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و;:�5(2 بـا اسـتفاده از روش.دشـو بهينه يابي سطح لغزش شيروانيهاي خاكي ارائه مي برايسريع در اين مقاله روشي دقيق، كارا، مطمئن
و غير كلاسيك در بهينه)GAيا اختصارا( ژنتيك الگوريتم  از آن با روش بيشاپو تلفيقاستيابي كه يكي از روشهاي مدرن روشهاي معروف كه

و.در آنها استفاده شده استي خاكي ويافتن كمترين ضريب اطمينان، پايداري شيروانيهاحليل پايداريتو كاربردي است در   بررسـيها تحقيقـات
و همچنين تع برايانتخاب متغيرهاي مناسب نشان داده است كه و حل مسئله با روش الگوريتم ژنتيك يين محـدوده مناسـب بـراي ايـن تعريف

و لذا همگراييي در سرعت سزاي ها نقش به متغير و در نظر گرفته شده نحويبهمسئله در اين تحقيق هاي متغير به جواب بهينه داشته انـد تعريف
و معروف بهينه يابي،  بهها كاهش ميزان تكرار كه در مقايسه با روشهاي ديگر است كه صـرفه جـويي ابل مشاهدهق%50 تا بيش ار همگراييتا نيل

ي از بهينه يابي سطح لغـزش شـيرواني همگـن،يابتدا با مثالها دقت روش پيشنهادي فوق.و حافظه كامپيوتر خواهد بود اي در زمان قابل ملاحظه 
و مقايسه نتايج با ديگر روشهاي بهينه يابي همگن نا  ايـن روش در مـسائل كـاربرد عنوانبه. نشان داده شده استو همچنين شيرواني سد خاكي

و سطح لغزش بحراني شيرواني مـسلح بـه روش الگـوريتماي نوين مهندسي ژئو تكنيك، شيرواني تسليح شده و تحليل قرار گرفته مورد بررسي
.ژنتيك بهينه سازي شده است

.�3�

، سطح لغزش بحراني دايرهشيروانيها بهينه يابي، : #>�(� ژنايي خاكي .تيك، الگوريتم
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A Rapid Optimization Method for Slip Surface in Earth Slopes  
Using Genetic Algorithm 

 
M. H. Bagheripour, E. Shasavandi, and S. M. Marandi 

 

Department of Civil Engineering, Faculty of Engineering, Shahid Bahonar Universsity of Kerman  
Imensazan, Building Safety Consulting Engineers 

 

Abstract: This paper introduces an accurate, fast, and applicable method for optimization of slip surfaces in earth slopes. 
Using Genetic Algorithm (GA), which is one of the modern and non-classic optimization methods, in conjunction with the 
well -known Bishop applied method, the optimum slip surface in an earth slope is investigated and its corresponding lowest safety 
factor is determined. Investigations have shown that selection of appropriate variables to define and to solve the problem and 
determination of a good range for these variables have a profound effect on the speed of convergence in the problem. In the 
present study, appropriate variables have been defined for solving the problem in a way that the number of repetitions required to 
reach convergence are considerably reduced by up to 50% compared with other approaches. This has led to a drastic reduction in 
time and the memory required. The accuracy of the method is shown first by solving examples related to search for optimum 
failure surfaces of some homogenous, non-homogenous, and earth dam slopes and then by comparison of the results with those 
of other optimization techniques. In order to show the application of the present method in modern geotechnical engineering, a 
reinforced earth slope is studied and its failure surface is finally optimized. 

Keywords: Optimization, Critical slip surface, Earth slopes, Genetic algorithm.  
 

=;�+)>+ 

��1213 �&1'	451� 6
	���3 7189:47��9� ;11<: ���	5� ;�5:

 4 %=�(1)> �� �?%:
�@A B��1�C	 D�5E ;�5��/ F	 G1H? �?IJ

%�5? 7@K ���   5> .�MNO� PQ� 6F�� ��1&? �HAR�S� 5H�F 6	

�1���' 6F�� ��1&? 7T�)� F	��	.�H1���' 6F�H� ��1&? 6�&�4


 %� 	
 ���  4  �? B	R:%8/ 6��? U1)�: 5/V
�H@A �H/  	�H' F	:

WHH�	 (4 U1��)HH� 6RS�)HHX 6�&HH�4
Y(%HH�4N' 6�&HH�4
 .

Z �� 7T�)� 6	5? U1��)� 6RS�)X 6�&�4
 �/ 6	 6	
	   	�<:

 D���� �'51O�� %�/ ��@)' �'	 5H��/ �&H�4
 ;�	 %�	
�/ ��R�A 4

6�&�4
 F	%�4N' ��	 .%H� %H�4N' 6�&H�4
 �8�XF	 �H? B	RH:

 �� 	5> 6�&�4
 G[�H/ ;�5�2H1? �5H1O�� \H�5�� �]4 NH� B�4

Z
��	 ;:R1' M4
5/ .%>�: 4 6	
^ RH�]�[��H?  ���H�	ZF	M4


 �&1'	451H� 
  %H'	59? MNHO� PQH� ]4 N� B�� 	5> 	
;1H1<:

Z 5/ �'	.RT�� 4 ;� ]
[M4
 �MNHO� PQH� 6F�� ��1&? 6	5? 

51O�� \�5�� �? 
�/Z 5? �'	.;�RH=']�[_`8a�1H� M4
 F	 NH1' 

6	5? ;���� Z ����	 %=�(1)> PQ�5/��	 Z  .51b	 6�&��� 
  

B	
�`�[ 4 64�`���]"[��1&? 6	5? M4
 F	 MNHO� PQH� %?�H�

 R�
�/ �'R� Z ����	 5H/Z �H'	.F	�6�H�	N �U��
RH=�	 M4
 UH& 

c\1�')GA(dR� 6F�� ��1&? 6�&�4
 �? �@)' ��	 ;�	 H/ �

	B�� 51>
  ����e %89� ��1&? 
V�� �?G[�H/ %H� �4 �H?�

 �H�1&? 6�&H�4
 F	 6
�1)H? �H? �@)H' 65�2H1? ����e	 �? %?�H� 

%� R:Y	RX B	?5�	5� ��1&6���� 	
 .6�H&��N� F	 5H=�  ;H�	 

M4
�B^ B��^ fN1'�`� 6	5? F	 Z ����	 6	5? �8g)� 6F�� �1@�

�'��	
 6F�� ��1&? 6�&�4
 5��� �? h1�8: %��'	R: 4��	.

H�1`8�4 4 %@�R/ \�)BR]�[M4
 F	 \H1�'c U��
RH=�	 

Z ���H�	 %i�Hb 6�&1'	451H� MNHO� PQH� 6F�H� ��1&? 6	5?

Z 5/ �'	.;�	  RX4 �? 
  7189: �H? 	
 Z5H�	  j�<�  Rb B	RH�A

 H? �4	 7)' �1<�X 
  %?�(�'	 51O���
�Hi Z 5H? ;H�	 �Hi �H'	

 4 %<H�  	�H<: G�	N�	 4 %�	5=�[ %@)' 6��i kA�? Y�(�'	

 4	 7e	5� 
  �[�Qb H� U��
R=�	 �1� �H�	 Z� .;H�	 5H? Z4�HA

�? U��
RH=�	 6�H[5��	
�3 DH���� Z 4�H9� Y�(�'	 �l��	 �8A

 �A5� 5? m1�'c7189: ? 51n�: Z�� f�S'	 ��H'
	  %�	N��	oH� 

 
RH� NH1' �[51O�� D���� Y�(�'	 6	5? �1��)e 7189: m�

 f4N���	 B�> 5@��' V��1�9: 
  �i �2Hp  
RH� 
	5HK %�Ra

 ��	 ���5>.%81i4 �(?R' ]q[�? N1' U��
R=�	 M4
 F	 Z ����	

 5H1r MNHO� PQ� W�5<: 4 m1�'c Z5H�	  6F�H� �H�1&? �H? 6	 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.7
.9

 ]
 

                             2 / 20

https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.2.7.9


��� ������	
��
��� �������	 ���� �,

?5	@;2��
� ���� ��� �� ��

��	 A� �� �6��+9B �
 

C�6�� �
� 

��	 ��b	 53 MNO� PQ� .? M4
 
 �
�i sH�R: ���
 �H&'^ F	

 �Ht 
  �Ht %�	5=�[ kA�? �i 	5> �@(' Y�(�'	 u�H[ v?�H: 

%� R���	 Z�2' Z ����	  .M4
 �H�1&? 6	5H? \H1�'c U��
R=�	

 MNO� PQ� %?�� Z5�	  51r Z5�	  _a� 4 6	 s�R: 6	 Z�H>]w4

�[��	 ���5> 
	5K Z ����	  
R� N1' .�;H�	  RX4 �? 5H1r M4
 

Z5�	  %:x�`�	 6	
	  6	 Z5H�	  M4
 6�H�	N� Z
�? 
  �/ Z R? 6	

	  5H1r M4
 �? �@)' Z5H� Z
�H�	 �H���� 5H=�  6�&2H(? 
  6	

 �� �[	Rb.Z5�	  M4
 s�R: Z ����	  
R� 6	 Z�> ]�[Ur5? N1' 

�%8/ M4
 B R? D�����?�8A 5H1O�� Y�H(�'	 6�H[ DH�����'

 4 ���	   4�9�  5?
�/ �18?�K ;�	 5? Z4�A Z�H� �T	
	 6�&?	RX 

�? �8A ? %?�� ��1&? 6�&�4
 5=�  �? �)���� f�A ���i �e 7?�K %

1' B��1�C	��)�.

�v�5� %�4
 ����� ;�	 
  �	
�/ 4 ;gH�Q� 6	5H? hH1K  �H�1&? 

Z5�	  MNO� PQ� 6F�� ? %i�b 6�&1'	451� 6	�U��
RH=�	 m�i 

%� �T	
	 m1�'c R� .Z 	  B�2H' B�>��)H�R' V�H�1�9: 4 %H�
5?

 %� �i ��	 51O�� 5�@���� Y�(�'	 �? B	R: 6�[ U��
RH=�	 �? %?�(�'	

1�'c �12(? Y��� m.4 Z5H�	  NHi5� 6�H[51O�� h1�9: ;�	 
  	o�

 �? MNO� PQ� j45� y��' Z�H� Y�H(�'	 ;�N=��HX 5H1O�� B	R�A

��	 .%� kA�? D���� 51O�� ;�	 Y�(�'	 5H�	4  �H1�R: F	 �i  R�

 1' %'	451� PQ� vC�K �i %��E	 MNO���) 
  4 Z�� 651>R8X �

5S�� U��
R=�	 5�<�5� %�	5=�[ �? �S1�' R� .

���'5?GASLOPE ? �/ ���H�R' hH1�9: ;H�	 
  B5:5� B�?F

 �� Z �� Y�21? M4
 F	 ���	 Z��ZU��
RH=�	 M4
 6��@� 5? 4

\1�'c 6	5?;���� 4 MNHO� PQ� ;�5: %'	59? D�5HE ;�5H��/

 B��1�C	 %� Z5&? ��RX .5� �H�� 6 �HA ��Hz� �H�p 7e �? ��	 	 
 

 �? B��1�C	 D�5E M4
 F	 Z��^ ��  13�? 6 �&�2 [7H189: Z	5H�

�1��)e �? {���' �? ��9� 5��� s�R: Z��^ �� ��)���� BH�Z�

��	 .%� Z 	  B�2' ;1�|�[ �? {���' �/  R� �H��'5? F	 Z��^ �� 

  
	  %�x�? %�	5=�[ �A5� 4 �R@K 7?�K �K  dR�.M4
  5?
�i

 %?�H� ��1&? 7189: �? m1�l:RTc %���&� ;�R' 7T�)� 
  6 �&�213

NO���	 Z�� Z 	  B�2' P8)� 6�&1'	451� M.

D;E�	 ��
)��, ?�<*0 �F�% 
 A��G# ���	
� 

H;@;I�6�� �
� 

MNHO� }RQ� B��1�C	 D�5E �@��9� 6	5? �h1�9: ;�	 
  

%HHE5� �HH�	 Z�HH� Z ���HH�	 Z�HH� Z �HH� Y�2HH1? M4
 F	 �.

6��@�R�5� ���^ 6M4
 ;�	 B�H�1�C	 D�5HE �@��9� 6	5? 5H?

