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CDEF :چكيده GHEI JKLMN OEPJD QNRHS RLTPUH RS VD HR WXILJY VD CZH GR[E\ L]Q^CKEKQY RS CDEF _K V̀ E] LN Hab SaU cILJY deaY fKEKLZ LI CILgR RS QFLI Eb 
SaI Q]HaU Eb^OQY 

hi jHR SLkKH RS W\LKR GL] jRHSH GHEI WKL] jSaI QJYSaZ cILJY fKH lSED 
QN H^OQY [ jSED hmPY VJKn] hYLo E] VI HR VJKn] pKE\ _K GSaqaY O[HQPY GL] EI jETrPY _b stSLXY _KWY SLkKH VJKn] uLZH LI VD QNSED WY hi CKS[QvY l[QI LK 

QF^CDEF E] VD LkNw xH CKS[QvY [ RLPULZ CDEF SHQXb VI SRHS y[LzPY GL] WY LTNS RS SaqaY GL] CFHS OQY lHab^{ETkNx {QKH jx[EY H CZH VPeLK |EP}~ cKLJ� xH GRLT}I RS V\Eo^W��JY VXZab WY VD GH
 OQY EI lHab L]SED OLMoH GSaqaY G lw WZREI L]|[Ee jSEU [ lL~QJJD cKxab �lL~QJJD QTtab hYLF �V\Eo {ETkNx RS CZH L]^xH V\Eo jETkNx _K �TMmb _K hgHQi �HQD E] VD CZH jQF hT��b CDEF GSHQXb 

QNRHS jQNET~^ HR GSaqaY OEPJD stL}Y VtL�Y fKH XY QJ` stL}Y _K yRamI V\Eo {ETkNx _K RS�TMmb QJ` GHRHS jRLT WY �E�Y jQNET~ 
QJD^�VPeLK VXZab OQY|[Ee jSEU [S [ RL�N H _K �jQJJD QTtab _K xH QJbRL�o VD CZH CDEF RL�` hYLF V\Eo jETkNx _K^GL\L�b |[Ee jSEU �Zab lLKEP�Y |[Ee jSEU GL\L�b [ L] jSR[wEI jQJJD QTtab �Zab RL�N H GL\L�b [ RL�N H �Zab L] WY SaF^�TMmb _K CDEF E] RS VD CZH fKH EI �Ee

 CZH SaqaY h�P}Y {QNET~^OEPJD {RLTXY QJ` stL}Y LY GSaqaY WPtLi RS �Q] VZ fPeE~ E�N RS LI HR xH _KE] GHEI CZH WKLMN cKxab GHRHS [ WtLMPiH L\L�b VD CDEF WY hi L] �TJD^�ZL� ��Z 
VtL}Y fKH hi xH h�Li GL] 

hi GHEI HR L]jRLTXY QJ` VtL}Y�QJ` �TMmb WY RLD VI jETkNx {QNET~ �KEI^OQY �LkNH WKLMN cKxab GHRHS L\L�b WtLMPiH cKxab GHEI Vt L}Y hi [ GxLZ WY SaF^GSaqaY xH lSaI WtLU _}KR [ OLZ RS yLFRLzZ SHQXb �GSaqaY sKLYEZ xH QJbRL�o L]RLTXY^  
  

�����واژه ���: 
{ETkNxV\EoY �OQY ��TMmb QJ` �jRLTXY QJ` �WtLMPiH GL\L�b �GSaqa jQNET~  
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VPeE~ 
QN H^|E N fKH VkTPN RSQJN HaPI QKLI Gx[EYH GL�NLYxLZ u�D RSSaU RLD ViatEZ HR WKHE~ GEP�Y [ jSED CILgR WNL�q
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QJ]S RHEg^àLI CTzTD [ CoEZ ��L�XN H GHRHS QKLI L�N w fTJáM]QJNLMI jQNx CILgR fKH RS QJN HaPI Lb QNaF^  WKL�N QTtab VD GH VNLURLD SE�âMo VI L�JbEYH fKH RS CT�eaYHR OamvY�LkN H  WY �SRHQN W P}I Q]S 
hYHao V�âIG[R GRLT}Ilw WNLYxLZ s�Ti xH CZH f�MY VD QNRHã~ ETäLb �HQ]H fKHQJFLI åRLU VNLURLD^W `RL��K [ W J]LM] SLkKH VD CZH W�KQIWY æae hYHao xH _KE] VIEkJY VD WzâPçY hiHEY lLTYETäLb QNaF EI �T�P}Y CILgR G[RVè HRH SRaY yLYQU LK OamvY lSaI EKã� CFHã~ Q]HaU^ fKH�E�zb �a�Z lLTY W `RL��K SLkKH lLM] LKOamvY cKxab [ QTtab �yLX�g [ SHaY fTYLb éâPçY،

E�zb VI VD {ETkNx 
xH GRLT}I Vqab SRaY ETUH s]S RS �CZH jQF �[EXY V\EoCZH VPeE~ RHEg cKLJ�^  
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��QTtab RS W��N VD WKL�PDEF WYLMb �V\Eo {ETkNx jL~QKS RSV�âi QJNLY QNRHS OamvY L]I ETkNx _K GVRS WXZ [ QJâmPY �]QNRHS OamvY WKL�N jQJJD �EmY VI EP�I CYQU Vè HRH^GL�PDEF I lL�YH Qi Lb jETkNx _K VI dâXPYVWY _MD E KQ�KL�Jb [ QJJD WMN E�e SaU �L�bRH VIL�Jb CDEF _K RS SaqaY yLo�� H [ QJJD	oH WYLMb VI dâXPY V�âI C}TN CDEF lw VI dâXPYWY jETkNx �L - QFLI^ lLTY yLo�� H OSL�b V\Eo {ETkNx _K RS C�q fTM] VIlw �L	oH، LzK H GSLTJI W��N WY QJD^hYLF V\Eo {ETkNx VD HÈSE�âMo QiH[ �Q] lSED OL�NS fM\ VD CZL�PDEF xH GH V��F[ QJP}] h�P}Y WNL~QNET~ �TMmb GHRHS _KE] �jETkNx hD sJT�Ix _K RS C�T�i RSVqHaY QiH[ {QNET~ �TMmb _K LI V\Eo {ETkN�jETkNx LK V��F RS SaqaY �HnqH SHQXb VI hgHQi V�âI ��TP}TNSRHS Saq[ jQNET~ �TMmb^E}TY jETkNx sJT�I SE�âMo VI hTN Hãt VD WbRa� RS E Y C}TN L�PDEF xH _KE] lL~QNET~ �TMmb lLTY�� H 
Tv� [ �[HQY stSL�Y �jETkNx �HnqH LKSET~ yRa� yLo^   �V\Eo jETkNx CKEKQY RS RHã~ ETäLb Wâ�H GL]RaPDLe xH W�KHQKQF VD CZH GEP�Y GL\L�b CXT�� 

