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�;�	z,Q�3+-�6+:3	<:,	6;�	W:���16+8�	2�3�Q�T�36	:<	*+6�,�,7	{:,>-	?zO|5*@	
1:3B016�B	,�-��,1;	:3	�::>-	�3B	,��B�,-;+4	+3	Z,��1�	B0,+3Q	HLH
EHLHH�	�;�	<+3B+3Q-	

�����������������������������������������������������������
D	U6	+-	3:6�B	6;�6	6;�7	B+B	3:6	��3B	�::>-�	
K	O�8�3	�+�,�,+�-	B+B	3:6	��3B	�::>-�	
C	U3	HL
IJ	5�X5�=U�	P�-	��:�+-;�BJ	�3B	���	+6-	,�-4:3-+�+�+6+�-	�3B	�--�6-	P�,�	6,�3-<�,,�B	6:	6;�	[����3+1	}:03B�6+:3	:<	W0�60,��	

L	A�-��,1;	1:T4+��B	�7	6;�	=::>	z�-�,8�6:,7	:<	5�X5�=U�	+3B+1�6�B	6;�6	Z,��>	;:0-�;:�B	-4�3B+3Q	:3	�::>-	�6	10,,�36	4,+1�-	
,��1;�B	~FCC�I	T+��+:3	+3	
CCCJ	1:T4�,�B	6:	~HH
�N	T+��+:3	+3	
CCIJ	~FC	T+��+:3	+3	
CKKJ	�3B	S0-6	~F�
	T+��+:3	+3	
CDI�	�;+-	T��3-	
6;�6J	+3	
CCCJ	Z,��>	;:0-�;:�B-	-4�36	:3	�8�,�Q�	
HN	6+T�-	T:,�	�6	10,,�36	4,+1�-	�3B	<:0,	6+T�-	T:,�	�6	1:3-6�36	4,+1�-	:3	
�::>	40,1;�-�-	6;�3	+3	
CDI�	{;�3	40��+1	-4�3B+3Q	:3	�::>-	+-	<�16:,�B	+3J	6;�	6:6��	�R4�3B+60,�	:3	�::>	40,1;�-�-	+3	
CCC	
�T:036�B	6:	~IIC�N	T+��+:3�	�;�	Z,��>	-6�6�	���:1�6�B	�44,:R+T�6��7	~ML�H	T+��+:3	<:,	�::>	�1�0+-+6+:3-	6;�6	7��,J	:<	P;+1;	~HL	
T+��+:3	P�-	-4�36	:3	40,1;�-�-	<:,	40��+1	�+�,�,+�-	:<	���	674�-�	



��������
�

�������	
����
��
��
������	����
����
�������������
���	����
�����
���������
���	���

��������	
���
���
����������
������������
�����
��
���
 ���
��������	
!�����
�������	
"�

�������
��	
��� �
��������
����
����"��
	����������
�"�����	
"���	
��
!��	���
#��
���	� ��

�������
���������	
���	��!
��"����
������������
� ��!
����!
������
��	
���������
���	����


$�
���
����
��
���
 �������� �
�����%� �����
��������	
��
������
�	�������	
��

���	����
����!�
����
	���
���
�����������
��	�����
�������������
��
���	��!
����������
��
"���

���"�
&'���������
()((*
+�+,-�
.�������
"���
���"�
��	
	����������
�"���
"����
����

"��� �
���������!��
��������
#�	���
��"���
��	
 ��������
��"�������
"���������
��"������!

�������
�	���������
�������������
��	
�����
��!����������
��
/�����
����
����"�����	
���	��!

���"�
��
��
����!���
����
��
�����
���������
0�����
����
!�����
��
 ���
����� ��
!�����
��

�� ���
���1��
��	
�����������
��
	������
"����
����
����
����������
�!���	
��
���	�



#��
�����
	���	��
��
���
(���
�������
����
����
�
����
��
���
�� "��
��
"���
���"��

��"������
����
��� �	
���"�
��
����
��
��������
��� �����
���2�����
��	
���	��!
��	

������������
���"�
����
����
� ��!�	
��
�
����������
��
������3�
!�����!
��������
��

����������!
����
�
��������
#����
���"�
���	
��
"�
���������
��	
����� ���
���
����
�����	�

�����"��
�������!
������
��	
�������������
��
��� 
�����	�����
"���	
��
�����	
����������

4�������
����
��!!����
����
������
����
��
"����
��	
	����������
��
�
���
��
�����!
����

	��������
�� ��
&5�����
6
7��!�������
()�8*
9)�9)+-�


#��
7����
4��	��!:;���
7��"
���
����	�	
��
())+
��
�
������������
"���
���"�
#��

����������
���
��	
"�
������
��	
���������
$������
<���������
��
�����"�������
����
���
7������

��"������!
�����
$�<=�
��
����
��
���
������
��
��� ���
���	��!
�����!�
���
����"���� ���

��
"���
���"�
��	��
���
!��	����
��
=�>=�;?�
@����
����	��!
 � "���
����
������"���	
��

����
�����������



7��"
 � "���
	�
���
 �����
	������
���
"����
����
���	A
����
����
������
�������	

�������
��
�������
�����
����
��	
��!�!�
��
	����������
����
���
���	��!
��"����
B������

���
����
�����������	
��
���
�����	�
<� ������
5� ��������
'������
<� �������
#��������

7�� �����
4���
0�����������
C�����
>����������
��	
/���!�
7�������



#��
���"
���
"��� �
���
��
���
�����	3�
���
��������
��"�
��	
�
��!��������
�����
��

���������
���
��������
	�����������
?�
�������
���
���	������
��
�8��D
��	
()���
�������
��������

���"��
� ��������!
���
� ��������
��
	���������
��	
��������
��������
��
��%���
?�
��
���
�����

��������
������������
����
���������!
�������!���
���
7����
4��	��!
7��"
�������
��
�� ���

������
��	
	��� ���
�������!
���
 � "���
�������������
��
�%�����
���
����	
��
�����������




5� "���
���	
"���
/����
��	
����	
����������
��	
�������
?�
()(��
���
���"
���	

�����
"�
0�����
5�������
/������
E���"����
F��1
'��� �!��
��	
.�� ���
.�����
�����

	����������
������	
����
��
���
������!�
��
���
#������
��	
=��G�"���
/�������
#��
���"

��������
������������
��
���
E�����������
4��	��!
5�������
&5��������
	�
�������
����
��

E�����������-�
��������
"���
��������������
��	
��� ����
����������
��	
�
�������
��

���	��!�
=���
�����
��
����"�����
���
H��
C���
"�
������!
���
���	�������
����
��	
��������!

7������
�������
��	
�����
��
��
������
��
�������!�
�����
��������
���	�������
#��
���"
������

��
�
��� �����
 �����!
�����
�����
 � "���
���
��� 
�����	������
�%����!�
�	����
��	

������������
��� ���
�������
��	
����������
��������
����!��
&>� "������
()(9A
>��������

()(9-�
5���
 � "���
���
�� ��
&�I
��
(�-
��	
���
���
����������
!��	������
����
�� �

�����!
�� �����	
����!��	����
���	����
#���
����
 �����
��
���������
��������
��	
�����

���������
#��
 �2�����
���
����
9)
�����
��	���



5��������
�	������
��
��  ���������
��������!���
����
����������	
���
!�����
��

������
���	��!
���"��
������������
��
������� �
����
��
E���"���
&/�G��
��
����
()(*
(98�(,-�

#����
�������
��  �������
�%���	�	
��!����������
	����!
���
7@J?<��8
���	� ��
��	


�����������������������������������������������������������
��
?
����	
����
��
�%�����
 �
!������	�
��
5�
$������
<���������
���
����	���
��	
5��
5����
>����������
���
!���������

�����	�	
 �
����
�����"��
����� �����
�"���
���
���������
��
���
"���
���"�




��������
�

��������	
����	��	�
������
�
�������	���
������
�
�
�����������������	����

����	��
�����	��
���������	�������		�����������

 
������		�������������������	�����	�����������	���
�����

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

�
�
��
���	������������	���
�����	���������	��������
�
��
	���-	�����������	���

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

.����������������
�����/���������
��
����	����-��
���
	�0#���
��������
�����
�		��������
��#$$1�0%����	��
���2����
��3
��������		��������������������
��"��������#$04��
�	���
���	�������
���	����	���	�����
���������	�����0(������������#$�������
����*��������
�����������04�����#$���������������	����	�������������
���������������	������

.���	�������������������	��������������������������
����
�����
�������		���*���
	�����	��	����
����������	��/�����������
	������	���������������������������
��	���������*���������������������	���	��/�������
���������
�������		����������
���	���������		������������������������
�����������������������	��	��*���
����*�	�
���������	����������
�������
����	�	��������������������-	��	�����������������	����
5$�������	����6��������
�������������	��
�������
�
�����+	
����	�����
	����	��
	����

�����
���2	�����*������	�
�
��7�
�������"�������*��
����
������	
��
	����	�����
�
��
���
�����	����
��
	����������
���
���������������
���
���
�����
	���-�������	����
	�����
����������		��������	�����	��������	����	����
���05�6��������������������
����	���
��
�
�����
	�������	����
�������	���������	�����������������	��
������

-�������	�����2�
���8
�
	��2�����������	�����	�
��������
����
������������
�
�����������
�����	����
��%$��	�	����9$��6��������������	��������
����
��	�
	�����
:	���������������
��
�
���������������	�	�
	��	��������������	��
����	��9$;�	��
�������������
���������<���	����	����
����
�
	���-�������+	
����
���
�������	���
��
����
	���	�����������������
�������
�����	���
�����
����		����*����
�����
	������	������
�	������
�������������	������	����������
���	����
�����������-��������������	�

��������
������
����
��������������
��������������������
�������	����
��	����

*����
��
����	���
���������
����
���
�
����������������
����	��
��������	������
�	�����������������������������	����	����������������	���	����*��
����
���	
��
	���

���������
�
�����	�������������
�������
��������
��	���
�������	�����=	����������
����	����	��+	
�
����		���������	��	��
������
��
�
���������������������,�������
��

�����������
����
	�����+	���������	�����	������
���	���		�������������
����
�����
	��
��������	
��
	���!"��	��#$$%&�''�($)��8	���	��������
�
��
	���������	������������������	��
�����������������	��	�����	���
������*�����������	���		�������������������������
��
�����������
������
���		�����������
���������	����������������������	����������
����	�����	�
���	���	�
�������
���!>	���
����0((#&�4#�'4?�*�����
��#$04&�0%$�0%0��0%1�055)��

"��
���
��/�������	��
�������	����	�����
	��������������
	������
���������
����
������
��������	�������
���
������������	�������
	����	�����
�����	������		��
����
���
������6��

	���������������
	����������	����������	����
	���	������	�����<�
���������	������������������������������������������������	�

��������	�
�����
��
�
������������	�����
������

�����������������������������������������������������������
0#�-��
���
	�>		��2������6��
�������&����&@@�������
��
	���@��@��	�A	�@	
�������������	����	�����	��	��
���
��
	��
0%����	�������	��
���	�������������
���������
����	�-��
���
	�A���
��
	����-��B���
��"��	���7�����C�A���
��D���
	���
-���������-��
���
	�A���
��
	�����	������
�������
��
	��������������-���2������"���	�	��	���2		��
��	��	�����2����
����
3
�������D���
���2���������-���.����/�	��
��	���2		��
��	��	�����2�
���8
�
	��D���
���2������	����
���
������
������
�����	����	�
�
������������
��	���
	����	�����	����
	��	�����	��
�����������
05�*�
��
�����	��	�����
������	��������		�����������������



��������
�

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

�

)*+,-./0*+/11

2�����$%���
���������������	���		��
����������������	
��������	������	�
���������������������
������3	������	��������3������������������������������������
	���	
���������������	����
����������4�������	������������	��������������
�����������	��

	�������������	��������	�������������������������	�����	�	�������������5��������������
��������������	�����������
������	����������������
�����
����������������3���������
�����������������	�����������	
������������6�������������3�������7�
�	����������#���������
�����3���������������3����	�������������	�����"8������	���&9&:��;$�;:(��

�	�����3��������������	��������������������	������������������
����	���		��
����
������������<���������	���������
��������������	����
������	�������	�����	�������������
���	�����������������
�������		����#	���������	�������������		��
�������	�������
���
��3����������
������
����������=������������	���	�������	��	����������	������
����	�����>�	����
	����	�����������������������������	��	�������=�����	�����
����
���������6��	�������
�����������������	�����		����3�������	��	3���
��	����5�3����������
�	3�����������������	�����������������������=�����������	�3�	�������������������
����	����=�����
�� �"8�������	�	��	���&9&&(��

?���3���
	��
����������������		��
������������������������������������������	���
���������
����������3���������
�����	�
����
�������������������������
	����������

2�����$%���
���������������	
�������3��������	�������������	��������

	�������	�����3�	��	������	��������	���������	
��������������4���3�������	�
3�����������3���
��
�����
������	3��������������������3�����������
����@	����������
�������������������������	������������
�	���	���������
���������	����
�������	
����
�
����������6������������������������������������������
���	����������������	
����	���
������
��������	�������������������
��������������	��	�����������������������������	��
���
�	�
������
	����
���	���3	���������3	��������
������������������	����"8������	���
&9&:��'&:�'&A(���	�������������
	���������
	�������������	���
��	��3	���������������
	���		��
�����"B�C�����������&9&'��&A%�&D'5�E��	��&99'��;;�%9�����������&9$A��$'9�$'$(��F�����

	����	������		��
�������������������������	��3��������������������	���
�����
�
	������
��������3��������������	���������
������������

2�������	��	����������������������	������	�
	����������������	���		��������
��������
�		����	�������G�����
��	���������	
���������$%���
������2	���2�������������
���������������������������
�����		������������	���������	�����	����
���������
�����=������3�
�		�����
������
�@	�����������3���������H�
��	�����	�����3����	��������������	��������

�	�
����3��
����������������
	�������	��	��� ���		��
������3�����������@	������	
���	�
��
��	��3������
�����
�	�����
���������		��
������������������
	��	����

�	��� ���		��
���������������
������������=�����
�������@	��������3�����
��	���
��������3	������
	����������	����������	�����	�����������������

6���	��������	�����	��������������������	��
����	���	�	���������
�����
������
��������
��������	������������������@	�����	���		��
���������
���������������	���	�
�����������������
�������I��	����	����
�����
���������������3���������@	����	��3	�����
��	�����	�����������	�����������
���	���

G�����
��
	���������������������������
����������������3�����		�������
��
	���������������	��
��		�����������������	���3�	��	�����������
�������
�����������
������
��������	��
����	������������������
����������������������	�������3�����		����������



��������
�

����	
����	���������������	
��	����������
��	��������
�����������	�	������	�	��	���	��
���������	
�������
�����������
�����	���������	�	����������������
	���������	����
��� !��� "� �#$�

�

%&'&%&()&*++
�����	����,	��������� #$�-���.��	�����,���	��$�/������!�/�������0�	1��
	��,��

$�
2	�	��3��������� 4��	�� � 5  #$� ���3� 6���
� 7��� ��� 8��� 6	����
� ��� 9�	���
$�

��
!::���$3��	���	�	$��:3:3"����;	��:��7���

��!�  "<" 5  #��	��=���3#�
2	�	�	����>������ 5��#$����3
���������	���	�����?��	���?
����
����	�������	�
�������������	�������

������$�,������	��
�����?�����	�����,��	��	���6����������.	�������6������	�����?��	���
?
����
�/��	���@	
�����-���,��

��A�
	���-�����$�-���?��	���?
����
�������4��$�B����$����"�B<$�

�	��=���3#�
2	�	�	����>������ 5 C#$�7��������
������@	
�������D���	�������D���	���7

��	�	��
�	��������"

6������?��	���?
����
!�-���6�
��������D���	���/��	������6������7���
!�?�
	�����.	1��E

F�����	
�$��	��=���3#�
=�;	��-��	G�A�

��@����G�����
�	���H������ 5 B#$�IJ��	�	���9������3�=����
�I����	���	��D���	���

IJ���	����
!�-���?�����	1��-�������	��,����

�,��
���	1�$�I��	�	����/��	�
�������7�
��4��$�
C���8�������$� K�E <B$��

=�3�
��/�3	
�� 5�L#$�M��������$�/����6��

������6����	��	
��	�����?��	���?
����
���<�K"�<LC$�8���
>��3�E�NJ����!�������������3
$�

@�����	��/�	
	����7����	���I./-7-#����OK#�/�	
	�
����6��������O�"��OB��7���
���$��K��
��!::��	�$
�	
	�
$��:���3:=DI/>IP5 P5C5�P5555�$����7���

��!�O" " 5 K#$�

@�����	��/�	
	����7����	���I./-7-#����O<#�/�	
	�
����6��������OK"��OL��7���
���$�B "BK��

��!::��	�$
�	
	�
$��:���3:=DI/>IP5 P5C5�P5555B$�����7���

��!�O" " 5 K#$�
@�����	��/�	
	����7����	���I./-7-#����<C#��/�	
	�
����6��������<�"��< ��7���
���$���"  ��

��!::��	�$
�	
	�
$��:���3:=DI/>IP5 P5C5�P5555L$�����7���

��!�O" " 5 K#$�
@�����	��/�	
	����7����	���I./-7-#�����B#��/�	
	�
����6��������<�"���5��7���
���$���"  ��

��!::��	�$
�	
	�
$��:���3:=DI/>IP5 P5C5�P555�5$�����7���

��!�O" " 5 K#$�
@�����	��/�	
	����7����	���I./-7-#�� 555#��/�	
	�
����6���������K"���O��7���
���$���" C��

��!::��	�$
�	
	�
$��:���3:=DI/>IP5 P5C5�P555�B$�����7���

��!�O" " 5 K#$��
@�����	��/�	
	����7����	���I./-7-#�� 55B#��/�	
	�
����.	����	�
� 55 ��7���
��

��
!::���$
�	
	�
$��:��:
�	
	�
:":����	��	��:/6?5L:"���7���

��!�O" " 5 K#$��

H��3
����?���� 55C#$�7��������
������@	
�������D�����
�����D���	���	��I	������"6��������	�	�$�
-���@	
��	����H��������4��$�CO��8�$�C����$��5C�"�5KC$�

F������������
��/����	
������#$�-���N�	�	
	��A�

������������=��������������3�A��3��	��
=�����$����3�N�
��1�����I$FI$�?$����$��"�5$��	��=���3#�

F�����		��F��	���� 5 K#$�6��������3�6���$�I�	����
	��" " 5 K$�71�	�������!�
��
!::��	����
	$���:������:�C5<�:����	
�"	�"��
J	"������
	
"3��3���
��7���

��!� K" "

 5 K#$��	��=���3#�
F�����3	��I���	�� 5 5#$�6��������3�6���$�I�	����
	��L"�" 5 5$�71�	�������!�

��
!::��	����
	$���:������:B��L :?".�
J	"7�����
	
"F��3���
"3���	"	�"�	�"	
"3�	"

�	���;�	"�"�C"J���	�"��	����	�
"	
��7���

��!� 5"�" 5 K#$��	��=���3#�
A���	�"A�
��������H$�2$G�6�����������=$�.$�D$�� 5��#$�-����	
���������	����������1��
�	���

����
����	���6�	������Q
�1	�����	��
$�?������	���2�1���������4��$�BK��8��B����$�K5B"K5L��
��
!::��	$���:�5$��OO:5 LLLLL���<KK�CO��

D��1��	
��4�

	�	
�� 5� #$�8����3����.	����	�
��	��D���	���6���
��71�	�������!�
��3���
$�	�����$���$��$����7���

��!�O" " 5 K#$��	��=���3#�

/�����D�������2�8���� 55B#$�7��N��	���/��1������9���"�"9��������4	��������3�6���
$�RSTUVWXVTYV��
4��$����8�������$�LL"�5���

��
!::��	$���:�5$��OO:�BKC<KLK5B55�55�5K��

/����
3���F��
��	���7����� 5  #$�.	������,������
�	��A��	�	����.	����	�
��-��
	
��2�����������
7���	1����.	����������?������	���/��	�
$�7���
$��	��=���3#�

-
����	��2���	�� 5�K#$�-���=	�
����D���	��!�,���	��
�	����6�	���9	�	������3�6����	��7���
$�
2�������-��
	
$�8�	���������F����	
�	���0�	1��
	�����7���
$��	��=���3#��

�



��������
�

��

����	
���������	
���	������������	��������	��
��
��	����
�������
������������

�

�

�

�������������� � �!"#$%�$&�

'()*+,-./0�12-3(,0-.4�*5�67,8+(9�:,((+(�

�

����
�����$&%�;�

12-3(,0-.4�*5�67(008<49�:,((+(�

�

�

���
���
�

=/0-2(00�8>)-2-0.,8.-*2�-2�:,((+(�-0�078?(>�@4�.7(�+*/2.,4A0�(+*2*)-+�0.,/+./,(�82>�
,(B/<8.*,4�5,8)(C*,DE�F7-<(�.7(�:,((D�(+*2*)4�780�.,820-.-*2(>�5,*)�8B,-+/<./,(�.*�
0(,3-+(09�+78<<(2B(0�?(,0-0.�-2�8,(80�<-D(�@/,(8/+,8.-+�-2(55-+-(2+4�82>�+*)?<(G�.8G�<8C0E�
H*C(3(,9�,(+(2.�,(5*,)09�?8,.-+/<8,<4�-2�>-B-.8<-I8.-*2�82>�(2.,(?,(2(/,07-?9�8-)�.*�-)?,*3(�
8>)-2-0.,8.-3(�?,*+(00(0E�67(0(�(55*,.09�8<*2B0->(�:,((+(A0�-2.(B,8.-*2�-2.*�.7(�J/,*?(82�
12-*29�+*2.,-@/.(�.*�8�B,8>/8<<4�)*,(�+*)?(.-.-3(�82>�@/0-2(00K5,-(2><4�(23-,*2)(2.E�67(�
/0(�*5�LMN3-(C(,�0*5.C8,(�,(O/-,(0�>8.89�C7-+7�+82�@(�,(.,-(3(>�5,*)�-2>(G-2B�0(,3-+(0�
0/+7�80�N+*?/09�F(@�*5�N+-(2+(9�(.+E�P2�.7-0�?8,.-+/<8,�8??<-+8.-*2�*5�LMN3-(C(,9�>8.8�C80�
*@.8-2(>�5,*)�.7(�N+*?/0�-2>(G-2B�0(,3-+(E�67(�D(4C*,>0�/0(>�C(,(�Q:,((+(9Q�Q@/0-2(009Q�
82>�Q8>)-2-0.,8.-*2Q�.*�<*+8.(�.7()�-2�.7(�.-.<(09�8@0.,8+.09�82>�D(4C*,>0�*5�.7(�
+*,,(0?*2>-2B�?/@<-+8.-*20E�R�.*.8<�*5�ST�?/@<-+8.-*20�C(,(�(G.,8+.(>�5,*)�.7(�N+*?/0�
>8.8@80(�5*,�.7(�0(8,+7�?(,-*>�5,*)�UVVW�.*�WXWYE�P2�.7(�<80.�>(+8>(9�.7(,(�C(,(�ZV�
?/@<-+8.-*209�+*)?8,(>�.*�[/0.�Z�>/,-2B�.7(�?(,-*>�5,*)�UVVW�.*�WXXWE�10-2B�LMN3-(C(,9�
.7,((�+</0.(,0�C(,(�+,(8.(>�@80(>�*2�.7(�D(4C*,>�+8.(B*,-I8.-*2�*5�.7(�?/@<-+8.-*20E�\</0.(,�
U�+*2.8-20�D(4C*,>0�,(<8.(>�.*�(KB*3(,2)(2.9�\</0.(,�W�-2+</>(0�?/@<-+�8>)-2-0.,8.-*2�
8+.-3-.-(09�82>�\</0.(,�Z�+*2.8-20�D(4C*,>0�800*+-8.(>�C-.7�.7(�(>/+8.-*2�<(3(<E�

#�]�������=/0-2(00�R>)-2-0.,8.-*29�R28<40-09�=/0-2(00�N.,8.(B49�̂828B()(2.�

�

�

�

�

�

�

�

�

�

�

�



��������
�

�

����	
�	�
���	���
��	�����	��
�
�����������
������


�

�

�

���
��� �����
!�!�"#$%&�%'


()*+,-./01�23.4)-1./5�+6�78-9,):�;-)),)�

�

�<�������
=%'&�>


23.4)-1./5�+6�78)119?5:�;-)),)�

�

�

��������


@+*)3�.3�A01.3)11�*939B)*)3/�C?95�9�,-0,.9?�-+?)�.3�189C.3B�+-B93.D9/.+39?�
1/-9/)B.)1�93E�6+1/)-.3B�.33+49/.+3F�()1C./)�C)-1.1/)3/�,89??)3B)1�10,8�91�B)3E)-�E.1C9-./.)1�
.3�?)9E)-18.C:�G+*)3�9-)�C-+B-)11.4)?5�9110*.3B�/+C�*939B)-.9?�C+1./.+31F�78).-�
,+3/-.A0/.+31�)3893,)�E),.1.+3H*9I.3B�C-+,)11)1:�.*C-+4)�+-B93.D9/.+39?�C)-6+-*93,):�93E�
E-.4)�101/9.39A?)�B-+G/8F�J-+*+/.3B�B)3E)-�E.4)-1./5�.3�*939B)*)3/�3+/�+3?5�9?.B31�G./8�
,+-C+-9/)�1+,.9?�-)1C+31.A.?./5�A0/�9?1+�1.B3.6.,93/?5�,+3/-.A0/)1�/+�),+3+*.,�E)4)?+C*)3/�
93E�/8)�?+3BH/)-*�,+*C)/./.4)3)11�+6�A01.3)11)1�.3�9�B?+A9?.D)E�*9-I)/F�78)�01)�+6�
KLM4.)G)-�1+6/G9-)�-)N0.-)1�E9/9:�G8.,8�,93�A)�-)/-.)4)E�6-+*�.3E)O.3B�1)-4.,)1�10,8�91�
M,+C01:�@)A�+6�M,.)3,):�)/,F�P3�/8.1�1C),.6.,�9CC?.,9/.+3�+6�KLM4.)G)-:�E9/9�G91�+A/9.3)E�
6-+*�/8)�M,+C01�.3E)O.3B�1)-4.,)F�Q�/+/9?�+6�RSR�C0A?.,9/.+31�G)-)�)O/-9,/)E�6-+*�/8)�M,+C01�
E9/9A91)�6+-�/8)�1)9-,8�C)-.+E�6-+*�STUU�/+�VWVRF�P3�/8)�?91/�E),9E):�/8)-)�G)-)�SXR�
C0A?.,9/.+31:�,+*C9-)E�/+�Y01/�V�E0-.3B�/8)�C)-.+E�6-+*�STUU�/+�STZUF�21.3B�KLM4.)G)-�
1+6/G9-):�1)4)3�,?01/)-1�G)-)�,-)9/)E�A91)E�+3�/8)�I)5G+-E�,9/)B+-.D9/.+3�+6�/8)�
C0A?.,9/.+31F�[?01/)-�S�,+3/9.31�I)5G+-E1�-)?9/)E�/+�B)3E)-:�[?01/)-�V�.3,?0E)1�/8+1)�-)?9/)E�
/+�G+*)3:�[?01/)-�R�-)?9/)1�/+�*939B)*)3/:�[?01/)-�X�6+,01)1�+3�?)9E)-18.C:�93E�6.39??5:�
[?01/)-�\�.3,?0E)1�I)5G+-E1�-)?9/)E�/+�)3/-)C-)3)0-18.CF]

$�̂�����_�̀01.3)11�a939B)*)3/:�Q39?51.1:�̀01.3)11�M/-9/)B5:�a939B)*)3/�






�



��������
�

�

�

���	
��	�
��
��������������
�������������	�	��	���������
���������������	�
 ������	��	����!���"#�������!

�

�



$��	���%&%%&'�(&

)*+*,-./*-0�12*-3,45,6�7*./6898:4.,9�;64<*-+4=>0�12*-3,45,6�

�

�

&?������

7/*�-*:@9,=8->�9,6A+.,B*�B9,>+�,�B4<8=,9�-89*�46�+/,B46:�=/*�C88A7*./�+=,-=@B�
*.8+>+=*D0�46E9@*6.46:�4668<,=4860�D,-F*=�E*,+43494=>0�,6A�=/*�8<*-,99�:-8G=/�A>6,D4.+�8E�
*6=-*B-*6*@-+H�7/4+�,-=4.9*�*IB98-*+�=/*�./,99*6:*+�B8+*A�3>�E88A�+*.@-4=>�-*:@9,=486+0�
9,3*946:�9,G+0�,6A�*6<4-86D*6=,9�B894.4*+0�,986:+4A*�=/*�B8=*6=4,9�8BB8-=@64=4*+�E8-�E8+=*-46:�
4668<,=486�=/-8@:/�,A,B=,39*�-*:@9,=8->�E-,D*G8-F+H�1AA4=486,99>0�4=�A4+.@++*+�=/*�
4DB8-=,6.*�8E�.899,38-,=486�3*=G**6�*6=-*B-*6*@-+0�-*:@9,=8-+0�,6A�-*+*,-./�46+=4=@=486+�46�
.@9=4<,=46:�,�+@+=,46,39*�,6A�A>6,D4.�+=,-=@B�*.8+>+=*DH�J=-,=*:4*+�E8-�4DB-8<46:�
.899,38-,=486�,6A�-*:@9,=8->�,BB-8,./*+�,-*�B-8B8+*A�=8�*6/,6.*�D,-F*=�8BB8-=@64=4*+0�
B-8D8=*�+@+=,46,39*�B-,.=4.*+0�,6A�+@BB8-=�*6=-*B-*6*@-4,9�:-8G=/�46�=/*�C88A7*./�+*.=8-H��

7/*�C88A7*./�46A@+=->�4+�@6A*-:846:�-,B4A�=*./6898:4.,9�,A<,6.*D*6=+0�A-4<*6�3>�
4668<,=486�,6A�*<89<46:�.86+@D*-�B-*E*-*6.*+H�K8G*<*-0�=/*�+*.=8-�4+�8E=*6�.86+=-,46*A�3>�,�
.8DB9*I�-*:@9,=8->�E-,D*G8-F�=/,=�46.9@A*+�E88A�+*.@-4=>�-*:@9,=486+0�9,3*946:�9,G+0�,6A�
*6<4-86D*6=,9�B894.4*+H�7/*+*�-*:@9,=486+�B8+*�+4:64E4.,6=�./,99*6:*+�=8�C88A7*./�+=,-=@B+0�
B,-=4.@9,-9>�46�=*-D+�8E�.8DB94,6.*�.8+=+�,6A�D,-F*=�*6=->�3,--4*-+H�L*+B4=*�=/*+*�83+=,.9*+0�
-*:@9,=8->�E-,D*G8-F+�/,<*�=/*�B8=*6=4,9�=8�,.=�,+�.,=,9>+=+�E8-�4668<,=486�4E�A*+4:6*A�G4=/�
E9*I43494=>�,6A�E8-*+4:/=H�7/4+�B,B*-�*IB98-*+�=/*�-89*�8E�-*:@9,=486+�46�+/,B46:�=/*�+=,-=@B�
*.8+>+=*D�46�=/*�C88A7*./�46A@+=->0�*DB/,+4246:�/8G�-*:@9,=486+�.,6�38=/�/46A*-�,6A�
*6,39*�:-8G=/0�,6A�/8G�.899,38-,=486�3*=G**6�+=,F*/89A*-+�.,6�E8+=*-�,�D8-*�A>6,D4.�,6A�
+@+=,46,39*�*.8+>+=*DH�

M��N������J=,-=@B0�O668<,=4860�C88A=*./0�P.8+>+=*D0�C88A�O6A@+=->�

�

�

�

 ��������	��

J=,-=@B�C88A=*./�-*B-*+*6=�,�E98@-4+/46:�+*.=8-�G4=/46�=/*�G4A*-�,:-8QE88A�
B,68-,D,0�./,-,.=*-42*A�3>�=/*4-�4668<,=4<*�,BB-8,./*+�=8�B-8A@.=4860�A4+=-43@=486�,6A�E88A�
.86+@DB=486H�7,F46:�,A<,6=,:*�8E�,A<,6.*A�=*./6898:4*+�Q�G/4./�D8<*�E-8D�348=*./6898:>�
,6A�,-=4E4.4,9�46=*994:*6.*�=8�+@+=,46,39*�B-,.=4.*+�Q�=/*+*�+=,-=@B+�,-*�E,.46:�.-4=4.,9�./,99*6:*+�
46�E88A�+,E*=>0�=/*�*EE4.4*6.>�8E�-*+8@-.*+�,6A�*6<4-86D*6=,9�+@+=,46,3494=>H�1+�46A4.,=*A�3>�
R@=/,9,B,=4�*=�,9H�STUTUV0�=/*�A>6,D4.�6,=@-*�8E�=/*�E88A�<,9@*�./,46�-*W@4-*+�=/,=�+=,-=@B+�
,A8B=�,:49*�D*=/8A898:4*+�=8�-*D,46�.8DB*=4=4<*�,6A�-*,.=4<*H�K8G*<*-0�=/*4-�
=-,6+E8-D,=4<*�B8=*6=4,9�4+�8E=*6�/46A*-*A�3>�,�E4I*A�-*:@9,=8->�B,68-,D,�=/,=�<,-4*+�
+4:64E4.,6=9>�3*=G**6�=/*�:*8:-,B/4.,9�-*:486+H�7/*+*�-*:@9,=486+�46.9@A*�,�D@9=4=@A*�8E�



��������
�

����	
����	���������������
���
��������������������������
���������������
������	
�
���������
�����	���������������
���
��������
���	�����������
�	
�����������	�����
���

����������
����	������������	������������
��
����	���������
	���������	������������

��
�����	�
�����
�������
������������
������	����������	�������������
����
���	��	�������
�	���������������
�������
���������
��������	���������� 
��
�������
���
������	������
�
����	���������
�������
������	��������
����
������
��������������!�������
����	����
���
������"�
��#�����
����
���
���
��������!������
�����
����������������������
����
������
��
��
��
������
��������
�������������������!�
���������
���������	��
��������
	��������	��������������
������������
��	��������
�����������������	
�����������
�����
��
�����
���	�����
������"�
�����������������
��
���	��
������	�
����
��	������	���

������������������������
�������
�����������������
�����������
������
���
�����
���
��
��		������$���
�	���$����!�������
�	�����������	��������
���������
���
������
�������
����
������
�������	����������	�������	��
����������������
��������
��
�
���
�
�����������

���
�������������
���	������������
���#�	����
��
�������
����
������	����	��������	�
�������
���������
�
�����
��
��������
��
��
�
�������������

�	���������	���������
����������
����������������
��������
������
���	�����!�������
����
���������
��������
�������������
��
����
���!���
�
��������
��
�����������
������
�����
����

%����$���
�	���
��
�����
����
������������������
�����
������		���������������

�������
��
������	
������������������
�������������������������
���������&���
��
������
���������
���������
�����������������������
�������
���
������������
�������
�
��������
����������
����	�
�
��
����������������������������	��
��������
�����������
���	����#�����
����
����
��
�����
��
������
��	��������
����
���
�������
����
����
�����

���������	����
������	�����
����	
�������
�����
����������	
��������	����	���

�
�����	���
	��
���
��
�������������������������
�������������
��'���	
�����	���

���
����������
�����
�����������
�������	��������������
���������
������
��
����	�����������������
����
	��
�!
�
��
������������������
��
�	������	�����������������������
���������
������
	������	���

�

()*+,-)./0)1203+*452/0

#�����������
����
����	
�����������
�������������
����
���
���$���
�	����	
���
����������	�����!��
���	
���
��
�������������
����
��
�������������
�������
�������
���
������
����	������������������
������
���������������	�������
�����
�����������������
��

���	�
	�������
��	�������
��
������
������
����������
��
��	������	�����
������
��
�����	��
���������
����	���
���
������������
�����	�
�
����%����
������������
���
	��
�����
����������
����
��
������
��
�������
����
�����	�����!
����������	��
���
������	��
����
��6�	
��������
�����������	
�
������������
���������	����
�����7����
���
��
���	�����!�������
���������	��������������
���������
���������
�����������
�	��
�
��
�����8�����
�����!�	�
�����������
��
��
���������������������	���	��
��������
���
����	����

����������
�	
������������
����
����
���9��������
�����������
����	���
������!	�������
����	�
�
�������
����������������	����������
�������������"�����
����������	��
����
�	����
��
�������
������
�������������	���������:		������
��
8��������;��������<=>=?@��������
����������
������������������
����
��������
����
���������
��	����������
��
������
������
��	�������
���!�
����
����������
������
��
���
������
�����������������
������
��
����'����	�������
������������
�������
������
������������"����
��
����	���������
������
��
��	�����
��
�"�������
����������	�	�
����	
����	�������
��
���������
���	���	
������������
�������������
���
��
	������
��	�����������



��������
�

����	
�������������������������	��������	�������	�����������	���������������	����
�����������	���������������	����������������������	�����������������������	�������
��
�����������������������������������	�������	�����������
	����������
��������	�������
��	�������������������
��	��������� ������!��������	���������������������������	���
�������	�	���	��������������������������������������������
	�	�����	�"���������	���	������
�������������
�"�������	�	���������	������	������#����������	��������	������	���
� �	��������������������������������#�����������
��	�������������������!�	��
���	�����	���	����������������������	��!������	���� �	�
��������������	����������	�����

$�������	���������������������������	��������	������������������	��
�������
�����	��	������	����	���#	�����������������	������

	��	���#	��������
�������	�	���
����#�����������������������
�	��	���
������	

	�����������	���!����	�	�������������
��������	���������	�������������	���������
����	���������	�	������	����

	�
�����������

��	�������������	�	���	���	������	�����������	���!�	�����	��������	��	������#�"	���
�������	
����������	�����������	����%�����	�	��!������	������
�������������������������	���
�������	����������
����	������	�������������#������������	������	���������������
���������������������������	�����

%�����	�	��!������������
��	�����������
��������
���	�	�������������#����
�&�������������	�������'������������	����������������������	����	����	�����	�
��

��	���
������������������������
���������������������������������������������
����	��������������	����%������������������	��������	��������������
��	�����������
	��	��������������

	�
������������������#���������	���	�	����������	��������	���!�#�	���
����	������������	�	�����
�������	�	���������!�������	��
�������	������	�������������
�����������
�#�"��������������������������
��	����!����������
�"����	������	��	����

%�����	�	��!����������	�����������	������������������	���	��������	��������������
�������������������#	��	������������������������������
����	��	
��	����������������������
����&	��	���������	���!����������������	�	�����������������������������	�������
��
��
���!���������	�����	����������������������������������	�	�������������������'�������
��������������������	��	�����(����	���#	������������	���
��	�������������	��������	�����
��
��	���������������#�	����	
������������	
���	������	�������������������	���#	���

�"����&������	�����

)��������	����������������������	�����������
�����	������
���������������������
������������������*���������	�����������	������������#�������+�	�	�����
�#�"!�������
����������������������	�	������	��������	���#�	���������	����	
�������������������
��
���&	�	����������������������	��
�������	����
�	��	������	����	���	���	��������������
���	���������������������	����	����	���������	�������	���������	�
�����������
���	��!�
���	
����������	��������
��������	����������������	���������	������	���!�,���������
��
�#�"�!�����������	����������	��	���!�������������������������������	������	���#	��	��
���������������������������$��
���	��������-��+.	�����	�/01023!���������
������������
��	�����#	��������
����������	���	�	�����(���	���!�#�	��������������������������	���
	������	��������	������������������
��������������&������	���!�������������	�	�����
����	��������	�	���������������������4��	��
����������&�
���!�������	�����	
������
����	����������
	��	����������
��	��������	������������������������	
����������
�������
��������������	�������	�������������������	�����������������	��!�#�	���
����#����#���
���	������������	����������������	�	�����������������#	������������

�����������������
�������������

%�����	�	��!�����	�������	������	������	����������	�	�����	�����������5������/01063�
�����	��������������	��������#�������������������
���	��������"������������������	�	�����
����	����#�	��������	���
�������������������	����
�	��	������	����	������������	���
���	������&��	
�����	���#	��	������������	������������������	���������&�
���!�
������	����������������7��(��'��������������4�������)�	�����
����	�������
�#�"�



��������
�

�����	
�����	����	��
�	������
���������
���	��������	�������
���	����������������
�������
��	��	���
�������
��������
	�������
�	������

����	�
����
����
���	��	�	����	
�����
�����������������
������������
������������
�������������
��	�����	
�������	����	�	�����
�����
�����������	����	���

��	�������	������
����
��	
	����
	�������
�	�����	��
�����������

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

 
��������
���
�������	�����	������������
�����������������	�������������	�%�����"����
-�������
�-������������	�!�#'����
�	����	��
	������������
�	���������������	��
�
����
����+�	
�	�	���

������
���.����/�
������
���	����������������������	����	���
��
����
�	
��������	���
����	���������
�������	���
	�������
�	����
�	��	����	�������	�����	�
�	��
��������
��	����������
������������
�������������
�����������	�����
�	
���	��	�����
������	���	���	����������
�����/	��
���������
	�������
�	�����	���
��������	�����	�
����
���	��
��
��
��	���
�����	����	�����/	����	
	��

 
���	������������	������	,��	��������	������	���
	�������
�	������������
��������	������	��	�������������0	��
���	�	�������
���	���-����������
���
��
������	�������	�
������	����������
�������	��
������	��
��������
��������	�
	,���	�����������
�	���
��
���������	���������������	��������������

������
��1���������
������������
�����������	����
�
�������
������
����������������
����
�������
	��������
��������	��	�	����	
�����
������
����������	�	�����	�����������	��
	������	�����
����	�������������������
��������
��������
��	�������

��	��	��������	
����
�	
����������	
��	)��	�����
����	
����
������	���������
�������
��
	�������
�	������������	��������
����
	���	��
�����	��������������/����
�
������
������
�	�
	��������
���& ��(����	�	��	��
�����	��
����
������������	��������
�	������
��������	����	������
�����������������	���
��	����
���	
�	��������������	�	
���
�����������/�
������������	���.���
�	�����
�������

������
���
�����	�����	�����
���
����	���/���
	��������	��
�����������
�	����
�
����
����		���	���������	��
�������
������������
���	��	��	��������
		����
����
����	
����
�������
���	��������	�������
���	�
������
�������

��	�	���	�����������	������	����
��������
�����	������������	���/���������������0	�
��	������
���������
���	���+�	�
�������	���
��	���
	��������	��
�����������
�	����
�
������	��
�)	�������
���	�������

������
���������
����	�	������
������	�������
��������
2��������
��
���	��	����������
�����	���������������"����	���������������	
���	�
�)	�
�����	
�	����	�����	��
��������
�	������������	��������	��������
�������
�������
��������
�	������
��������	��������
	�������������	������������
�0����
���
���
���������/	����	���
��	��
��	���
�����	���
�0	�����	��	
��������������	��

������
��
���������	���	����/����
�������
�	����	
�&3435(�
�	���
	���������������	��������	
��������	����������
����������	�
�����	��
�+�	����
�	����
��
�������	��	������������	���/��������
��������������
�������	�
���	
����������	
�	���
������
���	����������������	��������	�����
�������.�������������
���
�
������	���
�����	���������
���	�����
���������	����
��	����������	
��	�������������
�
�����
��
��������
��������	����������
���	�����������	�	����	
������	��	������	��������
��
���		��
�������
���	
�	��������
��	���������	���������	��	���������	������



��������
�

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

������
�������
������������
������	�������
��&�'�����
����	��������������������������
���
����������������������
����������
�������
����������
�
������������
�����������
���
�
�
�
���
��	����
�����	
�
�
����
��
������
�	�����&�

����		
�
����������
������������
���,��	�����������������������
������
	������������
�����	���
��������������
������
���������������-����� )*))$���
�������&�.�
������������
����������������
���
�������������������	�����	�������������
����%�����������������
�����
������������������������������������������������������������
�������
�����������&�
#����
������
������������������
���������������������
��������������
�����������
������
���	�����������������
����������
����
�
�����	������������
���
���
�������
�	���������	����
��	���������������
�������������
	��%����������
	������	������
��������������������
���������������������&�'�������
���
�������
������
�����������������%���
�����
�����%����
���
��	��������������	
������	������������
��
������
������	������������������
��������������
��/�
����������
�������
����������	����	�&�

.���
�������
���������	�����������
����
������
������
�����������
����������������
���
�����������������������,��	.������������������������������������������&�0���
������
������������
�����������	������
����	
�����������������������������
���
������	�
�	������
�%��������
��������
������
�����	����������	
�������������
���
�������
�����	������������
�%������
���&�.�
��
�����
�������������������������
�������	�������
���������
���
�����������
������������������������	������
��������������	�������������
�����
�
���
�����
��
������
���&�����		
�
�����������	�����������
��������������������������������
����������
�����
����
��������������	��������������	���	�
����	�	�
������
������
����������&�

,
������������
���������
���
����������
�������������
����������	���������������
��	�
������
���
���������
��������
������������������	������&�0�������	�����
�������������������
�����������������
����������
��������������������
����	����
����������������	�������
��������	����������
��
������
����������������	����
��������
��������
�����������
���������
��	������
��&�.������������
��������
����������
�������������
������������������
����������
����������	����������������
	��������������������������
���������
��������	����������
�������������������������
������&�'���
���
���
����������
������	���������������
��

������
����,��	.��������������������
�
��������������������������
������
��������������
������
���������
�����������	��
���������%
�
�
�����	�������������������&�

�

123456377

,��	�������������������	����������
������	����������������
��������������������
�����������
��������
�����
��
�	�����&�.������
�
�������������
�����������
�������������������

������
�������
�������
���������	�����������
������	������������������
���������
���
���
�������
�������������
�������������������������
������
�����
������������
��������
�����
�
������������������������&�.���,��	��������	������
�������	����
������
����������	����
����������
������������
�����������������
�
���������	
�
��������	��������&�.��������������
���
���
��������������������������������
��������
����������������
�
����
�����������������

����	����	
�����
������������
�����	��������
�������	�������������������������
���	�
����	
���&�.�
������
����%��
������������������������	������������������
�������������
�%���������������������������������%�������
������
����	�����������
������
�����������
�
���



��������
�

����	
����	��
������������������������������������������� �����������������������
��!�	���
�!����������	���

"������������!�������#���������������$���!����	�����������
��	��������	�	!����������
���	��%����������������	����������
���	
�����!�����&���
����������	��!����'���������!�����
������������	��������	
���������'�����	����	������������������������$���	!��������
������
�	�����������
����������������������������	
�����	�(�������
�
����	��������!������)���
!����	���	����������	
����	�����!�	����!���	�������!��	����!����������������������
����	��������	�������	�����!�������	���*�����	!�������������	��������$�����!����!�������	
�
��
���������
�	!������!��������
��	�����������	��������	��������+	�����,�������#-" ��.��
�����!�����	
�����!�������	����!�����	��'�����	������������������	��!�����	
����	�����	!��
����	�����������!�����$��������������������	�
�������!!���������������	������������������
'���������������	
��������������
�������������!������	������������	�'�!����	����!�����
���������������������$����� ��

"	������������	��	
��&���������/��$�������������!������	���������������������	�������
�����	!����������������!�����	�����
�	!�����������0����
����!���	���������!��������
�&�����	!����1��	�	��
���	
�������
������	���	��������!�������	����������	������!�����	�$�
/")��	����������	����!������	!����	�
���	���������$�'��!���	!�����������%�����
��	�����	
�����������������������	���������������!���������������������� ��������������'�
����!����	�������!�����%��������!�	���
�������
����	�����������������	�������!����������
��
������	�$�'��!������������������$�'��!������'��������!����������
������	����������������
��!���������
��������		�����	��	�������������	����������)����������
��	����	��������������
!������	!�����!�����$���������������������	�����	!���	������!��	!�$�����'�	
��	���/")����
���	���	���!�������������	��
���	����������������	���������

2	��������	$�/���3�����������	������	�����	�����!�����!����0����	����!������������	�
!������	����!!����������������������
����������	��!����������	��	
�!���������������)���
,�����������������&�����	!���	���������!�����	�'����������
��������������������������!����
!��������	��������������!������
����	
�������������������.�����	����	
�������!���	��
�������	
������!��'���	����!�����
	�$�/")������	������������!��!����������	�����
!�	��
������	������
�������������'�������������������		�����	�'����������!��	
������!�
��������)���!����	�4��������!�������������������������	!�����!����!��������	��������������
�	��	���	��	�������	����	�������'���		�����	$������	�������	���!�������	�������	����������

1��	��������	
������������	���	���!����$������������������!��!���������������!�	����
��������'������'����	�����#�����!����	��!�������'�!����	�����������������0��������
�����!������	�'������
���������
�	!���$����	
��������!��	����!�������!�������������������
�����!����������	�����!�������2	��������	$�����	
����	��
�������!�	���
�$���!�����"2��	��
������	������$�!�	��������!������	!�����������	��������0����������	���5�����	
��	���������
��������������!�������	�����	���	������������
�������������'���������������	���!���$���	!�����
�	!����
�����!������������������!������		�����	��

)����&�����	!������������	�'��������!�	���
��!����	�����	�����	������	�������
�	��
�������
��������!�	���������	���	���������	����	����������
������������!����������	��
�	����������	�����.��������	
�����!����!������	!������������	������	
����	��
�����
��!�	���
�!������	!��$�������!����	����	����	����������������������	������	�'�����
�	
�
!����	���$����������!�	������������������������!�������������	!���		�����	�'������
��������
�����	������������	������������!�����"����
����������	��!�����!�	��	����������$��������������
�	��������
����'�����������������	������������������	�����'���������������������!����!���
������	!���������������	������	������	�����#�����!���!��������$�)����������	��������'��	�����
	�'�#�����!��!����	�����	��������
�����!����	�������������	����	����������	�����
	��
����	������
��������!�����&������'����	�������	��!�������������		�����	��)����������$�
����	�������'�����&��	����������!��$������������������������	�!��		�����	���������
��������
�����$�!�	�������������������������	�'�!����	��������������������������		�����	��	��!�����



��������
�

����	
���	�����
�������
���
������	���
���������
	����
��
	������	�
����	��������
��

����
��������
���
���������
��
���
�	����
��������
�	�������
��	�
������������
��
�������

��

������	����
������
��
�����
����
��������
��
�����

�����
��������


 �
!��
��
��
"#$#%&
!�	���
���
����	����
��
��	��	��
	��'
�����
�

��������

��	����
�����
	����	
��������
��
�����	�
��	����
�����������
(�
���������
�	
���������

����
���
���
)�������
���������
�	��	
��������
��
�	�����
���
�������
�����	�

������	�
��	
���
�����������
��
�	������
��
���
���	���
��
���
�	'���
�����
��������

�����
��
���
������������
��
'��������
��
���
�������	�
*���
���������
	����������

�����
���
��������
��
�'�
������
��
���
����	�����
��
�����	�
��
	������	�

����������
������+���
���
	��'�
��������
����
���
��������
��
�������
����
�����
���

��
�����
	����������
)�	
�������
�����	�
���
����
����
��
������������
���������

���
��
�����
���
��������
��	����
���
���	����
��
	������	�
	�,��	�������
����

�����	����
����	
���
��
���
�	'���


��
��������
���
���������
���������
�����
�	������
��
-��'�����
"#$#%&
��	���	

	�����	���
���
��������
��	
������	����
�������
���
��������
��
���������
��
����

�	����	'�
���������
����
���
����	
��
���������
�������
��
�	����	
��
����	���������

�����	'�
���	�
�����
	����	���
��
��������
	�
��	��
�������
�	����
����	�����

�	�����
*��
���
)�������
���������
�����
���	��
������

�	���	
���������
��������

��
�������	��
�������	��
	������	�
��
�������
�������������
��
�������
������������
�	��

���
	����	���
��
'��������
����	��
��
����������
���������
*���
������	����
��	���

��
���
��
���	����
�	�����
�����������
�������
�����
���
��������
��
������
��

	�����
����	
����	�
����
��
����
�������
�	��
������	�
����	���


.������	�
���������
����	���
��
���
����
����������
�����	
�����
	�,��	�
���������

���������
���
��
�������
��	�
�����������
��

�����	����
�	����	'�
-���
��������

����
���
���������
���
��������
��
�����
��
��������
��
������
���
	���	�
�����	

��������
/�'���
�����
����������
�	��
��	��
	���	��
�����������
*����
������	�����
��

�������
0����
�	���
��	
���
����
�	�������
���	�
��������
��
�	�����
����	
����	�������

�����	'�
��
����	������
�����
������������
���������
���
	������	�
��	���
�	�����
��	

���
���������


��
��
���
��	��
������
���
���
���	�����
��
�����	��
��
������	����
�����	'�

���������
�������
�������
���
��������
��
���
�	����
��	��	������
�	�������
�

����	������
���
�����	���
	������	�
�	��������
(���
�	����
��
0������
��	���

	������	�
��������
����

�������
������
�����
�	����
��������
������
������
���

	������	�
���	�
���
��
�������
���
����	�
�����	�
*���
����������
	����
������

��0�������
��
������
���
���������
��
������
������������
�����
���������
����
��
��	�

���������
	������	�
�	����	'�
���
�����	
���������
������
��
,�������
���


1�����	�
�������
�����
������	����
	�����������
�	�����
�������	���

����	��������
��	
����
���
��������
��
�����	��
����
	�
���
������
�	��
����������
*��

�����	�
����
��������
��
��
�	�
��
���
��������
��
�
���������
�	����
���	�
����	

�������	���
�	'��
����	
�����
�����	������
��������
���
���������
����������
����

������
��
�����	��
2�	�����
��
���
����	
����
����
������
���
������������
��
�������

����	
����
��������
������
����
���
��	���	���
��	����	��
��
�	��	
���������
*��
��		���

�����
�������
������������
��
������	����
�������
�	����
��
�����	
�
���������
��

���������
����
����������





3456755489:

��
����	��
���
����	�����
�������
���
����	�
��
���
���
)�������
��������

�	������
��	����
���
��
�	�����
���������
��
���
�����
��
	������	�
����������
*��

��	�����
������	�����
��'��
��
���
��	��	��
	��'
�����
��
���
�	��������
��
���������




��������
�

����	�
����������������������
�
��������
�����
���
����
����
��������

��������������������
�����
�����
��������
��	���������
��
������
������
������

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

�����������������������������
	
��
������
���������
	
����������
����	��
�������
������*���+��������������
	������
������	���	�����	�������,�������
���
�
���
�����������
���������
�����������������������������
����
��������
���������
�����
�	���
������
���������
��������������
�����
��

 ��
��
����
��
��	��������
��
���
�������
���
����
����
������
�����
��
����
�������������������	����
����������������������������������
�����������

�����������������������������
��	���
��������
	�!	��������
������������������
��
�
��������������
����������������	��
��
��������
��
����	������
��������
��	
��������������
����
����
����������
������������������
����������
���	
������
�
��������������
��+��
���������
�������
��������
����
���������������������	
��
��	��
�����
���
���������
��	
���������
��
�����������	���������
����
��������
	
��
���������������������������������
�����������
�����������
��
���
���
����
��
�����
����������������������	������������
�
������
����������
��������
	���������

���
�����
���
������������������������

*��
�������������

���
�������������
��������
����
�����
����������
������
�����
��
������������������������
�������
���
�������-���
�����	������
��

���������
��������
��	����
�����������������
�����
�������������
�����������������
�+����������������
��������
����������	������������������
�������
����
�������

������������!	���������
���
�����������
���
���������
	�
�����
��
��������
���
������
�
��
�����
���
����������
����	������
���������������
��	���������������
������������������	�
��
��
������������
����������������������
�����
���������
����
��������	�

.��������
�������
���
����������
��
�����
������
��������������������	
���������������
����������
�����
����
��
���
�
�����������������������*��
�+������
��
��������	��������������������	
���������

���������������	��

����	��������
�	�����������������������������������������*���
����
��
�����	
����
������
�����
����������
�
��������	�/01��������������������
�����
����
���������������������������������	�
��������������
�������������
����)�
����
����
��������
�����
��������+�
�����
���������������
������2�����������
������
����������������������������
���������	��2����
�����������������������
������
��
�����������������
�
�����������
��������
����������
��������	�

)�������	������
��������
��	������������������������������������������
����������
��
��
������
�����
�������
����������
������������
������
���
����	
����
�����������������������������	��������
���
�������
���
��
���������
	�
��������
��
�������
�������������������
�����������
������������
�����
��
���
�����
���	������
�
��������
��	�����������
�������
����
�
����������������
��
�����������,��
������!	�	�
��������
������������
�������������
������
��������

��

*���
���3��
��
��������
���
���������	������+������
��	����������������
�������	
������������������
���
���������
����
���
���������������
���������
	�
����������
����
���������������������������
�����
��

�����
��
���������������
��.���������
�������
��
��������

�������	����
�������������������������������
�����
��	�
��
�

���
����
��
���
���������������
������
���	���������������
����
������

��������
��
����



��������
�

�����	
�����
��	����
���
����
����������
����������
��������
�����
	��������

�����	��
��������� 
�������	��
����
����!
����
��
"�	�#� 
������
	�
��������
��
�������
	�

��!�
���
�������	���$
%�	�
��������
����!�
��
��	��
������	����
���������
����
��	��	�	&��

�����	����
!�	��
��	��
������	��
�
�������
��
	������	��$
'�
���	�	��(
���
�����	��
��

� ���	�
)��	����
������
����
��#�
��
���
��������� 
��������
��
���	�
�����	��
���
�����
��

�
������	�	��
���������(
����!	��
�����
��������
��
�������
����	)��
����	)��
��������� 

�)�������
������
����
�����
��
����
����*�����$


%��
����
��
�����)����	��
	�
���
��������
���� ����
����
�������
��
�
�	��	�	����

������
	�
���	���	��
	�
��������� 
������+	�	��$
,��-#��-
���.�
����������
����
���������	��

!	��
���#��������
��
���
����)�	����
����
	������ (
��������� 
�����	��
���
������	�

	���	���	���
���
����	��
��������
��	�	���
	�������	��
�)���
���
��������� 
���	�������$

%����
���	�����
�������
�
������
����������	��
��
�����	����
��"�	�������
���
���	�	����
�

��������	��
��������
��
���	��
���
��	�
����������
��
���
������$
/�
�
������(
��������
���

��������
���
��������(
#��!�����(
���
����
��
��� ���
��
	������
���	�
	������	��(
����	�	��

��	����
!	��
��������� 
�+������	���$





01234567128

%��
��������
������	&��
���
	���������
��
����	�����
�����	��
���
�������	��
	�

��������� 
���	���	��$
9�������
������
)�
	�������
	�
���
����	�����
�������	��
���

�������	��
��
���	�
������	����
���������
���	���
�����	��
�������	���$
%�	�
	�������

	�����	��
	�
���	�	��
���
�����������
��������
��
������
����
�����
���
!���
*������
	�

�����	����
��"�	�������
��
!���
��
	������	��
�����	���$
%��
���
��
��������� 
*
��

��������� 
��������� 
�����	���
���������
*
���
�������
���	�	&�
�����	����
���������(

����!	��
��������
��
�����
��
	������	��
������
����
:�����
) 
)���������	�
����������$


;��#	��
��
���
������(
����	�����
��������
	�
������
��
�+�����
���
�����	��

��������� 
����������
����
������
���
��������
	������ $
%��
	�������	��
)��!���
	������	��

���
�������	��
��"�	���
��
�����	��
��������
	�
!�	��
���	� 
�����������
���
#���
�!���
��

���
�)	�	�	��
���
�	�	���	���
��
�����	��
���������	��$
;���	���	���
����	��
��
���
	�����
��

�������	��
��
	������	��
��
����%���
!����
����	��
�����)��
	�������	��
��
��!

