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Q=OQwNQ@ |}q=@ C}ty= R= CavY QO ẁ[wt u}= |UQQ@ 'u}=Q@=v@ "OwW|t xO=iDU=

"CU=
QHvt '|r}Ui |=yCNwU Qo}O w nvUp=eR 'Civ uOv=RwU 'Q}N= |=yp=U QO
wQ |r}Ui |=yCNwU Qo}O |wU R= w CU= xOW |]}LtCU} R CqmWt O=H}= x@
CU} R\}Lt R= Q}PBO}OHD w l =B |SQv= CW=OQ@ |xr�Ut 'xH}Dv QO "CU= s=tD= x@

|=yC}r=ai |=Q@ ?; u=} QH w O=@ |SQv= R= |v=Uv= |xat=H 'xDWPo |=yu=tR R=
=y|SQv= u}= ,=Q}N= "CU= xOQm|t xO=iDU= |@; |=yAtB w =y?=}U; Ovv=t |OOaDt
|=y?=}U; w |DvU |=yu}@ QwD ?}=at R= |m} "OvQ}o|t Q=mx@ R}v jQ@ O}rwD |=Q@ =Q
|wQ}v '|@; |=yu}@ QwD QO p=Ft u=wva x@ "CU= q=@ |SQv= =@ p=}U x@ =yu; R=}v '|@;
=ysDU}U u}= |=}=Rt R= "CU= R=}v OQwt u}@ QwD R= xO=iDU= |=Q@ |}q=@ |xmQLt
QO w OvyO|t MQ |a}@] Qw]x@ 'Q=W@; Ovv=t |m}rwQO}y |=yxO}OB xm CU= u}=
w xOW s=Hv=Vv=O |xaUwD |=Q@ |O=} R C=k}kLD 'Q}N= |=yxyO QO "OvDUy TQDUO
[1]"CU= xOW |iQat u=} QH R= |W=v |SQv= G=QNDU= |xv}tR QO |O}OH |=y|Qw=vi
'OwW |QD=@ u} Ro}=H l}ORv xOv}; QO CU= umtt xm |}xwkr=@ |=y|Qw=vi R= |m}
w O}it |m} QDmr= |SQv= O}rwD |=Q@ |a}@] `@=vt R= |Qw=vi u}= "CU= 1|SQv=CW=OQ@

pw�Ut xOvU} wv �
"1401 11 18 VQ}PB '1401 11 12 x}LqY= '1401 8 17 Ci=} QO %M} Q=D

%xr=kt u}= x@ O=vDU=
R= |W=v C=W=aDQ= R= xO=iDU= =@ QOvr}U l} CWB Q}PBh=]av= xLiY l} R= |SQv= CW=OQ@ |OOa |R=Ux}@W "1402 "Tvw} '|Q=mW w '|ra '|@}] 'R=vyt '|O=@;RwQ}i |vt-wtQwB

