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a�X�U	L�b�Lc[�L#F�MNO�V�HKO�F�O�MNJ+L#F�U	LdPeG�J�W�Z�X#P�H	O!Fca�O�a4[+L�M in beli rl i 
bir yük durumundaki aktif güç optimizasyonu [2], E	G�MfE	Xdg�J+XhU�G�J!U�W	F4MiX�J!Ykj	O+U�FdG�J+O�VcH	O�F�O�MlO!Q�L#F�L#Pma�O+a4[�L#MiU	L#V	O
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birim içeren sistemlerdeki aktif güç optimizasyonudur 
[5]. Üst seviyede nonlineer problemlerin çözümünde ��¨��!������¦��!�#�ª©��#�	��§+���«���+©��I����§!�N�w�	¦����¬������#�®¡K�+�I����§D�#���N���
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[6,9].  
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r. Programda önce aktif güç 
optimizasyonu daha sonra reaktif güç optimizasyonu ������ ���¡�¢9£¥¤*¡*¦�£�§s¨(£)��£#¦�¢9¡�©�¨(¡*ª�£#��«�¬C¡�©�¡*¦��ª�¯®���°ª�¡���¦�£�±�£²�*ª��²�³�®�¦�µ´�²�¶*·��*¡�©�¨�³�¸_ �¹�¤º����¨(³)¢9³)»�¡�¼s®���²�½C¡X²�¦#¡�¨(£#¦�¡*¶*¡�©�¾¼^��²���¡¿¡u©�¨(³�¸À �¹�¤¿����¨+³)¢9³#»�¡\¼s®���²�½Á©�£1¼^¡*¶*¡/Â�¡�ÃÄ¼^*ª�³�¦�³)�©���²�½�®�¦�¡Å³�¦� �³�¦#³Áª�¡�Ã�¡Æ ��²�³+§  bilgi için referans 
verilecektir. 
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Sistemdeki reaktif güç üretimlerinin optimal bir è^å�÷Pç#ë�ä�å/ï�å*ë�ç)ê^ë+å�ñ�ì%å�í^ç(î�í^õ*ë�ö)ñ�ö�ìôï�õ�ê�õ�í^ö�ñ�õ ïPõ*æ�ë�ö
��ë�õ�ñ
üretim biriminin aktif güç üretiminin azal

ì9õ�í^ö)ñ�õ
neden olmakta ve bu nedenle sistemdeki termik ì9õ�ë#ç��\å�é ä�õ�óPõAä�õSõ���õ�ë#é�ö�ë�õXï�ç�ë)ì9å�÷�é+å*ä�ç�ê�û
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im Ø�Î�Ó=Ã'Ï2Ö�Ã/Î�Ê6Ï)Ó�Ï2ÓáÜ
Å)Ó�Å2ÊEÕ�Î Þ�Î�Ê
Ã�Î�Ê6Ï'Ý�Ð�Á�Ê
Á Ã"Á�Ê6Õ�Á�Ö=Ï�ÊQÎ Á8Ö&Ä9Ï"×IØ.Ù�ÚÙ�Ê6Î�Ä'Ï2Æ�Ã/Î�Ê6Ï)Ó�ÏmÖ&Å9Ü
Å2Ä�Ã"Á�Æ�ÁQÖ�Ä�Á�Õ�Å2Ê.Ë
 

 ä Î Á�Ö�Ä�Ï'×�Ø�Ù�Ú�È�å�Ä�Ï)Æ*Ï)Â$Á�ÜiÔ&È�Ó�É�Ó�Õ�ÁæÁ�Ê9Ä9Å)Æ�Ü
Á.Ã§Ê6Î.Á�Ö�Ä9Ï/×�Ø.Ù�Ú
maliyeti belirlenmelidir. Reaktif gücün direkt olarak Æ7Á.Ã/Ï"Ô�Î�Ä9ÏÛÈ�Ã"Æ*Á.Õ�Å'Þ�ÅAÏ'Ú.Ï2ÓæÁ�Ê9Ä9Å)Æ�Ü
Á.Ã�Ê6Î.Á�Ö�Ä�Ï/×ÛØ�Ù�ÚEÆ*Á.Ã"Ï/Ô�Î�Ä'Ï
sanal olar