��������� 
����������
���
)�
���	����
��
���������(
	������
��
	��	)	�	��
	������	��$



'�
���	�	��(
	������������
�����)����	��
���	����
��
�������
��������� 

������	&��	��
	�
�	�������
:��	��	��	���
	�
��"�	���$
%��
���)��	&��	��
��
����
� �����

��"�	���
���
����������	��
��
���	��	���
	�
��������� 
����������(
���
�����
	�
������	��
���

����������
��������
��
������
�
����
�����	��
��������� 
���	�������
����
��������

	������	��(
�����	��
���
����� 
���
"���	� 
��
����$


%���(
) 
��)���	��
�����	��
�������	��(
������	��
�����)����	��
�����	����	��
���

����	��	��
����	�����
�����	��(
��������
��������
���
����������� 
���	����
��������� 

	���	���	��(
���	���	&	��
��
	������	��
��������	�	��$
������
��������
������
����	����� 

��������
���
	���	���	���
��
��������� 
� ���	��
	�
���
��������
�����(
�����	��
���

�����������
��
�
��������� 
���� ����
����
���
��� 
���������
����� 
���
�����	����(
)��

����
��	�������
	������ 
���!��
���
	������	��$





<=>=<=?0=8
@���	(
9$
A$(
B
C�����#�(
9$
9$
���D�$
E���������
���
��������	�	��
���
/��	*%���
��������
	�


�������	��
������	��$
'�������	����
F������
��
/��	�������
9�	�����(
'99,(
�GH*DG�$

C�
@������	(
I$(
B
/&����(
C$
����$
'������	��
	�
����
J��� �����$
'������	��
	�
����
J��� �����K


J�������������	�
���
�
9����	��)��
������$
9��	����
'�������	����
I�)�	��	��$
�����KLL��	$

���L�$�GL�GM*D*D*DDH�*�
C�����(
/$�����$
����%���K
�
��!
�����	��
��
��#�
���
����


������
����
�����	��)��
) 
���)	�	��
����	�	��
���
	������	��$




��������
�

����	�
����������������������	����������	������ ������!���������"���"��������	�#���#$����#�	�	%�

�"������	��	���		�&����	�

'���(��$
�)
����	�$
�*
�+�,����"�
�-�����.������	���%$/�"�&�	��"�	�!�"�����	���	��%"�/!����%��#���
&���������	�������"�����!��	���#�	��!�"���!"�������"0�"����&�	��"����0�����0�"�0����&�������

)����$
���1
����23.�
'�"�/4����	��
�*�����5������������	���%"������,��"��0�4�������	�6	�,��"��0�4�������	���"���

,�"���%���7���	����)��		�	%������%�����8����" �	%��00�2.5/215��(�����,0"�	%�"�8���"��
,���9�"��	��

'�	���
�������:����������	���!����0�����&�	�����!�!���/��������"�/�0���	�6	����6	���	�-��"	����!�
)�#��������	���"����	
�25���
����/��.�

8�&; �&;
�7�'�����.������<=����"�/�0�����$������>00�"��	�������	��(�����	%���6	��"	����	���

-��"	����!�,���	����	��*����"����"���&�
������
��..5/�.5��
8���
�6���8
�?��!
�=�@
�+�)����"�
�A�'�����B��������������"��0�������	���%������������	�����

�����&��,�A��������	��C���	��$
��
�B53/B2:�
8������0���
�(�,
�,"�	�&��
�=
�)�	��$
�8
�+�,��"��
�*��������,��"��0��������0�	��		�&����	��

������"���	%�����	���%��������	%���	��!����&���������	�!������	�6	����6	���	�-��"	����!�
�%"������"���@��	�����
�15�.�
�.�5/.B1�

*��"�%��9�(�"��	��
�8�����.��C�"&����	%�6		�&����	��8�&�%���	%�@	�#��"���	��(�����	%���!�"�
(�����	�,��"��0���	�����)�������,�����	�#��������@���$�������'����"D����������

,�%�$
�6�,�������������,'@�E��0�	��		�&����	���00�"��	�������	��������	%���6		�&����	���"���%�����	�

����!�����	����"$
�B:/5��
,��	��
�,
�7��0�
���,
�-�F�
�-�>
����,��9�
�'���G
�7�"��%���
�>
�(�����
�*
�+����	
�,�'��������

<0�����	%���"����"����	��$��	�!���������#���	�������	����"%�	�����	�"���������"���������	�#���
��&���0��	����"��%��	���"���"����"���#�����&����,�����	�#�����&���0��	�
�B��5�
�����/�����

,��	
�������.��6		�&����	��	��,�"���%$��	����������6	����"$���"�	��
�(�����	%��
��	��6�0�������	��
!�"�8���@	�"�	���������"��������"�����	
�'�������������6	���������!�����	���%$��

?6G=68,>8
�-�����.������6		�&����	�@���$�������!�8�&����������C$0���	��6	���#�	��C�H�� �	%��"�
(��0�	�	����!���,�����	�#����"�	�����	�6	��"	����	���-��"	����!�,������%$��!��%"������"��+�

����
�B�����

?�� �	��	
�-�����.������6		�&����	�@���$�������!�8�&����������,�����	�#����"�	�����	��"�C$0���	��
6	���#�	��C�H�� �	%�����6	��"	����	���-��"	����!�,������%$��!��%"������"���	������
�B����
�.:/

25�

�



��������
�

�

�����	
�	�

���	����������
�

���	����������
��������	������
���
��
�����	�������	�������������
	���������
����������
�� ������

�

!

!

�"	�#������$%&'�%��

()*+,)-!./*/01-2/13!4/55/67-!8/97+/1106/06!:67;/1*7+<3!=1//-/!

!

�����>�����>�?�>�@
��	�����%A���
4/55/67-!8/97+/1106/06!:67;/1*7+<3!=1//-/!

!

!

�����	���

B)C17*D!7*!0!9/;/5)ED/6+!0-+7;7+<!+20+!20*!*7F67G7-06+!*)-7)H/-)6)D7-!069!
/6;71)6D/6+05!7DE0-+*!)6!5)-05!-)DDC67+7/*!76!+2/!IC1)E/06!:67)6!JI:K!069!7+*!8/DL/1!
M+0+/*N!B2/!E)57-<!G10D/O)1P!G)1!+)C17*D!76!+2/!I:!7*!576P/9!+)!+2/!MC*+0760L5/!,/;/5)ED/6+!
=)05*!QRSR!JM,=*!QRSRK!069!7**C/*!1/50+/9!+)!-)6*CD/1!L/20;7)13!+2/!-71-C501!/-)6)D<3!
O0+/1!D060F/D/6+!069!-57D0+/!-206F/N!B2/*/!7**C/*!0GG/-+!27F2H5/;/5!E)57-<!7**C/*!76!+2/!I:!
*C-2!0*!G)1/7F6!E)57-<3!/6;71)6D/6+05!069!/6/1F<!E)57-<!O27-2!76!+C16!0GG/-+!9/;/5)ED/6+!
0-+7;7+7/*!*C-2!0*!+)C17*D3!L)+2!9)D/*+7-055<!069!76+/160+7)6055<N!B2/1/G)1/3!7+!7*!7DE)1+06+!+)!
27F257F2+!+2/!E)+/6+705!069!57D7+0+7)6*!)G!+2/!E17;0+/!*/-+)1!76!+2/*/!ECL57-!E)57-7/*!L)+2!76!
+2/71!G)1DC50+7)6!069!/;05C0+7)6!+21)CF2!E01+6/1*27E*!O7+2!5)-05!0C+2)17+7/*N!T6!+2/!I:!069!
D)1/!*E/-7G7-055<!76!=1//-/3!U)1E)10+/!M)-705!./*E)6*7L757+<!7*!6)+!VC*+!0!LC*76/**!7**C/3!LC+!
*76-/!QRRW!7+!20*!L//6!0!E)57+7-05!7**C/!+20+!7*!-C11/6+5<!/617-276F!+2/!E)57+7-05!97*-)C1*/!)6!+2/!
-)6+17LC+7)6!)G!+2/!+)C17*D!769C*+1<!+)!+2/!M,=*!QRSR!069!+2/!*)-7)/-)6)D7-!7DE0-+*!)G!
-57D0+/!-206F/N!B27*!E0E/1!0605<X/*!+2/!7**C/*!)G!*C*+0760L757+<!069!1/*E)6*7L757+<!76!I:!
+)C17*D!E)57-<!0693!+21)CF2!-)DE010+7;/!E)57-<!0605<*7*3!-17+7-7X/*!+2/!7DE5/D/6+0+7)6!)G!
E)57-7/*!76!=1//-/!76!+27*!971/-+7)6N!

Y�������Z!B)C17*D!()57-<3!MC*+0760L757+<!IC1)E/06!:67)6!M,=*!QRSR!=1//-/!

!

�

�

�

�

�

�

�

!



��������
�

� �

���	�	
��������
��
�������
���������	�
�����������
�����	�

����
����		��



�




�

�

���� 
!���	
"����#!�


$%&&%'()�*+%'�,'(-%./(012�3.%%)%�

�

4�5����	
��!#��


6//7)8�9.7:8�;.8�$%&&%'()�<%=(0%..>'%>'�,'(-%./(012�3.%%)%�

�

�

�

�?	�����


@A%�07B.(/C�('=B/0.1�A>/�:>)%=�B'+.%)%=%'0%=�)A>&&%'D%/�('�0(C%/�7:�.%)%//(7'2�
.%EB(.('D�%::%)0(-%�).(/(/�C>'>D%C%'0�>'=�:('>')(>&�C>'>D%C%'0�/0.>0%D(%/8�@7B.(/C�
=%/0('>0(7'/�>.%�0.1('D�07�>=>+0�07�0A%�'%D>0(-%�%::%)0/�7:�0A%�%)7'7C()�.%)%//(7'2�:7)B/('D�7'�
(''7->0(-%�>++.7>)A%/�07�C>('0>('�7+%.>0(7'/2�+.%/%.-%�F7G/�>'=�C>('0>('�:('>')(>&�/0>G(&(018�
H'�0A(/�)7'0%I02�0A%�>(C�7:�0A(/�+>+%.�(/�07�/A%=�&(DA0�7'�0A%�('(0(>0(-%/�B'=%.0>J%'�G1�>�
07B.(/C�7.D>'(K>0(7'�('�>'�%C%.D('D�07B.(/C�=%/0('>0(7'�('�3.%%)%2�07�/B++7.0�0A%�)7'0('B%=�
7+%.>0(7'/�7:�07B.(/CL.%&>0%=�GB/('%//%/�>'=�07�+.%+>.%�0A%�=%/0('>0(7'�:7.�:B0B.%�07B.(/C�
=%-%&7+C%'0�>'=�%)7'7C()�.%)7-%.18�H0�A(DA&(DA0/�0A%�).(0()>&�.7&%�7:�/0.>0%D()�+&>''('D2�
.%/7B.)%�7+0(C(K>0(7'2�>'=�/0>J%A7&=%.�)7&&>G7.>0(7'�('�C(0(D>0('D�0A%�(C+>)0/�7:�.%=B)%=�
0.>-%&%.�=%C>'=8�@A%�.%/%>.)A�.%/B&0/�>(C�07�)7'0.(GB0%�07�0A%�7'D7('D�=%G>0%�7'�/B/0>('>G&%�
.%)7-%.1�>'=�&7'DL0%.C�/0>G(&(01�('�07B.(/C�C>'>D%C%'08�@A%�+>+%.�)7')&B=%/�M(0A�
>)0(7'>G&%�('/(DA0/�:7.�+7&()1C>J%./�>'=�=%/0('>0(7'�C>'>D%C%'0�7.D>'(K>0(7'/�N;<*/O�7'�
'>-(D>0('D�).(/%/�>'=�GB(&=('D�.%/(&(%')%�('�0A%�07B.(/C�/%)07.8�

P�QR���	��S.(/(/�<>'>D%C%'02�T('>')(>&�U0.>0%D(%/2�V%/(&(%')%2�V%)7-%.12�
;%/0('>0(7'�<>'>D%C%'0�

�



��������
�

�

���	
���������������
����������
���������������������
�
����
������� !"!�#� ���������$

�

�

�

%���� �����&'()�*�

+,-.�,/0123/4�5316708�+9:;<�=3>?2@<>/:4�AB@7>:2�

�

C���D�E�D���� (��#�*�

5316708�+9:;<�=3>?2@<>/:4�AB@7>:2�

�

�

���������

+9/F2G9/>-9H�G612H>3I�F9<�@2-2>?21�>3-@29<>3I�9//23/>63�>3�@2-23/�@2<29@-F�63�
G9/F2G9/>-<�210-9/>63.��AF><�>3/2@2</�><�2JK931>3I�L@6G�K@>G9@:�<-F66H�H2?2H�/6�03>?2@<>/:�
931�9HH�/:K2<�6L�<-F66H<4�>3-H01>3I�K0MH>-4�K@>?9/24�L60319/>63�931�<->23-2�F>IF�<-F66H<.��N3�
/F2<2�</01>2<4�G612H>3I�9-/>?>/>2<�F9?2�<F6O3�/F9/�</0123/<�I9>3�/F2�9M>H>/:�/6�0<2�
G9/F2G9/>-<�>3�19>H:�H>L24�/6�/F>37�-@29/>?2H:4�/6�9KK@69-F�K@6MH2G<�-@>/>-9HH:4�/6�<F9@2�/F2>@�
<6H0/>63<�931�/F60IF/<4�/6�O6@7�>3�/29G<�931�/6�I9>3�939H:/>-9H�/F>37>3I�9M>H>/:.�AF2�K0@K6<2�
6L�/F><�</01:�><�/6�2J9G>32�/F2�G9/F2G9/>-9H�G612H>3I�9M>H>/:�6L�P/F�I@912�</0123/<�6L�+QRS
RTU,Q+�V,->23-2�931�W@/�Q10-9/>63�X23/2@Y�931�/6�12/2@G>32�/F2�-F9HH23I2<4�>L�93:4�/F9/�
</0123/<�L9-2�>3�/F><�K@6-2<<.��AF2�</01:�O9<�-6310-/21�O>/F�P/F�I@912�</0123/<�>3�9�RTU,Q+�
<-F66H�H6-9/21�>3�9�G2/@6K6H>/93�9@29�>3�/F2�RH9-7�,29�Z2I>63�6L�A0@7>:2.�WHH�</0123/<�>3�/F2�
-H9<<�O2@2�1>?>121�>3/6�I@60K<�6L�L60@�931�@2-2>?21�9�L60@SO227�G612H>3I�210-9/>63.�W/�/F2�
231�6L�/F><�210-9/>634�/O6�L6-0<�I@60K<�6L�L60@�</0123/<�O2@2�2H2-/21�931�@2[02</21�/6�O6@7�
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%�%!���� !)#�%!% �2 %�%#�%�% !%�� !%3% +�� �2�%�/%� (� �%��3/�� %#%��1����# �%0'��%/' 
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HPYaZWK\JZM�MHkHM�ZJP�_QZJaXHI�\i�WXH�HPYaZW\QIG�KW�bZI�a\JaMYPHP�WXZW�XZMi�\i�WXH�WXHIKI�
IWYPKHI�rgdst�bHQH�aZQQKHP�\YW�bKWX\YW�PKIWKJlYKIXKJl�WXH�MHkHM�ZJP�_QZJaXG�evs�bHQH�
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JA::AO8I6@/AE/O48E6;5AE?/B5;W;̂A96AE?/E;?26AC;/B;5O;B6A4E9/W/O72E?AE?/B8NIAO/4BAEA4E/5;Z8A5;9/
6A1;/2EJ/98962AE;J/I4E?W6;51/;::4569K/_7548?7/AE:45126A4E/O21B2A?E9H/AE6;5E26A4E2I/;C;E69/
2EJ/67;/89;/4:/4EIAE;/1;JA2H/D412EA2/A9/965;E?67;EAE?/A69/B49A6A4E/AE/67;/FG/2EJ/O48E6;5AE?/
F8549O;B6AO/57;645AOK/f4M;C;5H/64/A1B54C;/67;/;::;O6AC;E;99/4:/67;9;/96526;?A;9H/2J;Z826;/
:8EJAE?/2EJ/OI49;5/O4W4B;526A4E/MA67/F854B;2E/2O6459/2EJ/OACAI/94OA;6@/A9/E;;J;JK/
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MfPVMPZRBiVTQMTQkRBcN[TjRBVQOBOVQjPlBmgQdZgQMTQkBgQP[PedBT[BVBiVTQdNeBiZgjP[[RBVQOBTQOTYTONVe[B
gdMPQBdPVZBdVjTQkBMfPTZBgnQBdeVn[lBoNQkBVMMZTpNMP[BMfT[BdPVZBMgBMfPBOVZ_QP[[BgdBMfPBfNcVQB
i[\jfPlBqgZBMZVQ[dgZcVMTgQBMgBgjjNZRBVQBTQQPZBrgNZQP\BT[BP[[PQMTVelBsQB[gjTVeBeTdPRBTQOTYTONVe[B
MPQOBMgBjgQjPVeBMfPTZBMZNPBTOPQMTMTP[BVQOBeTYPBpPfTQOBVBcV[_lBoNQkBZPdPZ[BMgBMfT[BcV[_BV[B
tuPZ[gQVlvBuPZjPiMTgQBT[BVBdNQOVcPQMVeBVZPVBgdB[MNO\BTQBi[\jfgegk\BVQOBT[B[fViPOBp\B
PcgMTgQVeBMPQOPQjTP[lBwTdPBPhiPZTPQjP[BTQdeNPQjPBiPZjPiMTgQlBsQBjgQMPcigZVZ\B[gjTPM\RBZViTOB
jfVQkPBfV[BePOBMgBT[[NP[B[NjfBV[BegQPeTQP[[RBVeTPQVMTgQRBVQOBTQ[PjNZTM\lB]fT[B[MNO\BPhVcTQP[B
fgnBTQOTYTONVe[BngZ_TQkBegQkBfgNZ[BTQBMfPB[VcPB[iVjPBPQkVkPBTQBOZVcVxieV\BdTjMTgQBMZVTQTQkB
MgBVOgiMBOTddPZPQMBTOPQMTMTP[BVQOBTM[BPddPjM[BgQBPcgMTgQVeBZPkNeVMTgQRB[PedxjgQMZgeRBVQOB
PciVMf\lB]fPBZP[PVZjfBnTeeBpPBjgQONjMPOBMfZgNkfBVBeTMPZVMNZPBZPYTPnRBdgjN[TQkBgQByZYTQkB
zgddcVQ{[B|ZVcVMNZkTjVeBLPedB]fPgZ\RBiVZMTjNeVZe\BMfPBjgQjPiM[BgdBqZgQMBLMVkPRB}Vj_BLMVkPRB
sciZP[[TgQB~VQVkPcPQMRBVQOB�gePxueV\TQklBsMBT[BiZgig[POBMfVMBTQOTYTONVe[BjVQBMZVQ[jPQOB
MfPTZBPhT[MTQkB[MVMN[P[BVQOBMZVQ[dgZcBMfPTZBPcgMTgQ[BMfZgNkfBieV\xdTjMTgQlB|ZVcVBPONjVMTgQBT[B
pPeTPYPOBMgBdg[MPZB[PedxVnVZPQP[[BVQOBfVYPBVBig[TMTYPBTciVjMBgQBTOPQMTM\BMZVQ[dgZcVMTgQlB

���������BuPZ[gQVRB|ZVcVMNZkTjVeBLPedB]fPgZ\RBuPZjPiMTgQBVQOBycgMTgQB
~VQVkPcPQMRB|ZVcVBVQOBueV\xqTjMTgQRBsQOTYTONVeBVQOBLgjTVeB]ZVQ[dgZcVMTgQB
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V_MVZcVBTfMT\VjWBfT[[POPZlB�PQOT[T\ePB\̂�ePUcP[TB[VQjWeWBpTZB[̂ZP�MTZBYPB\VQeWUeVZW\eVB
\̂�ePUcP_MPQB_gZ_VZlBoNQkRBpNB_gZ_N\NBTQ[VQWQBT�BÔQ\V[WQWQB_VZVQeW�WQVBpV�eVZlB|P�TUTcB
T�TQBpTZP\TQBT�B\gejNeN�NB�QPceTOTZlB�Q[VQRBMgieNc[VeB\VUVcOVBkPZ�P_B_TUTeT�TQTB[V_eVcVBYPB
pTZBcV[_PBTePB\VUVcVBkPZP�TBON\VZlBoNQkRBpNBcV[_PBT�TQBtuPZ[gQVvBMPZTcTQTB_NeeVQWZlB�ekWRB
i[T_gegrTQTQBMPcPeB�VeWUcVBVeVQeVZWQOVQBpTZTOTZBYPBON\kN[VeBP�TeTcePZePBUP_TeePQTZlB�VUVcB
OPQP\TcTBVekW\WBPM_TePZlBẑ Q̂c �̂OPBfW�eWBOP�TUTcRB\VeQW�eW_RB\VpVQjWeVUcVRBk̂YPQ[T�eT_BkTpTB
[gZNQeVZVB\geBV�cV_MVOWZlB}NB�VeWUcVOVRBV\QWBcP_�QOVBN�NQB[VVMePZB�VeWUVQBpTZP\ePZTQB
OZVcVxg\NQB_NZcVjVBP�TMTcePZT\ePBdVZ_eWB_TceT_ePZPBp̂ẐQPZP_BON\kNB\�QPMTcTRB��OPQPMTcB
YPBPciVMTBpPjPZTePZTB̂ �PZTQOP_TBPM_TePZTBTQjPePQPjP_MTZlB�ZVUMWZcVOVBeTMPZVM̂ZBMVZVcV[WB
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�âRZ�ucV�tUYUZc̀UTTcVq�rcl�rUmVc[�QaSaVvaZ�TRVat[�Û]Z]tc�dU�T]jlXtSRl�̀RjaSaZaZ�TUtUlcZc�
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�Rla�alta�TaVq�~XZXZ�̀RZaZYR�YU�UVlc�tUTRllUV[�YU�UVlc�TR�lRV[�Ui_]Tĉ�̂]̂XlRV�dU�tXt R̀�
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à/01����������������������*����6���������������4�b����9�����-��������������6��������
�������������������6�����!��������� �"������ ����������������-�"�����"����.��������������
/014�]����� ����������������2������-��%���3�"����������6�������������������� �"���������
�������� 4�5����%!�������������������"����������������"��������.������%�������/01�
������������"���������������� ������������4����������������������������!�������4�]��"��
����������������������������"��"�������������� ��������������������������"����.��
����%�������/014�]��"���������%�������������������������"����.������������.%�����"����
����.������%�����������������/01����������������*������� ��������*���6���������� 4�
5�������!�������������������%�����&cd����/01����������������*���6���������������4�
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:OQZPB� HTVU_F� >aXQZ=� HDVIHD�

8&QX̀ � HWVUF[� Oa9QZ8Q� DEVW[_�

ZB&]BOXQZ=S� UUV[DW� � �



��������
�

�����	
 �����
 
 


������
 �����
 
 


�����������
 �����
 
 


������
�������
 �����
 
 



 
 
 


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









 �-
./
01//.234
5/.67
-84
/9:4
:4-81;
<1=
,��+
-1
>93>539-4
9?4=974
7=1@-8
=9-4/
<1=
9

04=.1;
,��+A�+��B




C!�D"EC�
FG
	
H
	IJ	
K
F,
H
7I6

�+�,,J,�LL,
K
F,
H
7I��

,BL+
K
F,
H
7I��J317


317
,BL+
K
��
317
F,
H
7I

+B��K
��
317
F,
H
7I

317
F,
H
7I
K
+B++��

F,
H
7I
K
,++B++��


,
H
7
K
,+,��

M�N�OPQRS�
�
T$UVE!W�
FG
	
H
	IJ	
K
F,
H
7I6

�+�L�J,�,��
K
F,
H
7I��

,BL+
K
F,
H
7I��J317


317
,B��
K
��
317
F,
H
7I

+B��K
��
317
F,
H
7I

317
F,
H
7I
K
+B++�

F,
H
7I
K
,++B++�


,
H
7
K
,+,�

M�N�OPRS�
�
X$YWC"Z�
FG
	
H
	IJ	
K
F,
H
7I6

����LJ,L
���
K
F,
H
7I��

,BLL
K
F,
H
7I��J317


317
,BLL
K
��
317
F,
H
7I

+B��K
��
317
F,
H
7I

317
F,
H
7I
K
+B++��

F,
H
7I
K
,++B++��


,
H
7
K
,+,L�

M�N�OP[\S�
�
]EYUCYX�
FG
	
H
	IJ	
K
F,
H
7I6

��L�LJ,�L�L
K
F,
H
7I��

,B��
K
F,
H
7I��J317


317
,B��
K
��
317
F,
H
7I

+B�+K
��
317
F,
H
7I




��������
�

�����	�
����������
�	�
������	�����
	�
�����		���
����������
�
����� �
�!�"�
�"�#"����	�
���$�
%&'��#	('������	�
����)�
	�������	�
����)#�����
����	�������)������	�
����
�	(���)������	�
����
�����	�
��������%��
�	�
������	��%���
	�
�����		%��
������*+��
�
,-�./�
�!�"�
�"�#"����	�
���$�
%�'�(#	�'�%(����	�
����)�
	�������	�
����)#�����
����	�������)������	�
����
�	����)������	�
����
�����	�
����������
�	�
������	�����
	�
�����		��
���������
� -0 �.��12�
�!�"�
�"�#"����	�
���$�
��'(	�#	&'%�&����	�
����)�
	�������	�
����)#�����
����	�������)������	�
����
�%����)������	�
����
�����	�
�������(��
�	�
������	�(���
	�
�����		�&�
������+3��
�
�4�5�/�
�!�"�
�"�#"����	�
���$�
)%'�%�#	(')&����	�
����)�
%��%����	�
����)#�����
����	�������)������	�
����
�%����)������	�
����
�����	�
�������	&�
�	�
������	�	&��
	�
�����	�%)�
����*�6��
�
25 1 ��
�!�"�
�"�#"����	�
���$�
%�'�&�#	&�(����	�
����)�



��������
�

����	
�
��

��������


���
����	
�
��
���
��

��

�����
��
���
��

��

���
��

��
�
������

��

��
�
��������


�

�
�
�����	

����������
�
� !"#$%&'()�
�*
+

+��+
�
��

��,

�-.������.���
�
��

����

��	�
�
��

��������


���
��	�
�
��
���
��

��

�����
��
���
��

��

���
��

��
�
������

��

��
�
��������


�

�
�
������

������/0��
�
1(!"$)�2!(3)45�
�*
+

+��+
�
��

��,

�6.-�����.���
�
��

����

��6	�
�
��

��������


���
��6	�
�
��
���
��

��

����
��
���
��

��

���
��

��
�
����6-

��

��
�
������6		


�

�
�
������

������70��
�
'&8'(!'�
�*
+

+��+
�
��

��,

	.	�	��.�	�
�
��

����

��6�
�
��

��������


���
��6�
�
��
���
��

��

��66�
��
���
��

��

���
��

��
�
�����

��

��
�
�������


�

�
�
�����6

����79/:��
�
81&3'%!'�
�*
+

+��+
�
��

��,

��.�6-�6.66�
�
��

����

��-�
�
��

��������


���
��-�
�
��
���
��

��

�����
��
���
��

��

���
��

��
�
�����	

��

��
�
�������	


�

�
�
�����

����7�;��



��������
�

����	
�	����������
�����������������������
��� ���!�!" �����������#�
�$%#�����������#�&'���
&'���$%#����#�&'����������
($#����#�&'����������
&'������������($(���
�����������(($(����
���������$(�!�
)�*�+,-.�
�
�/01�2�
�����������������������
�"�#���%�#33�����������#�
������������#�&'���
&'�������#�&'����������
($#!���#�&'����������
&'������������($(���
�����������(($(�#��
���������$(���
)�*�4,4.�
�
�5�1/6�
�����������������������
���#��� ��� �����������#�
#$�"�����������#�&'���
&'��#$�"����#�&'����������
($%����#�&'����������
&'������������($(�!�
�����������(($(�!��
���������$(#���
)�*�7,+4.�
�
�581/�1�
�����������������������
�"� !%��� � �����������#�
 $ %�����������#�&'���
&'�� $ %����#�&'����������
($%����#�&'����������
&'������������($(���
�����������(($(����
���������$( ��
)�*�9,+.�

�

:;<=>�<�>��?>&�=>@<A�'B��='C@D�'B�EFG�B'=�@D<�H<A@<=��>�I�@D<�J>A@<=��J?='K<>��
L'?�@=M<A�CM&&�N<�K?@�M��>�AM��&<�@>N&<�@'��<@�>�N<@@<=�';<=;M<C�'B�=<&>@M;<�<L'�'OML�
K<=B'=O>�L<P�

�

�



��������
�

����	
�
�
������������������������������������� ������!�������"���#������$�����"�������

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

,-.�-/0
-1/23-
 4�����������������
����567�

-8.�-/0
-1/23-
 4�����������������
����567�

9:;4<� &=>?� @AB<� C=>D�

A"@�<9E� &=?� A9@�4<� C=*�

�"BE4F� &=GC� ;H"�IJ"IH�

4"�9A@<I�

*=G�

K<B@B�� &=C?� H9B�4L� C=C�

K4BI"� &=C� �M@B�� +=*C�

<;@L� &=C� 4MEB<� D=*�

B";H"4@B�:� &='>� � �

BM4!L� *=+� � �

:!"�"B� &=+G� � �

:!<;J"4@B�� &=>?� � �

9B<;"��F<B��ME� &=C?� � �

� � � �








.21/N-O
;���������P��%��%���� ����Q���$����E�$$ ������$�����<EK�#��R�%� ����

�

;���"�������"���#����%����� �����%��$�$�S�%��� ������������������%�S#���$��������
!�������"���#����%����� ��� ����#�� �$�&''()*(*+=�;� ��S�������������T�S�����$����%�����
������#�� �������S����$�����#�$�!��������%���S �����$�%�������������$�$���=�




NU83�-/
V
W
NXYZ�[\]X̂
�	_̀		̂
�a	[�b	
�̂ ĉ��
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Abstract 

In the present paper, the meaning of the structural stability is presented and examples 
of airplanes, UAVs and space vehicles models are given whose theoretical model is not 
structurally stable. 

Keywords: Mathematical Modelling, Structural Stability, Aerospace. 

 

 

 1.Introduction. According to [1] there is no set rules, and an understanding of the 
“right” way to model real word phenomena. One learns it by practice. To model can be 
reached by familiarity with a wealth of examples. A model is a mental representation of a 
process. Usually, a mathematical model is a mental construction and takes the form of a set 
of equations describing a number of variables. We distinguish between continuous models, 
in which the variables vary continuously in space and time and discrete models whose 
variables varies discontinuously. Applied mathematicians have a procedure, almost a 
philosophy that they apply when building models, for a process of interest that on wants to 
describe or more importantly, explain. Observations of the process lead, sometimes after a 
great deal of effort, to a hypothetical mechanism, that can explain the phenomenon. The 
purpose of a model is then to formulate a description of the mechanism in quantitative 
terms. The analysis of the resulting model leads to results that can be tested against the 
observations. Ideally, the model also leads to predictions, which if verified, lend authenticity 
to the model. It is important to realize that all models are idealizations and limited in their 
applicability. In fact, one usually aims to simplify. The idea is that if a model is right, then it 
can be subsequently be made more complicated, but the analysis of it is facilitated by having 
treated a simpler version first. Simplifications appear in the case of the differential systems 
that describe the movement of existing airplanes, UAVs and space vehicles, and even during 
the development period of new prototypes [2], [3], [4], [5], and [6]. Because, the undesirable 
consequences due to the simplifications, as well as the cost of new prototypes, it is useful to 
have  theoretical tool that establishes  necessary condition which has to be satisfied by the 
simplified system of differential equation. The necessary condition it could be the structural 
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stability in S. Smale sense [7], [8] of the simplified system of differential equations. In the 
present paper, the meaning of the structural stability is presented and examples of airplanes, 
UAVs and space vehicles models are given whose theoretical model is not structurally stable. 
 
 2. Structural stability. 
 
 According to [9],[10] the continuous-time dynamical system  
 
�̇� = 𝑓(𝑥, 𝛼)       𝑥 ∈ 𝑈 ⊂ 𝑅  𝛼 ∈ 𝑉 ⊂ 𝑅                                          (2.1) 
is topologically equivalent in 𝑈 ⊂ 𝑅  to the dynamical system  
 
�̇� = 𝑓(𝑦, 𝛽)       𝑦 ∈ 𝑈 ⊂ 𝑅  𝛽 ∈ 𝑉′ ⊂ 𝑅                                          (2.2) 
 
if there is 
-a homeomorphism of the parameter space 𝑝: 𝑉 → 𝑉′; 
-a parameter-dependent homeomorphism of the phase-space ℎఈ: 𝑈 → 𝑈 
such that for all 𝛼 ∈ 𝑉 , ℎఈ maps orbits of the first system onto orbits of the second system 
preserving the direction of time,i.e. 
 
ℎఈ[𝑥(𝑡; 𝛼, 𝑥)] = 𝑦[𝑡; 𝑝(𝛼), ℎఈ(𝑥)]  for any 𝑥 ∈ 𝑈   and any 𝑡       (2.3) 
 
where 𝑥(𝑡; 𝛼, 𝑥) is the solution of system (2.1) corresponding to the parameter 𝛼 and to the 
initial condition  𝑥 and 𝑦[𝑡; 𝑝(𝛼), ℎఈ(𝑥)] is the solution of system (2.2) corresponding to the 
parameter 𝑝(𝛼) and initial condition ℎఈ(𝑥). 
 Let be a system �̇� = 𝑓(𝑥) defined in a region 𝑈 ⊂ 𝑅  by the 𝐶ଵ vector field   𝑓: 𝑈 →
𝑅  . Consider a region 𝑈 ⊂ 𝑈  and assume that the scalar product < 𝑓(𝑥), 𝑥 >  is strictly 
negative for each ∈ 𝜕𝑈 ⊂ 𝑈 . According to [8] the system �̇� = 𝑓(𝑥)   is structurally stable in 
𝑈 ⊂ 𝑈 if there exist a neighborhood 𝑊 of vector field 𝑓 such that for any  𝐶ଵvector field   
𝑔: 𝑈 → 𝑅   𝑔 ∈ 𝑊 the system  �̇� = 𝑔(𝑦)  is topologically equivalent in 𝑈  to the system 
�̇� = 𝑓(𝑥) .  In [8] pg.312-318 theorems and examples concerning structural stability and 
structural instability are given. Remark that if the system �̇� = 𝑓(𝑥)   is structurally stable in 
𝑈 ⊂ 𝑈 and 𝑔 ∈ 𝑊 then there exists a bijection between the steady states (equilibriums) of the 
system �̇� = 𝑓(𝑥) and equilibriums of the system �̇� = 𝑔(𝑦) located in 𝑈. 
 
 3.  The system describing the decupled longitudinal flight in case of ALFLEX 
space shuttle is not structurally stable.  
 Automatic-Landing Flight-Experiment (ALFLEX) is a model plane, developed by 
NASDAQ, Japan. This vehicle is a reduced-scale model of the H-II Orbiting Plane, an 
unmanned reusable orbiting spacecraft. It has been built to study the flight of the spacecraft 
during its final approach and landing phases. This flight is made possible due to complicated 
automatic-flight control systems, designed to perform quick responses to commands. As the 
mass of this vehicle is concentrated in its fuselage, the phenomenon of inertial coupling may 
occur, i.e., a gyroscopic effect, causing small perturbations or small changes of the control 
surface angles that may lead to dramatic changes in roll rate 
 

 



 

 

 

 

Fig.3.1. ALFLEX 
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The general system of differential equations which describes the motion around the center of 
gravity of a rigid aircraft, with respect to an xyz body–axis system, where xz is the plane of 
symmetry, according to [2], [3] is: 
�̇�

𝑉
× 𝑐𝑜𝑠𝛼 × 𝑐𝑜𝑠𝛽 − �̇� × 𝑐𝑜𝑠𝛼 × 𝑠𝑖𝑛𝛽 − �̇� × 𝑠𝑖𝑛𝛼 × 𝑐𝑜𝑠𝛽 = 𝑟 × 𝑠𝑖𝑛𝛽 − 𝑞 × 𝑠𝑖𝑛𝛼 × 𝑐𝑜𝑠𝛽 +

𝑋

𝑚 × 𝑉
 

 ̇


× 𝑠𝑖𝑛𝛽 + �̇� × 𝑐𝑜𝑠𝛽 = 𝑝 × 𝑠𝑖𝑛𝛼 × 𝑐𝑜𝑠𝛽 − 𝑟 × 𝑐𝑜𝑠𝛼 × 𝑐𝑜𝑠𝛽 +


×
 

�̇�

𝑉
× 𝑠𝑖𝑛𝛼 × 𝑐𝑜𝑠𝛽 − �̇� × 𝑠𝑖𝑛𝛼 × 𝑠𝑖𝑛𝛽 + �̇� × 𝑐𝑜𝑠𝛼 × 𝑐𝑜𝑠𝛽

= −𝑝 × 𝑠𝑖𝑛𝛽 + 𝑞 × 𝑐𝑜𝑠𝛼 × 𝑐𝑜𝑠𝛽 +
𝑍

𝑚 × 𝑉
 

𝐼௫ × �̇� − 𝐼௫௭ × �̇� = ൫𝐼௬ − 𝐼௭൯ × 𝑞 × 𝑟 + 𝐼௫௭ × 𝑝 × 𝑞 + 𝐿                                                                                                                              
(3.1) 
𝐼௬ × �̇� = (𝐼௭ − 𝐼௫) × 𝑝 × 𝑟 − 𝐼௫௭ × (𝑝ଶ − 𝑟ଶ) + 𝑀 
 𝐼௭ × �̇� − 𝐼௫௭ × �̇� = ൫𝐼௫ − 𝐼௬൯ × 𝑝 × 𝑞 − 𝐼௫௭ × 𝑞 × 𝑟 + 𝑁 
Φ̇ = 𝑝 + 𝑞 × 𝑠𝑖𝑛𝜙 × 𝑡𝑎𝑛𝜃 + 𝑟 × 𝑐𝑜𝑠𝜙 × 𝑡𝑎𝑛𝜃 
�̇� = 𝑞 × 𝑐𝑜𝑠𝜙 − 𝑟 × 𝑠𝑖𝑛𝜙 
 
 State parameters of this system are: forward velocity V, angle of attack𝛼, sideslip 
angle 𝛽, roll rate p, pitch rate q, yaw rate r, Euler roll angle 𝜙, and Euler pitch angle 𝜃. The 
constants𝐼௫, 𝐼௬, 𝐼௭ are moments of inertia about the x-, y-, and z-axis, respectively; 𝐼௫௭  product 
of inertia, g  gravitational acceleration; and m mass of the vehicle. 
 The external forces and moments X, Y, Z, L, M, N are, in general, functions of the 
state parameters and the control parameters:  𝛿  aileron angle; 𝛿 elevator angle; and  
𝛿  rudder angle (the body flap and the speed break are available as additional controls but, 
for simplicity, they are set to 0 in the analysis to follow) 
In particular, the following expressions for the external forces and moments are considered 
for ALFLEX. 
 
𝑋 = −𝑚 × 𝑔 × (𝑠𝑖𝑛𝜃 − 𝑠𝑖𝑛𝜃) + 𝑘 × 𝑉ଶ × [𝐶௫ఈ(𝛼 − 𝛼) + 𝐶௫ఋ

× (𝛿 − 𝛿)] 
𝑌 = 𝑚 × 𝑔 × 𝑠𝑖𝑛𝜙 × 𝑐𝑜𝑠𝜃 + 𝑘 × 𝑉ଶ(𝐶௬ఉ × 𝛽 + 𝐶௬ × 𝑟 + 𝐶௬ఋೝ

× 𝛿) 
𝑍 =  𝑚 × 𝑔(𝑐𝑜𝑠𝜙 ×  𝑐𝑜𝑠𝜃 − 𝑐𝑜𝑠𝜃) + 𝑘 × 𝑉ଶ × [𝐶௭ఈ(𝛼 − 𝛼) + 𝐶௭ఋ

× (𝛿 − 𝛿)]                                                           
(3.2) 
𝐿 = 𝑏 × 𝑘 × 𝑉ଶ × (𝐶ఉ × 𝛽 + 𝐶 × 𝑝 + 𝐶 × 𝑟 + 𝐶ఋೌ

× 𝛿 + 𝐶ఋೝ
× 𝛿) 

𝑀 = 𝑐 × 𝑘 × 𝑉ଶ × [𝐶ఈ × (𝛼 − 𝛼) + 𝐶 × 𝑞 + 𝐶ఋ
× (𝛿 − 𝛿)] 

𝑁 = 𝑏 × 𝑘 × 𝑉ଶ × (𝐶ఉ × 𝛽 + 𝐶 × 𝑝 + 𝐶 × 𝑟 + 𝐶ఋೌ
× 𝛿 + 𝐶ఋೝ

× 𝛿) 
  
 A simplified version of the motion in case of the ALFLEX  reentry vehicle has been 
presented in Goto and Matsumoto [11] and Goto and Kawakita [12].This version was 
obtained from the general system presented in [2], [3] , assuming that the forward velocity 𝑉 
is constant   𝑉 = 𝑉 and 𝛼  the angles of attack and sideslip   𝛽 , respectively, are small. Due 
to these assumptions, the first three equations of general system were simplified, so that the 
following system was obtained: 
 
�̇�=0 

�̇� = 𝑝 × 𝑠𝑖𝑛𝛼 − 𝑟 × 𝑐𝑜𝑠𝛼 +
𝑌

𝑚 × 𝑉
 

�̇� = −𝑝 × 𝛽 + 𝑞 +
𝑍

𝑚 × 𝑉
 

 
𝐼௫ × �̇� − 𝐼௫௭ × �̇� = ൫𝐼௬ − 𝐼௭൯ × 𝑞 × 𝑟 + 𝐼௫௭ × 𝑝 × 𝑞 + 𝐿 
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𝐼௬ × �̇� = (𝐼௭ − 𝐼௫) × 𝑝 × 𝑟 − 𝐼௫௭ × (𝑝ଶ − 𝑟ଶ) + 𝑀                                                                                                                  
(3.3) 
 
𝐼௭ × �̇� − 𝐼௫௭ × �̇� = ൫𝐼௫ − 𝐼௬൯ × 𝑝 × 𝑞 − 𝐼௫௭ × 𝑞 × 𝑟 + 𝑁 
 
Φ̇ = 𝑝 + 𝑞 × 𝑠𝑖𝑛𝜙 × 𝑡𝑎𝑛𝜃 + 𝑟 × 𝑐𝑜𝑠𝜙 × 𝑡𝑎𝑛𝜃 
 
�̇� = 𝑞 × 𝑐𝑜𝑠𝜙 − 𝑟 × 𝑠𝑖𝑛𝜙 
 
 This system of differential equations has been used to determine the set of steady 
states corresponding to ALFLEX, to undertake a stability analysis along the existing paths of 
steady states Goto and Matsumoto 2000; Goto and Kawakita 2004. 
 If the general system (3.1) and system (3.3) are to accurately reflect reality, they 
must bear resemblance on some level. For example, one might hope that the behavior of the 
dynamical systems (3.1) and that defined by (3.3) is qualitatively the same, i.e., they are 
topological equivalent. 
 According to Goto [4], the Simplified System (3.3) can be useful for getting an idea 
about the behavior of the system, although quantitatively, the General System (3.1) should be 
taken into consideration. In the same paper, the author remarks that if the steady states of the 
Simplified System (3.3) are used as an initial guess in the continuation method applied to 
determine the steady states of the General System (3.1), the results are not always satisfying, 
and the continuation method does not always converge. 
 In [7] is proven that the dynamical systems defined by (3.1) and (3.3) are not 
topologically equivalent. Furthermore, System (3.3) is not structurally stable. Consequently, 
these systems offer quite different images about the real  motion around the center of gravity 
of a rigid aircraft. For example, for a certain combination of control angles, the Simplified 
System (3.3) has a steady state, while the General System (3.1) has no steady states. Hence, it 
is not surprising that using the steady state of Eq. (3.3) as an initial guess in the continuation 
method applied in order to find the steady state of Eq. (3.1), the method does not converge 
(the limit does not exist). Even if the method converges, the limit cannot be a steady state of 
Eq. (3.1). 
 
 The longitudinally flight system decoupled from (3.1) is: 
 
�̇� = 𝑔 × [sin(𝛼 − 𝜃) − sin(𝛼 − 𝜃)] + 𝑉ଶ × [(𝐴ଵ × 𝑠𝑖𝑛∆𝛼 + 𝐴ଶ × 𝑐𝑜𝑠∆𝛼) × ∆𝛼 + (𝐵ଵ × 𝑠𝑖𝑛∆𝛼

+ 𝐵ଶ × 𝑐𝑜𝑠∆𝛼) × ∆𝛿 
 

�̇� = 𝑞 +
𝑔

𝑉
× [cos(𝛼 − 𝜃) − cos(𝛼 − 𝜃)] + 𝑉 × [(𝐴ଵ × 𝑐𝑜𝑠∆𝛼 − 𝐴ଶ × 𝑠𝑖𝑛∆𝛼) × ∆𝛼 + (𝐵ଵ × 𝑐𝑜𝑠∆𝛼

− 𝐵ଶ × 𝑠𝑖𝑛∆𝛼) × ∆𝛿 
�̇� =

×

ூ
× 𝑉ଶ × (𝐶ఈ × ∆𝛼 + 𝐶 × 𝑞 + 𝐶ఋ

× 𝛿)                                                                               

(3.4) 
�̇�=𝑞 
 
The longitudinally flight system decoupled from (3.3) is: 
 
�̇� = 0 

�̇� = 𝑞 +
𝑔

𝑉
(cos 𝜃 − 𝑐𝑜𝑠𝜃) 
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�̇� =
×

ூ
× 𝑉ଶ × (𝐶ఈ × ∆𝛼 + 𝐶 × 𝑞 + 𝐶ఋ

× 𝛿)                                                                                

(3.5) 
�̇�=𝑞 
 
 In [7] is proven that the dynamical systems defined by (3.4) and (3.5) are not 
topologically equivalent. Furthermore, System (3.5) is not structurally stable in the bounded 
region 𝑋 = (𝑉, 𝑉௫) × (−𝜋, 𝜋) × (𝑞, 𝑞௫) × (−

గ

ଶ
,

గ

ଶ
) with 0 < 𝑉 ≤ 1 < 𝑉௫ , 

 𝑞 < 0 < 𝑞௫. Consequently, systems (3.4) and (3.5) offer quite different images about the 
real  longitudinal flight  of a rigid aircraft. 
 
 4.  Crashes of high-performance fighter airplane such as YF-22A and B-2, due to 
oscillations. 

Interest in oscillation susceptibility of aircrafts has been generated by the crashes of 
high-performance fighter airplanes such as YF-22A and B-2, due to oscillations that were not 
predicted during the aircraft development process [12]. Flight quality criteria for oscillation 
prediction are based on linear analysis and quasi-linear extensions [13]. However, these 
criteria cannot, in general, predict the presence or the absence of oscillations, because of the 
large variety of non-linear phenomena that have been identified as factors contributing to 
oscillations and which are neglected in the linear approach. Sources of these factors include 
pilot behavioral transitions, actuator rate limiting [14–15] and changes in aircraft dynamics 
caused by transitions in operating conditions [17], gain scheduling and mode switching [18]. 
The analysis of nonlinear oscillations involves the computation of non-linear phenomena 
including Hopf bifurcation that lead sometimes to large changes in the stability of the pilot-
vehicle-system [19]. More recently, theoretical bifurcation studies have been undertaken for 
longitudinal flight dynamics, using the elevator deflection and mass of the vehicle as 
bifurcation parameters [20–22]. The occurrence of saddle-node and Hopf bifurcations has 
been pointed out in the case of the F-8 aircraft, and it has been emphasized that these 
bifurcations may result in jump behavior and pitch oscillations of flight dynamics. Moreover, 
system controllability with respect to the variation of the elevator deflection angle has been 
discussed in[10,11]. 
 However, these bifurcation studies can only explain locally the appearance of 
oscillatory behavior (associated with supercritical Hopf bifurcations), and they do not 
represent a tool for understanding the global nature of longitudinal flight dynamics. More 
precisely, a supercritical Hopf bifurcation that occurs at the critical value 𝛿

∗ of the elevator 
deflection, can only explain the appearance of asymptotically stable limit cycles for values of  
𝛿  close to the critical value 𝛿

∗  , i.e. for 𝛿  in a neighborhood of the form (𝛿
∗ − 𝜀, 𝛿

∗)  or 
(𝛿

∗, 𝛿
∗ + 𝜀). 

 Nevertheless, Hopf bifurcations are not the only type of bifurcation phenomena 
leading to oscillatory behavior. In [19, 24], it has been shown that in a longitudinal flight with 
constant forward velocity, equilibria exist for the ADMIRE aircraft and the ALFLEX reentry 
vehicle only if the elevator deflection  𝛿  belongs to a closed and bounded interval J. When 
the elevator deflection is at the boundary of the interval J, a countable infinity of saddle-node 
bifurcation points is present. When the elevator deflection exceeds these critical values and is 
outside the interval J, numerical simulations show that the angle of attack and pitch rate 
oscillate with the same period, while the pitch angle increases or decreases infinitely. Hence, 
the orbit of the system is spiraling. 
 In [25]  the existence of oscillatory solutions of the simplified dynamical system 
which governs the motion around the center of gravity in a 
longitudinal flight with constant forward velocity of a rigid aircraft, when the automatic 
flight control system is decoupled and the elevator deflection exceeds the bifurcation values. 



 

Sufficient conditions are obtained for the existence of oscillatory solutions for any value of 
the elevator deflection de outside the interval which corresponds to the existence of 
equilibria. 
 Oscillatory longitudinal flight of the ALFLEX reentry vehicle.[25]

Fig.4.1.Oscillatory longitudinal flight of ALFLEX.

 Evolution of the state parameters 
(8.18,0, −9.16)  
 
 Oscillatory longitudinal flight of the ADMIER unmanned aircraft [26]

 

 

 

 

 

Sufficient conditions are obtained for the existence of oscillatory solutions for any value of 
ator deflection de outside the interval which corresponds to the existence of 

Oscillatory longitudinal flight of the ALFLEX reentry vehicle.[25]
 

Fig.4.1.Oscillatory longitudinal flight of ALFLEX. 
 

Evolution of the state parameters (𝛼, 𝑞, 𝜃) considering the initial condition 

Oscillatory longitudinal flight of the ADMIER unmanned aircraft [26]
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Sufficient conditions are obtained for the existence of oscillatory solutions for any value of 
ator deflection de outside the interval which corresponds to the existence of 

Oscillatory longitudinal flight of the ALFLEX reentry vehicle.[25] 

 

considering the initial condition 

Oscillatory longitudinal flight of the ADMIER unmanned aircraft [26] 



 

 

                                                                                                  

 

Fig.4.2.Oscillatory longitudinal flight of ADMIRE.
  
 Evolution of the state parameters 
(0.08869,0,0.159329)𝑟𝑎𝑑  

𝛿 = 0.048 𝑟𝑎𝑑 
                                                                                                                                  

𝛿 = −0.05 𝑟𝑎𝑑 
Fig.4.2.Oscillatory longitudinal flight of ADMIRE. 

Evolution of the state parameters (𝛼, 𝑞, 𝜃)  considering the initial condition 
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Abstract 

Operational excellence is critical for startups and early-stage companies to establish a 
foundation for sustainable growth and competitive advantage. In the volatile and resource-
constrained environment of a startup, efficient and effective operations can make the 
difference between survival and failure. This abstract explores the role of operational 
excellence in streamlining processes, optimizing resource allocation, and fostering agility—
key factors for addressing market demands and scaling effectively. Startups often face 
challenges such as limited funding, small teams, and rapidly evolving goals. By adopting a 
mindset of continuous improvement, leveraging data-driven decision-making, and 
embedding lean practices, these companies can reduce waste, minimize inefficiencies, and 
achieve higher productivity. Furthermore, operational excellence supports the creation of a 
robust organizational culture, enabling alignment around shared objectives and maintaining 
focus amidst uncertainty. Practical examples, such as implementing agile project 
management or automating repetitive tasks, underscore the value of operational excellence 
in improving customer satisfaction and accelerating time-to-market. Ultimately, the pursuit 
of operational excellence equips startups to build scalable systems, adapt to market shifts, 
and position themselves for long-term success in a highly competitive business landscape. 
This study highlights the imperative of operational excellence as a strategic priority for 
startups seeking to navigate the complexities of their formative stages. 

Keywords: Operations, Operational Excellence, Continuous Improvement, SMEs, 
Startups, Optimization 
 



 

- 240 - 
 

 

 Preliminary Study on Development of Waffle Cones Formulated with 
Powder from Rosehip Waste 

 

 

 

Alexandra Raluca BORŞA (BOGDAN) 
University of Agricultural Sciences and Veterinary Medicine of Cluj-Napoca 

 
Prof. Dr.Adriana PĂUCEAN 

University of Agricultural Sciences and Veterinary Medicine of Cluj-Napoca 
 

Lect. Andrei BORȘA 
University of Agricultural Sciences and Veterinary Medicine of Cluj-Napoca 

 
Lect. Melinda FOGARASI 

University of Agricultural Sciences and Veterinary Medicine of Cluj-Napoca 
 

MSc Student Raluca Alexandra MATEI 
University of Agricultural Sciences and Veterinary Medicine of Cluj-Napoca 

 
Lect. Maria Simona CHIŞ 

University of Agricultural Sciences and Veterinary Medicine of Cluj-Napoca 
 

Prof. Dr. Cristina Anamaria SEMENIUC 
University of Agricultural Sciences and Veterinary Medicine of Cluj-Napoca 

 

  
Abstract 

Introduction: The waste that remains after processing the rosehips to obtain rosehip 
purée (raw material for rosehip jam) can be a valuable source of fibres, carotenoid pigments, 
phenolic compounds, and micro- and macro-elements (Borşa (Bogdan) et al., 2023; Borsa 
(Bogdan) et al., 2024). Therefore, it could be recovered as a powder (Rp) for later use as an 
ingredient in the food industry. 

Aims: The aim of this study was to use such a powder in the formulation of ice cream 
waffle cones by partially replacing (10, 15, and 20%, respectively) the wheat flour in a 
consecrated manufacturing recipe that uses a minimum amount of sugar necessary to obtain 
this type of product. 

Materials and Methods: Four waffle cone formulations were prepared: control 
(WCc), with 3.7 (WC3.7%rp), 5.6 (WC5.6%rp), and 7.5% rosehip powder (WC7.5%rp) to fulfil 
the purpose. They were analysed for proximate composition, pH, colour, techno-functional 
and texture properties and sensory to identify the formula preferred by consumers. 
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Results: The use of Rp in the proportion of 7.5% caused a significant increase in the 
moisture content of waffle cones, the ash and fibre content, and a decrease in the fat and 
protein content, as well as the pH; instead, it did not significantly influence the carbohydrate 
content because wheat flour and Rp had close levels. The total colour difference (ΔE*) of 
WC7.5%rp was obvious from that of WCc; however, consumers rated them to the same 
extent, with the difference between overall scores not being significant (8.1-8.4). 

Conclusion: In conclusion, Rp is suitable for preparing ice cream waffle cones by 
replacing wheat flour in a proportion of up to 20%. Our further studies will evaluate these 
formulations' textural attributes, hydration properties, polyphenol and carotenoid content. 

Keywords: Colour, Proximate Composition, Rosehip Powder, Sensory Analysis, 
Waffle Cones 
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Abstract 

The current investigation provides an in-depth analysis of the diversity, endemism, 
and distribution patterns of 32 Verbascum taxa (28 species and 4 subspecies) in Morocco, 
along with a comprehensive reassessment of their conservation status according to the IUCN 
Red List Categories and Criteria. 

Based on the current knowledge, the genus Verbascum is widely distributed in Morocco 
and displays a large ecological amplitude. It occurs from plains, near the coastline up to high 
mountains (2000–3500 m); on limestone or siliceous soils, and occupies a variety of habitats: 
forests, scrublands, lowland and high mountain pastures, rocky places, dry stony ravines 
and wadis. The species abundance by phytogeographical region ranging from 13 to 2-3 
species. The high species-richness zones are restricted to mountain regions: the High Atlas 
(HA), Middle Atlas (MA), and Rif (R). Furthermore, various distribution patterns of the 
genus in Morocco can be distinguished; the majority of the species (ca. 46 %) are bi- or tri-
phytogeographical elements. This category is followed by 26 % of the species that are mono-
regional elements. A quarter of the species (24 %) have a broader distribution covering four 
to six phytogeographical regions in Morocco. Finally, the last group (4%) is only represented 
by one species, V. sinuatum, which is very well distributed all over the country and all over 
the Mediterranean region also. Based on this distribution of the genus Verbascum in Morocco 
we can distinguish several categories: (1) non-endemic, which are either widespread across 
the Mediterranean or are restricted to its western part, (2) North African endemic taxa shared 
by Morocco and adjacent North African, (3) Morocco-Iberian endemics taxa and (4) the strict 
endemic Moroccan taxa. The analysis of the extinction risk revealed that Verbascum taxa in 
Morocco can be classified into five threat categories, as follows: 17 taxa Critically 
Endangered (CR), 10 taxa Endangered (EN), 3 taxa Vulnerable (VU), one taxon Least 
Concern (LC) and one taxon Non-Applicable (NA).  

 In sum, this study aligns with the focus of the comprehensive project on the 
ongoing revision of the Vascular Flora of Morocco (Fennane et al. 1999, 2007, 2014). The 
biogeographical data analysis here provides new data on a poorly known genus from the 
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southern shores of the Mediterranean basin. The presence of numerous localized and 
endemic taxa, along with the application of the IUCN Red List's recommendations, provides 
significant knowledge that can steer conservation planning initiatives at both national and 
regional levels. Furthermore, the present research suggests that the genus Verbascum can be a 
useful botanical model for examining diversity and speciation patterns in the western 
Mediterranean basin, as well as the effects of climate change on biennial plants. 

 Keywords: Conservation, endemism, IUCN Red List, Scrophulariaceae, Verbascum, 
Morocco 

 



- 244 - 
 

 

Determination of the Angular Accuracy When Setting Out the Centers 
of Bridge Piers 

 
 
 
 

Chief Asst. Prof. PhD Eng. Ani STEFANOVA 
University of Architecture, Civil Engineering and Geodesy, Bulgaria 

 
 
 

Abstract 

The article determines the angular accuracy when setting out the centers of bridge 
piers, based on a designed geodetic network where the location of the points on the shores is 
established to ensure the required setting out accuracy of all piers. Theoretical conclusions 
are carried out under the assumption that setting out of the piers is performed directly by 
linear-angular measurements from 2 reference points. Strict preliminary assessment is 
conducted on the accuracy of setting out the centers of bridge piers by measurements from 3 
reference points. 

Keywords: angular accuracy of setting out, bridge piers, horizontal network, reference 
points, straight intersection, linear-angular measurements.  

 

 

Introduction 

A key aspect for implementing reliable geodetic assurance in bridge construction is 
designing a network with a sufficient number of points with an appropriate location, 
allowing the use of a wide range of modern geodetic methods for horizontal setting out. 

The author has developed a method for designing the locations of the reference points 
from geodetic networks (Stefanova, A., 2019) which provides a suitable geometric shape 
allowing direct setting out of centers of bridge piers with the required accuracy using linear-
angular measurements. The presented theoretical conclusions and statements are based on 
the formulas for assessing the accuracy of a straight intersection (1) (Bakalov, P. 2022; 
Dimitrov, A., 1989; (Klyushin, E. B., 1993; Levchuk, G. P., 1983; Viduev, N., P. Baran, 1973)0.  

                                                         
2 2

. .
sin
AP BP

P

m mS S
M Ф 

  


  ,                                                   

(1) 
where: mβ – mean square error of a measured/set out angle; β1 and β2 are the measured/set 
angles at the given points; γ=200-(β1+β2) – the angle at the new point; b – the distance 
between the given points; SAP и SВP (Fig. 1) – the lengths between the given and the new 
point; Ф – geometric factor. 
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Figure 1. Part of a scheme of a horizontal network 

The reference points of the intersection are located perpendicular to the bridge axis 
(Stefanova, A., 2019). 

The developed method is the basis of a methodology for designing geodetic networks 
(Stefanova, A., 2019) (when bridging wide water obstacles) in which the location of points 
along the shores is established to ensure the required accuracy of setting out all piers, 
including the most distant one with the possibility to use practically all setting out methods. 

 
2. Determination of the angular accuracy of setting out  

 
2.1.  Determination of the angular accuracy 𝒎𝜷

𝒂𝒍𝒍𝒐𝒘 for setting out bridge piers 
closer to shores (P2 and P1, fig. 2) from the already selected reference points 
(A, B and D, E) (Stefanova, A., 2019). 

 

Figure. 2. Part of a horizontal network  

Calculations are done in the following way:  

 For each bridge pier, the detection angle γ is determined as a function of 
the distance Di from the reference points and the distance „а“ (Fig. 2) 
according to formula: 
                                                                      𝛾

= 2𝑎𝑟𝑐𝑡𝑔



                                                                      

(2) 
 Calculation of a parameter „c“ (𝑐 = 𝑠𝑖𝑛 𝛾 𝑐𝑜𝑠

ఊ

ଶ
) (Stefanova, A., 2019).  

 Calculation of 𝑚ఉ
௪ according to formula (3): 

                                                                    𝑚ఉ
௪ =

ெು
ೌೢ.ఘ.

.√ଶ
                                                                   

(3) 
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where: 𝑚ఉ
௪- allowable error of a set out angle when measuring/setting out in one set of 

rounds.  𝑀
௪  – allowable error of setting out; D - distance from the direction of the 

reference points to the set out point; c – coefficient. 

