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ÖZET 

%X� oDOÕúPDGD, CuInSe2� LQFH� ILOPLQLQ� NDOÕQOÕ÷Õ� LNL� IDUNOÕ� yöntem kullanarak 

belirlendi. øON�\|QWHPGH, CuInSe2’nin�\R÷XQOX÷X�YH�N�WOHVL�ELU�\R÷XQOXN�|OoHU�YDVÕWDVÕ\OD�
ölçüldü. Daha sonra, birim alan EDúÕQD� N�WOH� KHVDEÕQGDQ CuInSe2� LQFH� ILOPLQLQ� NDOÕQOÕ÷Õ 
EHOLUOHQGL�� øNLQFL� \|QWHPGH�� &X�� ,Q� YH� 6H� HOHPHQWOHUL� LOH� &XInSe2 (bulk ve ince film) 

\DUÕLOHWNHQOHULQLQ�VR÷XUPD�NDWVD\ÕODUÕQÕ�NXOODQDUDN�NDOÕQOÕN�EHOLUOHQGL��6R÷XUPD�NDWVD\ÕODUÕ��
11,9-����� NH9� HQHUML� DUDOÕ÷ÕQGD� EXOXQDQ� ��� IDUNOÕ� HQHUMLGH� LNLQFLO� X\DUPD� \|QWHPL�
NXOODQÕODUDN� |Oo�OG��� Bu enerjiler, Br, Sr, Mo, Cd, Te ve Ba gibi ikincil kaynaklar 

NXOODQÕODUDN� HOGH� HGLOGL�� øNLQFLO� ND\QDNODUÕ� X\DUPDN� LoLQ�� ����� NH9¶OLN� JDPD� ÕúÕQODUÕ�
\D\ÕQOD\DQ� 241$P� UDG\RDNWLI� KDOND� ND\QDN� NXOODQÕOGÕ�� øNLQFLO� ND\QDNWDQ� \D\ÕQODQDQ� ;-

ÕúÕQODUÕQÕ� VD\PDN� LoLQ, 5,9 keV’deki rezolüsyonu 0,16 keV olan bir Si(Li) dedektör 

NXOODQÕOGÕ�� $\UÕFD \DUÕLOHWNHQ� ELOHúLNOHUGH�� VR÷XUPD� NÕ\ÕODUÕQÕQ� HWNLQ� DWRP� QXPDUDODUÕ�
�]HULQGHNL� HWNLVL� YH� IRWRQ� HQHUMLVL\OH� GH÷LúLPL� WDUWÕúÕOGÕ�� (OGH� HGLOHQ� GH÷HUOHU� WHRULN�
GH÷HUOHUOH�NÕ\DVODQGÕ� 
 

Anahtar Kelimeler: X-ÕúÕQÕ��øQce Film��.DOÕQOÕN��6R÷XUPD�.DWVD\ÕVÕ��6L�/L��'edektör 
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SUMMARY 

Determination of Thickness for CuInSe2 Thin Film Using the EDXRF 

Technique 

 

In this study, thickness of CuInSe2 thin film was determined using the two different 

methods. In the first method, the density and mass of CuInSe2 was measured by using a 

densitometer. Then, thickness of CuInSe2 thin film was calculated using the mass per unit 

area. In the second method, thickness was determined using the attenuation coefficients of 

Cu, In and Se elements and CuInSe2 (bulk and thin film) semiconductors. The attenuation 

coefficients were measured at 15 different energies from 11.9 to 37.3 keV by using 

secondary excitation method. These energies were obtained using secondary targets such 

as Br, Sr, Mo, Cd, Te and Ba. 59.5 keV gamma rays emitted from an annular 241Am 

radioactive source were used to excite secondary sources. X-rays emitted of secondary 

sources were counted by a Si(Li) detector with a resolution of 0.16 keV at 5.9 keV. 

Additionally, the effect of absorption edges on effective atomic numbers and their 

variation with photon energy in composite semiconductor sample was discussed. Obtained 

values were compared with theoretical values. 

 

Key Words: X-ray, Thin Film, Thickness, Attenuation Coefficient, Si(Li) Detector 
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1. *(1(/�%ø/*ø/(5 

1.1. *LULú 

<DUÕLOHWNHQOHU�� J�QO�N� KD\DWÕPÕ]ÕQ� ROGXNoD� IDUNOÕ� DODQODUÕQGD� NXOODQÕOPDNWDGÕU. 
g]HOOLNOH� NDONRSLULW� \DSÕOÕ� YH� ,-III-VI2� JUXEXQD� DLW� \DUÕLOHWNHQOHU� J�QHú� SLOOHUL�� RSWLN�
GHGHNW|UOHU�YH�IRWRGL\RWODUGD�\D\JÕQ�ELU�úHNLOGH�NXOODQÕOPDNWDGÕU��-RVHSK�YG�� 1997). 

.DONRSLULW� \DSÕOÕ� ELOHúLNOHULQ� ID]� GL\DJUDPODUÕ� ROGXNoD� NDUPDúÕN� ROGX÷XQGDQ ve 

NULVWDOLQ� E�\�W�OPHVLQGHQ� VRQUDNL� VR÷XPD� V�UHFLQGHNL� ID]� JHoLúLQGHQ� GROD\Õ�� EX� W�U� WHN�
kristallerin eriyikten üretilmesi büyük bir sorundur (Chichibu vd., 1997). Bu yüzden tek 

NULVWDOOHULQ� E�\�W�OPHVL� YH� X\JXODPD� DODQODUÕ�NÕVÕWOÕGÕU�� øQFH� ILOPOHULQ��UHtilip, uygulama 

DODQODUÕQÕQ� \D\JÕQODúPDVÕ� EX� VRUXQXQ� JLGHULOPHVLQGH� |QHPOL� DGÕPODUGDQ� EiULVL� ROPXúWXU��
Bu durum ince film tekQRORMLOHULQH� RODQ� LOJLQLQ� DUWPDVÕQÕ� VD÷ODPÕúWÕU�� *�Q�P�]GH�
NXOODQGÕ÷ÕPÕ]� PRGHUQ� FLKD]ODUÕQ� oR÷XQXQ� NDOLWHVL� LPDO� HGLOGLNOHUL� LQFH� Iilmlerin 

WDEDNDODUÕQÕQ� KRPRMHQOL÷LQH� YH� NDOÕQOÕ÷ÕQD� ED÷OÕGÕU�� %X� \�]GHQ�� LQFH� ILOP� WDEDNDODUÕQÕQ�
KRPRMHQOL÷LQL�YH�NDOÕQOÕ÷ÕQÕ�EHOLUOHPHN�LoLQ�WDP�YH�NHVLQ�\|QWHPOHU�JHUHNOLGLU��%XQXQ�LoLQ�
NXOODQÕODQ� \|QWHPOHULQ� oR÷XQGD�� IL]LNVHO� WHPDV� V|]� NRQXVX� ROGX÷XQGDQ ince film 

\�]H\OHULQGH� ER]XOPDODU� ROXúPDNWDGÕU (Vogt vd., 2005; Vander Hear vd., 2004). Bu 

\�]GHQ� IL]LNVHO� WHPDVÕQ� ROPDGÕ÷Õ� ELU� \|QWHPLQ� JHOLúWLULOPHVLQH� LKWL\Do� GX\XOGX��<DSÕODQ�
OLWHUDW�U�WDUDPDVÕ�VRQXFXQGD��LQFH�ILOPOH�IL]LNVHO�WHPDVÕQ�ROPDGÕ÷Õ��NDOÕQOÕk ölçümüne dair 

oRN�D]�oDOÕúPD�EXOXndu. 

CuInSe2� \DUÕLOHWNHQL�� \�NVHN� VR÷XUPD� NDWVD\ÕVÕQD� YH� X\JXQ�EDQG�JHQLúOL÷LQH� VDKLS�
ROPDVÕ� QHGHQL\OH� J�QHú� SLOOHULQLQ� �UHWLPL� LoLQ� �PLW� YHUHQ� ELU� PDO]HPHGLU�� ����� H9¶OXN�
RSWLN� EDQG� JHQLúOL÷LQH� VDKLS� &X�,Q�� *D�6H2 ince fLOPOHULQGHQ� \DSÕODQ� J�QHú� SLOOHULQGH�
�����¶OLN�ELU�YHULPH�XODúÕOGÕ (Contreras vd., 1999). I-III-VI2�ELOHúLNOHULQGHQ�RODQ�&X,Q6H2, 

�UHWLP� úDUWODUÕQD� ED÷OÕ� RODUDN� Q� WLSL� YH\D� S� WLSL� \DUÕLOHWNHQ� RODUDN� HOGH� HGLOHELOLU��
0DO]HPHQLQ� EX� |]HOOL÷LQGHQ� GROD\Õ�� &X,Q6e2’den p-Q� NDYúD÷Õ� YH� KHWHURNDYúDNODU�
\DSÕODELOLU��$\UÕFD��&X,Q6H2 fotovoltaik aletlerin üretimi için uygun elektriksel özelliklere 

sahiptir (Trykozko vd., 1986; Firoz Hassan vd., 1999).  

<DUÕLOHWNHQ�PDO]HPHOHULQ� VR÷XUPD� NDWVD\ÕODUÕ� DVWURQRPL�� GR]LPHWUH�� SOD]PD� IL]L÷L��
nükleer reaktörler, uydular ve� Q�NOHHU� VLODKODU� JLEL� ELUoRN� UDG\RDNWLI� X\JXODPD� DODQÕQGD�
WDP� RODUDN� EHOLUOHQPHVL� JHUHNOLGLU�� d�QN�� VR÷XUPD� NDWVD\ÕODUÕ�� NXOODQÕODQ� PDO]HPHQLQ�



 

 

2 

NDOÕQOÕ÷ÕQÕQ�NRQWURO� HGLOPHVLQL�YH�EHOLUOHQPHVLQL� VD÷ODU��6R÷XUPD�NDWVD\ÕODUÕQÕQ�GHQH\VHO�
RODUDN� |Oo�POHUL�� [� YH� JDPD� ÕúÕQÕ� oDOÕúPDODUÕQÕQ� LON� ]DPDQODUÕQGDQ� EHUL� birçok yazar 

WDUDIÕQGDQ�\DSÕOÕS� WRSODQPDNWD�YH� WHRULN�GH÷HUOHUL\OH�NÕ\DVODQPDNWDGÕU� �%DOWDú�YG���������
Tadashi vd., 2004). 

1.2. X-ÕúÕQODUÕ 

X-ÕúÕQODUÕ�:LOKHOP�&RQUDG�5|QWJHQ�WDUDIÕQGDQ�����¶WH�NHúIHGLOGL��5|QWJHQ��VL\DK�ELU�
ND÷ÕWOD� WDPDPHQ� NDSOÕ� ELU� ERúDOPD� W�S�� \DNÕQÕQGD� EXOXQDQ� ED]Õ� EDU\XP-platinocyanide 

NULVWDOOHULQLQ��ERúDOPD�YXNX�EXOGX÷X�]DPDQ�ÕúÕGÕ÷ÕQÕ�J|UG�� 
,úÕNOD�EHQ]HUOLN�J|VWHUPHVLQGHQ�GROD\Õ��ÕúÕN�JLEL�GR÷UX�ER\XQFD�\D\ÕOPDVÕ�YH�IRWR÷UDI�

ILOPLQGH� D\QÕ� HWNL\L� J|VWHUPHVL�� 5|QWJHQ� YH� oD÷GDúODUÕ�� VÕQÕUOÕ� LPNDQODUOD� EX� ÕúÕQODUOD�
SRODUL]DV\RQ�� \DQVÕPD�� NÕUÕOPD� YH� NÕUÕQÕP� GHQH\OHUL� \DSPD\D� EDúODGÕODU�� )DNDW� EX�
|]HOOLNOHUGHQ� KLoELULVLQL� NDQÕWOD\DPDGÕODU�� ����¶GH� 7KRPSVRQ�� NDWRW� ÕúÕQODUÕQÕQ� DQRWWD�
GXUGXUXOPDVÕ\OD� PH\GDQD� JHOHQ� ÕúÕQODUÕQ� HOHNWURQODU� ROGX÷XQX� V|yledi. X-ÕúÕQODUÕ� GDOJD�
ER\ODUÕ ~100Å ile ~10-5c�DUDVÕQGD�RODQ�HOHNWURPDJQHWLN�UDG\DV\RQ�RODUDN�WDQÕPODQDELOLr.  

����¶GD�%DUNOD�\DSWÕ÷Õ�VDoÕOPD�GHQH\OHULQGH�[-ÕúÕQODUÕQÕQ�SRODUL]H�ROGX÷XQX�J|VWHUHQ�
NDQÕWODU�EXOGX�YH�EX�ÕúÕQODUÕQ�GDOJD�ROPDVÕ�JHUHNWL÷LQL�V|\OHGL��$QFDN�%UDJJ¶ÕQ�L\RQL]DV\RQ�
LoLQ� \DSPÕú� ROGX÷X� oDOÕúPDODU� EXQODUÕQ� SDUoDFÕN� QLWHOLNOL� ROGX÷XQX� GD� J|VWHUGL�� (VDV�
itibariyle x-ÕúÕQODUÕQÕQ� GDOJD� GR÷DVÕ� /DXH�� )ULHGULFK� YH�.QLSSLQJ� WDUDIÕQGDQ� WHVSLW� HGLOGL��
Bunlar x-ÕúÕQODUÕQÕQ�ELU�EDNÕU-sülfat-SHQWDKLGUDW�NULVWDOLQGH�NÕUÕQÕPD�X÷UDGÕ÷ÕQÕ�J|VWHUGLOHU��
%DED�R÷XO�%UDJJ¶ODU�[-ÕúÕQODUÕQÕQ�\DQVÕPD�NDQXQODUÕQÕ�EXOGXODU������¶GH�%DUNOD�YH�6DGOHU�
VDoÕOPD� GHQH\OHUL� LOH� ELr hedef maddesinin karakteristiklerini ihtiva eden x-ÕúÕQODUÕQÕQ�
YDUOÕ÷ÕQÕ� WHVSLW� HWWLOHU� YH�EXQODUD�.�YH�/� UDG\DV\RQODUÕ�GHGLOHU��g\OH�NL�EX� UDG\DV\RQODU��
����¶WH� %UDJJ¶ÕQ� NÕUÕQÕP� GHQH\OHUL� LOH� EXOGX÷X� NHVLQ� GDOJD� ER\ODUÕQD� VDKLSOHUGL�� %X�
deneyler, süreklL� ELU� VSHNWUXP� �]HULQH� ELQPLú� ELU� oL]JL� VSHNWUXPXQXQ� YDUOÕ÷ÕQÕ� DoÕNoD�
J|VWHUL\RUGX�� 0RVHOH\�� oL]JLOHULQ� GDOJD� ER\ODUÕQÕQ� KHGHI� PDGGHQLQ� NDUDNWHULVWLNOHUL�
ROGX÷XQX�YH�DWRP�QXPDUDVÕ�EDNÕPÕQGDQ�D\QÕ�]LQFLUH�ED÷OÕ�ROGXNODUÕQÕ�J|VWHUGL��%|\OHFH�LON�
defa atom nuPDUDODUÕQÕQ�DQODPÕ�WD\LQ�HGLOPLú�ROGX��.DUDNWHULVWLN�.�VR÷XUPDVÕ�LON�GHID�'H�
%URJOLH� WDUDIÕQGDQ� J|]OHPOHQGL�� %UDJJ� YH� 6LHJEDKQ� WDUDIÕQGDQ� DoÕNODQGÕ�� ;-ÕúÕQÕ�
VSHNWUXPODUÕQÕQ� WHRULVL� 6RPPHUILHOG� YH� DUNDGDúODUÕ� WDUDIÕQGDQ� oDOÕúÕOGÕ� ����� EDúODUÕQGD�
Coster ve GL÷HU�DUDúWÕUPDFÕODU�[-ÕúÕQÕ�IORUHVDQV�VSHNWURVNRSLVLQLQ�|]HOOLNOHULQL�D\UÕQWÕOÕ�ELU�
úHNLOGH�DUDúWÕUGÕODU (Markowicz, 1993). 



 

 

3 

1.2.1. Sürekli X-,úÕQODUÕ 

Sürekli x-ÕúÕQODUÕ�� \�NVHN� HQHUMLOL� SDUoDFÕNODUÕQ� �HOHNWURQODU�� SURWRQODU�� DOID�
SDUoDFÕNODUÕ� JLEL�� D÷ÕU� oHNLUGHNOHULQ� &RXORPE� DODQÕQGDQ� JHoHUNHQ� HQHUML� ND\EHWPHOHUL�
VRQXFX� ROXúXU�� %X� HWNLOHúPHGH� SDUoDFÕ÷ÕQ� ÕúÕGÕ÷Õ� HQHUML�� V�UHNOL� VSHNWUXP� YH\D�
%UHPVVWUDKOXQJ� VSHNWUXPX� RODUDN� DGODQGÕUÕOÕU�� 6�UHNOL� [-ÕúÕQÕ� VSHNWUXPODUÕ� JHQLú� ELU�
IUHNDQV� DUDOÕ÷ÕQD� VDKLSWLU�� %X� QHGHQOH� sürekli x-ÕúÕQODUÕQD� EH\D]� [-ÕúÕQODUÕ� GD� GHQLU 
(Markowicz, 1993). 

%X� Lú� LoLQ� JHQHOOLNOH� LNL�PHWDO� HOHNWURW� YH� ELU� HOHNWURQ� ND\QD÷Õ� LoHUHQ� [-ÕúÕQÕ� W�S��
NXOODQÕOÕU�� (OHNWURQODU�� RQ� ELQOHUFH� YROWOXN� JHULOLP�X\JXODQDQ� HOHNWURWODU� DUDVÕQGD�\�NVHN�
ELU� KÕ]OD� DQRGa çarpar. X-ÕúÕQODUÕ� HWNLOHúPH� QRNWDVÕQGD� �UHWLOLU� YH� W�P� \|QOHUGH� \D\ÕOÕU��
dDUSÕúPD�QRNWDVÕQGD�HOHNWURQODUÕQ�VDKLS�ROGX÷X�NLQHWLN�HQHUML� 

 

2

2
1

mveVEK ==  (1) 

 

ile ifade edilir. Burada m elektronun kütlesi (9,11x10-31 kg), V  tüpe uygulanan gerilim, e  

elektronun yükü (1,6x10-19 C) ve v � LVH� HOHNWURQXQ� KÕ]ÕGÕU�� %X� KÕ]�� ������ YROWOXN�
SRWDQVL\HOGH� ÕúÕN� KÕ]ÕQÕQ� \DNODúÕN� �oWH� ELULGLU�� $QRGD� oDUSDQ� HOHNWURQODUÕQ� NLQHWLN�
HQHUMLVLQLQ�oR÷X�ÕVÕ\D�G|Q�ú�UNHQ��\DNODúÕN�\�]GH�ELUOLN�NÕVPÕ�[-ÕúÕQODUÕQD�G|Q�ú�U��2OXúDQ�
x-ÕúÕQODUÕ� LQFHOHQGL÷LQGH�� IDUNOÕ� GDOJD� ER\ODUÕQGDQ� ROXúDQ� ELU� NDUÕúÕPD� VDKLS� ROGX÷X� YH�
GDOJD� ER\X\OD� úLGGHWLQ� GH÷LúLPLQLQ� SRWDQVL\HOH� ED÷OÕ� ROGX÷X� EXOXQXU (Cullity ve Stock, 

2001).  

Bir x-ÕúÕQÕ� W�S�QGH� HOHNWURQODUOD� ROXúWXUXODQ� V�UHNOL� [-ÕúÕQÕ� VSHNWUXPX�� X\DUÕFÕ�
HOHNWURQODUÕQ� PDNVLPXP� HQHUMLOHULQH� NDUúÕOÕN� JHOHQ�� λmin� NÕVD� GDOJD� ER\X� OLPLWL\OH�
karakterize edilir. 

 

0
min

eV

hc
=λ  (2) 

 

Burada h  Planck sabiti (6,62.10-34 J.s), c �ÕúÕN�KÕ]ÕGÕU (3. 108 m/s). Bu ifade Duane Hunt 

NDQXQX�RODUDN�ELOLQLU��6�UHNOL�ÕúÕPD�LKWLPDOL�LVH� 
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0

22

m

EZq
P K∝     (3) 

 

iOH� RUDQWÕOÕGÕU�� %XUDGD� q � SDUoDFÕ÷ÕQ� \�N��� =� KHGHI� PDGGHQLQ� DWRP� QXPDUDVÕ�� KE  

SDUoDFÕ÷ÕQ� NLQHWLN� HQHUMLVL� YH� 0m � LVH� SDUoDFÕ÷ÕQ� GXUJXQ� N�WOHVLGLU�� 3URWRQODU� YH� D÷ÕU�
SDUoDFÕNODU�HOHNWURQ�N�WOHVLQH�J|UH�GDKD�E�\�N�N�WOH\H�VDKLS�ROGXNODUÕQGDQ�nispeten daha 

D]�ÕúÕPD�\DSDUODU. 
Bir x-ÕúÕQÕ�W�S�QGH�HOHNWURQODU�WDUDIÕQGDQ�ROXúWXUXlan sürekli x-ÕúÕQÕ�VSHNWUXPX�JHQHO�

RODUDN�úX�LNL�|]HOOL÷H sahiptir: 

1-.ÕVD�GDOJD�ER\X�OLPLWL��λmin��DOWÕQGD�UDG\DV\RQ�J|]OHQPH]� 
2-7RSODP� úLGGHW�� W�S� YROWDMÕ� YH� KHGHI� PDGGHQLQ� DWRP� QXPDUDVÕ� LOH� RUDQWÕOÕGÕU 

(Markowicz, 1993).  

 

1.2.2. Karakteristik X-,úÕQODUÕ 

6�UHNOL� UDG\DV\RQXQ�PH\GDQD� JHOPHVLQL� VD÷OD\DQ� HOHNWURQ� HWNLOHúPHOHULQH� LODYHWHQ�
NDUDNWHULVWLN� UDG\DV\RQXQ�PH\GDQD� JHOPHVLQH� \RO� DoDQ� HOHNWURQ� HWNLOHúPHOHUL� GH� YDUGÕU��
Karakteristik x-ÕúÕQODUÕ�� DWRPXQ� \|U�QJHOHUL� YH\D� HQHUML� VHYL\HOHUL� DUDVÕQGDNL� HOHNWURQ�
JHoLúOHUL� VRQXFX� PH\GDQD� JHOLU�� (÷HU� \�NVHN� HQHUMLOL� ELU� SDUoDFÕN� �HOHNWURQ�� IRWRQ� YV���
KHGHI� PDGGHVLQLQ� ED÷OÕ� HOHNWURQODUÕQGDQ� ELULQH� oDUSDUVD� YH� SDUoDFÕ÷ÕQ� NLQHWLN� HQHUMLVL�
HOHNWURQXQ� ED÷ODQPD� HQHUMLVLQGHQ� E�yükse bu elektronun atomdan sökülmesi mümkün 

RODFDNWÕU�� 6|N�OHQ� HOHNWURQ� DWRPX, E-φ  kinetik enerjisi ile terk eder. Burada E gelen 

SDUoDFÕ÷ÕQ� HQHUMLVL�� φ � LVH� HOHNWURQXQ� ED÷ODQPD� HQHUMLVLGLU�� %X� ROD\� VRQXFXQGD� DWRm, 

NDUDUVÕ]� ELU� GXUXPGD� YH\D� X\DUÕOPÕú� ELU� GXUXPGD� NDOÕU�� 8\DUÕOPÕú� GXUXPGDNL� DWRP��
HOHNWURQ�JHoLúOHUL\OH�NDUDUOÕ�KDOH�JHoHU��%X�JHoLúOHUGH� LON�YH�VRQ�GXUXP�DUDVÕQGDNL�HQHUML�
IDUNÕQD� HúLW� HQHUMLOL� [-ÕúÕQÕ� IRWRQODUÕ� \D\ÕQODQÕU�� <D\ÕQODQDQ� W�P� [-ÕúÕQÕ� IRWRQODUÕQÕQ�
HQHUMLOHUL� HOHNWURQLN� VHYL\HOHU� DUDVÕQGDNL� HQHUML� IDUNÕ� LOH� RUDQWÕOÕ� ROGX÷XQGDQ� YHULOHQ� ELU�
HOHPHQWWHQ� HOGH� HGLOHQ� oL]JLOHU� R� HOHPHQWL� NDUDNWHUL]H� HGHUOHU��%LU� DWRPXQ�.�NDEX÷XQGD�
PH\GDQD� JHWLULOHQ� HOHNWURQ� ERúOX÷X� /� NDEX÷XQGD� EXOXQDQ� ELU� HOHNWURQ� WDUDIÕQGDQ�
GROGXUXOPDVÕ�VRQXFXQGD�\D\ÕQODQDQ�NDUDNWHULVWLN�[-ÕúÕQÕQD�.. x-ÕúÕQÕ��H÷HU�JHoLú�0�YH\D�1�
NDEX÷XQGDQ�ROPXúVD�\D\ÕQODQDQ�NDUDNWHULVWLN�[-ÕúÕQÕQD�.� x-ÕúÕQÕ�DGÕ�YHULOLU��ùD\HW�KHGHIH�
X\JXODQDQ� HWNL� .� NDEX÷XQGDQ� HOHNWURQ� V|NHFHN� NDGDU� HQHUMLN� GH÷LOVH, L, M, N, ... 
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NDEXNODUÕQÕQ� ELULVLQGHQ� ELU� HOHNWURQ� V|NHELOLU� YH� EX� NH]� .� NDEX÷XQD� EHQ]HU� RODUDN� /�
NDEX÷XQGD�PH\GDQD� JHOHQ� ERúOX÷XQ�0��1�� ���� NDEXNODUÕQGDNL� HOHNWURQODUOD� GROGXUXOPDVÕ�
HVQDVÕQGD�/., L�, L�, ... x-ÕúÕQODUÕ�\D\ÕQODQÕU (Markowicz, 1993). Herhangi bir tabaka veya 

DOW�WDEDNDGDNL�ELU�ERúOXN��VW�WDEDNDODUGDNL�ELU�HOHNWURQ�LOH�GROGXUXOGX÷X�]DPDQ�\D\ÕQODQDQ�
x-ÕúÕQODUÕQÕQ� 6LHJEDKQ� YH� ,83$&� �,QWHUQDWLRQDO� 8QLRQ� RI� 3XUH� $SSOLHG� &KHPLVWU\��
gösterimleri Tablo.1’de verilmektedir��$SD\GÕQ�������. 