Á�ÖçÄ9Á�Ó=Å"Æ7Ã/Á�Ó�Æ*Å'ÇiÄ�Å"Ê�Ë ä Î Á�Ö�Ä�Ï'×ºØ.Ù�Ú�Ù�Ê6Î�Ä�Ï)Æ
birimleri için, birimlerin sisteme verdikleri reaktif Ø�Ù�ÚQÄ9Î�Ó»Ð�Á.Þ&Å)Æ�Ü
Å)Â�È&Ã"Á�Ê
Á�ÖßÁ�Ê9Ä�Å)Æ�Ü8Á�Ã�Ê6Î.Á�Ö�Ä�Ï"×�Ø�Ù=ÚèÆ*Á.Ã"Ï/Ô�Î�Ä'ÏÄ'Á�Ó�Å)Æ*Ã'Á�Ó�Æ*Å9ÇiÄ�Å)Ê�ËEâWÉ�Õ�Î.Þ&Î�Ê�Ä/Ù�ÆoÊ6Î.Á�Ö�Ä�Ï'×ßØ�Ù=ÚÀÙ&Ê
Î�Ä9Ï)Æé�ê2ë6ê"ì7í/î�ë6êUê/ï.ê)ð�ñ�ò�ð�ó&ô�î7õ�ö ÷

R / MVARh ø í"ñ�ëFñ8ù�ñ�í'ó2ð�ì7ó�úiû9ó2ë�ö
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j. ý ñ�ì7ñ�ðDþ�ê'í/ê)ì*ê)ð�þ�î�ù�êHñ�ë9û'ó/ì�ü
ñ.í

reaktif güç maliyeti, ÿ ���λ , (2) ' ye göre �����	��
���������������������
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Denklem (2) ' de i=k olabilmektedir. Bu durumda 

TQkk,j ve 
� � !	!"�# $	%�&(')$	%+*-,+'

j.zaman dil iminde k. baraya . ')/,0%21�&43�5�687 . 6�&(6�796�:�68:
k ; . '�&4'�*'=<�3�&(>-6�/�62&	3�'�?�5�60@BAC1�D�1<�3 .-E AC1�D�1�:F'G&	5H%�7I$	'),J79'),+6�*3�5H60:�6KA-LM$N5�3G&	7O3�?-5H3)>-60& ;�P 'GQ�'L-:�D)3 . 3),06+&N5H6+,�>-6�/�6RA-6 . 6 S TUV4V"M#

 = 1.0 R/MVARh '),+%�:�79'�?-5H')>�%8& ;BW E &(')>-' TQik,j , j. zaman dil iminde, i. 
baradan k. baraya gönderilen k.

. '�&4'B$	%0:�%+&	%8:�>�'�?6X&43)'�?-5H6+@

AC1�YZ>-3)/3�&46�:�6[A-L�$N5H3�&�7�3�?5�3�>�6�& ; Q
jkkSP ,
 ise j. zaman 

dil iminde i.
. '�&4'�:�%8:

k.
. '�&4'O$	%0:M%0&4%�:�>�'2Q�3�$	'�\�,+'�:�7O%H]2$N\�^)5&43)'�?5�6+@_A)1�Y`@�60*�'�5�%0>�%8& ; Q

jikSP , a�b)c�b�d(e f4g-hNiFbZj-kCd4bl b�m	n�op�n�q-r�nGs-t�n�a�u�d�v  
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Denklem (3)’ deki 
jikTQ ,

∧
 j. zaman dil iminde i. baradan 

gönderilen ve k. w n�d4n�q�u�qyx	k-q-tKsz-p0{q�a�n�qFk�q�|)b�s�e}d4b)n�s-tHe0~
jC����a-b)cb�d4e�q�eH� jkiTQ ,

