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$ONROOHU YH HWHUOHU JLEL RNVLMHQ LoH!I
EXOXQPDVO QHGHQL\OH \DRBMHA®\RQDDWIOU B HDC
LoLQ LowWwHQ \DQPDOO PRWRUODUGD \DNOW
NXOODQOODELOPHNWHGLU (WDQRO ( YH PHWLC
RNWDQ vD\OVOQD YH RNVLMHQ LoHUL+LQL DUWC
\D\JOQ RODUDN NXOODQOODQ NDWNOODUGDQG
ROPDMGHQL\OH DONRO YHBHAWQU Gbpi@@@ DU O Q
YHULPLGDYA WBUV\RI@@IWNMDO + O . Britak| akolidr P L G W L
HQHUML LoHUL+L EHQJLQH JJUH GeG*N ROGX=+.
NXOOBDIEBIDGIDNOW W>®-HAV IGL @ L CietDdardl WEEY G L U
HWD QR O K INKOD D\WeRRHND HU VDIQHBWLU  $\WOFD \DQ
JlemeQGL+LQGH '((TLQ HW D QIsrO EIHIP DG DD O] @
JJUsOP«UW+U %X UPHHGHQ MWDQOROPODUOQD '((
NHQGL NHQGLQH WXWXuPD VOFDNOO+0QO HWD
\DQPDQOQ GDKD KOJOO JHUoH NaMHUIPHMLVQLU V D
nedenle, etandlEHQ]LQ NDUOuUOPODUOQD '(( NDWOOPD\
pbuwdbudboprDVO YH \DQPD\O L\LOHUOWLULOHUHN H
0|]*P RODUDN G+(*Q+OPHNWHGLU $QFDN OLWH
PRWRUODUGD NXOODQOPOQD \|QHOLN VvOQOUO
"((fLQ EXML DWHUGOHPHOL PRWRUODUGD NXOODC
VRQXo0ODUOQOQ ELU DUDGD GH+HUO MQ&ikULOPH\
uygulamala LOL@HPOLGLU %X oDPai@XML DWHGOHP
PRWRUODUGD '(( NXO®DixDdP® ¢ PRDMIBOD ELU DUTL
JHWLULOPH\H oDOOudOPOUWAOU %X oDOOUPD
NXOoDQOPOQOQ \DQPD PRWRU SHUIRUPDQVO
NXOODQOODELOLUOLN VOQOUODUOQO LQFHOHPH

Anahtar Kelimeler + % XML DWHUGOHPHOL PRWRUODU 'LHWL
SHUIRUPDQVO® (J]JR] HPLV\RQODUD

*a35gU

*«QeP+]GH RWRPRWLY VHNW]|U+ IRVLO \DNOWO
LoWwHQ \DQrPDOO PRWRUODU WDUDIOQGDQ -U
ND\QDNODQDQ WHKGLVKa8 UK. WRWQU G « NHDQ@ B PBHHE(
IRVLO \DNOW NOWOO+0Q0Q JHWLUGL+L JRUOXNC
RODQ ED+OPOOOO+O DIDOWPDGD DOWHUQDWLI
ve Ashok, 20221 $ONROOHU YH HWHUOHU JLEL RNVLMt
DUWDQ HQHUML WDOHSOHULQH JHOHFHNWH oHY
VDKLS JeYHQLOLU ND\QDNODUGOU 2NVLMHQ LoH
WeUGH ND\QDNODUGDQ \HUHO RODUDN GD <UH
JHOHFH+H VDKLSWLU $ONRO YH HWHU \DNOWOD
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YH VHUD JD]O HPLV\RQODUOQO D]JDOWPD SRWDQ
YDUGOU %X QHGHQOH DONRO YH HWHUOHULQ
SHUIRUPDQV YH HPLV\RQ NDUDNWHULVWLNOHUL!
\DSOOPOUWOU %XQXQOD ELUOLNWH SHUIRUPDQ
HOGH HWPHN LoLQ EX \DNOWODUOQ \DQPD GDY
|QHPH VDKLSWLU $ONRO YH HWHU \DNOWODUO
\eNVHN RNVLMHQ LoHUL+LRQ Ml Geldv@ Merdibi®P \D QP
DUWPDVOQD YH HPLV\RQODUDELDHFHLVEROLWMY
(Awad vd., 20184; Awad vd, 201802 $ONRO \DNOWODU LoLQG]
NDWNOVO RODUDN \D\JOQ UHNLOGH NX0OODQOO
DWHUOHPHOL PRWRUODUGD NXOODQOPOQD \|QHC
DOPDNWDGOU (WDQRO+<Q LOHUL+*LQGH RNVLMH
HPLVI\RQODUOQ DIDOWOOPDVOQD |QHPOL NDWN(
EHQJLQH J|UH ROGXNoD Get*N ROPDVO VHEHEL
RUDQODUDOQGD PRWRU SHUIRUPDQVOQO GelG*UHL
edilmektedir Chansauriave Mandloi, 20184068 lodiceve Cardone

20212; lodice vd., 2021467 Thakur vd., 201784 Thakur vd.,
2017b326 'L+HU WDUDIWDQ GLHWLO HWHU '(( HYV
HQHUML \R+XQOX+XQD VDKLSWLU $\WUOFD '((
|[JHOOLNOHULQH VDKLS YH ]JDUDUOO® HPLV\RQODL
DOWHUQDWLI \DNOWODUGDQ ELUL RODUDN J|U-C
DWON «UsQOHU JLEL oHULWOL \HQLOHQHELOLU NI
vd., 19971 1RUPDOGH '(( \*NVHN VHWDQ VD\OVO
DWHUGOHPHOL \DQL GL]JHO PRWRUODUGD NXOODQ¢
QHGHQOH GL]J]HO PRWRUODUGD '((TQLQ NXOODQZ(
oDOOUPD \DSOOPO 08D $ezed HAX2ABO. Ancak, DEE
LVWHQLOHQ WXWXGUPD YH \DQPD |[JHOLNOHUL QH
SHUIRUPDQVO YH HJ]JR] HPLV\RQODUOQO L\LOF
PRWRUODUGD GD NXOODQOODELOLU 'DKD KRI
HGLOHELOPHVL LoLQ '((TQLQ HWDQRO YH EHQ]LQ
VRUXQXQX |QHPOL |Oo+*GH D]DOWDUDN PRWRUXQ
EXML DWHUOHPHOL PRWRUODUOQ HPLVI\RQ VHYL
$\UOFD '((YQLQ HWDQRO LOH ELUOLNWH EHQ]L
EDVOQFOQOQ G+uUPHVLQL VD-OD\OS PRWRUXQ YX
Ge]HQOL oDOOuPDVO VD+OD\DELOHFH=L LIDGH
EHQJLQH J|JUH GDKD \eNVHN X0oXFXOX<D VDKLS |
EXOXQPDVO QHGHQL\OH WXWXUPD JHFLNPHVL Y
\DQPD YHULPL DUWPDNWDG &H QL4 W DAJLDUI DI MDY,
HNOHQPHVL NDUOUOPOQ OVOO GH+HULQGH DUV
DIJDOPDVOQD NMHWN 6L VIDH QKUNMMEOTRIhGRNV20210;

Awad vd., 20182594 Awad vd., 2018898 '((fQLQ EXML DWHU
PRWRUODUGD NXOODQOPOQD \|QHObB®@®LWHU
EXOXQPDNWDGOU '((fQLQ EXML DWHUGOHPHOL P
NXooDQOOPDVOQD \|QHOLN oDOOuPDODUOQ E
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GH+HUOHQGLULOPHVL GDKD VRQUDNL DUDuwOU
|IQHPOLGLU %X oDOOUGUPD EXML DWHGOHPHOL PRV
PRWRU SHUIRUPDQVO YH HPLV\RQODUD HWNLOH
OLWHUDW+.UH GD\DOO RODUDN DUDuWOUPD\O DPI

'o(79/ (7(501 <$.,7 g=(//2./(50

OHMNIGH J|UeOGe+e JLEL '(( PHUNH]GH EXO>
DWRPXQD ED+0O LNL HWLO JUXEXQEB@ R OXUD(
CH.CHs; (C.Hw2 RODUDN LIDGH HGLOHQ HQ EDVLW F
JIVWHULOGL=+L JLEL '(( \*NVHN VHWDQ VD\OVO |
RNVLMHQ LoHUL=+L GeGeN NHQGL NHQGLQH WXW)
JLEL LoWHQ \DQPDOO® PRWRUODU LoLQ X\JXQ \
QHGHQOH LoWHQ \DQPDOO PRWRUODUGD VDI
NXOODQOOGO+OQGD PRWRU SHUIRUPDQVOQOQ

oDOOUPD VRUXQODUOQOQ YH HPLVI\RQODUODQ
GelU*Q+OPHNWHGI20856 H]HU

H H H H

| |
H—C—C—0—C—C—H
|| |
H H H H
UHNLQHWLO HWHUL QSKZer 2012089. \DSOVO
Tablol. %HQJLQ HWDQRO YH "((TLQ |IHBDOLNOHUL %l

gJ]HOOLN Benzin Etanol DEE
.LP\DVDO IRUP+O-" CxHy CoHsO C4H100
OROHN<OHU NeWOHVL J 1142 46 74.12
60YO ID]JGDNL \R+XQOXI 0.7298.78  0.794 0.714
Viskozite, cP 0.006 1.074 0.23
.D\QDPD QRNWDVO VOFI 43470 78 34.6
'RQPD QRNWDVO VOFDN #07.4 #17.2 401
7XWXUPD QRNWRVO VOF #4278 16.6 #0
5HLG EXKDU EDVOQFO 845 2.3 16
2NVLMHQ LoHUL=+L NeV + 35 21
. NeUW LoHUL=+=L SSP 200 + +
.HOGLOL+LQGHQ WXWXU 300450 423 160
+DYDGD WXWXUPD OLPL 1.4#.6 3.349 1.986
%XKDUODUGUPD JL]OL OVC 290420 850800 356
Stokiometrik hava\DNOW RUDQ 14.7 9.1 11.1
$O0OW OVOO GH+HUL 0- N 441 26.88 33.9
2NWDQ VD\OVOD 80890 107411 10
6HWDQ vVD\OVOD 8.14 8 >125




'LHWLO HWHU \eNVHN VHWDQ VD\OVD YH \eNV
LoWHQ \DQPDOO® PRWRUODU LoLQ XPXW YDDW HG
NDWNO PDGGHVL RODUDN NDEXO HGLOPHNWHG
ROGX+XQGDQ EX RQX \DNOW GHSRODPD YH QDN
JHNLO 9fGH J|U+OGe++ JLEL '(( HWDQROGHQ +UH
\DNOW RODUDN GH+HUOHQGLBILOPHNWHGLU %DL

UHNL@QVDQROGHQ GL HBalleyordH 19%38). «UHWLPL
'9(70/ (7(501 <$YAS(7.0/(50

HWDQRO LOHHWRQRBOQNDUOUOPOQD IDUNO
NDWOOPDVOQOQ EXML DWHUOHPHOL ELU PRWRU:
etkileri Balaji vd. (2016) WDUDIOQGDQ LQFHOHQPLGWLU
GLQDPRPHWUH LOH \+NOHFOH Q3 QOKDIF P L H VDKL
KDYD VR+XWPDOO YH WHN VLOLQGLUOL ELU EX
PRWRU JD] NHOHEH=L DoONOO+OQGD YH
obodbuwdbudorPObuwdBU <DNOW NDUOubOPODUO IDU
( YH GLHWLO HWHU '(( NXOODQOODUDN \
% ( '(( YH % ( "(( UHNOLQGH KD]OUODQPOC

HWDQRO LOHHWQQRBOQNDQUOUOPODUOQD IDUI
HNOHQPHVL GXUXPXQGD VLOLQGLU EDVOQFOQ
JIVWHULOPLGWLU UOHNLOGH VDI EHQ]JLQLQ NDUO
PDNVLPXP VLOLQGLU EDVOQFOQD VDKLS ROGX
VLOLQGLU EDVOQFO VDI EHQ]JLQ LoLQ EDU LNH

YH GH+HUOHULQH bDuwwoOudoprPDVDO GXU
EDVOQFOQHOQ vOuDVDO\OD Y H EDU GH=HL
<DNOW NDUOuUOPODUDO NXOODQOOGO+OQGD PDN
\DNOW |JHOOLNOHULQH ED+OO RODUDN 00X GHNLC
'(( LODYHVLQLQ \DNOW |]JHOOLNOHUL <]J]HULQGF
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HGLOPLUWLU @ON RODUDN HWDQRO+<Q RNWDQ V
HWDQRO YH '"((YQLQ EXKDUODUUPD JL]OL OVOVOD:
ROPDVO \DQPD UHDNVL\RQODUOQOQ JHFLNPHVLQ
HWDQRO YH '"((1QLQ GDKD Ge+tG*N OVOO GH+HUH V
OvVOO GH+HUOHULQLQ DIDOPDVOQD QHGHQ ROGX
YH '(( NDUOUOPODUO NXOODQOOGO+OQGD PDNVL
QHGHQ ROGX=+X LIDGH HGLOPLUWLU $\UOFD Et
NDUOUOPODUO LoLQ PDNVLPXP VLOLQGLU EDVCE
GXUXPGD DWHUOHPH ]DPDQOQOQ JHFLNWLULO
GH=+LGOWLULOHE L gBaRjHve L. 26118239 UWLOPLGUW LU

(a) (b)

(©)
0 H N [B@nzinetanok:' (( NDUOUWOPODUO LoLQ D VLOLQGLU ED
RUDQOQOQ YH F WRSODP OVO VDORROPOQOQ GH

UHNLO E fGH oDOOUPDGD NXOODQOODQ oH
VDOOQOP RUDQOQOQ NUDQN DoOVO LOH GH=LUL
JLEL VDI EHQ]LQ LoLQ PDNVLPXP OVO vVDOOQOP
QRNWDGDQ f.08 VRQUD JHUOHNOHUPLGUWLU %H
DOHY LOHUOHPH KO]OQO EHOOL ELU GHUHFH\H N
PDNVLPXP OVvDO vDOOQOP RUDQO GH+HUOHUL
NDUOUOPODUO LoLQ VOUDVO\OD «VW |O¢ QRNWD
JHUOHNOHUGUPLUOWLU 6Dl EHQJLQH HWDQRO YH '((
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GeUGeUGe++ LOLQ Y H LoHUHQ NDUOuOI
RUDQODUOQOQ vOuDVvO\OD - f.0% - f.0% Y
XoDuwO+O EHOLUOHQPLUWLU $QFDN VDI EHQ]L
'(( NDUOuOPODUO LoLQ QHJIDWLI OVO vVvDOOQ
EHOLUOHQPLUWLU %XQXQ GXUXPXQ HWDQRO
EXKDUODUPD OVOVOQDO DUWPDVOQGDQ ND\QDNO|
oDOOUPDGD NXOODQOODQ oHuLWOL \DNOW NDU
NUDQN DoOVO LOH GH=+LGLPL J|VWHULOPLGWLU
VLOLQGLUH VRNXODQ OVO JLUGLVLQH YH \DQPD
PRWRUD OVO JLULULQLQ VDI EHQ]JLQH NO\DVOD
NDUOUOPODUO LoLQ D]IDOGO+0O LIDGH HGLOPLUGV
GH+HULQLQ '(( RUDQOQOQ buwbdud LOH DIDOGO-
LoLQ WRSODP OVO vDOOQOPOQOQ GD NDUOUOPO
QHGHQL\OH D]DOGO+O EHOLUWLOPLGUWLU '"((fLQ
DUWOUGO+O EX QHGHQOH HWDQRO YH '(( Lol
]IDPDQOQOQ RSWLPL]JH HGLOPHVL LOH \DQPD SHU
HGLOPLUWLU %RBIODML YG

UHNLO D f@&BnoEHQNDUOUOPODUO LoLQ \DQP
HJ]JR] JD]O VOFDNOO+O LOH GH=LULPL YHULOP
EDUODQJOoWD ]JHQJLQ NDUOUOPOD oDOOUPD\D E
XODUOQFD\D +KDGD WNDWDGWPO NDGHPHOL RODUD
\DQPD YH HJ]R] JD]6 VOFDNOO+O GD EHOOL EL
<DQPD YH HJ]R] JD]O+K\DOHD NOO G OPAQWQ \DSO\
UHDNVL\RQODUD YH \DQPD V+UHVLQH ED+00O RO
\DQPD VOFDNOO+OQD ED+0O ROXS ]DPPQOD E
(Okoronkwo vd., 2014.62).

(a) (b)
0 H N [Benzinzetanok' (( NDUOUWOPODUO LoLQ \DQPD YHULPLQC
VOFDNOO+O LOH YH E ]DPDQOD:®B+LGULPL 2NRU

GUHNLO D fGD J|U+OGe+++ JLEL HJ]R] JD]O VOI
ED+OO0 ROGX+XQGDQ \DQPD YHULPL DUWDQ HJ]R
$QFDN \DQPD VOFDNOO-0QOQ YH EXQD ED-00O R

11



ELU GH+HULQ <+<]JHULQH oONPDVO DUWDQ OVO

UHDNVL\RQODUO® QHGHQL\OH \DQPD YHULPL EL
taraftan, benzieetanol+ (( NDUOUOPODUO JHQHO RODUDN V
\eNVHN \DQPD YHULPLQH VDKLS ROXS HQ \¢«NVHN

NDUOUOPO LOH HO Gefandis((ORDUW 10 P MHOQPLRYIXOOL
RUWD\D oONDQ EX DUWOUOQ HWDQRO YH '((1Q
VD\HVLQGH \DQPD YHULPLQL DUWOUPDVOQGDQ I

E fGH LVH LON oDOOUPDGDQ LWLEDUHQ DUWDRQ
XODUOOPDVO VROQXFXQGD \DQPD YHU*tBrioBLQ DU
'(( NDUOUOPODUO LoLQ \DNODUON VDELW NDOGO
2016162).

'g(72/ (7(5MDOTOR PERFORMANSINA (7.2/ (59

%LU EXML DWHUOHPH&dno#P(R WRD GO u CEFHOIO UQ
NXOODQOOPDVOQOQ PRWRU SHUIRUPDQVO YH &:
YG WDUDIOQGDQ LQFHOHQPLUWLU 'HQH\OH
WHN VLOLQGLUOL ELU EXML DWHUOHPHOL PRWR
IDUNOO PRWRU GHYLUOHULQGH oDOOuwOUbOPO
RUDQODUGD EHQJLQ % HWDQRO ( YH GLHWLC
% (. '(C % ( '(C % ( '(C YH % ( "(( UHNOLC
KD]OUODQPOUWOU UOUHNLO D YGD HIHNWLI JeF+Q
ROXS PRWRU GHYUL DUWWONoOD HIHNWLI JeFeQ I
HWDQRO YH '(( LoHUHQ \DNOW NDUOuOPODUOQOC
YHUGL+L GHNLOGH J|U*OPHNWHGLU %X QHGHQC
DWHUGOHPHOL PRWRUGD ELOH EX NDUOUOPODU(
JeF*QGH |QHPOL ELU D]DOPD ROPDGO+0O EHOLUW!
YH '(( NDUOUOPODUOQOQ NXOODQOOPDVOQOQ PI
VRQXFXQD YDUOODELOHFH=+L LIDGH HGLOPLUOWL!
HGLOHQ EX VRQXFXQ HWDQRO YH '((fLQ \DNOW
EHOLUWLOPLG ROXS HWDQRO YH "((fLQ \DNOW ND
WDP \DQPD VD+-ODPDVO QHGHQL\OH GDKD ID]OD
$QFDN JeoWHNL EX DUWOUOQ ELU vOQOUOQOQ
LoHUL+LQLQ EHOLUOL ELU VOQOUOQ |WHVLQGH
% ( '(( YH % ( '(( NDUOUOPODUO LoLQ GeU*N
HIHNWLI JeoWH FLGGL D]DOPDODUD QHGHQ ROG:
PRWRU GelG*N GHYLUOHUGH oDOOUGOUNHQ X]XQ \
NDUOUOPGD OVO\D YH LUH G|QeUWeU*OHELOHFH
ROPDVOQGDQ ND\QDNODQGO+0 EHOLUWLOPLUGUWL
% ( '(( NDUOuOPO\OD HOGH HGLOGL+L GH UHNL
NDUOUOPOQ \eNVHN HQHUML \R+XQOX=+X GH=+HU
RUWDODPD HIHNWLI EDVOQo ROXUWXUPDVO VRC
EHOLUWLOPLGWLU UOHNLO E fGH LVH WDP \«N
VOUDVOQGD HIHNWLI JeF+Q \DNOHW RODODQPOE De
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GH=LGLPL YHULOPLUWLU UHNLOGH EX oDOOUGPL
oONOUOQOQ % ( '(( NDUOUOPO LOH HOGH HGLC
NDUOUOPOQ GL+HU NDUOuOPODUD NO\DVOD GDK
RoOPDVO VD\HVLQGH GDKD \«NVHN \DQPD EDVOQ
oONOUO VvD+-ODGO+O EHOLUWBZRDPLGWLU 2NRURQN

(a) (b)
0 H N [Benzinzetanok' (( NDUOGOPODUO LoLQ HIHNWLI J*F+-Q D
NDUOGOP RUDQO LOH GH+LB&PL 2NRURQNZR Y

(a) (b)
0 H N [Benzinzetanok' (( NDUOGWOPODUO LoLQ D []J<O \DNOW w-
vd., 2018362 ve b) efektif verimin (Okoronkwo vd., 2061 GHYLU VD\OVO L
GH+LULPL

UHNLO D IGH |]J-O \DNOW WeNHWLPLQLQ
YHULOPLGWLU UOHNLOGH JHQHO RODUDN PRWRI
WeNHWLOGL=L J|U*OPHNWHGLU %X GXUXPXQ
]JDPDQGDNL oHYULP vD\OVOQOQ DUWPDVOQGDQ
PRWRUXQ KDFLPVHO YHULPLQLQ D]DOPDVOQGDC
$QFDN HWDQRO YH '(( NDWNOVO LOH EHQ]L
DUWWOUOOPDVOQOQ PRWRU GHYUL DUWWONoOD |
GD LIDGH HGLOPLUWLU (Q GeGeN |]JeO \DNOW W=l
LOH HOGH HGLOGL=L YH |]JeO \DNOW WeNHWLPLC
EHOLUWLOPLGUWLU %X GXUXPXQ % ( '(( NDUOuU
NJ /TOLN \eNVHN \R+XQOX=+D YH GROD\OVDO\OD GD
ROPDVOQGDQ ND\QDNODQGO+0O LIDGH HGLOPLUW
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XoXFXOXN YH \eNVHN EXKDUODUuUPD JL]OL OVvOVOD
GH+HUOHULQH VDKLS NDUO ué&momU & Q UDLIADLRIOELQ
IDJOD VR+XWXOPDVOQO VD+OD\DUDN GDKD \+NVI
\DNOW WeNHWLPL YH GDKD NDUDUOO PRWRU oL
(Okoronkwo vd., 201862 UHNLO E %®hoEH QNDQOGOPODU
LoLQ HIHNWLI YHULPLQ GHYLU VvD\OVO LOH
% ( '(( NDUOubPOQOQ G G YH G G GHYL
\eNVHN HIHNWLI YHULP GH+HUOHULQL YHUGL=I
% ( '(( NDUOUOPOQOQ GDKD \eNVHN RNVLMHQ
YHULPOL \DQPD VD+ODPVOQGDQ YH OVOO HQHUI
ND\OSoODUOQO DIDOWPDVOQGDQ ND\QDNODQGO+
2016161).

