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33
�3

|xQ
wO �GA� l}DvS sD} Qwor= wO OQmrta |UQQ@

|R=Uxv}y@ QO �PSO� C=QP `=tDH= w
CGAM |xr�Ut

�Q=}O=DU=� |t} Qm |Oyt
�OWQ= |U=vWQ� |wHWv=O� �|OR} Q=QL= O=Oy@
u=Oty '=v}U |raw@ x=oWv=O 'l}v�t |UOvyt |xOmWv=O

�OWQ= T=vWQ� � |OR} Q=QL= s=vy@
l=Q= '|RmQt C=k}kLD w swra OL=w |tqU= O=R; x=oWv=O 'l}v�t xwQo

MW |O}rwD u=wD =@ |R=o u}@ QwD x=owQ}v l} |m}t=v}OwtQD |R=UpOt x@ Q[=L Q=DWwv
x@ hwQat sDU}U u}= "CU= xDN=OQB 20 bar Q=Wi QO `=@W= Q=N@ 14 (kg/s) w 30

|xv} Ry ẁtHt pt=W hOy `@=D CGAM |xr�Ut QO "CU= CGAM xr�Ut
=@ |R=Uxv}y@ Q=DWwv u}= QO "CU= |iQYt CNwU |xv} Ry u}vJty w |Q=Pox}=tQU

ltmx@ C=QP `=tDH= sD} Qwor= w l}DvS sD} Qwor= |Q}oQ=mx@ R}v w hOy `@=D |R=Uxv}tm
xU}=kt Qo}Om} =@ sD} Qwor= wO u}= OQmrta C}=yv QO w OwW|t s=Hv= ?rDt Q=Ri=sQv

sD} Qwor= wO u}= (NFE) xOW |@=} RQ= `@=wD O=OaD |xU}=kt R= pY=L G}=Dv "OwW|t
xv} Ry `@=D u} QDtm uDi=} QO C=QP `=tDH= sD} Qwor= |}=Qoty CaQU xm OyO|t u=Wv
sD} Qwor= CGAM |xr�Ut pL QO u}vJty "CU= QDq=@ l}DvS sD} Qwor= x@ C@Uv
|U} wvxt=vQ@ CrwyU w '|Q}PBh=]av= '|R=UxO=}B ^=Lrx@ C=QP `=tDH= |R=Uxv}y@

"CU= QD=v=wD l}DvS sD} Qwor= R= ?D=Qtx@

karimi mh@yahoo.com
b.ahrar92@basu.ac.ir
behnam.ahrar@yahoo.com "C=QP `=tDH= sD} Qwor= 'l}DvS sD} Qwor= 'CGAM '|R=Uxv}y@ %|O}rm u=oS=w

xtOkt "1
|R=Uxv}y@ w |]}LtCU} R � |O=YDk= p}rLD |UQQ@ =@ "CU= xDiQo Q=Qk |UQQ@
`@=D '|]}LtCU} R C=QF= w sDU}U |=yxv} Ry uDiQo Q_v QO w [2] CGAM sDU}U
u}kkLt "OW |R=Uxv}y@ sDU}U l}DvS sD} Qwor= R= xO=iDU= =@ w OW h} QaD hOy
|R=Uxv}y@ w R}r=v; x@ |Q=QmD |m}twvwm =wtQD |R=Uxv}y@ VwQ |x�=Q= =@ R}v |Qo}O
Vkv xm |R=i G=DvDU= QwDwt l} =@ VwQ u}= |Oa@ C=ar=]t QO [3]"OvDN=OQB u;
x=oO}O R= =Q xv}y@ Q}O=kt [5]|mUim =BU= [4]"OW ?}mQD Ovm|t |R=@ =Q R=Uxv}y@
u=wD =@ |R=o u}@ QwD x=owQ}v l} x@ CGAM |xr�Ut "CU= xOQm |UQQ@ |Sv=Qo q
u}= "OQ=O xQ=W= 20 bar Q=Wi QO `=@W= Q=N@ 14 (kg/s) w 30 MW |O}rwD
(GT ) R=o u}@ QwD 'QwD=QB wmQ '(CC) j=QDL= |x_iLt '=wy QwUQBtm pt=W sDU}U

"CU= |DQ=QL ?=} R=@ w
T0 =298 15 K; P0 =1 013 barCQwYx@|]}Lt\}=QW xr�Utu}= QO
=@ Xr=N u=Dt R= CU= CQ=@a sDU}U u}= x@ |k} QRD CNwU "OwW|t h} QaD
CGAM sDU}U |L=Q] |=yQDt=Q=B w 50000KJ/Kg u}}=B |DQ=QL VRQ=
u=tOv=Q '(�AC)QwUQBtm l}B wQDvR}; u=tOv=Q '(rAC) QwUQBtm Q=Wi C@Uv pt=W
xHQO w (T3) j=QDL= |x_iLt x@ |OwQw CQ=QL xHQO '(�GT ) u}@ QwD l}B wQDvR};