DOI:10.24200/J40.2023.60966.1653 "74�65 "XY '�2�39 'h} QW l}v=mt |UOvyt "u=} QH



u=Q=
mty

w|
O=@;R

wQ}i
|vt

-wtQw
BR=v

yt/
"""R

=|
SQv=

CW
=OQ@

|O
Oa

|R=
Ux}

@Wxv=oOvJ |=ypOt u}DUNv 2010 p=U QO '5wm w nv=w [8]"OvOQm xO=iDU= SQ=W p@=k
OvOQm O=yvW}B |W=aDQ= |=ysR}v=mt QO l} QDmr=wR}B |SQv= CW=OQ@ =@ x]@=Q QO =Q
26 QO =Q C=wwQm}t 0=2 |}x_Lr CQOk Ov=wD|t =yu; sDU}U xm OW C@=F w
|SQv= CW=OQ@ |=Q@ |WwQ 2011 p=U QO 'u=Q=mty w 6CQqq [9]"Ovm O}rwD RDQy
q=@ |yOQPo ?} Q[ =@ O=wt x}qwO |Ov@ Qm}B R= xm OvOQm O=yvW}B l}D=DU=wQDmr=
C}iQ_ C@Uv '|m} QDmr= |yOQPo Q}}eD x@ xHwD =@ [10]"OQm|t xO=iDU= u}}=B w
Ea=@ w CU= QDxOQDUo ,=D@Uv x}q l} xO=t =@ xU}=kt QO x}qwO xO=t |m} QDmr=
O}OH x=oDUO l} 2018 p=U QO 'u=Q=mty w =DqRw@ "OwW|t |QwxQy@ V}=Ri=
[11]"OvOQm xar=]t =Q wQ}v p}O@D sDU}U w O=@ |SQv= |Qw;`tH |=Q@ l} QDmr=wR}B
|=yx}q xm Ow@ T=tD uwO@ w u=U; ?Yv =@ '|O=YDk= 'ptL p@=k x=oDUO u}=
QO 'u=Q=mty w |�qa "OQm|t p=ta= |t�=O |=y=@ Quy; x@ =Q u=UWm l} QDmr=wR}B
CW=OQ@ x=oDUO xar=]t |=Q@ |OOa pOt wO w |r}rLD OQm} wQ l} 2020 p=U
|SQv= R= xO=iDU= =@ x=oDUO u}= [12]"OvOQm |L=Q] |m} QDmr= |SQv= O}rwD |=Q@ |SQv=
O}rwD |=Q@ l} QDmr=wR}B x}q l} x@ pYDt '|v=Uwv Q=OQ}oQU l} 'Q}D l} x@ O=@
'|OOa pOt u}rw= w |r}rLD OQm} wQ "Ovm|t CW=OQ@ =Q |HwQN '|m} QDmr= |SQv=
VvmsyQ@ "OQ}o|t Q_v QO |SQv=CW=OQ@ OQmrta QO =Q xR=U � p=}UVvmsyQ@ xO}OB
pmW Q}}eD =} lQLDt |=yxR=U R= |NQ@ p@=kDt QF= xO}OB '7�FSI� p=}U � xR=U
|=yVvmsyQ@ [13]"CU= u; h=Q]= \}Lt =} |rN=O p=}U u=} QH l} =@ xOvyO
=kr= VvQm '|v=Uwv |=yVvmsyQ@ QO "OW=@ |v=Uwv =} Q=O}=B Ov=wD|t xR=U � p=}U
OUQ|t Q_v x@ xm OwW|t u; pmW Q}}eD w CmQL Ea=@ Ot=H |xR=U QO xOW
x@ xQ=@ wO xR=U w OW=@|t =Q}t CQwYx@ CU= xOW VvQm O=H}= Ea=@ xm |a@vt
|UOvyt |=ysDU}U R= |Q=}U@ |L=Q] QO xO}OB u}= "OOQo|tR=@ OwN x}rw= pmW
sOa "=ypB w =yQwDwt '=y=t}B=[i '=y=t}B=wy 'p=Ft u=wva x@ "OQ=O |U=U= |D}ty=
OaDUt O=wt R= pmWDt |=yQ=DN=U QO xS} wx@ '|v=Uwv |=yVvmsyQ@ uDiQo Q_v QO
MQ Cq=}U |w=L lQLDt uR=Nt QO R}v FSI "OW=@ Q=@xaH=i Ov=wD|t |oDUN
=ywQ}v R= |yHwD p@=k Q}O=kt 'uRNt CmQL p}rO x@ p=}U C=v=Uwv xm |}=H 'OyO|t
sDU}U |Q=O}=B |wQ Q@ xm Ovm|t p}tLD uRNt |xR=U x@ =Q QtDUt |=yQw=DWo w