V]S W� RS � 
VPFã~ GL] CZH jSED ETTrb^CXT��jETkNx �L	oH WYLMb VI GEP�Y GL\L�b WY L�t HEI VD QJD 

GET~ �TMmb SaU GSaqaY OEJPD G[RGL] QJKLMN �Lçb H VJT�I^[ �[HQY fTYLb p�Z GSaqaY EP�TI GRHQ� NWY GEP�Y GHEI OamvY cgaMISaF^GRHQ� N OLi fTo RSsJKn] {QNET~ EIRS VkTPN RS [ EP�TI cILJY �E� 
oLI GSaqaYC}] nTN EP�TI^l[QI �P}TZ L�PDEF xH GRLT}I hTtS fTM] VI LK GSaqaYJIT 
WY 
TqEb HRQJ]S^KS GRLT}I OLi fKH LInTN E RS GET~ �TMmb VkTPN RS [ QJP}] GSaqaY GRHQ� N VI EKn~LNlL�KH GHEI GSaqaY OEPJD [ GRHQ� N GL�PZLTZ �Lçb H �amUCZH CTM]H nèLi RLT}I^  
v�YæaeQJ` GET~ �TMmb OQY _K hi [ WiHE� WJXK �CZH Woa\aY �V\Eo {ETkNx _K RS GSaqaY OEPJD GHEI jRLTXYVt L�Y fKH VDWY lHQISxHSE�^   l[HEI �Zab jRLTXY QJ` GSaqaY OEPJD G[R yLXt L�Y fTP}çN

[1] �LkN HRS |RLzZ RHQ�Y [ VNLTt LZ yLFRLzZ SHQXb lLTY VD QFSaI jSHS �LkN H GxLZ VJT�I h�TZ E]^  [ RLPZH 
EâTY[2] [S VtL}Y _K yamI HR GSaqaY OEPJD VtL}Y _Kw �HQ]H VD QJPeE~ E�N RS jRLTXYEZ lSHQXb [ GSaqaY sKLY SaI yLFRLzZ^ h�Li VD QJPeLKRS SaU sXtL�Y SRaY CDEF RS L�Nw -CZH CILä RHQ�Y _K yLFRLzZ lHnTY RS jETU� sKLYEZ �E\^ WY CDEF VD QNSaMN �ZR WJvJY _K uLZH fKHEI ��ZC}NHab QKLMN fTTXb lw G[R xH HR SaU GSaqaY OEPJD CZLTZ^  h KH [ SRLáKE� [3] CK[ [ hZ�� �] lw xH �� [ [4] |[RWKL] QNSaMN Vè HRH WJvJY fKH �ZR [ lSR[w CZQI GHEI^ 

[ ENSRL~ 
�JKE�JNS [5] LI HR GSaqaY OEPJD jRLTXY QJ` stL}Y _K_K lHaJXI �K[EZ 
�Z WeEXY [ WtLMPiH GL\L�b fPeE~ E�N RScILb�Q]QJPeE~ E�N RS QKQq^Q�RS yRamI �K[EZ 
�Z �MDWY lLTI GSaqaY SaQF^jETU� SHQXb �Zab GRLD RLI L]G WY GET~ jxHQN H OLZ RS jQF �LkN HQF^�aMkY xH SaI yRL�o VKLYEZ jR[S L]jETU� [ L]WJMKH G^L�Nw �Q] cILb VZ fKH xH jSLzPZH LI WY CZQI WKL�I Haq�Haq [nq ¡LZLZH VD QNSR[wSaI C}�ET� GL]^LI VD V��N _K �LçPN Hh�Li lLJTM� H L�Nw CFHS RHEg 
�Z fKH G[R WYCZH Eä�Y jQF �LçbH CZLTZ VD QNSED^_K fTJáM] VtL�Y[ �LkN H jRLTXY QJ` GSaqaY GRa�b EI jQF �LkN H yLTISH EI R[EY |[R nTN L]�Haq hTâvb [ VKnkb C�q HR WKWY Vè HRH Eä�Y GL]SHS^ RQKLJFH [6] 

hi |[R LI HR �Q] [ OQY fTM]SaMN OL�NS GE KS^  [ RQJKLI �aI f` [7] 
_K RS jRLTXY [S GH Vt L}Y hi GHEI WtQYQNSED Vè HRH GH VâiEY [S �P}TZ^_K [ GnDEY RL�N H _K CtLi L�Nw QJPeE~ E�NRS HR |[Ee jSEU^GL\L�b CtLi GHEI HR Vt L}Y L�Nw HQPI H QNSED hi WX�g^SaI yRL�o QJPeE~ E�NRS L�Nw VD GRLTXY [SxH ��|RLzZ VJKn] +[ GRHQ� N VJKn]٢�h�N [ hMi VJKn]. fKH I Vt L}YVhi 
Tv� SQo GnKR VYLNEI W�UET� VtL}Y _K yRa� QF^  VD QJPeE~ E�NRS HR WM�Y �Ee L�Nw �Vt L}Y lSED VtaYEe GHEI�L�bRHjSEU RS |RLzZ RHQ�Y [ RL�N HRS |RLzZ RHQ�Y lLTY |[Ee L]SaI^SED �Ee L�Nw�E	Y _K RL�N H RS |RLzZ RHQ�Y VD QN|[Ee jSEU RS |RLzZRHQ�Y xH 
Tv�CZL]^GLJ�Y EI �Ee fKH xH Vt L�Y 

laPZ[HEDlHRL�M] [[8] [laP JâTI [ Wt [9] 
SaI^ [ SRLNa�tGR [10] jRLTXY QJ` VtL}Y GHEI GxLZ VT�F |[R _K QJPeE~ E�NRS^SaI yRL�o QJPeE~ E�N RS VD GRLTXY VZ
�Z xH OLZ RS L]Sa�MD SHQXb �jETU� �ZaPY)

