[ Downloaded from jiaeee.com on 2026-05-19 ]

58,5 3yl adgl (il 3 J 5558 0 058 9 (551 Qoo I Hlud
.bs.b.‘S Gid)f QO 9o

ot B Vo
VoI5 gumds ) Sgrumma oY1 795 G0

Slnl=ole,S = el augd olKisls - 8 euSliils o )| cwlids IS ass-gol zsls -
mehdi.amini8&gmailcom
Al —ole,S = ol aspd olSzils - 8 sasiasls - Leasls -Y
mrashidi@mail.uk.ac.ir

731 G SRgSs (B )0 oz az g 0)g0 legbge alezr I (il S 05050 5 (5551 Glojen (s yaeliy lodSS
009 2l ol pbs ol 6090 )8 SIS o yud AUl g buslg Sldoe scudgame 5 L Jdgh (ol jo (S .Cowl o0y
Gabomo UL )0 oud ol by Codgume Gilwdae 9,5 50 Sl Dlgr (109 axge WS (2 335 8 el S Slex
SLasly Gealls @lio ol 38 . 3,08 5 33 b Iy Wl 8 J S 0,53 cpmoli gy a5 Conl sy (38,8 51,5 leys
9y S 4y JUl bghas j0 (Kb S Codgazme cplpogdle g o0y 4z 0y90 Wil (8 Gl Cudgumes g (B b piduy
aoliy allwcs Jo &1 (500l S5 o yoN) SaS' &1 (s ol 0030 ,5 Jobo (g 5lw gy dlnnn HLS L yo oudisiannn b iy
Wyl ey 7 bl 5o Canl oals B0y (5,01 gy S B y0 gl WilS )3 508 0 S 9 51 lojed SN (535
2,15 (goleiiinn Wy SH 9 s 3l yLid euls &l gu b ol 0 5w dmts |EEE ails ¥4 o lubiliw! oo (595 52 00l

Al (oo Sty wlwlp ca oy @y ol wl 515L aliee 150 Jooc oy p ol 5o

S5k €5 gl 053 oS clo e (55 sl pr (S okt 55 ke il 8 2l 1 gaalS OlolS

VRO allio Jlwyl fu,G

WYY : dlio (b pdy g ,b

A3 (o) Sgramne 1SS 1 ghmmnn (GO g3 o

B o0 — (8 oSl — yla,S il angd olSiils — e YV lsk (bl = (ylo S = ol ol 1] ghmno (gokiomns o S3LAS

A Ot g 55— g3 olad—potd Sl = o) Sig iU g Gt oiin 0y )

zx@mw\ 9 |[ed -Z'ON -67|OA - SI8auIbug SOIUJII8|T PUe [eIL193|T JO UONRID0SSY UBIuel| JO [euinor


https://jiaeee.com/article-1-163-fa.html

[ Downloaded from jiaeee.com on 2026-05-19 ]

i lojod b
adliy s 3ldao 4 sllas 525 4y Ls [V ez s 50
oy 50T g el oot sl sl 00589 5558l plojer )
Ve dse byl Ojpay aliee J> gz GAMS (38 o5
A OYolee (gile a5l az e ol o sl 00ye )8 oolanl
WLy Gl dn & Goem) Sl (See a5 00l osliiul SS9
P e Jo by S [Y-A]amege oz BT jlany o bl
ools &yl Jlojen (g3y anly alivs o g 1) S5 5Nl
byl 25y, slaaxly la ol 5l Codgazme ol o g el
Lld Ll j0 alen sl cosgame Lol conl oo asd § a5 0 3
Sl 0030 ,55
Sl o gl (LSl o aSl le Codgaze ol alaxdle
Slox oo Gl a4 e b golall e g basly (23,518
DaYY] ks e Giogs 58 mre ol [VA]o0 5o (255 slo
sl gy @I L canl oo o Ll jo 5 el 004y a9 0590
pladl slo 09t 5| Ll e ol Cews llas a4 (s,
il e by, aboz o1 51 a5 s oy gt (SN
5 oloyen 3, by salins 9o cuals a5 Lxl 5l .cwl Benders
Shl sehies &5 a9 00 Cul Gy basly (528,57 518 s o
30 8D sle Cudguzme (lajen sy 4l salte Sl 350
20,5 bld aliwe J> b= 5o
b Glacusgaze a4 axgl poe (ol Sl o5 2l
L lajer Oyga Sloss g 6550 g galinns J> pae g Jlis!
053 el aree) 3 i lo gl alE Glse Ol (o
Dopedp S B S sle
035 9 $3Al Oloyed (Siy el alias Tl jo dllio cpl yo
Sildse calios Jyaxe 398 (oolod Cule; b adgl (ilS 5 508
OB adgp (SRen oo S jlie 98y el &5 (5920 4 o0 S
4 s Sol 000355 ey OF ) 58 I S50 5
b aiws B o bgls K85 Cosguse cpuiinns b oy SoS
Gl digy gt [LSL 0 5 000 5 gildon s ¥oles
B8 Cosgaze (giladae ogd Zewl 00§ A s e
5 el 0030,S5 will wil alool gla el 45 0psiS b bl
sl gl Bas e )KL g, So S8 4 aslol
Tt @S Rl S s S g g b ez gl
e @l el o0 ) ancs YA 5 lusbinl pieces 55y 52 S5l
ody3)8 Al bglas (S58,5 Cosguze g 5 b V> 6l 5le
Bol> slas, £489 JLE ;o LuilS 3 il (61,38 Sl il 5l byl yo .ol
s 53 adsl 58 J3S lo 038 s 5 99 00 ka0
o g bopd JWg Cudgazme dllie (nl ;5 05,5 o Ll
Sl cuzr DC L 23y 5 s (e a0 0,5 o3 )3

