
��� 9uVQLN�=DSRUu]үNRJR�QDFuRQDOүQRJR�XQuYHUVLWHWX��)u]LNR�PDWHPDWLþQu�QDXNL

Ɏɿɡɢɤɨ�ɦɚɬɟɦɚɬɢɱɧɿ�ɧɚɭɤɢ ,661������������2QOLQH���,661������������3ULQW�

ɍȾɄ������ '2,������������������������������

ɍɊȺɏɍȼȺɇɇə�ɌȿɊɌə�ɌȺ�ɁɑȿɉɅȿɇɇə�ȼ ɄɈɇɌȺɄɌɇȱɃ�ɁȺȾȺɑȱ�
ȾɅə�ɄɊɂȼɈɅȱɇȱɃɇɈȽɈ�ɋȿɄɌɈɊȺ

Ⱥ��Ƚ��ɒɩɨɪɬɚ��Ɍ��ɋ��Ʉɚɝɚɞɿɣ

Ⱦɟɪɠɚɜɧɢɣ�ɜɢɳɢɣ�ɧɚɜɱɚɥɶɧɢɣ�ɡɚɤɥɚɞ�ɇɌɍ�©Ⱦɧɿɩɪɨɜɫɶɤɚ�ɩɨɥɿɬɟɯɧɿɤɚª�
UHFWRU#QPX�RUJ�XD

Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ�
ɠɨɪɫɬɤɢɣ�ɲɬɚɦɩ��ɤɨɧɬɚɤɬɧɚ�ɡɚɞɚɱɚ��
ɰɢɥɿɧɞɪɢɱɧɚ�ɚɧɿɡɨɬɪɨɩɿɹ��ɬɟɪɬɹ�ɬɚ�
ɡɱɟɩɥɟɧɧɹ��ɚɫɢɦɩɬɨɬɢɱɧɢɣ�ɦɟɬɨɞ�

ɍ�ɫɬɚɬɬɿ�ɧɚɜɟɞɟɧɢɣ�ɪɨɡɜ¶ɹɡɨɤ�ɡɚɞɚɱɿ�ɩɪɨ�ɞɿɸ�ɠɨɪɫɬɤɨɝɨ�ɲɬɚɦɩɚ ɧɚ�
ɜɿɥɶɧɭ�ɝɪɚɧɶ�ɩɪɭɠɧɨɝɨ�ɨɪɬɨɬɪɨɩɧɨɝɨ�ɤɪɭɝɨɜɨɝɨ�ɫɟɤɬɨɪɚ�ɫɤɿɧɱɟɧɧɢɯ�
ɪɨɡɦɿɪɿɜ�ɡ�ɰɢɥɿɧɞɪɢɱɧɨɸ�ɚɧɿɡɨɬɪɨɩɿɽɸ��ɝɨɥɨɜɧɿ�ɧɚɩɪɹɦɤɢ�ɹɤɨʀ�ɫɩɿɜ�
ɩɚɞɚɸɬɶ� ɡ� ɩɨɥɹɪɧɢɦɢ� ɤɨɨɪɞɢɧɚɬɚɦɢ�� ɉɥɚɫɬɢɧɚ� ɡɚɤɪɿɩɥɟɧɚ� ɡɚ� ɩɨ�
ɜɡɞɨɜɠɧɿɦɢ�ɤɪɨɦɤɚɦɢ��ɉɪɢɩɭɫɤɚɽɬɶɫɹ��ɳɨ�ɜ�ɨɛɥɚɫɬɿ�ɤɨɧɬɚɤɬɭ�ɲɬɚɦ�
ɩɚ ɬɚ�ɩɥɚɫɬɢɧɢ�ɿɫɧɭɸɬɶ�ɞɿɥɹɧɤɢ�ɤɨɜɡɚɧɧɹ��ɞɟ�ɜɪɚɯɨɜɭɽɬɶɫɹ�ɬɟɪɬɹ�� ɿ�
ɞɿɥɹɧɤɚ�ɡɱɟɩɥɟɧɧɹ��Ⱦɥɹ�ɪɨɡɜ¶ɹɡɚɧɧɹ�ɡɚɞɚɱɿ�ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ�ɚɫɢɦɩ�
ɬɨɬɢɱɧɢɣ�ɦɟɬɨɞ��ɹɤɢɣ�ɞɨɡɜɨɥɹɽ� ɡɜɟɫɬɢ�ɪɨɡɜ¶ɹɡɚɧɧɹ�ɫɤɥɚɞɧɨʀ� ɡɚɞɚɱɿ�
ɥɿɧɿɣɧɨʀ�ɬɟɨɪɿʀ�ɩɪɭɠɧɨɫɬɿ�ɞɨ�ɩɨɫɥɿɞɨɜɧɨɝɨ�ɪɨɡɜ¶ɹɡɚɧɧɹ�ɤɪɚɣɨɜɢɯ�ɡɚ�
ɞɚɱ�ɬɟɨɪɿʀ�ɩɨɬɟɧɰɿɚɥɭ��ɍ�ɩɪɨɰɟɫɿ�ɪɨɡɜ¶ɹɡɚɧɧɹ�ɡɝɚɞɚɧɢɦ�ɦɟɬɨɞɨɦ�ɜɜɨ�
ɞɹɬɶɫɹ�ɚɮɮɿɧɧɿ�ɩɟɪɟɬɜɨɪɟɧɧɹ��ɹɤ�ɧɚɫɥɿɞɨɤ�± ɜɞɚɽɬɶɫɹ�ɪɨɡɤɥɚɫɬɢ�ɧɚ�
ɩɪɭɠɟɧɨ�ɞɟɮɨɪɦɨɜɚɧɢɣ�ɫɬɚɧ�ɩɨɫɬɚɜɥɟɧɨʀ�ɡɚɞɚɱɿ�ɧɚ�ɞɜɿ�ɫɤɥɚɞɨɜɿ��Ʉɨ�
ɠɧɚ�ɡ�ɰɢɯ�ɫɤɥɚɞɨɜɢɯ�ɡɧɚɯɨɞɢɬɶɫɹ�ɨɤɪɟɦɨ��ɚɥɟ�ɩɨɜ¶ɹɡɚɧɿ�ɦɿɠ�ɫɨɛɨɸ�
ɱɟɪɟɡ� ɝɪɚɧɢɱɧɿ� ɭɦɨɜɢ��ɒɭɤɚɧɿ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɧɚɩɪɭɠɟɧɨɝɨ� ɫɬɚɧɭ�
ɡɧɚɯɨɞɹɬɶɫɹ�ɹɤ�ɫɭɩɟɪɩɨɡɢɰɿɹ�ɫɤɥɚɞɨɜɢɯ�
Ɂɚɜɞɹɤɢ� ɡɚɩɪɨɩɨɧɨɜɚɧɨɦɭ� ɩɿɞɯɨɞɭ� ɦɨɠɥɢɜɟ� ɩɪɨɜɟɞɟɧɧɹ� ɩɨɩɟɪɟɞ�
ɧɶɨʀ� ɨɰɿɧɤɢ� ɧɚɩɪɭɠɟɧɨ�ɞɟɮɨɪɦɨɜɚɧɨɝɨ� ɫɬɚɧɭ� ɪɿɡɧɨɦɚɧɿɬɧɢɯ� ɩɪɚɤ�
ɬɢɱɧɨ�ɜɚɠɥɢɜɢɯ�ɡɚɞɚɱ�
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.H\�ZRUGV�
KDUG�VWDPS��FRQWDFW�SUREOHP��F\OLQGUL�
FDO�DQLVRWURS\��IULFWLRQ�DQG�DGKHVLRQ��
DV\PSWRWLF�PHWKRG�

7KH�DUWLFOH�SUHVHQWV�WKH�SUREOHP�VROXWLRQ�RQ�WKH�LPSDFW�RI�D�ULJLG�VWDPS�
RQ�WKH�IUHH�IDFH�RI�DQ�HODVWLF�RUWKRWURSLF�FLUFXODU�VHFWRU�RI�ILQLWH�VL]H�ZLWK�
F\OLQGULFDO�DQLVRWURS\��WKH�PDLQ�GLUHFWLRQV�RI�ZKLFK�FRLQFLGH�ZLWK�WKH�SR�
ODU�FRRUGLQDWHV��7KH�SODWH�LV�IL[HG�DORQJ�WKH�ORQJLWXGLQDO�HGJHV��,W�LV�DV�
VXPHG�WKDW�LQ�WKH�DUHD�RI�FRQWDFW�EHWZHHQ�WKH�SXQFK�DQG�WKH�SODWH�WKHUH�
DUH�VOLGLQJ�DUHDV��ZKHUH�IULFWLRQ�LV�WDNHQ�LQWR�DFFRXQW��DQG�D�FRXSOLQJ�DUHD��
,Q�WKH�DUHD�RI�FRQWDFW�RI�WKH�VWDPS�ZLWK�WKH�SODWH�� WKHUH�DUH�WZR�VOLGLQJ�
DUHDV�DGMDFHQW�WR�WKH�HQG�SRLQWV�RI�WKH�FRQWDFW�DUHD��DQG�D�FRXSOLQJ�DUHD�
ORFDWHG�EHWZHHQ�WKHP��7KH�TXHVWLRQ�RI�GHWHUPLQLQJ�WKH�ODZV�RI�VWUHVV�GLV�
WULEXWLRQ�XQGHU� WKH� VWDPS��$OVR� LPSRUWDQW� DV� D� UHVXOW� LV� WKH� VL]H� RI� WKH�
FOXWFK�DUHD��
7R�VROYH�WKH�SUREOHP��DQ�DV\PSWRWLF�PHWKRG�LV�XVHG��7KLV�PHWKRG�DOORZV�
XV�WR�GHFRPSRVH�WKH�VWUHVV�VWUDLQ�VWDWH�RI�WKH�SODWH�LQWR�WZR�FRPSRQHQWV��
HDFK�RI�ZKLFK�LV�IRXQG�LQ�WKH�VHTXHQWLDO�VROXWLRQ�RI�ERXQGDU\�YDOXH�SURE�
OHPV�RI�SRWHQWLDO�WKHRU\�
7KH�SHUWXUEDWLRQ�PHWKRG�FRQVLGHUHG�E\�WKH�DXWKRUV�RI�WKLV�DUWLFOH�PDGH�LW�
SRVVLEOH�WR�UHGXFH�WKH�VROXWLRQ�RI�FRPSOH[�SUREOHPV�RI�OLQHDU�HODVWLFLW\�WR�
VXEVHTXHQWO\� VROYHG� ERXQGDU\� YDOXH SUREOHPV� RI� SRWHQWLDO� WKHRU\��:H�
VWXG\�QHZ�OLQHDU�SUREOHPV�WKDW�DUH�FXUUHQWO\�UHOHYDQW��,Q�SDUWLFXODU�� WKH�
ZRUN� DGGUHVVHG� WKH�SUREOHP�RI�$�$��*DOLQ� DERXW� WUDQVIHUULQJ� WKH� ORDG�
IURP�D�VWDPS�WR�D�URXQG�SODWH�
,Q�WKH�SURFHVV�RI�SUREOHP�VROYLQJ��D�UHODWLRQVKLS�LV�HVWDEOLVKHG�EHWZHHQ�
WKH�GLPHQVLRQV�RI�WKH�FRXSOLQJ�DUHD��WKH�FRQWDFW�DUHD��WKH�VHFWRU�RSHQLQJ�
DQJOH��$�UHODWLRQVKLS�LV�DOVR�HVWDEOLVKHG�EHWZHHQ�WKH�IULFWLRQ�FRHIILFLHQW�
DQG�WKH�VWLIIQHVV�FKDUDFWHULVWLFV�RI�WKH�SODWH�PDWHULDO�
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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ��������

:LWK�WKH�KHOS�RI�WKH�DSSURDFK�SURSRVHG�E\�WKH�DXWKRUV��DQDO\WLFDO�VROX�
WLRQV�RI�YDULRXV�SUDFWLFDOO\�LPSRUWDQW�SUREOHPV FDQ�EH�REWDLQHG��,W�LV�SRV�
VLEOH�WR�FDUU\�RXW�DVVHVVPHQWV�RI�WKH�VWUHVV�VWUDLQ�VWDWH�RI�VWUXFWXUHV��PHFK�
DQLVPV��RU�SDUWV�LQ�WKH�HYHQW�WKDW��GXULQJ�LQWHUDFWLRQ��DUHDV�RI�VOLGLQJ�DQG�
DGKHVLRQ�DSSHDU�

ɉɨɫɬɚɧɨɜɤɚ� ɩɪɨɛɥɟɦɢ�� ɋɟɪɟɞ� ɩɢɬɚɧɶ��
ɹɤɿ�ɚɤɬɭɚɥɶɧɿ ɫɶɨɝɨɞɧɿ��ɞɨɫɢɬɶ�ɜɚɠɥɢɜɨɸ�ɡɚ�
ɥɢɲɚɽɬɶɫɹ�ɡɚɞɚɱɚ�ɩɪɨ�ɩɟɪɟɞɚɱɭ�ɡɭɫɢɥɶ�ɿ�ɬɢɫ�
ɤɿɜ� ɜɿɞ� ɨɞɧɢɯ� ɞɟɬɚɥɟɣ� ɜɡɚɽɦɨɞɿʀ� ɞɨ� ɿɧɲɢɯ��
ɇɚɩɪɢɤɥɚɞ�� ɩɪɢ� ɜɡɚɽɦɧɨɦɭ� ʀɯ� ɡɿɬɤɧɟɧɧɿ�
Ɍɨɞɿ�ɜɢɧɢɤɚɽ�ɧɟɨɛɯɿɞɧɿɫɬɶ�ɭ�ɩɪɨɜɟɞɟɧɧɿ�ɤɨ�
ɪɟɤɬɧɨʀ� ɩɨɩɟɪɟɞɧɶɨʀ� ɨɰɿɧɤɢ� ɧɚɩɪɭɠɟɧɨ�ɞɟ�
ɮɨɪɦɨɜɚɧɨɝɨ�ɫɬɚɧɭ�ɩɨɫɬɚɜɥɟɧɨʀ�ɡɚɞɚɱɿ�

ɋɚɦɟ�ɬɨɦɭ�ɩɪɨɛɥɟɦɚ�ɦɨɞɟɥɸɜɚɧɧɹ�ɤɨɧ�
ɬɚɤɬɧɢɯ� ɜɡɚɽɦɨɞɿɣ� ɦɚɽ� ɨɫɨɛɥɢɜɟ� ɡɧɚɱɟɧɧɹ�
ɞɥɹ�ɛɭɞɿɜɧɢɰɬɜɚ�ɬɚ�ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɹ��Ɍɚɤɿ�
ɦɨɞɟɥɿ�ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ ɩɪɨɰɟɫɢ�ɪɭɣɧɭɜɚɧɧɹ�
ɿ� ɞɨɜɝɨɜɿɱɧɨɫɬɿ�� ɦɿɰɧɨɫɬɿ�� ɡɧɨɫɨɫɬɿɣɤɨɫɬɿ�
ɤɨɧɫɬɪɭɤɰɿɣ�ɿ�ɫɩɨɪɭɞ��

ɇɟɨɛɯɿɞɧɿɫɬɶ�ɜɢɪɿɲɟɧɧɹ�ɰɢɯ�ɩɢɬɚɧɶ��ɹɤɚ�
ɩɪɨɹɜɢɥɚɫɹ� ɧɚ� ɩɪɚɤɬɢɰɿ�� ɡɭɦɨɜɢɥɚ� ɜɚɠɥɢ�
ɜɿɫɬɶ�ɪɨɡɪɨɛɤɢ�ɦɟɬɨɞɿɜ�ɪɨɡɪɚɯɭɧɤɭ�ɤɨɧɬɚɤɬ�
ɧɢɯ�ɜɡɚɽɦɨɞɿɣ��ɚ�ɬɚɤɨɠ�ɞɨɫɥɿɞɠɟɧɧɹ�ɞɟɹɤɢɯ�
ɩɟɜɧɢɯ�ɤɨɧɬɚɤɬɧɢɯ�ɡɚɞɚɱ�>�@�

Ⱥɧɚɥɿɡ�ɨɫɬɚɧɧɿɯ�ɞɨɫɥɿɞɠɟɧɶ�ɿ�ɩɭɛɥɿɤɚ�
ɰɿɣ�� ȼɢɜɱɟɧɧɸ� ɧɚɩɪɭɠɟɧɨ�ɞɟɮɨɪɦɨɜɚɧɨɝɨ�
ɫɬɚɧɭ�ɞɟɬɚɥɟɣ�ɬɚ�ɦɟɯɚɧɿɡɦɿɜ�ɩɿɞ�ɱɚɫ�ɤɨɧɬɚɤɬ�
ɧɨʀ� ɜɡɚɽɦɨɞɿʀ� ɩɪɢɫɜɹɱɟɧɿ� ɱɢɫɥɟɧɧɿ� ɧɚɭɤɨɜɿ�
ɞɨɫɥɿɞɠɟɧɧɹ�� Ɂɨɤɪɟɦɚ�� ɩɥɨɫɤɚ� ɩɪɭɠɧɚ� ɡɚ�
ɞɚɱɚ�ɩɪɨ�ɞɿɸ�ɠɨɪɫɬɤɨɝɨ�ɲɬɚɦɩɚ ɧɚ�ɝɪɚɧɢɰɸ�
ɩɪɭɠɧɨʀ� ɿɡɨɬɪɨɩɧɨʀ� ɧɚɩɿɜɩɥɨɳɢɧɢ� ɡ� ɭɪɚɯɭ�
ɜɚɧɧɹɦ�ɬɨɝɨ��ɳɨ�ɜ�ɨɛɥɚɫɬɿ�ɤɨɧɬɚɤɬɭ�ɿɫɧɭɸɬɶ�
ɞɿɥɹɧɤɢ�ɤɨɜɡɚɧɧɹ�ɬɚ�ɡɱɟɩɥɟɧɧɹ��ɜɩɟɪɲɟ�ɛɭɥɚ�
ɩɨɫɬɚɜɥɟɧɚ� ɬɚ� ɧɚɛɥɢɠɟɧɨ� ɪɨɡɜ¶ɹɡɚɧɚ�
Ʌ� Ɉ� Ƚɚɥɿɧɢɦ�ɳɟ�ɜ������ɪ�

ɉɿɞ�ɱɚɫ�ɪɨɡɜ¶ɹɡɚɧɧɹ�ɪɿɡɧɢɯ ɡɚɞɚɱ��ɳɨ�ɜɿɞ�
ɧɨɫɹɬɶɫɹ�ɞɨ�ɬɟɨɪɿʀ�ɩɪɭɠɧɨɫɬɿ��ɲɢɪɨɤɨ�ɜɢɤɨ�
ɪɢɫɬɨɜɭɸɬɶɫɹ�ɦɟɬɨɞɢ�ɦɚɥɨɝɨ�ɩɚɪɚɦɟɬɪɚ��ɮɿ�
ɡɢɱɧɨɝɨ�ɚɛɨ�ɝɟɨɦɟɬɪɢɱɧɨɝɨ����Ⱦɚɧɚ�ɬɟɦɚ�ɞɨ�
ɫɢɬɶ� ɜɚɠɥɢɜɚ� ɿ� ɪɨɡɝɥɹɞɚɥɚɫɹ� ɪɿɡɧɢɦɢ� ɚɜɬɨ�
ɪɚɦɢ��ɚɥɟ�ɭ ɡɜ¶ɹɡɤɭ�ɡɿ�ɫɤɥɚɞɧɿɫɬɸ�ɩɨɫɬɚɧɨɜɤɢ�
ɡɚɞɚɱɿ��ɹɤ�ɿ�ɪɚɧɿɲɟ��ɽ�ɚɤɬɭɚɥɶɧɢɦɢ�

ɍ�ɩɪɚɰɹɯ�>�� �@�ɡɚɞɚɱɿ�ɩɪɨ�ɩɟɪɟɞɚɱɭ�ɧɚ�
ɜɚɧɬɚɠɟɧɧɹ� ɪɨɡɜ¶ɹɡɭɸɬɶɫɹ� ɱɢɫɟɥɶɧɨ�ɚɧɚɥɿ�
ɬɢɱɧɢɦɢ�ɦɟɬɨɞɚɦɢ�

ȼɢɞɿɥɟɧɧɹ� ɧɟɜɢɪɿɲɟɧɢɯ� ɪɚɧɿɲɟ� ɩɢ�
ɬɚɧɶ��ɉɿɞ�ɱɚɫ�ɜɡɚɽɦɨɞɿɣ�ɞɨɫɢɬɶ�ɱɚɫɬɨ�ɜɢɧɢ�
ɤɚɸɬɶ�ɫɢɬɭɚɰɿʀ��ɤɨɥɢ�ɜ�ɩɪɨɰɟɫɿ�ɡ¶ɹɜɥɹɸɬɶɫɹ�
ɞɿɥɹɧɤɢ� ɤɨɜɡɚɧɧɹ� ɬɚ� ɡɱɟɩɥɟɧɧɹ�� ȼɚɠɥɢɜɢɦ�

ɩɢɬɚɧɧɹɦ�ɬɚɤɨɠ�ɽ�ɜɢɡɧɚɱɟɧɧɹ�ɞɿɥɹɧɤɢ�ɡɱɟɩ�
ɥɟɧɧɹ� ɍ�ɰɶɨɦɭ�ɜɢɩɚɞɤɭ�ɦɨɠɭɬɶ�ɛɭɬɢ�ɜɢɤɨ�
ɪɢɫɬɚɧɿ�ɜɿɞɩɨɜɿɞɧɿ�ɚɧɚɥɿɬɢɱɧɿ�ɪɨɡɜ¶ɹɡɤɢ�ɦɨ�
ɞɟɥɶɧɢɯ�ɡɚɞɚɱ�

ɍ� ɞɚɧɿɣ� ɪɨɛɨɬɿ� ɜɢɜɱɚɽɬɶɫɹ� ɧɨɜɚ� ɡɚɞɚɱɚ�
ɩɪɨ�ɞɿɸ�ɠɨɪɫɬɤɨɝɨ�ɲɬɚɦɩɚ ɧɚ�ɜɿɥɶɧɭ�ɝɪɚɧɶ�
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