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Özet: %X oDOÕúPDGD� VSRQWDQH J�U�OW�\� LoHUHQ oLIWOL PRG-denklemlerinin zaman-GRPHQLQGH o|]�P�QH GD\DOÕ� 
GR÷UXVDO D]DODQ DGÕPOÕ *DXVVLDQ SR]OX �DSRGL]HG� ILEHU %UDJJ Õ]JDUD NXOODQDQ PRG-NLOLWOL NDUÕúÕN VROLWRQ GDUEH

ND\QD÷ÕQÕQ �+636� J�U�OW�V� WDQÕPODQÕS� ED÷ÕO úLGGHW J�U�OW�V� �5,1� KHVDSODQPÕúWÕU� *�U�OW�V�] YH G�ú�N

J�U�OW� VHYL\HVLQGH VLVWHPGHQ JHQLú ELU IUHNDQV DUDOÕ÷ÕQGD oHYLUL-VÕQÕUOÕ GDUEHOHU HOGH HGLOPHVLQH UD÷PHQ�

OD]HULQ ED]Õ SDUDPHWUHOHULQLQ GH÷HULQLQ DUWPDVÕ\OD J�U�OW� DUWPÕú YH DUWDQ J�U�OW� GH |]HOOLNOH DQD IUHNDQVGD

VLVWHPLQ oDOÕúPDVÕQÕ HWNLOH\HUHN oHYLUL-VÕQÕUOÕ GDUEHOHULQ ROXúPDVÕQÕ HQJHOOHPLúWLU�  
 
*LULú 
 
Mod-NLOLWOL \DUÕLOHWNHQ ODVHUOHU� WHOHNRPLQLNDV\RQ YH |OoPH JLEL RSWRHOHNWURQLN LúOHPOHUL NDSVD\DQ ELU oRN

X\JXODPDODUGD RSWLN GDUEH ND\QDNODUÕ RODUDN NXOODQÕODELOLUOHU� .DUÕúÕN VROLWRQ GDUEH ND\QD÷Õ �+636�� VROLWRQ

iletim sistemi için gHOLúWLULOPLú E|\OH ELU D\JÕWGÕU� '�]J�Q YH\D GR÷UXVDO D]DODQ DGÕPOÕ �FKLUSHG� ILEHU %UDJJ

Õ]JDUD NXOODQDQ +636 LoLQ PRG-NLOLWOHQPH ROD\ODUÕ DoÕNODQPÕú >�@� IDNDW J�U�OW�Q�Q PRG-kilitli H SPS üzerine 
HWNLVL LQFHOHQPHPLúWLU� 
%X oDOÕúPDGD� VSRQWDQH HPLV\RQ J�U�OW�Q�Q GRJUXVDO D]DODQ DGÕPOÕ �FKLUSHG� *DXVVLDQ SR]OX �DSRGL]HG� ILEHU

%UDJJ Õ]JDUD NXOODQDQ PRG-NLOLWOL +636 �]HULQH HWNLVL VLVWHP WHN PRG GXUXPXQGD oDOÕúÕUNHQ LQFHOHQGL YH D\UÕFD

elde edilen sonuçlardan önemli gürültü parametreleri belirlendi. HSPS, gürültüyü de kapsayan çiftli dalga (mod) 
GHQNOHPOHULQLQ ]DPDQ GRPHQLQGH o|]�P�\OH PRGHOOHQGL� %X GHQNOHPOHU VD\ÕVDO RODUDN o|]�OG� YH EX VRQXoODUÕ
NXOODQDUDN ED÷ÕO úLGGHW J�U�OW�V� �5,1� KHVDSODQGÕ� 
6ROLWRQ GDUEH �UHWLPL LoLQ ����� *+] oDOÕúPD IUHNDQVÕ HWUDIÕQGD GDUEHJHQLúOL÷L �� SV RODQ VHFK

2 veya Gaussian 
úHNLOOL� oHYLUL-VÕQÕUOÕ GDUEHOHULQ �UHWLOPHVL JHUHNPHNWHGLU� %X oDOÕúPDGD� GRJUXVDO D]DODQ DGÕPOÕ *DXVVLDQ SR]OX