∧
−  ise bu gücün i. w n�d4n)a�nO�-b�x	k-q�t

s�zp0a�n�q�m	zCq�d4n�sMe_a�b�c-b�d4e0qMe_j�k�mNt�b�d	rOb�s tedir. Denklem 

f4g-h�i a�b)��d4b)n�s�t�e+~�j�����sn��u8o�p�nGdGu8q�u8q�z)o-t�e�r9e���n�mN�-z�q�eHx	p+b�rOe8q�bs�n�t�u+p0rOn�m	u m	n�cCpHn�q-r�uHxNt�u8d)v ��n�d4n)p+n�d4a�n w {Mp0{-q�a-{�c){��n�d(m	n��u0p+n�q�s�n�d4n�dBrOb�sMn�q�e+�)rOn�m	u w n�d4n�q�u8q�nGd	tHu8r�m	n)p�d4b)n�s�t�e+~jC���[rOn)p+e��b�t�eFe�p0b[n)p+u0q�n�q_dGb�n�st�e0~�j���|���q�mNo�z�t�~�e0�n�tHu�q�us�n�dGx	u+p+n�xNt�u8dNr9n�s-tHn���b�f���h�i b�jk-d4b�n)p�u8q�n n reaktif güçleri 
yeniden belirlemektedir.  
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Denklem (4)’deki α ¬®�¯-°H±�²9³)´�µ�¶-·)¸�² ¹�)º-°H³�»	¼0¹M½�³�»	±+´+³�»N¾C¹�´+³�¿4¼À¶-¹M´�Á�²OÁ�º_±+µ)±8¹_º�Â�´+´�³�¹�¼H´�²9³�º-°H³)½�¼8¿�Ã�ÄB´0¼0¹M³�¹¿4Á)³�º°�±+Å�Æ�¸�µ)´�Á�¿	±8¹�Ç�Á�¿�ÈM±�¿�ÈM³�¿(³É±0µ�±�¹ZÊ�Ë-ÌÍºÂ�´0´+³�¹�¼+´0³�¿	³�º
beli rlenmesinden sonra j. zaman dil iminde ki −  Ç�³�°+°�¼+¹�½�³ k. Î�Ï�Ð	Ï�Ñ	Ò8Ó�Ò8Ð	Ò8Ó�Ô�Ï�ÕMÖ×Ð4Ø)Ï�Õ�Ù�Ö+ÚOÛCÜ�ÝÞÏ�Õ�ÒHß	ÒOà4áCâ	ã Ô�Ø�Õ�ÖÛ-Ö8Î�Ö�ä�Ø�Ñ	Ï�åMæ0Ï�Ó�Ò�Ð�ç  
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kjèHéNêGë
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 (5) 

Burada görülen ìNí�î�ï ð ñòó�ô�õ�ö÷
  ifadesi önceki A.C. yük ø�ùMú�û	ú8ü�ý�øÿþ����	ø����+ø�ü�ø�ü k �	� ø�
	ø�ü�ú�ü�û���ü�2ù�������Hø�
4ø���ú0üMý�ø�ü

ki − þ�ø���ú8ü�ø � ø��	ú��0ø�ü����Nù���
��)ø�ù���������! ����
 �#" �$
 � ��

� ø�
	ø�ý�ø �	ø�Hú�ü ø���ú8ü�ø�ü 
��)ø�ù�%��� �&�' �����
 (�)�*,+ ý���üþ!���	ø�����ø�ü�ý�ú8ù�Hø�ü-����ü�
4ø þ�ø�%��ø�
4ú�ü�ý���.���
/�!0���ü�ý-ø1�	ø�Hú2�+ø�ü�&�! �����
3�4�Nù��5
��)ø�ù�%���¤þ�ø�¤ù�ø�6ú����+ø�
4ú57�� i ��� ø�
	ø�ü�ú�üÞû��-ü� ù������
Hø�
4ø���ú�ü�ýø�ü � ø4�	ú2�+ø�ü�
��)ø�ù�����8���! 9( :<;�=�> ?@>AB<C�D�EF GIH�J!K�K2L�M!N2K�L�O$L$H
P�Q�R�S�Q�T�U�RWV�S2Q�X�Q�RZY�[�\�] ^�Q�_W`!a�b�Q�c�S�Q�_'U2X�d  

egf h�i jkl�m2npoq�r s%t ut sv�w�x�y z
x�{g|p}
~} vx�{g|<}~v%} ������!� ������ ++=−

∧
 (6) �!���,�%���Z�������������2�����'�������������2�����$�<�������2�����������������������<���

� �!�������������!���������'�����g�������'���g���������� 4�����¢¡<�� ������4�<���g�����
�����%�������9���������<�2� � �!�������£���8�����!�������¤�����%�g���������W�%¥,�<����¦	���������<���
güç dengeleri bozulan baralarda, üretim  birimlerinin 
verdikleri reaktif güçlerdeki gerekli düzeltmeler §�¨�©�ª�«�¨�¬®<¯�°,± ²�¨£³�´&µ�¨£²�¶�·�¸�«2¸�µ�¹
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Ö×××  (7) 

