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Purpose: The creation and development of technology play a significant role as the main source of 

competitive advantage in any organization. In the most commonly accepted model, the process of 

technology management is referred to five structured stages including identification, selection, 

acquisition, exploitation and protection. The stage of identifying and choosing the appropriate 

technology among alternatives is challenging due to the vast increase in the number of technologies 

and their complexity. Technology selection means choosing a technology from a set of technologies 

that support similar tasks. In the defence sector, the rapid changes in technologies in today's world 

have had tremendous effects, and this makes present and future battles more complicated. The 

defence research centres have identified several emerging technologies or technological solutions to 

solve these challenges in different fields. But the important issue for researchers and managers of 

research centres is that among these technological solutions, which emerging technology should be 

chosen? What are the selection criteria for these innovative and emerging defence technologies? 

Therefore, a structural analysis of the criteria and factors involved in the selection process of 

emerging technology is necessary. Considering the key role of research centres in the creation and 

development of innovative and emerging defence technologies the necessity of their role in the 
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defence value chain and the governance of modern research in the defence sector, as well as the 

importance of choosing effective and efficient technologies, this article aims to provide a model for 

choosing innovative technology and emerging in line with their creation or development in defence 

research centres. The use of this model in these centres can lead to the evaluation and selection of 

emerging defence technology in a purposeful, appropriate and accurate manner. 

Design/methodology/approach: This research has been done using a qualitative-quantitative mixed 

method, based on the opinions of experts in focus groups and the fuzzy hierarchical analysis 

technique. In this research, the theoretical literature related to the subject has been reviewed and the 

desired criteria and factors have been identified. Then, the existing criteria for the localization of 

technology selection criteria have been provided to a focus group consisting of seven managers, 

faculty members, and experienced researchers involved in the defence research projects and a new 

and native classification of the selection criteria has been proposed for emerging defence technology. 

Next, the weighting and determination of the importance coefficient of the technology selection 

criteria has been done with the participation of 15 experts using the FAHP method. Finally, to validate 

the proposed model, a case study has been conducted to select technology in the electrical and 

electronics research centre, whose experts consisted of five researchers and faculty members. 

Findings: In this research, the criteria for selecting innovative and emerging technologies suitable for 

the defence ecosystem were categorized in the form of five criteria, and the results of the research 

indicated that the technology effectiveness criterion is the most important with an importance factor 

of 32%, and technological competence, feasibility and development capability, risk, and economic 

and commercial are respectively the next priorities in the selection of innovative and emerging 

technologies in defence research projects. To validate the proposed model and in line with the 

selection of defence technology in the field of electricity and electronics in a defence research centre, 

the proposed model was used in a practical environment, and based on the calculations, High Power 

Microwaves (HPM) technology as an innovative and emerging technology was selected among the 

three technological solutions to solve the technological need and challenge. 

Research limitations/implications: The limitations and problems of interview data collection and 

access to the statistical population were due to protection and security restrictions since it was very 

difficult and time-consuming to involve defence managers and researchers in various fields. Also, in 

terms of the generalizability of the research results to the specific society, it should be noted that the 

focus of the current research was on managers and defence researchers in the research centres (supply 

and technology developers) and the end customers (executive staff of the armed forces) of 

technological and technological products. The proposed model focused on determining the criteria for 

selecting emerging technology in defence centres and their importance factor and has not addressed 

the stages of technology selection. However, in the case study, the authors tried to show how to use 

this model. Therefore, the issue of technology selection steps, examining the relationships and the 

intensity of the criteria of innovative and emerging defence technologies can also be considered as a 

future research subject. 

Originality/value: From the pattern and criteria of technology selection proposed in this research, it 

can be inferred that in the selection of novel and emerging defence technology, one should pay 

attention to quantitative and qualitative criteria with different importance coefficients, and this 

selection is a multi-criteria and multilateral decision-making. There are technical and technological, 

socio-political, financial and economic factors in achieving the national and industrial goals of the 

defence sector. The model proposed focuses more on the specific criteria of defence research centres 

and the degree of importance and prioritization of emerging technology selection criteria in these 

centres rather than the creation of the emerging technology process. By addressing the validation of 

the model in a real environment, the authors attempted to show how to use the proposed model in 

practice. 

Keywords: Technology selection, Innovative and emerging defence technology, Fuzzy hierarchical 

analysis, Prioritization, High Power Microwaves 

 



 
 ���� ���	
�� � 	��� ����� �� �����15 ����� �3 ���	� �38 �	��� �1403   

 :�#����03/08/1402  :&��'�15/05/1403  (1-29 

https://doi.org/10.22108/pom.2024.139432.1530 

 

(������ 	
��)  

����
� 	���� ������ ��� ������ ��� �� ! � "�#��$ ���%�� &! ��'� ()* � 

	+,�- ���. �#��$ �-��/�0- 12�3 �$  
 

�4/5� 362�*1�9:���; �4�32 </=5  40 >2����@�3/� �/���3! � � > 3  

  
  

1-  �����+,-������ ���.  �/��01 �,02� � ����� �345-� ��+�- 6��� �+701 ��845-�  �9-�2�  9-��-، rahimi_akr@yahoo.com  
2 -  ��	45-��/��01 �,02� ���.  �/��01 �,02� � ����� �345-� ��+�- 6��� �+701 ��845-� �9-�2�  9-��- ،karimi-mo@muts.ac.ir 

3 -  ��- :�0���; ���.������  �/��01 �,02� � ����� �345-� ��+�- 6��� �+701 ��845-�  �9-�2�  9-��- ،bararnia-me@mut.ac.ir  

  
  

9B/C : �< =>�� =< �?5 @	
; �� ���?	?A� �;-�� B
C � D7,�� @���0# @�� /�< �  ��E2F�5  ���E#� �  ����EG 
�?5 �0��#H �25H �� I�	J5K &K�-  K�,���#� � �5-��3L M	0N�� ��?	?A� M��5 �� �O< P�#�  �E	��- �  Q�EO+5- 

@���0# @�� �O<�R- � ��H��; M�- =��?� S� �< DT-�- ���8�- @-�< Q�O+5- @���0# /�< � ��2F�5 �� @�+,-� B
C 
� �� �25H D7,�� �� ���#� ���?	?A� �;-�� =T-�- �� �,- .=< @�	.��; M�- �8�- ��;-�� M�- ��   =E<  ���E1  �E0�#� 
 V,�0� � =< ��?	W� �<��K�- � Q�O+5- @���0# ��2F�5 ���#� �J0� �� ��� .M�- B	?A� K- &�� 	;���X	; �Y - ��; 

� K- B��Z =< @�	.��; �-�[5 9�.�YC �� ���. @�� �5�5�; � ���X+,- K- &�� \	
A� =
]
,  �EY�-��  @K�E#  =E<  ̂ �EJ5- 
�	,� �,- .@����	7� �B	?A� M�- �� Q�O+5- @���0# @�� /�< � ��2F�5 V,�0+� �< �]�K  ̂ �E<  ����E#� ��  VE��W 

_0� ��	7� =+,� @0<  � � 45 B	?A� _��+5��	7� =; �-� 9� �4O<�R- @���0# �� �< �	��- V��G 32 %@-�-� M��+4	< 
�	��- � ��	7� �	
<�W @��a+W- � @��J� @���0# �� �< 8%� @-�-� M��+�; �	��- ��  Q�EO+5-  @���E0#  @�E�  /�E< � 
��2F�5 ���#� 5- .@-�< �4O<��Y+�- @�8�- =T-�- �� M�- �� B	?A� � �� @�+,-� Q�O+5-  @���E0#  ���E#� ��  IK�EL 

b�< � ����#� ���?	?A� �;�� 6� �� 6	5��+3�- @�8�- ��;'� �@��<��; c	A� ��   ��E; =<  =E+#�.  E� �  �E<   :�E,-
=T-�- @�8�- �< �0+Y� ��Y,�A� @���0# ��� HPM =< 9-�0� @���0# 6� /�< � ���2F�5 Q�O+5- �.   