ILEHU Õ]JDUDODUÕQ NXOODQÕOPDVÕ\OD JHQLú ELU IUHNDQV DUDOÕ÷ÕQGD oHYLUL- VÕQÕUOÕ GDUEHOHU HOGH HGLOPLú� IDNDW \�NVHN

J�U�OW� VHYL\HVL VLVWHPLQ oDOÕúPDVÕQÕ |]HOOLNOH oDOÕúPD �IXQGDPHQWDO� IUHNDQVÕQGD HWNLOH\HUHN oHYLUL-VÕQÕUOÕ
GDUEHOHULQ ROXúPDVÕQÕ HQJHOOHPLúWLU� dL]JLJHQLúOL÷L DUWPD �OLQHZLGWK HQKDQFHPHQW� IDNW|U� �.� , kazanç doyma 
(gain saturation) faktörü �0� ve spontane kavrama (spontaneous coupling) faktörü ��sp) en önemli gürültü 
SDUHPHWUHOHUL ROXS� EX SDUDPHWUHOHULQ GH÷HULQLQ DUWPDVÕ J�U�OW�Q�Q DUWPDVÕQD VHEHS ROPXú YH EXQGDQ GROD\Õ

JHQLú ELU IUHNDQV DUDOÕ÷ÕQGD oHYLUL-VÕQÕUOÕ GDUEHOHU HOGH HGLOHPHPLúWLU�  
 
Modelleme 
 
+636� WHN YH VWDELO PRG VD÷OD\DQ úLGGHWOL JHULEHVOHPHOL ELU VLVWHPGLU YH WHPHO RODUDN �o E|O�PGHQ ROXúPDNWDGÕU

�EN]� ùHNLO ��� %LU oRNOX-NXYDQWXP GXYDUOÕ �04:� 0XOWL-4XDQWXP :HOO� \DUÕ LOHWNHQ OD]HU GL\RW� ILEHU NDEOR YH

kablRQXQ VRQXQGD EHOOL ELU E|O�PGH ROXúWXUXOPXú %UDJJ \DQVÕWÕFÕ� 'L\RWXQ ELU \�]H\LQLQ \DQVÕPDVÕ \�NVHN

�+5�� GL÷HUL LVH oRN G�ú�NW�U �$5�� dÕNÕú úLGGHWL \DQVÕWÕFÕGDQ DOÕQÕU� 
 

ùHNLO �� +636 VLVWHPLQLQ úHmatik görünümü. 
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0RGHO oLIWOL GDOJD GHQNOHPOHULQLQ ]DPDQ GRPHQLQGH o|]�P�QH GD\DOÕGÕU >�@� 'R÷UXVDO D]DODQ DGÕPOÕ ILEHU

J|EH÷LQLQ NÕUÕOPD LQGLVLQLQ LOHUOHPH \|Q�Q�Q DúD÷ÕGDNL JLEL GH÷LúWL÷LQL YDUVD\DOÕP  
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%X HúLWOLNWH n ]¶H ED÷ÕPOÕ GH÷LúHQ NÕUÕOPD LQGLVL� nco ILEHULQ GH÷LúLPH X÷UDPDGDQ |QFHNL NÕUÕOPD LQGLVL �����

RODUDN DOÕQDELOLU�� ûQco LQGLV GH÷LúLPLQLQ JHQOL÷L �ûQco <<nco ), m modülayon dizini ve� Õ]JDUD DGÕPÕ

�WHNUDUODPD VÕNOÕ÷Õ� GÕU� 
Çiftli dalga denklemlerini kullanarak ve ileri yöndeki dalga F(t,z) (+z yönünde) ve geri yöndeki dalga R(z,t) (-z 
yönünde) DUDVÕQGDNL NDYUDPD �FRXSOLQJ� DúD÷ÕGDNL JLEL \D]ÕODELOLU 
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Burada, gnet ND\ÕS YHULPGHQ oÕNDUWÕOGÕ÷Õ ]DPDQ OD]HUGHNL QHW GDOJD YHULPL YH � ileri ve geri yöndeki dalga 
DUDVÕQGDNL NDYUDPD IDNW|U�G�U� / JHQHO \D\ÕOÕP VDELWLQLQ ��� JHUoHN NÕVPÕQÕQ %UDJJ \D\ÕOÕP VDEitinden 
VDSPDVÕGÕU �� �o�/�. sf ve sr LVH LOHUL YH JHUL \|QGHNL GDOJDODUD ED÷OÕ VSRQWDQH J�U�OW�G�U� %XQODUÕQ E�\�NO�÷�

D\QÕ YDUVD\ÕOÕU >�@� \DQL� 
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6SRQWDQH HPLV\RQXQ *DXVVLDQ GD÷ÕOÕPD VDKLS ROGX÷X YH NRUHODV\RQX VD÷ODGÕ÷Õ YDUVD\ÕOÕU�  
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Burada, Rsp SRQWDQH HPLV\RQD NDWNÕGD EXOXQDQ ELULP X]XQOXNWDNL HOHNWURQ-R\XN \HQLGHQ ELUOHúLPLGLU� �sp 
spontane kavrama faktörü ve vg ÕúÕ÷ÕQ R\XN LoLQGHNL JUXS KÕ]ÕGÕU� 
/D]HU ERúOX÷X� HúLW X]XQOXNWD E|O�POHUH D\UÕOÕU� +HU ELU ]DPDQ DUDOÕ÷ÕQGD dt=dz/vg, ileri F(z,t) ve geri R(z,t) 
\|QGHNL GDOJDODU WUDQVIHU PDWULVLQGHQ KHVDSODQÕU� +HU ELU OD]HU E|OPHVLQGHNL WDúÕ\ÕFÕ \R÷XQOXN WDúÕ\ÕFÕ RUDQ

�FDUULHU UDWH� GHQNOHPOHULQGHQ KHVDSODQÕU� 
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burada I hacmi V RODQ DNWLI E|OJH LoLQH HQMHNWH HGLOHQ DNÕP� e elektronik yük, 2n \DúDP V�UHVL� S(z,t) foton 
\R÷XQOX÷X ROXS |F|2 +|R|2 LOH RUDQWÕOÕGÕU� No VD\GDPOÕNWDNL WDúÕ\ÕFÕ \R÷XQOXN� 0 kazanç doyma (gain saturation) 
faktörü ve ao diferansiyel kazanç. 
+HU ]DPDQ DUDOÕ÷ÕQGD \HQL DODQ �ILHOG� GH÷HUL KHVDSODQÕU YH VÕQÕU úDUWODUÕ X\JXODQÕU� %X LúOHP VWDELO PRG-kilitli 
GDUEHOHU HOGH HGLOLQFH\H NDGDU WHNUDUODQÕU� 
%LU OD]HULQ� \D\ÕODQ RSWLN J�F� J�U�OW� VHUJLOHGL÷L YH EX J�U�OW� RQXQ VWDELO-KDOLQLQ HWUDIÕQGD GDOJDODQPDODUD

VHEHS ROGX÷X LoLQ� RSWLN J�F� DúD÷ÕGDNL JLEL \D]DELOLUL]� 
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burada <P>  ortalama güç ve /3�W� optik gücün gürültüsüdür. RIN, /3�W� ve <P> ile LOJLOLGLU YH DúD÷ÕGDNL JLEL

WDQÕPODQÕU�  
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*�U�OW� V�UHoOHULQLQ GXUD÷DQ YH HUJRGLN ROGXNODUÕ G�ú�Q�O�U� EX QHGHQOH �! VHPERO� \D W�P SDUoDODUÕQ

�E�W�Q�Q� RUWDODPDVÕQÕ \D GD ]DPDQD J|UH RUWDODPD\Õ EHOLUWLU�  
 
 
Sonuçlar 
 
Simulas\RQGD� GDOJDER\X ���� �P� PRG-NLOLWOHPH IUHNDQVÕ ��� *+]� OD]HU YH Õ]JDUD X]XQOXNODUÕ ��� �P YH � FP

DOÕQPÕúWÕU� 8\JXODQDQ GF YH UI DNÕPODUÕ � P$ YH �� P$ GLU� .XOODQÕODQ GL÷HU OD]HU SDUDPHWUHOHUL LVH� ND]DQo

doyma parametresi 2x10-17 cm3, diferansiyel kazanç 10x10-16 cm2, spontane kavrama faktörü 5x10-5, alan 
NDYUDPD IDNW|U� ���� $5 NDSODPDVÕQÕQ \DQVÕPDVÕ ����� +5 NDSODPDVÕQÕQ LVH ��� GXU� +DSVHGLOPH IDNW|U� ����
ND\ÕS �� FP