[14]"OQ=Po|t Q}F-=D |@ wr]t=v Qw]x@ uRNt pkv w ptL
CW=OQ@ l} QDmr=wR}B pO@t sDU}U l} 2020 p=U QO 'u=Q=mty w 8uSw=}W
pt=W =yu; Q_v OQwt sDU}U [15]"Ov=xO=O O=yvW}B =Q =} QO G=wt= R= |W@vH |SQv=
S=Drw QFm =OL xm Ow@ l} QDmr=wR}B xa]k l} w hq@ sUH l} '=wy |x_iLt l}
|SQv= CW=OQ@ 2021 p=U QO 'u=Q=mty w 9wwv=v "OQm|t O}rwD Crw 6=11 |HwQN
R= |Q}oxQy@ =@ w OvOQm xar=]t =Q |a}@] `@=vt w |]}Lt C=W=aDQ= QO l} QDmr=wR}B
[16]"OvOQm |UQQ@ =Q |HwQN |m} QDmr= |wQ}v V}=Ri= |}xO=U Q}PBh=]av= |xR=U
|UQQ@ =Q G=wt= R= |SQv= CW=OQ@ |=ysR}v=mt 2022 p=U QO 'u=Q=mty w |r
xOW O}rwD u=wD w |HwQN S=Drw '|m} QDmr=wR}B |SQv= CW=OQ@ C}r@=k =@ w OvOQm
2022 p=U QO 'u=Q=mty w nv=S [17]"OvO}WN@ Ow@y@ hrDNt |UOvy O=a@= =@ =Q
w OvOQm |UQQ@ l} QDmr=wR}B jQw =@ Q=wO |=yu}W=t R= =Q |SQv= |xOvvmCW=OQ@

[18]"Ovvm CW=OQ@ |SQv= Crw 25 OvDUv=wD
T=U= Q@ xm l} QDmr=wR}B |SQv= xOvvmCW=OQ@ sDU}U l} 'VywSB u}= QO
OQwt lJwm |=yQoUL x@ |v=UQjQ@ |=Q@ 'Ovm|t Q=m u=} QH R= |W=v V=aDQ=
R= |W=v C=W=aDQ= |SQv= CW=OQ@ |wQ Q@ QDW}@ |r@k C=ar=]t "OQ}o|t Q=Qk |UQQ@
|Q}oQ=Qk |UOvy C=YNWt xv}y@ Cr=L w xDW=O RmQtD Q=OQ}o QUl} Q}D |wQ =wy
xO=iDU= =@ 'Q[=L |xar=]t QO xm}r=L QO "CU= xDiQov Q=Qk xHwD OQwt Q}D pw] w Q}D
l} |wQ Q@ �XNWt ROrwv} Q QO� |[Qi p=}U l} u=} QH R= |W=v C=W=aDQ= R=

