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-&*�� %$(��."!,1� .&!.O�$&�� KE�!2� -&� ��1>� ����L� ,$&� &$0&�
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��;WP��&!0,&(��-&���)1',�����P��"'� &0�-&���1>�����P�
�>�	',�-&���1>����;L>��%�Q�$GH �$���2&!&$$,1$&�2&Q ,H(&1,�
8� 1��&$,1� KI>�� .�!,*&$,1L� �"(�� ),$2,$&�,!,� 1%$$�!���1�
2&$&4&1(&1,� ;�� 1��&$,1� K�>8� .�!,*&$,1L� (�1,C� &0,$&),$&4&1�
�"(��),$2,$&�,!,�(�' ,!�&( &*,�� �Q$� �1(�0G�>�

�&�,!�O#�&! &�(�)�!$G�.,.(& $&�0&�O!& $,�),���H� ��"$�!�
&#,(, � K(��,!,!2L�%@%!�./�&��$�!N�Q"1�.�*G0��C��� &(�&*,�
'�3G@�0�� .�1$� �*G� -&� ,H$& &*,� 2&�&1(,�&!� ),�� ./�&Q(,�>�
�C(, ,@�.*"!� (&1!,1$&�,� ,$&� )%� C��� &(�&$&�,!� &!� ,*,�
0&#&�$&�,!,!� )%$%!%C�  "0&$,!� &!� '�..�.� -&� 0"#�%�
."!%Q$��G�/�&(&),$&4&1�'�$&�2&(,�,$ &.,�'&0&3$&! &1(&�-&�
"C(, ,@�.*"!� (&1!,#,!,!� 'G@$G4�� *�1G!.� �.G� -&�
2&!&$$&H(,� &.,!&�,'(,*�Q�0%*%$ �1(�0G�>���"0&$,!�,'(,*�Q�
0%*0%#%� )%� ),$2,$&�,� 'G@$G4�� ,H$& &1� ,Q,!� */1.&1�
C&�3"� �!.$G� ),$2,.�*��$���N� =�� ,H$& 4,$&�&� -&� */1.&1�
)&$$&1� 1�C�.,(&$&�,!&� ,'(,*�Q� 0%*%$ �1(�0G�� KZ%&5E&!�
�'&!� -&�Z,�"("!2� ��;�L� -&� )%� (/�� ),$2,.�*��$��� */1.&1�
&!&�J,� (/1&(&!�4,'�@$��0G�� K�,((�$�-&��&((&����;:L>�
*�G4��
&#,(, �,H$& ,�,Q,!�)%$%(�(�)�!$G�',@ &($&��.%!%$ �1(��3�1�(�
)%�',@ &($&�,!�/4�&(,�1%$$�!G$�!�=��.�*G.G�-&�1%$$�!G �
./�&$&�,!&�2O�&�)&$,�$&! &1(&0,�>��%�2,),�!&0&!$&�$&N�0�'��
�@�,H$& ��0&0,�-&� �$,*&(,*$&�'�..�.�."!%Q$���-&�&!�&#,(, �
./�&4,�2&�Q&1$&H(,� &1�O!& ���@�&( &1(&0,�>�

&$,H(,�,$&!�  "0&$&� &#,(, � .G��.G!0�� 1%$$�!G$�!� -&�,�
1/ &.,!&�-&�0&�,!�O#�&! &��$2"�,( �$��G!��2O�&�)�@G�/.(�
0&#,H1&!$&�� K'*C&�5C��� &(&�L� )&$,�$&! &1(&0,�>� �%�
C��� &(�&$&�0&!� ),�,N� 2&$,H(,�,$&!�  "0&$0&� �#� *�CG.G!G!�
2&�&1(,�0,#,� U�#G�$G1� 0&#&�$&�,!,V� )%$ �1� ,Q,!� *�CG$ �.G�
2&�&1&!� (/ � ,H$& $&�,!� &#,(, � -&�,� 1/ &.,!0&1,� (/ �
-&�,$&�� /@&�,!0&� 1�Q� 1&@� (&1���$�! �.G� 2&�&1(,#,!,� ,3�0&�
&0&!�U�O!& �K&C"4'LV�.�*G.G0G�>�&$,H(,�,$&!� "0&$,!��@�
.�*G0�� 0O!& � ,$&� *�1G!.� �.G!G� .�#$� �1� ,Q,!� '�!2,�
"C(, ,@�.*"!� (&1!,#,!,!� 1%$$�!G$�4�#G!G!� .&Q, ,� O!& �
1�@�! �1(�0G�>�

�,(&��(/�0&� "C(, ,@�.*"!� *O!(& $&�,!,� 1��HG$�H(G��!�
Q�$GH �$���  &-4%((%�� K�,%� -&� ��1>� ���;P� �@*,$0,�, � -&�
�,��!�����P��'%�-&���1>����;L>��%�Q�$GH �!G!�1�(1G.G�-&�
� �4GN� X*"$� (�' ,!,X� Q�$GH �$��G!0�� &$0&� &0,$&!� &!� ,*,�
0&#&�$&!0,� &�  &(�,1� 0&#&�$&�,!&� %$�H �1� ,Q,!�
X*�1G!.� �X� �QG.G!0�!� &#,(, � �H� �.G!0�� "C(, ,@�.*"!�
*O!(& ,!,!� 0O!& � .�*G.G!�� &(1,.,!,� ,!4&$& &1(,�>� �%�
� �Q$�N� �QG1� 1�*!�1� 1"0$%� -&� 3��1$G� 0&�,!� O#�&! &�
 "0&$$&�,� 1%$$�!G$�!� Q�$GH �$��� .&Q,$ ,H� -&� *�*G!$��G!�
"�,J,!�$� "C(, ,@�.*"!� (&1!,#,� ,$&� *&!,� ),�� "C(, ,@�.*"!�
*O!(& ,� "$�!� 
0��&$,&3R,!� K�'%�!2� -&� ��1>� ����L�
."!%Q$��G�1��HG$�H(G�G$ GH(G�>��


0��&$,&3Y,!� (&�4,'� &0,$ &.,!,!� !&0&!,N� 'G@$G� ),�� H&1,$0&�
*�1G!.� �.GN� 2&!&$$&H(,� &.,� -&� 0"#�%� ."!%Q$��� &$0&�
&( &.,� !&0&!,*$&� ."!� @� �!$��0�� ),�Q"1� 3��1$G� �$�!0��
*�CG$�!� Q�$GH �$��0�� O!&� QG1 GH� "$ �.G0G�6� /Q�
.�!(��$$&�,!0&�&$&1(�,1�*/1/!/!�(�' ,!,�K	',�-&���1>����;LN�
 �1,!&���G@�.G�O!4&.,�2&�&1$,�)�1G G!�(&.C,(,� K�-�-&���1>�
���;LN� 0&�,!� O#�&! &� �$2"�,( �$��G� ,Q,!� 0/H �!�
O�!&1$&�,!� 2&!&$$&H(,�,$ &.,� KE�!2� -&� ��1>� ���;LN� '�-��
(�' ,!,� K�&,!"!&!� ���;LN� ),*" &0,1�$� �$�!0�1,� 2&!" �
)�#$�!(G.G�(�' ,!,�K%"�-&���1>����;L�-)>�

1.1 İncelenen Açık Kaynak Kodlu Yaya Tahm�n 
Çalışmaları 

A�$GH �$��P� ."!� *G$$��0�� *�*G!$�! GHN� �������� -&�,�
1/ &$&�,!,�1%$$�!�!N��QG1�1�*!�1�1"0%!��.�',C�-&�3��1$G�
0&�,!� O#�&! &� *O!(& $&�,!,� 1%$$�!�!� Q�$GH �$��0�!�
.&Q,$ ,H(,�>� 	&Q,$&!� )%� Q�$GH �$�����)$"� ;R0&� O@&($&! ,H�
"$%C�0&(�*$��G��H�#G0�1,�2,),0,�6�

Soc�al-GAN K%C(�� -&� ��1>� ��;8L>� �%� Q�$GH �!G!�
 "(,-�.*"!� !"1(�.G� O!4&1,� Q�$GH �$��G!� .�0&4&� (�' ,!�
&0,$&!� �"(�$��G!� D1$,0�  &.�3&.,� �QG.G!0�!� '�(�� "��!G!G�
�@�$( �*G�� �Q$�0G#G�-&�.".*�$�&(1,$&H, ,!�*�$!G@4��*�1G!�
1" H%$������.G!0��0,11�(&��$G!0G#G�"$���1�)&$,�(,$ &1(&0,�>�
��@��$��N� )/(/!� 2O�/!(/0&1,� *�*�� &(1,$&H, ,!,� 0,11�(&�
�$���1N�"$�.G�*"$$��G!�"$%H% %!%�-&�,*,�*"$$��G!�O#�&!, ,!,�
(& &$� �$�!� ),��  "0&$� 2&$,H(,� ,H$&�0,�>� A�$GH �0�N�
A&1,H &$,�+�&(,4,�
#�K
�L�*�CG.G�1%$$�!G$ GH(G�>�
�YG!�
+�&(,4,�K&!&��("�L��H� �.G!0�N�'&��*�*��,Q,!�2&Q ,H�*"$�
),$2,$&�,!&�2O�&�2&$&4&1(&�(�1,C�&0&),$&4&1$&�,�3��1$G�*"$$���
"$%H(%�%$ %H�-&�
*G�G4G�K�,.4�, ,!�("�L��H� �.G!0��'�!2,�
*"$$��G!�2&�Q&1�"$���1�(�1,C�&0,$&),$&4&#,�-&�'�!2,$&�,!,!�
.�'(&� "$�),$&4&#,!,!� �*G�(� &0,$ &.,� O#�&!,$ ,H(,�>� +�&(,4,�
�H� �.G!0��,$1�"$���1N�-&�,�1/ &.,!0&1,�1""�0,!�(�),$2,.,N�
*�C�*� .,!,�� �#G� K
��L� 1%$$�!���1� .�),(� %@%!$%1$%� ),��
-&1(O�&� 0O!/H(/�/$ /H� -&� '&�� *�*�� ,Q,!� (�!G $�!�!�
�"0$�*G4G�K�!4"0&�L�)O$/ /!0&1,��	���,Q,!�2,�0,�"$���1�
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1%$$�!G$ GH(G�>��/ �*�*�$���(���3G!0�!�&$0&�&0,$&!��	���
-&�,$&�,� ),�),�$&�,*$&� O�!&1$& &� KC""$,!2L� *"$%*$��
C�*$�HG$ GH(G�>�	"!%Q$����2/�/$(/�&1$&! ,H�-&�)%�2/�/$(/�
0&#&�$&�,�'&��*�*��,Q,!�(�!G $�!�!�AO@/ $&*,4,�K0&4"0&�L�
)O$/ /!0&1,� �	��� ,Q,!� 2,�0,� "$���1� 1%$$�!G$ GH� -&�
*�*�!G!� (�1,C� &0&),$&4&#,� "$�.G� *"$$��� "$%H(%�%$ %H(%�>�

*G�G4G��H� �.G!0�N�/�&(,4,��H� �.G!0�!�2&$&!�),$2,$&��-&�
2&�Q&1��"(��),$2,$&�,�)&��)&��&$&��$G!GC�-&�,!,!�2&�Q&1�.�'(&�
.1"�%� '&.�C$�!G�� )O*$&4&� ,*,� *"$� ),$2,$&�,� 0&� O#�&!,$ ,H�
"$%�>� +�&(,4,0&� 3��1$G� *"$$��G!� "$%H(%�%$�),$ &.,� ,Q,!N�
2/�/$(/� &1$& &� �H� �.G!0�� ��.(2&$&� D�!&1� +�&(, �
�$2"�,( �$��G�1%$$�!G$ GH(G�>�

Soc�al-STGCNN K�"'� &0� -&� ��1>� ����L.� A�$GH �0�N�
@� �!�-&� &1[!G�&$&��$�!��� �!.�$��-�,H, $,�
#�K���L�
-&� �-�,H, $,� A,@2&� 
#� K��L� 1%$$�!G$ GH(G�>� ��@��$��N�
2&$,H(,�0,1$&�,�  "0&$� .�*&.,!0&N� 1��HG$�H(G�0G1$��G�
Q�$GH �$���� 2O�&� �8� 1�(� 0�'�� 'G@$G� -&�\��� 0�'��*/1.&1�
0"#�%$%1�"��!G!0��."!%Q$���/�&((,1$&�,!,�-&�8N:�1�(�0�'���@�
C��� &(�&� 1%$$�!0G1$��G!G� )&$,�( &1(&0,�$&�>� �"(��
(�' ,!,!0&� 2O�/!(/$&�� Q,@2&� "$���1� (& .,$� &0,$ ,HN�
2O�/!(/0&1,�*�*�$���0/#/ �-&�*�*�$������.G�&(1,$&H, $&��
,.&� �#G�$G1$G� 1&!��� "$���1� (�!G $�! GH(G�>� &Q ,H� �"(��
),$2,$&�,�1%$$�!G$���1�&$0&�&0,$&!�1" H%$%1� �(�,.$&�,�*G#G!�
'�$,!&� 2&(,�,$ ,H� -&� @� �!� ,Q&�,.,!0&1,� 0&#,H, � (�1,C�
&0,$ ,H(,�>�D!4&$,1$&N�2&Q ,H��"(�$�����,(�O@&$$,1�-&1(O�$&�,N�
 &1[!�-&�@� �!�),$2,.,!,� ,Q&�&!�Q,@2&$&��/@&�,!0&����
1%$$�!���1� '&.�C$�! GH(G�>� ��'�� ."!��� )%� O@&$$,1$&��
1%$$�!G$���1N� 2&$&4&1� �"(�� (�' ,!$&�,� �� �!.�$� ����
 "0&$,�,$&�2&�Q&1$&H(,�,$ ,H(,�>�

STGAT K�%�!2� -&� ��1>� ��;WL>� A�$GH �0�N� *�*�$��G!�
),�),�$&�,!&�!&�0&�&4&0&�&(1,0&�)%$%!�4�1$��G� ,$&�*�*�!G!�
1&!0,� 2&Q ,H� '��&1&(� *�CG.G!G!� ),�$,1(&� 0,11�(&� �$G!���1�
2&$&4&1(&1,� �"(�� (�' ,!,!� *�CG$ �.G� 2&�&1(,#,�
)&$,�(,$ &1(&0,�>� �%� !&0&!$&N� *&�5@� �!� &(1,$&H, ,!,� -&�
*�*�$��G!� ),�),�$&�,*$&� "$�!� &(1,$&H, � "��!G!G� �,11�(�
��)�!$G� A,@2&� 
#G� K
�L� ,$&� '&.�C$�*�!� ),��  "0&$�
2&$,H(,� ,H$&�0,�>��"(��(�' ,!,�%*2%$� �$��G!0�N�*�*�$��G!�
1""�0,!�(� -&�,$&�,!,� -&� *�*�$��� ���.G� &(1,$&H, ,� Q,@2&�
"$���1�,3�0&�&( &!,!N�(�' ,!,!�0�'��0"#�%�*�CG$�),$ &.,!,�
.�#$�0G#G!G�)&$,�( &1(&0,�$&�>��%�� �Q$�N�2O�/!(/0&1,�'&��
*�*�� ),�� 0/#/ � "$���1� 0/H/!/$ /HN� *�*�$��� ���.G�
&(1,$&H, �"��!G��,11�(�
#G�,$&�'&.�C$�! GH��#G�$G1$G�1&!���
"$���1�1�)%$�&0,$ ,H(,�>��"0&$,!�1"0$�*G4G��H� �.G!0�N�,$1�
"$���1N� '&�� *�*�!G!� '��&1&(� O@&$$,1$&�,� 2&Q ,H� *"$�
),$2,$&�,!0&!� �	��� ,$&� O#�&!,$ ,H(,�>� ��'�� ."!��N�
*�*�$��G!� &1[!.�$��$�!0�1,�),�),�$&�,!&�&(1,$&�,�
��,$&�
'&.�C$�! GH(G�>�	"!�"$���1N�)%�."!%Q$���1%$$�!G$���1N�'&��
*�*��,Q,!�*&!,�),���	��� "0/$/�1%$$�!G$���1�&(1,$&H, ,!�
@� �!� ,Q,� )�#$� G� )%$%! %H(%�>� �%� @� �!� -&�  &1[!�
),$2,$&�,� ."!��� 
��� ���4G$G#G*$�� ),�$&H(,�,$ ,H(,�>�
�,�$&H(,�,$ ,H� ),$2,$&�&� 2/�/$(/� &1$&! ,HN� QO@/ $&*,4,�
 "0/$/!&� 2,�0,� "$���1� 2O!0&�,$ ,H� -&� �	��� ,$&� "$�.G�
2&$&4&1��"(�$���'&.�C$�! GH(G�>�

Causal-HTP K�'&!� -&� ��1>� ���;L.� A�$GH �0�N� &#,(, �
-&�,$&�,!0&!� 1�*!�1$�!�!� *�!$G$G1� 0%�% %!%!� (&.(�
."!%Q$��G!�� &(1,.,� /@&�,!&� "0�1$�!G$ GH(G�>� �"(&$� -&�,�
1/ &.,� O�!&1� "$���1� .&Q,$ ,H� -&� &#,(, � 1/ &.,� ,$&� (&.(�
1/ &.,� ���.G!0�1,� )/*/1� 3��1$��� "�(�*�� 1"!%$ %H(%�>�
&�Q&1� '�*�((�� 1��HG$�HG$�4�1� 0%�% $��G!� Q&H,($,$,#,!0&!�
0"$�*G� 3��1$��G!� "�(�*�� QG1 �.G!G!� 1�QG!G$ �@� "$0%#%�
0/H/!/$/C��"(��(�' ,!,!&�&(1,�&0&!�Q&-�&.&$�3�1(O�$&�0&!�

O#�&!,$&!�),$2,!,!�&(1,.,!,!��@�$(G$GC�0�'��3�@$�� �"(�� ,@,!,�
O!� C$�!�� QG1��(�!� ���HG(� D�!&1�
!�$,@,� K%"� -&� ���.&��
��;�L�(�)�!$G�),��*O!(& �2&$,H(,�,$ ,H(,�>�D�!&#,!N�&#,(, �
-&�,� 1/ &.,!0&� */�/*&!� ,!.�!$��� 1�-H�1$��0�� ."$��
0O! &*,� (&�4,'� &( ,H$&�.&N�  "0&$� *�*�$��G!� '&�� @� �!�
1�-H�1$��0�� ."$�� 0O!0/#/!/� O#�&!,�>� �%� ."�%!%� �H �1�
,Q,!N�  "0&$� ,Q,!0&� O!4&� 2&�Q&1� 2&Q ,H� �"(�� ),$2,.,� -&�
Q&-�&.&$�&(1,$&�� (& &$��$G!���1� (�' ,!$&��*�CG$ GHN� ."!���
2&Q ,H� �"(�� -&� Q&-�&.&$� &(1,$&�� 0&#,H(,�,$&�&1� K�"(�$��G�
1" ),!&�&( &N�"�(�$� ��-)>L�(�' ,!$&��(&1���$�! GH(G�>��%�
,1,� ."!%Q� -&� �&3&��!.� ),$2,.,� ���.G!0�1,� 3��1G�
1��HG$�H(G�G$���1� �"(�� (�' ,!,� *�CG$ GH(G�>� A�$GH �0�N�
���HG(� D�!&1� 
!�$,@,� *O!(& ,� 	"4,�$5	����� -&�
	�
��C�"J&$&�,!&� %*2%$�!GC� ."!%Q$��� /@&�,!0&1,� &(1,.,�
,!4&$&! ,H(,�>�

Carpe Posterum K�&!0,&(��-&���)1',�����L>�A�$GH �0��
2O /$/� .,.(& $&�0&� Q�$GH�),$&4&1N� 2&�Q&1� @� �!$G�
(�' ,!$&��*�C�),$&4&1�-&�'G@$G�),��H&1,$0&�0"#�%�."!%Q$���
-&�&),$&4&1�),�� "0&$�2&$,H(,� &�� �Q$�! GH(G�>��"0&$0&N�
�@" "�3,1� A,@2&� 
#G� Q,@2&!,!� *�CG.�$� O@&$$,1$&�,!,�
O#�&! &1� ,Q,!� 1%$$�!G$ GH� -&� ���� 2&$&4&1(&1,� �"(�*G�
(�' ,!�&( &1�,Q,!�1%$$�!G$ GH(G�>����*�$��G!��"(��1""�0,!�(�
),$2,$&�,� ,$&� )�H$�!2GQ� !"1(�.G!�� 2O�&� *&�� 0&#,H(,� &�
),$2,$&�,�),�$,1(&��@" "�3,1�A,@2&�
#G!��2O!0&�,$,C��&.�J�
O!0&� &� *O!(& ,*$&� 1" H%� 0/#/ $&�0&!� &$0&� &0,$&!�
),$2,$&�$&� '&�� *�*�� ,Q,!� '��&1&(� O@&$$,1$&�,� &$0&�
&0,$ &1(&0,�>� ���Y0&N� )%� -&�,$&�0&!� 'G@� -&� C"@,.*"!�
0&#,H, $&�,�O#�&!,$,C��"(��(�' ,!$&�,�*�CG$ �1(�0G�>�

Tablo 1.� �!4&$&!&!� �QG1� 1�*!�1� 1"0$%� Q�$GH �$��G!�
O@&$$,1$&�,��
Çalışma Der�n Öğrenme 
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Yığın 
ölçüsü

Soc�al- 
GAN


�N��	��� 
0� � ���6�97W�
�"(&$6�97:�
�!,-6�9:��
����;5�6�
9:��

7��

Soc�al-
STGCNN

��N��� �!.�$�
����

��.2&$&�
��0*�!��!,H,�

�:�� ;�8�

STGAT 
�N��	��� 
0� � ���� 7��
Casual-
HTP 
(STGAT 
tabanlı)


�N��	��� 
0� � ���� 7��

Carpe 
Posterum

��3�
�@" "�3,@ �
#N�
����


0� � 8�� 7��

SGCN �O!/H(/�/4/�

#N���N�
�� �!.�$�����


0� � ;:�� ;�8�

SGCN K	',� -&� ��1>� ���;L.� �,#&�� Q�$GH �$��0�� *�*�$��G!�
���.G!0�1,� &(1,$&H, ,!�2&!&$$,1$&�*"#%!�-&�*O!/�)&$,�.,@�
Q,@2&� ,$&� ,3�0&� &0,$0,#,� -&� Q��CGH �$��G� O!$& &1� ,Q,!�
2,0,$&4&1� �"(�!G!� )%$%! �.G!�� "0�1$�!G$0G#G!G�
)&$,�(,$ ,H(,�>� �%� *�1$�HG $��G!� *�*�$��G!� ),�),�$&�,!,!�
�"(�.G!G� !�.G$� &(1,$&0,#,!,� ,3�0&� &( &1(&� *&(&�.,@� "$0%#%�
-%�2%$�! GH(G�>��%�&1.,1$,1$&�,�2,0&� &1�� �Q$GN� "0&$0&�
.&*�&$(,$ ,H� *O!$/� 1" H%$%1� �(�,.$&�,!&� 0�*�$G� ,1,� �*�G�
Q,@2&��#G�1%$$�!G$ GH(G�6��,�,!4,.,�*�*�!G!�),�&*.&$�'��&1&(�
O@&$$,#,!,� @� �!� )�#$� G!0�� )%$ �1N� 0,#&�,� *�*�$��G!�
),�),�$&�,!,� !�.G$� &(1,$&0,#,!,�  &1[!.�$� )�#$� G!0��
)%$ �1� ,Q,!0,�>� �$1� "$���1N� @� �!� -&�  &1[!� )"*%($��G�
�QG.G!0�!� ,1,� �*�G��O!/H(/�/4/�
#�-&�����1%$$�!G$���1�
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.&*�&$(,$ ,H� -&� *O!$/� Q,@2&� 1" H%$%1�  �(�,.,� &$0&�
&0,$ ,H(,�>��%�1" H%$%1� �(�,.$&�,� 1%$$�!G$���1���� ,$&�
@� �!� -&�  &1[!� 0,$, ,!0&1,� �"(�$��G!� O@&$$,1$&�,�
O#�&!,$ ,H(,�>� 
�0G!0�!N� '&�� *�*�� ,Q,!� )%� -&�,$&��
),�$&H(,�,$,C��� �!.�$����Y*&�2,�0,�"$���1�2O!0&�,$ ,H�-&�
�"(��(�' ,!$&�,�*�CG$ GH(G�>��

A�$GH �0�� ,1,!4,� )O$/ 0&� %*2%$�!�!� *O!(& N�
Q�$GH �$��0�� 1%$$�!G$�!� -&�,� 1/ &$&�,N� 0&#&�$&!0,� &�
O$Q/($&�,N� 0&�,!� O#�&! &� *O!(& $&�,� -&� "C(, ,@�.*"!�
*O!(& $&�,� ,$&� ,$2,$,� ),$2,� -&�,$&4&1(,�>� +Q/!4/� )O$/ 0&�
&$0&�&0,$&!�0&!&*.&$�."!%Q$���(��(GHG$GC�0O�0/!4/�)O$/ 0&�
Q�$GH ��'�11G!0��*"�% $���*�CG$�4�1(G�>�

2. MATERYAL VE METOT

�%� Q�$GH �!G!� 1�C.� G!0�N� 0&�,!� O#�&! &�
�$2"�,( �$��G!G!� &#,(, � �H� �.G!0�� 
0��&$,&3�
"C(, ,@�.*"!� (&1!,#,!,!� *�1G!.� �� �QG.G!0�!� &(1,.,�
,!4&$&! ,H(,�>� �%� � �Q$�N� =*�"�4'� 1/(/C'�!&.,�
1%$$�!G$���1� 2&$,H(,�,$ ,HN� ���5���� K2&!&$$,1$&� 1�)%$�
&0,$&!� -&�,� 1/ &$&�,L� -&�,� 1/ &$&�,!,� 1%$$�!�!N� ."!�
*G$$��0�� *�*G!$�! GH� -&� �QG1� &�,H, $,� *�@G$G � 1�*!�1�
1"0%!�� .�',C�  �1�$&$&�� .&Q,$ ,H(,�>� ?&1,$� ;Y0&1,�
Q�$GH �!G!� �1GH� H& �.G!0�� 0�� 2O�/$&),$&4&#,� 2,),N� �QG1�
&�,H, $,� 1�*!�1� 1"0$��� 1%$$�!G$���1N�  "0&$� ,$1� "$���1�
*�*G!$�!0G#G� H&1,$0&� &#,(,$ ,H(,�>� �!� ,*,� 0&#&�$&!0,� &�
O$Q/($&�,!,!�&$0&�&0,$0,#,�0O!& �!% ���.G�-&�)%�0O!& 0&�
&$0&�&0,$&!�0&#&�$&!0,� &�O$Q/(/�0&#&�$&�,�1�*0&0,$ ,H(,�>�
��'�� ."!��� 
0��&$,&3� "C(, ,@�.*"!� *O!(& ,� "$���1�
�*��$�! GHN� .,.(& � *&!,0&!� &#,(,$ ,H� -&� ,$2,$,� ."!%Q$���
1�*0&0,$ ,H(,�>� ��.%�$5��=� -&� 	�
�� Q�$GH �$��G!0�N�
'&�� ,1,� &#,(, � .G��.G!0�� 0�� )&$$&1� '�(�$��G� �$G!0G#G!0�!N�
*G#G!� )"*%(%� I�� "$���1� )&$,�$&! ,H(,�>� ��.%�$5��=�
Q�$GH �.G!0�N�	�
��(�)�!$G� "0&$�1%$$�!G$ GH(G�>�

�

Şek�l 1. A�$GH �!G!��1GH�0,*�2�� G

2.1. Ver� Kümeler�

�%�Q�$GH ��1�C.� G!0������K=&$$&2�,!,�-&���1>����WL�-&�
���� K�&�!&��-&� ��1>� ���9L�-&�,� .&($&�,� (&�4,'� &0,$ ,H(,�>�
?&1,$� �R0&� O�!&1� 2O�/!(/$&�,� )%$%!�!� -&� 1%H� )�1GHG�
2O�/!(/$&�&�.�',C����5���N��"(��(�' ,!,�Q�$GH �$��G!0��
(& &$� 1�$,(&� (&.(� -&�,� 1/ &.,� "$���1� 1�)%$� &0,$ &1(&0,�>�
����,Q&�,.,!0&�����-&��"(&$P�����,Q&�,.,!0&�,.&��!,-N�
����;� -&� ������ �0G!0�� 3��1$G� O@&$$,1$&�&� .�',C� -,0&"�
�1GH$��G� )%$%! �1(�0G�>� �%� -,0&"$��0�!� �N�� .�!,*&0&� ),��
1&.,($&�� �$G! GH� -&� &$0&� &0,$&!� Q&�Q&-&$&�0&1,� *�*�$��G!�
�"(�� ),$2,$&�,!0&!� -&�,� 1/ &.,� "$%H(%�%$ %H(%�>� �"(��
),$2,$&�,!,!�,Q&�,.,!0&�-,0&"�Q&�Q&-&�!% ���.G�K��� &��LN�
*�*��!% ���.G� K=&0��LN�0/!*��1""�0,!�($��G� 4,!.,!0&!�*�
-&�T�1""�0,!�(�),$2,$&�,�)%$%! �1(�0G�>�����9:��-&�����
987�3��1$G�*�*�!G!��"(��),$2,$&�,!,�,Q&� &1(&0,�>�

Şek�l 2. �������� �&�,� 1/ &.,!0&!� O�!&1� 2O�/!(/$&�>��
�L����N�)L��"(&$N�4L��!,-N�0L�����;N�&L������

2.2. Rota Tahm�n�nde Kullanılan Değerlend�rme 
Ölçütler�

�"(��(�' ,!,!0&�0&#&�$&!0,� &�O$Q/($&�,�"$���1���(�$� ��
�&�� �&#,H(,� &� ��(�.G� K
��L� -&� �,'�,��&�� �&#,H(,� &�
��(�.G�K���L�1%$$�!G$G�>�
���'&.�C$�!G�1&!N�(/ �*�*�$���
,Q,!� 2&$&4&1(&1,� "!� ,1,� Q&�Q&-&0&1,� (�' ,!� &0,$&!�
1""�0,!�($��G!� 2&�Q&1� �&3&��!.� 1""�0,!�($��G!�� "$�!�
 &.�3&.,!,!� "�(�$� �.G� �$G!G�>� ���� '&.�C$�!G�1&!N� ."!�
Q&�Q&-&� ,Q,!� (�' ,!� &0,$&!�1""�0,!�(� ,$&� 2&�Q&1� �&3&��!.�
1""�0,!�(G� ���.G!0�1,�  &.�3&� )%$%!%�� K�%0&!1"� -&� ��1>�
��;WL>� �� *�*�� .�*G.GN� � 1""�0,!�(� (�' ,!,� *�CG$�4�1�
Q&�Q&-&� .�*G.GN� K � N� L� (/ � Q&�Q&-&$&�� ,Q,!� (�' ,!�
&0,$&!�1""�0,!�($��N�K N� L�2&�Q&1��&3&��!.�),$2,.,!0&1,�
1""�0,!�($��N�K �%$�HG$�4�1�."!�1""�0,!�(�),$2,.,�

,Q,!� (�' ,!�&0,$&!�0&#&��-&�K L�2&�Q&1��&3&��!.�

),$2,.,!0&1,�."!�%$�HG$�4�1�1""�0,!�(�),$2,.,�"$ �1�/@&�&�

���-&�����.G��.G*$���H>�;�-&��H>�Y0&1,�2,),�'&.�C$�!G�6�

� K;L�

� K�L�

2.3. Seç�len Çalışmalarda Kullanılan Der�n Öğrenme 
Yöntemler�

Evr�ş�ml� S�n�r Ağı� (Convolutional Neural Network- 
CNN) K�&� �%!� -&� ��1>� ;W8WL:� &!&$� *�CG.G� ?&1,$� IY(&�
2O.(&�,$&!� -&� ),$2,.�*��$�� 2O� &� ./�&Q$&�,!0&� Q"1� .G1�
1%$$�!G$�!� ���N� 3,$(�&$&�� ���4G$G#G*$�� &-�,H, � ,H$& $&�,�
%*2%$�*���1� 2,�0,� "$���1� 2O!0&�,$&!� -&�,$&�� '�11G!0��
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O@&$$,1$&�� &$0&� &0,$ &.,!,� .�#$�*�!� 0&�,!� O#�&! &�
*O!(& ,0,�� K�%��!� -&� ��1>� ���;L>� ���� *�CG$��G!0�� ,$1�
1�( �!$��0��-&�,$&�0&!�1&!��$���-)>�(& &$�O@&$$,1$&��&$0&�
&0,$,�1&!N� 0&�,!� 1�( �!$��0�� -&�,$&�,!� �*�GH(G�G$ �.G!G�
.�#$�*�!� �*G�(� &0,4,� O@&$$,1$&�� &$0&� &0,$ &1(&0,�>� �%�
O@&$$,1$&�� 0�'�� ."!��� .G!G3$�!0G� �� 1�( �!G� (���3G!0�!�
*"�% $�! �1(�0G�>�

�

Şek�l 3. ������CG.GK�%��!�-&���1>����;L

Uzun-Kısa Sürel� Bellek (Long-Short Term Memory- 
LSTM) K�"4'�&,(&�� -&� 	4' ,0'%)&�� ;WW9L:� �	��N�
2&$&4&1� 0%�% � (�' ,!� ,H$& $&�,!0&� 2&Q ,H(&1,� -&�,$&�,!�
1%$$�!G$ �.G!��,'(,*�Q�0%*%$0%#%!0��(&�4,'�&0,$ &1(&0,�>��
?&1,$��R(&�2O�/$0/#/�/@&�&��	��R0&�'/4�&�0%�% %N�2,�0,�
1�CG.GN� %!%( �� 1�CG.G� -&� QG1(G� 1�CG.G� *�CG$��G�
)%$%! �1(�0G�>� �/4�&� 0%�% %� K4L� 2&Q ,H� ),$2,$&�,�
(%( �1(�0G�>� �!%( �� 1�CG.G� '/4�&� 0%�% %!0�1,� '�!2,�
),$2,$&�,!� .�1$�! �.G� 2&�&1(,#,!&N� 2,�,H� 1�CG.G� "� @� �!�
0,$, ,!0&1,� 2,�0,$&�0&!� KTL� '�!2,.,!,!� '/4�&� 0%�% %!��
0�',$�&0,$ &.,�2&�&1(,#,!&�1�����-&� &1(&�-&�QG1GH�1�CG.G�
0���!$G1�2,�0,�-&�,.,�,$&�'/4�&�0%�% %!%�1%$$�!���1�."!%Q�
K'L�/�&( &1(&0,�>�

Şek�l 4. �	�����CG.G�K�%��!�-&���1>����;L

Evr�ş�ml� Ç�zge Ağı (Graph Convolution Network- GCN) 
K�,C3� -&� E&$$,!2� ��;7): A,@2&$&�N� ?&1,$� :>�R0��
2O�/$&),$&4&#,� /@&�&� 0/#/ � -&� 0/#/ $&�� ���.G!0�1,�
1" H%$%1� ,$,H1,.,!,� ,3�0&� &0&!� 1&!��$��0�!� "$%H�!� -&�,�
*�CG$��G0G�>� �/#/!$&�� �N� 1&!��$��� �� ,$&� 2O.(&�,$0,#,�
0%�% 0��Q,@&$2&�]�^�N��_�H&1$,!0&� ,3�0&�&0,$ &1(&0,�>�
A,@2&� �#$��0�� 0/#/ $&�� ���.G!0�1,� ,$,H1,� �" H%$%1�
��(�,.,� K
0J�4&!4*� �(�,TL� ,$&�0/#/ $&�&��,(�),$2,$&�� ,.&�
O@&$$,1� -&1(O�/� ,$&� (%(%$ �1(�0G�>� �&.�C$� �$���
�H� �.G!0�� 1" H%$%1�  �(�,.,� ,$&� O@&$$,1� -&1(O�$&�,�
Q��CG$0G1(�!� ."!��� ),�� ���*�� 2&(,� &� *O!(& $&�,�
%*2%$�!���1� 1" H%� 0/#/ $&�0&1,� ),$2,$&�� 0/#/ �
),$2,$&�,!&�0�',$�&0,$,�>�	"!��.G!0��!"� �$,@�.*"!N��#G�$G1�
 �(�,.,*$&� Q��C �� -&� �1(,-�.*"!� 3"!1.,*"!%� ,H$& $&�,�
2&�Q&1$&H(,�,$,�>��O*$&4&�Q,@2&*&��,(�O@&$$,1$&��&$0&�&0,$ ,H�
"$%�� -&� )%� O@&$$,1$&�� ,$&� 0/#/ N� 1&!��� -&*�� Q,@2&�
.&-,*&.,!0&� ),$2,� QG1��G G� ,H$& $&�,� 2&�Q&1$&H(,�,$&),$,��
KE%�-&���1>���;WP��'�!2�-&���1>���;WP��'"%�-&���1>�����L>�

�
Şek�l 5. �L���.,(�Q,@2&�*�CG.G>�)L���.,(�1" H%$%1� �(�,.,>�4L�D�!&1�
0/#/ �O@&$$,1�-&1(O�/�

D�kkat Tabanlı Ç�zge Ağı (Graph Attent�on Network-
GAT)� K�&$,`1"-,a� -&� ��1>� ��;9L: A,@2&� �#$��G!0��
2&!&$$,1$&� 1" H%$%1�  �(�,.,!0&1,� 0&#&�$&�N� ,1,� 1" H%�
0/#/ /!�),�),�,!,��*!G� H&1,$0&�&(1,$&*&4&#,�-��.�*G$���1�
Y;Y� "$���1� �(�! �1(�0G�>�
!4�1� *�*�$��G!� 0/#/ � "$���1�
,3�0&� &0,$0,#,� *�*�� �"(�.G� (�' ,!,� %*2%$� �$��G!0��
0/#/ $&�� ),�),�,!,� 3��1$G� "��!$��0�� &(1,$& &1(&0,�>�
�/#/ $&�,!� ),�),�,!,� !&� 0&�&4&0&� &(1,$&0,#,� /@&�,!&�
*�CG$�!�Q�$GH �$���
��*�CG.G!G�"�(�*��QG1�� GH(G�>�
��
*�CG.G!0�� 0/#/ $&�,!� ),�),�$&�,� /@&�,!0&1,� &(1,.,� &$&�
�$G! GH� -&� 0,11�(� 0&#&�,� ,$&� 1" H%$%1�  �(�,.,�
(�.��$�! GH(G�>� ?&1,$� 7N� 
�Y� �� 0�*�$G� O�!&1� 2��3,#,� -&�
1" H%$%1� �(�,.,!,�2O.(&� &1(&0,�>��

�

Şek�l 6.� �L� �,11�(� (�)�!$G� Q,@2&� *�CG.G>� )L� �" H%$%1�  �(�,.,>��
4L�D�!&1�0/#/ �O@&$$,1�-&1(O�/�

Çek�şmel� Üret�c� Ağ (Generat�ve Adversar�al Network- 
GAN)K""03&$$"F� -&� ��1>� ��;�L:� ?&1,$� 9Y0&�
2O�/$&),$&4&#,� 2,),� 
�N� /�&(,4,� -&� �*G�G4G� "$���1�
�0$�!0G�G$�!�,1,�)O$/ 0&!�"$%H%�>�+�&(,4,��H� �.G!0��-&�,�
1/ &.,!0&1,� -&�,!,!� (/�/!&N� *�CG.G!�� -&� O@&$$,1$&�,!&�
%*2%!� *&!,� .�'(&� -&�,� /�&(,$ &*&� Q�$GHG$G�>� 
*G�G4G�
�H� �.G!0�N� 2&�Q&1� -&�,� 1/ &.,� ,$&� /�&(,4,� �H� �.G!0��
"$%H(%�%$�!� .�'(&� -&�,$&�� ),�$,1(&� &$&� �$G!���1� '�!2,.,!,!�
.�'(&� '�!2,.,!,!� 2&�Q&1� "$0%#%� )&$,�$&! &*&� Q�$GHG$G�>�
�#,(, � (%�$��G� ,$&�$&*,C� 2&�,� *�*G$G � *O!(& ,*$&� �#G!�
�#G�$G1�0&#&�$&�,�2/!4&$$&!0,1Q&N��#�-&�,�1/ &.,!&�*�1G!�
-&�,� /�&( &*&� -&� -&�,!,!� .�'(&�  ,� *"1.�� 2&�Q&1�  ,�
"$0%#%!%�(&.C,(�&( &*&�)�H$��>��O*$&4&�/�&(,4,�.�'(&�-&�,�
/�&(, ,!0&N� �*G�G4G� .�'(&�2&�Q&1� -&�,*,� �*G�(� &( &0&�
%@ �!$�HG�>�

�

Şek�l 7>�
��*�CG.G�

2.4. Opt�m�zasyon Yöntemler�

�&�,!� O#�&! &!,!� &#,(, � �H� �.G!0�N�  "0&$,!� /�&((,#,�
'�(�*G� �@�$( �1� ,Q,!� "C(, ,@�.*"!� *O!(& $&�,�
1%$$�!G$ �1(�0G�>� �C(, ,@�.*"!� *O!(& $&�,*$&N�  "0&$0&�
(&�4,'� &0,$&!� '�(�� 3"!1.,*"!%!%!� (/�&-,� 1%$$�!G$���1�
 "0&$0&1,� �#G�$G1� 0&#&�$&�,!,!� !&� 1�0��� 0&#,H &.,�
2&�&1(,#,� '&.�C$�! �1(�0G�>� �G@$GN� '�..�.� *�1G!.� �� -&�
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2&!&$$& &�&$0&�&( &1�,Q,!�'�!2,�"C(, ,@�.*"!�(&1!,#,!,!�
(&�4,'� &0,$&4&#,!,!� )&$,�$&! &.,� O!& $,� ),�� 1"!%0%�>�

H�#G0�N� Q�$GH �� .G��.G!0�� 1%$$�!G$�!� "C(, ,@�.*"!�
(&1!,1$&�,�'�11G!0��),$2,�-&�,$ &1(&0,�6�

Rasgele Radyan İn�ş�� (Stochast�c Grad�ent Descent 
(SGD) K�"(("%� -&� ��1>� ;WW;L:� 
$2"�,( �0�� '�(��
3"!1.,*"!%!%!� (/�&-,!,!� 0&#&�,� '&.�C$�!G�1&!� -&�,�
1/ &.,!0&1,� (/ � -&�,$&�� *&�,!&� ��.(2&$&� .&Q,$ ,H� -&�,$&��
1%$$�!G$ �1(�0G�>� �O*$&4&� (/�&-$&�,� ),�),�,!&� Q"1� *�1G!�
"$�!�(/ �-&�,$&�$&�'&.�C$� �� �$,*&(,�"�(�0�!�1�$0G�G$ GH�
"$%�>� ��.(2&$&� -&�,$&�,!� .&Q,$ &.,� �*�G4�� *&�&$� ,!, % �
."�%!%!%� 0�� "�(�0�!� 1�$0G�G�>� �&�,!� O#�&! &� "0&$,!,!�
*&!,� �#G�$G1� 0&#&�$&�,6� α� O#�&! &� 1�(.�*G.GN� L� '�(��
3"!1.,*"!%N� Z� ��.(2&$&� .&Q,$&!� -&�,$&�� "$ �1� /@&�&� �H>�
IR(&1,�2,),�'&.�C$�! �1(�0G�>�

������������������������������������������������KIL�

Adam K�,!2 �� -&� ��� ��;�L: �%� *O!(& 0&� '�(��
3"!1.,*"!%!%!�),�,!4,�(/�&-,�1%$$�!G$���1�),�,!4,�-&�,1,!4,�
 " &!(% � 0&#&�$&�,� '&.�C$�! �1(�0G�>� �" &!(% �
0&#&�$&�,N� ,$1� &#,(, � 0O!2/$&�,!0&� .G3G�� "$ �� *�!$G$G#G�
)/*/1�"$0%#%�,Q,!�0/@&$(,$ &1(&0,�>���'��."!���0/@&$(,$&!�
 " &!(% � 0&#&�$&�,� ,$&� �#G�$G1$��G!� !&� 1�0���
0&#,H(,�,$ &.,� 2&�&1(,#,� '&.�C$�! �1(�0G�>� �&!,� �#G�$G1�
0&#&�$&�,6� gt� '�(�� 3"!1.,*"!%!%!� (/�&-,N� mt� 0/@&$(,$ ,H�
),�,!4,�  " &!(% N� vt 0/@&$(,$ ,H� ,1,!4,�  " &!(% N� α�
O#�&! &� 1�(.�*G.GN� β1� -&� β2 .G��.G*$�� ),�,!4,� -&� ,1,!4,�
 " &!(% ��@�$ ��"��!$��GN�ϵ� .G3G���)O$/! &*,�O!$& &1�
,Q,!� 1%$$�!G$�!� ',C&�� C��� &(�&� "$ �1� /@&�&� �H>� �57� ,$&�
'&.�C$�! �1(�0G�>�

����������������������������������������������������K�L�

����������������������������������������������������K:L�

����������������������������������������������������K7L�

AdaBel�ef K�'%�!2�-&���1>�����L:�
$2"�,( ��(& &$�"$���1�

0� � "C(, ,@�.*"!� *O!(& ,!&� 0�*�! �1(�0G�>� ���1$G�
"$���1N�,1,!4,� " &!(% �'&.�C$�!G�1&!�C��� &(�&�"$���1�
),�,!4,�  " &!(% � 0�� 1%$$�!G$ �1(�0G�>� �&!,� �#G�$G1�
0&#&�$&�,6� gt '�(�� 3"!1.,*"!%!%!� (/�&-,N� mt 0/@&$(,$ ,H�
),�,!4,�  " &!(% N� st� 0/@&$(,$ ,H� ,1,!4,�  " &!(% N� α�
O#�&! &� 1�(.�*G.GN� β1� -&� β2� .G��.G*$�� ),�,!4,� -&� ,1,!4,�
 " &!(% ��@�$ ��"��!$��GN ϵ� .G3G���)O$/! &*,�O!$& &1�
,Q,!� 1%$$�!G$�!� ',C&�� C��� &(�&� "$ �1� /@&�&� �H>� 95W� ,$&�
'&.�C$�! �1(�0G�>�

���������������������������������������������������K9L�

���������������������������������������K8L�

����������������������������������������������������KWL�

�/�&- -&� ),�,!4,�  " &!(%  0&#&�$&�,� ),�),�,!&� *�1G!.��

0��&$,&3�)/*/1��0G $��$�N��1.,�(�10,�0&�1/Q/1��0G $��$��
,$&�$& &1(&0,�>� �%� .�*&0&� 0�'�� 'G@$G� -&� ,.(,1���$G�
*�1G!.� ��.�#$� �1(�0G�>�

3. BULGULAR

��*�!G!�,@$&*&),$&4&#,��"(�*G�*/1.&1�'�..�.,*&($,�-&�'G@$G�
),�� H&1,$0&� (�' ,!� &( &1� 2/-&!$,1� %*2%$� �$��GN�
�&1$� 4G$G1N� "("!" � ���Q$��� -)>� %*2%$� �� �$�!$��G� ,Q,!�

O!& $,� ),�� ,H$& 0,�>� �%� !&0&!$&� 0&�,!� O#�&! &� (�)�!$G�
*�*�� �"(�.G� (�' ,!� Q�$GH �$��G� ���H(G� �4G$��G!� 0,11�(,!,�
Q&1 &1(&0,�>� �%� Q�$GH �� 1�C.� G!0�� *�*�� �"(�.G�
Q�$GH �$��G!�� "C(, ,@�.*"!� *O!(& ,!,!� 0&�,!� O#�&! &�
&#,(, ��H� �.G!��&(1,$&�,��QG.G!0�!�,!4&$& &�*�CG$ GH(G�>�
�!4&$&! &1�/@&�&�.&Q,$&!�Q�$GH �$��G!��QG1�1�*!�1�1"0$��G�
1%$$�!G$���1N� ���H(G� �4G$��� (���3G!0�!� *�*G!$�!�!�
C��� &(�&$&�� -&� "C(, ,@�.*"!� *O!(& ,� ,$&�  "0&$$&��
&#,(,$ ,H� -&� &!� ,*,� 0"#�%$� �� 1�*)G!G!� &$0&� &0,$0,#,�
0O!& � -&� )%� 0O!& 0&1,� 0&#&�$&!0,� &� O$Q/($&�,�
1�*0&0,$ ,H(,�>� ��'�� ."!��� "C(, ,@�.*"!� *O!(& ,�

0��&$,&3� "$���1� 0&#,H(,�,$&�&1� &#,(, � ./�&4,� *&!,0&!�
2&�Q&1$&H(,�,$ ,H(,�>��"0&$$&��0"#�%$� ��1�*)G��QG.G!0�!�
,!4&$&!0,#,!0&� 
0��&$,&3� (&1!,#,!,!� 2&!&$� "$���1� 0�'��
'G@$G�0/H/H�.�#$�0G#G�-&�0�'��,.(,1���$G�),��H&1,$0&�,$&�$&0,#,�
2O�/$ &1(&0,�>�?&1,$�8N�
0��&$,&3�-&�"�,J,!�$�"C(, ,@�.*"!�
(&1!,#,�,$&�Q�$GH �$��G!�����-&�,�1/ &.,!0&1,�0"#�%$� ��
1�*)G�2��3,1$&�,!,�2O.(&� &1(&0,�>�	�
�N���.%�$5��=�-&�
	��� %*2%$� �$��G!0��
0� � 1%$$�!G�1&!� 1�*)G!� �HG�G�
0&2,H1&!�"$0%#%�0O!& $&��"$ �.G!����# &!�
0��&$,&3Y(&�
,.(,1���$G�0%�% �1"�%! �1(�0G�>�D(&�*�!0�!N�	"4,�$�
��

*G�G4G� �H� �.GN� 	"4,�$5	���N� ���C&� =".(&�% � -&�
	��� %*2%$� �$��G!0�� 0"#�%$� �� 1�*)G!0�� 0�'�� 'G@$G�
�@�$ �� .�#$�! �1(�0G�>� �%� ."!%Q$���
0��&$,&3Y,!N� 'G@$G�
0"#�%$� �� 1�*)G� &$0&� &( &� *&(&!&#,!&� .�',C� "$0%#%!%�
2O.(&� &1(&0,�>��

�G@$G� *�1G!.� �� �QG.G!0�!� )�1G$0G#G!0�� ,'(,*�Q� 0%*%$�!�
0O!& � .�*G.G!G� �@�$( �.G� !&0&!,*$&� 
0��&$,&3� O!& $,�
1�(1G�.�#$� �1(�0G�>��1,!4,� " &!(% �'&.�C$�!G�1&!�'�(��
3"!1.,*"!%!%!� &#, ,� ,$&� ),�,!4,�  " &!(% � 0&#&�,!,!�
),�),�,!&� Q"1� *�1G!� "$0%#%� 0%�% 0�� )/*/1N� 0,#&��
0%�% $��0��0�'��1/Q/1�0&#,H, �0&#&�,�'&.�C$�! �1(��-&�
)%� .�*&0&� 'G@$G� *�1G!.� �� .�#$�*���1� 0O!& � .�*G.G!G�
�@�$( �1(�0G�>�
0��&$,&3�&!�)�H��G$G�."!%4%��&.�J�&Q,H,�
-&��@" "�3,1��-�,H, $,�A,@2&�
#G�(�)�!$G����C&�=".(&�% �
%*2%$� �.G!0�� -&� ,H(,�>� ���C&� =".(&�% Y%!� &#,(, �
�H� �.G!0�N� ,'(,*�Q� 0%*%$�!� 0O!& � .�*G.G� )%� )&H� -&�,�
1/ &.,!0&�"�(�$� ��\I��"��!G!0���@�$ GH(G�>���)$"��R0&�
'&�� ,1,� "C(, ,@�.*"!� (&1!,#,� ,Q,!� 0"#�%$� �� -&�,�
1/ &.,!0&�&$0&�&0,$&!�&!�0/H/1�
�������0&#&�$&�,�,$&�)%�
0&#&�$&�,!� &$0&� &0,$,C�  "0&$,!� 1�*0&0,$0,#,� 0O!& �
!% ���.G�2O.(&�,$ &1(&0,�>���)$"0��,*,$&H(,� &�&$0&�&0,$&!�
0&#&�$&��,(�$,1�"$���1�2O.(&�,$ ,H(,�>�

��)$"� �Y0&� 2O�/$0/#/� 2,),� 
0��&$,&3� ,$&� *�� 
�������
�QG.G!0�!� *�� 0O!& � .�*G.G� �QG.G!0�!� *�� 0�� '&�� ,1,.,�
�QG.G!0�!� O!& $,� 1�@�!G $��� &$0&� &0,$ ,H(,�>� �#&��
Q�$GH �$����&�1&!�1&. &�*O!(& ,�&1$&!,�.&�0�'���@�.�*G0��
0O!& � .�*G.G� ,$&� ."!%4�� %$�HG$�),$&4&1(,�>� �"0&$$&�0&�
1%$$�!G$�!� ',C&�� C��� &(�&$&�0&� ,*,$&H(,� &$&�� ,$&�
1�@�!G $��G!� ��((G�G$�),$&4&#,� 0/H/!/$ &1(&0,�� K��!2� -&�
	'� ,�����L>��%!%!$��),�$,1(&�
��-&��	���1%$$�!�!�-&�
(& &$0&��*!G� , ��,*&�.�',C�"$�!�	�
��-&���.%�$5��=�
%*2%$� �$��G!0�� O!& $,� ),�� 2&$,H &� .�#$�!� � GH(G�>�
��*�$��G!� .".*�$� &(1,$&H, � ,Q&�,.,!0&� '��&1&(� &((,#,� 2O@�
O!/!0&� )%$%!0%�%$���1� �"(�� (�' ,!� Q�$GH �$��G!0��
*�*�$��G!� ),�),�,!,� &(1,$& &� "��!$��G!G!� '&.�)�� 1�(G$0G#G�
U0,11�(� (�)�!$GV� Q�$GH �$��G!� O!� C$�!�� QG1��G$ �.GN�
 "0&$$&�,!� '�..�.,*&($&�,!,!� ��((G�G$ �.G� -&� &#,(, �
�H� �$��G!G!�,*,$&H(,�,$ &.,�2&�&1 &1(&0,�>�
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�

Şek�l�8.��!4&$&!&!�Q�$GH �$��G!�����-&�,�1/ &.,!0&�
0��&$,&3�-&�"�,J,!�$�"C(, ,@�.*"!�*O!(& ,*$&�&#,(,$,�1&!�&$0&�&0,$&!�0"#�%$� ��
1�*)G�2��3,1$&�,�
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Tablo 2.��"#�%$� ��-&�,�.&(,�,Q,!�&!�0/H/1�
���-&�����0&#&�$&�,�-&�)%�0&#&�$&�,!�&$0&�&0,$ ,H�"$0%#%�0O!& �.�*G.G>�

Yayın Ver� 
Kümes�

ADE/FDE 
Yayın 
Opt�m�zasyon

Dönem 
Sayısı

ADE/FDE 
AdaBel�ef 

Dönem 
Sayısı

Soc�al GAN, Kaynak 
kod: (SGAN 2023)

�('� �NI;��N7I� :�;� �NI;�0,62� 453
�"(&$� �NI���N79� 7:7� �NI��0,66� 789�
�!,-� �NI���N7:� 7�9� 0,31/0,62 9�8�
����;�� �NI���N79� 7;:� �NI��0,66� 512
������ �NI:��N9�� :7�� 0,34/0,70 311

STGAT, Kaynak 
kod: (STGAT 2023)

�('� ;N�;��N��� IW�� ;N�9��N�I� 364
�"(&$� �N7W�;N�:� I79� 0,67/1,40 IW8�
�!,-� �N97�;N7�� I78� �N98�;N7W� 273
����;�� �N:���NW�� I�W� �N7��;NIW� I�W�
������ �N�W�;N�W� I9�� �N:��;N;�� IWI�

Soc�al-STGCNN, 
Kaynak 
kod:(Soc�alSTGCNN 
2023)

�('� �NI9��N7I� �I�� 0,34/0,58 126
�"(&$� �NI9��N7�� ��7� 0,35/0,60 152
�!,-� �NI7��N:W� ;W:� 0,32/0,55 135
����;�� �NI8��N7;� ;W�� 0,36��N7� �;8�
������ �N����N78� ���� �N�;��N7W� �I:�

SGCN, Kaynak kod: 
(SGCN 2023)

����� �N�W��N:;� �:I� 0,28��N:� �7I�
�"(&$� �NI���N:�� �I�� �NI���N:I� 148
�!,-� �N�:��N�:� ��8� 0,24/0,43 �W;�
����;�� �NI���N::� ��7� �NI��0,54� 94
������ �NII��N:W� 98� �NII�0,58� WI�

CARPe Posterum, 
Kaynak kod: 
(CARPE 2023)

�('� �N����N8W� 9�� �N�9��NW�� 34
�"(&$� �N�7��NW�� :W� �N�8��NW7� 35
�!,-� �NI8��N9:� :8� �N����N98� 77�
����;�� �N�:��NW�� 9�� �N�9��NWI� 50
������ �N:��;N��� :I� �N:;�0,98� 27

Casual-HTP, 
Kaynak 
kod:(CausalHTP 
2023)

�('� ;N���;NW8� IW;� ;N;���N�;� 205
�"(&$� �N9��;N�;� ��9� �N7W�;N�I� 316
�!,-� �N7W�;N�W� �;�� �N9��;N7�� �W:�
����;�� �N7��;NI7� I88� �N7:�;N�I� 399
������ �N�8�;N�;� �;�� �N:;�;N�8� 235

4. TARTIŞMA VE SONUÇ

��*�� (&.C,(,N� (�1,),�-&� �"(�� (�' ,!,� ,H$& $&�,!&�:>� .&-,*&�
"("!" � ���Q$��N� H&',�� 2/-&!$,#,N� �&1$� � -)>�
%*2%$� �$��0�N� *�*�� 1� &��� 2O�/!(/./!&� 2,�0,#,� �!0��
'�!2,� �1.,*"!%!� 2&�Q&1$&H(,�,$ &.,� 2&�&1(,#,!&� 1�����
-&�,$ &.,� 1"!%.%!0�� ,'(,*�Q� 0%*%$�),$ &1(&0,�>� �%�
,'(,*�4G� 1��HG$� �1� ,Q,!� 2/!/ /@0&� *�*�� �"(�.G� (�' ,!�
Q�$GH �$��G� 0&�,!� O#�&! &*&� 0�*�$G� "$���1�
2&$,H(,�,$ &1(&0,�>� �&�,!� O#�&! &0&N�  "0&$$&�� ,Q,!� 'G@$G�
&#,(, �C�".&0/�$&�,�-&�)%��H� �0��0/H/1�,H$& � �$,*&($&�,�
O!�C$�!��QG1 �1(�0G�>�

�%�Q�$GH �0�N�*�*���"(��(�' ,!�Q�$GH �$��G!0��
0��&$,&3�
"C(, ,@�.*"!� (&1!,#,!,!� 1%$$�!G$ �.G!G!� &#,(, �
�H� �.G!0�� U*�1G!.� �V� �QG.G!0�!� 1�@�!G $��G�
,!4&$&! ,H(,�>�
0��&$,&3Y,!� O@&$$,1$&� A,@2&� -&� �-�,H, $,�

#�1%$$�!G$�!� "0&$$&�0&� (&�4,'�&0,$&),$&4&1�),��*O!(& �
"$0%#%� 2O�/$ /H(/�>� D�!&#,!� �&.�J� &Q,H,N� �@" "�3,1�
�-�,H, $,� A,@2&� 
#� -&� �-�,H, $,� 
#� (�)�!$G� ���C&�
=".(&�% Y0��
0��&$,&3Y,!� "�(�$� ��\I�Y$,1� ),�� 1�@�!Q$��

0�'�� �@� 0O!& � .�*G.G� ,$&� &#,(, � 2&�Q&1$&H(,�&),$0,#,�
2O@$& $&! ,H(,�>�
!4�1��	���-&*��0,11�(� (�)�!$G�*�*��
*"$%� (�' ,!�%*2%$� �$��G!0��&$0&�&0,$&!�2O�&4&��@�"$�!�
1�@�!G G!�  "0&$$&�&� 2O�&� C��� &(�&� �*��$� �$��G�
*�CG$���1���((G�G$�),$&4&#,�0/H/!/$ &1(&0,�>��

��*�� �"(�.G!G!� (�' ,!� &0,$ &.,!0&� Q&-�&0&1,� (/ �
!&.!&$&�,!�*�*�!G!� (�1,C� &0&4&#,� *"$%� &(1,$&*&4&1(,�>��%�
!&0&!$&� 0,11�(� (�)�!$G� Q�$GH �$��G!� 0�'�� '�..�.� -&� 'G@$G�
&#,(,$ &.,!&� ,'(,*�Q� 0%*%$ �1(�0G�>� �%� !&0&!$&N� )%!0�!�
."!��1,� �H� �0�� &(1,$&�,!� '&.�)�� 1�(G$ �.G� ,Q,!� �,11�(�
��)�!$G� A,@2&� 
#N� 2&Q ,H� �"(�� ),$2,$&�,!,!� 0�',$�
&0,$&),$ &.,� ,Q,!� �O!/H(/�/4/� 
#� 1%$$�!G$�!� -&�
"C(, ,@�.*"!� (&1!,#,� "$���1�
0��&$,&3R,!� (&�4,'� &0,$0,#,�
*�*���"(�.G�(�' ,!�Q�$GH �.G�2&$,H(,�,$&4&1(,�>�

ÇIKAR ÇATIŞMASI

��@��$������.G!0��QG1���Q�(GH �.G�*"1(%�>�

KAYNAKLAR


$�',�
N�"&$��N��� �!�('�!��N��"),4S%&(�
N��&,5�&,��N�	�-��&.&�	�K��;7L>�	"4,�$��	��6��% �!����J&4("�*�=�&0,4(,"!�
,!���"F0&0�	C�4&.>�������"!3&�&!4&�"!��" C%(&���,.,"!��!0�=�((&�!��&4"2!,(,"!>���.��&2�.N��	
>�
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�&���
N��, �	N���!0'�-�!&��N�=��(�C��	N���!"4'����K��;7L>���=5��&�$(, &�C&0&.(�,�!�C�('�C�&0,4(,"!�%.,!2�2$")�$�
�!0�$"4�$� "-& &!(�C�((&�!.>�������!(&�!�(,"!�$��"!3&�&!4&�"!��")"(,4.��!0�
%(" �(,"!>�	("41'"$ N�	F&0&!>�
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1. INTRODUCTION

�C(,4�$� �)."�)�!4&� ,.� �� 4'���4(&�,.(,4� ('�(�  &�.%�&.� ('&�
� "%!(� "3� $,2'(� �)."�)&0� )*� �� .%).(�!4&>� �'&� "C(,4�$�
�)."�)�!4&� "3� �� .%).(�!4&� ,!0,4�(&.� '"F� %4'� $,2'(� �(� ��
.C&4,3,4� F�-&$&!2('� '�.� )&&!� �)."�)&0� )*� ('&�  �(&�,�$�
K�%.�1�&(��$>���;�L>����!. ,((�!4&N�"!�('&�"('&��'�!0N�,.���
4'���4(&�,.(,4�('�(� &�.%�&.�('&�� "%!(�"3�$,2'(�(��!. ,((&0�
('�"%2'���.%).(�!4&>��'&�(��!. ,((�!4&�"3���.%).(�!4&�.'"F.�
'"F� %4'�$,2'(��(���.C&4,3,4�F�-&$&!2('�'�.�C�..&0�('�"%2'�
('&� �(&�,�$>��'&.&�(&� .���&�4"  "!$*�%.&0�,!�(&4'!,S%&.�
$,1&�.C&4(�"C'"(" &(�*�K=�!F���&(��$>����IP�%�&(��$>�����L>�

�C(,4�$��)."�)�!4&��!0�(��!. ,((�!4&�C�"C&�(,&.���&�0,�&4($*�
�&$�(&0� ("� ('&� C'*.,"$"2*� �!0� ),"4'& ,4�$� C�"4&..&.� "3�
C$�!(.�K	�$&S%&�&(��$>�����P���0"(,a�&(��$>����IL>�=$�!(.���&�
"�2�!,. .�1!"F!�3"��('&,���),$,(*�("��)."�)�$,2'(N�%!0&�2"�
C'"(".*!('&.,.N� �!0� %(,$,@&� &!&�2*� ,!� -��,"%.� ),"$"2,4�$�
C�"4&..&.>��!�C'"(".*!('&.,.N�C$�!(.��)."�)�$,2'(��!0�4"!-&�(�
,(� ,!("� 4'& ,4�$� &!&�2*� K�'&!� &(� �$>� ��;:P� 	�&F�!� �!0�
�, (�,."!2� ��;:L>� �'&� C,2 &!(� 4'$"�"C'*$$N� &.C&4,�$$*N�
�)."�).� )$%&� �!0� �&0� $,2'(N� %.,!2� (',.� $,2'(� &!&�2*� ,!�
C'"(".*!('&(,4��&�4(,"!.>��'&�"C(,4�$��)."�)�!4&�.C&4(�% �
"3�C$�!(.��&.& )$&.�('&��)."�C(,"!�.C&4(�% �"3�4'$"�"C'*$$N�
,!0,4�(,!2� ('�(� C$�!(.� .(�"!2$*� �)."�)� $,2'(� �(� .C&4,3,4�
F�-&$&!2('.>� =$�!(� (,..%&.N� &.C&4,�$$*� $&�-&.N� �$$"F� ��
C"�(,"!�"3�$,2'(�("�C�..�('�"%2'�K���)&�����IP��,�!2�&(��$>�
���9L>� �',.� (��!. ,((&0� $,2'(� C��(,4,C�(&.� ,!� 0,33&�&!(�
),"4'& ,4�$�C�"4&..&.�F,(',!�('&�C$�!(�4&$$.>����!. ,((�!4&�
 &�.%�&.� ('&��),$,(*�"3�C$�!(�(,..%&.� ("��$$"F�$,2'(� ("�C�..�
('�"%2'>� �C(,4�$�  &�.%�& &!(.� ��&� 4"  "!$*� %.&0� ("�
�..&..� C$�!(� '&�$('� �!0� %!0&�.(�!0� 2�"F('� 4"!0,(,"!.�
K�%h"@5�%&�(��&(��$>���;IL>�

�'&�"C(,4�$��)."�)�!4&�"��(��!. ,((�!4&�"3�C$�!(�$&�-&.�4�!�
C�"-,0&� ,!3"� �(,"!� �)"%(� C$�!(� '&�$('N� .(�&..� 4"!0,(,"!.N�
!%(�,&!(� 0&3,4,&!4,&.N� �!0� &!-,�"! &!(�$� 3�4("�.>� =$�!(.�
&T',),(� -��,"%.� ),"$"2,4�$� C�"4&..&.� ,!� �&.C"!.&� ("� $,2'(>�
='"("(�"C,. N�3"��&T� C$&N�,!-"$-&.�('&�0,�&4(,"!�$�2�"F('�
"3� C$�!(.� ("F��0� $,2'(>��'&� "C(,4�$� C�"C&�(,&.� "3� $,2'(� ��&�
�.."4,�(&0� F,('� .,2!�$.� ('�(� 0,�&4(� ('&� 2�"F('� �!0�
0&-&$"C &!(�C�"4&..&.�"3�C$�!(.�K�",4'&!1"�����L>��'&.&�
C",!(.�',2'$,2'(�('&�, C"�(�!4&�"3�%!0&�.(�!0,!2�('&�"C(,4�$�
�)."�)�!4&� �!0� (��!. ,((�!4&� C�"C&�(,&.� "3� C$�!(.� ("�
4" C�&'&!0�('&,��, C�4(�"!�&!&�2*�,!(�1&N�C'"(".*!('&.,.N�
�!0�-��,"%.�),"$"2,4�$�C�"4&..&.�K��!2�&(��$>�����P��&�&(��$>�
���;L>� �'&.&� C�"C&�(,&.� 4�!� 3,!0� �CC$,4�(,"!.� ,!� -��,"%.�
&!2,!&&�,!2�3,&$0.>��C(,4�$�C�"C&�(,&.�4�!�"33&��,!.,2'(.�,!("�
C$�!(�'&�$('��!0�2�"F('�4"!0,(,"!.>��'&�"C(,4�$��)."�)�!4&�
.C&4(�% �"3�C$�!(.�4�!�)&�%.&0�3"��&��$*�0&(&4(,"!�"3�3�4("�.�
.%4'� �.� 0,.&�.&.N� C&.(.N� "�� !%(�,&!(� 0&3,4,&!4,&.>� �',.�
,!3"� �(,"!�4�!��..,.(��2�,4%$(%��$�&!2,!&&�.��!0�3�� &�.�,!�
"C(, ,@,!2�C$�!(�4��&>��33"�(.�,!�&!2,!&&�,!2��, �("�&!'�!4&�
('&�&33,4,&!4*�"3�C'"(".*!('&.,.�)*�&!�)$,!2�C$�!(.� ("�%.&�
$,2'(� "�&�&33&4(,-&$*>��C(,4�$� &�.%�& &!(.�4�!�)&�%(,$,@&0�
("� �..&..� �!0� "C(, ,@&� ('&� &33&4(,-&!&..� "3� .%4'� &33"�(.�
K�"$$ �!!��!0��*!41���;:P�	��2&!(�&(��$>�����L>�

�C(,4�$� C�"C&�(,&.� ��&� 4�%4,�$� 3"�� $,2'(�  �!�2& &!(� ,!�
,!0""��C$�!(�4%$(,-�(,"!�.*.(& .N�.%4'��.�2�&&!'"%.&.��!0�
-&�(,4�$� 3�� ,!2>� ��(&�,�$.� F,('� ',2'� (��!. ,((�!4&� �!0�
.%,(�)$&� �)."�)�!4&� C�"C&�(,&.� 4�!� )&� %.&0� ("� "C(, ,@&�

2�"F('�4"!0,(,"!.�K����-&�.���;WL>��'&�"C(,4�$�C�"C&�(,&.�
"3� C$�!(.� 4�!� )&� & C$"*&0� ,!� &!-,�"! &!(�$�  "!,("�,!2�
�CC$,4�(,"!.>��"��,!.(�!4&N�"C(,4�$� &�.%�& &!(.�4�!�(��41�
4'�!2&.� ,!� C$�!(� 4"-&�� �!0� �..&..� C$�!(� .C&4,&.� %.&0� ,!�
&!-,�"! &!(�$��&.("��(,"!�C�"J&4(.>��'&�"C(,4�$�C�"C&�(,&.�"3�
C$�!(.�4�!�)&�-�$%�)$&�,!�4$, �(&�4'�!2&�.(%0,&.N��.�4'�!2&.�
,!� C$�!(� 4"-&�� 4�!� , C�4(� ('&� �( ".C'&�,4� 4��)"!� 4*4$&�
K	'�� �� &(� �$>� ���IP� 	',!� &(� �$>� ���IL>� �C(,4�$�
 &�.%�& &!(.� 4�!�)&�%.&0� ("�%!0&�.(�!0� �!0� "0&$� .%4'�
4'�!2&.>��%�('&� "�&N� ('&�"C(,4�$�C�"C&�(,&.�"3�C$�!(.�4�!�
4"!(�,)%(&� ("� ('&� 0&.,2!� �!0� 0&-&$"C &!(� "3� C$�!(5)�.&0�
.&!."�� (&4'!"$"2,&.>� 	&!."�.�  "!,("�,!2� ('&� "C(,4�$�
C�"C&�(,&.�"3�C$�!(.�4�!�2%,0&��%(" �(,4�,��,2�(,"!�.*.(& .�
,!��2�,4%$(%��$�3,&$0.�K� ,��&(��$>����IL>�

�',!� 3,$ �0&C".,(,"!� 3�" �C$�!(.� ,.� (*C,4�$$*� �4',&-&0� )*�
�CC$*,!2�C$�!(5)�.&0�C�"0%4(.�"!("���.%).(��(&>��',.�C�"4&..�
"3(&!�,!-"$-&.�.C�&�0,!2�"��.C��*,!2�",$�"!("���.%�3�4&>��',!�
3,$ �0&C".,(,"!�,.���4�%4,�$�C�"4&..�%.&0�&T(&!.,-&$*�,!�('&�
3""0� ,!0%.(�*N� C'�� �4&%(,4�$.N� �!0� ('&� 4". &(,4� ,!0%.(�*�
KE�!2� &(� �$>� ���;�L>� �!� ('&� 3""0� ,!0%.(�*N� (',!� 3,$ �
0&C".,(,"!�,.�4"  "!$*�& C$"*&0�3"��C�41�2,!2� �(&�,�$.�
�!0� 3""0� C�&.&�-�(,"!� C%�C".&.� K	',!� &(� �$>� ���IL>� �!� ('&�
4". &(,4� ,!0%.(�*N� (',!� 3,$ � 0&C".,(,"!� 4�!� )&� �CC$,&0� ("�
.1,!4��&� C�"0%4(.� �!0�  �1&%C>� �!� ('&� C'�� �4&%(,4�$�
,!0%.(�*N� ,(� ,.� &..&!(,�$� 3"�� 4"�(,!2� �!0� C�"(&4(,!2�
 &0,4�(,"!.>� �',!� 3,$ � 0&C".,(,"!� "33&�.� -��,"%.�
�0-�!(�2&.N� ,!4$%0,!2�  �(&�,�$� C�"(&4(,"!N� C�"0%4(�
0%��),$,(*N� �!0� �&.('&(,4� &!'�!4& &!(.N�  �1,!2� ,(� F,0&$*�
�CC$,4�)$&�K�'�!2�&(��$>���;:P�E�!2�&(��$>����;)L>���.&0�"!�
('&.&� C�"C&�(,&.� "3� ('&� C$�!(.N�F&� ,!-&.(,2�(&0� ('&� "C(,4�$�
�)."�)�!4&� C�"C&�(,&.� "3� Astragalus tokatensis� �,.4'>N�
Helichrysum noeanum �",..>� �!0� Stachys huber-morathii�
�>��'�((�4'��J&&N�F',4'�'�-&�!"(�)&&!��&.&��4'&0�"!�('&,��
"C(,4�$�4'���4(&�,.(,4.�)&3"�&>�

2. MATERIAL AND METHOD

2.1. Collection and identification of the plant samples

	� C$&.�"3�A. tokatensisN�H. noeanum �!0�S. huber-morathii�
F&�&�2�('&�&0�0%�,!2�('&,��3$"F&�,!2�C&�,"0.�3�" ����4'�("�
�4(")&��,!�('&�-,4,!,(*�"3���@"-�N�$"4�(&0�,!��"1�(N��%�1&*>�
�'&� ,0&!(,3,4�(,"!� "3� C$�!(� .C&4,&.� F�.� 4���,&0� "%(� %.,!2�
-��,"%.��&3&�&!4&.�K��-,.�;W88P�/!&��&(��$>�����P�/!&��&(�
�$>� ��;�L>� Astragalus tokatensis� �!0� H. noeanum� ��&�
4$�..,3,&0��.����!"5�%��!,�!�&!0& ,4�&$& &!(.N�F,('������
�,.1� 4�(&2"�,&.� "3� ��� K!&��� ('�&�(&!&0L� �!0� ��� K$&�.(�
4"!4&�!LN� �&.C&4(,-&$*>� Stachys huber-morathiiN� �� �%�1&*�
&!0& ,4N� 3�$$.� %!0&�� ('&� ����� �,.1� 4�(&2"�*� "3� ���
K-%$!&��)$&L� K�%!Q� ��;WL>� �'&� &!(,�&� C$�!(� .� C$&.�
%!0&�F&!(�0�*,!2�,!��!�"-&!��(���i��%!(,$���4"!.(�!(�F&,2'(�
F�.� �4',&-&0N� 3"$$"F,!2� ('&� �& "-�$� "3� .",$� �!0� F�.(&>�
	%).&S%&!($*N� ('&�.� C$&.�F&�&�2�"%!0�3"��('&�C%�C".&�"3�
('&�.(%0*>�
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2.2. Preparation of the extracts 

	� C$&.�"3�A. tokatensisN�H. noeanum �!0�S. huber-morathii�
F&�&��,�50�,&0��!0�('&!�C%$-&�,@&0�%.,!2��!�%$(��54&!(�,3%2&�
2�,!0&��K�&(.4'�������N�&� �!*L>��'&�2�"%!0�0�,&0�C$�!(�
.C&4, &!.N�F&,2',!2�;��2�� .N�%!0&�F&!(�&T(��4(,"!�F,('�
�:�� ��"3� &('�!"$��(��"" �(& C&��(%�&�%(,$,@,!2���	"T'$&(�
&T(��4(,"!��CC���(%.>��'&��&.%$(�!(�4�%0&�&T(��4(.�3�" �('&�
C$�!(� .� C$&.�F&�&� .,&-&0� ('�"%2'�E'�( �!��">� ;� 3,$(&��
C�C&�>��'&� ."$-&!(�F�.� &$, ,!�(&0� )*� & C$"*,!2� �� �"(��*�
&-�C"��("�� K��
N� 	(�%3&!� &� �!*L� %!0&�� -�4%% �
4"!0,(,"!.N�$&�0,!2�("�0�*,!2N��!0�.%).&S%&!($*�$*"C',$,@&0�
("�")(�,!�%$(��50�*�C"F0&�.>�

2.3. Preparat�on of th�n f�lms

�',!� 3,$ .� F&�&� C�"0%4&0� ("� ,!-&.(,2�(&� ('&� "C(,4�$�
C�"C&�(,&.�"3�C$�!(�.� C$&.>��'&�."$%(,"!.�"3�C$�!(�&T(��4(�
%.&0� ,!� 4"�(,!2� (',!� 3,$ .� F&�&� C�&C��&0� �(� 0,33&�&!(�
4"!4&!(��(,"!.� "3� :N� ;�N� �!0� ;:�  2� �>� �'&.&� ."$%(,"!.�
F&�&�4"�(&0�"!���2$�..�.%).(��(&�)*�('&�0"4("�5)$�0&� &('"0�
K�,2%�&�;L>��'&�.%).(��(&�F�.�3,T&0�F,('�(�C&��(�)"('�&!0.N�
�!0�('&�."$%(,"!�F�.�4"�(&0�"!�('&�.%�3�4&�F,('���2$�..��"0>�
�',.�C�"4&..�F�.��&C&�(&0�:�(, &.N��!0�'" "2&!&"%.�(',!�
3,$ .� F&�&� ")(�,!&0>� �%�('&� "�&N� (',41&�� 3,$ .� F&�&�
")(�,!&0� )*� ('&� 0�"C54�.(,!2� &('"0� )*� 0�"CC,!2� :�� j �
."$%(,"!�"!("� ('&�.%).(��(&>��'%.N� (',!�3,$ .�F,('�0,33&�&!(�
(',41!&..&.�F&�&�")(�,!&0�%.,!2�-��,"%.�4"�(,!2� &('"0.>�

�
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Figure 1. ��C',4�$�,$$%.(��(,"!�"3�('&�(',!�3,$ �C�&C���(,"!�C�"4&..�F,('��"4("���$�0&��!0�0�"C�4�.(,!2� &('"0>�

3. RESULTS AND DISCUSSION

�'&� *,&$0� ��(&.� "3�  &('�!"$� &T(��4(.� ")(�,!&0� 3�" � A. 
tokatensis, H. noeanum and S. huber-morathii F&�&�2,-&!�,!�
�,2%�&� �>�
44"�0,!2� ("� *,&$0� -�$%&.N� &T(��4(.� F&�&� ,!� ('&�
�.4&!0,!2� "�0&�� "3� A. tokatensis K8>9:\L� k S. huber-
morathii KW>��\L k�H. noeanum K;�>;�\L>��!�('&�'&�( �C�
�!�$*.,.N� &T(��4(� *,&$0� ��(&.� "3� (*C&.� A. tokatensis� �!0� S. 
huber-morathii� .'"F&0� �� 4$".&� 2��0,&!(� ("� &�4'�"('&�>�H. 
noeanum� &T(��4(� 0,33&�&0� 3�" � "('&�� .� C$&.� F,('� �� �&0�
4"$"��2��0,&!(>�

�'&�&33&4(�"3�.� C$&�4"!4&!(��(,"!�"!�"C(,4�$�C�"C&�(,&.��!0�
('&�)�!0�2�C�K�2L�-�$%&.�"3�A. tokatensisN�H. noeanum��!0�
S. huber-morathii�(',!�3,$ .�'�.�)&&!�,!-&.(,2�(&0>��'&���5
-,.5!&������"C(,4�$��)."�)�!4&��!0�(��!. ,((�!4&�.C&4(���"3�
('&� A. tokatensisN� H. noeanum� �!0� S. huber-morathii�
.� C$&.� F,('� -��,"%.� 4"!4&!(��(,"!.� �.� �� 3%!4(,"!� "3�
F�-&$&!2('���&�0,.C$�*&0�,!��,2%�&�I>��(�'�.�)&&!�3"%!0�('�(�
('&�,!(&!.,(*�"3��)."�)�!4&�,!4�&�.&.�F,('�('&�4"!4&!(��(,"!�
-��,&0� 3�" � :� ("� ;:� 2� �� 3"�� �$$� ('&� .� C$&.� �!0� ,(� ,.�
 �T, % � 3"�� H. noeanum� .� C$&>� �',.� ,.� �� �&.%$(� "3�
&!'�!4& &!(.� ,!� ('&� C��(,4$&� .,@&� �!0� �22�&2�(,"!� "3� ('&�
3,$ .N� 4"!(�,)%(,!2� ("� �� '&,2'(&!&0� $,2'(� �)."�C(,"!>� �'&�
,!4$,!&�,!�(��!. ,..,"!�"44%�.�.,2!,3,4�!($*�,!�('&�-,4,!,(*�"3�
%$(��-,"$&(� �&2,"!�)&4�%.&�"3�('&��)."�C(,"!�4�%.&0�)*� ('&�
)�!0�2�C>�� Figure 2.�K�L��,&$0�K\L�"3�")(�,!&0�('&�C$�!(�&T(��4(.>�K)L��&�( �C.�

0&C,4(,!2� ('&� C&�4&!(�2&� "3� *,&$0� "3� ('&�  &('�!"$� &T(��4(.� ��&�
C�&.&!(&0>� �!� ('&� '&�( �C� �!�$*.&.N� ',2'� �!0� $"F� �4(,-,(,&.� ��&�
,!0,4�(&0�)*��&0��!0�2�&&!�4"$"�.N��&.C&4(,-&$*>�
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�'&� &!&�2*� )�!0� 2�C� K�2L� "3� ('&� C�"0%4&0� .� C$&.� ,.�
0&(&� ,!&0�('�"%2'�('&��!�$*.,.�"3�%$(��-,"$&(5-,.,)$&�K��5
-,.L��)."�)�!4&�.C&4(����!0���%4�C$"(.N��.�0&C,4(&0�,!��,2%�&�
�N��CC$*,!2�('&�3"$$"F,!2���%4�&S%�(,"!�K��%4�&(��$>�;W77L6  

F'&�&� l� ,.� ('&� "C(,4�$� �)."�C(,"!� 4"&33,4,&!(N� 'm� ,.� ('&�
,!4,0&!(�C'"("!�&!&�2*N�
�,.�4"!.(�!(��!0��2�,.�('&�)�!0�2�C�
&!&�2*>� �'&� "C(,4�$� &!&�2*� )�!0� 2�C.� 3"�� ('&� C�"0%4&0�
.� C$&.���&�0&(&� ,!&0�)*�3,((,!2�('&�$,!&���C��(.�"3�Kl'mL��
C$"((&0�-&�.%.�,!4,0&!(�C'"("!�&!&�2*�'m>��'&�"C(,4�$�)�!0�
2�C� "3� ('&� .� C$&.� ,.� ")(�,!&0� )*� ,0&!(,3*,!2� ('&� C",!(�
F'&�&�('&�$,!&���C"�(,"!�"3�('&�,!(&�.&4(.>���" �3,2%�&��N�('&�
�2�-�$%&.���&�I>8;N�I>:7��!0�I>9��&��3"��A. tokatensisN�H. 
noeanum� �!0� S. huber-morathii� .� C$&.N� �&.C&4(,-&$*>�
�"!.&S%&!($*N�,(�4�!�)&�4"!4$%0&0�('�(�A. tokatensis�.� C$&.�
'�-&���',2'&��"C(,4�$�&!&�2*��!0���',2'&��&!&�2*��!0�2�C�,!�
4" C��,."!�("�('&�"('&�.>��'&�0&(&� ,!&0�"C(,4�$�-�$%&.���&�
$,.(&0�,!�('&���)$&�;>  

Table 1.��C(,4�$�C��� &(&�.�"3�('&�C�"0%4&0�.� C$&.  
Sample  Transmittance 

(at 500 nm)  
Absorbance  
 (at 500 nm)  

Energy band 
gap (eV)  


��:  90.08  0.045  

3.81  

��;�  87.81  0.056  

AT 15  86.19  0.065  

AT 15 (drop)  68.22  0.166  
HN 5  75.01  0.125  

3.56  
���;�  51.15  0.291  

HN 15  40.83  0.389  

HN 15 (drop)  13.25  0.878  

SH 5  87.3  0.059  

3.74  
	��;�  83.4  0.079  

SH 15  84.47  0.073  

SH 15 (drop)  55.37  0.257  


�� :N� ;�N� ;:6� A. tokatensis� &T(��4(� �(� :N� ;�� �!0� ;:�  2� �N�
�&.C&4(,-&$*>����:N� ;�N� ;:6�H. noeanum� &T(��4(� �(� :N� ;���!0�;:�
 2� �N��&.C&4(,-&$*>�	��:N�;�N�;:6�S. huber-morathii�&T(��4(��(�:N�
;���!0�;:� 2� �N��&.C&4(,-&$*>�

Significantly, the produced thin films stand out an ideal 
candidate for optoelectric device applications due their wide 
band gap energy ranging from approximately 3.0 to 4.16 eV 
(Narayanan and Deepak 2017; Islam and Podder 2021). 
Also, wide-band gap semiconductors in this band gap range 
can be used in high-efficiency solar cells for conversion 
electricity (Gloeckler and Sites 2005; McLaughlin and 
Pearce 2013).  Moreover, these materials are suitable for the 
development of UV Light Emitting Diodes (LEDs) (Lu et 
al. 2003; Shur 2019).  

FT-IR spectroscopy is commonly employed for revealing 
functional groups in the synthesized materials.  FT-IR 
spectrum of the produced samples recorded within the 500 
to 4000 cm5;���!2&�,.�.'"F!�,!��,2%�&�:>�
$$�"3�('&�C�"0%4&0�
.� C$&.� 0,.C$�*&0� ., ,$��� 4'���4(&�,.(,4� ��5��� .C&4(�% �
C�"3,$&�"!$*�F,('���.$,2'(�4'�!2&�,!�('&�,!(&!.,(*�"3�C&�1.>�

.�4�!�)&� .&&!� 3�" ��,2%�&�:N� ('&�0&C,4(&0� .C&4(���"3� �$$�

.� C$&.� ��&� 4'���4(&�,.(,4� "3� 4��)"'*0��(&� C�((&�!� ,!�
4" C��,."!� ("� 3,!0,!2.� �&C"�(&0� ,!� ('&� &T,.(,!2� $,(&��(%�&�
K�*%!�&(��$>����8P��,��&(��$>���;:L>��(�4"!.,.(.�"3�.,T�0,33&�&!(�
)�!0.>� �'&� F,0&� C&�1� �(� II�I� 4 5;� ,.� �..,2!&0� ("� ('&�
'*0�"T*$�2�"%C�"3�.(�&(4',!2�-,)��(,"!�"3��5��,!��$4"'"$.�
�!0�C'&!"$,4>��'&��&�."!�"3�0,33&�&!4&.�,!�,!(&!.,(*�4�!�)&�
&TC$�,!&0�)*�('�(�S. huber-morathii�.� C$&�'�.�$"F&���5��
2�"%C.�('�!�('&�"('&�.>��!��00,(,"!N���F&�1�)�!0��(��W;��4 5
;�F�.��&$�(&0�("��5��.(�&(4',!2�-,)��(,"!�"3� &('*$�2�"%C.�
K	'��,3,5��0�&(��$>�����L>��'&��)."�C(,"!���"%!0�;I9:�4 5;�

,!0,4�(&.� ('&� &T,.(&!4&� "3� ('&� .*  &(�,4�$� 0&3"� �(,"!�
-,)��(,"!�"3��5��K�%�&(��$>���;7L>��'&��)."�C(,"!�C&�1��(�
��"%!0�;�;W�4 5;�)&$"!2.�("�('&�.(�&(4',!2�-,)��(,"!.�"3��5
�5�� �!0� 2$*4".,0,4� )"!0>� �'&� .,2!�$� �(� ;:89� 4 5;�
4"��&.C"!0.� ("� ('&� -,)��(,"!� "3� �5�>� 
00,(,"!�$$*N� ('&�
�CC&���!4&�"3���F&�1�C&�1��(���"%!0�;I�8�4 5;�,.�$,1&$*�0%&�
("� ('&� �5�� �.*  &(�,4� .(�&(4',!2� -,)��(,"!� K�'�!2� &(� �$>�
��;:L>

Figure 5.���5���.C&4(���"3�('&�C�"0%4&0�.� C$&.  

CONCLUSION


.���4"!4$%.,"!N�A. tokatensisN�H. noeanumN��!0�S. huber-
morathii�&T(��4(.�F&�&�C�"0%4&0�"!���2$�..�.%).(��(&�%.,!2�
��., C$&�0"4("��)$�0&�4"�(,!2�(&4'!,S%&��!0�4'���4(&�,@&0�
)*� ��5-,.5!&��� ��� �!0� ��5��� �!�$*.,.>� �'&� "C(,4�$�
,!-&.(,2�(,"!.��&-&�$�('�(�0,33&�&!(�4"!4&!(��(,"!.�"3�('&�A. 
tokatensis� .� C$&� '�-&� ('&� ',2'&.(� �-&��2&� -�$%&� "3�
(��!. ,((�!4&� "3� 7W\� �!0� W�\� ,!� ('&�F�-&$&!2('� �&2,"!�
)&(F&&!��:���!0�8���! >��.,!2���%4��&$�(,"!.N�('&�&!&�2*�
)�!0�2�C�-�$%&.�F&�&�3"%!0�("�)&�I>8;N�I>:7N��!0�I>9��&��
3"�� A. tokatensisN� H. noeanumN� �!0� S. huber-morathii�
.� C$&.N��&.C&4(,-&$*>��'&.&�-�$%&.���&�4"!.,.(&!(�F,('�('&�
$,(&��(%�&� "!� "C("&$&4(�"!,4� 0&-,4&.N� ."$��� 4&$$.N� �!0� ���
���� �CC$,4�(,"!.>� �'&� �& ��1.� "3� ��5��� .C&4(��� .'"F&0�
('�(��$$�('&�.� C$&.�C"..&..���4��)"'*0��(&�C�((&�!��!0�!"�
.,2!,3,4�!(� 4'�!2&.� ,!� ('&� 3%!4(,"!�$� )"!0.� )&(F&&!� &�4'�
"('&�>� ��1&!� ("2&('&�N� ('&� .%22&.(&0� (&4'!,S%&� &!�)$&.� ��
.(��,2'(3"�F��0� �CC�"�4'� 3"�� 4�&�(,!2� (',!� 3,$ .� "3� C$�!(�
&T(��4(,"!>  

  

4000 3500 3000 2500 2000 1500 1000 500

;�
;W

;�
I8;I
9:

;:
89�W
;�

T
ra

ns
m

itt
an

ce
 (%

)

Wavenumber (cm-1)

�
�
���
�	�

II
�I



�'���4(&�,@�(,"!�"3�C$�!(�(',!�3,$ .� � �G��(�&(��$>�

;7
 

REFERENCES

��J,a��N��"`!,1��N��)&�$,!(!&��
N�	4"2!� ,2$,"��N��"-�1��N��,1"@�����K��;WL>���(%��$�C$�!(�&T(��4(.��.��4(,-&�4" C"!&!(.�
,!�4',(".�!5)�.&0�3,$ .6�
�4" C���(,-&�.(%0*>��""0�=�41�2,!2��!0�	'&$3��,3&N��;6;��I7:>�

���)&����K���IL>�='"(".*.(& ���6�('&�&!2,!&�"3�$,3&>�f%��(&�$*��&-,&F.�"3��,"C'*.,4.N�I7K;L69;c8W>�

�",4'&!1"��
�K����L>�='"(".*!('&(,4�%!,(.�"3�C'"("(�"C',4�"�2�!,. .>��,"4'& ,.(�*�K�".4"FLN�7WK:L6�9;c�8�>�

�*%!���N��, ���N�	%!2���N��'",���,$N��, �	�N��, ���N��""1��	N��*%!��EN��&&��E�K���8L>��33&4(.�"3�2�  ��,���0,�(,"!�
"!�('&�C'*.,4�$��!0�.(�%4(%��$�C�"C&�(,&.�"3�n52$%4�!>���0,�(,"!�='*.,4.��!0��'& ,.(�*N�99K7L698;c987>�

�'�!2��=N�����%.1�.� �N���)1"F.1��
=N�E�0.o(&���N��,)&�2��N��*$�!0&���� K��;:L>��"!5$� &$$��� $,C,0� $,S%,0�4�*.(�$$,!&�
.(�%4(%�&.��(�,!(&�3�4&.>�
0-�!4&.�,!��"$$",0��!0��!(&�3�4&�	4,&!4&N����6;I:c;�9>�

�'&!��N�	'&!�,�=N��'&!2��N�	" "@��
N��'�"��� K��;:L>��C(, �$� &!&�2*� (��!.3&�� ,!� $,2'(5'��-&.(,!2� .*.(& .>��"$&4%$&.N�
��K8L6;:���c;:�9�>�

��-,.�=��K;W88L>��$"���"3��%�1&*��!0���.(�
&2&!�,.$�!0.>��0,!)%�2'��!,-&�.,(*�=�&..N��0,!)%�2'�

$"&41$&���N�	,(&.� ��� K���:L>��33,4,&!4*� $, ,(�(,"!.� 3"��F,0&5)�!052�C�4'�$4"C*�,(&� ."$��� 4&$$.>��',!�	"$,0��,$ .N� �8�c
�8;6��;c��:>�

%��N�E%��N��,%��N��,!2��N��,%��N��%�!2�N�Z%�Z�K����L>�
�4" C�&'&!.,-&��&-,&F�"3�',2'5(��!. ,((�!4&�$"F54"!0%4(,-,(*�
 �(&�,�$5�..,.(&0� ��0,�!(� 4""$,!2� �,�� 4"!0,(,"!,!26�  �(&�,�$.N�  &4'�!,. .N� �!0� �CC$,4�(,"!� C&�.C&4(,-&.>� �&!&F�)$&� �!0�
	%.(�,!�)$&��!&�2*��&-,&F.N�;8W6;;IW9�>�

/!&��
N�
.$�!�	N��1, ��N��%��$��N���)�Q����K��;�L>�
�4'&41$,.(�"3�('&�3$"���"3��%�1&*�K��.4%$���=$�!(.L>��&@�'�(�O1*,#,(�
�"(�!,4�$���0&!��!0��$"����&.&��4'�
.."4,�(,"!�=%)$,4�(,"!N��$"���	&�,&.�;N��.(�!)%$�

/!&��
N�D@'�(�*��N��1, ��N���H&����>�K����L>��$"���"3��%�1&*��!0�('&���.(�
&2&�!�,.$�!0.N�	%CC$& &!(5��>��0,!)%�2'�
�!,-&�.,(*�=�&..N��0,!)%�2'�

�&�ZN���,&���N��'�-�!�	N��'�"��5�N�
$�2"@��N���@@"!&$$,��N�'�!!"% ��N��,..%&���N��'&!��5��K���;L>��,2'(5�$(&�,!2�
4"-&�� �(&�,�$.��!0�.%.(�,!�)$&�2�&&!'"%.&�C�"0%4(,"!�"3�-&2&(�)$&.6����&-,&F>�=$�!(��"F('��&2%$�(,"!N�W:6;c;9>�

�%� �N� �,�� ZN� ��!2�ZN� �,� =N� �&��N� �'&!��� K��;7L>��$(��."!,4� &T(��4(,"!N� �!(,"T,0�!(� �!0� �!(,4�!4&�� �4(,-,(,&.� "3� !"-&$�
C"$*.�44'��,0&.�3�" �Chuanx�ong rh�zome>��!(&�!�(,"!�$��"%�!�$�"3��,"$"2,4�$���4�" "$&4%$&.N�8:6�99c�8�>�

�.$� ���N�="00&����K���;L>��'&��"$&�"3�
$��!0��"�4"50"C,!2�"!�('&�)�!0�2�C�(%!,!2�"3��,���(',!�3,$ .�3"���CC$,4�(,"!.�,!�
C'"("-"$(�,4��!0�"C("&$&4(�"!,4�0&-,4&.>���(&�,�$.�	4,&!4&�,!�	& ,4"!0%4("��=�"4&..,!2N�;�;6;�:�;W>�

�&*��� �	N�&&('�1�,.'!�!���K��;WL>��,!&����!0�!"!$,!&���"C(,4�$�C�"C&�(,&.�"3�4'$"�"C'*$$5��&T(��4(&0�3�" �Andrograph�s 
pan�culata�$&�-&.>��C(,4.��!0���.&���&4'!"$"2*N�;;76I;cI7>�

�,��ZN��'�!2��N�f,%��N�E�!2��N���"��N�E�!2��N��'�!2��N��'&!��N�E�!��N�	%��N���!��N��&���K��;:L>�=%�,3,4�(,"!N�.(�%4(%��$�
4'���4(&�,@�(,"!��!0��!(,4�!4&���4(,-,(*�"3�('&�!"-&$�C"$*.�44'��,0&.�3�" �Rhynchos�a m�n�ma��""(>����)"'*0��(&�="$* &�.N�
;I�679c9;>�

�,�!2���N�	,&3&�(��N�"-,!0J&&N��$�!1&!.',C����K���9L>�	C&4(��$�.,2!�(%�&.�"3�C'"(".*!('&.,.>��>��&-,&F�"3����('�"�2�!,. .>�

.(�"),"$"2*N�9K;L6���c�:;>�

�%�=N��'�!2��N�	'&!��N���!2��N��,��N�����N��'&!�ZN��,��N��� �,���K���IL>�
�F,0&5)�!02�C�.& ,4"!0%4(,!2�C"$* &��3"��
%$(��-,"$&(��!0�)$%&�$,2'(�& ,((,!2�0,"0&.>���4�" "$&4%$����'& ,.(�*��!0�='*.,4.N����K;8L6��9�c��8�>�

����-&�.� �� K��;WL>� �!-,�"! &!(�$� .%.(�,!�),$,(*� "3� 2�&&!'"%.&� 4"-&�,!2�  �(&�,�$.>� 	%.(�,!�),$,(*� K	F,(@&�$�!0LN�
;;K�;L67;�W>�

�4��%2'$,!���=N�=&��4&����K��;IL>�=�"2�&..�,!�,!0,% �2�$$,% �!,(�,0&� �(&�,�$.�3"��."$���C'"("-"$(�,4�&!&�2*�4"!-&�.,"!>�
�&(�$$%�2,4�$��!0���(&�,�$.����!.�4(,"!.�
6�='*.,4�$��&(�$$%�2*��!0���(&�,�$.�	4,&!4&N���K�L6;W�9c;W:�>�

�%h"@5�%&�(����N�%&-���5"!@�$&@��N��"!(�&��.5�&0,!����N��"��&.5=�4'&4"��N�=��0"5�$,-��&@��N��4� C"5�&$�@S%&@�
���K��;IL>�
��&-,&F�"3� &('"0.�3"��.&!.,!2�('&�!,(�"2&!�.(�(%.�,!�C$�!(.6��0-�!(�2&.N�0,.�0-�!(�2&.��!0��&4&!(��0-�!4&.>�
	&!."�.�K	F,(@&�$�!0LN�;IK8L6;�8�Ic;�8�I>�

����*�!�!��N��&&C�1����K��;9L>���!0�2�C�)"F,!2�"3�!�!"4�*.(�$$,!&��!K;pTL��T�� (',!� 3,$ .� 3"��)$%&��!0�%$(��-,"$&(�
"C("&$&4(�"!,4��CC$,4�(,"!.>�	"$,0�	(�(&�	4,&!4&.N�9;6��c:�>�

� ,�� �N� ��&� �N� =��1� �N� �, ��	N� ��&1� �N� ��)&!2&� �N� �'"� �5�� K���IL>� �& "(&� .&!.,!2� ,!� 3,&$0� 4�"C�  "!,("�,!26� ��
4" C�&'&!.,-&��&-,&F�"3�.&!."��.*.(& .N�0�(���!�$*.&.��!0��&4&!(��0-�!4&.>��& "(&�	&!.,!2N�;:K�L6I:�>�



�'���4(&�,@�(,"!�"3�C$�!(�(',!�3,$ .� � �G��(�&(��$>�

;9
 

=�!F����N�
%("%��
N��&�(&!��
�K���IL>��&.,2!��!0�4"!.(�%4(,"!�"3��� ,4�"3$%,0,4.�F"�1.(�(,"!�3"��',2'5('�"%2'C%(� %$(,5
F�-&$&!2('�3$%"�&.4&!4&��!0�(��!. ,((�!4&��4(,-�(&0�0�"C$&(��!�$*.,.��!0�."�(,!2>���(%�&�=�"("4"$.N�;8K�L6;�W�c;;I7>�

��0"(,a��N��&$q���N� �,!02�&!��� K���IL>�
� 3$%"�&.4&!4&� .C&4(�".4"C,4� .(%0*� "3� $,2'(� (��!. ,..,"!� �!0� �0�T,�$5�)�T,�$�
0,.(�,)%(,"!�"3� & ,((,!2� 4" C"%!0.� ,!� $&�-&.�"3��'�,.( �.� .(��� KEuphorb�a pulcherr�maL>�	C&4(�"4', ,4��
4(�� 5�=��(�
6�
�"$&4%$����!0��," "$&4%$���	C&4(�".4"C*N�I�I6;�I�7W>�

�%.�1��
N���F1���
N���&T$&�����K��;�L>��"(&6�,!-&.(,2�(,"!�"3���!%$$� &�.%�& &!(�"3�"C(,4�$��)."�)�!4&�%.,!2���C%$.&�
F,0('� "0%$�(&0�$,2'(5& ,((,!2�0,"0&>��&-,&F�"3�	4,&!(,3,4��!.(�% &!(.N�8;K;L6�;7;�9>�

	�&F�!��N��, (�,."!2�
�K��;:L>���(%��$�C�"0%4(.��.�C'"("C�"(&4(,"!>��"%�!�$�"3��". &(,4��&� �("$"2*N�;�K;L6�9c7I>�

	�$&S%&�
�N��"F.',!��N��-�!���
	N�
' &0�	N��.�!2����K����L>���(%��$�C"�"%.� �(&�,�$.� 3"�� ,!(&�3�4,�$�."$���.(&� �
2&!&��(,"!�("F��0�4$&�!�F�(&��C�"0%4(,"!>�	"$������N�7K�L6�;��W87>�

	�!2&&('��N���J&.'F��,�	N��&!41�(&.'���K��;;L>��&&!�.*!('&.,.�"3�@,!4�"T,0&�!�!"C��(,4$&.�)*��$"&�)��)�0&!.,.� ,$$&��$&�3�
&T(��4(6�.(�%4(%�&��!0�"C(,4�$�C�"C&�(,&.>���(&�,�$.��&.&��4'��%$$&(,!N��7K;�L6�:7�c�:77>�

	��2&!(��N��"!�(*�E�N��,..%&���N�	'��F""0����K����L>�	*!('&(,4�),"$"2*��!0�"CC"�(%!,(,&.�F,(',!��2�,4%$(%��$�4�"C.>�
�"%�!�$�"3�	%.(�,!�)$&�
2�,4%$(%�&��!0��!-,�"! &!(N�;K�L68Wc;�9>�

	'��,3,5��0��N� ="'$� =N� �C,3�!"� �N�r$-��&@5	%��&@� ��� K����L>��&&!� .*!('&.,.� "3� .,$-&�� !�!"C��(,4$&.� %.,!2�Astragalus 
tr�bulo�des��&$,$&>��""(�&T(��4(6�4'���4(&�,@�(,"!N��!(,"T,0�!(N��!(,)�4(&�,�$N��!0��!(,5,!3$�  �("�*��4(,-,(,&.>���!" �(&�,�$.N�
;�6�I8I>�

	'�� �� =N� �'��0F�J���N� 	,!2'���N��,2� ��N� =�$���
N��% ���
N��&� ���N��% ����N��'�1%�� =� K���IL>�&".C�(,�$�
(&4'!"$"2*� ,!� �2�"3"�&.(�*6� .(�(%.N� C�".C&4(.N� �!0� 4"!.(��,!(.>� �!-,�"! &!(�$� 	4,&!4&� �!0� ="$$%(,"!� �&.&��4'N�
I�K::L6;;7�:Wc;;7�89>�

	',!��N���(.% �(���N��,%����N��.%(.% ,0���N��4',&��N��"(�!,�
N���1�2�F���N��'""!���N��")�*�.',��N��% �2�,��N��4',,�
�N��"1% "("���K���IL>�=&�.C&4(,-&6�, C�"-,!2�('&��44%��4*�"3�C$�!(�C'&!"$"2*�").&�-�(,"!.��!0�$�!054"-&���!0�$�!05%.&�
0&(&4(,"!�)*�"C(,4�$�.�(&$$,(&��& "(&5.&!.,!2�,!�('&�
.,�!�(�"C,4.>���"!(,&�.�,!��"�&.(.��!0�$")�$��'�!2&N�76;;�79�I>�

	'%����K��;WL>�E,0&�)�!0�2�C�.& ,4"!0%4("��(&4'!"$"2*6�.(�(&5"35('&5��(>�	"$,05	(�(&��$&4(�"!,4.N�;::67:c9:>�

��!2� 	N� f,%� EN� Z,�"� 	N� �"!2� �N� ��!2� 	� K����L>� ���!&..,!2� ',&���4',4�$� ��4',(&4(%�&.� ("� (��C� $,2'(� 3"�� &33,4,&!(�
C'"("&$&4(�"4'& ,4�$�4&$$.>��!&�2*��!0��!-,�"! &!(�$�	4,&!4&N�;IKIL677�c78�>�

��%4��N��,2"�"-,4,��N���!4%�
�K;W77L>��C(,4�$�C�"C&�(,&.��!0�&$&4(�"!,4�.(�%4(%�&�"3�� "�C'"%.�2&� �!,% >�='*.,4��	(�(%.�
	"$,0,�K�LN�;:K�L67�9c7I9>�

�%!Q��� K��;WL>�
� �&.&��4'� "!� ('&� 3$"��� "3� ��@"-�� -�$$&*� K�"1�(5�&�1&@5=�@��5�%�'�$LN���.(&�� ('&.,.>� �!0"1%@���*G.�
�!,-&�.,(*�

�"$$ �!!��N��*!41���K��;:L>��� &$,!���.���.%.(�,!�)$&�",$.&&0�4�"C6�4"!(�,)%(,"!.�"3�C$�!(�)�&&0,!2��!0�2&!&(,4�&!2,!&&�,!2>�
�,"(&4'!"$"2*��"%�!�$N�;�K�L6:�:c:I:>�

E�!2��N��,��N�E�!2�N�%�	N��'&!2��� K���;�L>�
CC$,4�(,"!�C�"2�&..�"3� C$�!(� 3,)&��('&� "C$�.(,4� C"$* &��C�&C�&2� ,!�
�%(" "(,-&�$,2'(F&,2'(�3,&$0>��,!*&��&T%&�	4,&!(,��	,$-�&�	,!,4�&N�:9KWL6;78c;8�>�

E�!2� �N� �,� �N� �%� �N� �'�!2� �� K���;)L>� �%$(,$�*&�� (',!� 3,$ � )�.&0� .(�%4(%��$� 4"$"�� 3,$(&�.6� C�,!4,C$&N� 3�)�,4�(,"!� �!0�
�CC$,4�(,"!.>��&!2"!2��,!2(,�Z%&)�"��"%�!�$�"3�	*!('&(,4���*.(�$.N�:�K9L6;�89c;I�7>�

�'�!2�N��,!�fN���!��N��'�"��N�	%��N��,��N��,!2���K��;:L>�=%�,3,4�(,"!��!0��!(,"T,0�!(�&33&4(�"3�!"-&$�3%!2�$�C"$*.�44'��,0&.�
3�" �('&�.(�" ��"3�Cordyceps kyushuens�s>��!0%.(�,�$���"C.��!0�=�"0%4(.N�7W6�8:c�W;>�

�% �',�	�
�
$N�
�"),��N���'���N��"..�,!���N���),���N���(,!��N���.'����	N�
' &0��N��"..�,!��
N���' �!����K����L>�
�T(��4(,"!N�"C(,4�$�C�"C&�(,&.N��!0��2,!2�.(%0,&.�"3�!�(%��$�C,2 &!(.�"3�-��,"%.�3$"F&��C$�!(.>��&$,*"!N�7KWL6&�:;��>�

 



���� �!"#$%��&' &()&*�+!,-&�.,(&.,�
�/'&!0,.$,1�-&��"#���,$, $&�,��&�2,.,�
���� �!"#$%��&' &()&*��!,-&�.,(*�
�"%�!�$�"3��!2,!&&�,!2��!0���(%��$�	4,&!4&.�
&5�		�6��7895:�9;�<�������	�

�
�%�&.&����&�(,-&��"  "!.�
(G35�*�,�,4��,��>���$%.$�����.G��,.�!.G�,$&�$,.�!.$�! GH(G�>�

���6�;�>::�;I�1 %J&!.>;�;8IWW� 
��H(G� ����1�$&.,�K�&.&��4'�
�(,4$&L� 7K;L6�;85�9�K����L �

Karaman İlinin Meşe Ormanları ve Silvikültürel Öneriler 

�%�%$$�'�+����;M N�	,!�!�+����M �
;����� �!��� �!��H$&( &��/0/�$/#/>����� �!N��/�1,*&�
��
�(-,!�A"�%'�+!,-&�.,(&.,N��� �!���1/$(&.,N��� �!��/'&!0,.$,#,��O$/ N�
�(-,!N��/�1,*&�
 

$G!0G��&4&,-&06�;;��;�����P���)%$�
44&C(&06�;���I�����P���*G!�=%)$,.'&06�;W��I������

ǃ��%�%$$�'�/-&!R,!�U���� �!��$,!0&��"#�$��$���1��&(,H&!��&H&��/�$&�,N���*G$GH�
$�!$��G�-&�	,$-,1/$(/�&$�D!&�,$&�V��0$G�
*/1.&1�$,.�!.�(&@,!0&!�/�&(,$ ,H(,�>�

*�Sorumlu yazar e-posta: s�nanguner@artv�n.edu.tr�

Öz 

���� �!�,$,N��"�".�0�#$��G!G!�1%@&*,!0&�)%$%! �1(�0G��-&�*��G�1%��1�*&(,H &�"�(� $��G!��.�',C(,�>����� �!�,$,!0&�1%��1$G#��
0�*�!G1$G�"$�!� &H&���0GQN�1���Q� N�1G@G$Q� �-&�.&0,���#�Q�(/�$&�,!0&!�"$%H�!�"� �!��$�!$��G�)%$%! �1(�0G�>��$,!�"� �!$��G!G�
"$%H(%��!�(/�$&�����.G!0�� &H&$&��0,11�(�Q&1 &1(&0,�>��/!*��/@&�,!0&����R0&!�3�@$��(/�/�)%$%!�!� &H&�4,!.,!,!��/�1,*&R0&�
;9R.,N�:R,�0&����� �!�,$,�.G!G�$��G!0��0"#�$�"$���1�*�*G$GH�*�C �1(�0G�>����� �!�,$,!0&�)%$%!�!�(/�$&�P���1&0"!*�� &H&.,�
KQuercus trojana�E&))LN��&� &.� &H&.,� KQuercus coccifera �>LN�	�Q$G� &H&� KQuercus cerris �LN���@G� &H&.,� KQuercus 
infectoria��$,->L�-&���.!�1� &H&.,�KQuercus vulcanica �",..LR0,�>���.!�1� &H&.,�&!0& ,1�),��(/�0/�>��%�Q�$GH �0������ �!�
,$,!0&�*�*G$GH�*�C�!�:� &H&�(/�/!/!�,$0&1,�*�*G$GH��$�!$��G�(&.C,(�&0,$ ,HN�'��,(�$��G�"$%H(%�%$ %H�-&��#�Q�-��$G#GN�1�C�$G$G1$��G�
2,),� &H4&�&�O@&$$,1$&�,�"�(�*��1"!%$ %H(%�>���*G$GH��$�!$��G!G!�(&.C,(,!0&����� �!�-&��� &!&1��� �!�
 &!�J �!�=$�!G�
 &H4&�&�'��,(�$��G� ,!4&$&! ,H�."!��.G!0�� ,.&����@,� 2&@,$&�,�*�CG$���1N�*�*G$GH��$�!$��G!0��)%$%!�!� (/�$&�,!� (&.C,(,�-&�*�*G$GH�
�$�!$��G!G!�.G!G�$��G�1""�0,!�($G�"$���1�)&$,�$&! ,H(,�>�	�3�-&�1��GHG1�'�$0&� &H&��$�!$��G!G!�'��,(�.G�*�CG$ GH(G�>��&H&$&���$,!�
2/!&*�)O$2&$&�,!0&1,�0�#$G1�1&., $&�0&�*�*G$GH�*�C �1(�0G�>��O�&0&1,��!�3�@$��*�*G$GH�*�C�!�(/����1&0"!*�� &H&.,0,�>��&H&�
"� �!$��G!G!� 0,!� ,1� -&� .(�(,1� *�CG$��G� )"@%$ %H(%�>� �&'�),$,(�.*"!� -&� �&.("��.*"!� Q�$GH �$��G� ,$&� -&�, $,� '�$&�
2&(,�,$ &$,0,�$&�>���$(�$G1�"� �!$��G�,.&�1"�%�"� �!$��G!��0O!/H(/�/$ &$,0,�>��

Anahtar Kel�meler:�Quercus cocc�feraN�Quercus trojana, Quercus cerr�s, Quercus �nfector�a, Quercus vulcan�ca�

�

Oak Forests �n Karaman Prov�nce and S�lv�cultural Suggest�ons 

Abstract 

���� �!�4,(*�,.�$"4�(&0�,!�('&��"�('�"3�('&���%�%.��"%!(�,!.��(��&0,(&��&�!��&2,"!��!0�'�.�.& ,5��,0�'�),(�(.>����� �!�
3"�&.(���&�.�4"!.,.(,!2�"3�0�"%2'(5�&.,.(�!(�"�1N�J%!,C&�N�$��4'N��&0�C,!&��!0�4&0���(�&&�.C&4,&.>���1.��((��4(��((&!(,"!�� "!2�
('&�.C&4,&.�('�(� �1&�%C�('&�3"�&.(.�"3�('&�C�"-,!4&>��3�('&�"�1�2&!%.N�F',4'�'�.� "�&�('�!�����.C&4,&.�,!�('&�F"�$0N�;9�"3�
('& ���&�!�(%��$$*�0,.(�,)%(&0�,!��%�1&*��!0�:�F,(',!�('&�)"�0&�.�"3����� �!�C�"-,!4&>�	C&4,&.�3"%!0�,!����� �!�=�"-,!4&P�
��4&0"!,�!�"�1�KQuercus trojana�E&))LN��&� &.�"�1�KQuercus cocc�fera��>LN��%�1&*�"�1�KQuercus cerr�s��LN��'%J��"�1�
KQuercus �nfector�a��$,->L��!0���.!�1�"�1�KQuercus vulcan�ca��",..L>�
 "!2�('& N���.!�1�"�1�,.��!�&!0& ,4�.C&4,&.>��!�
(',.�.(%0*N�('&�0,.(�,)%(,"!���&�.�"3�('&.&�3,-&�"�1�.C&4,&.�,!����� �!�4,(*���&��F&�&�0&(&� ,!&0N�('&,�� �C.�F&�&�0��F!N��!0�
.(�!0� .("41,!2� �!0� 4�!"C*� 4"F&�� F&�&� 0&(&� ,!&0� F,('� ('&,�� 4""�0,!�(&.>� �,�.(� "3� �$$N� ���� �!� �!0� �� &!&1� �"�&.(�
�!(&�C�,.&���!�2� &!&(�C$�!.��!0�('&,��.(�!0� �C.�F&�&�&T� ,!&0>�
3(&�F��0.N�('&�"�1�.C&4,&.�,!�('&��&2,"!�F&�&�,0&!(,3,&0�
('�"%2'�3,&$0�(�,C.��!0�('&�)"%!0��,&.�"3�('&,��0,.(�,)%(,"!���&�.�F&�&�0&(&� ,!&0�,!�4""�0,!�(,"!>�=%�&��!0� ,T&0�"�1���&�.�
F&�&� �CC&0>� � ���1.�.C�&�0� ,!� ('&� "%!(�,!"%.���&�.� ,!� ('&�."%('&�!��&2,"!.�"3����� �!>���4&0"!,�!�"�1� ,.� ('&� ".(�
F,0&.C�&�0�.C&4,&.>��'&�0*!� ,4��!0�.(�(,4�.(�%4(%�&.�"3�"�1�3"�&.(.�'�-&�)&&!�0,.�%C(&0>��'&*�.'"%$0�)&� �0&�C�"0%4(,-&�
('�"%2'��&'�),$,(�(,"!��!0��&.("��(,"!�F"�1.>��"CC,4&�3"�&.(.�.'"%$0�)&�4"!-&�(&0�,!("�('&�.&&0�3"�&.(.>��

Key Words: Quercus cocc�feraN�Quercus trojana, Quercus cerr�s, Quercus �nfector�a, Quercus vulcan�ca 

 
Atıf / To c�te : /-&! �N /!&��	�K����L>����� �!�,$,!,!� &H&�"� �!$��G�-&�.,$-,1/$(/�&$�O!&�,$&� ���� �!"#$%��&' &()&*
+!,-&�.,(&.,��/'&!0,.$,1�-&��"#���,$, $&�,��&�2,.,N�7K;L6�;85�9> �

18



���� �!��$,��&H&$&�,� � /-&!�-&�/!&��

;W�
 

1. GİRİŞ

�&H&�4,!.,!,!�0/!*��/@&�,!0&����R0&!�3�@$��(/�/�"$0%#%�
),$0,�,$ &1(&0,�� KD@(/�1� ��;IL>� �/�1,*&R0&� 
1� &H&$&�N�
�G� G@G� &H&$&�� -&��&�0& *&H,$� &H&$&�� "$ �1�/@&�&�I�
.&1.,*"!���,(�;9�(/�$&�(& .,$�&0,$&!� &H&$&��2&!,H��$�!$��0��
*�*G$GH� *�C �1(�0G�>� �"#�$� "$���1� *�*G$GH� *�C�!� )%�
(/�$&�0&!� I� (�!&.,� KQuercus vulcanica �",..N� Quercus 
macranthera��,.4'�.%).C>�syspirensis�ve Quercus trojana�
E&))>� .%).C>� yaltirikiiL� &!0& ,1(,�� K
11& ,1� ��;7L>�
�&H&� (/�$&�,!,!� ),�Q"#%� 0&�,!$&�&� ,!&!� 1�@G1� 1O1�
*�C�),$ &1(&�-&�./�2/!�-&� &�*&(&!&#,!0&0,�>���%��1$G#��
0�*�!G1$G� (/�$&�� "$���1� ),$,! &1(&0,�>��%� O@&$$,1$&�,!0&!�
0"$�*G� 0��1%��1$G1� -&� 3�1,�� ("C��1$��� 2,),� @"�� 1"H%$$��G!�
)%$%!0%#%�1�,(,1�*&(,H &�"�(� $��G!��%*% �.�#$�*�),$&!�
1�!��(1[�� "� �!� �#�4G� (/�$&�,!0&0,�$&�� K�,41."!� -&�
�" $,!."!N�;WW7L>�

�&H&$&�� 1�!��(1[�� "$ �.G� !&0&!,*$&� "$.�� 2&�&1� ��NWI�
 ,$*"!� '&1(��� "$�!� �/�1,*&� "� �!$��G!0�� 7N9:�  ,$*"!�
'&1(��$�� &!� 3�@$�� *�*G$GH� �$�!G!�� .�',C� "$�!� "� �!�
�#�Q$��G0G�� K
!"!, � ����L>� �%!%!$�� ),�$,1(&� O@&$$,1$&�
*�1�4�1� "0%!� ,'(,*�4G� ,Q,!� 1G�.�$� 1&., $&�0&� &!� 3�@$��
(�'�,)�(�� %#��*�!� 0��  &H&$&�,!� "$%H(%�0%#%� "� �!$���
"$ %H(%�>� �%!$���� &1� "$���1� 1/�&.&$� ,1$, � 0&#,H,1$,#,�
!&0&!,*$&� 1%��1$G#G!� ��( �.G� 2,),� &(1&!$&�� 0&�  &H&$&�,!�
*�*G$GH��$�!$��G!G�0���$( �*��)�H$� GH(G�>�	".*�$�)�.1G$��N�
*�1�4�1� "0%!� -&� *�C��1� *����$�! �.G� !&0&!$&�,!0&!�
0"$�*G�  &H&� "� �!$��G!G!� !"� �$� 1%�%$%H$��G� )"@%$ %HN�
 &H4&�&� 0,!� ,#,� -&� .(�),$,(&$&.,� Q"#%� *&�0&�
1�*)"$ %H(%�>� �&H&$&�� 1O1� -&� 1/(/1� ./�2/!/� -&� &�
*&(&!&#,!0&� "$0%1$��G!0�!� 0"$�*G� ."!� '�.G$�(� ,Q,!�
1&.,$0,1$&�,� "� �!� �$�!$��G!0�� ./�2/!� K)�$(�$G1L�
"� �!$��G!�� 0O!/H /H$&�0,�� K��(�H� ���9P� �&1,�"#$%� -&�
��1>���;IL>��

���� �!� �$,N� �Q� 
!�0"$%� )O$2&.,!0&N� �"�".� 0�#$��G!G!�
1%@&*,!0&�*&���$ �1(�0G��-&�
10&!,@�,1$, ,!0&!�1���.�$�
,1$, &� 2&Q,H� !"1(�.G!0�� )%$%! �1(�0G�>� ���G� 1%��1�
*&(,H &� "�(� $��G!�� .�',C(,�� K��-%@�.$�!"#$%� -&� ��-%@�
��;�L>����� �!�,$,!0&� &H&N���0GQN�1���Q� N�1G@G$Q� �-&�
.&0,�� �#�Q� (/�$&�,!0&� "$%H�!� 2&!&$$,1$&� 2&-H&1� 1�C�$G�
"� �!� �$�!$��G� )%$%! �1(�0G�>� �&H&� "� �!$��G� �/�1,*&�
"� �!$��G!�� )&!@&�� H&1,$0&� ,$0&1,� *�*G$GH� *�C�!� �#�Q�
(/�$&�,!&�2O�&�&!�3�@$��*�*G$GH��$�!G!��.�',C(,�$&��K
!"!, �
����L>� ���� �!� �$,!0&� )&H� �0&(�  &H&� (/�/!/!� *�*G$GH�
*�C(G#G�),$,! &1(&0,�>��

�&-4%(� "� �!$��G!� 1"�%! �.G� -&� ./�0/�/$&),$,�� ),��
H&1,$0&�*O!&(,$ &.,N�*&!,�"� �!��$�!$��G!G!�"$%H(%�%$ �.G�
2,),� "� �!4G$G1� 1"!%$��G� ,$&� %#��H�!� ),$, � 0�$G�
.,$-,1/$(/�0/�>��&� ,!"$"J, ,@&�*&�$&H ,H�"$�!�.,$-,1/$(/�N�
$�(,!4&�1O1&!$,�"$%C�.,$-��K"� �!L�-&�4%$(%���K*&(,H(,� &L�
1&$, &$&�,!,!� ),�$&H &.,!0&� "$%H �1(�0G�>� &!&$� ),��
Q&�Q&-&0&� �QG1$�! �.G� ,.(&!,�.&� U"� �!$��� *&(,H(,�,$ &.,N�
2&$,H(,�,$ &.,� -&� )�1G G� ,$&� %#��HG�>� �� �!� �#�Q$��G!G!�
*&(,H(,#,� "�(� G!� O@&$$,1$&�,N� &1"$"J,1� ,.(&1$&�,N� �#�Q�
(/�$&�,!,!� ),*"$"J,.,� 2,),� Q"1� .�*G0�� 3�1(O�/!� �!�$,@�
&0,$ &.,� ,$&� ),�$,1(&� .,$-,1/$(/�� O!4&$,1$,� "$���1� "� �!�
�$�!$��G!G!�1"�%! �.G!G�C$�!$��>�	/�0/�/$&),$,��),��H&1,$0&�
,!.�!"#$%!%!� "� �!$��0�!� 1��HG$�*�),$&4&#,� ,'(,*�Q$��G�
.�#$� �*��Q�$GHG��K&!Q�����P��*$�!0���;7L>��

�/�&.&$�,1$, �0&#,H,1$,#,�&(1,$&�,�1%��1�-&�*��G�1%��1�,1$, �
)O$2&$&�,!0&1,� 0"#�$� "� �!� �$�!$��G!0�� *�!2G!$��G!�
��( �.GN� )O4&1� -&�  �!(��� '�.(�$G1$��G!G!� Q"#�$ �.G� -&�
("C$%��#�Q�O$/ $&�,!,!�2O�/$ &.,�H&1$,!0&�,$1�%*��G$��G!G�
-&� &1(&0,�>� �%��1$G#G!� ��( �.G� ,$&� ),�$,1(&� "� �!�
�$�!$��G!G!� .G!G�$��G!0�� 0���$ �$��G!� "$ �.GN� "� �!$��G!�
*&�� 0&#,H(,� &.,� -&*�� 2OQ� &( &.,N� "� �!� *"#%!$%#%!%!�
�@�$ �.G� -&� !,(&1, � )�@G� (/�$&�,!� !&.$,!,!� 1�*)"$ �.G�
)&1$&! &1(&0,�>� 	(&C&� 2&Q,H� !"1(�.G!0�� )%$%!�!� 1���.�$�
,1$, &� .�',C� ���� �!� �$,!0&� 2&$&4&1� 2/!$&�0&�
1%��1$G#G!G!� &(1,.,!,!� Q"1� 0�'�� 3�@$�� ',..&0,$&4&#,�
)&1$&!&!�),��0%�% 0%��K�/�&1$,�-&���1>���;�P�	�((��,�-&�
��1>���;;L>���%!��)�#$G�"$���1�)�H(�� &H&�"� �!$��G�"$ �1�
/@&�&� ���� �!� ,$,!0&� *�*G$GH� 2O.(&�&!� )/(/!� "� �!$G1�
�$�!$��0�N� ,1$, � 0&#,H,1$,#,� ,$&� ),�$,1(&�  &H4&�&�
1%�%$%H$��G!G!� 0&#,H, &� %#�� �.GN� )�@G� (/�$&�,!� 2OQ/� -&�
)�@G�"� �!��$�!$��G!G!�.G!G�$��G!G!�0&#,H &.,�)&1$&!&!�),��
0%�% 0%�>��1$, �0&#,H,1$,#,�,$&�),�$,1(&�1�*)"$�4�1�(/�$&��
"$�),$&4&#,�2,),��$�!��*&!,�(/�$&�,!�2&$ &.,�0&�"$�.G0G�>��

�%� Q�$GH �0�� O!4&$,1$&� ���� �!� ,$,� .G!G�$��G!0�� 0"#�$�
"$���1� *�*G$GH� 2O.(&�&!�  &-4%(�  &H&� (/�$&�,!,!� 1%� %H�
"$0%#%� "� �!� �$�!$��G!G!� *�*G$GH� �$�!$��G� -&� .G!G�$��G�
)&$,�$&! ,HN����� �!�,$,!0&1,� &H&�"� �!$��G!G!�*�*G$GH�
'��,(�.G�"$%H(%�%$ %H(%�>����1�$&0&�(/��)�@G!0�� &H&$&�,!�
)%$%!0%#%�  &-1,$&�� -&�,$ ,H(,�>� �&H&� "� �!$��G!G!� (/��
)�@G!0�� -&�  &H4&�&� KMeşcere: Kend�s�n� çevres�nden 
bel�rg�n b�r şek�lde herhang� b�r özell�ğ� �le ayıran en az 1 
ha büyüklüğündek� orman parçasıL� *�CG$��G� '�11G!0��
),$2,$&�� -&�,$ ,H(,�>� �/�&.&$� ,1$, � 0&#,H,1$,#,� ,$&�
2&$&4&1(&1,� )&1$&!(,$&�0&� 0,11�(&� �$G!���1� 	"!%Q(��
���� �!� ,$,!0&1,�  &H&� "� �!$��G!G!� 2&$,H(,�,$ &.,� -&�
0&-� $G$G#G!G!� .�#$�! �.G� ,Q,!� .,$-,1/$(/�&$� O!&�,$&��
*�CG$ GH(G�>��

2. MATERYAL VE METOT

A�$GH �!G!�  �(&�*�$,� ���� �!� ,$� .G!G�$��G� ,Q&�,.,!0&�
)%$%!�!�  &H&� "� �!$��G0G�>� �� �!� �$�!$��G!G!�
'��,(�$�! �.G� -&� ,!4&$&! &.,!0&� ���� �!� -&� �� &!&1�
�� �!� �H$&( &� �/0/�$/#/!&� )�#$G� ),�, $&�,!� "� �!�
� &!�J �!� C$�!$��G� ,$&� .,$-,1/$(/�� C$�!$��G!0�!�
3�*0�$�!G$ GH(G�>��

2.1. Karaman İl� ve Orman Alanları 

���� �!� ,$,N� I9s;;t� 1%@&*� &!$& $&�,� IIs;:t� 0"#%�
)"*$� $��G� ���.G!0�� �Q� 
!�0"$%� �O$2&.,!,!� 2/!&*,!0&N�

!(�$*�� -&� �&�.,!� ,$$&�,!,!� ),�$&H(,#,� .G!G�G!� '& &!�
1%@&*,!0&� )%$%! �1(�0G�>� �$�  &�1&@,!,!� 0&!,@�
.&-,*&.,!0&!�*/1.&1$,#,�;�II� &(�&0,�>��"C$� �*G$$G1�II9�
  �*�CGH��$ �1(�0G�>���@%!�0O!& � &(&"�"$"J,1�2O@$& �
-&�,$&�,!&�2O�&�)/*/ &� &-., ,!0&��*$G1�*�#GH� ,1(��$��G�
I�5I:�   � ���.G!0�� "$ �1(�0G�>� ��@� 1%��1$G#G�
*�H�! �1(�0G�� K
!"!, ����;L>����� �!� ,$,!0&��&�1&@N�

*��!4GN���H*�*$�N��� &!&1N��[@G 1���)&1,�N�	��G-&$,$&��
,$Q&$&�,� "$ �1� /@&�&� ("C$� 0�� 7� ,$Q&� )%$%! �1(�0G�>�
�/3%.%� �7�>8I8R0,�� K
!"!, � ���IL>� �$,!� (& &$� 2&Q, �
1�*!�#G� (��G � -&� '�*-�!4G$G1(G�>� �/@O$Q/ /� 88:>;���
'&1(��0G��K
!"!, ����;L>��$,!�\�I9’ .,�(��G ����@,$&�,N�\�
��R.,!,� Q�*G��  &��� ���@,$&�,� \� �WN�R/� 0&� "� �!�



���� �!��$,��&H&$&�,� � /-&!�-&�/!&��

��
 

�$�!$��G!0�!�"$%H(%� �1(�0G�� K��-%@�.$�!"#$%�-&���-%@�
��;�P�
!"!, �����L>��

�� �!� ,0��&.,� *O!/!0&!����� �!� �$,!,!� "� �!� �$�!$��G�
�"!*�� �� �!� �O$2&� �/0/�$/#/!&� )�#$G0G�>� �$0&1,�
"� �!$������� �!� -&� �� &!&1� "$ �1� /@&�&� ,1,��� �!�
�H$&( &� �/0/�$/#/� ."�% $%$%#%!0�� *O!&(,$ &1(&0,�>�
���� �!� �� �!� �H$&( &� �/0/�$/#/!0&1,� "� �!4G$G1�
3��$,*&($&�,� ���� �!N� ���&!0&N� ����0�#N� �%4�1GH$�N�

�[@G 1���)&1,�N�O1.%�-&�
*��!4G�"$ �1�/@&�&�("C$� �9�
�*�G� �� �!� �H$&( &� ?&3$,#,� (���3G!0�!� */�/(/$ &1(&0,�>�
�� &!&1��� �!� �H$&( &��/0/�$/#/!� 0&� ,.&� "� �!4G$G1�
3��$,*&($&�,���@�!4GN���Q,!N��� &!&1N�O1(&C&N���H*�*$��
-&�A� $G4��"$ �1�/@&�&�("C$� �7��� �!��H$&( &�?&3$,#,�
(���3G!0��*/�/(/$ &1(&0,�>������ �!�,$,!0&�\IIN8�!"� �$�
1%�%$%H(�N�\77N�R.,�)"H$%1$%�K)"@%$ %HL�1%�%$%H(��"$ �1�
/@&�&� ("C$� � �7�>:;8N��� '�� "� �!� �$�!G� )%$%! �1(�0G��
K��)$"�;L