Y IYR) i 5l g0 ostadimutd ol Keig iU 5 5t i

doddo —)
a5 91> aely s Jiins 135 0500 0D )a8 s S5 0

Sless JUS jo 1) el Ol b allie (gl p3Y 550
oo ool 2 a8y slaaly @95 Loy (Brae )b S5
@l 5 (B sle wxly codib gl asy &5 cl (55,0
oypd . [VV]0s 00,38 LS aSh LBl 5l ol pslase
2 aen gl elel la oyl Jouls 8 S ) gl
o Tl o8 Sl 4 SLaEl SOl e sle a8l s
3hom el TR 8 Bl 4 ly e e 000 (l i
S5 Gob 3l TAGC s gl o 030 (655,15
wlbp Jlade & e 52 3L G)lop o slo 0SS
ool s oy SYols sl Cudgame i US40 1, oad 53,
JrsS sla 0,3 [Vl jgpiie Targilh J S 4 aSams e
Coypke &by Cus I (sl 0 3S o jolites 55 Pall LIS 8
@ B gl (W58 S o by risres g Al (85
T S0 Dbk ae e Bl e cl esss Ll el
JoF V] wss

S 218 e (Sily ogeas 0 [FV] el 0 sl il
ol 3l e el ouls g a8 s 3l adgl g ool 4zl S
il sele sy abn 4 gt (S 92y o g9 5l (AL
4 (Sly Slne @ b (5551 (Felo ) asbp 4 (Shaly 9 0l
ol gl Al 3 Sloss 5 g5 cyel LIS 5 sl

o2 S slead g 655 el ek 2l )15
sla by 4 alide glayaS Gp slayll o (Sl cleas)
ygo ' g iy adlin b g lesen 5 el alex I slite
Oy “ilr Sleasy 5l leyer iy by 0 0K
5 Slse sl Shg) B 0ged (nl W5 e )l Oloren
[oV]asbige Lls 1) (g mlpms atge &0 Goms; SUlg5 lojen pé
5 S5 plepes iy abp (pgas yo 4l plxl Glo (o)
Mg Oloyed 3 aslip a5 casl osls plis Jlge (53 b
Alis opl o cle fod . [Flos S eloxzl old, iol3dl coge
el 039 4255 3550 (lojen ) 4elip b,

O sl laasly (22355 513 Jlae 5o (55le die altns S
Blawo aloz 51 (58 55 slo 038 (el slo Cudguse
iy Bglars 8¢5 4y 1) bz ax gl ol Gledl jo a5 Cwl ooy
2l bl slo Gragy iitere I S [V leze
Sl 515 0,8 SO oS canl adgl 058 55, sl p ogas
9 95 Ol ool 5o g celoa S I L solatdl 595 (e
S8 sl e0gazme jo wilS 8 Byl e aSl U laaslg 0,053
adgl 03 glie 5 a5 Olie 5 [V])0 istioe ol S
slo Cosgame (23,5 I 0 b g teeeal S350 ok ,¢S SLS
Sty aelp alie 398 (g 99 Cawl 0003 )T uad (5 Il 5 ASS

o
N
-
&
h=]
o3
©
e
f\'!
]
P4
%
o
>
f
(2]
4]
©
1)
£
D
c
i}
1)
Q
c
S
=1
(8]
@
i}
e]
c
©
©
Q
=
|5}
@
i}
—
S)
c
il
kS
(8]
o}
1)
[%]
<
c
Ko
c
<
=
=
5]
<
c
£
=}
<)
kvl



https://jiaeee.com/article-1-163-fa.html

[ Downloaded from jiaeee.com on 2026-05-19 ]

JUIA\ %2 [[ed -2°ON -6°|OA - SiaauIBug SoIU0J198|T pue [ed1193]T JO UONBIDOSSY Uelue| JO [euinor

@2 slaasly 5l anuail jyslS (g5 ALl g el
ol e oS Wl oo ial33l ais adgl 650 &l goole] &S
SIS sl b 5 2oy (5o et b b 5
oads ools ylis (V) JSS jo a5 jahail 00,5 o dgazme aily oS oS
Slyzil b as & jgm 093 glodl a5l 86 305 (29,5 ¢ ol
o83 Sl a4 5yl muly plg oo Il (oo Sl 3

Lo,8 e (Falasl, Lawss |,

1

- Af Jif Af° = |Af| 20
R

9]

min(@™ - g, ,r." "),if A >Af°

Oloyed iy abn ilo g dine slo Zudguze o
S T Ol oo |y adgl L8 S 0S5l
20,5 lye

O)atul; ©)ga a5 ool wdgs ggerme § Al B pan Jobss (Al
el 0038,5 a1 1o 4l Slals 51 T ,0 g 0,5 o

n
2 U0y =d, ©
i=1

min max
Ui -9; " < Gjp < U9 *)

o9 oolel g o oolel adgl 033 (GVL a> Cudgaze (2
Ly Blom woly S gos Sype 0 9 w2ly 2 adgl 038
Szl Gliee b qelite waly o e b SLSU Gl
Gl el oo (Rl S &0 4 550 g0 aatiin 5 WIS B
&5 Al by ady cudil Sl dbewg wdgi il ol
Sogar Cadgame (nl 0gd (oo dgazme wxly Tilre xSk

AR Y o Joe (Valal,
max

r” <u,v,.[min(g;

, pr—max)]

O T %
Sl glasly adgl la 0pd ggeze JBlas Codgaze (o
30 9988 o Jde Walaly Ojga a5 Ll5,8 S o oS

n

pr
Z ey 2 Ui -9 W)

i=1i# ]

Solo Covgase cpl (iS58 sle 8l e JBlas Codgas( 2

lasgl Gep a0 adgl Gla 0pmd (50 A5 cal

o @k, 3 Gl e 5 e 2l pibies el

Af < Afcr Q)