GEP�Y �K[EZ 
�Z ([ RLI 
GRLD^�Haq OQY fKH VkTPNW�KE�b yRamI HR C}�ET� GL] WY CZQISHS^  OE~w [11] CZH jSED hi OamvY _K GHEI HR jRLTXY VZ VtL}Y^ xH QJbRL�o RLTXY VZ� GL]QYL�T� SHQXb �hD VNLTt LZ VJKn] H SRaY GL]Sa�MDQYL�T� E] RS VD WY�gH SHQXb [ OLZ RS RL�PNQN H jQF Sa�MD RL̀ S^[H hi |[R [ CZH hIL�Y �JDH[ |[R _KCZH jSED jSLzPZH hi GHEI h}DH CeLZ[E�TY xH^  yL�T�vb xH WFRHn~ RS

IBM 
hbH �ZablHRL�M] [[12] �TMmb 

GET~CZH jQF WZREI V\Eo jETkNx G[R WKL]^ �TMmb 
lLTY GET~CZH �K[EZ 
�Z [ VKLYEZ^RS HR jE~ E] L�NwjSED �Ee GSaqaY c�JY _K lHaJXI V\Eo jETkNxLI [ QN H pKE�b jSR[w CZQI HR jE~ E] �K[EZ 
�Z [ SE�âMo WKL]QN H^RS WY jQJJD �EmY CKL�NxLTNSRaY �K[EZ 
�Z �LçPN H LI QNHabQJD CeLKRS HR GSaqaY OEPJD CZLTZ^  
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�" NLNEe [ [EPT�xQ [13] 

E�NRS CDEF _K GHEI HR jRLTXY QJ` VtL}Y|RLzZ lw RS [ QJPeE~QNSED Ra�JY nTN HR jSLPeH ETU�b VI GL]^ QF hi WtLMPiH [ WX�g GL\L�b CtLi [S E] GHEI Vt L}Y^[S SaI Sa�MD VJKn] [ |RLzZ VJKn] lL�KH E�NSRaY RLTXY^  ED� VI �xà VP�N fKHCZHæae yàL�Y RS VDRS nTN [ 
EKLZ WZREI [ yàL�Y �yLXt L�Y�GSaqaY OEPJD laYHET� VD E KS GL]CeE~ RHEg VXt L�Y SRaY GET~ �TMmb [ V\Eo jETkNx 
Saq[ stL}Y

"�TMmb QJ`jQNET~"jETkNx RS 
Q�N jQ]L�Y^fKH VD GSRaY L�JbCZH VPeE~ RLD VI SaU dT�vb Oa�H RS HR Vt L}YGàLY HETb [14] H VD CZHVXZab Vt L�Y fKGHEPDS VYLN lLKL� EI CZH GH RS VD lL�KH CZH jQF Vè HRH LTN HaâT}J� jL �N HS^  VD Wènq VZ V\Eo jETkNx _K RS HR jRLTXYQJ` VtL}Y GàLY HETbVPeE~ RHEg GEZ yRamI lw �HnqHWY �E�Y QN HGHEI HR lw [ QJD VD WPtLiL\L�bWY hme [ hi CZH WX�gQJD^�TMmb ��N RLD VI GRL�PI H hi jHR [ jQNET~ 

Vqab lLKLF VYLN lLKL� fKH RS VPeR [ CZH L�Nw ��N [ lSaI jQNET~ �TMmb QJ` VtL}Y ua}vY Ra�ICZH VPeR RLD VI GSaqaY CZLTZ �LçbH GHEI VD WKL�N hi jHR RSWY lL�NQ]S^  GàLYHETb RLD GLJ�Y CZH jQF �Ee VtL�Y fKH uLZH^Vt L�Y fKH RS
L�EeVtL}Yب WKLMN cKxab GHEI [ WtLMPiH yRamI L\L�bV\Eo jETkNx _K GHEI jQNET~ �TMmb QJ` jRLTXYQJ`٤

VD Wènq hYLF CZH |[Ee jSEU [S [ �GnDEY RL�N H _K �jQJJD QTtab _K، WY hi [ �E�YSaF^  
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 $%�& '�
(�) � 	�� *�)�� 	�  + 	��, � �	% 	�� - .� 	/ 0���� 1	�) 	�WZREI SRaY �P}TZ،

hYLF VD CZH Wènq RL�` V\Eo {ETkNx _KRa�I VD CZH |[Ee jSEU [S [ �GnDEY RL�N H _K �jQJJD QTtab _KRS VD CZH fKH EI �Ee QJP}] OSL�b RS GnDEY RL�N H LI GxHaYnqH xH _KE]CDEF _b LK jETkNx �H L]SaqaY jQNET~ �TMmb _K CZLTZ fTTXb VD CZH L]{Q�o VI CDEF lw GSaqaY OEPJD G CZ[H^VD SRHS Saq[ jRLTXY QJ` VtL}Y _K CDEF E] RS fKHEI LJISaI Q]HaU CDEF _b sJT�I SE�âMo VI EkJY lw fPULZ VJT�I^  TkNx �L	o H _b _b sJT�I SE�âMo VD LkNwxH LY HWJXY VI LY Hnt H �jE{RLTXY QJ` stL}Y GQXI 
�Z RS Hãt �C}TN jETkNx sJT�I RLPeR�E�Y jETkNx WY SaF.    EKLZyLT\EexH QJbRL�o jQF VPeE~ RLD VI� ��hD RSjETkNxOSL�b OamvY _K L�Jb WY SaF^  
٢�|[Ee jSEU CMZ VI jQJJD QTtab xH OamvY lLKEq L][ CZH o C�q RS L\L�b|[Ee jSEU xH jETkNx Oa� RS [ ��CMZ VI L] h�PJY jQJJD QTtab WY SaF^ 

