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'$5%$�9,63Ɩ5Ɯ-6�5$.67852-806�

7ƝPDV�DNWXDOLWƗWH�

3ƝGƝMRV�JDGRV�SLHDXJ�LQWHUHVH�SDU�NRPSR]ƯWPDWHULƗOX�WULNRWƗåDV�VWLHJURMXPD�L]PDQWRãDQX�
GDåƗGƗV� QR]DUƝV�� 6DOƯG]LQRW� DU� NODVLVNDMLHP� VOƗƼDLQLHP� NRPSR]ƯWPDWHULƗOLHP�� DGƯWDP�
NDUNDVDP� LU� ODEƗND� SUHWRãDQƗV� VWDUSVOƗƼX� EƯGHL�� XQ� ODEƗV� HODVWƯEDV� GƝƺ� WDV� LU� SLHPƝURWV�
VDUHåƧƯWDV� IRUPDV� GHWDƺX� L]JDWDYRãDQDL�� /LHOƗNDV� JUǌWƯEDV� VDJƗGƗ� ãƗGX�PDWHULƗOX�PHKƗQLVNR�
ƯSDãƯEX�²�VWLSUƯEDV�XQ�HODVWƯEDV�NRQVWDQãX�DSUƝƷLQƗãDQD�XQ�GHIRUPƗFLMDV�PHKƗQLVPD�DQDOƯ]H��
âDMƗ� GDUEƗ� LU� DQDOL]ƝWL� SROLPƝUPDWULFDV� XQ� FHPHQWPDWULFDV� NRPSR]ƯWPDWHULƗOL� DU� WULNRWƗåDV�
VWLHJURMXPX��
�

3URPRFLMDV�GDUED�PƝUƷLV�XQ�X]GHYXPL�

*DOYHQDLV�GDUED�PƝUƷLV�LU�DSVNDWƯW�NRPSR]ƯWPDWHULƗOXV�DU�WULNRWƗåDV�VWLHJURMXPX��
x� L]SƝWƯW�DGƯWD�VWLHJURMXPD�VSHFLILNX��PLNURPHKƗQLNX�XQ�GHIRUPƗFLMDV�PHKƗQLVPX��
x� DSUƝƷLQƗW�XQ�DQDOL]ƝW�PHKƗQLVNƗV�ƯSDãƯEDV��HODVWƯEDV�NRQVWDQWHV�XQ�VWLSUƯEX���
x� DQDOL]ƝW�L]PDQWRWR�PHWRåX�SUHFL]LWƗWL�XQ�DWELOVWƯEX�PDWHULƗOD�HNVSHULPHQWƗODMDL�

X]YHGƯEDL��
�
3URPRFLMDV�GDUEƗ�PƝUƷX�VDVQLHJãDQDL�L]YLU]ƯWL�ãƗGL�X]GHYXPL��

x� DSVNDWƯW�OLWHUDWǌUDV�DYRWXV�SDU�SƝWƗPR�WƝPX��DQDOL]ƝW�L]PDQWRMDPƗV�SLHHMDV��PRGHƺXV�XQ�
PHWRGHV��

x� L]JDWDYRW�SDUDXJXV��
x� HNVSHULPHQWƗOL� QRWHLNW� PDWHULƗOD� �SROLPƝUNRPSR]ƯWD� XQ� FHPHQWPDWULFDV� NRPSR]ƯWD��

ƯSDãƯEDV��
x� DWUDVW�HIHNWƯYƗNRV�SDƼƝPLHQXV�SƝWƗPR�PDWHULƗOX�PHKƗQLVNR�ƯSDãƯEX�PRGHOƝãDQDL��
x� L]YHLGRW�PRGHOL�XQ�DQDOƯWLVNL�DSUƝƷLQƗW�PDWHULƗOD�ƯSDãƯEDV��
x� PRGHOƝW�NRPSR]ƯWPDWHULƗOX��NDV�VWLHJURWV�DU�WULNRWƗåX���
x� VDOƯG]LQƗW�HNVSHULPHQWƗORV�XQ�WHRUƝWLVNRV�UH]XOWƗWXV��
x� DSNRSRW�LHJǌWRV�UH]XOWƗWXV�XQ�L]GDUƯW�VHFLQƗMXPXV��
�

3ƝWƯMXPD�PHWRGHV�XQ�L]PDQWRWƗ�DSDUDWǌUD�

(NVSHULPHQWƗOƗV�PHWRGHV��
x� ©NODVLVNLHª�VWLHSHV�XQ�þHWUX�SXQNWX�OLHFHV�WHVWL��
x� PLNURUHQWJHQWRPRJUƗIV�Skyscan 1172��
�

6NDLWOLVNƗV�PHWRGHV�XQ�GDWRUSURJUDPPDV��
x� Mathcad, MatLab 
x� GEM�SURJUDPPD�²�SolidWorks�

�
$L]VWƗYƝãDQDL�L]YLU]ƯWV�

���(ODVWƯEDV�PRGXƺX� SURJQR]ƝãDQDV�PHWRGLND� DU� YLHQYLU]LHQD� SOƗQDV� WULNRWƗåDV� VOƗƼLHP�
VWLHJURWLHP�SROLPƝUPDWULFDV�NRPSR]ƯWLHP��

���$GƯWD�VWLHJURMXPD�NRPSR]ƯWX�PRGHƺL�DU�HOLSWLVNX�ãƷƝUVJULH]XPX��
���6WLSUƯEDV�PRGHOƝãDQDV�PHWRGH�SROLPƝUPDWULFDV�XQ�FHPHQWPDWULFDV�NRPSR]ƯWLHP��
���3OƗQDV�WULNRWƗåDV�L]PDQWRãDQD�EHWRQD�XQ�ILEUREHWRQD�VWLHJURãDQDL��
���5HQWJHQPLNURWRPRJUƗILMDV� WHKQLNDV� L]PDQWRãDQD� UHƗOD� DGƯWD� DXGXPD� ƧHRPHWULMDV�

QRWHLNãDQDL��
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=LQƗWQLVNƗ�QRYLWƗWH�

���7LHN� L]PDQWRWD�PRGHOƝãDQD�� L]PDQWRMRW�JDOƯJR�HOHPHQWX�PHWRGL�DU�QHVSHFLILVNX�SODãL�
OLHWRMDPX�SURJUDPPDWǌUX��

���$GƯWV�VWLHJURMXPV�OLHWRWV�ILEUREHWRQD�VWLHJURãDQDL��
���3LHGƗYƗWD�VWLSUƯEDV�PRGHOƝãDQDV�PHWRGH��
���5HƗODV�SOƗQDV�WULNRWƗåDV�ƧHRPHWULMDV�QRWHLNãDQD�DU�PLNURUHQWJHQWRPRJUƗILMDV�WHKQLNX��

�
3UDNWLVNƗ�QR]ƯPH�

3ƝWƗPDLV�VWLHJURMXPD�YHLGV�YDU�WLNW�SODãL�L]PDQWRWV�GHWDƺƗV�DU�VDUHåƧƯWX�IRUPX�²�þDXOƗV��
NXSRORV� XWW�� ,]PDQWRMRW� DSUDNVWƯWR� PRGHOƝãDQX�� YDU� SURJQR]ƝW� SDPDWD� PHKƗQLVNƗV� ƯSDãƯEDV�
�HODVWƯEDV�PRGXƺXV�XQ�VWLSUƯEX��DU�WULNRWƗåX�VWLHJURWLHP�NRPSR]ƯWPDWHULƗOLHP��,U�SLHUƗGƯWV��ND�
SOƗQDV�WULNRWƗåDV�VWLHJURMXPV�SDOLHOLQD�ILEUREHWRQD�EORNX�QHVWVSƝMX��
�

'DUED�DSUREƗFLMD�
3URPRFLMDV�GDUED�UH]XOWƗWL�]LƼRWL�ãƗGƗV�VWDUSWDXWLVNƗV�NRQIHUHQFƝV��

��� .RQRQRYD�2���.UDVQLNRYV�$���.KDUNRYD�*���=DOHVN\�-���0DFKDQRYVN\�(��0HFKDQLFDO�
SURSHUWLHV�FKDUDFWHUL]DWLRQ�E\�LQYHUVH�WHFKQLTXH�IRU�FRPSRVLWH�UHLQIRUFHG�E\�NQLWWHG�
IDEULF�� 3DUW���� 0DWHULDO� PRGHOLQJ� DQG� GLUHFW� H[SHULPHQWDO� PHFKDQLFDO� SURSHUWLHV�
HYDOXDWLRQ�� ©��WK� ,QWHUQDWLRQDO� &RQIHUHQFH� ©9LEURHQJLQHHULQJ�²� ����ªª�� .DXQDV��
/LWKXDQLD��2FWREHU���±����������

��� .UDVQLNRYV� $��� .RQRQRYD� 2��� .KDUNRYD� *��� =DKDUHYVN\� 9��� $NLVKLQ� 3���
5XFKHYVNLV�6�� 0HFKDQLFDO� SURSHUWLHV� FKDUDFWHUL]DWLRQ� IRU� FRPSRVLWH� UHLQIRUFHG� E\�
NQLWWHG� IDEULF� XVLQJ� LQYHUVH� WHFKQLTXH�� 3DUW� ���0HFKDQLFDO� SURSHUWLHV� H[SHULPHQWDO�
HYDOXDWLRQ� E\� HLJHQ� IUHTXHQF\� PHWKRG�� ©��WK� ,QWHUQDWLRQDO� &RQIHUHQFH�
©9LEURHQJLQHHULQJ�²�����ªª��.DXQDV��/LWKXDQLD��2FWREHU���±�����������

��� .UDVƼLNRYV� $��� .RQRQRYD� 2��� +DUMNRYD� *��� 0DFKDQRYVNLV� (�� 7HOSLVNL� VWLHJURWL�
NRPSR]ƯWL�� ©578� ���� VWDUSWDXWLVNƗ� ]LQƗWQLVNƗ� NRQIHUHQFHª�� 5ƯJƗ�� ������ JDGD�
����RNWREUƯ��

��� .RQRQRYD�2���+DUMNRYD�*��.RPSR]ƯWPDWHULƗOX� X]� DXGXPX�EƗ]HV�GDWRUPRGHOƝãDQD��
©578�����VWDUSWDXWLVNƗ�]LQƗWQLVNƗ�NRQIHUHQFHª��5ƯJƗ��������JDGD�����RNWREUƯ��

��� .UDVƼLNRYV�$���.RQRQRYD�2���+DUMNRYD�*���=DƺHVNLV�-���$��/RVHYV��9��/ǌVLV��9LVNR]R�
ãƷLGUXPX� UHRORƧLMD�� ©$SYLHQRWDLV� SDVDXOHV� ODWYLHãX� ]LQƗWQLHNX� ,,,� NRQJUHVV� XQ�
/HWRQLNDV�,9�NRQJUHVVª��5ƯJD��������JDGD����±����RNWREUƯ��

��� .UDVQLNRYV� $��� .RQRQRYD� 2��� +DUMNRYD� *��� =DKDUHYVN\� 9��� 0DFKDQRYVN\� (���
5XFKHYVNLV� 6��� DQG� $NLVKLQV� 3�� &RPSRVLWH� PDWHULDO� UHLQIRUFHG� E\� NQLWWHG� IDEULF��
3UHGLFWLRQ� RI� LWV� VWUHQJWK� DQG� HODVWLF� SURSHUWLHV� DQG� H[SHULPHQWDO� YDOLGDWLRQ��
©0HFKDQLFV�RI�&RPSRVLWH�PDWHULDOV��0&0�ª��5LJD��/DWYLD��0D\����²�-XQH����������

��� .UDVQLNRYV� $��� 9�� /DSVD�� 9�� /XVLV�� 9�� =DKDUHYVN\�� (�� 0DFKDQRYVN\�� DQG�
*��+DUMNRYD��0HFKDQLFDO�SURSHUWLHV�RI�D�OD\HUHG�ILEHUFRQFUHWH�VWUXFWXUH��©0HFKDQLFV�
RI�&RPSRVLWH�PDWHULDOV��0&0�ª��5LJD��/DWYLD��0D\����²�-XQH����������

��� .UDVQLNRYV� $��� .RQRQRYD� 2��� +DUMNRYD� *��� =DKDUHYVNLV� 9�� DQG� *DOXVKFKDN� $��
0HFKDQLFDO�SURSHUWLHV�FKDUDFWHUL]DWLRQ�E\�LQYHUVH�WHFKQLTXH�IRU�FRPSRVLWH�UHLQIRUFHG�
E\�NQLWWHG�IDEULF��©��WK�(XURSHDQ�&RQIHUHQFH�RQ�&RPSRVLWH�0DWHULDOV��(&&0����ª��
9HQLFH��-XQH���±����������

��� +DUMNRYD� *��� %DUEXUVNL� 0��� /RPRY� 6��� .RQRQRYD� 2�� 0LFUR�&7� DQDO\VLV� RI� JODVV�
NQLWWHG� IDEULF� VWUXFWXUH�� ��WK� ,QWHUQDWLRQDO� 6FLHQWLILF� &RQIHUHQFH� ©(QJLQHHULQJ� IRU�
5XUDO�'HYHORSPHQWª��/DWYLD��-HOJDYD��0D\���±����������
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���� +DUMNRYD� *��� /XVLV� 9��� $NLVKLQV� 3��� .UDVQLNRYV� $��� .RQRQRYD� 2�� )LQLWH� (OHPHQW�
$QDO\VLV� RI� :HIW� .QLWWHG� &RPSRVLWHV�� �WK� ,QWHUQDWLRQDO� &RQIHUHQFH� ©&LYLO�
(QJLQHHULQJ
��ª��/DWYLMD��-HOJDYD��0D\���±����������

���� +DUMNRYD� *��� %DUEXUVNL� 0��� /RPRY� 6��� .RQRQRYD� 2��� 9HUSRHVW�� ,�� $QDO\VLV� RI�
.QLWWHG� )DEULF� *HRPHWULFDO� 3DUDPHWHUV� 8VLQJ� ;�UD\� 0LFURWRPRJUDSK\�� 7KH�
��WK�$87(;�:RUOG�7H[WLOH�&RQIHUHQFH�������*HUPDQ\��'UHVGHQ��0D\���±����������

���� +DUMNRYD�*���%DUEXUVNL�0���/RPRY�6���9HUSRHVW� ,���.RQRQRYD�2��0LFUR�&7�EDVHG�
JHRPHWU\� UHFRJQLWLRQ� RI� JODVV� NQLWWHG� IDEULF� UHLQIRUFHG� SRO\PHU� ODPLQDWHV��
7H[&RPS�����/HXYHQ��%HOJLXP��6HSWHPEHU�����������

���� +DUMNRYD� *��� /XVLV� 9��� .UDVQLNRYV� $�� ([SHULPHQWDO� LQYHVWLJDWLRQ� RI� ZHIW� NQLWWHG�
IDEULF� OD\HUHG� UHLQIRUFHPHQW� HIILFLHQF\� LQ� ILEHUFRQFUHWH�� ,QWHUQDWLRQDO� &RQIHUHQFH�
©,QQRYDWLYH� 0DWHULDOV�� 6WUXFWXUHV� DQG� 7HFKQRORJLHVª�� 5LJD�� /DWYLD�� 1RYHPEHU� ���
������

���� +DUMNRYD� *��� .RQRQRYD� 2�� $QDO\VLV� RI� NQLWWHG� FRPSRVLWH� UHLQIRUFHPHQW� ZLWK�
YDULDEOH�FURVV�VHFWLRQ�VKDSH����WK�,QWHUQDWLRQDO�&RQIHUHQFH�©0HFKDQLFV�RI�&RPSRVLWH�
0DWHULDOVª��5LJD��/DWYLD��-XQH��±���������

�
3XEOLNƗFLMX�VDUDNVWV�

5DNVWL�]LQƗWQLVNRV�åXUQƗORV��
��� +DUMNRYD�� *��� %DUEXUVNL�� 0��� /RPRY�� 6��� .RQRQRYD�� 2��� 9HUSRHVW�� ,�� :HIW� .QLWWHG�

/RRS� *HRPHWU\� RI� *ODVV� DQG� 6WHHO� )LEUH� )DEULFV� 0HDVXUHG� ZLWK� ;�5D\� 0LFUR�
&RPSXWHU�7RPRJUDSK\��7H[WLOH�5HVHDUFK�-RXUQDO��������9RO������,VV����������²������OSS��
,661������������H�,661������������3LHHMDPV��GRL���������������������������

��� .RQRQRYD�� 2��� .UDVQLNRYV�� $��� +DUMNRYD�� *��� =DOHVNLV�� -��� 0DFKDQRYVNLV�� (��
&KDUDFWHUL]DWLRQ� RI� 0HFKDQLFDO� 3URSHUWLHV� E\� ,QYHUVH� 7HFKQLTXH� IRU� &RPSRVLWH�
5HLQIRUFHG� E\� .QLWWHG� )DEULF�� 3DUW� ��� 0DWHULDO� 0RGHOLQJ� DQG� 'LUHFW� ([SHULPHQWDO�
(YDOXDWLRQ� RI� 0HFKDQLFDO� 3URSHUWLHV�� -RXUQDO� RI� 9LEURHQJLQHHULQJ�� ������ 9RO������
,VV���������±�����OSS��,661�������������

��� .RQRQRYD�� 2��� .UDVQLNRYV�� $��� ']HO]LWLV�� .��� +DUMNRYD�� *��� 9DJHOH�� $��� (LGXNV��0��
0RGHOOLQJ�DQG�([SHULPHQWDO�9HULILFDWLRQ�RI�0HFKDQLFDO�3URSHUWLHV�RI�&RWWRQ�.QLWWHG�
)DEULF�&RPSRVLWHV��(VWRQLDQ�-RXUQDO�RI�(QJLQHHULQJ��������9RO������,VV�����SS����±����
H�,661������������,661������������$YDLODEOH�IURP��GRL����������HQJ�������������

�
5DNVWL�SLOQD�WHNVWD�NRQIHUHQþX�UDNVWX�NUƗMXPƗ��

��� +DUMNRYD��*���/XVLV��9���.UDVQLNRYV��$��([SHULPHQWDO� LQYHVWLJDWLRQ�RI�ZHIW� NQLWWHG�
IDEULF� OD\HUHG� UHLQIRUFHPHQW� HIILFLHQF\� LQ� ILEHUFRQFUHWH�� 1R�� ,QQRYDWLYH�0DWHULDOV��
6WUXFWXUHV� DQG� 7HFKQRORJLHV�� /DWYLMD�� 5LJD�� ��� QRYHPEULV�� ������ 5LJD�� ������ ���±
����OSS��H�,6%1��������������������3LHHMDPV��GRL����������LVFFRQVWUV����������

��� .RQRQRYD�� 2��� .UDVQLNRYV�� $��� +DUMNRYD�� *��� /XVLV�� 9�� 1XPHULFDO� VLPXODWLRQ� RI�
PHFKDQLFDO� SURSHUWLHV� IRU� FRPSRVLWH� UHLQIRUFHG� E\� NQLWWHG� IDEULF�� 1R�� (ERRN�
&RQJUHVR�0XQGLDO�7202� ,9��6SƗQLMD��%DUFHORQD�� ���±���� MǌOLMV�� ������%DUFHORQD��
6SDLQ�������������±������OSS��,6%1��������������������

��� +DUMNRYD��*���%DUEXUVNL��0���/RPRY��6���.RQRQRYD��2��0LFUR�&7�$QDO\VLV�RI�*ODVV�
.QLWWHG�)DEULF�6WUXFWXUH��,Q��3URFHHGLQJV�RI���WK�,QWHUQDWLRQDO�6FLHQWLILF�&RQIHUHQFH�
©(QJLQHHULQJ� IRU�5XUDO�'HYHORSPHQWª��/DWYLD��-HOJDYD����±���0D\�������� -HOJDYD��
������SS�����±�����,661�������������



��
�

��� +DUMNRYD�� *��� %DUEXUVNL�� 0��� /RPRY�� 6��� .RQRQRYD�� 2��� 9HUSRHVW�� ,�� $QDO\VLV� RI�
.QLWWHG� )DEULF� *HRPHWULFDO� 3DUDPHWHUV� 8VLQJ� ;�UD\� 0LFURWRPRJUDSK\�� 1R��
3URFHHGLQJV�RI���WK�$XWH[������&RQIHUHQFH��9ƗFLMD��'UHVGHQ�����±����PDLMV��������
'UHVGHQ����������±���OSS��

��� /XVLV��9���+DUMNRYD��*���0DFKDQRYVNLV��$���.RQRQRYD��2���.UDVQLNRYV��$��)UDFWXUH�
RI� /D\HUHG� )LEHUFRQFUHWH� ZLWK� 1RQ�+RPRJHQHRXV� )LEHU� 'LVWULEXWLRQ�� 1R��
3URFHHGLQJV� RI� ��WK� ,QWHUQDWLRQDO� 6FLHQWLILF� &RQIHUHQFH� ©(QJLQHHULQJ� IRU� 5XUDO�
'HYHORSPHQWª��/DWYLMD��-HOJDYD�����±����PDLMV��������-HOJDYD������������±�����OSS���

��� +DUMNRYD��*���%DUEXUVNL��0���/RPRY��6���.RQRQRYD��2���.UDVQLNRYV��$���9HUSRHVW��,��
0LFUR�&7� 8VDJH� IRU� .QLWWHG� )DEULF� 6WUXFWXUH� 5HFRJQLWLRQ�� 1R�� 7RPRJUDSK\� RI�
0DWHULDOV�DQG�6WUXFWXUHV���VW� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�7RPRJUDSK\�RI�0DWHULDOV�
DQG� 6WUXFWXUHV�� %HƺƧLMD�� *KHQW�� ��±��� MǌOLMV�� ������ *KHQW�� ������ ����±�����OSS��
,6%1����������������

��� +DUMNRYD��*���$NLVKLQV��3���.RQRQRYD��2��)LQLWH�(OHPHQW�$QDO\VLV�RI�:HIW�.QLWWHG�
&RPSRVLWHV�� 1R�� &LYLO� (QJLQHHULQJ� 
���� �WK� ,QWHUQDWLRQDO� 6FLHQWLILF� &RQIHUHQFH��
3URFHHGLQJV�� 9RO����� 3DUW� ��� /DWYLMD�� -HOJDYD�� ���±���� PDLMV�� ������ -HOJDYD�� ������
���±����OSS��,661������������H�,661������������

��� 9DJHOH�� $��� .RQRQRYD�� 2��� .UDVQLNRYV�� $��� +DUMNRYD�� *��� 3ROXNRVKNR�� 6��
ɇɟɥɢɧɟɣɧɨɟ� ɦɨɞɟɥɢɪɨɜɚɧɢɟ� ɜɵɬɚɫɤɢɜɚɧɢɹ� ɜɨɥɨɤɧɚ� ɩɪɢ� ɪɚɡɪɭɲɟɧɢɢ�
ɮɢɛɪɨɛɟɬɨɧɚ�� ,Q�� Ɇɟɠɞɭɧɚɪɨɞɧɚɹ� ɲɤɨɥɚ� ɦɨɥɨɞɵɯ� ɭɱɟɧɵɯ� ©ɇɟɥɢɧɟɣɧɚɹ�
ɞɢɧɚɦɢɤɚ� ɦɚɲɢɧª� �6FKRRO�1'0��� ;9,,� ɫɢɦɩɨɡɢɭɦ� ©Ⱦɢɧɚɦɢɤɚ� ɜɢɛɪɨɭɞɚɪɧɵɯ�
�ɫɢɥɶɧɨ�ɧɟɥɢɧɟɣɧɵɯ��ɫɢɫɬɟɦª� �'<9,6��������ɫɛɨɪɧɢɤ�ɬɪɭɞɨɜ��5XVVLD��Ɇɨɫɤɜɚ��
��±��� 0D\�� ������ Ɇɨɫɤɜɚ�� ɈɇɌɂɉɢȼ� ɂɆȺɒ� ɊȺɇ�� ������ SS����±����
,6%1����������������

��� .UDVQLNRYV� $��� .RQRQRYD� 2��� +DUMNRYD� *��� =DKDUHYVNLV� 9��� *DOXVFDND� $��
0HFKDQLFDO� 3URSHUWLHV� &KDUDFWHUL]DWLRQ� E\� ,QYHUVH� 7HFKQLTXH� IRU� &RPSRVLWH�
5HLQIRUFHG� E\� .QLWWHG� )DEULF� ��� 3URFHHGLQJV� RI� WKH� ��WK� (XURSHDQ� &RQIHUHQFH� RQ�
&RPSRVLWH� 0DWHULDOV� �(&&0����� ,WDO\�� 9HQLFH�� ����-XQH� ²� ���� -XO\�� �������
SS����±�����

���� .UDVQLNRYV��$���.RQRQRYD��2���+DUMNRYD��*���=DOHVNLV��-���/XVLV��9���=DKDUHYVNLV��9���
5XFKHYVNLV��6��0HFKDQLFDO�3URSHUWLHV�&KDUDFWHUL]DWLRQ�RI�&RPSRVLWHV�5HLQIRUFHG�E\�
.QLWWHG� )DEULFV�� ,Q�� ��WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� ([SHULPHQWDO� 0HFKDQLFV��
&RQIHUHQFH� 3URFHHGLQJV�� 3RUWXJDO�� 3RUWR�� ��±��� -XO\�� ������ 3RUWR�� ,QVWLWXWH� RI�
0HFKDQLFDO� (QJLQHHULQJ� DQG� ,QGXVWULDO� 0DQDJHPHQW� �,1(*,��� ������ SS���±����
,6%1����������������

���� +DUMNRYD�� *��� .RQRQRYD�� 2��� .UDVQLNRYV�� $��� (LGXNV�� 0��� 0DFKDQRYVNLV�� (���
']HO]LWLV��.�� (ODVWLF� 3URSHUWLHV� RI� &RWWRQ� )DEULF� %DVHG� 3RO\PHU� &RPSRVLWHV�� ,Q��
��WK�,QWHUQDWLRQDO� 6FLHQWLILF� &RQIHUHQFH� ©(QJLQHHULQJ� IRU� 5XUDO� 'HYHORSPHQWª��
3URFHHGLQJV�� /DWYLD�� -HOJDYD�� ��±��� 0D\�� ������ -HOJDYD�� /DWYLD� 8QLYHUVLW\� RI�
$JULFXOWXUH��)DFXOW\�RI�(QJLQHHULQJ��������SS�����±�����,661�������������

���� .RQRQRYD�� 2��� .UDVQLNRYV�� $��� /DSVD�� 9��� +DUMNRYD�� *�� 6WUHQJWK� RI� &RQFUHWH�
6WUXFWXUDO� (OHPHQW� 5HLQIRUFHG� E\� *ODVV� )LEHU� .QLWWHG� )DEULF�� ,Q�� �UG� $OO�5XVVLD�
�,QWHUQDWLRQDO��&RQIHUHQFH�©&RQFUHWH�DQG�5HLIRUFHG�&RQFUHWH�²�*ODQFH�DW�)XWXUHª��
5XVVLD�� 0RVFRZ�� ��±��� 0D\�� ������ 0RVFRZ�� ������ SS����±����
,6%1����������������

���� .RQRQRYD��2���.UDVQLNRYV��$���']HO]LWLV��.���(LGXNV��0���+DUMNRYD��*���9DJHOH��$��
0HFKDQLFDO� 3URSHUWLHV� RI� &RPSRVLWHV� 5HLQIRUFHG� E\� &RWWRQ� .QLWWHG� )DEULF�� 1R��
3URFHHGLQJV� RI� �WK� ,QWHUQDWLRQDO� '$$$0� %DOWLF� &RQIHUHQFH� ©,QGXVWULDO�
(QJLQHHULQJª��,JDXQLMD��7DOOLQQ�����±����DSUƯOLV��������7DOOLQQ��7DOOLQQ�8QLYHUVLW\�RI�
7HFKQRORJ\������������±�����OSS��,6%1����������������



��
�

���� +DUMNRYD��*���%DUEXUVNL��0���/RPRY��6���9HUSRHVW��,���.RQRQRYD��2��0LFUR�&7�EDVHG�
JHRPHWU\� UHFRJQLWLRQ� RI� JODVV� NQLWWHG� IDEULF� UHLQIRUFHG� SRO\PHU� ODPLQDWHV�� 1R��
7H[&RPS���� &RQIHUHQFH� SURFHHGLQJV�� %HƺƧLMD�� /HXYHQ�� ���±���� VHSWHPEULV�� ������
/HXYHQ��%HOJLXP����������±���OSS��

�
3DWHQWV��

/9� SDWHQWV�� ������ %(721$� 81� ),%52%(721$� .216758.&,-8�
67,(*52â$1$6� 3$ƻƜ0,(16�� $XWRUL�� *DƺLQD� +DUMNRYD�� 9LWƗOLMV� /ǌVLV�� 2OJD�
.RQRQRYD��$QGUHMV�.UDVƼLNRYV�

�
3URPRFLMDV�GDUED�VWUXNWǌUD�XQ�DSMRPV�

3URPRFLMDV� GDUEV� LU� X]UDNVWƯWV� ODWYLHãX� YDORGƗ�� WDMƗ� LU� LHYDGV�� �� QRGDƺDV�� VHFLQƗMXPL��
OLWHUDWǌUDV� VDUDNVWV�� �� SLHOLNXPL�� ���� DWWƝOXV�� �� WDEXODV�� NRSƗ�²����� ODSDVSXVHV��/LWHUDWǌUDV�
VDUDNVWƗ�LU�����QRVDXNXPL��
�

'$5%$�6$7856�

3LUPƗ� QRGDƺD�� âDMƗ� QRGDƺƗ� LU� OLWHUDWǌUDV� DSVNDWV�� *DOYHQƗ� X]PDQƯED� YHOWƯWD� DGƯWD�
VWLHJURMXPD� �SOƗQDV� NXOLUƝWDV� WULNRWƗåDV�� NRPSR]ƯWPDWHULƗOX� ƯSDãƯEX� XQ� VSHFLILNDV� L]SƝWHL��
L]PDQWRMDPR�DGƯWD�VWLHJURMXPD�YHLGX�XQ�PRGHƺX�DQDOƯ]HL��NƗ�DUƯ�YHLNWV�HNVSHULPHQWƗOR�WHKQLNX�
XQ�OLHWRMXPD�DSVNDWV��$SVNDWƯWL�HVRãLH� WULNRWƗåDV�ƧHRPHWULMDV�PRGHOL� >����������±���X��F�@�XQ�
NRPSR]ƯWX�PHKƗQLVNX�ƯSDãƯEX�PRGHOƝãDQDV�SLHHMDV���

3OƗQD� WULNRWƗåDV� VWLHJURMXPD� NRPSR]ƯWX� PHKƗQLVNƗV� ƯSDãƯEDV� SƝWƯMXãL� YDLUƗNL� ]LQƗWQLHNL�
>�±������±������@� XQ� HNVLVWƝ� GDåƗGL� WHRUƝWLVNL� PRGHOL� ãƗGX� PDWHULƗOX� ƯSDãƯEX� QRWHLNãDQDL�
>SLHP�����������@�� WRPƝU� LU� QRYƝURMDPV� YLVDSWYHURãDV� L]SUDWQHV� WUǌNXPV� SDU� WR� X]YHGƯEX��
,]SUDWQHV�WUǌNXPV�LU�ãƷƝUVOLV�SODãƗNDL�PDWHULƗOD�L]PDQWRãDQDL�>��@��3LHƼƝPXPV�SDU�GLHJD�DSDƺX�
ãƷƝUVJULH]XPX�� NDV� L]PDQWRMDPV� OLHOƗNDMƗ� GDƺƗ� PRGHƺX�� LU� GLH]JDQ� QHUHƗOLVWLVNV�� MR� GLHJL� LU�
YLHJOL� VDVSLHåDPL� DU� VƗQVSƝNLHP�� NDV� GDUERMDV� GLHJX�PLMLHGDUEƯEDV� SXQNWRV�� âR� SLHƼƝPXPX�
QHYDU�L]PDQWRW�VWLHSHV�VORJRMXPD�JDGƯMXPƗ��MR�NRPSUHVLMDV�VSƝNL�SDJDULQƗWƗMƗ�DXGXPƗ�EǌWLVNL�
SLHDXJ�XQ�WDV�QRYHG�SLH�LHYƝURMDPD�SƗUYLHWRMXPD��NDV�URGDV�QR�VDYVWDUSƝMDV�GLHJX�VDVSLHãDQDV�
>��@��

9DU� VHFLQƗW�� ND� QDY� YLHQQR]ƯPƯJD� WULNRWƗåDV� YLVSƗULQƗWD� PRGHƺD� XQ� QDY� HVRãX� PRGHƺX�
YDOLGƗFLMDV�� L]PDQWRMRW� PǌVGLHQƯJDV� GEM� SURJUDPPDV�� NƗ� DUƯ� WUǌNVW� WHRUƝWLVNR� PRGHƺX�
UH]XOWƗWX�VDOƯG]LQƗãDQD�DU�HNVSHULPHQWƗOLHP�GDWLHP�XQ�PRGHOƝãDQDV��VLPXOƝãDQDV��UH]XOWƗWLHP��
âƷƝUVDGƯWDV�WULNRWƗåDV�L]PDQWRãDQD�FHPHQWNRPSR]ƯWX��EHWRQX�XQ�ILEUREHWRQX��VWLHJURãDQDL�XQ�
VWLSUƯEDV� SURJQR]ƝãDQD� JDQ� FHPHQWNRPSR]ƯWLHP�� JDQ� SROLPƝUNRPSR]ƯWLHP� LU� JDQGUƯ]�
QHL]SƝWƯWL��

�
2WUƗ� QRGDƺD� LU� YHOWƯWD� HNVSHULPHQWƗODP� SƝWƯMXPDP�� DSUDNVWƯWV� SDUDXJX� L]JDWDYRãDQDV�

SURFHVV� XQ� GLYDV� HNVSHULPHQWƗODV� WHVWƝãDQDV� PHWRGHV� ²� VWLHSHV� WHVWL�� NDV� LU� NODVLVND�
HNVSHULPHQWƗOX� SƝWƯMXPX� PHWRGH�� XQ� PLNURUHQƧHQWRPRJUƗILMD�� NDV� LU� VDOƯG]LQRãL� MDXQD�
PDWHULƗOX� LHNãƝMDV� VWUXNWǌUDV� L]SƝWHV� QHVDJUDXMRãD� PHWRGH�� 7RPRJUƗILMDV� L]PDQWRãDQDL�
PDWHULƗO]LQƗWQƝ�LU�OLHOV�SRWHQFLƗOV��MR�ãƯ�WHKQLND�ƺDXM�YHLNW�SDUDXJD�LHNãƝMƗV�VWUXNWǌUDV�WHOSLVNX�
DQDOƯ]L��NDV�QDY�LHVSƝMDPV��OLHWRMRW�VWDQGDUWD�PLNURVNRSLVNDV�WHKQLNDV��$WãƷLUƯEƗ�QR�VNHQƝMRãD�
HOHNWURQX�PLNURVNRSD��Scanning Electron Microscope��YDL�JDLVPDV�PLNURVNRSLHP��EDOVWƯWLHP�
X]�SHULRGLVNLHP�JULH]XPLHP��OLHWRMRW�PLNURWRPRJUƗILMX��QDY�QHSLHFLHãDPV�VDJDWDYRW�SDUDXJD�
VƝULMYHLGD�ãƷƝUVJULH]XPXV��âƯ�PHWRGH�OƯG]�ãLP�QHWLND�SODãL�OLHWRWD�DGƯWD�VWLHJURMXPD�VWUXNWǌUDV�
L]SƝWHL���
�



���
�

��D��� ��E���
�

��F��
���DWW��3ƝWƗPLH�SDUDXJL�PLNURUHQƧHQWRPRJUƗILMDV�DQDOƯ]HL��DXGXPL�*���D���*���E���

XQ���VOƗƼX�NRPSR]ƯWV��F��
�

âDMƗ� QRGDƺƗ� SLHGƗYƗWD� XQ� L]PƝƧLQƗWD� DQDOƯ]HV� SURFHGǌUD� SROLPƝUNRPSR]ƯWX� SOƗQDV�
WULNRWƗåDV� UHƗODV� ƧHRPHWULMDV� QRWHLNãDQDL�� 3ƝWƯMXPƗ� UHQWJHQVWDUX� PLNURUHQWJHQWRPRJUƗILMD�
OLHWRWD�ƧHRPHWULVNX�SDUDPHWUX�PƝUƯãDQDL�XQ�WUƯVGLPHQVLMX�YL]XDOL]ƗFLMDL�FLOSDL�SOƗQƗ�WULNRWƗåƗ��
âDMƗ� GDUEƗ� WLND� DSVNDWƯWL� �� YHLGD� VWLNOD� ãƷLHGUX� WULNRWƗåDV� DXGXPL� XQ� �� VOƗƼX�
NRPSR]ƯWPDWHULƗOV��0LNURWRPRJUƗILVND�SƝWƯMXPD�UH]XOWƗWƗ�SLHUƗGƯWV��ND�ãƯ�PHWRGH�LU�SLHPƝURWV�
LQVWUXPHQWV� WHNVWLOVWLHJURMXPD� UHƗODV� ƧHRPHWULMDV� QRWHLNãDQDL�� ,HJǌWƗ� ƧHRPHWULMD� YDU� WLNW�
L]PDQWRWD�WƗOƗNLHP�SƝWƯMXPLHP��SLHPƝUDP�DU�GEM���
� �
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�
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��D��� ��E��

��F�� � ��G��
���DWW��0LNURWRPRJUƗILMDV�DQDOƯ]HV�UH]XOWƗWL�DXGXPDP�*���D��E���

XQ�DXGXPDP�*���F��G����D����F��UHNRQVWUXƝWV�DXGXPD�DWWƝORMXPV���E����G��YLHQDV�FLOSDV�
ƧHRPHWULVNDLV�PRGHOLV��EDOVWƯWV�X]�L]PƝUƯWLHP�OLHOXPLHP�

�

��D�� ��E��

��F�� ��G��
���DWW��$U�WULNRWƗåDV�DXGXPX�VWLHJURWV�NRPSR]ƯWPDWHULƗOV�²�3DUDXJV����D±E���

XQ�3DUDXJV����F±G����D����F��UHNRQVWUXƝWV�DSMRPV���E����G��ƧHRPHWULVNDLV�PRGHOLV��L]YHLGRWV��
L]PDQWRMRW�PLNURWRPRJUƗILMDV�DQDOL]Ɲ�LHJǌWRV�GDWXV��

�



���
�

$QDOL]ƝMRW�PLNURWRPRJUƗILMDV�SƝWƯMXPD�UH]XOWƗWXV��YDU�VHFLQƗW��ND��
x� VWDQGDUWD�PLNURWRPRJUƗILMDV� LHNƗUWDV�YDU� WLNW� OLHWRWDV�ãƷLHGUDLQX�VWUXNWǌUX�ƧHRPHWULMDV�

QRWHLNãDQDL��
x� L]PDQWRMRW�ãR�WHKQLNX��YDU�QRWHLNW�UHƗOX�WHNVWLOVWUXNWǌUX�GLHJX�ãƷƝUVJULH]XPD�ODXNXPXV�

XQ� IRUPDV�� NDV� VDYXNƗUW� YDU� X]ODERW� HNVLVWƝMRãXV� PRGHƺXV�� NXURV� ãƷƝUVJULH]XPL� LU�
X]VNDWƯWL�SDU�DSDƺLHP��

x� ãƷƝUVJULH]XPD� ODXNXPL�� NƗ� DUƯ� WR� HOLSWLVLWƗWH� YDULƝMDV� DWNDUƯEƗ� QR� GLHJD� ]RQDV�� GLYX�
GLHJX�NRQWDNWD�]RQƗ�ãƷƝUVJULH]XPLHP�LU�OLHOƗND�HOLSWLVLWƗWH��NDV�DWVSRJXƺR�NRPSUHVLMDV�
VSƝNX�GDUEƯEX��

x� DU� PLNURWRPRJUƗILMDV� WHKQLNX� LHJǌWD� GLHJD� YLGXVOƯQLMD� DWELOVW� WHRUƝWLVNL� LHJǌWDL��
L]PDQWRMRW�/LID�*ODVNLQD�PRGHOL��GHYLƗFLMDV�QRYƝURMDPDV�SODWƯQDV�ORNX�UHƧLRQƗ��

�
6WLHSHV� WHVWX� UH]XOWƗWƗ� LU� LHJǌWDV� PDWHULƗOD� PHKƗQLVNƗV� ƯSDãƯEDV� �HODVWƯEDV� PRGXƺL�

SULQFLSLƗORV�YLU]LHQRV��YLHQVOƗƼD�XQ���VOƗƼX�.0���
(NVSHULPHQWD�JDLWƗ� LHJǌWDV�VSULHJXPD�GHIRUPƗFLMD� OƯNQHV���������DWW����SƝF�NXUX�GDWLHP�LU�

DSUƝƷLQƗWL� HODVWƯEDV� PRGXƺL� ��� XQ� ���� YLU]LHQLHP� DEX� YHLGX� .0� �YLHQVOƗƼD� XQ� �� VOƗƼX���
5H]XOWƗWƗ� LU� LHJǌWL� ãƗGL� HODVWƯEDV� PRGXƺX� OLHOXPL�� �� VOƗƼX� .0� ²� (/� ������ *3D��
(7� ������*3D��YLHQVOƗƼD�.0�²�(/� ������*3D��(7� �������*3D��
�
�

���DWW��(NVSHULPHQWƗOLH�UH]XOWƗWL���VOƗƼX����SDUDXJLHP�
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���DWW��(NVSHULPHQWƗOLH�UH]XOWƗWL���VOƗƼX�����SDUDXJLHP�

�
7UHãƗ� QRGDƺD�� âDMƗ� QRGDƺƗ� DSUDNVWƯWV� SROLPHUNRPSR]ƯWX� DU� WULNRWƗåDV� VWLHJURMXPX�

WHRUƝWLVNDLV�SƝWƯMXPV��3ƝWƯMXPX�QRVDFƯWL�YDU�VDGDOƯW�WUƯV�GDƺƗV�²�SLUPƗ�LU�VNDLWOLVND�PRGHOƝãDQD�
DU�PƝUƷL� QRWHLNW�.0�HODVWƯEDV�PRGXƺXV�� RWUD�²�HODVWƯJX� ƯSDãƯEX�PRGHOƝãDQD� DU�GEM�� NXUƗ�
DSVNDWƯWL� PRGHƺL� DU� DSDƺX�� GDƺƝML� HOLSWLVNX� XQ� HOLSWLVNX� GLHJX� ãƷƝUVJULH]XPLHP�� WUHãƗ� ²�
VWLSUƯEDV� VNDLWOLVND�PRGHOƝãDQD�� ,HJǌWƗV� HODVWƯEDV� ƯSDãƯEDV� WLND� VDOƯG]LQƗWDV� JDQ� VDYƗ� VWDUSƗ��
JDQ�DU�HNVSHULPHQWƗOLHP�GDWLHP��NDV�DSUDNVWƯWL�LHSULHNãƝMƗ�QRGDƺƗ���
�
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��� DWW��GE�PRGHƺX�YHLGX�DSNRSRMXPV�
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3DUDXJV��
3DUDXJV��
3DUDXJV��
3DUDXJV��

7HRUHWLVNDLV�
PRGHOLV

$SDƺã�
ãƷƝUVJULH]XPV

,]RWURSV

2UWRWURSV

'DƺƝML�HOLSWLVNV�
ãƷƝUVJULH]XPV

(OLSVH����

,]RWURSV

2UWRWURSV

(OLSVH����

,]RWURSV

2UWRWURSV

(OLSVH����

,]RWURSV

2UWRWURSV

(OLSWLVNV�
ãƷƝUVJULH]XPV

(OLSVH����

,]RWURSV

2UWRWURSV

(OLSVH����

,]RWURSV

2UWRWURSV

(OLSVH����

,]RWURSV
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�E��� �
���DWW��'DåX�PRGHƺX�DWWƝORMXPL�L]RPHWULVNƗ�VNDWƗ�XQ�VNDWƗ�QR�NUHLVDV�SXVHV���

D�²�L]RWURSV�PRGHOLV�DU�DSDƺX�ãƷƝUVJULH]XPX��E�²�L]RWURSV�PRGHOLV�DU�GDƺƝML�HOLSWLVNX��
�DVX�DWWLHFƯED�LU������ãƷƝUVJULH]XPX��

�
(ODVWƯEDV� PRGXƺL� LU� DSUƝƷLQƗWL�� GDORW� PDWULFDV� VNDOGQHV� XQ� GLHJD� ãƷƝUVJULH]XPD� X]� WƗV�

VNDOGQHV�YLGƝMR�VSULHGXPX�DU�WR�YLGƝMR�GHIRUPƗFLMX���
6DOƯG]LQRW�HNVSHULPHQWƗOL��DU�VWLHSHV�WHVWX�SDOƯG]ƯEX��LHJǌWRV�HODVWƯEDV�PRGXƺX�OLHOXPXV�DU�

WHRUƝWLVNL�DSUƝƷLQƗWDMLHP��YDU�VHFLQƗW��ND�HNVSHULPHQWƗOL�LHJǌWƗV�HODVWƯEDV�PRGXƺX�YƝUWƯEDV�ODEL�
VDNUƯW�DU�DQDOƯWLVNL�DSUƝƷLQƗWLHP�OLHOXPLHP��'DåX�L]YHLGRWX�*(�PRGHƺX�JDUHQYLU]LHQD�PRGXOLV�
(/� ODEL� VDGHU� DU� HNVSHULPHQWƗOLHP� XQ� WHRUƝWLVNLHP� GDWLHP�� VDYXNƗUW� (7� PRGXOLV� QR�GE� LU�
OLHOƗNV�SDU�DSUƝƷLQƗWR�XQ�HNVSHULPHQWƗOR�XQ�LU�OƯG]ƯJV�(/��
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���DWW��(ODVWƯEDV�PRGXƺX�VDOƯG]LQƗMXPV�

�
�

'DåLHP� PRGHƺLHP� WLND� QRWHLNWDV� PDNVLPƗOR� VSULHJXPX� YLHWDV�� L]PDQWRMRW� Matlab�
SURJUDPPX��
�

��D�� ��E��
���DWW��0DNVLPƗOR�VSULHJXPX�DWUDãDQƗV�YLHWX�YL]XƗODLV�DWWƝORMXPV���

PRGHOLV�1U����²�L]RWURSV�PRGHOLV�DU�GDƺƝML�HOLSWLVNX�ãƷƝUVJULH]XPX��DVV�DWWLHFƯED�������
XQ�DWWLHFƯJD�PRGHƺD�VSULHJXPX�VDGDOƯMXPV�GE�SURJUDPPƗ�

�
7UHãDMƗ� QRGDƺƗ� YHLNWD� DUƯ� VWLSUƯEDV� SURJQR]ƝãDQD�� L]PDQWRMRW� GEM�� 6DJUDXãDQD� LU�

DSVNDWƯWD�NƗ�VHFƯJV�GLHJX�SOƯVXPV�ƗUƝMƗV�VWLHSHV�VORG]HV�LHWHNPƝ��3ƝWƯMXPD�REMHNWV�LU�YLHQVOƗƼD�
SOƗQDV� WULNRWƗåDV� VWLHJURMXPD� NRPSR]ƯWSOƗNVQH�� 3LHOLNWLH� VWLHSHV� VSƝNL� GLHJRV� L]UDLVD�
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QHYLHQPƝUƯJX�VSULHGXPX�VDGDOƯMXPX��3LUPDLV�WULNRWƗåDV�GLHJV�VDSOƯVƯV�YLHWƗ��NXU�VSULHJXPDP�
LU�OLHOƗND�YƝUWƯED��
�

&HWXUWƗ� QRGDƺD� YHOWƯWD� WULNRWƗåDV� VWLHJURMXPD� L]PDQWRãDQDL� ILEUREHWRQRV��
&HPHQWNRPSR]ƯWX� VWLHJURãDQD�DU�QHSƗUWUDXNWDP�ãƷLHGUƗP� LU�YLHQV�QR�HIHNWƯYƗNLHP�YHLGLHP��
ODL� LHJǌWX� DXJVWDV� YHLNWVSƝMDV�PDWHULƗOX� >��@��&HPHQWNRPSR]ƯWL� YDU� EǌW� VWLHJURWL� DU� GDåƗGDV�
ƧHRPHWULMDV� WƝUDXGD� ãƷLHGUƗP�� VWLNOD�� VLQWƝWLVNƗP� YDL� QDWXUƗOƗP� ãƷLHGUƗP� >�@� XQ�
WHNVWLOL]VWUƗGƗMXPLHP�� âƷLHGUX� VWLHJURMXPV� NƺǌVW� HIHNWƯYV� SƗUVYDUƗ� SƝF� WDP�� NDG� PDWULFD� LU�
LHSODLVƗMXVL� XQ� ãƷLHGUDV� QRWXU� SODLVDV� �����DWW��� ãƗGƗ� YHLGƗ� X]ODERMRW� PDWHULƗOD� VORG]HV�
QHVWVSƝMX�� âDMƗ� GDUEƗ� ILEUREHWRQD� SDUDXJL� WLND� VWLHJURWL� DU� VWLNOD� ãƷLHGUX� SOƗQDV� WULNRWƗåDV�
DXGXPX�� 3ƝWƯMXPD�PƝUƷLV� LU� QRYƝUWƝW� VWLNOD� ãƷLHGUX� WULNRWƗåDV� VOƗƼX� LHWHNPL� X]� ILEUREHWRQD�
ƯSDãƯEƗP�� âDMƗ� QRGDƺƗ� YHLNWD� DUƯ� PRGHOƝãDQD�� 0RGHOƝãDQDV� UH]XOWƗWƗ� WLND� LHJǌWV� VSULHJXPX�
VDGDOƯMXPV�XQ�WLND�DQDOL]ƝWDV�DEX�SƝWƗPR�GLHJX�����ãƷƝUVJULH]XPL��.DWUƗ�ãƷƝUVJULH]XPƗ��NDV�
LU�RUWRJRQƗOV�WHOSƗ�SUHW�GLHJD�YLGXVOƯQLMX��WLND�QRWHLNWL�YLGƝMLH�VSULHJXPL���
�

��D�� ��E���
����DWW��7ULNRWƗåDV��D��XQ�ILEUX��E��VWLHJURMXPD�EHWRQƗ�VKHPDWLVNDLV�DWWƝORMXPV��DXGXPD��

XQ�ãƷLHGUX�VWLHJURMXPDP�VORG]HV�JDGƯMXPƗ�LU�QRYƝURMDPD�GDåƗGD�X]YHGƯED�>��@�
�

��D�� ��E��
����DWW��7ULNRWƗåDV�VWLHJURMXPV���D��GLHJX�VDNUXVWRãDQDV�DSJDEDOV�XQ�DGƯMXPD�IUDJPHQWV��E��

�
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����DWW��*DWDYV�SDUDXJV�²�ILEUREHWRQD�EUXVD������î�����î�����PP��

�
)LEUREHWRQD�SDUDXJL�WLND�HNVSHULPHQWƗOL�SƝWƯWL��L]PDQWRMRW�þHWUX�SXQNWX�OLHFHV�WHVWX��
$XGXPD� VWLHJURMXPD� LHWHNPH� X]� SƝWƯWR� SDUDXJX� VWLSUƯEX� UHG]DPD� ����DWW�� 3DUDXJX�

QHVWVSƝMD�LU���±���N1��3DUDXJLHP��1U���±������DWW���DU�WULNRWƗåDV�VOƗƼLHP�PDNVLPƗOD�VORG]H�LU�
DSPƝUDP�GLYƗV�UHL]ƝV�OLHOƗND��VDOƯG]LQRW�DU�SDUDXJLHP�EH]�DGƯWD�VWLHJURMXPD��1U���±�����
�

�
����DWW��6SƝND�L]OLHFHV�OƯNQHV��SDUDXJL�1U����XQ���LU�EH]�WULNRWƗåDV�VWLHJURMXPD�

�
$QDOL]ƝMRW� SƝWƯMXPD� UH]XOWƗWXV�� YDU� VHFLQƗW�� ND� EHWRQV� XQ� ILEUREHWRQV� YDU� EǌW� YHLNVPƯJL�

VWLHJURWL�DU�SOƗQDV�WULNRWƗåDV�DXGXPX�QR�VWLNOD�ãƷLHGUX�GLHJLHP��(NVSHULPHQWL�SDUƗGƯMD�VORG]HV�
OLHOXPD�SDOLHOLQƗMXPX�SDUDXJLHP�DU�WULNRWƗåDV�VOƗƼLHP���
�
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��D�� ��E��
����DWW���D��%HWRQD�SDUDXJV�DU���VOƗƼX�WULNRWƗåDV�VWLHJURMXPX�SƝF�VDJUDXãDQDV���

�E��VDVWLHSWX�GLHJX�UHƧLRQV�PDNURSODLVƗ�
�

�
/DL�PRGHOƝWX�EHWRQD�EORND�DU�WULNRWƗåDV�VOƗƼX�VWLHJURMXPX�VWLSUƯEX��FHWXUWDMƗ�QRGDƺƗ�WLND�

L]YHLGRWV� VWUXNWXUƗOV� PRGHOLV�� WLND� L]PDQWRWD� YDUEǌWƯEDV� SLHHMD� XQ� SLHGƗYƗWD� GLHJX� VHFƯJDV�
VDJUDXãDQDV�SURFHVD�PRGHOƝãDQD���
�

�
����DWW��,]PDQWRWDLV�VWUXNWXUƗODLV�PRGHOLV�

�
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��D�� ��E��
����DWW��)RQ�0Ư]HVD�VSULHJXPX�VDGDOƯMXPD�SLHPƝUV���D��LU�VDEUXFLV�YLHQV�GLHJV�����QR�DXJãDV���

�E��LU�VDEUXNXãL�GLYL�GLHJL�����XQ�����
�
�

6(&,1Ɩ-80,�
âDMƗ� SURPRFLMDV� GDUEƗ� WLND� DSVNDWƯWL� NRPSR]ƯWPDWHULƗOL� DU� WULNRWƗåDV� VWLHJURMXPX�� 7LND�

DQDOL]ƝWDV�SOƗQDV�NXOLUƝWDV�WULNRWƗåDV�L]PDQWRãDQDV�LHVSƝMDV�SROLPƝUX�PDWULFDV�XQ�ILEUREHWRQD�
PDWULFDV�NRPSR]ƯWPDWHULƗORV��,U�YHLNWL�ãƗGL�SƝWƯMXPL��

x� VWLHSHV� WHVWL� ²� HNVSHULPHQWƗOL� QRWHLNWL� YLHQVOƗƼD� XQ� �� VOƗƼX� YLHQYLU]LHQD�
SROLPƝUNRPSR]ƯWX�HODVWƯEDV�PRGXL�GLYRV�SULQFLSLƗORV�PDWHULƗOD�YLU]LHQRV��

x� GDWRUPRGHOƝãDQD� DU� GEM�� ODL� QRWHLNWX� VOƗƼDLQD� NRPSR]ƯWD� ƯSDãƯEDV�� L]YHLGRWDMRV�
PRGHƺRV�OLHWRWL�GDåƗGL�ãƷƝUVJULH]XPD�WLSL��

x� VNDLWOLVNƗ� PRGHOƝãDQD� HODVWƯEDV� PRGXƺX� QRWHLNãDQDL�� L]PDQWRMRW� SƗUHMDV� PDWULFDV�
PRGHOL��

x� WULNRWƗåDV�VWLHJURMXPD�UHƗODV�ƧHRPHWULMDV�QRWHLNãDQD�DU�UHQWJHQVWDUX�PLNURWRPRJUƗILMDV�
WHKQLNX��

x� GDWRUPRGHOƝãDQD�DU�GEM�DU�PƝUƷL�SURJQR]ƝW�DGƯWD�VWLHJURMXPD�NRPSR]ƯWX�VWLSUƯEX��
x� HNVSHULPHQWƗOL� SƗUEDXGƯWD� WULNRWƗåDV� VWLHJURMXPD� LHWHNPH� X]� ILEUREHWRQD� EORNX�

QHVWVSƝMX��
3ƝWƯMXPƗ�HNVSHULPHQWƗOL� XQ� WHRUƝWLVNL� LHJǌWLH� HODVWƯEDV�PRGXƺL� LU� VDOƯG]LQƗWL� VDYƗ� VWDUSƗ��

SLHGƗYƗWD� UHƗODV� WULNRWƗåDV� ƧHRPHWULMDV� QRWHLNãDQDV�PHWRGLND�� L]PDQWRMRW�PLNURWRPRJUƗILMX��
DSUDNVWƯWD�WULNRWƗåDV�VWLHJURMXPD�NRPSR]ƯWX�VWLSUƯEDV�PRGHOƝãDQDV�PHWRGH��
�
,HJǌWLH�UH]XOWƗWL�XQ�DW]LƼDV�
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��� $QDOL]ƝMRW� OLWHUDWǌUDV� DYRWXV�� WLND� VHFLQƗWV�� ND�� ODL� DUƯ� HNVLVWƝ� GLH]JDQ� OLHOV� VNDLWV�
SƝWƯMXPX�SDU�WULNRWƗåDV�VWLHJURMXPD�NRPSR]ƯWPDWHULƗOLHP��LU�QRYƝURMDPV�YLVDSWYHURãDV�
PRGHOƝãDQDV� WUǌNXPV� ãƗGD� YHLGD� PDWHULƗOLHP�� QDY� HVRãX� PRGHƺX� YDOLGƗFLMDV��
L]PDQWRMRW� PǌVGLHQƯJDV� GEM� SURJUDPPDV�� NƗ� DUƯ� JDQGUƯ]� QDY� SƝWƯWD� VWLSUƯEDV�
SURJQR]ƝãDQD��

��� 0LNURWRPRJUƗILMDV� WHKQLND� YDU� WLNW� YHLNVPƯJL� OLHWRWD� UHƗOD� WULNRWƗåDV� VWLHJURMXPD�
VWUXNWǌUDV� QRWHLNãDQDL�� NDV� VDYXNƗUW� YDU� X]ODERW� HVRãRV� WULNRWƗåDV� PRGHƺXV�� 3DãODLN�
ãƗGD�YHLGD�WHKQLND�YDU�EǌW�ODLNLHWLOSƯJD��EHW�WDL�LU�OLHOV�SRWHQFLƗOV��MR�ƯSDãL�²�MD�WLNV�GRWD�
LHVSƝMD� DXWRPDWL]ƝW� GDWX� DSVWUƗGL� XQ� YLHQNƗUãRW� GDWX� PLJUƗFLMX� �'� PRGHOƝãDQDV�
SURJUDPPƗV��

��� 6WLHSHV� WHVWX� UH]XOWƗWƗ� WLND� LHJǌWDV� HODVWƯEDV� PRGXƺX� YƝUWƯEDV� GLYRV� SULQFLSLƗORV�
YLU]LHQRV�GLYX�YHLGX�SDUDXJLHP�²�YLHQVOƗƼD�XQ���VOƗƼX�SOƗQDV�WULNRWƗåDV�VWLHJURMXPV�
NRPSR]ƯWPDWHULƗODP�DU�SROLPƝUPDWULFX��9LHQVOƗƼD�NRPSR]ƯWD�HODVWƯEDV�PRGXƺX�OLHOXPL�
GLYRV�SULQFLSLƗORV�YLU]LHQRV�LU�ƺRWL�OƯG]ƯJL���

��� $U�WULNRWƗåX�VWLHJURWV�NRPSR]ƯWPDWHULƗOV�YDU�EǌW�PRGHOƝWV�PǌVGLHQX�QHVSHFLILVNDMƗ�GE�
PRGHOƝãDQDV� SURJUDPPƗ�� âDMƗ� GDUEƗ� WLND� L]PDQWRWV� SolidWorks�� ,HJǌWLH� UH]XOWƗWL�
JDUHQYLU]LHQD� PRGXOLP� ODEL� VDNUƯW� DU� HNVSHULPHQWƗODMLHP� XQ� WHRUƝWLVNDMLHP� GDWLHP��
ãƷƝUVYLU]LHQD�PRGXOLP�LU�QRYƝURMDPD�OLHOƗND�DWãƷLUƯED��-ƗSLHELOVW��ND�SolidWorks�LU�ƺRWL�
MXWƯJV�SUHW�UREHåQRWHLNXPX�XQ�WƯNORMXPD�SDUDPHWUX�L]PDLƼX��

��� 'DUEƗ� WLND� L]PƝƧLQƗWD� NRPSR]ƯWPDWHULƗOX� VWLSUƯEDV�PRGHOƝãDQD�GEM� SURJUDPPƗ� DU�
YDUEǌWƯEDV�WHRULMDV�L]PDQWRãDQX��

��� 3OƗQDV� WULNRWƗåDV�VWLHJURMXPX�YDU�YHLNVPƯJL� OLHWRW�EHWRQX�XQ�ILEUREHWRQX�VWLHJURãDQDL�
WR� QHVWVSƝMDV� X]ODERãDQDL�� 9LVUDFLRQƗOƗN� ãƗGD� YHLGD� VWLHJURMXPX� L]PDQWRW� WHOSLVNƗV�
GHWDƺƗV�XQ�NRQVWUXNFLMƗV��SLHPƝUDP��þDXOƗV��

�
5HNRPHQGƗFLMDV�WXUSPƗNLHP�SƝWƯMXPLHP�

9HLNW� YDLUƗN� HNVSHULPHQWX� HODVWƯEDV� PRGXƺX� QRWHLNãDQDL�� ƯSDãL� ²� VOƗƼDLQLHP��
NRPSR]ƯWSOƗNVQƝP�DU�GDåƗGLHP�VOƗƼX�RULHQWƗFLMX�OHƼƷLHP��

2SWLPL]ƝW� XQ� X]ODERW� JDOƯJR� HOHPHQWX� PRGHƺXV� HODVWƯEDV� PRGXƺX� QRWHLNãDQDL� XQ�
VWLSUƯEDV�VDJUDXãDQDV� PRGHOƝãDQDL�� YHLNW� PRGHƺX� SDUDPHWUX� �UREHåQRWHLNXPX�� WƯNORMXPD��
LHWHNPHV�YDOLGƗFLMX��LHVSƝMDPV�DXWRPDWL]ƝW�PRGHƺX�UDGƯãDQX��
']LƺƗN� L]SƝWƯW� WHNVWLOPDWHULƗOX� ƧHRPHWULMDV� HYROǌFLMX� GHIRUPƗFLMDV� SURFHVƗ� XQ� GHIRUPƗFLMDV�
ƧHRPHWULMDV�LHWHNPL�X]�PDWHULƗOD�ƯSDãƯEƗP��
3UHFƯ]ƗND�NRPSR]ƯWPDWHULƗOX�DU�WULNRWƗåDV�VWLSUƯEDV�SURJQR]ƝãDQD��
9HLNW�PLNURWRPRJUƗILMDV�WHKQLNDV�GDWX��W��L���LHJǌWƗ�ƧHRPHWULVNƗ�PRGHƺD��PHKƗQLVNX�DQDOƯ]L��
/DL�L]PDQWRWX�LHVSƝMDV��NR�VQLHG]�QHVDJUDXMRãD�PLNURWRPRJUƗILMDV�PHWRGH��QHSLHFLHãDPV�YHLNW�
YDLUƗNXV�SƝWƯMXPXV�DU�PƝUƷL�RSWLPL]ƝW�L]HMDV�GDWX�DSVWUƗGL�XQ�SDGDUƯW�ãR�DSVWUƗGL�SUHFƯ]ƗNX�XQ�
ƗWUƗNX�� OLHOV� SRWHQFLƗOV� LU� ULVLQƗMXPDP�� NDV� ƺDXWX� NRQYHUWƝW� PLNURWRPRJUƗILMDV� L]HMDV� GDWXV�
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PHVK� RI� WHWUDKHGULF� HOHPHQWV��� $XWH[� 5HVHDUFK� -RXUQDO��²� ������²�9RO����� 1R� ���²�
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9RO������1R������SS�����±�����

���� /HDI� *�� $��� *ODVNLQ� $�� 7KH� *HRPHWU\� RI� 3ODLQ� .QLWWHG� /RRS��� -RXUQDO� RI� WKH� 7H[WLOH�
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