1-,;

:tg ,;-l yl ,, glut; .rDVz. n;€ j



- ArrYrJ,=-az -IJrf

o.1.r5 6l{^' ,-Or, ,/t+ YYA

Hz

:! ,;-l 2:ly. ,sLy i:s> S

r-I
J^

tr = OJVAT S

;E; l-r.5+t6-iKri !il-[l >e.u lr,-),>ul g*r rt-l .rLe otf.u-r;l Jti;rl
.s^l; J-;g )i 4t t17t3.t faar .rljL -u7 i:;l ;15 €l 2y usS i*.- e!-r: r-l"ta5,r.

ss)b:: t4:^it, u:f,.r,.rtti; .-irt.o;rt fr-* t\,tt-ls.rt.lr .-r.,;q .)t)L! aJVl 2olf7
-r.i*ij jl.,.iL'r-il;^eqgtao.t:,:{lr^, ril [.] Jl:f._r.;t-r;1Hz: ss- J).s-jtrjL
r;-*ill J-, ! ..f:lf,r, l2^t c..e,t\t l; [4;t-3i stl ct4:.^it, s5;s f*^t qgla-lL rr, 1.,1

J orL.r-il- 2i t1ji1.s '>{t- roil, liL ,1"2G, Cl-rlr JtrJl ,.;^a )31 u;b rS

il-J-i o^;g)i r jL sl.;n ;l 3; ,*.^r-r, ltcusli^ r^ii;,1,-1y iE- .,>-l ,uV
&r, jt-;t,;..r ,;lj-; ,K^a l:{,i,il ,.-"j! 6Jr, 13tg.1i,jl .r(-.1, -V{u, uu11
ls tl t jt J>\:;t;t .,"iU6l:jf .iJ [>..,1; 6;;lJ1 [,. ,^-"i s]s-;tJ ,.;i;:st.J, JalJ;

'9::f u" uu)1

6;l'rr.b- 5lt2 t2ls2 
ggt,6i>L.a s'a 7-\?

u,jls a-1, .jtrssi c..--:q, Jjl,rt;U i;ti n{ls s.s5^,lJ dtaaJ)t"r <f -\ Y,./a1 -1.r

c.^-i ..113tr t1l; cll ef.r:l [-;:.r1> .) ,{lJ^, c--l ,,e1, sl 3iu^i l.l.3taelrt-;^+
.r.lJf.r-rrl l-r [6i-t, o-s> S{,e lf.i-lJ(l" .sl'-1 >s3)6^ '"L- c"tgi.r' i:1in2

g;-^u4, g;;l-r,-1,, cs;u)tt 6ls!.5t)sa)g^! Gj::;"K diViSs\3-,a,{.>u51u2l)l
9-, 9i )t ir:{t e-f rttr ).21') u-^'e:-t,;isl ,>s1^2U iirt- J-.lr.rl ral^3ta J>

.tf 1rt;
cot;-fJti:;l!; dl, dli dt^zl -rl ,l);4ro (A-\Y J('rr 6Ji 6J't't^; a:-^-

tu )> tB 6(:;l.t-, t.l r:--l t).-, ;,1;(i-,1.t-, l.til.,;-l utl^' oP)r4' ri-- gt'r

L r-t f J{2 n' *-,rt;-dj; .2lre.i [-!F JS

rAE



YYI e;'^g oL^- r.5rl'1,-(,

-rb9x:fr Glacr: Y-\Y J[..1K grl-r.:l L,-l)) rrr-t.1tQ .r.irljl' 'ol;9{L; ,?'-t
jlr-,, .t-o>ur. as ,c^,1 4;>;; tp iii; s5 q-.{ls Lili 4o t--1i ttr 6{,lis'.Jit'.rr
Jti:;lg;y )Jl) )-r?-, sl L4;l rf.r;t.j ,gL::.lq o') l.lq.J:fs. ;i- ,raUrfCLj

$rrrSJ lJlr, (ljJJ Lirl 4i^i e;st'u;ls,rl t.e;l jl.,Jb' oL 5{Jlail .uf,r; .grs,'

"!fu 
!rlj-gl5 el41;z;, JJ-; tr .g-^ul tic .,lt4,l -: j' .rlt) li 1;lr; j cs7)t)

.rJLr 11 : lr .sk-L- .A-l f J(: le-;lr-: j L-rlj-r'llr-' 6it6':za^ q'-tf JS!,

.,r;l6eL^ ,(-.r(: L. A1 ) A1 .sla:>L.



€,r.ri q5kAr-.9r Lf)j jk f Ao

i, [.U d ! l; .rJ 14,'| .-, j-- tli 5 | .-q U.,r" ,rl jt rp^ tstU 3.t:.1, t* bt ji ;il
zy-tl: s tirl r:1 t^ -,k; .t" jlrsfjf / dLj J: r.*rl

dY6_ o, o
at, - lH'*

il .rfltrf*;tL l.l [r[.j-r ee.su l|ll2toor- ,-fr-l]l r.ll: s.9*s ulte;l af.r"bL
:,*:f,r'1J1, )U iJrU,

(ov-rr)

:If,r. .,o;:"ll ts;st ,gla,.:l) yil ,bl,:t ,:ri 6r3ttrK:;t eS'-

6 - "'P.rt -p6.

D. -rlJi^jl t5;es'a,-el)u:Ie rf.url,r. 6k"; (6f_l y) : (ot_t f ) ahdrL,jl 6 i rrfj ct-lf J(rl G,!s)tu,.i.,,,6. cJt^a;l -rL (fu .slril 4i,jtt2
.Jirl;il cerL-.j lo *b l3Le2 39r{;a ee)r4-! *! )3i)2 c-ero.tt).s. c q b
i4'! 525ilr;3 r2l:.titsls) titte>ey;!,t-l;--itl c.r-l [.dl .-rL-G*t .rr.alL.rs.

