
rslJl r+t JJ-b i ; 6rlJl iE-,l tlllt \l-sr eJlj d!.,*ll 1-J..j 4*.1,r *l;*1--

W
dDi-l .'Jo -L+ L-o.o , O#i-, Jl ej*' cJS ASU| J*$J,+ 6-,1$ll g cJ=ill crtSL ++r cx q'-,#il .t"Jnl

Jl ,f.S Q.;tJl cllii t+ .;r.' I e i<\ o _H4 fjii 4jSlJ.ll clJi d.:iJ )' +*= , 6.:+r AIU+ OF : d=ilt dJ" q-5n ..iil9t

4+-i Ol L-S, i-'lJ,'ilL 6r"l:, 
qd' 

" (5Jt-3 U'*+a Jl ,J-.-rj:;-,!-:^ ll cl3l Oi+A .-iilJtlLs, cJ..S-ll6$ llri
,J--ill eUSl djlJtll r.:l $i cjt^ # FJJ'ill Jl , 6+r+ t,)i &l dt j^Jl $s i$a_,; ll 6;*j u. dK.i crtSLll

drYtJl ora U^, o# ds,l+ *tsLll 4#Jl d:lJtll .r+ eF ul 6fu drYlJl ,;r+ .,! d,Fl , Jsl .--,'r,,, g! jl

a.SlJl L6'rs e*:3 qril 1+6tll c!J++ll dF J#S ir.:t crYE;ll .,ri$ C+J= :Swarming +JtLill #J. pE3i ,s .1
Le+l>l+'ll. !laJiIJl ta.t i.sl3, ilrisj=ctJlLll crllLll 0-J+5r.r.c4#Jrl ,.,, :.Jl ,..JJ.i+ll

a**tf UFIJr!'yl .+ll+ ,Je i.+rStll crr++ll c!YE-:,Jl .r+$-, ..pl;i:Yl Ll-o ejil 
i l'i' clJis r rJtll-,

ij$i.4+_,r$ JLiel ef b.J+-, J! glg 1".4J. Ei^ pli .9:" 
"Jrl 

aS" S i.:4 q;tjll '+!* 
LF r ij":sI

.!il +_Fll e--r ef 
y! ,ri+3 ) crJ*+Jl orA slt^S , d=rllAl)l.-,,.,..'- ,rle b.rrc ,-il3.r3 e

ktLf,i .il crYl-i;ll!-X ..aiitJ"Jq aj-,* aSL U+l $. cll.r-l :Supersedure -'i,riill 3l qJl-\Yl cil- qr,.s .2

,.r31-, ki..r$Yl J*-ijiJ jjEfi i,r.l.ir crtsL k+ g> r.. i$Lll c.lJJ+J| ot + ey$ d! $ !d++ll C.-J sf
. aj^,*ll e)l cx Yq ,l.'Ji lnJri cJt-iSlJ tdL':ol L\ ei.ll

e:rln a$lJ.ll _l_l* -F4S grf-u,Yl rJ c;;- g;Y 6i+ ASJJI Jii rio clliJ :Replacement cD-Yl i.I-.qrs .3
lp,lr*, OJ+t .,Jc 3i ,, ' . :. o ,':.*+ L64 4;-lu, OJ;c .Jt 4SLll d.,Ji+ll Ur. a.cJ,"+. oQ ef drYLi.iJl i rir

.dl.jll aJ)-, c-r."..,-Jt cf-*+ll oil .l.le ' ililr, .-1',,iill a-:;s c.t!+ t'J-l

ki I i .q 4hl crtsLll eLijJ cf e iir.lJl &).:ll c!).-Jl *f 
'!-*+t 

i+ii^ll i;sLll c,JJ+!l ,lrri"rl Cfu Llc ai.-r

++*d Lii+ Ayt UtJi; eiu Ct i+Stll cir+Jl ,-& *. t+ .-fll k tSL ;#.: rl;Jl dilrtll cFlji+ re i. lr

' ,. li_r c ulFyl l,Jit q'r r>t Cr ,.3S1 6_lF 4+ii: Atll ij3lJ. !l'-; Jl g.3 
"ill 