Denklemdeki NQ, sistemdeki reaktif güç üretim Ø�Ù�Ú�Ù2ÛWÜ�Ý�Ú�Ù�Þ!ÙgÞßØ�à�á�Ü2âäã�Ü�å�æ�á&æçØ'à�Ú�à�Ü�à$Ú$â�Þßã�Ü�æéè,ê2æ�Ú�å�æ!á�æ
kümeyëWì�í!î,ï�ð�ñ<òZð�ó�ï%ð�ô�ë�ñ�õ3ö3÷�ð�ñ k ø'ù�ñ�ù�î�ú�û!ô�ù�ñ�ð�ù�ó�ï�ë�üWì�ý!þý�ñ�ð�ï%ëgòÿë�����ó!î�ù���ñ�ð�ù�ó�ï%ë�ü ì&ý!þ ô�ð�û�ì�ð�î�ë��	��ë2÷�ëgû!ë ì�ë�ô�ð�ñ<òWð�óë�þ�ëgû
��ô�ë�÷�ð�ñ ø'ù�ñ�ù��2ù�ñ$ô�ù�û ù���úgû!ù�û ñ�ð�ù�ó�ï%ë2ü ì&ý'þ òZëgó�ï�ù�ñ��ù�ñ�ú
yeniden düzelti lmelidir. Denklem (8), reaktif güç 
üretimi olmayan bir barada, sistemin optimale daha 
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������� n reaktif güç üretimleri belirlendikten sonra �	��
������������������������� �����!�	�#"���$#����%#�&����	'�"��(���*)��������������,+  
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−= -&.�/ .&0 .&/1 2&3 4�5 687 9:&;�< ; =�;>�?@
A&B C&DEF GG EH&I GG EJ&K�L K M#NNN OOO , k∉NQ (8) 

P QRS�T,U TV W�XZY	X\[\](^
k. _�` [ ` W `�a ]b[�X `�a�c ]�dfehg!i�W�X,j!e�Xhk�]&l#m�]&Y�]nj!]o	p!qsr(t�u*v�t�w�r�tZx�ynu,z|{~}�x�tZ�	t�u������	����t ya (10) denklemleri w	}!���&�,�!�&����u���w�����u�������u��n����u�t�r(y&v���t�u�y�x	���#t���r(y��nv�t�w�qs}	u�t�r8yn����tq��&�*��u��&���!��u,z  
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k ∉ NQ ¬��¬�® ¯°,±�² ±³ ´
>0 (9) 
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µ�¶&· ¶&¸ ¶�·¹ º�»¼ ¶ ½ ¹ ¾ ¿�¾ ¶&¸ ¾ »À�Á µ�¶&· ¶&Â ¾ Â
,  

k∉ NQ Ã�Ä�Ã�Å ÆÇ,È�É ÈÊ Ë
 < 0  (10) ÌÎÍ�Ï�Ð�Ñ�Í�ÒÔÓ�Õ	ÖØ×�ÍÙÓ,Ú�Û�Ö\Ü�Ý�Þ�Ïàß#á	â*ã!Ñ&ÍZä�Í�å	æbã�çhÍ�â�Í

m indisi, k è Þ�â�Þ�Ï!é�Ïêâ\Í,Þ�Ð	ë(æ�ìíß�ãïîðÞ�Ñ�Ý�é�å	é�ñ!Í�â*ñ!Þ�Ïïß	æ è ænâ è Þ,â�Þ,ò	é ë�Í,Òôó�æ&Ñ
Í�ë�Ò�Í�Ð�ë�Í�Ý�æ�â,õ�öfå#Í�â ÷ øùú�û,ü ûý

> 0 ise, (9)’a göre bara halen Þ�Ñ�énÒþò�Þ�ÿ	ë(é�å	éàÝ�æ�å	Í�â è Þ�â�Þ�Ñ�Þ�â�Ý�Þ�ÏÔÝ�Þ�ñ!Þ ì�Þ,ç#Ñ&Þ ß�ãïî ó�Þ,ë�é�Ï
alm