p=@vO x@ xQ=wty u=kkLt [3]"CU= xOv=t|k=@ syt |D=k}kLD uwv=m l} u=wva x@
QO xm `@=vt u}= R= |m} "Ov=xOw@ Q}PBO}OHD `@=vt R= |SQv= CW=OQ@ |=Q@ |}=yxO}=
"CU= xQ}e w ?; 'O=@ u=} QH Ovv=t Cq=}U u=} QH R= |W=v |SQv= 'OQ=O Q=Qk TQDUO
=@ sUH l} u; QO xm CU= |}xO}OB 2�FIV� u=} QH \UwD xOW =kr= C=W=aDQ=
u=wva x@ ,qwtat u=} QH R= |W=v VRQr "OQ=O p@=kDt Q}F-=D OwN h=Q]= p=}U u=} QH
Ea=@ xDU=wN=v C=W=aDQ= OQ=wt R= |Q=}U@ QO =Q} R 'OwW|t xDN=vW |ivt |}xO}OB
u=wva x@ xO}OB u}= Q[=L p=L QO =t= "OwW|t |}xR=U ?}U; w Qta pw] Vy=m
"OwW|t xDiQo Q_v QO p=}U |SQv= R= Q}PBO}OHD |SQv= `@=vt u} QDxOvvmQ=wO}t= R= |m}
p=}U u=} QH u}@ VvmsyQ@ j} Q] R= u=wD|t =Q C=W=aDQ= u}= R= pY=L |SQv= =Q} R
u}= [4]"Owtv CW=OQ@ |a}@] u=} QH hrDNt \}=QW QO |SQv= |=yxOvvmCW=OQ@ =@
|=ypO@t |xrwr QO xrtH R= "Owtv xOy=Wt OQ=wt R= |Q=}U@ QO u=wD|t =Q xO}OB
"xQ}e w `iDQt |=yu=tDN=U 'jQ@ p=kDv= \w]N '=ypB '|}=} QO |=yxR=U '|DQ=QL
QO 3G} Q@ |Qi umlvN |=yGQ@ w |Oq}t 1940 p=U QO =twm =D pB |W=B wQi
u=} QH R= |W=v |}=kr= OwN C=W=aDQ= C=QF= R= |QwyWt |=yxvwtv '1965 p=U
u} QDG}=Q R= |m} 'l} QDmr=wR}B sR}v=mt [5]"CU= |UOvyt |=yxR=U Q@ =yx@=OQo
"CU= |m}v=mt |SQv= |=yxOvvmCW=OQ@ xv}tR QO j}kLD |=yl}vmD u} QDy@ w
R= |m} sy Rwvy 'CN=U |xO}J}B |=yl}vmD w O=wt ?=NDv= OwOLt xQ}=O =t=
[6]"OwW|t ?wULt l} QDmr=wR}B |SQv= CW=OQ@ |=yx=oDUO |=Q@ syt |=yVr=J
pt=a "OvwW|t xO=iDU= |W=aDQ= |=yOQ@ Q=m QO |}xOQDUo Qw] x@ l} QDmr=wR}B O=wt
|WtN pmW u; x@ w xO=O Q}}eD =Q l} QDmr=wR}B O=wt 'wQ}v p=ta= j} Q] R= '|W=aDQ=
pOt R= xO=iDU= =@ l} QDmr=wR}B Q=m |xwLv "OyO|t 'Ovm|t O=H}= |m} QDmr= Q=@ xm
Q}}eD Cr=L QO =ypwmrt a CtUk QO "CU= xOW xO=O u=Wv 1 pmW QO |rwmrt
xawtHt pO=aD 'OwW|t p=ta= fk |HQ=N |wQ}v xm |v=tR =t= "OvQ=O Q=Qk xDi=}v
wO R= s=Om Qy 'c CtUk QO "OwW|t |@]kwO l} O=H}= x@ QHvt w OR} Q|t syx@
x@ O=wt QO xO}OB u}= xm OwW|t nQR@ |@]kwO l} O=H}= ?@U lJwm |=y|@]k

"OwW|t xDN=vW l} QDmr=wR}B u=wva
OQwt hQYt sm |m} QDmr= |=ysDU}U |SQv= u}t-=D u} wv |=yVwQ R= |m}
R= xO=iDU= =@ 'VwQ u}= QO "CU= G=wt= |m}v=mt |SQv= R= xO=iDU= '=} QO QO xO=iDU=
C} Rt "OwW|t p}O@D xD}U} QDmr= x@ =} QO G=wt= R= |W=v |SQv= 'l} QDmr=wR}B pO@t
w 4|wv=D "CU= Q_v OQwt sDU}U |QD=@ SQ=W =} Z} waD x@ R=}v sOa VwQ u}=
j]=vt w =ywQxO=}B QO l} QDmr=wR}B p=DU} Qm |=yx}=Q; R= 2010 p=U QO 'u=Q=mty
|=yuR=N w =y|QD=@ QO |Q=Oyov p@=k |SQv= O}rwD |=Q@ =yx=QoQR@ Q}_v |m}i=QDQB

[7]"l} QDmr=wR}B |xO=t OQmrta xwLv "1 pmW

66



2|
xQ=t

W'
39

|xQ
wO'