I linso] 9 323k — 99 05lon —otd Jw— (3l 2l g i8N 9 8 32 (mickigeo 1 Pl

‘55“"6‘ u”ﬂ S el 00l solawl Jojb i"é)f Cudgidse
Gl o0lis odL:..; Al 5 AGC (g as

Alis g3y J303 -Y

Sebo iy abn e o Joo 2 0928 Seond ol 5o
00,5 &l gl opimr 4ol o Gl adsl 0SS 5 55 lejen
g om3)S o )b (cealais 093 Sl gan s b cnl yo tud
61)‘ L w‘é).’ uul..w‘ » )|)L1 UM Lwowe) 05?L3 S Sl o uo).e
g Bazly g9, Syga jd o )hladl Lul i 0,8 (oo g0 olpriny
a5 Sl 03,5 (5,8 uizmen ol 0008,F Jow M N-Las s
P> 42,0 abuly So Sjgm laaxly 51 o pa (5)l0p 00 anje &l
R JS gl o (655G b anie ol oy LB
axly (Solel anse 4 boye Jgl Gion ailos (i g0 Jols
Sole a0 Gl Blas ) g8 5l am LuilS )8 S o oS ke Cg
G, Cewd 3l Caoyd cob I, e sl L pae Koo
oslitul ganze Jolds pgs iz i, 5l 2l o Bads s
adgl 0p>d slaa o pg0 isy l dlas (pl 0 005 oSl
aze ) cnl Jsl (ie 00,5 e Joe (Nablaily basss (g5l aige
P9d Ui 5 99d (oo Joli |y (3lailol; g iBgi s lo 0y lo

L el 44.]5‘ o).:..>é UA.AL’ 5Lm 4l e d]&o

; . sd
Min ;Z [¥Ci' + 2. G +Cip(Gyp U]
1

+C ()

QD)

_ 2
Cit @1 Uy ) = Uy € +by.05 +8.0; )
Gl M) =af i v, )

Jodoe plej 9xly jo (U550 slaasly (29,5 Ol e 5

A (Byre 4 yoie 45 Cawl Coogaze lils (Sl gle Cudgase

bog 5 005 o baxly 51 S5 e ln TSk g5 VL
[V¥]ogi o 1) B aing

N o
?it

T max p)‘—max
min(g," —g,.7% )

m|_.

&
<€

b
Af Ay
sl 03 YL 0> Caydgume 1 (1) S

v



https://jiaeee.com/article-1-163-fa.html

[ Downloaded from jiaeee.com on 2026-05-19 ]

Fog s e aSed & (V Vabal, Jlee! b

PG -PD, 88, 570, 8%
X, X X,

[ PG [ PD] =[ Y] x[€] 00

=[ g =[Y] ™ x[PG - PD] 0%

(2l il GG 5 (V) 5 (V)5 OF) Ly, oS5 L
i Jaw j0 oSl Cudgume Jlesl cge o O¥olael aws

2005 o0 el OMNakal) &g Glosen 55, sl

A=A, 1Yy o ALY, ] Ov)

ij ij
[@[YI'[PG]<[A Al" {y[Y][PD] OM

2L s 2 gl &5 ooy s Codgase SO (VA)aka,
V) Gl Covgame LS o alal) cpl sl Jleel BB Wb olass
e 99 0)lsen ((VW)akal ) o> c¥oleo U ol slows 0,5 o )8
L aYolaal 3l (B sl o S sl 4l gl aslis olass
ol e as ansl 1,8, B3 leasly (gl 000 jlxe Sgum 4y axgl
OMYobes b acgomms 5l 1) @¥olas 5l aiws pl olg (o0 Oj50
Jo= OMhly; come (cwyp G 5l Ol (0 ], B (nl 05 B3>
Slo plil axly 0dsi (65,0 molie

6591 by b il iy s lSel -F
Olovs 9

R U sl 02 g 55 Glerer sy alin o
053 9 57 Lrga yo 1) 093 olerinn by Cund e (g B
Al 5 el s gzl L o s e @l L a4y 4l
4,5 5 b o ) (K e s e fFasig bl Sy e
o9 Iy oad aolee leas 5 5yl 5l st ()l
(V" asl asl oS8 65,00 dolee yo Ladd (Y .ol ol olais
Slass | iy uels Bl 28 (5550 olia o oSl opdle
b e cnlply Bk osls polatBl 993 4 5 ) adsl 0SS
e ) 90 5l JSae (o g dltne SO L lejen 2> )0
g a8lgS gp9) 093 4230 (S dslip g mome Sae (ile dige

Sl ) GBaidy bl caalyl pliz cadl cabge L e
(S pytaliy diune slo Cosgame (gile 03,5l ogdle a5 Wl
ooty 4y dzgi ey bl 35 Bus Al oBays la e PBlas gl yls
sl il L pae aS Cosl o (gl dige At ol >
Ji ol walgs 18 Ggail 950 mae i (leies S 1) g0t
At ) Lulul (Bl slo ol,T (S Gl 4 sl (S aSS]

f

IYAY linno 3 565 — 30 ostad— ot o~ sl Seig 0 3 55t i

wzse [V-2]az 50 50 O 28,5 15 0 pas o (ogame alsl o
ol 00y 00,8 ol Slem 09 0l 2]

Alazel g68g 5l am laaxly wdsi 5o i jlxe v Zudgaze (g
$To S ke &S cul Coadly ) Sk Cosgase ()
5255 e 3l (gl (S8 S 50 oaS oS Lae slausl
wolaegzs & [IV] 5o e ool les sl 0oy ol sl )5k
s e Cudgume Ll Cudgame () el 00y 5 s
Sl 0030,5 Jow (V+)akal, lawgs 9 009

Agt <1 0

el asly 185 18 e jo alivs Jolain sl Codgame
Ailgs P OO m‘;,«i':g) P WJ}S?J QLA)' Jlam «adgs o 6)'“-\5‘ o|)
auie hid alie cpl o [V 5 )13 00w alies jldow o

ol 00 4..3; ).L-u 5o 6}‘“‘-‘.‘ a|) s

bohs 8,5 Cudgummo gilwdon Y
J> &5 eog oglise )b isu 5l o B e S iy
S (MUK [Y]asSe bow das sole s o @ |, oglite
ooy ewlal dolee (VV)akaly oo o lis 1) and aw aSis