( +Jt'ill ) iytl &-rs

i.ll+" dilJt O- i+U c.,tSU ehii*,| Oi l-S r ctL!_2Yl dL O_1. elJl 0- J3r-r,o f-,J^ d k+b cJ..^-.ll )-3iJ

Jlas,lJl 0-,J5,:A-l cr[-,-iJFg,',-i )l ,r;+3Y l$tll d.,JJ+ll rJb a"'$ll a]tJl os t l . ,'r+l-ll o_,lLr3clal q_FlJ

l+c,ti, LnlJ+i ,JS^J 4iU ejlBll ill.Jl ,j t-i .l+Jl i--tJl $e a--E^l e l-r+ Y g.r,Jl -x)l , l{jt :el .sY Lr$i

i-i3lLJl r)- LSLII Ct r-,;;. Jj L+lJ,o'r- .gJLJ.lgtr*.U^ll rL;^llj cr!"rll d lJSLll eCl .,Ic cj-..-.ll Lt"JiJ
r(l . iJ Le, Li * ,''r*,t' o.r-r es--ai lU .r+-l l$Lll crCl eU+ .rYE;ll fJS Aet.' 12 uy ua3 :a-':r C+li

.4St JJ4-. L+ Cl i.i3Ull .'l! (-J.S: +U'+,*",ill .r-,,ill .l^

-: c,li-ill crtSL +*> 6t+,le Jl. LilJiJ qr$l &lJ,'ll

.ciiJl ora $o .CJll kJ-J,J^.J ds ijE^. crLi,- d;.i 4i:Ull4J"-Yl asLll O-9S Ol ,.1

.di.i^ll q's 4iiJl qJill J-6$l d1 J;$ rr' -.;'o-f .2

. 4#Jlll ql+ rit. sl: l-* dJ^ dii ta:*c O*Jl iJb\i,.- c.l!-X-l r-':e# r.:+-r .l

elrill-r " J<lJl crt!-jJl .rl.u") ( c!'llt, i--.r-r gl ; ;r'ilt i;\ olsLll Le.*-r'orlt .l=rttaiill gj,s gl .4
.l-$:il-:sJ a+SlJl c.C.. l,+ i-,$j'llJ ,Fstll

J-i uil djlJLll o.r-r i4rii dl-t+ ct!: 6l3lt eJ+:J jJl cx i-rp:1+"S.,Jc 4+-i-. a$lJ"ll O:S: Ol .5
.clllJCl

.egnt U:, :l GSlJtll J! k$l ,s,-,ill .r-lill gr \$ 'tSi i-,3*; l$tll crJJ+ll 4Lt'- .6
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r:ljl r+r _,1_l-b i .;.rtlt itit r:blll A+lir eJ13 Jt.*Jl 1.J-l \r;_i cly:1.-

orr-,sir er'Jt g.:3,r etsLlt4#-i.J rsJt oi J+r ,..'-ti,u Jsr rx s)t-.3;ffi;"1$! 
:'v3t

.dl^jll i)^Jt c.,!Jt ,t' cttsLlt eliil clhsr e ..,_i6trHl
d,Jj+ll eBiY GslJ|tll o.u .rl.pi i.jil,: i_)ti*ll oti.-l! j*"jj oillaitLHl _Aiil .sA dt+Jr tJA i;_..ti 

jrl,
-:Cbfii;j.J 4i,*r 4SLlt

_; iiilJ.lt u. asLlt gt (i
4i--b\ Le.rl-r.i aj$ Jl O$l y 4sLll esj J 4o +$+ tL'l: rd++ll r_Fl o. sH:4iitLll ,-,-o-!i
iyl3 +p.S -t" ,fJJi3 Ol ,-,iJ lJl',-Yl 4i31-tll Ll dlii-. -;L1.!rrr. .,! iSLllJ LJ,.|JFY| o.ll es:i3 ,J*t: iJ:iL

, 
LJt d C+i i31-r- c.L!j: ,-6* ue+ O+-.;F ll .ry h OA 6lj a;'-.r' .rlyi 8 qr.t4 g$l qJ=ill g^