'KDQDSDO YG HWDQRO YH '((TQLQ EHQ
HGLOHQ \DNOW NDUOuUOPODUOQO NXOODQOODUI
DWHUGOHPHOL PRWRUXQ SHUIRUPDQV YH HI
LQFHOHPLUOHUGL U ND®DWIPW GO L FPPDQOO KD
WHN VLOLQGLUOL ELU EXML DWHUGOHPHOL PRWRU
GHYLU VD\OVO GH+LUWLULOHUHN \DSOOPOuwOU
NXOODQOODUDN % ( "(( % ( '(( YH % ( '(
\DNOW NDUOubOPODUO KD]OUOD QRténoNIEEU OHN
NDUOUOPODUOQOQ WRSODP \DNOW WeNHWLPL <]t
PRWRU WRUNX DUWWONoD WRSODP \DNOW WeNH)
'(( RUDQOQOQ DUWPDVO\OD WRSODP \DNOW WeN'l
GXUXPXQ HWDQRO YH '(( \DNOWODUOQOQ ELULP
Get*N OVOO GH+-HUH VDKLS ROPDVOQGDQ ND\Q
QHGHQOH HWDQRO YH '(( \DNOW NDUOGudOPODUC
PLNWDUGD J¢Fe HOGH HGHELOPHN LoLQ PRWRU \
\DSOPDVO JHUHNWL+L EHOLUWLO Petanv#DBEE OHNL
NDUOUOPODUOQOQ |]J*O HQHUML WeNHWLPL «]HU
PRWRU WRUNX DUWWONoD ID\GDOO LUGUH G|QeUW-e
VHEHEL\OH |]J*O HQHUML WeNHWLPLQLQ |QHPC
NDUOUOPODUO NXOODQOOGO+OQGD |]J*O HQH
JJUsOPHNWHGLU (WDQRO YH '(( EHQJLQH J|UH G
ROPDVO QHGHQL\OH D\QO oDOOUPD NRUXOODUOC
RUDQO DUWWONoD GDKD ID]J]OD \DNOW \DNOOPD
NDUOUOPGDNL '(( RUDQO DUWWONoOD []JeO HQF
HGLOPLUWLU UOHNf@noE(TSBUBHOQP.@DUOQOQ HIF
* ]HULQGHNL HWNLVL J[VWHULOPLGWLU (IHNWLI Y
IDUNOO \«NOHU DOWOQGD DOOQPOUG ROXS GUHNLO
DUWWO+0QO0 JJU*OPHNWHGLU NOVPL \«NWH o
GH+HUOHUL VDI EHQ]LQ LoLQ LNHQ % ( '(
% ( "(( \DNOW NDUOUOPODUO LoLQ VOUDVO\

RODUDN HOGH HGLOPLGUWLU (IHNWLI YHULP
LoHUHQ \DNOW NDUOuOPODUOQOQ EXKDUODUGUPD
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\eNVHN ROPDVO QHGHQL\OH HPPH LUOHPL VOUDYV
WD]H GROJXQXQ \R+XQOX+XQX YH GROD\OVO\OD
ND\QDNODQGO=+O LIDGH HGLOPLUWLU $\UOFD HV
JJUH GDKD ID]OD X0oXFXOX+D VDKLS ROPDNO QHC
KDYD NDUOUOPO ROXUWXUXS WDP \DQPD VD=+OL
vD+ODGO+O EHOLUWLOPLGUWLU 'L+HU WDUDIW
NDUOGudPODUDOQ RNWDQ VD\OVOQO DUWOUOUNH
NDWOOPDVOQOQ \eNVHN XoXFXOXN VD\HVLQGH
DUWPDVOQO VD+0ODGO+0O =tanblr ((E|\OBIBAUOPIOQU
NXOODQOOGO+0QGD |JHOOLNOH \eNVHN WRUN G
LIDGH HGLOPLGW201810BDPQDSDO YG

(@) (b)

(©)
U H N Benzinetanol' (( NDUOUOPODUO LoLQ D WRSODP \DNO!
HQHUML WeNHWLPLQLQ YH F HIHNWDIGYHQJLPLQ GH=

6DQMD\ YG '((TQLQ EHQ]LQH IDUNOO RU
HGLOHQ \DNOW NDUOuUOPODUOQO NXOODQOODUI
KDYD VR+XWPDOO YH G|UW ]DPDQOO ELU EXML D
HPLV\RQ NDUDNWHULVWLNOHULQL LQFHOHPLUOH

Y H '(( NXOODQOODUDN VvVOUDVO\OD %

% '(( UHNOLQGH KD]JOUODQPOUWOU OUHNLO D
2 f& 8H f& HPPH KDYDVO VOFDNOONODUOQGD
YHULOPL{fWLYHf& HPPH KDYDVO VOFDNOONODUO
NDUOUOPODUO LoLQ []JeO \DNOW WeNHWLPL PRW
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taraftan, f& HPPH KDYDVO VOFDNOO+OQGD % '(
% '(( NDUOUOGPODUO LoLQ VOUDVO\ODve32 YH
f& HPPH KDYDVO VOFDNOO+OQGD |]J«O \DNOW W
YH % '(( NDUOGubPODUO LoLQ vOUDVO\OD
WHVSLW HGLOPLUWLU %X GXUXPXQ WHPHOGH
NDUOUOPOQ OVOO GH+HULQLQ D]DOPDVOQGDQ N
vd., 20184052.

(a) (b)
GHNBenzin (( NDUOUWOPODUO LoLQ []J20 A\ M®WHMe N MBNG
VOFDNO® & YHPEH KDYDVO VOFDNOO+0O Ld05Q GH=+LULF

'g (79! (7(501 (0g6lsARA (7.9/(59

UHNLO D 7®tBnoEHQNMUOUOPODUO LoLQ &2 H
]JDPDQOD GH=+LULPL YHULOPLUWLU %LOLQGL=+L
EDUODQJIJOoWD ]JHQJLQ NDUOUOPOD oDOOUPD\D |
VOFDNOO+OQD xXxDPDONBD OVINGW NDGHPHOL RO
PRWRUXQ NDUDUOO obDOOuPDVO VD+ODQOU %
VOFDNOO+O GD NDUDUOO ELU GHNLOGH \«NVHOI
VHYL\HOHUL GH NDGHPHOL RODUDN D]JDOOU .L
JHUOHNOHUPHGL+L LoLQ HJ]R] HRDW\R QMO GMHEHRIA
\DSOVOQD HN RODUDN \DQPD VOFDNOO=+0QD Y
GH+LGPHNWHGLU (J]JR] JD]O VOFDNOO+O PDNVL
ROGX+XQGDQ ]DPDQOD VDELW ELU GH+HUH XOD
YHULPLQL DUWOUDUDN NDUERQPRQRNVLW &
HPLVI\RQODUOQOQ D]JDOPDVOQO VvD+ODU (J]R] J
WXWXOGX+XQGD HPLV\RQ VHYHNH\WOL GH N\GWDHUG®O
JLEL EHQ]JLQLQ &2 HPLV\RQX VHYL\HVL WeP NDUC
VHYL\HOHULQGHQ GDKD \eNVHNWLU YH % ( '((
HPLVI\RQX GH+HUOHULQH VDKLSWLU <DNOW ND
GH+HUOHULQLQ \DNOW NDUOuUOPODUOQOQ \*NVH
ND\QDNODQGO+O EHOLUWLOPLUWLU (WDQRO YH
RUDQO DUWWONOD &2 HPLV\RQ VHYL\HVLQLQ D]D
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6DI EHQ]JLQOH NO\DVODQGO+0QGD % ( '(( % (
YH % ( '(( NDUOUOPODUO LoLQ &2 HPLV\RQX
RUDQODUO vOuDVO\OD YH ROD
NDUOUOPODUO NXOODQOOGO+-OQGD HOGH HGLOF
HWDQRO YH '(( NDWNOVOQOQ LOHUL+LQGHNL |
VD+ODPDVOQGDQ ND\QDNODQGO=+O LID&B. HGLOF
UHNLO E J@EnoEHQNQUOUOPODUO LoLQ &2 HPLV!
WRUNX LOH GH+LGLPL YHULOPLGWLU UHNLOGH P
|QHPOL RUDQGD D]DOGO+O YH \DNOW NDUOuUOPO
&2 HPLV\RQX VD+-0ODGO+0O J|UsOPHNWHGLU .OVP
LoLQ KDFLPFH LNHQ HWDQRO YH "(( Lokt
KDFLPFH RODUDN EHOLUOHQPLGUWLU &2 HPLV
YH '(( NDUOuUOPODUOQOQ LOHUL+LQGHNL RNV
stokiyometrik havaA\DNOW RUDQOQD VDKLS R®MNIHWD QO
RUDQOQOQ DuwPDVOQO VD+OD\DUDN PRWRUXQ
VRQXFXQGD JHUOHNOHUWL+L L2M&BSHGLOPLGWLU

() (b)
U H N Benzinetanolx (( NDUOUOPODUO LoLQ D &2 HPLVI\RQXQ

(Okoronkwo vd., 201863 YH E &2 HPLVI\RQXQXQ PRWRU WRUI
(Dhanapal vd.20161056

UHNLO D YH E YGH 222f & MHN\KR GIRP@KQKDYDV
VOFDNOONODUOQGD PRWRU \eNe\O#&l @GH+F&LPL Y
HPPH KDYDVO VOFDNOO+OQGD &2 HPLVI\RQXQ»
% '(( YH % '(( NDUOubPODUO LoLQ PRWRU \
Y H PRWRU \*N*QGHQ VRQUD DUWWO=+0 J|U*OF
NDGDU &2 HPLVI\RQXQGD HOGH HGLOHQ D]DOPDOI
VOFDNOO+O QHGHQL\OH VLOLQGLUH GDKD ID]OD
DOOQPDVOQGDQ ND\QDNODQGO=+0 LIDGH HGLOPL
VLOLQGLUH J|QGHULOHQ \DNOW PLNWDUOQOQ D
QHGHQL\OH &2 HPLV\RQXQXQ DUWWO+0O EHOLU
VOFDNOO+0Q0OQ f&T\H GeUG+U+sOPHVLQLQ GH \D
HPLVIRQXQXQ DUwWOubdQD NDWNO VvD+0DGO+0 L
GH+HULQGH '(( LoHUHQ \DNOW NDUOudPO NXO
VDI EHQ]JLQH NO\DVOD RUDQOQGD DUWWO=0
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"((TQLQ LOHUL+LQGH EXOXQDQ RNVLMHQ VD\HVLC
'(( RUDQO DUWWONOD &2 HPLV\RQXQNXLD BED O G O -
f& HPPH KDYDVO VOFDNOO+OQGD &2 HPLV\RQX

NDUOUWOPO LoLQ ~ PRWRU \eNe GH+HULQH NDGDU
VRQUD DUWWO=+0 YH % '(( YH % '(( NDUOuUOPOI
NDGDU D]DOGO+O YH PRWRU \*N°QGHQ VRQU

GXUXPXQ HPPH KDYDVO VOFDNOO+-0QOQ DUWPD
azatPDVO VRQXFX \DQPD RGDVOQGDNL RNVLMHQ |
WDP \DQPDQOQ JHUOHNOHUHPHPHVLQGHQ ND\C
$\UOFD PRWRU \eNe DUWONoOD VLOLQGLUH GDK
JHUOHNOHUHQ HNVLN \DQPD VRQXFX \DQPD VO
&271QXQU&2 G|Q«uP RUDQOQOQ DIDOGO+O EHOL!
benzin¥ (( NDUOuUOPODUO NXOODQOOGO+OQGD &2
DIDOPDODUOQ LVH '"((fQLQ LOHUL+LQGH EXOXC
JHUOHNOHUGPHVLQH QI N\ NDD W D-DQIERSEEREIMRD, G L UL O
20184049.

(@) (b)

UHNLBenziny (( NDUOGOPODUO LolLQ2&7 & FIP\P\IR DY RY D
VOFDNO® & YHPEH KDYDVO VOFDNOO+O 14049 GH=+LULP

UHNLO D T&6t@noEFHQNIUOUOPODUD LoLQ +& H
PRWRU WRUNX LOH GH=LGLPL J|VWHULOPLGWLU
HPLV\RQXQXQ D]DOGO+O YH \DNOW NDUOuUOPODU
+& HPLV\RQX YHUGL+L J|JUsOPHNWHGLU 7DP \«N
GH+HUL EHQ]LQ LoLQ \DNODUUON SSP LNHQ

SSP GH+HULQH GeGP«aWeU (WDQRO YH '(( NI
+& HPLV\RQXQGD HOGH HGLOHQ EX D]DOPDQOQ |
RNVLMHQ VD\HVLQGH WDP \DQPD VD+ODPDVOQGL
$\UOFD HWDQRO YH '((TQLQ EHQ]JLQH J|UH GDK
havanDNOW RUDQOQADNHMURHND BOPD IDNLUOHGW
ROXUXPXQD NDWNO VD+ODGO+0O E He&ldntHDEEOPLGW I
NDUOUOPNDR WP LMOR@XQXQ PRWRU WRUNX LOH G}
ORWRU WRUNG BRMWWRQXQXQ DUWWO+O YH \DNO
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EHQ]JLQH J|JUH GNDKDHPIMIYRIQX GH+HUOHUL YHU
JJUeOPHNWHGLU <DNOW N DNGR @disyonDridéki BuX O O D C
DIDOPDQOQ HWDQRO YH '(( LoHULNOL NDUOGuUOPO
ROPDVO QHGHQL\OH GDKD GeusN \DQPD VOFD)
ND\QDNODQGO+O LIDGH HGLOPLUWLU NGDQPD
HPLVI\RQXQXQ D]DOPDVOQO VvVD+0ODGO+O E|\OHFH
'(( RUDQO NOYWHWOWERNRXQXQ DIDOGO+0 EHOLUWL!
benzinetanol+ (( NDU O 0O P O DUsthisyoalnQn ®&or torku ile
GH+LULPL YHULOPLUWLU GRPURWRYRYKNX DWWWO+
NDUOUOPODUOQOQ VDI EHQHPQNW\RQK GBKIDUGNWVK
UHNLOGH J|UOPHNWHGLU goWHRRVIBQRREQ BRIWI
&2 HPLV\RQX GH=+LG4LPL LOH ]JOW \|QO+« ROXS &2
HPLVI\RQX DUWPDNWDGOU %X GXUXPXQ HWDQR
RNVLMHQ LoHUL+LQLQ ELU VRQXFX RODUDN \DQP
LIDGH HGLOPLGOW201610BD QDSDO YG

(a) (b)

(€)

0 HN L Benzinetanok' (( NDUOUOPODUO LoEQ@D +& E 12
HPLV\RQODUOQOQ PRWRU WRUMNXI08MH GH=LULPL

UHNL@ a6 f& HPPH KDYDVO VOFDNOO+OQGD
EHQIJLQ YH '(( NDUOUOPODUO LoLQ PRWRU \eN+\O
+& HPLVI\RQXQXQ EHQILQ % '(( % '(( YH % '(
LoLQ PRWRU \eN+QH NDGDU D]DOGO=+0 YH P
JJUSOPHNWHGLU %X GXUXPXQ PROAWVRU \eNe
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NDUOUOPOQOQ JHQIJLQOHUPHVL VRQXFXQGD VHJF
X]DN QRNWDODUOQGD GDKD ID]JOD +& PROHN¢®O«(
EHOLUWLOPLGWLU 'L+HU WDUDIWDQ '(( NDUOUuUO|
GeG*N +& HPLV\RQX GH+HUOHUL YHUGL+L YH % '
\eNe GH+HUOHULQGH HQ G+G*N +& HPLV\RQX GH=
12@ feGI|[U*OPHNWHGLU PRWRU \¢N¢ GH+HULQGI
+& HPLV\RQXQGD \DNODuGUON DJDOPD VD+0ODCG
DIDOPDQOQ HPPH KDYDVO VOFDNOO+-O0QOQ G-eu-
RNVLMHQ EXOXQPDVO QHGHQL\OH \DQPDQOOQ

ELOGLULOPLGWLU $\UOFD '"((1QLQ WXWXUPD JHF
\DQPD KO]OQOQ \¢«NVHN ROPDVOQOQ \DQPDQOQ

EHOLUWLOPLGUWLU  f& HPPH KDYDVO VOFDNO
% '(( NDUOUOPODUO NXOODQOOGO+OQGD +& HF
Y H RUDQODUOQGD D]DOGO+0 W40S05LW HGLOPI

(a) (b)

UHNLBenzint (( NDUOGOPODUO Lol Q2+ & & PIP\P\IR @PYRPY D
VOFDNO® & YHPEH KDYDVO VOFDNOO+O 14039 GH+LULP

UHNL® G f& HPPH KDYDVO VOFDNOO+OQGD
EHQJLQ YH '(( NDUOUOPODUOD LoLQ PRWRU \¢N«\O
+& HPLVI\RQXQXQ EHQILQ % '(( % '(( YH % '(
LoLQ PRWRU \eN*QH NDGDU D]DOGO+0O YH P
JJUs OPHNWHGLU ORWRU \¢eNe DUWWONoOD VLOLQ
DUWPDVOQOQ \DQPD VOFDNOO+0QO DUWOUDUDN
DQFDN PRWRU \+{PFOHNDDNIWPOQOQ ID]JOD
VRQXFX ROXUDQ HNVLN \DQPD QHGHQL\OH +&
HGLOPLUWLU 'L+HU WDUDIWDQ '(( NDUOuUOPODL
GDKD \eNVHN +& HPLV\RQX GHbHRO|HWYQPHNINCHG L

PRWRU \eN*QGH % '(( NDUOuOPO VDI EHQ]L
HPLV\RQX VD+ODUNHQ % '(( YH % '(( NDUOUOF
HPLV\RQX GH+HUOHUL YHUPLGWLU '((TQLQ IDNL!
VOFDNOO+0Q06Q DUWOUDO\OD VLOLQGLUH JLUHQ
RNVLMHQ PLNWDUOQOQ D]JDOPDVO VRQXFX VHJIP
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X]DN QRNWDODUO QGHD YIDX OXDRW@u O\DNOWQ DOH
XODUDPDGDQ V|QPHVL VHEHEL\OH \DQPDPDVOQ(
E H O L U \{Sagay Ldi,\201:8050).

UHNL® faG f& HPPH KDYDVO V@mByNOMrOQGD
EHQJLQ YH '(( NDUOUOPODUOD LoLQ PRWRU \¢N«\O
JJUsOGe++ JLEL VDI EHQJLQ YHx'HPNDWRDM BEBHO

PRWRU \¢«N«QH NDGDU DUWPOU YH PRWRU
HPPH KDYDVO VOFDNOO+OQGD YH PRWRU \e
NO\DVODQGO+0QGD % '(( YH % X@emisyobudddaOPOL
RUWDODPD Y H RUDQODUOQGD DUWOUD QH
LVH DJDOPD VD+ODGO+0O WHVSLW HGLOPLUWL
VDI EHQ]JLQOH NO\DVODQGO+-0QGD % '((x YH %
HPLVI\RQXQGD Y H D]JDOPD VD+-0ODGO+0O EHOL
f& HPPH KDYDVO VOFDNOO+O\OD NDUubODUWO
VOFDNOO+OQGD |JHOLNOH YH PRWRU \¢Ne
NOx HPLVI\RQX GH+HUOHULQLQ@ W& GUH GIFGH.NOVEH 1L W
GXUXPXQ HPPH KDYDVO VOFDNOO+-0QOQ GeGUPHV
KDYD YH RNVLMHQ DOOQPDVO VRQXFXQGD \D
PLNWDUOQOQ DUWPDVOQGDQ ND\QDNODQGO=+0O
20184051).

(a) (b)
GHNLBenzint (( NDUO GO P OPpen@ydnau@al2 f& HPPH KDYDVO
VOFDNOO20@&MRPHEKDYDVO VOFDNOO+OQ@B)GH=LULF
UHNLD %G f& HPPH KDYDVO V@mBynOrOQGD
EHQIJLQ YH '(( NDUOUOPODUO LoLQ PRWRU \¢eN+\O
J|UeOGe++ JLEL VDIxHHPQM\RQXLQ PRWRU \¢N+QH N
PRWRU \*N*QGHQ VRQUD D]DOOUNdmByoi NDUO
PRWRU \eNeQH NDGDU DUWPOU YH PRWRU \
'eeN PRWRU \¢eNOHULQGH VLOLQGLUH J|QGHULOI
VWRNL\RPHWULN NDK®D¥DP N DDA OQOP ODNDWR O X (1 W
\DQPD JHUOHNOHUPHNWH YH \DQPD VOFDNOO=+
VOFDNOOx BPLWHRDXQXQ DUWPDVOQD QHGHQ RO
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\eNe GH+HULQGH LVH VLOLQGLUH GDKD ID]OD \DN
\DNRBVYD NDUOUOPO QHGHQL\OH HNVLN \DQPD
G*UPHNWH xYHPU2\RQX D]DOPDNWDGOU 'L+HU
NDUOUOPODUOQOQ VDI EHQJILIMHLV\REXGOKBHUA K
YHUGL+L hiHdSL® - OPHNWHGLU f& HPPH KDYDV
PRWRU \eN*QGH VDI EHQ]JLQOH NO\DVODQGO=+(
% '(( NDUOUOPODUO NXeoB@aiud GralateaQiGln2, 12
YH RUDQODUOQGD DUWWO+O WHVSLW
EXOXQDQ RNVLMHQLQ WDP \DQPDQOQ JHUOHNO!
HPLVI\RQXQX DUWWO=+0O LIDGH HGLOPLGUWLU $\U
RNVLMHQLQ \DQPD RGDVOQGDNL R MMisyiiQ PLN
PLNWDUOQO DUW@Gan@lre. POFSORI. UWLOPLUWLU

Tablo2.3HUIRUPDQV YH HPLV\RQ GRHUBIQO@BIWQQGHNL

<DNOW NO| .DWNO Kaynak '"H+L4LP RUDQO

o g<7 Verim co HC NOx CQ

Benzin + %10 Etan| DEE (%5) | (Okoronkwo vd., 2016] + + pl5,5+M0,9 + + + +

Benzin + %15 Etan| DEE (%5) | (Okoronkwo vd., 2016] + + pl3,6+41,6 + + + +

Benzin + %15 Etan| DEE (%10) | (Okoronkwo vd., 2016] + + pl0,9+r29,8 + + + +

Benzin + %25 Etan| DEE (%15) | (Okoronkwo vd., 2016] + + 26,1+42,7 + + + +

Benzin + %10 Etan( DEE (%5) | (Okoronkwo vd., 2018] 8,3+0,5 | pl1,7+n8,5 + 2658 + + +

Benzin + %15 Etan( DEE (%5) | (Okoronkwo vd., 2018] 6,5+8,6 | [26,4+2,1 + 165,666,8 + + +

Benzin + %15 Etan{ DEE (%10) | (Okoronkwo vd., 2018] p13,1+1,6 | [l4,4+26,8 + p71,681,2 + + +

Benzin + %25 Etan( DEE (%15) | (Okoronkwo vd., 2018] 9,2+2,7 pl8,8+rb2 + B087,2 + + +
Benzin + %10 Etan| DEE (%2,5)| (Dhanapal vd., 2016) + 6,39,1 5,721,7 pl9+nll,7 8,677 6,345,1 ,421,8
Benzin + %10 Etan( DEE (%5) | (Dhanapal vd., 2016) + ni,247,5 ”,78,9 8,6:82,1 | pl0,646,5| pl4,224,7 | nl7,186,6
Benzin + %10 Etan( DEE (%7,5)| (Dhanapal vd., 2016) + 58272 | 26481 | @587,7 | [dl6,420,1| pl8,886,9| Ml1,2683

Benzin | DEE (%3) (Sanjay vd., 2018) + pl9,6+23,5 + 6,3+82 ©29,34r6,5 | p40,94165,1 +

2 f&| Benzin | DEE (%6) (Sanjay vd., 2018) + pl8,6+ml2,3 + pl2,9+27,1| 57,173,1 | pl3,24r04,2 +

Benzin | DEE (%9) (Sanjay vd., 2018) + p7,9+20,6 + B.7+n7,2 | pl4,9+n7,7| pl8,2+M3,6 +

Benzin | DEE (%3) (Sanjay vd., 2018) + m,540,1 + pl0,2+23,2( 0,5+88,8 | pr,2+n69,3 +

3 f&| Benzin | DEE (%6) (Sanjay vd., 2018) + p4,4+60,1 + pl4,4+rl8,6| 63,8+r65,6| pl2,9+mM78 +

Benzin | DEE (%9) (Sanjay vd., 2018) + ®0,5+27,7 + p4,3+M0,7 | M,147,9 | 7,2A27,9 +

6218d/$5

6XQXODQ oDOOGUPDGD EXML DWHGOHPHOL PR\
\DQPD PRWRU SHUIRUPDQVO YH HPLV\RQODUD
GD\DO® RODUDN LQFHOHQPLGWLU (OGH HGLOH
|]JHWOHQHELOLU

x %HQJLQH HWDQRO LOH ELUOLNWH IDUNOO RU
VDOOQOPO \DQPD VOFDNOO=® YH VLOLQGLU E
WHVSLW HGLOPLGWLU

X HWDQRO LosHHWHIMQRVOQNDWOuUOPOQD Y H
GLHWLO HWHU NDWOOGO-0QGD PDAVBLPXP
RUDQODUOQGD D]DOGO+0O \DQPD YHULPLQLQ
DUWWO+O EHOLUOHQPLUWLU
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X

X

X

X

X

POQD YH
WLI JeoW
GD DUW

HWDQRO LoHUWWHIMQRBQONDW OGO
GLHWLO HWHU NDWOOPDVOQOQ HIH
WeNHWLPLQGHI1,7 ve %6,3 RUDQODUO
WHVSLW HGLOPLGUWLU

HWDQRO LoHHWIMQRVAQONDPWOuOPOQD YH
GLHWLO HWHU NDWOQRBPVO\ROYX &H ++HU ®H UL2Q G
YH RUDQODUOQGD D]DGQPDODU

emisyonun %9,4 DUDOO+O0QGD DUWWO+0O WHVSLW

YH HWD QRO HWNHROENMDUYIOG OPODUO QL
RUDQODUOQGD GLHWLO HWHU NDWOOPDVOQOC
DUWOG HIHNWLI YHULPGH RUWDODPD
[JJ+O \DNOW W+eNHWLPLQGH RUWDODPD G-
YH &2 HPLV\RQXQGD RUDQOQGD D]DOPD RC

%HQ]LQH Y H RUDQODUOQGD GLHWLO H
WeNHWLPLQGH \DNODUUON RUDQOQD NDGD
NDGDU DUWOUD &2 HPLVV\RQXQGD RUDQO
RUDQOQD NDGDU DUWOUD +& HPLV\RQXQGD
RUDQOQD N DR W IMLUIWR@ B QYGHD RUDQOC
DJDOPD YH RUDQOQD NDGDU DUWOUGUD QHGH

'LHWLO HWHULQ NXooDQOPO vOUDVOQGD RU
EXKDU WONDFO JLEL ROXPVX]JOXNODU LolLc
edilmektedir.