�
Tablo 1.����� �!�-&��� &!&1��� �!��H$&( &��/0/�$/#/��� �!$��G!G!�
$�!.�$���#G$G G�
�H$&( &�

�/0/�$/#/�
� �"� �$�
�� �!�K'�L�

�"@%1�
�� �!�K'�L�

�"C$� ��� �!�

$�!G�K'�L�

�� �!.G@�

$�!�K'�L�

&!&$�
$�!�K'�L�

���� �!� � �9>W7�N9�� ;�;>I:�N��� ;7W>I;7N9�� 7��>;9�N:�� 99;>�8WN���

�� &!&1� � ��>87WN9�� :�>87WN9�� W;>��;NI�� :�>��;NI�� ;�;>���N7��

�"C$� � � 88>�W�NI�� ;9�>��IN9�� �7�>:;8N��� 7:�>;9IN8�� W;�>7W;N8��

���� �!�,$,�"� �!��$�!$��G!0�� &H&N�1���Q� N�1G@G$Q� N�
.&0,�� -&� 2O1!��� 2,),� �.$,� �#�Q� (/�$&�,!,!� .�3� -&� 1��GHG1�
 &H4&�&$&�,� )%$%! �1(�0G�>� �� �!� �$�!$��G!G!� ),�� 1G. G�
,.&� *�)�!,� @&*(,!� K0&$,4&L� -&�  �1,� (/�$&�,� ,$&� 1�C$G�
0%�% 0�0G�>��&H&�(/�$&�,�*O�&�"� �!$��G!G!�'�1, �(/�$&�,�
"$���1�1��HG G@��QG1 �1(�0G��-&�0,#&��(/�$&�&�2O�&�*�*G$GH�
�$�!$��G!G!� 3�@$�$G#G� )�1G G!0�!� 0�� 0,11�(� Q&1 &1(&0,��
K
!"!, �����L>�

2.2. Araştırma Yöntem�

���� �!� �$,!0&1,� �&H&� "� �!� �$�!$��G!G!� *�*G$GH�
*&�$&�,!,!� (&.C,(,� ,Q,!� ,$1� O!4&� ���� �!� ,$� .G!G�$��G�
,Q&�,.,!0&�)%$%!�!����� �!�-&��� &!&1��� �!��H$&( &�
�/0/�$/1$&�,!&�)�#$G��� �!��H$&( &�?&3$,1$&�,!,!�"� �!�
� &!�J �!� C$�!$��G� -&�  &H4&�&� '��,(�$��G� 0&(�*$G� ),��
H&1,$0&� ,!4&$&! ,H(,�>� ��;75��I:� *G$$��G� ,Q,!�'�@G�$�! GH�
"$�!��1".,.(& ���)�!$G��"!1.,*"!&$��� �!�
 &!�J �!�
=$�!$��G!0�� *&�� �$�!� (�)$"$��0�!� *O�&0&1,�  &H&$,1� "$�!�
"� �!� �$�!$��G!G!�  &-1,$&�,� -&� )%$%!0%#%� *&�$&�� (&.C,(�
&0,$ ,H(,�>�	"!��.G!0��C$�!$��0��2O�/$&!�*�*G$GH��$�!$��G!��
(&1!,1�2&@,$&��*�CG$���1�"��$�!0��'�!2,�(/�� &H&!,!�*�*G$GH�
*�C(G#GN� .�3�  GN� 1��GHG1�  &H4&�&$&��  ,� "$0%#%N� 1�C�$G$G1�
0&�&4&$&�,N� 2&$,H &� .&*,�$&�,� 2O@$& $&! ,H� )%� H&1,$0&�
.,$-,1/$(/�&$� O@&$$,1$&�,� 1�*G(� &0,$ ,H(,�>� 
 &!�J �!�
C$�!$��G!0�1,� .G!G�$��G� ,$&� ���@,0&1,� .G!G�$��G� 1"!(�"$�
&0,$ ,H�-&����@,0&�"1%!�!�1""�0,!�($��$��),�$,1(&��&(�
��
C�"2�� G!0�� ���� �!� ,$,!0&1,� *�*G$GH� 2O.(&�&!�  &H&�
(/�$&�,!,!� .G!G�$��G� )&$,�$&! ,H� -&� ���� �!� �$,� �&H&�
�� �!$��G� ���,(�.G� "$%H(%�%$ %H(%�>� �&H&� "� �!$��G!G!�
 &H4&�&� O@&$$,1$&�,!,� )&$,�$&! &.,� -&� *O�&*&� &1"$"J,1N�
.".*"5&1"!" ,1�1�(1G$��G!G!�(&.C,(�&0,$ &.,�� �4G*$��*,!&�
���� �!�-&��� &!&1��� �!��H$&( &��/0/�$/#/!&�)�#$G�
���� �!� �$� .G!G�$��G!0�� )%$%!�!� �H$&( &� ?&3$,1$&�,!,!�
1�*G($��G� ,!4&$&! ,H(,�>� ��1G N� 2&!Q$&H(,� &N� )�$(�$G1�
,H$&( &.,N� �&'�),$,(�.*"!� 2,),� .,$-,1/$(/�&$� 3��$,*&($&��
.G��.G!0�� ."!� )&H� *G$0�� &$0&� &0,$&!� (/�$&�� )�@G!0�� "0%!�
/�&(, �  ,1(��$��G� (&.C,(� &0,$ ,H� -&�  &H&� "� �!$��G!G!�
���� �!� ,$,!&� &!0/.(�,*&$� "0%!� /�&(, ,� )�1G G!0�!�
1�(1G.G�)&$,�$&! ,H(,�>��&H&�"� �!$��G!G!�*O�&*&�&1"$"J,1�
-&� .".*"1/$(/�&$� 1�(1G$��G� 0&#&�$&!0,�,$ ,H(,�>� 
*�G4��
� &!�J �!� C$�!G� -&�,$&�,N� ,H$&( &� H&3$,1$&�,!,!� /�&(, �
C$�!$��G� -&� ���@,0&!� ("C$�!�!� ),$2,$&�$&� *O�&0&1,�  &H&�
"� �!$��G!G!� !,(&$,#,� '�11G!0�� ),$2,$&�� 0&�$&! ,H� -&�

*O�&0&1,�  &H&� "� �!$��G!G!� 2&$&4&#,� ,Q,!� .,$-,1/$(/�&$�
O!&�,$&��2&(,�,$ ,H(,�>��

3. BULGULAR

���� �!� ,$,� .G!G�$��G!0�� )%$%!�!� "� �!� �$�!$��G!0��
1���Q� N�1G@G$Q� N�.&0,�N�2O1!���-&� &H&$&��0"#�$�"$���1�
*�*G$GH� 2O.(&�&!� )�H$G4�� �#�Q� (/�$&�,!0&!0,�>� �O�&�
"� �!$��G!0�� :�  &H&� (/�/!0&!� "$%H�!� .�3� -&� 1��GHG1�
"� �!$���)%$%! �1(�0G�>����� �!�,$,!0&�"� �!�"$%H(%��!�
 &H&$&�� �&� &.�  &H&.,� KQuercus coccifera �>LN�
��1&0"!*�� &H&.,�KQuercus trojana�E&))LN�	�Q$G� &H&�
KQuercus cerris �LN� ��@G�  &H&.,� KQuercus infectoria�
�$,->L� -&���.!�1� &H&.,� KQuercus vulcanica �",..LR0,�>�
��.!�1� &H&.,��*!G�@� �!0��&!0& ,1�),��(/�0/�>��

�&H&� "� �!$��G� ���� �!� �$,!,!�  &�1&@� -&� 2/!&*� )�(G�
,$Q&$&�,!0&� *"#%!$�H GH(G�>� �%@&*� -&� 0"#%� )O$2&$&�,!0&�
,.&� 0,#&�� )O$2&$&�&� 2O�&� 0�'�� �@� *"#%!$%1(�� *�*G$GH�
*�C �1(�0G�$��>� ���� �!� �$,!,!� ,$Q&$&�,� "$���1� &$&�
�$G!0G#G!0�� &!� 3�@$��  &H&� "� �!G� *"#%!$%#%� �&�1&@�
,$Q&.,!0&� 2O�/$ &1(&0,�>� �[@G 1���)&1,�� �$Q&.,!0&1,� -&�
�� &!&1� ,$Q&.,!0&1,�  &H&� "� �!$��G!G!� *"#%!$%#%� 0��
0,11�(�Q&1 &1(&0,��K?&1,$�;L>��

�O�&0&1,�*�*G$GH�*�C�!� &H&�"� �!$��G!G!�*��G.G�K\:;N8L�
��1&0"!*��  &H&.,!0&!� "$%H �1(�0G�>� ��1&0"!*��
 &H&.,!,� .G��.G*$�� 1&� &.� &H&.,� K\�IN:LN���@G� &H&.,�
K\�INILN� ��.!�1� &H&.,� K\;NIL� -&� 	�Q$G� &H&� K\�N�IL�
(�1,C�&( &1(&0,��K��)$"��L>��

Tablo 2.� �&H&� "� �!$��G!G!� 1�C�$G$G1� "��!$��G!�� 2O�&�
*�*G$GH��$�!$��G��

�&H&��/�/�
��C�$G$G1����!$��G�K\L�


$�!G�
K'�L�

�5���� �;59�� 9;5;��� �

��1&0"!*��� �I>:I�NW� ;�>97�N�� :�;N�� I�>8I7N:�

�&� &.�� 7>:�:NW� 7>::�N�� �>7�WN�� ;:>779NI�

��@G� ;�>�:IN:� :>�8:N7� �N;� ;:>:�IN��

��.!�1� I78N8� �9I� �� 8�;N8�

	�Q$G�� �I9N:� �� �� �I9N:�

�"C$� �� ��>8W8N7� �I>�9IN�� I>;:�NI� 79>;�7NI�
�
�



���� �!��$,��&H&$&�,� � /-&!�-&�/!&��

�;
 

��C�$G$G1� "��!G� -&�, $,$,1� �QG.G!0�!� O!& $,� ),��
2O.(&�2&0,�>� ���� �!� ,$,!0&� *�*G$GH� 2O.(&�&!� (/ �  &H&�
(/�$&�,�0,11�(&��$G!0G#G!0��1�C�$G$G1�"��!G�\���RG!��$(G!0��
)%$%!�!�!"� �$�*�CG.G�)"@%$ %H� &H&�"� �!$��G���>8W8N7�
'��"$%C�(/ � &H&�"� �!$��G!G!�\�7;�,!,�"$%H(%� �1(�0G�>�
\�I�R/!0&�1�C�$G$G1�\���59�����.G!0�N�\�:�,�,.&�!"� �$�
1�C�$G$G1(�0G�>��"� �$�1%�%$%H(��"$%C�-&�, $,�"$�!�"� �!�
I>;:�NI��'��"$%C�)%!%!��>7�WN��'�RG��&� &.� &H&.,!0&!N�
:�;N�� '�RG� ��1&0"!*��  &H&.,!0&!� "$%H �1(�0G�>�

�!0& ,1� ),�� (/�� "$�!� ��.!�1� �&H&.,� ���� �!� �� �!�
�H$&( &�?&3$,#,�
 &!�J �!�=$�!G�-&���&#$,��� �!��H$&( &�
?&3$,#,�
 &!�J �!�=$�!G�-&�,$&�,!&�2O�&�("C$� �8�;N8�'��
�$�!0�� *�*G$GH� 2O.(&� ,H(,�>� ��.!�1�  &H&.,!,!� ("C$� �
*�*G$GH� "$�!� 8�;N8� '�� �$�!G!� :I�N8� '�� 1G. G� -&�, $,�
"� �!$��0�!� "$%H(%� %H(%�� K��)$"� �L>� ���� �!� ,$,!0&�
)%$%!�!�:��0&(� &H&�(/�/!/!�*�*G$GH� &-1,$&�,��H�#G0�1,�
)�H$G1$����$(G!0��-&�,$ ,H(,�>�
��

�

�
Şek�l 1.����� �!��$,!,!��&H&��� �!$��G�

��
Makedonya Meşesi (Quercus trojana Webb)
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Kermes Meşesi (Quercus coccifera L.)
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Kasnak Meşesi (Quercus vulcanica Boiss.)
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Saçlı Meşe (Quercus cerris L.)
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Bovidae Taksonlarında Karyotip Simetri/Asimetri İndeksi (S/AI)
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2.2. The�Chromosomal Data 
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2.3. Drawing the Dendrograms
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Sisplatinin Neden Olduğu Hepatotoksisite Üzerine β-glukanın Koruyucu Rolünün 
Histopatolojik Olarak Değerlendirilmesi
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1. INTRODUCTION

E,('�('&�%.&�"3�4'& "('&��C&%(,4�0�%2.�,!�('&�(�&�( &!(�
"3� 4�!4&�N� F',4'� ,.� "!&� "3� ('&�  ".(� 4"  "!� 0,.&�.&.�
!"F�0�*.N�)"('�('&�S%�$,(*�"3�$,3&�"3�4�!4&��C�(,&!(.�'�-&�
,!4�&�.&0� �!0� !&F� C"..,),$,(,&.� 3"�� (�&�( &!(� '�-&�
& &�2&0>��!�.C,(&�"3�,(.�.%44&..N�." &�"3�('&� ".(�&33&4(,-&�
4�!4&�� �0-�!4&0� (�&�( &!(.� 4�%.&� %!0&.,��)$&� ("T,4,(,&.�
K�"'� *�&(��$>����IL>��

�'&� $,-&��'�.��!� , C"�(�!(� �"$&� ,!� ('&�)�&�1('�"%2'��!0�
0&("T,3,4�(,"!� "3� ("T,4� 4'& ,4�$� .%).(�!4&.� �!0� "('&��
 �(&�,�$.N��!0��(�('&�.� &�(, &�,.�('&�3,�.(�(��2&(�"3�("T,!.>�
�,.C$�(,!� �44% %$�(&.� ,!� ('&� $,-&�N� �!0� '&C�("("T,4,(*�
"44%�.� ,!�',2'�0".&.� K��!(� ;WW;L>��"F�0�*.N� 4,.C$�(,!�
K4,.50,�  ,!&0,4'$"�"C$�(,% � K��LN� 4,.5C$�(,!% � K��L� "��
4,.5��=L�,.�"!&�"3�('&�, C"�(�!(�4*(".(�(,4��2&!(.�%.&0�,!�
('&� (�&�( &!(� "3�  �!*� 4�!4&�� (*C&.� .%4'� �.� "-��,�!N�
(&.(,4%$��N� )$�00&�N� '&�0N� !&41N� $%!2N� 4&�-,T� �!0�
&!0" &(�,�$�4�!4&�.��.�F&$$��.�."$,0�(% "�.�K	,!0'%�&(��$>�
��;:P��H&�,�&(��$>����9L>��"F&-&�N�('&�4$,!,4�$��CC$,4�(,"!�
"3�4,.C$�(,!�,.�"3(&!��&.(�,4(&0�F,('�.&-&�&�.,0&�&33&4(.�"!�
 �!*� "�2�!.� �!0� .*.(& .N� .%4'� �.� '&C�("("T,4,(*N�
!&C'�"("T,4,(*N�"("("T,4,(*N��!0�!&%�"("T,4,(*�K��*��&(��$>�
��;7L>� �'&� %!0&�$*,!2�  &4'�!,. � "3� '&C�("("T,4,(*�
,!0%4&0� )*� 4,.C$�(,!� �& �,!.� ,!4" C$&(&$*� %!0&�.(""0�
K=�$,C"4'� �!0� =%!.�F�0� ��;ILP� 3"�� (',.� �&�."!N�  �!*�
.(%0,&.� ��&� 4���,&0� "%(� !"F�0�*.� ("� C�&-&!(� 4,.C$�(,!�
("T,4,(*>� 
44"�0,!2� ("� ('&� �&.%$(.� ")(�,!&0� 3�" �
&TC&�, &!(�$� .(%0,&.N� ('&� ("T,4,(*� "3� 4,.C$�(,!� ,!� 4&$$.� ,.�
�((�,)%(&0� ("� ,(.� ,!',),(,"!� "3� )"('���
� �&C$,4�(,"!� �!0�
��
�(��!.4�,C(,"!�)*��4(,!2�"!���
��!0�3"� ,!2�,!(&�5
'&$,T� �!0� ,!(��5'&$,T� �00%4(.� K��),1� �!0� �"$�!� ���9L>�
�,.C$�(,!� ,!,(,�(&.� ('&� C�"4&..� $&�0,!2� ("� �C"C(".,.� )*�
0� �2,!2� ,("4'"!0�,��,!�4&$$.N� ,!',),(,!2� ('&�4&$$�4*4$&�
�!0�
�=�.&��4(,-,(*N�!&2�(,-&$*��33&4(,!2�4&$$%$���(��!.C"�(�
.*.(& .�K��!."%��&$��$>����7L>��'&�,!0%4(,"!�"3��C"C(".,.�
)�.&0�"!�('&��!(,4�!4&���4(,"!� &4'�!,. �"3�4,.C$�(,!�,.�
�$."� ('&� )�.,.� "3� ('&� ("T,4,(*�  &4'�!,. � K�$"�&�� �!0�
�%..&$)&�2� ��;;L>� �"�&"-&�N� 4,.C$�(,!� 4�%.&.� �&�4(,-&�
"T*2&!� .C&4,&.� K��	L� .%4'� �.� .%C&�"T,0&� 0,. %(�.&�
'*0�"T*$� ��0,4�$� 3"� �(,"!� ,!� (,..%&.N� ,!',),(,!2� ('&�
�4(,-,(*� "3� �!(,"T,0�!(� &!@* &.� ,!� $,-&�� (,..%&.� �!0�
0&4�&�.,!2�2$%(�(',"!&�$&-&$.�K
-4G�&(��$>����8L>��&�4(,-&�
"T*2&!�.C&4,&.�4�!�4�%.&�4&$$�0� �2&��!0�!&4�".,.�0%&�("�
C&�"T,0�(,"!� "3� $,C,0.� ,!� ('&� 4&$$�  & )��!&N� C�"(&,!�
0&!�(%��(,"!N��!0���
�0� �2&�K�"'� *�&(��$>���;7L>��

	(%0,&.���&�!&&0&0�("��&0%4&�('&�0".&5$, ,(,!2�.,0&�&33&4(.�
('�(� C�&-&!(� ('&� �0 ,!,.(��(,"!� "3� ',2'50".&� 4,.C$�(,!N�
F',4'�,.�!&4&..��*�3"��(% "��0&.(�%4(,"!�,!�4'& "('&��C*�
K�,�"� &(� �$>� ���8L>� �!� (',.� 0,�&4(,"!N� �!*� .(%0,&.� '�-&�
)&&!�4"!0%4(&0�"!�('&�., %$(�!&"%.��00,(,"!�"3�C�"(&4(,-&�
�2&!(.�("�C�&-&!(�('&�.,0&�&33&4(.�"3�4,.C$�(,!�K	, .&1�&(��$N�
��;7P� 	"$, �!� &(� �$>� ��;7L>� 	" &� 4" C"%!0.� .%4'� �.�
.%C&�"T,0&� 0,. %(�.&� K	��LN� 2$%(�(',"!&N� 3$�-",0.N�
-,(� ,!� �N� .&$&!,% N� -,(� ,!��N� 2$%(� ,!&N� 4�33&,4� �4,0�

C'&!&('*$� &.(&�� K�
=�L� �!0� �,2&$$�� .�(,-�� &T(��4(� �!0�
4��"(&!",0.N� �0&!".,!&� �!(�2"!,.(.N� �5',.("0,!"$N�
� ,!"2%�!,0,!&N� !,3&0,C,!&N� &�0".(&,!&N� '�-&� )&&!� %.&0�
F,('�4,.C$�(,!�,!�.%CC"�(�"3�,(.�C�"(&4(,-&�&33&4(��2�,!.(�('&�
"T,0�(,-&�0� �2&�4�%.&0�)*�4,.C$�(,!�K�G$ �@�&(��$>�����P�
	O#/(�&(��$>�����L>��

�!�(',.�.(%0*N�n52$%4�!N�F',4'�F&�%.&0�("��&0%4&�('&�.,0&�
&33&4(.�"3�4,.C$�(,!N�,.���4��)"'*0��(&�4"!.,.(,!2�"3�2$%4".&�
C"$* &�.�3"%!0�,!�('&�4&$$�F�$$.�"3�4&�&�$.�.%4'��.�*&�.(N�
 %.'�"" .N� )��$&*N� �!0� "�(.>� �'&� �4(,-&� �"$&� "3� ('&� n5
2$%4�!� "$&4%$&�,!�('&�,  %!&�.*.(& ��!0�('&��).&!4&�"3�
("T,4� "�� �!*� .,0&� &33&4(.� 4�%.&� .(%0,&.� ("� 3"4%.� "!� (',.�
 "$&4%$&� K�"1$%� &(� �$>� ���7P� 	&!&�� &(� �$>� ���9L>� �(� ,.�
4%��&!($*��CC�"-&0��.�"!&�"3�('&� ".(�C"F&�3%$�,  %!&5
�&.C"!.&� "0,3,&�.�K��"F!��!0�"�0"!����IL>��'&� �,!�
,  %!"C'�� �4"$"2,4�$��4(,-,(,&.�"3�n52$%4�!�,!4$%0&��!�
,!4�&�.&�"3� ('&�'".(� �&.,.(�!4&� ("�)�4(&�,�$N�-,��$N� 3%!2�$N�
�!0� C���.,(,4� ,!3&4(,"!.N� �!� �!(,5(% "�� &33&4(� �!0�
C�&-&!(,"!�"3�4��4,!"2&!&.,.N���0,"C�"(&4(,-&��4(,-,(*��!0�
�0J%-�!(�&33&4(.N��!0�&!'�!4& &!(�"3�('&�C'�2"4*(,4��!0�
C�"$,3&��(,-&� �4(,-,(*� "3� ('&� �&(,4%$"5&!0"('&$,�$� .*.(& �
K�"'� *�&(��$>�;WW;L>�
 "!2�('&� �!*�3&�(%�&.�"3�('&�n5
2$%4�!� "$&4%$&�('�(���&�4$�, &0�("�)&�C�"(&4(,-&N�('&� ".(�
.(�,1,!2� 3&�(%�&� ,.� ('&��!(,"T,0�!(�&33&4(�"3� ('&� "$&4%$&�
K�"1$%� &(� �$>� ���7P�
*0"2�!� &(� �$>� ��;7L>���!*� .(%0,&.�
'�-&� .'"F!� ('�(� n52$%4�!� ,.� �!� &33&4(,-&� 3�&&� ��0,4�$�
.4�-&!2&�� K��*�$,� &(� �$>� ���:P�
1���.� &(� �$>� ����L>��',.�
�4(,-,(*�"3�n52$%4�!�F�.�.,2!,3,4�!($*�',2'&��('�!�('�(�"3�
-��,"%.� C"$* &�.� %.&0� �.� 3""0� �00,(,-&.� K�"3%J,� &(� �$>�
��;�L>�

�!�$,2'(�"3�('&.&�").&�-�(,"!.N�F&��, &0�("�,!-&.(,2�(&�('&�
C"..,)$&� C�"(&4(,-&� &33&4(.� "3� n52$%4�!� �2�,!.(� 4,.C$�(,!5
,!0%4&0� "T,0�(,-&� $,-&�� 0� �2&� &-�$%�(&0� )*�
',.("C�('"$"2,4�$>�

2. MATERIAL AND METHOD

2.1. Chemicals

�'&� ,!J&4(�)$&� 3"� � "3� 4,.C$�(,!� K:��  2�:��  $L� F�.�
C%�4'�.&0�3�" ���*!&�='�� ��=$4�KE��F,41.',�&N��!,(&0�
�,!20" L>�n52$%4�!� K:�� 2�4�C.%$&� � %!&1.~��%.(�3��
�&-@�(���%2��" C�!*N��%�1&*LN�C�&C��&0�3�" �('&�*&�.(�
	�44'��" *4&.� 4&�&-,.,�&� K;NI5;N75)&(�5�52$%4�!LN� F�.�
0,.."$-&0� ,!� .�$,!&>�
$$� "('&�� 4'& ,4�$.� F&�&� ")(�,!&0�
3�" �	,2 �5
$0�,4'��'& ,4�$��" C�!*�K	(>��"%,.N���N�
�	L>�

2.2. Animals

�!�('&�C�&.&!(�.(%0*N�F&�%.&0�8�� �$&�E,.(����$),!"���(.�
")(�,!&0�3�" ��TC&�, &!(�$�
!, �$.�� C$& &!(�(,"!��!0�
�&.&��4'� �&!(&�� "3� ('&� �!0"1%@� ��*G.� �!,-&�.,(*N�
	� .%!N��%�1&*>��(',4.�4"  ,((&&��CC�"-�$�F�.��&4&,-&0�
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3"�� (',.� .(%0*� 3�" � 	� .%!� �$,!,4�$� �&.&��4'� �(',4.�
�"  ,((&&�"3��!0"1%@���*G.��!,-&�.,(*�K���W�8IL>��'&�
��(.�F&�&�3&0�,!�C$�.(,4�4�2&.�F,('�('&�.(�!0��0�C&$$&(�3""0�
�!0�2,-&!��0� $,),(% �.%CC$*�"3�F�(&�>��'&��!, �$.�F&�&�
1&C(��(��"" �(& C&��(%�&�K�:���LN��!0�;�5'"%��4*4$&.�"3�
$,2'(� �!0� 0��1�F�.� C�"-,0&0>��'&� ��(.N� 4'".&!� 3�" � ('&�
.� &�2&!&��(,"!�K758�F&&1.�"$0LN����5I���2�)"0*�F&,2'(>��

2.3. Experimental Design

�,2'(*� �$&�E,.(����$),!"���(.�F&�&���!0" $*�0,-,0&0�,!("�
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3D Printed Patch Antenna Design with Coplanar Waveguide Feed for Ultra 
Wideband Wireless Communication Applications