+++ tbt .-$ g tr qijlJtll o-r-r gJ,Si ) Ul+=lJ 4+Stll c.,J++Jl oL+.=t' pii a-l-, 12 :sy lq 6y[t1,ll t,t.i
4j,,,* d..i 4j3ll dF iFL t-6;l! +lo crL!; _el ,u++ e+ cry ejL;y I+ o[S t+Jlo 4SIJI o_egJl eU+J i-lt--

.>-s:.+,:ull istll sCl Ct + 4i5t-tll JJ , g!-r: crtyl o" k+=1-. Lr isLlt e- ru.J: cjiJl
-; iiittll L)" 1.6+iJ gj.u iSLll *.. (+

clli< i_U;-tl crl-!_jgll +"-,rltll ilrri . ll d 6.a* 4+-rtll c$-l', . ,.:li 4+J6.ijl,t cl[l dr",j-nJ
u,-l;F6!l 't-fi sli*Jl .!, ri . ll ,t' t-l e oJl -$s cJ-: cx I (Jl. LoJ gl3 ,-r.*-l d,,' & *J* .rlyi
p-+ .$l+Jl c!-r: 3i ot5Lll -F. l^ i-L-,lf 4!, ri ' \l 4-r j--ir.-e ,lSLll-clliSJ ilii^ll ij--b-Jl ,slo 4+Jts^ll
Otgl eLrjt+ J,.t la-rl-i it qy cr:ts 15! AiiU.ll c.rl -L\3 e se3LJl .!j ri. ll cp 4gUff d,JJ+ll 

"q 
j cry1;.tlt

6 6r$--ll l* d 1$L o3r'+ 
:q ef i+$ ( q:Ell sc 4i3Ltlli.ll-= 4d,i ) aSUi + irj;lt ,*liJt jrrr. rt ;

e c!l-,!i.5Jc ++U:l J! ,,lill L!3rr. ll u'^ i."6Lll r-,jJ,'ll .,lc 4+-.i-^ll g,.l-,;syl C; Oi ."c,.ll .,lc ,=+J cIJ
tpill $lJ+ll c3-l-l 3l crtsLll 5l-= E":J fr; illi 4-l ,J.lJ!^Jl .rull-r dlJl eljlSlj 4+{Lll crr*tt ec^:i pL: r*l3

. dHsJ$ ll aJ# &!

;L.rcli" c!,:ll gtSL 
elSJ : 

'SU

Hl-l cit!..,J' h -j+:)l &j'l e cJ=rll el(lo e" iJ#S .rlrci 6t!Y dtJl k -rtr qr$l .-3Jtll h .. 1l_l
*$.'Jl ;lri os {:yll_r iJ+ill e+"1 OA gl3 crliJl ;jtilt o+rrtt djtJ"tlt a+J-O:S:.ti .i!t l+l e_A_r

.aJJJJ-;JI crt_rryt Jl-i.'+ ;-l)-e teltjj qsjlrJ &jlr c,tsL 4#_rl a,-LJl
-:,,,a +*+ll os L;i.ll d+Lll *ir

-: miller method JIJ" 4+Jt (1
cJS.5 & kj^ cJS ,# ..rl*.i .r ol;i 5-4 dl-n {Jl' d+L ,F+ir _,,tt! kl r,g i_jio l(i<\ o isj-! ,.,:.iii
; .a.-*llt fYl i'+li.Jl .,.l) -,,tL)t hA sil.' J i,-3a 3-2 cjl_n+ fuls*Jl 4J-,lr-Jl Cpll .lt .$,li Jl L! q; ,r,r-r ,+,t10
crYU,,iJl Ol r+.,'pli a+'li cDi ,J: ,( 1 : 1 ) , ;i:. Jl g;fult i.J.J.J! i-rLll o.u /+ri.i 0*,-1-il e ij;*!l!-_9
4+lc, 1- dl-l+-l el-Lill lra eJi $s: ur"J+lt+ lajl.l L c,r!"-r* aSLJI Oi l.oS A$Lll iJ, ^ill gt-,l*.YI!.0,',lSl $
,+ ) L&r4l e 1<l o dEiJ oill, crtSLll d;r.r*. ,Jll 4+l.Jll*l _,,S)l l.r.o e.:jal ll,iJill i-t-'lg 4+ cj=j dJ.
pu-ill j,-atsLll 4+-F .,& ta_!S-i a$lJ.ll d..l,-,-rs ) 4.=".ii.ll aj-:-ll ..rlyi S Cr 4Sl ( #! Jdl

