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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ�ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ��������
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ɑɂɋȿɅɖɇɂɃ�ȺɇȺɅȱɁ�ȼȱɅɖɇɂɏ�ɄɈɅɂȼȺɇɖ�ɉɊəɆɈɄɍɌɇɂɏ�
ɉɅȺɋɌɂɇ�ɇȺ�ɈɋɇɈȼȱ ɊȱɁɇɂɏ�ɉȱȾɏɈȾȱȼ

Ɉ��ə��Ƚɪɢɝɨɪɟɧɤɨ���Ɇ��ɘ��Ȼɨɪɢɫɟɧɤɨ���Ɉ��ȼ��Ȼɨɣɱɭɤ���ȼ��ɋ��ɇɨɜɢɰɶɤɢɣ�

�ȱɧɫɬɢɬɭɬ�ɦɟɯɚɧɿɤɢ�ɿɦ��ɋ� ɉ��Ɍɢɦɨɲɟɧɤɚ ɇȺɇ�ɍɤɪɚʀɧɢ�
�Ɇɢɤɨɥɚʀɜɫɶɤɢɣ�ɧɚɰɿɨɧɚɥɶɧɢɣ�ɚɝɪɚɪɧɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ�
�Ɇɢɤɨɥɚʀɜɫɶɤɢɣ�ɦɭɧɿɰɢɩɚɥɶɧɢɣ�ɤɨɥɟɝɿɭɦ�ɿɦ� ȼ� Ⱦ� ɑɚɣɤɢ
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Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ�
ɦɟɬɨɞ�ɫɤɿɧɱɟɧɧɢɯ�ɟɥɟɦɟɧɬɿɜ��ɦɟɬɨɞ�
Ɋɟɥɟɹ�Ɋɿɬɰɚ��ɱɚɫɬɨɬɢ�ɿ�ɮɨɪɦɢ�ɜɿɥɶ�
ɧɢɯ�ɤɨɥɢɜɚɧɶ��ɤɜɚɞɪɚɬɧɚ�ɩɥɚɫɬɢɧɚ��
ɠɨɪɫɬɤɟ�ɡɚɤɪɿɩɥɟɧɧɹ�

ȼɢɡɧɚɱɚɸɬɶɫɹ�ɱɚɫɬɨɬɢ� ɬɚ�ɮɨɪɦɢ�ɜɿɥɶɧɢɯ�ɤɨɥɢɜɚɧɶ� ɬɨɧɤɨʀ�ɠɨɪɫɬɤɨ�
ɡɚɤɪɿɩɥɟɧɨʀ�ɤɜɚɞɪɚɬɧɨʀ�ɩɥɚɫɬɢɧɢ�ɫɬɚɥɨʀ�ɬɨɜɳɢɧɢ�ɧɚ�ɨɫɧɨɜɿ�ɞɜɨɯ�ɱɢ�
ɫɟɥɶɧɢɯ� ɦɟɬɨɞɿɜ�� Ⱦɨɫɥɿɞɠɟɧɧɹ� ɩɪɨɜɨɞɢɥɢɫɶ� ɦɟɬɨɞɨɦ� ɫɤɿɧɱɟɧɧɢɯ�
ɟɥɟɦɟɧɬɿɜ� �Ɇɋȿ��� ɹɤɢɣ� ɪɟɚɥɿɡɨɜɚɧɨ� ɧɚ� ɥɿɰɟɧɡɿɣɧɨɦɭ� ɩɪɨɝɪɚɦɧɨɦɭ�
ɡɚɫɨɛɿ�)(0$3 ɡ� ɪɨɡɜ¶ɹɡɭɜɚɱɟɦ�1;�1DVWUDQ� ɿ�ɦɟɬɨɞɨɦ�Ɋɟɥɟɹ�Ɋɿɬɰɚ��
ɹɤɢɣ�ɦɨɞɢɮɿɤɨɜɚɧɨ�ɬɚ�ɪɟɚɥɿɡɨɜɚɧɨ�ɧɚ�ȿɈɆ�ɭ ɫɟɪɟɞɨɜɢɳɿ�'HOSKL��Ⱦɨ�
ɫɬɨɜɿɪɧɿɫɬɶ� ɨɬɪɢɦɚɧɢɯ� ɪɟɡɭɥɶɬɚɬɿɜ� ɡɚɛɟɡɩɟɱɭɽɬɶɫɹ� ɜɢɤɨɪɢɫɬɚɧɧɹɦ�
ɨɛʉɪɭɧɬɨɜɚɧɨʀ�ɦɚɬɟɦɚɬɢɱɧɨʀ�ɦɨɞɟɥɿ��ɤɨɪɟɤɬɧɿɫɬɸ�ɩɨɫɬɚɧɨɜɤɢ�ɡɚɞɚɱɿ��
ɪɨɡɜ¶ɹɡɭɜɚɧɧɹɦ�ɬɟɫɬɨɜɢɯ�ɡɚɞɚɱ�ɬɚ�ɩɪɚɤɬɢɱɧɨɸ�ɡɛɿɠɧɿɫɬɸ�ɪɨɡɪɚɯɨɜɚ�
ɧɢɯ�ɱɚɫɬɨɬ�ɦɟɬɨɞɨɦ�ɫɤɿɧɱɟɧɧɢɯ�ɟɥɟɦɟɧɬɿɜ�ɿ�ɦɟɬɨɞɨɦ�Ɋɟɥɟɹ�Ɋɿɬɰɚ��ɍ�
ɪɟɡɭɥɶɬɚɬɿ�ɞɨɫɥɿɞɠɟɧɧɹ�ɭ ɮɨɪɦɭɥɿ�ɦɟɬɨɞɭ�Ɋɟɥɟɹ�Ɋɿɬɰɚ�ɜɢɞɿɥɟɧɨ�ɬɪɢ�
ɤɨɟɮɿɰɿɽɧɬɢ��ɳɨ�ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ�ɝɟɨɦɟɬɪɢɱɧɿ�ɪɨɡɦɿɪɢ�ɩɥɚɫɬɢɧɢ��ɮɿ�
ɡɢɤɨ�ɦɟɯɚɧɿɱɧɿ� ɜɥɚɫɬɢɜɨɫɬɿ� ɦɚɬɟɪɿɚɥɭ� ɿ� ɮɨɪɦɭ� ɤɨɥɢɜɚɧɶ�� ɡɪɨɛɥɟɧɨ�
ɭɬɨɱɧɟɧɧɹ�ɨɫɬɚɧɧɶɨɝɨ�ɤɨɟɮɿɰɿɽɧɬɚ��ɳɨ�ɩɿɞɜɢɳɢɥɨ�ɬɨɱɧɿɫɬɶ�ɪɨɡɪɚɯɭ�
ɧɤɭ��ɋɬɜɨɪɟɧɨ�ɩɪɨɝɪɚɦɭ�ɜ�ɫɟɪɟɞɨɜɢɳɿ�'HOSKL�ɬɚ�ɩɨɲɢɪɟɧɨ�Ɇɋȿ�ɞɥɹ�
ɪɨɡɪɚɯɭɧɤɭ�ɱɚɫɬɨɬ�ɿ�ɮɨɪɦ�ɜɿɥɶɧɢɯ�ɤɨɥɢɜɚɧɶ��Ɋɟɡɭɥɶɬɚɬɢ�ɪɨɡɪɚɯɨɜɚ�
ɧɢɯ�ɱɚɫɬɨɬ�ɦɚɸɬɶ�ɯɨɪɨɲɭ�ɡɛɿɠɧɿɫɬɶ�ɡ�ɪɟɡɭɥɶɬɚɬɚɦɢ� ɨɬɪɢɦɚɧɢɦɢ�ɿɧ�
ɲɢɦɢ�ɚɜɬɨɪɚɦɢ�ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦ�ɬɚ�ɱɢɫɟɥɶɧɢɦ�ɦɟɬɨɞɚɦɢ��ɉɪɨɜɟ�
ɞɟɧɨ�ɩɨɪɿɜɧɹɥɶɧɢɣ�ɚɧɚɥɿɡ�ɱɚɫɬɨɬ�ɿ�ɮɨɪɦ�ɜɿɥɶɧɢɯ�ɤɨɥɢɜɚɧɶ�ɪɨɡɝɥɹɧɭ�
ɬɨʀ�ɩɥɚɫɬɢɧɢ� ɪɨɡɪɚɯɨɜɚɧɢɯ�ɞɜɨɦɚ�ɱɢɫɟɥɶɧɢɦɢ�ɦɟɬɨɞɚɦɢ�
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.H\�ZRUGV�
ILQLWH�HOHPHQW�PHWKRG��5D\OHLJK�5LW]�
PHWKRG��IUHTXHQFLHV�DQG�PRGHV�RI�IUHH�
RVFLOODWLRQV��VTXDUH�SODWH��ULJLG�
IDVWHQLQJ�

3ODWHV�RI�YDULRXV�VKDSHV�DUH� WKH�PRVW�FRPPRQ�HOHPHQWV�RI� WKLQ�ZDOOHG�
VWUXFWXUHV� LQ�YDULRXV�EUDQFKHV�RI�PRGHUQ� WHFKQRORJ\�� ,W� LV�QHFHVVDU\� WR�
FDOFXODWH�WKH�ORDG�EHDULQJ�HOHPHQWV�RI�VWUXFWXUHV�IRU�WKH�FDVH�RI�YDULRXV�
VXGGHQO\�DULVLQJ�G\QDPLF� ORDGV�ZKHQ�YDULRXV�HQJLQHHULQJ� IDFLOLWLHV�DUH�
GHVLJQLQJ�DQG�FRQVWUXFWLQJ��7KHUHIRUH��WKH�VWXG\�RI�WKH�G\QDPLF�EHKDYLRU�
RI�HQJLQHHULQJ�VWUXFWXUHV�HOHPHQWV�WDNLQJ�LQWR�DFFRXQW�WKH�SURSHUWLHV�RI�
WKH�PDWHULDO�DQG�WKH�LPSDFW�RI�WKH�HQYLURQPHQW�GXULQJ�G\QDPLF�ORDG�LV�DQ�
DFWXDO�SUREOHP��,Q�WKLV�FRQQHFWLRQ�LW�LV�QHFHVVDU\�WR�H[WHQG�WKH�QXPHULFDO�
PHWKRGV� IRU� VWXG\LQJ� WKH� QDWXUDO� RVFLOODWLRQV� IUHTXHQFLHV� DQG� IRUPV�RI�
ULJLGO\�IL[HG�VTXDUH�SODWHV�

0RGHUQ� VFLHQFH� GRHV� QRW� LJQRUH� WKLV� SUREOHP�� VR� LQ� >�@� ZH� JLYH� DQ�
RYHUYLHZ�RI� WKH�ZRUNV�GHYRWHG� WR� WKH�FDOFXODWLRQ�RI� WKH�IUHTXHQFLHV�RI�
IUHH� RVFLOODWLRQV� RI� D� UHFWDQJXODU� SODWH�� WKH� UHVXOWV� RI� FRPSXWDWLRQDO�
H[SHULPHQWV�DUH�JLYHQ��,Q�>�@�DQDO\WLF�H[SUHVVLRQV�ZHUH�FRQVWUXFWHG�IRU�
WKH�FDOFXODWLRQ�RI�HLJHQIUHTXHQFLHV�DQG�IRUPV�RI�RVFLOODWLRQV�RI�D�VTXDUH�
KRPRJHQHRXV�SODWH�IL[HG�DORQJ�WKH�FRQWRXU��,Q�>������@�WKH�VROXWLRQ�RI�WKH�
SUREOHPV�RI�IUHH�RVFLOODWLRQV�RI�UHFWDQJXODU�SODWHV�ZLWK�YDULDEOH�WKLFNQHVV�
LV�SURSRVHG�ZLWK�WKH�DLG�RI�D�QXPHULFDO�DQDO\WLF�VSOLQH�FROORFDWLRQ�PHWKRG�
LQ�FRQMXQFWLRQ�ZLWK�WKH�GLVFUHWH�RUWKRJRQDOL]DWLRQ�PHWKRG��IRU�H[DPSOH�
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LQ�>��@��WKH�SUREOHP�RI�IUHH�RVFLOODWLRQV�RI�D�VTXDUH�SODWH�ZLWK�D�FRQVWDQW�
WKLFNQHVV�IL[HG�DORQJ�WKH�HGJHV�LV�VROYHG�DV�D�PDWKHPDWLFDO�PRGHO��7KH�
FDOFXODWHG�IUHTXHQFLHV�DUH�FRPSDUHG�ZLWK�WKH�H[SHULPHQWDO�GDWD�REWDLQHG�
E\�WKH�PHWKRG�RI�KRORJUDSKLF�LQWHUIHURPHWU\��,Q�>��@��WKH�IUHH�RVFLOODWLRQV�
IUHTXHQFLHV�RI�DQLVRWURSLF�UHFWDQJXODU�SODWHV�ZLWK�GLIIHUHQW�WKLFNQHVV�ZLWK�
GLIIHUHQW� ERXQGDU\� FRQGLWLRQV� DUH� FDOFXODWHG�� ,Q� >��@�� RUWKRWURSLF�
UHFWDQJXODU�SODWHV�RI�YDULDEOH�WKLFNQHVV�DUH�FRQVLGHUHG�EDVHG�RQ�WKH�VSOLQH�
DSSUR[LPDWLRQ� PHWKRG� DQG� WKH� GLVFUHWH� RUWKRJRQDOL]DWLRQ� PHWKRG� LQ�
FRQMXQFWLRQ� ZLWK� WKH� VWHS�E\�VWHS� VHDUFK� PHWKRG�� 2QH� RI� WKH� PRGHUQ�
PHWKRGV� IRU� FDOFXODWLQJ� SUREOHPV� RI� G\QDPLFV� XVLQJ� FRPSXWHUV� LV� WKH�
ILQLWH�HOHPHQW�PHWKRG��)(0���,Q�>��@��D�WKLQ�VTXDUH�SODWH�ZLWK�GLIIHUHQW�
SK\VLFDO�PHFKDQLFDO�FKDUDFWHULVWLFV�ZLWK�IUHH�HGJHV�LV�LQYHVWLJDWHG��7KH�
JHRPHWU\� PRGHOLQJ� DQG� QXPHULFDO� FDOFXODWLRQ� RI� WKH� IUHTXHQFLHV� DQG�
IRUPV�RI� IUHH�RVFLOODWLRQ�RI�SODWHV�DUH�FDUULHG�RXW�E\� WKH� ILQLWH�HOHPHQW�
PHWKRG��ZKLFK�LV�LPSOHPHQWHG�XVLQJ�WKH�FRPSXWHU�SURJUDP�)(0$3�ZLWK�
1$675$1� VROYLQJ�� $� FRPSDUDWLYH� DQDO\VLV� RI� WKH� FDOFXODWHG�
HLJHQIUHTXHQFLHV� ZLWK� IUHTXHQFLHV� REWDLQHG� QXPHULFDOO\� DQG�
H[SHULPHQWDOO\�E\�RWKHU�DXWKRUV�LV�FDUULHG�RXW�

)UHH�RVFLOODWLRQV�IUHTXHQFLHV�DQG�IRUPV�RI�D�WKLQ�ULJLGO\�IL[HG�VTXDUH�SODWH�
ZLWK�FRQVWDQW�WKLFNQHVV�DUH�GHWHUPLQHG EDVHG�RQ WZR�QXPHULFDO�PHWKRGV��
7KH� UHVHDUFK� ZDV� FDUULHG� RXW� E\� WKH� ILQLWH� HOHPHQW� PHWKRG� ZKLFK� LV�
LPSOHPHQWHG� RQ� WKH� OLFHQVHG� VRIWZDUH� )(0$3� DQG� WKH� 5D\OHLJK�5LW]�
PHWKRG�ZKLFK�LV�PRGLILHG�DQG�LPSOHPHQWHG�RQ�D�FRPSXWHU�LQ�WKH�'HOSKL�
HQYLURQPHQW��7KH�UHOLDELOLW\�RI�WKH�UHVXOWV�REWDLQHG LV�HQVXUHG�E\�XVLQJ�D�
YDOLG�PDWKHPDWLFDO�PRGHO��WKH�FRUUHFWQHVV�RI�WKH�SUREOHP�VWDWHPHQW��WKH�
VROXWLRQ�RI�WHVW�SUREOHPV�DQG�WKH�SUDFWLFDO�FRQYHUJHQFH�RI�WKH�FDOFXODWHG�
IUHTXHQFLHV�E\�WKH�ILQLWH�HOHPHQW�PHWKRG�DQG�WKH�5D\OHLJK�5LW]�PHWKRG��
$V� D� UHVXOW� RI� WKH� UHVHDUFK� LQ� WKH�5D\OHLJK�5LW]�PHWKRG� IRUPXOD� WKUHH�
FRHIILFLHQWV� FKDUDFWHUL]LQJ� WKH� JHRPHWULF� GLPHQVLRQV� RI� WKH� SODWH�� WKH�
SK\VLFDO�PHFKDQLFDO�SURSHUWLHV�RI�WKH�PDWHULDO�DQG�WKH�RVFLOODWLRQV�PRGH�
ZHUH�VHSDUDWHG��FODULILFDWLRQ�RI�WKH�ODVW�FRHIILFLHQW�LQFUHDVHG�WKH�DFFXUDF\�
RI�WKH�FDOFXODWLRQ��7KH�SURJUDP�ZDV�FUHDWHG�LQ�WKH�'HOSKL�HQYLURQPHQW�
DQG�WKH�ILQLWH�HOHPHQW�PHWKRG�ZDV�GLVWULEXWHG�WR�FDOFXODWH�IUHTXHQFLHV�DQG�
IRUPV�RI�IUHH�RVFLOODWLRQV��7KH�UHVXOWV�RI�WKH�FDOFXODWHG�IUHTXHQFLHV�KDYH�
JRRG� DJUHHPHQW� ZLWK� WKH� UHVXOWV� REWDLQHG� E\� RWKHU� DXWKRUV� E\�
H[SHULPHQWDO� DQG� QXPHULFDO� PHWKRGV�� $� FRPSDUDWLYH� DQDO\VLV� RI� WKH�
IUHTXHQFLHV� DQG� IRUPV� RI� IUHH� RVFLOODWLRQV� RI� WKH� FRQVLGHUHG� SODWH�
FDOFXODWHG�E\�WZR�QXPHULFDO�PHWKRGV�ZDV�FDUULHG�RXW�

ɉɨɫɬɚɧɨɜɤɚ�ɩɪɨɛɥɟɦɢ��ɍ�ɪɿɡɧɢɯ� ɝɚɥɭ�
ɡɹɯ� ɫɭɱɚɫɧɨʀ� ɬɟɯɧɿɤɢ� ɩɥɚɫɬɢɧɢ� ɪɿɡɧɨɦɚɧɿɬ�
ɧɢɯ�ɮɨɪɦ�ɽ�ɧɚɣɛɿɥɶɲ�ɩɨɲɢɪɟɧɢɦɢ�ɟɥɟɦɟɧ�
ɬɚɦɢ�ɬɨɧɤɨɫɬɿɧɧɢɯ�ɤɨɧɫɬɪɭɤɰɿɣ��ɉɪɢ�ɩɪɨɽɤ�
ɬɭɜɚɧɧɿ� ɿ� ɛɭɞɿɜɧɢɰɬɜɿ� ɪɿɡɧɢɯ� ɿɧɠɟɧɟɪɧɢɯ�
ɫɩɨɪɭɞ�ɧɟɨɛɯɿɞɧɨ�ɩɪɨɜɨɞɢɬɢ�ɪɨɡɪɚɯɭɧɨɤ�ɧɟ�
ɫɭɱɢɯ�ɟɥɟɦɟɧɬɿɜ�ɤɨɧɫɬɪɭɤɰɿɣ�ɧɚ�ɜɢɩɚɞɨɤ�ɞɿʀ�
ɪɿɡɧɨɦɚɧɿɬɧɢɯ� ɞɢɧɚɦɿɱɧɢɯ� ɧɚɜɚɧɬɚɠɟɧɶ��
Ɍɨɦɭ ɚɤɬɭɚɥɶɧɢɦ�ɽ ɜɢɜɱɟɧɧɹ�ɞɢɧɚɦɿɱɧɨʀ�ɩɨ�
ɜɟɞɿɧɤɢ�ɟɥɟɦɟɧɬɿɜ�ɿɧɠɟɧɟɪɧɢɯ ɫɩɨɪɭɞ�ɡ�ɭɪɚ�
ɯɭɜɚɧɧɹɦ� ɜɥɚɫɬɢɜɨɫɬɟɣ� ɦɚɬɟɪɿɚɥɭ� ɿ� ɜɩɥɢɜɭ�
ɧɚɜɤɨɥɢɲɧɶɨɝɨ� ɫɟɪɟɞɨɜɢɳɚ� ɩɪɢ� ɞɢɧɚɦɿɱ�
ɧɨɦɭ�ɧɚɜɚɧɬɚɠɟɧɧɿ��ɍ�ɡɜ¶ɹɡɤɭ�ɡ�ɰɢɦ�ɧɟɨɛɯɿɞ�
ɧɨ ɩɨɲɢɪɢɬɢ�ɱɢɫɟɥɶɧɿ�ɦɟɬɨɞɢ�ɞɨɫɥɿɞɠɟɧɧɹ�
ɱɚɫɬɨɬ�ɿ�ɮɨɪɦ�ɜɥɚɫɧɢɯ�ɤɨɥɢɜɚɧɶ�ɠɨɪɫɬɤɨ�ɡɚ�
ɤɪɿɩɥɟɧɢɯ�ɤɜɚɞɪɚɬɧɢɯ�ɩɥɚɫɬɢɧ�

Ⱦɨɫɥɿɞɠɟɧɧɸ�ɱɚɫɬɨɬ�ɿ�ɮɨɪɦ�ɜɿɥɶɧɢɯ�ɤɨ�
ɥɢɜɚɧɶ� ɩɪɹɦɨɤɭɬɧɢɯ� ɩɥɚɫɬɢɧ� ɩɪɢɫɜɹɱɟɧɨ�

ɛɚɝɚɬɨ�ɧɚɭɤɨɜɢɯ ɩɪɚɰɶ��Ɉɞɧɿɽɸ�ɡ�ɩɟɪɲɢɯ�ɪɨ�
ɛɿɬ�� ɭ ɹɤɿɣ� ɩɪɨɜɟɞɟɧɨ� ɪɨɡɪɚɯɭɧɨɤ� ɨɫɧɨɜɧɨʀ�
ɱɚɫɬɨɬɢ� ɤɜɚɞɪɚɬɧɨʀ� ɩɥɚɫɬɢɧɢ�� ɽ� ɪɨɛɨɬɚ�
ɋ� Ɍɨɦɨɬɿɤɚ������ɪɨɤɭ�>�@��ɍ ɪɨɛɨɬɿ�>�@�ɪɨɡɝ�
ɥɹɧɭɬɨ� ��� ɬɢɩ� ɦɨɠɥɢɜɢɯ� ɞɥɹ� ɩɪɹɦɨɤɭɬɧɨʀ�
ɩɥɚɫɬɢɧɢ�ɝɪɚɧɢɱɧɢɯ�ɭɦɨɜ��Ɉɝɥɹɞ�ɿɡ ɡɚɫɬɨɫɭ�
ɜɚɧɧɹ ɦɟɬɨɞɭ�Ɋɟɥɟɹ�Ɋɿɬɰɚ�ɧɚɜɟɞɟɧɨ�ɜ�>�@��ɍ
ɪɚɦɤɚɯ�ɤɥɚɫɢɱɧɨʀ�ɬɟɨɪɿʀ�ɞɥɹ�ɜɢɡɧɚɱɟɧɧɹ�ɱɚɫ�
ɬɨɬ� ɿ� ɮɨɪɦ� ɜɿɥɶɧɢɯ� ɤɨɥɢɜɚɧɶ� ɜɢɤɨɪɢɫɬɨɜɭ�
ɽɬɶɫɹ� ɛɚɝɚɬɨ� ɪɿɡɧɨɦɚɧɿɬɧɢɯ� ɦɟɬɨɞɿɜ�� ɦɟɬɨɞ�
Ɋɟɥɟɹ�Ɋɿɬɰɚ��ɦɟɬɨɞ�Ȼɭɛɧɨɜɚ�Ƚɚɥɶɨɪɤɿɧɚ��ɦɟ�
ɬɨɞ�ɤɨɥɨɤɚɰɿɣ��ɦɟɬɨɞ� ɡɛɭɪɟɧɶ��ɦɟɬɨɞ�ɪɹɞɿɜ��
ɦɟɬɨɞ� ɫɿɬɨɤ�� ɦɟɬɨɞ� ɩɨɱɚɬɤɨɜɢɯ� ɩɚɪɚɦɟɬɪɿɜ�
Ȼ� Ƚ� Ʉɨɪɟɧɟɜɚ�� ɦɟɬɨɞ� ȿɞɦɚɧɚ�� ɚɫɢɦɩɬɨɬɢɱ�
ɧɢɣ�ɦɟɬɨɞ�ȼ� ȼ� Ȼɨɥɨɬɿɧɚ�ɬɚ�ɿɧɲɿ��Ʉɨɪɨɬɤɢɣ�
ɜɢɤɥɚɞ� ɰɢɯ� ɦɟɬɨɞɿɜ� ɧɚɜɨɞɢɬɶɫɹ� ɜ� ɪɨɛɨɬɚɯ�
>���@�
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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ�ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ��������

Ɂɚɡɧɚɱɢɦɨ��ɳɨ�ɨɤɪɿɦ�ɚɧɚɥɿɬɢɱɧɢɯ�ɿ�ɱɢɫɟ�
ɥɶɧɢɯ� ɦɟɬɨɞɿɜ� ɿɫɧɭɸɬɶ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ�
ɦɟɬɨɞɢ�ɞɨɫɥɿɞɠɟɧɧɹ�ɜɿɥɶɧɢɯ�ɤɨɥɢɜɚɧɶ�ɩɥɚɫ�
ɬɢɧ�� ɭ >�@ ɨɛɝɨɜɨɪɸɽɬɶɫɹ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶ�
ɧɢɣ�ɚɧɚɥɿɡ�ɜɿɛɪɚɰɿɣɧɢɯ�ɪɟɠɢɦɿɜ�ɩɥɚɫɬɢɧ�

ɋɭɱɚɫɧɚ� ɧɚɭɤɚ� ɬɚɤɨɠ� ɧɟ� ɡɚɥɢɲɚɽ� ɛɟɡ�
ɭɜɚɝɢ�ɞɚɧɭ�ɩɪɨɛɥɟɦɭ��ɬɚɤ� ɭ >�@�ɧɚɜɨɞɢɬɶɫɹ�
ɨɝɥɹɞ�ɪɨɛɿɬ�ɩɪɢɫɜɹɱɟɧɢɯ�ɨɛɱɢɫɥɟɧɧɸ�ɱɚɫɬɨɬ�
ɜɿɥɶɧɢɯ�ɤɨɥɢɜɚɧɶ�ɩɪɹɦɨɤɭɬɧɨʀ�ɩɥɚɫɬɢɧɢ��ɧɚ�
ɜɟɞɟɧɿ�ɪɟɡɭɥɶɬɚɬɢ�ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ�ɟɤɫɩɟɪɢ�
ɦɟɧɬɿɜ��ɹɤɢɦɢ�ɩɨɤɚɡɚɧɨ��ɳɨ�ɞɪɭɝɚ�ɿ�ɬɪɟɬɹ�ɱɚ�
ɫɬɨɬɚ�ɤɜɚɞɪɚɬɧɨʀ�ɩɥɚɫɬɢɧɤɢ�± ɤɪɚɬɧɿ��ɬɨɛɬɨ�
ɜɿɞɩɨɜɿɞɧɢɣ�ɜɥɚɫɧɢɣ�ɩɿɞɩɪɨɫɬɿɪ�± ɞɜɨɜɢɦɿɪ�
ɧɢɣ��ɇɚɜɟɞɟɧɨ�ɞɜɿ�ɜɿɞɩɨɜɿɞɧɿ�ɜɥɚɫɧɿ�ɮɨɪɦɢ��
ɍ >�@�ɩɨɛɭɞɨɜɚɧɨ�ɚɧɚɥɿɬɢɱɧɿ�ɜɢɪɚɡɢ�ɞɥɹ�ɨɛ�
ɱɢɫɥɟɧɧɹ� ɜɥɚɫɧɢɯ� ɱɚɫɬɨɬ� ɿ� ɮɨɪɦ� ɤɨɥɢɜɚɧɶ�
ɡɚɬɢɫɧɟɧɨʀ� ɩɨ� ɤɨɧɬɭɪɭ� ɤɜɚɞɪɚɬɧɨʀ� ɨɞɧɨɪɿɞ�
ɧɨʀ� ɩɥɚɫɬɢɧɢ�� Ⱦɚɧɚ� ɨɰɿɧɤɚ� ɩɨɯɢɛɤɢ� ɩɨɪɿɜ�
ɧɹɧɧɹ�ɡ�ɜɿɞɨɦɢɦɢ�ɜɢɫɨɤɨɬɨɱɧɢɦɢ�ɪɨɡɪɚɯɭɧ�
ɤɚɦɢ��Ɂɪɨɛɥɟɧɨ�ɩɨɪɿɜɧɹɧɧɹ�ɚɧɚɥɿɬɢɱɧɢɯ�ɪɨɡ�
ɪɚɯɭɧɤɿɜ� ɡ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ� ɞɚɧɢɦɢ��
ɨɬɪɢɦɚɧɢɦɢ�ɚɜɬɨɪɨɦ�ɪɟɡɨɧɚɧɫɧɢɦ�ɦɟɬɨɞɨɦ��
ɍɫɬɚɧɨɜɥɟɧɨ��ɳɨ�ɚɧɚɥɿɬɢɱɧɿ�ɿ�ɜɿɞɩɨɜɿɞɧɨ�ɱɢ�
ɫɟɥɶɧɿ�ɪɟɡɭɥɶɬɚɬɢ�ɡɛɿɝɚɸɬɶɫɹ�ɡ�ɟɤɫɩɟɪɢɦɟɧ�
ɬɚɥɶɧɢɦɢ�ɡ�ɩɨɯɢɛɤɨɸ�ɦɟɧɲɟ�����ȼ�>��� ��@�
ɡɚɩɪɨɩɨɧɨɜɚɧɨ� ɪɨɡɜ¶ɹɡɨɤ� ɡɚɞɚɱ� ɩɪɨ� ɜɿɥɶɧɿ�
ɤɨɥɢɜɚɧɧɹ�ɩɪɹɦɨɤɭɬɧɢɯ�ɩɥɚɫɬɢɧ�ɡɦɿɧɧɨʀ�ɬɨ�
ɜɳɢɧɢ� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɱɢɫɟɥɶɧɨ�ɚɧɚɥɿɬɢɱ�
ɧɨɝɨ�ɦɟɬɨɞɭ�ɫɩɥɚɣɧ�ɤɨɥɥɨɤɚɰɿʀ�ɜ�ɩɨɽɞɧɚɧɧɿ�
ɡ�ɦɟɬɨɞɨɦ�ɞɢɫɤɪɟɬɧɨ�ɨɪɬɨɝɨɧɚɥɿɡɚɰɿʀ�� ɬɚɤ� ɜ�
>��@� ɹɤ� ɦɚɬɟɦɚɬɢɱɧɭ� ɦɨɞɟɥɶ� ɪɨɡɜ¶ɹɡɚɧɨ� ɡɚ�
ɞɚɱɭ�ɩɪɨ�ɜɿɥɶɧɿ�ɤɨɥɢɜɚɧɧɹ�ɤɜɚɞɪɚɬɧɨʀ�ɩɥɚɫ�
ɬɢɧɢ� ɡ� ɩɨɫɬɿɣɧɨɸ� ɬɨɜɳɢɧɨɸ� ɡɚɤɪɿɩɥɟɧɨɸ�
ɩɨ� ɤɪɚɹɯ�� Ɋɨɡɪɚɯɨɜɚɧɿ� ɱɚɫɬɨɬɢ� ɩɨɪɿɜɧɸ�
ɸɬɶɫɹ�ɡ�ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ�ɞɚɧɢɦɢ�ɨɬɪɢ�
ɦɚɧɢɦɢ� ɦɟɬɨɞɨɦ� ɝɨɥɨɝɪɚɮɿɱɧɨʀ� ɿɧɬɟɪɮɟɪɨ�
ɦɟɬɪɿʀ�� ȼ� >��@� ɪɨɡɪɚɯɨɜɚɧɿ� ɱɚɫɬɨɬɢ� ɜɥɚɫɧɢɯ�
ɤɨɥɢɜɚɧɶ� ɚɧɿɡɨɬɪɨɩɧɢɯ� ɩɪɹɦɨɤɭɬɧɢɯ� ɩɥɚɫ�
ɬɢɧ ɪɿɡɧɨʀ� ɬɨɜɳɢɧɢ� ɡ� ɪɿɡɧɢɦɢ� ɝɪɚɧɢɱɧɢɦɢ�
ɭɦɨɜɚɦɢ��ɍ >��@�ɪɨɡɝɥɹɧɭɬɿ�ɨɪɬɨɬɪɨɩɧɿ�ɩɪɹ�
ɦɨɤɭɬɧɿ� ɩɥɚɫɬɢɧɢ� ɡɦɿɧɧɨʀ� ɬɨɜɳɢɧɢ� ɧɚ� ɨɫ�
ɧɨɜɿ� ɦɟɬɨɞɭ� ɫɩɥɚɣɧ�ɚɩɪɨɤɫɢɦɚɰɿʀ� ɿ� ɦɟɬɨɞɭ�
ɞɢɫɤɪɟɬɧɨʀ�ɨɪɬɨɝɨɧɚɥɿɡɚɰɿʀ�ɜ�ɩɨɽɞɧɚɧɧɿ�ɡ�ɦɟ�
ɬɨɞɨɦ�ɩɨɤɪɨɤɨɜɨɝɨ�ɩɨɲɭɤɭ�

Ɉɞɧɢɦ� ɿɡ� ɫɭɱɚɫɧɢɯ�ɦɟɬɨɞɿɜ� ɪɨɡɪɚɯɭɧɤɭ�
ɡɚɞɚɱ�ɞɢɧɚɦɿɤɢ�ɡɚ�ɞɨɩɨɦɨɝɨɸ�ȿɈɆ�ɽ�Ɇɋȿ��
ɍ ɪɨɛɨɬɿ�>��@�ɞɨɫɥɿɞɠɭɽɬɶɫɹ�ɬɨɧɤɚ�ɤɜɚɞɪɚɬɧɚ�
ɩɥɚɫɬɢɧɚ�ɡ�ɪɿɡɧɢɦɢ�ɮɿɡɢɤɨ�ɦɟɯɚɧɿɱɧɢɦɢ�ɯɚ�
ɪɚɤɬɟɪɢɫɬɢɤɚɦɢ� ɡ� ɜɿɥɶɧɢɦɢ� ɤɪɚɹɦɢ��Ɇɨɞɟ�
ɥɸɜɚɧɧɹ�ɝɟɨɦɟɬɪɿʀ�ɬɚ�ɱɢɫɟɥɶɧɢɣ�ɪɨɡɪɚɯɭɧɨɤ�
ɱɚɫɬɨɬ� ɬɚ� ɮɨɪɦ� ɜɿɥɶɧɢɯ� ɤɨɥɢɜɚɧɶ� ɩɥɚɫɬɢɧ�

ɜɢɤɨɧɚɧɨ� ɦɟɬɨɞɨɦ� ɫɤɿɧɱɟɧɧɢɯ� ɟɥɟɦɟɧɬɿɜ��
ɹɤɢɣ�ɪɟɚɥɿɡɨɜɚɧɨ�ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɤɨɦɩ¶ɸɬɟɪ�
ɧɨʀ� ɩɪɨɝɪɚɦɢ� )(0$3� ɡ� ɪɨɡɜ¶ɹɡɭɜɚɱɟɦ�
1$675$1��ɉɪɨɜɨɞɢɬɶɫɹ�ɩɨɪɿɜɧɹɥɶɧɢɣ�ɚɧɚ�
ɥɿɡ� ɪɨɡɪɚɯɨɜɚɧɢɯ� ɜɥɚɫɧɢɯ� ɱɚɫɬɨɬ� ɡ� ɱɚɫɬɨ�
ɬɚɦɢ�� ɹɤɿ� ɨɬɪɢɦɚɧɧɿ� ɱɢɫɟɥɶɧɨ� ɬɚ� ɟɤɫɩɟɪɢ�
ɦɟɧɬɚɥɶɧɨ�ɿɧɲɢɦɢ�ɚɜɬɨɪɚɦɢ�

ɍ�ɡɜ¶ɹɡɤɭ�ɡ�ɰɢɦ�ɽ�ɧɟɨɛɯɿɞɧɢɦ�ɩɨɲɢɪɢɬɢ�
ɱɢɫɟɥɶɧɿ�ɦɟɬɨɞɢ�ɞɨɫɥɿɞɠɟɧɧɹ�ɱɚɫɬɨɬ�ɿ�ɮɨɪɦ�
ɜɥɚɫɧɢɯ�ɤɨɥɢɜɚɧɶ�ɠɨɪɫɬɤɨ�ɡɚɤɪɿɩɥɟɧɢɯ�ɤɜɚ�
ɞɪɚɬɧɢɯ�ɩɥɚɫɬɢɧ�ɧɚ�ɨɫɧɨɜɿ�ɦɟɬɨɞɭ�ɫɤɿɧɱɟɧ�
ɧɢɯ� ɟɥɟɦɟɧɬɿɜ� ɪɟɚɥɿɡɨɜɚɧɨɝɨ� ɧɚ� )(0$3 ɿ�
ɦɟɬɨɞɭ�Ɋɟɥɟɹ�Ɋɿɬɰɚ� ɪɟɚɥɿɡɨɜɚɧɨɝɨ�ɜ�ɫɟɪɟɞɨ�
ɜɢɳɿ�'HOSKL�ɧɚ�ȿɈɆ�

ȼɢɯɿɞɧɿ� ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ� ɡɚɞɚɱ� ɞɢɧɚ�
ɦɿɤɢ� ɩɥɚɫɬɢɧ� Ɇɋȿ� Ɋɿɜɧɹɧɧɹ� ɪɭɯɭ� ɩɥɚɫ�
ɬɢɧɢ�ɜ�Ɇɋȿ�ɡɚ�ɜɿɞɫɭɬɧɨɫɬɿ�ɞɟɦɩɮɭɜɚɧɧɹ�ɦɚɽ�
ɜɢɝɥɹɞ

�M MɎ Ɏ�  . 0 � ���

ɞɟ�. ɬɚ�0 ± ɦɚɬɪɢɰɹ�ɠɨɪɫɬɤɨɫɬɿ�ɬɚ�ɦɚɬɪɢɰɹ�

ɦɚɫ�ɦɟɯɚɧɿɱɧɨʀ�ɫɢɫɬɟɦɢ�ɜɿɞɩɨɜɿɞɧɨ�� MɎ ± ɜɟ�

ɤɬɨɪ�ɩɟɪɟɦɿɳɟɧɶ�ɜɭɡɥɿɜ�ɫɢɫɬɟɦɢ��ɳɨ�ɜɿɞɩɨ�
ɜɿɞɚɽ�M�ɬɨɦɭ�ɫɬɭɩɟɧɸ�ɜɿɥɶɧɨɫɬɿ��ɹɤɢɣ�ɜɿɞɬɜɨ�
ɪɸɽ�M�ɬɭ�ɮɨɪɦɭ�ɤɨɥɢɜɚɧɶ�

ɉɪɢ� ɜɿɥɶɧɢɯ� ɤɨɥɢɜɚɧɧɹɯ� ɩɥɚɫɬɢɧɢ� ɜɫɿ�
ɜɭɡɥɨɜɿ�ɬɨɱɤɢ�ɡɞɿɣɫɧɸɸɬɶ�ɝɚɪɦɨɧɿɱɧɿ�ɤɨɥɢ�
ɜɚɧɧɹ�ɹɤ�ɮɭɧɤɰɿʀ�ɱɚɫɭ�

� � VLQM M MɎ W Ɏ WZ � ���

ɉɿɫɥɹ� ɩɿɞɫɬɚɧɨɜɤɢ� ɮɭɧɤɰɿɣ� ���� ɭ ɪɿɜɧɹɧɧɹ�
ɪɭɯɭ�ɩɥɚɫɬɢɧɢ�ɜɢɡɧɚɱɟɧɧɹ�ɜɥɚɫɧɢɯ�ɱɚɫɬɨɬ�ɿ�
ɮɨɪɦ�ɤɨɥɢɜɚɧɶ�ɡɜɨɞɢɬɶɫɹ�ɞɨ�ɪɨɡɜ¶ɹɡɚɧɧɹ�ɫɢ�
ɫɬɟɦɢ�ɚɥɝɟɛɪɚʀɱɧɢɯ�ɪɿɜɧɹɧɶ

� �� ��������M M MɎ Ɏ M VZ�   . 0 � ���

ɞɟ� MZ ± ɩɭɥɶɫɚɰɿɹ ɚɛɨ�ɱɚɫɬɨɬɚ�ɝɚɪɦɨɧɿɱɧɢɯ�

ɤɨɥɢɜɚɧɶ�
1;� 1DVWUDQ� ɞɥɹ� ɜɢɡɧɚɱɟɧɧɹ� ɱɚɫɬɨɬ� ɿ�

ɮɨɪɦ�ɜɿɥɶɧɢɯ�ɤɨɥɢɜɚɧɶ�ɭ�ɜɢɩɚɞɤɭ��ɤɨɥɢ�ɞɢ�
ɫɢɩɚɰɿɹ� ɟɧɟɪɝɿʀ� ɿ� ɞɟɦɩɮɭɜɚɧɧɹ� ɧɟ� ɜɪɚɯɨɜɭ�
ɸɬɶɫɹ�� ɜɢɤɨɪɢɫɬɨɜɭɽ�� ɹɤ� ɨɫɧɨɜɧɢɣ�� ɦɟɬɨɞ�
Ʌɚɧɰɨɲɚ��/DQF]RV��>��@�

ȼɢɯɿɞɧɿ� ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ� ɡɚɞɚɱ� ɞɢɧɚ�
ɦɿɤɢ� ɩɥɚɫɬɢɧ�ɦɟɬɨɞɭ� Ɋɟɥɟɹ�Ɋɿɬɰɚ�� Ɂɚɫɬɨ�
ɫɭɜɚɧɧɹ�ɮɨɪɦɭɥɢ�Ɋɟɥɟɹ�Ɋɿɬɰɚ�>�@ ɞɚɽ�ɧɚɛɥɢ�
ɠɟɧɟ� ɡɧɚɱɟɧɧɹ� ɞɥɹ� ɱɚɫɬɨɬɢ� ɜɿɥɶɧɢɯ� ɤɨɥɢ�
ɜɚɧɶ�
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ɉɿɫɥɹ� ɿɧɬɟɝɪɭɜɚɧɧɹ� ���� >�@ ɨɬɪɢɦɚɽɦɨ�
ɮɨɪɦɭɥɭ�ɞɥɹ�ɧɚɛɥɢɠɟɧɨɝɨ�ɜɢɡɧɚɱɟɧɧɹ�ɱɚɫ�
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ɬɟɝɨɪɿɹɦɢ��ɤɨɧɫɬɚɧɬɢ��ɜɟɥɢɱɢɧɢ�ɳɨ�ɜɿɞɩɨɜɿ�
ɞɚɸɬɶ�ɡɚ�ɝɟɨɦɟɬɪɿɸ�ɩɥɚɫɬɢɧɢ��ɜɟɥɢɱɢɧɢ� ɳɨ�
ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ� ɦɚɬɟɪɿɚɥ� ɩɥɚɫɬɢɧɢ�� ɜɟɥɢ�
ɱɢɧɢ� ɳɨ�ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ�ɮɨɪɦɭ�ɤɨɥɢɜɚɧɶ�
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Ɉɫɤɿɥɶɤɢ�ɮɨɪɦɭɥɚ������ɪɨɡɪɚɯɨɜɭɽ�ɰɢɤ�
ɥɿɱɧɭ�ɱɚɫɬɨɬɭ��ɬɨ�ɞɥɹ�ɨɬɪɢɦɚɧɧɹ�ɪɟɡɭɥɶɬɚɬɭ�
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ɍ ɪɟɡɭɥɶɬɚɬɿ�ɨɬɪɢɦɚɽɦɨ�ɡɜɟɞɟɧɭ�ɮɨɪɦɭ�
ɡɚɩɢɫɭ�ɮɨɪɦɭɥɢ�����ɪɨɡɪɚɯɭɧɤɭ�ɜɥɚɫɧɢɯ�ɱɚ�
ɫɬɨɬ� ɡɚ� ɦɟɬɨɞɨɦ� Ɋɟɥɟɹ�Ɋɿɬɰɚ�� ɨɫɨɛɥɢɜɿɫɬɸ�
ɹɤɨʀ� ɽ� ɪɨɡɞɿɥɟɧɧɹ� ɜɟɥɢɱɢɧ� ɧɚ� ɤɨɟɮɿɰɿɽɧɬɢ��
ȼɜɟɞɟɦɨ�ɧɚɫɬɭɩɧɿ�ɩɨɡɧɚɱɟɧɧɹ�

� �� �
� �

�

K (
* 0

D U Q
  

�

� � �PQ) $ % � ����

ɞɟ�* ± ɤɨɟɮɿɰɿɽɧɬ�ɝɟɨɦɟɬɪɿʀ�� 0 ± ɤɨɟɮɿɰɿ�
ɽɧɬ�ɦɚɬɟɪɿɚɥɭ�� PQ) ± ɤɨɟɮɿɰɿɽɧɬ�ɮɨɪɦɢ�ɤɨ�

ɥɢɜɚɧɶ�� QP� ± ɤɿɥɶɤɿɫɬɶ� ɩɿɜɯɜɢɥɶ� ɭɡɞɨɜɠ�
ɤɨɠɧɨʀ�ɿɡ�ɫɬɨɪɿɧ�ɩɥɚɫɬɢɧɢ�ɜɿɞɩɨɜɿɞɧɨ�

ɉɿɞɫɬɚɜɢɦɨ������ɜ�������ɨɬɪɢɦɚɽɦɨ

� �
PQI * 0 )

S
 � � � � ����

Ɍɟɫɬɨɜɚ�ɡɚɞɚɱɚ��ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ�ɮɨɪ�
ɦɭɥɢ� ������ ���� ɛɭɥɢ� ɪɨɡɪɚɯɨɜɚɧɿ� ɱɚɫɬɨɬɢ� ɿ�
ɮɨɪɦɢ�ɜɿɥɶɧɢɯ�ɤɨɥɢɜɚɧɶ�ɭ ɫɟɪɟɞɨɜɢɳɿ�ɩɪɨ�
ɝɪɚɦɭɜɚɧɧɹ�'HOSKL�
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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ�ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ��������

ɍ ɹɤɨɫɬɿ� ɨɛ¶ɽɤɬɚ� ɞɨɫɥɿɞɠɟɧɧɹ� ɜɢɤɨɪɢɫ�
ɬɨɜɭɜɚɥɚɫɶ� ɠɨɪɫɬɤɨ� ɡɚɤɪɿɩɥɟɧɚ� ɚɥɸɦɿɧɿɽɜɚ�
�ɦɨɞɭɥɶ�ɘɧɝɚ� Ƚɉɚ( �� �� ɤɨɟɮɿɰɿɽɧɬ� ɉɭ�

ɚɫɫɨɧɚ� ���� Q �� ɝɭɫɬɢɧɚ� ����� ɦɤɝ U ��
ɤɜɚɞɪɚɬɧɚ� ɩɥɚɫɬɢɧɚ� ɩɨɫɬɿɣɧɨʀ� ɬɨɜɳɢɧɢ�

ɦɦG � ɪɨɡɦɿɪɨɦ� ɦɦD ��� �
Ⱦɥɹ�ɩɟɪɟɜɿɪɤɢ�ɩɪɚɜɢɥɶɧɨɫɬɿ�ɪɨɡɪɚɯɭɧɤɿɜ�

ɫɬɜɨɪɟɧɨʀ�ɩɪɨɝɪɚɦɢ�ɜ�ɫɟɪɟɞɨɜɢɳɿ�'HOSKL ɡɚ�
ɫɬɨɫɨɜɭɜɚɜɫɹ�Ɇɋȿ� ɪɟɚɥɿɡɨɜɚɧɢɣ�ɜ�ɥɿɰɟɧɡɿɣ�
ɧɨɦɭ�ɩɪɨɝɪɚɦɧɨɦɭ�ɫɟɪɟɞɨɜɢɳɿ�)(0$3 >��@��
Ɋɨɡɛɢɜɤɚ� ɩɪɨɜɨɞɢɥɚɫɶ� SODWH�ɟɥɟɦɟɧɬɚɦɢ�
ɪɨɡɦɿɪɚɦɢ� ɦɦɦɦ �� u �ɪɢɫ�����

ɑɚɫɬɨɬɢ� ɪɨɡɪɚɯɨɜɚɧɿ� ɜɥɚɫɧɨɸ� ɩɪɨɝɪɚ�
ɦɨɸ� ɜ� ɫɟɪɟɞɨɜɢɳɿ� 'HOSKL� ɿ� ɡɚ� ɞɨɩɨɦɨɝɨɸ�
)(0$3� ɩɪɟɞɫɬɚɜɥɟɧɿ� ɜ� ɬɚɛɥɢɰɿ� ��� ɞɟ� H ±
ɜɿɞɯɢɥɟɧɧɹ�ɦɿɠ�ɪɟɡɭɥɶɬɚɬɚɦɢ�

Ɋɢɫ���� ɋɤɿɧɱɟɧɧɨ�ɟɥɟɦɟɧɬɧɚ�ɦɨɞɟɥɶ�
ɞɨɫɥɿɞɠɭɜɚɧɨʀ�ɩɥɚɫɬɢɧɢ

Ɍɚɛɥ�� �� ɑɚɫɬɨɬɢ� ɜɿɥɶɧɢɯ� ɤɨɥɢɜɚɧɶ� ɨɬɪɢ�
ɦɚɧɿ�ɩɪɢ�ɪɨɡɪɚɯɭɧɤɭ�ɧɚ�'HOSKL�ɬɚ�)(0$3

P Q
I��Ƚɰ

İ� �
'HOSKL )(0$3

� � ������� ������� ����
� � ������� ������� ����
� � ������� ������� ����
� � ������� ������� ����
� � ������� ������� ����
� � ������� ������� ����
� � ������� ������� �����
� � �������� �������� ����
� � �������� �������� �����
� � �������� �������� �����
� � �������� �������� �����
� � �������� �������� ����

ɉɨɪɿɜɧɸɸɱɢ�ɱɚɫɬɨɬɢ�ɜɿɥɶɧɢɯ�ɤɨɥɢɜɚɧɶ�
ɨɬɪɢɦɚɧɿ� ɩɪɢ� ɪɨɡɪɚɯɭɧɤɭ� ɧɚ� 'HOSKL� ɬɚ�
)(0$3� ɿ� ɩɪɟɞɫɬɚɜɥɟɧɿ� ɜ� ɬɚɛɥɢɰɿ� ��� ɦɨɠɧɚ�
ɜɿɞɡɧɚɱɢɬɢ� ɦɚɥɟ� ɜɿɞɯɢɥɟɧɧɹ� ɦɿɠ� ɩɟɪɲɢɦɢ�
ɱɚɫɬɨɬɚɦɢ�ɬɚ�ɱɚɫɬɨɬɚɦɢ�ɩɪɢ� QP  ɿ� ɡɧɚɱɧɿ�
ɜɿɞɯɢɥɟɧɧɹ�ɞɥɹ�ɿɧɲɢɯ�ɮɨɪɦ�ɤɨɥɢɜɚɧɶ��ɬɨɦɭ�
ɽ�ɧɟɨɛɯɿɞɧɿɫɬɶ�ɭɬɨɱɧɢɬɢ�ɮɨɪɦɭɥɢ������ɿ������

Ɋɟɡɭɥɶɬɚɬɢ��ɇɟɯɚɣ�ɦɚɽɦɨ�ɟɬɚɥɨɧɧɢɣ�ɜɿ�
ɞɨɦɢɣ� ɪɨɡɪɚɯɭɧɨɤ� ɩɥɚɫɬɢɧɢ� ɬɚ� ɪɨɡɪɚɯɭɧɨɤ�
ɞɥɹ�ɛɭɞɶ�ɹɤɨʀ�ɠɨɪɫɬɤɨ�ɡɚɤɪɿɩɥɟɧɨʀ�ɤɜɚɞɪɚɬ�
ɧɨʀ�ɩɥɚɫɬɢɧɢ��Ɉɫɤɿɥɶɤɢ�)(0$3�ɲɢɪɨɤɨ�ɜɢ�
ɤɨɪɢɫɬɨɜɭɽɬɶɫɹ�ɩɪɢ�ɪɿɡɧɢɯ�ɿɧɠɟɧɟɪɧɢɯ�ɪɨɡ�
ɪɚɯɭɧɤɚɯ� >��@�� ɚ� ɬɚɤɨɠ� ɚɩɪɨɛɨɜɚɧɢɣ� ɞɥɹ�
ɪɨɡɪɚɯɭɧɤɿɜ�ɤɜɚɞɪɚɬɧɢɯ�ɩɥɚɫɬɢɧ�ɡ�ɜɿɥɶɧɢɦɢ�
ɤɪɚɹɦɢ�>��@��ɬɨ�ɪɟɡɭɥɶɬɚɬɢ� ɨɬɪɢɦɚɧɿ�ɡɚ�ɞɨ�
ɩɨɦɨɝɨɸ�)(0$3��ɬɚɛɥɢɰɹ���� ɜɜɚɠɚɬɢɦɟɦɨ
ɟɬɚɥɨɧɧɢɦɢ�

Ɍɚɛɥ���� ɍɬɨɱɧɟɧɢɣ�ɤɨɟɮɿɰɿɽɧɬ�ɮɨɪɦɢ�ɤɨɥɢ�
ɜɚɧɶ

L H
LI

H
L)

� ������� ��������
� ������� ��������
� ������� ��������
� ������� ��������
� ������� ��������
� ������� ��������
� ������� ���������
� ������� ���������
� ������� ���������
�� ������� ���������

Ɂɚɩɢɲɟɦɨ� ɮɨɪɦɭɥɭ� ����� ɞɥɹ� ɟɬɚɥɨɧɧɨʀ�
�H��ɬɚ�ɧɟɜɿɞɨɦɨʀ��XQN��ɩɥɚɫɬɢɧ

� �
n

n n n PQI * 0 )
S

 � � � � ����

� �
XQN

XQN XQN XQN PQI * 0 )
S

 � � � � ����

Ɋɨɡɞɿɥɢɦɨ������ɧɚ�������ɉɿɫɥɹ�ɧɟɫɤɥɚɞɧɢɯ�
ɦɚɬɟɦɚɬɢɱɧɢɯ�ɩɟɪɟɬɜɨɪɟɧɶ�ɨɬɪɢɦɚɽɦɨ�

XQN
XQN XQN PQ

XQN H H
H H PQ

* 0 )
I I

* 0 )
 � � � � ����

Ɏɨɪɦɭɥɚ������ɞɚɽ�ɡɦɨɝɭ�ɡɚ�ɜɿɞɨɦɢɦɢ�ɩɚ�
ɪɚɦɟɬɪɚɦɢ�ɟɬɚɥɨɧɧɨʀ�ɩɥɚɫɬɢɧɢ�� ɚ� ɬɚɤɨɠ�ɜɿ�
ɞɨɦɢɦɢ�ɪɨɡɦɿɪɚɦɢ�ɲɭɤɚɧɨʀ�ɩɥɚɫɬɢɧɢ�ɬɚ�ɯɚ�
ɪɚɤɬɟɪɢɫɬɢɤɚɦɢ�ʀʀ�ɦɚɬɟɪɿɚɥɭ�ɜɢɡɧɚɱɢɬɢ�ɱɚɫ�
ɬɨɬɢ�ɲɭɤɚɧɨʀ�ɩɥɚɫɬɢɧɢ�ɧɚ�ɜɿɞɩɨɜɿɞɧɢɯ�ɮɨɪ�
ɦɚɯ�ɤɨɥɢɜɚɧɶ�

ɉɪɢɩɭɫɬɢɦɨ��ɳɨ�ɟɬɚɥɨɧɧɚ�ɿ�ɲɭɤɚɧɚ�ɩɥɚ�
ɫɬɢɧɚ�ɦɚɸɬɶ�ɨɞɧɚɤɨɜɿ� ɝɟɨɦɟɬɪɢɱɧɿ� ɪɨɡɦɿɪɢ�
ɬɚ�ɜɢɝɨɬɨɜɥɟɧɿ�ɡ�ɨɞɧɨɝɨ�ɦɚɬɟɪɿɚɥɭ��ɰɟ�ɨɡɧɚ�
ɱɚɽ�ɳɨ�ɞɜɚ�ɦɧɨɠɧɢɤɚ�ɜ� �����ɩɪɢɣɦɭɬɶ�ɡɧɚ�
ɱɟɧɧɹ�ɨɞɢɧɢɰɿ��ɬɨɛɬɨ�

XQN
PQ

XQN H H
PQ

)
I I

)
 � � ����
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Ɋɨɡɝɥɹɧɟɦɨ� ɩɟɪɲɭ� ɜɥɚɫɧɭ� ɱɚɫɬɨɬɭ� ɟɬɚ�
ɥɨɧɧɨʀ�ɩɥɚɫɬɢɧɢ�ɿ�ɩɟɪɲɭ�ɜɥɚɫɧɭ�ɱɚɫɬɨɬɭ�ɲɭ�
ɤɚɧɨʀ�ɩɥɚɫɬɢɧɢ��ɹɤɿ�ɜɿɡɶɦɟɦɨ�ɡ�ɬɚɛɥɢɰɿ���

�������HI  Ƚɰ�

�������XQNI  Ƚɰ�

ɤɨɟɮɿɰɿɽɧɬ�ɩɟɪɲɨʀ�ɮɨɪɦɢ�ɤɨɥɢɜɚɧɶ�ɲɭɤɚɧɨʀ�
ɩɥɚɫɬɢɧɢ�ɪɨɡɪɚɯɭɽɦɨ�ɡɚ�ɬɪɟɬɶɨɸ�ɮɨɪɦɭɥɨɸ�
�����ɿɡ�ɡɚɫɬɨɫɭɜɚɧɧɹɦ�ɮɨɪɦɭɥɢ�����

� �
� ����� �����

��������� ���������

XQN)  �  

 |

Ɂ�ɭɪɚɯɭɜɚɧɧɹɦ�ɧɚɜɟɞɟɧɢɯ�ɡɧɚɱɟɧɶ�ɜɢɪɚ�
ɡɢɦɨ�ɡ������ɤɨɟɮɿɰɿɽɧɬ�ɩɟɪɲɨʀ�ɮɨɪɦɢ�ɤɨɥɢ�
ɜɚɧɶ�ɟɬɚɥɨɧɧɨʀ�ɩɥɚɫɬɢɧɢ�

XQN

H
XQNH ))

Z
Z�

�� � � ����

HH) �� ���������� Z� � ����

Ɋɨɡɪɚɯɨɜɚɧɿ�ɩɟɪɲɿ�ɞɟɫɹɬɶ�ɭɬɨɱɧɟɧɢɯ�ɤɨ�
ɟɮɿɰɿɽɧɬɿɜ�ɮɨɪɦ�ɤɨɥɢɜɚɧɶ�ɡɚ�ɮɨɪɦɭɥɨɸ� ɚɧɚ�
ɥɨɝɿɱɧɨɸ� ����� ɛɟɡ ɤɥɚɫɢɮɿɤɚɰɿʀ� ɩɨ� P ɿ� Q ��
ɩɪɟɞɫɬɚɜɥɟɧɿ�ɜ�ɬɚɛɥɢɰɿ���

ȼɧɟɫɟɦɨ�ɤɨɪɟɤɬɢɜɢ�ɞɨ�ɮɨɪɦɭɥɢ�����

� �
H

L LI * 0 )
S

 � � � � ����

ɞɟ� H
L) ± ɭɬɨɱɧɟɧɢɣ�ɤɨɟɮɿɰɿɽɧɬ ɮɨɪɦɢ�ɤɨɥɢ�

ɜɚɧɶ��ɹɤɢɣ�ɡɚɩɢɫɚɧɢɣ�ɭ ɬɚɛɥɢɰɿ���
Ɂɪɨɛɥɟɧɿ�ɭɬɨɱɧɟɧɧɹ�ɛɭɥɢ�ɜɪɚɯɨɜɚɧɿ�ɭ�ɧɚ�

ɲɿɣ� ɩɪɨɝɪɚɦɿ� ɬɚ� ɩɪɨɜɟɞɟɧɿ� ɩɨɜɬɨɪɧɿ� ɪɨɡɪɚ�
ɯɭɧɤɢ� ɞɥɹ� ɩɟɪɲɢɯ� ɞɟɫɹɬɢ� ɜɥɚɫɧɢɯ� ɱɚɫɬɨɬ��
Ɉɬɪɢɦɚɧɿ� ɪɟɡɭɥɶɬɚɬɢ� ɪɨɡɪɚɯɨɜɚɧɿ� ɡɚ� ɞɨɩɨ�
ɦɨɝɨɸ�'HOSKL�ɿ�)(0$3� ɧɚɜɟɞɟɧɨ�ɜ�ɬɚɛɥɢɰɿ�
���ɉɨɪɿɜɧɹɧɧɹ�ɬɪɶɨɯ�ɛɟɡɪɨɡɦɿɪɧɢɯ�ɱɚɫɬɨɬ� ɡ�
ɱɚɫɬɨɬɚɦɢ� ɨɬɪɢɦɚɧɢɦɢ� ɿɧɲɢɦɢ� ɚɜɬɨɪɚɦɢ�
>�@� ɩɪɟɞɫɬɚɜɥɟɧɿ�ɜ�ɬɚɛɥɢɰɿ���

Ɍɚɛɥ�� �� ɑɚɫɬɨɬɢ� ɜɿɥɶɧɢɯ� ɤɨɥɢɜɚɧɶ� ɨɬɪɢ�
ɦɚɧɿ� ɡ� ɭɪɚɯɭɜɚɧɧɹɦ� ɭɬɨɱɧɟɧɢɯ� ɤɨɟɮɿɰɿɽɧɬɿɜ�
ɮɨɪɦ�ɤɨɥɢɜɚɧɶ

0RGD
I ��Ƚɰ

İ���
'HOSKL )(0$3

� ������� ������� ����
� ������� ������� ����
� ������� ������� ����
� ������� ������� ����
� ������� ������� ����
� ������� ������� ����
� ������� ������� ����
� ������� ������� ����
� ������� ������� ����
�� ������� ������� ����

Ɍɚɛɥ���� ɉɨɪɿɜɧɹɧɧɹ�ɱɚɫɬɨɬɢ�ɜɿɥɶɧɢɯ�ɤɨɥɢɜɚɧɶ� ɨɬɪɢɦɚɧɢɯ�ɪɿɡɧɢɦɢ�ɚɜɬɨɪɚɦɢ

Ɇɟɬɨɞ
P�Q

��� ��� ���
Ɋɟɥɟɹ�Ɋɿɬɰɚ��ɩɟɪɲɟ�ɧɚɛɥɢɠɟɧɧɹ� >�@ ����� ����� ������
Ɋɟɥɟɹ�Ɋɿɬɰɚ�>�@ ����� ����� ������
ȿɞɦɚɧɚ >�@ ������ ������ �������
ȼɚɣɧɲɬɟɣɧɚ >�@ ����� �� ���
ɋɚɭɫɜɟɥɚ >�@ ������ ����� �����
ȱɝɭɬɿ >�@ ����� ����� ������
Ɇɟɬɨɞ�ɪɹɞɿɜ >�@ ���� ���� �����
Ɇɟɬɨɞ�ɫɩɥɚɣ�ɤɨɥɨɤɚɰɿɣ�>��@ ����� ����� ������
Ɇɟɬɨɞ�ɝɨɥɨɝɪɚɮɿɱɧɨʀ�ɿɧɬɟɪɮɟɪɨɦɟɬɪɿʀ >��@ ������ ����� ������
'HOSKL ������ ������ �������
'HOSKL �ɭɬɨɱɧɟɧɿ�ɤɨɟɮɿɰɿɽɧɬɢ� ������ ������ �������

Ⱦɥɹ� ɡɪɭɱɧɨɫɬɿ� ɩɨɪɿɜɧɹɧɧɹ�ɪɨɡɪɚɯɨɜɚɧɨʀ�
ɱɚɫɬɨɬɢ� ɡ� ɱɚɫɬɨɬɚɦɢ� ɨɬɪɢɦɚɧɢɦɢ� ɿɧɲɢɦɢ�
ɚɜɬɨɪɚɦɢ�>�@� ɡɚɫɬɨɫɭɽɦɨ�ɮɨɪɦɭɥɭ�����

Ⱥɧɚɥɿɡɭɸɱɢ� ɞɚɧɿ� ɬɚɛɥɢɰɶ� ɦɨɠɧɚ� ɞɿɣɬɢ�
ɜɢɫɧɨɜɤɭ��ɳɨ�ɪɨɡɪɨɛɥɟɧɚ�ɩɪɨɝɪɚɦɚ�ɩɪɚɰɸɽ�ɡ�
ɞɨɫɢɬɶ�ɜɢɫɨɤɨɸ�ɬɨɱɧɿɫɬɸ��ɚ�ɭɬɨɱɧɟɧɧɹ�ɤɨɟ�
ɮɿɰɿɽɧɬɿɜ�ɮɨɪɦ�ɩɿɞɜɢɳɢɥɨ�ɬɨɱɧɿɫɬɶ�ɪɨɡɪɚɯɭ�
ɧɤɿɜ�

Ⱦɥɹ� ɧɚɨɱɧɨɫɬɿ� ɨɬɪɢɦɚɧɢɯ� ɪɟɡɭɥɶɬɚɬɿɜ�
ɧɟɨɛɯɿɞɧɨ� ɦɚɬɢ� ɩɪɟɞɫɬɚɜɥɟɧɧɹ� ɩɪɨ� ɮɨɪɦɢ�
ɤɨɥɢɜɚɧɶ�� Ɉɫɤɿɥɶɤɢ� ɩɪɨɝɪɚɦɚ� ɪɨɡɪɚɯɨɜɭɽ�

ɤɜɚɞɪɚɬɧɿ�ɩɥɚɫɬɢɧɢ�ɩɨɫɬɿɣɧɨʀ�ɬɨɜɳɢɧɢ�ɡ�ɨɞ�
ɧɨɬɢɩɧɢɦɢ�ɝɪɚɧɢɱɧɢɦɢ�ɭɦɨɜɚɦɢ��ɬɨ�ɮɨɪɦɢ�
ɤɨɥɢɜɚɧɶ� ɛɭɞɭɬɶ� ɦɚɬɢ� ɨɞɧɚɤɨɜɢɣ� ɩɨɪɹɞɨɤ�
ɹɤɢɣ�ɜɿɞɩɨɜɿɞɚɽ�ɦɨɞɿ�ɤɨɥɢɜɚɧɧɹ�

Ɏɨɪɦɢ�ɤɨɥɢɜɚɧɶ� ɩɨɛɭɞɨɜɚɧɿ ɜ )(0$3��
'HOSKL� ɬɚ�ɮɨɪɦɢ�ɩɨɛɭɞɨɜɚɧɿ�ɿɧɲɢɦ�ɚɜɬɨɪɨɦ�
>�@� ɧɚɜɟɞɟɧɿ�ɜ�ɬɚɛɥɢɰɿ����ɞɥɹ�ɤɪɚɳɨɝɨ�ɩɪɟɞ�
ɫɬɚɜɥɟɧɧɹ� ɪɨɡɩɨɞɿɥɭ� ɩɟɪɟɦɿɳɟɧɶ� ɩɨɜɟɪɯɧɿ�
ɩɥɚɫɬɢɧɢ�ɞɟɹɤɿ�ɮɨɪɦɢ�ɤɨɥɢɜɚɧɶ�ɭ ɩɪɨɫɬɨɪɿ�
ɧɚɜɟɞɟɧɿ�ɜ�ɬɚɛɥɢɰɿ ��



9LVQ\N�RI�=DSRUL]K]KLD�1DWLRQDO�8QLYHUVLW\��3K\VLFDO�DQG�0DWKHPDWLFDO�6FLHQFHV ��
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Ɍɚɛɥ���� ɉɨɪɿɜɧɹɧɧɹ�ɮɨɪɦ�ɤɨɥɢɜɚɧɶ