-1
YH WDúÕ\ÕFÕ |PU� ��� QV GLU�  

%LOLQGL÷L JLEL� JHOHQHNVHO PRG-kilitli sistemleriQ PRG�ODV\RQ IUDNDQVÕ GL]D\Q IUHNDQVLQGDQ IDUNOÕ ROXQFD� PRG-
kilitleme kurulamaz. HSPS'in dogru mod-NLOLWOHPHOL ROXS ROPDGÕ÷ÕQD NDUDU YHUPHN LoLQ� VSHNWUXP JHQLúOL÷L� oÕNÕú

GDUEHOHULQLQ JHQLúOL÷L YH ]DPDQ-EDQGJHQLúOL÷L �7%3� oDUSÕPÕ LQFHOHQLU� %X oDOÕúPDGD zaman-EDQGJHQLúOL÷L
oDUSÕPÕ ��� LOH ��� DUDVÕQGDGLU� 
<XNDUÕGD EDKVHGLOHQ VWDQGDUG OD]HU GL\RW SDUDPHWUHOHUL NXOODQÕOGÕ÷ÕQGD� J�U�OW�V�]� VLVWHPGHQ JHQLú ELU IUHNDQV

DUDOÕ÷ÕQGD oHYLUL-VÕQÕUOÕ GDUEHOHU �UHWLOLU ��-� *+]�� %X GXUXP LoLQ� ��� *+] oDOÕúPD �IXQdamental) mod-
NLOLWOHPH IUHNDQVXQGD GDUEH JHQLúOL÷LQL ����� SV� VSHNWUDO JHQLúOL÷L ���� *+] YH 7%3 ����� RODQ oÕNÕú GDUEHVL

HOGH HGLOLU� (÷HU VSRQWDQH HPLV\RQ J�U�OW� GLNNDWH DOÕQÕUVD� \LQH � *+] OLN ELU IUHNDQV DUDOÕ÷ÕQGD oHYLUL-VÕQÕUOÕ
darbeler üretilir.%X GXUXPGD ��� *+] oDOÕúPD IUHNDQVÕQGD GDUEHJHQLúOL÷L ����� SV� VSHNWUDO JHQLúOLN ���� *+]

YH 7%3 ����� GLU� (OGH HGLOHQ EX VRQXoODU VROLWRQ LOHWLP VLVWHPL LoLQ X\JXQGXU YH oÕNÕú GDUEHOHUL oHYLUL-VÕQÕUOÕGÕU�
6RQXoODUGDQ J|]OHQLOGL÷L JLEL J�U�OW� VLVWHPLQ oDOÕúPDVÕQÕ oRN ID]OD HWNLOHPHPHNWH YH JHQLú ELU IUHNDQV
DUDOÕ÷ÕQGD oHYLUL-VÕQÕUOÕ GDUEHOHU �UHWLOHELOPHNWHGLU� %XQXQOD ELUOLNWH� .� 0 ve �sp JLEL ED]Õ OD]HU SDUDPHWUHOHULQLQ

GH÷HULQLQ DUWPDVÕ J�U�OW�Q�Q DUWPDVÕQD VHEHS ROPXú YH EXQGDQ GROD\Õ JHQLú ELU IUHNDQV DUDOÕ÷ÕQGD oHYLUL-VÕQÕUOÕ
GDUEHOHU HOGH HGLOHPHPLúWLU� %X SDUDPHWUHOHULQ J�U�OW� YH +636 �]HULQH HWNLVLQL J|VWHUPHN LoLQ RQODUÕQ IDUNOÕ

GH÷HUOHULQGH VRQXoODU DOÕQPÕúWÕU�  
<DUÕLOHWNHQ OD]HU GL\RWODU LoLQ NÕUÕOPD LQGLVL WDúÕ\ÕFÕ \R÷XQOX÷D ED÷OÕGÕU Ye . EX ED÷ÕPOÕOÕ÷Õ EHOLUWLU� 3UDWLNWH VÕIÕU