Abstract


0-�!4& &!(.� ,!�F,�&$&..�4"  %!,4�(,"!� (&4'!"$"2,&.���&�0�,-,!2� ('&�!&&0�3"��',2'5.C&&0�0�(�� (��!.3&�>��!� (',.�4"!(&T(N�
%$(��5F,0&)�!0� K�E�L� (&4'!"$"2*�& &�2&.��.���!&F�F,�&$&..�4"  %!,4�(,"!�."$%(,"!�4�C�)$&�"3�"C&��(,!2�"-&����F,0&�
3�&S%&!4*���!2&>��'&�C�"0%4(,"!�"3��!(&!!�.N��!�&..&!(,�$�4" C"!&!(�"3�(',.�(&4'!"$"2*N�,.�0��F,!2��((&!(,"!�("�I��C�,!(,!2�
(&4'!"$"2*>��',.�.(%0*�&T� ,!&.�('&�0&.,2!N�C�"0%4(,"!N��!0�4'���4(&�,@�(,"!�"3���4" C�4(� "!"C"$&�C�(4'��!(&!!��0&.,2!&0�
3"��%.&�,!�F,0&)�!0�F,�&$&..�4"  %!,4�(,"!�.*.(& .�%.,!2�I��C�,!(,!2�(&4'!"$"2*>�
�(�,�!2%$���C�(4'�.&�-,!2��.�('&���0,�("��
,.�3&0�)*���4"C$�!���F�-&2%,0&��&.& )$,!2���(�C&�&0�(��C&@",0>��',.�4" C�4(��!(&!!�N�F,('���("(�$�.,@&�"3���>9x�8>7�  �N�
%(,$,@&.�=�
� �(&�,�$�F,('���(',41!&..�"3�;�  ��.�('&�.%).(��(&>��'&�4"!0%4(,-&�C��(.�4"!.,.(,!2�"3�('&�C�(4'��!0�2�"%!0�
C$�!&.�"3�('&�C�"C".&0��E���!(&!!����&�4"!.(�%4(&0�%.,!2�4"CC&��(�C&>�E,('���F"�1,!2�3�&S%&!4*���!2&�"3��>9:5;I��@�
�!0���;7:\�3��4(,"!�$�)�!0F,0('N�('&��!(&!!��C�"-,0&.�"-&��8I\���0,�(,"!�&33,4,&!4*��4�"..�('&�"C&��(,!2�)�!0>��'&��!(&!!��
&T',),(.� �� �T, % � 2�,!� "3� :>:� 0�,� �!0� 3&�(%�&.� " !,0,�&4(,"!�$� ��0,�(,"!� 4'���4(&�,.(,4.>�
00,(,"!�$$*N� &�.%�& &!(.�
4"!3,� �('&���0,�(,"!�C&�3"� �!4&�"3�('&�C�"C".&0��!(&!!�>��',.�.(%0*�',2'$,2'(.�('&�%.�),$,(*��!0�0&.,2!�3$&T,),$,(*�"3�I��
C�,!(,!2�(&4'!"$"2*�,!�C�(4'��!(&!!��C�"0%4(,"!>��%(%�&��&.&��4'�"!�(',.�(&4'!"$"2*�,.�&TC&4(&0�("�3%�('&��4"!(�,)%(&�("�('&�
�0-�!4& &!(�"3�F,�&$&..�4"  %!,4�(,"!�.*.(& .>��

Key Words: =�(4'��!(&!!�N�%$(��5F,0&)�!0N�I��C�,!(,!2N�=�


Atıf / To c�te : �&�$,1�*���N��%H%$�*��N��%*.�1���K����L>��$(���&!,H���!(���)$".%@���)&�$&H &��*2%$� �$��G��Q,!��H�
�/@$& .&$���$2���G$�-%@��&.$& &$,�I����.1G$G��� ��
!(&!���.��G G>����� �!"#$%��&' &()&*�+!,-&�.,(&.,��/'&!0,.$,1�
-&��"#���,$, $&�,��&�2,.,N�7K;L6���5:�> �

�



I����.1G$G��� ��
!(&!���.��G G� � �&�$,1�*��-&���1>�

�:�

1. GİRİŞ

	/�&1$,� 2&$,H&!� 1�)$".%@� '�)&�$&H &� (&1!"$"J,$&�,�
.&)&),*$&� */1.&1� .C&1(��$� -&�, $,$,1� -&� */1.&1� -&�,�
(��!.3&��'G@G!��.�',C�'�)&�$&H &�.,.(& $&�,!&�"$�!�(�$&C�0&�
'&�� 2&Q&!� 2/!� ��( �1(�0G�>� � �$(��� 2&!,H� )�!(� K��LN�
2&!&$$,1$&� !�!".�!,*&� -&*�� C,1"� .�!,*&� 0��)&$&��
1%$$�!���1� 2&!,H�),�� 3�&1�!.� ���$G#G!0�� ,H$& � Q�$GH�),$&!�
*&!,�!&.,$�),��1�)$".%@�'�)&�$&H &�(&1!"$"J,.,0,�>�
!(&!$&��
0&N� &$&1(�" �!*&(,1� .,!*�$$&�,!� ,$&(,$ &.,� -&� �$G! �.G�
�QG.G!0�!����'�)&�$&H &�.,.(& $&�,!0&�O!& $,�),��*&�&�
.�',C(,�>� �&0&��$� '�)&�$&H &� 1" ,.*"!%!%!� K���L� I>;5
;�>7��@� 3�&1�!.� ���$G#G!G� $,.�!..G@� 1%$$�!G � ,Q,!����
'�)&�$&H &.,!&� (�'.,.� &( &.,!0&!� ."!��� 2&!,H� )�!(�
O@&$$,1$&�,N�*/1.&1�-&�,�'G@$��GN�0/H/1�2/Q�,$&(, ,�-&�0/H/1�
C�"3,$,� !&0&!,*$&� ��� �!(&!$&�&� "$�!� ,$2,� 2,0&�&1�
��( GH(G�>���� ),�� �!(&!,!� :�����@R$,1� ,!, % � )�!(�
2&!,H$,#,!,!� *�!G!0�� &!� �@� \��R$,1� ),�� "��!.�$� )�!(�
2&!,H$,#,!&� .�',C� "$ �.G� ,.(&! &1(&0,�� K���� ����P�
	4'�!(@� ����L>� ��� '�)&�$&H &.,!0&� -,-�$0,N� $"25
C&�,*"0,1N� .C,��$� �!(&!� 2,),� �!(&!� (/�$&�,� 1%$$�!G$�),$,�>�
��1�(N� 2&!,H� )�!(� 1�)$".%@� '�)&�$&H &� .,.(& $&�,N� %4%@N�
*/1.&1� -&�, $,$,#&� .�',CN� 2&!,H� )�!((�� Q�$GH�!� '�3,3� -&�
1" C�1(� �!(&!$&�&� ,'(,*�Q� 0%* �1(�0G�>� �%� .&)&C$&N�
 ,1�"H&�,(��!(&!�"$���1�0��),$,!&!�*� ���!(&!$&�,!�0/H/1�
 �$,*&(� -&� 0/@$& .&$� *�CG$��G� .&)&),*$&� )�H(�� ���
'�)&�$&H &.,� "$ �1� /@&�&� C&1� Q"1�  ,1�"0�$2�� -&�
'�)&�$&H &� %*2%$� �$��G!0�� 1%$$�!G G� 0�'�� *�*2G!0G��
K�� �0�!�-&���'$&���;WL>�

�,(&��(/�0&� ��� %*2%$� �$��G� ,Q,!� 0,10O�(2&!N� /Q2&!N�
0�,�&.&$�2,),�2&$&!&1.&$�*� ��(/�$&�,�0&�0�',$�"$ �1�/@&�&�
C&1� Q"1� 3��1$G� *� �� 2&" &(�,.,!&� .�',C�  "!"C"$� �!(&!�
*�CG$��G�*&���$ �1(�0G�>��&� ��-&��% ��� K��;�LN���x���
  ��)"*%($��G!0���&F("!�*% %�(�.G�H&1$,!0&�&$,C(,1�),��
 "!"C"$� *� �� �!(&!� (�.��G G� .%! %H$��0G�>� ��#G$�
2&Q,�2&!$,#,� �>I� "$�!� ��5�� �$((�H� /@&�,!&� )�.G$�!� �!(&!N�
�>W5;;� �@� ���$G#G!0�� *�1$�HG1� \;;7R$G1� ),�� )�!(�
2&!,H$,#,!&�.�',C(,�>��,��)�H1��Q�$GH �0�N����1�)$".%@�
'�)&�$&H &� %*2%$� �$��G� ,Q,!� *,!&� ��5�� �$((�H� /@&�,!&�
(�.��$�! GH� �$(G2&!�  ,1�"H&�,(� 3��1(�$� *� �� �!(&!,�
K��	�
L� .%!%$ �1(�0G�� K	�F�!(� -&� �% ��N� ��;:L>�
�"C$� � )"*%(%� :;x7Ix;>:I�   I� "$�!�  "!"C"$� *� ��
�!(&!� I>;5;�>9��@� ���$G#G!0�!� W>7��@� )/*/1$/#/!0&�
),�� & C&0�!.�)�!(�2&!,H$,#,� .%! �1(�0G�>��"1(�.�-&� ��1>�
K��;7LN� �>75;8>�� �@� 2,),� 2&!,H� ),�� 3�&1�!.� ���$G#G!0��
Q�$GH�!� 1" C�1(� ),�� ��� *� �� �!(&!� (�.��$� GH$��0G�>�
�"C$� � )"*%(%� �IxI;�   �� "$�!� �!(&!0&� GHG*G4G� "$���1�
 "!"C"$� /Q2&!� ),�� *� �� (&�4,'� &0,$ ,H(,�>� �,�� )�H1��
Q�$GH �0�N� ��� %*2%$� �$��G� ,Q,!� 1G. ,� ("C��1�
0/@$& ,!0&� 0,10O�(2&!� -&� �� H&1,$$,� *� �� �!(&!$&�,�
(�.��G $��G�-&�,$ ,H(,��K=&�� �-&���1>N���;WL>��&��,1,.,0&�
I�xI��   �� )"*%(%!0�� ��5�� �$((�H� /@&�,!0&� /�&(,$&!�
�!(&!$&�N� .G��.G*$�� I>8c;;>�� �@� -&� I>�c;�>�� �@�
& C&0�!.� )�!(� 2&!,H$,1$&�,!&� .�',C(,�$&�>� ��0�-� -&� ��1>�
K����LN�),*" &0,1�$�%*2%$� �$���,Q,!�(&1.(,$��$((�H�/@&�,!&�
 ,1�"H&�,(�'�(�)&.$& &$,�),����� "!"C"$��!(&!�(�.��G G�
O!&� ,H$&�0,�>��>W75;;>7��@�Q�$GH ��3�&1�!.����$G#G�"$�!�
2,*,$&),$,�� &.!&1� �!(&!N� ;>9� "$�!� �:x�:x;�   I�

)"*%($��G!0�1,� J&�!� 1% �H� /@&�,!&� )�1G�� )�!(�
*�CGH(G�G$���1� /�&(,$ ,H(,�>� �,#&�� ),�� &.!&1� �!(&!�
Q�$GH �.G!0�N� I>�� )�#G$� 2&Q,�2&!$,1� 0&#&�,!&� .�',C� ),��
C"$,&(,$&!� (&�&3(�$�(� K=��L� �$(� (�)�1�� /@&�,!&�  /�&11&C�

C/.1/�( &$,� )�.1G$G� 0�,�&.&$� H&1,$$,� "!"C"$���� �!(&!�
(�.��G G�.%!%$ %H(%��K�,�(�!,��-&���1>N����;L>��&.!&$&�,!�
,!(&�!&(,� K�"�L� %*2%$� $��G� ,Q,!� (�.��$�!�!� �!(&!0&�
)&.$& &� '�((G� "$���1� &H0/@$& .&$� 0�$2�� 1G$�-%@� K���L�
)&.$& &.,� 1%$$�!G$ GH(G�>� �)�($��G� �9x�:x�>;��  I� "$�!�
*� ���!(&!N�I>�:5;�>9��@�-&�;:>;5;8��@�"$ �1�/@&�&�
,1,�3�&1�!.�)O$2&.,!0&�5;�0���$(G!0��),��*�!.G ��1�(.�*G.G�
&#�,.,!&� .�',C(,�>� ���,S� -&� ��1>� K���IL� ,.&N� I>�5W>8� �@�
& C&0�!.�)�!(�2&!,H$,#,!&�.�',C�),����� "!"C"$�*� ��
�!(&!� /@&�,!&� Q�$GH GH$��0G�>� D!&�,$&!� �!(&!�
��  x��  R$,1� )"*%(%*$�� ;>:�  � 1�$G!$G1(�� �"2&�.�
7����(,4��,��$((�HG�/@&�,!&�(�.��$�! GH(G�>��%!%!$��),�$,1(&N�
�!(&!,!� 1�@�!4G!G� ��(G� �1� /@&�&� �!(&!&� 3�&1�!.� .&Q,4,�
*/@&*� &1$&! ,H� "$%C� )%!%!� !&(,4&.,!0&� �!(&!� 1�@�!Q�
.&-,*&.,� �>:� 0�,R0&!� W>:� 0�,� .&-,*&.,!&� */1.&$ ,H(,�>�

!4�1N�&1$&!&!�3�&1�!.�.&Q,4,�*/@&*�,$&��!(&!�.,.(& ,!,!�
("C$� �)"*%($��G�0��:8x:8�  ��"$ %H(%�>�

&$&!&1.&$�  ,1�"H&�,(� �!(&!$&�N� 2&$&!&1.&$� "$���1� )�.1G�
0&-�&�1��(G�K=��L�(&1!,#,�,$&�/�&(,$ &1(&0,�>�
!4�1N�=���
/�&(, � (&1!,#,!0&� 2&�&1&!� $,("2��3,1� /�&(, � ,H$& ,!,!�
Q&-�&� 1,�$,$,#,� 0&@�-�!(�JG!G!� *�!G!0�� 1%$$�!G$�!� (,4��,�
�$((�H� K.%).(��(L� .�*G.G!G!� -&� O@&$$,1$&�,!,!� .G!G�$G� "$ �.G�
(�.��G � &.!&1$,#,!,� 1G.G($� �1(�0G�� K�$�!5�%h&@� -&�
�%�C'*5
�(&�2�����IL>��1$& &$,�, �$�(�"$���1�0��),$,!&!�
I�)"*%($%�KI�L�)�.1G�(&1!"$"J,.,N�0/H/1� �$,*&(N�'�3,3$,1N�
'G@$G� C�"("(,C$& &N� Q&-�&� 0".(%� /�&(, N� */1.&1� �$@& &�
1%$$�!G G� -&� 1�$GC� 2&�&1(,� & &.,� 2,),� �-�!(�J$��G�
!&0&!,*$&� '& � �1�0& ,1� '& � 0&� &!0/.(�,�
���H(G� �4G$��G!0�!� *"#%!� ,$2,� 2O� &1(&0,�>� I�� )�.1G�
(&1!"$"J,.,!,!� �!(&!� -&� 0,#&��  ,1�"0�$2�� ),$&H&!$&�,!,!�
/�&(, ,!0&1,�O!& ,�0&�2,0&�&1���( �1(�0G��K�J"�2���0�-&�
��1>� ��;8L>� � �� �� �!(&!$&�,!� /�&(, ,!0&� I�� )�.1G�
(&1!"$"J,.,!,!�1%$$�!G GN�$,("2��3,�(& &$$,�2&$&!&1.&$�)�.1G�
0&-�&� 1��(G� K=��L� (&1!,#,!&� 1G*�.$�� (�.��G � &.!&1$,#,!,N�
/�&(, � 1"$�*$G#G!GN� 1�� �HG1� 2&" &(�,$&�,!�
2&�Q&1$&H(,� &.,!,N� �*��$�!�),$,�� 0,&$&1(�,1� O@&$$,1$&�,� -&�
0�'�� Q&-�&4,� "$ �.G� 2,),� �-�!(�J$��G� 0�� )&��)&�,!0&�
.%! �1(�0G�� K�$�!5�%h&@� -&� �%�C'*5
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&1.(�/@*"!� !"@%$%� ���4G$G#G*$�� &�,(,$0,#,� -&� ,.(&!&!�
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���R0&�&!�.G1�1%$$�!G$�!� �$@& &$&�����.G!0���1�,$"!,(�,$�
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)"*%($%�  "!"C"$� *� �� �!(&!� (�.��G G� .%!%$ %H(%�>�
D!&�,$&!� �!(&!N� &H� 0/@$& .&$� 0�$2�� 1G$�-%@%� )&.$& &$,�
/Q2&!�H&1$,!0&�),��*� ��,Q&� &1(&0,�>�
!(&!,!�0,&$&1(�,1�
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)"*%(%� �>;W��x�>�7��x�>�;��� "$���1� )%$%! %H(%�>�
��.��$�!�!� �!(&!� �>85;I��@�Q�$GH �� 3�&1�!.� ���$G#G� ,$&�
(/ �$,.�!..G@����3�&1�!.�)O$2&.,!,�1�C.��1&!P��&@"!�!.�
3�&1�!.�!"1(�$��G�,.&�:�-&�;���@�"$���1�(&.C,(�&0,$ ,H(,�>�
��1., % �1�@�!Q�0&#&�,�:�0�,�"$�!��!(&!,!�(/ �Q�$GH ��
)�!0G�)"*%!4��GHG ��-&�, $,$,#,�\89R!,!�/@&�,!0&0,�>���

2. MATERYAL VE METOT

2.1. FDM 3D Baskı Tekn�ğ�

�%$$�K;W8�L�(���3G!0�!�.(&�"$,("2��3,�K	�
L�"$���1�),$,!&!�
),�� ./�&Q$&� 2&$,H(,�,$ ,H� "$�!� &1$& &$,� , �$�(� "$���1� 0��
),$,!&!� I�� )�.1G� (&1!"$"J,.,!0&N� 2/!/ /@&� 1�0��� 3��1$G�
,H$&-$&�&� .�',C� Q"1� Q&H,($,� (&1!,1$&�,� 2&$,H(,�,$ ,H(,�>�

 &�,1�!� �&.(� -&� ��$@& &� �"C$%$%#%� K
	��LR,!�
*�*G!$� GH�"$0%#%�.(�!0��(� ,$&�I��)�.1G� (&1!"$"J,.,�*&0,�
�$(�1�(&2"�,0&�.G!G3$�!0G�G$ GH(G��K
	��N���;�L>��

��$@& &� "$���1� 2&!&$$,1$&� (&� "C$�.(,1� C"$, &�$&�,!�
1%$$�!G$0G#G� -&� 1G.�4�� ����"$���1� ),$,!&!� &�,*,1� *G# ��
 "0&$$& &�K3%.&0�0&C".,(,"!� "0&$$,!2L�(&1!,#,N�I��)�.1G�
(&1!"$"J,.,!0&� &!� *�*2G!� 1%$$�!G$�!� (&1!,1$&�,!� )�HG!0��
2&$ &1(&0,�>��%�*O!(& 0&N�?&1,$�;R0&�2O.(&�,$0,#,�2,),�),��
(&� "C$�.(,1� C"$, &�0&!� "$%H�!� 3,$� &!(N� !"@%$0��
G.G(G$���1�*��G5.G-G�),��'�$0&� (%(%$%��-&���0G!0�!�C$�(3"� �
/@&�,!&� -&*�� O!4&0&!� )�.G$ GH� 1�( �!$��G!� /@&�,!&�
QG1��G$G�>� �%$$�!G$�!� 3,$� &!($&�,!� (&� "C$�.(,1� "$ �.GN�
)�.1G�.G��.G!0��),�����*��2&$ &.,!&�-&�)�.1G0�!�."!���"0��
.G4�1$G#G!0�� 1�(G$�H �.G!�� ,@,!� -&� &.,� �QG.G!0�!�
O!& $,0,�>��/H/1� �$,*&(N� */1.&1� 'G@� -&� ,H$& � )�.,($,#,�
���Y!,!� )�H$G4�� �-�!(�J$��G0G�>� �,#&�� *�!0�!N� @�*G3�
 &1�!,1� O@&$$,1$&�N� 1�( �!$G� 2O�/!/ N� 0/H/1� */@&*�
1�$,(&.,�-&�.G!G�$G�.�*G0��(&� "C$�.(,1� �$@& &�)%$%! �.G�
���Y!,!�)�H$G4��0&@�-�!(�J$��G0G�>��K�2"�-&���1>���;8L>�

�

Şek�l 1.�����I��)�.1G�(&1!,#,!,!�H& �(,1�2O.(&�, ,�

2.2. PLA Malzemes�n�n D�-elektr�k Katsayısının 
Bel�rlenmes�

/!/ /@0&� '& � (,4��,� '& � 0&� � �(O�� 1%$$�!G4G$���
(���3G!0�!�*"#%!�H&1,$0&�1%$$�!G$�!�����(,C,�*�@G4G$��0��
&!� *�*2G!� 1%$$�!G$�!�  �$@& &$&�,!� )�HG!0�� 2&$&!� =�
N�
*&!,$&!&),$,�� 1�*!�1$��0�!� &$0&� &0,$ ,H� -&� ),*"$"J,1�
"$���1�C��Q�$�!�),$&!�."!�0&�&4&�1%$$�!GH$G�),��C"$, &�0,�>�
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O!& $,�&(1&!$&�0&!�),�,.,0,�>��,(&��(/�0&�=�
� �$@& &.,�
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),�$,1(&N� ��� 0&#&�,�  �$@& &!,!� (/�/!&� )�#$G� "$ �1$��
)&��)&�� 3�&1�!.N� 0"$%$%1� */@0&.,N� 0"$2%� 2&" &(�,.,N�
.G4�1$G1�-&�!& �2,),�3�1(O�$&�&�0&�)�#$G0G�>��%�.&)&C$&N�I��
)�.1G*$�� /�&(,$&!� 0,5&$&1(�,1$&�0&N� 0�'�� 1�� �HG1� ),��
(�.��G G� /�&( &0&!� O!4&�  �$@& &!,!� 0,5&$&1(�,1�
O@&$$,1$&�,!,!� O$Q/$ &.,� O!& $,0,�>� �,5&$&1(�,1�
 �$@& &$&�,!�  �$@& &� 1���1(&�,@�.*"!%� ,Q,!� 0�$2��
1G$�-%@$��GN� )"H$%1� �&@"!�(O�$&�,� -&� 1"�1.,*&$� C�")$��G�
,Q&�&!�Q&H,($,�(&1!,1$&��1%$$�!G$�),$ &1(&0,��K�'&!�-&���1>�
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�%� Q�$GH �0�� 1%$$�!G$�4�1� "$�!� 4"$"��
))� =�
�
 �$@& &.,!,!� 0,5&$&1(�,1� O@&$$,1$&�,!,� )&$,�$& &1� ,Q,!�
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1G$�-%@%�,$&(, �'�((G�*O!(& ,�1%$$�!G$ GH(G�>��

Şek�l 2.�Z5)�!0�0,5&$&1(�,1�O@&$$,1�O$Q/ �0/@&!&#,�

?&1,$0&� 2O�/$0/#/� 2,),� ,1,� C"�($%� -&1(O�� �#� �!�$,@O�/�
K��
L� 1"�1.,*&$� 1�)$"$��� ,$&� E�5W�� Z5)�!(� 0�$2��
1G$�-%@%��0�C(O�$&�,!&�)�#$�! GH(G�>�I��*�@G4G�,$&�/�&(,$&!�
=�
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C��� &(�&$&�,� K	;;� -&� 	�;L� )&$,�$&!,�>� �$0&� &0,$&!� .5
C��� &(�&$&�,� �,4'"$."!� �"..�E&,�� K��EL� *�1$�HG G!��
2O�&�,H$&!&�&1� �$@& &!,!�0,5&$&1(�,1�O@&$$,1$&�,�)%$%!%�>�
A�$GH �0�� 1%$$�!G$�!�  �(� )&*�@� �&!1$,� 4"$"��
))� =�
�
,Q,!�*�CG$�!�O$Q/ $&�0&!�0,5&$&1(�,1�.�),(,!,!�2&�Q&1�1G. G�
K�RL�Z5)�!0G�)"*%!4���>8��.&-,*&$&�,!0&�"$ %H(%�>��
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3. 3D UGB YAMA ANTEN TASARIMI

�,1�"H&�,(��!(&!$&��,Q,!�2&!,H�)�!(�& C&0�!.�%*% %N�Q"1�
*O!$/� GHG ��O�/!(/./N� 1" C�1(� (�.��G �-&�0/H/1�/�&(, �
 �$,*&(,�&!�O!& $,�(�.��G �C��� &(�&$&�,0,�>��%�Q�$GH �0��
O!&�,$&!� I�� )�.1G$G� ��� *� �� �!(&!� ?&1,$� IR0&�
2O.(&�,$ ,H(,�>��

�

K�L�

�

K)L�

Şek�l 3.�I��)�.1G$G����*� ���!(&!,!�K�L�/.((&!�K)L�C&�.C&1(,3�
2O�/!/ /�

�� �� �!(&!$&�,!� )"*%($��GN� �$(� 1&., � 3�&1�!.G� KfLLN�
�&@"!�!.�3�&1�!.G�KfrLN�1���1(&�,.(,1�& C&0�!.�K�"L�-&�)�#G$�
0,&$&1(�,1� 2&Q,�2&!$,1� K��L� 2,),� C��� &(�&$&�&� )�#$G0G��
K��2N� ���;L>� �"C$� � )"*%(%� ��>9x�8>7x;�   I� "$�!�
�!(&!,!N�&$&1(�,1.&$�)"*%(%�,.&��>�7��x�>;W��x�>�;��R0,�>�
��#G$� 0,&$&1(�,1� 2&Q,�2&!$,#,� K��L� �>8�� "$�!� =�
R!G!�
1%$$�!G$0G#G� �!(&!,!� �$((�HG� K.%).(��(LN� �$@& &� (�.���%3%�
-&� ,$&(1&!� 1G.G $��G� "$%H(%�%�1&!� , �$�(� 1"$�*$G#G�
�QG.G!0�!� 1�( �!$G� "$���1� (�.��$�! GH(G�>� �/1.&1� )�!(�
2&!,H$,#,� �-�!(�JG� .%! �.G� .&)&),*$&� &H� 0/@$& .&$� 0�$2��
1G$�-%@� K���L�)&.$& &.,!,!�1%$$�!G$0G#G��!(&!0&N� GHG*G4G�
"$���1�0�� "!"C"$�/Q2&!�*� ��1%$$�!G$ GH(G�>�&!,H�)�!(�
&H$&H &.,!,� .�#$� �1� ,Q,!� )&.$& &� '�((G!G!�1���1(&�,.(,1�
& C&0�!.G� 	, "!.� K����LR%!� .%!0%#%� (�.��G �
&H,($,1$&�,!&� 2O�&� '&.�C$�! GH(G�>� 
*�G4�N� 2&!,H� )�!(�
& C&0�!.� %*% %!%� ��(G� �1� ,Q,!� &H� 0/@$& .&$� 0�$2��
1G$�-%@� )&.$& &� ,$&(, � '�((G!G!� '&�� ,1,� *�!G!0�1,� ("C��1�
0/@$& $&�,N�0,10O�(2&!�*&�,!&�2&!,H$,#,�0���$�!�0,1�*� %1�
H&1$,!0&�(�.��$�! GH(G�>�D!&�,$&!��!(&!,!�(�.��G �)"*%($��G�
��)$"�;R0&��*�G!(G$G�"$���1�-&�,$ ,H(,�>�

Tablo 1.�I��)�.1G$G����*� ���!(&!�)"*%($��G�K  L�

Ws Ls Wf Lf Wg0 Wg1

��>9� �8>7� ;>9� ;�� W>�� W>��

Lg Wp Lp hs1 hs2 �

;;>8� ;8>9� ;:>�� �>9� �>I� �

4. 3D UGB YAMA ANTENİN ÜRETİMİ VE ÖLÇÜM 
SONUÇLARI

�%� Q�$GH �0�� (�.��$�!�!� ��� *� �� �!(&!,!� �$(� (�)�1��
/�&(, ,!0&�?&1,$��R0&�2O.(&�,$&!��$(, �1&���y�I��*�@G4G.G�
1%$$�!G$ GH(G�>� � �$(, �1&�� �y� I�� *�@G4G.G!G!� )�.1G�
O@&$$,1$&�,���)$"��R0&�-&�,$ ,H(,�>�

Şek�l 4.��$(, �1&���y�I��*�@G4G.G�

Tablo 2.��$(, �1&���y�I��*�@G4G.G�)�.1G�O@&$$,1$&�,�

��.1G�(&1!"$"J,.,� �����

��.1G�'�4 ,�K  IL� ��I�T�����T���:�

�*% $%�3,$� &!(�Q�CG�K  L� �>8:�

��( �!�QO@/!/�$/#/�Kj L� ��57���

�"@@$&�Q�C$��G�K  L� �>�:N��>�N��>7N��>8�

��.1G�%4%�.G4�1$G#G�Ki�L� ;8�5�7��

��.��$�!�!����*� ���!(&!,!�C&�3"� �!.�,!4&$& &.,�,Q,!�
2&�&1&!�C�"("(,C,N��>8:�  � �(�)&*�@��&!1$,�=�
�3,$� &!(�
,$&�9�  �.�)�.1G�'G@GN��>;:  �1�( �!�1�$G!$G#G�-&��>�  �
!"@@$&� ,$&� /�&(,$ ,H(,�>� =�"("(,C� "$%H(%�%�1&!� ,$1� "$���1N�
., /$�.*"!�C�"2�� G!0��"$%H(%�%$�!� "0&$�X>	��X�0".*��
3"� �(G!0��0GH���1(��G$G�>�	"!��.G!0��X>	��X�%@�!(G$G�Q,@, �
�$(, �1&�� �%��� *�@G$G G*$�� I�� *�@G4G� ,Q,� U>24"0&V�
3"� �(G!�� 0O!/H(/�/$/�>� �$(, �1&�� �y� I�� *�@G4G.G� ,$&�
"$%H(%�%$�!� �!(&!� �$(� (�)�1�.G!�� *�CGH1�!� )�1G�� )�!(�
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�

Şek�l 5.�I��)�.1G$G�����!(&!,!�*� ���!(&!�C�"("(,C,�

+�&(, ,� (� � $�!�!�I��)�.1G$G����*� ���!(&!,!�2&�,�
0O!/H� 1�*)G� K.;;L� O$Q/ /N� ;����@� c� �I>:� �@� O$Q/ �
���$G#G!��.�',C��&*.,2'(�=�
��:���
�-&1(O���#��!�$,@O�/�
K��
L� ,$&� *�CG$ GH(G�>� D!&�,$&!� ��� *� �� �!(&!,!�
., /$�.*"!� -&� O$Q/ � 2&�,� 0O!/H� 1�*GC$��G!G!�
1��HG$�H(G� �$G� 2��3,1$&�,� ?&1,$� 7R0�� 2O.(&�,$ ,H(,�>� 	;;�
., /$�.*"!�2��3,1$&�,!0&!�2O�/$&4&#,�/@&�&�O!&�,$&!����
�!(&!,!� 5;�� 0�� & C&0�!.� )�!(� 2&!,H$,#,� �>9:5;I� �@�
���$G#G!0��,1&!N�O$Q/ �)�!(�2&!,H$,#,!,!�0&�I>�:5;�>W��@�
���$G#G!0�� "$0%#%� 2O�/$ &1(&0,�>� �%!%!$�� ),�$,1(&N�
., /$�.*"!�."!%Q$��G!��2O�&�:��@�-&�;;>8��@R0&� ,1,�
�&@"!�!.�3�&1�!.G!��.�',C��!(&!,!�O$Q/ $&�0&�,.&�I>8N�:>�N�
W�-&�;;>7��@�3�&1�!.$��G!0��"$ �1�/@&�&�0O�(��&@"!�!.�
!"1(�.G� )%$%! �1(�0G�>� &!&$� "$���1� 2&�,� 0O!/H� 1�*)G�
2��3,1$&�,� ,!4&$&!0,#,!0&� ,.&N� I�� )�.1G$G� ��� *� ��
�!(&!,!� ., /$�.*"!�-&�O$Q/ �."!%Q$��G� �QG.G!0�!� ,*,�),��
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Tablo 3.�D!&�,$&!�I���!(&!,!� &-4%(����*� ���!(&!$&��,$&�1��HG$�H(G� �.G�
Referanslar Alttaş türü Bant gen�şl�ğ� (GHz) Anten 

boyutları (mm)
Anten 
boyutları (λL)

Kazanç (dB�)

Verma ve Kumar (2014) ��5�� �>W5;;� ��x��x;>7� �>I8x�>I8� �>�c�>W�
Sawant ve Kumar (2015) ="$*� ,0&� I>;5;�>9� :;x7Ix;>:I� �>:�x�>7:� 5�
Toktas ve ark. (2016) ��5�� �>75;8>�� �IxI;x;>7� �>�x�>�9� �>�5�>:�
Peram ve ark. (2019) ��5�� I>�c;�>�� I�xI�x;>7� �>I�x�>I�� �>�5�>7�
Yadav ve ark. (2020) �&�!� �>W5;;>7� �:x�:x;� �>��x�>��� �5:>9�
K�rtan�a ve ark. (2021) =��� I>��c;�>9�-&�;:>�c;8� �9x�:x�>;�� �>�9x�>�7� ;5:>9�
Tar�q ve ark. (2023) �"2&��7���� I>�5W>W� ��xI�x;>:�� �>�:M�>I�� ;>:5�>:�
Bu çalışma =�
� �>9:5;I� ��>9x�8>7x;� �>;WM�>�7� ;>85:>:�
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5. SONUÇ
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3�&1�!.$��0�� Q"1� *O!$/� ),�� GHG �� .�#$�0G#G!G� "�(�*��
1"* %H(%�>� 
!(&!,!�  �1., % � 1�@�!Q� -&� GHG ��
-&�, $,$,#,�0&�Q�$GH ��)�!0G�)"*%!4��0&#&�$&!0,�,$ ,H�-&�
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/�&(, ,!0&� 1%$$�!G$�),$,�$,#,!,� -&� (�.��G � &.!&1$,#,!,�
-%�2%$� �1(�0G�>� D!&�,$&!� �!(&!� (�.��G GN� 2&!,H� )�!(�
1�)$".%@� ,$&(,H, � .,.(& $&�,� ,Q,!� %*2%!N� 1" C�1(� -&�
*/1.&1� C&�3"� �!.$G� ),�� QO@/ � .%! �1(�0G�>�&$&4&1(&N�
)%� (&1!"$"J,� /@&�,!0&� *�CG$�!� Q�$GH �$��G!N� 1�)$".%@�
,$&(,H, �.,.(& $&�,!,!�0�'��0��2&$,H &.,!&�1�(1G�.�#$� �.G�
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2.3. Normal�ze Ed�lm�ş Fark B�tk� Örtüsü İndeks� 
(NDVI)
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2.4. Normal�ze Ed�lm�ş Fark Su İndeks� (NDWI)
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�H�#G0�1,�2,),0,��K�L>�

���������������������������������������K�L�

2.5. Normal�ze Ed�lm�ş Fark Yerleş�m Alanı �ndeks� 
(NDBI) ve Şeh�r İndeks� (UI)

����N� %@�1(�!� �$2G$� �� 2O�/!(/$&�,!0&!� 1&!(.&$�
�$�!$��0�!� 2&Q,�, .,@� */@&*$&�,� (&.C,(� &( &1� ,Q,!�
1%$$�!G$�),$,�� K�&)&0&� -&� ��1>� ����L>� ����N� 1G.�� 0�$2��
1G@G$O(&.,� K	E��;L� ,$&� *�1G!� 1G@G$O(&.,� K���L� 3��1G!G� -&�
"��!G!G�1%$$�!G��KIL>�

���������������������������������������KIL�

��N� %@�1(�!� �$2G$� ��2O�/!(/$&�,!0&!�1&!(.&$� �$�!$��0�!�
2&Q,�, .,@� */@&*$&�,� (&.C,(� &( &1� ,Q,!� 1%$$�!G$�),$,��
K��F� %��� -&� ��1>� ;WW7L>� ����N� 1G.�� 0�$2�� 1G@G$O(&.,�

K	E���L� ,$&� *�1G!� 1G@G$O(&.,� K���L� 3��1G!G� -&� "��!G!G�
1%$$�!G��K�L>�

��������������������������������������������K�L�

2.6. Otsu Yöntem�

�(.%�*O!(& ,N�&H,1�0&#&�,�"(" �(,1�"$���1�)&$,�$&*&!�),��
(&1!,1� "$%CN� '&�'�!2,� ),�� 2O�/!(/� ,Q,!� ), "0�$�
',.("2�� 0�� .G!G3� ,Q,� -��*�!.G� �K L�  �1., ,@&� &0&��
K�G$ �@� ���IL>� �(.%� *O!(& ,N� ),�� 2O�/!(/� ,Q,!� 2�,�
.&-,*&$&�,�1%$$�!���1�Q�$GHG��K�(.%�;W9WL>�	G!G3$�����*G� ��
,H$& ,�2&�Q&1$&H(,�,$,�1&!�(/ �&H,1�0&#&�,�,Q,!��*�G�.G!G3�,Q,�
-&*��.G!G3����.G�-��*�!.�0&#&�,!,�'&.�C$��N�.G!G3�,Q,�-��*�!.�
0&#&�,� &!� 1/Q/1� "$�!� 0&#&�� ,$&� &!� %*2%!� &H,1� 0&#&�,!,�
)&$,�$&��K��*2G.G@�-&�A�1G������L>�

3. BULGULAR

	&!(,!&$5��� 2O�/!(/$&�,N� �	
� F&)� .�*3�.G!0�!� (& ,!�
&0,$ ,H(,��K�	
����IL>��%$$�!G$�!�2O�/!(/$&�N��;��.&�,.,�
"$0%#%!0�!� -&� �( ".3&�,1� 0/@&$( &$&�,� *�CG$ GH� '�$0&�
.%!%$ %H� "$0%#%!0�!� O!� ,H$& &� �H� �.G!0�� *�$!G@4��
2O�/!(/$&��1&.,$ ,HN������-&����%*2%$�!G�1&!�1%$$�!G$�!�
���� )�!(G;��  N� 	E��;� -&� 	E���� )�!($��G� ���  �
QO@/!/�$/1$/�"$ �.G!0�!�0"$�*GN� )%�"��!$� �� (&1!,1$&�,�
%*2%$�!G�1&!� 1%$$�!G$�!� ���� )�!(G� ���  R*&� *&!,0&!�
O�!&1$& &�,H$& ,�%*2%$�!���1�1%$$�!G$ GH(G�>�K?&1,$��L>�;��
 &(�&�QO@/!/�$/#&�.�',C�*&H,$�-&�����)�!($��G�1%$$�!G$���1�
��E��)�!(�"��!$� ��(&1!,#,�%*2%$�! GH(G��K?&1,$�IL>�
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Şek�l 3.���E��'��,(�.G�

�

	%� 
$�!$��G� -&� �,#&�� 
$�!$��� "$ �1� /@&�&� ,1,� .G!G3�
"$%H(%�%$ %H(%�>� 	G!G3$��� "$%H(%�%$%�1&!� 1%$$�!G$�!� &H,1�
0&#&�,��(.%�*O!(& ,�,$&��>�9�"$���1�(&.C,(�&0,$ ,H(,�>��(.%�

*O!(& ,�%*2%$�!0G1(�!�."!���&$0&�&0,$&!���E��'��,(�.G�
H&1,$0&�.%!%$ %H(%��K?&1,$��L>�
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��E��*O!(& ,�,$&�)&$,�$&!&!�.%��$�!G�;��9��C,1.&$�"$%C�
;>��1 ��0,�>�;�� &(�&�QO@/!/�$/#&�.�',C�1G� G@G�-&�����

)�!($��G� 1%$$�!G$���1� ����� )�!(� "��!$� �� (&1!,#,�
%*2%$�! GH(G��K?&1,$�:L>��
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Şekil 5.������'��,(�.G�

	G!G3$��� "$%H(%�%$%�1&!� 1%$$�!G$�!� &H,1� 0&#&�$&�,� �(.%�
*O!(& ,� (&.C,(� &0,$ ,H(,�>� 	%�
$�!$��GN� �&�$&H, � -&� )"H�
�$�!$��N�.&*�&1�),(1,�O�(/./N�"�(��*"#%!�),(1,�O�(/./N�*"#%!�
),(1,�O�(/./�"$ �1�/@&�&�)&H�.G!G3�"$%H(%�%$ %H(%��K��)$"�
�L>��(.%�*O!(& ,�%*2%$�!0G1(�!�."!���&$0&�&0,$&!������
'��,(�.G�H&1,$0&�.%!%$ %H(%��K?&1,$�7L>������*O!(& ,�,$&�
(&.C,(�&0,$&!�.G!G3$�����)$"�IR(&�.%!%$ %H(%�>

Tablo 2.������.G!G3$��G����$G1$��G�
Sınıf NDVI Aralığı
	%�
$�!G� k�>��9�
�"H�
$�!� �>��95��>;:�W�
	&*�&1��,(1,�D�(/./� �>;:�W5��>�8;8�
��(���"#%!$%1$%��,(1,�D�(/./� �>�8;85�����I�
�"#%!��,(1,�D�(/./� �>���I5��N7�W;I�
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Tablo 3. �����.G!G3�C,1.&$�.�*G$��G�-&�
$�!$��
Sınıf Piksel Sayısı Alan (km2)
	%� ;9;W�� ;>9;�
�&�$&H, �-&��"H��$�!$��� ��:7W�� ��>:�
	&*�&1��,(1,�D�(/./� ;W��II� ;W>��
��(���"#%!$%1(���,(1,�D�(/./� ;�:9�7� ;�>:�
�"#%!��,(1,�D�(/./� �WWI9;� �W>WI�

���  &(�&� QO@/!/�$/#&� *&!,0&!� O�!&1$&!&!� ���� -&� ���
 &(�&� QO@/!/�$/1$/� 	E��� )�!($��G� 1%$$�!G$���1� �����
)�!(�"��!$� ��(&1!,#,�%*2%$�! GH(G��K?&1,$�9L>��&!(��$�!G�
-&� 0,#&�� �$�!$��� "$ �1� /@&�&� ,1,� .G!G3� "$%H(%�%$ %H(%�>�
	G!G3$��� "$%H(%�%$%�1&!� 1%$$�!G$�!� &H,1� 0&#&�$&�,� �(.%�
*O!(& ,�,$&��>�I;��"$���1�(&.C,(�&0,$ ,H(,�>��(.%�*O!(& ,�
%*2%$�!0G1(�!� ."!��� &$0&� &0,$&!� ����� '��,(�.G� H&1,$0&�
.%!%$ %H(%��K?&1,$�8L>�
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���  &(�&� QO@/!/�$/#&� *&!,0&!� O�!&1$&!&!� ���� -&� ���
 &(�&� QO@/!/�$/1$/� 	E��� )�!($��G� 1%$$�!G$���1���� )�!(�
"��!$� �� (&1!,#,� %*2%$�! GH(G�� K?&1,$� WL>� 	G!G3$���
"$%H(%�%$%�1&!�1%$$�!G$�!�&H,1�0&#&�$&�,��(.%�*O!(& ,�,$&�

�>�:�"$���1�(&.C,(�&0,$ ,H(,�>��(.%�*O!(& ,�%*2%$�!0G1(�!�
."!��� &$0&� &0,$&!����'��,(�.G� H&1,$0&� .%!%$ %H(%�� K?&1,$�
;�L>������*O!(& ,�,$&�)&$,�$&!&!�1&!(��$�!G���N8�1 �N����
*O!(& ,�,$&�)&$,�$&!&!�1&!(��$�!G�;WN91 ��0,�>�
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Şek�l 9.����'��,(�.G�
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Şekil 10.��(.%�%*2%$�! GH����'��,(�.G�

�����-&����*O!(& $&�,�,$&�)&$,�$&! ,H�1&!(��$�!G�-&�0,#&��
�$�!$��G!�C,1.&$�.�*G$��G���)$"��R0&�.%!%$ %H(%�>�;����0&(�
1"!(�"$�!"1(�.G� ,$&�'�(�� �(�,.$&�, "$%H(%�%$ %H(%�� K?&1,$�
;;L>�

Tablo 4.������-&����.G!G3�C,1.&$�.�*G$��G�
Yöntem Kent Alanı Piksel Sayısı Diğer Alanlar 

Piksel Sayısı
����� :9���� �;99:8�
��� �WI�8� ��:�W:�
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Şekil 11.���(����(�,.$&�,�

��(��  �(�,.,� /@&�,!0&� 0"#�%$%1� 0"#�%� ),Q, 0&�
.G!G3$�!0G�G$ GH� C,1.&$$&�,!� ("C$� � .�*G.G!G!� K1OH&2&!�
("C$� GL� 1"!(�"$� !"1(�$��G!G!� ("C$� � .�*G.G!��
)O$/! &.,*$&�&$0&�&0,$,�� K��-��4G���;;L>���(�� �(�,.$&�,�
/@&�,!0&!� *�CG$�!� 0"#�%$%1� �!�$,@$&�,� ��)$"� :R0&�
.%!%$ %H(%�>�

Tablo 5.�&!&$�0"#�%$%1$���-&�1�CC��0&#&�$&�,�
Yöntem Genel doğruluk Kappa değeri
����� \W;� �>87�
��E�� \WW� �>8:�
����� \8W� �>9�;�
��� \W�� �>988�

�%$$�!G$�!� (/ � *O!(& $&�� */1.&1� 0"#�%$%1$%� ."!%Q�
-&� ,H(,�>���E��-&������*O!(& $&�,�,$&�(&.C,(�&0,$&!�.%�
�$�!$��G� ),�),�,!&� Q"1� *�1G!0G�>� �"#�%$%1� �!�$,@,!0&�
1%$$�!G$�!� ;��� �0&(� 1"!(�"$� !"1(�.G!G!���E�� -&������
0&#&�$&�,� ���.G!0�� $,!&&�� ),�� ,$,H1,� -��0G�N� 1"�&$�.*"!�
1�(.�*G.G���N��>88:R0,��K?&1,$�;�L>��

�����*O!(& ,�,$&�(&.C,(�&0,$ ,H�*&�$&H, �-&�0,#&���$�!$���
.G!G3$��G� ,$&����*O!(& ,� ,$&� (&.C,(� &0,$&!�1&!(� �$�!G� .G!G3G�
%*% $%0%�>������*O!(& ,�,$&�(&.C,(�&0,$ ,H�),(1,�O�(/./�
�$�!$��G�,.&N����*O!(& ,�,$&�(&.C,(�&0,$&!�0,#&���$�!$���.G!G3G�
,$&� %*% $%0%�>� �"#�%$%1� �!�$,@,!0&� 1%$$�!G$�!� ;��� �0&(�
1"!(�"$� !"1(�.G!G!� ��� -&� ����� 0&#&�$&�,� ���.G!0�1,�
1"�&$�.*"!�1�(.�*G.G���N��>9I;�"$%CN�0�#G$G $��G�H&1,$0&1,�
2,),0,��K?&1,$�;IL>��

�����*O!(& ,�,$&�(&.C,(�&0,$ ,H�1&!(��$�!G�-&�0,#&���$�!$���
.G!G3$��G�,$&����*O!(& ,�,$&�(&.C,(�&0,$&!�1&!(��$�!G�-&�0,#&��
�$�!$��� .G!G3$��G� %*% $%0%�>� �"#�%$%1� �!�$,@,!0&�
1%$$�!G$�!� ;��� �0&(� 1"!(�"$� !"1(�.G!G!� ��� -&� �����

0&#&�$&�,����.G!0�1,�1"�&$�.*"!�1�(.�*G.G���N��>W���"$%CN�
0�#G$G $��G�H&1,$0&1,�2,),0,��K?&1,$�;�L>��

�����*O!(& ,�,$&�(&.C,(�&0,$ ,H�*&�$&H, �-&�0,#&���$�!$���
.G!G3$��G�,$&������*O!(& ,�,$&�(&.C,(�&0,$&!�1&!(��$�!G�.G!G3G�
%*% $%0%�>������*O!(& ,�,$&�(&.C,(�&0,$ ,H�),(1,�O�(/./�
�$�!$��G� ,.&N������*O!(& ,�,$&�(&.C,(�&0,$&!�0,#&���$�!$���
.G!G3G� ,$&�%*% $%0%�>��"#�%$%1��!�$,@,!0&�1%$$�!G$�!�;���
�0&(� 1"!(�"$� !"1(�.G!G!� ����� -&� ����� 0&#&�$&�,�
���.G!0�1,�1"�&$�.*"!�1�(.�*G.G���N��>8�8�"$%CN�0�#G$G $��G�
H&1,$0&1,�2,),0,��K?&1,$�;:L>�
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Şekil 13.����c������0�#G$G �2��3,#,�
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Şekil 14.����c������0�#G$G �2��3,#,�
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Şekil 15.������c������0�#G$G �2��3,#,�

4. TARTIŞMA VE SONUÇ

�&*'�!N� A%1%�"-�R0�� (��G .�$� 3��$,*&($&�� �QG.G!0�!� ."!�
0&�&4&� O!& $,� ),�� 1"!% 0�� *&�� �$ �1(�0G�>� �%� !&0&!$&�

(��G .�$� 3��$,*&($&�,!N� .%� �$�!$��G!G!� -&� *&�$&H, �
)O$2&$&�,!,!� (�1,),� )/*/ � O!& � (�HG �1(�0G�>� ���G .�$�
3��$,*&($&�,!� 2O@$& $&! &.,� -&� *O!&(, ,� �QG.G!0�!N�
%@�1(�!� �$2G$� �� (&1!,1$&�,� ����� )&$,�$& &�
Q�$GH �$��G!0��)/*/1�),��O!& &�.�',C(,�>��

�%� Q�$GH �0�N� ��� ��@,��!� ���I� (��,',!0&� �$2G$�! GH�
	&!(,!&$5��� %*0%� -&�,$&�,� 1%$$�!G$���1� �&*'�!� ,$Q&�
 &�1&@,�-&�Q&-�&.,!0&�����Y!,!�)&$,�$&! &.,�,Q,!���E�N�
����������-&����)�!(�"��!$� �� (&1!,1$&�,�1%$$�!G$ GH�
-&�0"#�%$%1��!�$,@,�*�CG$ GH(G�>��

	%� �$�!$��G!G� (&.C,(� &( &1� ,Q,!� ��E�N� ),(1,� O�(/./�
�$�!$��G!G� (&.C,(� &( &1� ,Q,!� ����N� *&�$&H, � �$�!$��G!G�
(&.C,(� &( &1� ,Q,!������ -&���� *O!(& ,� (&�4,'� &0,$&),$,�>�
A�$GH ���$�!G!G!�*&�$&H, ��$�!GN�),(1,�O�(/./��$�!$��G�-&�.%�
*�CG$��G�,Q&� &.,�!&0&!,*$&�(/ �*O!(& $&��%*2%$�! GH(G�>�

�"#�%$%1� ."!%Q$��G� 2O@� O!/!&� �$G!0G#G!0�N� (/ � )�!(�
"��!$� �� (&1!,1$&�,� */1.&1� 0"#�%$%1$%� ."!%Q$���
.%! �1(�0G�>� ��!(� "��!$� �� (&1!,1$&�,!0&!� &$0&� &0,$&!�
."!%Q$���),�),�,�,$&�%*% $%0%�>����,!0&1.,�	E����)�!0G!G�
1%$$�!G�1&!������	E��;�)�!0G!G!�1%$$�!G��K�'��-&���1>�
���IL>� ��N� ����� *O!(& ,!0&!� 0�'�� */1.&1� 0"#�%$%1$%�
."!%Q� -&� ,H(,�>� �,(&��(/�0&1,� Q�$GH �$��0�� &$0&� &0,$&!�
."!%Q$��$��%*% $%�"$0%#%�2O�/$ &1(&0,�>�D@(/�1�K����LN�
	&!(,!&$5�
� -&� ��!0.�(� W� ���� 2O�/!(/$&�,� /@&�,!0&� ���
*O!(& ,!,!� ����� *O!(& ,!0&!� 0�'�� */1.&1� 0"#�%$%1�
.�#$�0G#G!G�(&.C,(�&( ,H(,�>��

�'"�.',0�K��;7LN�'& �*&�$&H, ��$�!$��G�'& �0&�)"H��$�!$���
,Q,!� )�!(� "��!$� �� (&1!,1$&�,� 1%$$�! GH� ��� *O!(& ,!,!N�
����� *O!(& ,!0&!� 0�'�� */1.&1� 0"#�%$%1� .�#$�0G#G!G�
(&.C,(� &( ,H(,�>� 	E��;� -&� 	E���� )�!($��G� ���  &(�&�
QO@/!/�$/1$/0/�>��%�!&0&!$&����-&������)�!(�"��!$� ��
(&1!,1$&�,� 1%$$�!G$G�1&!� ���� )�!0G� ;��  &(�&0&!� ���
 &(�&*&�*&!,0&!�O�!&1$&!&�&1�1%$$�!G$ GH(G�>��$0&�&0,$&!�
����� -&���� '��,(�$��G� ��� &(�&� QO@/!/�$/1$/0/�>� ��'��
0/H/1�QO@/!/�$/1$/�'��,(��&$0&�&0,$ &.,�0&�)%�*O!(& $&�,!�
0&@�-�!(�JG0G�>� ��E�� *O!(& ,� Q"1� */1.&1� 0"#�%$%1$%�
."!%Q� -&� ,H(,�>� �$0&� &0,$&!� )%� ."!%Q� $,(&��(/�0&1,�
Q�$GH �$��$��%*% $%0%��K��*��-&���C$�!����;P��&"$,�-&�
��1>� ����L>� ����� *O!(& ,� */1.&1� 0"#�%$%1� .�#$� GH�
"$%CN� .�#$�0G#G� 0"#�%$%1� $,(&��(/�0&1,� Q�$GH �$��$��
%*% $%0%��KD@0��G4G���;�L>������*O!(& ,�,$&�)&$,�$&!&!�
.G!G3� .�*G.G� 0,#&�� (&1!,1$&�0&!� 0�'�� 3�@$�0G�� )%� 0%�% N�
0"#�%$%1�0&#&�,!,�0/H/�&!�),��3�1(O�0/�>�
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Nutrient Content, Antioxidant Properties and Potential Health Benefits of 
Avocado (Persea americana Mill.)
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