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3URFHV\� PRQWDĪRZH� QDOHĪą� GR� MHGQ\FK�
]� QDMSRZV]HFKQLHM� VWRVRZDQ\FK� Z� UyĪQ\FK� VHNWRUDFK�
Z\WZyUF]RĞFL�� MHGQDN� LFK� VSHF\¿ND� ]QDF]QLH� ]DOHĪ\� RG�
WDNLFK�F]\QQLNyZ��MDN��PDWHULDá\�L�JDEDU\W\�PRQWRZDQ\FK�
HOHPHQWyZ�� SRWU]HE\� ]DFKRZDQLD� GRNáDGQRĞFL�
L�VWHU\OQRĞFL�SURFHVyZ��SU]H]QDF]HQLD�SURGXNWyZ� L�VNDOL�
LFK�SURGXNFML��QLH]DZRGQRĞFL� L�EH]SLHF]HĔVWZD�Z\UREyZ�
RUD]�ZDUXQNyZ�Z�MDNLFK�PDMą�E\ü�HNVSORDWRZDQH�

0LPR� WHM� UyĪQRURGQRĞFL� SURFHVyZ� PRQWDĪRZ\FK�
GRW\FKF]DVRZH�NU\WHULD�RFHQ�W\FK�SURFHVyZ�SU]HZDĪQLH�
GRW\F]\á\� ]DSHZQLHQLD� EH]SLHF]HĔVWZD�� Z\NRQDOQRĞFL��
PLQLPDOL]DFML� NRV]WyZ� L� SUDFRFKáRQQRĞFL�� D� QLHNLHG\�
UyZQLHĪ�WDNLFK�NU\WHULyZ��MDN��SURGXNW\ZQRĞFL��Z\GDMQRĞFL��
WUZDáRĞFL�HNVSORDWDF\MQHM��IXQNFMRQDOQRĞFL�L�LQ�

:]UDVWDMąFD�DNW\ZQRĞü�ZVSyáF]HVQ\FK�VSRáHF]HĔVWZ�
Z� ]DNUHVLH� JRVSRGDUNL�� NRQVXPSFML�� JOREDOL]DFML��
Z\NRU]\VW\ZDQLD�QLHRGQDZLDOQ\FK�]DVREyZ�LWS��Z\ZRáDá\�
V]HUHJ� JOREDOQ\FK� ]PLDQ�� NWyU\FK� QDUDVWDQLH� PRĪH�
VWDQRZLü� ]DJURĪHQLH� GOD� LVWQLHQLD� SU]\V]á\FK� SRNROHĔ�
�]PLDQ\� NOLPDWX�� Z\F]HUS\ZDQLH� ]DVREyZ�� Z\PLHUDQLH�
JDWXQNyZ� IDXQ\� L� ÀRU\�� GHJUDGDFMD� JOHE�� Z\OHVLDQLH��
Z]UDVWDMąFH� ]DQLHF]\V]F]HQLD� ĞURGRZLVN� RGSDGDPL�
�VWDá\PL��FLHNá\PL��JD]RZ\PL��Z�W\P�R�GXĪHM�V]NRGOLZRĞFL�
GOD� ]GURZLD� LWS��� VWZDU]DMą� NRQLHF]QRĞü� ZSURZDG]HQLD�
UDG\NDOQ\FK� ]PLDQ� Z� V\VWHPDFK� JRVSRGDUF]\FK��
SROLW\F]Q\FK��VSRáHF]Q\FK��HW\F]Q\FK�L�LQ�

3URGXNFMD� PRQWDĪRZD� QLH� QDOHĪ\� GR� OLGHUyZ�
JHQHUXMąF\FK�SRZ\ĪV]H�QHJDW\ZQH�VNXWNL��OHF]�NRQLHF]QD�
MHVW� ]PLDQD� SRGHMĞFLD� GR� SURFHVyZ� SURMHNWRZDQLD��
Z\WZDU]DQLD� L� HNVSORDWRZDQLD� V\VWHPyZ�PRQWDĪRZ\FK�
L�RELHNWyZ�PRQWRZDQ\FK�

=PLDQ\�WH�SRZLQQ\�GRW\F]\ü�Z\ERUX�NU\WHULyZ�RFHQ�
L� LFK� UDQJ� Z� WUDNFLH� IRUPXáRZDQLD� ]DáRĪHĔ� SURMHNWyZ��
QDG]RUX� QDG� LFK� UHDOL]DFMą� L� NRĔFRZHM� LFK� ZHU\¿NDFML�
L� ZDOLGDFML�� 0RĪQD� WX� SU]\WRF]\ü� NLOND� SU]\NáDGRZ\FK��
ZDĪQLHMV]\FK�]DOHFHĔ�� NWyUH�Z�NRQNUHWQ\FK�G]LDáDQLDFK�
PRJą� E\ü� ]QDF]QLH� UR]V]HU]RQH�� XV]F]HJyáRZLRQH�
L� GRVWRVRZDQH� GR� VSHF\¿NL� PRQWRZDQ\FK� SURGXNWyZ�
L�VWRVRZDQ\FK�Z�W\P�FHOX�V\VWHPyZ�PRQWDĪRZ\FK��W]Q��
��� 3UHIHURZDQLH�VWRVRZDQLD�PDWHULDáyZ�QLH�GH¿F\WRZ\FK��

áDWZ\FK�GR�SRQRZQHJR�Z\NRU]\VW\ZDQLD�L�UHF\NOLQJX��
]� NWyU\FK� HOHPHQW\� E\á\E\� áąF]RQH� VSRVREDPL��
áDWZ\PL�GR�GHPRQWDĪX��]DĞ�VSRVRE\�LFK�SRQRZQHJR�
Z\NRU]\VWDQLD�E\á\E\�PDáR�HQHUJRFKáRQQH�

��� 6WRVRZDQLH� UR]ZLą]DĔ� L� SRáąF]HĔ� PRQWDĪRZ\FK�
XPRĪOLZLDMąF\FK� PDNV\PDOQH� RJUDQLF]HQLH��
Z�SURFHVDFK�Z\WZDU]DQLD�L�HNVSORDWDFML��JHQHURZDQLD�
RGSDGyZ� QLH� ]QDMGXMąF\FK� ZWyUQHJR� ]DVWRVRZDQLD�
OXE�Z\NRU]\VWDQLD�Z�RGUĊEQ\FK�SURFHVDFK�

��� :\NRU]\VW\ZDQLH�PHWRG�L�UR]ZLą]DĔ�]DSHZQLDMąF\FK�
PDNV\PDOL]DFMĊ� VSUDZQRĞFL� HQHUJHW\F]QHM��
PHFKDQLF]QHM�� FLHSOQHM� L� LQ�� G]LĊNL� F]HPX�
PRĪOLZ\P� EĊG]LH� OHSV]H�� GáXĪV]H� L� HIHNW\ZQLHMV]H�
Z\NRU]\VW\ZDQLH� Z\UREyZ� L� XU]ąG]HĔ� V\VWHPyZ�
PRQWDĪRZ\FK�

��� �3UHIHURZDQLH�UR]ZLą]DĔ�PRGXáRZ\FK��Z�NRQVWUXNFML��
WHFKQRORJLL�� RUJDQL]DFML�� XPRĪOLZLDMąF\FK� áDWZH�
SU]HSURZDG]DQLH�PRGHUQL]DFML�L�UHZLWDOL]DFML�Z\UREyZ�
L�V\VWHPyZ�Z�WUDNFLH�LFK�HNVSORDWDFML��EH]�NRQLHF]QRĞFL�
¿]\F]QHM� OLNZLGDFML� L� Z\GáXĪDMąF\FK� LFK� SU]\GDWQRĞü�
HNVSORDWDF\MQą��SURGXNW\ZQRĞü��EH]SLHF]HĔVWZR�L�LQ�

��� :� UR]SDWU\ZDQLX� UyĪQ\FK� ZDULDQWyZ� UR]ZLą]DĔ�
NRQVWUXNF\MQ\FK� L� WHFKQRORJLF]Q\FK� FHOHP� LFK�
RSW\PDOL]DFML�� RSUyF]� NRV]WyZ�� SUDFRFKáRQQRĞFL�
L� EH]SLHF]HĔVWZD�� QDOHĪ\� XZ]JOĊGQLDü� UyZQLHĪ�
WDNLH�� MDN�� HQHUJRFKáRQQRĞü�� PDWHULDáRFKáRQQRĞü��
LORĞü� JHQHURZDQHJR� GZXWOHQNX� ZĊJOD� RUD]� LORĞFL�
JHQHURZDQ\FK�RGSDGyZ��]ZáDV]F]D�QLHEH]SLHF]Q\FK�
L�QLH�SRGOHJDMąF\FK�XW\OL]DFML��L�LQQH�
,VWQLHMH� MXĪ� REV]HUQD� OLWHUDWXUD� QDXNRZD��

QRUPDW\ZQD� L� SUDZQD� ZVND]XMąFD� QD� SUHIHURZDQH�
NU\WHULD� SRVWĊSRZDQLD�� OHF]� MHVW� RQD� Z� RJUDQLF]RQ\P�
VWRSQLX� Z\NRU]\VW\ZDQD� Z� SURFHVDFK� SURMHNWRZDQLD��
'R� ZDĪQLHMV]\FK� PRĪQD� ]DOLF]\ü� QDVWĊSXMąFH�� QRUPD�
,62� ������ �R� VSRáHF]QHM� RGSRZLHG]LDOQRĞFL� EL]QHVX���
Z\W\F]QH� 21=� Z� VSUDZLH� W]Z�� F]\VWV]HM� SURGXNFML�
�&3��� QRUP\� VHULL� ,62� ������ �V\VWHP\� ]DU]ąG]DQLD�
ĞURGRZLVNRZHJR��� ]DVDG\� V]F]XSáHJR� ]DU]ąG]DQLD�
L�Z\WZDU]DQLD� �/0��/3���ZLHOH� UyĪQ\FK�DNWyZ�SUDZQ\FK�
GRW\F]ąF\FK�SRV]F]HJyOQ\FK�G]LDáDĔ�L�LQ�

5HGDNFMD�7L$0�RUD]�MHM�F]\WHOQLF\�EĊGą�V]F]HJyOQLH�
]DGRZROHQL� MHĞOL� $XWRU]\� RSUDFRZDĔ� QDXNRZ\FK�
SUH]HQWRZDQ\FK� Z� 7L$0� QDV]HJR� NZDUWDOQLND� EĊGą�
Z� VZRLFK� SUDFDFK� XZ]JOĊGQLDOL� SRZ\ĪV]H� Z\W\F]QH��
*OREDOQH�]QDF]HQLH�SRVWĊSXMąF\FK�]PLDQ�GHJUDGDF\MQ\FK�
Z\PDJD�SRZV]HFKQHJR�]DDQJDĪRZDQLD� L� NUHDW\ZQRĞFL�
±�ZLHOH�PDá\FK� L�GUREQ\FK� LQLFMDW\Z�PRĪH�VXPRZDü�VLĊ�
Z�LVWRWQH�HIHNW\��]�SRĪ\WNLHP�GOD�QDV]HM�F\ZLOL]DFML�

2�3275=(%,(�=0,$1�.5<7(5,Ï:�2&(12:<&+�
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+HXU\VW\F]QD�PHWRGD�KDUPRQRJUDPRZDQLD�PRQWDĪX�ZLHORZDULDQWRZ\FK�SURGXNWyZ�
OLQLL�PRQWDĪRZHM�]�EXIRUDPL�PLĊG]\RSHUDF\MQ\PL�

ȿɜɪɢɫɬɢɱɟɫɤɢɣ�ɦɟɬɨɞ�ɱɟɪɟɞɨɜɚɧɢɹ�ɫɛɨɪɤɢ�ɦɧɨɝɨɜɚɪɢɚɧɬɧɵɯ�ɢɡɞɟɥɢɣ�ɜ�ɫɛɨɪɨɱɧɨɣ�
ɥɢɧɢɢ�ɫ�ɦɟɠɨɩɟɪɚɰɢɨɧɧɵɦɢ�ɦɚɝɚɡɢɧɚɦɢ

0DUHN�0$*,(5$� � � � � � �������'2,�����������������������

,QWURGXFWLRQ�±�WKH�UHDVRQV�IRU�FRQVWUXFWLRQ�RI�KHXULVWLF

7KH�PHWKRG�IRU�FRQVWUXFWLRQ�RI�DVVHPEO\�VFKHGXOLQJ��
DV�VXJJHVWHG�LQ�WKH�SUHVHQW�SDSHU��PD\�EH�DVVLJQHG�WR�
WKH�DSSUR[LPDWH�PHWKRGV�� LW� LV� WKH�KHXULVWLFV��7KH� WHUP�
KHXULVWLF� RULJLQDWHV� LQ� *UHHN� ODQJXDJH�� LW� FRPHV� IURP�
WKH� ZRUG� heurisko�� WKDW� PHDQV� ,� ¿QG�� ,� GLVFRYHU�� 7KH�
KHXULVWLFV�DUH�HPSOR\HG�¿UVW�RI�DOO�LQ�WKH�FDVHV�ZKHUH�WKH�
FRPSOHWH�DOJRULWKPV�DUH�WRR�H[SHQVLYH�GXH�WR�WHFKQLFDO�
UHDVRQV�>�@��7KH�PHQWLRQHG�H[SHQVLYHQHVV�±�LQ�WKH�FDVH�
RI�WKH�VXEPLWWHG�PHWKRG�±�FRQFHUQV�WKH�GLPHQVLRQV�RI�WKH�
SUREOHPV�WR�EH�VROYHV�DQG�WKH�FRPSXWDWLRQDO�FRPSOH[LW\�

,Q� FRQVWUXFWLRQ� RI� WKH� SRVVLEO\� VKRUWHVW� DVVHPEO\�
VFKHGXOLQJ�� WKH�PXOWL�RSWLRQ� SURGXFWV�ZHUH� FRQVLGHUHG��
7KH�SURGXFWV�RI�D�JLYHQ�W\SH�WKDW�DUH�DVVHPEOHG�LQ�YDULRXV�
YDULDQWV�GLႇHU� LQ�UHVSHFW�RI� WKHLU�GLVWLQJXLVKLQJ�IHDWXUHV��
H�J�� DGGLWLRQDO� FRPSRQHQWLDO� SDUWV� �H�J�� KDQGOHUV���
VKDSH�DQG�GLPHQVLRQV�RI�FDVH��RU�RWKHU�IDFWRUV�DႇHFWLQJ�

WKHLU� H[WHUQDO� DSSHDUDQFH� DQG� XWLOLW\� SURSHUWLHV�� 7KH�
FRQVLGHUDWLRQ� RI� LQGLYLGXDO� UHTXLUHPHQWV� RI� FXVWRPHUV��
EHLQJ� WKH� XQGRXEWHG� DGYDQWDJH� RI� WKH� GHYHORSHG�
PHWKRG��UHVXOWV�LQ�UHODWLYHO\�JUHDW�H[WHQW�RI�WKH�SUREOHPV�
WR� EH� VROYHG��7KH� H[WHQW� RI� WKH� SUREOHP� LV� XQGHUVWRRG�
DV� LQWHJHU� QXPEHU�� EHLQJ� D�PHDVXUH� RI� WKH� TXDQWLW\� RI�
LQSXW�GDWD�ZKLFK�FKDUDFWHUL]H�D�JLYHQ�SUREOHP�>�@�� �7KH�
LQSXW� GDWD� LQFOXGH�� LQWHU� DOLD�� SDUDPHWHUV� FRQFHUQLQJ�
YDULRXV�YDULDQWV�RI�WKH�SURGXFWV�DQG��DOVR��SDUDPHWHUV�RI�
DVVHPEO\�OLQH��7KH�H[WHQW�RI�WKH�SUREOHP�KDV�DQ�LQÀXHQFH�
RQ�WKH�TXDQWLW\�RI�FRPSXWHU�UHVRXUFHV��EHLQJ�QHFHVVDU\�
IRU�VROYLQJ�WKH�SUREOHP��WKDW�LV��FRPSXWDWLRQDO�FRPSOH[LW\��
7KH� PHQWLRQHG� UHVRXUFHV� LQFOXGH� PHPRU\� �PHPRU\�
FRPSOH[LW\��DQG�WLPH��WLPH�FRPSOH[LW\��

,Q�FRQQHFWLRQ�ZLWK�WKH�DERYH��LQ�FDVH�RI�WKH�SUREOHPV�
RI� D� JUHDW� H[WHQW�� WKH� VHDUFK� IRU� WKH� RSWLPXP� VROXWLRQ�
LV� RIWHQ� XQSUR¿WDEOH�� 'XH� WR� WKLV� UHDVRQ�� WKH� KHXULVWLF�
PHWKRG� ZDV� FRQVWUXFWHG� RZLQJ� WR� ZKLFK� LW� LV� SRVVLEOH�

$ E V W U D F W��7KH�PHWKRG�LQWHQGHG�WR�EXLOG�WKH�SRVVLEO\�VKRUWHVW�DVVHPEO\�VFKHGXOHV�LV�SUHVHQWHG�LQ�WKH�SDSHU��7KH�PHWKRG�LV�
FRQVWUXFWHG�IRU�DVVHPEO\�OLQHV�ZLWKRXW�SDUDOOHO�PDFKLQHV��7KH�LQWHUPHGLDWH�EXႇHUV�DUH�ORFDWHG�EHWZHHQ�WKH�DVVHPEO\�PDFKLQHV��
$� ÀRZ�RI� SURGXFWV� RI� GLႇHUHQW� W\SHV� LV� XQLGLUHFWLRQDO� LQ� WKH� DVVHPEO\� OLQH��7KH� SURSRVHG�PHWKRG� LV� D� KHXULVWLF� EHFDXVH� WKH�
¿[HG�WDVNV�DUH�FKDUDFWHUL]HG�E\�D� ODUJH�VL]H�DQG�FRQVLGHUDEOH�FRPSXWDWLRQDO�FRPSOH[LW\�� ,W� LV�D�UHOD[DWLRQ�KHXULVWLF��7KH�OLQHDU�
PDWKHPDWLFDO�PRGHO� LV�XVHG�LQ�WKH�PHQWLRQHG�KHXULVWLF�PHWKRG��7KH�PHWKRG� LV�FRQVWUXFWHG�IRU�DVVHPEO\�VFKHGXOLQJ�IRU�PXOWL�
RSWLRQ�SURGXFWV��$VVHPEO\�RI�YDULRXV�W\SHV�RI�SURGXFWV�LQ�GLႇHUHQW�YDULDQWV�LV�WKH�UHSO\�WR�WKH�FRQWHPSRUDU\�FKDOOHQJHV�IDFHG�E\�
WKH�PDQXIDFWXUHUV��ZKR�WU\�WR�VDWLVI\�WKH�GHPDQGV�RI� LQGLYLGXDO�FXVWRPHUV��7KH�SODQQHG�GRZQWLPHV�RI�PDFKLQHV�DUH�UHJDUGHG�
LQ�WKH�PHWKRG��IRU�H[DPSOH�GRZQWLPH�RI�PDFKLQHV�FRQQHFWHG�ZLWK�PDLQWHQDQFH��7KH�UHVXOWV�RI�FRPSXWDWLRQDO�H[SHULPHQWV�ZLWK�
SURSRVHG�KHXULVWLF�PHWKRG�DUH�SUHVHQWHG��7KH�GHVFULEHG�KHXULVWLF�PHWKRG�LV�FRPSDUHG�ZLWK�RSWLPDO�PHWKRG�EDVHG�RQ�WKH�LQWHJHU�
SURJUDPPLQJ��7KH�¿[HG�PDNHVSDQV�DQG�FRPSXWDWLRQDO�¿[HG�WLPHV�XVLQJ�KHXULVWLF�PHWKRG�DQG�RSWLPDO�PHWKRG�DUH�FRPSDUHG�
. H \ Z R U G V ��KHXULVWLF��UHOD[DWLRQ��DVVHPEO\�OLQH��RSWLPL]DWLRQ��VFKHGXOLQJ��OLQHDU�SURJUDPPLQJ

6 W U H V ] F ] H Q L H��3U]HGVWDZLRQR�PHWRGĊ�SU]H]QDF]RQą�GR�EXGRZ\�QDMNUyWV]\FK�KDUPRQRJUDPyZ�PRQWDĪX�SURGXNWyZ�Z�OLQLDFK�
PRQWDĪRZ\FK� EH]� PDV]\Q� UyZQROHJá\FK�� .RQ¿JXUDFMD� OLQLL� PRQWDĪRZHM� XZ]JOĊGQLD� REHFQRĞü� EXIRUyZ� PLĊG]\RSHUDF\MQ\FK�
SRPLĊG]\�PDV]\QDPL��3U]HSá\Z� UyZQRF]HĞQLH�PRQWRZDQ\FK�SURGXNWyZ� UyĪQ\FK� W\SyZ� MHVW� MHGQRNLHUXQNRZ\��=H�Z]JOĊGX�QD�
UR]PLDU\� UR]ZLą]\ZDQ\FK�SUREOHPyZ� L� ]ZLą]DQą� ]� W\P�]áRĪRQRĞü�REOLF]HQLRZą�PHWRGD� MHVW� KHXU\VW\Ną�� -HVW� WR� KHX¤U\VW\ND�
UHODNVDF\MQD��Z�NWyUHM�Z\NRU]\VWDQR�PRGHO� ]DGDQLD�SURJUDPRZDQLD� OLQLRZHJR�0HWRGD�GRW\F]\�SURGXNWyZ�ZLHORZDULDQWRZ\FK��
3URGXNW\�GDQHJR�W\SX�PRJą�UyĪQLü�VLĊ�ZDULDQ¤WDPL�Z\NRQDQLD�±�VSHF\¿F]Q\PL�FHFKDPL��XZ]JOĊGQLDMąF\PL�Z\PDJDQLD�RGELRUFyZ��
0HWRGĊ�Z\UyĪQLD�WDNĪH�XZ]JOĊGQLHQLH�SODQRZDQ\FK�SU]HVWRMyZ�PDV]\Q��QS��SU]H]QDF]RQ\FK�QD�NRQVHUZDFMĊ��=DSUH]HQWRZDQR�
Z\QLNL� HNVSHU\PHQWyZ�REOLF]HQLRZ\FK�� ]D� SRPRFą� NWyU\FK�RFHQLRQR� MDNRĞü� RSUDFRZDQHM�PHWRG\��'áXJRĞFL� KDUPRQRJUDPyZ�
Z\]QDF]DQ\FK� ]D� SRPRFą� SU]HGVWDZLRQHM� PHWRG\� SRUyZQDQR� ]� GáXJRĞFLDPL� KDUPRQRJUDPyZ� RSW\PDOQ\FK�� ]QDQ\PL� G]LĊNL�
]DVWRVRZDQLX�PRGHOX�]DGDQLD�SURJUDPRZDQLD�FDáNRZLWROLF]ERZHJR��3RUyZQDQR�WDNĪH�F]DVRFKáRQQRĞü�REOLF]HĔ�
6 á R Z D � N O X F ] R Z H ��KHXU\VW\ND��UHODNVDFMD��OLQLD�PRQWDĪRZD��RSW\PDOL]DFMD��V]HUHJRZDQLH�RSHUDFML��SURJUDPRZDQLH�OLQLRZH
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±� LQ�D�UHODWLYHO\�VKRUW� WLPH�±� WR�¿QG� WKH�VROXWLRQV�ZKLFK�
PD\�EH�FKDUJHG�ZLWK�D�FHUWDLQ�GHYLDWLRQ�IURP�RSWLPXP���
,W�LV�VLJQL¿FDQW�LQ�WKH�FDVH�RI�WKH�QHFHVVLW\�WR�UHSHDW�WKH�
VFKHGXOLQJ�±� WR�GHWHUPLQH�D�QHZ�VFKHGXOLQJ� LQ�D� VKRUW�
WLPH��

7KH� H[DPSOHV� RI� WKH� DSSOLFDWLRQ� RI� KHXULVWLFV� LQ�
WKH�DVVHPEO\�VFKHGXOLQJ�PD\�EH� IRXQG� LQ� WKH� UHVHDUFK�
SDSHUV� >�@�� >�@� DQG� >�@�� 7KH� PHWKRG� VXJJHVWHG� LQ� WKH�
SUHVHQW� VWXG\� LV� GLVWLQJXLVKHG� E\� WKH� FRQVLGHUDWLRQ� RI�
PXOWL�RSWLRQ�SURGXFWV�DQG��DOVR��WKH�SODQQHG�GRZQWLPHV��

7KH� KHXULVWLF� PHWKRG� ZDV� GHVFULEHG� LQ� FKDSWHUV�
�� DQG� ��� 7KH� VXFFHVVLYH� FKDSWHU� LV� GHGLFDWHG� WR� WKH�
HYDOXDWLRQ�RI�WKH�GLVFXVVHG�KHXULVWLF�±�WKH�FRPSDULVRQ�RI�
WKH�VHW�RSWLPXP�VROXWLRQV�DQG�WKH�KHXULVWLF�RQHV�

Formulation of the problem and the concept of its solution

8QLGLUHFWLRQDO� DVVHPEO\� OLQH� ZLWKRXW� SDUDOOHO�
PDFKLQHV� LV� JLYHQ�� %HWZHHQ� WKH� PDFKLQHV�� WKHUH� DUH�
LQWHUPHGLDWH� EXႇHUV� ZLWK� OLPLWHG� FDSDFLWLHV� ZKHUH� WKH�
SURGXFWV� PD\� ZDLW� IRU� SHUIRUPDQFH� RI� WKH� VXFFHVVLYH�
RSHUDWLRQV�� ,Q� WKH�DVVHPEO\� OLQH�V\VWHP��ZH�PD\�KDYH�
VLPXOWDQHRXVO\� DVVHPEOHG� PXOWL�RSWLRQ� SURGXFWV� RI�
GLႇHUHQW� W\SHV��6RPH�PDFKLQHV�PD\�EH�RPLWWHG�E\� WKH�
SURGXFW��7KH�H[HPSOL¿HG�FRQ¿JXUDWLRQ�RI�DVVHPEO\� OLQH�
ZKLFK� WKH�GHYHORSHG�PHWKRG� LV� UHIHUUHG� WR� LV� LOOXVWUDWHG�
LQ�)LJ����

 

,Q� FDVH� RI� WKH� DERYH� DVVHPEO\� OLQH�� WKH� VKRUWHVW�
VFKHGXOLQJ�RI�SHUIRUPLQJ�WKH�DVVHPEO\�RSHUDWLRQV�VKRXOG�
EH�FRQVWUXFWHG��

7KH�PHWKRG�FRQFHUQLQJ�WKH�VROXWLRQ�RI�WKH�GHVFULEHG�
SUREOHP� LV� EDVHG� RQ� WKH� PRQROLWKLF� DSSURDFK�� 7KH�
DVVLJQPHQW�RI�RSHUDWLRQV�WR�PDFKLQHV�DQG�GLVWULEXWLRQ�RI�
RSHUDWLRQ�LQ�WLPH�LV�SHUIRUPHG�VLPXOWDQHRXVO\��7KH�EORFN�
GLDJUDP�RI�WKH�GLVFXVVHG�PHWKRG�LV�JLYHQ�LQ�)LJ����

)LJ���VKRZV�WKDW�WKH�SDUDPHWHUV��GHVFULELQJ�PDFKLQH�
DUN� DQG� PXOWL�RSWLRQ� SURGXFWV�� DUH� XWLOL]HG� LQ� WKH�
SURFHGXUH��LQWHQGHG�IRU�DVVHVVPHQW�RI�PDFKLQH�GXWLHV��,W�
UHVXOWV�IURP�WKH�FRQVLGHUDWLRQ�RI�WKH�SODQQHG�GRZQWLPHV�
RI� PDFKLQHV�� ,Q� WKH� KHXULVWLF� GHVWLQHG� IRU� VROYLQJ� WKH�
SUREOHP�� WKH� OLQHDU� PDWKHPDWLFDO� PRGHO�� FRQVWUXFWHG�
E\� WKH� DXWKRU� RI� WKH� SUHVHQW� SDSHU�� FRQFHUQLQJ� WKH�
VFKHGXOLQJ� RI� DVVHPEO\� OLQH� ZLWK� LQWHUPHGLDWH� EXႇHUV�
ZDV�HPSOR\HG��,Q�WKH�GLVFXVVHG�PRGHO��WKH�FRQGLWLRQV�RI�
LQWHJHU�QXPEHUV�RI�GHFLVLYH�YDULDEOHV�ZHUH�RPLWWHG��,W�LV�
D�FKDUDFWHULVWLF�RI�UHOD[DWLRQ�KHXULVWLFV��,Q�WKH�GHYHORSHG�
PHWKRG��WKH�UXOHV�RI�URXQGLQJ�RI�YDULDEOHV�� LQIRUPLQJ�RQ�

)LJ�����8QLGLUHFWLRQDO�DVVHPEO\�OLQH�ZLWK�LQWHUPHGLDWH�EXႇHUV
5\V����-HGQRNLHUXQNRZD�OLQLD�PRQWDĪRZD�]�EXIRUDPL�
PLĊG]\RSHUDF\MQ\PL

)LJ�����%ORFN�GLDJUDP�RI�WKH�KHXULVWLF�PHWKRG
5\V����6FKHPDW\�EORNRZ\�KHXU\VW\F]QHM�PHWRG\

Sets:

I ±�6HW�RI�DVVHPEO\�PDFKLQHV��I = {1, …, M};

J ±�6HW�RI�W\SHV�RI�DVVHPEO\�RSHUDWLRQV��J = {1, …, N};

K ±�6HW�RI�W\SHV�RI�DVVHPEOHG�SURGXFWV��K = {1, , W};

L ±�6HW�RI�WLPH�LQWHUYDOV��L = {1, …, H};

S ±�6HW�RI�LQGLFHV�RI�PXOWL�YDULDQW�SURGXFWV�

Ij ±�6HW�RI�PDFKLQHV�FDSDEOH�RI�SHUIRUPLQJ�WKH�RSHUDWLRQ�j Î J�

J1 ±�6HW�RI�EDVLF�RSHUDWLRQV��J1Ì J;

J2 ±�6HW�RI�DGGLWLRQDO�RSHUDWLRQV��UHQGHULQJ�WKH�VSHFL¿F�IHDWXUHV�WR�WKH�PXOWL�
RSWLRQ�SURGXFWV���J2 Ì J�

JC ±�6HW�RI�DVVHPEO\�RSHUDWLRQV�FRQVLVWLQJ�LQ�DGGLWLRQDO�DVVHPEO\�RI�D�SDUW��
WDNHQ�IURP�IHHGHU��JC Ì J�

O1 ±�6HW�RI�SDLUV��k, j���LQ�FDVH�RI�ZKLFK�WKH�EDVLF�RSHUDWLRQ�j Î J1�FRQFHUQV�WKH�
SURGXFW�RI�k Î K�W\SH�

O2 ±�6HW�RI�SDLUV��s, j��� LQ�FDVH�RI�ZKLFK�DGGLWLRQDO�RSHUDWLRQ� j Î J2�FRQFHUQV�
s Î S�SURGXFW�

R1 ±� 6HW� RI� RUGHUHG� WULSOHV� �k, r, j��� LQ� ZKLFK� SHUIRUPHG� VXFFHVVLYHO\� EDVLF�
RSHUDWLRQV�r, j Î J1�FRQFHUQ�SURGXFW�RI�k�W\SH�

R2 ±�6HW�RI�RUGHUHG�WULSOHV��s, r, j���LQ�ZKLFK�VXFFHVVLYHO\�SHUIRUPHG�RSHUDWLRQV�
r, j Î J�FRQFHUQ�SURGXFW�s�DQG�DW�OHDVW�RQH�RSHUDWLRQ�EHORQJV�WR�VHW�J2�

T ±�6HW�RI�RUGHUHG�SDLUV��s, k���ZKHUH�SURGXFW�s�LV�RI�k�W\SH�

Parameters:

aij ±�:RUNLQJ�VSDFH�RI�PDFKLQH�i�XWLOLVHG�IRU�SHUIRUPLQJ�RSHUDWLRQ�RI�j�W\SH�

bi
±�:RUNLQJ�VSDFH�RI�PDFKLQH�i��ZKHUH�IHHGHUV�RI�FRPSRQHQWLDO�SDUWV�PD\�
EH�SODFHG�

di ±�&DSDFLW\�RI�LQWHUPHGLDWH�EXႇHU�SODFHG�EHIRUH�PDFKLQH�i�

gĲL ±�7LPH�RI�SURGXFW¶V�WUDQVSRUW�EHWZHHQ�PDFKLQHV�Ĳ�DQG�i�

p1
jk ±�7LPH�RI�SHUIRUPLQJ�EDVLF�RSHUDWLRQ��j Î J1�FRQFHUQLQJ�SURGXFW�RI�k�W\SH�

p2
js ±�7LPH�RI�SHUIRUPLQJ�DGGLWLRQDO�RSHUDWLRQ�j Î J2�FRQFHUQLQJ�s�SURGXFW�

nil  ����LI�PDFKLQH�i is available in time interval l��RWKHUZLVH�QLO� ���

Variable��WKH�YDOXHV�RI�ZKLFK�DUH�GHWHUPLQHG�LQ�WKH�SDUWLFXODU�LWHUDWLRQV�e�

xe
ij  ����LI�W\SH�RI�RSHUDWLRQ�j�LV�DVVLJQHG�WR�PDFKLQH�i��RWKHUZLVH�xe

ij

qe
ijsl

 ����RI� LQ� WLPH�LQWHUYDO� l�RSHUDWLRQ� j�FRQFHUQLQJ�SURGXFW�s� LV�SHUIRUPHG�LQ�
PDFKLQH�i��RWKHUZLVH�qe

ijsl�

ye
isl

 ���LI� LQ� WLPH� LQWHUYDO� � O� SURGXFW� V� LV� IRXQG� LQ� LQWHUPHGLDWH�EXႇHU�SODFHG�
EHIRUH�PDFKLQH�L��RWKHUZLVH�ye

isl� ���

we
is

±�7LPH�RI� FRPPHQFLQJ�SHUIRUPDQFH�RI�RSHUDWLRQV�FRQFHUQLQJ�SURGXFW� s 
LQ�PDFKLQH�i�

ze
is

±�7LPH�RI�FRPSOHWLQJ� WKH�SHUIRUPDQFH�RI�RSHUDWLRQV�FRQFHUQLQJ�SURGXFW�
s�LQ�PDFKLQH�i�

7DEOH����6XPPDU\�RI�VHWV��SDUDPHWHUV�DQG�YDULDEOHV
7DEHOD����=HVWDZLHQLH�R]QDF]HĔ�]ELRUyZ��SDUDPHWUyZ�
L�]PLHQQ\FK
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DVVLJQPHQWV� RI� SDUWLFXODU� DVVHPEO\� RSHUDWLRQV� WR� WKH�
PDFKLQHV� LQ� JLYHQ� WLPH� LQWHUYDOV�� ZHUH� VSHFL¿HG�� 7KH�
GLVFXVVHG�PHWKRG�LQFOXGHV�DOVR�SURFHGXUHV�RI�YHUL¿FDWLRQ�
DQG�PRGL¿FDWLRQ�R�WKH�VFKHGXOH�WR�EH�FRQVWUXFWHG��H�J��
WKRVH�RQHV�FRQFHUQLQJ�EHKDYLRXU�RI�VHTXHQFH�OLPLWDWLRQV�
�SHUIRUPDQFH� RI� RSHUDWLRQV� LQ� DFFRUGDQFH� ZLWK� HDFK�
VHTXHQFH�� LQ� XQLGLUHFWLRQDO� DVVHPEO\� OLQH��� ODFN� RI�
FROOLVLRQ�LQ�DVVHPEO\��LQ�D�JLYHQ�PRPHQW�RQ�D�VSHFL¿HG�
PDFKLQH�WKHUH�LV�QR�PRUH�WKDQ�RQH�RSHUDWLRQ�SHUIRUPHG��
LQ� WKH�FDVH�RI� WKH�SURGXFW��DOVR�� LQ�D�JLYHQ�PRPHQW�QR�
PRUH�WKDQ�RQO\�RQH�DVVHPEO\�RSHUDWLRQ�DVVLJQHG�WR�WKLV�
SURGXFW�LV�SHUIRUPHG���

7KH� GHWDLOHG� GHVFULSWLRQ� LI� WKH� PHWKRG� LV� JLYHQ� LQ�
WKH� QH[W� FKDSWHU�� 2PLWWLQJ� RI� WKH� FRQGLWLRQV� RI� LQWHJHU�

QXPEHUV�RI�YDULDEOHV�LQ�PDWKHPDWLFDO�PRGHO�DႇHFWHG�YHU\�
SRVLWLYHO\�WKH�WLPH�FRQVXPSWLRQ�RI�WKH�FDOFXODWLRQV�ZKDW�
ZDV�LQGLFDWHG�LQ�FKDSWHU���FRQFHUQLQJ�WKH�FRPSXWDWLRQDO�
H[SHULPHQWV��FDUULHG�RXW�RQ�WKH�GHYHORSHG�PHWKRG�

Mathematical description of relaxation heuristic

,Q� WKH� UHOD[DWLRQ�KHXULVWLF�� WKH� VHWV� DQG�SDUDPHWHUV�
FRPSLOHG�LQ�7DE���ZHUH�FRQVLGHUHG��

� 7KH� SDUDPHWHUV� GHVFULEHG� LQ� 7DE��� DUH� WKH� LQSXW�
GDWD� FRQVLGHUHG� LQ� WKH� KHXULVWLF� DOJRULWKP�� 7KH� YDOXHV�
RI� YDULDEOHV�� EHLQJ� GH¿QHG� LQ� WKH� PHQWLRQHG� WDEOH��
GHWHUPLQHG�LQ�WKH�ODVW�LWHUDWLRQ�DUH�WKH�VROXWLRQ��+HUH�ZH�
KDYH�WKH�UHOD[DWLRQ�KHXULVWLF�

Step 1. Linear relaxation of mathematical model, initial solution

$SSO\�WKH�SURFHGXUH�IRU�GHWHUPLQDWLRQ�RI�WKH�QXPEHU�RI�WLPH�LQWHUYDOV�H��DV�SXEOLVKHG�LQ�WKH�SDSHU�>�@��$GRSW�WKH�
QXPEHU�RI�LWHUDWLRQ�e� ���DQG�VROYH�WKH�WDVN�IRUPXODWHG�LQ�OLQHDU�PDWKHPDWLFDO�PRGHO�ZKLFK�WKH�IXQFWLRQ�RI�DLP�FRQFHUQV�
����DQG�FRQVWUDLQW�����±�������

0LQLPL]H������ � � � � � � � � � ����������

6XEMHFW�WR����� �� � � � � � �������������

���

���

���

���

���

���

���

����

����

����

����
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����

����

����

����

����

����

7KH�SUHVHQWHG�PRGHO� LV� LQWHQGHG�IRU�GHWHUPLQDWLRQ�RI� WKH�VKRUWHVW�VFKHGXOHV�RZLQJ�WR�PLQLPL]DWLRQ�RI�VXP������
7KH�FRQVWUDLQWV�FRQFHUQLQJ�WKH�GLVFXVVHG�PRGHO�HQVXUH������±�SHUIRUPDQFH�LQ�D�JLYHQ�PRPHQW�RI�QR�PRUH�WKDQ�RQH�
DVVHPEO\�RSHUDWLRQ�FRQFHUQLQJ�D�GH¿QHG�SURGXFW�� ����±�SHUIRUPDQFH�RI�QR�PRUH� WKDQ�RQH�RSHUDWLRQ�E\�DVVHPEO\�
PDFKLQH� LQ�D�JLYHQ�PRPHQW� LI� WKH�PDFKLQH� LV�DYDLODEOH� LQ� WKLV�PRPHQW�� ����DQG� ����±�GLVWULEXWLRQ�RI�EDVLF� ����DQG�
DGGLWLRQDO�����RSHUDWLRQV�LQWR�PDFKLQHV������±�LQGLYLVLELOLW\�GXULQJ�WKH�RSHUDWLRQV�FRQFHUQLQJ�D�JLYHQ�SURGXFW��SHUIRUPHG�
LQ�D�VSHFL¿HG�PDFKLQH������±�GHWHUPLQDWLRQ�RI�WKH�DVVLJQPHQW�RI�W\SHV�RI�RSHUDWLRQV�WR�WKH�PDFKLQHV������±�HOLPLQDWLRQ�
RI� WKH�DVVLJQPHQW�RI�RSHUDWLRQV� WR� WKH�ZURQJ�PDFKLQHV�� �����±�SUHVHUYDWLRQ�RI� WKH� OLPLWHG�ZRUNLQJ�VSDFH�RI�HDFK�
RI�PDFKLQHV�������±�XQLGLUHFWLRQDO�ÀRZ�RI�SURGXFWV� WKURXJKRXW� WKH�DVVHPEO\� OLQH�������±�FRQVLGHUDWLRQ�RI�VHTXHQFH�
OLPLWDWLRQV�LQ�SHUIRUPLQJ�WKH�RSHUDWLRQV�DQG�HQVXULQJ�WKH�WLPH�IRU�WUDQVSRUWDWLRQ�RI�WKH�SURGXFWV�EHWZHHQ�WKH�PDFKLQHV��
�����DQG������±�GHWHUPLQDWLRQ�RI� WKH�WLPHV�RI�FRPPHQFLQJ�WKH�SHUIRUPDQFH�RI�RSHUDWLRQV�FRQFHUQLQJ�WKH�VSHFL¿HG�
SURGXFWV� LQ� WKH�SDUWLFXODU�PDFKLQHV�DQG� �����±�GHWHUPLQDWLRQ�RI� WKH� WLPHV�RI�FRPSOHWLQJ� WKH�SHUIRUPDQFH�RI� WKHVH�
RSHUDWLRQV�������±�GHWHUPLQDWLRQ�RI� WLPH�LQWHUYDOV� LQ�ZKLFK�WKH�DVVHPEOHG�SURGXFW�PXVW�UHPDLQ� LQ�EXႇHU�GXULQJ�WKH�
WLPH�SHULRG��SUHFHGLQJ�WKH�QH[W�RSHUDWLRQ�±�RZLQJ�WR�UHODWLRQ������DQG�DIWHU�WUDQVSRUWDWLRQ�WR�WKLV�PDFKLQH�±�RZLQJ�WR�
FRQGLWLRQ������ZLWK�FRQVLGHUDWLRQ�RI�OLPLWHG�FDSDFLW\�RI�EXႇHUV�ZKDW�HQVXUHV�GHSHQGHQFH������

,Q�WKH�GHVFULEHG�PRGHO��WKH�LQWHJHU�QXPEHU�FRQGLWLRQV�ZHUH�RPLWWHG��7R�GHWHUPLQH�WKH�LQLWLDO�VROXWLRQ��WKH�DX[LOLDU\�
YDULDEOHV�KDYH�EHHQ�LQWURGXFHG�

vijs ���LI�RSHUDWLRQ�j�FRQFHUQLQJ�SURGXFW�s�LV�SHUIRUPHG�LQ�PDFKLQH�j��RWKHUZLVH�vijs  ���

te
sij��ce

sij���WLPHV�RI��FRPPHQFLQJ��FRPSOHWLQJ�RI�RSHUDWLRQ�j�IRU�SURGXFW�s��SHUIRUPHG�LQ�PDFKLQH�i

7R�GHWHUPLQH�YDOXHV�RI� WKH�PHQWLRQHG�YDULDEOHV��DVVLJQ� vijs� WR� WKH�PHQWLRQHG�PDFKLQH� L� FDSDEOH�RI�SHUIRUPLQJ�

RSHUDWLRQ�j�FRQFHUQLQJ�SURGXFW�s��LQ�WKH�FDVH�RI�ZKLFK�YDOXH���������������LV�WKH�KLJKHVW�RQH��,I�YDOXH�RI�WKLV�VXP�LV�WKH�

VDPH�LQ�FDVH�RI�IHZ�PDFKLQHV��FKRRVH�WKH�PDFKLQH�FDSDEOH�RI�SHUIRUPLQJ�RSHUDWLRQ�j�ZLWK�ORZHU�LQGH[�i�

$VVXPH�QXPEHU�RI�LWHUDWLRQ�e�� ����0DNH�DFF��WR������URXQGLQJ�RI�WKH�YDULDEOHV��GHWHUPLQH�WKH�WLPHV�RI�FRPPHQFLQJ�
WKH�RSHUDWLRQV������DQG�WLPHV�RI�FRPSOHWLQJ�WKH�RSHUDWLRQV������

����

����

����
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$VVXPH�e�� �H�����DQG�UHPHPEHU�ORDGV�RI�SDUWLFXODU�PDFKLQHV�LQ�WKH�SDUWLFXODU�l�SHULRGV��XVLQJ����DQG�JR�WR�VWHS�����

����

Step 2. Verification of direct succession of operations performed in a given machine concerning the same product

D�� &KHFN�ZKHWKHU�LQ�WKH�FDVH�RI�HDFK�SDLU�RI�VXFFHVVLYHO\�SHUIRUPHG�RSHUDWLRQV�r��j��FRQFHUQLQJ�s�SURGXFW�RI�k�W\SH�
ZKHUH��k, j, r�� R1��RU��s, r, j��� R2�SHUIRUPHG�LQ�WKH�VDPH�PDFKLQH��WKH�HTXDWLRQ������LV�VDWLV¿HG��,I�VR��JR�WR�VWHS�
���LI�QRW�±�JR�WR�VWHS��E���

����

Let e�� e������5HPHPEHU�HDFK�SURGXFW�s’��PDUN� LW� LQ�VXFK�D�ZD\��WKDW�GRHV�QRW�VDWLVI\�FRQGLWLRQ������ LQ�FDVH�RI�
PDFKLQH�i’ �PDUN�LW�LQ�VXFK�D�ZD\��DQG�WKHQ��GHWHUPLQH�WKH�VHW�RI�RSHUDWLRQV�SHUIRUPHG�LQ�WKLV�PDFKLQH��PDUN�LW�DV�J’��
0DUN�ZLWK�j’ WKH�¿UVW�RSHUDWLRQ��SHUIRUPHG�LQ�PDFKLQH�i’ FRQFHUQLQJ�s’�SURGXFW��7KH�WLPHV�RI�FRPPHQFLQJ�DQG�FRPSOHWLQJ�
RI�WKHVH�RSHUDWLRQV��LQ�WKH�FDVH�RI�ZKLFK�WKH�HTXDWLRQ������LV�VDWLV¿HG�UHPDLQ�XQFKDQJHG�DQG�DUH�UHPHPEHUHG�RZLQJ�WR�
�����DQG�������,Q�WKH�FDVH�RI�i RSHUDWLRQV�RI�WKH�SURGXFWV�ZKLFK�KDYH�QRW�PHW�WKH�FRQVWUDLQW�������WKHUH�DUH�GHWHUPLQHG�
DFF��WR������DQG������VXFK�WLPHV�RI�EHJLQQLQJ�DQG�HQGLQJ�WKH�RSHUDWLRQV�DV�WR�VDWLVI\�FRQVWUDLQW�����

����
   

����
   

����
   

����

8SGDWH�DFF��WR������LQIRUPDWLRQ�RQ�ORDGLQJ�RI�PDFKLQHV��7KHQ��XQGR�GHQRWDWLRQ�RI�PDFKLQHV��RSHUDWLRQV��SURGXFWV�
DQG�VHW�RI�RSHUDWLRQV���i’, j’, s’, J’��DQG�JR�WR�VWHS���
  

