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Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ�
ɤɪɚɣɨɜɚ�ɩɟɪɿɨɞɢɱɧɚ�ɡɚɞɚɱɚ��ɧɟɡɛɭ�
ɪɟɧɟ�ɪɿɜɧɹɧɧɹ��ɜɥɚɫɬɢɜɨɫɬɿ�
ɪɨɡɜ¶ɹɡɤɭ��ɨɩɟɪɚɬɨɪɧɢɣ�ɦɟɬɨɞ�

Ⱦɨ� ɰɶɨɝɨ� ɱɚɫɭ� ɚɫɢɦɩɬɨɬɢɱɧɢɦɢ� ɦɟɬɨɞɚɦɢ� Ʉɪɢɥɨɜɚ±Ȼɨɝɨɥɸɛɨɜɚ±
Ɇɢɬɪɨɩɨɥɶɫɶɤɨɝɨ±Ɇɨɫɟɽɧɤɨɜɚ� ɞɨɫɥɿɞɠɭɜɚɥɢɫɹ� ɝɿɩɟɪɛɨɥɿɱɧɿ� ɪɿɜ�
ɧɹɧɧɹ�ɞɪɭɝɨɝɨ�ɩɨɪɹɞɤɭ�ɡ�ɦɚɥɢɦ�ɩɚɪɚɦɟɬɪɨɦ� H ɭ�ɩɪɚɜɿɣ�ɱɚɫɬɢɧɿ�ɩɪɢ�
ɭɦɨɜɿ��ɤɨɥɢ�ɧɟɡɛɭɪɟɧɟ�� �H  ��ɪɿɜɧɹɧɧɹ�ɦɚɽ�ɪɨɡɜ¶ɹɡɨɤ�ɭ�ɜɢɝɥɹɞɿ�ɬɪɢ�
ɝɨɧɨɦɟɬɪɢɱɧɨɝɨ�ɪɹɞɭ�Ɏɭɪ¶ɽ��ɐɿ�ɠ�ɦɟɬɨɞɢ�ɡ�ɩɪɢɩɭɳɟɧɧɹɦ�ɦɚɥɢɡɧɢ�
ɩɚɪɚɦɟɬɪɚ H ɞɨɡɜɨɥɢɥɢ� ɛɭɞɭɜɚɬɢ� ɧɚɛɥɢɠɟɧɢɣ� ɪɨɡɜ¶ɹɡɨɤ� ɤɪɚɣɨɜɨʀ�
ɩɟɪɿɨɞɢɱɧɨʀ� ɡɚɞɚɱɿ� ɞɥɹ� ɝɿɩɟɪɛɨɥɿɱɧɨɝɨ� ɪɿɜɧɹɧɧɹ� ɞɪɭɝɨɝɨ� ɩɨɪɹɞɤɭ��
ɩɪɚɜɚ�ɱɚɫɬɢɧɚ�ɹɤɨɝɨ�ɦɿɫɬɢɬɶ�ɦɚɥɢɣ�ɩɚɪɚɦɟɬɪ� H ��ɥɿɜɚ�ɱɚɫɬɢɧɚ�± ɭɬɜɨ�
ɪɟɧɚ�ɨɩɟɪɚɬɨɪɨɦ�Ⱦɚɥɚɦɛɟɪɚ��ɍ ɩɪɨɰɟɫɿ�ɞɨɫɥɿɞɠɟɧɧɹ�ɥɨɝɿɱɧɨ�ɜɢɧɢɤɚɽ�
ɡɚɩɢɬɚɧɧɹ�� ɩɪɢ� ɹɤɢɯ� ɭɦɨɜɚɯ� ɧɟɡɛɭɪɟɧɟ� � �H  �� ɪɿɜɧɹɧɧɹ� ɦɚɽ�
ɪɨɡɜ¶ɹɡɨɤ�ɭ�ɜɢɝɥɹɞɿ�ɬɪɢɝɨɧɨɦɟɬɪɢɱɧɨɝɨ�ɪɹɞɭ�Ɏɭɪ¶ɽ��Ȳɯ�ɜɫɬɚɧɨɜɥɟɧɧɸ�
ɩɪɢɫɜɹɱɟɧɚ�ɞɚɧɚ�ɪɨɛɨɬɚ�
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ɥɟɦ��ɹɤɿ�ɜɫɬɚɧɨɜɥɸɸɬɶ�ɭɦɨɜɢ�ɿɫɧɭɜɚɧɧɹ�ɤɥɚɫɢɱɧɨɝɨ�ɪɨɡɜ¶ɹɡɤɭ�ɤɪɚ�
ɣɨɜɨʀ� �S �ɩɟɪɿɨɞɢɱɧɨʀ�ɩɨ�ɡɦɿɧɧɿɣ�[ ɡɚɞɚɱɿ�ɞɥɹ�ɧɟɡɛɭɪɟɧɨɝɨ�ɪɿɜɧɹɧɧɹ��
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ɧɨɸ�ɮɭɧɤɰɿɽɸ��ɚ��ɨɬɠɟ��ɡ�ɜɪɚɯɭɜɚɧɧɹɦ� �S �ɩɟɪɿɨɞɢɱɧɨɫɬɿ�ɪɨɡɤɥɚɞɚ�
ɽɬɶɫɹ�ɭ�ɬɪɢɝɨɧɨɦɟɬɪɢɱɧɢɣ�ɪɹɞ�Ɏɭɪ¶ɽ�ɩɨ�ɫɢɧɭɫɚɯ��

Ɉɬɪɢɦɚɧɿ� ɪɟɡɭɥɶɬɚɬɢ� ɞɚɸɬɶ� ɦɨɠɥɢɜɿɫɬɶ� ɩɨɛɭɞɭɜɚɬɢ� ɧɚɛɥɢɠɟɧɢɣ�
ɪɨɡɜ¶ɹɡɨɤ�ɤɜɚɡɿɥɿɧɿɣɧɨʀ�ɤɪɚɣɨɜɨʀ��S �ɩɟɪɿɨɞɢɱɧɨʀ�ɩɨ�ɡɦɿɧɧɿɣ� [ ɡɚɞɚɱɿ�
ɞɥɹ�ɝɿɩɟɪɛɨɥɿɱɧɨɝɨ�ɪɿɜɧɹɧɧɹ�ɞɪɭɝɨɝɨ�ɩɨɪɹɞɤɭ��ɩɪɚɜɚ�ɱɚɫɬɢɧɚ�ɹɤɨɝɨ�ɽ�
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ɧɚɜɟɞɟɧɨ�ɫɯɟɦɭ�ɩɨɛɭɞɨɜɢ�ɧɚɛɥɢɠɟɧɨɝɨ�ɪɨɡɜ¶ɹɡɤɭ��əɤ ɧɭɥɶɨɜɟ ɧɚɛɥɢ�
ɠɟɧɧɹ�ɜɡɹɬɨ�ɡɨɛɪɚɠɟɧɧɹ�ɤɥɚɫɢɱɧɨɝɨ�ɪɨɡɜ¶ɹɡɤɭ�ɤɪɚɣɨɜɨʀ� �S �ɩɟɪɿɨ�
ɞɢɱɧɨʀ�ɩɨ�ɡɦɿɧɧɿɣ� [ ɡɚɞɚɱɿ�ɞɥɹ�ɧɟɡɛɭɪɟɧɨɝɨ�ɪɿɜɧɹɧɧɹ��ɜɫɬɚɧɨɜɥɟɧɨɝɨ�
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HTXDWLRQ�KDG�VROXWLRQ�DV�WULJRQRPHWULF�)RXULHU�VHULHV��:LWK�WKH�DVVXPS�
WLRQ�RI� WKH�SDUDPHWHU� H LV�YHU\� VPDOO� WKHVH�PHWKRGV�DOORZ� WR�EXLOG�DQ�
DSSUR[LPDWH�VROXWLRQ�RI�WKH�ERXQGDU\�YDOXH�SHULRGLF�SUREOHP�IRU�K\SHU�
EROLF�VHFRQG�RUGHU�HTXDWLRQ� LQ�ZKLFK�ULJKW�VLGH�KDV�VPDOO�SDUDPHWHU� H
DQG�OHIW�VLGH�LV�IRUPHG�E\�WKH�RSHUDWRU�RI�'¶$OHPEHUW��,Q�WKH�SURFHVV�RI�
UHVHDUFK�D�ORJLFDO�TXHVWLRQ�DULVHV XQGHU�ZKLFK�FRQGLWLRQV�WKH�XQGLVWXUEHG�
� �H  ��HTXDWLRQ�KDV�VROXWLRQ�DV�WULJRQRPHWULF�)RXULHU�VHULHV��2XU�ZRUN�
LV�GHYRWHG�WR�HVWDEOLVKPHQW�RI�VXFK�FRQGLWLRQV�

,Q�WKH�ILUVW�SDUW�RI�WKH�DUWLFOH�ZH�FRQVLGHU�WKH�XQGLVWXUEHG�HTXDWLRQ�LQ�WKH�
OHIW�SDUW�RI�ZKLFK�WKHUH�LV�WKH�'¶$OHPEHUW�RSHUDWRU�DQG�RQ�WKH�ULJKW�VLGH�

WKHUH�LV�DQ�DUELWUDU\�IXQFWLRQ� � ��I [ W ��8VLQJ�WKH�RSHUDWRU�PHWKRG��D�IRU�

PDO�VROXWLRQ�RI�WKLV�HTXDWLRQ� LV�FRQVWUXFWHG��7KH�WKHRUHPV�DQG�OHPPDV�
WKDW�HVWDEOLVK�WKH�FRQGLWLRQV�IRU�WKH�H[LVWHQFH�RI�D�FODVVLFDO�VROXWLRQ�WR�WKH�
ERXQGDU\�YDOXH� �S �SHULRGLF�LQ�[ SUREOHP�IRU�DQ�XQGLVWXUEHG�HTXDWLRQ�DUH�
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OHP�KDV�D�FODVVLFDO�VROXWLRQ�LV�GHILQHG��7KH�VXEFODVV�RI�IXQFWLRQV�LQ�ZKLFK�
WKH�FODVVLFDO�VROXWLRQ�WR�WKH�SUREOHP�LV�DQ�RGG�IXQFWLRQ�DQG�KHQFH�WDNLQJ�
LQWR�DFFRXQW� �S �SHULRGLFLW\�GHFRPSRVHV�LQWR�D�WULJRQRPHWULF�VLQH�VHULHV�
LV�VHOHFWHG�

7KH�REWDLQHG�UHVXOWV�PDNH�LW�SRVVLEOH�WR�FRQVWUXFW�DQ�DSSUR[LPDWH�VROXWLRQ�
WR�D�TXDVLOLQHDU�ERXQGDU\�YDOXH� �S �SHULRGLF�LQ� [ SUREOHP�IRU�D�K\SHU�
EROLF�VHFRQG�RUGHU�HTXDWLRQ�ULJKW�VLGH�RI�ZKLFK�LV�D�IXQFWLRQ�H) �[��W��X�
ZLWK�VPDOO�SDUDPHWHU� H ��,Q�WKH�VHFRQG�SDUW�RI�WKH�DUWLFOH�WKH�VFKHPH�RI�
FRQVWUXFWLQJ�DQ�DSSUR[LPDWH�VROXWLRQ�LV�JLYHQ��$V�D�]HUR�DSSUR[LPDWLRQ��
ZH�WDNH�WKH�UHSUHVHQWDWLRQ�RI�WKH�FODVVLFDO�VROXWLRQ�WR�WKH�ERXQGDU\�YDOXH�
�S �SHULRGLF�LQ� [ SUREOHP�IRU�WKH�XQGLVWXUEHG�HTXDWLRQ�HVWDEOLVKHG�LQ�WKH�
ILUVW�SDUW�RI�WKH�DUWLFOH�
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ɹɤɢɣ� ɚɜɬɨɦɚɬɢɱɧɨ� ɡɚɞɨɜɨɥɶɧɹɽ� ɤɪɚɣɨɜɢɦ
ɭɦɨɜɚɦ �����ɐɟ�ɩɨɜ¶ɹɡɚɧɨ�ɡ�ɬɢɦ��ɳɨ�ɨɫɧɨɜɧɚ�
ɿɞɟɹ� ɡɚɫɬɨɫɭɜɚɧɧɹ� ɚɫɢɦɩɬɨɬɢɱɧɢɯ� ɦɟɬɨɞɿɜ�
ɞɥɹ� ɪɨɡɜ¶ɹɡɚɧɧɹ� ɤɪɚɣɨɜɨʀ� �S �ɩɟɪɿɨɞɢɱɧɨʀ�
ɩɨ� W ɡɚɞɚɱɿ� ���±���� ɩɨɥɹɝɚɽ� ɭ� ɜɢɤɨɪɢɫɬɚɧɧɿ
ɬɟɨɪɿʀ�ɪɹɞɿɜ�Ɏɭɪ¶ɽ�>�� �@��əɤ�ɜɿɞɨɦɨ��ɞɥɹ�ɞɨɫ�
ɥɿɞɠɟɧɧɹ�ɪɿɜɧɹɧɧɹ�����ɫɩɨɱɚɬɤɭ�ɪɨɡɝɥɹɞɚɸɬɶ�
ɧɟɡɛɭɪɟɧɟ�ɪɿɜɧɹɧɧɹ

