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1- ���'�   

��+6. 1�5�� �-A�BC �/. DE 6�8�F ��-G 6�  H 9��-C8� � 1�8��� +.��& �C � 9���H�7 + ��I6�J 1� �BJ.9�9& .�9	  C �2���K   C  H

»��J-+-/8M?«2 9D	�O DE 6� 49�9&8�F P*	 1� 6� 49?�A-+�89  ���� � 9���� �-I 1�  C 49���H�/� �*C �2?	  � �	 9���H =�D�� �� 1�� � �� �-A +�� 

I9�6  :PC 49?/�. ��� 6� $��"�J� �C �� �-A=-#� � �/ DE8�F 9?�BC �-D2C .��� 6 4�J� Q�� OC�G��� $9�6�J =�:&�� DE8�F C-A  C. !+ �C87 

1�G =-E �� � $9& ��I6�J$��R/ � �/�J� $9& �C�S �/ . /� =-E �� �/� ��%F+ =�:&� �-2T 9/�& 1�2U 4 �&�I� V8��W�� D&8  �:&�  C= X8Y� 

 C 4�J� $�-C ZX�  1�-?W �-%�[9# 4 �/� ����.�4 I\�DP �/� Q] 4OI ���  G�J ���A�J 4�/� I8$� 5C �8��� ���3 C =�:&� 6�8�-8^ . =�X ��

 �_�X»��%F+� C8�-8^«  C  H �J� F)�`+  C 9?%�9/ � ab?+ �-E� ��-G8� O:& =-#� � I8�� X ��8Y� + ZX�. �6���� ��%F+ ��  H� )-	6�C89 

+. 9�-& ./�+8� ^8�-8C ���%F+ P*	89 c�� 6��/� DE8F. )-	 ��89 c���/� ��%F+� �J� .��%F+� C8�-8^4 ��%F+ ^DJ� ?�D+. ��+6�J =-#� �C.4 

���A�J� ��:P%W �� &�8d� DE8F.  �J�(Umorina, 2017, 3).  

 .E �F8DE8/3  ?82C 7*� Y9+ ��� �� �  �A���� �`A � .FJ  C =�J ���8P8+$9��+ .G�C .F8DE ��/���A�J ���	9+���H � ���	 9��  H+. fD?+ 9?��-	

9?&�C 1� Og�5+ OX �� 1�5�� c�2)� .C aPW8�-8^ ����. DE  C $�3� �C  H �J�8�F � J8a�5�/� $�� $9�6��I� Z)�h�/� ��5��. X��E ��.  � �A�J

�J� .$i�� �»^8�-8C « /� �� �1960 9& ,�9C� a�58C 1�G �� . F)�`+J � �F8DE 6� c�2)� 6� .���� ^8�-8C aPW �a�58$6-X � k-`J �� $9�6 ��/-

4$6�J 4c�� O+�& lP�B+ ��/ �J� 9?���� � ��:P%W 4m)�n+ .�/ 1� ��  H �J� .	�W-_-+ ���8C 4�J�  ���I �-A  C ^8�-8C 1�-?W $6��+�  o�� 9?h

a�58J 6� .+�� [�# 98P*	  C�J� $9&  �A���� $9�6 ��/ . `C�� .Pp	 +���C �� 1�5�� � �F8DE �� �R�� $�3��-:J .X��Ea2+ 4.��5�� ��/ � ���	

$9%W$�3�5�6 6� ZBC ���	 C�p	 � $�3��U �8%/ 6�  ���I�C R8� 4.��5�� ��/�J� �2�� 1�I9�6�J � 1���%F+ .B���	 � .  H �J� .)�X �� ���

$�3��-:J����?� �-U� �C �#�F+ .��5�� ��/���	 1�9C  �&�I �C  5��*+ ��  ����8� � ��-� ��/�8��� �8"8H 9 9���� ��	) � ���n�� 4.?85X�8+

 41�8��%C1399  .(�� �����: �����9� � C8�-8^ �� �C� � ��%F+ q�D	��� DE �8�F  ���I O:&9�� .+ M�.1�-	 DE8�F  C ��C Q���+ On� 1�-?W8� 

 ����� �����:  ��9%PG�-%� .� =�X�� + k�`+  P>5+.�-& :C Q���&� $-U�  C  U-	 �C8�  ����� �����: 4DE8�F )78!+�5�6( �U  h �2�� ���/�3. 

r���� .+  �-3h��/��8F+ 1�-	 ��%F+� C8�-8^ �� X��E ��.  +���C ���R� $�3��-:J��/ ��5����-)�� � .��J�?& .r��H �9?C ��C�?C�� �_�X Z/�0� 4

�%_ J��C. ��%F+ q�D	��� DE �8�F4 J�?&6�C �. ��� �� �����:  �C  H!+ ��5C87 DE8F. + O:&.I849��  �J� 9#��+ $-U� �A�?& [9/ �C

� s����� � Q���&��� �� �����: ��%F+�4 � q�D	����  �C �� ���^���3 �%� tB�+�9. 6� ����� ���_� ��%F+ =-#�  H �J�� �����9 ��%F+ �� C8�-8^ 

%W $�3� �C 1�-�C �	 �-&  �A�?&8u4 �U�$�3 DE8�F � ���� �� ����:�  �D5� � �-%� tB�+ ���2��  �C�^���3 �-%�  g��� ��.  

  

1 -1 - '�#() �
�
�)  

J��C.  ��BC��H fC�?+�� ��� 1��� ��%F+ �C q�D	�� ��  H� DE �8�FZ/�0� 4�/� "P�B+. $9& c�p�� �J� . )�J� �� ��0� ��-%!+  C �-A ���H� �

»^8�-8C aPW �� �8G�A �6-+� �88D	 « �J�  �A����)� ��-%!+ 4��01391 .( )�J� R8� ���C� v8� 1�-?W �!	 �� �-A ���H� �» .��D+ �88D	

�F8DE �C .?�D+ �i-)-?:	 « �J� $�-%� 1�8C) 4���C� v8�1391 .( �C  ��I�9U Z/�0� �� �� ���nW � .B+�& �8?o%/ � w5� ����+ � ��9?:J�

 1�-?W» �8S�	��%F+� C8�-8^ X��E �C. ��%F+� !+ �876��5 �2&� « 9���� ���G .J��C ��-+ ��) 4w5� ����+ � ��9?:J�1395  � .B+�& �

 4���nW1396 .( 4�9%!+ �6�8+ � �-� .*	X��E. ��%F+� �����9 �� �C���: X��E. ��%F+� C8�-8^ � q�D	�� �C �2�� �^���3 $��H .J��C �� 9��) .*	

 4�9%!+ �6�8+ � �-�1398 .( 41�8��%C � ���n�� 4.?85X�8+F+8���/� X8Y� ?�D+. C aPW �C8�-8^  +���C ����R� X��E �. $�3��-:J�/� ��5�� �� .

$��H �88D	  H �J� $��� 1��� Z/�0� ��� K����  H 9��X8Y�4 H8"8� ��$0�� DE 6�8�F  ��9��U  C a/  H �J� �C a/.+ s�E� 1�U.���� � �-&� 

�/6��	 � w	��+� $6�9�� OC�G � lP�B+I8�� �J� .F+8�/��� X8Y� F+ ��2h w)�G ��8�� P#�. )W-%p+8�4 O+�:	4 ��I6�J4� 2C8 ?6�J�(4 �^ F+8�� 

?C8��� )ab�(4 F+ �� �8��  O%:+)��x-"���� � RH�+ �89?+�� ($9&  _�WX  H 9��8Y� �BC. $�3��-:J  C�/� ��5��.  %/  C  U-	 -	�� �� 7*�� 

F+8�/�� + u*!+.�-& ) � ���n�� 4.?85X�8+ 41�8��%C1399 .(  C 4.�/�0� �� .%)�W�U�$�3 DE8�F �� �� �����: ��%F+� �����9 ��%F+ �� C8�-8^ 

�J�  �A���� . 4Z/�0� ��� y�J� �C���_� ��%F+ =-#�  H �J�� �����9 ��%F+ �� C8�-8^ %W $�3� �C 1�-�C �	 �-&  �A�?&8u �U�$�3 DE8�F � ���� 

�� �����:  �D5� � �-%� tB�+ ����2�  �C�^���3 �-%�  g��� ��.   C .�/�0� �� 4z�-/ 1-� z��8) � 1�-H-) 1�)�� Y�F)�`+8  J�J� O+�-W ��-+ ��. 