CE�� ��� )2/ �: Q�O+5- @���0# �@���0#  @�� �5 � /�<=
]
, \	
A� ����#� ��2F @K�# �Y�-��  

                                                             
*

 �d�e]� �0]��5 Orcid: 0000-0003-2846-1223 
 

2981-0329 / © University of Isfahan 

-enses/byhttps://creativecommons.org/licND 4.0 License (-NC-BY-This is an open access article under the CC

)nd/4.0/-nc  

   



4 / �� ����� ���� ���	
�� � 	��� �����15 ����� �3 ��	�� �38 � �	���1403 

1-  & �  

 D7EE,�� � BEE
C �@���EE0# =EE< 9-�EE0� /EEY0� �
EE1- �EE��� �+<�EEW� �� �EE� ��5��K�EE, �EE?5 ��-�EE]< ��-� 

 )Hamzeh & Xu, 2019�-�		g� ����#� �O< �� .( /��, @���0# �� ��  9�E2>   ��ERH �K��E�-    @�E> �E< -� �#�8E� 
-'.=+� �,-  �M�- ���- @����Y5 �0�H � d�L -� �< �.	N	� ���� =<�� �� ��  0; .iXL �-+W- � @�?��- @0�5-��   �E�

����#� �.5�-�K�< � 0�K�	5 S-��- \��; �< c	A� �0�H j�,- M�-�<�0< ^Kk �,- ��  �E2>  @�E	.  @�E�  IE0�H  ME�- 
@���0# �� -� �C�0� .@-�< l�� M�- �2> �@�	. =< �\	
A K�	5 ����5�� =; �,- DJ	+5 �9H @�m# �0�H -�  n	E,�� 

�� ) 0;@K���. � ��o>-1� 1400( .����� �=0	�K M�- ��    @-�E<) pE
+O� @��  d�Eq�   @K���E. �  ��E�o>- 1400� 
@�	�-2� 1396() �O’hanlon, 2018(  @-�<) ���#� ��0,- M	0N�� �  d�q�,0 /��> n
� � @���0# ��  IK�EL  ���E#� 

� �+	0�- s.-.-3 1399� 5� D],t� &�-�.4      d�E, �� �E���- DE���A�- 9�E����� �,-�C�� =<2021  &�-�E. �  �E;�� 
��?	?A� I�80; �3���H5 Sayler , 2022(@��5�� � @���0# @�� ���#� -�  ���,�0� ���; 5�� 1� .5- @���0#  @�E� 

���#�  ����G � � ���#� �701 �� M��5 �-�2� =< ���8O,���.��� M	0N��  @�� uE0>   M��E5 @�E��   �EJ0�
 ��,- �  ��=< ���#� /��01  9-�0���4	�@ �K�L �� ��4; @���0# � n
�   =E5-���0# pE
+O� @��   \EL @�+E,-� �� �

���v  � �� /#�=5-���0# @��K�	5�    @���E0# ���E4; ���#� 9�??A� D+X. BYZ .5�-��< ^�.� �E�  �E5��   =E<    6E� 9-�E0�
��-� ���2� �F�XL wo��; S-�- @-�< B	W� I5�� �� \�� ��  ��Y2� 6� M	0N�� .00;1000 k� 6� �xC �@�

 Sy- ��-�� 9-���3,-226 �� ��J�- -�     M�-�E;�- =E< �k� 9�E	
	< L �� =	,�� @����Y2� �=���; D4W�0� u0> �� .0;
=5��5 M�- j5��; ��-� ���]C ���v K- @-      �� ���E#� 9�E??A� �+E,-� M	E�� �� .�,- ���#� D5-���0# @��K�	5 � ��

���v M�- \L @-�< ����#� ��?	?A� �;-�� �K�L �� ��         ��E3�-� 9�E�� �E� ��E2F�5 @���E0# M�E0v �pE
+O� @��
�;-�� 9-��� � 9�??A� n2� D
e]� ��- �5��; ���,�0� -� =5-���0# ���?	?A�      @�E���3�-� ME�- M	E< K- =E; �,- M�-

    @���E0# ME�- Q�EO+5- @�E���	7� � ��� Q�O+5- ��< ��2F�5 @���0# ^-; �=5-���0#     E#� ��E2F�5 � /�E< @�E� ���
  z�]	v  
M		7� @���0# @�� (�C � �-� @���G ���� �,- =; 9��K�, ��  =< �+,�� �25H -� ����� 00;  Hamzeh & Xu, 

2019.( �� _�-� M��� d� =+#��'� I� ����� 0�H�# =< �@���0# _0� D
L�� =+#����+C�, \���  ����E,�0�  �Q�EO+5- 
�V]; ��2< �<@�-� � ����- �F�XL  ) �,- ��Lizarralde et al, 2020���,�0� .( �  Q�EO+5-  @���E0#  VE,�0� �� 

9�	� =0��. @�� �0��8��> ���v �	85-�< �,- =; w���� =< \	�� ��-�#- I��+]. �-7� @���0# �� � �.	N	� �,�25H .
�M�-�<�0< =��J� \	
A�� �,@��+C ����	7� �  \E�-��  \E	C� ��  E0�H�#  Q�EO+5-   ) �E,- @���EG �Hamzeh & Xu, 

2019(Q�O+5- . @���0# �07� =< 6� �0��. @���0# K- =���J� @���0# �,- ���� =; K-  p��EF�  =<�E4�  �5�Y	+E4� 
�� ) 00;Duffy et al., 2021(�< .      d�Eq� @-�E<) M	E4	� ��E7��x� ���E� :�,-  0< @��E	  T�E5�0	  9-��E3�� �7� 1399 j

Lizarralde et al, 2020d� �@���0# Q�O+5- IK�L �� (     @�E���	7� �E25H �� =E; ��-� ��>� �5�.�5�. @���8�- � ��
5- @-�< @���K=T-�- @���0# Q�O+  w���� .�,- �� d� @�� Q�O+5- �@���0# @-�< �<��K�- @��-��  ���E�  @���E0#  �E� 

�� ��J�- � 5- M�-  \�k� K- �3� �
1- �,- �� �,- �� �J0� =; �� d�Z I��� �p
+O� �5��K   ��E� ��?+5- �25H K-
)Shehabuddeen et al., 2006.( �< =>�� =< D0	4	�  ���>�� |�A� 9��35 =Y,�A� � 945 6]�� �� Q�O+5-  @���E0# 



������ ��� ����
� 	���� ������ ��� �� ! � "�#��$ ���%�� &! ��'� ()* � 	+,�- ���. �$...  /I���94� � �4/5� 362� /5 

�6���-�+,-   =>�� @���2� =< 9��35 cY��� �< @���0# VO+0� @�� �� 0�H�# Q�O+5-  9E5�J085 M	0N�� � @���0# 
\�-�� M	< �5��K�, �� c	A� n	�a� @�	. Q�O+5-    �E�� p7EG =E, �@���0#  E� ��d   @��E0�H�# � �E�  Q�EO+5- 

=+]>�< ��>�� @���0# �� ) ���Farooq & O’Brien, 2012.(  
d� ��>� �<      (�EC � ���E< @�E���	7� � dE� DT-�- I��<�� ��; ��	]< ��7��x� �@���0# Q�O+5- p
+O� @��

  d�Eq� @-�<) ���#� IK�L �� ��2F�5 @���0# Q�O+5- @-�< @�W�E<�	� �  9-��E3��8� 1398(  ̂ �EJ5-      ME�- .�E,- �E�
 �J0� \34� � ���7��x� S�3�  ��   �E5-� �� � �<�J� S�1 ��3��� �< ���#� 9�aaO+� � 9-���0# w����� =; ���

�	
<�W �< �;��� �< ���C IK�L �aaO� d���- �< �� � @���0# �< �0+Y� @�� �[5  @��+E,�  9-��E� �  =
E]
,  VE�-�� 
���5���# �� 0�H�# ����� � Q�O+5-  �J0� M	0N�� .00; �<��K�- � Q�O+5- -� ���#� @���0# �@���0# �� ���   =;

=< �� � ��< �+�; 0�H�# M�- �� �5��K�, � @��a+W- @����	7�      �� =E��?� ME�- �� M�-�<�E0< .��E45 =+#�. �[5 �� �
;
0, @�+,-� /��> n
� � @���0#    Q�EO+5- � �<�E�K�- @����	7� ����#� ��2F�5 @���0# Q�O+5- ���v \L � ���#�

=< �< �� �,- �� =T-�- ���#� �701 �� ��2F�5 @���0#         ���E#� ��E?	?A� �E;-�� ����E< @�E���	7� ME�- @�	.��E;
=< B	W� � 0�#� ���1 �}��� �� -� ��2F�5 @���0# � �� D7,�� � B
C @-�< ����#� @��   Q�EO+5- � �<��K�- =< �25H

 .00;   

2- �3'� ���6  

n2� ��O< M�- ��         ME�- �E� �E,- �E� &oE� � =ET-�- P�EG�� D0	4	� �� ��>�� @�[5 p���7� � n	��X� M���
 �n	��X� M�- �	��� � �+]	v   .��� ~��4� ^Kk L �� 

2-1 ������  ���  ���%�� � �� ! 

 @���0# ^��� ���0�H�# ��5-� ��-�<-�� &�� �� � n+]	, ���� p��7� �� @-�< =; ��� B
C �  �C�E,  �E�k�; � 
DT-�- ���C =< ��; =+#�. �� @���0# P-�5- K- �3� .5��  =< � �,- ��2F�5 � /�< @���0# ���  ���E5  @���E0#   =E+X.
�� ��� =; K�0� =< ��Z \��; @��J� � =< �-K�< =G�� �45 ��,- ��- S�F ��L _0� d�, ��0�H M�- M	0v  E�-�C 
� .M3�� �,- �� d�L �G�L ��<��; 9H ��A� ���< ��- ��[+5- �� ��� �� �0�H =< \��3� @�	8�4v \3�  E<�� .

