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Purpose: This study aims to reduce and manage the risks in a sustainable supply chain of refineries 
and to adopt appropriate strategies to deal with the sanctions. 

Design/methodology/approach: The present study is typically practical in terms of purpose and 
quantitative in terms of approach, consisting of interviews and questionnaires, and exploratory in 
nature. The statistical population studied included all top managers of the engineering, safety, health, 
environment and passive defence, research and technology, and operations and exploitation 
departments of Abadan Oil Refining Company. By using numerous questionnaires and taking 
advantage of the opinions of experts and experts in the oil refining industry, in this study, five main 
categories of sustainable supply chain risks and their 13 sub-factors were identified. After extracting 
sustainable supply chain risks from the literature using the fuzzy Delphi technique, the list of these 
risks was refined according to the economic conditions of Iran based on the opinions of experts. Then, 
the risk items and subsets identified in the previous step were weighted and prioritized using the 
SWARA technique.  

Findings: It was found that using bipolar neutrosophic number sets is more effective than other 
methods when dealing with complex, ambiguous, and inadequate information. This technique can 
process positive and negative information simultaneously. The results indicated that the best strategies 
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to deal with sanctions are reconstruction and major repairs in production lines, “focusing on research 
and development of products and processes”, and “reducing insurance premiums for domestic 
producers”. Also, the findings of SWARA's technique denoted that among the main risks, "lack of 
infrastructure" is the top priority and the "critical" risk is the last priority. 

Research limitations/implications: One limitation that should be considered is that the findings of 
this study were conducted in Abadan Oil Refining Company. Therefore, examining this approach in 
other companies might lead to different results. Given that this study was conducted at a specific 
period, caution should be exercised in generalizing the results in the long term and in the future. In 
this research, the Fuzzy Delphi, SWARA, Bipolar Neutrosophic and TOPSIS techniques were 
applied. Therefore, if a study is conducted using other approaches or other risks and strategies, the 
results might be different. 

Practical implications: While explaining the neutrosophic method of bipolarity, the results can be 
used by managers in making policies in various economic fields, especially the oil refining industry. 
As a future research subject, the risks and strategies proposed in this study can be used to assess 
sustainable supply chain risks in other units in different industries to determine the model's validity. 
Based on the research findings, this study suggested focusing on the first three strategies that had 
higher priorities: i) renovation and major repairs in production lines; ii) establishing companies that 
can verify product quality and issue approvals at the international level, and iii) reducing insurance 
premiums for domestic producers. The proposed strategies are practically valuable for policymakers 
and managers who intend to enhance their ability against sanctions. 

Social implications: Sanctions have had a negative impact on the business revenues. Therefore, 
adopting the right strategies to counter and neutralize sanctions will improve corporate revenues. 
Increasing corporate revenues will enable them to fulfil their social responsibilities better and improve 
public satisfaction and societal well-being. 

Originality/value: Most previous studies have examined barriers or presented models, while the 
innovation of this research can be explained in terms of identifying, categorizing, and prioritizing 
sustainable supply chain risks using bipolar neutrosophic hierarchical analysis in the Abadan oil 
refinery, a subject which had been neglected by researchers. The most important advantages of the 
present study include the combined and scaled reasoning method, rapid calculation, application of 
different weights of risks and strategies, inclusion of qualitative and quantitative indicators, high 
accuracy, and ranking and prioritization of risks and strategies. 
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C�7�	 C .-�-�# E�>�>�� Q  ��� Q:��4 � �-�#- QC �14 ���> /- �=� .�-� rC�;� �  G�LR��-  -� �L+OC�u-   
L�-�Z

 .��-�J�- ����� 
67 ��-� QC �M-�= ��/ �=�� 
��:  

- �C -�� QC Q4��s� ��637- )�ZG -�.-�� �EF�  G�� I,/H�	 �K�J	 ���-
� M�� �>�� ����  .-��CW �X,5-
> 
,-� 

- ���-��  G
;C � ELF�   G�L� I,/ H�L	  �KL�J	 �� �-
L�   M�L� �>�L� ����     
V� /- ���X3L=- �LC .-��LCW �LX, \L	   �-
L�-

#�=����,E	 �� P@7� ��=- Q,�20 

- G����P�-� �V� .��/ �� S=�;�^� M�� �>�� ���� .-��CW �X,� G-�C G�-
���  J	�KL� H�	I,/  5-
L>  
L,- 
L� �.-�� 

-J� �C �>��
� �-
> QCJ	 C �>��� � Q4�� ��P�-�G�3+	 �-��
;��C Q3 

2- ��'
� �G�%  

�	I,/H �K�J	 > E�M� �?	
> Q���  G�� �� d�P��-  � 
	��� �Cf
P�  G/�= �>M � �M�6V�  �L� \��� -�     JL�- .��L�

�	��:#   /- ��
;�-�# ����W  G/�= ���H  �� 5�Zf�=�- f�6V�  QC ���1,G�3+�   ����L1, J	L	:�  rLP;�   .�L��4 �L	, �    G�L�

m-] ����\	Z� �� -� �� �C  �	2 �)20, 20.Henari et al .(H�	I,/ J	�K� QC ���< » Q8PL�  -G  /- ��LF=��  sP��L�  �

�;���� �C ^� QC Q> ���<  � \C�R3��,��:� �C ^�  f�qL+�  QLC  �L	��:#  
L,-«  �L�  ��3LF	= » \	8L+�  �
L�  /- ���L�� 

���9  ���� QC Q> ���< R3F�^	 �� a^	R3F��	 	Z�\   �L=-�Z�� 5�LI,- ��   G�L�  �3L+�.��  
L,-«  ̀ L��:�  �
L�  �L=- 

)Wieland, 2021 .(  

�	��- �� �Y, J3#�9 v�A�� :=��? ���-
�  ��'�3F9  /-E� �= ��- ��	 
����� .��> I,/H�	  �KL� G-�LC J	 

�C�	3=�  ��8
�� QCS=�;� �� �>�B QC .��> �=G  ��8
��Q;���  G- CQ Q#�<  ��r@R�  �L_�4 �  �L
> � SPL=  ��LI�- 

�o-� G- J��, �C �;:� »I,/H�	 �K�J	 ���-
�« �
� I,/ .�=-H�	 �K�J	 ���-
� QC \	�� /�	, QC �7� ^�  .�L�/ ��  �-�	uKL� 

���34-� � /�F� �@	V� Q���  G�� I,/H�	 �K�J	  ��	,  ��8
��Q;���  G-  
L� �� .W����  .��L> �4 ��L,��  �L+,-� �

G��4�� � Q;���  G- .�	C �
� ) �=-Jabarzadeh et al., 2020I,/ .(H�	 �K�J	 �� ��-
� 
L�����  .��L>    � 5�LZ �-�L�

��-�Q	 �4 ��,-�.�� ���=Q� , ��	 2;����� I,/ ��F=�� �OCH�	 �K�J	 G-�C =�3=��   :L=�� 
L<�R� QC?  ��-
L��� 

f��+� �OC  G�� ���34-�� /�F� V�� �@	 ��637-G �=- ), 2020.Amani et al�� .(G�-
�    5�L1X� � v�LA�� ��

I,/H�	 J	�K� Q3#�9�C /- v�A�� I,/H�	 �K�J	 QC 3;= ���<� �=-. J�-�C�;C �=��C � /�- �C�L�  �� ��L8
�� �-
L�  ��

I,/H�	 �K��J	 - �C��I� ��A�  �/�aW �	7]Z � ��83C- �� ,/IH�	 �K�J	  �L=- �-(9�u- )Malmir et al., 2020 .(�� 

��BQ> � Z�C� 
V� �� .-�2+����\	 [;� ��:C- ,�9? �EF� ��G I,/H�	 �K�J	 ���-
�  � �LC G�L;P 
V� \L	    5-
L7- ����L�

���> ) 
,-Moktadir et al., 2021Z�C (� ��2� Q8P� /- ���X3=-��G P6�� 1CQ;	  
L�H BP  4�L� -�g	  L<�� � ��-�Q	 

���>) 
,-Jianying et al., 2021 .(  
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EF�� �� ���	C�- b,�� �C  �37� �� ���W�C �-�@Z �#�:� �
�  �L=-Karmaker et ; Kennedy et al., 2019 

al., 2023� .(EF�  ���7� �r� ���3B-�  �P���� X;�� 
,-  �o��� �� D-
�- �=- J8�� Q>�� �3	��:# uK� �V� -��	  �-�7

) 
;��Ullah et al., 2021 .(/- �Y, .��/�= G����-
,�3=- J	C  ��

��- EF�� QC ���< Q���I�  -G /-  f�L�3B-  �-
LZ� 

E� Q:7-� � G��
��	� .W .�	C �
� �=- .J�-�C�;C �=��C ?	
> EF��  G�� ����3B- �� E� �	��:# � f��3B- /��C � 

��X�- �.W �OC ^1� � �=�=- �� 
;�-�# �C��/�- � ?:��@� EF�� �=- )Poursaeed & Mohammadipour, 2019 .(  

FC	G��  .�RRV� /-���=�;� QC :� � �-�m�O�J		 �.-�	 �-(9�u-G I,/ �� �1,W H�	�K�J	 �-
���    Q4�����>  
L,- �� .

��BQ> � Z�C� '�� /- ���X3=- �C .�,W /- ��G �6�^	 9G�	 :� 
;0H��	 � ELF�  �L�G  LB-�m�  �f�L6V�  QLC ;�- �L	 

���;#G ��, �-�m�O� � ���]m-� ]C /-G�� �:	Pm �K>
	 ���> 
,- )Daneshyar & Iranpour, 2020(. Z�C� � �L2� 

 .�RRV� /-)Khorasani & et al., 2017( �EF� ��G ���   L� � QLA�� �LOC �C sPK�J	  ���- �� -� .�9
L;;> �L�  �L�G 

��M�CG QP�� 
;CG ���> �= /- .
,-G ��2� Z�C� 2��� -�-�= '�� /- ���X3=- �CG /�#G RV� 5�I,- �C�R	  ��E�  ���9

3:;<�� QI	3, G�	9 ���> 
,- Q> ��:C- EF�� �����34- EF�� �F�/ ��@	V� EF�� G��637- �  URV�  J3#�L	,  
L1:� 

�����34- ^1� J��� QX��� ���� 
,- Q>  G�-
L���  H�L	I,/  J	�KL� -�   
L�
1�  �L�  
L;;> )Alam Tabriz et al., 2017 .(�� 