C8�-8^  �A����9�� (LuQuan & YunHong, 2014) . .�/�0� �� {R%�-J l8)� � {�5����	 R8P8� 4���J���	 R83?h»C8+-8%8�:� X��E �6-+� ��. 



 

 

�
��

��
�


�
�

�
�	


 
�

�

��

��
 �

 �
�

��
�

 �
� 

�
��

��
� 

�
��

��

 

�
��

��
��


 
�

��
��

 �
!�

��
"#

 �
$�

�
�

��
…

.
 

21 

��%F+� «�G .J��C ��-+ ��$��� ��9�� ).(Tavasana, , Tavsanb & Sonmezb, 2014  � ^�-?8C Y��-U-+ �8S�	 1�-h � -& 4-8& z?8	 41��

$��� ���G O8P!	 ��-+ �� .X��E 6� c�2)� �C .F8DE 7���& 9��(Wan et al., 2015).    C .�/�0� �� 1���:%/ � �:5?8+6�H ����� �p58)��/�2&� 

��$9?4 J8a�5�/� C8�-8^ +!87 �2&� 9U�9 $�-%� .J��C �� 9��.( Edyta Krzemińska et al., 2017)  4.�/�0� �� �-8C�����%F+� C8�-8^ �� 

 � O#�  C ��I6�C�^ -PU  C c�I  �5���(Vorobyeva, 2018) . �8��-+�� 4�-A Z/�0� �� ��� ��C��H �/� ��%F+� C8�-8^  C�� 1�-?W���: 

��$9? ��I�  FJ-	� ��%F+� �9+1 �� J�� ��8   �J� $��H .J��C(Umorina, 2019) . +���C � ���%F+ 4�?8)-%J� Z/�0� ,-_-+ 1�+98h �� �R��

�J� $�-C 1�9+ ��2& �b?+ �� ^8�-8C Y�F`G (Smolina, 2019).  )�*+ �� ���:5	���+ � �-��6�� �-A ���%F+� !+ �C ��I6�J876��5 !+ �87 

I9�6. �X��  ���G .J��C ��-+ ��$���9�� Yazyeva & Mayatskaya, 2021) .( .�/�0� �� R8� Z����:%/ � �8:5	���+ �?��������p !+8`.  �X��

�/ $�3��-:J ��� �2&� ��J�� �.� C =-#� y�J� �C8�-8^ $��H O8P!	 �� 9��Mayatskaya et al., 2021)( . �� c-8J��H � �?8��� 4���2� ��

 41�-?W �!	 .�/�0�DE8�F �^  ")|+� ���A�J� ��C� $�3��-:J�/� ��5��. ��r$9?4 ����/��:� C �2&8�-8P8^ $��H .J��C ��9�� . ��� y�J� �C

 4Z/�0�$�� OX �/� ?�D+. DE �C84�F 9+���� 6��A�J� �/� i��� fC�?+ 4RDJ� 78!+.�5�6 �� $�� OX �/� )-	89 ��V ��-+ 4.��C  %/�9 �BC.  6�

 +���C ��R� J �8�J� ���I� �: h��} +6�J8?.4 �2&� �b?+ �� DE  �-3h  H 9?&�C8�F +. 9��-	 S~	 � 9?H ^%H �/�2& 9&�  C8� !+ �C 1�87 6��5 

�� 9/� Z/�H )(Papina & Crăciun, 2023.   

Z/�0� y�J� �Cc�p�� ��/  �� $9& ?8+6�  `C��� ���%F+ � �F8DE �� ����aH �C �#�F+ 1~	 �C 41�5�� .��?F+ 9FC 19& z�� 6� ���+ ��/6�8� �8+

.+ 98H~	 �F8DE�-&4 .)�X�� �&�I ��  H4 $�3��-:J O:&�/ ���:P%W9?h �8b� .%8/�"+  C  U-	 �C � �F8DE ab� 6� �8FD	 �C  1�5�� ��/6�8� 41�-C

.+ �8+~	 ����H�J� $ .�_�X �nW ��4 J�  ���I ���G .J��C ��-+ ."P�B+ ��/��:��� �C �F8DE � ���%F+ q�D	��a2+ 6�  H ����3� ��� ���	 �/

.+�-%� $��&� ^8�-8C � ���9��� ��:��� ��  C 1�-	 ..J��C.+ 1��� �/Z/�0� �� ��:��� �� ���  H 9/� ���I ���G  F)�`+ ��-+ lP�B+ ��/ � 9��

.I0�� �8b� .%8/�"+� .��D+ � =-#� 4�/ ... �C 7D	�+ �/ ���I ���G  U-	 ��-+ ��:��� ��9�� .C�-+��� ZB Z/�0� �� $9&-)�� 4lP�B+ ��/���9?C 

F+8�/��� ��%F+� C8�-8^ X��E ��.  +���C ���R� $�3��-:J��/ ��5��. �J�  H  1�  C .�/�0� �8/ �� 1-?H�	�J� $9��  �A���� . [9/ ����C�?C

�_�X Z/�0�4 .J��C  .��J�?& �F+8�/��� ��%F+� C8�-8^ X��E ��.  +���C ���R� ��-:J$�3�/  � .�5�6 78!+ ���:��� �C-)���� �C �2�� �9?C

���a8%n	 ��/ $��8F+9?h ��8I�J�.  

 

2 - ��@� ���?
 

 .%J� ��C��H»^8�%8+-8C«  ��?F+  C»�5�6�98P*	«  C /�  C 4Z��� ^� 1�-?W.+�C �8A� ��/���I . C4��A �-E #��` k»�5�6�98P*	«  ��
 /�� 1950 + � 1�9:�R8�-8C 7J-	6-X �88F	 ���C �8%J� -	�� 4y9?2$� �5�6 .J9?2+ �� Z��� 6� �9�9U9& ��2?�8� .:&R� .4=�J �� �8?o%/ 

1960 `#�� k»^8�-8C«  C`#� 6� .D8H�	 1�-?W� Y�X»�5�6.J�?&«  �»�i-)-?:	«  1�-?W �C .5���"?H �� 4O8�J� ^U 7J-	 $9!�+ �)���� ��
»^8�-8C c-�6-}%J : 4$9�6 ��/-3)�9�9U ����?� 98PH«  9& $��"�J�(Gruber, 2011). C8�-8^  C%PW 1�-?W. +81� �&��� /�"+8a DE c-PW8F.  �

J9?2+.  C ��Y��2+ �  ���I ��H�/� +68 ?�/� 6��5J�?&.4 �8R�4^ &8%.4 ��:+84^ ��%F+� � ... �C ���^���3 H�	8w +.9?H .X��E ��. C8�-84^ 

1��3�/�0� �� � �� ���8��2?� +.9??H .��� ���5+ ��� O+�& �/>$�� ��� � �-!+  P�J� �-!+ OX .W�� �C $��� �� C 4���8�-8^ �����   J

P#� m`J. ��I��84a5 J-H� � �����8a�5 J��. ��I�� m`J8a5 ��  �C q�D	���^ ��I��8a5 I ��A8/�. �� X8��-. P*	  C �J� �:%+ � $�-C89  OH 6��� 
gRU. & �p?+ 1� 6�-�.  m`J ?�D+ �����. 5"	 �C8�  D?U�� 3�-3h 6�.  ������^ ��I��8a5 �� \�RC ZBC �C 1� q�D	��m`J � ��J� �	 J-H�8a�5 

P*	 O+�&89 J-H� OH 6�8a�5�/ ��-G �8� C Q���+8� �J� �2�� ) 4.%)�W1400 .(  

2 -1 - *����� +,- 

 ��) �� 6� ^8�-8C»-8C+^8�«3  1� ��  H �J� $9& O8:�	»-8C «C ��?F+  C .���-� 1�C6 6�  ���I�»�5�6 « �»Y�8X « � �J�»ic « 8D& 9�-5� 6�J