These calculations are also done for the other set of reference points D and E. Thus, a 
double possibility for setting out the bridge piers is provided under the same value of the 
geometric factor but with a different angular accuracy of setting out 𝑚ఉ

௪. 

Based on the above-described work procedure, a sample diagram of a horizontal 
network for setting out bridge piers has been developed where the designed location and 
geometry of “Danube Bridge 2” have been used as output data (Fig. 3). 

 

Figure 3. Sample scheme of “Danube Bridge 2” network 

Applying the above-mentioned work method and observing the sequence of actions 
described therein, for the most distant pier from the Bulgarian coast which can be set out 
directly with the required accuracy by linear-angular measurements (straight intersection, 
linear intersection, bipolar method), pier P4 has been established. The parameters necessary 
for determining the locations of the two sets of reference points have been calculated (Fig. 3). 
Using formula (4), the angular accuracy of setting out 𝑚ఉ

௪ has been calculated for the 
closer bridge piers (Fig. 3). The values are described in table 1. 
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Table 1 

Pier 
№ 

DCPi 

[m] 

From reference p. А and В From reference p. D and E 
SAPi=SBPi  

[m] 
γg C mβcc 

SDPi=SEPi  
[m] 

γg c mβcc 

P4 266 306 65.6585 0.7464 12 353 91.3805 0.7464 12 
P3 186 239 86.7327 0.7600 18 298 114.0143 0.6101 14 
P2 106 184 121.9837 0.5412 22 255 145.4784 0.3137 13 
P1 26 153 178.2596 0.0569 9 234 185.8043 0.0246 4 

A-2 26 153 178.2596 0.0569 9 234 185.8043 0.0246 4 
 

Similar actions were carried out in the design of the part of the sample network on the 
Romanian coast (Fig. 3) as the most distant support that can be set out directly with the 
necessary accuracy via linear-angular measurements, is pier Р11. The locations are 
determined for the reference points and the angular accuracy of the setting out for the closer 
piers P12 and A-3 (Table 2). 

Table 2 

Pier 
№ 

DCPi 

[m] 

From reference p. А` and В` From reference p. D` and E` 
SA`Pi=SB`Pi  

[m] 
γg c mβcc SD`Pi=SE`Pi  [m] γg c mβcc 

P11 265 303 64.9232 0.7436 12 354 92.1587 0.7436 12 
P12 85 171 133.6966 0.4294 21 250 155.6568 0.2186 11 
A-3 30 152 174.3410 0.0785 11 236 183.6247 0.0326 5 

 
The analysis of tables 1 and 2 shows that concerning the closest to the reference points 

– pier Р1 and abutments A-2 and A-3, are obtained very large detection angles and high 
requirements for accuracy 𝑚ఉ

௪ = 4 - 5 cc which cannot be achieved in practice by 
measurements in one set of rounds. In this case, it is recommended that the centers of the 
mentioned piers to be set out using the polar method. 

All theoretical conclusions and research so far have been carried out under the 
assumption that the setting out of the bridge piers is performed directly via linear-angular 
measurements from 2 reference points. In order to implement control and possibly to 
increase the accuracy of setting out, the literature (Levchuk, G. P., 1983) recommends that the 
setting out is done from three adjacent reference points. 

The question here can be stated as: to what extent would the required accuracy of the 
setting out can be reduced while maintaining the required setting out accuracy М

 ௪ using 
the same end reference points, if one additional midpoint located between them is also used. 

For this purpose, a strict preliminary assessment of the accuracy of setting out the 
centers of the piers in fig. 3 was carried out through linear-angular measurements from 3 
reference points using a software product for preliminary assessment of linear-angular 
networks POCLAM 1 . The assessment was performed iteratively by setting appropriate 
values of the setting out accuracy 𝑚ఉ to ensure a setting out accuracy of the centers of piers 
close to the required М

 ௪ = 9.5𝑚𝑚 (Stefanova, A., Kostadinov, T., 2019). 
The obtained results are presented in tables 3 and 4. Table 3 presents the piers that will 

be set out from the reference points A, B, C (D, C, E) on the Bulgarian coast and table 4 – 
those that will be set out from the reference points located on the Romanian coast. 
                                                           
1 POCLAM – author: Prof. P. Penev, UACEG 
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                Table 3 

Pier №  
From reference p. A, B and C From reference p. D, C and E 

MP [mm] mR [cc] mβ [cc] 
MP 

[mm] 
mR [cc] mβ [cc] 

P4 9.5 9 13 9.4 10 14 
P3 9.3 14 20 9.5 14 20 
P2 9.1 23 33 9.2 19 27 
P1 8.9 37 52 9.3 25 35 

A-2 9.0 37 52 9.3 25 35 

Table 4 

Pier №  
From reference p. A`, B` and C` From reference p. D`, C`and E` 

MP [mm] mR [cc] mβ [cc] 
MP 

[mm] 
mR [cc] mβ [cc] 

P11 9.4 9 13 9.4 10 14 
P12 9.4 27 38 9.4 21 30 
A-3 9.5 38 54 9.5 25 35 

Tables 5 and 6 compare the obtained values of the angular accuracy of setting out 𝑚ఉ 
when setting out the centers of bridge piers from 2 to 3 reference points.  

Table 5 

Pier № 

From reference 
p. А and В 

From reference 
p. A, B and C 

From reference 
p. D and E 

From reference 
p. D, C and E 

mβcc mβcc mβcc mβcc 

P4 12 13 12 14 
P3 18 20 14 20 
P2 22 33 13 27 
P1 9 52 4 35 

A-2 9 52 4 35 
        

Table 6 

Pier №  
From reference 

p. A` and В` 
From reference 
p. A`, B` and C` 

From 
reference p. 

D` and E` 

From reference 
p. D`, C` and E` 

mβcc mβcc mβcc mβcc 

P11 12 13 12 14 
P12 21 38 11 30 
A-3 11 54 5 35 

 

From the above tables, the following conclusions can be drawn regarding angular 

accuracy m  when setting out the bridge piers from 2 and 3 reference points:  



 

 When setting out the more distant piers 
m and а distance of the reference points 
reference points, a decrease in angular accuracy 

 When setting out the closer piers 
distance of the reference points about 106 m) the angular setting out accuracy 
decreases significantly, 48 and 82%, respectively, when setting out from the 
internal reference points А, B and C (А`, B` and C`) and by 
the external reference

 For the nearest pier P
m and distance of the reference points about 30m) due to the poor 
configuration, the required angular setting ou
points is very high (4
measurements in one set of rounds. However, the situation is different when 
setting out from 3 reference points 
significantly decreases (4 to 8 times).

For the remaining bridge piers (Fig. 4) for which the required accuracy cannot be 
achieved with direct setting out methods performed by linear
(straight intersection, linear intersection, 
out methods is recommended. For this purpose, it is proposed 
a set of additional reference points on each shore (М, N, M` and N` 
symmetrically at the midpoint (according to the algorithm in
detection angle established for the middle pier of the bridge.  

Figure 4.

Note: The network in Fig. 4 does not show all connections to avoid drawing clutter.

When setting out the more distant piers P3, P4 and P11 (sight length about 300 
m and а distance of the reference points – about 260 m, Fig. 1) from 3 
reference points, a decrease in angular accuracy 𝑚ఉ is observed from 6 to 41%. 
When setting out the closer piers – P2 and P12 (sight length 
distance of the reference points about 106 m) the angular setting out accuracy 
decreases significantly, 48 and 82%, respectively, when setting out from the 
internal reference points А, B and C (А`, B` and C`) and by 

reference points D, C and E (D`, C` and E`).  
For the nearest pier P1 and the abutments A-2 and A-3 (sight length 
m and distance of the reference points about 30m) due to the poor 
configuration, the required angular setting out accuracy from 2 reference 
points is very high (4cc, 4 cc, 5 cc) and practically cannot be performed with 
measurements in one set of rounds. However, the situation is different when 
setting out from 3 reference points – the required setting out angular ac
significantly decreases (4 to 8 times). 

For the remaining bridge piers (Fig. 4) for which the required accuracy cannot be 
achieved with direct setting out methods performed by linear-angular measurements 
(straight intersection, linear intersection, bipolar intersection), the use of reduction setting 
out methods is recommended. For this purpose, it is proposed (Stefanova, A.,
a set of additional reference points on each shore (М, N, M` and N` 

oint (according to the algorithm in Stefanova, A.,
detection angle established for the middle pier of the bridge.   

 

Figure 4. Sample horizontal network  

Note: The network in Fig. 4 does not show all connections to avoid drawing clutter.
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(sight length about 300 
about 260 m, Fig. 1) from 3 

is observed from 6 to 41%.  
(sight length - 180-250 m and 

distance of the reference points about 106 m) the angular setting out accuracy 
decreases significantly, 48 and 82%, respectively, when setting out from the 
internal reference points А, B and C (А`, B` and C`) and by 107 and 170% from 

3 (sight length -150-240 
m and distance of the reference points about 30m) due to the poor 

t accuracy from 2 reference 
) and practically cannot be performed with 

measurements in one set of rounds. However, the situation is different when 
the required setting out angular accuracy 

For the remaining bridge piers (Fig. 4) for which the required accuracy cannot be 
angular measurements 

bipolar intersection), the use of reduction setting 
Stefanova, A., 2019) to design 

a set of additional reference points on each shore (М, N, M` and N` - Fig. 4) located 
Stefanova, A., 2019) using a 

Note: The network in Fig. 4 does not show all connections to avoid drawing clutter. 
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For setting out the centers of the piers, auxiliary points 𝑃
  are used located in 

proximity (5-10 m) to the assumed location of the piers. The coordinates of the auxiliary 
points are determined with an accuracy higher than the required for setting out by about 10-
15%. One-sided or two-sided linear-angular measurements are used towards points of the 
bridge network with a total station using the “free station” option or GNSS (Stefanova, A., 
2019). The setting out of the centers of the bridge piers is done from the auxiliary points via 
polar method. 

In the following calculations, the value used for the required accuracy in the position of 
the auxiliary point is Мబ

 ௪ = 8.9𝑚𝑚 (Stefanova, A., 2019). 

A strict preliminary accuracy assessment using the sample horizontal network of 
“Danube bridge 2” (Fig. 4) was performed to derive the required accuracy of angular and 
linear measurements to determine the position of auxiliary points 𝑃

. The assessment was 

performed iteratively by setting appropriate values for m  and 𝑚ௌ  to ensure accuracy in the 

location of the auxiliary points close to the necessary М


బ
௪ = 8.9𝑚𝑚. The given accuracy of 

length measurements is 𝑚ௌ
௪ = 8𝑚𝑚/𝑘𝑚, (а=5 mm, b=3 ppm) since it is assumed that the 

sights go over a mixed bedding surface (land and water) and the expected temperature 
variations along the route are more significant, hence their impact on measurement accuracy.  

The obtained results are presented in tables 7, 8 and 9. Saver denotes the average sight 
length from the reference points to the auxiliary points and DCP0i – the distance of the 
auxiliary points from the reference points. Table 7 presents the auxiliary points whose 
position will be determined one-sided, only from the reference points on the Bulgarian coast 
and table 8 – those whose position will be determined only from the reference points located 
on the Romanian coast. Table 9 presents the results for the accuracy in the position of 
auxiliary points P07, P08 и P09 for which it is proposed to be determined from reference points 
on both shores since these piers are located in the middle of the bridge. 

 
Table 7. One-sided determination from reference points on the Bulgarian coast 

Pier №  DCP0i [m] 

Average 
sight 

length - 
Saver [m] 

From reference p. A, B, C, 
D, E (S, R) 

mP [mm] mR [cc] mβ [cc] 

P05 346 387 7.1 40 57 
P06 426 460 8.1 8 11 
P07 506 535 8.7 3.5 5 
P08 586 690 8.3 1.5 2.1 

 
Table 8. One-sided determination from reference points on the Romanian coast 

Pier №  DCP0i [m] 
Average sight 

length – Saver [m] 

From reference p. A`, B`, 
C`, D`, E` (S, R) 

mP 

[mm] 
mR [cc] mβ [cc] 

P08 748 769 8.8 0.7 1.0 
P09 625 649 8.9 1.4 2.0 
P010 445 478 8.1 6 7 
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Table 9. Two-sided determination from reference points on both shores 

Pier 
№  

Average sight 
length - Saver 

[m] 

From reference p. A, B, 
C, A`, B`, C` (S, R) 

From reference p. D, 
C, E, D`, C`, E` (S, R) 

mP 

[mm] 
mR [cc] mβ [cc] 

mP 

[mm] 
mR [cc] mβ [cc] 

P07 687 8.8 24 34 8 26 37 
P08 690 8.7 22 31 8.2 24 34 
P09 689 8.8 22 31 8.1 23 33 

 
 Tables 7 and 8 show that to achieve the required accuracy in the position of auxiliary 

points P07, P08 and Р09 (Мబ

 ௪ = 8.9𝑚𝑚) in one-sided determinations (using reference points 
on only one or the other shore), the accuracy of angular measurements 𝑚ఉ

௪ is very high 
(5сс, 2.1сс/1.0сс and 2.0сс) and therefore very difficult to reach. This can be explained by the 
worse geometry due to the one-sided determinations and the bigger average sight length 
(from 535 to 769 m). This conclusion is confirmed by table 9 which presents the results of the 
preliminary assessment for the same points already determined two-sided – from the 
reference points on both shores. It can be seen that the required angular accuracy (with the 
above-given longitudinal accuracy – 8 mm/km) significantly decreases to 31-37сс and can be 
easily achieved. 

  
Conclusion 
Based on the calculations above, conclusions and recommendations have been drawn 

concerning the angular accuracy 𝑚ఉ when setting out the centers of bridge piers from 2 and 3 
reference points. The conclusions should not be considered as an absolute since the derived 
accuracies of linear and angular measurements refer to a specific case. 
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Abstract 

In recent years, many efforts have been made to optimize the  ultraviolet 
photodetectors due to their numerous field of applications. In this study the ZnO 
nanorods based p-n junction photodetectors were fabricated via hydrothermal 
growth method on p-type silicon wafers. Silver nanoparticles synthesized through 
chemical methods in solution were applied on top of photodetectors to enhance the 
performance of the detectors benefitting from plasmonic effect of metallic 
nanoparticles. The formation of the nanostructures were investigated by scanning 
electron microscope (SEM). Enhancement of the light absorption was observed in the 
photodetectors with metallic nanparticles in UV-Vis measurements. The I-V ( 
current-voltage) analysis were realized in dark and under UV illumination showed 
the increase in photocurrent. 

Keywords: Plasmonic Effect, p-n Photodetectors, ZnO NRs, Ag Nanoparticles 

 

 

Introduction 

Photodetectors or photosensors are integral parts of IC circuits that generate an 
electrical signal proportional to the intensity of light upon receiving optical signals. UV 
detection technology is a new technology that is required for a wide range of military and 
civilian applications such as space communications, surveillance, missile warning, etc. [1]. 
Semiconductor materials such as GaN, TiO2, SiC, and ZnO are also known as 
photoconductors because the density of free charges in them changes with photon 
irradiation. The use of these semiconductors in UV photodetectors has been of great interest. 
[2]. Since the ZnO semiconductor has a wide energy gap, it still has good stability at high 
temperatures, and as a result, detectors made of it can be used at temperatures above 300°C. 
Therefore, this material is very important in military applications. Other characteristics such 
as excellent chemical stability, special electrical and optical properties along with large 
excitation binding energy have distinguished it from other semiconductor materials. [3] In 
particular, one-dimensional NR nanorods can significantly reduce light reflection and 
increase its absorption due to the high surface-to-volume ratio of their one-dimensional 
nanostructure and optical trapping properties [4]. The ability to transport electrons more 
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easily by providing a direct conduction path for them and thus reducing the number of grain 
boundaries in the electron path is another unique feature of this type of one-dimensional 
nanostructures [5]. 

Therefore, ZnONRs are considered as an ideal material for the construction of optical 
detectors with high sensitivity and fast response [6]. Generally, ZnO NRs synthesized by 
hydrothermal method, which is widely used due to its simplicity and low cost, have a large 
number of surface and bulk crystal defects [7]. These crystal defects act as traps during 
electron transport in these nanostructures in optoelectronic devices, causing electron-hole 
recombination and increasing surface resistance and poor device performance [8]. In recent 
years, the use of the LSPR effect of suitable metal nanoparticles has become an attractive idea 
to increase the photon absorption rate and improve the performance of photoelectric 
detectors [9]. On the other hand, decorating the surfaces of nanorods with metal 
nanoparticles such as silver, gold and aluminum is an effective way to reduce the effects of 
ZnO surface crystal defects and improve device performance in optoelectronic fields [10]. 
This point of view can be used to help enhance the light detection performance through the 
interaction between light and electron plasmon waves in detectors. 

The p-n junctions made by ZnO NRs, which are inherently n-type, on p-type silicon 
substrates are the proposed structure for the fabrication of UV detectors[3]. The superiority 
and usefulness of ZnO nanostructures in optical detectors are higher on/off current ratio, 
higher optical conductivity, and faster recovery and response speed than other optical 
detectors . Despite the simplicity of the structure and the cost-effectiveness of their 
fabrication, ZnO/p-Si detectors usually have low responsiveness due to the presence of an 
energy barrier at the junction. Efforts have been made by researchers to improve the 
performance of these types of detectors.  

Doping ZnO with another metal means introducing impurity atoms to improve its 
conductivity. Extrinsic impurities added to ZnO nanostructures significantly enhance the 
performance of UV light detectors by reducing the series resistance to electron movement. 
Shabannia et al. reported a study of the optical response of a UV detector based on doped 
ZnO NRs [12]. Lakshmi et al. studied the optical response of the detector by doping a thin 
ZnO layer by introducing Mn, Ni, and Co atoms into it and studied the n-type 
nanostructures [13]. Also, the growth of ZnO nanorods with gallium (Ga) doping on a 
flexible substrate (polyethylene 6,2 naphthalate) has led to improved electronic properties of 
the fabricated detectors compared to devices with intrinsic nanorods. The results show an 
improvement in dark current and photocurrent with the addition of this impurity [14]. 
Researchers have also used the addition of a thin insulating layer at the p-n junction to 
improve the properties of the desired detector. For example, the optical and electrical 
properties of the n-ZnO/p-Si heterogeneous junction have been investigated under the 
influence of the thickness of the Al2O3 thin film introduced into it. The detector made of the 
n-ZnO/Al2O3/p-Si heterogeneous junction provides better structural and electrical 
properties[15]. The effect of the geometric properties of the nanorods, such as their length, on 
the performance of the ZnONR/CdS ultraviolet detectors has also been investigated, and the 
optical response has increased with increasing the length of the ZnO NRs [16]. 

In the pioneering research, an attempt will be made to improve the detectors based 
on ZnO NRs by applying the effect of localized surface plasmon resonances (LSPR) by metal 
nanoparticles in the aforementioned detectors and increasing photon absorption and the 
production of more charge carriers. This new idea for improving the performance of optical 
detectors will be used to help increase the light detection performance through the 
interaction between light and electron plasma waves on the surface of metal particles. 
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Experimental 

All the chemical materials were bought from sigma- Aldrich and used without any 
further purification. In this work  for the fabrication of the photodetectors, p-type single side 
polished (ssp), 300 µm thick and (100) oriented Si wafers with a resistivity of 1–10 Ω.cm were 
cut to 1.5 ×1.5 cm2 and after RCA cleaning process, the Al layer was deposited on the rear 
side of the silicon wafer through sputtering technique to serve as back side contact. The 
contact annealed at the 800 ֩C under N2 ambient to form a P+ region on the back. For the 
growth the ZnO nanorods, 2 steps hydrothermal method was used. First the seed solution 
which is the A 10 mM solution of zinc acetate dihydrate [Zn(O2CCH3)2(H2O)2, 99%] in 1-
propanol was spin coated on the front side of detectors. The native silicon oxide was 
removed before the spin coating process by dilute HF solution. The Al front contact was 
deposited on ZnO seed layer through shadow masks by means of sputtering. For the growth 
of ZnO nanorods, the detectors were dipped into an aqueous growth solution of equimolar, 
20 mM, zinc acetate dihydrate [Zn(O2CCH3)2(H2O)2, 99%] and hexamethylenetetramine 
(HMTA, (CH2)6N4, 99%). Heating process was carried out using a autoclave at 80 ֩C for 1.5 h. 
The Ag NPs were synthesized via polyol process. In summary, 7 mg of sodium chloride 
(NaCl, 99.5%) was added into 10 ml of 0.45 M ethylene glycol (EG) solution of 
polyvinylpyrrolidone (PVP, monomer-based calculation, MW = 55,000) and heated to 
different temperatures from 120֩C-160֩C. Subsequently, 0.12 M silver nitrate (AgNO3, 99.5%) 
solution in 5 ml of EG was prepared and added dropwise into the PVP solution. Also, the 
effect of molar ratio of AgNO3 and the rate of injection were examined in order to obtained 
right size of Ag nanoparticles for plasmonic resonance effect. During the whole process, the 
solution was stirred by a magnetic stirrer and was annealed for 30 min following the 
injection process. In order to separate Ag NPs from PVP, EG and other by products, the 
solution was diluted with acetone and centrifuged several times. Another centrifuge process 
was conducted with the same parameters for ethanolic dilution. The final product was 
dispersed in ethanol and stored for further processing. NPs deposition process was 
performed by spin coating of the ethanolic solution of the Ag NPs The substrates were 
placed onto a hot plate, heated to 150֩ C for instant removal of ethanol.  

 
Results and discussion 

The SEM images and the UV-Vis absorption spectra of the synthesized Ag NPs 
dispersed inside Ethanol was shown in Fig.1. The effect of growth solution temperature, 
precursor molar ratio and AgNO3 injection rate were on the size of the Ag nanoparticles 
were examined. In Fig. 1(a), the sample synthesized at 140°C, with the molar ratio of 
PVP/Ag+ no absorption peak related to silver nanoparticles is observed in the 400 nm range, 
indicating no synthesis or very low concentration of silver nanoparticles in the solution. The 
peak observed at 300 nm can also be related to the reducing agent converting Ag+ to Ag0, 
which disappeared at higher temperatures with the formation of silver particles. In the 
spectrum of the samples synthesized at 150°C, a small shoulder appears in the wavelength of 
440 nm range, which is the result of the plasmonic frequency of the synthesized silver 
particles and confirms the beginning of the formation of silver nanoparticles at this 
temperature. At the spectrum temperature of 160°C, the peak observed at 440nm is highly 
intense and the peak related to the reducing agent is completely disappeared, indicating the 
end of the silver nanoparticle growth process. The broadness of the peak at this temperature 
can indicate the size distribution of the nanoparticles. The absorption peak at 440 nm is due 
to surface plasmon resonance (LSPR), the collective oscillation of electrons in metal 
nanoparticles. The size of the synthesized particles was determined using SEM images and 
ImageJ software by averaging over at least seventy particles. Figure 2 shows the SEM image 
of the particles synthesized at 160°C. The average size of the synthesized particles is 50 ± 4 
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nm.  Fig. 1(b) shows the UV-Vis absorption spectrum of silver nanoparticles synthesized by 
the polyol method with different concentrations of silver nitrate at a constant concentration 
of stabilizer (PVP). The process temperature was 160 ֩C and the injection rate was 1 ml/s. 
With increasing AgNO3 concentration relative to PVP, the plasmonic frequency of silver 
nanoparticles shifts to longer wavelengths, indicating an increase in the size of the 
synthesized particles. With increasing PVP/AgNO3 ratio from 0.11 to 10.8, the plasmonic 
frequency decreases from 445nm to 405nm. The particle size of each sample was examined 
by SEM images taken with ImageJ software. For a relative concentration of 0.11, the average 
particle size was 50±6 nm, for a relative concentration of 2.7, the average particle size was 
30±4 nm, and for the lowest AgNO3 concentration, the particle size was 12±2 nm. The data 
show that the concentration of silver nitrate in the polyol synthesis significantly affects the 
size of the resulting silver nanoparticles. Higher concentrations result in larger nanoparticles 
with a red-shifted LSPR peak, while lower concentrations result in smaller nanoparticles 
with a blue-shifted peak. 

Fig. 1(c), shows the absorption spectra of silver nanoparticles synthesized with 
different injection rates of AgNO3 solution. At an injection rate of 7 ml/s, the smallest 
plasmonic frequency of the nanoparticles is observed (440 nm). By decreasing the injection 
rate of AgNO3 solution to 0.1 ml/s, the LSPR absorption peak shifts to the red region (490 
nm). The injection rate of the silver precursor solution into the polyol solution directly affects 
the nucleation and growth kinetics of silver nanoparticles. Higher injection rates lead to a 
rapid increase in the concentration of silver ions in the reaction mixture and promote faster 
nucleation, which leads to the formation of more nuclei but less time for their growth, 
resulting in smaller particle sizes. Lower injection rates allow the silver ions to be released in 
a more controlled manner, resulting in slower nucleation. This provides more time for the 
nuclei to grow, resulting in larger particle sizes. The size of the synthesized particles was 
measured using SEM technique, which is in agreement with the UV-Vis spectral results. By 
decreasing the injection rate from 7ml/s to 2.5 ml/s and then 0.1ml/s, the particle size 
increased from 55±5nm to 66±5 nm and then to 87±3 nm, respectively. The injection rate is a 
critical parameter in controlling the particle size of silver nanoparticles synthesized by the 
polyol method. Higher injection rates result in larger nanoparticles, while lower rates result 
in smaller particles. This understanding is essential for optimizing the synthesis process to 
obtain nanoparticles with desired size and properties. 



 

Figure 1. UV-Vis spectra of t
ratio (c) injection rates on the frequency of the LSP.

Fig.2. The SEM image of Ag NPs Synthesized in 160 
rate of 1ml/s with the average size of 30

Top view and cross-sectional images of ZnO nanorods synthesized by hydrothermal 
method on silicon wafer substrate are shown in Fig.3. SEM images confirm the vertical and 
aligned growth of nanorods on the substrate. As can be seen, the nanorods crys
hexagonal wurtzite crystals. The cross
length is about 0.5 µm. 

 

Vis spectra of the Ag NPs. The effect of (a) temperature, (b) PVP/Ag+ molar 
ratio (c) injection rates on the frequency of the LSP. 

 

Fig.2. The SEM image of Ag NPs Synthesized in 160 ֩C, molar ratio of PVP/Ag+ 
rate of 1ml/s with the average size of 30±4 nm.  

sectional images of ZnO nanorods synthesized by hydrothermal 
method on silicon wafer substrate are shown in Fig.3. SEM images confirm the vertical and 
aligned growth of nanorods on the substrate. As can be seen, the nanorods crys
hexagonal wurtzite crystals. The cross-sectional size of the rods is about 50 nm and their 
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he Ag NPs. The effect of (a) temperature, (b) PVP/Ag+ molar 

 = 0.11 and injection 

sectional images of ZnO nanorods synthesized by hydrothermal 
method on silicon wafer substrate are shown in Fig.3. SEM images confirm the vertical and 
aligned growth of nanorods on the substrate. As can be seen, the nanorods crystallized as 

sectional size of the rods is about 50 nm and their 
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Fig.3. The top view and cross-sectional images of synthesized ZnO nanorods. 

 

The x-ray diffraction spectrum of ZnO nanorods spin-coated with silver nanoparticles 
on a silicon substrate is shown in Fig.4. The Miller indices of the crystal planes 
corresponding to each peak on it are indicated on the spectrum. The high-intensity peak 
located at 2θ=69.11֩ belongs to Si(400) which is caused by the silicon substrate. The presence 
of high-intensity peaks of the (002) crystal plane at 2θ=33.4֯ and subsequently the (101) plane 
at 2θ=36.6֯ indicates the purity and high degree of crystallization of ZnO. The diffraction 
peaks obtained between the angles of 2θ=10֯ to 2θ=80֯ indicate the hexagonal wurtzite phase 
of zinc oxide according to card number JSPDS#36-1451 and the less intense peaks located at 
angles of 64.42֯ and 69.11֯ correspond to the (220) and (311) planes of silver nanoparticles, 
respectively. The absence of other peaks is proof of the absence of impurity structures. 

 

Fig.4. XRD spectra of the ZnO nanorods decorated with Ag NPs. 

To measure the absorption spectrum of ZnO NRs decorated with silver nanoparticles, 
ZnO nanorods were first grown on a soda lime glass substrate and then silver nanoparticles 
dispersed in ethanol were spin-coated onto the nanorods. In order to investigate the 
plasmonic effect of silver nanoparticles, a comparative sample consisting of ZnO NRs alone 
was also prepared. The UV-Vis absorption spectrum of the fabricated samples is shown in 
Figure 5. The absorption spectrum of the blank glass was used as a reference and subtracted 
from the absorption spectrum of the samples. The absorption peak of ZnO nanorods at a 
wavelength of about 360 nm is clearly visible in both curves. In the curve for ZnO NRs 
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decorated with silver nanoparticles, the increase in the intensity of absorbed light in the 
range of 425 nm is due to the phenomenon of localized surface plasmon resonance (LSPR) in 
silver nanoparticles, which refers to the collective oscillations of surface electrons that are 
excited by light irradiation and cause an increase in absorption at certain wavelengths. 

 

Fig. 5. UV-Vis spectra of ZnO Nanorods decorated with and without Ag NPs.  

 

Conclusion 

In this work the plasmonic effect of Ag NPs was applied in the enhancement of the p-
si/ZnO NRs photodetectors. The ZnO NRs and Ag NPs were synthesized successfully and 
confirmed with scanning electron microscopy. The enhancement in the absorption spectra of 
the ZnO NRs decorated with Ag NPs was observed which was due the plasmonic 
resonances of the metallic particles. 
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Abstract 

The problems of education in Albania are diverse, including limited resources, 
curriculum improvement, quality of education, training of academic staff, inequality of 
opportunities, outdated technologies, ethical and social challenges. This article examines the 
complex landscape of artificial intelligence in the context of educational problems, focusing 
on practical applications, successful experiences, challenges, and prospects. Through a 
detailed analysis of best practices, the article identifies ways in which artificial intelligence 
can be effectively integrated to improve teaching/learning processes. At the same time, the 
challenges associated with its integration into education are examined, providing a critical 
perspective on emerging issues. Finally, the article focuses on future trends of artificial 
intelligence in education, suggesting possible developments in its application in this field. 
This topic is of interest to educators, teachers, students, policymakers, and all those 
interested in a conscious and effective approach to integrating artificial intelligence into 
educational contexts. 

Keywords: Education in Albania, Artificial Intelligence, Future Challenges and 
Prospects 

 

 

 
1. Introduction 
This article is of relevance in the Albanian context, including today's technological 

and educational environment. Applications of artificial intelligence offer important 
opportunities to enrich the teaching and learning process, preparing students for the 
challenges of an ever-evolving digital world. The successful experiences presented highlight 
how the integration of artificial intelligence in education can achieve significant results, 
improving learning, and personalizing the educational experience. 

However, the challenges and concerns associated with the use of artificial intelligence 
in education should not be overlooked. Ethical issues, privacy, and equitable access to 
technological resources are important aspects that require attention and responsible 
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management. Understanding and addressing these challenges is essential to ensure the 
ethical and inclusive implementation of artificial intelligence in education, where looking to 
the future and exploring trends is essential to adapt to the continuous technological 
evolution. Recognizing these trends will enable the development of advanced educational 
strategies and provide educators, students, and administrators with the tools necessary to 
successfully navigate an increasingly connected and technologically advanced world. 

The main goal of this research is to integrate artificial intelligence into education to 
improve, the effectiveness of education and instruction, making it more personalized, 
accessible, and effective for all students. While the specific objectives are pedagogical-
didactic innovation, support for educators/teachers, reduction of inequalities, challenges, 
and ethical issues.  

In conclusion, the integration of artificial intelligence in Albanian education aims to 
transform and improve education, making it more adaptive, inclusive, efficient, and 
promoting the success and development of all students. The importance of this topic extends 
to all those involved in education, helping to shape a future in which artificial intelligence is 
a valuable ally for learning, individual and social development. 

 
2. Definition of Intelligence 
Artificial Intelligence in Education is a research/scientific field that focuses on the 

application of artificial intelligence technology to improve the educational process and 
facilitate student learning. Its concept has been defined in different ways by many authors 
over the years. Below are some definitions: 

Artificial intelligence is the science of having technology do things that, if done by 
humans, would require intelligence (Minsky, 1968). 

Artificial intelligence is the study of how to make computers do what humans are 
currently better at (Rich & Knight, 1991). 

Artificial intelligence is that activity dedicated to making machines intelligent, and 
intelligence is that quality that allows a value to function properly and carefully in its 
environment (Nilsson, 2010). 

Artificial intelligence in education is a powerful tool to open up what has been called 
the ‘black box of learning’, providing us with a deeper and more detailed understanding of 
how learning actually happens (Luckin et al., 2016). 

Our intelligence is what makes us smarter, and artificial intelligence is an extension of 
this quality (LeCun, 2018). 

Artificial intelligence in education can be defined as ‘branch-based automation’ 
(USDE, 2023). 

 
2. 1 Quotes on Artificial Intelligence in Education (Holmes et al., 2019) 
“Artificial Intelligence will be disruptive, but few realize that education will be at the 

forefront… A rather bold intellectual achievement...” - Dirk Vandamme, Deputy Director, 
Education and Skills Directorate, OECD. 

“Artificial Intelligence is a must-read for educators and all stakeholders interested in 
the future of education, who will be influenced by, and very likely transformed by, it… 
Remaining rooted in the science of learning, the experts offer critical insight into the 
potential benefits and risks of artificial intelligence, without overstating the technology” - Jim 
Flanagan, Chief Operating and Strategic Officer, ISTE. 
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“Artificial intelligence is an undeniable resource that helps us cut through the noise 
surrounding AI in education and think deeply about shaping the future of teaching and 
learning.” - Keith Krueger, CEO, COSN. 

“Artificial intelligence is transforming the knowledge and skills students need to 
succeed… it is enabling powerful methods of teaching and learning.” Chris Dede, Timothy 
E. Wirth Professors at Harvard University. 

“Artificial intelligence is an invaluable resource for those concerned with the future of 
education” - Tony Wagner, GAGCI. 

 
3. Methodology 
Artificial intelligence is still an emerging research field and there is no specific and 

standardized methodology to study its application in the field of education. However, 
general ideas for scientific research and its application can be provided. To address the topic 
of artificial intelligence in the context of the purpose of the article, the following structure can 
be used: 

 A brief introduction to artificial intelligence, emphasizing its growing importance 
in the field of education. 
 Definition of artificial intelligence, a clear explanation of what is meant by artificial 
intelligence in the educational context. 
 Practical applications in education, describing how artificial intelligence can be 
practiced in education. 
 Success stories, presenting success stories (specific projects and applications) that 
demonstrate the effectiveness of artificial intelligence in education. 
 Challenges and concerns, which deals with exploring the ethical, technical and 
social challenges associated with the use of artificial intelligence in education. 
 Future perspectives, looking towards the future and discussing possible 
developments of artificial intelligence in the educational context. 

This structure allows to present the topic of the article in the educational context in a clear 
and organized way. The customization of this plan is based on the specific needs and the 
content that is desired to be emphasized. 

 
4. Practical applications 

The advantages of utilizing artificial intelligence in education to enhance learning 
outcomes, support academic staff, and foster personalized learning is exciting, but also a bit 
daunting. To have a realistic approach, one must first move beyond science fiction scenarios 
of computers and robots ‘replacing’ teachers and reducing the human element from what is a 
fundamentally human activity (Luckin et al., 2022; Cardona et al., 2023; Cazzaniga et al., 
2024). The implementation advantages will be seen in terms of the teaching process and at 
the administration level. 

 
4.1 Benefits in the teaching/learning process 
Below we will address issues such as: 

 The help that artificial intelligence provides in adapting didactic materials to the 
individual needs of students. 
 Teaching assistance, the use of chatbots or virtual mentors to respond to students' 
needs. Monitoring student performance through data analysis. 
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 Successful examples of recommender systems in education, courses, resources, or 
activities based on student preferences and performance. 
Some potential advantages of integrating artificial intelligence into education are:  
Personalized learning: It can be extremely difficult for an educator to figure out how 

to meet the needs of all students in a classroom. Artificial intelligence systems easily adapt to 
the individual needs of students and can target learning based on their strengths and 
weaknesses (Maghsudi, et al., 2021; Cardona, et al., 2023; Rukadikar & Khandelwal, 2023). 
There are various platforms and educational ecosystems that implement personalized 
learning with the help of artificial intelligence. Here are some examples: 

Duolingo: a foreign language learning tools that uses artificial intelligence to 
personalize the learning paths of each user. It adapts exercises based on previous 
performance and areas where students may need additional practice. 

Khan Academy: uses automated learning algorithms to adapt didactic content based on 
students’ abilities and needs. Provides immediate feedback and personalized suggestions to 
help students progress in their learning. 

Coursera: offers online courses with personalized content based on student data 
analysis and to adapt recommendations in real time. Uses recommender systems to suggest 
additional courses based on students' interests and goals. 

ALEKS: an online learning system that adapts materials based on student responses. 
Helps students focus on areas where they need improvement. 

CogBooks: uses artificial intelligence to create personalized didactic materials and 
adapts the learning flow to maximize its effectiveness. 

The recommendation systems that have been introduced are numerous and their 
number is increasing. https://fjala.info/zbatime-te-inteligjences-artificiale-ne-arsim-
eksplorimi-i-perparesive-dhe-kufizimeve/  

Mentoring: AI systems can assess learning style, prior knowledge to provide 
personalized support and education (Van der Vorst & Nick, 2019; González-Calatayud et al., 
2021; Chaipidech et al., 2022). Here are some examples: Thinkster Math: an online math 
tutoring platform that uses AI to personalize each student’s learning path. It combines 
human-centered teaching with automated adaptation of assignments, projects. IXL Learning: 
offers customized practice exercises in math, English, science, and other disciplines. It uses 
machine learning to adjust the level of difficulty and provide detailed feedback. Jill Watson, 
Cognii: virtual teaching assistant. 

Assessment: AI can help with exams using an answer key, but it can also compile 
data on student performance in various forms (González-Calatayud et al., 2021). Some such 
tools are: Cognii: focuses on using educational chatbots to assess student writing. It provides 
personalized feedback to improve the quality of writing through conversational interactions. 
TestGorilla, Sapient.ai are some other platforms that help in this case. 

 
Teaching assistance: 
Various chatbots: Homework help, projects: Socratic by Google, where it helps students in 

math, science, literature and more. Mathway, specializing in solving mathematical problems, 
from basic arithmetic. Exam preparation and study guides: QuizBot, offers customizable 
quizzes in various subjects to help students prepare for exams. Test preparation bots, for 
example, GRE, SAT, ACT, offer practice questions, tips, and strategies for standardized tests. 
ChatGPT: our AI-powered ideation partner. Paperity: the superhero of bibliographic research. 
Scite: the vigilant keeper and checker of the study of facts in our studies. QuillBot: the miracle 
of paraphrasing. Research Rabbit: the organizational master of your research paper. 



- 264 - 
 

Consensus: a catalyst for collaboration. Scholarcy: your personal translator, breaks down 
complex texts into manageable parts, clarifies unclear concepts and answers your research 
questions. Trinka: the AI aggregator. Tableau: the creative data analysis tool. ChatPDF: 
summarizes and analyzes text with ease, removing jargon and highlighting essential 
information (Gkinko &Elbanna, 2022; Vijaya Lakshmi & Ishfaq 2022) 
https://patugwu.com/blog/ai-apps-for-researchers/#google_vignette  

Content technologies: Palitt: personalized lesson plans, syllabi, or textbooks. Cram101: 
turns any textbook into an intelligent study guide, complete with chapter summaries, 
unlimited multiple-choice and true/false practice tests, flashcards, etc. JustTheFacts101: 
highlights and generates specific summaries for each book and chapter. 
https://onlinedegrees.sandiego.edu/artificial-intelligence-education/  

Assistive technology: can help students with special needs access a more equitable 
education. (DeFreitas et al., 2022; Lim et al., 2022; Emma et al., 2023; EDF, 2023). Here are 
some tools: Grammarly, Speech to Text, Immersive Reading, CoPilot, Natural Reader, Nuance 
Dragon, Image Recognition Apps, … etc. 
https://www.digitallearninginstitute.com/blog/webinar-highlights-the-benefits-of-ai-to-
assistive-technology-in-digital-learning  

Other developments in today's time: Lesson planning, audio-visual classroom 
creation, test preparation, plagiarism detection, exam integrity, voice-to-text transcribing, 
online discussion threads; tracking and evaluating student success, creating hybrid learning 
environments, virtual learning. https://onlinedegrees.sandiego.edu/artificial-intelligence-
education/ 

 
4.2 Other benefits 

The benefits at the administration level are numerous, here are some of them: 
Scheduling: Helps leaders plan training and individuals manage their daily, weekly, 

monthly, or annual schedules. Plan lesson schedules and manage substitutions. 
Institutional Services Management: Monitors the status of electricity, Wi-Fi, water 

services and alerts facilities management staff when problems arise. Manages entire 
universities, powering student enrollment systems, transportation, IT and maintenance, 
planning, budgeting, ... etc. Assists in security, protection, and cybersecurity. 
https://onlinedegrees.sandiego.edu/artificial-intelligence-education/ Pounce: A chatbot 
designed to assist students during the enrollment process. 

These examples show how AI-based recommendation systems are contributing to 
improving the student learning experience, adapting subject content, didactic materials to 
their needs, and promoting more effective learning. 

5. Success Stories 
There are many educational institutions and projects that have been successful in 

applying artificial intelligence to improve the teaching/learning process. Here are some 
concrete examples: 

The University of Michigan, through its Digital Innovation Greenhouse, uses machine 
learning algorithms to personalize learning paths, improving student interaction with 
courses. https://www.aau.edu/university-michigan-digital-innovation-greenhouse  

Georgia State University, using adaptive learning software, changed the results in core 
subjects that were once obstacles to student success. The project used has the potential to 
have a significant and lasting impact on graduation rates, especially for students at risk of 
dropping out of university. https://success.gsu.edu/adaptive-learning-tools/  
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The University of Technology Sydney has an artificial intelligence-based system that 
automates the correction of written exams. https://help.online.uts.edu.au/information-for-
all-users/review-instructors-user-guide/#-task-results  

Squirrel AI is an online tutoring system based on artificial intelligence that adapts to 
the learning needs of students. The system is widely used in China and has been shown to 
improve students’ performance in mathematics 
https://www.technologyreview.com/2019/08/02/131198/china-squirrel-has-started-a-
grand- experiment-in-ai-education-it-could-reshape-how-the/  

Robolink is a successful project in South Korea that uses artificial intelligence to teach 
and promote hands-on learning through robotic experiences. 
https://www.robolink.com/blogs/roblog-link/tagged/artificial-intelligence  

Arizona State University has implemented adaptive learning technologies to provide 
personalized education to students. Through data analysis, the system has adapted didactic 
materials and provided suggestions to students, significantly helping to improve results. 
https://teachonline.asu.edu/2022/08/inscribe-digital-community-powered-pedagogy/  

EdSurge Concierge is an editorially independent project in the USA based on artificial 
intelligence that has helped teachers and school leaders find educational resources and tools 
suitable for their specific needs. https://www.edsurge.com/news/2017-05-24-the-next-
stage-for-edsurge-concierge  

Qillionz uses artificial intelligence to automatically generate questions and quizzes 
based on specific text or content. It is also used by teachers to quickly create personalized 
didactic materials. https://www.quillionz.com/ 

Content Technologies, Inc. develops an automated AI-based grading system called e-
rater®, used to grade students on standardized exams like the TOEFL. 
https://www.crunchbase.com/organization/content-technologies-inc-cti  

These featured systems demonstrate how educational institutions and projects are 
successfully using AI to improve teaching, personalize learning, and provide more effective 
support for students. 

 
6. Challenges, concerns, and perspectives 
Artificial intelligence in education beyond its numerous and valuable applications 

also has limitations, some of which come from the common format of the technology and the 
rest from the artificial intelligence itself (Owoc et al., 2021; Walker & Baten, 2022; Cardona et 
al., 2023; Smith et al., 2023; Bertrand et al., 2024). There are issues that on the one hand bring 
advantages and on the other hand limitations. Some of its limitations are: 

Loss of human connection (contact): lack of empathetic contact. Lack of emotional 
intelligence and interpersonal skills of students. Data privacy and security: students' 
personal data, access to information, authorship is unprotected. Bias and equality: if the 
input data contains bias, gender or racial discrimination, then we have an unintentional 
perpetuation of them. Over-reliance on artificial intelligence: can inhibit critical, creative, and 
independent thinking. 

Job substitution for academic staff: the unique knowledge, creativity, and adaptability 
that human educators bring to the classroom are difficult to replace. Limited personalization: 
it may still be a struggle to provide truly personalized education for each student, with 
individual learning styles and needs. Inclusion and equity: advanced technology may not be 
accessible to all students, especially those from disadvantaged backgrounds. 

Technical issues and system malfunctions. Impersonal assessment and feedback: lack the 
specific feedback that human educators provide. Distraction and multitasking: losing the 
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original purpose. Ethical concerns: how should data be used ethically? Training 
educators/teachers on its use. Expensive implementation costs: can lead to unequal 
opportunities for students. The loss of human-driven classroom dynamics. 

 
6.1 Future Perspectives 

Ethical considerations are profound when it comes to the use of artificial intelligence 
in any environment. It lacks a 'moral compass,' meaning its ethical behavior is essentially a 
reflection of its developer's intentions and programming. The literature (Jobin et al., 2019; 
Holmes et al., 2022; Luckin et al., 2022; Al-Tkhayneh et al., 2023), outlines important 
recommendations for the future, where we need to: 

 Have ethics embedded in the idea of why a specific piece of technology, equipped 
with artificial intelligence, is being developed. 
 Observe/control/protect the results of that technology to fully understand its 
behaviors and ensure that it does not violate our moral compass. 
Artificial intelligence is rapidly transforming education management and improving 

the efficiency of its various processes. Its future in education management is bright and 
promising. Prospects of intelligence in education are oriented towards greater integration 
and personalization of learning. Some of the most important prospects may include: 

Virtual Mentoring: an AI-based mentoring platform provides personalized support to 
students, helping them overcome difficulties and consolidate skills more effectively. 
Predictive Analytics: AI is used to analyze large amounts of student data, allowing educators 
to identify learning problems in advance and intervene in time. Chatbot-based Education: 
Educational chatbots will be able to instantly answer students' questions and guide them 
interactively through learning materials. Ethical and Social Challenges: The widespread use of 
AI in education brings forth ethical concerns regarding student privacy and equitable access 
to technology. Addressing these challenges is crucial to promote the fair and ethical 
implementation of AI in educational settings. 

Finally, the prospects of AI promise a radical change in education, offering previously 
unprecedented opportunities to improve the effectiveness and equity of education. 
However, it is important to take a critical and responsible approach to maximize the benefits 
of intelligence as we face emerging challenges. 

 
7. Conclusions 

Education in Albania is facing a series of complex challenges ranging from limited 
resources, quality of education to unequal opportunities. However, artificial intelligence 
offers an important opportunity to address these challenges and improve teaching and 
learning processes. 

This article examines the role of artificial intelligence in education, highlighting its 
strengths through recommender systems, successful examples, challenges related to their 
implementation, and ethical and social issues. By identifying best practices, this paper 
highlighted how artificial intelligence can improve educational approaches from both 
pedagogical and administrative perspectives. In our country, it is essential to approach new 
challenges regarding its integration into education with a critical vision, to develop a 
constructive approach. 

Overall, implementing artificial intelligence in education management has the 
potential to drive transformative changes. Tools based on it can help academic staff 
personalize the learning experience, improve student engagement, and provide real-time, 
tailored feedback. Furthermore, it can help educational institutions simplify administrative 
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tasks, automate assessments, and optimize resource allocation. While the application of 
artificial intelligence to education holds great potential for improving the quality and 
effectiveness of education, it is important to approach this technology with caution, 
recognizing its potential limitations. 

This topic is relevant to a wide range of stakeholders, including educators, students, 
and policymakers, as they seek to promote more inclusive, effective, and future-oriented 
education through the integration of artificial intelligence. 
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Abstract 

This research paper explores the integration of Large Language Models (LLMs) into 
Virtual Reality (VR) environments to enhance human-like interactions with non-Player 
Characters (NPCs) in professional training simulations. Current VR systems suffer from 
repetitive, scripted dialogues that lack naturalness and adaptability, which significantly 
reduce user engagement, immersion, and learning outcomes. To address these limitations, 
the study developed a proof-of-concept VR system utilizing state-of-the-art LLMs, including 
GPT-4, Claude 3.5, and LLaMA, evaluated through the Massive Multitask Language 
Understanding (MMLU) benchmark. The Agile methodology was employed to iteratively 
refine the system based on extensive user feedback, focusing on optimizing NPC interactions 
for contextual relevance, realism, and adaptability. Results demonstrated significant 
improvements in naturalness, user engagement, and context maintenance, with LLaMA-
powered NPCs outperforming other models in user acceptance testing. These findings 
underscore the transformative potential of LLMs to revolutionize VR-based training by 
delivering dynamic, lifelike, and context-aware dialogues, paving the way for more 
advanced AI-driven immersive environments. 

Keywords: Artificial Intelligence, Metaverse, GPT, Business Networking, Multitask 
Language Understanding (MMLU), Unity, LLaMA, Claude  
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Abstract 

Atmosphere is one the key elements of the nature and of earth, it is because of it that 
the all living and nonliving life is protected from UV radiation. Weather is the conditions of 
atmosphere over a short period influenced by the elements that are in atmosphere like air 
pressure, temperature, and wind speed, which create rain fall or snowfall. These elements 
can be measured by equipment like barometers, computers modeling. By doing so the 
weather forecast can predict climate. Because of relation especially to the ocean climate and 
the relation atmosphere-ocean and human behavior, all these are elements that help us to 
predict the weather.   

When applying an urban project One of the focal points of the General Regulation 
Plan of the Territory for the Municipality of Vlora City is the study and prediction of climate 
and weather, in this case is done a Specific calculation of the level of rain in a long distance 
for the last 28 years by finding an exact coefficient of correlation between the reality and 
prediction from human factor. 

This study put in point the correlation between weather prediction, environmental 
challenges and human importance of attention to the climate change. 

Keywords: Atmospheric prediction, urban planning, climate adoption, metrological 
analysis.  

 

 

 

Introduction 
The atmosphere is a fundamental component of the Earth’s natural system, playing a 

crucial role in sustaining life and protecting it from harmful ultraviolet (UV) radiation. 
Weather, as a short-term atmospheric condition, is influenced by various factors such as air 
pressure, temperature, and wind speed, all of which determine phenomena like rainfall or 
snowfall. These factors can be measured using tools such as barometers and computer 
models, enabling us to make weather forecasts (The National Institute of Open Schooling). 

However, predicting climate trends is far more complex, as it requires analyzing 
long-term interactions between the atmosphere, ocean currents, and human activity. 
Understanding these relationships is vital, as it allows municipalities to take preventive 
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measures against extreme weather events. But forecasting is not only about knowing when 
heavy rains will occur—it extends to urban planning, environmental policies, and disaster 
prevention strategies. 

 
The Importance of Weather Prediction in Urban Planning 
One of the primary goals of the General Regulation Plan of the Territory for the 

Municipality of Vlora is to integrate climate and weather predictions into urban 
development (Municipality of Vlora, 2009). This involves analyzing historical rainfall data 
over the past 28 years to establish a correlation between actual climatic events and human-
led forecasting efforts. 

Despite these studies, a growing concern is the increasing unpredictability of weather 
patterns. In the past, meteorologists could reasonably estimate the amount of rainfall 
expected over a certain period, allowing authorities to plan accordingly. However, this 
predictability has significantly declined. The flooding event in Vlora in October 2024 serves 
as a stark example of this challenge. Many construction permits have been granted without 
proper consideration of the terrain’s characteristics, resulting in severe floods that 
endangered both properties and lives. 

 
The Human Impact on Climate and Weather Patterns 
In addition to flawed urban planning, human activities have accelerated climate 

change and contributed to unpredictable weather patterns. CO₂ emissions, deforestation, 
and the destruction of green areas have disturbed the natural equilibrium, increasing the 
frequency and severity of extreme weather events (Mitiga Solutions, 2023). 

One way to address this challenge is through urban planning that incorporates a 
balanced approach to construction, green spaces, and CO₂ emissions. By calculating the CO₂ 
emissions of new construction projects, municipalities can determine the exact green area 
required to offset those emissions. This approach can help ensure that new developments 
contribute to the environment rather than detract from it. 

 
Proposed Formula for Green Space Requirement 
To calculate the required green space for a new construction based on its CO₂ 

emissions, the following formula can be used: 
Ag = Ec / Rg 
Where: 

 Ag = Required green area (m²) 
 Ec = Total estimated CO₂ emissions from construction (kg CO₂) 
 Rg = CO₂ absorption rate of green spaces (kg CO₂/m² per year) 

For example, if a construction project generates 50,000 kg of CO₂ emissions and the 
green space absorbs 5 kg CO₂ per square meter annually, the required green area would be: 

Ag = 50,000 / 5 = 10,000 m² 
This formula could help urban planners calculate the amount of green space—such as 

trees, parks, and green rooftops—needed to offset the emissions of new developments, 
ultimately ensuring more sustainable cities and mitigating the impact of urbanization on 
climate. 
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Lessons from Other Countries: The Delta Works Example 
Many nations have successfully tackled the challenge of unpredictable weather and 

urban development by implementing integrated forecasting systems and climate-resilient 
infrastructure. A prime example is the Netherlands, which has one of the world's most 
advanced flood prevention systems—the Delta Works. 

This system uses real-time weather prediction, artificial intelligence (AI), and 
automated storm surge barriers to protect against floods. Satellite technology and AI-driven 
controls allow the system to respond dynamically to changing weather conditions, ensuring 
long-term resilience. Recognized by the American Society of Civil Engineers as one of the 
Seven Wonders of the Modern World, the Delta Works demonstrates how cities can adapt to 
climate unpredictability through innovative infrastructure and forward-thinking urban 
policies (Mitiga Solutions, 2023). 

 
Conclusion 
The increasing unpredictability of weather patterns requires a new, integrated 

approach to urban development. Municipalities must prioritize real-time weather forecasting 
as part of their planning strategies, ensuring that construction projects account for 
environmental factors. A sustainable urban plan should balance green spaces, CO₂ 
emissions, and water management to mitigate the risks associated with extreme weather. 

Countries like the Netherlands have successfully demonstrated that integrating 
advanced climate modeling and AI-driven systems can help prevent disasters while 
ensuring sustainable development. If similar measures are adopted in Albania, cities like 
Vlora can better withstand future climate challenges and create a safer, more resilient urban 
environment. 
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Abstract 

This presentation is related to the Universal Project, funded by the National Council 
for Scientific and Technological Development of Brazil, which has been studying the 
inferential processing of metaphorical language performed by congenitally blind individuals 
(vision loss by age 3) and by typically sighted individuals for the past two years. We used 
four levels of complexity of metaphorical sentences created from audio-described narratives 
specially prepared for blind individuals. The sentences were randomized with a similar 
number of non-metaphorical sentences, and the participant had to press a button indicating 
their decision on whether or not the sentence they heard was metaphorical. Before the 
experiments, there were two training sessions on the use and possible sensations inside the 
machine, as well as on what the linguistic stimuli used as input would be like. After 
collecting exams by FMRI in a 7Tesla machine, we identified two cases of blind individuals 
who, although they claimed not to have any comorbidity, presented brain anomalies. Both 
had pathologies that could hypothetically interfere with the results of metaphorical language 
processing and prevent us from adequately comparing the results of all participants 
involved, since the others did not present any type of visible comorbidity in brain formation. 

The communication proposal that we will present arises from these two cases. The 
problem that arises is how a researcher can obtain a reliable report of fMRI exams without 
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the intervention of a neuroradiologist, who, as a rule, at the Faculty of Medicine of the 
University of São Paulo, does not work on preparing medical reports for exams dedicated 
exclusively to research. So, the team had the idea of using two types of AI to read the two 
exams with anomalies. At the same time, the team provided a non-medical study of the 
morphological results presented using only technical knowledge of brain morphology, fMRI 
processing and linguistic complexity. 

In this communication, we will discuss the results of this experiment and give details 
about all the previous data collection methodology, as well as the interpretations and 
conclusions we reached with this procedure that can help future research in the field of 
functional magnetic resonance imaging. 

Keywords: fMRI, Medical Reports, AI, Iİnterdisciplinary Studies. 

 
 
 
Apresentação  
Este texto, originalmente preparado por uma equipe interdisciplinar que lida com 

imagens cerebrais de cegos congênitos, visa a divulgar os trabalhos que temos feito junto ao 
grupo de Pesquisa Linguagem e Cognição da Universidade de São Paulo.  

Como passávamos por um problema de termos um volume de exames sem laudos 
radiológicos, para avançarmos em meios científicos de leitura, resolvemos testar três IAs 
para verificar como elas resolveriam duas imagens com anormalias, identificadas durante os 
procedimentos científicos do Projeto Universal “Recursos inferenciais na meta ́fora situada e 
audiodescrição – estudo contrastivo”1, financiado pelo CNPq, e sediado entre fev/2024 e 
jan/2025 pelo Instituto de Estudos Avançados da USP. Teríamos IAs eficientes ao ponto de 
podermos envolvê-las como parte do protocolo científico? Quais os desafios de seu uso?  

As imagens estruturais referem-se  a outputs de uma máquina 7 Teslas, instalada no 
Instituto de Radiologia, da Universidade de São Paulo. As participantes são duas pessoas 
cegas congênitas (cegas desde o nascimento) que apresentaram anomalias cerebrais, uma de 
25 anos e a outra de 42 anos de idade, ambas brasileiras com anormalidades anatômicas 
cerebrais detectadas em seus exames estruturais. Perguntamo-nos, então, se as IAs seriam 
capazes de detectá-las. Caso positivo, teríamos uma ferramenta útil para fazer a triagem de 
exames e dar mais velocidade às nossas atividades científicas.  

Antes de tratar dos resultados dessas testagens de triagem de alterações anatômicas, 
fizemos um levantamento de trabalhos publicados em revistas de radiologia, nos quais 
houvesse o emprego de IA. Os resultados, se lidos no conjunto, podem ser metaforicamente 
compreendidos como uma escalada do progresso no campo da saúde correlacionado ao uso 
de IAs. Ocorre que não temos a convicção sobre serem todas as IAs efetivas nas tarefas que 
precisamos desenvolver. Na seção seguinte, apresentamos os trabalhos que lidam com IA no 
campo da saúde, num recorte histórico recente, para, então, produzir nosso próprio estudo 
com ressonância magnética.  

 
Revisão do tema  
Com o boom das IAs, pesquisadores de vários campos começam a entender a 

importância de uma equipe interdisciplinar, sob risco de se tornar tão somente usuário 
dessas ferramentas. Uma das portas que se abre, conectando-nos agora ao projeto que temos 
conduzido, é compreender como poderemos oferecer contribuições à automatização de 
                                                           
1 Processo 423337/2021-1 – Projeto Universal. 
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triagens de alterações anatômicas não fisiológicas voltados para os estudos científicos no 
campo da linguagem associado aos exames de RM. 

Obviamente ainda é cedo para isso, mas a velocidade das descobertas tem acelerado 
essa possibilidade não mais remota e, como temos aprendido ao longo dos anos, algumas 
descobertas nascem de novos fatos inusitados que vamos percebendo ao longo de um velho 
caminho de investigação. Neste caso, tínhamos como critério de exclusão de participantes 
comorbidades que pudessem inviesar a leitura dos resultados de linguagem. Seria o caso de 
descartar os exames que, porventura, trouxessem indícios patológicos. Seria, realmente, 
adequado descartar os exames de duas participantes cegas congênitas que desconheciam que 
tivessem anomalias sem, antes, sabermos em que medida essas imagens interfeririam na 
identificação das metáforas? Fomos colocados frente a frente com uma questão ética, mas 
também com a possibilidade de responder àquela provocação da Cátedra Oscar Sala. 
Estariam as IAs preparadas para nos ajudar a fazer uma triagem eficiente dos resultados de 
exames que apresentam anomalias?  Se fosse, teria também condições de assumir um grau de 
confiança nos processamentos a que visávamos.  