Þ�Ñ�é&Ý�é�â�õ���� Þ�Ñ(énÒ�Ñ&Þ�â Ó�Õ	Ö�Ü�Þêß	á#â\Í��!ä���ç��	Ñ�Þ�Ï è Þ,â�ÞZÝ�Þ�ÏÝ�Þ�ñ�Þ ì*Þ\ç#Ñ�Þí×	Í ÿ�Þ�ñ!ÞZÑ&é	��Ñ&Þ,Ï!Ý�Þ�Ï�æ*ó�Í Ý	Þ�ñ!Þ Þ�ç ó�Þ�ë�é�Ï�Þ�Ñ�Ò�Þ�Ð

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

<0 ise,  (10)’a göre 
%$��-����.���/�0
�����12���43$5�������%$�6���0��!87��2���.12���� �9���.!�";:�����<�.��1=?>�@�A � =�B�C�@ED ��F$GH!?�I%���-����.���J!?������ � KLFHM�N���<�O
�����!?�.�<������
��M�P��9�.�.1Q������!?�O��RS7�� 7T�0��1Q�6�U�0�H-<��F�!?��KO%���7��VF�G�PWG���M��<���
3�5���5�����5�! 5�����!?�� A ����������0��1 =?XH@ R = Y�@ R = Z�@ $5��.���������.��!?��
��M�P��9�.�O����1[�O
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 y l9t�z�{0pO|S}�~����Hu�{ p��2p���t�sT�$�Hv���s�w.n?t�s�w�v�k�t�n?l�t�z�{0pO|�}�~��
üretiminin üst limitine vuran bir üretim birimi varsa, � � � p6n?p.�Qp6vJn?l�t�z�{ p�|�}�~��I~�n?l�{0p6�[p0�h~�sT{Ls�w�v�w�n�w�v�t �� ���� ��� ������
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�¡?���O���[�[ª��.�Q°�¸�°�«J®�°�¡?°I¶$�6®<�� ��¼T�«�����¡�¢h£Á¤���¡Â®�¬º®<°�¡?°
 ��.¤$��¡�®<°Ã¡8°��.°�¡� �°�«Ä¡?��°����0�.µ[¶H��Å°���±6�Q±.«� �°Æ®�¬<�.¬�«���¬�¸�ª�¡8¦�°�¹
¡?��°����0��µ�¶���2°�¡ � ±��[¦�°��Ç�2°�����¸����O� ¹��¡����O�O���2�À¦��È��¦T�O��«���«�¡?��°���� ��µ
¶H����O��®�¬I¶��É��«Ê¦�±6«�±�¡E±Á°�¡?°�¦�±�«� �°��$�	µO°�¡ �<�.°� �ª$¤�¡�¬Æª�¡?°�«��O±0� ±
Ë�Ì�Í�Î?Í�Ï�Ð2Í�Î Ñ�Ñ Ò6Î?Ò�ÌOÒ�Î�ÓÕÔ2Ö�Ñ0×OØ�Ö�Ù$ÖÊÚ$ÛºÚ�Í�Î?Í�Ù�Í�ÜJÍ�Ì.Ò�Ü�Í�ÜJÎ?Ö�Í�Ï�Ñ ×�Ý
ÞHß�à�ÌOÖ�ÎVÍ�á�Í�Ì0Í�Ø�Í�â�Ò.Ü<Ù�Í�ÜãÚ�Í�Î�Í9Ù�Íäß�Î�Ö�ÑO×�ÌOÖ�ÜåÎ?Ö�Í�Ï�Ñ0×OÝ²Þ�ß�à
æ�ç�æ�è�æ�é?æ�êLë�ìTíÕì�î�ï�î6é8î6ï�æ2ð�í.ñ�é?æ�ò�æEê�í�î6é�ó�ô§ñ$ê�æ�é?îOõ$æ2æ�ï�è.æ�í î.è�æ�ï�è�æ�é
îOö�î0÷Hî�ï�õ�æÆø�ùHú$èOû4ø<ü6é¯ø�æ�é?æ�õ�æ�ê<üýú$ûÃï�ü�æ�é í î6þÿì�æ�èhé?û�æ�ê�í0ü�����ë��
þ2æ�è�ü.ú�û�í ürõ�û�ï�ê�è�û�þ��	�
�����û��$ùHé?û���û�ì�æ	��è�æ�ï�î r. 
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Bu denklemde s indisi k �
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kaydedilebilmektedir. 
 ½ ¬'²	«!ªS¦�¤$¾m¸/·'²	«�¥;«�¿�©\¯i¹�¸/¼$ÀÁ²	©�¥k©�¥;�©�¼�³$º�¬'²	©�¼1¯�¸�¼$¨7©ÃÂ$®�¬<«�
2’deki Peryot1 ve Aktif

