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6DELW�SURWHWLN�WHGDYL�SODQODPDVÕQGD�PDWHU\DO�VHoLPL��WHGDYL�
QLQ�EDúDUÕVÕQÕ�YH�KDVWDQÕQ�HVWHWLN�EHNOHQWLOHULQL�HWNLOH\HFHN�
NULWLN�|QHPH�VDKLS�ELU�DúDPDGÕU������7DP�VHUDPLN�UHVWRUDWLI�
PDWHU\DOOHULQ� VDELW� SURWHWLN� WHGDYLOHUGH� WHUFLK� HGLOPHVLQLQ�
EDúOÕFD�QHGHQL��GR÷DO�GLúOHUH�ROGXNoD�EHQ]HU�ÕúÕN�JHoLUJHQ�
OL÷LQH�VDKLS�ROPDODUÕ�YH�EX�VD\HGH�WHGDYL�VRQXFXQX�HVWHWLN�
DoÕGDQ�ROXPOX�\|QGH�HWNLOHPHOHULGLU��'HQWDO�VHUDPLNOHU�D\QÕ�
]DPDQGD�NLP\DVDO�RODUDN� LQHUW�PDWHU\DOOHUGLU��%X�|]HOOL÷L�
VD\HVLQGH�PDWHU\DO�DúÕQPD\D�GLUHQo��EL\RX\XPOXN�YH�\�N�
VHN�\DSÕVDO�VWDELOLWH�JLEL�DYDQWDMODUD�VDKLSWLU������%X�DYDQ�
WDMODUÕQÕQ�\DQÕQGD�GHQWDO�VHUDPLNOHULQ�PHNDQLN�|]HOOLNOHUL��
ER\XW��RUWDP�YH��UHWLP�úDUWODUÕQD�J|UH�GH÷LúNHQOLN�J|VWHULU��
.ÕUÕOPD�GD\DQÕPODUÕ�G�ú�NW�U�YH�EXQXQ� WHPHO�VHEHEL�oDW�
ODN� LOHUOHPHVLQH� NDUúÕ� GLUHQoVL]� ROPDODUÕGÕU� ������� 6HUWOLN�
GH÷HUOHULQLQ�PLQH�YH�GHQWLQLQ�VHUWOLN�GH÷HUOHULQGHQ�\�NVHN�
ROPDVÕ�QHGHQL\OH�PDWHU\DOOH� WHPDV�LOLúNLVL�RODQ�GR÷DO�GLú��
OHUGH�DEUD]\RQD�VHEHS�ROPDODUÕ�GD�GHQWDO�VHUDPLNOHUH�GDLU�
GL÷HU�ELU�GH]DYDQWDMGÕU�����

'HQWDO�NRPSR]LWOHU�RUJDQLN�YH�LQRUJDQLN�ELOHúHQOHULQ�D\QÕ�
\DSÕ�LoLQGH�EXOXQGX÷X�KLEULW�PDWHU\DOOHUGLU������'R÷DO�GLú�
J|U�QW�V�QH�\DNÕQ�HVWHWLN�|]HOOLNOHU�J|VWHUPHOHUL�QHGHQL\OH�
oRN�oHúLWOL�NXOODQÕP�DODQÕQD�VDKLS�ROPDODUÕQD�UD÷PHQ�GHQWDO�
VHUDPL÷LQ�VDKLS�ROGX÷X�DúÕQPD\D�GLUHQo��EL\RX\XPOXN�YH�
\�NVHN�\DSÕVDO�VWDELOLWH�JLEL�|]HOOLNOHU�DoÕVÕQGDQ�PDWHU\DOH�
�VW�QO�N�VD÷OD\DPD]ODU��'�ú�N�DúÕQPD�GLUHQFL�YH�SROLPHUL��
]DV\RQ� E�]�OPHVL� ER\XWVDO� VWDELOLWHOHULQL�� \DSÕVDO� RODUDN�
LQHUW�|]HOOLN�J|VWHUPHPHOHUL�UHQN�VWDELOLWHVL��YH�EL\RX\XP�
OXOX÷X� ROXPVX]� \|QGH� HWNLOHU� ����� $QFDN�� GHQWDO� NRP�
SR]LWOHULQ� HODVWLVLWH�PRG�O�� GLú� GRNXVXQD� EHQ]HU� GH÷HUOHU�
J|VWHUGL÷L�LoLQ��oL÷QHPH�NXYYHWOHUL�DOWÕQGD�ROXúDQ�JHULOLPLQ�
RSWLPL]H�HGLOPHVLQGH�URO�R\QD\DELOLU������

%LOJLVD\DU� 'HVWHNOL� 7DVDUÕP�%LOJLVD\DU� 'HVWHNOL� hUHWLP�
�&$'�&$0�� X\JXODPDODUÕQÕQ� GLú� KHNLPOL÷LQGH� \D\JÕQ�
KDOH� JHOPHVL\OH� ELUOLNWH�� WHN� EDúÕQD� VHUDPLN� \D� GD� NRP�
SR]LW�ND\QDNOÕ�GH]DYDQWDMODUÕQ�\DUDWDELOHFH÷L�ROXPVX]OXN�
ODUÕ�HQ�D]D�LQGLUJH\HELOPHN�DPDFÕ\OD�DYDQWDMOÕ�|]HOOLNOHULQ�
ELU�DUD\D�JHWLULOGL÷L��GH]DYDQWDMODUÕQ�D]DOWÕOGÕ÷Õ��SROLPHU�YH�
VHUDPLN�PDWHU\DOOHULQ�KLEULW�NXOODQÕOGÕ÷Õ�&$'�&$0�SURWH�
WLN�PDWHU\DOOHU�JHOLúWLULOPLúWLU� �������+HP�RUJDQLN�KHP�GH�
LQRUJDQLN�ELOHúHQOHUL�LoHUHQ�oLIW�ID]OÕ�\DSÕ�EX�VD\HGH��PLQH�
YH�GHQWLQH�EHQ]HU�¿]LNVHO�YH�PHNDQLN�|]HOOLNOHU�J|VWHUHQ��
EHOOL�RUDQGD�HVQHPH�|]HOOL÷LQH�VDKLS�DQFDN�DúÕQPD\D�GDKD�
GLUHQoOL��GR÷DO�GLúOHUH�EHQ]HU�ÕúÕN�JHoLUJHQOL÷L�J|VWHUHQ��D÷Õ]�
LoHULVLQGH� WDPLUL�P�PN�Q�� SROLVDM� LúOHPL� NROD\� YH� \�]H\�
SDUODNOÕ÷ÕQÕ� X]XQ� V�UH� NRUX\DQ� ELU� PDWHU\DOH� G|Q�ú�U��
����������+LEULW�PDWHU\DOOHU�EORNODU�KDOLQGH�&$'�&$0�WH�
NQRORMLVL�\DUGÕPÕ\OD�úHNLOOHQGLULOHELOLU��%X�GXUXPGD�UHVWR�
UDV\RQXQ��UHWLPL�DúDPDVÕQGD�IÕUÕQODPD�\D�GD�VLQWHUL]DV\RQ�
LúOHPLQH�JHUHN�GX\XOPD]��$QFDN��VRQ�G|QHPGH��o�ER\XWOX�
��%��\D]ÕFÕODU�\DUGÕPÕ\OD��UHWLOHQ�KLEULW�PDWHU\DOOHUGH�SL�
\DVD\D�VXQXOPXúWXU��%X�\|QWHPOH��UHWLOHQ�\DSÕODU�LVH�úHNLO�
OHQGLUPH� ELWLPLQGH� SROLPHUL]H� HGLOHUHN� V�UHo� WDPDPODQÕU�
�����������

Hibrit CAD-CAM materyallerinin 
\DSÕVDO�|]HOOLNOHUL
*�QFHO� KLEULW� EORNODU�� �UHWLP� WHNQRORMLOHULQH� ED÷OÕ� RODUDN�
UHoLQH�QDQRVHUDPLN�YH�SROLPHU� LQ¿OWUH� VHUDPLN�RODUDN� LNL�
DQD� JUXSWD� LQFHOHQHELOLUOHU�� 5HoLQH� QDQRVHUDPLNOHU�� QDQR�
ER\XWOX� VHUDPLN� SDUWLN�OOHULQLQ� SROLPHU� PDWULNVH� HQWHJUH�
HGLOPHVL\OH��UHWLOLU��3ROLPHU�LQ¿OWUH�VHUDPLNOHU�LVH��SUHVLQ�
WHUL]H� VHUDPLN� ELU� D÷� \DSÕ� LoLQH� G�ú�N� YLVNR]LWHOL� UHoLQH�
PDWHU\DOLQLQ�LQ¿OWUH�HGLOPHVL�YH�UHoLQHQLQ��VHUDPLN�D÷�\DSÕ�
GDNL� ERúOXNODUÕ� GROGXUDUDN�� SROLPHU�VHUDPLN� KLEULW� \DSÕ\Õ�
ROXúWXUPDVÕ�\ROX\OD�HOGH�HGLOLUOHU�����������

Reçine nanoseramikler
1DQRPDWHU\DO�JHQHO�DQODPÕ\OD�ER\XWVDO�RODUDN�����QP�DO�
WÕQGD�ELU�E�\�NO�÷H�VDKLS�ROPD�KDOL�RODUDN�WDQÕPODQÕU�������
1DQRWHNQRORML� LVH� oHúLWOL� ¿]LNVHO� YH� NLP\DVDO� PHWRGODU�
\DUGÕPÕ\OD����±����QP�DUDVÕ�ER\XWD�VDKLS�\DSÕODUÕQ��UHWLPL�
YH� NXOODQÕPÕGÕU� ������ 1DQRSDUWLN�OOHU� PDO]HPHQLQ� ¿]LN�
VHO�YH�PHNDQLN�|]HOOLNOHULQLQ�L\LOHúWLULOPHVLQGH�|QHPOL�URO�
R\QDPDNWDGÕU� ������'Lú� KHNLPOL÷LQGH� JHQLú� ELU� X\JXODPD�
DODQÕ� RODQ� QDQRWHNQRORML� |]HOOLNOH� NRPSR]LW�PDWHU\DOOHULQ�
JHOLúWLULOPHVLQGH� |]HO� ELU� |QHPH� VDKLSWLU��2UJDQLN� \DSÕ\D�
LQRUJDQLN� \DSÕODU� HNOHQHUHN� ROXúWXUXODQ� KLEULW� YH� PLNUR�
KLEULW�NRPSR]LWOHUGH�LQRUJDQLN�SDUWLN�O�ER\XWODUÕ���������P�
DUDVÕQGD�GH÷LúLUNHQ��QDQRVHUDPLN�\DSÕODU��±�����P�ER\XW�
ODUÕQGD�LQRUJDQLN�SDUWLN�OOHU�LoHUPHNWHGLU������

5HoLQH� QDQRVHUDPLN� PDWHU\DOOHU�� HNOHPHOL� � YH� HNVLOWPH�
OL� ROPDN� �]HUH� LNL� IDUNOÕ� �UHWLP� WHNQRORMLVL\OH� úHNLOOHQGL��
ULOHELOPHNWHGLU�� (NOHPHOL� �UHWLP� WHNQRORMLVLQLQ� HQ� E�\�N�
DYDQWDMÕ��NDUPDúÕN�JHRPHWULOHULQ�KÕ]OÕ�YH�NLúL\H�|]HO�RODUDN�
�UHWLOHELOPHVL� YH� PDO]HPH� ND\EÕQÕQ� PLQLPXPGD� WXWXO�
PDVÕGÕU��'L÷HU�WDUDIWDQ��HNVLOWPHOL��UHWLP��GDKD�JHOHQHNVHO�
ELU� WHNQLNWLU� YH� JHQHOOLNOH� IUH]HOHPH� JLEL�PHNDQLN� LúOHP�
OHUOH�\DSÕOÕU��%X�\|QWHPGH�� UHoLQH�QDQRVHUDPLN�EORNODUÕQ�
GDQ� LVWHQLOHQ� úHNLO�� WDVDUÕP�GR÷UXOWXVXQGD� EORNWDQ�PDGGH�
ND]ÕQDUDN�HOGH�HGLOLU��(NVLOWPHOL��UHWLP��GDKD�KDVVDV�LúoLOLN�
JHUHNWLUHQ� UHVWRUDV\RQODU� LoLQ� WHUFLK� HGLOHELOLU� DQFDN�PDO�
]HPH�ND\EÕ�GDKD�ID]ODGÕU��+HU�LNL�\|QWHP�GH�UHoLQH�QDQRVH�
UDPLNOHULQ�HVWHWLN�YH�PHNDQLN�|]HOOLNOHULQL�RSWLPL]H�HWPHN�
LoLQ�NXOODQÕOÕU��DQFDN�KHU�ELULQLQ�NHQGLQH�|]J��DYDQWDMODUÕ�YH�
VÕQÕUODPDODUÕ�EXOXQPDNWDGÕU������

*HQHO� RODUDN� PDWHU\DO� oHúLWOLOL÷L� ROGXNoD� ID]OD� ROPDNOD�
ELUOLNWH��EX�oDOÕúPDQÕQ�RGDNODQGÕ÷Õ��%�\D]ÕFÕ�WHNQRORMLVL\��
OH� �UHWLOHQ� QDQR� ER\XWOX� UHoLQH� QDQRVHUDPLN� PDWHU\DOOHU�
VÕQÕUOÕ�VD\ÕGDGÕU�

(NVLOWPH� \|QWHPL� LOH� úHNLOOHQGLULOHQ� UHoLQH�
nanoseramikler
Kimyasal özellikler 
(QG�VWUL\HO� NRúXOODUGD� \�NVHN� VÕFDNOÕN� YH� EDVÕQo� DOWÕQGD�
�UHWLOHQ�UHoLQH�QDQRVHUDPLN�EORNODUÕQ�\DSÕVÕQÕ�\DNODúÕN�����
RUDQÕQGD� LQRUJDQLN� ]LUNRQ\XP�� EDU\XP�� VLOLND� QDQR� SDU�
WLN�OOHUL�YH�����RUDQÕQGD�RUJDQLN�SROLPHU�PDWULNV�ROXúWXU�
PDNWDGÕU� ����� øQRUJDQLN� SDUWLN�OOHULQ� ���� QP
GHQ� N�o�N�
ER\XWODUGD�ROPDVÕ��LQRUJDQLN�PDWULNVLQ�\�]H\�DODQÕQÕQ�DUW�
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NRO�GLPHWDNULODW��7(*'0$����UHWDQ�GLPHWDNULODW��8'0$���

%LVIHQRO�$�GLJOLVLGLO�PHWDNULODW�HWRNVLODW�IHQLO�IRVIDW��%,6�
0(33���GLPHWDNULODW��'0$���YH�HWRNVLODW�ELVIHQRO�$�GLPH�
WDNULODW��%LV�(0$��JLEL�PDO]HPHQLQ�|]HOOLNOHULQL�HWNLOH\HQ�
IDUNOÕ�RUJDQLN�ELOHúHQOHU�LoHUPHNWHGLU�������7DEOR����

5HoLQH� QDQRVHUDPLNOHULQ� SROLPHU� PDWULNVLQGH� EXOXQDQ�
%LV�*0$�� \�NVHN� YLVNR]LWH\H� VDKLS� ELU� PRQRPHU� ROXS��
\�NVHN�PROHN�OHU� D÷ÕUOÕ÷Õ� QHGHQL\OH� \DSÕVDO� GD\DQÕNOÕOÕ÷Õ�
DUWWÕUPDNWDGÕU�� %X� |]HOOLN� D\QÕ� ]DPDQGD� \DSÕQÕQ� VHUWOLN�
GHUHFHVLQL� \�NVHOWWL÷L� LoLQ� ND]ÕPD� VDIKDVÕ� ]RUODúPDNWDGÕU��
'�ú�N�PROHN�OHU�D÷ÕUOÕ÷Õ�YH�G�ú�N�YLVNR]LWH�JLEL�|]HOOLNOHUH�
VDKLS�RODQ�7(*'0$�PRQRPHU�LOH�NRPELQH�NXOODQÕOGÕ÷ÕQ�
GD�EX�]RUOXN�RUWDGDQ�NDONPDNWDGÕU�������2UJDQLN�ELOHúHQH�
E�\�N�PROHN�OHU�KDFPLQH�UD÷PHQ�G�ú�N�YL]NR]LWH\H�VDKLS�
8'0$� PRQRPHULQLQ� NDWÕOGÕ÷Õ� EORNODUGD� LVH� \DSÕVÕQGDNL�
HVQHN�oDSUD]�ED÷ODU�VD\HVLQGH�PDO]HPHQLQ�GD\DQDNOÕOÕ÷ÕQÕ�
DUWWÕUÕU� � �������� �7DEOR� ���� %HQ]HU� úHNLOGH�� %LV�*0$� QÕQ�
\HULQH� NÕVPHQ� %LV�(0$� NXOODQÕOGÕ÷Õ� EORNODUGD� GD� G�ú�N��
YLVNR]LWHVLQH� UD÷PHQ�KLGURNVLO�JUXSODUÕ� LoHUPHPHVL�QHGH��
QL\OH�\�NVHN�PROHN�OHU�D÷ÕUOÕ÷D�VDKLS�EX�PDWHU\DO�\DSÕQÕQ�
HVQHNOL÷LQL�DUWWÕUÕU���������

øOHUOH\HQ�V�UHoWH�UHoLQH�QDQRVHUDPLNOHULQ�RUJDQLN�\DSÕVÕQD��
%,6�0(33�LOH�'0$�PRQRPHUOHUL�HNOHQHUHN�PDWHU\DO�PR��
GL¿\H�HGLOPLúWLU��%LV�0(33�PRQRPHULQLQ�KLGURNVLO�JUXSODUÕ�

LoHUPHPHVL�� \DSÕ\D� KLGURIRELN� |]HOOLN� ND]DQGÕUDUDN� PD�
WHU\DOLQ�UHQN�VWDELOLWHVLQL�DUWWÕUPDNWDGÕU�������'0$�PRQR�
PHUL�LVH���DGH]LY�VLVWHPOHUOH�KLGUROL]H�GLUHQoOL�GD\DQÕNOÕ�ELU�
NRSROLPHUL]DV\RQ� UHDNVL\RQX� ROXúWXUDUDN� PLNURVÕ]ÕQWÕQÕQ�
D]DOWÕOPDVÕQD�\DUGÕPFÕ�ROPDNWDGÕU������

Mekanik özellikler  
&$'�&$0� UHoLQH� QDQRVHUDPLN� PDWHU\DOOHULQ� HODVWLVLWH�
PRG�O���GHQWLQLQ�HODVWLVLWH�PRG�O��GH÷HUOHULQH��������*3D��
EHQ]HU�RODUDN�������*3D�DUDOÕ÷ÕQGD��E�N�OPH�GD\DQÕPÕ�LVH�
��������03D¶GÕU��&DP�VHUDPLNOHULQ� HODVWLVLWH�PRG�O�� LVH�
�������*3D�YH�E�N�OPH�GD\DQÕPÕ���������03D¶GÕU��7DEOR�
����%X�GH÷HUOHU�JHQHO�RODUDN�SROLPHU�LoHULNOL�\DSÕODUÕQ�VHUD�
PLNOHUH�NÕ\DVOD�\�NOHU�DOWÕQGD�GDKD�NROD\�HVQHPH�|]HOOL÷LQH�
VDKLS�ROGXNODUÕQÕ�J|VWHUPHNWHGLU��6HUDPLN�LVH�JHOHQ�\�NOHUL�
DEVRUEH� HGHFHN� úHNLOGH� GHIRUPH� ROPD� |]HOOL÷LQH� VDKLS�
GH÷LOGLU��'H÷HUOHU�J|]�|Q�QH�DOÕQGÕ÷ÕQGD�QDQRVHUDPLN�PD�
WHU\DOOHULQ� FDP� VHUDPLNOHUH� NÕ\DVOD� VWUHVL� � GDKD� KRPRMHQ�
GD÷ÕWÕS�GDKD�ID]OD�DEVRUEH�HGHELOHFH÷L�VRQXFXQD�YDUÕOPÕúWÕU�
��������

Tablo1. 5HoLQH�1DQRVHUDPLN�YH�3ROLPHU�øQ¿OWUH�6HUDPLN�&$'�&$0�0DWHU\DOOHUL

hUHWLFL�¿UPD�WDUDIÕQGDQ�EHOLUWLOPLú�GH÷HUOHUGLU��
�D÷ÕUOÕN��%LV�(0$��HWKR[\ODWH�ELVSKHQRO�$�GLPHWKDFU\ODWH��%LV�0(33������%LV���PHWKDFU\OR[\SRO\HWKR[\SKHQ\O�SURSDQH��
%LV*0$��ELVIHQRO�$�JO\VLGLO�PHWDNULODW���%8'0$������%XWDQHGLRO�'LPHWKDFU\ODWH���'0$��GLPHWKDFU\ODWH��8'0$��XUHWKDQH�GLPHWKDFU\ODWH���7(*'0$��WULHWK\OHQH�JO\FRO�
GLPHWKDFU\ODWH�
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6HUDPLN� JHQHO� RODUDN� EDVPD� GD\DQÕPÕ� \�NVHN� ELU� PD�
WHU\DOGLU�� &DP� VHUDPLNOHU� ��������0SD� EDVPD� GD\DQÕPÕ�
GH÷HUL\OH� NRPSR]LW� PDWHU\DOOHULQ� G�ú�N� EDVNÕ� GD\DQÕP�
GH÷HUOHULQH��VW�QO�N�VD÷ODPDNWDGÕUODU��$QFDN��\DSÕVDO�PR��
GL¿NDV\RQODUOD�UHoLQH�QDQRVHUDPLNOHULQ�EDVPD�GD\DQÕPODUÕ�
GD�\DNODúÕN���������03D�DUDVÕQD�\�NVHOWLOHUHN�FDP�VHUD�
PLNOHUH�EHQ]HU�ELU�VHYL\H\H�JHWLULOPLúWLU����������

5HoLQH� QDQRVHUDPLNOHU� \DNODúÕN� ������ 03D� oHNPH�
GD\DQÕPÕQD� VDKLS� ROXS�� LoHUGLNOHUL� LQRUJDQLN� QDQR� SDU�
WLN�OOHU� VWUHV�GD÷ÕOÕPÕQÕ�GDKD�KRPRMHQ�ELU�KDOH�JHWLULUNHQ��
RUJDQLN�SROLPHU�PDWULNV�LVH�oHNPH�\�NOHUL�DOWÕQGD�\DSÕQÕQ�
GDKD�HVQHN�ELU�|]HOOLN�J|VWHUPHVLQH�\DUGÕPFÕ�ROXU��6HUDPLN�
PDWHU\DOOHU�JHQHOOLNOH���������03D�DUDVÕQGD�GDKD�\�NVHN�
ELU� oHNPH� GD\DQÕPÕQD� VDKLS� ROPDODUÕQD� UD÷PHQ� NÕUÕOJDQ�
\DSÕODUÕ�QHGHQL\OH�oDWODPD�H÷LOLPL�J|VWHULUOHU���������

5HoLQH�QDQRVHUDPLNOHU��SROLPHU�PDWULNV�LoLQGH�J|P�OP�ú�
\DNODúÕN� ���� RUDQÕQGD� QDQR� ER\XWWD� VLOLND� YH� ]LUNRQ\D�
SDUWLN�OOHUL�LoHULU�������0DWULNV�LoLQH�J|P�O��LQRUJDQLN�SDU�
WLN�OOHULQ�]DPDQD�ED÷OÕ�DúÕQPDVÕ��\DSÕGD��SROLPHU�LQ¿OWUH�VH�
UDPLNOHUH�NÕ\DVOD�GDKD�ID]OD�KDFLP�ND\EÕ�ROXúPDVÕQD�QHGHQ�
ROPDNWDGÕU� ������ 6HUWOLN� GHUHFHOHUL� VHUDPLN� PDWHU\DOOHUH�
YH�SROLPHU� LQ¿OWUH� VHUDPLNOHUH�J|UH�GDKD�G�ú�N�ROPDVÕQD�
UD÷PHQ�� ]DPDQD� ED÷OÕ� RODUDN� PDWHU\DO� \�]H\LQGH� ROXúDQ�
DEUD]\RQ�� SDUWLN�OOHUL� G�]HQOL� YH� � N�UHVHO� ELU� IRUPD� VRN�
PDVÕ��\�]H\LQ�GDKD�S�U�]V�]�KDOH�JHOPHVLQH�YH�NDUúÕW�GLúWH�
DúÕQGÕUPD�PLNWDUÕQÕQ�D]DOPDVÕQD�QHGHQ�ROPDNWDGÕU������

Estetik özellikler
%LU� GHQWDO� PDWHU\DOLQ� HVWHWLN� |]HOOL÷LQL� HWNLOH\HQ� RSWLN�
GDYUDQÕúODUGD� URO� R\QD\DQ� IDNW|UOHU�� ELOHúLPLQGHNL� LQRU�
JDQLN�SDUWLN�O�ER\XWXQD�ED÷OÕ�RODUDN�ÕúÕN�JHoLúLQL�HWNLOH\HQ�
\DSÕVDO� |]HOOLNOHU� LOH�� \�]H\� SDUODNOÕ÷Õ� GHUHFHVL� YH� S�U��
]O�O�÷�� JLEL� \�]H\� |]HOOLNOHUL� RODUDN� |]HWOHQHELOLU� ������
+LEULW� PDWHU\DOOHULQ� ELOHúLPLQGHNL� RUJDQLN� YH� LQRUJDQLN�
\DSÕ�NRPELQDV\RQODUÕQGDNL�oHúLWOLOLN�QHGHQL\OH�KHU�PDWHU\D��
OLQ�HVWHWLN�|]HOOLNOHULQLQ�D\UÕ�GH÷HUOHQGLULOPHVL�JHUHNPHNOH�
ELUOLNWH��NDOÕQOÕN�YH�\�]H\�S�U�]O�O�÷�QH�J|UH� WUDQVO�VHQW�
OLN�GH�GH÷LúPHNWHGLU��2UJDQLN�PDWULNVWHQ� ÕúÕN�JHoLúL��RUJD��
QLN�LQRUJDQLN� \DSÕ� DUD\�]�QGH� RUWD\D� oÕNDQ� YH� EX� LNL�
\DSÕQÕQ�NÕUÕOPD�LQGHNVOHUL�DUDVÕQGDNL�IDUNOÕOÕNWDQ�HWNLOHQHQ�
oRN�ID]OD�VD\ÕGDNL�NÕUÕOPD�YH�\DQVÕPDODU�LOH�NDUDNWHUL]HGLU��

5HoLQH� QDQRVHUDPLNOHULQ� ÕúÕN� JHoLUJHQOL÷LQLQ� GHQWLQH� oRN�
EHQ]HU�RODUDN�����ROGX÷XQX�ELOGLULOPLúWLU����������5HoLQH�
QDQRVHUDPLNOHULQ� LQRUJDQLN� NÕVPÕQGD� EXOXQDQ� VLOLND� YH�
]LUNRQ\D�SDUWLN�OOHULQLQ�QDQR�ER\XWWD�ROPDVÕ��ÕúÕN�VDoÕOÕPÕQÕ�
D]DOWDUDN� ÕúÕN�JHoLUJHQOL÷LQL�YH�PDWHU\DOLQ� WUDQVO�VHQWOL÷L�
QL�DUWWÕUÕU��<DSÕODQ�oDOÕúPDODU����������SDUWLN�O�ER\XWODUÕQÕQ�
J|U�Q�U� ÕúÕ÷ÕQ�GDOJD�ER\XQGDQ�GDKD�N�o�N�ROGX÷XQGD�EX�
HWNLQLQ�EHOLUJLQOHúWL÷LQL�J|VWHUPHNWHGLU�

$\UÕFD�� ]LUNRQ\D� QDQRSDUWLN�OOHULQ�� DQWLPLNUREL\DO� |]HO�
OLNOHUL� YH� G�ú�N� VLWRWRNVLVLWHOHUL� LOH� EDNWHUL\HO� DGH]\RQX�
D]DOWDUDN� \�]H\� |]HOOLNOHULQL� L\LOHúWLUGL÷L� ELOGLULOPHNWHGLU�
����� %DNWHUL\HO� DGH]\RQXQXQ� HQJHOOHQPHVL�� PDWHU\DOLQ�
\�]H\LQGH� SODN� YH� EDNWHUL\HO� ELULNLQWLOHULQ� ROXúXPXQX� YH��
]DPDQD�ED÷OÕ� UHQN�GH÷LúLPL�JLEL� HVWHWLN� VRUXQODUÕ� RUWDGDQ�
NDOGÕUDUDN�QDQRVHUDPLNOHULQ�HVWHWLN�|]HOOLNOHULQLQ�X]XQ�V�UH�
NRUXQPDVÕQD� RODQDN� WDQÕU� �����<DSÕODQ� oDOÕúPDODU� RUJDQLN�
\DSÕVÕ� � KLGURIRELN� |]HOOLN� J|VWHUHQ�%LV�0(33�YH�8'0$�
PRQRPHUL�LoHUHQ�QDQRVHUDPLNOHULQ�UHQN�VWDELOLWHOHULQL�X]XQ�
YDGHGH�NRUXGX÷XQX�EHOLUWPHNWHGLU�������5HVLP����

Resim 1.5HoLQH�QDQRVHUDPLN�LOH��UHWLOPLú�RYHUOD\�UHVWRUDV\RQX��&HUDVPDUW��*&�&RU�
SRUDWLRQ���A: 3UHSDUH�HGLOPLú�GLú��B: 5HVWRUDV\RQXQ�D÷Õ]�LoL�J|U�Q�P����C:�5HVWRUD�
V\RQXQ�Lo�\�]H\�J|U�QW�V��D: 5HVWRUDV\RQXQ�ELWLP�KDOL

(NOHPH�\|QWHPL�LOH�úHNLOOHQGLULOHQ�UHoLQH�
nanoseramikler
(NOHPHOL� �UHWLP� WHNQRORMLVL\OH� �UHWLOHQ� UHoLQH� QDQRVHUD�
PLN�PDWHU\DOOHU��KLEULW�EORNODUGDQ�IDUNOÕ�RODUDN��OLNLG�IRUP�
GD�ROXS���%�\D]ÕFÕODU�LoLQ�RULMLQDO�úLúHOHULQGH��SDNHWOHQPLú�
úHNLOGH�SL\DVD\D�VXQXOPDNWDGÕU����������7DEOR�����

Tablo 2.���%�\D]ÕFÕ�WHNQRORMLVL�LOH��UHWLOHQ�UHoLQH�QDQRVHUDPLN�PDWHU\DOOHU�

%X�GH÷HUOHU��UHWLFL�¿UPDGDQ�DOÕQDQ�ELOJLOHUGLU��(0��(ODVWLVLWH�PRG�O�����%D'��%DVPD�'D\DQÕPÕ���%'�%�N�OPH�'D\DQÕPÕ
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%X��UHWLP�WHNQL÷LQGH��PDO]HPH�NDWPDQ�NDWPDQ�HNOHQHUHN�
úHNLOOHQGLULOLU� YH� KHU� ELU� NDWPDQ� JHQHOOLNOH� ÕúÕNOD� SROLPH��
UL]DV\RQ�\|QWHPL\OH�VHUWOHúWLULOLU��%X��UHWLP�WHNQL÷L�EDúOÕFD�
VWHUHROLWRJUD¿��6/$��YH�GLMLWDO�ÕúÕN�LúOHPH��'/3��JLEL�WHN��
QRORMLOHUOH� JHUoHNOHúWLULOLU�� 6/$� \|QWHPLQGH�� XOWUDYL\ROH�
ÕúÕNOD�VHUWOHúHQ�ELU�PDWHU\DO��LQFH�WDEDNDODU�KDOLQGH��VW��VWH�
\Õ÷ÕOÕU�YH�EX�úHNLOGH�NDWÕ�REMHOHU�ROXúWXUXOXU��'/3�WHNQROR�
MLVLQGH�LVH�EHQ]HU�ELU�SUHQVLSOH�oDOÕúPDNOD�ELUOLNWH��ÕúÕN�ND\�
QD÷Õ�RODUDN�OD]HU�\HULQH�J|U�Q�U�ÕúÕN�NXOODQÕOÕU������

Kimyasal özellikler 
<DSÕODQ�oDOÕúPDODU��NLP\DVDO�LoHUL÷L��UHWLFL�¿UPD�WDUDIÕQGDQ�
WDP�RODUDN�DoÕNODQPD\DQ�EX�PDWHU\DOOHULQ��RUJDQLN�LoHUL÷L�
QLQ�PHWDNULODW�ED]OÕ�UHoLQH�ROGX÷XQX�YH�%LV�*0$��7(*'�
0$��PRQRPHUOHULQL��LoHUGL÷LQL�J|VWHUPHNWHGLU������

Mekanik özellikler  
�%�\D]ÕFÕ��UHWLP�WHNQRORMLVL��LOH�HOGH�HGLOHQ�EX�PDWHU\DOOHU��
ND]ÕPD�\|QWHPL� LOH��UHWLOHQ�EORNODUGDQ� IDUNOÕ�RODUDN�GDKD�
G�ú�N�HODVWLVLWH�PRG�O��GH÷HULQH����������*3D��VDKLSWLUOHU�
�7DEOR�����$\UÕFD��E�N�OPH�GD\DQÕPODUÕ����� LOD�����03D�
DUDVÕQGD� GH÷LúPHNWHGLU� �7DEOR� ���� �%� \D]ÕFÕODUOD� �UHWLOHQ�
UHVWRUDWLI� PDWHU\DOOHULQ� PLQH� DúÕQGÕUÕFÕOÕ÷Õ� YH� PHNDQLN�
GD\DQÕPÕQÕ� GH÷HUOHQGLUHQ� ELU� oDOÕúPDGD�� EX�PDWHU\DOOHULQ�
NÕUÕOPD�GD\DQÕPÕQÕQ�FDP�VHUDPLNOHUOH�EHQ]HU�ROGX÷X��DQ�
FDN�NDUúÕW�PLQH�\�]H\LQGH�GDKD�D]�DúÕQPD\D�QHGHQ�ROGX÷X�
ELOGLULOPLúWLU�� %X� GXUXP�� �%� \D]ÕFÕ� PDWHU\DOOHULQLQ� GDKD�
G�ú�N�HODVWLVLWH�PRG�O��YH�V�UW�QPH�NDWVD\ÕVÕQD�VDKLS�RO�
PDODUÕ� QHGHQL\OH� \�]H\GH�GDKD� D]�PHNDQLN�KDVDUD�QHGHQ�
ROPDVÕ\OD�DoÕNODQPDNWDGÕU������

�%�\D]ÕFÕ�WHNQRORMLVL\OH��UHWLOHQ�KLEULW�VHUDPLN�PDWHU\DOOHU�
LQ�NLP\DVDO�ELOHúLPL�úLPGL\H�NDGDU�DoÕN�úHNLOGH�WDQÕPODQ�
PDPÕú�ROPDNOD�EHUDEHU��LoHULN�NRPSR]LV\RQXQXQ�PHND��QLN�
|]HOOLNOHUL�HWNLOHGL÷L�ELOGLULOPLúWLU����������3DUN�YH�DUN������ 
PDO]HPHQLQ� GROJX� PDWHU\DOL� LoHUL÷LQLQ� \DQÕ� VÕUD� LoHUGL÷L�
UHoLQHQLQ�WLSLQLQ�GH�E�N�OPH�GD\DQÕPÕ��]HULQGH�HWNLVL�RO��
GX÷XQX�YH�EX�DQODPGD�8'0$�LoHULNOL��%�\D]ÕFÕ�WHNQROR�
MLVL\OH��UHWLOHQ�KLEULW�PDWHU\DOOHULQ�E�N�OPH�GD\DQÕPODUÕQÕQ�
YH�HODVWLVLWH�PRG�O��GH÷HUOHULQLQ�GDKD�\�NVHN�ROGX÷XQX�EH�
OLUWPLúOHUGLU��%XQXQOD�ELUOLNWH�\DSÕODQ�oDOÕúPDODU����������EX�
PDWHU\DOOHULQ� LoHUGL÷L� GROJX� SDUWLN�O� \�]GHVL� LOH� E�N�OPH�
GD\DQÕPÕ��PLNURVHUWOLN�YH�DúÕQPD�GD\DQÕPÕ�DUDVÕQGD�SR]LWLI�
OLQHHU�ELU�LOLúNL�ROGX÷XQX�J|VWHUPLúWLU��%XQD�J|UH��%�\D]ÕFÕ�
WHNQRORMLVL\OH��UHWLOHQ�KLEULW�VHUDPLN�PDWHU\DOOHU��HNVLOWPH�
\|QWHPL�\D�GD�JHOHQHNVHO�\|QWHPOHUOH�úHNLOOHQGLULOHQ�UHoLQH�
QDQRVHUDPLN��NRPSR]LW�\D�GD�VHUDPLN�PDWHU\DOOHUH�NÕ\DVOD�
GDKD�G�ú�N� HODVWLVLWH�PRG�O��� E�NPH�GD\DQÕPÕ�YH� VHUWOLN�
GH÷HUOHULQH� VDKLS� ROVDODU� GD� NÕUÕOJDQ� ROPD\DQ� SODVWLN� ELU�
GDYUDQÕú�J|VWHUPHNWHGLUOHU����������

�%� \D]ÕFÕ� WHNQRORMLVL\OH� �UHWLOHQ� KLEULW� VHUDPLN� PDWHU��
\DOOHULQ�� PHNDQLN� GD\DQÕP� DoÕVÕQGDQ�� HNVLOWPH� \|QWHPL�
LOH� úHNLOOHQGLULOHQ� UHoLQH� QDQRVHUDPLN� PDWHU\DOOHU� LOH�
NDUúÕODúWÕUÕOGÕ÷Õ�ELU�oDOÕúPDGD��W�P�PDWHU\DOOHULQ��PLQLPDO�
NDOÕQOÕNODUGD��EHQ]HU�NÕUÕOPD�GD\DQÕPÕ�GH÷HUOHUL��J|VWHUGL÷L�
YH�EX�VRQXFD�GD\DQDUDN���%�\D]ÕFÕ� WHNQRORMLVL\OH��UHWLOHQ�
KLEULW�VHUDPLN�PDWHU\DOOHULQ�PLQLPDO� LQYD]LY�UHVWRUDV\RQ�

ODUGD�PHNDQLN� GD\DQÕP� DoÕVÕQGDQ� \HWHUOL� SHUIRUPDQV� VHU�
JLOH\HELOHFH÷L�ELOGLULOPLúWLU�������

hUHWLP� WHNQRORMLVLQGH� NXOODQÕODQ� NDWPDQ�NDOÕQOÕ÷Õ� YH� �UH�
WLP� DoÕVÕ� GD�� EX�PDWHU\DOOHULQ� oHNPH�YH� EDVPD�GD\DQÕPÕ�
�]HULQGH�EHOLUOH\LFL� URO� R\QDPDNWDGÕU��<DSÕODQ� oDOÕúPDODU�
GD� ��������������PP�NDWPDQ�NDOÕQOÕ÷Õ�YH����EDVNÕ�DoÕVÕ\�
OD� �UHWLOHQ� \DSÕODUGD� GDKD� \�NVHN� oHNPH� GD\DQÕPÕ� HOGH�
HGLOGL÷L������EDVNÕ�DoÕVÕQGD� LVH�EDVPD�GD\DQÕPÕQÕQ�DUWWÕ÷Õ�
ELOGLULOPLúWLU��$\UÕFD��HODVWLVLWH�PRG�O��GH÷HULQLQ�LQFH�NDW�
PDQ�YH� ���� EDVNÕ� DoÕVÕ� NRPELQDV\RQODUÕQGD� GDKD� \�NVHN�
GH÷HUOHUH�XODúWÕ÷Õ�EHOLUWLOPLúWLU��%X�EXOJXODU���UHWLP�VÕUDVÕQ�
GD� EHOLUOHQHQ� �UHWLP� SDUDPHWUHOHULQLQ�� PDO]HPHQLQ� VWUHV�
DOWÕQGDNL�GDYUDQÕúÕQÕ�GR÷UXGDQ�HWNLOHGL÷LQL�RUWD\D�NR\PDN�
WDGÕU�� 'ROD\ÕVÕ\OD�� �UHWLP� SDUDPHWUHOHULQLQ� GR÷UX� VHoLPL��
UHVWR�� UDV\RQODUÕQ�X]XQ�G|QHP�EDúDUÕVÕQÕ�EHOLUOH\HQ�NULWLN�
ELU�IDNW|U�RODUDN�GH÷HUOHQGLULOPHNWHGLU������

Estetik özellikler
�%� \D]ÕFÕODUOD� �UHWLOHQ� UHoLQH� HVDVOÕ� PDWHU\DOOHU� RSWLN�
DoÕGDQ�LQFHOHQGL÷LQGH��EX�PDWHU\DOOHULQ�ND]ÕPD�\|QWHPL\��
OH� �UHWLOHQ� PDWHU\DOOHUH� NÕ\DVOD� ]DPDQOD� GDKD� ID]OD� UHQN�
GH÷LúLPL� J|VWHUHELOGL÷L� EHOLUWLOPLúWLU�� %X� GXUXP�� G�ú�N�
LQRUJDQLN� GROGXUXFX� LoHUL÷L� YH� NDWPDQOÕ� �UHWLP� V�UHFLQH�
ED÷OÕ�RODUDN�\�]H\GH�UHoLQH�NDOÕQWÕODUÕQÕQ�NDOPD�RODVÕOÕ÷Õ�
LOH�LOLúNLOHQGLULOPHNWHGLU������

%X�ED÷ODPGD��HVWHWLN�EDúDUÕ\Õ�HWNLOH\HQ�HQ�|QHPOL� IDNW|U��
OHUGHQ�ELUL�RODQ�\�]H\�S�U�]O�O�÷���|]HOOLNOH��%�\D]ÕFÕODUOD�
�UHWLOHQ� KLEULW� VHUDPLN�PDWHU\DOOHUGH� GLNNDWOH� GH÷HUOHQGL�
ULOPHOLGLU�� �%� \D]ÕFÕODU� LOH� �UHWLOHQ� KLEULW� VHUDPLN� PDWHU��
\DOOHUGH���UHWLP�V�UHFLQH�ED÷OÕ�RODUDN�\�]H\GH�PLNURVNRELN�
G�]HQVL]OLNOHU�YH� UHoLQH� ID]ÕQD�DLW�NDOÕQWÕODU�NDODELOPHNWH��
EX� GXUXP� ]DPDQOD� UHQN� GH÷LúLPL�� \�]H\� SDUODNOÕN� ND\�
EÕ�YH�EDNWHUL�SOD÷Õ�ELULNLPL�JLEL�NOLQLN�DoÕGDQ� LVWHQPH\HQ�
HWNLOHUH� QHGHQ� RODELOPHNWHGLU�� hUHWLP� VRQUDVÕ� \DSÕODFDN�
PHNDQLN�FLODPD�LúOHPOHUL���EX�S�U�]O�O�÷��DQODPOÕ�G�]H\�
GH�D]DOWDUDN�GDKD�KRPRMHQ�\�]H\OHU�ROXúPDVÕQÕ�VD÷ODPDN�
WD�� UHQN�VWDELOLWHVLQL� L\LOHúWLUPHNWH�YH�X]XQ�G|QHP�HVWHWLN�
EDúDUÕ� DoÕVÕQGDQ�DYDQWDM� VD÷ODPDNWDGÕU� ������%XQXQOD�ELU�
OLNWH�� \�]H\� NDOLWHVLQL� DUWÕUPDN� DPDFÕ\OD� ÕúÕNOD� VHUWOHúHQ�
\�]H\�NDSODPD�DMDQODUÕ�GD�NXOODQÕODELOPHNWHGLU��%X�DPDoOD��
PHWLO�PHWDNULODW� �00$��ED]OÕ�RUJDQLN�PDWULV� LoLQGH�QDQR�
ER\XWOX� VLOLND� �6L22�� SDUWLN�OOHUL� LoHUHQ� NDSODPD� DMDQODUÕ�
�*&�&RUSRUDWLRQ��7RN\R��-DSRQ\D��WHUFLK�HGLOHELOPHNWHGLU�
������%X� LoHULN�VD\HVLQGH� UHVWRUDV\RQ�\�]H\LQGHNL�PLNUR�
SRUODU� GROGXUXODUDN�S�U�]O�O�N� D]DOWÕOPDNWD�� ÕúÕN� GD÷ÕOÕPÕ�
RSWLPL]H�HGLOPHNWH�YH�HVWHWLN�J|U�Q�P�L\LOHúWLULOPHNWHGLU��
<DSÕODQ� ELU� oDOÕúPDGD�� �%� \D]ÕFÕ� WHNQRORMLVL� LOH� �UHWLOHQ�
UHVWRUDV�� \RQODUGD�� 2SWLJOD]H� X\JXODPDVÕ� VRQUDVÕ� \�]H\�
S�U�]O�O�÷�Q�Q�D]DOGÕ÷Õ�YH�UHQN�GH÷LúLPLQLQ�NOLQLN�NDEXO�
HGLOHELOLU�VÕQÕUODUÕ�LoLQGH�NDOGÕ÷Õ�ELOGLULOPLúWLU��$\UÕFD��EDN�
WHUL� SOD÷Õ� WXWXOXPXQX� D]DOWDELOHFH÷L� YH� EL\RORMLN� X\XPX�
GHVWHNOH\HELOHFH÷L� GH� LID�� GH� HGLOPHNWHGLU� ������ <DSÕODQ�
ELU� oDOÕúPD�� EX� X\JXODPDQÕQ� UHVWRUDV\RQXQ� \�]H\� S�U��
]O�O�÷�Q��D]DOWWÕ÷Õ�GR÷UXODQPDNOD�ELUOLNWH��PHNDQLN�FLODOD�
PD\D�NÕ\DVOD�GDKD�ID]OD�UHQN�GH÷LúLPLQH�QHGHQ�RODELOHFH÷LQL�
YH�X\JXODPD�VRQUDVÕQGD�\�]H\GH�ROXúDQ�PLNURVNRELN�KDYD�



$NG�'Lú�+HN����������0D]ORXPLQLD�(�YH�DUN�

���

NDEDUFÕNODUÕ� QHGHQL\OH� \�]H\� KRPRMHQOL÷LQLQ� D]DODEL�
OHFH÷LQL�ELOGLUPLúWLU�������

3ROLPHU�Õࡆ Q¿OWUH�VHUDPLNOHU�
3ROLPHU�LQ¿OWUH�VHUDPLN�PDWHU\DOOHU��ELUL�LQRUJDQLN�VHUDPLN�
D÷�\DSÕ�GL÷HUL�RUJDQLN�SROLPHU�PDWULNV�ROPDN��]HUH� Lo� LoH�
JHoPLú�LNLOL�ELU�\DSÕ\OD�NDUDNWHUL]H�PDWHU\DOOHU�RODUDN�WDQÕP�
ODQDELOLUOHU��6HUDPLN�SDUWLN�OOHU��EDúODQJÕoWD�����RUDQÕQGD�
NULVWDOL]H�HGLOGLNWHQ�VRQUD��NÕVPHQ�NULVWDOL]H�S|U|]�VHUDPLN�
DOW\DSÕ� LoLQH� LQ¿OWUH�HGLOHQ�PRQRPHU� � UHoLQHQLQ� ÕúÕNOD�SR�
OLPHUL]DV\RQX�LOH�KLEULW�ELU�\DSÕ�HOGH�HGLOPLú�ROXU������

Kimyasal özellikler
øON�SROLPHU�LQ¿OWUH�KLEULW�VHUDPLN�EORNODUÕ�&$'�&$0�PD�
WHU\DOL�RODUDN�9LWD�=DKQIDEULN�¿UPDVÕ�WDUDIÕQGDQ�WDQÕWÕOPÕúWÕU�
�7DEOR���� ������$÷ÕUOÕN�RODUDN�PDWHU\DOLQ����
�Q��NDSVD��
\DQ�SROLPHU�D÷ÕQÕQ�ELOHúLPL�8'0$�YH�7(*'0$�PRQR�
PHUL�LNHQ������RUDQÕQGDNL�LQRUJDQLN�\DSÕ�DO�PLQ\XP�RNVL�
WOH�J�oOHQGLULOPLú�IHOGVSDWLN�VHUDPLNWHQ�ROXúPDNWDGÕU������
�����øNL�ID]OÕ�ELU�\DSÕ\D�VDKLS�ROPDVÕ�QHGHQL\OH�PDO]HPHQLQ�
J|]HQHN�ER\XWX�GD÷ÕOÕPÕQD�ED÷OÕ�RODUDN�JHoLUJHQOLN�ND]DQ�
PDVÕQÕQ� ¿]LNVHO� GH÷LúLPH� X÷UDPDVÕQD� QHGHQ� RODELOHFH÷L�
G�ú�Q�OHUHN��LOHUOH\HQ�G|QHPGH�KLEULW�PDWHU\DO�\DSÕVÕ�����
RUDQÕQGD� LQRUJDQLN�VLOLNDW�FDP�GROGXUXFX�YH�����RUDQÕQ�
GD� oDSUD]� ED÷OÕ� SROLPHUGHQ� ROXúDFDN� úHNLOGH� PRGL¿\H�
HGLOPLúWLU��$\UÕFD��RUJDQLN�LoHUL÷H�HVWHWLN�|]HOOLNOHUL�PRGL�
¿\H�HGHQ�����E�WDQGLRO�GLPHWDNULODW��%8'0$��PRQRPHUL�
HNOHQPLúWLU�������2UJDQLN�PDWULNV�RUDQÕQÕQ�\�NVHN�ROPDVÕ��
UHoLQH� VLPDQ� LOH� NLP\DVDO� NRSROLPHUL]DV\RQ� NDSDVLWHVL�
QLQ� \�NVHOPHVLQH�YH� D\UÕFD�8'0$
ÕQ� �UHWDQ�JUXSODUÕQÕQ��
���PHWDNULRORORNVLGHVLO�GLKLGURMHQ�IRVIDW��0'3��LoHULNOL�VL�
PDQ�PDWHU\DOLQLQ��UHWDQ�JUXSODUÕ�LOH�ED÷ODQWÕ�VD÷ODQPDVÕQD�
\DUGÕPFÕ�ROPDNWDGÕU������

Mekanik özellikler
3ROLPHU�LQ¿OWUH�VHUDPLN�PDWHU\DOOHU��WDP�VHUDPLNOHUH�NÕ\DV�
OD�\DSÕVDO�RODUDN�NÕUÕOJDQOÕN�YH�VHUWOLN�GH÷HUOHULQGH�D]DOPD�
J|VWHUPHNOH�ELUOLNWH�HVQHNOLN�YH�NROD\�LúOHQHELOLUOLN�\|Q�Q�
GHQ�WDP�VHUDPLNOHUGHQ�GDKD�ROXPOX�GH÷HUOHUH�VDKLSWLU��3R�
OLPHU� LQ¿OWUH� VHUDPLN� \DSÕQÕQ� E�N�OPH� GLUHQFL� ���������
03D�� YH� HODVWLVLWH�PRG�O�� �������*3D�� ROXS�� GLú�PLQHVL�
YH�GHQWLQLQ�LOJLOL�GH÷HUOHULQH�ROGXNoD�\DNÕQ�|]HOOLNOHU�J|V�
WHUPHVL��\�NOHPH�VÕUDVÕQGD�ROXúDQ�VWUHVLQ�KRPRMHQ�úHNLOGH�
GD÷ÕOPDVÕQD�RODQDN�VD÷ODU������

%DVPD�GD\DQÕPÕQÕQ� � ��������03D� DUDOÕ÷ÕQGD� ROPDVÕ� QH��
GHQL\OH�EDVNÕ�NXYYHWOHULQH�\�NVHN�GLUHQoOL�ELU�PDWHU\DOGLU�
������ dDWODN� LOHUOHPHVL� VHUDPLN� D÷� \DSÕ� LoHULVLQH� LQ¿OWUH�
HGLOPLú� SROLPHUOHU� WDUDIÕQGDQ� HQJHOOHQGL÷L� LoLQ� NÕUÕOPD�
GD\DQÕPÕ�WDP�VHUDPLNOHUH�J|UH�GDKD�\�NVHNWLU���0DWHU\DO�
GH�PH\GDQD�JHOHQ�oDWODN��WDUDPDOÕ�HOHNWURQ�PLNURVNREX�LOH�
LQFHOHQGL÷LQGH��oDWOD÷ÕQ�SROLPHU�VHUDPLN�DUD�\�]�QGH�\|Q�
GH÷LúWLUHUHN�GXUGX÷X�J|]OHQPLúWLU��*HOHQHNVHO�&$'�&$0�
PDWHU\DOOHULQH�NÕ\DVOD�GDKD�G�ú�N�VHUWOL÷H�VDKLS�ROPDODUÕ��
GDKD�KÕ]OÕ�IUH]HOHQPHOHULQL�VD÷ODPDNWDGÕU������

6HUWOLN� DoÕVÕQGDQ� VHUDPLNOHU� LOH� UHoLQHOHU� DUDVÕQGD� ELU�
NRQXPGD�\HU�DODQ�SROLPHU�LQ¿OWUH�VHUDPLNOHU��D\QÕ�]DPDQ�
GD� GD� oDWODN� ROXúXPXQX� |QOH\HQ� SROLPHU� \DSÕ� VD\HVLQGH�
\�NVHN�E�N�OPH�GLUHQFLQH��VDKLSWLU��9LFNHUV�VHUWOLN�GH÷HUL�
PLQH�YH�GHQWLQ�DUDVÕQGD�VH\UHGHU���������%XQXQOD�ELUOLNWH��
SROLPHU� PDWULNVLQ� GDKD� G�ú�N� VHUWOLN� GH÷HULQH� VDKLS� RO�
PDVÕ��|]HOOLNOH�IÕUoDODPD�VÕUDVÕQGD�RUJDQLN�PDWULNVLQ�GDKD�
KÕ]OÕ�DúÕQPDVÕQD�YH�\�]H\GH�PLNUR�ROXNODU�ROXúPDVÕQD�\RO�
DoDELOPHNWHGLU� ������ $QFDN�� VHUDPLN� D÷� \DSÕ� VD\HVLQGH�
]DPDQ�LoHULVLQGH�GDKD�D]�KDFLP�ND\EÕQD�X÷UD\DQ��DúÕQPD�
\D� GDKD� GLUHQoOL� ELU� GDYUDQÕú� J|VWHULUOHU� ������%X� NRQXGD�
QHW�ELU�VRQXFD�YDUÕODPDPÕú�ROPDNOD�EHUDEHU��SROLPHU�LQ¿OW��
UH� VHUDPLN� \DSÕQÕQ� UHoLQH� QDQRVHUDPLNOHUH� NÕ\DVOD� NDUúÕW�
GLúOHUGH�GDKD� ID]OD�DúÕQPD\D�QHGHQ�ROGX÷X�YH�EX�DúÕQPD�
PRGHOLQLQ�PLQH\H�EHQ]HU�ROGX÷X�EHOLUWLOPHNWHGLU���������

Estetik
3ROLPHU� LQ¿OWUH� VHUDPLNOHU�� HVWHWLN� YH� UHQN� |]HOOLNOHUL�
EDNÕPÕQGDQ� LoHULNOHULQH� ED÷OÕ� RODUDN� EHOLUJLQ� IDUNOÕOÕNODU�
J|VWHUPHNWHGLU��%X�IDUNOÕOÕNODU��SROLPHU�LQ¿OWUH�VHUDPLNOHULQ�
NHQGL� ELOHúLPLQGHNL� LoHULN� GH÷LúLNOLNOHULQGHQ� ND\QDNODQ�
PDNWD�ROXS��WUDQVO�VHQWOLN�SDUDPHWUHOHULQGH�IDUNOÕ�GH÷HUOHUH�
\RO� DoPDNWDGÕU�� 3ROLPHU� LQ¿OWUH�PDWHU\DOLQ� ÕúÕN� JHoLUJHQ�
OL÷LQL�DUDúWÕUDQ�ELU�oDOÕúPDGD��LQRUJDQLN�\DSÕVÕQGD�EXOXQDQ�
\�NVHN�$O22�� LoHUL÷LQH� ED÷OÕ� RODUDN� � ÕúÕN� JHoLUJHQOL÷LQLQ�
GL÷HU� QDQRVHUDPLN� EORNODU� YH� FDP� VHUDPLNOHUGHQ� � GDKD�
G�ú�N�ROGX÷XQX�ELOGLUPLúWLU�������7DEOR�����5HVLP����

Resim 2. 3ROLPHU� LQ¿OWUH� VHUDPLN� EORNWDQ� �UHWLOPLú� RQOD\� UHVWRUDV\RQX�
�9LWD�(QDPLF��9,7$�=DKQIDEULN��

3ROLPHU� LQ¿OWUH� VHUDPLNOHUGH� RUJDQLN� PDWULNVWH� %8'0$�
PRQRPHULQLQ�NXOODQÕOGÕ÷Õ�EORNODUÕQ�UHQN�VWDELOLWHVL��%8'�
0$¶QÕQ�\�NVHN�KLGURIRELN�|]HOOL÷L� YH� G�ú�N� VÕYÕ� DEVRUE�
VL\RQX� VD\HVLQGH� DUWPDNWDGÕU� ��������� %8'0$�� oDSUD]�
ED÷ODQWÕ�VD÷OD\DQ�ELU�PRQRPHU�RODUDN��VHUDPLN�D÷�\DSÕVÕQÕQ�
J|]HQHN� ER\XWX� YH� GD÷ÕOÕPÕQÕ� ROXPOX� \|QGH� HWNLOH\HUHN��
VÕYÕ�JHoLUJHQOL÷LQL�D]DOWÕU�������
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5HoLQH� QDQRVHUDPLN� YH� SROLPHU� Õࡆ Q¿OWUH� VHUD-
mik materyallerin simantasyon protokolü
øQGLUHNW� UHVWRUDV\RQODUGD� DGH]LY� VLPDQWDV\RQ��
PLNURVÕ]ÕQWÕQÕQ�|QOHQPHVL��PDUMLQDO�DGDSWDV\RQXQ�VD÷ODQ�
PDVÕ� YH� UHVWRUDV\RQXQ� X]XQ� |P�UO�� ROPDVÕ� DoÕVÕQGDQ� RO��
GXNoD� |QHPOLGLU�� .XOODQÕODQ�PDWHU\DOOHULQ� LoHUL÷LQH� ED÷OÕ�
RODUDN�GR÷UX�VLPDQWDV\RQ�SURVHG�UOHULQL�X\JXODPDN��HWNLQ�
ELU� ED÷ODQWÕ� VD÷ODPDN�DoÕVÕQGDQ�E�\�N�|QHP� WDúÕU��&$'�
&$0�PDWHU\DOOHULQGHNL�LoHULN�oHúLWOLOL÷L�IDUNOÕ�VLPDQWDV\RQ�
SURWRNROOHULQLQ�X\JXODQPDVÕQÕ�JHUHNWLUPHNWHGLU������

$GH]LY�VLPDQWDV\RQ�SURWRNRO�QGH��VLPDQ�LOH�SURWHWLN�PD�
WHU\DO�DUDVÕQGD�HWNLOL�ELU�DGH]\RQ�ROXúWXUDELOPHN�LoLQ�\�]H\�
S�U�]O�O�÷�Q�Q� DUWWÕUÕOPDVÕ� JHUHNPHNWHGLU�� %X� LúOHP�� KHP�
\�]H\� HQHUMLVLQLQ� KHP� GH� \�]H\� DODQÕQÕQ� DUWPDVÕQÕ� VD÷OD�

\DUDN� ROXúDFDN� DGH]\RQXQ� HWNLQOL÷LQL� DUWÕUÕU�� +HP� RUJDQLN�
KHP�GH�LQRUJDQLN�ELOHúHQOHU�LoHUHQ�KLEULW�PDWHU\DOOHULQ�\�]H\�
S�U�]OHQGLUPH�LúOHPOHUL��LoHUGLNOHUL�LQRUJDQLN�\DSÕ\D�ED÷OÕ�
RODUDN�GH÷LúNHQOLN�J|VWHULU������

2NVLW� VHUDPLNOHU� �]LUNRQ\D� YH� DO�PLQD��� NLP\DVDO� RODUDN�
LQHUW�ELU�\DSÕ\D�VDKLS�ROGXNODUÕ�LoLQ�DVLWOHUH�NDUúÕ�GLUHQoOLGLU�
YH� EX� QHGHQOH� DVLWOHPH� LúOHPL\OH� \�]H\LQ� S�U�]OHQGLULOH�
ELOPHVL� P�PN�Q� GH÷LOGLU�� %X� W�U� PDWHU\DOOHUGH� \�]H\�
LúOHPOHUL� JHQHOOLNOH� NXPODPD� JLEL� PHNDQLN� \|QWHPOHUOH�
JHUoHNOHúWLULOLU��%XQD�NDUúÕOÕN��FDP�VHUDPLNOHU�YH�\DSÕVÕQGD�
VLOLND� LoHUHQ�KLEULW�EORNODU��KLGURÀRULN�DVLW� LOH�S�U�]OHQGL�
ULOHELOLU�� 3�U�]OHQGLUPH� LúOHPL�� VLPDQODUOD� PLNURPHNDQLN�
YH�NLP\DVDO�ED÷ODQPD\Õ�J�oOHQGLUPHN�LoLQ�|QHULOPHNWHGLU�
������7DEOR�����

Tablo 3. 5HoLQH�QDQRVHUDPLN�YH�SROLPHU�LQ¿OWUH�VHUDPLN�&$'�&$0�PDWHU\DOOHULQLQ�PHNDQLN�YH�VLPDQWDV\RQ�|]HOOLNOHUL

%X�GH÷HUOHU��UHWLFL�¿UPDGDQ�DOÕQDQ�ELOJLOHUGLU���(0��(ODVWLVLWH�PRG�O�����%D'��%DVPD�'D\DQÕPÕ���%'�%�N�OPH�'D\DQÕPÕ
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0HWDO� RNVLW� LoHULNOL� UHoLQH� QDQRVHUDPLNOHUGH� �UHWLFL� ¿U�
PDQÕQ� |QHUGL÷L� NXPODPD� LúOHPL� JHQHOOLNOH� ��� ȝP¶OLN�
$O22��SDUWLN�OOHUL�NXOODQÕODUDN�KDYD�S�VN�UWPH�\|QWHPL\OH�
JHUoHNOHúWLULOLU��%X�LúOHP��UHVWRUDV\RQXQ�\�]H\LQGH�VDGHFH�
PLNURPHNDQLN�ED÷ODQWÕ\Õ�DUWWÕUPDGD�HWNLOLGLU� ������$QFDN��
IDUNOÕ�WHNQLNOHUOH�\DSÕODFDN�\�]H\�LúOHPOHUL�KHP�PHNDQLN�YH�
KHP�GH�NLP\DVDO�ED÷ODQWÕ� VD÷OD\DELOLU��<DSÕODQ�oDOÕúPDODU�
WULERNLP\DVDO�VLOLND�NDSODPD�WHNQL÷L�NXOODQÕOPDVÕQÕQ��NLQH�
WLN�HQHUML\L�NLP\DVDO�HQHUML\H�G|Q�úW�UPH�SUHQVLELQH�\|QH�
OLN� RODUDN� DO�PLQ\XP� WULRNVLW� YH� VLOLV\XP�SDUoDFÕNODUÕQÕQ�
UHVWRUDV\RQ� \�]H\LQH� SHQHWUH� ROPDVÕQÕ� VD÷OD\DUDN� PLNUR�
S�U�]O�O�÷�Q�YH� VLPDQOD�NLP\DVDO� ED÷ODQWÕQÕQ�J�oOHQPH�
VLQH� \RO� DoWÕ÷Õ� J|VWHULOPLúWLU� ��������� %X� úHNLOGH� \DSÕODQ�
\�]H\� S�U�]OHQGLUPHVL�� SURWHWLN�PDWHU\DOOHULQ� KHP�\�]H\�
DODQÕQÕ� DUWWÕUDUDN�PHNDQLN�ED÷ODQWÕ\Õ�YH�KHP�GH�NLP\DVDO�
ED÷ODQPD\Õ� J�oOHQGLUPHNWHGLU�� <�]H\� S�U�]OHQGLUPH�
LúOHPLQL�WDNLEHQ��LúOHP�J|UP�ú�\�]H\H�NLP\DVDO�ED÷ODQWÕQÕQ�
ROXúPDVÕQÕ� VD÷OD\DFDN� VLODQ� PRQRPHUL� X\JXODQÕU�� 6LODQ�
PRQRPHULQLQ�WHPHO�IRQNVL\RQX��UHoLQH�VLPDQ�LOH�UHVWRUDV��
\RQ� DUDVÕQGDNL� NLP\DVDO� ED÷ODQWÕ\Õ� DUWWÕUPDNWÕU�� 6LODQ�� LNL�
IRQNVL\RQHO�PRQRPHU�LoHUPHNWHGLU��EXQODUGDQ�ELUL��\�]H\�
GHNL� VLOLNRQ� GLRNVLWOHUOH� VLORNVDQ� ED÷ODUÕ� ROXúWXUDELOHQ� VL�
ODQRO�JUXEX��GL÷HU�PRQRPHU�LVH�UHoLQH�RUJDQLN�PDWULNVLQH�
ED÷ODQDQ�PHWDNULODW� JUXEXGXU�� %X� \DSÕVÕ� VD\HVLQGH�� VLODQ�
DMDQÕ� PDWHU\DOOHULQ� \�]H\� HQHUMLVLQL� DUWÕUDUDN� \�]H\� ÕVOD�
QDELOLUOL÷LQL�NROD\ODúWÕUPDNWDGÕU���������

6LOLND�HVDVOÕ�KLEULW�VHUDPLNOHUGH��UHWLFL�¿UPDQÕQ�|QHUGL÷L�
KLGURÀRULN� DVLW� LOH� \�]H\� S�U�]OHQGLUPH� � LúOHPL� \DSÕO�
PDOÕGÕU� ����� �7DEOR� ���� ���� VHUDPLN� IHOGVSDU� LoHULNOL�
SROLPHU� LQ¿OWUH� VHUDPLNOHUGH� ��¶OLN� KLGURÀRULN� DVLW� LOH�
���VDQL\H�V�UHQ�DVLWOHPH�LúOHPL��PDWHU\DOLQ�FDPVÕ��PDWULN�
VLQL�o|]HU�YH�NULVWDO� ID]Õ�DoÕ÷D�oÕNDUÕU��%X� LúOHP��\�]H\GH�
PLNURPHNDQLN� �ED÷ODQPD� LoLQ�X\JXQ�ELU�\DSÕ�ROXúWXUDUDN���
DGH]LY��VLPDQOD�PHNDQLN�ED÷ODQWÕ\Õ�NROD\ODúWÕUÕU�������$VLW��
OHPH�VRQUDVÕ�\�]H\�VX�YH�KDYD�LOH�L\LFH�\ÕNDQÕU�YH�XOWUDVRQ�
LN�EDQ\RGD� WHPL]OHQLU�� EX�GD�\�]H\GHNL� DVLW� NDOÕQWÕODUÕQÕQ�
WDPDPHQ�X]DNODúWÕUÕOPDVÕQÕ�VD÷ODU�

%D]Õ� EORNODUGD�� KHP� NXPODPD� KHP� GH� DVLWOHPH� LúOHP�
OHULQLQ� DUGÕúÕN� RODUDN� NXOODQÕOPDVÕ� WHUFLK� HGLOHELOLU�� %X�
\DNODúÕP�� \�]H\GH� PLNURPHNDQLN� ED÷ODQWÕ\Õ� DUWÕUÕUNHQ�
NLP\DVDO� ED÷ODQPD� SRWDQVL\HOLQL� GH� PDNVLPL]H� HGHU��
gUQH÷LQ��EDU\XP�ERURVLOLNDW�YH�VLOLND�LoHULNOL�UHoLQH�QDQR��
VHUDPLN�EORN�PDWHU\DOOHULQGH���UHWLFL�¿UPD�WDUDIÕQGDQ��KHP�
DO�PLQ\XP� RNVLW� SDUWLN�OOHUL� LOH� NXPODPD� KHP� GH� KLGUR�
ÀRULN�DVLW�LOH�DVLWOHPH�LúOHPL�\DSÕODELOGL÷L�ELOGLULOPLúWLU�����
�7DEOR����

�%�\D]ÕFÕ�WHNQRORMLVL�LOH��UHWLOHQ�KLEULW�VHUDPLN�UHVWRUDV\RQ�
ODUGD�\�]H\�KD]ÕUOÕ÷Õ������P�$O22��SDUWLN�OOHUL\OH�\DNODúÕN�
��EDU�EDVÕQo�DOWÕQGD�NXPODPD�\DSÕODUDN�JHUoHNOHúWLULOLU��%X�
LúOHP��PLNUR�S�U�]O�O�N�ROXúWXUDUDN�\�]H\�HQHUMLVLQL�DUWÕUÕU��
.XPODPD�VRQUDVÕQGD��\�]H\�WHPL]OHQLU�YH�NXUXWXOXU��$UGÕQ�
GDQ��\�]H\H�0'3�LoHUHQ�VLODQ�DMDQÕ��LQFH�ELU�WDEDND�KDOLQGH�
X\JXODQÕU��6RQ�DúDPDGD��DGH]LY�UHoLQH�VLPDQ�LOH�VLPDQWDV��
\RQ�LúOHPL�WDPDPODQÕU���������

SONUÇ
5HoLQH�VHUDPLN�KLEULGL]DV\RQX�LOH��UHWLOHQ�&$'�&$0�PD�
WHU\DOOHUL\OH�LOJLOL�EDúOÕFD�KHGHI��HVWHWLN�SURWHWLN�X\JXODPD�
ODUGD� WHGDYL� VRQXoODUÕQÕQ� RSWLPL]DV\RQXQX� VD÷ODPDNWÕU��
%XQXQOD�ELUOLNWH��LoHULN�oHúLWOLOL÷LQGHQ�ND\QDNODQDQ�DYDQWDM�
YH�GH]DYDQWDMODU�KDNNÕQGD�ELOJL�VDKLEL�ROPDN�GR÷UX�WHGDYL�
SODQODPDVÕQÕ�\DSPD\D�LPNkQ�WDQÕ\DFDNWÕU��

<D]DUODUÕQ�.DWNÕVÕ
)LNLU�.DYUDP�� 7DVDUÕP�� 'HQHWOHPH�'DQÕúPDQOÕN�� 9HUL�
7RSODPD� YH� øúOHPH�� .D\QDN� 7DUDPDVÕ�� 0DNDOH� <D]ÕPÕ��
(OHúWLUHO�øQFHOHPH��0�(���$�.�g���1�$�.���+�d���(�7�

Finansal veya Mali Destek
+HUKDQJL�ELU�¿QDQVDO�PDOL�GHVWHN�DOÕQPDPÕúWÕU�

dÕNDU�dDWÕúPDVÕ
+HUKDQJL�ELU�oÕNDU�oDWÕúPDVÕ�ELOGLULOPHPHNWHGLU�

Etik Kurul Onay Bilgisi
(WLN�NXUXO�RQD\ÕQD�JHUHN�\RNWXU�
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5RVHQVWLHO�6��/DQG�0��)XMLPRWR�-��&RQWHPSRUDU\�
)L[HG�3URVWKRGRQWLFV��WK�HGLWLRQ��0RVE\��(O�6HYL�
HU�,QF��6W�/RXLV��0LVVRXUL��86$�������

-RUTXHUD�*��0DKQ�(��6DQFKH]�-��et al. +\EULG�FH�
UDPLFV�LQ�GHQWLVWU\��D�OLWHUDWXUH�UHYLHZ��-�&OLQ�5HV�
'HQW���������������

+DPSH�5��7KHHONH�%��/�PNHPDQQ�1��et al. �)UDF�
WXUH�WRXJKQHVV�DQDO\VLV�RI�FHUDPLF�DQG�UHVLQ�FRP�
SRVLWH�&$'�&$0�PDWHULDO��2SHU�'HQW������������
(��������

3DVKD�0��0XKDPPDG�1��6KDKQDZD]�6�et al��&H�
UDPLF�QDQRPDWHULDOV�LQ�GHQWDO�DSSOLFDWLRQV��1DQR��
%LR���������������

dLIWFL�6��6WXUGHYDQW
V�$UW�DQG�6FLHQFH�RI�2SHUD�
WLYH�'HQWLVWU\�������

'DYDUSDQDK�,��+\EULG�FHUDPLFV�IRU�FKDLUVLGH�UHV�
WRUDWLRQV��6FRW�'HQW�0DJ��������������

0DUFKHVL�*��&DPXUUL�3LORQL�$��1LFROLQ�9��et al.  
&KDLUVLGH�&$'�&$0�PDWHULDOV��FXUUHQW�WUHQGV�RI�
FOLQLFDO�XVHV��%LRORJ\�����������������

'LU[HQ�&��%OXQFN�8��3UHLVVQHU�6��&OLQLFDO�SHUIRU�
PDQFH�RI�D�QHZ�ELRPLPHWLF�GRXEOH�QHWZRUN�PD�
WHULDO��2SHQ�'HQW�-���������������

6LGGDQQD� *'�� 9DOFDQDLD� $-�� )LHUUR� 3+�� et al.  
6XUIDFH�HYDOXDWLRQ�RI�UHVLOLHQW�&$'�&$0�FHUDP�
LFV�DIWHU�FRQWRXULQJ�DQG�SROLVKLQJ��-�(VWKHW�5HVWRU�
'HQW�������������������

1DJDVDZD�<��+LELQR�<�� (GD�<�� et al. � (IIHFW� RI�
VXUIDFH�WUHDWPHQW�RI�&$'�&$0�UHVLQ�FRPSRVLWHV�
RQ�WKH�VKHDU�ERQG�VWUHQJWK�RI�VHOI�DGKHVLYH�UHVLQ�
FHPHQW��'HQW�0DWHU�-�������������������

%RQIDQWH�($��&DODPLWD�0��%HUJDPR�(73�� ,QGL�
UHFW�UHVWRUDWLYH�V\VWHPV���D�QDUUDWLYH�UHYLHZ��-�(V�
WKHW�5HVWRU�'HQW�������������������

0DLQMRW�$��'XSRQW�1��2XGNHUN�-��et al. )URP�DUWL�
VDQDO�WR�&$'�&$0�EORFNV��VWDWH�RI�WKH�DUW�RI�LQ�
GLUHFW�FRPSRVLWHV��-�'HQW�5HV�������������������

(Lü�0��(IIHFWV�RI�SULQWLQJ�RULHQWDWLRQ��SRVW�FXULQJ�
WLPH��DQG�DJLQJ�RQ�WKH�SK\VLFDO�SURSHUWLHV�RI�D��'�
SULQWHG� UHVLQ� FRPSRVLWH� LQGLFDWHG� IRU� SHUPDQHQW�
UHVWRUDWLRQV��8QLYHUVLW\�RI�%ULWLVK�&ROXPELD�������

*UDFLV�6��7KRPSVRQ�93��)HUHQF]�-/��et al. �$�QHZ�
FODVVL¿FDWLRQ� V\VWHP� IRU� DOO�FHUDPLF� DQG� FHUDP�
LF�OLNH� UHVWRUDWLYH� PDWHULDOV�� ,QW� -� 3URVWKRGRQW��
�����������������

-DQGW� .'�� :DWWV� '&�� 1DQRWHFKQRORJ\� LQ� GHQ�
WLVWU\�� 3UHVHQW� DQG� IXWXUH� SHUVSHFWLYHV� RQ� GHQWDO�
QDQRPDWHULDOV��'HQW�0DWHU��������������������

%HXQ�6��*ORULHX[�7��'HYDX[�-��et al. �&KDUDFWHU�
L]DWLRQ� RI� QDQR¿OOHG� FRPSDUHG� WR� XQLYHUVDO� DQG�
PLFUR¿OOHG� FRPSRVLWHV�� 'HQW� 0DWHU�� ������ ����
�����

$WDEHN�'��6LOOHOLRJOX�+��gOPH]�$��7KH�HI¿FLHQF\�
RI�D�QHZ�SROLVKLQJ�PDWHULDO��QDQRWHFKQRORJ\�OLT�
XLG�SROLVK��2SHU�'HQW������������������

6FKZHLJHU�-��(GHOKRII�'��*�WK�-)���'�SULQWLQJ�LQ�
GLJLWDO�SURVWKHWLF�GHQWLVWU\��DQ�RYHUYLHZ�RI�UHFHQW�
GHYHORSPHQWV� LQ� DGGLWLYH� PDQXIDFWXULQJ�� -� &OLQ�
0HG�����������������

9ROODWK� '�� 1DQRSDUWLFOHV�QDQRFRPSRVLWHV� QDQR�
PDWHULDOV��DQ�LQWURGXFWLRQ�IRU�EHJLQQHUV��-RKQ�:L�
OH\�	�6RQV�������

0DLQMRW�$��5HFHQW�DGYDQFHV�LQ�FRPSRVLWH�&$'�
&$0� EORFNV�� -� (VWKHW� 5HVWRU� 'HQW�� � ������ ����
�������

9DVXGHYD�*��0RQRPHU� V\VWHPV� IRU� GHQWDO� FRP�
SRVLWHV� DQG� WKHLU� IXWXUH�� D� UHYLHZ�� -� &DOLIRUQLD�
'HQW�$VVRF�������������������

6KHQ�&��5DZOV�+5��(VTXLYHO�8SVKDZ�-)��3KLOOLSV
�
6FLHQFH�RI�'HQWDO�0DWHULDOV��(OVHYLHU�+HDOWK�6FL�
HQFHV�������

'LQJ�<��/L�%��:DQJ�0��et al. �%LV�*0$�IUHH�GHQ�
WDO�PDWHULDOV�EDVHG�RQ�8'0$�65���V�GHQWDO�UHVLQ�
V\VWHP��$GY�3RO\P�7HFKQRO��������������������

*RQoDOYHV�)��.DZDQR�<��3IHLIHU�&��et al. �,QÀXHQFH�
RI�%LV*0$��7(*'0$��DQG�%LV(0$�FRQWHQWV�RQ�
YLVFRVLW\��FRQYHUVLRQ��DQG�ÀH[XUDO�VWUHQJWK�RI�H[�
SHULPHQWDO�UHVLQV�DQG�FRPSRVLWHV��(XU�-�2UDO�6FL��
�����������������

%DUV]F]HZVND�5\EDUHN� ,0��$�JXLGH� WKURXJK� WKH�
GHQWDO�GLPHWKDFU\ODWH�SRO\PHU�QHWZRUN�VWUXFWXUDO�
FKDUDFWHUL]DWLRQ�DQG�LQWHUSUHWDWLRQ�RI�SK\VLFR�PH�
FKDQLFDO�SURSHUWLHV��0DWHULDOV�����������������

3ăVWUDY�0��0ROGRYDQ�0��&KLVQRLX�$��et al. �,QÀX�
HQFH�RI�¿OOHU��PRQRPHU�PDWUL[�DQG�VLODQH�FRDWLQJ�
RQ� FRPSRVLWH� UHVLQ� DGKHVLRQ�� 6WXGLD� 8%%� &K�
HPLD�������������������

/L�.��<DR�&��6XQ�<��et al. (QKDQFLQJ�UHVLQ�GHQ�
WLQ�ERQG�GXUDELOLW\�XVLQJ�D�QRYHO�PXVVHO�LQVSLUHG�
PRQRPHU��0DWHU�7RGD\�%LR�������������������
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42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

5HHV�-��-DFREVHQ�3��7KH�HODVWLF�PRGXOL�RI�HQDPHO�
DQG�GHQWLQH��&OLQ�0DWHU�����������������

,VJUz�*��5RGL�'��6DFKV�$� et al. 0RGXOXV�RI�HODV�
WLFLW\�RI�WZR�FHUDPLF�PDWHULDOV�DQG�VWUHVV�ÕQGXF�
LQJ�PHFKDQLFDO�GHIRUPDWLRQ�IROORZLQJ�IDEULFDWLRQ�
WHFKQLTXHV�DQG�DGKHVLYH�FHPHQWDWLRQ�SURFHGXUHV�
RI�D�GHQWDO�FHUDPLF��,QW�-�%LRPDWHU��������������
��������

=XEU]\FNL�-��.OHSND�7��0DUFKHZND�0� et al.�7HVWV�
RI�GHQWDO�SURSHUWLHV�RI�FRPSRVLWH�PDWHULDOV�FRQWDLQ�
LQJ�QDQRK\EULG�¿OOHU��0DWHULDOV����������������

9DLDQL�/��%RFFDFFLR�$��8YD�$(� et al.�&HUDPLF�
PDWHULDOV� IRU� ELRPHGLFDO� DSSOLFDWLRQV�� DQ� RYHU�
YLHZ� RQ� SURSHUWLHV� DQG� IDEULFDWLRQ� SURFHVVHV�� -�
)XQF�%LRPDWHU����������������

'XDUWH� 6�� 6DUWRUL� 1�� 3KDUN� -+�� &HUDPLF�UHLQ�
IRUFHG� SRO\PHUV�� &$'�&$0� K\EULG� UHVWRUDWLYH�
PDWHULDOV��&XU�2UDO�+HDOWK�5HS�������������������

<LQ� 5�� .LP� <.�� -DQJ� <6� et al. &RPSDUDWLYH�
HYDOXDWLRQ�RI�WKH�PHFKDQLFDO�SURSHUWLHV�RI�&$'�
&$0�GHQWDO�EORFNV��2GRQWRO�������������������

GH�$QGUDGH�*6��$XJXVWR�0*��6LP}HV�%9� et al. 
,PSDFW� RI� VLPXODWHG� WRRWKEUXVKLQJ� RQ� VXUIDFH�
SURSHUWLHV�RI�FKDLUVLGH�&$'�&$0�PDWHULDOV��DQ�
LQ�YLWUR�VWXG\��-�3URVWKHW�'HQW�����������������

6FK�UPDQQ�0*��2OPV�&��6KDGH�VWDELOLW\�RI�SRO\�
PHU�LQ¿OWUDWHG� DQG� UHVLQ� QDQR� FHUDPLFV�� 2SHQ�
'HQW�-����������������

*XHWK�-)��=XFK�7��=ZLQJH�6� et al. 2SWLFDO�SURSHU�
WLHV�RI�PDQXDOO\�DQG�&$'�&$0�IDEULFDWHG�SRO\�
PHUV��'HQW�0DWHU�-�������������������

6NRUXOVND�$�� 3LV]NR� 3�� 5\EDN� =� et al. 5HYLHZ�
RQ�SRO\PHU��FHUDPLF�DQG�FRPSRVLWH�PDWHULDOV�IRU�
&$'�&$0� ÕQGLUHFW� UHVWRUDWLRQV� LQ� GHQWLVWU\�DS�
SOLFDWLRQ��PHFKDQLFDO�FKDUDFWHULVWLFV�DQG�FRPSDU�
LVRQ��0DWHULDOV��%DVHO�������������������

.XUWXOPXV�<LOPD]�6��&HQJL]�(��2QJXQ�6� et al. 
7KH�HIIHFW�RI�VXUIDFH�WUHDWPHQWV�RQ�WKH�PHFKDQLFDO�
DQG� RSWLFDO� EHKDYLRUV� RI� &$'�&$0� UHVWRUDWLYH�
PDWHULDOV��-�3URVWKRGRQ������������(��������

/HH�<.��,QÀXHQFH�RI�VFDWWHULQJ�DEVRUSWLRQ�FKDU�
DFWHULVWLFV�RQ�WKH�FRORU�RI�UHVLQ�FRPSRVLWHV��'HQW�
0DWHU�������������������

'HPLU�1�� %R]NXUW�0��7HPL]FL�7�� &RPSDULVRQ� RI�
RSWLFDO�SURSHUWLHV�DQG�ERQG�VWUHQJWK�RI�QHZ�&$'�
&$0�FHUDPLF�PDWHULDOV��0DWHU�5HV�([SUHVV��������
�����������

6SULQW5D\�� 'HQWDO� �'� 3ULQWLQJ� 0DWHULDOV� �����
>$YDLODEOH� IURP�� KWWSV���VSULQWUD\�FRP�GHQ�
WDO��G�SULQWLQJ�PDWHULDOV��

�'�5��5RGLQ��'�%URFKXUH������>$YDLODEOH�IURP��
KWWSV���ZZZ�URGLQ��G�FRP�KHOS�FHQWHU�URGLQ�EUR�
FKXUH�

%RUD�39��6D\HG�$KPHG�$��$OIRUG�$� et al��&KDU�
DFWHUL]DWLRQ�RI�PDWHULDOV�XVHG�IRU��'�SULQWLQJ�GHQ�
WDO�FURZQV�DQG�K\EULG�SURVWKHVHV��-�(VWKHW�5HVWRU�
'HQW�������������������

%RUD�39��/DZVRQ�1&��*LYDQ�'$� et al.�(QDPHO�
ZHDU� DQG� IDWLJXH� UHVLVWDQFH� RI� �'� SULQWHG� UHVLQ�
FRPSDUHG�ZLWK�OLWKLXP�GLVLOLFDWH��-�3URVWKHW�'HQW��
����������������

$ONDQGDUL�$�� (YDOXDWLRQ� RI� WKH� PHFKDQLFDO� DQG�
SK\VLFDO�SURSHUWLHV�RI��'�SULQWHG�UHVLQ�PDWHULDOV��
%RVWRQ�8QLYHUVLW\�������

3DUN�<��.LP� -��.DQJ�<�-�� et al.� &RPSDULVRQ� RI�
IUDFWXUH�VWUHQJWK�RI�PLOOHG�DQG��'�SULQWHG�FURZQ�
PDWHULDOV�DFFRUGLQJ�WR�RFFOXVDO�WKLFNQHVV��0DWHUL�
DOV�����������������

6FKXO]�$&��2WKPDQ�$��6WU|EHOH�'$� et al. )UDF�
WXUH� VWUHQJWK� WHVW� RI� GLJLWDOO\� SURGXFHG� FHUDP�
LF�¿OOHG�DQG�XQ¿OOHG�GHQWDO�UHVLQ�UHVWRUDWLRQV�YLD�
�'�SULQWLQJ�� DQ� LQ�YLWUR� VWXG\�� -�&OLQ�([S�'HQW��
����������(����

=LPPHUPDQQ�0��(QGHU�$��(JOL�*� et al. )UDFWXUH�
ORDG� RI� &$'�&$0�IDEULFDWHG� DQG� �'�SULQWHG�
FRPSRVLWH�FURZQV�DV�D�IXQFWLRQ�RI�PDWHULDO�WKLFN�
QHVV��&OLQ�2UDO�,QYHVWLJ��������������������

)DUNDV�$=��*DODWDQX�69��1DJLE�5��7KH�LQÀXHQFH�
RI�SULQWLQJ�OD\HU�WKLFNQHVV�DQG�RULHQWDWLRQ�RQ�WKH�
PHFKDQLFDO�SURSHUWLHV�RI�'/3��'�SULQWHG�GHQWDO�
UHVLQ��3RO\PHUV�����������������

.UDMDQJWD� 1�� .ODLVLUL� $�� /HHODSRQJOLW� 6� et al.  
&RORU�DOWHUDWLRQ�RI�&$'�&$0��'�SULQWHG��PLOOHG�
UHVLQ�FHUDPLF�K\EULG�PDWHULDO�FRPSDUHG�WR�HQDP�
HO��'HQW�0DWHU�-�������������������

$OEUHFKW�0��6FKPLGW�)��0HQ]HO�)� et al. &RPSDU�
DWLYH� DQDO\VLV� RI�PRGHUQ� �'�SULQWHG� K\EULG� UHV�
LQ�FHUDPLF�PDWHULDOV� IRU� ÕQGLUHFW� UHVWRUDWLRQV��DQ�
ÕQ�YLWUR�VWXG\��3RO\PHUV�����������������

1DP�1(��+ZDQJER�1.��.LP�-(��(IIHFWV�RI�VXU�
IDFH� JOD]LQJ� RQ� WKH� PHFKDQLFDO� DQG� ELRORJLFDO�
SURSHUWLHV� RI� �'� SULQWHG� SHUPDQHQW� GHQWDO� UHVLQ�
PDWHULDOV��-�3URVWKRGRQ�5HV�������������������
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64.

65.

66.

67.

68.

69.

70.

71.

72.
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75.

%XUMHV� 2�� $ONKDOLGL� (�� (YDOXDWLRQ� RI� VXUIDFH�
URXJKQHVV�RI�WZR��'�SULQWHG�UHVLQ�PDWHULDO��)URQW�
+HDOWK�,QI����������������������

)DFHQGD� -&��%RUED�0��&RUD]]D�3+��$� OLWHUDWXUH�
UHYLHZ� RQ� WKH� QHZ� SRO\PHU�LQ¿OWUDWHG� FHUDP�
LF�QHWZRUN�PDWHULDO��3,&1���-�(VWKHW�5HVWRU�'HQW��
����������������

/LVH�'��9DQ�(QGH�$��'H�0XQFN�-�� et al. 0LFURWHQ�
VLOH� ERQG� VWUHQJWK� RI� FRPSRVLWH� FHPHQW� WR� QRY�
HO�&$'�&$0�PDWHULDOV�DV�D� IXQFWLRQ�RI�VXUIDFH�
WUHDWPHQW�DQG�DJLQJ��2SHU�'HQW������������������

$ZDGD�$��1DWKDQVRQ�'��0HFKDQLFDO�SURSHUWLHV�RI�
UHVLQ�FHUDPLF�&$'�&$0�UHVWRUDWLYH�PDWHULDOV��-�
3URVWKHW�'HQW��������������������

$O�$PUL�0'��/DEEDQ�1��$OKLMML�6�� et al. In vitro 
HYDOXDWLRQ�RI� WUDQVOXFHQF\� DQG� FRORU� VWDELOLW\�RI�
&$'�&$0�SRO\PHU�ÕQ¿OWUDWHG�FHUDPLF�PDWHULDOV�
DIWHU�DFFHOHUDWHG�DJLQJ��-�3URVWKRGRQW������������
�������

5RKU�1��)OXU\�$��)LVFKHU�-��(I¿FDF\�RI�D�XQLYHU�
VDO� DGKHVLYH� LQ� WKH� ERQG� VWUHQJWK� RI� FRPSRVLWH�
FHPHQWV� WR� SRO\PHU�LQ¿OWUDWHG� FHUDPLF�� -�$GKHV�
'HQW�������������������

6ZDLQ�0��&ROGHD�$��%LONKDLU�$� et al. ,QWHUSHQHWUDW�
LQJ�QHWZRUN�FHUDPLF�UHVLQ�FRPSRVLWH�GHQWDO�UHVWRU�
DWLYH�PDWHULDOV��'HQW�0DWHU������������������

/LQJ� /��0D�<��0DO\DOD� 5��$� QRYHO� &$'�&$0�
UHVLQ�FRPSRVLWH�EORFN�ZLWK�KLJK�PHFKDQLFDO�SURS�
HUWLHV��'HQW�0DWHU�������������������

/DZVRQ�1&��%DQVDO�5��%XUJHVV�-2��:HDU��VWUHQJWK��
PRGXOXV�DQG�KDUGQHVV�RI�&$'�&$0�UHVWRUDWLYH�
PDWHULDOV��'HQW�0DWHU������������(�������

/DERULH� 0�� 1DYHDX� $�� 0HQDUG� $�� &$'�&$0�
UHVLQ�FHUDPLF�PDWHULDO�ZHDU��D�V\VWHPDWLF�UHYLHZ��
-�3URVWKHW�'HQW�������������������

;X�=��<X�3��$UROD�''� et al. �$�FRPSDUDWLYH�VWXG\�
RQ�WKH�ZHDU�EHKDYLRU�RI�D�SRO\PHU�LQ¿OWUDWHG�FH�
UDPLF�QHWZRUN��3,&1��PDWHULDO�DQG�WRRWK�HQDPHO��
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