[6]"CU= (T4) R=o u}@ QwD x@ |OwQw CQ=QL

R}v |R=Uxv}y@ O}OH |=yVwQ '|R=Uxv}y@ p�=Ut KQ] =@ u=tRty Q}N= |=yxyO QO
pL |}=v=wD xm OvDUy |rt=mD |=yVwQ '=yVwQ u}= R= xwQo u} QDsyt "OW `=O@=
R= syrt |=yVwQ u=}t QO "OvQ=O =Q O=} R |=yQ}eDt O=OaD w nQR@ O=a@= =@ p�=Ut
p=@kDU= OQwt 2�GA� l}DvS sD} Qwor= w 1�PSO� C=QP `=tDH= sD} Qwor= 'Ca}@]
|R=Uxv}y@ '?U=vt VwQ u}}aD Qw_vtx@ R}v Q=DWwv u}= QO "Ov=xDiQoQ=Qk |QDW}@
u}vJty "CU= xOW s=Hv= sD} Qwor= wO u}= \UwD �1 pmW� CGAM |xr�Ut
xDiQo Q=Qk |UQQ@ OQwt |R=Uxv}y@ p�=Ut pL QO VwQ wO u}= R= l} Qy |}=v=wD
C=k}kLD QO xr�Ut u}= pL |=Q@ l}DvS sD} Qwor= OOaDt OQ@ Q=m x@ xHwD =@ "CU=
R}v w PSO sD} Qwor= R= xO=iDU= =@ CGAM |xr�Ut pL Q=DWwv u}= QO 'hrDNt
QO l} Qy |=y|}=v=wD OQwtQO u=wD@ =D OW |xU}=kt l}DvS sD} Qwor= R= xO=iDU= =@

"OQm Cw=[k X=N |}xr�Ut =@ xyH=wt
|=yVwQ =D OvDiQo s}tYD xRwL u}= u}YYNDt R= |ywQo '1990 p=U QO
'CGAM |xr�Ut s=vx@ 'xOW |R=Uxv}y@ |xr�Ut pL VwQ l} =@ =Q pL hrDNt
OQwt |OOaDt C=k}kLD QO CGAM |xr�Ut Oa@ x@ p=U u; R= [1]"Ovvm xU}=kt

pw�Ut xOvU} wv �
"1394 12 11 VQ}PB '1394 9 22 x}LqY= '1394 2 20 Ci=} QO %M} Q=D

R
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[1]"CGAM |xr�Ut l}D=tW "1 pmW

%R=o u}@ QwD
T5 = T4

�
1� �GT

�
1�

�
P4
P5

� 1� g
g

��
(8)

_WGT = mgCp;g(T4 � T5) (9)

_mg = _ma + _mf (10)

_Wnet = _WGT � _WAC (11)

%|DQ=QL ?=} R=@
_ms(h9 � h8) = _mg(h6 � h7) (12)

_ms(h9 � h8p) = _mg(h6 � h7p) (13)

P0 = P6(1��Phrsg) (14)

|m}t=v}OwtQD |R=UpOt "3
|m}t=v}OwtQD X=wN |x@U=Lt |=Q@ xm CU= |Dr=L CqO=at pt=W |R=UpOt u}=
l}t=v}OwtQD pw= uwv=k 'OQ=O OwHw|U=U= swyit wOl}t=v}OwtQD QO "OwW|t xO=iDU=
=yvDxv xm s} Q@|t QU x@ |}xQwO QO =t Q[=L p=L QO "l}t=v}OwtQD swO uwv=k w

"CU= Q=OQwNQ@ |Q=}U@ C}ty= R= R}v |SQv= C}i}m xmr@ '|SQv= Q=Okt
Ov=wD|t\ki w OwW Ow@=v =} jrN Ov=wD|tv |SQv= O} wo|tl}t=v}OwtQD pw= uwv=k
=tQU/=tQo x@ Q=m R= =} 'Q=N@ |=yx=owQ}v QO Q=m x@ =tQo j} Q] R=� OyO@ pmW Q}}eD

"�OwW|t p}O@D p=JN}/|DQ=QL AtB QO
pw= uwv=k "CU= |OwQw |SQv= x@ |HwQN O}it Q=m C@Uv =@ Q@=Q@ pw= uwv=k xOR=@
|R=Uxv}y@ |=Q@ u}=Q@=v@ &Ovm|t u=}@ Ov}=Qi Qy QO =Q |SQv= |Q=O}=B \ki l}t=v}OwtQD
�l}DSQRo =� swO uwv=k xOR=@ R= xO=iDU= |va} 'QDy@ |Q=}at x@ R=}v |SQv= hQYt

"s} Q=O
|SQRo = R= syt CtUk wO "OQm s}UkD =RHt CtUk Q=yJ x@ u=wD|t =Q |SQRo =
xm Qo}O CQ=@a wO Q=DWwv u}= QO "CU= xOW p}mWD |m} R}i |SQRo = w |}=}t}W

%R= Ov=CQ=@a xOW xDiQo Q=m x@ C=}[Qi 'xr�Ut |R=UpOt QO
"CU= p;xO}= R=o 'j=QDL= CqwYLt w =wy ��

"CU= Xr=N u=Dt 'j=QDL= |x_iLt x@ |k} QRD CNwU ��
"OwW|t ZQi s�=O u=} QH � s�=O Cr=L Ov}=Qi s=tD ��

%R= CU=CQ=@a |DQ=QL ?=} R=@ w QwD=QB wmQ 'j=QDL= |x_iLt QO Q=Wi Ci= ��
�Pcc = �5; �Pa;rec = �5
�Pg;rec = �3; �Phrsg = �5

|m} R}i |R=UpOt "2
CqO=at "OyO|t u=Wv =Q sDU}U Q=DiQ xm CU= |DqO=at pt=W |R=UpOt u}=

[1]%R= CU= CQ=@a sDU}U hrDNt |=yCtUk |=Q@ |SQv= w sQH |xvR=wt
%=wy QwUQBtm

T2 = T1
�

1 + 1
�AC

�
r

(a�1)
a

AC � 1
��

(1)

_WAC = _maCp;a(T2 � T1) (2)

%j=QDL= |x_iLt
_mah3 + _mfLHV = _mgh4 + (1� �cc) _mfLHV (3)

P4 = P3(1��Pcc) (4)

%QwD=QB wmQ
_maCp;a(T3 � T2) = _mgCp;g(T5 � T6)�rec (5)

P3 = P2(1��Pa;rec) (6)

P6 = P5(1��Pg;rec) (7)
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v=mt

|U
Ovyt =Q |Q=Oxov w Q}taD w C=R}yHD O} QN |xv} Ry xm |Q=Pox}=tQU |xv} Ry |x@U=Lt

[10w9]%s} Q=O OwW|t pt=W
_ZK = ZKCRF'=(N � 3600) (22)

u; x@ \w@ Qt \@=wQ� CU= QqO ?ULQ@ xir-wt u}t=K O} QN |xv} Ry ZK u; QO xm
x}=tQU CWoR=@ ?} Q[ CRF &�CU= 2w1 pwOH j@=]t C=R}yHD R= l} Qy |=Q@
u; Q=Okt� OwQ|t Q=m x@ C=R}yHD Qta u}tND |=Q@ wCU= \w@ Qt xQy@ MQv x@ xmCU=
N &�s} Q}o|t Q_v QO 0 182 pO=at CGAM |xr�Ut Ovv=t R}v Q=DWwv u}= QO =Q
C=Q}taD ?} Q[ ' w �Ca=U 8000� CU= p=U QO sDU}U Q=m C=a=U Qou=}@ R}v
QO =Q u; Q=Okt� "OwW|t XNWt x=owQ}v ẁv x@ xHwD =@ u; Q=Okt w CU= |Q=Oxov w
[1]%s} Q=O CNwU |xv} Ry MQv |x@U=Lt |=Q@ "�s} Q}o|t Q_v QO 1 06 Q=DWwv u}=
_Cf = _mf � Cf � LHV (23)

|DQ=QL VRQ= LHV w CNwU |tQH |@O mf w CNwU |xv} Ry Cf u; QO xm
"CU= 50000KJ/Kg pO=at u=Dt |=Q@ u; Q=Okt xm CU= CNwU u}}=B

|R=Uxv}y@ "5
hOy `@=D h} QaD "1"5

CNwU |xv} Ry w |Q=Pox}=tQU |=yxv} Ry ẁtHt R= hOy `@=D '|R=Uxv}y@ |=Q@
%CU= xOW p}mWD =yxv} Ry |R=Uxv}tm hOy =@ |iQYt

%pm |xv} Ry
_Ctot = _CF +

X
K

_ZK (24)

=yC}OwOLt w |Q}os}tYD |=yQ}eDt "2"5
l}B wQDvR}= u=tOv=Q '(rAC) QwUQBtm Q=Wi C@Uv Q=DWwv u}= QO |L=Q] |=yQDt=Q=B
x_iLt x@ |OwQw |=tO '(�GT ) u}@ QwD l}B wQDvR}; u=tOv=Q '(�AC) QwUQBtm
Q}O=kt u}= xmv}= p}rO@ "CU= (T4) R=o u}@ QwD x@ |OwQw |=tO w (T3) j=QDL=
=yQ}eDt R= l} Qy |=Q@ |@U=vt xOwOLt O}=@ 'Ovvm|t Q}}eD |R=Uxv}y@ pw] QO
QO |L=Q] |=yQDt=Q=B R= l} Qy |=Q@ u; Cra w =yC}OwOLt u}= "OwW XNWt

[11]"CU= xOt; 3 pwOH
[1]"sDU}U |=RH= |x}rw= |Q=Pox}=tQU |xv} Ry `@=wD "1 pwOH

C=R}yHD |xv} Ry `@=wD sDU}U |=RH=
ZAC =

�
C11 _ma
C12��AC

��
P2
P1

�
ln
�
P2
P1

� =wy QwUQBtm

ZAC =

 
C21 _ma
C22�P4

P3

!�1 + e(C23T4�C24)� j=QDL= |x_iLt

ZGT =
�

C31 _mg
C32��GT

�
ln
�
P4
P5

� �1 + e(C33T4�C34)� R=o u}@ QwD
ZAPH = C41

�
_mg(h5�h6)