 .?F+  C 4�J�»O�+ « �»9?��+ «) 41����i1390 .( Y��)  h�I�»��:8%8+-8C«4  �»M:8�%8+-8C«5  ?8+6 �����C Z��� �C �F8DE q�D	�� �  �+� 49?�5/

$i����E � �F8DE �8C q�D	�� ���-I ���8C ^8�-8C ��J� =-n!+ .X . C �?C =�3?8�A�� �b�)1997($i�� 4 .��%)� �»^8�-8C«6$i�� 6� 4 .58P3�� �

»M:8�-8C«7 �5�6 1�Ii�� w8H�	 6�  H $9& y�D�G� .J�?&)�i-)-8C ( ����?� �)M:8?:	 (�J� $9+� 9�9� .wX�# ^8�-8C aPW ���C $6-X ��� 1��b�

$��H  g��� ��9F�+ l���F	s�"	� �+� 49��  C ^8�-8C  H �J� ��� �C 1�3%/ �b��J�  ���� ���5I 1�2U �� ��-� � .D8H�	 .%PW 1�-?W . =�9U ��1 

 #�A�J� $9&  g��� ^8�-8C aPW l���F	 6� �� .  
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 .#�/1 -  ��F	�l C aPW8�-8^   

���0�����)  1��23  

 4���5��5 �67)1375(  
^8�-8C �?/  C����I��H Z��� a�58J��/  �5C�� C  .I9�6 �C 9n*+ O8P!	  D?U��/ .?� 1� �J�.  

4�8?o%/ .� 1��C  C =-#� ��H �#�?W �C �F8DE �  C��8I��H 1� �� .X��E � �A�J ��/R8h �3��.  

 =���,$ # =�� �>
	)1387(  
�?/  C����I��H Z��� a�58J��/ $9�6 ���C OX Og�5+ .:8?:	. 

 8D�	 � $��F�J� 6� �F8DE ���C OX Y�:�+.  

�� �*/ .A����8  

) �=� � B1390(  

^8�-8C aPW a�58J.��/ �J�  H $�-)�&� 1��/ a�58J��/ $9�6  49?�5/ �� .#-nA ��/ a�58J��/ $9�6 �� 49���� ��  C a�58J��/ 

$9�6 .+9?��+.  

.�E��F�� �� #9  

 �.�E��F��1997(  

 �&��� .%PW  H  C�-E ����A�J �C 98)-	 � ���U� .?� ������/9? ��A�J �  FJ-	� =-#� a�58J��/ .�5�6 7D	�+ �J�.  

G��
� H���/10  

) �G��
�1997(  

aPW  F)�`+� =9+��/ �F8DE � c�2)���8I 6� ��� k�E�/ � �/9?���� ���C f�� Y�:�+ .��5�� ��J�  �D)� c-2"+ c�2)���8I 9��C  6�

.}H�6�J 6� �F8DE  C�-E $��J t8B�	 $��� �-&.  

��)��#�$ �11  

) ���#�$2011(  

Z��� aPW ^8	�C� � ��U.?�RI �  ?82C�6�J ��RU� 4$9�6 9?��+ 4���C ZBC��/ lP�B+ 419C �/-�W �C  B5�� .:8��:+ 1��/.  

=������ # �
�)�)12 )2023(  

$�� OX �/� ?�D+. DE �C84�F 9+���� 6��A�J� �/� i��� fC�?+ 4RDJ� 78!+.�5�6 �� $�� OX �/� )-	89 ��V ��-+w)�V �� .� �BC.  6�

 +���C ��R� J �8�J� ���I� �^ h��� +6�J8?.4 �2&� �b?+ �� 41� 6� $��"�J� �C  H DE8�F +. 9��-	 S~	 � 9?H ^%H �/�2& 9&�  C8� 

!+ �C 1�87 6��5 �� 9/� Z/�H.  

 

2 -2 - �����* �	����  � ��� I��5 #4 "�E���J���� �����4  

C8�-8^  +���C ����R�  �X��E.  A�&�� ��C �J�� �J��C�. G�A  C8�  C`J�� � =9+ 6� $��"�J��/� PH89� DE8F. � �*+� 5� +81� DE8�F  $9�6

!+ �87 H uPA  C  H $9&  �A�J8"8��/� + �p?+ {-P`+.�-& .5C ��8��� C fC�?+ 6�8�-84^ c�� )��8� DE 6� c�2)� fD?+8�F ��F+. $��5I  H $9& -

�� �+� 6���:� )�%&.  �	�1��- � � �n+ 6� ��1�� h � 9?/ �	8� ���� .?o%/84� +. ���� lP�B+ k-`J 9��-	�� )�%&�4O �%��  � ��%�( �-& O+�& �� .

�F	 �� a/  H�p��6��l C8�-8^ � a/ ��	 ���oB �  fC�?+$6-X �C8�-8^4 $�2C ,-_-+I8�� DE c�� 6�8�F  �J� $9& k�`+)�-%!+�4��0� 1391 4

32(. ��� +68 ? �� +.C aPW  C 1�-	8�-8^ )� 4��H ����. 1�%/$�2C 49& $��&�  H�-EI8�� DE =-#� 6�84�F � ��:P%W 4���A�J �����/9?� DE8�F  ��

-)���� ��� ���� ���G aPW .  

  

  

  
 ���>31 - $6-X +���C �� ^8�-8C ��C��H �$�3��-:J .X��E � �R�� .��5�� ��/  

  
�%/1 H�-E �� 9U=� 2 .+ $9/��+4�-& ��C��H ^8�-8C ��	9%W �� ��/�-�H  FJ-	  ���� � .�F?# s�"	� $����� �J� .4�8?o%/ ���8C ��C��H��/ 

,-_-+ .X��E .:8�-8C ��/���  .+-%W)4./�3���%� 4����� � ���p	 (9?�5/ � 6� ��%H ��� aPW �� .X��E $�3��-:J��/ .��5�� $��"�J� .+�-&. 

^8�-8C ��8C� �� $6-X��/ c�� � $6�J x-"� $��H 9?h�/ 4�J�  C ���+ 1�+6 �8S~	 1� �� $6-X� ��:P%W � ��#-nB+ 9?���� R8�  C a�h .+��-A.   ���

4,-_-+ a/ �  +6] a/  U-	 1�:+�  C .I0����/ a�58J��/ $9�6 ��  C ��U c�� � $6�J [�# �� .X��E .:8�-8C 1��� .+9/�. 6� ���4�� ��   +���

 C �A�?& � .J��C a�58J��/ $9�6 � O:& 1���  C c-2"+ Y�8X ��  +���C�R�� � .X��E $�3��-:J��/  �A���� .��5�� .+�-&.  
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.#�/2-  �-%����C��H ��/ $��"�J� 6� ^8�8%8+-8C � ^8�-8C ��  +���C�R�� � .X��E $�3��-:J��/ .��5��  

=��
-  
�	���� �� �� 

O��5 
.�� �����  P���Q�3 =�J	 AJR 

 # +,- �SR

�
�  

���J8-I�  � ����	]�H

P�8M: ]9��H  
1998  ��3&��I  

 a�h 6�  ���I�C

1�5��  

�8��}J�- 

�85?)��  

  

"��	 

 ����
�

4
��M� 

9�9X �/�6  2022  
./�3���%� - 

$6-+  

$-8+ 6�  ���I�C �

�-3��  
Y���+� - .C�  

  

H���$ T��  ��J�� �+�-�  2004  ����� -���p	  

�C ���A�J 6�  ���I

 �-&��8A) ^� 6� 9P*	

a58��I��(  

1��5P3�� - 

19?)  

  

 *�#��L

G��� ��  
���%��I y]-:8�  2000  ���p	- y�-C  

 $6�J � c��)  ���I�C

 .W-� 1�-B�J� 6�

�H�-I(  

1�%)� - �8)�C  

  

 �J�) T��

4�����  

����	]�H -I�8���J 

  
2005  ���p	  

$9��8)�� �  6�  ���I�C  

1�5�� 19C  

 9g-J - 

aP2:�J�  

  

 4�& *�UML�

=�
L  

 9�9X �/�6) ��%F+

O#]� .G��W(  
2012  .&6��  

�-+ O:& 6�  ���I�C -

19?) OX�-J ��/  

1��5P3�� - 

19?)  