o I

REFERANSLAR

Awad, Ol., Mamat R., Alib, OM., Sidik, N.A.C., Yusaf T., Kadirgam K. ve

Kettner, M. (2018a).Alcohol and ether as alternative fuels in spark ignition
engine: A review.Renewable and Sustainable Energy Revje8% 2586t
2605[https://doi.org/10.1016/.rser.2017.09.074

Awad, Ol., Mamat R., lbrahim T.K., Hammid A.T., Yusri, I.M., Hamid, M.A.,

Humadh, AM. ve Yusop A.F. (2018b). Overview of the oxygenated fuels in
spark ignition engine: Environmental and performanBenewable and
Sustainable Energy Reviews 91, 394+408.
[https://doi.org/10.1016/j.rser.2018.03.107

Bailey, A., EberhardtJ., GoguenS. ve Erwin J. (1997).Diethyl ether (DEE) as a

renewable diesel fuelSociety of Mechanical Engineers (SAEaper no:
972978 https://doi.org/10.4271/9729Y8

Balaji, A., Maridurai T. ve Mani VarmaaSN. (2016) Combustion analysis of

diethyl ether blends in gasoline engine operated with ethémetnational
Conference on Electrical, Mechanical and Industrial Engineering, Phuket,
Thailand . RQJUHVLQH 6XQXOPXU %LOGLUL

23



[ChansauripP. vgMandloi] R.K. (2018).Effects of ethanol blends on performance
of spark ignition enginea review.Materials Today: Proceedin, 066+
4077|https://doi.org/10.1016/j.matpr.2017.11.668

Dhanapal A., Selvam Nagamamil.V. ve PachamuthuS.K. 2016. Influence of
diethyl ether blend in spark ignition engine performance and emissions
operated with gasoline and ethand®hermal Science20(4), 1053#1060.

https://doi.org/10.2298/TSCI16S4053D

[lodice P. vaCardonlaeM. (2021).Ethanol/gasoline blends as alternative fuel in last
generation sparkgnition engines: a review on CO and HC engine out
emissionsEnergies 14(13), 4034/ https://doi.org/10.3390/en14134(34

lodice P., AmoresanoA. ve Langella G. (2021). A review on the effects of
ethanol/gasoline fuel blends ddOx emissions in sparkgnition engines.
Biofuel Research Journal 32, 14654.480.
https://doi.org/10.18331/BRJ2021.8.4.2

Kumar, T.S. ve AshokB. (2021).Critical review on combustion phenomena of low
carbon alcohols in Sl engine with its challenges and future directions.
Renewable and Sustainable Energy Revjewsl52, 111702.
[https://doi.org/10.1016/j.rser.2021.111702

Okoronkwg A. & (] X ,UDCBN BparaU.V., Igbokwe JO. ve Olele P.C. (2016).
The synthesis, characterization and the performance evaluation of a gasoline
ethanol diethyl ether blend on spark ignition engideurnal of Basic and
Applied Research Internationdls(2), 155464,

Okoronkwqg A.C., Igbokwe J.O., Ezurike B.O. ve OguomaO.N. (2018). The
emission characteristics of a petsthanokdiethylsether blend as a carbon
monoxide reduction additive in spark ignition engilméernational Journal of
Ambient Energy 39(4), 360864.
[https://doi.org/10.1080/01430750.2017.1303627

Sanjay K.D., Sriharj S. ve ThirumaliniS. (2018) Effect of inlet air temperature on
Sl engine fueled with diethyl ethdagasoline blendsJournal of Mechanical
Engineering and Scienges 12(4), 40444055,
https://doi.org/10.15282/jmes.12.4.2018.05.0351

Sezer |. (2018. A review study on the using of diethyl ether in diesel engines:
Effects on fuel properties and engine performarieeergy Technology
6(11), 20842114|https://doi.org/10.1002/ente.201800158

Sezer |. (2020). A review study on the using of diethyl ether in diesel engines:
Effects on fuel properties, injection and combustion characterigisrgy
and Environment 31(2), 179214.
[https://doi.org/10.1177/0958305X19856751

Thakur, A.K., Kaviti, A.K., Mehra R. ve Mer K.K.S. (20173. Performance
analysis of ethanabasoline blends on a spark ignition engine: a review.
Biofuels 8, 91#12|https://doi.org/10.1080/17597269.2016.1204586

Thakur A.K., Kaviti, AK., Mehra R. ve Mer K.K.S. (2017b).|Progress in

| performance analysis of ethanghsoline blends on S| engindkenewable
and Sustainable Energy Reviews 69, 324:1340.
[https://doi.org/10.1016/j.rser.2016.11.056

24



25



gNAO W $ Bl DO HRaNYuBDHIBD

ORUWHNV 7¢S 3HUIRUPDQVO
Analizi

Murat KORKMAZ *
Volkan KIRMACI 2

Dr

+DFHWWHSH hQLYHUVLWHVL %DUNHQW 26 %leRtbkNQEMErji% LOLPOH
% |0 «[Prkorkmaz @hacettepe.edd ®RCID No:0000:00023721-2854
Prof. Dr.; % DU

DI HU ¥ L KHIQVG DV PD NN UOP )DN«OWHVL ODNLQH O-
% | O «[Ralkankirmaci@bartin.edu}rORCID No:0006:0001-70761911

26



g=(7

6R+XWPWUDYDIHULQLQ NRQWUROO+ ELU GHNL
YH JeQe+P+]GH LQVDQ \DuDPOQOQ YD]JHOLOPH] E
$QFDN VR+XWPD X\JXODPDODUOQOQ oHYUHVHC(
VR+XWXFX DNOUNDQODU YH NLRYRQD® DENNMDDOE
LQFHOPHVLQH YH NeUHVHO OVOQPD\D NDWNOGD E
%X VRUXQXQ |Q*QH JHOPHN LoLQ DUDUWOUPDFOC
sistemO H U JHOLGWLUPH\H KiRyasalN b Q Peaksivod U
JHUOHNOHUGPHNULKH® NVRIOPDERHS BVOWPD VD+0OD\D
D\OUPD FLKD]®O RODUDN@EIFRUW ENV BRI BXODQ@ RQE
oDOOWWRIDD JHRPHWULN |] HODNLAEGOHEHHECH DoiktekS L N L
7S (RHVT) ELUELULQH SDUD QeétiormarisD -a@alixi@ed U D N
RGDNODQODOO®EMAMNQ o 0O DNOUNDQ RODUDN KDY
SRO\DPLG Dw®ihQ\RQO]HPHGHQ *UHWOORIOKOG®
JHRPHWULN \«]H\GH_ LPD\X&GDQBIOMHIBRNOGODERO U
Deneysebrtamda,KDYD DNO G ND QO Q0 QNBDVEIM®DQ o DLDMHO
her 100 kPa da biNRPSUHV|U \DUGOPO\OD YRBMYANV WeS
X]XQOXN oDS RUD®@®UP/ID'GEX ofODUD PereysD S O D G
sistemlerin faN OO oD O O U P ENIR édXlemv@dD VR Q X DD + O Q G L
HNVHUML DQDOL]JL \ROX\OD LNLQFLgNLQFLYND\LP
veriPOLOL+L KHVDSODP® ODNMHNVRIQXAX QIBDLPADLOL-
EDVOQoWD SLULQo PDO]JHPHGHQ \DSOODQ EHU
EXOXQPXuWXU $\QO ]DPDQGD VLVWHPGHNL ID
nozullar LoHULV L Q G HiNNLY HI@QMIID NOID E oL R]ERGIDP LGN 3
EDVOQFORRPKHVDSODQPOUWOU

Anahtar KelimelertRanqueeet LOVFK 9RUWHNYV 7¢S (NVHUML $QDO
Verim.

*a35gU

Vorteks WeS+*Q+*Q SHUIRUPDQVO «]HULQH oHULWC
LQFHOHPHN DPDFO\OD ELUORN GHIRHAWH® \D WD 8 WX
97 SHUIRUPDQVOQGDNL JHOLGPHOHU YH YHULPC
\DsborPOuwbU

O9LWRYVN\ \DSW&+ G OO ELRDGDUWHNY sUHWHI
WS- DWDPO\OD \DSWO+0 vmHDFONOIGHDQDORMOWNDJ
E|OJHVLQGH DUWMOHYDQG B HVNHD ] D(0teSky,0 Q0 EF
2021272. $WWDOOD YH DUND GWIGD0DU OI@® NGO IR
MDNVLPXP VOFDN@2ullel HOBBIQHEL ©GL+LQL RUWD\I
(Attalla vd., 2017327). Kaya veK O U P paFa@l devieGe]HQOHPHOHUL L.
IDUNO ODERIXDU O QO WHRWOHOXISIDIQY\HD POADDQ DO P
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We3«OH HQ \*NVHN VR=+XWPDQ WD HYDHOQEFD+ 8 ® LEH
(Kaya ve. O U P D F (»54).

<DGDY YH DUNVDIGBDROPNB®ONOUOO ELU WeS WD
DUWOUPD RODQDN Qradad @020ma3 )i WadrahBedriw O U
DUNDGDMGD QA 10 HWRH XD WOWBE | UDINY RIRMEKO Q'H
X]XQOXN obS RUDQO JLEL SDUDPHWUHOHULQ
\|QWHPL\OH DQDOL] H@RQXID RS WQ P LhHandR® ¥O D U
vd., 20191). 'XWWD YH D UEMIGMHOGMHNODNOGUOO YRUWHN
WUDQVIHUL DoOVOQGDQ uNoDUWE 90K WO BIEhH \Y5HH @ |
OVvO \D\OOOPOQO QVEHH VRNIPMHWIO: ROIDURAHY, SLW HYV
20219). Li ve arkadaiODUBDUNOO VR+XN NeWOH IUDNVL\RC
GXUPD QRNWDVOQOQ RSWL P Xdetek6R\Q % FIX BB UBRNHHO L U
EJOJHVLQGHNL VWDWLN VOFDNQONCHN oRHY ® ¥AXQ
E X O P X (0 @y BO@693). Thakare ve Parekn SLULQo DO+*PLQ\XP
33 YH 06 JLEatdBWN® PDOJHPHOHULQL WHVW HWP
OVOO LOHWNHQOL+L LOH GLI*]\RQ |[JHOOLNOHULQ
GR+UXGDQ ELU HWNL\H VDRhaRafR @®apéknxap2a)J | VW H U

%X oDOOUPD SHDBMNOGBO EPITIGQ IDUNOO PD
\DSOODQ *0 YH EHU QR]XOXQ NXOODQOO®®+0O VL)
DUDUWRQPRIWXU dDOOGUPDGD PDO]JHPHQLQ WHU
PDOJHPHOHU LWEQOHRUQYHNVSHUIRUPDQVDOQD DQ
GLNNDWHikbe® OoMIU FNULP OL OL ~+ lek$ehi AialszoybilP DN L o
NXoobQborPbuwodu

MATERYAL VE METOT

%X oDOOUPDGD KDUHNHWRQ 3D QoNDO@ GIMQIOH
]1OWNOGOO LNL DGHW 97 Lo oDsSO FP YH J|YGH
SDUDOHO ED+ODQDUDN GHQH\ Ge+]HQH=L ROXU(
G*]HQH+LQGHQ HOGH HGLOHQ YHULOHU JLULG®G
vbodlobQecdbudborOu YH 7DEURUMIGHYHVUXGROE
KHVDSODQDELOPHVL LoLQ VLVWHPLQ JLULGO YH
GH+HUOHULQH LKWL\Do GX\XOPXUG EX GH+HUOLI
NXOODQOROYDMN &®]O0OPO \DUGOPO\OD HOGH
3%$..(16 PDUND PDQRPHWUH KDVVDVL\HW LOH E
“f& RODQ &6 PDUND GLMLWDO GHELPHWUH
JHUOHNOHUOWLULOPLUWLU 'HQH\QFGDUDVD®@IED KB
DUDVOQGD KHU N3D DUDOONOD PDQRPHWUHC
SROLDPLG YH DO+PLQ\XP PDOJHPHOHUGHQ <UHWI
UHNLO vOUD\OD GH+LUWLULOHUHNS\GABB\ V
termodinamikselhe® SODPDODUGD NXOODQOODQ VHPERO
7DEOR 9YGH YHULOPLUWLU
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UHNLO 3D OmMMH®UBO 5607 GHQH\ G+]HQH=L

UHNL@®UNYOO® PDOJHPHOHUGHQ \DSMIODQ D ho QR

7DEOR 3IDYOMNMH@DIBPD+HD7IGH NXOODQOODQ JLUGL

Girdi parametreleri

$NOGNI  Nozul Nozul %DV ( dONWO SDU
vD\O (kPa) f
3LULC o
Hava Polyamid 35 150650 VOFDN
$O0PLQ Tvr+xN
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Tablo2: 7THUPRGLQDPLNVHO 6HPEROOHU YH .OVD

Semboller Birimi .OVDOWPD(
NewWOH DNO kgst a =ortam

3 %DVOQo kPa L JLULQUG

7 60FDNOON K F VR+XN ¢

07 60OFDNOON K K VOFDN ¢

— B6R+XN NeWO R oONOuU

k = ideal gaz sabiti J csUHWLP

e = ekser;ji kj kg
0 HNVHUML YH

h = entalpi, kj kg™

s =entropi kj kg™
&S g]J-0O EDVO( JkgK
R @GHDO JD] VL Jkg'K

'"HQH\VHO oD pelrsifilDapdizisRM XoODUDOQ GR+UXOX
FLKD]ODUOQ QH NDGDWEBG®AE U H\NFRHRIQEENE@D O Q-
\|QWHPLGLU %XRCOQOPOGROMHOGH HGLOHQ |O0+*P V
VRQXo0ODUOQ KDVVDVL\HWLQL GR+UXODPDN DG
'"HQH\VHO oDOOUPDGD VLVWHPLQ SHUIRUPDQVO
FLKD]JODUO GHELPHWUH YH PDQRPHWHHEKBR |O
GH+HUOHULGLU %X SDUDPHWUHOHULQ HQ JeYH
NXOODQOODUDN EHOLUVL]OLN DQDOL]L \DSOOPC
Y H U L qMdffat\10835).

(1)

'"HQH\OHUGH \DSOODQ |O0*POHU YH FLKD]OL
\DSOODQ EHOLUVL]OLN DQDOL]L VRQXoODUO VI
(Tvr=xN VOFDN DNOUGUNDQ 0Q&ONLYOEBDNO M BVt
3L LoLQ RODUDN KHVDSODQPOuwOU
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Ekserji Analizi

(NVHUML DQDOL]JL VLVWHPOHULQ LGOHWLPL
ND\OSODUOQO JHUL G|QG+U*OHPH]JOLNOHUL GLN
GH+HUOHQGLUHQ ELU \|QWHPGLU %DUND ELU LIC
YH OVO WUDQWHURUWDWHOOHINMQ HQWURSL -«
KHVDSODQPDNWDGOU %X \|QWHP VLVWHPLQ QH
RODQDN VD+ODU YH HNVHUML YHULPOLOL+LQLC
\DUGOPFO ROXU WO DOMH G +HODF IO/ W HabinHd) LQ L Q
VLVWHPLQ NDUDUOO DNOU NRuUXOODUO DOWOQG
LJROH ROGX+X YDUVD\OOPOUWOU *HUOHNOHUWL
LOH VOFDN YH VR+XN oONOuUODU DUDVOQGDNL
HWPLOIWRQWYRONKDFPL oHUOHYHVLQGH JLULUG Y&H
NeWOH RUDQO NXOODQOODUDN VHMWHOABGHNY HH 8\
1 Guérilen ilgili denklemler DUDFO OO0 +0\OD KHVHYOIDIQDE L
Kaya et al., 201:301).

)
3)

dDOOUPD DNOGUNDQO RODQ KDYD LoLQ LG
YH NXOODQOODUDN 5+97 VLVWHPL LoLC
HULWOLN ($40iG NartliG1990L637)

(4)

3DUDOHQPOWNOHOOO 5+97 GHQH\OHU DOOQGO-
oONOuODUOQ EDVOQo YH VOFDNOON GH+-HUOHUL
vD\OVOQD JJUH \RN HGLOHQ QHW HNVHUML PLNW
oDOOUPDVO HVQDVOQGD JHUL G|Qlar @mpiPH]OL-
cUHWLPL D\QO ]DPDQGD JLULG YH oONOGODU DU
LIDGH HGLOLU YH EX GH+HUH VSEaL&LYzAID\OS H
1999627). 5+97 JHUL G|QG -+ DIU(MHRHGDLFHULOHQ HULW(
edilir (Kirmaci, 20091629.

(5)

(6)
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(7)
(8)
(9)

5+97 JLULULQLQ YH VOFDN LOH VR+XN 00
KHVDSODPDV-O@GDHYHWOQNQ GHQNOHPOHU LOH
JHOHQ GHQNOHPOHU GR+UXOWXVXQGD 5+97 VLV
GH+HUOHULQH J|UH HNVHUBMGHY BUDP O GMINAL QL LY

YHULOPLGWLU
(10)

60FDN YH VR+XN DNOGNDQ oONOGODUO LoLQ JL
IDUNO DuD+OGDNL GHQNOHPOHUOH YHULOPHNWH

(11)

(12)

VorteksWeS+Q+Q SHQIRUPDQVOQO RUWD\D NR\DQ HQ
VOFDNOOMXNDNOGDNL GHQNOHPOHU NXOODQOO
edilmektedi (Korkmaz et al., 2023).

(13)

%8/*8/$5 9( 7$57,00%$/$5

3DUDOHOMND-AM®D 5+97GH 0 YH EHG JHRPHW
VDKLS DO+PLQ\XPH SROLQPLGR]XOODUO LOH KDYD
JLULG EDVOQFOQD JJUH OVOWPD YH VR+XWPD HYV
Ge]HQH=L NXUXOPXUWXU %XQXQOD ELUOLNWH
NXOODQOODUDN EX VLVWHPOHULQerikNRgd UML D (
KHvDSODQPOuwoOU
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YDUNOO PDO]JHPHGHQ \DSOODQ *0 YH EHUG QR]
VOFDNOONODUO LQFHOHQGL+LQGH UHNLO HQ
EDVOQoL GEHHHILULQo PDO]JHPABHD GDRO & D G HE H(
DQODUOOPDNWDGOU $\UOFD SRO\DPLG PDO]HPH
PDOJHPH\H J|JUH GDKD \*NVHN VOFDNOON GH=+HUO
GXUXPXQ PDOJHPHOHULQ OVO LOHWLP NDWVD\OV
zamandaD O+PLQ\XP QR]XOOD U GDND R OCIFDN BN XBIHB
hemeso QR]XO KHPRGMCEGIH SLULQo PDO]JHPHGHQ \DS(
HGLOHQ VOFDNOON GK=+H U@HRQ @ P\HDMB I GR. O G X

UHNLO 3IDYOMNIEO 5B 77«Q VR+XN oONOu VOFD

3DUDOHOMND:M®D 5+977+Q VOFDN oONOUG VOFI
LQFHOHQGL+LQGH LVH HQ \*NVHN VOFDMWIINOU
SLULQo PDO]JHPHGHQRIROGODEOBHG HGLOGL=L
$0+PLQ\XP QR]XOODUOD HOGH HGLOHQ VOFDN
QR]XOODUOD HOGH HGLOHQ VOFDN DNOUNDQ
JJU*OPHNWHGR O\ DSRQLRD I S| X O O D Urezdi@a PSSO L N O H
N3D GH+HUOHULQGH VOFDN DNOUNDQ VOFDNOO
JIVWHUPHGL+L YH GOQBDOHPIE-DUNDWOFDN DNOUGI
XOoDuwWO=+0 JJU-OPHNWHGLU

UHNLO 3IDYOMNN EO 5@ 79.Q VOFDN oONOU VOFL

33



'"HQH\VHO VLVWHPLQ *0 YH EHU QR]XOGDQ \D
D\WWO D\UO HNVHUML YHULPOLOL+L UHNLO 9§ GH G
PDO]JHPHGH N3IBNFEVOIQoWHDULPOLOANHQ\ENOD
QR]XOGD N3D EDVOQ®WD UMN CKHMBIB@ID QP O G
YHULPOLOL+L EHGO QR]XOGD DO<PLQ\XP YH SRO\D
DUDOONODUOQGD ELUELUOHULQH oRN \DNOQ V
gUQH=LQ N3D EDVOQowD VvOUDVO\OD EHU QI
malzHPHOHULQ HNVHUML Y KBIVDSIODLGR O i WLAWH

UHNLO 3IDYOMNTI EO 5@ 79«Q HNVHUML YHULP .

(NVHUML JLULG GH+L{IOMN OSIDWD G HINZ FEDE O (
malzemelerdenDSOODQ *0o YH EHUO QR]XOODU LoLQ IDUN
GH+HWOBPI®OQGO+0 UHNLO 9GD J|UsOPHNWHGLU

UHNLO 3IDYOMNN EBO+50-®79+Q HNVHUML JLULG J

(NVHUML oONMDU GGG HRIDHBWIPHOHUGHQ \DSO
iNFHOHQGL+-LQGH NQBFD] XEDG/ID G oW DQ B H&D O GHNP H ¢

NM NJ GH+HWHNL. XOPGEMW J+@D*OPHNWHGLU (
GeU+sN RONDMI malzemee W EEDVOQo GH+F065DKRA) QGH
poyamid ROPXUWXUo@RIJ®EDIDUNOO PDO]JHPHOHULQ |
GH+HUO#30OIN3D LOHULVLQGHNWHURUWDODRD DC
PDOJHPHGH KHVDSODQPOuUwOU
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UHNLGDUDOHMEDEOO 5+977«Q HNVHUML oONOUG

3DUDOHOMNMDO®® 5+979Q HNVHUML NP\EO JU
SRO\DPLG PDO]JHPHQLQLQ EHUO QR]XOGD65ONVHN E
N3D GL+HU PDO]JHPHOHUH J|UH EHOLUJLQ DU
JJUsOPHNWHGLU (NVHUML ND\EOQOQ *0 QR]XO Lo
farckOO EDVOQo GH+HWPDHUHEBELHRGDKMLENVHN HC
X+UD®QODUIOOPHXWIDNXALDQR]|¥O GD VLVWHPLQ St
GH+HUOHQ®ICUQREHOD J|UH SRIODNDPAUMIRODEOQD
malzemeOHUH J|UM\GDKROGX+XQX RUWD\D oONPDNW

UHNLO 3IDYOMNIEO 5@ 7T«Q HNVHUML ND\OS

6218d

PDUDOHOIOBIN-DID O 5+97 GHQHD*IDOD QW& WHIE
QR]XOODUEZDWNLVOO WOD]HPH YH JLULGU EDVOQFOQ
HWNLOHULQL L QFROHMHN REURIE viikelde edilen
GHQH\VHO VRQX0o00ODU NXOODQOODUDN EX VLVWF
YHULPOLOLNOHUL KH glf@DgaGunamXd RsERXQSX o DD
EDVOQFO YHEOEO®ITSHUIRUPDQV HWNLVLQLQ D\QC
DPDoOWORO @D EDMBRO6® O Q RNOWO MKIDDABO E D +
RHVT sistemlerinde, PVO Qo J|VWHUJ& VIN MY BORFXN NeWC
R U D Q(vrtalafna olarak 0.36 seviyesinde sabit tutulurkEn@ « P L Q\ X P
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polyamid ve pLU LR®MWO]HPHOHUGHQ \DSO OrbAllardesr H EH U
HGLOPLUWLU $QDOL]JOHU MRNGIXEG B +9 D UDLO/MO
VR+XWPD SHUIRUPDQVO RODUDN GH+HUOHQGL!
VOFDNOMN-IDQPBD ¥E@ Q cQRIX DIOXBE PHD®HQ \DSOODQ QF
25295 . RODUDN EXOXQPXUWXU 'HQH\VHO VLVW
GH+HUOHQGLULOGL+LQGH VOH HNQO\GRKEDPY © O 6 W D
318 95K ile 5 npzulda S L UmhaxedenHOGH HGLOPLUWLU 5+97
KHP VR+XWPD SHUIRUPDQVOQGD KHPGHd®&VOWPI
\eNVHN EDVOQoODUGDUIE}Ha RIRQXHDROHVLQLQ \*NV
PDOJHPHOHULQLQ &O/@dd QO¥HNV LPFD NNHW M DOBHPAI0 X +
ROGX+XQX RUWD\D oONDUPDNWDGOU 3LULQo P
DO*PLQ\XP YH SRORPRD® X3NOQKQ ®GiDHaxerneNV HN

ROGX+X ELOBQPMHADNSIBUDOHO ED+0O ]OW DNOUO
QRIXOODVKUWML YHULPOHUL NDUuOODWWOUOOGO
N3D EDVOQowWwD \DNODuGUON YH EXOXQPXuUWXU
N3D EDVOQowD Y H KHYVDSODQPOUKROXS SR
EDVOQoWD Y H RODHQN\E KO X\QP)XeMB(EH \DSC
analizi ve ikinci yasa verimlilikleriVRQXFXQGD QR]XO PDO]JHPHO
NDWVD\OODUO YH \R+XQOXNODUOQDOQ VLVWHP
HWNLOHGLNOHUL DQODUOOPDNWDGOU g]JAOOLNC
LOH ELUOLNWH PDO]JHPH \R+XQOX+XQXQ VLVWHP
RUWD\D oONPDNWDGOU
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g=(7