(U)(�TLM)EV

�0 6 QwD=QB wmQ
ZHRSG = C51

h� _QEC
(�TLM)EC

�
+
� _QEV

(�TLM)EV

�i
|DQ=QL ?=} R=@

+C52 _ms + C53m1 2
g

|SQRo = "CU= xOW xDiQo Q_v QO R}J=v 'OvDUy p}Uv=DB |SQRo = w |W@vH |SQRo =
Cr=L x@ xOW xO=O Cr=L R= sDU}U xm CU= |Q=m Q=Okt u} QDW}@ =@ Q@=Q@ |m} R}i
[7]"CU= x=Qty u; |}=}t}W pO=aD =@ sDU}Ul} |}=}t}W |SQRo = w OyO p} wLD xOQt
sDU}U hrDNt |=yCtUk |m}t=v}OwtQD X=wN |x@U=Lt |=Q@ xO=U pOt l}

[1]%R= CU= CQ=@a
%j=QDL= |xrO=at

�CH4 + (XO2O2 +XN2N2 +XH2OH2O +XCO2CO2

(�+XCO2)CO2 +(XO2�2�)O2+(2�+XH2O)H2O+XN2N2

f = nf
na

(15)

%OwW|t h} QaD u}vJ R}v |SQv= w |SQRo = p}rLD
%sDU}U QO ?; Q=N@ w ?; |=Q@ ��

%|SQRo =
e9 � e8 = h9 � h8 � T0(s9 � s8) (16)

e9 � e8p = h9 � h8p � T0(s9 � s8p) (17)

%|SQv=
h9 � h8 = 2686 3 kJ=kg

h9 � h8p = 1956 kJ=kg

%(i = 1; 2; 3) sDU}U QO =wy |=Q@ ��
%|SQRo =

ei = Cp;a
�
Ti � T0 � T0 ln Ti

T0

�
+RaT0 ln Pi

P0
(18)

%|SQv=
hi = Cp;a(Ti � T0) (19)

%(i = 4; 5; 6; 7) sDU}U QO j=QDL= R=o |=Q@ ��
%|SQRo =

ei = Cp;g
�
Ti � T0 � T0 ln Ti

T0

�
+RgT0 ln Pi

P0
(20)

%|SQv=
hi = Cp;g(Ti � T0) (21)

|O=YDk= |R=UpOt "4
|R=Uxv}y@ |=Q@ ?U=vt |Q=R@= 'O=YDk= =@ ?}mQD QO l}t=v}OwtQD swO uwv=k
w |Q=Oxov w C=Q}taD |xv} Ry '|O=YDk= pOt l} QO "CU= |SQv= |=ysDU}U
|xv} Ry 'xv} Ry `@=D l} h} QaD |=Q@ "OQ}o|t Q=Qk Q_v Ot CNwU j=QDL= |=yxv} Ry
|=Q@ [8]"OwW u=}@ |m}t=v}OwtQD |L=Q] |=yQDt=Q=B R= |a@=D CQwYx@ O}=@ <=RH=
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@[1]"1 pwOH QO OwHwt C@=F Q}O=kt "2 pwOH
|DQ=QL ?=} R=@ QwD=QBwmQ u}@ QwD j=QDL= |x_iLt =wy QwUQBtm

C51 = 3650 S=(KW=K)0 8 C21 = 2290 (s=m1 2) C31 = 266 3 $=(kg=s) C21 = 25 6 $=(kg=s) C11 = 39 5 $=(kg=s)

C52 = 11820 S=(kg=s) U = 0 018 KW=(m2K) C32 = 0 92 C22 = 0 995 C12 = 0 9
C53 = 658 S=(kg=s)1 2 C33 = 0 036 K�1 C23 = 0 018 K�1

C34 = 54 4 C24 = 26 4

"PSO sD} Qwor= QO C}akwt w CaQU |v=UQRwQx@ |xwLv "3 pmW

"PSO sD} Qwor= |R=Uxv}y@ OvwQ Q=Owtv "4 pmW

xi(t+ 1) = xi(t) + v1(t+ 1) (28)

xr�Ut u}ty xm CU= s}_vD p@=k |=yQDt=Q=B O=OaD u} QDsm |=Q=O PSO sD} Qwor=
|x]kv u} QDsyt Q[=L p=L QO "OR=U|t u=U; Q=}U@ pta QO =Q u; R= xO=iDU=
QO QDj}kO CQ=@ax@ "CU= u; h}a[ |rLt |wHwCUH PSO sD} Qwor= ha[
=Qoty |QU=QU |xv}y@ ?=wH |r=wL x@ CaQUx@ ,qwtat C=QP PSO sD} Qwor=
|xv}y@ |x]kv j}kO C}akwt uDi=} Qw_vtx@ |rLt |wHwCUH |rw OvwW|t
QO `k=wt QFm = QO xm CU= Cra u=O@ u}= "OWm|t =R=QO x@ Q=}U@ |y=o |QU=QU
Ov=wD|tv sD} Qwor= xH}DvQO w O@=}|t V}=Ri= ,=a} QU C=QP CaQU xt=vQ@ |=QH= u}L
OwOLt |=Q@ swUQt VwQ "OQw; CUO x@ j}kO w QF-wt Qw]x@ =Q xv}y@ ?=wH C}akwt