J	�� Q;	�/ �Z�C .�RRV� �C ���X3=- /- E� ��8��� Q3O	�W � \	
V� �
��� b� /- �#�:� EF�� G��  ��
L:3�  5-
L7- 

QC E� ?_-�- Q3=� G
;C �X� Q,�9 /- �1,W ���> 
,- Q> �� ���1, EF�� G�� ����� ��@	V� Q@C-� �G- �����]m- ��,��/�= 

��	
���� �A�R� � .���3+� ���1, -� /- Q
�4 ^1� J��� QX��� ��  �L#�:�  ���L>  
L,- )Khalaj & Rahimian, 2020 .(�� 

�C �R	RV� .-�;� »/�-�C�� �EF� ��G I,/H�	 �K�J	 ���-
� 
V� '�� �C\	 M� � �M�B\� V� �� �F8�s	  /�L#G« �

.�RRV� b� /- ���=�;� 16 ��\� EF�� � Q3=� G
;C �.�,W \�-�� �F8�  G�-
L���  H�L	I,/  J	�KL� -�  QLC  SL	��� 

.-�VC G�� �����  ����� .��8, J	,-�7 �G�-
��� G��]C �:	Pm � H��X3=- -��>�, /- rC�;� �#�:� ���>  
L,- )Farrokh et 

al., 2019 .( 

 �n# ��G CJ	 

��-� ,�	 RV���R	 �
:3�G ��H��C �� �-�m�O�G�-
� I,/H�	 �K�J	  �L=- �
� 5�I,-Raj et al.,  

karmaker et al., 2023; 2021����� �� .( ��G QC�+�� �C�Z � �C .�RRV�K>
	 }�� 5��� �C ��W�G ��G�-
� I,/ H�L	 

�K�J	 � �K>
	 +� �CE	8 ��F�� CJ	 � `
3O� r4-��Ku �-(L9�	  �� �LC G�-
L� I,/ H�L	  L�K�J	 )Song et al., 2017(� 

 H��C��,�9 Q= ��:C-? ��637-�G V��@	 ���34- ��  Q:��@����>) 
,-Alcívar et al., 2020-Zavala .(/-  G�L=  �L2�� 

��
38� � .-��8��4 )1202 (��-�� sP��� �C .���3+� /- \	P7 �		q� �� ��V	4��  .���3L+� �  ��,�L=�,  �L�	7 -� /- 

^1� J��� �-�m�O� G�-
��� H�	I,/ J	�K� ������C 
,- .Q� � .��8��5 ) 2021 (�	, �� E� E�  ����L�  QL3O	�W  �LC 

���X3=- /- E	;8� G�� �
:3� ��> � ��X	> \�-�� QC sP��� �C ��Z�=��/ �
� �C�7� � \�-�� .-�VC G-/ �:	Pm � 

����34- QC .-�;� �-�m�O� �-(9�	uK� �C G�-
���  H�L	I,/  J	�KL�   
L	>K�  
L,��> LZ�C .�  , .�LRRV� �L	  ��� �LC \L�   QLC

CQ 9��>G�	 ;8�E	 ��G ��
	l	  .�;# ��� ��2�-^3� ��G Q;	1C /�=G ����2�- 
;,^3� » Q8PL�  �L�G  PL6��  �� ��L+3,-  QLC  

SR�« QC J�- QI	3, 
,
	=� Q> �-�m�O� �
<- �� ��:C- �G��637- ����34- �  ELF��  G�L�  sP��L�  �LC  �2;��L�� � 

G��8�� �=- � .-��
� 
��C Q4�� ��Z -�  QLC  JL�-  \L�-��  D�L@:�  
L;;> )Jianying et al., 2021(. ��  f�
L4 2 �

�=�1# z�3PF, �:��4 /- �-�m�O� �#�:� �
� /- G�= .�RRV� �
Z-� � �4��Z Q_-�- �
� �=-. 
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q��		 �A�R�G �3+��.�� ,�14�  �.
�G���	C ��G Q�� 9��	 � ���/�;�.�	     L=�� �L;4 
L;,�� ����L+>Q	  -�L>�- ��J� 

��9
	l	 �� � :@7 5
��	 �� -�� ��s� :7-� .�14��   ���L0 � �-�L@Z  L��G / G��L�  SLF> �� -�  �L���>�G   `L
3O�

,�14� -��I� �=- ���>. -J� QC \�-�� �V� �-���^� ��G ,����i? �� � ��637-G�-
� I,/H�	 �K��J	 M����2+� ��G - .-�L�  -�

���-��� �CG X��n�� C��Q �
:3� ��:��@� ��4� �C .�=- ���> ���  .-
R#E� :��@�? z�3PF,  � r��4Q0���8�    QL4�� �LC

� QC-�s� - ��637- )�Z�.-�� - �]��:� Q>J� =��C ��1i�, ��637- �Y,/- -� \�-��� ���> �
��C y�FB- �� ���  .  

3- H��  +�&I� :����  

����� /- �A�B ��C��> �D
� �Y,G /- �    -�L4- '�� �LY, ��L�>  \8L+3� /-  QPB�L6� �  �L=��  QL��, � /-  �LY, 

��	��� �#�+3>- QC }�FB ��  
�W:��4 .? ���WG  �Q:��@ �
� - �� JL� RV� �UL	 
> ?L	  
L�.-��  �L=�� �G  �LOC   G�L� 

=
;1�� ��m  ��� ��;��- V� ���-
1Cs	 �F�/ a 
;#-
� ��\����	 U	RV� ���;# �G 
�� ���	 ��1C �  G�-��C  �>��

M���� -��CW �X,. 
,-, QC Q4�� �C ./�	 - �� .�9�PZ �-�Y, /- ���X3=- QCJ� RV��U	 10 �n�- /- �X,G :��4Q  RC�L= �C? 

