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The aim of this thesis is to optimize the transportation cost from mines to 
ports and cost of kaolin mixture by linear programming at a chosen mine company. 

 

In the first part of the thesis, mining sector in Turkey, kaolin mine, sector of 
kaolin mine in Turkey and in the world were shortly discussed. 

 

In the second part, transportation systems including mine transportation are 

explained in detail. 

 
In last part, a model minimizing mixture and transportation cost at a chosen 

mine company was set and the results were discussed. 
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���*ø5øù 

 

(NRQRPLQLQ� |QHPOL� VHNW|UOHULQGHQ� ELUL� RODQ� PDGHQFLOLN�� XOXVODUÕQ� VRV\R-

HNRQRPLN� NDONÕQPDODUÕ� LoLQ� JHUHNOL� RODQ� HQHUML� YH� VDQD\LQLQ� WHPHO� KDPPDGGHOHULQL�
VD÷OD\DQ�W�P�IDDOL\HWOHUL�NDSVDPDNWDGÕU���hONHPL]�PDGHQ�SRWDQVL\HOLQLQ�NXOODQÕPÕQD�
GD\DOÕ�VHNW|UOHULQ�JHOLúWLULOPHVL��7�UNL\H¶GH�JHOLúHQ�VDQD\L�NROODUÕQÕQ�LKWL\Do�GX\GX÷X�
KDPPDGGHOHULQ� G�Q\D� SL\DVDODUÕ� LOH� UHNDEHW� HGHELOHFHN� IL\DWODUOD� EX� VHNW|UOHUH�
YHULOPHVL� YH� EX� NXUXOXúODU� DUDVÕQGD� LOLúNLOHULQ� JHOLúWLULOPHVL� XOXVODUDUDVÕ� UHNDEHW�
úDUWODUÕ�GLNNDWH�DOÕQGÕ÷ÕQGD��ONHPL]�GÕú�WLFDUHWL�DoÕVÕQGDQ�E�\�N�|QHP�WDúÕPDNWDGÕU�  

 

%LU� �ONHQLQ� NDONÕQPÕúOÕN� G�]H\LQLQ� EHOLUOHQPHVLQGH� XODúÕP� |QHPOL� ELU�
J|VWHUJHGLU�� 8ODúWÕUPD� NHQGL� LoLQGH� EDúOÕ� EDúÕQD� |QHPOL� ELU� KL]PHW� VHNW|U�Gür.  

(NRQRPLN�NDONÕQPD�V�UHFLQGH� LWLFL�J�oOHUGHQ�ELUL�RODQ�XODúWÕUPD�KL]PHWOHUL��PDGHQ�
sektöründe rekabeti etkileyen en önemli unsurlardan biridir [1].  Hammaddelerin en 

X\JXQ�WDúÕPD�DUDFÕ�YH�HQ�X\JXQ�URWD\Õ�VHoHUHN�RSWLPXP�PDOL\HWOH�WDúÕQPDVÕ��úLUNHWLQ�
raNLSOHULQ� |Q�QH� JHoHELOPH� YH� P�úWHUL� PHPQXQL\HWLQLQLQ� DUWPDVÕQÕ� VD÷ODPDNWDGÕU��
0DGHQ�VHNW|U�Q�Q�GL÷HU�ELU� UHNDEHW�HGHELOPH�NRúXOX�GD��P�úWHUL� WDUDIÕQGDQ� LVWHQHQ�
NDUÕúÕP�RUDQODUÕQÕQ�HQ�X\JXQ�PDOL\HWOH�VD÷ODQPDVÕGÕU� 

 

���� \�]\ÕOÕQ� EDúODUÕQGD� LúOHWPH� \|QHWLFLOHUL� EHOLUOL� ELU� NRQXGDNL� Lú�
tecrübelerine ve teknik bilgilerine dayanarak karar vermekteydi.  Oysa günümüzde 

\|QHWLFLOHU��WHFU�EH�YH�ELOJLOHULQLQ�\DQÕVÕUD��NDQWLWDWLI�WHNQLNOHUGHQ�YH�WHNQRORMLGHQ�GH��
E�\�N�|Oo�GH�\DUDUODQPDNWDGÕUODU�� � øúOHWPHOHULQ�|OoHNOHULQLQ�E�\�PHVLQLQ�\DQÕ�VÕUD���
�UHWLP�� SD]DUODPD� YH� XODúWÕUPDGD� HQ� L\L� DOWHUQDWLIL� VHoPHQLQ� J�oO�÷�� JLEL� KXVXVODU�
\|QHWLFLOHULQ�ELOLPVHO�\|QWHP�YH�WHNQLNOHU�NXOODQPDODUÕQÕ�]RUXQOX�KDOH�JHWLUPLúWLU�>�@��
%LOLPVHO� \|QWHP� YH� WHNQLNOHUGHQ� HQ� oRN� NXOODQÕODQÕ� <|QH\OHP� $UDúWÕUPDVÕ¶GÕU��
<|QH\OHP�DUDúWÕUPDVÕ��LQVDQ��PDNLQD��SDUD�YH�PDO]HPHGHQ�ROXúDQ�HQG�VWUL\HO��WLFDUL��
UHVPL� YH� DVNHUL� VLVWHPOHUGH� \|QHWLPOHUGH� NDUúÕODúÕODQ� SUREOHPOHUH� ELOLPVHO�
\DNODúÕPGÕU���$PDFÕ��\|QHWLPH��SROLWLND�YH�IDDOL\HWOHULQL�ELOLPVHO�RODUDN�EHlirlemede 
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\DUGÕPFÕ�ROPDNWÕU�� �<DQL�<|QH\OHP�DUDúWÕUPDVÕ�� VLVWHPOHULQ�SHUIRUPDQVÕQÕ�RSWLPL]H�
HWPHN�LoLQ�WHNQLNOHU�NXOODQDQ�ELU�ELOLP�GDOÕGÕU�>�@� 
  

$YUXSD� %LUOL÷LQH� JLUPH� KD]ÕUOÕNODUÕ� \DSWÕ÷ÕPÕ]� EXJ�QOHUGH� úLUNHWOHULQ�
SHUIRUPDQVODUÕQÕ� DUWÕUÕUDUDN� UHNDEHW� HGHELOLUOLNOHULQL� \�NVHOWPHOHUL� úLUNHWOHUGHQ�
EHNOHQPHNWHGLU�� �0DGHQ�LúOHWPHOHUL�GH�\|QH\OHP�DUDúWÕUPDVÕ�WHNQLNOHULQL�NXOODQDUDN�
SHUIRUPDQVODUÕQÕ� DUWWÕUDELOLUOHU�� � 6DKLS� ROGX÷XPX]� PDGHQ� RFDNODUÕQÕ� HQ� L\L� úHNLOGH�
kullanarak, madencilik sektörünü de ileri seviyHOHUH�WDúÕPDOÕ\Õ]� 
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2�� h/.(0ø='(� 0$'(1&ø/ø.� 6(.7g5h� 9(� .$2/ø1�
0$'(1ø1ø1�'85808 

 
����hONHPL]�0DGHQFLOL÷LQLQ�'H÷HUOHQGLULOPHVL 

 

-HRORMLN�\DSÕQÕQ�ELU�VRQXFX�RODUDN��ONHPL]�|QHPOL�VD\ÕGD�PDGHQ�oHúLWOLOL÷LQH�
sahip ve�PDGHQ� ND\QDNODUÕ� \|Q�QGHQ� ]HQJLQ� ELU� �ONHGLU��  Temel sanayi girdilerine 

KDPPDGGH� VD÷ODPDVÕ� \|Q�\OH� |Q� VÕUDGD� \HU� DODQ� 0DGHQFLOLN� 6HNW|U�� �ONHPL]LQ�
WHPHO� WDúÕ� RODQ� VHNW|UOHULQGHQ� ELULVLGLU� YH� GL÷HU� VHNW|UOHU� LoLQ� KHU� ]DPDQ� ORNRPRWLI�
J|UHYL�J|UP�úW�U�� �dHúLWOLOLN�YH� UH]HUY�DoÕVÕQGDQ�ROGXNoD�]HQJLQ�PDGHQ�\DWDNODUÕQD�
VDKLS� RODQ� �ONHPL]GH� |QHPOL� PLNWDUGD� PDGHQ� KDPPDGGH� ND\QD÷Õ� EXOXQPDNWDGÕU.  
6RQ� \LUPL� \ÕOGD� \HWHUOL� DUDPD� \DSÕOPDPDVÕQD� NDUúÕQ� ERU�� PHUPHU�� WRU\XP�� WURQD��
zeolit, pomza, selestit gibi madenlerde üONHPL]� |QHPOL� UH]HUYOHUH� VDKLSWLU�� �$\UÕFD�
NURP��PDQ\H]LW�� IHOGVSDW�� EDULW�� NLO�� N|P�U�� DOWÕQ� YH� J�P�ú� UH]HUYOHUL� \|Q�QGHQ� GH�
G�Q\D�VÕUDODPDVÕQGD�\HU�DOPDNWDGÕU�[4].  

 

 
2.1.1 Maden Rezervlerimiz  

 

7�UNL\H�� G�Q\DGD� PDGHQFLOLNWH� DGÕ� JHoHQ� ���� �ONH� DUDVÕQGD� \DSÕOPÕú� ELU�
oDOÕúPDGD� WRSODP� PDGHQ� �UHWLPL� LWLEDUÕ� LOH� ��� ¶LQFL�� �UHWLOHQ� PDGHQ� oHúLWOLOL÷L�
DoÕVÕQGDQ�GD����¶XQFX�VÕUDGD�\HU�DOPÕúWÕU��'�Q\DGD�PHWDO�PDGHQ�UH]HUYOHULQLQ�������
’ü, endüstriyel hammadde rezervlerinin % 2.5 ’i, jeotermal potansiyelin ise % 0.8 ’i 

ülkemizdedir [4].  
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Tablo 2.1  Dünya ve Türkiye maden rezervleri (2002) [4] 

   

0$'(1�&ø16ø Dünya (bin ton) Türkiye (bin ton) 

Bor (B2O3) 1.275.000 803.000 

Manyezit 2.594.000 44.059 

Linyit 512.000.000 8.375.000 

7Dú�N|P�U� 519.000.000 428.000 

Trona 24.000.000 200.000 

Krom 
3.600.000 26.000 

Barit 583.000 24.000 

Demir 140.000.000 150.000 

%DNÕU 340.000 6.800 

Boksit 25.000.000 62.000 

$OWÕQ 48 0.250 

Stronsiyum 13.350 1.000 

Feldispat 1.250.000 12.342 

Fosfat 129.860.000 424.000 

 

Ülkemizde üreWLOHQ�PDGHQ��U�QOHUL�VDQD\LGH�YH�LQúDDW�VHNW|U�QGH�KDPPDGGH�
olarak tüketilmektedir.  Bor, krom, mermer, pomza, sodyum feldspat genel olarak 

LKUDo� HGLOHQ� PDGHQOHULPL]GLU�� � 8ODúÕODQ� ND\QDNODUD� J|UH�� ����� \ÕOÕQGD� �ONHPL]LQ�
PDGHQ�YDUOÕ÷Õ������[��12��GH÷HULQGHGLU���%XQD�NDUúÕQ�\ÕOOÕN�PDGHQ��UHWLPL������[��9 , 

LKUDFDWÕ�LVH������[��6 �NDGDUGÕU�>�@� 
 

 

������*60+�øoLQGH�0DGHQFLOLN� 
 

*60+� ¶GDNL� E�\�PH� KÕ]Õ� LOH� NDUúÕODúWÕUÕOGÕ÷ÕQGD� PDGHQFLOL÷LQ� HNRQRPL\H�
NDWNÕVÕQÕQ� KHU� JHoHQ� \ÕO� D]DOGÕ÷Õ� J|U�OPHNWHGLU�� � 9HULOHUH� J|UH�GSMH, 1981-2000 

DUDVÕQGD� \DNODúÕN� �� NDW� DUWDUNHQ�� PDGHQFLOLN� �UHWLPLQGH� DQFDN� ����� NDW� DUWÕú�
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VD÷ODQPÕúWÕU��������\ÕOÕQGD�PDGHQFLOLN��UHWLPLQLQ�*60+�¶\D�RUDQÕ��������ROPXúWXU�
[4]. 

Tablo 2.2  Sektörlerin 1996-�����<ÕOODUÕ�DUDVÕQGDNL�%�\�PH�+Õ]ODUÕ�>4] 

 SEKTÖRLER 1996 1997 1998 1999 2000 2001 

7DUÕP�YH�KD\YDQFÕOÕN 5.2 -2.3 8.4 -5.0 3.9 -6.1 

 Sanayi 7.1 10.4 2.0 -5.0 6.0 -7.5 

 Maden 2.3 4.7 9.3 -7.3 -1.1 -9.6 

�øPDODW 7.1 11.4 1.2 -5.7 6.4 -8.1 

 Enerji 9.7 5.0 5.3 1.3 6.5 -2.1 

�øQúDDW 4.8 5.0 0.7 -12.7 4.4 -5.9 

 Ticaret 8.7 11.7 1.4 -6.8 12.0 -9.4 

�8ODúÕP 8.4 7.6 4.9 -4.0 5.5 -4.9 

 GSMH 7.9 8.3 3.9 -6.4 6.1 -9.4 

 

Tablo 2.3  *60+�¶ÕQ�6HNW|UHO�'D÷ÕOÕPÕ�>4] 

�����<ÕOÕ�� 
1 $ = 417.580 TL 

�����<ÕOÕ�� 
1 $ = 623.419 TL 

�����<ÕOÕ�� 
1 $ =1220.462 TL 

  

SEKTÖRLE

R  
milyar 

(TL) 

milyar 

($) 
(%) 

milyar 

(TL) 

milyar 

($) 
(%) 

milyar 

(TL) 

milyar 

($) 
(%) 

7DUÕP�YH� 
KD\YDQFÕOÕN 

11634000 27.9 14.8 17540631 28,1 13.9 23427653 19.2 12.9 

 Sanayi 17973000 43.0 22.9 29027782 46,6 23.2 45874423 37.6 25.3 

 Maden 883000 2.1 1.14 1422903 2,3 1.14 2128387 1.7 1.17 

�øPDODW 14839000 35.5 
18.9

0 
23888136 38,4 19.20 36730882 30.1 

20.2

0 

 Enerji 2250000 5.4 2.80 3716743 5,9 2.90 7015153 5.7 3.90 

�øQúDDW 4340000 10.4 5.5 6483106 10,3 5.1 9202185 7.5 5.1 

 Ticaret 14780000 35.5 18.9 24906513 39,9 19.8 37867860 31.1 20.9 

�8ODúÕP 10711000 25.6 13.8 17645564 28,3 14.1 28468322 23.4 15.7 

�'L÷HU 18804000 45.0 24.1 29992533 48,1 23.9 36568121 29.9 20.1 

 GSMH 78242000 187.4 100 
12559612

9 
201.4 100 

181.408.56

3 
148.7 100 
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Tablo 2.4  *60+�¶QÕQ�����-2����<ÕOODUD�*|UH�'D÷ÕOÕPÕ�[4] 

 

      YILLAR TL / $ 
GSMH 

milyar $ 

Madencilik 

milyar $ 

1993 10985 181.8 1.986 

1994 29704 130.9 1.821 

1995 45705 171.9 2.156 

1996 81137 184.6 2.256 

1997 151230 196.4 2.228 

1998 260034 203.9 2.122 

1999 417580 187.3 2.116 

2000 623419 202.0 2.282 

2001 1220462 147.0 1.744 

 

 

 

  

ùHNLO����� 0DGHQFLOL÷LQ�*60+�øoLQGHNL�<HUL�[4] 
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ùHNLO����  0DGHQFLOL÷LQ�7RSODP�<DWÕUÕPODU�øoLQGHNL�3D\Õ�>�@ 
������0DGHQ�øKUDFDW�YH�øWKDODWÕ 
 

0DGHQ� LKUDFDWÕQÕQ� 7�UNL\H� ¶QLQ� WRSODP� LKUDFDWÕ� LoLQGHNL� SD\Õ� \ÕOGDQ� \ÕOD�
GH÷LúLNOLN�J|VWHUPHNWHGLU�� ������\ÕOÕQGD�����RODQ�EX�GH÷HU������\ÕOÕQGD�HNRQRPLN�
NUL]GHQ�GH�HWNLOHQHUHN�������¶\H�G�úP�úW�U��������\ÕOÕQGD�LKUDFDW�GH÷HULQLQ�HQ�ID]OD�
G�úW�÷���U�Q�JUXEX�PHWDOLN�PDGHQOHU�YH�ERUDWODU�ROPXúWXU�� �*HQHO� LKUDFDW� LoLQGHNL�
SD\Õ� D]DODQ� PDGHQ� LKUDFDWÕ� ����� \ÕOÕQGD� ���� PLO\RQ� GRODU� RODUDN� JHUoHNOHúPLúWLU��
%DúOÕFD� LKUDo� �U�QOHUL� HQG�VWUL\HO� KDP�PDGGHOHU�� GR÷DO� WDúODU� YH�PHWDOLN� FHYKHUOHU�
ROXUNHQ��HQ�|QHPOL�SD]DUODU�$YUXSD�%LUOL÷L��ONHOHUL��.X]H\�$PHULND��ONHOHOHUL��GL÷HU�
$YUXSD� �ONHOHUL� YH� $V\D� �ONHOHUL� ROPXúWXU�� � 0DGHQ� LKUDFDWÕPÕ]GD� HQ� E�\�N� SD\�
endüstriyel mineraller grubunda yer alan tabii boratlar ve konsantrelerine aittir.  

%RUDW� LKUDFDWÕPÕ]� ����� \ÕOÕQGD� ���� ¶OÕN� D]DOPD\OD� ��� PLO\RQ� GRODU� RODUDN�
JHUoHNOHúLUNHQ�� $%'� YH� øWDO\D� HQ� |QHPOL� DOÕFÕ� �ONHOHU� ROPXúWXU�� � 'R÷DO� WDúODU��
LKUDFDWÕPÕ]ÕQ�ID]OD�ROGX÷X�LNLQFL��U�Q�JUXEXGXU�� ������\ÕOÕQGD�GR÷DO�WDú�LKUDFDWÕPÕ]�
ELU�|QFHNL�\ÕOD�J|UH������RUDQÕQGD�DUWDUDN�����PLO\RQ�GRODUD�XODúPÕúWÕU���%X�GH÷HULQ�
��� PLO\RQ� GRODUÕ� KDP-EORN� PHUPHU� YH� JUDQLW� LKUDFDWÕQD�� ���� PLO\RQ� GRODUÕ� LVe 

LúOHQPLú�PHUPHU�YH�WUDYHUWHQ�LKUDFDWÕQD�DLWWLU���+DP�PHUPHU�LKUDFDWÕPÕ]GD�HQ�|QHPOL�
DOÕFÕ� �ONH� �� ��� ¶OLN� GH÷HUOH� øVSDQ\D� ¶GÕU�� � %X� �ONH\L� dLQ�� øWDO\D� YH� +RQJ� .RQJ�
L]OHPHNWHGLU���øúOHQPLú�PHUPHU�LKUDFDWÕPÕ]GD�LVH�HQ�|QHPOL�DOÕFÕ��ONHOHU�$%'��øVUDLO��
TürkmHQLVWDQ��6XXGL�$UDELVWDQ�YH�øVSDQ\D�¶GÕU���'R÷DO�WDúODU�JUXEXQGDQ�VRQUD������
\ÕOÕQGD� HQ� ID]OD� LKUDo� HWWL÷LPL]� �U�Q�PDQ\H]LW� ROPXúWXU�� �0DQ\H]LW� LKUDFDWÕPÕ]� ELU�



 8 

|QFHNL� \ÕOD� J|UH� ��� RUDQÕQGD� DUWDUDN� ��� PLO\RQ� GRODUD� XODúPÕúWÕU�� � (Q� |QHPOL�
pazarlar Avusturya,� 8NUD\QD�� øUDQ�� øVSDQ\D� YH� $OPDQ\D� ROPXúWXU�� � %X� �U�QOHU�
GÕúÕQGD������\ÕOÕQGD�VHNW|UGH�HQ�ID]OD�LKUDo�HGLOHQ��U�QOHU�DUDVÕQGD��EDNÕU�FHYKHUOHUL�
ve konsantreleri, krom cevherleri ve konsantreleri, feldispat, çinko cevherleri ve 

konsantreleri yer DOPDNWDGÕU�[5].  

 

����� \ÕOÕQGD� PDGHQ� LKUDFDWÕPÕ]� GDKD� GD� DUWDUDN� ���� PLO\RQ� GRODU�� �����
\ÕOÕQGD�����PLO\RQ�GRODU�YH������\ÕOÕQGD������PLO\RQ�GRODU�RODUDN�JHUoHNOHúPLúWLU�
[6].  

Tablo 2.5  7�UNL\H�¶QLQ�0DGHQ�YH�0LQHUDO�øKUDFDWÕ�>�@��0LNWDU������WRQ��
'H÷HU�0LO\RQ�� 

 

Ürün 1999 2000 2001 

  Miktar 'H÷HU Miktar 'H÷HU Miktar 'H÷HU 
�����<ÕOÕQGD�NL�gQHPOL�3D]DUODU 

 

Tabii Boratlar 

654 121 619 114 479 96 $%'��������øWDO\D��������øVSDQ\D�
(%12), Hollanda (%11), Japonya 

(%11), Çin (%6)  

'R÷DO�WDú�
(blok) 

248 34 351 35 554 56 øVSDnya (%20), Çin (%19), 

øWDO\D�������+RQJ�.RQJ����� 
%DNÕU�

cevherleri 

ve kons. 

194 44 190 52 156 34 Bulgaristan (%33), Japonya(%20), 

Çin (%11),   Finlandiya (%11) 

Feldispat 
1800 33 2114 39 1357 27 øWDO\D��������øVSDQ\D�������

(QGRQH]\D�������0ÕVÕU����� 
Krom 

cevherleri 

ve kons. 

567 39 467 38 327 24 Rusya (%40), Norveç (%22), 

Ukrayna (%10), Slovakya (%9) 

Manyezit 
225 37 236 35 230 36 Avusturya (%49), Ukrayna (%10), 

øUDQ�������øVSDQ\D����� 
Çinko 

cevherleri 

ve kons. 

101 24 128 32 89 18 Yunanistan (%23), Belçika 

Lüksemburg (%22), Bulgaristan 

(%19), Finlandiya(%11) 

3RP]D�WDúÕ 
117 6 94 6 102 5 Hollanda (%18), ABD (%12), Fas 

(%8), Tunus (%7) 
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7DEOR�����¶�LQ�GHYDPÕ 
Kaolin 

213 7 223 7 211 5 øVSDQ\D��������7XQXV��������
%LUOHúLN�$UDS�(PLUOLNOHUL������ 

Barit 

58 4 89 5 137 7 Rusya (%4), Suriye (%3), 

Yunanistan (%1), Romanya 

(%1) 

Perlit 

145 3 143 3 100 3 Belçika – Lüksemburg (%13), 

Brezilya (%12), Hindistan 

(%12) 

'L÷HUOHUL 1023 178 1141 215 1495 246   

Toplam 5345 530 5795 581 5237 557   

 

�����\ÕOÕ��PDGHQ�LWKDODWÕPÕ]�����PLO\DU�GRODU�RODUDN�JHUoHNOHúPLúWLU���øWKDODWWD�
HQ�E�\�N�SD\�����PLO\DU�GRODUOÕN�DOÕPOD�KDP�SHWUROH�DLWWLU���%X��U�Q����PLO\DU�GRODUOD�
SHWURO� JD]Õ� YH� GL÷HU� JD]OÕ� KLGURNDUERQODU� YH� ��� PLO\RQ� GRODUOD� WDúN|P�U�� WDNLS�
HWPHNWHGLU�� � øWKDO� HWWL÷LPL]� GL÷HU� �rünler kok kömürü, kimyasal gübrelerin 

�UHWLPLQGH�NXOODQÕODQ�WDELL�IRVIDWODU�YH�GL÷HU�VDQD\L�VHNW|UOHUGH�NXOODQGÕ÷ÕPÕ]�GHPLU�
cevheri ve konsantreleri, amyant, kükürt, granit ve tabii kumdur [7].  

 

Tablo 2.6  %DúOÕFD�0DGHQOHULQ�øWKDODWÕ��0LNWDU������WRQ��'H÷HU�0LO\RQ����>�@ 
Ürünler 1999 2000 2001 

 Miktar 'H÷HU Miktar 'H÷HU Miktar 'H÷HU 
Ham Petrol 22837 2755 21363 4208 23142 3878 

3HWURO�JD]Õ�YH�GL÷HU�JD]ODU 13564 1467 13745 3079 18248 3154 

Tabii Fosfatlar 874 39 668 29 497 22 

Demir Cevheri ve kons. 2973 89 4140 116 2620 82 

7Dú�.|P�U� 6411 300 13049 603 6086 290 

Kok ve semi kok 444 34 763 61 522 45 

Kükürt 133 7 107 7 67 5 

Tabii Kum 224 7 233 9 148 4 

Granit,gre,bazalt vb. 58 12 68 12 46 7 

Toplam 56233 5634 69525 9807 42291 8507 
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ùHNLO������0DGHQ�øWKDODW�YH�øKUDFDWÕ�>�@ 
 

 

Genel ihracat-LWKDODWÕPÕ]GDNL� JLEL� PDGHQFLOLN� GÕú� WLFDUHWLQGH� GH� DoÕN� V|]�
NRQXVXGXU���øWKDODW�WDEORVXQGD��N|P�U��NURP��GHPLU��IRVIDW�JLEL�ED]Õ�PDGHQOHULPL]LQ�
LWKDODW� HGLOGL÷L� GLNNDW� oHNPHNWHGLU�� � %XQXQ� QHGHQL� PDGHQOHULPL]LQ� G�ú�N� WHQ|U��
LKWL\Do� GX\XODQ� NDOLWH�� UH]HUY� \HWHUVL]OL÷L� YH� \�NVHN� LúOHWPH� PDOL\HWOHUL� \|Q�QGHQ�
LWKDO� HGLOHQOHUOH� UHNDEHW� HGHPHPHVLGLU�� � <ÕOODUD� J|UH� PDGHQ� LKUDFDW� YH� LWKDODW�
UDNDPODUÕ� LQFHOHQGL÷LQGH� PDGHQ� LKUDFDWÕPÕ]GDQ� HOGH� HWWL÷LPL]� G|YL]LQ�� �ONHPL]�
köm�U�LWKDOLQH�|GHQHQ�G|YL]L�NDUúÕOD\DPDGÕ÷Õ�J|U�OPHNWHGLU���0DGHQFLOLN��UHWLPLQLQ�
GR÷UXGDQ� GH÷HULQLQ� *60+� LoLQGHNL� RUDQÕQÕQ� G�ú�N� ROPDVÕQD� NDUúÕQ�� VHNW|U�Q�
*60+¶\D� NDWNÕVÕ� NDWPD� GH÷HU� RODUDN� �� �-��� DUDVÕQGDGÕU�� *60+¶QÕQ�
KHVDSODQPDVÕQGD� PDGHQFLOLN� �U�QOHUL� ROan, cam, seramik, çimento, demir-çelik 

�U�QOHUL� VDQD\L� YH� LPDODW� VHNW|U�� NDSVDPÕQGD� GH÷HUOHQGLULOPHNWH�� EX� QHGHQOH�
PDGHQFLOL÷LQ�HNRQRPL�LoLQGHNL�JHUoHN�ER\XWX�görülememektedir [7]. 
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7DEOR������0DGHQ�hU�QOHUL�øKUDFDWÕ�[7] 

 

ø+5$&$7��PLO\RQ�� 1998 1999 2000 2001 

Demir-çelik 1.589 1.542 1.624 2.040 

Demir-oHOLNWHQ�Hú\D 662 605 697 971 

$O�PLQ\XP�YH�$O�Hú\D 281 263 289 320 

&DP�YH�FDP�Hú\D 349 328 387 410 

7Dú��DOoÕ��oLPHQWR 140 152 199 198 

 

 

Tablo 2.8  0DGHQ�hU�QOHUL�øWKDODWÕ�>7] 

 

ø7+$/$7��PLO\RQ�� 1998 1999 2000 2001 

Demir-çelik 2.769 2.056 2.778 1.796 

Demir-oHOLNWHQ�Hú\D 649 486 705 844 

$O�PLQ\XP�YH�$O�Hú\D 503 472 548 417 

%DNÕU�YH�EDNÕUGDQ�Hú\D 350 328 473 320 

&DP�YH�FDP�Hú\D 196 165 169 131 

 

 

7DEOR������6HUDPLN�hU�QOHUL�'Õú�Ticareti [7] 

 

SERAMø.�
h5h1/(5ø 1998 1999 2000 2001 

øWKDODW��PLO\RQ�� 100 109 80 50 

øKUDFDW��PLO\RQ�� 270 295 293 325 

 

 

2.2 Kaolin Madeni 

.DROLQ� LVPL� dLQFH� ¶GHNL� -DXFKRQ� )X� \DNÕQODUÕQGDNL� ³�.DXOLQJ´� � WHSHVLQGHQ�
gelmektedir.  Çinliler porselen üretmek için bu tepeden kil ürHWPLúOHUGLU���%X�QHGHQOH�
kaoline “China Clay” de denmektedir [8]. 
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/LWHUDW�UGH� oR÷XQOXNOD�� NDROLQ� YH� NLO� D\QÕ� DQODPÕ� YHUHFHN� úHNLOGH�
NXOODQÕOPDNWDGÕU���.DROLQ��EH\D]��SODVWLN��\XPXúDN�NLO�W�U��ROXS���PLNURQ�WDQH�ER\XWX�
ile temsil edilmektedir.  150-200’C de su kaybederler [8].  

 

Kaolin, kil mineralleri içinde bir grup kil mineraline verilen isimdir. En 

önemli minerali Kaolinit (Al2Si2O5(OH)4��RODQ�JUXEXQ�GL÷HU�PLQHUDOOHUL�GLNLW��QDNULW�
YH� KDOORLVLGGLU�� � .DROLQ� KDPPDGGHVLQL� ROXúWXUDQ� HQ� |QHPOL� PLQHUDO� .DROLQit olup 

DO�PLQ\XP�KLGUR��VXOX�� VLOLNDW�ELOHúLPOL�ELU�NLO�PLQHUDOLGLU�� �.DROLQLQ�VHUWOL÷L����-2, 

|]J�O�D÷ÕUOÕ÷Õ����-2,63’dür [9]. 

 

)L]LNL� RODUDN� WRSUD÷ÕPVÕ�\DSÕGD�� EH\D]ÕPVÕ-\HúLOLPVL�YH\D� VDUÕPVÕ� UHQNWHGLU���
Erime derecesi 1760 Û&� ¶GLU�� � 6DI� ROGXNODUÕ� ]DPDn beyaz renkli olup mat 

J|U�Q�úWHGLUOHU�>�@� 
 

.DROLQLQ� NDUDNWHULVWLN� |]HOOL÷L�� SOkVWLN� ROPDVÕGÕU��2OXúXP� LWLEDUL\OH�� IHOGVSDW�
içeren JUDQLWLN� YH\D� YRONDQLN� ND\DoODUÕQ� IHOGVSDWODUÕQÕQ� DOWHUH� RODUDN kaolinit 

PLQHUDOLQH�G|Q�úPHVL�VRQXFX�NDROLQOHU�PH\GDQD�JHOLr. Ana kayaç içindeki alkali ve 

WRSUDN�DONDOL�L\RQODUÕQ��o|]�Q�U�WX]ODU�úHNOLQGH�RUWDPGDQ�X]DNODúPDVÕ�VRQXFX�$O2O3 

LoHULNOL�VXOX�VLOLNDWoD�]HQJLQOHúHQ�ND\Do�NDROLQLWL�ROXúWXUXU���%X�ROD\D�Kaolinizasyon 

�.DROLQOHúPH��denir [9]. 