%X DOOUPD SROLPHU NRPSR]JLWOHULQ WU
X\JXODPDODUOQO DUDUWOUPDNWD HQHUML ND\
VLVWHPOHULQLQ GD\DQONOOGOO+0QOPaiav OUPDC
kompozitlerin Ve UW« @B PD YH \D+ ODPDOncihWDQHMRDODU
PDOJHPHOHULQ nSAHJUIIRW® D RERIBIOCRQHOOWOQGTE
edilmesi D P CDo@P O Ralir@iUkompozitler hafiflik, korozyon direnci ve
NHQGL NHQGLQL \D+ODPD |JHOOLNOHUL QHGH:
EL\RPHGLKWNHD@GPYOL=+L JLEL VHNW|UOHUGH JLGHU
\HULQL DOPDNWDGOU .DUERQ HO\DIODU QDQRN
gibi dolgu maddelerimalzemeninDU O QPD GLUHQFLQL DUWOUPL
DJDOWPDGD NULWLN. Emel BulBuGr,Ro@rarkanp¥iteand U
HQHUML YHULPOLOL=+LQL |QHPOL |Oo0o*GH DUW
Gel*UGe*++*Q¢s YH NHQGLQGHQ \D-ODPDOO KDYD
GD\DQONOO EL\RPHGLNDO SURWH]OHU YH oHYUF
zorlu uygdamalar LoLQ HQ X\JXQ o|]*POHUL vD+0ODGO=+0
JHOLUPHOHU SROLPHOHRRRWRINW PHMKHQGLVOLN
|QHPOL PDO]JHPHOHU RODUDN NRQXPODQGOUPDN
HQG+VWUL\HO VLVWHPOHUH NDWNOGD EXOXQPDN

Anahtar Kelimeler + Tribolojik g]HO O BN OWGBB Q R D + O,DPBlimer
Kompozitler,6 « U G « U « ®lalZ2in€@dr.U

*a35gU

7ULERORML HQHUML ND\OSODUOQO D]DOWPEL
DuOQPD\D ED+0O DUOIDODUO |QOHP HndkaniaL Q W H
LUOHPOHUGH YHULPOLOLN GD\DQONOOOON YH J
6eUW+QPH \ROX\OD HQHUML ND\EO |JHOOLNOH XC
HQG+VWULOHUGH PDNLQHOHUGHNL YHULPVL]O
R O X 0 Wwiekte@rE(HaGtchings ve Shipway, 2017). Etkili tribolojik
X\JXODPDODU \DOQO]FD VeUW+QPH YH DGOQPD\O I
ELOHUHQ DUO]IDODUOQO GD |QOH\GIUKHML PIHND @ DI
(Bermanvd., 2024; Mahmoodsd., 2024). gUQH+LQ UXIdeP22QODU
FRQWDODUGDNL RSWLPL]H HGLOPLUO WULERORM
DIDOPDVOQD YH HQHUML YHULPOLOL+LQHQ DUWP

$\UOFDLOOHFEHWO]HPH ELOLPL DODQOQGDN
RUWDPODUGD GLNNDWH GH=+HU GD\DQONOOOO
PDOJHPHOHULQ ROXuOWXUXOPduk@ Q tibolojiin- ODP O ¢
VeUG+U*OHELOLU P*KHQGLVOLN DODQOQD RODQ
(Bermanvd., 2024).
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3ROLPHU NRPSR]LW O iU koréziohL tirarigiS<von @ O
VeUW+*QPH YH DUOQPD |JHOOLNOHUL VD\HVLQ
YD]JHoLOPH] PDO]JHPHOHU KDOLQH JHOPLGUWLU
SROLPHU NRPSR]JLWOHU GDKD GeilsNDRGXPD XN EY
DYDQWDMO D WX X|QHPO G MNDOGHIU S R @L=FOHID N R PS5 R]Q. W'
YHULPOLOL+LQ |QFHOLNOL ROGX+X RWRPRWLY
malzeme halingetimektedit g U Q H #bi@Qedikal uygulamalarda, polimer
NRPSR]JLWOHU EL\RX\XPOXOXNQROO DO @ML.aw® Q6
GLUHQoOHUL VD\HVLQGH SURWH]JOHU YH HNOHE
(Deshwalvd $\UDFD NDUERQ ILEHUOHU QDQRN
PDGGHOHULQLQ HNOHQPHVL SROLPHUOHULQ WU
DUWOUDUDN \eNVNHOOWNWRNOHUY H ODRGCPEHQPFODR OY
V D + KnBissivd., 2024 Liu vd %X |JHOOLNOHU SROLPH
NULWLN P*KHQGLVOLN VLVWHPOBNQQGMHNW PX\N WA
WULERORMLQLQ LOMUOHRKXOIDPG®MNLD [GQHWP L Q

Bu oDOOUPHPROLPHU NRPSR]JLWOHULQ WULE
LQFHOHQPHNWH YH SHUIRUPDQVODUOQO HWNLO
PHNDQL]PDODUOQD RGDNODQOOPDNWDGOU %X
DOWOQGD QDVOO oDOOUWO+OQD GDLU IKDSVDP!
|[JHOOLNOHULQL UGHNLOOHQGLUHQ IDNW|UOHUL
NRPSR]JLWOHULQ oHULWOL HQGYW URIDWD®H NoLO
X\JXODPDODUOQD JEHIDHFHNPHNWHHOLGPHOHU Y
G|QeUW+sUPH\H KD]OWD & W@LIPLON NG LS KDWS H N\
VXQPDNWDGOU

Triboloiji

7ULERORML JJUHFHOL KDUHNHW KDOLQGH!
SHUIRUPDQVOQO \|QHWHQ GLVLSOLQOHU DUDV(
oD O O 1 P(BarminG @) 2024) Bu HWNLOHULPOHU PHNDQLN
YHULPOLOL+L GD\DQONOOOO+O YH HQHWML WeNlI
6+UWeQPH IUHQ VLVW H Rgerekli dlsal deE gerelikie@meRiO D U G
ND\OSsoDUOQD \RO DoDUNHQ DuOQPD ELOHUH!
LUOHYVHOOL+LQL WHKOLNH\H DWDELOLU <D=+ODF
ROXUWXUDUDN EX HWNLOHUL D]JDOWPDGBDNGLW L
YH HQHUML GD-=+000POwe Shipvhip, @ULT).UTribeldjiiF K L Q J\
RWRPRWLY P+KHQRERAN®GILNDO FLKD]ODU YH HQG-eV
GKKROPDN +JHUNOGRNDOYDQGD X\JIJXTioBlgioDUO
ELOLPLQGHNL LOHUOHPHOHU PRGHUQ WHNQROR
wbvDUOPODUO PDO]JHPHOHUL YH RSHUDV\RQHO
gereklidir (Abdelbary, 2015 gQ F «O).

B3ROLPHU NRPSR]JLWOHU Ve«UW+<QPH\L D]DOWP
JIVWHUPH \HWHQHNOHUL QHGHQL\OH WULERORML
NHQGLQL \D+ODPD |JHOOLNOHUL 37)( SROLWH
PROLEGHQ GLV+Ol+U JhdolguNadiledi dlarak@RernmEgye D U O
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ROXUDQ YH \¢]JH\ WHPDVOQO HQ D]D LQGLUHQ EL!
ND\QDNODQOUvd '"HVKZD®@ROLPHU NRPSR]JLWOHU
PHNDQL]PDODUO DUDVOQGD DUOQGOUOFO DubQ
QHGHQL\OH ROXuXU \DSOUNDQ DUOQPD \¢]J]H\OH!L
ND\QDNODQOU YH \RUXOPD DUOQPDWOgeMjHNUD U
\HU DOOU +HU ELU PHNDQL]PD \eNVHN \¢«NOHU
VOFDNOONODU JLEL IDUNOO NRGUXOODU DOWOQG
etkiler (Friedrichvd., 2005). Cam veya karbon fiber gibi takviyeler, matrisin
JHULOLPL GD+OWPD YH GHIRUPDV\RGaRe®Gdnld HQ P H
DGOQPD GLUHQFLQ vd.L2022)H BWrhdkanizmaBR Qdlimer
kompozitlerin pratik uygulamalaGDNL SHUIRUPDQVOQO DQOD
HWPHN LoLQ NULWLN |QHPH VDKLSWLU

3ROLPHU NRPSRJLWOHUGH WULERORMLN |]
PKHQGLVOLN VLVWHPOHUL LoLQ |QHPOL HWNLOH
YH DudbQPD\O D]DOWDUDN GDKD GeGsN HQHUML
|[PUsQH NDWNOBDIUEMGREFXXGDQ LUOHWPH PDOL
OHYUHVHO HWNLQIDQV R {D g véeePiy ORYDMRPRWLY HC
PRWRU ELOHUHQOHUL FRQWDODU YH UXOPDQO
YHULPOLOL+LQL DUWOUPDNWD YH VHUD JD]0O HPL
vd., 20 %HQ]JHU UHNLOGH HQG+VWUL\HO PDNLQ
NRPSR]JLWOHULQ NXO00ODQOPO DUO]D VeUHVLQL Y
GDKD \eNVHN JeYHQLOLUOLN YH *UHWNHQOLN VD
oDOOUGPD NRUXOODUWOQRQODUO DRXHIQOEIMIDLN L
NULWLN PDO]JHPHOHU RODUDN NRQXPODQGOUPI
VeUW+QPH YH\D DUOQGOUOFO NRUXOODU DOWDOQ
|JHOOLNOHU VD+ODPD NDELOL\HWOHUirenkfpYDFOO
VHNW|UOHULQGH VRQ WHNQRORML X\JXODPD
desteklemektedir (Hutching® Shipway, 2017; Bermavd., 2024).

3ROLPHU NRPSR]JLWOHU WULERORMHNNLW®IL \
avantajlara sahiptiBu malzemeler JHOHQHNVHO PHWDOLN PDO
|QHPOL |O0*GH GDKD KDILIWLU EX GD VLVWHP DW
DUWOUOU |0 QIIENRAHWVNWDVDUUXIX YH SHUIRUPDQ
NULWLN ROGX+X RWRPRWLY YH KDYDFOOQON VHI
2018). Karba ve cam fiber gibi takviyeler polimer kompozitler& « G+ N
\R+XQOX+XQ \DQO VOUD \*NVHN P HND GROOMXND X &
X]D\ DUDFO YH \eNVHN SHUIRUPDQVOO DUD0ODUCGC
getirir (Giammariavd 37)( JUDILW YH\D PROLEGHQ G
PDGGHOHULQLQ HNOHQPHVL\OH SROLPHU NRPS
|JHOOLNOHUL ND]JDQOU EX GD VeUW+QPH\L D]DC
NRUXOODUO DOWOQGD DUOQPDGGIOHQHUQ U DR
FRQWDODU JLEL JRUOX RUWDPODUGD X]XQ |PeUC
(Deshwalvd., 2024). Polimer &ampozitler, nem ve kimyasallatLEL oHYUHVH
HWNHQOHUH NDUGO P NHPPHO GD\DQONGOOON J|
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NLP\DVDO LUOHPH YH JRUOX OoHYUHVHO NRUXOC
X\JXODPDODUO LoLQ X\JIX@.RDBGH JHWLULU )ULHC

32/80(5 .2032=9g7/(501 750%2/2-0. g=(//2./(52

Polimer Matrislerin ve Dolgu MdzemeOHULQLQ 6HOLPL

3ROLPHU PDWULVOHULQ YH GROJX PDGGHO
WULERORMLN |[JHOOLNOHULQL EHOLUOHPHGH NUL
XOWUD \eNVHN PROHN<OHU D+OUOONOO SROLH
HVQHNOLN YH GD\DQONOWDON OXROXDWXW KB H 6L
6L& YH WLWDQ\XP NDUE+U 7L& JLEL GROJX PDG
DUWOUDUDN YH KHP NXUX KHP GH \D+00 NRUuXO
DIDOWDUDN DUOQPD GLUHQFLQL JHOLGWRE®BWN L
6L& GROJX PDGGHOHULQLQ ND\PD YH DubQGO
SHUIRUPDQVO DUWOUGO-0QO 7L& QLQ LVH \eN'
\eNVHN VOFDNOON RUWDPODUO LoLQ X\JXQ KDOH
vd., 2005). Karbon fiber gibi takviyeler ise termal iletkenlik ve mekanik
PXNDYHPHWL GDKD GD DUWOUDUDN NRPSR]LW
uygulamalardaN X O O D Q O P & Q PE:idaiidd) ROIS).

<¢]H\ 3+U+]O¢Oe++¢ YH 7THPDV %DVOQFO

<e¢]H\ SeU+]O+Oe+++ ND\DQ \*]JH\OHU DUDVOQ
EHOLUOHQPHVLQGH NULWLN ELU URO R\QDU YH E
etkiler (Atan, 2005) 'DKD SeUe¢]Ve] \¢]H\OHU GDKD L\L
QHGHQL\OH WLSLN RODUDN VeUW+*QPH\L DJDOWOL
ND\PD VOUDVOQGD ROXUDQ LQFH NRUX\XFX WDI
ROXUXPXQX HQJHOOH\HELOLU BX oD Qb0 O\ O FrX
gUQH=+LQ 37)( ED]JOO NRPSR]JLWOHUGH GHQJHOL
ILOPL ROXUXPXQX NROD\ODUWOUDUIvN, MMRQPD G
THPDV EDVOQFO WHPDV DUD\¢]*QGHNL JHULOLP
NRaXooDUO DOWOQGD GeusN VHUWOL+H VDKLS
DuOQPDQOQ DUWPDVOQD QHGHQ ROXU 6HUDPLN
JHULOLPOHULQLQ GPFOWOOPDWORWDI RDBOGV\RQX
ELOHUHQ |PU«Q+ XJQW&MY) 'HVKZDO

dHY UMHIVNMW|UOHU

dHYUHVHO IDNW|UOHU |JHOOLNOH VOFDNOOU
WULERORMLN GDYUDQOUOQO |QHPOL |O0o*GH HWN
JUDILW JLEL GROJX PDGGHOHUL \+NVHN WHUPDC
ILOPL ROXUGWXUDUD N GRIDHNWPDEONGEMaWH, Qa924Y. D
8+0:3( NRPSR]JLWOHUL «]HULQH \DSOODQ DUDUGW(
GROJX PDGGHOHULQLQ KRPRMHQ GD=+000O6POQD
DUWPDVOQD \RO DowO+0Q0 YH VOFDNOON GDOJEL
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NRUXGX=XQX J|VWMIUPHNWHGLQHERQHLNLOGH QHP
NDSDVLWHOHULQL GH+LUWLUHUHN SROLPHU |]HC
ELOHGLPLQH ED+0O RODUDN SHUIRUPDQ¥,0 DUW:(
2005).

3ROLPHU .RPSR]JLWOHULQ 6*UW+*QPH 3HUIRUPDQV
3ROLPHU NRPSR]JLWOHU JHQHOOLNOH PHWDO
NDWVD\OODUO VHUJLOHHOEHWD YWD G HGB ONPEI G L C
N D\Q D NPoin@@det¢, anogUDIHQ YH OR6w JLEL GROJX
eklenmesi WUDQVIHU ILOPL ROXUXPXQX WHUYLN HGH
Budurum\D+ODPD NDWPDQODUO ND\PD VOUDVOQGD
LQGLUHUHN GDKD \XPXUDN HWNLOHULPOHUH YH C
olur (Deshwalvd., 2024). gUQH+LQ OR6w LoHUHBRNN®&RHEBELRYIOV
oDOOUPD NRWXO\WDMODQ B GelGsN VeUW+.QPH SHU
bildirilmektedir (Furlarvd., 2018). Bu/JHOOLN RQODUO GLUOLOHU
GLQDPLN X\JXODPDODU LoLQ LGHDO KDOH JHWLU

$0O0QPD 'LUHQFL YH OHNDQL]PDODUO

3ROLPHU NRPSR]JLWOHUGH DUOQPD GLUHQFI
PXNDYHPHWLQH YH oDOOUGP®:]NR UXRGMLD UKD\D\ REXX
JUQH+LQ ODQWDQ WX]ODUOQOQ SROmMAtARL G PD\
ED+ODQPDVOQO L\LOHUWLUHUHN \eNVHN VOFDN
|O0*GH DUWOW.02024)AMKRDO X\JXODPD NRUXOODU
oHGULWOL DUOQPD PHNDQL]PDODUO |Q SODQD
QHGHQL\OH DUOQGOUOFO DuOQPD \¢]H\OHU Dl
ND\QDNODQD @ u\DGPmNDP) ND\PD VOUDVOQGD JHI
UHDNVL\RQODUOD RUWD\D oONDQ RNVLGDWLI D¢
EHOLUOL WULERORMLN RUWDPODU LoLQ |]HO
JHOLUWLULOPHVLQL PveNOG)NOODU )ULHGULFK

Takviye ve Dolgu MzemeOHULQLQ . XOODQOPO

6LOLV\XP NDUE«U 6L& WLWDQ\XP NDUE+U
(CNTler JLEL GROJX PDGGHOHUL SROLPHU NRPSR.
GLUHQFLQL DUWOUPDGD&NIDUWW NNE OO HIRIO DRIVQQE
DuOQPD GLUHQFLQL DUWOUOUNHQ 7L& \eNVHN W
&17 OHU LVH \eNVHN PXNDYHPHW PeNHPPHO WH!L
JLEL EHQ]JHUVL] DYDQWDMODU VXQDUDN JHOLUGP
polimer kompozit malzemeleideal hale geérir (Jawaidvd., 2018).Cam veya
NDUERQ ILEHUOHU JLEL WDNYL\HOKQU BPDW®INLL
GLQDPLN NRuXOODU DOWOQGD GoNan@dW®mOOON Y
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<¢]H\ GGUOHPOHUL YH .DSODPDODU

<¢]H\ LUOHPOHUL YH NDSODPDODUzeSsR®OLPHU F
DUDVOQGDNEDEODRW®]BHOLUWLUPHG H INQWD & LEND + Q IDH
DMDQODUO JLEL W ké&h®lérNiOmattise GiRgasaX olarBk
ED+OD\DUDN VWUHV DOWOQGD D\UWI.OBM).RODVO
@AOHYVHO RODUDN GHUHFHOHQGLULOPLG PDO]HP|
PPNeQ NOODUDN GH=+LUGUHQ \*NOHU YH Dud®QPD
SHUIRUPDQVO RSWLPL]H HGHU 6HUDPLN YH\D SF
kapDPDODU DUOQPD GLUHQFLQL GDKD GD DUWC
RUWDPODUGD ELOHPDQOD HDU QG REAYR, IXB\W

<D+OD\OFOODUOQ YH .HQGLQGHQ <D+0ODPDOO 0D

OR6w JUDILW YH\D RAHQGUQBEHQ \D+ODPD
malzemHOHULQLQ SROLPHU NRPSRJLWOHUH HQWHJU
YH\D JRUOX RUWDPODUGD KDULFL \D-OD\OFOODL
PDOJHPHOHU obDOOuPD VOUDVOQGD V. UHNOL RC(
VeUW+QPH NDWVDW @mdQ®06 Bl1AHWWEUQY DUWOU
GROJXOX NRPSR]JLWOHU NXUX ND\PD X\JXODPDO
JIVWHUPHNWH GetaeN DUOQPD RUDQODUOQO Y
NRUXPDNWDGAOD 'HVKZ®BR® NHQGL NHQGLQL \D=(¢
[JTHOBUNDOYDFOOON EL\RPHGLNDO LPSODQWODU Y
HNLSPDQODUGDNL X\JX\COD-FOCDOPIR M tardtiGXORIY. D Q W D M

32/90(5 .2032=97 8<*8/$0%/%5,

2WRPRWLY (QGeVWULVL

S3ROLPHU NRPSR]LWOHU u@en srhalijelerixveiy® X NO D U
WULERORMLN SHUIRUPDQVODUO QHGHQL\OH RWF
NXOODQOOPDNWDGOU )UHQ EDODWDODUO EXU¢
ELOHdhend+HNWV HN GD\D QDPOQHPD G Ve UWQPH\L D]
polimer kompozitlertercih edilmektedr gUQH+LQ NDUERQ ILEH
VHUDPLN SDUoDFONODUOD Je0oOHQGLULOPLUO NRP
WHUPDO VWDELOLWHQLQ JHUHNOL ROGX=+X IUH
NHQHYLU JLEL GR+DO QdlilaRtiK dsid HPLAY &dHRQitRt UL O P L
WDPSRQODUGD J|VWHUJH SXQHOBMELEBlet YH S
VDGHFH oDUSOuUPDODU VOUDVOQGD HQHUML HI
]JDPDQGD SHWURO EdhOED PORGHROBDEIMR b D
NRPSR]JLWOHULQ NXOODQOPO GDKD L\L \DNOW
DIDOWOOPDVOQD NDWNOGD EXOXQDUDN RWRPF
VeUG*U*OHELOLU VIN@R 0 RW\ADedstam@mmy O u O
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+DYDFOOON YH 8]D\ 8\JXODPDODUO

+DYDFOOON YH XGPGO+NQRB-\EQODIXNHN PXNDYHPF
performanJ |VWHUPH \HWHQHNOHUL QHGHQL\OH SRO
|Oo*GH ID\GDODQPDNWDGOU 3ROLHWHU HWHU N
37)( JLEL PDO]JHPHOHU UXOPDQODU GLUOLOHU
PDUX] NDODQ \D®OYVIDEYL HEQ 8 P DB QBuHkbngblithirX O O D Q
hemmekanik GD\D YO P O hasnNHIHQHO XoDN D WIDU-OO@-DAX
\DNOW YHUé PO WEBMERRENON fiberlerleJ*0OHQGLULOPLUG 3
NRPSR]LWOHU MHW PRWRUX ELOHUHQOHULQGH N
KHP GH WHUPDO VWDELOLWH VXQPDNWDGOU g
\D+ODPD \|QWHPOHULQLQ P+«PN¢«Q ROPDGO=+0O X]D)
\D+ODPDOQW®RHSR]GH Rr@yMsbu@is2@aw O U

Biyomedikal Cihazlar

3ROLPHU NRPSR]LW O H @bilgr iHeRarfk@@®tibIdjik X \D U O |
|[JHOOLNOHU VXQPDVO\OD EL\RPHGLNDO X\JXODP
8OWUD \¢«NVHN PROHN<OHU D+-OUOONOO SROLHWI
\eNVHN DUuOQPD GLUHQFL VD\HVLQGH NDOoOD Y
LPSODQWO DWORGDUMNINXOODQOOPDNWDGOU gP
X]XYODUOQ *UHWLPLQGH GH |QHPOL ELU URO R
DUDVOQGD ELU GHQJH VXQDU gUQH=+=LQ NDUERQ
WDVDUOPODUOQGD \DSOVDO E+W+eQOe+++ DUWOU
%L\RX\XPOXOXN YH DQWLPLNUREL\DO |JHOOLNOH!
FHUUDKL DOHWOHU YH GLGO KHNLPOL+#dhaxdal] XODP |
JHQLUOHW P H NdV P0G GhrgwdD A0RR).