Para que o caminho fique bem delineado e para que a compreensão de nosso roteiro 
aqui se explicite, visitamos a plataforma Scielo Brasil, e utilizamos como descritores de busca 
os termos “IA/AI e diagnóstico” em revistas de Radiologia. Procedemos a uma recolha não 
exaustiva dos trabalhos a partir de 2019, quando estávamos a ponto de vivenciar o 
isolamento social devido à Pandemia da Covid19 e quando o uso de IA e de comunicação via 
internet disseminara-se grandiosamente por todo o mundo. Visitaremos alguns estudos que 
contribuíram, de algum modo, para esta reflexão sobre o diagnóstico científico e sua leitura 
via IA. Identificamos 13 estudos que nos auxiliariam a pensar as nossas próprias barreiras 
para a leitura de exames científicos por RM e os possíveis avanços que decorreriam de nossa 
interação com esses trabalhos (Leite, 2019; Brandes et al., 2020; Macruz, 2021; Silva, 2023; 
Bhayana, Krishna e Bleakney, 2023; Wanderley et al., 2023; Serpa et al., 2023; Nather Junior, 
2023; Godoy et al., 2023; Espíndola et al., 2024; Macedo e Rocha, 2024; Santin e Lee, 2024; 
Leitão et al., 2024). 

Leite (2019), nos momentos antecedentes à Pandemia, já tratava em seu artigo de 
aprendizado de máquina para fins de leitura de exames de radiologia. A autora, a partir da 
leitura de Koenigkam-Santos et al. (2019)2, discute a relevância da IA para diagnósticos 
radiológicos, e indica esse texto por considerar que os autores utilizam uma forma didática 
de exposição dos termos técnicos e de conceitos dando acesso ao que será necessário às 
dinâmicas futuras nesse campo. Em seu artigo, Leite resume o que tem visto de aplicação no 
campo da saúde e refere algumas áreas, tais como radiologia, patologia, oftalmologia e 
dermatologia diagnóstica (Amato et al. 2017; Kooi et al. 2017; Lakhani 2018; Bychkov e Turkki 
2018; Usman et al. 2014 e Esteve et al. 2017; Liu et al. 2019; Sarwar et al. 2019)3. Àquela época, a 
pesquisadora reconhecia haver algumas aplicações potenciais para IA no campo da imagem 

                                                           
2 Koenigkam-Santos M, Ferreira-Júnior JR, Wada DT, et al. Artificial intelligence, machine learning, computer-aided diagnosis, 
and radiomics: advances in imaging towards to precision medicine. Radiologia Brasileira. 2019 (52): 387-96. 
3 Eis os estudos referidos por Leite: Amato F, López A, Peña-Méndez EM, et al. Artificial neural networks in medical diagnosis. J 
Appl Biomed. 2013;11:47-58. Kooi T, van Ginneken B, Karssemeijer N, et al. Discriminating solitary cysts from soft tissue lesions 
in mammography using a pretrained deep convolutional neural network. Med Phys. 2017;44:1017-27. Lakhani P, Sundaram B. 
Deep learning at chest radiography: automated classification of pulmonary tuberculosis by using convolutional neural 
networks. Radiology. 2017;284:574-82. Bychkov D, Linder N, Turkki R, et al. Deep learning based tissue analysis predicts 
outcome in colorectal cancer. Sci Rep. 2018;8:3395. Usman Akram M, Khalid S, Tariq A, et al. Detection and classification of 
retinal lesions for grading of diabetic retinopathy. Comput Biol Med. 2014;45:161-71. Esteva A, Kuprel B, Novoa RA, et al. 
Dermatologist-level classification of skin cancer with deep neural networks. Nature. 2017;542:115-8. Liu Y, Gadepalli K, Norouzi 
M, et al.. Detecting cancer metastases on gigapixel pathology images. [cited 2019 Aug 15]. Sarwar S, Dent A, Faust K, et al. 
Physician perspectives on integration of artificial intelligence into diagnostic pathology. Digital Medicine. 2019 (2), article 28. 
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e alertava para a mudança que se afigurava nesse cenário e para as providências que 
deveriam ser pensadas para lidar com essas novas tecnologias.   

Silva (2023), por sua vez, verticalizou o estudo da IA na área da radiologia médica 
detendo-se no problema das imagens por raios X, que são baseadas na absorção corporal do 
paciente dos raios X. À medida que os raios passam pelo corpo  distribuem-se em 
quantidade e de modo diferente a depender da região física, fazendo com que a dose de 
radiação e os efeitos sejam variáveis. Na tomografia computadorizada, diferentemente, 
a imagem humana é seccionada com cortes transversais que são selecionados para variados 
diagnósticos. Na análise de Silva, não há dúvida sobre a aplicabilidade das IAs nesse campo, 
tal como observara no trabalho de Höeschen (2020), que mobilizou software de pós-
processamento. Feita essa detida leitura e análise dos resultados, a autora identificou 
algumas barreiras que impedem o avanço das IA no campo científico: (a) confiabilidade, (b) 
controle de qualidade da IA; e, como já esperávamos, (c) questões legais e acadêmicas, que 
nos conduzem novamente ao calabouço da responsabilidade ética de provedores de 
tecnologia.  

Silva resolve, então, mobilizar dados dos valores biológicos da literatura, reservando 
os testes de aquisição de imagens apenas em materiais miméticos ao sistema biológico. 
Utilizando um simulador com técnicas de impressão 3D, o qual forja a dureza e a densidade 
do osso humano em materiais como resina e polímeros, procede a um estudo que toma por 
base a análise do gráfico de superfície, a escala de Hounsfield, a resolução espacial, a 
precisão geométrica e o uso de algoritmos de segmentação óssea com as técnicas 
Thresholding, Measurement Space e Automatic bone. O que ela percebeu – e gritava aos 
olhos - era que os modelos de IA disponíveis no mercado careciam do conceito EXAI, que é 
uma inteligência artificial explicável. O que remanesce deste precioso trabalho são, 
primeiramente, as contribuições metodológicas relevantes para o aperfeiçoamento das IAs, 
sem o que não será possível tratar das questões éticas implicadas. Sem o desenvolvimento de 
um processo de validação não se alcançará, portanto, o controle de qualidade nos resultados 
extraídos com o emprego das IAs. 

Na verdade, poucos anos antes, Macruz (2021) noticiava que as IAs já eram 
amplamente utilizadas nos exames médicos de imagem, especialmente na associação entre 
sintomas e biomarcadores com o diagnóstico e prognóstico de doenças. Não obstante esse 
desenvolvimento, as pesquisas científicas interdisciplinares continuaram defasadas pelo 
inacesso aos laudos tão importantes para compreender alguns processamentos no campo da 
linguagem em interferência com anomalias tais como aquelas com que nos deparamos. É 
nesse momento que a área médica radiológica deixa uma lacuna imensa no desenvolvimento 
científico de áreas interdisciplinares já que, ao sair de campo e não oferecer valiosas 
interpretações radiológicas estagna possíveis descobertas dependentes de outras áreas 
científicas, tais como as de linguagem. Um tumor ou uma malformação cerebral específica 
poderia afetar a identificação de metáforas? Caso positivo, em que graus de complexidade 
linguística a linguagem seria afetada? Não temos respostas.  Na época em que Macruz 
refletia sobre o tema, ela também se incomodava sobremaneira com alguns descompassos: 
ela percebia uma defasagem notável entre o potencial de desempenho das ferramentas, os 
aplicativos médicos que utilizavam IA e sua relevância clínica.  

Hoje, temos, ao contrário desse cenário, variadas IAs e diversas bases de dados que, 
colhidas para a pesquisa científica básica, poderiam ser usadas como input para treinamento, 
no entanto ainda nos falta a estrutura universitária que permita não somente a criação de 
ferramentas efetivas, mas ainda a reserva de descobertas antes de sua transferência 
inevitável para a indústria médica tecnológica.  

As provocações ao longo do caminho de construção de conhecimento sempre 
provocam avanços nas reflexões. Bhayana, Krishna e Bleakney (2023) foram instigados a 
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avaliar o desempenho do ChatGPT no contexto de resolução de questões do exame do 
Conselho de Radiologia sem imagens. Foi muito interessante perceber os pontos fortes e 
limitações da IA. Utilizaram 150 questões de múltipla escolha organizadas por tipo de 
habilidade envolvida (pensamento de ordem inferior, tal como recordar e compreender; e de 
ordem superior, envolvendo ações de aplicar, analisar e sintetizar), além de questões mais 
tópicas (física, clínica). As questões de pensamento de ordem superior foram ainda 
subclassificadas por tipo (descrição de achados de imagem, manejo clínico, aplicação de 
conceitos, cálculo e classificação, associações de doenças). O desempenho do ChatGPT foi 
avaliado de três modos: geral, por tipo de questão e por tópico. A confiança da linguagem 
nas respostas também foi avaliada em análise univariável. Apesar de não ter nenhum pré-
treinamento específico em radiologia, o ChatGPT por pouco não passou em um exame do 
Conselho de Radiologia sem imagens. Seu desempenho foi bom em questões de pensamento 
de ordem inferior e em questões de gerenciamento clínico, mas não teve tão bom 
desempenho nas questões de pensamento de ordem superior envolvendo descrição de 
achados de imagem, cálculo, classificação, e aplicação de conceitos. 

Talvez pudesse se sair melhor na distinção clínica entre malignidade ou benignidade 
de um nódulo mamário. Wanderley et al. (2023) fizeram exatamente essa testagem, 
utilizando um software baseado em algoritmo de IA, por meio do que esperavam  observar a 
confiabilidade para a predição do risco de malignidade em nódulos mamários. Utilizaram 
uma amostra retrospectiva e unicêntrica com 555 nódulos mamários submetidos a biópsia 
percutânea. Os achados ultrassonográficos foram classificados de acordo com o léxico do BI-
RADS e as imagens foram analisadas pelo software Koios DS Breast respeitando uma divisão 
entre 6 faixas gradientes polarizadas pelo graus benigno e provavelmente maligno. O 
resultado histopatológico foi considerado como padrão ouro. Os resultados revelaram-se 
promissores, já que dois resultados falso-negativos na avaliação realizada pelo radiologista 
foram classificados como suspeitos pelo software, e quatro resultados falso-negativos 
indicados pela avaliação do software foram classificados como suspeitos pelo radiologista. 
Esses resultados são ótimos preditivos para que a IA seja empregada numa fase de 
elaboração primária de laudos, ficando um menor número de casos (falsos negativos e falsos 
positivos) dependentes de uma análise mais acurada pelo radiologista.  

Serpa et al. (2023) tiveram a ideia de utilizar IA, num modelo de aprendizado 
profundo (deep learning – DL4), para estimar idades ósseas de paulistas, comparando esses 
resultados, posteriormente, com os derivados do método Greulich e Pyle. Procederam, então, 
ao estudo transversal com 714 radiografias de mão e punho. Essa análise manual foi feita por 
um radiologista com grande experiência. Depois, implementaram o uso de uma rede neural 
convolucional premiada na Sociedade Radiológica da América do Norte em 2017 para a 
mesma análise. O algoritmo do DL estimou eficientemente a idade óssea dos indivíduos, a 
despeito das variáveis gênero e etnia. Nos resultados de exames de pacientes mais jovens, 
houve alguma imprecisão, o que demandaria alguns aprimoramentos no algoritmo.  

Também com aprendizado profundo, Nather Júnior (2023) questionou a precisão 
contida no desenvolvimento tecnológico da área de diagnósticos radiológicos. Para sua 
testagem, fez uso de redes neurais convolucionais (CNNs) para a análise radiográfica da 
osteoartrite de joelhos. O autor demonstrou que o sucesso do treinamento situava-se na 
aplicação de um modelo computacional treinado com um extenso conjunto de dados locais, 
sem o que fragilizaria a eficiência e a precisão da resposta diagnóstica. Também alertou para 

                                                           
4 Cabe uma distinção entre Inteligência Artificial (simulação da inteligência humana em máquinas programadas por humanos na 
percepção visual, reconhecimento de fala, tomada de decisão e processamento de linguagem natural), Machine Learning 
(subcampo da IA focado no desenvolvimento de algoritmos e modelos estatísticos que fazem com o treinamento e 
aprendizagem de computadores) e Deep Learning (divisão do Machine Learning que treina redes neurais profundas para 
aprender tarefas com base em grandes datasets). Não se aplica aqui, portanto, o conceito anterior de programação. 
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as limitações subjacentes a esse uso, citando a necessidade de grandes volumes de dados 
anotados para treinar esses sistemas e a questão ética da privacidade dos dados. Os 
benefícios que ele nota com o êxito dessas aplicações se voltam à redução da carga de 
trabalho sempre muito grande dos radiologistas e um lugar de destaque para sua expertise: 
radiologistas entrariam em campo num segundo momento em que sua expertise seria 
fundamental, o de gerar confiabilidade aos resultados interpretados. Vemos, assim, que há 
um campo imenso de aplicação para as CNNs, com resultados na qualidade do tempo e na 
valorização da expertise dos profissionais radiologistas. 

Ainda no modelo deep learning, o estudo de Godoy et al. (2023) traz uma contribuição 
relevante. Esses autores checaram a acurácia da tomografia computadorizada de pacientes 
hospitalizados por síndrome respiratória aguda grave causada por COVID-19. Partiram da 
amostra de 823 pacientes infectados, confirmados por RT-PCR, da qual selecionaram os 93 
que estavam em ventilação mecânica hospitalar. Criaram, para a checagem, um modelo de 
aprendizado de máquina com elevada especificidade. O resultado foi positivo, já que 
conseguiram, por esse meio, prever de forma confiável quais pacientes não precisariam de 
ventilação mecânica.  

O último e mais complexo reduto diagnóstico que a ciência desbrava é o da mente 
humana. Seriam as IAs eficientes nesse campo num momento em que temos protocolos 
diagnósticos bem delineados? Espíndola et al. (2024) buscaram entender como a IA ajudaria 
no diagnóstico de doenças neurológicas. Com inputs de neuroimagem e 
eletroencefalogramas (EEGs), partiram do pressuposto de que, em sendo eficientes, dariam 
maior agilidade ao acesso de resultados, minimizariam o tempo necessário e mão de obra 
especializada para a elaboração de laudos, consequentemente agilizando as respostas 
clínicas. Fizeram seus testes e experimentos e chegaram a algo que era preciso ser dito: esses 
benefícios todos ainda não são alcançados devido aos desafios próprios de implementação 
do uso de IA, ou seja, sem uma volumosa base de dados com representatividade 
diversificada de laudos diagnósticos o algoritmo não teria treinamento eficiente. Ademais, 
será preciso trabalhar a aceitação por parte dos profissionais  de saúde que ainda 
demonstram ceticismo em relação às IAs.  

Temos consciência de que toda novidade pode acarretar inseguranças e dúvidas, mas 
também traz a necessidade de se criarem normas, regras de uso e procedimentos 
profissionais, que se desdobram, é certo, numa série de questões éticas, incluindo as 
limitações de uso. O estudo de Espíndola et al. (2024) deixa ver que, sem uma equipe 
interdisciplinar – no caso dele, da saúde e da engenharia –, alinhamentos técnicos não podem 
ser realizados. Vivenciamos esse processo numa outra instância. A junção de áreas diferentes 
num mesmo grupo de pesquisa requer um exercício de aproximação muitas vezes lento e 
complexo, mas que implica ganhos imensuráveis para a ciência. O texto de Espíndola et al. 
(2024) nos inspira a pensar caminhos de aproximação com essa nova tecnologia, mas 
especialmente para uma aplicação primária no campo da pesquisa, já que, somente com um 
corpo mais volumoso de trabalhos em frentes diversas interdisciplinares, daremos algum 
passo no potencial uso das IAs, inclusive percorrendo roteiros inéditos para as áreas, tal 
como aquele percorrido por Santin e Lee ao decidirem construir um modelo ajustado àos 
seus interesses médicos.  

Santin e Lee (2024) tinham como foco de atenção a identificação automática de 
doenças cirúrgicas benignas da vesícula biliar a partir de laudos radiológicos. Prepararam o 
input com 1.200 laudos contendo a descrição da vesícula biliar e pediram a quatro 
radiologistas que classificassem os laudos como doença benigna cirúrgica ou maligna. 
Treinaram a CNN e a memória longa de curto prazo bidirecional (bidirectional long short-term 
memory - BiLSTM). Os modelos foram treinados, avaliados por meio da divisão do conjunto 
de dados entre treinamento e, depois, validados, sendo considerados pelos autores como 



- 279 - 
 

modelos de alto desempenho. Dois outros estudos demonstram terem tido ideias 
semelhantes para checar o potencial do ChatGPT: Macedo e Rocha (2024) e Leitão et al. 
(2024). Lembremo-nos que, um ano antes, vimos as testagens realizadas por Bhayana, 
Krishna e Bleakney (2023) com fragilidades de resultados nas questões de pensamento de 
ordem superior envolvendo descrição de achados de imagem, cálculo, classificação, e 
aplicação de conceitos.  

Macedo e Rocha (2024) utilizaram o ChatGPT para avaliar sua resposta frente a um 
exame especializado promovido pelo Colégio Brasileiro de Radiologia e Diagnóstico por 
Imagem e o resultado foi surpreendente justamente porque produziu um resultado próximo 
do limite necessário para aprovação e foi capaz de responder satisfatoriamente a questões de 
ordem cognitiva inferior. Frente aos resultados alcançados pela IA, os autores apontaram 
dois problemas: qual seria agora o papel do radiologista diante das iminentes mudanças 
tecnológicas? Que impacto teria a formação necessária para o futuro profissional? Concluem 
seu texto alegando a alta relevância de nos prepararmos para o lado bom desse avanço na 
automatização dos recursos auxiliares para diagnósticos médicos: (a) precisão do 
diagnósticos; (b) otimização da produção de relatórios; e (c) eficiência do trabalho médico. 
Oferecem, por último, indicativos de providências inadiáveis na educação médica, de modo 
a equipar programas de treinamento com novas aplicações de IA. De acordo com a 
percepção dos autores, compete às novas gerações de radiologistas tornarem-se líderes da 
implementação de soluções inovadoras para a eficiência da assistência médica nesse campo, 
o que pressupõe uma formação alinhada a esses mesmos avanços. E não fecham o texto antes 
de recordarem ao leitor de qual é a peça-chave para esse êxito: reuniões multidisciplinares.  

Um segundo estudo que checa o desempenho do ChatGPT foi realizado por Leitão et 
al. (2024), que simularam que a IA fosse um residente do Colégio Brasileiro de Radiologia 
(CBR) em situação de avaliação. Selecionaram, então, as 165 questões da avaliação anual dos 
residentes do CBR (2018, 2019 e 2022) e as utilizaram como input. As questões avaliavam 
habilidades cognitivas de ordem superior e inferior, considerando a subespecialidade, o tipo 
da questão (descrição de um achado clínico ou sinal, manejo clínico de um doente, aplicação 
de um conceito, cálculo ou classificação dos achados descritos, associação entre doenças ou 
anatomia) e a complexidade da questão por meio do controle do ano da residência (R1, R2 ou 
R3) a que se destinava a questão. O resultado já era imaginado: o ChatGPT acertou bastante 
mas, talvez por não ter tido uma base suficiente de treino para suas respostas, alcançou 
índices relativos: somente 53,3% das questões (88/165). Nas questões de ordem cognitiva 
inferior, o acerto foi um pouco mais alto (cognição superior: 64,4%; 38/59; cognição inferior 
47,2%; 50/106); em física, houve maior índice de acertos (90,0%; 18/20) e nas questões 
clínicas faltaram elementos para um acerto maior (48,3%; 70/145). Não houve diferença 
significativa de desempenho entre subespecialidades ou ano de residência. Dadas as 
condições do treinamento da IA, consideramos que com ajustes na base de dados e com um 
treinamento da IA com expansão dos inputs, logo teremos índices de acertos que podem 
superar os resultados humanos.  

Esses estudos nos levaram a refletir sobre a possibilidade de uma nova testagem 
comparativa das IAs tomando como ponto de partida o problema que explicitamos 
inicialmente. Está no centro da questão a lacuna de laudos para a área científica e os estudos 
de imagens cerebrais de voluntários cegos congênitos. A seção seguinte permitirá 
compreender as decisões que tomamos nessa empreitada. 

 
 
 
 



 

Checando o desempenho de IAs com ressonância magnética estrutural

 
Para proceder à checagem de triagem das duas imagens de ressonância magnética 

(Figuras 1 e 2), foram utilizadas as seguintes IAs: Chat GPT 4, Copilot e Diagnostic Expert. 
 

Figura 1 - Imagem de ressonância magnética ponderada em T1, nos planos axial, 
coronal e sagital, respectivamente, do participante com dilatação dos ventrículos. [Fonte: 
Projeto Universal 423337/2021

 

Figura 2 - Imagem de ressonância magnética pondera
coronal e sagital, respectivamente, do segundo participante com tumor. [Fonte: Projeto 
Universal 423337/2021-1] 

Ao selecionar uma das imagens de ressonância magnética (Figura 1) para principiar 
as análises, submetemos à IA ChatG
foi imediata: não é adequada para fornecer análises precisas da imagem de RM, e ressalta as 
condições éticas que a impedem de fornecer um resultado. Sugere que se consulte um 
médico especialista (radiologista) para que um laudo definitivo da imagem seja fornecido. 

Logo abaixo, no entanto, a IA apresenta algumas interpretações da imagem enviada, 
identificando os três planos da imagem e a ponderação da imagem adquirida, ponderação 
em T1, o que se justifica pela característica típica da imagem, qual seja, nesta ponderação, o 
líquor assume uma representação na cor preta devido a sua característica hipointensa. Na 
sequência, a IA revela-se capaz de elencar, de forma geral, as principais características 
percebidas em cada plano, fazendo ressalvas às alterações anatômicas presentes, tais como o 
aumento dos ventrículos cerebrais, que explana em detalhes pelo aumento de tamanho e 
pela forma difusa assumida nos cornos frontais e occipitais. Essas alterações ser
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evidências de uma maior sensibilidade da IA na identificação e consequente localização das 
áreas anatômicas.  

Outro fato a destacar na leitura da IA foi a leitura da dilatação entre os achados em 
duas hipóteses explicativas: um discreto apagamento dos sulcos (1) devido à dilatação e 
possivelmente um aumento da pressão intracraniana; ou (2) consequência da posição do 
corte da imagem apresentada. Ao final, elabora três possíveis interpretações alternativas e 
hipóteses para a imagem fornecida: (i) hidrocefalia, (ii) ventriculomegalia ex-vácuo; ou (iii) 
anomalias de desenvolvimento.  

Na sequência desta testagem, a mesma IA foi exposta a uma nova imagem de RM 
(Figura 2), desta vez de um indivíduo com modificações neuronatômicas mais discretas do 
que as da Figura 1. Foi solicitado que a IA explicitasse as diferenças percebidas entre o 
primeiro participante (Figura 1) e o segundo (Figura 2). A resposta emitida nos levou a 
perceber que a IA detinha habilidade na comparação entre as imagens de RM, já que 
apontou todos os pontos em que percebia diferenças entre as imagens nos três planos, 
principalmente quanto à diferença de tamanho dos ventrículos. Um equívoco foi denunciado 
neste exercício da IA: talvez devido à sequência de amostras e ao pedido de comparação, ela 
foi induzida a ler como se fossem imagens do processo de tratamento médico de uma mesma 
pessoa. Concluiu, por isso mesmo, que a paciente apresentava melhora no quadro clínico. 
Essa fragilidade interpretativa denuncia um ponto necessário de treinamento ainda lacunar 
da IA e demonstra a dificuldade de compreensão do modelo de linguagem ao distinguir 
duas imagens distintas. Para além disso, a IA não demonstrou sensibilidade para detecção da 
massa da Figura 2. 

As mesmas imagens de RM (Figuras 1 e 2) foram utilizadas como aplicadas na mesma 
ordem de escolha como input no Copilot. Requisitamos, inicialmente, que explicasse a 
imagem de RM do primeiro participante, e a resposta da IA procedeu à leitura da imagem 1 
pelos planos axial, coronal e sagital. Quanto às alterações significativas, a IA não 
desempenhou esforço autônomo para explicar as propriedades do exame em si; somente 
abordou a ressonância de forma geral quanto à anatomia da imagem visualizada e em 
detalhes gerais. Após ser requisitada para que fosse mais precisa e fornecesse as possíveis 
condições clínicas, gerou seis resultados sem, contudo, utilizar justificativas baseadas na 
imagem fornecida. Alertou, ao final, que apenas um profissional de saúde especializado 
poderia fornecer um diagnóstico preciso com base em uma imagem de RM completa e no 
histórico clínico do paciente.  

Como foi possível notar, a IA Copilot utilizou para a formulação de sua resposta 
conhecimentos prévios de condições neurológicas possíveis para quaisquer contextos no use 
de imagens de RM, ou seja, não demonstra habilidades de precisão contextual, o que a levou 
a listar condições discrepantes e até excludentes entre si: tumores, malformações, doenças 
degenerativas, lesões cerebrais, infecções e doenças inflamatórias. Devido às respostas 
genéricas da IA, foi solicitado que ela escolhesse uma principal condição clínica que fosse 
possível com base na imagem fornecida e desenvolvesse os motivos de sua escolha. A IA 
escolheu doenças degenerativas como sua resposta final, por ser uma das condições mais 
comuns e frequentemente diagnosticáveis através de uma ressonância magnética cerebral. 
Entretanto, alertou novamente que sua leitura correspondia a uma análise hipotética e 
genérica e que, para um diagnóstico preciso, seria necessário um avaliação completa por um 
profissional da saúde. 

Concluída a leitura anterior, a IA foi solicitada a realizar nova leitura, agora a da 
ressonância magnética da Figura 2. Da mesma forma que se comportou com a leitura do 
exame anterior (Figura 1), a IA abordou os três planos da imagem apresentada e forneceu 
três possíveis respostas para as condições clínicas. A primeira foi idêntica à elaborada para a 
Figura 1, a possibilidade de ser a doença de Alzheimer, marcada pela atrofia do hipocampo e 
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pela dilatação dos ventrículos laterais. A segunda possibilidade foi explanada como um 
tumor cerebral, que normalmente decorreria da presença de uma massa anormal, não 
localizada pela IA durante a aplicação do teste. E, por fim, indicou um quadro de esclerose 
múltipla, o que normalmente é marcado por lesões desmielinizantes e inflamações. 

Após ser solicitada para que comparasse as duas figuras, a IA respondeu de forma 
genérica com base nas descrições anteriores das três condições clínicas, que não se 
relacionam com uma interpretação das imagens apresentadas, muito menos com um laudo 
final. Nesse sentido, um erro inicial conduzirá nas demais leituras comparativas uma 
progressão escalar de “mais do mesmo”, sem embutir qualquer complexidade. Portanto, a IA 
Copilot demonstra-se, no atual estágio de desenvolvimento, a capacidade de identificar os 
planos das imagens em Figuras que lhe são apresentadas, no entanto, não revela 
sensibilidade para identificar qualquer alteração anatômica de forma contextualizada em 
exames por imagem, assim como demonstra facilidade para entrar num espiral de respostas 
conflitantes entre si, demandando um treinamento mais focado nas imagens cerebrais 
tomando como contraponto conhecimentos mais especializados, além de, nas fases iniciais, 
ter suas respostas validadas por radiologistas experientes. 

Numa terceira testagem, submetemos as imagens à leitura da IA Diagnostic Expert.  
Foi possível observar semelhantes resultados com os supracitados. Aproximou-se da leitura 
do GPT 4.0 ao proceder à leitura da imagem nos três planos apresentados pelas estruturas 
anatômicas e identificar em cada um deles a dilatação anormal da cavidade ventricular, mais 
especificamente nos ventrículos laterais da Figura 1, sugerindo a condição de hidrocefalia. 
Na sequência, apresentou uma breve explicação do que se tratava essa condição: pode 
ocorrer devido ao acúmulo excessivo de líquido cefalorraquidiano (LCR) nos ventrículos 
cerebrais. Esse alargamento pode ser relacionado a um aumento da pressão intracraniana ou 
a dificuldades na absorção ou circulação do LCR. Além disso relatou uma diminuição no 
volume do tecido cerebral ao redor dos ventrículos, o que pode ser uma indicação de atrofia 
cerebral, frequentemente associada a condições como demência ou outros processos 
neurodegenerativos, já que a redução do volume do tecido cerebral pode ser um sinal de 
perda neuronal. Entretanto, fez ressalvas que estas observações, possíveis diagnósticos e 
condições associadas requerem uma avaliação mais completa a depender da consulta com 
um médico especialista, que poderá correlacionar esses achados com os sintomas clínicos do 
paciente, histórico médico e outros exames.  

Na análise da Figura 2, a mesma IA fez a avaliação dos três planos anatômicos não 
identificando nenhuma alteração, nem indícios óbvios de lesões focais ou massas tumorais 
visíveis. Não notou igualmente sinais de compressão nas estruturas cerebrais nem alterações 
significativas no tamanho dos ventrículos, o que nos pareceu muito diferente do que as 
anteriores formularam. Obviamente, como já o dissemos, as alterações da figura 2 são mais 
discretas e poderiam não ser notadas na comparação entre as duas imagens, especialmente se 
a IA não tivesse um treinamento especializado.  

Considerando as testagens realizadas entre três IAs na tarefa de leitura das imagens 
selecionadas para este estudo, pudemos notar uma diferença de precisão entre elas, já que as 
leituras produziram um espectro de hipóteses sobre a estrutura anormal dos cérebros 
avaliados. A IA Copilot foi, pelo menos na solicitação que fizemos, a que não percebeu 
nenhuma alteração significativa nas imagens, embora houvesse as possibilidades de 
dilatação ventricular, de lesões focais ou perda de volume do tecido cerebral.  

 
Considerações finais 

O acesso a um diagnóstico preciso e confiável é um privilégio que ainda está restrito 
aos acompanhamentos clínicos. Intuímos que as IAs possam ajudar no exercício de triagem 



- 283 - 
 

primária, mas ainda assim, duas ações são necessárias: reunião de um corpus substantivo 
contendo informações básicas sobre anatomia cerebral com formações típicas e atípicas e 
utilização de um dataset com exames e laudos precisos e especializados no campo da 
radiologia. A grande proporção de laudos geraria meta-análises confiáveis. Esses materiais 
podem ser empregados no desenvolvimento de CNN e também na formação médica.  

Vimos, ao longo deste texto, que as IAs respondem às imagens, mas suas leituras 
ainda podem ganhar em qualidade, pois, embora partam da identificação dos três planos de 
cada imagem e a respectiva descrição anatômica de forma global, permitindo detecção de 
alterações representativas, mostram-se bem limitadas na identificação de alterações sutis e na 
formulação de justificativas para possíveis fatores causais, como o caso da dilatação 
ventricular. Demonstramos como as duas das três IAs selecionadas – ChatGPT 4.0 e 
Diagnostic Expert – descreveram com pormenores explicações relativamente plausíveis para 
a dilatação. Em todos os momentos de consulta ressaltaram que, para qualquer diagnóstico 
final, seria necessário consultar um médico especialista ou profissional da saúde. 

A aplicação de IA para automatização de triagens para laudo no campo da imagem 
parece ser inevitável e já não é promessa para um futuro distante, como alegara Nather 
Júnior (2023) há poucos anos. Se, naquele momento, ele considerava que estivéssemos “no 
limiar de uma nova era na radiologia diagnóstica, impulsionada pelo desenvolvimento e 
integração de técnicas avançadas de inteligência artificial”, não temos dúvidas de que esse 
momento já está sendo superado pelas IAs, mesmo que, para que seja extensivamente 
aplicada a outros exames, será preciso que receber um treinamento com materiais 
diversificados e um volume grande de dados. A única barreira que se sinaliza, até onde 
podemos ver, é um grande impasse causado pela questão ética do acesso e 
compartilhamento de dados de pesquisa e de pacientes.  

Há, ainda, um último problema a ser apesentado e que esbarra no próprio avanço da 
ciência: como uma IA alcançará um poder explicativo diante de um novo fato verificado?  
Uma patologia não descrita e observada em máquinas de fMRI cada vez mais potentes e 
específicas enublariam o poder interpretativo que a IA alcançaria. Sem um radiologista capaz 
de verificar pontualmente esses casos, não resta dúvida, como já argumentou Silva (2003), 
que a IA sozinha não poderia exibir uma capacidade que depende não somente de uma base 
diversificada de dados, nem tampouco de um volume considerável de dados, pois se trata de 
casos especiais, específicos e pouco frequentes.  

Há, no entanto, uma força ainda maior capaz de paralisar esses avanços por algum 
tempo: o medo do impacto tecnológico no setor vivenciado atualmente por radiologistas e 
por estudantes de medicina, os quais consideram que a IA é uma ameaça para a prática 
radiológica (cf. Brandes et al. 2020).  

A despeito dos benefícios para o campo da saúde e os problemas apresentados para a 
formação e incorporação dessas ferramentas no cotidiano acadêmico, há ainda um reduto 
que depende desses avanços e neles também esbarra: é o campo científico em que as equipes 
interdisciplinares atuam. As Neurociências contam com o conhecimento interdisciplinar, 
mas não prescindem do conhecimento de base disciplinar para a integração das perspectivas 
sobre um mesmo objeto. De nossa experiência, emanam preocupações práticas: como 
vivenciar a formulação de problemas derivados da combinação de laudos precisos e 
validados com os objetos específicos que nos movem ao estudo? Conhecer as 
funcionalidades das IAs pode ser, por si só, um avanço nas reflexões da equipe. Lidar com 
linguagem abstrata como objeto de estudo e ter a representação abstrata no campo da 
radiologia permitirá que linguagem e processamento cerebral possam cooperar no avanço 
dos conhecimentos.  
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Abstract 

The rapid growth of digital technologies has resulted in the metaverse, a network of 
interconnected virtual environments that mirror real-world events. This developing digital 
world opens up unparalleled possibilities for urban planning, allowing architects, 
policymakers, and communities to explore, design, and revise cities in immersive, data-
driven environments. The utilisation of digital twins—high-fidelity virtual representations of 
urban areas—in conjunction with simulation tools that enable real-time testing of 
infrastructure, environmental impact, and public engagement strategies. 

By leveraging the metaverse, urban planners can create virtual prototypes of cities, 
where factors such as transportation systems, energy consumption, zoning regulations, and 
green infrastructure can be modeled and optimized before physical implementation 
resulting to more efficient urban designs and enhanced sustainability. 

Nevertheless, there are drawbacks to using metaverse technologies in urban planning 
as well, including concerns about data privacy, obstacles to digital accessibility, and moral 
dilemmas with regard to fair participation. Notwithstanding these obstacles, the 
incorporation of the metaverse into urban planning is a paradigm change that could result in 
cities that are smarter, more resilient, and prepared for the future. Urban planners must 
responsibly traverse these new digital frontiers as this technology develops to make sure that 
both virtual and physical spaces meet the many demands of people throughout the world. 

Keywords: Urban Planning, Metaverse, Digital Twins, City Planning 
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Abstract 

The global shift towards renewable energy sources has positioned solar power as a 
cornerstone of sustainable energy solutions. Among the various renewable energy 
technologies, solar photovoltaic (PV) systems have gained significant traction due to their 
scalability, declining costs, and environmental benefits. Designing an efficient solar power 
system requires a meticulous approach that considers not only the technical specifications 
but also the environmental and geographical factors that influence system performance. This 
study investigates the design of a 264 kW PV solar power plant in N'djamena City, Chad. 
Considering Chad's ample solar resource throughout the year, a significant amount of 
renewable energy can be produced. The proposed PV plant comprises PV modules, 
inverters, AC and DC cables, AC boxes, a transformer, a data server, sensors, a display, and 
wireless internet connectivity. The design and parameter calculations are conducted using 
PVsyst and SketchUp software, as well as manual calculations. The annual energy yield of 
the plant was determined for various tilt angles. The optimal tilt angle of 15 degrees is 
expected to yield 485.72 MWh annually, resulting in an estimated 210,687 kg/year of 
avoided CO2 emissions. 

Keywords: Power Plant, Renewable Energy, PVsyst, SketchUP 
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Abstract 

The article considers two-level hybrid (discrete-continuous) control systems for 
complex and distributed objects. At the lower level, objects are described by hybrid automata 
and continuous differential equations, and at the upper level, control is performed using 
simplified models (abstractions). The so-called behavioral abstractions are used, the states of 
which are sequences of invariant sets through which the subsystem passes, and sequences of 
local regulators. These regulators are designed taking into account disturbances using game 
theory methods. This ensures that safety constraints are met, as well as the autonomy of 
lower-level subsystems, which are able to continue operating even without upper-level  
intervention (in the case of faults). The global control problem is reduced to finding 
trajectories in the discrete space states of the abstractions. The decision on the choice of 
certain local regulators is made using an AI supervisor, which takes into account the states 
through which the abstractions passed, the regulators used and the achieved quality. The 
proposed control architecture ensures a reduction in computational costs, guaranteed 
fulfillment of constraints under the influence of disturbances, as well as an increase in 
quality. 

 Keywords: Two-level Systems, Behavioral Abstractions, Supervisory Control, Game 
Theory, Hybrid Systems 
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Abstract 

Technoparks are specialized areas where innovative companies, research institutions, 
and educational institutions are concentrated, engaged in the development and application 
of new technologies. Typically, such parks are created to stimulate scientific and practical 
experience, attract investments, and serve as an ecosystem for the development of high-level 
technology and entrepreneurship. 

The main idea of the technopark is to create favorable conditions for startups and 
scientific enterprises, where companies can operate with minimal administrative barriers, 
gain access to the necessary infrastructure, and interact with scientists and creators of new 
technologies. 

Technology parks play an important role in the economy, stimulating innovation 
activity, creating new jobs, and helping to create new high-tech companies that can actively 
influence the economy and hold leading positions in the market, while increasing the 
competitiveness of the region or country as a whole. 

Close cooperation with universities and research centers helps to train qualified 
specialists who can work in the technology industry. Similarly, high-tech companies 
developing in technoparks create new jobs, which helps to reduce unemployment and 
improve the standard of living in the region. 

Technoparks facilitate knowledge exchange between different participants - 
researchers, entrepreneurs, investors. This allows us to accelerate the process of 
commercializing new technologies and implementing innovative solutions. 

Creating conditions for close cooperation between scientific institutions and business 
allows us to accelerate the application of scientific work to industry and mass production. 

For startups, technology parks offer unique opportunities for rapid growth and 
development. They provide access to the necessary infrastructure, which significantly 
reduces start-up costs for renting premises, purchasing equipment, and other aspects of 
doing business. Startups can also take advantage of technology park services such as 
consulting on business, marketing, legal aspects, and finance. 

For scientific research, technoparks create a favorable atmosphere where scientists 
can work on projects, receive funding, and attract the attention of businesses to the results of 
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their research. In such conditions, the transition from fundamental science to the practical 
application of innovations is accelerated. 

Thus, technoparks play a unifying role between science, business, and government, 
having a significant impact on innovative development and ensuring the creation of 
technologically advanced companies that can change both local and global markets. 

Keywords: Technopark, Interactivity, Infrastructure, Start-up, Experience, Financing 

 

 

 
The aim of the topic is to identify the legal, economic, social and technological 

conditions necessary for the successful operation of technology parks and to focus on best 
practices on how to combine these conditions. Within this aim, based on the experiences of 
successful technology parks in different countries and regions, the factors important for the 
development of technology parks and the creation of an innovation environment will be 
discussed. Specifically, it will be studied how key elements such as government support, 
infrastructure investments, education and research opportunities work synergistically and 
how these factors can be benefited from. In addition, the best management and 
organizational models applied in the world, approaches supporting innovation and business 
development will be examined, which methods and structural approaches are most effective 
in the success of various technology parks and the best results will be discussed. 

 
1. Key factors for the successful creation of a technopark 
Creating a successful technology park requires attention to several key aspects that 

will ensure its efficiency and development. These factors include infrastructure, start-up 
support, cooperation with scientific and research institutions, and access to financing, etc. 

Let's look at each of these factors in more detail. 
 
Infrastructure: 
One of the most important factors for a successful technopark is the availability of 

high-quality infrastructure that will create favorable conditions for the activities of 
innovative companies. Thus, the Technopark should provide modern office space that meets 
the requirements of startups and innovative companies. At the same time, it is also important 
to provide production space for those involved in the development and production of 
technology products. 
It is important for technology companies to have specialized laboratories, research centers, 
and other facilities for testing and developing new products. This can include laboratories 
for testing materials, creating prototypes, as well as manufacturing facilities for small-scale 
production. 
A collaborative infrastructure for meetings and negotiations, exchange of experiences and 
ideas is an important issue. These elements help create a communication network and 
promote interaction between the various participants in the ecosystem. 
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Startup support: 

Accelerators help startups grow and develop rapidly, not just with physical space, 
but also with support programs including mentoring, training, and business consulting. 
Incubators provide long-term support to startups, from ideation to product 
commercialization. 

Successful tech parks provide mentoring programs for startups to work with 
experienced entrepreneurs and experts who can help them solve key business problems, 
advise on growth strategy, and customer acquisition. 

A key aspect of startup development is access to financing. Technology parks should 
provide startups with opportunities to attract venture capital investments, as well as 
participate in finding sources of financing through funds, investment banks, and 
government programs. 

 
Cooperation with scientific and research institutions: 

It is impossible to build a successful technopark without close cooperation with 
scientific institutions. Cooperation with universities and research laboratories is an 
important factor in the creation of new technologies and innovations. 

Universities and research institutions are often the source of new ideas and 
technologies. Technology parks can provide a platform to bring these ideas to the 
commercial sector, where startups and companies can work together with research 
institutions to prototype and implement new solutions. 

The participation of scientific and research institutions in the technopark creates 
conditions for access to the latest scientific developments, technologies and talents. This 
allows companies and startups to incorporate advanced scientific knowledge into their 
products and services. 

Technology parks are becoming centers for knowledge exchange between scientific 
institutions, startups, and large companies. This facilitates the exchange of mutual 
experience and new ideas, which helps accelerate innovation processes. 

 
Access to financing: 

Access to financing is one of the most important factors determining the success of a 
technology park. Innovative companies and startups require significant financial 
investments at various stages of their development, and the technology park should create 
mechanisms that facilitate the attraction of such funds. 

The technopark should be able to attract venture capitalists who are willing to invest 
in promising startups and projects. This requires creating conditions that make the 
technopark attractive to investors, including successful examples and a guarantee of support 
from the technopark. 

Public and private grants can play a key role in supporting innovative companies. 
The technopark should have mechanisms for accessing grants, subsidies, and other forms of 
financial support that stimulate the research activities of startups and companies and the 
application of new technologies. 

Technology parks can serve as a link between startups and various investment funds, 
public and private organizations, as well as international partners, and can provide financial 
and expert support. 
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2.The role of the state and the private sector in the creation and support of 
technoparks 

The successful development of technoparks is impossible without close cooperation 
between government agencies and the private sector. Both of these sectors play a key role in 
creating conditions for the development of innovative companies and technologies. The 
interaction between them provides effective support to startups, ensures the attraction of 
investments and the creation of a favorable infrastructure for entrepreneurs. 

State initiatives in the creation of technoparks play an important role in supporting 
technoparks both at the stage of their creation and in the process of their further 
development. One of the main forms of state support is the provision of financial subsidies 
and grants for the construction and equipping of technopark infrastructure. These funds can 
be spent on the creation of specialized laboratories, office space, research centers and 
production facilities. 

In order to stimulate the development of innovative companies, the state can provide 
tax breaks to companies operating in technoparks. These can be discounts on profit, VAT, 
property and other types of taxes. Tax breaks can help startups save money and use it to 
develop their businesses. 

Many countries offer programs to support innovative businesses. For example, 
programs aimed at developing new technologies, creating innovative ecosystems, or 
transferring technologies from science to production. These programs can include both 
financial support and organizational measures for the development of technology parks. 

The state can also play a coordinating role in the process of creating technoparks, 
proposing a regulatory framework, and creating legislative initiatives that will encourage 
innovative development. This could include simplifying administrative procedures and 
creating a more flexible licensing and certification system for startups and companies. 

The private sector plays an equally important role in the success of technology parks. 
Private investors and companies can offer significant resources, expertise, and business 
strategies for the effective operation of technology parks. 

Private investors (venture capital companies, business angels) are the main sources of 
financing for startups in technology parks. They provide the necessary capital for the 
development of new technologies and startups at the earliest stages of their development, 
which contributes to the expansion of the technology park ecosystem. 

The private sector can be involved in the design and construction of technology park 
infrastructure. For example, real estate companies can develop and provide the necessary 
office and industrial space, as well as manage technology parks, providing comprehensive 
services for tenants. 

Private companies operating in technology parks can provide expertise in technology, 
management, and marketing that are critical to the development of startups. Mentoring 
programs and consultations with experienced entrepreneurs help young companies develop 
rapidly. 

Private companies can be important partners for startups by providing opportunities 
for joint research, commercialization of technologies, and access to new markets. For 
example, large corporations can share their knowledge, offer startups collaboration 
opportunities, and enter the market with new products. 

One of the most striking examples of successful cooperation between the public and 
private sectors is the Skolkovo technopark in Russia. Here, state subsidies and incentives, as 
well as partnerships with private companies and venture funds, create favorable conditions 
for the development of startups. The technopark provides innovative companies not only 
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with office and production space, but also with grants, tax breaks, and access to state 
funding. In turn, private com panies and investors provide their resources and mentoring 
support. 

Silicon Valley (USA) California's Silicon Valley is an example of how government and 
the pri vate sector can work together to create an innovation ecosystem. While most funding 
and resources come from private venture capital firms, public universities (such as Stanford) 
and research institutes play a significant role in the creation of new technologies. California 
has tax incentives for startups and investors, as well as federal and state research and 
development grants, which have helped create the world's largest innovation hub. 

South Korea has several successful examples of public-private partnerships in the 
field of technology parks, especially BioTech technology parks. They have been established 
with the participation of both government agencies and large private corporations such as 
Samsung and LG. The government has provided incentives for biotechnology companies, 
and private corporations support startups with investments and offer resources for research 
and production. 

 
3. Attracting and retaining talent:  
Attracting and retaining highly qualified professionals is a critical aspect of the 

success of technology parks and innovation ecosystems. Key strategies that can help create 
the conditions for attracting and retaining talent include creating a supportive work 
environment, offering professional development, incentive programs, and effective 
communication channels. 

Offering competitive salaries and bonus systems is a key factor in attracting talented 
professionals. It is important to regularly conduct market research and adjust compensation 
depending on the level of specialists and market conditions. 

It is imperative to attract young professionals to the job. The ability to work from 
home or for employees with special skills can help improve the balance between personal 
and professional lives. 

Creating comfortable and innovative workplaces (creative offices, relaxation areas, 
coworking spaces) helps increase employee satisfaction. Modern collaboration tools, 
comfortable workspaces, and informal communication areas help teams integrate and 
interact. 

Offering courses, training, certifications, and professional seminars for employees. 
Organizing internal and external educational programs helps professionals improve their 
skills, which contributes to their professional development and satisfaction. 

Successful companies in technology parks often offer clear career paths where 
employees can see opportunities for growth. This includes regular performance reviews and 
opportunities for advancement within the company. 

Experienced professionals can act as mentors for newcomers, which helps develop 
corporate culture and maintain high professional standards. It also facilitates the rapid 
onboarding of new employees. 

 
Best practices of technology parks around the world 
Technology parks play a special role in driving innovation and technological progress 

around the world. Every country has examples of successful technology parks that have 
become centers of startups, research, and the development of new technologies. Let's take a 
look at a few such examples and the factors that led to their success. 
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1. Silicon Valley (USA): Silicon Valley is the world's largest and most famous 
technology park located in California. It is home to major technology companies such as 
Apple, Google, Facebook, Tesla, and many other startups.Key Success Factors: 

Innovation Ecosystem: Silicon Valley is known for its unique mix of universities, 
research institutes, venture capitalists, and technology startups, creating a strong ecosystem 
for research, development, and commercialization of innovations. 

Access to funding: Silicon Valley is a global hub for venture capital, providing 
startups with the resources they need to grow. Investors are willing to invest in new ideas, 
despite the risks. 

Risk and Entrepreneurship Culture: Silicon Valley has a culture where failure is seen 
as a stepping stone to success. Many startups start with small ideas, and only one of them 
can achieve global success. 

Partnerships with universities: Universities like Stanford and UC Berkeley play a 
vital role in shaping the research and innovation that is the foundation for new companies. 

 
2. "Skolkovo" Technopark (Russia): Skolkovo Technopark was established in 2010 

with the aim of transforming Russia into a center of technological innovation. It provides 
startups with infrastructure, support, and opportunities to collaborate with leading scientific 
institutions.Key success factors: 

Government support: One of the most important factors in Skolkovo's success is 
government support. This includes tax breaks, subsidies, grants, and incentives for startups. 

International cooperation: Skolkovo actively works with international partners, such 
as leading universities and companies. This helps to attract global experts and develop an 
international innovation network. 

Science and education ties: The Technopark closely cooperates with Russian 
universities and research centers, which helps integrate scientific work into commercial 
technologies. 

 
3. Shenzhen and Beijing: Shenzhen is a city known for its innovation in technology, 

especially in the electronics industry. Beijing, in turn, is an important center for startups and 
high-tech in China.Key success factors: 

Government initiatives: China actively supports the establishment of technology 
parks through national and local programs. This includes financial subsidies, tax breaks, and 
research and development support. 

Manufacturer support: Shenzhen Science and Technology Park has become a center 
for the development and production of high-tech products such as smartphones and 
electronics. This combination of scientific research and manufacturing capabilities stimulates 
innovation. It is home to several high-level scientific and technological innovation institutes. 

Investments and international cooperation: China is actively attracting venture 
capital and foreign investment to its technology parks, which contributes to the rapid growth 
of startups. 

Cultural Characteristics: China has a culture of rapid adoption of new technologies. 
Chinese technology parks create an ecosystem where startups can quickly experiment and 
innovate. 

 
4. "Cambridge Innovation Park" technopark (Great Britain): Cambridge Innovation 

Park in the UK is one of the most successful research-based technology parks. It has become 
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home to many startups in the fields of biotechnology, pharmaceuticals and information 
technology. Key success factors: 

Strong Research: Cambridge University plays a key role in the creation of new 
technologies and startups. Many companies have started to develop in the university's 
research laboratories. 

Science and business collaboration: The Technopark has become an example of 
successful collaboration between scientific institutions and the private sector. The university 
provides knowledge and research, and startups and corporations commercialize these 
developments. 

Government support: The UK provides tax breaks and other forms of government 
support to help startups in Cambridge attract new companies. 

Integration with a global network: Cambridge Innovation Park actively interacts 
with international partners, which helps the company enter new markets and attract 
investment. 

 
5. "Bangalore IT Park" technology park (India): Known as the "Silicon Valley of 

India", Bangalore is a hub for software development and IT startups. It is home to large 
technology companies such as Infosys and Wipro, as well as many small and medium-sized 
startups. Key success factors: 

Talent: Bangalore attracts programming and engineering talent from all over the 
world, creating a strong workforce for startups and large IT companies. 

Access to education: Bangalore is known for its high level of education in the field of 
technology. Local universities and engineering schools provide a large number of highly 
qualified professionals to the market. 

Cost-effectiveness: Bangalore offers low operating costs for startups, making the city 
attractive to international companies and venture capitalists. 

Government Initiatives: The Indian government supports the establishment of 
technology parks through tax breaks and subsidies that help develop startups and attract 
investment. 

The diagram below clearly shows the relationships between the factors that influence 
the success of each technopark. 

 
 
1. Identification of Needs and Goals. Market Demand Analysis: It should be 

determined in which areas the technopark will operate (for example, artificial intelligence, 
biotechnology, robotics, software, energy technologies, etc.). 
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2. Infrastructure Construction (Buildings and Office Spaces, Internet and High-
Speed Connectivity, Public Areas, Residential Areas, etc.) 

3. Organizational Structure and Management (Management Team, Company 
Support, Collaboration and Networking). 

4. Research and Innovation (Research Institute, Innovation Center, Prototyping and 
Testing Center) 

5. Financial and Incentive Mechanisms (Investment and Financial Support, State 
and Municipal Support, Incubation and Acceleration Programs). 

6. Human Resources and Training 
• Training and Development Programs: Professional development trainings relevant 

to the labor market. 
• Internship and Practice Programs: Collaboration with universities and other 

educational institutions. 
• Recruitment and Employee Presentations: Providing relevant workforce for 

companies operating in the Technopark. 
7. Marketing and Business Relations 
• Company Promotion: Presentation and advertising of companies operating in the 

Technopark. 
• International Relations: Building relationships with foreign investors, international 

businesses and technology companies. 
• Conferences and Exhibitions: Promoting innovation by organizing events, 

conferences and exhibitions in the Technopark. 
8. Environment and Sustainability 
• Green Technologies: Implementation of environmentally sustainable solutions for 

the Technopark's energy supply, water and waste management. 
• Energy Efficiency: Use of technologies that increase the energy efficiency of 

buildings. 
9. Monitoring and Evaluation 
 Performance Indicators: Continuous monitoring and evaluation of the 

technopark's performance (e.g., new jobs created, patents acquired, or revenue growth). 
 Feedback: Improving the technopark's performance by collecting feedback from 

companies and customers 
 
Future development prospects of technoparks 

 A number of global technological and social trends will shape the development of 
technology parks in the coming years. These trends will affect both the structure of 
technology parks and their role in the economy and innovation ecosystem. Let's consider the 
main areas that may have a significant impact on the development of technology parks in the 
future.  
 

 
 

Figure 1
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1. Artificial Intelligence AI 

Application of artificial intelligence in business and startups: Artificial intelligence is 
already actively used in various fields, from healthcare to finance and manufacturing. More 
startups will appear in technoparks that will develop and implement solutions based on 
artificial intelligence. These solutions can significantly increase efficiency and productivity in 
both startups and large companies. 

Development of AI labs and research centers: Dedicated labs and research groups 
will be established in technoparks to develop and test new AI solutions. It can also help 
create new AI-powered products and services. 

Education and training of AI professionals: Creating educational programs focused 
on training AI professionals will be an important part. Technology parks can collaborate 
with universities to train the workforce that will create the future of AI. 

 
2. Green technologies (ecological innovations) 
Sustainable development and energy efficiency: In the context of climate change and 

the need to save resources, interest in green technologies such as renewable energy, waste 
recycling and energy efficiency is growing. Technoparks will actively support startups 
working in these areas, offering them the necessary resources, research and business 
incubation. 

Clean technologies and green startups: Technology parks will serve as centers for the 
development and application of technologies aimed at reducing carbon emissions, 
improving water management, and developing environmentally friendly products and 
services. 

Support for environmental initiatives: Innovative companies that develop new waste 
disposal methods and technologies to reduce environmental impact can receive assistance 
from technoparks in the form of funding, laboratories, and scientific research. 

 
3. Digitalization and automation Internet of Things (IoT): 

The development of IoT technologies will lead to the creation of smart cities, smart 
homes, and intelligent systems in various industries. Technoparks will focus on developing 
solutions to improve everyday life through the integration of smart devices. 

Process automation and robotization: The trend of implementing robotic solutions for 
business, including automation of production, management and other processes, will 
strengthen in technoparks. Startups developing robots and automated systems will be able to 
obtain the necessary resources in technoparks for testing and implementing new 
technologies. 

Development of big data and analytics: Big data analytics startups will play a 
significant role by developing systems to process and analyze large amounts of data in real 
time. 

 
4. Blockchain and cryptocurrencies 
Financial Technology (FinTech) Development: Technology parks will play a key role 

in supporting innovative startups in blockchain, cryptocurrencies, and decentralized finance 
(DeFi). These technologies have the potential to revolutionize the financial sector and change 
the way we interact with money and assets. 
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Decentralized applications: Technology parks will also appear where new startups 
will develop decentralized applications (dApps) based on blockchain. These applications can 
have an impact on various sectors such as healthcare, law, logistics, etc. 

Integration with traditional business models: Blockchain will increasingly integrate 
into traditional business processes, ensuring transparency and security of transactions, as 
well as reducing operational costs. Technology parks will provide platforms for the 
development of such solutions. 

 
5. Cybersecurity 
Increasing number of cyberattacks: In the context of global digitalization and 

increasing dependence on technology, cyber threats are becoming increasingly relevant. 
Technology parks will support startups developing new solutions for internet security and 
data protection. 

Innovations in the field of cyber defense: Companies developing new methods of 
information protection, such as encryption, biometrics and artificial intelligence, to combat 
cyber threats will actively develop within technoparks. 

 
6. Social and cultural changes 
Flexible workplaces and remote working: The trend towards flexible working 

conditions and remote working will encourage the creation of workplaces in technology 
parks that will allow startups and companies to work remotely. Technology parks will 
develop co-working spaces, providing startups with access to infrastructure and resources 
without the need to rent an office. 

Culture of Inclusivity and Diversity: In the future, technology parks will foster an 
inclusive and diverse work environment by providing equal opportunities for all 
professionals and supporting initiatives to improve corporate culture. 

Collective development and sustainable leadership: The development of new forms 
of governance and leadership in technoparks, including support for collective initiatives, 
openness to cooperation, and social responsibility, will be an important aspect. 

                           
Conclusion 
To create a successful technopark, it is necessary to ensure balanced development of 

infrastructure, support for startups, active cooperation with scientific and research 
institutions, and access to financing. All these elements interact with each other and create 
conditions for the growth of innovative companies, which in turn contributes to economic 
development and technological breakthroughs. 

The successful establishment and development of technology parks requires a strong 
partnership between the public and private sectors. State initiatives in the form of subsidies, 
tax breaks, and innovation support programs play an important role in providing startups 
with the necessary resources. In turn, private companies and investors provide technology 
parks with capital, infrastructure, and expert support, which contributes to the creation of 
innovation ecosystems and the growth of new technologies. The joint work of these sectors 
contributes to the creation of successful technology parks, which become the basis of 
economic growth and technological progress. 

Attracting and retaining talent is a complex process that requires attention to creating 
a positive work environment, career advancement, and professional development 
opportunities. Strategies aimed at developing a corporate culture, ensuring competitive 
working conditions, and maintaining high educational standards and mentorship help 
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technology parks attract and retain highly qualified specialists, which in turn contributes to 
the innovative development and success of technology parks. 

Examples of successful technology parks around the world show that critical 
elements such as support for startups, collaboration with universities, access to venture 
capital, and international partnerships contribute to the creation of strong and sustainable 
innovation ecosystems. 

In the coming years, the development of technoparks will be closely linked to global 
technological and social trends. Artificial intelligence, green technologies, blockchain, 
cybersecurity, as well as social change and digitalization will be the main factors 
determining the future of technoparks. Successful technoparks will be able to integrate these 
trends into their ecosystems and create favorable conditions for innovations, startups and 
technological progress. 
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Genelleştirilmiş Pell Dizilerinin Matrisler Üzerine Uygulamaları 
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Abstract 
Number sequences and matrices have been the focus of attention of mathematicians 

since ancient times. In this paper, Pell number sequences were studied with the help of 
matrices. This study started with the iteration correlations and Binet formulas of Pell, Pell 
Lucas and modified Pell number sequences. Then Pell (K), Pell Lucas (L), and modified Pell 
(M)  matrices which are generated with the terms of these number sequences has been 
defined with 2 × 2 size. Then the powers of Pell (K) matrices of order  has been produced. 
Afterward, the iterative correlations and Binet formulas of generalized -Pell, number 
sequences has been mentioned. n × n sized  K୬ matrice which is generating form of Pell (K) 
matrix and n × n  sized B୬  matrices which are generating matrices of -Pell number 
sequences introduced. Some applications with these generating matrices has been made and 
found relations of these generating matrices with K୬ matrix. Also the terms of this number 
sequences calculated with the aid of the definitions and generating matrices of -Pell number 
sequences. 

Keywords: Pell, k-Pell, Number Sequence, Matrice. 
 

Özet 

Matematikçiler, eski zamanlardan beri sayı dizileri ve matrislerle ilgilenmişlerdir. Bu 
çalışmada, Pell sayı dizileri matrislerin yardımıyla incelenmiştir. Çalışma, Pell, Pell Lucas ve 
modifiye Pell sayı dizilerinin iterasyon ilişkileri ve Binet formülleriyle başlamıştır. Ardından, 
bu sayı dizilerinin terimleriyle oluşturulan 2𝑥2 boyutundaki Pell (𝐾 ), Pell Lucas (𝐿) ve 
modifiye Pell ( 𝑀 ) matrisleri tanımlanmıştır. Daha sonra, 𝑛  mertebesindeki Pell ( 𝐾 ) 
matrislerinin kuvvetleri üretilmiştir. Ayrıca, genelleştirilmiş 𝑘-Pell sayı dizilerinin iterasyon 
ilişkileri ve Binet formülleri belirtilmiştir. 𝑛𝑥𝑛 boyutunda Pell (𝐾) matrisinden türetilmiş olan 
𝐾  matrisi ve 𝑘 -Pell sayı dizilerini üreten 𝑛𝑥𝑛  boyutundaki 𝐵  matrisleri tanıtılmıştır. Bu 
üreteç matrisleriyle bazı uygulamalar yapılmış ve bu matrislerin 𝐾  matrisi ile ilişkileri 
bulunmuştur. Ayrıca, bu sayı dizilerinin terimleri, 𝑘-Pell sayı dizilerinin tanımları ve üreten 
matrisler yardımıyla hesaplanmıştır. 