 

         K2O.Al2O3.6SiO2 + 2H2O + CO2 = Al2O3.2SiO2.2H2O + K2CO3 + 4SiO2 

                  Ortoz                                             Kaolin 

 

 

2.1.2 Kaolinde Kaliteyi Belirleyen Unsurlar 

 

$QD�ND\Do�RODQ�W�IOHU�YH\D�JUDQLWOHU�LoLQGH�NDROLQOHúPH\L�VD÷OD\DQ�VXODU��DQD�
kayaç parçaFÕNODUÕ� LOH� ELUOLNWH� VLOLNDW� E�Q\HVLQGH� RODQ� 6L22, K+, Na+, Fe2O3, S, 

&D2�� 0J2� NÕVPHQ� RULMLQDO� E�Q\HGHQ� X]DNODúWÕUÕOPDNWD� \DGD� VXODUÕQ� WHVLUL� VRQXFX�
oHúLWOL� ELOHúHQOHUH� G|Q�úPHNWHGLU�� 6L22�� RULMLQDO� ND\Do� E�Q\HVLQGH� EHOLUOL� NÕVPÕ�
Al2O3� LOH�ELUOHúHUHN�NDROLQLWL�PH\GDQD�JHWLUPHNWH�� ID]ODVÕ� LVH�GÕúDUÕ\D�DWÕOPDNWDGÕU���
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.DROLQOHúPH\L� VD÷OD\DQ� VXODUÕQ� GÕúDUÕ\D� DWÕOPDVÕ� VÕUDVÕQGD� VLOLVLQ� EHOLUOL� ELU� NÕVPÕ�
FHYKHUOHúPH� \�]H\LQGH� GHPLUOL-VLOLVOL� úDSND� úHNOLQGH� NDEXN� KDOLQGH� NDOPDNWDGÕU��
'ÕúDUÕ\D� DWÕODPD\DQODU� LVH� FHYKHUOHúPH� LoLQGH� VHUEHVW� VLOLV� WDQHOHUL� úHNOLQGH� YH\D�
NDROLQOHúPH�LoLQGH�RSDO� �VLOLV��EDQWODUÕ�úHNOLQGH�NDOPDNWDGÕU�� �.DOLWH\L�EHOLUOH\HQ�HQ�
|QHPOL� XQVXUODUGDQ� RODQ� VLOLVOHULQ� E�Q\HGHQ� \R÷XQ� RODUDN� DWÕOPDVÕ� KDOLQGH� NDOLWHOL�
kaolin cevheri meydana gelmektediU�� � øoLQGH� VHUEHVW� VLOLV� WDQHVL� RODUDN� NDODQ�
NDROLQOHU� LVH�� GDKD� NROD\� D\UÕúWÕUÕODELOGL÷LQGHQ� V�]�OHELOLU� NDROLQ� QLWHOL÷L�
ND]DQPDNWDGÕU�� � )H2O3 : Orijinal kayaç bünyesinde yer alan demirin kaolin içinde 

ROPDPDVÕ� LVWHQLOHQ� HQ� |QHPOL� NULWHUGHQ� ELULGLU�� � $QFDN� NLP\DVDO� LúOHP� VÕUDVÕQGD�
GHPLULQ� EHOLUOL� ELU� NÕVPÕ� NDROLQOHúPH� VÕUDVÕQGD� X]DNODúWÕUÕODPDGDQ� NDOPDNWDGÕU���
Alkaliler ve Al2O3 : K2O + Na22�� NDROLQ� ROXúXQGD� EHOLUWLOHQ� IHOGVSDWODUÕQ�
ER]XQPDVÕ�VRQXFX�NDROLQOHúPH�ROPDNWDGÕU��)HOGVSDW�.2O.Al2O3.6SiO2 (Potasyum), 

Na2O.Al2O3.6SiO2 (Albit) ne kadar fazla bozunursa, ortamdan o kadar fazla K2O 

ve/veya Na22�DWÕOPDNWDGÕU�� �%XQODUÕQ�DWÕOPDVÕ��RUWDPGDQ�X]DNODúWÕUÕOPDVÕ��QH�NDGDU�
ID]OD�ROXUVD��NDROLQOHúPH\L�EHOLUOH\HQ�$O2O3�RUDQÕ�R�NDGDU�DUWDFDNWÕU�>�@�� 

 

øGHDO�.DROLQ�%LOHúLPL� Al2O3.2SiO2.2H2O olup kaolinitte; 

SiO2 (Silika)     % 46.54 

Al2O3 (Alüminyum Oksit) % 39.50 

H2O (Su)   % 13.96 

               % 100.00 

 

Kaolin içindeki Al2O3� KDULFLQGHNL� GL÷HU� ELOHúHQOHULQ� \�NVHN� ROPDVÕ� GHPHN��
Al2O3� RUDQÕQÕQ� LGHDOGHQ� ��� �����
GHQ�� D]� ROPDVÕ� GHPHNWLU�� %X� GD� NDOLWHVLQLQ� GDKD�
G�ú�N�ROPDVÕ�GHPHNWLU�>�@� 

 

SO3� �.�N�UW�� YH� $OXQLW�� .DROLQOHúPH\L� VD÷OD\DQ� NLP\DVDO� LúOHP� VÕUDVÕQGD�
ortamda elementel S varsa; H2SO4 �� �6�OI�ULN� $VLW�� ROXúDFDNWÕU�� .DROLQOHúPH�
LúOHPLQLQ� RODELOPHVL� LoLQ� RUWDPGDQ� X]DNODúWÕUÕODELOHFHN� PDGGH�� DONDOLOHUGHQ� .2O 

ROXS��EXQXQ�o|]�QPHVL�VÕUDVÕQGD�ED]HQ�WDPDPÕ�X]DNODúWÕUÕODPDPDNWD�YH�RUWDPGD�ELU�
PLNWDU�.�NDOPDNWDGÕU�>��@� 
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 K, ortamda çözünür halde bulunan; 

 Al2O3.2(SO4)3 + H2O Æ 2Al(OH)3 + H2SO4  

úeklinde çözümü Al
+3

 suda çözünen Si(OH)4� LOH�ELUOHúHUHN�NDROLQLW�ROXúXU��2UWDPGD�
.� JHOGL÷L� ]DPDQ� .� PHYFXW� $O2(SO3)3� LOH� ELUOHúHUHN� DOXQLW� .$O�624)2.12H2O 

ROXúDFDNWÕU�� %X� QHGHQOH� NDROLQLQ� ELOHúLPLQGH� DOXQLW� YDUVD� .22� RUDQÕ� LOH� 623 den 

GROD\Õ�DWHú�]D\LDWÕ�\�NVHN�oÕNPDNWDGÕU�>��@� 
 

FeS2� �3LULW�� ��.DROLQOHúPH� LúOHPL� VÕUDVÕQGD�)H�DoÕ÷D�oÕNPDVÕ�YH�RUWDPGDNL�6�
LOH� ELUOHúPHVL� VRQXFX� ED]HQ� GHPLU� V�OI�U� ELOHúL÷L� RODQ� SLULWOHU� VDoÕOPÕú� KDOGH�
NDROLQOHúPH�LoLQGH��GDKD�]L\DGH�WDEDQ�YH�\DQ�NÕVÕPODUGD��J|]�NPHNWHGLU�� �2UWDmda 

.�DWÕOÕPÕ�ROPDVÕ�KDOLQGH�624
�Q�EHOLUOL�NÕVPÕ�NDODFD÷Õ�LoLQ�NDROLQOHUGH�DOXQLW�ROPDVÕ�
(maksimum % 0.5'e kadar SO4��QRUPDO�VD\ÕOPDNWD�ROXS��624
�Q�WDPDPÕQÕQ�RUWDPGDQ�
DWÕOPDGÕ÷ÕQÕ�J|VWHUPHNWHGLU�>��@�  
 

 

2.3 Dünyada Kaolin Madeninin Mevcut Durum  

 

2.3.1 Dünya Kaolin Rezervi : 8ODúÕODELOHQ� ND\QDNODUD� J|UH� Dünya kaolin 

rezervleri Tablo 2.10 ’da J|VWHULOPLúWLU�>��@� 
Tablo 2.10  Dünya Kaolin Rezervleri (2002) [11] 

ÜLKE       (Milyon ton) 

 ABD 

 Güney Amerika 

 Toplam Amerika 

�øQJLOWHUH 
 Rusya 

 Avrupa Toplam 

 Afrika 

 Asya 

 Avusturya 

�'L÷HUOHUL 

3.900 

500 

4.000 

2.500 

2.000 

6.000 

800 

1.500 

500 

500 

DÜNYA TOPLAMI 14.000 
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������7�NHWLP�$ODQODUÕ 
 

Kaolin özellikle, seramik, ND÷ÕW��ER\D�VDQD\LOHULQGH�NXOODQÕOPDNWDGÕU�  Dünya 

NDROLQ� W�NHWLPLQGH� SDUDVDO� YH� �UHWLP� GH÷HUOHUL� EDNÕPÕQGDQ�� LON� VÕUD\Õ� ND÷ÕW� VDQD\L�
DOPDNWDGÕU���$YUXSD�SD]DUÕQGD�ND÷ÕW��GROJX�PDGGHVL�RODUDN�WRSODP�W�NHWLPLQ������
Õ��
$PHULND�SD]DUÕQGD�EX�DPDoOD�WRSODP�W�NHWLPLQ������
L�NXOODQÕOPDNWDGÕU�� �g]HOOLNOH�
ND÷ÕW� GROJXGD� $YUXSD� NDROLQOH� ELUOLNWH� NDOVLW� GH� NXOODQPDNWDGÕU�� � .XúH-kaplama 

ND÷ÕWWD� GD� EHQ]HU� GXUXP� V|]� NRQXVX� ROXS�� |]HOOLNOH� NXúH� ND÷ÕWWD� NDROLQLQ� NDOLWH�
EDNÕPÕQGDQ�DYDQWDM�YH��VW�QO�÷��YDUGÕU���'�Q\D�ND÷ÕW�W�NHWLPLQGH��NDROLQ�YH�NDOVLWLQ�
yerine, TiO2� GH� NXOODQÕOPDNWDGÕU�� � %XQXQ� WRSODP� W�NHWLPL�� EHOLUOL� \ÕOODUGD� NDROLQ�
W�NHWLPLQL�D]DOWPDVÕQD�NDUúÕQ��EX�RUDQ�oRN�E�\�N�ER\XWODUGD�ROPDPDNWDGÕU�� �$QFDN�
dünya kalsit tüketimi, kaolin tüketimini etkileyen en önemli unsurdur.  Seramikte 

NDROLQ� W�NHWLPL�� HQ� oRN� VÕKKÕ� WHVLVDW�� SRUVHOHQ� YH� L]DODW|U� VDQD\LQGH� ROPDNWDGÕU���
)D\DQVWD� W�NHWLP� PDNVLPXP� �� ��� GROD\ÕQGDGÕU�� � 6RQ� \ÕOODUGD� VHUDPLN� VHNW|U��
GÕúÕQGD�� NDROLQLQ� HQ� E�\�N� NXOODQÕFÕVÕ� oLPHQWR� VHNW|U�� ROXS�� NDROLQ� W�NHWLP� RUDQÕ�
W�YHQDQ� �UHWLPLQ� �� ��
XQD� XODúPDNWDGÕU�� � .DROLQ� VHUDPLN� YH� oLPHQWR� VHNW|U��
GÕúÕQGD��ER\D��OkVWLN�YH�SOkVWLN�VDQD\LQGH�GROJX�PDGGHVL�RODUDN�GD�NXOODQÕOPDNWDGÕU��
.DROLQ� FDP� HO\DIÕ�� NLP\D� VDQD\L�� LODo� VDQD\L� JLEL� VHNW|UOHUGH� GH� W�NHWLOPHNWHGLU��
$QFDN� NXOODQÕP� RUDQODUÕQÕQ� G�ú�NO�÷�QH� NDUúÕQ� EX� W�NHWLPLQ� SDUDVDO� ER\XWX�
\�NVHNWLU�� � $\UÕFD� G�Q\DGD� ILEHUJODV� �FDP� HO\DIÕ�� �UHWLPLQLQ� JLGHUHN� DUWWÕ÷Õ�
J|]OHPOHQPLúWLU�� �%X�RUDQ�$%'�NDROLQ��UHWLPLQLQ����¶LQH�WHNDE�O�etmektedir [12]. 

��������WRQ�\ÕO��  
 

6DQD\LGH�NXOODQÕODQ�NDROLQLQ�|]HOOLNOHUL�úXQODUGÕU�[13]:  

 

.D÷ÕW� VDQD\L: % 90-100 saf kaolinit minerali aranÕUNHQ� NXYDUV� PLQHUDOL�
LoHUPHPHOLGLU��$\UÕFD�SDUODNOÕN�HQ�D]�������WDQH�ER\XWX�����������P�YH�%URRNILHOG�
YLVNR]LWHVL���������FSV�ROPDOÕGÕU� 

 

Seramik sanayi: Genellikle % 75-80 kaolonit minerali içeren kaolinler tercih 

HGLOLU��3LúPH�UHQJL��YLVNR]LWHVL��V�UW�QPH\H�GD\DQÕNOÕOÕ÷Õ��)H2O3 ve TiO2�RUDQODUÕQÕQ�
oRN�G�ú�N�ROPDVÕ�YH�����-���RUDQÕQGD�SDUODNOÕN�LVWHQPHNWHGLU� 
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Boya sanayi: 6X� ED]OÕ� Lo� YH� GÕú� FHSKH� ER\DODUÕQGD� YH� \D÷� HVDVOÕ�� |]HOOLNOH�
VDQD\L� ER\DODUÕQGD� WLWDQ\XP� RNVLW�� |÷�W�OP�ú� NDOVLW� WR]X� YH� WDON� LOH� ELrlikte kaolin 

NXOODQÕOÕU�� 6X� ED]OÕ� Lo� FHSKH� SODVWLN� YH� ODWH[� NDOVLQH� HGLOPLú� YH� ODPLQH� ROPD\DQ�
PLQHUDO� \DSÕVÕQD� VDKLS� NDROLQOHU� NXOODQÕOÕU�� %X� JUXSWDNL� ER\DODU� �� ��� LOD� �� ���
DUDVÕQGD�SLJPHQW�LoHULU��<DUÕ�SDUODN�YH�SDUODN�VX�ED]OÕ�ER\DODUGD�NXOODQÕODQ�NDROLnin 

����¶L�����P¶GDQ�GDKD�E�\�NW�U��/DWH[�ER\DODUGD�SLJPHQWOHU��ED÷OD\ÕFÕ� UHoLQHOHUOH�
EHUDEHU��GDKD�L\L�|UW�F�O�N�VD÷OD\DQ�YH�ED÷OD\ÕFÕODUÕQ�NÕUÕOPD�LQGLVLQH�\DNÕQ�NÕUÕOPD�
LQGLVL�GH÷HUL\OH���!�������NDROLQ�NXOODQÕOÕU� 

 

Plastik sanayi : Güçlendirici ve mali\HW�G�ú�U�F��YH�NDWNÕ�PDO]HPHVL�RODUDN�
|]HOOLNOH� YLQ\� ¶OHUGH� YH� SRO\HVWHUOHUGH� VÕN� NXOODQÕOÕU�� .DROLQLQ� HQ� |QHPOL� NXOODQÕP�
DODQÕ��39&��NDSODQPÕú�WHOOHU�YH�NDEORODUGÕU��.DOVLQH�NDROLQ�YH�VLOLND�\�]H\�LúOHQPLú�
NDROLQOHU��KLGURIRELN�|]HOOL÷L�QHGHQL� LOH��39&�¶OHULQ�HOHNWULN�GLUHQFLQL�DUWWÕUPDN�LoLQ�
NXOODQÕOÕU� 

 

0�UHNNHS�\DSÕPÕ��/LWRJUDILN��RIVHW�YH� IOH[RJUDILN�EDVNÕ� WHNQLNOHULQGH� LQFH�
ILOP�LoHUHQ�\�NVHN�\R÷XQOXNWDNL�P�UHNNHSOHUGH�NDROLQ�NXOODQÕOÕU��0�UHNNHS�ILOPL���
LOH������P�DUDVÕQGD�GH÷LúLU�YH�SDUODNOÕ÷Õ�NRUXmak için ince taneli kaolin (0.2-0.5 µ m) 

UHQNOHQGLULFL�SLJPHQW�LOH�EHUDEHU�NXOODQÕOÕU� 
 

Lastik sanayi:�0DOL\HW� G�ú�U�F��NDWNÕ�PDO]HPHVL� YH�J�oOHQGLULFL� RODUDN� HQ�
oRN�NXOODQÕODQ� VHUW� NDROLQLQ� WDQH�ER\XWX�RUWDODPD�������P� ¶GDQ�N�o�N�YH� \XPXúDN�
kaolinlerin ortalama tane boyutu 1.0 µ m’dan küçüktür. Lastik sanayinde istenilen 

NDROLQLQ� VXGDNL� S+¶Õ� ���-���� DUDVÕQGD� D\UÕFD�� )H��0Q� YH� &X� JLEL� HOHPHQWOHULQ� oRN�
G�ú�N�VÕQÕUODU�LoLQGH�ROPDVÕ�LVWHQLU� 

 

&DP� HO\DI� \DSÕPÕ�� ,VÕ� L]RODV\RQX� YH� SODVWLNOHULQ� J�oOHQGLULOPHVLQGH 
NXOODQÕOÕU��&DP�HO\DIÕQ� DQD� KDPPDGGHVL� VLOLV�� NDROLQ� YH� NLUHo� WDúÕ� LOH� ELUOLNWH� ERULN�
DVLW��VRGD�YH�VRG\XP�V�OIDWWÕU��$O�PLQ\XP�FDPODUGD�HULPH�ÕVÕVÕQÕ�G�ú�U�U��NULVWDOL]H�
ROPDVÕQÕ�|QOHU�YH�VXGD�GL÷HU�NLP\DVDOODUGD�o|]�QHELOLUOL÷L�D]DOWÕU��&DP�HO\DI��UHWLPi 

için istenilen kaolinde % 37 Al2O3, % 44 SiO2, en fazla % 1 Fe2O3, % 2 Na2O ve % 1 

H22�ROPDOÕGÕU� 
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ø]RODV\RQ� �� .DROLQ� ODWH[� VRG\XP� VLOLNDWOÕ� GXYDU� ND÷ÕGÕ� \DSÕúWÕUÕFÕODUGD�� DOoÕ�
SDQHOOHUGH��VX�ED]OÕ�\DSÕúWÕUÕFÕODUGD�YH�HSR[\�ED]OÕ�\DSÕúWÕUÕFÕODUGD�GDKD�L\L viskozite 

HOGH�HWPHN��NROD\�X\JXODQPDVÕ�YH�NROD\�\D\ÕODELOPHVL�LoLQ�NXOODQÕOÕU� 
 

Kataliz: Özellikle petrol rafinelerinde petrol ürünlerinin katalitik 

G|Q�ú�POHULQGH� NDWDOL]� RODUDN� NXOODQÕOÕU�� 3HN� oRN� NDWDOL]OHU� \�NVHN� ÕVÕ� YH� EDVÕQo�
DOWÕQGD�oDOÕúÕUODU��%X�QHGHQOH�NDROLQOHU�\�NVHN�ÕVÕ�úDUWODUÕQD�X\JXQGXU� 

 

øODo� �� %D]Õ� LODoODUGD� DGVRUSVL\RQ� |]HOOL÷LQGHQ� GROD\Õ� NDROLQ� NXOODQÕOÕU���
.DOVLQH�HGLOPLú�����¶Õ����P�DOWÕ�NDROLQ�GLú�PDFXQODUÕQGD�NXOODQÕOÕU��$\UÕFD�RWRPRELO�
YH�PHWDO�SDUODWÕFÕODUÕQGD��RNVLWOHQPLú�\�]H\OHUL�WHPL]OHQPHVLQGH�NDROLQ�NXOODQÕOÕU��%X�
VHNW|UGH� NXOODQÕODQ� NDROLQOHUGH� HQ� ID]OD� �� SSP� DUVHQLN� YH� HQ� ID]OD� ��� SSP� D÷ÕU�
PHWDOOHULQ�EXOXQPDVÕ�LVWHQLU� 

 

.XOODQÕP�DODQODUÕQD�J|UH�G�Q\DGD�NL�NDROLQ� W�NHWLP�RUDQODUÕ�7DEOR������ ¶GD�
YHULOPLúWLU�>��@� 

 

Tablo 2.11  '�Q\D�.XOODQÕP�$ODQODUÕQD�*|UH�.DROLQ�7�NHWLP�2UDQODUÕ�>��@� 
 

�.XOODQÕP�\HUL Kaolin % 

 Fayans max % 20 

 Yerkarosu - 

 Porselen % 40 - 45 

�6ÕKKL�7HVLVDW % 30 - 40 

�.D÷ÕW�'ROJX Avrupa % 40, Amerika % 80 

 Kaplama - 

�)ULW�6ÕU % 10 

 Çimento % 30 

Çanak Çömlek 25 

Porselen 60 

Vitrifiye 20-30 

Elektro Porselen 20 
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2.3.3 Üretim Yöntemi ve Teknoloji 

 

øQJLOWHUH� &RUQZDOO� \DWDNODUÕQGD� NDROLQ�� KLGUROLN� \|QWHP� RODQ� EDVÕQoOÕ� VX� LOH�
�UHWLOPHNWH�� NRSDUÕODQ� SDUoDODU� GR÷UXGDQ� V�]PH� WHVLVOHULQH� WDúÕQPDNWDGÕU�� � 'L÷HU�
b�\�N� \DWDNODUGD�� JHQHOOLNOH� DoÕN� LúOHWPH� \ROX� LOH� �UHWLP� \DSÕOPDNWDGÕU�� � .D÷ÕW� YH�
VHUDPLN� NDOLWHVLQGHNL� NDROLQOHU�� V�]PH� WHVLVOHULQGHQ� JHoLULOGLNWHQ� VRQUD� ER\XWODUÕQD�
J|UH�D\UÕOPDNWDGÕU���%XQODU�JHQHOGH�VXOX�GH÷LUPHQOHUGH�|÷�WPH�YH�VLOLV�D\ÕUPD�LúOHPL�
VD÷ODQGÕNWDQ� VRQUD�� o|NW�UPH� WDQNODUÕ� YH� KLGURVLOLNRQODUGDQ� JHoLULOPHNWHGLU��
0DQ\HWLN�VHSHUDW|U�YH�KDYDOÕ�S�VN�UW�F��LOH�D÷DUWPD�LúOHPOHUL�GDKD�oRN�ND÷ÕW�VDQD\L�
LoLQ�\DSÕOPDNWDGÕU���.XUXWPD�LúOHPL�VRQUDVÕ�QHPL�D]DOWÕOÕU�>11].  

 

 
������'�Q\D�hUHWLP�0LNWDUODUÕ 

 
8ODúÕODELOHQ� ND\QDNODUD� J|UH� ED]Õ� �ONHOHULQ� NDROLQ� �UHWLPOHUL� WDEORGD�

YHULOPLúWLU�>��@� 
 

Tablo 2.12  Dünya Kaolin üretimi [11] 

 

 

 

Brezilya 

(Ton) 

øQJLOWHUH�
(Ton) 

A.BD. 

(Ton) 

'L÷HUOHUL�
(Ton) 

DÜNYA 

TOPLAMI (Ton) 

1996 1.057.000 2.281.000 9.120.000 22.731.000 35.400.000 

1997 1.280.000 2.399.000 9.410.000 27.350.000 40.400.000 

1998 1.300.000 2.300.000 9.450.000 26.750.000 39.800.000 

 

 

������hU�Q�6WDQGDUGÕ 
 

dHúLWOL� VDQD\L� NROODUÕQGDNL� NXOODQÕPD� ED÷OÕ� RODUDN� �U�Q� VWDQGDUWODUÕ�
GH÷LúNHQOLN� J|VWHUPHNWHGLU�� %X� GH÷LúLNOLNOHU�� NLP\DVDO� ELOHúLP�� WDQH� ER\X� GD÷ÕOÕPÕ�
YH�oHúLWOL�UHRORMLN�|]HOOLNOHUL�LWLEDUL\OH�ROPDNWDGÕU�[11]. 
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Tablo 2.13  dHúLWOL�6HNW|UOHUH�*|UH�.DROLQOHUGH�øVWHQHQ�hU�Q�6WDQGDUWODUÕ�>��@ 
  

 .D÷ÕW�NDROLQL  Çimento  

 Dolgu Kaplama Porselen 1 2 Seramik 

SiO2 48 47 46 - 48    

Al2O3 min 35 min 35 min % 30 min % 30 % 28 15 - 30 

Fe2O3 max 0.4 max 0.4 Max 0.5 max 0.4 max 0.4 max 0.5-1.00 

TiO2 max 0.05 max 0.05 Max 0.1    

CaO 0.2 0.1 0.2    

MgO 0.2 0.1 0.5    

K2O 1.5 0.5 1 – 1.5    

Na2O 0.2 0.2 0.1 - 0.3    

SO3 max % 1 max % 1 Eser max % 1 max % 1 max % 0.2 

A.Z. % 12 - 13 % 12 - 13 % 11 - 13    

-2 mikron % 60 % 80  -5 cm -5 cm  

+10 mikron max % 10 max % 2  -10 cm -10 cm  

+50 mikron max % 0.1 max % 0.05     

%H\D]OÕN min % 80 min % 85     

$úÕQGÕUPD 30 50     

Viskozite 68 - 70 68 - 70     

 

 

Tablo 2.14  %D]Õ�hONHOHULQ�<DNODúÕN�.DROLQ�7LFDUHWL�>11] (x103 ton,2002) 

 

  ��øúOHQPLú�NDROLQ  Ham kaolin 

øWKDODW 700 30    Almanya 

øKUDFDW 100 - 

øWKDODW 50 300    Fransa 

øKUDFDW 70 80 

øWKDODW 250 180    Hollanda 

øKUDFDW 100 - 

øWKDODW 400 17 ���øWDO\D 

øKUDFDW - - 
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.D÷ÕW� GROJXVX� YH� NRUX\XFX� ER\D� �UHWLPL� JLEL� NXOODQÕP� DODQODUÕQGD�� NDROLQ�
W�NHWLPL�� GL÷HU� HQG�VWUL\HO� PLQHUDOOHULQ� YH� |]HOOLNOH� NDOVLWLQ� JLGHUHN� DUWDQ� VÕNÕ�
UHNDEHWL� LOH� NDUúÕODúPÕúWÕU�� � .D÷ÕW� IDEULNDODUÕQÕQ� oR÷XQXQ�� DVLW� ER\XWODQGÕUPDGDQ��
DONDOL� VLVWHPOHUH� JHoPHOHULQLQ� DUGÕQGDQ� NDOVLW�� NDROLQ� SD]DUÕQD� JLUPLúWLU�� � .DROLQ�
�UHWLFLOHUL� GH� EXQD� WHSNL� RODUDN�� KDILI� NDSODQPÕú� ND÷ÕWODU� JLEL�� SD]DUGDNL� |]J�O�
keVLPOHUL� KHGHIOHPLúOHUGLU�� � $\QÕ� ND\QDNODUD� J|UH�� ND÷ÕW� HQG�VWULVL� GÕúÕQGD� NDODQ�
ER\D�� SODVWLN�� ODVWLN� YH� FDP� HO\DI� �UHWLPL� JLEL� NXOODQÕP� DODQODUÕQGDNL� WDOHS�
E�\�PHVLQLQ�GH�G�ú�N�H÷LPOL�ELU�KÕ]OD�VH\UHGHFH÷L�YH�JHOHQHNVHO�E�\�N�SD]DUODU�RODQ�
refrakter ve inúDDW� PDO]HPHVL� �UHWLPL� JLEL� NXOODQÕPODUGDNL� W�NHWLPGH� LVH�� oRN� D]�
E�\�PH�\DGD�GXUJXQOXN�J|U�OHFH÷L�YH�KDWWD�WDOHELQ�G�úHELOHFH÷L�WDKPLQ�HGLOPHNWHGLU�
[11]. 