(QHUML YH *«0 6LVWHPOHUL

(QHUML VHNW|U*QGH SROLPHU NRPSR]JLWOl
hidroelektrik sistemleri ve kayar yataklgib ELU GL]L X\JXODPDGD E-=!
WDUGOPDNWDGOU 6X YH U«]JDUGDQ ND\QDNODQD
NDUUO +VWeQ GLUHQOOHUL RQODUO ]JRUOX NR
JHWLUPHNWHGLU *UDILW YH\D NDUERQ ILEHUOH!
NHQGLQL \D+ODPD |JHOOL+L JJIVWHUHUHN EDNOP
YHULPOLO LinLvdD 202 UPWQH=+LQ U-+]IDUODW O BIGEL
NXOODQOODQ HSRNVL NRPSRJLWOHU \eNVHN Pl
GLUHQFL LoLQ WDVDUODQPOU ROXS GDKD X]XQ
cUHWLP PDOL\HWOHUL VD+ODU +LGURHOHN\
NRPSR]JLWOHUGHQ \DSOOP@PHG®ADU N\ND\WDNO D Q DY
ND\OSERUDQA QGLUPH\H \DUGOPFO ROXU
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(QG*VWUL\HO YH 7«NHWLFL 8\JXODPDODUO

Polimer kompozitler,  GeVWUL\HO , FDNH@REBBUBHOQP
GLUHQoOOHUL YH DJDOWOOPOU V.UW+QPHOHUL Q
HOHPDQODU JLEL ELOHUHQOHU LoLQ \D\JOQ ROD
GDKD X]XQ VHUYLVY DUDOONODUOQD YH GDKD G-
EXOXQXHWIZRNPDOODUOQGD SROLPHU NRPSR]L\
HOHNWURQLN FLKD]ODUD NDGDU OoHULWOL «U*QC
DUWOUOU gUQH=LQ JOGD LUOHPFLOHULSYGHNL N
oDOOUPD YH X]XQ NXOODQOP |PUe VD+ODU ¢
PXKDID]JDODUGDNL NRPSR]JLW PDO]JHPHOHU VO
DaOQPD\D NDUGO GLUHQo J|VWHULUNHQ WHUPDO
(Friedrich, 2018

*(/(&(. 3(563(.79p

3ROLPHU NRPSR]JLWOHU JHQLU NXOODQOP DOI
RUWDPODUGDNL SHUIRUPDQVODWIEXK D®SWVO QGD (QE
VOQOUOPPEDDIUGWHUPDO BDRDUBRN OORMIOTHID GO
VOFDNOONODUGD ER]XQDUDN KDYDFOOON PRWRI
\eNVHN VOFDNOON JHUHNWLUHQ X\JXODPDODUG
SROLWHWUDIORURHWLOHQ 37)( GeGsN VeUW+QP
WHUPD®DHBUQN|[WHVLQGH PHNDQLN E*W+QO+++Q-+ |
SROLPHUOHULQ PHWDOOHUH NO\DVOD VOQOUOO
D+OU GDUEHOL X\JX®DXD& UKD QRODAMNIID 8D + 0 0
YH\D KLGUROLWLN NDUDUVO]JOON JLEL \DUODQPD
DoON KDYD YH\D GHQL] RUWDPODUOQGDIDONg$RPSR]L
ve Shipway, 2017; Friedrich $\UOFD NDUERQ QDQRW-+S
JLEL LOHUL Ge¢]H\ GROJX PDGGHOHULQLQ PDOL
GD+0006POQO VD+ODPDN LoLQ JHUHNOL NDUPE
NRPSR]LWOHULQ PDOL\HW KDVVDVL\HWL RODQ V
V @& Brostowvd., 2020)

Nanokompozitler ve 3D EDVOPEL \HQL WHNQRORMLO
0|]*POHU VXQDUDN EX JRUOXNODUOQ +VWHVLQG
NDUERQ QDQRW+*SOHU YGRQDX RIDIGAHHDH UIL BIL @ DI
YH WHUPDO LOHWNHQOLN JLEL WULER@GRMLN |]
JIVWHULOPLGOWLU gUQH+LQ JUDIHQ RNVLW HNO
WHUPDO NDUDUOOOO+0Qd YH NHQGL NHQGLQL \
SHUIRUPDQVOO VLVWHPOHUGHBM3@vedD QP PDV O Q
.DUERQ QDQRW+:SOHHURWDYEBNUERYH EHQ]JHUVL] P
VD\HVLQGH DUD \+] ED+ODQPDVOQO J*0OHQGLUI
NRUXOODUGD VeUWUQRHLIOAMIXRPDGGHOHUOH
\DSOoOPOU NRPSR]JLWOHU EL\RPHGLNDO LPSODQ'
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|JTHO RODUDN WDVDUODQPOU DUOQPD GLUHQFL VI
YH SHUIRUPDQVO D udy@024.UBu OdlEnfeRR @olimer
NRPSR]JLWOHULQ IDUNOO®O HQG+VWULOHUGHNL R
DoOVOQGDQ NULWLN |[QHPH VDKLSWLU

$UWDQ oHYUHVHO ND\JOODUD \DQOW RODUD
SROLPHU NRPSR]JLWOHULQ JHOLUWLULOPHVL |C
3ROLODNWLN DVLW 3/$ VHEmRIO YMD D |MRAMDHU
\DNOWODUD ED+OPOOOOPA& DJOB®WRILN HYH DN D UER
polimer kompozitlededaha fazlaN X O O D Q O QgRIBQMW¥ DG OM W NHQF
keten gibi GR+DO HO\DI WDNYL\HOL NRPSR]LWO
SDUoDOD@DEHO®DQON+YH WULERORMLN |JHOOLNOH
VH WeNHWLFL X\JXO ER&QRJUOhaleo defrmekReqEes
G|QeUWeUsOP«l 3(7 YH\D NDXoXN JLEL JHUL G|
NRPSR]JLWOHUH HQWHJUH HGHUHN SHUIRUPDQVW
DUWOUPD oDEDODUO GD GHYDP HWPHNWHGLU
ROXUXPXQX D]DOWPDNUILo RG W UP M HP H\GLUMHRDKDNHW H ¢
HNRQRPL J|]] |Q*QGH EXOXQGXUXODUDN WDVDU
PDO]JHPHOHULQ \DUDP G|QJ*OHULQLQ VRQXQGD
yeniden tasarl@ DELOHFH+L NeUHVHO DUDUWOUPDODUO
%X JHOLGPHOHU NDUERQ Q|WUOe+++ YH ND\QDN Y
XOXVODUDUDVD VeUG+U*OHELOLUOLN KHGHIOHUL
GX\DWOOERORMLN PDO]JHPHOHULQ JHOJQ@R*;OULOP
2024;Sonivd., 2024;Shanmuganvd., 2021).

6218d

Bu oDOOIRaiG® kompozitlerin tribolojik |[JHOOLNOHUL
X\IJXODPDODUO KDNNOQGD NDSVDPOO ELU JHQ
HQG*VWULOHUGHNL SHUIRUPDQVODUOQD RGDNO
X\JXQ GROJX PDGGHOHUL YH WDNYL\HOHUOH
NRPSR]JLWOHULQ V.Q® . QrHO GDY UDLQUMHIEFLQL YH
DUWOUPDGDNL NULWLN URO+Q+ YXUJXODPDNWDG
KDYDFOOONWDQ EL\RPHGLNDO YH HQHUML X\JX¢
JHUHNVLQLPOHUH JJUH X\DUODQDELOPH &RMNHNC
\|QO+Oe+¢Q+ YH |QHPLQL%X VOIWHLQPMINWAHIEUD UD=F
VWDELOLWH \N WDuOPD NDSDVLWHVL YH PDOL)
etmektedir. Bununla birlikte, nandl RPSR]LWOHU YH ' EDVNOOO
\HQL PDOJHPHOHULQ NHulL EX VOQOUODWDGOUOD
(Hutchingsve Shipway, 2017; Sonid $\WOGBB+U+sOHELOLU Y|
dostuPDO]JHPHOHUH \|QHOLP SROLPHU NRPSR]LWOF
KHP GH OoHYUHVHO VRUXMPEXOXFH>UBWNBDS P HEXY
(Mahmood vd., 2024 gQF+O ). Malzeme bilimindeki devam eden
LQRYDV\RQ YH JHOLGUPLGO *UHWLP WHNQLNOHUL
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SROLPHU NRPSR]JLWOHULQ N@& O PDWWDGHBVPQIO P
JHOHFHNWHNL oDEDODUOQ SHUIRUPDQV YH VeU
DPDFO\OD KLEULW PDO]JHPHOHUH \HULQGH LGO
NRPSR]LWOHUH RGDNODQPDYV ORaUM. 2R Senl. Y X U J)
vd., 2024 Swolfsvd., 2024 ODO]HPH LQRYDV\RQX LOH sUHW
NHVLULPL \HQL QHVLO WULERORMLN o0|]*POHULQ
oynamaya devam edecektir.
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g=(7

%X oDOOUPD KDILI WDuOWODUOQ JHjentldarwaluQ OPH
VONOUWOUPD G|NeP VIXHF]BLEPDPRGABOOHQPHVI
HGLOPHVLQH RGDNODQPDNWDGOU $QD DPDo VW
\DSD\ VLQLU D+0ODUO $11 LOH UHJUHVARQ DQ
SHJUHV\RQ \DNODUOPOENXOPBOQOHWDO LY R-SIADP VK
porosity) en aza indirmektir.

Modelleme ve optimizasyorD OD 1 O P WAFNDNKRDP@PEDV O Qo YH
VOFDNOO+O JLEL NULWLN VeUHo SDYUPPERVHHO}
JJ]JHQHNOLOL+L LOH EHOLUOL WDVDUOP SDUDPH
DPDFO\OD SROLQRP WULJRQRPHWULN ORJDULW
toplamdal6 PDWHPDWLNVHO PRGHO |QHULOPLUGUWLU
7DVDUOPD LOLUNLQ WHGH&éNHQEHUQQ RISVWEIXQD N
oONWO SDUDPHWUHOHU L GMead; HD@etadgiyel FRdrdh, Lo L Q
%HQ]HWIDOY®LPD YH 5DVWJHOH $UDPD \|QWHPOH
YHUVL\RQODUO X\IJXODQPOuUWOU 6RQX0oODU LN
ROPD\DQ SROLQRP PRGHOLQ GHQH\VHO VRQXt
GR+UXOX+X VD+OD\DUDN GL+HU PRGHAOIOHUGHQ -

Anahtar Kelimeler + Makine g+ UHQPHVL 1|UR 5HJUHV\RQ 2SWL
6ONOUWOUPD '"|NeP

*a35gU

2WRPRWLY HQG+VWULVLQGHNL KO]OO E<«\*PH F
DUWOUPOUG YH oHYUHMBO YRUHRID $18W0WaE VDRNDLO
DUDo D+OUO0O+0OQGDNL fOXN ELU D |DOPQOQ@®D)
DUWOUDELO HFM:Q DV LY B KHdJ NLORJUDPOON I
WeNHWLPLQGH NMLORPWWHHE&H -0 VD+ODGO+0Q
> @ %X ED+ODPGD KDILI DUDo WDVDUOPO HQHL
VRUXQODUD o0]]*P VXQPDN [KOLGL §HLVAION E@LW L\NUWU
Jant RWRPRELOOHULQ |QHPOL ELU \DSOVDO

SHUIRUPDQVWDQ |G*Q YHUPHGHQ DUDo D+OUOG
RWRPRWLY\NMDEHNOPUG |[N+Pe GeGeN EDVOQo0OO G
OHULWOL WHNQLNOHUOH *UHWLOPHNWHGLU <H!
\|QWHP ROPDNOD ELUOLNWH JHQHOOLNOH KDYI
NOUOOJDQ MDQWODUOQ ROXUBDHNEPQBE\R\D |[DoBHNC
*UHWLPH X\JXQ ROVD GD PXNDYHPHW YH KDILIO
yetersiz kaDELOLU > @ gWH \DQGDQ GlhvitRiH M\WOWHPL
PHNDQLN |JHOOLNOHU VHUJLOHPHNOH ELUOLNW|
*UHWLP PDOL\HWOHUL QHGHQL\OH VOQOUODPDOI
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"IN*P YH G|YPHQLQ DYDQWDMODUOQO ELUOHUW
FDVWLQJ XPXW YHULFL ELU DOWHUQDWLI VXQPD
KO]GD YH \eNVHN EDVOQo DOWOQGD NDOOSODUD
YH JHOLGWLULOQPIOIO IPNHOMDWH NVPKLS ELOHUGHQOH
JantartO QONOUWOUPD G|N+eP VeUHFLQLQ RSWLPL]JH H
L\LOHGUWLUPHOHU VD+ODUNHQ D+O0U0O+0 GD D]
SDUDPHWUHQLQ VeUHFH HWNL HWPNHYQ+QH RSO
SHUIRUPDQVD XODUPDN LoLQ JHOLUPLU PRG!
\DNODubOPODUOQDO JHUHNOL NOOPDNWDGOU 6R
JRUOXNODUOQ *VWHVLQGHQ JHOPHN LoLQ PDNL
JLGHUHN GDKD ID]OD-NNO® GRBQAIACGIDMROXQID V|Q
|QJ|UsOHU VXQGX+XQX JIVWHUPHNWHGLU
ODNLQH |*UHQLPL WHNQLNOHUL \DSD\ VLQLU
PDNLQHOHUL 690 YH NDUDU D+DoODUO WDEDQO
GR+UXVDO ROPD\DQ VLVWHPOHULQ PRGHOOH
NDQOWODPOUWOU g]HOOLNMH $IANWIOUWHSRUDR
NDUPDUGUON LOLGNLOHUL \DNODGUON RODUDN EHOL
RODUDN NXOODQOOPDNWDGOU > @ $\UOFD UDV
WRSOXOXN |[+UHQPH \|QWHPOHUL WDEPQQUGR=+L
aUwoOuPOuUWOU > @ 60ONOUWOUPD G|Ne«P VeUHFIL
|[JHOOLNOHU YH VR+XPD KO]JODUO JLEL NULWLN \
0/ PRGHOOHUL X\JXODQPOUG YH VeUHo GLQDPLNO
JIVWHULOPLGWLU
60NOUWOUPD G|N*P Ve.UHFLQGH RSWLPL]DV\RQ |
NXVvXuobud D]DOWPD\O DPDoOD\DQ NULWLN EL
RSWLPL]DV\R QdanQDMHOPO NQH\L PHWRGX 560 YH G
'2( JLGHUHN GDKD ID]JOD PDNLQH |+UHQLPL WHN
%X \|QWHPOHU DUDVOQGD JHQHWLN DOJRULV
RSWLPL]DV\RQX 362 JLEL \|QWHPOHULQed/ PRGH
iyi WDOVBDOPPHWUHOHULQL EHOLUQMRHEGA HWENH. O
PSOYH \DSD\ VLQLU;, PRODIS OV GADN O O, ugguldheghM HN V L
EDV®RoV UHMLIDNW|UOHULQ RSWLPL]H HGLOPHVL
ELOHUHQOHULQLQ PHNDQLN E*WeQO++«Q®H |QHPC
10].

%X oDOOUPDGD PDNLQH |[+UHQPHVL WDEDQOO \}
PHWRGX RODQ Qdtonmtiwjeinl WHWARQOPOQGD VONOGW
VeUHFLQLQ PRGNROEBDREBAVPQAWPU 1|UR UHJUHV)
YH UHJUHV\RQXQ DYDQWDMODUOQOYapaysiBruD\D J|
D+ ODUMHWEDVHWLQLQ H+LWLP YnddaNeHrvdalsefdsiN OL Q G
ve regresyondaki istatistiksel &P SO GDQ ID\GDODQOODUDN VO
PRGHO <«UHWHHEIOQRPHWL ELU DUD\NOLUBWLIU L\ON\UHHN
VD+ODP ELU PRGHOOHPH2BMWW RGPV RHU IDABIPDNIC
WDVDUOPD LOLUNLQ GH+LUNHQOHULQ RSWLPXP G
SDUDPHWUHOHULQL EHeadD Hifetavsiydl o E@im, 1HO G
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%HQ]HWIDORPPD YH 5DVWJHOH $UDPD \|[QWHPOH
YHUVLI\RQODUO X\UJXODQPOUWOU

MATERYAL VE <g17(0

Modelleme

%X oDOOUPDGD NXOODQOODQ PRGHOOHPH \DNO
VLQLU D+OoDUOQO $11 ELUOHUWLUH@G®&BEULW E
VHWL fL H+LWLP fL WHVW YH L GR+UX(
UHNLOGH «0 DOW NePH\H E|O*QP+GWeU (<LWLP DI
GHQNOHPOHULQL YH LOJLOL NDWVD\OODUO RSWI
GH+HUOHU DUDYV® QM@ ND]DID UQNTGHWWHNWLGR + U X (
DGDPDODUOQGD LVH |[QHULOHQ DGD\V&RGHO GD
WDKPLQ HWPH SHUIRUPDQVOQD EDN@OIUDN GH=+

ORGHOOHULQ SHWIRNPDHQWDKPLQ HGLOHQ GH=H
|OOHNQ@LWLN ELU PHWULN RODQ EHOLUOHPH ND)
HGLOPLUWLU 58 GH+HULQLQ fD \DNODUGUPDVO V
DUDVOQGD \eNVHN ELU X\XP ROGX+XQX YH PRGH(«
JIVWHUPHNWHGLU

2SWLPL]DV\RQXQ LVWHQHQ SHUIRUPDQVO VD=C
PRGHOOHU LWHUDWLI ELU OHNLOGH L\LOHuGWI
JHOLUWLULOPLGWLU %X oDOOUPDGD GD EX LWHI

IDUNOO PRGHO GHHHUUPRGBOQUILARL GM-ALIUW I+ 5
57HVW YH GR+UXODPD 538'R+UXODPD ROPDN
KHvDSODQPOuwoOU
Eklerde yer alan Tablet ve5 GH+-HUOHQGLULOHQ PRC
|JHOOLNOHULQL YH SHUIRUPDQV PHWULNOHULQL
VRQXoODUOQD YH LOJLOL 58 GH+HUOHULQH NDS\

Optimizasyon

%X oDOOUPD NDOVRBIALGBP WONHFLQLQ RSWL
DPDFO\OD VWRNDVWLN RSWLPL]DV\RQD\QOWRPGMD |
NXOODWOUDQOP SDULMHWWONWKU LSOLGPBRUFW U H V L
GH+HUOHULQLQ E H®éeki@rHi@PROHOI BiaiGriBiyies EViim
(Differential Evolution, DE), % H Q ] H WaviarRaL (imulated Annealing,
SA), NelderMead (NM) ve Rastgele Arama (Random Search, RS) olmak
*]JHUH G|UW IDUNOO®O RSWLPL]DV\RQ DOJRULWPDYV
NXOODQOOPOUWOU %X DO®YRVULNY RBOADHIFOOH WIHD L
GR+UXVDO ROPD\DQ YH oRN SDUDPHWUHOL SURI
ND\QDNODQPDNWDGOU
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"'LIHUDQVL\HO (YULP HYULPVHO DOJRULWPDODU
NeUHVHO RSWLPL]DV\RQ WHNQL+LGLU %X DOJR
PHYFXW o|]*P X]D\OQO DUDuUWOUPDVOQD YH UHND
0|]*POHU ROXUWXWPDYOQD 6ROPQENR\XQFD ELUH\
korunarak, l&al optinumladan uzak durulur[15 @ d DdaODP D
DOJRULVWOREBEG M3 RG H]YDL Q Y paraor@theMfid optimize
HGLOPHVLQGH HWNLOL ELU GHNLOGH NXOODQOOI

%HQJ]HWEZOPDDPD DOJRHWWO WIMLODPD Ve.UHFL
HVLQOHQPLUWLU YH o|]*P X]D\OQO \HUHO PLQLPX
ELU RODVOOON WDEDQOO VWUDWHML X\JXODU
DGODQGOUOODQ NRQWURO SDUDPHWUHVL VeUHF
DUDOOYODQWOUDOPDVOQO YH GDKD VRQUD EH
\R+XQODUOOPDVOQ®UMDIABPN)P 6+UMOBHULQGH
HWNLOHULPOHULQL DQODPDN YH RSWLPL]DV\RQ
VXQPDNI®.DGOU >
Neldlee OHDG DOJRULWPDVO JUDG\DQ WDEDQOO
\|QWHPLGLU YH |[JHOOLNOH V*UHNOL YH WeUHYOI
X\IJXQGXU $OJRULWPD ELU o|]*P X]D\OQGD oRN
o|]«P DLEpU B B

5DVWJHOH $UDPD DOJRULWPDVO o]|]*P X]D\O«
WDUDPDGDQ UDVWJHOH |[UQHNOHU DODUDN DUD
d|]*P X]D\OQOQ JHQLUOL+LQL NHUIHWPH DYDQW
JHQHOOLNOH GL+HU DOJRHKWBRORRPODU ED (D O
0|]]*POHU EXOPDN 15LQ NXOODQOOOU >

SUREOHP 7DQOPO

%e]*ORHHQHNORDWHRDWLNVHO RODUDN PRGHO
minimize etmekDPDFO\OD IDUNOO VHQDU\RODU LoHUH
WDQOPODREOSWOIFDNOD&OP [20 PONRIDKGB] § |

YH QOMDOEDVGAQE® - QPHIHQHNOLOL+L QMDWIMNIP F
GH+LUNHQOHUL RODRGNCEROXUWKQPDIWWLP DV OQ
OLWHUDW<UGHNL ELU UHIHUDQV oDOOUPDGDQ D¢
O9HULOHU NXOODQOODUDN IDUNOO PDWHPDWLN
SHUIRUABOQWDP 538(+LWLPGRWHX®WDBD7B¥VWR+UXOD
VHWOHUL *JHULQGHNL EHOLUOHPH NDWVD\OOD!I
$\UOFD KHW®RGH NFOMHIRIHULQH X\JXEDXEG N LC
kontrol kriteri GH+HUL PLQLPL]JH YH\D PDNVLPL]H HG
parametresnn WDVDUOP GH+LONHQOHULQLQ ILJLNVHO
NDODUDN RSWLPL]JH HGLOLS HGLOPHGL-6I0QO®R+L
NRQWURO NULWH WPLHMUHWIH X0 OXAMDP BGDDPKHQG
PPNeQ ROPD\DQ PDNVLPXP YH PLQRE mdeRsi@H+HUO
JJUH WDKPLQ SHUIRUPDQVO QH NDGDU \¢«NVHN RC
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edili,. sQFHOHQHQ oDOOUPD NDSVDPO QmBIEMWD QDOPO
«0 DOW VHQDU\R (X GHNLOGHGLU

7HN D Pptin@&3yon

Bul
SfZGC .. f+BCoQrauxPe ZfcCC ... f+FICOCV iy tr?
@ CCc-STRC ravast?
@ CeCc—Cf =G SMC>Srrasxr?
Minimum

%e]eOPHHQHNOL®G &8 & v,

.O0vowobu
Senaryol

20 "<$s" 360640 " $t="7200.04 " S "0.12, TSV
Senaryo2
<§ s B{200, 240, 280, 320, 360} t=D{640, 660, 680, 700, 720} wbH{0.04,
0.06, 0.08, 0.1, 0.12}5 +=B{100, 115, 130, 145, 160}
Senaryo3

TS St=" SFE" Svw"

<€ &8 t&8 = Pintegers

7 D V DpafarRetreleri

S t&8 ux4
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Tablo 1.ODWHPDWLNVHO P RG HDIMWRAGEREINiXE O]PQBHD D Q
J|JHQHNOL O@-0H U@ RWGINUAQV HW L

7 D V Dpdré@nietreleri dONWC
.D0d $oDut SONOU' sSONOuG\

No  vOFDN VOFDN KO]0O EDVOC Jl];/"éL',\?gt
(x1) (x2) (x3) (x4) (%)
. . (m/s) (MPa)
1 240 700 0.06 145 0.579
2 280 640 0.08 130 0.552
3 240 700 0.06 115 0.868
4 240 660 0.10 145 0.497
5 240 660 0.06 145 1.046
6 320 700 0.06 145 0.145
7 280 680 0.08 130 0.16
8 240 660 0.06 115 1.694
9 320 660 0.06 145 0.204
10 280 680 0.08 100 0.962
11 320 660 0.06 115 0.932
12 360 680 0.08 130 0.085
13 280 680 0.08 160 0.362
14 320 660 0.10 145 0.194
15 320 660 0.10 115 0.591
16 280 680 0.08 130 0.15
17 280 680 0.12 130 0.851
18 320 700 0.10 145 0.278
19 280 680 0.08 130 0.09
20 280 680 0.04 130 1.356
21 240 700 0.10 145 0.427
22 240 700 0.10 115 0.395
23 200 680 0.08 130 0.613
24 320 700 0.06 115 0.775
25 280 680 0.08 130 0.07
26 280 680 0.08 130 0.11
27 280 720 0.08 130 0.122
28 280 680 0.08 130 0.05
29 320 700 0.10 115 0.444
30 240 660 0.10 115 0.879
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BULGULAR VE '(6(5/(1'250(

%X oDOOUPD WDVDUOP SDUDPHDWWDIKO R LA ANCDNIDE
VONOUWOXM PV KNDPOWD P D LEHY OQREO O[SDUDPHW U
JIJHQHNOLOL=+=L < DUDVOQGEOXBBWHPOWLNNEOU
DPDFO E+]*OPH J|]JHQHNOLOL+LQL HQ D]D LQGLUE
HQ HWNLOL PRGHOL NXOODQDUDN EHOLUOHPHN)
WHVW GR+UXODPD YH VOQOU NRQWURO NULWH
sunumDNWDGOU 7DEOR LQFHOHQGL+LQGH W¢eP |
ROGXNoD \eNVHN ELU SHUIRUPDQV VHUJLOHGL=L
WDKPLQ SHUIRUPDQ&OO@{U+COH-HNWHHGEHY H%ADGND |
WeP PRGHOOHU H=+LWLPRVND &D P DW0PQOEWVHEDIWCCPDINO Q G
LR, FOTN, SOTN, FONRve |[SON| modelleri YH «]HGH-=5HULQH

sahipken GL+HU PRGHOOHU ROGXNoD GelsNekWDKPL
EDUDUOVO] RBDRARIOODUGHUYHUOHQGLUPH GR=+UXO
\DSOOGO+0QGD KHP H=+aWdpR &M E BiHD WA O D E
yanO]FB21 PRGHOLQ GR=+UXOD RN ®@ud PRHY@&XQ:GD JEL
ODNVLPXP YH PLQLPXP E«]*OPH J|JHQHNOLOL=+L G
V O l@rbl kriteriniVD+ODPDGD JHQHO RODUDN EDuGDUOV
Yan®O]FD 6215 )|SOLE+SOLNR|ve 621 PRGHenHA LQ VO (
NULWHULGH QALY ®LN EDNM/RMXEDQ W QODHPW D+ L Q
PPN QGBYUXODPDGD HPORRIUKXDPD \D NG YHVD W .
DOPPRBWVEN-+Q G HBah®diénUnodellerden sadece [SONt LWLP WHYV
GR+UXODPD YH VOQOU NRQWURO NULWHUOHUL
SDUDPHWUHOHUL YH oONWO SDUDPHWUHVL E
PDWHPDWLNVHO LOLGNL\L WDQOPODPDN LoLQ NX
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7TDEOR ODWHPDWLNVHO PRGHOOHU YH WDKPL

