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g=(7

6°UG*U*OHELOLUOLN HQ/GIWMWPDLL\G ION HWNHR O IR WL
yeni nesi PDO]JHPHOHULQ <«U*QOHULQ YH Ve<UHOOH
YHUPHNWHGLU 6RQ \OOODUGD VRV\DO VRUXPOX
NeUHVHO WDOHS QHGHQL\OH \HGLO NRPSR]LWOI
RODUDN SDUoODODQDELOLW EPID/ONH PNHEN@SNGD O HOR.
RODQ LOJL DRAVEDAWMDGEOU'H EXQODUOQ WDNYL\H
ID]JOD DUDUWOUPRADS OMADWDEYWHOL NRPSR]LV
PHNDQ X\JXODPDODUOQGD NXOOD @Rikkemsw DG O U
HOH DOOQOUVD GOU PHNDQ X\JXODPDODUOQGDN
QDQR OLIOHU HY RWRPRELO RSWLN VHQV|UOHU
KD]OUODQPDVOQGD NXOODQOODQ oHULWOL ELC
panellerininyelSOPOQGD WOEELUWRQ WWLDP EROD MNHQ C
WHUPRSODMWaV I8 GO -Q\WKF D Kndéy kbzQetike) 0@ HWIO L
potansiyel uygulamalara sahipb|HU 'R+-DO OL | O HUBEH VDG B R
NULVWDOOHUL IDUNOO NDSODPD X\JXODPDODUG
ED]OO QDQR NRPSR]JLWOHULQLQ VH@®WR]UHQPHNIL
GRNX LVNHOHOHUL YH LPSODQWODUO \DUD SDQ\
LODo VDOOP IRUP<ODV\RQODUOQO «UHWPHN LoLQ

$QDKWDU .HOLPHOHU /LIJQRVHO<*OR]LN EL\RN*WOHOHL
.RPSR]LWOHU <HQL QHVLO PDOJHPHOHU 1DQRVHO+*OR

*a35@gU

6eUG*U*OHELOLUOLN HQGWMPWL\GI ION HYNHR Q IR ivL
yeni nesil malzemerin +U@BIULQ YH Ve UHOOHULQ JHOL
vermektedr <OOOON RODUDN \HQLOHQHELOLU WDUOP
dayanan biyolojik olarak pdoDODQDELOHQ SPD]\OWLSEBUP ¥
+UsQOHUL UuX DQGD \DOQO]FD SHWUROH GD\DOO
UHNDEHW HGHELOHFHN YH EX SD]DUODU—O HOH
YHULPOL *U*QOHUSRHQVRORIWQ PEHM@LQL (RO X UW XL
Mantia ve Morreale, 201379 Mohanty vd., 2002.9).

6RQ \OOODUGD VRV\DO VRUXPOX ELU WRSC
N UHVHO WDOHS QHGHQL\OH \HULO NRPSR]JLWOI
RODUDN SDUoDODQDELOLU ELWNL ND\QDNO@ NR
RODQ LOJL DidWy R® NiWwith&6, U9988;, Luo ve Netravali,
19993709 Takagi, 2005L; Takagi ve Asano, 200835 Takagi ve Ichihara,
2004551). <HULO NRPSR]JLWOHU V|] NRQXVX ROGX+XQ(
PDWULY PDOJHPHOHULQL J*oOHQGL WRHN FHNP HAMNL
poi ODNWLN DVLW 3/$ YH PRGLIL\H QLUDVWD JLEL
UHOLQHOHUH oHULWOL GR+DO OLIOHU HNOHQPHN
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<eQ YH SDPXN JLEL GR+DO HO\DIODU LVH \HQ
ND\QDNODUOQGDQ HOGH HGLOLU DQFDN JHQHO
SHUIRUPDQV |JHOOLNOHULQGHQ \RNVXZ0GXUODU
Abdul Khalil vd., 200743 'R+DO OLIOHU YH\D OLJQRVHO:
ELWNLQLQ KDQJL NOVPOQGDQ JHOGLNOHULQH
VOQO IO DIXEmMDRY QoHULU

ELWNL J|YOBAUQINDEX+XQGD EXOXQDQ YH J
X]DQDQ OLIOL GHPHWOHU RODQ VDN YH\D J|YGH

\DSUDNODUOQ X]XQOX+X ER\XQFD X]DQDQ '

WRKXP oXietiN VDo

ED]O ELWNLOHULQ J|YGHVLQLQ GelGsN \R+X
ROXUWXWISGHNHN YH\D oXEXN OLIOHUL

\ XNDUOGD \HU DOPD\DQ GL+HU WesP ELWNL

6DN YH\D J|YGH OLIOHULQH |[UQHN RODUDN M
roselle J*OJLOOHUYID XIWHQUWOrHULOHELOLU <DSUDN
sisal, henequenV D E O, ldbdk&V ahanas, cantéthken), caroamoritusve
phormium $ODFDOO )il Bdland®KetenlEXOX QXU 7RKXP oX
OLIOHUL DUDYVOIQ G DSIDIPXGIL \WD S @b bt /H WLR\G K N L
k) lifler kenaf YH MeW JLEL ELWNLOHULQ PHUNH] YH\D
EX ELWNLOHULQ NXUX D+OU0O0O+0Q0Q LQGHQ
OLIOHU DUDVOQGD N|NOBDUADSD®HNVEDERE QWD H
NDEXNODUO YH NOVD VDS OLIOHUL \HU2BB,0OPDNW
Abdul Khalil, vd., 200743).

'R+DO OLIOHULQ JHQLUGUHENILO V O®H | OHDRYDB/DLUN
JIVWHULOPLUWLED]GAIQRDERMWRDO]HPHOHU DODQ
PDOJHPHOHULQ \HULQL DODELOHFHN oklydiH GRV
PDO]JHPHOHU VXQPD\O YDDW HWPHNWHGLU +HU
RODQ VHQUORN ELWNLQLQ KeFUH GXYDUODUOQ
(QG*VWUL\HO NX00ODQOPO HVDV RODUDN ND+OW
]JDPDQODUGD EL\R\DNOW +UHWLPLQLQ ELU ND\
JJUPHNWBGQGRWHNQRORMLN H-LOLPOL DUDGWOUPL
ERO PLNWDUGD EXOXQDQ \+NVHN NULVWDOOL
QDQROLIOHUGHQ IDUNOO EHQJHUVL] |JHOOLNOHU
bu konuyla ilgilenmektedir. Bu bilim insand® VHO+<OR] QDQROLIO
IDUNOO DODQGD GHIIDI YH VRQ GHUHFH Je0O
SRWDQVL\HOLQLQ \eNVHN ROGX+XQD LQDQO\RU
SHUIRUPDQVOO DPEDODM ELOHUGHQOHULQLQ RU
KeFUHWXYDO QGDNL VHO+*OR] PLNURILEULOOHUL C
EXOXQPDVO QHGHQL\OH GR+DO VHO+<OR] OLIOHU
D]JDOPDODU ROPDGDQ YH \DSOVDO SRWDQVL\HO

PLNURILEULOOHUL QL@DVX [0Q¢ (G RNERHRMP XRIQWOMU O
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UHNLO /LI VOQOI10DQG O U Rarathqéhy vd.H2BTSWW)L N J|VWH |

Yeni hiyo- E D Jix@malzemelerD O D Q Osentetik] @alzemelerin
\HULQL DODELOHFWHN VdHY $H UG RYRDXQXOIA)E L\R
PDO]JHPHOHU VXQPD\O YDDW HGL\RU +HU \HUGH
VHO*OR] ELUORN ELWNLQLQ KeFUH GXYDUODUOQ
NXOODQOPO HVDV RODUDN ND+OW YH NDUWRQ \
EL\R\DNOW +UHMLRVQI{@® FEQDUDN GD E+\eN LOJ
1DQRWHNQRORMLN H+LOLPOL DUDUWOUPDFOODU
EXOXQDQ \eNVHN NULVM@®BOIOQ VHQWHRYLEDQBQR (
EHQ]HUVL] |JHOOLNOHUH YH ER\XWODUD VDKLS
LOJLOHQPHNWHGLU %X ELOLP LQVDQODUO VHO
GHIIDI YH VRQ GHUHFH Je0oO¢ ILOPOHU\RO/MHWDN N
ROGX+XQD LQDQODRIY UMBOHS XUXPOX YH \eNVHN
DPEDODM ELQHRUWOHULC®NPDVOQO%wNVINODKREWLER
GXYDUODUOQGDNL VHO+<OR] PLNURILEULOOHUL
EXOXQPDVO QHGHQL\OH. QERPDRE WRHOEOQORD O] XGQHD »
D]JDOPDODU ROPDGDQ YH \DSOVDO SRWDQVL\HO
PLNURILEULOOHULQL @ \GXQ i GLRNBHHRWEP CRNQDDADWD

6HO*OR]XQ ELULQFLO ROXUXPX HQ |QHPOL ND
PHYFXW OLJQRVHO+OR]LN PDOJHPHGLU 6HO<OR]
WDUOP mMUMOONNDDHEDWNLOHUL RWODU YH GL+H!
DOPDNWD@BVHO<«OR]JLN HQARRIW@HOBAO VOUD Kt
lignin ve nispeten az miktarda ekstrakiifadde LOoHULUOHU 7LFDUL
cUHWLPL RGXQ JLEL KDVDW HGLOPLUO ND\QDNOD
\eNVHN RUDQGD VDI ND\QDNODUD RGDNODQPDNW

'20%$/ /| FLER & YAPI ELEMANLARI

'R+DO OLU@HRWY H O « CKRH P VHHI@eRIRKtin,balmumu
YH Ne<OGHQ ROXUXU abtérpsiyehOnd@rRemiliQirbeny
sorumludur ve lignin termal stabiliteyiWHUPDO NVYL-DWODW O/QIQL
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KHPLVHO<OR] WHOYBO-PIRyJ EDBPOD\OF Odehpdtid YL J| U
(ELUORN X]XQ |UsPFHNVL VLEVLRIS®@B]PR O X XWXUW (
SURSHQGHIHRWXKQ@XUWUDUNOO GHNHU ELULEOHODQL
galakturonik asitten(galacturonic acid)ROXuDQ KHWHUR ELU SR
+HPLVHQ+@GR{OL ELULPOHUGHQ ROXUDQ NDUERQK
DPRUI ELU SROLVDNNDULWWLU 6HO+*OR] ELWNL
JJUHY \DSDU 6HO*OR] ELWNLOHUGHNRs R FINH
bileUHQLGLU YH ELWWLO®HROXIWXUXU 6HO<OR] IF
yenilenebilirkaynaklardan elde edilebilmektedf H WDKPLQL EL\RVHQV
10" ton FLY DU O®IGINGVA.U 200275 Taniguchi ve Okamura,
1998291).

%LWNLQLQ NLP\DVDO ELOBRIMLQLIG WHDQW
kompozitHUGH NXOODEL@OPRWGOQKEDND\QD+OGOU 6H
JU X S O D U @nhidréylukd PCe8::0s WHNUDUOD\DQ ELULPOH!
GR+UXVBDI@XNDQ SROLPHUL RODQ HO\DIOQ HQ J-
UHNLO 2+ JUXSODUO PROHN<OOHU DUDVO
ROXUDMUIDON GR+DGD KLGURILODANOROD BHE® EXRPXQ M
\DSOVD WeP GR+DO OLIOHU LoLQ D\QO NDOOUNHQ
VH EX GD OLIOHULQ PHNDQLN |Jak Qa3 IM@imiULQL H\
GL+HU ELWNL OLIOHULQLQ oR+XQD NO\DVOD HQ
VDKLS ROGX+X J|]JOHPOHQPLUWLU /LJQLQ ELW
LQDQOODQ IHQROLINN\EHOHNIIMWYYDOYHUOHPOH EL
NDGDU PLNUREL\DO ER]XOPD\D NDUGO GD GLUHC
ELULPOHULQ oR+X WDQOPODQPOU ROVD GD OLJC
QHWOLN ND]DQPDPOUWOU /LIJQLQLQ OEDWNLDUQ
ELUELULQH ED+OD\DQ [E LY ER 0P \IDND D REQE 4K (3 |
matris \DSOHNOHQGL+LQGH OVHO®IG-DEY B LM\QIOAD HDAUND
PDWULV \DSOuUPDVOQO HWNL CPHILGIHo b NN RPHSHRC
URO R\Q DEEBNW@ GG@2R75).
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UHNLO 6HO+OR] \DSOVO YH PROHN+<O LoL PROHN+0O

*VWIDHQRVHRDORIPHOHULQ VRQ G|QHPGHNL JHOLUGLPL

OHYKDODUO ND+OW NDSODPD HOHNWURQLN FLKD]OI

N O N O UsyohuHAMJHO JLOL X\JX O D P D|@ DW® QX (ERESOMVIA D Q
(Okahisa vd., 2009958 Markstedt vd., 201:3489.