:jl -1, l.r.lt^e .iltgcll

dD I LO"P,,

dtl,-," YH ''

L.o
S(r)| =1{_-r"Y+6"l.-t. Yn

t )tig,5l1j i:"ir u?tr*,r(,-rr* I bl3 t:i,s,,-ej>sl La,-l cE. itsl) s> uis
t*)t;,F-r<, I Jlri .d .s5 .Jtyut *-sl ) -01J, .,:i:, )l d liii t ,tkr -,2lJi. 11

r-f,rJr 4gi-r1 .r>tl uiltolitl [:; glr; ljJg .uf.r, jrta; G)t)r.rdrK. dl3r jl
):-ist eett te J).JuWr-llt )J-its tt))tige2 d Jlp"r(e) 1_lf J(;:r
r(;t:- .e.-l rii;r,jll 6, b ssils i,.1tj *7,o,i-l ,.rL..*l \)e)4 J-21;4 c.l!;r
e st o$i\W ;;lyi.ff,o, uTet lt D, L-3lj t At t At,Jt6;-L.r rjJLr J.s f.^f -f
4,L r -t,t: uL;.r eert25 JilJirsJ .tjss;2lr2l2 s enl (..l:Jrf) ,!;,13:a
,t:zit $t) e -lr 0, jl ll I l L-:l i l,:..,1 .r,i, o; ec st .$r qrlrl irJ.t U,ilJ 4:

e-lt:5521{;- *2t)t ))i)t ee t-JT r&a ilon t; r(6)1-l y J(, i2st)-;stei

#= I'.fie*a,:+Er^,

(o r-r v)

(or-r v)

(or-r r)

t

(ao-rr)
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)jiss ,*y J -r:ls. :tl1^i u*,--;(lt ltr; jl ,rfu'Kr 3ly f l, ajl .rrf u..rt
r-f,i-l r.sf-F.lr f iL:n .Jt2ut gLl-a oe2t4t f .t:oK:^21 [;:rir-f:t-j o.r!r:
o:i t f-a-e.e-a-f iio;''tt t:iss-wV rl.l-,r,F | .Ju.,111 I Avt ArCW-L.

.Jo2ut lL;"a ,>ef \ f S e ts.t;f ,g" isbs;
r ,(.:) 1-tY J(l )t At ! A13st3- +:.[- 6t4;L. Jrr ,.*rle- d,,'ti-
cl,- nf ,;-g -.rr .J"iL qgJ[-,J11 ,(G) 1-\ f J(:.rr Ar s A, crt$-L- u:^aar
ty-* 6ii?.a! t- 6.21.qU, g*i G;l ,, s)9*gt .,.tj .i1lg,r, lii..ie2 o^-; 6x3lt
glL-.,g\6-L.:\s qU r l.l tg:-l-. 651; j,al rilei.r. .)JJitt i!rt- J'ir:.lt
jl u*s(7' fd 4. trl .i.1y' ,Lc u.-iL x7 6t1;--uilrtrlss 621J:-ra .r.r1-,rKr1

.Jif.r. el.fr:*- e;ls,S.>l t- 6.rl.11 l, ;: Jtl3c u,ia
r:-,lol.Tc.-5r1 ,:^1t4i,rl t^,i 411 s 6^.il" r!u- cgl .tt rf u;r t-,*. cg t4,i> t-r 2 [.,r

orl: cril";l uJSia\:r 15t6-.-a,, ,r;LT a2 Jilgiut f-lf uii, c,tli-)t,yli
:jl .:.-l ctslre a;,^.1'a9 ,)a;l;.,it- 6,1 l rJ3zqti llrt-.,5y'

tH{l-D 
-D0),d1\-'^ 

te (or-r r)

:grf.5. J'--t' crS-le oll o. b)<;u eert4t c.*i lJ Ji)) L1ll".tl).ie ,-

d6
,,= 

d, =(d-(d"

:frJl) (42-t Y) it:L"15 iulKt t + 4; d5L.6sljl ,S-6;t^t.
lHdts,_p _pt ^eG)" dt

,rirL l.ril' .s,^ul ,ieo)t t t tl ti" 1tl 1a tisr{Ju,teru)) 4-{.r.1 eilt
:gr.rlr t,l, -d6ldt.r (ol-tf ) ilrt-

I,rr,*-e*-P")?,

(P.-P")d6

(ov-r r)

(or- r r)

(ar-rr)

t-

(r.- r y)

s dt r l:A\

(rr-tr)

n d(al)
0)s dt - (P ^- P)f

tpsl: ,stSJl.F,il

flt"1, -colr)=/,.
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6, lrlj lt e,t )sist g>ert,trt J;rL,l;7" f^ t? 6 (-'tlJ>-rorrthrl--c,-,-ri -r-:)
!trlrA c-e)' )l sji)s ac- itlit (0,o)T.e-l ,Ll;:r6' L_-.tj \ A,r.>oru S

l'b\;, l:12 tsl r*;,- ezc st 411 sl>6, : 6, )) ) i t) ,? t ^f 
o-l gil I A;t, L,..r. lJ

:J11.r. -t> _rfi ){.; al (tt-lf )iJrL, ..))Jc r, 1.,.r.ro,,=o.y=o

/,,,"--P.)dD= o (r r-t r)

)3i9.;t{c,-lJ:l.,.sL} * c+1sl)-blei;153-;jl ,61 ;6, iLi;95ra.91r, r! rt- s1l
j l.t,' I c,-; Lc (.f ) q - \ f J* -t t 6,1 tLi; s 5 e^i> .JJ !,-,t -r(:- s-.c ru g;l sl 5 -L ti; .lTtr
p;l:;u, (f.^) l[^il al-_r,95 .;>ls 6,r^*)l)(rJl )< I ..urLkr 6, 16" \ ^{ e s a

: g:--)b.

-".)rs+ /,"/,:

- P")d6 - /, l,o"- 
P-)d6

(P^ (P^-P")dE= o (rr- r r)

tl

(ir-t v)/.","-

.rLl:, s-ul 2 -t-rL ll ,K:;l nf ,rl t- -st c-ul c.!:t-,-.^o..lt.j -rr aT -stb Jlrft, I

1-lY J(i J) .c..rl 5, r-.,;,;1 [;.r:t$ iH, t, .,J t-;t jt .rr, +l.eU\ .rLi c,-r, [r

'.'^7ri lt (f f-tY) iJ rL. ault ) a76t+;p *t-l 1Lc .,J L4,'l .tLj.,rr P",(:)
- 

.-ul.5ll*, A1 s A,, c-.-[*,.l: ,n;.Ji !.1 1 A, s Ari>sj> a4t- 6t6:-t* L

tss.r{:- g-.ore 1gl;l>6, t:;-;=.r -l 6r:: :s;s: r(,e) 1-l f J(j J) dJ?
)j-i)2 r-f.r.lrU Av: A, A;lg;-l*,.*.*l Af ,-tltt l, )t J!-r:-"t j,ttr rr:-l
6t4,;-t-. r-fuJt- J: lil--l:;.23i91u:,^i7 gi)ril ,!-ljil t, i.^o:-. J,liutr,
il 3i u..J.il-,-l;,s jiSs ui.^:7 6)r;l.r^K ! 41.:-l ,r,lf s3i s1 a{u.lsl" Ar s Ar
cs-lL-r6[=L, ;r t^^, s;t_l .2-:tr.r.r: ut *{i ul \ ;:i (Z l-f y) 1lr1^, iE-)\. jl
4{ l) $:^:> LS|);l J,l, o5r*:* ee)c A, ))it) eS)lt cSll. 6 xf u, a\:iar-