��>G M�CG 10 =�;���> ��
� \7-
B � f�=�  
��-QC  .
,
� }�O3,- Q,��, .-�;� G-�LC  ��W��L9G 4 � rL�  G��W 

Q,�OC�3> '�� �� /- ���]m- -G � ��,-
	   
L� QL3#�9 ��1Ct  - QLC JL�   '�� /- QL> ���L<  �L�G  QL,�OC�3>   G-  G-�LC 

��W��9G C�- QC d�C�� ���]m-��	 � � v�A��?;	+	 �RVU	 � '�� /- � �,-
L	  /�� \��L� rL�  �L=��   QL��, G-�LC 

r�4  G��W , ���� S��@�/�	 �� H��C�=�;��� ���- ���  G
;C �EF�  G�� I,/H�	 �K�J	 �� �-
L� �  �L	,  G��-�3L=-   G�L� 

�V� .��/ �� S=�;�^� - �� .
� ���X3=-J� RV�U	 QC �I� ��Y;�Q� 
V� �\	 ��-�   �L� �  �C�	3L=�   �L3, QLC[�  L�
- �Y, /

;8�E	  G�� X��� �G/�# -�-�= 
V� �\	 Q
F
= P�-��� #�=����,E	 P@7��� � b	F���  ���X3=-
�- QC ��> '�� .J� 

 ���<�=-  /- b� Q>�-�O3=- �EF�  G�� I,/H�	 �K�J	 ���-
�  /-U	RV� ��� �C ���X3=- /- J# �X�� G/�#  �L=�1# 

J�- EF�� �� S=�;3� �C s�-�� G��637- .-��- �C �;P�G �-�Y, .�66O3� ��M�� � QC ��� f�
4  �L�/  xOL+� 


�
B�� �� .?  /- ���X3=- �C 
:CE	;8� � -�-�=EF�  �� � ��/ Q���I� G�� �=�;��� 
B�� �� �
�?  ./� \LP7   �L��  �

���- �L�   G
L;C  
,
L�Ghasemiyeh et al., 2015  .( ��LR	RV�  .�L+, ��-�  �L=-  QL>  L=-���X3 /-  QL���I�  �-
L�- 

E	#�=����, �P@7�� �� Q4-�� � ���]m- �C��
	l	 #�>�, ^1P�� W��> /-�� CG�3+	 �PF,� QC�2� '�� �-���Z�C ��

) �=-Ghasemiyeh et al., 2024X;� � �P�� ���]m- �=- ���7 � (� ^� -�.��/   '/-��L� 
L;> )Görçün et al., 

2023;l�� .(J	 �n� rC-�� /- ���X3=- QC Q4�� �C�� �n� 5
� ���� �,-���� CG�3+	 -�� �C Q14-�� ��s� :7-��  �

#�>�, ���]m-�  t
��C Q3�-�J�-�C�;C �m- �C.�;	 CG�3+	 �3,[� \<�B �
�  �:�^	 �-�� �� ��L� )leh et al., 2023Sa .(

�= /-G ��2� ��9�� 
<-� -�-�= /�- .�8�-�C�� �� .�9�PZ �Y,H��C ��-�	 :�����	 W�# ��
;� :� J	L	 1,W ./� �L=� .

��,-��� �� .�66O3� �Y, ���W�CH��C ��- �PF,�	 :� �L���	 :� �� J	L	  �L1,W ./��   
L<- �L6;�� - JL� '��  �L=- .

J	;l�� -J� '�� G-�C �2;���� � r�4 G��W ��-� G�� .�66O3� 
	X� �=- .��]� �C  JL�- �  '�� -�-�L=   .�
LC

QC .�66O3� � �=- QA���3B-�� �� ��8�� ^� �C 
;,-��G ) 
;;>Tripathi et al., 2023 .(J�-�C�;C >��S	   ���X3L=-

#�=����, �-
�- /-E	 �3, QC -�-�= �[� �8�-�,
�  �I;��� ) ���Ghasemiyeh et al., 2024;8� /- Q8,W J�A .(E	 

F���b	 G-�C QP�� 
;CG �9Q;�  .�=- �
� ���X3=- ���	
C�7 \�
P� G����	:� �X	> QC  �L�> �  .�L8�-  ���X3L=- /-  JL�- 
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'�� �� 5�2;� Q4-�� �C �
:� Q;��9 �� � ����	:� � J		:� ^� .��/ ?P�� C ?;��9��� �� ��;> J		:� �2�� ?P��  Q;��9  ��L� 

/- Q
�4 \�M� ���X3=- /- J�- '�� �=-. 