UYGULAMALAR

Lif (fibey WDNYL\HOL NRPSR]JLWOHU )5& ELL
X\JXODPDODUGD NXMQDQ &¥CPBNWIDEOUPHNVEHGL U
NRPSR]JLWOHULQ IDUNOO X\JXODPDODUO IHNLO
(elyah) HNOHQPHVLQLQ NRPSRJLWOHULQ PHNDQLN
oHULWOL DYDQWDMODUO ROGX+X ELOIfl&@PHNWH C(
RWRPRELO YH XoDN HQGeVWULVL JLEL \eNVHN
NXOODQC)OPDN e ]HUH SROLPHUOHUOH :28®HNYL\H
Brody ve Ward, 197139. %X NRPSR]LWOHU L genslike KR UP D Q V
YH\D GDKD IDJOD WDNYL\H SROLPHU YHIlaGROJX
\DSOD\W® QWBDIOMOUPDODUOD V.UHNOL RODUDN JF
1978157, Harris ve Bunselll 975197, Bunsell ve Harris, 197457, Manders
ve Bader, 1982233 $QFDN EX \¢NVGWO SHNRRSRPLW OH L
G|QeU*POHUzorl® G>XQNrDHIQ@MHU LQ ELUELULQGHQ D\
JeoWHX QHGHQOH EX NRPSR]JLWOHU JHQHOOLNO|
istenmeyeryollarla bertaraf edilmekte vie X GD Ee<\e N ELU OHYUHYV
QHGHQ R (ieDsiai bds dags; Pickering, 061206 Conroy, vd.,
20061216. Bu NRPSR]LWOHUGR OLPHUDHPDO DR QR+ XQXQ
yenileQHPH\HQ N D\ Q Di¢ikiine dikkeQetrmdht2drunludur.

6RQ \OOODUGD \DUDQDQ HN RQeR/M)ltakvieR U X Q O D
NRPSR]JLWOHULQ \HADKIH DoJHY]DW\HaRemeleROD Q
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NXOODQOODELOHFH=+L DWmMILW ®WOMOHADQ/LOW LI D BIRIN C
o O N D U(BIédakiW® Gassan, 19921; Faruk vd., 2014552 La Mantia

ve Morreale, 201579 John ve Thomas, 203. Bu durum,
NRPSR]LWOHUGH WDNYL\H YH\D GROJX PDGGHYV
QHGHQOH GR=+DO HO\DI WDNYkobmmritle'RRIESR LW O F
DGODQGOUOODQ GRH@Mn PHD®LE A BYOMHWMPRYDQD \F
(BogoevaGaceva vd., 20098 %XQODU D\QO ]DPDQGD EL\
RODUDN G DeDPWBGOU OBRKDQW)\ YG

%LUORN DODLWDQPIDF +0*QF+0 E L QU DEDO NDBA
SDQHOOHUL DPEDODM YE JLEL P+NHPPHO PHN
OHULWOL X\JXODPDODU LoLQ oHYUH GRVWX N
poliPHUOHUGH |IDUWIDNYIGR+BGLOPHVL ONWGEQU RD)
Mantia ve Morreale, 201379. 'R + Oifferin kompozitlerde takviye olarak
NXOODIQmMDNWHWDNWDGOU YH RWRPRWLY GHQL
HQG+VWUE DWARNIXKEIX O D P Bad/Deikeh@o¥ite lydinD L |
D O P O W(BI&@izki3/® Gassan, 19921; Faruk vd., 2014552 La Mantia
ve Morreale, 201579, John ve Thomas, 2083 Koronis vd., 2013.20).

%XQXQ EDUOOFD OQHGHOQL \DSO OMQavreNDSVD |
GRVWX EL\RER]XQXU NDUDNW¥WH OLHOUIL Q 6 « lile N NF/I>
PHNDQLN |JHOOLNOHULGLU Ge0sN \R+XQOXN L\L
\eNVHN VSHVLI)NoMHE Thamal, 200883 BogoevaGaceva

vd., 200798, Mohanty vd., 200(1).

Biyo-ED]OO PDO]JHPHOHULQ JHOL (0DRdn@er @ RUWD
GangaRao20121419, otomotiv Ashori, 20084661 ve elektronik cihatar
(Ummartyotin vd., 201®2; Yano vd., 2005153 gibi ilgili uygulamalara
\|QHTALUNNVHO YH POHNNIDHIN. QH@ DQBIOW & U@Q PDVB-
|O0*GH DUWXUPQH WNIMEBEQGLVOLN X\JXODPDODU
JHUHNVLQLPOHUL N D/HOCXENBEHPD.N2@:PSBF Cavare
vd., 2012735 Khalil vd., 2012963 Carlmark vd., 2014646 Heinze ve
Liebert, 20011689, lignin (Azadi vd, 2013%06), kitin-kitosan(Bhatnagar ve
6 L O ODQ S26; Pillai vd., 2009641, Jayakumar vd., 201675 Kasaai,

2008497, polilaktik asit (Raquez vd., 2013504 Armentano vd.,
20131720 ve soyaproteii L] R QKDmadvd., 2002155, JLEL oRN VD\OC
biyoo ED]OO PDO]JHPH WeUe ELUORN Bubud GédRemMGD D
muhtemelen biyoE D]O O P D O] H Py Qorilna, Qoksild Midaha ve
WDUOPVDO +UsQOHUGHQ NDWPD GH+HU VD+ODPIL
RODUDN GR+USatib QP VIl ,GMuktafa ve Turner 2018;
Saadatian vd., 201855 Shi ve Lai, 201839. .D\QD+0Q GDKD \«N
YHULPOLOLNOH NXOOEQHOD® EUC ROV L L\H ELOR
VeUG*U*OHELPOQUREXD NDYUMHNLOGH NXOODQOOP
0*KHQGLVOLN |JHOOLNOHUL DoOVOQGDQ PD
*UHWLP LoLQ ELWNLGHQ KD]OUODQDQ VHO-+OR]
PDO]JHPH LoLQ \HQLOHQHELOLU YH VeUG+*U*OHELC
GLNNDWH DOOQPOUWI&ak YHPKHORE DANLANNDWONN L F
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\eNVHN VHUWOLN PXNDYHPHW YWHURN®E& NN BH/HDP
VHUJLOHPLUOWLU %X GXUXP PXKWHRWOW®DOBO L
HQG*VWUL\HOL@HBMPUGWLULOPHVL GXUXPXQGD
X\IJXODQDQ GOU NXYYHWL WXWPD\D YH GHVWHNO
Gel(eQ-0OBBYWQ ND\QDNQ\D@RDNIBRBOWBHO-OR]XQ
PeNHPPHO IL]JLNVHO YH NLP\DVDO |JHOOLNOF
DUDGUWOUPDODUGDQ HQG+VWUL\HO WLFDULOHOGV
JHOLUWLUL ®PH\WBOPOR|XIO LUOHYVHOOHUWLULOF
JHUL ND]JDQOP ND\QD+O RODUDN \DNOOPDVOQGD
DODQOD Wékib&DICDRI]®Q VDKLS ROGX+X LVWHQHC
X\JXODPD VHNW|UOHULQGH VHO+OR] ED]OO HVD
VD+OD\DFDNWOU
%X |]HO QakioODHNUWIH PDO]JHPHOHU YH\D JHULQL
X\JXODQDQ ELU HOHNWULN DODQO WDUDIOQGD!
GH<LGLNOL+L RODUDN WDQOP®IDQWRIhOIIOHU
2014683. Bu durum, elektreaktif malzemelern mikro-elektromekanik
sistemlere entegrasyonda cazip hale getirmektedir (QGeVWUL\HC(
WLFDULOHUWLUPHGH JBNWQEDWIEHORHL)|20@RHII L P LN L
LopezWalle vd., 2012108, robotik (Engelhardt, 198205 YH WLWUHUL
kontrol uygulD P D OLD W) 2003155 Greco vd., 200831) gibi ELUO0RN
HQHUM larivDvEO QP DODQOQGD NXOODQOODELOLU
*D] ED]OO VHQV|U@&@ahd gibb bPeE ELOR niHQHUML
*UHWLOPHVLQGHQ MHLONGHD BIG LYOHH QUBIWW. B NYHULPL
NXOODQOODUDN EHEDL]OOH QH\ERPRW O HEILYR + Qe Q *
DUWONaGRUDIQEDW tHNLOGH KIHOPDQWD K L@ WNWH
ND\QDNODQDQ NRNX JD] WDEDQOO®O ELU VHQV]|U N
HGLOHELOLU $\UOFD IHUPDQWDV\RQ VeUHFLC
VOFDNOONODUGD JHUOHNOHGUWLULOLU 6O0FDNOO
%XJ*QH NDGDU VHO+OR] ED]OO NRPSR]LWOHI
NXOODQOOPOGDKD JIDGBDHMNHOLUPH (ZNoMWdLUP HN W
1995443 Yun ve Kim, 201808 'XFpUp Y@&31). %D]O |]JHO
DYDQWDMODUO VD\HVLQGHLMH®HIR Y H NWHHNP B DP |
VDKLSWLU EX GD VRQXo RODWO R GDUN®XDOCDPDM
veri,. 6HO*OR]XQ P*KHQGLWVXLNELHQQONEGBUL JKOL
6HO*OR]XQ NRQWURO HGLOHELOLU |JHOOLNOHUL
ED+OO RODUDN oRN \|QO+s RODELOLU %X QHGHQ
WDEDQOO® HQHUML PDO]JHPHOHUL LoLQ oRN \|QO-
6°UG*U*OHELOLU NDONOQPD KHU JHOHQ J+Q
KeNPHWOHULQ |QFHOL=+L kDBVED @BHHIBAYEMD®L U
UHJHUYOHULQLQ WeNHQPHVL KEDNNFQGID BIX\RERX
GROD\®PDVOVGIPH LKWL\DFQAPO]DO BMW GHNIOMHEH NDU
D P D Fy@hiiebilir kaynakla® NXOQRQRQGED NDOPDPO] VDG
PHVHOHVL JLEL Bilid vOtekAdow yeailengbilir Bmmaddelere
YH GDKD OHYYHGGRNMOMELOLU NDVQDN YH VeUHoC
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GHYDP HWPHNWHGLU 6D Q0] ID@HRU L EXUH. EQ H UELe
SROLVDNNDULWOHU RODUDN VHO+*OR] SROLPH
X\IJXODQPDVOQGD JL meidaltigir. BwWilbrge, EdnWnh@@HE D
WeP G+eQ\DGD VHO+*OR] DUDUWOUPD YdaeXeyd XODP D
WHWLNOHPLUWLU %X ED+ODPGD VHO<OR] DODQ
oDOOUPDODUGD RUJDQAGDED YROWIDP 8 i NN P\BDO HN
NDUERQKLGUDWODUOQ YH GL+HU iSR@ICMDNNDU
ELOJLOHULQ buwobudborPDVO HO]JHP ROPXUWXU
P-KHQGLVOL+L EL\RORML IL]JLN HF]DFOOON YF
HWNLOHuUXPOBUWORIP DN GD |[QHPOL RODFDNWOU
7P LUDUHWOHU YH EHOLUWLOHU VHO+OR] DC
GHYDP HGHFH=+LQL Yo+ @iV WD/ VKHYY 1D B RHFHCEL -H W
PHUNH]JOHULQLQ \HQL SLORW SURVHV YH <UHW
|OOHNOL WHNQLN «UeQOHULQ \D\JOQODUWOUOOPEL
\DNOQ LUELUOL=+L YH ELOLP LQVDQODUO LOH WF
JHUCHEHOLUJLQ DD WIDIUIXGYOHW JHQHO RGXQ L
GL+HU ELWNLOHUGHQ VHO+0ORJLQ B\W D®LLQHQHHL DH.
EDNOGU DoOODUO HQG+VWUL\HO VHO*OR] NLP\D)\
ELUOLNWHP EQOHPHDIOWLQLQ NDOLWHVLQLQ +U-+Q
NDEXO+«Q+Q DUWPDVOQO VD+ODPD\D \DUGOPFO R(
0¢+KHQGLVOLN EL\RPERQHOMWGEEEL YM\JXODPD
DODQOQGDNL VRQ JHOLUPOIDWOHQ oHDHOMIN. YID QR
hizmetlerinde\HQL WOEEL FLKD] VOQOIODUO YH X\JXOD
|QHPLQL YH SRWDQVL\H@YQH\ HONHH RHNSOKE VD O
araya gelmesiEHUWDUDI YH JHUL G|Q<u+sP VRUXQODUO
UD+PHQ SHWURO ED]OW UHNDRNRRSRIWIAHOIQ O F
oONDUPDNRWBIXG (RODUDN GR+DO HO\D lope®iNYL\HO
kompozitler olumiuoHYUHVeH @ HHWOLL Qo |[JHOOLNOHU VXQF
VRQ \OOODPQWEDWRIHNLOGH LQFHOHQPHNWHGLUOH