Karakteristik x-ÕúÕQÕ� oL]JLOHUL� :�+� %UDJJ� WDUDIÕQGDQ� NHúIHGLOGL� YH� +�*� Moseley 

WDUDIÕQGDQ� VLVWHPDWL]H� HGLOGL�� 0RVHOH\� \DVDVÕQD� J|UH� \D\ÕQODQDQ� NDUDNWHULVWLN� [-ÕúÕQÕQÕQ�
IUHNDQVÕQÕQ�NDUHN|N�\OH�DWRP�QXPDUDVÕ�DUDVÕQGD�OLQHHU�ELU�LOLúNL�YDUGÕU��%XQD�J|UH� 

 

)( σκν −= Z  (4) 

 

úHNOLQGH� ROXU�� %XUDGD� κ � KHU� ELU� VSHNWUDO� VHUL� LoLQ� IDUNOÕ� GH÷HUOHU� DODQ� ELU� VDELWWLU��σ ise 

perdeleme sabitidir (Cullity ve Stock, 2001).  

 

Tablo 1. X-ÕúÕQÕ�GL\DJUDP�oL]JLOHULQLQ�Siegbahn gösterimleri 

 

Siegbahn 

gösterimi 

Tabakalar 

$UDVÕ�JHoLú 
Siegbahn 

gösterimleri 

Tabakalar 

$UDVÕ�JHoLú 
Siegbahn 

gösterimi 

Tabakalar 

$UDVÕ�*HoLú 
Kα2 K-LII Lγ4

I LI-OII Lβ6 LIII-NI 

Kα1 K-LIII Lγ4 LI-OIII Lβ15 LIII-NIV 

Kβ3 K-MII Lγ13 LI-PII,III Lβ2 LIII-NV 

Kβ1
 K-MIII Lη LII -MI Lβ7 LIII-OI 

Kβ5
 K-MIV,V Lβ1 LII-MIV Lβ5 LIII-OIV,V 

Kβ2
 K-NII,III Lγ5 LII-NI   

Kβ5
 K-NIII Lγ1 LII-NIV   

Kβ4 K-NIV,V Lγ8 LII-OI   

Lβ4 LI-MII Lγ6 LII-OIV   

Lβ3 LI-MIII Ll LIII-MI   

Lγ2 LI-NII Lα2 LIII-MIV   

Lγ3 LI-NIII Lα1 LIII-MV   
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1.3. Radyasyonun�0DGGH�øOH�(WNLOHúPHVL 

Gama ve x-ÕúÕQODUÕQÕQ� J|]OHPOHQHELOPHVL�� RQODUÕQ� PDGGH� LOH� HWNLOHúPHOHULQLQ�
incelenmesi LOH�P�PN�QG�U��%X� ÕúÕQODUÕQ�PDGGH� LOH� HWNLOHúPHOHULQL�� HWNLOHúPH�DODQODUÕQD�
göre; 

1. %D÷OÕ�DWRPLN�HOHNWURQODUOD�HWNLOHúPH 

2. Serbest elektronlDU�LOH�HWNLOHúPH 

3. dHNLUGH÷LQ�YH\D�HOHNWURQODUÕQ�&RXORPE�DODQÕ\OD�HWNLOHúPH 

4. dHNLUGHNOH�HWNLOHúPH 

RODUDN�JUXSODQGÕUDELOLUL]� 
Gama ve x-ÕúÕQODUÕQÕQ�PDGGH�LOH�HWNLOHúPHOHULQL�HWNLOHúPH�WDU]ODUÕQD�J|UH�VR÷XUPD�YH�

VDoÕOPD�ROD\ODUÕ�RODUDN�LNL�JUXS�DOWÕQGD�WRSOD\DEiliriz. Gama ve x-ÕúÕQODUÕQÕQ�VR÷XUXOPDVÕ�YH�
VDoÕOPDVÕ� oHúLWOL� ROD\ODU� VRQXFX� J|]OHPOHQPHNOH� EHUDEHU�� EXQODUÕQ� LoLQGH� HQ� D÷ÕUOÕNOÕ�
RODQODU�� IRWRHOHNWULN� ROD\�� oLIW� ROXúXPX�� LQNRKHUHQW� VDoÕOPD� �&RPSWRQ� VDoÕOPDVÕ) ve 

NRKHUHQW�VDoÕOPDGÕU (Ekinci, 2000). 

 

1.3.1. Fotoelektrik OlayÕ 

,úÕ÷ÕQ� WDQHFLNOL� \DSÕGD� ROGX÷XQX� J|VWHUHQ� ROD\ODUGDQ� ELULVLGLU�� 2OD\� LON� GHID� �����
\ÕOÕQGD� +�+HUW]� WDUDIÕQGDQ� J|]OHQGL�� ����� \ÕOÕQGD� (LQVWHLQ� WDUDIÕQGDQ� IRUP�OL]H edildi. 

)RWRHOHNWULN� ROD\�� ÕúÕ÷D� GX\DUOÕ� ELU� \�]H\LQ� IRWRQODUOD� ERPEDUGÕPDQ� HGilmesi sonucu o 

\�]H\GHQ�HOHNWURQODUÕQ�V|N�OPHVL�ROD\ÕGÕU��0DGGH��]HULQH�G�úHQ�IRWRQ��PDGGH�DWRPXQXQ�
ED÷OÕ� HOHNWURQODUÕQGDQ� ELU� WDQHVLQH� W�P� HQHUMLVLQL� YHUHUHN� EX� HOHNWURQX� \|U�QJHVLQGHQ�
D\ÕUÕS��VHUEHVW�KDOH�JHWLULU��%X�ROD\ÕQ�JHUoHNOHúPHVL�LoLQ� 

 

φν −= hE fe  (5) 

 

HúLWOL÷LQLQ� JHUoHNOHúPHVL� JHUHNLU��<DQL�� φν ≥h � ROPDVÕ�JHUHNLU��%XUDGD� feE  serbest hale 

geçen elektronun kinetik enerjisi, νh  gelen fotonun enerjisi ve φ  ise sökülen elektronun 

ED÷ODQPD� HQHUMLVLGLU (Aygün ve Zengin, 1992)�� %LU� DWRPXQ� .� NDEX÷XQGDNL�
HOHNWURQODUÕQGDQ� ELULQLQ� V|N�OPHVL� LOH� VRQXoODQDQ� IRWRHOHNWULN� ROD\� ùHNLO� 1’de 

gösterilmektedir. 
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ùHNLO�1. Fotoelektrik olay 

 

6HUEHVW� ELU� HOHNWURQXQ� IRWRHOHNWULN� ROD\D� VHEHS� ROPDVÕ� LPNDQVÕ]GÕU�� d�QN�� EX�
GXUXPGD�PRPHQWXP�YH�HQHUML�NRUXQXPOX�GH÷LOGLU��$QFDN�ED÷OÕ�HOHNWURQ�GXUXPXQGD�DWRP�
JHUL� WHSHU� YH� E|\OHFH� PRPHQWXPXQ� NRUXQPDVÕ� VD÷ODQÕU�� $WRPXQ� N�WOHVL� oRN� E�\�N�
oOGX÷XQGDQ�� JHUL� WHSPH� HQHUMLVL� oRN� N�o�N� ROXU� YH� \XNDUÕGDNL� HúLWOLNWH� LKPDO� HGLOLU��
)RWRHOHNWULN� ROD\� VRQXFXQGD� VHUEHVW� KDOH� JHoHQ� HOHNWURQXQ� DUNDVÕQGD� EÕUDNPÕú� ROGX÷X�
\|U�QJHGHNL� ERúOXN�� GDKD� G�ú�N� ED÷ODQPD� HQHUMLOL� ELU� \|U�QJHGHQ� ELU� HOHNWURQXQ� EX�
ERúOX÷D� JHoLúL\OH� GROGXUXOXU�� %X� ROD\� VRQXFXQGD�� LNL� \|U�QJHQLQ� ED÷ODQPD� HQHUMLOHUL�
DUDVÕQGDNL� IDUN� NDGDU� HQHUML\H� VDKLS� ELU� IRWRQ� \D\ÕQODQÕU��$WRPGDQ� \D\ÕQODQDQ� EX� IRWRQ�
karakteristik x-ÕúÕQÕ�RODUDN�DGODQGÕUÕOÕU��2OXúDQ�NDUDNWHULVWLN�[-ÕúÕQÕ�KHU�]DPDQ�DWRPX�WHUk 

HWPH]��ED]HQ�EX�IRWRQ�DWRPXQ�GÕú�NDEXNODUÕQGDNL�HOHNWURQODUGDQ�ELULVLQL�V|NHUHN�\RN�ROXU��
%X�ROD\D�$XJHU�ROD\Õ��V|N�OHQ�HOHNtrona da Auger elektronu denir (Çevik, 1994). 

HerhanJL� ELU� WDEDNDGD� ROXúWXUXODQ� ERúOX÷XQ�� NDUDNWHULVWLN� [-ÕúÕQÕ� \D\ÕQODQDUDN�
dolduUXOPDVÕ� LKWLPDOLQH� R� WDbakaya ait flüoresans verim, Auger� HOHNWURQX� \D\ÕQODQDUDN�
GROGXUXOPDVÕ�ihtimaline de o tabakaya ait Auger verimi denir. Floresans verim artan atom 

QXPDUDVÕ\OD�DUWDUNHQ�$XJHU�YHULPL�D]DOÕU��%XQXQ�QHGHQL�N�o�N�DWRP�QXPDUDOÕ�DWRPODUGD�Lç 

Auger elektronu 

Fotoelektron 

M 

8\DUÕFÕ 
Radyasyon 

Çekirdek 

K 

L 

Karakteristik 
X-ÕúÕQÕ 
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NDEXNODU� DUDVÕ� HOHNWURQ� JHoLúLQGHQ�\D\ÕPODQDQ� IRWRQ� HQHUMLVLQLQ��GÕú�NDEXNODUÕQ� VR÷XUPD�
NÕ\ÕODUÕQD��E�\�N�DWRP�QXPDUDOÕODUD�RUDQOD�oRN�GDKD�\DNÕQ�ROPDVÕGÕU� 

Auger�ROD\ÕQGDQ�GROD\Õ��YHULOHQ serideki çizgiler, ilgili yörüngede meydana getirilen 

ERúOXN� VD\ÕVÕQGDQ� GDKD� úLGGHWOL� GH÷LOGLU�� .� IOoresans verim veya K karakteristik foton 

verimi kω ��.�VHULVLQGH�ELULP�]DPDQGD�\D\ÕQODQDQ�E�W�Q�oL]JLOHUH�DLW�IRWRQ�VD\ÕVÕQÕQ��D\QÕ�
]DPDQGD�.�NDEX÷XQGD�PH\GDQD�JHOHQ�ERúOXN�VD\DVÕQD�RUDQÕGÕU� 

 

K

KKK

K

iK

K
N

nnn

N

n ...)( 121 +++
=

∑
= βααω  (6) 

 

:)( iKn �<D\ÕQODQDQ�.�;-ÕúÕQODUÕQÕQ�VD\ÕVÕ 
:KN  K kabu÷XQGD�PH\GDQD�JHWLULOHQ�ERúOXN�VD\ÕVÕ 

%HQ]HU� úHNLOGH� Lω  ve Mω ¶\L� GH� WDQÕPODPDN� P�PN�QG�U�� $XJHU� YHULPL� YHya Auger 

elektron verimi, Auger� HOHNWURQX�VD\ÕVÕQÕQ�D\QÕ�]DPDQGD�PH\GDQD�JHOHQ�ERúOXN�VD\ÕVÕQD�
RUDQÕ�ROXS, ( ω−1 )¶�\D�HúLWWLU��%X�LNL�ROD\ÕQ�PH\GDQD�JHOPH�LKWLPDOOHUL�WRSODPÕ��¶H�HúLWWLU��
Auger�ROD\Õ�ROPDVD\GÕ�GDLPD� 1=Kω  olurdu. )ORUHVDQV�YHULP�LOH�DWRP�QXPDUDVÕ�DUDVÕQGD� 
 

)( 4

4

ZA

Z

+
=ω  (7) 

 

úHNOLQGH�LIDGH�HGLOHQ�ELU�LOLúNL�YDUGÕU��%XUDGD�=�DWRP�QXPDUDVÕ��$�ise K ve L X-ÕúÕQODUÕ�LoLQ�
VÕUDVÕ\OD 106

 ve 108�GH÷HUOHULQL�DODQ�ELU sabittir (Bertin, 1975). 
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1.3.2. 6DoÕOPD 

(OHNWURPDJQHWLN� UDG\DV\RQXQ�PDGGH� LOH� HWNLOHúLPL� VRQXFX� JHUoHNOHúHQ� ROD\lardan 

ELUL�RODQ�VDoÕOPD\Õ�JHQHO�RODUDN�LNL�EDúOÕN�DOWÕQGD�LQFHOH\HELOLUL]� 

1.3.2.1. �øQNRKHUHQW�6DoÕOPD��&RPSWRQ�6DoÕOPDVÕ� 

&RPSWRQ�ROD\Õ�GD� ÕúÕ÷ÕQ� WDQHFLNOL�NDUDNWHULQL�YXUJXOD\DQ�ROD\ODUGDQ�ELULVLGLU�� ,úÕ÷ÕQ�
NXDQWXP� WHRULVL�� GXUJXQ� N�WOHVLQLQ� \RNOX÷X� KDULFLQGH� IRWRQODUÕQ� SDUoDFÕNODU� JLEL�
GDYUDQGÕ÷ÕQÕ� NDEXO� HGHU�� %X� GXUXP�� IRWRQODUOD� HOHNWURQODU� DUDVÕQGD� LNL� SDUoDFÕ÷ÕQ�
oDUSÕúPDVÕ�JLEL�ELU�oDUSÕúPD�ROD\ÕQÕQ�ROPDVÕQÕ�JHUHNWLULU��ùHNLO���. 

&RPSWRQ�ROD\Õ�� ELU� IRWRQXQ� DWRPXQ�oHNLUGH÷LQH� oRN� ]D\ÕI�ED÷OÕ�RODQ�ELU� HOHNWURQOD�
oDUSÕúPDVÕ� ROD\ÕGÕU�� )RWRHOHNWULN� ROD\� JHQHOOLNOH� .� YH� /� WDEDNDODUÕQGDNL� HOHNWURQODUOD�
LOJLOL\NHQ��&RPSWRQ�ROD\Õ�GDKD�oRN�GÕú� WDEDND�HOHNWURQODUÕ� LOH� LOJLOLGLU��%LU�EDúND�GH\LúOH�
&RPSWRQ�VDoÕOPDVÕ��HOHNWURQXQ�ED÷ODQPD�HQHUMLVLQLQ�JHOHQ�IRWRQXQ�HQHUMLVL�\DQÕQGD�LKPDO�
HGLOHFHN�NDGDU�N�o�N�ROGX÷X�GXUXPODUGD�EDVNÕQ�RODUDN�PH\GDQD�JHOLU� 
 

               

ùHNLO�2��&RPSWRQ�ROD\Õ 
 

CRPSWRQ� ROD\ÕQÕQ� WHRULVL�� |]HO� U|ODWLYLWH� WHRULVLQLQ� VRQXoODUÕ� LOH� HQHUML� YH�
PRPHQWXPXQ� NRUXQXPX� NDQXQODUÕ� NXOODQÕODUDN� ROXúWXUXOPXúWXU��2OXúWXUXODQ� EX� WHRULQLQ�
VRQXFXQGD�IRWRQXQ�GDOJD�ER\XQGDNL�GH÷LúLP�LoLQ� 

Gelen foton 
   νhE =  

6DoÕODQ�IRWRQ 
ν ′=′ hE  

3 
� 

6DoÕODQ�HOHNWURQ 

2

2
1

mVK e =  
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λλ ′=∆ - )cos1(
0

ϕλ −=
cm

h
  (8) 

 

LIDGHVL�HOGH�HGLOPLúWLU��%XUDGD� 0m   elektronun durgun kütlesi, ��IRWRQXQ�VDoÕOPD�DoÕVÕ�� c  

ÕúÕN� KÕ]Õ� YH� h � LVH�3ODQFN� VDELWLGLU��$\UÕFD� EX�GHQNOHPGHNL�
cm

h

0

 ifadesi Compton dalga 

ER\X� RODUDN� DGODQGÕUÕOÕU� YH� GH÷HUL� ����� Å’dür. Denklem (8)’den de� J|U�OHFH÷L� �]HUH�
&RPSWRQ� VDoÕOPDVÕQGD� GDOJD� ER\XQGDNL� GH÷LúLP� VDGHFH� IRWRQXQ� VDoÕOPD� DoÕVÕ� ϕ ’ye 

ED÷OÕGÕU� 
 

1.3.2.2. .RKHUHQW�6DoÕOPD 

%LU� DWRP� �]HULQH� JHOHQ� IRWRQODUÕQ� HQHUML� ND\EÕ� ROPDNVÕ]ÕQ� VDoÕOPDODUÕQD� NRKHUHQW�
VDoÕOPD�GHQLU��%X� VDoÕOPD�ROD\ÕQGD� JHOHQ� YH� VDoÕODQ� IRWRQODUÕQ� ID]ODUÕ� DUDVÕQGD�ELU� LOLúNL�
YDUGÕU�� $WRP� WDUDIÕQGDQ� VDoÕODQ� UDG\DV\RQXQ� WRSODP� úLGGHWL� KHU� ELU� HOHNWURQ� WDUDIÕQGDQ�
VDoÕODQ� UDG\DV\RQXQ� JHQOLNOHULQLQ� NDUHVHO� WRSODPÕQGDQ� ID\GDODQÕODUDN� EXOXQXU��.RKHUHQW�
VDoÕOPD�RODUDN�DGODQGÕUÕODQ�G|UW� WLS�VDoÕOPD�YDUGÕU��%XQODU�5D\OHLJK� VDoÕOPDVÕ��'HOEU�FN�
VDoÕOPDVÕ��Q�NOHHU�UH]RQDQV�VDoÕOPD�YH�Q�NOHHU�7KRPVRQ�VDoÕOPDVÕGÕU� 

5D\OHLJK� VDoÕOPDVÕ�� VDoÕOPDGDQ� VRQUD� KHGHI� DWRPXQ� GH÷LúLPH� X÷UDPDGDQ� NDOGÕ÷Õ��
DWRPXQ�ED÷OÕ�HOHNWURQODUÕQGDQ�IRWRQODUÕQ�HVQHN�VDoÕOPDVÕGÕU� 

'HOEU�FN�VDoÕOPDVÕ,�IRWRQXQ�oHNLUGH÷LQ�ROXúWXUGX÷X�&RXORPE�DODQÕQGDQ�VDoÕOPDVÕGÕU� 
1�NOHHU�UH]RQDQV�VDoÕOPD��IRWRQXQ�DWRPXQ�oHNLUGH÷L�LOH�HWNLOHúPHVL�VRQXFX�gözlenir. 

%X�ROD\GD�oHNLUGHN�LNL�Q�NOHHU�HQHUML�VHYL\HVL�DUDVÕQGDNL�IDUND�HúLW�HQHUML\H�VDKLS�RODQ�ELU�
IRWRQXQ� VR÷XUXOPDVÕ\OD� X\DUÕOÕU�� %XQX� oHNLUGH÷LQ� X\DUÕOPÕú� GXUXPGDQ� NXUWXOPDVÕ� WDNLS�
eder. 

1�NOHHU� 7KRPVRQ� VDoÕOPDVÕ� WDPDPHQ� JHOHQ� IRWRQOD� oHNLUGHN� DUDVÕnda vuku bulur. 

.ODVLN� RODUDN�� ELU� WHN� \�N� VLVWHPL� RODUDN� G�ú�Q�OHELOHQ� oHNLUGHN� JHOHQ� GDOJD� WDUDIÕQGDQ�
VDOÕQGÕUÕOÕU��dHNLUGH÷LQ�N�WOHVL�oRN�E�\�N�ROGX÷XQGDQ�EX�HWNL�oRN�N�o�NW�U� 

 



 

 

11 

1.3.3. �dLIW�2OXúXPX 

5HODWLYLVWLN� HQHUMLQLQ� ELU� úHNLOGHQ�ELU� EDúND� úHNOH� G|Q�úPHVLQLQ� HQ� LOJLQo� úHNOL� oLIW�
ROXúXPXGXU�� dLIW� ROXúXPX�� oHNLUGH÷LQ� HWNL� DODQÕQD� JLUHQ� ELU� IRWRQXQ� ELU� HOHNWURQOD� ELU�
SR]LWURQD�G|Q�úPHVL�ROD\ÕGÕU� 

 

��IRWRQX�:�H+ + e- (9) 

 

  

 
ùHNLO�3��dLIW�ROXúXPX 

 

dLIW�ROXúXPX�ROD\Õ�oHNLUGHN�HWUDIÕQGD�ROXúWX÷X�LoLQ�KLoELU�NRUXQXP�LONHVL�ER]XOPXú�
ROPD]��<DQL�KHP�\�N��KHP�oL]JLVHO�PRPHQWXP�YH�KHP�GH� WRSODP�HQHUML�NRUXQPXú�ROXU��
Bir elektronun veya pozitronun durgun kütle enerjisi 2

0cm � LOH� YHULOLU� YH� GH÷HUL� ��51 

0H9¶GLU��%X�QHGHQOH�oLIW�ROXúXPX�LoLQ�JHUHNOL�RODQ�HúLN�HQHUMLVL������0H9¶GLU� 
%X�ROD\�LON�GHID�����¶GH�'LUDF�WDUDIÕQGDQ�EHOLUWLOPLú�YH�����¶GH�$QGHUVRQ�WDUDIÕQGDQ�

GHQH\VHO�RODUDN�J|]OHQPLúWLU��%X�GHQH\OHUGH�\HWHUOL�HQHUML\H�VDKLS�IRWRQODU�\DNODúÕN�� mm 

NDOÕQOÕ÷ÕQGD�ELU�NXUúXQ�OHYKDGDQ�JHoLULOPH\H�]RUODQPÕúODUGÕU��dÕNDQ�ÕúÕQODUÕQ�GR÷UXOWXVXQD�
GLN�ELU�PDJQHWLN�DODQ�LoLQGH�EXOXQDQ�ELU�VLV�RGDVÕQGDQ�JHoLULOHUHN�oHNLOHQ�IRWR÷UDIODUÕ�EX�
IRWRQGDQ�HOHNWURQ�YH�SR]LWURQ�úHNOLQGH�LNL�\HQL�SDUoDFÕ÷ÕQ�ROXúWX÷XQX�J|VWHUPLúWLU (Çevik, 

1994). 