٣�yRamI L\L�bWtLMPiHCZH jQF �Ee WKLMN lw cKxab cILb [^ 

٤�CZH jQF �Ee CILä �RHQb lLYx^ 

٥�VPZaT� R[EY CZLTZ)Q,r  ( RLD VI jETkNx 2HnqH WYLMb RS
 WY S[R^ 

٦�RSCTeE3 L]CMTg [ L][QvYSRHQN Saq[ CKS^ 

٧� jETU�C�4Y CZH GRHQ�Y �nq E] WJMKH^ 
٨�5EN�ZaPYCZH CILä GSaqaY^  
 
١-

67�89:; <�=>
i ?�L	o H {RLMFjETkNx^jQJJD QTtab GHEI�

=iRL�N H �٢=icKxab � O[H {QJJD٣ =i�[S {QJJD cKxab [٤=i  CZH^  
bi
�EPY HRL�WKLMN cKxab  

D�GL\L�bRL�PN H SRaY)OLZ RS QiH[(  

Ci
�CMTgàLD)OLKR( 

: Qi
CDEF RS |RLzZ RHQ�Y LK QTtab RHQ�Yi

h�TZ _KRS |RLzZ@ ^QiH[(  

Si
�{ETU�WJMKHCDEFi  

iZ1 
?RHQ�Y 

SRaYCDEF GSaqaY sKLYEZ RL�PN Hi 
iZ2 

?CDEF RL�PN H SRaY yLFRLzZ SHQXbiLZ RSO 

iZ3

?OLMPiHCDEF Sa�MD LI lQF VqHaYi  

SCIC: jETkNx GSaqaY sKLYEZ RL�PN H SRaY RHQ�Y  

SCNO?RL�PN H SRaY yLFRLzZ SHQXb jETkNx  

SCCS?OLMPiHjETkNx RS Sa�MD LI lQF VqHaY  

  6
-
67A�� BC9DE FGHIE RSOQYEP�TI L]GVJKn] �HaN H fT�T� L]RS SaqaY GGRHQ� N lw �aMkY lSR[w CZQI LI [ V�ZLvY GSaqaY L]_b stL}Y _K � WY h�Li VeQ]SaI OQY hi LI OSLXY lw GxLZ �MTP� H VD QF^  Wâoرغم 

Saq[lLZw yLT\EecILb fKH lSED VtaYEe RS jQJJD �Q] L]،VJKn] �HaN H s�ZLvY lLJáM] L]CZH RHaFS hMo RS^ RS E\Li OQY LTXY QJ` �Ee LI�Q] cILb VZ ��P}TZ lSaI jR،RS VD jQF VPeE~ E�N RS QJP}] lQF V�ZLvY hILg hMoQN H^RS fTJáM] OQY L]VPeE~ E�N RS EzN _K L�Jb jQNET~ �TMmb �Wâ�g G WY SaF^ WtLi RSCDEF V\Eo {ETkNx RS VD
 L]lL~QNET~ �TMmb GHRHS QJP}] h�P}Y^ E\Li OQY RS �TMmb QJ` CT]LY fKH nTN CZH jQF Ra�JY V\Eo {ETkNx RS W~QNET~^CDEF RL�` E] RS،[ QJNL}�K �Q] cI Hab jETkNx RS^  

  

١-
6

-
67J�HK LE A�� BC9DEها 

١-١-
6

-
678�MN>9 <8DO �<DPDO QG�OHRVKLYEZ GRHQ�Y �SaF GRHQ� N GSaqaY yRamI WKàLD VD Lq E]WY lw lSED hgHQi VD �CZH jQNLY QDHRlHaJXI QN Hab�HQ]H xH W�K
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��SaF �E�Y jRLTXY QJ` stL}Y^lQTZR lLYx RS CZHQT� fKHEI LJICDEF RS RL�PN H SRaY GSaqaY �|RLzZ _Ki

WJMKH {ETU� LI EI HEI
(Si)CZH^|RLzZ lQTZR xH QXI(Qi)

VI RL�PN H SRaY GSaqaY
Qi+Si  WY QZR^fTI GSaqaY fKHEILJIQi[Qi+Si

WY ETTrbQJD^
�RHQ�Yh پسTZ _K RS GSaqaY �ZaPYOaYEe dIL�Y)۱ (CZH�  

2
1

 (Qi+Si) +
2
1

Si =
2
1

Qi+ Si                                             )۱(  [yRamI GSaqaY VKLYEZ RL�PN H SRaY RHQ�YV�I HR)٢(CZS VI WYQKw�  
Z

i

1 = (
2
1

Qi +Si ) Ci                                  )٢(  

 6
-١-

6
-
678�MN>9 <8DO ��K8��R <9�IE SHQXbEI HEI WZREI h�TZ _K RS RL�PN H SRaY yLFRLzZ LI CZH �|RLzZ RHQ�Y VI RL�PN H SRaY GL\L�b C�}NV�I HR dIL�Y)٣(�  

Z i
2 = (

iQ

D )                                )٣(  lQF SLKx LI CZH OSLXY �yLFRLzZ SHQXb lQF hgHQi fKHEI LJICZH SL	b RS fT�T� �Q] LI VD �CIaN E] RS |RLzZ RHQ�Y^  
  �

-١-
6

-
67�HN�O�G�HR ��RGSaqaY xH lSaI WtLU _}KR yRamI HR GEP�Y �K[EZ 
�Z WY éKEXbRS VD C}Nw OLMPiH [ �TJD RHQ�Y xH L\L�b |RLzZ lLYx EkJY[ EP�TI WJMKH {ETU� 

SaF Sa�MD VI^WtL ` cILb E~H fKHEILJI L\L�b OLMPiHf (x)
QFLI WKLMN cKxab xH L\L�b V�JK H VI Vqab LI [ CZH RHSRaUEIV�I HR)٤ (
HR�KRHS�  