±�À'²�¸�¼�!©h¨hº�¼�©�¯�º�¨�©\¯�ºK¹��©�±$©�¯�º��º�¨�¶
ÄbÀÅ«!»�	®�¥Æ±�«�¨7«�¼�Ç�«�·$®�¨7«�¹�¸/²�²!©m©�¬'²	«�ª;¦�¤�¾)¸/·�²!«�¥;«�¿�©�¯i¹�¸�¼$À$¼'À
tekrä

 ¦'®M¨�¾(®�¬�!®�»i²	«K¨7«�¨M¶ÉÈ�¸�¼$¨7©ÊÂ<®�¬�«!ÌËoÍ�³'®�¬<«
Reaktif ±'À$²	¸/¼�À$¼�©Î±<©�¯�º�!ºK¼�Ç(©Î¨7®�©�¬�²!«�ª+¦/¤�¾¢¸/·�²!«�¥;«�¿�©�¯i¹�¸�¼$À$¼'À

¦'®M¨�¾(®�¬$�®�»i²	«K¨�¥�®�¬Å«�¾�«�¼ÏÂ$®M¬$«��ÐCÍK²	®�¬<«;®�¬'¨7©�¼1¦'Ñ'¨�¤$¼�²!¤$!®M¼$«�¨M¶
Ekranda Q Optimizasyonu Yap

±�À$²	¸/¼$À$¼<©Ò±<©�¯hº��º�¼�Ç�©
birinci peryot için reaktif güç optimisazyonuna geçil ir. 
Optimi

¯�©M¿�¹�¸/¼Ó«	»��®�¥;«Ô²!©M¥�©�!©M¼$³$º�¬'²	©�¼�¯�¸�¼'¨7©Õ¯�¸�¼'À�¾
³$®�Ö�®�¨a�®�¨7« ±'À ª!¸�¨�¥ ¤$¿\®�¨7«K¼�³$®�¬<«�¯�®M¬/¥�®(�®�¨7�®
¦'Ñ'¨�¤�¼$²�¤��®�¼�®�±<«��«�¨M¶ ½ ¹/¨7º�Ç�©�×

Grafik Show butonuyla ¥;©(�«�¹\®�²1³$®�Ö�«�»�«K¥k�®M¨h«Á¦�¨�©(ª!«!Ö�«�¼$«�Øl®
Reaktif LoadFlow 

butonuyla da reaktif güç optimizasyonu sonunda 
hatlardaki reaktif  güç  ak

º	»�!©�¨7º�¼�ºÅ»�®�¥;©M²�«K¬%¸��©M¨�©M¬
¦'Ñ'¨�¤�¼$²�¤��®�¥�®h¬É¥S¤$¥Ù¬'¤�¼�³'¤'¨�¶�Ú;«�Ö'®�¨Û·$®�¨�¹�¸/²	�©M¨Ü«�¾�«�¼É±�À
«	»�!®�¥j©M¹/¼�ºp»�®�¬<«��³$®G²�®�¬�¨a©�¨7�©�¼�º�¨M¶

 
 

5. ÖRNEK PROBLEM ÇÖZÜMÜ Ý?©�¿\ºK¨a�©�¼<©�¼T¯h«K¥Ù¤��©�¯i¹�¸�¼;·/¨a¸�¦/¨7©�¥;º�Þ�ß�±$©�¨7©��ºC±�«�¨�Ñ'¨�¼�®�¬
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 0�1�2�3�4�5(6
Reaktif güç optimiz7#8%9�:�;�<)8*:�;(<�=�>,?�@.7,;�A  