6218d/$5

dHYUHVHO YH HNRQRPQMNAB\GREBR VOBIGEU Gt
(elyaf) NXOODRAOWOHN DUWPDNWDPIBWU VRG R OO0 GTE
ELU DUwOUG J|JVWHUPLGWLU YH X]PDQODU JHOHFH
|QJJUPHNWHGGR + BOUGEBNHIR+XQOXN YH L\L PXNC
EHQJHUWQDLNOHUH VDKLSWLRP SR}IDWOGIU RVBRF R\
GHQL]FLOLN YH LQUDDW VHNW|UOHULQGH WLFDUL
YH KD\YDQ OLIOHULQGHQ ELUoRDU INaRiIP SBeceW «UH
ELUNDBC® WVQL\HO |OoHNWH N X Gakviyeli €ommpoRitieky D G O U
Vedl@L DUDGWOUPDODUYQBP O30 [I0oU GlHo KENOXHIP G EHW
SHUIRUPDQVOO GR-k@pozd LhalzehizRY LXHOL Ve.UHOoO
DUDGUWOUPBOGH HWREQ OPRIAWLED +DBWOQOLNOHULQL L
GR=ll®® YH NRPSR]JLWOHUL ¢JHULQGH Ne<UHVHO o
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\DSOOBDNWIR +\&Rofpbtidel UoHGLWOL NDUDNWHUL]D
kulan@ DUDN X\JXODPDoGHmU®QD }]AEOLNOHU DoOV
edilmektediter.

'R+DO $HIEKMQODUOQ WDNYL\H SRWDQVL\HOL
\DSOOPDOOGWLWY pYHOKLWNDWL O PHVOLWLLLL\Q EX IO B HILF
QHP HPLOLPLQLQ HOH DO QEPDY G DJ HEKRyEIP®! NONH ¢
NRPSR]JLWOHU oR+XQOXNOD L oDRHONDRD XWDRG O B DYC
liflerle LOJLOL \XNDUOGDNL NRQXODU HOH DOOQOL
SRWDQVL\HOI(CDAHV DG IOMHDE IQDLQR OLIOHU HY RW
HOHNWURQLN FLKD]ODU HVQHN GHYUHOHULQ
ELOHUHQOHULQ \DSOPOQGIb \ HR@ 6 G\WD BEHLI  SVTHNH
ER\D NDUWRQ YH DPE D @BN -HREE-MNS@Nt4«@ GH Y H
plastik aletler), besin maddelerindd OBW OFD KLM\HQ «U<QOHUL
OHGULWOL SRWDQVL\HO X\JXODPDODUD VDKLSWL!
HGLOHQ DVHWDW IRQNVL\RQHO WesUHYOHULQLQ
HPLFLOL+H VDKLS *U*sQOHUGH EHEHNfilteldjOHUL
DPEDODMO NR]PHMWI ) O HE FoH OSSROMD Q @ M\eHDO L |
LOD®OOP DMDQODUO YH NDSW-QOH#®a¢prikD Q OD U
FHUUDKL «U+Q@rid&Juy OB QPHELOHU ROGX+X EXOXQ
EHOLUOHRRMWIODUD VDKLS QDQR VHO<OR] NUL
X\JXODPDODUO YH DPEDODM PDO]JHPHOHmN LoLQ
VHQWH]OHQPHVLQGHHXORDX® YXDWXWWEBD WNDSDV
YH EX QHGHQOH LQVDQ Y*FXGX\OD GDKD \eNVHN
QDQR VHO*OR]JHGRNX LWVISOOK® O D UlyouydnhD SDQV
NDSODPDODU YH LODo Y® @@WPWRH R « DCL\Q RNX@ DDA

1DQR VHO«OR] UuDUOUWOFO |JHOOLNOHUH VDK
QDQR WOS JOGD DPEDODMOOONR]PHBNLNELYIKR P
X\JXODPDODUGD NXOODQ@R WBIBLlORHNWHIHWL «]HL
DUDUWOQPBIODERYRKPHGLNDO YH GRNX P«KHQGLV
HNVWUDNVL\RQ NLP\DVDO PRGLILNDV\RQ YH
2SWLPXP SDUDPHWIozHIi®edrh ek3eksoninti® ve nano
VHO*OR] NRPSR]JLWOHULQ JHOLUWLULOPHVLQGH
edilebilLU % L\RPHGLNDO X\JXODPDODU LoLQ ,D\GDO
tDUOPVDO DWONODUO B« NXOBLIQSREhpO A PD O D L

<HGULO PDO]JHPHOHU JHOHFH=LQIflea@mOJDVOG
nanokompozitlerde takviyeH O H Pd@a@a® N X O O D Q O Rdbici Yo X W
potansiyelere sahigirler $\UOFD ER\XWODUO YH \«]JH\OHUL
GH+LUWLUPH $¢bebQ@ HNOSHNOBSIOUWOUOFOODU
PDO]JHPHOHU YH HOHNWURQLN HNUDQ PDO]JHPHOF
Ee\eN ELU SRWDQVL\HOH Viiddfinis Witki veya hhyvaH O« O R’
ND\QDNODUOQGDQ HOGH oHROBILODWHR LTHOVDWODLDE
%XQX \DSDELOPHN \IDe¥@) QIE Briktay 0870ida meydana
JHOHELOHFH+LWH EXRQVEB®MPIYED KDVDUO D]IDOW
Ee\eN [QHP WDUOGO+0 XQXWXOPDPDOOGOU $\UOD|
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E ¢\ ¢ Nikfarlarda enerji gerektirmeleri sebebiyknzimatik veya kimyasal
\|QWHPOHUOH EXQX D]DOWPD oDEDODUOQOQ JLC
EHOLUWPHN JHUHNLUn $RW DAR/]L QHDAD R 8 NIDDAHLLNL Q] H
PeKHQGLVOLN PDO]HPHO M U KBifEdeMVH EXQXQ VW
Ge]H\ WHNQRORML®GD X\DX®ODPD ORDODE L OGHFGI QR J | U
nanokompozitlerim « U HW LiRi bi@Q @ddersiyorXQGD KRPRMHQ GD+
VD+ODQROWOLN ELU D GOP  RWUGRN-RatndaiUbirlé P H
HNVIROL\H \DSO RUWD\D oONDQ PDO]JHPHQLQ Pt
JHOLUWLUHFHN UHNLOGH ELUELUOHUL\OH YH \DS(
QDQRNULVWDOOHULQ KRPRMH@H®MRHDRD QO Q E
(nanowhisker§ \eNVHN ELWODPYO KDFLP RBUNQMQD VDK
\e]JH\L @dedé bir nanokompozitteki gerilimtransferinin mekanik
YHULPOLOL+LQGH GH+LO D\QO ]DPDQGD \«]JH\ NL
GH EDMNOQRO R\QDGO+O DQODPOQD JHOPHNWHG

IDERUDWXYDU YH\D SLORW |OoHNWH ELUORN
ROPDVOQD UD+PHQ HQG<VWUL\HO |OOHNWH V
*UHWHELOPHN LoLQ 0|]*OPHVL JHUHNHQ oHULWOL
VHO+*OR]XQ EDUDUOOWLELY FHWL @ &HQNAQIDOR B W@ N
engel, liflerinnanocliff HUH PHNDQLN RODUDN SDUoDODQPD\
YH JHQHOOLNOH SDUoDRBPDHRILKDERHG/DLQEUHUND
\eNVHN HQHUML WeNHWLPLGLU $QPOMHWY DU BHDOU/
LUIOHPOHUOH ELUOHUWLULOPHVL\OH HQHUML Wel
PePNeQ RODELOHFHEerLQL J|JVWHUPLGWLU

3ROLPHU QDQRNRPSR]JLWOHUGH JHOLGPLG PF
LoLQ takviyE dddgy)-PDW ULV HW N 1O QR\PH GaBeRpam O U
YH KLGURIRELN PDWULVOHULQ X\XPOXOXN VRUX
SROLPHUOHULQH GD\DOO QDQRNRPSR]JLWOHULQ
RODFD=+0 |QJ|JUsOPHNWHGLU gWH \DQGDQ DSR(
L\LOHGUWLULOPHVIQRURDFORPODU®M® NLP\DVDO
JHUHNPHNWHGLU 1DQRVHO+*OR]XQ NLP\DVDO PF
oDOOUPD \DSGRODNWMGOD KLGURIRELN EL\RSROI
QDQRNRPSR]LWOHHQ G- WMWIREDHNN SUDWLN E
D U DAIOVWCONBRMKXOG RODUDN \HQL oHYUH GRVWX PR
KHGHIOH\HQ G DK Dyaplij D DDINU DA OR P @IM@R OLI W
PDWULYV DUD\+]*QGH PH\GDQD JHOHQ UHDNVL\RQC
oRN |QHPOLGLU
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UHNtOOOHNURVSHNWUXPX .HVNtQ

JRXUtHU '|Qe0+PO+ 6 SHOWUWRNWIRStVt NtO PD'
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. 0u0Qdb .6ubQbOPO NUtVWDO PDO]JHPHQtQ
NDUDNWHUt]H HWPHN totQ NXOODQOODQ EtU WHN
KDNNOQGDNO® 6@ aOHIWOQOP :5' PRGHOOHUtQGEH
. O0ubQO NOUDOQGFrFFHONQPIBDWIO ODIDOEOIQ E>D+N EtL

RtOHRDUDVOQGD DPRUI toHUt+H VDKtS RDBDVO Q
EtOHOUHQt NDROtQtW ROPDNODYBIW\OtRYWHD HMQDBtM
YH PRQWPRUtOORQtW toHUHQ IDUNO® PtQHUDOOL
OXUUD\ .tO QXPXQHVtQtQ NUtVWDO \DSOVDOQD EH
DQDOt]t VWDQGDUW NXYDUV GHVHQt\OH |QHPC
NR\PXaWXU g]J]HOOtNOH \|QHOtPOHUtQtQ \
\|QHOtPOHUtQ \DQO VOUD PDNVIPXP GePMBUHVX\J
GR>:GD EXOXQDQ WeP PtQHUDOOHUGH ERO PtNWD!L
JUXEXQXQ EtUN+t\®HOHWRQDG' NOUMNXKY P UG/H VAHHD HXQ\X
JIVWHEPMWOHQPHNWMW®I® ROPD\BDQ XV XPADm QO P C
NOUOQOP StNOHUt \HUtQHS IMtQ Y(H & PBHND/PHGHQO N LK
OR+XQOXNOD DPRUI \DSOGDGOU YH D] PtNWDUGD
% NUtVWDOHEBHVtYt®HUtU