]∫
∞ ∞ == =
i

iS
Sdxxf     ) 

i b

Si
- ( exp exp(-x/b) - 1Z )(

i
3           )٤(  

  6
-
6
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6

-
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678�MN>9 <8DO �<DPDO QG�OHR VKLYEZGSaqaYVKLYEZ cMq h�Li yRamI jETkNx RL�PN H SRaY - CDEF GSaqaY GL] L]WY éKEXb jETkNx a	o GyRL�o [ SaF xH CZHV�I HR)٥(�  

∑
=

+=
4

1
1 )

2
1

(
i

iii CSQZ                                )٥(  

 6
-
6

-
6

-
<8�MNت67 9 <8DO ��K8��R <9�IjETkNx RS RL�PN H SRaY yLFRLzZ SHQXbV�IHR dIL�Y)٦ (CZH�  

∑
=

=
4

1 i
2 )

Q
(

i

D
Z                                )٦(

�
-
6

-
6

-
6
.�HN�O�G�HR ��RlQF VqHaY OLMPiH yRamI nTN jETkNx RS GEP�Y �K[EZ 
�ZWY éKEXb Sa�MD LI jETkNxSaF^OLMPiHE] RS Sa�MD SLkKH xH _K LI HR jETkNx �HnqHP( i )

WY lL�N�T]S^jETkNx RS Sa�MD OLMPiH xH C}bRL�ojRLMF V�IHR)٧(�   
)٧(  

  WKàLI CTM]H xH jETkNx RS GEP�Y CKL\R V�JK H VI Vqab LI�HnqH xH EP�TI LK [S lLYnM] Ra�I V�Nw OLMPiH CZH RHSRaUEII Sa�MD RL̀ S jETkNxWY �Ee nT`LN RLT}I QJFLSaF^fKHEILJIV�IHR
)٨ (�KRHS HR�  
)٨(  

∑
=

==+++=
4

1
3)4()3()2()1()(

i

ZPPPPSCP  

∑∑
==

∞ −=−−
4

1

4

1

)exp()]/exp(1
i i

i

i
S b

S
bx

i
  

  �
-
67Q��
O �H�WY �E�Y 
�Z [S RS jRLTXY QJ` VtL}YSaF?yRL�o O[H 
�Z CDEF _b {RLTXY QJ` hèL}Y xH CZH L]QJ` stL}Y �[S 
�Z [ CZH jETkNx {RLTXY^بCDEF _b sJT�I SE�âMo VD CZH W�KQ L]G jETkNx،LY Hnt H "C}TN jETkNx sJT�I SE�âMo WJXY VI^HR pâ�Y fKH WY WZREI jSLZ OL4Y _K LI�TJD�  _K{ETkNxQKET I E�N RS HR �nq [S xH h��PY jSLZ^RS àLD CMTg pTbEPI CDEF E]�C1=4[C2=16CZH^[ WX�g �P}TZ RS L\L�b EI HEI٢٠٠WY �Ee QiH[SaF^WY �EexH QJbRL�o �Q] cI Hab �TJD yLFRLzZ SHQXb [ GSaqaY sKLYEZ^RS HR EKx W�Y �U [S OLi WY E�N�KET~�  ��9 ��O ���CDEF xH _KE]I L]VEKSL�Y pTbEbQ1=10[ Q2=2 I HRV�LçPN H SaU sJT�I |RLzZ EKSL�Y lHaJoQN H jSED^E�N RS LI CFHS �T]HaU �Q] cI Hab fPeE~�  

 CDEF �Q] cI Hab��  
Z 1

1 = (Q1C1 /2)=10*40/2=20 

Z 1
2 =( D/Q1)=200/10=20 CDEF �Q] cI Hab٢�  

Z 1
1 = (Q2C2 /2)=2*16/2=16 

Z 1
2 =( D/Q2)=200/2=100 jETkNx �Q] cI Hab�  

SCIC = (Q1C1 /2)+ (Q2C2 /2)=36 
SCNO=(D/Q1)+(D/Q2)= 120 
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 RLI fKH 
EKSL�Y I |RLzZVEI HEI pTbEbQ1=5[ 

Q2=2.5 CZH^  CDEF �Q] cI Hab��  
Z 1

1 = (Q1C1 /2)=٥*40/2=
�� 

Z 1
2 =( D/Q1)=200/٤=٥0 CDEF �Q] cI Hab٢�  

Z 1
1 = (Q2C2 /2)=2٥^ *16/2=٢٠ 

Z 1
2 = (D/Q2)=200/2.5 =80 jETkNx �Q] cI Hab�  

SCIC = (Q1C1 /2)+ (Q2C2 /2)= 30 
SCNO= (D/Q1)+ (D/Q2)=120 

 WY jQ]L�Y VáNLJ`RS ��[S W�Y �U RS �SaF CDEF�SHQXb � LzZ|R L]WtLi RS CZH VPeLK �K Hne H�U RS jETkNx �Q] cI Hab VDWY lL�N O[H W�Y �U VI C�}N GEP�I �KLPN �[S W�YQJ]S^  
�Z [SE] fKHEI LJI)CDEF _b L]، jETkNx (WY VPeE~ E�N RSSaF^ CDEF xH _KE] lL~QNET~ �TMmb �O[H 
�Z GxLZ VJT�I RS L] ، �ZL� L]{RLTXY QJ` stL}Y sJT�I GWY CZQI HR SaU CDEFQNR[w [ �ZL� xH VPZS lwET� �KHEF RS VD jRLTXY _b hèL}Y sJT�I GL]WY �LçPN H QJKLMN æQ� jETkNx lSaI C}�QNaF^  
  �

-
67	8��IO ��� Q��
O

١-
�

-
67J�HK LE 	8��IO ��� Q��
Oها

  

    Z
i
1= (

2

1 Qi + Si ) Ci 

    

)(2
i

i

Q

D
Z = )٩(      

              

  

     Subject to Qi ; Si ≥ 0   

  