 

Foton 

−e  

+e  

MeVhv 02,1≥  

Levha 
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1.3.4. 6R÷XUPD 

%HOOL� ELU� HQHUML\H� VDKLS� IRWRQODU� =� DWRP� QXPDUDOÕ� ELU� PDGGH\OH� HWNLOHúWL÷LQGH� EX�
IRWRQODUÕQ�ELU�NÕVPÕ�PDGGHQLQ�GL÷HU�WDUDIÕQD�JHoHUNHQ�ELU�NÕVPÕ�LVH�VR÷XUXOXU��%X�VR÷XUPD�
ROD\Õ�IRWRQODUÕQ�VR÷XUXFX�PDGGHQLQ�DWRPODUÕ�LOH�HWNLOHúPHVL�VRQXFX�ROXúXU�YH�JHQHOOLNOH�LNL�
IDUNOÕ�\ROOD�JHUoHNOHúLU� 

a) *HUoHN� VR÷XUPD �IRWRHOHNWULN� VR÷XUPD��� IRWRQODUÕQ� DWRPODUOD� HWNLOHúPHVL� VRQXFX�
HOHNWURQLN�JHoLúOHUH�VHEHS�ROPDVÕ�LOH�JHUoHNOHúLU� 

b) )RWRQODUÕQ�DWRPODUGDQ�VDoÕOPDVÕ�LOH�JHUoHNOHúHQ�VR÷XUma. 6DoÕODQ�IRWRQODU��JHOHQ�
fotona oranla daKD� X]XQ� GDOJD� ER\XQD� �LQNRKHUHQW� VDoÕOPD� VRQXFXQGD�� YH\D� D\QÕ� GDOJD�
bR\XQD�VDKLS�ROXU��NRKHUHQW�VDoÕOPD sonucunda). 

Bu HWNLOHU�GLNNDWH�DOÕQGÕ÷ÕQGD�toplam VR÷XUPD�NDWVD\ÕVÕQÕQ� 
 

στµ +=   (10) 

 

úHNOLQGH�ROPDVÕ�JHUHNWL÷L�DoÕN�ELU� úHNLOGH�J|U�OPHNWHGLU��%XUDGD� τ � IRWRHOHNWULN�VR÷XUPD�
NDWVD\ÕVÕ�LNHQ��σ  isH�VDoÕOPD�VR÷XUPD�NDWVD\ÕVÕGÕU� 
 

 

 

 

ùHNLO�4. Mg’un kütle VR÷XUPD�NDWVD\ÕODUÕQÕQ�GDOJD�ER\X�LOH�GH÷LúLPL 

.�NÕ\ÕVÕ �� �2���1  

2 
1

.RKHUHQW�VDoÕOPD 

øQNRKHUHQW�VDoÕOPD 

Dalga boyu (Å) 

.�
WOH

�VR
÷XU

PD
�

NDW
VD\

ÕVÕ�
�FP

2 /g
) 
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����NH9�LOH�����NH9�DUDOÕ÷ÕQGDNL�HQHUML�E|OJHVLQGH�IRWRHOHNWULN�VR÷XUPD�NDWVD\ÕVÕ,�VDoÕOPD�
VR÷XUPD�NDWVD\ÕVÕQGDQ�oRN�GDKD�E�\�NW�U�YH�WRSODP�VR÷XUPD�NDWVD\ÕVÕQD�NDWNÕVÕ�����¶LQ�
�]HULQGHGLU��%XQGDQ�GROD\Õ�EX�HQHUML�DUDOÕ÷ÕQGD�\DSÕODQ�GHQH\OHUGH�HOGH�HGLOHQ�IRWRHOHNWULN�
VR÷XUPD� NDWVD\ÕVÕ� VRQXoODUÕ� WRSODP� VR÷XUPD\Õ� \HWHUL� NDGDU� \DQVÕWPDNWDGÕU��Magnezyum 

elementinin kütlH� VR÷XUPD� NDWVD\ÕVÕQÕQ� GDOJD� ER\X� LOH� GH÷LúLPLQL� J|VWHUHQ� JUDILN� ùHNLO�
(4)’de verilmektedir. GrafLNWH��\XNDUÕGD�EDKVHWWL÷LPL]�HQHUML�DUDOÕ÷ÕQD�NDUúÕOÕN�JHOHQ�GDOJD�
ER\ODUÕQGD�WRSODP�VR÷XUPD\D�IRWRHOHNWULN�HWNLQLQ�YH�VDoÕOPDQÕQ�NDWNÕODUÕ�DoÕN�ELU�úHNLOGH�
görülmektedir (Tertian ve Claisse, 1982). 

 

1.3.4.1. /LQHHU�6R÷XUPD�.DWVD\ÕVÕ 

      

 

ùHNLO� 5�� (OHNWURPDJQHWLN� UDG\DV\RQXQ� G[� NDOÕQOÕNOÕ� ELU� PDGGHGHQ�   
JHoHUNHQ�VR÷XUXOPDVÕ 

 

6R÷XUPD�ROD\Õ�LON�NH]�5|QWJHQ�WDUDIÕQGDQ�L]DK�HGLOPLúWLU��%XQD�J|UH�� 0I �úLGGHWOL�ELU�
fotonun (x-ÕúÕQÕ�� �-ÕúÕQÕ�� YV��� VR÷XUXFX� ELU� PDGGHnin dx � NDOÕQOÕ÷ÕQGD� VRQVX]� LQFH� ELU�
WDEDNDVÕQGDQ� JHoHUNHQ� úLGGHWLQGH� dI � NDGDU� ELU� D]DOPD� ROXU� YH� EX� D]DOPD� VR÷XUXFXQXQ�
NDOÕQOÕ÷Õ�LOH�RUDQWÕOÕGÕU� 

 

IdxdI −α   (11) 

 

IdxdI µ−=   (12) 

I 

←dx→ 

I0 



 

 

14 

 

dx
I

dI
.µ−=   (13) 

 

Burada µ  (cm–1��OLQHHU�VR÷XUPD�NDWVD\ÕVÕGÕU�YH�ELULP�NDOÕQOÕN�EDúÕQD�G�úHQ�HQHUML�VR÷XUPD�
NHVUL� RODUDN� WDQÕPODQÕU�� /LQHHU� VR÷XUPD� NDWVD\ÕVÕ�� VR÷XUXFXQXQ� DWRP�QXPDUDVÕQD� �=�� YH�
gelen fotonun HQHUMLVLQH� ED÷OÕGÕr. Denklem (13)’ün� VRQOX� ELU� [� NDOÕQOÕ÷Õ� �]HULQGHQ�
LQWHJUDOLQL�DOÕUVDN� 
 

∫∫ −=
xI

I

dx
I

dI

00

µ   (14) 

xII µ−=− 0lnln   (15) 

 

x
eII

µ−= 0   (16) 

 

/DPEHUW� %HHU� \DVDVÕ� RODUDN� ELOLQHQ� LIDGH� HOGH� HGLOPLú� ROXU�� %XUDGDQ� GD� OLQHHU� VR÷XUPD�
katsa\ÕVÕ� 
 

)/ln( 0
1

IIx −=µ   (17) 

 

olarak bulunur. 

 

1.3.4.2. .�WOH�6R÷XUPD�.DWVD\ÕVÕ 

)RWRQODUÕQ� VR÷XUXOPDVÕQGD� VR÷XUXFX� RUWDPÕQ� NDOÕQOÕ÷ÕQÕQ� \DQÕ� VÕUD� \R÷XQOX÷X� GD�
VR÷XUPDQÕQ�ELU�|Oo�V�G�U��gUQH÷LQ�VÕYÕ�FLYDQÕQ�� PP�X]XQOX÷XQGD�[-ÕúÕQÕQÕQ�VR÷XUXOPDVÕ��
buhar haliQGHNL�FLYDGDNL��D\QÕ�PHVDIH�LoLQ��VR÷XUXOPDGDQ�oRN�GDKD�E�\�NW�U��%X�QHGHQOH�
VR÷XUXFX� PDGGH\L� RQXQ� \R÷XQOX÷XQGDQ� ED÷ÕPVÕ]� RODQ� N�WOH� VR÷XUPD� NDWVD\ÕVÕ� LOH�
EHOLUWPHN�GDKD�ID\GDOÕ�ROXU��'HQNOHP (16�¶\Õ yeniden düzenlersek, 

 

x
eII

.)/(
0

ρρµ−=   (18) 
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úHNOinde olur. Burada ρµ � N�WOH� VR÷XUPD� NDWVD\ÕVÕ (cm2/g�� RODUDN� DGODQGÕUÕOÕUNHQ� x.ρ  

LIDGHVL� LVH� VR÷XUXFXQXQ� \�]H\� \R÷XQOX÷XGXU� �G (gr/cm2)). Bu ifadeleri denklem (18)’de 

yerine yazarsak, 

 

d
eII

).(
0

ρµ−=   (19) 

 

HúLWOL÷L�HOGH�HGLOLU� Denklem (19)’u�\HQLGHQ�G�]HQOHUVHN��N�WOH�VR÷XUPD�NDWVD\ÕVÕ�LoLQ� 
 

)ln(
1 0

I

I

d
=

ρ
µ

  (20) 

 

LIDGHVLQL�HOGH�HWPLú�ROXUX]� 
%D]HQ� ELU� HOHPHQWWHQ� GDKD� ID]OD� LoHUHQ� ELU� PDGGHQLQ� N�WOH� VR÷XUPD� NDWVD\ÕVÕQÕ�

bilmemiz gerekir. Bu madde bLU�NDUÕúÕP��o|]HOWL�YH\D�ELOHúLN�RODELOLU��2�]DPDQ�PDGGHQLQ�
N�WOH�VR÷XUPD�NDWVD\ÕVÕ� 

 

∑ 







=

i i

iw
ρ
µ

ρ
µ

  (21) 

 

úHNOLQGH�ROXU��%XUDGD� iw , PDGGH\L�ROXúWXUDQ�KHU�ELU�HOHPHQWLQ�D÷ÕUOÕN�NHVUL, ( )
i

ρµ  ise her 

bir elemeQWLQ�N�WOH�VR÷XUPD�NDWVD\ÕVÕGÕU (Cullity ve Stock, 2001). 

 

1.3.4.3. 6R÷XUPD�.Õ\ÕODUÕ 

+HUKDQJL�ELU�HOHPHQW�YH\D�ELOHúL÷LQ�N�WOH�VR÷XUPD�NDWVD\ÕVÕ��VR÷XUXODQ�[-ÕúÕQODUÕQÕQ�
HQHUMLVL\OH� YH\D� GDOJD� ER\X\OD� GH÷LúLU�� .�WOH� VR÷XUPD� NDWVD\ÕVÕQÕQ� VHoLOHQ� KHUKDQJL� ELU�
VR÷XUXFX� LoLQ� GDOJD� ER\XQD� NDUúÕ� JUDIL÷L� oL]LOLUVH� EHNOHQLOGL÷L� JLEL� GDKD� X]XQ� YH\D�
\XPXúDN� GDOJD� ER\XQD� GR÷UX�JHQHO� ELU� DUWÕú� J|VWHUHFHNWLU� �ùHNLO� ����$VOÕQGD�EX�GH÷LúLP�
V�UHNOL� GH÷LOGLU� YH� V�UHNOLOL÷LQ� ER]XOGX÷X� EX� NÕUÕOPD� DUDOÕNODUÕ� VR÷XUPD� NÕ\ÕODUÕ� RODUDN�
adlDQGÕUÕOÕU� 

.Õ\ÕODU�DUDVÕQGD�N�WOH�VR÷XUPD�NDWVD\ÕODUÕ�LOH�GDOJD�ER\X�DUDVÕQGD�DúD÷ÕGDNL�JLEL�ELU�
LOLúNL�YDUGÕU� 
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vu ZKλ
ρ
µ

=   (22) 

 

%XUDGD�.�X�YH�Y�VDELWOHUGLU��.¶QÕQ�GH÷HUL�KHU�ELU�VR÷XUPD�NÕ\ÕVÕQGD�GH÷LúLU� u ve v, λ  ve 

=¶QLQ�EHOOL�ELU�\HUH�NDGDU�IRQNVL\RQODUÕGÕU�YH�\DNODúÕN�RODUDN�GH÷HUOHUL�VÕUDVÕ\OD���YH��¶W�U� 
%X�JHQHO�DoÕNODPD\D�GHQH\VHO�RODUDN�W�UHWLOHQ�EDúND�WHULPOHU�GH�HNOHQPLúWLU��%XQODUGDQ�HQ�
X\JXQ�RODQÕ�'U� Keith Norrish (1969)�WDUDIÕQGDQ�W�UHWLOHQ� 
 

( ) n
CZBZA λ

ρ
µ 32++=   (23) 

 

HúLWOL÷LGLU��%XUDGD�$� B, &�YH�Q�GH÷HUOHUL�KHU�ELU�VR÷XUPD�NÕ\ÕVÕQGD�GH÷LúLU�YH�Q�=¶QLQ�ELU�
fonksiyonudur. 

 

 

ùHNLO�6��.�WOH�VR÷XUPD�NDWVD\ÕVÕQÕQ�GDOJD�ER\XQD�J|UH�GH÷LúLPL 
 

%D]Õ�N�WOH�VR÷XUPD�NDWVD\ÕODUÕQÕ�|]HOlikle uzun dalga boylu x-ÕúÕQÕ�UDG\DV\RQX�\D�GD�
UDG\DV\RQXQ�E�\�N�ELU�NÕVPÕQÕ�oRN�NÕVD�PHVDIHVLQGH�VR÷XUDQ�D÷ÕU�VR÷XUXFXODU�LoLQ�|OoPHN�
ROGXNoD� ]RUGXU�� %X� \�]GHQ� VR÷XUPD� NDWVD\ÕODUÕQÕ� GHQH\VHO� |Oo�POHULQ� GDKD� X\JXQ� RODQ�
bölgelerden ekstrapolasyonla hesaplamak gereklidir. 
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+HU� ELU� HOHPHQWLQ� VR÷XUPD� NÕ\ÕODUÕ� LOH� NDUDNWHULVWLN� VSHNWUXPODUÕ� DUDVÕQGD� DoÕN� ELU�
LOLúNL�YDUGÕU��.��/��0�VSHNWUDO�VHULOHUL�YH�EXQODUÕQ�GÕúÕQGDNL�VHULOHUGH�EXOXQDQ�HQ�NÕVD�GDOJD�
ER\ODUÕQGD�VR÷XUPD�NÕ\ÕODUÕ�YDUGÕU�YH�NDUúÕOÕNOÕ� LOLúNL�.��/I, LII, LIII, MI�JLEL� WDQÕPODQPÕú�
RODQ�NÕ\Õ\D�L]LQ�YHULU��%X�\�]GHQ�ELU�HOHPHQWLQ�.�VR÷XUPD�NÕ\ÕVÕ�GDLPD�EX�HOHPHQWLQ�

2βK  

HPLV\RQXQGDQ� GDKD� NÕVD� GDOJD� ER\ODUÕQGD� �YH\D� GDKD� E�\�N� HQHUMLOHUGH�� EXOXQXU�� (Q�
yüksek enerji çizgisi normal olarak K spektrumunda bulunur. 

$\UÕFD� VR÷XUPD� NÕ\ÕVÕQD� NDUúÕOÕN� JHOHQ� HQHUMLOHU� EX� |]HO� VSHNWUDO� VHULOHU� LoLQ� WDP�
RODUDN�NULWLN�X\DUPD�SRWDQVL\HOLQH�NDUúÕOÕN�JHOLU��$oÕN�ELU�úHNLOGH�LIDGH�HWPHN�JHUHNLUVH��ELU�
atomda verilen bir seviyeden elektron sökebilmek için gerekli maksimum dalga boyu 

�PLQLPXP� IRWRQ� HQHUMLVL�� R� HOHPHQWLQ� R� VHYL\HGHNL� VR÷XUPD� NÕ\ÕVÕ� RODUDN� ELOLQLU�� +HU�
HOHPHQW�X\DUPD�SRWDQVL\HOL�VD\ÕVÕQFD�VR÷XUPD�NÕ\ÕVÕQD�VDKLSWLU��+HU�HOHPHQW�LoLQ�VR÷XUPD�
NÕ\ÕVÕ��oHNLUGH÷H�\DNODúWÕNoD�D]DOÕU� 

6R÷XUPD�NÕ\ÕVÕQGDQ�GDKD�E�\�N�HQHUMLOL�IRWRQODU�IRWRHOHNWULN�VR÷XUPD�\ROX\OD�E�\�N�
RUDQGD� VR÷XUXOPXú� RODFDNODUGÕU�� +DOEXNL� VR÷XUPD� NÕ\ÕVÕQÕQ� KHPHQ� DOWÕQGD� GDKD� G�ú�N�
HQHUMLOL� IRWRQODU� EX� JHoLú� VHYL\HVLQGH� L\RQODúPD\D� QHGHQ� RODFDN� \HWHUOL� HQHUML\H� VDKLS�
olamayacak ve büy�N�RUDQGD�VR÷XUXODPD\DFDNODUGÕU (Williams, 1987). 

 

1.4. Dedektörler 

1.4.1. 'HGHNW|UOHULQ�*HOLúLPL 

X-ÕúÕQODUÕQÕQ� |Oo�P��� ����� \ÕOÕQGD� 5|QWJHQ¶LQ� ERúDOPD� W�S�� \DNÕQÕQGDNL� ED]Õ�
PDGGHOHULQ� ERúDOPD� VÕUDVÕQGD� ÕúÕGÕ÷ÕQÕ� J|UPHVL\OH� EDúODGÕ�� ;-ÕúÕQODUÕQÕQ� |Oo�P�� LoLQ�
\DSÕODQ� ilk dedektörOHU�� IRWR÷UDI�SODNDODUÕ� YH�JD]�GROX� L\RQL]DV\RQ�RGDODUÕ�JLEL� IORUHVDQV�
WHNQLNOHUL� LoHUPHNWH\GL�� %X� UDG\DV\RQODUÕQ� NÕVD� GDOJD� ER\X� \�]�QGHQ�� UDG\DV\RQXQ�
GD÷ÕOÕPÕQÕ� YH� GROD\ÕVÕ\OD�GDOJD� ER\ODUÕQÕ� EHOLUOHPHN� LoLQ�RSWLN� VSHNWURVNRSLGH�NXOODQÕODQ�
yöntemler, sadece 0,1 QP�PHUWHEHVLQGHNL�GDOJD�ER\ODUÕQÕ�EHOLUOHPHGH�EDúDUÕOÕ�ROGX��%XQD�
NDUúÕQ�%UDJJ�� EX� GDOJD� ER\XQGDNL� UDG\DV\RQODUÕQ� NÕUÕQÕPÕQÕ�� \�NVHN� VDIOÕNWDNL� GR÷DO� ELU�
NULVWDOLQ�G�]OHPOHULQL�NXOODQDUDN�NHúIHWWL��%UDJJ�NÕUÕQÕPÕ�RODUDN�ELOLQHQ�EX�\|QWHmle, hem 

V�UHNOL�NÕVPÕ�KHP�GH�NHVLNOL�oL]JL�\DSÕVÕQÕ�LoHUHQ�VSHNWUXPODU�J|]OHQGL�� 
�-� ÕúÕQODUÕ\OD� LOJLOL� oDOÕúPDODU� GD� EX� G|QHPGH� LOHUOHGL�� ����� \ÕOÕQGD� %HFTXHUHO�� ELU�

IRWR÷UDI� SOD÷ÕQÕQ� \DNÕQÕQGD� \D\ÕODQ� UDG\DV\RQXQ� ND]DUD� GHGHNVL\RQX\OD� GR÷DO�
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radyoaktivitH\L�NHúIHWWL�����¶GH�9LOODUG��GDKD�|QFHGHQ�ELOLQHQ�.�YH��� ÕúÕQODUÕ�JLEL��\ROODUÕ�
manyetik alanda bükülmeyen ve .� SDUoDFÕNODUÕ� JLEL�NROD\OÕNOD�GXUGXUXODPD\DQ�EX�GR÷DO�
UDG\RDNWLYLWHGHQ�\D\ÕODQ� UDG\DV\RQODUÕQ�ELU� ELOHúHQLQL� NHúIHWWL��%X�\HQL�ELOHúHQ��� ÕúÕQODUÕ�
RODUDN�DGODQGÕUÕOGÕ� 

)RWR÷UDI� SODNDVÕ\OD� [� YH� �� ÕúÕQODUÕQÕQ� LON� J|]OHPLQGHQ� VRQUD�� EX� |Oo�P� DODQÕQGDNL�
LOHUOHPHOHU� ����¶GH� 5XWKHUIRUG� YH� *HLJHU� LOH� EDúOD\DQ� JD]-GROX� VD\DoODUÕQ� GH÷LúLN�
WLSOHULQLQ� JHOLúWLULOPHVL\OH� EDúODGÕ�� )RWR÷UDI� GHGHNVL\RQX� \|QWHPL\OH� NÕ\DVODQGÕ÷ÕQGD� EX�
VD\ÕFÕODU��UDG\DV\RQXQ�YDUOÕ÷ÕQÕ�WD\LQ�HWPHNOH�EHUDEHU�GHQH\FL\H�PHYFXW�UDG\DV\RQXQ�GDKD�
NDQWLWDWLI�ELU�|Oo�P�Q��\DSPD�LPNDQÕ�YHUGL��2UDQWÕOÕ�VD\ÕFÕODU��ELULQFLO�RODUDN�IRWRHOHNWULN�
HWNL\OH� HWNLOHúHFHN� NDGDU� \HWHULQFH� G�ú�N� HQHUML\H� VDKLS� �� YH� [� ÕúÕQODUÕQÕQ� HQHUML�
VSHNWUXPODUÕQÕ�HOGH�HWPHPL]H�L]LQ�YHULU��%XUDGD�EX�HWNLOHúPH\OH��UHWLOHQ�LNLQFLO�HOHNWURQODU�
JD]ÕQ� LoLQGH� WDPDPHQ�GXUGXUXODELOLU��%XQD�NDUúÕQ��EX�GHGHNW|UOHU�VDGHFH�VD\ÕFÕGD�ROXúDQ�
ROD\ODUÕQ�VD\ÕVÕQÕ�|OoPHN�LoLQ�NXOODQÕOÕU�� 

1948 ‘de HoIVWDGWHU¶LQ� 1D,�7O�� GHGHNW|U�Q�� NHúIL\OH� � �� YH� [� ÕúÕQODUÕQÕQ� NDQWLWDWLI�
|Oo�P�QGH�E�\�N�ELU�DúDPD�ND\GHGLOPLú�ROGX (Hofstadter, 1948)��%X�GHGHNW|UOHU�LOH�JHQLú�
HQHUML� DUDOÕNODUÕQD� VDKLS� VSHNWUXPODU� HOGH� HGLOGL�� %X� G|QHPGHQ� VRQUD�� WLFDUL� �UHWLFLOHU 1 

0H9� KDWWD� GDKD� E�\�N� HQHUMLOL� IRWRQODU� LoLQ� \�NVHN� VR÷XUPD� RUDQÕQD� VDKLS�� \HWHULQFH�
E�\�N� DODQOÕ� NULVWDOOHUL� �UHWPH� LPNDQÕ� EXOGX�� %X� GHGHNW|UOHULQ� DYDQWDMÕ�� L\L� ELU� D\ÕUPD�
gücüne (662 keV’de 45 NH9¶OLN� oL]JL� JHQLúOL÷LQH� VDKLSWLU�� YH� YHULPH� VDKLS� ROPDODUÕ� YH�
NULVWDO�PDO]HPHQLQ� IL]LNVHO� YH� NLP\DVDO� NDUDUOÕOÕ÷ÕGÕU��%X�GHGHNW|UOHULQ� L\L�D\ÕUPD�J�F���
IRWRQ�HQHUMLOHUL�L\L�D\UÕOGÕ÷ÕQGD�KHU�ELU�IRWRQ�SLNLQL�J|]OHPH\H�L]LQ�YHULU� 

1D,�7O�� VLQWLODV\RQ� VSHNWURPHWUHVLQGHNL� JHOLúPHOHUH� SDUDOHO�� �� ÕúÕQÕ� JHoLúOHULQL�
araúWÕUPDN� LoLQ� EDúND� PHWRWODU� JHOLúWLULOGL�� 8\DUÕOPÕú� Q�NOHHU� VHYL\HOHU� \DOQÕ]� �� ÕúÕQÕ�
\D\ÕPÕ\OD� GH÷LO� D\QÕ� ]DPDQGD� Lo� G|Q�ú�P� HOHNWURQODUÕQÕQ� \D\ÕPÕ\OD� X\DUÕOGÕ÷ÕQGDQ��
HOHNWURQ�VSHNWURPHWUHOHUL���ÕúÕQÕ�JHoLúOHULQLQ�|]HOOLNOHULQL�DUDúWÕUPDN�LoLQ�NXOODQÕOGÕ��'�ú�N�
HQHUMLOL�HOHNWURQODUÕQ�VSHNWUXPODUÕQÕ�|OoPHN�LoLQ�HOHNWURVWDWLN�VSHNWURPHWUHOHU�\DSÕOPDVÕQD�
NDUúÕQ�HVDV�JHOLúPH��IDUNOÕ�HQHUMLOL�HOHNWURQODUÕ�D\ÕUW�HGHQ�YH�JUXSODQGÕUDQ�PDQ\HWLN�DODQÕQ�
GH÷LúLN� ELoLPOHULQH� VDKLS� VSHNWURPHWUHOHULQ� \DSÕOPDVÕ� LOH� ROGX�� 0anyetik elektron 

VSHNWURPHWUHOHUL� D\QÕ� G|QHPGHNL� �� ÕúÕQÕ� VSHNWURPHWUHOHULQH� RUDQOD� GDKD� ID]OD� DYDQWDMD�
VDKLSWLOHU��%XQODUÕQ�LONL��EX�GHGHNW|UOHULQ�UDG\DV\RQ�WLSLQL�WDP�EHOLUOH\HUHN�HOHNWURQODUÕ��-

UDG\DV\RQXQGDQ�WDPDPHQ�D\ÕUPDVÕGÕU��øNLQFLVL�LVH��EX�VSHNWURPHWUHOHULQ�oR÷XQXQ���¶GHQ�
GDKD�L\L�SLN�JHQLúOL÷LQH��):+0��VDKLS�ROPDVÕGÕU��'ROD\ÕVÕ\OD�1D,�7O��GHGHNW|U�QGHQ�GDKD�
L\L�D\ÕUPD�J�F��HOGH�HGLOLU��� 
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����¶ODUÕQ� EDúÕQGD�� G�]� YH\D� H÷UL� ELU� NULVWDOLQ� G�]OHPOHULQGHQ� �� ÕúÕQODUÕQÕQ� %UDJJ�
\DQVÕPDVÕQD�GD\DQDQ�NULVWDO�YH\D�NÕUÕQÕP�VSHNWURPHWUHVL�JHOLúWLULOGL��%X�VSHNWURPHWUHOHU��
|]HOOLNOH� G�ú�N� HQHUMLOHUGH� oRN� \�NVHN� D\ÕUPD� J�F�QH� VDKLSWL�� %XQD� NDUúÕQ�� oRN� G�ú�N�
JHoLUJHQOL÷H�YH�YHULPH�VDKLS�ROPDODUÕ�JLEL�GH]DYDQWDMODUÕ�YDUGÕ��%X�\�]GHQ��VDGHFH�úLGGHWOL�
radyasyon kaynaklDUÕQÕQ� NXOODQÕOGÕ÷Õ� |Oo�POHU� LoLQ� X\JXQGXU�� 1D,�7O�� GHGHNW|UOHULQLQ�
G|QHPLQGH��NULVWDO� VSHNWURPHWUHOHUL�HVDVHQ�N�o�N�QXPDUDOÕ� UDG\RQ�NOLWOHUGHQ�oÕNDQ�GDKD�
úLGGHWOL� �� ÕúÕQODUÕQÕQ� HQHUMLOHULQL� WDP� RODUDN� |OoPHN� LoLQ� NXOODQÕOÕU�� %X� HQHUML� GH÷HUOHULQL�
GL÷HU�VSektrometrelerin kalibrasyonunda kullanmak uygudur.  