J� K 1- �4��
 L!�*� :+��1
�� � M���
 �7�N  

Table 1- Questionnaire distribution stages and their nature 

1�4�
 H�� O � L'&
 3�4 1�*2� 

f�- E	;8� �X�� G/�# 
���=�;� G��-�3=-  �� 

B�6�QP �C .�9�PZ 

10 �X, 

5�� E	;8� �X�� G/�# �=�� ?��, �]<- H
� ?
B�� f�- 

5�=  E	;8� -�-�=  �����-  G
;C EF��  ��  M-�-/- �-�	F�W � .-��8�� )2020(  

5��10 
\	
V� Q
F
= �P�-�� 

E	#�=����, �� �P@7 
./�  ��� EF��  �� �=�� ?��, �]<- �H
 5�� ?
B�� 

^I;�  b	F���  �����-  G
;C G��-�3=-  ��  �=�� ?��, ?
B�� 5��  

�� �1,�� 
V� /- ���X3=- �C\	 Q
F
= P�-���� #�=����,E	 �� P@7� � b	F��� G��-�3=-  �� QP��  G
;C 
,
�.  

J� K 2- .P!�  %�� ��Q� � �-�) 	�
�� R���� 

 Table 2- Primary and secondary risks of the research 

L�&
  �	-*2�
�! .P!� .P!� ��Q� 

��
38� � .-��8�� )2021 t(�;	,�	4 � .-��8��6 )2021 t(��	+,-� 

- ����,-��7 )2020Q:�4 t( ��-/ .-��8�� �8 )2020 � [
Z t(

B�.�	�	 )2020 t(��-�	
� ) .-��8�� � .�+Z��2019 t(��#  �

.-��8��9 )2019t( ,�=-�Z� .-��8�� �10 )7201�P� ^��� t(��  �

.-��8��11 )2017 t(.-��8�� � �,�=12 )2017(  

��>�-
� :��,�=�, ��	7 � �� y�3=� .��C 5/-�� 

QA�� 

QX7� �� G��
;�W�# �
Z-� :�	X	> �J3�-
, ��;��- 

G��4�� M�> ��,�=�, � ��C�63�- G�9��> 

	�K�J :��]8+� �� ��>�-
� � r�/�� 

�;	,�	4 � .-��8�� )2021 t(Q� � .-��8�� )2021 t([
Z � 

.�	�	B� )2020t( ��-�	
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Table 3- Appropriate strategies during sanctions (surveys of the first and second stages 
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Table 4- The opinion of experts regarding the main risks 
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Table 5- The opinion of experts regarding secondary risks 
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�		q� �� �=�	=  G�� �F�/ �@	V� � ����34-  63%  163%  62%  38%  

QX7� �� G��
;�W�# ��
Z-� 5
� ��	X	> ��;��- 

G��4�� M�> ��,�=�, � ��C�63�- G�9��>  
82%  182%  55%  30%  

��J	�K /��C �]8+� �� ��>�-
� � r�/��  82%  182%  30%  16%  

����+3a- �=�	=-����34-  0%  100%  100%  46%  

�]�B �3F�����  67%  167%  60%  28%  

�F�/ �@	V�  
��
	�- � Q��  G�	9  71%  171%  35%  16%  

G��]C �:	Pm  57%  157%  22%  10%  
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/�� /- b�r� �=�� ��,? #�=����,E	 �� P@7� � /-�=� �� 
� �=-�Z�� .�9
;�� E� � /-EF� I,/ H�L	  �KL�J	 

/�- -��C�� r�4 /- b� .
;;>  ��WG �=�� �=�� �� ��4�� ���]m- �Q��, #�=����, �-
�- QC Q��,E	 
P�\�   �L� .
�

#�=����, �
�E	  �C6 � ��-� .�+, �n�� - .���J� 6 ��� QC �n�S	 ���P�  /- 
L,->T+,I+,F+,T-,I-,F-<.    QLC QL>

���S	 ;:� QC �=-� QC �0 /-� 3=��� �n��� �n� ��P���� :��,J	  3L=���, ��P���  �Ln���   3L=�� ��LP��� 

�n��� X;���  �Ln���  :��L,J	  LX;��  3L=���, ��  �Ln���  LX;��  �L=-  
LP� /- bL� .\�    �� ��L4�� ��L�]m-

�=�� Q��, #�=����, �-
�- QC ���E	 ����b� G��  QC \<�BE� ����b� �I��:	 ���9 �� 
P��\    �LZW 5�L9 .
,
�

,�	 #�=����,E	 P@7��� :@7 �-
�- QC� )Crisp Value (.�=- �� J�- Q
B�� b�����  ��G �I��:	  L:@7 �-
�- QC� 


P�\� �� .
,��  
J� K 6- ���
!b S/0 ,� -��  

 Table 6- Matrix of deterministic numbers 

����]+�%  1;�-  ����(�  �!Ma�+�  �;���  
���G��c �*��0� � 

��*(���C�.  