  

 T��

 *�����

��SE��R  

��A�� U. �86��  �

��+�� ����J �6�  

,��& :

2000 

 1]� �	

 =�X ��

��9X�  

.�-:5+- 

 ���p	) ��C��H

7P�B+(  

$�8I ���A�J 6�  ���I�C  �8h- �:�  
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 ���	

 ����

 ��$

) "��# �

4V�R(  

y�8� ^8+  1996  
 49��A RH�+

���p	 � �����  

 ���A�J 6�  ���I�C

 �] ����-+ � / �����

) �C  �-2	 .X��E

 �] y�J� ����-+ �(  

 4$���X

$��D%�6  

  

 ��2	

 G�3�L�� 

� ��2	�7�,� 

�&4  

���6�D �D2# ) ��%F+

.�����(  
1986  $�3	��DW  .C� ��-P8� 6�  ���I�C  

 41��J�9?/

-� .P/�  

  

 "B#�)

 � �I�W

�� �7  

- 2014  �6����H  
 ^J-J 6�  ���I�C

 �8D+��)a�58J-H�(  
1���  

  

 "�$�#�7

P �E3��R�  
- 1990  

$�I���� -  O%X

.��-/ O*� �  

 ���A�J 6�  ���I�C

�A��  

1�%)� - 

Y��3	-�&�  

  
  

2 -4 -   ����) � �M2	  

78!+  U�  J �/ �C ���%F+���� �8S�	 ���9��� .W�%�U� � ���n�G� 4.�5�6 .��%F+ �:"	� �����9 ��C ��	 �%��+� a/��%F+ k�E 1��H 6�J�  �C

!+876��5 �J�. �� fG�� ��%F+� �����9 ��RC� 6� $��"�J� �C X��E. & �8$-�/� � � �A�J���p  `C���  wJ�?+C8� !+ � �?C876��5 �9#��  Z/�H

S~	8Y�� "?+ .�A�J!+ �� 6�J�87 6��5 W�� � ��J�8�=�X -3BJ�� �C.� �  C8�/6�� W�%�U� .wDJ �J��C�.  FJ-	 [�9/�  C� �����9 +.�-& 

) 4k�� � .%	�A1389 424 .(��� 6�.+ �� C �� ��9��� ���%F+ [�9/� 1�-	�-%� 1�8C ��6 Y�-#:  

C 98H�	78!+ � ��C��H �C �3%/ m)�n+ 6� $��"�J� 4$9?�� � =�X �� 1� ���923� � �"X � 1�5�� .I9�6 �$��"�J� 4�5�6� �i��� 6� .PG�9X-

$��"�J� � .P85� ��/� �i��� 6� ���H�9X78!+ .PG�9X w��B	 4.F8DE ��/1�5�� .I9�6 .���� � .:�R8� �-D2C 4�5�6 �C .3?/�%/ � �/

 .F8DE 78!+)I 41���� � .U�1389 448 .(  

.J��C $��� �� lP�B+ ��/�?C.+ 1��� 1-I��-I .��+6 ��/ C ��9��� ��%F+ =-#� �/�?C 6� .A�C ��  H 9/��J� $9& ���W� .D5� �-E . ���%F+

 �� .�?J�� lP�B+ q�*�8�  �-%�� C-A.  C 6�I��H8�� ��%F+ =-#� ������9 �J� . C��%F+ �� =��+ 1�-?W� ?J�. ��1�� )-#� 6� $��"�J� �C. b�8� 

1�����I.�4 �2UI8��4 6� $��"�J� m)�n+ c-C$�2C 4����I8�� ��T 6�8� 	���X. � Q�A ...� �2U ��89�- �%)�5++�8R !+ � 1�%�A�J87 DE8F .c�I 

�J� $9&  �&���C .� �_�X �nW ��8R ^DJ�/� ��%F+� b�8� ��%F+� »^	-H� « �»��I��8^ «�9X �	 �� �Y��:"	 ��%F+� ��%F+  C 1�9+�5�� 

�����9 �R��^  9?�5/)�_�.� S� �84u 1393 433.( =-#� �C q�D	�� �� C ��H  ���  P!� ���/� ��%F+ =-#� � s-�� �����9 "P�B+ Y��b�. ���� �-U� . ��)

,-_-+�!C 4. D5�. � �J� %�.1�-	  CF`G �-E. ��C��$� ��� �b� 1� .�"�+ Y��b�  h�I� ��  %/ �+� �J� Y��^ !+ �A�J  H  �:�87 ,-?n+ 

��C ��	 �C $��%/� DE fC�?+ 6� �T�"X8F. ��C 1� ���%�J� �� ��1�I9? 9���� ,�%U� .Y��b�  C  U-	 �C 4lP�B+ ��%F+ =-#�� �����9  ����6 ��-n	 

�J� $9&  g���.  
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 ���>32 - ��%F+ =-#�� �����9  

  

2 -5 - 4	�SY	 Z�[ �[ 

�0� ��� �� ��/��8F+ .��J�?& ���C �9�C� 4Z/��%F+� C8�-8^ X��E ��.  +���C ���R� $�3��-:J��/ ��5��  P%U 6� �D�F+ Y]�*+ � fC�?+ ���+ 6� .

 )�*+ 1���:%/ � .?85X�8+ �)1399 ( O8P!	 6� $��"�J� �C �8?o%/ � �-%� =�9U �� $9& $���� ��/2 9& $��"�J� . 6� 4Z/�0� ��� ��135 

�8F+ ���2� �� 4 PX�+  J �� � .")� ���  C 4�7 9& {�B��� .P#� ��8F+ . R8� �_�X Z/�0� ��13 78!+ .P#� ��8F+ 7J-	 Y]�*+ 6� .�5�6

16� ���C � ���B�J� 4$�DA 1�J�?&��H$��+� ./�9& �6�J . =�9U3 78!+ ��/��8F+ +���C �� �� ^8�-8C ���%F+ .�5�6$�3��-:J �R���� .��5�� ��/ 

.+ Z��%�9/�.   

  

 .#�/3 - F+8�/��78!+ �.�5�6 ��%F+� C8�-8^ X��E ��.  +���C ���R� $�3��-:J��/ ��5��.  

1��    ��2	  �����# ��� ��2	  

1  �8W-%p+  �9?%�9/ 4�8W-%p+  

2  O+�:	  ������8�:	 4�W�9C 4O+�:	  

3  ���I6�J  s�D`��1�+6�J�-A 4�����./�  

4   ?82C�6�J  .����H  

5  b�a   P5PJ 4=��F	 4ab�w	��+  

6  �����x-"�  .I�-�I 4�����x-"�  

7  9?+��8� RH�+  6�+ 49?+��8� 4RH��+  

8  ./� 1�+6�J�-A  1�+6�J�-A�6��J-%/ 4�6�J�-A 4.%8+�	�-A 4���9����-A 4./�13  

9  ���9���  ��8� 9X 4��8���� 4���9���  

10  �i��� � $��+ .����H   A�h 4�i��� � $��+ .����H �1�5�� �C $��+ 7P5	 4�i��� � $��+  

11  a8PG� �C .3?/�%/  �i��� �"X  

12  16�-	 � =��F	  .���-�  

13  a58)-C��+  �6�J 4�8�:	 49&� 4 ���	  

  

3 - '�#() %#  

?+  C�-b -)�����9?C !+87�6�5. F+8�/��� ��%F+� C8�-8^ X��E ��.  +���C ���R� $�3��-:J��/ ��5�� 6� Z/�0� ��� �� . �-:�� � .")� ���

�J� $9&  ���I $�2C .�J� $9&  g��� Z/�0� 9?���� ��6 ��-n	 �� . 
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 ���>33 - Z/�0� c�p�� OX��+ 

 