Anahtar Kelimeler: Pell, 𝑘-Pell, sayı dizisi, matris. 
 

                                                           
 Bu çalışma yazar tarafından Gaziantep Üniversitesi Fen Bilimleri Enstitüsünde hazırlanan 
“Genelleştirilmiş pell, pell lucas ve modifiye pell sayı dizilerinin matrisler üzerindeki uygulamaları” 
başlıklı yüksek lisans tezinden üretilmiştir. 
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1. INTRODUCTION 

Pell {𝑃}, Pell Lucas {𝑄}, modified Pell {𝑞} sequences are defined respectively with the 
initial conditions 𝑃 = 0, 𝑃ଵ = 1 , 𝑄 = 2, 𝑄ଵ = 2 , 𝑞 = 1, 𝑞ଵ = 1  and by the following 
recurrence relations respectively for 𝑛 ≥ 1  

𝑃ାଵ = 2𝑃 + 𝑃ିଵ, 𝑄ାଵ = 2𝑄 + 𝑄ିଵ, 𝑞ାଵ = 2𝑞 + 𝑞ିଵ 

(Bicknell, 1975: 345-349).  

Binet formulas for Pell {𝑃} , Pell Lucas {𝑄} , modified Pell {𝑞}  sequences are given 
respectively in the forms of 

𝑃 =
𝛼 − 𝛽

𝛼 − 𝛽
, 𝑄 = 𝛼 + 𝛽, 𝑞 =

𝛼 + 𝛽

2
 

where 

𝛼 = 1 + √2, 𝛽 = 1 − √2. 

Pell, Pell Lucas and modified Pell number sequences with negative indices are defined with 

𝑃  = (−1)ାଵ𝑃, 𝑄ି = (−1)𝑄, 𝑞ି = (−1)𝑞 

(Horadam, 1971: 245-242) (Horadam and Mahon, 1985: 7-20) (Catarino and Vasco, 2013: 6031-
3037). 

 

2. 𝒌-PELL, 𝒌-PELL LUCAS AND MODIFIED 𝒌-PELL NUMBERS 

2.1 Basic Properties of 𝒌-Pell, 𝒌-Pell Lucas and Modified 𝒌-Pell Numbers 

Definition 2.1.1 𝑘 -Pell ൛𝑃,ൟ
∈ே

, 𝑘 -Pell Lucas ൛𝑄,ൟ
∈ே

 and modified 𝑘 -Pell ൛𝑞,ൟ
∈ே

 
sequences are defined by the following recurrence relations respectively for 𝑛 ≥ 1:  

 𝑃,ାଵ = 2𝑃, + 𝑘𝑃,ିଵ, 𝑃, = 0, 𝑃,ଵ = 1, 

𝑄,ାଵ = 2𝑄, + 𝑘𝑄,ିଵ, 𝑄, = 2, 𝑄,ଵ = 2, 

𝑞,ାଵ = 2𝑞, + 𝑘𝑞,ିଵ, 𝑞, = 1, 𝑞,ଵ = 1. 

Definition 2.1.2 Binet formulas for 𝑘-Pell, 𝑘-Pell Lucas and modified 𝑘-Pell sequences are 
given respectively in the following: 

𝑃, =
𝛼 − 𝛽

𝛼 − 𝛽
, 𝑄, = 𝛼 + 𝛽, 𝑞 =

𝛼 + 𝛽

2
 

where  
𝛼 = 1 + √1 + 𝑘, 𝛽 = 1 − √1 + 𝑘. 

(Catarino and Vasco, 2013: 1877-1884). 

 

2.2 Pell 𝑲, Pell Lucas 𝑳 and Modified Pell 𝑴 Matrices 

Pell 𝐾, Pell Lucas 𝐿 and modified Pell 𝑀 matrices are demonstrated by the following 2 × 2 
matrices as 
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𝐾 = 
𝑃ଶ 𝑃ଵ

𝑃ଵ 𝑃
൨ = ቂ

2 1
1 0

ቃ, 

𝐿 = 
𝑄ଶ 𝑄ଵ

𝑄ଵ 𝑄
൨ = ቂ

6 2
2 2

ቃ, 

𝑀 = ቂ
𝑞ଶ 𝑞ଵ

𝑞ଵ 𝑞
ቃ = ቂ

3 1
1 1

ቃ. 

Now, there are some properties of  𝐾, 𝐿 ve 𝑀 matrices and their determinants. 

Theorem 2.2.1 If  𝐾 = ቂ
2 1
1 0

ቃ for every integer 𝑛, then the 𝑛th power of the matrix is 

𝐾 = 
𝑃ାଵ 𝑃

𝑃 𝑃ିଵ
൨ 

(Bicknell, 1975: 345-349). 

Lemma 2.2.1 If 𝐿 = ቂ
6 2
2 2

ቃ for every integer 𝑛,  then the 𝑛th power of the matrix 𝐿 is 

𝐿 = ൞
8 

𝑄ାଵ 𝑄

𝑄 𝑄ିଵ
൨ , | 𝑛| = 2𝑘 + 1 𝑎𝑛𝑑 𝑘 ≥ 0 

8 
𝑃ାଵ 𝑃

𝑃 𝑃ିଵ
൨ , | 𝑛| = 2𝑘 𝑎𝑛𝑑 𝑘 ≥ 0          

  

(Daşdemir, 2011: 3173-3181). 

Proof. The proof is made by induction method. 

Assume that firstly | 𝑛| = 2𝑘 + 1   and 𝑘 ≥ 0. When 𝑛 = 1 the assertion is satisfied that 𝑘 = 0 
and  

𝐿 = 8 
𝑄ାଵ 𝑄

𝑄 𝑄ିଵ
൨ =  8 

𝑄ଶ 𝑄ଵ

𝑄ଵ 𝑄
൨ = ቂ

6 2
2 2

ቃ. 

Assume that it is true for 𝑛 = 2𝑘 − 1. So 𝑘 =
ାଵ

ଶ
  and we obtain 

𝐿 = 8
ାଵ

ଶ 
𝑄ାଵ 𝑄

𝑄 𝑄ିଵ
൨. 

Based on our assumption, we get 

𝐿ଶିଵ𝐿ଶ = 8
ାଵ

ଶ 
𝑄ାଵ 𝑄

𝑄 𝑄ିଵ
൨ ቂ

6 2
2 2

ቃ
ଶ

 

= 8
ାଵ

ଶ 
𝑄ାଵ 𝑄

𝑄 𝑄ିଵ
൨ ቂ

40 16
16 8

ቃ 

= 8
ାଷ

ଶ 
𝑄ାଵ 𝑄

𝑄 𝑄ିଵ
൨ ቂ

5 2
2 1

ቃ 

= 8
ାଷ

ଶ 
5𝑄ାଵ + 2𝑄 2𝑄ାଵ + 𝑄

5𝑄 + 2𝑄ିଵ 2𝑄 + 𝑄ିଵ
൨ 

= 8
ାଷ

ଶ 
2𝑄ାଶ + 𝑄ାଵ 2𝑄ାଵ + 𝑄

2𝑄ାଵ + 𝑄 2𝑄 + 𝑄ିଵ
൨ 

= 8
ାଷ

ଶ 
𝑄ାଷ 𝑄ାଶ

𝑄ାଶ 𝑄ାଵ
൨ 

= 8
ଶାଵାଷ

ଶ 
𝑄ାଷ 𝑄ାଶ

𝑄ାଶ 𝑄ାଵ
൨ 

= 8ାଶ 
𝑄ାଷ 𝑄ାଶ

𝑄ାଶ 𝑄ାଵ
൨. 
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Secondly let  | 𝑛| = 2𝑘   and 𝑘 ≥ 0.  𝑘 = 1 is for  𝑛 = 2. Then 

𝐿ଶ = 8ଵ 
𝑃ଷ 𝑃ଶ

𝑃ଶ 𝑃ଵ
൨ = 8 ቂ

5 2
2 1

ቃ = ቂ
40 16
16 8

ቃ 

and 

𝐿ଶ = 𝐿𝐿 = ቂ
6 2
2 2

ቃ ቂ
6 2
2 2

ቃ = ቂ
40 16
16 8

ቃ 

are obtained. Let’s assume that 

𝐿 = 8 
𝑃ାଵ 𝑃

𝑃 𝑃ିଵ
൨ 

is true for 𝑛 = 2𝑘. Then we get 

𝐿ାଵ = 𝐿ଶାଶ = 𝐿ଶ𝐿ଶ = 8 
𝑃ାଵ 𝑃

𝑃 𝑃ିଵ
൨ ቂ

40 16
16 8

ቃ 

= 8 
𝑃ାଵ 𝑃

𝑃 𝑃ିଵ
൨ 8 ቂ

5 2
2 1

ቃ 

= 8ାଵ 
5𝑃ାଵ + 2𝑃 2𝑃ାଵ + 𝑃

5𝑃ାଵ + 2𝑃 2𝑃 + 𝑃ିଵ
൨ 

= 8ାଵ 
𝑃ାଷ 𝑃ାଶ

𝑃ାଶ 𝑃ାଵ
൨ 

The assertion is satisfied for 𝑛 = 2𝑘 + 2.  So the proof is completed. 

Lemma 2.2.2 If 𝑀 = ቂ
3 1
1 1

ቃ for every integer 𝑛 ,  then the 𝑛th power of the matrix 𝑀  is 

𝑀 = ൞
2 ቂ

𝑞ାଵ 𝑞

𝑞 𝑞ିଵ
ቃ , | 𝑛| = 2𝑘 + 1 𝑣𝑒 𝑘 ≥ 0 

2 
𝑃ାଵ 𝑃

𝑃 𝑃ିଵ
൨ , | 𝑛| = 2𝑘 𝑣𝑒 𝑘 ≥ 0          

  

(Daşdemir, 2011: 3173-3181). 

Proof. The proof is made by induction method as the previous Lemma 2.2.1. 

 

3. GENERALIZED PELL NUMBER SEQUENCES 

3.1 Generalized 𝒌-Pell Number Sequences 

𝑘-Pell number sequences are defined with the following initial conditions and the recurrence 
relation based on Pell number sequence: 

𝑃ଵ, = 𝑃ଶ, = ⋯ = 𝑃, = 1, 𝑃, = 2𝑃ିଵ, + 𝑃ିିଵ, 

(Catarino and Vasco, 2013: 1877-1884). 

The iteration formula produces number sequences. When 𝑛 ≤ 0 and 𝑘 > 0, negative indiced 
𝑘-Pell numbers can be written with the same iteration formula as the following. 

𝑃,, 𝑃 ଵ,, 𝑃 ଶ,, ⋯ , 𝑃 ,, ⋯ , 𝑃 ଶାଵ,, ⋯ 

This initial conditions are used also below in this context. 

𝑃, = 0, 𝑃 ଵ, = 𝑃 ଶ,, = ⋯ =  𝑃 ିଵ, = 1 

Corollary 3.1.1 Following equation can be got by considering the initial conditions of 𝑘-Pell 
number sequences and linear recurrence formulas. 
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𝑃, = 𝑃ାଵ,ାଵ 

 

3.1.1 Some Properties of Pell 𝑲 Matrix 

It’s found by using Pell 𝐾 matrix and recurrence relation of Pell numbers that 

𝐾 = 
𝑃ାଵ 𝑃

𝑃 𝑃ିଵ
൨ = 

2𝑃 + 𝑃ିଵ 2𝑃ିଵ + 𝑃ିଶ

2𝑃ିଵ + 𝑃ିଶ 2𝑃ିଶ + 𝑃ିଷ
൨ 

                                                                                 = 
2𝑃ାଵ 2𝑃

2𝑃 2𝑃ିଵ
൨ + 

𝑃ିଵ 𝑃ିଶ

𝑃ିଶ 𝑃ିଷ
൨ 

                                                                                 = 2 
𝑃ାଵ 𝑃

𝑃 𝑃ିଵ
൨ + 

𝑃ିଵ 𝑃ିଶ

𝑃ିଶ 𝑃ିଷ
൨ 

                                                                                 = 2𝐾ିଵ + 𝐾ିଶ. 

and 

𝐾ିଶ = 𝐾 − 2𝐾ିଵ. 

is achieved. 

𝐾 and 𝐾ି which are the inverses of  𝐾 is obtained by using above formula and equation 

𝑃  = (−1)ାଵ𝑃 
(Horadam and Mahon, 1985: 7-20). 

Table 3.1.1 Pell 𝐾 Matrices 

𝑛 0 1 2 3 4 5 ⋯ 

𝐾 ቂ
1 0
0 1

ቃ ቂ
2 1
1 0

ቃ ቂ
5 2
2 1

ቃ ቂ
12 5
5 2

ቃ ቂ
29 12
12 5

ቃ ቂ
70 29
29 12

ቃ ⋯ 

𝐾ି ቂ
1 0
0 1

ቃ ቂ
0   1
1 −2

ቃ ቂ
   1 −2
−2   5

ቃ ቂ
−2     5
  5 −12

ቃ ቂ
    5 −12
−12    29

ቃ ቂ
−12    29
   29 −70

ቃ ⋯ 

As it appears from the table, it is acceptable for 𝐾ି that 

𝐾ି = ൞

−𝑃ିଵ 𝑃

𝑃 −𝑃ାଵ
൨ , 𝑛 𝑖𝑠 𝑜𝑑𝑑


𝑃ିଵ −𝑃

−𝑃 +𝑃ାଵ
൨ , 𝑛 𝑖𝑠 𝑒𝑣𝑒𝑛.

  

Corollary 3.1.2 The following equation is true for every integer 𝑘. 

𝐾 = 𝑃𝐾ିାଵ + 𝑃ିଵ𝐾ି 

Proof. We obtain the result as 

𝐾 = 2𝐾ିଵ + 𝐾ିଶ = 𝑃ଶ𝐾ିଵ + 𝑃ଵ𝐾ିଶ 

= 2(2𝐾ିଶ + 𝐾ିଷ) + 𝐾ିଶ            

          = 5𝐾ିଶ + 2𝐾ିଷ = 𝑃ଷ𝐾ିଶ + 𝑃ଵ𝐾ିଷ 

= 5(2𝐾ିଷ + 𝐾ିସ) + 2𝐾ିଷ         

              = 12𝐾ିଷ + 5𝐾ିସ = 𝑃ସ𝐾ିଷ + 𝑃ଷ𝐾ିସ 

= 12(2𝐾ିସ + 𝐾ିହ) + 5𝐾ିସ     

                 = 29𝐾ିଽ + 12𝐾ିହ = 𝑃ହ𝐾ିସ + 𝑃ସ𝐾ିହ 

= ⋯                                                       
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So 

𝐾 = 𝑃𝐾ିାଵ + 𝑃ିଵ𝐾ି 

is obtained for any integer 𝑘 and the assertion is hold. 

3.1.2 Generating Matrix For 𝒌-Pell Numbers 

Definition 3.1.1 Let’s define 𝑘 × 𝑘 sized 𝐴 matrix formed as 

𝐴 =

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎡
2 1 0 0 ⋯ 0 0 0
1 0 0 0 ⋯ 0 0 0
0 1 0 0 ⋯ 0 0 0
0 0 1 0 ⋯ 0 0 0
⋮ ⋮ ⋮ ⋮ ⋱ 0 0 0
0 0 0 0 ⋯ ⋮ ⋮ ⋮
0 0 0 0 ⋯ 1 0 0
0 0 0 0 ⋯ 0 1 0⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎤

. 

When the power of the 𝐴 is taken greater than 2, it’s noticed that the terms of first two 
columns of the matrix alter depending the power. They are 𝑘-Pell numbers. Their indices 
vary by the same amount as the power of the matrix varies. 

Theorem 3.1.1 𝑛th power of 𝐴 for 𝑛 ≥ 𝑘 > 2 is like the equivalent below. 

𝐴
 =

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡

𝑃ା, 𝑃ାିଵ, 0 0 ⋯ 0 0 0

𝑃ାିଵ, 𝑃ାିଶ, 0 0 ⋯ 0 0 0

𝑃ାିଶ, 𝑃ାିଷ, 0 0 ⋯ 0 0 0

𝑃ାିଷ, 𝑃ାିସ, 1 0 ⋯ 0 0 0

⋮ ⋮ ⋮ ⋮ ⋱ 0 0 0
𝑃ାଷ, 𝑃ାଶ, 0 0 ⋯ ⋮ ⋮ ⋮

𝑃ାଶ, 𝑃ାଵ, 0 0 ⋯ 0 0 0

𝑃ାଵ, 𝑃, 0 0 ⋯ 0 0 0⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

. 

Proof. First, investigate for 𝑘 = 3. 

When 𝑛 = 3, 

 𝐴ଷ
ଷ = 

2 1 0
1 0 0
0 1 0

൩

ଷ

= 
12 5 0
5 2 0
2 1 0

൩ = 

𝑃,ଷ 𝑃ହ,ଷ 0

𝑃ହ,ଷ 𝑃ସ,ଷ 0

𝑃ସ,ଷ 𝑃ଷ,ଷ 0
. 

is hold. 

So, the assertion is satisfied. Let’s examine for 𝑛 = 𝑡 + 1 assuming the equivalent is provided 
for 𝑛 = 𝑡.  

𝐴
௧ାଵ = 𝐴

௧ 𝐴 = 

𝑃ା௧, 𝑃ା௧ିଵ, 0

𝑃ା௧ିଵ, 𝑃ା௧ିଶ, 0

𝑃ା௧ିଶ, 𝑃ା௧ିଷ, 0
 

2 1 0
1 0 0
0 1 0

൩ 

                                                                   

= 

2𝑃ା௧, + 𝑃ା௧ିଵ, 𝑃ା௧, 0

2𝑃ା௧ିଵ, + 𝑃ା௧ିଶ, 𝑃ା௧ିଵ, 0

2𝑃ା௧ିଶ, + 𝑃ା௧ିଷ, 𝑃ା௧ିଶ, 0
                                       

                                                                    

= 

𝑃ା௧ାଵ, 𝑃ା௧, 0

𝑃ା௧, 𝑃ା௧ିଵ, 0

𝑃ା௧ିଵ, 𝑃ା௧ିଶ, 0
.                                                              
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So the assertion is satisfied for 𝑘 = 3. 

Examine 𝑘 = 𝑙 + 1 case assuming the equivalent is true for 𝑘 = 𝑙 so 

𝐴
 =

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡

𝑃ା, 𝑃ାିଵ, 0 0 ⋯ 0 0 0

𝑃ାିଵ, 𝑃ାିଶ, 0 0 ⋯ 0 0 0

𝑃ାିଶ, 𝑃ାିଷ, 0 0 ⋯ 0 0 0

𝑃ାିଷ, 𝑃ାିସ, 0 0 ⋯ 0 0 0

⋮ ⋮ ⋮ ⋮ ⋱ 0 0 0
𝑃ାଷ, 𝑃ାଶ, 0 0 ⋯ ⋮ ⋮ ⋮

𝑃ାଶ, 𝑃ାଵ, 0 0 ⋯ 0 0 0

𝑃ାଵ, 𝑃, 0 0 ⋯ 0 0 0⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

. 

Following equation is obtained by assuming the assertion is satisfied for 𝑛 = 𝑡 ≥ 𝑙 + 1. 

𝐴ାଵ
௧ =

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡

𝑃ାଵା௧,ାଵ 𝑃ାଵା௧ିଵ,ାଵ 0 0 ⋯ 0 0 0

𝑃ାଵା௧ିଵ,ାଵ 𝑃ାଵା௧ିଶ,ାଵ 0 0 ⋯ 0 0 0

𝑃ାଵା௧ିଶ,ାଵ 𝑃ାଵା௧ିଷ,ାଵ 0 0 ⋯ 0 0 0

𝑃ାଵା௧ିଷ,ାଵ 𝑃ାଵା௧ିସ,ାଵ 0 0 ⋯ 0 0 0

⋮ ⋮ ⋮ ⋮ ⋱ 0 0 0
𝑃௧ାଷ,ାଵ 𝑃௧ାଶ,ାଵ 0 0 ⋯ ⋮ ⋮ ⋮

𝑃௧ାଶ,ାଵ 𝑃௧ାଵ,ାଵ 0 0 ⋯ 0 0 0

𝑃௧ାଵ,ାଵ 𝑃௧,ାଵ 0 0 ⋯ 0 0 0⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

 

Now let’s examine equivalent for 𝑛 = 𝑡 + 1. 

𝐴ାଵ
௧ାଵ = 𝐴ାଵ

௧ 𝐴ାଵ 

=

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡

𝑃ାଵା௧,ାଵ 𝑃ାଵା௧ିଵ,ାଵ 0 0 ⋯ 0 0 0

𝑃ାଵା௧ିଵ,ାଵ 𝑃ାଵା௧ିଶ,ାଵ 0 0 ⋯ 0 0 0

𝑃ାଵା௧ିଶ,ାଵ 𝑃ାଵା௧ିଷ,ାଵ 0 0 ⋯ 0 0 0

𝑃ାଵା௧ିଷ,ାଵ 𝑃ାଵା௧ିସ,ାଵ 0 0 ⋯ 0 0 0

⋮ ⋮ ⋮ ⋮ ⋱ 0 0 0
𝑃௧ାଷ,ାଵ 𝑃௧ାଶ,ାଵ 0 0 ⋯ ⋮ ⋮ ⋮

𝑃௧ାଶ,ାଵ 𝑃௧ାଵ,ାଵ 0 0 ⋯ 0 0 0

𝑃௧ାଵ,ାଵ 𝑃௧,ାଵ 0 0 ⋯ 0 0 0⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎡
2 1 0 0 ⋯ 0 0 0
1 0 0 0 ⋯ 0 0 0
0 1 0 0 ⋯ 0 0 0
0 0 1 0 ⋯ 0 0 0
⋮ ⋮ ⋮ ⋮ ⋱ 0 0 0
0 0 0 0 ⋯ ⋮ ⋮ ⋮
0 0 0 0 ⋯ 1 0 0
0 0 0 0 ⋯ 0 1 0⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎤

 

=

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡

2𝑃ାଵା௧,ାଵ + 𝑃ାଵା௧ିଵ,ାଵ 𝑃ାଵା௧,ାଵ 0 0 ⋯ 0 0 0

2𝑃ାଵା௧ିଵ,ାଵ + 𝑃ାଵା௧ିଶ,ାଵ 𝑃ାଵା௧ିଵ,ାଵ 0 0 ⋯ 0 0 0

2𝑃ାଵା௧ିଶ,ାଵ + 𝑃ାଵା௧ିଷ,ାଵ 𝑃ାଵା௧ିଶ,ାଵ 0 0 ⋯ 0 0 0

2𝑃ାଵା௧ିଷ,ାଵ + 𝑃ାଵା௧ିସ,ାଵ 𝑃ାଵା௧ିଷ,ାଵ 0 0 ⋯ 0 0 0

⋮ ⋮ ⋮ ⋮ ⋱ 0 0 0
2𝑃௧ାଷ,ାଵ + 𝑃௧ାଶ,ାଵ 𝑃௧ାଷ,ାଵ 0 0 ⋯ ⋮ ⋮ ⋮

2𝑃௧ାଶ,ାଵ + 𝑃௧ାଵ,ାଵ 𝑃௧ାଶ,ାଵ 0 0 ⋯ 0 0 0

2𝑃௧ାଵ,ାଵ + 𝑃௧,ାଵ 𝑃௧ାଵ,ାଵ 0 0 ⋯ 0 0 0⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

 

=

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡
𝑃ାଵା௧ାଵ,ାଵ 𝑃ାଵା௧,ାଵ 0 0 ⋯ 0 0 0

𝑃ାଵା௧,ାଵ 𝑃ାଵା௧ିଵ,ାଵ 0 0 ⋯ 0 0 0

𝑃ାଵା௧ିଵ,ାଵ 𝑃ାଵା௧ିଶ,ାଵ 0 0 ⋯ 0 0 0

𝑃ାଵା௧ିଶ,ାଵ 𝑃ାଵା௧ିଷ,ାଵ 0 0 ⋯ 0 0 0

⋮ ⋮ ⋮ ⋮ ⋱ 0 0 0
𝑃௧ାସ,ାଵ 𝑃௧ାଷ,ାଵ 0 0 ⋯ ⋮ ⋮ ⋮

𝑃௧ାଷ,ାଵ 𝑃௧ାଶ,ାଵ 0 0 ⋯ 0 0 0

𝑃௧ାଶ,ାଵ 𝑃௧ାଵ,ାଵ 0 0 ⋯ 0 0 0⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤
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=

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡
𝑃ା௧ାଶ,ାଵ 𝑃ା௧ାଵ,ାଵ 0 0 ⋯ 0 0 0

𝑃ା௧ାଵ,ାଵ 𝑃ା௧,ାଵ 0 0 ⋯ 0 0 0

𝑃ା௧,ାଵ 𝑃ା௧ିଵ,ାଵ 0 0 ⋯ 0 0 0

𝑃ା௧ିଵ,ାଵ 𝑃ାଵା௧ିଶ,ାଵ 0 0 ⋯ 0 0 0

⋮ ⋮ ⋮ ⋮ ⋱ 0 0 0
𝑃௧ାସ,ାଵ 𝑃௧ାଷ,ାଵ 0 0 ⋯ ⋮ ⋮ ⋮

𝑃௧ାଷ,ାଵ 𝑃௧ାଶ,ାଵ 0 0 ⋯ 0 0 0

𝑃௧ାଶ,ାଵ 𝑃௧ାଵ,ାଵ 0 0 ⋯ 0 0 0⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

 

is obtained and the proof is completed. 

 

Corollary 3.1.3 The following equation can be reached based on the definition of 𝑘 × 𝑘 
matrix 𝐴. 

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎡
2 1 0 0 ⋯ 0 0 0
1 0 0 0 ⋯ 0 0 0
0 1 0 0 ⋯ 0 0 0
0 0 1 0 ⋯ 0 0 0
⋮ ⋮ ⋮ ⋮ ⋱ 0 0 0
0 0 0 0 ⋯ ⋮ ⋮ ⋮
0 0 0 0 ⋯ 1 0 0
0 0 0 0 ⋯ 0 1 0⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎤

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡

𝑃ା,

𝑃ାିଵ,

𝑃ାିଶ,

𝑃ାିଷ,

⋮
𝑃ାଷ,

𝑃ାଶ,

𝑃ାଵ, ⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

=

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡
𝑃ାାଵ,

𝑃ା,

𝑃ାିଵ,

𝑃ାିଶ,

⋮
𝑃ାସ,

𝑃ାଷ,

𝑃ାଶ, ⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

. 

The proof can be seen in the proof of Theorem 3.1.1. 

Now let’s define a 𝑘 × 𝑘 sized 𝐵 matrix 

𝐵 =

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡

𝑃ା, 𝑃ାିଵ, ⋯ 𝑃ାଵ,

𝑃ାିଵ, 𝑃ାିଶ, ⋯ 𝑃,

𝑃ାିଶ, 𝑃ାିଷ, ⋯ 𝑃ିଵ,

𝑃ାିଷ, 𝑃ାିସ, ⋯ 𝑃ିଶ,

⋮ ⋮ ⋱ ⋮
𝑃ାଷ, 𝑃ାଶ, ⋯ 𝑃ିାସ,

𝑃ାଶ, 𝑃ାଵ, ⋯ 𝑃ିାଷ,

𝑃ାଵ, 𝑃, ⋯ 𝑃ିାଶ,⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

 

In this case the following equality is obtained by using Corollary 3.1.2. 

𝐴𝐵 = 𝐵ାଵ 

Corollary 3.1.4 Due to the equality in Corollary 3.1, we can also write 𝐵 matrix as below. 

 𝐵 =

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡

𝑃ା, 𝑃ାିଵ, ⋯ 𝑃ାଵ,

𝑃ା,ାଵ 𝑃ାିଵ,ାଵ ⋯ 𝑃ାଵ,ାଵ

𝑃ା,ାଶ 𝑃ାିଵ,ାଶ ⋯ 𝑃ାଵ,ାଶ

𝑃ା,ାଷ 𝑃ାିଵ,ାଷ ⋯ 𝑃ାଵ,ାଷ

⋮ ⋮ ⋱ ⋮
𝑃ା,ଶିଷ 𝑃ାିଵ,ଶିଷ ⋯ 𝑃ାଵ,ଶିଷ

𝑃ା,ଶିଶ 𝑃ାିଵ,ଶିଶ ⋯ 𝑃ାଵ,ଶିଶ

𝑃ା,ଶିଵ 𝑃ାିଵ,ଶିଵ ⋯ 𝑃ାଵ,ଶିଵ⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤
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Theorem 3.1.2 The following relation is true since 𝑘 ≥ 0. 

𝐵 = 2𝐵ିଵ + 𝐵ିଶ 

Proof. The equality is obtained when the linear recurrence relation of 𝑘-Pell sequences is 
applied on the elements of the 𝐵. 

𝐵 =

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡

2𝑃ାିଵ, + 𝑃ାିଶ, ⋯ 2𝑃, + 𝑃ିଵ,

2𝑃ାିଵ,ାଵ + 𝑃ାିଶ,ାଵ ⋯ 2𝑃,ାଵ + 𝑃ିଵ,

2𝑃ାିଵ,ାଶ + 𝑃ାିଶ,ାଶ ⋯ 2𝑃,ାଶ + 𝑃ିଵ,

2𝑃ାିଵ,ାଷ + 𝑃ାିଶ,ାଷ ⋯ 2𝑃,ାଷ + 𝑃ିଵ,

⋮ ⋱ ⋮
2𝑃ାିଵ,ିଷ + 𝑃ାିଶ,ିଷ ⋯ 2𝑃,ିଷ + 𝑃ିଵ,ିଷ

2𝑃ାିଵ,ିଶ + 𝑃ାିଶ,ିଶ ⋯ 2𝑃,ିଶ + 𝑃ିଵ,ିଶ

2𝑃ାିଵ,ିଵ + 𝑃ାିଶ,ିଵ ⋯ 2𝑃,ିଵ + 𝑃ିଵ,ିଵ⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

 

=

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡

2𝑃ାିଵ, ⋯ 2𝑃,

2𝑃ାିଵ,ାଵ ⋯ 2𝑃,ାଵ

2𝑃ାିଵ,ାଶ ⋯ 2𝑃,ାଶ

2𝑃ାିଵ,ାଷ ⋯ 2𝑃,ାଷ

⋮ ⋱ ⋮
2𝑃ାିଵ,ିଷ ⋯ 2𝑃,ିଷ

2𝑃ାିଵ,ିଶ ⋯ 2𝑃,ିଶ

2𝑃ାିଵ,ିଵ ⋯ 2𝑃,ିଵ⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

+

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡

𝑃ାିଶ, ⋯ 𝑃ିଵ,

𝑃ାିଶ,ାଵ ⋯ 𝑃ିଵ,

𝑃ାିଶ,ାଶ ⋯ 𝑃ିଵ,

𝑃ାିଶ,ାଷ ⋯ 𝑃ିଵ,

⋮ ⋱ ⋮
𝑃ାିଶ,ିଷ ⋯ 𝑃ିଵ,ିଷ

𝑃ାିଶ,ିଶ ⋯ 𝑃ିଵ,ିଶ

𝑃ାିଶ,ିଵ ⋯ 𝑃ିଵ,ିଵ⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

 

= 2

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡

𝑃ାିଵ, ⋯ 𝑃,

𝑃ାିଵ,ାଵ ⋯ 𝑃,ାଵ

𝑃ାିଵ,ାଶ ⋯ 𝑃,ାଶ

𝑃ାିଵ,ାଷ ⋯ 𝑃,ାଷ

⋮ ⋱ ⋮
𝑃ାିଵ,ିଷ ⋯ 𝑃,ିଷ

𝑃ାିଵ,ିଶ ⋯ 𝑃,ିଶ

𝑃ାିଵ,ିଵ ⋯ 𝑃,ିଵ⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

+

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡

𝑃ାିଶ, ⋯ 𝑃ିଵ,

𝑃ାିଶ,ାଵ ⋯ 𝑃ିଵ,

𝑃ାିଶ,ାଶ ⋯ 𝑃ିଵ,

𝑃ାିଶ,ାଷ ⋯ 𝑃ିଵ,

⋮ ⋱ ⋮
𝑃ାିଶ,ିଷ ⋯ 𝑃ିଵ,ିଷ

𝑃ାିଶ,ିଶ ⋯ 𝑃ିଵ,ିଶ

𝑃ାିଶ,ିଵ ⋯ 𝑃ିଵ,ିଵ⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

 

= 2𝐵ିଵ + 𝐵ିଶ 

 

3.1.3 Generalized 𝒌-Pell Numbers and Generating Matrix 

Definition 3.1.2 Following 𝑘 × 𝑘  matrix 𝐾 is generalized 𝑘-Pell matrix for a nonnegative 
integer 𝑘.   

𝐾 =

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎡
2 1 1 1 ⋯ 1 1 1
1 0 0 0 ⋯ 0 0 0
0 1 0 0 ⋯ 0 0 0
0 0 1 0 ⋯ 0 0 0
⋮ ⋮ ⋮ ⋮ ⋱ 0 0 0
0 0 0 0 ⋯ ⋮ ⋮ ⋮
0 0 0 0 ⋯ 1 0 0
0 0 0 0 ⋯ 0 1 0⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎤

 

Also generalized 𝑘-Pell equation is defined by 

𝑃, = ቄ
1, 𝑛 = 1 − 𝑖
0, 𝑛 ≠ 1 − 𝑖

  , 1 − 𝑘 ≤ 𝑛 ≤ 0 

and 
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𝑃, = 2𝑃,ିଵ +  𝑃,ି



ୀଶ

, 𝑛 > 0, 1 ≤ 𝑖 ≤ 𝑘 

(Kılıç, Altunkaynak and Taşçı, 2006: 511-515). 

 

Corollary 3.1.5  

𝐾

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡

𝑃,

𝑃,ିଵ

𝑃,ିଶ

𝑃,ିଷ

⋮
𝑃,ିାଷ

𝑃,ିାଶ

𝑃,ିାଵ⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

=

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡

𝑃,ାଵ

𝑃,

𝑃,ିଵ

𝑃,ିଶ

⋮
𝑃,ିାସ

𝑃,ିାଷ

𝑃,ିାଶ⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

 

The above equation can be obtained using matrix multiplication property (Kılıç and Taşçı, 
2005: 163-174). The proof of this equation is similar with the proof of Corollary 3.1.2. 

Let 𝐵 is a matrix that generated from generalized 𝑘-Pell sequences, then  𝐵 is 

𝐵 =

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡

𝑃, 𝑃ିଵ, 𝑃ିଶ, ⋯ 𝑃ଶ, 𝑃ଵ,

𝑃,ିଵ 𝑃ିଵ,ିଵ 𝑃ିଶ,ିଵ ⋯ 𝑃ଶ,ିଵ 𝑃ଵ,ିଵ

𝑃,ିଶ 𝑃ିଵ,ିଶ 𝑃ିଶ,ିଶ ⋯ 𝑃ଶ,ିଶ 𝑃ଵ,ିଶ

𝑃,ିଷ 𝑃ିଵ,ିଷ 𝑃ିଶ,ିଷ ⋯ 𝑃ଶ,ିଷ 𝑃ଵ,ିଷ

⋮ ⋮ ⋮ ⋮ ⋮ ⋮
𝑃,ିାଷ 𝑃ିଵ,ିାଷ 𝑃ିଶ,ିାଷ ⋯ 𝑃ଶ,ିାଷ 𝑃ଵ,ିାଷ

𝑃,ିାଶ 𝑃ିଵ,ିାଶ 𝑃ିଶ,ିାଶ ⋯ 𝑃ଶ,ିାଶ 𝑃ଵ,ିାଶ

𝑃,ିାଵ 𝑃ିଵ,ିାଵ 𝑃ିଶ,ିାଵ ⋯ 𝑃ଶ,ିାଵ 𝑃ଵ,ିାଵ⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

. 

𝑖-Pell sequence exist in (𝑘 − 𝑖 + 1)th column provided that 1 ≤ 𝑖 ≤ 𝑘.  

 𝐵ାଵ = 𝐾𝐵. 

is achieved by aid of the equality in Corollary 3.1.4. Therefore 
𝐵ାଵ = 𝐾𝐾𝐵ିଵ 

  = 𝐾𝐾𝐾𝐵ିଶ 

⋮ 

= 𝐾
𝐵ଵ. 

𝐵 = 𝐾
, 𝐵ାଵ = 𝐵ଵ𝐵 = 𝐵𝐵ଵ 

The assertion is satisfied because of  𝐵ଵ = 𝐾 by Definition 3.1.2. 
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Abstract 

Accurate monitoring of the froth flotation process is essential in mineral processing, 
as it significantly influences mineral separation efficiency and operational performance. 
Conventional monitoring approaches, primarily based on manual visual analysis of froth 
images, are often inconsistent and subjective, compromising the reliability of the process. 
This research presents a robust image classification model for flotation images, addressing 
the challenge of distinguishing visually similar classes. The proposed approach integrates an 
EfficientNetB0 architecture, an attention mechanism, and a custom reward layer to enhance 
classification accuracy. EfficientNetB0 extracts fine-grained textures, shapes, and structural 
details from flotation images, while the attention mechanism selectively focuses on salient 
regions, preventing overemphasis on irrelevant patterns. Additionally, the reward layer 
adjusts class logits based on class importance and prediction confidence, improving key 
predictions and reducing overconfidence in ambiguous cases. The model was evaluated on a 
flotation dataset with four classes, three visually similar. Experimental results show 
significant improvements in precision, recall, and overall accuracy, achieving 96% accuracy, 
outperforming recent methods. 

Keywords: Froth Flotation Monitoring, Froth Image Classification, Convolutional 
Neural Networks (CNNs), Attention Mechanism, Visually Similar Classes 
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Abstract 

Lycopene is a natural organic compound that of a red colour and is notable for 
its antioxidant properties. Red pigment, simple molecular formula (C40H56), as a good 
antioxidant is beneficial for human health. Research indicates the positive properties 
of lycopene and its protective effect on the cardiovascular system; it reduces blood 
pressure, prevents the oxidation of LDL cholesterol, lipids, etc. This red carotenoid 
has a number of health effects resulting from its antioxidant effect. In this 
experimental research, lycopene was isolated by a simple procedure from red 
grapefruit. The solvents used for the isolation procedure are acetone and petroleum 
ether. The identification and characterization of lycopene was confirmed by FTIR, 
UV/Vis and TLC methods. 

Keywords: Isolation, Lycopene, Grapefruit, FTIR 
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Abstract 

Natural apocarotenoids of saffron (Crocus sativus Linn., Iridaceae) crocins and crocetin 
have neuroprotective, cardioprotective, hepatoprotective, antidepressant, anticancer, and 
antidiabetic effects. Thus, experiments have shown that crocin is hydrolyzed to crocetin by 
gut microbiota enzymes, and crocetin is further converted into bioactive metabolites that 
enter the bloodstream, capable of overcoming the blood-brain barrier and providing a 
cerebroprotective effect.  

The purpose of the study is to find the most effective express-method for 
determining the content of crocins in saffron samples. 

Apocarotenoids were extracted with aqueous alcohol solutions. Thin layer 
chromatography (TLC) on different plates was used to separate the extract components. The 
best separation of crocins was observed on the “Armsorb” plates, RF.  

The total content of crocins in extracts and fractions was determined by the spectral 
express-method using digentiobiosyl-crocetin molar extinction coefficient ε=1.33×105 
l/mol×cm, λmax=443 nm. 

Apocarotenoids were identified in five fractions: cis- and trans-digentiobiosyl-
crocetins, monogentiobiosyl-crocetin, 1-β,D-glucopyranosyl-16-gentiobiosyl-crocetin,    di-
β,D-glucopyranosyl-crocetin, picrocrocin. Digentiobiosyl-crocetin concentration was the 
highest (29% of the total amount of apocarotenoids). 

Unlike other methods for determining apocarotenoids in aqueous solutions 
and biological fluids: gas, liquid and high-performance thin layer chromatography 
(GC-MS, LC-MS/MS, HP-TLC), the proposed express-method is available, effective 
and has good analytical characteristics (determination degree and selectivity). 

Keywords: Saffron, Apocarotenoids, Crocetin, Crocins, Thin Layer Chromatography. 
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Abstract 

The aim of this study was to determine the antioxidant activity, as well as the total 
phenolic and flavonoid content in Hibiscus (Hibiscus sabdariffa) extracts. Extraction of 
bioactive compounds was carried out using water, ethanol, methanol, and acetone as 
solvents. The phenolic content was quantified using the Folin-Ciocalteu method, while the 
flavonoid content was determined by the aluminum chloride colorimetric assay. Antioxidant 
activity was assessed using the DPPH method. 

The results of the study showed that the hibiscus extracts obtained using a mixture of 
solvents and water contained significantly higher amounts of total phenols and flavonoids 
compared to the extracts obtained with pure solvents. The DPPH test demonstrated a high 
free radical scavenging capacity, which was particularly pronounced for the methanol 
extract. 

A positive correlation was observed between the content of phenols, flavonoids, and 
antioxidant activity, confirming the crucial contribution of these compounds to the biological 
activity of hibiscus. Based on the obtained results, it can be concluded that hibiscus is a 
promising source of natural antioxidants, with potential applications in the food, 
pharmaceutical, and cosmetic industries. 

Keywords: Extraction, Content of Total Polyphenols, Antioxidant Potential, DPPH, 
Hibiscus Sabdariffa 

 

 

 



 

Introduction 

The term "antioxidant" refers to substances or molecules capable of delaying or even 
preventing irreversible damage to other substances/macromolecules due to the instability of 
certain metabolites present in living systems, thereby contributin
oxidative stress is the root cause of several pathophysiological processes. The supply of 
antioxidants helps neutralize reactive oxygen species (ROS), which are produced in the 
system during physiological processes. Singlet oxygen,
(H2O2), peroxynitrite, hydroxyl radicals, and peroxyl radicals are examples of ROS, and they 
are ubiquitous and potentially harmful to biomolecules. Excessive and uncontrolled 
production of ROS is referred to as oxidative str
alterations in cell function associated with several conditions, including chronic 
inflammation, asthma, neurodegenerative and cardiovascular diseases, aging, and cancer 
(Mendonça, 2022: 3563). 

Hibiscus sabdariffa is a 
Asia, and the Americas. It belongs to the Malvaceae family, and its leaves and seeds are used 
for their various properties. In human nutrition, it is rich in nutrients, including phenolic 
compounds (Pozos, 2020: 560). 

They are also rich in high biological value antioxidants, which are essential for the 
elimination of free radicals. This crucial role has been confirmed in foods rich in 
antioxidants, which may help in the prevention of cancer, diabetes, cardiovascular dis
and neurodegenerative disorders, all of which are critical for the elimination of free radicals 
(Ngondo, 2023:1056-1068; Abdul-Awal, 2016:1209; Jamrozik, 2022: 2134
associated with anticancer effects. Therefore, the reason 
sample is to determine its ability to cure cancer 

 

Figure 1. Beneficial effects of various parts of hibiscus in the management of diabetes and its 
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flavonoids, and anthocyanins. Additionally, it is abundant in vitamin C, riboflavin, carotene, 
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niacin, calcium, and iron. It is commonly used to produce wine, juices, jams, syrups, 
puddings, pickles, cakes, ice cream, or herbal tea (Banwo, 2022: 660831). 

Hibiscus sabdariffa is rich in phenolics, primarily anthocyanins such as delphinidin-3-
glucoside, sambubioside, and cyanidin-3-sambubioside. Phenolic acids such as 
neochlorogenic acid and chlorogenic acid have also been identified, along with organic acids 
like hydroxycitric acid, hibiscus acid, and the hydroxyethyl ester of hibiscus acid (Yagi, 2023: 
42511-42521). 

The phenolic content and its composition can vary depending on different plant 
sources. Hibiscus sabdariffa, commonly known as roselle, is an edible tropical plant widely 
used as a food coloring due to the presence of brightly colored anthocyanins, as well as in the 
pharmaceutical and cosmetic industries for its significant potential as a source of other 
phenolic compounds. In this regard, anthocyanins, phenolic acids, and flavonoids are the 
main bioactive compounds it contains. An abundance of bioactive properties, such as 
antioxidant and antimicrobial activities, has been recorded, which are associated with their 
proven effectiveness in improving conditions such as obesity, hypertension, and cancer 
(Duque-Soto, 2023: 963). 

 

METHODS AND MATERIALS 

The Hibiscus plant was obtained from a local market in Tuzla, known for its rich 
offering of natural and environmentally friendly products. The purchased black seed powder 
underwent rigorous quality control measures to ensure its safety and health suitability. 
Demineralized water was used to prepare aqueous solutions, ensuring maximum purity and 
precision in the preparation of the solutions. The reagents used for the analysis were of high 
purity, labeled as p.a., and applied in their pure form without the need for further 
purification or processing. For the DPPH radical neutralization analysis, 2,2-diphenyl-1-
picrylhydrazyl reagent was used. Sodium nitrite, aluminum chloride, and sodium hydroxide 
reagents were employed in the determination of total flavonoids in the tested extract. 
Spectroscopic measurements were conducted using a Perkin Elmer Lambda 25 
spectrophotometer, within the wavelength range of 510 nm to 765 nm. 

Preparation of Extracts 

Hibiscus extracts were prepared through a careful process involving the mixing of 0.5 
grams of ground dry plant material with 50 mL of the chosen solvent, or a mixture of 
solvents, which may include a combination of ethanol, methanol, acetone, and water. This 
procedure was designed to achieve optimal extraction of bioactive compounds from 
hibiscus, which is renowned for its medicinal properties. 

The plant material was thoroughly ground to increase the contact surface area 
between the plant matter and the solvent, further enhancing the extraction efficiency. The 
mixing process was conducted on a vibromixer for 60 minutes, allowing for intense mixing 
and better solvent penetration into the plant material. This method not only promotes a more 
complete extraction of beneficial components but also ensures homogeneous mixtures, 
which are essential for further research and analyses. Through this rigorous approach, the 
goal was to maximize the potential of the bioactive compounds contained in hibiscus, which 
could contribute to the development of new pharmaceuticals or dietary supplements. 

Both extracts were further diluted as needed to enable precise analysis of their 
antioxidant capacity, as well as the determination of total phenolic compounds and 
flavonoid content. This dilution process ensures that the samples are adjusted to the specific 
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testing methods, allowing for accurate measurement of these important bioactive 
components. 

Determination of Total Phenolic Content (TPC)  

The Folin-Ciocalteu test is a well-known method for determining the total phenolic 
content (TPC) (Lamuela-Raventós, 2018: 107–15). This colorimetric method is based on the reaction 
of phenols with the Folin-Ciocalteu reagent. The Folin-Ciocalteu reagent is a mixture of 
phosphotungstic and phosphomolybdic acids, and during the oxidation of phenolic 
compounds, these acids are reduced to blue-colored tungsten and molybdenum oxides (Ough 
i Amerine, 1998: 203-221). The intensity of this color change is directly proportional to the 
concentration of phenolic compounds in the sample. By measuring the absorbance at a 
specific wavelength, the total phenolic content of the sample can be calculated.  

The quantification of total phenolic compounds in the extracts was performed 
spectrophotometrically using the Folin-Ciocalteu test, according to the protocol of Singleton 
et al. (Singleton, 1999: 152-178), with slight modifications. 200 μL of the extract was mixed with 
2540 μL of 10% Folin-Ciocalteu reagent, which reacts with phenolic compounds to form a 
blue complex. After 5 minutes of reaction, 420 μL of 10% sodium carbonate was added to 
enhance color development. The samples were incubated at room temperature for 1 hour, 
and then diluted with 910 μL of distilled water before measuring absorbance. 

The absorbance of the blue-colored solution was measured at 765 nm. The total 
phenolic content was expressed as milligrams of gallic acid equivalents (GAE) per gram of 
dry plant material (mg GAE/g )(Dibacto, 2021: 11). 

Determination of Total Flavonoid Content (TFC) 

The total flavonoid content in the extracts was quantified using a modified 
colorimetric method, which is based on the formation of a complex between flavonoids and 
reagents that selectively react with the hydroxyl groups of flavonoids. The resulting complex 
produces an intense color, the strength of which is proportional to the flavonoid 
concentration in the sample (Olajire, 2011: 022-029). In the extract solution (1 mL), 0.3 mL of 5% 
sodium nitrite was added, which initiates the formation of a colored flavonoid complex. 
After 5 minutes of incubation, 0.3 mL of 10% aluminum chloride was added, which forms 
stable complexes with the flavonoids. The mixture was incubated for 6 minutes, and then 1 
mL of 1 M sodium hydroxide was added. The total volume of the mixture was adjusted to 10 
mL with distilled water for precise measurement. The absorbance of the sample was 
measured at 510 nm against the blank using a spectrophotometer. The results were 
calculated based on a quercetin calibration curve and expressed as quercetin equivalents 
(QE) per gram of dry plant material, allowing for the quantification of the total flavonoid 
content (Chang, 2002:178-182). 

DPPH Radical Scavenging Activity 

The DPPH (2,2-diphenyl-1-picrylhydrazyl) method is based on assessing the ability of 
the tested samples to neutralize the stable DPPH radical, thereby quantifying their 
antioxidant activity. This protocol, under which the analysis was conducted, was previously 
described by Horozić et al. (Horozić, 2019), with specific adjustments for these studies. The 
percentage inhibition of DPPH radicals was assessed by mixing 2 mL of the extract (0.5 
mg/mL) with 0.5 mL of 0.5 mM DPPH solution. The mixture was incubated for 30 minutes 
at room temperature in a dark room. For the control, a 0.5 mM DPPH solution diluted with 4 
mL of methanol was used to ensure the reference absorbance (Horozić, 2024). The inhibition of 
DPPH radicals was expressed according to the equation. 

I (%)= [(Ac - As) / Ac] x 100 
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As represents the absorbance of the sample measured at 517 nm, while Ac represents 
the absorbance of the DPPH radical control solution (without the sample). This calculation 
allows for the assessment of the antioxidant activity of the sample based on the decrease in 
absorbance, which reflects the ability to reduce the concentration of DPPH radicals. 

 

RESULTS AND DISCUSSION 

Considering its abundance of phenolic compounds, hibiscus has gained increasing 
attention in studies focused on health protection and disease prevention. Extraction 
methods, particularly the use of organic solvents, are crucial in isolating bioactive 
compounds from plant materials. In this regard, maceration is highlighted as an especially 
effective technique for extracting polyphenols and flavonoids, as it facilitates the optimal 
release of these beneficial compounds. Natural phenols are known for their positive impact 
on health, primarily through their antioxidant properties, which play a vital role in 
combating oxidative stress and supporting overall well-being (Fang, 2002:872-9). These 
compounds have the ability to reduce oxygen levels, prevent oxidation, remove hydroxyl 
radicals, scavenge free radicals, and bind metal ions (Naczk, 2004:95-111). 

Table 1 presents the quantitative data on the content of bioactive components, 
phenols, and flavonoids, which were obtained under in vitro experimental conditions. 

 
Table 1. Content of polyphenolic components of Hibiskus sabdariffa 

Sample Extraction solvent 
Solvent ratio 
(v/v) 

TPC 
[mg GAE/g] 

TFC 
[mg QE/g] 

A-1 EtOH - 5,58 0,0472 
A-2 EtOH:Water 40:10 13,13 0,0877 
A-3 EtOH:Water 30:20 12,15 0,0826 
A-4 EtOH:Water 20:30 17,95 0,0958 
A-5 EtOH:Water 10:40 17,2 0,0933 
A-6 MeOH - 10,47 0,0829 
A-7 MeOH:Water 40:10 15,67 0,0995 
A-8 MeOH:Water 30:20 17,21 0,0764 
A-9 MeOH:Water 20:30 17,95 0,0965 
A-10 MeOH:Water 10:40 17,59 0,0883 
A-11 Ace - 1,27 0,0201 
A-12 Ace:Water 40:10 14,45 0,0994 
A-13 Ace:Water 30:20 18,69 0,1071 
A-14 Ace:Water 20:30 19,49 0,0946 
A-15 Ace:Water 10:40 19,02 0,0829 
A-16 Water - 15,11 0,0517 

 

The research results indicate significant differences in the phenolic compound content 
in hibiscus extracts prepared with different solvents, highlighting the crucial role of the 
solvent in the extraction process. The phenolic content in the extracts obtained using pure 
solvents decreases in the following order: water > methanol > ethanol > acetone. These 
results suggest that water, as a solvent, allows for the most efficient extraction of phenolic 
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Regarding the use of aqueous solvent mixtures, the highest content of phenolic 
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The research results regarding the determination of flavonoid content in hibiscus 
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concentrations. The flavonoid content in extracts obtained with pure solvents decreases in 
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result suggests a synergistic effect of this mixture, where acetone, with its ability to dissolve 

hilic components, effectively facilitates the extraction of flavonoids, while water 
contributes to the dissolution of polar components, including certain types of flavonoids. The 
mixture of these two solvents enables a balance between the extraction of lip
hydrophilic components, thereby achieving optimal extraction of flavonoid compounds, 
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ethanol, as more polar solvents, are better at dissolving polar flavonoids, while acetone, a 
less polar solvent, is capable of dissolving flavonoids with a more lipophilic nature. Water, 
although a highly polar solvent, is less efficient in extracting flavonoids in their pure form, 
highlighting the need for solvent combinations that allow for better utilization of the full 
spectrum of flavonoid compounds present in the plant material (Lee, 2024; 3151
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Table 2. DPPH radical inhibition efficiency 

Sample Extraction 
solvent 

Solvent ratio 
(v/v) 

DPPH inhibition 
[%] 

A-1 EtOH - 28,29 
A-2 EtOH:Water 40:10 66,27 
A-3 EtOH:Water 30:20 73,84 
A-4 EtOH:Water 20:30 76,41 
A-5 EtOH:Water 10:40 79,69 
A-6 MeOH - 48,66 
A-7 MeOH:Water 40:10 69,56 
A-8 MeOH:Water 30:20 73,79 
A-9 MeOH:Water 20:30 78,24 
A-10 MeOH:Water 10:40 71,78 
A-11 Ace - 5,40 
A-12 Ace:Water 40:10 63,09 
A-13 Ace:Water 30:20 79,09 
A-14 Ace:Water 20:30 80,93 
A-15 Ace:Water 10:40 81,66 
A-16 Water - 72,60 

 

Hibiscus extracts obtained using pure solvents demonstrated weak radical 
scavenging ability, indicating the limited efficiency of these solvents in extracting bioactive 
components with antioxidant properties. Chemically, organic solvents such as acetone, 
ethanol, and methanol, while effective in extracting certain polar and non-polar compounds, 
are not fully capable of isolating all types of bioactive compounds from plant materials. 

When considering the order of radical scavenging ability, the following sequence is 
observed: acetone < ethanol < methanol < water. This trend can be explained by the different 
chemical properties of the solvents, particularly their polarity and ability to dissolve specific 
bioactive components. This sequence of radical scavenging capacity can be further elucidated 
by the chemical interactions between the solvents and the bioactive components. 
Considering that polyphenols and other bioactive compounds with antioxidant properties 
typically possess hydroxyl groups (-OH) which are polar, solvents with higher polarity (such 
as methanol and water) facilitate better extraction of these compounds, while less polar 
solvents (such as acetone) have a more limited ability to extract them. Therefore, as the 
polarity of the solvent increases, there is an increase in the concentration of bioactive 
compounds in the extracts, which is reflected in a higher antioxidant capacity (Dedić, 2024). 



 

Figure 5. Antioxidant activity of 

The addition of water to the extraction system led to an increase in the radical 
scavenging activity. The enhanced radical scavenging activity in hibiscus extracts with
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from hibiscus. Based on the obtained results, it was determined that water, as a solvent, 
enables the most efficient extraction of phenolic compounds, while acetone is the least 
efficient, with its extracts containing the lowest concentrations of phenols. The results of the 
tests showed that the combination of water with organic solvents provides a significant 
advantage in the extraction of bioactive components. The highest content of phenolic 
compounds was observed in aqueous solvent mixtures in a 20:30 ratio. Pure acetone proved 
to be the least effective in the extraction of flavonoids, while the combination with water in a 
30:20 ratio exhibited the highest concentration of flavonoids. Hibiscus extracts prepared 
using pure solvents demonstrated weak radical scavenging activity, suggesting a limited 
efficiency of these solvents in extracting bioactive components with antioxidant properties. 
Water showed the best results in terms of free radical inhibition. 
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Abstract 

Sage (Salvia officinalis L.) is a perennial, evergreen semi-shrub native to the 
Mediterranean region. It is considered one of the most important medicinal plants and is 
renowned for its antibacterial properties. In addition to its therapeutic benefits, sage is rich in 
polyphenolic compounds, which has led to its widespread use in traditional medicine for 
various health benefits, including the enhancement of digestive health, improvement of 
cognitive function, and the mitigation of oxidative stress. 

This study investigated the polyphenol content and antioxidant activity of three 
commercial sage samples purchased from a market in Tuzla. Two of the tested samples 
originated from Bosnia and Herzegovina, and one sample came from Croatia. The results 
indicated that all sage samples contained approximately the same concentration of 
polyphenols, suggesting that the geographical origin of the plant does not significantly affect 
its polyphenol content. 

One extract, prepared from a domestic sage sample (Bosnia and Herzegovina), 
exhibited significantly higher antioxidant capacity compared to the other two extracts. This 
suggests that, despite similar polyphenol concentrations, the antioxidant activity may be 
influenced by other factors, such as the specific composition of polyphenols or the presence 
of other bioactive compounds in the sage samples. 

This research highlights the potential of sage as a source of antioxidants, with varying 
antioxidant capacities among different samples, even when polyphenol content is similar. 
Further studies may be necessary to explore the underlying factors contributing to these 
differences in antioxidant activity and to assess the full therapeutic potential of sage in 
combating oxidative stress and associated health issues. 

Keywords: Sage, FRAP, DPPH, Polyphenols, Antioxidants, Polyphenols 
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INTRODUCTION 

Sage (Salvia officinalis L.) is a perennial plant from the Lamiaceae family, 
encompassing nearly 900 species. It naturally grows in the coastal areas of the 
Mediterranean, but due to its remarkable medicinal properties, it is cultivated worldwide. 
Studies have demonstrated a wide range of pharmacological activities of this plant, 
including anticancer, antioxidant, and antimicrobial effects. The main phytochemicals found 
in the flowers, leaves, and stems of sage include alkaloids, carbohydrates, fatty acids, 
glycosidic derivatives, phenolic compounds, and others (Dent et al., 2015; Ghorbani et al., 2017). 
Some of the phenolic compounds in sage have shown excellent ability to eliminate reactive 
oxygen species, such as anionic acid radicals, hydroxyl radicals, and singlet oxygen toxins, 
which inhibit lipid peroxidation. Consequently, appropriate extracts have been used to 
stabilize foods containing fats (Hamrouni-Sellami et al., 2013). Sage is cultivated in several 
countries, primarily for the production of dried leaves, which are used in medicine and 
cosmetics, as well as for herbal teas and food flavoring (Pop et al., 2015; Abdelkader et al., 2014). 

 

EXPERIMENTAL PROCEDURE 

Preparation of extracts 

For the determination of total phenol content and antioxidant activity, three sage tea 
samples were selected. Two of the samples originate from Bosnia and Herzegovina, while 
the third sample is from Croatia. To prepare the extracts for analysis, 1 gram of each sage 
sample was added to 100 mL of boiling distilled water. The mixture was stirred for 3 minutes 
to ensure proper extraction of the bioactive compounds from the sage leaves into the water. 
After the mixing process, the solution was left to cool to room temperature, ensuring that the 
temperature did not interfere with the stability of the extracted compounds. Once the 
solution had cooled, dilutions of the sage tea solution were made depending on the specific 
analysis being conducted, such as the determination of total phenol content and antioxidant 
activity. 

Determination of Total Phenol Content 

The total phenol content was determined using the Folin-Ciocalteu (FC) method. 
Diluted tea solutions (1:2, tea:distilled water) were prepared. To a test tube, 0.2 mL of the tea 
solution, 2.5 mL of FC reagent, and 0.42 mL of Na2CO3 were added. After 1 hour, 910 μL of 
distilled water was added, and the absorbance was recorded using a spectrophotometer at a 
wavelength of 765 nm. The results are calculated from the calibration curve of gallic acid, 
which is previously prepared and expressed in mg GAE/L of extract (Singleton, 1999). 

FRAP (Ferric Reducing Antioxidant Power) Assay  

The FRAP method is based on the ability of antioxidants to donate electrons in acidic 
medium (pH 3.6) reduces the yellow Fe3+ complex with 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ) 
in blue colored Fe2+–TPTZ complex. 0.2 mL of tea extract and 6 mL of FRAP reagent were 
mixed in a test tube and incubated at 37 °C. After 30 minutes it is measured absorbance at 
593 nm (Benzie and Strain, 1999). 

DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) method 

Different volumes of the tea solution were transferred to test tubes and then 
supplemented with methanol up to 4 mL. 1 mL of 0.5 mM DPPH reagent was added to the 
samples thus prepared. The contents of the test tubes are shaken and incubated for 30 
minutes in a dark place. Absorbance is measured at 517 nm. 1 mL of 0.5 mM DPPH solution 
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diluted with 4 mL of methanol represents the control. DPPH radical inhibition is calculated 
according to equation:  

I = Ak - As / Ak ∙ 100 [%] 

The symbol Ak in the above equation represents the absorbance of the control and As 
the absorbance of the sample (Horozić et al., 2019). 

 

RESULTS AND DISCUSSION 

The results of the polyphenol content and antioxidant capacity of aqueous extracts of 
sage are shown in Table 1. A graphical representation of the above results is shown in Figure 
1. The concentration of polyphenolic compounds, which are commonly used as indicators of 
the antioxidant potential of plant extracts, varies between 138.28 and 149.62 mg GAE/L 
(gallic acid equivalent) of extract. Although the total phenolic content is relatively similar 
across all three analyzed samples, the highest level of total phenols was recorded in Sample 
1, which originates from domestic sage, specifically the plant grown in the territory of Bosnia 
and Herzegovina. These results suggest that geographical factors may have a significant 
impact on the concentration of phenolic compounds in plant extracts, which could be related 
to the specific agroecological conditions under which the plant is cultivated. 

In comparison to other types of sage extracts, such as acetonic extracts previously 
analyzed in various studies, aqueous sage extracts exhibit particularly high polyphenolic 
content. Antioxidant activity is associated with the presence of polyphenols, as their 
concentration influences the ability to neutralize free radicals. Phenolic compounds are well 
known for their pronounced antioxidant properties, making extracts containing high 
concentrations of these compounds potentially significant in the prevention of oxidative 
stress, which is a key factor in the pathogenesis of numerous chronic diseases, including 
cardiovascular and neurodegenerative disorders. These data indicate that aqueous sage 
extracts, considering their total phenolic content, could be beneficial for therapeutic 
purposes, as well as a valuable source of natural antioxidants in the functional food and 
herbal product industries. Given the importance of phenolic compounds in biological 
processes and their potential for the development of natural therapeutic agents, further 
research into these extracts would be beneficial to explore in greater detail the specific types 
of phenols present in different sage samples, as well as their synergy and impact on health. 

 

Table 1. Results of the polyphenol content and antioxidant capacity of aqueous extracts of 
Sage 

Extract sample TPC [mg GAE/L] FRAP value 
[μmol/L] 

IC50 [μg/mL] 

E-1 149.62 7473 114.44 
E-2 138.28 5241 119.06 
E-33 141.20 5576 124.31 

 

In the DPPH analysis, the concentration of the extract required to achieve 50% 
neutralization of DPPH radicals, referred to as IC50, ranges from 114.44 to 124.31 μg/mL. 
This range of IC50 values indicates a moderate antioxidant activity of the analyzed sage 
extracts. Since lower IC50 values indicate greater efficiency of the extract in neutralizing free 
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On the other hand, sample 2, which has the lowest total phenol content (138.28 mg 
GAE/L of extract), also shows the lowest antioxidant activity according to the FRAP method 
(5.241 mg/mL Fe2+). These data suggest a negative correlation between the total polyphenol 
content and the antioxidant activity of sample 2, further emphasizing the importance of 
polyphenolic compounds in achieving a high antioxidant potential.  

 

CONCLUSION 

The results obtained from both the DPPH and FRAP methods provide valuable 
insights into the antioxidant activity of sage extracts and their potential therapeutic 
applications. The IC50 and FRAP values show variations in activity between the samples, 
suggesting that factors such as geographic origin, sample preparation methods, and choice of 
solvent significantly affect the efficiency of the extracts. These findings contribute to the 
understanding of the factors that shape the antioxidant potential of plant extracts and 
provide a foundation for further research aimed at optimizing extraction methods and 
improving the bioactive properties of sage. 
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Abstract 
Enhancement of medical images is vital for diagnostic accuracy, particularly in CT 

imaging, where high-resolution reconstructions are essential. Super-Resolution Generative 
Adversarial Networks (SRGANs) address low-resolution (LR) limitations by generating 
high-resolution (HR) outputs with preserved diagnostic details. This research introduces an 
enhanced SRGAN framework for CT reconstruction, aiming to improve resolution, reduce 
noise, and enhance clarity for better diagnostic accuracy and reduced interpretation 
variability.Our approach features: (1) a high-capacity Residual-in-Residual Dense Block 
(RRDB) generator with learnable attention mechanisms; (2) a relativistic discriminator 
stabilized via spectral normalization and gradient penalty; and (3) a hybrid loss combining 
perceptual VGG-19 features, L1 loss, and adversarial loss, optimized for CT 
imaging.Evaluated on LiTS17, IRCADb 3D, and MSD datasets (7,585 CT scans). our model 
achieves a PSNR of 35 dB and SSIM of 0.96 using progressive upsampling (4×). Results 
demonstrate high-quality image generation with preserved diagnostic integrity, especially in 
low-dose CT. The efficient, GPU-optimized design underscores its potential for real-world 
clinical deployment, advancing medical imaging quality and diagnostic utility. 

Keywords: Medical Image Enhancement, Super-Resolution Generative Adversarial 
Networks (SRGANs), Residual-in-Residual Dense Block (RRDB), Low-Dose CT Image. 
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Abstract 

This study investigates the geometric design of the Ultra-High-Bypass (UHBP) fan 
blade profile for advanced turbomachinery operating under supersonic flow conditions. The 
primary objective is to optimize the blade profile to minimize aerodynamic resistance while 
maximizing mechanical strength, crucial for durability and reliability under high load and 
speed conditions. A theoretical framework is developed, highlighting the importance of 
precise inlet and outlet angles to minimize shock wave impacts and ensure uniform pressure 
and temperature distribution along the blade. Furthermore, the curvature of the midline is 
optimized to manage shock waves, direct flow effectively, and reduce wave losses. The blade 
thickness is strategically varied across its profile, reducing it at the leading edge to minimize 
losses from shock waves, while increasing it at the trailing edge and midsection to enhance 
strength and resistance to loads. 

The aerodynamic investigation is divided into two stages: first, generating the blade 
profile geometry based on empirical data, using MATLAB code; second, analyzing the 
aerodynamic performance using flow simulations in ANSYS Fluent to assess pressure 
distribution and minimize turbulence and shock waves. 

Keywords: UHBP Fan Blade, ANSYS Fluent, Blade Thickness, Supersonic 
Aerodynamic Profile 

 

 

 

 

Introduction 

The aim of the study is the development of the topology of a supersonic profile with 
subsequent optimization. 

 

Research tasks: 

 Selection of the optimal distribution of thickness and curvature of the midline 

 Analysis of the influence of installation angles and flow inlet/outlet 
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State of the art 

A key element in the design of highly efficient fan stages is the selection of the blade 
profile. It is important that the blade profile minimizes friction losses and maximizes energy 
conversion efficiency, while also ensuring stable operation under various flow conditions. 

The design of these profiles involves a delicate balance between aerodynamic 
performance and structural integrity, necessitating precise modeling techniques. 

 

Theoretical Framework 

For a blade operating in supersonic flows with a small angle of attack, it is critically 
important to consider the precise inlet and outlet angles to minimize the impact of shock 
waves and ensure a uniform distribution of pressure and temperature along the entire blade 
length. An incorrectly selected inlet angle may lead to the formation of a zone with high 
friction losses, while an incorrect outlet angle may cause turbulence, deteriorating the 
stability of the device's operation. 

For supersonic regimes, the curvature of the midline must be calculated to effectively 
manage shock waves, directing them in the desired direction and minimizing wave losses. 
Under these conditions, optimal curvature helps balance flow behavior and prevents the 
formation of shock waves, which could lead to overloads on the blade and degrade its 
aerodynamic characteristics. In such a blade, excessive curvature at the front can intensify 
shock waves, while excessive curvature at the rear can lead to flow separation. 

 

Design features: 

o The leading edge is rounded to reduce shock waves at supersonic speeds. 

o The trailing edge is thin to minimize vortex losses. 

o The profile curvature changes smoothly, which reduces the likelihood of flow 
separation 

 

 
Figure 1. Distribution of the Mach number along the length of the fan blade 

 
To reduce resistance, a supersonic blade should have a small thickness. 
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The optimal distribution of blade profile thickness affects both the aerodynamic 
resistance and the mechanical strength of the blade, which is critical for its durability and 
reliability under high load and speed conditions. During the profile optimization process, it 
is essential to consider that the thickness at the leading edge of the profile should be reduced 
to minimize losses from shock waves, while the thickness at the trailing edge and in the 
middle section of the profile should be increased to enhance mechanical strength and load 
resistance. [2] 

Thus, blade profiling is a complex task that involves various methods. [6] 

Among the analytical methods for describing the profile shape, the aerodynamic 
profile method (NACA), the Zhukovsky method, and the spline method, which use 
mathematical functions, can be highlighted. [5] 

In inverse approaches, numerical methods are used, where the profile shape is 
determined based on the desired aerodynamic characteristics. This includes the inverse 
problem method, as well as optimization methods. 

An aerodynamic profile can also be constructed using specialized CAD programs, 
where a simulation model is based on the so-called blade element theory (BET). This is 
known as computer-aided design (CAD). Programs such as CATIA, SolidWorks, and NX 
allow the construction of 2D and 3D profiles based on specified parameters. CFD-oriented 
approaches are also well-known, including profile generation in CFD programs (such as 
ANSYS BladeGen or NUMECA). [3], [4] 

The empirical approach involves constructing a profile based on experimental data, 
such as using 3D scanners to obtain the geometry of existing profiles. [1] 

 

Research Methodology 

An aerodynamic calculation of the blade was performed, consisting of two main 
stages: 

1. Selection of the blade profile geometry, which affects the flow velocity and 
direction, as well as pressure losses. 

2. Analysis of the impact of this geometry on the flow, including an assessment of the 
pressure distribution on the blade surface. 

In the first stage, the relevant geometric characteristics were calculated using 
empirical formulas based on the analysis of similar profiles and experimental data. A 
MATLAB code was written, which implemented the methodology for constructing the 
aerodynamic profile, considering geometric parameters such as the radius of the leading and 
trailing edges, chord length, flow inlet and outlet angles, curvature angle of the midline, and 
installation angle (Table 1). 
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Table 1. Distribution of the Mach number, chords, and characteristic angles in fan profile sections 
 

№ Chord, m curvature angle, ° Installation angle, ° Mach Thickness, m 

1 0.408 10.649 59.447 0.852 0.031824 
2 0.422 9.755 57.28 0.872 0.030384 
3 0.437 8.934 55.251 0.893 0.028842 
4 0.451 8.18 53.35 0.913 0.027511 
5 0.465 7.49 51.568 0.934 0.02604 
6 0.479 6.859 49.894 0.956 0.024429 
7 0.493 6.281 48.321 0.977 0.023171 
8 0.508 5.752 46.841 0.999 0.022352 
9 0.522 5.268 45.447 1.021 0.02088 

10 0.536 4.824 44.131 1.044 0.019832 
11 0.55 4.418 42.889 1.066 0.0187 
12 0.564 4.044 41.713 1.089 0.017484 
13 0.579 3.701 40.6 1.112 0.016791 
14 0.593 3.386 39.545 1.135 0.015418 
15 0.607 3.095 38.543 1.158 0.014568 
16 0.621 2.827 37.591 1.181 0.013662 
17 0.636 2.58 36.685 1.205 0.013356 
18 0.65 2.351 35.822 1.228 0.01235 
19 0.664 2.139 34.999 1.252 0.011288 
20 0.678 1.943 34.213 1.275 0.010848 

 
 
The mathematical model of the profile includes the description of the midline using a 

third-order polynomial, as well as the distribution of profile thickness (1) (Figure 2).  
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Figure 2. Thickness distribution of the profile 
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The coordinates of the upper and lower surfaces are exported to a CSV file (Figure 3), 
which can be imported into Ansys Design Modeler for further analysis. A graphical 
representation of the profile is also implemented. Smoothness is ensured by using splines to 
automatically maintain continuity. 

In the second stage, computational methods are used to analyze the impact of the 
blade geometry. Flow is simulated in ANSYS Fluent, and pressure distribution along the 
blade is predicted to minimize turbulence and shock waves. 

Thus, the interaction between the blade and the flow is studied. 
 

 
Figure 3. The 11th section of the Fan blade 

 

Design Analysis 

The analysis of the transonic profile in ANSYS Fluent includes the study of the 
aerodynamic characteristics of the flow that occurs during the transition from a subsonic to a 
supersonic state, as well as the distribution of flow parameters along a given profile. The 
11th section was selected for the analysis. 

 

Task settings: 

 Boundary conditions: The initial state of the flow (velocity, pressure, temperature) 
is set 

 Simulation of the flow  
 Using the Navier-Stokes equations to model the behavioral properties of a gas 

To approximate the solution of the equations of gas dynamics using numerical 
methods, a triangular mesh was generated around the profile. The triangular grid (Figure 4) 
was chosen because it allows complex curved geometries such as fan blades. 

 



- 334 - 
 

 
 

Figure 4. Сreating a mesh for calculating the profile calculation area 
 
 
As a result of numerical simulation in ANSYS Fluent, the aerodynamic characteristics 

of the transonic fan profile were analyzed (Figure 5).  

Research on the Boundary layer shows that the presence of blue zones near the 
surfaces, indicating “a thickening of the boundary layer”. Analysis of velocity gradients near 
the walls shows the presence of “flow separation zones”, which indicates a local 
deterioration of flow. 

A significant increase in velocity is observed in places where the flow accelerates, 
especially in the front of the profile and in areas of narrowing. They are shown as red and 
yellow zone. 

At the exit beyond the trailing edge of the profile, there is a sharp drop in speed, 
which indicates the presence of a strong speed gradient. A shock wave is formed, 
represented in the calculations as an inclined slope. 

However, overall a thin boundary layer is observed, which ultimately means a well-
attached flow. 

 

 
Figure 5. Velocity distribution along the calculated area 

 
Figure 6 represents the contour plot of the Adaption Function in ANSYS Fluent used 

to refine the mesh in areas with sharp gradients, such as shock waves. 

The contour plot shows areas with high velocity gradients, indicating the presence of 
shock waves.These areas require additional mesh refinement to improve the accuracy of 
shock wave modeling. 
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The region near the walls plays a key role in the formation of the boundary layer. 

Refining the mesh in these areas will allow more accurate predictions of flow 
separation and its interaction with shock waves. 

Additional local mesh refinement is recommended in areas with sharp velocity 
changes. 

This will allow more accurate modeling of vortex structures that occur near shock 
waves and airfoil edge effects. 

 

 
Figure 6. Adaption Function 

 
 
Conclusion and future work 

Optimization of the blade profile shape requires a comprehensive approach, 
including the selection of the ideal distribution of thickness and curvature, as well as the 
analysis of installation angles and flow inlet/outlet conditions. 

Reduction of friction losses and minimization of turbulence are achieved through the 
proper distribution of curvature, which allows for smoother flow redirection and reduces 
shock impacts. Modeling curvature using parametric dependencies and equations for flow 
velocity provides the opportunity to develop more efficient blades for supersonic conditions. 
At the same time, reducing thickness at the leading edge helps minimize aerodynamic losses 
and shocks, while increasing thickness in the midsection and at the trailing edge enhances 
the mechanical strength and load resistance of the blade. 

Further analysis requires a detailed study of the interaction of shock waves with the 
boundary layer and the development of vortex structures. 

The research underscores the complexity of blade profiling, emphasizing the need for 
advanced modeling techniques to ensure high efficiency and stability in supersonic 
turbomachinery. Future work will focus on refining the optimization process and expanding 
the application of these methods to improve fan blade designs in diverse operating 
environments, with potential benefits in both performance and operational reliability. 

A combined approach to solving these problems using advanced modeling 
techniques enables the creation of blades that ensure high efficiency and reliability in various 
operating conditions of the aircraft engine. The employed methodology provides realistic 
modeling of aerodynamic characteristics, considering the fundamental principles of 
supersonic turbomachine profile design. 
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Abstract 

The imbalance between generated power and load demand often causes undesirable 
fluctuations in system frequency and tie-line power. To address this issue, load frequency 
control (LFC) is essential. This study introduces a nature-inspired optimization technique 
called the Walrus Optimization Algorithm (WaOA) and explores its application in 
optimizing the parameters of a Proportional-Integral-Derivative with filter N (PIDN) 
controller for a multi-area interconnected power system. The effectiveness of the WaOA-
optimized PIDN controller is evaluated and compared with other optimization techniques, 
including Genetic Algorithm (GA), White Shark Optimizer (WSO), and Whale Optimization 
Algorithm (WOA), under step load perturbation (SLP). The results reveal that WaOA 
achieves faster convergence, with an Integral of Time-weighted Absolute Error (ITAE) value 
of 0.3641, outperforming WOA, WSO, and GA, which yield ITAE values of 0.3972, 0.4806, 
and 0.5086, respectively. This demonstrates that WaOA improves ITAE by 8.33%, 24.24%, 
and 28.41% compared to WOA, WSO, and GA, highlighting its superior performance in 
optimizing LFC.  

Keywords: Walrus Optimization Algorithm, Integral of Time-weighted Absolute 
Error, Load Frequency Control, Interconnetced Power System. 
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Abstract 

This paper analyzes the performance of Doubly-Fed Induction Generator 
(DFIG)-based wind turbines integrated with Superconducting Fault Current Limiters 
(SFCLs) to enhance Fault Ride-Through (FRT) capabilities. DFIG-based wind 
turbines, while offering advantages in power control and adaptability, are vulnerable 
to grid faults which can cause excessive rotor currents and damage the Rotor Side 
Converter (RSC). Traditional Fault Ride-Through (FRT) solutions, such as crowbar 
system, have limitations, including increased reactive power consumption and 
reduced grid voltage support. In this study, we explore the integration of 
Superconducting Fault Current Limiters (SFCLs) as an alternative approach to 
enhance the FRT capability of DFIG-based wind turbines. The performance of DFIG-
based wind turbines with SFCL implementation is analyzed through simulations in 
MATLAB/Simulink. The study examines the impact of SFCL on rotor and stator 
currents, as well as voltage dips under fault conditions, considering different 
resistance values for comparison. The results aim to demonstrate the potential 
benefits of SFCLs in enhancing the stability and resilience of wind energy systems, 
contributing to the reliability of future renewable energy grids. 

Keywords: Wind Turbine, Doubly-Fed Induction Generator, Superconducting 
Fault Current Limiter, Fault Ride-Through, Crowbar. 
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Abstract 

Conventional methods for breast cancer diagnosis and treatment often present 
limitations, including drug resistance, toxic side effects, metastasis, and the potential for 
relapse. This necessitates the development of innovative strategies for early detection and 
enhanced therapeutic interventions. In this context, photodynamic diagnosis and therapy 
have emerged as promising approaches in recent years.This study aims to explore the use of 
Metal-Organic Frameworks to incorporate Methylene Blue in photodynamic therapy for 
breast cancer treatment. The cytotoxic effects of a nanodelivery system using methylene blue 
were evaluated on MDA-MB-231 and MCF-7 breast cancer cell lines. ZIF-8 was expected to 
contribute an additional therapeutic benefit besides photodynamic therapy by cleaving zinc 
and releasing it into cells. Furthermore, the study was assessed the combined effects of 
multiple cytotoxic components within a single nanoparticle. These next-generation 
nanocarriers are engineered to selectively release methylene blue within cancer cells under 
low pH conditions. This targeted delivery minimizes harm to healthy tissues and improves 
the overall quality of the treatment process. By combining the benefits of photodynamic 
therapy with a targeted drug delivery system, this research hopes to provide a more effective 
and less harmful treatment approach for breast cancer. 

Keywords: Methylene Blue, ZIF-8, Photodynamic Therapy, Breast Cancer 
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Abstract 

The oil and gas industry is on the brink of a digital revolution. Changes in supply and 
demand, reducing costs and carbon emissions, while improving the reliability and 
availability of private assets, remaining competitive, increasing attention to processes in the 
global economy and environmental sustainability are driving oil and gas organizations to 
use digital technologies to improve their current economic operating models and make them 
more efficient. has done International organizations recognize digitization as a key tool for 
realizing these goals. Advances in key technologies such as data analytics, artificial 
intelligence (AI), cloud computing and blockchain are opening up vast opportunities for 
optimizing, automating and streamlining processes, asset “tracking” and data management 
in the oil and gas industry. 

Keywords: Oil, Gas, Digital Technology, Green Energy, Environment, Industry, 
Resources 

 

 
Introduction 
Oil and gas companies have long used digital technologies to improve decision-

making around exploration and production assets, including reservoirs and pipelines. The 
industrial sector has used process control and automation for decades, especially in heavy 
industry, to maximize quality and productivity while minimizing energy use. Smart 
transportation systems use digital technologies in all modes of transportation to improve 
safety, reliability, and efficiency. 

During the transition of the oil and gas industry to the mode of saving energy types, 
the reduction of operating costs due to the potential of specific new technologies is changing 
the role of methods of exploration and production. 

The effective application of digital technologies in the leading oil and gas companies 
of the Russian Federation is one of the clear examples of the transition to the mode of saving 
energy types and the expansion of investment trends in innovative technologies. 

In the world, the share of traditional energy subjects (mining, fuel and energy, 
utilities, production and servicing of energy equipment) is getting smaller every year: for 
example, if in 2012-2015 the investment of these subjects made up 49% of total investments, 
in 2016 - In the period covering 2019, the comparison indicator decreased to 23%. The main 
task of society is to move to a new energy paradigm based on technologies that do not allow 
climate change. For the analysis period, 50% of the companies that traditionally invest in the 
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energy sector are directly involved in the oil and gas business of the economy. However, the 
investments made by these companies decreased by 290 million US dollars in 2018 compared 
to 2017, and the direction of investments included bioenergy "start-ups": for example, 
"Punjab invest" - renewable energy sources; "Chevron" - reducing carbon emissions; 
"Equinor and Oxford PV" - to use solar energy. 

Investment in energy technology scientific startups, including venture capital, peaked 
in 2019 ($5 billion). Corporate capital has been used by companies as part of the process of 
realizing a flexible and open innovation strategy in the energy sector. 

One of the main tasks of the global society is to reduce the negative effects of the 
industry, especially the oil and gas extraction industry, on the natural environment, to 
establish a new energy production and consumption program based on technologies that do 
not allow climate change. The studied program will have an important role in the formation 
of the world's energy balance, in reducing the rate of active greenhouse gas emissions. 

In the 2020 calendar year, the world's oil and gas business experienced a double 
"shock effect", unrecorded in global economic history. Reduced demand due to the global 
COVID-19 pandemic and oversupply caused by competition among the world's major 
suppliers have changed the market for energy resources unexpectedly and rapidly. As a 
result, there will be new ways to develop and implement technologically superior goods and 
services projects for the common global market of resources, goods and services. It is clear 
that under such conditions, oil and gas production companies must be ready to flexibly 
apply industrial technologies in response to rapid changes. 

The role of technological innovation in oil and gas exploration and production during 
the energy transition is considered. At the current stage, the main trends in the development 
of oil and gas innovations, the volume of financing and the main participants are 
determined. Types of innovations are described and the role of "disruptive" innovations is 
shown. The potential for reducing special operating costs due to new technologies is shown. 

In 2019, total capital investment in energy technology startups, including growth 
capital for all types of investments, was $16.5. 

According to the application principles of the technological strategy, the 
responsibility for increasing the efficiency of production falls not only on the technological 
project group, but on the company as a whole. In other words, before the implementation of 
the technological project, it is necessary to understand how the company will earn profit by 
means of innovative production resources. The results of a survey conducted by IBM's 
Business Value Institute and Oxford University's working group among 350 managers of 
companies specializing in oil and gas extraction from 25 countries showed that: "... more than 
40% of the respondents said that the efficiency of value creation was achieved through the 
implementation of an innovative strategy. There are different types or directions of 
innovation. Innovation types are presented in their full variety in the "Innovation landscape 
map". In the "innovation landscape map", the new technical skills (set of competencies) 
required by each type and direction of innovation and the corresponding business model are 
characterized...". 

For example, in the "Pisano Matrix" business model (matrix 1), the "innovation 
support" cluster is shown in the lower left corner (characterized by changes directed to 
economic growth in a small amount). Many large operating companies with actual 
implemented systems for new product development are located here. In the upper left and 
lower right squares of the diagram are the most likely production units that can generate 
income with the limited resources in the cluster. 



 

                         

Another business model is characterized by the
("disruptive") technologies in oil fields. Despite being labeled as such, "disruptive" 
innovation does not require large

According to the heuristic definition given by K. Christensen: "... "di
innovations include the introduction of products and services with lower performance 
characteristics than the existing technology, but the products and services have a lower cost, 
and the technology is simpler to implement and use. ....” .

Because "disruptive" technologies have performance problems, data on proven 
practical, commercial applications are not made public and therefore not widely known. 
Nevertheless, "disruptive" technologies have the effect of significantly changing the lifestyle, 
work and activities of the public, business, and even the global economy.

Back in the 2013 calendar year, the Mckinsey Global Institute published a list of 12 
potential "disruptive" technologies that could affect the world economy:

1. Mobile Internet communi
2. Automation of mental work;
3. "Internet of Things";
4. Advanced robotics; 
5. "Cloud" technologies;
6. Remotely controlled (autonomous) vehicles (unmanned vehicles, flying machines, 

etc.); 
7. New generation technologies of accumulation, storage 

energy types, including energy accumulators with different electrical power;
8. 3D printing technology;
9. Production technology of synthetic materials, including raw materials;
10. Digital technologies of exploration of oil and gas f
11. Advanced technologies of extraction of hydrocarbon resources.

these technologies on the oil and gas business is expressed in the improvement of the 
reliability of informative sensors, the quality of software, the productivity and s
of oil fields of nanomaterials. According to the opinion of the majority of field experts, the 
most "disruptive" innovation in the development of oil fields in the last 30 years is the use of 
shale oil in production. The use of hydraulic frac
has influenced the rapid commercialization of shale oil and natural gas production. This 
unexpected technological advance has led to severe, non
markets as well as in the global n
the United States of America had to be an importer of natural gas, and specialized companies 
built terminals for receiving and storing liquefied natural gas in order to ensure the volume 

Matrix 1. "Pisano Matrix" business model 

Another business model is characterized by the application of "destructive" 
("disruptive") technologies in oil fields. Despite being labeled as such, "disruptive" 
innovation does not require large-scale investment in technologies. 

According to the heuristic definition given by K. Christensen: "... "di
innovations include the introduction of products and services with lower performance 
characteristics than the existing technology, but the products and services have a lower cost, 
and the technology is simpler to implement and use. ....” . 

e "disruptive" technologies have performance problems, data on proven 
practical, commercial applications are not made public and therefore not widely known. 
Nevertheless, "disruptive" technologies have the effect of significantly changing the lifestyle, 

rk and activities of the public, business, and even the global economy. 
Back in the 2013 calendar year, the Mckinsey Global Institute published a list of 12 

potential "disruptive" technologies that could affect the world economy: 
1. Mobile Internet communication; 
2. Automation of mental work; 
3. "Internet of Things"; 

 
5. "Cloud" technologies; 
6. Remotely controlled (autonomous) vehicles (unmanned vehicles, flying machines, 

7. New generation technologies of accumulation, storage and transformation of 
energy types, including energy accumulators with different electrical power;

8. 3D printing technology; 
9. Production technology of synthetic materials, including raw materials;
10. Digital technologies of exploration of oil and gas fields; 
11. Advanced technologies of extraction of hydrocarbon resources.

these technologies on the oil and gas business is expressed in the improvement of the 
reliability of informative sensors, the quality of software, the productivity and s
of oil fields of nanomaterials. According to the opinion of the majority of field experts, the 
most "disruptive" innovation in the development of oil fields in the last 30 years is the use of 
shale oil in production. The use of hydraulic fracturing and horizontal drilling technologies 
has influenced the rapid commercialization of shale oil and natural gas production. This 
unexpected technological advance has led to severe, non-cyclical fluctuations in the oil 
markets as well as in the global natural gas and liquefied natural gas markets. Ten years ago, 
the United States of America had to be an importer of natural gas, and specialized companies 
built terminals for receiving and storing liquefied natural gas in order to ensure the volume 
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6. Remotely controlled (autonomous) vehicles (unmanned vehicles, flying machines, 

and transformation of 
energy types, including energy accumulators with different electrical power; 

9. Production technology of synthetic materials, including raw materials; 

11. Advanced technologies of extraction of hydrocarbon resources. The impact of 
these technologies on the oil and gas business is expressed in the improvement of the 
reliability of informative sensors, the quality of software, the productivity and sustainability 
of oil fields of nanomaterials. According to the opinion of the majority of field experts, the 
most "disruptive" innovation in the development of oil fields in the last 30 years is the use of 
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of imports. Currently, on the contrary, terminals are put into operation in the United States 
of America for the purpose of exporting liquefied natural gas. Such a commercial "wave" in 
the energy market was related to the application of the described technologies and was an 
unexpected conjuncture, financial and economic event for market subjects. 

It is clear that organizing "easy" production conditions at low cost is more attractive 
for decision-makers. However, in this case, a decision must be made as to whether a low 
level of performance is acceptable. According to our conclusion, various systems applied by 
large companies (for example, "stage-gate") should serve to gradually improve the products 
and services offered to the market. As the results of the activity change in a positive 
direction, at a certain point in time, the production performance of constantly adjusted 
systems exceeds the performance required by the market. The performance of regulated 
systems according to the market rules exceeds the performance required by the market in the 
specified time period. After that, the "disruptive" innovation moves to a situation that more 
efficiently satisfies the market demands, at the same time, the simplicity of the innovation 
increases and the costs decrease. The ideal state of the process can be considered when a 
new, "disruptive" product or service has capabilities and features that will allow it to surpass 
a traditional business entity in an average calendar-time period. 

The primary benefit of the "disruptive" effect is to increase the market share of the 
business entity by offering a lower price and simpler products (or services) that meet the 
needs of the customer base. 

One of the examples of "disruptive" technologies in the oil industry is the "circular 
management system" that enables low-cost operation and exclusion of complex, overlapping, 
repetitive functions. Application of the "circular management system" to production 
coincided with 2016, but its principles remain relevant even for the current period. Another 
example of "disruptive" innovation in the mining industry is the installation of simpler and 
less expensive solids determination devices (MWD) on drilling equipment. This method 
makes it possible to change the capital costs at each stage of drilling operations and, 
similarly, the costs of staged maintenance of MWD devices, while providing productivity 
indicators. Through its MWD architecture, the provider can perform preventive maintenance 
based on the results of data analysis, which corresponds to Christensen's definition of 
"disruptive" innovation based on simple and inexpensive solutions to improve productivity. 

The production of "simple" products increases the level of employment and directly 
leads to the expansion of service and repair volumes at workplaces. The work experience 
gained in servicing and repairing equipment at workplaces, combined with the simplicity of 
technology, is a provider of employment in the local geographical area by expanding the 
possibilities of manufacturing and assembling the mentioned devices in local conditions. At 
the same time, the formation of these factors provides a basis for local operators and their 
suppliers ("supply chains") to achieve the goals of regulating the "cost of service" of program 
providers in the country. An example is the certification of software producers and 
consumers in the United Arab Emirates, which meets the interests of all parties. 

Table 1. With digital technology used by major oil and gas companies 
Shell Smart Field 

Chevron I-Field 
BP The field of the future 

Petoro Smart Transactions 
Halliburton Real time operation 

Schlumberger Smart Wells 
Gazpromneft, Rosneft Digital field 

Lukoil Life field 
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Repair of oil and gas extraction equipment on a local production scale (or equipment 
maintenance) aims to solve several tasks in a complex way: due to the low training costs of 
the industrial-production yard, the production of the equipment with the maximum 
production capacity positively describes the competitiveness of the prices; Exclusion of 
transport of equipment for repair and service leads to reduction of waste during 
transportation (waste of vehicles) (service for fulfilling environmental duties) 

Innovations called "architectural innovations" are shown in the square on the upper 
right side of the "Pisano Matrix" mentioned in the previous text. An example of this is the 
digital images provided by "Kodak" company, online versions of newspapers and magazines 
of press companies. In order to achieve economic efficiency in the activities of these 
enterprises, both new technologies and new business models were required. 

It is known that in the current period of continuous changes in the economic 
situation, ensuring economic efficiency depends on the joint application of business models 
with new technologies. It is difficult to imagine technological advances in the field of oil and 
gas extraction of the industry in the conditions of limited resources. In this context of the 
scientific research problem, we consider it important to take into account again that 
innovations are not only technologies. 

In scientific and practical terms, technologies are not a method of increasing income, 
but a means. For example, Samsung, a manufacturer of electronic goods, is the world's most 
inventive company in terms of the turnover of patents and grants (8,000 patents per year, 
9,000 multi-patent grants). Despite the fact that it operates on the basis of intellectual 
property, "Samsung" is a supporter of "open innovation". On the basis of "open innovation", 
the management of the company transforms selected ideas into start-ups and partnerships 
using various means, including investment. In the production of electric car batteries, 
Samsung cooperates with Bosch, but most of the "open innovation" is directed to the 
expansion of work experience in the field of software and services in order to maintain a 
leading position in the market segment of device-making goods. 

The approach of industrial companies' management of technological advantages, 
rather than intellectual property rights, as a stimulating tool for innovation, expands joint 
activity in the involvement of technologies. 

Companies whose activities are related to the provision of services to oil and gas 
extraction enterprises cooperate on a large scale with companies that create technological 
values. For example, provision of "cloud consulting" services for the purpose of joint storage 
and use of data. 

ISPs were starting to run ventures, that is, service companies were able to appreciate 
the advantages of "open innovation" as a way to attract external (external) technologies. For 
example, one of the large companies specializing in the geological exploration and 
production of oil and natural gas imitated the behavior of the "Samsung" company by 
implementing a project to accelerate the activities of start-up companies. 

"Open innovations" can be efficient and beneficial for both large and small-scale 
companies specializing in geological exploration and production of oil and natural gas. As a 
result of the application of "open innovations", unlike proprietary technologies developed (to 
be developed) for this and other companies, companies benefit from the division of risks, 
that is, from the reduction of the level of risk per company and from the conditions of having 
technologies at low costs. In fact, many of the world's oil and gas production companies 
benefit from the availability of their technologies (remotely controlled technologies) beyond 
their territorial boundaries. 

The combined use of technologies through formal and informal means is the basis of 
successful field clusters. In this case, field action partners are purposefully concentrated in a 
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efficient operator-companies and the companies that put more effort into reducing carbon 
emissions. Literally, the absolute majority of the application of digital technologies and the 
automation of processes are related to initiatives that provide the advantages of both 
indicated functional areas. We will substantiate these considerations with scientific and 
practical facts: 

- Optimizing the "supply chain" and logistics reduces the number of transport 
operations (traveling any distance) to perform work in synthesis with remote control 
operations. At this time, increasing the efficiency of the production potential will be 
accompanied by a reduction in vehicle emissions, while the replacement of the vehicle fleet 
with electric vehicles will further reduce the amount of these emissions; 

- Correlation between the amount of consumed heat units and the volume of carbon 
waste indicates the advantages of the energy efficiency method of reducing carbon waste. 
Thus, increasing energy efficiency by 5-15% means reducing CO2 emissions in that 
equivalent; 

- Equipment methane emissions monitoring and mitigation can also be used to 
determine and predict equipment failures of various degrees. "Stationary devices" such as 
those installed on drones, aircraft, and satellites communicate with maintenance 
management systems that can alert maintenance personnel of current or anticipated methane 
emissions and then coordinate automatic repairs. 

The result. Taking long-term predicted price fluctuations in energy markets and 
public concern about climate change as global eco-economic factors, oil and gas extraction 
enterprises can achieve partial success in a short period of time, as the influence of digital 
technologies on the formation of a portfolio of affordable solutions expands by reducing 
carbon emissions to an authoritative level. 

Digital technologies are improving production performance in the oil and gas 
industry by streamlining processes and creating new frontiers for operations. These 
technologies are well suited to extracting new hydrocarbon deposits, increasing operational 
efficiency and reducing methane emissions. 
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Abstract 

Objectives: This study aims to determine Lipocalin 2 and Lipocalin 13 levels in the 
blood and tissue samples of patients who underwent laparoscopic sleeve gastrectomy and 
how it changes before and after one year of the surgery. 

Method: Lipocalin 2 and Lipocalin 13 levels were obtained and then assessed from 
samples taken from 30 morbidly obese patients with a BMI over 40 .Samples were collected 
from blood after an 8-hour fasting on the morning of the laparoscopic sleeve gastrectomy 
operation, at the fat tissue taken perioperatively from around the gastric fundus, and from 
the blood samples taken after an 8-hour fasting at the end of 1 year post-operatively. 

Results: While Lipocalin 2 and Lipocalin 13 values were close to each other in the 
healthy group, an increase in Lipocalin 13 was observed in obese patients. After 
LSG(Laparoscopic Sleeve Gastrectomy), Lipocalin 2 and Lipocalin 13 levels were found to be 
close to each other. Lipocalin 2 was found to be lower in the healthy group than in the obese 
group, but no statistically significant difference was obtained. 

Results: While BMI and HOMA-IR values were low in the healthy group, they are 
increased in the obese. It was concluded that as the balance between Lipocalin 2 and 
Lipocalin 13 is broken, BMI and HOMA-IR values also increase. 

Keywords: Obesity, sleeve gastrectomy, Lipocalin 2, Lipocalin 13 

 

Özet 
Amaç: Bu çalışmada laparoskopik sleeve gastrektomi (LSG) yapılan hastaların 

ameliyat öncesi ve ameliyattan bir yıl sonraki kan örneklerinde Lipokalin 2 ve Lipokalin 13 
düzeylerinin nasıl değiştiğini göstermek hedeflenmiştir. 

Yöntem: BMI’i 40 üzerinde olan 30 morbid obez hastadan laparoskopik sleeve 
gastrektomi operasyonu sabahı 8 saat açlık sonrası alınan kan ve post operatif 1 yılın 
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sonunda yine 8 saat açlık sonrası alınan kan örneklerinden Lipokalin 2 ve Lipokalin 13 
düzeyleri çalışılmıştır. 

Bulgular: Lipokalin 2 ve Lipokalin 13 değerleri sağlıklı grupta birbirine yakın iken 
obez hastalarda Lipokalin 13 yönünde artış görülmüştür. LSG sonrası ise Lipokalin 2 ve 
Lipokalin 13 düzeyleri birbirine yakın bulunmuştur. Lipokalin 2 sağlıklı grupta obez gruba 
göre daha düşük bulunmuştur ancak istatiksel olarak anlamlı fark elde edilememiştir. 

Sonuç: BMI ve HOMA-IR verileri sağlıklı grupta düşük iken obezlerde bu iki veri de 
yükselmektedir. Lipokalin 2 ve Lipokalin 13 arasındaki paralellik bozuldukça BMI ve 
HOMA-IR değerlerinin de yükseldiği sonucuna varılmıştır. 

Anahtar Kelimeler: Obezite, sleeve gastrektomi, lipokalin 2, lipokalin 13 

 

 

 

Obezite, günümüzde görülme sıklığı ve risk altındaki kişi sayısı bakımından adeta bir 
pandemi gibi dünya genelinde artarak devam etmektedir (Blüher, 2019: 288–298). Dünya 
üzerinde önlenebilir ölüm nedenlerine bakıldığında ise obezite ikinci sırada yer almaktadır 
(Obezite Tanı Ve Tedavi Kılavuzu, Türkiye Endokrinoloji ve Metabolizma Derneği. 6. Baskı. 
2018: 11). Obezite genetik, kültürel ve sosyoekonomik durumların bir araya gelip psikolojik, 
biyolojik ve davranışsal faktörleri etkilemesi ile ortaya çıkan bir hastalıktır (Skelton, 2011: 
1333-1354). Son zamanlarda yapılan çalışmalarda, genetik ve çevresel faktörlerin yanı sıra 
adipokinlerde meydan gelen düzensizliğin, beyaz ve kahverengi yağ doku anormalliklerinin 
ve bağırsaklardaki bozulmuş mikrobiyotanın obeziteye bağlı patolojik süreçlere zemin 
hazırladığı gösterilmiştir (Zhang, 2023: 16-27). İştah mekanizmaları da obezitenin 
patogenezinde rol almaktadır. Kanda azalan glikoz, amino asid ve yağ asitleri 
konsantrasyonu hormonların da etkisiyle açlık hissi oluşturmaktadır. Açlık hissinden sonra 
ilk olarak özellikle midenin fundusundan ghrelin salgılanır. Ghrelin, hipotalamusdaki açlık 
merkezinde bulunan Nöropeptid Y (NPY) ve Agouti ile ilişkili peptit (AgRP) aktivasyonu 
sağlamaktadır. NPY ve AgRP’nin eksprese olması doğrudan NPY reseptörleri ile veya 
AgRP'nin Alfa melanosit uyarıcı hormonunu (α-MSH) ve Proopiyomelanokortin (POMC) 
uyarılarını da inhibe ederek iştahı arttırıcı etki yapmaktadır. α-MSH diğer nöronlar 
aracılığıyla iştahı azaltmaktadır. İnce bağırsaktan salgılanan peptit Y (PYY3-36) ve glukagon 
benzeri peptit 1 (GLP-1), NPY ve AgRP uyaran nöronları inaktive ederek iştahı azaltıcı etki 
göstermektedir. Leptin ve insülin ise NPY ve AgRP yi üreten nöronları inaktive eder, POMC 
nöronlarını aktifleştirerek α-MSH ile iştahta azalmaya neden olmaktadır (Arslan, 2023: 15-
43). Yağ dokuda meydan gelen artış, adiposit hipertrofisine ve yeni adipositlerin 
hiperplazisine neden olmaktadır. Yağ dokudaki bu değişiklikler ise obezite, metabolik 
sendrom, non alkolik yağlı karaciğer hastalığı, tip2 diyabetus mellitus (DM), 
kardiyovasküler hastalıklar gibi patolojiler ile kendini göstermektedir (Gustafson, 2019: 10,  
Shen, 2022: 13). 

Obezite, DM, kardiyovasküler hastalıklar, inme, hepatosteatoz, hipertansiyon, 
dislipidemi, hematolojik patolojiler, osteoartrit, uyku apnesi, kolelitiyazis, astım ve bazı 
onkolojik hastalıkların görülme sıklığını artırmaktadır (Purnamasari, 2011: 117–21). 

Gün geçtikçe daha önemli bir sağlık sorunu olan obezitenin tedavisinde diyet, 
egzersiz, yaşam tarzı değişiklikleri, farmakolojik ve cerrahi tedavi seçeneklerinden 
faydalanılmaktadır. Yaşam tarzı değişiklikleri ve farmakolojik tedaviden fayda göremeyen 
obez bireylerde en etkin yöntem bariatrik cerrahidir. Ancak cerrahi olarak tedavinin 
uygulanabilmesi için hasta seçimi belirli kriterler göre yapılmaktadır.  
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Cerrahi için hasta seçiminde; VKİ>40kg/m2 veya, VKİ>35kg/m2 ile eşlik eden en az 
bir komorbidite varlığı (T2DM, hipertansiyon, dislipidemi, uyku-apne sendromu, non 
alkolik yağlı karaciğer hastalığı, psödotümör serebri, astım, venöz staz hastalığı, ileri 
derecede üriner inkontinans, günlük yaşamı etkileyen artrit hastalığı), diyetin yetersiz 
olması, psikolojik ve hormonal bozukluk olmaması şeklinde sıralanmaktadır. 

Obeziteyi cerrahi olarak tedavi edebilmek amacıyla birçok yöntem geliştirilmiştir. 
Yöntemler kendi içinde hacim küçültücü ve emilim azaltıcı olarak gruplandırılabilmektedir 
(Townsend, 2018: 1160-1187). Tüm bariatrik tedavilerin en yaygın olanı laparaskopik sleeve 
gastrektomi (LSG) uygulamasıdır (Angrisani, 2018: 3783-3794). LSG'ye yönelim ise cerrahi 
güvenliğinin, teknik olarak daha uygulanabilir olması ve uzun dönemde daha yüz 
güldürücü sonuçlarından dolayı artmıştır. Cerrahi yöntemlerin uzun dönem sonuçları, artan 
obezite vakaları için çok büyük önem arz etmektedir. Uzun dönem kilo kaybının korunması, 
obeziteye eşlik eden komorbid hastalıkların düzelmesi, remisyonu, artan kaliteli yaşam 
beklentisi nedeniyle şiddetli obezite hastaları için en etkili tedavi yöntemi olarak 
popülerliğini korumaktadır (Salminen, 2022: 656-666). LSG’de kilo kaybının %55, 
komplikasyonun %8 ve mortalitenin ise %0.19 civarında olduğu bilinmektedir (Melissas, 
2008: 1251-1256). LSG sonrası görülen en ciddi ve mortaliteye neden olan komplikasyon 
kaçaktır. Genelde His açısı dolaylarında kaçak görülmektedir. Son staplerin özofagusa yakın 
olması, insisura angularıs darlığı ve tübüler midenin spiral hal alması kaçak nedenleri olarak 
görülmektedir. LSG sonra hasta refahını olumsuz etkileyen diğer bir komplikasyon ise 
dirençli gastroözofageal reflü (GÖRH)’dür (Bohdjalian, 2010: 535-540). LSG sonrası uzun 
dönemde gastrik stenoz görülme insidansı %1 civarındadır ve bu değer revizyon 
operasyonlarında %10’a ulaşmaktadır. Postoperatif yaklaşık 3-4 hafta sonra gıda intoleransı, 
yutma güçlüğü, bulantı ve kusma ile kendini göstermektedir. Kaçak, apse, kardiyanın 
mediastene herniye olması, stapler hattında intramural hematom, gastrik tüpün torsiyonu 
sonucunda görülmektedir (Turcu, 2018: 826-36). 

Lipokalinler, çok işlevli salgılanan lipoprotein moleküllerinin bir sınıfıdır (Du, 2024: 
17). Lipokalin 2 (LCN2) besinlerle ilişkili olarak osteoblastlar tarafından üretilen bir hormon 
olup vücutta çok çeşitli görevleri vardır. LCN2, Nötrofil jelatinaz ilişkili lipokalin (NGAL) 
adıyla da anılmakla beraber immun sistemin düzenlenmesi ve inflamatuar süreçlerde rol 
almaktadır (Lim, 2021: 883-894). LCN2 glikoz metabolizmasını düzenlerken anoretik etki 
gösterir ve yağ kitlesinde azalmaya neden olmaktadır (Greenhill, 2017: 250). LCN2 eksikliği, 
glikoz intoleransı, insülin direnci, hiperfaji, obezite ve azalmış kemik yoğunluğuna neden 
olmaktadır (Meyers, 2020: 14589). Lipokalin 13 (LCN13) ise farelerde karaciğer, pankreas ve 
iskelet kasları gibi birden çok dokuda salgılanmaktadır (Cho, 2011: 450–7). Farelerde yapılan 
çalışmada LCN13'ün ekspresyonu ve salgılanmasının sabit olmadığı ve metabolizma 
değişikliklerine göre değiştiği görülmüştür. Sistemik dolaşımdaki LCN13 düzeyleri tokluk 
halinde açlık haline göre daha yüksek ölçülmüştür. Bu tespit LCN13'ün besin ve metabolik 
düzenlemelerde görev alacağını düşündürtmüştür. Daha mühim olarak da obezite 
LCN13'ün düşük seviyeleri ile ilgilidir ve dolaşımındaki LCN13 seviyeleri genetik veya diyet 
nedeniyle obez olan farelerde son derece düşük bulunmuştur. LCN13'ün karaciğerdeki 
ekspresyonu da zayıf farelerde daha yüksektir (Zhou, 2013: 369-83). Obezite ekseninde besin 
metabolizmasında görev aldığı bilinen lipokalinler iki grupta incelenebilmektedir. LCN13 ve 
majör üriner protein (MUP1) aynı grupta iken retinol bağlayıcı protein (RBP4) ve LCN2 
diğer grupta yer almaktadır. İlk grup lipokalinler obezlerde insülin direncini, bozulmuş 
glikoz toleransını ve karaciğer yağlanmasını düzeltirken, diğer gruptaki lipokalinler ters 
etkiler göstermektedir. Obezite, hem ilk grubun eksikliği hem de 2. grubun fazlalığı ile 
ilişkilendirilmektedir. Bu nedenle bu iki grup LCN'ler arasındaki bozulmuş denge 
neticesinde klinik olarak obezite ve T2DM gibi metabolik bozukluklar görülmektedir 
(Binnetoğlu, 2023: 89). 
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MATERYAL VE YÖNTEM  
Çalışmanın tasarımı ve etik kurul izni 
Çalışma Kafkas Üniversitesi Tıp Fakültesi Genel Cerrahi Anabilim Dalı tarafından 

gerçekleştirilmiştir. Çalışmaya şiddetli obezite nedeniyle LSG uygulanacak olan 30 hasta ve 
obezitesi olmayan ek hastalığı olmayan semptomatik kolelitiazis nedeniyle elektif 
laparoskopik kolesistektomi uygulanan 30 hasta olmak üzere iki grup hasta dahil edilmiştir.  

LSG öncesi obez bireylerden rutin biyokimyasal tetkikler için alınan kanlar ve kontrol 
grubu olarak ise semptomatik kolelitiazis nedeniyle cerrahi düşünülen bireylerin rutin 
biyokimyasal tetkikler için alınan kanlarından artakalan numunelerde serum LCN seviyeleri 
ölçülmüştür.   

LSG sonrası 1. Yıl sonunda kontrol amaçlı kliniğimize başvuran hastalardan rutin 
biyokimyasal tetkikler için alınan kanlar kullanılmıştır. Böylelikle LSG öncesi ve sonrası 
serum LCN seviyeleri karşılaştırılmıştır.  

İstatistiksel Analizler 

Verilerin istatistiksel analizinde SPSS IBM 21.0 yazılımı kullanılmıştır. İkili 
karşılaştırmalarda Ki-kare testi kullanılmıştır. Verilerin normal dağılımı Kolmogrov Smirnov 
testi ile değerlendirilip parametrik varsayımlar için student T testi ve Tek yönlü anova testi 
post hoc dunnett testi kullanılmıştır. LCN düzeyleri ile diğerleri arasında Pearson korelasyon 
testi kullanılmıştır. Sonuçlar %95 güven aralığında değerlendirilerek p< 0,05 istatistiksel 
olarak anlamlı kabul edilmiştir.  

Serum örneklerinin elde edilmesi  
8 saatlik açlık sonrasında kolesistektomi veya sleeve gastrektomi yapılacak 

hastalardan operasyon sabahı, postoperatif 1. Yılı dolan sleeve gastrektomi yapılmış 
hastalardan ise sabah aç karnına alınan 5 mL kan örnekleri düz jelli biyokimya tüplerine 
alınmış, ardından berrak serum numuneleri elde etmek için, üreticinin belirttiği ELISA kit 
prosedürü dikkate alınarak +4°C'de 20 dakika boyunca 1000g'de santrifüj edilmiştir. Ayrılan 
serum numuneleri eppendorf tüplerine aliquatlandırılmış ve kantitatif analizleri yapılana 
kadar -80°C'de saklanmıştır. ELİSA ile LCN2 ve LCN 13 seviyeleri belirlenmiştir.  

 
BULGULAR 
Demografik veriler (yaş, cinsiyet ve VKİ) tablo 1’de özetlenmiştir. Çalışmamızın 

sonuçlarına göre; cinsiyet dağılımı açısından kadın ve erkek bireyler arasındaki istatistiksel 
fark anlamlılık oluşturmamaktadır (p=0,754). Çalışmaya dahil edilen bireylerin yaş 
dağılımları da gruplar arası istatistiksel fark oluşturmamaktadır (p=0,204). Obezite ameliyatı 
nedeniyle başvuran bireylerin VKİ ortalaması; 44,09 iken, sağlıklı olarak değerlendirdiğimiz 
grubun VKİ ortalaması; 22,49 dur. Obezite ameliyatından 1 yıl sonra aynı bireylerin VKİ 
ortalamasının (25,10) düştüğü sağlıklı bireylerin VKİ değerine oldukça yaklaştığı 
görülmektedir. Obezitesi olan bireyler ile sağlıklı bireylerin VKİ ortalamaları çok yüksek 
düzeyde istatistiksel fark oluşturarak anlamlı değişim göstermektedir (p<0,001). Aynı 
bireylerin LSG öncesine (obezitesi olan bireyler) göre LSG sonrası (1 yıl) VKİ ortalamaları 
büyük oranda düşüş göstermiş ve çok yüksek düzeyde istatistiksel fark oluşturmuştur 
(p<0,001). Obezitesi olan ve LSG sonrası zayıflayan bireylerin VKİ ortalamalarının gösterdiği 
düşüş sağlıklı bireylerin seviyelerine oldukça yaklaşmıştır ancak istatistiksel fark 
oluşturmuştur (p=0,005).  
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Demografik 
veriler 

Ortama  standart sapma P 
S O LSG sonrası 

Cinsiyet  17 kadın  19 kadın   19 kadın    
13 erkek 11 erkek 11 erkek 

Yaş  40,5011, 03 36,147,98 37,158,68  
VKİ 22,491,52 44,093,73 25,103,58 *, +,@ 

 
Tablo1: S: sağlıklı, O: obez, LSG sonrası: LSG 1 yıl sonrası. Sağlıklı grup ile obezitesi olan bireyler 

grubu kıyaslandığında *, obezitesi olan bireyler grubu ile LSG sonrası obezitesi giderilen bireylerin 
grubu kıyaslandığında +, sağlıklı grup ile LSG sonrası obezitesi giderilen bireylerin grubu 

kıyaslandığında @ 

 

Çalışmamıza dahil edilen bireylerde hipertansiyon ve diyabet gibi komorbidite 
varlığı belirlenmiştir. Elde edilen bulgular tablo 2’de özetlenmiştir. Çalışma sonuçlarımıza 
göre sistolik ve diyastolik kan basıncı obezitesi olan bireylerde yüksekken sağlıklı bireylerde 
düşük bulunmuştur. İki grup arasındaki bu farklılık istatistiksel olarak çok yüksek düzeyde 
anlamlılık oluşturmuştur (p<0,001). Obeziteli bireylerde diyabet varlığı kan parametreleri ile 
hesaplanan HOMA-IR değerlerinden ve HbA1c değerinden görülmektedir. LSG sonrası 
obezitesi giderilen bireylerde diyabet varlığından söz edilemeyecek düzeyde veriler elde 
edilmiştir. Sağlıklı gruba göre kıyaslandığında obeziteli bireylerin sırasıyla glikoz, HOMA-
IR, İnsülin, HbA1c sonuçları yüksek olup istatistiksel olarak çok yüksek düzeyde anlamlılık 
oluşturmuştur (p=0,001, p<0,001, p<0,001, p<0,001). Obezitesi olan bireylere göre LSG 
sonrası obezitesi giderilen bireylerin sırasıyla glikoz, HOMA-IR, İnsülin, HbA1c sonuçları 
düşüş göstermiştir. Bu düşüş olup istatistiksel olarak yüksek düzeyde anlamlılık 
oluşturmuştur (p=0,003, p<0,001, p<0,001, p<0,001). LSG sonrası obezitesi giderilen 
bireylerin sırasıyla glikoz, HOMA-IR, İnsülin, HbA1c sonuçları sağlıklı grup seviyelerine 
yaklaşmıştır. LSG sonrası obezitesi giderilen bireylere göre sağlıklı bireylere ait sırasıyla 
glikoz, HOMA-IR, İnsülin, HbA1c verilerinde istatistiksel fark gözlemlenmemiştir (p=0,221, 
p=0,907, p=0,787, p=0,264). 
 

Komorbidite varlığı Ortama  standart sapma P 
S O LSG sonrası 

Sistolik kan basıncı 115,2310,96 129,0911,41 119,427,38 * 
Diyastolik kan basıncı 70,686,78 78,185,47 75,244,23 * 
Glikoz 91,684,42 102,1416,37 92,556,62 *, + 
İnsülin 8,062,32 21,3310,37 8,554,46 *,+ 
HOMA-IR 1,830,53 5,482,93 1,981,08 *,+ 
HbA1c 5,090,41 6,080,34 5,280,30 *,+ 

Tablo 2: S: sağlıklı, O: obez, LSG sonrası: LSG 1 yıl sonrası. Sağlıklı grup ile obezitesi olan bireyler 
grubu kıyaslandığında *, obezitesi olan bireyler grubu ile LSG sonrası obezitesi giderilen bireylerin 

grubu kıyaslandığında +, sağlıklı grup ile LSG sonrası obezitesi giderilen bireylerin grubu 
kıyaslandığında @ 

 

Çalışmamıza dahil edilen bireylerin serum lipid profili incelenmiş ve tablo 3’de 
özetlenmiştir. Sağlıklı gruba göre obezitesi olan bireylerin verileri kıyaslandığında LDL ve 
trigliserid seviyeleri çok yüksek düzeyde istatistiksel fark oluşturarak yüksek bulunmuştur 
(p<0,001, p<0,001). HDL seviyeleri ise çok yüksek düzeyde istatistiksel fark oluşturarak 
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düşük bulunmuştur (p<0,001). Kolesterol seviyeleri obezitesi olan bireylerde yüksek bulunsa 
da istatistiksel fark oluşmamıştır (p=0,291). Obezitesi olan bireylere göre LSG sonrası 
obezitesi giderilen bireylerin LDL, trigliserid ve kolesterol seviyeleri düşmüştür. Bu düşüş 
LDL ve trigliserit seviyelerinde çok yüksek düzeyde istatistiksel fark oluştururken (p<0,001, 
p<0,001) kolesterol düzeylerinde ise fark oluşturmamıştır (p=0,733). LSG sonrası obezitesi 
giderilen bireylerin HDL seviyeleri ise yükselmiştir. Bu yükselme çok yüksek düzeyde 
istatistiksel fark oluşturmuştur (p<0,001). LSG sonrası obezitesi giderilen bireylerin sırasıyla 
HDL, trigliserid, kolesterol sonuçları sağlıklı grup seviyelerine yaklaşmıştır. Bu nedenle 
istatistiksel fark gözlemlenmemiştir (p=0,572, p=0,851, p=0,655). LDL seviyelerinde 
gözlemlenen düşüş sağlıklı birey seviyelerine ulaşamamıştır ve çok yüksek düzeyde 
istatistiksel fark oluşmuştur (p<0,001).  

 
Tablo 3: S: sağlıklı, O: obez, LSG sonrası: LSG 1 yıl sonrası. Sağlıklı grup ile obezitesi olan bireyler 
grubu kıyaslandığında *, obezitesi olan bireyler grubu ile LSG sonrası obezitesi giderilen bireylerin 

grubu kıyaslandığında +, sağlıklı grup ile LSG sonrası obezitesi giderilen bireylerin grubu 
kıyaslandığında @ 

 
Çalışma gruplarının serum LCN seviyeleri şekil 1’de özetlenmiştir. Bulgularımıza 

göre; sağlıklı bireylerde LCN2 ve LCN13 seviyelerinin yakın olduğu görülürken obezitesi 
olan bireylerde bu denge LCN13 artışıyla büyük oranda bozulmuştur. LSG sonrası obezitesi 
giderilen bireylerde ise yeniden LCN2 ve LCN13 seviyeleri birbirine yaklaşmıştır.  
 

 
Şekil 1: S: sağlıklı, O: obez, LSG sonrası: LSG 1 yıl sonrası. Sağlıklı grup ile obezitesi olan bireyler 

grubu kıyaslandığında *, obezitesi olan bireyler grubu ile LSG sonrası obezitesi giderilen bireylerin 
grubu kıyaslandığında +, sağlıklı grup ile LSG sonrası obezitesi giderilen bireylerin grubu 

kıyaslandığında @ 

 

Serum lipid 
profili 

Ortama  standart sapma P 
S O LSG sonrası 

HDL 49,226,25 32,918,06 47,683,27 *,+ 
LDL 69,2711,72 130,0622,68 83,3313,67 *,+,@ 
Trigliserid  86,6423,83 137,4164,03 89,2726,09 *,+ 
Kolesterol  159,3220,3 165,4534,44 158,8630,39  
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Glikoz metabolizması ile LCN denge ilişkisi şekil 2’de özetlenmiştir.  Sağlıklı grupta 
VKİ ile HOMA-IR verileri düşük seyrederken, obezitesi olan bireylerde her ikisi de 
artmaktadır. LSG sonrası obezitesi giderilen bireylerde VKİ ve HOMA-IR seviyeleri azalarak 
sağlıklı birey seviyelerine ulaşmıştır. LCN2 ve LCN 13 verilerinin de yer aldığı şeklimizde 
LCN2 ve LCN13 ün yakın seviyelerde seyretmesinin düşük VKİ ve HOMA-IR değerleri ile 
ilişkili olduğu görülmektedir. LCN2 ve LCN13 seviyelerindeki paralelliğin bozulması 
durumunda VKİ ve HOMA-IR artışının söz konusudur. LCN2 ve LCN13 dengesinin 
bozulmasının glikoz metabolizmasında bozulmaya neden olduğu görülmektedir. 