WDJIJ GHQNOHPt (GtWOtN: / 9% UBWIBUDD O &B (

- 0u0QoDUDOQOQ EtU NUtVWDOGHQ \DQVOPDVOQC

%UDJJ GHQNOHPtQH J|JUH JHOtG DoOOMVMD »0DUD
EtU NUtVW POGMWQRBSDMIIOGHQNOHPtQGH G NUtVWD
PHVDIHVHDIHQUOQO GHPHWtQtQ GWDMIDOPER OO QO
vD\O\O WHPVtO HGHU
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hUsQOHUtQ PRUIRORMtVtQt DQODPDN totQ 6(
JJUeQWe «UHWPHN totQ HOHNWURQODU NXOODQC
SODWtQ WXQJVWHQ YH\D JUDItW HOHNWURQ Ot
VWDWtN HOHNWUtN \+NPENQtEtQtNPHWMYtNVHD R
PDO]JHPHQtQ XOWUD tQFH EtU NDSODPDVO RODUL
QHGHQt GH 6(0 JJU-QW+.OHUtQtQ NRQWUDVWOQO
tOQXPXQHUtQtQ \¢]H\OHUtQH \eNVHN 0]]*Q+UO-«N
JQGHUBN 7DUDPDOINYBRNNWERQtOH SDUoODFON \D
\¢]H\GHNt GD+0O0OOPO YH \+¢]J]H\ \DSOVO WDUD(
DO O QD E t OSPRHONBN HYGat U
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6HQWH]OHQHQ PDO]JHPHQtQ NtP\DVDO NDUDN
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; 666Q0 HOHPHQW DQDOt]OHUt 7DUDPDOO (OHN\
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0ODS YH\D ,PDJH 4XDOtW\ 0DS ,4 KIDJ DADDOOPWDAN WA
toHUtVtQGHNt PHWDOOHUtQ HOHPHQWHO GD=0O
3DUDGHOOD Y®HQJ YH /tQ
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*HotUtPHOHNWURQ PYNMMNRWMNREXtQHUDOt WDQF
J]JOHPOHQPHVt totQ NXOODQOODEtOtU d|]*QeU
NROXOX\ODBR\EtINDWPDQODUOQ tVWtIOHQPHVt DC
NDWPDQODUOIQPGROBEGOIYO.DWPD QDD ®DQOY 60!
J|]JOHPOH\HEtOPHN totQ NDWPDQODU SUHSDUDW
UHNtEGW NHVtW KDQOQOORN\DSOOPDOOGOU @QF
KDJOUODPDN YH EXQX NDUERQ NDSOO EtU PHWI
NXOODQOODQOIQWBPRQMNVHAIKX HGYBHQU \YHHOTOPGHF
SDUWtN<OOHUtQtQXGDYOTGHRO DYIDGPQHQPHVtIQH
FtKkD]O ('6 WHRIQMWMOUOQOPO tOH GRQINWRADYDOVD
EtOHGtPt YH NWtKBWDNO QDGO EtOJt HO,®HR XSG YOG E t ¢

'UtHYG %HQWD\HE YG 'XGHN YG

7(0 DQDOt]JOHUt tOH NtOOHUtQ NDWPDQOO
PHWDOOHUtQ V*WXQOX NtO |JUQHNOHUtQGHNt GD
toHUtVtQGHNt \HUOHUGtPt HOGH HGtOHEtOPENWHG

QP DIE®QDEtOPHNWHGtH W VU QIKD DN B QHW\
t]RSURStO DONRO o|]JHOWtVt toH WiNREHK @X WP tYWHV D
GDNtND XOWUDVRQtN EDQIRSBUM NRE HK B BROEIHE
GD+O0ODQ KHWHURMHQ NDUOUOPGDQ EtU PtNUR!
QXPXQH DOOQOU NDUERQ NDSOO O]JDUDONRODtQH
X]DNODUDQ@RUNKMWGAOXU . XUXWPD tiQOHHP(Q & HQD MR C
DQDOt] NDEOQD \HUOHUWtUtOtU YH QXPXQHOHUtC
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- 0u0Qd0 )RWRHOHNWURG® EIHNWPRREGNREXQX
HOHPHQWOHU YH WeUOHUtQ HOHPHQW EtOHUGtPO
NDUDNWHUt]DVI\RQ WHNQt+tGtU +HU HOHPHQW to
tOH tOtuNtOt NDUDNWHUtVWtN EtU ED+ODQPD HQ
HOWWMMH tOJtOt ED+ODQPD HQHUMtOHUt WDUDIOC
:36 VSHNWUXPXQGD NDUDNWHUtVWtN EtU StN NP

- OudQOd IRWRHOHNWURQ VSHNWURVNRStVt F
NtP\DVO KDNNOQGD QtFHO EQXPDOQHI \VWHAODEWH @6 X
$RGHUtQOtNOHUH XQD\WDEM@ODUDIENZ PR QIR tG @68 ( & 6
(6&% VtIVWHPttOEMQRA oYH oR NHGIDQEWIDARD® QHO
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NDURBPQERQ ED+ODUO® UHIHUDQV RODUDN DOOQP
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7HUPDO *UDYtPHWOtN Ot EtU KO]JGD OvOwWDOD
GH=+tatP PtNWDUOQO YH RUDQOQO |OOHUNHQ 'tI
QXPXQH tOH WHUPDO RODUDN tQHUW EtU UHIHUD(
|OoHU .tOOHUGHNt NeWQHt§ BWED DI K B U DADNFD(
tOOMHQPDO GDYUDQGONYHMWMBEFPWND DY IN®IEDU Gt
DQDOH WeUHYt tOH tJOHQPtuUWtU '7* 7*$ H+UtOH
UHDNVt\RQ YHUGt+tQt YH ID] R& H>-Uht\WOQIGDQ B 0D
JIVWHUPHNWHGtU 7*$ H+UtOHUtQGH VOFDNOO=+0O¢
ND\EDDNODUQ®HR&E DUDVOQGDGOU %X NtOOHUGHN
RUJDQtN PDGGHOHU JtEt ND\EOQD ED+ODQDEtOtLU
ROPDERQXQPD GDYUDQOUGWO J|JOHQPtuUWtU

7HUPRJUDYGAHWDONV t\HO WHUPT$O NDORYDVDW]REAHO »
EtU VOFDNOON DUWOUO vOUDVOQGD NtO |UQHI
J|]JOHPOHQHEtOPHNWHGtU '"UHEXVK/BKDHN:-UYGBHUt
HQGRWHUPtN YH HN]JRWHUMAUABQYNtEBUYOOVREDN
HQWDOSt GH=tutPt VRQN¥XtOPAR BEQODUBHQHQ@* H+U
WeU HQGRIWHRMW HWUPtN UHDNVt\RQODU VRQXFX RU\
D+OUOON ND\OsoDUOQO RUWD\D NR\PDNWDGOU
$QDOt]JOHUGH HOGH HGtOHQ YHUtOHU VD\HVtQGH
KtGURNVtW RNVtKtG ORMDIOW t W D WGERRORIPWMD D YE |
D\UOuPDVO NDWO ID] G|Q+G*Pe YH SROtPRUItN C
IDUNOO VOFDNOON DUDOONODUOQGDNt NDUDNYV
WHSNtOHUt tOH WDQOPODQDEtOPHNWBGDH)tYWIDE ¥
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R& FtYDUM@EDItE RODUDN WHVSYWE EHGtOMEtO
.UDSXNDtW\W; YG
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8FX] \HUHO RODUDN EXOXQDEtOHQ YH HWNt
NOHUWeSKHVt] JHOHFHNWH oRN VONIGID DAPDXW N YW
0XD]]DP \¢]H\ DODQO P+<NHPPHO DGVRUSVt\RQ |
\e]H\ \eNe¢ JHQJtQOt+ttMNtRVIMD OH]JHPD OtNOHUt NtO
E«\eN |QHP ND]DQGOUPDNWDE®WoRXH DIHXIAFGHU
NXOODQOPRPINNODBBRUEDQ RODUDN NtO PtQHUDO(C(
EDNOUXQX®tQNR NURP 9, OQtNHO JtPoOY¥OQHY
tQFHOHQFYID/RWDYW PDQJDQHIQRWRP QN NtEOHW
DGVRUSVt\RQX KDNNOQGD QXQPBW WO GXDK D$ DD B/
JHUHNHQ EtU Gt+HU |QHPOt DODQ tVH NtOOHU t
KHUEtWMG RDNW tD PIHWODQOETDHNG HWNtOHGtPOHUGtU
PtQHUDOOHUt PHWDO NtUOHWtFtOHUt JtGHUPHN
NtOOHUtQ D\QO JHQtu |QHPH VDKtS IDUNOO NtUOF
HWNtOHUGUtPOHUt GDKD ID]OLCPtRB8DDRMUODEHO t L
JHOtUPtd NDUORWPOL]DOWRIH NDWNOGD WRORQP X
DODQODUO PG WMHHYUtHWHO DoOGDQ QDQRWHNQROF
PDO]JHPHOHUtQtQ VHQWH]t NtO PtQHUDOOHUtQ!
DUDUWOUOOPDVO PXKWHPHO RODQ JHOHFHNWHN?
GR+UX NXOODQOUOO PHQHLYB® tDOU NP @WPWEDHADL
DPDFODQDOtWtN \|[QWHPOHUtQ JHOtuUWtUtOPHVtC
JIVWHUtOPHVt PXRWHPIOOIGtQ PHQYVDOHRWINWQGI X
NtOOHUtQ NtP\DVDO RODUDN tGdOHQPSRNW Nt@ H
\DSOODROQ GDKIRGH®ONDPM\RQX YHV\W NVDXIGPWHOQ D
JHOHFEBNRWHBDNXViI\HO X\JXODPRDSO O DD ER®DI\@FIOMN
\HQtOXMPHOHU VD+ODPDN totQ EtOJtOHQGtUtFt RO
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,QIOXHQFH RI WKHUPDO WUHDWPHQW RQ WKH ZDW
SHUGRMWWHQDO RI PDWHULDOV VFLHQFH

BRZOHY% +DQQ@D 3LNH 6PIOWKve 2T&RQ @R 6L

$O0+ DQGD 0%6 105 VWXG\ RI WKH ERQGLQJ FKDUDF
LQRUJDQLF $SFEOQ\IPHH&I VDIJQHWLF 5HVRQDQFH

6KLFKLve 7DNDJL . &OD\ PLQHUDOV DV SKRW
ILHORXUQDO RI 3KRWRFKHPLVWU\ DQG 3KRWREL
S5HYLHZV

6WXPP &KHPLVWU\ RZDVWKHUVIRONBUIDFH SURFHVVH

ZDWHU DQ @DSWMHW LBWHI UIDFH 1RX Q D MOXHAD 06 R\ \WQ-H
v



7TXQFHU $U¥YODQEDU 5 dHWL@D BOLR+0X $
5DGLROXPLQHVFHQFH SD®GHWWW®BWCRI WHRE SHVUU R |
WLWDQDWH UDGLROXPLQHVFHQGBH WSHIIRESGIPOWL H 8
VWURQWLXPAWMWWDWY DSHH FWURVFR S\

9DUJD 3 J/H[D ve 5BRIOQIRKIB 0 &KDUDFWHUL]DWLEF
-DVWUDEiIi DQG /HK{WND SRROKRUNKPHRGHKSR\FIW'
(QYLURQPHQW

Velraj, G., Sudha, Rve Hemamalini, R.(2010. X-Ray Diffraction and TeDta
studies of archaeological artifacts recently excavated in Salamankuppam
Tamilnadu.Recent Research in Science and Techngl2@0), 89-93.
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ZLWK 7KHUPDO 3RKWQBIOWRHEPMULFDQ &HUDPLF



+LEULW $OJRULWPDODU ODNL
Meta-6 H]JLVHO <DNODUOPODUYC

(PUXOODK *$29206/8

1- 'U g+U h\HVL UOUQDN hQLYHUVLWHVL 0+KHQGLVOLN )DN<OW
gazioglu@sirnak.edu.tr ORCID No: 0000027615305X

43



g=(7

+LEULW DOJRULWPDODU PWDHIUQHWHGUBGQPBVD
Je0oO+ \|QOHULQL ELUOHUWLUHUHN NDUPDUON Sl
\|QWHPOHUGLU %X DOJRULWPDODU WHN ELU \]|
\eNVHN ER\XWOX GLQDPLEDKDUL HRULW D P O\DRIIDXD®
DPDoODU

+LEULW DOJRULWPDODU WHPHO RODUDN +¢0
\DNODUOPODU SDUDOHO KLEULW \DNODubPODU
\DNODUOPODUGD ELU DOJRULWPDQOQ oONWOOL
3DUDOHO \DNODuUOPODOGDHDIMIRLQW® oDODUPD)\
.DWPDQOO \DNODUOPODUGD LVH oRN DubDPDOO ELI