3 -1 - %#   �J�#  

�J� $9& $��"�J� �-:�� ��� 6� 4Z/�0� ��� �� . ���4��� [�X ���n�A� Y��DW .���5C�# .:� 6� =9+��/ ��C��H�� �� a8%n	��8I � {�B��� 

 ?�RI� �	�C �J� .��� 6� =9+ =�J 1984 �C ��?D+ ��� u��-	 .F%U � �C ��&�� ��/��8F+ ����+  82	 $9& � �+-%W ���C OX Og�5+  �55I 

���� ��C��H .��� ��� ���C  ?82C�6�J $��8F+9?h a�58J��/ $98o8�  FJ-	  ���� �J� .��� ��� ���  �J��9?C {�B��� � 6�  W-%p+ ?�RI 6� ���/ 

RH�%	  �&�� � �J����/ .&6�J �� ���C ^�  )~5+ �C ��/��8F+ ����+ �88F	 .+49?H  C���G ��-E �J� a8%n	 1�I9��8I �� ���C .C�8�J�  C ^� 

a8%n	 .��2� ���� 9/� .�� �p?�� {�-U .&6�J R�^�����	 {�-U  C  U-+ {�-U $9��=� �J�  H  %PH �6�J  C ^� u��-	 OC�*�+ s�E� .+�-& . 

�C ���+ Y�8C�� u8*!	 {�B��� �8+�	$9??H ���C  D	��9?C ��.��..�.  p8�� O#�X 9&  H .	]�*+  H 6� �����/ a8%n	��8I $��8F+9?h $��"�J� 

$��H49�� ���C ���8C Og�5+ {�B��� +�	�8$9??H $��"�J� ���%H 4$9& � �C  U-	 c�  C..J.��.c�.14
 $��8F+ $�2C $��C � 6� ^8?:	��/ ,-?	 �3�� � ��9F	 

O+�-W �S-+ �C .C��6�� �8+�	$9??HRDJ �  C�b� .+9J�  H $��"�J� 6� �����/ a8%n	��8I $��8F+9?h .DJ�?+ �8PC�G �� .C��6�� �8+�	$9??H a/��� 

.+9??H .�� ��� Y�-# Z/�0� �� q�D	�� ��� ���8C y�5X� .+�-&. ��R+ �-:�� =9+ �� ��� �J�  H �+�R)� �� ��� =9+ �2U .C��6��  ?�RI�/ �C 

y�J� 4�/��8F+ �6�8�  C $��"�J� 6� Y��b� �58� 1�J�?&��H4  :PC .+1�-	 6� $�����/ c�A $��"�J� ��H. 4�+� ��� Y��"	 .P#� ��� =9+ �C ���/�� 

O8P!	  P5PJ.D	��+ �  :D& O8P!	�� �J�  H �C y�J� Y�5��*+ .U�6 �/��8F+ �  ?�RI�/ .X��E $9& 4�-C .)�X�� H �� ��� =9+ Y�5��*+  .U�6

]�>	 �����	 

 �� 4I��5

�2��5 4����� 4I��5 ���	 G��^	 

O+�:	
 

��I6�J
�

 2C
8

 ?
�

6�J
 

ab�
 

��x-"�
��

�
 

� RH�+
8

9?+��
 

9��+6�J�-A
$ 

���
��9

�
 

3?/�%/
. 

 �C

PG�
8a

 

16�-	 � =��F	 

W-%p+
8

� 

���H
.�

 
 � $��+i���

�
 

)-C��+
8

a5
 

�L#�����
� �	������4 2	��� ��  �M2	� �����* I��5  �4 �	���� #� �� 

"�E���J���� �����4 

 ����) � �M2	 .�W� 

 %#  �� �� ��2	 4�� =�# �J�# 

4YL� %#  �� ��� ��2	 Z�6��� 

�'�#() �
�
�) # ��0� P����  
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�8C �/��8F+ �  ?�RI�/ Y�-# .%���8I  :PC �/  ?�RI  CY�-# O*�5+ �C y�J� �/ ��8F+ .C��6�� .+�-&. ��R+ �-:�� =9+ �� ��� J��  H �+�R)� �� 

��� =9+ �2U .C��6��  ?�RI�/ �C y�J� 4�/��8F+ �6�8�  C $��"�J� 6� Y��b� �58� 1�J�?&��H  :PC .+1�-	 6� $�����/ c�A $��"�J� ��H ..:� �3�� 

6� ����R+ ��� �-:�� �J� ���  H �� ��� ��� �6�8�  C c����/��R�� $98o8� �58� � �C  U-	  C  :?�� c�%	 ��+OX 1� 6� =-+����/ ._��� $��"�J� 

.+4�-& .+1�-	 6� c�� ��R�� O5H� ��D�8� ���C [9/ $��"�J� ��H ) 4.�pX � .	��X1395.( a���-3)� ^8?:	 �-:��  C k�& ��6 �J�.  

J
3�A �3�	�_ M>3�+ :�	�+�M %n	8a �� �	�+ 1�%/�M �+�8./�6� RI� ?F+ y�J��C �/8�/�� :�	8O .+�-&. �	�+�M %n	8a �C M:�� �  �/

���� � �� M:�� �C 1�..U. 1��� �J� $9& $���.   

	��.����� "����� : PX�+ 9FC� 6�J =�+��� �	�+�M %n	8a I8�� �J� 6 =-+�� 6�  H�� �-& .+ $��"�J�: 

�/ �� M:��..U .��*+�� F+ �/8�� ��C� RI �/� ? �J� :�/ f%U � ��9W� 19��J� 1�-	  C 6� M� � 1-�J I ,-%p+ ��U ����1-�J  C ��9W�-

9U =�9U Y�-#�9 �%��1� .+9�-&.  

F	88�  `*�� ��$9 ."?+ � �D�+ =���C� F+ �/84�� ��2C�� �	9C ���� �/ �^ + �� ��81�  %/� RI� ?F	 �/88� 	�	  C � $��H8w  � �D�+ [�

.+ $98+�� ."?+ [��-& .F+ �I�8�� 6� ,-� 9?+�-J k�E ��6 Y���DW 49&�C .+9�-&. 

1��3 # ��
	��� H��23 :y� �9?+�-J .J�J� .+-2"+ �� ^�-:���� 4�� lJ�	 � 4 �-:�� Y�DJ�!+ �� ���J� $��H k�`+ .y� �9?+�-J ��9*+ 

 P#�� �3��8C��  ?�RI .D5� � . `*� 6� c��� �   ��H�9X �3��8ClJ�	 ��  `*� 6� ���� 6�� $9���J� =� .  

  
 

�����	� # aF�R� �J:  9FC c�I� � tA�&  DJ�!+�-: �)-8H( ��C� �/ RI� ? �J� :  

  
+�M>3 4��S� b�R #� �J�# *�
J3 �� ���$ : ?�RI 4�-:�� ^8?:	 6� .����� c�I �� ����*+ y�J� �C �/�� 4y� -8H �   C ^h-H 6� $��I  J ��

.+ w	�+ \�RC ?�RI ����2C � 9�-&^h-H  H �J� 1� ��C  �&�� �� -8H ���	9&�C ���G�C ��6 q�& ��  :�� q�&  C 9&:  

− *� b�R:   ?�RI �I��� �� � ^� ��   1�8+ ��c�  ?�RI4 9&�C ���G�C ��6  `C�� 9��C 49?&�C  �&�� �� c�� � =��  D	�: 

  
− #� b�R:   ?�RI^� ��. $��I 6� .:� �� 9��C ��/��  �y�  C�-&  �A�?& �	�C  D	� 1�-?W .� ���G�C �5B� q�& �I�  ?�RI �� �/ 9&�D

�-C 9?/�-A  ?�RI ����2C .  ?�RI 9&�D� ���G�C c�� q�& �I�^� ��  �4�� ��  C �� �/.+ {�B��� �	�C  ?�RI 1�-?W 9�-&) � .	��X
 4.�pX1395.(  

9FC ZBC ��4 $-!� C ��� ��� 6� $��"�J� � �-b?+-)�����9?C !+87�6�5. F+8�/��� ��%F+� C8�-8^ X��E ��. C � +�����R� $�3��-:J��/ ��5�� .