.t>i.rl n, oT .tl .rJ larl tl .-*,, s)cs. )5i 5s at '--,e
t-jj-r-? I .r-rl> ,r(L v^c jL g;lrr 1jY gt,.2 q ArE>t3; 11 L s.>l-
sl^tt j tics, rt--j lt,:.-L, rar^ii J: -!L-cs- i,-l:-il E" i1rlj.ut, ,-f; L

g.2;{L !9lj t, ls siss t;r9;51_j .r^; lrc..>l^taf *{u^-,t-,-lqr-rL.(.,kbt-.
u'yr-L Jt.arl \-lL Jtj ,?l .ulrr{2! irt-;^" (-ert tt rg*r6f ttr )JeirL-
:r rtlgf .))l;. ./t,'6.o, 4;ls5l, L'6rr;r.l L.5ly1-ly J(j st 6,ssn \ >-i
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f 6t' cr.,ui i$-4.,, t5rl.rr.b,

$ $:- ee2t )l Ji il Jtlt r:Jr rJi t1 W ;;t; ,? t a22l i - dl ti G,til qloi; OT

6i*.1,V: sl: J.rl.ei il:;t J> dJ+ 11f i,-rljrc.i.8Ji't t, JlJri{l .,tul1':-'

4;-rl.t-11, tSl:-t4tL';,1gt6;Lr .t\- b| +{;,1 trE:,\, $i1t+ 'l-T.f 537)a2

yl r\o-f f J* .J.it, ri.rl) ,gl-*t r3.llli.J,.t/ .,lt.crl ,-!j>'*-slt$l:6tle
! ,Etu, .,ill-a glrj .Jr5,r" J[.ij o./,r. cJ-L' $., --:\r j\;1 3,s9t) rf ll rlrlj

.J:rti.rr ,". -J\- \si\fl sUi lt ,rt [.ar'l ,-r j-

.rilra.;ghje J ,-rjr. qr,'1.r4 ipli*l ,sltcs' c\ o-\f J*l d'[;c'll-J)
;t, r.:.r1.21 l-t At Jb,"-r-L' ';r{t^-ln,-rt) os5ot2 11 1)j>

ur: Ir"'r. dE = P^(6..-6.) (ro-t r)

:t1 ci-,1;1 I I A1 .>nL.. lfJt-;r

,, = / ::"'(r,ou* 
sin 6 - P.)d6 (rz-r v)

= P-u*(cos 6", - cos 6-",) - P^(6."* - 6".)

:p.ll: chaLr ,rrtrtt: t A1 ) A, c'lsl^o,lrlr.ll-t 6s}l'

cos6".= (P^l P^^.)(0.",-6")+cos 6-o* (iv-t r)
: {fp.1r u, *-ll) - tSl -2i Uc-9:^* ,rir}.ll

6^u*:lr-6. elec rad

P ^= P*u^sin 6'

(rr-t v)

t

(rr-tr)

P":P.",snb

0 bo 4.,

,r; l-r-, i1-2lj 3.r:r-:9Ll ,r,5:r t o-tf Jfu
.s lrj:L" A1 s At

ON"

i'-S :-t-t 9i6t4:>L^ .6". .r'i-
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r $". rg!i>,ril -* itsl) rl7^,j ;5.2f05 u: (tv-\ f ) ijrt,,..15 ,.j 6."" ,jplJt tr

:-t- larr C/,)1, d^:r.

8". = cos-\t(zr- t6.) sin D. -cos 6,1 (v"-r y)

:g,-.rl: c(AA-l Y) il:[,. a7 olbtt Yt trl r*,L.,tl.tr" 6illJf !

0".=9ar:.+0.

:siv^ l-t. 3j- u-ilt^t Otj  i 6D )l $

:g,.tlr (VY-l f ) iJ.rt^..r: r(,., lrL".gtg:^-fi ;lrir.r.,.l ;-ll-rf t1

. --,/rx(\rYYi-";.fl,,cr 
- 

at, rVYX I

(vt-rr)

(vr-rr)

S{,.:' y-* oU3f J tail -Et jl P "4Lii -n jli r- .rlt.dl dr ,sir Y-t F Jtl"
.tit.r .r,-1.4 1 Ltl).,,.t{.f b l-l -ej> cs;l -Ft bl,) s a"-j j c Jor.rr C.l A-! f

. n - IMJ/MVA r.-l 'Y-19 Jti
:jl .,:-l crlLe a2el) -;13; il5L" r-l y JU, jl ,J-

P"= P^,*sinD : v.l I o sin 6

:[, r:--l 1:l st t9i 5s,rrl.ri I irrlj
D. = YA-rf f 

o: olf tl elec rad
il rL" jl l.l -sj- u:ilrr., i2sl) 6l;-:U, .p^= lJopu 6tt)t.r(.;$ bli I

:y-stT s. ria) 4! (V"-t V)

6",=cos-\[("- y X o-rylf )sin yArFF'-cos yAryf "]

=A I Jtlyo: t Jfyt elecrad

=oJf lY s

f] ..i-l Fy t f Jf .JL uil .r>., .lt.j JrL, t, i ? o u-i{ .ri 6\,1 ;l.tr. ,.pl

A;|Jlc!.r .*ti. qrtaJlJ, u-lrLste{12 a,Lullr*: !t j g:g.i, rJti 
"1rl

,l'g9J1 ll9tu-i criul{614;l [-;; .J:,f.r. (sL, rr:.-l e;)5)i,rl t.a;l ..rL ,Sll
.r.rfl-t-, l.l ..ri- .ril.,pr, rsV ) 6 ri x^^^Kc,jt- +^) L 52 3>,t; .9bd5t".