 

 
Şekil 2: S: sağlıklı, O: obez, LSG sonrası: LSG 1 yıl sonrası. 

 
 
TARTIŞMA 
Çalışmamızda VKİ’nin, LSG sonrası azalarak sağlıklı bireylerin VKİ ortalamasına 

yaklaştığı gözlemlenmiştir. Yoshida ve ark. yaptıkları çalışmada da bizim bulgularımıza 
benzer şekilde VKİ’nin LSG sonrası gerilediği sonucu elde edilmiştir. LSG hem malabsortif 
hem de hacim azaltıcı bir operasyon olduğu için hastalarda kilo kaybına neden olur. 

HOMA-IR, LSG sonrası gerileyerek sağlıklı gruba yakın değerlere ulaşmıştır. Batman 
ve ark. yaptıkları bir çalışmada LSG sonrası birinci yıl takibinde HbA1c ve HOMA-IR de 
iyileşme tespit etmişlerdir. Obezite insülin direncine ve diyabete zemin hazırlamaktadır. 
Obezitesi giderilen hastalarda HOMA-IR ve HbA1c gibi insülin direnci ile ilişkili değerlerde 
sağlıklı insanlara yakın değerlere yaklaşma görülür. HbA1c verilerimiz obezlerde sağlıklı 
gruba göre daha yüksek olmakla beraber LSG sonrası sağlıklı gruba yaklaşmıştır. 
Çalışmamızda insülin değerlerinin de LSG sonrası düştüğü tespit edilmiştir. Aksoy ve ark. 
yaptığı bir çalışmada LSG’ den bir yıl sonra ağırlık, VKİ, HbA1c, glukoz, insülin, HOMA-IR, 
HDL, trigliserit değerlerinin düştüğünü tespit etmişlerdir. Bu sonuçlar da obezitenin 
diyabete neden olabileceğini, LSG sonrası obezite giderilince de diyabette ya da prediyabette 
iyileşme sağlanacağını göstermiştir. Serum lipid profilini belirlemek amacıyla yaptığımız 
ölçümler sonucunda; LSG sonrası LDL, trigliserit ve total kolesterol düzeyleri düşerken, 
HDL değerlerinde de yükselme görülmüştür. Arzu ve ark. yaptıkları çalışmada da 
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bulgularımızı destekler sonuçlar elde etmişlerdir. Obezite sadece diyabete değil başka birçok 
komorbiditeye neden olmaktadır. Bunlardan biri de hiperlipidemidir. LSG ile uygun kiloya 
gelen obez hastalarda HDL yükselirken LDL, trigliserit ve total kolesterol değerleri düşerek 
hastada daha normal bir lipid profili ortaya çıkmaktadır. Bu da hiperlipidemiye ve buna 
bağlı birçok hastalıkta (koroner arter hastalıkları vs.) iyileşme olacağı düşüncesini 
doğurmaktadır. 

Tüm bunların yanı sıra sağlıklı bireylerde LCN13 seviyelerinin obezitesi olan 
bireylere göre daha yüksek olduğu görülmüştür. LCN2 seviyeleri ise sağlıklı grupta obez 
gruba göre düşük olduğu görülürken bu değişimler istatistiksel olarak fark oluşturmamıştır. 
İhsan ve ark. yaptığı bir çalışmada obez çocukların Lipokalin 2 düzeylerini istatistiksel 
olarak anlamlı olmamakla beraber sağlıklı çocuklara oranla daha yüksek düzeyde 
bulunmuştur. Deng ve ark. yaptıkları bir çalışmada pankreas duktal adenokarsinoma sahip 
hastalarda ölçülen Lipokalin 2 değerlerinin kaşektik olan ya da olmayan hastalarda anlamlı 
fark olmamakla beraber sağlıklı gruba göre daha yüksek olduğunu ve yüksek lipokalin 2 
değerine sahip olan kaşektik hastalarda daha yüksek kalprotektin, miyeloperoksidaz ve 
elastaz ve CRP/Albümin seviyeleri tespit etmişlerdir. LCN2 nötrofil içerisinde çok miktarda 
bulunan bir protein olduğu için klinikten önce baskılanan iştahın sebebi olarak yüksek LCN2 
seviyeleri suçlanmıştır. Ayrıca pankreas duktal adenokarsinoma sahip kötü beslenen 
hastalarda kaşeksiden bağımsız olarak yine LCN2 seviyelerinin yüksek olması da LCN2’nin 
inflamasyon ve anoretik etkisini açıklamaktadır. 

Zhou ve ark. ise çalışmalarında obez farelerde LCN13’ ün sağlıklı farelere göre daha 
düşük seviyelerde olduğunu tespit etmişlerdir. LCN13 antisteatoz ve özellikle antidiyabetik 
etkilere sahiptir. LCN13 eksikliği obezitede görülen diyabet ve hepatosteatoz ile 
ilişkilendirilebilir. Çünkü LCN13 hepatositlerde lipogenezi ve glikoz üretimini baskılar. Cho 
ve ark. yaptıkları bir çalışmada obezite ile ilişkili insülin direncinde serumda LCN13 
seviyelerini düşük bulmuşlardır. Farelerde kanda dolaşan LCN13 farklı şekillerde 
artırıldığında ise diyabet, insülin direnci gibi durumlarda iyileşme gözlenmiştir. Boshra ve 
ark. çalışmalarında obezite ile birlikte T2DM hastalığı olanlarda LCN2 değeri obez olmayan 
T2DM hastalarına göre daha düşük bulunmuştur. Bu da LCN2’nin diyabetten çok yağ 
kütlesi ve obezite ile ilişkili olduğunu düşündürmüştür. Ioanna ve ark. ise obez prediyabet 
ya da diyabet olan farelerde β hücre yetmezliği üzerine yararlı etki sağladığını fare deneyleri 
ile tespit etmişlerdir. Obez fareleri LCN2 ile tedavi etmeye çalışmışlar ve bunun sonucunda β 
hücre hiperplazisi ve insülin duyarlılığında artış sağlamışlardır. LCN2’nin iştah baskılayıcı 
etkisinin yağ doku üzerinde, antidiyabetik etkisinin ise β hücre çoğalmasını destekleyerek 
göstermektedir. Obezlerde düşük LCN2 seviyeleri ise hem hiperfajiye ile vücut kitlesinde 
artışa  hem de β hücre azalması ile diyabete sebep olmaktadır. Lea ve arkadaşlarının ise 
LCN13 insülinotropik ve adacık hücre proliferasyonu özelliğinin ancak laboratuvar 
ortamında gösterildiğini, canlı dokuda hepatik LCN13’ün glikoz ya da insülin ile ilgili bir 
etkiye sahip olmadığını tespit ettiği bir çalışması mevcuttur. Özellikle diyetten çok etkilenen 
LCN13 için canlı dokuda etkisinin tespit edilmesi zorlaşmıştır. Ama LCN13’ün insülin 
duyarlılaştırıcı özelliği halihazırda bilinmektedir. Lipokalinlerin hala net ortaya konamamış 
karmaşık yapısı bu konuda daha fazla araştırma yapmayı gerektirmektedir. 

Sonuç olarak lipokalinler hala tam olarak aydınlatılamamakla beraber obezite, 
diyabet ve hiperlipidemi gibi birçok komorbiditede etkili olduğu düşünülmektedir. 
Lipokalin2 anoreksijenik etkisiyle iştah baskılayarak yağ kitlesinde azalma, β hücre 
proliferasyonu ile de antidiyabetik etki göstermektedir. Lipokalin 13 ise hepatositlerde 
lipogenezi, glikoneogenezi baskılayarak diyabet ve hepatosteatozdan koruyucudur. 
Literatürde obez hastalarda görülen düşük LCN2 ve LCN13 seviyeleri obezite ve bununla 
ilişkili olarak diyabet, hepatosteatoz gibi komorbiditeleri artırdığı yönünde çalışmalara 
rağmen bizim çalışmamızda LCN2 istatistiksel olarak anlamlı olmasa da obezlerde yüksek 
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bulunmuştur. LCN13’de obezlerde sağlıklı gruba göre yüksek bulunmuştur. Ancak LCN2 ve 
LCN13 sağlıklı grupta birbirine yakındır. Obez bireylerde ise özellikle LCN13 yönünde 
olmak üzere hem LCN13 hem de LCN2 yüksek bulunmuştur. LSG sonrası obezitesi giderilen 
bireylerde LCN2 artarak LCN13 ise azalarak aralarındaki paralellik tekrar sağlanmıştır.  
Aslında LCN2 ve LCN13’ün obez bireyde bazı çalışmalarda yüksek bazı çalışmalarda düşük 
olması tek tek değerlendirilmeleri sonucudur. Bizim çalışmamızın amacı bir noktada bunu 
göstermekti. Sağlıklı bir VKİ ve HOMA-IR için lipokalin dengesi az ya da çok salınmasından 
daha önemlidir. Bu paralel denge bozulduğunda eş zamanlı olarak HOMA-IR ve VKİ de 
bozulmaktadır.  
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Abstract 

Tissue repair and wound closure processes have evolved throughout human history 
with the use of various natural and artificial adhesives. In this study, the use of tissue 
adhesives and biomimetic adhesives in surgical applications was investigated. The focus is 
on tissue adhesives, particularly natural polymers such as fibrin, gelatin and albumin, and 
synthetic polymers such as cyanoacrylate, polyethylene glycol (PEG) and polyurethane (PU). 
While these adhesives offer advantages such as ensuring tissue integrity, stopping bleeding 
and accelerating wound healing, they also bring some disadvantages. Biomimetic adhesives, 
on the other hand, are environmentally friendly and biocompatible alternatives inspired by 
nature and provide effective adhesion, especially in humid and underwater environments. 
The adhesion mechanisms of creatures such as the marine sandworm, mussel, Australian 
toad and gecko have inspired the design of these adhesives. The study concluded that tissue 
adhesives are more advantageous for short-term surgical needs, while biomimetic adhesives 
are promising for long-term and innovative solutions. Both types of adhesives offer 
significant advantages in their respective application areas and the right choice depends on 
the application requirements and targeted performance. 

Keywords : Tissue Adhesives, Biomimetic Adhesives, Adhesive 

 

Özet 

Doku onarımı ve yara kapama süreçleri, insanlık tarihi boyunca çeşitli doğal ve 
yapay yapıştırıcıların kullanımıyla gelişmiştir. Bu çalışmada, doku yapıştırıcıları ve 
biyomimetik yapıştırıcıların cerrahi uygulamalardaki kullanımı incelenmiştir. Doku 
yapıştırıcıları, özellikle fibrin, jelatin ve albümin gibi doğal polimerler ile siyanoakrilat, 
polietilen glikol (PEG) ve poliüretan (PU) gibi sentetik polimerler üzerine odaklanılmıştır. Bu 
yapıştırıcılar, doku bütünlüğünü sağlama, kanamayı durdurma ve yara iyileşmesini 
hızlandırma gibi avantajlar sunarken, bazı dezavantajları da beraberinde getirmektedir. 
Biyomimetik yapıştırıcılar ise doğadan esinlenerek geliştirilmiş, özellikle nemli ve su altı 
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ortamlarda etkili yapışma sağlayan çevre dostu ve biyouyumlu alternatiflerdir. Deniz 
kumkalesi solucanı, midye, Avustralya kurbağası ve geko gibi canlıların yapışma 
mekanizmaları, bu yapıştırıcıların tasarımına ilham vermiştir. Çalışmada, doku 
yapıştırıcılarının kısa vadeli cerrahi ihtiyaçlar için daha avantajlı olduğu, biyomimetik 
yapıştırıcıların ise uzun vadeli ve inovatif çözümler için gelecek vaat ettiği sonucuna 
varılmıştır. Her iki yapıştırıcı türü de kendi uygulama alanlarında önemli avantajlar 
sunmakta olup, doğru seçim uygulama gereksinimlerine ve hedeflenen performansa 
bağlıdır. 

Anahtar Kelimeler: doku yapıştırıcıları, biyomimetik yapıştırıcılar, yapıştırıcı  

 

 

 

 

1. GİRİŞ 

İnsanlık tarihinden günümüze kadar, doku onarımı ve yara kapama süreçlerinde 
çeşitli doğal ve yapay yapıştırıcılar kullanılmıştır. Antik dönemlerde bitki özleri, bal ve 
hayvansal proteinler gibi doğal maddeler yara kapamada temel araçlar olmuştur. Bu erken 
dönem uygulamaları zamanla gelişmiş, modern tıpta biyolojik yapıştırıcıların temelini 
oluşturmuştur. Özellikle 20. yüzyılın ikinci yarısında, fibrin ve siyanoakrilat gibi 
yapıştırıcıların cerrahi operasyonlarda kullanılması, bu alandaki en önemli dönüm 
noktalarından biri olmuştur. Bu süreçte bir başka önemli gelişme ise doğanın yapışma 
mekanizmalarının mühendislik çözümlerine ilham vermesiyle ortaya çıkan biyomimetik 
yapıştırıcılar olmuştur. Canlı organizmalarda, özellikle su altında yapışma sağlayan deniz 
canlıları gibi örneklerin yapışma yöntemleri, biyomedikal ve endüstriyel yapıştırıcı 
teknolojilerinin gelişimine yön vermiştir. Biyomimetik yaklaşım, çevre dostu, dayanıklı ve 
biyouyumlu yapıştırıcıların geliştirilmesine olanak tanımış, bu yenilikler tıp, mühendislik ve 
birçok farklı alanda yaygın olarak kullanılmaya başlanmıştır. 

Biz de bu çalışmamızda doku ve biyomimetik yapıştırıcılar hakkında genel bilgi 
vererek hangi yapıştırıcı türünün kullanımının bizim için daha avantajlı olduğunu 
göstermeyi hedefledik. 

 

2.YÖNTEM  

Doku ve biyomimetik yapıştırıcılar hakkında çeşitli veri tabanları kullanılarak 
sistematik bir literatür taraması yapılmıştır. Doku ve biyomimetik yapıştırıcılarının ne 
olduğu, kökeni, kullanımlarının sağladığı avantaj ve dezavantajlar, içerdikleri malzemeler, 
uygulama alanları ve bir yapıştırıcının taşıması gereken özellikler dikkate alınarak 
karşılaştırmaları yapılmıştır. 

 

3.BULGULAR 

3.1 İdeal Bir Doku Yapıştırıcısının Özellikleri  

1.Lokal olmayan tahriş, anti-inflamatuar aktivite, toksik olmama ve antijen olmama 
ile biyouyumluluk (Han ve ark,2023:57); 

2.Hedef doku yüzeyinde kolay uygulanabilirlik (Han ve ark,2023:57); 
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3.İşlevlerini yerine getirdikten sonra biyolojik olarak parçalanabilirlik (Han ve 
ark,2023:57); 

4.Operasyon gereksinimlerine bağlı olarak, vücut sıvılarının varlığında kısa sürede 
retikülasyon sürecinin meydana gelmesi (Han ve ark,2023:57); 

5.Hedef dokunun fizyolojik koşullarına bağlı olarak genişleme ya da daralmayı takip 
etmek için hedef dokuya benzer esneklik (Han ve ark,2023:57); 

6.Yeterli mekanik özelliklerin sağlanması için güçlü bir bağlayıcı etkinlik (Han ve 
ark,2023:57); 

7.Islak fizyolojik bir ortamda bağlanmanın sürdürülmesi (Han ve ark,2023:57). 

 

3.2 Doku Yapıştırıcılarının Tanımı ve Türleri 

Doku yapıştırıcıları özellikle cerrahi ve tıbbi işlemlerde doku bütünlüğünü sağlamak, 
kanamayı durdurmak, yara kapama ve onarım işlemlerini desteklemek amacıyla kullanılan 
biyolojik veya sentetik yapıştırıcı maddelerdir. Bu yapıştırıcılar, dikiş veya zımba gibi 
geleneksel yöntemlere alternatif olarak geliştirilmiş olup, doku yüzeylerine hızlı ve güçlü bir 
şekilde yapışarak iyileşme sürecini hızlandırır ve komplikasyonları azaltır (Han ve 
ark,2023:57). 

3.2.1 Doğal Polimer Bazlı Doku Yapıştırıcıları 

a) Fibrin 

Fibrin yapıştırıcılar 100 yıldan uzun süredir kullanılmaktadır, bu nedenle tüm 
yapıştırıcılar arasında en uzun geçmişe sahiptirler (Flemming,1992:79-88). Fibrin ilk olarak 
1924'te insan hastalara uygulandı (Nam, S.,& Mooney, 2021: 11336-11384) ve 1998'de 
Amerika Birleşik Devletleri FDA tarafından onaylandı (Nam, S.,& Mooney, 2021: 11336-
11384). Fibrin doku yapıştırıcıları fibrinojen, trombin, faktör XIII ve Ca 2+ iyonları gibi çeşitli 
maddelerden oluşur (Nam, S.,& Mooney, 2021: 11336-11384). Bunlar normalde vücutta 
üretilir; bu nedenle biyouyumluluk, biyolojik olarak parçalanabilirlik, inflamasyonsuz ve 
yabancı cisim reaksiyonları ve doku nekrozu olmayan özellikler gösterirler (Nam, S.,& 
Mooney, 2021: 11336-11384). 

Uygulama Alanları 

Kardiyovasküler, hepatik, pankreatik, torasik, akciğer, endoskopik sinüs ve total diz 
artroplastisi ameliyatları gibi farklı cerrahilerde yaygın olarak hemostatik ajan olarak 
kullanılmaktadır (Duarte ve ark, 2012: 1031-1050).  Ek olarak, fistül kapatma ve travmatik 
karın yaralanmalarında kullanılırlar (Sakaguchi ve ark, 2015: 336-340). 

Ağrı azaltma, semptom iyileştirme ve uzun vadeli işlevsellik dahil olmak üzere 
başarılı ortopedik tedaviler içinde kullanılır. Total kalça artroplastisinde postoperatif kan 
kaybını ve transfüzyonu azaltmak için kullanılır (Ahmed ve ark, 2011: 323-335). 

Avantajları ve Dezavantajları  

Hücre büyümesini destekleme, toksik olmama, inflamatuar yanıtlar, yabancı cisim 
reaksiyonları, doku nekrozu ve fibrozu olmaksızın biyouyumluluk ve biyolojik olarak 
parçalanabilirlik gibi çeşitli avantajlar sunar çünkü insan vücudunda bulunan bileşenlerden 
üretilmiştir (Le Guéhennec ve ark, 2004:1e11). Bununla birlikte, düşük kohezyon 
mukavemeti ile zayıf mekanik özellikler, virüs nedeniyle kan yoluyla bulaşan hastalıkların 
bulaşması ve sığır türevi maddeler kullanıldığında alerjik veya anafilaktik reaksiyon riski 
gibi çeşitli dezavantajlara da sahiptir (Kawamura ve ark,2002:1098-1100). 
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b) Jelatin 

Kolajenin termal denatürasyonundan elde edilen jelatin, biyouyumluluğu, biyolojik 
olarak parçalanabilirliği, düşük immünojenitesi, suda çözünürlüğü, düşük maliyeti ve diğer 
malzemelerle kimyasal çapraz bağlama yoluyla kolay modifikasyonu nedeniyle farmasötik 
formülasyonlar, hücre kültürü ve doku mühendisliği gibi çeşitli biyomedikal uygulamalarda 
kullanılır (Rose ve ark, 2014:3106-3135). 

Uygulama Alanları 

Formaldehit ve glutaraldehit ile çapraz bağlanan jelatin yapıştırıcılar vasküler 
cerrahide kullanıldı (Walker ve ark, 1997:78-78). 

Fotopolimerizasyon yoluyla hazırlanan jelatin doku yapıştırıcılar bir doku 
sızdırmazlık maddesi olarak gastrointestinal cerrahide kullanıldı (Elvin ve ark, 2010: 8323-
8331). 

Sani ve arkadaşları( Sani ve ark, 2019: eaav128.), kornea yaralanmalarının tedavisi 
için görünür ışık altında jelatin ve metakrilik anhidrit arasındaki bir reaksiyon yoluyla 
metakrile edilmiş jelatin içeren bir biyoadhezif hidrojel hazırladılar. Metakrile edilmiş jelatin, 
görünür ışığa kısa süreli maruziyet yoluyla fotopolimerize edildi. Hazırlanan şeffaf hidrojel 
kornea dokusuna sıkıca yapıştı ve ticari yapıştırıcılardan daha yüksek doku yapışması 
gösterdi. Ek olarak, bu hassas biyoadhezif kürleme için korneaya kolay iletimi kolaylaştırdı. 

Avantajları ve Dezavantajları  

Jelatin bazlı doku yapıştırıcıları biyouyumluluk, biyolojik olarak parçalanabilirlik, 
iltihapsız ve yabancı cisim reaksiyonları ve hücre yapışmasının indüklenmesi gibi çeşitli 
avantajlar sunar. Bununla birlikte jelatinin moleküler ağırlığı, kolajen denatürasyon 
yöntemine göre geniş bir aralığı kapsar (Gómez-Guillén ve ark,2011:1813-1827). Ek olarak, 
domuzdan elde edilen jelatin, yüksek amino asit içeriği nedeniyle oda sıcaklığında jel 
benzeridir; bu nedenle domuzdan elde edilen jelatin kullanılarak hazırlanan jelatin doku 
yapıştırıcıları, cerrahide kullanılmadan önce ısıl işlem gerektirir (Karim ve ark, 2009:563-576). 

c)Albümin 

Toplam plazma protein içeriğinin yaklaşık %50-60'ı, karaciğer hücreleri tarafından 
salgılanan monomerik tek zincirli bir protein olan insan serum albüminidir (Higuchi ve 
ark,2007: 83-88). Albümin, plazma hacminin düzenlenmesi ve ozmotik basıncın korunması 
gibi çeşitli biyolojik özellikler gösterir ve ilaç taşıyıcıları ve doku yapıştırıcı olarak işlev görür 
(Shaz ve ark,2013). 

Uygulama Alanları 

Albümin bazlı doku yapıştırıcıları, pulmoner hava kaçaklarını kapatmak (Park ve 
ark,2016:1-8) ve nefron koruyucu (Bahouth ve ark, 2017:67-72), kardiyak(Bhamidipative ark, 
2012: P6), nazal septum (Subasi ark,2021:516-521) proksimal aort (Khoynezhad ve ark, 
2018:1357-1364), dalak (Biggs ve ark, 2005:882-e3) ve kasık fıtığı ameliyatlarını 
gerçekleştirmek (Escolino ve ark, 2020: 847-853) için kullanılır. Ancak, bu doku yapıştırıcılar 
aktif kanamayı kontrol edemez; bu nedenle, yalnızca kansız bir alana yapıştırmak için 
kullanılabilirler.  

Albümin bazlı doku yapıştırıcıları, tam etkili yaralanmalarda periferik sinir onarımı 
için kullanılır çünkü dikişler, rejenerasyon yapan sinirden intranöral sıvıların sızması 
olmadan yaralı siniri iyileştiremez ve sıklıkla zararlı yara izlerine neden olur (Barton ve ark, 
2014:585-595). 

 



- 361 - 
 

Avantajlar ve Dezavantajlar 

Albümin bazlı doku yapıştırıcılar, mükemmel kesme ve çekme mukavemetleri ve 
hızlı çapraz bağlama ile kolay bulunabilirlikleri nedeniyle akciğer ve kalp onarımı için 
uygundur. Fakat, düşük viskozite, zor kullanım ve kötü sonuçlanan komplikasyonlar, viral 
enfeksiyon riskleri gibi çeşitli dezavantajlar da bu yapıştırıcılar için bildirilmiştir (Reiss ve 
ark, 1996: 85-92). 

3.2.2 Sentetik Polimer Bazlı Doku Yapıştırıcıları 

a) PCA (POLİ-SİYANOAKRİLAT) 

PCA bazlı doku yapıştırıcılar tıp, endüstri ve ev kullanımında yaygın olarak 
kullanılır çünkü su ve aminler gibi nükleofillerle temas ettikten sonra yaklaşık 5-6 saniye 
içinde hedef yüzeye yapışarak bağlanır ve 60 saniye içinde güçlü bir film oluştururlar 
(Ayyıldız ve ark, 2017:14). 

Uygulama Alanları 

PCA tabanlı doku yapıştırıcıları, kanamaları kontrol etmedeki mükemmel yetenekleri 
nedeniyle gastrik varis kanaması (Seewald ve ark, 2002: 926-932), laparoskopik 
fundoplikasyon (Fan ve ark, 2013:356-360), peptik ülserler (Repici ve ark, 2002: 349-355), 
rüptüre hepatosellüler karsinom (Al-Fraij ve ark, 2011:297-299), varis dışı üst gastrointestinal 
kanama (Huang ve ark, 2014:1850-1857), pulmoner ven-özofageal fistül (Barclay ve ark, 
2009:1037-1038) ve özofageal varis ligasyonu kaynaklı ülser kanaması (Kim ve ark, 2011:57(3) 
) ile ilgili tedavilerde hemostatik ajanlar olarak klinik olarak kullanılırlar. 

Toriumi ve diğerleri (Toriumi ve ark, 1988: 2209-2219), yüz, baş ve boyun yaralarının 
kapatılmasında klinik uygulamalar için 2-oktil CA kullanan PCA tabanlı bir doku yapıştırıcı 
hazırladılar ve güçlü bir kapanma ve hoş yara izleri elde ettiler. Ek olarak, PCA tabanlı doku 
yapıştırıcısı, dikiş hatlarını örtmek ve postauriküler alanda kulak kepçesini herhangi bir yara 
enfeksiyonuna (Patel ve ark, 2011:245-247), büyük cilt nekrozuna, yara dehisansına veya deri 
altı hematoma neden olmadan tutmak için pansuman olarak kullanılırlar. 

PCA tabanlı doku yapıştırıcıları, yapışıklıkları ve rahatsız edici parietal sinir 
sıkışmasını önlemek için geleneksel dikişlerin yerini almak üzere fıtık cerrahisinde kullanılır. 
Losi ve arkadaşları, fıtık onarımı sırasında mesh fiksasyonu için 2-bütil CA kullanarak PCA 
tabanlı bir doku yapıştırıcısı sentezlediler (Losi ve ark, 2010:e53-e58)  ve doku yapıştırıcısının 
herhangi bir inflamatuar reaksiyon olmadan fıtık onarımı sırasında mesh ile başarılı bir 
şekilde fiksasyon sağladığını gösterdiler. 

Hosseini ve arkadaşları (Hosseini ve ark, 2011: 54), doku kırılganlığı nedeniyle ve 
hastanın büyük bir ameliyattan kaçınması için fistül kapatmada pediatrik cerrahide 
kullanılmak üzere 2-bütil CA kullanarak PCA bazlı bir doku yapıştırıcısı sentezlediler. 
Sentezlenen doku yapıştırıcıları, kloakal ekstrofi yaralarını kolostomi kontaminasyonundan 
ve enfeksiyonundan koruyarak fistül için ümit verici bir tedavi olduğunu gösterdi. 

Ong ve ark. (Ong ve ark, 2010:899-905), 2-oktil CA bazlı PCA doku yapıştırıcıları 
kullanılarak karın yaralarının kapatılmasını geleneksel deri zımbalama cihazları kullanılarak 
yapılan kapatmayla klinik olarak karşılaştırdılar. PCA bazlı doku yapıştırıcıları, deri 
zımbalarına kıyasla daha iyi kozmetik sonuçlar ve daha yüksek hasta memnuniyeti gösterdi.  

Avantajlar ve Dezavantajlar 

PCA tabanlı doku yapıştırıcılar, hızlı ve ağrısız uygulama, karmaşık cerrahi ve 
karmaşık pansumanlara gerek olmaması, mikroorganizmaların yaralara girmesinin 
önlenmesi, düşük dehisans oranları ve yüksek hasta memnuniyetiyle iyi tolerans ve konfor 
gibi çeşitli avantajlar sunar (García Cerdá ve ark, 2015:939-956). Buna karşılık, su veya kan 
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varlığında sınırlı güç, düşük çekme dayanımı, hastalarda alerjik endişeler, astıma ve derin 
yanık yaralarına karşı olumsuz reaksiyonlar ve potansiyel toksisite gibi çeşitli dezavantajlar 
da PCA tabanlı doku yapıştırıcılar için bildirilmiştir (Martín-Ballester ve ark , 2014: 573-597). 

 

b) PEG (POLİETİLEN GLİKOL)  

PEG tabanlı doku yapıştırıcıları, PEG'nin hidrofilik ve biyouyumlu özellikleri, kolay 
kimyasal modifikasyonu ve işlevselleştirilmesi, immünojen olmaması ve suda çözünürlüğü 
nedeniyle ilaç dağıtım sistemlerinde ve doku mühendisliğinde biyomalzeme olarak yaygın 
olarak kullanılması nedeniyle ilgi görmüştür (Zhu ve ark, 2010:4639-4656). 

Uygulama Alanları  

PEG esteri ve trilysin kullanılarak hazırlanan PEG bazlı doku yapıçtırıcıları, etkili 
yara kapatma ile spinal cerrahide uygulandı (Sternberg ve ark, 2010: 318-326) ancak, önemli 
yapışkan şişmesi sergilediler. 

Hoshi ve arkadaşları (Hoshi ve ark, 2015:4705-4711), (PEG-co-PLADA) ve (PEG-co-
PTMC) DA kullanılarak hazırlanan, PEG tabanlı doku yapıştırıcıları kullanılarak domuz ve 
tavşan gözlerindeki retinol kırıklarını kapatmak için ksenon ışınlaması altında berrak, esnek 
ve sıkıca yapışan bir hidrojel sentezlediler. Yapıştırıcı, retinadan ayrılmadan retina kırıklarını 
etkili bir şekilde kapattı ve gözlerde 28 gün boyunca herhangi bir inflamatuar reaksiyon veya 
toksisite gözlemlenmedi. 

Avantaj ve Dezavantajlar 

PEG tabanlı yapıştırıcılar, biyouyumluluk ve işlevsellikleri için kimyasal 
modifikasyon üzerinde kolay kontrol gibi avantajlar sunar. Ancak zayıf mekanik özellikler, 
kırılganlık ile düşük kohezyon mukavemeti, hidrofilik yapıları nedeniyle yüksek şişme 
özellikleri ve yapıştırıcı uygulaması için çoklu hazırlama adımları bu yapıştırıcıların başlıca 
dezavantajlarıdır (Bouten ve ark, 2014:1375-1255). 

c) PU ( POLİÜRETAN) 

PU'lar, mekanik esneklikleri, iyi ıslanabilirlikleri, biyouyumlulukları, özelleştirilebilir 
köpükleri ve yüksek yırtılma mukavemetleri (Ju ve ark, 2022:891-912) nedeniyle kateterler, 
stentler, kan oksijenatörleri, kalp kapakçıkları, pansumanlar, ilaç taşıyıcıları, doku 
mühendisliği (Ga ve ark, 2022:1-13)  ve doku yapıştırıcıları gibi biyomedikal uygulamalarda 
giderek daha fazla ilgi görmektedir. Poliüretanlar, izosiyanat ve poliol 
bileşikleri arasındaki nükleofilik ekleme polimerizasyonu yoluyla sentezlenebilir (Akindoyo 
ve ark, 2016: 114453-114482). 

Uygulama Alanları  

PU bazlı doku yapıştırıcıları böbrek (Ferreira ve ark, 2007:144-152), endokrinoloji 
(Komissarenko ve ark, 1985:19-20), pankreas kanalı tıkanıklığı (Zemskov ve ark, 1986:3-5) ve 
kolorektal cerrahilerde (Phaneuf ve ark, 2001: 463-469) kullanılır. Özellikle, lizin izosiyanat 
ve diollerin reaksiyona sokulmasıyla hazırlanan PU bazlı doku yapıştırıcılar, köpeklerde ve 
insanlarda sıvı birikimi olmaksızın karın germe ameliyatlarında kullanılır (Gilbert ve ark, 
2008: 95-102). 
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PU bazlı doku yapıştırıcılar, 4,4-difenilmetan diizosiyanatın (MDI) poli (tetrametilen 
eter glikol) (PTMEG) ile reaksiyonu ve ardından 2,2-bis (hidroksimetil)-propiyonik asit 
eklenmesi yoluyla hazırlandı. Hazırlanan yapıştırıcı kemik fiksasyonu için kullanıldı (Han ve 
ark,2023:57). 

Lei ve arkadaşları (Lei ve ark, 2019:5489-5497), poliolün bir hint yağı türevi olan 
Polycin D-290'ı, su ve kemik dokusu büyümesini teşvik eden bir katalizör varlığında 
poliizosiyanat prepolimeri ve β-trikalsiyum fosfat ile reaksiyona sokarak köpük benzeri PU 
bazlı bir doku yapıştırıcısı hazırladılar. Yapıştırıcının ex vivo bir deneyde domuz kaburga 
kemiğine yapışma mukavemeti, klinik olarak poli (metil metakrilat) (PMMA) kemik 
çimentosundan iki kat daha yüksek olduğu onaylanmış. 

Blanquer ve diğerleri (Blanquer ve ark, 2012: 177-184), omurlar arası disk 
dejenerasyonunda anulus fibrosus (AF) tedavi etmek için poli (trimetilen karbonat) (PTMC) 
diolün bütan diizosiyanat (BDI) ile reaksiyonu yoluyla PU bazlı doku yapıştırıcıları 
geliştirdiler. Bu doku yapıştırıcılarının yapışkan özellikleri, bir lap-kesme çekme testinde 
değerlendirildi ve hazırlanan yapıştırıcıların fibrin yapıştırıcısından çok daha güçlü bir 
şekilde kaudal AF dokusuna yapıştığını gösterdi ancak in vivo deneyler yapılmadı. 

Balcioglu ve arkadaşları, sternal kapatma için iki aşamada sentezlenen bir ön polimer 
olarak UV ile kürlenebilir PU akrilat bazlı hızlı kürlenen çok işlevli gentamisin yüklü doku 
yapıştırıcıları hazırladılar (Balcioglu ve ark, 2022: 41819-41833). 

Avantajlar ve Dezavantajlar  

PU bazlı doku yapıştırıcıları, biyouyumluluk, biyolojik olarak parçalanabilirlik, 
dokularda bulunan proteinlerin amino gruplarıyla reaksiyona girme, fizyolojik sıcaklıkta 
mükemmel termal kararlılık ve hemolitik olmayan davranış gibi çeşitli avantajlar sunar (Han 
ve ark,2023:57). Buna karşılık, bu yapıştırıcılar PU hazırlama sırasında izosiyanatlar, 
polioller, katalizörler, zincir uzatıcılar ve çapraz bağlayıcıların çeşitli bileşenlerini içeren 
bozunma ürünleri nedeniyle potansiyel toksisiteye neden olabilir. Dahası, bu yapıştırıcıları 
farklı doku tiplerine göre optimize etmek zordur. 

3.3 Biyomimetik Yapıştırıcılar 

Canlı organizmaların ve dokuların işlevini ve yapısını taklit etmek üzere tasarlanan 
bu yapıştırıcılara biyo-esinli yapıştırıcılar veya biyomimetik yapıştırıcılar denir (Favi ve ark, 
2019: 290-319). 

Biyoyapıştırıcı salgılayan deniz ve kara organizmalarının en bilinen örnekleri deniz 
kumkalesi solucanı Phragmatopoma californica (Shao ve ark, 2010: 729), midye Mytilus 
edulis (Pandey ve ark, 2020 : 1240-1255), Avustralya kurbağası Notaden bennetti (Graham ve 
ark, 2010 : 429-441) ve gekolardır (Geim ve ark, 2003 : 461-463). Bu organizmalar esas olarak 
yuvalar, can simidi bağlantısı gibi yapıları inşa etmek veya ipek liflerini toplamak ve 
korumak için yapıştırıcılar uygularlar. Bu doğal yapıştırıcıların çoğu, farklı koşullar altında 
işlev görme konusundaki olağanüstü yetenekleri nedeniyle agresif bir şekilde takip 
edilmiştir (Shokri ve ark ,2022: 102706). 

a)Deniz Kumkalesi Solucanı (Phragmatopoma californica) 

Kum solucanları, yaşadıkları çamurlu ortamda kendilerini sabitlemek için güçlü 
protein bazlı bir yapıştırıcı salgılar (Shokri ve ark ,2022: 102706).  

Karmaşık koaservatlar (protein ve polisakkarit karışımları) yoluyla güçlü yapışma 
sağlar (Shokri ve ark ,2022: 102706). 
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Uygulama Alanları  

Kompleks koaservatların yapısı, kemik yapıştırıcılarının ıslak ortamlarda etkili 
olmasını sağlamak için taklit edilmektedir (Shokri ve ark ,2022: 102706). 

b) Midye (Mytilus edulis) 

Deniz midyeleri, kayalara ve diğer yüzeylere güçlü bir şekilde yapışmak için "dopa" 
(3,4-dihidroksifenilalanin) adı verilen bir amino aside sahip özel proteinler üretir. Bu 
proteinler, su altında bile kuvvetli yapışmayı sağlar (Shokri ve ark ,2022: 102706). 

Organik ve inorganik yüzeylere, farklı tuzluluk ve nem seviyelerinde yapışabilir 
(Shokri ve ark ,2022: 102706). 

Uygulama Alanları 

DOPA yapısı (dihidroksifenilalanin) gibi yapılar, kemik yapıştırıcılarının 
geliştirilmesinde kullanılmaktadır (Shokri ve ark ,2022: 102706). 

c)Avustralya Kurbağası (Notaden bennetti) 

 Yapışkan sıvılar üretir, bu sıvılar güçlü bir tutuş sağlar (Shokri ve ark ,2022: 102706). 

Uygulama Alanı 

Biyouyumlu, çevre dostu yapıştırıcıların geliştirilmesinde ilham kaynağıdır (Shokri 
ve ark ,2022: 102706). 

d) Gekolar 

-Geko ayaklarının yüzeylere yapışma mekanizmasını taklit ederek biyolojik dokular 
için biyobozunur ve biyouyumlu bir yapıştırıcı geliştirmek hedefleniyor. Yapıştırıcı, yara 
kapama, dikiş/stapler yerine kullanılma ve doku iyileştirmeyi teşvik eden ilaç veya büyüme 
faktörlerini taşıma potansiyeline sahip (Mahdavi ve ark, 2008 : 2307-2312). 

3.3.1 Biyomimetik Yapıştırıcıların Avantajları 

-Su altında ve nemli yüzeylerde etkili yapışma (Nuswantoro ve ark, 2022: 96), 

-Biyouyumlu ve çevre dostu (Nuswantoro ve ark, 2022: 96), 

-Yüksek esneklik ve dayanıklılık sunar (Nuswantoro ve ark, 2022: 96), 

-Doğadan esinlenildiği için enerji verimliliği sağlar (Nuswantoro ve ark, 2022: 96). 

3.3.2 Biyomimetik Yapıştırıcılarda Karşılaşılan Zorluklar 

-Karmaşık Doğal Mekanizmaların Taklit Edilmesi 

Doğadaki yapışma sistemlerinin karmaşıklığı ve bunların yapay olarak taklit 
edilmesinin zorluğu, biyomimetik tasarımın temel zorluklarından biridir (Nuswantoro ve 
ark, 2022: 96). 

-Yüksek Performanslı ve Reversibl Yapışma Sağlama 

Doğal yapışkan sistemlerin yüzeye yapışmayı ve gerektiğinde hızlı bir şekilde 
ayrılmayı sağlaması, biyomimetik yapıştırıcıların geliştirilmesinde önemli bir hedeftir 
(Nuswantoro ve ark, 2022: 96). 

- Çevresel Faktörlere Dayanıklılık 

-Biyomimetik yapıştırıcıların su, nem ve sıcaklık değişimleri gibi çevresel faktörlere 
karşı hassasiyeti, bu alandaki araştırmaların odak noktalarından biridir (Nuswantoro ve ark, 
2022: 96). 
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- Üretim ve Maliyet 

Nano ve mikro ölçekte hassas yapılar içeren biyomimetik yapıştırıcıların 
üretimindeki karmaşıklık ve maliyet, seri üretim ve ticari uygulamaları sınırlayan faktörler 
arasındadır (Nuswantoro ve ark, 2022: 96). 

-Biyouyumluluk ve Toksisite 

Tıbbi uygulamalarda kullanılacak biyomimetik yapıştırıcıların insan vücudu ile 
uyumlu ve toksik olmaması gerekliliği, bu alandaki araştırmaların önemli bir parçasıdır 
(Nuswantoro ve ark, 2022: 96). 

-Yapışma Kuvvetinin Yüzeye Bağımlılığı 

Farklı yüzeylerde aynı yapışma kuvvetini sağlama zorluğu, biyomimetik 
yapıştırıcıların geliştirilmesinde karşılaşılan teknik zorluklardan biridir (Nuswantoro ve ark, 
2022: 96). 

 

4. GENEL DEĞERLENDİRME VE SONUÇ 

Kısa vadeli ihtiyaçlar ve yaygın cerrahi uygulamalar açısından bakıldığında, doku 
yapıştırıcıları mevcut durumda daha avantajlıdır. Bu tür yapıştırıcılar, hızlı etki göstermesi 
ve klinik güvenilirliğinin yüksek olması nedeniyle tercih edilmektedir. Uzun vadeli ve 
inovatif çözümler için biyomimetik yapıştırıcılar daha avantajlı hale gelebilir. Özellikle nemli 
ve su altı ortamlarında yüksek performans göstermesi, biyomimetik yapıştırıcıları 
gelecekteki cerrahi ve doku mühendisliği uygulamaları için umut verici bir seçenek haline 
getirmektedir. Sonuç olarak, her iki yapıştırıcı türü de kendi alanlarında avantajlıdır, doğru 
seçim uygulama gereksinimlerine ve hedeflenen performansa bağlıdır. 
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Abstract 

This study provides a detailed evaluation of hernias commonly observed in small 
animals within veterinary surgery. A hernia occurs when an organ or tissue protrudes 
through its natural anatomical boundaries into a surrounding cavity, often associated with 
weakness in muscle or connective tissues. Hernias can be classified based on their etiology 
(genetic or traumatic), anatomical location (inguinal, umbilical, or perineal), and 
complication status. Clinical symptoms include swelling, pain, loss of appetite, vomiting, 
and respiratory distress. Diagnosis is performed using various methods such as physical 
examination, ultrasonography, radiography, and endoscopy. Treatment is generally 
achieved through surgical repair. The main treatment options include open surgery, 
laparoscopic surgery, and the application of mesh implants. Meshes are particularly used to 
provide structural support in large or complicated hernias. Minimally invasive surgical 
techniques are favored for their shorter recovery periods and lower risk of complications. 
Treatment approaches vary depending on the type of hernia; for instance, small umbilical 
hernias may resolve spontaneously, while diaphragmatic hernias require urgent surgical 
intervention.  

This study comprehensively examines the etiology, classification, clinical findings, 
diagnostic methods, and treatment approaches for hernias in veterinary medicine. 

Keywords: Hernia, Rupture, Veterinary Surgery, Surgical Repair, Diagnostic 
Methods 

 
Özet 
Bu çalışma, küçük hayvanlarda sık görülen herniaların veteriner cerrahisinde detaylı 

bir değerlendirmesini sunmaktadır. Hernia, bir organ veya dokunun doğal anatomik 
sınırlarını aşarak çevredeki bir boşluğa kayması sonucu oluşur ve genellikle kas veya bağ 
dokularındaki zayıflıklarla ilişkilidir. Hernialar, oluşum nedenine (genetik, travmatik), 
anatomik bölgeye (inguinal, umbilikal, perineal) ve komplikasyon durumuna göre 
sınıflandırılabilir. Klinik belirtiler arasında şişlik, ağrı, iştahsızlık, kusma ve solunum zorluğu 
yer alır. Teşhis; fiziksel muayene, ultrasonografi, radyografi ve endoskopi gibi yöntemlerle 
yapılır. Tedavi genellikle cerrahi onarım ile gerçekleştirilir. Açık cerrahi, laparoskopik 
cerrahi ve mesh (ağ) uygulamaları başlıca tedavi seçenekleridir. Meshler, özellikle büyük 
veya komplike fıtıklarda yapısal destek sağlamak amacıyla kullanılır. Minimal invaziv 
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cerrahi teknikler, daha kısa iyileşme süresi ve düşük komplikasyon riski ile öne çıkmaktadır. 
Hernia türüne göre tedavi yaklaşımları farklılık gösterebilir; örneğin, umbilikal herniler 
küçükse kendiliğinden iyileşebilirken, diyafragmatik herniler acil cerrahi müdahale 
gerektirir. 

Bu çalışma, veteriner hekimlikte herniaların etiyolojisi, sınıflandırılması, klinik 
bulguları, teşhis ve tedavi yöntemlerini kapsamlı bir şekilde ele almaktadır. 

Anahtar Kelimeler: Hernia, fıtık, veteriner cerrahi, cerrahi onarım, teşhis yöntemleri. 

 

 
1.GİRİŞ 
Veteriner hekimlikte sıkça rastlanan hernialar, farklı hayvan türlerinde 

gözlemlenen patolojik durumlar arasında yer alır. Hernia, bir organ ya da dokunun 
normal yerleşiminden koparak, vücudun zayıf bir noktasından ya da alışılmadık bir 
açıklıktan dışarı çıkması olarak tanımlanabilir. Bu durum genellikle karın duvarında 
mevcut olan zayıflıklardan kaynaklanır ve ilgili organ veya dokunun alışılmadık 
konumlara kaymasına yol açar. Böyle bir durum, hayvanların yaşam kalitesinde 
düşüşe neden olabilirken bazı vakalarda hayati risk de oluşturabilir. Son yıllarda 
veteriner cerrahi alanında, herniaların nedenleri, tanı yöntemleri ve tedavi stratejileri 
üzerine önemli araştırmalar yapılmıştır. Minimal invaziv cerrahi tekniklerin 
ilerlemesi ve biyomateryallerin kullanımı, hernia tamirinde yeni ve etkili 
yöntemlerin geliştirilmesini sağlamıştır. Bunun yanı sıra, genetik etkenlerin hernia 
oluşumundaki rolü ve çeşitli hayvan türlerinde hernia görülme sıklığı üzerine 
yapılan çalışmalar da literatüre katkıda bulunmaktadır. 

Bu derlemede, herniaların tanımı, sınıflandırılması, ortaya çıkış nedenleri, 
klinik belirtileri, tanı yöntemleri ve tedavi seçenekleri detaylı bir şekilde ele 
alınacaktır. 

 
2. HERNİALARIN TANIMI VE SINIFLANDIRILMASI 
Hernia, bir organ veya dokunun, ait olduğu doğal anatomik sınırlardan 

çıkarak komşu bir bölgeye kayması durumudur. Bu olağandışı hareket, çoğunlukla 
kas duvarları veya destekleyici dokularda bulunan zayıflıklar veya defektler 
sonucunda meydana gelir. Bir fıtık; fıtık halkası, fıtık kesesi ve kesede yer alan fıtık 
içeriklerinden oluşur. 

2.1 Herniaların Sınıflandırılması 
Herniaların sınıflandırmasını anatomik bölgeye, redükte edilebilmesine, 

oluşum nedenine ve komplikasyon durumuna göre birçok farklı kriterlere bağlı 
olarak yapabiliriz.  

2.1.1 Oluşum Nedenine Göre Sınıflandırma 
Genetik ve Konjenital Hernialar: Doğumla birlikte mevcut olan, genetik veya 

embriyonik gelişim sırasında kas ve bağ dokularının yetersiz gelişmesiyle ilişkili 
hernialardır. 

Edinsel (Acquired) Hernialar: Kazalar, düşmeler, veya fiziksel darbeler, kas 
duvarlarında veya destek dokularda yırtılmaya sebep olarak, gebelik, ağır yük taşıma, 
kabızlık veya kronik öksürük gibi durumlar, karın içi basıncın artmasına neden olarak ya da 
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daha önceden yapılan cerrahi müdahaleler sonrasında yara yerinde zayıflıklar oluşabilir, bu 
gibi durumlar fıtık oluşumuna sebebiyet verebilir. 

2.1.2 Anatomik Bölgeye Göre Sınıflandırma  
2.1.2.1 Eksternal (Dış) Hernialar: Organ veya dokunun deri altından fark edilebilecek 

şekilde çıktığı hernia türleridir. 
a) Inguinal Hernia 
İnguinal fıtıklar, kasık halkasındaki doğuştan anormallikler nedeniyle veya travma 

sonucu gelişebilir. Kasık halkası defekti, karın içeriğinin (örneğin bağırsak, mesane, uterus) 
deri altı boşluklara geçmesine yol açar. Konjenital herniler, göbek fıtıkları, perineal fıtıklar ve 
kriptorşidizm gibi diğer doğumsal anormalliklerle ilişkilendirilebilir. İnguinal fıtıklarının 
çoğunun ırkta kalıtsal olup olmadığı net değildir; genetiği bilinene kadar, travmatik olmayan 
fıtıkları olan köpeklerde kısırlaştırma önerilmektedir.  

Küçük hayvanlarda inguinal herniasyonun kesin nedenleri henüz tam olarak 
anlaşılamamıştır. Hem kısırlaştırılmış hem de sağlam erkek ve dişi köpeklerde nontravmatik 
inguinal fıtık gelişebilir (Fossum,2013:522-523). 

Bu fıtıklar tek taraflı veya çift taraflı olabilir; ancak tek taraflı inguinal fıtıkları 
genellikle sol tarafta daha fazla görülür. İnguinal fıtığın oluşumunda farelerde cinsiyet 
hormonlarının rolü olduğu düşünülmüşse de köpeklerdeki etkisi belirsizdir. Hamilelik ve 
obezite de inguinal fıtık gelişimiyle ilişkilendirilebilir. Travmatik inguinal fıtıklar, kas 
sisteminin doğuştan zayıflığı veya inguinal halkadaki anormallikler nedeniyle ortaya 
çıkabilir (Fossum,2013:522-523). 

Travmatik olmayan inguinal fıtıklar en sık, sağlıklı, orta yaşlı dişi köpeklerde veya 
genç erkek köpeklerde (<2 yaş) görülür. İnguinal fıtıkları, özellikle genç erkek köpeklerde 
daha yaygındır, çünkü geç testis inişi kasık halkasının kapanmasını geciktirir. Bu duruma 
yatkın ırklar arasında Pekingese, Cairn terrier, basset hound, Basenji ve West Highland 
White terrier yer alır. Yaşlı dişi köpekler ise kısa bir kanala sahip, nispeten büyük çaplı bir 
kasık halkasına sahip oldukları için inguinal fıtık geliştirmeye daha yatkın olabilirler, 
kedilerde ise nadiren görülür (Fossum,2013:522-523). 

b) Umbilikal Hernia 

Umbilikal fıtıklar, genellikle doğuştan gelen ve fetal gelişim sırasında karın duvarının 
tam kapanmaması sonucu oluşan durumlardır. Özellikle yavru köpekler, kediler ve çiftlik 
hayvanlarında (buzağı, kuzu) umbilikal herni yaygın olarak görülür. Bu hayvanlar, 
kriptorşidizm ve diyafram defekti gibi diğer doğumsal anormalliklere de sahip olabilir 
(Yool, 2012:149-170). 

Cerrahi onarım, fıtık halkasının bulunduğu bölgeye doğrudan cerrahi müdahale ile 
yapılır. Komplike vakalarda ise daha geniş bir insizyon gerekebilir. 

c)Scrotal Hernia 

Skrotal fıtıklar, abdominal organların spermatik kord ile bağlantılı olan vaginal 
çıkıntıya doğru kaymasına izin veren inguinal halka defektleri nedeniyle meydana gelir. 
Özellikle köpekler ve atlar gibi bazı hayvan türlerinde daha sık görülür. Skrotal fıtıklar 
seyrek görülür. Genellikle unilateraldir ve abdominal içeriğin strangulasyonu yaygındır 
(Fossum,2013:522-523).  

d) Perineal Hernia  

-Perineal herniler, pelvik diyafram kaslarının zayıflaması veya işlevini 
yitirmesi sonucunda meydana gelir. Bu durum çoğunlukla orta yaşlı ve yaşlı erkek 
köpeklerde yavaş ilerleyen bir problem olarak ortaya çıkar, ancak nadiren dişi 
köpeklerde ve kedilerde de rastlanabilir (Pratschke,2002: 570-581). 



- 372 - 
 

Tedavisinde birçok cerrahi yöntem vardır. Genelde tercih edilen cerrahi 
yöntem pelvik diyafram kaslarının dış anal sfinkter kası ile yeniden birleştirilmesine 
dayanır. İç obturator kas flebi kullanımı  yöntemi, daha güvenli bir tamir sağlar ve 
tekrar fıtık oluşma oranını %10’a kadar azaltabilir. Kolopleksi, sistopeksi veya vas 
deferensopeksi destekleyici cerrahi girişimlerdir, özellikle ciddi ya da nüksetmiş fıtık 
vakaları için tercih edilir (Pratschke,2002: 570-581). 

e) Femoral Henia  
Femoral fıtıklar, karın duvarının en alt kısmında bulunan femoral kanal aracılığıyla 

meydana gelir. Bu kanal, femoral damarlar ve sinirin karın bölgesinden geçişini sağlar. 
Femoral kanal, inguinal kanallardan kaudal ve lateral yönde yer alır ve femoral arter, ven ile 
sinir içerir. Konjenital femoral fıtıklar nadir görülür, ancak travmatik femoral fıtıklar sıklıkla 
prepubik tendon avülsiyonu ile birlikte ortaya çıkar (Fossum,2013:522-523). 

Femoral sinir, arter ve ven fıtık bölgesinden geçtiği ve defektin alt sınırında yeterli 
sütür ankraj noktası olmadığı için, femoral fıtıkların cerrahi onarımı zordur. Bu tür 
onarımlarda, femoral sinir hasarı ve femoral arterden kanama gibi potansiyel 
komplikasyonlar görülebilir Fossum,2013:522-523).  

2.1.2.2 Internal (Iç) Hernialar: Organ veya dokunun, anatomik olarak komşu olan bir 
iç bölgeye kaymasıyla oluşan hernialardır. 

a) Diyafragmatik Hernia 

Diyafram fıtıkları, nadir görülen bir durum olmakla birlikte, trafik kazalarına bağlı 
travmaların %1-9'unda ortaya çıkabilir. Bu durumda diyaframın kas yapısında yırtıklar 
oluşur ve karın organları göğüs boşluğuna geçebilir. Yırtılmalar, diyaframın sağ ve sol 
taraflarında benzer oranlarda görülür. Göğüs boşluğuna en sık geçen organlar ise karaciğer, 
mide ve ince bağırsaklardır (Pratschke,2002: 570-581).  

Tedavi için cerrahi müdahale şarttır ve genellikle ventral orta hat insizyonu ile 
uygulanır. Mide genişlemesi, bağırsak tıkanıklığı veya organ strangülasyonu gibi 
akut durumlar acil cerrahi gerektirir (Pratschke,2002: 570-581). 

b) Hiatal Hernia  

Hiatal fıtık, karın içi organlardan birinin diyaframda bulunan özofageal 
açıklıktan geçerek göğüs boşluğuna kaymasıdır. Köpekler ve kedilerde nadiren 
rastlanan bu durum, insanlarda %40’a kadar subklinik vakalarla bildirilmektedir 
(Sfara ve ark,2019:321). 

Dört tipi vardır; 
Tip 1: Kaymalı (Aksiyel) Hiatal Fıtık – Özofagusun alt kısmı ve mide, 

diyaframdaki açıklıktan göğüs boşluğuna kayar (Sfara ve ark,2019:321). 
Tip 2: Paraözofageal Fıtık – Mide, özofagusun yan tarafına doğru göğüs 

boşluğuna çıkar (Sfara ve ark,2019:321). 
Tip 3: Kombine Fıtık – Tip 1 ve Tip 2'nin özelliklerini bir arada barındırır 

(Sfara ve ark,2019:321)  
Tip 4: Kompleks Fıtık – Kolon, dalak, pankreas veya ince bağırsak gibi 

organların yer aldığı fıtık türüdür; hayvanlarda görülmemiştir (Sfara ve 
ark,2019:321). 

c) İnsizyonel Hernia 
İnsizyonel fıtık, abdominal bir insizyondan organların dışa doğru kayması 

sonucu gelişir. Kötü cerrahi uygulamaların örneğin, linea alba kapamasında dış 
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rektus kılıfının dahil edilmemesi, yanlış sütür seçimi, kötü düğüm atma gibi 
ugulamaların çoğu insizyonel fıtıktan sorumlu olduğu düşünülmektedir. En ciddi 
durumlarda, insizyonel fıtık ciltte açılmaya yol açarak iç kanamaya sebep 
olabilir.İnsizyonel fıtıklar, sütür yerleşimine dikkat edilerek orijinal insizyonun 
revizyonu ile onarılır. Onarım genellikle devitalize olmuş veya enfekte dokunun 
defektin kenarlarından debride edilmesini gerektirir (Yool, 2012:149-170). 

 
2.1.3 Redülkte Edilebilirliğine Göre Sınıflandırma 
Redülkte Edilebilir Hernia: Hernialı dokunun, manuel baskı ile orijinal yerine geri 

döndürülebildiği türlerdir. 
Redülkte Edilemeyen (İrreüdüktibl) Hernia: Hernialı dokunun, yırık bölgesine geri 

dönürülemediği durumları ifade eder. 
2.1.4 Komplikasyon Durumuna Göre Sınıflandırma 
Basit Hernia: Komplikasyon gelişmemiş, genellikle cerrahi ile kolayca tedavi 

edilebilen hernialardır. 
Komplike Hernia: Hernialı organın kan dolaşımının bozulduğu, strangülasyon veya 

gangren gibi ciddi komplikasyonlarla karakterize edilen türlerdir. 
 
3) KLİNİK BULGULAR VE TEŞHİS 
İnguinal Hernia 

-Genellikle köpek, kedi ve at gibi evcil hayvanlarda görülür. Özellikle erkek 
hayvanlar, testislerin inguinal kanaldan geçmesi nedeniyle daha yüksek risk 
altındadır. 

-İnguinal bölgede tek veya çift taraflı şişlik, ağrı nedeniyle hayvanda huzursuzluk, 
sürekli inleme, kasık bölgesini yalama veya çiğneme gibi davranışlar ve bağırsakların 
sıkışması durumunda kusma, iştahsızlık, kabızlık gibi belirtiler gelişebilir (Holzheimer, 2005: 
121-34). 

-Teşhis için çoğunlukla fiziksel muayene ve ultrason muayenesi tercih edilir. BT 
taraması, MRT, röntgen rutin kullanım için önerilmez. 

Umbilikal Hernia 

-Göbek bölgesinde yumuşak ve dışarı doğru çıkıntı şeklinde şişlik fark edilir. 
Şişlik genellikle basıldığında geri itilebilir ancak bazı durumlarda sıkışabilir. Herni 
kesesi içindeki bağırsakların veya dokuların sıkışması strangülasyona yol açabilir 
(Yool, 2012:149-170). 

-Teşhiste göbek bölgesi elle muayene edilir, şişlik geri itilebilir mi yoksa 
sıkışmış mı olduğuna bakılır, bağırsak tıkanıklığı gibi komplikasyonların 
değerlendirilmesi için radyografi kullanılabilir. 

Scrotal Hernia 
-Klinik bulgularda fiziksel muayenede skrotal keselerden birinde şişlik fark 

edilir ve bu şişlik genellikle yumuşak ve ağrısızdır ancak komplikasyon gelişirse 
ağrılı hale gelebilir. Skrotum gergin ve dokunmaya karşı hassas olabilir. Ağrı 
belirtileri olabilir, hayvan sık sık skrotumunu yalayabilir. Mesanenin de skrotal 
keseye fıtıklaşması durumunda idrar yapmada güçlük veya tamamen idrar 
yapamama görülebilir (Yool, 2012:149-170). 

-Teşhis için fiziksel muayene, ultrasonografi ve radyografi tercih edilir. 
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Perineal Hernia  

-Rektum etrafında tek taraflı ya da çift taraflı şişlik, kabızlık, zorlu dışkılama 
(tenesmus) ve ağrılı defekasyon, kronik olgularda dışkı ve idrar tutamama klinik 
bulgularıdır (Pratschke,2002: 570-581). 