%X DOJRULWPDODUOQ X\JXODPD DODQODU
VHNW|U*QGH JHQHWLN YHULOHULQ DQDOL]JL YH W
SRUWI|\ RSWLPL]DV\RQX YH DOJRULWPLN WLFDUF
robotik sistemlerde yol planlama ve @»VWUL\HO VeUHo RSWLPL
DODQOQGD LVH VeUHNOL YHUL DNOUO DQDOL]L Yl
NRQXODUGD KLEULW DOJRULWPDODU HWNLQ GHN

+LEULW DOJRULWPDODUOQ EDUDUOVDO GR=U
NXOODQOPO JLEL |O0o*WOHUOH GH+HUOHQGLULOL
\eNVHN GR+UXOXN YH HVQHNOLN VXQDUODU DQF
GDKD NDUPDUON RODELOLU

*HOHFHNWH KLEULW DOJRULWPDODUOQ RWRF
|]OOHNOHQHELOLUOL+L YH GHULQ |[+UHQPH LOH HC
RODUDN |QH oONPDNWDGOU g]JHOO-+kat@sHl $XWR
DOJRULWPDODUOD ELVUWHBRWHUIGHP HMEN & B0 WIAN
|+ UHQPH PRGHOOHULQLQ KLSHUSDUDPHWUH RS\
DOJRULWPDODUOQ SRWDQVL\HOLQL DUWOUPDNW

6RQX0o RODUDN KLEULW DOJRULWPDODU JHC
YHULPOL YH HULGLOHELOLU KDOH JHOHUHN NDU
ELU URO R\QDPD\D GHYDP HGHFHNWLU %X D
JHQHOOHUWLULOHELODYDASLNXDONWQO® R/GIQN O [GHDVA

Anahtar Kelimeler- Hibrit Optimizasyon, Metsezgisel Algoritmalar, Makine
g+UHQPHVL (QWHJUDV\RQX 'LQDPLN 9HUL $QDOL]L $O

*a35gU

+LEULW DOJRULWPDODU IDUNOO®O RSWLPL]DV\I
\|QOHULQL ELUOHGUWLUHUHN GDKD HWNLOL o|]*PO
%X \DNODUOPOD/MH]XHNWH®HWDIRULWPDODUOQ JHQ
HWNLOL ELU GHNLOBO® BHMD FEH \PIWHLQH: | QWHQLPL
YHUL RGDNOO |+UHQPH NDSDVLWHOHULQGHQ ID\
DPDFO WHN ELU \|QWHPLQ VOQOUODPDODUOQOD L
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\eNVHN SHUIRUP D QBlurtiv@.G2808) Vg PHHOIGMLINNOH GLQDPLN
ER\XWOX YH EHOLUVL] YHUL RUWDPODUOQGD KL
*UHWHELOLU gUQH=LQ *HQHWLN $OJRULWPD *$
\|QWHPEHUO&KHPLRSWLPL]DV\RQ V.UHFLQL KO]O
|+*UHQPH PRGHOLQLQ GR+UXOX+XQX DUWOUDELO
VD+OON ILQDQV YH P*KHQGLVOLN JLEL ELUOR
NXOODQOOPDNWDGOU

ODNLQH |+UHQIWH] MK PEOIWDWHPOHU IDUNOO
WDPDPOD\OFO DUDoODUGOU ODNLQH |+UHQLPL
DOPD Ve UHOOHULQL JYHPHYEIOU L|ONWHP ORHW [EL O L ¢
X]D\ODUOQD NHUIHWRHXPDH XND-MHVHND LREQY WDV
ODNLQH |+UHQLPL PRGHOOHUL \eNVHN KDFLPOI
oDOOUDELOLU DQFDN JHQHOOLNOH EDUGODQJOo0 S
VHOLPLQH EDwOROP CXD D N D Use@giz€) NgorrralErD
SDUDPHWUH RSWLPL]DV\RQXQGD HVQHNOLN YH
gUQH+LQ 3DUODFON 6¢Ue 2SWLPL]DV\RQX 362 S
HWPHN LoLQ VONoD NXOODQOOOUNHQ @LQLU $
SHUIRUPDQV (Gadwae22HERAX LJWoO+s \|QOHULQ ELUOF
DOJRULWPDODUOQ KHP PRGHO GR+UXOX+XQX KHEF
VD+0ODU

+LEULW DOJRULWPDODU NDUPDUON SUREO
DYDQWDMODU VXQDU %X \DNODuUOPODU KHP NHU
GHQJHOL ELU VWUDYSH R & &DH OB W HQUHNDOHIQL o]
JHQLG ELU GHNLOGH WBPODWKIYRQQ<BIBQEIHOQNDSDV
0|]*POHULQ GH+HUOHOQG L (Kilieapsldnid Q20200 %XDW 6O U |
KLEULW \DNODuUOPODU \DOQO]JFD o|]*P NDOLWHVL
LOUOHP Ve UHVLQL GH RSWLPL]JH HGHELOLU g]HOO
KLEULW DOJRULWPDODU GDKD HVQHN YH JHQHOO
%BXQXQWDOYH KLEULW PRGHOOHULQ IDUNOO YHUL
VD+OON WHGKLVL ILQDQVDO WDKPLQ YH ,R7 WDE
ELU X\JXODPD DODQO EXOPDVOQO VvVD+ODU

%X E|O+P KLEULW DOJRULWPDODUOQ WHP
teknikleri ELUOHUWLUPH PHOH]OHHWDWRH O\ | QAHPC
X\IJXODPDNODMDP®O EHOHIHNMIPDGE DPDoODPDNW
\DNODUOPODUOQ QHGHQ JHUHNOL ROGX+X KDQJ
PHYFXW \|QWHPOHULQ |[WHVLQGH QDVOO o|]*POI
WDUWOUOODFDNWOU $\UOFD E|O«PGH KHP DND
uyguODPDODU LoLQ UHKEHU QLWHOL+LQGH ELOJLO
geleccHNWHNL SRWDQVL\HO DUDuwOUPD DODQODUO
SUREOHPOHUH X\JXODQDELOLUOL+L GH GH+HUO}
|*UHQLPL YWH]PHWHIDD \|QWHPOHULQ NRPELQDV\F
SUREOHPOHULQH GDKD HWNLIOU VYXQRDBQ ISRIWDA
WDUuOPDNWDGOU
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+0%5087 $/*25870$/$5,1 7(0(/ .$95%$0/$5,

Hibrit Algoritma Nedir?

+LEULW DOJRULWPDODU ELUGHQ 1ID]JOD R
\|QWHPLQLQ J¢0O+ \|QOHULQL ELUOHUWLUHUHN
VXQPD\O DPDoOD\DQ \DNODUOPODUGOU %X DO
vOQOUODPDODUDOQO DUPDN YH NDW KREIMN CBUR H
HWPHN ¢]JHUH wDVDUODQPOUWOU +LEULW DOJR
GLQDPLN YH EHOLUVL] o|]*P X]D\ODUOQD VDKLS
VD+ODU gUQHYHQJLVIHO FCHOMRULWPDQOQ NHaLI N
|+UHQLPHORRGEQ \HUHO RSWLPL]DV\RQ \HWHQH
E|][\OHFH GDKD KO]OO YH GDKD (SdyyetaXbagiR/i@,X 00D L
2021)

+LEULW DOJRULWPDODU JHQHO R @bhibiitN <o GH
\DNOD(SPUDWHO KLEUWVWNDWPDQOBOKWUEULW \DN
6HUL KLEULWOHUGH ELU DOJRULWPDQOQ oONW:
NXOODQOOGUL QW RISWIPL]IDVI\RQ \DSOOOUNHQ H
6LQLU $+O PRGHOLQLQ H+LWLPL LoLQ NXOODQOC
ELUGHQ ID]OD \|QWHPLQ Hu]l]DPDQOO oDOOUPDVO(
0|]*POHUL ELUOLNWH GH® N @B QEHWHW HND QYRR
\DNODUOPODU LVH GDKD NDUPDUONWOU YH oRN I
RSWLPL]DV\RQ YH |+UHQPH D@OE2Rly OQO ELU DU

+LEULW \|QWHPOHULQ WHPHO SUHQVLEL ID
VLQHUML \DUDWDFDN GHNLOGH ELUOHGWLUPHNW
GR+UXOXN RUDQODUO VD+ODPDNOD NDOPD] D\Q¢
WeNHWLPLQL RSWLPLJHUKB N UG *@]\HO RLINK@H PDOD L
DOJRULWPDODUOQ HVQHNOL+L YH JHQHOOHUGUWLU
JLEL DODQODUGD \D\JOQ ELU GHNLOGH EHQLPVHC

ODNLQH g+UHQLPH] MW EPWDPQWHPOHULQ *+00+ <|Q

ODNLQH |+UHQLPH] MW HPBIVDDIJRULWPDODU IDL
VDKLS WDPDPOD\OFO DUDoODUGOU YH NDUPDud
roller oynarlar, ODNLQH |+UNGURLRGDNOO ELU \DNODuC
NePHOHULQGHQ DQODPOO ELOJLOHUL oONDUPD Y
ROXUGWXUPD \HWHQH+LQH VDKLSWLU g]JHOOLNO
VeUHOOHULQGH PDNLQH |[+UHQLPL WHN®DQMN-OHUL
NDUDU D+DoODUO YH GHULQ |+UHQPH PR®&®HOOHU
NDUPDUON LOLUNLOHUL WDQOPOD\DUDN \¢NVHN
V D +(Bléxkeel vd., 2023) % XQXQOD ELUOLNWH PDNLQH |=
SHUIRUPDQVO JHQHOOLNOH EDUODQJO0 SDUDPHW
ED+O0OGOU %X GXUXP ED]O X\UJXODPDODUGD PR

'L+ HU \Dr@e@&BeaRqisel algoritmalar JHQLU o|]«P X]D\ODU
HWNLOL ELU GHNLOGH DUDPD \DSPD YH Ne<UHVH
sahipti. GAve PSOJLEL \|QWHPOHU ORNDO RSWLPXPOD
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X]D\OQO NHUIHWPH \HWHQHNOHUL\OH |QH of
RSWLPL]DV\RQX YH |JHOOLN VHoLPL-sergigel ]JRUC
DOJRULWPDODU o|]*P NDOLWHVLQL DUWOUOUNH
edebilir.

%X LNL \DNODUOPOQ ELUOHUWLULOPHVL PDN
modelleme yeteneklerini met« HJJLVHO DOJRULWPDODUOQ D
ELUOHUWLUHUHN Je0oO+ KLEULW 0|]*POHU ROXUGW X
ILQDQV YH P+KHQGGWOE N KR HWDNQDQ O/RWY X0 ODUD
NOODU

+LEULWOHUPHQLQ $YDQWDMODU® YH =RUOXNODU

+LEULW DOJRULWPDODU IDUNOO \|QWHPOHU
NDUPDUON SUREOHPOHULQ 0]|]*P*QGH SHUIRUPD(
VXQDU %X DOJRULWPDODU RSWLPL]JDV\RQ YH
VD+OD\DUDN KHP NHUOLI KHP@GEHD\ENOMYDEO DRDP
HGLOPHVLQL3HWDROPDQV PRUBWAW \|QWHPOHUL
DYDQWDMODUOQGDRTEDUHIGL W oplu® KJDRODUO QO
kapasitesi; 11 ferin |[+UHQPH \HWHQUH S B #iW KW GR + UG G M N
RUDQO PUGMHD G DKKD HWNLOL VRQXoODU HOGH HG
DOJRULWRMHYOBOO®D WHUHPORD ISRWDQVL\HOL |]t
YHUL NePHOHULQGH GLNNDWH GH+HUGLU 3DUDO
ID]JOD \|QWHPLQ oDOOuUPDVOQO P«PNeQ NOODUDN
$\ U Odelaptasyon yetenekleiVD\HVLQGH KLEULW DOJRULWP
\DSOODUO\OD EDUD oONDELOLU YH IDUNOO SURI
(Akintoye vd., 2022)