�J� $9& $��"�J�.  

4 -  ��� *�/	8��  

4 -1 - "���)�,c�	 ����  

16� ���C Z/�0� ��� �� +���C 4.X��E 1�I�DA 6� �/��8F+  C ./� +���C � ��2& �R��78!+ �R��16� � 9&  ���I ^%H �5�69&  DJ�!+ �/ . �9�C�

 ��/��8F+��%F+� C8�-8^ X��E ��. C � +�����R� $�3��-:J��/ ��5��9& ���B�J� �D�F+ Y]�*+ 6� . . 6�  )�*+ ��� ��135  �� � .")� ���  C 4��8F+

 ���2� �� 4 PX�+  J7 �J� $9& {�B��� .P#� ��8F+ . R8� �_�X Z/�0� ��13 78!+ .P#� ��8F+ � ���B�J� $�DA 1�J�?&��H 7J-	 Y]�*+ 6� .�5�6

16� ���C$��+� ./�6�J9& � . =�9U3 78!+ ��/��8F+ +���C �� �� ^8�-8C ���%F+ .�5�6$�3��-:J �R�� 1��� .��5�� ��/.+9/� .  
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 ��� �_�X Z/�0� ��13 16� �-:�� ���  C $�DA 1�J�?&��H 7J-	 .��2� ��8F+$9& ./�9�� . C  +�?�J�� ���C ����� Y�-#25  1�I�DA 6� �"�

9& =�J�� .3 6� 1�I�DA 6� �"�  �&� 4��2& .X��E �5  4��%F+ �"�6  +���C �"� 4��2& R��8  �&� 6� �"� +���C �78!+ �R�� � �5�62  �&� 6� �"� �

78!+ ���I ���G ZJ�� ��-+ ���H� � 9&�� fE�*+ �� ��2& �5�6� ���2� ��  H 9�19 9& O8%:	   +�?�J�� 41�I�DA 6� �"� . w)�G �� ./�6�8�+�

 +�?�J��C ��y�8*+ � ��/1  �	9 )���6 .P8A �	 aH .P8A ( D?U �C ��/��8F+ ���C �D�+ �9  �	1 )���6 .P8A �	 aH .P8A ( D?U ��/��8F+ ���C ."?+ �

���I Y�-# .�J� $9& ���RI 4a8%n	 =��9U w)�G �� K���� . 6� ^� �/  C  H $9&  �J�-A 1�I�DA 6� �_�X Z/�0� ��13  ��2h  C  U-	 �C ��8F+

&9�9& $��� 16� .`8!+ y�8*+ � .��5�� .X��E 4�F8DE �C .X��E 4[�n+ ����9+ .?F� ��9��� ���%F+ .P#� tA� .  

  

4 -1 -1 .#� N�$ :����� �3�	�_ M>3�+$�� �  

�	�+�M %n	8a �� �	�+ 1�%/�M �+�8./�6� RI� ?F+ y�J��C �/8�/�� :�	8O .+�-&. �	�+�M %n	8a �C  M:��� ��� �/�  �C 1� ��� M:�..U .1��� 

�J� $9& $���.  6� .:� �/  C  H $9&  �J�-A 1�I�DA 6� �_�X Z/�0� ��13  ����9+ .?F� ��9��� ���%F+ .P#� tA�& ��2h  C  U-	 �C ��8F+

9?/� 16� .`8!+ y�8*+ � .��5�� .X��E 4�F8DE �C .X��E 4[�n+ .-C �D�+ �b?+ ��2h �/ 6�  H 9& tB�+ �/��8F+ ,-� ���2� ��9�� . �/ 16�

 78!+ y�8*+ ���C  H 9& ���B�J�  PX�+ ��� �� .P#� tA�& ��2h3/0 4.��5�� .X��E ���C 41/0 �F8DE �C .X��E ���C 44/0  ���C ���2� �� �

 [�n+ ����9+2/0  C9+� �J�.   

  

 .#�/4 - a8%n	 M��	�+��8I  

�	���� ]�>	 I��54 �5 ����2  I��54 �����4 ^	�G� �	��  �3�	�_  

1 2 1 3 -�M�	��  

1 3 2 1 A	�J3 

1 3 3 3  �$����  

3 1 1 2 S���
����  

1 3 3 3 +0� 

2 2 1 2 d)e�Y����  

1 3 2 2 � ���	��
	#�  

1 3 2 3 ����	�����F4  

1 3 3 2 �)� ���  

3 1 2 1 � ��4� B��� # "��	�  

3 3 1 1 E
��M�4 ,V� ���+  

1 3 3 3 =���3 # .��23 

2 3 2 2 L����	�+�  

�D�+ �D�+ �D�+ �D�+ 2	 f��� �  

2/0  4/0  1/0  3/0  2	 =�#� �  

  

4 -1 -2 N#� N�$ :.�	������ �� �4^	�G� �3�	 =����_  

� ���� c�I4 *+8y��/� �	�+ �� �-U-+�M %n	8a �J� c6] 4*+ 1�9C8y� 9�-&. �  C�� 	�	8w ��*+ 6� c�9H �/  H�� $6�9�� �C�  1�%/  C  q-C�+ ����C

5*	 tA�&8a +.-&�9. .C M��	�+ 4 PX�+ ��� ��tA�& y�8*+ C ^� �/ 16� � 9&  DJ�!+ .W�� � .P#� ��/9+� �J� . tA�& ���C =��+ ���C

.P#� tA�& ��2h �b?+ 6� a58)-C��+ : 78!+ y�8*+2425/0 4.��5�� .X��E ���C 42582/0 �F8DE �C .X��E ���C 43145/0 ���C ���2� �� � 4

 [�n+ ����9+305/0 C 49+� �J� .y�J� R�]�+��  PX�+ ��� C  8)�� M��	�+ ��9W� 1��H $ +��� �-b?+� �J� Y�DJ�!+.  
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 .#�/5 - =�+��M��	�+ �6�J  

�	���� ]�>	  I��54 �5 ����2  I��54 �����4  ^	�G� �	��  �3�	�_ �4^	�G� 

1525/0  2097/0  1291/0  3638/0  -�M�	��  

1525/0  3145/0  2582/0  1213/0  3A	�J  

1525/0  3145/0  3873/0  3638/0   �$����  

4575/0  1048/0  1291/0  2425/0  S���
����  

1525/0  3145/0  3873/0  3638/0  +0� 

305/0  2097/0  1291/0  2425/0  d)e�Y����  

1525/0  3145/0  2582/0  2425/0  � ���	��
	#�  

1525/0  3145/0  2582/0  3638/0  ����	�����F4  

1525/0  3145/0  3872/0  2425/0  �)� ���  

4575/0  1048/0  2582/0  1213/0  � ��4� B��� # "��	�  

4575/0  3145/0  1291/0  1213/0  E
��M�4 ,V� ���+  

1525/0  3145/0  3873/0  3638/0  =���3 # .��23 

305/0  3145/0  2582/0  2425/0  L����	�+�  

 

4 -1 -3 N�� N�$ :=�#��4 �3�	 ���_ "�R .�	��  

�	�+�M %n	8a � ����+���� fG�� $�-C %H �J� c6] �. �  C 4�-&�� %n	 �-b?+8aI8$9�� ��C� tA�& �/4 �6�.  ���88F	 +.9?H.  W-%p+� 6�1 �/

�	�+ ���M ]�+���R + {�_ $9&.�-&.  