Maksimum Minimum
Vodel RE RTes R2'R+U  %+]*OPH  %+]+OPH
+LW t lama *IIHQHNO *|[JHQHNO
[%0] [%0]
088 0267
L o588 O 11,52272 1,75837 -0,52808
094 0642 - 1,35657*10°
LR 8341 079 0122645  ~>05884E13 3
SON 0.99 19587 - 5,00397 -0,531682
gos2 01 0234212 ! !
SoNR 977 - -1,053 1,27477 0,0885398
7332 03194 ! : ’
086 0,733
FOTN 08 27 -4,19103 1,76976 -0,302043
- *1 A
FoTNR 291 007283  -7.19344  ©6:8945871071 -658132
1176 9 2
095 0743
sotN 0o O -25,378 758063 -4,0084
0,96 ] 3,33094*101
SOTNR 5 17ggy 145495 A -732642
0.89 0,380
FOLN 08 O -1,5717 1,90331 -0,457609
075 0831 ;
FOLNR 20’ omr  o.546797 1,42691 025193
solN 994 (79357 094728 4.30147 -0,357522
6602 . 1
0,94 - 012679  2.22331*10M
SOLNR 9554 1,49253 2 4 -132421
TON 1 gereeg 440212 26,7867 -27,2626
ToNR 078 011752 - 1,18495 -0,370507
s084 Oy 0,186792 ! :
ISOLN+S 0,96 ; 0,51358 1,23077*10%
OLNR| 9568 2,73196 6 443302 8
099 0839 073660 1,38398*104
ISONI 5955 a1 7 5,00397 8

Tablo 3,|SON| PRGHOL DPDo IRQNVL\RQX RODUDN NX
RSWLPL]IDV\RQ QOQRRR@IPIDCD BG L,OMWDEIMSA UV L\RQ
MRS ve MNM N X O O D&)® @illebED e OP H J|] H QBINWY | GO0
YH LOLGNLOL WDV B aptininSOHFTHHYHMUHHQHPHNOW H G L U
senaryolarda,E«]*OPH J|JHQENWI[OL ¥IH EXQD NDUGOOON
SDUDPHWUH GH+HUOHUL |Bdiayod™ve BNG WYRVHUP |
DOJRULWPDODU J|JHQHNOLOLN GH+HVWHQDRUDRN OGEK
VRQXFXQD XOMHRRUIAN RBOGODN VOIOU VRQ
PePN*Q ROVD GD X\JXODPDGD VRQXFX GDKD
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Tablo3.%+]*OPH J|JHQHNOLOL+-LQLQ IDUNOO VHQDU\ROL

Optimiz Minimum
Sena Ay asyon %e]sOPt 7DVDU
Model 0 .OVOW( Algoritma  *|JHQH N C Parametreleri
vo [%]

x1->
306.204,
X2 ->
1,38398*10 699.973,
8 X3 ->
0.0839166,
x4 ->
141.98
x1->
304.444,
X2 ->
MSA 1,5015*10° 70)%58_16’
i 0.0858442,
N x4 ->
720, 134.377
” [ ” Xl _>
0.12, 359.928,
” [ ” X2 _>
2,05779*10 640.066,
MRS 7 3 ->
0.0568002,
X4 ->
155.803
x1->
298.698,
X2 ->
4,4583*10 703.568,
11 X3 ->
0.0806277,
x4 ->
132.18
x1 =200 || x1= x1 -> 360,
240 || x1 =280 || X2 ->700,
X1 =320 || X1 = MDE 0,0136125 X:Z'> Olgg
360, X4 ->
X2 =640 || x2 = x1 -> 360,
660 || x2 =680 || x2 -> 700,
X2 =700 || X2 = MSA 0,0136125 X3 -> Ogg
720, x4->1
x3=0.04 || x3 = x1 -> 360,
0.06 || x3 =0.08 x2 -> 700,
Ix3=010]x3 MRS 00136125 3 0.06,
=0.12, x4 -> 130
x4 =100 || x4 = x1-> 360,
115 || x4 =130 || x2 -> 700,
X4 = 145 || x4 = MNM 0,0136125 X3 -> 0.06,
160 x4 -> 130

MDE

|SON]|

MNM
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x1->321,
X2 -> 640,
x3->
0.103227,
x4 -> 147
x1->299,
T . X2 -> 698,
" MSA 5,96846 10 X3 ->
720, 0.0865079,
A x4 -> 137
0.12, x1-> 325,
A X2 ->712,
, {X1,x2,x4} B MRS 0,00140571 X3 ->
Integer 0.0735649, x4
-> 135
x1-> 359,
X2 -> 668,
X3 ->
0.0968511, x4
-> 120

*
MDE 2,293.98 10

*
MNM 2,088389 10

6218d/$5

dDO@IPWDVDUOP SDUDPHWUHOBDW ORDEIDFDONO E
VONOUWORPD/ EKDPOWD Up e EONHBOFSDYDPHWUHVL
JIJHQHNOLOL=+L ki<PDWHUHPDWQEUHONAD®LWNIS PRG
NXOODQOODUDN EH®UUOHQPWHNIB & PesBiHmend 0 DWO
R2 KHP GH WooQKittUNREDNOPOQGDQ EDuDUOOO R
2SWLPL]DV\RQ DOJRULWPDODUO hedbjr séhaiyod@6$ Y H
ELUELUOHUL\OH EHQ]JHU VRQX0o®GH HOHBMP IH®IH
VRQXo0ODUOQ X\IJXODQDE LROGX:X IMPLAH G B EDOALWP |
YH YGH HOGH HGLOHQ R-PQXQORNBODRIDIONP R Y O LR
JRUGXU %X VHQDU\RODUGD HOGH HGLOHQ VRQX
cUHWLP LOH P+«PN+*Q ROXU
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EKLER
Tablo 4AMDWHPDWLNVHO P R GHEH WIOH QgemPia O O D U O

Model gmi .O0VvDO\ Model
dRNOX GR L a[0] + a[1] X1 + a[2] x2 + a[3] x3 &[4] x4
dRNOX GR LR (a[0] + a[1] x1 + a[2] x2 + a[3] x3 + a[4]
rasyonel x4)/(b[0] + b[1] x1 +b[2] X2 + b[3] x3 + b[4] x4)
[0] + a[1] x1 + a[2] x2 + a[3] x3 + a[4] x4 + a[5
GNLQFL GF 31Az + a[6] x2"2 +a[7] x3" |[8] x4"2 + a[9] x1
° RIN OX GR- SON x2 + a[10] x1 x3 + a[11] x1 x4 + a[12] x2 x3 +
oimayan a[13] X2 x4 + a[14] X3 x4
(a[0] + a[1] x1 + a[2] x2 + a[3] x3 + a[4] x4 +
a[5] x1"2 +
a[6] x2°2 + a[7] x3"2 + a[8] x4"2 + a[9] x1 x2 +
gNLQFL GF a[10] x1 x3 + a[11] x1 x4 + a[12] x2 x3 + a[13]
ORNOX GR- SONR X2 x4 + a[14] x3 x4)/(b[0] + b[1] x1 + b[2] x2 +
olmayan rasyonel b[3] x3 + b[4] x4 + b[5] x1°2 + b[6] x2"2 + b[7]
X372 + b[8] x4"2 + b[9] x1 x2 + b[10] x1 x3 +
b[11] x1 x4 +b[12] x2 x3 + b[13] x2 x4 + b[14]
x3 x4)
Birinci dereceden a[0] + a[1] Sin[x1] + a[2] Sin[x2] + a[3] Sin[x3] +
WULJRQRPH FOTN a[4] Sin[x4] + a[5] Cos[x1] + a[6Cos[x2] + a[7]
GR+UXVDO Cos[x3] + a[8] Cos[x4]
(a[o] + a[1] Sin[x1] + a[2] Sin[x2] + a[3] Sin[x3]
Birinci dereceden + a[4] Sin[x4] + a[5] Cos[x1] + a[6] Cos[x2] +
WULJRQRPH FOTNR a[7] Cos[x3] + a[8] Cos[x4])/(b[0] + b[1¥in[x1]
GR+UXVDO + b[2] Sin[x2] + b[3] Sin[x3] + b[4] Sin[x4] +
rasyonel b[5] Cos[x1] + b[6] Cos[x2] + b[7] Cos[x3] +
b[8] Cos[x4])
a[0] + a[1] Sin[x1] + a[2] Sin[x2] + a[3] Sin[x3] +
NLOFL GF a[4] Sin[x4] + a[5]Cos[x1] + a[6] Cos[x2] + a[7]
wolSRER S ooy Coslxa]+al8] Coslxd] + a[9] Sin[x1]*2 + a[10]
GR=U XQV DO Sin[x2]*2 + a[11] Sin[x3]*2 + a[12] Sin[x4]"2 +
’ a[13] Cos[x1]"2 + a[14] Cos[x2]*2 + a[15]
Cos[x3]"2 + a[16] Cos[x4]"2
(a[0] + a[1] Sin[x1] + a[2] Sin[x2] + a[3] Sin[x3]
+ a[4] Sin[x4] + a[5] Cos[x1] + a[6] Cos[x2] +
a[7] Cos[x3] + a[8] Cos[x4] + a[9] Sin[x1]"2 +
a[10] Sin[x2]*2 + a[11] Sin[x3]2 + a[12]
gNLQFL GF Sin[x4]"2 + a[13] Cos[x1]"2 + a[14] Cos[x2]"2 +
WULJRQRPH SOTNR a[15] Cos[x3]"2 + a[®]Cos[x4]*2) / (b[0] + b[1]
G R + UcKnAImo Sin[x1] + b[2] Sin[x2] + b[3] Sin[x3] + b[4]
rasyonel Sin[x4] + b[5] Cos[x1] + b[6] Cos[x2] + b[7]
Cos|[x3] + b[8] Cos[x4] + b[9] Sin[x1]"2 + b[10]
Sin[x2]"2 + b[11] Sin[x3]*2 + b[12] Sin[x4]"2 +
b[13] Cos[x1]*2 +b[14] Cos[x2]*2 + b[15]
Cos[x3]*2 + b[16] Cos[x4]"2)
princidereceden oLy al0] + al1] Loglxd] + a[2] Loglx2] + a[3] Log[x3]

GR+UXVDO

+ a[4] Log[x4]
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Birinci dereceden

ORJDULWP|

GR+UXVDO
rasyonel

gNLQFL GF
ORJDULWP|
GR+UXVDO

gNLQFL GF

ORJDULWRP]

GR+UXVDO
rasyonel

ho*QF-
GHUHFHGH
GR+UXVDO

ho*QF-
GHUHFHGH
GR+UXVDO
rasyonel

FOLNR

SOLN

SOLNR

TON

TONR

(a]0] +a[1] Log[x1] + a[2] Log[x2] + a[3]
Log[x3] +a[4]Log[x4])/

(b[O] + b[1] Log[x1] + b[2] Log[x2] + b[3]
Log[x3]+b[4] Log[x4])

af0] + a[1] Log[x1] + a[2] Log[x2] + a[3] Log[x3]
+ a[4] Log[x4] + a[5]Log[x1]*2 + a[6]
Log[x2]*2 + a[7] Log[x3]"2 + a[8] Log[x4]2 +
a9] Log[x1 x2] + a[10] Log[x1 x3] + a[11]
Log[x1 x4] + a[12] Log[x2 x3] + a[13] Log[x2
x4] + a[14] Log[x3 x4]

(a]0] +a[1] Log[x1] + a[2] Log[x2] + a[3]
Log[x3] + a[4] Log[x4] + a[5] Log[x1]*2 + a[6]
Log[x2]"2 + a[7] Log[x3]"2 + a[8] Log[x4]"2 +
al9] Log[x1 x2] + a[10] Log[x1 x3] + a[11]
Log[x1 x4] + a[12] Log[x2x3] + a[13] Log[x2
x4] + a[14] Log[x3 x4]) / (b[0] + b[1] lbg[x1] +
b[2] Log[x2] + b[3] Log[x3] + b[4] Log[x4] +
b[5] Log[x1]*2 + b[6] Log[x2]"2 + b[7]
Log[x3]"2 + b[8] Log[x4]*2 + b[9] Log[x1 x2] +
b[10] Log[x1 x3] + b[11] Log[x1 x4] + b[12]
Log[x2 x3] + b[13] Log[x2 x4] + b[14]
Log[x3x4])

a[0] + a[1] x1"3 + a[2] 3 x172 x2 + a[3] 3 x1
X272 + a[4] x273 + a[5] 3 x1"2 x3 + a[6] 6 x1 x2
x3 + a[7] 3 x272 x3 + a[8] 3 x1 x3"2 +a[9] 3 x2
x3"2 + a[10] x3"3 + a[11] 3 x1"2 x4 + a[12] 6 x
X2 x4 + a[13] 3 x2"2 x4 &a[14] 6 x1 x3 x4 +
a[15] 6 x2 x3 x4 + a[16] 3 x3"2 x4 + a[17] 3 x1
X472 + a[18] 3 x2 x4"2 + a[19] 3 x3 x4"\2 + a[20
x4"3

(a0] + a[1] x1"3 + a[2] 3 x172 x2 + a[3] 3 x1
X272 + a[4] x273 + a[5] X172 x3 + a[6] 6 x1 x2
x3 + a[7] 3 x272 x3 + a[8] 3 x1 x3"2 + a[9] 3 x2
x372 + a[10] x3"3 + a[11] 3 x1"2 x4 + a[12] 6 x:
X2 x4 + a[13] 3 x2"2 x4 + a[14] 6 x1 x3 x4 +
a[15] 6 x2 x3 x4 + a[16] 3 x3"2 x4 + a[17] 3 x1
X472 + a[18] 3 x2 x4”2 + a[19] 3 x3 x4"2af20]
x473) [ (b[0] + b[1] x1"3 + b[2] 3 x1"2 X2 + b[3]
3 x1 x272 + b[4] x2"3 + b[5] 3 x172 x3 + b[6] 6
x1 x2 x3 + b[7] 3 x272 x3 + b[8] 3 x1 x3"2 + b[9
3 X2 x372 + b[10] x3"3 + b[11] 3 x1"2 x4 + b[12
6 X1 x2 x4 + b[13] 3 x2"2 x4 + b[14] 6 x1 x3 x4
b[15] 6 x2 x3 x4 + b[16] 3 x3"2 x4 + b[17] 3 x1
X472 + b[18] 3 x2 x4”2 + b[19] 3 x3 x4"\2 + b[20
x4"3)

65



Abs[(a[0] + a[1] Log[x1] + a[2] Log[x2] + a[3]
Log[x3] + a[4] Log[x4] + a[5] Log[x1]*2 + a[6]
Log[x2]"2 + a[7]Log[x3]"2 + [8] Log[x4]*2 +
a[9] Log[x1 x2] + a[10] Log[x1 x3}a[11]

Mutlak ikinci Log[x1 x4] + a[12] Log[x2 x3] + a[13] Log[x2
dereceden x4] + a[14] Log[x3 x4]) / (b[0] + b[1] Log[x1] +
logaritmik b[2] Log[x2] + b[3] Log[x3] + b[4] Log[x4] +
@kludR + U X\ |SOLN+SO b[5] Log[x1]*2 + b[6] Log[x2]"2 + b[7]
olmayan+ g NL Q LNR] Log[x3]*2 + b[8] Log[x4]"2 + b[9] Log[x1 x2] +
dereceden b[10] Log[x1 x3] + b[11]Log[x1 x4] + b[12]
ORJDULWPI Log[x2 x3] + b[13] Log[x2 x4] b[14] Log[x3 x4])
GR+UXVDO + (a[15] + a[16] Log[x1] + a[17] Log[x2] + a[18]
rasyonel Log[x3] + a[19] Log[x4] + a[20] Log[x1]*2 +
a[21] Log[x2]"2 + a[22] Log[x3]"2 + a[23]
Log[x4]"2 + a[24] Log[x1 x2] + a[25] Log[x1 x3]
+ a[26] Log[x1 x4] + a[27] Log[x2 x3] + a[28]
Log[x2 x4] + a[29] Log[x3 x4])]
I Abs[a[0] + a[1] x1 + a[2] x2 + a[3] x3 + a[4] x4 4
G'\ﬂfgaﬁ 'ﬁ'ﬂc'G H sonj  AlBIX1°2 + al6] X212 + a[7] X3"2 + a[g] x4"2 +

a[9] x1 x2 + a[10] x1 x3ra[11] x1 x4 + a[12] x2

GR=UXVDO X3 + a[13] x2 x4 + a[14] x3 x4]

Tablo5..DWVD\OODUO EHOLUOHQRMIU P DBGIR DWALH WY ®¢
verilen modellerinDoON KDOOHUL

Model g VP L .O6vDoO .DWVD\O6ODUB %HOLUC
dRNOX GR L 9.47281- 0.0036055 xt 0.00874676 x23.08174
lineer X3-0.012721%4

(2089.89- 3.62833 x1- 0.880484 x2 + 8455.94 %3
LR 5.35684 x4)(6124.5- 0.71268 x1 + 7.7847 x2 +
18955. x3 + 2.85851 x4)
159.934- 0.0965994 x1 + 6.99219*168 x1"2-
0.305991 x2 ©.00012449 x1 x2 + 0.000151448
X272 - 351.536 x3 + 0.0903542 B + 0.27125 x2
X3 + 663.396 x372 0.374792 x4 0.0000378889 x1
x4 +0.000290056 x2 x4 + 0.212556 x3 x4 +
0.000613333 x4"2
(4.52178*10"7 + 3.43203*10"9 x11.6969*10"12
x172 +1.76511*10"0 x21.20109*10"12 x1 x2 +
3.03246*10"12 x272 856430. x3 7.70227*10"8
x1 x3-1.4857*10"9 x2 x3 259475. x3"2
4.37617*10"9 x4 2.39071*10"12 x1 x4
4.61487*10"12 x2 x4 8.4771*10"8 x3 x4
1.82514*10712 x4"2)}.36263*10"7-
2.00366*10"9 x1 + 9.01481*10"1 1 x1422
7.64323*10"9 x2 + 8.76566*10"11 x1 X2 +
5.6631*10"11 x2"2 + 1.18344*10"6 x3 +
5.49673*10"8 x1 x3 4.38294*10"9 x2 x3 +
231349. x3"2 + 3.2482*10"9 x4 + 1.45644*10"12
X1 x4 + 3.26274*10"12 x2 x4 + 6.08792*10"8 x3
x4 + 1.1898*10"12 x4°2)

dRNOX GR
rasyonel

gNLQFL GF
ORNOX GR- SON
olmayan

gNLQFL GF
ORNOX GR- SONR
olmayan rasyonel
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Birinci dereceden
WULJRQRPH
GR+UXVDO

Birinci dereceden
WULJRQRPH
GR+UXVDO
rasyonel

oNLQFL GF
WULJRQRPH
GR+UXVDO

gNLQFL GF

WULJRQRPH

GR+UXVDO
rasyonel

Birinci dereceden
ORJDULWPI
GR+-UXVDO

Birinci dereceden

ORJDULWPI

GR+-UXVDO
rasyonel

gNLQFL GF
ORJDULWPI
GR+UXVDO

FOTN

FOTNR

SOTN

SOTNR

FOLN

FOLNR

SOLN

598.- 0.00421798 Cos[x1] + 0.179823 Cos[x2]
595.28 Cos|[x3}

0.155966 Cos[x4] + 0.266175 Sin[x1] + 0.190291
Sin[x2] -52.8638 Sin[x3] + 0.0318079 Sin[x4]
(1.64581- 4.21571Cos[x1]- 2.48544 Cos[x2] +
1.90454 Cos[x3] 2.51515 Cos[x4] + 1.88275
Sin[x1] + 11.5275 Sin[x2} 2.95616 Sin[x3}
2.73018 Sin[x4])/(8.131788.91801 Cos[x1}
7.51136 Cos[x2] + 7.48039 Cos[x3] + 2.62163
Cos[x4]- 0.293402 Sin[x1]+5.80802 Sin[x2] +
9.8241 Sin[x3} 6.17129 Sin[x4])

0.720527- 0.974185 Cos[x1] + 0.0266602
Cos[x1]"2 + 0.188021 Cos[x2] + 0.398986
Cos[x2]"2 + 0.708034 Cos[x3]8.696802
Cos[x3]"2 + 0.744056 Cos[x4] + 0.360888
Cos[x4]"2-1.2081 Sin[x1] + 2.13207 Sin[x1]*2
0.702604 Sin[x2] + 1.68935 Sin[x2]*2105.29
Sin[x3] + 621.756 Sin[x3]"2 +1.35854 Sin[x4] +
1.40997 Sin[x4]"2

(0.475519 12.5956 Cos[x1} 5.37649 Cos[x1]*2 +
3.00555 Cos[x2} 11.2771 Cos[x2]"2 + 1.38457
Cos[x3] + 2.28835 Cos[x3]"2 + 13.2415 Cos[x4]
8.19063 Cos[x4]*2 10.769 Sin[x1] + 6.85201
Sin[x1]"2 + 3.78184 Sin[x2] + 12.7527 Sin[x2]*2
10.9757 Sin[x3} 0.812831 Sin[x3]"2 + 10.7072
Sin[x4] + 9.66615 Sin[x4]"2)/(5.0711:96.2685
Cos|[x1] + 8.45664 Cos[x1]"2..52152 Cos[x2] +
4.03409 Cos[x2]"2 + 3.8581 Cos[x3] + 2.65265
Cos[x3]"2- 11.3181 Cos[x4] + 6.43927 Cos[x4]"2
+2.99085 Sin[x1} 2.38545 Sin[x1]"2+ 2.38425
Sin[x2] +2.0371 Sin[x2]"2 + 16.6741 Sin[x3] +
3.41853 Sin[x3]*218.7041 Sin[x4} 0.368087
Sin[x4]"2)

51.4679 0.952874 Log[x1} 5.85202 Log[x2}
0.2995 Log[x3]1.66495 Log[x4]

(4.72055*10"9- 1.59059*10”10 Log[x1] +
2.11427*10710 Log[x2}4.62192*10"10 Log[x3}
2.27187*10710 Log[x4])H1.62547*10"9 +
1.7222*10"10Log[x1] - 4.59448*10"9 Log[x2] +
2.5222*10"0 Log[x3] + 2.05132*10"10Log[x4])
2828.19- 25.1781 Log[x1} 0.271376 Log[x1]"2
206.967 Log[x2] + 60.6532 Log[x2]"265.2925
Log[x1 x2] + 275.141 Log[x3] #4.56162 Log[x3]"2
+112.086 Log[x1 x3} 444.434 Log[x2 x3}
59.0865 Log[x4] + 7.83006 Log[x4]"219.988
Log[x1 x4]-78.6728 Log[x2 x4] + 80.0923 Log[x3
x4]
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oNLQFL GF

ORJDULWPI

GR+UXVDO
rasyonel

ho*«QF+ GHU
ORNOX GR-
olmayan

ho*eQFe+ GHU
ORNOX GR-
olmayan rasyonel

Mutlak ikinci
dereceden
logaritmik
okludR + U X\
olmayan +g N L Q
dereceden
ORJDULWPI
GR+UXVDO
rasyonel

SOLNR

TON

TONR

|SOLN+
SOLNR|

(3.50575 + 7.51122 Log[x]5.77614 Log[x1]"2
+ 8.53658 Log[x2} 7.38449 Log[x2]"2 + 15.0478
Log[x1 x2] - 0.148874 Log[x3} 0.267923
Log[x3]"2 + 6.36235 Log[x1 x3] + 7.3877 Log[x2
x3] + 6.02735 Log[x4} 6.26081 Log[x4]"2 +
12.5386 Log[x1 x4}13.5639 Log[x2 x4] + 4.8784¢
Log[x3 x4])/(-0.936726- 4.3959 Log[x1] + 2.36248
Log[x1]2 - 4.76473 Log[x2] + 8.23791 Log[x2]*2
-10.1606 Log[x1 x2] + 4.43503 Log[x3]8.4713
Log[x3]"2 - 0.960864 Log[x1 x3} 1.32969 Log[x2
x3] - 3.32278 Log[x4] + 2.7733dg[x4]"2 -

8.71868 Log[x1 x4} 9.08751 Log[x2 x4}
0.112254 Log[x3 x4])

5.5198 + 6.26724*106 x1"3- 3.78188*10%6 x1"2
X2 + 2.28152*10%6 x1 x2"2- 8.84343*1047 x2"3

- 0.0228609 x172 x3 0.0135897 x1 x2 x3 +
0.00902044 x2"2 x3 + 127.008 x1 x3/28.0412

X2 x3"2- 71749.9 x3"3 8.15165*1076 x1"2 x4-
2.90601*1047 x1 x2 x4 + 4.17982*106 x2"2 x4 +
0.0171935 x1 x3 x40.0351183 x2 x3 x4 + 21.504:
x3/2 x4 + 0.0000141991 x1 x472.0000123406
X2 x4°2 + 0.068946 x3 x4"2 +4.04095*1027

x4"3

(1.00003 + 0.901362 x173118.087 x1"2 x2 +
79.5298 x1 x2"2 +.696 x2"3 + 1.81318 x172-x3
5.27536 x1 x2 x3 3.9135 x272 x3 + 2.99951 x1
X372 +2.9988 x2 x3"2 + &373-.009 x1"2 x4
873.438 x1 x2 x4 + 1.05191 x272 x4 + 3.95105 x!
X3 x4 +1.06898 x2 x3 x4 + 2.99979 x3"2 x4
60.6265 x1 x472 + 40.9947 x2 x4"2 + 2.78422 x3
X472 + 4.51889 x4/3)/(0.999978 + 8.78466 x1/3 -
55.3435 x1"2 x2.064 x1 x2"2 + 72.8576 x2"3 +
3.82289 x1"2 x3 + 13.9706 x1 x2 x3 + 8.12419
X272 x3 + 3.00036 x1 x3"2 + 3.00091 x2 x3"2 + 1
x3"3 + 40.6321 x1"2 x4 + 40.0599 x1 x2 x4
+144.454 x2"2 x4 + 7.39443 x1 x3 x4 + 9.61688 :
x3 x4 + 3.00016 x3"2 x4 + 0.929489 x1 x4"2 +
0.69431 x2 x4"2 + 3.157KB x4"2- 0.618521
X4"3)