-- 

-fI
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rSS[..,0 6[g=t*.0 ..r [ro rElc LS tocJ,l.rF Y- t f
d.l1 ) g^},tr rlls ! r6^itr Jr r.:l L> t: r:llrl .L,iilt 6sL, rSt4:-t^..1t*.Ji:t;r
J-.o:.rr 6ts,s!l.a;l (gs 1t*r r;i g+iCl 1 ,j'ss;tl t-,-4)K44 c,:4t4i,r, t^.i

;A e .r:-l 8s;' f1- r:J1 61lJ1L O::-',r["e iL-r k: u^it ,i9-t6.t:.rl J4,ir

uil ,*-l J.i. .lt*, ltjf .:t l- qr.rlJ,.L, 6i tSl:t tgs,)li 616-l*..l[', lr;q Jt-
.frfc/ Jt";r lr ,sT cslsl ,rsls*6 .;;t) J rl;r-7L- g;Q;-:";eJ c--1 jl

Jr).rr glgi cc.2tg,,rr 4^i $-et ,silyJLi:,'l -t; tru,!)L )l s9il9;i.:11 .r:i3
elii; L;L. ,)V.>:,il -lr l.1.lll *|.;nr rK,-r L; r?l si--b)L; jl .,(1 Ctt
&r rr *{ ,gle:^:, ), -Sl .t53 tgilr;i,riirl.l oi) srsjl c-rtl c.-l ;C.-.r:f
$lJr.,Ai ktrjl elr Gf r^, CJ jtiu oUef-Jt.a;l c! *tl oJi r;, ;i 4t .s)lt,

6- ,. t * -F I Ll .g-l Y-\ Y Jtl, .:.! [- ,Jt.o J.l stcrrl .J^r JE;t tl;tr;
Jal-1i lJ> F*.- il l:r.rt t.e,'l ,Jo- .1i y ss6l4:*,1-,rlJr,J5rf jt, J^il, t4L; jl

c;ld.ti;:s jli u G![4,'l 47 r;;is.rl: Jrll>' lt -Srr -t jl L]lJ' Jtful sK'l e 5rf

6hd-.i cr:: JAr,r. Lt ,L; Glay tr o-u:frSjlrr,Stalli.lr 37cotl&-)t L; e\)l
r,.:- I sr ! p4-.1r,-* 6 u,l tV sr I y Q .r.,1 l.r :9tJ u-i I J- I rJ t^a; I I o Jli{ 6 )l 3t

.$rct' r.l15 l-r t>7i19;rl f-t fJU" t-rli-rrly il:t"r .t trc/ Jl'i:;t .itr; 6)lJZ"

J(- ;-,[t,6rt*.1g16-l*, )\t tt9)u^ uliz' ;slri c.r! ['.oil .lL-r .l: sir
6P*"*SiIl 6.r9^i,r-. l.-tl o-l t-\f J<J'*-:l)-615i -tlt9'i ai ct r\ l-\f
:rrJt.al 2l;i:,, rllj.r. rfg.-l slkrlJ, ?:iJ ^t r1P-"*sinDr rrP-u*sinD

-r-rr1 .)lr Jtiil 16-f", iE-t J) tJij.IJf l-r.r!L;l .-,j> jl t| t tsl t^a'l tlLi
i-t-, t, .s-l l-si- cllt^t !:lj 6", c.:.t l- ,.4 I Jr af Jrr,r" ;t':'; 1 1-\ Y Jfu

:grlf r giy, ,j.;2 6liJ,-rt ,,)ss 6'-)L )l Ar s Ar,5t4:'t-

. ' (P ^l P-o*)(b-"'- D.) {- t, cos 6^a* - r\ cos 6"
cosD".: (vr-tr)

)x., s y:*^- 4;l.14 'rtl.t; >)") i;i> gnl'.("rrjj>,r;lr-' ;sl') Gli c''l [-;tl.lr

P.,u, s n ir

12 Pn.a, Srn a

,):, ,, r).,

,-.o gt^j s> u:il Jt^-l-!j- 6;lr2 n:!-: -rKo 6.1L^ 6t6:>|.-^ -,t.^^ ! 1-1p J<'l
.uil.5.2La Ay s A1qg16.-t-^.r.5,i.r" J,i;-:" cllg;
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Jfu q Yt, i,lrL,.-t,rt : I Jr\ - o frJI) (A-lf )K.z 1:oJj orlr ;Ll; .r!ta;l
I t Jr s, ce tt si.J u, I 6jt.t rot.ta. )t rb;,_t,.e,j u ._:l [,Jjr-fr];,j,? 

ur t
L^; s grllail ihi;..1:rfoU:,fJt-,-l6t--a, o"1,,_^r rrnilJ.,l -r111*i;,r l;1j J:.as,r.
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a-616J|".a;l 2tls, )t 6.slJtli,sl:: _11 l, J;t,;L^.Li J:U >\.Kr;-^_Jro(;ll.slrl

.c.rl J;lJi [- Aoa J: )\.e ai_t_r ,1,-l s >5J,.-l-rt'lgln u2;tJzs>:li
.JB* .;-r tt" r,_rt l,a;l )l dl ;Kh I i , fr*-.r_l lJ-i I ;1trT A_t F Jti.A-lY r f-lf c5t+Jti jt,u,r-lL;t r, l.l -ri-- u_;lr,.t i_r-llj.c-_,l 

::_r:
' *^^r ,-11i'

:_., I .uli,-.2 1," j.;.5t1J E" ,,L, a,_31 ) j\ i 6[od5t^. ;tr*

P-"*SinE=YtloosinD

rlP.u, sin 6: ";A oA si11 D

/yP^u,sin6: lJAoo Sin6

a,!l*,t :l ui^,,

.rl (.a,-l ,-,Lj -lr

atlL,,;l )l o,,,

:gr.,r l: !"-ly JU. jl

i,
o )AoA

rr=[1.o--o:l"Ao \JAoo
t* :ili;= o -'v \ Y

E-.,= \Ao'-rtn-t]"oo
lJAoo

6.= YArfY"= o:ylt rad

=\l"Atl1oo=y:f\yrad

c-i3i slgu. I \_\ y ){; ,1la t
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:ytttT u.c--)t (Yr-1 f ) i!rU".l5 d)JcJr)ta4 ir:,ljf i ;rly Q

CoS 0.. =

( I .r " /r.r \ ")0jr \:-- o rr1i)f o.ry r ycos(\ rAJ \ r')- o.r\,Aocos(yAJf r")
o-rVlY-oJfAA

=oJlyV
IJ

6..=AYJYYt"

Jt1".111 6l12 lst jl 2t)) 6:-r3;,U,r:^:.J-1 L qej>,rilrr1 al-.) ,li Cll
d)-r ll LS)));,L- s:^:.!,i.? r):* LSt*)t) jl,r(, 1-1f .r:"rqJ) .p))T o-te:
tr 's'1f g:rl:r

Gii.J U{.tai : 4^^3to Ga f*---, r.9-ll'U.b. G-J, /r-tle
.t)-!)g^t ls rg2l-*,5t4:-L, ;l*e;;u ol-r--.-s-' +:..1tr Jb L- r,r 4it4-:9Jr
r*l.r(: Aj^.ite-l:> ,:.t l.-t, Al-.it.-95 Jil-r;: oJ"! oJat.} 