��? �<QK 6��@�MNO� Z R: 
  65�F 
  �t�b���	 Z�:

)*(

∑

∑

=

=

=

=

α

α
φ+

= pn

1n
)n(n

pn

1n )n(
nn

sin.W

m
1)tan.Wb.C(

Fs 

)�(
Fs
sin.tancosm n

n)n(
αφ+α=α


 Vx �<�)*(4)�(�C�~�Hb %>��@)Hp D�5HE φ�H�4	F

 �~�b %8b	  ~�`Qt	Wn��<QK 5[ BF4 bn�H<QK 5H[ �5A 

4αnhH�	 �H? �<QK 5[ Z�A�K ;1? ��4	F ��H�	 7`H�)*.(αn
  

D1H� �H? �H&X UH[ �<QK Z�A�K D1� �/ ��	 �@z� %:
Rt

 ���? %'	451� ;�	 51r 
  �H�	 %��� ��4	F ;�	 V
Rt .M4


 Z�� Z �� Y�21? 3 7H189: 6	5? M4
 ;�5: Z ����	 53 �6
	�H��

 ���E
 �K  �? �/ ����&@1� %H8�A Vx�He DH8r	 6	5? %2(@

��	 �R�e 7?�K 

���	 %���	 V�`2� F	 F	 Z � %�<? �4
6�& � �H<: %H8/ 

�4
 �tR�(� 4 6�e6�& Z5�	  51r ;�	 6	 	�H1�R@�� �/ ��

 �4
 ;�	�&�/ �/ ��	 ;�	 �? ��)?	4 
4  �H��A	 �H18?�K �'	R�? 5?

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.7
.9

 ]
 

                             3 / 20

https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.2.7.9


��� ������	
���� ��
������	 ���� ��

V�HH@n	 	
 Z�HH� �@HH��9� B�HH�1�C	 D�	5HHE �HH1�R@��/4 �HH�

1>�1|13 6�& �4
 ;�	 %��E	�&B^ F	 v'�� %�B	RH�? �H/  R� B^

	
 
 6	5? \H1:��R:	 6RS�)X B^ 
  �/ 5: ����� �<�R: 6�&�4

 V
Rt %'	59? MNO� PQ� 6	5? %� 51> ��?
�/  5? .7H?��� 
 

 �H? 	
 f4NH�  
RH� B�H�1�C	 D�	5HE ��2H1? Z�H� Z �� M4


�A5� %��/ �K  �? 4�@��9� %��/�.�/ �� 5/o�� %�)��? 
  

Vx�e ;�5:�? Z5H�	  M4
 B�H�1�C	 D�5HE 5� ��� 2H1? 6	 ��

5z/	�e Z�� Z ��,%5H=�  6�&H�4
 F	 7Ht�e 6�H&?	RX �H?

 �H�	  �[	Rb V4��: .6	5H? ��2H1? Z�H� }�Ht	 M4
 	oH�

 �1tR: ��RK %���&� %8�A 7T�)� 7189: %� RH� ]�[.%H�5C F	

 �HH? 6�H&/�b �tR�H(� %/�HHb 6�&@1H� 
  6
	�H��3�' fN1'�H`�

 4 Z��@)p �� 4 x�? %>��@)p�?H? UH/ %H8b	  ~�`Qt	 ��4	F �

Gb5p V
Rt �Q�' \� �Re Z R: ��	 �H'R> ;H�	 �5� 4

V
RHt �H? %/�b 6�&@1� 6	5? MNO� PQ� 6
	���3�' fN1'�`�

Z5�	  6	Z5�	  F	 %�RK �� 4�?V
RHt Z 5�)H> %H���&� 
  6	

ZF�� 6�[ %/�b�?%� 
�/ ;H�	 h?�HQ: N1' %�1A V	�[�2� 4  4


B�2' �1<K	4 �? 	
 �5�%�[ �]��[.	o� 6	5? 6
	�H��3 7189:

 ��x 4 P���� D1/5: 4 Z	R(�  7`� 6	
	  �/ %/�b 6�&@1� 6	

jR��� �'	 .?�Ur
 �H/ %:4���� 6�&�4
 j	�H?	 H��H�	 Z� 5Hz/	

HH��9��Z5HH�	  %=�(1)HH> PQHH� �5HH� B6	
	5HHK �HH�@� 	


%� ��[  ]��[.

D;D;2)	 ��<'0 ��

��	 

Z R��H� %e	5C 
  P8)� ~�b F	 Z ����	 �H[ 6�[F�H� 4

�H�	 Z�H� �4	��� 51b	 6�&��� 
  �/ ��	 %�4
 �%/�b .

F	 ��	 V
�@A P18):��R�: 5Ht��A �81H�4 �? ~�b B 5/ 

7���)`: RTc �� 4 ��): � 5=81� 51�' %22/ �H��&' 
  �H/ 

�H�[	Rb ~�Hb %H�5? 4 %2H2/ �H�4��� G�	NH�	 DXR� 

��.

D;D;@;2)	 ��<'0 ��

��	 ��
)��, ?�<*0 

�? 
RC %H8i 1'	451H��&M4
 F	 Z ���H�	 �H? Z�H� P8)H� 6

7H189: P8)H� 5H1r 6�&@1H� �H�'��[ 4 V�H<QK � �H<: �4	��� 

%� �'R� .	
 MNO� PQ� %�Z5H�	  B	RH: 6	Z5H�	  5H1r �H� 46	

�5�5/~5H9� 4 f4�H�� 6�H[451' ;1? Vx �<� ;��R' �? 4  

	
 Z�� P18): %'	451� 6
	���3 %H�
5? B�H�1�C	 D�5HE 4	


�@��9�5/ .
 PQH� �H/ Z�H��/ P8)H� 6�H&'���	 �H��e ;�	 

vQK 	
 MNO� %� �/f4��� 6�[451' G�	N�	 kA�? �� �HS1�' 
  4

D1� 6
	���3 B��1�C	 
R�i��%�R� .

�R	
 Z�� P18): %'	451� %=�(1)> 6�[  %��H� �H? B	R:

 6��? U1)�: %8/ ��� 5/ ) .WH�	 (%H8b	 )Y(%X
�Hb)](

%@1/5: .� R%H8b	  %=�(1)> �
 %'�H�F %H� PQH� �H/ �H[ 

 B�HH��	 %=�(1)HH>HH:8)1PZ�HH��/ vHHQK 	
 /HH��.� R%=�(1)HH> 

d�HC	 %H�NO� }RQ� �? %X
�b %H� RH� F	 f	�H/ �1H[ �H/  

6�&'���	:8)1P��`' vQK 	
 .
 %H@1/5: %=�(1)> �� ;1�|�[

 d�H�:	 %���e %H� sH�4 F	 4 �2H3 F	 MNHO� PQH� �H/ �H��	

 6�&'���	:8)1P
R@A /��.F	 %`�Z���/ P8)� %e	5C 7e	5� �[

	
 451' ;�	 �/ ��	 P18): B���	 
  fFx 6451' ;11<: %� B	RH:

 �@��9� Y�21? M4
 ��'�� V�<QK � �<: M4
 �?5H/ .%'�H�F

 vQK 	
 P18): B���	 MNO� PQ� �/%��H�/B^Z�H> 5H=�� \H� 

Z 4N�	 � �<: Vx �<� �? f4���%� R� �7`�)
.(

7`� h?�Q�)�(�5E F	 P8)� %'	451� B��1�C	 D�H� �<� 5H�F

�@��9�%�R� :

)�(

D

horR

D

GR

DR

M
)DT(M

M
MMFS

XWMRLCM
×+=+=

×=××=

B^ 
  �/MR�f4��� B��� MD4 ~59� B��� MGf4�H�� B��� 

B���	:8)1P��	 .C�~�b %>��@)p L�MNHO� PQ� �RC R

4 Z5�	  j�<�Thor B���	 
  %22/ 6451' �:8)1P�H�	 .6	5H? 

11O: F	 B��1�C	 B���	 7`� 5:8)1Pu5t %H� 5�'  RH�.h?�HQ�

7`� )
(%:
Rt 
  Z ����	 %'	451� 
  P8)� B���	 ��p F	 �/

R� ;�	 
  �  F	 P8)� 6�&'���	 f4��� B��� V
Rt �H� �<� 5H�F 

%� �@��9�  R�.

)0(∑
=

=
×=

ni

1i
iiG YTM

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.7
.9

 ]
 

                             4 / 20

https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.2.7.9


��� ������	
��
��� �������	 ���� �I

J�
 (��<'0 .�!�
 A� I(��L )�: ��<'0 �����!�
 

?5	D;2��
� ���� ��� A� �� �
 ��

��	 �<'+ :

B^ 
  �/Ti4 P8)� B���	 
  %22/ 6451'YiB���	 5[ �8t�� 

MNO� PQ� F	 ��	.

P18)H: �H�R�A �H`��	 �H? ����A �? 4 dR� �5� �? �XR: �?

��x 6�[ 	5X	 %��	 V
Rt �? ~�b %�  RH� %H� �645H1' B	RH:

 �? f4��� %22/4�5H� %H��	 	
 P18): 6�&'���	 
  Z��^  RX

 	5? 4  5/ ;H�	 
   	 
	5K h�	 6���	
 
  	
 %22/ 6�[451' ���

 6
	�H��3�' f�=�[ 
  Z R: %2b5p fN1'�`� �? �XR: �? �1<E4

 Z R: 6	5? Gb5p N/5� \� �5� 4)Z5H�	  N/5� ��1�e 
 (

%� 7`� ��'��[ B	R:)
(� 6�[5=�� 64F�? F	 %��' %��E	 f4��

 %22/ 6�[451' ;�	 (D) 	
 Rb �S1�' 
  4 �@��9� 	
 �H[5=��

 N1';11<: 5/ .
�H&� �RC �/ ��	 6
45E ��`' ;�	 5/� ����&'

 ��x F	 f	�/ 5[ 6�[ %'	59? %=�(1)> PQ� F	 ]
�b �/ P18):

vK	4 %� 
 %��H/ f4�H�� 645H1' �H: �H��? %��/ ZF	�'	 �? �'R�

 B451? 7?���%>�12/  �S�	/��.

G(? dR� D��Q� %H<QK V�@H��9� �? fR�R� �@H��9� F	

 D1� 6
	���3 B��1�C	 D�5EP8)� 	
 %/�b �H? 
RHC �Ht�b 

P�52:%���/ .�`��	 �XR: 7?�K ��`' �8g)H� %?�� ��1&? k9? 
  

6 �H�F  	�H<: �8g)H� 6	�H�?	 
  Z�� %�5<� \1�'c U��
R=�	 4

MNO� PQ� %� ��: 5�	4  )<�X �1�4	 �1( �S�	 %H� �H/  RH�

 
R@A P18): 6�&'���	 F	 6 	�<: ��	 ;`��5/NH1' 6 	�<: 4  


R@A'5`����? Z .

N;�OG$ �
9
A���� ����� �
 �
� 

s�R: \1�'c U��
R=�	 �1�4	 �Rt	 �H�8[ ]�
[4 B	
�H`�[ �

�H� �HT	
	 B�=12H1� Z�=2H'	  
  G'��RS2'	  .�5?�H8>]��[�

%�n	
4 U��
R=�	 %H�5<� Z �H� %�n	
4 U��
R=�	 B	R�A �? 	
 ��8[ 

%� ��/ .�HAR�S� �%�n	
4 U��
R=�	 
  6	%He	5C 6�H[51O�� F	

 ���
 s�R: 6
	o>�/ �51O�� �� �?�n �RC �? %��[ %�
 �/ ���/

 %`�cR�R1? 6�&��)1�  5� �� f4FR�5/ 	
 �&'^%�����'.

���
R=�	 6�& 6��� 
  	
 %8t	 6RS�)X �%�n	
4 �? ���3

	5X	 %� �'
	o> .���
R=�	 ;�	 �& 7)' �1�R: �? F�r^ %��H/ �'RH�

 �HAR�S�  �HS�	 ��1�4 ��H�
 F	 6	 �H[)6�&(H��3 F	 %H�1<�X

ZR���? (%?�H(�'	 
RHC �? 4 �'
	  Z�&A �? 	
 �1�4	 �1<�X f�' �?

 ;11<: %� ��: �� %� R��'.B^Z�> 4 �H�? 6	5? �1<�X ;�	  	5�	 

�X 6�&(��3  �S�	�?�K
 U[ �? 5�&? 4 ��%����/ . �HS�	 6	5H?

 5� �H�� 4 Z�H� %��2>N�
 ���
 5[ 	��?	 �7@K 7)' F	 7)' \�

6�[5��	
�3 6 �A �CR?5��?%� ��  ���^.