 

������dHYUH�6RUXQODUÕ 
 

'�Q\DGD� �UHWLP� \DSDQ� NDROLQ� RFDNODUÕQGD� oHYUH� SUREOHPL� \RNWXU�� � .DROLQ�
ocaklaUÕQGD� LúOHWPH� L]QL� DOÕQPDGDQ� |QFH�� oHYUH� IDNW|U�� GLNNDWH� DOÕQDUDN�� DOÕQPDVÕ�
JHUHNOL� |QOHPOHU� NRQXVX� PDGHQFL\H� ELOGLULOGLNWHQ� VRQUD� oDOÕúPD� P�VDDGHVL�
YHULOPHNWHGLU�� 2FDNODU� JHQHOGH� DoÕN� LúOHWPH� ROXS�� E�\�N� ELU� oHYUH� VRUXQX�
\DUDWPDPDNWDGÕU���dHYUH�VRUXQODUÕ�LOH�LOJLOL�HQ�|QHPOL�NRQX��NDROLQ�\ÕNDPD�YH�|÷�WPH�
WHVLVOHULGLU�� � %XQODUGD� WHVLVL� DUWÕ÷Õ� YH� WR]� KDOLQGHNL� NXYDUV� ]DPDQ� ]DPDQ� SUREOHP�
WHúNLO� HGHELOPHNWHGLU�� � 7HVLVOHUGH� WR]� WXWPD� VLVWHPOHUL� ROPDGDQ� oDOÕúPD� L]QL�
YHULOPHPHNWHGLU�� � <ÕNDPD� VXODUÕ� KDYX]ODUGD� GLQOHQGLULOPHNWH� YH� JHQHOOLNOH� NDSDOÕ�
GHYUH� RODUDN� oDOÕúÕOPDNWDGÕU�� �'�Q\DGD� NDROLQ� �]HULQH� oDOÕúDQ� RFDNODU� YH� WHVLVOHUGH�
oHYUH\L� HWNLOH\HFHN� E�\�N� ELU� SUREOHP� ROPD\ÕS�� oHYUH\L� HWNLOH\HFHN� NRQXODUGDNL�
SUREOHPOHU�LoLQ�JHUHNOL�|QOHPOHU�DOÕQPÕúWÕU�>��@�  

 

2.4 Türkiye ’de Kaolin Madeninin Durumu  

2.4.1 Türkiye ’de ki Rezervler 

 

7�UNL\H
GHNL�NDROLQ�\DWDNODUÕQÕQ�KHPHQ�KHSVL�KLGURWHUPDO�N|NHQOL�\DWDNODUGÕU��
0DGHQ� 7HWNLN� $UDPD� *HQHO� 0�G�UO�÷�� �07$�� ¶Q�Q�� \DSPÕú� ROGX÷X� oDOÕúPDODUD�
göre Türkiye kaolin rezervi 100 milyon tonun üzerindedir.  Ancak bu rezervlerin 

WDPDPÕ�LúOHWPH\H�X\JXQ�GH÷LOGLU��%X�UH]HUYOHULQ����PLO\RQ�WRQX�LúOHWLOHELOPHNWHGLU��
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5H]HUY� WDEORVXQGD� D\UÕFD� NXOODQÕP� DODQODUÕ� YH� WDKPLQL� NDOLWHOHUL� GH� EHOLUWLOPLúWLU��
7DEOR������¶GD������\ÕOÕQD�DLW�7�UNL\H�NDROLQ�UH]HUYOHUL�GH÷HUOHUL�YHULOPLúWLU�>��@�� 

 

Tablo 2.15  Türkiye Kaolin Rezervleri [11] 

 

 

%XOXQGX÷X�<HUOHU 
 

Al2O3 

(%) 

 

.XOODQÕP�$ODQÕ 
 

Rezerv 

(Gör+Muh) (Ton) 

 

øúOHWLOHELOLU� 5��
Görünür 

(Ton) 

�%DOÕNHVLU-6ÕQGÕUJÕ 13-33 øQFH� VHUDPLN�� NDUR��
UHIUDNWHU��ND÷ÕW 

70.000.000 25.000.000 

�%DOÕNHVLU-$\YDOÕN 15-32 Seramik ve karo 

fayans 

1.000.000 500.000 

�%DOÕNHVLU-øYULQGL 20-31 øQFH�VHU��YH�NDUR�ID\� 970.000 500.000 

�%DOÕNHVLU-Gönen 23-28 Seramik 150.000 50.000 

 Çanakkale-Çan 17-35 Seramik ve refrakter 5.000.000 2.000.000 

 Bursa-.HPDOSDúD 20-24 .D÷ÕW 1.000.000 1.000.000 

�øVWDQEXO-Arnavutköy 15-35 Refrakter 800.000 - 

TOPLAM   78.920.000 29.050.000 

�(VNLúHKLU-0LKDOÕoÕN 20-33 Seramik ve karo 

fayans 

3.330.380 1.000.000 

 Bilecik-6|÷�W 15-23 Seramik 1.000.000 500.000 

 Kütahya-

Gevrekseydi 

20-24 .D÷ÕW 724.924 200.000 

 Kütahya-$OWÕQWDú 20-31 6HU��NDUR�ID\DQV�ND÷ÕW 1.206.000 500.000 

 Kütahya-Emet 20-30 Seramik,karo,fayans 1.070.286 100.000 

 Kütahya-Simav 20-24 Seramik,karo,fayans 370.000 50.000 

�8úDN-.DUDoD\ÕU 11-21 Seramik,karo,fayans 800.000 500.000 

TOPLAM   8.501.590 2.850.000 
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7DEOR�����¶�LQ�GHYDPÕ 
Kayseri-Felahiye 23-34 Seramik ve refrakter 450.000 20.000 

 Konya-6D÷OÕN 15-30 Karo fayans ve 

seramik 

607.000 100.000 

�1HYúHKLU-Avanos 18-33 Ser.,elekro pors.,karo 1.277.000 100.000 

�1L÷GH-Aksaray 15-32 .DUR��ID\DQV�YH�ND÷ÕW 1.500.000 1.000.000 

TOPLAM   3.834.000 1.220.000 

 Trabzon-

$UDNOÕ�$UVLQ 

14-23 Karo, fayans 200.000 50.000 

 Rize-$UGHúHQ��
)ÕQGÕNOÕ 

14-23 Karo, fayans 275.000 50.000 

 Giresun-Bulancak 12-24 Karo, fayans 7.785.000 2.000.000 

 Ordu-Ulubey 17-23 .D÷ÕW 730.000 100.000 

�'øö(5/(5ø    700.000 

TOPLAM   8.990.000 2.900.000 

GENEL TOPLAM   100.245.590 36.020.000 

 

 

 

������7�NHWLP�$ODQODUÕ 
 

Türkiye 'de üretilen kaolinlerin % 60 'i çimento sektöründe, % 30 'si seramik, 

���� ¶X� FDP��ND÷ÕW� YH�GL÷HU� VHNW|UOHUGH� W�NHWLOPHNWHGLU��%X�GD�7�UNL\H� 
GH��UHWLOHQ�
NDROLQOHULQ�KDP�RODUDN� W�NHWLOGL÷LQL� J|VWHUPHNWHGLU��$YUXSD�YH�$PHULND
GD��UHWLOHQ�
NDROLQOHULQ����� 
L�ND÷ÕW�VHNW|U�QGH�W�NHWLOPHNWHGLU��$YUXSD�YH�$PHULND
GD�ND÷ÕW ve 

NDROLQ�HQG�VWULVL�oRN�JHOLúPLú�ROXS��KDP�RODUDN��UHWLOHQ�NDROLQOHULQ����� 
L�ND÷ÕW�YH�
LQFH�VHUDPL÷H�KLWDS�HGLOPHN��]HUH�WHVLVOHUGH�NXOODQÕOPDNWDGÕU�>��@� 
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Tablo 2.16  Türkiye Kaolinlerinin Tüketim $ODQODUÕ�>��@ 
   

Sektör 2UDQÕ���� 
Çimento Sektörü 60 

Seramik ve Cam Sektörü 30 

Dolgu-Lastik-Boya v.s. 10 

 

 

*HOLúPLú� �ONHOHUGH� �UHWLOHQ� NDROLQOHULQ� �� ��� 
L� ND÷ÕW� VHNW|U�QGH� W�NHWLOGL÷L�
J|]�|Q�QH�DOÕQGÕ÷ÕQGD��7�UNL\H�ND÷ÕW�VDQD\LQLQ�WDP�JHOLúPHGL÷L�YH�7�UNL\H�
GH�ND÷ÕW�
sanayine hitap edebilen (özellikle NDSODPD�� NDROLQOHULQ� �UHWLOHPHGL÷L� RUWD\D�
oÕNPDNWDGÕU�� � 7�UNL\H� 
GHNL� PHYFXW� WHVLVOHUGHQ� DQFDN� ND÷ÕW� GROJX� NDROLQOHUL� HOGH�
HGLOHELOPHNWH�ROXS�� NDSODPD�NDROLQ� WDOHEL� LWKDODW� \ROX� LOH�NDUúÕODQPDNWDGÕU�� �.DROLQ�
FHYKHUOHúPHVL�LoLQGH���PLNWDUODUÕQD�J|UH�RODQ�VDIVÕ]OÕNODU��6L22, Al2O3, Fe2O3, TiO2, 

CaO, MgO, K2O, Na22�ROXS��ELOHúLP�DQDOL]LQGH�EX�VDIVÕ]OÕNODUÕQ�RUDQODUÕQÕQ�WRSODPÕ�
���
GXU���%X�ELOHúHQOHULQ�oRNOX÷X�YH\D�D]OÕ÷Õ��PLQHUDOOHULQ�úHNOL��EXOXQXú�ELoLPL�JLEL�
|]HOOLNOHUL�VÕQÕIODPDVÕQGD�HWNHQ�ROPDNWDGÕU�>��@. 

 

.DROLQLQ� IL]LNVHO� |]HOOLNOHULQH� J|UH�NXOODQÕP� \HUOHULQLQ�GH÷LúPHVL� QHGHQL� LOH�
VHUDPLN�� SRUVHOHQ�� ID\DQV�� oLPHQWR�� ND÷ÕW� GROJX�� ND÷ÕW� NDSODPD�� GHPLUOL�� VLOLVOL��
SOkVWLN�� UHIUDNWHU�� DOXQLWOL� NDROLQOHU� JLEL� VÕQÕIODPDODUD� D\ÕUPDN� P�PN�QG�U�� %X�
özellikleriniQ� EHOLUOHQPHVL� LoLQ� oHúLWOL� WHVW� YH� WHNQRORMLN� oDOÕúPDODUÕQ� \DSÕOÕS��
NXOODQÕP�|]HOOL÷LQLQ� HQ�X\JXQ� úHNOLQLQ�EHOLUOHQPHVL�JHUHNPHNWHGLU�� �gUQH÷LQ�� ND÷ÕW�
NDROLQL� GROJX� YH\D� NDSODPD� ND÷ÕW� |]HOOL÷L� LoLQ� V�]�OHELOLUOLN� GHQH\OHUL� VRQUDVÕ�
EH\D]OÕ÷Õ�� WDQH� LQFHOL÷L�� LoLQGHNL� D\UÕODELOLU� VHUEHVW� VLOLVOHULQ� �� PLNWDUÕ�� ND÷ÕWWDNL�
DúÕQGÕUPD� |]HOOLNOHUL�� VÕYÕ� �\D÷�� HPPH� |]HOOL÷L� JLEL� NULWHUOHUH� EDNÕODUDN� NDUDU�
verilmektedir [11]. 
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������7�NHWLP�0LNWDU�YH�'H÷HUOHUL 
7�UNL\H
GH� W�NHWLOHQ�NDROLQOHULQ������ 
Õ� oLPHQWR� VHNWöründe tüketilmektedir. 

dLPHQWR�YH�ND÷ÕW�VHNW|U�QGH�GH�|QHPOL�RUDQGD�NDROLQ�W�NHWLOGL÷L�bilinmektedir [11].  

8ODúÕODELOHQ�ND\QDNODU�GDKLOLQGH�7�UNL\H�¶GH�.DROLQ�W�NHWLPL�DUWPDNWDGÕU� 
 

Tablo 2.17  Türkiye'de Kaolin Tüketimi [11] 

 

YILLAR 7h.(7ø0��WRQ� 
1995 371.000 

1996 342.000 

1997 365.000 

1998 368.000 

1999 500.000 

 

2.4.4 Üretim Yönetimi ve Teknoloji 

 

7�UNL\H�
GH�EXOXQDQ�NDROLQ�RFDNODUÕQGD�DoÕN�LúOHWPH�LOH��UHWLP�\DSÕOPDNWDGÕU��
6HUW�NDROLQ�RFDNODUÕQGD�SDWOD\ÕFÕ�NXOODQÕOPDNWDGÕU�� �6HNW|U�Q� LKWL\DFÕQD�J|Ue cevher 

içinde Fe2O3� HOOH� VHoLOHUHN� WHPL]OHQPHNWHGLU�� �2FDNODUGD� oÕNDUÕODQ� FHYKHULQ�ER\XWX�
piyasa ve ihracata uygun olarak 5-��� FP�\H� NÕUÕOPDNWDGÕU�� � 6HUDPLN� VHNW|U�Q�Q�
LKWL\DFÕ� RODQ�PDVVH� NDROLQOHUL�� W�YHQDQ� YH\D� �-��� FP� ER\XWODUÕQGD� W�NHWLOPHNWHGLU��
SerDPLN�IDEULNDODUÕQÕQ�ED]ÕODUÕQGD��NDROLQ�\ÕNDPD-süzme tesisi bulunmakta olup, bu 

WHVLVOHUGHQ� HOGH� HGLOHQ� V�]�OP�ú�NDROLQOHU� DQFDN�NHQGL� LKWL\DoODUÕQÕ� NDUúÕODPDNWDGÕU�
[11]. 

 

7�UNL\H� VHUDPLN� YH� ND÷ÕW� VDQD\L� LVWHGL÷L� NDOLWHGHNL� NDROLQL� Lo� SL\DVDGDQ�
VD÷OD\DPDGÕ÷Õ� LoLQ�EX�KDPPDGGH� JHUHNVLQLPLQL� LWKDODW� LOH� NDUúÕODPDNWDGÕU�� � )ULW� YH�
VÕU� �UHWLPLQH� X\JXQ� NDROLQOHU� LOH� ND÷ÕW� VDQD\LQLQ�� |]HOOLNOH� NXúH� ND÷ÕWWD�� NXOODQGÕ÷Õ�
NDROLQOHU�PHYFXW�WHNQRORML�LOH�HOGH�HGLOHPHGL÷L�LoLQ�LWKDODW�\DSÕOPDNWDGÕU���7�UNL\H
GH�
mevcut tesLVOHUGH� HOGH� HGLOHQ� V�]�OP�ú� NDROLQOHU� ND÷ÕW� VDQD\LQGH� NXOODQÕODQ� GROJX�
PDGGHVL�|]HOOL÷LQH�VDKLSWLU���7�UNL\H�
GH�EX�W�U�WHVLVOHU�NRQXVXQGD�E�\�N�ELU�HNVLNOLN�
ROXS��ND÷ÕW�YH�VHUDPLN�VHNW|U�QGH�\ÕNDQPÕú�NDROLQ�LKWL\DFÕQD�\|QHOLN�\HQL�WHVLVOHULQ�
NXUXOPDVÕ�JHrekmektedir [11]. 
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������hU�Q�6WDQGDUGÕ 
 

Türkiye 'de tüketilen kaolinlerin kimyasal ve fiziksel özelliklerine göre ürün 

VWDQGDUWODUÕ� WDEOR� ����� ¶GH� YHULOPLúWLU�� EX� WDEORQXQ� G�Q\DGDNL� �U�Q� VWDQGDUWODUÕ� LOH�
DUDVÕQGD� E�\�N� ELU� IDUNOÕOÕN� \RNWXU�� � )DEULNDODU� �UHWLP� UHoHWHOHULQH� J|UH� GH÷LúLN�
oranlarda Al2O3, Fe2O3, SO3, TiO2� OL� KDPPDGGH� NXOODQÕUODU�� � 5HoHWHOHUH� J|UH�
NXOODQÕP�RUDQODUÕ�GD�IDUNOÕGÕU�� �$QFDN�IDEULNDODUÕQ�NXOODQÕOGÕ÷Õ�GL÷HU�KDPPDGGHOHULQ�
IL]LNVHO� |]HOOLNOHUL� NLP\DVDO� |]HOOLNOHULQGHQ� GDKD� ID]OD� |QHP� WDúÕPDNWDGÕU�� � .D÷ÕW��
SRUVHOHQ��VÕKKL�WHVLVDW�JLEL�NXOODQÕP�\HUOHULQGH�EH\D]OÕN��VHUEHVW�VLOLV��DúÕQGÕUPD�JLEL�
IL]LNVHO� |]HOOLNOHU� GDKD� |QHPOL� ROGX÷X� LoLQ� W�NHWLFL� NXUXOXúODU� DOGÕNODUÕ� NDROLQOHULQ�
NLP\DVDO� DQDOL]� VWDQGDUWODUÕQGDQ� oRN� EX� W�U� IL]LNVHO� |]HOOLNOHULQH� EDNPDNWDGÕU���
6HNW|UOHUH�J|UH��U�Q�VWDQGDUWODUÕQÕ�J|VWHUHQ�ELU� WDEOR�KD]ÕUODQPÕú�ROXS�� W�P�W�NHWLFL�
NXUXOXúODUÕQ�RUWDODPDODUÕ�EX�VWDQGDUWODU�LoHULVLQGH�NDOPDNWDGÕU�>12]. 

  

7DEOR�������7�UNL\H�.DROLQ�hU�Q�6WDQGDUWODUÕ�>��@� 
 

.D÷ÕW Çimento  
Fayans 

Elektro 

Porselen 
Porselen 

Frit 

kaolini Dolgu Kaplama 1 2 

SiO2 (%) 55-80 55-60 58-65 58-78 44-46 50-60 78-80 57-60 

Al2O3 13-25 28-30 24-32 15-28 30-35 30-35 13-18 26-28 

Fe2O3 max 1.0 max 0.6 max 0.6 max 0.3 max 0.4 max 0.4 max 0.4 max 0.4 

TiO2 max 0.5 max 0.5 max 0.5 - max 0.4 max 0.4 max 0.5 max 0.5 

CaO max 1.0 - - - - - max 1 max 1 

MgO max 1.0 - - - - - max 1 max 1 

Na2O max 1.0 Max 0.10 max 0.2 - - max 1.0 max 1 max 1 

K2O max 1.0 max 0.10 max 0.2 - max 2.00 max 1.0 max 1 max 1 

SO3 max 0.5 max 0.30 max 0.1 max 0.2 1-5.0 1-5.0 max 1 max 1 

A.Z. 5-10 7-9 8-12 5-12 10-14 10-14 5-7 9-11 

%H\D]OÕN - min % 85 min % 89 - min % 80 min % 85 - - 
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7DEOR�����¶LQ�GHYDPÕ 
Tane Boyu 

2 

mikrondan 

5 

mikrondan 

 

- 

- 

 

- 

- 

 

- 

- 

 

- 

- 

 

% 30-

35 

% 35-

45 

min % 

80 

10 

mikron 

% 0.3 

 

- 

- 

 

- 

- 

Serbest 

silis 

- - - - max % 

8 

max 

%0.4 

A.Z. A.Z. 

Cr2O3 - - - - - - max 

90 

ppm 

max 

80 

ppm 

$úÕQGÕUPD - - - - max 30 

mg 

max 5 

mg 

- - 

Cins ham 

kaoli

n 

ham 

ve 

tesis 

ham 

ve 

Tesis 

ham 

ve 

tesis 

tesis tesis ham ham 

 

 

������hUHWLP�0LNWDU�YH�'H÷HUOHUL 
 

7�UNL\H� 
GH� NDROLQ� �UHWLPL� VRQ� \ÕOODUGD� oLPHQWR� VHNW|U�Q�Q� WDOHELQH� ED÷OÕ�
olarak�|QHPOL�RUDQGD�DUWPÕúWÕU��hUHWLPLQ�E�\�N�ELU�E|O�P��\LQH�oLPHQWR�VHNW|U�Q�Q�
LKWL\DFÕQD� \|QHOLN� RODUDN� LKUDo� HGLOPHNWHGLU� >12].� � 8ODúDELOLQHQ� ND\QDNODUD� J|UH�
NDROLQ��UHWLPL�DUWÕú�J|VWHUPHNWHGLU� 

Tablo 2.19  Türkiye Kaolin Üretimi [12] 

YILLAR h5(7ø0��WRQ� 
1995 652.000 

1996 677.000 

1997 675.000 

1998 679.000 

1999 685.000 
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2.4.7 Birim Üretim Girdileri ve Maliyetler  

 

Kaolin üretimlerinde, kalitelere göre maliyetler birbiriyle mukayese 

HGLOPH\HFHN� NDGDU� IDUNOÕGÕU�� � %XQXQ� LoLQ� VHOHNWLI�PDGHQFLOLN� |QHP� ND]DQPDNWDGÕU��
.D÷ÕW� LoLQ� EH\D]OÕN� YH� G�ú�N� )H2O3
O�� �UHWLPGH� LúoLOLN� |Q� SODQD� oÕNPDNWD�� �UHWLP�
PLNWDUÕ�D]DOPDNWD�YH�PDOL\HW�DUWPDNWDGÕU���$\QÕ�úHNLOGH�VHUDPLN�YH�oLPHQWR�VHNW|U��
LoLQ� G�ú�N� )H2O3 YH� G�ú�N� 623� RUDQODUÕQÕQ� HOOH� D\ÕNODQPDVÕQGDQ� GROD\Õ� PDOL\HW�
artmakWDGÕU�� � %X� JLGHUOHU��PDOL\HW� YH� �UHWLP� JLGHUOHULQGH� WDúDURQOXN� JLGHUOHULQH� GH�
GDKLO� HGLOHELOPHNWHGLU�� �*HQHO� ELU� WDEOR� \DSÕODFDN� ROXUVD�� HQ� E�\�N� JLGHU� LúoLOLNWHQ�
�WDúDURQOXN��JHOPHNWHGLU�>��@� 

 

Tablo 2.20  .DROLQ�hUHWLPLQGH�0DOL\HW�'D÷ÕOÕPÕ�>��@� 
 

Üretim Giderleri ��'D÷ÕOÕP 

Harfiyat % 10-15 

øúoLOLN-7DúDURQOXN % 60-65 

Orman %   5-10 

Rödavans %   2-5 

Kalite Kontrol %   5 

Vergi-Harçlar %   1-2 

Beklenmeyen Giderler %   2-5 

 

Kaolinde kalite belirlenmesinde en önemli kriter olan Al2O3�RUDQÕQÕQ�\�NVHN�
olmDVÕ� GD�� NDOLWH\L� EHOLUOH\HQ�GL÷HU�XQVXUODUOD�ELUOHúWL÷LQGH��UHWLP�\DSÕODQ� VHNW|U�Q�
LVWH÷LQH�J|UH�ELULP��UHWLP�JLGHUOHULQGH�EHOLUOL�RUDQODUGD�GH÷LúPHOHU�ROPDNWDGÕU�>��@�� 

 

 

������øWKDODW�YH�øKUDFDW 
 

.DROLQ� LWKDODWÕQGD� HQ� E�\�N� LWKDODWoÕ� ND÷ÕW� VHNW|U�G�U�� � 7ürkiye 'de mevcut 

NDROLQ� V�]PH� WHVLVOHULQGH��|]HOOLNOH�GH�ND÷ÕW� VDQD\LQLQ� LVWHGL÷L�|]HOOLNWH�NDROLQ�HOGH�
HGLOHPHPHNWHGLU�� ���� EH\D]OÕ÷ÕQ� �VW�QH� oÕNÕODPDPDVÕ�� VHUEHVW� VLOLV� RUDQÕQÕQ�
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LVWHQLOHQ�VHYL\HOHUH�LQGLULOHPHPHVL�VRQXFXQGD��DúÕQGÕUPD�\�NVHN�YH���PLNURQa inen 

SDUoD� ER\X� �� ��� 
GHQ� D]GÕU�� � 7�UNL\H¶GH� VHUDPLN� NDOLWHVLQGH� VÕUOÕN� NDROLQ�
�UHWLOHPHGL÷LQGHQ� VHUDPLN� VHNW|U�� GH� VÕU� YH� IOLW� |]HOOLNOL� NDROLQL� LWKDO� HWPHNWHGLU���
<HQL� WHVLVOHULQ�NXUXOPDVÕ�YH�NXUXOX� WHVLVOHUGH�NXOODQÕODFDN�NDROLQOHULQ�|]HOOLNOHULQLQ�
çoN� L\L� EHOLUOHQPHVL� LWKDODWÕQ� \XUWLoL� ND\QDNODUGDQ� NDUúÕODQPDVÕ� EDNÕPÕQGDQ� |]HO�
önem WDúÕPDNWDGÕU� >�@�� �8ODúÕODELOHQ�ND\QDNODUD�J|UH������YH������ \ÕOODUÕ� DUDVÕQGD�
�ONHPL]GH�NL�PDGHQ�LWKDODWÕ��o�NDW�DUWPÕúWÕU���%X�GD�YDU�RODQ�PDGHQOHULPL]GHQ�\HWHUL�
kadar yarDUODQDPDGÕ÷ÕPÕ]Õ�J|VWHUPHNWHGLU� 
 

Tablo 2.21 7�UNL\H�.DROLQ�øWKDODWÕ 
 

YILLAR øWKDODW��WRQ� 
1993 43.043 

1994 61.194 

1995 84.602 

1996 83.690 

1997 113.432 

1998 139.326 

 

 

'�Q\D� NDROLQ� LKUDFDWÕQGD�� LON� VÕUD\Õ� LúOHQPLú� ND÷ÕW� NDROLQL� ROXúWXUXUNHQ��
Türkiye NDROLQ� LKUDFDWÕQGD� ELULQFL� VÕUD\Õ� KDP� NDROLQ� ROXúWXUPDNWDGÕU�� øKUDo� HGLOHQ�
NDROLQOHULQ� �� ��� 
L� oLPHQWR� VHNW|U�QGH�� �� �� 
L� GH� VHUDPLN� YH� GL÷HU� VHNW|UOHUGH�
NXOODQÕOPDNWDGÕU��7�UNL\H
GHQ�LKUDo�HGLOHQ�NDROLQOHU��NÕUÕOPÕú��KDP�NDROLQ�ROGX÷X�LoLQ�
NDWPD� GH÷HUL� G�ú�NW�U�� øWKDODWWD� LúOHQPLú� NDROLQ� DOÕQGÕ÷Õ� LoLQ� NDWPD� GH÷HUL� oRN�
\�NVHNWLU�� � 7�UNL\H� NDROLQ� LKUDFDWÕQGD�� VRQ� \ÕOODUGD� EHOLUOL� ELU� DUWÕú� J|]OHQPLúWLU��
øKUDFDW� \DSÕODQ��ONHOHULQ�EDúÕQGD� øVSDQ\D��7XQXV��<XQDQLVWDQ�� øWDO\D��%LUOHúLN�$UDS�
Emirlikleri ve Ürdün gelmektedir [4]. 
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Tablo 2.22 7�UNL\H�.DROLQ�YH�.DROLQOL�.LOOHU�øKUDFDWÕ�>�@ 
 

1998 1999 2000 

Miktar 

ton 

'H÷HU 
x103 $ 

Miktar 

ton 

'H÷HU 
x103 $ 

Miktar 

ton 

'H÷HU 
x103 $ 

 

ø+5$d�('ø/(1 

.$2/ø1�YH�

.$2/ø1/ø�.ø//(5 145.933 5.638 254.059 7.515 262.745 7.531 

 

 

������7�UNL\H¶QLQ�'�Q\DGDNL�'XUXP�YH�'L÷HU�hONHOHUOH�.DUúÕODúWÕUPD 

 

'�Q\D� YH� $YUXSD� NDROLQ� WLFDUHWL�� ND÷ÕW� NDROLQL� YH� VHUDPLN� NDROLQL� RODUDN�
GH÷HUOHQGLULOPHNWHGLU��%LU�GH÷HUOHQGLUPH�\DSÕOGÕ÷ÕQGD���ONHPL]GHNL�WHVLVOHUGH�NDOLWHOL�
kaolin yeterli miktarda üretLOHPHGL÷L�LoLQ�7�UNL\H�\XUWLoL�YH�\XUWGÕúÕ�LKUDFDWÕ�W�YHQDQ�
NDROLQ��]HULQH�JHOLúPHNWHGLU�� �'�Q\D� WLFDUHWL� V�]�OP�ú�NDROLQ� LNHQ��7�UNL\H� WLFDUHWL�
oLPHQWR� VHNW|U�Q�Q� WDOHELQL� NDUúÕOD\DQ� KDP� NDROLQOHUH� \|QHOPLúWLU�� gQ�P�]GHNL�
\ÕOODUGD��7�UNL\H
GH�EX�VHNW|UGHNL�NXUXOXúODUÕQ�V�]�OP�ú�NDROLQ�WHNQRORMLVLQGH�X\JXQ�
NDOLWHOHUL� \DNDODPDVÕ� YH� �UHWLPGH�� |]HOOLNOH� LWKDODWÕ� |QOH\LFL�� V�]�OP�ú� NDROLQOHUH�
D÷ÕUOÕN�YHUPHOHUL�EHNOHQPHNWHGLU�>11]. 
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����8/$ù7,50$�6ø67(0/(5ø�9(�0$'(1�8/$ù7,50$6, 
 

Mevcut ekonomik LOLúNLOHUL� GDKD� GD� JHOLúWLUPHN� LoLQ� �ONHOHU�� N�UHVHO� YH�
E|OJHVHO�ED]GD�OLEHUDOOHúPH�oDEDVÕ�LoLQGH�VHUEHVW�WLFDUHW�E|OJHOHUL��J�PU�N�ELUOLNOHUL��
RUWDN� SD]DUODU� Y�E� ROXúWXUPD� oDEDVÕ� LoLQGHGLUOHU�� � <DúDQDQ� N�UHVHOOHúPH� V�UHFL� GH��
PDOODUÕQ�� KL]PHWOHULQ�� VHUPD\HQLQ�� NLúLOHULQ� G�Q\DGD� GDKD� VHUEHVW� GRODúÕPÕQÕ�
|QJ|UPHNWHGLU�� � 6ÕQÕUODUÕQ� RUWDGDQ� NDONWÕ÷Õ�� UHNDEHWLQ� DUWWÕ÷Õ� G�Q\D� GD� \DúDQDQ� EX�
GH÷LúLP�HQ�ID]OD�HWNLOH\HQ�YH�HWNLOH\HFHN�RODQ�VHNW|UOHUGHQ�ELUL�XODúWÕUPD�VHNW|U�G�U���
6DQD\LQLQ� KÕ]OD� JHOLúPHVLQH�� Q�IXV� DUWÕúÕQD� YH� \HUOHúLP� PHUNH]OHULQLQ�
\D\JÕQODúPDVÕQD� SDUOHO� RODUDN�� XODúWÕUPD� VLVWHPOHUL� GH� NRQIRU�� KÕ]� YH� J�YHQLUOLN�
\|Q�QGHQ�GHYDPOÕ�JHOLúPHOHU�ND\GHWPHNWHGLU�>��@�  

 

 

����.DUD\ROX�7DúÕPDFÕOÕ÷Õ�YH��0DGHQFLOLN 

 

.DUD\ROX�WDúÕPDFÕOÕ÷Õ��,,�'�Q\D�VDYDúÕQGDQ�VRQUD�KÕ]OD�JHOLúHUHN�HQ�NXOODQÕúOÕ�
QDNOL\H� W�U�� ROPXú� YH� W�P� ORMLVWLN� V�UHoOHUGH� \HU� DOPÕúWÕU�� � .DSÕGDQ� NDSÕ\D�
WDúÕPDFÕOÕ÷D� X\JXQGXU�� � .DUD\ROX� WDúÕPDFÕOÕ÷ÕQ� KHU� oHúLW� NDUD\ROXQGD�
JHUoHNOHúWLULOHELOLU� ROPDVÕ� GD�� NDSVDGÕ÷Õ� SD]DU� DODQÕ� EDNÕPÕQGDQ� �VW�Q� ROPDVÕQÕ�
VD÷ODPDNWDGÕU���$\UÕFD��WHUPLQDO�QRNWDODUÕQGDNL�\DWÕUÕP�PDOL\HWOHUL�GH��GL÷HU�PRGODUD�
RUDQOD�GDKD�G�ú�NW�U�� �%X�DYDQWDMODUÕQÕQ�\DQÕ�VÕUD�D÷ÕUOÕN�YH�ER\XW�VÕQÕUODQPDODUÕQÕQ�
ROPDVÕ�� N|W�� KDYD� NRúXOODUÕQGDQ� YH� WUDILN� SUREOHPOHULQGHQ� HWNLOHQPHVL� VDNÕQFDOÕ�
yönlHULQL� ROXúWXUXU�� � hU�QOHULQ� GD÷ÕWÕOPDVÕ� YH\D� WRSODQPDVÕQD� G|Q�N�
NXOODQÕOPDNWDGÕU���5HNDEHWLQ�HQ�\R÷XQ�ROGX÷X�QDNOL\H�W�U�G�U�>��@.  