Yi2
[ | ]
Y13 Y23
PD

Ao s a5t (V) IS

9-6
R =——=Y(@-6) an

j
ol sl VDabaly (ogiil 5) o)led (b o9 @20 230
i)l s bglas
Y
——

plZZYléel_QZ) p12/Y12 -1 0 Hz
P=Yd6-6) =| P/Ys[=| 0 -1 an

P2s= Yziez_%) p23/ Y23 1 -1 6%

Ao jhe plp ez e b Gl s 5B agly 598 Lailg, e
a L)‘?J <° ).u ‘) .la9.|a.‘> Wu’.id; wbs;\.’?u el 0 4..3;
5,5 Ja 5 e
o8 A
A sp <A = =] O
~ Py A;

o
N
-
&
h=]
o3
©
e
f\'!
]
P4
%
o
>
f
(2]
4]
©
1)
£
D
c
i}
1)
Q
c
S
=1
(8]
@
i}
e]
c
©
©
Q
=
|5}
@
i}
—
S)
c
il
kS
(8]
o}
1)
[%]
<
c
Ko
c
<
=
=
5]
<
c
£
=}
<)
kvl



https://jiaeee.com/article-1-163-fa.html

[ Downloaded from jiaeee.com on 2026-05-19 ]

JUIA\ %2 [[ed -2°ON -6°|OA - SiaauIBug SoIU0J198|T pue [ed1193]T JO UONBIDOSSY Uelue| JO [euinor

oy Jl 5o S 7S ae po a8 s sl S5 50 1) (oS S
oate A il sejlome adgl cud b JBlas sogase jo (gl
Ol (G Sl Grals) [uils 3 aulidl &y e ol olas,
4o 699)9 )15 sles alS o oS atdly 2alS 5B o5 agS
Ll 985 Byl o B axls moy Ll il (nlps 00,5 (o Gy
9o &byl a0 6)lo o il @ (spelae Lails
58 ke 4 [ar0]ans 0 Ty ol 3l 4y e diol> g4
Al S, Al o) Ly S 3 S 5o laasly o L
azlg 5l 610 0y slre o3 Judis cel axly 5l (608 ,L 0 coal
4ol alio (g 5ludoe .l oals ools lis (M) S 0 a5 00 5
baxlg 5l aiws cpl Gl coliliy b Cudgume axgi b Hlojon 3,

oy ©obe 6,5 L F 5 90 lylo aid iy slaasly cul oy S

min min—pr pr max—pr _max
gi gi gi rl gi gi

||

JrS 55 6uiiS oS yLie (cbasly 6,18 0t Hme o3l 1(F) S5
ol

rmin

g™ = U Vi g™ + (L v,)-9™] v
9" = U Ve g + @ v). 6 v
A e AL L

Lo Jo> (5l golesiion 9y -7

adgl S B J S 025 5 655l plejen 53 b saltnwe

g 2k (oo elo 2 (b o 5L g5 g g B sl
23 axly e adglopSd g adys pliee Jold dagn slo it
Ly, US55 6yl S5 ot pg8! 51 i ol 5 bl o cecles
03 5 S35 Olper sy Ml dlie Jo Cuz 00l (Syne
039y (Ao (SN eigh S5 LS‘)b l’“"")?ij‘ u.:‘ Lol 00l ﬁbu‘ 4.J5‘
Lig oog pdy @i & (nlp ogdle ol (oo Llo 1) (6 pmilp i
@ oolgiin gy 5o [VONF]s e S Bas gl (o9 wame
alao u;l)a ol 00l oslazwl Ga..\.wLa 5Lm ‘35)945; J..\>5L51LM:L\.MJ

I linso] 9 323k — 99 05lon —otd Jw— (3l 2l g i8N 9 8 32 (mickigeo 1 Pl

axgo olulis 13 ails Jo slls g 000 el slyls (g3le aigs
o oleren gl ile ool caz ol Gl og azsel b
oley Saw jo wilgy b ol JhL pae asad Jlaiwl 0,90 ailes
Slyyie g Sl pogas 0 sl b Wl At Jo & JU 558
2ol Gl @os 1) gle Cadgeme gl 65
sl 033 5 G55l plojer gl salias Jsle [YY] ez
ol Sl @858 adllas sy50 by Ojgar (S E J50S
azge slp ¥ slo byd iy Olre 4 ]) L3 A8 4w Laly) @ 5o
Lol 03,5 &l Farsg s il og

n

0 2

Sy T
= Zuit -1

i=

q 0

n - d
2Vl RE)
= >u, -1
i=1
n o Af,.g™ d
Z\/it. cr gl > t (Y\)

= f <

= R Zuit -1
i=1

Ll ool a5 s Hlgiie ;S g Luly, sl s cds b

-~ 13 .\.».»..w.u W‘B 03 6)‘~.b).‘> 4...]3‘ o)oé 9 b\-‘-lj-‘ )JOLO.Q a

wd S G Bandgd ) argel l)l SO plelis cu aslys

D35 jyome (S5l dinge dis ) Gl Jo a0l ) LS wisl

5 o3Y Lyl wonds ol glab i iy 45 sl (g5, 45 ol LSO

JrsS 0S5 655 sryaely dius Gpdyd> slp S5 &

‘SLQJ._>‘3 ‘5_.\.9 ‘_.;Lb u_,.bls 9 Le‘.}:.g.ogm -0

48 yiiry, (P g 8

oy e 6l bl ez 51 65, 55 5o bl ouws
50 Blgs oo brasly sl aiws ol 5l Sl aid a8,
Lt 5 905 8 i oS8 5 il 3 JUb e b 5 e
ot i (LS 9 B2l 5 (e o3guze sl 4 s 45
& el Bl i iy al85 3 slaaxlyil (B 5o anles
el oole 5k 5 Oliee 2lp TEY 390> o5 @y (62530
2 Sl e dagi 358 4B SIS 5L Oy 0 e el 3
s3g—3 Sl | cphll (il o 0al8'5 3 slaaxly (al J 715 s
J=3 5 655l g5 alei alaad 5o )3 0lSg 5 s o &S S
0B lasly (S ogw 5l [Pl Gl 1) (ol ool iy yas
Sy 8yl jlome oagasme plad jo bS8 S o oSl
P ooty S asses sk g9d9e (nl e S50 lp s
I



https://jiaeee.com/article-1-163-fa.html

[ Downloaded from jiaeee.com on 2026-05-19 ]

ol 08,8 bl [YV] amse pllae 8,0 slasslg
D23 (oo Ol 1) s (nl (2550 slrasly Slasine (V) Jsor
YL 9> s Ve plp e 6 50b F5 e Joax ol po
Jode [ oo wlie el oo a3, F L5 o axly oy cud b