�14
02

R}}=B
�h

}QW
l}

v=mt
|U

Ovyt xm OwW|t pmW Q}}eD Q=JO |m}t=v}OwQO}y Q=Wi CLD 'OQ=O |QtwDUq= Q=DN=U
VvmsyQ@ "CU= VvD � w |tHL |wQ}v F v 'Q}D *|r=oJ �ela '|}=H@=H Q=OQ@ u
w v p=}U CaQU "CU= RmQtDt xR=U w p=}U u}@ RQt |wQ Q@ xD}U}DUq=wQO}y
4 xQ=tW xrO=at QO xm OvDUy \@DQt Qo}Om} =@ RQt CaQU =@ u xR=U |}=H@=H
p=ta= Q}D K]U Q@ ,=t}kDUt p=}U VNQJ \UwD xm VvD "CU= xOW xO=O u=Wv

%O};|t CUOx@ 6 w 5 xrO=at R= 'OwW|t

v = vbou = @u
@t

(4)

�:n = �:n (5)

� = �P I + �
�rv + (rv)T

�
(6)

|}=H@=H w 2 w 1 |=yxrO=at j} Q] R= �Q=Wi w CaQU� p=}U X=wN
l} '=yxrO=at u}= xm CW=O xHwD O}=@ "O};|t CUO@ 3 xrO=at j} Q] R= Q}D
K]U Q@ xOW p=ta= |=ywQ}v xm ?}DQD u}O@ "OvDUy xDU@ty CqO=at x=oDUO
|=yxrO=at� Ov};|t CUO@ p=}U pL j} Q] R= 'OvwW|t u; R}N Ea=@ xm Q}D
j} Q] R= xm OwW|t p=}U |}=H@=H Ea=@ Q}D R}N '|iQ] R= "�6 w 5 '2 '1
R= Ot=H w p=}U xiQ] wO Q}F=D ?}DQD u}O@ "OwW|t p=ta= p=}U Q@ 4 xrO=at
|SQv= 'CQwY u}O@ "OOQo|t p=ta= Qo}Om} Q@ Ot=H w p=}U u}@ RQt j} Q]
?w=vDt |=yVvD Q]=N x@ Q}D "OwW|t p}O@D Q}D |m}v=mt |SQv= x@ p=}U |W@vH
Q}}eD R}v =Q u=} QH `} RwD 'Q}D pmW Q}}eD 'p=L u}ty QO "OQm Oy=wN u=Uwv

"OyO|t
l}v=mt � wQDmr= |xDU@sy sDU}U "2"1"2

l} QDmr=wR}B Q}D O}rwD |=Q@ u=UWm O=wt x}q l} w PVDF O=wt x}q l} R= xO=iDU=
QO l} QDmr=wR}B w u=UWm Q}D l} u=wva x@ xOW O=H}= |xR=U s=tD "OvDUy ?U=vt
%CU= Q} R KQW x@ l}v=mtwQDmr= sDU}U u}= Q@ sm =L CqO=at "OwW|t xDiQo Q_v

�ela
@2u
@t2 �r:

�
K:FT

�
= Fv (7)

� = �ad + CE"� eE" (8)

DP = Dr + e"+ "rE (9)