[8]"xr�Ut Q@ sm =L |=yC}OwOLt "3 pwOH
Cra O}k

=tO |m} Swr=Dt C}OwOLt T4 < 1600 K

Q=R=@ QO OwHwt rAC < 16
Q=R=@ QO OwHwt �AC < 0 9
Q=R=@ QO OwHwt �GT < 0 93

"|DQ=QL ?=} R=@ w QwD=QBwmQ QO =tO |=yp}iwQB "2 pmW

?=} R=@ w QwD=QB wmQ� |DQ=QL |=ypO@t QO O}=@ Q} R Ow}k '2 pmW x@ xHwD =@
%OvW=@ Q=QkQ@ �|DQ=QL

T3 > T2; T6 > T2; T5 > T3; T4 > T3 (25)

T6 > T9; T7P > T9 + �Tpinch (26)

(PSO) C=QP `=tDH= sD} Qwor= "6
VwQ u}= [12]"OW O=yvW}B 1995 p=U QO Q=@ u}DUNv �PSO� C=QP `=tDH= VwQ
u=}y=t w u=oOvQB CmQL |xwLv R= xm CU= |atH Q=DiQ l} |R=Ux}@W Q@ |vD@t
|=[i QO xmCU= xr�Ut |=yMU=B R= |m} |xOv}=tv xQP Qy "CU= xOW |Q=OQ@ wor=
xU |=Q=O xQP CaQU Q=OQ@ "OUQ@ C}akwt u} QDy@ x@ =D Ovm|t CmQL wHwCUH
|D}akwt u} QDy@ CtU x@ xQP CmQL 'xQP |r@k CaQU CyH QO CmQL %CU= <RH
=Q u; C}atH pm QO xQP l} xm |D}akwt u} QDy@ w 'xOQm C=kqt uwvm =D OwN xm

"�3 pmW� CU= xOQm x@ QHD
vi(t+ 1) =wvi(t) + c1r1(xi;best(t)� xi(t))

+ c2r2(xg;best(t)� xi(t)) (27)

C@=F OOa wO r2 w r1 's=i |xQP C}akwt w CaQU xi w vi '27 |xrO=at QO
t QDt=Q=B w |UQv}= ?} Q[ w '|Q}oO=} ?}=Q[ c2 w c1 '(0; 1) xR=@ QO |iO=YD
u}vJ R}v xQP O}OH C}akwt "CU= s=t s=o QO PSO C=@U=Lt s=Hv= |xOvyOu=Wv

%�4 pmW� OwW|t x@U=Lt
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1|
xQ=t

W'
33

�3
|xQ

wO'
�13

96
Q=y@

�h
}QW

l}
v=mt

|U
Ovyt "xv}y@ |L=Q] QO xDU@=w |=yQ}eDt |OOa Q}O=kt "4 pwOH

|L=Q] QO Q}O=kt Q}eDt
PSO GA

1 63 1 63 mf (kg/s)

96 28 96 67 mg (kg/s)

30 92 30 948 WAC (MW)

60 92 60 948 WGT (MW)

"PSO w l}DvS sD} Qwor= \UwD xv}y@ G}=Dv |xU}=kt "5 pwOH
xv}y@ Q=Okt |L=Q] Q}eDt

PSO GA [1]|rY= |xr�Ut
9 94 9 58 8 5234 rAC

0 8498 0 8479 0 8468 �AC

880 299 881 058 914 28 T3

0 8855 0 8854 0 8786 �GT

1497 207 1496 97 1492 63 T4

0 361 0 361 0 3692 ($/s) hOy `@=D

"x=owQ}v |xv}y@ |L=Q] QO Q=Wi w =tO Q}O=kt "6 pwOH
PSO sD} Qwor= l}DvS sD} Qwor= u=} QH

(bar) Q=Wi �u}wrm � =tO (bar) Q=Wi �u}wrm � =tO
1 013 298 15 1 013 398 15 1
10 71 623 52 9 980 622 489 2
9 568 880 299 9 481 881 058 3
9 09 1497 207 9 007 1496 97 4
1 099 956 417 1 099 958 114 5
1 066 739 794 1 066 739 977 6

"GA sD} Qwor= |R=Uxv}y@ OvwQ Q=Owtv "5 pmW

QO u; Q=Okt xm CU= (w) |UQv}= ?} Q[ QDt=Q=B R= xO=iDU= C=QP CaQU uOQm
"O@=}|t Vy=m |]N Qw]x@ =yQ=QmD |xQ=tW V}=Ri= =@ xt=vQ@ |=QH= u}L

sD} Qwor= |=yQDt=Q=B 'umtt ?=wH u} QDy@ x@ uO}UQ Qw_vt x@ Q=DWwv u}= QO
w w = 0 7298 %CU= xOW s}_vD u}vJ [13]|Ovm |UQQ@ x@ xHwD =@ PSO