�,02� �6	+5} �5�5 � @���0# =5��5 ����5�,��<- ���� @���0# K- @�� V>�� =; 5��2F�5 K��< �-�		g�  �E.��< �� 
@����25 ����+>- � �� ��C P��+>- ��  5��)\	
C9� 1392.(  M	0N�������� 9-��3�� �10 )2015( =E7��x� �� �  @-
 �9��  @���0# M�- � ���; �,��< -� ��2F�5 � /�< @���0# �	��� � �+]	v @�� -�   6E�  @���E0#    w�+YE]5 E�� �E< 

/��, � wo��; �> ��; p��7�� =; 5- �< D>�� �1�C K- � ^�J]5- ^�-� �� d�Z  9�E�K  �OE4�  �E�  ��E� �  �E< 
���C \	]5�+� �	R��   ��C�� �2>�� �< �K�L @�� ����+>--@��a+W- �� =; ��-'.  �E[5K-  VE	;��  @�E���25  �8�K�E< � 

@���8�- \��7� M	< ��25H �-��� �< @��0�H�# 	��� �5-� cY��� M�-�< .5- �d�L n2� M��� �	R�� 9H �� �0�H =+X25  �E,- 
� M�-�<�0< �� D
L�� ��2F K�0� �� @��L �O4��5 � n2Y� �,-. _0� �:�,- M�- �< �.��� @���0#  @�E�   � /�E<

��2F�5 \��� ���3��-� ��.K�� �� �9��< w�+Y]5 �/��, �.��� �8+]Y�� � ^�J]5- ��� �	R��  ̂ E� � =+]>�<  �E	7xW 
� ) ��-� ��>� ^�2<-Rotolo et al., 2015.( @���0# � /�< @�� ��2F�5 �< 9-�0� @���0# @�� Qo?5-  �+70E1  ̂ ��E2v 



6 / �� ����� ���� ���	
�� � 	��� �����15 ����� �3 ��	�� �38 � �	���1403 

�&K-��� �l-��- 7< ��2v �� �C�0�  ���;��; ���Z�Y��- �-�<- ��C�, � @�<��5  ��;�-� �     n	E]?� M	��E� I�E	J5K
��  ���)@K���. � ���o>- 1400(.   

2-2 ������   �#��$ ���%�� � �� ! ���   

���[5 �O<-���#� �9�2> ��  ��E�  �k�EA�   ��EC��  �2>�E�  �E,- � K-  @��E5��  @���E0#  @-�E<  �E��?� 
�	
<�W �� ���X+,- �� 0; .@��5�� @���0# �
1-  \��� �� &�� ����0a� 6	��<��  � �5�+0�- ��	�- @-�< =0	2< @K�, 

��	
�� ���#� � ��-�#- ��-��; �[5�� �K���- .5-  u0> S��7+� =< �
3�  �E0�-�#  �E<  @�E���3���  uE0>  �EY	;�� 
M��8��> �� ��� � =< @�	Y7� u0> S��7+� -� �< u0> @�Y��, � @�����
W �8�� �> V	;�� �� 0; . @��E5�� 

��2F�5 @���0# @�� ����[5 D0A1 ��Y5 -� K- ��2v  @�-�EW�< DY0>  ��EY��-  �E<  �8�E3� �  ��-E�  ���E	
��   ��EW
n;) @��+O���C D>�� �V��O� �R- � �.04�; ���C� 9��; @�-��� � (9�]5-  �70E1 ��  ���E#�  �E		g�  �E�  E0�� 

)Startus-insights, 2024(�� . &�-�. �;�� ��?	?A� I�80;  �3���H)2022(� 5��  @���E0#  @�E�   � /�E< ��E2F�5 
���[5 �� ��3���H @����4; M	v � =0	�K �=	,�� @�� &�� �> ��A	
]� ����0a� I04;   ��A	
E]� ���E;��C 

6	5�,�����) ��1-�# �(��A	
]� @}�5-  ��-E�  �E� � �E]�K   @���E0# �@���E0#  ̂ �E+5-�;  �E#�7� -�  ���E;  �E,-  
)Sayler , 2022( 	��- I��<�� M	0N�� @���E0# P�5 M�- �        =E< � pE
+O� @����E4; =E; �EX. E��< �E�   (�EaC

���� =>�� ����[5 �701 �� =+#�4	� @����4; =< ���2F�5 @���0# =< @-   ��EW ��-�#- � �+<�W� ���� 6� 9-�0�
d�q� @-�< j5�-� ���[5 @�m�- ��3���H ��4; �� ��80; � ����?� 9�.�+0� =<  ��Z�0�-�# @- �< D7,��  ���E0#@  @�E� 

���[5 ��2F�5 @-�< ���?� �	0�- �
� -�k�� �A+� � ^�8�� 9� �<  �YW��;��+� ��  .5-���- -�k�� �A+�  @-�E< 
9�0	�Z- K- c
]� ��C �� ���[5 ��	
�� � M	�m� �	0�- �
� -�k�� ��A+� �� �,��  =;�< ���<@ @���0#  =E	3� 

���; �,- )Sayler , 2022( .�5-}H ��+,-� M�- �� �}��� ��@ ���?	?A� ���#� D+#�4	�11 ��  @-�E< ��3���H   � pE4;
��2< @�-��< K- @���0# @�� ��2F�5 @-�< S-�- ���[5 � @��H�5 �< ��+	0�- �;��� ����#�  � �� ��4; �� .�,- ���;

9��K�, V��W �� @��3��� M	0v ��	5 P�#� �O< ��  ���#� ���?	?A� @��K-     l�+E4� I}��E� @-�E>- � p��7� B��Z
.�,-�>- d�L �� �@��4; ~x, �� 9-��3�� D3Y� �<  

2-3  ������ ������ 

-�	; �[5 =<12 )2001(� =< @���0# Q�O+5- @�07� �0��. @���0# ���� �,- =; ��< @�� H �25 =����,  @�-'.  ���. 
Q�O+5- 6� �@���0# 0�-�# n	�a� @�	. �,- =; �Z 9H V,�0� M��� 0�H�#) @���0#  \�EY� ��-�   =E< �E�  ���+E,  �E� 

K- (d�aA� 9�	� Q�O+5- @�� M3�� �O4� �� .��� D
e]� Q�O+5- @���0# �3� K- n2�  M��E�  �
T�E]�  �E,-  =E; 
�	� 9-��� @�� � �,�	, 9-�-'. �� @����4; =7,�� =+#�� �  d�L �� =7,��  =E+#�. �-�W  � �E,-   =E<  =E,  ~xE, 

(�701) �4O< ~x, �� @���0# Q�O+5- ��
� ~x, �� @���0# Q�O+5- �  �;�E� ~x, �� @���0# Q�O+5-  n	E]?� 
�� ) ����,�#13� 1391(. Q�O+5- @���0# 9�45 6� I0�� n	�a� ���	L �� \L-�� D	��- 6� I}��� ���?	?A�  �E,- 
=;  �	R��  ��C�� �2>�� �<  ^-�� @��a+W- j��-� ���?	?A� I}��� M�- K-  �� K�	5 =< 6� &�� cYm0�  �<�E�K�-  @���E0# 

@-�< 9�0	�Z- K- Q�O+5- V,�0� ��� ���H��; �  9��?� =<  =#�1 �� �-�  \EL   �E,-)RenderJan, 2016(.  �E<  =E>��  =E< 



������ ��� ����
� 	���� ������ ��� �� ! � "�#��$ ���%�� &! ��'� ()* � 	+,�- ���. �$...  /I���94� � �4/5� 362� /7 

S-�- � @��-�+,- ��;�� 6� @�� ��<  @-�E<  Q�EO+5-  @���E0#  VE,�0�  ̂ -EW-   ��E�) @��Ea5- � P�-K14� 1388 .(
      \3E� � n�-�-��E� �E		g� � =E0��� �9�E�K �@��Y�-� �[5K- ���#� ���?	?A� �;-�� �� ��2F�5 @���0# Q�O+5- M�-�<�0<

=< -��K j��-� ��k�< �	��- �u0> =�� n��A� \	�� =< �=Y5�> � ����      VE��W �� @���E0# Q�E]+;- 9�E3�- �=E5-���0# n��A
     �E,���5 Q�EO+5- M�-�<�E0< .��-E5 ��>� ��-�� �+4	< �� �� ��-� ��>� n; �
	C =5-���0# � ��
� @��3�� � ��C