  6
-
�

-
6
.��� Q��
O	H�
>� 	8��IO

     i

4

1
ii1 C) S  Q

2

1
(∑

=

+=
i

Z  

)(2
i

i

Q

D
Z = )

��     (  

     ] ∑∑
==

==
∞ 4

1

4

1
3 ) 

i b
Si

- ( expexp(-x/b) - 1
ii iS

Z  

    Subject to Qi ; Si ≥ 0   

�
-
67J�HK LE 	8��IO ��� Q��
O ��

ب 
hi GHEVtL}YWNL�q RLTXY |[R xH VPDEF _b jRLTXY QJ` WY jSLzPZH�TJDV�I HR [)

��
 (CFHS �T]HaU HR�  

22

*
2

)(*
2

*
1

)
2

(*
1

















 −
+


















+−

=
Z

iQ

D
Z

Z

iCiSiQ
Z

MinZ  

             

2

*
3

 ) i b / Si - ( exp*
3
















−

+
Z

Z
                        )

��
(  

Subject to Qi ; Si >=0    
And /or other constraints   

  _KVtL}YQNaF hi QKLI W�U ET� stL}Y [S [ W�U^WXgH[ GHEI �ZL� lSaI Eb L]WY lL~QNET~ �TMmb xHWJTèL� [ àLI Qi VD �T]HaU EKSL�Y GHEI HRQ[S
QNET I E�N RS^ �Haq L]GVJT�IWNL�q RLTXY st L}Y RS æae VtL}Y VZ xH h�LiHaq [ VPeE~ RHEgب L]CDEF _b {RLTXY QJ` stL}Y G

 L]ب VCZS WYQKw^  
  	

-
67	H�
>� 	8��IO ��� Q��
O ��

١-
	

-
6
.IEJ

 H�� ��
> ��� 

 WY �Haq soaMkY VD �TN HS L]jRLTXY QJ` stL}Y _K C}� ET� G �Haq soaMkY LI CZH EI HEI L]xH VD GH jRLTXY _b stL}Y sJT�I GQJ` stL}Y �Q] cIHab W�U pTDEbCZH jQF hT��b jRLTXY^  ��bEY pKHE\jQJJDI HR RLTXY E]VpTbEbICλ،NOλ[CSλ xH CZH yRL�o OSLXY st L}Y [ QJP}]�  
∑

∑∑

=

==

+

++=
4

1

4

1
i

4

1
ii )(]C) S  Q

2

1
[(

i
CS

i i
NO

i
IC Q

D
ZMin

λ

λλ
 

St:  Qi ; Si ≥ 0 )
��

      (                                                    

ICλ ، NOλ [
CSλ ≥  0                        

 lLKSHE~ lSHSRHEg Ez� G[L}Y LIZL]ETTrPY xH _KE] VI C�}N �I H[R)۱۳ ([)۱۴ (
QKw �Y CZQI�  

⇒=−⇒=∂∂ 0
2

0)( 2
i

NOiIC
i Q

DC
QZ

λλ
  

i

j

j

i

C

C

Q

Q =[
ICi

NO
i C

D
Q

λ
λ2= 

)
��
( 

)ln()(

)ln()(

)ln()(

0)(

CS

IC
jjj

CS

IC
iii

j

i

CS

IC
iiii

j

cbb

cbb

S

S
cbbS

SZ

λ
λ
λ
λ

λ
λ

−

−
=⇒−=

⇒=∂∂

 
)

��
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) i b / Si - ( exp)(3 == ∫
∞
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i
dxxfZ
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67	8��IO ��� ���
O ��-	H�
>� ��>H�; ��=�E ����çI RS jQYw CZQI �I H[R VI Vqab LI��٦�٢�nq [S GHEIi [jRS �Haq fTI E~H jETkNx L]hèL}Y xH jQYw CZQI GCDEF _b L] �Haq lw �QFLI RHEgEI æae �I H[R L]�Haq VoaMkY [nq L]ET� G SaI QJ]HaU jETkNx C}�^st L}Y hi GHEI yRamJKH ET� RS jRLTXYQJ`�GSL�J�T� |[R xH V\Eo {ETkNx {QNET~ �TMmb QJG̀àLYHETb �Zab [14] WY jSLzPZHSaF^  CZH GRL�PI H |[R _K G[ �Zab VPeR RLD VI |[Rlw GLJ�Y VD CZH GQi |[R VI VT�F^WY�HQ]H sM] GQi |[R RS VD �TN HS lw xH W�K nq VI L]_K lw [ jQF VPeE~ E�N RS CKS[QvY yRamI WY E4DHQi �Q]SSE~^yRa� RS GàLYHETb GSL�J�T� |[R RSjQF VPUHSE� Sa��I �L�N s�ZLvY VI W JT�I �EF lSa�N RHEgEICZH^ Sa��I �L�N fKHCz~ Q]HaU lL~QNET~ �TMmb xH _KE] VI EI ETTrb SLkKH C�q 

EKSL�Y G[RQi�Si
sJT�I SE�âMo GLPZHR RS HR�Haq VoaMkY CMZ VI fPeR [ jETkNx L]QKLI jETkNx C}� ET� G QFLI VNa `^ fKHEI LJI�  CDEF xH _KE]xH HQPI H L]WYVJT�I EKSL�Y VD �T]HaU Qi

[Si
EI HR L}Y hi uLZHJ` stQJKLMN V�ZLvY SaU CDEF {RLTXY Q^ �HxH VI EKSL�Y Qi�Si

CDEF _b stL}Y hi xH h�Li L]WY �L}iVD �TJD QF Q]HaU RHQ�Y V̀ jETkNx �Q] cI Hab xH _KE]^h�Li EKSL�Y pTbEPI HR �Q] cI Hab xH _KE] GHEISCICcur   ،SCNOcur [
SCCScur WY�TYLN^  KSL�Y VâiEY VZ RS jL Nw[QI [S HR �Q] cI Hab GHEI jQYw CZQI E VPFHQ� N CILäHR �Q] cILb fTYaZ [ WY WY �MTN�TJD�  �� RS V��N O[H sâiEY�Haq VoaMkY G[R HR GH L]C}� ET� G WY jETkNxlw RS VD �TILKSCIC=SCICcur[ �SCNO=SCNOcur [ QFLISCCS