$QFDN KLEULWOHUPHQLQ EHU®EH#UQ@GH JH
EXOXQPDNWDGOU (Q |QHP QD URLICENEEIDNQE MQ
DUWPDVOGOU %LUGHQ ID]JOD \|QWHPLQ HQWHJIUI
X\IJXODQPDVOQO GDKD NDUPDUGON KkOH JHWLUHE
GR+UX ELU GHNLOGH ELUOHUGWLULOPHVL YH X\XF
gerektirir. AywtOFD KLEULW DOJRULWPDQ@&an@t@ EDUD
D\DUODGBROWX \DSOOPDVOQD *Biada SRS WO DOWIR G +
ER\XWX YH\D PXWDV\RQ RUDQO JLEL SDUDPHWUH
GR+*UXOX+XQX HWNLOH\HELORWO®BX ViDHODHWULG
RSWLPL]DV\RQ \|QWHPOHuL] ILR-HO K HOyEMIZZHIP HO L C

6RQX0o RODUDN KLEULW DOJRULWPDODU DY
\|QWHP ROPDNOD ELUOLNWH EX DYDQWDMODUO
WDVDUOP YH X\JXODPD DuDPDODUOQGD NDUUOC
DOOQPDVO JHUHNPHNWHGLU
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+o%507 $/*250670% 7$6%$5,0,1'$ .8//$1,/$1
7(.19./(5

6HUL +LEULW <DNODuUOGPODU

6HUL KLEULW \DNODubOPODU ELU DOJRULW
DOJRULWPDQOQ JLUGLVL RODUDN NXOODQOOGO=
RSWLPL]DV\RQ YH |+UHQPH DuDPDODUOQO ELUE
RUDQOQO DUWOUOU KHP LGHO HuNéBisegBeD L W H V|
DOJRULWPDODUOQ VRQXoODUOQO L\LOHUWLUP]
X\IJXODQNMBWA KLEULW \DNODuOPODUOQ WHPHO S
GA JHQLG ELU o|]*P X]D\OQGD HQ L\L |[JHOOLN D
NXOODQER®ROVMMHP®HQ |JHOOLNOHU ELU NDUDU
DOJRULWPDVOQGD GH+HUOHQGLULOHUHN QLKDL
WeU ELU NRPELQDV\RQ |JHOOLN VHoLPL JLEL JRU(
*$ODUOQ NHGLI \HWHQH=L YHUL\L ILOWUHOHPI
HGHUNHQ NDUDU D+DoODUOQOQ Jeo0O+ VOQOIOL
DQODPOO ELU UHNLOGH GH+HUOHQGLULOPHVLQL

%X \DNODUOPOQ HQ E+\eN DYDQWDMO KHU L
VLQHUMLN ELU GHNLO-GH INXOIH® QPDROGWBD 0OBWLC
JHQLGU oDSWD WDUD\DUDN JOREDO RSWLPXPD \D
VRQXoODU PDNLQH [-DUHQ OMIG P & GGIDKIH GIH W Q O |
HGLOHUHN PRGHOLQ JHQ I PHICHPIHN \VIMOH.@H ~1Lo DQ V
$0OJRULWPD YH .DUDU $+Do QIHO® INNRPHE 1\ QNDWH R (BBXR \
NePHOHULQGH KHVDSODPD PDOL\HWOHULIRL D]DO
|Oo*GH DUWOUDELOLU gUQHGA @n KAtk biyddik OON Y
SDUDPHWUHOHUL EHOLUOHUNHQ NDUDU D+DoOD
WHUKLV PRGH QQarBad ¥d3,\8021)) DELO LU

6RQX0o RODUDN VHUL KLEULW \DNODubPODU
UD+PHQ NDUPDUON SUREOHPOHULQ 0|]*P*QGH \=
\|QWHPGLU g]J]HOOLNOH |JHOOLN VHoLPL YH VC
\DNODUOP \DOQO]FD SHUIRWEDJBPDQ®D U RKH \GH
YHULPOLOL+L GH VXQDU %X QHGHQOH VHUL KI
|+UHQPH V*UHOOHULQL ELUOHUWLUHQ J+s0O+ ELU «

3DUDOHO +LEULW <DNODubOPODU
3DUDOHO KLEULW \DNODUOPODU-sezfi€eiNLQH

DOJRULWPDODUOQ Hu]DPDQOO RODUDN oDOOUF
VWUDWHMLVLGLU %X \|QWHP ELUGHQ ID]JOD DOJ
NDWOOPDVOQD RODQDN WOHEIO B LVH LEOXH V « B HW Q/HHG k
VRQX0o ROXUWXUXOXU 3DUDOHO oDOOUPDQOQ DY
|+ UHQPH V*UHOOHULQLQ D\QO ODNGERQ HHYWOH § DRI\
meta-sezgisel DOJRULWPDODUOQ Hu]DAP®0O ® DoD o/® VA
DUWOUOUNHQ LGUOHP VeUHVLQL GHseRdged biPL]H H
algoritma olanPSO KLSHUSDUDPHWUH D\DUOBNJEIQO RS\
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SDUDPHWUHOHUOH |[+UHQPH Ve UHFLQL JHOLGWLL
(Fouad vd., 2021)

%X \DNODUOPGD 362 SDUoDFONODUO VLQLU
NXOODQOODQ KLSHUSDUDPHWUHOHU LoLQ o]]*P X
KLSHUSDUDPHWUHOHUOH H+*LWLOLU YH PRGHOLQ
IRQNVL\RQX RODUONUGHXHUHOHP®IQDO VeUHo KH
Je0oO+ \DQODUOQGDQ ID\GDODQDUDN KHP KO]OO |
gUQH=+LQ ELU JJUQWe+ WDQOPD SUREOHPLQGH 3¢
RUDQOQO YH\D DNWLYDVI\RQ IRQNVIQRW B-WHO @&
SDUDPHWUHOHUOH \*NVHN GR+UXOXNWD VvO6QbIio

3DUDOHO KLEULW \DNODUuOPODU |JHOOLNO
NePHOHULQGH HWNLOL ELU o]]*P VXQDU %X \|QW
VD+ODPD \HWHQHNOHUL YH KHVDSODPD YHULPO
P KHQGLVOLN JLEL DODQOROGGPDRWD®ORIO DANXINX |
EX \DNODUGUOPODU SDUDOHO LGOHP V*UHFLQLQ WI
ND\QDNODUD LKWL\Do GX\DELOLU $QFDN VD=+OD
VRQXoODU EX HN PDOL\HWOHUL JH QHNGDOLINGDRHO R D
GLQDPLN YH E+\eN |OoOHNOL SUREOHPOHUGH J+s00O
oONPDNWDGOU

.DWPDQOO <DNODUOHPODU

.DWPDQOO KLEULW \DNODuUOPODU ELUGHQ I]
VeUHFLQLQ ELUELULQL WDNLS HGHQ DGOPODUOD
\DNODUOPOGOU %X \|QWHP IDUNOO DOJRULWPDC(
VOUDOO RODUDN X4dRNODQGOEPUO KA EUHW LYerUHOOH |
ELU DuDPDQOQ EHOLUOL ELU JJUHYL «VWOHQPHYV
0|]*POHU «UHWPH\L DPDoODU .DWPDQOO \DNOD
o|]]PH V*UHFLQL GDKD PRG¢OHU YH VLVWHPDWLI
DGUDPDGD |JHOOHUWLVKXQPIEL @PHPDGELU gUQH=+LC
|[JTHOOLN oONDUPD LGOHPL JHUOoHNO-bkagiél bit OLUNF
RSWLPL]DV\RQ DOJRULWPDVO GHYUH\H JLUHU Y|
NXOODQOODUDN HQZublvdy®21Xo HOGH HGLOLU

%LU |[UQHN «]JHULQGHQ EX VeUHo DoONODQDE
NePHVLQGH LON DGOPGB G UN @FHNmWBRIEB® OWHLD L (¢
LOUOHP ELU $QD %LOHGOHQ $QDOL]L 3&$ YH\D Y
\DSOODELOLU $UGOQGDQ HOGHmMdh3ezgisdlQ DOW
optimizasyon LOH GDKD GD RSWLPGMMH HQ@ LIOLU| ] HOQIHN
NePHVLQL VHOHUHN |+UHQPH PRGHOL LoLQ LGHD
olarak, |*UHQPH PREBX ORSWLPL]H HGLOPLG YHUL
VOQORIM QYEO®N UHJUHVIRQ JLEL JJUHYOHUL \HU!
VD\HVLQGH KHU DUDPD ELUELULQL GHVWHNOHL
HWNLQOL+L bDuwdudodu

.DWPDQOO \DNODUuOPODU |]JHOOLNOH NDUPD
oHUOHYH VXQDU 6D+OON VHNW|UsQGH ELU WHU
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|JTHOOLN oONDUPD DGOPO\OD NULWLN EL\RORMLN
VH]JLVHO RSWLPL]DV\RQ LOH EX YHULOHU GDKD I
PRGHOL NXOODQOODUDN WHGKLYV VeUHFL RSWL
\DOQO]JFD SHUORIPDINOWO NDWWD] D\QO ]DPDQGEL
\|QHWLOHELOLU YH |OOHNOHQHELOLU KDOH JH\
WDVDUOPO YH HQWHJUDV\RQX KHU ELU NDWPDC
GLNNDWOL ELU UOHNLOGH SODQODQPDOQOGOU
\DNODUOPODU oRN DUubDPDOO SUREOHPOHUGH HV
sunar.

UYGULAMA ALANLARI

6D+OON YH %L\RPHGLNDO

*HQHWLN 9HULOHUGH QHHWON. N IBHbOPIU Ee\eN |
\DSOODUO QHGHQL\OH DQDOL] HGLOPHVL ]JRU YH
JHQHWLN YHUL VHWOHUL JHQHOOLNOH \eNVHN E
ELUORN |JHOOLN DQDOL] LoLQ |QHPWIGHGQHE |B KO\
YHULOHUGH |]JHOOLN VHoLPL DQODPOO YH HWN
|QHPH VDKLSWLU +LEULW DOJRULWPDODU JHQF
NePHOHULQL EHOLUOHPHN LoOLQ J+6M geRdtikl o|]P
YHULOHUGHQRWPRNLEHOLUWHOOHULQ VHOLOPHVLC
GDKD VRQUD ELU PDNLQH |+UHQLPL PRGHOL\OH |
YH\D EL\REHOLUWHo DQDOL]JL JLEL JJUHYOHU Lc
NDQVHU WHUKLVL YH\D dirfe3iHybL dlanlaid¥, Nib@ H + H U ¢
DOJRULWPDODUOQ EX \HWHQH=+L GR+UXOXN RUD
optimize edebilir.

*lUeQWe @UOHPH YH 7HUKLY G6LVWIHEEGHULQ
JJUsQW+OHPH WHGKLY V*UHOOHULQGH |QHPOL EL
QHGHQL\OH |]JHOOLN VHoLPL JHUHNWLUHQ ELU
5HJRQDQV *|UsQWe<OHPH 05, YH %LOJLVD\DUO
\|QWHPOHUOH HOGH HGHO HQHWOIEE F]1H O|Ql R /MO HQ
WHUOKLY GR+UXOX+XQX DUWOUOUNHQ LGOHP VeUL
DOJRULWPDODU EX VeUHFL RSWLPL]H H®®PHN Lol
WOEEIMWIMHQGHQ oONDUOODQ |JHOOLNOHULQ HQ
NXOODQOODELOLU 'DKINN RICEID EEX |FHIOHIANHD PR
HQWHJUH HGLOHUHN WeP|U VOQOIODQGOUPDVOD
\eNVHN GR+UXOXN VD+OD\DELOLU

%X WeU KLEULW \DNODUOPODU WOEEL WDQ(
JHWLUHUHN \DOQO]JFD NOLQLN VeUHOOHUL KO]
VRQXo0ODUOQO L\LOHUWLUPH SRWDQVL\HOLQH GH
GH J|UeQWe+ LUOHPH JWED @IRLQWPDED KD G UX\JXC
VHNW|U*QGH GHYULP \DUDWDFDN 0]|]*POHU VXQDE
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Finans ve Ekonomi