����#� ���?	?A� �;-�� �� ��2F�5 @���0#  �� =<  nE2� �25H K- � =0��� � 9��K �#�      �.E5�-�K�< �� p7EG =E< ��E�
�4; ���#��� �J0� � .���  

3 	�/�/� �,�3! (/�0-  

�� IK�L �<��K�- � Q�O+5- �@���0# d� � ��7��x�  @�E�  �5�.�E5�.  ��E>�  9�E??A� .��-�   dE� �� �E
YW   @�E�
@����	7� �p
+O� ����X+�  05�� �u0��# S-�- �+<�W� ��0
< � DC�v ��� 6]�� � @���0# -� @-�< �<��K�- � 

S-�- Q�O+5- @���0# =< ;�� 0+#�.. �J0�- ��  n2� �� ���� =0	�K M�- �� �>��C � �
C-� ��7��x� M��� .���    

3-1 �)*�$ J�+
�K  

� @��a5- P�-K )1388(� @���0# d�?+5- � Q�O+5- �< �Rt� \�-�� M		7�  -�  @�E3# 9�E#�Z &�� �<�    ��mEEL �EE<
; &�� � 9�E,�0���; � 9�E.�YC9K� ��  ���  =7��x�5��; .M�- =��?� \1�L �}��� -@ �5-	� ��  �;�E�  �+70E1 

-9-�� ����C �,- .�� D��?� �G�L &o� �,- �� �� I��<�� 0�-�# Q�O+5- � d�?+5-  ���E�0#@  �EA< �  �E<  @�E0Y� 9H 
n+���8�- �X	; � ��; Q�O+5- ����0#@ ~��4�  � @����	7� �,�� Q�O+5-  ���E�0#@  �E#�7�  ��E� ��E, j  �E<  6E�; 

9�,�0���; ���YC 23 \���  �Rt���x� �� Q�O+5- ����0#@ �� L-�  E	���  DE5<  ����EC ��  �;�E� - 9-�E�  ����EC 
Q�O+5- � 9H K- �� �  R�E��	  �E�  6E� K-  \E�-��  \EL-��  E0�-�#  �OE4�  ��25�� �E� -�# E0�  �EL-�Z  n+���E8�- 
n	�a�  @�	.�� Q�O+5- �  d�?+5-����0#=< @ \C-�  �;�E�  E	7�M	  E�.  @�2E��< �  �E[5@ ��-K15 )1390(   Q�E+; ��

 �9��K�, �� @���0# Q�O+5- � �<��K�- ����,�0�d� ��  �E,��< K- �� � 5��; �,��< -� @���0# Q�O+5- ��>�� @
d� ��d� 6� � Q�O+5- @���0# d�3��-� � -� ��2F�5       �E0# ���E� dE� ME�- �� .E5�-� =ET-�-   ���E� c	EA� �@��

�,�	, ����-K�< ���a+W-)      =E< ���� �E� �E,��< �@���E0# Q�O+5- �@���0# �<��K�- �@���0# �<��K�- K��H �(=7��> � ��
 .�,- 0�-�# M�- @-�>- �@���0#�,�# )1391 ( ��D7��x� ��C� @���0# Q�O+5- �� �Rt� \�-�� 7��x�)D  6� @����

�;�� �5-�  &�� �< (9�	0<AHP  9�.�YC �[5 � -�M		7� � �,��   \E�-�� �  @��Ea+W- �  ��E0#  ����E�  �6���-�+E,- 
K�]� �x	A� � �5�]5- � ���+>-�--� �,�	, =< 9-�0�  \�-���Rt�  .��; �#�7� @���0# Q�O+5- ���
�  @��5 @�Y;-

6	5 �7	X� � @��<H16 )1393( �=7��x� � @-�  =<=+#�4	� @���0# Q�O+5- � =	>��       \E	
A� E0�H�# �E?	X
� ��E3��� �<
=3Y�  @K�# �7�> �Y]5 �<��K�- � @K�# @- =>�� ���; @����	7� .5- Q�O+5- �=7��x� M�- �� @���0#  =E<  =E,  D+E,� 
I�� 7< ����� 7< ���	
�� � 7< �,- �� n	]?� �5�]5- @��	5.  

�3�� � @�W�<�	�9-� )1398(�  ���8�- -�&�� @-�<  �}��E� �� @���0# Q�O+5- � �<��K�- ��,�0�    � BE	?A� @�E�
7,��D ���[5� ]��?� \	
A� �<D ��Y5��; �X�H � �>�K 5��; =T-�- .�<   _��E+5 :�E,-  =E<   �E,�    �E�HK-   �=E7��x� ME�- 

�80���� @����	7� ,�<�,�	 ��� �Y�-�� ����[5 �	
<�W �.5�-�K�< ����[5 @�?��- @���<��C  �E
� �  =E<���+�-   �EX5



8 / �� ����� ���� ���	
�� � 	��� �����15 ����� �3 ��	�� �38 � �	���1403 

9�??A� � M	0N�� �� 9�	� =+,� 0<@ ��<�� =< �����	7� ���. @����	7� ��Y�-� �  ��-��E;  ����E	
��  �ER-  @���E0# � 
�	WoC � �@��H�5 ��> ��-�<�	 M��� @����	7� Q�O+5- @���0# =+C�0� 5��X7> .@ ��3�� �9-17 )1399(�  d�

���0# Q�O+5-@  :��# 9�+,- K�. �;�� V,�0�-� �H M# K- ���X+,- �<-,��< 9K� �-�-�,� .5��; �25H d�  Q�EO+5- 
@���0# V,�0� @-�< �;�� K�.  �< -�33 �C�� ���25 � �� 3 �7< ���� � �@��a+W- @��Y�-� � �0# �< �J0,��Y+�- 

d� � �,�� K- 9�.�YC =T-�- 5�-�0< .@��	 �0	T�5  �9-��3�� )1399(�  =<n� Q�O+5- 9H d�?+5- &�� � @���0# 9��K 
~>�- K- M	��� M��� �00;� n	�a� &�� K- ���X+,- �< M��+2< �Y	;�� @�	.-  =3YE� \E	
A� � M���<  @-  E5��; =E>��. 

_��+5 \1�L K- &�� �Y	;�� \	
A� 0�H�# =3Y� @- @�+];�C � M��+2<-�M���< =< �a�n	 9�.5�	. 6�; ��  E0; 
�� 05-�+< �� c�-�� 7xW ^���	 �< ���� 6	���+]	, � B	W� =< Q�O+5- ���M	 I00; �=0	2<  �E<  =E>��   @���E0# =E< � 

&�� d�?+5- V,�0� 9H ����Y� 5K��.  

3-2 J�+
�K ���* �  

Q�2� M��- � �� 9-��3)2006( ��3��� �,��< K- ��    �<�E�K�- &�� 6E� 7< � �> Q�v��v 6� ���>��
5�-� =T-�- -� @���0# Q�O+5- �.     n	�Ea� �E< cY��E� \E�-�� K- \34+� �Q�v��v M�- @	
; @-�>-    Q�EO+5- @�E	.

�+
	# ^�2X� �@���0# ��.�� �9��;  5- =< @0�H�#   \E�-�� =E< ��+]	, ��.�� �9H �< cY��� @��0�H�# � @���0# Q�O+
V]; �5��	< � �5��� =< �+
	# � (=��5�R � =	��-) ���-��- �+
	# �� �d� M�- �� .�,- ��;�     =E; ��-� ��E>� @�	.��E;

^-;��  9�	� .5�-� -� ��C =< �+O� @����	7� u5�>  �Ev18 )2009(  =E7��x�    Q�EO+5- P�EG�� �E< -� @-  @���E0# 
�C�, �=+#�4	� �< ���X+,- K- n	�a� @�	. I��	7�0v -� ^�J5- @K�# Q�O+5- .� @���0#  =+#�E4	� ��  ����E�  n+E]	, 
�	��� @-�< M		7� �<�W� @��'� n+]	, 	��� ��	]< n2� �,- .Q�O+5- M	0N�� 6� @���0#  D+#�E4	�  �VE,�0�  6E� 

P�G�� n2� @-�< �9-�� �� ^�80� n	�a� @�	. =����, @�-'. @-�< ��Y2< ��3
�� 	��� �.��� M	0N�� .�,- @�� 
@�7+� �� �<��K�- � Q�O+5- @���0# �C�, �� �[5  =+#�. �� � �+4	<  ��E�oZ-  ��E>�� ��  ME�-  DE
L��  ��E0�� 

n2Y� �,- .�;�� @�� @	��� �� &o� @-�< �<�W� �< �8�� �;�� @�� �< ��5�2> 0#@��� =+#�4	� =����,  @�-'E. 
�� 00;  �� ��3
�� @	��� ��C -� �[5K- �=0��� �	X	; � S�x75- @��'� ��Y2< .04O<  

u5�� M	� �v � 9-��3��19 )2010( 6� d� Q�O+5- -� �Y	;�� @-�< @���0# �� d�L  ��2F��  �9-���E� ��4;   �E<
=
]
, \	
A� &�� �- �Y�-��H .5�-� =T- �25 �< &�� �X�� =< @K�# ��Z ��Rt�  ���EmW  9�E,�0���; -�  I��E<��  @�E���	7� 