���X3=- /- �>��  G�� ?�	C �
Z-�  487/0  490/0  491/0  493/0  485/0  

�>��� G-�C U	RV� � Q:=�� �� .��/ ^��V�  490/0  494/0  488/0  494/0  490/0  

G/�=/�C � �-�	�:� �=�=- �� d�@Z 
	���  484/0  488/0  487/0  488/0  488/0  

�	� '��# �X, �� G-/- Q����=  �G�-(9 M�> � �
Z��  488/0  490/0  492/0  491/0  483/0  

���> UB Q�	C G-�C 
	��� .�9
;;> �
Z-�  482/0  495/0  494/0  487/0  488/0  

�-�  G/-
,- �>��  ���� Q> .-�� 
	�K� �	X	> �M�6V� � 

��
< Q�
	�K� ���� �� g@= J	C �

��- -� Q3�-� 
;��C  
486/0  495/0  493/0  481/0  490/0  

�	P�� J	,-�7 -���<�� � G�	9�
4 /- �-�		q� r��= 

J	,-�7 ��-���<  
491/0  494/0  488/0  490/0  489/0  

�� ?
B�� �ZW � �C ���X3=- /- b����� �-
�- �:@7 \<�B /- ��P=�V� �-
�- E	#�=����, �� ��P@7 ����P�-�  QLC 

E�> E	;8� b	F��� �����-   G
L;C  �L�   
,�L� .��  JL�-  EL	;8� /- ./�   G�L�  QPL=�V�  �
L�  �LC - ���X3L= /-  EL	;8� 

E	#�=����, �P@7�� ���X3=- �
� �=- .�FO, b����� �-
�- �R	RB �=� QC t
�W b�=  �C  y�	R� .��> b����� 

^	�6� )f���, G/�= b����� ^	�6� (� J		:� b����� �C  y�	R� ./�  �-� 5�I,- 
� .�� ���1, UC�@� �f�
4  �L����- 

./� G��-�3=-  �� QP=�V� �
� �=-:  
J� K 7*
�� .!M   &(% ��,�'���% ����R  

 Table 7- Prioritization of research strategies 

%����]+�  F�� �!�7�  M!*
��  

���X3=- /- �>��  G�� ?�	C �
Z-�  5927/0  4  

�>��� G-�C U	RV� � Q:=�� �� .��/ ^��V�  5894/0  7  

G/�=/�C � �-�	�:� �=�=- �� d�@Z 
	���  5955/0  1  

�	� '��# ,�X �� G-/- Q����=  �G�-(9 M�> � ���
Z  5917/0  5  

���> UB Q�	C G-�C .�9
;;>
	��� �
Z-�  5939/0  3  

�-�  G/-
,- �>��  ���� Q> .-�� 
	�K� �	X	> �M�6V� � ��
< Q�
	�K�  ����

-� �� g@= J	C �

��-  Q3�-� 
;��C  
5942/0  2  

�	P�� J	,-�7 ��-���< � G�	9�
4 /- �-�		q� ��=r J	,-�7 ��-���<  5905/0  6  
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�C y�=- [��3, �f�
4 G��-�3=- » G/�L=/�C �  �-�L	�:�  �L=�=- ��  d�L@Z  
L	���«  �LC ./�  ���L1, 5955/0 �� 

�����- f�- � G��-�3=- »�>��� G-�C U	RV� � Q:=�� �� .��/ ^��V�« �C ./� 5894/0 �� �����- �ZW �-�7 �#�9.  

5- d�( � ]��1� `��%  

- ���J U	RV� �CG- �=�;��� \�-��=��C �� 7�	U 
��> �� /- �m�U :��@�?   � �M�LR� �S3> ��LR	RV�    .�9�L,�9

/�� =- �Y,.-��3  .�=- Q3#�9 5�I,- x6O3��� �1,�� �C y�=- ��R�? M-�-/- F�W�-�	 ) .-��8�� �2020(� 5  ELF�� 


<-�  �13 �EF�   ��#� I,/H�	 �K�J	 ��-
�� M�� �>�� ����  .-��CW �X,/ ��� QC Q> �=- �
� �-�O3=-��
,:  

- ��! Ma�+: QX7�  G�� -�#G��
;� 
Z-�� :1I��-�	 #�A- ���
Z ��� �]8+� ���;#G ��m�P��- � ���]m-.  

- �;���: �A�R�G ��	  �;	P  �
+,�� ���,��-
� ��-/�C 7 ��,�=�, � �C�7���	.  

- c����G� �*��0� ���C��*( �.�: �q�		 = ���=�	  �/ �� �L��� ?L;	    \LR, � \L�B � �-���L< ��-��-� �L		q� �  ��

=�=�	  G�� /�F� V��@	 ���34- ��.  

- 1;�-: 7 ��,�=�, ���>�-
���	 5/-�� .��C y�3=� �� ��  QLX7� W�# �� G��
L;�  L
Z-���  > 5
L� ��L	X	 - ��L;�� 

��4��G �9��> ��C�63�- � ��,�=�, M�>�G �J	�K� -
� �� �]8+� /��C/�� � ��>�r�.  

�� Q�-�- �C y�=- E	;8� �-�-�= ./��  ��� � �����-  G
;C EF��  ��  �L=��C  
L� .��  JL�-  UL	RV�  �LC  ���X3L=- /- 

�=�� Q��,  G- Q> -� .W  10 �n�- �X,G Q:��4 \	�8� �
,��> ��-�  G�� d�C��  QLC  EL	;8�  -�-�L=  rL�4  G��W  
,
L� .

[��3, J�- �OC QC ���< ��/ �=-:  

- Q3#�� �G� \<�B /- E	;8� -�-�= �� f�
4 4 .�+, �-� Q> �� J	C EF��  G�� ��
<- EF�� »5
�  �Z�L=��/«  �LC 


<�� ./� ���1, 47 �� �����- f�- � EF�� »�,-�VC« �C 
<�� ./�  ���L1, 5 �
L<�� ��  �L����-  �LZW  �-�L7 

Q3#�9 �=-. 