  

 .#�/6 - 16�M��	�+  C ./�  

�	���� ]�>	  I��54 �5 ����2  I��54 �����4  ^	�G� �	��  �3�	�_ �#�H  

0305/0  0839/0  0129/0  1091/0  -�M�	��  

0305/0  1258/0  0258/0  0364/0  A	�J3 

0305/0  1258/0  0387/0  1091/0   �$����  

0915/0  0419/0  0129/0  0728/0  S���
����  

0305/0  1258/0  0387/0  1091/0  +0�  

061/0  0839/0  0129/0  0728/0  d)e�Y����  

0305/0  1258/0  0258/0  0728/0  � ���	��
	#�  

0305/0  1258/0  0258/0  1091/0  ����	�����F4  

0305/0  1258/0  0387/0  0728/0  �)� ���  

0915/0  0419/0  0258/0  0364/0  � ��4� B��� # "��	�  

0915/0  1258/0  0129/0  0364/0  E
��M�4 ,V� ���+  

0305/0  1258/0  0387/0  1091/0  =���3 # .��23 

061/0  1258/0  0258/0  0728/0  L����	�+�  
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4 -1 -4 - N �S[ N�$ :"�  H��23S� AI��
� Y
	 # ��g	 4  

RI ��� ? 6�p+� ����p �	9C fG�� �� $9&�� ��2C ��� $��9?�5/ OX.  

 .#�/7 - $�� �88F	 ?82C OX  

"� S� AI��
  �	���� ]�>	  I��54 �5 ����2  I��54 �����4  ^	�G� �	��  

+ 0915/0  1258/0  0387/0  1091/0  

- 0305/0  0419/0  0129/0  0364/0  

 

4 -1 -5 - +�
) N�$ :�
	���  ��^	 H��23� 1��3 #  

�9?+�-J .J�J� .+-2"+ �� ^�-:���� )y�(. lJ�	 � )�� (.k�`+ �-:�� Y�DJ�!+ �� �� �J� $��H . 4�9?+�-J ��9*+ P#�� �3��8C�   ?�RI .D5���. 

 `*� 6� c�� lJ�	4  ��H�9X �3��8ClJ�	 )�� (.c�  `*� 6� ���� 6�� $9���J� =� .$9�� �C ����6 �/�D&  PX�+ ��� M85��	 ��� �� ."?+ � �D�+ =�

�J� .  

  

 .#�/8 - lJ�	 � �9?+�-J 1�R8+ �88F	  

  

4 -1 -6 - +
R N�$ :# aF�R �����	� �J   ����)���( ��3 �
�� �$��
��  

1��H ���� �C a�& c�I �� ���2� ��  +�?�J��c�� �� �/ C q-C�+ ��R�� �-)�J �-:��15 �/��8F+ 6� ^� �/ 16�  C9+� �J�.  ^8?:	 6� .����� c�I ��

 4�-:�� ?�RI ����*+ y�J� �C �/y�.�� 4.-8H 4 .6� $��I  J �� .+ w	�+ \�RC  C ^h-H9�-& ^h-H  H �J� 1�  ?�RI ����2C � ���	 -8H  �&�� ��

9&�C4   C  :�� q�&9?&�C ���G�C 4$9& k�`+ q�& ��.  

 

 .#�/9 - �-:�� tA�& �88F	  

# aF�R� �J  �����  

0909/0 L����	�+�  

1/0 =���3 # .��23 

�
	����  1��3 �
	���� 1��3 # 

  5/0  2/0  -�M�	�� 

  5/05  3/0  A	�J3 

  2/0  2/0   �$���� 

  65/0  4/0  S���
���� 

2/0  2/0  +0�  

55/0  2/0  d)e�Y���� 

4/0  2/0  � ���	��
	#� 

25/0  2/0  ����	�����F4 

35/0  2/0  �)� ��� 

75/0  4/0  � ��4� B��� # "��	� 

4/0  3/0  E
��M�4 ,V� ���+ 

2/0  2/0  =���3 # .��23 

3/0  15/0  L����	�+� 
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1/0  �$����  

1/0 +0�  

1455/0 ����	�����F4  

2364/0 �)� ���  

2818/0 � ���	��
	#�  

3727/0 -�M�	��  

4182/0 d)e�Y����  

4818/0 E
��M�4 ,V� ���+  

6182/0 A	�J3 

9091/0 S���
����  

1 � ��4� B��� # "��	�  

  

5 - ��6��B	� � ��  

1�%/.+  bX�+ ��6 ��-n	 ��  H�-E ?82C 4�i��� � $��+ .����H 4�-& .X��E �� .�5�6 78!+ �b?+ 6� ^8�-8C ���%F+ �	�C ��8F+  J O+�:	 � �6�J

 +���C �$�3��-:J �R��9?�5/ .��5�� ��/ . 4���I6�J �-:�� ���  C 16� ����%H �C ��8F+  J a58)-C��+ � 16�-	 � =��F	9?�5/ . � .J��C  C  U-	 �C

Z/�0� �� $9& .J��C ��S� �C  5��*+ ���G 98��	 ��-+ Z/�0� ���  ?8�8� � ��b� Y�8C�� �� �-U-+ ��/ ���I ���G9��  ����C�?C  

$�3��-:J .X��E �� �/��8F+ ����:��� �C .��5�� ��/78!+ �.+ 7*�  H .��U �� ^8�-8C � .�5�6 C �� ��8F+ 9?h 1�-	.+ ��2?�8� 4��C ��H�-&  ��

��-)��  +���C ��H9��8I ���G 1�X��E � 1�R��.  

  

 

���>3 4 -  ?�RI  5��*+ ���-%��/ 

6 - �D������2  

C8�-8^ *X ��8�* J�8 P�� ��C s�A�  �J������ �� [9/  C���9�  C �S|+ �-E 9+���H ��J� .1�%�A�J c�%	�/ � �����/9?� DE8�F + ��.1�-	 
�����9 �5���4  C �2��  H��h��C ��9!+�� �-E� $9��+ ���G�C =�J 1���R/9�� .4 ��6�� 1�5���/ C �2�� Y�G-PB+ � "?+ �-E. !+ �C87 S~	8� +.9����I .

g�p��6�. H DE fC�?+8F.  �-A ��9!+-+ �J���� $��"�J� �� ���I ���G4 �J� c6]  C��� =�D����/9? )�:&� ��-C . S~	  H8�� +6 �C ��9!+8�   �&��
9?&�C .�-+� � �/��:P%W� DE8�F i��� O#� ��� &�-A 6� �� �-A89 6�C 9g�6 ��-+ �����. +.I89�� .DE  C $�3� �C8�F +.1�-	 �����/9?.� � ���5I ���� 

i��� 6�  H� %H.  � $��H $��"�J��� i��� 1�9C� 9?�5/. !+ Y�:�+ OX8`.4 3?/��.4 ��n�G�� W�%�U� �. 1�5���/ -J  C ��� ��%F+���  c�2)�  H
6�  ���I DE8�F �� �C���: �����9� �J�4 �9/�� +.9?H . FJ-	� �����9 �D?U. ��C �J��  C �/��H c�p��� �J�� Y�-# wJ�?+ �*	�� �W�C  H� 
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H8"8� I9�6. O5��/� ��$9? � + =�X.�-&.  6� ,-� ��� FJ-	4  �-I6� �� c�%	  H �J�  FJ-	 ��D/�� ����.��/ DE fC�?+ �8F. ��5�� �. ��C ��� 
�R���Z 9+ Y9+9?PC �� Y��S���� +.9?H.  