".d-;i 
3J1-], .7trl J[-ra
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o!)-L jl rt6^.rL J:f.r. tK.r(;Kr9r:* I 61 2j? L1l ,:,2> rl-^-rtrJl> ,.:-^- el1 .r;ir
,?l,s;{u. Jt-Ji dHrr- crtl rJif,ra )es gt l-l lgi e{,gleLtl 9 cl ti:;l .:-^-
r)t-, el,- tull-, sl tJ:{u. 1Ksri" gL9,' 1^} d1 ,.113.ic1, cs*L,g $r.:{oPri
rr..it, j[-.1 [r;^a ols-iS.r:i! 'r;l:,r" Jlu.1l a;-9-, lnt fi-:- rr ,r(1Krfr:fit
afs.-l Hz t U \ :J.t- $;lur; 0:4 a;os; ,r;€ j.J:.lf,re ,f;,:- l..r ;Ly ;,_l

(Jtrlro tgLq u^,V.s4 s.;t)s u|i9.59)ut qiul ?ol]ytg:*ru g.rl; o-;g)-i4:,
l; [X,j[--.i (-;-; 4l )l u,r{ ri )3i> t>)2>,t, g;t4^:>i. Ji3)u. l.l-(iLi 

"l'.^iJ:f.rrr.*i,"t,'r*;Krirt c..-, Jl.ill ,r:-^- .*Yti i.l*.;1 2:L, .:lr -tll3' ot,i-

tsll:-;.tt;r5,0.2)\e e,,Jisl ,-i1: )t:^ ?oHz'oli eita-ril,rt, rf,'^:f,r^ At uls
c s, L. [r.^ J [, ;a K;r I .1t\t ) f*r" 4;j [- J.r, ,si J.=,,,,,.- 6 LSI s2 I sK t>! [- .51I J1 t,,

:J::{ u' o; )i \ ,."
.? litl*i l rs 6 > I s s .r(; K, sl 9i t > I 9t2t; cs^rii.- t-,'.r Lj rl .l,- -ll ( -'J I
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.,>-l ,:i t,' oJ;lf l-.-^. ,-,lf; (.:
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,r-l; l, j lJ r ell



,:,,r.1! rst{.:t-ar .sDJ ,,} ta. f AA
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..i-l r$

rl^a ti\ L.l i )l 16, T; I.ri^rf-u I 6y )t2 4i t a; )t 3, u2)i l.r.rl tr; l, L. (C
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or,a-\/y-or,r-r/y =#Lt -lL:trp,, n-,,Ar (rtr-rr)

;11 q .rr,rl d.aU ;1tj ;5 d.pti \. Llt O, *f JnV 1.1.1 &U , .r:8 ;::r'
:il r:,,t osV n- I de li ,rt 6 r.+' ..r';

ADr-r =0"-r -0n-r =A/or, n-r11

46. = 6.-8,-\ = Aro,, i.- \/y

(rt-t r)
:312'&U ,rL r

(,tr-t Y)

'^t-l
n-Zt 4- Lt 4



o-irrS 6te "-. o- tt )s,. si q y ? A

t ,)eV UrL.;; (,t t-rf ) ilr[. j:.rtii- r (Ar-t y) jt (Ay-t f ) ijrr^. it.sii t,

:ytsls t{,o,6tn1lli. i^s ,--lj-
AE, =46,-,, lkp,,,_t

k= \A'/14r1,,
H\/

(rr-r r)
..ri.l: rf

(zto-l r)
6Vo)i ! rlr".o gl,f -r,-; l{;:.t a: ts1^11- Al)t- J- .,1, (lf_t y) iJ)L,
,r.a\a"€,)ro J) rcl.rU eU..ls l.lErg;- i_t^rtsxi lstj.-_l 

,"6" 
j:i S-ssr;

"1arqt' gL$ <,ri^i Zl.ab .s> oJJt,[:i r:lsi osl: ,a\Lt;,rLi il-ti .l:6 r_;;65_.'olcG 4t uL 21V:^{'t25t) )# 6S,ear., J,, 4;lg;rloatrl (,rf_l r) ii)t,.d.pti 6l.r-l.rp oJliLkilltiful;tt, ;^t-il,"l:r.s_L )r:a{ i,-sl) ,^;; 1tl 2t.s-u6ly ..u:f.r.4^-t=. ..t,-J_t il.o1_i t_a.glJ:, I ;5 l; oJjt, [:: ;lr; .t>tl ls -tJ1 .rir,lrl trd.pt; csiK rl.r; t; l.r J- tt)r\!f; ;^:, ,u-s !)t,_: ljy l,t;; d:;.elg..-1a,
6l{:,U o-.roA rl^eti }-1-.J, L-rl ,_irL;-;ic^ir ,L^ot.ru -r- r^"If::J
.rJt.a,'l tl nrt P"l j-) )F€oJQ,'t1 h.,i 3l ,i uK;ur,,t; c-et, ult*;l Tris-g;l'u'l-;5.rfu*,L'.:j.i.r, 

ri.^u1lJi^::ltt cslla:l )lu-, a1-.r l)\ s,.,rl j,a
cf j cttl 6l*j r^-L," ,r:.r 6.r,"5.r, jt.l, 1V_r f JfuI.rr5,r. 3.,t tl _ o caL,otidrU i.oL' ,.1+ il,ali i^:;sl ol-U,l .glJ;, I ;; oJ.! A^rt>=.r;,,rU u-i ;11 j ef c-"ult>-l zlJit 5s 6li: ^l.r.ti 6lJ,{ I J) po ,.-Jl-ril Lsr) gt(:a;,.g.-, .z,,li t ))a; 52",
.rlj Jtl' ,fltCtr" rLi t, -tti 6-,titlki cll:r-; 6ly.e a, l1 1l,tZ,Jr ..11 l;K;L.9

sr;fu b ci* j.trJl-rl IiY J-tr-. ,i;l^i 6t,a,-, ,,I.'r1:';;'1,X" 't'.J:Ai':':i.r! (l o-\f J 1-tf gtet E ?o Hz g;*o 1s.rj [*-lcsljl r_ fi u^iV
a L;-r.r.+c qi t^ o .l y y A r-r ,,L I t J l-i l, n stf ,rJ t.a; I -U-J^r-.,, g; I jq, Q:fu J I J.