.( ,_il.:^ll
crt-!;"ill3,Jr"++ll r,r^ ll-c JSI Ly";J,.I f+,F 4;'-.$ll crttllJl o^,tsttJl ej+llilljl4#-*ll ,r:,4 d,-biJ
ll . 4-jl*J1 a;lJl J! -rtl)t l.u cltirl r.J$ ellil6Jb\Sr BJils 4St cr:* ol+ .J=.,lt ,+ .J<+"J qrS eJHl qdl
-il-n dlt J' lSlj 4c cl-i Cf 6JJt+i^ll 4:J-tr-Jl OJ"r'll U eil d irJ+J Il JlJtYl elrc! J! L'-:"r+ll lrli
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rslJl r+' JJ-t' J* .e.i ; irlJl :ti-l dr\Jl Ll-i. cjIU. r J dL,'ll ,J.j 4#;l sl r,:1-=^

.-il-Jgi d_n cr_r++Jl o.r-o eLrg dD;-ill e-F-l .p;Jl .,e 6jti^.1$L ojrrl 
"U+J dlJl tui" lS t1,.,* ol.tty citil3^ll

.dJllt -J-.'ill :-:-rill

$ dJ- fill e"-il| O.6j+ C" 41,-iJ e 6.s.rlc c+ dS ill_,;1 ,:S+, &lsLll sJ# e.5i pt+i ;-pr ,Jl_n .+_l

'Jl ) i.+. i+_lrlt 4j3U+ iU':t ,., ii 4.il Yl air.lJl $.ll o','ir )-'i.,* crlsLll glS! ,f dll J.j-,J r!3 +irct!

.rs $tsil -,1.l'l d+J= ( 4+il$l crkiyl)r,'.:l3ll oYl;,,ill -,*L de o. .ISEIIJ e _;l;,"3-l-r ( _jl)l kll .it+

.iylJill orA t€+ crliJ liJ crtsLll egy

,.JJi ..+ crlSLll 4#-i:JL-,,s A QJt CU3

, i, .,Jc t'-;.: 4+lrt il-d JI e4,s,r- 1, a-31.s crt!; & gr*+ *T .-}tffffiyJi** 
t'

tlji_,rl q'ilS!.iq ti-l.l-Jl OJJ'll -,1l.l; .i.ii * olls 6 l\(ar 6-l-i+^ .rfi elii-, Cl+' t$-14+lr."ll Og'll cl
qsli*.ll4il3,J+jlAj..a- ,-p-*i3t=.,Jc Jr+..is e^..i' aL,'l$ ilJ'.i'll s-vl ,''+1i i , LJ-.1d,.JS./ g3a'Jl .115
, i.-3;-:-Jl el-lJCl .,Jc ,r9i.:.,r,rlt OJ+'lt o.u ,r-lc clJl le lttJ,., qe$l +Stll er_5gll4rils i.*L^^^ rt+*y dll.r3 , Ltii

.r_Fll l.ra e;3a3 .r_Fll l.:a e^:3g e ca,rSill Jl" di-i J! 1s+1" 4-+-,1*ill4+-lill OJ+'ll O-9S.r Ol crt,cl_,2" 6^
.4+J.,ill orA .J cltSLll tlr;i1 dr)i,i,ll fJrls ( a+*s .si ) k$t C-; 6+- ostt .;

-: smith method ,*'r *,, lut (3
,Jt ++ll .r& gJ: Cl a-lJFill .:l.r-c! e+ 4nlJt cllJAill qJ',,$ e$ 'l'r- 6 C nlJt 6rc 6Jjrs,o s3-,
,,Jc' gJ^J t_ltr.;-l'i _lUt! # C+-il o.r-r3 ag-'lri i-.:-Ic .,Jc c'+3 elFl oJn sl J+ 4lr.Jl crl-!!l-e