 

.DUD\ROX� D÷Õ�� RWR\RO� YH� DVIDOW� RODUDN� LNL\H� D\UÕOGÕ÷ÕQGD� 7DEOR� ���¶� GH� NL�
ELOJLOHU� HOGH� HGLOLU� � 7�UNL\H¶GH� NDUD\ROX� D÷Õ� X]XQOX÷X� ����� \ÕOÕQGDQ� ����� \ÕOÕQD�
NDGDU� ����� DUWPÕúNHQ�� D\QÕ� G|QHPGH� GHPLU\ROX� D÷Õ� X]XQOX÷X� VDGHFH� ����� NDW�
DUWPÕúWÕU���%X�GXUXP��ONHPL]GH�NDUD\ROXQD�D÷ÕUOÕN�YHULOGL÷LQLQ�ELU�J|VWHUJHVLGLU�>��@� 
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Tablo 3.1��<ÕOODUD�*|UH�7�UNL\H�.DUD\ROX�$÷Õ��NP��>��@ 
 

 1950 1991 1992 1993 1994 1995 

Otoyol - 388 771 1.085 1.188 1.286 

Asfalt 88.815 - - - - - 

Toplam 88.815 368.211 387.134 388.108 381.049 382.285 

øQGHNV 100 415 436 437 429 420 

 1996 1997 1998 1999 2000 2001 

Otoyol 1.481 1.573 1.707 1.749 1.773 1.851 

Asfalt - - - - - - 

Toplam 361.696 381.743 381.867 382.743 415.732 425.649 

øQGHNV 430 430 430 431 469 479 

 

 

7�UNL\H�¶QLQ�WRSODP�LKUDFDWÕQÕQ�WRQ�RODUDN��������¶VL��GH÷HU�RODUDN���������
WRSODP� LWKDODWÕQÕQ� LVH� WRQ� RODUDN� �� �� ¶VÕ�� GH÷HU� RODUDN� �� ����� ¶VL� NDUD\ROX� ile 

\DSÕOPDNWDGÕU�� � ����� \ÕOÕQGD� W�UN� WDúÕWODUÕ\OD� ���������� WRQ� Hú\D� WDúÕQPÕú� ROXS�� EX�
WDúÕPDODUGDQ���������������GRODU�JHOLU�VD÷ODQPÕúWÕU�>��@.  

 

.DUD\ROX�WDúÕPDFÕOÕ÷ÕQGD�PDGHQFLOLN��Endüstriyel mineraller ham petrol, 

GR÷DOJD]� YH� PHWDOLN� PDGHQOHUH� J|UH� IDUNOÕOÕN� J|VWHUPHNWHGLU�� � (QG�VWUL\HO�
PLQHUDOOHULQ� �UHWLP� \HUL� NXOODQÕODFD÷Õ� QRNWD\D� ED÷OÕ� RODUDN� oRN� |QHPOLGLU�� � d�QN��
EXQODUÕQ� ELULP� IL\DWODUÕ� G�ú�NW�U�� � %X� GXUXP�� WDúÕPD� PDOL\HWOHULQLQ� |QHPLQL�
DUWWWÕUPDNWDGÕU�� � .|P�U� SD]DUODQPDVÕ�� HQG�VWUL\HO� PLQHUDO� SD]DUODQPDVÕ� LOH� ELUoRN�
RUWDN� |]HOOLNOHUH� VDKLSWLU�� �.|P�U� VDWÕúODUÕ� |]HOOLNOH� IRVIDW�� SRWDV�� V�OI�U� JLEL� J�EUH�
�UHWLPLQGH� NXOODQÕODQ� PLQHUDOOHUOH� D\QÕ� WXWXOPDNWD� YH� EXQODU� JHQHOOLNOH� E�\�N�
PLNWDUODUGD� WHN� SDUWLGH� J|QGHULOPHNWHGLU�� � $\UÕFD�� J�EUH� PLQHUDOOHUL ve kömür 

JHQHOOLNOH�VRQ��U�Q��UHWLPLQGH�\DOQÕ]�NXOODQÕOPDNWDGÕU�>��@�� 
 

(NRQRPLN� DoÕGDQ� JHOLúPLú� �ONHOHUGH� XODúWÕUPDGD� HQ� XFX]� YH� J�YHQOL� J|U�OHQ�
GHPLU\ROX� WDúÕPDFÕOÕ÷ÕQD� |QHP� YHULOLUNHQ�� 7�UNL\H¶GH� NDUD\ROX� ROXPVX]� YH� J�o�
NRúXOODUD�NDUúÕQ�|Q�SODQGD�WXWXOPDNWDGÕU���0DGHQ�FHYKHUOHULQLQ�oR÷X�GD�NDUD\ROX�LOH�
WDúÕQPDNWDGÕU�������-�����\ÕOODUÕ�LWLEDUL\OH�PDGHQFLOLN�VHNW|U�QGH��XODúÕP�ED]ÕQGD�LON�
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EHú� VÕUDODPDVÕ� PHUPHU� �LúOHQPLú��� ERU�� PHUPHU� �LúOHQPHPLú��� EDNÕU�� IHOGVSDW� YH�
PDQ\H]LW�úHNOLQGH�ROXúPXúWXU�>��@� 

 

3.��'HQL]\ROX�7DúÕPDFÕOÕ÷Õ�YH�0DGHQFLOLN 

 

'HQL]�WDúÕPDFÕOÕ÷Õ�XOXVODUDUDVÕ�WDúÕPDGD�HQ�\D\JÕQ�NXOODQÕODQ�WDúÕPD�úHNOLGLU���
Çok büyük miktarda kuru yük, likit ve gaz, konteynerlenebilen malzemeler 

GHQL]\ROX� LOH� WDúÕQÕU�� �+Õ]� IDNW|U�Q�Q�oRN�|QHPOL�ROPDGÕ÷Õ�G�ú�N�GH÷HUOL� �|]HOOLNOH�
KDPPDGGH�� �U�QOHULQ� WDúÕQPDVÕQGD� NXOODQÕOPDNWDGÕU�� <DYDú� ROPDVÕQD� UD÷PHQ�
J�YHQLOLUOLN� \�NVHNWLU�� øON� \DWÕUÕPÕ� SDKDOÕ� ROPDVÕQD� NDUúÕQ� X]XQ� \ÕOODU�
NXOODQÕODELOPHNWHGLU� >��@�  (Q� |QHPOL� DYDQWDMÕ�� oRN� E�\�N� KDFLPOL� �U�Q� WDúÕPDVÕQD�
imkan veUPHVLGLU���'�Q\D�HNRQRPLVLQGHNL�PDO�WDúÕPDFÕOÕ÷ÕQÕQ������¶ÕQD�\DNÕQ�NÕVPÕ�
GHQL]� WDúÕPDFÕOÕ÷Õ\OD� JHUoHNOHúPHNWHGLU�� � 6DELW� PDOL\HWOHU�� GHPLU\ROX� YH� NDUD\ROX�
DUDVÕQGD� \HU� DODQ� GHQL]\ROX� WDúÕPDFÕOÕ÷ÕQGD�� GH÷LúNHQ� PDOL\HWOHU� ROGXNoD� D]GÕU���
Havayoluna göre 22, karayoluna göre 7, demiryoluna göre 3,5 kat daha ucuz bir 

WDúÕPD�W�U�G�U�>��@� 
 

7�UN� GHQL]� WLFDUHW� ILORVX� NDSDVLWHVLQLQ� PHYFXW� GXUXPX� YH� \ÕOODU� LWLEDUÕ\OD�
JHOLúLPL�7DEOR�����¶GH�J|VWHULOPLúWLU���7�UN�'HQL]�7LFDUHW�)LORVX������VRQX�LWLEDUL\OH�
1185 adet gemi ile 8.665.575 DWT (Dead weight ton) olan filosuyla dünya 

VÕUDODPDVÕQGD����VÕUD\D�\HUOHúPLúWLU�>��@�� 
 

Tablo 3.2  Türk�'HQL]�7LFDUHW�)LORVX�.DSDVLWHVLQLQ�0HYFXW�'XUXPX�YH�<ÕOODU�
øWLEDUL\OH�*HOLúLPL�>��@ 

 

 
199

2 

199

3 

199

4 
1995 1996 1997 1998 

199

9 

200

0 

200

1 

200

2 

Gemi 

adedi 
954 

1.01

2 

1.05

0 
1.143 1.179 1.197 1.204 

1.24

2 

1.27

0 

1.26

1 

1.18

5 

DWT 

(1000) 

6.05

3 

8.25

5 

8.54

5 

10.31

0 

10.89

3 

10.56

3 
9.760 

10.3

22 

9.48

9 

9.30

7 

8.66

6 

GT 

(1000) 

3.88

7 

4.84

3 

5.09

3 
6.239 6.622 6.525 6.463 

6.77

8 

6.04

4 

6.00

2 

5.73

6 
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Türkiye ’nin  2���� \ÕOÕ� YHULOHUL� LQFHOHQGL÷LQGH� ����� PLO\RQ� WRQOXN� LWKDODW�
WDúÕPDFÕOÕ÷ÕQÕQ� �� ����¶VL�� ����� PLO\RQ� WRQOXN� LKUDFDW� WDúÕPDFÕOÕ÷ÕQÕQ� �� ��¶QLQ�
GHQL]\ROX�LOH�JHUoHNOHúWL÷L�J|U�OPHNWHGLU���øNLQFL�VÕUDGD�LVH�LWKDODWWD��������LKUDFDWWD�
�������LOH�NDUD\ROX�WDúÕPDFÕOÕ÷Õ�JHOPHNWHGLU�>��@� 

 

7DEOR������'Õú�7LFDUHWWH�'HQL]\ROXQXQ�SD\Õ�YH�GL÷HU�XODúÕP�\ROODUÕ\OD�
NDUúÕODúWÕUÕOPDVÕ�>��@������� 

 

�����\ÕOÕ øKUDFDW��WRQ� Pay (%) øWKDODW��WRQ� Pay (%) 

Denizyolu 33.120.239 82.0 75.620.005 89.7 

Demiryolu 371.468 0.9 559.934 0.7 

Karayolu  6.788.972 16.8 5.268.440 6.2 

Havayolu  82.797 0.2 137.531 0.2 

'L÷HU� 19.196 0.1 2.715.095 3.2 

Toplam 40.382.672 100 84.301.005 100 

 

 

'HQL]\ROX\OD� WDúÕQDQ� LWKDODW� \�N�� D÷ÕUOÕN� VÕUDVÕ\OD� KDP� SHWURO�� VDQD\L�
mamulleri, kömür, maden cevheri ve dL÷HU� \�NOHUGHQ� ROXúPDNWDGÕU�� � 'HQL]\ROX\OD�
WDúÕQDQ� LKUDFDW� \�N�QGH� LVH� LON� VDQD\L�PDPXOOHUL� GDKD� VRQUD�PDGHQ� FHYKHUL�� SHWURO�
�U�QOHUL�YH�GL÷HU�\�NOHU�DOPDNWDGÕU�>��@��  

 

.XUX�G|NPH�\�N�WDúÕPDODUÕQGD�PDGHQ�FHYKHUL�LON��KXEXEDW�LNLQFL��N|P�U�LVH�
�o�QF��VÕUDGD� \HU�DOPDNWDGÕU�� �$NDU\DNÕW� WDúÕPDODUÕ�NDSVDPÕQGD��KDP�SHWURO��SHWURO�
�U�QOHUL�� VÕYÕODúWÕUÕOPÕú� JD]� YH� GL÷HU� VÕYÕODU� \HU� DOPDNWDGÕU�� � 'HQL]\ROX\OD� WDúÕQDQ�
DNDU\DNÕW� LKUDFDWÕPÕ]GD� HQ� E�\�N� SD\Õ� LúOHQPLú� SHWURO� DOPDNWDGÕU�� � hONHPL]GH�
oÕNDUÕODQ� KDP� SHWURO� \HWHUOL� ROPDGÕ÷ÕQGDQ� \ÕOGD� ��-25 milyon ton ham petrol ithal 

HGLOPHNWHGLU���<ÕOOÕN����PLO\RQX�DúDQ�KDP�SHWURO�LKWL\DFÕPÕ]ÕQ�VRQ�\ÕOODUGD�\DNODúÕN�
�� ��¶Õ� LWKDO� HGLOPHNWHGLU�� � ����� \ÕOÕQGD� GHQL]\ROX\OD� JHUoHNOHúWLULOHQ� LWKDODWWD� HQ�
E�\�N�SD\Õ������PLO\RQ� WRQ� LOH�KDP�SHWURO�DOÕUNHQ��EXQX�N|P�U� ������PLO\RQ� WRQ���
VÕYÕODúWÕUÕOPÕú� JD]� ����� PLO\RQ� WRQ��� SHWURO� �U�QOHUL� ����� PLO\RQ� WRQ�� YH� PDGHQ�
FHYKHUOHUL� ����� PLO\RQ� WRQ�� EXQODUÕQ� GÕúÕQGD� GHPLU�� NURP�� EORN� PHUPHU�� DOoÕ� WDúÕ��
EDNÕU��IHOGVSDW��NDROLQ��JUDILW��oLQNR��NXYDUV��NXUúXQ��NREDOW�LWKDODWÕ�L]OHPLú��LKUDFDWWD�
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LVH�|P�U�YH�VÕYÕODúWÕUÕOPÕú�JD]�GHQL]\ROX�LOH�WLFDUHWL�JHUoHNOHúWLULOHQ�HQ�|QHPOL�LKUDo�
NDOHPOHUL� ROPXúWXU�� � %XQODUÕQ� GÕúÕQGD� EDNÕU�� IHOGVSDW�� NURP�� oLQNR�� EDULW�� SRP]D��
SHUOLW��NXYDUV��NXUúXQ��N�N�UW�LKUDFDWÕPÕ]GD�|QHPOL�\HUH�VDKLSWLU�>��@�� 
 

0DGHQ� RFD÷Õ� NXUXODFDN� \HUOHULQ� EHOLUOHQPHVLQGH�� PDGHQOHULQ� XODúWÕUPD�
VLVWHPOHULQH� \DNÕQOÕGD� LQFHOHQPHNWHGLU�� gUQH÷LQ�� IHOGVSDW� WDúÕPDFÕOÕ÷Õ�� QDNOL\H�
PDVUDIODUÕQÕQ� G�ú�N� ROPDVÕ�� NÕUÕOPÕú�� HOHQPLú� �U�Q� ROGX÷XQGDQ� \DNÕQÕQda bulunan 

J�OO�N�OLPDQÕQGDQ�\DSÕOPDNWDGÕU�>��@�� 
 

Tablo 3.4  Dünya Deniz Ticaretinde Madenler [23] (milyon Ton) (2002) 

 

<ÕOODU Ham 

Petrol 

Petrol 

Ürünleri 
Demir Kömür 7DKÕO Boksit 

ve AL 
Fosfat 'L÷HU Toplam 

1999 1.550 415 411 482 220 53 30 2.008 5.169 

2000 1.608 419 454 523 230 53 28 2.119 5.434 

2001 1585 412 445 560 220 51 27 2135 5435 

2002 1575 420 445 575 230 52 26 2185 5505 

 

 

3.3  'HPLU\ROX�7DúÕPDFÕOÕ÷Õ�YH�0DGHQFLOLN 

 

7�P� G�Q\DGD�� NDUD\ROX� D÷ÕUOÕNOÕ� PHYFXW� WDúÕPDFÕOÕN� VLVWHPL� VHEHS� ROGX÷X�
kirlenme, ND]DODU� YH� WUDILN� WÕNDQÕNOÕ÷Õ� LOH� HNRQRPLQLQ� JHOLúPHVLQGH� HQ� E�\�N� URO�
R\QD\DQ�KDUHNHWOLOL÷L� VÕQÕUODPDNWDGÕU�� �'HPLU\ROODUÕ� G�ú�N�GH÷HUOL�� D÷ÕU�PDO]HPHOHU�
LoLQ� NXOODQÕOPDNWDGÕU�� � ���-500 kilometreden daha uzun mesafelere hizmet eder.  

.DSVDGÕ÷Õ� SD]DU� DODQÕ�� NDUD\ROX� QDNOL\HVLQH� J|UH� NÕVÕWOÕGÕU�� � øON� \DWÕUÕP�PDOL\HWOHUL�
\�NVHN� ROGX÷XQGDQ� JHQHOOLNOH� GHYOHW� WDUDIÕQGDQ� NXUXOPDNWD� YH� LúOHWLOPHNWHGLU���
.RPELQH�WDúÕPDFÕOÕN�LoLQ�oRN�HOYHULúOLGLU�>��@�� 

 

$%'� ¶GHNL� JHOHQHNVHO� G|NPH� \�N� RODQ� N|P�U� GDKL� NRQWH\QHUOH� WDúÕQPD\D��
Avrupa’da ise mamul maddeler ve makineler karayolundan demiryoluna kaymaya 

EDúODPÕúWÕU���8ODúWÕUPD�VLVWHPOHUL�DUDVÕQGDNL�PHYFXW�GHQJHVL]OL÷H�NDUúÕQ��GHPLU\ROODUÕ�
NRPELQH�YH�NRQWH\QHU�WDúÕPDFÕOÕ÷ÕQD�JLGHUHN�DUWDQ�ELU�NDWNÕ�\DSPDNWDGÕU�>��@� 
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Örtü mal]HPHOHUL� YH� N|P�U� QDNOL\DWÕ� EDQWOÕ� NRQYH\|U�� GHPLU\ROX� YH\D�
QDGLUHQ� NDP\RQODUOD� \DSÕOPDNWDGÕU�� � <�NVHN-KÕ]� WUHQ� KL]PHWOHUL�� GHPLU\ROODUÕQD�
|QHPOL� ELU� SD]DU� LPNDQÕ� \DUDWPÕúWÕU�� � %X� SD]DUGD� GHPLU\ROODUÕ�� NDUD\ROX� YH�
havayoluna göre tercih edilir bir alternatLI� KDOLQH� JHOPLúWLU�� � 0DGHQ� FHYKHUOHUL�
WDúÕPDFÕOÕ÷ÕQGD�oHúLWOL�\�NOHU� LoLQ�oHúLWOL�YDJRQODU�NXOODQÕOPDNWDGÕU�� �.DSDOÕ�YDJRQOD�
KHU� W�UO�� WRUEDOÕ�oLPHQWR��J�EUH�Y�E�� WDúÕPDVÕ��QRUPDO� WLS�\�NVHN�NHQDUOÕ�DoÕN�YDJRQ�
LOH�N|P�U��KHU�W�UO��PDGHQ�FHYKHUL��WX÷OD��NLUHPLW��GHPLU��ERUX��NXP�WDúÕPDVÕ��QRUPDO�
WLS� SODWIRUP� YDJRQ� LOH� EHWRQ�� GHPL�� D÷Do� GLUHNOHU� WDúÕPDVÕ�� |]HO� WLS� \�NVHN� NHQDUOÕ�
YDJRQ� LOH� N|P�U� YH� KHU� W�UO�� PDGHQ� FHYKHUL� WDúÕPDVÕ� \DSÕOÕU�� � 9DJRQ� �VWWHQ�
GROGXUXOXU��\DQGD�RWRPDWLN�ERúDOWPD�WHUWLEDWÕ�YDUGÕU�� �6ÕYÕ� WDúÕPD\D�PDKVXV�VDUQÕoOÕ�
YDJRQ�LOH�KHU�W�UO��DNDU\DNÕW�WDúÕPDVÕ�\DSÕOPDNWDGÕU�>��@�� 

 

'HPLU\ROX�D÷ÕQÕQ������\ÕOÕQGDNL�X]XQOX÷X�������NP�LNHQ�������\ÕOÕQGD�������
NP�YH� ����� \ÕOÕQGD� ������ NP¶� GLU�� �0HYFXW� KDWODUÕQ������ ¶OLN� E|O�P�QGH� WHN� KDW�
LúOHWPHFLOL÷L� \DSÕOPDNWD� ROXS�� PHYFXW� KDWODUÕQ� E�\�N� ELU� E|O�P�� IL]LNL� RODUDN�
VWDQGDUW� GÕúÕ� |]HOOLNOHUH� VDKLSWLU�� � 7�UNL\H� ¶GH� +D\GDUSDúD�� 'HULQFH�� 6DPVXQ��
%DQGÕUPD�� ø]PLU�� 0HUVLQ� YH� øVNHQGHUXQ� OLPDQODUÕQÕQ� GHPLU\ROX� ED÷ODQWÕVÕ�
EXOXQPDNWDGÕU�� � $\UÕFD�� *D]LDQWHS� 2UJDQLze Sanayi ve Sincan (Ankara) Organize 

6DQD\L�%|OJHOHULQLQ�GHPLU\ROX�ED÷ODQWÕVÕ�YDUGÕU�>��@�� 
 

'HPLU\ROODUÕ�LOH�WDúÕQDQ�PDO�PLNWDUODUÕ�7DEOR�����¶GH�J|U�OPHNWHGLU� 
Tablo 3.5��<ÕOODUD�*|UH�'HPLU\ROX�8]XQOX÷X�YH�<�N�7DúÕPD�0LNWDUODUÕ�>��@ 

 

 1923 1950 1993 1994 1996 1997 1998 1999 2000 2001 

Demiryol

u 

X]XQOX÷X�
(km) 

3.756 7.671 8.430 8.452 8.607 8.607 8.607 8.682 8.671 8.671 

7DúÕQDQ�
yük 

(bin ton) 

 8.681 
15.81

8 

14.67

5 

15.85

6 

16.90

0 

19.00

0 

15.53

7 

18.52

4 
14.362 

øQGHNV�
(yük 

indeksi) 

 100 182 169 183 195 219 179 213 165 
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'HPLU\ROODUÕ� GL÷HU� XODúÕP� W�UOHUL\OH� NÕ\DVODQGÕ÷ÕQGD� DúD÷ÕGDNL� DYDQWDMODUD� VDKLSWLU�
[19].  

 

• 6LV�� GRQ� JLEL� LNOLP� NRúXOODUÕQGDQ� NDUD\ROODUÕQD� J|UH� GDKD� D]� HWNLOHQPHVL�
J�YHQOL÷L��NRQIRU�YH�UDKDWOÕ÷Õ�DUWWÕUPDNWDGÕU� 

 

• +DYD��DUD]L�YH�VXODUÕQ�NLUOHQPHOHULQH�HWNLVL�NDUD�YH�KDYD\ROODUÕQD�J|UH�GDKD�
D]GÕU� 

• .DUD\ROODUÕQD�J|UH�GDKD�D]�DUD]L�JHUHNWLUPHNWHGLU� 
 

• *�U�OW�� DoÕVÕQGDQ� NDUD� YH� KDYD\ROODUÕQD� J|UH� GDKD� D]� J�U�OW�O�� XODúÕP�
türüdür. 

 

• *HUHN� \�N� JHUHN� \ROFX� WDúÕPDFÕOÕ÷ÕQGD� GHPLU\ROODUÕ� GL÷HU� XODúÕP� W�UOHULQH�
(ö]HOOLNOH� NDUD\ROODUÕ\OD� NDUúÕODúWÕUÕOGÕ÷ÕQGD�� J|UH� GDKD� D]� HQHUML�
KDUFDPDNWDGÕU� 

 

• <RO� \DSÕP� PDOL\HWOHUL� DoÕVÕQGDQ� EDNÕOGÕ÷ÕQGD� GHPLU\ROX� \DSÕP� PDOL\HWL��
RWR\RO�\DSÕP�PDOL\HWLQGHQ�GDKD�XFX]GXU� 

 

$YUXSD� YH� $V\D� ¶QÕQ� ELUoRN� �ONHVLQGH� GHPLU\ROODUÕQD� |]HO� ELU� |nem 

YHULOPHNWHGLU�� � øON�RODUDN������ ¶OÕ� \ÕOODUGD� -DSRQ\D¶GD�NXOODQÕOPD\D�EDúODQÕODQ� LOHUL�
WHNQRORML� �U�Q�� \�NVHN� KÕ]� WUHQOHUL� ����� ¶OL� \ÕOODUGDQ� LWLEDUHQ� W�P� G�Q\DGD�
\D\JÕQODúPÕúWÕU�� � <�NVHN� KÕ]� WUHQOHULQLQ� KL]PHW� YHUGL÷L� �ONHOHUGH� ���-600 km 

DUDVÕQGDNL�PHVDIHOHUGH��GHPLU\ROX�LOH�XODúÕP�KDYD\ROX�XODúÕPÕQD�WHUFLK�HGLOPHNWHGLU���
$YUXSD�%LUOL÷L��ONHOHULQGH�GHPLU\ROX�WDúÕPDFÕOÕ÷ÕQÕQ�\ROFX�WDúÕPDVÕQGD�SD]DU�SD\Õ����
�����\�N�WDúÕPDFÕOÕ÷ÕQGD�LVH��������¶W�U�>��@�� 
 

 

����+DYD\ROX�7DúÕPDFÕOÕ÷Õ�YH�0DGHQFLOLN 

 

7DúÕPDFÕOÕ÷ÕQ� \HQL� YH� HQ� D]� \DUDUODQÕODQ� KDYD\ROX� WDúÕPDFÕOÕ÷Õ�� WHUPLQDOOHU�
DUDVÕQGD�\DSÕODQ��KÕ]OÕ�YH�]DPDQD�ED÷OÕ�ELU�QDNOL\H�W�U�G�U���'H÷HUOL��U�QOHULQ��N�o�N�
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ER\XWODUGD�YH�SDNHWOHQPLú�ELoLPGH� WDúÕQPDVÕQD�X\JXQGXU�� �����NP�¶GHQ�GDKD�X]DN�
mesafeler için uygundXU�� � øON� \DWÕUÕPÕ� YH� LúOHWPH� JLGHUOHUL� \�NVHNWLU�� �gWH� \DQGDQ��
KDYD\ROX� QDNOL\HVLQLQ� VD÷ODGÕ÷Õ� KÕ]� DYDQWDMÕ� D\QÕ� ]DPDQGD� GHSRODPD� PDOL\HWOHULQL�
D]DOWÕFÕ� ELU� HWNHQ� RODUDN� G�ú�Q�OHELOLU�� � '�Q\DGD� |]HOOLNOH� VRQ� RQ� \ÕOGD� WLFDUHWLQ�
N�UHVHOOHúPHQLQ�KÕ]�ND]DQPDVÕ\OD�ELUOLNWH�� G�Q\D�|OoH÷LQGHNL� LOHWLúLP��XODúWÕUPD�YH�
WDúÕPDFÕOÕN�IDDOL\HWOHUL�EDú�G|QG�U�F��ELU�JHOLúPH�\DúDPDNWDGÕU���1DNOL\H�LPNDQODUÕ��
özellikle e-WLFDUHWLQ�GH�\D\JÕQODúPDVÕ\OD�YH�G�Q\DGD��UHWLPOH� W�NHWLPLQ�XOXVODUDUDVÕ�
QLWHOLN� ND]DQPDVÕQD� SDUDOHO� RODUDN� JHOLúPLúWLU�� � %X� V�UHoWH� KDYD\ROX� NDUJR�
WDúÕPDFÕOÕ÷Õ� GD� KHP� G�Q\D� oDSÕQGD� KHP� 7�UNL\H� ¶GH� E�\�N� JHOLúPHOHU� \DúDPDNWD��
KDYD\ROX�NDUJR�WDúÕPDFÕOÕ÷ÕQD�WDOHS�DUWPDNWDGÕU�>��@��� 

 

8ODúÕP� YH� LOHWLúLP� DUDoODUÕ� VD\HVLQGH� JLWWLNoH� N�o�OHQ�� DPD� N�o�OG�NoH� ELU�
yaQGDQ� GD� E�\�\HQ� G�Q\DGD�� ]DPDQ� YH� KÕ]� IDNW|U�� GH� DUWÕN� |]HOOLNOH� GH� N�UHVHO�
úLUNHWOHU� LoLQ� KD\DWL� |QHP� WDúÕPD\D� EDúODPÕúWÕU�� � =DPDQ� YH� KÕ]� IDNW|UOHUL�� -,7�
X\JXODPDVÕ��N�o�N�|OoHNOL� DPD�VÕN� VHYNL\DWODU�KHU�JHoHQ�J�Q�|QHP�ND]DQGÕNoD��EX�
|QHP� WDúÕGÕ÷Õ� PDOL\HWH� UD÷PHQ� IÕUVDW� |QFHOL÷L� VD÷ODGÕ÷ÕQGDQ� KDYD� WDúÕPDFÕOÕ÷ÕQD�
\|QHOLN� WDOHELQ� DUWWÕ÷Õ� EHOLUWLOPHNWHGLU�� � +DYD\ROX� NDUJR� WDúÕPDFÕOÕ÷ÕQGD� HNVSUHV��
NXU\H� NDUJR� WDúÕPDFÕOÕ÷ÕQÕQ� D÷ÕUOÕ÷Õ� JLGHUHN� DUWPDNWDGÕU�� � 6RQ� \ÕOODUGD� KDYD� NDUJR�
\ROX\OD� WDúÕQDQ�PDOODUÕQ�FLQVL�YH�NRPSR]LV\RQX�GD�GH÷LúPHNWHGLU�� �����¶OL� \ÕOODUGD�
KDYD\ROX\OD�WDúÕQDQ�NDUJR��KHU�W�UO��\L\HFHN�PDO]HPHVL��GHQL]��U�QOHUL��JD]HWH��O�NV�
JL\LP�Hú\DVÕ��LODo�YH�\HGHN�SDUoD�LGL��������¶OÕ�\ÕOODUD�JHOLQGL÷LQGH�LVH�PDOODUÕQ�FLQVL�
YH� WHNQRORML� HQVWU�PDQODUÕ�� oLoHN�� FDQOÕ� ELWNL�� EDOÕN� YH� GHQL]� �U�QOHUL�� DUDED� \HGHN�
SDUoDODUÕ�� D\DNNDEÕ� YH� SHN� oRN� GD\DQÕNOÕ� W�NHWLP� PDO]HPHOHUL� WDúÕQDQ� PDOODUÕQ�
D÷ÕUOÕ÷ÕQÕ�ROXúWXUPDNWDGÕU�>��@� 

 

8OXVODUDUDVÕ� WLFDUHWWH� WDúÕQDQ� PDOODUGD� KDYD\ROXQXQ� SD\Õ� JLGHUHN� DUWWÕNoD��
Türkiye hava kDUJR�WDúÕPDFÕOÕ÷Õ�GD�G�Q\DGDNL�JHOLúPHOHUH�SDUDOHO�RODUDN�VRQ�RQ�\ÕOGD�
JHOLúPHOHU�ND\GHWPLúWLU���7�UNL\H¶GH�VDQD\LQLQ�JHOLúPHVL��|]HOOLNOH�WHNVWLO��HOHNWURQLN��
PDNLQH�YH�HNLSPDQODUÕ��ELOJLVD\DU��RWRPRWLY��LODo�VDQD\LQLQ�YH�oLoHNoLOL÷LQ�JHOLúPHVL�
hava kargo�WDúÕPDFÕOÕ÷ÕQD�RODQ�LKWL\DFÕ�YH�NXOODQÕP�RUDQÕQÕ�DUWWÕUPÕúWÕU���8]PDQODUFD��
JHOHFHNWH� $%� ¶QH� �\H� RODFDN� 7�UNL\H� ¶QLQ� WDULKL� YH� N�OW�UHO� ED÷ODUÕQÕQ� EXOXQGX÷X�
7�UN� &XPKXUL\HWOHULQH� DoÕODFDN� ELU� NDSÕ� YH� |QHPOL� ELU� WUDQVLW� �ONH� GXUXPXQD�
JHOHFH÷L��EX�GXUXPXQ�7�UNL\H�YH�$%��\HVL��ONHOHU�YH�7�UN�&XPKXUL\HWOHUL�DUDVÕQGD�
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GLUHNW� YH� ED÷ODQWÕOÕ� NDUJR� WUDIL÷LQL� |QHPOL� RUDQGD� DUWWÕUDFD÷Õ� LIDGH� HGLOPHNWHGLU���
$\UÕFD��7�UNL\H�¶QLQ�MHRSROLWLN�YH�VWUDWHMLN�NRQXPX�LOH�HWUDIÕQGD�EXOXQDQ�����PLO\RQ�
Q�IXVOXN� SD]DUÕQ� DYDQWDMODUÕQÕ� NXOODQDUDN� KHP� KDYD� NDUJR� WDúÕPDFÕOÕ÷ÕQGD�� KHP� GH�
JHQHO� RODUDN� W�P� ORMLVWLN� VHNW|U�QGH� ELU� ORMLVWLN� �V� RODELOHFH÷L� LOHUL� V�U�OPHNWHGLU�
[25]. 