����

Step 3. Verification of collision-free condition of performing the operations

D�� /HW�PDFKLQH�LQGH[�i��� ����*R�WR�VWHS��E��
E�� /HW�i��� �i�����DQG�LQGH[�RI�WLPH�LQWHUYDO�l������*R�WR�VWHS���F��
F�� /HW�l���l������,I�WKH�FRQGLWLRQ������LV�PHW��L�H��LQ�D�JLYHQ�SHULRG�l��PDFKLQH�L�SHUIRUPV�QR�PRUH�WKDQ�RQH�RSHUDWLRQ��JR�

WR�VWHS����LI�QRW��JR�WR�VWHS���G��

����

G�� &KRRVH�RQO\�RQH�SURGXFW�V�ZKLFK�PHHWV�WKH�HTXDWLRQ������������������������������DQG�GHWHUPLQH�s’�ZKLOH�PDNLQJ�WKH�FKRLFH�
RI�WKLV�SURGXFW�DFFRUGLQJ�WR�OH[LFRJUDSKLF�RUGHU�����WKH�SURGXFW�ZKLFK�PHW�WKH�HTXDWLRQ��������������������������LQ�WKH 

SUHYLRXV�LWHUDWLRQ�DQG�ZDV�QRW�PDUNHG�ZLWK�s’;����WKH�SURGXFW�ZLWK�WKH�ORZHVW�YDOXH���������������������������WKH�SURGXFW�

ZLWK�WKH�KLJKHVW�YDOXH�������������������������������WKH�SURGXFW�ZLWK�WKH�ORZHVW�LQGH[�s�
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Determine j’�RSHUDWLRQ�FRQFHUQLQJ�s’�SURGXFW��SHUIRUPHG�LQ�WKH� l SHULRG� LQ� i�PDFKLQH��$VVXPH�e�� �e������:KHQ�
DSSO\LQJ�������GHWHUPLQH�WKH�QXPEHU�RI�WLPH�LQWHUYDOV�b��LQ�ZKLFK�j’�RSHUDWLRQ�UHTXLUHV�ORDG�RI�PDFKLQH�i�LQ�WKH�SHULRG�
IURP�l XQWLO�FRPSOHWLRQ�RI�WKH�GLVFXVVHG�RSHUDWLRQ��

����

2Q�WKH�EDVH�RI�������GHWHUPLQH�HOHPHQW�RI�D�VHW�±�RUGHUHG�SDLUV��s, j��ZKHUH�j�RSHUDWLRQ�FRQFHUQV�V�SURGXFW��6HW�D 
LQFOXGHV�SURGXFWV�DQG�WKHLU�UHODWLQJ�RSHUDWLRQV�LQ�WKH�FDVH�RI�ZKLFK�LW�LV�QHFHVVDU\�WR�PDNH�PRGL¿FDWLRQ�RI�VFKHGXOLQJ�
±�DVFULEH�WKH�ODWHU�WLPH�RI�SHUIRUPLQJ�WKH�RSHUDWLRQV�IRU�WKHVH�SURGXFWV��SURORQJDWLRQ�RI�WKH�VFKHGXOLQJ�E\�b�SHULRGV���

7R� HQVXUH� WKH� FROOLVLRQ� IUHH� FRQGLWLRQ� RI� DVVHPEOLQJ��PRGLI\� WKH� VFKHGXOLQJ� DFF�� WR� ������8SGDWH� WKH� WLPHV� RI�
FRPPHQFLQJ�DQG�FRPSOHWLQJ�WKH�SHUIRUPDQFH�RI�RSHUDWLRQV�LQ�DFFRUGDQFH�ZLWK�WKH�HTXDWLRQV������DQG�������8QGR�WKH�
GHQRWDWLRQ�RI�RSHUDWLRQV�DQG�SURGXFWV��j’, s’��DQG�JR�WR�VWHS����
   

����
   

����

Step 4. Verification of behaviour of limitations concerning the sequence of performing the operations

D�� ,I�WKH�YHUL¿HG�FRQVWUDLQW������FRQFHUQLQJ�WKH�VHTXHQFH�OLPLWDWLRQV�LV�VDWLV¿HG�IRU�j�RSHUDWLRQ�SHUIRUPHG�LQ�i�PDFKLQH�
DQG�LWV�SUHGHFHVVRU�±�RSHUDWLRQ�r��SHUIRUPHG�LQ�Ĳ�PDFKLQH��JR�WR�VWHS����RWKHUZLVH��JR�WR�VWHS��E�

����

E�� 0DUN�RSHUDWLRQ�ZKLFK�GRHV�QRW�VDWLVI\�FRQVWUDLQW������ZLWK�OHWWHU�j’��DQG�PDUN�WKH�SURGXFW�UHODWLQJ�WR�WKH�GLVFXVVHG�
RSHUDWLRQ�ZLWK�OHWWHU�s’��'HWHUPLQH�b�±�PLQLPXP�QXPEHU�RI�SHULRGV�E\�ZKLFK�YDOXH���������������VKRXOG�EH�LQFUHDVHG�DV�
WR�SUHVHUYH�OLPLWDWLRQ�������$VVXPH�e��� e�����DQG�PRGLI\�VFKHGXOLQJ�DFF��WR�������8SGDWH�WKH�WLPHV�RI�FRPPHQFLQJ�
DQG�FRPSOHWLQJ�WKH�RSHUDWLRQV�FRQFHUQLQJ�SURGXFWV�DFF��WR������DQG�������8QGR�WKH�GHQRWDWLRQ�RI�RSHUDWLRQV�DQG�
SURGXFWV��j’, s’��DQG�JR�WR�VWHS���

����

Step 5. The condition of halting for the so-far existing stages of verification and improvement of scheduling

,I������������������������JR�WR�VWHS��F��RWKHUZLVH�FKHFN��i��0��0�±�QXPEHU�RI�PDFKLQHV���,I�WKH�UHODWLRQ�LV�VDWLV¿HG��JR�WR�

VWHS��E��RWKHUZLVH�JR�WR�VWHS���

Step 6. Verification of utilizing intermediate buffers and availability of machines

$VVXPH�H�� �H�����DQG�VROYH�WKH�V\VWHP�RI�LQHTXDOLWLHV������±������LQ�RUGHU�WR�GHWHUPLQH�WKH�ORDGV�RI�LQWHUPHGLDWH�
EXႇHUV��:KHQ�DQDO\]LQJ�WKH�VXFFHVVLYH�WLPH�LQWHUYDOV�DQG�ORDGV�RI�PDFKLQHV�DQG�ORDGV�RI�LQWHUPHGLDWH�EXႇHUV�DV�ZHOO�
DV�D�OLPLWHG�DYDLODELOLW\�RI�PDFKLQHV��FKHFNLQJ�WKH�FRQVWUDLQW�������YHULI\�DQG�PRGLI\�D�VFKHGXOLQJ�LQ�VXFK�D�ZD\�DV�WR�
KDYH�WKH�DGPLVVLEOH�QXPEHU�RI�SURGXFWV�LQ�WKH�SDUWLFXODU�EXႇHUV�LQ�D�JLYHQ�PRPHQW�DQG�WKH�PDFKLQHV�ORDGHG�LQ�WKH�
SHULRGV�RI�WKHLU�DYDLODELOLW\��,Q�WKH�VXFFHVVLYH�LWHUDWLRQV��DQDORJLFDOO\�DV�LQ�WKH�FDVH�RI�HTXDWLRQ������LQ�VWHS����GHWHUPLQH�
WKH�QXPEHU�RI� WLPH� LQWHUYDOV�E��E\�ZKLFK� WKH�RSHUDWLRQV�ZKLFK�GR�QRW�VDWLVI\� WKH�GHVFULEHG�FRQVWUDLQWV��VKRXOG�EH�
³VKLIWHG´��,I�D�IHZ�SURGXFWV�GR�QRW�PHHW�WKH�PHQWLRQHG�FRQVWUDLQWV��LQ�D�JLYHQ�LWHUDWLRQ���HPSOR\�OH[LFRJUDSKLF�RUGHU��
DV�EHLQJ�GHVFULEHG�LQ�VWHS���LQ�RUGHU�WR�FKRRVH�RQH�SURGXFW��0RGLI\�WKH�VFKHGXOLQJ�DQDORJLFDOO\�WR�FRQVWUDLQW������DQG�
XSGDWH�WKH�WLPHV�RI�SHUIRUPLQJ�RSHUDWLRQV��DSSO\LQJ������DQG������

7KH�WLPHV�RI�FRPPHQFLQJ�DQG�FRPSOHWLQJ�WKH�SHUIRUPDQFH�RI�WKH�SDUWLFXODU�RSHUDWLRQV��DV�GHWHUPLQHG�LQ�WKH�ODVW�
LWHUDWLRQ�±�RQ�WKH�JURXQGV�RI�HTXDWLRQV������DQG������DUH�WKH�VROXWLRQ��
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The computational experiments – relaxation heuristic and the 

accurate method 

7KH�VXEPLWWHG�KHXULVWLF�DOJRULWKP� �DOJRULWKP�H��KDV�
EHHQ�VXEMHFWHG�WR�YHUL¿FDWLRQ��7KH�GHWHUPLQHG�VFKHGXOHV��
XVLQJ� WKH� PHQWLRQHG� DOJRULWKP� ZHUH� FRPSDUHG� WR� WKH�
VFKHGXOLQJ�FRQVWUXFWHG�ZLWK�WKH�XVH�RI�WKH�SUHFLVH�PHWKRG�
�PHWKRG�M��� ,Q� WKH�DFFXUDWH�PHWKRG�� WKHUH�ZDV�VROYHG�
D� WDVN�� IRUPXODWHG� LQ� PDWKHPDWLFDO� PRGHO� ���� ±� ������
VXSSOHPHQWHG�E\�WKH�FRQVWUDLQWV��HQVXULQJ�WKH�ELQDULW\�RI�
GHFLVLRQ�YDULDEOHV�±�WKXV�� WKH� LQWHJHU�SURJUDPPLQJ�ZDV�
HPSOR\HG�

7KH� FRPSXWDWLRQDO� H[SHULPHQWV� LQFOXGHG� �� JURXSV�
RI� WHVW� WDVNV�� ,Q�WKH�FDVH�RI�HDFK�RI� WKH�JURXSV�����WHVW�
WDVNV�ZHUH�VROYHG��,Q�WKH�FRPSXWDWLRQ��*852%,�>�@�ZDV�
XVHG��7KH�SDUDPHWHUV�RI�WKH�JURXSV�RI�WHVW�WDVNV�DQG�WKH�
UHVXOWV�RI�WKH�H[SHULPHQWV�ZHUH�SUHVHQWHG�LQ�7DE����,Q�WKH�
PHQWLRQHG�WDEOH��WKHUH�ZHUH�SUHVHQWHG�WKH�PHDQ�YDOXHV�RI�
��LQGLFDWRUV��GH¿QHG�LQ�WKH�HTXDWLRQV�������LQGLVSHQVDEOH�
IRU� HYDOXDWLRQ�RI� KHXULVWLF�� f1 ±�GHVWLQHG� IRU� FRPSDULVRQ�
RI� WKH� OHQJWK�RI� VFKHGXOLQJ�� DQG� f2� ±� IRU� FRPSDULVRQ�RI�
WKH� FRPSXWDWLRQ� WLPHV� XVLQJ� KHXULVWLF� PHWKRG� H� DQG�
DFFXUDWH�PHWKRG�M�� LQ� WKH�PHQWLRQHG�HTXDWLRQV�Cmax is 
D�OHQJWK�RI�WKH�VFKHGXOLQJ�DQG�CPU�UHSUHVHQWV�WKH�WLPH�
RI�FRPSXWDWLRQV��

����

1XPEHU�RI���M�±�PDFKLQHV��N�±W\SHV�RI�DVVHPEO\�RSHUDWLRQV��W�±�W\SHV�
RI�SURGXFWV��S�±�SURGXFWV��H – time intervals

7KH� PHDQ� YDOXHV� RI� LQGLFDWRUV� f2� VKRZ� PXOWLSOH�
DEEUHYLDWLRQ�RI� WKH� WLPH�RI�FRPSXWDWLRQV� LQ� WKH�FDVH�RI�
DSSO\LQJ�KLHUDUFKLF�PHWKRG�IRU�VROXWLRQ�RI�WHVW�WDVNV�±�WKH�
VFKHGXOLQJV�ZHUH�GHWHUPLQHG�E\�����±�����WLPHV�TXLFNHU�
WKDQ� LQ� WKH�FDVH�RI� WKH�DSSOLFDWLRQ�RI�DFFXUDWH�PHWKRG��
7KH�GLVFXVVHG�DEEUHYLDWLRQ�RI� WKH�WLPH�RI�FRPSXWDWLRQV�
KDG�KRZHYHU�FHUWDLQ�GHYLDWLRQ�IURP�RSWLPXP��DPRXQWLQJ�
WR�����±�������ZKDW�LV�VKRZQ�E\�WKH�YDOXHV�RI�f1�LQGLFDWRUV��

Final remarks 

7KH� XQTXHVWLRQDEOH� DGYDQWDJH� RI� WKH� SUHVHQWHG�
PHWKRG�FRQVLVWV�LQ�FRQVLGHUDWLRQ�RI�PXOWL�RSWLRQ�SURGXFWV��
LQ� WKH�DVVHPEO\�VFKHGXOLQJV��FRQVWUXFWHG� LQ�D�UHODWLYHO\�
VKRUW� SHULRG�RI� WLPH��$�TXLFN� VROXWLRQ�RI� WKH� IRUPXODWHG�
SUREOHP� KDV� EHHQ� UHDFKHG� RZLQJ� WR� WKH� DSSOLFDWLRQ� RI�
UHOD[DWLRQ�WHFKQLTXH��7KLV�UHOHYDQW�IDYRXUDEOH�IHDWXUH�RI�
WKH� SUHVHQWHG� PHWKRG� KDV�� KRZHYHU�� FHUWDLQ� GHYLDWLRQ�
IURP�RSWLPXP�ZKDW� LV�FKDUDFWHULVWLF�RI� WKH�DSSUR[LPDWH�
PHWKRGV�� 7KH� FRQGXFWHG� FRPSXWDWLRQDO� H[SHULPHQWV�
DOORZHG� PHDVXULQJ� RI� GHIHFWV� DQG� DGYDQWDJHV� RI� WKH�
VXJJHVWHG�PHWKRG�

2ZLQJ�WR�WKH�GHVFULEHG�DERYH�IHDWXUHV��WKH�SUHVHQWHG�
PHWKRG� LV� UHFRPPHQGHG� PDLQO\� IRU� WKH� RSHUDWLRQDO�
SODQQLQJ� LQ�WKH�FDVH�RI�DVVHPEO\�RI� WKH�SURGXFWV�ZKLFK�
FRQVLGHU� WKH� LQGLYLGXDO� UHTXLUHPHQWV�RI� FXVWRPHUV�� ,W� LV�
DOVR�VXLWDEOH� LQ� WKH�FDVH�RI� UH�VFKHGXOLQJ�±�ZKHQ�WKHUH�
LV�D�QHFHVVLW\�WR�FRQVWUXFW�D�QHZ�VFKHGXOLQJ�LQ�UHODWLYHO\�
VKRUW�WLPH�

0DWKHPDWLFDO�PRGHO��DV�SUHVHQWHG�LQ�WKLV�SDSHU��DQG�
VXSSOHPHQWHG�E\� WKH�FRQGLWLRQV�RI� LQWHJHUV�RI�GHFLVLRQ�
YDULDEOH�� PD\� EH� XWLOL]HG� LQ� FRQVWUXFWLRQ� RI� RSWLPXP�
VFKHGXOLQJV��HVSHFLDOO\� LQ� WKH�FDVH�RI�VROYLQJ� WKH�VPDOO�
GLPHQVLRQ�SUREOHPV��

7KH�GLVFXVVHG�PRGHO�PD\�EH�PRGL¿HG��DGRSWHG�WR�WKH�
YDU\LQJ�FRQGLWLRQV�RI�WKH�DVVHPEO\�SURFHVV�DQG�HPSOR\HG�
LQ�LQQRYDWLYH�RSHUDWLRQV�LQ�DXWRPDWHG�DVVHPEO\�>�@��
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7DE���� 3DUDPHWHUV� RI� JURXSV� RI� WDVNV� DQG� WKH� UHVXOWV� RI�
FRPSXWDWLRQDO�H[SHULPHQW�

Group of 

tasks

Parameters of group of tasks The results of experiments

M N W S H f1 [%] f2 [%]

1 3 10 3 6 16 3,5 0,37

2 4 12 4 8 18 3,7 0,33

3 4 14 5 10 20 3,6 0,27

4 5 16 6 12 22 4,3 0,26
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ZLHONRJDEDU\WRZ\FK�SyáIDEU\NDWDFK�

Ɋɨɛɨɬɢɡɢɪɨɜɚɧɧɨɟ� ɜɵɩɨɥɧɟɧɢɟ� ɨɬɜɟɪɫɬɢɣ� ɩɨɞ� ɫɜɚɪɤɭ� ɜ� ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ�
ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ�ɡɚɝɨɬɨɜɤɚɯ

$VLD�*25(/29$��0DUN�.5,67$/��
9ODGLVODY�0$57<1(1.2��-XULM�%$=+(16.<� � � �������'2,�����������������������

ȼȼȿȾȿɇɂȿ

ɋɪɟɞɢ�ɪɚɡɥɢɱɧɵɯ�ɤɨɧɫɬɪɭɤɰɢɣ�ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ�
ɨɛɨɪɭɞɨɜɚɧɢɹ� ɢɦɟɟɬɫɹ� ɛɨɥɶɲɨɟ� ɤɨɥɢɱɟɫɬɜɨ�
ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ�ɢɡɞɟɥɢɣ��ɞɢɚɦɟɬɪɵ�ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ�
ɨɛɟɱɚɟɤ�ɤɨɬɨɪɵɯ�ɜɚɪɶɢɪɭɸɬɫɹ�ɜ�ɞɢɚɩɚɡɨɧɟ����«�����
ɦɦ��ɚ�ɬɨɥɳɢɧɵ�±���«����ɦɦ��Ɉɞɧɨɣ�ɢɡ�ɨɩɟɪɚɰɢɣ�ɩɪɢ�
ɢɯ�ɩɪɨɢɡɜɨɞɫɬɜɟ�ɹɜɥɹɟɬɫɹ�ɢɡɝɨɬɨɜɥɟɧɢɟ�ɰɟɧɬɪɚɥɶɧɵɯ�
ɢ�ɬɚɧɝɟɧɰɢɚɥɶɧɵɯ�ɨɬɜɟɪɫɬɢɣ�ɩɨɞ�ɫɜɚɪɤɭ�ɫ�ɩɚɬɪɭɛɤɚɦɢ�
ɞɢɚɦɟɬɪɨɦ� ɨɬ� ���«����� ɦɦ�� ɗɬɭ� ɨɩɟɪɚɰɢɸ�
ɜɵɩɨɥɧɹɸɬ� ɜɪɭɱɧɭɸ� ɫ� ɩɨɦɨɳɶɸ� ɩɥɚɡɦɟɧɧɨɣ� ɪɟɡɤɢ�
ɢ� ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ� ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ�� ɱɬɨ� ɞɨɫɬɚɬɨɱɧɨ�
ɬɪɭɞɨɺɦɤɨ�� ɉɨɷɬɨɦɭ� ɚɜɬɨɦɚɬɢɡɚɰɢɹ� ɩɪɨɰɟɫɫɚ�
ɨɛɪɚɛɨɬɤɢ� ɨɬɜɟɪɫɬɢɣ� ɩɨɞ� ɩɚɬɪɭɛɤɢ� ɜ� ɡɚɝɨɬɨɜɤɚɯ�
ɤɨɪɩɭɫɨɜ� ɌȺ� ɹɜɥɹɟɬɫɹ� ɚɤɬɭɚɥɶɧɨɣ� ɡɚɞɚɱɟɣ�� ȼ� ɫɜɹɡɢ�
ɫ� ɫɟɪɢɣɧɵɦ� ɬɢɩɨɦ� ɩɪɨɢɡɜɨɞɫɬɜɚ�� ɧɟɨɛɯɨɞɢɦɨ��
ɱɬɨɛɵ� ɭɫɬɪɨɣɫɬɜɨ�� ɪɟɚɥɢɡɭɸɳɟɟ� ɪɚɫɫɦɨɬɪɟɧɧɭɸ�
ɨɩɟɪɚɰɢɸ�� ɛɵɥɨ� ɫɩɨɫɨɛɧɨ� ɤ� ɩɟɪɟɧɚɥɚɞɤɟ� ɧɚ�

$ E V W U D F W��7KH�GHVLJQ�RI�WKH�VKHOO�DQG�WXEH�KHDW�H[FKDQJHU�LQFOXGHV�D�WXEH�OLNH�VKHOO�ZLWK�KROHV�WR�ZKLFK�DQ�LQOHW�DQG�RXWOHW�
SLSHV�DUH�ZHOGHG��5DGLDO�DQG�WDQJHQWLDO�KROHV�DUH�SURGXFHG�PDQXDO�O\�E\�PHDQV�RI�SODVPD�FXWWLQJ�ZLWK�WKH�XVH�RI�VSHFLDOL]HG�
WRROV��ZKLFK�GHWHUPLQHV�KLJK�ODER�ULRXVQHVV�RI�KHDW�H[FKDQJHUV�SURGXFWLRQ��$Q�DXWRPDWLF�GHYLFH�LV�SURSRVHG�WR�UHGXFH�WKH�ODER�
ULRXVQHVV�RI� WKLV�RSHUDWLRQ��7R�SURGXFH�WKH�KROH� LQ�WKH�KHDW�H[FKDQJHU�VKHOO�� WZR�UHYHUVLEOH�PRWLRQV�DUH�VXSHULPSRVHG�� OLQHDU�
PRWLRQ�RI� WKH�FXWWHU�DORQJ�WKH� ORQJLWXGLQDO�D[LV�RI� WKH�VKHOO�DQG�WKH�VKHOO� URWDU\�PRWLRQ��$�PDWKHPDWLFDO�PRGHO�RI� WKH�UHTXLUHG�
FXWWHU�PRWLRQ�LV�SURSRVHG��ZKLFK�GHVFULEHV�WKH�UHODWLYH�WUDMHFWRULHV�RI�WKH�SODVPD�FXWWHU�DQG�WKH�VKHOO�LQ�SDUDPHWULF�IRUP��7R�YHULI\�
WKHRUHWLFDO�SUHPLVHV��D�SURWRW\SH�RI�WKH�GHYLFH�ZDV�SURGXFHG�XVLQJ�D��'�SUR�WRW\SLQJ�WHFKQRORJ\��D�EDOO�VFUHZ�IRU�WKH�UHYHUVLEOH�
OLQHDU�PRWLRQ�RI�WKH�FXWWHU�DQG�D�VWHSSHU�PRWRU�IRU�WKH�UHYHUVLEOH�URWDU\�PRWLRQ�RI�WKH�VKHOO��7KH�VKHOO�LV�¿[HG�E\�PHDQV�RI�D�FROOHW�
FKXFN�DQG�UHVWV�RQ�WKH�SLSH�UROOHU�VXSSRUW�
. H \ Z R U G V ��URERWLF�H[HFXWLRQ��ZHOGLQJ��F\OLQGULFDO�EODQNV
6 W U H V ] F ] H Q L H��3U]HGVWDZLRQR�PHWRGĊ�SU]H]QDF]RQą�GR�EXGRZ\�QDMNUyWV]\FK�KDUPRQRJUDPyZ�PRQWDĪX�SURGXNWyZ�Z�OLQLDFK�
PRQWDĪRZ\FK� EH]� PDV]\Q� UyZQROHJá\FK�� .RQ¿JXUDFMD� OLQLL� PRQWDĪRZHM� XZ]JOĊGQLD� REHFQRĞü� EXIRUyZ� PLĊG]\RSHUDF\MQ\FK�
SRPLĊG]\�PDV]\QDPL��3U]HSá\Z� UyZQRF]HĞQLH�PRQWRZDQ\FK�SURGXNWyZ�UyĪQ\FK� W\SyZ� MHVW� MHGQRNLHUXQNRZ\��=H�Z]JOĊGX�QD�
UR]PLDU\� UR]ZLą]\ZDQ\FK�SUREOHPyZ� L� ]ZLą]DQą�]� W\P�]áRĪRQRĞü�REOLF]HQLRZą�PHWRGD� MHVW�KHXU\VW\Ną�� -HVW� WR�KHX¤U\VW\ND�
UHODNVDF\MQD��Z�NWyUHM�Z\NRU]\VWDQR�PRGHO�]DGDQLD�SURJUDPRZDQLD� OLQLRZHJR�0HWRGD�GRW\F]\�SURGXNWyZ�ZLHORZDULDQWRZ\FK��
3URGXNW\�GDQHJR�W\SX�PRJą�UyĪQLü�VLĊ�ZDULDQ¤WDPL�Z\NRQDQLD�±�VSHF\¿F]Q\PL�FHFKDPL��XZ]JOĊGQLDMąF\PL�Z\PDJDQLD�RGELRUFyZ��
0HWRGĊ�Z\UyĪQLD�WDNĪH�XZ]JOĊGQLHQLH�SODQRZDQ\FK�SU]HVWRMyZ�PDV]\Q��QS��SU]H]QDF]RQ\FK�QD�NRQVHUZDFMĊ��=DSUH]HQWRZDQR�
Z\QLNL� HNVSHU\PHQWyZ�REOLF]HQLRZ\FK�� ]D�SRPRFą�NWyU\FK�RFHQLRQR� MDNRĞü�RSUDFRZDQHM�PHWRG\��'áXJRĞFL� KDUPRQRJUDPyZ�
Z\]QDF]DQ\FK� ]D� SRPRFą� SU]HGVWDZLRQHM�PHWRG\� SRUyZQDQR� ]� GáXJRĞFLDPL� KDUPRQRJUDPyZ� RSW\PDOQ\FK�� ]QDQ\PL� G]LĊNL�
]DVWRVRZDQLX�PRGHOX�]DGDQLD�SURJUDPRZDQLD�FDáNRZLWROLF]ERZHJR��3RUyZQDQR�WDNĪH�F]DVRFKáRQQRĞü�REOLF]HĔ�
6 á R Z D � N O X F ] R Z H ��KHXU\VW\ND��UHODNVDFMD��OLQLD�PRQWDĪRZD��RSW\PDOL]DFMD��V]HUHJRZDQLH�RSHUDFML��SURJUDPRZDQLH�OLQLRZH

ɪɚɡɥɢɱɧɵɟ�ɬɢɩɨɪɚɡɦɟɪɵ�ɡɚɝɨɬɨɜɨɤ��ɤ�ɪɟɝɭɥɢɪɨɜɚɧɢɸ�
ɫɤɨɪɨɫɬɢ� ɪɟɡɚɧɢɹ�� ɜ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɦɚɬɟɪɢɚɥɚ� ɢ�
ɬɨɥɳɢɧɵ�ɦɟɬɚɥɥɚ�ɡɚɝɨɬɨɜɤɢ��ɚ� ɬɚɤɠɟ� ɤ�ɜɨɡɦɨɠɧɨɫɬɢ�
ɢɫɩɨɥɧɟɧɢɹ��ɤɚɤ�ɰɟɧɬɪɚɥɶɧɵɯ��ɬɚɤ�ɢ�ɬɚɧɝɟɧɰɢɚɥɶɧɵɯ�
ɨɬɜɟɪɫɬɢɣ��ɪɢɫ�������Ⱦɥɹ�ɫɧɢɠɟɧɢɹ�ɤɚɩɢɬɚɥɶɧɵɯ�ɡɚɬɪɚɬ�
ɰɟɥɟɫɨɨɛɪɚɡɧɚ�ɧɟ�ɩɨɥɧɚɹ��ɚ�ɱɚɫɬɢɱɧɚɹ�ɚɜɬɨɦɚɬɢɡɚɰɢɹ��
ɝɞɟ�ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ�ɩɟɪɟɯɨɞɵ��ɬɚɤɢɟ�ɤɚɤ��ɭɫɬɚɧɨɜɤɚ�
ɡɚɝɨɬɨɜɤɢ� ɨɬɧɨɫɢɬɟɥɶɧɨ� ɛɚɡɢɪɭɸɳɢɯ� ɷɥɟɦɟɧɬɨɜ��
ɩɨɞɜɨɞ�ɢɧɫɬɪɭɦɟɧɬɚ�ɤ�ɫɟɱɟɧɢɸ�ɡɚɝɨɬɨɜɤɢ��ɝɞɟ�ɞɨɥɠɧɨ�
ɛɵɬɶ� ɜɵɩɨɥɧɟɧɨ� ɨɬɜɟɪɫɬɢɟ�� ɜɵɫɬɚɜɥɟɧɢɟ� ɪɚɛɨɱɟɝɨ�
ɡɚɡɨɪɚ�ɦɟɠɞɭ�ɩɨɜɟɪɯɧɨɫɬɶɸ�ɡɚɝɨɬɨɜɤɢ�ɢ�ɬɨɪɰɨɦ�ɫɨɩɥɚ�
ɝɚɡɨɜɨɝɨ�ɪɟɡɚɤɚ��ɜɵɩɨɥɧɹɸɬ�ɨɩɟɪɚɬɨɪɵ�

Ⱦɥɹ�ɦɢɧɢɦɢɡɚɰɢɢ�ɤɨɥɢɱɟɫɬɜɚ�ɩɪɢɜɨɞɨɜ�ɭɫɬɪɨɣɫɬɜɚ�
ɩɪɟɞɥɨɠɟɧɨ� ɬɪɚɟɤɬɨɪɢɸ� ɩɟɪɟɦɟɳɟɧɢɹ� ɢɧɫɬɪɭɦɟɧɬɚ�
ɪɟɚɥɢɡɨɜɚɬɶ�ɫɥɨɠɟɧɢɟɦ�ɞɜɭɯ�ɪɟɜɟɪɫɢɜɧɵɯ�ɞɜɢɠɟɧɢɣ��
ɪɟɡɚɤɚ� ɜɞɨɥɶ� ɨɛɪɚɡɭɸɳɟɣ� ɡɚɝɨɬɨɜɤɢ� ɜ� ɩɥɨɫɤɨɫɬɢ�
ɨɫɟɜɨɝɨ� ɰɟɧɬɪɚɥɶɧɨɝɨ� ɩɪɨɞɨɥɶɧɨɝɨ� ɟɟ� ɫɟɱɟɧɢɹ� � ɢ�
ɡɚɝɨɬɨɜɤɢ�ɜɨɤɪɭɝ�ɟɟ�ɫɨɛɫɬɜɟɧɧɨɣ�ɨɫɢ�
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ȼ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɬɨɝɨ��ɤɚɤɨɟ�ɨɬɜɟɪɫɬɢɟ�ɬɪɟɛɭɟɬɫɹ�
ɜɵɪɟɡɚɬɶ��ɡɚɝɨɬɨɜɤɭ�ɜ�ɧɚɱɚɥɶɧɵɣ�ɦɨɦɟɧɬ�ɧɟɨɛɯɨɞɢɦɨ�
ɩɨɜɟɪɧɭɬɶ�ɜɨɤɪɭɝ�ɟɟ�ɩɪɨɞɨɥɶɧɨɣ�ɨɫɢ�ɬɚɤɢɦ�ɨɛɪɚɡɨɦ��
ɱɬɨɛɵ� ɧɚɱɚɥɶɧɚɹ� ɬɨɱɤɚ� ɜɵɩɨɥɧɟɧɢɹ� ɨɬɜɟɪɫɬɢɹ�
ɥɟɠɚɥɚ� ɧɚ� ɰɟɧɬɪɚɥɶɧɨɣ� ɨɫɢ� ɩɨɩɟɪɟɱɧɨɝɨ� ɫɟɱɟɧɢɹ�
ɨɛɟɱɚɣɤɢ��Ⱦɥɹ�ɨɛɪɚɛɨɬɤɢ�ɡɚɝɨɬɨɜɨɤ�ɪɚɡɧɨɝɨ�ɞɢɚɦɟɬɪɚ�
ɫ�ɧɟɢɡɦɟɧɧɵɦ�ɩɨɥɨɠɟɧɢɟɦ�ɨɫɢ�ɰɟɧɬɪɨɜ�ɩɪɟɞɥɨɠɟɧɨ�
ɢɫɩɨɥɶɡɨɜɚɬɶ� ɬɪɟɯɤɭɥɚɱɤɨɜɵɣ� ɩɚɬɪɨɧ� ɜ� ɫɨɱɟɬɚɧɢɢ� ɫ�
ɪɚɡɞɜɢɝɚɟɦɵɦɢ�ɪɨɥɢɤɨɜɵɦɢ�ɨɩɨɪɚɦɢ�ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ�
ɩɪɢɡɦɵ��ɪɢɫ�����

Ɍɚɤɚɹ� ɫɯɟɦɚ� ɛɚɡɢɪɨɜɚɧɢɹ� ɩɨɡɜɨɥɹɟɬ� ɩɟɪɟɣɬɢ�
ɤ� ɮɨɪɦɢɪɨɜɚɧɢɸ� ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ� ɦɨɞɟɥɢ��
ɨɩɢɫɵɜɚɸɳɟɣ� ɨɬɧɨɫɢɬɟɥɶɧɨɟ� ɩɟɪɟɦɟɳɟɧɢɟ�
ɢɧɫɬɪɭɦɟɧɬɚ��ɪɟɡɚɤɚ��ɢ�ɡɚɝɨɬɨɜɤɢ��

ɆȺɌȿɆȺɌɂɑȿɋɄȺə� ɆɈȾȿɅɖ� ɎɈɊɆɂɊɈȼȺɇɂə�
ɈɌȼȿɊɋɌɂɃ

ȼ� ɨɛɳɟɦ� ɫɥɭɱɚɟ� ɨɬɜɟɪɫɬɢɟ� ɫɦɟɳɟɧɨ� ɧɚ�
ɜɟɥɢɱɢɧɭ���ɨɬɧɨɫɢɬɟɥɶɧɨ�ɜɟɪɬɢɤɚɥɶɧɨɣ�ɨɫɢ�ɨɛɟɱɚɣɤɢ�
ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ�ɚɩɩɚɪɚɬɚ��ɪɢɫ�����

Ɋɢɫ�����Ɋɚɫɩɨɥɨɠɟɧɢɟ�ɨɬɜɟɪɫɬɢɣ�ɜ�ɡɚɝɨɬɨɜɤɟ�ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ�ɚɩɩɚɪɚɬɚ

Ɋɢɫ�����Ȼɚɡɢɪɨɜɚɧɢɟ�ɨɛɟɱɚɟɤ�ɡɚɝɨɬɨɜɨɤ�ɪɚɡɥɢɱɧɨɝɨ�ɞɢɚɦɟɬɪɚ

Ɋɢɫ�����Ɉɛɪɚɡɨɜɚɧɢɟ�ɨɬɜɟɪɫɬɢɹ�ɜ�ɡɚɝɨɬɨɜɤɟ��ɚ��ɛ�±�ɜɨɡɦɨɠɧɵɟ�ɩɨɥɨɠɟɧɢɹ�ɬɚɧɝɟɧɰɢɚɥɶɧɵɯ�ɨɬɜɟɪɫɬɢɣ�ɨɬɧɨɫɢɬɟɥɶɧɨ�ɨɫɟɜɨɝɨ�
ɰɟɧɬɪɚɥɶɧɨɝɨ�ɩɪɨɞɨɥɶɧɨɝɨ�ɫɟɱɟɧɢɹ
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ɋɢɫɬɟɦɚ� ɭɪɚɜɧɟɧɢɣ� ɫɜɹɡɢ� ɞɜɢɠɟɧɢɟ� ɜ� ɞɜɭɯ�
ɩɥɨɫɤɨɫɬɹɯ�zox�ɢ�yox�ɢɦɟɟɬ�ɜɢɞ�>�@�

���

���

ɝɞɟ� R� ±� ɪɚɞɢɭɫ� ɤɨɪɩɭɫɚ� ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ� ɚɩɩɚɪɚɬɚ��
r ±�ɪɚɞɢɭɫ�ɨɬɜɟɪɫɬɢɹ��a� ±�ɫɦɟɳɟɧɢɟ�ɨɫɢ�ɨɬɜɟɪɫɬɢɹ�
ɨɬ�ɜɟɪɬɢɤɚɥɶɧɨɣ�ɨɫɢ��ȕ�±�ɭɝɨɥ��ɩɨɞ�ɤɨɬɨɪɵɦ�ɜ�ɤɚɠɞɵɣ�
ɦɨɦɟɧɬ� ɜɪɟɦɟɧɢ� ɧɚɯɨɞɢɬɫɹ� ɫɟɤɭɳɚɹ� ɩɥɨɫɤɨɫɬɶ�
ɨɬɜɟɪɫɬɢɹ� ɜ� ɩɥɨɫɤɨɫɬɢ� zox�� ެ±� ɭɝɨɥ�� ɩɨɞ� ɤɨɬɨɪɵɦ�
ɜ� ɤɚɠɞɵɣ� ɦɨɦɟɧɬ� ɜɪɟɦɟɧɢ� ɧɚɯɨɞɢɬɫɹ� ɫɟɤɭɳɚɹ�
ɩɥɨɫɤɨɫɬɶ�ɨɬɜɟɪɫɬɢɹ�ɜ�ɩɥɨɫɤɨɫɬɢ�yox�

ȼ� ɱɚɫɬɧɨɦ� ɫɥɭɱɚɟ�� ɤɨɝɞɚ� ɰɟɧɬɪ� ɨɬɜɟɪɫɬɢɹ�
ɧɚɯɨɞɢɬɫɹ� ɧɚ� ɜɟɪɬɢɤɚɥɶɧɨɣ� ɨɫɢ� ɫɟɱɟɧɢɹ� ɡɚɝɨɬɨɜɤɢ�
ɜɟɥɢɱɢɧɚ�a ���ɚ�ɫɢɫɬɟɦɚ�ɭɪɚɜɧɟɧɢɣ�����ɩɪɢɨɛɪɟɬɚɟɬ�
ɜɢɞ�

Ɍɨɝɞɚ�ɷɥɟɦɟɧɬɚɪɧɵɟ�ɩɪɢɪɚɳɟɧɢɹ�ɤɨɨɪɞɢɧɚɬ�z�ɢ�y   
ɦɨɝɭɬ�ɛɵɬɶ�ɩɪɟɞɫɬɚɜɥɟɧɵ�ɤɚɤ�

���

ɂɫɯɨɞɹ� ɢɡ� ����� ɷɥɟɦɟɧɬɚɪɧɨɟ� ɩɪɢɪɚɳɟɧɢɟ�
ɬɪɚɟɤɬɨɪɢɢ�ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ�ɩɟɪɟɦɟɳɟɧɢɹ�ɡɚɝɨɬɨɜɤɢ�ɢ�
ɝɚɡɨɜɨɝɨ�ɪɟɡɚɤɚ�

���

Ɍɨɝɞɚ�� ɫ� ɭɱɟɬɨɦ� ɬɨɝɨ�� ɱɬɨ� � � � � � � � �� ɢɡ� ɜɵɪɚɠɟɧɢɹ�
����ɫɥɟɞɭɟɬ��ɱɬɨ�ɫɤɨɪɨɫɬɶ�ɩɟɪɟɦɟɳɟɧɢɹ�ɪɟɡɚɤɚ�ɜɞɨɥɶ�
ɬɪɚɟɤɬɨɪɢɢ�ɪɟɡɚ�ɛɭɞɟɬ�ɪɚɜɧɚ�

���

ɉɨɫɤɨɥɶɤɭ� ɜɵɪɚɠɟɧɢɟ� ���� ɩɪɟɞɫɬɚɜɥɹɟɬ� ɫɨɛɨɣ�
ɧɟɩɪɟɪɵɜɧɭɸ� ɮɭɧɤɰɢɸ�� ɬɨ� ɦɨɠɧɨ� ɨɩɪɟɞɟɥɢɬɶ�
ɩɚɪɚɦɟɬɪ�Ȧ��ɤɨɬɨɪɵɣ�ɜ�ɬɨɱɤɟ�Į ��ɩɪɢɜɨɞɢɬ�ɭɪɚɜɧɟɧɢɟ�
����ɤ�ɜɢɞɭ�

Ⱥɧɚɥɨɝɢɱɧɨɟ�ɜɵɪɚɠɟɧɢɟ�ɩɨɥɭɱɚɟɦ�ɩɪɢ�ɡɧɚɱɟɧɢɢ�
ɩɚɪɚɦɟɬɪɚ�Į ��ɜ�ɜɵɪɚɠɟɧɢɢ�����

���

Ɋɚɡɞɟɥɢɜ�ɭɪɚɜɧɟɧɢɟ�����ɧɚ�ɜɟɥɢɱɢɧɭ�R��ɩɨɥɭɱɢɦ�
ɷɥɟɦɟɧɬɚɪɧɨɟ�ɩɪɢɪɚɳɟɧɢɟ�ɭɝɥɚ�ȕ�

���

Ɍɨɝɞɚ� ɞɥɹ� ɭɝɥɨɜɨɣ� ɫɤɨɪɨɫɬɢ� ɢɡɦɟɧɟɧɢɹ� ɭɝɥɚ�
ɩɨɜɨɪɨɬɚ�ɡɚɝɨɬɨɜɤɢ�ȕ��ɩɨɥɭɱɢɦ�

���

ɉɨɥɭɱɟɧɧɵɟ� ɜɵɪɚɠɟɧɢɹ� ���� ɢ� ���� ɩɨɡɜɨɥɹɟɬ�
ɪɟɚɥɢɡɨɜɚɬɶ� ɡɚɤɨɧɵ� ɭɩɪɚɜɥɟɧɢɹ� ɪɟɜɟɪɫɢɜɧɵɦɢ�
ɞɜɢɠɟɧɢɹɦɢ�� ɥɢɧɟɣɧɵɦ� ±� ɪɟɡɚɤɚ�� ɜɪɚɳɚɬɟɥɶɧɵɦ�
±�ɨɛɟɱɚɣɤɢ�ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ�ɡɚɝɨɬɨɜɤɢ�

ɋɥɟɞɨɜɚɬɟɥɶɧɨ�� ɩɨɥɭɱɟɧɧɵɟ� ɜɵɪɚɠɟɧɢɹ�
ɩɨɡɜɨɥɹɸɬ� ɪɚɡɪɚɛɨɬɚɬɶ� ɬɚɤɨɣ� ɩɪɢɧɰɢɩ� ɭɩɪɚɜɥɟɧɢɹ�
ɩɪɨɰɟɫɫɨɦ�ɨɛɪɚɛɨɬɤɢ�ɨɬɜɟɪɫɬɢɣ�� ɤɨɬɨɪɵɣ�ɨɛɟɫɩɟɱɢɬ�
ɩɨɞɞɟɪɠɚɧɢɟ� ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ� ɫɤɨɪɨɫɬɢ� V� ɪɟɡɚɤɚ�
ɩɨɫɬɨɹɧɧɨɣ�ɜ�ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ�ɪɟɠɢɦɟ�

ɆȺɄȿɌ�ɊɈȻɈɌɂɁɂɊɈȼȺɇɇɈȽɈ�ɍɋɌɊɈɃɋɌȼȺ��

ɉɪɟɞɥɨɠɟɧɧɵɣ�ɦɚɤɟɬ��ɢɡɝɨɬɨɜɥɟɧ�ɫ�ɩɪɢɦɟɧɟɧɢɟɦ�
3D�±�ɩɪɨɬɨɬɢɩɢɪɨɜɚɧɢɹ�>����@��Ɉɧ�ɫɨɞɟɪɠɢɬ�ɰɚɧɝɨɜɵɣ�
ɡɚɠɢɦ�� ɜ� ɤɨɬɨɪɵɣ� ɡɚɤɪɟɩɥɟɧɚ� ɬɪɭɛɱɚɬɚɹ� ɡɚɝɨɬɨɜɤɚ��
ɛɚɡɢɪɭɸɳɚɹɫɹ� ɜ� ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ� ɩɪɢɡɦɚɯ� ɫ�
ɜɨɡɦɨɠɧɨɫɬɶɸ� ɪɟɜɟɪɫɢɜɧɨɝɨ� ɜɪɚɳɟɧɢɹ� ɜɨɤɪɭɝ� ɟɝɨ�
ɩɪɨɞɨɥɶɧɨɣ�ɨɫɢ��Ɇɨɞɭɥɶ�ɢɧɫɬɪɭɦɟɧɬɚ�ɞɥɹ�ɩɥɚɡɦɟɧɧɨɣ�
ɪɟɡɤɢ�ɢɦɟɟɬ�ɜɨɡɦɨɠɧɨɫɬɶ�ɩɪɨɞɨɥɶɧɨɝɨ�ɩɟɪɟɦɟɳɟɧɢɹ�
ɜɞɨɥɶ�ɡɚɝɨɬɨɜɤɢ��

Ɋɢɫ�� ��� ɍɡɟɥ� ɜɪɚɳɟɧɢɹ� ɡɚɝɨɬɨɜɤɢ�� 1� ±� ɨɫɧɨɜɚɧɢɟ�� 2 
±�ɪɟɝɭɥɢɪɭɟɦɵɟ�ɨɩɨɪɵ��3�±�ɪɨɥɢɤɨɜɵɟ�ɨɩɨɪɵ��4�±�ɞɟɪɠɚɬɟɥɶ�
ɞɥɹ� ɩɪɢɜɨɞɚ�� 5� ±� ɩɪɢɜɨɞ�� 6� ±� ɭɡɟɥ� ɩɨɞɲɢɩɧɢɤɨɜɵɣ�� 7 
±�ɰɚɧɝɨɜɵɣ�ɡɚɠɢɦ��8�±�ɡɚɝɨɬɨɜɤɚ
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ɍɫɬɚɧɨɜɤɚ� ɫɨɞɟɪɠɢɬ� ɞɜɚ� ɩɪɢɜɨɞɚ�� ɜɪɚɳɟɧɢɹ� ɢ�
ɥɢɧɟɣɧɨɝɨ�ɩɟɪɟɦɟɳɟɧɢɹ��ɤɨɬɨɪɵɟ��ɪɚɛɨɬɚɹ�ɫɨɜɦɟɫɬɧɨ��
ɩɨɡɜɨɥɹɸɬ�ɩɨɥɭɱɢɬɶ�ɬɪɟɛɭɟɦɵɟ�ɬɪɚɟɤɬɨɪɢɢ�ɢ�ɫɤɨɪɨɫɬɢ�
ɩɟɪɟɦɟɳɟɧɢɹ�ɪɟɡɚɤɚ��ɧɟɨɛɯɨɞɢɦɵɟ�ɞɥɹ�ɜɵɩɨɥɧɟɧɢɹ�
ɨɬɜɟɪɫɬɢɣ�ɪɚɡɧɨɝɨ�ɞɢɚɦɟɬɪɚ�ɢ�ɪɚɡɥɢɱɧɨɝɨ�ɩɨɥɨɠɟɧɢɹ�
ɧɚ�ɩɨɜɟɪɯɧɨɫɬɢ�ɨɛɟɱɚɣɤɢ�

ɍɡɟɥ� ɪɟɜɟɪɫɢɜɧɨɝɨ� ɜɪɚɳɟɧɢɹ� ɡɚɝɨɬɨɜɤɢ��
ɩɪɟɞɫɬɚɜɥɟɧ�ɧɚ�ɪɢɫ����

Ɂɚɝɨɬɨɜɤɭ� �� ɡɚɤɪɟɩɥɹɸɬ� ɜ� ɰɚɧɝɨɜɨɦ� ɡɚɠɢɦɟ�
���� ɢ� ɩɪɢɜɨɞɹɬ� ɜɨ� ɜɪɚɳɟɧɢɟ� ɩɪɢɜɨɞɨɦ� �ɪɢɫ�� ����
ɍɡɟɥ� ɜɪɚɳɚɬɟɥɶɧɨɝɨ� ɞɜɢɠɟɧɢɹ� �ɪɢɫ�� ��� ɜɵɩɨɥɧɟɧ�
ɫɥɟɞɭɸɳɢɦ� ɨɛɪɚɡɨɦ�� Ɉɫɧɨɜɚɧɢɟ� ���� ɭɫɬɚɧɨɜɥɟɧɨ�
ɧɚ� ɪɟɝɭɥɢɪɭɟɦɵɯ� ɨɩɨɪɚɯ� ���� ɞɥɹ� ɟɝɨ� ɜɵɫɬɚɜɥɟɧɢɹ� ɜ�
ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ�ɩɨɥɨɠɟɧɢɢ�� Ɍɪɭɛɱɚɬɚɹ� ɡɚɝɨɬɨɜɤɚ� ����
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ�ɜ�ɰɚɧɝɨɜɵɣ�ɡɚɠɢɦ������ɡɚɤɪɟɩɥɟɧɧɵɣ�
ɧɚ�ɜɚɥɭ�ɩɪɢɜɨɞɚ������ɢ�ɨɩɢɪɚɟɬɫɹ�ɧɚ�ɪɨɥɢɤɨɜɵɟ�ɨɩɨɪɵ�
����� ɉɪɢɜɨɞ� ���� ɭɫɬɚɧɨɜɥɟɧ� ɧɚ� ɤɪɨɧɲɬɟɣɧɟ� ����� ȼɚɥ�
ɩɪɢɜɨɞɚ�����ɭɫɬɚɧɨɜɥɟɧ�ɜ�ɩɨɞɲɢɩɧɢɤɨɜɨɦ�ɭɡɥɟ�����

Ɇɨɞɭɥɶ� ɩɪɨɞɨɥɶɧɨɝɨ� ɩɟɪɟɦɟɳɟɧɢɹ� ɪɚɛɨɱɟɝɨ�
ɨɪɝɚɧɚ� �ɪɢɫ�� ��� ɭɫɬɚɧɨɜɥɟɧ� ɧɚ� ɨɩɨɪɵ� ����� ɨɫɧɨɜɚɧɢɹ�
����� ɉɪɢɜɨɞ� ���� ɭɫɬɚɧɨɜɥɟɧ� ɜ� ɞɟɪɠɚɬɟɥɟ� ����� ɑɟɪɟɡ�
ɦɭɮɬɭ� ���� ɜɪɚɳɟɧɢɹ� ɨɬ� ɩɪɢɜɨɞɚ� ɩɟɪɟɞɚɟɬɫɹ� ɧɚ�
ɲɚɪɢɤɨɜɢɧɬɨɜɭɸ� ɩɟɪɟɞɚɱɭ� ����� ɩɪɢɜɨɞɹɳɭɸ� ɜ�
ɞɜɢɠɟɧɢɟ� ɩɨ� ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ� ɧɚɩɪɚɜɥɹɸɳɢɦ� ������
ɡɚɤɪɟɩɥɟɧɧɵɦɢ� ɜ� ɤɪɨɧɲɬɟɣɧɚɯ� ���� ɢ� ������ ɭɡɟɥ�
ɪɚɛɨɱɟɝɨ� ɨɪɝɚɧɚ� ����� Ɉɛɚ� ɤɪɨɧɲɬɟɣɧɚ� ɭɫɬɚɧɨɜɥɟɧɵ�
ɧɚ� ɨɩɨɪɚɯ� ����� ȼɚɥ� ɲɚɪɢɤɨɜɢɧɬɨɜɨɣ� ɩɟɪɟɞɚɱɢ� ����
ɭɫɬɚɧɨɜɥɟɧ�ɜ�ɩɨɞɲɢɩɧɢɤɚɯ�������ȼ�ɦɚɤɟɬɟ��ɜ�ɤɚɱɟɫɬɜɟ�
ɢɧɫɬɪɭɦɟɧɬɚ�ɢɫɩɨɥɶɡɨɜɚɧ�ɦɚɪɤɟɪ������ɡɚɤɪɟɩɥɺɧɧɵɣ�ɜ�
ɭɡɥɟ�ɪɚɛɨɱɟɝɨ�ɨɪɝɚɧɚ�����

Ɋɚɛɨɬɚ�ɨɩɢɫɚɧɧɨɝɨ�ɭɫɬɪɨɣɫɬɜɚ�ɫɦɨɞɟɥɢɪɨɜɚɧɚ�ɜ�
ɢɧɠɟɧɟɪɧɨɦ� ɩɪɨɝɪɚɦɦɧɨɦ� ɤɨɦɩɥɟɤɫɟ�� ɝɞɟ� ɞɥɹ� ɞɜɭɯ�
ɞɜɢɝɚɬɟɥɟɣ� ɡɚɞɚɧɵ� ɡɚɤɨɧɵ� ɞɜɢɠɟɧɢɹ� ɢ� ɩɨɥɭɱɟɧɚ�
ɪɟɡɭɥɶɬɢɪɭɸɳɚɹ� ɬɪɚɟɤɬɨɪɢɹ� ɞɜɢɠɟɧɢɹ� �ɪɢɫ�� ����
Ɋɟɚɥɶɧɵɣ�ɦɚɤɟɬ�ɩɪɟɞɫɬɚɜɥɟɧ�ɧɚ�ɪɢɫ����

ɍɉɊȺȼɅȿɇɂȿ� ɊɈȻɈɌɂɁɂɊɈȼȺɇɇɈɃ� ɈȻɊȺȻɈɌɄɈɃ�
ɈɌȼȿɊɋɌɂɃ

ȼ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɦɚɪɤɢ�ɢ�ɬɨɥɳɢɧɵ�ɪɚɡɪɟɡɚɟɦɨɝɨ�
ɦɚɬɟɪɢɚɥɚ� ɡɚɝɨɬɨɜɤɢ�� ɬɟɯɧɨɥɨɝɚɦɢ� ɧɚɡɧɚɱɚɟɬɫɹ�
ɬɪɟɛɭɟɦɚɹ�ɫɤɨɪɨɫɬɶ�ɪɟɡɚɧɢɹ��ɡɚɡɨɪ�ɦɟɠɞɭ�ɡɚɝɨɬɨɜɤɨɣ�
ɢ�ɪɟɡɚɤɨɦ��ɉɨ�ɜɟɥɢɱɢɧɟ�ɫɤɨɪɨɫɬɢ�ɜɵɱɢɫɥɹɸɬ�ɩɚɪɚɦɟɬɪ�
Ȧ�

Ɂɚɬɟɦ�� ɜ� ɫɨɨɬɜɟɬɫɬɜɢɢ� ɫ� ɢɫɯɨɞɧɵɦɢ� ɞɚɧɧɵɦɢ��
ɩɨɥɨɠɟɧɢɟɦ� ɢ� ɪɚɡɦɟɪɚɦɢ� ɜɵɩɨɥɧɹɟɦɨɝɨ� ɨɬɜɟɪɫɬɢɹ��
ɢ� ɩɨɥɭɱɟɧɧɵɦɢ� ɜɵɲɟ� ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɦɢ�
ɡɚɜɢɫɢɦɨɫɬɹɦɢ�ɤɨɨɪɞɢɧɚɬ�ɢ�ɫɤɨɪɨɫɬɟɣ�ɩɟɪɟɦɟɳɟɧɢɹ�
ɢɧɫɬɪɭɦɟɧɬɚ�� ɜɵɯɨɞɧɵɟ� ɩɚɪɚɦɟɬɪɵ� ɩɪɟɨɛɪɚɡɭɸɬ� ɜ�
ɬɚɤ�ɧɚɡɵɜɚɟɦɵɣ�*�&RGH��*�&RGH�¤�ɷɬɨ�ɧɚɛɨɪ�ɤɨɦɚɧɞ��
ɫɨɞɟɪɠɚɳɢɣ�ɢɧɮɨɪɦɚɰɢɸ�ɨ�ɩɟɪɟɦɟɳɟɧɢɹɯ�ɪɚɛɨɱɢɯ�
ɨɪɝɚɧɨɜ��ɤɨɬɨɪɚɹ�ɡɚɝɪɭɠɚɟɬɫɹ�ɜ�ɩɚɦɹɬɶ�ɤɨɧɬɪɨɥɥɟɪɚ��
Ⱦɚɥɟɟ�ɤɨɧɬɪɨɥɥɟɪ�ɩɟɪɟɞɚɟɬ�ɭɩɪɚɜɥɹɸɳɭɸ�ɩɪɨɝɪɚɦɦɭ�
ɞɪɚɣɜɟɪɚɦ� ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ� ɦɟɯɚɧɢɡɦɨɜ�� ɤɨɬɨɪɵɟ�
ɩɪɢɜɨɞɹɬ� ɫɢɫɬɟɦɭ� ɨɛɪɚɛɨɬɤɢ� ɨɬɜɟɪɫɬɢɣ� ɜ� ɞɟɣɫɬɜɢɟ�
�ɪɢɫ�����

Ɋɢɫ�� ��� ɍɡɟɥ� ɩɪɨɞɨɥɶɧɨɝɨ� ɩɟɪɟɦɟɳɟɧɢɹ� ɪɚɛɨɱɟɝɨ� ɨɪɝɚɧɚ�
ɦɚɤɟɬɚ� ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɝɨ� ɭɫɬɪɨɣɫɬɜɚ� ɞɥɹ� ɨɛɪɚɛɨɬɤɢ�
ɨɬɜɟɪɫɬɢɣ�� �� ±� ɪɟɝɭɥɢɪɭɟɦɚɹ� ɨɩɨɪɚ�� �� ±� ɨɫɧɨɜɚɧɢɟ�� ��
±�ɨɩɨɪɵ����±�ɩɪɢɜɨɞ����±�ɞɟɪɠɚɬɟɥɶ�ɞɥɹ�ɩɪɢɜɨɞɚ����±�ɭɡɟɥ�
ɩɨɞɲɢɩɧɢɤɨɜɵɣ�� �� ±� ɦɭɮɬɚ�� �� ±� ɲɩɢɥɶɤɚ� ɪɟɡɶɛɨɜɚɹ�� ��
±�ɭɡɟɥ�ɪɚɛɨɱɟɝɨ�ɨɪɝɚɧɚ�����±�ɦɚɪɤɟɪ�����±�ɧɚɩɪɚɜɥɹɸɳɢɟ�
ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ�����±�ɭɩɨɪ�ɩɨɞɲɢɩɧɢɤɨɜɵɣ�����±ɤɪɟɩɥɟɧɢɟ�
ɞɥɹ�ɩɨɞɲɢɩɧɢɤɨɜɨɝɨ�ɭɩɨɪɚ

Ɋɢɫ�� ��� Ɋɚɡɪɚɛɨɬɚɧɧɵɣ� ɢ� ɢɡɝɨɬɨɜɥɟɧɧɵɣ� ɦɚɤɟɬ�
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ�ɭɫɬɚɧɨɜɤɢ

Ɋɢɫ�����ɋɯɟɦɚ�ɭɩɪɚɜɥɟɧɢɹ�ɩɪɨɰɟɫɫɨɦ�ɨɛɪɚɛɨɬɤɢ�ɨɬɜɟɪɫɬɢɹ��
��ɡɚɝɨɬɨɜɤɚ����ɪɟɡɚɤ����ɩɥɚɬɚ�ɫ�ɞɪɚɣɜɟɪɚɦɢ
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ɅɂɌȿɊȺɌɍɊȺ

��� 1��(¿PRY� �������6KRUW�FRXUVH�RI�DQDO\WLF�JHRPHWU\�
0RVFRZ��ɇɚɭɤɚ�

��� <DNRI�.�6�$���=DEXGLQ�1�)���0DW�6DKDW�,���0RKG�$GLE�
0�$�+���������'HYHORSPHQW�RI��'�3ULQWHG�+HDUW�0RGHO�
IRU�0HGLFDO�7UDLQLQJ�� ,Q��+DVVDQ�0�� �HGV�� ,QWHOOLJHQW�
0DQXIDFWXU�LQJ� 	� 0HFKDWURQLFV�� /HFWXUH� 1RWHV� LQ�
0HFKDQLFDO� (QJLQHHULQJ� ��������� GRL�������������
�������������B��

��� �'�3ULQWLQJ� ,QGXVWU\� ������� �'�3ULQWLQJ� 3URFHVVHV��
)UHH�%HJLQQHU¶V�*XLGH��'�3ULQW�LQJ�,QGXVWU\��$YDLODEOH�
YLD� ',$/2*�� � KWWS����GSULQWLQJLQGXVWU\�� FRP��G�
SULQWLQJ�EDVLFV�IUHH�EHJLQQHUV�JXLGH�� SURFHVVHV��
$FFHVVHG����1RY�����

��� Ʉɪɢɫ ɬɚɥɶ � Ɇɚɪɤ � Ƚɪɢ ɝɨɪɶɟɜɢɱ�
±�ɞ�ɪ�ɬɟɯɧ��ɧɚɭɤ��ɩɪɨɮɟɫɫɨɪ�ɤɚɮɟɞɪɵ�©Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ�
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ� ɩɪɨɰɟɫɫɨɜª� ȼɨɥɝɨɝɪɚɞɫɤɨɝɨ�
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ�ɬɟɯɧɢɱɟɫɤɨɝɨ�ɭɧɢɜɟɪɫɢɬɟɬɚ����������
ȼɨɥɝɨɝɪɚɞ��ɩɪɨɫɩɟɤɬ�Ʌɟɧɢɧɚ������
ɬɟɥ�����������������
H�PDLO��FU\VPDU#PDLO�UX��ɩɚɫɩɨɪɬ�����������

��� Ƚɨɪɟɥɨɜɚ� Ⱥɫɹ� ɘɪɶɟɜɧɚ� ±� ɤɚɧɞ�� ɬɟɯɧ�� ɧɚɭɤ��
ɞɨɰɟɧɬ�ɤɚɮɟɞɪɵ�©Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ�ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ�
ɩɪɨɰɟɫɫɨɜª� ȼɨɥɝɨɝɪɚɞɫɤɨɝɨ� ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ�
ɬɟɯɧɢɱɟɫɤɨɝɨ� ɭɧɢɜɟɪɫɢɬɟɬɚ�� �������� ȼɨɥɝɨɝɪɚɞ��
ɩɪɨɫɩɟɤɬ�Ʌɟɧɢɧɚ������ɬɟɥ�����������������
H�PDLO��IRUDV\RR#JPDLO�FRP
��� Ɇɚɪɬɵɧɟɧɤɨ� ȼɥɚɞɢɫɥɚɜ� Ⱥɥɟɤɫɟɟɜɢɱ� ±� ɫɬɭɞɟɧɬ�
ȼɨɥɝɨɝɪɚɞɫɤɨɝɨ� ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ� ɬɟɯɧɢɱɟɫɤɨɝɨ�
ɭɧɢɜɟɪɫɢɬɟɬɚ�� �������� ȼɨɥɝɨɝɪɚɞ�� ɩɪɨɫɩɟɤɬ� Ʌɟɧɢɧɚ��
���ɬɟɥ�������������������
H�PDLO���WKHEHVWYODG��#\DQGH[�UX
��� Ȼɚɠɟɧɫɤɢɣ� ɘɪɢɣ� Ɇɢɯɚɣɥɨɜɢɱ� ±� ɤɚɧɞ�� ɬɟɯɧ��
ɧɚɭɤ�� ɜɟɞɭɳɢɣ� ɢɧɠɟɧɟɪ� ɤɚɮɟɞɪɵ� ©Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ�
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ� ɩɪɨɰɟɫɫɨɜª� ȼɨɥɝɨɝɪɚɞɫɤɨɝɨ�
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ�ɬɟɯɧɢɱɟɫɤɨɝɨ�ɭɧɢɜɟɪɫɢɬɟɬɚ����������
ȼɨɥɝɨɝɪɚɞ��ɩɪɨɫɩɟɤɬ�Ʌɟɧɢɧɚ������
ɬɟɥ�����������������
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$8720$7('�81,7�)25�1$,/�$1'�7+,1�:$//('�:$6+(5�$66(0%/,1*

=DXWRPDW\]RZDQH�VWDQRZLVNR�GR�PRQWDĪX�JZRĨG]LD�Z�FLHQNRĞFLHQQHM�SRGNáDGFH�

Ɋɨɛɨɬɢɡɢɪɨɜɚɧɧɨɟ� ɜɵɩɨɥɧɟɧɢɟ� ɨɬɜɟɪɫɬɢɣ� ɩɨɞ� ɫɜɚɪɤɭ� ɜ� ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ�
ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ�ɡɚɝɨɬɨɜɤɚɯ

.RQUDG�./86(.��-DQXV]�.2%,$à.$��0DUFLQ�:(/&�� '2,�����������������������

,QWURGXFWLRQ

7KH�FRQWHPSRUDU\�WLPHV�KDYH�FKDUJHG�WKH�KXPDQLW\�
ZLWK�D� VSHFLDO� GXW\�RI� WDNLQJ� FDUH�RI� WKH�HQYLURQPHQWDO�
SURWHFWLRQ��:H�VHJUHJDWH�WKH�UXEELVK��ZH�OHDYH�WKH�ZDVWH�
HOHFWURQLF� DQG�HOHFWULF� HTXLSPHQW� DW� WKH� VSHFLDO� SRLQWV��
RU�ZH�UXQ�RUJDQLF�FXOWLYDWLRQV�LQ�RXU�KRXVHKROG�JDUGHQV��

$OVR�� LQ� WKH� ¿HOG� RI� LQGXVWU\�� ZH� WU\� WR� UHGXFH� WKH�
HQHUJ\� ORVVHV��ZKHQ�DSSO\LQJ�GLႇHUHQW� W\SHV�RI� WKHUPDO�
LQVXODWLRQ��:H�OLPLW� WKH�HPLVVLRQ�RI�YLEUDWLRQV�DQG�QRLVH�
WR�WKH�HQYLURQPHQW�E\�LQVXODWLRQ�RI�WKHLU�VRXUFHV��DV�ZHOO��
7KH�PRVW� SRSXODU� LQVXODWLQJ�PDWHULDOV�� DV� HPSOR\HG� LQ�
D�IRUP�RI�PDWV��UROOHUV�DQG�FRDWLQJV��)LJ����PXVW�EH�¿[HG�
WR�WKH�SURWHFWHG�REMHFWV�

$VVHPEOLQJ�ZLWK� WKH�DSSOLFDWLRQ�RI� QDLOV� �)LJ���DQG�
����VWUXGV��)LJ�����DQG�PDQGUHOV� IURP�ZHOGDEOH�ZLUH�DUH�
D�UHODWLYHO\�QHZ�DQG�PRUH�DQG�PRUH�SRSXODU�PHWKRG�IRU��
¿[LQJ�WKH�LQVXODWLQJ�OD\HUV�LQ�WKH�FDVH�RI�PHWDO�FDVLQJ�RI�
WKH�REMHFWV�

'HPDQG� RQ� VXFK� DVVHPEO\� HOHPHQWV� LV� FRQVWDQWO\�
LQFUHDVLQJ��KHQFH��WKHUH�LV�D�QHHG�RI�WKHLU�PDVV�SURGXFWLRQ��
5HVSRQGLQJ�WR�WKH�UHTXHVW�RI�1(:,5�&RPSDQ\�ZLWK�WKH�
VHDW� LQ� :DUVDZ�� ZKLFK� VXSSOLHV� WKH� DVVHPEOLQJ�� DQG�
FRQVWUXFWLRQDO� DFFHVVRULHV� DQG� SUH�IDEULFDWHG� SURGXFWV�
IRU�FRQVWUXFWLRQ�RI�YHQWLODWLRQ��KHDWLQJ�DQG�DLU�FRQGLWLRQV�
HTXLSPHQW�� ,QVWLWXWH� RI� 0HFKDQL]HG� &RQVWUXFWLRQ� DQG�
5RFN� 0LQLQJ� XQGHUWRRN� WKH� ZRUN� RQ� GHYHORSPHQW� DQG�
SHUIRUPDQFH�RI�DXWRPDWHG�XQLW�IRU�DVVHPEO\�RI�ZHOGDEOH�
QDLO�DQG�WKLQ�ZDOOHG�ZDVKHU�

$GGLWLRQDOO\�� WKHUH�ZDV�GHVLJQHG�DQG�VWDUWHG�XS�WKH�
XQLW� IRU�SXQFKLQJ�RI�PHWDO�VKHHW� LQ�D� IRUP�RI� WDSH��7KH�
SXQFKLQJ�XQLW�FRQVLVWV�RI�WKH�IROORZLQJ�HOHPHQWV�

$ E V W U D F W��,Q�WKH�SDSHU��WKH�DXWRPDWHG�XQLW�IRU�QDLO�ZDVKHU�DVVHPEOLQJ�KDV�EHHQ�SUHVHQWHG��7KH�QDLOV�ZLWK�WKH�VDPH�GLDPHWHU�
DQG�GLႇHUHQW�OHQJWKV�DUH�LQVHUWHG�WR�WKH�WKLQ�PHWDO�ZDVKHU�
. H \ Z R U G V ��DXWRPDWHG�PDFKLQH�GHVLJQ��DVVHPEO\�SURFHVV��MRLQLQJ�HOHPHQWV��ZDVKHU��ZHOGDEOH�QDLO

6 W U H V ] F ] H Q L H��:�DUW\NXOH�SU]HGVWDZLRQR�Z�VSRVyE�V\QWHW\F]Q\�]DXWRPDW\]RZDQH�VWDQRZLVNR�GR�PRQWDĪX�Z\EUDQHJR�
W\SRV]HUHJX�PHWDORZ\FK�JZRĨG]L��R�WHM�VDPHM�ĞUHGQLF\�L�UyĪQ\FK�GáXJRĞFLDFK��Z�PHWDORZHM��RNUąJáHM�L�FLHQNRĞFLHQQHM�SRGNáDGFH
6 á R Z D � N O X F ] R Z H ��VWDQRZLVNR�PRQWDĪRZH��SURFHV�PRQWDĪX��áąF]HQLH�HOHPHQWyZ��SRGNáDGND��JZyĨGĨ�]JU]HZDOQ\

�� (FFHQWULF�SUHVV�ZLWK�SQHXPDWLF�FRQYH\RU�RI�WDSH��WKH�
WDVN�RI�ZKLFK�LV�WR�VKLIW�WKH�WDSH�XQGHU�WKH�VWDPS��ZLWK�
WKH�FRQVWDQW�VWURNH�RI�WKH�WDSH��)LJ�����

�� 0HFKDQLVP��DOORZLQJ�WR�XQZLQG�WKH�WDSH�RI�VWHHO�VKHHW�
��)LJ����

�� 6\VWHP�RI�EXႇHU�RI�WKH�XQZRXQG�WDSH��)LJ����WRJHWKHU�
ZLWK�WKH�VHQVRUV�RI�WKH�WDSH�VLWXDWLRQ

5\V�����0DW\��URONL� L�RWXOLQ\� L]RODF\MQH��ĨUyGáR��PDWHULDá\�¿UP\�
1(:,5�>�@�
)LJ�����0DWV�� UROOHUV�DQG� LQVXODWLQJ�FRDWLQJV� �VRXUFH��1(:,5�
>�@�

5\V�� ���0DWD� L]RODF\MQD� ]DPRFRZDQD� GR� NDQDáX�ZHQW\ODF\M-
QHJR� SU]H]� ]JU]HZDOQ\� JZyĨGĨ�� Z\SRVDĪRQ\� Z� GRGDWNRZą�
SRGNáDGNĊ�L]RODF\MQą��ĨUyGáR��PDWHULDá\�¿UP\�1(:,5�>�@�
)LJ�����,QVXODWLRQ�PDW�DWWDFKHG�WR�WKH�YHQWLODWLRQ�GXFW�E\�D�ZHOG-
DEOH�QDLO�HTXLSSHG�ZLWK�DQ�DGGLWLRQDO� LQVXODWLQJ�SDG� �VRXUFH��
1(:,5�>�@�
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7KH�SXQFKLQJ�XQLW�VXSSOLHV�WKH�ZDVKHUV�WR�SURGXFWLRQ�
RI�UHDG\�FRQQHFWRU�LQ�WKH�DXWRPDWHG�XQLW��

$QDO\VLV�RI�WKH�H[LVWLQJ�VROXWLRQV�RI�WKH�DXWRPDWHG�PDFKLQH�
IRU�DVVHPEO\�RI�ZHOGDEOH�QDLOV�

7KH�ZHOGDEOH�QDLOV�KDYH�EHHQ�NQRZQ�LQ�WKH�LQGXVWU\�
IRU� PDQ\� \HDUV� DQG� LQ� VSLWH� RI� WKLV� IDFW�� LQ� JHQHUDO�
OLWHUDWXUH� FRQFHUQLQJ� SURGXFWLRQ� DXWRPDWLRQ� DV� ZHOO�
DV� LQ� SXEOLFDWLRQV� RI� QDLO� SURGXFHUV�� DQ\� LQIRUPDWLRQ�
RQ�DXWRPDWHG�DVVHPEO\� XQLWV� VHUYLQJ� IRU� SURGXFWLRQ� RI�
VXFK�W\SH�RI�SURGXFW�KDV�QRW�EHHQ�IRXQG��)URP�DYDLODEOH�
LQIRUPDWLRQ�� LW� LV� IROORZHG� WKDW�PDQXIDFWXUH�RI�ZHOGDEOH�
QDLOV�WDNHV�SODFH�PRVW�IUHTXHQWO\�LQ�WKH�PDQXDO�ZRUN�VLWHV�
RU� LQ� VHPL�DXWRPDWHG� XQLWV�� ,W� LV� FRQQHFWHG� ZLWK�PDQ\�
SUREOHPV� UHODWLQJ� WR� WKH� DXWRPDWLRQ� RI� WKH� GLVFXVVHG�
SURFHVV�

7KH� SUREOHP� LWVHOI� FRQFHUQLQJ� FRPELQDWLRQ� RI� WKH�
REMHFW�RI� UROOHU� W\SH�DQG�DQRWKHU�REMHFW��SRVVHVVLQJ� WKH�
UROOHU�OLNH�RSHQLQJ� LV�ZLGHO\�PHW� LQ� WKH� LQGXVWU\� >�`��)RU�
H[DPSOH��WKHUH�DUH�DXWRPDWLF�GHYLFHV�IRU�DVVHPEOLQJ�WKH�

5\V������6]SLONL�VáXĪąFH�GR�PRFRZDQLD�SRSU]H]�]JU]HZDQLH�OXE�
VSDZDQLH�L]RODFML�WHUPLF]Q\FK�L�DNXVW\F]Q\FK�QD�SRZLHU]FKQL-
DFK�VWDORZ\FK���JáyZQLH�NRWáyZ��]ELRUQLNyZ��ĨUyGáR��PDWHULDá\�
¿UP\�1(:,5�>�@�
)LJ�����6WUXGV�IRU�¿[LQJ�E\�ZHOGLQJ�WKHUPDO�DQG�DFRXVWLF�LQVXOD-
WLRQ�RQ�VWHHO�VXUIDFHV���PDLQO\�ERLOHUV��WDQNV��VRXUFH��1(:,5�
>�@�

5\V�� ��� *ZyĨGĨ� ]JU]HZDOQ\� ]� NOLSVHP� VDPR]DFLVNRZ\P�
Z\NRU]\VW\ZDQ\� Z� LQVWDODFMDFK� ZHQW\ODF\MQ\FK�� JU]HZF]\FK�
L�NOLPDW\]DF\MQ\FK�GR�PRFRZDQLD�QD�JáDGNLFK�SRZLHU]FKQLDFK�
�ĨUyGáR��PDWHULDá\�¿UP\�1(:,5�>�@��
)LJ�����:HOGDEOH�QDLO�ZLWK�VHOI�ORFNLQJ�FOLS�XVHG� LQ�YHQWLODWLRQ�
LQVWDOODWLRQV��KHDWLQJ�DQG�DLU�FRQGLWLRQLQJ�IRU�¿[LQJ�RQ�VPRRWK�
VXUIDFHV��VRXUFH��1(:,5�>�@�

5\V������3UDVD�PLPRĞURGRZD�]�SQHXPDW\F]Q\P�SRGDMQLNLHP��
SU]HVXZDMąF\P�WDĞPĊ�Z�SU]\U]ąG]LH�QDU]ĊG]LD�Z\NUDZDMąFHJR�
SRGNáDGNL��]�ORNDOQ\P�SXOSLWHP�VWHUXMąF\P��ĨUyGáR��ZáDVQH�
)LJ�����(FFHQWULF�SUHVV�ZLWK�SQHXPDWLF�FRQYH\RU��IRU�PRYLQJ�WKH�
WDSH�LQ�WKH�LQVWUXPHQW�RI�D�ZDVKHU�SXQFKLQJ�WRRO��ZLWK�D�ORFDO�
FRQWURO�SDQHO��VRXUFH��RZQ�

5\V�� ��� 2GZLMDN� WDĞP\� EODFK\� VWDORZHM� ]� ORNDOQ\P� SXOSLWHP�
VWHUXMąF\P��ĨUyGáR��ZáDVQH�
)LJ�����%HOW�VKHHW�XQZLQGHU�ZLWK�D�ORFDO�FRQWURO�SDQHO��VRXUFH��
RZQ�
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QDLOV�DQG�ZDVKHU��IRU�PROGHU¶V�VSULJV��IRU�DSSOLFDWRUV�ZLWK�
FDSV�RU� IRU�H[SDQVLRQ�EROWV��7KH�GLPHQVLRQDO�VSHFL¿FLW\�
RI� WKH�GH¿QHG�GHWDLOHG�SDUWV�FDXVHV� WKDW� WKH�GLVFXVVHG�
SURFHVVHV�PD\�UXQ�ZLWK�D�GLႇHUHQW�VSHHG�� WKH�PHWKRGV�
IRU�VROYLQJ�WKH�EDVLF�DVVHPEO\�SUREOHPV�DUH�VLPLODU�

,Q� VSLWH� RI� WKH� IDFW� WKDW� WKH� SUHVHQWHG� EHORZ�
DXWRPDWHG� DVVHPEO\� XQLWV� SURGXFH� WKH� GHWDLOHG� SDUWV�
ZLWK� D� VRPHZKDW� GLႇHUHQW� VKDSH� DQG� GLPHQVLRQV� DV�
FRPSDUHG�WR�WKRVH�UHTXLUHG�RQHV��WKHLU�FRQVWUXFWRUV�KDG�
WR� VROYH�PDQ\�VLPLODU� SUREOHPV��EHJLQQLQJ� IURP�VXSSO\�
DQG� DGGUHVVLQJ� WKH� GHWDLOV�� HQVXULQJ� WKH� DSSURSULDWH�
TXDOLW\�RI�MRLQLQJ��VHSDUDWLRQ�RI�WKH�FRUUHFWO\�MRLQHG�GHWDLOV�
IURP�WKH�GHIHFWLYH�RQHV�DQG�UHFHLSW�RI�WKH�¿QLVKHG�GHWDLOV��

7KH� DVVHPEO\� RI� WKH� QDLOV� ZLWK� WKH� ZDVKHU� PD\�
EH� LQYHVWLJDWHG� LQ� WKH� GHYLFH�� SUHVHQWHG� LQ� )LJ��� DQG�
LQ� WKH�PDWHULDOV�RI� WKH�SURGXFHUV� >�@�� >�@�� ,W� LV�D�VSHFLDO�
PDFKLQH��GHVWLQHG�IRU�SURGXFWLRQ�RI�SDSHU�QDLOV�� WKH�VR�
FDOOHG�XPEUHOOD�QDLOV��7KH�QDLOV�DUH�PDGH�RI�D�ZLUH�ZKLFK�
LV�ZRXQGHG�E\� WKH�V\VWHP�RI� UROOHUV��)ODW�ZDVKHUV�ZLWK�
RSHQLQJ��SODFHG�LQ�YLEUDWLQJ�FRQYH\RU�DUH�WKHQ�VWDFNHG�LQ�
D�SLOH�IURP�ZKHUH�D�VLQJOH�ZDVKHU�IDOOV�GRZQ�WR�PDWUL[��7KH�
ZDVKHU�LV�QDLOHG�RQ�D�FXW�SLHFH�RI�ZLUH�DQG�WKHQ�D�SDUW�RI�
KHDG�RI�WKH�QDLO�LV�IRUPHG��1H[W��WKH�ZLUH�FRQYH\RU�SXOOV�
RXW�WKH�ZLUH�ZLWK�ZDVKHU�LQ�DSSURSULDWH�GLVWDQFH�ZKLFK�LV�
D�VHW�OHQJWK�RI�WKH�QDLO�DQG�DIWHU�LW��WKHUH�LV�D�PRYHPHQW�
RI� WZR�ODWHUDO�VFLVVRUV�ZKLFK�VKDSH�WKH�HGJH�RI� WKH�QDLO�
DQG�� DOVR�� FXW� Rႇ� WKH� VKDSHG� QDLO�ZKLFK� � IDOOV� GRZQ� WR�
D�VWRUDJH�ELQ��6XEVHTXHQWO\��WKH�ZDVKHU�LV�GULYHQ�RQ�WKH�
FXW�SDUW�RI�D�ZLUH�DQG�WKH�SURFHVV�LV�F\FOLFDOO\�UHSHDWHG��
7KH�SHUIRUPDQFH�RI�DXWRPDWHV�RI� WKH�GLVFXVVHG�W\SH�LV�
���·���>SFV�PLQ�@�>�@��GHSHQGLQJ�RQ�WKH�OHQJWK�RI�WKH�QDLO��
7KH�SUHVHQWHG�SURFHVV�LV�HDV\�LQ�UHVSHFW�RI�DXWRPDWLRQ�
EHFDXVH� WKH� GHWDLOV� KDYH�DQ� XQFRPSOLFDWHG� VKDSH�±� D�
GUDZQ�ZLUH�DQG�UHODWLYHO\�KLJK�ZDVKHU�DQG�ZLWK�D�VPDOO�
H[WHUQDO� GLDPHWHU��2ZLQJ� WR� VXFK� VROXWLRQ�� WKH�GHWDLOHG�
SDUWV�DUH�TXLFNO\�DQG�SHUIHFWO\�RULHQWHG�DQG�E\� WKLV��DOO�
XQLWV�RI�WKH�PDFKLQH�PD\�EH�GULYHQ�IURP�RQH�HQJLQH��XVLQJ�
D�VHW�RI�JHDUV�DQG�FDPV��&RQWURO�FRQVLVWV�RQO\�LQ�FKDQJH�
RI�URWDU\�VSHHG�RI�WKH�HQJLQH��7KH�ZDVKHU�LV�GULYHQ�LQ�WKH�
HQG�RI�WKH�QDLO�KDYLQJ�D�OHQJWK�RI�VHYHUDO�PLOOLPHWHUV�DQG�
LV�IRUPHG�LQ�WKH�VKDSH�RI�XPEUHOOD��ZLWK�WKH�VLPXOWDQHRXV�
IRUPLQJ�RI� WKH�HQG�RI� WKH�QDLO�� ,W� LV�SUREDEO\�FRQQHFWHG�
ZLWK�D�VPDOOHU�IRUFH�QHFHVVDU\�IRU�MRLQLQJ�WKDQ�LQ�WKH�FDVH�
RI�SXVKLQJ�RXW�WKH�ZKROH�OHQJWK�RI�WKH�QDLO�WKURXJKRXW�WKH�
ZDVKHU�EHFDXVH�WKH�SURFHVVHV�RI� IULFWLRQ�DQG�SXQFKLQJ�
RI� WKH� ZDVKHU¶V� PDWHULDO� GR� QRW� RFFXU� LQ� VXFK� OHQJWK���
*HQHUDOO\�� WKH� IRUFH� UHTXLUHG� IRU� VXFK� W\SH� RI� MRLQW� LV�
GHSHQGHQW�RQ�PXWXDO�UHODWLRQ�RI�GLDPHWHU�RI�WKH�QDLO�DQG�
GLDPHWHU� RI� D� KROH� LQ� WKH�ZDVKHU� DQG�RQ� WKH�PDWHULDOV�
IURP�ZKLFK�WKHVH�HOHPHQWV�DUH�SURGXFHG�

$QRWKHU� H[DPSOH� RI� DXWRPDWH� ZKLFK� LPSOHPHQWV�
VLPLODU�WDVNV�LV�PDFKLQH�IRU�DVVHPEOLQJ�SDSHU�QDLOV��)LJ����
GHVFULEHG�LQ�SXEOLFDWLRQ�>�@��7KH�PHQWLRQHG�DXWRPDW�MRLQV�

5\V������%XIRU�]�F]XMQLNDPL�PLQLPXP�PDNVLPXP�NRQWUROXMąF\PL�
LORĞü�RGZLMDQHM�WDĞP\�VWDORZHM��ĨUyGáR��ZáDVQH�
)LJ�����%XႇHU�ZLWK�PLQLPXP�PD[LPXP�VHQVRUV�IRU�FRQWUROOLQJ�
WKH�DPRXQW�RI�XQZRXQG�VWHHO�WDSH��VRXUFH��RZQ�

5\V�����$XWRPDW�GR�SURGXNFML�JZRĨG]L�SDSRZ\FK�W]Z���SDUDVROHN���3R�OHZHM�VWURQLH��ZLGRN�RJyOQ\�DXWRPDWX��Z�ĞURGNX��ZLGRN�QD�
VWUHIĊ�NV]WDáWRZDQLD�JZRĨG]LD��SR�SUDZHM��X]\VNDQ\�NV]WDáW�JZRĨG]LD��ĨUyGáR��SR�OHZHM�L�SR�SUDZHM��PDWHULDá\�¿UP\�0$1(.�>�@��Z�
ĞURGNX��PDWHULDá\�¿UP\�$%0�7RROV�>�@�
)LJ�����$VVHPEO\�DXWRPDW�IRU�WKH�SURGXFWLRQ�RI�SDSHU�QDLOV��XPEUHOODV���2Q�WKH�OHIW��JHQHUDO�YLHZ�RI�WKH�PDFKLQH��LQ�WKH�PLGGOH��YLHZ�
RI�WKH�QDLO�VKDSLQJ�]RQH��RQ�WKH�ULJKW��WKH�REWDLQHG�VKDSH�RI�WKH�QDLO
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WKH�QDLOV�RI�WKH�OHQJWK�XS�WR����>PP@�DQG�WKH�ZDVKHUV�RI�
GLDPHWHU�RI����>PP@�

7KH�QDLOV�DQG�ZDVKHUV�DUH�RULHQWHG�DQG�FRQYH\HG�WR�
EXႇHU�VWULSV�XVLQJ�YLEUDWRU\�IHHGHUV��7KH�FOXVWHU��GULYHQ�E\�
SQHXPDWLF�VHUYR�PRWRU�FRQWDLQV� WZR�VRFNHWV�ZKLFK�DUH�
DOWHUQDWLYHO\�SRVLWLRQHG�XQGHU�WKH�PHFKDQLVP�RI�D�VLQJOH�
GLVSHQVLQJ� RI� ZDVKHUV��$IWHU� WDNLQJ� D� FRUUHFW� SRVLWLRQ��
WKH�ZDVKHU�IDOOV�GRZQ�WR�WKH�VRFNHW�RI�WKH�FOXVWHU��$W�WKH�
VDPH� WLPH�� D� VLQJOH� QDLO� IDOOV� GRZQ� LQWR� WKH� FHQWHULQJ�
KHDG��EHLQJ�VLWXDWHG�DERYH�WKH�VRFNHW��$IWHU�SRVLWLRQLQJ�RI�
WKHVH�WZR�GHWDLOV��WKHUH�LV�D�PRYHPHQW�RI�VWDPS��FDXVLQJ�
MRLQLQJ�RI�QDLO�DQG�ZDVKHU� WRJHWKHU��7KHQ�� WKH�FOXVWHU� LV�
VKLIWHG� LQWR� DQRWKHU� H[WUHPH� SRVLWLRQ� DQG� WKH� H[WUDFWRU�
VLWXDWHG�XQGHU� WKH� VRFNHW� WKURZV� WKH� OLQNHG�GHWDLO� IURP�
WKH� VRFNHW� DZD\��$W� WKH� VDPH� WLPH�� LQ� WKH� QHLJKERULQJ�
VRFNHW��WKH�VLPXOWDQHRXV�SURFHVV�RI�DVVHPEO\�LV�FDUULHG�
RXW��RZLQJ�WR�ZKLFK�WKH�FDSDFLW\�RI�WKH�PDFKLQH�LV�HTXDO�
WR���SLHFHV�SHU�VHFRQG��

,Q� WKH� ERWK� SUHVHQWHG� DERYH� DXWRPDWHV�� WKH� QDLO�
ZDVKHU� MRLQW� LV�DVVXUHG�E\�ÀDQJLQJ�RI� WKH�VKHHW�RQ� WKH�
QDLO��)RU�WKH�SODWH�RI��·��>PP@�WKLFNQHVV��WKH�GLVFXVVHG�
W\SH�RI�MRLQW�LV�GXUDEOH��,Q�WKH�FDVH�RI�ZHOGDEOH�QDLOV��WKH�
ZDVKHUV�DUH�YHU\�WKLQ��WKH\�KDYH�����>PP@�WKLFNQHVV��GXH�
WR� WKLV� IDFW�VXFK�W\SH�RI� MRLQW�FDQQRW�EH�SHUIRUPHG��7KH�
MRLQLQJ�LV�REWDLQHG��WKHUHIRUH��E\�DSSURSULDWH�IRUPDWLRQ�RI�
WKH�ERWWRP�RI�WKH�QDLO�ZKLFK�LV�WLJKWHQHG�RQ�WKH�ERWK�VLGHV�
RQ�WKH�RSHQLQJ�RI�WKH�ZDVKHU�

$� WKLQ� ZDVKHU� FDXVHV� DOVR� PDQ\� RWKHU� SUREOHPV��
$� VPDOO� WKLFNQHVV� RI� WKH�PHWDO� SODWH� H[FOXGHV� D� VHULHV�
IHHGLQJ� RI� WKH� ZDVKHUV�� RQH� QH[W� WR� DQRWKHU�� $� VPDOO�
ZHLJKW�FDXVHV� WKDW� WKH�SURFHVV�RI� LQVHUWLQJ� WKH�ZDVKHU�
WR� WKH� VRFNHW� PXVW� UXQ� VORZHU� DQG� PRUH� SUHFLVHO\�� LW�
LV� QRW� HQRXJK� WR� EDVH� XSRQ� WKH� JUDYLWDWLRQ� IRUFHV� RU�
FRPSUHVVHG�DLU�

7KH�DVVXPSWLRQV�WR�GHYHORSPHQW�DQG�SHUIRUPDQFH�RI�WKH�DX-

WRPDWHG�DVVHPEO\�XQLW

7KH�DVVXPSWLRQV�FRQFHUQLQJ�GHWDLOV�LQWHQGHG�IRU�DVVHPEO\

$� YLHZ� RI� WKH� QDLO� DQG� ZDVKHU� DQG� WKHLU� EDVLF�
GLPHQVLRQV�DUH�JLYHQ�EHORZ�LQ�)LJ�����

7KH� MRLQW� EHWZHHQ� WKH� QDLO� DQG� ZDVKHU� VKRXOG�
EH� GXUDEOH� DQG� DHVWKHWLF�� 7KH� QDLOV� VKRXOG� QRW� ORVH�
D�SHUPDQHQW�FRQWDFW�ZLWK�WKH�QDLO�GXULQJ�WKHLU�SDFNDJLQJ�
LQWR�FDUWRRQV�DQG�GXULQJ�WUDQVSRUWDWLRQ��7KH�QDLO�VKRXOG�
EH�SRVLWLRQHG� UHFWDQJXODU� WR� WKH� VXUIDFH�RI� WKH�ZDVKHU�
ZLWK� WROHUDQFH� RI� ��� >R@� LQ� UHODWLRQ� WR� WKH� D[LV� RI� WKH�
ZDVKHU��7KH�HPERVVHG�KHDG�RI�WKH�QDLO�VKRXOG�EH�IDFHG�
ZLWK�WKH�IURQW�VXUIDFH�RI�WKH�ZDVKHU��,W�LV�DOORZHG�WR�ÀDQJH�
WKH�HGJH�RI�WKH�ZDVKHU�GXULQJ�WKH�DVVHPEO\��

5\V�����$XWRPDW�GR�PRQWDĪX�JZRĨG]L�SDSRZ\FK�]�SRGNáDGNą��3R�OHZHM��ZLGRN�]�SU]RGX��SR�SUDZHM��ZLGRN�QD�VWUHIĊ�PRQWDĪX��ĨUyGáR��
ZáDVQH��$XWRPDWLF�PDFKLQH�IRU�WDU�SDSHU�QDLO��DQG�ZDVKHU�DVVHPEO\��
)LJ�����2Q�WKH�OHIW��IURQW�YLHZ��RQ�WKH�ULJKW��YLHZ�RI�WKH�DVVHPEO\�]RQH��6RXUFH��RZQ�

5\V������:LGRN�JZRĨG]LD�L�SRGNáDGNL��ĨUyGáR��ZáDVQH�
)LJ������9LHZ�RI�WKH�QDLO�DQG�ZDVKHU��VRXUFH��RZQ�
7KH�QDLOV�GLႇHU� LQ� OHQJWK�ZKLFK� LV� IRXQG�ZLWKLQ� WKH� LQWHUYDO�RI�
���±����>PP@��7KH�ZDVKHUV�DUH�ÀDW��QRW�PRXOGHG�
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7KH� DVVXPSWLRQV� RI� WKH� FRQVWUXFWLRQ� RI� DXWRPDWHG� ZRUN�
VWDQG�IRU�DVVHPEO\�RI�WKH�QDLO�DQG�ZDVKHU

&RQVWUXFWLRQ� RI� WKH� DXWRPDWLQJ� GHYLFH� KDV� EHHQ�
EDVHG� XSRQ� WKH�PXOWL�SRVLWLRQ�� LQGH[LQJ�URWDU\� WDEOH� RQ�
ZKLFK� WKH� VRFNHWV� ZLOO� EH� ¿[HG� LQ� D� FRQVWDQW� GLVWDQFH�
HDFK�RWKHU��7KH�WDEOH�ZLOO�SHUIRUP��HDFK�WLPH��WKH�URWDWLRQ�
E\� RQH� SRVLWLRQ�� FDUU\LQJ� WKH� GHWDLOHG� SDUWV� IRU� IXUWKHU�
RSHUDWLRQV�� %\� WKLV�� WKH� WLPH� IRU� SHUIRUPDQFH� RI� RQH�
FRPSOHWH� GHWDLO� SLHFH� ZLOO� EH� D� VXP� RI� SHUIRUPLQJ� WKH�
ORQJHVW� RSHUDWLRQ� DQG� WKH� FKDQJH� RI� WKH� WDEOH� SRVLWLRQ�
LQWR�WKH�VXFFHVVLYH�RQH��7KH�RSHUDWLRQV�WR�EH�SHUIRUPHG�
LQ�WKH�VXFFHVVLYH�ZRUNLQJ�SRVLWLRQV�LQFOXGH�
�� 'HOLYHU\�RI�ZDVKHUV�WR�WKH�VRFNHWV�RI�WKH�WDEOH�±�WKH�

ZDVKHUV� ZLOO� EH� PDQXDOO\� SODFHG� LQ� WKH� YLEUDWLQJ�
IHHGHU�� IURP�ZKHUH�WKH\�ZLOO�EH�VWDFNHG� LQ�D� WXEH�RI�
EXႇHU��WKH�EXႇHU�ZLOO�EH�HTXLSSHG�ZLWK�WZR�WXEHV��WKH�
HPSW\�WXEH�ZLOO�EH�¿OOHG�IURP�WKH�YLEUDWLQJ�IHHGHU�DQG�
IURP�WKH�IXOO�WXEH��WKH�VLQJOH�ZDVKHUV�ZLOO�EH�VHOHFWHG�
DQG�LQVHUWHG�ZLWK�WKH�PDQLSXODWRU�WR�WKH�VRFNHW�LQ�WKH�
LQGH[LQJ�URWDU\�WDEOH�

�� 3UHOLPLQDU\�DVVRFLDWLRQ�RI�WKH�ZDVKHU�DQG�QDLO��SXWWLQJ�
WKH� QDLO� LQ� WKH�ZDVKHU�� ±� WKH� QDLOV�ZLOO� EH�PDQXDOO\�
IHG� WR� WKH� YLEUDWLQJ� IHHGHU� RI� QDLOV� ZKHUH� WKH\� ZLOO�
RULHQWHG�DQG�GLUHFWHG� WR� WKH�EXႇHU�VWULS�RI� WKH�QDLOV��
WKH�JXLGLQJ�SDUW�RI�WKH�IHHGHU�PD\�EH�XWLOL]HG�IRU�WKH�
QDLOV� LQ� WKH� WRWDO� UDQJH� RI� WKHLU� OHQJWK�� ZLWKRXW� WKH�
QHFHVVLW\�RI�UHDUPLQJ�RU�DGGLWLRQDO�UHJXODWLRQ��DW� WKH�
HQG�RI�EXႇHU�VWULS��WKHUH�ZLOO�EH�D�PHFKDQLVP�RI�VLQJOH�
UHOHDVH�RI�D�QDLO� WKH�WDVN�RI�ZKLFK�ZLOO�EH�WR�SLFN�XS�
D�VLQJOH�QDLO� IURP�WKH�VWULS�DQG�SXW� LW� LQ� WKH�RSHQLQJ�
LQ�WKH�ZDVKHU��WR�VLPSOLI\�WKH�VHUYLFH��LW�ZDV�DVVXPHG�
WKDW� WKH�DVVRFLDWLRQ�RI�DOO� W\SHV�RI� WKH�QDLOV�ZLWK� WKH�
RSHQLQJ�LQ�WKH�ZDVKHU�ZLOO�EH�SHUIRUPHG�ZLWK�WKH�XVH�
RI�WKH�VDPH�VHUYR�PRWRU�ZLWK�WKH�FRQVWDQW�VWURNH�

�� )RUPDWLRQ�RI�MRLQW�RI�WKH�QDLO�DQG�ZDVKHU�±�WKH�VWDPS�
RI� WKH�SQHXPDWLF�K\GUDXOLF�DFWXDWRU�ZLOO� SHUIRUP� WKH�
WLJKWHQLQJ�RI�WKH�QDLO�DQG�WKH�ZDVKHU�

�� 5HOHDVH��SXVKLQJ�RXW��RI�WKH�UHDG\�DVVHPEOHG�GHWDLO�
IURP�WKH�VRFNHW�PDWUL[�±�WKH�SQHXPDWLF�DFWXDWRU�ZLOO�
SHUIRUP�WKH�UHOHDVH�RI� WKH�GHWDLO� IURP�WKH�VRFNHW�E\�
EUHDNLQJ�WKH�IULFWLRQ�IRUFHV�RI�WKH�GHWDLO� LQ�UHODWLRQ�WR�
WKH�VRFNHW�PDWUL[�

�� 5HPRYDO�RI�WKH�GHWDLO�IURP�WKH�VRFNHW���WKH�PDQLSXODWRU�
ZLOO�WDNH�D�¿QDO�GHWDLO�IURP�WKH�VRFNHW�DQG�WKURZ�LW�WR�
WKH�FRQWDLQHU�RI�JRRG�SURGXFWV�

7KH�DGGLWLRQDO�DVVXPSWLRQV�

%HWZHHQ�WKH�SDUWLFXODU�ZRUNLQJ�SRVLWLRQV�RI�WKH�WDEOH��
D�VHULHV�RI�VHQVRUV��VXSHUYLVLQJ�WKH�FRUUHFW�IXQFWLRQLQJ�RI�
WKH�PDFKLQH�LQ�WKH�SDUWLFXODU�SRVLWLRQV�ZLOO�EH�LQVWDOOHG�

,Q� WKH� FDVH� RI� GLVFRYHULQJ� WKH� LUUHJXODULWLHV�� WKH�
RSHUDWLRQ�ZLOO�EH�LQIRUPHG�DERXW�WKH�H[LVWLQJ�SUREOHP�E\�
D�OLJKW�DQG�VRXQG�VLJQDO��

$OO�PRELOH�HOHPHQWV�RI�WKH�PDFKLQH�ZLOO�EH�SURWHFWHG�
LQ� DFFRUGDQFH� ZLWK� WKH� REOLJDWRU\� UXOHV� DQG� JRRG�

HQJLQHHULQJ�SUDFWLFH��ZLWK�DVVXUDQFH�RI�D�IUHH�DFFHVV�WR�
VXEXQLWV�RI�WKH�HTXLSPHQW�

$OO�DFWXDWRUV��EHLQJ�SUHVHQW�LQ�WKH�HTXLSPHQW��DV�ZHOO�
DV�PDQLSXODWRUV�ZLOO�SRVVHVV�SQHXPDWLF�RU�HOHFWULF�GULYH��

7KH� DXWRPDWHG� DVVHPEO\� VWDWLRQ� IRU� DVVHPEO\� RI�
WKH�ZHOGDEOH�QDLO�DQG�WKLQ�ZDOO�ZDVKHU�DQG�WKH�VHOHFWHG�
SUREOHPV�RFFXUULQJ�GXULQJ�LWV�SHUIRUPDQFH

$IWHU�DSSURYDO�RI� WKH�DVVXPSWLRQV�RI� WKH�SURMHFW�RI�
WKH�ZRUNLQJ�XQLW� E\� WKH�2UGHUHU�� L�H��1(:,5�&RPSDQ\��
WKH�LPSOHPHQWDWLRQ�RI�WKH�SURMHFW�ZDV�FRPPHQFHG�

$W�WKH�EHJLQQLQJ��WKH�WLPH�ZDV�GHGLFDWHG�WR�GHVLJQLQJ�
RI�WKH�PRGHO�RI�DVVHPEO\�VRFNHWV�ZLWK�PDWUL[HV�DQG�DIWHU�
D�VHULHV�RI�WKH�WULDOV��WKH�DSSURSULDWH�W\SH�DQG�VKDSH�RI�WKH�
PDWUL[�ZDV�VHOHFWHG�� ,Q�WKH�VLWXDWLRQ�RI� WKLQ�ZDOO�ZDVKHU�
DQG� WKH�VHW�VKDSH�RI� WKH�QDLO�KHDG�� WKH�FRQVWUXFWLRQ�RI�
VXFK�PDWUL[� WKDW� ZRXOG� HQVXUH� ±� DIWHU� DVVHPEO\� ±� WKH�
VWDEOH�LQVHSDUDEOH�MRLQW�RI�WKH�QDLO�DQG�ZDVKHU�ZDV�D�ELJ�
SUREOHP�� ,W� LV� YHU\� LPSRUWDQW� IRU� WKH� ODWHU� SURFHVV� RI�
ZHOGLQJ�WKH�QDLO�WR�WKH�PHWDO�VXUIDFH�H�J��RI�WKH�LQVXODWHG�
UHVHUYRLU�RU�YHQWLODWLRQ�V\VWHP��7KH�PHQWLRQHG�MRLQW�PXVW�
HQVXUH� DV� VPDOO� DV� SRVVLEOH� UHVLVWDQFH� IRU� WKH� FXUUHQW�
GXULQJ�WKH�ZHOGLQJ�SURFHVV��,W�EHFDPH�VXFFHVVIXO��

7KH� VKDSH� RI� PDWUL[� ZDV� VR� VHOHFWHG� WKDW� DIWHU�
SHUIRUPDQFH�RI�WKH�MRLQW��WKH�GHWDLOHG�SDUW�PD\�EH�UHPRYHG�
IURP�WKH�PDWUL[�ZLWKRXW�WKH�QHFHVVLW\�RI�LWV�RSHQLQJ�DQG��
DW�WKH�VDPH�WLPH��QRW�FDXVLQJ�DQ\�GDPDJHV�RI�WKH�GHWDLO�
LWVHOI�

,W� DOORZV� WLPH� VDYLQJ� DQG� GHFUHDVHV� WKH� FRVWV� RI�
FRQVWUXFWLQJ�WKH�PDFKLQH�

7KH�VXFFHVVLYH�FKDOOHQJH� LQFOXGHG� WUDQVSRUW�RI� WKH�
VHSDUDWHG� ZDVKHUV� EHWZHHQ� WKH� F\OLQGULFDO� YLEUDWLQJ�
IHHGHU�DQG� WKH� WXEH�RI� WKHLU�EXႇHU��'XH� WR�]LQF�FRDWLQJ�
RI�WKH�ZDVKHUV��WKHLU�ÀRZ�RQ�WKH�WUDQVSRUWLQJ�JXWWHU�ZDV�
GLႈFXOW��7KH�SUREOHP�ZDV�KRZHYHU�VROYHG�RZLQJ� WR� WKH�
SDVVDJH�RI�WKH�GHWDLOV�RI�WKH�DLU�FXVKLRQ���

$� ORW�RI� WLPH�ZDV�DOVR�GHGLFDWHG� WR� WKH�DSSURSULDWH�
PRGHOOLQJ�RI�PHFKDQLVP�RI�D�VLQJOH� UHOHDVH�RI� WKH�QDLO��
6HOHFWLRQ�RI�LWV�VKDSH�DQG�JHRPHWULF�SDUDPHWHUV�UHTXLUHV�
HVSHFLDOO\�PXFK�ZRUN��$�FDSWXUH�RI�D�VLQJOH�GLVSDWFKHG�
PDLO� E\� WKH� PDJQHWL]HG� SULVP� DQG� LWV� LQWURGXFWLRQ� WR�
FHQWULQJ�MDZ�KHDG�RFFXUUHG�WR�EH�D�KHOSIXO�RSHUDWLRQ��7KH�
PHQWLRQHG�KHDG� IDFLOLWDWHV� SODFHPHQW� RI� WKH�QDLO� LQ� WKH�
FHQWUDO�KROH�RI� WKH�ZDVKHU�±�WKH�SUHOLPLQDU\�DVVRFLDWLRQ�
RI�WKH�QDLO�DQG�WKH�ZDVKHU�

2ZLQJ�WR��LQWHU�DOLD��WKH�PHQWLRQHG�DERYH�RSHUDWLRQV�
LW�ZDV�SRVVLEOH�WR�JLYH�D�¿QDO�VKDSH�WR�WKH�GHYLFH��)LJ����
DQG�����

&RQFOXVLRQV

7KH� GHVFULEHG� ZRUN� FDXVHG� FRQVWUXFWLRQ� RI� WKH�
DXWRPDWHG�VWDWLRQ�IRU�DVVHPEO\�RI�WKH�ZHOGDEOH�QDLO�DQG�
WKLQ�ZDOO� ZDVKHU� IRU� WKH�PRVW� IUHTXHQWO\� VRXJKW� VHULHV�
RI�W\SHV�RI�WKH�QDLO� OHQJWKV�L�H�� IURP�����PP�WR����PP��
7KH� FDSDFLW\� RI� WKH� PDFKLQH� LV� HTXDO� WR� ���� VHFRQGV�
XS� WR�����VHFRQGV�SHU�RQH�SLHFH��'XULQJ�FRQVWUXFWLRQDO�
DQG�LPSOHPHQWLQJ�VWDJH�LW�ZDV�SRVVLEOH�WR�GHYHORS�VXFK�
VKDSH�RI�PDWUL[HV�ZKLFK�JXDUDQWHHV�WKH�UHSHDWDELOLW\�
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7KH� XQLW� IRU� FXWWLQJ� WKH� ZDVKHUV� DV� WKH� DX[LOLDU\�
GHYLFH�� VXSSO\LQJ� WKH� GHWDLOHG� SDUWV� WR� WKH� SURFHVV� RI�
WKH�DVVHPEO\�RI�WKH�QDLO�DQG�WKH�ZDVKHU�LV�ZRUNLQJ�ZLWK�
WKH�RXWSXW�QRW� ORZHU� WKDQ�RQH�SLHFH�SHU�VHFRQG�� ,W�FXWV�
RXW� WKH�ZDVKHUV� IURP�JDOYDQL]HG� VWHHO� WDSH�RI� ����PP�

WKLFNQHVV�XVLQJ�IRXUV�VRFNHW�GHYLFH�IURP�WKH�WDSH�RI�WKH�
���PP�ZLGWK� DQG� VL[�VRFNHW� XQLW� IURP� WKH� WDSH� RI� ����
PP�ZLGWK��7KH�ERWK�GHYLFHV�DUH�DGDSWHG�WR�WKH�ZRUN�ZLWK�
WKH�SUHVV�VWURNH�HTXDO�WR����PP�DQG�VWURNH�RI�WKH�WDSH�
IHHGHU�HTXDO�WR����PP�

5\V������:LGRN�Z\NRQDQHJR�]DXWRPDW\]RZDQHJR�VWDQRZLVND�PRQWDĪRZHJR��ĨUyGáR��ZáDVQH�
)LJ������$�YLHZ�RI�DXWRPDWHG�DVVHPEO\�VWDWLRQ��VRXUFH��DXWKRUV�

5\V������:LGRN�]DSURMHNWRZDQHJR�]DXWRPDW\]RZDQHJR�VWDQRZLVND�PRQWDĪRZHJR�VNáDGDMąFHJR�VLĊ�]��SRGDMQLND�SRGNáDGHN��SR-
GDMQLND�JZRĨG]L�� U\QQ\�WUDQVSRUWXMąFHM� UR]VHSDURZDQH�SRGNáDGNL��EXIRUD�SRGNáDGHN�]�PDJD]\QNDPL� WXERZ\PL��VWDFML�SRELHUDQLD�
SRGNáDGNL�]�WXE\�EXIRUD�GR�JQLD]GD�VWRáX�REURWRZHJR��VWDFML�Z\GDQLD�SRMHG\QF]HJR�JZRĨG]LD�L�XPLHV]F]HQLD�JR�Z�SRGNáDGFH��SUDV\�
PRQWXMąFHM�JZyĨGĨ�]�SRGNáDGNą��VWDFML�]GHMPRZDQLD�JRWRZHJR�GHWDOX�]H�VWRáX�REURWRZHJR��ĨUyGáR��ZáDVQH�
)LJ������$�YLHZ�RI�GHVLJQHG�DXWRPDWHG�DVVHPEO\�VWDWLRQ���ZDVKHU�IHHGHU��QDLO� IHHGHU��JXWWHU� IRU� WUDQVSRUWLQJ�VHSDUDWHG�ZDVKHUV��
ZDVKHU�EXႇHU�ZLWK�WXEH�PDJD]LQHV��XQLW�IRU�FROOHFWLQJ�ZDVKHUV�IURP�EXႇHU��DQG�SODFLQJ�LQ�URWDU\�WDEOH�VRFNHW��XQLW�IRU�WKH�UHOHDVH�
RI�D�VLQJOH�QDLO��DQG�SODFLQJ�LW�LQVLGH�WKH�ZDVKHU��WKH�SUHVV�IRU�QDLO�DQG�ZDVKHU�DVVHPEOLQJ��XQLW�IRU�UHPRYLQJ�¿QLVKHG�SDUW�IURP�WKH�
URWDU\�WDEOH��VRXUFH��DXWKRUV�
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/LWHUDWXUH

��� .OXVHN� .��� 0�� )DELV]HZVNL�� -�� /HQF]HZVNL��
������ Ä$XWRPDW� GR� PRQWDĪX� JZRĨG]L� SDSRZ\FK�
]�SRGNáDGNą���7HFKQRORJLD� L�$XWRPDW\]DFMD�0RQWDĪX�
������������

��� .RZDOVNL�7���*��/LV��:��6]HQDMFK��������Ä7HFKQRORJLD�
L� DXWRPDW\]DFMD� PRQWDĪX� PDV]\Q´�� :DUV]DZD��
2:3:�

��� KWWS���ZZZ�QHZLU�SO���GRVWĊS������������
��� KWWS���ZZZ�PDQHNODOH[SRUWV�FRP�(QJOLVK�6PDOO6FDOH�

5RR¿QJ1DLO�KWP��GRVWĊS������������
��� KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y %-:*V8BN�ZR��

GRVWĊS������������

PJU� LQĪ��.RQUDG�.OXVHN� �±�6LHü�%DGDZF]D�àXNDVLHZLF]�
�� ,QVW\WXW�0HFKDQL]DFML� �%XGRZQLFWZD� L�*yUQLFWZD�6NDO-
QHJR��=DNáDG�0HFKDQL]DFML�%XGRZQLFWZD��$XWRPDW\]DFML�
L�7HFKQRORJLL�0RQWDĪX���XO��0UyZF]D�������������:DUV]D-
ZD��H�PDLO��N�NOXVHN#LPELJV�SO

PJU�LQĪ��-DQXV]�.RELDáND��±�6LHü�%DGDZF]D�àXNDVLHZLF]�
�,QVW\WXW� 0HFKDQL]DFML� � %XGRZQLFWZD� L� *yUQLFWZD�
6NDOQHJR�� =DNáDG� 0HFKDQL]DFML� %XGRZQLFWZD��
$XWRPDW\]DFML� L�7HFKQRORJLL�0RQWDĪX��XO��0UyZF]D������
�������:DUV]DZD��H�PDLO��M�NRELDOND#LPELJV�SO

PJU� LQĪ�� 0DUFLQ� :HOF� � ±� 6LHü� %DGDZF]D� àXNDVLHZLF]�
�,QVW\WXW� 0HFKDQL]DFML� � %XGRZQLFWZD� L� *yUQLFWZD�
6NDOQHJR�� =DNáDG� 0HFKDQL]DFML� %XGRZQLFWZD��
$XWRPDW\]DFML� L�7HFKQRORJLL�0RQWDĪX��XO��0UyZF]D������
�������:DUV]DZD��H�PDLO��P�ZHOF#LPELJV�SO

Warszawski Dom Technika jest 
RELHNWHP�]DE\WNRZ\P��SRïRĝRQ\P�
Z�SREOLĝX�ZDUV]DZVNLHM�6WDUöZNL��
=�]HZQÈWU]�]DFKZ\FDMÈF\�FLHNDZÈ�
DUFKLWHNWXUÈ��Z�ĂURGNX�RIHUXMH�
��VDO�NRQIHUHQF\MQ\FK�]�SHïQ\P�
Z\SRVDĝHQLHP�WHFKQLF]Q\P�
L�DXGLRZL]XDOQ\P�

'R�G\VSR]\FML�RGGDMHP\�

'RP�KLVWRU\F]Q\��]DDUDQĝRZDQ\�
Z�VSRVöE�VSU]\MDMÈF\�HYHQW
RP�
R�UöĝQHM�WHPDW\FH��

1DV]�GRĂZLDGF]RQ\�]HVSöï�]DWURV]F]\�
VLÚ�R�NDĝG\�V]F]HJöï�VSRWNDQLD�

Zabytkowy 
Dom z klimatem

:DUV]DZVNL�'RP�7HFKQLND�127�6S��]�R�R��
XO��7��&]DFNLHJR�������������:DUV]DZD
WHO��NRP�����������������WHO������������������ 
ZZZ�ZGWQRW�SO���H�PDLO��L]DEHOD�NUDVXFND#ZGWQRW�SO
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(�&$5¶6�'225�%($0�237,0,=$7,21

2SW\PDOL]DFMD�EHONL�ERF]QHM�GU]ZL�NDELQ\�SRMD]GX�HOHNWU\F]QHJR�

Ɉɩɬɢɦɢɡɚɰɢɹ��ɛɨɤɨɜɨɣ�ɛɚɥɤɢ�ɞɜɟɪɟɣ�ɤɚɛɢɧɵ�ɷɥɟɤɬɪɨɦɨɛɢɥɶɚ

$QGU]HM�%$56=&=��0LURVáDZ�&+à267$�� '2,�����������������������

,QWURGXFWLRQ

6WHHOV�ZLWK�PLVFHOODQHRXV�PHFKDQLFDO�SURSHUWLHV�DUH�
WKH�EDVLF�FRQVWUXFWLRQ�PDWHULDOV�RI�WKH�PRGHUQ�SDVVHQJHU�
FDUV� ERG\� VWUXFWXUH�7KH� FRQVWUXFWLRQ� HOHPHQWV� RI� WKH�
SDVVHQJHU�FDU�ERG\�DUH�VKRZQ�E\�WKH�W\SHV�DQG�JUDGHV�RI�
WKHLU�PDWHULDO�RQ�WKH�)LJ����7KH�PDLQ�FRQVWUXFWLRQ�PDWHULDO�
LQ�WKH�DXWRPRWLYH�LQGXVWU\�LV�VWHHO��GHVSLWH�WKH�LQFUHDVLQJ�
XVH�RI�DOXPLQLXP�DOOR\V��PDJQHVLXP��FRPSRVLWH�PDWHULDOV�
DQG� SODVWLFV�� 7KLV� LV� PDLQO\� GXH� WR� HFRQRPLF� IDFWRUV�
DQG�WKH�SRVVLELOLW\�RI�FKDQJLQJ�WKH�SURSHUWLHV�RI�VWHHO� LQ�
D�ZLGH� UDQJH��7KLV� KHOSV� WR� UHGXFH� YHKLFOH�ZHLJKW� DQG�
WKXV�UHGXFH�IXHO�FRQVXPSWLRQ�ZKLOH�SURYLGLQJ�SDVVHQJHUV�
ZLWK�DQ�DGHTXDWH�OHYHO�RI�FDU�SDVVLYH�VDIHW\��7KH�KRW�DQG�
FROG�UROOLQJ�VWDLQOHVV�VWHHOV�DUH�FRPPRQ�XVHG�LQ�FDU�ERG\�
PDQXIDFWXULQJ��$QQHDOLQJ�DQG�QRUPDOL]LQJ�DIWHU� IRUPLQJ�
OHDGV�WR�IHUULWLF�VWHHO�VWUXFWXUH��2Q�WKH�RWKHU�KDQG�WKH�QHZ�
VWHHO�JHQHUDWLRQ�QHHGV�WKH�LQQRYDWLYH�IRUPLQJ�SURFHVV�WR�
JHW�WKH�PRUH�FRPSOH[�VWUXFWXUH�

7KH�WUDGLWLRQDO�VSRW�ZHOGLQJ�WHFKQRORJ\�LV�PRVW�SRSXODU�
XQWLO�WRGD\��PHDQZKLOH�ODVHU�ZHOGLQJ�DQG�VROGHULQJ��K\EULG�
ODVHU�JOXLQJ��ULYHWLQJ�WHFKQRORJLHV�JURZLQJ�XS�>�@�

'HVSLWH� WKH� H[SDQVLRQ� RI� WHFKQRORJLHV� VXFK� DV�
ZHOGLQJ�DQG�ODVHU�VROGHULQJ��K\EULG�ODVHU��JOXLQJ��ULYHWLQJ�
DQG� FULPSLQJ� UHVLVWLYH� VSRW� ZHOGLQJ� UHPDLQV� WKH� PDLQ�
PHWKRG�RI�DVVHPEOLQJ�WKH�FDU�ERGLHV�>�@�

$ E V W U D F W��7KH�GHVLJQ�RI�WKH�VKHOO�DQG�WXEH�KHDW�H[FKDQJU�LQFOXGHV�D�WXEH�OLNH�VKHOO�ZLWK�KROHV�WR�ZKLFK�DQ�LQOHW�DQG�RXWOHW�
SLSHV�DUH�ZHOGHG��5DGLDO�DQG�WDQJHQWLDO�KROHV�DUH�SURGXFHG�PDQXDO�O\�E\�PHDQV�RI�SODVPD�FXWWLQJ�ZLWK�WKH�XVH�RI�VSHFLDOL]HG�
WRROV��ZKLFK�GHWHUPLQHV�KLJK�ODER�ULRXVQHVV�RI�KHDW�H[FKDQJHUV�SURGXFWLRQ��$Q�DXWRPDWLF�GHYLFH�LV�SURSRVHG�WR�UHGXFH�WKH�ODER�
ULRXVQHVV�RI� WKLV�RSHUDWLRQ��7R�SURGXFH�WKH�KROH� LQ�WKH�KHDW�H[FKDQJHU�VKHOO�� WZR�UHYHUVLEOH�PRWLRQV�DUH�VXSHULPSRVHG�� OLQHDU�
PRWLRQ�RI� WKH�FXWWHU�DORQJ�WKH� ORQJLWXGLQDO�D[LV�RI� WKH�VKHOO�DQG�WKH�VKHOO� URWDU\�PRWLRQ��$�PDWKHPDWLFDO�PRGHO�RI� WKH�UHTXLUHG�
FXWWHU�PRWLRQ�LV�SURSRVHG��ZKLFK�GHVFULEHV�WKH�UHODWLYH�WUDMHFWRULHV�RI�WKH�SODVPD�FXWWHU�DQG�WKH�VKHOO�LQ�SDUDPHWULF�IRUP��7R�YHULI\�
WKHRUHWLFDO�SUHPLVHV��D�SURWRW\SH�RI�WKH�GHYLFH�ZDV�SURGXFHG�XVLQJ�D��'�SUR�WRW\SLQJ�WHFKQRORJ\��D�EDOO�VFUHZ�IRU�WKH�UHYHUVLEOH�
OLQHDU�PRWLRQ�RI�WKH�FXWWHU�DQG�D�VWHSSHU�PRWRU�IRU�WKH�UHYHUVLEOH�URWDU\�PRWLRQ�RI�WKH�VKHOO��7KH�VKHOO�LV�¿[HG�E\�PHDQV�RI�D�FROOHW�
FKXFN�DQG�UHVWV�RQ�WKH�SLSH�UROOHU�VXSSRUW�
. H \ Z R U G V ��SDVVLYH�VDIHW\��VLPXODWLRQV��)(0
6 W U H V ] F ] H Q L H��%H]SLHF]HĔVWZR�ELHUQH�SRMD]GyZ�MHVW�MHGQ\P�]�ZDĪQLHMV]\FK�SUREOHPyZ�NRQVWUXNF\MQ\FK��5R]ZLą]XMH�VLĊ�
JR�SRSU]H]�]DVWRVRZDQLH�RGSRZLHGQLFK�PDWHULDáyZ��JáyZQLH�VWDOL�R�EDUG]R�Z\VRNLHM�Z\WU]\PDáRĞFL�L�RGSRZLHGQLH�XNV]WDáWRZDQLH�
HOHPHQWyZ� NRQVWUXNF\MQ\FK�� 1LQLHMV]H� RSUDFRZDQLH� SU]HGVWDZLD� Z\QLNL� RSW\PDOL]DFML� EHONL� GU]ZL� NDELQ\� SRMD]GX� 1�7UXFN��
SURMHNWRZDQHJR�Z� UDPDFK�SURJUDPX� ,1120272�� SURMHNW� QU��32,5���������������������� -DNR� NU\WHULXP�SU]\MĊWR� JUDQLF]QH�
ZDUWRĞFL�GRSXV]F]DOQ\FK�RGNV]WDáFHĔ�HOHPHQWyZ�XV]W\ZQLDMąF\FK�RUD]�ZDUWRĞFL�QDSUĊĪHĔ�
6 á R Z D � N O X F ] R Z H ��EH]SLHF]HĔVWZR�ELHUQH��V\PXODFMH��0(6

7KH� VWHHOV� XVHG� LQ� WKH� DXWRPRWLYH� LQGXVWU\� FDQ� EH�
GLYLGHG�LQWR�WKH�IROORZLQJ�JURXSV��
,�� PLOG�� SODVWLF�� ORZ� FDUERQ� VWHHOV� �'46.�� ,)�� ZLWK�

DQ� XOWLPDWH� VWUHQJWK� RI� 5P� EHORZ� ���� 03D� DQG�
HORQJDWLRQ�$�RI����·�����

,,�� &RQYHQWLRQDO� VWHHOV�ZLWK� KLJK� VWUHQJWK�+66� �%+��&�
0Q��,)�ZLWK�PLFURDGGLWLYHV��+6/$��RI�������5P������
03D�DQG�UHGXFHG�$�FRPSDUHG�WR�WKH�SUHYLRXV�JURXS�

,,,�� 6WHHOV�ZLWK�YHU\�KLJK�VWUHQJWK�$+66��5P�DERYH�����
03D�� XS� WR� ����� 03D�� DQG� HORQJDWLRQ� UDQJH� RI� ��
·� �����ZLWK� WKH� LQFUHDVH� LQ� VWUHQJWK� JRHV�ZLWK� WKH�
UHGXFWLRQ�RI�SODVWLFLW\�

,9�� +LJK�PDQJDQHVH� VWHHO� 75,3�7:,3�ZLWK� YHU\� KHDY\�
VWUHQJWK�XS�WR������03D�DQG�YHU\�KLJK�SODVWLFLW\�

7KH� ¿UVW� WZR� JURXSV�� NQRZQ� IRU� PDQ\� \HDUV�� DUH�
PDWHULDOV� XVHG� WR� EXLOG� VHOI�VXSSRUWLQJ� FDU� ERGLHV�
RQ� D� PDVV� VFDOH� PDQXIDFWXULQJ�� GXH� WR� JRRG� SODVWLF�
SURSHUWLHV��7KH�VWHHOV�RI�JURXS�,,,�DQG�,9�DUH�VXFFHVVLYHO\�
LPSOHPHQWHG�LQWR�PDQXIDFWXULQJ�DQG�WKHLU�VKDUH�LV�VWHDGLO\�
LQFUHDVLQJ��PDLQO\�LQ�WKH�SDVVLYH�VDIHW\�HOHPHQWV��

7KH� ERG\� VWUXFWXUH� FRQVLVWV� RI� GLႇHUHQW� SUR¿OHV��
%\� VHOHFWLQJ� WKHLU� VHFWLRQV�� VKDSHV� DQG� PDWHULDOV��
D� FRQWUROOHG� FUXVKLQJ� ]RQH� DFFXPXODWLQJ� WKH� LPSDFW�
HQHUJ\�LV�REWDLQHG��$�FDU�ERG\�VWLႇQHVV�VKDOO�HQVXUH�WKH�
VXUYLYDELOLW\�RI�SDVVHQJHUV��*XLGHOLQHV�IRU�VWUXFWXUDO�ZRUN�
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)LJ����7KH�PDLQ�VWUXFWXUDOPDWHULDOV�RI�WKH�FDUV�ERGLHVSDUWV�>�@�
5\V�����0DWHULDá\�NRQVWUXNF\MQH�XĪ\WH�GR�SURGXNFML�LVWRWQ\FK�HOHPHQWyZ�QDGZR]LD�SRMD]GX

)LJ�����/HIW�GRRUV�RI�WKH�1�7UXFN�FDU�DQG�UHLQIRUFH�HOHPHQWV
5\V����'U]ZL�OHZH�NDELQ\�SRMD]GX�1�7UXFN�RUD]�HOHPHQW�Z]PDFQLDMąFH

DUH� REWDLQHG� RI� FUDVK� WHVW� UHVXOWV�� 7KHLU� PHWKRGRORJ\�
DQG� HYDOXDWLRQ� FULWHULD� KDYH� EHHQ� GHWHUPLQHG� E\� WKH�
1&$3�RUJDQL]DWLRQ�VLQFH�������ZKLFK�DLPV�WR�KDUPRQL]H�
WKH�FULWHULD�XVHG�JOREDOO\�� ,W�FRQWDLQV� IURQWDO�� ODWHUDO�DQG�
SHGHVWULDQ� LPSDFW� WHVWV�� 7KH� UHVXOWV� DUH� DQQRXQFHG� WR�
WKHP�DIWHU�WKH�FRPSOHWHG�DWWHPSWV�

9HULILFDWLRQ�WHVW�SURFHGXUHV

6SRW�WHVWV�DQG�FUDVK�WHVWV�DUH�WKH�¿QDO�YHUL¿FDWLRQ�RI�
WKH�VROXWLRQV�DGRSWHG��7KH�*HQHUDO�0RWRUV
�SURFHGXUHV�
KDYH� EHHQ� DGRSWHG� DV� JXLGHOLQHV� IRU� FDOFXODWLRQ�
PHWKRGRORJ\�DQG�FULWHULD�IRU�DVVHVVLQJ�WKHLU�SHUIRUPDQFH�
LQ� WKLV�ZRUN� >�@��9HUWLFDO�GLVSODFHPHQW� I�RI� WKH�VWDPS�DW�
D�FRQVWDQW�VSHHG�RI�Y�������PP�V������ ��V��LV�LQÀLFWHG�RQࡉ
WKH� ¿QDO� YDOXH� IN�  � ������PP� ��� ���ࡉ )RU� GLVSODFHPHQWV�
YDOXH�IPD[� �����PP��WKH�EHDP�UHDFWLRQ�IRUFH�)�VKRXOG�
EH�JUHDWHU� WKDQ�)�IPD[�� ����N1��7KH�PD[LPXP�EHDP�
VWUHQJWK��)PD[��DQG�WKH�PHDQ�IRUFH��IDY���FDOFXODWHG�DV�
WKH�UDWLR�RI�WKH�¿HOG�XQGHU�WKH�)�I��FXUYH�WR�IN��VKDOO�DOVR�
EH�GHWHUPLQHG��7KH�VLPXODWLRQ�VWXGLHV�GHVFULEHG�EHORZ�LQ�
WKH�VWXG\�DUH�LQWHQGHG�WR�VKRUWHQ�WKH�WLPH�RI�¿QGLQJ�WKH�
RSWLPXP�VKDSH�DQG�VWLႇQHVV�RI� WKH�EHDP�� ,Q� WKLV�ZRUN��
WKH�HODVWLF�PRGHOLQJ�RI� WKH�GRRU�IUDPH�ZDV�RPLWWHG�GXH�
WR�ODFN�RI�GDWD�

6FRSH�RI�WKH�ZRUN

7KH� ZRUN� LV� FDUULHG� RXW� LQ� WKH� 32,5�� ���������
����������� JUDQW� DLPLQJ� WR� GHYHORS� WKH� GHVLJQ� DQG�
PDQXIDFWXUH�RI�D�SURWRW\SH�RI�DQ�HOHFWULF�PRGXODU�YHKLFOH��
ZLWK� D� '0&� ���� W� IRU� WUDQVSRUW� LQ� XUEDQ� DQG� LQGXVWULDO�
DUHDV��7KLV�YHKLFOH�LV�WHPSRUDULO\�QDPHG�1�7UXFN�

6LPXODWLRQ�ZRUNV

5HLQIRUFH�HOHPHQWV
7KH�1�7UXFN�GRRU�PRGHO�ZDV�GHYHORSHG�E\�0(/(;�

DQG�GHOLYHUHG�DV�D�VWHS�¿OH�WR�,0%L*6��7KH�GRRU�YLHZ�LV�
VKRZQ�LQ�)LJ����

7KH�SRVVLELOLW\�RI�PRXQWLQJ�DGGLWLRQDO�VDIHW\�HOHPHQWV�
LQ�WKH�GRRU�VSDFH�KDV�QRW�EHHQ�SURYLGHG��GXH�WR�OLPLWHG�
VSDFH��7KHUHIRUH��WKH�IXQFWLRQV�RI�WKH�VDIHW\�EHDP�PXVW�
EH�WDNHQ�RYHU�WKH�RWKHU�SDUWV��VXFK�DV�WKH�ZLQGRZ�JXLGH�
EUDFNHWV�DQG�WKH�GRRU�ORFN��7KHVH�DUH�VKRZQ�LQ�)LJ����E\�
VHOHFWLQJ�JUHHQ�DQG�EURZQ�
0DWHULDO�SURSHUWLHV

7KH�HDFK�HOHPHQW�RI� WKH�EHDP�ZHUH�PDGH�RI���PP�
WKLFN� 6WUHQ[� ���� 0&� VWHHO� VKHHW�� 7KLV� LV� D� KRW� UROOHG�
VWUXFWXUDO�VWHHO��ZLWK�D�PLQLPXP�\LHOG�VWUHQJWK�RI�5H+� �
����03D��GHGLFDWHG�IRU�FROG�IRUPLQJ��HQDEOLQJ�WKH�PRUH�



7(&+12/2*,$�,�$8720$7<=$&-$�0217$ĩ8 nr 3/2019 25

SRZHUIXO�DQG�OLJKWHU�VWUXFWXUHV�PDQXIDFWXULQJ��6WUHQ[�����
0&�PHHWV�DQG�HYHQ�H[FHHGV�WKH�UHTXLUHPHQWV�IRU�VWHHO�
6���0&� DV� LQ� (1� �������� VWDQGDUG�� 7KH�PHFKDQLFDO�
SURSHUWLHV� DQG� WKH�PRGHO� RI� WKLV� VWHHO� DGRSWHG� IRU� WKH�
FDOFXODWLRQV�DUH�VKRZQ�LQ�WDE��DQG�LQ�)LJ���

0(/(;�EHDP�VLPXODWLRQ
Load

7KH�GRRU�IUDPH�VWLႇQHVV�KDV�QRW�EHHQ�WDNHQ�LQWR�WKH�
PRGHO�GXH�WR�WKH�ODFN�RI�VXႈFLHQW�LQIRUPDWLRQ��'XH�WKLV��
WKH�¿[HG�KLQJH�DQG�WKH�¿[HG�JHRPHWU\�ZHUH�DSSOLHG�DV�
WKH�PRGHO�FRQVWUDLQV��7KH�VLPXODWLRQV�ZHUH�GRQH�IRU�WKH�
FRQGLWLRQV� GHVFULEHG� LQ� SRLQW� ³6LPXODWLRQ�ZRUNV´�� 6XFK�
D�PRGHO�KDV�EHHQ�DSSOLHG�LQ�WKH�RWKHU�FDVHV�FRQFHUQHG�
LQ�WKLV�SDSHU��7KH�ERXQGDU\�FRQGLWLRQV�ZHUH�ZRUVH�WKDQ�
WKH�UHDO�
5HVXOWV�RI�VLPXODWLRQ

5HVXOWV�RI�VLPXODWLRQ�ZHUH�VKRZQ�EHORZ��

7KH� FDOFXODWLRQ� UHVXOWV� VKRZQ� DERYH� VKRZ� WKDW� WKH�
0(/(;�EHDP�FDUULHV�KLJKHU�WKDQ�UHFRPPHQGHG�ORDGV�LQ�
WKH�*0�WHVW��8QIRUWXQDWHO\��LWV�VWLႇQHVV�LV�WRR�VPDOO��ZKLFK�
LV� LOOXVWUDWHG� LQ� WZR� FRQVHFXWLYH� GUDZLQJV�7KH� VWLႇQHVV�
FULWHULRQ�GRHV�QRW�PHHW��7RR�OLWWOH� IRUFH�ZDV�UHDFKHG�IRU�
����PP�SXQFK�GLVSODFHPHQW��,WV�YDOXH�LV�������1��ZKLFK�
LV�PRUH�WKDQ���WLPHV�OHVV�WKDQ�UHTXLUHG�
&RQFOXVLRQ

7KH�GRRU�EHDP�SURSRVHG�E\�0(/(;�GRHV�QRW�PHHW�
WKH�UHTXLUHPHQWV�RI�WKHVH�W\SHV�RI�FDU�FRPSRQHQWV��)LUVW��
LW� LV� QRW� D� WHFKQRORJLFDOO\� RSWLPDO� GHVLJQ�� ,W� LQWURGXFHV�
DGGLWLRQDO� RSHUDWLRQV� WR� WKH� PDQXIDFWXULQJ� SURFHVV��
LQFUHDVLQJ�LWV�WLPH�DQG�PDWHULDO�LQWHQVLW\�DQG�WKXV�WKH�FRVW�
RI�PDQXIDFWXULQJ��6HFRQG��WKH�UHVXOWV�RI�WKH�FDOFXODWLRQV�
FDUULHG�RXW�WKDW�WKH�VDIHW\�FRPSRQHQWV�PDGH�RI�67521;�
���� 0&� VWHHO� DUH� FDSDEOH� RI� WUDQVIHUULQJ� KLJKHU� WKDQ�
QRUPDWLYH� ORDGV�EXW�GR�QRW�PHHW�WKH�VWLႇQHVV�FRQGLWLRQ��
ZKLFK� VKRXOG� HOLPLQDWH� WKHP� IURP� WKH� XVH�� )RU� WKLV�

<LHOG�VWUHQJWK����PLQ�>03D@ 8OWLPDWH�VWUHQJWK�5P�>03D@ (ORQJDWLRQ$��PLQ���3UREH�WKLFNQHVV�W����PP (ORQJDWLRQ�$�PLQ���3UREH�WKLFNQHVV�W���PP

��� ��������� �� ��

7DEOH����6WUHQ[�����0&�6WHHO�SURSHUWLHV
7DEHOD����:áDĞFLZRĞFL�PHFKDQLF]QH�VWDOL�6WUHQ[�����0&

)LJ�����6WUHQ[�����0&�VWHHO�FKDUDFWHULVWLF�>�@�DQG�LWV�PRGHO�IRU�VLPXODWLRQ�
5\V�����&KDUDNWHU\VW\ND�VWDOL�6WUHQ[�����0&�RUD]�PRGHO�SU]\MĊW\�GR�REOLF]HĔ�

)LJ����0(/(;�EHDP��6WUHVV�GLVWULEXWLRQ��+XEHU�0LVHV��DQG�GLVSODFHPHQW
5\V�����%HOND�0(/(;��1DSUĊĪHQLD�]UHGXNRZDQH�ZJ�KLSRWH]\�+XEHUD�0LVHVD�RUD]�SU]HPLHV]F]HQLD
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UHDVRQ��FKDQJH�WKHLU�VKDSH�LV�QHFHVVDU\���7KH�JRDO�LV�WR�
DFKLHYH�PRUH�RSWLPDO�VWUHVV�GLVWULEXWLRQ�DQG�LPSURYH�WKH�
WHFKQRORJ\�RI�WKH�SDUWV��,Q�WKLV�VHFRQG�DVSHFW�LW�LV�DERXW�
UHVWULFW� WKH�QXPEHU�RI�ZHOGLQJ�RSHUDWLRQV�DQG�UHSODFLQJ�
WKHP�ZLWK�SODVWLF�PDFKLQLQJ�RU�EHQGLQJ�

%HDP�RSWLPL]LQJ��%HDP�1R����
*HRPHWULF�PRGHO

7KH�1�7UXFN�GRRU�EHDP�ZDV�EDVHG�RQ�D�ZLQGVKLHOG�
OLIWLQJ�PHFKDQLVP��$V�SUHYLRXVO\�VWDWHG��DGGLWLRQDO�VSDFH�
IRU�UHLQIRUFLQJ�HOHPHQWV�ZDV�QRW�LQFOXGHG��7KHUHIRUH��WKH\�
PXVW�IXO¿OO�D�GXDO�UROH��WR�SURWHFW�WKH�GULYHU
V�VSDFH�IURP�
ODWHUDO� LPSDFW� DQG� WR� DFW� DV� D� VXSSRUW� IXQFWLRQ� IRU� WKH�
PHFKDQLVPV� ORFDWHG� LQVLGH� WKH� GRRU� �ORFN�� ZLQGVKLHOG�
OLIWLQJ�PHFKDQLVP��HWF����$Q�DGGLWLRQDO�DVVXPSWLRQ�ZDV�WKH�
YDULDELOLW\�RI� WKH�EHDP�GLPHQVLRQV�DQG�WKH�¿[LQJ�SRLQWV�
�)LJ������7KHUHIRUH��WKH�EHDP�ZDV�PDGH�DV�D�PRQROLWKLF�
HOHPHQW� RI� D� VWHHO� VKHHW� ZLWK� �� PP� WKLFNQHVV�� 7KLV�
SDUDPHWHU�KDV�D� ¿[HG�YDOXH�EHFDXVH� LW� LV� WKH� VPDOOHVW�
WKLFNQHVV�DYDLODEOH�DW�WKH�VXSSOLHU�RI�WKH�VKHHW�

7KH� ¿UVW� FRQFHSW� RI� VROXWLRQ� DJDLQVW� WKH�0(/(;� LQ�
WKH�EDFNJURXQG�LV�VKRZQ�LQ�)LJ����7KH�QHZ�UHLQIRUFHPHQW�
HOHPHQWV�DUH�PDUNHG�ZLWK�JUHHQ�FRORU�
6LPXODWLRQ�UHVXOWV

5HVXOWV�RI�VLPXODWLRQ�ZHUH�VKRZQ�EHORZ�RQ�)LJ����

)LJ�����0(/(;�EHDP��'LVSODFHPHQW�DQG�UHDFWLRQ�IRUFH�LQ�IROORZLQJ�FDOFXODWLRQ�VWHSV�DQG�IRUFH�YV�GLVSODFHPHQW
5\V�����%HOND�0(/(;��3U]HPLHV]F]HQLD�L�Z\SDGNRZD�VLáD�UHDNFML�Z�NROHMQ\FK�NURNDFK�REOLF]HĔ�RUD]�VLáD�Z�IXQNFML�SU]HPLHV]F]HQLD

)LJ�����7KH�QHZ�VKDSH�RI� WKH�EHDP��WKH�SULPDU\� LQ�WKH�EDFN-
JURXQG
5\V�����1RZ\�NV]WDáW��NRORU�]LHORQ\��EHONL�Z]PDFQLDMąFHM�QD�WOH�
SLHUZRWQHM

)LJ�� ��� 6WUHVV� YDOXH�� 6WUHVV� GLVWULEXWLRQ� �+XEHU�0LVHV�� DQG�
GLVSODFHPDQW
5\V�����1DSUĊĪHQLD�]UHGXNRZDQH�ZJ�KLSRWH]\�+XEHUD�0LVHVD�
RUD]�SU]HPLHV]F]HQLD

)RUFH�DQG�GLVSODFHPHQW�YDULDWLRQ�LQ�WLPH�ZHUH�VKRZ�
RQ�)LJ����
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&RQFOXVLRQV
7KH�VLPXODWLRQ�UHVXOWV�SUHVHQWHG�DERYH�VKRZ�WKDW�WKH�

EHDP�FDUULHV� ORDGV�JUHDWHU�WKDQ�WKRVH�UHFRPPHQGHG�LQ�
WKH�*0�WHVW��8QIRUWXQDWHO\��EHDP�VWLႇQHVV� LV� WRR�VPDOO��
DV�LOOXVWUDWHG�LQ�)LJ�����7KH�VWLႇQHVV�FULWHULRQ�LV�WKHUHIRUH�
QRW�PHW��)RUFH�YDOXH�DW�WKH�����PP�SXQFK�GLVSODFHPHQW�
LV�DSSUR[��������1��L�H��UHSUHVHQWLQJ�����RI�WKH�PLQLPXP�
UHTXLUHG�YDOXH�

%HDP�RSWLPL]LQJ��%HDP�1R���
*HRPHWULF�PRGHO

7KH� RSWLPL]DWLRQ� ¿UVW� VWHS� FRQFOXVLRQV� DUH� XVHG� WR�
QHZ�EHDP�VKDSH�GHVLJQ��7KH�JRDO�LV�WR�PDNH�ORZHU�WKH�
EHDP�FURVV�VHFWLRQ� WR�REWDLQ� WKH�SODVWLF�GHIRUPDWLRQ�DW�
WKH�VPDOOHU�GLVSODFHPHQW�YDOXHV��$�EDVLF�GLPHQVLRQV�RI�
WKH�EHDP�ZHUH�VKRZQ�RQ�)LJ����

)LJ����'LVSODFHPHQW�DQG�UHDFWLRQ�IRUFH�LQ�IROORZLQJ�FDOFXODWLRQ�VWHSV�DQG�IRUFH�YV�GLVSODFHPHQW
5\V�����=PLHQQRĞü�VLá\�L�SU]HPLHV]F]HQLD�Z�NROHMQ\FK�NURNDFK�UR]ZLą]DQLD��F]DVX��RUD]�VLáD�Z�IXQNFML�SU]HPLHV]F]HQLD

)LJ�����0DLQ�EHDP�GLPHQVLRQV�±�YHUVLRQ��
5\V�����3RGVWDZRZH�Z\PLDU\�EHONL�ERF]QHM�±�ZHUVMD��

)LJ������%HDP����6WUHVV�GLVWULEXWLRQ��+XEHU�0LVHV��DQG�GLVSODFHPHQW
5\V������%HOND����1DSUĊĪHQLD�]UHGXNRZDQH�ZJ�KLSRWH]\�+XEHUD�0LVHVDRUD]�SU]HPLHV]F]HQLD

5HVXOWV

)RUFH�DQG�GLVSODFHPHQW�YDULDWLRQ�LQ�WLPH�ZHUH�VKRZ�
RQ�)LJ����
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&RQFOXVLRQV
7KH�VLPXODWLRQ�UHVXOWV��DV�LOOXVWUDWH�DERYH��VKRZ�WKDW�

WKH��%HDP����GRHV�QRW�PHHW�WKH�VWUHQJWK�UHTXLUHPHQWV��
$OWKRXJK� IRU� WKH� SXQFK� GLVSODFHPHQW� RI� ���� PP�� WKH�
IRUFH� YDOXH� H[FHHGV� WKH� PLQLPXP� �DOPRVW� WKUHHIROG���
KRZHYHU��WKH�PD[LPXP�VWUDLQ�LV�QRW�DFKLHYHG��7KH�EHDP�
LV� GHVWUR\HG�EHIRUH� WKH�������PP�GLVSODFHPHQW� YDOXH��
7KH� FRQFHQWUDWLRQ� RI� VWUHVVHV� ZLWK� WKH� KLJKHVW� YDOXHV�
RFFXUV�DW� WKH�EHDP�¿[LQJ�SRLQWV��+HQFH� LW� LV�QHFHVVDU\�
WR�UHGHVLJQ�WKLV�EHDP�DUHD��,W�VHHPV��WKH�FODPSV�DUH�WKH�
FULWLFDO�SDUW�RI�EHDP�

%HDP�RSWLPL]LQJ��%HDP�1R����
*HRPHWULF�PRGHO

8VLQJ�WKH�FRQFOXVLRQV�RI�WKH�VHFRQG�RSWLPL]DWLRQ�VWHS��
D� QHZ� VKDSH� LQ� WKH� EHDP�¿[LQJ� DUHD�ZDV�GHVLJQHG�� ,W�
ZDV�SULPDULO\�GULYHQ�E\�D�FKDQJH�WKH�GDPDJH�PHFKDQLVP�
RI� WKH�HOHPHQW� IURP� WKH�EXFNOLQJ� WR�EHQGLQJ��7KXV�� WKH�
UHLQIRUFHPHQW� RI� WKH� XSSHU� VXUIDFH� �VWLႇHQLQJ�� ZDV�
LQWURGXFHG�E\�D�����PP�EDOO�UROOLQJ�RI�WKH�ZLWK�5� ������
PP�UDGLXV�LQ�WZR�EHDP�DUHDV�DQG�D�����PP�EDOO�UROOLQJ�
ZLWK�D�UDGLXV�RI����PP��DQG�D�FKDQJH�RI�WKH�WLOW�DQJOH�RI�
WKH� IDVWHQLQJ� IHHW� IURP���R�XS� WR����R��$�GUDZLQJ�ZLWK�
EDVLF�GLPHQVLRQV�LV�VKRZQ�EHORZ�

)LJ������0(/(;�EHDP��'LVSODFHPHQW�DQG�UHDFWLRQ�IRUFH�LQ�IROORZLQJ�FDOFXODWLRQ�VWHSV�DQG�IRUFH�YV�GLVSODFHPHQW
5\V������=PLHQQRĞü�VLá\�L�SU]HPLHV]F]HQLD�Z�NROHMQ\FK�NURNDFK�UR]ZLą]DQLD��F]DVX�

)LJ������0DLQ�GLPHQVLRQ�RI�WKH�EHDP�±�YHUVLRQ���
5\V������3RGVWDZRZH�Z\PLDU\�EHONL�ERF]QHM�±�ZHUVMD��

)LJ�� ���� %HDP� ��� 6WUHVV� GLVWULEXVLRQ� �+XEHU�0LVHV�� DQG�
GLVSODFHPHQW
5\V�� ���� %HOND� ��� 1DSUĊĪHQLD� ]UHGXNRZDQH� ZJ� KLSRWH]\�
+XEHUD�0LVHVDRUD]�SU]HPLHV]F]HQLD
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6LPXODWLRQ�UHVXOWV
6WUHVV�DQG�GLVSODFHPHQW�GLVWULEXWLRQ�RI�WKH�³EHDP��´�

DUH�VKRZQ�RQ�)LJ����
)RUFH�DQG�GLVSODFHPHQW�YDULDWLRQ� LQ�WLPH�DUH�VKRZQ�

RQ�)LJ�����

&RQFOXVLRQV
7KH�FDOFXODWLRQ�UHVXOWV�VKRZQ�WKDW�WKH��%HDP����PHHWV�

WKH�VWUHQJWK�UHTXLUHPHQWV��$V�IRUHVHHQ��WKH�FRQFHQWUDWLRQ�
RI�WKH�VWUHVVHV�KLJKHVW�YDOXHV�RFFXUV�DW�WKH�EHDP�¿[LQJ�
KROHV��7HQVLOH�VWUHQJWK�KDV�EHHQ�H[FHHGHG�LQ�WKH�EHDP�
DQFKRUDJH�DUHD��7KLV�FDQ�EH�FDXVHG�E\��
��� PHVK� HUURUV�� GXH� WR� LQFRUUHFW� VKDSH� FRHႈFLHQW� RI�

HOHPHQWV�JHQHUDWHG�QHDU�KROHV�
��� VKHOO�HOHPHQWV�XVLQJ�LQVWHDG�RI�YROXPHWULF�HOHPHQWV�

7KXV�� WKH� ¿QDO� YHUL¿FDWLRQ� PXVW� WDNH� SODFH� RQ� WKH�
VWDQG�WHVWV�

5HIHUHQFHV

>�@� 6HQNUD� -��� :VSyáF]HVQH� VWDOH� NDURVHU\MQHGODSU]H-
P\VáXPRWRU\]DF\MQHJRLZ\W\F]QHWHFKQRORJLF]QH� LFK�
]JU]HZDQLD���35=(*/Ą'�63$:$/1,&7:$��������

>�@� KWWS�� �ZZZ�ERURQH[WU LFDW LRQ�FRP������������
����������EXLFN�ODFURVVH�ERG\�VWUXFWXUH��� GRVWĊS�
����������

>�@� KWWSV���DXWRPRWLYH�DUFHORUPLWWDO�FRP�1HZV������
$+66IRU$XGL$���GRVWĊS�����������

>�@� KWWSV���ZZZ�H�DXWRQDSUDZD�SO�DUW\NXO\�����QDGZR]LD-
�Z�NROL]MDFK�GURJRZ\FK�KWPO��GRVWĊS�����������

>�@� +,3(%$��+LJK�3HUIRUPDQFH�6WHHO�IRU�6DIHU�DQG�PRUH-
&RPSHWLWLYH�%DUULHUV��5)65�&7���������������

>�@� 67$'1,&.,�-���:5Ï%(/� ,���3RSUDZDV]W\ZQRĞFLEHO-
NLZ]PRFQLHQLDW\OQ\FKGU]ZLVDPRFKRGXRVRERZHJR��
0(&+$1,.�15�������

>�@� KWWSV���ZZZ�ERURQH[WULFDWLRQ�FRP������������
�����GRGJH�GDUW�ERG\�VWUXFWXUH�GRVWĊS�����������

7KLV� SDSHU� ZDV� UHDOL]HG� LQ� WKH� 32,5�������������
�������� JUDQW� ³1�7UXFN� D� PRGXODU� HOHFWULF� XWLOLW\�
YHKLFOH�ZLWK�*9:�XS� WR� ���� W� XVHG� IRU� WUDQVSRUW� LQ�
XUEDQ�DQG�LQGXVWULDO�DUHD´

PJU� LQĪ�� $QGU]HM� %DUV]F]� ±� ,QVW\WXW� 0HFKDQL]DFML�
%XGRZQLFWZD� L� *yUQLFWZD� 6NDOQHJR�� ������:DUV]DZD��
XO��0UyZF]D������H�PDLO��D�EDUV]F]#LPELJV�SO
GU� LQĪ�� 0LURVáDZ� &KáRVWD� ±� ,QVW\WXW� 0HFKDQL]DFML�
%XGRZQLFWZD� L� *yUQLFWZD6NDOQHJR�� ������:DUV]DZD�� 
XO��0UyZF]D��������H�PDLO��P�FKORVWD#LPELJV�SO

)LJ������'LVSODFHPHQW�DQG�UHDFWLRQ�IRUFH�LQ�IROORZLQJ�FDOFXODWLRQ�VWHSV�DQG�IRUFH�YV�GLVSODFHPHQW
5\V������=PLHQQRĞü�VLá\�L�SU]HPLHV]F]HQLD�Z�NROHMQ\FK�NURNDFK�UR]ZLą]DQLD��F]DVX��RUD]�]PLHQQRĞü�VLá\�Z�IXQNFML�SU]HPLHV]F]HQLD

3257$/�,1)250$&-,�7(&+1,&=1(-
QDMZLĊNV]D�ED]D�SXEOLND]ML�RQ�OLQH

ZZZ�VLJPD�QRW�SO
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$� &203$5$7,9(� 678'<� 2)� 7+(� 0(&+$1,&$/� 3523(57,(6� 2)��
$�&216758&7,21�722/�+$1'/(

%DGDQLD� SRUyZQDZF]H� ZáDĞFLZRĞFL� PHFKDQLF]Q\FK� XFKZ\WX� UĊF]QHJR� QDU]ĊG]LD�
EXGRZODQHJR�

ɋɪɚɜɧɢɬɟɥɶɧɵɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɫɜɨɣɫɬɜ� ɦɟɠɚɧɢɱɟɫɤɨɝɨ� ɡɚɯɜɚɬɚ� � ɪɭɱɧɨɝɨ�
ɫɬɪɨɢɬɟɥɶɧɨɝɨ�ɢɧɫɬɪɭɦɟɧɬɚ

6WDQLVáDZ�.2=,2à��7RPDV]�6$0%256.,��
$QGU]HM�=%52:6.,�� '2,�����������������������

,QWURGXFWLRQ

7KH�DLP�RI�WKH�VWXGLHV�ZDV�WR�DQDO\]H�WKH�SRVVLELOLW\�
RI�UHSODFLQJ�WKH�SODVWLF�RU�PL[WXUH�RI�SODVWLFV�ZKLFK�ZRXOG�
DOORZ�UHSODFH�WKH�DOXPLQXP�DOOR\��XVHG�IRU�PDQXIDFWXUH�
RI�VXSSRUWLQJ�SDUWV�RI�FRQVWUXFWLRQ�WRROV��7KH�UDQJH�RI�WKH�
ZRUN� LQFOXGHG�GHWHUPLQDWLRQ�RI� WKH�VWUHQJWK�SDUDPHWHUV�
RI� WKH� WRRO� HOHPHQWV�� PDQXIDFWXUHG� IURP� WKH� VHOHFWHG�
PDWHULDOV� DQG� D� FRPSDUDWLYH� DQDO\VLV� RI� WKH� REWDLQHG�
UHVXOWV�RI�WKH�WHVWV�>����@�

7KH� REMHFW� RI� WKH� WHVWV� FRQFHUQHG� WKH� KDQGOHV� RI�
WKH� PDVRQ� WURZHOV�� SURGXFHG� E\� &RPHQVDO� FRPSDQ\��
7KH�PHQWLRQHG� WURZHO� FRQVLVWV� RI� D� ÀDW� ZRUNLQJ� SODWH��
PDGH�RI�VWDLQOHVV�VKHHW�� WKH�¿[HG�KROGHU�RI� WKH�KDQGOH�
DQG� WKH� KDQGOH��7KH� KROGHU� RI� WKH� KDQGOH� LV� ¿[HG�ZLWK�
WKH� DSSOLFDWLRQ� RI� SUHVV�¿WWLQJ� FRQQHFWLRQ� RQ� IRXU�SHJV�
ZHOGHG�WR�WKH�ZRUNLQJ�SODWH��)LJ�����7KH�KDQGOH�LV�SUHVVHG�
LQWR�WKH�HQG�RI� WKH�KROGHU�ZLWK�WKH�DSSURSULDWH�SUHVVXUH�
DV�WR�HQVXUH�WKH�FDUU\LQJ�RYHU�RI�WKH�ZRUN�ORDGV�

&RPHQVDO� &RPSDQ\�� WKH� 2UGHUHU� RI� WKH� WHVWV��
LV� D� SURGXFHU� RI� PDVRQ� WURZHOV�� LQ� ZKLFK� WKHUH� DUH�
HPSOR\HG�WKH�KROGHUV�RI�WKH�KDQGOH��ZKLFK�DUH�SUHVVXUH�
GLH� FDVW� RI� DOXPLQXP� DOOR\� �)LJ��� D�� RU�� DOWHUQDWLYHO\��

$ E V W U D F W�� 7KH� DUWLFOH� SUHVHQWV� D� PHWKRG� DQG� WKH� UHVXOWV� RI� D� FRPSDUDWLYH� VWXG\� UHODWHG� WR� WKH� PHFKDQLFDO� SURSHUWLHV�
RI�D� FRQVWUXFWLRQ�PDQXDO� WRRO�KDQGOH��QDPHO\�� WKH�PDVRQ� WURZHO�� � �7KH�VWXG\�ZDV�FRQGXFWHG�RQ�EHKDOI� RI�&RPHQVDO�� D� WRRO�
PDQXIDFWXUHU��DQG�LW�ZDV�D�SDUW�RI�WKH�SURFHVV�WR�LPSURYH�DQG�PRGHUQL]H�WKH�FRQVWUXFWLRQ�DQG�PDQXIDFWXULQJ�WHFKQRORJ\�RI�WKH�
SURGXFW��,Q�WKH�VWXG\��VWUHQJWK�WHVWV�ZHUH�FRQGXFWHG�IRU�WKUHH�GLႇHUHQW�FRQVWUXFWLRQV�RI�WKH�KDQGOHV��ZKLFK�ZHUH�PDGH�RI�GLႇHUHQW�
PDWHULDOV��DQG� IRU� WKH�FRQQHFWLRQV�EHWZHHQ� WKH�KDQGOHV�DQG� WKH�ZRUNLQJ�SODWH�RI� WKH� WRRO�� �7KH� UHVXOWV�RI� WKH�VWXG\�DQG� WKH�
PDQXIDFWXUHU¶V�LQIRUPDWLRQ�RQ�WKH�SURGXFWLRQ�FRVW�DQG�PDQXIDFWXULQJ�FRQGLWLRQV�EHFDPH�WKH�EDVLV�LQ�WKH�GHFLVLRQ�PDNLQJ�SURFHVV�
WR�LPSOHPHQW�WKH�PRVW�DGYDQWDJHRXV�VROXWLRQ�DQG�WR�SXUFKDVH�DSSURSULDWH�PDQXIDFWXULQJ�HTXLSPHQW�
. H \ Z R U G V ��PDQXDO�FRQVWUXFWLRQ�WRROV��GHVWUXFWLYH�WHVWV��VWUHQJWK�WHVWV��VWUHQJWK
6 W U H V ] F ] H Q L H��:�DUW\NXOH�SU]HVWDZLRQR�PHWRG\NĊ�RUD]�Z\QLNL�EDGDĔ�SRUyZQDZF]\FK�ZáDĞFLZRĞFL�PHFKDQLF]Q\FK�XFKZ\WyZ�
UĊNRMHĞFL� UĊF]QHJR�QDU]ĊG]LD�EXGRZODQHJR� ��SDFNL� W\QNDUVNLHM��%DGDQLD�Z\NRQDQH�QD�]OHFHQLH�¿UP\�&RPHQVDO� ��SURGXFHQWD�
QDU]ĊG]L�� E\á\� F]ĊĞFLą�SURFHVX�GRVNRQDOHQLD� L�PRGHUQL]DFML� NRQVWUXNFML� L� WHFKQRORJLL�Z\WZDU]DQLD�SURGXNWX��3U]HSURZDG]RQR�
EDGDQLD� Z\WU]\PDáRĞFLRZH� WU]HFK� UyĪQ\FK� NRQVWUXNFML� XFKZ\WX� Z\NRQDQ\FK� ]� UyĪQ\FK� PDWHULDáyZ� RUD]� Z\WU]\PDáRĞFL� LFK�
SRáąF]HQLD�]�Sá\WNą�URERF]ą�QDU]ĊG]LD��:\QLNL�EDGDĔ�RUD]�SRVLDGDQH�SU]H]�SURGXFHQWD�GDQH�GRW\F]ąFH�NRV]WyZ�L�ZDUXQNyZ�
Z\WZDU]DQLD��VWDá\�VLĊ�SRGVWDZą�GR�SRGMĊFLD�GHF\]ML�R�ZGURĪHQLX�QDMEDUG]LHM�NRU]\VWQHJR�UR]ZLą]DQLD�L�]DNXSLH�RGSRZLHGQLHJR�
Z\SRVDĪHQLD�WHFKQRORJLF]QHJR�
6 á R Z D � N O X F ] R Z H ��UĊF]QH�QDU]ĊG]LD�EXGRZODQH��EDGDQLD�QLV]F]ąFH��EDGDQLD�Z\WU]\PDáRĞFLRZH��Z\WU]\PDáRĞü

PDGH� RI� SUHVVHG� SRO\VW\UHQH� �)LJ��� E��� ,Q� FRPPHUFLDO�
SUDFWLFH� RI� &RPHQVDO�� WKH� DOXPLQXP� KROGHUV� DUH�
FKDUDFWHUL]HG� E\� KLJK� PDQXIDFWXULQJ� FRVWV� WKDW� PDNH�
WKH�PDUNHW�FRPSHWLWLRQ�GLႈFXOW�� �7KHLU�UHSODFHPHQW�ZLWK�

)LJ�����8VLQJ�ZHOGHG�SHJV�IRU�D�SUHVV�¿WWLQJ�FRQQHFWLRQ�RI�WKH�
KDQGOH�ZLWK�WKH�SODWH��
5\V�� ��� =DVWRVRZDQLH� NRáNyZ� ]JU]HZDQ\FK� GR� ZFLVNRZHJR�
SRáąF]HQLD�XFKZ\WX�]�Sá\WNą
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WKH�SRO\VW\UHQH�SUHVVHG�KROGHUV�KDV�FDXVHG�D�VLJQL¿FDQW�
FKDQJH� LQ� D� VKDSH�� UHVXOWLQJ� IURP� WKH� QHFHVVLW\� RI�
HQVXULQJ�WKH�UHTXLUHG�VWUHQJWK�RI�WKH�WRRO��7KH�QHZ�VKDSH��
LQ�VSLWH�RI�WKH�DSSURYDEOH�PDQXIDFWXULQJ�FRVWV��GRHV�QRW�
¿QG�� KRZHYHU�� WKH� UHFRJQLWLRQ� RI� WKH� FXVWRPHUV� GXH� WR�
LQVXႈFLHQW� VWLႇQHVV� DQG� VWUHQJWK��PDNLQJ� WKH� HႇHFWLYH�
DQG�FRPIRUWDEOH�ZRUN�RI�WKH�FUDIWVPDQ�GLႈFXOW�

D�

E�

F�

:KHQ� EHDULQJ� LQ� PLQG� WKH� PDUNHW� UHTXLUHPHQWV��
&RPHQVDO�&RPSDQ\�GHFLGHG� WR�FRQVLGHU� WKH�SRVVLELOLW\�
RI�UHSODFLQJ�WKH�VR�IDU�HPSOR\HG�VROXWLRQV�E\�WKH�KDQGOH��
PDGH� RI� SUHVVHG� SRO\DPLGH� �)LJ� �� F��� 7KH� WURZHO� ZLWK�
WKH� SRO\DPLGH� KDQGOH� KDV� D� VKDSH� DQG� FRQVWUXFWLRQ�
WUDGLWLRQDOO\�DSSURYHG�E\� WKH�PDUNHW��VLPLODUO\�DV� LQ� WKH�
FDVH�RI�DOXPLQLXP�KDQGOH�

7KH�PDLQ�SXUSRVH�RI� WKH� WHVWV�ZDV� WR� FRPSDUH� WKH�
VWUHQJWK�SDUDPHWHUV�RI� WKH�KDQGOH��DV�EHLQJ�SHUIRUPHG�
XVLQJ� WKUHH�PHQWLRQHG�DERYH� WHFKQRORJLHV��7KH� UHVXOWV�
RI� WKH�WHVWV�ZHUH�WKH�EDVLV� IRU�XQGHUWDNLQJ�WKH�GHFLVLRQ�
RQ�WKH�FKDQJH�RI�WKH�WHFKQRORJ\�SURGXFLQJ�WKH�KDQGOHV��
HPSOR\HG�LQ�WKH�&RPHQVDO�&RPSDQ\�

7KH�UHVHDUFK�PHWKRG

7KH�VWUHQJWK�WHVWV�RI�WKH�KDQGOHV�RI�WKH�PDVRQ�WURZHOV�
ZHUH�FDUULHG�RXW�ZLWK�WKH�XWLOL]DWLRQ�RI�WKH�VWUHQJWK�WHVWLQJ�
PDFKLQH�,167521������ZKLFK�IDFLOLWDWHV�
• 3HUIRUPDQFH� RI� WKH� WHVWV� ZLWK� WKH� DSSOLFDWLRQ� RI�

PHDVXULQJ�KHDGV��UDQJH�����N1�DQG�����N1�
• 0HDVXUHPHQW� RI� ORDG� DQG� HORQJDWLRQ� LQ� DFFXUDF\�

FODVV����

,Q� WKH� WULDOV�� WKH� IROORZLQJ� PHDVXULQJ� SURFHGXUHV��
UHSURGXFLQJ�WKH�ZRUNLQJ�ORDGV�RI�WKH�WRRO��ZHUH�HPSOR\HG�
• %HQGLQJ� DQG� FRPSUHVVLRQ� WULDOV� � ZLWK� WKH� ORDG��

GLUHFWHG� SHUSHQGLFXODUO\� � WR� WKH� ZRUNLQJ� VXUIDFH� RI�
WKH�WURZHO��)LJ����

• %HQGLQJ�DQG�WRUVLRQ�WULDO�ZLWK�WKH�ORDG�GLUHFWHG�SDUDOOHO�
WR�WKH�ZRUNLQJ�VXUIDFH�RI�WKH�WURZHO��)LJ���

)LJ�����0DVRQ�WURZHOV��D��ZLWK� WKH�KDQGOH�PDGH�RI�DOXPLQXP�
DOOR\��E��ZLWK�WKH�KDQGOH�PDGH�RI�SUHVVHG�SRO\VW\UHQH��F��ZLWK�
WKH�KDQGOH�PDGH�RI�SRO\DPLGH
5\V�����3DFND�W\QNDUVND��D��]�XFKZ\WHP�UĊNRMHĞFL�Z\NRQDQ\P�
]H�VWRSX�DOXPLQLXP��E��]�XFKZ\WHP�SUDVRZDQ\P�]�SROLVW\UHQX��
F��]�XFKZ\WHP�SUDVRZDQ\P�]�SROLDPLGX

)LJ�����$�GLDJUDP�RI� WKH� ORDG�GXULQJ�D�EHQGLQJ�DQG�FRPSUHV-
VLRQ�WULDO�ZLWK�WKH�ORDG�GLUHFWHG�SHUSHQGLFXODUO\�WR�WKH�ZRUNLQJ�
VXUIDFH�RI�WKH�WURZHO��3���ORDG��]�±WKH�IUDJPHQW�RI�WKH�KDQGOHV�
ZLWK�QRUPDO�VWUHVV�>����@�
5\V�� ��� 6FKHPDW� REFLąĪHQLD� SRGF]DV� SUyE\� ]JLQDQLD� ]H�
ĞFLVNDQLHP� SU]\� REFLąĪHQLX� VNLHURZDQ\P� SURVWRSDGOH� GR�
SáDV]F]\]Q\�URERF]HM�SDFNL��3���VLáD�REFLąĪDMąFD��]���IUDJPHQW�
XFKZ\WX��Z�NWyU\P�Z\VWĊSXMą�QDSUĊĪHQLD�QRUPDOQH�>����@

)LJ�����$�GLDJUDP�IRU�WKH�ORDG�GXULQJ�D�EHQGLQJ�DQG�WRUVLRQ�WULDO�
ZLWK�WKH�ORDG�SDUDOOHO�WR�WKH�ZRUNLQJ
5\V�� ��� 6FKHPDW� REFLąĪHQLD� SRGF]DV� SUyE\� ]JLQDQLD� ]H�
VNUĊFDQLHP� SU]\� REFLąĪHQLX� VNLHURZDQ\P� UyZQROHJOH� GR�
SáDV]F]\]Q\�URERF]HM�SDFNL��3���VLáD�REFLąĪDMąFD��[�[���SU]HNUyM�
XFKZ\WX��Z� NWyU\P�Z\VWĊSXMą� QDMZLĊNV]H� QDSUĊĪHQLD� ]UHGX-
NRZDQH�>����@
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7KH� WULDOV� FRQVLVWHG� LQ� WKH�DSSOLFDWLRQ�RI� WKH� ORDG�3�
�)LJ����DQG����ZLWK�SUHOLPLQDU\�YDOXH�HTXDO�WR����1�DQG�LWV�
LQFUHDVLQJ�DW� WKH�VSHHG�RI�GHIRUPDWLRQ�DPRXQWLQJ�WR����
PP�PLQ��7KH�VRIWZDUH�RI�WKH�WHVWLQJ�PDFKLQH�UHJLVWHUHG�
WKH�GLDJUDP�RI� UHODWLRQVKLS�RI� WKH� ORDG�DQG� WKH�VDPSOH�
GHIRUPDWLRQ�� 7KH� WULDO� ZDV� VWRSSHG� DW� WKH� PRPHQW� RI�
GDPDJH� RI� WKH� VDPSOH� �EUHDNLQJ� RI� WKH� KROGHU� RI� WKH�
KDQGOH�� RU� REWDLQLQJ� WKH� KLJKHVW� SRVVLEOH� GHIRUPDWLRQ��
UHVXOWLQJ�IURP�WKH�FRQVWUXFWLRQ�FRQGLWLRQV�

7KH�¿UVW�WULDOV�ZHUH�FRQGXFWHG�ZKHQ�DSSO\LQJ�WKH�ORDG�
WR�WKH�KDQGOH�RI�WKH�WURZHO��DV�LW�ZDV�LOOXVWUDWHG�LQ�)LJ���DQG�
���,W�ZDV�IRXQG�WKDW�LW�FDXVHG�WKH�XQFRQWUROOHG�FKDQJHV�LQ�
D�UHDO�ORDG��UHVXOWLQJ�IURP�WKH�GHVWUXFWLRQ�RI�WKH�PDWHULDO�
RI�WKH�KDQGOH�GXH�WR�D�KLJK�VWUHVV�FRQFHQWUDWLRQ�LQ�WKH�VLWH�
RI� WKH�TXDVL�SRLQW�DSSOLFDWLRQ�RI� VWUHQJWK�DQG� LQVWDELOLW\�
RI�WKH�FRQWDFW�RI�WKH�ORDGLQJ�HOHPHQW�DQG�VXUIDFH�RI�WKH�
KDQGOH�DW�WKH�JUHDW�GHIRUPDWLRQV�RI�WKH�VDPSOH�

$V� D� UHVXOW� RI� WKH� FRQGXFWHG� SUHOLPLQDU\� WULDOV�� WKH�
UHVHDUFK�SURFHGXUH�ZDV�FKDQJHG��7KH�FKDQJH�FRQVLVWHG�
LQ� WKH� UHPRYDO� RI� WKH� KDQGOH� IURP� WKH� KDQGOH� DQG�
DSSOLFDWLRQ�RI� WKH� ORDG�GLUHFWO\� WR� WKH�PDQGUHO�RQ�ZKLFK�
LW�ZDV�PRXQWHG��7R�HQVXUH�WKH�VWDELOLW\�RI�WKH�FRQWDFW�RI�
WKH�ORDGLQJ�HOHPHQW�FRQQHFWHG�ZLWK�WKH�WHVWLQJ�PDFKLQH�
DQG�WKH�VXUIDFH�RI�WKH�VDPSOH��D�VSHFLDO�PDQGUHO�ZLWK�WKH�
IRUN�VKDSHG�WHUPLQDWLRQ�ZDV�SHUIRUPHG��)LJ����

)RU� WKH�ERWK�PHDVXULQJ�SURFHGXUHV�� WKUHH�VHULHV�RI�
WKH�WHVWV�IRU�HDFK�SURFHGXUH�ZHUH�FDUULHG�RXW�� WKH�WULDOV�
LQFOXGHG� WKUHH�PDVRQ� WURZHOV� LQ� HDFK� VHULHV�� ZLWK� WKH�
KDQGOHV�PDGH�IURP�WKH�SDUWLFXODU�PDWHULDOV���

7KH�UXQ�RI�WKH�WULDOV�DQG�WKH�UHFRUGHG�UHVXOWV

)LJ�� �� VKRZV� WKH�SKRWRJUDSKV�RI� WKH� LOOXVWUDWLQJ� WKH�
PHWKRG�RI� ORDGLQJ�DQG�PHFKDQLVP�RI�GHVWUXFWLRQ�RI� WKH�
KDQGOH�KROGHUV�GXULQJ�WKH�EHQGLQJ�DQG�FRPSUHVVLRQ�WULDO��
ZLWK� WKH� ORDG� GLUHFWHG� SHUSHQGLFXODUO\� WR� WKH� ZRUNLQJ�
VXUIDFH�RI�WKH�WURZHO�

7KH� WHVWHG� WRRO� ZDV� PRXQWHG� RQ� WKH� WDEOH� RI� WKH�
WHVWLQJ� PDFKLQHV� LQ� D� VWULFWO\� GHWHUPLQHG� SRVLWLRQ��
HQVXULQJ�WKH�UHSHDWDEOH�GLVWDQFH�RI�WKH�SRLQW�RI�WKH�ORDG�
DSSOLFDWLRQ�IURP�WKH�QHXWUDO�D[LV�RI�YHUWLFDO�VHJPHQW�RI�WKH�
EHQW�FURVV�VHFWLRQ�RI�WKH�KDQGOH�

)LJ��� VKRZV� WKH� H[DPSOH� RI� WKH� GLDJUDP� RI� WKH�
UHODWLRQVKLS�EHWZHHQ�WKH�ORDG�RI�WKH�WHVWHG�KDQGOHV�DQG�
WKH�GHIRUPDWLRQ��7KH�YHUWLFDO�VHJPHQW�RI� WKH�GLDJUDP�LV�
WKH�HQG�RI�WKH�WULDOV�DV�D�UHVXOW�RI� WKH�GHVWUXFWLRQ�RI�WKH�
WHVWHG�VDPSOH�

)LJ���SUHVHQWV� WKH�SKRWRJUDSKV�VKRZLQJ� WKH�ZD\�RI�
ORDGLQJ��PRXQWLQJ�RI�WKH�VDPSOHV�DQG�)LJ���FRQWDLQV�WKH�
LPDJHV�RI�GHVWUXFWLRQ�RI�WKH�KDQGOHV�GXULQJ�EHQGLQJ�DQG�
WRUVLRQ�WULDO��ZLWK�ORDGLQJ�GLUHFWHG�SDUDOOHO�WR�WKH�ZRUNLQJ�
VXUIDFH�RI� WKH� WURZHO��7KH� WHVWHG� WRRO�ZDV�PRXQWHG� RQ�
WKH� YHUWLFDO� VXUIDFH� RI� D� VSHFLDO� KROGHU�� FRPELQHG�ZLWK�
WKH�WDEOH�RI� WKH�WHVWLQJ�PDFKLQH� LQ�D�VWULFWO\�GHWHUPLQHG�
SRVLWLRQ��HQVXULQJ�WKH�UHSHDWDEOH�GLVWDQFH�RI�WKH�SRLQW�RI�
WKH�ORDG�DSSOLFDWLRQ�IURP�WKH�QHXWUDO�D[LV�RI�WKH�VHJPHQW�
RI�FURVV�VHFWLRQ�RI�WKH�KDQGOH�SHUSHQGLFXODUO\�GLUHFWHG�WR�
WKH�ZRUNLQJ�VXUIDFH�

)LJ�����7KH�EHQGLQJ�DQG�FRPSUHVVLRQ�WULDO�ZLWK�WKH�ORDG�GLUHFWHG�SHUSHQGLFXODUO\�WR�WKH�ZRUNLQJ�VXUIDFH�RI�WKH�WURZHO���D��WKH�PRXQW-
LQJ�RI�WKH�WURZHO�DQG�ORDG�DSSOLFDWLRQ��E��WKH�GHVWUXFWLRQ�LPDJH�RI�WKH�DOXPLQXP�KDQGOH��F��WKH�GHVWUXFWLRQ�LPDJH�RI�WKH�SRO\DPLGH�
KDQGOH��G��WKH�GHVWUXFWLRQ�LPDJH�RI�WKH�SRO\VW\UHQH�KDQGOH
5\V�����3UyED�]JLQDQLD�]H�ĞFLVNDQLHP�SU]\�REFLąĪHQLX�SURVWRSDGá\P�GR�SáDV]F]\]Q\�URERF]HM�SDFNL���D��VSRVyE�]DPRFRZDQLD�SDFNL�
L�SU]\áRĪHQLD�REFLąĪHQLD��E��REUD]�GHVWUXNFML�XFKZ\WX�]H�VWRSX�DOXPLQLXP��F��REUD]�GHVWUXNFML�XFKZ\WX�SROLDPLGRZHJR��G��REUD]�
GHVWUXNFML�XFKZ\WX�SROLVW\UHQRZHJR

D�� � � � � � � E�

F���� � � � � � � G�
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)LJ�����%HQGLQJ�DQG�WRUVLRQ�WULDO�ZLWK�D�ORDG�SDUDOOHO�WR�WKH�ZRUN-
LQJ�VXUIDFH�RI�WKH�WURZHO��SRO\DPLGH�KDQGOH���D��WKH�PRXQWLQJ�
RI�WKH�WURZHO�DQG�WKH�ORDG�DSSOLFDWLRQ��E��WHUPLQDWLRQ�RI�WKH�WULDO�
±�KDQGOH�EUHDNLQJ
5\V�� ��� 3UyED� ]JLQDQLD� ]H� VNUĊFDQLHP� SU]\� REFLąĪHQLX�
UyZQROHJá\P�GR�SáDV]F]\]Q\�URERF]HM�SDFNL��XFKZ\W�]�SROLDPL-
GX���D��VSRVyE�]DPRFRZDQLD�SDFNL�L�SU]\áRĪHQLD�REFLąĪHQLD��E��
NRQLHF�SUyE\���]áDPDQLH�XFKZ\WX

)LJ����'LDJUDP�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�ORDG�LQ�WKH�WHVW-
HG�KDQGOHV�DQG�WKH�GHIRUPDWLRQ�UHJLVWHUHG�IRU�WKH�ORDG�SHUSHQ-
GLFXODU�WR�WKH�ZRUNLQJ�VXUIDFH�RI�WKH�WURZHO
5\V����:\NUHV\�]DOHĪQRĞFL�REFLąĪHQLD�EDGDQ\FK�XFKZ\WyZ�RG�
RGNV]WDáFHQLD� ]DUHMHVWURZDQH� SU]\� REFLąĪHQLX� SURVWRSDGá\P�
GR�SáDV]F]\]Q\�URERF]HM�SDFNL

)LJ�����,PDJHV�RI�WKH�WURZHO�KDQGOH�GHVWUXFWLRQ�GXULQJ�WKH�EHQGLQJ�DQG�WRUVLRQ�WULDO�ZLWK�WKH�ORDG�SDUDOOHO�WR�WKH�ZRUNLQJ�DUHD�RI�WKH�
WURZHO��D��DQG�E��DOXPLQXP�DOOR\�KDQGOH��F��SRO\DPLGH�KDQGOH��G��SRO\VW\UHQH�KDQGOH
5\V�����2EUD]\�GHVWUXNFML�XFKZ\WyZ�UĊNRMHĞFL�SDFNL�SU]\�SUyELH�]JLQDQLD�]H�VNUĊFDQLHP�SU]\�REFLąĪHQLX�UyZQROHJá\P�GR�SáDV]F]\]Q\�
URERF]HM�SDFNL��D��L�E��XFKZ\W�]H�VWRSX�DOXPLQLXP��F��XFKZ\W�SROLDPLGRZ\��G��XFKZ\W�SROLVW\UHQRZ\

D�

E�
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)LJ��� VKRZV� WKH� H[DPSOHV� RI� GLDJUDPV� RI� WKH�
UHODWLRQVKLS�EHWZHHQ� WKH� ORDG�RI� WKH� WHVWHG� WURZHOV�DQG�
WKH�GHIRUPDWLRQ��7KH�YHUWLFDO�VHJPHQW�RI� WKH�GLDJUDP�LV�
WKH�HQG�RI� WKH� WULDO�DV�D� UHVXOW�RI� WKH�GHVWUXFWLRQ�RI� WKH�
WHVWHG�VDPSOH�

�7KH�FRPSDUDWLYH�DQDO\VLV�RI�WKH�VWUHQJWK�SDUDPHWHUV

7DEOH���DQG���FRQWDLQ�D�VXPPDU\�DQG�WKH�FDOFXODWHG�
PHDQ�YDOXHV�RI�WKH�UHVXOWV�RI�WKH�PHDVXUHPHQWV��FDUULHG�
RXW�GXULQJ�WKH�VWUHQJWK�WULDOV

:KHQ�DQDO\]LQJ� WKH�REWDLQHG� UHVXOWV�� WKH� UXQ�RI� WKH�
WULDOV� DQG� PHFKDQLVPV� RI� GHVWUXFWLRQ� RI� WKH� SDUWLFXODU�
KDQGOHV� RI� WKH� WHVWHG� WRROV�� WKH� IROORZLQJ� FRQFOXVLRQV�
KDYH�EHHQ�IRUPXODWHG�
��� 7KH�KDQGOH�PDGH�RI�DOXPLQXP�DOOR\�E\� WKH�PHWKRG�

RI�SUHVVXUH�GLH�FDVWLQJ� LV�FKDUDFWHUL]HG�E\� WKH�EHVW�
VWUHQJWK� SURSHUWLHV�� 7KH� PHDQ� GHVWUXFWLYH� ORDG� LQ�
WKH�EHQGLQJ�DQG�FRPSUHVVLRQ�WULDOV� LV�HTXDO�WR�PRUH�
WKDQ���N1�ZKDW�H[FHHGV�PRUH�WKDQ���WLPHV�WKH�ORDG�

)LJ�����'LDJUDPV�RI� WKH� UHODWLRQVKLS�EHWZHHQ� WKH� ORDG� LQ� WKH�
WHVWHG�KDQGOHV�DQG�WKH�GHIRUPDWLRQ�UHJLVWHUHG�IRU�WKH�ORDG�SHU-
SHQGLFXODU�WR�WKH�ZRUNLQJ�VXUIDFH�RI�WKH�WURZHO
5\V����:\NUHV\�]DOHĪQRĞFL�REFLąĪHQLD�EDGDQ\FK�XFKZ\WyZ�RG�
RGNV]WDáFHQLD�]DUHMHVWURZDQH�SU]\�REFLąĪHQLX�UyZQROHJá\P�GR�
SáDV]F]\]Q\�URERF]HM�SDFNL

7HVW�ZLWK�ORDG�SHUSHQGLFXODUO\�
GLUHFWHG�WR�ZRUNLQJ�VXUIDFH�RI�WKH�

WURZHO
0D[LPXP�ORDG�>1@ 0HDQ�PD[LPXP�ORDG�>1@ 'HVWUXFWLYH�GLVSODFHPHQW�>PP@ 0HDQ�GHVWUXFWLYH�GLVSODFHPHQW�

>PP@

$OXPLQXP�KDQGOH

�����

�����

���

�������� ���

����� ���

3RO\DPLGH�KDQGOH

�����

�����

���

�������� ���

����� ���

3RO\VW\UHQH�KDQGOH

�����

�����

����

��������� ����

����� ����

7DEOH����$�VXPPDU\�RI�WKH�PHDVXUHPHQWV�REWDLQHG�IRU�EHQGLQJ�DQG�FRPSUHVVLRQ�WULDOV�ZLWK�WKH�ORDG�GLUHFWHG�SHUSHQGLFXODUO\�WR�WKH�
WR�WKH�ZRUNLQJ�DUHD�RI�WKH�WURZHO
7DEHOD����=HVWDZLHQLH�Z\QLNyZ�SRPLDUyZ�RWU]\PDQ\FK�Z�SUyELH�]JLQDQLD�]H�ĞFLVNDQLHP�SU]\�REFLąĪHQLX�VNLHURZDQ\P�SURVWRSDGOH�
GR�SáDV]F]\]Q\�URERF]HM�SDFNL

7DEOH����$�VXPPDU\�RI� WKH�PHDVXUHPHQWV�REWDLQHG�IRU� WKH�EHQGLQJ�DQG�WRUVLRQ�WULDO�ZLWK�WKH� ORDG�GLUHFWHG�SDUDOOHO� WR� WKH�WR� WKH�
ZRUNLQJ�DUHD�RI�WKH�WURZHO
7DEHOD����=HVWDZLHQLH�Z\QLNyZ�SRPLDUyZ�RWU]\PDQ\FK�Z�SUyELH�]JLQDQLD�]H�VNUĊFDQLHP�SU]\�REFLąĪHQLX�VNLHURZDQ\P�UyZQROHJOH�
GR�SáDV]F]\]Q\�URERF]HM�SDFNLL

7HVW�ZLWK�ORDG�SDUDOOHO��GLUHFWHG�WR�
ZRUNLQJ�VXUIDFH�RI�WKH�WURZHO

0D[LPXP�ORDG�>1@ 0HDQ�PD[LPXP�ORDG�>1@ 'HVWUXFWLYH�GLVSODFHPHQW�>PP@ 0HDQ�GHVWUXFWLYH�GLVSODFHPHQW�
>PP@

$OXPLQXP�KDQGOH

�����

�����

����

��������� ����

����� ����

3RO\DPLGH�KDQGOH

�����

�����

����

��������� ����

����� ����

3RO\VW\UHQH�KDQGOH

�����

�����

����

��������� ����

����� ����



7(&+12/2*,$�,�$8720$7<=$&-$�0217$ĩ8 nr 3/2019 35

RI�DYHUDJH�PDQ��7KH�GHVWUXFWLYH�GHIRUPDWLRQ� LQ� WKH�
GLVFXVVHG�WULDO�UHVXOWV�IURP�WKH�OLPLWHG�SODVWLF�SURSHUWLHV�
RI�WKH�FDVW�DQG�LV�FRPSDUDEOH�ZLWK�WKH�GHIRUPDWLRQ�RI�
SRO\DPLGH�KDQGOH��,Q�WKH�EHQGLQJ�DQG�WRUVLRQ�WULDO��WKH�
DOXPLQXP�KDQGOH�LV�DOVR�FKDUDFWHUL]HG�E\�WKH�KLJKHVW�
VWUHQJWK�DQG�D�ELJ�UHFRUGHG�GHVWUXFWLYH�GLVSODFHPHQW�
LV�FDXVHG�E\�SXOOLQJ�RXW�RI�WKH�SHJV�OLQNLQJ�LW�ZLWK�WKH�
VKHHW�RI� WKH�ZRUNLQJ�SDUW�RI� WKH�WURZHO��)LJ��D���7KH�
WHQGHQF\�WR�SXOO� WKH�SHJV�RXW�GXULQJ�WKH�WULDO� UHVXOWV�
IURP�D�VPDOO�ZLGWK�RI�WKH�KDQGOH¶V�IRRW�DGMDFHQW�WR�WKH�
VKHHW�ZKDW�FDXVHV� WKH�JHQHUDWLRQ�RI�D�JUHDW�SXOOLQJ�
RXW�IRUFH��FDXVHG�E\�ODWHUDO�ORDG��'HIHFWLYH�VWUXFWXUH�
RI� WKH� FDVW�� FDXVHG�PRVW� SUREDEOH� E\� XWLOL]DWLRQ� RI�
D�FKHDS��UHF\FOHG�DOOR\�ZLWK�QRQ�LGHQWL¿HG�FRPSRVLWLRQ�
DQG� GRXEWIXO� SXULW\� GRHV� QRW� DႇHFW� QHJDWLYHO\� WKH�
VWUHQJWK�SURSHUWLHV�RI�DOXPLQXP�KDQGOHV�DV�FRPSDUHG�
WR�WKH�UHPDLQLQJ�FRQVWUXFWLRQV��)LJ�����

7KH�PDQXIDFWXULQJ� FRVWV� DUH� D� GHIHFW� RI� DOXPLQXP�
KDQGOHV�� %ULWWOHQHVV� RI� WKH� FDVW� DOOR\� >��� �@� OLPLWV� DOVR�
WKH� SRVVLELOLW\� RI� UHJXODWLQJ� WKH� EHDULQJ� FDSDFLW\�RI� WKH�
SUHVV�¿WWLQJ� FRQQHFWLRQ� DQG� SHJ� FRQQHFWRUV� WKDW� FRXOG�
EH� LQFUHDVHG�E\� WKH�FKDQJH� LQ�SUHVVLQJ�RU� LPSRVLQJ�RI�
SODVWLF�GHIRUPDWLRQ�H�J��E\�NQXUOHG�SHJV�
��� 7KH�KDQGOH�PDGH�RI�SRO\DPLGH�E\�SUHVVLQJ�PHWKRG�LV�

FKDUDFWHUL]HG�E\�JRRG�VWUHQJWK�SURSHUWLHV��7KH�PHDQ�
GHVWUXFWLYH�VWUHQJWK�LQ�WKH�EHQGLQJ�DQG�FRPSUHVVLRQ�
WULDO� LV� HTXDO� WR� DOPRVW� �� N1� ZKDW� LV� YDOXH� EHLQJ�
TXLWH� VXႈFLHQW� IRU� XVH� RI� WKH� WURZHO� GXULQJ� W\SLFDO�
SODVWHULQJ� DQG� EULFNOD\LQJ� ZRUN�� 7KH� UHVXOWV� RI� WKH�
PHDVXUHPHQWV� RI� GHVWUXFWLYH� ORDG� DQG� GHIRUPDWLRQ�
DV� REWDLQHG� LQ� WKH� EHQGLQJ� DQG� WRUVLRQ� WULDO� DUH�
YHU\� VLPLODU� WR� WKH�SDUDPHWHUV� RI� DOXPLQXP�KDQGOH��
7KH� PDWHULDO� RI� WKH� KDQGOH� FRQWDLQV� ¿OOHU� ZKLFK�
LPSURYHV� LWV�VWUHQJWK�ZKDW� OLPLWV�WKH�VXVFHSWLELOLW\� WR�
GHIRUPDWLRQV��7KH�DGYDQWDJH�RI� WKH�KDQGOH� LQFOXGHV�
WKH�LQFUHDVHG�FURVV�VHFWLRQ�DW�WKH�EDVLV�DV�PDUNHG�LQ�
)LJ����DV�[�[��,W�FDXVHV�D�FRQVLGHUDEOH�LQFUHDVH�RI�LWV�
VWUHQJWK�LQ�WKH�VLWH�RI�LQFLGHQFH�RI�WKH�KLJKHVW�UHGXFHG�
VWUHVV�� FDXVHG� E\� RSHUDWLQJ� ODG�� 7KH� DGYDQWDJH�
UHVXOWLQJ� IURP� WKH� GLVFXVVHG� VROXWLRQ� JLYHV� D� ORZHU�
FRVW� DQG� ORZHU� HQHUJ\� FRQVXPSWLRQ� RI� WKH� SURFHVV�

RI�WKH�PDQXIDFWXUH�RI�WKH�GLVFXVVHG�HOHPHQWV�E\�WKH�
PHWKRG�RI�SUHVVXUH�LQMHFWLRQ�RI�SODVWLFV�

��� 7KH� KDQGOH� PDGH� RI� SRO\VW\UHQH� E\� WKH� SUHVVLQJ�
PHWKRG� LV� FKDUDFWHUL]HG� E\� WKH� ZRUVW� VWUHQJWK�
SURSHUWLHV��,W�LV�PDLQO\�GHWHUPLQHG�E\�ORZ�GHVWUXFWLYH�
ORDG� LQ� WKH� EHQGLQJ� DQG� WRUVLRQ� WULDO�� 7KHUH� LV�
D�FRQFHUQ�WKDW�LQ�WKH�FDVH�RI�FHUWDLQ�W\SLFDO�RSHUDWLRQV�
GXULQJ� FRQVWUXFWLRQ�ZRUN� H�J�� UHPRYDO� RI� GULHG� JOXH�
UHPQDQWV�RU�RI�PRUWDU�� WKH� UHVLVWDQFH�RI� WKH�KDQGOH�
ZLOO� EH� LQVXႈFLHQW�� 7KH� KDQGOH� LV� FKDUDFWHUL]HG� E\�
D�KLJK� IRUPDELOLW\�RQ�EHQGLQJ�DQG�FRPSUHVVLRQ� WULDO�
ZKDW� UHVXOWV� IURP� WKH�DSSOLFDWLRQ�RI� ULEV�� LQFUHDVLQJ�
WKH�UHVLVWDQFH�WR�EHQGLQJ�LQ�WKH�SODQH�RI�WKH�WURZHO¶V�
V\PPHWU\��$�KLJK� VXVFHSWLELOLW\� WR� GHIRUPDWLRQ�GRHV�
QRW� JLYH� DQ\� SUDFWLFDO� DGYDQWDJH�� 7KH� FRQVWUXFWLRQ�
RI� WKH� SRO\VW\UHQH� KDQGOH� LQGLFDWHV� GLVWLQFWO\� WKH�
DFWLRQ� RI� FRQVWUXFWRU� ZKRVH� SXUSRVH� ZDV� WR� VWLႇHQ�
WKH� SURGXFW� LQ� WKH� SODQH� RI� WKH� WRRO¶V� V\PPHWU\�� LW�
GLG�QRW�KRZHYHU�EULQJ�D�VLPLODU�UHVXOW�DV� LQ�WKH�FDVH�
RI� EHLQJ� HQGDQJHUHG� WR� RWKHU� RSHUDWLQJ� ORDGV�� 7KH�
GLVDGYDQWDJH� RI� WKH� SRO\VW\UHQH� KDQGOH� LQFOXGHV�
D�KLJKHU�DPRXQW�RI�SODVWLF�EHLQJ�LQGLVSHQVDEOH�IRU�LWV�
PDQXIDFWXUH�DV�FRPSDUHG�WR�WKH�SRO\DPLGH�KDQGOH�

6XPPLQJ�XS

$V� D� UHVXOW� RI� WKH� FRQGXFWHG� ZRUN�� WKH� SRVVLELOLW\�
RI� LPSURYLQJ� WKH� LQQRYDWLYHQHVV� RI� WKH� SURGXFWV��
PDQXIDFWXUHG�E\�&RPHQVDO�&RPSDQ\�DQG�WKH�LQQRYDWLYH�
FKDUDFWHU�RI� WHFKQRORJLFDO�SURFHVVHV�RI� WKHLU�SURGXFWLRQ�
KDV�EHHQ�FRQ¿UPHG�

,Q�PDQXDO�FRQVWUXFWLRQ�WRROV��SURGXFHG�E\�&RPHQVDO�
�PDVRQ� WURZHOV��� WKH� VR�IDU� DSSOLHG� DOXPLQXP� RU��
DOWHUQDWLYHO\�� SRO\VW\UHQH� HOHPHQW� MRLQLQJ� WKH� VWDLQOHVV�
ZRUNLQJ� SODWH� RI� WKH� WURZHO� ZLWK� WKH� KDQGOH� VKRXOG� EH�
UHSODFHG�E\�WKH�KDQGOH�PDGH�RI�SRO\DPLGH��7KH�SUHVVHG�
SRO\DPLGH� KDQGOH� LV� FKDUDFWHUL]HG� E\� JRRG� VWUHQJWK�
SDUDPHWHUV��FRPSDUDEOH�ZLWK�WKH�SDUDPHWHUV�RI�WKH�EHVW�
DOXPLQXP�KDQGOH��,W�LV�PRUH�UHVLVWDQW�WKDQ�WKH�HPSOR\HG�
DOWHUQDWLYHO\�KDQGOH��PDGH�RI�SUHVVHG�SRO\VW\UHQH�

$SDUW�IURP�WKH�UHYHDOHG�JRRG�VWUHQJWK��WKH�SRO\DPLGH�
KDQGOH� KDV� WKH� IROORZLQJ� DGYDQWDJH�� EHLQJ� VLJQL¿FDQW�
IRUP� WKH�YLHZSRLQW�RI� WKH� WRRO�SURGXFHU�DQG�XVHU�ZKLFK�
GHFLGH�RQ�LWV�LQQRYDWLYHQHVV�
• 6PDOOHU�FRVW�RI�PDQXIDFWXUH�DV�FRPSDUHG�WR�DOXPLQXP�

KDQGOH�
• 6KDSH�FRQVLVWHQW�ZLWK� WKH� WUDGLWLRQ�RI� WKH�PDUNHW�RI�

FRQVWUXFWLRQ�WRROV�
• 3RVVLELOLW\�WR�SURGXFH�WKH�KDQGOHV�LQ�WKH�RZQ�IDFWRU\�
• 3RVLWLYH� HႇHFW� RI� WHFKQRORJ\� RQ� LPSOHPHQWDWLRQ�

RI� WKH� SULQFLSOH� RI� WKH� VXVWDLQDEOH� GHYHORSPHQW� RI�
HFRQRP\�YLD� OLPLWDWLRQ�RI� WKH�HQHUJ\�FRQVXPSWLRQ� LQ�
PDQXIDFWXUH�DQG�HOLPLQDWLRQ�RI�PDWHULDO��$O�DOOR\��WKH�
REWDLQLQJ�RI�ZKLFK� LV�HVSHFLDOO\�EXUGHQVRPH� IRU� WKH�
HQYLURQPHQW�

)LJ������,QWHUQDO�VWUXFWXUH�RI�WKH�DOXPLQXP�DOOR\
5\V������6WUXNWXUD�ZHZQĊWU]QD�RGOHZX�DOXPLQLRZHJR



7(&+12/2*,$�,�$8720$7<=$&-$�0217$ĩ8 nr 3/2019
36
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>�@�=EURZVNL�$��L� LQ��������Ä%DGDQLD�L�DQDOL]D�PRĪOLZRĞFL�
]DVWRVRZDQLD�QRZ\FK�PLHV]DQHN�WZRU]\Z�V]WXF]Q\FK�
PDMąFHJR� QD� FHOX� RSUDFRZDQLH� QRZ\FK� SURGXNWyZ�
L�SURFHVyZ�WHFKQRORJLF]Q\FK���SURGXNF\MQ\FK�OXE�WHĪ�
ZSURZDG]HQLD� ]QDF]ąF\FK� XOHSV]HĔ� Z� LVWQLHMąF\FK�
Z\UREDFK� L� SURFHVDFK� SURGXNF\MQ\FK´�� 3UDFD�
QDXNRZR�EDGDZF]D��5DGRP��,7H(�3,%�

>�@�=EURZVNL�$��L�LQ��������Ä%DGDQLD�SDUDPHWUyZ�XĪ\WNRZ\FK�
QRZ\FK�QDU]ĊG]L�EXGRZODQ\FK�XOHSV]RQ\FK�Z�Z\QLNX�

]DVWRVRZDQLD�QRZ\FK�PLHV]DQHN�WZRU]\Z�V]WXF]Q\FK�
L� XGRVNRQDORQ\FK� SURFHVyZ� SURGXNF\MQ\FK´�� 3UDFD�
QDXNRZR�EDGDZF]D��5DGRP��,7H(�3,%�

7KH�VWXG\�ZDV�LPSOHPHQWHG�RQ�WKH�JURXQGV�RI�WKH�$JUHHPHQW�
ZLWK�WKH�&RPPHQVDO�&RPSDQ\�/WG���LQ�:DUVDZ�

GU�LQĪ��6WDQLVáDZ�.R]LRá��DGLXQNW��,QVW\WXW�7HFKQRORJLL�(NV-
SORDWDFML� ��3,%�� XO��.��3XáDVNLHJR������� �������5DGRP��
H�PDLO��VWDQLVODZ�NR]LRO#LWHH�UDGRP�SO

GU�LQĪ��7RPDV]�6DPERUVNL�,QVW\WXW�7HFKQRORJLL�(NVSORDWD-
FML���3,%��XO��.��3XáDVNLHJR��������������5DGRP��H�PDLO��
WRPDV]�VDPERUVNL#LWHH�UDGRP�SO

GU� KDE�� LQĪ��$QGU]HM� =EURZVNL�� SURI�� ,7H(�3,%� �� ,QVW\WXW�
7HFKQRORJLL�(NVSORDWDFML���3,%��XO��.��3XáDVNLHJR����������
����5DGRP��H�PDLO��DQGU]HM�]EURZVNL#LWHH�UDGRP�SO

SURSHUWLHV��7KH�VWHHOV�RI�JURXS�,,,�DQG�,9�DUH�VXFFHVVLYHO\�
LPSOHPHQWHG� LQWR�PDQXIDFWXULQJ�DQG� WKHLU� VKDUH� LV� VWH-
DGLO\�LQFUHDVLQJ��PDLQO\�LQ�WKH�SDVVLYH�VDIHW\�HOHPHQWV��

WIRTUALNA CZYTELNIA
NA PORTALU INFORMACJI TECHNICZNEJ

www.sigma-not.pl

        więcej informacji: 

22 840 30 86, prenumerata@sigma-not.pl

22 827 43 65, reklama@sigma-not.pl

WYGODNY DOSTĘP 
DO POLSKIEJ 
PRASY FACHOWEJ 
W KAŻDEJ CHWILI

również na urządzenia mobilne
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3U]HZLG\ZDQLH�Z\WU]\PDáRĞFL�SRáąF]HQ�NOHMRZ\FK�Z�RSDUFLX�R�PRG\¿NRZDQą�PHWRGĊ�
'H�%UX\QD�]�Z\NRU]\VWDQLHP�PHWRG\�QXPHU\F]QHM�

ɉɪɨɝɧɨɡɢɪɨɜɚɧɢɟ� ɩɪɨɱɧɨɫɬɢ� ɤɥɟɟɜɵɯ� ɫɨɟɞɢɧɟɧɢɣ� ɧɚ� ɨɫɧɨɜɟ�
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ�ɦɟɬɨɞɵ�Ⱦɟ�Ȼɪɺɣɧɟ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɧɨɦɟɪɢɱɟɫɤɨɝɨ�
ɦɟɬɨɞɚ

-DFHN�'20,ē&=8.� '2,�����������������������

,QWURGXFWLRQ

7HFKQRORJ\�RI�JOXH�ERQGLQJ�SOD\V�D�YHU\�ELJ� UROH� LQ�
GHYHORSPHQW� RI�PRGHUQ� FRQVWUXFWLRQV�� ,Q�PDQ\� FDVHV��
LW� LV� DQ� DOWHUQDWLYH� WR� WKH� VR�IDU� HPSOR\HG�PHWKRGV� RI�
MRLQLQJ�� VHDOLQJ� RU� UHJHQHUDWLRQ� RI� SDUWV� RI� PDFKLQHV��
*OXLQJ� FUHDWHV� WKH� QHZ� SRVVLELOLWLHV� LQ� UHVSHFW� RI�
FRPELQLQJ� PDWHULDOV� ZLWK� GLIIHUHQW� SK\VLFDO� DQG�
JHRPHWULFDO�SURSHUWLHV��LW�DOORZV�DOVR�OLQNLQJ�WKH�SDUWV�ZLWK�
GLႇHUHQW�GLPHQVLRQV�ZKDW� FRQWULEXWHV� UHSHDWHGO\� WR� WKH�
VLPSOL¿FDWLRQ�RI�WKHLU�FRQVWUXFWLRQ��&RPELQDWLRQ�RI�JOXLQJ�
DQG� RWKHU� WHFKQRORJLHV� H�J�� ULYHWLQJ� RU� ZHOGLQJ� DOORZV�
REWDLQLQJ� MRLQWV�ZLWK� GLႇHUHQW� SURSHUWLHV�� IDYRXUDEOH� IRU�
LPSURYHPHQW� RI� EHDULQJ� FDSDFLW\� RU� WLJKWQHVV� RI� MRLQWV��
6XFK�ZLGH�SRVVLELOLWLHV�RI�DGKHVLYH�ERQGLQJ�DSSOLFDWLRQ�
FDXVH� WKH� QHFHVVLW\� RI� VHHNLQJ� IRU� WKH� RSWLPXP�
FRQGLWLRQV� IRU� LPSOHPHQWDWLRQ�RI� WKH�GLVFXVVHG�SURFHVV�
DQG� GHWHUPLQDWLRQ� RI� IDFWRUV�� DႇHFWLQJ� VLJQL¿FDQWO\� WKH�
UHVLVWDQFH�RI�DGKHVLYH�MRLQWV��

7KH�VR�IDU�HPSOR\HG�VLQJOH�IDFWRU�PRGHOV�GR�QRW�JLYH�
D�IXOO� LPDJH�RI� WKH� LQÀXHQFH�RI� LQGHSHQGHQW�YDULDEOH�RQ�
GHSHQGHQW� YDULDEOH�� L�H�� MRLQW� VWUHQJWK�� 7KH� FRPSOH[LW\�
RI� WKH� GLVFXVVHG� SUREOHP� LQ� FRPELQDWLRQ� ZLWK� WKH�

$ E V W U D F W��7KH�SDSHU�SUHVHQWV�D�QXPHULFDO�PRGHO��EDVHG�RQ�DUWL¿FLDO� LQWHOOLJHQFH��WR�SUHGLFW�WKH�VWUHQJWK�RI�DGKHVLYH�MRLQWV�
RQ�EDVLV�RI�WKH�PRGL¿HG�'H�%UX\Q�PHWKRG��7KH�PRGHO�ZDV�EXLOW�XVLQJ�WKH�UHVXOWV�RI�UHVHDUFK�RQ�GHVWUXFWLYH�IRUFH�RI�DGKHVLYH�
MRLQWV�RI�VWHHO�VKHHWV��,QSXW�YDULDEOHV�IRU�WKH�PRGHO�ZHUH��WKH�WKLFNQHVV�RI�WKH�PDWHULDOV�WR�EH�MRLQHG��WKH�OHQJWK�RI�WKH�RYHUODS��WKH�
JHRPHWULFDO�GHYHORSPHQW�RI�WKH�VXUIDFH�DQG�WKH�WKLFNQHVV�RI�WKH�DGKHVLYH�OD\HU��7KH�REWDLQHG�PRGHO�ZDV�WHVWHG�RQ�FRUUHFWQHVV�
RI� UHSUHVHQWLQJ�RI� WKH� LPSDFW�RI� LQGLYLGXDO�YDULDEOHV�RQ� WKH�VWUHQJWK�RI� WKH� MRLQW�� UHSUHVHQWHG�E\� WKH�YDOXH�RI�VWUHVV� IURP� WKH�
GHVWUXFWLYH�IRUFH�RI� WKH�DGKHVLYH� MRLQW� LQ� WKH�FRPELQHG�PDWHULDO��%DVHG�RQ�WKH�REWDLQHG�UHVXOWV�� LW�ZDV�SRVVLEOH�WR�H[WHQG�WKLV�
IRUHFDVWLQJ�PHWKRG�ZLWK�IXUWKHU�IDFWRUV�DႇHFWLQJ�WKH�VWUHQJWK�RI�DGKHVLYH�MRLQWV��LQFOXGLQJ�HQHUJ\�SDUDPHWHUV�
. H \ Z R U G V ��MRLQW�VWUHQJWK��DGKHVLYH�MRLQW��QXPHULFDO�PRGHO
6 W U H V ] F ] H Q L H��:� DUW\NXOH� SU]HGVWDZLRQR� PRGHO� QXPHU\F]Q\� RSDUW\� QD� V]WXF]QHM� LQWHOLJHQFML� VáXĪąF\� SU]HZLG\ZDQLX�
Z\WU]\PDáRĞFL�SRáąF]HĔ�NOHMRZ\FK�Z�RSDUFLX�R�PRG\¿NRZDQą�PHWRGĊ�'H�%UX\QD��0RGHO�WHQ�]EXGRZDQR�SRVáXJXMąF�VLĊ�Z\QLNDPL�
EDGDĔ�ODERUDWRU\MQ\FK�SRPLDUX�VLá\�QLV]F]ąFHM�SRáąF]HQLH�NOHMRZH�EODFK�VWDORZ\FK��-DNR�]PLHQQH�ZHMĞFLRZH�SU]\MĊWR�JUXERĞü�
áąF]RQ\FK�PDWHULDáyZ�� GáXJRĞü� ]DNáDGNL�� UR]ZLQLĊFLH� JHRPHWU\F]QH� SRZLHU]FKQL� L� JUXERĞü� VSRLQ\� NOHMRZHM�� 8]\VNDQ\�PRGHO�
SRGGDQR�RFHQLH�SRSUDZQRĞFL�RGZ]RURZDQLD�ZSá\ZX�SRV]F]HJyOQ\FK�]PLHQQ\FK�QD�Z\WU]\PDáRĞü�SRáąF]HQLD�UHSUH]HQWRZDQą�
SU]H]�ZDUWRĞü�QDSUĊĪHQLD�Z�áąF]RQ\P�PDWHULDOH�SRFKRG]ąFHJR�RG�VLá\�QLV]F]ąFHM�SRáąF]HQLH�NOHMRZH��:�RSDUFLX�R�X]\VNDQH�
Z\QLNL�VWZLHUG]RQR�PRĪOLZRĞü�SRV]HU]HQLD�WHM�PHWRG\�SURJQR]RZDQLD�R�NROHMQH�F]\QQLNL�PDMąFH�ZSá\Z�QD�Z\WU]\PDáRĞü�SRáąF]HĔ�
NOHMRZ\FK�Z�W\P�R�SDUDPHWU\�HQHUJHW\F]QH�
6 á R Z D � N O X F ] R Z H ��Z\WU]\PDáRĞü�SRáąF]HQLD��SRáąF]HQLH�NOHMRZH��PRGHO�QXPHU\F]Q\

H[SHFWDWLRQV�RI�WKH�FRQVWUXFWRUV�FDXVHV�WKH�QHFHVVLW\�RI�
FRQVWUXFWLQJ�D�PRGHO�ZKLFK�ZRXOG�FRQVLGHU�WKH�HႇHFW�RI�
WKH�SDUWLFXODU�SURSHUWLHV��UHODWLQJ�WR�WKH�ZD\�RI�IRUPDWLRQ�
RI� WKH�XSSHU� OD\HU�VWDWH�� LQFOXGLQJ�WKH�HQHUJ\�SURSHUWLHV�
DV�ZHOO�DV�FRQVWUXFWLRQDO�SDUDPHWHUV�

:H� VWLOO� VHHN� IRU� EHWWHU� PHWKRGV� IRU� IRUHFDVWLQJ�
WKH� DGKHVLYH� MRLQW� VWUHQJWK� EDVHG� XSRQ� WKH� VHW� RI�
FRQVWUXFWLRQDO�DQG�WHFKQRORJLFDO� IDFWRUV��7KH�GHYHORSHG�
DQG� SXEOLVKHG� IRUPXODV� RI� UHODWLRQVKLSV� EHWZHHQ� WKH�
LQGHSHQGHQW�SDUDPHWHUV�DႇHFWLQJ�WKH�TXDOLW\�RI� MRLQW��DV�
REWDLQHG� RQ� WKH� EDVLV� RI� HPSLULFDO� DQDO\VHV�� FRQVLGHU�
JUHDWHU�DQG�JUHDWHU�QXPEHU�RI�IDFWRUV���7KH\�DUH�OLPLWHG��
KRZHYHU��E\�WKH�LQWHUYDO�RI�WKH�YDOXHV�RI�YDULDEOHV�LQ�ZKLFK�
WKH\�PD\�EH�XWLOL]HG��7KH�DOWHUQDWLYH� WR� VXFK�DSSURDFK�
LQFOXGHV�DSSOLFDWLRQ�RI�QXPHULFDO�PHWKRGV��EDVHG�RQ�WKH�
DUWL¿FLDO�LQWHOOLJHQFH���7KH�PHQWLRQHG�PHWKRG�JLYHV�D�ORW�RI�
QHZ�SRVVLELOLWLHV�LQ�UHVSHFW�RI�FRQGXFWLQJ�WKH�FRPSOLFDWHG�
DQDO\VHV� DQG� FRQVWUXFWLRQ� RI� SURJQRVWLF� PRGHOV�� 7KH�
DELOLW\�RI�DSSURSULDWH�GHVFULELQJ�WKH�VWDWH�RI�WKH�MRLQW�JLYHV�
WKH�SRVVLELOLW\� WR� LPSURYH� WKH�TXDOLW\�RI� WKH�SURGXFWV�DV�
ZHOO�DV�DႇHFWV�WKH�ORZHULQJ�WKH�FRVW�RI�WKHLU�PDQXIDFWXUH�
RZLQJ�WR�WKH�OLPLWDWLRQ�RI�WHFKQRORJLFDO�RSHUDWLRQV�WR�WKH�
LQGLVSHQVDEOH�PLQLPXP�DQG�WKHLU�RSWLPDO�VHOHFWLRQ��$SDUW�
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IURP�WKLV��WKH�DSSOLFDWLRQ�RI�QXPHULFDO�PHWKRGV�JLYHV�WKH�
SRVVLELOLW\�RI�FRQVWDQW�LPSURYHPHQW�RI�WKH�PRGHO�

7KH� GHVFULEHG� DERYH� IDFWRUV� KDYH� FDXVHG� WKDW� WKH�
DWWHPSWV� ZHUH� XQGHUWDNHQ� WR� FRQVWUXFW� D� SURJQRVWLF�
PRGHO� RI� MRLQW� VWUHQJWK� EDVHG� XSRQ� WKH� PRGL¿HG� 'H�
%UX\Q� PHWKRG�� ZLWK� WKH� FRQVLGHUDWLRQ� RI� WKH� IROORZLQJ�
LQLWLDO�SDUDPHWHUV�� OHQJWK�RI� WKH�DGKHVLYH� ODS�� WKLFNQHVV�
RI�DGKHVLYH� MRLQW�� WKLFNQHVV�RI� WKH� MRLQHG�PDWHULDOV�� WKH�
VTXDUH�PHDQ�RI�FRDUVHQHVV�SUR¿OH�RUGLQDWHV�

1XPHULFDO�DQDO\VLV�RI�WKH�DGKHVLYH�ODS�MRLQWV�

$� TXLFN� PHWKRG� IRU� GHWHUPLQDWLRQ� RI� WKH� DGKHVLYH�
MRLQWV� VWUHQJWK� LV� IDFLOLWDWHG� RZLQJ� WR� WKH� PRGL¿HG� 'H�
%UX\Q�PHWKRG��SUHVHQWHG�LQ�WKH�SDSHU�>�@��$V�D�UHVXOW�RI�
WKH�PHWKRG¶V�PRGL¿FDWLRQ��WKH�QRPRJUDSKV�RI�WKH�EHDULQJ�
FDSDFLW\� RI� WKH� ODS� MRLQWV�ZHUH� FUHDWHG� RQ� WKH� JURXQGV�
RI� WKH� H[SHULPHQWDO� WULDOV�� ,Q� WKH� VXEPLWWHG� VWXGLHV��
WKH� VDPSOHV� ZHUH� PDGH� IURP� WKH� VKHHWV� RI� GLႇHUHQW�
WKLFNQHVV��7KH\�ZHUH�MRLQHG��XVLQJ�GLႇHUHQW�OHQJWKV�RI�WKH�
ODSV�DQG�WKHQ��WKH�OHYHO�RI�WHQVLRQV�LQ�WKH�MRLQHG�HOHPHQWV�
ZDV�GHWHUPLQHG�DW�WKH�PRPHQW�RI�GHVWUXFWLRQ�RI�WKH�MRLQW�
�ı� 3�ཝE��� �ZKHUH�� 3�� IRUFH�� G� ±WKLFNQHVV� RI� VDPSOH��
E�ZLGWK�RI�VDPSOH���)LJ������>�@�

1RPRJUDSK� LQ� VXFK� IRUP� LV� WUXH� IRU� WKH� VSHFL¿HG�
VSHFLHV� RI� DGKHVLYH�� WKH� GHWHUPLQHG� FRQGLWLRQV� RI�
KDUGHQLQJ� WKH�DGKHVLYH� ODS�� WKH�GHWHUPLQHG� W\SH�RI� WKH�
MRLQHG� PDWHULDO� DQG� D� VSHFL¿HG� ZD\� RI� SUHSDULQJ� WKH�
VXUIDFH�IRU�MRLQLQJ�DV�ZHOO�DV�IRU�WKH�VSHFL¿HG�W\SH�RI�MRLQW�

7KH� VHW� RI� WKH� LQLWLDO� IDFWRUV� RI� WKH� DQDO\VLV� RI� WKH�
DGKHVLYH�MRLQWV�VWUHQJWK�ZDV�GHWHUPLQHG�EDVHG�XSRQ�WKH�
H[SHULPHQWDO� GDWD�� DV� SUHVHQWHG� LQ� WKH� SXEOLFDWLRQV� >���
�����������������@�DQG� WKH�QRWLFHDEOH� UHODWLRQVKLS�RI� WKH�
GLVSHUVLYH�SDUW�RI�D� IUHH�VXUIDFH�HQHUJ\��GHWHUPLQHG�E\�
2ZHQV�:HQGW�PHWKRG�>�����@�DQG�WKH�VWUHQJWK�RI�WKH�MRLQW��

7R� REWDLQ� WKH� LQSXW� GDWD� IRU� FRQVWUXFWLRQ� RI� WKH�
QXPHULFDO�PRGHO�� VHUYLQJ� WKH� IRUHFDVWLQJ� RI� VKRUW� WHUP�
VWUHQJWK�RI�DGKHVLYH�MRLQWV��WKH�WULDOV�RI�UHVLVWDQFH�RI�WKH�
ODS� DGKHVLYH� MRLQWV� WR� VKHDULQJ� IRUFH�ZHUH� FDUULHG� RXW��
7KH�SODQ�RI�WKH�VWXGLHV�ZDV�EDVHG�RQ�WKH�FRPSOHWH�VHW��

FRQVWLWXWLQJ�D�FRPELQDWLRQ�RI�WKH�PHQWLRQHG�EHORZ�LQSXW�
IDFWRUV�� )LYH� UHSHWLWLRQV� RI� WKH� VWUHQJWK� PHDVXUHPHQW�
LQ� WKH� V\VWHP�ZHUH� FRQGXFWHG�� 7KH� WHVWV�ZHUH� FDUULHG�
RXW� RQ� WKH� EDVLV� RI� 31�(1����������� >��@��7KH� MRLQHG�
HOHPHQWV�LQFOXGHG�VWHHO�VKHHWV��PDGH�RI�WKH�VWHHO���������
7KH�VKDSH�DQG�GLPHQVLRQV�RI� WKH�VDPSOHV��XVHG� LQ�WKH�
WHVWV�DUH�JLYHQ�LQ�)LJ���

)RU�WKH�DQDO\VLV�RI�WKH�REWDLQHG�UHVXOWV�DQG�FRQVWUXFWLRQ�
RI� WKH� PRGHO�� WKH� DUWL¿FLDO� QHXURQ� QHWV� ZHUH� XVHG��$V�
D� UHVXOW� RI� WKH� FRQGXFWHG� DQDO\VLV� RI� WKH� HႇHFWLYHQHVV�
RI� WKH� QHWZRUN¶V� IXQFWLRQLQJ� LW� ZDV� IRXQG� WKDW� WKH� EHVW�
SURJQRVWLF� PRGHO� ZDV� REWDLQHG� LQ� WKH� FDVH� RI� 0/3�
QHWZRUN�±�0XOWLOD\HU�3HUFHSWURQ�ZLWK�D�VWUXFWXUH���������
������7KH�PHQWLRQHG�QHWZRUN�ZDV�OHDUQW�ZLWK�XWLOL]DWLRQ�RI�
DOJRULWKP�&*����&RQMXJDWH�*UDGLHQW�'HVFHQW��ZLWK�ORJLVWLF�
IXQFWLRQ� RI� DFWLYDWLQJ� QHXURQV� RI� WKH� KLGGHQ� OD\HU� DQG�
OLQHDU�ZLWK� WKH�VDWXUDWLRQ�ZLWK� IXQFWLRQ�RI�DFWLYDWLRQ� WKH�
LQSXW�OD\HU�DQG�RXWSXW��OD\HU�ZLWK�WKH�DSSOLFDWLRQ�RI�OLQHDU�
IXQFWLRQ�RI�SRVWV\QDSWLF�SRWHQWLDO�>�����@�

7KH� VFKHPDWLF� SODQ� RI� WKH� PRGHO¶V� FRQVWUXFWLRQ� LV�
JLYHQ�LQ�)LJ����

:KHUH�
,QSXW�IDFWRUV�
;��±�OHQJWK�RI�WKH�ODS��O�±�����������>PP@��
;����±�����GHJUHH�RI�JHRPHWULFDO�GHYHORSPHQW�RI�VXUIDFH��FKDUDFWHUL]HG�E\ 
�������SDUDPHWHU�Rq���������������������>�P@��
;�� ±� WKLFNQHVV� RI� DGKHVLYH� MRLQW� �ཝN� ±� ������ ������ ������ ���� 
��������>PP@��
;��±�WKLFNQHVV�RI�MRLQHG�PDWHULDOV��ཝ�������������>PP@�

2XWSXW�IDFWRU�
=�±�QRUPDO�VWUHVV�LQ�WKH�MRLQHG�PDWHULDO��ཝ��>03D@��
&RQVWDQW�IDFWRUV�

)LJ�����1RPRJUDSK�RI�VLQJOH�ODS�MRLQWV�VWUHQJWK�RI�3$��VKHHWV�RI�
IRXU�GLႇHUHQW�WKLFNQHVV��MRLQHG�XVLQJ�(SLGLDQ���UHVLQ��FXUHG�E\�
7(&=$�KDUGHQHU�DW�����.�GXULQJ�����KRXU��VXUIDFH�RI�VKHHWV�
FOHDQHG�ZLWK�DEUDVLYH�FORWK�����*ULW��>�@
5\V�����1RPRJUDP�QRĞQRĞFL�MHGQR]DNáDGRZ\FK�SRáąF]HĔ�EODFK�
]�PDWHULDáX�3$��R�F]WHUHFK�JUXERĞFLDFK��NOHMRQ\FK�(SLGLDQHP�
��� XWZDUG]DQ\P� 7(&=$� Z� WHPSHUDWXU]H� ���� .� Z� F]DVLH�
���� K� �SRZLHU]FKQLD� EODFK� F]\V]F]RQD� SáyWQHP� ĞFLHUQ\P�
R�]LDUQLVWRĞFL�����>�@

)LJ�����6KDSH�DQG�GLPHQVLRQV�RI�WKH�WHVW�VDPSOHV
5\V�����.V]WDáW�L�Z\PLDU\�SUyEHN�VWRVRZDQ\FK�GR�EDGDĔ�

)LJ�����'LDJUDP�RI�PDWKHPDWLFDO�PRGHO�RI�SUHGLFWLQJ�VWUHQJWK�RI�
DGKHVLYH�MRLQW��EDVHG�RQ�PRGL¿HG�'H�%UX\Q�PHWKRG
5\V�� ��� 6FKHPDW� SODQX� EXGRZ\� PRGHOX� QXPHU\F]QHJR� GR�
SU]HZLG\ZDQLD�Z\WU]\PDáRĞFL�SRáąF]HQLD�NOHMRZHJR�Z�RSDUFLX�
R�PRG\¿NRZDQą�PHWRGĊ�'H�%UX\QD
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&��±�W\SH�RI�MRLQHG�PDWHULDO�
&��±�WLPH�RI�KDUGHQLQJ����K�
&��±�W\SH�RI�WKH�DSSOLHG�DGKHVLYH��(SLGLDQ����3$&���������
&��±�W\SH�RI�GHJUHDVHU�/RFWLWH�����

'LVWXUELQJ�IDFWRUV�
<��±�XQUHSHDWDELOLW\�RI�WKH�PHDVXUHPHQW�FRQGLWLRQV
<��±�XQUHSHDWDELOLW\�RI�WHFKQRORJ\�RI�MRLQW�SHUIRUPDQFH
<��±�LQDFFXUDF\�RI�PHDVXUHPHQWV�VWDQGV
<��±�LQDFFXUDF\�RI�PHDVXUHPHQW

7KH�FRQGXFWHG�RZQ�VWXGLHV�DOORZHG�EXLOGLQJ�±�EDVHG�
XSRQ� WKH� QHXUDO� QHWZRUNV� ±� RI� WKH� PXOWL�SDUDPHWHU�
PRGHO� LQ� D� IRUP� RI� LPSOLFLW� IXQFWLRQ�� :KHQ� DVVXPLQJ�
WKH� KRPHRVWDVLV� RI� WKH� VHOHFWHG� LQSXW� SDUDPHWHUV�� WKH�
GLVFXVVHG�PRGHO�JLYHV�DOVR�D�SRVVLELOLW\�RI�FRQVWUXFWLQJ�
WKH� WKUHH�GLPHQVLRQDO� QRPRJUDSKV�� 6XFK� DSSURDFK�
DOORZHG�H[WHQGLQJ�WKH�UDQJH�RI�DQDO\VLV�DQG�FRQVLGHULQJ�
WKH�HႇHFW�RI� WKH�FKDQJHV� LQ�VWHUHRPHWULF�SDUDPHWHU�5T�
DQG�WKLFNQHVV�RI�DGKHVLYH�OD\HU�ཝN�RQ�WKH�DGKHVLYH�MRLQW�
VWUHQJWK�

7DEOH� �� VKRZV� WKH� UHVXOWV� RI� UHJUHVVLRQ� VWDWLVWLFV�
RI�0/3�QHWZRUN��DV�JLYHQ� LQ�)LJ����9DOXH�RI�D�VWUHQJWK��
GHVWUXFWLQJ�3� MRLQW� �>1@�ZDV�SUHVHQWHG�KHUH�DV�DQ� LQSXW�
YDULDEOH��

8F�� 3�� :D�� 3�� 7H�� 3� ±� ,QIRUPDWLRQ� FRQFHUQV��
VXFFHVVLYHO\�� WKH� IROORZLQJ� VHWV�� WUDLQLQJ� GDWDVHW��
YDOLGDWLRQ�GDWD� VHW� DQG� WHVWLQJ�GDWDVHW�� FRQQHFWHG�ZLWK�
WKH�DQDO\VLV�RI�WKH�GHVWUXFWLYH�VWUHQJWK�YDOXH�3�>1@

:KHUH�
0HDQ�� WKH�PHDQ�YDOXH�RI� WKH� LQSXW� YDULDEOH�� FDOFXODWHG�
RQ�WKH�EDVLV�RI�WKH�VHW�YDOXHV�RI�WKH�GLVFXVVHG�YDULDEOH��
FROOHFWHG�±� UHVSHFWLYHO\�±� LQ� WUDLQLQJ�GDWDVHW�� YDOLGDWLRQ�
GDWDVHW�RU�WHVW�GDWDVHW�
6WDQGDUG�GHYLDWLRQ��VWDQGDUG�GHYLDWLRQ��FDOFXODWHG�IRU�WKH�
VHW�YDOXHV�RI�WKH�LQSXW�YDULDEOH
0HDQ� HUURU�� PHDQ� HUURU� �XQGHUVWRRG� DV� PRGXOH� RI�
GLႇHUHQFH�EHWZHHQ�WKH�H[SHFWHG�YDOXH�DQG�WKH�REWDLQHG�
RXWSXW�YDOXH
6WDQGDUG�GHYLDWLRQ�RI�HUURU��VWDQGDUG�GHYLDWLRQ�RI�HUURUV�
IRU�WKH�RXWSXW�YDULDEOH

7KH� PHDQ� DEVROXWH� HUURU�� WKH� PHDQ� DEVROXWH� HUURU�
�GLႇHUHQFH�EHWZHHQ�WKH�VHW�YDOXH�DQG�WKH�REWDLQHG�RXWSXW�
YDOXH��IRU�LQSXW�YDULDEOH
4XRWLHQW� RI� VWDQGDUG� GHYLDWLRQV�� TXRWLHQW� RI� VWDQGDUG�
GHYLDWLRQV� IRU� WKH� HUURUV� DQG� WKH� GDWD�� ,W� LV� WKH� PDLQ�
LQGLFDWRU� RI� WKH� TXDOLW\�� FRQVWUXFWHG� E\� WKH� QHWZRUN� RI�
UHJUHVVLRQ�PRGHO
&RUUHODWLRQ��VWDQGDUG�FRUUHODWLRQ�RI�5�3HDUVRQ�FRUUHODWLRQ�
IRU�WKH�VHW�YDOXH�DQG�WKH�REWDLQHG�RXWSXW�YDOXH

)LJ���VKRZV�WKH�VXUIDFHV�RI�WKH�UHVSRQVHV�LI�WKH�QHW��DV�
LOOXVWUDWHG�LQ�)LJ����7KH�PHQWLRQHG�VXUIDFHV�UHSUHVHQW�WKH�
VWUHVV�LQ�WKH�MRLQHG�PDWHULDO��FRUUHVSRQGLQJ�WR�WKH�VWUHVV�
GHVWUXFWLQJ� WKH�DGKHVLYH� MRLQW��ZLWK� WKH�FRQVLGHUDWLRQ�RI�
WKH�FKDQJHV�LQ�WKH�OHQJWK�RI�WKH�ODS�DQG�WKH�FKDQJHV�RI�
WKH�UHPDLQLQJ�LQSXW�SDUDPHWHUV�

 

7DE����5HJUHVVLRQ� VWDWLVWLFV� RI� GHVWUXFWLYH� VWUHQJWK� YDOXH� IRU�
0/3�QHWZRUN������±����±�����
7DE�����6WDW\VW\NL�UHJUHV\MQH�ZDUWRĞFL�VLá\�QLV]F]ąFHM�3�GOD�VLHFL�
0/3��������������

Uc. P Wa. P Te. P

Mean 4668 4628 4418

Standard deviation 1914 1957 2139

Mean error -6,6 41,9 -102,1

Error deviation 746,1 739,9 883,9

Mean absolute error 538,9 525,8 651,7

Deviation quotient 0,39 0,38 0,41

Correlation 0,92 0,93 0,91

)LJ�����0/3�VWUXFWXUDO�GLDJUDP�������������
5\V�����6FKHPDW�VWUXNWXUDOQ\�VLHFL�0/3�������������

)LJ�����3UHGLFWHG�FKDQJH�RI�VWUHVV�LQ�MRLQHG�PDWHULDO�GHSHQGLQJ�
RQ�D��GN�±�O��E��G�±�O���F��5T�O
IRU�GN ����>PP@��G ��>PP@��5T ��>PP@
5\V�����3URJQR]RZDQ\�SU]HELHJ�]PLDQ�QDSUĊĪHQLD�Z�áąF]RQ\P�
PDWHULDOH�Z�IXQNFML��
D��GN�±�O��E��G�±�O���F��5T�O��3U]\SDGHN�FKZLORZ\�GN ����>PP@��
G ��>PP@��5T ��>PP@
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7KH� DQDO\VLV� RI� WKH� PXWXDO� UHODWLRQV� EHWZHHQ� WKH�
WKLFNQHVV�RI�WKH�MRLQHG�HOHPHQWV�DQG�WKH�OHQJWK�RI�WKH�ODS�
EDVHG�XSRQ�WKH�'H�%UX\Q�FRHႈFLHQW�����GRHV�QRW�LPSRVH�
DQ\� OLPLWDWLRQV� FRQFHUQLQJ� WKH� LQFUHDVH� RI� WKH� ODS¶V�
OHQJWK��,W�KDV�EHHQ�UHYHDOHG��KRZHYHU�±�DV�LW�LV�IROORZHG�
IURP�WKH�GLDJUDP�RQ�¿J���±�WKDW�WKH�LQFUHDVH�RI�WKH�ODS¶V�
OHQJWK�DERYH�D�FHUWDLQ� OLPLWDU\�YDOXH� LV�DLPOHVV�� ,W�GRHV�
OHDG� WR� WKH� LQFUHDVH�RI� WKH� MRLQW� VWUHQJWK��7KH�REWDLQHG�
QXPHULFDO�PRGHO�LV�GHSULYHG�RI�WKH�HUURUV��UHVXOWLQJ�IURP�
WKH�WKHRU\�RI�9RONHUVHQ�>��@�ZKLFK�DVVXPHG�RPLWWLQJ�WKH�
GHIRUPDWLRQV�� UHVXOWLQJ� IURP� WKH� EHQGLQJ� RI� WKH� MRLQHG�
HOHPHQWV�DQG�WKH�UHVXOWLQJ�QRUPDO�VWUHVV�

6XPPDU\

)URP�WKH�SUHVHQWHG�HႇHFWV�RI�WKH�PRGHO�IXQFWLRQLQJ��
LW� LV� IROORZHG� WKDW� WKH� LQWURGXFWLRQ� RI� PRGL¿FDWLRQV� LQ�
'H� %UX\Q� PHWKRG� JLYHV� WKH� SRVVLELOLW\� RI� FRQGXFWLQJ�
WKH� DQDO\VLV� RI� WKH� VWUHQJWK� RI� WKH� ODS� DGKHVLYH� MRLQWV�
DV� ZHOO� DV� IRUHFDVWLQJ� RI� WKHLU� VWUHQJWK�� GHVFULEHG� E\�
QRUPDO�VWUHVV��JHQHUDWHG�LQ�WKH�MRLQHG�PDWHULDO��ZLWK�WKH�
FRQVLGHUDWLRQ�QRW�RQO\�RI� WKH� ODS¶V� OHQJWK�DQG� WKLFNQHVV�
RI�WKH�MRLQHG�PDWHULDOV�EXW�DOVR�LQFOXGLQJ�WKH�WKLFNQHVV�RI�
WKH�DGKHVLYH� OD\HU�DQG�JHRPHWULF� IHDWXUHV�RI� WKH� MRLQHG�
VXUIDFHV��7KH�UXQ�RI�WKH�UHODWLRQVKLS��DV�EHLQJ�SUHVHQWHG�
LQ� WKH� PRGHO� FRUUHVSRQGV� WR� WKH� FXUUHQW� VWDWH� RI� WKH�
NQRZOHGJH� RQ� WKH� HႇHFW� RI� WKH� DQDO\VHG� YDULDEOHV� RQ�
YDOXH�RI�WKH�MRLQW�VWUHQJWK��:KHQ�GHVLJQLQJ�WKH�DGKHVLYH�
MRLQWV��WKH�FRQVLGHUDWLRQ�RI�WKH�HႇHFW�RI�WKH�FKDQJHV�RI�WKH�
SDUWLFXODU�IDFWRUV�DQG�WKHLU�QRWLFHDEOH�QRQ�OLQHDU�LQÀXHQFH�
RQ� EHDULQJ� FDSDFLW\� RI� WKH� MRLQW� JLYHV� WKH� SRVVLELOLW\� WR�
LPSURYH�WKH�TXDOLW\�RI� WKH� MRLQWV�DV�ZHOO�DV�DOORZV�PRUH�
SUHFLVH�IRUHFDVWLQJ�RI�WKHLU�VWUHQJWK�

%DVHG� XSRQ� WKH� FRQGXFWHG� DQDO\VHV�� ZH� PD\�
IRUPXODWH�WKH�IROORZLQJ�FRJQLWLYH�FRQFOXVLRQV�
��� ,Q�WKH�FDVH�RI�WKH�OHQJWK�RI�WKH�ODS��WKH�WKLFNQHVV�RI�WKH�

MRLQHG�PDWHULDOV�DV�ZHOO�DV�WKLFNQHVV�RI�WKH�DGKHVLYH�
OD\HU��WKH�QRQ�OLQHDU�HႇHFW�RI�WKH�PHQWLRQHG�IDFWRUV�RQ�

WKH�VWUHQJWK�RI�WKH�DGKHVLYH�MRLQW�KDV�EHHQ�UHYHDOHG��
WKH�QDWXUH�RI�WKH�PHQWLRQHG�HႇHFW�DQG�E\�WKLV��WKH�UXQ�
RI�WKH�UHODWLRQVKLS�IXQFWLRQ�LV�FKDQJLQJ�WRJHWKHU�ZLWK�
WKH�FKDQJH�RI�HDFK�RI�WKH�LQSXW�SDUDPHWHUV�

��� 7KH� WKUHVKROG� OHQJWK� RI� WKH� ODS� VKRXOG� QRW� EH�
GHWHUPLQHG� ZLWK� RPLWWLQJ� RI� WKH� JHRPHWULF� �VWHUHR��
IHDWXUHV�RI�VXUIDFHV�RI�WKH�MRLQHG�PDWHULDOV�LQ�WKH�VLWH�
RI� MRLQW�� 7KH� UHVXOWV� RI� DQDO\VLV�� XVLQJ� WKH� DUWL¿FLDO�
LQWHOOLJHQFH� VKRZ� WKDW� WKH� UHDO� WKUHVKROG� OHQJWK� RI�
WKH� ODS� LV� KLJKHU� WKDQ� WKDW� RQH�GHWHUPLQHG�ZLWK� WKH�
XWLOL]DWLRQ� RI� WKH� NQRZQ� VWUHQJWK� HTXDWLRQV� ZKLFK�
DUH� FKDUJHG� ZLWK� WKH� HUURUV�� UHVXOWLQJ� IURP� WKH�
VLPSOL¿FDWLRQV��DGRSWHG�LQ�WKH�WKHRU\�RI�9LRONHUVHQ���

��� 7KHUH�LV�D�SRVVLELOLW\�RI�RSWLPL]LQJ�WKH�VWUHQJWK�RI�WKH�
ODS� DGKHVLYH� MRLQW� GXH� WR� WKH� WKLFNQHVV�RI� DGKHVLYH�
OD\HU�� LWV� OHQJWK�� JHRPHWULF� VWDWXV�RI� WKH� VXUIDFH� IRU�
D�VSHFL¿HG�DGKHVLYH� �JOXH��DQG� WKH� MRLQHG�PDWHULDO��
ZLWK� WKH� VHW� WKLFNQHVV� RI� WKH� MRLQHG� PDWHULDOV� DQG�
ZLGWK�RI�WKH�MRLQW�
7KH� SUHVHQWHG� PRGHO� PD\� EH� IXUWKHU� PRGL¿HG�

DQG� LPSURYHG� RZLQJ� WR� LQWURGXFWLRQ� RI� WKH� VXFFHVVLYH�
SDUDPHWHUV�DႇHFWLQJ�WKH�VWUHQJWK�RI�WKH�MRLQW��%DVHG�XSRQ�
WKH�FRQGXFWHG�UHVHDUFK�ZRUN��LW�PD\�EH�VXSSRVHG�WKDW�WKH�
LPSURYHPHQW�RI�WKH�TXDOLW\�RI�WKH�PRGHO�PD\�EH�UHDFKHG�
YLD�LQWURGXFWLRQ�RI�WKH�HQHUJ\�SDUDPHWHUV��GHVFULELQJ�WKH�
VWDWH�RI� WKH�VXUIDFH� OD\HU�RI� WKH� MRLQHG�PDWHULDOV� >�@�DV�
ZHOO�DV�FRPSRVLWLRQDO�HOHPHQWV�RI�D�VXUIDFH�IUHH�HQHUJ\�
RI�WKH�DGKHVLYH�VXEVWDQFH�

5HIHUHQFHV

>�@�&DUOLQJ�$��������³,QWURGXFLQJ�1HXUDO�1HWZRUNV´��:LO-
PVORZ��8.��6LJPD�3UHVV�

>�@� 'RPLĔF]XN� -�� ������ Ä=PLDQ\� ZáDĞFLZRĞFL� DGKH]\M-
Q\FK�VWDOL�ZĊJORZ\FK�SR�Z\EUDQ\FK�VSRVREDFK�SU]\-
JRWRZDQLD�ZDUVWZ\�ZLHU]FKQLHM��3RVWĊS\�Z� WHFKQLFH�
Z\WZDU]DQLD� PDV]\Q�� Ä3RVWĊS\� ����´�� .UDNyZ�� ,9�
2JyOQRNUDMRZD�.RQIHUHQFMD�1DXNRZR�±�7HFKQLF]QD��
V��������

>�@� *RG]LPLUVNL� -�� ������ Ä:\WU]\PDáRĞü� GRUDĨQD� NRQ-
VWUXNF\MQ\FK�SRáąF]HĔ�NOHMRZ\FK´��:DUV]DZD��:17�

>�@�+RS�7���=��0LRG\ĔVNL��������Ä1RZH�PRĪOLZRĞFL�áąF]H-
QLD�PDWHULDáyZ´�� =HV]\W\� 1DXNRZ\�3ROLWHFKQLNL� ĝOą-
VNLHM����������

>�@�.UDZF]XN�$���-��'RPLĔF]XN��������Ä$QDOL]D�ZáDĞFLZR-
ĞFL�HQHUJHW\F]Q\FK�NRPSR]\FML�NOHMRZ\FK�GHG\NRZD-
Q\FK�GR�SRáąF]HĔ�NOHMRZR�]JU]HZDQ\FK´��7HFKQRORJLD�
L�$XWRPDW\]DFMD�0RQWDĪX������������

>�@�.XF]PDV]HZVNL�-���-��'RPLĔF]XN��$��5XGDZVND��������
Ä2FHQD� ZáDĞFLZRĞFL� DGKH]\MQ\FK� ZDUVWZ\� ZLHU]FK-
QLHM�VWRSyZ�DOXPLQLXP´��(NVSORDWDFMD�L�1LH]DZRGQRĞü�
�����������

>�@� .XF]PDV]HZVNL� -��� -�� 'RPLĔF]XN�� ������ Ä%DGDQLH�
ZáDĞFLZRĞFL� DGKH]\MQ\FK� ZDUVWZ\� ZLHU]FKQLHM� WZR-
U]\Z�SROLPHURZ\FK´��7ZRU]\ZD�V]WXF]QH�Z�EXGRZLH�
PDV]\Q��.UDNyZ��,;�6HPLQDULXP�V����������

>�@�.XF]PDV]HZVNL�-���-��'RPLĔF]XN��������Ä'RVOLG]KHQ-
Q\D� DGKH]LMQ\[� YODVW\YRVWHM� SRYHU[QL� SROLPHUQ\[�

)LJ�� ���1RPRJUDSK�RI� VLQJOH� ODS� MRLQWV� VWUHQJWK� RI� G �� >PP@�
WKLFN�VKHHWV��ZKHUH�WKLFNQHVV�RI�DGKHVLYH�OD\HU��GN ����>PP@��
SDUDPHWHU�5T ����>PP@��MRLQHG�XVLQJ�(SLGLDQ����3$&�������
5\V�� ��� 1RPRJUDP� QRĞQRĞFL� MHGQR]DNáDGRZ\FK� SRáąF]HĔ�
EODFK�VWDORZ\FK�R�JUXERĞFL�G ��>PP@��JUXERĞFL�VSRLQ\�NOHMRZHM�
GN ����>PP@��SDUDPHWU�5T ����>PP@��NOHMRQ\FK�NOHMHP�(SLGLDQ�
���3$&�������
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PDWHULDOLY�� ,QG\YLGXDOQ\M� ]K\WORY\M� EXG\QRN´�� 9LQQ\-
F\D��.Q\KD� ]D�PDWHULDODP\� WUHWR\L� UHVSXEOLNDQVNR\L�
QDXNRYR�WH[QLFKQR\L�NRQIHUHQFL\L��V��������

>�@�.XF]PDV]HZVNL�-���-��'RPLĔF]XN��������Ä:áDĞFLZRĞFL�
DGKH]\MQH�ZDUVWZ\�ZLHU]FKQLHM�VWDOL�NRQVWUXNF\MQ\FK´��
3U]HJOąG�0HFKDQLF]Q\����������

>��@�.XF]PDV]HZVNL� -�� ������ Ä3RGVWDZ\� NRQVWUXNF\MQH�
L� WHFKQRORJLF]QH� RFHQ\�Z\WU]\PDáRĞFL� DGKH]\MQ\FK�
SRáąF]HĔ�PHWDOL´��:8�3ROLWHFKQLND�/XEHOVND�

>��@��31�(1������������.OHMH��2]QDF]DQLH�Z\WU]\PDáRĞFL�
QD�ĞFLQDQLH�SU]\� UR]FLąJDQLX�SRáąF]HĔ�QD�]DNáDGNĊ�
PDWHULDáX�V]W\ZQHJR�]H�V]W\ZQ\P�

>��@�7DGHXVLHZLF]�5��������Ä6LHFL�QHXURQRZH´��:DUV]D-
ZD��$NDGHPLFND�2¿F\QD�:\GDZQLF]D�

>��@� �=LHOHFNL�:��������Ä:Sá\Z�UR]ZLQLĊFLD�VWUXNWXU\�SR-
ZLHU]FKQL�QD�Z\WU]\PDáRĞü�]DNáDGNRZ\FK�SRáąF]HĔ�
NOHMRZ\FK´�� 7HFKQRORJLD� L� $XWRPDW\]DFMD� 0RQWDĪX�
���������������

>��@�ĩHQNLHZLF]�0���-��*RáĊELHZVNL��6��/XWRPLUVNL��������
Ä'RĞZLDGF]DOQD� ZHU\¿NDFMD� QLHNWyU\FK� HOHPHQWyZ�
PHWRG\�YDQ�2VVD�*RRGD´��3ROLPHU\������������±����

GU�LQĪ��-DFHN�'RPLĔF]XN���,QVW\WXW�7HFKQRORJLF]Q\FK�6\V-
WHPyZ�,QIRUPDF\MQ\FK��:\G]LDá�0HFKDQLF]Q\�3ROLWHFKQLNL�
/XEHOVNLHM��XO��1DGE\VWU]\FND������������/XEOLQ��H�PDLO��
M�GRPLQF]XN#SROOXE�SO

            :<*2'1<�'267Ú3
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$'+(6,9(�0,;,1*�$1'�$33/<,1*�'(9,&(

8U]ąG]HQLH�GR�PLHV]DQLD�L�QDNáDGDQLD�NOHMyZ�

ɍɫɬɚɧɨɜɤɚ�ɞɥɹ�ɫɦɟɲɢɜɚɧɢɹ�ɢ�ɧɚɤɥɚɞɤɢ�ɤɥɟɟɜ

$QQD�58'$:6.$� '2,�����������������������

,QWURGXFWLRQ

7KH� SURFHVV� RI� ERQGLQJ� WHFKQRORJ\� LQFOXGHV�
D� VHULHV� RI� RSHUDWLRQV� DLPHG� DW� REWDLQLQJ� DQ� DGKHVLYH�
MRLQW�ZLWK� VSHFL¿F� FKDUDFWHULVWLFV� >��� ��� �@��7KH�ERQGLQJ�
WHFKQRORJ\� SURFHVV� LQFOXGHV� WKH� IROORZLQJ� RSHUDWLRQV��
VXUIDFH� SUHSDUDWLRQ�� DGKHVLYH� SUHSDUDWLRQ�� DGKHVLYH�
DSSOLFDWLRQ��¿[LQJ�DQG�ERQGLQJ�WKH�HOHPHQWV��FXULQJ�WKH�
DGKHVLYH� MRLQW�� MRLQWV� FRQWURO�� ¿QLVKLQJ� RSHUDWLRQV� >��� ���
��@�� 7KH� ERQGLQJ� WHFKQRORJ\� SURFHVV� GHVFULEHG� LQ� WKH�
DIRUHPHQWLRQHG�RSHUDWLRQV�DOVR�LQFOXGHV�VHYHUDO�LQGLUHFW�
DFWLYLWLHV��DQG�WKH�ZKROH�SURFHVV�LV�FDUULHG�RXW�ZLWK�XVH�
RI�YDULRXV�WRROV�DQG�GHYLFHV��RIWHQ�WKH�VSHFLDOLVHG�RQHV��
WKDW�DUH�QHFHVVDU\� WR�PDNH�D�SURSHU�DGKHVLYH� MRLQW� >���
������@��

7KH�VWDJHV�RI� WKH�ERQGLQJ�SURFHVV�DQDO\VHG�KHUHLQ�
DUH�WKH�DGKHVLYH�PL[LQJ�DQG�DSSO\LQJ��ZKHUHDV�WKH\�PD\�
EH� DQDO\VHG� ERWK� VHSDUDWHO\� DQG� WRJHWKHU�� 'XH� WR� WKLV�
IDFW�LW�LV�SRVVLEOH�WR�HQXPHUDWH�ERWK�WKH�WRROV�DQG�GHYLFHV�
GHGLFDWHG�WR�VSHFL¿F�RSHUDWLRQV�RI�WKH�ERQGLQJ�WHFKQRORJ\�
SURFHVV� DQG� WKRVH� WKDW� FRPELQH� WKH� IXQFWLRQDOLWLHV� RI�
PL[LQJ�DQG�DSSO\LQJ�WKH�DGKHVLYHV�>���������@�

7KH�DGKHVLYH�SUHSDUDWLRQ�SURFHVV� LV�D�NH\�VWDJH�RI�
WKH�ERQGLQJ�WHFKQRORJ\�SURFHVV��7KH�DSSURSULDWH�PL[LQJ�
RI� WKH� DGKHVLYH� FRPSRQHQWV� SOD\V� D� YLWDO� UROH� LQ� WKH�
ERQGLQJ�SURFHVV�>�������@��,Q�FDVH�RI�WKH�WZR�FRPSRQHQW�
DGKHVLYHV� LW� LV� LPSRUWDQW� WR� PDNH� VXUH� WKDW� DOO� WKH�

$ E V W U D F W��7KH�DLP�RI� WKH�SUHVHQW�DUWLFOH� LV� WR�SUHVHQW� WKH�GHVLJQ�FRQFHSW�RI�D�VSHFLDOL]HG�GHYLFH�IRU�PL[LQJ�DQG�DSSO\LQJ�
DGKHVLYHV��RQH�DQG�WZR�FRPSRQHQW�RQHV��LQWHQGHG�IRU�XQLW�SURGXFWLRQ�RU�ODERUDWRU\�XVH��7KH�SDSHU�SUHVHQWV�WKH�LQLWLDO�DVVXPSWLRQV�
RI�WKH�GHYLFH�GHVLJQ��VXFK�DV�WKH�W\SH�RI�SURGXFWLRQ��DSSOLFDWLRQ�PHWKRG�DQG�DGKHVLYH�SURSHUWLHV��7HFKQRORJLFDO�UHTXLUHPHQWV�
IRU�WKH�DGKHVLYH�PL[LQJ�DQG�DSSO\LQJ�GHYLFH�ZHUH�HQXPHUDWHG��7KH�WHFKQRORJLFDO�UHTXLUHPHQWV�ZLOO�LQFOXGH�WKH�FKDUDFWHULVWLFV�RI�
WKH�PHWKRG�RI�DGKHVLYH�DSSOLFDWLRQ��7KH�FRQVWUXFWLRQ�UHTXLUHPHQWV�RI�WKH�GHVLJQHG�GHYLFH�DUH�DOVR�SUHVHQWHG��7KH�GHVLJQ�RI�WKLV�
GHYLFH�KDV�EHHQ�SUHVHQWHG�LQ�WKH�IRUP�RI�D��'�PRGHO��PDGH�ZLWK�XVH�RI�WKH�6ROLG(GJH�VRIWZDUH��7KH�DGYDQWDJHV�DQG�OLPLWDWLRQV�
RI�WKH�FRQFHSW�RI�WKH�GHVLJQHG�GHYLFH�ZHUH�DOVR�SUHVHQWHG�
. H \ Z R U G V ��ERQGLQJ��GHYLFH��PL[LQJ��DSSOLFDWLRQ��DGKHVLYH
6 W U H V ] F ] H Q L H��&HOHP�QLQLHMV]HM�SUDF\�MHVW�SU]HGVWDZLHQLH�NRQFHSFML�SURMHNWX�VSHFMDOL]RZDQHJR�XU]ąG]HQLD�GR�PLHV]DQLD�
L�QDNáDGDQLD�NOHMyZ��MHGQR��L�GZXVNáDGQLNRZ\FK���SU]H]QDF]RQHJR�GR�SURGXNFML�MHGQRVWNRZHM�OXE�GR�]DVWRVRZDĔ�ODERUDWRU\MQ\FK��
:�SUDF\�SU]HGVWDZLRQR�]DáRĪHQLD�ZVWĊSQH�SURMHNWX�XU]ąG]HQLD��WDNLH�MDN��URG]DM�SURGXNFML��VSRVyE�QDNáDGDQLD�RUD]�ZáDĞFLZRĞFL�
NOHMX��3U]HGVWDZLRQH�]RVWDQą� WDNĪH�Z\PDJDQLD� WHFKQRORJLF]QH�VWDZLDQH�XU]ąG]HQLX�GR�PLHV]DQLD� L�QDNáDGDQLD�NOHMX��:ĞUyG�
Z\PDJDĔ� WHFKQRORJLF]Q\FK� Z\PLHQLD� VLĊ� P�LQ�� VSRVyE� QDNáDGDQLD� NOHMX�� 3U]HGVWDZLRQR� WDNĪH� ]DáRĪHQLD� NRQVWUXNF\MQH�
]DSURMHNWRZDQHJR�XU]ąG]HQLD�NOHMDUVNLHJR��3URMHNW�WHJR�XU]ąG]HQLD�]RVWDá�SU]HGVWDZLRQ\�Z�IRUPLH�PRGHOX��'��Z\NRQDQHJR�]D�
SRPRFą�SURJUDPX�6ROLG(GJH��=DSUH]HQWRZDQR�WDNĪH�]DOHW\�RUD]�RJUDQLF]HQLD�NRQFHSFML�]DSURMHNWRZDQHJR�XU]ąG]HQLD�
6 á R Z D � N O X F ] R Z H ��NOHMHQLH��XU]ąG]HQLH��PLHV]DQLH��QDNáDGDQLH��NOHM

FRPSRQHQWV��DGGHG� LQ�SURSHU�DPRXQWV��RIWHQ�EDVHG�RQ�
WKH�VWRLFKLRPHWULF�UDWLR�RI�VRPH�FRPSRQHQWV��DUH�PL[HG�
SURSHUO\� DQG� WKRURXJKO\� VR� WKDW� WKH� DGKHVLYH� PL[WXUH�
REWDLQHG� LV�KRPRJHQRXV� >����@��$OVR�� LW� LV�QHFHVVDU\� WR�
HQVXUH�WKDW�WKH�DGKHVLYH�FRPSRXQG�GRHV�QRW�FRQWDLQ�DQ\�
DLU�EXEEOHV�DV� LW�PD\� UHVXOW� LQ� LPSURSHU�ERQGLQJ�RI� WKH�
MRLQHG�PDWHULDOV�DQG�DႇHFW�WKH�DGKHVLYH�MRLQW¶V�VWUHQJWK��
,Q�WKLV�W\SH�RI�RSHUDWLRQ�ERWK�WKH�PDQXDO�DQG�PHFKDQLFDO�
PHWKRGV�DUH�XVHG��%RWK�RI�WKHP�UHTXLUH�SURSHU�WRROV�DQG�
GHYLFHV�� WKRXJK�� ,Q� RUGHU� WR� REWDLQ� D� SURSHU� DGKHVLYH�
MRLQW�� LW� LV� QHFHVVDU\� WR� DSSO\� WKH� DSSURSULDWH� DGKHVLYH�
OD\HU� RQ� WKH� ERQGHG� VXUIDFHV�� )RU� GLႇHUHQW� W\SHV� RI�
SURGXFWLRQ��SLHFH�RU�EDWFK��� WKH�SURFHVV�RI�DSSO\LQJ�WKH�
DGKHVLYH�PD\� EH� DXWRPDWHG� E\� XVLQJ� SURSHU� GHYLFHV��
WRROV�RU�DSSOLDQFHV�>�����������@�

7KHUH� DUH� ORWV� RI� GHYLFHV� XVHG� LQ� WKH� RSHUDWLRQV�
RI� DGKHVLYH� SUHSDULQJ� DQG� DSSO\LQJ�� 7KH\� DUH� RႇHUHG�
E\�GLႇHUHQW� SURGXFHUV� �LQ�PRVW� FDVHV� WKH�SURGXFHUV� RI�
DGKHVLYHV���$OVR��WKH\�DUH�VRPHWLPHV�GHVLJQHG�HVSHFLDOO\�
IRU� WKH�SXUSRVHV�RI�D�VSHFL¿F�ERQGLQJ�SURFHVV� >���������
�����@��

7KH�SUHVHQW�DUWLFOH�LV�DLPHG�DW�HODERUDWLQJ�D�FRQFHSW�
RI� WKH� SURMHFW� RI� D� VSHFLDOLVHG� GHYLFH� IRU� PL[LQJ� DQG�
DSSO\LQJ� DGKHVLYHV� �RQH� DQG� WZR�FRPSRQHQW� RQHV��
DLPHG�DW�SLHFH�SURGXFWLRQ�DQG�ODERUDWRU\�ZRUN��EDVHG�RQ�
WKH�H[LVWLQJ�FRQVWUXFWLRQ�VROXWLRQV�
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7KH�FRQFHSW�RI�WKH�DGKHVLYH�PL[LQJ�DQG�DSSO\LQJ�GHYLFH

��7HFKQRORJLFDO��FRQVWUXFWLRQ�DQG�SHUIRUPDQFH�DVVXPSWLRQV
7KH�FRQGLWLRQ� IRU� WKH�SURSHU�GHVLJQ�RI� WKH�DGKHVLYH�

PL[LQJ� DQG� DSSO\LQJ� GHYLFH� LV� WR� PHHW� QXPHURXV�
FRQVWUXFWLRQ� DQG� WHFKQRORJLFDO� UHTXLUHPHQWV� DႇHFWLQJ�
WKH�FRUUHFWQHVV�RI�WKH�DGKHVLYH�DSSOLFDWLRQ�SURFHVV��7KH�
GHVLJQHG�GHYLFH�VKRXOG�VHUYH�WKH�VSHFL¿HG�IXQFWLRQV��DV�
ZHOO�DV�HQDEOH�WR�REWDLQ�WKH�UHSHDWDELOLW\�RI�WKH�DGKHVLYH�
DSSOLFDWLRQ� SURFHVV�� 7KH� IROORZLQJ� WHFKQRORJLFDO� DQG�
SHUIRUPDQFH�DVVXPSWLRQV�ZHUH�PDGH�
• WKH� SRVVLELOLW\� RI� PL[LQJ� WZR� FRPSRQHQWV� RI� DQ�

DGKHVLYH��H�J��UHVLQ�DQG�FXULQJ�DJHQW�LQ�FDVH�RI�HSR[\�
DGKHVLYHV��

• SUHFLVH�GRVDJH�RI�WKH�SUHSDUHG��PL[HG��DGKHVLYH�
• WKH�UHSHDWDELOLW\�RI�WKH�DGKHVLYH�DSSOLFDWLRQ�SURFHVV�
• WKH�SRVVLELOLW\�RI�DSSO\LQJ�WKH�DGKHVLYH�RQ�WKH�VXUIDFHV�

RI�LUUHJXODU�VKDSHV�
• WKH� SRVVLELOLW\� RI� FKDQJLQJ� WKH� ZD\� RI� DSSO\LQJ� WKH�

DGKHVLYH��WUDFNV��GURSV��
• WKH�SRVVLELOLW\�RI�D�TXLFN�DGKHVLYH�UH¿OO�
• WKH� SRVVLELOLW\� RI� TXLFN� FOHDQLQJ� WKH� DGKHVLYH�

FRQWDLQHUV� DIWHU� WKH� DSSOLFDWLRQ� SURFHVV�� GXH� WR� WKH�
XVH�RI�DGGLWLRQDO� �LQVHUWV�� LQ� WKH� IRUP�RI�GLVSRVDEOH�
FRQWDLQHUV�SODFHG�LQ�WKH�DGKHVLYH�FRQWDLQHUV�

• HDVH�DQG�VSHHG�RI�PDLQWHQDQFH�
7KH� DVVXPSWLRQV� SUHVHQWHG� KHUHLQDERYH� HQDEOH� WR�

HODERUDWH� WKH�FRQFHSW�RI�GHVLJQ�RI�D�GHYLFH� WKDW��ZKHQ�
XVHG�SURSHUO\��ZLOO� LPSURYH�DQG�UDWLRQDOL]H�WKH�DGKHVLYH�
DSSOLFDWLRQ� SURFHVV�� 6HWWLQJ� D� SURSHU� DPRXQW� RI� WKH�
DGKHVLYH� FRPSRXQG� WR� EH� DSSOLHG�� DV� ZHOO� DV� VKRUWHU�
DSSOLFDWLRQ�WLPH�ZLOO�HQDEOH�WR�DSSO\� WKH�DGKHVLYH�PDVV�
SURSHUO\�LQ�WKH�IRUP�RI�GURSV�RU�WUDFNV��

��&RQVWUXFWLRQ�DVVXPSWLRQV
$� �'� PRGHO� RI� WKH� DGKHVLYH� PL[LQJ� DQG� DSSO\LQJ�

GHYLFH�SUHVHQWHG�LQ�)LJXUH���ZDV�GHVLJQHG�EDVHG�RQ�WKH�
FRQVWUXFWLRQ�RI�GHYLFHV�SURGXFHG�E\�$%0�>�@��VSHFLDOLVHG�
LQ�� DPRQJ� RWKHUV�� FRQVWUXFWLRQ� DQG� SURGXFWLRQ� RI�
GHYLFHV� IRU� WKH� ERQGLQJ� SURFHVV�� 7KH� EDVLF� HOHPHQWV�
RI� WKLV� VSHFLDOLVHG� WRRO� DUH� SUHVHQWHG� LQ� )LJXUH� ��� 7KH�
FRQFHSW� HODERUDWHG� LQFOXGHG� VRPH� FKDQJHV� LQ� WHUPV�
RI� GLPHQVLRQV� DQG� FRQVWUXFWLRQ� RI� FRQWDLQHUV� IRU� WKH�
DGKHVLYH¶V� FRPSRQHQWV� �RU� WKH� DGKHVLYH� LWVHOI� LQ� FDVH�
RI� RQH�FRPSRQHQW� DGKHVLYHV��� $OVR�� WKHUH� ZHUH� VRPH�
FKDQJHV�LQ�WKH�FRQVWUXFWLRQ�RI�WKH�PL[LQJ�GRVLQJ�QR]]OH�
DQG� WKH� SRVVLELOLW\� RI� WZR� YDULDQWV� RI� WKH� DGKHVLYH�
DSSOLFDWLRQ�RQ�WKH�VXUIDFH�ZDV�DGGHG�

7KH�FRQVWUXFWLRQ�DVVXPSWLRQV�RI�WKH�DGKHVLYH�PL[LQJ�
DQG�DSSO\LQJ�GHYLFH�LQFOXGHG��DPRQJ�RWKHUV��WKH�RYHUDOO�
GLPHQVLRQV�RI�WKH�GHYLFH��)LJ������L�H���
• WRWDO�KHLJKW������PP�
• EDVH�GLPHQVLRQV������[�����PP�
• DGKHVLYH�FRQWDLQHUV�WRWDO�VSDFLQJ������PP�

7KH�DGKHVLYH�FRQWDLQHUV�DUH�PDGH�RI�VWDLQOHVV�VWHHO�
��������� DQG� FRQWDLQ� DGGLWLRQDO� �LQVHUWV�� LQ� WKH� IRUP�RI�
GLVSRVDEOH�FRQWDLQHUV�SODFHG�LQVLGH�RI�WKHP��,Q�DGGLWLRQ��

WKH\� DUH� HTXLSSHG� ZLWK� OLGV� SURWHFWLQJ� WKH� DGKHVLYH�
IURP�H[WHUQDO�FRQGLWLRQV�DQG� LPSXULWLHV� �H�J��GXVW���7KH�
FRQWDLQHUV¶�FDSDFLW\�LV�����O�

7KH� GHYLFH¶V� EDVH� LV� HTXLSSHG�ZLWK� D� VSHFLDO� ZRUN�
WDEOH��VWDQG��WKDW�FDQ�EH�XVHG�WR�SODFH�WKH�REMHFWV�EHLQJ�
FRYHUHG�ZLWK� WKH�DGKHVLYH�¿UPO\�DQG�GLUHFWO\�XQGHU� WKH�
GRVLQJ�KHDG�

7KH� KHDG¶V� IDVWHQLQJ� LV� PDGH� RI� VWDLQOHVV� VWHHO�
����������7KH�KROH�PDGH� LQ� WKH� IDVWHQLQJ� WRJHWKHU�ZLWK�
WKH�NQRE�HQDEOH� WR�DGMXVW� WKH�KHDG¶V�KHLJKW� LQ�RUGHU� WR�
FRYHU�WKH�REMHFWV�RI�ELJJHU�GLPHQVLRQV�ZLWK�WKH�DGKHVLYH�

7KH� KRVHV� VXSSO\LQJ� WKH� DGKHVLYH� DUH� PDGH� RI�
VLOLFRQH�ZLWK�WKH�GLDPHWHU�RI����PP��ZKLFK�PDNHV�WKHP�
PRUH�ÀH[LEOH��7KH�FRPSUHVVHG�DLU�SLSH�ZLWK�D�GLDPHWHU�

)LJ�����$��'�PRGHO�RI�WKH�DGKHVLYH�PL[LQJ�DQG�DSSO\LQJ�GHYLFH
5\V�����0RGHO��'�XU]ąG]HQLD�GR�PLHV]DQLD�L�QDNáDGDQLD�NOHMX

)LJ�����*HQHUDO�DUUDQJHPHQW�GLDJUDP�RI� WKH�DGKHVLYH�PL[LQJ�
DQG�DSSO\LQJ�GHYLFH
5\V�����6FKHPDW�RJyOQ\�XU]ąG]HQLD�GR�PLHV]DQLD�L�QDNáDGDQLD�
NOHMX
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RI����PP�LV�D�XQLYHUVDO�SLSH�DLPHG�DW�SQHXPDWLF�GHYLFHV�
ZLWK� WKH� RSHUDWLQJ� SUHVVXUH� RI� XS� WR� ���� 03D�� PDGH�
RI� FRPELQDWLRQ� RI� UXEEHU� ZLWK� SRO\YLQ\OFKORULGH� �6%5�
�� 39&��� ,W� LV� FKDUDFWHULVHG� E\� KLJK� ZHDU� DQG� EHQGLQJ�
UHVLVWDQFH�

��'HVFULSWLRQ�RI�DGKHVLYH�PL[LQJ�DQG�DSSO\LQJ
7KH�SURFHVV�RI�DGKHVLYH�PL[LQJ�LQ�WKH�GHVLJQHG�GHYLFH�

WDNHV�SODFH�LQ�WKH�GRVLQJ�QR]]OH��,WV�VSHFLDO�FRQVWUXFWLRQ�
DOORZV�IRU�SURSHU�PL[LQJ�RI�WKH�WZR�FRPSRQHQW�DGKHVLYHV�
GLUHFWO\�EHIRUH�WKH�RSHUDWLRQV�RI�GRVLQJ�DQG�DSSO\LQJ�WKH�
DGKHVLYH�RQ�WKH�ERQGHG�VXUIDFHV��7KDQNV�WR�WKDW�LW�WDNHV�
PXFK� OHVV� WLPH� WR� ERQG� WKH� HOHPHQWV� DV� DQ� DGGLWLRQDO�
RSHUDWLRQ� RI� SUHSDULQJ� WKH� DGKHVLYH� LV� HOLPLQDWHG��7KH�
DGKHVLYH� WKDW� ÀRZV� Rႇ� IURP� WKH� FRQWDLQHUV� LV� IRUFHG�
WKURXJK�E\�D�VPDOO�SLVWRQ�ORFDWHG�LQ�WKH�KHDG��,W�LV�GULYHQ�
E\�FRPSUHVVHG�DLU�VXSSOLHG�IURP�WKH�FRPSUHVVRU�WR�WKH�
KHDG��:KHQ�WKH�SURSHU�SUHVVXUH�LV�REWDLQHG��WKH�DGKHVLYH�
ÀRZV�LQWR�WKH�GRVLQJ�PL[LQJ�QR]]OH�ZKHUH�LW� LV�PL[HG�E\�
D�PL[HU�ORFDWHG�LQ�WKH�GRVLQJ�QR]]OH�

7KH� GHVLJQHG� GHYLFH� LV� HTXLSSHG� ZLWK� D� SURSHU�
GRVLQJ�PL[LQJ�KHDG��)LJXUH�����ZKLFK��ZLWK�XVH�RI�D�SURSHU�
FRQWUROOHU��HQDEOHV�WR�DGMXVW�WKH�DPRXQW�RI�DGKHVLYH�DQG�
WKH� ZD\� RI� LWV� DSSOLFDWLRQ� RQ� WKH� ERQGHG� VXUIDFH�� 7KH�
GRVH� RI� WKH� DGKHVLYH� LV� VWULFWO\� UHODWHG� WR� WKH� DPRXQW�
RI� WKH�FRPSUHVVHG�DLU� VXSSOLHG��ZKLFK�VWHHUV� WKH�VPDOO�
SLVWRQ�LQ�WKH�GRVLQJ�KHDG��7KH�SLVWRQ�RSHQV��L�H��IHHGV�WKH�
DGKHVLYH�DQG��DW�WKH�VDPH�WLPH��SXVKHV�LW�RXW�WKURXJK�WKH�
QR]]OH�RQWR�WKH�ERQGHG�VXUIDFH��:KHQ�WKH�SLVWRQ�FORVHV�
LW�PDNHV� LW� LPSRVVLEOH� WR�VXSSO\�DQ�XQGHVLUDEOH�GRVH�RI�
DGKHVLYH�DQG��DV�D�UHVXOW��HOLPLQDWHV�VR�FDOOHG�GULSSLQJ��

7KH�FRPSRQHQW�SDUWV�RI� WKH�DGKHVLYH�VSUHDGHU� WKDW�
LV� WKH�NH\�HOHPHQW�RI� WKH�DGKHVLYH�PL[LQJ�DQG�DSSO\LQJ�
GHYLFH�DUH�SUHVHQWHG�LQ�)LJXUH����ZKHUHDV�WKH��'�PRGHO�
LV�VKRZQ�LQ�)LJXUH����

�6XFK�FRQVWUXFWLRQ�RI� WKH�DGKHVLYH�KHDG�HQDEOHV� WR�
DSSO\� WKH� DGKHVLYH� LQ� WZR� SRVVLEOH� YDULDQWV� SUHVHQWHG�
EHORZ�

• LQ�WKH�IRUP�RI�VLQJOH�DGKHVLYH�GRVHV��GURSV����)LJXUH�
�D��DSSOLFDWLRQ�RI�DGKHVLYH�LQ�WKH�IRUP�RI�VLQJOH�GURSV�
HQDEOH�WR�ERQG��DPRQJ�RWKHUV��VPDOO�REMHFWV�

• LQ�WKH�IRUP�RI�D�XQLIRUP�VWUHDP��WUDFN����)LJXUH��E�
7KH� GHVLJQHG� GHYLFH� LV� HTXLSSHG� ZLWK� D� FRQWUROOHU�

ZLWK�D�PDQRPHWHU�WKDW�FRQWUROV�WKH�GHYLFH��7KH�FRQWUROOHU�
HQDEOHV�WR�UHJXODWH�WKH�RSHUDWLQJ�SUHVVXUH�LQ�WKH�DGKHVLYH�
VSUHDGHU¶V� KHDG� SQHXPDWLF� V\VWHP� DQG� SUHYHQWV� IURP�
GHYLDWLRQV� UHODWHG� WR� WKH� SUHVVXUH� GHFUHDVH� DQG� WKH�
FKDQJH�RI�WKH�DGKHVLYH�GRVH��7KDQNV�WR�WKH�PDQRPHWHU�
XVHG�LQ�WKH�GHYLFH�LW�LV�SRVVLEOH�WR�REVHUYH�WKH�SUHVVXUH�
LQ�WKH�SQHXPDWLF�V\VWHP�WKDW�VWHHUV�WKH�KHDG�DQG�WR�VHW�
D� SURSHU� GRVH� RI� DGKHVLYH�� 7KH� GHYLFH� FRQWURO� VZLWFK�
HQDEOHV�WR�VHW�WKH�ULJKW�GRVH�RI�DGKHVLYH�IURP�WZR�UDQJHV��
���PO�DQG����PO�

)LJ�����&RQVWUXFWLRQ�RI�WKH�DGKHVLYH�VSUHDGHU¶V�KHDG
5\V�����%XGRZD�JáRZLF\�QDNáDGDUNL�GR�NOHMX

)LJ�����$��'�PRGHO�RI�WKH�DGKHVLYH�VSUHDGHU¶V�KHDG�
5\V�����0RGHO��'�JáRZLF\�QDNáDGDUNL�GR�NOHMX

)LJ�����$GKHVLYH¶V�DSSOLFDWLRQ��D��LQ�WKH�IRUP�RI�VLQJOH�GURSV��E��
LQ�WKH�IRUP�RI�D�FRQWLQXRXV�WUDFN��VWUHDP�
5\V�����$SOLNDFMD�NOHMX��D��Z�SRVWDFL�SRMHG\QF]\FK�NURSHO��E��
Z�SRVWDFL�MHGQRVWDMQHJR�VWUXPLHQLD

D�� � � ���E�
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��$GYDQWDJHV�DQG�OLPLWDWLRQV�RI�WKH�GHYLFH
7KH� DGYDQWDJHV� RI� WKH� DGKHVLYH� DSSO\LQJ� GHYLFH�

FRQFHSW�GHVFULEHG�KHUHLQ�LQFOXGH�
• WKH�SRVVLELOLW\�RI�GRVLQJ�DGKHVLYH�IURP�WZR�UDQJHV�����

PO�DQG����PO�
• VLPSOH�DQG�IXQFWLRQDO�FRQVWUXFWLRQ�
• WKH� SRVVLELOLW\� RI� FKDQJLQJ� WKH� ZD\� RI� DSSO\LQJ�

DGKHVLYH��WUDFNV��GURSV��
• VLPSOH�DQG�XVHU�IULHQGO\�LQWHUIDFH�
• GRVLQJ�DFFXUDF\�
• WKH�SRVVLELOLW\�RI�DSSO\LQJ�WZR�FRPSRQHQW�DGKHVLYHV�

ZLWKRXW�WKH�QHHG�RI�PL[LQJ�WKHP�EHIRUHKDQG�
• VWDEOH�DQG�GXUDEOH�GHYLFH�EDVH�
• VPDOO�GLPHQVLRQV�
• WKH�FRQVWUXFWLRQ�PDGH�RI�VWDLQOHVV�VWHHO� WR�HOLPLQDWH�

SRVVLEOH�FRUURVLRQ�RI�GLႇHUHQW�HOHPHQWV�
• D� VWDQGDUG� DGKHVLYH� FRQWDLQHU� FDSDFLW\� IRU�PXOWLSOH�

GRVLQJ�ZLWKRXW�WKH�QHHG�RI�UH¿OOLQJ�WKH�DGKHVLYH�
• WKH�XVH�RI�GLVSRVDEOH�QR]]OHV�WR�VKRUWHQ�WKH�FOHDQLQJ�

WLPH�DIWHU�¿QLVKLQJ�WKH�ERQGLQJ�SURFHVV�
• VKRUWHU�WLPH�RI�DGKHVLYH�DSSOLFDWLRQ�WKDQNV�WR�WKH�XVH�

RI�D�PL[LQJ�GRVLQJ�QR]]OH�
• VLPSOH� FRQVWUXFWLRQ� IRU� IDVWHU� FOHDQLQJ�RI� WKH�ZKROH�

GHYLFH�
• WKH�SRVVLELOLW\�RI�VHWWLQJ�WKH�KHDG�KHLJKW� IRU�ERQGLQJ�

WKH�HOHPHQWV�RI�GLႇHUHQW�GLPHQVLRQV�

7KH� OLPLWDWLRQV�RI� WKH�DGKHVLYH�PL[LQJ�DQG�DSSO\LQJ�
GHYLFH�DUH�WKH�IROORZLQJ�
• WKH�RYHUDOO�GLPHQVLRQV�RI� WKH�HOHPHQWV�FRYHUHG�ZLWK�

DGKHVLYH�GHSHQG�RQ�WKH�GLPHQVLRQV�RI�WKH�ZRUN�WDEOH�
• WKH� SRVVLELOLW\� RI� DSSO\LQJ� WKH� DGKHVLYH� RQO\� LQ� WZR�

VSHFL¿HG�GRVHV�
• QR� SRVVLELOLW\� RI� KHDWLQJ� XS� WKH� DGKHVLYH� GXULQJ�

DSSOLFDWLRQ�
• QR� SRVVLELOLW\� RI� FRQQHFWLQJ� WKH� GHYLFH� WR� H[WHUQDO�

VRXUFHV�IRU�IHHGLQJ�WKH�DGKHVLYH�
• OLPLWDWLRQV�UHODWHG�WR�XVLQJ�¿OOHUV��

6XPPDU\
7KH� FRQFHSW� RI� GHYLFH� SUHVHQWHG� KHUHLQ� DOORZV�

IRU� PL[LQJ� DQG� DSSO\LQJ� ERWK� RQH� DQG� WZR�FRPSRQHQW�
DGKHVLYHV�� 7KDQNV� WR� WKH� XVH� RI� D� VSHFLDO� KHDG�� WZR�
YDULDQWV� RI� DGKHVLYH� DSSOLFDWLRQ� DUH� SRVVLEOH� �� LQ� WKH�
IRUP� RI� WUDFNV� DQG� GURSV�� 7KH� SRVVLELOLW\� RI� UHJXODWLQJ�
WKH�DGKHVLYH�DSSOLFDWLRQ�YDULDQW�HQDEOHV�WR�LQFUHDVH�WKH�
SRVVLELOLWLHV�RI�WKH�GHYLFH¶�XVDJH�LQ�WKH�ERQGLQJ�SURFHVV��
$SSO\LQJ�WKH�DGKHVLYH�LQ�WKH�IRUP�RI�VLQJOH�GURSV�PDNHV�
LW� SRVVLEOH� WR� ERQG� VPDOO� HOHPHQWV� SUHFLVHO\� DV� WKH�
DGKHVLYH� GRVH� LV� VPDOO� DQG� DFFXUDWH�� ,Q� WXUQ�� DSSO\LQJ�
WKH� DGKHVLYH� LQ� WKH� IRUP� RI� WUDFNV� �VWUHDP�� HQDEOHV� WR�
ERQG�ELJJHU�DQG�PXFK�ORQJHU�HOHPHQWV��3UHFLVH�GRVLQJ�
RI�WKH�DGKHVLYH�FRPSRXQG�SUHYHQWV�IURP�GLႇHUHQW�LVVXHV�
UHODWHG� WR� LQVXႈFLHQW�ERQGLQJ�� ,W� LV� GXH� WR� WKH� IDFW� WKDW�
WKH�DGKHVLYH�IHG�LQ�WKH�IRUP�RI�WUDFNV�WKURXJK�WKH�GRVLQJ�
QR]]OH� LV�DSSOLHG� LQ�D�FRQWLQXRXV�ZD\��ZKLFK�HOLPLQDWHV�
WKH�VKRUWDJHV�WKDW�UHVXOW�IURP�LPSURSHU�GRVLQJ�

7KH�VPDOO�RYHUDOO�GLPHQVLRQV�RI�WKH�GHVLJQHG�GHYLFH�
DUH� LWV�FRQVLGHUDEOH�DGYDQWDJH�DV� LW� WDNHV�XS�YHU\� OLWWOH�
VSDFH� LQ� SURSHUO\� PDQDJHG� ZRUNVKRS� DQG� SURGXFWLRQ�
VSDFHV�

5HIHUHQFHV
>�@� $%0� FDWDORJXH� �KWWSV���DPE�SO��� UHWULHYHG� RQ�

�����������
>�@�$[HQWRZLF]�0���.DUSLĔVNL�-���.OHMH�MHGQR��L�GZXVNáDG-

QLNRZH�SURGXNFML�&LED�*HLJ\�RIHURZDQH� MDNR�$UDOGLW�
����� RUD]�$UDOGLW� ������ >2QH� DQG� 7ZR�&RPSRQHQW�
$GKHVLYHV�SURGXFHG�E\�&LED�*HLJ\�RႇHUHG�DV�$UDOGLW�
�����DQG�$UDOGLW�����@��7HFKQRORJLD�L�$XWRPDW\]DFMD�
0RQWDĪX���>$VVHPEO\�7HFKQRORJ\�DQG�$XWRPDWLRQ��@��
���������±���

>�@� %RDUG� (��� $GKHVLYH� 7HFKQRORJ\� DQG� )RUPXODWLRQV�
+DQG�%RRN��5HWULHYHG�IURP��KWWSV���GHKDWLSXVWDNEKDQ-
GDU�FRP��UHWULHYHG�RQ������������U��

>�@�&DJOH�&��9���UHG����.OHMH�L�NOHMHQLH��3RUDGQLN�LQĪ\QLHUD�
L�WHFKQLND��>$GKHVLYHV�DQG�%RQGLQJ��$�*XLGH�IRU�(QJL-
QHHUV�DQG�7HFKQLFLDQV@��3:(��:DUV]DZD������

>�@�&]DSOLFNL� -���ûZLNOLĔVNL� -���*RG]LPLUVNL� -���.RQDU�3���
.OHMHQLH� WZRU]\Z�NRQVWUXNF\MQ\FK� >&RQVWUXFWLRQ�0D-
WHULDOV�%RQGLQJ@��:.Là��:DUV]DZD������

>�@�(EQHVDMMDG�6���$GKHVLYHV�WHFKQRORJ\�KDQGERRN����QG�
HGLWLRQ��,QF��1RUZLFK��:LOOLDP�$QGUHZ��1<��86$������

>�@� *RG]LPLUVNL� -��� .R]DNLHZLF]� -��� àXQDUVNL� -��� =LHOHF-
NL�:���.RQVWUXNF\MQH�SRáąF]HQLD�NOHMRZH�HOHPHQWyZ�
PHWDORZ\FK� Z� EXGRZLH� PDV]\Q�� >&RQVWUXFWLRQDO�
$GKHVLYH�-RLQWV�RI�WKH�0HWDO�(OHPHQWV�LQ�0HFKDQLFDO�
(QJLQHHULQJ@��2¿F\QD�:\GDZQLF]D�3ROLWHFKQLNL�5]H-
V]RZVNLHM��5]HV]yZ������

>�@�.XF]PDV]HZVNL� -���7HFKQRORJLD� ĞPLJáRZFyZ��7HRULD�
L� WHFKQLND�NOHMHQLD��>+HOLFRSWHUV�7HFKQRORJ\��%RQGLQJ�
7KHRU\� DQG� 7HFKQRORJ\@�:\GDZQLFWZR� 8F]HOQLDQH�
3ROLWHFKQLNL�/XEHOVNLHM��/XEOLQ������

>�@�àXQDUVNL�-���3RáąF]HQLD�NOHMRQH�Z�SURFHVDFK�PRQWDĪX��
>$GKHVLYH�-RLQWV�LQ�WKH�$VVHPEO\�3URFHVVHV@��7HFKQR-
ORJLD�L�$XWRPDW\]DFMD�0RQWDĪX���>$VVHPEO\�7HFKQROR-
J\�DQG�$XWRPDWLRQ��@���������±��

@��@� 5XGDZVND�$��� 0LHV]DQLH�� GR]RZDQLH� L� QDNáDGDQLH�
NOHMX� Z� PRQWDĪX� DXWRPDW\F]Q\P�� >0L[LQJ�� 'RVLQJ�
DQG� $SSO\LQJ� DGKHVLYHV� LQ� $XWRPDWHG� $VVHPEO\@��
��WK� ,QWHUQDWLRQDO� &RQIHUHQFH� Ä$XWRPDWLRQ� ,Q� 3UR-
GXFWLRQ�3ODQQLQJ�DQG�0DQXIDFWXULQJ´�����±����0D\�
������ ĩLOLQD�� 7XUFLDQVNLH� 7HSOLFH�� 6ORYDN�5HSXEOLF��
���±����

>��@� 5XGDZVND�$���2SU]\U]ąGRZDQLH�Z� WHFKQRORJLL� NOH-
MHQLD�� >,QVWUXPHQWDWLRQ� LQ� WKH�%RQGLQJ�7HFKQRORJ\@��
:\GDZQLFWZR� 8F]HOQLDQH� 3ROLWHFKQLNL� /XEHOVNLHM��
/XEOLQ������

>��@� 6DUQRZ� /�$��� 8U]ąG]HQLD� GR� QDNáDGDQLD� KHUPHW\-
NyZ�� VPDUyZ� L� F\MDQRDNU\ORZ\FK� NOHMyZ�� >7RROV� IRU�
$SSO\LQJ�/RFNLQJ�3DLQWV��/XEULFDQWV�DQG�&\DQRDFU\-
OLF�$GKHVLYHV@��7HFKQRORJLD�L�$XWRPDW\]DFMD�0RQWDĪX�
�� >$VVHPEO\�7HFKQRORJ\�DQG�$XWRPDWLRQ��@� �������
��±����

>��@�6HGOLDFLN�-���0DPLĔVNL�0���*OXLQJ�SURFHVV¶�FRQGLWLRQV�
:\GDZQLFWZR�6**:��:DUV]DZD������

$QQD�5XGDZVND��3K'��(QJ��� LV� WKH�$VVRFLDWH�3URIHVVRU�
DW�'HSDUWPHQW�RI�3URGXFWLRQ�(QJLQHHULQJ��)DFXOW\�RI�0H-
FKDQLFDO� (QJLQHHULQJ�� /XEOLQ� 8QLYHUVLW\� RI� 7HFKQRORJ\��
DGGUHVV��XO��1DGE\VWU]\FND������������/XEOLQ� ��3RODQG��
D�UXGDZVND#SROOXE�SO
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$66(0%/<�$8720$7,21
(PHUDOG�3XEOLVKLQJ�/LPLWHG

+RZDUG�+RXVH
:DJRQ�/DQH

%LQJOH\�%'����:$
8QLWHG�.LQJGRP

H�PDLO��HPHUDOG#HPHUDOGLQVLJKW�FRP
9ROXPH�����,VVXH��

$%675$&76�

��� $VVHPEO\� WROHUDQFH� DQDO\VLV� EDVHG� RQ� WKH�
-DFRELDQ�PRGHO�DQG�VNLQ�PRGHO�VKDSHV
$XWKRUV�� 7LQJ� /LX�� <DQ�/RQJ� &DR�� 4LMLDQ� =KDR��
-LDQJ[LQ�<DQJ��/XMXQ�&XL

7KH�SXUSRVH�RI�WKLV�SDSHU�LV�WR�FDUU\�RXW�DQ�DVVHPEO\�
WROHUDQFH� DQDO\VLV� E\� PHDQV� RI� D� FRPELQHG� -DFRELDQ�
PRGHO� DQG� VNLQ�PRGHO� VKDSH��7KH� IRUPHU� LV� EDVHG� RQ�
VPDOO� GLVSODFHPHQWV� PRGHOLQJ� RI� SRLQWV� XVLQJ� �� î� ��
WUDQVIRUPDWLRQ� PDWULFHV� RI� RSHQ� NLQHPDWLF� FKDLQV� LQ�
URERWLFV��7KH�ODWWHU�HDVLO\�PRGHOV�WROHUDQFHG�IHDWXUHV�ZLWK�
DOO�NLQGV�RI�JHRPHWULF�GHYLDWLRQV�

7KLV� SDSHU� SUHVHQWV� WKH� SURFHGXUH� RI� SHUIRUPLQJ�
WROHUDQFH� DQDO\VLV� E\� PHDQV� RI� WKH� -DFRELDQ� PRGHO�
DQG�VNLQ�PRGHO�VKDSH� IRU�DVVHPEOLHV��7KH�SRLQW�FORXG�
EDVHG�GLVFUHWH�UHSUHVHQWDWLYH�LV�DEOH�WR�PRGHO�WKH�DFWXDO�
WROHUDQFHG� VXUIDFHV� LQVWHDG� RI� WKH� LGHDO� RU� DVVRFLDWHG�
RQHV� LQ�DQ�DVVHPEO\��ZKLFK�EULQJV� WKH�VLPXODWLRQ� WRROV�
FORVHU�WR�UHDOLW\�

7KH� SURSRVHG� PHWKRG� KDV� WKH� DGYDQWDJH� RI� VNLQ�
PRGHO�VKDSH�ZKLFK� LV�VXLWDEOH� IRU�JHRPHWULF� WROHUDQFHV�
PDQDJHPHQW� DORQJ� WKH� SURGXFW� OLIH� F\FOH� DQG� FRQWDFW�
DQDO\VLV�RI�NLQHPDWLF�VPDOO�YDULDWLRQV��DV�ZHOO�DV��ZLWK�WKH�
-DFRELDQ�� HQDEOLQJ� WUDQVIRUPDWLRQ� RI� ORFDOO\� H[SUHVVHG�
SDUWV� GHYLDWLRQV� WR� JOREDOO\� H[SUHVVHG� IXQFWLRQDO�
UHTXLUHPHQWV�� 7KH� UHVXOW� RI� WKH� FDVH� VWXG\� VKRZV� WKH�
DFFXUDF\�RI�WKH�PHWKRG�

7KH� SURSRVHG� DSSURDFK� KDV� QRW� EHHQ� GHYHORSHG�
IXOO\��RWKHU� IXQFWLRQDO� IHDWXUHV�VXFK�DV� WKH�S\UDPLG�DUH�
VWLOO� RQJRLQJ� FKDOOHQJHV�� ,W� LV� DQ� HႇHFWLYH� PHWKRG� IRU�
VXSSRUWLQJ� GHVLJQ�� PDQXIDFWXULQJ� DQG� LQVSHFWLRQ� E\�
SURYLGLQJ�D�TXDQWLWDWLYH�DQDO\VLV�RI� WKH�HႇHFWV�RI�PXOWL�
WROHUDQFHV�RQ�WKH�¿QDO�IXQFWLRQDO�NH\�FKDUDFWHULVWLFV�DQG�
IRU�SUHGLFWLQJ�WKH�TXDOLW\�OHYHO�

��� 0RGHOLQJ� RI� DVVHPEO\� V\VWHPV� ZLWK� FRPSOH[�
VWUXFWXUHV� IRU� WKURXJKSXW� DQDO\VLV� GXULQJ�
WUDQVLHQWV
$XWKRUV��<XNDQ�+RX��<XDQ�/L��<XQWLDQ�*H��-LH�=KDQJ��
6KRXVKDQ�-LDQJ

7KH�SXUSRVH�RI�WKLV�SDSHU�LV�WR�SUHVHQW�DQ�DQDO\WLFDO�
PHWKRG�IRU�WKURXJKSXW�DQDO\VLV�RI�DVVHPEO\�V\VWHPV�ZLWK�
FRPSOH[�VWUXFWXUHV�GXULQJ�WUDQVLHQWV�

$PRQJ� WKH� H[LVWLQJ� VWXGLHV� RQ� WKH� SHUIRUPDQFH�
HYDOXDWLRQ� RI� DVVHPEO\� V\VWHPV�� PRVW� IRFXV� RQ� WKH�
V\VWHP� SHUIRUPDQFH� LQ� VWHDG\� VWDWH�� ,QVSLUHG� E\� WKH�
WUDQVLHQW� DQDO\VLV� RI� VHULDO� SURGXFWLRQ� OLQHV�� WKH� VWDWH�
WUDQVLWLRQ�PDWUL[�LV�GHULYHG�FRQVLGHULQJ�WKH�FKDUDFWHULVWLFV�
RI�PHUJLQJ�VWUXFWXUH� LQ�DVVHPEO\�V\VWHPV��7KH�V\VWHP�
EHKDYLRU� GXULQJ� WUDQVLHQWV� LV� GHVFULEHG� E\� DQ� HUJRGLF�
0DUNRY�FKDLQ��ZLWK�WKH�VWDWHV�EHLQJ�WKH�RFFXSDQF\�RI�DOO�
EXႇHUV��7KH�G\QDPLF�PRGHO�IRU�WKH�WKURXJKSXW�DQDO\VLV�LV�
VROYHG�XVLQJ�WKH�¿[HG�SRLQW� WKHRU\��7KLV�PHWKRG�FDQ�EH�
XVHG�WR�SUHGLFW�DQG�HYDOXDWH�WKH�WKURXJKSXW�SHUIRUPDQFH�
RI�DVVHPEO\�V\VWHPV�LQ�ERWK�WUDQVLHQW�DQG�VWHDG\�VWDWH��
%\� FRPSDULQJ� WKH� PRGHO� FDOFXODWLRQ� UHVXOWV� ZLWK� WKH�
VLPXODWLRQ�UHVXOWV��WKLV�PHWKRG�LV�SURYHG�WR�EH�DFFXUDWH�

7KLV� SURSRVHG� PRGHOLQJ� PHWKRG� FDQ� GHSLFW� WKH�
WKURXJKSXW� SHUIRUPDQFH� RI� DVVHPEO\� V\VWHPV� LQ� ERWK�
WUDQVLHQW�DQG�VWHDG\�VWDWH��ZKHUHDV�PRVW�H[LWLQJ�PHWKRGV�
FDQ�EH�XVHG� IRU�RQO\�VWHDG\�VWDWH�DQDO\VLV�� ,Q�DGGLWLRQ��
WKLV� PHWKRG� VKRZV� WKH� SRWHQWLDO� IRU� WKH� DQDO\VLV� RI�
FRPSOH[�VWUXFWXUHG�DVVHPEO\�V\VWHPV�RZLQJ� WR� WKH� ORZ�
FRPSXWDWLRQDO�FRPSOH[LW\�

��� $Q�DGDSWLYH�EDOO�KHDG�SRVLWLRQLQJ�YLVXDO�VHUYRLQJ�
PHWKRG�IRU�DLUFUDIW�GLJLWDO�DVVHPEO\
$XWKRUV��+XD�/LX��:HLGRQJ�=KX��+XL\XH�'RQJ��<LQJOLQ�
.H

7R�JDLQ�DFFXUDWH�VXSSRUW� IRU� ODUJH�DLUFUDIW�VWUXFWXUHV�
E\�EDOO�MRLQWV�LQ�DLUFUDIW�GLJLWDO�DVVHPEO\��WKLV�SDSHU�DLPV�
WR�SURSRVH�D�QRYHO�DSSURDFK�EDVHG�RQ�YLVXDO� VHUYRLQJ�
VXFK� WKDW� WKH�SRVLWLRQHU¶V� EDOO�VRFNHW� FDQ�DXWRPDWLFDOO\�
DQG� DGDSWLYHO\� DSSURDFK� WKH� EDOO�KHDG� ¿[HG� RQ� WKH�
DLUFUDIW�VWUXFWXUHV�

,PDJH�PRPHQWV�RI�FLUFXODU�PDUNHU�ODEHOHG�RQ�WKH�EDOO�
KHDG�DUH�VHOHFWHG�DV�YLVXDO�IHDWXUHV�WR�FRQWURO�WKH�WKUHH�
WUDQVODWLRQDO�GHJUHHV�RI�IUHHGRP��'2)V��RI�WKH�SRVLWLRQHU��
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ZKHUH�WKH�FRPSRVLWH�-DFRELDQ�PDWUL[�LV�IXOO�UDQN��.DOPDQ±
%XF\� ¿OWHU� LV� DGRSWHG� IRU� LWV� RQOLQH� HVWLPDWLRQ�� ZKLFK�
PDNHV�WKH�FRQWURO�VFKHPH�PRUH�ÀH[LEOH�ZLWKRXW�V\VWHP�
FDOLEUDWLRQ�� $� FRPELQDWLRQ� RI� SURSRUWLRQDO� FRQWURO� ZLWK�
VOLGLQJ�PRGH�FRQWURO� LV�SURSRVHG�WR� LPSURYH�WKH�V\VWHP�
VWDELOLW\�DQG�FRPSHQVDWH�XQFHUWDLQWLHV�RI�WKH�V\VWHP�

7KH� EDOO�VRFNHW� FDQ� DFFXUDWHO\� DQG� VPRRWKO\� UHDFK�
LWV� GHVLUHG� SRVLWLRQ� LQ� D� ¿QLWH� WLPH� ���� V��� 3RVLWLRQDO�
GHYLDWLRQV�EHWZHHQ�WKH�VSKHULFDO�FHQWHUV�RI�EDOO�KHDG�DQG�
EDOO�VRFNHW�LQ�WKH�;�<�SODQH�FDQ�EH�FRQWUROOHG�ZLWKLQ������
PP�ZKLFK�PHHWV�WKH�GHVLJQ�UHTXLUHPHQW�

7KH�SURSRVHG�DSSURDFK�KDV�EHHQ�LQWHJUDWHG�LQWR�WKH�
SRVH�DOLJQPHQW�V\VWHP�� ,W�KDV�VKRZQ�JUHDW�SRWHQWLDO� WR�
EH�ZLGHO\�DSSOLHG�LQ�WKH�OHDGLQJ�VXSSRUW�IRU�ODUJH�DLUFUDIW�
VWUXFWXUHV�LQ�DLUFUDIW�GLJLWDO�DVVHPEO\�

��� (QHUJ\� HႈFLHQW� PRGHOLQJ� DQG� RSWLPL]DWLRQ� IRU�
DVVHPEO\� VHTXHQFH� SODQQLQJ� XVLQJ�PRWK� ÀDPH�
RSWLPL]DWLRQ
$XWKRUV��$ULI�$EGXOODK��0RKG�)DG]LO�)DLVDH�$E�5DVKLG��
6�*��3RQQDPEDODP��=DNUL�*KD]DOOL

(QYLURQPHQWDO�SUREOHPV� LQ�PDQXIDFWXULQJ� LQGXVWULHV�
DUH�D�JOREDO�LVVXH�RZLQJ�WR�VHYHUH�ODFN�IRVVLO�UHVRXUFHV��
,Q�DVVHPEO\�VHTXHQFH�SODQQLQJ��$63���WKH�UHVHDUFK�HႇRUW�
PDLQO\�DLPV�WR�LPSURYH�SUR¿W�DQG�KXPDQ�UHODWHG�IDFWRUV��
EXW�LW�VWLOO�ODFNV�LQ�WKH�FRQVLGHUDWLRQ�RI�WKH�HQYLURQPHQWDO�
LVVXH�� 7KLV� SDSHU� DLPV� WR� SUHVHQW� DQ� HQHUJ\�HႈFLHQW�
PRGHO�IRU�WKH�$63�SUREOHP�

7KH� SURSRVHG� PRGHO� FRQVLGHUHG� HQHUJ\� XWLOL]DWLRQ�
GXULQJ� WKH� DVVHPEO\� SURFHVV�� SDUWLFXODUO\� LGOH� HQHUJ\�
XWLOL]DWLRQ�� 7KH� SUREOHP� ZDV� WKHQ� RSWLPL]HG� XVLQJ�
PRWK� ÀDPH� RSWLPL]DWLRQ� �0)2�� DQG� FRPSDUHG� ZLWK�
ZHOO�HVWDEOLVKHG� DOJRULWKPV� VXFK� DV� JHQHWLF� DOJRULWKP�
�*$��� SDUWLFOH� VZDUP� RSWLPL]DWLRQ� �362�� DQG� DQW�
FRORQ\� RSWLPL]DWLRQ� �$&2��� $� FRPSXWDWLRQDO� WHVW� ZDV�
FRQGXFWHG� XVLQJ� ¿YH� DVVHPEO\� SUREOHPV� UDQJLQJ� IURP�
��� WR����FRPSRQHQWV��7KH� UHVXOWV�RI� WKH�FRPSXWDWLRQDO�
H[SHULPHQWV� LQGLFDWHG� WKDW� WKH� SURSRVHG� PRGHO� ZDV�
FDSDEOH� RI� JHQHUDWLQJ� DQ� HQHUJ\�HႈFLHQW� DVVHPEO\�
VHTXHQFH��$W�WKH�VDPH�WLPH��WKH�UHVXOWV�DOVR�VKRZHG�WKDW�
0)2�FRQVLVWHQWO\�SHUIRUPHG�EHWWHU� LQ� WHUPV�RI� WKH�EHVW�
DQG�PHDQ�¿WQHVV��ZLWK�DFFHSWDEOH�FRPSXWDWLRQDO�WLPH�

7KLV� SDSHU� SURSRVHG� D� QHZ� HQHUJ\�HႈFLHQW� $63�
PRGHO�WKDW�FDQ�EH�D�JXLGHOLQH�WR�GHVLJQ�DVVHPEO\�VWDWLRQ��
)XUWKHUPRUH�� WKLV� LV� WKH�¿UVW�DWWHPSW� WR� LPSOHPHQW�0)2�
IRU�WKH�$63�SUREOHP�

��� $� VHOI�DGDSWLYH� DOLJQPHQW� VWUDWHJ\� IRU� ODUJH�
FRPSRQHQWV�EDVHG�RQ�G\QDPLF�FRPSOLDQFH�FHQWHU

$XWKRUV��)X]KRX�'X��.H�:HQ��+DR�<X

$LPLQJ� DW� WKH� SUREOHPV� RI� JHRPHWULF� SUHFLVLRQ�
PLVDOLJQPHQW� DQG� XQFRQVLGHUHG� SK\VLFDO� FRQVWUDLQWV�
EHWZHHQ� ODUJH� FRPSRQHQWV� GXULQJ� WKH� PHDVXUHPHQW�
DVVLVWHG� DVVHPEO\�� D� VHOI�DGDSWLYH� DOLJQPHQW� VWUDWHJ\�
EDVHG� RQ� WKH� G\QDPLF� FRPSOLDQFH� FHQWHU� �'&&�� LV�
SURSRVHG�LQ�WKLV�SDSHU��XVLQJ�IRUFH� LQIRUPDWLRQ�WR�JXLGH�
DOLJQPHQW�FRPSOLDQWO\�

)LUVW�� WKH� VHOI�DGDSWLYH� DOLJQPHQW� SURFHVV� RI� ODUJH�
FRPSRQHQWV� LV� GHVFULEHG�� DQG� LWV� JHRPHWULFDO� DQG�
PHFKDQLFDO� FKDUDFWHULVWLFV� DUH� DQDO\]HG� EDVHG� RQ� VL[�
GLPHQVLRQDO� IRUFH�WRUTXH� �)�7��� 7KH� VHWWLQJ� PHWKRG� RI�
'&&�LV�VWXGLHG�DQG�WKH�DUHDV�RI�'&&�DUH�JLYHQ��6HFRQG��
WKH�VHOI�DGDSWLYH�DOLJQPHQW�SODWIRUP�RI�ODUJH�FRPSRQHQWV�
GULYHQ�E\�WKH�PHDVXUHG�VL[�GLPHQVLRQDO�)�7�LV�FRQVWUXFWHG��
%DVHG�RQ�WKLV�SODWIRUP��WKH�NH\�VXSSRUWLQJ�WHFKQRORJLHV��
LQFOXGLQJ�SULQFLSOH�RI�VHOI�DGDSWLYH�DOLJQPHQW��FRRUGLQDWH�
WUDQVIHU��FDOFXODWLRQ�RI�VL[�GLPHQVLRQDO�)�7�DQG�DOLJQPHQW�
SURFHVV� FRQWURO�� DUH� LOOXVWUDWHG�� 8VLQJ� WKH� SUHVHQWHG�
VWUDWHJ\��WKH�SRVLWLRQ�DQG�RULHQWDWLRQ�RI�ODUJH�FRPSRQHQW�
LV� DGMXVWHG� DGDSWLYHO\� UHVSRQGLQJ� WR� PHDVXUHG� VL[�
GLPHQVLRQDO�)�7�DQG� WKH�FKDQJHV�RI�FRQWDFW�VWDWHV�DUH�
FRQVLVWHQW�ZLWK�WKH�VWUDWHJ\��7KURXJK�WKH�VHWWLQJ�RI�'&&��
DOLJQPHQW�SURFHVV�UXQV�VPRRWKO\�ZLWKRXW�MDPPLQJ�

7KLV�VWUDWHJ\�LV�DSSOLHG�WR�WKH�DOLJQPHQW�H[SHULPHQW�RI�
ODUJH�FRPSRQHQWV�PXႇ�FRXSOLQJ��7KH�H[SHULPHQWDO�UHVXOWV�
VKRZ�WKDW�WKH�SURSRVHG�DOLJQPHQW�VWUDWHJ\�LV�FRUUHFW�DQG�
HႇHFWLYH�DQG�PHHWV�WKH�UHDO�WLPH�UHTXLUHPHQW�

��� 9LVLRQ� DQG� ODVHU� IXVHG� 6/$0� LQ� LQGRRU�
HQYLURQPHQWV�ZLWK�PXOWL�URERW�V\VWHP
$XWKRUV��+DR\DR�&KHQ��+DLOLQ�+XDQJ��<H�4LQ��<DQMLH�
/L��<XQKXL�/LX

0XOWL�URERW� ODVHU�EDVHG� VLPXOWDQHRXV� ORFDOL]DWLRQ�
DQG� PDSSLQJ� �6/$0�� LQ� ODUJH�VFDOH� HQYLURQPHQWV� LV�
DQ� HVVHQWLDO� EXW� FKDOOHQJLQJ� LVVXH� LQ� PRELOH� URERWLFV��
HVSHFLDOO\� LQ� VLWXDWLRQV� ZKHUHLQ� QR� SULRU� NQRZOHGJH� LV�
DYDLODEOH� EHWZHHQ� URERWV�� 0RUHRYHU�� WKH� FXPXODWLYH�
HUURUV�RI�HYHU\� LQGLYLGXDO�URERW�H[HUW�D�VHULRXV�QHJDWLYH�
HႇHFW� RQ� ORRS� GHWHFWLRQ� DQG� PDS� IXVLRQ�� 7R� DGGUHVV�
WKHVH�SUREOHPV�� WKLV�SDSHU�DLPV�WR�SURSRVH�DQ�HႈFLHQW�
DSSURDFK�WKDW�FRPELQHV�ODVHU�DQG�YLVLRQ�PHDVXUHPHQWV�

$�PXOWL�URERW�YLVXDO�ODVHU�6/$0�LV�GHYHORSHG�WR�UHDOL]H�
UREXVW�DQG�HႈFLHQW�6/$0� LQ� ODUJH�VFDOH�HQYLURQPHQWV��
ERWK� YLVLRQ� DQG� ODVHU� ORRS� GHWHFWLRQV� DUH� LQWHJUDWHG� WR�
GHWHFW� UREXVW� ORRSV��$�PHWKRG� EDVHG� RQ� RULHQWHG� EULHI�
�25%�� IHDWXUH� GHWHFWLRQ� DQG� EDJ� RI� ZRUGV� �%R:�� LV�
GHYHORSHG��WR�HQVXUH�WKH�UREXVWQHVV�DQG�FRPSXWDWLRQDO�
HႇHFWLYHQHVV�RI� WKH�PXOWL�URERW�6/$0�V\VWHP��$� UREXVW�
DQG�HႈFLHQW�JUDSK�IXVLRQ�DOJRULWKP�LV�SURSRVHG�WR�PHUJH�
SRVH�JUDSKV�IURP�GLႇHUHQW�URERWV��7KH�SURSRVHG�PHWKRG�
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FDQ�GHWHFW� ORRSV�PRUH�TXLFNO\� DQG�DFFXUDWHO\� WKDQ� WKH�
ODVHU�RQO\�6/$0��DQG� LW� FDQ� IXVH� WKH�VXEPDSV�RI�HDFK�
VLQJOH� URERW� WR� SURPRWH� WKH� HႈFLHQF\�� DFFXUDF\� DQG�
UREXVWQHVV�RI�WKH�V\VWHP�

&RPSDUHG�ZLWK� WKH�VWDWH�RI�DUW�RI�PXOWL�URERW�6/$0�
DSSURDFKHV�� WKH� SDSHU� SURSRVHG� D� QRYHO� DQG� PRUH�
VRSKLVWLFDWHG�DSSURDFK��7KH�YLVLRQ�EDVHG�DQG�ODVHU�EDVHG�
ORRSV�DUH� LQWHJUDWHG� WR� UHDOL]H� D� UREXVW� ORRS�GHWHFWLRQ��
7KH� 25%� IHDWXUHV� DQG� %R:� WHFKQRORJLHV� DUH� IXUWKHU�
XWLOL]HG� WR� JDLQ� UHDO�WLPH� SHUIRUPDQFH�� )LQDOO\�� UDQGRP�
VDPSOH�FRQVHQVXV�DQG� OHDVW�VTXDUH�PHWKRGRORJLHV�DUH�
XVHG�WR�UHPRYH�WKH�RXWOLHU�ORRSV�DPRQJ�URERWV�

��� 7UDFN�EDVHG� DQDO\VLV� IRU� SUR¿OH� JHQHUDWLRQ� RQ�
JORERLGDO�FDP�LQ�DXWRPDWLF�WRRO�FKDQJHU�RI�&1&�
PDFKLQLQJ�FHQWHU
$XWKRUV��.XOGHHS�9HUPD��5�0��%HORNDU��9LQRG�.XPDU�
9HUPD��.OLPLV�1WDOLDQLV

7KLV�SDSHU�DLPV�WR�SURSRVH�DQ�HOHPHQWDU\�DSSURDFK�
WRZDUGV�WKH�PHDVXUHPHQW�RI�D�JORERLGDO�FDP�SUR¿OH�XVHG�
LQ�DQ�DXWRPDWLF�WRRO�FKDQJHU��$7&��RI�FRPSXWHU�QXPHULFDO�
FRQWURO��&1&��PDFKLQHV�

$� VLPSOH� DQG� XQLTXH� RQOLQH� PHWKRG� KDV� EHHQ�
GHVLJQHG�IRU�WKH�SUR¿OH�PHWURORJ\�RI�WKH�FDP��7KLV�VLPSOH�
PHWKRGRORJ\� ZLOO� UHSODFH� WKH� WUDGLWLRQDO� PHWKRGRORJ\�
RI� SUR¿OH� PHWURORJ\� RI� FDP� E\� FRRUGLQDWH� PHDVXULQJ�
PDFKLQH� �&00��� $� JORERLGDO� FDP� ZLWK� DQ� LQGH[DEOH�
WXUUHW�DQG� UROOHU� IROORZHU� �URWDWLQJ� LQ�DQ�HQFORVHG� WUDFN��
KDV�EHHQ�HYDOXDWHG� LQ�RXU�DQDO\VLV��7KLV�DQDO\VLV�SOD\V�
D�VLJQL¿FDQW�UROH�LQ�WKH�SHUIRUPDQFH�GHWHUPLQDWLRQ�RI�WKH�
FDP�DV�ZHOO�DV�WKH�$7&�RI�&1&�PDFKLQHV�

$�QRYHO�PRGHO�KDV�EHHQ�GHVLJQHG�DQG�LPSOHPHQWHG�
WR� LQYHVWLJDWH� WKH� SUR¿OH� RI� D� JORERLGDO� FDP�� 7KH�
SURSRVHG�PHWKRGRORJ\�EHFRPHV�DQ�HQKDQFHPHQW�RYHU�
WKH� ROG� PHWKRGRORJ\�� L�H�� PHDVXUHPHQW� WKURXJK� &00��
7KHRUHWLFDO�DQDO\VLV�DQG�SUDFWLFDO� LPSOHPHQWDWLRQ�SURYH�
WKH�VLJQL¿FDQFH�RI�WKH�PHWKRG�

$Q�HQKDQFHG�PHWKRGRORJ\�WR�HႇHFWLYHO\�PHDVXUH�WKH�
JORERLGDO�FDP�SUR¿OH�KDV�EHHQ�SURSRVHG��7KH�SUDFWLFDO�
LPSOLFDWLRQ� RI� WKH� SURSRVHG� PHWKRGRORJ\� UHPDLQV� IRU�
WKH�&1&�PDFKLQH� WRRO�DQG�$7&�PDQXIDFWXUHUV��)LQDOO\��
DQDO\WLFDO�H[SORUDWLRQV�KDYH�EHHQ�FDUULHG�RXW�WR�SURYH�WKH�
YDOLGLW\�RI�WKH�SURSRVDO�

��� $VVHPEO\� HUURU� SURSDJDWLRQ� PRGHOLQJ� DQG�
FRRUGLQDWLRQ�HUURU�FKDLQ�FRQVWUXFWLRQ�IRU�DLUFUDIW
$XWKRUV�� )HL\DQ� *XR�� )DQJ� =RX�� -LDQ� +XD� /LX��
4LQJGRQJ�;LDR��=KRQJTL�:DQJ

0DQXIDFWXULQJ�HUURUV��ZKLFK�ZLOO�SURSDJDWH�DORQJ�WKH�
DVVHPEO\�SURFHVV��DUH�LQHYLWDEOH�DQG�GLႈFXOW�WR�DQDO\]H�
IRU�FRPSOH[�SURGXFWV��VXFK�DV�DLUFUDIW��7R�UHDOL]H�WKH�JRDO�
RI� SUHFLVH� DVVHPEO\� IRU� DQ� DLUFUDIW�� ZLWK� UHYHDOLQJ� WKH�
QRQOLQHDU� WUDQVIHU�PHFKDQLVP� RI� DVVHPEO\� HUURU�� D� VHW�
RI� DQDO\WLFDO� PHWKRGV� ZLWK� UHVSRQVH� WR� WKH� DVVHPEO\�
HUURU�SURSDJDWLRQ�SURFHVV�DUH�GHYHORSHG��7KH�SXUSRVH�
RI� WKLV�VWXG\� LV� WR�VROYH�WKH�HUURU�SUREOHPV�E\�PRGHOLQJ�
DQG� FRQVWUXFWLQJ� WKH� FRRUGLQDWLRQ� GLPHQVLRQ� FKDLQ� WR�
FRQWURO� WKH�FRQVLVWHQF\�RI�DFFXPXODWHG�DVVHPEO\�HUURUV�
IRU�GLႇHUHQW�DVVHPEOLHV�

)LUVW��ZLWK�WKH�PRGHOLQJ�RI�EDVLF�HUURU�VRXUFHV��PXWXDO�
LQWHUDFWLRQ�UHODWLRQVKLS�RI�PDWWLQJ�HUURU�DQG�GHIRUPDWLRQ�
HUURU�LV�DQDO\]HG��DQG�LQÀXHQFH�PDWUL[�LV�IRUPHG��6HFRQG��
E\�GH¿QLQJ�FRRUGLQDWLRQ�GDWXP� WUDQVIRUPDWLRQ�SURFHVV��
SUDFWLFDO� HVWDEOLVKLQJ� HUURU� RI� DVVHPEO\� FRRUGLQDWH�
V\VWHP�LV�VWXGLHG��DQG�WKH�SRVLWLRQ�RI�DVVHPEO\�IHDWXUHV�
LV�PRGL¿HG�ZLWK�DFWXDO�UHORFDWLRQ�HUURU�FRQVLGHULQJ�GDWXP�
FKDQJLQJ��7KLUG�� FRQVLGHULQJ� WKH� SURJUHVVLYH� DVVHPEO\�
SURFHVV��HUURU�SURSDJDWLRQ�IRU�D�VLQJOH�DVVHPEO\�VWDWLRQ�
DQG�PXOWL�DVVHPEO\�VWDWLRQV�LV�SUHFLVHO\�PRGHOHG�WR�JDLQ�
FRRUGLQDWLRQ�HUURU�FKDLQ�IRU�GLႇHUHQW�DVVHPEOLHV��DQG�WKH�
¿QDO� FRRUGLQDWLRQ� HUURU� LV� RSWLPL]HG� E\� FRQWUROOLQJ� WKH�
GLUHFWLRQ�DQG�YDOXH�RI� DFFXPXODWHG�HUURU� UDQJH��%DVHG�
RQ�WKH�SURSRVHG�PHWKRGRORJ\��FRRUGLQDWLRQ�HUURU�FKDLQ��
ZKLFK�KDV�D�GLUHFW� LQÀXHQFH�RQ� WKH�SURSHUW\�RI�VWHDOWK\�
DQG� UHOLDELOLW\� IRU� PRGHUQ� DLUFUDIWV�� LV� VXFFHVVIXOO\�
FRQVWUXFWHG�IRU�WKH�DVVHPEO\�ZRUN�RI�WKH�MRLQWLQJ�EHWZHHQ�
OHDGLQJ� HGJH� ÀDS� FRPSRQHQW� DQG� ZLQJ� FRPSRQHQW� DW�
GLႇHUHQW�DVVHPEO\�VWDWLRQV�

��� 9DULDWLRQ� SURSDJDWLRQ�PRGHOLQJ� DQG� DQDO\VLV� RI�
DXWRPRWLYH� ERG\� RXWHU� FRYHU� SDQHOV� DVVHPEO\�
V\VWHPV
$XWKRUV��:HQZX�+DQ��4LDQZDQJ�'HQJ��:HQKXL�/LQ��
;XUDQ�*RQJ��6XQ�'LQJ

7KLV�VWXG\�DLPV�WR�SUHVHQW�D�PRGHO�DQG�DQDO\VLV�RI�
DXWRPRWLYH� ERG\� RXWHU� FRYHU� SDQHOV� �2&3V�� DVVHPEO\�
V\VWHPV�WR�SUHGLFW�DVVHPEO\�YDULDWLRQ��,Q�WKH�DXWRPRWLYH�
LQGXVWU\��WKH�2&3V�DVVHPEO\�SURFHVV�GLUHFWO\�LQÀXHQFHV�
WKH�TXDOLW\�RI�WKH�DXWRPRELOH�ERG\�DSSHDUDQFH��+RZHYHU��
VXLWDEOH� PRGHOV� WR� GHVFULEH� YDULDWLRQ� SURSDJDWLRQ� RI�
2&3V�DVVHPEO\�V\VWHPV�UHPDLQ�XQNQRZQ�

$Q�DGDSWLYH�VWDWH�VSDFH�PRGHO� IRU�2&3V�DVVHPEO\�
V\VWHPV� LV� LQWURGXFHG� WR� DFFXUDWHO\� H[SUHVV� YDULDWLRQ�
SURSDJDWLRQ�� LQFOXGLQJ� YDULDWLRQ� DFFXPXODWLRQ� DQG�
WUDQVLWLRQ��ZKHUH�WZR�FRPSOLDQW�GHYLDWLRQV�PDNH�LPSDFWV�
RQ� NH\� SURGXFW� FKDUDFWHULVWLFV� �.3&V�� RI� 2&3�� DQG�
WKH� LPSDFWV� DUH� DFFXPXODWHG� IURP� ZHOGLQJ� SURFHVV� WR�
WKUHDGHG� FRQQHFWLRQ� SURFHVV�� $QRWKHU� QHZ� VRXUFH� RI�
YDULDWLRQ� IURP� WKUHDGHG� FRQQHFWLRQ� LV� LQFOXGHG� LQ� WKLV�
PRGHO��7R�TXDQWLI\�WKH�LQÀXHQFH�RI�YDULDWLRQ�IURP�WKUHDGHG�
FRQQHFWLRQ� RQ� YDULDWLRQ� SURSDJDWLRQ�� WKH� WKUHDGHG�
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FRQQHFWLRQ� VHQVLWLYLW\� PDWUL[� LV� LQWURGXFHG� WR� EXLOG� XS�
D� OLQHDU� UHODWLRQVKLS� EHWZHHQ� GHYLDWLRQ� IURP� WKUHDGHG�
FRQQHFWLRQ�DQG�RXWSXW�GHYLDWLRQ� LQ�.3&V��7KLV�PDWUL[� LV�
VROYHG�E\�KRPRJHQHRXV�FRRUGLQDWH�WUDQVIRUPDWLRQ��7KH�
¿QDO�GHYLDWLRQ�RI�.3&V�ZLOO�EH�WUDQVIHUUHG�WR�HQVXUH�JDSV�
DQG�ÀXVKHV�EHWZHHQ�WZR�2&3V��DQG�WKH�WUDQVLWLRQ�PDWUL[�
LV�FRQVLGHUHG�DV�D�XQLW�PDWUL[� WR�EXLOG�XS� WKH� WUDQVLWLRQ�
UHODWLRQVKLS�EHWZHHQ�GLႇHUHQW�VWDWHV�

7KH�PRGHO�FDQ�EH�XVHG�WR�SUHGLFW�DVVHPEO\�YDULDWLRQ�
RU�SRWHQWLDO�GLPHQVLRQ�SUREOHPV�DW�D�SUHOLPLQDU\�DVVHPEO\�
SKDVH��7KH�FDOFXODWHG�UHVXOWV�RI�DVVHPEO\�YDULDWLRQ�JXLGH�
GHVLJQHUV�RU� WHFKQLFLDQV�RQ� WROHUDQFH�DOORFDWLRQ��¿[WXUH�
OD\RXW�GHVLJQ�DQG�SURFHVV�SODQQLQJ�

����$�FRRUGLQDWLRQ�PRGHOOLQJ�DSSURDFK�IRU�DVVHPEO\�
RI�PXOWL�FRQVWUDLQHG�REMHFWV�EDVHG�RQ�PHDVXUHG�
VNLQ�PRGHO
$XWKRUV�� <LIDQ� -LDQJ�� ;LDQJ� +XDQJ�� 6KXDQJJDR� /L��
=KHQJSLQJ�'HQJ

7KH�SXUSRVH�RI�WKLV�SDSHU�LV�WR�SURSRVH�DQ�DVVHPEO\�
FRRUGLQDWLRQ�PRGHOOLQJ�DSSURDFK�EDVHG�RQ�PHDVXUHG�GDWD�
IRU�DVVHPEO\�TXDOLW\�FRQWURO�RI�PXOWL�FRQVWUDLQHG�REMHFWV�LQ�
DLUFUDIW�DVVHPEO\��7KLV�DSSURDFK�DLPV�WR�HVWDEOLVK�D�KLJK�
SUHFLVLRQ�GLJLWDO�PLUURU�RI�SK\VLFDO�DVVHPEO\�V\VWHP�LQ�WKH�
YLUWXDO�HQYLURQPHQW��ZLWK�ZKLFK�WKH�DVVHPEO\�SURFHVV�LQ�
WKH�YLUWXDO�HQYLURQPHQW�FDQ�EH�SHUIRUPHG�V\QFKURQRXVO\�
ZLWK�WKDW�LQ�WKH�SK\VLFDO�ZRUOG�

7KLV� SDSHU� SUHVHQWV� D� UHDOLVWLF� JHRPHWULFDO�
UHSUHVHQWDWLRQ�PRGHO�EDVHG�RQ�PHDVXUHG�SRLQW�FORXG��DV�
ZHOO�DV�WKH�PXOWLSOH�FRQVWUDLQWV�PRGHOOLQJ�PHWKRGV�IRU�ORFDO�
DQG�JOREDO�FRQVWUDLQWV�ZLWK�WKH�SURSRVHG�UHSUHVHQWDWLRQ�
PRGHO�� )RU� WKH� DVVHPEO\� WDUJHW� RSWLPL]DWLRQ�� D� QRYHO�
RSWLPL]DWLRQ�PHWKRG� EDVHG� RQ� WKH� HYDOXDWLRQ� RI� PXOWL�
GLPHQVLRQDO� WROHUDQFH� ]RQH� LV� SURSRVHG�� ZKHUH� WKH�
SDUWLFOH� VZDUP� RSWLPL]DWLRQ� DQG� VLPXODWHG� DQQHDOLQJ�
DOJRULWKP�DUH�FRPELQHG�WR�FDOFXODWH�WKH�RSWLPDO�VROXWLRQV�

$V� VKRZQ� LQ� WKH� YDOLGDWLRQ� UHVXOWV�� WKH� PLQLPXP�
HDVLQHVV�YDOXH�IRU�HDVLQHVV�PRGHO�LQ�JOREDO�RSWLPL]DWLRQ�
LV� ������ ZKLOH� WKH� EHVW� YDOXH� IRU� ZHLJKWLQJ� PRGHO� E\�
DGMXVWLQJ� ZHLJKWV� IRU�PRUH� WKDQ� ��� WLPHV� LV� ������ 7KH�
UHVXOWV� YHULI\� WKDW� WKH� SURSRVHG� FRRUGLQDWLRQ�PRGHOOLQJ�
DSSURDFK�LV�HႇHFWLYH�WR�WKH�DVVHPEO\�RI�PXOWL�FRQVWUDLQHG�
REMHFWV�� DQG� WKH� RSWLPL]DWLRQ� PRGHO� KDV� DQ� REYLRXV�
DGYDQWDJH�RYHU�WKH�WUDGLWLRQDO�ZHLJKWLQJ�PHWKRG�

����$� GLVFUHWH� ¿UHZRUNV� RSWLPL]DWLRQ� DOJRULWKP� WR�
RSWLPL]H� PXOWL�PDWFKLQJ� VHOHFWLYH� DVVHPEO\�
SUREOHP�ZLWK�QRQ�QRUPDO�GLPHQVLRQDO�GLVWULEXWLRQ

$XWKRUV��=KHQ\X�/LX��=KDQJ�1DQ��&KDQ�4LX��-LDQURQJ�
7DQ��-LQJVRQJ�=KRX��<DR�<DR

7KH� SXUSRVH� RI� WKLV� SDSHU� LV� WR� DSSO\� ¿UHZRUN�
RSWLPL]DWLRQ� DOJRULWKP� WR� RSWLPL]H� PXOWL�PDWFKLQJ�
VHOHFWLYH�DVVHPEO\�SUREOHP�ZLWK�QRQ�QRUPDO�GLPHQVLRQDO�
GLVWULEXWLRQ�

,Q� WKLV� SDSHU�� D� PXOWL�PDWFKLQJ� VHOHFWLYH� DVVHPEO\�
DSSURDFK� EDVHG� RQ� GLVFUHWH� ¿UHZRUNV� RSWLPL]DWLRQ�
�'):2�� DOJRULWKP� LV� SURSRVHG� WR� ¿QG� WKH� RSWLPDO�
FRPELQDWLRQ� RI�PDWLQJ� SDUWV�� 7KH� DSSURDFK� LQWURGXFHV�
QHZ� RSHUDWRU� ZLWK� WKH� ZD\� RI� ��RSW� DQG� DOVR� XVHV�
D� VWRFKDVWLF� VHOHFWLRQ� VWUDWHJ\�� FRPELQHV� WKH� GLVFUHWH�
VHOHFWLYH� DVVHPEO\� SUREOHP� ZLWK� ¿UHZRUN� RSWLPL]DWLRQ�
DOJRULWKP�SURSHUO\�DQG�¿QGV�WKH�EHVW�FRPELQDWLRQ�VFKHPH�
RI�PDWLQJ�SDUWV�ZLWK�QRQ�QRUPDO�GLPHQVLRQDO�GLVWULEXWLRQV�
WKURXJK�SRZHUIXO�JOREDO�VHDUFK�FDSDELOLW\�RI�WKH�¿UHZRUN�
RSWLPL]DWLRQ�DOJRULWKP�

7KH�HႇHFWV�RI�GLႇHUHQW�FRQWURO�SDUDPHWHUV�� LQFOXGLQJ�
WKH� QXPEHU� RI� LQLWLDO� ¿UHZRUNV� DQG� WKH� FRHႈFLHQW�
FRQWUROOLQJ� WKH� WRWDO�QXPEHU�RI�VSDUNV�JHQHUDWHG�E\� WKH�
¿UHZRUNV�RQ� WKH�HYROXWLRQ�SHUIRUPDQFH��DUH�GLVFXVVHG��
DQG� D� SURPLVLQJ� KLJKHU� SHUIRUPDQFH� RI� WKH� SURSRVHG�
VHOHFWLYH� DVVHPEO\� DSSURDFK� LV� YHULILHG� WKURXJK�
FRPSDULVRQ�ZLWK�RWKHU�VHOHFWLYH�DVVHPEO\�PHWKRGV�

7KH� EHVW� FRPELQDWLRQ� RI� PDWLQJ� SDUWV� LV� UHDOL]HG�
WKURXJK� WKH� SURSRVHG� VHOHFWLYH� DVVHPEO\� DSSURDFK��
DQG�ZRUNHUV�FDQ�VHOHFW�VXLWDEOH�PDWLQJ�SDUWV�XQGHU� WKH�
JXLGDQFH� RI� WKH� FRPELQDWLRQ� WR� LQFUHDVH� WKH� DVVHPEO\�
HႈFLHQF\�DQG�UHGXFH�WKH�DPRXQW�RI�VXUSOXV�SDUWV�

����7KH� VKRUWHVW�SDWK� VSDQQLQJ� WUHH� RI� DVVHPEO\�
GLPHQVLRQ�DQG�LWV�DSSOLFDWLRQ
$XWKRUV�� <RXOL� :DQJ�� /LPLQJ� 'DL�� ;XHOLDQJ� =KDQJ��
;LDRKXL�:DQJ

7KH�SXUSRVH�RI�WKLV�SDSHU�LV�WR�REWDLQ�WKH�UHDVRQDEOH�
GLPHQVLRQLQJ�IRU�HDFK�SDUW�DQG�D�IXOO�GLPHQVLRQ�PRGHO�RI�
DVVHPEO\�GLPHQVLRQV�

7KH�UHODWLRQDO�SDWK�JUDSK�RI�DVVHPEO\�GLPHQVLRQ��WKH�
VKRUWHVW�SDWK�VSDQQLQJ�WUHH�RI� IXQFWLRQDO�GLPHQVLRQ�DQG�
D�UHYLVHG�VSDQQLQJ�WUHH�DUH�HVWDEOLVKHG�LQ�WKLV�SDSHU�

7KH� SURSRVHG� PHWKRG� FDQ� REWDLQ� UHDVRQDEOH�
GLPHQVLRQLQJ� RI� SDUWV� DQG� HVWDEOLVKPHQW� RI� GLPHQVLRQ�
PRGHO�LQ�DQ�DVVHPEO\��7KH�SURSRVHG�PHWKRG�FDQ�HDVLO\�
UHDOLVH�E\�FRPSXWHU�DQG�EH�PRUH�VXLWDEOH� WR�DXWRPDWLF�
GLPHQVLRQLQJ�DQG�HVWDEOLVKPHQW�RI�GLPHQVLRQ�PRGHO�RI�
SDUWV�
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www.sigma-not.pl

www.sigma-not.pl

prenumerata@sigma-not.pl

22 840 35 89

/ sigmanot

/ sigmanot

reklama@sigma-not.pl
22 827 43 65