Abs[0.329298 3.11578 Log[x1] + 1.67557
Log[x1]"2 - 1.0886 Log[x2] +1.25719 Log[x2]"2
5.28796 Log[x1 x2} 6.1345 Log[x3]- 5.23804
Log[x3]"2 - 10.2484 Log[x1 x3} 8.23898 Log[x2
x3] +5.67279 Log[x4} 0.692491 Log[x4]"2 +
1.50203 Log[x1 x4] +3.52014 Log[x2 x4]1..43415
Log[x3 x4] + (0.986409 + 0.917893 Log[x1] +
0.660643 Log[x1]*2 + 0.953816 Log[x2] +
0.976591 Log[x2]*2 + 0.87167 Log[x1 x2] + 1.107
Log[x3] + 0.295591 Log[x3]"2 + 1.(48 Log[x1
x3] + 1.06136 Log[x2 x3] + 0.989315 Log[x4] +
0.850452 Log[x4]"2 ©.9072 Log[x1 x4] +
0.943071 Log[x2 x4] + 1.09687 Log[x3
x41)/(1.02331 + 1.1084 Log[x1] + 1.29221
Log[x1]*2 + 1.10109 Log[x2] + 1.32816 Log[x2]"2
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Mutlak ikinci
GHUHFHGH
GR+-UXVDO

ISON|

+1.20487 Log[x1 x2] + 0.874348 Log[x3] + 1.688
Log[x3]*2 + 0.978102 Log[x1 x3] + 0.975439
Log[x2 x3] + 1.04409 Log[x4] + 1.22832 Log[x4]"
+ 1.14783 Log[x1 x4] ©.0659452 Log[x2 x4]
Log[x3x4])]

ADbs[159.934 0.0965995 x1 + 6.99223*168 x1"2

- 0.305992 x2 + 0.00012449 x1 x2 + 0.00015144¢
X272 -351.535 x3 + 0.0903543 x1 x3 + 0.27125 X
X3 + 663.396 x3"20.374792 x4.0000378889 x1
x4 + 0.000290056 x2 x4 + 0.212556 x3 x4 +
0.000613334 x4"2]
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g=(7

+LGURMHQ HQHUML JHoLGL YH Ve UG+U*OHELC
ELU HQHUML WDuO\OFOVO RODUDN |QH oONPDNW
HQHUML \R+XQOX=+X YH ILIJLNVHO |JHOOLNOHUL Q
JHOLUWLULOPHVL JHUHNPHNWHGLU +LGURMHQ
NLP\DVDO \|QWHPOHU ROPDN <JHUH LNL DQD J
\|QWHPOHU DUDVOQGD \+NVHN EDVOQo0O JD]
GHSRODPD EXOXQXU <eNVHN EDVOQoOdO GHSROC
ROPDNOD ELUOLNWH J*YHQOLN ULVNOHUL Y
EDUOQGOUPDNWDGOU .UL\RMHQLN GHSRODPD
VD+ODVD GD GeG*N VOFDNOON JHUHNVLQLPOHL
vbQduobu

.LP\DVDO GHSRODPD \|QWHPOHUL PHWDO Kl
PDOJHPHOHU DUDFOOO+06\OD KLGURMHQLQ NLP\
OHWDO KLGULWOHU \eNVHN JeYHQOLN YH JHUL C
VDKLSWLU DQFDN VOQOUOO GHSRODPD NDSDVL)
KLGURMHQ LoHUL+L LOH GLNNDW OHNHUNHQ PL
DoOVOQGDQ JRUOXNODU EDUOQGOUPDNWDGOU
\¢e]JH\ DODQO YH J|JHQHNOLOLN JLEL |JHOOLNOHUL
SRWDQVL\HOH VDKLSWLU .DUERQ QDQRW+SOHU
HQHUML EDUL\HUL LOH \eNVHN DGVRUSVL\RQ NDS

6RQ RODUDN KLGURMHQ GHSRODPD WHNC
\R+XQOX+X PDOL\HW JeYHQOLN YH DOW\DSO
GD\DQPDNWDGOU 7HNQRORMLN LOHUOHPHOHU
JHOLQPHVLQH RODQDN WDQO\DFDN YH KLGURMH
DUWOUDFD+O G+«0+Q+OPHNWHGLU 6RQ ]DPDQOD
GHSRODPD +«]JHULQH \DSPOU ROGX+X \R+XQ 0oDOC(
WHNQRORMLOHULQLQ KHU JHOHQ J*Q LOHUOHGL=

Anahtar KelimelertHidrojen, Hidrojen Depolama, Metal hidritler, Aktif karbon,
60YO KLGURMHQ

1. *g508U

. UHVHO OVOQPD YH IRVLO \DNOWODUOQ YHI
*ONHOHU WHPL] VeUG+U*OHELOLU HQ@UMAL o]]*P(
vd., 2024) +LGURMHQ IRVLO \DNOWODUOQ \HULQL D¢
HQHUML WDuO\OFOVO RODUDN JJU*OPHNWHGLU ¢
HPLV\RQ KHGHILQH XODuPD\O DPDoOD\DQ XOXVI
NULWLN ELU XQVXUX RODUDN GH+HUOHQGLULOPF
\DNOWODUOQ \DNOOPDVO\OD R Emspor soidrdmuQ NDU
RUWDGDQ NDOGOUDELOHFHN OoOHYUH GRVWX Je
ND\QD+O RODUDN N QNo¥sanHv@.. 20RNTadlder lvdl,
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2022) $%' (QHUML %DNDQOO+G '2& LOH\OP& Duby
ELU oDOOuUPD DUDOO+OQGD D+OUOON RUDQC
NDSDVLWHVLQH VDKLS ROPD\O KHGHIOHPHNWHC
vDOOQOPOQO RSWLPL]JH HWPHN DPDFO\OD LGHD
N- PRO DUDVOQGD ROPDOOGOU %X RUWDP VO
GeUu*N EDVOQoODUGD EDU KO]JOO YH JHUL G
LoLQ JH (AteNddif &L, 2022) +LGURMHQ DWPRVIHULN N
GeU*N KDFLPVHO HQHUML \REZXQYODX+tSQBOGX=+XQ\
\R+XQOX+XQX DUWOUPDN LoLQ VONOONOD VOYO
WHNQRORMLOHU \eNVHN PDOL\HWOHUH YH JeYHC
]JDPDQGD Ee«\eN GHSRODPD VLVWHPOHUL JHUHNW
KLGURMHQ GHSRODPDVO ¢ANvd.D2@8) Hid®j@hin J|UP« G
VWDQGDUW VOFDNOONWD GeGsN KDFLPVHO YH H
0-/ LOH 0- NJ OON \eNVHN OVOWPD GH=+HI
ROGXNoD JRUODUWOUOU %X JRUOXNODU |]JHOOLI
KDOGHNL IRUPODUO LoLQ JHOHUOLGLU 'HSROD
JHUHNVLQLPOHUL DoOVOQGDQ E(Babdlvd,202F+KHQG
+LGURMHQLQ RUWDP VOFDNOO-0OQGD YH QRUP]I
ROPDVO GHSRODPDVOQO JRUODUWOUOU %X G.
VONOuUWOUPD YH\D VvOYOODuwOUPD JLEL PDO
\|QWHPOHU JeYHQOLN YH Ee¢\eN GHSRODPD VLVW
\DUDWOU +LGURMHQ HQHUMLVLQLQ GHSRODQPD
WXWXGPD HQHUMLVL YH SDWODPD WHKOLNHV
HQGLUHOHUL\OH V @aidil,e02g) G'OurAO\RE X QO B-HOXQ X G
sonucu olarak, HJD]® HQ KDILI HOHPHQW ROPDVO QHGH
JUDYLPHWULN HQHUML \R+XQOX+X GDKD \eNVHN
\R+XQOX+X OoRN GDKD GeusNWeU %X VRUXQX o
GHSRODPD VLVWHPOHUL JHOLGUWLULOPLGUWLU %
GHSRODPD Geu*N VOFDNOONWD VOYO GHSRODPD
GHSRODPD \|QWHPOHUL EXOXQPDNWDGOU +HU
LKWL\DoODUD J|UH DYDQW D M O(PukazisdlvarR#iQ X N O D
2012) +LGURMHQ GHSRODPD WHNQRORMLOHUL J-
D\WWOOPDNWDGOU PDGGH WDEDQOO YH ILJLNVHO
KLGURMHQ JHQHOOLNOH NDWO IRUPGD GHSROD
JD] YH\D VOYO KDOGH @H®E QD Q@DAB) KidPdieN W H G L L
GHSRODPD PDOJHPHOHULQLQ YHULPOLOL=+L JUDY
LNL WHPHO IDNW|UH ED+O0OGOU %X QHGHQOH K
HGLOPHVL |QHPOLGLU +DFLPVHO \R+XQOXN G
VLVWHPLQ ELULP KDFPLQH RUDQO\OD JUDYLPI
KLGURMHQ PLNWDUOQOQ VLVWHPLQ WRSODP D=+
GHSRODPDGD NXOODQOODQ \|QWHPOHU DUDVOQ
NUL\RMHQLN vOYO GHSRODPD NDWO KDO WHNQ
\HU Dodu $\UOFD PHWDO KLGULWOHU NRPSOH
NDUERQ QDQRW+SOHU JLEL NDUERQ ED]OO PDO]}
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(Webb ve Gray, 2014Hidrojenin ikihai YDUGOU \*NVHN VOFDNO
f& GH 3\RFPQOXN YH EDU EDVOQo YH Gea-N
f& GH 3)NJ P& +00¢« QRNWDGDQ NULWLN QRN
E|OJH 3 NR+XQOX+D VDKLS VOYO KLGURMHQ J|
'"HQN KLGURMHQL RGD VOFDNOO=+0QGD
HWPHN LoLQ NSQ® WD\ B EW & HWD

(1)

Burada, n molvD\OV® 3 JD] EDVOQFO 9 KDFLP 7 PXV
sabitidir (R = 8.314 J K mol’ gWPH VDELWL YH\D GLSF
(a, T " mPamol’ \H HULWWLU KLGURMHQ PROHI
KDFLP LVH Em*mol'f H HULWWLU

+LGURMHQLQ HWNLQ ELU UHNLOGH GHSROD
EDUDUOVO LoLQ NULWLN ELU URO R\QDPDNWDC
\R+XQOX+D VDKLS ROGX+XQGDQ E-<\*N PLNWDUO
JRUOXNODU ROXUWXUPDNWDGOU +LGURMHQ <0 K
WDQNODUGD VOYO KDOGH PHWDOLN KLGULWOH
KDOGH YH\D \eNVHN EDVOQoOO WDQNODUGD
depolanabilmektedi(Agyekum vd., 2024)(EL Kassaoui vd., 2021) UHNLO
fGH JIJVWHULOGL+L JLEL JHQHO RODUDN IL]JLNVF
RODUDN LNL\H D\UOODELOLU

UHNLO +LGURMHQ GHSRODPD oHULWOH
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Yo=2.6(/ '(32/%$0%
2 %DVOQoOO *D] '"HSRODPD

%DVOQoOO JD] GHSRODPD KLGURMHQLQ \R=
VDNODQPDVO LoLQ \eNVHN Ge¢]H\GH VONOuwOUPD
ifade etmektedir. Tipik olarak 35000 bar (5000 SVL DUDO0O=0
EDV O Qo 0D UBralng ad,2qed@d)0 &N OuwoudoprPOu JD] GH
KDFPLQL D]JDOWOUNHQ JD]O ELU GHSRODPD RI
DuwoOuPD\O JHUHNWLULU +LGURMHQL VONOUWO
\R+XQOX+X QHGHQL\OH EHOLUOL ELU N+WOH Lol
KDFPH VDKLSWLU $\UOFD KLGURMHQLQ VONOUW
GH HQHUML DoOVOQGDQ \R+XQ ELU VeUHOWLU ¢
VONOUWOUPDN LoLQ 0- NJ HQHUML KDUFDQO
VONOUWOUPDN LoLQ \DOQO]FD (MakkyNv@l., HQ HU M
2024) <+NVHN EDVOQo DOWOQGD JD] KDOLQGH KL
\D\JOQ UGHNLOGH WLFDUL RODUDN NXOODQOODC
DQFDN JeYHQOLN DoOVODQG [xhend M\ PMNZ)LNOHU WD

Kriyo-kompresyon

60ONOUWOUOOPOU JD] KDOLQGHNL KLGURMHQ VYt
kriyo-VONOGUWOUPD VeUHFLQH GDKLO HGLOPHNW
VOFDNOONODUGD PXKDID]D B-DGLY®L M DGID H Q RB:]X Q (
(Nandhini vd., 2023)(Schorer vd., 2019) %X KLGURMGQNQN ULBO.L
EDVOQFOQGDQ |QHPOL |O0*GH GDKD ilee NVHNW
NDUuOODGWOWODHNG®G WODQODR BOaNR HN \R+XQOXN Y
D] ND\QDPD ND\E GBWWQ@®IPNWDGOU

22 60YO0 +LGURMHQ 'HSRODPD

60YO KLGURMHQ EDUYGD VONOuwOUOOPOU
NJ PA JLEL GDKD \eNVHN ELU KDFLPVHO \R+XQO:
GHSRODPD DOWHUQDWLIL VD-ODPDNWDGOU $QF
%XQXQ EDUOOFD QHGHQL VvOYOODUWOUPD VeUH
elektrik enerjisidir; bu enerji 11 ile 15 kWh/kgHDUDVOQGD GH+LUHEL
KLGURMHQGHNL HQHUML LoHUL=+B&LQ, 201¥O0DGON
(Raab vd., 2021)'sGeN VOFDNOONWDNL VOYO KLGURMEF
EHOLUOL ELU JeYHQOLN GHUHFHVLQH VDKLS!
GHKLGURMHQDV\RQ V*UHFLQGH VRQ (GaHJVMH.FH VHU
2020)
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60YO RUIJDQLN KLGURMHQ WDUO\OFOODUO /2+& ¢

OHUGH LON NH] wbpQbwdbOoODQ /2+& OHU JHU
GHKLGURMHQDV\RQ \DSDELOHQ PDO]JHPHOHUGLU
KLGURMHQOHQPLG KHP GH GHKLGURMHWQOHQPLU
2020 Agyekum vd., 2024) LOHC'ler, hidrojeni depolamak ve serbest
EOUDNPDN LoLQ VOYO RUJDQLN ELOHUHQOHUL
*HQHOOLNOH /2+& OHULQ KDFLPVHO KLGURMHQ
J/ GLU $\UOFD /2+& OHU PHYFXW GHSRODPD
X\XPOX ROXS JeYHQOL SUDWLN YH WDubOQPDV
/2+& OHUL \HQLGHQ NXOZoDQIPTR2)P+PN+QG-+U

Kriyojenik hidrojen

60YO KLGURMHQ GH-SRHPH PHD NIBIGDUR MR OX W X ¢
KDOH JHWLULOHUHN GHSRODQPDVOQO LoHULU

f& QLQ DOWOQGDNL oRN GeG*N VOFDNOONOTL
EX WHNQLN NUL\RMHQLN KLGURMHQ GHSRODPD'
Geu*N VOFDNOONODUD VR+XWXOGX+XQGD GDK
\R+XQOX+X |QHPOL |O0o¢GH DUWDU .UL\RMHQLN
DGOPGD JHUOHNOHUWLULOHQ oRN DuUDRDPEOO ELU
GL+HU NLUOHWLFLOHU JLEL VDIVO]G O NEHNUG DVO N
oONDUOOPDNWDGOU 'DKD VRQUD ELU NUL\R VR
JHQHOOLNOH V&N NYPRW QO ODUDWRAXDNGD W ROWO
.UL\RMHQLN KLGURMHQ VOYO KDOH JHOGLNWHQ
NDSODUGD GHSRODQOU %X NDSODUGD KLGURMFE
GHUHFH GeusN VOFDNOONODU JHUHNOLGLU %X N
PDOJHPHOHUGHQ \DSOOOU YH QRUPDZ0ZH Q RO G X!

60YOODUWOUOOPOU KLGURMHQ VONOuwoOU(
\eNVHN ELU HQHUML \R+XQOX+XQD VDKLS ROG;
GHSRODPD UHNOLGLU %X VOYOODUWOUPD \|QW
JJUH GDKD Neo*N KDFLPOHUGH GDKD ID]J]OD K
DQODPOQD JHOLU $QFDN VOYOODUWOUPD E-\
JHQHOOLNOH KLGURMHQLQ HQHUML LOHUL+LQLQ
NXooDQOOOU EX GD vOYO6oDuwOUPD\O GL+HU
HQHUML YHULPOL KDOHJBIMQ DIQD BOINDDP DD WA
H, LOH oDOOUDQ DUDoODUOQ (ZvPDN)201HODUDN GRO

3..80<%$6%/ '(32/%0%

.LP\ADVDO KLGURMHQ GHSRODPDVO KLGUF
PDO]JHPH LOH JeoO+s ELU HWNLOHULPH JLUHUHN
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KLGURMHQLQ \ NVHN GHSRODPD \R+XQOXNODU
GHSRODPD UHNOAIGIYWH .HOHE®«ANVHN YHULPOL KL
GHSRODPD PDO]JHPHOHULQLQ JHOLGUWLULOPHVL
D o OV O Q G birotlgkiiRMulky vd., 2024) Kaw O PDGGH ED]OO K
GHSRODPD \*NVHN GHSRODPD \R+XQOX=+X JeYHC
QHGHQL\OH Ee\eN LOJL J|UP«OW+U %X DYDQWDM
GHSRODPD\O EX DODQGDNL DUDuWOUPDODU Lol
(Kopac, 2024)

3.1. Metal Hidritler

OHWDO KLGULWOHU KLGURMHQLQ PHWDO |
ED+ODQDUDN GHSRODQMMYW3 QOK N BEP\DHPD® NWWHD G @
NDSDVLWHOHUL QHGHQL\OH Ne+<ELN \DSO\D VD¥
]JDPDQODUGD oRN ID](hgh@De, 2020 BWW HK®LQJ KLG U |
GHSRODPDVO J|JHQHNOL PDO]JHPHOHUGH IL]JLNV
NLP\DVDO DGVRUSVL\RQ NHPLVRUSVL\RQ \R
*I]JHQHNOL NDUERQ PDOJHPHOHUL \eNVHN \¢]H\ D
\DSOODUO PLNUR J|]JHQHNOLOLNOHUL YH VHC
QHGHQL\OH EX DODQ @bhaobvd.D 2022PNeaOtrditenW D G O U
KLGURMHQL JHUL G|Q+G+POs ELU UHNLOGH HPL
GHSRODPD YH G|Q<Gu*P VD+ODU 7LWDQ\XP YH P
DGVRUSVL\RQ HQHUMLOHUL QHGHQL\CE-MhWNLOL
DODUOPO OVOWOOGO+0QGD KLGURMHQH WHQ
Kharbachi vd., 2020)Metal hidritter, PHWDO DWRPODUO DUDV(
KLGURMHQ DWRPODUOQGDQ ROXUDQ ELOHUGLNOL
DWRPODUOQO DGVRUEH HWPH\L YH NDWO o|]HOW
ELU \¢]JH\ HQHUMLVLQH VDKLSWLU OHWDOOHUL
PHYFXWWXU GR+UXGDQ D\UOuUPDOO NLP\DVDO D
SDUoDODQPDVO %X UHDNVL\RQODU 'HQN YH '}

M+( )Hz2 <«—>MHj (2)
M+ ( )H0O +()e! «—>MHx+( )OH? 3)
%XubGcb 0 PHWDOL WHPVLO HWPHNWHGLU "H

kemisorpsiyonu tasvir etmektedir. (Denk. 3) ise, elektrokimyasal su

SDUoDODQPDVOQO WDVYLU HWPHNWHGLU 6X\X
SDUoDODQPD LoLQ SDODG\XP 3@Sathé&\vd. 22D2B) NDW D ¢
OHWDO KLGULWOHU VRQ GHUHFH JeYHQOL YH HN
GHSRODPD NDSDVLWHOHUL ELUORN SRWDQVL\H
D-OUOON DOGHBEROEGPD+ NDSDVLWHVLQH L]JLQ YH
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KLGUROL] UHDNVL\RQXQXQ GR+DVO JHUH=+L JHUI
\HWHUVL] NDQ@PBD.NWD.GZD2BPD OW QDG\XP KLGU<UOH!L
PHWDO KLGU«UOHUOH NDU UH@miamaOkdamesiter O Q G |
sahiptirler (Chen vd., 2017)Li, Be, Na, Mg, B ve Al gibi hafif metaller,
PHWDO DWRPX EDUOQD \eNVHN KLGURMHQ DWRP;
oRN OoHULWOL PHWDO KLGURMHQ ELOHULNOHUL
|JTHOOLNOH |QHPOLGLU (Q SRS*OHU G-+u*N VOFD
%1,5 RUDQOQGD KLGURMHQ GH® RODWHRIOQ W GEX
JJYGH PHUNH]OL NeELN NDWO o|]]HOWL DODUUOP
hidrojen depolayabilir. Mg ED]OO KLGURMHQ GHSRODPD PLC
GDKD \eNVHN KLGURMHQ GHSRODPD \R+XQOXNC
VOFDNOON JHUHNVLQLPOHUL QHGHQL\OH \DOQ
ND\QD+0QOQ PHYFXW ROGX=+X EHO (Rdrépai ¥\HQDU\R
2024)

3.2. Kimyasal Hidritler

+LGURMHQ D\UOFD DPRQ\DN PHWDQRO YH\L
LOHUHQ NLP\DVDOODUGD GRQKerkeOvdRQ@MEYDN GH
.LP\DVDO ELOHULNOHU KLGURMHQLQ NLP\DVDC
UHNOLQGH GHSRODQP XM§aSaD adsorpsiyéhH N H G L U
PROHN+O+*Q*Q L»PHNRRODUWOQD D\UOOPDVO YH DU
NLP\DVDO ED+ODU ROXUGW X U D Uduky\wd. FROBA\D\O OP D"

Borhidritler, \eNVHN KLGURMHQ NDSDVLWHOHUL QHG
PDOJHPHOHUL RODUDN Ee\ N ELU SRWDQVL\HO
gUQHNOHU DUDV¥ MIEBEDILUEW+ELOHULNOHU LOH DP
(NHsBH; \HU DOOU %RUKLGU L\QOKILG DRMDMQ QLM U LL
NDGDU XOD wpdilligunuin dibétan (BHs) ile reaksiyona girerek

veya 345 MPa H atmosferinde 823 . VOFDNOONODUOQGD
ERUGDQ GR+UXGDQ VHQWH].0HRGIU WD FDNWL OHE
J FPA \R+XQOX+D VDKLS KLJURVNRSLN ELJY NULV\
- DQ\RQODU LNL RUWRJRQDO \|QGH KL#D@eDQOU
1.04(2)+ ¢ YH ED-=+4D® 6 e Bia®;: f DoOVOQGIE
Je0oO+ ELU GHNLO GH. Eshkésngdd XeVBDVEO1940)6 R X O L p
vd.,, 2002) $ =+WWHO .YKaBH;, sodyum trimetiloksiborohidrit

veya sodyum tetrametilborhidritin diborantg ) ile reaksiyonuyla veya

sodyum, bor ve hidrojenin 82873 K'de 315 MPa H atmosferinde
GR+UXGDQ VHQWH]L\OH (Uidegaki HvpO 2@8) Ber®.P HN W H

TGH

NaBH,+2H; 2 : NaBOz+4H; 4)

78



Amonyak, - f& ND\QDPD QRNWDVOQD VDKLS Gels!
NLP\DVDOGOU YH SDVODQPD] oHOLN NDSODUGD
depolanabilir(G., 2006) $PRQ\DN \DNODUUON f& GH D\UO
LoLQ \eNVHN VOFDNOONODUGD WHUPRGLQDPLN
KLGURMHQ YH QLWURMHQH GY®IMLAFOH UL B K OD
G|QeueP VOFDNOON YH NDWDOL]JJUOHUH E-«\*N
* ]HULQGHNL VOFDNOONODUGD NDWDOL]J|UOHU
D\WWOuPDVO |QHPOL KDOH JHOLU $PRQ\DN D\UOUGI
KDILI HQGRWH U @®aNd.E2006)V+UHOW LU

2NHs J :N2(g)+3H2(g) %)

<XNDUOGDNL 'HQN JIJUH DRRNWBN]&EXPXD &R UL
\DQ U Q RODUDN D]JRW HVvDV LWLEDUO\OD
*UHWLOPHNWBBRQ@\DNLFDUL VDIOONWEIrliMKJHWLOP
JHQHOOLNOH VXGDQ ND\QENOWDQ@MNOWY HK+ENXHEKXC
vermemektedi(Choudhary vd., 2001)

