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'DVKFKXN�$�0���3XVWRYD��1�2���3ORWQLNRYD�9�9��

,00812+,672&+(0,&$/�&+$5$&7(5,67,&�
2)�6.,1�,1�3$7,(176�:,7+�3625,$6,6�$1'�
&255(&7,21�2)�7+(�5(9($/('�',625'(56��

.KDUNLY�1DWLRQDO�0HGLFDO�8QLYHUVLW\��8NUDLQH�

�

$EVWUDFW��7KH�SXUSRVH�RI�WKH�UHVHDUFK�LV�GHWHUPLQDWLRQ�RI�UROH�RI�LQKLELWRUV�RI�FHOOXODU�
F\FOH� LQ� SDWKRJHQHVLV� RI� SVRULDVLV� DQG� HIILFDF\� HYDOXDWLRQ� IRU� SDWKRJHQHWLF�
PHFKDQLVPV� RI� WKHUDS\�� )RU� WKH� SXUSRVHV� RI� VWXG\� RI� F\WRORJLFDO� FKDUDFWHULVWLF� RI�
K\SHUSUROLSKHUDWLYH� SURFHVVHV� DW� WKH� LQKLELWRUV� RI� FHOOXODU� F\FOH� OHYHO� LQ� VNLQ� RI�
GLVHDVHG�SDWLHQWV�ZLWK�SVRULDVLV�DW�VWHDG\�VWDWH�DQG�SURJUHVVLYH�VWDWH�D�ELRSV\�RI�WKH�
SODTXH�VNLQ�ZDV�SHUIRUPHG��2Q�WKH�EDVLV�RI�WKLV�UHVHDUFK�HYDOXDWLRQ�RI�SDWKRJHQHWLF�
PHFKDQLVPV� GXULQJ� SVRULDVLV� DW� WKH� LQKLELWRUV� RI� FHOOXODU� F\FOH� OHYHO� ZDV� UHDOL]HG��
SURWHLQV��S����S����S����S����H[SUHVVLRQ�LQ�SVRULDWLF�SDWLHQW
V�VNLQ�EHIRUH�DQG�DIWHU�
WKHUDS\�ZDV�HYDOXDWHG���
.H\�ZRUGV��SVRULDVLV�WKHUDS\��*OXWD[LP�

�
�

3VRULDVLV�LV�PXOWLIDFWRULDO�GHUPDWRVLV��ZKRVH�SDWKRJHQHVLV�LV�EDVHG�RQ�D�ORW�RI�

WKHRULHV� >��� �@�� 'HVSLWH� WKH� UHFHQW� \HDUV� KDYH� ZLWQHVVHG� D� JUHDW� QXPEHU� RI�

SXEOLFDWLRQV��GHDOLQJ�ZLWK�ERWK�WKH�VWXG\�RI�LWV�SDWKRJHQHVLV�DQG�GHYHORSPHQW�RI�QHZ�

PHWKRGV�RI�WUHDWPHQW��SVRULDVLV�VWLOO�UHPDLQV�DQ�LPSRUWDQW�SUREOHP�RI�GHUPDWRORJ\��

$W� SUHVHQW�� SVRULDVLV� LV� FKDUDFWHUL]HG� DV� D� V\VWHPLF� DXWRLPPXQH�SURFHVV� >����

��@�ZLWK�WKH�IROORZLQJ�FKDQJHV�LQ�WKH�LPPXQH�VWDWXV��

��O\VR]\PH�DQG�SKDJRF\WLF�DFWLYLW\�RI�QHXWURSKLOLF�UHDFWLRQV�LV�LQKLELWHG��

��WKH�FRPSOHPHQW�DQG�FRQWHQW�RI�ODFWRIHUULQ�LQ�EORRG�DUH�LQFUHDVHG��

��WKH�FRXQW�RI�7�O\PSKRF\WHV�GHFUHDVHV��

�� FKDQJHV� WDNH� SODFH� LQ� WKH� WLWUH� RI� 7� O\PSKRF\WHV�� WKH� UDWLR� RI� 7� DQG� %�

O\PSKRF\WHV�DQG�LPPXQRUHJXODWRU\�LQGH[�DV�UHVXOW�RI�D�GHFUHDVHG�FRXQW�RI�7�KHOSHUV��

��WKH�FRXQW�RI�³]HUR´�O\PSKRF\WHV�LQFUHDVHV��
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,Q� WKLV� VLWXDWLRQ� D� ORZHU� OHYHO� RI� ,J*� LV� REVHUYHG� WRR�� WKH� QXPEHU� RI� &,&�

LQFUHDVHV��$OO� WKHVH� FKDQJHV� DUH� DOVR�PRVW�PDQLIHVWHG� LQ� FRPSOLFDWHG� IRUPV� RI� WKH�

GLVHDVH��D�IUHTXHQWO\�UHFXUUHQW�SURFHVV��SDUWLFXODUO\�LQ�SDWLHQWV�ZLWK�VRPH�FRQFRPLWDQW�

SDWKRORJ\�>������@��

3VRULDWLF� SODTXHV� DUH� NQRZQ� WR� IRUP� RQ� WKH� EDVLV� RI� GLVRUGHUV� LQ� HSLGHUPDO�

GLIIHUHQWLDWLRQ�� 7KH� ODWWHU� LV� D� YHU\� FRPSOH[� DQG� KLJKO\� UHJXODWHG� ELRFKHPLFDO�

SURFHVV�� FKDUDFWHUL]HG� E\� PRUSKRORJLFDO� FKDQJHV� LQ� DOO� VWUXFWXUDO� FRPSRQHQWV� RI�

HSLWKHOLDO� FHOOV��*HQHUDOO\� DFFHSWHG� LV� WKH�SRLQW�RI�YLHZ� WKDW� FHOO� UHQHZDO�SURFHVVHV�

SOD\� D� OHDGLQJ� SDUW� LQ� WKH�PRUSKRJHQHVLV� RI� SVRULDWLF� SODTXHV�� ZKRVH� IRUPDWLRQ� LV�

EDVHG�RQ�HSLGHUPDO�K\SHUSUROLIHUDWLRQ��FDXVHG�E\�FHOO�F\FOH�GLVRUGHUV��6HYHUDO�SKDVHV�

DUH�REVHUYHG�LQ�WKH�SURFHVV�RI�WKH�SUHSDUDWLRQ�RI�D�FHOO�IRU�LWV�GLYLVLRQ�DQG�VXEVHTXHQW�

IRUPDWLRQ�RI� WZR�QHZ�FHOOV��*���*���6��*��� �7KH� DFWLYDWLRQ�RI� VHTXHQFHV�RI� F\FOLQ�

GHSHQGHQW�NLQDVHV��&'.��LV�WKH�³PRWRU´�RI�WKH�FHOO�F\FOH��

3URWHLQV�S����S����S���DQG�S��� LQKLELW�RU�DFWLYDWH�GLIIHUHQW�&'.�FRPSOH[HV��

ZKLFK�DUH�UHVSRQVLEOH�IRU�WKH�QRUPDO�FRXUVH�RI�DOO�SKDVHV�LQ�WKH�FHOO�F\FOH��3VRULDVLV�LV�

FKDUDFWHUL]HG� E\� LQWUDFHOOXODU� SDWKRORJLFDO� SURFHVVHV�ZLWK� UHVXOWDQW� DIIHFWLRQ� RI� WKH�

QRUPDO�FHOO�F\FOH��WKHUHE\�LQFUHDVLQJ�&'&�FRPSOH[HV�DQG�H[SUHVVLRQ�RI�SURWHLQV�S����

S����S��� DQG� S����ZKLFK� DFWLYDWH� WKHVH� FRPSOH[HV��*HQH� S��� LV� RQH�RI� WKH� FHQWUDO�

FRPSRQHQWV�RI�WKH�V\VWHP��ZKLFK�HQVXUHV�HOLPLQDWLRQ�RI�SDWKRORJLFDO�FHOOV�IURP�WKH�

RUJDQLVP��S���LV�NQRZQ�DV�D�WXPRXU�VXSSUHVVRU��DQ�DFWLYDWRU�RI�DSRSWRVLV��

7KH� DFWLYDWLRQ� RI� SURWHLQ� S��� LV� FDXVHG� E\� GDPDJH� RI� FHOOV� YLD� VLJQDOOLQJ�

SDWKZD\V�� ZKLFK� FRQWURO� WKH� VWDWH� RI� FHOOV�� 3URWHLQ� S��� FRRUGLQDWHV� WKH� SURFHVV� RI�

UHSDUDWLRQ� RU� LQGXFHV� DXWRF\WRO\VLV�� 7KH� ORVV� RI� JHQH� S��� FDXVHV� DQ� XQFRQWUROOHG�

DFFXPXODWLRQ�RI�JHQHWLF�GDPDJHV�ZLWK�D�UHVXOWDQW�ORVV�RI�FRQWURO�IURP�WKH�SDUW�RI�WKH�

RUJDQLVP��D�SDWKRORJLFDO�JURZWK�RI�FHOOV�DQG�GHDWK��*HQH�S���SURGXFHV�WKH�SURWHLQ��

ZKLFK� FRQVLVWV� RI� ���� DPLQR� DFLGV� DQG� KDV� WKH� HOHFWURSKRUHWLF� PRELOLW\� RI� ��� N'�

�KHQFH�WKH�QDPH�RI�WKH�JHQH�DQG�SURWHLQ���3URWHLQV�S����S���DQG�S���DUH�PHPEHUV�RI�

WKH�&'&�IDPLO\��L�H��UHSUHVHQWDWLYHV�RI�QHJDWLYH�UHJXODWRUV�RI�WKH�FHOO�F\FOH��ZKLFK�DUH�

UHVSRQVLEOH� IRU� WKH� QRUPDO� FRXUVH� RI� WKH� FHOO� F\FOH� LQ� SKDVH� *��� WDNH� SDUW� LQ� WKH�

V\VWHP� RI� FRQWURO� RYHU� WKH� FHOO� F\FOH� DQG� VWRS� UHSURGXFWLRQ� RI� PDOLJQDQW� FHOOV�� $�



BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

,QWHU�FROOHJDV��±�������±��������

��

�

KLJKHU�DFWLYLW\�RI�SURWHLQV�S����S���DQG�S���FDXVHV�EORFNDJH�RI�HQWHULQJ�SKDVH�6�E\�

FHOOV�DQG�WKHLU�SUHPDWXUH�DJLQJ��

)HZ�VWXGLHV�GHDOW�ZLWK�WXPRXU�PDUNHUV�LQ�SVRULDVLV�>�������@��7XPRXU�PDUNHUV�

%FO����.L�����S���DQG�S���ZHUH�GHWHFWHG��7KH�SURJUHVVLYH�VWDJH�RI�SVRULDVLV�UHYHDOHG�

D�KLJK�H[SUHVVLRQ�RI�.L����DQG�%FO����DV�ZHOO�DV�ORZ�OHYHOV�RI�S���DQG�S����$�UHOLDEOH�

LQFUHDVH� RI� S��� H[SUHVVLRQ� LQ� WKH� HSLGHUPLV� DW� WKH� VWDWLRQDU\� VWDJH� LQGLUHFWO\�

GHPRQVWUDWHV�DQ�LQWHQVLILFDWLRQ�RI�DSRSWRVLV�SURFHVVHV�LQ�WKH�HSLGHUPDO�OD\HU�>�@��7KH�

DSSHDUDQFH�RI� H[SUHVVLRQ�RI�S��� DQG� S��� LQ� WKH� VXSUDEDVDO� OD\HUV�RI� WKH� HSLGHUPLV�

JLYHV�HYLGHQFH�IRU�DQ�HDUO\�EHJLQQLQJ�RI�NHUDWLQL]DWLRQ�RI�FHOO�PHPEUDQHV��ZKLFK�DV�

UHVXOW�DUH�QRW�DEOH�WR�IRUP�WKH�QRUPDO�KRUQ\�OD\HU�DQG�PD\�IDFLOLWDWH�WKH�GHYHORSPHQW�

RI�SDUDNHUDWRVLV�>�@��

7KH�SXUSRVH�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�UHYHDO�WKH�UROH�RI�FHOO�F\FOH�LQKLELWRUV�
LQ�WKH�SDWKRJHQHVLV�RI�SVRULDVLV�DQG�DVVHVV�WKH�HIILFDF\�RI�SDWKRJHQHWLF�PHFKDQLVPV�

RI�WKHUDS\��

*OXWR[LP� LV� RQH� RI� SURPLVLQJ� PHGLFLQHV�� ,W� UHSUHVHQWV� D� QHZ� FODVV� RI� GUXJ�

SUHSDUDWLRQV��WKLRSRHWLQV��DQG�KDV�XQLTXH�ELRORJLFDO�HIIHFWV��2ZLQJ�WR�WKHP�LW�DFWV�RQ�

WKH� LQWUDFHOOXODU� OHYHO� RI� WKLRO� PHWDEROLVP� DQG� SOD\V� DQ� LPSRUWDQW� SDUW� LQ� WKH�

UHJXODWLRQ� RI� PHWDEROLF� SURFHVVHV� LQ� FHOOV� DQG� WLVVXHV�� 7KH� LQIOXHQFH� RI� *OXWR[LP�

VWLPXODWHV�SUROLIHUDWLRQ�DQG�GLIIHUHQWLDWLRQ�RI�QRUPDO�FHOOV�DQG�DFWLYDWHV�SURFHVVHV�RI�

JHQHWLFDOO\� SURJUDPPHG� GHDWK� �DSRSWRVLV�� RI� WUDQVIRUPHG� FHOOV�� 7KH� GUXJ� DFWLRQ� LV�

UHDOL]HG� WKURXJK�DQ�LQFUHDVHG�KDOI�OLIH�RI�SURWHLQ�S���DQG�ZLWK�KHOS�RI� LQIOXHQFH�RQ�

WKH�FDVFDGH�RI�SKRVSKRSURWHLQ�NLQDVHV�RI�WKH�5DV�VLJQDOOLQJ�SDWKZD\��7KXV�*OXWR[LP�

QRUPDOL]HV� FHOO� PHWDEROLVP� DQG� SURGXFHV� WKH� F\WRSURWHFWLYH� HIIHFW�� ,W� LV� IRU� WKHVH�

UHDVRQV�WKDW�WKLV�PHGLFLQH�DWWUDFWHG�RXU�DWWHQWLRQ��ZKHQ�ZH�VWXGLHG�WKHUDS\�RI�SDWLHQWV�

ZLWK� SVRULDVLV�� 7KH� SRVLWLYH� HIIHFW� FRQVLVWV� LQ� D� KLJKHU� HIILFDF\� RI� WUHDWPHQW� RI�

SVRULDVLV�FDVHV�RZLQJ�WR�WKH�IDFW�WKDW�*OXWR[LP�DGGLWLRQDOO\�LQFUHDVHV�UHDFWLYLW\�RI�WKH�

RUJDQLVP��

0DWHULDOV� DQG�PHWKRGV�� 7KH� VWXG\� LQYROYHG� ����SDWLHQWV�� LOO�ZLWK� SVRULDVLV��
ZKR�ZHUH�GLYLGHG�LQWR�WZR�JURXSV��

±�7KH�PDLQ�JURXS�FRQVLVWHG�RI�����SDWLHQWV��LQFOXGLQJ��
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��� ���FDVHV�ZLWK�WKH�VWDWLRQDU\�VWDJH�RI�SVRULDVLV��

��� ���FDVHV�ZLWK�WKH�SURJUHVVLYH�VWDJH�RI�WKH�GLVHDVH��

±� 7KH� FRQWURO� JURXS�ZDV� FRPSRVHG� RI� SDWLHQWV� ZLWK� WKH� VDPH� GLDJQRVLV� ����

FDVHV���

7KH�FOLQLFDO�SLFWXUH�RI� WKH�GLVHDVH�VHYHULW\�ZDV�DVVHVVHG�E\�WKH�SVRULDVLV�DUHD�

DQG�VHYHULW\�LQGH[��3$6,���ZKLFK�DYHUDJHG�EHWZHHQ����DQG����XQLWV��

3DWLHQWV�ZLWK�SVRULDVLV�IURP�WKH�PDLQ�����FDVHV��DQG�FRQWURO�����FDVHV��JURXSV�

XQGHUZHQW�KLVWRORJLFDO�H[DPLQDWLRQV�RI�WKHLU�VNLQ�EHIRUH�DQG�DIWHU�WKH�PXOWLPRGDOLW\�

WUHDWPHQW�� %LRSV\� ZDV� FDUULHG� RXW� XQGHU� ORFDO� DQDHVWKHVLD� ZLWK� ���� �� VROXWLRQ� RI�

1RYRFDLQ�� 7KH� PDWHULDO� ZDV� IL[HG� LQ� ��� �� EXIIHUHG� DTXHRXV� VROXWLRQ� RI� QHXWUDO�

IRUPDOLQ� DQG� &DUQR\¶V� IOXLG�� DQG� XQGHUZHQW� FHOORLGLQ�SDUDIILQ� GRXEOH� HPEHGGLQJ��

6HULDO�����PFP�VOLFHV�ZHUH�SUHSDUHG��+HPDWR[\OLQ�HRVLQ� VWDLQLQJ�DIWHU�9DQ�*LHVRQ�

ZDV�XVHG�LQ�DOO�FDVHV��

'XULQJ� PRUSKRORJLFDO� H[DPLQDWLRQV�� ZH� FDOFXODWHG� WKH� LQILOWUDWH� YROXPH�

GHQVLW\�SHU� VTXDUH�PLOOLPHWUH�DQG�DVVHVVHG� WKH�GHJUHH�RI�DFDQWKRVLV�RQ� WKH�EDVLV�RI�

WKH�YLVXDO�DQDORJXH�VFDOH��

���VW�±�WKH�PLOG�GHJUHH�RI�DFDQWKRVLV�LV�UHJDUGHG�DV�DQ�LQVLJQLILFDQW�WKLFNHQLQJ�RI�

WKH�HSLGHUPLV��DFDQWKRO\WLF�EDQGV�VSUHDG�GHHS�LQWR�WKH�GHUPD�XS�WR�����RI�WKH�YLVXDO�

ILHOG��[������WKH�WRWDO�YLVXDO�DUHD�LV�����PP����

���QG� ±� WKH� PRGHUDWH� GHJUHH� RI� DFDQWKRVLV� LV� FKDUDFWHUL]HG� E\� H[WHQVLRQ� RI�

DFDQWKRO\WLF�EDQGV�DQG�WKHLU�VSUHDGLQJ�LQWR�WKH�GHUPD��EXW�DOUHDG\�WR�WKH�YLVXDO�ILHOG�

HGJH�ZLWK�WKH�DERYH�PDJQLILFDWLRQ��

���UG�±�WKH�PDUNHG�GHJUHH�RI�DFDQWKRVLV�PDQLIHVWV� LWVHOI�E\�D�ODUJHU�QXPEHU�RI�

DFDQWKRO\WLF�EDQGV��WKHLU�VSUHDGLQJ�RXWVLGH�WKH�YLVXDO�ILHOG�DQG�E\�H[WUHPH�WKLQQLQJ�RI�

WKH�VXSUDSDSLOODU\�OD\HUV�RI�WKH�HSLGHUPLV��

,Q�RUGHU�WR�VWXG\�WKH�LPPXQRKLVWRFKHPLFDO�FKDUDFWHULVWLFV�RI�K\SHUSUROLIHUDWLYH�

SURFHVVHV�DW�WKH�OHYHO�RI�FHOO�F\FOH�LQKLELWRUV�LQ�WKH�VNLQ�RI�SDWLHQWV�ZLWK�WKH�VWDWLRQDU\�

DQG�SURJUHVVLYH�VWDJHV�RI�SVRULDVLV�EHIRUH�DQG�DIWHU�WKHLU�WUHDWPHQW��ELRSV\�RI�WKH�VNLQ�

RI� SVRULDWLF� SODTXHV� ZDV� FDUULHG� RQ�� ,PPXQRKLVWRFKHPLFDO� H[DPLQDWLRQV� ZHUH�

SHUIRUPHG� RQ� �� PFP� SDUDIILQ� VOLFHV�� ZKLFK� ZHUH� GHSDUDIILQL]HG� E\� WKH� VWDQGDUG�
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WHFKQLTXH��7KH�VOLFHV�ZHUH�LQFXEDWHG�ZLWK�PRQRFORQDO�DQWLERGLHV�DJDLQVW�S���SURWHLQ�

�'2����� F\FOLQ�GHSHQGHQW�NLQDVH� LQKLELWRU� �S���,QN�'���S���SURWHLQ� �³1RYRFDVWUD´��

8.��� S��� FORQH� �*���� �%'� 3KDU0LQJHQ��� $YLGLQH�ELRWLQ�SHUR[LGDVH� FRPSOH[�

PHWKRG� �$%&� PHWKRG�� �1RYRVWDLQ� 8QLYHUVDO� 4XLFN� .LW� >1&/�578�48@�� 1RYR�

ɋDVWUD��8.��ZDV�XVHG�IRU� LPPXQH�VWDLQLQJ��,Q�DOO�FDVHV��QXFOHL�ZHUH�FRXQWHUVWDLQHG�

ZLWK�KDHPDWR[\OLQ��

%HIRUH�WUHDWPHQW��3$6,�LQ�WKH�SDWLHQWV�DYHUDJHG��

��DW�WKH�VWDWLRQDU\�VWDJH�RI�SVRULDVLV�±�������

��DW�WKH�SURJUHVVLYH�VWDJH�RI�SVRULDVLV�±�������

,PPXQRKLVWRFKHPLVWU\�EHIRUH�WUHDWPHQW�UHYHDOHG�D�KLJK�H[SUHVVLRQ�RI�SURWHLQV�

S���� S���� S��� DQG� S��� LQ� ��� SDWLHQWV�� ,Q� WKH� FDVHV� ZLWK� SVRULDVLV�� H[SUHVVLRQ� RI�

SURWHLQV� DW� WKH� VWDWLRQDU\� VWDJH�ZDV� VOLJKWO\� ORZHU� WKDQ� DW� WKH�SURJUHVVLYH�RQH��7KH�

FRQGXFWHG�VWXGLHV�PDNH�LW�SRVVLEOH�WR�VWDWH�WKDW�WKH�H[SUHVVLRQ�RI�FHOO�F\FOH�LQKLELWRUV�

LQ� SVRULDVLV� LQFUHDVHV�� WKLV� IDFW� EHLQJ� WDNHQ� E\� XV� LQWR� FRQVLGHUDWLRQ� GXULQJ� WKH�

PXOWLPRGDOLW\�WUHDWPHQW�RI�SDWLHQWV�IURP�WKH�PDLQ�JURXS��

7KH� FRQWURO� JURXS� SDWLHQWV� ���� FDVHV�� UHFHLYHG� WKH� VWDQGDUG� WKHUDS\�� ZKLFK�

LQFOXGHG��

��VHGDWLYH�GUXJV��

��DQWLKLVWDPLQH�GUXJV��

��YLWDPLQV�%��DQG�%���±�LQWUDPXVFXODUO\�HYHU\�RWKHU�GD\��1R�����

��H[WHUQDOO\�±�����VDOLF\OLF�RLQWPHQW�RQWR�WKH�VNLQ��

7KH�PDLQ�JURXS�RI�SDWLHQWV������FDVHV��UHFHLYHG��DJDLQVW�D�EDFNJURXQG�RI�WKH�

VWDQGDUG� WKHUDS\�� *OXWR[LP� GUXJ� LQ� WKH� IRUP� RI� LQWUDPXVFXODU� LQMHFWLRQV� RI� �� ��

VROXWLRQ�E\���PO��1R������

5HVXOWV��7KH� UDWH�RI� WKH� UHYHUVH�GHYHORSPHQW�RI� WKH�GLVHDVH�ZDV�DVVHVVHG�E\�
WKH�IROORZLQJ�LQGLFHV��LQILOWUDWLRQ��HU\WKHPD��RHGHPD��VFDOLQJ��LWFKLQJ��H[FRULDWLRQV��

$JDLQVW�D�EDFNJURXQG�RI�WKHLU�WUHDWPHQW��DOO�WKH�SDWLHQWV�IURP� WKH�PDLQ�JURXS�

UHSRUWHG�D�VLJQLILFDQW�GHFUHDVH�RI� LWFKLQJ�� WKH\�GHPRQVWUDWHG�GHFUHDVHV�RI�HU\WKHPD�

DQG� VNLQ� LQILOWUDWLRQ� LQ� WKH� IRFL� RI� OHVLRQ� DV� HDUO\� DV� RQ� WKH� �WK� GD\� RI� WKHUDS\�� WKH�

LQILOWUDWLRQ� DQG� HU\WKHPD� DOPRVW� FRPSOHWHO\� UHJUHVVLQJ� RQ� WKH� ��WK� GD\� RI� WKH�
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PXOWLPRGDOLW\� WKHUDS\�� $IWHU� WKH� HQG� RI� WKH� WKHUDS\� WKH� IRFL� KDG� RQO\� VHFRQGDU\�

SLJPHQWDWLRQ��3$6,�DIWHU�WKH�WUHDWPHQW�ZDV��

��LQ�SDWLHQWV�ZLWK�WKH�VWDWLRQDU\�VWDJH�RI�SVRULDVLV�±������

��LQ�SDWLHQWV�ZLWK�WKH�SURJUHVVLYH�VWDJH�±������

7KH� LPPXQRKLVWRFKHPLFKDO� LQGLFHV� RI� SDWLHQWV� ZLWK� SVRULDVLV� DIWHU� WKHLU�

WUHDWPHQW�ZHUH�DV�IROORZV��

��DW� WKH� VWDWLRQDU\� VWDJH�� WKH� H[SUHVVLRQ� RI� SURWHLQV� S���� S���� S��� DQG� S���

VORZO\�GHFUHDVHG�IURP���������WR�������WKHUHE\�GHPRQVWUDWLQJ�D�FKDQJH�LQ�WKH�UDWH�

RI�DSRSWRVLV�LQ�WKH�VNLQ�RI�FDVHV�DW�WKLV�VWDJH��

��DW� WKH� SURJUHVVLYH� VWDJH�� WKHUH� ZDV� D� ZHDN� DQG� PRGHUDWH� H[SUHVVLRQ� RI�

SURWHLQV�S����S����S���DQG�S���IURP�����WR������LQ�FHOOV�RI�WKH�EDVDO�DQG�VSLQRXV�

OD\HUV��

7KHVH�LQGLFHV� LQGLFDWH�DFFHOHUDWLRQ� LQ�FHOO�SUROLIHUDWLRQ�SURFHVVHV� �DFDQWKRVLV��

SDUDNHUDWRVLV�� K\SHUNHUDWRVLV��� ZKLOH� D� KLJKHU� FRQWHQW� RI� GLYLGLQJ� FHOOV� FRQILUPV� D�

GHFUHDVH�LQ�WKH�UDWH�RI�DSRSWRVLV��

$W�WKH�UHJUHVVLYH�VWDJH��WUHDWPHQW�ZLWK�XVH�RI�*OXWR[LP�UHVXOWHG�LQ�GHFUHDVHV�RI�

DFDQWKRVLV�� K\SR�� DQG� K\SHUNHUDWRVLV� �VWDJHV� ������ $� YHU\� ZHDN� H[SUHVVLRQ� RI�

SURWHLQV� S��� DQG� S���� D� PRGHUDWH� H[SUHVVLRQ� RI� SURWHLQ� S��� �XS� WR� ��� ��� DQG� D�

GHFUHDVHG�H[SUHVVLRQ�RI�SURWHLQ�S���ZHUH�REVHUYHG�� WKHUHE\�GHPRQVWUDWLQJ�D�KLJKHU�

DSRSWLF� DFWLYLW\� RI� NHUDWLQRF\WHV� DQG� D� GHFUHDVHG� SUROLIHUDWLYH� DFWLYLW\� LQ� WKH�

HSLGHUPLV��

7KH�GXUDWLRQ�RI�KRVSLWDOL]DWLRQ�ODVWHG��

��IRU�WKH�FRQWURO�JURXS�RI�SDWLHQWV�±����������EHG�GD\V��

��IRU�WKH�PDLQ�JURXS�RI�SDWLHQWV��ZKRVH�FRXUVH�RI�WUHDWPHQW�LQFOXGHG�*OXWR[LP�

±����������EHG�GD\V��

&RQFOXVLRQ�� )ROORZLQJ� WKHLU�PXOWLPRGDOLW\� WUHDWPHQW�ZLWK�*OXWR[LP�SDWLHQWV�
ZLWK�SVRULDVLV�GLG�QRW�UHYHDO�DQ\�H[SUHVVLRQ�RI�SURWHLQV�S���DQG�S���LQ�WKH�VSLQRXV�

DQG� EDVDO� OD\HUV��ZKLOH� WKH� H[SUHVVLRQ�RI� SURWHLQV�S���DQG�S���ZDV�ZHDN� ���������

WKHVH�IDFWV�GHPRQVWUDWLQJ�D�KLJKHU�DSRSWLF�DFWLYLW\�RI�HSLGHUPDO�FHOOV�DQG�D�GHFUHDVH�

RI�SUROLIHUDWLRQ��
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7KH�IROORZLQJ�SKHQRPHQD�ZHUH�REVHUYHG�GXULQJ�KLVWRORJLFDO�VWXGLHV��

��FKLHIO\�ZHDN�H[SUHVVLRQ�RI� WKH�KRUQ\� OD\HU�� LQ�VRPH�SODFHV� LW�KDG�PRGHUDWH�

K\SHUNHUDWRVLV��

�� SRVLWLYH� G\QDPLFV� LQ� WKH� VWDWH� RI� RWKHU� OD\HUV� RI� WKH� HSLGHUPLV� DQG� GHUPDO�

PLFURYDVFXODWXUH��

��DFFHOHUDWLRQ�RI�UHJUHVVLRQ�RI�SVRULDWLF�HUXSWLRQV��

��VKRUWHQLQJ�RI�WKH�SDWLHQWV¶�VWD\�DW�LQ�SDWLHQW�GHSDUWPHQW��

7KXV��WKH�XVH�RI�*OXWD[LP�UHVXOWV�LQ�SRVLWLYH�FOLQLFDO�DQG�LPPXQRKLVWRFKHPLFDO�

G\QDPLFV�DQG�FDQ�EH�UHFRPPHQGHG�LQ�ERWK�LQ�SDWLHQW�DQG�RXW�SDWLHQW�FRQGLWLRQV��

�
5HIHUHQFHV�
���Ⱦɚɳɭɤ�$�0��Ʉɨɠɧɵɟ�ɛɨɥɟɡɧɢ����ɏɚɪɶɤɨɜ��ɂɡɞ�ɜɨ�©ɋ�Ⱥ�Ɇ�ª�������������ɫ��

'DVKFKXN�$�0��6NLQ�GLVHDVHV����.KDUNLY��3XEOLVKLQJ�KRXVH��6$0��������������S��

���Ⱦɢɦɚɧɬ�Ʌ��ɗ��Ɍɟɪɚɩɢɹ�ɛɨɥɶɧɵɯ�ɩɫɨɪɢɚɡɨɦ�ɫ�ɭɱɟɬɨɦ�ɢɦɦɭɧɨɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ�

ɦɚɪɤɟɪɨɜ� ɜɨɫɩɚɥɟɧɢɹ� ɢ� ɩɪɨɥɢɮɟɪɚɬɢɜɧɨɣ� ɚɤɬɢɜɧɨɫɬɢ� ɤɟɪɚɬɢɧɨɰɢɬɨɜ� ɤɨɠɢ��

Ⱥɜɬɨɪɟɮ��ɞɢɫ������ɤɚɧɞ��ɦɟɞ��ɧɚɭɤ����������±���ɫ��

'LPDQW� /(� 7KHUDS\� RI� SVRULDVLV� SDWLHQWV� ZLWK� WKH� LQIODPPDWRU\� PDUNHUV�

LPPXQRPRUSKRORJLFDO�DQG�SUROLIHUDWLYH�DFWLYLW\�RI�NHUDWLQRF\WHV�RI�WKH�VNLQ��$XWKRU��

GLV������&DQG��PHG��6FLHQFHV����������±���ɪ��

��� Ʉɨɪɠɨɜɚ� Ɍ�ɉ�� Ɍɟɪɚɩɿɹ� ɩɫɨɪɿɚɡɭ� ɡ� ɭɪɚɯɭɜɚɧɧɹɦ� ɨɫɨɛɥɢɜɨɫɬɟɣ� ɤɥɿɧɿɱɧɨɝɨ�

ɩɟɪɟɛɿɝɭ�ɞɟɪɦɚɬɨɡɭ��ɩɪɨɰɟɫɿɜ�ɥɿɩɨɩɟɪɨɤɫɢɞɚɰɿʀ�ɬɚ�ɩɪɢ�ɧɚɹɜɧɨɫɬɿ�ɟɧɬɟɪɨɜɿɪɭɫɧɨʀ�

ɿɧɮɟɤɰɿʀ�ɜ�ɨɪɝɚɧɿɡɦɿ��Ⱥɜɬɨɪɟɮ��ɞɢɫ������ɤɚɧɞ��ɦɟɞ��ɧɚɭɤ�������������ɍɤɪ��ɧɚɰ��ɦɟɞ��

ɭɧ�ɬ�ɿɦ��Ɉ�Ɉ��Ȼɨɝɨɦɨɥɶɰɹ���Ʉ��������������ɫ��

&RUMRYD� (7&�� 7HUDSɿ\D� SVRUɿD]X� V� XUDKXYDQQ\DP� (VSHFLDOO\� NOɿQɿFKQRJR� SHUHEɿJX�

GHUPDWRVHV�SURWVHVɿY� OɿSRSHURNVLGDWVɿʀ� WKDW�ZKHQ�QD\DYQRVWɿ� HQWHURYɿUXVQRʀ� ɿQIHNWVɿʀ�

LQ�RUJDQɿ]Pɿ��$XWKRU�� GLV�� ����&DQG��PHG�� 6FLHQFHV�� ��������� ��8NU�� QDW��PHG��8QLY��

2�2��%RJRPROW]D��.��������������S��

��� Ʌɢɮɲɢɰ� ȿ�Ƚ��� Ɏɟɞɨɬɨɜ� ȼ�ɉ�� ɂɦɦɭɧɨɩɚɬɨ�ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ� ɚɫɩɟɤɬɵ�

ɩɫɨɪɢɚɬɢɱɟɫɤɨɣ�ɛɨɥɟɡɧɢ����Ⱦɟɪɦɚɬɨɜɟɧɟɪɨɥɨɝɢɹ��Ʉɨɫɦɟɬɨɥɨɝɢɹ��ɋɟɤɫɨɩɚɬɨɥɨɝɢɹ��

����������ʋ�����������ɋ�����������
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/LIVKLW]�(*��)HGRWRY�93� ,PPXQRSDWR�PRUSKRORJLFDO�DVSHFWV�RI�SVRULDWLF�GLVHDVH� ���

'HUPDWRORJ\��.RVPHWR¤ORJL\D��6H[XDO�SDWKRORJ\������������ʋ�����������Ɋ�����������

���ɇɨɜɢɤɨɜ�Ⱥ�ɂ���Ʉɨɧɨɧɨɜ�$�%���Ɉɯɥɨɩɤɨɜ�ȼ�Ⱥ���ɉɪɚɜɞɢɧɚ�Ɉ�ȼ���Ȼɪɚɬɭɯɢɢɚ�Ƚ�Ⱦ���

Ƚɨɪɨɞɢɥɨɜ� Ɋ�ȼ�� ɂɦɦɭɧɨɯɢɦɢɱɟɫɤɢɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɩɪɢ� ɩɫɨɪɢɚɡɟ� ��� ȼɟɫɬɧɢɤ�

ɞɟɪɦɚɬɨɥɨɝɢɢ�ɢ�ɜɟɧɟɪɨɥɨɝɢɢ�����������ʋ������ɋ���������

�1RYLNRY�$,��.RQRQRY�$%��2NKORSNRY�9$��3UDYGLQD�29��%UDWXKLLD�*'��*RURGLORY�

59�,PPXQRFKHPLFDO�VWXGLHV�LQ�SVRULDVLV����-RXUQDO�RI�'HUPDWRORJ\�DQG�9HQHUHRORJ\��

���������ʋ������Ɋ���������

���ɇɨɜɢɤɨɜ�Ⱥ�ɂ���Ʉɨɧɨɧɨɜ�$�%���Ɉɯɥɨɩɤɨɜ�ȼ�Ⱥ���ɉɪɚɜɞɢɧɚ�Ɉ��ȼ���Ȼɪɚɬɭɯɢɧɚ�Ƚ��Ⱦ���

Ƚɨɪɨɞɢɥɨɜ�Ɋ�ȼ���ɑɟɪɦɨɲɟɧɰɟɜ�$�$��ɗɮɮɟɤɬɢɜɧɨɫɬɶ�ɝɥɭɬɨɤɫɢɦɚ�ɜ�ɤɨɦɩɥɟɤɫɧɨɣ�

ɬɟɪɚɩɢɢ�ɛɨɥɶɧɵɯ�ɤɚɩɥɟɜɢɞɧɨɣ�ɮɨɪɦɨɣ�ɩɫɨɪɢɚɡɚ����Ɋɨɫɫɢɣɫɤɢɣ�ɠɭɪɧɚɥ�ɤɨɠɧɵɯ�

ɢ�ɜɟɧɟɪɢɱɟɫɤɢɯ�ɛɨɥɟɡɧɟɣ���������ʋ����ɋ���������

1RYLNRY� $,�� .RQRQRY� $%�� 2NKORSNRY� 9$�� 3UDYGLQD� 29�� %UDWXNKLQD� *'� ���

*RURGLORY� 59�� &KHUPRVKHQWVHY� $$� *OXWRNVLPD� HIILFLHQF\� LQ� WKH� WUHDWPHQW� RI�

SDWLHQWV�WHDUGURS�IRUP�RI�SVRULDVLV����5XVVLDQ�-RXUQDO�RI�6NLQ�DQG�9HQHUHDO�'LVHDVHV��

�������ʋ����Ɋ���������

��� ɋɤɪɢɩɤɢɧ� ɘ�Ʉ�� Ʉɥɢɧɢɱɟɫɤɚɹ� ɞɟɪɦɚɬɨɜɟɧɟɪɨɥɨɝɢɹ�� ɭɱɟɛɧɨɟ� ɩɨɫɨɛɢɟ��

ɘ�Ʉ�ɋɤɪɢɩɤɢɧ��ɘ�ɋ�Ȼɭɬɨɜ�����Ɇ���ȽɗɈɌȺɊ�Ɇɟɞɢɚ�������ǿǿ������������

-.� 6NULSNLQ�&OLQLFDO�'HUPDWRORJ\�� D� WXWRULDO� �� <X�.�6NULSNLQ��<X�6�%XWRY�� ���0� ���

*(27$5�0HGLD�������ǿǿ������������

��� :�%DWLQDF� Ɍ��� =DPROR� *��� -RQMLF� 1��� *PEHU� Ƚ��� 3HWURYHFNL� Ɇ�� ɪ��� SURWHLQ�

H[SUHVVLRQ� DQG� FHOO� SUROLIHUDWLRQ� LQ�QRQ�QHRSODVWLF� DQG� QHRSODVWLF�SUROLIHUDWLYH� VNLQ�

GLVHDVHV����7XPRUL�����������9RO������1R����3�����������

���*ULIILWKV�&�(��3DWKRJHQHVLV�DQG�FOLQLFDO� IHDWXUHV�RI�SVRULDVLV���&�(��*ULIILWKV��-�1�

%DUNHU�����/DQFHW��±�������±������±�Ɋ������������

����/RZHV�0�$��3DWKRJHQHVLV�DQG�WKHUDS\�RI�SVRULDVLV���Ɇ�Ⱥ��/RZHV���1DWXUH��±�������

�����������±�Ɋ�����������

����1HVWOH�)�2��3VRULDVLV����1HVWOH�)�2����&XUU�'LU�$XWXLPPXQ��±���������ʋ����±�Ɋ��

�������
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����7DQJ�4��7KH�)R[S���UHJXODWRU\�7�FHOO��D�MDFN�RI�DOO�WUDGHV��PDVWHU�RI�UHJXODWLRQ�

�7DQJ�4���%OXHVWRQH�-�$���1DW��,PPXQRO��±���������ʋ������±�Ɋ����������

�

Ɋɟɡɸɦɟ�� Ɉɛɝɨɜɨɪɸɸɬɶɫɹ� ɪɟɡɭɥɶɬɚɬɢ� ɜɢɜɱɟɧɧɹ� ɿɦɭɧɨɝɿɫɬɨɯɿɦɿɱɧɢɯ�
ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɝɿɩɟɪɩɪɨɥɿɮɟɪɚɬɢɜɧɢɯ� ɩɪɨɰɟɫɿɜ� ɧɚ� ɪɿɜɧɿ� ɿɧɝɿɛɿɬɨɪɿɜ� ɤɥɿɬɢɧɧɨɝɨ�
ɰɢɤɥɭ� ɭ� ɯɜɨɪɢɯ� ɧɚ� ɩɫɨɪɿɚɡ� ɬɚ� ɨɰɿɧɤɢ� ɩɚɬɨɝɟɧɟɬɢɱɧɢɯ� ɦɟɯɚɧɿɡɦɿɜ� ɫɭɱɚɫɧɢɯ�
ɦɟɬɨɞɿɜ�ɬɟɪɚɩɿʀ��ȼɢɹɜɥɟɧɨ�ɩɿɞɜɢɳɟɧɧɹ�ɟɤɫɩɪɟɫɿʀ�ɛɿɥɤɿɜ�ɪ����ɪ����ɪ����ɪ���ɜ�ɲɤɿɪɿ�
ɯɜɨɪɢɯ�ɧɚ�ɩɫɨɪɿɚɡ��Ɋɨɡɪɨɛɥɟɧɨ�ɧɨɜɿ� ɿɦɭɧɨɝɿɫɬɨɯɿɦɿɱɧɿ�ɬɟɫɬɢ�ɞɥɹ�ɜɢɛɨɪɭ�ɬɟɪɚɩɿʀ�
ɬɚ�ɨɰɿɧɤɢ�ɩɪɨɝɧɨɡɭ�ɩɟɪɟɛɿɝɭ�ɩɫɨɪɿɚɡɭ��əɤɳɨ�ɜ�ɩɪɨɰɟɫɿ�ɩɪɨɜɟɞɟɧɨʀ�ɤɨɦɩɥɟɤɫɧɨʀ�
ɬɟɪɚɩɿʀ� ɟɤɫɩɪɟɫɿɹ� ɛɿɥɤɿɜ� ɪ���� ɪ���� ɪ���� ɪ��� ɧɟ� ɡɧɢɠɭɽɬɶɫɹ�� ɬɨ� ɰɟ� ɫɜɿɞɱɢɬɶ� ɩɪɨ�
ɧɟɟɮɟɤɬɢɜɧɿɫɬɶ� ɩɪɨɜɟɞɟɧɨʀ� ɬɟɪɚɩɿʀ�� ɚ� ɬɚɤɨɠ� ɝɨɜɨɪɢɬɶ� ɩɪɨ� ɧɟɫɩɪɢɹɬɥɢɜɢɣ�
ɩɟɪɟɛɿɝ� ɩɫɨɪɿɚɬɢɱɧɨɝɨ� ɩɪɨɰɟɫɭ�� əɤɳɨ� ɜ� ɦɿɠɪɟɰɢɞɢɜɧɢɣ� ɩɟɪɿɨɞ� ɞɨ� ɩɨɹɜɥɟɧɧɹ�
ɧɨɜɢɯ�ɜɢɫɢɩɿɜ�ɧɚ�ɲɤɿɪɿ�ɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹ�ɩɿɞɜɢɳɟɧɚ�ɟɤɫɩɪɟɫɿɹ�ɛɿɥɤɿɜ�ɪ����ɪ����ɪ����
ɪ���� ɰɟ� ɫɜɿɞɱɢɬɶ� ɩɪɨ� ɩɨɱɚɬɨɤ� ɪɟɰɢɞɢɜɭ� ɿ� ɜɢɦɚɝɚɽ� ɩɪɢɡɧɚɱɟɧɧɹ�
ɩɪɨɬɢɜɨɪɟɰɢɞɢɜɧɨɝɨ�ɤɭɪɫɭ�ɬɟɪɚɩɿʀ��
Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ��ɩɫɨɪɿɚɡ��ɬɟɪɚɩɿɹ��Ƚɥɭɬɨɤɫɢɦ�
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Ɋɟɡɸɦɟ�� Ɉɛɫɭɠɞɚɸɬɫɹ� ɪɟɡɭɥɶɬɚɬɵ� ɢɡɭɱɟɧɢɹ� ɢɦɦɭɧɨɝɢɫɬɨɯɢɦɢɱɟɫɤɢɯ�
ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɝɢɩɟɪɩɪɨɥɢɮɟɪɚɬɢɜɧɵɯ� ɩɪɨɰɟɫɫɨɜ� ɧɚ� ɭɪɨɜɧɟ� ɢɧɝɢɛɢɬɨɪɨɜ�
ɤɥɟɬɨɱɧɨɝɨ�ɰɢɤɥɚ�ɭ�ɛɨɥɶɧɵɯ�ɩɫɨɪɢɚɡɨɦ�ɢ�ɨɰɟɧɤɢ�ɩɚɬɨɝɟɧɟɬɢɱɟɫɤɢɯ�ɦɟɯɚɧɢɡɦɨɜ�
ɫɨɜɪɟɦɟɧɧɵɯ� ɦɟɬɨɞɨɜ� ɬɟɪɚɩɢɢ�� ȼɵɹɜɥɟɧɨ� ɩɨɜɵɲɟɧɢɟ� ɷɤɫɩɪɟɫɫɢɢ� ɛɟɥɤɨɜ� ɪ����
ɪ���� ɪ���� ɪ��� ɜ� ɤɨɠɟ� ɛɨɥɶɧɵɯ� ɩɫɨɪɢɚɡɨɦ�� Ɋɚɡɪɚɛɨɬɚɧɵ� ɧɨɜɵɟ�
ɢɦɦɭɧɨɝɢɫɬɨɯɢɦɢɱɟɫɤɢɟ�ɬɟɫɬɵ�ɞɥɹ�ɜɵɛɨɪɚ�ɬɟɪɚɩɢɢ�ɢ�ɨɰɟɧɤɢ�ɩɪɨɝɧɨɡɚ�ɬɟɱɟɧɢɹ�
ɩɫɨɪɢɚɡɚ�� ȿɫɥɢ� ɜ� ɩɪɨɰɟɫɫɟ� ɩɪɨɜɟɞɟɧɧɨɣ� ɤɨɦɩɥɟɤɫɧɨɣ� ɬɟɪɚɩɢɢ� ɷɤɫɩɪɟɫɫɢɹ�
ɛɟɥɤɨɜ� ɪ���� ɪ���� ɪ���� ɪ��� ɧɟ� ɫɧɢɠɚɟɬɫɹ�� ɬɨ� ɷɬɨ� ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ� ɨ�
ɧɟɷɮɮɟɤɬɢɜɧɨɫɬɢ� ɩɪɨɜɟɞɟɧɧɨɣ� ɬɟɪɚɩɢɢ�� ɚ� ɬɚɤɠɟ� ɝɨɜɨɪɢɬ� ɨ� ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɦ�
ɬɟɱɟɧɢɢ� ɩɫɨɪɢɚɬɢɱɟɫɤɨɝɨ� ɩɪɨɰɟɫɫɚ�� ȿɫɥɢ� ɜ� ɦɟɠɪɟɰɢɞɢɜɧɵɣ� ɩɟɪɢɨɞ� ɞɨ�
ɩɨɹɜɥɟɧɢɹ� ɧɨɜɵɯ� ɜɵɫɵɩɚɧɢɣ� ɧɚ� ɤɨɠɟ� ɧɚɛɥɸɞɚɟɬɫɹ� ɩɨɜɵɲɟɧɧɚɹ� ɷɤɫɩɪɟɫɫɢɹ�
ɛɟɥɤɨɜ� ɪ���� ɪ���� ɪ���� ɪ���� ɷɬɨ� ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ� ɨ� ɧɚɱɚɥɟ� ɪɟɰɢɞɢɜɚ� ɢ� ɬɪɟɛɭɟɬ�
ɧɚɡɧɚɱɟɧɢɹ�ɩɪɨɬɢɜɨɪɟɰɢɞɢɜɧɨɝɨ�ɤɭɪɫɚ�ɬɟɪɚɩɢɢ���
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɩɫɨɪɢɚɡ��ɬɟɪɚɩɢɹ��Ƚɥɭɬɚɤɫɢɦ�
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