)(0$3 '(/3+, >�@

0RGD��

0RGD��

0RGD��

0RGD��

0RGD��

0RGD��
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Ɏɿɡɢɤɨ�ɦɚɬɟɦɚɬɢɱɧɿ�ɧɚɭɤɢ ,661������������2QOLQH���,661������������3ULQW�

Ɍɚɛɥ���� ɉɨɪɿɜɧɹɧɧɹ�ɮɨɪɦ�ɤɨɥɢɜɚɧɶ�ɭ ɩɪɨɫɬɨɪɿ

)(0$3 >�@ )(0$3 >�@

0RGD�� 0RGD��

0RGD�� 0RGD��

0RGD�� 0RGD��

ȼɢɫɧɨɜɤɢ��ɍ ɪɟɡɭɥɶɬɚɬɿ� ɞɨɫɥɿɞɠɟɧɧɹ� ɜ�
ɮɨɪɦɭɥɿ� ɦɟɬɨɞɭ� Ɋɟɥɟɹ�Ɋɿɬɰɚ� ɜɢɞɿɥɟɧɨ� ɬɪɢ�
ɤɨɟɮɿɰɿɽɧɬɢ��ɳɨ� ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ� ɝɟɨɦɟɬɪɢ�
ɱɧɿ�ɪɨɡɦɿɪɢ�ɩɥɚɫɬɢɧɢ��ɮɿɡɢɤɨ�ɦɟɯɚɧɿɱɧɿ�ɜɥɚ�
ɫɬɢɜɨɫɬɿ�ɦɚɬɟɪɿɚɥɭ�ɿ�ɮɨɪɦɭ�ɤɨɥɢɜɚɧɶ��ɡɪɨɛ�
ɥɟɧɨ�ɭɬɨɱɧɟɧɧɹ�ɨɫɬɚɧɧɶɨɝɨ�ɤɨɟɮɿɰɿɽɧɬɭ��ɳɨ�
ɩɿɞɜɢɳɢɥɨ� ɬɨɱɧɿɫɬɶ� ɪɨɡɪɚɯɭɧɤɭ�� ɋɬɜɨɪɟɧɨ�
ɩɪɨɝɪɚɦɭ�ɜ�ɫɟɪɟɞɨɜɢɳɿ�'HOSKL�ɬɚ�ɩɨɲɢɪɟɧɨ�
Ɇɋȿ�ɞɥɹ�ɪɨɡɪɚɯɭɧɤɭ�ɱɚɫɬɨɬ�ɿ�ɮɨɪɦ�ɜɿɥɶɧɢɯ�

ɤɨɥɢɜɚɧɶ�� Ɋɟɡɭɥɶɬɚɬɢ� ɪɨɡɪɚɯɨɜɚɧɢɯ� ɱɚɫɬɨɬ�
ɦɚɸɬɶ�ɯɨɪɨɲɭ�ɡɛɿɠɧɿɫɬɶ�ɡ�ɪɟɡɭɥɶɬɚɬɚɦɢ� ɨɬ�
ɪɢɦɚɧɢɦɢ� ɿɧɲɢɦɢ� ɚɜɬɨɪɚɦɢ� ɟɤɫɩɟɪɢɦɟɧ�
ɬɚɥɶɧɢɦ�ɬɚ�ɱɢɫɟɥɶɧɢɦ�ɦɟɬɨɞɚɦɢ��ɉɪɨɜɟɞɟɧɨ�
ɩɨɪɿɜɧɹɥɶɧɢɣ�ɚɧɚɥɿɡ�ɱɚɫɬɨɬ� ɿ�ɮɨɪɦ�ɜɿɥɶɧɢɯ�
ɤɨɥɢɜɚɧɶ�ɪɨɡɝɥɹɧɭɬɨʀ� ɩɥɚɫɬɢɧɢ� ɪɨɡɪɚɯɨɜɚ�
ɧɨʀ�ɞɜɨɦɚ�ɱɢɫɟɥɶɧɢɦɢ�ɦɟɬɨɞɚɦɢ�

Ʌɿɬɟɪɚɬɭɪɚ
�� 7RPRWLND�6��7KH�WUDQVYHUVH�YLEUDWLRQ�RI�D�VTXDUH�SODWH�FODPSHG�DW�IRXU�HGJHV� 3KLORVRSKLFDO�0DJD]LQH��

������6HU����O��������3�����±����

�� /HLVVD�$��:��7KH�)UHH�9LEUDWLRQ�RI�5HFWDQJXODU�3ODWHV� -RXUQDO�RI�6RXQG�DQG�9LEUDWLRQ� ����������
3�����±����

�� /HLVVD�$��:��7KH�KLVWRULFDO�EDVHV�RI�WKH�5D\OHLJK�DQG�5LW]�PHWKRGV� -RXUQDO�RI�6RXQG�DQG�9LEUDWLRQ�
�����������3�����±����

�� Ƚɨɧɬɤɟɜɢɱ�%��&��ɋɨɛɫɬɜɟɧɧɵɟ�ɤɨɥɟɛɚɧɢɹ�ɩɥɚɫɬɢɧɨɤ�ɢ�ɨɛɨɥɨɱɟɤ��ɫɩɪɚɜɨɱɧɢɤ��Ʉɢɟɜ��ɇɚɭɤ� ɞɭɦɤɚ��
����������ɫ�

�� ɉɪɨɱɧɨɫɬɶ�� ɍɫɬɨɣɱɢɜɨɫɬɶ�� Ʉɨɥɟɛɚɧɢɹ�� ɫɩɪɚɜɨɱɧɢɤ� ɜ� �� ɬ�� �� ɩɨɞ� ɨɛɳɟɣ� ɪɟɞ� ɂ� Ⱥ� Ȼɢɪɝɟɪɚ� ɢ�
ə� Ƚ� ɉɚɧɨɜɤɨ��Ɇɨɫɤɜɚ��Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ��������Ɍ���������ɫ�

�� Ɍɢɦɨɲɟɧɤɨ�ɋ��ɉ��Ʉɨɥɟɛɚɧɢɹ�ɜ�ɢɧɠɟɧɟɪɧɨɦ�ɞɟɥɟ��Ɇɨɫɤɜɚ��ɇɚɭɤɚ������������ɫ�

�� 0D &��&���+XDQJ &��+��([SHULPHQWDO ZKROH�ILHOG LQWHUIHURPHWU\ IRU WUDQVYHUVH YLEUDWLRQ RI SODWHV��
-RXUQDO RI 6RXQG DQG 9LEUDWLRQ�������������3�����±����

�� Ⱥɥɝɚɡɢɧ�ɋ��Ⱦ��ȼɵɱɢɫɥɢɬɟɥɶɧɵɣ�ɷɤɫɩɟɪɢɦɟɧɬ�ɜ�ɡɚɞɚɱɟ�ɨ�ɫɜɨɛɨɞɧɵɯ�ɤɨɥɟɛɚɧɢɹɯ�ɩɪɹɦɨɭɝɨɥɶɧɨɣ�
ɩɥɚɫɬɢɧɵ� ɇɚɭɤɚ�ɢ�ɬɟɯɧɢɤɚ�ɬɪɚɧɫɩɨɪɬɚ��������ʋ����ɋ�����±����
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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ�ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ��������

�� ɇɟɫɬɟɪɨɜ�ɋ��ȼ��ɂɡɝɢɛɧɵɟ�ɤɨɥɟɛɚɧɢɹ�ɤɜɚɞɪɚɬɧɨɣ�ɩɥɚɫɬɢɧɵ��ɡɚɳɟɦɥɟɧɧɨɣ�ɩɨ�ɤɨɧɬɭɪɭ�Ɇɟɯɚɧɢɤɚ�
ɬɜɟɪɞɨɝɨ�ɬɟɥɚ��������ʋ����ɋ�����±����

��� *ULJRUHQNR $��<D���7UHJXEHQNR�7��9� 1XPHULFDO DQG H[SHULPHQWDO DQDO\VLV RI QDWXUDO YLEUDWLRQV RI
UHFWDQJXODU SODWHV ZLWK YDULDEOH WKLFNQHVV� ,QWHUQDWLRQDO� DSSOLHG� PHFKDQLFV�� ������ 9RO�� ����ʋ� ���
3� ���±����

��� *ULJRUHQNR�$��<D�� (ILPRYD�7��/� 6SOLQH�DSSUR[LPDWLRQ�PHWKRG�DSSOLHG� WR�VROYH�QDWXUDO�YLEUDWLRQ�
SUREOHPV�IRU�UHFWDQJXODU�SODWHV�RI�YDU\LQJ�WKLFNQHVV� ,QWHUQDWLRQDO�DSSOLHG�PHFKDQLFV��������9RO������
ʋ ����3������±�����

��� *ULJRUHQNR�<D��0�� *ULJRUHQNR $��<D���(ILPRYD�7��/� 6SOLQH�EDVHG�LQYHVWLJDWLRQ�RI�QDWXUDO�YLEUDWLRQV�
RI�RUWKRWURSLF�UHFWDQJXODU�SODWHV�RI�YDULDEOH�WKLFNQHVV�ZLWKLQ�FODVVLFDO�DQG�UHILQHG�WKHRULHV� -RXUQDO�RI�
PHFKDQLFV�RI�PDWHULDOV�DQG�VWUXFWXUHV��������9RO�����1R�����3�����±����

��� Ʉɨɦɩ¶ɸɬɟɪɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɜɿɥɶɧɢɯ ɤɨɥɢɜɚɧɶ ɬɨɧɤɢɯ ɩɥɚɫɬɢɧ ɡ ɪɿɡɧɢɯ ɦɚɬɟɪɿɚɥɿɜ ��Ɇ��ɘ��Ȼɨɪɢ�
ɫɟɧɤɨ��Ɉ��ȼ��Ȼɨɣɱɭɤ��ȱ� Ⱥ� Ȼɨɪɢɫɟɧɤɨ ɬɚ ɿɧ� Ƚɟɨɦɟɬɪɢɱɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɬɚ ɿɧɮɨɪɦɚɰɿɣɧɿ ɬɟɯɧɨ�
ɥɨɝɿʀ��������ʋ����ɋ����±���
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