 

0DGHQ�FHYKHUOHULQLQ�WDúÕQPDVÕQGD�KDYD\ROX�ID]OD�NXOODQÕOPDPDNWDGÕU�� �)L\DW�
YH�PDOL\HWLQ�\�NVHN�ROPDVÕ�KDYD\ROX�NXOODQÕPÕQÕQ�D]�ROPDVÕQGD�HWNHQGLU���*HQHOOLNOH�
DOWÕQ�� J�P�ú� YE�� GH÷HUOL� FHYKHUOHULQ� WDúÕQPDVÕQGD� KDYD\ROXQD� EDúYXUXOPDNWDGÕU���
'�Q\D� HNRQRPLVLQLQ� N�UHVHOOHúPHVL� VRQXFX�� P�úWHULOHULQ� GDKD� KÕ]OÕ� YH� J�YHQLOLU�
WHVOLPDW�EHNOHQWLOHUL�� UDI�|PU��NÕVD�RODQ��U�QOHUin hava kargoya yönelmelerine, yük 

YH�DFLO�WUDILN�DODQÕQGD�UHNDEHWLQ�DUWPDVÕQD�YH�KDYD�NDUJRQXQ�JHOLúLPLQH�\RO�DoDFDNWÕU���
+DYD� NDUJRGDQ� HOGH� HGLOHQ� JHOLULQ� \ROFX� WUDIL÷LQGHQ� HOGH� HGLOHQ� JHOLUL� DúDPDVD� GD��
JHOHFHNWH�� DUDGDNL� IDUNÕQ� NDSDQPDVÕQÕ� VD÷OD\DFDN� IDNW|UOHU� DUDVÕQGD�� G�Q\D�
HNRQRPLVLQGH� JHOLúPH�� QDNOL\H� RUDQODUÕQÕQ� G�ú�N� WXWXOPDVÕ�� NDUJR� WDúÕPDFÕOÕ÷ÕQD�
X\JXQ� \HQL� XoDNODUÕQ� KL]PHWH� JLUPHVL\OH� \HQL� NDSDVLWHQLQ� VD÷ODQPDVÕ�� LúJ�F�Q�Q�
GDKD� YHULPOL� NXOODQÕPÕQD� ED÷OÕ� RODUDN� LúoLOLN� �FUHWOHULQLQ� G�úPHVL\OH� EHraber 

IL\DWODUÕQ�DúD÷Õ\D�oHNLOPHVL�YH�$YUXSD�%LUOL÷L�LOH�$%'�DUDVÕQGD�\DúDQDQ�HQWHJUDV\RQ�
LOH�WUDIL÷LQ�DUWPDVÕ�VD\ÕODELOLU�>��@� 

 

7�UNL\H¶GH� XODúWÕUPD� VHNW|U�QGH� \DúDQDQ� VRUXQODU�� �ONH� HNRQRPLVLQH�
D]ÕPVDQDPD\DFDN�ER\XWWD�]DUDUODU�YHUPHNWHGLU���7�UNL\H¶GH�\ROFX�YH�\�N�XODúÕPÕQGD�
\ÕOODUGÕU� \�NVHN�PDOL\HWOL� YH�NDOLWHVL]�ELU� WDúÕPDFÕOÕN� \DSÕOPDNWDGÕU�� �8ODúÕP�D÷ÕQÕQ�
YH� WDúÕW� ILORVXQXQ� ROXúWXUXOPDVÕ� LoLQ� JHUHNOL� RODQ� \DWÕUÕP� PDOL\HWOHULQLQ� \DQÕ� VÕUD��
D÷ODU� �]HULQGH� WDúÕWODUÕQ� KDUHNHWL� VÕUDVÕQGD� ROXúDQ� LúOHWPH�PDliyetleri, normalin çok 

�VW�QGHNL� GH÷HUOHUH� XODúPDNWDGÕU�� � 8ODúÕPGD� NDOLWH�� ELOJL� LOH� HULúHELOLUOLN�� XODúÕP�
V�UHVL�� J�YHQOLN�� VÕNOÕN�� GDNLNOLN�� NRQIRU� YH� oHYUH\L� HWNLOHPH� NRúXOODUÕ� LOH�
|Oo�OPHNWHGLU�� � 7�UNL\H� ¶GH� GHPLU\ROX�GHQL]\ROX�� KDWWÕ� JLEL� GL÷HU� XODúWÕUPD�
VLVWHPOHULQLQ�\HWHUVL]�ROPDVÕ�QHGHQL\OH��NHQW�LoL�YH�NHQWOHU�DUDVÕ�\ROFX�YH�\�N�XODúÕPÕ�
NDUD\ROX� D÷ÕUOÕNOÕ� RODUDN� \DSÕOPDNWDGÕU�� � %X� GXUXP�� NDUD\ROX� D÷ÕQGDNL� HNVLNOLNOHU��
WDúÕPDFÕOÕN� GHQHWLPLQLQ� \DSÕOPDPDVÕ� YH� WUDILN� GHQHWLPL� \HWHUVL]OL÷L� QHGHQL\OH�� Eir 

\DQGDQ� E�\�N� |Oo�GH� G|YL]H� ED÷OÕ� RODQ� LúOHWPH� PDOL\HWOHULQL� \�NVHOWPHNWH�� GL÷HU�
\DQGDQ� KHU� \ÕO� ELQOHUFH� FDQ� YH� PDO� ND\EÕ\OD� VRQXoODQDQ� WUDILN� ND]DODUÕQD� YH� DúÕUÕ�
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oHYUH�NLUOLOL÷LQH�\RO�DoPDNWDGÕU�� �8ODúWÕUPD�\DWÕUÕPODUÕ� LOH� LOJLOL�NDUDUODU��VD÷OÕNOÕ�ELU�
SODQD�GD\DQÕOPDGDQ�� JHQHOGH� VL\DVL� DPDoODU�GR÷UXOWXVXQGD�DOÕQPDNWD�� DQFDN�EXQODU�
GD� JHUHNOL� YH� \HWHUOL� |Q� oDOÕúPDODU� \DSÕOPDGDQ� \�NVHN� PDOL\HWOHUOH�
JHUoHNOHúWLULOPHNWHGLU���8ODúWÕUPD�VRUXQODUÕQÕQ�GD�HQ�NÕVD�V�UHGH�o|]�POHQHUHN�GDKD�
KÕ]OÕ�YH�GDKD�HWNLOL�ELU�WLFDUHW�JHUoHNOHúWLUPHPL]�P�PN�Q�RODFDNWÕU�>��@� 
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4.UYGULAMA 

 

����øúOHWPHQLQ�7DQÕWÕPÕ 
 

Koray Gürbüz [29]� WDUDIÕQGDQ� \DSÕODQ� ³.REL� ¶OHULQ� %�\�PH� $úDPDVÕQGD�
.DUúÕODúWÕNODUÕ�6RUXQODUÕQ�9H�d|]�P�<ROODUÕQÕQ�%HOLUOHQPHVLQGH�&KHFN-Up Süreci ” 

oDOÕúPDVÕQD�GD\DOÕ�RODUDN�LúOHWPH\H�DLW�ELOJLOHU�L]OH\HQ�NÕVÕPGD�\HU�DOPDNWDGÕU� 
 

*�UE�]� 0DGHQFLOLN� 6DQD\L� YH� 7LFDUHW� $QRQLP� ùLUNHWL�� ����� \ÕOÕQGD�� 0DGHQ�
Mühendisi Mustafa Gürbüz (1950 –� ������ WDUDIÕQGDQ� NXUXOPXúWXU�� � %DúODQJÕoWD�
sadece kaolin mDGHQL� �UHWLPL� \DSDQ� LúOHWPH�� GDKD� VRQUD� �U�Q� SRUWI|\�QH� VRG\XP�
IHOGVSDW��NXYDUV��EHQWRQLW�KDPPDGGHOHULQL�GH�HNOHPLúWLU�� ������\ÕOÕQGD�NXUXFX�RUWDN�
0XVWDID� *�UE�]¶� �Q� YHIDWÕ� VRQUDVÕ� R÷XOODUÕ� 2÷X]� .DDQ� *�UE�]� YH� .RUD\� *�UE�]�
úLUNHW� \|QHWLPLQH� JHOPLúWLU�� � øúOHWPHQLQ�<|QHWLP�.XUXOX�%DúNDQOÕ÷Õ� J|UHYLQL� KDOHQ�
2÷X]� .DDQ� *�UE�]� \�U�WPHNWHGLU�� � %DEDODUÕQÕQ� YHIDWÕ� VRQUDVÕ� LúOHWPH� E�\�N� ELU�
\|QHWLP� WHFU�EHVL� HNVLNOL÷L� \DúDPÕú� YH� EX� VRUXQX� NDSDWPDN� LoLQ� HQ� NÕVD� V�UHGH�
NXUXPVDOODúPD�NDUDUÕ�DOPÕúWÕU��� 

 

�øúOHWPH� VDKLS� ROGX÷X� ��� ¶D� \DNÕQ� PDGHQ� LúOHWPH� UXKVDWÕ� LOH� HQG�VWUL\HO�
KDPPDGGH�PDGHQFLOL÷LQGH�|QHPOL�ELU�QRNWD\D�JHOPLúWLU�� �ùLUNHW��%DOÕNHVLU¶�H� �ED÷OÕ�
%LJDGLo�� 6ÕQGÕUJÕ� YH� øYULQGL� LOoHOHUL� YH� FLYDUÕQGD� \ÕOGD� \DNODúÕN� �������� WRQ� NDROLQ�
PDGHQL��UHWPHNWH�YH� VDWPDNWDGÕU�� �.DROLQ� VDWÕúODUÕQÕQ�����¶Õ� LKUDo�HGLOPHNWH�ROXS��
VHUDPLN� YH� EH\D]� oLPHQWR� �UHWLFLOHULQLQ� KHPHQ� KHPHQ� WDPDPÕQD� KL]PHW�
verilmektedir.    

 

*�UE�]�0DGHQFLOLN��0X÷OD¶� QÕQ�0LODV� YH�<DWD÷DQ� LOoHOHUL ile $\GÕQ¶� D� ED÷OÕ�
Söke ve Karpuzlu bölgelerinde de sodyum feldspat ve kuvars madeni üretmektedir.  

6RG\XP�IHOGVSDW�PDGHQL�LOH�VHUDPLN�IDEULNDODUÕQD�YH�FDP��UHWHQ�LúOHWPHOHUH�KL]PHW�
YHULOPHNWHGLU���<ÕOOÕN�IHOGVSDW��UHWLP�PLNWDUÕ�\DNODúÕN���������– 300.000 tondur.  Bu 

�UHWLPLQ� �� ��¶� VL� LKUDo� HGLOPHNWH� ROXS�� NXYDUV� �UHWLPL� LOH� LOJLOL� oDOÕúPDODU� VRQ�
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DúDPD\D�JHOPLúWLU���ùLUNHW������\ÕOÕ�LoLQGH�GR÷DO�WDú�VHNW|U�QH�JLUPH�NDUDUÕ�DOPÕúWÕU���
%DOÕNHVLU� %LJDGLo� LOoHVLQGH� �o� DGHW� WUDYHUWHQ� �PHUPHU�� UXKVDWÕ� DOPÕú�� 'XUVXQEH\�
LOoHVLQGH�ND\UDN�WDúÕ�UXKVDWODUÕ�LoLQ�GH�RFDN�DoPÕúWÕU��'R÷DO�WDú�YH�PHUPHU�Vektöründe 

|QHPOL�\DWÕUÕP�SODQODUÕ�\DSPDNWD�RODQ�LúOHWPH��LNL�\ÕO�LoLQGH�EX�RFDNODUGDQ��UHWHFH÷L�
WUDYHUWHQ��PHUPHU�YH�ND\UDN�WDúODUÕQÕ�LúOHPH�DPDFÕ\OD�WHVLV�NXUPD\Õ�SODQODPDNWDGÕU� 

 

.DOLWHQLQ� |QHPLQL� DQOD\DQ� YH� NDOLWH\H� |QHP� YHUHQ� úLUNHW�� ����� \ÕOÕQGD�
ürünlHULQLQ�NDOLWHOHULQL�NRQWURO�HGHELOPHN�YH��UHWLP�|QFHVL�DUDúWÕUPDODUÕ�GDKD�VD÷OÕNOÕ�
\�U�WHELOPHN� DPDFÕ\OD��%DOÕNHVLU¶GH� NLP\DVDO� DQDOL]� ODERUDWXDUÕ� NXUPXúWXU��hUHWLP�
|QFHVL� W�P� NDOLWH� NRQWURO� LúOHPOHUL�� RFDNODUÕQ� WDUDQPDVÕ�� �UHWLP� DODQODUÕQÕQ�
belirlenmesi vH� ILUPDODUD� \DSÕODQ� \�NOHPHOHU� EX� ODERUDWXDUGDQ� DOÕQDQ� YHULOHUH� J|UH�
yönlendirilmektedir. X-UD\� VSHNWURPHWUH� FLKD]ÕQGD� GDOJD� ER\X� |Oo�P� GH÷HUOHULQH�
J|UH�DQDOL]OHU�\DSÕOPDNWD�ROXS��\ÕOGD�\DNODúÕN������QXPXQHQLQ�DQDOL]L�\DSÕOPDNWDGÕU���
%XQXQ� \DQÕ� VÕUD� úLUNHW� ����� \ÕOÕQÕQ� 2FDN� D\ÕQGD� ,62� ���������� YHUVL\RQXQXQ�
H÷LWLPLQL� WDPDPOD\ÕS�� JHUHNOL� úDUWODUÕ� \HULQH� JHWLUPLú� ROXS� \HWHUOLOLN� EHOJHVLQL�
DOPÕúWÕU��� 

 

�����\ÕOÕQGD�������7RQ�NDROLQ� LKUDFDWÕ� LOH�\ROD�NR\XODQ�ùLUNHW�������\ÕOÕQGD�
%DQGÕUPD�OLPDQÕQGDQ�\DNODúÕN���������7RQ�NDROLQ�LKUDo�HWPLúWLU�� ������\ÕOÕ� WRSODP�
LKUDFDW�PLNWDUÕ��������� WRQ�ROPDNWDGÕU��hUHWLPLQLQ������ 
� LQL� LKUDo�HGHQ�ùLUNHW��EX�
UDNDPOD�7�UNL\H¶�QLQ�WRSODP�NDROLQ�LKUDFDWÕQÕQ������
�ÕQÕ�JHUoHNOHúWLUPHNWHGLU��ùLUNHW�
EDúWD� øVSDQ\D� ROPDN� �]HUH� <XQDQLVWDQ�� 7XQXV�� %LUOHúLN�$UDS� (PLUOLNOHUL� YH� 6XXGL�
$UDELVWDQ�JLEL��ONHOHUH�LKUDFDW�\DSPDNWDGÕU���%DOÕNHVLU�LOL��6ÕQGÕUJÕ�LOoHVLQGH�EXOXQDQ�
RFDNODUÕQGD�\DSPÕú�ROGXNODUÕ�oDOÕúPDODUGD��VD\ÕVÕ���
\H�YDUDQ�\|UH�LQVDQÕ�HPHN�VDUI�
etmekte, ürettikleri maden yine bu bölgHGH� EXOXQDQ� QDNOL\H� ILUPDODUÕ� WDUDIÕQGDQ�
WDúÕQPDNWD�YH�LKUDFDW�OLPDQÕ�RODUDN�%DQGÕUPD�YH�$OLD÷D�OLPDQODUÕ��NXOODQÕOPDNWDGÕU��
g]HWOH�%DOÕNHVLU�GH�\DúD\DQ�YDWDQGDúODUD�\HQL�Lú�LPNDQODUÕ�\DUDWPDNWDGÕU��  

 

ùLUNHW��$\GÕQ�LOL�dLQH�YH�6|NH�LOoHOHUL�YH�0X÷OD�LOL�0LODV�LOoHVL�FLYDUODUÕQGDNL�
RFDNODUGDQ� \DSPÕú� ROGX÷X� \DNODúÕN� �������� 7RQ�� \ÕOOÕN� DOELW� �UHWLPLQLQ��� ��� ¶ÕQÕ�
*�OO�N� YH� ø]PLU� OLPDQODUÕQGDQ� øWDO\D
\D� LKUDo� HWPHNWHGLU�� $OELW� SL\DVDVÕQGD� \HQL�
SD]DU�YH�\DWÕUÕP�LPNDQODUÕ�LoLQ�DUDúWÕUPDODUÕ�V�UPHNWHGLU�  
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%DOÕNHVir Bölgesinde üretilen kaolin madeni konusunda Türkiye ’de ve dünyada 

WDQÕQDQ�YH�DUDQDQ�ELU�PDUND�ROPD�\ROXQGD�VD÷ODP�DGÕPODU�DWÕOPDNWDGÕU���øúOHWPH��,62�
������ ����� .DOLWH� *�YHQFH� 6LVWHPL� DOWÕQGD� \DSPÕú� ROGX÷X� �UHWLP�� P�úWHULOHULQH�
VD÷ODPÕú� ROGX÷X� ORMLVWLN� GHVWHN�� IDUNOÕ� |GHPH� DOWHUQDWLIOHULQH� J|UH� L]OHPLú� ROGX÷X�
IL\DWODQGÕUPD�SROLWLNDODUÕ�LOH�UDNLSOHULQH�J|UH�DYDQWDM�VD÷ODPDNWDGÕU��� 

 

*HOLúPHGH�YH�NXUXPVDOODúPDGD�HQ�|QHPOL�XQVXUXQ�LQVDQ�ROGX÷XQXQ�ELOLQFLQGH�
RODQ�úLUNHW��LGDUL�YH�WHNQLN�NDGURGD�\HQLGHQ�\DSÕODQPD\D�JLWPLú��NRQXVXQGD�X]PDQ��
GHQH\LPOL��oD÷GDú�SURIHV\RQHOOHUL�úLUNHW�\|QHWLPLQH�GDKLO�HWPLúWLU� 

 

ùLUNHWLQ�VDKLS�ROGX÷X�NDROLQ�RFDNODUÕ�L]OH\HQ�NÕVÕPGD�YHULOPHNWHGLU�>��@� 
 

ù$3d,�2&$ö, 
 

Türkiye ' nin ve LQFHOHQHQ�úLUNHWLQ�HQ�E�\�N�NDROLQ�RFD÷ÕGÕU�� % 18-����DUDVÕQGD�
Al2O3� LoHUHQ� IDUNOÕ� NDOLWHOHUGH� NDROLQ� �UHWLPL� \DSÕOPDNWDGÕU�� *HQLú� �U�Q� \HOSD]HVL�
VD\HVLQGH�P�úWHULOHULQ�LKWL\DoODUÕQD�X\JXQ�PDPXO��KHU�]DPDQ�EXODELOPHNWHGLUOHU�� 
ùDSoÕ� 2FD÷Õ�� %DOÕNHVLU� LOL�� 6ÕQGÕUJÕ� LOoHVL�� '�YHUWHSH� PHYNLL�� ùDSoÕ� N|\�QGH�
EXOXQPDNWDGÕU�� ùDSoÕ� RFD÷ÕQÕQ� %DOÕNHVLU
H� RODQ� X]DNOÕ÷Õ� ��� NP�� YH� ø]PLU
H� RODQ�
X]DNOÕ÷Õ�����NP��GLU� 
 

'$1$d$<,5�2&$ö, 
 

% 15-25 Al2O3� DUDVÕQGD�EH\D]�J|U�Q�PO���)H2O3 ve SO3 EDNÕPÕQGDQ�G�ú�N�
GH÷HUOHUGH� �UHWLP� \DSÕOPDNWDGÕU�� 2FDNWDNL� �UHWLP� oDOÕúPDODUÕQD� ����� \ÕOÕQGD�
EDúODQPÕúWÕU��+DOHQ�RFDN�JHOLúWLUPH�oDOÕúPDODUÕ�GHYDP�HWPHNWHGLU��'DQDoD\ÕU�2FD÷Õ��
%DOÕNHVLU�LOL��6ÕQGÕUJÕ�LOoHVL��'DQDoD\ÕU�N|\���7XUJXW�7HSH�PHYNLLQGH�EXOXQPDNWDGÕU��
%DOÕNHVLU�
H�RODQ�X]DNOÕ÷Õ����NP��YH�ø]PLU�
H�RODQ�X]DNOÕ÷Õ�����NP��GLU� 
 

6ø1$1'('(�2&$ö, 
 

% 15-22 Al2O3� DUDVÕQGD�EH\D]�J|U�Q�PO���)H2O3 ve SO3 EDNÕPÕQGDQ�G�ú�N�
GH÷HUOHUGH� �UHWLP� \DSÕOPDNWDGÕU�� � 2FDNWDQ� \DSÕODQ� �UHWLPOHU� JHQHOOLNOH� 6HUDPLN��
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3RUVHOHQ� YH�%H\D]� oLPHQWR� �UHWLFLOHULQH� VDWÕOPDNWDGÕU�� � 6LQDQGHGH�2FD÷Õ��%DOÕNHVLU�
LOL�� 6ÕQGÕUJÕ� LOoHVL�� 6LQDQGHGH� N|\�� FLYDUÕQGD� EXOXQPDNWDGÕU�� %DOÕNHVLU� 
H� RODQ�
X]DNOÕ÷Õ����NP��YH�ø]PLU�
H�RODQ�X]DNOÕ÷Õ�����NP��GLU� 

 

<$</$%$<,5�2&$ö, 
 

% 16-18 Al2O3�DUDVÕQGD�EH\D]�YH�VDUÕPVÕ�J|U�Q�PO���)H2O3 RUDQÕ�RODUDN����-

����FLYDUÕQGD�YH�623 EDNÕPÕQGDQ�G�ú�N�GH÷HUOHUGH��UHWLP�\DSÕOPDNWDGÕU��<D\ODED\ÕU�
RFD÷ÕQÕQ�HQ�|QHPOL�|]HOOL÷L����-����FLYDUÕQGD�.22�LoHUPHVLGLU�� �<D\ODED\ÕU 2FD÷Õ��
%DOÕNHVLU� LOL�� 6ÕQGÕUJÕ� LOoHVL�� <D\ODED\ÕU� N|\�� FLYDUÕQGD� EXOXQPDNWDGÕU�� %DOÕNHVLU
H�
RODQ�X]DNOÕ÷Õ����NP��YH�ø]PLU�
H�RODQ�X]DNOÕ÷Õ 157 km. dir. 

 

 

4.2 Amaç ve Yöntem 

 

dDOÕúPDQÕQ� ELULQFLO� DPDFÕ�� G|UW� IDUNOÕ� RFDNWD� EXOXQDQ� NDROLQ� PDGHQLQLQ��
P�úWHULQLQ� LVWHGL÷L� WDOHEL� PLQLPXP� PDOL\HWOH� NDUúÕOD\DFDN� ELU� NDUÕúÕP� SUREOHPL�
úHNOLQGH� PRGHOLQLQ� NXUXODUDN� úLUNHWLQ� NDUÕúÕP� PDOL\HWOHULQLQ� D]DOWÕOPDVÕQÕ�
VD÷ODPDNWÕU� 
 

8\JXODPDQÕQ� LNLQFLO� DPDFÕ� LVH�� ELULQFLO� DPDo� LOH� ELUOLNWH�� EX� RFDNODUGDQ�
OLPDQODUD�JLGHQ�\ROODUÕ�PLQLPXP�XODúWÕUPD�PDOL\HWL�VD÷OD\DFDN�úHNLOGH�ELU�XODúWÕUPD�
SUREOHPL� PRGHOL� NXUDUDN�� o|]�P�Q�� VD÷ODPDNWÕU�� (Q� G�ú�N� PDOL\HWOL� NDUÕúÕP�
problHPL�o|]�O�UNHQ�GR÷UXVDO�SURJUDPODPD�\|QWHPL�NXOODQÕOPÕúWÕU�� 
 

'R÷UXVDO� SURJUDPODPD�� PDNUR� YH� PLNUR� G�]H\GH� SHNoRN� SUREOHPLQ�
o|]�P�QGH�NXOODQÕODELOHQ�YH�\|QH\OHP�DUDúWÕUPD�\|QWHPOHULQLQ�LoHULVLQGH�oRN�JHQLú�
X\JXODPD�DODQÕQD�VDKLS�RODQ�PDWHPDWLNVHO�ELU�NDUDU�YHUPH�WHNQL÷LGLU���(VDV�LWLEDUL\OH��
ELU�DPDFÕ��EHOOL�VÕQÕUOD\ÕFÕ�NRúXOODU�DOWÕQGD�PDNVLPXP�\D�GD�PLQLPXP�\DSDQ�o|]�PH�
QH� úHNLOGH� YDUÕODFD÷ÕQÕ� J|VWHUHQ� PDWHPDWLNVHO� ELU� WHNQLNWLU�� g]HOOLNOH� SUDWLNWH�� HQ�
G�ú�N� PDOL\HWOH� NDUPD� \HPOHULQ� YH� KDPPDGGH� NDUÕúÕPODUÕQÕQ� KD]ÕUODQPDVÕQGD�
EDúDUÕOÕ� VRQXoODU� YHUPHNWHGLU� >��@�� 'R÷UXVDO� 3URJUDPODPD�� oRN� VD\ÕGD� VHoHQHNOHU�
DUDVÕQGDQ� VHoLP� \DSPD\Õ� JHUHNWLUHQ� GXUXPODUGD� NDUDU� DOPD\Õ� NROD\ODúWÕUDQ� ELU�
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SODQODPD�\|QWHPLGLU�>��@���øNLQFL�G�Q\D�VDYDúÕ�VÕUDVÕQGD��øQJLOL]�DVNHUL�OLGHUler bilim 

DGDPODUÕQD�YH�P�KHQGLVOHUH�ELUoRN�DVNHUL�SUREOHPOHUL�DQDOL]�HWPHOHULQL�LVWHPLúOHUGLU��
Askeri operasyonlara yönelik bu matematiksel uygulamalar ve bilimsel metodlar 

\|QH\OHP� DUDúWÕUPDVÕ� RODUDN� DGODQGÕUÕOPÕúWÕU�� *�Q�P�]GH� \|QH\OHP� DUDúWÕUPDVÕ�
(yada�VÕNOÕNOD�\|QHWLP�ELOLPL��HQ�L\L�GL]D\QÕ�YH�HQ�L\L�VLVWHPL�ROXúWXUPDGD�JHQHOOLNOH�
NÕW� ND\QDNODU� DOWÕQGD� NDUDU� YHUPH\H� \DUGÕPFÕ� ELU� ELOLP� GDOÕGÕU�� 'R÷UXVDO�
SURJUDPODPD� \|QWHPL� LON� RODUDN� ��'�Q\D� 6DYDúÕ� VÕUDVÕQGD� $PHULND� %LUOHúLN�
Devletleri ’nde özellikle orGXQXQ� LKWL\Do�GX\GX÷X�EHOLUOL�PDGGHOHULQ� �LDúH�YH�VLODK��
KD]ÕUODQPDVÕ� YH� QDNOL\HVL� LOH� LOJLOL� SUREOHPOHUL� o|]�POHPHN� �]HUH� JHOLúWLULOPLúWLU�
>��@��'R÷UXVDO�3URJUDPODPDQÕQ�JHOLúPHVL� GL÷HU��ONHOHUGH�$�%�'� ¶QGHNL�NDGDU�KÕ]OÕ�
ROPDPÕú�� IDNDW� EXJ�Q� JHOLúPLú� YH� JHOLúPHNWH� RODQ� GL÷HU� ELUoRN� �ONHGH� ROGXNoD�
\D\JÕQ�ELU�úHNLOGH�NXOODQÕOPDNWDGÕU� >��@��'R÷UXVDO�SURJUDPODPD�PRGHOOHUL�GR÷UXVDO�
GHQNOHPOHUOH� LIDGH� HGLOLU�� <DQL� GR÷UXVDO� DPDo� IRQNVL\RQX� YH� GR÷UXVDO� VÕQÕUOD\ÕFÕ�
IRQNVL\RQODUÕQ� W�P�� FHELUVHO� ELoLPGHGLU�� � 'R÷UXVDO� programlamada, ilgilenilen 

SUREOHPL�WDQÕPODPDN�LoLQ�PDWHPDWLNVHO�PHWRG�NXOODQÕOÕU��0DWHPDWLNVHO�SURJUDPODPD�
mühendislik ve ekonomik problemlerin çözümü ile ilgilenmektedir.  Bu, herbir 

SUREOHPLQ� WHPHO� GXUXPODUÕQÕ� VD÷OD\DQ� ELUGHQ� ID]OD� o|]�P� LOH� NDUDNWHUL]H olur. 

6RQXoODUGDQ� ELULQLQ� SUREOHPH� HQ� L\L� o|]�P� RODUDN� VHoLOPHVL� WDQÕPGD� EHOLUWLOHQ�
NÕVÕWODUD�YH\D�DU]X�HGLOHQ�DPDo�IRQNVL\RQXQD�ED÷OÕGÕU���%HOLUWLOHQ�DPDFÕ�YH�SUREOHPLQ�
NÕVÕWOD\ÕFÕ� NRúXOODUÕQÕ� ELUOLNWH� VD÷OD\DQ� ELU� o|]�P� RODUDN� QLWHOHQLU�� 'R÷UXVDO�
prograPODPD�� YHULOHQ� GR÷UXVDO� HúLWVL]OLNOHUH� GL÷HU� ELU� GH\LPOH� NÕVÕWOD\ÕFÕOODUD� ED÷OÕ�
RODUDN� YHULOHQ� GR÷UXVDO� DPDo� IRQNVL\RQXQX� PDNVLPXP� �\D� GD� PLQLPXP�� \DSDQ�
QHJDWLI� ROPD\DQ� JHUoHN� GH÷HUOHULQ� VHoLOPHVL� RODUDN� WDQÕPODQDELOLU�� 'R÷UXVDO�
programlama probleminin genHO� PDWHPDWLNVHO� WDQÕPÕ� DúD÷ÕGDNL� úHNLOGHGLU�� $PDo�
fonksiyonunu maksimum veya minimum yapan, X1,X2,X3.....,Xn karar 

GH÷LúNHQOHULQLQ�GH÷HUL�� �GHQNOHP� � ��������YH� � ��������NÕVÕWOD\ÕFÕODUÕ�DOWÕQGD�DúD÷ÕGDNL�
genel formdaki gibi ifade edilebilir [35]; 
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Genel Form: 

Z=max (min) f(Xj)= j

n

j

j XC *
1

∑
=

  (4.2.1) 

.ÕVÕWOD\ÕFÕODU� 

;,,*
1

bXja
n

j

ij ≤=≥∑
=

     i∀      i=1,2,... m (4.2.2)        

Xj ≥ 0   j=1,2,3....,n    (4.2.3) 

 

Genel formu açacak olursak model, 

 

Amaç fonksiyonu; 

 

Z=max (min) f(X1,X2......Xn)=c1x1+c2x2+.....+cnxn (4.2.4) 

 

.ÕVÕWOD\ÕFÕODU� 
 

a11x1+a12x2+........+a1nXn ( ≤=≥ ,, ) b1 

a21x1+a22x2+........+a2nXn ( ≤=≥ ,, ) b2 

.              .                      . 