'gDsT u'Y ,1^it, ,stl. )r,,rL-;; c,!-t,, .r>,^.J^e!515 g,.r) j, O;l;'t,S 
""

1-r ! ;+*ss.y-) 
jl 

u, oJ:,'13> 3spa2 t1l ql1jtr rJ-;i1ti cF g*sc,L-t*
:t -t' Ln,rS,.t aj- 4) c.st-arL; Ll -il c--l u;l-tizl-i -r,r* +S ls I
Ar=oJoA,r;trjil.a. g,lil1 .*-l c,ti, gt+;l t oa MVA 6l::^ 2d.1,_J) se'

:t1 ri-l jl j I ,s-..ii ggll k r,lsL l.jIJ

*-!1{6r)t= tnnIt 
x ya x I o-r=rJrva elec deg
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jl .*fr^; lsri,s.;lr;u^; y ;^^iL s2i2;'r2el) lA)Lr. eJ,rl L.a;t c/- o J) .,'^i;
:grJl: t-\ f Jtl^ )l c52 u2l

6.= \tt\1'

.,, L4,-l ..lt^.i tr J

P.= oJ \ AYaf o:oo Yr sin (E- " rVAo')

: gJl: 1- 1 y J [" )) .277t a(i [:- r;11 ,l Ll

Po= P^- P.: I Jr1 AA - A-lAo Yf sin (6 - r.lVAA')

t-:is ,l ,-ral li+J) trrrl aJ.-3^,lj t.yiStr-2o 6xit, k-: ,sli cJll'a,Lcli 6,lX'l st
:.r! G;l (is jl ,-, .:--r.: ) o,tl ,i-,a P"rg;lleil

Po= I itlA A - A JO o Y'||" sin ( t f .r t t'- o JYAA') - o; Y\" 1 el1-jr

;gel> gr,,.r:al 1JY X olYf lo:oJ\ IAApU tlls2 t:o J) P,urK;t-.rl-fi,

kP o=fJfVA X o: \ \ 0A := o:YAlA"

;1,,:.-l;llrl Y ,.it. s jttitsl) x.; ,Lt U o il u-. Jslil,,"li,-rt^j.rr '4+;;)5t

A6, - o + o JfA11 =- o -r\"AtA'

:Jll c/ tj il^/ti .5t.6,i l;:,..r lrl L! .J*f.r" oa;:i l-l ql.,ati .,S)Je od-y J-:':T t> oS

6r =6"*A6r = \? s\ 1f o JfAIA = \? sAV1A"

t

6r-"t/ = \? )AY1A- o-rYAA = lAJAtfA"

:g--llr {iti 1 - Lt= o JoA J) (d,,

kP o, t= l-.rrYA[( P 
^- 

P")- P-uo sin (6t -T)]

= f J rVA I I r t 1 A 6 - A J A o Y r sin ( t O .,,t Y YA)] = o .rPAAt""

:tt c,.-l s1ls2 ltt (J,.Lj AI^'U )t )tit)'t291) t:");il rq1^r 'lr

AD, -AD\ +/cP,, \ = o rrAtAf o-riAAY = \'roYA\'

:lJ) LriLj elrU qrtpl .rr lJ

6r =6r*ADl - \ iJaYlA* t lofr\\ = \ V'riYY1"
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ilu-, il.rt " q 6:*c*.lrTrL- .Jar,re 0t.ir lJ cr!.t^, jgJ^2 J>ly (t-l y Jrq
:g,-.,rlr .rU F)JJT r?) 4l I o-l y J[. .l.r dl t.e,-l

oJ.!rf5 0t"i .n 6o J rP, (P-a*sin (0-y) abrJ.r ;lJir rf-l f JrJr.n
gtj .t .r-l 6lnL."ti *rL -13i.1.p irrlj ,1;,s 46, Ut .L lo.t"i er[^. ct cJ j J-fu:n

.At [i o.l Y y 5 ;Lgtj6 I j lr 1 1 - 1 yJ tl"y ;.-[ s s 341; u:*:, r.- le.e 7-l? Jt.le.
3P^-P,= I Jf 16Apu..ri-jlJ.r.fr =(l tt.f lA)(Lr)r =f .rfVoelec deg
41 2: 92t rit-'. ,2tlw-.igl rurj- il ,;'. ..t: o.lVA6o J ,P_"*:AJOo tf pU

.J;i€ oJAfY J sPJf tf f t\t??\?
d,-r,
elec deg

P-", sin (J" - 1,) P",
per unit per unit

kP",,- u
elec deg

46,
elec deg

J.,
elec deg

0-
0+
0av

0.05

0. l0

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

0.80

0.85

15,435

r 5.8248

16.8129

I 8,2531

l9 5395

20.2451

19.09,10

16 4088

l3 1678

10 5693

9.5860

l0 5880

1 3.198 1

16 4395

l9 t137

20.2468

19.4307

| 4&4

I 5005

I 5970

t'1234

I 8403

2 24tO

2 1241

1.8341

| 4192

1 19ll

1.0813

1.1931

I 4826

1,8376

2 t262

2.24',71

2.160 I

000
0 23r0
0 ll55

0 1950

0.0985

-0 0279

-0 1,148

-0 57'74

- 0.4545

-o |u1

0 1904

0.4785

0 5883

o.4165

0 1870

- 0.1680

- 0.4566

-0.5'115

-0 4905

0 1898

0 6583

0 3323

-00942

-0 4886

- I 9487

-1534

- 0 5559

0 6425

1.6151

1 9854

1.6081

0 6312

-o.56't2

- 1.541 I

- 1.9492

- 1.6556

t6 19

16 19

16 t9

l 6 5798

11 62't9

19 0081

20 2945

2t o92t

l9 9410

l? 2558

14.0 t48

r I 4163

10.4330

l I 4350

14 045 I

11 2865

19.9607

21 0938

20 )71',7

l7 8061

0 3898

I 0481

I 3804

1 2862

o_1916

- l.l51t

- 2.6852

- 3 24tO

- 2.5985

- 0 9833

I 0020

2.6101

3 2414

2.6't42

1.1331

-o.ire r

-2 4'716
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iVjiYVn" i:rlj;l ll 6a*;li;-oJ\ o o-o:r'Ji cJll,6l-rt .ripl o,S)r{5;i,e:r.i
J) 41-, li;iJ;. a, (e^;li o;1o [i otoA) sl^i .,il.j il..otit: a19l) ,^;i rl::;il [, l-,1

E = \ V;p y y1'gljlq, IJP^u" sin(6- 1,),;Ijlr*1 .prlo>rfa"-t-,r4.;l;t: o J oA

.:-d) 4-: ls kF. J Po-(P^-P")-P*"*Sin(6-f) cr--.prlor-,r-f -,[--
L:^+o stl;1 t2!t"i 1:o-r\o I aJ.rli,Slu,l "lr \-rt'AoY" 6la2:l) )-n.(-lo:-l;f
".;ol r l JoyA \o o^, sl^i iirt-i J) dl4,-,lj ::.:i ) (o-rt"iY y") kP".5 l-o-rlJir