6LQWLODV\RQ� GHGHNW|UOHULQLQ� EDúDUÕVÕQD� UD÷PHQ�� GDKD� \R÷XQ� ELU� PDGGHGHQ� ELU�
L\RQL]DV\RQ�RGDVÕ�\DSÕODELOLU�PL�VRUXVX�V�UHNOL�RODUDN�J�QGHPGH\GL��%X�VRUX������¶OHUGH�
*H�/L�� \DUÕLOHWNHQ� GHGHNW|U�Q�Q� NHúIL\OH� FHYDEÕQÕ� EXOPXú� ROGX�� %X� GHGHNW|UOHULQ� LON�
EDúDUÕVÕQGDQ�EHUL�ELUoRN�IDUNOÕ�\DUÕLOHWNHQ�PDWHU\DO��Q�NOHHU�\�NO��SDUoDFÕN�GHGHNW|U��JLEL�
IRWRQ� GHGHNW|U�� RODUDN� NXOODQÕOPDN� LoLQ� DUDúWÕUÕOGÕ�� øNLQFLO� \�N�� YHULPOL� ELU� úHNLOGH�
toplamak için tek kristal saf mater\DOGHQ� \DSÕOPDVÕ� JHUHNLUGL�� 'L÷HU� WHN� NULVWDOOHULQ�
�UHWLPLQGHNL� ]RUOXNODUGDQ� GROD\Õ� úLPGL\H� NDGDU� \DOQÕ]FD� VLOLV\XP� YH� JHUPDQ\XP� WHN�
NULVWDO� HOHPHQWOHUL�� |QHPOL� ER\XWODUGD� \�NVHN� D\ÕUPD� J�oO�� IRWRQ� GHGHNW|UOHUL� RODUDN�
NXOODQÕOPDNWDGÕU�� *HUPDQ\XP� GHGHNW|UOHUL� JHQLú� ELU� HQHUML� DUDOÕ÷ÕQGD� NXOODQÕODELOLUNHQ��
VLOLV\XP� GHGHNW|UOHU� G�ú�N� HQHUMLOL� IRWRQODU� LoLQ� NXOODQÕOÕU� �VLOLV\XPXQ� G�ú�N� DWRP�
QXPDUDOÕ�ROPDVÕQGDQ�GROD\Õ��� 

%X�GHGHNW|UOHULQ�HQ�LOJLQo�NDUDNWHULVWL÷L��EDúODQJÕoWD���NH9��GDKD�VRQUDODUÕ�LVH������
keV’de���NH9¶GHQ�GDKD�G�ú�N�RODQ�D\ÕUPD�J�oOHULGLU��ùLPGLOHUGH�LVH�����NH9¶GH�����H9¶D�
NDGDU�G�úP�úW�U��1D,�7O��GHGHNW|UOHULQLQ�D\ÕUPD�J�F�QGHQ�oRN�GDKD�L\L�RODQ�EX�JHOLúPH��
KHP�DUDúWÕUPD�KHP�GH�X\JXODPD�DODQODUÕQGD�[�YH���ÕúÕQÕ�VSHNWURPHWUHVLQLQ�JHOLúLPLQGH�oRN 

|QHPOL�ROPXúWXU��%DúODQJÕoWDQ�EHUL�EX�GHGHNW|UOHU��VSHNWUXPGD�PHYFXW�RODQ�WHN�HQHUMLOL���
ÕúÕQÕ� JUXSODUÕQÕQ� oR÷XQX� D\ÕUW� HWPHNWH� VSHNWURPHWULVOHUH� L]LQ� YHUGL��*H�/L��GHGHNW|U�Q�Q�
WLFDUL��UHWLPL�EDúODGÕ÷ÕQGDQ�EHUL��oR÷X�X\JXODPDODUGD�1D,�7O��GHGHNW|UOHULQLQ yerini almak 

LoLQ�RQODUÕQ�ER\XWODUÕ�\HWHULQFH�E�\�N�YH�NDUDUOÕOÕNODUÕ�ROGXNoD�L\L�ROGX�� 
6LOLV\XP�GHGHNW|UOHULQ�JHOLúLPL��JHUPDQ\XP�GHGHNW|UOHULQ�JHOLúLPLQH�SDUDOHO�RODUDN�

LOHUOHPLúWLU�� 6LOLV\XPX� LúOHPHN� NROD\� ROGX÷XQGDQ�� oRN� LQFH� WDEDNDOÕ� V�U�NOHQPHPLú�
sLOLV\XP�GHGHNW|UOHU��UHWLOHELOGL��%X�\�]GHQ�RQODUÕQ�NXOODQÕPÕ��\�]H\�EDUL\HU�GHGHNW|UOHUL�
RODUDN�DGODQGÕUÕODQ�\�N�SDUoDFÕNOÕ�VSHNWURPHWUHGH�VÕQÕUOÕ\GÕ��6L�/L��GHGHNW|UOHUL�ELUNDo�PP�
NDOÕQOÕNWD�\DSÕOGÕ�YH�|]HOOLNOH�G�ú�N�HQHUMLOL� IRWRQODUGDQ�ROXúDQ�VSHNWUXPODUÕ�|OoPHN�LoLQ�
NXOODQÕOGÕ� 
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<DUÕLOHWNHQ� GHGHNW|UOHULQ� HQ� E�\�N� GH]DYDQWDMÕ�� VÕYÕ� D]RW� VÕFDNOÕ÷ÕQGD� �-196 C
$ ) 

tutulma zorunOXOX÷XGXU�� %X� ]RUXQOXOXN�� \HQL� QHVLO� GHGHNW|UOHUGH� JLGHUHN� RUWDGDQ�
NDONPDNWDGÕU�� *�Q�P�]GH� *H�/L�� GHGHNW|UOHUL� \HULQL�� \�NVHN� VDIOÕNOÕ� *H� \DUÕLOHWNHQ�
GHGHNW|UOHUH� EÕUDNPÕúWÕU��*H�/L�� GHGHNW|UOHUL� KHU� ]DPDQ� VÕYÕ� D]RW� VÕFDNOÕ÷ÕQGD�PXKDID]D�
HGLOPHVL� JHUHNLUNHQ�� \�NVHN� VDIOÕNWDNL� *H� GHGHNW|UOHUL� RGD� VÕFDNOÕ÷ÕQGD� VDNODQDELOLU� YH�
WDúÕQDELOLU�� 

6LOLV\XP� YH� JHUPDQ\XP� \DUÕLOHWNHQ� GHGHNW|UOHULQLQ� EDúDUÕOÕ� JHOLúLPL\OH�� EHQ]HU�
\�NVHN�=¶OL�PDWHU\DOOHUGHQ�GHGHNW|UOHULQ�JHOLúLPLQGH�GH�KÕ]OÕ�ELU�E�\�PH�ROGX��g]HOOLNOH�
RGD� VÕFDNOÕ÷ÕQGD� oDOÕúPDVÕ� P�PN�Q� RODQ� \DUÕLOHWNHQ� GHGHNW|UOHU� RODUDN� NXOODQÕODELOHQ�
GaAs, CdTe ve HgI2�JLEL�ELOHúLNOHUGH�JHOLúPHOHU�ROGX��%X�GHGHNW|UOHULQ�NXOODQÕODELOLUOL÷L��
RQODUÕQ�N�o�N�ER\XWODUÕ��VÕQÕUOÕ�D\ÕUPD�J�F��YH�WLFDUL�JHoHUOLOL÷L�LOH�VÕQÕUOÕGÕU (Debertin ve 

Helmer, 1988). 

 

1.4.2. 'HGHNW|U�dHúLWOHUL�ve Genel Özellikleri 

)RWRQ�GHGHNW|UOHULQLQ�oR÷X��GHGHNVL\RQ�YH�|Oo�P�LúOHPOHULQGH�ELU�GL]L�RUWDN�|]HOOL÷H�
J|UH�oDOÕúPDNWDGÕU��%XQD�J|UH� 

1. )RWRHOHNWULN� VR÷XUPD�� &RPSWRQ� VDoÕOPDVÕ� YH\D� oLIW� ROXúXPX\OD� IRWRQ� HQHUMLVLQLQ�
HOHNWURQODUÕQ��YH�SR]LWURQODUÕQ��NLQHWLN�HQHUMLVLQH�G|Q�ú�P�� 

2. %X� HOHNWURQODUOD�� X\DUÕOPÕú� PROHN�OHU� VHYL\HOerin, elektron-delik çiftlerinin veya 

elektron-iyon çiftlerinin üretimi. 

3. 0ROHN�OHU� VHYL\HOHULQ� GHHN]LWDV\RQX� LOH� \D\ÕODQ� ÕúÕ÷ÕQ� YH\D� \�N� WDúÕ\ÕFÕODUÕQÕQ�
|Oo�P��YH�WRSODQPDVÕ��� 

%LU�ND\QDNWDQ�\D\ÕODQ�ELU�IRWRQ�VSHNWUXPX�JHQHOOLNOH�KHU�ELUL�WHN�HQHUMLOL�RODQ foton 

JUXSODUÕ�WDUDIÕQGDQ�ROXúWXUXOXU��%LU�GHGHNW|U�E|\OH�ELU�oL]JL�VSHNWUXPXQX��oL]JL�YH�V�UHNOL�
ELOHúHQOHULQ�ELUOHúLPLQH�G|Q�úW�U�U��dL]JLOHU�J|]OHQHELOGLNoH��RULMLQDO�IRWRQODUÕQ�úLGGHWOHUL�
YH�HQHUMLOHUL� WD\LQ�HGLOHELOLU��(÷HU� oL]JLOHU�NRQWLQ\XPGD�ND\EROPXúVD��EX�QLFHOLNHUL� WD\LQ�
HWPHN� JHQHOOLNOH� LPNDQVÕ]GÕU�� 7HN� HQHUMLOL� IRWRQODU� LoLQ� oL]JLOHU� YH\D� SLNOHU� �UHWPHGH�
GHGHNW|U�Q� NDELOL\HWL�� SLN� YHULPL� YH� SLN� JHQLúOL÷L\OH� NDUDNWHUL]H� HGLOLU�� 3LN� JHQLúOL÷L�
�):+0��JHQHOOLNOH� NH9�ELULPL\OH� LIDGH� HGLOLU��$\QÕ� ]DPDQGD� UH]RO�V\RQ� �D\ÕUPD�J�F���
RODUDN� WD� DGODQGÕUÕOÕU�� 'HGHNW|U�Q� SLN� YHULPL�� W�P� IRWRQ� HQHUMLVLQLQ� VR÷UXOPDVÕQD� X\JXQ�
SLNWHNL� �\DQL� WDP� HQHUML� SLNLQGH�� VD\ÕPODUÕQ� VD\ÕVÕQÕQ�� ND\QDNWDQ� \D\ÕODQ� R� HQHUMLGHNL�
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IRWRQODUÕQ� VD\ÕVÕQD� RUDQÕGÕU�� +HP� SLN� JHQLúOL÷L� KHm de pik verimi foton enerjisinin 

fonksiyonudur.  

<XNDUÕGD� EDKVHGLOHQ� LON� GXUXP� LoLQ�� GHGHNW|U� PDWHU\DOLQLQ� \R÷XQOX÷X�� DWRP�
QXPDUDVÕ� YH� KDFPL� |QHPOLGLU��(÷HU� GHGHNW|U�PDWHU\DOL�G�ú�N�\R÷XQOXNOX�� G�ú�N�=¶OL� YH�
N�o�N� KDFLPOL� LVH� IRWRQXQ� HWNLOHúPH\H� JLUPH� RODVÕOÕ÷Õ� G�ú�N� RODFDNWÕU�� %XQGDQ� GROD\Õ��
E|\OH�ELU�GHGHNW|U�Q�NXOODQÕPÕ�G�ú�N�HQHUMLOL�IRWRQODUOD�NÕVÕWOÕGÕU��<�NVHN�HQHUMLOL�IRWRQODU�
LoLQ�� WHN� HQHUMLOL� oL]JLOHU� ND\ERODELOLU� YH� \DOQÕ]� ELU� NRQWLQ\XP� J|]OHQLU�� <DQL�� E|\OH� ELU�
GHGHNW|U�PHYFXW�IRWRQODUÕQ�VD\ÕVÕQÕ�VD\PDN�LoLQ�NXOODQÕODELOLU��)DNDW�ELU�HQHUML�VSHNWUXPX�
|OoPHGH�VÕQÕUOÕ�ELU�GH÷HUGH�NDODFDNWÕU� 

øNLQFL�GXUXPGD���UHWLOHQ�ÕúÕ÷ÕQ�PLNWDUÕ�YH\D�oLIWOHULQ�VD\ÕVÕ�|QHPOLGLU��d�QN���UHWLOHQ�
oLIWOHULQ� VD\ÕVÕ� YH\D� ÕúÕ÷ÕQ�PLNWDUÕ� QH� NDGDU� ID]OD� ROXUVD� HOGH� HGLOHQ� SLNOHULQ� JHQLúOL÷L� R�
RUDQGD�GDU� RODFDNWÕU� Üçüncü ve son durum için, dedektör tipi ve dedektör materyalinin 

kalitesi önemlidir (Debertin ve Helmer, 1988). 

 

1.4.2.1. �2UDQWÕOÕ�Dedektörler 

 

 
ùHNLO�7.�2UDQWÕOÕ�YH Geiger dedektörlerinin�JHQHO�úHNOL 
 

5DG\RDNWLI� SDUoDFÕNODUÕQ� DNWLYLWHOHULQLQ� |Oo�OPHVLQGH�NXOODQÕODQ� HQ� \D\JÕQ�\|QWHP��
SDUoDFÕNODUÕQ� JD]� LoLQGH� PH\GDQD� JHWLUGLNOHUL� L\RQODúPDGDQ� \DUDUODQDUDN� L\RQODUÕ� ELU�
HOHNWULN� DODQ� \DUGÕPÕ\OD� ELU� HOHNWURW� �]HULQGH� WRSODPDN� VXUHWL\OH� \�NO�� SDUoDFÕ÷ÕQ�
dedeksiyonuQX� VD÷ODPDNWÕU�� %X� W�U� GHGHNW|UOHUH� JD]� DNÕúOÕ� RUDQWÕOÕ� GHGHNW|UOHU denir 

Katot Anot kablo 
<DOÕWNDQ 

Pencere 

x-ÕúÕQODUÕ 

+ 

_ 
R 

C 

Sayma 
sistemine 
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(Damla, 2005)�� ùHNLO� �¶GH�J|VWHULOGL÷L�JLEL�� HNVHQL�ER\XQFD�X]DQDQ� LQFH�ELU�PHWDO�NDEOR�
(anot) içeren ve içi neon, argon, metan veya bunlarÕQ�NDUÕúÕPÕ�RODQ�ELU�JD]OD�GROGXUXOPXú�
olan 2 FP�oDSOÕ� 10 FP�X]XQOX÷XQGD�VLOLQGLULN�ELU�PHWDO�NDEXN��NDWRW��G�ú�QHOLP��%XUDGD�
LQFH�PHWDO�NDEOR�HOHNWULNVHO�RODUDN�NDEXNWDQ�L]ROH�HGLOPLúWLU�YH�HOHNWURWODU������YROWOXN�ELU�
SRWDQVL\HO� IDUN� DOWÕQGD� WXWXOPDNWDGÕU�� 5DG\RDNWLI� SDUoDFÕNWDQ� oÕNDQ� IRWRQODU� VLOLQGLUH�
JLUGL÷LQGH� E�\�N� ELU� NÕVPÕ� JD]� WDUDIÕQGDQ� VR÷XUXOXUNHQ� N�o�N� ELU� NÕVPÕ� D\QHQ� \ROXQD�
GHYDP� HGHU� JLGHU�� )RWRQODUÕQ� VR÷XUXOPDVÕ� VRQXFX� JD]� PROHN�OOHUL� ���� YH� �-) iyonlara 

D\UÕOÕU��%X�L\RQODU�X\JXODQDQ�SRWDQVL\HOLQ�HWNLVL\OH�ROXúDQ�HOHNWULN�DODQÕQ�YDVÕWDVÕ\OD�DQRW�
YH�NDWRWD�GR÷UX�KDUHNHW�HGHUOHU��$QRW�FLYDUÕQGD�ELULNHQ�HOHNWURQODU�GDKD�ID]OD�oDUSÕúPDODUOD�
LODYH�L\RQODúPDODUD�\RO�DoDU��%|\OHFH��UHWLOHQ�HOHNWURQODU�GD�LODYH�L\RQODúPDODUD�VHEHS�ROXU�
ve bu böyle dHYDP�HGHU�JLGHU��$QRWWD�WRSODQDQ�EX�HOHNWURQODU�ELU�DQRW�DNÕPÕ�ROXúWXUXU�YH�
EX�DNÕP�5&�GHYUHVL\OH�ELU�YROWDM�SXOVX�KDOLQH�G|Q�úW�U�O�U��%X�SXOVODU�HOHNWURQLN�VD\PD�
GHYUHOHUL� YDVÕWDVÕ\OD� VD\ÕOÕU�� 2UDQWÕOÕ� VD\DFÕQ� HQ� E�\�N� GH]DYDQWDMÕ� RUDQWÕOÕOÕN�
karakteristLNOHULQLQ�PXKDID]D�HGLOHELOPHVL�LoLQ�ROGXNoD�NDUDUOÕ�YH�SDKDOÕ�J�o�ND\QDNODUÕQD�
LKWL\Do�GX\PDVÕGÕU (Cullity ve Stock, 2001). 

 

1.4.2.2. Geiger-Müller Dedektörü 

%LU� RUDQWÕOÕ� GHGHNW|U�Q� HOHNWURWODUÕ� DUDVÕQD� X\JXODQDQ� SRWDQVL\HO� IDUN� RUDQWÕOÕOÕN�
bölgesinin ötesine kadaU� DUWWÕUÕOÕUVD� �a���� volt) sayao�DUWÕN�ELU�*HLJHU-Müller dedektörü 

RODUDN� oDOÕúÕU� (OHNWURWODU� DUDVÕQD� X\JXODQDQ� YROWDM� R� NDGDU� \�NVHNWLU� NL� VD\DFD� JLUHQ�
IRWRQODU� VDGHFH� ED]Õ� DWRPODUÕ� L\RQODúWÕUPDNOD� NDOPD]�� �VWHOLN� GL÷HUOHULQL� GH� X\DUÕOPÕú�
VHYL\HOHUH� oÕNDUDUDN� IRWRQ� \D\ÕQODPDODUÕQD� QHGHQ� ROXU�� %X� IRWRQODU� ROGXNoD� \�NVHN�
KÕ]ODUGD�GL÷HU�JD]�DWRPODUÕQD�YH�NDWRW�NDEX÷D�oDUSDUDN�GHGHNW|U boyunca hareket ederler. 

%X�NDGDU�ID]OD�VD\ÕGD��UHWLOHQ�HOHNWURQODU�SHú�SHúH�oÕ÷ODUD�\RO�DoDU�YH�VRQXoWD�EX�HOHNWURQ�
oÕ÷ODUÕ anot kablo boyunca birikir. Bu dedektörün gaz amplifiNDV\RQ� IDNW|U�� RUDQWÕOÕ�
dedektörden�ROGXNoD�E�\�N�ROGX÷XQGDQ��UHWLOHQ�SXOVXQ�ER\XWX�GD�E�\�N�ROXU��%X nedenle 

Geiger-Müller dedektörleri� |Q� \�NVHOWHoOHUH� LKWL\Do� GX\PD]�� 'L÷HU� WDUDIWDQ� GHGHNW|UH�
gelen fRWRQXQ� HQHUMLVL� QH� ROXUVD� ROVXQ� �UHWLOHQ� W�P� SXOVODU� D\QÕ� E�\�NO�÷H� VDKLSWLU�� %X�
nedenle Geiger-Müller dedektörünün�NXOODQÕPÕ�WHN�SDUoDFÕNODUÕQ�GHGHNVL\RQX�LOH�VÕQÕUOÕGÕU 
(Cullity ve Stock, 2001). 
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1.4.2.3. Sintilasyon Dedektörleri 

Sintilasyon dedektörleri iki ana kÕVÕPGDQ�ROXúPDNWDGÕU��ùekil 8).  

a) h]HULQH� \�NO�� ELU� SDUoDFÕN (x-ÕúÕQÕ� �-ÕúÕQÕ������ G�úW�÷�� ]DPDQ� ÕúÕN� SÕUÕOWÕODUÕ�
meydana getiren, küçük miktarlarda talyum veya eropiyum gibi saf elementlerin 

V�U�NOHQGL÷L� VRG\XP� L\RG�U� sezyum iyodür, antrasin, naftalin ve fenantrin gibi 

PDGGHOHUGHQ�ROXúDQ�NULVWDO�NÕVÕP� 
b) 2OXúDQ�ÕúÕN�SÕUÕOWÕODUÕQÕ�|Oo�OHELOLU�ELU�YROWDM�SXOVXQD�G|Q�úW�UHQ�IRWRoR÷DOWÕFÕ� W�S�

NÕVPÕ� 

 

ùHNLO�8��6LQWLODV\RQ�GHGHNW|UOHULQ�úHPDWLN�J|VWHULPL 
 

ùLPGL� 1D,�7O�� VLQWLODV\RQ� GHGHNW|UOHULQLQ� oDOÕúPDVÕQÕ� NÕVDFD� DoÕNOD\DOÕP�� .ULVWDO�
�]HULQH�G�úHQ�[-ÕúÕQODUÕQÕQ�VR÷XUXOPDVÕ�VRQXFX�NULVWDOGH�ÕúÕN�SÕUÕOWÕODUÕ�ROXúXU��%X�SÕUÕOWÕODU�
IRWRoR÷DOWÕFÕ� W�SH� JHoHUHN� IRWRNDWRW� \�]H\GHQ� HOHNWURQODUÕQ� V|N�OPHVLQH� QHGHQ olur. 

6|N�OHQ� EX� HOHNWURQODU�� ���� LOH� ����� YROWOXN� SRWDQVL\HO� X\JXODQDQ� SHú� SHúH� YH� YROWDM�
artPDODUÕ�RODFDN�úHNLOGH�\HUOHúWLULOHQ�ELUoRN�PHWDO�oR÷DOWÕFÕ\D�GR÷UX�V�U�NOHQLU��6�U�NOHQHQ�
EX�HOHNWURQODUGDQ�oR÷DOWÕFÕ\D�oDUSDQ�KHU�HOHNWURQ� LNL�HOHNWURQD�G|Q�úHUHN�� W�S�VRQXQGDNL�
oR÷DOWÕFÕGD� E�\�N� PLNWDUODUGD� HOHNWURQ� ROXúPDVÕQÕ� VD÷ODU�� %X� ROD\ÕQ� WDPDPÕ� ELr 
PLNURVDQL\HGHQ� GDKD� NÕVD� V�UHOHUGH� JHUoHNOHúLU�� %X� HOHNWURQODU� EXUDGD� ELU� \�N� SXOVXQD�
G|Q�úW�U�O�U�� %X� SXOVXQ� \�NVHNOL÷L� JHOHQ� IRWRQODUÕQ� HQHUMLVL\OH� RUDQWÕOÕGÕU�� %X� SXOVODU�
\�NVHOWLOHUHN�ELU�VD\ÕFÕ�LOH�VD\ÕOÕU��ùDKLQ�������. 