QJD �MTJTY HR� s��NA^ 

٢� RS V��N �[S sâiEY 
GH�Haq VoaMkY G[R HR L]C}� ET� G WY CZQI jETkNx 

lw RS VD �KR[wSCIC=SCICcur[
SCCS=SCCScur[ QFLISCNO

QJD �MTJTY HR� s��NB^ RS s��N �aZ sâiEYC �Haq VoaMkY G[R HR L]jETkNx C}� ET� G
 WY lw RS VD �TILK SCCS=SCCScur[ �SCNO=SCNOcur[ QFLI

SCIC
QJD �MTJTY HR.  WY jQ]L�Y nTN h�F G[R VáNLJ`RS SaF 

E] �L�NxH _KC, B , A  CZH VJT�I �Q] cI Hab xH W�K^xH _KE] lLTY h�Hae V�ZLvY LI s��N Lb �L�NCUR[ WY V��N Wt HaPY GL]RHE�b RS lw lSED �MTN�T� lQF �MTP� H CMZ VI HR RaDãY WY �KEI^ yRamI h�Hae fKH �I H[R )۱۵ (�t H)۱۷(aUSaI QJ]H�  
)

��
(  2ICcurIC )SCIC -(SCICI =  

)
��
(  2ICcurNO )SCNO - (SCNOI =  

)
��
(  2ICcurCS )SCICS - (SCCSI =  

 

 

  ��K	
.HC <D
�C ��
>J

 H�� ���C 9DP Q�D=
O ��8

  RHE�b L]WY VYHSH WNLYx LbxH æae EKSL�Y xH SQo fKEP~RnI VD QILKSSE~ EPMD fTXY RHQ�Y _K^SL�Y G[R xHEKICSCNO [NOSCIC 

 WY lHabQ pTbEb VI VD SR[w CZQI HR E3 LJPY GL]QIC[QNO WY jQTYLNQNaF^E~H
 QIC[QNOxH [S E]CUR QfKQI QNSaI EP�TI {S[QvY xH åRLU RaDãY �L�N VD CZH WJXYBC ) CZHR CM}I WJvJY (

QJP}]^QKLI yRamJKH RSQ Y CDEF�K Hne H V�aIE s��N Lb QJDHQT�CUR
SaF jQN HR CZHR �E�I^ OàQPZH fTM] LI

 WY E~H VD Cz~ lHab QIC[QNOxH [SE]CUR Q
QKLI QNSaIEPMDQ  HQT� �]LD V�aIEY CDEF 

E~H [ QJD 
lw xH W�K L]GE KS [ EP�TI SaI EPMDQWY VPFHS jL N CILäSaF. ��N�TMmb_b lL~QNET~ CDEF L]EI رWY lLKLMN VâiEY fKH RS jETkNx sJT�I SE�âMo G[ - SaF^lw [ L]ETTrb LI [ 

EI EI j[�o �SaU sNàLZ |RLzZ EKSL�Y G[RI SE�âMo G[R �SaU CDEF sJT�I SE�âMo fTTXbnTN jETkNx sJT� QJFLI VPFHS ��N
 

ETTrb LIQ، 
VtL}YWY RHE�b hi |[R [SaF Lb [ WKLq pKHE\ VD

IIC[ INOVIHQT� VY HSH QJZEI fTXY �MTJTY _K WYQJD^�L�N �pKHE\ fKH lSED �MTJTY LIB[ C
E KQ�K CMZ VI WY VJT�I s��N CMZ VI [QN[R^ 

  �
-
	

-
6

.
��
O O[Qq RS jETkNx �HnqH yLmç�Y�CZH jQYw^RL�PN H SRaY GL\L�b

٦٠٠٠٠WKLMN cKxab GHRHS [ CZH OLZ RS QiH[ WY QFLI^  
   

جدول
	
.O �Hثال�

  

����� �����
)

�i=(   

���� �  

)٢i=(   

����  � �!)٣i=(   

����  � �!)٤i=(   "�� #$�%  2075120150 

B 100150200250

 CDEF {RLTXY QJ` stL}Y hi�WNL�q RLTXY |[R xH jSLzPZH LI V�I HR uLZHEI )
��
(� 
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2

*
3

*
3

2

*
2

*
2

2

*
1

*
1

exp
2



























 −−
+




























−

+
























 +−
=

z

b

S
z

z

Q

D
z

z

CS
Q

z
MinZ i

i

i
ii

i  

200≤ Q1≤ 1200[580 ≤ S1 ≤880  

  xH jSLzPZH LI 
VYLNEISolverRHneH �ENExcell �PKRa t H xH VDGRG2 WY jSLzPZH W�UET� hèL}Y hi GHEIEKSL�Y QJD Q1 

[
  S1 

CZQI WYQJKw@ ^RHne H �EN LI æae Vt L}Y hiLINGO TNC�IL�Y [ �LkN H n QF h�Li WIaU(.I xH ��VEKSL�Y lQYw CZSZ ،Q1
[  S1

E] _K WY V�ZLvY �Q] cIHab xHQNaF�  VIfTM]pTbEb CDEF VI �aIEY hèL}Y L]G
٣، ٢[ � ٤ 

hi nTN
 WY QNaF^  
  

   
J�HK.۲جدول 	8��IO �E ���
O ��	

Q1 S1   

200 580 Z1 13600 

1200 0 Z2 50 

0 880 Z3 0.00 

 
 

جدول
�
.J�HK 	8��IO ��� Q��
O ��	

 
 

Z 2.01 
 

IC 26116.53 

Q1 851.65 
 

NO 70.45 

S1 880.00 
 

CS 0.00015  
 J�HK �8��IO ��� ���
O6

:

 

جدول
�
.J�HK 	8��IO �E ���
O ��۲ 

Q2  S2    

500 490 Z1 55500 

1000 0 Z2 60 

0 780 Z3 0.00 

 