.*r.:.rr +^;ti 1--oJ\A -:: l;6- \lrooAf;l.ri^ c\Y)?YV1'ai ".l e' llJb;11
oJYA S iEJ -ls P*-P, slti, to-rYYd S -rr Jt'";l .jj- l-, t-{ r9,i,rr oJu->

i: .ranl o>s{ _1::il o JAYY l; o-lYA A jl jr; ^{ \sls ',>ul o>r{ r^^;i

"ja;*^ CJ oliit,L:-l 
",!r;;r u{rrrl,i Cl, r-.j,re .9i- st [..e;lr1.l1 af ot(-ra

*"a l>6-.*-6f er -r- ! o J Y Y A S J I J'? -1 yJ -e"t> gr Ln [,,.' gJ t-'u; l^ t a L sl. 1 r? I

c-. l.i-rl;io ,r:^ui tl,e'i i.^;;; .r(;r., [; af>-9i.r. ee] t")ss u2l t> l1),:.*.,' jL;

.5 l.i, I .:5 6 cii-,-l oJj ;::- .rl.tr.;tl12 ,.sJ- tl 4,ill.el;r.5 l.r:, I -r: Po ef :.ri.
,c--l s-l j- )l o^' 'cllel,

*Jk -lrc--l (ar-i.i o.loA) 69-.'j(*r, )L" cJ,rU dJ1 .5 l-t,l-rr -ri-,r:!9
(L.J t-rl :ler-,. .s217st.rl [..ail ,rLj lr !ri) ,al^ru 6lJ:, I -r5 )]il);3 gTsy i;l 3i

c.r*r-:::U r \ \-\ f Jli, ;-^- t ,-?l .J^;f,ru :l-, I l.,l oJ-L't, t:^i Alti )lJi, t5
ii o.'oy4i-;li jl rPoo.titl-r.i,cs;[-., )lJil));'-l ,r1?'; Le Ja) ls "so5 

g lLJ
sl.ru-y;6ljl ! 2-\f rJt*: J: ari-l 2$+2.),)s Jt-a Lr-lt t t:tf.y--ri to)oYd

.,.)-t l: o J) ,r! l^ar'l

61 1l: I .stl 11. )) 6 g:;lt-i,r. f1)Jt JKA1 ?-\f J)Ja st n{utss,Jt-a r,

oJoAS-rLOtjcSl:la,;jtr35ra LSl12soJYYASrji-rtLj 6l .21 \' \ 6/t^
+f ;)l^ J: ,* gll 31 ls t tt l; -r:6 Gj*fS't:'t; -as1. tJ-. r;)- s>.1:S;.';

Jfu .-,, g:alJ-- iJjloJj4.rb.r4^jti o;tYA J oJoA r;;t{r;itj 6l)l+
.sr./ gt}*; r--tj o.,r YYA,-ri-dt j 611lt2 ls et'trlr:J-1-1 U- cSV'-;, r\A-l f

.g-l .ll.lr-t,U t O+t c*:-J l-;11;r e{ c-.tl 4-J2

5-- c5.ll.t-U, E"t*a:.rti.; r--t' o-ryo ejj-> gt.l 6ljl \ i)JFt U qrQ;ai
gl3i.re ,>-l 1io c,rl [.a;l .lL-l .,r: r-rt*-U,L' ;2-l szst- r-f t+T il .rr: -tlll9;
rf l; qflr .jL .rjlr>.1 gtrj rqg9t.-Ljt+:-t-, 1lu ,p-lt 4r c\ i-\ Y il:*. J- tt

.rrfll, ri-l e^jt-i oJYYA 9 o)lo &2

Jfu rrra t r-tL ,?1.;- r5-r:rr.r. rrti, \o-tt,$l)Jy{U'6ly:,*
Jr.r>-l dl-f tt=r y cril. 15i5si2sl 1 ,*s tr$; e,ssn,Jtdl )VT )1 .J.,

l5 oJ-i o:15 Cy ,it- ,L; ,)st itL,l t))i t) 6l- j ,.5:tt, n;6 J i^a[a. 3qp'
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Sp = l.r YYf .r(-'.1: llrTelec rad

:t1 .:.-l .r;l .rt lbs' ,-,-6.ri c(ao-lY)'dlt" 4^{q s

r.--l;{ry=\.,116H2

I JII



f YY cr;.rr n:-a. 62111lr

:!.i-l :tll rsUg isst s

a=;#;:o-,,r'rYs
tlt I Ail^ 4-, Lyr, c,t.-[a, 6-)r ?_lf Jr"r* L lA* \y J{) u-:r,
i.slgiut jl.a;l;;f 6t6;L.j.9 lr, .Jf.,, J^1 h rr-i a^jti o;y y6 .,J t.4, I dLj .,:iJ.c-*l ,;(-rf )_.i)) >l jxLl; L-slzirEA;" 122),>,;,ls1 [r.t .r*, l.:_ n-t;g;t4^:>.;. i,'tf t"r- i^-[*" u(,; ,,_rr,*r{ rb,j :: J>.. glp q, ryt, qgt4l ll,;5
l2l;3 st s3i ',LJ, I ,Krr .514-l^" ,.--c tSly. ,i5.511r rJ=J,.r#L -r^ rJ3rr1 [.
.rJ3ir [i ,rl>r:r q] to- t-. 