 >�BC>,?�DC@.E ?F8*E�8%D�>,GHEJI(K�>L@ME�;�N�>HN�>,;�>O;(GHE�P%D�E @OQ�R�<S8*E�8%D�>,GHN(>�TU>�P
adet termik birim ve birbiriyle hidrol ik olarak seri T(7�V�B AWE�?UE�7�N(>,D�X�ECN�@.:�BCE ?YTUE�@ME�GZT�<(B <(;�GH7,?�D�7[N(A�@OQ]\(E^8%D�>,GHE_;7�B_D�AJ>�P*E_DJ`(>,@.E_9�:�D D�7,;):�B_<�P*7,;aT(E_@cb�I(;�B_I(?HE�P*B�>dD^E_GHEeb�f�K�f�;(I�;�>g�hCi�j(k�i^l%m�i_nOoqprn^j(s tvu*w^u%m�s,kHx(szy�j�{�s|u*g[h�i�j�i_k }�gOndg[u*i~ g,n.w {[w�j�x(s,tUw�m�s,n^kHw_t�}(w_n*w_kHh�s,n.w�j�}Ug�l*h gOj���iC��gOt�m�w �F�����Oh�s,n.w� m �(k��(s,n^����m^hCg,n.x(g,t(wC��t��(h�hCg,j(i�h g,n.g,t���n^m^g�hCg,k�g�}�w n�m�sOn%k�w�tg,n^m�iCkau*g�hHkHg�hCw_��sOm�x(s���s,n.w ~ s�u*g,�Uh g,j(k�g,t�m�g�x(i_nOo�����x(s���s,nM�
sistemde �e� �������(��_� ��C�  λ =  R/h ¡�¢C£,¤.£,¥�¦�§�¨*£L©U¢�£dª(«H¬^%®�¬�¤O¯
Dah £�¨*¡�ª(¤.£�°�±Y²(§[³�§,¤.§H°(£,¥U¬ ¢C£,¤.£,¥F°(´_¤.´�ª�µ�´]²�¬�¶²�·�ª�¸�¹�²�§,¥(´¦�´ ²�¤.¡�¢ ´_¥H°(´_¤d´_«H¢C§,¤]£�´_®J¨d·�²(§W£,¤^®^¬�«�¨*£�¢�«�£�¢ ´_º�§,®�¢�§,¤¼»e¯C½c¾(§�»e¯ ¿
R/h ¨*§�À[´ ¢_«H´^%®�´_¤,¯�Á]±Â²(§�³�§O¤*¢C§,¤.¢�§Yº�£,©U¬ ¢C£,ªÃ°U´�¤S²(¬��²(·�ª�¸�¹¨*¡�ª(±�ª�²(£Ä¦�§O¤*´_¥(´q¦�´ ²�¤.¡�¢C´ ¥z°(´_¤*´C«H´_ª|¦�£,¤.µ�£�²(¬_¥(¢C£,¤.¬Å¨%±«H´_¥�®^£d¤d¢C£,¤.¬Æ·�ª�¸�·�¤.¹(¢�§,ª ²�§�³�§,¤.¢C§,¤.²(§,ªÇ¥�¹�À,¹�¥ÈÀ�¬ ¥�®^¬C³�¬  ¸�·�¤^¹(¢C«É¹�%®C¹(¤,¯eÊC¥(´Cª(µ�´�²�¬^É²�·�ª�¸�¹Ë´�À[´�ª�°�±�²(§�³�§O¤*¢C§,¤�Ìe¯ Ì)¾(§
6.8 R/h ¡�¢ £O¤d£d¥)¨*§�À,´�¢�«�´�%®^´_¤O¯�Á]±a²(§�³�§,¤.¢ §,¤.¢C§�º�£d©(¬�¢ £,ªH°U´�¤¼²(¬�²(·�ª�¸�¹Í¨*¡#ª(±�µO±�ª�²(£Ë¦(´�²�¤d¡�¢�´_¥�°�´ ¤.´_«H¢�§d¤d´_ªÎ¦�£,¤.µ�£�²(¬_¥(¢C£,¤.¬a¨%±«H´_¥�®^£d¤d¢C£,¤.¬_ª�¬�ªÏ·�ª�¸�·�¤^¹�¢ §,ªÏ²(§�³�§,¤.¢ §O¤*²(§OªÐ°�¹�º�¹(¥Ñ¡�¢C²�±�³�±¸�·�¤^¹(¢C«É¹�%®C¹(¤,¯�ÒÓ£,¦�£Ô¨*¡�ª(¤.£Õº�£,©�¬�¢C£,ªÖ§,¥�²(·�¤%®)²(¬ F²(·�ª�¸�¹¨*¡�ª(±�ª�²(£ÕÀO·�×�¹(«H§Ë±(¢�£�*¬ ¢_«H¬�%®�¬_¤O¯�Ø]·�×�¹�«�²(§Y® ¹(«Ð¦�´C²�¤.¡�¢C´�¥¥(¬�¨*¬�®�¢ £,¤.¬_ªÍ¨*£�³�¢C£,ª�²�¬�³�¬Ù¸�·�¤%¹�¢_«É¹�%®C¹(¤O¯�Ø�·�×[¹(«Úª�¡�¥�®�£�¨*¬ ªU²(£
toplam termal maliyet 129913.628 R olarak °�±�¢_±(ª�«Ó±�%®�±�¤O¯(ÒÓ£,¦�£H¨*¡�ª(¤*£�¦�§,¤^°�´ ¤Û©U§,¤^º�¡�®J´�ÀO´ ªa¤*§[£,¥�®�´ Ü¼¸�¹�À¡�©�®�´_«H´ ×#£�¨%º�¡�ª(±Ýº�£,©U¬ ¢_«H¬^Ë¾(§Ã®^¡�©�¢�£,«Þ®�§L¤.«H´_¥ß«a£O¢�´_º�§O®�´_ª  
129593.404 R à º�£á²�¹�%®C¹�³�¹â¸�·�¤*¹U¢ «É¹ãM®C¹(¤O¯ÅØ�·�×,¹(«ª�¡�¥�®^£�¨*¬_ª�²�£ä®C¹(« °U£,¤.£Þ¸�§L¤M´ ¢C´_« ¸�§,ª�¢C´�¥å²(§[³�§,¤.¢C§,¤.´�ª�´_ª
¨*§�À�´C¢ §Oª ¨*¬ ª(¬ ¤.¢C£,¤ æ çe¯ è ½�¯C½ é ê(é�é%½�ëìí îcïÅð