"c1 = c2 = 1 4962
xQ=tW R= |a@=D |UQv}= ?} Q[ QDt=Q=B Q=DWwv u}= QO 'OW xDio xm u=vJ xD@r=
=yQ=QmD |xQ=tW V}=Ri= =@ u; Q=Okt w 'CU= xOW xDiQo Q_v QO w(t) Q=QmD
?} Q[ QDt=Q=B Q=Okt uDiQo Q_vQO |rwRv w Q}eDt p}rO "O@=}|t Vy=m |]N Qw]x@
|=y?=wH =D Ovm|t ltm |UQv}= ?} Q[ |q=@ Q=Okt xm CU= u; |UQv}=
|UQQ@ |QDW}@ |=[i Q=QmD |=OD@= 'xH}DvQO w OwW O}rwD |QDW}@ ẁvD =@ QDO}OH
ltm OwHwt |=yMU=B |}=Qoty x@ w uOW QDlJwm =@ Q=QmD xt=O= QO w OwW

"Ovm|t
w(t) = wmax + (wmax � wmin

tmax
)t (29)

|}=yv Q=Okt w x}rw= Q=Okt =@ Q@=Q@ ?}DQDx@ wmax; wmin |=yQDt=Q=B 28 |xrO=at QO
|xtD=N Qw_vtx@� sD} Qwor= QO =yQ=QmD O=OaD u} QDW}@ Q@=Q@ tmax w |UQv}= ?} Q[
xDiQo Q_v QO wmax = 0 7298; wmin = 0 4 Q=DWwv u}= QO "CU= �u; |=QH=

"CU= xOW
xOW x�=Q= 6 =D 4 pw=OH QO PSO sD} Qwor= R= xO=iDU= =@ |R=Uxv}y@ Q}O=kt

"CU=

l}DvS sD} Qwor= "7
CU= |atH xDUO Vwy Q@ |vD@t |R=Uxv}y@ VwQ u} QDhwQat l}DvS sD} Qwor=
VwQ l} sD} Qwor= u}= "OW KQ]t 1970 xyO QO 3Ovry \UwD Q=@ u}DUNv w
p}mWD C}atH l} R= xm CU= |a}@] ?=NDv= T=U=Q@ |iO=YD |wHwCUH
xvwtv ?=wH l} Qou=Wv �=yswRwtwQm � C}atH O=Qi= R= l} Qy w CU= xOW
OQwt |xr�Ut CqwyHt Qou=}@ R}v �=yuS� =yswRwtwQm |=RH= R= l} Qy &CU=
jwi C}atH R= u}Or=w u=wvax@ |O=Qi= sD} Qwor= R= s=o Qy QO [14]"OvDUy Q_v
Qw_vtu}O@ "OwW|t xO=iDU= Oa@ pUv u=OvRQi O}rwD |=Q@ =yu; R= xm OwW|t ?=NDv=
|xrLQt w 'u}}aD C}atH QO �=yswRwtwQm � <=[a= R= l} Qy |oOvR=Q@ u=R}t =OD@=
|=yQorta =yDv= QO "OQ}PB|t s=Hv= =[a= |oOvR=Q@ u=R}t T=U=Q@ R}v u}Or=w ?=NDv=
|Oa@ pUv w xOQm pta xOW ?=NDv= |=[a= |wQ �VyH w Ovw}B� l}DvS
OwW|t Q=QmD +=@DQt jwi pL=Qt hkwD \QW x@ uO}UQ =D w Ovvm|t O}rwD =Q

"�5 pmW�
xDiQo Q_v QO 4|D@=kQ |xw}W x@ 'pUv O}rwD |=Q@ ?=NDv= Qorta Q[=L Q=DWwv QO
u=oOvvmCmQW u; QO xm Ovm|t CmQW C@=kQ wO QO OQiQy VwQ u}= QO "CU= xOW
=[a= R= |m} Qo = xm CU= u; VwQ u}= C} Rt "Ov=xOW ?=NDv= |iO=YD CQwYx@
w Ovm|t CmQW CU= `k=w u; QO xm |D@=kQ QO \ki OW=@ q=@ Q=}U@ R=}Dt= |=Q=O
Qo}O ?U=vt ,=D@Uv |=[a= Tv=W R= =D CW=O Oy=wNv |tyU Qo}O |=yC@=kQ QO