1 
I ]..o s ga t, y)lt 35 I ,-t) Ji:f .,. .l L;J 

,+a 
ar g.."-iL_,-,.s,{,ur,,_,:!::::;lIJ,,,,l-,1;:H:";;;;;,,:ffi

lslt;Jl> c5-:l,l.U_ .gQyJ; {"Sfj g;J"sa.KCLo<*ti; I "_lle
ii:i rr jl ;U l:Lf -J E a5;l-r,L, Gl4:-sst 6ls_: ts jst'y ts)ts^l 6,laa,lir,
cSk:rt, <51 11> h*-..r ror, .1l s1 .sl^*,15[6;*a u-)J os)s,n (Jtl) :_rul.r-t-l
g: [1+ -rr. u [l ,::i6g Q^; ^.t 3 l4ii L ;, t-; 6,1 ,7 ,; J.a.i,6 lgl .r. r, j t.; ( V) -l r t1 j
aglalgit'ri;.t- 4;ls: *ul;(^,t,1 .e*l ,.,-t:,;,jl,cl^-)tfi_l; t4*1 + jl
) Jii sri .r-lr^L 'Sl6:ir;^, t1 t-gI,r(-L1: g;Lra*ai,J.. aS t6)9r,1 c*si..ut, jt^; 6_;J-;, s9 l4l .u r, -\.lf.r, o:* Jr::f ,glgr ^.._
p L;.a ;: L 6(, J,! ,,-_ri o: l- c.g.r I J1 t, e1y )\f 6 l+* s ,t s, o.lu:, 55 ti:_ | L,Je
1i? .1)jt,j rr,ft*:--rr J>k;t ;1 rr, r,oJ*{ )\a 4;s 3xn-_t: 6;e.r, Jr .r:.-l
ril-;11*- q;1.,)*rl I J[" cSly .ts),i c>li,;-l uCre , ,]*t-*,tl; )l l:Ks
g&' r r(l-o ;. t-i d K" I -rK' ;..,; i;-; : ul 3b : 5n s s I sgit.ti e* F-r b ., t^_u. j
l4;T a' 6)9r-.1 qsk::,,1L i-n..:r Jj-ll.t^ ;r lilr dc[r,.,-r:-.-;ill , -rKrr; o.gf
,r(";K'.J|:,dcrtr I3i Jr;;{6,t4-LaiJ.l^rQr6-t,,,"glae^ai5.5;|1-.,37)tJi;4xt
".r,.llji<s,jl s-is:.'lzt,try' Jo5.r, eLi;Kr3- s-$ <: lt 6+lt J>|, (irr),
,S+tt J>f3 J-tr 4J JJ[, f-^) gi.tl.; ;r; lt J;:{ 6,leosljzrp;tl y+l:;. f I

6t*s )yly2tqgtanl5to.:l.t-..Ut: ,;o_f^*,, t3ilr;))J.*tr^.g**..1 -.a.i; ,:,r,
* St* i! ":t"" c;rtri.lt*t rl-*, ,15 si. q5[46*- $a))! ), .t3, ..trii.4 ;Jr- ,a
2.r,,'n)!, fA al rL-j 6lns1:lr*;),rf,u.or*. r,irL; l-,, 6losr;S Jtbl g_:_ tr{)-ojf ,rl cll-)'^l-G.ra qgl-rl ,-1,-l-,,,1 [:, .-ra;u *-xl ga \ lt s! ;-r:ft 1, l\a ;f tyj,V cg)jl i,:-5.:r{}-;[.1-o s3Lt, ll rJ rL ci) J) Jrt, cy7*^o ))J)51 LJr,VrEJ;"a5L-ts,S* e;ta*!r[--.r*rt-o.,1 .9 a(;.g\iLe,:.\\s slis cSt:ri5tod5t_
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.r.r(Lr rf tl-l *I*;fft:6bd:L ),b tf--: t-r ..:"-l Ur*:- ,s6i;,; E, I
- .-uuf,r, J:e_y l1 t1;i 1 Lstr: Jr*f .sk-...- 9 e:+|.+\r\:
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c\)ss q3lti;)e5 a;)st os,t,6)t.el Jrl g))) ,,'.rl9l ,ist z)l s;le,2lp cr?2t

;l-tfrr .q-\ r ,5., J5 oJi ail.ll gtl-n,-gtf ; tt ,.8; oJ:Sg:*.e;-oJ[:f,r:.1,,.1=,,
ZJ-r, j Jr c.,t*tr..llJL r,iLj gtf sitst r.95Jr tj;.rl{t,' -Ut-l .21la-s2 6,-l jlttt'.-t'Jlr 

6tLe J Ily oJrT ,ir) {t .JtF.,q *it I 6r$Jlf;;t
i 16t1;^:t. r.,r.9ryU,5t4.:a;,. y/) 61 1lr1 ,i5.,a6'r;ls,-rslr:.V-lf JJ17
,et 4ei 6tlJ'-l',i.UJ. il orU:-l t, ij-cf t4;L2 ..la;.r,,.lLi' t t-1f JU, t
d;{ o,.;.;1,- Urf,-et'l; Crt(t 'q -r, jtt t-1 l.; !1*il.r -;rg 3r; i: ,r:;.r, Ll;.rt e{

.j-5 i.-t...6te-rl.ri. 6-tr-; q{ ,j-l ,--lt-.u;ti oso6 ) o-lyyA jl"Ul .rtte
+Jti o.lYYA .-li- ;Li 6ljtr, v-l f JrLT J,6,r,-h.llJi. lt lt ?_lf .J:.rr

p,,rri<, y6gs J) r.r r+;r+.rra,r ,rro.rrrrtri,f.,Il'j:ill ;;1, 
1ro;.,1"'"
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f ault 1

fault z
three phase fault
hysteresis loss

eddy current loss

skin effect
transfer impedance

zero-sequence impedance
pos itive-sequence impedance
negative-sequence impedance
surge impedance

driving point impedance

Y-connected load
A-connected load
reach

iteration
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Ioad flow

hyperbolic function
ex citer
A-y trans former
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phase sequence

load dispatching
pick-up setting
complex power

reactive power

inertia constant

trans position

reactive compensation

charging current
zero-sequence current
positive-sequence current
negative-sequence current
subtransient current
transient current
steady-state current
magnetizing current

stability limit
transient stability limit
steady-state stability limit
back-up protection
primary protection

single phase two_wire line
transposed three_phase line
paqallel-circui t three-phase lines
subtrans mission lines

per-unit reactance
subtransient reactance
trangient reactauce
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f AV qU ojl,

direclaxis synchronous reactance
quadrature-axis synchronous reactance

leakage reactance

overcurrent relay
impedance relay
pilot relay
differential relay
percent differential relay
directional relay
phase rleay
distance relay
magnitude relay
ratio relay
SeideL iterative method

power angle

torque angle

ground wire
tap setting

flux linkage
sequence network
simulation
geometric mean radius
incremental fuel cost
bus

infinite bus

swing bus

surge arrester
voltage range factor
polver factor
compensat ion f actor
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penalty factor

spacing factor

fault through impedance

Iine-to-line fault
line-to-ground fault
double line-to-ground fault

equilateral spacing

unsymmetrical spacing
geometric mean distance
governor

voltage regulation

The venin theorem

per-unit quantities

balanced three-phase circint
circui t breaker

zero-sequence components
positive-sequence components
negative-sequence components
symmetrical
swing equation
per-unit resistance
over-excited motor
under excited motor
traveling waves
swing curve

overreaching zor,e
underreaching zone
mismatch
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prime mover
polarity marks

phasor diagram
armature reaction

reflected voltage

incident voltage

stranded conductors

bundled conductors

synchronizing power
power coefficients

coefficient
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