جدول
�
.��� Q��
O ��J�HK 	8��IO۲ 

Z   1.29  IC 96000.00 

Q2 1000.00 
 

NO 60.00 

S2 780.00 
 

CS 0.00041  
  

  

J�HK �8��IO ��� ���
O�
:

 

جدول
�
.J�HK 	8��IO ��� Q��
O ���

 

Z   1.46  IC 148200.00 

Q3 1000.00  NO 60.00 

S3 735.00  CS 0.00064  
  ���
OچندJ�HK �8��IO�

:

 

J�HK.۸جدول 	8��IO �E ���
O ���
 

Q4 S4   

300 685 Z1 125250 

600 0 Z2 100 

0 885 Z3 0.00014 

   
J�HK.۹جدول 	8��IO ��� Q��
O ���

 

Z   1.66  IC 177750.00 

Q4 600.00  NO 100.00 

S4 885.00  CS 0.00014 

  E\Li EKSL�Y uLZH EI jETkNx �Q] cI HabQi [Si 
EKx O[Qq RS CZH jQF V�ZLvY�  

 
   

جدول
	�
.Q
R�	O	H�
>� A�� BC9DE 

 CUR  

SCIC 448066.53 

SCNO 290.45 

SCCS 0.00135 
  fTJáM]I LIVEKSL�Y lQYw CZS iQ�ZLvY VIC�}N s L]G

j

i

Q

Q [
i

j

S

S WY �KxHSE�:  

  

J�HK.۶جدول 	8��IO �E ���
O ���
 

Q3 S3   

400 435 Z1 76200 

1000 0 Z2 60 

0 735 Z3 0.00064 
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جدول
		
.J

> Q
R�	O     Qi/Qi 

j

i

Q

Q 
1 2 3 4  

1   0.92 0.92 1.19 

2     1.00 1.29 

3       1.29 

4          
  

جدول
	
۲.J

> Q
R�	OSi/Sj 

i

j

S

S 1 2 3 4 

1   1.13 1.20 0.99 

2     1.06 0.88 

3       0.83 

4          
  jQ]L�YWYC}TN RHEgEI æae �I H[R RS W JT�I �EF VD SaFĤR EKx W�U ET� hèL}Y C}KLI Sa��I �L�N s�ZLvY C�q fKHEI LJI�TJD hi� stL}Y�

 (
lSED �MTJTYSCIC

V�Nw �HxH VISCIC=SCICcur , 

SCNO= SCNOcur� 







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  EKSL�Y æae hèL}Y hi LI
ICλ،NOλ[CSλEKSL�Y ��Z[Qi� 

Si WY CZQIQJKw^h�Li �KLPN RS QXI RHE�b RSETTrb C�q nTN [ QN H jQF V��U EKx O[HQq�  
  

 

جدول
	�
.HG <�
O Q
R�	OQi�Si 


O �� �9�
��� H�� ���
Imp .point 1 Current    

Si Qi Si Qi   

649.99 1678.34 880  851 1  

715.89 866.69 780 1000 2  

802.99 685.18 735 1000 3  

892.16 612.84 885 600 4  

448067 448067 SCIC  

290.45 290.45 SCNO  

   QO9<9جدول
	�
. 

Direction Imp .point 3 Imp .point 2 

Si Qi Si Qi Si Qi 

- + 690.78 1678.34 673.51 1644.50 

- - 777.08 866.69 751.18 849.22 

+ + 884.57 685.18 850.03 671.36 

+ + 994.14 612.84 950.97 600.49 

 463724 448067 

 290.45 296.43 

 0.0374 0.0444 
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	�طراحي�.� ��� ���� )���� ��� ��-������ )���� �������... 
&� xH �� WKL�N �KLPN��RHE�bO[Qq RS��QNH jQF V��U�  

  

جدول
	�
.Q��
O �9DP � �G��> �G�N> 

current 

Si Qi 

  

  

800.00 1142.00 1  

756.00 900.00 2  

690.00 800.00 3  

950.00 700.00 4  

443670.00 SCIC 

279.92 SCNO  

0.00194 SCCS  

  ���(
��	� �	#��
� - ��
�OQY EI GH VXZab VD OQY fKH RS"
GàLYHETb "|[R xH �CZH G[ GSL�J�T�WY jSLzPZH Vt L}Y hi GHEISaF^hi |[R RSjQNET~ �TMmb ��N [ lSaI jQNET~ �TMmb QJ` stL}Y GàLY HETb L] RHE�b RS VD WbHETTrb RS L]Ra�I SED SLkKH QKLI Vt L}Y hi G jQ]L�Y ua}vY WY OQY EKLZ LI OQY fKH y[Lzb [ SaF L]VD WK SaI VP�N fTM] RS CeE~ RHEg VXt L�Y SRaY^  SOQY R L]GH jQJJD jSLZ yLT\Ee VtL�Y fKH RS jQF jSHS VXZab GEI ETTrb SLkKH LI VD CZH jQF VPeE~ E�N RS WY yLT\Ee fKH G[R - VJTYx RS HR OQY lHab L]SHS VXZab E KS G^fKH RS VD WKL]SL�J�T� LPZHR WY xH QJbRL�o QNET I RHEg Vqab SRaY QJN Hab�  ETkNx _K GHEI E\Li OQYjQF VPeE~ E�N RS Wènq RL�` {SLZ { CZH^jETkNx RS CTXg H[ RS V�Tt Li RS L]W~QTáT� V\Eo GGL] WY _KE] VD SRHS Saq[ GEP�TIst L}Y LK OQY _K �a\aY QJN Hab QJFLI QKQq^  ETrPY fTI E\Li OQY RS L]CDEF G

 L]yHEä H [ jQJJD S[QvY �IH[R�Nw OLi �CZH jQ�N VPeE~ E�N RS hIL�PYRS V CDEF hMoGL] WY ETäLb E KQ�K G[REI jETkNx _K RS SaqaYQNRHã~^  CZH jQF �Ee CILä �RHQb lLYx OQY RSWY �GHEI HR OQY lHab CeE~ E�N RS nTN ETrPY �RHQb lLYx^   
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