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Özet: Toplam Elektron 1LFHOL÷L� �7(&��� L\RQ\XYDUVDO� UDG\R� \D\ÕOÕPÕ� X\JXODPDODUÕ� LoLQ� |QJ|U�OPHVL� JHUHNHQ 
GH÷LúWLUJHQOHUGHQ� ELULGLU�� TEC öngörümü gibi iyonyuvarsal� V�UHoOHULQ� WDQÕQPDVÕ� LoLQ� Hammerstein dizge 
benzekOHPHVLQH� GD\DOÕ� “ 2UWD� 'R÷X� 7HNQLN� hQLYHUVLWHVL 6LQLUVHO� $÷ODU ve $UGÕúÕN %HQ]H÷i”, (METU-NN-C), 
JHOLúWLULOPLúWLU�  METU-C, DUGÕúÕN�LNL�|EHNWHQ�ROXúPDNWDGÕU��ølki duruk�GR÷UXVDO�ROPDyan öbek, ikincisi devingen 
GR÷UXVDO�öbektir. %HQ]H÷in duruk� GR÷UXVDO�ROPD\DQ�öbe÷inde B-spline ve Bezier özel� H÷ULOHULQLQ�J|VWHULPOHUL�
JHOLúWLULOPLúWLU�� 'L]JH� WDQÕPDGD� \�NVHN� NHVLQOLN� YH� GX\DUOÕOÕN� DPDFÕ\OD�� DNÕOOÕ� WHNQLNOHU� NXOODQDUDN, öbeklerin 
GH÷LúWLUgenOHUL� KHVDSODQPÕúWÕU�� *HUoHNOHúWLULOHQ� GXUXP� oDOÕúPDVÕQGD, METU-C EHQ]H÷iyle TEC öngörü 
VRQXoODUÕ� WDUWÕúÕOPÕúWÕU. Ek olarak, sonuçlar, ODTÜ� 6LQLUVHO� $÷� EHQ]H÷iyle (METU-NN) elde edilen TEC 
öngörüleriyle�NDUúÕODúWÕUÕOPÕúWÕU [1]-[2].  
 
 
���*LULú 
Yer’e yDNÕQ u]D\¶GD�� KHP� L\RQ\XYDUGDQ� \DQVÕPDOÕ� LOHWLúLP� SURJUDPODPDVÕ�� KHP� GH� L\RQ\XYDUGDQ� JHoHQ�
LúDUHWOHUOH� X\GX� LOHWLúLPL� LOH� VHIHU� X\JXODPDODUÕ� YH� SURJUDPODPDODUÕQÕ� HWNLOH\HQ� 7(&� GH÷HUOHULQ� |QJ|U�V���
VDYXQPD\D� LOLúNLQ� YH� VLYLO� LOHWLúLP� SODQODPDVÕ� LoLQ� |QHPOLGLU� 2'7h¶GH� ELU� JUXS� KDYDFÕOÕN� YH� HOHNWULN�
mühendisleri, 1990’dan beri AB-COST-7,67� (\OHPOHULQLQ� SDUoDVÕ� RODUDN� <HU¶H� \DNÕQ� X]D\ süreçlerinde ve 
dizge belirlemesinde 6LQLUVHO�$÷ODU�JLEL�YHUL�V�U�úO��EHQ]HNOHUL�JHOLúWLUPHNWHGLU�[1]-[2]-[3]-[4]-[5]-[6]-[7]-[8].  
 
%X�oDOÕúPDGD��NDUPDúÕN�YH�GR÷UXVDO�ROPD\DQ�V�UHoOHUL�WDQÕPDN�LoLQ�+DPPHUVWHLQ�GL]JH�EHQ]HNOHPHVLQH�GD\DOÕ�
DUGÕúÕN�LNL�|EHNli METU-&�EHQ]H÷Lni�YH�DUD�GH÷LúWLUJHQOHUL�NHVWLUHQ�|EHN�RODUDN�NXOODQÕODQ�METU-NN�EHQ]H÷LQL�
LoHUHQ� ùHNLO� �¶GHNL� 0(78-NN-&� EHQ]H÷L gHOLúWLULOPLúWLU� METU-NN-&� EHQ]H÷LQGHNL� DUGÕúÕN� METU-C 
öbeklerinden iONL�GXUXN�GR÷UXVDO�ROPD\DQ�|EHN��LNLQFLVL�GHYLQJHQ�GR÷UXVDO�|EHNWLU� 

 