u=}O=QoF "Ovm|tu=}@ =Q QDtwDUq= Q}DCmQL|r}Uv=Qi}O|xrO=at '7xQ=tW|xrO=at xm
JF (�1):�:(F�1)T =@ Q@=Q@K 'OW=@|t I +ru pO=at xmCU= pmW Q}}eD
VvQm \UwD � VvD w CU= l} QDmr=wR}B |x}q u=wva x@ J = detF xm CU=
?}=Q[ T} QD=t CE 'q=@ |=yxrO=at QO "OwW|t u}}aD �E� |m} QDmr= u=O}t w "
|}=H@=H 'u}vJty "CU=|i=[=VvD�ad wl} QDmr=wR}BVvDC@=F eE 'u=UWm
|xO=t |Q}PBh=]av= "r xm 'OQ}o|t Q=Qk Q}F-=D CLD E w " \UwD 'Dp |m} QDmr=
R= xO=iDU= =@ "OW=@|t xOv=t|k=@ |m} QDmr= |}=H@=H 'Dr w CU= l} QDmr=wR}B
"Ovm|t O=H}= |m} QDmr= Q=@ w OwW|t u=UWm pmW Q}}eD Q=JO Q}D 'p=}U Q=Wi
Q}}eD Q=JO Q}D xmv}= R= p@k 'OW=@ xDW=O OwHw |m} QDmr= u=O}t xm |t=ovy
w xD}U}DUq= wQO}y |xDU@sy sDU}U "OQ=Po|t Q}F-=D R}v VvD Q@ 'OwW pmW
"OvwW|t pYDt sy x@ Q}D Q=DN=U j} Q] R= |m}v=mtwQDmr= |xDU@sy sDU}U
Q=QmD =@ "OwW|t ?w=vDt Q=Wi hqDN= Q=JO Q}D K]U '=yx@=OQo s_vt VR} Q =@
V=aDQ= u}}=B w q=@ x@ |Q=Wi |;Q@ |wQ}v Q}F-=D CLD Q}D O=R; lwv 'Ov}=Qi u}=

"Ovm|t

Q}D Cw=iDt \}=QW 'CU= xOW C@=F X=N |}x]kv QO xm l} QDmr=wR}B u=UWm Q}D
x@ ?; u=} QH |SQv= p}O@D |=Q@ "OOQo|t |UQQ@ |SQv= CW=OQ@ |R=Uxv}y@ |=Q@
10hq@ sUH l} h=Q]= u=} QH T=U= Q@ l} QDmr=wR}B |SQv= O}rwD sDU}U 'jQ@
xOW xO=iDU= p=v=m l} R= p=}U u=O}t |R=Ux}@W |=Q@ "CU= xDiQo Q=Qk |UQQ@ OQwt
|xLiY l} "OQ=O Q=Qk hq@ sUH u=wva x@ u=} QH CUOq=@ QO xv=wDU= l} "CU=
|SQv= CW=OQ@ xi}_w w xDiQo Q=Qk u=} QH |wQ@ wQ |RmQt \N O=ODt= QO l} QDmr=wR}B

"OQ=O xOya x@ =Q

|OOa VwQ "2
"CU= xOW s=Hv= 11pwUt=m Q=Ri=sQv ltm x@ |OOa |R=Ux}@W 'VywSB u}= QO
h}] x@ |oO}UQ |=Q@ xm CU= 12OwOLt u=tr= |Q=HD Q=Ri=sQv l} 'pwUt=m Q=Ri=sQv
xOW |L=Q] 13�PDE� |�RH p}Uv=Qi}O CqO=at w |m} R}i |=yxO}OB R= |a}Uw
|=Q@ =Q PDEs OvJ =} w |m} R}i OvJ xr�Ut l} pB wm C}r@=k Q=Ri=sQv u}= "CU=
Tmwv}r 'lt 'RwOv} w� =yxNUv |t=tD R= =@} QkD 'u}vJty "CU= xOQm sy=Qi u=Q@ Q=m
R= |@}mQD CQwY x@ xr�Ut CqO=at 'VywSB u}= QO "Ovm|t |v=@}DWB �Tm}vw} w
OQwt l} QDmr=wR}B x}q R= S=Drw CW=OQ@ w xR=U � p=}U |wQ u=} QH C=QF= CqO=at

"CU= xDiQo Q=Qk |UQQ@

sm =L CqO=at w sDU}U |Qw�D "1"2
xOQm VR} Q ?w=vDt Qw] x@ xv=wDU= hQ] wO R= =yx@=OQo 'u}at ROrwv} Q OOa l} QO
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