���
 %��2>N�
 �? �[�@��9� u�[ v?�: 
	������ZB^Z�> 

%>�H'F	5?  �A \� �u�[ v?�: 
	��� �? �XR: �? ��H�
 5H[ �H?

 Z 	  �@)' %� R� .�? _a��?
�/ 7��� %�n	
4 6�[5=8�A B 5?

 %H'	 5>5? �GH&X ��'R13 �Y�(�'	 s8)H: 6�H[5=8�A 5H=�  4

;12H13 �H1<�X ;�N=��X ���X �1<�X �%����e	 %H� 4  RH�

 ��	 	 �b5p ;�	 %H� �H?�� .%>�H'F	5? �H��X �H1<�X xRH�<�

  
	  65�21? .5H=�  7)H' �H? %8)H' F	 �H/ �H���<� B	�? ;�	 

V��(2� �1<�X }RQH� B�H�1�C	 D�5HE 6F�H� �H�1&? 
  

MNO�  R@&? %��?�� . RH? �H[	Rb G(? �S1�' RS�)X %��=�[

 7Ht�e %H�	5=�[ �H� �U1��? Z�1�
 5�'  
R� 7)' ��121? �? �/

5? WKR: 6�[
�1<� �� 4 ����? Z��	����? Z�� Z 
4 .

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.7
.9

 ]
 

                             5 / 20

https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.2.7.9


��� ������	
���� ��
������	 ���� �+

?5	N;����P �
��!��A���� ����� �
 

7`�)�(U��
R=�	  5`8�A \� V
Rt �? 	
 \1�'c 
	 R�'

 %'��5XB�2' %� �H[  .7`H� ;H�	 
 Pm �GH&X ��H��e	 Pc 

��'R13 ����e	Npop 4 �H1�4	 �H1<�X  	�<: MaxGen U��N/�H� 

�&8)'  	�<: ���)[.

dR� D��Q� �? �XR: �? ���
R=�	 U&� 6�&1>��4 6�& %H�n	
4

 5�F }5� �?%� �t�b R� :

W�	 (F	 Z ����	51O�� 6�[ ��? �i Z�� 6�?6�X %8t	 6�[51O�� 

�i6�[51O�� D���� %>��4 ;�	 ��))> ��	.

Y(Y
���� 6RS�)X �HQ�' ��p )�H? 6�HX �HQ�' mH� 6	
 

5=�  6�&�4
(�iV�� �? %89� ��1&? 
  B�� 51>
  ����e	

G[�/ %� %H8/ �H�1&? �H? %?�1��  ����e	 5=�  u5C F	 4 �?��

���� �[	Rb G�	N�	.

](���
R=�	�&6�H�1&? 6�&H�4
 5H=�  �H? h1�8: %��'	R: %�n	
4

�'
	  	
 6F��.

 (B R? 51> 
  V���2� �? �' 4 u�[ v?�:  Rb �? �H@:5� 5:x�H? 

�B^ �?
RC6�i�[ v?�: 5� ���  
R� um�5nR� 6RS�)X 
	5K

%� �'51>.

�(%'��^ fN1'�`� 6	
	  U��
R=�	 ;�	 6	5? 6F�H� �1@� �8g)H� 

F	 Z ����	 6	5? �'��	
 ��	.

���
R=�	 �&1>��4 ;�	 6�& 6�&H�4
 5H=�  �H? �@)H' 	
 %�n	
4

ZR8X 65�@���� M4
 �RS�)X%���[ .

N;@;��Q� &�7�� �� A���� ����� �
 �
� 9
 2��R��
 

2��
� ��
�*� ���� �
����

��	 

����� ;�	 
 F	\H1�'c U��
RH=�	 �H�� 4 Y�2H1? M4
 )GA (

 	59? MNHO� PQH� ;���H� 6	5? Z5H�	  %H' 6	%/�Hb 6�&1'	451H�

 ��	 Z�� Z ����	 .�RH�<� 6�&�4
 u�b5? ���Hz� vHX5�]�[�

6	5? j�<H� 5H1O�� F	 �H�1&? Y	RHX �? %�5��  v�5): 4 �R�e

 ' Z ����	 Z5�	 2�? 4 ��	 Z� Z5H�	  Ni5� D���� 51O�� F	 B^ 6�X

 %�5<� MNO� PQ� j45� �Q�' 4�Z��H'	 .�H��'5? 
RH��� ;��H?

�'��	
 6	GASLOPE �H�	 Z�H� �H1&: B5H:5� B�H?F �? .7He	5�

�? ���'5? ;�	 6	5X	 V
Rt 5��(� �? ��@'%� P�52: R� .

\H�5��4N13 PQH� � %/�b %'	451� ����[ �\� �8e5� 
 

~�HHb %>��@)HHp D�5HHE �Y^(c) %HH8b	  ~�`QHHt	 �HH�4	F �

~�b)Φ(~�b �R�(� BF4 4)γ(WH�5<: %H� �'RH� .6	5H?

 �� : Z�@��9� B�� 5WH�5<: 6
RHC �H��? %'	451H� ����[ V

R�  51> 
	5K V���(� �4	 �1e�' 
  �/  .�H91X5:  �e^ U�)1�

 U�)1�SI ��	 .�/ \1�'c U��
R=�	 6�[5��	
�3 �f4  �8e5� 
 

7��� Pm )G&X ����e	(�Pc )�H'R13 ����e	(�Npop ) 	�H<:

 �1�4	 �1<�X (4MaxGEN )�&8)'  	�<: U��N/��(���)[ ;11<: 

%� �R�'.

}RQH� NH/	5� V	5H11O: Z 4�H9� 	�H�?	 ��8e5� ;1�R� 
 

MNHHO� )Xmax,Ymax _Xmin,Ymin (�(2HH�%HH� ��'RHH�

 Z 4�9� ;�	 _a� �H[ �H?Lx�4Ly��64�)H� 7Ht	R� �H? �HQ�' 

�? D1:5: 
  6���	
X,Y U1)�: %H� RH��'.�f
�H&p �H8e5� 
  

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.7
.9

 ]
 

                             6 / 20

https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.2.7.9


��� ������	
��
��� �������	 ���� ��

?S	T;U��0 2)	 ��
�
 V)+ [8] A.Goh
 �"�$ E�	 W�P ���

 �7��X0 ����+ J��F0 &��Y!8 

MNO� PQ� j45� y��' V	511O: Z 4�9� )Xr min , Xr max (

 W�5<: %'	451� PQ� 64
 5? %� R� .��9� ��'�� 5>	�5H=�  B

BR|�[ �4 4 %@�R/ \�8BR1�1`]�[y�H�' WH�5<: 6�HX �H? �

Z5H�	  j�<H� V	511O:F	 %'	451� PQ� 64
 MNO� PQ� j45�

 � R� Z ����	 ;�	 
  Z5H�	  }RQ�F	 6 ��F  	�<: V
Rt 6	�H/

 vQK 	
 %'	451� ��'	 Z�� Y�(�'	 %� ��: 
RC �?%�' ���/ .	oH�

 5E�e M4
 �? %� �H1<�X MNO� }RQ� %���: �/ ��> B	R:

 vHHQK 	
 %'	451HH� PQHH� �HHt
  �HHt ��HH��e	 �HH? �4	 7)HH' 

%� ���/ 

�H��5>5? M4
 UH&� 6��	N� F	 %`� ��1�e 
  �8g)� ;�	

 �RH�<� 6�&H�4
 �H? �@)' ����� ;�	 
  �H�	 .
 vHK	4 
 

 51b	 6�&��� Z�>]�[�?�2H� %��[ �? )j�<H� F	 Z ���H�	 f�HA

 �? Z5�	  V
Rt U1��)� (6	5? 	
 %��: U��
R=�	  R@&? \1�'c

 5/ F�r^ �8g)� ;�	 7e 6	5? ��	 Z  .�? Z 5@��' �'������ �H8A

s�	4 5��	
�3 \� F	 Z ����	(T)�Qt	 �/ Z5�	  N/5� �8t�� �e

 MNHO� Z5H�	  ;1T�3 
  .��� 4 %��	 %Qb �: �H�	 	
 %��H� 

�T	
	5/�? 	
 6 ��F �K	R' 4 �&�� 4�9� ���	Rb�' �/ ��	 Z 

 71�9: B�2�	 M4
5/��	 Z ..h?�Q�7l�)0(B�HA�	 �H? 4

5��	
�H3 V	511O: 5>	 Z 5@��'T6x�H?�: WH/ ;1H? Z 4�H9� 
  

W�5<: D1�R�� B^ 
   �HS�	 %� ��: 5�	4  %���: V
Rt

 4 Z���1'  RX4 �? %��E	 5�	4  4  R? ��[	Rb D1� vC�K Z��

 PQH� vC�HK Z�H�  �HS�	 %� ��: 5�	4  �l��	 �5��/ �? 6F�1'

D1� 	 
	�' ��' .�?Z5�	  5[ 5=�  V
�@A 6	sHb 5H? .��� �i

 ? �i %��	 �%� ��: �8t��T�H�	 �H��5> 
	5HK ��H� Wi F	

�? 	 B	R�A �? 4 Z�� %�8: D1� vC�K Z5� MNHO� PQH� B	RH�A

Z5�	  6	F	 �4	 7)' 
  �1�4	 �1<�X F	 6R�A 4 %�8: ZR���?

  	  �[	Rb 71l2: 	
 U��
R=�	 .7l�)0$W�	 (?�%Hl� %?Rb

 %� B�2' 	
 65�	4  F	 %H��	 sb 5? B R? .��� y5� �i �[ 

?�%� ��: �8t��T1H� PQ� vC�K ��	  
	  	
 ��� Wi F	 D

1'�)!!V	5H11O: Z 4�H9� 7�<� ;�	 F	 
	5� 6	5? �l��	 5=�

 5H[ %H89� �? 	
 Z 4�9� ;�	 4 �b��  4�9� 	
 5�	4  Ni	5�

 W�5<: D1� 7��� �X4 �? 5�l� N' �p5/7lH�  )0$Y(
 

%��e �H? �/ �'��H�^ 
  ~�Hb Z RH: %2Hb5p fN1'�H`� �H8A

 �� %'	59? 4 ZR���? MNO� 5�	4  F	 6
�1)? 6
	���3�' ��	 ;`

 D1H� 7��� �X4 F	 �XR: 7?�K ��@)' 7t	R� 
  6N/	5� 6	
	 

����?]�4��[.%H� s�� Z 5@��' ��� 
 	
 NH/	5� ;H�	 �H'	R:

Z 4�9� 6	7H��� �HX4 5�R�H: ��1�e 
  �/ 5�`pR/ 
�1)?

  5�oHa? ��	 h�	 64
 5? D1� .Z 	  B�2H' 5HE�e V�H�1�9:

 1H� 645H? MNHO� PQ� j45� �Q�' ;11<: �i ��	 %/�Hb D

fFx 51O�� W�5<: 6	5? ;�N=��X 4 ���N> ;�5�&?��	 
  �/ 

��	 ���5> 
	5K �XR:  
R� �1/�: �? h1�9: ;�	 .

���'5? GASLOPE 5� �H�� %'	451H� �H���[ �H? �HXR: �? Yr 

�? 5�����Xr%� �@��9� 	
 y��' �H�/ �7lH� ),(.Z 4�H9� ;1H1<:

 �H/ ��	 %?�(�'	  4�9� \� MNO� Z5�	  N/5� %H� 
�1)H? �H'	R:

 5� ��� 5=�  B�1? �?  R� Y�(�'	 \pR/ 
�1)? �� 4 �
N?Xmin 4

Xmax ;1�|�[4 Ymin 4Ymax%� ZF�? ��'	R:)PQ� (�
NH? 
�1)H? 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.7
.9

 ]
 

                             7 / 20

https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.2.7.9


��� ������	
���� ��
������	 ���� *JJ

?5	Z;�[���+ ���� ��� 
 E�	 �
� ���� ��� \
�	 ]�>� 
 �#
�+ �)�� ��'>0 St 

[ ��H� �H? �@)' %�8�(� y��' 
 	
 \pR/ 
�1)? �� 4�H���

  �S�	 D1�/B^ B 5H/ Y�(�'	 \pR/ �/ ��)%:
�H@A �H? �H�

 5� �HH��Xmin 4Xmax 4Ymin 4YmaxUHH[ �HH? \HH� N' (�HH�'��

 s�R: ���5>5? M4
>Z�]�[?�B�� ���5> Z�� �' ����e	 71� 

 �1HtR: B�H�1�C	 D�5HE ;�H�
 x�H? �� 4 ZR���? 5�	4  6 	�<:

%�' Y�(�'	 ��	  R�5/�
N? Z 4�9� B )Y�H(�'	 %:
�@A �?