� �WW [[X D X XO�  ���

ɹɤɟ�ɨɞɟɪɠɭɽɬɶɫɹ�ɡ������ɤɨɥɢ� �H  ��ɡ�ɬɢɦɢ�ɠ�
ɤɪɚɣɨɜɢɦɢ�ɭɦɨɜɚɦɢ������Ⱦɚɥɿ��ɩɪɢɩɭɫɤɚɸɱɢ��

ɳɨ � �� ��DN O� ! ����������N  ɡɚ�ɞɨɩɨɦɨɝɨɸ�

ɦɟɬɨɞɭ� Ɏɭɪ¶ɽ� >�@� ɡɧɚɯɨɞɹɬɶ� ɪɨɡɜ¶ɹɡɨɤ� ɪɿɜ�
ɧɹɧɧɹ�����ɭ�ɜɢɝɥɹɞɿ�ɪɹɞɭ�
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ɞɟ� � ��N DNZ O � ± ɱɚɫɬɨɬɢ� ɧɨɪɦɚɥɶɧɢɯ�

ɤɨɥɢɜɚɧɶ�� N$ ɿ� N% ± ɫɬɚɥɿ�ɜɟɥɢɱɢɧɢ��ȼɜɚɠɚ�

ɸɱɢ��ɳɨ�ɭ�ɡɜ¶ɹɡɤɭ�ɡ�ɦɚɥɢɡɧɨɸ�ɩɚɪɚɦɟɬɪɚ� H
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Ɏɭɪ¶ɽ�

Ɍɟɨɪɟɦɚ �� əɤɳɨ� ɮɭɧɤɰɿɹ � ��I [ W �

�[
D* . �� 5 ɬɨ�ɪɨɡɜ¶ɹɡɨɤ�ɤɪɚɣɨɜɨʀ��S �ɩɟɪɿɨ�

ɞɢɱɧɨʀ� ɩɨ� [ ɡɚɞɚɱɿ� ���±����� � � � �� �DX [ W [ W  

� �� � � �� �� �D D3 I [ W / I [ W�  ɪɨɡɤɥɚɞɚɽɬɶɫɹ� ɭ�

ɬɪɢɝɨɧɨɦɟɬɪɢɱɧɢɣ�ɪɹɞ�Ɏɭɪ¶ɽ�ɜɢɝɥɹɞɭ ���

� � � �
�

� �� VLQN
N

X [ W ] W N[
f

 

 ¦ � ����

Ɍɚɤɢɦ�ɱɢɧɨɦ��ɦɢ�ɡɧɚɣɲɥɢ�ɤɥɚɫ�ɮɭɧɤɰɿɣ�
��D. ɹɤɢɣ� ɞɨɡɜɨɥɹɽ� ɜɢɪɿɲɢɬɢ� ɩɪɨɛɥɟɦɭ� ɿɫ�
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Ɏɿɡɢɤɨ�ɦɚɬɟɦɚɬɢɱɧɿ�ɧɚɭɤɢ ,661������������2QOLQH���,661������������3ULQW�

ɧɭɜɚɧɧɹ�ɿ�ɪɨɡɤɥɚɞɭ�ɪɨɡɜ¶ɹɡɤɭ�ɤɪɚɣɨɜɨʀ�ɥɿɧɿɣ�
ɧɨʀ� �S �ɩɟɪɿɨɞɢɱɧɨʀ� ɩɨ� [ ɡɚɞɚɱɿ� ���±����� ɭ�
ɪɹɞ�Ɏɭɪ¶ɽ�

ɉɨɛɭɞɨɜɚ�ɧɚɛɥɢɠɟɧɨɝɨ�ɪɨɡɜ¶ɹɡɤɭ�ɤɜɚ�
ɡɿɥɿɧɿɣɧɨʀ�ɤɪɚɣɨɜɨʀ�� �ɩɟɪɿɨɞɢɱɧɨʀ�ɩɨ�[ ɡɚ�
ɞɚɱɿ��Ɋɨɡɝɥɹɧɟɦɨ�ɤɪɚɣɨɜɭ��S �ɩɟɪɿɨɞɢɱɧɭ�ɩɨ�
[ ɡɚɞɚɱɭ

� �� � � �WW [[X D X ) [ W XH�  ����

� � � ��� � ��X [ X WS  ����

� � � �� � � �X [ W X [ WS�  ����

ɩɪɢ�ɬɚɤɨɦɭ�ɩɪɢɩɭɳɟɧɧɿ��ɞɥɹ�ɤɨɠɧɨʀ�ɮɭɧɤɰɿʀ�

� �� DX [ W . �� ɫɤɚɥɹɪɧɚ�ɮɭɧɤɰɿɹ� � �� �� � �) [ W X [ W

ɩɪɚɜɨʀ� ɱɚɫɬɢɧɢ� ɪɿɜɧɹɧɧɹ� ����� ɡɚɞɨɜɨɥɶɧɹɽ�
ɭɦɨɜɿ � �� �� � � �D) [ W X [ W . ��

ɓɨɛ� ɜɤɚɡɚɧɟ� ɩɪɢɩɭɳɟɧɧɹ� ɜɢɤɨɧɭɜɚ�
ɥɨɫɹ��ɧɚɦ�ɩɨɬɪɿɛɧɨ�ɞɨɜɟɫɬɢ�ɞɜɿ�ɜɥɚɫɬɢɜɨɫɬɿ�
ɨɩɟɪɚɬɨɪɚ��

�� � �� � � �� �� � �D D/ I [ W / I [ WS �  

�� � �� � � �� �� � �D D/ I [ W / I [ WS �  
Ⱦɨɜɟɞɟɦɨ�ɩɟɪɲɭ� ɜɥɚɫɬɢɜɿɫɬɶ��ȼɢɤɨɪɢɫ�

ɬɨɜɭɸɱɢ�ɮɨɪɦɭɥɭ�������ɨɞɟɪɠɭɽɦɨ
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ɇɚ�ɨɫɧɨɜɿ�ɰɿɽʀ�ɠ�ɮɨɪɦɭɥɢ������ɞɨɜɟɞɟɦɨ�

ɞɪɭɝɭ�ɜɥɚɫɬɢɜɿɫɬɶ��Ɇɚɽɦɨ
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Ɉɬɠɟ�� ɹɤɳɨ� ɮɭɧɤɰɿɹ� � �� �DI [ W . �� ɬɨ�

� �� �� �D D/ I [ W . ��
Ɍɨɞɿ� ɜɢɛɢɪɚɽɦɨ� ɞɨɜɿɥɶɧɭ� ɮɭɧɤɰɿɸ�

� �� DI [ W . �� ɿ�ɡɚ�ɧɭɥɶɨɜɟ�ɧɚɛɥɢɠɟɧɧɹ�ɩɪɢɣ�

ɦɚɽɦɨ�ɮɭɧɤɰɿɸ

� � � �� �� � � �D DX [ W / I [ W . � �

� � > @� �� �� �� � �DX [ W / ) X [ WH 

� � > @� �� �� �� � �DX [ W / ) X [ WH 

� � > @� �� �� �� � �DX [ W / ) X [ WH 
««««««««««�

� � > @� �� ��� � � ����������Q D QX [ W / ) X [ W QH �  

ɞɟ� > @ � �� �� �� � � � �Q Q) X ) [ W X [ W Q� � �1

Ɂɚɭɜɚɠɢɦɨ�� ɳɨ� ɜɫɿ� ɧɚɛɥɢɠɟɧɧɹ�

� ��Q DX [ W . �� ɧɚ� ɨɫɧɨɜɿ� ɜɥɚɫɬɢɜɨɫɬɿ� ɨɩɟɪɚ�

ɬɨɪɚ� �D/

ȼɢɫɧɨɜɤɢ� �� Ⱦɨɫɥɿɞɠɟɧɨ� ɤɪɚɣɨɜɭ�
�S �ɩɟɪɿɨɞɢɱɧɭ� ɡɚɞɚɱɭ� ɞɥɹ� ɥɿɧɿɣɧɨɝɨ� ɧɟɨɞ�
ɧɨɪɿɞɧɨɝɨ� ɝɿɩɟɪɛɨɥɿɱɧɨɝɨ�ɪɿɜɧɹɧɧɹ�ɞɪɭɝɨɝɨ�
ɩɨɪɹɞɤɭ�� ɥɿɜɚ� ɱɚɫɬɢɧɚ� ɹɤɨɝɨ� ɨɩɟɪɚɬɨɪ� Ⱦɚ�
ɥɚɦɛɟɪɚ� � � � � �W D [w w � w w �

�� ȼɫɬɚɧɨɜɥɟɧɨ�ɤɥɚɫ�ɮɭɧɤɰɿɣ�ɞɜɨɯ�ɡɦɿɧ�
ɧɢɯ� � ��I [ W ��ɞɥɹ�ɹɤɢɯ� ɿɫɧɭɽ�ɱɚɫɬɢɧɧɢɣ�ɤɥɚ�

ɫɢɱɧɢɣ�ɪɨɡɜ¶ɹɡɨɤ�ɜɤɚɡɚɧɨʀ�ɡɚɞɚɱɿ�
�� ȼɢɞɿɥɟɧɨ�ɩɿɞɤɥɚɫ�ɡɧɚɣɞɟɧɨɝɨ�ɤɥɚɫɭ��ɭ

ɹɤɨɦɭ�ɤɥɚɫɢɱɧɢɣ�ɪɨɡɜ¶ɹɡɨɤ ɤɪɚɣɨɜɨʀ��S �ɩɟ�
ɪɿɨɞɢɱɧɨʀ�ɩɨ�[ ɡɚɞɚɱɿ�ɞɥɹ�ɧɟɨɞɧɨɪɿɞɧɨɝɨ�ɝɿ�
ɩɟɪɛɨɥɿɱɧɨɝɨ� ɪɿɜɧɹɧɧɹ� ɽ� ɧɟɩɚɪɧɨɸ� ɮɭɧɤ�
ɰɿɽɸ�

�� Ɂɚɩɪɨɩɨɧɨɜɚɧɨ�ɫɯɟɦɭ�ɩɨɛɭɞɨɜɢ�ɩɨɫɥɿ�
ɞɨɜɧɢɯ� ɧɚɛɥɢɠɟɧɶ� ɪɨɡɜ¶ɹɡɤɭ� ɤɜɚɡɿɥɿɧɿɣɧɨʀ�
ɤɪɚɣɨɜɨʀ� �S �ɩɟɪɿɨɞɢɱɧɨʀ�ɩɨ� [ ɡɚɞɚɱɿ�
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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ��������

Ʌɿɬɟɪɚɬɭɪɚ

�� Ɇɢɬɪɨɩɨɥɶɫɤɢɣ ɘ� Ⱥ���Ɇɨɫɟɟɧɤɨɜ Ȼ� ɂ��Ⱥɫɢɦɩɬɨɬɢɱɟɫɤɢɟ�ɦɟɬɨɞɵ�ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɣ�
ɜ�ɱɚɫɬɧɵɯ�ɩɪɨɢɡɜɨɞɧɵɯ��Ʉɢɟɜ��ȼɢɳɚ�ɲɤ�� ����������ɫ�

�� Ɇɢɬɪɨɩɨɥɶɫɤɢɣ ɘ� Ⱥ���ɏɨɦɚ Ƚ� ɉ���Ƚɪɨɦɹɤ Ɇ� ɂ��Ⱥɫɢɦɩɬɨɬɢɱɟɫɤɢɟ�ɦɟɬɨɞɵ�ɢɫɫɥɟɞɨɜɚ�
ɧɢɹ�ɤɜɚɡɢɜɨɥɧɨɜɵɯ�ɭɪɚɜɧɟɧɢɣ�ɝɢɩɟɪɛɨɥɢɱɟɫɤɨɝɨ�ɬɢɩɚ��Ʉɢɟɜ��ɇɚɭɤ��ɞɭɦɤɚ������������ɫ�

�� Ɍɢɯɨɧɨɜ Ⱥ� ɇ��� ɋɚɦɚɪɫɤɢɣ Ⱥ� Ⱥ��ɍɪɚɜɧɟɧɢɹ� ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ� ɮɢɡɢɤɢ��Ɇɨɫɤɜɚ�� ɇɚɭɤɚ��
������
����ɫ�

�� Ɏɢɯɬɟɧɝɨɥɶɰ Ƚ� Ɇ�� Ɉɫɧɨɜɵ� ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ� ɚɧɚɥɢɡɚ��Ɇɨɫɤɜɚ�� Ƚɨɫ� ɢɡɞ�ɜɨ� ɮɢɡ��ɦɚɬ�
ɥɢɬ�ɪɵ�ɢɡɞ�ɜɚ�©ɇɚɭɤɚª��������Ɍ��,,������ɫ�

�� Ⱥɪɬɟɦɶɟɜ ɇ� Ⱥ��ɉɟɪɢɨɞɢɱɟɫɤɢɟ�ɪɟɲɟɧɢɹ�ɨɞɧɨɝɨ�ɤɥɚɫɫɚ�ɭɪɚɜɧɟɧɢɣ�ɜ�ɱɚɫɬɧɵɯ�ɩɪɨɢɡɜɨɞ�
ɧɵɯ��ɂɡɜ��Ⱥɇ�ɋɋɋɊ��ɋɟɪ��ɦɚɬ� ������ʋ����ɋ� ��±���

�� ɑɟɪɧɹɬɢɧ ȼ� Ⱥ��Ʉ�ɩɪɨɛɥɟɦɟ�ɫɭɳɟɫɬɜɨɜɚɧɢɹ�ɪɟɲɟɧɢɣ�ɫɦɟɲɚɧɧɨɣ�ɡɚɞɚɱɢ�ɞɥɹ�ɨɞɧɨɦɟɪ�
ɧɨɝɨ�ɜɨɥɧɨɜɨɝɨ�ɭɪɚɜɧɟɧɢɹ��ȼɟɫɬɧ��Ɇɨɫɤ��ɭɧ�ɬɚ��ɋɟɪ� ���Ɇɚɬɟɦɚɬɢɤɚ�ɢ�ɦɟɯɚɧɢɤɚ��������
ʋ����ɋ���±���

�� ɉɨɥɢɳɭɤ ȼ� ɇ���ɉɬɚɲɧɢɤ Ȼ� ɂ��ɉɟɪɢɨɞɢɱɟɫɤɚɹ�ɤɪɚɟɜɚɹ�ɡɚɞɚɱɚ�ɞɥɹ�ɥɢɧɟɣɧɵɯ�ɝɢɩɟɪɛɨ�
ɥɢɱɟɫɤɢɯ�ɭɪɚɜɧɟɧɢɣ�ɢ�ɫɢɫɬɟɦ��Ʌɶɜɨɜ�����������ɫ�

�� ɉɬɚɲɧɢɤ Ȼ� ɂ��ɇɟɤɨɪɪɟɤɬɧɵɟ�ɝɪɚɧɢɱɧɵɟ�ɡɚɞɚɱɢ�ɞɥɹ�ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ�ɭɪɚɜɧɟɧɢɣ�ɫ�
ɱɚɫɬɧɵɦɢ�ɩɪɨɢɡɜɨɞɧɵɦɢ��Ʉɢɟɜ��ɇɚɭɤ��ɞɭɦɤɚ������������ɫ�

�� ɉɬɚɲɧɢɤ Ȼ� Ƀ��� ȱɥɶɤɿɜ ȼ� ɋ���Ʉɦɿɬɶ ȱ� ə���ɉɨɥɿɳɭɤ ȼ� Ɇ��ɇɟɥɨɤɚɥɶɧɿ�ɤɪɚɣɨɜɿ�ɡɚɞɚɱɿ�ɞɥɹ�
ɪɿɜɧɹɧɶ�ɿɡ�ɱɚɫɬɢɧɧɢɦɢ�ɩɨɯɿɞɧɢɦɢ��Ʉɢʀɜ��ɇɚɭɤ� ɞɭɦɤɚ������������ɫ�

��� Ɇɢɬɪɨɩɨɥɶɫɶɤɢɣ ɘ� Ɉ���ɏɨɦɚ�Ɇɨɝɢɥɶɫɶɤɚ ɋ� Ƚ��ɍɦɨɜɢ� ɿɫɧɭɜɚɧɧɹ�ɪɨɡɜ¶ɹɡɤɿɜ�ɤɪɚɣɨɜɨʀ�
ɩɟɪɿɨɞɢɱɧɨʀ� ɡɚɞɚɱɿ�ɞɥɹ�ɧɟɨɞɧɨɪɿɞɧɨɝɨ�ɥɿɧɿɣɧɨɝɨ�ɝɿɩɟɪɛɨɥɿɱɧɨɝɨ�ɪɿɜɧɹɧɧɹ�ɞɪɭɝɨɝɨ�ɩɨ�
ɪɹɞɤɭ��,��ɍɤɪ��ɦɚɬ��ɠɭɪɧ��������Ɍ� ����ʋ ���ɋ�����±�����

5HIHUHQFHV

�� 0LWURSROVNL\��<X��$��	�0RVHHQNRY��%��,����������$V\PSWRWLF�PHWKRGV�IRU�VROYLQJ�SDUWLDO�GLIIHUHQWLDO�
HTXDWLRQV��.LHY��9\VKFKD VKNROD�

�� 0LWURSROVNL\��<X��$���.KRPD��*��3��	�*URP\DN��0��,����������$V\PSWRWLF�PHWKRGV�IRU�WKH�VWXG\�RI�
TXDVL�ZDYH�HTXDWLRQV�RI�K\SHUEROLF�W\SH��.LHY��1DXN��GXPND�

�� 7LNKRQRY��$��1��	�6DPDUVNL\��$��$����������(TXDWLRQV�RI�PDWKHPDWLFDO�SK\VLFV��0RVFRZ��1DXND�

�� )LNKWHQJROWV��*��0����������)XQGDPHQWDOV�RI�PDWKHPDWLFDO�DQDO\VLV��0RVFRZ��*RVXGDUVWYHQQRH�L]�
GDWHOVWYR�IL]LNR�PDWHPDWLFKHVNR\�OLWHUDWXU\�L]GDWHOVWYD�³1DXND´��9RO��,,�

�� $UWHPHY��1��$����������3HULRGLF�VROXWLRQV�RI�D�FODVV�RI�SDUWLDO�GLIIHUHQWLDO�HTXDWLRQV��,]Y��$1�6665��
6HU��PDW���1R�����SS� ��±���

�� &KHUQ\DWLQ��9��$����������2Q�WKH�SUREOHP�RI�WKH�H[LVWHQFH�RI�VROXWLRQV�RI�D�PL[HG�SUREOHP�IRU�D�RQH�
GLPHQVLRQDO�ZDYH�HTXDWLRQ��9HVWQ��0RVN��XQ�WD��6HU�����0DWHPDWLND�L�PHNKDQLND��1R ���SS� �±���

�� 3ROLVKFKXN��9��1��	�3WDVKQLN��%��,����������$�SHULRGLF�ERXQGDU\�YDOXH�SUREOHP�IRU�OLQHDU�K\SHUEROLF�
HTXDWLRQV�DQG�V\VWHPV��/YRY�

�� 3WDVKQLN��%�� ,�� �������� ,QFRUUHFW� ERXQGDU\� YDOXH� SUREOHPV� IRU� SDUWLDO� GLIIHUHQWLDO� HTXDWLRQV��.LHY��
1DXN��GXPND�

�� 3WDVKQ\N��%��<���,ONLY��9��6���.PLW��,��<D��	�3ROLVKFKXN��9��0����������1HORNDOQL�NUDLRYL�]DGDFKL�GOLD�
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