 
ùHNLO��� METU-NN-&�%HQ]H÷L 
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METU-C öbeklerinin�DUDVÕQGDNL�GXUXP�GH÷LúWLUJHQLQH�EHQ]H\HQ�DUD�GH÷LúWLUJHQOHU�D\UÕ�ELU METU-NN |EH÷L�ile 
kestirilir. %X� oDOÕúPDGD�� GXUXN� GR÷UXVDO� ROPD\DQOÕ÷Õ� WDQÕPODPDGD�%-6SOLQH� H÷ULOHULQLQ� NXOODQÕOPDVÕ� YH�%H]LHU�
H÷ULOHULQLQ� NXOODQÕOPDVÕ� +DPPHUVWHLQ� GL]JH� EHQ]HNOHPHVL� LoLQ� LNL� \HQL� WHNQLNWLU [7]-[9]. Her iki teknik yerel 
GHQHWLP�VD÷ODU��Do÷UXVDO�ROPD\DQ�|EH÷LQGH�%-6SOLQH�H÷ULOHULQLQ�JHOLúWLULOGL÷L�DUGÕúÕN�EHQ]HN��0(78-NN-C, bir 
konumdaki TEC öngörüleri için, yD]DUODUÕQ�DUDúWÕUPDVÕQD�J|UH ilk kez,�EX�oDOÕúPDGD�J|VWHULOPLúWLU� 
 
+DPPHUVWHLQ�GL]JH�EHQ]HNOHPHVLQH�GD\DOÕ�ELU�DUGÕúÕN�EHQ]HN�GL]JH�EHOLUOHQPHVLQGH�\HWHUOL�ELU�\DNODúÕP�RODUDN�
görülmektedir [2]-[7]-[10]-[11]-[12]-[13]�� 'HYLQJHQOLN� GR÷UXVDO� |EHNWH� EHQ]HNOHQGL÷LQGHQ�� YHUL� JLULúL� YH�
devingen dizge çözümlemesi EDVLWWLU��'R÷UXVDO�ROPD\DQ�|EHN�GXUXO�ROGX÷XQGDQ�GL]JH�EHOLUOHPHGH�ED÷ÕPVÕ]OÕN�
dHUHFHVL�G�ú�NW�U� %HQ]HN�X\JXODPDODUÕ�\�NVHN�NHVLQOLN�YH�GX\DUOÕOÕ÷D sahiptir [2]-[7]. 
 
2. *LUGL�9HULOHULQLQ�+D]ÕUODQÕúÕ 
METU-NN-&�EHQ]H÷LQL�H÷LWPHN� LoLQ�1 Nisan –����0D\ÕV������YH������ WDULKOHULQGH�GPS ölçümlerinden elde 
HGLOPLú� RODQ� ��� GN�� DUDOÕNOÕ� Chilbolton (51.8º N; 1.26º W)� LVWDV\RQ� 7(&� YHULOHUL� NXOODQÕOPÕúWÕU�� %HQ]H÷LQ�
NXOODQÕOPDVÕQGD�LVH�����¶GHNL�D\QÕ�D\ODUÕ�LoHUHQ����GN��$UDOÕNOÕ�Hailsham (50.9º N; 0.3º E) istasyon TEC verileri 
NXOODQÕOPÕúWÕU [1]-[14]��%X�úHNLOGH�PHYVLPVHO�ED÷ÕPOÕOÕN�YH�EHQ]HU�*�QHú�HWNLQOLN�HWNLOHUL�EHQ]H÷H�JLUPLúWLU [1]. 
 
3. B-6SOLQH�(÷ULOHULQLQ�.XOODQÕOGÕ÷Õ�METU-NN-C Benze÷L 
METU-&� EHQ]H÷L� JLUGLOHUL:� J�QFHO� 7(&�� GDNLNDQÕQ� YH� J�Q�Q� VLQ�V� YH� NRVLQ�V� ELOHúHQOHULGLU�� %X� JLUGLOHU� %-

6SOLQH�H÷ULOHUL�LOH�DUD�GH÷LúWLUJHQOHUL�� )(kxq , gösterir [9].�$UD�GH÷LúWLUJHQOHULQ����YH���VDDW�|QFHOHULQLQ�GR÷UXVDO�

LOLúNLVLQGHQ�EHQ]HN�oÕNWÕVÕ�� )(ky ��HOGH�HGLOLU��%HQ]HN�oÕNWÕVÕ���VDDW�LOHUL�7(&�|QJ|U�V�G�U� 
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VD\ÕVÕ; m+1=4, WDQÕPOD\ÕFÕ�SRO\JRQ�VD\ÕVÕ; s=4��LOJLOL�HVDV�IRQNVL\RQ�VÕQÕIÕ� )(ku p , QRUPDOOHQPLú�JLUGLOHU; piB  , 

EHOLUOHQHFHN�NDWVD\ÕODU; { })(, kuN psi  ��QRUPDOOHQPLú�%-6SOLQH�HVDV�IRQNVL\RQODUÕGÕU [9]: 
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METU-C NDWVD\ÕODUÕQÕQ� piB ve )( jhq , bXOXQPDVÕ için öncelikle DUD�GH÷LúWLUJHQOHU�METU-NN’le NHVWLULOPLúWLU��

Sonra, METU-&� SDUDPHWUHOHUL� EHOLUOHQPLúWLU�� .XOODQÕODQ� 0(78-NN, 6 nöronlu bir gizli katmana sahip ileri 
beslemH� \DSÕVÕQGDGÕU� YH� LON� NDWPDQGD� KLSHUEROLN� WDQMDQW�� LNLQFL� NDWPDQGD� GR÷UXVDO� WDúÕPD� IRQNVL\RQODUÕQD�
VDKLSWLU��(÷LWLP�YH�RSWLPL]DV\RQGD�/HYHQEHUJ-0DUTXDUGW�DOJRULWPDVÕ�NXOODQÕOPÕúWÕU�>15]-[16]-[17]. 
 