Q�O+5- @���0# /�> @��H   \	
A� �< � =
]
, ��Y�-�� ����	7� � 9K� �25H     M	E0N�� �E25H .E5��; ���E,�0� -� K-   BE��Z
��3��� ��0+,- l�+4� �YR ��	5 P-�+C- =0	�K @�� �
1- B	?A� � D7,�� 6� @���0# (�C -� K- ��-� @�� �YR  P-�E+C- 

���,�0� K- 9���� �� � 5��; B��Z M�- 0�H�# �@��204	� =0	�K �C�0� =< @�� @	
; @���0# 5���H @��  .  
 M�-�<�- � b���#)2012( Q�v��v 6�  Q�O+5- \34+� -� @���0# K- �� D
L�� @-�< =v���3� ^���- � E	�� �� 

I�	J5K &�� �< �M	���  =+O	�H)\	
A� -�+A� � AHP � d� �<��K�-    E�-�-�	� .E5�-� =ET-�- (6���-�+,- �   9-��E3��
)2020     �	5��E,- ���E?	?A� �E;-�� �-E��� D7,�� �� -� @���0# Q�O+5- � �<��K�- �?5 (    6E� � E5��; =E7��x�  dE� 

n	�a� @�	. -� �< @��	� K- &�� I��	7�0v MIVES @-�< �<��K�- 6� �� 0v  �E?5 �25H �[5 =< .5-� =T-�- @���0# 
@��A� �;-�� B	?A� � =7,�� �� �#�4	� @���0# �� ��80< @��  �+70E1    �5E45��35-  �E,-   �	��eE]� 9�E���C � 



������ ��� ����
� 	���� ������ ��� �� ! � "�#��$ ���%�� &! ��'� ()* � 	+,�- ���. �$...  /I���94� � �4/5� 362� /9 

����,�0� /�> �@��H �Q�]+;- =7,�� � d�?+5- @���0# -� �< �2�  �E� �	. E5 .��  9�E	�  �E	��7#  @�E�  ��E25H  Q�EO+5- 
�H��; @���0# @�� ��2F�5 �� 0�H�# ����� �@���0# =< 6� ���v �7W-� \�Y� ��  ��E� .��  M	E0v  @������0E, 

wk��7� �9�8���5 d� @�� n	�a� @�	. 0v ����	7� =< 9-�0� 6� ��3��� n	�a� @�	.  VE,�0�  ��20E4	�  �E�  5�E� .
M�0v ��;  ����?	?A�@���0# @�� (�C �� -� @����<��; �+701 �� Q�O+5- �00;  �E�-  /E>-��  ��	E]<  �E�;  �E#�� 

�� ��� =; ��<�� =< ��],t� ���?	?A� � =< ���� �;-�� B	?A� � =7,�� ��<.  M	���E� M	0N��20 )2022(   Q�EO+5- 
�� @���0# =5���, @�� l-�+�- @�-'. ����C � �� ��E3��� �< -� 0
   @��E0�-�# � �EG���  n	�Ea�  @�E	.   S�;��E�

)SMDP  .��; �,��< (  

 L� �1- �����/+ ������ �M5� "������  </�/� J��/�0- ��3 @� C : 

Table 1- Technology selection criteria, obtained from the previous research review 
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Fig.1- Research Steps 

B	?A� M�-  d�, ��1402  ���?	?A� �;-�� ~x, �� �   �� =E30�- =E< =>�� �< .	,� ^�J5- =< P�#� ��-K� @��Y�-�
 &�� K- �B	?A� M�-��YCJ0,=< �� ���X+,- d� M��� @-�< �     K- �E� E� �7E, 9H ������ � ��-�� ��-�#- ��[0�

�;��4�   ����8E45-� 9-��+E,-) 0��< �-���C�< �#�; I�	85- � �aO� K- �[5� IK�L �� =; ��� ���X+,- �5�.00; 

 	)531
•���� ��7��x� M	4	� �� K�LI Q�O+5- @���0# � \	
A� ��25H @-�< �aL-@ @����	7� Q�O+5- @���0# /�< � ��2F�5 )_��+5: 

=1oC �� �� d�> ���I 1(

 	)532

•@K�, ���< @����	7� Q�O+5- @���0# /�< � ��2F�5 �� ��]
> �7+� �< ���. �5�5�; �9�.�YC \34+� K- 7 �X5 �9-��� 
@�m�- ��
� �e	� � 9�??A� =<�J��< � �	.�� �� @�� �}��� ���?	?A� ���#� )_��+5: =1oC �� �� d�> ����I 3(

 	)533

•@���0# Q�O+5- @����	7� �	��- V��G M		7� � ��� 9K�  �;��4� �<15 \��� 9�.�YC K- �X5:  � 9-���  =<�J��< 9�??A�
���#� ���?	?A� @�� �}��� �� �	.�� � )_��+5 :���� d�> �� �� =1oCI 4 ���� \3� �I 2  �3(

 	)534
•��� =T-�- @�8�- �J0,��Y+�-  �;��4� �<5   @�� �}��� �� ��mL D?<�, �< ���#� 6	5��+3�- � b�< IK�L 9�aaO+� K- �X5

 @��> � =+�'. 6	5��+3�- � b�< ���?	?A� �;��)_��+5 :���� d�-> �� �� =1oCI 6  �5(



������ ��� ����
� 	���� ������ ��� �� ! � "�#��$ ���%�� &! ��'� ()* � 	+,�- ���. �$...  /I���94� � �4/5� 362� /11 

�,�� M	0N�� � (���#� /��01 9�,�0���; � ��- 9-��� =��5     � BE?A� ��EmL �E< �����	7� �>�K ��]��?� @��
.�,- �� \	�3� 9���8O,�� =< �#�; ��A	G�� � K�	5���� ��-�� ~��4�  ��� \��� �B	?A� M�- �� 9�.�YC M		7�

 \W-L5 ?<�, d�,D ��; ���?	?A�aA� l�� �	
� ��- @�+;� � �  D?<�, 5��K�E, �]��   � �E�-�>- E����+�  ��
�}��� �� �;��4� M	0N�� � �;-�� � ��845-� ~x, 0+]� -�>- d�L �� ��2F�5 � /�< ���?	?A� @���� .0N	M  ��

-�M ?A�	B  K-=5��5 &�� #�< =��
. @�	.� 0�#� � � ���X+,-. B	?A� M�- �5�5�; ���. �� �G�L @�m�-   �� �	5
\	
A� 0�-�# =
]
, 9K� @-�< @K�# �Y�-�� ����	7� =< ���  .0+�-� �;��4�  &�� K- B	?A� M�- �� =30�- =< =>�� �<

��YC =< �� ���X+,- d� M��� @-�< �J0,     �;��E4� K- �E� E� �7E, 9H ������ � ��-�� ��-�#- ��[0�   �5�.E00;
      �-���EC�< �#�E; I�E	85- � �EaO� K- �[5E� IK�L �� =; ��� ���X+,-     M	E0N�� � (���8E45-� 9-��+E,-) 0E��<

�,�� =��5      =E< �#�E; ��A	EG�� � K�E	5���� ��-�� ~��4� � B?A� ��mL �< �����	7� �>�K ��]��?� d�-> � ��
�,�� \	
A� � n	[0� &�� =30�- =< =>�� �< .�,- �� \	�3� 9���8O,��  &�� =< =��5=
]
, V�-��  ��,- @K�#

� =Y,�A� �	5 @��.K�,�5 ��5�< .�,- �  ̂ �EJ5- \	
A� _��+5 :�,-   =E< �E�   ̂ �E5 D
	E,�   ) \E];- �-�E#-2016  ��E5 �(
�< @��.K�,�5  �C�� �� :�,-CRg  �CRm  =EX�t� 9K� M		7� � \	
A� =< ��<�� d�-> ����� ��   ��E���	7� � �E� 

 K- �+�;0,1 5��<   �-� 9�45 =;������ K�# K- �@��.K�,�-���C�< �Y,�0� @ .�,-  @-�<7�	M	 -�� �E�  �E,��   =E��5
�[5K- �� ,- K- �X59-��+ ��845-��  ��2< 0�-�# � �5�5�; ���. @-�+A� \	
A� 6	03� �� K- B	?A� M�- �� .� =+#�.