 

x-ÕúÕQÕ�
demeti 

Foto-oR÷DOWÕFÕODU��G\QRGHV� Kristal 

Foto-katot 
Metal silindir 
(Magnetik perdeleme için) 

Optik kontak 
Elektron demeti 

Vakum 
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1.4.2.4. <DUÕLOHWNHQ�'HGHNW|UOHU 

Karakteristik x-ÕúÕQODUÕ�� KHP� HQHUMLOHUL� ELUELULQH� \DNÕQ� KHP� GH� HOHNWURPDJQHWLN�
VSHNWUXPXQ� G�ú�N� HQHUML� E|OJHVLQGH� \HU� DOPDNWDGÕU�� %X� \�]GHQ�� EX� HQHUML� E|OJHVLQGH�
GHGHNW|U�YHULPL�YH�D\ÕUPD�J�F��oRN�L\L�RODQ�\DUÕLOHWNHQ�GHGHNW|UOHU�WHUFLK�HGLOPHNWHGLU��;-

ÕúÕQÕ�úLGGHW�|Oo�POHULQGH�HQ�|QHPOL�JHOLúPHlerden biri Si(Li), Ge(Li) ve HPGe gibi yüksek 

D\ÕUPD�J�F�QH�VDKLS�\DUÕLOHWNHQ�NDWÕKDO�GHGHNW|UOHULQLQ�\DSÕOPDVÕGÕU��/LW\XP�V�U�NOHQPLú�
NDWÕKDO�GHGHNW|UOHUL��SR]LWLI�YH�QHJDWLI��S-tipi ve n-WLSL��E|OJHOHUL�DUDVÕQGD�LQWirinsik (i-tipi) 

E|OJH\H� VDKLS� ELU� NULVWDOGHQ� LEDUHWWLU��'ROD\ÕVÕ\OD� E|\OH� ELU� VD\Do� S-i-n tipi bir diyottur. 

Sürüklenme bölgesi p-WLSL� JHUPDQ\XPD� YH\D� VLOLV\XPD� X\JXQ� úDUWODU� DOWÕQGD� OLW\XP�
sürüklenerek elde edilir. Dedektör yüzeyinin ince p-WLSL� WDEDNDVÕ� DNWLI� GH÷LOGLU�� 6D\PD�
LúOHPLQH�NDWNÕVÕ�ROPD\DQ�EX�WDEDND\D�|O��WDEDND�GHQLU (Gürol, 2004). 

+HP�6L�KHP�GH�*H¶GD�HQ�\�NVHN�VDIOÕ÷D�VDKLS�PDGGH�HQ�L\L�DUÕWPD�LúOHPOHULQGH�ELOH�
DNVHSW|U� NLUOLOLNOHULQLQ� NDOGÕ÷Õ� S-WLSL� ROPD� H÷LOLPLQGHGLU�� %X� \�]GHQ� GRQRU� DWRPODUÕ�
LVWHQLOHQ� WHODIL� LúOHPLQL� \DSWÕUPDN� LoLQ� PDGGH\H� HNOHQPHOLGLU�� /L�� 1D� YH� .� JLEL� DONDOL�
PHWDOOHU� 6L� YH� *H� NULVWDOOHULQGH� DUD� \HU� GRQRUODUÕ� ROXúWXUPD� H÷LOLPLQGHGLUOHU�� 9HULOPLú�
HOHNWURQ� LOHWNHQOLN�EDQGÕQD�X\DUÕOGÕ÷ÕQGD� L\RQODúWÕUÕOPÕú�GRQRU�DWRPODUÕ�J�oO� bir elektrik 

DODQÕQ�HWNLVL�DOWÕQGD�J�QOHU�ER\XQFD�V�U�NOHQHELOPHVL� LoLQ�\�NVHN�VÕFDNOÕNODUGD�\HWHULQFH�
KDUHNHWOLGLU��<XNDUÕGD�EDKVHGLOHQ�DONDOL�PHWDOOHUGHQ�VDGHFH�/L�WHODIL�GRSDQWÕ�RODUDN�6L�YH�
Ge kristalinin içerisine istenilen konsantrasyonda sürüklenebilmektedir. 

hUHWLP�LúOHPLQH�S-WLSL�NULVWDOLQ�ELU�\�]H\L�ER\XQFD�/L�V�U�NOHQHUHN�EDúODQÕU�YH�Q-tipi 

ELU� E|OJH�ROXúWXUXOXU��'DKD� VRQUD� ROXúWXUXODQ�S-Q� HNOHPL��NULVWDO� VÕFDNOÕ÷Õ� L\RQODúWÕUÕOPÕú�
GRQRUODUÕQÕQ� KDUHNHWOLOL÷LQL� DUWWÕUPDN� LoLQ� \�NVHOWLOLUNHQ�X\JXODQPÕú� JHULOLPL� WHUV� oHYLULU��
/LW\XP� L\RQODUÕ�� NRQVDQWUDV\RQODUÕQÕQ� DUWDFD÷Õ� YH� DNVHSW|U� NLUOLOL÷LQH� \DNODúDFD÷Õ� S-tipi 

E|OJH\H� HOHNWULN� DODQ� WDUDIÕQGDQ� \DYDúoD� V�U�NOHQLU�� �� C
$ ’lik tipik bir sürüklenme 

VÕFDNOÕ÷ÕQGD� \HWHUOL� VRQXoODU� LoLQ� J�QOHU� KDWWD� KDIWDODU� JHUHNOLGLU�� 6�U�NOHQPH� LúOHPLQLQ�
GLNNDWH� GH÷HU� ELU� |]HOOL÷L� V�U�NOHQPH� E|OJHVLQGHNL� /L� NRQVDQWUDV\RQX� WRSODP� X]D\�
\�N�Q�Q�KHU�QRNWDGD�VÕIÕU�ROGX÷X�ELU�GXUXPD�JLWPH�H÷LOLPLQGH�ROGX÷X�LoLQ�QHUHGH\VH�WDP�
bir telafinin otomatik olarak geUoHNOHúPHVLGLU��/LW\XP�L\RQODUÕQÕQ�S-tipi bölgeye artan bir 

PHVDIH\H� V�U�NOHQPH\L� V�UG�UG�÷�� ELU� GHQJH� NXUXOXU� DPD� EX� GHQJHGH� /L�
NRQVDQWUDV\RQXQGDNL�QHW�GH÷LúLP�VDGHFH�NULVWDOLQ�VÕQÕUODUÕQGD�JHUoHNOHúLU��%X�/L�V�U�NOHPH�
LúOHPL\OH�6L¶GH��-10 mm’ye ve Ge’de ise 10-���PP¶\H�NDGDU�X]DQDQ�GHQJHOHQPLú�E|OJHOHU 
elde etmek mümkündür. 
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/L� V�U�NOHQPHVL� VÕUDVÕQGD� WHUPDO� RODUDN� X\DUÕOPÕú� HOHNWURQ-delik çiftlerinin mevcut 

ROPDVÕ� QHW� X]D\� \�N�Q�Q� KHVDSODQPDVÕQD� NDWNÕGD� EXOXQXU� YH� OLW\XP� GRQRU� YH� DNVHSW|U�
kirlilikleri arasÕQGDNL�GR÷UX�WHODILQLQ�JHUoHNOHúPHVL�ER]XOXU��%XQGDQ�GROD\Õ��UHWLP�LúOHPL�
LNL�DúDPDGD�\DSÕOÕU��8]Xn süreli “clean-XS´�V�U�NOHQPHVL�WHPHO�V�U�NOHQPH�LúOHPLQL�WDNLS�
HGHU�� øNLQFL� DGÕPÕQ� VÕFDNOÕ÷Õ�� WHUPDO� RODUDN� X\DUÕOPÕú� \�N� WDúÕ\ÕFÕODUÕQ� GDKD� D]� HWNLGH�
bulunPDVÕ� YH� /L¶XQ� \HQLGHQ� GD÷ÕOÕPÕQÕQ� GHUHFH� GHUHFH� QHUHGH\VH� P�NHPPHO� WHODIL\H�
\DNODúDELOPHVL� LoLQ� oRN� GDKD� N�o�N� WXWXOXU�� %XQXQOD� ELUOLNWH� GHGHNW|U�Q� oDOÕúPD�
VÕFDNOÕ÷ÕQÕQ���� K

$ ) “clean-up” VÕFDNOÕ÷ÕQGDQ�|QHPOL�|Oo�GH�N�o�N�ROPDVÕ�LoLQ�ED]Õ�NDODQ�
yük dengesizlikleri ve eksik telafi için potansiyel uygulanmaya devam edilir. Sonuç etkileri 

GHGHNW|U�Q�D\ÕUPD�J�F�Q��N|W�OHúWLUHELOLU��o�QN��GHGHNW|U�Q�ED]Õ�NÕVÕPODUÕQGDNL�HOHNWULN�
DODQÕ� EDúND� W�UO�� EHNOHQHQGHQ� GDKD� ]D\ÕI� RODELOLU. Sürüklenmenin� EDúODGÕ÷Õ� \�]H\GHNL�
OLW\XP� ID]ODOÕ÷Õ� \�]H\L� HOHNWULN� NRQWD÷Õ� RODUDN� NXOODQDELOHFHN� ELU� Q+� WDEDNDVÕQD�
G|Q�úW�UPH\L�VD÷ODU��.DUúÕ� WDUDIWDNL�WHODIL�HGLOPHPLú�S-tipi bölge bir omik kontak olarak 

davranan bir metalik tabaka verir. 

Basitçe intrinsik veya i- bölgesi olDUDN� DGODQGÕUÕODQ� GHQJHOHQPLú� E|OJHGH� ROXúDQ�
\�NOHULQ� \DúDP� V�UHVL� �OLYH� WLPH�� RQODUÕ� KHUKDQJL� ELU� VÕQÕUGD� �\D� Q+ bölgesi ya da p-tipi 

E|OJH�� WRSODQPDVÕ� LoLQ� JHUHNOL� ]DPDQGDQ� HVDV� LWLEDUÕ\OD� oRN� GDKD� E�\�N� RODELOLU� YH�
böylelikle iyi derecede yük topODQPDVÕ�ROXúDELOLU��%XQGDQ�GROD\Õ��\�NOHULQ�KÕ]OÕ�ELU�úHNLOGH�
WRSODQPDVÕ� JHUHNLU�� %X� \�]GHQ�� \�N� WRSODQPDVÕ� WDPDPODQPDGDQ� |QFH� oRN� D]� VD\ÕGD�
HOHNWURQ� YH� KROH¶�Q� ND\EHGLOPHVLQL� VD÷ODPDN� LoLQ� E�\�N� JHULOLPOHU� X\JXODQDELOLU�� �–10 

PP�NDOÕQOÕNOÕ�L- bölgesi için uygulanan voltaj 400–����9�DUDVÕQGDGÕU��8\JXODQDQ�EX�YROWDM�
QHWLFHVLQGH� L�E|OJHVLQGH�VDELW�ELU�HOHNWULN�DODQ�ROXúXU��7HODIL�HGLOPLú� L-bölgesinin direnci 

hem p hem de n+�E|OJHVLQLQ�GLUHQFLQGHQ�oRN�GDKD�E�\�N�RODFD÷Õ�LoLQ�JHUoHNWH�X\JXODQDQ�
bütün voltajlar i-E|OJHVLQGH� J|U�O�U� YH� HOHNWULN� DODQÕ� RQXQ� VÕQÕUODUÕQGD� KÕ]OÕ� ELU� úHNLOGH�
VÕIÕUD�G�úHU��%XQGDQ�GROD\Õ��L-E|OJHVLQLQ�ER\XWODUÕ�GHGHNW|U�Q�DNWLI�KDFPLQL�EHOLUOHU�YH�S-i 

ve i-Q�VÕQÕUODUÕQGD�\�N�WDúÕ\ÕFÕODUÕQÕQ�WRSODQPDVÕ�EDVLW�VLQ\DO�SXOVODUÕQD neden olur (Knoll, 

1999). 7LSLN� ELU� NDWÕKDO� GHGHNW|U�� ùHNLO� �¶GD� úHPDWLN� RODUDN� J|VWHULOPLúWLU�� (OHNWURWODU��
OLW\XP� V�U�NOHQPHVL\OH� HOGH� HGLOPLú� VLOLV\XP� �YH\D� JHUPDQ\XP�� \�]H\LQH� DOWÕQ�
EXKDUODúWÕUÕOPDVÕ\OD�HOGH�HGLOLU��'HGHNW|U�Q�DOWÕQ�WDEDND�NDOÕQOÕ÷Õ��UHWLP�VÕUDVÕQGa kontrol 

HGLOLU��$QFDN� EXKDUODúWÕUÕOPÕú� WDEDNDODU� oR÷X� NH]� G�]J�Q� GH÷LOGLU� YH� EX� \�]GHQ� G�]J�Q�
EXKDUODúWÕUÕOPÕú�ELU� WDEDND\Õ� WHPHO� DODQ�KHVDSODPDODU� LOH�X\XúPD\DQ�ELU� VDSPD�PH\GDQD�
getirir (Barfoot vd., 1984). 
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ùHNLO�9. 7LSLN�ELU�\DUÕLOHWNHQ�GHGHNW|U�Q�úHPDWLN�J|VWHULPL 
 

'HGHNW|U��HQ�X\JXQ�D\ÕUPD�J�F�Q��HOGH�HWPHN�YH�J�U�OW�\��D]DOWPDN�LoLQ�VÕYÕ�D]RW�
VÕFDNOÕ÷ÕQGD� �-196 C

$ �� WXWXOPDNWDGÕU�� %XQXQ� LoLQ� VD\Do� NULVWDOL� YH� )(7� �DODQ� HWNLOi 
transistör),� LoHULVLQGH� VÕYÕ� D]RW� EXOXQDQ� ELU� NDED� �GHZDU�� \HUOHúWLULOPLúWLU�� 'HGHNW|U�� GÕú�
ortamdan gelebilecek yüzey kirlenmesini önlemek için bir pencere (Si(Li) dedektör için 

\DNODúÕN� ��� �P� NDOÕQOÕ÷ÕQGD� RODQ� %H� SHQFHUH� NXOODQÕOÕU�� LOH� NRUXPD� DOWÕQD� DlÕQPÕúWÕU��
Pencerenin RUWDODPD� NDOÕQOÕ÷Õ� �UHWLFL� ILUPD� WDUDIÕQGDQ� YHULOPHVLQH� UD÷PHQ� G�]J�QO�N�
VD÷ODQDPD]� �%DUIRRW vd.,� ������� (� HQHUMLOL� ELU� IRWRQ� VD\DFÕQ� DNWLI� E|OJHVLQH� G�úW�÷�QGH�
NULVWDOLQ� �VLOLV\XPXQ� YH\D� JHUPDQ\XPXQ�� DWRPODUÕQÕ� L\RQODúWÕUÕU�� )RWRQ�� Hnerjisinin 

WDPDPÕQÕ� IRWRHOHNWURQODUD� YHULU�� )RWRHOHNWURQODU�� HQHUMLOHUL� ELWLQFH\H�NDGDU� \ROX� ER\XQFD�
HOHNWURQ�GHOLN�oLIWL�ROXúWXUDUDN�GHGHNW|U�NULVWDOL�LoHULVLQGH�KDUHNHW�HGHUOHU�� 

'HGHNW|UH�ELU�WHUV�EHVOHPH�SRWDQVL\HOL�X\JXODQDUDN�HOHNWULN�DODQ�ROXúWXUXOXU��2OXúDQ�
HOHNWULN�DODQ��IRWRQODU�WDUDIÕQGDQ��UHWLOHQ�HOHNWURQ-delik çiftlerini toplar. Ters beslemeden 

GROD\Õ� HOHNWURQODU�Q-tipi bölgeye, delikler ise p-tipi bölgeye yönelirler. Sonuçta dedektör 

�]HULQH� JHOHQ� IRWRQXQ� HQHUMLVL\OH� RUDQWÕOÕ� VD\ÕGD� HOHNWURQ-dHOLN� oLIWL� ROXúXU�� S- ve n- tipi 

E|OJHOHUGH� HOHNWULN� DODQ� YDVÕWDVÕ\OD� WRSODQDQ� \�NOHU�� ELU� )(7� GHYUHVL\OH� DNÕP� SXOVXQGDQ�

Berilyum pencere 

$OWÕQ�HOHNWURW 

p-n eklemi 

Yüksek voltaj 

%DNÕU�oXEXN 

Ölü tabaka 

FET 

x-ÕúÕQÕ�GHPHWL 

$OWÕQ�HOHNWURW 

/L�V�U�NOHQPLú�
intirinsik bölge 

n-tipi Si (veya Ge) 

p-tipi Si (veya Ge) 
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SRWDQVL\HO� SXOVXQD� G|Q�úW�U�O�U�� (OHNWURQLN� ELU� VLVWHP�YDVÕWDVÕ\OD� SRWDQVL\HO� SXOVX�� SXOV�
\�NVHNOLN�DQDOL]|U�QGH�HQHUMLVLQH�NDUúÕOÕN�JHOHQ�NDQDOD�DWDQÕU� 

1.5. Sayma Sistemi 

S i(Li)

6ÕYÕ�D]RW�
VÕFDNOÕ÷Õ����.�

G e le n 
radyas y o n

B e  pe nc e re
30µµm

TEN N ELEC 950
Yük s e k  v o lta j

600V

PG T  PO 1 4B
Ö nyük s e ltici

TEN N ELEC
TC 24 4

Line e r yük s e ltici

M C A+A D C
A nalizör

204 8  K anal

O s ilos k op

�B ilg is a y a r

 

 

ùHNLO�10��6D\PD�VLVWHPLQLQ�úHPDWLN�J|VWHULPL 
 

ùHNLO���¶GD�VD\PD�VLVWHPLQL�ROXúWXUDQ�GHYUH�HOHPDQODUÕ�YH�ED÷ODQWÕODUÕ�J|U�OPHNWHGLU��
*|U�OG�÷�� JLEL� ELU� VD\PD� VLVWHPL�� ELU dedektör, ön yükseltici, yükselticL�� DQDORJ� VD\ÕVDO�
G|Q�úW�U�F��� SXOV� \�NVHNOLN� DQDOL]|U��� RVLORVNRS� YH� ELU� \�NVHN� YROWDM� ND\QD÷ÕQGDQ�
ROXúPDNWDGÕU� 

 

1.5.1. Yüksek Voltaj KD\QD÷Õ 

Dedektörde meydana gelen yükleri toplamak için bir yüksek voltaj dedektörün 

XoODUÕQD� X\JXODQPDNWDGÕU�� (Q� L\L� oDOÕúPD� YROWDMÕ� JHQHOOLNOH� �UHWLFL� ILUPD� WDUDIÕQGDQ�
belirlenir ve küçük bir dedektör için birkaç yüz volttan, büyük bir dedektör için 4000 V’un 

üstüne�NDGDU�GH÷LúHELOLU. 
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1.5.2. Ön Yükseltici 

0RGHUQ�ELU�\DUÕiletken dedektör sistemi ile yüke hassas bir�|Q�\�NVHOWLFL�NXOODQÕOÕU��
Elektronik gürültüyü en az indirmek için, genellikle bir alan-etkili transistör (FET) ile ön 

\�NVHOWLFLQLQ�JLULúL�GHGHNW|UOH�D\QÕ�WDU]GD�VR÷XWXOXU��\DQL�VÕYÕ�D]RW�VÕFDNOÕ÷ÕQGD�WXWXOXU��gQ�
\�NVHOWLFL�oDOÕúPDVÕQÕ�L\LOHúWLUPHN�LoLQ�)(7¶LQ�VÕFDNOÕ÷Õ,�RGD�VÕFDNOÕ÷ÕQGD�RODQ�GHGHNW|U�Q�
GÕú� PXKDID]DVÕQGDQ� LoHUL\H� ELUD]� ÕVÕ� VÕ]PDVÕQD� L]LQ� YHULOHUHN� GHGHNW|UGHQ� GDKD� VÕFDN�
WXWXODELOLU�� gQ� \�NVHOWLFL� GHGHNW|UGHQ� JHOHQ� \�N� SXOVXQX� YROWDM� SXOVXQD� G|Q�úW�U�U�� gQ�
\�NVHOWLFLGHQ�oÕNDQ�SXOVODUÕQ�\�NVHNOLNOHUL�YH\D�JHQOLNOHUL�GHGHNW|UGH�WRSODQDQ�\�N�PLNWDUÕ�
LOH�GR÷UX�RUDQWÕOÕ�ROPDOÕGÕU�YH�H÷HU�IRWRQXQ�W�P�HQHUMLVL�GHGHNW|UGH�VR÷XUXOPXúVD�IRWRQXQ�
HQHUMLVL\OH�GR÷UX�RUDQWÕOÕ�ROPDOÕGÕU. 

 

1.5.3. Yükseltici 

Bir yüksHOWLFLQLQ�LNL�DQD�J|UHYL�YDUGÕU� 
a) Ön \�NVHOWLFLQLQ�oÕNÕú�SXOV�JHQOLNOHULQL�D\ÕUW�HGLOPH�YH�VD\ÕOPD�LoLQ�X\JXQ voltaj 

seviyelerine yükseltme 

b) 3XOVODUÕ�� SXOV� JHQOL÷L� YH� [-ÕúÕQÕ� IRWRQX� DUDVÕQGDNL� RUDQWÕOÕ� LOLúNL\L� WDPDPHQ�
V�UG�UHUHN�LúOHPH�X\JXQ�ELU�IRUPD�VRNPDN� 

0RGHUQ� VLVWHPOHU� LoLQ� PDNVLPXP� oÕNÕú� SXOVXQXQ� JHQOL÷L� � V’tan 10 V’a kadar 

GH÷LúLU��dR÷X�DPSOLILNDW|U�KHP�ELU�XQLSRODU�oÕNÕú��VLQ\DOLQ�SLN�NÕVPÕ�WDPDPHQ�SR]LWLI�YH\D�
WDPDPHQ� QHJDWLIWLU�� KHP�GH�GLSRODU� oÕNÕú� �VLQ\DO� KHP�SR]LWLI� KHP�GH�QHJHWLI� ELOHúHQOHUH�
VDKLS� LOH� GRQDWÕOPÕúWÕU�� (Q� L\L� VLQyal gürültü (signal-to-QRLVH�� RUDQÕQÕ� HOGH� HWPHN� LoLQ��
\�NVHOWLFLQLQ� XQLSRODU� oÕNÕVÕ� VHoLOLU�� .XOODQÕFÕQÕQ� ELOHUHN� VHoPHVL� JHUHNHQ� EDúND� ELU�
\�NVHOWLFL�GHQHWLPL�SXOV�JHQLúOL÷LQL�EHOLUOH\HQ�úHNLOOHQPH�]DPDQÕ��VKDSLQJ�WLPH� sabitidir. 

Bir spektrumdaki pikler�LoLQ�HQ�L\L�D\ÕUPD�J�F�, genellikle, o zaman sistem daha uzun bir 

]DPDQ� �]HULQGHQ� J�U�OW�Q�Q�RUWDODPDVÕQÕ� DODELOHFH÷L� LoLQ�GDKD�X]XQ�ELU� ]DPDQ� VDELWL\OH�
elde edilebilir. Bununla birlikte, daha uzun zaman sabitleri daha fazla rasgele toplamaya da 

neden oluU��%XQGDQ�GROD\Õ��H÷HU� VLVWHP������ V-1¶OLN�VD\PD�KÕ]ODUÕQGD�oDOÕúWÕUÕODELOHFHNVH�
GDKD�NÕVD�]DPDQ�VDELWOHUL�NXOODQÕODELOLU. 
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1.5.4. Analog Digital D|Q�úW�U�F� 

$QDORJ�VD\ÕVDO�G|Q�úW�U�F�Q�Q��$'&��DPDFÕ, yükselticiden gelen anolog pulsu onun 

JHQOL÷L\OH�GROD\ÕVÕ\OD�[-ÕúÕQÕ�IRWRQXQXQ�HQHUMLVL\OH�RUDQWÕOÕ�ELU�WDP�VD\Õ\D�oHYLUPHNWLU��%X�
LúOHPHGH�DQDOR÷X�VD\ÕVDOD�G|Q�úW�UPH�LúOHPL�GHQLU��6D\ÕOPÕú�RODQ�KHU�ELU�SXOV�\�NVHNOL÷L�
NDGDU� VD\Õ� DQDOL]|U�Q� KDIÕ]DVÕQGD� ELULNLU�� 6RQXoWD� EX� ELOJL� ELU� HQHUML� VSHNWUXPX� RODUDN�
ekrana aktaUÕOÕU��'HEHUWLQ�YH Helmer, 1988). 