- Q3#�� G�� \<�B /- E	;8� -�-�= .�+, �-� Q> �� J	C EF��  G��  �L��#  ��Z�L=��/  ELF��  �L��# » QLX7�   G�L� 

G��
;�-�# �
Z-� : �-�L	1I� �  ���
LZ  �#�LA-«  �LC  
L<�� ./�  ���L1, 64 ��  �L����- f�- �  ELF��  �L��# 

»�]8+� G���;# ���]m- � ��m�P��-«� �C ./� 36 �� �����- �ZW �-�7 Q3#�9 �=-. 

- Q3#�� G�� \<�B /- E	;8� -�-�= .�+, �-� Q> �� J	C EF��  G�� ��#� ��A�R� »��-/�C  �LC�7� �  ��,�L=�,  �L�	7« 

�C 
<�� ./� ���1, 64 �� �����- f�- � »G�A�R� �	� �;	C �
+, �� �-
����,« �C 
<�� ./� ���1, 36 �� �����- 

�ZW �-�7 Q3#�9 �=-. 

- Q3#�� G�� \<�B /- E	;8� -�-�= .�+, �-� Q> �� J	C EF��  G�� ���# �����Y, �,�,�7 �  �EL	�-�>���C » �L		q� �� 

�=�	= ���� �� ?;	�/ ��-��-� �-���< � \�B � \R,« �C 
<�� ./� ���1, 62
<�� �� �����- f�- � »�		q� 

�� �=�	=  G�� �F�/ �@	V� � ����34-« �C 
<�� ./� ���1, 38
<�� �� �����- �ZW �-�7 Q3#�9 �=-. 

- Q3#�� G�� \<�B /- E	;8� -�-�= .�+, �-� Q> �� J	C �EF�  ��G #��� QA��� » ���>�-
L�  ��,�L=�,  �L�	7 � �� 

y�3=� .��C 5/-��« �C 
<�� ./� ���1, 54 
L<�� ��  �L����- f�- � » �J	�KL�  /��LC  �]8L+� ��  ��>�-
L� � 

r�/��« �C 
<�� ./� ���1, 16
<�� �� �����- �ZW �-�7 Q3#�9 �=-. 
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- Q3#�� G�� \<�B /- E	;8� -�-�= .�+, �-� Q> �� J	C EF��  G�� ���# �QA�� »����+3a- �=�	=- ���L�34-«  �LC 


<�� ./� ���1, 46
<�� �� �����- f�- � »G��]C �:	Pm« �C 
<�� ./�  ���L1, 10 
L<�� ��  �L����-  �LZW 

�-�7 Q3#�9 �=-. 

�� �Q�-�- �� �=�� Q��, �8� /- U��m QPB�6� �C .�9�PZ � \�3+� �C 12 f-�= �  G�L2��  \�3L+�  �LC 7  f-�L= 

Q3#�9�C /- [��3, Y,��-�Z� .�9�PZ �� ��� �
P7 QC G�	9��>  � �C r�/�� �1,W J	C 10 �X, /- G�n�- Q,��, 5�I,-  
L� .

��-�Z�Y, �� �� ��� �X�� ���< ����1,�� � v��4- �-�Y, .�9�PZ �=� QC 
�W .�� .���� 7 G��-�3=- �C  �L	��- 

Q3Z�;� 
,
� .G��-�3=-  G�� �=� QC �
�W QC ���< ��/ �=-: 

- ���X3=- /- �>��  G�� ?�	C t�
Z-� 

- �>��� G-�C U	RV� � Q:=�� �� .��/ t^��V� 

- G/�=/�C � �-�	�:� �=�=- �� d�@Z t
	��� 

- �	� '��# �X, �� G-/- Q����=  �G�-(9 M�> � t���
Z 

- ���> UB G-�C Q�	C 
	��� .�9
;;> t�
Z-� 

- �-�  G/-
,- �>��  ���� Q> .-�� 
	�K� �	X	> �M�6V� � ��
< Q�
	�K� -� ���� �� g@= J	C �

��-  Q3�-� 
;��C. 

G-�C ���-��  G
;C ��-�3=-G  G�� �V� .��/ �� S=�;�^�   M�L� �>�L� ����   .-��LCW �LX,� /- ;8� EL	  LF���b	 

 .
� ���X3=-�C y�=- �[��3, G��-�3=- »G/�=/�C �  �-�L	�:�  �L=�=- ��  d�L@Z  
L	���«  �LC ./�  ���L1, 5955/0 �� 

�����- f�- � G��-�3=- »�>��� G-�C U	RV� � Q:=�� �� .��/ ^��V�« �C ./� 5894/0 �� �����- �ZW �-�7 �#�9 .

[��3, U	RV� �C [��3, ��R	RV� [
Z � .�	�	B� )2020(� ��-�	
� .�+Z�� � .-��8�� )2019 (� �	,�	4 � .-��8�� 

)2021( �F�� �=-.  