=
]
, \	
A�  \	
A� @-�< @K�# �Y�-����-� �� ���X+,-  ��  K- @�a+O� ��� =; �,-�25H .�,- ��H ��K �� 

4-1  ���0 P/)0-C�3; �$ �����2  

�3� K- &�� @�� @��H��. ��-� �� �� ��Z @�� ��X	; ���. @�� �5�5�;  =E; �,-  �E���  @-�E<  d��EY�  ��E3#- � 
��;-'� � �,- BYZ 6� =��5�< @��� B	W� �L-�Z �� ��� �� ��;-��- � �0	< =YL�a� 9�.5�� -� �� �x	A� =<  ��� 

K- �2� � ��4# J0]< )Morgan and Kreuger, 1993( .�84���� �;��  9�.E00; -�  �E<  DE���  ��EZ  ����E� � 
���5-�� @��3�� Q�O+5- �� 0;.  ��C�� @����	7� =< =>�� �< =T-�- =>�� =< � M	4	� ��?	?A� �� ��   @�E3X�� \	��

���< �� �5�5�; ���. @�m�- D�� �;��4� � =+,� � @K�, �]�K �< V,�0+� @����	7� @0< A� ^�<  ����E#� ��E?	?  
B	?A� M�- ��  K-   .�,- �� ���X+,- 9�8YO5 �5�5�; ���. &��=<  ���Y�  � �8���	\ -���X+,  K-��5�5�; ���. \	
A� 

+,�	<�� 1�� =<	X� ��	B 0� �� &�85 �Q��J� K-  � ��l-��- 9�??A� ��<��I  P�G��  �E,��<   ���E< � �E�   @K�E,
�aL- @����	7� d�> K- ��1 .�,-  

4-2 �3�� � )0-/P &)=), 6-�3� ���@ 

�< �5�0	�Z- ��>�� �� ���mW @�� ��A	>�� �< �5�0	�Z- �����- @0< ���	��5�+�H -� ��-�#- �� �� �  =E<  9�E�� 
��Y]5 M		7�  B#-��)��YR �?x0� ( �E����-  �E� -�  \3E4�  �E�  E0; .AHP  @K�E#  @-�E<  Q�E0+>- K-  ME�-  �-�Z�EO� 

@��3
�� =7,�� �#�� �� \T�]� ,=
]
 �Y�-��  ^�2<- �-� -� \L   E0;)L�	 E�� �  9-��E3��21� 1402( .-�#� E0 
A� E	\ 
=
]
, Y�-���  �@K�#�3� &�� K- �a� @��	n .	@� 0v 7�	��� � Q�]A�� ��� �� �< =;D� �?����] >�K�  -�+E,-� 
.�,- @��e� @K�# @-�< =2>-�� �< �+4	< ��� @�� 9�2> -�/W �� ��; =< =; ��� �� �25H ^�  �E	7xW  ��E>� ��-� � 



12 / �� ����� ���� ���	
�� � 	��� �����15 ����� �3 ��	�� �38 � �	���1403 

@��	]< K- =���J� ��� �-�- � @���-��� @�	5� �7W-� -� �< Bx0� @K�# =	>�� �� 0; .��  =
E]
,    �E< @K�E# �EY�-�� 
n	�7� n	��X� @K�# �� M		7� ������  @�E�  DE]��?�  �E>�K  �E��C� ��-�  �E�  .��E�  �7� K- E7< E�p 7�	 ��E���  E�6 

�,�� �52� =�	= �� ��� ��- ��x, ��	� -�M 7�	���� 7�		M .��� &�� K�#@ u5�v22 )1996(� \��� n,�  �-��E�5 
=
]
, Y�-���� �7��p �-�- K�#@ =< ��[0� ^�J5- �?��=] ��@ >�K�� 34�	\ ������ �?��] D>�K�  �E<  =E<  .��E;	�@ 
�-�- K�#@� Y,�A�D ������ S -�<@ ���6 K- ���x,@ ������ �?��]D >�K�� Y,�A�D >��D .��<�S��  �YE]5  =E< 
�����8 Y,�A�D 9K� 7�	���� � �.�=0�� �� ������ ��@ �?��]D >�K�  � �� 
L��D �CH Y,�A�D  �-��E< 9K�  �E25�� 
�,- )L�	�� � 5�-�<	�23� 1400( .�����3 
A�	\ =
]
,  EY�-���  K�E#@  �E<  �-E�-  K�E#@  Eq
q��  9�E45 ��-� �  �-E�- 

=< ���1 =, =5�. � = (�	�	�) #�7�� �� ���  .d�>2� Z	p 9 =��?�  -@ K�#@ < =��; =+#�.  �� �� -�M ?A� E	B 
-� @-�< �?����] >�K� 7�	����  9�45 �� ��  .  

L� � 2- �/S� 9 &
��  �� ! &��2 &��3;   C :��3! ���=	 ��@� +/����  O���$AHP @��� 

Table 2- The scale of fuzzy AHP pair-wise comparison 

U�$�  �V2 J��6#  �@�� L$�+  S�9+ �@�� L$�+  

1  ��-	� �9�]3  )1�1�1(  )1�1�1(  
2  ��-	� �9�]3 =< c,�+�  )1�2�3(  )0,33�0,5�1(  
3  ��-	� c,�+�  )2�3�4(  )0,25�0,33�0,5(  
4  ��-	� c,�+� =< K���  )3�4�5(  )0,20�0,25�0,33(  
5  ��-	� K���  )4�5�6(  )0,16�0,20�0,25(  
6  ��-	� K��� =< C	
� K���  )5�6�7(  )0,14�0,16�0,20(  
7  ��-	� C	
� K���  )6�7�8(  )0,12�0,14�0,16(  
8  ��-	� C	
� K��� =< wo��; K���  )7�8�9(  )0,11�0,12�0,14(  
9  ��-	� wo��; K���  )8�9�10(  )0,11�0,11�0,11(  

  
^�J5- ��7��x� �+4	< =< � @���0# Q�O+5- IK�L �� ��  d�E, �� ����      ��E3��� �E< �E0+Y� ��E	C- @�E�   � �EG���

&�� n	�a� @�� �� ^�J5- ���	7�0v @�	.     �VE
x� ME�- E	��� �� .5-    ) 9-��E3�� � E�-�-�	�2020(     =E; E5?+7�
Q�O+5- �H��; @���0# @�� ��2F�5 �� 0�H�# ����� �@���0# =< 6� ���v �7W-�  � \�Y�  ��E>� �<  @������0E, 

��25H Q�O+5- @-�< 9�8���5 d� @�� n	�a� @�	. ���	7�0v =< 9-�0� 6�  ��E3���  n	�Ea�  @�E	.  VE,�0�   ��20E4	�
�� .5- @�, K-  @��e� �� ��8�� n	�a� @��  =< �,- M3�� �@�	.  &�� @�	.��E;      Q-�E> =E< �pE
+O� @�E�   @�E�

 �X
+O� 9H \	�� � ��� n+C &�� M�- =; �,- M�- ��� n� &�� ��> ��  =E0	2< @��      =E; ���E>�� .0+E]	5 @K�E,
=0��. M	< ����� &�� Q�O+5- ���< ��24� �� n	�a� p
+O� @��    �5�E]3� Q-�E> @��L �� �n� =< 6���5 @�	.

�� =T-�- -� =0��. M	< ����� =; ���>�� ��- �00;  ���Y5 ���K �� �O+5-&�� Q n	�a� @�� Q-�> =< @�	.    ���E�+� @�E�
�� �J0�    n	�Ea� c�-�E� =E< =>�� �< ��< V,�0� &�� Q�O+5- ���L M�- �� =; ���      M	E< �� .��E� ^�EJ5- �@�E	.