 5� ���Xmin 4Xmax 4Ymin 4Ymax UH[ F	 
4  (kHA�? NH1'

?�6	�H�?	 
   �H�F 
�1)H? %� ��H: 5H�	4  B��^  RX4 �H��	5� 

%� 7189: R� .�H: Z�H� �HT	
	 M4
 
   	5�	 ;�	 �'��(@�Rb

 v�
 6 ��F �e�B�H�[ 	5H�F �H�	 Z� �H� Z
�H�	 �H/ 
RHC

 H1' %'	451H� PQH� vC�K �/ 65�	4 ���) �HQ1e F	 �8Ht���? 

%� ]
�b �8g)� R��'.�H? 
RHC �
NH? 
�1)H? Z 4�H9� %H8/

 ��52H13 �? 4 �A5� �? MNO� PQ� N/	5� 6	5? Z�� Y�(�'	

 �H� �H[	Rb 5�`pRH/ 4 \HpR/ ���
 
�/ �? U��
R=�	 ;H�	4

 ;�R' \1�`: 
  U��
R=�	 %�	5=�[ �'4
 �? %[  Y��� �&X 

\1�'c %�5nR� 
�1)? ���?.��	 	 
  V�@H��9� �H'4
 Z 4�H9�

V	511O: D1� 64
 5? MNO� PQ� j45� y��' �?LXr��HQ�' 

%� U1)�: B�)`� �8t�� �? R��/ ��'Lx,Ly,Lxr 6 �HA 5� ��� 

�@z� 4 P19t 	�'.

N;D;�8����+ �)�� ��	� 
 ��
^3 )# 

M4
 
 GA 6
	oH>�/ 6�H[51O�� F	 �[51O��  Rb 6�X �?

Z ����	 Z�� %� R� .H�4
 ;1H�|�[ 6
	oH> �H/ 6	5H? �H/ %

Z ����	 %� R�7e 5?  �8g)� �H8e5� 
  	oH� � 
	  6 �H1�? 51n�: 

�[51O�� �{�3����
 s�R: u�[ v?�: 6�[%� 4 ]*�J[�RC �? �

6
	o>�/ �?�n %�'R��.Z5�	  MNO� PQ� 5[ D1:5: ;��? �6	

 Z 4�H9� 6�H�?�/ jRH' �H? %=�)H? B^ �RHC �H/ ���
 \� �?

 y��' 4 N/5� V	511O:Z5�	  MNO� }RQ� j45� 6	B�2H' ��'
	 

Z 	  %� �'R� .%e	5C 6�[51O�� ��[ 7��� 7t�e ���
 �H�	 .

��H�
 5H�F �? %e	5C 51O�� 5[Li Z 	  G��H�' %H�1? %H�  RH� .


	���Li 
	  %=�)? 51O�� B^ ��))> 5� ���  	�<: �?.

),(%e	5C51O�� ��))> 5� ���  	�<:=Li �

��z� 6	5?�=Li ��' 5=��+ RH? �H[	Rb ��)H)> 51O�� .F	 _H3

 �@��9�Li ? �? ���
 �RC �%e	5C 51O�� 5[ 6	5? �;�H�R13 U[

nF	 %� 4  ���
 �� �<�)�(�?%� ��  ��^:

)�(∑
=

=
=

ni

1i
LiLc

;�	 
  �/�H� �<��n%He	5C 6�H[51O��  	�H<: �H�	 .�5H� 

%� 5� ��� V	511O: Z 4�9� U1�/X , Y, Xr�MNO� }RQ� N/	5

Z5�	  6	F	 D1:5: �?+�H: *,�*J�H: *I4*�H: +��H��? .5H>	

 5� ���Lx,Ly,Lxr 64�)� �WH�5<: RH� ;H�	 
  ��' V
RHt

 h?�HHQ��HH� �<�),(y�HH�' 4 Z5HH�	  NHH/	5� V	5HH11O: Z 4�HH9� 

B�)HH`� 7HHt	R� �HH? �HHQ�' �2HH[ �HH? MNHHO� PQHH� j45HH� 

)+LXr
=�=Ly�=Lx�(U1)�:%��'R� .h?�Q� �4�HX )*(5� �H�� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.7
.9

 ]
 

                             8 / 20

https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.2.7.9


��� ������	
��
��� �������	 ���� *J*

V
)P=;��	� ���63�+� �(
�_ ��8����+ ����>+ �� ���� �� ���
� ��8 

%��2H>N�
 �H��A B4�H? P19Ht 5� �H�� �H? %H�1? �� %� 4 

%� �? P19t 5� ��� �? �XR: �? %e	5C 51O�� 
	��� 4 �'R� �H� 

%� ���^ .5� �H�� �H`��	 �? �XR: �?Lx,Ly,Lxr 64�)H� �WH�5<: 

Z�� '	�;�	5?��? �%� 	
 �[51O�� F	 f	�/5[ 65���H? �/ \��? B	R:�

 	  G���' %�1? .h?�Q� ;�	5?��?�� �<�)�(���
 5[St 5='����' �/ 

Z5�	  MNO� PQ� \� 6	��	 F	 �71`2: �1? %�R� .

St = 
}X
010

}Y
001

}Xr
100  )I(

%� / ��  B	R:����
 
  St��5='����' �4	 �1? X��f4  �1?

 5='����'Y4�5='����' fR� �1?Xr MNHO� PQ� j45� �Q�' 

��	 .�4�X h?�Q�)*(5� �H�� �X,Y 5: �H? Z5H�	  NH/5� DH1:

5?	5?*J4**���)[ .
	���Xr5?	5? N1' ,��	 .PQH� �? �XR: �?

 
	��� %'	451�Yr �Q�' ;�	 �? 5��������	 ;H�	 �H/ 	
 
	�H�� 

Y�)e ���'5? %���/ .F	 Z5H�	  j�<� �RC �H� �<�)+(�@H��9� 

%� R� .

)+(22 )YYr()XXr( −+−=R

Z5�	  MNO� PQ� 6	���
 �? 5�����St 
  7`� )�(Z 	  B�2H'

 ��	 Z�� �/h?�Q� Z5�	  j�<� 
	��� �� �<�)�(64�)H��+/,

%� R� .�/ u�[ v?�: 
	��� ��8e5� ;1�2� 
  �@H��9� B��[ 

�? B��1�C	 D�5E ;11<: ��	 Y�21? M4
 %� R� .F	�/ �S'^

Npop MNHO� PQH� \� 5='����' ���
 5[ 4  
	   RX4 ���
 

Z5�	  6	��	  	�H<: �H? 7)H' 5H[ 
  Npop B�H�1�C	 D�5HE 

�@��9�%� R�.

`;`;��	� �3)�9
�� 
 W�R�" ����� �8

%>�'F	5? v?�: 
  %Ht�b �H1�[	 6	
	  mH1�'c U��
RH=�	 

��	 �H? �HXR: �H? 4 �K  �? %�)��? %>�'F	5? v?�: jR' Y�(�'	 

v?�H:  5�oH3 V
RHt u�[ v?�: ��1�e 
  %�
5?  
R� �8g)�

 %?��F
	 6 �A 
	��� m� �? 	
 Y	RX ���
 5[ %>�'F	5? %�/��

%>�H'F	5? v?�H: 
	��� ���? 5�&? Y	RX ���
 �1�1i �p 5[ �i

��e	 4  R? �[	Rb 5�21? �H1�R: 6	5H? Y	RHX ���
 �i
�2� ��

 6�<? 6�&?	RX ���
)mH1�'c U��
RH=�	 Z�>�H�  F	 �H<? 7)H' (

 R? �[	Rb 5�21?.

�? u�[ v?�: 64
5? D���� %8��@: �? �xR�<� %>�'F	5? v?�:

��  %��@z� 5� ��� ��:
45E 4 ��^ �H'	 RH' ;1H�|�[ 4v?�H: j

R� Y�(�'	 6
RC N1' 7��@: HC 
   	�A	 �K  �i  6�&8l1H� %

 RH� 651>R8X Y	RX B F ��53 F	 ��'�1e	 ���5' ;1? F	 W8�(�.

6
	�H��3 7H189: 
  �|'��p �&1'	451H� 
	�H�� ;�5�2H1? u�H[ 

B^ 
  ���? B��1�C	 D�5E %>�'F	5? v?�: V
Rt %� �H? �H'	R:

 s@:5� u�[ v?�: �? U1��)� V
RtR�6
RHC �?  G�	NH�	 �Hi

 u�[ 
	���
 )B�� m� N' ��1�e
  ��H&' Y	RHX �H? %(�H?

���
 6�[�?5����� 5�21? %>�'F	5?  �A 4 5:x�? �1�1i %� R�.

��	 B^ 
  �Hi 5HE�e �8g)� 
  ��e 5[ �? ��H&' u�H[ ;���H� %

D1H� 6
	�H��3 B��1�C	 D�5E ;�5��i �H�	 %>�H'F	5? v?�H: 

�? 
 RS�)X  
R� B��1�C	 D�5E �? .Rl<� 
RC y�@:
	 ��	 

<: %<?�: %�)��? 	o� W�5R�5H��i B�H�1�C	 D�5HE �p5[ �i  

R� �H?�� G�	N�	 %>�'F	5? v?�:  .8��H@: 6�& %H�8�(� %H� �H'	R:

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.7
.9

 ]
 

                             9 / 20

https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.2.7.9


��� ������	
���� ��
������	 ���� *J�

 
R� �8e5� ;�	
 �8�X B^ F	 �i  51> 
	5K �XR:vX5� 
  ]�[:

)�(
2

)i(s
)i(

)i(s
)i(

)F(
1hor

F
1g == 

��	 Z��^ .
 Vx �<� dR�Fs(i) �Z�� �@��9� B��1�C	 D�5E

 7l1H� 
  if	 4g(i) 4h(i) %>�H'F	5? vH?	R: �H'	 .�H� �<� h(i) 
 

s�R: ��1�eZ�A ��9� F	 �	�B]�[m1�'c U��
R=�	 %�
5? 
  

&@1� 6
	���3 B��1�C	 D�5E 6RS�)X 4��	 ��	 ���
 
�i �? �

Z��A ��' 	
 %<?	R: ;1�p Y�(�'	 %�B	R: 
 ���	5� B��  5> 

5HE 6	5H? 6
�2HA	 f�HK
	  4�H9�  	�H<: %H�5<� 4  	�A	 D�

 Z�[�2� B��1�C	5/ .5� �H�� B	RH�A �H? B�H�1�C	 D�5E 5� ��� 

�&'�%6	5? f�HK
	  4�H9�  	�H<: �H? U��
RH=�	 ��5213 �)����

 ���5> 5�' 
  6
�2A	 %� �'R�.%��e 
  5H1�' 5� �H�� 6	5? �i

4 W�5<: ��	 ;l�� 6
�2A	 f�K
	 �� 4�9� %>�'F	5? v?	R:

 ' ��l� R2 .H? DH8Q� B�� ;�4
 6	5? �HXR: 5H�F 6�H&��z� �

%� R� :

�8e5� 
  5>	)7l1�if	 (F	 %Hl� B�H�1�C	 D�5HE 
	���

MNO� }RQ� Fsi=1.204 B^ 
  ���? Z��^ ��  �? V
Rt 5H? 

.��	 Vx �<�)�(U�
	 :

)��(
690.068983.0

)204.1(
1h

and831.083056.0
204.1
1g

2)i(

)i(

===

===

7l1H� F	 _H3 �Hi %:
Rt
 i6�H[5=8�A ��H�A	 F	 _H3 f	 

m1�'c %@1i5:)13 6�[5=8�A G&X �'R(
	��� HE B�H�1�C	 D�5

 ;�	 
  �?�1' 511O: V
Rt B�H� .RHl<� fFx 7He	5� %C 
  

g (i)U�
	  

)**(203.1
831.0
1

g
1F

)i(
)i(s ===

x�? ��z�  
R�
  %� Z�[�2� B	R:5/�i  AUr
 %8;���H1' 511O:

 B��1�C	 D�5E 65[�� Z�[�2� �%�5� �H�� �Hi  RH�Fsi 5H11O:

5/Z �'	 ���e ;�	 4%� fR�R� Y	RX B F ��53 �? ��<? R� .