Db (oo @ 55k E 5 90 SO Jolae sole 65 LE S

cdlleasly b Slasie 2él o =)
solpd Sedy e IS S
| sl Conez Sy ol Y |

.

e pgipaa ST Y L gl beasly condy pud assaT

sl by o LT
UC alwo by g v1-¥-14

i)l A0

dosyr Jlosk 10

axgil (VA) s c¥aleal asws flis
Lsarly (g 510 52 0 40 oo 50 a4y

|

30 420 (g b alugy aliws J> -0
sl cuvgame s (Ndaa ali L
(F-1+AANT-TF)

ol Y
argy alts L7 'y
ol Dl o5l
doyy> Jlos1 P
Bl
= ’* S JL:J— 'Y
£35309,5 a3 LY T
Y =l

S

Al on S
mbiols -1A

o Jo Cm (0lpsdoy gy i g8 (F) S

;

WA o) 9 545 = g 05lond —mad Jlow = (ol l Sig iUl g B 32 (owokien 40 7

A @ ax gl 5 6ml lapiie Glp (29993 G 95 0ged
5 O3 ey Gl ol Sew a2l S &5 il sla
ol [V-] el o oolitul il ails Luils 3 J S jo oSl
L iyl g8y olKal a8 pla el il sel (V) gz, Lo >
2 6l 6Sb E g &Sl @ azg b il onls jaseine xCuwdle
ez 9>y 5o sl Sae OYlolaws wl oo 48,5 (L5 s axly

il oo 2>

»‘5 Cardy uS-o.c ‘_gl.b <dls () )JS‘»

1) Ui Vit Wi, > condy
\ \
Y \ X
Y \ X
¥ \ \ X
o \ Y
7 \ \ X
\ \ \ Y
A \ \ \ s

G Sl gle pyigas)S Bux gz akaly 9 [V]ez e 5

59,5 18 Jlae o aliis boi gles g0 ol 1 Gl oas
adgi polae gl 4 aS cunl Makal, (6,55 5 ((Flakal Haxly
3> g baly adsi ol s> cui S @ adgl Gla 035 5 laas
Laly) (358 Lalg; 2 ogdle bxisl ol a3 )5 515 adsl 0,258 (VL
ol o 428,515, Sasls SV Slolids g 55 (VALY YY)
13 s Sasl SVl ol i 4y 0B g0 Ly, i
a0 Gryely o) Jad 58 il aigy Al 5 4GS 90
Gk 5l Gl onl b Bl pgiaes,S il andla Clsx (oo
P85S el LB 3 (oo ez Ban b jlade (095
s 9,5 b poi9eg,S ples (sl g, (nl 00,5 sl gomy s
L poigessS 5 00ysln By byd b oS0 wdy (o 0 2 b
L oleiin gy 45,2 (NUSS 05d atein auie (%S

axlllan 890 pimamw (595 32 (3L A -7

and VA s (55, » ol &l By, G opl o
Sl 003,85 ooly aslis F7 g ozl Ve 5l Qi |IEEE 3, sl
g sl plml el G 6ln kS 3le 4t (Sole jslane 4
Sdye oy puile (129, 9 By loj Bl o Cosgaze
adllas 3,50 i slo Wb ;5 L 5 bl Clasie el .
Slasie o [Y#] MAtPOWeT s I3 o 5 s 5 F asens Gullas

o
N
-
&
h=]
o3
©
e
<\'!
]
P4
%
o
>
f
(2]
4]
©
1)
£
D
c
i}
1)
Q
c
S
=1
(8]
@
i}
e]
c
©
©
Q
=
|5}
@
i}
—
S)
c
il
kS
(8]
o}
1)
[%]
<
c
Ko
c
<
=
=
5]
<
c
£
=}
<)
kvl



https://jiaeee.com/article-1-163-fa.html

[ Downloaded from jiaeee.com on 2026-05-19 ]

(V) Jguer ;B byl 50 bghas 5l g)gme lgi 1 (F)Jgu b Jsl 458 p 5 s plp gy $05 ,b Fp 5l colitul ced