"Oy=m@
Qorta QO "OvwW|t O}rwD u}Or=w R= VyH w Ovw}B Qorta wO \UwD u=OvRQi
"s}vm|t =Hx@=H =Q s=Om Qy x@ \w@ Qt |}=DwO |=yC}@ w xOQm ?=NDv= =Q Or=w wO Ovw}B
u}= QO xm 'OwW|t xO=iDU= C}atH |wQ 0 < Pc < 1 p=tDL= =@ Qorta u}=
Or=w l} VyH Qorta u; R= TB "CU= xOW xDiQo Q_v QO 0 9 u; Q=Okt Q=DWwv
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"OW xDN=OQB l}DvS sD} Qwor= =@
Q_v QO 100 sD} Qwor= wO Qy C}atH xR=Ov= sD} Qwor= wO u}= |xU}=kt |=Q@
wO Qy xm OW XNWt sD} Qwor= wO u}= G}=Dv |UQQ@ R= TB "CU= xOW xDiQo
=D =Q xv} Ry `@=D sD} Qwor= wO Qy w OvUQ|t x@=Wt ,=@} QkD |xv}y@ G}=Dv x@ sD} Qwor=
C=QP `=tDH= |R=Uxv}y@ sD} Qwor= |rw 'OvOQm xv}tm x}v=F QO QqO 0 361 Q=Okt
=@ '|}=Qoty CaQU R}v w |U} wvxt=vQ@ CrwyU w |Q}PBh=]av= '|R=UxO=}B Q_v R=
QD=v=wD l}DvS sD} Qwor= R= ?D=Qtx@ 'NFE xOW |@=} RQ= `@=wD O=OaD |xU}=kt x@ xHwD
l}DvS sD} Qwor= |=Q@ xOW |@=} RQ= `@=wD O=OaD xr�Ut u}= |R=Uxv}y@ |=Q@ "CU=
sD} Qwor= OyO|t u=Wv xm CU= OOa 1600 PSO sD} Qwor= |=Q@ w OOa 4478
sD} Qwor= x@ C@Uv 'QDsm CqO=at pL =@ CGAM xr�Ut |R=Uxv}y@ |=Q@ PSO

|xr�Ut pL QO PSO sD} Qwor= |}=Q=m Qou=Wv Qt= u}= "OUQ|t xH}Dv x@ 'l}DvS
"�7 w 6 pmW� CU= CGAM

xOy=Wt l}DvS sD} Qwor= w PSO sD} Qwor= C=Q}}eD OvwQ Q=Owtv wO |xU}=kt =@
R= QDq=@ ?D=Qtx@ l}DvS sD} Qwor= |}=Qoty CaQU |}=OD@= |=yQ=QmD QO xm OwW|t
QO PSO sD} Qwor= |UQv}= ?} Q[ uOw@ q=@ Qt= u}= Cra "CU= PSO sD} Qwor=
PSO sD} Qwor= '|UQv}= ?} Q[ Vy=m =@ xt=O= QO |rw 'CU= |}=OD@= |=yQ=QmD
QDCN=wvm} |OvwQ PSO sD} Qwor= |}=Qoty ẁtHt QO "OUQ|t |}=Qoty x@ QD`} QU

"�8 pmW� OQ=O l}DvS sD} Qwor= R=
QDxO=U 'OQ=O l}DvS sD} Qwor= =@ |O=} R |=yCy=@W PSO sD} Qwor= xJQo =
OwHw PSO sD} Qwor= QO VyH w Ovw}B Q}_v |}=yQorta =Q} R Ovm|t pta u; R=
x@ '|k}kL O=Oa= R= xO=iDU= Q]=Nx@ PSO sD} Qwor= |R=UxO=}B u}vJty "OQ=Ov
sD} Qwor= R= QDxO=U ?D=Qtx@ '|} wOwO |xOW |Q=PoOm |=yxDWQ R= xO=iDU= |=H

"CU= l}DvS

"PSO sD} Qwor= C=Q}}eD OvwQ Q=Owtv "6 pmW

"l}DvS sD} Qwor= C=Q}}eD OvwQ Q=Owtv "7 pmW

"OyO|t Q}}eD =Q u; w xOQm ?=NDv= hO=YD x@ =Q u; C}@ l} w Ovm|t ?=NDv= =Q
QO xm 'OwW|t xOQ@ Q=mx@ C}atH |wQ 0 < Pm < 0 5 p=tDL= =@ Qorta u}=

[15]"CU= xOW xDiQo Q_v QO 0 03 u; Q=Okt Q=DWwv u}=
QO xOW xDWwv hOy `@=D Om CLY |UQQ@ |=Q@ '|R=Uxv}y@ ẁQW R= V}B
`H=Qt QO xOt; CUOx@ |L=Q] |=yQDt=Q=B T=U= Q@ =Q hOy `@=D =OD@= '?rDt Q=Ri=sQv
xr�Ut |R=Uxv}y@ x@ 'u=Um} hOy `@=D uOt; CUO@ R= TB w xOQm =QH= 5 w 1

"OwW|t xDN=OQB
VN@ QO xOWxDio |=yC}OwOLt sD} Qwor= wO Qy QO x}rw= C}atH O=H}= |=Q@
'hPL Q_v OQwt MU=B '=yC}OwOLt uOWv C}=aQ CQwY QO w xOW |UQQ@ "2"5
QO "O@=}|t xt=O= x}rw= C}atH O=H}= =D Q=m u}= "OwW|t O=H}= |O}OH MU=B w
Zkv =yC}OwOLt =D OwW |UQQ@ xOW O=H}= |=yMU=B O}=@ sy Q=QmD Q=@ Qy

"OvwWv
u}vJty w 4 pwOH QO |L=Q] |=yQDt=Q=B |=Q@ xDU@=w |=yQ}eDt |OOa Q}O=kt
Q}O=kt w 'Q=DWwv u}= QO |R=Uxv}y@ G}=Dv u}@ |L=Q] |=yQDt=Q=B Q}O=kt |xU}=kt
QO R}v Q=Wi w =tO Q}O=kt "CU= xOW xOQw; 5 pwOH QO |rY= |xr�Ut QO xv}y@