4. Sonuçlar ve Yorum 
METU-&�EHQ]HNOHUL�D\QÕ�NRQXP�YH�]DPDQGDNL�7(&�YHULOHUL�LOH�H÷LWLOGLNWHQ�VRQUD�WHN�WHN�D\QÕ�X\JXODPD�NRQXP�
ve zamanGDNL� 7(&� YHULOHUL� LOH� oDOÕúWÕUÕOPÕú� YH� GXUXP� oDOÕúPDODUÕ� VRQXFXQGD� �� VDDW� LOHUL� |QJ|U�� SHUIRUPDQV�
VRQXoODUÕ� HOGH� HGLOPLúWLU�� 7DEOR� �¶GH� TEC gözlemleriyle, JHOLúWLULOHQ� 0(78-NN EHQ]H÷L� ve GXUXN� GR÷UXVDO�
ROPD\DQ�|EH÷LQGH�3ROLQRP��%H]LHU��YH�%-6SOLQH�H÷UL�J|VWHULPOHUL�RODQ��o�D\UÕ�METU-NN-C EHQ]H÷L kullanarak 
elde edilen TEC öngörüleri� DUDVÕQGDNL� hatalar ve ilinti� NDWVD\ÕODUÕ� YHULOPLúWLU�� Tüm benzekler uygulama 
WROHUDQVODUÕQGDGÕU� >�8@�� <HQL� JHOLúWLULOHQ� %H]LHU� YH� %-6SOLQH� LOH� 7(&� |QJ|U�OHULQ� SHUIRUPDQVODUÕ� |QFHNL�
benzeklerden de üstündür. ùHNLO� �-a’da B-6SOLQH� NXOODQÕODUDN� JHOLúWLULOHQ� 0(78-&� NXOODQÕODUDN� HOGH� HGLOHQ�
|QJ|U�OHULQ�VDoÕQÕP�oL]HQH÷L�YH�ùHNLO��-E¶GH�*�QHú�ROD\Õ�]DPDQÕQGDNL�|QJ|U��YH�J|]OHP�GH÷LúLPOHUL�YHULOPLúWLU�  
 
'�ú�N�KDWD�GH÷HUOHUL�YH�VDoÕQÕP�oL]HQH÷LQGHNL�X\XP�GR÷UXVXQXQ�H÷LPLQLQ��¶H�\DNÕQ�ROPDVÕ�GL]JH�EHOLUOHPHGH�
KDWD� GH÷HU� IRQNVL\RQXQXQ� HYUHQVHO� HQ� N�o�NO�÷H� JHOGL÷LQL�� \�NVHN� LOLQWL� NDWVD\Õ� YH� VDoÕQÕP� oL]HQH÷Lndeki 
QRNWDODUÕQ� X\XP� GR÷UXVXQD� RODQ� X]DNOÕNODUÕQÕQ� G�ú�NO�÷�� LVH� EHQ]H÷LQ� GR÷UXVDO� ROPD\DQOÕ÷Õ� |÷UHQGL÷LQL�
göstermektedir. Sonuç olarak, Bezier ve B-6SOLQH� H÷ULOHUL� NXOODQÕODUDN� GR÷UXVDO� ROPD\DQOÕ÷ÕQ� EHWLPOHQPHVL�
METU-NN-&� DUGÕúÕN� EHQ]HNOHULQGH� EDúDUÕ\OD� JHUoHNOHúWLULOPLúWLU�� %X� EHQ]HNOHU�� JHOHFHNWH� GL÷HU� GR÷UXVDO�
ROPD\DQ�NDUPDúÕN�V�UHoOHULQ�EHOLUOHQPHVLQGH�YH�YHUL�ERúOXNODUÕQÕQ�GROGXUXOPDVÕQGD�da�NXOODQÕODELOLU� 
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Tablo 1. METU-NN ve METU-NN-&�%HQ]HNOHUL�LoLQ�+DWD�YH�øOLQWL�7DEORVX 
gQJ|U��%HQ]H÷L METU-NN Polinom ile METU-C  Bezier ile METU-C B-Spline ile METU-C 

RMS Hata (TECU) 1.8379 1.7908 1.7539 1.7529 
Normallenen Hata 0.0695 0.0639 0.0551 0.0551 

Mutlak Hata (TECU) 1.2200 1.1708 1.1054 1.1041 
Çapraz øOLQWL .DWVD\ÕVÕ 0.9858 0.9863 0.9869 0.9869 

 

 
ùHNLl 2. (a)�6DoÕQÕP�dL]HQH÷L��(b) 18-22.04.2002’de TEC Gözlem�QRNWDOÕ� ve Öngörü�NDWÕ��GH÷LúLPOHUL 
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