6RQ \OOODUGD D:RBHRQ\DDZX ERUDQ@ PRO ! 325 J FP
f & GH KLGURMHQ WDuO\OFOVO WHN ED+ ROTL
R O P X (AWn4rdli ve Balzani, 2011) $SPRQ\DN ERUDQ \HQL EL!
GH+LOGLU 6HQWH]L\OH LOJLOL LON UDSRU
\D\OQoDQPOuUWOU DQFDN LON JLULGHBOHU
Schlesinger ve Burg, 1938(Shore ve Parry, 1955) $PRQ\DN XODUuC
VHNW]|Us LoLQ WHN NDUERQ LOHUPH\HQ NLP\D\
VX QP D NMeKe @dJ 2008) 'HQN GH IDPRQ\XPERUDQOQ
UHDNVL\RQX VRQXFX YHULOPLGWLU

NH3:BH3+2H,O : 1 + 4BO,+3H> (6)
UHNLO GH JIJVWHULOGL+L JLEL HQHUML \R+XQP
KLGULWOHU N|PeU YH SHWURO JLEL IRVLO \DNO\

ORN GDKD \*NVHN ELU HQHUML \BOXCQGDAX =Y WWIH.C
2010)
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UHNLO %D]O HQHUML WDuO\OFOODUOQOQ KDFLPVI
$QGUHDV =«WWHO YG

4. .$5%21 %$=/, +8'52-(1 '(32/$0% 0$/=(0(/(5@

.DUERQ PDO]JHPHOHU KLGURMHQ GHSRODP
YDGHOL oHYULP SHUIRUPDQVOQO VD+ODPDN Lol
VDKLSWLU <¢]J]H\OHUL KLGURMHQ ED+-ODQPD HQ
DUWOUDFDN UHNLOGH NROD\FD PRGLIL\H HGLOHE
HOHPHQWWLU YH ELUoORN NDUERQ ED]OC) PDO
ND\QDNODUGDQ *UHWLOHELOLU EX GD PDOL\HWIL
GHSRODPD o]]e*P QshgjaeinvaxXvd.DZOeI)Arddit, aktif karbon,
NDUERQ LoL ERO N UHOHU NDUERQ OLKM@GHU YH
GHSRODPDN LoLQ HQ L\L YH PDNVLPXP YHULPOL .
malzemeler olarak bilinmektedjde CastilleAlvarado vd., 2010)Hidrojen
PROHN+OOHUL PH]JRJ|JHQHNOL PDO]JHPHOHU YH\I
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VDKLS oRN NDWPDQOO® PDO]JHPHOHULQ |JHOOLNOH
NXYYHWL\OH DGVRUEH HGLOLU %X \|QWHPLQ D
ED+O NOUPDGDQ PDO]JHPH\H JLUPHVL YH HQHUM
QHGHQOH DGVRUSVL\RQ LGOHPL EDVLW ROXS \:
(Liu vd., 2020)

41.. DUERQ 1DQRW+SOHU &17

6DI NDUERQ QDQRW-S &17 OHU LON RO
VHQWH]OHiQa 189a) LBilinen bir tek boyutlu nanomalzeme olan
&17 OHU LoLQ QDQRWe+S GXYDUODUO O<PHQOHU
[JHOOLNOHUL ILJLNVHO DGVRUSVL\RQ PHNDQL]P
LoLQ L\L DGVRUSVL\RQ M&bwWwOm220 VD+ODPDNWDC

.DUERQ QDQRW+SOHU &17 \eNVHN \¢]H\ DOD
kapasiteleri ile hidrojen depolama potansiyeline sahiptir. CNT'lerin en
|QHPOL |JHOOLNOHUL DUDVOQGD JHQLUG \e]H\
OHULWOHQGLULOPLGO J|]JHQHN \DSOVO RUWDP VO
D\DUODQDELOLU |JHOOLNOHU YH KDILIOLN EXOXC
GHSRODPD X\JXODPDODUO LoLQ X\JXQ PDO]JHF
(loannatos ve Verykios, 201004 X DYDQWDMODUD UD+PHQ K
\¢]H\L DUDVOQGDNL ED+ODQPD HQHUMLVL JHQHO
YH EDVOQFOQGD VOQOUOO ELU GHER@BRD NDSI
LunaTriguero, 2024) $\UOFD NUL\RMHQLN VOFDNOONOD
NDUERQ QDQRW+:SQHIGVRHBOL\EQX XHWHUPHNW
2020) *D] YH EXKDU PROHN-DQRWGD®UNRUERIQ
GHOLNOHULQGHQ VHUEHVWoH KDUHNHW HWPI
DGVRUSVL\RQX YH D\OUPD JLEL SUDWLN X\JX
R\QDPDNWDGOU &17 OHULQ GHOLN 0oDSO Ne0+O
ER\XWX\OD GDKD X\XPOX KDOH JHOGLNoOH GHC
HWNLOHULPOHU JeoOHQLU YH EX GD JD] DGVRU
GLI*]\RQXQX DUWOUOU $\UOFD &17 OHULQ KLG!I
SeU+¢]Ve] GHOLN GXYDUODUO XxXowubD KO]JOO GLI
(Kapsi vd., 2022)

+LGURMHQLQ NDUERQ QDQRW+SOHU <]JHULC
adsSRUSVL\RQ \ROX\OD HPLOHELOHFH=L |QH VeU«O
KLGURMHQLQ PROHN+<OHU \DSOVOQO NRUX\DUDI
&17 OHUGH VONOuPDVO UOUHNOLQGH JHUOHNOHUG
KLGURMHQ DWRPODUO QDQRW+:SOHULQ NDUERQ
$ =eWWHO YIGHNLO 9YGH &17 DWRPLN \DSOVDO PF
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OHNLO  &17 DWRPL [Detias G\BRanyPRE2H O L

Son olarak IRQNVL\RQHOOHGWLULOP-CHNTI®&DUAERQ QD
\eNVHN DGVRUSVL\RQ NDSDVLWHVL VD+-ODPDN L
QDQRSDUODFONODU® LoHUHQ \e]H\ PRGLILNDV\RC
Ee\eN ELDOOP NDSDVLWH V(Rajsurahvdl @0d%) HRWHEG L U

vd., 2021)

4.2. Metal-Organik Kafesler (MOF'lar)

02) ODU LON RODUDN <DJKL YH DUNDGDUGOD
NHGIHGLOPLGO YH UDSRUODQOU UDSRUODQPD] E
OHNPL{r#ghiUvd., 1995) MOF'lar, periyodik olarak tekrarlanan
ELOHUHQOHUH JHQLG |]J*O \¢]H\ DODQOQD YH EI
DoON J|JHQHNOL \DSOOD YFR@\Vd.HOI®LNOHULQH VDK

Amorf kaUERQ PDO]JHPHOHUL Qdrgank ORde¥l&@ D P H
02) ODU Ge+<J]HQOL \DSOODUO NRQWURO HGLOHE
JIJHQHNOLOLNOHUL VD\HVLQGH JD] D\OUPD YH C
VHQV|UOHU YH V¢SHUNDSDVLW)|UGrHdtarbly@&lde X\J X (
sahiptir(Zhang vd., 2025) /LWHUDW+sUGH oHULWOL NDIHV \D¢
EXOXQPDNWDGOKN L$@ pAGBHND EELU P2Q \DSOVDO IRL
Y H U L QRutukat/a ., 2014)
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UHNLO go J|[JHQHNOL WHWUDKHGUDO NDIHVOHUGHQ
LQ \DSOVO

4.3. Aktif karbon

%L\RN*WOHGHQ We<UHWLOHQ DNWLI NDUER
VXQPDNWD YH KDILIWLUOHU %XQODU ID]OD KLG!
PDOJHPHOHUGLU $NWLI NDUERQXQ |QHPOL ELU
DNWLYDV\RQ \|QWHPOHUL\OH J|JHQHN ER\XWOD!
ROPDVOGOU %X KLGURMHQ GHSRODPDVO DobOV
NDUERQ ED]OO DGVRUEDQODUOQ HQ Ee<\*N GH
OvobobpudbGcOU .DUERQ GHVWH=+L LOH KLGURMHQ
NXUDU GDKD GDU J|JHQHNO-KUGWRMERKBWINDOH
\RO DoDUDN GDKD \eNVHN DGVRUSYSeViRaQudN DSDV L
2011) $NWLI NDUERQXQ J|]JHQHN ER\XWX KLGURM
RSWLPL]H HWPHN LoLQ |[JHOOLNOH \eNVHN EDVO
|QHPH VDKLSWQB DUDVOQGDNL PLNUR J|JHQHNO
KLGURMHQ DGVRUSVL\RQ NDSDVLWHVLQL HQ -
JIJHQHNOHULQ ER\XWX IL]JLNVHO DGVRUSVL\R(
PROHN+OOHULQLQ DNWLI NDUERQ \¢JH\LQH HWNLC
KDOH JHOPHVLQ L (SunmaatarayPdl N BODIGAKLE karbonun
KLGURMHQ GHSRODPD |JHOOLNOHUL hidreksi\LQGH |
IHQRO KLGURNVLO NDUERNVLO JUXSODUO®O SLUL:
JUXSODUOD GR +(lrk&dn@d. 2018)(X Li@d. 2019)
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4.4, Grafen/GrafenOKksit

Grafen, sp ED+0O0O NDUERQ DWRPODUOQOQ EL!
SDNHWOHQPLGO P«NHPPHO LNL ER\XWOX % NUL
NDOOQOO+OQGD G+]OHP YV HPapdgedigiodl WD.) L2047)W DE D
(Soldano vd., 2010)*UDIHQ HOYHULUOL HOHNWULNVHO
VHUJLOH\HQ YH RQX oRN oHULWOL X\JXODPDODU
ELU NDUERQ DOORWURSX YH SR(Slestldv bkdL ER\X
2005) *UDIHQ WDEDNDODUO KLGURMHQ GHSRODPD
(Sofo vd., 2007) Grafen oksit (GO)QXQ YH LQGLUJHQPLUG JUI
U*2 1GD EXOXQDQ RNVLMHQ JUXSODUOQOQ NDW
|QHPOL ELU URO R\QDGO=+0 YH EXQXQ VRQXFXQ
ED-ODQPDVOQOQ D®sjawve O 2@ B)Grafeh Pikd bayuiw
bir \DSO\D VDKLS ROXS VS ED+ODUO\OD Ge+]HQC
ROXuXU YH EX \DSO ELU SHWHN NDIHVL GHNOI
DWRPODUOQDOQ GL+HU DOW NDIHVLQ PHKNH]LQG
DUDVOQGDNL PHVDIHQLQ c ROGX+X LNL Lo
PH\GDQD JHOLU %LULP KeFUH LNL NDUERQ DWHF
DWRPXQ HWUDIOQGD f ey, P81 Ba0vOs 05 |igH\E
fGH LNL ER\XWOX SHWHN NDIHV GHNOLQGH RODC

UHNLO *UDIHQLQ DWRPLN \DSOVOD

5.+2'52-(1 '(32/$0% 7(.12/2-8/(58101
.$50,/$07,50$6,

+LGURMHQ GHSRODPD WHNQRORMLOHUL DU
IDNW|UOHU J|] |Q*QGH EXOXQGXUXOPDOOGOU
\R+XQOX+X PDOL\HW JsYHQOLN WDuUOQDELOLL
DOPDNWDGOU +HU ELU WHNQRORMLQLQ D)
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GH+HUOHQGLULOHUHN VSHVLILN X\JXODPDODU
belirlenmelidir. *|JHQHNOL \DSOODU YH PHWDO KLGU
G|Qe+G+PO¢« RODUDN HPLOPHVLQL DQFDN VOQOU«
LQRUJDQLN YH RUJDQLN WDUO\OFOODU \eNVI
G|Q+G*PVe] ELU GHNLOGH VDOOQPDVOQD RODQL
KLGURMHQ GHSRODPD LOH NLP\DVDO KLGURMHC(
R O X i W X UCHarNonhy G, Q01 5)

(QHUML YH KLGURMHQ GHSRODPD X\JXODI
PDOJHPHOHULQ NXOODQOOPDVOQGDNL HQ E-=\-
WDEDNDODUOQOQ \HQLGHQ LVWLIOHQHELOPH
elektrokimyasa® G L U H (Boe@yleud G20P0)Boateng vd., 2023)

5.1. Maliyet ve Ekonomik Etkinlik

+LGURMHQ XoDubP OVOWPD YH VR+XWPD t
PHWDQRO DPRQ\DN sUHWLPL YE JLEL IDUNOO V
\0oOQD NDGDU PLO\DU GRODUOON Ee«\¢N EI
D o D ESh@hriaf vd., 2024)

+LGURMHQ HNRQRPLVLQLQ X\JX0DQPDVOQOQ
uXQobuaGcoOu 7DUOPDFOOON LoLQ DUDo Lol KL
YDUGOU +LGURMHQ GD+OWOPO LoLQ PHYFX\
KLGURMHQ GD+OWOP VLVWHPLQLQ JHOLGWLULOP
KLGURMHQ ND\QD+0O \RNWXU 0¢QNe KLGURMHQ -l
GR+DO JD] JLEL IRVLO \DNOWODUOQ G|QeUWeU-«C
EXQD HUOLNMHPAGHA@ADUO YDUGOU

x %DVOQoOO *D] 'HBRODDPDOL\HWOL \eNVHN
gereksinimleri.

x 60YO +LGURMHG+N\SHRN P L\HWOL NUL\RM
gerektirir.

x Metal Hidritler: <¢«NVHN PDOL\HWOL NRPSOHNYV VL\
x .LP\DVDO %LOHUWNMOHRDOL\HWOL NLP\DVD
gereksinimleri.

**YHOOLN YH dHYUHVHO (WNLOHU

%DVOQoOO *D]<HNSRNDPDVOQo QHGHQL\OH J-
60YO +LGURMHQUHBEROBPNOONODU QHGHQL!
OHYUHVHO JRUOXNODU

Metal Hidritter: .LP\DVDO VWDELOLWH YH Ge+G+*N ED
.LP\DVDO %LOM®LNOBI® LGOHP YH JHUL
gereksinimleri.

xX X

xX X
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6218d

+LGURMHQ GHSRODPD WHNQRORMLOHUL KLG!
ELU GHNLOGH LOHUOHPHVL LoLQ WHPHO ELU UR
DYDQWDMODUO® YH GH]DYDQWDMODUO® GLNNDWH
X\JXQ GHSRODPD \|QWHPOHUL VHOLOPHOLGLU
LQRYDVV\RQODU KLGURMHQ GHSRODPD DODQOQC
edecekti, +LGURMHQ HQHUMLVL \+NVHN HQHUML \R
GH+HU ERO ND\QDNODU NLUOLOLN ROPDPDVC
HULGLOHELOLUOLN YH VsUG+U* OHELOLUOLN JLEL
HQHUML NUL]JL YH LNOLP GH+LULNOL+L HQGLU
*eQeP¢]GH KLGURMHQ GHSRODPD WHNQRORMLOH
IDUNOOOON JI[VWHUPHNWHGLU *<Q+P+]GHNL JHOL
JHOHFHNWH oRN GDKD ID]OD kD ®MOH/Q UPHIKHEWER C
DiD+OGDNL GH+HUOHQGLUPHOHUL \DSDELOLUL]

+LGURMHQ GHSRODPD WHNQRORMLOHUL L
LQFHOHQGL+LQGH VONOUWOUPD \ROX\OD GHSRC
VDKLS ROPDNWDGOUBOYDOODUWOUPD LUOHPL Lol

LOH N:K NJ + DUDVOQGD GH=LUHELOLU Y
LOHUL+LQLQ \DNODUON «oWH ELULQH GHQN JHOP}

3. Son zamanlarda HGHSRODPDVO LolLQ |QHLEIDAQ oF
DGVRUEDQODU ROGXNoD ID]JOD LOJL J|UP«GW-U

4. OHWDO KLGULWOHULQ SRWDQVL\HO HQHUML G|
ROGX+X YH EX DODQGD E+\¢N ELU LOJL J|UGe=e+ J|
HQHUML GHSRODPD VLVWHPOHULQGH NXOOD
|IQHPVHQPHNWH YH X\JXODPD DoOVOQGDQ \D\JOQ

*HQHO RODUDN ERUCCE INXO®O BRGPHPHIEHUOHE
WHNQRORMLOHULQ JHOLUWLULOPHVLQGH |QHP
HPLVI\RQODUOQO D]DOWPD\D YH LNOLP GH=+LULNC
olma potansiyeline sahiptir.
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1+1XVXQ DUWPDVO YH WHNQRORMLQLQ JHOLGUPHYV
JHOWLNoH DUWPDNWDGOU *«Q¢P+]GH NXOODQOO
YHULOHUHN PHYFXW NHOGOIHGLOMNLHQMHDHYRNW DI
JHOPHNWHGLU %X GXUXP NDUuUOVOQGD LQVDQO]
\|QHOPHNWHGLU <HQLOHQHELOLU HQHUML ND\
LoHULVLQGH \DubPOu YH \DubDPODUOQD GHYDP H
DWONODOBHQEBQOWPHNWHGLU +D\YDQ EHVOHPH ¢
KD\YDQVDO DWONODU ELWNLVHO «U¢sQ LUOHWLP
DWONODUO RUPDQFOOON PRELO\DFOOON VHNW|
EL\RN*WOH HQHUMLVLQX QY |DQHPKMDN @ PPN ® G GIX 29X K
HQHUMLVL IRVLO N|NHQOL HQHUML ND\QDNODU
EHQJHWLOHELOLU IDNDW IRVLO N|NHQOL \DNOW
VOFDNOO+D PDUX] NDODUDN KLGURNDUERQODU
sonXFXQGD DWPRVIHUH ]DUDUOO HPLV\RQODU \D\P
EX+GD\ DUSD PHUFLPHN SDPXN YH IDVXO\H .
VRQXFXQGD HOGH HGLOHQ +UsQOHULQ DWONODL
G | Q =« WWO P Helde eBilmhektedir

%X oDOOKMIP\Y® EHVOHPH oLIWOLNOHULQGHQ HO
PLNUREL\RORMLN VeUHOWH JHOLOHUHN RNVLMH
G|Q*UW+sU*OPHNWHGLU %LWNLVHO ¢UsQOHU LoOHI
HGLOHUHN GDPOWPD \ROX\ODHGELUR HINDD QRO EH D (
OHNLUGHNOHULQGH EXOXQDQ \D+ODU SUHVOHQPI
\D+ODU YH \D+ DWONODUO LoHULVLQH NDWDOL]]|
bitkilerden elde edilen biyoetanol eklenerek transesterifikasyp@Q WHP L\O H
EL\RGL]JHOH G|Q*UW+sU*sOPHNWHGLU

<OOOON ELWNLOHULQ NDOOQWOODUO RUWDPO NI
VRQXFXQGD NDODQ DQO]J]OoDUOQ DUD]JLGH \DNOOF
GDKD ID]OD |QHP YHULOHUHN OoHYUH\H RODQ
GH+HUOHQGLULOG HQH\GWLVELGR:-WOH|QHWLOGL
LKWL\DFO RODQ HQHUML DoO+06QD NDWNO VD+0OD

Anahtar Kelimelert % L\RN*WOH %L\RJD] %L\RHWDQRO %L\RG

*a35@gU

%L\RNeWOH HQHUML ND\QD+O \DuDPODUOQO V
PHYVLPVHO GH=LGPHOHU VRQXFX KDVOODW G|
DWONODUOQGDQ PH\YH YH VHE]JH DWONODUOQGI
NXOODQOODQ +U+Q YH DWIDVNID B ULHIGD \® NIP\IS ¥ 6 DO
yoluyla elde edilen enerjiyi ifade etmektefli], [2] % L\RN WOH HQHUM
NINHQOL \DNOWODUD J|UH GDKD NOVD V*UHGH HO
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D\OUDQ HQ |QHPREH] |[HGEURBDUERQODUGDQ ROXU
\DNOWODU PLO\RQODUFD \0O |QFHVLQGH \DubDPO
WDEDQODUOQD J|P*OHUHN RNVLMHQVL] RUWDP
o*Us\HQ RUJDQLN PDO]JHPHQLQ \*NVHN EDVOQo

NDODUDN \HUDOWO ERUOXNODUOQGD ELBILNHUHN
1+IXVXQ DUWPDVO\OD ELUOLNWH WeNHWLOHQ IRV
ROXUXPX LoLQ X]XQ ]DPDQ JHUHNWL+LQGHQ GR
WeNHQPH QRNWDVOQD JHOPLUO ROXS \HQL \HQLO
LOHULVLQGH HY®&XQRDNWPWOH HQHUML ND\QDNC
VeUHGH ROGX=+X LoLQ \HQLOHQHELOLU HBHUML N
[8] hONHPL]JGH NXOODQPOUGU ROGX+XPX] EL\RNeW
ELWNLOHUGHQ HOGH HGLOHQ UDILQHUL \D+ODU

*UHWLOHQ EL\RGL]JHO UGHNHUOL ELWNLOHUGHQ =L
HOGH HGLOHQ EL\WRIDF«¥YWAIRYDMUI bBMWOPHA
*UsQOHULQ HQHUMLVL NXOODQOODUDN[MMPUNOO

0OvOU VvDSO RGXQ SDPXN VDSO JLEL EL\RNeW
NDUERQ \DNOODUDN OVO[ERHV& IHQHUMGN HGQ B R
EXKDU HOGH HGLOLU HOGH HGLOHQ EDVOQoC
KDUHNHWOLOLN ND]JDQOU OHNDQLN HQHUML LC
NXYYHW LQG+NBHQPHNWHGMHRSROLWLN NRQXP;
NXaDNWD \HU DOPDVO YH ELWNL oHGLWOLOL=+LQ
SRWDQVL\HOL DoOudQGDQ ]JHQJLQOL+L DUDUWC
OHNPHNYH®ILYRN-WOHQLQ HQHUML \DSOVOQD EI
\DSO\D VDKLS ROPDVO RUDQWOVDO RODUDN ID]
Gel*N OVOO YH Gel*N \R+XQOX+D VDKLS ROPDVOD
HOGH HGLOHQ YHALP G<GPHNWHGLU

%X oDOOUPDGD EL\RNeWOH HQHUMLVLQLQ oHuL
G|Q*aW+UPH \|QWHPOHUL YH OHYUHVHO HWNLOH!
EL\RHWDQROH \D+O0O ELWNLOHULQ EL\RGL]HOH
G|QeuW+sUsOPHVL QeDHFIOBEIMWDOOD %L\RHWDQRO
EL\RGL]HO «UHWLPL JLEL VeUHOOHULQ VRQXQGD
J*EUH RODUDN ND]DQGOUOOPDVO EL\RN<WOH
ROXUWXUGX+XQX JIVWHUPHNWHGLU néfisié&ld¢GDQ \D
HGLOPHVL GH EL\RN*WOHQLQ HQHUML <«UHWLPL
VD+ODGO+0QO RUWD\D NR\PDNWDGOU

%o<2.h7/( (1(5-2 'g1l*h6h

%L\RN*WOH HQHUML ND\D+O WDPDPHQ \HQLOHQ!
[14] 7HPL] YH oHYUH GRMWOFOWOON VeUHOWHQ
\HQLOH\HELOHQ IRVLO N|NHQOL ROPD\DQ YH DQTI
RODQ EL\RORMLN N|NHQQ6 RUYQBIQWNH®@ DNEHOHQHO G
DWPRVIHUGH EXOXQDQ NDUERQGLRNVLW VD\HVLC
HOGH HGLOHQ <U+QOHU WeNHWLOLU YH DWON
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NDUERQGLRNVLW VDOOQOPO \DSDUDN J*QHUWHOQ
fGH J|UeOes++ JLEL WHNUDU ELU G|QJe LOHULYV
yenilenmektedif17].

UHNtOAt\RN-WOH (QHUMt '|QJ-V-

%@<2(7%$12/ h5(72001'( .8//%$1,/$1 %@<2.h7/(
h5hl/(5@

%L\RN*WOH HQHUML ND\QDNODUO JHQHO RODU
biyogaz ve biyodizel olarak elde edilmektelie] )RVLO N|NHQOL \DN
EHQJLQ \DNOOGO+O0QGD DWPRVIHUH ]DUDUOO
ND\QDNODUOQ D]DOPDVO\OD \«NVHOHQ PDOL\H
\|QHOWPLG ROXS EL\RHWDQRO NHGIHGLOPLUWL
\HQLOHQHEL®WD RO®DHVRLV\RQ \D\PDPDVO\OD |Q
[200 UHNHU RUDQO \*NVHN RODQ ELWNLOHULQ IHU
+UsQOHUL GHNHU NDPOUO POVOU RGXQ SDUoDC
GUHNHU SDQFDUO WDWORANRUIXP RWVX ELWNLOH

%e<2(7$12/ h5(720 $u$0%$6,

%L\RHWDQRO GHNHU RUDQ® \+NVHN RODQ ELWNL

ROXUWXUXODQ EXODPDo NDSDOO® ELU GHSRGD

\DSOOGONWDQ VRQUD IHUPHQWH HGLOHUHN EHN
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JD]OQ oONOUO LoLQ VWHQ KDYD oONOU KRUWXP
LoLQ XFX VX LOH GROX[BLUUNNEO Q TIGdH. QHU baDGD>C
IHUPDQWDV\RQ HGLOHQ «U+Q EHOLUOL ELU VeUH
DOWOQD O6VO YHUHUHN GDPOWHBI]\ROX\OD DONRC

UHNtOAt\RHWDQRO hUHW®@tP $uDPDVO

%e<2.h7/('(1 <$06 9( w<2'g=(/ h5(790@

<D+00 HQHUML ELWNLOHULQ OoHNLUGHNOHULQGH
ER]JPDGDQ \*NVHN YHULPOH SUHVOHPH YH HNVW!
[25], [26] 