SRUWI|\ 2S WL P LTahminRVQdellafik Finansal piyasalarda,
SRUWI|\ RSWLPL]DV\RQX \DWOUOPFOODUOQ UL’
VD+ODPDN LoLQ NXOODQGONODUO WHPHO ELU \
DUDVOQGDNL LOLUNLOHU YH SL\DVD NRUXOODU
SRUWI[\*QUOBHIPHVLQL ]JRUODUWOUDELOLU +LE
RSWLPL]DV\RQXQGD EX JRUOXNODUOQ «VWHVLQG
gUQHRIOQ OH ELU SRUWI|\eQ ULVN YH JHWNNL GHQ.
SL\DVD NRUXOODHODR ®MNMIOHEFHGHELOLU %X NRPE
WDKPLQOHU \DSDUDN \DWOUOPFOODUOQ GDKEL
(Ashrafzadeh vd., 2023) $\UOFD SRUWI|\ RSYWHIB®IJQV\R
NXOODQOPO ULVN RUDQODUOQOQ YH YDUOON V
P.PNeQ NOODU +LEULW \DNODUOPODU SRUWI
L\LOHGWLUHUHN \DWOUOP SHUIRUPDQVOQO DUW(
X\XP VD+ODPD \HWHQH=L VXQDU

Algoritmik  Ticaret Sistemleri: Algoritmik ticaret, finans
SL\DVDODUOQGD KO]OD E+\«\HQ ELU DODQGOU Y
]JDPDQOO RODUDN LUOHQPHVLQL JHUHNWLULU +
VLVWHPOHULQGH KHP WDKPLQ KHP GH RSWLPL]D
VOMNOD NXOODQO GA WtratejiU gatamet@leringE loptimize
HGHELOLUNHQ ODNLQH g+UHQLPL PRGHOOHUL
WDKPLQ HWPHN LoLQ NXOODQOODELOLU %X \|QW
straejileri hem daha esnek hem de daha etkili hale geBO gibi meta
VH]JLVHO DOJRULWPDODU WLFDUHW PRGHOOHUI
HGLOPHVLQDNXD NDODNPDHON SL\DVD GLQDPLNOHUL

Bu hibrit \DNODGOPODU DOJRULWPLN WLFDUHW
DUWOUPDNOD NDOPD] D\QO ]DPDQGD SL\DVD
VeUG+U*OHELOLU YH NkUOO VWUDWHMLOHULQ RO
KLEULW DOJRULWPDODUOQ NMHINDIRY®EHO W |]FHIDUDH.
\|QHWLPL JLEL DODQODUGD JHOHFHNWH GDKD GD

0O+ KHQGLVOLN YH (QGeVWUL\HO 2SWLPL]DV\RQ
Robotik Sistemlerde Yol Planlama Robotik sistemlerde, bir robotun

KHGHIH HQ NOVD HQ J*YHQOL YH\D HQ YHULPOL )\
SUREOHPOHUL P¢KHQGLVOLN RSWLPL]DV\RQXQ XC
JHQHOOLNOH GLQDPLN YH oRN ER\XWOKr#LU o]]*F
EX GXUXP JHOHQHNVHO \|QWHPOHUOH o0|]*OPHVL
+LEULW DOJRULWPDODU URERWLN VLVWHPOHULC
HWPHN LoLQ Je0oO+ ELU o|PSP WRERW XdU G BUIHN H
RUWDPC)Q ILILRVH®L MQDWEB OMODUDN RSWLPDO EI
NXOODQOODEDNN.UO M6 )6 WY WHINOHQHUHN oHYUHVH
ELU UHNLOGH X\XP VD+ODQDELOLU +LEULW \DNO
YHULPOL KHP GH GDKD HVQHN KDOH JHWLUHUF
HQG*VWUL\HO URERWLN X\JXODPDODQBBHLE-\ENU
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IDEULND RUWDPOQGD URERWODUOQ HQ NOVD
HWPHOHUL LoLQ 362 YH '111QLQ ELUOLNWH NXOC
|QHPOL |Oo*GH DUWOUDELOLU

EQG+VWUL\HO 6+UHo0: 28 ®L\PW [ LDLWHROQXeUHO RSWI
cUHWLP VeUHOOHULQLQ PDOL\HWLQL GeG*UPHN
NXOODQOPOQO RSWLPL]JH HWPHN LoLQ NXOODQO
DODQGDNL SUREOHPOHU JHQHOOLNOH oRNOVD\OG
o|]PH\L GDKD NDUPDUON KDOH JHWLULU +LEULW
IDUNOO DuDPDODUOQO RSWLPL]JH HWPHN LoLQ HW
GA ELU *UHWLP KDW@®ODQGDMNDVEOMNL RISWLPL]H HC
6LQLU $+0DUO <UHWLP V*UHFLQGHNL KDWD RUDC
RODQD+0O VD+OD\DELOLU $\UOFD EX WeU KLEULYV
NXooDQOborPDVO YH DWONODUO @k Bepbfeiedd OPDV
XOoDudboOPDVOQD GD \DUGOPFO RODELOLU

+LEULW DOJRULWPDODUOQ EX DODQGDNL |
VeUHOOHUGH PDOL\HWOHUL GelGeUsUNHQ YHULPC
HQG+VWUL\HO RWRPDV\RQ HQHUML \|QHWLPL YH
Ee\eN LOJL J|UPHNWHGLU UM WKRIPR\E®HN HQLG/ W
VeUHOOHUGH KLEULW DOJRULWPDODUOQ DGDSWL
RSWLPL]DV\RQXQXQ JHOHFH+LQL UHNLOOHQGLUP

,R7 YH $NOOOO 6LVWHPOHU

,R7 &LKD]ODUOQGDQ *HOHQ 6°+UHMWEElSHUL $N
gQWHUQHWL ,R7 Ve<UHNOL RODUDN E+\¢N PLNWD
%X FLKD]JODUOQ <UHWWL+L YHUL DNOUbOQO6Q D
oDOOURDYODRBDMN NULWLN ELU JHUHNOLOLNWLU $
\DSO\D VDKLS ROGX+X LoLQ DQDOL] Ve UHOOHUL
DOJRULWPDODU ,R7 FLKD]ODUOQGDQ JHOHQ V.U
YHULOHUGHQ DQODPOQ-ED® HLQWHP|O W/IX@R BNQL o L
VeUHNOL GH+LUHQ YHUL RUWDPODUORSGBU HQ X\.
|[JHOOLNOHULQ HWNLQ ELU GHNLOGH DQDOL] HGL
g+UHQLPL PRGHOL LOH GHVWHNOHQHUHN YHUL
JJUHYOHUGH [&xed biQ F0eBREEDKD]ODUOQGDQ JHOH
KLEULW DOJRULWPDODUOQ X\JXODQPDVDO HQHU
VONOUWOUPD JLEL NULWLN NRQXODUGD GD Es«\«N

$NOOOO UHKLUOHUGH$SNAQDK <GHXHWIOMHU WUI
HQHUML GD+OWOPO DWON WRSODPD YH VX ND\Q
RSWLPL]JH HWPHN LoLQ ,R7 WDEDQOO VLVWHPOHL
NDUPDUONMBOEWOYDDRDIN \|QHWLPLQL GDKD ]JRUO:
+LEULW DOJRULWPDODU EX WeU VLVWHPOHUGF
RSWLPL]JH HWPHN LoLQ HWNLOL ELU \|QWHPGLU ¢
sistemindePSOve DNN ELUOLNWH N X O O BQH@mD®DALN NH & UDHIE
VLQ\DOL]DV\RQ RSWLPL]DV\RQX VD+-ODQDELOLU
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VeUHOOHIDOGH HQHUML WeNHWLP WDKPLQOHUL\
YHULPOL GHNLOGH GD+-OWOOPDVOQO VD+OD\DELC
+LEULW DOJRULWPDODUOQ ,R7 YH DNOOOO VI
YHULPODWWOQPDNOD NDOPD] D\QO ]DPDQGD
\DUDWPDN LoLQ NULWLN ELU DUDo RODUDN |QH «
NDUPDUON DOW\DSOODUOQDO GDKD L\L \|QHWPHV
OHYUHVHO HWNLOHUL D]@a®WRDIliKHGHIOHULQH GH

PERFORMANS ' (6 (5/(1'250(

+LEULW <DNODUOPODUOQ %DUDUO gOo*WOHUL

,] ]S C lo "fuo Efv " Efefvf R CEGo v JEuU IU luo
§1]vo]R]v] A uCPpo u o Efvfiv P E | °vC 1] % E}
vo ul ]]lv IE]S] [HREHQYHIEX «°@& I*CVv | lpoo viuf
P]] ,0°50 EBU Z] E]S oP}E]Su o Efv % E(}EU vefvi
lpoo vfo v IE]S Eo E JEX

X '"R+UXOXINULW DOJRULWPDODUOQ HQ WHPHC
GR+UXO%%XXGXNW PRGHOLQ YHULOHQ SUREOHP Lol
VXQGX+XQX LIDGH HGHU gUQH=+LQGALOHOQOLIOD
|[JHOOLNOHU YH ELU '11 LOH ROXUWXUXODQ PF
\DNODUOPOQ EDuDUO VO Giladidgam&NGukiooolQ2024 O O D Q (
<eNVHN GR+UXOXN RUDQO KLEULW DOJRULWPD
|+ UHQPH Ve UHOOHULQGH HWNLOL ROGX+XQX J|VW
NULWLN DODQODUGD GR+UXOXN X\JXODPDODUOC

X UOHP 6WHNIKLEULW DOJRULWPDQOQ EDUGDL
JHUHNHQ ELU GL+HU |QHPOL |O0*W LUGOHP VeUHVIL
DOJRULWPDQOQ NRPELQDV\RQXQX LoHUGL=L Lol
DOJRULWPD\D J|UH GDKD X]X QDD O$H@F N O HEXH
\|QWHPOHUOH RSWLPL]H PSG IY®IHBDOILWYH g y-QUHHQ |
PRGHOOHULQLQ Hu]DPDQOO oDOOuUWO+0O SDUDO
|QHPOL |O0*GH @3upeite0208) WJHOOLNOH JHUOHN
VLVWHPOHUGH KO0]JOO VRQXo *UHWPH NDSDVLW
EHOLUOH\HQ NULWLN IDNW|UOHUGHQ ELULGLU

Xx .D\QDN . XOOL@OR® DOJRULWPDODUOQ EDUUD
NULWHU ND\QDN NXOODQOPOQOQ HWNLQOL=+LGL
WeNHWLPL JLEL GRQDQOP ND\QDNODUOQOQ QH
HGHU gUQH=LQ ,R7 FLKD]ODU QOQED®IVILH GGG @ K+l
VLVWHPGH ND\QDNWOIDOUUREPHYHDOPHWOHULQ Geu
VD+ODU KHPWHHPLQ VeUG-«+U-QdéeE Agos WD, 2021 L DU W
g]JHOOLNOH HQHUML YHULPOLOL+L DNOOOO VLVYV
ELU |[Oo*WW-U
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6RQX0 RODUDN GR+UXOXN LUOHP VeUHVL
DOJRULWPDODUOQ EDUDUOVOQDO GH+HUOHQGLUP
NULWHUOHULQ GHQJHOHQPHVL KLEULW \DNODUC(
GDKD \D\JOQ ELU GHNVO&BDXIXODQPDVOQOD

DUadboDuwdUPDOO $QDOL]

+LEULW DOJRULWPDODU JHOHQHNVHO \|QWHT
YH |[+UHQPH VeUHOOHULQL ELUOHUWLUHUHN GDKI
ve esneklik sunma potansiyeline sahiptir. Bu nedenle, hibrit algoritmalar ile
JHOHQHNVHO \|QMHPVONDUQOSHWIWOUPDODUO EX
G*Q\DGDNL X\JXODPDODUGD VD+0ODGO+O DYDQW
DGOPGOU

'R+UXOXN 3HUIRWLEPLDLQW D OJRULWPDODU JHQ
RUDQODUOQO DUWOUPD NDSDVLWH\GAQEyaVDKLS)
\DOQO]FD ELU ODNLQH g+UHQLPL PRGHOL NXOO
NO\DVOD EX LNL \|QWHPLQ NRPELQDV\RQX GDKD
|[JHOOLN VHoLPL SUREOHPLQGH *$7Q0Q RSWLPI
PRGHOLQH HQWHJUKIGBDQG G UPIDQGHR+ WXMX+X |C
DUWDELOLU *HOHQHNVHO \|QWHPOHU JHQHOOLN
WeU NRPELQDV\RQODUOD VD+ODQDQ GR+UXOX=+D