.              .                      . 

am1X1+am2X2+........+amnXn ( ≤=≥ ,, ) bm   (4.2.5) 

 

X1 ≥ 0, X2 ≥ 0,..............Xn ≥ 0     (4.2.6) 

 

úHNOLQH�G|Q�ú�U�� 
 

Burada Xj¶OHU� NDUDU� GH÷LúNHQOHUL� YH\D� GL÷HU� ELU� GH\LPOH� GHQNOHP� �������� YH�
��������VD÷OD\DQ�IDDOL\HW��DNWLYLWH��VHYL\HOHULGLU���&j, aij  ve bi  ise, sabit olarak verilen 

GH÷HUOHUGLU�� &j�� PDVUDI� YH\D� JHOLU� NDWVD\ÕVÕ� RODUDN� DGODQGÕUÕOÕU�� Dij�� PDWULVLQ� \DSÕ�
NDWVD\ÕVÕ� RODUDN� QLWHOHQGLULOLU� YH� GH÷LúNHQ� ;j� LOH� VÕQÕUODQPÕú� ND\QDN� Ei’nin 

NXOODQÕOPDVÕQÕQ�ELU�|Oo�V�G�U���Ei ��ND\QD÷ÕQ�NXOODQÕOPD�VÕQÕUÕQÕ�J|VWHULU�YH�\XNDUÕGDNL�
PDWULV�QRWDV\RQXQGD�VD÷�WDUDI�RODUDN�DGODQGÕUÕOÕU�>��@�� 
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'R÷UXVDO� SURJUDPODPD� LOH� NDUDU� YHUPHQLQ� LNL� \DUDUÕ� YDUGÕU�� � %LULQFLVL� 
NXOODQÕODQ�YHULOHUH�J|UH� HOGH�HGLOHQ�o|]�P�HQ� L\LVLGLU�� �%DúND�ELU�GH\LúOH��SODQODPD�
NÕVÕWODUÕQÕQ�ELU�NÕVPÕQÕ�NDOGÕUPDGDQ�\D�GD�NDEXO�HGLOHQ�YDUVD\ÕPODUGD�ELU�GH÷LúLNOLN�
\DSPDGDQ�GDKD�NDUOÕ�YH\D�GDKD�D]�PDVUDIOÕ�ELU��UHWLP�G�ú�QHOHPH]��øNLQFLVL��NXUXODQ�
mRGHOLQ� E�\�NO�÷��� ELOJLVD\DU� NXOODQÕOGÕ÷ÕQGD� ELU� VRUXQ� GH÷LOGLU�� *|UHFHOL� RODUDN��
N�o�N�GR÷UXVDO�SURJUDPODPD�PRGHOOHULQLQ�o|]�P�QGH�ELOH�KDWD�\DSPDPD�DoÕVÕQGDQ�
ELOJLVD\DUOD�o|]�P�WHUFLK�HGLOPHOLGLU��%LOJLVD\DUOD�o|]�PGH�NÕVÕWODUÕQ�GH÷LúLN��UHWLP�
faaliyetleULQLQ� oRNOX÷X� HOOH� o|]�PGH� ROGX÷X� JLEL� ]DPDQ� DOÕFÕ� YH� \RUXFX� ELU� oDED\Õ�
JHUHNWLUPH]���%X�QHGHQOH��E�W�Q�RODVÕOÕNODUÕ�YH�VHoHQHNOHUL�GLNNDWH�DODUDN�JHUoHNoL�ELU�
GR÷UXVDO� SURJUDPODPD� PRGHOL� NXUXODELOLU�� 6RQXoODU� GDKD� JHUoHNoL� RODFD÷ÕQGDQ��
X\JXODPD�DoÕVÕQGDQ�GD�NROD\OÕNODU�VD÷ODU���(Q�|QHPOLVL�PRGHO�QH�NDGDU�E�\�N�ROXUVD�
ROVXQ�o|]�P�VÕUDVÕQGD�ELOJLVD\DUÕQ�DULWPHWLN�KDWD�\DSPDVÕ�G�ú�Q�OHPH]�>��@� 

 

<|QH\OHP� $UDúWÕUPDVÕQGDNL� PDWHPDWLNVHO� PRGHOOHUGH� NDUDU� GH÷LúNHQOHUL�
WDPVD\ÕOÕ� \D� GD� V�UHNOL� RODELOLU�� EXQD� NDUúÕOÕN� DPDo� YH� NÕVÕW� IRQNVL\RQODUÕ� GR÷UXVDO�
(linear) olabilir ya da olmayabilir (nonlinear). Optimizasyon problemleri bu tür 

PRGHOOHU� VD\HVLQGH� RUWD\D� oÕNPDNWD� YH� GH÷LúLN� o|]�P� \|QWHPOHULQLQ� JHOLúPHVLQH�
ND\QDN� ROXúWXUPDNWDGÕU�� %XQODU� LoHULVLQGH� HQ� EHOLUJLQ� YH� EDúDUÕ\OD� NXOODQÕODQÕ�
'R÷UXVDO� 3URJUDPODPD¶GÕU�� 'R÷UXVDO� SURJUDPODPDGD� W�P� DPDo� YH� NÕVÕW�
IRQNVL\RQODUÕ�GR÷UXVDO��W�P�GH÷LúNHQOHU�V�UHNOLGLU�>��@��� 

 

'R÷UXVDO� SURJUDPODPD� PRGHOL� ROXúWXUXOXUNHQ� GR÷UXVDOOÕN�� E|O�QHELOLUOLN��
ED÷ÕPVÕ]OÕN��VÕQÕUOÕOÕN�YH�NHVLQOLN�JLEL�WHRULN�YDUVD\ÕPODU�GLNNDWH�DOÕQPDOÕGÕU���%XQODU�
DúD÷ÕGDNL�JLELGLU�>��@� 

 

$��'R÷UXVDOOÕN��/LQHDULW\� 
 

.XOODQÕODQ�JLUGL-oÕNWÕ�NDWVD\ÕODUÕQÕQ�VDELW�ROGX÷X��GL÷HU�ELU�GH\LPOH�GH÷LúNHQOHU�
DUDVÕQGD� GR÷UXVDO� ELU� LOLúNLQLQ� EXOXQGX÷X� YDUVD\ÕPÕGÕU�� 8\JXODPD� GD� NXOODQÕODQ�
PDOL\HWOHU�WRQ�EDúÕQD�YH�VDELW�IL\DWWÕU���gUQH÷LQ�ELU�WRQXQ�WDúÕPD�PDOL\HWL����GRODU�LVH�
����WRQXQ�WDúÕPD�PDOL\HWL������GRODUGÕU��%X�YDUVD\ÕP�JHUoHN�GXUXPOD�X\XúPDNWDGÕU� 
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B. .D\QDNODUÕQ�YH�)DDOL\HWOHULQ�%|O�QHELOLUOL÷L��&RQWLQXLW\��'LYLVLELOLWy) 

 

%X� YDUVD\ÕP� ND\QDNODUÕQ� NHVLUOL� RODUDN� NXOODQÕODELOHFH÷L� YH� �UHWLP�
IDDOL\HWOHULQLQ�GH�NHVLUOL�RODUDN�SODQGD�\HU�DODELOHFHNOHULQL�LIDGH�HWPHNWHGLU���gUQH÷LQ��
bir stokda 300 ton kaolinin 1 / 3 olan 100 tonunu kullanabiliriz. 

 

&��%D÷ÕPVÕ]OÕN�YH\D�7RSODQDEilirlik (Independence, additivity) 

hUHWLP� NROODUÕQGDQ� ELULQLQ� VHoLPL�� ELU� GL÷HULQL� VHoPH\L� JHUHNWLUPH]�� gUQH÷LQ�
RFDNODUGDQ� ELULQLQ� NXOODQÕPÕ� GL÷HULQLQ� NXOODQÕPÕQÕ� JHUHNWLUPH]�� )DUNOÕ� RFDNODUGDQ�
DOÕQDQ�GH÷HUOHU�ELU�DUD\D�JHWLULOHUHN�WRSODQDELOLU� 
 

'��6ÕQÕUOÕOÕN��)LQLWHQHVV� 
6ÕQÕUVÕ]� VD\ÕGD� IDDOL\HW� DOWHUQDWLIL� YH� ND\QDN� VÕQÕUOÕOÕ÷Õ� V|]� NRQXVX�

ROGX÷XQGD�� EXQODUÕQ� SURJUDPODQPDVÕ� YH� RSWLPDO� o|]�P�Q� EXOXQPDVÕ� RODQDNOÕ�
GH÷LOGLU�� � 0DWHPDWLNVHO� RODUDN�� �UHWLP� IDDOL\HWL� YH� ND\QDNODUÕ� VÕQÕUOÕ� ROPDOÕGÕU��
Gerçekte de bLU� LúOHWPH� VÕQÕUOÕ�ND\QDNODUD� VDKLSWLU�YH� LúOHWPHGH�\HU�YHULOHELOHFHN�
�UHWLP� IDDOL\HWOHULQLQ� VD\ÕVÕ� GD� EHOLUOLGLU��gUQH÷LQ�� HQ� \�NVHN� EU�W� NDUÕ� VD÷OD\DQ�
RSWLPXP� LúOHWPH� SODQÕ� VÕQÕUOÕ� ROGX÷X� JLEL�� KHU� RFDNWDNL� VWRN� VD\ÕVÕGD� VÕQÕUOÕ�
VD\ÕGDGÕU� 

 

E. Kesinlik (Certainty) 

(OGH� HGLOHQ� RSWLPXP� o|]�P�� NXOODQÕODQ� YHULOHU� JLEL� NHVLQ� YH� WHNWLU�� gUQH÷LQ�
ölçülen Al2O3� YH� DODúÕP� GH÷HUOHULQLQ� LVWDWLVWLNL� GH÷LO� GHWHUPLQLVWLN� RODUDN� ELOLQGL÷L�
YDUVD\ÕOPDNWDGÕU� 
 

)�� (úLWVL]OLN� YH� GH÷LúNHQOHULQ� 1HJDWLI� 2OPDPDVÕ� �Inequality and 

Nonnegativity) 

3ODQD� JHOHFHN� RODQ� IDDOL\HWOHULQ�� PHYFXW� VÕQÕUOÕ� ND\QDNODUGDQ� WDOHSOHU�
WRSODPÕQÕQ��EX�ND\QDN�PLNWDUODUÕQD�HúLW�YH\D�GDKD�D]�ROPDVÕ�JHUHNPHNWHGLU��%XQXQOD�
EHUDEHU�� KHUELU� IDDOL\HW� G�]H\L� VÕIÕUGDQ� E�\�N� YH\D� VÕIÕUD� HúLW� ROPDOÕGÕU�� gUQH÷LQ��
hiçELU�PDGHQ�LúOHWPHVLQGH�QHJDWLI�NDROLQ�VWR÷X�RODPD]� 
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'R÷UXVDO� SURJUDPODPD� LOH� oRN� oHúLWOL� DODQODUGD� PDNVLPL]DV\RQ� YH�
PLQLPL]DV\RQ�X\JXODPDODUÕ�\DSÕOPDNWDGÕU�>��@� 

 

Maksimizasyon 

 

0DNVLPL]DV\RQ� PRGHOOHUL� oR÷X� ]DPDQ� HQ� NDUOÕ� PDGHQ� ELOHúLPLQLQ�
VDSWDQPDVÕQGD� NXOODQÕOÕU�� %LU� LúOHWPHFL� LoLQ� |QHPOL� RODQ� JHOLUL� HQ� \�NVHN� G�]H\H�
oÕNDUPDNWÕU�� %X� QHGHQOH�� JHQHOOLNOH� EU�W� NDUÕQ� PDNVLPL]H� HGLOPHVL� \HWHUOLGLU���
0DNVLPL]DV\RQGD� VÕQÕUOÕ� ND\QDNODUÕ� HQ� L\L� úHNLOGH� GH÷HUOHQGLUHQ� DOWHUQDWLI� DUDQÕU���
Burada amaç geliri en yüksek�G�]H\H�oÕNDUDQ�DOWHUQDWLIL��\DQL�LúOHWPH�IDDOL\HWOHULQLQ�
HQ� X\JXQ� NRPELQDV\RQXQX� EXOPDNWÕU�� 0DNVLPL]DV\RQGD� ND\QDN� NÕVÕWODUÕQÕQ�
PDNVLPXP�WLSLQGH�ROPDNOD�ELUOLNWH�PLQLPXP�\D�GD�HúLW�úHNOLQGH�ND\QDN�NÕVÕWODUÕ�GD�
olabilir [33].  

 

Minimizasyon 

 

Minimizasyon mRGHOOHULQGH�GH�\LQH�NÕW�ND\QDNODUÕ�HQ�L\L�úHNLOGH�GH÷HUOHQGLUHQ�
DOWHUQDWLI� DUDQÕU�� � 0LQLPL]DV\RQGD� DPDo�� PDOL\HWOHUL� HQ� G�ú�N� G�]H\H� LQGLUHQ�
RSWLPXP� IDDOL\HW� NRPELQDV\RQXQX� VDSWDPDNWÕU�� � 0LQLPL]DV\RQGD� ND\QDN� NÕVÕWODUÕ�
PDNVLPXP�� PLQLPXP� YH� HúLW� WLSLQGHGLU�� g]HOOLNOH� NDUÕúÕP� PDOL\HWOHULQLQ�
PLQLPL]DV\RQXQGD�PLQLPXP�úHNOLQGH�ND\QDN�NÕVÕWODUÕ�oRN�NXOODQÕOPDNWDGÕU�>��@�� 
 

<XNDUÕGD�NÕVDFD�DoÕNODQDQ�GR÷UXVDO�SURJUDPODPD�WHNQL÷LQLQ�YDUVD\ÕPODUÕ��HQ�
G�ú�N� PDOL\HWOL� PDGHQ� NDUÕúÕPÕQÕQ� VDSWDQPDVÕ� NRQXVXQXQ� QLWHOLNOHUL� ile 

X\XúWX÷XQGDQ� \DSÕODQ� DUDúWÕUPDGD� GR÷UXVDO� SURJUDPODPD� \|QWHPLQLQ�
NXOODQÕOPDVÕQÕQ�X\JXQ�RODFD÷Õ�VRQXFXQD�YDUÕOPÕúWÕU� 

 

  +HPHQ� KHPHQ� W�P� \|QH\OHP� DUDúWÕUPDVÕ� WHNQLNOHUL�� \DSÕVÕQGD� \LQHOHPH�
EXOXQDQ� KHVDSODPD� DOJRULWPDODUÕ\OD� VRQXoODQGÕUÕOÕU�� %X�� SUREOHPLn yinelemelerle 

�LWHUDV\RQ��o|]�OPHNWH�ROGX÷XQX�YH�KHU�\HQL�\LQHOHPH�VRQXQGD�o|]�P�Q�RSWLPXPD�
GDKD�\DNÕQ�KDOH�JHWLULOGL÷LQL� LIDGH�HWPHNWHGLU��$OJRUWLPDODUÕQ�EX�WHNUDUODPDOÕ�\DSÕVÕ�
X]XQ� YH� VÕNÕFÕ� KHVDSODPDODUD� \RO� DoPDNWDGÕU�� 'ROD\ÕVÕ\OD�� EX� DOJRULWPDODUÕQ�
ELOJLVD\DU�\DUGÕPÕ\OD�\�U�W�OPHVL�]RUXQOX�KDOH�JHOPHNWHGLU�>��@� 
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0RGHOGH� NÕVÕW� YH� NDUDU� GH÷LúNHQL� VD\ÕVÕQÕQ� oRN� ROPDVÕ� GROD\ÕVÕ\OD� X\JXODPDGD�
/ø1*2����� SDNHW� SURJUDPÕ� NXOODQÕOPÕúWÕU�� /LQJR� SDNHW� SURJUDPÕ� NDUPDúÕN�PDWULNV�
jeneratorüne bir örnektir. OptimizaV\RQ�PRGHOOHPH� GLOL� RODQ� OLQJR� NXOODQÕFÕ\D�� ELU�
VDWÕUGD�ELUoRN�DPDo�IRQNVL\RQX�YH�GH�NÕVÕWODU�\DUDWPDVÕQÕ�VD÷ODU�>��@� 

 

/,1*2�� JHQLú� oDSOÕ� SUREOHPOHULQ� |]�Q�� IRUP�OH� HGHQ�� RQODUÕ� o|]HQ� YH�
VRQXoODUÕQÕ�DQDOL]�HGHQ�GR÷UXVDO�YH�GR÷UXVDO�ROPD\DQ�RSWLPL]DV\RQGDQ yararlanmak 

LoLQ� EDVLW� ELU� \ROGXU�� 2SWLPL]DV\RQ� HQ� L\L� VRQXFX� YHUHQ� FHYDEÕ� EXOPDGD� \DUGÕPFÕ�
ROXU�� HQ� L\L� NDUDU�� HQ� \�NVHN� oÕNWÕ�� \D� GD� PXWOXOX÷D� XODúÕOPDVÕQÕ� VD÷ODU�� \D� GD�
RSWLPL]DV\RQOD�HQ�D]�PDOL\HW��]DPDQ�ND\EÕ�ROXU�YH�KX]XUVX]OX÷X�JLGHULU���6ÕNOÕNOD�Eu 

SUREOHPOHU�� SDUDVDO� � ND\QDNODUÕQÕ]Õ�� ]DPDQÕQÕ]Õ��PDNLQHQL]L,� oDOÕúDQODUÕQÕ]Õ�� VWRN� YH�
GDKD�ID]ODVÕQÕ�HQ�HWNLOL�úHNLOGH�NXOODQPD\Õ�LoHULU�>��@�� 

 

������.DUÕúÕP�3UREOHPOHUL 
 

<HU� EHOLUOHPH� PRGHOOHUL� ND\QDNODUÕ� E|OHUNHQ�� NDUÕúÕP� PRGHOOHUL� RQODUÕ�
ELUOHúWLULU�� .DUÕúÕP� PRGHOOHUL� EHOLUOHQPLú� oÕNWÕODUD�� HQ� L\L� RUDQODUGD� KDQJL� NDUÕúÕP�
PDGGHOHULQGHQ� NRQXODFD÷ÕQD� NDUDU� YHULU�� .DUÕúÕP� SUREOHPOHUL�� NLP\DVDOODUÕQ�
NDUÕúÕPÕQGD��GLHW�PRGHOOHULQGH��PHWDOOHULQ�NDUÕúÕPÕQGD��KD\YDQ� \HPL�\DSÕPÕQGD�Y�E��
J|U�OPHNWHGLU��$úD÷ÕGD�KDPPDGGH�NDUÕúÕP�SUREOHPOHUL�LOH�LOJLOL�|UQHNOHU�YHULOPLúWLU�� 
 

Örnek problem ���øVYHoOL�dHOLN�)DEULNDVÕ��6ZHGLVK�6WHHO��>��@ 
dHOLN� HQG�VWULVL�� SDUoDODUGDQ� \HQL� DODúÕPODU� �UHWPHN� LoLQ� PHWDOOHUL� \�NVHN-

GHUHFHOL� RFDNODUGD� HULWLUNHQ� NDUÕúÕP� SUREOHPOHUL� LOH� NDUúÕODúÕUODU�� øVYLoUH� GH� NL�
)DJHUVWD�$%�LVLPOL�úLUNHW�EX�oHOLN�NDUÕúÕPÕQÕ�SODQODPDN� LoLQ�GR÷UXVDO�SURJUDPODPD�
NXOODQPDNWDGÕU��(ULWPH� RFD÷ÕQÕQ� KHU� ELU� GROXúXQGD� \HQL� ELU� RSWLPL]DV\RQ� SUREOHPL�
GR÷PDNWDGÕU��0�PN�Q� RODQ� VWRNWDNL� SDUoDODU� VDI� PHWDO� LODYHVL� LOH� oHúitli kimyasal 

HOHPHQWOHULQ� JHUHNOL� \�]GHOHULQH� VDKLS� NDUÕúÕP� ROXúWXUPDN� �]HUH� NDUÕúWÕUÕOÕUODU��
øODYHOHU� GDKD� SDKDOÕ� ROGX÷XQGDQ� SDUoDODUGDQ�PDNVLPXP� NXOODQÕPÕQÕ� VD÷ODPDN� oRN�
önemlidir. 

 

øVYHoOL� oHOLN� \DSDQ� ILUPD�� RFD÷ÕQ� KHU� ELU� GROXPXQGD� ����� NLORJUDP�
üretmektedir. Bütün çelik öncelikle demirden meydana gelir. Tablo.4.1 ’de dört adet 
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P�PN�Q� SDUoDODUÕQ� LoLQGHNL� NDUERQ�� QLNHO�� NURP� YH� PRO\EGHQXP� PLNWDUODUÕQÕ� YH�
PDOL\HWOHUL�YH�P�PN�Q�ROXUOXNODUÕ�YHULOPLúWLU��$\QÕ�]DPDQGD�VRQXo�NDUÕúÕPÕ�LoLQ����
DGHW� GDKD� SDKDOÕ� VDI� PDGGHOHULQ� NXOODQÕODELOLUOLN� YH� NDE�O� HGLOHELOLU� RUDQODUÕ� GD�
YHULOPLúWLU�� �gUQH÷LQ�� �UHWLOHQ�����NJ� OÕN� oHOLN���������YH�������� DUDVÕQGD�NDUERQ�
içermelidir. 

 

7DEOR�����øVYLoUH�oHOLN�|UQH÷L�YHULOHUL�>��@ 
 

 

$ODúÕP���� 
Mevcut 

(kg) 
Maliyet 

(Kr/kg) 

 

Karbon Nikel Krom Molybdenum  

1.Parça 0.80 18 12 - 75 16 

2.parça 0.70 3.2 1.1 0.1 250 10 

3.parça 0.85 - - - 6ÕQÕUVÕ] 8 

4.parça 0.40 - - - 6ÕQÕUVÕ] 9 

Nikel - 100 - - 6ÕQÕUVÕ] 48 

Krom - - 100 100 6ÕQÕUVÕ] 60 

Molybdenum - - - - 6ÕQÕUVÕ] 53 

0LQ�.DUÕúÕP 0.65 3.0 1.0 1.1 

0D[�.DUÕúÕP 0.75 3.5 1.2 1.3 

 

        

               

.DUÕúÕP�0DGGHOHUL�.DUDU�'H÷LúNHQOHUL 
 

.DUÕúÕPGDNL� KHU� ELU� PDGGH� LoLQ� NDUDUODUÕ� YHUPHN� ]RUXQGD� ROXQDQ� ELU�
NDUDNWHULVWLNGLU��.DUÕúÕPÕQ�KHU�ELU� X\JXQ�PDGGHGHQ�QH�NDGDU� LoHUHFH÷LQL� EHOLUOH\HQ 

NDUÕúÕP� PRGHOOHULQGH� NDUDU� GH÷LúNHQOHULQL� EHOLUOHPHN� ELU� SUHQVLSWLU�� øVYLoUH� oHOLN�
|UQH÷LQGH�úX�GH÷LúNHQOHU�J|U�OPHNWHGLU� 
 

Xj � '|UW� 3DUoDQÕQ� � j=1,2,3,4) ve saf ilaveler ( j=5,6,7) için her bir yüklemedeki 

NLORJUDP�PLNWDUÕ� 
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$ODúÕP�.ÕVÕWODUÕ 
Örnek çözüm�QGH� ELU� JHUHNOLOLN� WRSODP� \�NOHPH� PLNWDUÕQÕQ� ����� NJ�

ROGX÷XGXU� 
X1+X2+X3+X4+X5+X6+X7=1000 

 

.DUÕúÕP�PRGHOOHULQGHNL� DODúÕP� NÕVÕWODUÕ�� VRQXo� NDUÕúÕPÕQÕQ� |]HOOLNOHULQGH� HQ�
\�NVHN� YH�\DGD� HQ� DOoDN� OLPLWOHU� X\JXODWÕUODU�� gUQHNWH� NDUÕúÕPGDNL� NDUERQ�� QLNHO��
krom ve molybdenum maddelerinde hem maksimum hem de minimum limitler 

YDUGÕU���+HU�ELU�NÕVÕW�LoLQ�IRUP�úX�úHNLOGH�ROXU� 
 

∑
j

�M�PDGGHGHNL�NLP\DVDO�PDGGH��.XOODQÕODQ�M�PDGGH�PLNWDUÕ�� ≤≥ yada  

�.DUÕúÕPGDNL�LVWHQHQ�NLP\DVDO�PDGGH�RUDQÕ��WRSODP�NDUÕúÕP�PLNWDUÕ� 
 

%XQD�J|UH�DODúÕP�NÕVÕWODUÕ�úX�úHNLOGH�ROXU� 
Karbon için: 

0.0080.X1+0.0070.X2+0.0085X3+0.0040 X4 ≥  0.0065∑
=

7

1j

jX  

 

0.0080.X1+0.0070.X2+0.0085X3+0.0040 X4 ≤  0.0075∑
=

7

1j

jX  

 

Nikel için: 

0.180.X1+0.032.X2+1.0X5                             ≥  0.030∑
=

7

1j

jX  

0.180.X1+0.032.X2+1.0X5                              ≤  0.035∑
=

7

1j

jX  

 

Krom için: 

0.120.X1+0.011.X2+1.0X6                             ≥  0.010∑
=

7

1j

jX  

0.120.X1+0.011.X2+1.0X6                             ≥  0.012∑
=

7

1j

jX  
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Molybdeum için: 

0.001.X2+1.0X7                                              ≥  0.011∑
=

7

1j

jX  

0.001.X2+1.0X7                                              ≤  0.011∑
=

7

1j

jX  

øVYLoUH�dHOL÷LQ�0RGHOL� 
 

Min 16X1+10X2+8X3+9X4+48X5+60X6+53X7   (Maliyet) 

St 

X1+X2+X3+X4+X5+X6+X7=1000                                              �$÷ÕUOÕN� 
0.0080.X1+0.0070.X2+0.0085X3+0.0040 X4 ≥  0.0065(1000)  (Karbon) 

0.0080.X1+0.0070.X2+0.0085X3+0.0040 X4 ≤  0.0075(1000) 

0.180.X1+0.032.X2+1.0X5                             ≥  0.030(1000)    (Nikel) 

0.180.X1+0.032.X2+1.0X5                              ≤  0.035(1000) 

0.120.X1+0.011.X2+1.0X6                             ≥  0.010(1000)    (Krom) 

0.120.X1+0.011.X2+1.0X6                             ≤  0.012(1000) 

0.001.X2+1.0X7                                              ≥  0.011(1000)   (Molybdenum) 

0.001.X2+1.0X7                                              ≤  0.013(1000) 

X1 ≤ 75                                                                                     (mümkün olan) 

X2 ≤ 250 

X1,X2,.............X7  ≥ 0                  ������������������������������������������������1HJDWLI�ROPDPD�NRúXOX� 
Sonuç: 

X1=75 kg, X2=90.91kg, X3=672.28kg, X4=137,31 kg, X5=13,59 kg, X6=0,00kg, 
X7=10,91 kg 

Optimal yüklemenin toplam maliyeti 9953,7 (kron) kroner. 

 

 

 

ORAN KISITLARI  

øVYHo�oHOLN�|UQH÷LQLQ�DODúÕP�NÕVÕWODUÕQGD�RUDQ�NÕVÕWODUÕ�J|U�OPHNWHGLU��gUQH÷LQ��
NDUERQXQ�G�ú�N�OLPLWL� 
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0.0080.X1+0.0070.X2+0.0085X3+0.0040 X4 ≥  0.0065∑
=

7

1j

jX  

0065.0
0040.00085.00070.00080.0

7654321

4321 ≥
++++++

+++

XXXXXXX

XXXX
 

 

 

Örnek Problem 2 [39]: %LU�PDGHQ� LúOHWPHVLQLQ�$� YH�%� úHKLUOHULQGH�PDGHQ� RFD÷Õ�
EXOXQPDNWDGÕU��0DGHQ�LúOHWPHVL��RFDNODUGDQ�oÕNDUGÕ÷Õ�PDGHQ�FHYKHULQL�\�NVHN�NDOLWH�
�.����RUWD�NDOLWH��.���YH�G�ú�N�NDOLWH��.���RODUDN�VÕQÕIODQGÕUPDNWDGÕU� 

 

øúOHWPH��P�úWHULOHUL\OH� \DSWÕ÷Õ� V|]OHúPH�JHUH÷LQFH�KHU�KDIWD����� WRQ� \�NVHN�
NDOLWH�����WRQ�RUWD�NDOLWH�YH�����WRQ�G�ú�N�NDOLWHGHQ�PDGHQ�FHYKHUL�VD÷OD\DFDNWÕU� 

 

$�úHKULQGHNL�PDGHQ�RFD÷ÕQÕQ�J�QO�N�PDOL\HWL������7/��J�Q� 
%�úHKULQGHNL�PDGHQ�RFD÷ÕQÕQ�J�QO�N�PDOL\HWL�LVH������7/��J�Q�G�U�� 
 

0DGHQ�Lúletmesi bu maliyetlerle bir günde:  

$�úHKULQGHNL�PDGHQ�RFD÷ÕQGDQ�� 
      60 ton/gün yüksek kalite 

      20 ton/gün orta kalite 

���������WRQ�J�Q�G�ú�N�NDOLWHGH�PDGHQ�FHYKHULQL��UHWHELOPHNWHGLU� 
 

%�úHKULQGHNL�PDGHQ�RFD÷ÕQGDQ�LVH� 
      20 ton/gün yüksek kalite, 

      20 ton/gün orta kalite,  

����������WRQ�J�Q�G�ú�N�NDOLWHGH�PDGHQ�FHYKHUL��UHWLPLQL�JHUoHNOHúWLUPHNWHGLU� 
 

0DGHQ� LúOHWPHVL� V|]OHúPHGH� EHOLUWLOHQ�PLNWDUÕ� NDUúÕOD\DELOPHN� LoLQ� $� YH� %�
úHKULQGHNL�PDGHQ�RFDNODUÕQÕQ�NDoDU�J�Q�oDOÕúWÕUÕOPDVÕ�JHUHNWL÷L�DUDúWÕUÕOPDNWDGÕU��� 
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Çözüm :  

7DEOR������0DGHQ�YH�úHKLU�ELOJLOHUL�>��@ 
 

0DGHQ����ùHKLU K1 K2 K3 Maliyet 

A 

B 

60 

20 

20 

20 

40 

120 

2000 

1600 

Gereksinim 120 80 240  

 

X1���$�úHKULQGHNL�PDGHQ�RFD÷ÕQÕQ�oDOÕúWÕUÕOGÕ÷Õ�J�Q�VD\ÕVÕ 
X2 ��%�úHKULQGHNL�PDGHQ�RFD÷ÕQÕQ�oDOÕúWÕUÕOGÕ÷Õ�J�Q�VD\ÕVÕ 

 
Amaç fonksiyonu : 

 
     Min Z = 2000 X1 + 1600 X2 

 
.ÕVÕWOD\ÕFÕODU�� 
     60 X1 + 20 X2   ����� 

     20 X1 + 20 X2   ���� 

     40 X1 + 120 X2 ����� 

          X1 , X2 ���� 
   

%X� SUREOHPLQ� 725$� LOH� o|]�P�QGH�� RSWLPXP� o|]�P�$� úHKULQdeki maden 

RFD÷ÕQÕQ���J�Q��;1����%�úHKULQGHNL�PDGHQ�RFD÷ÕQÕQ���J�Q��;2���oDOÕúWÕUÕOPDVÕ�úHNOLQGH�
RUWD\D� oÕNDU� YH� EXUDGDQ� EX� PDGHQ� RFDNODUÕQÕQ� oDOÕúWÕUÕOPDVÕQÕQ� PDOL\HWL� ����� 7/�
�DPDo�IRQNVL\RQXQ�GH÷HUL��GÕU� 
 

Amaç fonksiyonu : 

Min Z = 2000 (1) + 1600 (3) = 6800 TL. 