 

1.5.5. dRN�.DQDOOÕ�$nalizör 

ÇRN�NDQDOOÕ�DQDOL]|U�VD\ÕVDO�KDOH�JHWLULOPLú�SXOVODUÕ�NDQDOODUD�\HUOHúWLULU�YH�ELOJLVD\DU�
KDIÕ]DVÕQD�ND\GHGHU��*HUoHNWH��KHU�ELU�NDQDO�GHSRODPDN�LoLQ�NXOODQÕODQ�ELU�NXWXGXU�YH�[-

ÕúÕQÕ� VSHNWUXPXQGD� NHVLQ� RODUDN� NDOLEUH� HGLOPLú� VD\ÕVDO� HQHUML� DUDOÕ÷Õ� RODQ� ELU� HQHUML�
DUDOÕ÷ÕQD�G�úHQ�SXOVODUÕ�VD\DU��.DOLEUDV\RQ�LúOHPL�VWDQGDUW�ND\QDNODUOD�LúOHPH�EDúODPDGDQ�
|QFH�\DSÕOPDOÕGÕU��:LOOLDPV�������� 

%X�ELOJLOHULQ�ÕúÕ÷ÕQGD�ELU�VSHNWUXPXQ�ROXúPDVÕ�LoLQ�JHUHNOL�DúDPDODU�NÕVDFD�DúD÷ÕGDNL�
gibidir:  

(� HQHUMLOL� ELU� IRWRQ� 6L�/L�� GHGHNW|U�Q� DNWLI� E|OJHVLQH� G�úW�÷�QGH� 6L� DWRPODUÕQÕ�
L\RQODúWÕUÕU��)RWRQ�HQHUMLVLQLQ�WDPDPÕQÕ�IRWRHOHNWURQODUD�DNWDUÕU���)RWRHOHNWURQODU��HQHUMLOHUL�
bitinceye kadar yolu boyunca elektron-delik çiftL�ROXúWXUDUDN�NULVWDO�LoLQGH�KDUHNHW�HGHUOHU��
Si(Li) dedektöre uygulanan ters besleme potansiyeli (~600 YROW��HOHNWURQODUÕ�Q-tipi bölgeye, 

delikleri ise p-tipi bölgeye yöneltir. p- ve n-tipi bölgelerde biriken yükler bir FET (field 

effect transistor) devreVL\OH� DNÕP� SXOVXQGDQ� SRWDQVL\HO� SXOVXQD� G|Q�úW�U�O�U�� )(7¶GH�
ROXúWXUXODQ� SRWDQVL\HO� SXOVODUÕ� OLQHHU� \�NVHOWLFLGH� OLQHHU� RODUDN� E�\�W�OG�NWHQ� VRQUD�
$'&¶\H� �DQDORJ� GLJLWDO� FRQYHUWHU�� J|QGHULOLU�� 3XOV�� $'&¶GH� JHQOL÷L\OH� GROD\ÕVÕ\OD�
dedektöre gelen fotonun eneUMLVL\OH�RUDQWÕOÕ�RODQ�ELU�WDPVD\Õ\D�G|Q�úW�U�O�U��6D\ÕVDO�KDOH�
G|Q�úW�U�OHQ�SXOVODU�oRN�NDQDOOÕ�DQDOL]|UH �0&$��J|QGHULOLU�YH�RUDGD�HQHUMLOHULQH�NDUúÕOÕN�
JHOHQ� NDQDOODUGD� VD\ÕOÕUODU�� %X� VD\ÕPODU� VRQXFXQGD� D\QÕ� HQHUMLOL� NDUDNWHULVWLN� [-ÕúÕQÕ�
IRWRQODUÕ�ELU�SLN�ROXúWXUXU��%X�W�U�SLNOHU�ELU�DUD\D�JHOGL÷LQGH�HQHUML\H�NDUúÕ�úLGGHWLQ�oL]GL÷L�
GHVHQOHU��VSHNWUXPODU��ROXúXU� 
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1.6. X-ÕúÕQÕ�6SHNWUXPODUÕQÕQ�øncelenmesi 

 

6D\DoWDQ�&RPSWRQ
6DoÕOPDVÕ

6D\Do�$WRPODUÕQÕQ�.DUDNWHULVWLN�
;�ÕúÕQÕ�3LNOHUL

K a ç a k  (e sc a p e ) P ik

dRNOX�6DoÕOPDODUGDQ�0H\GDQD
*HOHQ�.X\UXNODQPDODU

1XPXQH�$WRPODUÕQÕQ�
.DUDNWHULVWLN�;�ÕúÕQÕ�3LNOHUL

S a te llite  P ik le r

Ü s tüs te  B inm e  P ik i

1XPXQHGHQ�&RPSWRQ�6DoÕOPDVÕ
1XPXQHGHQ�.RKHUHQW�
6DoÕOPDVÕ

k a n a l

VD\ÕP�NDQDO

 

ùHNLO�11. øGHDO�ELU�[-ÕúÕQÕ�VSHNWUXPX 

 

X-ÕúÕQÕ� VSHNWrometresiyle elde edilen bir spektrumda, incelenen numunenin 

karakteristik x-ÕúÕQÕ� SLNOHUL� GÕúÕQGD� � EDúND� SLNOHUGH� J|]OHQHELOLU� �ùHNLO� �����%X� SLNOHU� YH�
ROXúXPODUÕ�DúD÷ÕGDNL�JLEL�JUXSODQGÕUÕODELOLU. 
 

1.6.1. Koherent Pik  

8\JXQ�ELU�JHRPHWULGH�X\DUÕFÕ�ND\QDNWDQ�oÕNDQ�SULPHU� IRWRQODUÕQÕQ�GR÷UXGDQ�VD\DFÕ�
J|UPHOHUL� |QOHQHELOPHVLQH� UD÷PHQ� VSHNWUXPGD� X\DUÕFÕ� ND\QDN� ÕúÕQODUÕQÕQ� HQHUMLOHULQH�
NDUúÕOÕN�JHOHQ�HQHUMLGH�VSHNWUXP�SLNOHUL�PH\GDQD�JHOPHNWHGLU��%X�SLNOHU�ND\QDN�ÕúÕQODUÕQÕQ�
QXPXQHGHQ� NRKHUHQW� ELU� úHNLOGH� \DQL� HQHUMLOHULQL� ND\EHWPHGHQ� D\QÕ� ID]OÕ� RODUDN�
VDoÕOPDVÕQÕQ neticesinde meydana gelmektedir. 
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1.6.2. øQNRKHUHQW��Compton) Pik 

8\DUÕFÕ� ND\QDNWDQ� oÕNDQ� YH� QXPXQHGHQ� FRPSWRQ� VDoÕOPDVÕQD� X÷UD\DUDN�ELU�PLNWDU�
HQHUMLVLQL�ND\EHGHQ�IRWRQODUD�DLW�EX�SLN�NRKHUHQW�SLNLQLQ�G�ú�N�HQHUMi bölgesinde meydana 

JHOLU��1XPXQHQLQ� Lo� NÕVPÕQGD�PH\GDQD� JHOHQ� NDUHNWHULVWLN�;-ÕúÕQODUÕQÕQ� ELU� YH\D� ELUNDo�
kez CoPSWRQ�VDoÕOPDVÕQD�X÷UDPDODUÕ�P�PN�QG�U��$\UÕFD�VD\DFD�XODúDQ�IRWRQODU�GD�VD\Do�
NULVWDOLQGH� &RPSWRQ� VDoÕOPDVÕQD� X÷UD\DELOLUOHU�� 1XPXQH� YH� VD\DoWDNL� VDoÕOPDODUGDQ� YH�
VD\DoWDNL� WX]DNODQPDODUGDQ� GROD\Õ� JHUHN� FRPSWRQ� SLNLQLQ� JHUHNVH� GL÷HU� SLNOHULQ� G�ú�N�
HQHUMLOL� \DPDoODUÕ�� \�NVHN� HQHUMLOL� \DPDoODUÕQD� NÕ\DVOD� GDKD� D]� GLNWLU�� 6D\DoWD�PH\GDQD�
JHOHQ�&RPSWRQ�VDoÕOPDVÕQGDQ�GROD\Õ�VSHNWUXPXQ�HQ�G�ú�N�HQHUMLOL�NÕVPÕQGD�\�NVHN�WHPHO�
VD\PDOÕ�ELU�E|OJH�PH\GDQD�JHOLU� 

6D\Do� LoL� &RPSWRQODUGDQ�� �VW� �VWH� ELQPHOHUGHQ� YH� WDPDPODQPDPÕú� \�N�
WRSODQPDODUÕQGDQ�GROD\Õ�VSHNWUXPGD�ELU�EDúWDQ�GL÷HU�EDúD�WHPHO�VD\PD�PH\GDQD�JHOLU� 

 

1.6.3. Karakteristik X-ÕúÕQÕ�3ikleri 

8\DUÕOPD� VRQXFX� QXPXQHGHQ� \D\ÕQODQDQ� NDUDNWHULVWLN� [-ÕúÕQÕ� SLNOHUL�� NROLPDW|U� YH�
kaynak maddesinin karakteristik x-ÕúÕQÕ�SLNOHUL�HQHUMLOHULQH�ED÷OÕ�RODUDN�NRKHUHQW�VDoÕOPD�
WHSHVLQLQ�G�ú�N�HQHUMLOL�WDUDIÕQGD�PH\GDQD�JHOLU��'HGHNW|UH�JHOHQ�;-ÕúÕQODUÕ��|O��WDEDNDGDNL�
sayaç aWRPODUÕQÕ�X\DUDELOLU��%XUDGDQ�\D\ÕQODQDQ�VD\Do�DWRPODUÕQÕQ�NDUHNWHULVWLN�oL]JLOHUL��
QXPXQHGHQ�JHOHQOHU�JLEL�VD\ÕOÕUODU�YH�GHGHNW|U�PDGGHOHULQLQ�NDUDNWHULVWLN�oL]JLOHUL�RODUDN�
kaydedilirler. 

 

1.6.4. Auger Pikleri 

8\DUÕOPÕú�ELU�DWRPXQ�\D\ÕQODGÕ÷Õ�NDUDNWHULVWLN�[-ÕúÕQÕ�\LQH�D\QÕ�DWRPXQ�GDKD�GÕúWDNL�
kabuklardan elektronlar sökebilir. 6|N�OHQ� EX� HOHNWURQODUD� $XJHU� HOHNWURQODUÕ� GHQLU� YH�
EXQODUÕQ� ROXúWXUDFD÷Õ� SLN� VR÷XUXODQ�;-ÕúÕQÕ� SLNLQLQ� G�ú�N� HQHUML� E|OJHVLQGH� \HU� DOÕU� Bu 

ROD\� HOHNWURQODUÕ� GDKD� D]� ED÷ODQPD� HQHUMLVL\OH� ED÷OÕ� EXOXQDQ� G�ú�N� DWRP� QXPDUDOÕ�
elementlerde, büyük atom numaraOÕODUGDQ�GDKD�oRN�PH\GDQD�JHOLU (Bertin, 1975). 
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1.6.5. Üst üste Binme (Pile-Up) Pikleri 

øNL� DWRP� D\QÕ� DQGD� YH\D� HOHNWURQLN� VLVWHPLQ� SLN� D\ÕUPD� ]DPDQÕQGDQ�GDKD� NÕVD� ELU�
zaman aUDOÕ÷Õ�LOH�VD\DFD�JHOirse sistem�EX�LNL�IRWRQ�LoLQ�WHN�SXOV�YHULU��%X�SXOVXQ�E�\�NO�÷��
RQX�PH\GDQD�JHWLUHQ�IRWRQ�SXOVODUÕQÕQ�D\UÕ�D\UÕ�E�\�NO�NOHUL�WRSODPÕQD��LNL�SXOV�DUDVÕQGDNL�
]DPDQ�QH�NDGDU�N�o�NVH�R�NDGDU�\DNODúÕU�� øNLQFL�YH\D�GDKD�\�NVHN�PHUWHEHOHUGHQ�GH��VW�
üste binme pXOVODUÕQÕQ�PH\GDQD�JHOPHVL�P�PN�QG�U��7DPDPODQPDPÕú�\�N�WRSODQPDVÕ�YH�
�VW��VWH�ELQPH�HWNLOHUL��NHVNLQ�SLNOHULQ�JHQLúOHPHVLQH�YH�ND\PDVÕQD�VHEHS�ROXU� 

hVW� �VWH� ELQPH� HWNLOHULQL� D]DOWPDN� LoLQ� |Oo�POHU�� G�ú�N� VD\PD� KÕ]ODUÕQGD� ��3 

VD\ÕP�VDQL\H�YH�G�ú�N�|O��]DPanlaUGD���¶GHQ�GDKD�D]�\DSÕOPDOÕGÕU (Dojo, 1974). 

 

1.6.6. Kaçak (Escape) Pikler 

6D\DFD� JHOHQ�KHUKDQJL� ELU� IRWRQ�� DWRPXQ� Lo� NDEXNODUÕQGDQ�ELU� HOHNWURQ� V|N�QFH�EX�
fotoelektron elektron-hole çifti meydana getirerek ilerlerken bu atomun kendi karakteristik 

x-ÕúÕQÕ� GD� \D\ÕQODQÕU�� (÷HU� EX� ROD\� VD\Do� \�]H\OHULQH� \DNÕQ� ELU� \HUOHUGH� ROXUVD� EX�
NDUDNWHULVWLN�ÕúÕQ�EDúND�HWNLOHúPHOHUH�JLUPHGHQ�VD\DoWDQ�NDoDELOLU��'ROD\ÕVÕ\OD�VD\Do�JHOHQ�
IRWRQX�JHOLú�HQHUMLVLQGHQ�GDKD�G�ú�N�HQHUMLOL�RODUDN�VD\DU��%|\OHFH�ROXúDQ�NDoDN�SLNOHU�DVÕl 
SLNOHULQ�G�ú�N�HQHUMLOL� WDUDIÕQGD�\HU�DOÕUODU� Kaçak�SLN�DODQÕQÕQ�DVÕO�SLN�DODQÕQD�RUDQÕ��DVÕO�
SLNOHULQ� G�ú�N� HQHUMLOL� E|OJHOHULQGHQ� VD\Do� PDGGHVLQLQ� VR÷XUPD� NÕ\ÕODUÕQD� \DNODúWÕNoD�
artar. 

 

1.6.7. Satellite Pikleri 

gMH� ROD\ÕQÕQ� ELU� EDúND� QHWLFHVL� GH� JHULGH� NDODQ� LNL� NHUH� L\RQODúPÕú�� \DQL� Lo�
NDEXNODUÕQGD� LNL� ERúOXN� ROXúPXú� ELU� DWRPGXU�� $WRPGD� |QFH� .� NDEX÷XQGD� ELU� ERúOXN�
ROXúWX÷XQX�� EXQXQ� /¶GHQ� JHOHQ� HOHNWURQOD� GROGXUXOGX÷XQX� YH� EX� HVQDGD� .α fotonunun 

\D\ÕQODQGÕ÷Õ�� EX� IRWRQXQ�/� NDEX÷XQGDQ� ELU� EDúND� HOHNWURQ� NRSDUPDVÕ\OD�$XJHU� ROD\ÕQÕQ�
JHUoHNOHúWL÷LQL� G�ú�QHOLP�� %|\OHFH� /� NDEX÷XQGD� LNL� HOHNWURQ� ERúOX÷X� ROXúXU�� øNL kere 

L\RQODúPÕú� DWRP�VDGHFH�$XJHU� ROD\ÕQGD� JHUoHNOHúPH]��3ULPHU�\D�GD� VHNRQGHU� IRWRQODUOD�
YH\D�HOHNWURQODUOD� GD� DWRP�D\QÕ� DQGD� LNL�NHUH� L\RQODúWÕUÕODELOLU� Ancak bir x-ÕúÕQÕ�KDOLQLQ�
\DUÕ� |PU�� ∼10-16 sn� JLEL� oRN� NÕVD� YH� X\DUÕFÕ� úXDGDNL� HOHNWURQ� \R÷XQOX÷XQXQ� KHGHI�
DWRPGDNLQH�NÕ\DVOD�D]�ROPDVÕQGDQ�GROD\Õ�HOHNWURQODUOD�L\RQODúWÕUPDGD��D\QÕ�DWRP�LoLQ�DUG�
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DUGD� LNL� NH]� oDUSÕúPD� YH� LNL� NH]� L\RQODúPÕú� KDOGH� EXOXQPD� Kemen hemen mümkün 

GH÷LOGLU�� øNL� NHUH� L\RQODúPÕú� DWRPODUGDQ� \D\ÕQODQDQ� oL]JLOHULQ� GDOJD� ER\ODUÕ�� Eir kere 

L\RQODúPÕú� DWRPODUGDQ� \D\ÕQODQDQ� oL]JLOHULQ� GDOJD� ER\ODUÕQGDQ� ELUD]� IDUNOÕGÕU�� %X� W�U�
çizgiler satellite (non-GL\DJUDP��oL]JLOHUL�RODUDN�DGODQGÕUÕOPDNWDGÕUODU� 



 

2. <$3,/$1�d$/,ù0$/$5 

2.1. CuInSe2 øQFH�)LOPLQLQ�hUHWLPL 

%X�oDOÕúPDGD�NXOODQGÕ÷ÕPÕ]�&X,Q6H2 ince filmi Varian NRC840 vakum düzHQH÷LQGH�
�ùHNLO���),�FDP�DOWOÕN��]HULQH�ÕVÕO�EXKDUODúWÕUPD�\|ntemi ile üretildi.�øQFH�ILOP��UHWLPLQGH�
L]OHQHQ�DGÕPODU�NÕVDFD�DúD÷ÕGDNL�JLELGLU� 

 

 

 

ùHNLO�12. Varian NRC 840 vakum sistemi 

 

CuInSe2�LQFH�ILOPLQLQ��UHWLPLQGH�DOWOÕN�RODUDN�� PP�NDOÕQOÕNOÕ�YH�NHQDUODUÕ�\DNODúÕN�
olarak 5 PP�RODQ�DGL�FDPODU�NXOODQÕOGÕ��&DP�DOWOÕNODU��VDEXQOX�VXGD�\ÕNDQÕS�\D÷ODUÕQGDQ 

DUÕQGÕUÕOGÕNWDQ�VRQUD�DONRO�YH�DVHWRQOD�WHPL]OHQGL��7HPL]OHQHQ�DOWOÕNODU�DO�PLQ\XP�IRO\R�LOH�
NDSODQGÕ��<DSÕODQ�EX�VRQ� LúOHPOH� LQFH� ILOP��UHWLPL� LoLQ�KD]ÕU�KDOH�JHOHQ�DOWOÕNODU��YDNXP�
G�]HQH÷LQGHNL� IÕUÕQ� VLVWHPLQH� \HUOHúWLULOGL�� $OWOÕNODU� KD]ÕUODQÕS� YDNXP� sistemine 

\HUOHúWLULOGLNWHQ� VRQUD� EXKDUODúWÕUPD� LúOHPLQH� JHoLOGL�� %XKDUODúWÕUPD� LúOHPL� LNL� DúDPDGD�
JHUoHNOHúWLULOGL� 
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a)�øON�RODUDN�����JU¶OÕN�&X,Q6H2�ELOHúL÷L���]HULQGHQ�HOHNWULN�DNÕPÕ�JHoLULOHUHN�ÕVÕWÕODQ�
YH� EXKDUODúWÕUPD� LúOHPL� VÕUDVÕQGD� &X�� ,Q� YH� 6H� LOH� UHDNVL\RQD� JLUPH\HQ� 0R� ND\ÕNoÕN�
LoHULVLQH�NRQXOGX��+D]ÕUODPÕú�ROGX÷XPX]�FDP�DOWOÕN��0R�ND\ÕNoÕ÷Õ�WDP�RODUDN�J|UHFHN�YH�
DUDODUÕQGD� a�� FP� PHVDIH� RODFDN� úHNLOGH� YDNXP� G�]HQH÷LQH� \HUOHúWLULOGL�� 'DKD� VRQUD��
YDNXP� VLVWHPL� oDOÕúWÕUÕODUDN� ��-4 torr’luk vakuma ulDúÕOGÕ� YH� FDP�DOWOÕN� ��� C

$ ’a kadar 

ÕVÕWÕOGÕ�� %X� DOWOÕN� VÕFDNOÕ÷ÕQD� XODúÕOGÕNWDQ� VRQUD�� ND\ÕNoÕN� ���� C
$ ’nin üzerine kadar 

ÕVÕWÕODUDN�EXKDUODúWÕUPD�LúOHPL�JHUoHNOHúWLULOGL��%XKDUODúWÕUPD�WDPDPODQGÕNWDQ�VRQUD�DOWOÕN 

YH� ND\ÕNoÕN� ÕVÕWÕFÕODUÕ� NDSDWÕODUDN� VLVWHP� VR÷XPD\D� EÕUDNÕOGÕ�� $OWOÕN� VÕFDNOÕ÷Õ� RGD�
VÕFDNOÕ÷ÕQD� NDGDU� G�úW�NWHQ� VRQUD� VLVWHP� QRUPDO� DWPRVIHU� EDVÕQFÕQD� DoÕODUDN� LON� �UHWLP�
DúDPDVÕ�WDPDPODQPÕú�ROGX��%X�\ROOD��UHWWL÷LPL]�&X,Q6H2�LQFH�ILOPOHUL��]HULQGH�\DSWÕ÷ÕPÕ]�
x-ÕúÕQÕ�NÕUÕQÕP�DQDOL]OHUL�VRQXFX��EXQODUÕQ�WHN�ID]OÕ �KRPRMHQ��ROPDGÕNODUÕ�WHVSLW�HGLOGL��%X�
\�]GHQ�HOGH�HGLOHQ�LQFH�ILOPLQ�LNLQFL�ELU�LúOHPH�WDEL�WXWXOPDVÕQD�LKWL\Do�GX\XOGX� 

b) gQFHOLNOH�LON�DúDPD�VRQXQGD�HOGH�HGLOHQ�LQFH�ILOP�WHNUDU�DOWOÕN�ÕVÕWÕFÕVÕQD�NRQXOGX��
%DúODQJÕoWD� NXOODQGÕ÷ÕPÕ]� ���� JU¶OÕN� &X,Q6H2� ELOHúL÷LQL� GLNNDWH� DODUDN� VWRNL\RPHWULN�
RUDQODUGD� WDUWÕODQ�&X�YH�,Q��0R�ND\ÕNoÕ÷D�NRQXOGX�YH�YDNXP�G�]HQH÷L�oDOÕúWÕUÕODUDN���–4 

WRUU¶OXN� YDNXPD� XODúÕOGÕ�� %X� VÕUDGD� DOWOÕN� ÕVÕWÕFÕVÕ� oDOÕúWÕUÕOPDGDQ� EXKDUODúWÕUPD� LúOHPL�
JHUoHNOHúWLULOGL��%XKDUODúWÕUPD� WDPDPODQGÕNWDQ�VRQUD�VLVWHP�DWPRVIHU�EDVÕQFÕQD�DoÕOGÕ�YH�
VLVWHPGHNL�0R� ND\ÕNoÕN� oÕNDUÕODUDN� \HULQH�� NXYDUV� ERUX� �]HULQH� VDUÕODQ� WXQJVWHQ� WHOGHQ�
olXúDQ� ÕVÕWÕFÕ� VLVWHPL� \HUOHúWLULOGL�� %X� ÕVÕWÕFÕQÕQ� LoHULVLQH� a���� JU� 6H� YH� 6H¶LQ� VÕFDNOÕ÷ÕQÕ�
|OoPHN� LoLQ� ELU� WHUPRoLIW� NRQXOGX�� 9DNXP� G�]HQH÷L� oDOÕúWÕUÕODUDN� ��-4 torr’luk vakuma 

XODúÕOGÕ� YH� DOWOÕN� ÕVÕWÕFÕVÕ� oDOÕúWÕUÕOGÕ�� dRN� NDWPDQOÕ� &X,Q6H2-Cu-,Q� \DSÕVÕQÕQ�
VHOHQOHúWLULOPHVL� V�UHFLQGH� NDWPDQODUÕQ�� LQGL\XP� HULPH\H� EDúODPDGDQ� |QFH� NDUúÕOÕNOÕ�
GLI�]\RQXQX� VD÷ODPDN� LoLQ� DOWOÕN� ��� C

$ � VÕFDNOÕ÷D� NDGDU� ÕVÕWÕOGÕ� YH� EX� VÕFDNOÕNWD� �� VDDW�
NDOPDVÕ� VD÷ODQGÕ�� %X� VÕUDGD� 6H� ÕVÕWÕFÕVÕ� oDOÕúWÕUÕOGÕ� YH� VÕFDNOÕN� ��� C

$ ¶D� NDGDU� oÕNDUÕOGÕ��
Daha� VRQUD� DOWOÕN� VÕFDNOÕ÷Õ� GR÷UXGDQ� VHOHQOHúWLUPH� VÕFDNOÕ÷Õ� RODQ� ��� C

$ ¶D� oÕNDUÕOGÕ� YH�
DOWOÕN� EX� VÕFDNOÕNWD� ��� GDNLND� 6H� RUWDPÕQGD� EHNOHWLOGL�� %X� LúOHP� VRQXQGD� 6H� YH� DOWOÕN�
ÕVÕWÕFÕODUÕQÕ� NDSDWÕS� sistemi� RGD� VÕFDNOÕ÷ÕQD� NDGDU� VR÷utarak CuInSe2 ince filminin 

�UHWLPLQL�JHUoHNOHúWLUPLú�ROGXN�� 
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2.2. X-,úÕQODUÕ�.ÕUÕQÕP�$QDOL]L 

X-ÕúÕQODUÕ� NÕUÕQÕP� GHVHQOHULQGHQ� \DUDUODQÕODUDN�� ELU� PDO]HPHQLQ� NULVWDO� \DSÕVÕ�
KDNNÕQGD�ELOJL�HGLQLOHELOLU�YH�|UJ��SDUDPHWUHOHUL�KHVDSODQDELOLU��&X,Q6H2 ince filminin x-

ÕúÕQODUÕ�NÕUÕQÕP�NÕUÕQÕP�GHVHQL�5LJDNX�D/Max-,,,&�GLIUDNWRPHWUHVL��ùHNLO�13) ile ölçüldü. 

gOo�POHU�VÕUDVÕQGD�GLIUDNWRPHWUHGHNL�EDNÕU�KHGHIH����NH9¶OLN�JHULOLP�YH����P$¶OLN�DNÕP�
uygulanarak elde edilen CuK.� � �� ������� Å) x-ÕúÕQODUÕ� NXOODQÕOGÕ�� gOo�POHU�� RGD�
VÕFDNOÕ÷ÕQGD�� $$ 60220 ≤≤ θ �DUDOÕ÷Õ�ER\XQFD� $02,0 ¶OLN�DGÕPODU�LOH�\DSÕOGÕ� 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO�13. Rigaku D/Max-IIIC marka X-ÕúÕQÕ�GLIUDNWRPHWUHVL� 
 

 

Kristallerde, örgü sabitleri (a, b ve c) ile düzlemleU�DUDVÕ�PHVDIH��d��DUDVÕQGD� 
 

2

2

2

2

2

2

2
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h
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++=   (24) 
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úHNOLQGH� YHULOHQ� ELU� LOLúNL� YDUGÕU�� %XUDGDNL� �K�� N�� O��� NULVWDO� \�]H\LQ� PLOOHU� LQGLVOHULGLU��
CuInSe2 kristali için ba =  ve ac 2= �ROGX÷XQGDQ�'HQN������� 
 

222 44
2

lkh
d

a ++=    (25) 

 

GHQNOHPLQH� LQGLUJHQPLú� ROXU�� &X,Q6H2 ince filminin x-ÕúÕQÕ� NÕUÕQÕP� DQDOL]L� VRQXFX� HOGH�
HGLOHQ�YHULOHU��K��N��O�YH�G��'HQN������¶GH�NXOODQÕODUDN�&X,Q6H2’nin örgü parametreleri tespit 

edildi. 