F	 651>R8X 6	5? Y	RHX B N' ��53 4  	�A	 �K  ;��5' �� 

 h1�9: ;�	 
  '��1�C	 D�5E %���: 6�& 
	�H�� �/ Z�� �@��9�

 6x�? B^ 6 �A*JJ ���)[ ��H`� �H? 64�)� 	
 )*JJ (
	5HK

 F	 �
NH? �H?�n  �A \� B 5/ U/ F	 %>�'F	5? v?�: _a� Z 	 

 v?�: h@C Z�� }�t	 u�[�� �<�5�F �?%� ��  ��^:

)i(smax)i( FCg −= (*
)

;�	 
  h1�9: �H?�n 
	�H��Cmax 64�)H�*JJ �H�	.�HK  

6	5? 6
�2A	 �?�n 
	��� Cmax ;1�|�[ 4Fsi WH�5<: B�)l�

 
  Z�� W�5<: v?�: �? 4 dR� ��z� 6	5? 	o� 4 Z�� �� �<�)�
:(

)*�(
796.98F000.100g

,204.1000.100g

)i(s)i(

)i(

=−=

−=

�? _a� 4B��1�C	 D�5E  �S� ]	5(��	 
  4 �2H>5? �H�	 	 

U�
	  m1�'c U��
R=�	 ��453:

)*0(
204.1796.98000.100

F)i(gCF )i(smax)i(s

=−=

→−=

Z�[�2� 4%�4 �H�	 �H���1' 511O: B��1�C	 D�5E  �A �i  R� 

? v?�: u�b 5? �H��9� 5H=�  s�R: ���
 
�i�B���Hz� ]�[�
 

m1�'c U��
R=�	 
  �2>5? 4 ��
 �'4
 %C ;1? F	  	�A	 �K 

 4 ���5' ;�E NH1[53 Y	RHX B F �H�53 F	 � �HQb G[�i 
 4

G[�i V�18�A USe ���&' %���?�.�9: ;H�	 
  	oH� H1 v?�H: h

7H�A ;Hl�� vH?	R: 5H=�  F	 5:5n�H� Z�H� Y�H(�'	 %>�'F	5? 

%� �/�.

/ �H��'5? WHKR: s�	5� �U��[ �8e5� 
  �5H�� %H�  RH� .
 


  �/ %'��F ����'5?*J��H?�1' 511O: B��1�C	 D�5E %�	R�� 7)' 

WKR�� ���'5? %� R� . 	5H�	 6�H�? �H@:
 �H? ��2H[ �8e5� 
 

 �1<�X %� ��b	 53  R� .H'F	5? v?�H: \H� 	�H�?	 �H? %@)H' %>�

Z 5/ W�5<: 5�F V
Rt:

)*,(2)Ri - Npop(='Fi 

�	 
  ��Q?	
 ;Npop ��1�4	 �1<�X  	�<: Ri 5[ �@:5� ���
 4Fi΄

��	 %@)' %>�'F	5? v?�: .���
 6��? �@:
 �[%>�H'F	5? D1:5: �?

 %� f�S'	 �&'^ %<K	4 �? � 5�o3 6
RC �/;�5�2H1? 6	
	  ���
 6	5?

 � %>�'F	5? 
	���Ri=1 %� R� .B^D����� Y�(�'	 M4
 F	 Z�> 

6	5? ���
 Y�(�'	 �[	%� Z ����  R� .%>�H'F	5? �H?  5� 5[Fi′�H? 

s�R�� 
RCf/Fi′�1�H(:  RHb �H? 	
 �H<? 7)H'  	5H�	 F	5�' 

%� �[ )f��	 �1<�X  	5�	 %>�'F	5? ;1='�1� .(�UH&' �8e5� 
  

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.7
.9

 ]
 

                            10 / 20

https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.2.7.9


��� ������	
��
��� �������	 ���� *J�

V
)PH;� <!1 � �� : a��!� ����� ����� �
 �� )���, J<�b+ ��8 

�HH@('  	5HH�	 F	 6 	�HH<:)HH��/ 6	
	  MNHHO� PQHH� D�5HHE ;�5

B��1�C	 (%� 7���� �<? 7)' �? 7)' 5[ �H? �H1<�X �1�? 4 �'R�

 �H1�R: GH&X 4 �H'R13 �Y�H(�'	 5H1�' %H�n	
4 6�[5=8�A \�/ 

%� �'R� .	5> �@(' Y�(�'	 7�A ;�	 %� Z�1��'  R� .UH&� %H>��4

Y�(�'	 �H? %�n	
4 U��
R=�	 �B^ F	 Z ����	 �? �/ ��	 ;�	 	5> �@('

 ����e	 �t 
  �t?%H� 	5H=�[ u�H[ v?�: %8/ ��1&? � RH�.
 

��8e5� ;1�[ Pc ���
 F	 �t
  6�[ %� ��H: 
RHC �? �1<�X

Z�� Y�(�'	 �'R13 7�A �9: 4%� 
	5K �'51>.

N;T;����� ����� �
 �� )���, � <!1 

��H�
 64
 5? �'R13 �H[ )��H�
=f4FRH�45i (�H? :
RHt6�& 

V
Rt m1�'c U��
R=�	 
  %�8�(�%� 5�o3 .
 ��Hz� B	R�A �?

�Q�' m� �? fR�R� �'R13 6	���
 4 )f4FR�45i4  (�H? yR?5�

 ;���	4B��[ 
RC �4�X 
  �i )�(Z�� %��HQ�' mH�F	  RH�

 Z��5? ;1<� %H� U1)H�: �H�	
 4 �Hp GH(? 4  �H? 4 �'RH� 

%� R��'.�'R13 79�)���
 vQK 79� B��[ �� (%� ��: 
RC �?

6 �A 4 m� ;1? ���
 �RC 
  �RHC F	 5��i �e	4 m� � �<� 

���
 (1tolc-1) %� ��:  �A �? 79� ;�	 4 Y�(�'	 kZ 	  B�2' 

%�  R�.�1? �� �@� �[)�H&'c (�H1<KR� ;1H?lc4k+1 ��H�
 4 

  RX4 �? 	
 ���X %� ��^.
 ��z� �4�X )
(;��H�	4 ��H�
 �i

�RC �?��Z�� Z 	  B�2' �'	  �HA k�	
�H1�b	 ��H��5> 5H�' 
  

���	 Z� �&'c �i ����<� B	�? ;�	 4)�1?�&(�H1? ;1?�4�


?�X �1? ;1�S�3 ��	
 ��� 
  � ��[	Rb �X ��.��H�
 6�H[

)�&�4FR�45i (�? yR?5� �1<KR� 
  Z�� �S1�'��'F5� )��H�


���X (4 ���)[B��[ 
RC Z��  dR� �4�X 
  �i%��1�?  R�

 6�&'c)�&�1? (?�X�'
53 ���A�? Z�� �X Z�� �(2� ��H'	 F	

��S'^%�'R13 5=8�A �i�H��	5� ��52H13
  Vx���e	 h�5C �?

m�i m1�'c U��
R=�	 %� ��S?�X 	o� ��/ �&'c %)�H&�1? (4 ;1H?

 ��H�
 �1�R: �? ��	 ;l�� ;���	4 )B	�H'F5� (5H�&? �H1�1i �H?

1?�6�H&?	RX �H1�R: %H�<� �? ��1�e 
  ;�	 4 ���S')�[R�HA (

�? 5�l� N' 4 ���X��1&? Y	Re �'	.

f�HS'	 %?�H(�'	 ���
 4  64
 �21�[ U��
R=�	 
  �'R13 7�A

%�' V
RHt m� 64�)� �� 5��i %����e	 �? ��1�e 
  �l8?  R�

%� %� kA�? �1tR�b ;�	  5�o3  R� ���
 %b5? �i �H[ �H(?

 ����? ���	  	
 6�<? 7)' �? 511O: B4�? ����'	 .%&��? U1�<: m�

 m: �'R13 M4
 F	�Q�' 6		N�	G����
 
  M5? y��'  	�<: �[4

?�X����
5�F B�1� 
  m� B 5i �X 6�[ ��	 ;���	4 ;1? 7t�e .

�Q�' ��p �'R13 U1�<: ;�	 6	%� Z�1��'  R�.

5=�  %�1�<: �b	R�l� �'R13 ���&' 
 ��	 �H? B^ 
  �i

���
5�F 6�X 6�[ ��H@� �H? �)H���� 
  �H&'^ 6�H&�1? ����
 4 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.7
.9

 ]
 

                            11 / 20

https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.2.7.9


��� ������	
���� ��
������	 ���� *J0

�'R13?�X m��� ��e�Qt	 �� 4��X%��'R� .�H? B	RH�A 
  ��Hz� 

�4�X)
(���
 B��[ �4
 5? �
Z 	  B�2H' �H'R13 ;H�	 �H�1? 

��	 Z�� .F	 B^ 5H1�' �H1? �H��? 5�Ht �H'R13 ��@� �1? 5>	

;���	4 �mH� �H'R13 ��@� �1? 5>	 4 Z�� 7���� �4	 �'F5� �? 

51�' �1? ���? ;���	4
7H���� �4	 �'F5� �?%H�  RH� �H��	5� 

?�X �? dR����X ��H�
 �1�R: 6	5? ;���	4 �? yR?5� ���
 %6�H[

 ���X)B	�'F5� (
	5l:%� R�.

�S'^ F	�%�X �<1@C F	 m1�'c U��
R=�	 .��	 4 ���3 �i
	�'

 ��[5=8�A 	o� ��	 Z�� .�@�K	 Z ���H�	 U�)H1� ;H�	 
  �Hi %

%� B�2' 
��p 5[ �'R� 	�H'�X �H<1@C s�	5H� Z�H�[  ��H��? 


�H� �H[	Rb �HT	
	 U��
RH=�	 F	 5H��1K  4 5H�&? {���'.;1H�[
 

 6�H&'c 4 V�1tR�Hb B	�H'F5� �l��	 5? Z4�A �
	�'�X �<1@C

 �
	 �? 	
 
 �� 4 
�3 %� 5��H� V�1tR�Hb ���H<? �Hl8? �H'5?

 
RH&� B	�'F5� 
  N1' �&8)' %H� U��
RH=�	 
  �8g)H� ;H�	 �H�i

 R� ���5> 5�' 
  %�)��? N1' m1�'c 8�A 
  �Hi 6
RHC �?  H=5

�Q�' m� 6	�HQ�' �H�p �H� 46	��H�
 6�H[ �H��X)B	�H'F5� (

;���	4 F	 V4���� 6�[�t
  �? 	
  Rb V�1tR�b)���
 6�H[

�1�4	 (�
	 �? %� �H�p �� m� �'R13 5=8�A 
  �8g)� ;�	 4 �'5?

�Q�' 6	Z��  %�' Y�)He �H? %>
N? %���i �8g)� ;�	 	o�  R� 

%� �	
  	o� ��^ Z�H� Z ����	 �b	R�l� �'R13 5=8�A F	 h1�9: ;

�'R13 ��@� �? �XR: �? 4 ��	Z�� Y�(�'	 ���
 6�[ �H? yR?5�

 B	�'F5��	
	  F	 �l8? ;���	4 F	 �&�: �' Z�� 7���� V�1tR�b 

[	Rb N1' %8@K 6�&8)' ;���	4� R? �.

�H��5=' 
	5HK �H'R13 7H�A �H9: %��[ ���
 ��	 	 
  �H'	 4

R: B	�'F5� ���
 F	 Z�� �1� 7H�A �H9: �H/ %��H[ �H'R13 
	5HK 

���5> �'	 
	5K G&X 7�A �9: %H� �H'51> .
 GH&X 5H=8�A

 U��
R=�	  5`8�A 6�[ 6F�? %A5� G�' %�n	
4 %��H�/ .�Hp5>	 

%�4 ���	  U��
R=�	 
  65nR� G�' �'R13 4 Y�(�'	 6�[5=8�A

 ��H�
 �H1�� V�1tR�b ;��
 ;1? F	 kA�? %[�> 6�H[ %H�n	
4 

�%�'R�.F	 651>R8X 6	5? G&X 5=8�A  RX4 V
Rt ;�	 
 

 ��	 fFx ��� R� V�A�C	 ;��
 ��  .	o� �U[ F�� �8e5� 
  

Pm 
	5K G&X 7�A �9: �&�1? 7/ F	 �t
 %��'51> .5H=8�A

 �H�	 %� ��H: 65=8�A �'R13 ��'�� N1' G&X .F	 %H89� 	�H�?	