 

������8ODúWÕUPD�0RGHOOHUL 
 

8ODúWÕUPD�PRGHOL� GR÷UXVDO� SURJUDPODPD�PRGHOOHULQLQ� |]HO� ELU� W�U�G�U� >��@���
0DOODUÕQ�ELUGHQ� ID]OD��UHWLP�QRNWDODUÕQGDQ�ELUGHQ� ID]OD� W�NHWLP�\HUOHULQH�PLQLPXP�
PDOL\HWOH� WDúÕQPDODUÕ\OD� LOJLOL� SUREOHPOHU�� XODúWÕUPD�YH\D� WDúÕPD problemleri olarak 

DGODQGÕUÕOÕU�� 8ODúWÕUPD� SUREOHPOHULQGH�� �UHWLP� QRNWDODUÕQD yükleme merkezleri 
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��UHWLP� PHUNH]L�� ND\QDN�� YH\D� NÕVDFD� PHUNH]OHU�� W�NHWLP� \HUOHULQH� GH� ERúDOWÕP�
yerleri (tüketim merkezi, hedef) denir. Bu tür problemlerde amaç, bir taraftan hedefin 

�GHSR� JLEL�� WDOHS� JHUHNVLQLPOHULQL� YH� ND\QDNODUÕQ� �IDEULND� JLEL�� DU]� PLNWDUODUÕQGD�
GHQJH� VD÷ODUNHQ�� GL÷HU� WDUDIWDQ� GD� KHU� ELU� ND\QDNWDQ� KHU� ELU� KHGHIH� \DSÕODQ�
WDúÕPDODUÕQ� WRSODP� PDOL\HWLQL� PLQLPXP� NÕODFDN� WDúÕPD� PLNWDUODUÕQÕ� EHOLUOHPHNWLU�
[36].  

 

8ODúWÕUPD� PRGHOL� EXJ�QN�QH� EHQ]HU� IDNDW� GDKD� EDVLW� \DSÕGD� LON� NH]� �����
\ÕOÕQGD�+LWFKRFN�WDUDIÕQGDQ�SHWURO�HQG�VWULVLQH�X\JXODQPÕúWÕU�>��@.�8ODúWÕUPD�PRGHOL�
NRQXVXQGD� LON� PDNDOH� 5XV� PDWHPDWLNoLVL� /�9�� .DQWDURYLFK� WDUDIÕQGDQ� \D]ÕOPÕúWÕU��
L.V. Kantarovich, \DUDUOÕ� IDNDW� WDP�ROPD\DQ�ELU� XODúWÕUPD�PRGHOLQLQ� o|]�P�QH�GH�
\HU�YHUPLúWLU���8ODúWÕUPD�PRGHOLQGH�DVÕO�JHOLúPH�����¶GDQ�VRQUD�ROPXúWXU���'DQW]LJ�
����¶GH� JHOLúWLUGL÷L� VLPSOHNV� \|QWHPLQL� XODúWÕUPD�PRGHOLQH� X\JXODPÕúWÕU�� ����� ¶WH�
Handerson ve Schlaifer basamaN�\|QWHPLQL�GDKD�NXOODQÕúOÕ�KDOH�JHWLUPLúWLU�>��@� 
  

8ODúWÕUPD�PRGHOOHUL�DúD÷ÕGDNL�DODQODUGD�VÕNoD�NXOODQÕODELOLU�>��@� 
• ��hUHWLP�YH�W�NHWLP�PHUNH]OHUL�DUDVÕQGD�RSWLPDO�PDO�GD÷ÕWÕPÕQÕQ���� 

                 belirlenmesinde, 

• 0DNLQHOHULQ�LúOHU�DUDVÕQGDNL�GD÷ÕWÕPÕQGD� 
• hUHWLP�SODQODQPDVÕQGD� 
• øúJ�F��SURJUDPODPDVÕQGD� 
• 6WRN�NRQWURO�Q�Q�\DSÕOPDVÕQGD� 
• dHúLWOL�úHEHNH�D÷Õ��QHWZRUN��SUREOHPOHULQGH� 
• øúOHWPHOHULQ�NXUXOXú�\HUL�VHoLPLQGH�YE���� 

 

8ODúWÕUPD� SUREOHPOHULQGH�� NDUDU� GH÷LúNHQOHUL�� KDQJL� PHUNH]GHQ� KDQJL�
ERúDOWÕP� \HULQH� QH� NDGDU�PDO� WDúÕQDFD÷ÕGÕU�� .DUDU� GH÷LúNHQOHULQL�� LNLQFLVL� ERúDOWÕP�
\HULQH� NDUúÕ� JHOHQ� oLIW� LQGLVOH� J|VWHUPHN� GDKD� DQODúÕOÕU� ROXU�� 8ODúWÕUPD�
SUREOHPOHULQGH��KHU�PHUNH]GHQ�\DSÕODQ�WDúÕPDODUÕQ�NDSDVLWH\L�DúPDPDVÕ�YH�ERúDOWÕP�
\HULQH� J|QGHULOHQ�PLNWDUÕQ� WDOHEL� NDUúÕODPDVÕ� LVWHQLU� NL�� EXQODU�� PRGHOLQ� LNL� JUXSWD�
WRSODQDQ� WHPHO� NÕVÕWODUÕQÕ� ROXúWXUXUODU�� .DUDU� GH÷LúNHQOHULQLQ� HNVL� �-�� ROPDPDVÕ�
\DQÕQGD��WHPHO�NÕVÕWODUÕQ�GÕúÕQGD�|]HO�NÕVÕWÕ�ROPD\DQ�XODúWÕUPD�SUREOHPOHULQGH��ELULP�
NDWNÕODU��WDúÕPD�PDOL\HWOHUL��VDELWVH��JHOLúWLULOHQ�PRGHO�ELU�GR÷UXVDO�NDUDU�PRGHOL�ROXU�
[40]. 
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8ODúWÕUPD�PRGHOLQLQ�JHQHO�KDOL�ùHNLO����¶GH�YHULOPLúWLU���+HU�ELUL�ELUHU�G�÷�P 

RODUDN� J|VWHULOHQ� P� ND\QDN� �\�NOHPH� PHUNH]L�� YH� Q� KHGHI� �ERúDOWÕP� \HUL�� YDUGÕU��
%D÷ODQWÕODU� kaynaklarla hedefler DUDVÕGDNL� URWDODUÕ� EHOLUWLOHQ� LIDGHOHUGLU�� �i, j) 

ED÷ODQWÕVÕ�� i� ND\QD÷ÕQÕ� j� KHGHILQH� ED÷ODUNHQ� LNL� W�U� ELOJL� LoHUPHNWHGLU�� (1) cij birim 

WDúÕPD�PDOL\HWL�� (2) xij WDúÕPD�PLNWDUÕ�� i�ND\QD÷ÕQÕQ�DU]�PLNWDUÕ�ai, j hedefinin talep 

HWWL÷L�PLNWDUGD�Ej olsun.  ModeOLQ�DPDFÕ��W�P�DU]�YH�WDOHS�NÕVÕWODUÕQÕ�VD÷OD\DQ��D\UÕFD�
WRSODP�WDúÕPD�PDOL\HWOHULQL�PLQLPXP�NÕODQ�xij ELOLQPH\HQ�PLNWDUODUÕQÕ�EHOLUOHPHNWLU�
[36]. 

 

 

                            Kaynaklar                                      Hedefler 

                              

 

                              

                        

 

 

ùHNLO�������8ODúWÕUPD�0RGHOL�[36] 

 
8ODúWÕUPD� PRGHOLQLQ� NXUXODELOPHVL� LoLQ� DúD÷ÕGDNL� NRúXOODUÕQ� VD÷ODQPDVÕ�

gerekir [39]: 

 
1. %HOOL�E|OJHOHUGHQ��|UQH÷LQ��IDEULND�Yeya depo gibi üretim merkezlerinden), 

EHOOL�E|OJHOHUH��|UQH÷LQ��GHSR�YH\D�PD÷D]D�JLEL�W�NHWLP�PHUNH]OHULQH��J|QGHULOHFHN�
PDOODUÕQ�KRPRMHQ��D\QÕ��ROPDVÕ� 
 

2. +HU�ELU��UHWLP�PHUNH]L�LOH�KHU�ELU�W�NHWLP�PHUNH]L�DUDVÕQGD�ELU�ELULP�PDOÕQ�
NDoD�WDúÕQDFD÷Õ�ELOLQPHOL�YH�WDúÕPD�PDOL\HWOHUL�ELULP�EDúÕQD�VDELW�ROPDOÕ� 
 

3. Her bir arz ve tüketim merkezindeki toplam miktar tam olarak bilinmeli, 

 
4. $U]�PHUNH]OHULQGHQ�GD÷ÕWÕODFDN�WRSODP�PLNWDU�W�NHWLP�PHUNH]OHULQFH�WDOHS�

HGLOHQ�WRSODP�PLNWDUD�HúLW�ROPDOÕ� 
 

 

 

1 

m 

2 

1 

2 

n 

a1 

am 

a2 

b1 

b2 

bn 

Talep edilen 
miktar Gönderilen 

miktar 

c11 : x11 

cmn : xmn 
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4.3 Gürbüz MaGHQFLOLN�0RGHOLQLQ�<DSÕVÕ�YH�.XUXOPDVÕ� 
 

0�úWHULGHQ� JHOHQ� KHU� VLSDULú� LoLQ�� RFDNODUGDNL� VWRNODUGDQ� LVWHQHQ� úDUWODUÕ�
VD÷OD\DQ�HQ�X\JXQ�PLNWDUODUÕ�DODUDN��HQ�X\JXQ�WDúÕPD�DUDFÕ�LOH�YH�HQ�X\JXQ�OLPDQGDQ�
VLSDULúLQ� VHYNL\DWÕQÕ� JHUoHNOHúWLUHFHN� ELU� PRGHO� \DSÕVÕ� NXUXOPXúWXU�� øúOHWPH�
WDUDIÕQGDQ� \DSÕODQ� DoÕNODPDODU� GR÷UXOWXVXQGD�� DPDo� VLSDULúOHUGHNL� NÕVÕW� RODUDN�
EHOLUWLOHQ� NDUÕúÕP� RUDQODUÕQÕ� HQ� L\L� VD÷OD\DQ� RFDNODUGDNL� VWRNODUGDQ� PDO]HPH� DOÕPÕ�
\DSÕOPDVÕ�YH�WDúÕPD�PDOL\HWOHULQL�PLQLPXP�\DSDFDN�úHNLOGH�ELU�OLPDQÕQ�VHoilmesidir. 

*�UE�]�PDGHQ�LúOHWPHVLQLQ�DNWLI�RODQ���DGHW�PDGHQ�RFD÷Õ�YDUGÕU���%X�RFDNODU��ùDSFÕ��
6LQDQGHGH��<D\ODED\ÕU��'DQDoD\ÕUµGÕU��%X�RFDNODUGDQ�IDUNOÕ�NDUÕúÕP�|]HOOLNOHUL�LoHUHQ�
.$2/ø1� oÕNDUÕOPDNWDGÕU�� *�UE�]� PDGHQ� LúOHWPHOHULQGH� P�úWHUL� LVWHNOHULQH� J|Ue 

.DROLQ� PDGHQL� NDUÕúÕPÕQGD� EXOXQPDVÕ� JHUHNHQ� RUWDODPD� NDUÕúÕP� \�]GHOHUL� úX�
úHNLOGHGLU� 
 
.$2/ø1 
Al2O3          min         %20 

Fe2O3       max      %0.50 

SO3               max       %1 

 
*�UE�]�0DGHQFLOLN�$�ù¶GHQ�DOÕQDQ�ELOJLOHU�L]OH\HQ�WDEORODUGD�YHULOPHNWedir ; 

 
7DEOR������'DQDoD\ÕU�2FD÷Õ�.DROLQ�6WRN�0LNWDUODUÕ 

 

'DQDoD\ÕU�2FD÷Õ����2FDN��0LNWDU�WRQ� 
Stok No Miktar Al2O3 Fe2O3 SO3 

1 100 20.99 0.77 0.54 

2 200 15.69 0.59 0.31 

3 100 22.46 0.69 2.2 

4 300 17.19 0.88 0.45 

5 125 19.61 0.79 0.8 

6 130 16.73 0.49 0.19 

7 125 17.72 0.53 0.52 

8 150 22.47 0.82 1.9 

9 160 24.68 1.23 3.07 
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Tablo 4.4  ùDSoÕ�2FD÷Õ��.DROLQ�6WRN�0LNWDUODUÕ 
 

ùDSoÕ�2FD÷Õ����2FDN��0LNWDU�WRQ� 
Stok No Miktar Al2O3 Fe2O3 SO3 

1 300 29.97 1,62 1,5 

2 150 28.7 1,85 0,56 

3 200 23.19 0,94 2,58 

4 200 28.38 1.92 0.3 

5 200 30.07 2.18 0.35 

6 200 28.12 2.08 0.32 

7 150 29.45 0.4 4.72 

8 150 29.77 0.31 4.66 

9 150 28.7 0.17 6.28 

 

7DEOR������<D\ODED\ÕU�2FD÷Õ��.DROLQ�6WRN�0LNWDUODUÕ� 
 

�<D\ODED\ÕU�2FD÷Õ����2FDN���0LNWDU�WRQ� 
Stok No Miktar Al2O3 Fe2O3 SO3 

1 1500 18.52 1.34 0.08 

2 1500 18.67 1.33 0.06 

3 1500 19.84 1.41 0.11 

4 2000 19.47 1.33 0.06 

 

7DEOR������6LQDQGHGH�2FD÷Õ�.DROLQ�6WRN�0LNWDUODUÕ� 
 

6LQDQGHGH�2FD÷Õ�����2FDN��0LNWDU�WRQ� 
Stok No Miktar Al2O3 Fe2O3 SO3 

1 300 20.98 1.68 0.37 

2 250 21.89 0.93 0.48 

3 150 21.3 1.52 1.11 

4 200 21.06 1.08 0.42 
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7DEOR������2FDNODUÕQ�hUHWLP�0DOL\HWOHUL��'RODU�7RQ� 
 

OCAKLAR 
h5(7ø0�

0$/ø<(7/(5ø 
ùDSoÕ 6 

'DQDoD\ÕU 6 

<D\ODED\ÕU 7 

Sinandede 7 

 

 
%X� RFDNODUGDQ� %DQGÕUPD� YH� $OLD÷D� OLPDQODUÕQD� ROPDN� �]HUH iki limana sevkiyat 

\DSÕOPDNWDGÕU�� �2FDNODUÕQ�OLPDQODUD�RODQ�X]DNOÕNODUÕ�KHPHQ�KHPHQ�D\QÕ�ROGX÷XQGDQ�
OLPDQ�ED]ÕQGD�WDúÕPD�PDOL\HWOHULGH�D\QÕGÕU�� 

 

2&$./$5�����������������������������������������������������������������������������/ø0$1/$5 
 

ùHNLO������2FDN�YH�/LPDQODUDUDVÕ�LOLúNLOHU 
 

$úD÷ÕGDNL�WDEORGD�RFDNODUGDQ�OLPDQODUD�RODQ�WDúÕPD�PDOL\HWOHUL�YHULOPHNWHGLU� 
 

7DEOR������.DROLQLQ�2FDNODUGDQ�/LPDQODUD�7DúÕPD�0DOL\HWL�'RODU�WRQ� 
 

 

/ø0$1�$', 
7$ù,0$�

0$/ø<(7ø�'RODU�7RQ� 
BANDIRMA 12 

$/ø$ö$ 11.80 

1 

2 

3 

4 

BANDIRMA 

$/ø$ö$ 
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+HU� OLPDQÕQ� WDúÕQDQ� �U�QGHQ�� WRQ� EDúÕQD� DOGÕ÷Õ� ELU� OLPDQ� NXOODQÕP� �FUHWL� YDUGÕU��
/LPDQ�NXOODQÕP�PDOL\HWOHUL�DúD÷ÕGDNL�JLELGLU� 
 

7DEOR�������/LPDQ�.XOODQÕP�0DOL\HWOHUL��'RODU�7RQ� 
 

0$/ø<(7/(5 BANDIRMA $/ø$ö$ 

Kaolin(dolar/ton) 4 3 

Beyanname 0.20 0.20 

Mesai v.s 0.20 0.20 

Toplam maliyet 4.40 3.40 

 

�d|]�P�\DNODúÕPÕ�� 
 
øVWHQHQ�PDO]HPH�|]HOOLNOHULQH�J|UH�VHoLOHQ�RFDNODU��PDO]HPH�NÕVÕWODUÕQD�LoHULN��VWRN��
PLNWDU�YH�KHGHI�OLPDQ�GLNNDWH�DOÕQDUDN�XODúWÕUPD�PDOL\HWOHUL�HVDVÕQD�J|UH�o|]�O�U�� 
 

9DUVD\ÕPODU� 
• Ocaklardan limanlarD�WDúÕPDGD�KHUKDQJL�ELU�DOW�YH��VW�OLPLW�\RNWXU� 
• /LPDQODU�NDUÕúÕPÕQ�\DSÕOGÕ÷Õ�\HUGLU� 
• 7DúÕPD�PDOL\HWLQLQ�GDKD�G�ú�N�ROPDVÕ�GXUXPXQGD�ELOH�NDUÕúÕP�\HUL�RODUDN�

liman seçilir. 

• 2FDNODUGDNL�VWRNODU�E|O�QHUHN�NDUÕúÕP�\DSÕODELOPHNWHGLU� 
• %LU�VLSDULú�LoLQ�\�NOHPHVL�SODQODQDQ�PLNWDUÕQ�WDúÕQPDVÕ�ELU�OLPDQGDQ�

\DSÕOPDNWDGÕU� 
 

0RGHOLQ�.XUXOPDVÕ 
 

.DUDU�'H÷LúNHQOHUL 
Xijk : L�RFD÷ÕQÕQ�M�VWR÷XQGDQ�N�OLPDQÕQD�WDúÕQDQ��U�Q�PLNWDUÕ��WRQ� 
Dijk: L�RFD÷ÕQÕQ�M�VWR÷XQGDQ�N�OLPDQÕQD�ELULP�WDúÕPD�PDOL\HWL 
gK     : N�OLPDQÕQÕQ�NXOODQÕP�PDVUDIÕ 
Cij    :�L�RFD÷ÕQÕQ�M�VWR÷XQGD�ELULP��UHWLP�PDOL\HWL 
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Yk     :  1     N�OLPDQÕQD��U�Q�WDúÕPDVÕ�YDUVD 
           0     yoksa  

bij    : L�RFD÷Õ�M�VWR÷XQXQ�NDSDVLWHVL 
aijv  : L�RFD÷ÕQÕQ�M�VWR÷XQGDNL�Y�\�]GHVL 
eijv   : L�RFD÷ÕQÕQ�M�VWR÷XQGDNL�ROPDVÕ�LVWHQHQ�Y�\�]GHVL 
 

Amaç Fonksiyonu: 

 
0LQLPXP� 0DOL\HW�  � hUHWLP� 0DOL\HWL� �� /LPDQ� .XOODQÕP� 0DOL\HWL� �� 7DúÕPD�
Maliyeti 

Min ijk

i

n

j k

ijkkkijk

i

n

j k

ij XDYgXC ***
4 24 2

∑∑∑∑∑∑∑ ++         i={1,2,3,4} j={1,2,...n} 

k={1,2} 

 

.ÕVÕWODU 
∑

j

(J.maddedeki kimyaVDO� PDGGH��NXOODQÕODQ� M�PDGGH� PLNWDUÕ�� ≥  yada ≤  

�.DUÕúÕPGDNL�LVWHQHQ�NLP\DVDO�PDGGH�RUDQÕ��WRSODP�NDUÕúÕP�PLNWDUÕ� 
 

ijk

n

j

ijvijk

n

j

ijv XeXa **
11

∑∑
==

≥            vi ∀∀ ,  

=∑∑∑
4 2

i

n

j k

ijkX  Talep MiktarÕ��� 

ij

n

k

ijk bX =∑
=1

   ij∀  için �$U]�NÕVÕWÕ�� 
Xijk ≥ 0    kji ∀∀∀ ,,  için 

Yk=0 veya 1  

gk ≥ 0     k∀  için 

 

 

 

 

 



 62 

����0RGHOLQ�8\JXODPDVÕ�YH�6RQXoODUÕQ�'H÷HUOendirilmesi  

 

0RGHO� �]HULQGH� úLUNHWWHQ� DOÕQDQ� JHUoHN� YHULOHU� JLULOHUHN� /ø1*2� ����
SURJUDPÕQGD� o|]�P�� \DSÕOPÕú� YH� VRQXoODUÕ� GH÷HUOHQGLULOPLúWLU�� � 0RGHOLQ� SDNHW�
SURJUDP�LoLQGHNL�\DSÕVÕ�YH�GHWD\ODUÕ�(.�$¶�GD�YHULOPHNWHGLU� 

Model de, belirtilen amaç fonksiyonu maliyetleri temsil etmektedir.  Amaç 

IRQNVL\RQX��o�NÕVÕPGDQ�ROXúPDNWDGÕU��%XQODU�NDUÕúÕP�PDOL\HWOHULQL�EHOLUOH\HQ�ELULQFL�
NÕVÕP�� OLPDQ� PDVUDIODUÕQÕ� EHOLUOH\HQ� LNLQFL� NÕVÕP� YH� WDúÕPD� PDOL\HWLQL� EHOLUOH\HQ�
�o�QF��NÕVÕPGÕU� 

0RGHOGHNL��NÕVÕWODU�DUDVÕQGD� 

• Al2O3, Fe2O3, SO3 ��DODúÕPODUÕQÕQ�RUDQODUÕQÕ�VD÷OD\DQ�NÕVÕWODU� 
• 6WRN�NDSDVLWHVL�NÕVÕWODUÕ� 
• 7DOHS�NÕVÕWÕ� 
• /LPDQ�NXOODQÕP�NÕVÕWODUÕ��EXOXQPDNWDGÕU� 

 

'$7$�EDúOÕNOÕ� HQ� VRQ�E|O�P��PRGHOLQ�([FHO¶GHQ�YHULOHUL� DOPDVÕQÕ� VD÷OD\DQ�
WDQÕPODPDODUGÕU��%XQXQ� LoLQ�/ø1*2�¶QXQ�2/(�IRQNVL\RQX�NXOODQÕOPDNWDGÕU�� �$\QÕ�
]DPDQGD�GD�YHULOHU�([FHO�¶GH�WDQÕPODQPDNWDGÕU���%|\OHFH�NXOODQÕFÕODU��KHU�W�UO��YHUL�
GH÷LúLNOL÷LQL� H[FHOGH� WDQÕPOÕ� WDEORODU� �]HULQGH� \DSDUDN�� PRGHOGH� KHUKDQJL� ELU�
GH÷LúLNOLN� \DSPDGDQ� KHVDSODPDODUÕ� \DSWÕUDELOPHNWHGLUOHU� Bu da program 

NXOODQÕFÕVÕQD�oRN�E�\�N�NROD\OÕN�VD÷ODPDNWDGÕU�� 
  

 

Modelin paket programdaki çözümü EK B’de verilmektedir. Model en az 

PDOL\HWL� YHUHQ�� $OLD÷D� OLPDQÕQÕ� VHoPHNWHGLU�� /LQJR� SURJUDPÕQÕQ� o|]�P�Q�Q�
VD÷ODPDVÕ� ([FHO¶GH� \DSÕOPÕúWÕU� YH� /LQJR� SURJUDPÕQÕQ� YHUGL÷L� VRQXoODUÕQ� GR÷UX�
ROGX÷X�J|U�OP�úW�U���3URJUDPÕQ�EXOGX÷X�VRQXoODU�PRGHOGHNL�NÕVÕWODUÕ�VD÷ODPDNWDGÕU� 
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• .DROLQ� NDUÕúÕPÕQGD� EXOXQPDVÕ� LVWHQHQ� DODúÕP� RUDQODUÕ� �$O2O3 min 

%20, Fe2O3 max % 0.50, SO3  max  �����VD÷ODQPÕúWÕU��� 
• Her bir stok için, stokGDNL�PLNWDUGDQ� ID]OD� NDROLQ� DOÕQPDPÕúWÕU�� $U]�

NÕVÕWÕ�VD÷ODQPÕúWÕU� 
• 0RGHO¶�GH�WRSODP�WDOHS�PLNWDUÕ������WRQ�RODUDN�YHULOPLúWLU��d|]�PGH�

GH� WRSODP� WDOHS�PLNWDUÕ� ����� WRQ� RODUDN� EXOXQPXúWXU�� 7DOHS�PLNWDUÕ�
NÕVÕWÕ�VD÷ODQPÕúWÕU��6D÷ODPDVÕ�7DEOR������¶GH�YHULOPLútir. 

7DEOR��������(;&(/�¶GH�PRGHOLQ�VRQXoODUÕQÕQ�VD÷ODPDVÕ 
 
OCAKLAR 
 

STOKLAR 
.$2/ø1�
0ø.7$5/$5,�
(Ton) 

0$/ø<(7�
(Dolar/ton) 

TOLAM 
0$/ø<(7 
(Dolar) 

DANAÇAYIR X111 82,51676 21,2 1749,355 

DANAÇAYIR X121 200,00000 21,2 4240 

DANAÇAYIR X161 130 21,2 2756 

DANAÇAYIR X171 125 21,2 2650 

ù$3&, X281 150 21,2 3180 

ù$3&, X291 3,791074 21,2 80,37077 

YAYLABAYIR X311 58,69217 22,2 1302,966 

YAYLABAYIR X331 150 22,2 3330 

YAYLABAYIR X341 100 22,2 2220 

TOPLAM  1000  21508,69 

 

(Q�G�ú�N�PDOL\HWOL� o|]�P� Lingo da çözüm sonuFX��$OLD÷D� OLPDQÕ� oÕNPÕú�
ROXS��VHoLOHQ�RFDNODUGDNL�VWRNODU�YH�PLNWDUODUÕ�WDEOR�����¶GD�YHULOPLúWLU���d|]�P������
LWHUDV\RQGD���������RODUDN�EXOXQPXúWXU� 

øúOHWPHQLQ� D\QÕ� YHULOHUL� NXOODQDUDN� EXOGX÷X� VRQXo� WDEOR� ����� ¶GHNL� JLELGLU���
øúOHWPHGH�HQ�X\JXQ�NDUÕúÕPÕ�EXOPDN�LoLQ�KHUKDQJL�ELU�SURJUDP�NXOODQÕOPDPDNWDGÕU���
dDOÕúDQÕQ� ELOJL� YH� WHFU�EHVLQH� GD\DOÕ� RODUDN� RFDN�� VWRN� YH� PLNWDU� VHoLPOHUL�
\DSÕOPDNWDGÕU�� � øúOHWPHQLQ� o|]�P�QGH� GH� �$OLD÷D� OLPDQÕ� VHoLOPLú� ROXS��'DQDoD\ÕU��
ùDSoÕ� YH� <D\ODED\ÕU� RFDNODUÕQGDQ� VWRNODU� DOÕQPÕúWÕU�� 0DOL\HW� ������ GRODU� RODUDN�
EXOXQPXúWXU��� 
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7DEOR�������*�UE�]�0DGHQ�øúOHWPHFLOL÷L�d|]�P� 

OCAK STOKLAR 

.$2/ø1�
0ø.7$5/$5, 

(ton) 

0$/ø<(7�
(dolar/ton) 

TOPLAM 

0$/ø<(7�
(dolar) 

DANAÇAYIR X171 100 21,2 2120 

DANAÇAYIR X121 70 21,2 1484 

DANAÇAYIR X161 130 21,2 2756 

ù$3d, X281 150 21,2 3180 

YAYLABAYIR X311 300 22,2 6660 

YAYLABAYIR X331 150 22,2 3330 

YAYLABAYIR X341 100 22,2 2220 

TOPLAM  1000  21750 

 

2FDNODU� DUDVÕQGDNL� �UHWLP� YH� WDúÕPD�PDOL\HWOHUL� ELUELULQH� oRN� \DNÕQ� ROPDVÕ�
nedeniyle model çözümü ile úLUNHWLQ� o|]�P�� DUDVÕQGDNL� PDOL\HW� oRN�
IDUNOÕODúPDPDNWDGÕU��$QFDN�\LQH�GH�PRGHOLQ�o|]�P��HQ�L\L�VRQXo�ROXS�� � LúOHWPHQLQ�
çözümü ise modelin çözümünden daha kötü bir sonuç olan uygun bir çözüm 

YHUPHNWHGLU�� 6RQXoODU� LúOHWPHQLQ� YHUGL÷L� WHFU�EH\H� GD\DOÕ� NDUDUODrla paralellik 

J|VWHUPHNWH� ROXS� PRGHOLQ� DQODPOÕ� YH� GH÷LúLN� VRQXo� �UHWWL÷L� V|\OHQHELOLU�� � � 0RGHO�
úLUNHWH�RSWLPXP�o|]�P��EXOPDGD�NROD\OÕN� VD÷ODPDNWDGÕU��%X�GD�]DPDQ�ND\EÕQÕ�YH�
SDUD�ND\EÕQÕ�|QOHPHNWHGLU� 

2FDNODUDUDVÕ� PDOL\HW� IDUNOÕODúPDVÕQÕQ� DUWPDVÕ� GXUXPXQGD� GR÷UXVDO�
SURJUDPODPD� LOH�HQ�X\JXQ��RSWLPDO��o|]�P��HOGH�HWPHN�oRN�|QHP�ND]DQDFDNWÕU�YH�
GR÷UXVDO� SURJUDPODPD� LOH� o|]�P� �UHWPHN� LúOHWPH\H� |QHPOL� PDOL\HW� YH� UHNDEHW�
DYDQWDMODUÕ�VD÷OD\DFDNWÕU� 

$QFDN� GHYDP� HGHQ� oDOÕúPDODU� GD� JHQH� GR÷UXVDO� SURJUDPODPDGDQ�
yararlDQDUDN�PRGHO��]HULQGH�IÕUVDW�PDOL\HWOHUL��RFDN�YH�OLPDQ�VD\ÕVÕQGDNL�GH÷LúNHQOLN�
IDNW|UOHUL�GLNNDWH�DOÕQDUDN�oDOÕúPD�JHQLúOHWLOHELOLU� 
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5. SONUÇ 
 

hONHPL]��MHRORMLN�\DSÕVÕ�LWLEDUL\OH�PDGHQ�oHúLWOLOL÷L�YH��UH]HUYOHUL�ERO�RODQ�ELU�
ülkedir. Madencilik sekW|U��� WHPHO� VDQD\L� JLUGLOHULQH�KDPPDGGH� VD÷ODPDVÕ� \|Q�\OH�
�ONHPL]LQ�WHPHO�WDúÕ�RODQ�VHNW|UOHUGHQ�ELULVLGLU��hONHPL]��JHOLúPLú��ONHOHU�VHYL\HVLQH�
\�NVHOHELOPHN� LoLQ� VDKLS� ROGX÷X� EX� ND\QDNODUGDQ� HQ� L\L� úHNLOGH� \DUDUODQPDOÕ� YH�
bilimsel yöntemler ile teknolojiQLQ�JHWLUGL÷L�NROD\OÕNODUÕ�NXOODQDELOPHOLGLU� 

 

%X� J|U�ú� oHUoHYHVLQGH� oDOÕúPD�� %DOÕNHVLU� LOL� YH� oHYUHVLQGH� PDGHQ� RFDNODUÕ�
EXOXQDQ� *�UE�]� 0DGHQFLOLN� LúOHWPHVLQGH� \DSÕOPÕúWÕU�� øúOHWPHQLQ� IDDOL\HWWHNL� HQ�
|QHPOL� PDGHQ� RFDNODUÕ� NDROLQ� RFDNODUÕGÕU�� .DROLQ� oRN� JHQLú� ELU� NXOODQÕP� DODQÕQD�
VDKLS� RODQ� YH� J�Q� JHoWLNoH� WDOHS� YH� LKUDFDW�PLNWDUODUÕ� JLGHUHN� DUWDQ� ELU� PDGHQGLU��
0DGHQFLOLN�VHNW|U�Q�Q�JHQHOLQGH�ROGX÷X�JLEL�NDROLQ��UHWLPLQGH�GH�HQ�|QHPOL�PDOL\HW�
JLUGLOHULQGHQ� ELUL� XODúWÕUPD� PDOL\HWOHULGLU�� 8ODúWÕUPD� PDOL\HWOHULni mümkün 

ROGX÷XQFD� D]DOWDELOHQ� LúOHWPHOHU� |]HOOLNOH� LKUDFDWWD� |QHPOL� UHNDEHW� DYDQWDMODUÕ� HOGH�
etmektedir.  