 

2.3. 6R÷XUPD�Deneyleri  

CuInSe2 ince filminLQ� NDOÕQOÕ÷ÕQÕQ�EHOLUOHQPHVLQGH�HQ�|QHPOL�DGÕPODUGDQ�ELULQL��EX�
PDO]HPHQLQ� YH� ELOHúHQOHULQLQ� VR÷XUPD� |Oo�POHULQLQ� DOÕQPDVÕ� WHúNLO� HWPHNWHGLU�� Bu 

|Oo�POHU�� LNLQFLO� ND\QDNOD� X\DUPD� \|QWHPLQH� X\JXQ�RODUDN� KD]ÕUODQDQ�GHQH\� JHRPHWULVL�
(transmisyon geometrisi) kXOODQÕODUDN� DOÕQPÕúWÕU�� .XOODQGÕ÷ÕPÕ]� GHQH\� JHRPHtrisi ùHNLO�
14’de gösterilmektedir.  

øNLQFLO�ND\QDN�RODUDN�NXOODQÕODQ�HOHPHQWOHU�YH�VR÷XUXFX�QXPXQHOHU��&X,Q6H2�ELOHúL÷L�
YH� &X�� ,Q� YH� 6H� HOHPHQWOHUL�� DJDW� KDYDQGD� |÷�W�OG�NWHQ� VRQUD� ���� PHVK¶OLN� HOHNOHUGH�
elHQPLúWLU��'DKD�VRQUD�WR]�KDOLQGHNL�PDO]HPHOHU�SUHVOHQHUHN����PP�oDSÕQGD�WDEOHWOHU�HOGH�
edildi. øNLQFLO�ND\QDN�RODUDN�NXOODQÕODQ�HOHPHQWOHU�YH�NDUDNWHULVWLN�[-ÕúÕQÕ�HQHUMLOHUL�7DEOR�
2’de verilmektedir. Bu elementler, 241$P�UDG\RL]RWRS�KDOND�ND\QD÷ÕQGDQ�\D\Õmlanan 59,5 

NH9¶OXN�JDPD�ÕúÕQODUÕ�LOH�X\DUÕOPÕúWÕU��øNLQFLO�ND\QDNODUGDQ�&RPSWRQ�VDoÕOPDVÕQD�X÷UD\DQ�
x-ÕúÕQODUÕ�X\JXQ�ELU�NROLPDW|U�NXOODQÕODUDN�SDUDOHO�ELU�GHPHW�KDOLQGH�GHGHNW|U�SHQFHUHVLQH�
�%H�SHQFHUH��G�úHFHN�úHNLOGH�NROLPH�HGLOPLúWLU��$\UÕFD��LVWHQPH\HQ�N�o�N�DoÕOÕ�VDoÕOPDODUÕ�
HQ� D]D� LQGLUJHPHN� YH� QXPXQH� \HUOHúWLUPHN� LoLQ�� KHU� ELUL� �]HULQGH� � PP� oDSOÕ� GHOLNOHU�
EXOXQDQ�LNL�NXUúXQ�NROLPDW|U�GHGHNW|U�LOH�ND\QDN�DUDVÕQD�NRQXOPXúWXU�  

øNLQFLO� ND\QDNWDQ� \D\ÕQODQDQ�NDUDNWHULVWLN� [-ÕúÕQODUÕQÕ� VD\PDN� LoLQ�����NH9¶GH� \DUÕ�
PDNVLPXPGDNL� WDP� JHQLúOL÷L� �):+0�� ���� H9� RODQ�� ��� PP2’lik aktif alana, 3 mm 

NDOÕQOÕ÷D�YH�����P¶OLN�%H�SHQFHUH�NDOÕQOÕ÷ÕQD�VDKLS�RODQ�ELU�6L�/L��GHGHNW|U�NXOODQÕOPÕúWÕU� 
'HQH\� G�]HQH÷L�� Lkincil kaynaklar ve VR÷XUXFX� QXPXQHOHU� KD]ÕUODQGÕNWDQ� VRQUD 

VD\ÕP�LúOHPLQH�JHoLOGL��6D\ÕP�LúOHPL��|QFH�VR÷XUXFX�QXPXQHOHU�\RNNHQ�LNLQFLO�ND\QDNWDQ�
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\D\ÕQODQDQ�[-ÕúÕQODUÕ�VD\ÕODUDN�\DSÕOGÕ��'DKD�VRQUD��&X��,Q��6H��&X,Q6H2 (bulk) ve CuInSe2 

(ince film) numuneleri�GHGHNW|U�LOH�LNLQFLO�X\DUÕFÕODU�DUDVÕQD�NRQXODUDN�VD\ÕPODU�\DSÕOGÕ� 
<DSÕODQ bu deneyler� VRQXFXQGD� HOGH� HGLOHQ� LOJLOL� SLNOHULQ� DODQODUÕ� DOÕQDUDN��

VR÷XUXFXODUD�JHOHQ�YH�RQODUGDQ�JHoHQ�[-ÕúÕQODUÕQÕQ�úLGGHWOHUL�EXOXQGX��%X�úLGGHW�GH÷HUOHUL 
NXOODQÕODUDN� CuInSe2� \DUÕLOHWNHQOHULQLQ� �EXON� YH� LQFH� ILOP�� YH� ELOHúHQOHULQLQ� VR÷XUPD�
NDWVD\ÕODUÕ�YH�NDOÕQOÕN�JLEL�SDUDPHWUHOeri belirlendi. 

 

Tablo 2��øNLQFLO�ND\QDN�RODUDN�NXOODQÕODQ�HOHPHQWOHU�YH�NDUDNWHULVWLN�[-ÕúÕQÕ�
enerjileri 

       

   Atom No 
(Z)  

Element 
 

øNLQFLO�
Kaynak  

Enerji 
(MeV) 

  K.�  0,0119 35 
 

Br 
 K��  0,0133 

  K.�  0,0142 38 
 

Sr 
 K��  0,0158 

  K.�  0,0175 42 
 

Mo 
 K��  0,0196 

  K.�  0,0232 
  K��  0,0261 48 
 

Cd 
 K��  0,0266 

  K.�  0,0275 
  K��  0,0310 52 
 

Te 
 K��  0,0317 

  K.�  0,0322 
  K��  0,0364 56 
 

Ba 
 K��  0,0373 
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ùHNLO�14. 6R÷XUPD�|Oo�POHUL�LoLQ�NXOODQÕODQ�Geney geometrisi 

70 mm 

øNLQFLO�ND\QDN 

øQFH�ILOP 

Be pencere 

Si(Li) dedektör 

Am–241 halka kaynak 

4 mm 

.XUúXQ�����PP� 

5 mm 

10 mm 

10 mm 

40 mm 

15 mm 

3 mm 

 3 mm 



 

3. BULGULAR 

3.1. CuInSe2�øQFH�)LOPLQLQ�;-,úÕQÕ�.ÕUÕQÕP�'HVHQLQLQ�øQFHOHQPHVL 

%X�oDOÕúPDGD�NXOODQGÕ÷ÕPÕ]�&X,Q6H2 ince filminin x-ÕúÕQÕ�NÕUÕQÕP�GHVHQL�ùHNLO���¶Ge 

J|VWHULOPLúWLU�� (OGH� HGLOHQ� [-ÕúÕQÕ� NÕUÕQÕP�GHVHQLQGH�&X,Q6H2’nin karakteristik (112) piki 

J|]OHQPLúWLU�� &X,Q6H2� GÕúÕQGDNL� ID]ODUD� DLW� SLNOHULQ� NÕUÕQÕP� GHVHQLQGH� J|]OHQPHPHVL��
istenilen pik yönelimine sahip bir ince fiOP��UHWWL÷LPL]LQ�J|VWHUJHVLGLU�� 

 

 

 
ùHNLO�15. CuInSe2 ince filminin x-ÕúÕQÕ�NÕUÕQÕP�GHVHQL 

 

X-ÕúQÕ�NÕUÕQÕP�deseninden elde edilen veriler Denk. (25)’de�NXOODQÕODUDN�&X,Q6H2’nin 

örgü parametreleri, a=b=5,57 Å ve c=11,55 Å olarak bulundu. 
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3.2. 2SWLN�g]HOOLNOHULQLQ�øQFHOHQPHVL 

hUHWWL÷LPL]� &X,Q6H2� LQFH� ILOPLQLQ� EDQW� \DSÕVÕ� YH� \DVDN� E|OJHVL� KDNNÕQGD� ELOJL�
edinmHN� LoLQ��RSWLN�|Oo�POHUL�DOÕQGÕ�YH��.K��2¶QLQ�HQHUML\H��K���J|UH�GH÷LúLPLQL�J|VWHUHQ 

ùHNLO���¶GDNL grafik elde edildi. 

Kν��H9�
���� ���� ���� ���� ����

��
��
��
��
��
��
� �
�αK

ν��
���

� H9
� FP

�� �

��

��

 

 
ùHNLO�16. CuInSe2�LQFH�ILOPLQGH��.K��2’nin fotonun enerjisine J|UH�GH÷LúLPL 

 

ùHNLO���¶GDQ�GD�DoÕN�ELU�úHNLOGH�J|U�OG�÷��JLEL��NXOODQGÕ÷ÕPÕ]�&X,Q6H2 ince filminin 

�����H9¶OXN�\DVDN�HQHUML�DUDOÕ÷ÕQD�VDKLS�ROGX÷X�EXOXQGX. 

3.3. 6R÷XUPD�.DWVD\ÕODUÕ 

Cu, In ve Se elementleri ile CuInSe2� �EXON� YH� LQFH� ILOP�� \DUÕLOHWNHQOHULQLQ� OLQHHU�
VR÷XUPD� NDWVD\ÕODUÕ� YH� \DUÕ� NDOÕQOÕNODUÕ� 7ablo 3 ve Tablo 4’de verilmektedir. Lineer 

VR÷XUPD�NDWVD\ÕODUÕ��µ ), “Lambert-%HHU´�\DVDVÕQGDQ�\DUDUODQÕODUDN�EXOXQDQ� 
 

( )IIx 0
1 ln−=µ   (26) 
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LIDGHVLQGHQ� KHVDSODQGÕ�� %XUDGD� x � VR÷XUXFXQXQ� NDOÕQOÕ÷Õ� LNHQ�� ( )II 0 � VR÷XUXFX\D� JHOHQ�
úXDQÕQ�VR÷XUXFXGDQ�JHoHQ�úXD\D�RUDQÕGÕU��<DUÕ�NDOÕQOÕNODU�� 2/0II = �úDUWÕQÕQ�'HQN� (26)’ya 

X\JXODQPDVÕ�LOH�HOGH�HGLOHQ� 
 

µµ
693,02ln

2/1 ==x   (27) 

 

HúLWOL÷LQGHQ�KHVDSODQPÕúWÕU� 
Cu, In, Se, CuInSe2 (bulk) ve CuInSe2� �LQFH� ILOP�¶QLQ�N�WOH�VR÷XUPD�NDWVD\ÕODUÕQÕQ�

teorik ve deneysel� GH÷HUOHUL� 7DEOR� � ve Tablo 6’da verilmektedir�� 'HQH\VHO� GH÷HUOHU��
³/DPEHUW�%HHU´�\DVDVÕQGDQ�W�UHWLOHQ� 

 

( )IId 0
1 ln.−=

ρ
µ

  (28) 

 

HúLWOL÷LQGHQ�KHVDSODQPÕúWÕU��%XUDGD�G��VR÷XUXFXODUÕQ�\R÷XQOXN�YH�NDOÕQOÕNODUÕ�|Oo�OHUHN� 
 

xd .ρ=   (29) 

 

ifadesinden hesapODQPÕúWÕU�� .�WOH� VR÷XUPD� NDWVD\ÕODUÕQÕQ� WHRULN� GH÷HUOHUL� :LQ;FRP�
SURJUDPÕQGDQ�HOGH�HGLOPLúWLU��7HRULN�YH�GHQH\VHO�RODUDN�HOGH�HGLOHQ�EX�VRQXoODUOD�oL]LOHQ��
N�WOH� VR÷XUPD� NDWVD\ÕVÕQÕQ� HQHUML\OH� GH÷LúLPLQL� J|VWHUHQ� JUDILNOHU� ùHNLO (17–21)’de 

verilmektedir. 

 



 

Tablo 3��&X��,Q�YH�6H¶LQ�OLQHHU�VR÷XUPD�NDWVD\ÕODUÕ�YH�\DUÕ�NDOÕQOÕNODUÕ 
             

  Cu  In  Se 

Enerji (MeV)  �d (cm–1)  X1/2
d (µm)  �d (cm–1)  X1/2

d (µm)  �d (cm–1)  X1/2
d (µm) 

0.0119  1070 ± 64  6  579 ± 35  12  112 ± 7  62 

0.0133  932 ± 75  7  475 ± 38  15  547 ± 44  13 

0.0142  847 ± 51  8  369 ± 22  19  591 ± 36  12 

0.0158  608 ± 37  11  260 ± 16  27  443 ± 27  16 

0.0175  490 ± 30  14  213 ± 13  33  283 ± 17  24 

0.0196  365 ± 22  19  155 ± 9  45  208 ± 12  33 

0.0232  213 ± 13  32  103 ± 6  67  147 ± 9  47 

0.0261  151 ± 9  46  73 ± 4  95  105 ± 9  66 

0.0266  124 ± 12  56  55 ± 6  126  79 ± 8  87 

0.0275  133 ± 8  52  68 ± 4  102  86 ± 5  81 

0.0310  95 ± 6  73  260 ± 16  27  61 ± 4  114 

0.0317  86 ± 7  81  241 ± 24  29  53 ± 4  130 

0.0322  85 ± 5  82  226 ± 14  31  55 ± 3  125 

0.0364  59 ± 4  117  185 ± 11  37  39 ± 2  176 

0.0373  52 ± 3  133  140 ± 8  50  34 ± 2  204 
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Tablo 4. CuInSe2�LQFH�ILOP�YH�EXON�QXPXQHOHULQLQ�OLQHHU�VR÷XUPD�NDWVD\ÕODUÕ�YH�\DUÕ�NDOÕQOÕNODUÕ 
         

  CuInSe2 (Bulk)  CuInSe2��øQFH�ILOP� 
Enerji (MeV)  �d (cm–1)  X1/2

d (µm)  �d (cm–1)  X1/2
d (µm) 

0.0119  375 ± 23  19  395 ± 24  18 

0.0133  583 ± 47  12  536 ± 43  13 

0.0142  499 ± 30  14  437 ± 26  16 

0.0158  328 ± 20  21  320 ± 19  22 

0.0175  308 ± 18  23  334 ± 20  21 

0.0196  213 ± 13  33  209 ± 13  33 

0.0232  143 ± 9  48  156 ± 9  44 

0.0261  102 ± 6  68  75 ± 5  93 

0.0266  82 ± 8  84  81 ± 8  85 

0.0275  83 ± 5  84  81 ± 5  85 

0.0310  130 ± 8  53  125 ± 8  55 

0.0317  104 ± 8  66  122 ± 10  57 

0.0322  108 ± 6  64  98 ± 6  71 

0.0364  82 ± 5  70  74 ± 4  94 

0.0373  66 ± 4  79  67 ± 4  104 

         



 

Tablo 5. Cu, In ve 6H¶LQ�N�WOH�VR÷XUPD�NDWVD\ÕODUÕQÕQ�WHRULN�YH�GHQH\VHO�GH÷HUOHUL 
             

  &X��!d=9,56 g. cm–3)  ,Q��!d=6,92 g. cm–3)  6H��!d=4,21 g. cm–3) 

Enerji 

(MeV) 
 ��!�t (cm2. g–1)  ��!�d (cm2. g–1)  ��!�t (cm2. g–1)  ��!�d (cm2. g–1)  ��!�t (cm2. g–1)  ��!�d (cm2. g–1) 

0.0119  138  112 ± 7  82  84 ± 5  27  27 ± 2 

0.0133  103  98 ± 8  62  69 ± 6  141  130 ± 10 

0.0142  87  89 ± 6  52  53 ± 3  120  140 ± 8 

0.0158  64  64 ± 4  38  38 ± 2  90  105 ± 6 

0.0175  49  51 ± 3  29  31 ± 2  69  67 ± 4 

0.0196  36  38 ± 2  22  22 ± 1  51  49 ± 3 

0.0232  23  22 ± 1  14  15 ± 1  32  35 ± 2 

0.0261  16  16 ± 1  10  11 ± 1  23  25 ± 2 

0.0266  15  13 ± 1  9  8 ± 1  22  19 ± 2 

0.0275  14  14 ± 1  9  10 ± 1  20  20 ± 1 

0.0310  10  10 ± 1  36  38 ± 2  15  14 ± 1 

0.0317  9  9 ± 1  34  35 ± 3  14  13 ± 1 

0.0322  9  9 ± 1  33  33 ± 2  13  13 ± 1 

0.0364  6  6 ± 1  24  27 ± 2  9  9 ± 1 

0.0373  6  5 ± 1  23  20 ± 1  9  8 ± 1 
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Tablo 6. CuInSe2¶QLQ��EXON�YH�LQFH�ILOP��N�WOH�VR÷XUPD�NDWVD\ÕODUÕQÕQ�WHRULN�YH�GHQH\VHO�GH÷HUOHUL 
         

  CuInSe2 (Bulk)��!d=5,66 g.cm–3)  CuInSe2��øQFH�ILOP���!d=5,66 g.cm–3) 

Enerji (MeV)  ��!�t (cm2. g–1)  ��!�d (cm2. g–1)  ��!�t (cm2. g–1)  ��!�d (cm2. g–1) 

0.0119  67  66 ± 4  67  70 ± 4 

0.0133  106  103 ± 8  106  95 ± 8 

0.0142  90  88 ± 5  90  77 ± 5 

0.0158  67  58 ± 4  67  56 ± 3 

0.0175  52  54 ± 3  52  59 ± 4 

0.0196  38  38 ± 2  38  37 ± 2 

0.0232  24  25 ± 2  24  28 ± 2 

0.0261  18  18 ± 1  18  13 ± 1 

0.0266  17  14 ± 1  17  14 ± 1 

0.0275  15  15 ± 1  15  14 ± 1 

0.0310  21  23 ± 1  21  22 ± 1 

0.0317  20  18 ± 1  20  22 ± 1 

0.0322  19  19 ± 1  19  17 ± 1 

0.0364  14  14 ± 1  14  13 ± 1 

0.0373  13  12 ± 1  13  12 ± 1 
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ùHNLO�17��&X¶ÕQ�N�WOH�VR÷XUPD�NDWVD\ÕODUÕQÕQ�HQHUML\OH�GH÷LúLPL 
 

 

ùHNLO�18��,Q¶XQ�N�WOH�VR÷XUPD�NDWVD\ÕODUÕQÕQ�HQHUML\OH�GH÷LúLPL 
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   ùHNLO�19��6H¶XQ�N�WOH�VR÷XUPD�NDWVD\ÕODUÕQÕQ�HQHUML\OH�GH÷LúLPL 

   

ùHNLO�20. CuInSe2��EXON�¶QLQ�N�WOH�VR÷XUPD�NDWVD\ÕODUÕQÕQ�HQHUML\OH�GH÷LúLPL 
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ùHNLO�21. CuInSe2��LQFH�ILOP�¶QLQ�N�WOH�VR÷XUPD�NDWVD\ÕODUÕQÕQ�HQHUML\OH�GH÷LúLPL 
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3.4. (WNLQ�$WRP�1XPDUDVÕ 

%LOHúLNOHU�� WRSUDN�� SODVWLN� JLEL� PDO]HPHOHULQ� IRWRQOD� HWNLOHúPHOHULQL�� PDO]HPHQLQ�
LKWLYD� HWWL÷L� WHN� ELU� HOHPHQWLQ� DWRP� QXPDUDVÕ\OD� LIDGH� HWPHPL]� RODQDNVÕ]GÕU�� %|\OH� ELU�
GXUXP� ³HWNLQ� DWRP� QXPDUDVÕ´� DGÕ� YHULOHQ� YH� IRWRQ� HQHUMLVL\OH� GH÷LúHQ� ELU� VD\Õ\OD� LIDGH�
HGLOLU�� (WNLQ� DWRP� QXPDUDODUÕQÕQ� WDP� RODUDN� KHVDSODQPDVÕ� WÕEEL� UDG\DV\RQ� GR]LPHWUHVL��
WHNQRORMLN� YH� P�KHQGLVOLN� X\JXODPDODUÕ� LoLQ� |QHPOLGLU�� %LOHúLNOHULQ� HWNLQ� DWRP�
QXPDUDODUÕQÕ� KHVDSOD\DQ� ELU� \|QWHP�EXOPDN� LoLQ� ELUoRN� DUDúWÕUPD� \DSÕOGÕ��%XOXQDQ� ED]Õ�
IRUP�OOHU� GHQH\VHO� RODUDN� L\L� VRQXoODU� YHUPHVLQH� UD÷PHQ� JHoHUOLOLNOHUL� GHQH\� úDUWODUÕ\OD�
VÕQÕUOÕ�ROGX÷X�LoLQ�NXOODQÕúOÕ�GH÷LOGLU�� 

.�WOH�VR÷XUPD�NDWVD\ÕVÕ�ELOLQHQ�ELU�ELOHúL÷LQ�WRSODP�PROHN�OHU�WHVLU�NHVLWL��1t,m), 

 

1t,m = 
A

t

N

A








ρ
µ

  (30) 

 

ifadesi ile bulunur. Bauda tA �ELOHúL÷LQ�ELU�PRO�Q�Q�D÷ÕUOÕ÷ÕGÕU�� AN �LVH�DYDJDGUR�VD\ÕVÕGÕU��
%LOHúL÷LQ�WRSODP�DWRPLN�WHVLU�NHVLWL��1t,a) ise, 

 

1t,a� �1t,m

∑
i

in

1   (31) 

 

HúLWOL÷L� LOe bulunur. Burada ∑
i

in PROHN�OGHNL� DWRPODUÕQ� VD\ÕVÕGÕU��+HU� HOHPHQWLQ� WRSODP�

HOHNWURQLN�WHVLU�NHVLWL��1t,el), 

 

1t,el = 






∑ ρ
µ

i i

ii

A Z

Af

N

1
  (32) 

 

HúLWOL÷L� LOH� EXOXQXU�� %XUDGD� if � ELOHúL÷L� ROXúWXUDQ� HOHPHQWOHULQ� ERlluk kesri, iA � ELOHúL÷L�
ROXúWXUDQ� HOHPHQWOHULQ� N�WOH� QXPDUDVÕ�� iZ � ELOHúL÷L� ROXúWXUDQ� HOHPHQWOHULQ� DWRP�
QXPDUDVÕGÕU�� 7RSODP� HOHNWURQLN� YH� DWRPLN� WHVLU� NHVLWOHULQGHQ� \DUDUODQÕODUDN� HWNLQ� DWRP�
QXPDUDVÕ�LoLQ� 
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elt

at

etZ
,

,

σ
σ

=   (33) 

 

ile verilen bir LIDGH� HOGH�HGLOPLú� ROXU (Singh vd., 2002). CuInSe2’nin teorik ve deneysel 

etkin atom QXPDUDODUÕ�7DEOR��¶GH�YHULOPHNWHGLU. 
 