���
 )k(���
 �RC 4 \� ;1? )Lc (  ��: 
RC �? Y�(�'	 %�

%HH� 4  RHH�kF	 %HH� 4  ��HH�
 �HH1? ;1HH�	 J�HH? *�HH� 4

7��@:�_`A5? %�  R� .�?B	R�A GH&X ��H��e	 5>	 ��z� J*/J

���? )J*/JPm= (�H&�1? 7H/  	�H<: 40JJ)7Ht�e,J��H�


+%�1? (;�	 
  ���? V
RtJ*/J*0JJ=07H�A �H9: �H1? 


	5K G&X%��'51>.

T;����� , �
� ��c�1
 )���0
 �����6� ���Q� �����

���� ��� ����

��	 

%� 	
 5E�e h1�9: 
  %?�(�'	 51)� �1�[	 H? B	R:�}5H�

 �t�b 7��5/ :W�	$ 5H`8�A �H? �HXR: �? f�H=�[ 
  �&@1H�

 M4
 ~�Hb Z RH: 6	5H? %2Hb5p DH��r fN1'�`� 4 6
	���3�'

 ��21? 7189: �H? B	RH�A M45H? 6
	�H��3 7H189: 5H��1K  M4
 

Y�(�'	 %<QK %�R�Y 4  $M4
 Y�(�'	 GA 4 D���� M4


 %?�� ��1&? 7189: 
  ���5213 �&1'	451H� ] 4 %/�Hb 6$Y�H(�'	

51O�� 6�[ 6	5? D���� M4
 
  %��HE	 V�@��9� F	 N�5> GA 

 4$51O�� 6	5? D���� Z 4�9� Y�(�'	 6�[ hH�5C F	 %?�H(�'	

 4 �1��)e 7189:[${��H�' �)���� �H? �H�  {��H�: �H? Z�H�^ 

�4
5=�  6�& ��: 4 %?�� ��1&?�&'^ 
�@�A	 �1.

T;@;?�<*0�d�( �
� �� W���'( 

6
	�HH��3 7HH189: 5HH? \HH1�'c U��
RHH=�	 6�HH[5��	
�3 �HH/ �HHS'̂  F	

 %� 51n�: �&1'	451� 6�H[5��	
�3 DH���� 5� �H�� 	��?	 %�)��? 	o� ��'
	o>

GA �? 	
  
4^ ��  .�H/ �H�	 fFx 5� �H�� ;�	 ;11<: 6	5? 7H189: 

)e�1�� )65��	
�3 7189: ( R� f�S'	 .M4
 
  7H189: ��1��)He 

6�[5��	
�3 V	511O: Z 4�9� ;11<: F	 _3GA 	
 5��	
�H3 \� 
�? 5[ �

4 51O�� B	R�A �?4 %H� �5H� �H?�n 5=�  5��	
�3 �'RH� .;�H�	  �H?

 %� �[5��	
�3 ;�	 D���� 5� ��� 
 B	R: 8189: 6�& B4�? ����X 7H189: 

�'	 �? 4 �1��)e f	�HK	 �8g)H� 7H189: �H? �[5��	
�3 ;�	 D���� Y�(

 5/ .Z 4�9� �1�4	 �H? \H1�'c U��
R=�	 6�[5��	
�3 F	 \� 5[ V	511O:

%� ���5> 5�' 
  5�F V
Rt �'R�:

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.7
.9

 ]
 

                            12 / 20

https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.2.7.9


��� ������	
��
��� �������	 ���� *J,

?5	e;�P�+ �� 2)	 f�g�
 W���'( ?�<*0 �� ]���+ ��8�
��!�[8]

?5	h;J�
 (V�i+�� ��

��	 ��)�8 
 ���X+ j�Xb6+@
I(�� 2)	 J��F0 �0�X�b+ V)+GASLOPE 

•����e	�'R13 F	*/JPc= �: �/JPc= f�> �? */J

•F	 G&X ����e	JJ*/JPm= �: �"q/�Pm=f�> �?JJ,/J

•F	 �1�4	 �1<�X  	�<:�Npop= �: ��Npop= f�> �? ,%��: 

• 	�<: V	511O:�&8)' F	 �MAXGen= �: ��MAXGen= �H?

 \� f�> 

F	 ��S'^%�i7189: ?  Rb �1��)e�
 %3 4 
5l� f�S'	 ��N��

 �CR?5� V�@��9� %3��	 7T�)H� F	 Z45> 5[ 6	5? B^ {���' 4

? 6�<? V�@��9� v�5): �&X 
  �?�2� %8�A�%� 
�i 	oH�  4


 ;�	 f�S'	 7�RQ:�&8189: ? N1'�V�@H��9� 7Hi F	 %2H(? �H�N��

%� ��1�' �'	R: 6	? %8i���^ Y�)e .	 v�5): _l<��? 4B^ f�S'

 ? N1'� R? �[	Rb V�@��9� �18i �'4
 v�5): ��N��.��1�F ;�	 
 

 Z�>]�[MNO� PQ� %?�� ��1&? 7189:�&1'	451� F	 Z ���H�	 �? 	
 

f�S'	7189: 7H189: ;�	 �'������ ��	 Z�1'��
 f�S'	 �? �1��)e 


�)H? V�@H��9� 
	5Hl:  	�<: �? �1��)e  �H�F)�He 
 ��� 


	5l:=��� 
  7)' m1�'c ��R�� (Z�1'��
 f�S'	 �?7H�RQ: �Hi

 ��	 ���	  ��@'�? 	
 U��
R=�	 �'4
 %8i .H? �8g)� ;�	�}RHE4

 
 7l�)q(��	 Z�� Z 	  G���']�[.5H? 5HE�e hH1�9: 
 

 M4
 u�b �dR� %'xRC 7H189: 
�1)H? �H'4
 �H? �1��)He 

7t�e B^ F	 Z	R(�  {���' 4 Z�1�
 f�S'	 �? 5�<�5�Z�� �H�	 .

?�
RC6�1(2H: �H� �H[	Rb Z 	  B�2H' %H:^ 6�&��z� 
  �i

 5��	
�3 6	5? V	511O: D���� Z 4�9� 6�[ sH�� m1�'c U��
R=�	

 
 ��
	5l: )��%�	R�� 7)' ( RH@&? �Hi ��	 ���5�o3 V
Rt

 �H�e�� 7?�K 6	v�5)H: �H'4
 4 V�@H��9� UHSe G[�Hi 
 

%�	5=�[��	  �[	Rb %8i .

V�i+@

\� ��z� ;�	 
  D1� �? ;=�[ %/�b %'	451� ,/*/* 
RH� 

%� 
	5K %�
5?  51> .V��(2� 4 %'	451H� P���H� 4 �H���[

 
  %:���(� ���7l�)w$Y 4 W�	 (�H�	 Z�H� Z 	  B�2'..

		��? 7189: F	 �H'R13 ��H��e	 Z 4�H9� V	511O: 6	5? �1��)e 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.7
.9

 ]
 

                            13 / 20

https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.2.7.9


��� ������	
���� ��
������	 ���� *J�

?5	k;)���, V�!�(
 ��
�� �� .���!_
 E��d j
����0 �
�� @l��� 

�+���� �
�P
)V�i+@(

?5	n;a�P V�!�(
 ��
�� �� .���!_
 E��d j
����0 �
�� @l��� 

�+���� �
�P
)V�i+@(

?5	@l;�
�� W�F!P �
)F0 ��
�� �� .���!_
 E��d j
����0 

@l �+���� �
�P
 ��� )V�i+@(

*/J�?�/Jf�S'	 %�R� .;�	 
 7189: [5��	
�3 �1�4	 5� ��� 6�

U��
R=�	 \1�'c �
/J=Pm �1�4	 �1<�X  	�<: 4�,Npop= 
  

���5>5�' ��	 Z��.6�&8l� 
  �1��)e 7189: {���')�(�H: 

)��(�T	
	 ��H�	 Z� .B�H�[ 
RHC 
  �H/ 7`H� )�(Z�[�2H� 

%HH� Z 4�HH9� 
  � RHH��/J�HH: �,/JD�5HHE 5� �HH�� ;�5HH��i

 %� Z�[�2� B��1�C	  R� .Z 4�H9� ;H�	 	o� �H? B	RH�A Z 4�H9�

 Y�(�'	 �'R13 ����e	 V	511O: D���� %H� RH� .{��H�' 7H189: 

6	5? �1��)e ��H��e	 V	511O: Z 4�H9� 
  GH&XJ*/J�H: 

J0�/J
 7`�)�(Z�[�2� %�R� .;�	 
 7189: 5� ��� �?�n

�1�4	 6�[5��	
�3GA��/J=Pc 4�,=Npop �H�	 Z�� �5� .

7l� h?�Q�)�(
 B��1�C	 D�	5E ;�5��i7189: Z 4�9� 6�[

��/�$�
�/�N1' 4��q/�$�"/��H'
	  
	5HK.�H? �H���A �H?

 B RH? �
NH? ;1H�|�[ 4 Z R? 65�<1�4 ZF�? �4	 Z 4�9� �l��	

 %Hl1�'c V�1tR�Hb ;�H�
 ;1? F	 B�l�	 G&X ����e	 5� ���

 �1<�X 6��A	 �@z� )YR8Q� %E5� MNO� 5�	4  �S��	 
  (	


x�? %� 	o�  5? ��� Z 4�9� ;1H? GH&X 6�&����e	 D�J*/J�H: 

J�,/J%� Y�(�'	 R� .

{���'7189: �1��)e �H1<�X 5� ��� ;�5�&? Y�(�'	 6	5? 


  �1�4	7l�)��(��	 Z�� Z 	  B�2' .Z�[�2H� 7l� ;�	 
  

%� 
 5H��i B�H�R' �H? B��1�C	 DT	5E 5� ��� ;�5��i �i  R�

 Z 4�9�
�%�	 "���	 .H?5H��i �H1<�X 5� �H�� 6	5 F	 
�

�	5E �H? %H�5C F	 4 �H���� G�	N�	 MNO� PQ� �1�4	 B��1�C	 D

F	 5�21? �1�4	 �1<�X G�	N�	"�G�	NH�	 %:�@H��9� B��F N1'

651=2�p %�Z 4�H9� dRH�  
	R� �? �XR: �? ;�	5?��? �?��
�

%�	"��?B	R�A %�5<� �1�4	 �1<�X %?�(�'	 Z 4�9� %�RH� .

%���: 
  �i ��	 5i� B���� 6�&8l� 
  )�(%�	 )��(Z
��H�

1�9�� �& �H� 4 
	5Hl:  	�H<: 5='�1? ��1�e 
  �H? :
�H@A  	�H<: %

MNO� }RQ� 6	5? Z��  �S�	 6�&8)'��	.;H�	 �H? �HXR: �? 

8189:�&6�&8lH� 
  �H��5> f�HS'	 �1��)e �'�> �� 6)�(�H: 

)��(%�D���� 5� ��� B	R:,,/J=Pc �J�/JPm= 4�,=Npop 

Y�(�'	 	
/5 .;��5H> 5H�' 
  �H? 4 5HE�e ��z� 7e ��	 	 
  


  dRH� ��z� MNO� PQ� B��1�C	 D�5E V	511O: dR� 5� ���

 
 4 �@��9� �&8)'  	�<: 5?	5?7l�)��(�T	
	 ���	 Z� .

? M4
 51n�: B 	  B�2' 6	5?����
 
�i 6	5? v�5)H: 4 %[�?���

 ;HH�	 
  %H�	5=�[hHH1�9:��5HHE V	5HH11O: 7lHH� ;1HH�[ 
  D

�R�<� 6�&�4
 �? MNO� PQ� B��1�C	GA Z�� Z 	  B�2' N1' 

��	 .�?
RC6�i7l� 
  )��(%�9��)*(�H? yRH?5� 7H189: 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.7
.9

 ]
 

                            14 / 20

https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.2.7.9


��� ������	
��
��� �������	 ���� *JI

?5	@@;�
)F0 ��
�� �� .���!_
 E��d j
����0 ��<'� 

150; 100 200; 100

230; 80 280; 80

75

87.5

100

112.5

125

100 150 200 250 300

distance (m)

el
ev

at
io

n
(m

)

?5	@D;��P 9
 �6b� + ?( j�� V�i)@(���� ?(
�+ �� �8 �
�50 
�+���� U��0 �GASLOPE.EXE 

�e PQH� j45� y��' 4 Z5�	  Ni5� 6�[51O�� B^ 
  �i Z R? 5E

 ? MNO��%��e 
  ��	 ���
 
�i %�9�� �i)�(�? yR?5�7189: 

%8@K 6�&�4
 �?GA ��	 �R�<� h?�Q� B^ 
  �i6�[51O�� F	

 ��	 Z�� Z ����	 5�	4  j�<� 4 Z5�	  Ni5� .B��[ 
RHC 
  �Hi 

;�	 Z��  7l� %�%�9��  R�)*(� 
  %H�9�� �? �)���)�(�H?