16� ���C Z/�0� ��� �� ?82C 4�i��� � $��+ .����H ���2� �� � 9& $��C $�2C 1�I�DA $�I9�� 6� �/��8F+  C ./� �6�J ���%F+ �	�C ��8F+  J O+�:	 �
 +���C � .X��E �� .�5�6 78!+ �b?+ 6� ^8�-8C$�3��-:J �R��9�9& .��J�?& .��5�� ��/ . ����%H �C ��8F+  J a58)-C��+ � 16�-	 � =��F	 4���I6�J

9��-C �-:�� ���  C 16� .� ���� Z/�0�4 ��C� �+�8./�6� RI  C� ?%n	 =�9U �� �/8a ��  C q-C�+� ��4�-: ��& w5X �C�7 9D	 6��O *+8y��/ �
H8." �J� $9& $��"�J� .%H  C 4����C�?C �8��2?� .+�-&  ��Z/�0���/ ��*+ 6� 1�:+� 9X �	 .	��� .FG�� �+�8./�6� %n	 =�9U ��8a  C �-b?+

�J�8.C� ���  C�K G�8u�-&  ���I $�2C �	 .?o%/8� $��� 6� $��"�J� �C�/� f%U��� � $9&.+ 1�-	 6��-:�� =9+ 6�� � $��:)� 4 �+��� 4M85��	 4�
��.1�..�. C �-b?+  D	�9?C� ^8�-8C ���%F+ .�5�6 78!+ ��/��8F+ 6 �-%� $��"�J����  ��H� �J��ZJ��4�/ C ��+ Y�-#8��/� �U  C � �J� .��C6� 

*+ 6� $��"�J�8y� �9W� .+6�� ��9W� 6� 1�-	� 9C � �-%� $��"�J���	�	8w .+%E� c9W 1�-	81�? �� ��� Z/�H. %/�  C  U-	 �C8� � �8o8.I9  6� .�FC
F+84�/�� �8��2?� .+��C 41�:+� Y�-# �� �-&� F+ �/84�� F+8�/��� �F	 .W���l  Zp?J �	 �-&^8�-8C ��/��8F+ �8%/� �� F+8�/��� C  E-C�+  -

G� Y�-#8uI Y�-# �	8��.  
����K H�X Z/�0�. �  H �J� 1� 6��� ����: �����9�4 ��%F+� J�8 P�� +  H �J�.1�-	 C �C I��H8� �=-#� ��%F+� �����9 c�b� ���/� DE8�F   C

!+87 �����9 DE �"X �8�F  �J����� � �� fG�� �� ��� �����:  `C��� )-PF+ � �PW. CY�-# ���   ��%F+  H �J�4� � �PW���p !+87 �����9  �
DE �"X8�F �J�. � ���� 0���C Z/�� �����I� $���  +�?�J�� 6� �/ �����  $��"�J�9&4 �� ��8 p A�C �J� �:%+.  g��� 6� ����� 6�� FG�� �J��. 
����-A�  $��H9?&�C .���  C Z/�0�F`*+ Y�-#. $9& c�p�� �8%/ 6� 4����8 p I8�� $��C��� PW8�  ��-&��J� .Y��"	 ��� K���� �C Z/�0� 

Z/�0� C��+ ��/ �� ��-)�� � .��J�?& +���C �� ^8�-8C ���%F+ �9?C$�3��-:J .X��E � �R��78!+ ./�3� �C .��5�� ��/�J� .�T�"X � .�5�6 .
Z/�0� �� .?85X�8+ 9?��+  C��+ ��/)1399 ( .%)�W �)1400 (.��D�6 $�3� �C ^8�-8C ��/��8F+ ���B�J� ���#��-)�� 1�9C � .J�?& ��� �9?C

tA�&�J� �/. �.)�X� +���C $�3� Z/�0� ��� ��  H78!+ �R����� ��C��H � .�5�6a8%n	 ��/��-)�� �� $��8F+9?h ��8I�J� �/��8F+ ��� �9?C.  
.+ ��2?�8�$�3��-:J .X��E �� 4�-& ?82C 4�i��� � $��+ .����H ��/��8F+ .��5�� ��/ C a8PG� �C .3?/�%/ � O+�:	 4�6�J�� a2+ ��/��8F+ 1�-?W 

 +���C � ��2& 1�X��E �b�9+ ^8�-8C � ��9��� ���%F+78!+ 1�R��9��8I ���G �5�6 . ���2��� +��� �� � � ��� + 4Z/�0�.� 1�-	�� ZJ�� k�`+ �� �/
�  H ��H�� 78!+ �5�6)^8�-8C (F+ �8�/���  +���C �� 1���R� � X��E. $�3��-:J�/�  �&�I )1����( r�J�  �&�� 6��C � �-2T � �� :? +  �-3h.-
� 6� 1�-	�� F+8�/��� .+-C �� ����9?  +���C��R� X��E �. �/ $�3��-:J�  �#�F+)1����( r��H $��"�J�  

                                                             

�E�=�� 

1.
 Vikor 

2.
  Homo sapiens (9?+��A 1�5��) 

3. 
Bio+nic 

4. Biomimicry 

5. Biomimetics 

6. Bionik 

7. Bionics 

8. Jack, E. Steel  

9.Werner Nachtigal  

10. Janine Benius  

11. Gruber 

12. Papina & Crăciun 
13 .�5�6 �� �J� ��9��U .��8%8& � .:�R8� 7���& ��&��  3� �C�S � 19C .PA�� 78!+ ����9��� �"X ��?F+  C .J�?&. 

14. MCDM 

15. Vikor Solver 

 

 F���
 

− ��� .	��X��/6 4��-H . �85X 9%!+ 98J 4.�pX)1395.( ��-)�� 6� $��"�J� �C RDJ �8+�	 $�8p�6 �� 1�I9??H �8+�	 �9?C
 ���VIKOR4 �8C M���"?H����9+ 1�3DB� .PP%)�4 1��2	 .  

− %	�A.4 J89 %!+�"FU 9.  �5X 9%!+ 4k��)1389(. �U�$�3 �� �6-+����9� ��%F+ ��� 1�%�A�J �.  "# 420 )50(4 21 -50 . 

− �_�.�4 �-F5+. S�84u  ��R2C)1393(. ��H��� ��%F+� �����9 +-C �:5+ ��. ��J��.� PG�8a ���5/-H � ��J. ��1�� .1��2	 :
1�!E . 

−  �8J-) 41����i)1390.( ^8�-8C :U 6� �i-)-�-:	.+ c�2)� 1���9����8I	 4.+�-G R���� � ��R2C �-%!+  %U� .1��2	 :���J.  
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− IU�. ��DP2+.. �lJ-  ��41��� PW. )1389(. �/��:/��� ��%F+� �����9 I81� G $��%/  C8y� ��%F+ �C� ���i. �/�?/� 6��D -
��%F+� 6�J�2& ��4 414 43-54 . 

− ^C�C 4.%)�W . .�	�+ 4�98p+)1400.( �:��� �� �� �F8DE $�3��U^8�-8C ���%F+ � ��9��� ���%F+ �. Z�9��  +�?Pn� ��  +��
F+���%  4121- 137 .  

− .D�p+ 98J 4.?85X�8+. � �_�9%!+ 41�8��%C � .D�p+ 4���n�)1399.( D	88� F+8�/��� X8Y� ?�D+. C aPW �C8�-8^   +���C ��
��R� X��E �. �/ $�3��-:J� ��5��.. Z/�0�.��5�� ��8����U ��/ 4 52 )2(4 588 -569.  

− �-%!+���/ 4��0�� )1391(. D	88� ��D+. �A �6-+�G8� ��%F+ ��� 6��5 �?D+. )�J� � ��H�� �&�  ��%F+�4  �?/ $9:����
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Environmental Prioritization of Bionic Architecture Criteria in the Design and 

Planning of Human Settlements Using Vikor Method 
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2
 

 

Abstract 

 

Bionics is a branch in planning and design to achieve creativity through the use of natural key models 

and the comparison between living nature and the built environment, which leads to the creation of 

desirable qualities. Most of the uses of the subject of bionic design are public spaces (exhibition, office, 

and commercial) and less of this science has been used in the design of human settlements. Bionics has 

been more involved in the fields of form and structure, although over time, its influence can also be 

seen in the field of performance and especially the process, which is both necessary and possible to pay 

attention to the characteristics of living systems instead of just form and structure. It shows in bionic 

design. In this research, the VIKOR method was used to weight the environmental criteria of bionic 

architecture in human settlements. First, the criteria of bionic architecture in the design and planning of 

human settlements were extracted from authen5c ar5cles; then, 13 main environmental criteria were 

extracted from the articles by expert experts and prepared for weighting. The questionnaire was sent to 

25 experts, and finally 19 experts completed and sent the ques5onnaire. Scoring was done in the form 

of a ques5onnaire with scales from 1 to 9 (very low to very high) for posi5ve criteria and 9 to 1 (very 

low to very high) for negative criteria. In the present study, experts were asked to give weight to each 

of the 13 criteria according to the four main indicators of sustainable architecture, i.e. consumption 

management, design with nature, human design and environmental scale. The results showed that 

material and energy efficiency, optimization and evolution are the top three criteria of bionic 

architecture from an environmental point of view in the design and planning of human settlements.  
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