;Q'" ’n.\? .. e <. N = I P
ol S d < &l vl bs *) ﬁ')'.’ e sole S5 )b. zr )‘ oolatwl e 9 CSgw Ay
MW
o Jods sl o 0gun 5,8 $LA5 L adgl 0,3 Ceod
U IV R v Evv R — ooz onl 5o 0sdee (258 e 625,k 25 L adsl oS Cans
vee | vy [ovve [oave [ yva |- ¥a o) 2 oS &Sl gleasly jlre o Gl g Vb Sg0e polie
Vo8 | e | Y- | bee | FA- 0 Y-y il ol el ol At SO cule, Lo uilS )8 s
Yoh | Ry | ved | mv | oty ) Yo -¥
5g s cdoslg Olasine : KES
YAV | eve | tav | osa a Yooy e = (MJga=
v | ave | oae | ovva | voea ) ¥y = |lgm™ g™ (g™ g™| a b | c|rrmasuc
£f WA | vey | vy 5 VA Y L)
2|
WA | vas [ oary | osn | s 5 o-¥ MW FMWHISMWH $h| MW | $
oY | A | Ay | Ay | ovev ) VE-f Ao |veee [ veo | ane foeewalvena e vea A
Y4 YA? fFY A Vof \Y 7 -0 B o |ses [vee| s ooy avYs [av-] vy reeeo
\FY V4. YV Y4 Yoa Q.- A -0 c v vva | €. Voo Y ve5 [vee] ves e
Wo | va- | fey | ovsv | Yo q.- V-5
Dy |sov |t | & |y s oA v oy
vov | vy | vve | e | for A -5
| svr | vy | v y A “ s Elvo |o-a] o | sae |oroovan] vay [fo-] vey [aA--
A | vee | v | oas | oy \ A-Y Flove [sav | s | st |-ovay| vvvs [vve| ara | vee
e Wo v " i 1A Gl vo |oa | o |ose e evalyvyse | fa-] v | ooy
W o[ e | v-A | ss v q-- va 4
H| v | osf | ve | oo [ofvr|voar |ss- ] vy | 5
Yoy | ofa | ovva | oery | oves S o)
wr e | von | ve | vor .. - F e [ asa | v | Ave forevyy| vvyy | ssaf vve | o5
£ YE¥ sYY 7)) S Q.. YyY-). J Yoo [ MYeo [ Yo [ VeYO ), NYY[ YV [PV VY- &
5 1 ¥ A 1 I VY
3 ¥ ¥ Vo[ oy B VoY Sy by abe Gilo a5l Jobs mls (V) Jgax
WE | Yo [ o¥ey | ovee | oaYY Yoo VE- Y (s S 58020 o LS e (pl 59y 2 1) Olejen
wol v oy [y |y S Vo \f e e AL . e . de s .
700 pln e S A ey glE ogy0 g slre (5B 4
VEY [ vae | e | ovry | oy 5o V910 a4t 5 o 7F
ol 00 a8 IRVAREY
AY qy YY ) £ e VY P s rs®
wy | ovee | oers | ove. | ofae Yoo Vaors 2 obozed 53y doliy aliwes (g5lw a1 Jool> gl (V) Jguer
We | oavy | ovey | ovay | sy §o- Yi-\g $u>9 Ve oo (595
X oy | e | e | oo 5 A ol - - R N
vea | oo YE | ova | nf S YASYY
vo [y | - YRS 5o YY-Y welhlg ri"lag ri"lag "l g rn"lag "
YW | YAe | e | YA | oo q.- Yoq
A losa veelsas vealsrs an ] vae ver] - -
fov | FA- | ofo | FA- | ofo q-- ¥roia
e | e | vy | oere |oaee | oveye Bl - - e o -] -
YAY | Yaf | vvy | vaa | ve¥ q-- YY-Y) c |s-- wvrlsov va sy v | ovee ea]ffa vy
AN BRAN NSO BRI NRANE IREASINN MRANA! D |ofs 5o [fA- e |ofa so | fA- ave |for s
fFa | 80 | OYf | off | osoo q.- Yo -YY
E |ere o vy vevfere o fvvr vy - -
Y o[ ovee [y | ovee | sy Yo YEvY
v 1 v | vvs | ves | var ... o F loos #a |ors as Jars sa | oo vo|fsa s
YA | YA | oawvr | v | oy 5. Y5YO G |rof orvre oa]vvs aa ] v el v aa
sl AN AN AN A i Yv-re H [ear os |eev os esy o5 [ ey v vss o
Ve | vre | vve | vve | vo §oe YY_Y#
I foas av [ a-a = Joor Ay | vra vy [yvy Ay
va [ e | sy | ovev | oas S YA-YS
@ | ooy 1 ves [ ove ... Ya s J osy v vee e vy o e e
Vv | Ty | ovvs | voa | YEY 5 Ya YA agza| avoasey | avasssy [ vefassa | avaveay | sarvay
vy | ovra | oaf | A-a | aas | oavee | vava

DIWAY (lians 9 52— 90 0yl ot Jluo— ol Sig iUl 9 30 it 41525V

zx@ww\ 9 |[ed -Z'ON -67|OA - SI8auIbug SOIUJII8|T PUe [eIL193|T JO UONRID0SSY UBIuel| JO [euinor


https://jiaeee.com/article-1-163-fa.html

[ Downloaded from jiaeee.com on 2026-05-19 ]

2 ol S, by aliue G pd J> 0 @ 65,0
Sl b sl LS

Sl ool b olpinn hgy 40 aliis Jo ley u
Yfa .l Corel5-4*2.26GH-1GB(RAM)4L|, ofiws
aoLa_w.;l GAMS LS)‘)S‘IQJ" =L....~o )‘ 45 [a] &)J.A)b Mbso =L..>L’
¢ 6&}‘5\\/ g_A)JB ‘1,..............4 h_g.b K9y » alsos J_‘> uLﬂ) W
wbsm a)..ol.’> Jlss )b QS..J w‘ o ul}..c Mla \\‘).a‘).)
BB o slaosly (o8l Glacasgames 5 bolad (Saly o>
Wit 5 Vit b siie 99 (nlpogdle 9 009 4295 3550 ()00
y IS S 5 asly O Lt by Sy i 41 oS
Lol altus Ll 4 5 wiile 92ly 650k E5 &9
GolPley dias SeS @ gilwand eyl jo el oad
Ll 00y ol MATLAB-R2009a

S35 A -V

Sleion 5 4l galinws a Joo b ol allie cnl o
G el oai 4l adg) (IS8 S g0, g (o5l
L 5 ol oo e by lua o e alin Sy S
ol 3y Sae oy 50 ooy s 4y a1, (g 00 1S (97
argal glo Grl)l plolis coa 1) oo byd iy acgeze dllis
iy el 4 e a5 WS oe (Bpme Slaady (551 (Bt B
dcgozmo doldl jo .l oo 5 ali e gomiws slad S
2 a8yt BBy slaaxly (5 sle Coll 5 b cosgaze
Do0,8 Blod ali e Jao ;0 aSi sla Cuogame ,LS
3 ookl SS 4 bghs X85 o> Jold aSll covguse
g Joo g O¥olesl ains LB o i Jb oy SISS
el 000 3 Jloosl (it pod (65le i st 4 o
Gl oas ) bl & sl (LS j0 b Codgamme opl Jlesl
Sty gmlis a8 000 T el lojod (55, ol galins
@l 5 0l o kil azge o 5o il s ol S ool
e (595 = Sty by Sl ab 5l Jol>
S0 gom g L cdls g0 e o IEEE as Yo, laste!
ool Ly Galizee pyolie (gljl 4y bglas oST5 Cosgamme 28,8
e 6, gy Sl el b g5l gy !
sy gl ol sl a8y bl (6,10l S5 o 55!
sl bl 5l S0 lie 4 g 655k £ RS o0l
e S Ik Sphl Gl 50 0 (258 slaasly
Sl gy 2B adse ile ad bt Sl 0000 5 (o 2
Bl (oo Sl e Foly & G )0 00