 

6HoLOHQ� LúOHWPH�� JHOHQ� ELU� VLSDULúL� LVWHQHQ� QLWHOLNOHUGH� NDUúÕODPDN� LoLQ��
NXOODQÕODFDN� RFDNODUÕQ� YH� J�]HUJDKÕQ� VHoLPLQGH� ELOLPVHO� WHNQLNOHUGHQ� oRN�
GHQH\LPOHUH� GD\DOÕ� RODQ� YH� QH� NDGDU� L\L� VRQXoODU� YHUGL÷L� GH÷HUOHQGLULOHPH\HQ�
\|QWHPOHU� NXOODQPDNWDGÕU�� øúOHWPHQLQ� JHOHQ� VLSDULúOHUL� NDUúÕODPDGD� NDUúÕ� NDUúÕ\D�
NDOGÕ÷Õ�EX�RFDN�YH�J�]HUJDK�VHoLPL�SUREOHPL�WLSLN�ELU�NDUDU�YHUPH�SUREOHPLGLU�� 
  

  3UREOHPLQ� WDQÕPODQPDVÕQGDQ� VRQUD�� o|]�P�Q� \|QH\OHP� DUDúWÕUPDVÕ�
WHNQLNOHULQGH�RODELOHFH÷L�J|U�OP�úW�U��<|QH\OHP�DUDúWÕUPDVÕ�WHNQLNOHULQGHQ�GR÷UXVDO�
SURJUDPODPD�YH�XODúWÕUPD�PRGHOL�NXOODQÕODUDN�ELU�PRGHO�ROXúWXUXOPXú�YH�EX�PRGHO�
ELOJLVD\DUGD� /,1*2� �� DGOÕ� \|QH\OHP� DUDúWÕUPDVÕ� SDNHW� SURJUDPÕQGD� o|]�OHUHN��
RSWLPXP�VRQXoODU�EXOXQPXúWXU��(OGH�HGLOHQ�VRQXoODU��GHQH\LPOHUH�GD\DOÕ�VRQXoODUD�
J|UH�oRN�GDKD�L\L�YH�HOGH�HWPH�V�UHVL�GDKD�NÕVDGÕU�� 

  

�6RQXoWD��NXOODQÕODQ�\|QH\OHP�DUDúWÕUPDVÕ�WHNQLNOHUL�LúOHWPH�\|QHWLPLQH�NHQGL�
politikalDUÕQÕ�YH�H\OHPOHULQL�ELOLPVHO�RODUDN�EHOLUOHPHVLQH�\DUGÕP�HGHUHN�úLUNHWH�\DUDU�
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VD÷ODPÕúWÕU��øúOHWPH�EXQGDQ�VRQUD�JHOHQ�W�P�VLSDULúOHUL�SODQODUNHQ��NXUXODQ�EX�PRGHO�
VD\HVLQGH�NHVLQ�YH�GR÷UX�VRQXFD�oRN�GDKD�NÕVD�ELU�V�UHGH�XODúDELOHFHN��E|\OHFH�KHP�
maliyet hHP�GH�]DPDQ�ND\EÕQÕ�|QOH\HELOHFHNWLU� 
 

hONHPL]� LoLQ� E�\�N� |QHP� WDúÕ\DQ� PDGHQ� VHNW|U�QGH� ELOLPVHO� WHNQLNOHUGHQ�
GDKD� ID]OD� \DUDUODQÕOPDVÕ� JHUHNPHNWHGLU�� $UWÕN� SODQODPDGD�� NDUDU� YHUPHGH�
GHQH\LPOHUH� GD\DOÕ� VRQXoODUGDQVD�� GDKD� UDV\RQHO� PDWHPDWL÷H� GD\DOÕ� ELOLPVHl  
\|QWHPOHU� VHoLOPHOLGLU�� %X� oDOÕúPD�� \|QHWLOPHVLQH� LKWL\Do� GX\XODQ� VLVWHPOHULQ� YDU�
ROGX÷X� KHPHQ� KHU� \HUGH� \|QH\OHP� DUDúWÕUPDVÕQÕQ� HWNLQ� ELU� úHNLOGH��
NXOODQÕODELOHFH÷LQH�J�]HO�ELU�|UQHNWLU�� 
  

<DSÕODQ� EX� oDOÕúPDGD� PDOL\HWOHUL� HWNLOH\HQ� IDNW|UOHULQ� DQDOL]� edilmesi 

VRQXFXQGD� NDUDUODU� YHULOPHVL�� LúOHWPHQLQ� UHNDEHW� HGHELOLUOL÷LQL� DUWWÕUPDNWD� YH� GDKD�
ELOLPVHO� VRQXoODUD� XODúPDVÕQÕ� VD÷ODPDNWDGÕU�� %X� YH� EHQ]HU� oDOÕúPDODU� PDGHQFLOLN�
LúOHWPHOHULQH�NDUDU�YHUPH�GR÷UXOWXVXQGD�|QHPOL�|Oo�GH�ID\GD�VD÷OD\DFDNWÕU� 
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EKLER 
 
EK A:  0RGHOLQ�/LQJR�µGDNL�<D]ÕPÕ 
 
�.DUÕúÕP��LNL�OLPDQD�WDúÕPD�YH�OLPDQ�NXOODQÕPÕ�SUREOHPLQLQ�PRGHOL� 
 
 MIN= ! Üretim 
maliyeti;URETIM1*(X111+X112)+URETIM1*(X121+X122) + 
URETIM1*(X131+X132)+URETIM1*(X141+X142)+URETIM1*(X151+X152)+U
RETIM1*(X161+X162)+URETIM1*(X171+X172)+URETIM1*(X181+X182)+UR
ETIM1*(X191+X192)+URETIM2*(X211+X212)+URETIM2*(X221+X222)+URE
TIM2*(X231+X232)+URETIM2*(X241+X242)+URETIM2*(X251+X252)+URETI
M2*(X261+X262)+URETIM2*(X271+X272)+URETIM2*(X281+X282)+URETIM
2*(X291+X292)+URETIM3*(X311+X312)+URETIM3*(X321+X322)+URETIM3*
(X331+X332)+URETIM3*(X341+X342)+URETIM4*(X411+X412)+URETIM4*(
X421+X422)+URETIM4*(X431+X432)+URETIM4*(X441+X442) 
�7DúÕPDPDOL\HWOHUL� + 
TASIMA1*(X111+X121+X131+X141+X151+X161+X171+X181+X191) + 
TASIMA2*(X112+X122+X132+X142+X152+X162+X172+X182+X192) + 
TASIMA1*(X211+X221+X231+X241+X251+X261+X271+X281+X291) + 
TASIMA2*(X212+X222+X232+X242+X252+X262+X272+X282+X292) + 
TASIMA1*(X311+X321+X331+X341)+TASIMA2*(X312+X322+X332+X342) + 
TASIMA1*(X411+X421+X431+X441)+TASIMA2*(X412+X422+X432+X442)  
�/LPDQNXOODQÕPPDOL\HWL�+ 
LIM1*(x111+x121+x131+x141+x151+x161+x171+x181+x191+x211+x221+x231+
x241+x251+x261+x271+x281+x291+x311+x321+x331+x341+x411+x421+x431+x
441)*Y1 + 
LIM2*(x112+x122+x132+x142+x152+x162+x172+x182+x192+x212+x222+x232+
x242+x252+x262+x272+x282+x292+x312+x322+x332+x342+x412+x422+x432+x
442)*Y2; 
 
KISITLAR; 
 
 
DALU1*(x111+x112)+DALU2*(x121+x122)+DALU3*(x131+x132)+DALU4*(x1
41+x142)+DALU5*(X151+X152)+DALU6*(X161+X162)+DALU7*(X171+X172)
+DALU8*(X181+X182)+DALU9*(X191+X192)+SALU1*(x211+x212)+SALU2*(
x221+x222)+SALU3*(x231+x232)+SALU4*(x241+x242)+SALU5*(X251+X252)+
SALU6*(X261+X262)+SALU7*(X271+X272)+SALU8*(X281+X282)+SALU9*(X
291+X292)+YALU1*(x311+x312)+YALU2*(x321+x322)+YALU3*(x331+x332)+
YALU4*(x341+x342)+SINAL1*(x411+x412)+SINAL2*(x421+x422)+SINAL3*(x
431+x432)+SINAL4*(x441+x442)-
20*(X111+X112+X121+X122+X131+X132+X141+X142+X151+X152+X161+X16
2+X171+X172+X181+X182+X191+X192+X211+X212+X221+X222+X231+X232
+X241+X242+X251+X252+X261+X262+X271+X272+X281+X282+X291+X292+
X311+X312+X321+X322+X331+X332+X341+X342+X411+X412+X421+X422+X
431+X432+X441+X442)>=0;�$O��LOH�LOJLOL�NÕVÕW� 
 
 



 68 

DAFE1*(x111+x112)+DAFE2*(x121+x122)+DAFE3*(x131+x132)+DAFE4*(x141
+x142) 
+DAFE5*(X151+X152)+DAFE6*(X161+X162)+DAFE7*(X171+X172)+DAFE8*(
X181+X182)+DAFE9*(X191+X192)+SAFE1*(x211+x212)+SAFE2*(x221+x222)+
SAFE3*(x231+x232)+SAFE4*(x241+x242)+SAFE5*(X251+X252)+SAFE6*(X261
+X262)+SAFE7*(X271+X272)+SAFE8*(X281+X282)+SAFE9*(X291+X292)+YA
FE1*(x311+x312)+YAFE2*(x321+x322)+YAFE3*(x331+x332)+YAFE4*(x341+x
342)+SINFE1*(x411+x412)+SINFE2*(x421+x422)+SINFE3*(x431+x432)+SINFE
4*(x441+x442)-
0.5*(X111+X112+X121+X122+X131+X132+X141+X142+X151+X152+X161+X1
62+X171+X172+X181+X182+X191+X192+X211+X212+X221+X222+X231+X23
2+X241+X242+X251+X252+X261+X262+X271+X272+X281+X282+X291+X292
+X311+X312+X321+X322+X331+X332+X341+X342+X411+X412+X421+X422+
X431+X432+X441+X442)<=0;�)H�2��LOH�LOJLOL�NÕVÕW� 
 
 
DAS1*(x111+x112)+DAS2*(x121+x122)+DAS3*(x131+x132)+DAS4*(x141+x14
2)+DAS5*(X151+X152)+DAS6*(X161+X162)+DAS7*(X171+X172)+DAS8*(X18
1+X182)+DAS9*(X191+X192)+SAS1*(x211+x212)+SAS2*(x221+x222)+SAS3*(
x231+x232)+SAS4*(x241+x242)+SAS5*(X251+X252)+SAS6*(X261+X262)+SAS
7*(X271+X272)+SAS8*(X281+X282)+SAS9*(X291+X292)+YAS1*(x311+x312)+
YAS2*(x321+x322)+YAS3*(x331+x332)+YAS4*(x341+x342)+SS1*(x411+x412)
+SS2*(x421+x422)+SS3*(x431+x432)+SS4*(x441+x442)-
1*(X111+X112+X121+X122+X131+X132+X141+X142+X151+X152+X161+X162
+X171+X172+X181+X182+X191+X192+X211+X212+X221+X222+X231+X232+
X241+X242+X251+X252+X261+X262+X271+X272+X281+X282+X291+X292+X
311+X312+X321+X322+X331+X332+X341+X342+X411+X412+X421+X422+X4
31+X432+X441+X442)<=0��62��LOH�LOJLOL�NÕVÕWOD\ÕFÕ� 
 
  
�6WRN�NDSDVLWHVL�NÕVÕWÕ� 
 
 X111+X112<=DANA1; 
 X121+X122<=DANA2; 
 X131+X132<=DANA3; 
 X141+X142<=DANA4; 
 X151+X152<=DANA5; 
 X161+X162<=DANA6; 
 X171+X172<=DANA7; 
 X181+X182<=DANA8; 
 X191+X192<=DANA9; 
 X211+X212<=SAPCI1; 
 x221+x222<=SAPCI2; 
 x231+x232<=SAPCI3; 
 x241+x242<=SAPCI4; 
 X251+X252<=SAPCI5; 
 X261+X262<=SAPCI6; 
 X271+X272<=SAPCI7; 
 X281+X282<=SAPCI8; 
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 X291+X292<=SAPCI9; 
 
 x311+x312<=YAYLA1; 
 x321+x322<=YAYLA2; 
 x331+x332<=YAYLA3; 
 x341+x342<=YAYLA4; 
 
 x411+x412<=SINAN1; 
 x421+x422<=SINAN2; 
 x431+x432<=SINAN3; 
 x441+x442<=SINAN4; 
 
  
x111+x121+x131+x141+x151+x161+x171+x181+x191+x112+x122+x132+x142+x
152+x162+x172+x182+x192+x211+x221+x231+x241+x251+x261+x271+x281+x2
91+x212+x222+x232+x242+X252+X262+X272+x282+x292+x311+x321+x331+x3
41+x312+x322+x332+X342+x411+x421+x431+x441+x412+x422+x432+x442=100
0;�7DOHS.ÕVÕW� 
 
x111+x121+x131+x141+x151+x161+x171+x181+x191+x211+x221+x231+x241+x
251+x261+x271+x281+x291+x311+x321+x331+x341+x411+x421+x431+x441=10
00*Y1; LimDQ�NXOODQÕP�NÕVÕWÕ� 
 
x112+x122+x132+x142+x152+x162+x172+x182+x192+x212+x222+x232+x242+x
252+x262+x272+x282+x292+x312+x322+x332+x342+x412+x422+x432+x442=10
00*Y2; /LPDQ�NXOODQÕP�NÕVÕWÕ� 
 
 
 @BIN( Y1); 
 @BIN( Y2); 
 
 
 
 
 
 
 
 
 
(;&(/¶'(1�9(5ø/(5ø1�*ø5øùø1ø�7$1,0/$0$; 
 
DATA: 
 
DANA1=@OLE('C:\dana.xls','DANA1') ; 
DANA2=@OLE('C:\dana.xls','DANA2') ; 
DANA3=@OLE('C:\dana.xls','DANA3') ; 
DANA4=@OLE('C:\dana.xls','DANA4') ; 
DANA5=@OLE('C:\dana.xls','DANA5') ; 
DANA6=@OLE('C:\dana.xls','DANA6') ; 
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DANA7=@OLE('C:\dana.xls','DANA7') ; 
DANA8=@OLE('C:\dana.xls','DANA8') ; 
DANA9=@OLE('C:\dana.xls','DANA9') ; 
 
SAPCI1=@OLE('C:\VDSFÕ�[OV
�
6$3&,�
��� 
SAPCI2=@OLE('C:\VDSFÕ�[OV
�
6$3&,�
��� 
SAPCI3=@OLE('C:\VDSFÕ�[OV
�
6$3&,�
��� 
SAPCI4=@OLE('C:\VDSFÕ�[OV
�
6$3&,�
��� 
SAPCI5=@OLE('C:\VDSFÕ.xls','SAPCI5') ; 
SAPCI6=@OLE('C:\VDSFÕ�[OV
�
6$3&,�
��� 
SAPCI7=@OLE('C:\VDSFÕ�[OV
�
6$3&,�
��� 
SAPCI8=@OLE('C:\VDSFÕ�[OV
�
6$3&,�
��� 
SAPCI9=@OLE('C:\VDSFÕ�[OV
�
6$3&,�
) ; 
 
YAYLA1=@OLE('C:\yayla.xls','YAYLA1') ; 
YAYLA2=@OLE('C:\yayla.xls','YAYLA2') ; 
YAYLA3=@OLE('C:\yayla.xls','YAYLA3') ; 
YAYLA4=@OLE('C:\yayla.xls','YAYLA4') ; 
 
 
SINAN1=@OLE('C:\sinan.xls','SINAN1') ; 
SINAN2=@OLE('C:\sinan.xls','SINAN2') ; 
SINAN3=@OLE('C:\sinan.xls','SINAN3') ; 
SINAN4=@OLE('C:\sinan.xls','SINAN4') ; 
 
URETIM1=@OLE('C:\üretim.xls','URETIM1'); 
URETIM2=@OLE('C:\üretim.xls','URETIM2'); 
URETIM3=@OLE('C:\üretim.xls','URETIM3'); 
URETIM4=@OLE('C:\üretim.xls','URETIM4'); 
  
 
TASIMA1=@OLE('C:\WDVÕPD�[OV
�
7$6,0$�
�� 
TASIMA2=@OLE('C:\WDVÕPD�[OV
�
7$6,0$�
�� 
  
LIM1=@OLE('C:\liman.xls','LIM1'); 
LIM2=@OLE('C:\liman.xls','LIM2'); 
DALU1=@OLE('C:\dana.xls','DALU1') ; 
DALU2=@OLE('C:\dana.xls','DALU2') ; 
DALU3=@OLE('C:\dana.xls','DALU3') ; 
DALU4=@OLE('C:\dana.xls','DALU4') ; 
DALU5=@OLE('C:\dana.xls','DALU5') ; 
DALU6=@OLE('C:\dana.xls','DALU6') ; 
DALU7=@OLE('C:\dana.xls','DALU7') ; 
DALU8=@OLE('C:\dana.xls','DALU8') ; 
DALU9=@OLE('C:\dana.xls','DALU9') ; 
 
SALU1=@OLE('C:\VDSFÕ�[OV
�
6$/8�
��� 
SALU2=@OLE('C:\VDSFÕ�[OV
�
6$/8�
��� 
SALU3=@OLE('C:\VDSFÕ�[OV
�
6$/8�
��� 
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SALU4=@OLE('C:\VDSFÕ�[OV
�
6$/8�
��; 
SALU5=@OLE('C:\VDSFÕ�[OV
�
6$/8�
��� 
SALU6=@OLE('C:\VDSFÕ�[OV
�
6$/8�
��� 
SALU7=@OLE('C:\VDSFÕ�[OV
�
6$/8�
��� 
SALU8=@OLE('C:\VDSFÕ�[OV
�
6$/8�
��� 
SALU9=@OLE('C:\VDSFÕ�[OV
�
6$/8�
��� 
 
YALU1=@OLE('C:\yayla.xls','YALU1') ; 
YALU2=@OLE('C:\yayla.xls','YALU2') ; 
YALU3=@OLE('C:\yayla.xls','YALU3') ; 
YALU4=@OLE('C:\yayla.xls','YALU4') ; 
 
SINAL1=@OLE('C:\sinan.xls','SINAL1') ; 
SINAL2=@OLE('C:\sinan.xls','SINAL2') ; 
SINAL3=@OLE('C:\sinan.xls','SINAL3') ; 
SINAL4=@OLE('C:\sinan.xls','SINAL4') ; 
 
DAFE1=@OLE('C:\dana.xls','DAFE1') ; 
DAFE2=@OLE('C:\dana.xls','DAFE2') ; 
DAFE3=@OLE('C:\dana.xls','DAFE3') ; 
DAFE4=@OLE('C:\dana.xls','DAFE4') ; 
DAFE5=@OLE('C:\dana.xls','DAFE5') ; 
DAFE6=@OLE('C:\dana.xls','DAFE6') ; 
DAFE7=@OLE('C:\dana.xls','DAFE7') ; 
DAFE8=@OLE('C:\dana.xls','DAFE8') ; 
DAFE9=@OLE('C:\dana.xls','DAFE9') ; 
 
SAFE1=@OLE('C:\VDSFÕ�[OV
�
6$)(�
��� 
SAFE2=@OLE('C:\VDSFÕ�[OV
�
6$)(�
��� 
SAFE3=@OLE('C:\VDSFÕ�[OV
�
6$)(�
��� 
SAFE4=@OLE('C:\VDSFÕ�[OV
�
6$)(�
��� 
SAFE5=@OLE('C:\VDSFÕ�[OV
�
6$)(�
��� 
SAFE6=@OLE('C:\VDSFÕ.xls','SAFE6') ; 
SAFE7=@OLE('C:\VDSFÕ�[OV
�
6$)(�
��� 
SAFE8=@OLE('C:\VDSFÕ�[OV
�
6$)(�
��� 
SAFE9=@OLE('C:\VDSFÕ�[OV
�
6$)(�
��� 
 
YAFE1=@OLE('C:\yayla.xls','YAFE1') ; 
YAFE2=@OLE('C:\yayla.xls','YAFE2') ; 
YAFE3=@OLE('C:\yayla.xls','YAFE3') ; 
YAFE4=@OLE('C:\yayla.xls','YAFE4') ; 
 
SINFE1=@OLE('C:\sinan.xls','SINFE1') ; 
SINFE2=@OLE('C:\sinan.xls','SINFE2') ; 
SINFE3=@OLE('C:\sinan.xls','SINFE3') ; 
SINFE4=@OLE('C:\sinan.xls','SINFE4') ; 
 
DAS1=@OLE('C:\dana.xls','DAS1') ; 
DAS2=@OLE('C:\dana.xls','DAS2') ; 
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DAS3=@OLE('C:\dana.xls','DAS3') ; 
DAS4=@OLE('C:\dana.xls','DAS4') ; 
DAS5=@OLE('C:\dana.xls','DAS5') ; 
DAS6=@OLE('C:\dana.xls','DAS6') ; 
DAS7=@OLE('C:\dana.xls','DAS7') ; 
DAS8=@OLE('C:\dana.xls','DAS8') ; 
DAS9=@OLE('C:\dana.xls','DAS9') ; 
 
SAS1=@OLE('C:\VDSFÕ�[OV
�
SAS1') ; 
SAS2=@OLE('C:\VDSFÕ�[OV
�
6$6�
��� 
SAS3=@OLE('C:\VDSFÕ�[OV
�
6$6�
��� 
SAS4=@OLE('C:\VDSFÕ�[OV
�
6$6�
��� 
SAS5=@OLE('C:\VDSFÕ�[OV
�
6$6�
��� 
SAS6=@OLE('C:\VDSFÕ�[OV
�
6$6�
��� 
SAS7=@OLE('C:\VDSFÕ�[OV
�
6$6�
��� 
SAS8=@OLE('C:\VDSFÕ�[OV
�
6$6�
��� 
SAS9=@OLE('C:\VDSFÕ�[OV
�
6$6�
��� 
 
YAS1=@OLE('C:\yayla.xls','YAS1') ; 
YAS2=@OLE('C:\yayla.xls','YAS2') ; 
YAS3=@OLE('C:\yayla.xls','YAS3') ; 
YAS4=@OLE('C:\yayla.xls','YAS4') ; 
 
SS1=@OLE('C:\sinan.xls','SS1') ; 
SS2=@OLE('C:\sinan.xls','SS2') ; 
SS3=@OLE('C:\sinan.xls','SS3') ; 
SS4=@OLE('C:\sinan.xls','SS4') ; 
 
 

ENDDATA 
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EK B:  Modelin Lingo’daki Çözümü 
 
  Local optimal solution found at iteration:            189 

  Objective value:                                 21508.69 

 

 

                       Variable           Value        Reduced Cost 

                        URETIM1        6.000000            0.000000 

                           X111        82.51676            0.000000 

                           X112        0.000000            0.000000 

                           X121        200.0000            0.000000 

                           X122        0.000000            0.000000 

                           X131        0.000000           0.4387383 

                           X132        0.000000           0.4387772 

                           X141        0.000000           0.4719246 

                           X142        0.000000           0.4719635 

                           X151        0.000000           0.2213115 

                           X152        0.000000           0.2213504 

                           X161        130.0000            0.000000 

                           X162        0.000000        -.2265414E-07 

                           X171        125.0000            0.000000 

                           X172        0.000000        -.4601218E-07 

                           X181        0.000000           0.9015469 

                           X182        0.000000           0.9015858 

                           X191        0.000000            3.399013 

                           X192        0.000000            3.399052 

                        URETIM2        6.000000            0.000000 

                           X211        0.000000            4.458847 

                           X212        0.000000            4.458885 

                           X221        0.000000            5.076960 

                           X222        0.000000            5.076999 

                           X231        0.000000            1.798065 

                           X232        0.000000            1.798104 

                           X241        0.000000            5.277876 

                           X242        0.000000            5.277914 

                           X251        0.000000            6.522277 

                           X252        0.000000            6.522315 

                           X261        0.000000            6.038379 

                           X262        0.000000            6.038418 

                           X271        0.000000           0.3140039 

                           X272        0.000000           0.3140428 

                           X281        150.0000        -.9879307E-08 

                           X282        0.000000            0.000000 

                           X291        3.791074            0.000000 

                           X292        0.000000       -0.9027205E-07 

                        URETIM3        7.000000            0.000000 

                           X311        58.69217            0.000000 

                           X312        0.000000        0.7595051E-05 

                           X321        0.000000            1.580482 

                           X322        0.000000            1.580521 

                           X331        150.0000            0.000000 

                           X332        0.000000       0.7593835E-05 

                           X341        100.0000            0.000000 

                           X342        0.000000       0.7593835E-05 

                        URETIM4        7.000000            0.000000 

                           X411        0.000000            5.186171 

                           X412        0.000000            5.186210 

                           X421        0.000000            1.721237 

                           X422        0.000000            1.721276 
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                           X431        0.000000            4.798400 

                           X432        0.000000            4.798439 

                           X441        0.000000            2.395588 

                           X442        0.000000            2.395627 

                        TASIMA1        11.80000            0.000000 

                        TASIMA2        12.00000            0.000000 

                           LIM1        3.400000            0.000000 

                             Y1        1.000000            6599.925 

                           LIM2        4.400000            0.000000 

                             Y2        0.000000            0.000000 

                          DALU1        20.99000            0.000000 

                          DALU2        15.69000            0.000000 

                          DALU3        22.46000            0.000000 

                          DALU4        17.19000            0.000000 

                          DALU5        19.61000            0.000000 

                          DALU6        16.73000            0.000000 

                          DALU7        17.72000            0.000000 

                          DALU8        22.47000            0.000000 

                          DALU9        24.68000            0.000000 

                          SALU1        29.97000            0.000000 

                          SALU2        28.70000            0.000000 

                          SALU3        23.19000            0.000000 

                          SALU4        28.38000            0.000000 

                          SALU5        30.07000            0.000000 

                          SALU6        28.12000            0.000000 

                          SALU7        29.45000            0.000000 

                          SALU8        29.77000            0.000000 

                          SALU9        28.70000            0.000000 

                          YALU1        23.93000            0.000000 

                          YALU2        24.86000            0.000000 

                          YALU3        23.17000            0.000000 

                          YALU4        19.55000            0.000000 

                         SINAL1        20.98000            0.000000 

                         SINAL2        21.89000            0.000000 

                         SINAL3        21.30000            0.000000 

                         SINAL4        21.06000            0.000000 

                          DANA1        100.0000            0.000000 

                          DANA2        200.0000            0.000000 

                          DANA3        100.0000            0.000000 

                          DANA4        300.0000            0.000000 

                          DANA5        125.0000            0.000000 

                          DANA6        130.0000            0.000000 

                          DANA7        125.0000            0.000000 

                          DANA8        150.0000            0.000000 

                          DANA9        160.0000            0.000000 

                         SAPCI1        300.0000            0.000000 

                         SAPCI2        150.0000            0.000000 

                         SAPCI3        200.0000            0.000000 

                         SAPCI4        200.0000            0.000000 

                         SAPCI5        200.0000            0.000000 

                         SAPCI6        200.0000            0.000000 

                         SAPCI7        150.0000            0.000000 

                         SAPCI8        150.0000            0.000000 

                         SAPCI9        150.0000            0.000000 

                         YAYLA1        300.0000            0.000000 

                         YAYLA2        150.0000            0.000000 

                         YAYLA3        150.0000            0.000000 

                         YAYLA4        100.0000            0.000000 

                         SINAN1        300.0000            0.000000 

                         SINAN2        250.0000            0.000000 
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                         SINAN3        150.0000            0.000000 

                         SINAN4        200.0000            0.000000 

 

                            Row    Slack or Surplus      Dual Price 

                              1        21508.69           -1.000000 

                              2        669.2342            0.000000 

                              3        0.000000            4.691843 

                              4        0.000000           0.4904365 

                              5        17.48324            0.000000 

                              6        0.000000           0.9573320 

                              7        100.0000            0.000000 

                              8        300.0000            0.000000 

                              9        125.0000            0.000000 

                             10        0.000000            1.485369 

                             11        0.000000            1.135851 

                             12        150.0000            0.000000 

                             13        160.0000            0.000000 

                             14        300.0000            0.000000 

                             15        150.0000            0.000000 

                             16        200.0000            0.000000 

                             17        200.0000            0.000000 

                             18        200.0000            0.000000 

                             19        200.0000            0.000000 

                             20        150.0000            0.000000 

                             21        0.000000           0.1376492 

                             22        146.2089            0.000000 

                             23        241.3078            0.000000 

                             24        150.0000            0.000000 

                             25        0.000000           0.9594573 

                             26        0.000000           0.4139284 

                             27        300.0000            0.000000 

                             28        250.0000            0.000000 

                             29        150.0000            0.000000 

                             30        200.0000            0.000000 

                             31        0.000000           -19.04127 

                             32        0.000000           -3.199928 

                             33        0.000000       0.4365575E-05 
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