ED÷ÕPOÕOÕN ROPDPDVÕQD UD÷PHQ EL]LP VLPXODV\RQGD . � LOH � DUDVÕQGD GH÷LúPLúWLU� . GH÷HUL DUWWÕ÷ÕQGD J�U�OW� GH

DUWPDNWD YH JHQLú ELU IUHNDQV DUDOÕ÷ÕQGD oHYLUL-VÕQÕUOÕ GDUEHOHU �UHWLOHPHPHNWHGLU �EN]� ùHNLO ��� <LQH úHNLOGH

J|U�OG�÷� JLEL� 5,1 . QÕQ VÕIÕU GH÷HUL LoLQ oRN N�o�N ROPDNWDGÕU� )DNDW VÕIÕU . için gürültülü veya gürültüsüz 
ortamda TBP artmakta (2.5 GHz de gürültülü 0.564, gürültüsüz 0.567) ve yine çeviri-VÕQÕUOÕ GDUEHOHU HOGH

edilememektedir.    

       ùHNLO �� )DUNOÕ . GH÷HUOHUL LoLQ 5,1 VSHNWUXPX�         ùHNLO �� )DUNOÕ �spGH÷HUOHUL LoLQ 5,1 VSHNWUXPX� 
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�spSDUDPHWUHVL GLQDPLN GDYUDQÕú LoLQ |QHPOLGLU� EX SDUDPHWUHVL] YH t=0 DQÕQGD S=0 ile, SVÕIÕUGD NDOÕU� ùHNLO � GH

J|U�OG�÷� JLEL EX SDUDPHWUH GH DUWWÕ÷ÕQGD J�U�OW� DUWPDNWD YH oDOÕúPD IUHNDQVÕQGD oHYLUL-VÕQÕUOÕ GDUEHOHU

üretilememektedir. 
0 QLQ 5,1 �]HULQH HWNLVL ùHNLO � GH YHULOPLúWLU� ùHNLOGH J|U�OG�÷� JLEL EX SDUDPHWUHQLQ GH DUWPDVÕ\OD 5,1 DUWPÕú

YH D\UÕFD J�U�OW� WHSHVL G�ú�N IUHNDQVD ND\PÕúWÕU� *�U�OW� WHSHVLQLQ EXOXQGX÷X IUHNDQVODUGD oÕNÕú GDUEHVL oHYLUL-
VÕQÕUOÕ GH÷LOGLU�  

                                                         ùHNLO �� )DUNOÕ 0 GH÷HUOHUL LoLQ 5,1 VSHNWUXPX� 
 
6RQXo RODUDN� J�U�OW�V�] YH\D G�ú�N J�U�OW� VHYL\HVLQGH VLVWHPGHQ JHQLú ELU IUHNDQV DUDOÕ÷ÕQGD oHYLUL-VÕQÕUOÕ
GDUEHOHU HOGH HGLOPLúWLU� )DNDW ., �sp ve  0 SDUDPHWUHOHULQLQ GH÷HULQLQ DUWPDVÕ\OD J�U�OW� DUWPÕúWÕU� <�NVHN J�U�OW�

seviyesi, RIN spekrumunda çeviri-VÕQÕUOÕ GDUEHOHULQ �UHWLOPHVLQL HQJHOOH\HQ J�U�OW� WHSHVL ROXúWXUPXú YH EXQGDQ

GROD\Õ PRG-NLOLWOHPH DUDOÕ÷Õ D]DOPÕúWÕU� $\UÕFD� . QÕQ J�U�OW�O� YH J�U�OW�V�] RUWDPGD VLVWHPL HWNLOHPHVLQH

UD÷PHQ �sp ve  0 \DOQÕ] J�U�OW�O� RUWDPGD HWNLOL ROGX÷X EXOXQPXúWXU� %�W�Q EX HOGH HGLOHQ VRQXoODU� PRG-
kilitleme ve gürült� DQDOL]L LoLQ OD]HU SDUDPHWUHOHULQLQ HQ X\JXQ GH÷HUOHULQLQ NXOODQÕOPDVÕ JHUHNWL÷LQL J|VWHULU�  
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