+Jill6r'-114#J':ll4J: J! Jllyl hA !.it:JJ d+i.:Jtc

-:doolittle method c!jl$ lirt (4
.t'JL;j .!l! .+ il^':-.,*ll 4+Jtll e+-, ,d,J"3ll 4+Jt Ji i'i'.o-ill clJ-isll 4+A 44Jtll o.r-l ,r*-,rij
c!J++ll etiJ , 4j.:L=ll GjlJtll J! .ilsiJ 4r.ll d,l-!JJ! d- +*"".i .r_lF C- j QJtll oJA r-r.aiIi3
U,.L e$ a-t-lj1 +l-7&ll cJ ji^llj J#-j^ll d=!l d 4$ill 1.rl-Fl Ci"- e+ .4#,-^iJl 1.rl1Sll orA u^ 4$tll
oJ-F.,J! ,f.y )l cjilrJl 1,1r el.,L i+'-,ill .r-l-6ll pF 

"r^ 3cU3 gi,.* $ 1rit i-t-'lg .F :i ql^'Jl o-raa
!,bsj # Oy.t--ttj elJt, ,lr:.r .")l ,J$ Cill -+ . +10-8 Cill lrA :X OA Ol & , 4$ C+Ji-, qril i-iJCl

Jl- dlhS, e ggt--.ll 0- cJ$ +S +lr" el-'L-bJI -).-s+J r >i^a. fu"eJ3 rgJi-,. J;c' OA Ol ,+ *i6i|J
. \ j '  J .

:ry'3 Yl i't Lt*lt -,r-rU ut"-+J 4$jj Oi ,,,iJ i3;r-Jl crl-i-!l; 1.FJ'1":J a+' *tll 1.rl-Sl Ci,.- d o+ll cJ$
cl_!5ll L-^l,ii a-=JJ,. LeJ c)..'l Y 31 6,rEJl Cr ++ly elts k+t! cJ=s Y-r ij!* Aif ,l r+Jlll 4Jl^+ e-p Ol
cJ:: yi iel--bYl 6r++ OJSI: gl .LIiu jJS L6.rY Le_r .rJ! g.t3: .r!-e ,:L!;$l .,le 6l-1!$ll orA J333 e+F 4$lJdl

.i.,1. t" k# !-rt-Jl 4+-', OJS" Ol qJ- e+_,rr 25 clr k _,rl-r-
,t'r- 1, 1!.-ll ,-iJJ.Ell crr.; d[.sjll ij:y-l;tk+ & r,o.r-+ ql^'ll ora 6hi .ti -lStyt o;c d r-Yl r-q.J t-S

.tJ,oldl orA J! eE i 4J'-.'ill (.r-l-Fll JJ 4J-|\J| O:*ll dp. stlJHll ,J' Oi
:ql$l crl.ll;ll Cf'kj;'l- clli .+ t' +;,*tt fx-rglt )#:-ll

.r_lLjl elJl q+ U".-+-, C;; i .,jlJi ,5)i 6il .,liJ 'e-j.ll edll ,*r ,J^.ri 1.3 cl.Jl ./ CGll LJ',IJ rt".+ .1
.AlJ'' e..l'll dJ {FJll4i+tll orA cLt-iii qFiill

.eJJ i,"i:ll r-,f;Jl JLII ,J clll r+ i *^-t^tt edll .J a.-c rt+ 4Jlll ,-*'+ .2
l\(rrsr-.i l l  uLSll l iAl, l" ' i t--; i LSFJ+3,.,-."11 6^CGll Jl+JrFlair*JlJfk+)l+qr'- 'xl l g"isll ,,t..,..3

.,-r3J.Lll uJl .rle d.--j *:s ql^'Jt 1;S:
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di,"'ll d.l4+;'r *l_l:tl

a

djsle i , t-l plJll i,i'1"+ +oS al rii.: e+= L' li ,*.-:^ll e^'i,ll iL-lg 4#,ir {l\,,t' l.6l#31+ e3sl i
.l-eJJ ,r.' .ilt ,*iSlt d+! i crl_.;^;L C^-+ l+S.-. a+f OF,sl= dr#,irJl :rlr-Jl