"CU= xOW x�=Q= 6 pwOH QO x=owQ}v |xv}y@ |L=Q]

|Ov@`tH "8
|=Q@ uwvm =D xm CU= |}=yVwQ u} QDOt;Q=m w u} QDjiwt R= |m} PSO sD} Qwor=
|Q=}U@ Qw=@x@ xm |Qw]x@ 'CU= xOW `=O@= xDUw}B |R=Uxv}y@ |xO}J}B p�=Ut pL
?v=wH |xty uDiQo Q_v QO =@ PSO sD} Qwor= Q[=L p=L QO u=QoVywSB R=
"CU= xDUw}B |R=Uxv}y@ |xr�Ut Qy pL |=Q@ xv} Ro u} QDy@ `k=wt QDW}@ QO u;
=yQDt=Q=B sm O=OaD 'u=U; |R=UxO=}B x@ u=wD|t sD} Qwor= u}= |=}=Rt u} QDsyt R=
x]kv u} QDsyt "OQm xQ=W= |QU=QU |xv}y@ ?=wH |r=wL x@ `} QU |}=Qoty w
sD} Qwor= u}= OvJQy &CU= u; h}a[ |rLt |}=Qoty R}v sD} Qwor= u}= ha[
h=Q]= QO wHwCUH 'OwW|t =Qoty |QU=QU |xv}y@ ?=wH |r=wL x@ ,=a} QU
CQwY |Ovmx@ ,qwtat u; j}kO C}akwt uDi=} Qw_vtx@ |QU=QU |xv}y@ ?=wH
C=QP CaQU PSO sD} Qwor= |x}rw= |xNUv QO xm CU= u}= Cra "OQ}PB|t
|}=Qoty R= `v=t Qt= u}ty xm O@=}|t V}=Ri= ,=a} QU =yQ=QmD O=OaD V}=Ri= =@ ,qwtat
Q=DWwv u}= QO p=mW= u}= "OwW|t |QU=QU |xv}y@ ?=wH x@ sD} Qwor= j}kO
xOW hQ]Q@ |O=} R OL =D |UQv}= ?} Q[ x@ swUwt |@} Q[ uOQm xi=[= =@

"CU=
|atH xDUO Vwy Q@ |vD@t |R=Uxv}y@ VwQ u} QDhwQat 'l}DvS sD} Qwor=
u}= QO "Ovm pL =Q |@}mQD w xDUw}B |R=Uxv}y@ |xO}J}B p�=Ut Ov=wD|t xm CU=
R= xO=iDU= =@ xr�Ut |=yQ}eDt O}=@ xDUw}B |R=Uxv}y@ |xr�Ut Qy pL |=Q@ sD} Qwor=
sD} Qwor= ha[ \=kv R= |m} OwN u}= xm 'OwW |Q=PoOm ?U=vt |} wOwO |=yxDWQ
w x_i=L hQYt Ea=@ Q=m u}= =Q} R "CU= PSO sD} Qwor= =@ xU}=kt QO l}DvS

"OW Oy=wN sD} Qwor= |D=@U=Lt |xv} Ry V}=Ri=

|Q}oxH}Dv "9
'hrDNt C=k}kLD QO xr�Ut u}= pL |=Q@ l}DvS sD} Qwor= OOaDt OQ@ Q=m x@ xHwD =@
xU}=kt QO PSO sD} Qwor= R= xO=iDU= =@ CGAM |xr�Ut pL x@ Q=DWwv u}= QO
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Ovyt &u=wD % _W

&|rwt QUm %x
"sDU}U |=RH= x}rw= |Q=Pox}=tQU |xv} Ry %Z

|v=vw} s�qa
&xS} w |=tQo MQv %

&QwUQBtm l}B wQDvR}; u=tOv=Q %�AC
&u}@ QwD l}B wQDvR}; u=tOv=Q %�GT

"|Q=Oxov w C=Q}taD ?} Q[ %'

=yT}wvQ} R
&xOQt Cr=L %0

&=wy %a
&=wy QwUQBtm %AC
&QwD=QB wmQ %APH

&j=QDL= x_iLt %CC
&CNwU %f

&j=QDL= R=o %g
&R=o u}@ QwD %GT

&|DQ=QL ?=} R=@ %HRSG

&xir-wt u}t=K %K
&Xr=N %NET
&QwD=QB wmQ %REC

"Q=N@ %st

"PSO w l}DvS sD} Qwor= C=Q}}eD OvwQ |xU}=kt Q=Owtv "8 pmW

s�qa CUQyi
&xv} Ry `@=D C@=F %C

&u=} QH |xv} Ry MQv % _C

&C@=F Q=Wi QO xS} w |}=tQo C}iQ_ %Cp
&x}=tQU CWoR=@ ?} Q[ %CRF

&XwYNt |SQRo = %e
&XwYNt |Br=Dv; %h

&|tQH |@O % _m

&p=U QO sDU}U Q=m C=a=U %N
&Q=Wi %P

&|B wQDv; %s
&=tO %T

=yCWwv=B
1. particle swarm optimization
2. genetic algorithm
3. JH Holland
4. tournament
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