A

IYAY linno 3 565 — 30 ostad— ot o~ sl Seig 0 3 55t i

S le o,d Juls ol mls (M) saz 5l () i
Foro b @l @ bayglsy o polie olyen a4 adsl S8
Gl o oo Gl 1) @y 655,k £ 5l oolitl g 9 Il
polie ol onis a Sl s byl S25,5 Cysgasme cdl>
Llyd ool con dalllas 9590 s bolas 51 Sy 5o (6900 oy
a5 Sl oo plol il jo b adu el sdel (F)Jgax 5o
0035 i (Mg Gllae lasaly 51 S o adys polie
s b e b s 5l 4553 l50 50 il 53 @y 3 el
S Sy 4 b ol oled 3 L oo Sgline [VF] cadyl
bshs 5l 550 jlre sl e canl @il 2ol L5 l
DJgo> 0 &5 shils b [YAlaz e lhae pitaaw
o bghs X85 o> dasde pae Jdo 4 005 o canlic
5 il 0033,F oST5 e 18 1A 5 VoA bl alies Jo
Col 0035,8 Ll 55 K33,5 cysgame (V) 5oz 5l (&) <>
b o A5 e 08, o Ll a5 jglailen Lyl s ol cow
A, D, E, Felausly aSil ot ol asily sl (W) cdl>
Dol 5o ) 43 S5, IS S e 0 e 55 5
Jo a2k 25 GRS pue Spe o Sl
313 &y 6355k G5 s G 4 0yl a8 Sl ol
ope>d 5 axly adsi gange polie M5z 5l (@) oy
B2 oo lid Olgle B0 e L lsl s Lol aslie jakay 1) adsl
bghs 0us8,55 blod cll> ol 10 o515 Cosgasma a5 bul
() Sl s wies oS5 Jles 152)Q 5 VYSVF LY A
su0,5 ailal () cdle pgye Laylyd 4y 55 o515 Cudgasme
x5t Ak asly plochaslss) o a Laulyo cal o oo
3 Sl pad 3, winlys 8,5 S S SRS 5 g
48,5 ) S 3 S & s Jlb e a4 3 oy
Sl a5 B asly «wdls ol 5o ates b iolisl s Ll
5 &Pl Bl pexr 4 clly CSlie adg o ol
Lol g Slons
Sy by gl o 5l Jol> mls () o
ol cod aede Glis SlglKe YO+ L Gl @ ]y lejen
ol gkt S5 Cysgame Jlael péyle Lyl
S o eole Sk 25 L ol o adF 18 slavsly
e el s 4 o o5 wislss 0,8 s 3
T5 Aln o ol Sk 5 e o B Ol g et
Er b clil sl Glas mee cnl el g 65500

o
N
-
&
h=]
o3
©
e
f\'!
]
P4
%
o
>
f
(2]
4]
©
1)
£
D
c
i}
1)
Q
c
S
=1
(8]
@
i}
e]
c
©
©
Q
=
|5}
@
i}
—
S)
c
il
kS
(8]
o}
1)
[%]
<
c
Ko
c
<
=
=
5]
<
c
£
=}
<)
kvl



https://jiaeee.com/article-1-163-fa.html

[ Downloaded from jiaeee.com on 2026-05-19 ]

JUIA\ %2 [[ed -2°ON -6°|OA - SiaauIBug SoIU0J198|T pue [ed1193]T JO UONBIDOSSY Uelue| JO [euinor

Ag; pl] o=y zg,s o pl T axly adgs i

Af K Sliasly 2o, j 86 ils 3 edl  AGC
a;
&ly» b

[1] P. Kundur, Power System Stability and Control. New York: C,
McGraw-Hill, 1994.

[2] A.J.Wood and B.F.Wollenberg Power Generation OperatlonC
and Control, # Ed. New York: Wiley, 1996. o
[3] R.J.Koessler, J.W.Feltes, and J.R.Willis,”A Methodology Cit
for Management of Spinning Reserves Requirements”, in
Proc.IEEE Power Eng. Soc.Winter Meeting, vol.1, pp.584-589,
Feb.1999.

[4] R.Raineri, S.Rios, D.Schiele,"Technical and Economic
Aspects of Ancillary Servieces Markets in the Electric Power it
Industry: an International Comparsion”, Energy Policy 34,
pp.1540-1555, 2006. 9y
[5] Jose’ F.Restrepo,Francisco D.Galiana, "Unit Commitmentg_min
With Primary Frequency Regulation Constraints” ,IEEE !
Trans.Power Syst. ,vol.20, no.4,pp.1836-1843, Nov 2005. max
[6] Fransisco D.Galiana, Franccois Bouffard, Jose M.Arroyo, '
Jose’ F.Restrepo,”Scheduling and Pricing of Coupled Energyg;
and Primary, Secondary, and Tertiary Reserves”, Proceedings
of the IEEE, pp.1970-1984, vol.93, no.11, 2005. g,

w0l 0l 3olo dazme (ayglr radazme (Sigde (o2 shlae [V] g
0355 Bl badsl (53 S 0038 5 5l plojen sy 4y n
G et ool ke Myt a8y slavaly (28 sle o LlE

AYAN g8 o)leds ity Jlo ¢yl ! &.;5,;_01 P
52 oo dame (ssly e daze (i o3 ke [A] PG
el pshiie & w65k g5 5l esliul gl elody (eyp ool PD,

I
B Cmwdige ezl ame Mo Sllulgs g Gp Ceond p o adsl oS pr
AYAA (30 0 lash o o eyl Seig 250l ';r
[9] M.R.Mashhadi, M.H.Javidi, M.S.Ghazizadeh, "The Impacts i
of Capabilities and Constraints of Generating Unit on p.npr
Simultaneous Scheduling of Energy and Primary Reserve", elen'!
[10] J.W.O'Sullivan and M.J.O’'Malley, “A new Methodology rfoe
for the Provision of Reserve in an Isolated Power System”, '

IEEE Trans.Power Syst., vol.14, no.2, pp.519-523, May 1999. r P'=m&X

[11] K.A.Papadogiannis and N.D.Hatziagyriou,” Optimal
Allocation of Primary Reserve Services in Energy Markets”,
IEEE Trans.Power Syst., vol.19, no.1, pp.519-523, Feb.2004.

[12] Jose'.Restrepo, "Unit Commitment With Primary
Frequency Regulation Constraints in Electric Power System"uit
the thesis submitted to the department of electrica and computer
engineering og McGill University, Montral, Canada, February V;;
25,2005.