GUOHP 6«UHVL YH .D\OBAHGHWN?PBOOILGWHPOHU
WHN ELU DOJRULWPDQOQ GDKD KO]JOO oDOOUPDYV
$QFDN KLEULW DOJRULWPDODUOQ SDUDOHO YH
LOUOHP Ve UHVLQL RSWLPL]H HWPH BIOVWK¥L\HOLC
$+DoODUO ELUOLNWH oDOOuwWO+0QGD D\QO DQG
|+UHQPH JHUOHNOHUWLULOHUHN WRSODP LGOHP
KLEULW DOJRULWPDODUOQ NDWIN MOO/DORDOOP® L
RODUDN GH=+LUHELOLU 3DUDOHO KLEULW \D|
GHQJHOH\HUHN EX DODQGD JHOHQHNVHO \|QWHP

$GDSWDV\RQ «HEMHO@HPIOIJRULWPDODU GLQDP
YH oRN ER\XWOX SUREOHPOHUH X\XP VD=0OD
\|QWHPOHUGHQ JHQHOOLNOH GDKD «VW+QG-U
PRGHOOHULQGH SL\DVD NRuXooDUOQOQ VeUH
\|QWHPOHW BRPIULXOHU VXQDELOLUNHQ JHOHQHI
GH<L4GLPOHUH DGDSWH ROPDNWD JRUODQOU

6RQX0 RODUDN KLEULW DOJRULWPDODUOQ
VD+ODGO+0 «VW+QO+NOHU |]JHOOLNOH GR+UXOXN
DoOVOQGDQ EHOLUJLQGLU %XQXQOD ELUOLNW
X\IJXODQPDVO GDKD NDWMND EXN HRNO D BDEDL UG DIKIF
SHUIRUPDQV YH GDKD JHQLU X\JXODPD SRWDC(
oONDUOOPDNWDGOU
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*(/(&(. d$/,00$/$5 9( $5%07,50% <gl/(50

+LEULW <DNODuOPODUOQ 2WRPDV\RQX

+LEULW DOJRULWPDODUOQ RWRPDV\RQX N
VeUHOOHULQL NROD\ODUWOUPDN YH GDKD HWNLC
\HQLOLNoL ELU \DN CMNFOPIVOILN §PHNIL@QIHN@HIHQLPL
DUDoODU &ex@iel dgdrividlarla entegre ediimesi hem model
RSWLPL]DVI\RQXQX KO]JODQGOUOU KHP GH NXOC
LQGLULU +LEULW \DNODuOGPODUOQ RWRPDV\RQ
D\DUODPDVO YH PRGHO W Datipele@ere® dhhd&Edz bilgiu Ho O
gerektrenve KD NXOODQOFO GRVWX VLVWWad PQHU RO
2024)

AutoML PDNLQH |+UHQLPL V*UHOOHULQL RWRPD
ELU oHUOHYHGLJULYH ® HDVODDRULWPDODUOD ELUOH{
GR+UXOX+XQX YH YHULPOLGEA™VEeRPSO BWMOOIUDELOL
DUDoODUO LoLQGH KLSHUSDUDPHWUHOHULQ GL(¢
NXOODQOODELOLU %X KLEULW \DNODUOP PRGHC
DNWLYDV\RQ IRQNVL\RQX JLEL SDUDPHWUHOHUL
D\DUOD\DUDNMX /RIQX @@ RXU HOGH HGLOPHVLQL VD-

%X HQWHJUDV\RQXQ ELU GL+HU DYDQWDMO
veya metaVH]JLVHO DOJRULWPDODU KDNNOQGD GH
GX\PDPDVOGOU gUQH+LQ ELU VD-OON X\JIJXODF
PRGHO VHGSIPDUIDH) |JHOOLN VHoOLPL NRPELQDV\RC
WHGOKLY PRGHOOHUL JHOLUWLUPHVLQH RODQDN
RWRPDV\RQ GLQDPLN YHUL RUWDPODUOQD DGDS
DNOOOO GHKLU X\JXODPDODDODNENXDODQODWED

6RQX0o RODUDN KLEULW \DNODuUOPODUOQ RWI
DUWOUPDN KHP GH GDKD JHQLUO ELU NXOODQOF
DUDoWOU $XWROOYWHHPHMWDIRULWPDODUOQ HQWH
DGDSWLI VLVWHPOHUR®@ DO\ (WD Q DOPHWIYNQ KLE
JHOHFHNWHNL NXOODQOPOQO GDKD GD \D\JOQ KI

%e\eN 9HUL YH 'D+OWON 6LVWHPOHU

+LEULW DOJRULWPDODUOQ E+\eN YHUL RUW
PRGHUQ YHUL DQDOLWL=+L YH RSWLPL]DV\RQ V.U
%e\eN YHUL \eNVHN KDFLPOL \eNVHN KO]GD YH ot
JHOHQHNVHO \|QWBPeRY D@ Vv PGH@MO RODELOLU
metaVH]JLVHO DOJRULWPDODUOQ JHQLUG o]]*P X]D\
|*UHQLPLQLQ \eNVHN GR+UXOXNOX WDKPLQ NDSD
RUWDPODUOQGD HWNLOL o]]*P O HGklgnéipibik, $QFDI
KLEULW DOJRULWPDODUOQ E DAl&liGaN @l. 120210 WHP F

'D+OWON VLVWHPOHU E<«\*N YHUL DQDOL]JLQ
LoLQ VONoD NXOODQOOOU gUQH=+LQ $SDFKH 6S
SODWIRUPODUOQGD KLEULW DOJRULWPDODU S|
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NePHOHULQL DQDOL] HGHEL O LddzgiselXalgattdaléL U VL
YHULOHULQ IDUNOO E|O+POHULQGH SDUDOHO F
ODNLQH g+UHQLPL PRGHOOHUL EX VeUHOWHQ HO
QLKDL WDKPLQOHRSQODBDN FUQH-HIWQL N PHVLQGH -
oDOOUWOUOODUDN HQ X\JXQ DSIN bupardétceld@H UL E
H + L Yeh®out)& Khamforoosh, 2023)

+LEULW \|QWHPOHULQ |O0oHNOHQHELOLUOL=L
VeUHVLQL NOVDOWOU YH ND\QDN NXOODQOPOQ
]DPDQOO DQDOL] JHUHNWLUHQ VD+OON ILQDQV
E«\eN DYDQWDM VD+ODX\JYORPBVOQEDU KREULW
PLO\RQODUFD FLKD]GDQ JHOHQ YHULOHUL HUGU]DPI
tespiti yapabilir.

6RQX0o RODUDN Ee\eN YHUL RUWDPODUOC
|OoHNOHQHELOLUOL+L KHP GD+OWON VLVWHPOH
HVQHNOL+LQL ELU DUD\D JHWLUHUHN GDKD Je+oC
VXQDU %X HQWHJUDV\RQD\QIBDWIO BEQBNOFR UQOENQ D
\DQO VOUD KLEULW DOJRULWPDODUOQ E«\*N |Oc
Duwouobdu

'HULQ g+UHQPH LOH +LEULWOHUGPH

'HULQ |*UHQPHVNHLYPHWDDOJRULWPDODUOQ
NDUPDUON SUREOHPOHULQ o0|]*P*QGH HWNLOL E
|*UHQPH \eNVHN ER\XWOX YH Ee\eN YHUL Ne¢PHC(
PRGHOOHPHN LoLQ ROD+DQ+VWFDELUEXD$QOWHW B¢
SHUIRUPDQVO PRGHOLQ KLSHUSDUDPHWUH D\D!
NDOLWHVLQH ED =+ 00 G-€edgisel agoktnalxr, QureksIMikKIgBiD P H V
JLGHUPHN LoLQ GHYHHAHVHO HQWHPOMHU JHQLUG o
etiOL ELU GHNLOGH DUD\DUDN GHULQ |+UHQPH
RSWLPL]DV\RQXQX YH |JHOOLN VHoOLPLQL JHUOHN

gUQH+L@NNEPBGHOLQGH |+UHQPH RUDQO NI
aktivasyon fonksiyonu gibi hiperparametrelerin optimizasy@AiyeyaPSO
gibi metaVH]JLVHO \|QWHPOHU WDUDIOQGDQ JHUo
\DNODUuOP PDQXHO SDUDPHWUH D\DUODUOQOQ
NDOGOUDUDN GDKD HWNLOL PRGHOOHULQ ROX
V+UHF L Q GétgisPl HigditmalarGHULQ |+UHQPH PRGHOLQLC
DQODPOO YHULOHUOH oDOOuUPDVOQO VD+OD\DUL
G R + U X O\K@SHiQm1I2019)

%X KLEULWOHUPH VD-OON ILQDQV YH GR=D
Je0oO+ X\JXODPDODU VXQDU gUQH=+LGA EWWD BVHL+ 0
JJU-QW+*OHUGHQ HQ NULDNNNE ¥ H HIDLONIONHOUH U V. HNOXH@IE
KDVWDOO+O \eNVHN GR+UXOXNOD vOQOilobDQGOU
tahminlerinde, met#/ H]JJLVHO \|QWHPOHU KLSHUSDUDP
\DSDUDN GDKD KDVVDV WDKPLQOHU LoLQ GHULQ
D tai®
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6RQX0 RODUDN GHULQ -VHJHQMD L PHW HHRLC
NRPELQDV\RQX |*UHQPH V< UHFLQL RSWLPL]H
JHQHOOHUWLULOHELOLUOLN VD+OD\DUDN KLEUI
SUREOHPOHUH X\JXODQDELOLUOL+LRD DUWBAN O L
GR+*UXOXN RUDQODUO VXQPDNOD NDOPD] D\Q
|]OOHNOHQHELOLU 0|]*POHU JHOLGOWLULOPHVLQH ¢

6218d

+LEULW <DNODUuOGPODUOQ 3RWDQVL\HOL YH *HOHI

+LEULW DOJRULWPDODU IDUNOO RSWLPL]DV
Je0oO+ \|QOHULQL ELUOHUWLUHUHN NDUPDUGON SL
kapasitesine sahiptir. Bu algoritmalar, hem mgt&d ] JLVHO \|QWHPOHU
0|]*P X]D\OQAHWHIAD-LQL KHP GH PDNLQH |[+UHC
WDKPLQ NDSDVLWHVLQL ELUOHUWLUHUHN GDKD
YHULPOLOL+L VXQDU g]J]HOOLNOH GLQDPLN oRN
KLEULW \DNODuOPODU JHOHQHNDBO o)\]¢LOHRIO
JHOLGUWLUHELOLU

*HOHFHN YDDW HGHQ \|QOHU DUDVOQGD KLE
Ee«\eN YHUL RUWDPODUOQD |OOHNOHQHELOLUOL=I
|QH oONPDNWDGOU gUQHVHIIL¥M® RPQ W B PORHHW Q
PDNLQH |+UHQLPL V.U OHEHOLQLKEDKDIHWILLLUN}
GD+OWON VLVWHPOHUOH \DSOODQ HQWHJUDV\R(
SUREOHPOHUH X\JXODQDELOLUOL+LQL DUWOUDF|
LOH KLEULWOHGPH KLSHUSDUDPHW it kRIEWLPL]C
VeUHoOOHUL NROD\ODUWOUDUDN KLEULW DOJRU
\+ NV H O WMuURgbN 2023y

%|0O+PGH 6XQXODQ 7HPHO dONDUOPODU YH gQHUL

%X E|O*PGH KLEULW DOJRULWPDODUOQ J¢0O-
DODQODUO GHWD\OO ELU GHNLOGH HOH DOOQPOI
SDUDPHWUH RSWLPL]JDVI\RQX YH PRGHOOHPH Ve
YXUIJXODQPOUWOWLWPODEDUER DD3RON ILQDQV
JLEL ELUORN VHNW|UGHNL HWNLOL NXOODQOPO |
DOJRULWPDODUOQ JHOHQHNVHO \|QWHPOHUOH
JHQHOOHUWLULOHELOLU 0]|]*POHU VXQGX=+XQX J|\

gQHULOHU DUDVOQGD KLEULW DOJRULWPDO
IDJOD DUDUWOUOOPDVO YH Ee\eN YHUL LOH GH
JHOLUWLULOPHVL EXOXQPDNWDGOU ¢g]JHOOLNOH
GRVWX KDOH JHWLULOPHOHUOM >XARPOWOBD O/Q
|]OOHNOHQHELOLU o|]*POHULQ WDVDUODQPDVO E
DUWOUDFDNWOU

6RQX0 RODUDN KLEULW DOJRULWPDODU
SUREOHPOHULQ 0]]*P*QGH NULWLN ELU URO R\Q
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