Hiatal Hernia  
-Aşırı salya üretimi, regürjitasyon ve kusma, sürekli kilo kaybı ve solunum 

güçlüğü, yutma zorluğu (disfaji) ve anemi klinik bulgularıdır. Tedavi, cerrahi 
müdahaleyle veya medikal yöntemlerle gerçekleştirilir. Medikal tedavide asit 
baskılayıcı ilaçlar ve prokinetik ajanlar kullanılır (Yool, 2012:149-170). 

- Tanı koymada klinik semptomlar, radyografik incelemeler ve kontrastlı 
görüntüleme teknikleri kullanılır. Baryumlu yutma radyografisi, fıtıklaşmış midenin 
boyutu ve gastroözofageal bağlantının yeri hakkında değerli bilgiler verir[5]. Ayrıca, 
endoskopi ile özofajit, gastroözofageal reflü ve striktürler doğrulanabilir 
(Pratschke,2002: 570-581).  

Diyafragmatik Hernia 

- Farklı şiddetlerde solunum güçlüğü, göğüs boşluğunda sıvı birikimi (plevral 
efüzyon), %10-12 oranında kalp ritim bozuklukları egzersiz yapmada zorluk, depresyon 
belirtileri ve kilo kaybı gibi klinik bulguları vardır (Yool, 2012:149-170). 

- Diyafram fıtıklarının tanısı genellikle radyografi ve ultrasonografi ile konur. 
Ultrasonografi, özellikle plevral efüzyonun detaylı incelenmesinde faydalıdır. 

Femoral Hernia  

-Klinik bulgularında karın bölgesinde dikkat çeken bir şişlik görülür ve bu şişlik 
hareket sırasında veya sonrasında belirginleşebilir. Hareket esnasında özellikle ağrılı 
durumlarda topallama, yavaş hareket veya sürekli yatma eğilimi görülebilir. Ultrasonografi  
ve radyografi teşhiste önemli yol gösterici olarak kullanılabilir (Yool, 2012:149-170). 

 İnsizyonel Hernia 
-İnsizyonel fıtık şüphesi uyandıran klinik bulgular, abdominal insizyon hattı 

üzerinde subkutanöz şişlik, cilt insizyonundan sıvı sızıntısı (organ boğulması ve sıvı 
transudasyonu belirtisi) ve cilt insizyonundan dışarıya doğru çıkan doku olarak sıralanabilir 
(Yool, 2012:149-170). 

 
4) HERNİALARIN TEDAVİSİ  

Fıtıkların cerrahi onarımı, gerçekleştirilen en yaygın cerrahi prosedürlerden biridir ve 
fıtık onarımında standart olan tek bir cerrahi teknik yoktur. Mümkün olduğunca biyolojik 
bir yaklaşım benimsenir. Ana bileşenler şunlardır; 

-Organların normal konumlarına geri döndürülmesi, 
-Hasar görmüş organların rezeksiyonu veya onarımı, 
-Hernial halkanın lokal ve otolog dokular kullanılarak kapatılması, 
-Doku gücü, kan temini ve fonksiyonlarına dikkat ederek nazik doku 

manipülasyonu, 
-Onarım üzerindeki gerilimi azaltmak için uygun olduğunda lokal flepler veya 

protezler kullanılması, 
-Yer değiştiren organların normal pozisyonlarında sabitlenmesi, 
-Yardımcı cerrahi ve/veya tıbbi yönetim. 
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Başarılı herni onarımı, dikiş materyalinin kopma gücüne veya inflamatuar bir 
reaksiyon oluşturarak ek fibroz doku gelişimini sağlama amacına bağlı değildir. Dikiş 
materyalleri, lokal doku gücüne uygun seçilmelidir. Zayıf bir kasa sert ve kalın bir dikiş 
materyali kullanmanın pek bir anlamı yoktur. Daha önemli olan, lokal dokuları minimum 
gerilme ve maksimum kan temini ile hareket ettirmek ve iyileşme kapasitesini korumaktır. 
Yara iyileşme süresi boyunca ve matürasyon fazında gücünü koruyacak bir emilebilir dikiş 
materyali (örneğin polidioxanone) kullanılmalıdır (Hunt, 2010). 

4.1. Açık Cerrahi (Open Herniorrhaphy) 
- Fıtık bölgesi açılır, fıtık kesesi içindeki organlar doğru pozisyonlarına yerleştirilir ve 

fıtık kapatılır. 
4.2. Laparoskopik Cerrahi (Minimal İnvaziv) 
Karın bölgesine küçük kesiler açılır, kamera ve cerrahi aletler yardımıyla işlem 

gerçekleştirilir. 
4.3. Mesh (Ağ) Onarımı 
Zayıf bölgeyi desteklemek için biyolojik veya sentetik ağ yerleştirilir. Özellikle geniş 

fıtıklarda kullanılır. 
4.3.1 Mesh Türleri ve Özellikleri 
- Sentetik Meshler 
Polipropilen Mesh: En yaygın kullanılan mesh türüdür. Dayanıklıdır, ancak 

enfeksiyon riski yüksek olabilir (See ve ark, 2020:19-33). 
Polietilen Tereftalat (PET) Mesh: Polipropilene benzer, ancak daha az inflamatuvar 

reaksiyon oluşturabilir (See ve ark, 2020:19-33). 
Poliglikolik Asit (PGA) Mesh: Emilime açık (biyo-yıkımlanabilir) meshlerdir. 

Zamanla vücutta çözünür, ancak yeterli uzun vadeli dayanıklılık sağlamayabilir (See ve ark, 
2020:19-33). 

- Biyolojik Meshler 
Kolajen Bazlı Meshler: Hayvansal kaynaklı kollajen dokulardan elde edilir. Daha az 

enfeksiyon riski taşır ancak maliyeti yüksektir (Brown ve ark, 2010:272-278). 
İnsan Derisi veya Domuz Derisinden Elde Edilen Meshler: Özellikle büyük 

fıtıklarda tercih edilir (Brown ve ark, 2010:272-278). 
-Nanoteknolojik Meshler 
Hidroksiapatit veya Nanokompozit Kaplamalı Mesh: Kemik ve kas dokularıyla 

daha iyi entegrasyon sağlar. Bu tür meshler üzerine yapılan araştırmalar, hayvan 
cerrahisinde deneysel aşamalardadır (Brown ve ark, 2010:272-278). 

4.4 Herni Türüne Özel Tedavi Yöntemleri 
- İnguinal ve Skrotal Herni 
Cerrahi onarım temel tedavidir. Kastrasyon çoğu zaman eş zamanlı olarak yapılır. 
Laparoskopik cerrahi veya açık cerrahi teknikleri uygulanabilir. 
- Umbilikal Herni 
Küçük umbilikal herniler bazen kendiliğinden iyileşebilir, ancak büyük veya 

komplikasyonlu vakalarda cerrahi gerekir. 
Mesh kullanımı genellikle gerekmez. 
-Perineal Herni 
Perineal bölgedeki kaslar zayıfladığı için kas grefti veya sentetik destek kullanımı 

yaygındır. 
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Kastrasyon, perineal herni tedavisinde tekrar oluşma riskini azaltmak için sıklıkla 
uygulanır. 

-Diyafragmatik Herni 
Göğüs ve karın boşluğu arasındaki diyaframın onarılması cerrahi olarak yapılır. 
Acil müdahale gerektiren bir durumdur ve genellikle genel anestezi altında 

gerçekleştirilir. 
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Abstract 

Stress is any internal or external stimulus that causes a biological response and occurs 
when that stimulus overwhelms a person's ability to adapt. Chronic stress leads to long-term 
health consequences, such as a higher risk of cardiovascular disease and metabolic disorders. 

This study aimed to determine the changes in physiological parameters (heart rate, 
blood pressure, and blood glucose levels) in students during oral examinations. Data on 
these parameters were collected using smart bracelets worn by the participants during oral 
exams and at rest. 

The study involved 35 first-year students of the Professional Physiotherapy Program 
(23 women and 12 men). The average resting heart rate was 78.97 bpm and 101.28 bpm 
during the exam. Blood pressure readings at rest were 113.06/76.37 mmHg, compared to 
121.439/79.6 mmHg during the exam. Blood glucose levels ranged from 5.89 mmol/L at rest 
to 6.50 mmol/L during the test. 

The results of this study show a statistically significant increase in measured values 
during the oral examination, indicating a clear physiological response to the oral 
examination as an acutely stressful experience for students. Studying physiological 
parameters helps to understand students' reactions to stressful situations. With this 
knowledge, it is possible to develop intervention strategies and therapeutic methods to 
maintain health and prevent illness. 

Keywords: Blood Glucose, Blood Pressure, Heart Rate, Stress, Students 
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Abstract 

The purpose of the study 

Evaluation of the hospitalized patients degree satisfaction, regarding to the hotel 
conditions and the quality of medical services and care.  

Working method: qualitative study (questionnaire), evaluating the opinion of 289 
patients, hospitalized between January and December 2024 in the Pneumology Hospital of 
Sibiu. 

Results 

The patients who answered the questions are predominantly from rural areas, are 
more often male and mainly aged between 50-79 years.  

Conclusions 

Patients are satisfied with the way they were admitted in the hospital and the way 
their health problems, diagnosis and treatment were communicated to them by the attending 
physician. 

Patients received all the necessary medication for the treatment from the hospital. 
They were satisfied with their relationship with the medical staff, who offered them a climate 
of trust and safety during the  hospitalization. 

Finally, they were asked to rate the quality of medical services and care. Thus, the 
overwhelming majority gave only qualifications of "very good" and "good" for all medical 
personnel, the best qualifications being in descending order for doctors, nurses and cleaners. 

Most of the patients declared that they would return to the hospital if they needed to. 

Keywords: Hospitalized Patients, Patient’s Opinion, Degree of Satisfaction 
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Abstract 

Speech is the process by which sound vibrations generated in the larynx gain 
meaning through resonance and articulation in the subsequent sections. The act of producing 
sound occurs after sensory inputs from the environment are processed in the brain. 

The sense of hearing originates from the inner ear, vision from cone cells in the retina, 
and taste, smell, touch, and proprioception from respective receptors. These signals are first 
transmitted to the Wernicke's area, where interpretation, recognition, understanding, 
memory recording, and evaluation occur. Then, to generate a motor response, the 
information is sent to Broca's speech center. 

Once instructions from the Broca's area reach the motor centers, speech is prepared. 
The axons of these motor cortical neurons connect to the second-order neurons, which, as 
relevant cranial nerves, reach the tongue, lips, palate, cheeks, jaw, larynx, and respiratory 
muscles. Consequently, the expiration of respiratory air, combined with the activity of 
phonatory and articulatory muscles, produces speech. 

The production of human voice requires an energy source and a vibrating structure. 
The energy source is the moving, pressurized respiratory air from the lungs, while the 
vibrating structure is the vocal cords in the larynx. 

These complex mechanisms of sound production are under the integrative control of 
the central nervous system. Efferent signals from areas and organs involved in producing 
sound—such as the mouth, jaw, pharynx, larynx, lungs, abdomen, back muscles, ligaments, 
joints, and superficial mucosal receptors—are evaluated by the central nervous system. 
Commands are then issued to ensure the necessary muscle tension is achieved for the 
production of the most appropriate sound. 

Keywords: Speech, Voice, Anatomy 

 

 

Ses; ses bir varlığın kendini ifade biçimidir. Dil ile ifade, insanı diğer canlılardan 
ayıran en temel özelliktir (1). Nöropsikolojik açıdan dil, uzun bir sosyal gelişme sürecinde 
yaratılan kodlar sistemidir. Bu sistem sesbilim, biçimbilim, sözdizim anlambilim ve 
kullanımbilim düzlemlerinden oluşmaktadır. Dil, bütün bu düzlemlerin aktif kullanımı ve 
beynin tümünün katılımıyla ortaya konur (2). Psikofizyolojik açıdan dilin kazanılması ve 



- 380 - 
 

ortaya konması, beyindeki aktif oluşumlara bağlıdır. Eğer sinir sistemi içinde bu fonksiyon 
için yüksek derecede özelleşmiş ve aynı zamanda esneklik kazanmış fizyolojik bir ön hazırlık 
yoksa dilin, ne kazanılması ne de kullanılması olasıdır (3). Nörolojik bakış açısıyla yapılan 
araştırmaların verileri ışığında, beynin sol yarıküresindeki üç kortikal alanın ve bu alanlar 
arasındaki bağlantıların dilin gerçekleşmesinde önemli rol oynadığı ortaya konmuştur (2).  

Broca alanı, wernicke alanı, gyrus angularis. Frontal lobda yer alan broca alanı, 
primer motor korteksin seslerin oluşması ve ortaya konmasıyla ilgili dudak, dil, velum, 
farenks ve larenksle ilgili alanların hemen önündedir. Görevi, komşu alanlar tarafından 
üretilmiş olan seslerin, konuşulan dil biçimine dönüştürülmesine yardımcı olmaktır. 
Superior temporal gyrusun arka yarısında ve üst yüzeyde yer alan wernicke alanı; 
duyulanların söylenenler biçimine dönüştürülmesinde kodlama ve duyulanların 
çözümlenmesini sağlamada yardımcı olur. Parietal lobda bulunan gyrus angularis işitilenin 
yazılması, dokunulan cismin adının yazılması, görülen nesnenin adının yazılabilmesi ve 
okuma işlevleriyle ilişkilidir (1). Broca ve wernicke alanları arasındaki bağlantı sayesinde 
insanlar, karşılıklı duyma ve konuşma biçiminde kesintisiz bir iletişim sağlarlar. İnsanın 
duyduğunu doğru olarak yinelemesi de arkuat fasikülüs yoluyla gerçekleşmektedir. 
Wernicke alanıyla angüler gyrus arasındaki bağlantı, anlama işlevinin tamamlanmasını 
sağlar. Doğuştan anatomik olarak var olan bu bağlantı, eğitim sonucu okuma-yazmanın 
öğrenilmesiyle işlerlik kazanır. Angüler gyrus ile broca alanı arasındaki bağlantının en 
önemli işlevi, sesli okumanın gerçekleşmesidir (1). 

Konuşma; konuşmanın gerçekleşebilmesi için iki tür bağlantıya gerek vardır: birincisi 
primer motor korteksin ses üretimiyle ilgili alanlarının broca alanıyla olan bağlantısıdır. Bu 
bağlantı, ses üretim işlevini daha üst düzeyde bir işleve, konuşmaya dönüştürmektedir. 
İkinci bağlantı ise broca ve wernicke alanları arasındaki bağlantıdır ve bu bağlantı, wernicke 
alanının düzenli konuşma emrinin ya da kodlamasının broca alanına iletilmesini sağlar (3). 
Anlamada iki bağlantı söz konusudur; birincisi, primer işitme korteksiyle wernicke alanı 
arasındaki bağlantı, ikincisi ise wernicke ile angüler gyrus arasındaki bağlantıdır. Birinci 
bağlantının etkilenmesi işitme ancak anlamlandıramama ile sonuçlanmakta, ikinci 
bağlantının etkilenmesi ise okuyarak anlamayı etkilemektedir (3). Konuşma anatomisi ve 
fizyolojisinin üretim ve algılama şeklinde iki boyutu, her boyutun nörolojik ve periferik 
organ şeklinde iki komponenti vardır. Konuşma üretiminin periferik organ komponenti 
anatomik açıdan üç sistem oluşturur; solunum sistemi, larenks, ses yolu. Glotisten dudaklara 
ve burun deliklerine kadar uzanan birbiriyle bağlantılı kavitelerden oluşan bölgeye ses yolu 
adı verilir. ses yolu; farengeal,  oral ve nazal olmak üzere üç ana kaviteden oluşur. Farengeal 
kavite (yutak boşluğu): supraglotik larengeal, hipofarengeal ve orofarengeal kavitelerden 
oluşur. Bu kaviteyi; supraglotik larenks ve farenks çevreler. Nazal kaviteyle arasında yer 
alan ve farengeal kapı, oral konuşma seslerinin artikülasyonu sırasında iki boşluğu 
birbirinden ayırır. Oral kavite (ağız boşluğu): esas oral kavite ve bukkal kaviteden (vestibül) 
oluşur. Oral kaviteyi; sert ve yumuşak damak, dil, dişler, alveloer çıkıntılar ve dudaklar 
çevreler. mandibüla, oral kaviteyi çevreleyen bir yapı olmamakla birlikte ağız açıklığını 
kontrol etmesi açısından önemlidir. Nazal kavite (burun boşluğu): nazofarengel kavite ile 
sağ ve sol nazal kavitelerden oluşur. (5) 

Ses (konuşma) bir oral iletişim ihtiyacından doğmakta ve organizmanın değişik 
bölgelerinin uyumlu bir işbirliği halinde konuşma olarak çevreye verilmektedir. Bu yüzden 
konuşma olayında ses çıkarma ihtiyacını doğuran faktörler ve buna cevap veren bir sistemler 
topluluğu söz konusudur. Konuşma ihtiyacını doğuran impuls çok defa işitme, görme ve 
bazen de diğer duyusal fonksiyonların yaptığı uyarımlardır (6). 

İşitsel uyarılar; iç kulaktan alınıp, temporal lob transvers gyrus heschl merkezinde 
sonlanırlar. [broadman (br.) 41]. Her iki işitme merkezindeki uyarı sol hemisferde bulunan 
wernicke alanına (br. 22) transfer edilir. Bu merkezde yorum, tanıma, anlama, hafıza, kayıt 
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ve değerlendirme gibi işlemlere uğradıktan sonra cevap için fasciculus arcuatus aracılığıyla 
bu uyaranlar frontal lobda brocca merkezine (br. 44-45) iletilir. Burada uyarıya göre motor 
cevap düzenlenir. 

Görsel ve yazılı uyarılar; retinada rod ve koni hücrelerinden başlayan, retinanın 
bipolar hücrelerince alınan bu impulslar, beyinde oksipital lobda, fıssura kalkarına 
çevresinde kuneus ve lingual gyrusda bulunan görme merkezinde sonlanır. (br 17). Yardımcı 
görme merkezlerini de (br. 18,19) uyaran impulslar buradan gyrus angularis (paryetal lob. 
br. 39) ve gyrus supramarginalis (paryetal lob. br. 40) ulaşır. bu iki merkezde yorumlanan 
bilgiler, önce wernicke merkezine gönderilir, gerekli işlemi takiben fasciculus ancuatus 
aracılığıyla motor cevap için brocca merkezine yollanır. 

Diğer duyusal impulslar, tad, koku, temas ve derin duyuya ait impulslar paryetal 
veya temporal kortekste ilgili merkezlerde sonlanır. Önce wernicke merkezine sonra da 
brocca merkezine iletilir. Vizüel impulslar oksipital, işitsel impulslar temporal diğer duyusal 
impulslar ise paryeto-temporal kortekste algılandıktan sonra, bu bilgiler entegrasyon 
merkezinde (gyrus angularis) değerlendirilir ve wernicke merkezine gönderilir. Buradaki 
işlemi takiben de motor cevap oluşması amacıyla brocca merkezine ulaştırılır.  

Konuşma ile ilgili organların dil, dudak, çene, yanak, gırtlak, solunum kasları v.s. 
kortikal kumanda merkezleri gyrus presen tralisin alt bölümündedir. Konuşma olabilmesi 
için sol hemisferdeki motor konuşma merkezi (brocca) ile gyrus presentralisin alt bölümü 
arasında bağlantı kurulması şarttır. Bu bağlantıyı kapsula eksterna içindeki lifler temin eder 
(6). 

Konuşma sırasında kasların iki yönlü ve koordine bir hareketi gerekli olduğu için sol 
serebral hemisferde konuşma ile yükümlü kortikal merkezleri, korpus kallosum aracılığıyla 
sağ serebral hemisferin aynı bölgesiyle temas haline geçer. 

Brocca merkezinden çıkan talimat gyrus presentralisin alt yüzündeki motor 
merkezlere ulaşınca konuşma hazırlanmış olur. Bu motor kortikal nöronların aksonları 
piramidal traktus içinde aşağı doğru iner ve çaprazlasır pons ve bulbusda v. (trigeminus),vıı. 
(fasialis), x. (vagus) ve xıı. Kafa çifti (hipoglossus) 'nin çekirdeklerinde sonlanır. Buradaki 
sinapsı takiben ikinci nöronların aksonları ilgili kranial sinir olarak dil, dudak, damak, 
yanak, çene, gırtlak ve solunum kaslarına erişirler 

Neticede solunum havasının ekspirasyonu, fonatuar ve artikülatör kasların çalışması 
ile konuşma ortaya çıkar. Bu yolun koordinasyonunda bazı serebral ve serebellar yan yollar 
ve bağlantılar da rol oynamaktadır. Normal bir konuşmada, bir kelime söylenmeden önce 
zihinde onun bir düşüncesi veya kavramı gelişir, bu kavram sembolize edilir, sonra da 
düşüncenin telaffuzu yapılır. İşte bu durumda konuşma, yüksek serebral merkezler ile 
solunum fonksiyonu, larengeal düzenleme, yumuşak damak, oral kavitedeki yumuşak 
dokular, çene eklemi ve yüzdeki bazı anatomik yapıların işbirliği sonucu ortaya çıkan 
nöromuskuler bir işlem olarak tanımlanabilir. 

İnsan sesinin oluşmasında bu anatomik nörokontrol altında olan, birisi enerji 
kaynağı, diğeri ise titreşen yapı olarak 2 eleman gerekmektedir. İnsanda enerji kaynağı 
akciğerlerden gelen hareketli, basınçlı, ekspiryum havasıdır. Titreşen yapı ise larenksdeki 
kord vokallerdir. trakeadan gelen ekspiryum havası, larenks hiç işe karışmadan yükselir ve 
sadece ağızda artiküle edilirse çıkan bu sese fısıltı denir. Buna karşılık trakeadan gelen 
basınçlı ekspiryum havası larenksin işe karışması ve kord vokallerin faaliyet göstermesiyle 
vibrasyon kazanırsa ve supraglottik vokal traktusta rezonans ve artikülasyona uğrarsa, 
konuşma sesi ortaya çıkar. Bu durumda ses oluşumunda ilk planda akciğerler, larenks ve 
oral kavitenin kombine ve uyumlu bir işbirliği gerekir. Aslında solunum sisteminin esas 
görevi hematoz, larenksin temel görevi solunum sistemini korumak, orofarengeal pasajın 
başlıca işlevi ise sindirim olayını başlatmaktır. Ses çıkarmak bu yapıların sekonder olarak 
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sonradan üzerine aldığı bir görevdir. Ayrıca organizmanın karın, pelvis, boyun gibi bazı 
yapıları metabolik ihtiyaçlar, psikoaffektif duygulan ve emosyonel olaylar da sesin 
oluşumunda dolaylı veya doğrudan etkili olabilirler. Ekspirasyon havası ses için gerekli 
enerjiyi taşıdığı gibi sesin çevreye yayılımını da sağlar. Bunun için havanın yeterli bir basıncı 
ve akım hızı olmalıdır. Normalde pasif bir hareket olan ekspiryum olayına, diyafragma ve 
karın kasları şiddetlendirici etki yaparlar. Alt solunum yollarından gelen basınçlı hava akımı 
glottis seviyesinde kesilerek kordların açılmasını sağlar. Bu sırada kordların titreşimine bağlı 
primer glottik ses oluşur. Bu değişimde subglottik basınç, kord vokallerin kitlesi, uzunluğu, 
gerginliği ve mukoza mobilitesi önemli rol oynar. Primer glottik ses, üst rezonatör ve 
artikülatör yapıların etkisiyle modüle edilerek harf, hece ve kelime şeklinde ağzımızdan 
çıkarak konuşma halinde çevreye yayılır (6).  

Ses en özet anlatımıyla "akciğerlerden gelen havanın larenksde vibrasyon kazanması, 
supraglottik traktusta rezonans ve artikülasyon sonucu ağızdan harf,hece, kelime ve cümle 
şeklinde çıkmasıdır" şeklinde tanımlanabilir. Kord vokal vibrasyonu sonucunda larenkste 
oluşan ses, ancak supraglottik vokal traktusta rezonans kazanıp artiküle edildikten sonra 
konuşma haline gelir. Primer glottik sesin supraglottik larenks, farenks, paranazal sinüsler, 
nazal kavite ve oral kavitede rezonansa uğraması ile bazı frekanslarda güçlenir, bazılarında 
ise söner. Damak, dil ve dudak hareketlerinin dinamik faaliyetleri sonucunda ses 
artikülasyonu tamamlanarak konuşma elde edilir. Ses oluşumundaki bu kompleks 
mekanizmalar merkezi sinir sisteminin entegrasyon etkisi altındadır. Sesi ortaya çıkaracak 
faaliyeti gösteren bölge ve organlardaki ağız, çene, farenks, larenks, akciğer, karın, sırt, vb. 
kas ve ligamentlerden eklemlerden ve yüzeyel mukoza reseptörlerinden merkezi sinir 
sistemine gelen efferent sinyaller değerlendirilir ve gerekli kas gerginliği sağlanarak en 
uygun sesin çıkartılması için emirler gönderilir. Konuşma oluşan ses titreşimlerinin 
larinksten sonraki kısımlarda rezonasyon ve artikülasyon ile anlam kazandırılmasıdır. 
Dışardan aldığımız duyular beyinde değerlendirildikten sonra ses çıkarma olayı gerçekleşir. 
İşitme duyusu iç kulaktan, görme duyusu retinada koni hücrelerinden, tad, koku, temas ve 
derin duyu reseptörlerden alınarak önce wernicke merkezine iletilir. Burada yorum tanıma 
anlama hafıza kayıt ve değerlendirme yapılır, sonra motor cevap oluşması amacıyla brocca 
konuşma merkezine ulaştırılır. Brocca merkezinden çıkan talimat motor merkezlere ulaşınca 
konuşma hazırlanmış olur. Bu motor kortikal nöronların aksonları ikinci nöronların 
aksonları ilgili kranial sinir olarak dil, dudak, damak, yanak, çene, gırtlak ve solunum 
kaslarına erişirler. Neticede solunum havasının ekspirasyonu, fonatuar ve artikülatör 
kasların çalışması ile konuşma ortaya çıkar. İnsan sesinin oluşmasında enerji kaynağı ve 
titreşen bir yapı gerekmektedir. Enerji kaynağı akciğerlerden gelen hareketli, basınçlı, 
solunum havasıdır. Titreşen yapı ise larinksdeki vokal kordlardır. Ses oluşumundaki bu 
kompleks mekanizmalar merkezi sinir sisteminin entegrasyon etkisi altındadır. Sesi ortaya 
çıkaracak faaliyeti gösteren bölge ve organlardaki ağız, çene, farinks, larinks, akciğer, karın, 
sırt, vb. kas ve ligamentlerden eklemlerden ve yüzeyel mukoza reseptörlerinden merkezi 
sinir sistemine gelen efferent sinyaller değerlendirilir ve gerekli kas gerginliği sağlanarak en 
uygun sesin çıkartılması için emirler gönderilir. 
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Abstract 

Anesthesia practices are tailored based on the patient’s age, gender, general health condition, 
and the type of procedure planned. In patients receiving spinal anesthesia, better hemodynamic 
stability can often be achieved compared to those undergoing general anesthesia. Prehydration 
performed before spinal anesthesia reduces complications associated with the procedure and 
facilitates easier maintenance of hemodynamic balance. 

Spinal anesthesia is administered by injecting a local anesthetic into the subarachnoid space. 
Using a small amount of local anesthetic effectively blocks all sensations in the lower part of the body. 
This procedure is typically performed below the level where the spinal cord ends. 

Unilateral spinal block is applied to achieve one-sided distribution of the anesthetic agent in 
the subarachnoid space. Bilateral spinal block, on the other hand, ensures symmetrical distribution of 
the drug within the subarachnoid area. 

With unilateral spinal block, hemodynamic effects such as systemic hypotension and 
cardiovascular instability are less common. By providing anesthesia specific to the surgical side, a 
more effective approach can be achieved. The preservation of sensory and motor functions on the non-
surgical side contributes to faster recovery during the postoperative period. 

Keywords: Spinal Anesthesia, Unilateral, Bilateral 
 
Özet 

Anestezi uygulamaları, hastanın yaşı, cinsiyeti, genel sağlık durumu ve planlanan girişim 
türüne göre şekillendirilmektedir. Spinal anestezi uygulanan hastalarda genel anestezi uygulananlara 
göre daha iyi hemodinamik stabilite sağlanabilmektedir. Spinal anestezi öncesinde yapılan 
prehidrasyon, spinal anesteziye bağlı komplikasyonları azaltırken hemodinamik dengeyi daha kolay 
sağlamaktadır.   

Spinal anestezi, cerrahi müdahalelerde ağrı hissini engellemek için kullanılan bir bölgesel 
anestezi yöntemidir. Bu yöntemde, omurga kemiklerinin arasında bulunan subaraknoid boşluğa 
(genellikle bel bölgesinde) ince bir iğne ile girilerek, omurilikten çıkan sinirlerin çevresindeki beyin 
omurilik sıvısına anestezik madde enjekte edilir. Bu işlem, alt vücut bölgesindeki sinirlerin geçici 
olarak uyuşmasına neden olur ve bu sayede hasta, belirli bir süre boyunca ağrı hissetmez. 

Spinal anestezi, lokal anesteziğin subaraknoid aralığa enjekte edilmesiyle gerçekleştirilir. 
Küçük bir miktar lokal anestezik kullanılarak vücudun alt bölgesindeki tüm duyular etkili bir şekilde 
bloke edilir. Bu işlem, genellikle omuriliğin sonlandığı seviyenin altında uygulanır. 

Unilateral spinal blok, anestezik maddenin subaraknoid boşluğa tek taraflı bir dağılımını 
sağlamak amacıyla uygulanmasıdır. Bilateral spinal blok, ilacın subaraknoid alanda simetrik olarak 
dağılmasını sağlar. 
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Unilateral spinal blok ile sistemik hipotansiyon ve kardiyovasküler stabilite kaybı gibi 
hemodinamik etkiler daha az görülür,sadece cerrahi tarafa özel anestezi sağlanarak daha etkili bir 
uygulama yapılabilir.Diğer tarafın duyusal ve motor fonksiyonlarının korunması, hastaların 
postoperatif dönemde daha çabuk iyileşmesine katkı sağlar. 

Anahtar Kelimeler: Spinal anestezi, Unilateral, Bilateral 

 

 

 

GİRİŞ: 

Spinal anestezi, 1898 yılından bu yana anestezistler tarafından sıklıkla tercih edilen 
cerrahi müdahalelerde ağrı hissini engellemek için kullanılan bir bölgesel anestezi yöntemi 
olmuştur. Son 10 yıl içerisinde, anestezistlerin bilgi, deneyim ve yeteneklerinin artmasıyla 
birlikte, spinal anestezinin kullanımı giderek yaygınlaşmıştır. Bu yöntemde, omurga 
kemiklerinin arasında bulunan subaraknoid boşluğa (genellikle bel bölgesinde) ince bir iğne 
ile girilerek, omurilikten çıkan sinirlerin çevresindeki beyin omurilik sıvısına anestezik 
madde enjekte edilir. Bu işlem, alt vücut bölgesindeki sinirlerin geçici olarak uyuşmasına 
neden olur ve bu sayede hasta, belirli bir süre boyunca ağrı hissetmez.Bu işlem, genellikle 
omuriliğin sonlandığı seviyenin altında uygulanır. 

 Bu yöntemin sağladığı avantajlar; mortalite ve morbidite oranlarının 
düşürülmesinden, doku oksijenasyonunun artmasına ve etkili ağrı kontrolüne kadar geniş 
bir yelpazeyi kapsamaktadır. Spinal anestezi, ağrı kontrolü için güvenli, etkili ve ekonomik 
bir teknik olması ve uzun süreli postoperatif analjezi sağlama avantajını da beraberinde 
getirmesine rağmen tekniklerin gelişmesi ve uygulama yöntemlerindeki yenilikler sayesinde 
daha sık uygulanması, potansiyel komplikasyonlarda da bir artışa yol açmıştır. Her ne kadar 
spinal anestezi komplikasyonları oldukça nadir görülse de ortaya çıktıklarında ciddi 
sorunlara neden olabilmektedir. 

ANATOMİK OLUŞUMLAR: 

Spinal anestezinin uygulanması, nöraksiyel anatominin uygun şekilde 
konumlandırılmasını ve anlaşılmasını gerektirir. 

Omurga, 7 servikal, 12 torasik, 5 lomber ve 5 kaynaşmış sakral vertebradan oluşur. 
Omurlar, konumlarına ve yapısal farklılıklarına göre adlandırılmıştır. Bu kemikler, eklemli 
bağlantılar ve bağlarla bir araya gelerek omurilik kanalını oluşturan içi boş bir tünel şeklinde 
sıralanır. Omurilik, bu kanal içinde yer alır. Omurilikten çıkan sinirler ise bitişik omurların 
pedikülleri arasındaki yan boşluklardan geçerek omurilik kanalını terk eder. 

Medull spinalis, meninges adı verilen üç kat zar ile sarılıdır. Bu zarların isimleri 
dıştan içe doğru duramater spinalis, arachnoidea mater spinalis ve piamater 
spinalis’dir.(1)(Şekil1) 

Şekil 1 
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Dura mater  
Dura mater, en dış tabaka olup oldukça dayanıklı bir yapıya sahiptir. Dura, dura 

periostealis ve dura encephali olmak üzere iki tabakadan oluşur. Her iki tabaka da kollajen 
liflerden zengin, sıkı fibröz bağ dokusundan meydana gelir.(1,2,3,4) 

Arachnoidea mater 
Dura mater ile pia mater arasında bulunan, damarsız ve örümcek ağı benzeri bir 

zardır. Arachnoidea mater, dura mater ile arasında spatium subdurale adı verilen bir aralık 
oluşturur. (1,2,3,4) 

Pia mater 

 Merkezi sinir sistemini çevreleyen üç meninks zarından en içte olanıdır. pia mater, 
beyin ve omuriliği doğrudan saran ince, saydam ve elastik bir bağ dokusu tabakasıdır. 
(1,2,3,4) 

Subaraknoid aralık 

 arachnoidea mater ile pia mater arasında yer alan boşluktur. Bu yapı, hem beynin 
hem de medulla spinalis’in çevresinde bulunur ve birbirinin devamı niteliğindedir. Bu 
boşluk, bazı kafa çiftlerinin etrafında da görülür; özellikle n. olfactorius, n. opticus ve n. 
vestibulocochlearis gibi sinirler çevresinde cavum subarachnoidea'ya rastlanır. Spatium 
subarachnoideum, beyin omurilik sıvısı (BOS) ile doludur ve merkezi sinir sistemi için 
önemli bir koruyucu ve besleyici ortam sağlar. (1,2,3,4) 

Beyin Omurilik Sıvısı (BOS) 
beyin ve omurilikte bulunan, berrak ve renksiz bir sıvıdır. Beyin ventriküllerindeki 

plexus choroideus yapılarında üretilen BOS, beynin fiziksel ve bağışıklık korumasında 
önemli bir rol oynar. Çoğunlukla lateral ventriküllerde, ayrıca üçüncü ve dördüncü 
ventriküllerde üretilen BOS, yüksek klorid içeriğine sahip olup az miktarda protein, birkaç 
epitel hücresi ve yaklaşık 2-3 lenfosit/mm³ içerir. Sıvının büyük kısmı kraniyal ve spinal 
subaraknoidal boşluklarda yer alırken, yaklaşık %20’si ventriküler sistemi doldurur. Beyin 
için bir tampon veya yastık görevi görerek hem fiziksel koruma sağlar hem de çeşitli 
metabolik süreçlere katkıda bulunur. Son yapılan çalışmalar %50sinin 5-6 saat içerisinde 
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yenilendiğini göstermektedir. Beyin omurilik sıvısı (BOS), kranial boşluk ile vertebral 
kanalın subaraknoidal bölümleri arasında serbestçe dolaşabilir. (1,2,3,4) 

 
UYGULAMA YÖNTEMİ: 
Anestezi uygulamaları, hastanın yaşı, cinsiyeti, genel sağlık durumu ve planlanan 

girişim türüne göre şekillendirilmektedir. Bölgesel anestezi (rejyonel anestezi), belirli bir 
bölgedeki sinir ya da sinirlerin çevresine lokal anestezik maddelerin enjekte edilmesiyle elde 
edilir. Sinir bloklarını, periferik ve santral bloklar olmak üzere iki ana gruba ayırabiliriz. 
Periferik sinir, gangliyon ve pleksus blokları periferik sinir bloğu; spinal ve epidural bloklar 
ise santral sinir bloğu kategorisine girer. Her bir yöntemin uygulanabilmesi için anatomik ve 
fizyolojik bilgilere hâkim olunması, özel eğitim ve beceri gerektirir.(5-6) 

Doğru şekilde uygulandığında, nöroaksiyal anestezi genel anesteziye göre birçok 
avantaj sunar. Bu avantajlar arasında minimal hava yolu müdahalesi, düşük 
kardiyopulmoner depresyon riski, etkili bir postoperatif analjezi, opioid ihtiyacının azalması 
(özellikle uzun etkili lokal anestezikler kullanıldığında), daha az postoperatif bulantı ve 
kusma görülmesi ile hastanede kalış süresinin kısalması yer alır.(7) 

Spinal anestezi, lokal anesteziğin subaraknoid aralığa enjekte edilmesiyle 
gerçekleştirilir. Küçük bir miktar lokal anestezik kullanılarak vücudun alt bölgesindeki tüm 
duyular etkili bir şekilde bloke edilir. Bu işlem, genellikle omuriliğin sonlandığı seviyenin 
altında uygulanır.(8) 

Spinal anestezi, omuriliğe zarar vermemek ve intratekal olarak enjekte edilen ilaçların 
üst torasik ve servikal bölgelerde etkili olmasını engellemek için  bel bölgesinde, özellikle 
orta ve alt bel seviyelerinde uygulanır. Omuriliğin kaudal ucu olan konus medullaris 
genellikle birinci, bazen de ikinci lomber omurun alt sınırında bulunur. Pediatrik hastalarda 
bu seviye biraz daha düşüktür ve genellikle L3 civarında sonlanır. Yetişkinlerde, konus 
medullarisin ortalama pozisyonu L1'in alt üçte birlik bölgesindedir (aralık: T12'nin orta üçte 
birinden L3'ün üst üçte birine kadar değişir). Konus pozisyonundaki bu farklılıklar normal 
bir dağılım gösterir ve cinsiyetler arasında ya da yaşla birlikte anlamlı bir değişiklik 
görülmez.(9) 

Dural kese genellikle S2/3 seviyesine kadar uzanır. Bu nedenle, spinal anestezi 
uygulaması sırasında spinal iğne genellikle L3/4 veya L4/5 intervertebral aralığa 
yerleştirilir. Daha yüksek seviyelerin seçilmesi, özellikle obez hastalarda, omurilik 
yaralanması riskini artırabilir. İğne, giriş noktası olan deriden başlayarak birkaç anatomik 
yapıyı geçer. Bu yapılar, uygulama tekniği ve yaklaşımın türüne bağlı olarak değişiklik 
gösterebilir.(10) 

hemodinamik stabilite Spinal anestezi uygulanan hastalarda daha iyi 
sağlanabilmektedir. Spinal anestezi öncesinde yapılan prehidrasyon, spinal anesteziye bağlı 
komplikasyonları azaltırken hemodinamik dengeyi daha kolay sağlamaktadır. Ancak, 
prehidrasyonun uygulanmadığı hastalarda hemodinamik dengeyi sağlamak için efedrin 
kullanımına daha fazla ihtiyaç duyulmaktadır. Serebral oksijenizasyonun sürdürülebilmesi 
açısından kolloid veya kristaloid kullanımı arasında fark yoktur, prehidrasyon yapılmayan 
hastalarda ise efedrin desteğiyle benzer bir hemodinamik stabilitenin sağlandığını ve böylece 
serebral oksijenizasyonun korunduğunu bilmekteyiz.  

 
SPİNAL ANESTEZİ KOMPLİKASYONLARI 

Hipotansiyon (Düşük Kan Basıncı): Spinal anestezi, sempatik sinir sistemini bloke 
ederek kan damarlarının genişlemesine ve kan basıncının düşmesine neden olabilir. Bu 
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durum, özellikle yüksek seviyeli bloklarda daha belirgindir. Hipotansiyonun önlenmesi ve 
tedavisi için intravenöz sıvı desteği ve vazopressör ilaçlar kullanılabilir. (11) 

Bradikardi ve Kardiyak Arrest: Spinal anestezi sırasında ani kalp durması nadir 
görülmekle birlikte ciddi bir komplikasyondur. Sempatik blokajın etkisiyle kalbe dönen kan 
miktarının azalması, refleks mekanizmaları tetikleyerek bradikardiye ve nadiren kardiyak 
arreste yol açabilir. Risk faktörleri arasında düşük bazal kalp hızı, yüksek blok seviyeleri ve 
genç yaş bulunur.( 11) 

Baş Ağrısı (Postdural Ponksiyon Baş Ağrısı): Beyin omurilik sıvısının sızması 
sonucu oluşan bu baş ağrısı, özellikle genç ve kadın hastalarda daha sık görülür. 
Tedavisinde yatak istirahati, hidrasyon ve kafein kullanımı önerilir. .( 11) 

Bel Ağrısı: Spinal anestezi sonrası bel ağrısı, paraspinöz kasların gevşemesi ve belin 
desteksiz kalmasına bağlanmaktadır. Ancak, bu ağrı genellikle kısa sürelidir ve ciddi bir 
soruna işaret etmez. .( 11) 

  Enfeksiyonlar: Aseptik koşullara uyulmadığında menenjit gibi ciddi enfeksiyonlar 
gelişebilir. Bu nedenle, spinal anestezi uygulaması sırasında steril tekniklere dikkat edilmesi 
esastır. .( 11) 

Nörolojik Komplikasyonlar: Nadir de olsa, sinir hasarı, parestezi veya daha ciddi 
nörolojik defisitler görülebilir. Bu komplikasyonların önlenmesi için anatomik yapıya uygun 
tekniklerin kullanılması önemlidir. .( 11) 

İdrar Retansiyonu: Mesane fonksiyonlarının geçici olarak bozulması sonucu idrar 
yapamama durumu ortaya çıkabilir. Bu durum genellikle geçicidir ve mesane fonksiyonu 
anestezinin etkisi geçtikçe normale döner. .( 11) 

Spinal Hematom: Kanama bozukluğu olan veya antikoagülan tedavi alan hastalarda 
nadiren spinal hematom gelişebilir. Bu ciddi bir durum olup, acil cerrahi müdahale 
gerektirebilir. (12) 

 
UNİLATERAL SPİNAL BLOK 
Unilateral spinal blok, anestezik maddenin subaraknoid boşluğa tek taraflı bir 

dağılımını sağlamak amacıyla uygulanmasıdır. Bu teknikte, hastanın pozisyonu ve 
enjeksiyon hızı gibi faktörler, ilacın dağılımında belirleyici rol oynar. Unilateral spinal blok, 
avantajları aşağıdaki gibidir: 

1. Minimal Hemodinamik Etkiler: Tek taraflı etkisi sayesinde, sistemik 
hipotansiyon ve kardiyovasküler stabilite kaybı gibi hemodinamik etkiler daha az 
görülür. 
2. Hedefe Yönelik Anestezi: Cerrahi alanın bulunduğu tarafa özel anestezi 
sağlanarak daha etkili bir uygulama yapılabilir. 
3. Hastanın Konforu: Diğer tarafın duyusal ve motor fonksiyonlarının korunması, 
hastaların postoperatif dönemde daha çabuk iyileşmesine katkı sağlar. 
Dezavantajları: 
 Teknik hassasiyet gerektirir ve uygulama sırasında hata riski daha yüksektir. 
 Anestezi maddenin dağılımındaki tutarsızlıklar, yetersiz blok oluşmasına neden 
olabilir. 
 Post-spinal baş ağrısı gibi komplikasyonlar görülebilir. 
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BİLATERAL SPİNAL BLOK 
Bilateral spinal blok, ilacın subaraknoid alanda simetrik olarak dağılmasını sağlar. Bu 

yöntem daha yaygın olarak tercih edilir ve şu avantajları sunar: 
1. Geniş Kapsamlı Anestezi: Vücudun alt yarısını etkileyen ameliyatlarda etkin bir 
duyusal ve motor blok sağlar. 
2. Uygulama Kolaylığı: Teknik olarak daha basit ve standart bir yöntemdir. 
3. Daha Tutarlı Sonuçlar: Anestezinin her iki tarafı da kapsaması, cerrahi başarı 
oranını arttırabilir. 
 Dezavantajları: 
 Sistemik hipotansiyon ve bradikardi gibi hemodinamik komplikasyonlar daha sık 
görülebilir. 
 Postoperatif iyileşme süreci unilateral bloğa kıyasla daha uzun olabilir. 
Guido fanellli ve arkadaşları yaptıkları çalışmada tek taraflı spinal blok girişiminin, 

ameliyat tarafında daha yoğun motor blokaj ve duyusal seviyenin daha yavaş gerilemesine 
yol açtığını, kardiyovasküler homeostazın daha stabil olduğunu ve geleneksel bilateral 
spinal anestezi ile karşılaştırıldığında iyileşme profili veya ev taburcu süresi açısından bir 
fark yaratmadığını göstermişlerdir.Bu avantajlar, spinal enjeksiyondan cerrahi bloğun 
sağlanmasına kadar geçen sürede sadece üç dakikalık bir artış maliyetine sahip olduğunu 
tespit etmişlerdir(13) 

Al Malyan ve arkadaşları yaptıkları çalışmada tek taraflı bloğun daha yüksek bir 
başarı oranı sağlamada, cerrahiye daha hızlı hazırlık ve daha hızlı iyileşme süreci sunmada, 
az yan etki ve komplikasyon ile özellikle ayaktan cerrahilerde önemli bir avantaj sağladığını 
göstermişlerdir.(14) 

 
SONUÇ 

Unilateral ve bilateral spinal bloklar, uygun hastada ve uygun cerrahi durumlarda 
etkili çözümler sunar. Unilateral spinal blok bilaterale göre daha avantajlı olsa da  

 Her iki yöntemin de kendine özgü avantaj ve dezavantajları vardır. Klinik karar 
verirken hastanın durumu, cerrahi gereksinimler ve anestezistin tecrübesi dikkate 
alınmalıdır.  

Unilateral ve bilateral spinal bloklar arasındaki tercih, genellikle cerrahi müdahalenin 
niteliğine, hastanın klinik durumuna ve anestezistin tecrübesine bağlıdır. Şu kriterler, hangi 
tekniğin tercih edileceğine yön verir: 

1. Cerrahi Alan: Tek taraflı müdahalelerde unilateral blok tercih edilirken, bilateral 
uygulama daha geniş alanlarda tercih edilir. 
2. Hastanın Genel Durumu: Kardiyovasküler risk taşıyan hastalarda unilateral blok 
daha güvenli bir alternatiftir. 
3. Cerrahın Süresi: Kısa süreli müdahalelerde unilateral blok, daha uzun süreli 
operasyonlarda ise bilateral blok önerilir. 
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Abstract 

Aim: Tooth extraction fear can significantly impact a patient’s oral, general, and 
mental health. This study aims to explain the perceptions and fear of tooth extraction. 

Methods: The present study was a qualitative study  of  Content analysis.  sampling  
was conducted purposively and heterogeneously, the target population of the study was 
those who visited a dental clinic for tooth extraction. 

In this study, a semi-structured interview was used to collect data. The tool used in 
this study was an interview guide designed and developed by the researchers. 

All interviews were conducted individually and face to face by one person; each 
interview lasted approximately 15 to 20 minutes; All the answers of the participants were 
recorded and at the same time with the consent of the interviewee, which was obtained from 
him in advance in the form of a written informed consent. 

Results: One of the identified components is Gender and environmental factors in 
dental fear. two categories were identified under this theme: female admission of  fear, male 
reluctance to admit fear. "Psychological responses" with three subcategories of "fear" and 
"pain", "worry" were other components of the study. 

The category of "physical disorders" with subcategories of "heart palpitations", "dry 
mouth" and "shortness of breath" and the category of "environmental factors", with 
subcategories of "bad experiences of those around them", "fear of the dental environment" 
indentifed. 

Conclusion: The results of such studies can help to design interventions to reduce 
stress and moderate the stimuli that increase fear of tooth extraction. 

Keywords: Fear, Tooth Extraction, Qualitative Study 
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Abstract 

Gangliosides (GGs) represent a class of glycosphingolipids, highly expressed in the 
central nervous system (CNS) where they are involved in vital biological functions of the 
brain. Hence, GGs are valuable indicators in the early diagnosis of CNS pathologies, being in 
the focus of our research as potential biomarkers and/or therapeutic targets. 

In this context, we report here on the development of a novel, high performance 
nanoelectrospray ionization (nanoESI) ion mobility separation (IMS) mass spectrometry (MS) 
and tandem MS (MS/MS) by collision-induced dissociation (CID) approach for 
glycolipidomics of CNS GGs. The methodology was systematically implemented for: i) 
screening and structural characterization of GGs expressed in different normal adult and 
fetal brain regions such as the frontal lobe, hippocampus, and cerebellum; ii) GG biomarker 
discovery in malignant primary (melanoma, glioblastoma multiforme) and secondary (lung 
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adenocarcinoma) tumors and iii) GG profiling in human cerebrospinal fluid. IMS MS 
represents also a novel concept in structural analysis of GG biomarkers, due to its unique 
ability to separate isomers, isobars and conformers. The conducted studies have shown that 
the modified expression together with the observed  overexpression of certain glycolipids in 
human patient biopsies as compared to healthy controls, have the potential to serve for 
disease diagnosis. 

Keywords: Ion Mobility Separation Mass Spectrometry; Ganglioside Biomarkers; 
Screening and Structural Characterization; Healthy and Malignant Human Tissue; 
Cerebrospinal Fluid. 
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Abstract 

Discussing the benefits of drug therapy is redundant in the context of the continuous 
modernization of diagnostic and treatment methods.  

However, monitoring drug safety, viewed as a complex process, throughout the 
entire period of their use, is an essential premise to ensure that patients can access the 
treatments they need without being exposed to unacceptable side effects. 

From this perspective, the field of pharmacovigilance has been designed, with its 
defining feature being the continuous monitoring of the risk-benefit balance of medicines 
and the adoption of the necessary measures to prevent possible adverse reactions. 

This study aims to identify the national and European legal framework, to analyze 
the responsibilities of professionals in the field of pharmacovigilance, as well as the legal 
consequences arising from their failure to comply with legal obligations. 

Essentially, only appropriate regulation combined with the awareness of 
pharmaceutical professionals regarding the reporting of adverse reactions, can achieve the 
goal of effectively protecting public health. 

Keywords: Pharmacovigilance, Regulation, Legal Responsibility, Obligations, 
Professionals 
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Abstract 

The microbiological integrity of food is an important factor in ensuring the health 
safety of food. Microbiological contamination is often the cause of acute foodborne illnesses. 
The aim of the conducted research is to analyze the microbiological safety of infant and other 
dietary foods in the Republic of Srpska. In order to monitor microbiological quality, 122 
samples of baby food and dietary foods were analyzed in 2021 at the Public Health Institute 
of the Republic of Srpska, while in 2022, that number was 88. In 2021, a total of 122 samples 
were analyzed, all of which were tested for the presence of Listeria monocytogenes. Also, 41 
samples were tested for the presence of Salmonella, while 2 samples were tested for the 
presence of Enterobacteriaceae. In 2022, 88 samples were examined, of which 87 were tested 
for the presence of Listeria monocytogenes, 31 samples for the presence of Salmonella, 2 samples 
for Enterobacteriaceae, 1 sample for yeasts and molds, and 1 for Staphylococci. The results 
showed that all samples were microbiologically correct, with no signs of contamination. 
Continuous control of the microbiological correctness of food is necessary and of great 
importance for the protection of the health of the population. 

Keywords: Food Safety, Baby Food, Dietary Foods 
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Abstract 

Patulin, a secondary metabolite produced by molds, primarily Penicillium, Aspergillus, 
and Byssochlamys, is classified as a mycotoxin. It is a well-known food contaminant, 
associated with negative effects on the immune, neurological and gastrointestinal systems. 
As an enteropathogenic mycotoxin, patulin can disrupt intestinal function. The method for 
determining patulin is outlined in AOAC method 995.10. In this method, patulin is extracted 
three times with ethyl acetate, then purified with a sodium carbonate solution. After the 
organic solvent is evaporated, patulin is quantified using a C-18 reverse phase column with 
UV detection. A total of 19 baby fruit juice samples were analyzed. Patulin was detected in 
average concentrations below 10 µg/kg. The maximum recorded amount of patulin was 3,3 
µg/kg. None of the 19 juice samples had a patulin levels above 10 µg/kg, meaning all the 
samples comply with the legal requirements for patulin levels. The safety rating of the tested 
samples was determined by comparing the results with the maximum permitted levels 
established by the legislation in the Republic of Srpska. To protect health, it is important to 
monitor exposure to patulin in the population. 

Keywords: Patulin, Baby Juices 
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Abstract 

Background: Deregulation of the PI3K/AKT/mTOR pathway through PIK3CA 
mutation is frequent in different tumors. Therefore it is important to identify hotspot 
mutation at exons 9 and 20 in breast cancer Tunisian patients. 

Methods: Tumor tissues were collected from Tunisian patient with breast cancer and 
analyzed (42 sporadic cases and 21 hereditary cases) to screening Hotspot mutations of the 
PIK3CA gene by QPCR-High Resolution Melting followed by COLD-PCR and sequencing. 
HRM experiments were used MCF7 and BT20 breast cancer cell lines as controls harboring 
the PIK3CA hotspot mutations E545K and H1047R in exon 9 and exon 20 respectively. 
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Results: PIK3CA hotspot mutations were detected in 66.7% of sporadic BC cases, and 
in 14.3% of hereditary BC. The E545K and the H1048Y were the most common mutations 
identified in our patients, whereas the H1047R hotspot mutation was not found. Statistical 
analysis showed that PIK3CA mutation associated with an aggressive behavior in sporadic 
BC patients, while it’s correlated with age, tumor stage and tumor size in hereditary BC 
patients. 

Conclusions: Our results showed a novel PIK3CA hotspot mutation in Tunisian 
breast cancer patients detected by HRM-COLD-PCR. Additionally, the absence of PIK3CA 
hotspot mutation associated with good prognosis. 

Keywords: Breast Cancer, COLD-PCR, HRM, Novel Hot-spot Mutations, PIK3CA 
Gene 
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Abstract 

Post-traumatic knee osteoarthritis (PTOA) is a significant long-term complication of 
tibial plateau fractures (TPFs), leading to joint degeneration and impairment. This study 
presents a comprehensive case analysis of a 72-year-old male diagnosed with a Schatzker 
Type VI tibial plateau fracture after a high energy trauma, managed through a staged 
surgical approach. Initial open reduction and internal fixation (ORIF), achieved fracture 
alignment, leaving a residual varus deformity, accelerating medial compartment 
degeneration. The patient developed progressive pain, restricted mobility, and radiographic 
signs of osteoarthritis within six months post-ORIF. 

A high tibial open wedge osteotomy (OWHTO) was performed to correct varus 
malalignment, redistribute mechanical loads, and delay the need for total knee arthroplasty 
(TKA). Preoperative radiographs determined a correction angle for biomechanical 
restoration. The osteotomy was stabilized using a TomoFix locking plate, and rehabilitation 
followed a structured weight-bearing protocol. At the three-year follow-up, the patient 
showed pain relief, functional recovery, and joint stability, returning to daily activities with 
minimal limitations. 

This study shows the critical role of OWHTO in managing post-traumatic 
gonarthrosis, as a joint-preserving alternative to early TKA. It explores biomechanical 
principles, surgical considerations, and rehabilitation strategies advocating for staged 
interventions in complex knee trauma to optimize long-term function. 

Keywords: Tibial Plateau Fracture, Post-traumatic Osteoarthritis, High Tibial Open-
Wedge Osteotomy, Varus Deformity, Knee Biomechanics, Joint Preservation 
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Abstract 

In the study, 51 cheese samples obtained from local producers and markets around 
Iskenderun were examined in terms of aluminum (Al), nickel (Ni), copper (Cu) and tin (Sn) 
heavy metals and it was aimed to reveal possible public health risks. These trace elements 
have an important place due to their relationship with environmental pollution, milking, 
tools and equipment used in dairy production and packaging materials.  

In cheese samples, the presence of heavy metals Al, Ni, Cu and Sn were determined 
using an Inductively Coupled Plasma Mass Spectrometer (ICP-MS) device. In all cheese 
samples (51/51), the mean Al was 9.54 ppm (1.37-18.4), Ni was 760.83 ppb (142.96-2036.28), 
Cu was 524.95 ppb (130.59-1919.25) and Sn was 38,98 ppb (1,02-92,85). 

Samples sourced from local producers and markets are produced in small dairies or 
on the farm, using different equipment of variable quality. The release of metals from cheese 
containers is significant. Therefore, cheese containers should not contain these toxic metals, 
and the use of appropriate equipment and materials should be ensured. The results of the 
study suggest that the presence of contamination due to the tools-equipment used during 
production may pose a public health risk. 

Keywords: Cheese, Trace Metals, ICP-MS, Public Health  
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Abstract 
Introduction: Polycystic ovary syndrome (PCOS) is a multisystem disorder 

characterized by reproductive dysfunction as well as metabolic disturbances. This condition 
most commonly occurs in women during adolescence and reproductive age. It is estimated 
to affect 4-12% of women of reproductive age.   

Aim of the Study: Assessment of the level of knowledge among polish women 
regarding polycystic ovary syndrome.  

Research Methods and Tools: The research method used was a diagnostic survey, 
with a questionnaire as the technique. The research tool applied was an original 
questionnaire designed by the author.   

Results and Conclusions:  

1. The level of knowledge among women with polycystic ovary syndrome was 
average (51.40%).   

2. Younger women had a higher level of knowledge than older women (p>0.05).   
3. Education level did not affect the level of knowledge about polycystic ovary 

syndrome.   
4. No correlation was found between marital status and the level of knowledge about 

polycystic ovary syndrome.   
5. Place of residence did not differentiate the level of knowledge about polycystic 

ovary syndrome (p>0.05).   
6. Women suffering from polycystic ovary syndrome had a higher level of knowledge 

about the disease than healthy women.   
Keywords: Polycystic Ovaries, Health Behaviors, Knowledge, PCOS 
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Abstract 

Stress constantly appears in people's lives. Illness, and the associated need for 
surgical intervention, is a difficult, often unexpected situation for the patient, causing 
anxiety. The patient often feels lost, needs information, fears the course of anaesthesia and 
the procedure itself. Assessing the significance of a situation or event and the person's ability 
to cope with its consequences plays a significant role in the emergence of stress. A stressful 
situation disrupts thinking, activities or makes it difficult to fulfil needs. A stay in hospital is 
usually associated with reduced privacy, as well as a temporary separation from one's home 
environment. Waiting for anaesthesia and surgery causes considerable emotional strain. The 
stress accompanying the patient may be related to their personality, age, gender or previous 
experiences, as well as the type of anaesthesia planned and the kind of surgery. Therefore, an 
extremely important part of the patient's preparation is a conversation and a detailed 
explanation of any issues of interest to the patient. The mental preparation of the patient for 
the procedure is important and should not be overlooked. Obtaining reliable information 
from the staff allows the patient to understand the purpose of the procedures and the 
principles of pre-operative preparation. 
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Abstract 
Introduction: The most common malignancy among Albanian women is carcinoma of 

the breast. There is an increased incidence of hypothyroidism (HT) among BC patients after 
RT involving the SCLN area. The aim of our prospective study is to evaluate the effects of 
radiotherapy on thyroid function in 100 breast cancer patients, comparing those treated only 
only on chest wall with those who also received supraclavicular (SC) nodal irradiation. 

Material and Methods: This is a single institute prospective study (n = 100). The blood 
samples were drawn before radiotherapy and evaluated by measuring the serum thyroid 
stimulating hormone (TSH), free triiodothyronine (fT3) and free thyroxine (fT4) levels. None 
of the women were on thyroid substitution therapy. The thyroid function both of the TSH, 
fT3 and fT4 levels were monitored in patients every 6 months after the completion of 
radiation. 

Results: Results revealed a significant impact on thyroid function, particularly an 
increased incidence of hypothyroidism in the SC irradiation group. The study reported that 
after six months of radiotherapy, 35% of patients developed hypothyroidism, while this 
figure decreased to 27% after twelve months. This suggests that while many patients may 
experience immediate thyroid dysfunction following radiotherapy, some may recover over 
time, though a substantial portion remains affected.  

Conclusions: The data presented highlights a concerning trend of increased 
hypothyroidism among breast cancer patients undergoing radiotherapy, particularly those 
receiving SCV irradiation. The study's findings indicate that a substantial proportion of 
patients may experience lasting thyroid dysfunction, necessitating vigilant monitoring and 
management.  
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