[13] K.S.Swarup and S.Yamashiro,”Unit Commitment Solution Wit
Methodology Using Genetic Algorithm”, IEEE Trans Power Y
Syst., vol.17, no.1, pp.87-91, Feb 2002.

[14] Damousis IG, Bakirtzis AG, Dokopoulos PS (2004) "A
solution to the unit commitment problem using integer-codeed
genetic algorithym". IEEE Trans Power Syst 19(2): 1165-1172. Z;
[15] Mohamed A.El-Sharkawi, Kwang Y.Lee, Modern a
Heuristic Optimization Techniques, John Wiley & Sons Inc,
2005. A
[16] G.Rudolph, “Convergence Analysis of Canonical Genetic "
Algorithm”, IEEE Trans on Neural Networks, vol.5, No.l, (//
pp.96-101, 1994.

[17] C.Wang, S.M.Shahidehpour,"Effect of ramp-rate limits on Ab
unit commitment and economic dispatch”, IEEE Transaction onAf
Power Systems, vol. 8, pp. 1341-1350, Aug 1993.

Yit

IR i 9 35— g0 0o — ot o= o2l Sig iUl g 30 (ouonkiden a5 4

min—pr

max-—pr

e a0
Lol aodsi Seslagsl J S plmns

a3e b pgs 4,0 05

pllasly aize ol Jol axy0 05

pliasly aije ol ool o5

to,90 b o pll axly o3l ol anse

Loygs b o pll anly by any s

Loygs (b jo (Bpae ailes

s 152

pliaxly ady jlaie

to,g0 ,0 ol ] axly gaid) oo 5l oy jlae
pllaxly oy omb oo

pl ozl g YL o>

Ol 8 7S we ol azly 5105 0 s 9>
Ol 2 U e o ol aly ()l 050 VL 9
I oyg0 ,0 pll axly ades

(Cod B im0 slpiion b 5 Banig,d) baslgolass
J ool ad ol Joly b3 5l 5y0e ol

Il o g jlia

Il 5o )b e

T axly adgl o psd oo

to,90 0 ol T asly adgl o pusd

@le S ligy

B &S Er

adsl 0,3 (YL 0>

pliasly 3,58 sl

3l ol s ze

&3 els 50 el axly o8 e (5,0 jeite
o858 S 5o el asly ol (0l ke
ol 2 U5 5o el asly o i 95 550k yeie
ool ai ol Joly Lot uilice]

toy93 0 plT asly 3lasl ol (6l e

toy90 ;0 pll axly i85 (5,0l e

Pl ol o 5ls 5 4l

J ool ad ol Joly Lo 5l (650 Ol lne o
lpe 6l e ile

Pl axly 5,5l Grasly (sl s (il 3

s (2 1S 2



https://jiaeee.com/article-1-163-fa.html

[ Downloaded from jiaeee.com on 2026-05-19 ]

\-.

[18] Farrokh aminifar, amin khodaei, Sharif University of
Technology, "A Novel Unit Commitment Approach
Considering Transmission Constraints""16EE Proceedings.
[19] Mohammad Shahidehpour, Zuyi Li, "Security-Constrained
Unit Commitment with AC Constraints", IEEE Transaction on
power systems, vol. 20, NO. 3. August 2005.
[20] Chung-Li Tseng a,), Shmuel S. Oren a, Carol S. Cheng b,
Chao-an Li b,Alva J. Svoboda b, Raymond B. Johnson, "A
transmission-constrained unit commitment method in power
system scheduling", Decision Support Systems 24 (1999) 297-
310.
[21] M.Pourakbari-Kasmaei, M.Rashidi-Nejad, A.Abdollahi, "A
Novel Unit Commitment Technicue Considering Prohibited
Operating Zones", Journal of Applied Science 9(16): 2962-
2968, 2009
[22] Carlos Murillo, Robert J. Thomas, "Thermal Unit
Commitment Including Optimal AC Power Flow Constraints",
Hawaii International Conference On System Sciences, January
6-9, 1997, Kona, Hawaii.
[23] M.Rouholamini, M.Rashidinejad, S.Esmaeili, "A New
Methodology to Solve Joint Energy and Primary Reserve
Scheduling”, Fifth Global Conference on Power Control and
Optimization, June 2011, Dubai, UAE.
[24] Technical Data and Specification, Shirvan Combined
Cycle Power Plant (Gas Turbine Portion), 2005.
5 S ol53,5 GE-FQ15 (slosly 58,5 1,5 a5 [Y0)]

AP Jls e Sl o o g e o uilS 2 J S Sty 50 5525
[26] D.Zimmerma, E. Murillo-S_anchez, http://www.pserc
.cornell.edu/matpower, February 7, 2011.
[27] T. Senjyu, H. Yamashiro, K. Uezato, T. Funabashi, A unit
commitment problem by using genetic algorithm based on unit
characteristic classification , IEEE Power Eng. Soc. Winter
Meeting 1 (2002), 58 63.
[28] Masoud Esmaili, Heidar Ali Shayanfar, Nima Amjad
"Congestion management considering voltage security of power
systems”, Energy Conversion and Management 50 (20&9)
2562-2569.

b gip)

! Primary frequency control reserve
2 Frequency deviation

% Automatic Generation Control
* Secondary reserve

® Terrtiary reserve

® Simultaneous scheduling

" Sequential scheduling

8 Ancillary service

° Decision tree

1% Mixed integer programming
' Single contingency

2 Ramp Rate

3 Ramp up limite

4 Minimum Down Time

> Minimum Up Time

16 Congestion

o3
©
e
o
]
P4
%
o
>
f
(2]
4]
©
1)
£
D
c
i}
1)
Q
c
S
=1
(8]
@
i}
e]
c
©
©
Q
=
|5}
@
i}
o
S)
c
il
kS
(8]
o}
1)
[%]
<
c
Ko
c
<
=
—
5]
<
c
£
=}
<)
kvl

WA o) 9 545 = g 05lond —mad Jlow = (ol l Sig iUl g B 32 (owokien 40 7



https://jiaeee.com/article-1-163-fa.html
http://www.tcpdf.org