Tablo 7. CuInSe2¶QLQ��EXON�YH�LQFH�ILOP��HWNLQ�DWRP�QXPDUDODUÕ 
         

  CuInSe2 (øQFH�ILOP)  CuInSe2 (Bulk) 

Enerji (MeV)  Zet
t  Zet

d  Zet
t  Zet

d 

0.0119  28  32 ± 2  28  30 ± 2 

0.0133  27  25 ± 2  27  27 ± 2 

0.0142  27  20 ± 1  27  23 ± 1 

0.0158  27  20 ± 1  27  21 ± 1 

0.0175  27  31 ± 2  27  28 ± 2 

0.0196  27  26 ± 2  27  26 ± 2 

0.0232  27  29 ± 2  27  27 ± 2 

0.0261  27  20 ± 1  27  26 ± 2 

0.0266  27  27 ± 3  27  28 ± 3 

0.0275  27  25 ± 2  27  25 ± 2 

0.0310  31  32 ± 2  31  33 ± 2 

0.0317  31  35 ± 3  31  30 ± 2 

0.0322  31  29 ± 2  31  31 ± 2 

0.0364  31  28 ± 2  31  31 ± 2 

0.0373  31  32 ± 2  31  31 ± 2 
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3.5. .DOÕQOÕN�7D\LQL 

Cu, In ve Se elementleri ile CuInSe2��EXON�YH�LQFH�ILOP��\DUÕLOHWNHQOHULQLQ�NDOÕQOÕNODUÕ�
LNL�IDUNOÕ�\|QWHP�NXODQÕODUDN�KHVDSODQGÕ��øON�\|QWHPGH��|QFHOLNOH�QXPXQHOHULQ�N�WOHOHUL�YH�
\R÷XQOXNODUÕ� ELU� \R÷XQOXN |OoHU� NXOODQÕODUDN� |Oo�OG��� 'DKD� VRQUD� QXPXQHOHULQ� \�]H\�
DODQODUÕ�KHVDSODQDUDN� 

 

S

m
d =   (34) 

 

LIDGHVVLQGHQ�ELULP�DODQ�EDúÕQD�G�úHQ�N�WOHOHU�EXOXQGX��6RQ�RODUDN��ELULP�DODQ�EDúÕQD�G�úHQ�
N�WOH�LIDGHVLQLQ�ELU�EDúND�HúLWL�RODQ� 
 

xd ρ=   (35) 

 

LIDGHVL�NXOODQÕODUDN�QXPXQHOHULQ�NDOÕQOÕNODUÕ�EXOXQGX� 
øNLQFL� \|QWHPGH� NDOÕQOÕNODU�� (';5)� WHNQL÷L� NXOODQÕODUDN� EHOLUOHQGL�� Bu yöntemde 

öncelikle, numunHOHULQ�6L�/L��GHGHNW|U�YDVÕWDVÕ\OD�\DSÕODQ�VR÷XUPD�|Oo�POHULQLQ�VRQXoODUÕ�
NXOODQÕODUDN�OLQHHU�VR÷XUPD�NDWVD\ÕODUÕ bulundu (Tablo 3 ve 4). Daha sonra elementler ve 

ELOHúLNOHU�LoLQ�D\UÕ�D\UÕ�LIDGH�HGLOHQ�/DPEHUW-%HHU�\DVDVÕ�NXOODQÕODUDN�NDOÕQOÕNODU�EXOXQGX��
Cu, In ve Se eOHPHQWOHULQ�NDOÕQOÕNODUÕ� 

 

xeII .
0

µ−=   (36) 

 

LIDGHVL� NXOODQÕODUDN� KHVDSODQGÕ��&X,Q6H2 (bulk) ve CuInSe2� �LQFH� ILOP�� \DUÕLOHWNHQOHULQLQ�
NDOÕQOÕNODUÕ�LVH� 
 

xwww SeSeInInCuCueII
)(

0
µµµ ++−=   (37) 

 

LIDGHVLQGHQ�KHVDSODQGÕ��Her iki yöntemin kulODQÕOPDVÕ\OD�EXOXQDQ�NDOÕQOÕNODU�7DEOR��¶GH�
gösterilmektedir. 

 



 

Tablo 8. 1XPXQHOHULQ�WHRULN�YH�GHQH\VHO�RODUDN�KHVDSODQDQ�NDOÕQOÕN (µm)�GH÷HUOHUL 
                     

  Cu  In  Se  CuInSe2 (Bulk)  CuInSe2��øQFH�ILOP� 
Enerji 

(MeV) 
 I.Yöntem  II. Yöntem  I.Yöntem  II. Yöntem  I.Yöntem  II. Yöntem  I.Yöntem  II. Yöntem  I.Yöntem  II. Yöntem 

0.0119  36 ± 1  38 ± 3  55 ± 2  57 ± 4  19 ± 1  19 ± 1  60 ± 2  58 ± 4  2.5 ± 0.1  2.6 ± 0.2 

0.0133  36 ± 1  38 ± 3  55 ± 2  57 ± 4  19 ± 1  19 ± 1  60 ± 2  58 ± 4  2.5 ± 0.1  2.6 ± 0.2 

0.0142  52 ± 2  46 ± 3  55 ± 2  55 ± 3  50 ± 2   50 ± 3  60 ± 2  57 ± 3  2.5 ± 0.1  2.2 ± 0.1 

0.0158  52 ± 2  46 ± 3  55 ± 2  55 ± 3  50 ± 2   50 ± 3  60 ± 2  57 ± 3  2.5 ± 0.1  2.2 ± 0.1 

0.0175  94 ± 3  75 ± 5  136 ± 4  136 ± 8  128 ± 4  128 ± 8  106 ± 3  88 ± 5  2.5 ± 0.1  2.2 ± 0.1 

0.0196  94 ± 3  75 ± 5  136 ± 4  136 ± 8  128 ± 4  128 ± 8  106 ± 3  88 ± 5  2.5 ± 0.1  2.2 ± 0.1 

0.0232  208 ± 6  190 ± 13  345 ± 10  345 ± 24  266 ± 8  266 ± 19  261 ± 8  261 ± 18  2.5 ± 0.1  2.2 ± 0.2 

0.0261  208 ± 6  190 ± 13  345 ± 10  345 ± 24  266 ± 8  266 ± 19  261 ± 8  261 ± 18  2.5 ± 0.1  2.2 ± 0.2 

0.0266  208 ± 6  190 ± 13  345 ± 10  345 ± 24  266 ± 8  266 ± 19  261 ± 8  261 ± 18  2.5 ± 0.1  2.2 ± 0.2 

0.0275  255 ± 8  244 ± 17  345 ± 10  345 ± 24  397 ± 12  397 ± 28  261 ± 8  260 ± 18  2.5 ± 0.1  2.4 ± 0.2 

0.0310  255 ± 8  244 ± 17  345 ± 10  345 ± 24  397 ± 12  397 ± 28  261 ± 8  260 ± 18  2.5 ± 0.1  2.4 ± 0.2 

0.0317  255 ± 8  244 ± 17  345 ± 10  345 ± 24  397 ± 12  397 ± 28  261 ± 8  260 ± 18  2.5 ± 0.1  2.4 ± 0.2 

0.0322  255 ± 8  244 ± 15  345 ± 10  345 ± 21  397 ± 12  397 ± 24  270 ± 8  256 ± 15  2.5 ± 0.1  2.5 ± 0.2 

0.0364  255 ± 8  244 ± 15  345 ± 10  345 ± 21  397 ± 12  397 ± 24  270 ± 8  256 ± 15  2.5 ± 0.1  2.5 ± 0.2 

0.0373  255 ± 8  244 ± 15  345 ± 10  345 ± 21  397 ± 12  397 ± 24  270 ± 8  256 ± 15  2.5 ± 0.1  2.5 ± 0.2 
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4. SONUÇLAR 

 

%X� oDOÕúPDGD�� VHOHQOHúWLUPH� \|QWHPL� NXOODQÕODUDN� �UHWLOHQ� &X,Q6H2 ince filminin 

NDOÕQOÕ÷Õ�LNL�IDUNOÕ�\|QWHP�NXOODQÕODUDN�EHOLUOHQGL��.DOÕQOÕN�|Oo�POHULQGHQ�|QFH��UHWLOHQ ince 

ILOPLQ� \DSÕVDO� |]HOOLNOHUL� DUDúWÕUÕOGÕ�� %XQXQ� LoLQ� LON� RODUDN� &X,Q6H2 ince filminin x-ÕúÕQÕ�
NÕUÕQÕP�DQDOL]L�\DSÕOGÕ��(OGH�HGLOHQ�[-ÕúÕQÕ�NÕUÕQÕP�GHVHQLQGHQ�&X,Q6H2 ince filminin, örgü 

parametreleri a = b = 5,57 Ö�YH�F� �������Ö�RODQ�NDONRSLULW�\DSÕ\D�YH�������NDUDNWHULVWLN�
SLNLQH� VDKLS�ROGX÷X�EHOLUOHQGL��'DKD� VRQUD� LQFH� ILOPLQ�VR÷XUPD�VSHNWUXPX�HOGH�HGLOHUHN�
RSWLN�EDQG�JHQLúOL÷L��\DVDN�HQHUML�DUDOÕ÷Õ��EHOLUOHQGL��6R÷XUPD�VSHNWUXPXQXQ� incelenmesi 

sonucunda CuInSe2� LQFH� ILOPLQLQ�� �����H9¶OXN�ELU�\DVDN�HQHUML�DUDOÕ÷ÕQD� VDKLS�GR÷UXGDQ�
JHoLúOL� ELU� \DUÕLOHWNHQ� ROGX÷X� EXOXQGX�� &X,Q6H2 tek kristalinin 0,97 eV’luk yasak enerji 

DUDOÕ÷Õ� LOH� LQFH� ILOPLQ� 1,02 eV’luk \DVDN� HQHUML� DUDOÕ÷Õ� DUDVÕQGD� NDbul edilebilir bir fark 

YDUGÕU��%X�IDUN��LQFH�ILOP��UHWLPL�VÕUDVÕQGD�JHUoHNOHúHQ�NRPSR]LV\RQ�G�]HQVL]OLNOHULQGHQ�
ND\QDNODQPDNWDGÕU� 

Tablo 5’de Cu, In ve Se elementlerinin, Tablo 6’da CuInSe2� \DUÕLOHWNHQOHULQLQ� ���
IDUNOÕ� HQHUMLGHNL� N�WOH� VR÷XUPD� NDWVD\ÕODUÕQÕQ� WHRULN� YH� GHQH\VHO� GH÷HUOHUL� YHULOGL� Bu 

tablolarda, k�WOH�VR÷XUPD�NDWVD\ÕVÕQÕQ�IRWRQ�HQHUMLVLQH�YH�VR÷XUXFXQXQ�\R÷XQOX÷XQD�ED÷OÕ�
ROGX÷X�DoÕN�ELU�úHNLOGH�J|U�OPHNWHGLU��.�WOH�VR÷XUPD�NDWVD\ÕVÕQÕQ�EX�ED÷ÕPOÕOÕ÷Õ�ùHNLO����-

21)’de çizilen grafiklerden de NROD\OÕNOD�J|U�OHELOLU��*�oO��DWRP�QXPDUDVÕ�ED÷ÕPOÕOÕ÷Õ�RODQ�
YH�IRWRHOHNWULN�ROD\ÕQ�EDVNÕQ�ROGX÷X�G�ú�N�HQHUMLOHUGH��GHQH\VHO�YH�WHRULN�YHULOHUL�GR÷UX�ELU�
úHNLOGH� HOGH�HWPHN� LoLQ� NDUÕúÕPÕQ�NRPSR]LV\RQXQXQ�YH�HOHPHQWOHULQ� VDIOÕ÷ÕQÕQ�ELOLQPHVL�
gereklidir. FoWRHOHNWULN�ROD\ÕQ�EDVNÕQ�ROGX÷X�EX�HQHUML�E|OJHVLQGH�VR÷XUPD�WHVLU�NHVLWLQLQ�
DWRP� QXPDUDVÕQD� ED÷OÕOÕ÷Õ� =4,5� úHNOLQGHGLU�� (QHUML\H� ED÷ÕPOÕOÕ÷Õ� LVH� (3’ün tersi ile 

RUDQWÕOÕGÕU (Debertin ve Helmer, 1988). CuInSe2’nin ince film ve bulk numunelerinin, 

teorik olDUDN� KHVDSODQDQ� N�WOH� VR÷XUPD� NDWVD\ÕODUÕ� ELUELULQLQ� D\QÕVÕGÕU�� 'HQH\VHO� RODUDN�
hesaplanan� N�WOH� VR÷XUPD� NDWVD\ÕODUÕ� DUDVÕQGD� ise makul ölçülerde olan bir fark 

J|]OHQPHNWHGLU�� %X� IDUN� LQFH� ILOPLQ� oRNOX� \DSÕVÕQGDQ� ND\QDNODQPDNWDGÕU�� 1XPXQHOHULQ 

N�WOH�VR÷XUPD�NDWVD\ÕODUÕQGDQ�YH�'HQN������¶GHQ�\DUDUODQDUDN�KHVDSODQDQ�OLQHHU�VR÷XUPD�
kaWVD\ÕODUÕ�YH�\DUÕ�NDOÕQOÕNODUÕ�7ablo 3 ve 4’te�YHULOPLúWLU� 

;� YH\D� JDPD� ÕúÕQODUÕQÕQ� VR÷XUXOPDVÕ� YH� VDoÕOPDVÕ�� HOHPHQWOHUGH� HOHPHQWLQ� DWRP�
QXPDUDVÕQD�YH�\R÷XQOX÷XQD�ED÷OÕ\NHQ��ELOHúLNOHUGH�ELOHúL÷LQ�HWNLQ�DWRP�QXPDUDVÕQD�(Zetkin) 

YH�\R÷XQOX÷XQD�ED÷OÕGÕU��%X�\�]GHQ��&X,Q6H2 ince film ve bulk numunelerinin etkin atom 
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QXPDUDODUÕ� KHVDSODQDUDN� Tablo 7’de verildi. Tablo 7� LQFHOHQGL÷LQGH�� HWNLQ� DWRP�
QXPDUDVÕQÕQ�IRWRQ�HQHUMLVL\OH�GH÷LúWL÷L�görülmektedir. 

øNL� IDUNOÕ� \|QWHP� NXOODQÕODUDN� KHVDSODQDQ ince filmin� NDOÕQOÕ÷Õ Tablo 8’de 

verilmektedir�� %XUDGD� IDUNOÕ� HQHUMLOHUGH� IDUNOÕ� PLNWDUODUGD�&X�� ,Q�� 6H� YH� &X,Q6H2 (bulk) 

QXPXQHOHUL� NXOODQGÕ÷ÕPÕ]� LoLQ� HQHUML\OH� ELUOLNWH� NDOÕQOÕ÷ÕQ� GH÷LúWL÷L� J|U�O�U�� .DOÕQOÕN�
tayininde ilk yöntemde�� QXPXQHOHULQ� N�WOHVL� YH� \R÷XQOX÷X� |Oo�OHUHN� ELULP� DODQ� EDúÕQD�
G�úHQ� N�WOH� KHVDEÕQGDQ� NDOÕQOÕNODU� EXOXQGX�� <R÷XQOXN� |Oo�POHULQGH� $UFKLPHG� SUHQVLEL�
HVDV� DOÕQDUDN� QXPXQHOHULQ� \R÷XQOXNODUÕ� EHOLUOHQGL�� <DSÕODQ� LúOHPOHU� VRQXFXQGa CuInSe2 

LQFH� ILOPLQLQ� NDOÕQOÕ÷Õ� ���� �P� RODUDN� EXOXQGX�� &X,Q6H2� LQFH� ILOPLQLQ� NDOÕQOÕN� WD\LQLQGH�
LNLQFL� \|QWHP� RODUDN� (';5)� WHNQL÷L� NXOODQÕOGÕ�� %X� \|QWHP� &X,Q6H2� \DUÕLOHWNHQLQLQ� YH�
ELOHúHQOHULQLQ�VR÷XUPD�NDWVD\ÕODUÕQÕQ�KHVDEÕQD�GD\DQPDNWDGÕU� $\UÕ�D\UÕ�KHUELU�ELOHúHQLQ�R�
HQHUMLOHUGHNL� VR÷XUPD� NDWVD\ÕODUÕQÕQ� |Oo�P�� VRQXFXQGD�� ELOHúLNOHU� LoLQ� NXOODQÕODQ�'HQN��
(37)’GH� EX� YHULOHU� \HULQH� NRQXODUDN� LQFH� ILOPLQ� NDOÕQOÕ÷Õ� EHOLUOHQGL�� <DSÕODQ� LúOHPOHU�
VRQXFXQGD�LQFH�ILOPLQ�NDOÕQOÕ÷Õ�RUWDODPD������P�RODUDN�EXOXQPXúWur. 

%X�\|QWHPOH�EHOLUOHQHQ�NDOÕQOÕN�GH÷HUL� LQFH� ILOPGH�KHUKDQJL�ELU� WDKULEDW�\DSPDGÕ÷Õ�
LoLQ��QXPXQHQLQ�GDKD�VRQUDNL�X\JXODPDODUGD�NXOODQÕOPDVÕQGD�NROD\OÕN�VD÷ODPDNWDGÕU� 

%X�oDOÕúPDGD�N�WOH�VR÷XUPD�NDWVD\ÕODUÕQÕQ�|Oo�P�QGHNL�WRSODP�GHQH\VHO�EHOLUVL]OLN��
pik�DODQODUÕQÕQ��,�YH�,0��DOÕQPDVÕQD��\R÷XQOXN�|Oo�POHULQH�YH�VD\ÕP�LVWDWLVWLNOHULQH�ED÷OÕGÕU��
(OGH�HGLOHQ�GHQH\VHO�VRQXoODUGDNL� WRSODP�EHOLUVL]OLN����LOH����DUDVÕQGDGÕU��3LN�DODQÕQÕQ�
DOÕQPDVÕQGDNL�EHOLUVL]OLNOHU�&X�LoLQ�����,Q�LoLQ�����6H�LoLQ����YH�&X,Q6H2 (bulk ve ince 

ILOP��LoLQ����FLYDUÕQGDGÕU��$QFDN������NH9¶GH�����LOH����DUDVÕQGD�GH÷LúHQ��EHOLUVL]OLNOHU�
HOGH�HGLOPLúWLU��6RQXoODUGD�.� çizgileri için elde edilen belirsizlikler K. çizgilerine oranla 

GDKD�E�\�NW�U��.DOÕQOÕN�WD\LQLQGHNL�LON�\|QWHPGH�N�WOH�VR÷XUPD�NDWVD\ÕODUÕ�NXOODQÕOPDGÕ÷Õ�
LoLQ�EXUDGDNL�WRSODP�EHOLUVL]OLN�\R÷XQOXN�YH�N�WOH�|Oo�POHULQH�ED÷OÕGÕU� 

CuInSe2 (bulk) ve CuInSe2� �LQFH� ILOP�� QXPXQHOHULQLQ� N�WOH� VR÷XUPD�NDWVD\ÕODUÕQÕQ�
deneysel ve teorik GH÷HUOHUL�DUDVÕQGD����YH���¶OLN�IDUNODU�YDUGÕU��(Ode edilen belirsizlikler 

GDKLOLQGH��GHQH\VHO�YH�WHRULN�VRQXoODU�DUDVÕQGD�L\L�ELU�X\XP�J|]OHQPLúWLU��Özellikle uydu 

WHNQRORMLVLQGH�NXOODQÕODQ�\DUÕLOHWNHQOHULQ�EX�W�U�SDUDPHWUHOHULQLQ�EHOLUOHQPHVL�LOH�JHOHQ�[-

ÕúÕQÕ� UDG\DV\RQXQXQ� KDQJL� |Oo�GH� VR÷XUXODFD÷ÕQÕ� YH� EX� HQHUMLQLQ� GH÷LúLPL\OH� VR÷XUPD�
NDWVD\ÕVÕQÕQ�J|VWHUHFH÷L�GH÷LúLP�EX�oDOÕúPD�LOH�EHOLUOHQPLú�ROGX� 

 



 

5. g1(5ø/(5� 
 

øQFH�IOPOHU�\R÷XQ�ELU�úHNLOGH�WHNQRORMLGH�YH�VDQD\LGH�NXOODQÕOGÕ÷Õ�LoLQ�RQODUÕQ�WHPHO�
SDUDPHWUHOHULQLQ� \DQÕQGD�� [� YH� JDPD� ÕúÕQODUÕ\OD� HWNLOHúPesi sonucunda meydana gelen 

ROD\ODUÕQ�GD�EHOLUOHQPHVL�JHUHNPHNWHGLU��%X�oDOÕúPDGD�VDGHFH�&X,Q6H2 ince filminin gelen 

radyasyonu (x-ÕúÕQODUÕQÕ�� KDQJL� |Oo�GH� VR÷XUGX÷X� EHOLUOHQHUHN� EXQXQ� \DUGÕPÕ\OD�
numunenin HWNLQ� DWRP� QXPDUDVÕ� YH� NDOÕQOÕ÷Õ� KHVDSODQGÕ�� øOHULGHNL� oDOÕúPDODUGD�� GL÷HU�
\DUÕLOHWNHQ� LQFH� ILOPOHULQ� D\QÕ� SDUDPHWUHOHULQLQ� EHOLUOHQPHVL� |QHPOL� RODFDNWÕU�� $\UÕFD�
radyasyonun bu madde üzerindeki \DSÕVDO�HWNLOHUL�GH�DUDúWÕUÕODELOLU��.DOÕQOÕ÷ÕQ�EHOLUOHQGL÷L�
EX�oDOÕúPDGD�LQFH�ILOP�WDKULEDWD�X÷UDPDGÕ÷Õ�LoLQ�EX�úHNLOGH�NDOÕQOÕN�|Oo�P��\DSÕOPDVÕ�YH�
EX�|Oo�POHULQ�GDKD�SUDWLN�úHNLOGH�ROPDVÕ�LoLQ�\|QWHPOHULQ�JHOLúWLULOPHVL�|QHPOL�RODFDNWÕU��
%HOLUOL� HQHUML� DUDOÕ÷ÕQGD� \DSWÕ÷ÕPÕ]� oDOÕúPD�GDKD�\�NVHN�YH\D�GDKD�G�ú�N� HQHUMLOHUGH� GH�
\DSÕODELOLU� 
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�����\ÕOÕQGD�7UDE]RQ�øOLQLQ�$NoDDEDW� LOoHVLQGH�GR÷GX��øON�YH�RUWD�|÷UHQLPLQL�7UDE]RQ�
PHUNH]GH� WDPDPODGÕ�� ����� \ÕOÕQGD� .DUDGHQL]� 7HNQLN� hQLYHUVLWHVL� )HQ-Edebiyat Fakültesi 

Fizik Bölümü’nde OLVDQV�H÷LWLPLQH�EDúODGÕ�������\ÕOÕQGD�OLVDQV�H÷LWLPLQL�WDPDPODGÕ��$\QÕ�\ÕO�
.DUDGHQL]�7HNQLN�hQLYHUVLWHVL�)HQ�%LOLPOHUL�(QVWLW�V��)L]LN�$QDELOLP�'DOÕ¶QGD�\üksek lisans 

H÷LWLPLQH� EDúODGÕ�� øQJLOL]FH� ELOHQ� $KPHW� d(/ø.�� KDOHQ� \�NVHN� OLVDQV� H÷LWLPLQH� GHYDP�
etmektedir. 

 
 