 
	5l:  	�<:)7)' (B��1�C	 D�5E 
  %�	5=�[ 
	��� �? 65��i

)0�*/*=Fs(%�V�@��9� B��F G[�i 
  jRER� ;�	 4 ��


 fFx ����e 4�'��	
 ��	 5nR� .�T	
	 NX���z� 7e V�1�?�H8A 


	5`:  ��F  	�<: �[B�>�H�'	Rb �8tRe F	 ]
�b 6	5H? 4 �H�	 

(? s�� �'R�' NX F	 %2���Hz� 5b^ 7e	5� V�1 
  7`H� )�
(

%� �T	
	  R� B^ 
  �i���'5? %X45b {���'GASLOPE B�2H' 

��	 Z�� Z 	 .B��[ 
RC7`� 
  �/ Z�[�2�%�R�h?�HQ� �  

�? ����[ %8/ Z�� W�5<: 
 7`�)w(�HQ�' 4 N/5� V���(� 

5H� %H'	59? MNHHO� PQHH� j4�HH? DHH1:5: �"�/
��Xcen = 

w���/��� Ycen= �
"/���XRAD = 4��� YRAD 

=���)[ .�? 5?	5? 7`� h?�Q� N1' MNO� Z5�	  j�<��
�/��R= 

�T	
	Z����	 .?�U��
RH=�	 6�H[5��	
�3 51n�: B 	  B�2' 
R���

 ��Hz� �%H'	59? MNHO� PQ� 6F�� ��1&? 
  %�n	
4)�(Z
�H?4  

hH1�9: 
  Z ���H�	  
RH� %H�n	
4 6�[5��	
�3�? 4 %@�RH/ \H�

8�4BR)�1`]�[�7189: 7189: 4%�R� .Z�H� �HT	
	 6�&��z� 
 

hHHH1�9:
  4 %@�RHHH/ \HHH� BR)HHH�1`8�4]�[ 4�HHH9�Z�/J$

+/J,Pc=JJ�/J$JJ*/JPm=���)HHH[ .Y�HHH(�'	�? �/JPc= 4

�JJ
/JPm=4��MaxGen=4
qNpop= ��Hz� %'	451� �)�(�H? 

���'5? F	 Z ����	GASLOPE 7189: ��	 Z��.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.7
.9

 ]
 

                            15 / 20

https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.2.7.9


��� ������	
���� ��
������	 ���� *J+

V
)P`;��	
� �'��>+ V�i+ �� ]���+ o�
�*� ���� ��� o��� ����� �� J<�b+ p=

?5	@N;�
� ��8��+
��, ��q�0GA ��.���!_
 E��d 

��<'� �
)F0 ��
�� �� 


 7`�)��(
	 R�' V	5H11O: 7H?��� 
  B�H�1�C	 D�5HE 

Z�[�2� �&8)'  	�<: %�  R� .%�9�� 7`� ;�	 
 )*(�? yR?5�

7189: Z RH? 5HE�e �Hi B^ 
  %H�n	
4 6�H[5��	
�3 ,,/J=Pc4

J�/JPm= Z�� Y�(�'	 �'	 .%�9��)�(�H�	 %���He �? yR?5�

 6�HH[5��	
�3 F	 �HH/Z�HH� Z ���HH�	 hHH1�9: 
  4 %@�RHH/ \HH�

BR)�1`8�4]�[�? :
�@A%+/J=Pc 4JJ�/J=Pm Z�� Z ����	 

��	 .�1�4	 �1<�X  	�<: ���e 4  5[ 
 ��=Npop  	�H<: 4

�&8)'�JMaxGen = Z�� ���5> 5�' 
  �'	 .B��[ 
RHC 
  �H/ 

7`�)��(Z�[�2� %� 6�H[5��	
�3 DH���� Y�H(�'	 f�HA  RH�

 %�9�� 6	5? %�n	
4)�(
 \H1�'c U��
R=�	 B�� 51>
  kA�? �

;���1' 4 %89� ��1&? Y	RX � ��1&? DH��� �H�	 Z�H� )D�5HE

 5:x�? B�1�C	(!.

6	5HH? {��HH�' 5�2HH1? 
�HH@�A	 �HH1��: �HH? �HH�  M4
 F	 Z�HH�^

 ;�	 
  6 �&�213h1�9: H��9� sH�R: �i ��z� ;�	 7e {���' �B

6�&H�4
 �? 4 W8�(� 4 �RH�<� %H8@K 7H189: 
 �H�	 Z�H� 

�4�X)�(� �t�bZ��'	 .B��[ 
RC �� �4�HX F	 �Hi �H�e 

%HH� {��HH�'  RHH�F	 �8HHt�e �A5HH� ;1HHA 
  %HH8<� M4


5�21?%�	5=�[%� %�8: �R@K  
R� 4 �)���� 7?�K �R .

�HH? %HH�
5?%HH� \HH1�'c U��
RHH=�	 M4
  5HH`8�A 
  B	RHH:

 6	��?	 
  �/ ����
 ���	5� 
  ZR���? 6�&(��3 F	 �1�4	 %�1<�X 

�4	 7)')%� ��: MNO� 5�	4  (71`2: %� 
 _aH� �H/  R�

 Z�� %`1�'c VxR9: MR(��  �1<�X ;�	 6�<? 6�&8)' %C

  5� ;�5: �@(' ���&' 
 �:)���3 ;�5�&? (H(�'	 F	 	oH�  RH� Y�

�S'^�%ZR���H? 6�&(��3 ����: �1�4	 7)' 4 �1�4	 �1<�X �/)�H'

 ;�5�&? ��	N�	(�'	 f	�/5[ 4)%�
5? �9: �8g)� 
  (Z5H�	  \H�

MNO� �'	 �8g)� \� 
  	o� 5>	 %�?�Hn 4 �(2�  �<?	 4 ����[ 

 RX4 �8g)H� %8Ht	 6�H[5��	
�3 V	5H11O: Z 4�9� ���? ���	  

%� 	 7��)� �'	R: P����  	�<: 4 jR' F)��x �H[ (�H��?.V4�H�: 

P����  	�<: 4 jR')��x �[(5� ��� 511O: kA�? ZR���H? 6�&?	RX 

)�H1�4	 �HH1<�X V��H(2�(4v@Q��HH? ��HH&' Y	RHX%D�5HHE 

B��1�C	 %�R� .;�	 5? ��? \H1�'c U��
RH=�	 6�H[5��	
�3 5� ���

)%:
�@A �? Npop , Pm , Pc(hH�5C F	 Z�H�^ �H�  �H? 7H189: 

	
 �1��)e %�4 �?�2� �@�5�: ����[ �/ %8T�)� 5z/	 6	5? B	R:

P���� jR�: 6	
	  %�e 	 5? 
�/ �? �' 

V�i+D

F	 �H/ ;=�[�H' %/�Hb %'	451H� \� ��z� ;�	 
 4 �H�x 

%�
5? ��	 Z�� 71`2: W8�(� %� R� .4 ����[ V�1tR�b 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.7
.9

 ]
 

                            16 / 20

https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.2.7.9


��� ������	
��
��� �������	 ���� *J�

V
)Pr;
 E��d �c��*+ �� J<�b+ ���	
� �'��>+ V�i+ �� ]���+ .���!_H

?S	=r;2��
� ���� ��� 
 ��)�8 V�i+ o�

��	 �� p
H

��x 6�[ %'	451� ;�	 W8�(�
 7`�)�"(Z�[�2�%�R� .

6�&HH�4
 �HH? %'	451HH� ;HH�	 %HH�8�(� sHH�R:5� 4 �HH'x

B	
�`�[ ]�"[7189: Z�� ��	 .B�H�1�C	 D�5E ;1�|�[ ;H�	 

? %'	451��M4
 GA 6	5? MNO� }RQ� Z5H�	  5H1r 6	sH�R: 

Z�>]w[�? ��  ��	 Z��^ .
 B^ {���' �/�4�X )"(Z�[�2H� 

%� R� .sH�R: %'	451H� 6
	�H��3 7H189: {���' �4�X ;�	 
  

�H��'5? hH�5C F	 4 h1�9: ;�	 
  6 �&�213 M4
GASLOPE 

6	5?��	 Z�� Z 	  B�2' �)����.

fFx  �� �?	��	 6
4 ? �/ ��1HE5� 71�  7H189: 
  V4�H��� V

�? {���' �%'	451� M4
 F	 Z��^ �� GA H��9� 5��H� {��H�' �? ��B

���/ X u��b	 6	
	  4 Z R@' 64�)��N%�'	 .��3 %�5C F	 B RH? ;1

	5E�Z5�	  51r MNO� PQ� B��1�C	 D6	M4
 �H? �/ �&'^ �tR�b

GA �? Z��^ ��  Z5H�	  M4
 {��H�' B RH?  ���A	 51r 5? �	  �'	 6	

'1���).GH(? 
  Z�H� �HT	
	 V�91ER: h?�Q� )
$�(�H���� �H? 4

��21? M4
 6x�? �K  �? �XR: ]�$��[ RX4 ;1�|�[ 45� �H�� 

�	5E s�R: �@��9� 7?�K B��1�C	 D��5�' 6�[x�? �e ��H3 �e 4;1

5� �H�� Z 4�9� ;�	 
  Y�21? M4
 F	 7t�e 5� ��� ;��5>
	5K 4

4  ;�	 �H�5�' 5H@�<�]��[4Z5H�	  M4
  �H��A	 �H18?�K 6	 
RH�

��x�? h1�9: ;�	 
  Z ����	 .

��z� %/�b �� 7189: 6	5? )�(�'��	
 ���'5? 	�Z�H� ��H�R' 6

MNHO� }RQH� �H1�R: 6	5H? 	
 fFx 7He	5� f�H�: ���'5? ;�	 �/

 Z5�	  %� ��: 6	M4
 �?GA%� f�S'	 	
 �[ .�? �H�x �H�x �8A

 |�[ 4 %'	451� ��b B R? U��
RH=�	 hH1�8: �H18?�K U1H�<: ;1H�

 ���'5? �? Z�� �T	
	 \1�'c 6�[�? 6	5? �D1� 7189: W8�(� �H� 

 �H��'5? F	 MNHO� Z5H�	  5H[ B�H�1�C	 D�5HE B 
4^PROKON 

��	 Z�� Z ����	]��[.�H��'5? m� 
R��� ;��? �H'��	
 6	s@:5H� 

���'5? ;1?GASLOPE ���'5? 4PROKON �H: �H�	 Z�� ���R' 

7e	5� 7189: H?� 5H1> f�HS'	 
�Hi Rb 4 ��H�R13 RH9'.�H? fFx

 ���'5? �/ ��	 P1ER:PROKON 7H189: 6
�S: 51r ���'5? \�

ZF�� 6�[ ��H�5�45�4 %H�5��  7?�K �'5���	 
  �/ ��	 %/�b 

��	 .%� ���'5? ;�	 6��	N� F	 Z
4�9� �? B	R: 6	4 5?
�H/ �H? B R?

 : 
  h1K  4 u45<� 6�&�4
 F	 Z ����	 �H18?�K ;1H�|�[ 4 7189

 5? f�' 	
 P8)� 6�&1'	451� 7189:.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.7
.9

 ]
 

                            17 / 20

https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.2.7.9


��� ������	
���� ��
������	 ���� **J

V
)P s;)� ?�<*0 �� J<�b+ ���	
� �'��>+Brich 

?5	=s;2��
� ����� ���� ��� 
 ��)�8 �


V�i+ �#�$ )� ��`

V�i+ `

�� B��1�C	 D�5E ��z� ;�	 
 ��5? �`�5�^ 6��[�/4	 
  

;1HH1<:%HH� RHH� .�HH�x V��HH(2� 6�HH[ 
 �HH� ;HH�	 WHH8�(�

7`� )��(��	 Z��^ .��z� ;�	 �@K 6F�H� �H�1&? 6�&H�4
 �H?