/- ^1� J��� G��-�� U	RV�  QLC ��A�B  H�	L�  fM
3L=-  �LP	>��  ��L=�	7 �  ?PL=�V� .-/�-  ̀ L
3O�  ELF��   �L� � 

�����P�-� f��� xZ��  G�� �X	> � ���> �7� M�C � QP��  G
;C � �����-  G
;C  ELF��   �L� �  G��-�3L=-   �L�  ���L�- 

�� ��� .�C Q4�� QC K�
	� ��P3�- '�� ^	�6�  G�	9 ���	:�
;0 /- U��m ��-�Z�Y, �.�9�PZ ��1;+	� ��   ��L�  �>�L� 

��M�� �X, �.-��CW �� ���	�6� ^1� � �8���-�3=- .�l�� �C��/�- EF�� J	�K� H�	I,/  �-
L��� /-  [��L3,  UL	RV� 

�A�B ���X3=- 
;> .�C Q4�� QC [��3, �U	RV� ������1;+	� �C �>��� �C Q= �-���P �f�- Q> 
4-�  �L����-  G�L�  ��M�LC 

���C �
,- QC ��� ��/ Q_-�- �
� �=-: 

� %��+��( � ����2S� �+�+� �, e*/a  �
*� :�� d�@Z 
	��� ��2+�M��  .-��LCW /-  ��L�����38�- P-5101A-M 

d�C�� QC 
B-� /�# 2 ��2+�M�� .-��CW �C ��6O+� .-�� 2600Kw � 1492 ��� �C QR	7� � .���4 295.2  �L��W 

���X3=- �� ��� .J�- �������38�- /- ���	B J��� �-�	1I� ��2+�M�� }�FV�  �L�  ��L�  QL> ��  �Lm H���  
L	��� 

��8
�� g	V< .W ��	FC G���A � �=- �C-�Z .W ?:��A .-�P4 G��(��, �C  sLZ  
L	��� ��-�  �L�  
L;> . 
L��Z 

�������38�- 
�
4 ��]� �C ?;��� D-�9 QC \	�� rA� ^��V� G�� Q,����i QC �3B-� �F	� ��, ��� .��- �C �>��� � 

Q:��@� � ���3�- QC G����	, x6O3� �9���W ��
Z-� 5/M G-�C �	�:� �=�=- � �		q� ��:@7  SF> �� ���  . 

� #��  %�� �� MC�I  �!�� 1C F�*�  �!�� M�f�C �"*g�
 � �� Q 1! �!�� �!�� �, �� h/+ ��( ���2
�   1][I�, 

 &I�( :2+�M���� 
��C E� 
B-� -� �66O� �� ��2+�M�� G-�C ���Y,  �LC  �L	X	>  �M�L6V� �  �2;��L��  �LC 
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��F=�� J	C �

��- G-�C ��
< Q��;	�-�9G�� �P3:� �-� 
;> G/-
,- .J�- 
B-�  
L��C  �L1I�  QLC  ��2L+���/W G�L� 

Q3#�+	� � G-�-� \;=�� x6O3� 
��C .��I�- d�P��- � G��8�� �C ��F=�� J	C  �L

��-  �LP3:� ��   
L	�K� ?L;	�/ 

�	X	> �M�6V� G-�C ��2+�M�� G���A �=- .J�-  G��L8��  �L�   QLC  ��LP3�-  �L+OC �  '��(L�  �M�L6V� �� 

G���-/�C �,�14 E�> �� 
;> .��2+�M�� .-��CW 
��C G-�C G�R��- �-�	1I� � G��
;�W�# 
	��� QC ��Y;� ��P@,-  �LC 

G����-
,�3=- J	C �

��- Q����= G�-(9 
;> .J�- ��-  QC ��P1C �	X	> ���1, �M�6V� �I;�  �L�  ��L� .��  ��L��1, 

'/��W � G/�=
;�,-�� .�;>��> ��2+�M�� �� ?;	�/ ����
� �	X	> � 5�Y, G�� J	�n�  �L	X	>  J	LC  ��L

��-  QLC 

M�C .��C �,-� � ���1�G�� \;=�� �� J�- �/�B E�> �� 
;> .G-�C Q4�� ���� �� QC  ?L��R�  �L	X	> �M��  ���2L+


��C \��:� �8���, �C ��2+,-� �X, � .-��3=- ��
� �1,W G-�C G�R��- �X	> �M�6V� �-�7�C ��> �  ���L	�  G/�L= 

�����-
,�3=- /- Q
�4 ���- 9000 -� �C G��8�� ��2+,-� �� ��3=� ��> ��Z �-�7 
��.  

 
� :��C R4 %��( 12�(  �
*� F�` &&C ��a�, :���> UB Q�	C � �+OC ���	��� CG-�  �L���B /-  
L	���  ��L
Z-� 

G��8�-� �-(9�u- ����B G-�C ���� /- �>���=�� .J�-�C�;C G��8��  ��2L+�M��  �LC  .��/�L= G�L�  QL�	CG- � 

^	Y;� �-��R� G-�C ���> g@= UB �Q�	C E�> �,����  QLC  �L�  
L;> . ��LI�-  ��
;L<  G��LP3�-  �L�  QL�	CG- �� 

G��8�� �C G����1, �3��� � �<�6Z G-�C ����B /- ���2+�M�� �C �#���� ^1=  �L�> /-  '��L#  �M�L6V� 

��2+�M�� �� ���> Q;��� G�� Q�	C �=- �u�� .�� ����1, G��8�� �C ��-/� �.��:� ��> �  ��L#�  ���L�34-  G-�LC 

J��
� � G-�4- �=�	= G�� �3���B /- ��2+�M�� G���A �=-  . 

 
� ��1;+	� ��  ��� H�-�- �M�> �� ?;	�/ EF��  �� � =WS	 G��(�  G�� ���, /- �.W ��:��@� � ��R	RV� 5/M -�  5�LI,- 


��. 
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