≤ ≤ = ñ ) ò,ó.ò�ô*õ_ö�÷(ò�ø(ò[ù ÷(õCú�õ�û�ü�ý#ù�þ,ö�ÿ���������ó��
	 ò,ø(ò[ù þ���þÂò���ó*õ�ù ò,ö��þ,ó� þ��Wô*ò�����ò
�Cù�þrøUõ�ô*õ��^ùCò,ö(÷(õ�ú�õCö(÷(ò,ö)ü�ó^ö�þ,ø)ô���ô���þ,ÿ�þÉò���� � �Cù�û���ùCþ,ó
ve çözüÿ
�(ö�÷�þ,öÎþ�ùC÷(þYþ�÷���ùCþ,özô���ö�����ùCþ,óHò���ó.õ_ö���õ�ùCõ���ù ò,ó.ò,øÿHò,øUò�ùCþ,ö���ö)ô��(ö���ÿ
�Sô*õ�ó.ò�ô*õ_ö�÷(ò��(þ,ó��Cù�þ� [þ,ø!��� ó��  

6. SONUÇ " �#��ò�ùCõ��%ÿHò�÷(ò�$�ø(õ�ô*òÕ÷(ü�ö�þ,ÿ&%��C÷�ó��'��þ,ó^ÿHò�ù�ø��!��ó.÷���ö�ò�ô�����ö
(�ó�� � ùCþ,ÿ)�zôdü�ý�÷(þ ô�(����åþ�ù�þOø'��ó��_ø*���+��ò��Äò�ù û���ó�����ÿHò�ô*õø!��ùCùCò,ö�õ ùCò,ó.ò,ø ��ü�ý,��ù_ÿ
�-���.�(ó�� 	Ëò,øUò�ùCþ�÷(þ � þ�ù.�_ó���� ùCþ,ö
algoritma için Delphi programlama dil inde görsel bir ô��_ÿ
��ùCò�ô�����ö (�ó���û�ó.ò,ÿHõ/��ò,ý#õ ù_ÿaõ0����õ_ó,�21Jó���û�óMò,ÿ �ãþOó��û!�_ó����*ùCþ,ó���ö��Hø���ù ò���ùCò�����õ�ó.ÿHò,ø��^ò�$��(þ,ó��aû�� ó��0�*ù�þdó3�_ö�÷�þOø��)%�ò���ò���õ
��ó���ò�÷(ò,ö øUò�ùC÷(õ�ó^ÿHòOø!��ò4�ãþ � ò,ý#õY÷�þ[ú�þ,ó.ù�þdó3�Fû�ó.ò,���_ø5��ù òOó*òOøû�ü�ô���þ,ó^ÿHþ��!�(ø���ù ò���ùCò����^õ_ó^ÿHò,ø���ò[÷(õ�ó��  
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