#-l .,-*:itt ij. i&t-, 36-24 cp1La-.;"c Ell-A eJtnlr.ll et-!!" 1;4J' .1'll .r:Sll orA il'l.i lF i
.(-J=ilU a,-Ell fi'lJll i-i'L a.t-l:* #,lll arjl^9,

6. lSl_l ++ kr.' t_l uiii.ll .ryll dJ. AIJJJI .iU i ,s,-,i'll *iSll ,J q'Stll clsJl U^ 4J.*^..1 +.uoS C^:J
.a+'-,iJl uj3Sll+;q

dS 
"t' 

.tii gtirlr^" cS CrF kl r'*ll _lttYl ,s 4;'*.ill .r:SJl & ,p:^: Cl 4*|irll sl-rluJl d+S i
a+lJl J! crl ,' !l e:- J c a;-ls+ t4;s crtSLJl +*-rrl i$Lll clJJ+ll ,UJ 4,ri\SJl 4-=lJl dsill '-t*rj Jtll

.lii*,, i.^.i#Jl

; q';ftLji.+tll I .r:r elJrj 4+'Stll dr9++ll .:i+ eF: gl <l'^ll i+-rll aj:t-tll e+ eli 6J"$c, Ji i:-,.ri _;5_,;o rrr

,F{+.r sjr lrsAJ .glEllJ,j$l d .*:x cJsYl ,-*lSll.cr.3 4$+Ill o.u J--iiii i'e '** i}'-^ill .ru-6ll 
7*+ 

*',1'
.ti+'^i '( t o

k-jjl 3i ,\-'g +-,1,l 1.rS lil c:tSLll ,'os! .:s,13 dS ,+ g..lJ 4J'-^ill U-l-,1e)l # ai.tl'tt o.ta i!-l$ r6'iJj11j eji
.&Jtll u*i+ le ritt, i-;lJll liilJtll .,lo

e.i. clt-u-r JrLyt c+ o++lt c-:.r+-r du-,yt cr j* Ju.yt oA ot J" *J?ffiTlL.*3i9
fj Jl-tvlLi.,l lisa_l u.,iJl dll o,*131J trl-ll fr-J i eJUJI dlJiJJ 4,j-,h-Jl O#'ll u," C*ti e.l*; i cj=ilt

. i-ii^ll qfilt os 6..JJ i.+ ClJ. J.ill iill^ilt dlJii, OrG-,;l e.:.:

.4

.5

.6

.7
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"l.ljl +' JJ-,t" C* .e.i ; irLJl .rtLl slilt LlJr &lu dt^"'ll J-j 4#j Crl:+:t^

:
,.' .

.: :

i

' : ,. ,,

i*j



rsljl r+r JJ-b J* .e.i ; irLll iLLl Lilill 4+1-{*, eJu d',.,*ll d-J +-i el>:t-u

HoPkins method -r$:o i4Jt (6
ej JllYl d d*,1.. L+Xj l\(r., trljl dr!_l4i-lr-Jl CJJ'll J,o liJi,a dD$ l&i d+J- -!S QJtl a.r.t l". ,ra_e

. i4$^ll +;fJt ,rs Jllyl cJil rl i l.lSa_r el:r:^ll , i', ll ,rs eif$l d+l o+; p.,:
: APstar sYstem Jti-ul fllil (7

. 4S$dJ .l:-9S kl+ pi:* ,$'r- i.11a^!ll ,r:Fl ,lrri..'l ctl.:1 cfl-9 cj+l-lr QJ}J -4..,ti^ .+J

cJ+ U-,Jt"+ljl c+j 4pl- orj' cjs,i Je a,l.! ililq '''j1oc!s-$ll eJ. (S,rl:::t3ffkTil*.fi
. asul

9
: nicot sYstem dr3$l-r ik+ (

d+3 jk+ll d aSLlt cjli.) a-$ 4J, ,rS$dJ elLi 4lJ ,.jSLJl g,,tSl F-.+ .+-9n31 , .,'ii o ,JL:*,\ e- ..t -ilh_l

crts 110 jl e rll lr.o g-g t'lasii I lQ Lrlca 4ll^'ll r:l-ii\l & -lqJ +-'elJl +e.Jl r.ir i+S$-)[+ll .r_l_Fll
,.sL