 7189: %:4�����Z��H�	 .;H`'	  4 R�1�)H8�]�q[H?�\H�/ 

Z5> %89� B�`� 511O: M4
 6�[ �MNHO� PQ� ;�RH=' ]�[�H? �

51b	 6�&��� 
  4 _`8a�1� Y�:F�? M4
 F	 Z ����	 64�H`��� 

B	
�`�[ 4]"[M4
 F	 �H/ �'R� R�
 PQH� %?�H� �H�1&? 6	5H?

MNO� dR� ��z� Z ����	 5/Z �'	.s�R: %/�b �� ;�	 ;1�|�[

 6NH�NA %X�e]�I[�%H89� D1H� ;�5�2H1? M4
 \H�/ �H? �

%81/4 �(?R']�q[\1�'c U��
R=�	 M4
 F	 Z ����	 �? ��RH�<� 

Z5�	  51r MNO� }RQ� 6	5? 6	4� :�'1�H7]��[ 
RH� �7H189: 

�HH�	 �HH��5> 
	5HHK.
 WHH8�(� 6�&HH�4
 F	 7HHt�e {��HH�'

�4�X )�(Z�[�2�%�R� .	 �HS� dRH� �4�HX �H? �HXR: �?

Z�[�2� %�R�4 Z RH? �RH@K 7H?�K �e 
  6 �&�213 {���' �i  

�:�	
�i 5?  �S� 6�1�6 �&�213 M4
 %��	 .�HXR: 7?�K ��`'

 dR� ��z� 
  h?�Q� �`��	�4�X)�(5=�  %`� s�R: ��z� ;�	

 6�&�4
 F	 %?�� ��1&? ���X ��@)' )R�
�/ �'R�(Z�� %?�� ��1&? 


	5H`:  	�<: �/ ��	 6�H[ F	 G1H? �H? fFx
��� Z�1H�
 
�H? 

��	 ]"[.�H&�: Z�� ���5> 5? M4
 �? �XR: �? 4 h1�9: ;�	 
 

  	�<: �?)��"�≈
q*"�(Maxgen*Npop 
	5H`: 
�? %H�	5=�[ 

7t�e�F	 G1H? �/ ��	 Z� �� %�5Ht RHX ��	5H`: 
  %	
 


�? [��	 ���	  Z	5� .
R)H�453 �A5H� �? %=�)? �H'��	
 �H[ 4

5=�  RHX ��5Ht kA�? 
	5`: G[�/  	�<: ;�	 71b  7�	RA�%

fFx �H���e 4 B��F 
  %&XR: 7?�K %@)' �H'��	
 �H� �H[	Rb .

%81/4 �(?R' �/ ��	 5/� �? fFx]q[F	 _H3 NH1'���� 
�H? 

	
 %'	59? MNO� PQ� �Qb 4 %<� 4 
	5`:%'	451� 6	5? �H� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.7
.9

 ]
 

                            18 / 20

https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.2.7.9


��� ������	
��
��� �������	 ���� ***

?S	=t;�����!�
 ���3�
�% 2�*� 
 ��

��	 ��)�8
 ���X+ j�Xb6+ V�i+ �� ��<'0 r

? 4 
R?N� �Z5H�	  51r M4
 6	%?�H� �H�1&? 5H/ �H/ �H�	 Z  
 

F	 G1? ��1�e��%5H? 
  5HE�e M4
 �? �@)' ���E	 
	5`:

��	 ���	 ..

V�i+T

51� \� B��1�C	 D�5E ��z� ;�	 
  h?�Q� Z�� P18): %'	4

7`�)*q(7189: ��	 Z�� .%'	451H� ;�	 
  6	5H? F	 P18)H:

 ��	 Z�� Z ����	 ��5>RTc ]��[.%'	451H� ;H�	 P8)� 6�&'���	

 B��1�C	 D�5E �? ,/*FS= Z�� %e	5C �H'	 .��Hz� ;H�	 sH�R: 

���'5?PROKON 4�?\1�'c U��
R=�	 M4
 F	 Z ����	 7H189: 

Z�� D�5HE 
	��� �/B�H�1�C	,0�/*�H? �H�  �H�	 Z�H�^ .

\HH1�'c U��
RHH=�	 6�HH[5��	
�3 5� �HH�� �HH? DHH1:5: ,/Jpc =�

J
,/Jpm =4�JNpop = �'	 Z�� Y�(�'	.�H�	 5/o: �? fFx

 7`� 
  �/ )�q(5�	4  �4
4��/ Z R? %� ��: 5�	4  �H? 
RHC 

Z�� Z 	  B�2' \1:��� �'	 .GH(? V�91HER: h?�Q�
$
;H�	 

R� 
  5�	4  6�[ P18)H: 6�H&'���	 �H?  
RHb5? 5�' F	 W8�(�

 �? �/ �'
	  
	5K [�H? �XR: �? ���e 5[ B��1�C	 D�	5E ��e 5

�CR?5� Vx �<� 
R?N� ���'5? s�R:�?�H�  �H�^ F	 %2H(? 4

Z 	  71`2: 	
 ZR���? 6�&?	RX �'	.

s;�g��� ���3 


  5�F 7�	RA �	
�/ %?�H� ��1&? M4
 \� �K  4 �A5� �%

 6	5? 5nR� %/�b 6�&@1� 6
	���3 7189:�':W�	$M4
 Y�(�'	 

? D1� 6
	���3 7189: �K M4
%<Q�Y$U��
R=�	 \� Y�(�'	 

4] �%?�� ��1&? 6	5? ���5213 4 D���� M4
$M4
 4  hH1�8: 

dR� 51O�� Y�(�'	4 6�[ D���� 6	5H? �H���[ WH�5<: ��8g)H� 

 $5��	
�3 6	5? D���� Z 4�9� Y�(�'	 6�[ �%?�H� �H�1&? M4
 

[$�1��)e 7189: f�S'	 6	5? 6�H&?	RX 65�oH3 51n�: %�
5?

 ?�� ��1&? M4
 51O�� F	 %�[�W8�(� 6�[5��	
�3 44$4 �)H���� 

��: 
�@�A	 {���' �1�?��  6�&H�4
 5H=�  �H? Z��^ �%?�H� �H�1&? 

F$�A5� �)���� 4 %�
5? %�	5=�[ �RHX ��5t 4�8Ht�e %

fFx ����e 4 B��F 
 �8g)� 7e 6	5? .

M4
 �H? B^ h1�8:4 \1�'c U��
R=�	 M4
 F	 ����� ;�	 
 

 %i�HHb 6�&1'	451HH� 6
	�HH��3 7HH189: 6	5HH? ��2HH1? u45HH<�

 ��	 Z�� Z ����	 .Z5�	  MNO� PQ� 6	�x�H? �K  �? %/�b %

�@H��9� �HCR?5� B�H�1�C	 D�5HE ;�5��/ 4 Z�� %?�� ��1&?

��H�	 Z�.'	 �H? ;1H��|�[ hH1�9: ;H�	 
  WH�5<: 4 Y�H(�

51O�� 6�[ �'	 4 D���� �	
�/ �&'^ 6	5? D���� Z 4�9� Y�( %

�H? �H���� 51=�2p  R@&? \1�'c U��
R=�	 M4
 6
RHC �H/ 
  

%H�e �H: %?�� ��1&? u45<� 4 5=�  6�&�4
 %�<? �? �)����

 F	 G1?��%
	5`: 
  G[�/ 6�[ Z�[�2� %�	5=�[ 6	5? fFx 

RX ��5t  Rb �?R' �? �/ ��	 Z����K4 
  %&XR: 7?�K %

�? fFx ����e 4[ 
	  Z	5� .�HT	
	 �H? 6 �&�2H13 M4
 �HK 

 j	R'	 F	 %i�b 6�&1'	451� MNO� }RQ� %?�� ��1&? F	 %��&��z�

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.7
.9

 ]
 

                            19 / 20

https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.2.7.9


��� ������	
���� ��
������	 ���� **�

;=�[ W8�(��;=�[�' �4 %i�Hb �H� %'	451� N1' 4 P8)� 

�H� Z 	  B�2H' %?�H� �H�1&? 5H=�  6�&H�4
 �? {���' �)���� .

��e��	 M4
 �i �� 5> 	
�i %H�4
 Z�H� �T	
 �H��4 v�5H� 

Z5�	  MNO� PQ� %?�� ��1&? 
  ;g�Q� 6	%i�Hb 6�&1'	451�

��	 %� �i s@:5� W8�(� 7T�)� 
  %�R@K 7?�K �K  �? �'	R:

 51> 
	5K Z ����	  
R�.

�P
�+ 

1. Arai, K., and Tagyo, K., “Determination of 
Noncircular Slip Surface Giving the Minimum Factor 
of Safety in Slope Stability Analysis,” Soils and 
Found., Tokyo, Vol. 25, No. 1, pp. 43-51, 1985.  

2. Chen, Z., and Shao, C., “Evaluation of Minimum 
Factor of Safety in Slope Stability analysis,” 
Canadian Geotechnical Jourual., Vol. 25, No.1,  
pp. 735-748, 1988. 

3. Nguyen, V.U., “Determination of Critical Slope 
Failure Surfaces,” Journal of Geotechnical and 
Enviromental Engineering., Vol. 111, No. 2,  
pp. 238-250, 1985. 

4. Husein Malkawi, A.I., Hassan W.F., and Sarma S.K., 
“Global Search Method for Locating General Slip 
Surface Using Monte Carlo Techniques,” Journal of 
Geotechnical and Enviromental Engineering,
Vol. 127, No. 8,pp. 688-698, 2001. 

5. McCombie P., and Wilkinson P., “The Use of the 
Simple Genetic Algorithm in Finding the Critical Factor 
of Safety in Slope Stability Analysis,” Computers and 
Geotechnics, Vol. 29, pp. 699-714, 2002. 

q.�%81/4 �(?R' ~.�"PQH� ;���� 
  \1�'c U��
R=�	 F	 Z ����	

 %/�b 6�&1'	451� %'	59? MNO�"B���3� ��H�
	 %H����
�/ �H��'

 B	5�A %���&� )%3 4 ~�b(.
�� �1?5: Z�=2'	  �–B	5H&: �

*�+J.

7. Goh, T.C. Anthony, “Genetic Algorithm Search for 
Critical Slip Surface in Multiple-Wedge Stability 
Analysis,” Canadian Geotechnical Journal, Vol. 36, 
pp. 382-391, 1999. 

8. Goh. T.C. Anthony, “Search for Critical Slip Circle 
Using Genetic Algorithm” Civil & Environmental 
Systems, Vol. 17, pp. 181-211, 2000. 

9. Verruijt, A., Soil Mechanics, Delft University of 
technology Press., Nrtherland, 2001. 

10. Atkinson, J., The Mechanics of Soil & Foundation,
McGRAW-HILL Co. Pub., 1993. 

11. Das B.M., Principle of Geotechnical Engng., Sec. 
Ed., PWS-KENT Publishing Co., Boston, 1990. 

12. Holland, J.H., Daptation in Natural and Artificial 
System, Ann Arbor University of Michigan Press, 
USA, 1975. 

13. Goldberg, D.E., Genetic Algorithms in Search, 
Optimization and Machine Learning, Addison 
Weseley Publishing Company, 1989. 

14. Fredlund, D.G., and Krahn., “ Comparison of Slope 
Stability Methods of Analysis,” Canadian 
Geotechnical Journal, Vol. 14, pp. 429-439, 1977. 

15. PROKON Software consultants (Pty Ltd). 
WWW.PROKON.com.

16. Celestino, T.B., and Duncan, J.M., “Simplified 
Search for Noncircular Slip Surface,” In Proceedings 
of the 10th International Conference on Soil 
Mechanics and Foundation Engineering, Stockholm, 
Sweden, pp. 391-394, 1981. 

�w.f �6N�NA %X�e.�"� %?�� ��1&?QMNO� }R 1'	451� 
  6�&

%/�HHb"%HH����
�/ �HH��' B�HH��3 ���HH�
	 B	5HH�A %HH���&� 

)%3 4 ~�b(.
�� �1?5: Z�=2'	  �$B	5&: ¢*�II.

18. De Natale, J.S., “Rapid Identification of Critical Slip 
Surface Structure.” Journal of Geotechnical 
Engineering,” ASCE, Vol. 117, No. 10, pp. 1568-1589, 
1991. 

19. SRATA SYSTEMS Inc., “Reinforced Soil Slopes 
and Embankments,” Cumming Georgia, USA, 2002. 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.7
.9

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            20 / 20

https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.2.7.9
http://www.tcpdf.org