&�� n	�a� 9�.�5�. @�� @�	.    =
E]
, \E	
A� &�� 9�Ev ����	7� 0v @��  ) �EY�-��AHP �E.��� @-�-� (   ���E�
=
�>K-  ��+C�, wo��; �O4� � ���W 0� K- ��-�� �S�  �E���	7� �  �E���	7���K     M	E	7� �E	
<�W M	E0N�� �   BE	W�
�����- �0+Y� ����	7� �< =]��?� @�� =]��?� �	
<�W M	0N�� � �>�K �� 9� ��	7� �����	7� �8�� �<     DxE,-� 9�E<



������ ��� ����
� 	���� ������ ��� �� ! � "�#��$ ���%�� &! ��'� ()* � 	+,�- ���. �$...  /I���94� � �4/5� 362� /13 

�+,�k�< �< � �,- �- ��C 9�0	�Z- ��>�� �� ���mW @�� ��A	>�� �< 9�0	�Z- ����-� @0< ���	��5�+�H -�  ��-�E#- 
�� ��� =< 9��� ��Y]5 M		7�  B#-��)��YR �?x0� (�����- �� -� \34� ��  M�-�<�0< j0;  �<   BE	?A� �� =30�- =< =>��

 D7,�� @-�< V,�0� @���0# ��25H �	��- V�-�G � @	
; @����	7� M		7� �< =; �,- ���8�- DT-�- S� ��	5 �G�L
;-�� �� -� �25HM�-�<�0< j0; Q�O+5- ���#� ��?	?A� �  =
]
, \	
A� &�� ��G�L B	?A� ��  ) @K�E# �Y�-��FAHP (
 =+#�. ��; =< .�,- ��    

5 - &���� ��  

5 -1 �;���  ����/+4�  ��*��:I�;36*  

��-� @���H p	1�� �2> �� ���. ��� �25H �< n;�L @�8�- �	O4� .�,=<   E7��> �E	��� �+2< �C�0� ��[0�D  
.�YC 9���-� M�- �,- ^Kk ������ @���	g+� �< �+4	< ���0�H � ����� =��J� K- \YW ��  \E	
A�� ��-�   @��E�H @�E�  

 .��� p	1����-� @��H��. D
L�� ��  �� �� �5�5�; ���.7  ��X5�,��  =
E]
, \	
A� D��5    @K�E# �EY�-��15   � �EX5
��Y+�- =T-�- @�8�- �J0,  ���5 e	� @�m�- �9-��� K- �X5�    9�E??A� � ���8E45-� �E�
�    ���E#� ��E?	?A� �E;-�� 
5��< . \3� ��2�;-�� V]L�< 9�.�YC @���H D7��> � ���?	?A� ���#�  ��-� ����5   .�,- ��  

  

  
 P9:2- 12�3  	)53 �$ �-��/�0-FAHP  

Fig. 2- Research centers in the FAHP phase 

5 -2 ��!  � �@�,&�,$  �!�� ������ �����/+ ������2 C�3; �$ ����  

=+,� ���< � @0< �aL- @����	7� @K�, d� � ��7��x� K- �� �@���0# Q�O+5- @��      �E� ^�EJ5- �EO< M�- ��
/�> � =YL�a� K- �+,-� M�- �� .�,-  =+E,� 6� ��5�5�; ���. �< @0<       Q�EO+5- @�E���	7� K- E�> � ���E< @E0<

 �� ��2F�5 � /�< @���0#5 - p
+O� ��	7�9��� .� =T-�    d�E> �� =E; ��Z3   �E� ���E4�    �E	
<�W ��E	7� ���E� 
�8+]��� 9�3�- �@���0# @��'� � �	
<�W @��a+W- �	
<�W �=7,�� � �4O<�R- �@���0# @��J� 6]�� � @���0#  @��

=< �@���0# �;-�� �� ���#� ��2F�5 � /�< @���0# Q�O+5- ���< ��	7� D+,� _0� 9-�0� ���?	?A� ���,�0�   DE+35 .�
      ��E0�-�# �E8�� =E< E��< 9H Q�EO+5- �� � �,- @���0# ����� \L-�� K- �3� �@���0# Q�O+5- =; �,- M�- n2�

  X/��3�9
� � Y3!

20%

�\����

13%

�4/:

7%

�*�, ������ � $��

13%

^/_��`�3�9
� a��$

7%

����b �, �� � ��3� 

40%

����� ����	�
� ����



14 / �� ����� ���� ���	
�� � 	��� �����15 ����� �3 ��	�� �38 � �	���1403 

�;-�� ������� =< =>�� �< �B	?A� M�- �� .��; =>�� �	5 @���0# Q�]+;- I�A5 =
�>K- ���?	?A�   D7E,�� � B
C ��
@���0#  A� &�� ��5�5�E; ���. �[5 �< � ���#� @��    =E< �E
C-� D7E,�� � BE	?   �	E� &�� 9-�E0�    Q�E]+;- ��E#
@���0# .�,- ���#� �701 �� ��2F�5 � /�< @��  

L� �3- &�,$ &����) ���%�� ������ ������ ��! �����/+  � � � �! ((/�0- ���  
Table 3- New classification of local criteria for selecting emerging technology (research finding) 

��/+  ��/+ 3�@  

������ ���=��:  
DC�v ��� � ~x, ��
< @���0# �� ��
� D?<�, ��	5� �  �0#)�0+< � ��7��x� ^�J5- 9-�	� �(�K�L M�- �� �� /�< 

� ��H�5 9��< �Y]5 =< @���0# �8+]<-� �=<�4� � ��Y��- �< �8�� @���0# ��  

I�9� �3�c� � 

�/)!�d &+,�-  

@0�5-�� ��>�� �45-� @-�< B
C � D7,�� S�x75- �@���0# @��'� � �	
<�W b�Yx5- �< n+]	, �	
<�W ���>�� 
���	
�� 9� � @��<��; 9� &K��H �@���0# � @�	.��� �5-� �0# �� �cY��� 9��K 9	,� =<  �C�,��K �@���0#

�-�	2J� � ���84���KH ��>��  

������ ���!3e�  
@��Y�-� 9��< # ��3
�� �@���0#�	
<�W @�?��- �� @���0 �.5�-�K�< :�	?� ����#� ��<��; @�<��; � D5�.0v 

�'<) @���0# �4O<�R- �(@���0# D7,�� @���0# �Y]5 =< �8�� @���0# @�� =<�4�  

 � �$�M�d� �/)!�d

������ ���R-  
) @���0# ���K�<ROA=0��� �( � =����, \	]5�+� �@�-'. @��J� @K�,  

������ X=��  
6]�� 0# �)^� 9�0	�Z- K- �<�	+,� =< @���0#(� =����, ��[+5- ���� ���K�< ��5) @��a+W- 6]��  6]�� �(@�-'.

�+F�XL � �+	0�- 6]�� �(@���0# ���� M	���) ����  

5 -3 I@� �$&)=), ����� ���
� 	���� >����/+ �/4�� f�3g <//+- � �   �6-�3  

�� K- ���< @����	7� DT-�- =+,� � �> @0<�<��K�- @����	7� K-  � Q�O+5- @���0#    �� ��E2F�5 � /�E< @�C
�;-�� ����?	?A� =< ��[0� 9K� ��M		7� � � V��G �<��K�- @����	7� �	��- � Q�O+5- @���0# M�- ��� K- M#  \E	
A� 

=
]
, �Y�-�� @K�#(FAHP) u5�v )1996( �< ���X+,- K- ^�5 �-�#- ];-\ 2016 ���X+,- a� ._��+5 \1�L K-  \E	
A�  ��
d�> 4  \3� �3  =T-�- �,- ��.  d�> M	0N��3 �� 9�45  ��  @��.K�E,�5 ��E5 )CRg  �CRm (  K- �E+�;0,1 
�,- 9�45 M�- �  �E�K � ����	7� =; �,- M�- I0��    @��.K�E,�5 ��E5 @-�-� �E���	7�   �0+#��'E� � VE,�0�    ��E5 .E5-

 @����	7� @��.K�,�5 9-�	� =< �	5 �
1-CRg =0,073  �CRm =0,053 .�,- 

  
 P9:3- f��3g �/4�� �)b� �����/+ �!��@�� � ������ ������ � �� ! ��� ���%�� �#��$  

Fig. 3- Importance coefficients of the main evaluation criteria and the selection of novel and emerging defense technologies 

0

0.1

0.2

0.3

0.4

������ ���!3e�&������� ���=��:  � �3�c� I�9�

&+,�- �/)!�d

  Q # � X=��

�/+Kd

���R- � �$�M�d�

���%�� ������ ������ $�+!� �/4�� f�3g

�	�� ����



������ ��� ����
� 	���� ������ ��� �� ! � "�#��$ ���%�� &! ��'� ()* � 	+,�- ���. �$...  /I���94� � �4/5� 362� /15 

� L� 4- f�3g �/4�� �����/+ ������ ������ � �� ! ��� ���%�� �$ 12�3 �-��/�0-  
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Fig. 4. Hierarchical model of selection criteria for innovative and emerging defense technologies 
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@> 0�H � d�L I n4� \]5 u0> � �-�2� �< �0+Y����#� �701 ��     M�-�E;�- � =	E,�� �E	C- u0> �� =; 5-

.�,- �� =>�� �25H =< � =+#� ��; =< ��	]< �,�� @-�<      K�< @�E?��- @�+E,-� �� � �-E�2� ME�- =E< ���.  �.E5�-�
����#�  ��< P�#� �O<  @���0# =< @���0# K- =+,� M�- .��� �	2J� �-�2� M�- �< =
<�?� @-�< K�	5���� @��  ���   �E20�
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�3�-�=5-���0# � \���  1- �o, �< P�#�  n	?+]� @}�5- @��HPM

24  j- �o, �< P�#� @��  @��E	� n	?+]� @}�5- j3- 
�o, �< P�#� n	?+]� @}�5- @�� 9�8
��25   ME�- M	< K- =; �,- M�- d-t, d�L .5��; �#�7� ���v M�- \L @-�< -�

@���0# ^-;�� =; �o, P�5 =, ^-; �5�-� -� ��C (�C @�� =����, @-�< P�5     =7E,�� � BE	?A� ^�EJ5- � @�-'.
�;�� �� ���#� ���?	?A�   .5�� Q�O+5-  =<  ���Y� ��8�� �����- Q�O+5-    =E5-���0# ��E3�-� ^-; �<  �=E�-�- �� .�E,- 
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�  j/��= �E3�� ���I��- �! ) k�!HPM( :=+#�. ��; =< @���0#   P�5 M�- �� ���o, ��� �	< K- 30 

d�, �,- =;  d�L �� =7,�� �,- � �#�4	� @��  ��C�� �2>�� �� ��K-5- 9K� � ��W �o,    �E,- ���E; ��J�-
� ��  P�E5  �
E1- K-   @���E0#HPM    9-�E0� �E<HPM  =+E,�	� �  s-�E�-    ��-� ��E>� �E]���), 2020McGonegal( .

n2� �	
<�W M��� ���Y� @���0# M�- @��    �� @�E	.�� 9�E�K ���; �K��; 6��� � ��Y2� ����. D
<�?� �	
<�W K- 5-
  9H �#�Ea� b�< D0��� c?# �]	Z�0g���+3�- ���� D0���) @�	.�� D0��� ���; ��3	5��+3�- s�� /��, �;�L �R-

c	A� �� ���X+,- 9�3�- �(�,-   @�2��< P�#�) ���, K- �F�XL 9�3�- � (-1     =+E]� ���E.���#) :�E]L @�E�  �@-
  .�,�25H ��3
�� � 5�� �� doC- 9�< (���[5  

iV,(� ��� �E3�� j/��= ��1/
 =+#�. ��; =< @���0# : @}�5- �< ��o, M�- �� �� ��-� �� �< :�,- ��	� 
@���� .�,- ��	� w�����  6� @���� I04; ��	]< W0��� �� �[5 =+#�. �� ��� =;  K- 6� u0X� @��	� �+,� @-�< 

�	OY� �9-K�<�, V��O� 9��+C�, � ��K @�� S� �� d�,�- ���. �o, 6� @}�5- n	?+]� @��	�   =E<  ���E,  @-�E< 
@�	.�� @�� 6���5 �5��K�� ��	]< ����; �� \��  .0;�o, @�� @��	� @}�5- �<  �E< ��o�  VE��O�  ��.E00;  @-�E< 
��-�#- S�x75- @��'� � ��-��; �� ����	
�� �<-�< p	Z ���+]. @- K- �-�2� �� ��J�- do+C- ��-�� .00;  

�E3�� iV,(l j/��= :I��)�� �o, ��]	Z�0g���+3�- P�5 @�> K- �o, �,- =; �< @���0#  Q�E���  \E�� 
�]	Z�0g���+3�-  =7,�� =+#�� 9�8
�� .�,- 6� D
	,� ����� �xC �,- =; =< d��7� ��Z =< 9-�0�  �oE,  �EL-�Z 

�� ��� � K- @��	5 �]	Z�0g���+3�- @-�< Q���� =��
. @�� �<  ���, k�< ���X+,-  �E�  E0; . =E<   d�E�7� ��EZ  =E<���� 
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5-4-1 �� � �� ! ������ �������$�� 	+
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=T-�- =5-���0# ��3�-� =, M	< K- ��2F�5 @���0# Q�O+5- @-�<      � b�E< ���E?	?A� �E;-�� 9�EaaO+� B��ZK-  ��
�< �6	5��+3�- � ^�J5- �J0,�[5 ���3	� p	Z :�,-  =5��5 =;   d�> �� 9H ��Y,�A� K- @-4 .�,- ��H  

�,�� -+<- 0�H�# M�- �� =��5 � p	Z �< @-=< ��2F�5 @���0# Q�O+5- @����	7���K � ����	7� \��� ��3	    �E,�
 \3� K- ��H4 n	[0�   ��	+C- �� �5    =E< �E� � ��-� �-�W 6	5��+3�- � b�< IK�L ���#� 9�,�0���; � 9�??A� K- �X5
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=< K�	+�- VO+0� @���0# 9���H �,�  �,�     ��E	7� �E�K 9H 9K� �� -� (9�aaO+� �-�[5 M	85�	�) ��	7� �� K- ��H
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 =< �	��- V��G 9���)  �,� =
]
, \	
A� K- ��H  d�> �� @K�# �Y�-��4�� Q�G ( ��K I��5 �� 0;   =E< ����	7�
��K ���25 I��5 .�H �,� ����	7���	7� �� @  �� Q�G �[5� ��	7� 9K� ��   DE5��5 .�H �,� =< ��	7� K�	+�- �� ���

��Y,�A�   d�> ��4 ��	7� _0� 9�K�� �-K�	+�- /�> � ��2F�5 � /�< @���0#   d�> ��5 =T-�-    .�,- ��  

L� �5-  ���%�� � �� ! ������ ������ J�6,�0 	��4�  
Table 5. Examples of calculations for the selection of innovative and emerging technology 

��	7�  K�� 7�	��  
 9K�

��	7���K  
� ������   ������2   ������3  

K�	+�-  9�K�� K�	+�-  K�	+�-  9�K�� K�	+�-  K�	+�-  9�K�� K�	+�-  

 �	
<�W
 � @��a+W-

@���0# @��J�  

@���0# ��K�<  28/0 4 09/0 2 04/0 3 06/0 

=0��� =����, �  @�-'.
�+�; 

51/0  3  12/0 3 12/0 2 08/0 

@��J� \	]5�+� @K�, 21/0  4  06/0 3 05/0 4 06/0 

     …. ….. ….    

  
=< @���0# 6]�� K�	+�- ���Y,�A� M�- �� �� ���� =< �0��; \��� 6� 9-�0�    ��E7<- \E; K�	+�- K- 9H K�	+�- � �H

�� �]; �8�� < @���0# ���25 K�	+�- .����� �,� =< �	5 ��2F�5 � /� .�H  =E, �:�,- M�- �<  ��E3�-�  =E5-���0#   =E<
���Y� Q�O+5- �����- V	���  jK- 5-1- P�#� �< �o,  @}�5-  ) n	?+E]�HPM j(2- P�E#�  �E<  �oE,   @}�E5-  n	?+E]� 

� 9�8
�� 3- P�#� �< �o, @}�5- n	?+]�  d�> _��+5 =>�� �< .@��	�6  @���E0# �HPM    K�E	+�- �E<3,55  =E<   9-�E0�
.� Q�O+5- 6	5��+3�- � b�< IK�L ���#� ���?	?A� �;�� �� =7,�� � B
C @-�< ��2F�5 � /�< @���0# 

L� �6- �$�� 	+
�K ���%�� � �� ! ������ ������ J�6,�0 n����  
Table 6.-The results of the selection calculations of innovative and emerging technology of the case study 

&6-�  &������� ��9���  ����� @�/��  

1  ��2F�5 @���0# ) d�-HPM(  3,554  

2  ��2F�5 @���0# (9�8
��) ^�,  2,679  
3  @���0# ��2F�5 (��	�) ^��  2,140  

6- o0!  

@���0# D7,�� � B
C =v�. @�� ���2F�5 � /�<  ���#� �.5�-�K�< � ���[5 ��W ��-�#- -� =<   -�E���   �E5�-�
��- ��< @���0# Q�O+5- @����	7� =<  �-�xC �� ��; =>�� �� ���5 K- �+,���5  Q�EO+5- �  �5k�EZ  �E�  9E�  9�E�K 

��2< � Q�]+;- @���0# K- @�-��<  =< j<�� ���; ��� �5��K (�aC n��A� =< =>�� �< =;     ���E#� �EO< DE5����F @��
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C-� D7,�� � B	?A� ���4; �20� Q�]+;- �-� @���0# ��< �� .��< 6�  �<�E�K�-  BE	�� K-  @���E0#    �����E5 @�E�

�/<�0� �aO� � �-�	2J� M	0N�� :�+,� ��  ^�J5- ��� .  ME�- K- ��  =E<  6E� &��   cYEm0� � VE,�0�  Q�EO+5- 
@���0# @-�< 9�0	�Z- K- Q�O+5- V,�0� ��� ���H��; � 9��?� =< =#�1  �E�  @���E0#  K�E	5  �E,-.  =E<    �@���E0# Q�EO+5-

=< 9-�0�  _0� K- �3� D
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�M��8��> =< \	�� ��-�#- I��+]. �-7� @���0# �� � �.	N	� ���v =
�>K- ��25H     =E0	�K ME�- �� E0�-�# M����	85-�<
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