
ȼɵɩɭɫɤ�����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂ�ɆȿɌȺɅɈɈȻɊȺȻȺɌɕȼȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�± ɌȿɏɇɂɄȺ
ɂ�ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɂɁȽɈɌɈȼɅȿɇɂə�ɂ�ɉɊɂɆȿɇȿɇɂə
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ɍȾɄ�����������

Ɋ��ȼ��Ɋɚɱɤɟɜɢɱ

ȱɜɚɧɨ�Ɏɪɚɧɤɿɜɫɶɤɢɣ�ɇɚɰɿɨɧɚɥɶɧɢɣ�ɬɟɯɧɿɱɧɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ�ɧɚɮɬɢ�ɿ�ɝɚɡɭ��ɍɤɪɚʀɧɚ

ȼɉɅɂȼ�ɄɊɍɌɇɈȽɈ�ɆɈɆȿɇɌɍ�ɇȺ�ȼȱȾɏɂɅəɘɑȿ�ɁɍɋɂɅɅə�ɇȺ�ȾɈɅɈɌȱ

Ɇɟɬɨɸ�ɩɭɛɥɿɤɚɰɿʀ�ɽ�ɪɨɡɪɨɛɥɟɧɧɹ�ɚɧɚɥɿɬɢɱɧɨɝɨ�ɦɟɬɨɞɭ�ɨɰɿɧɤɢ�ɜɩɥɢɜɭ�ɤɪɭɬɧɨɝɨ�ɦɨɦɟɧɬɭ�
ɧɚ�ɜɟɥɢɱɢɧɭ�ɜɿɞɯɢɥɹɸɱɨɝɨ�ɡɭɫɢɥɥɹ�ɧɚ�ɞɨɥɨɬɿ�

Ⱦɥɹ�ɪɨɡɪɚɯɭɧɤɭ�ɜɢɤɨɪɢɫɬɚɧɚ�ɦɨɞɟɥɶ�ɩɪɨɫɬɨɪɨɜɨʀ�ɞɟɮɨɪɦɚɰɿʀ�ɝɧɭɱɤɨɝɨ�ɫɬɟɪɠɧɹ��Ɂɨɤɪɟɦɚ��
ɫɤɥɚɞɟɧɚ�� ɜɪɚɯɨɜɭɸɱɢ� ɜɥɚɫɬɢɜɨɫɬɿ� ɧɚɜɚɧɬɚɠɟɧɧɹ� ɧɢɡɭ� ɛɭɪɢɥɶɧɨʀ� ɤɨɥɨɧɢ�� ɿ� ɱɢɫɟɥɶɧɨ� ɪɨɡɜ¶ɹɡɚɧɚ�
ɫɢɫɬɟɦɚ�ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ�ɪɿɜɧɹɧɶ�ɪɿɜɧɨɜɚɝɢ�ɝɧɭɱɤɨɝɨ�ɫɬɟɪɠɧɹ�ɜ�ɩɪɨɟɤɰɿɹɯ�ɧɚ�ɪɭɯɨɦɿ�ɨɫɿ�

ȼ� ɪɟɡɭɥɶɬɚɬɿ� ɨɬɪɢɦɚɧɚ� ɦɨɠɥɢɜɿɫɬɶ� ɜɢɡɧɚɱɚɬɢ� ɞɜɿ ɜɡɚɽɦɧɨ� ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɿ� ɫɤɥɚɞɨɜɿ�
ɜɿɞɯɢɥɹɸɱɨɝɨ�ɡɭɫɢɥɥɹ�ɧɚ�ɞɨɥɨɬɿ��ɜɟɥɢɱɢɧɚ�ɹɤɢɯ��ɨɤɪɿɦ�ɿɧɲɨɝɨ��ɡɚɥɟɠɢɬɶ�ɜɿɞ�ɤɪɭɬɧɨɝɨ�ɦɨɦɟɧɬɭ�

Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ�� ɜɿɞɯɢɥɹɸɱɟ� ɡɭɫɢɥɥɹ� ɧɚ� ɞɨɥɨɬɿ�� ɧɢɡ� ɛɭɪɢɥɶɧɨʀ� ɤɨɥɨɧɢ�� ɧɚɩɪɭɠɟɧɨ�
ɞɟɮɨɪɦɨɜɚɧɢɣ�ɫɬɚɧ��ɝɧɭɱɤɢɣ�ɫɬɟɪɠɟɧɶ�

ɋɶɨɝɨɞɧɿ� ɱɿɬɤɨ� ɩɪɨɝɥɹɞɚɽɬɶɫɹ� ɬɟɧɞɟɧɰɿɹ� ɞɨ� ɡɛɿɥɶɲɟɧɧɹ� ɨɛ¶ɽɦɿɜ� ɛɭɪɿɧɧɹ� ɩɨɯɢɥɨ�
ɫɤɟɪɨɜɚɧɢɯ� ɬɚ� ɝɨɪɢɡɨɧɬɚɥɶɧɢɯ� ɫɜɟɪɞɥɨɜɢɧ�� Ɂɚ� ɬɚɤɢɯ� ɨɛɫɬɚɜɢɧ�� ɨɤɪɿɦ� ɿɧɲɨɝɨ�� ɫɬɚɜɥɹɬɶɫɹ�
ɧɚɞɡɜɢɱɚɣɧɨ� ɜɢɫɨɤɿ� ɜɢɦɨɝɢ� ɞɨ� ɞɨɬɪɢɦɚɧɧɹ� ɩɪɨɟɤɬɧɨɝɨ� ɩɪɨɮɿɥɸ� ɫɬɨɜɛɭɪɚ�� ɋɟɪɟɞ� ɨɫɧɨɜɧɢɯ�
ɱɢɧɧɢɤɿɜ�� ɹɤɿ� ɜɩɥɢɜɚɸɬɶ� ɧɚ ɧɚɩɪɹɦ� ɪɭɯɭ� ɞɨɥɨɬɚ� ɜ� ɩɥɚɫɬɿ� ɽ� ɜɿɞɯɢɥɹɸɱɟ� ɡɭɫɢɥɥɹ��ɋɚɦɟ� ɣɨɝɨ�
ɜɟɥɢɱɢɧɚ�ɬɚ�ɧɚɩɪɹɦ�ɫɭɬɬɽɜɨ�ɨɛɭɦɨɜɥɸɸɬɶ�ɮɨɪɦɭ�ɨɫɿ�ɫɜɟɪɞɥɨɜɢɧɢ�

Ɉɞɧɢɦ�ɿɡ�ɦɟɬɨɞɿɜ�ɨɰɿɧɤɢ�ɜɿɞɯɢɥɹɸɱɨɝɨ�ɡɭɫɢɥɥɹ�ɽ�ɚɧɚɥɿɬɢɱɧɢɣ��ȼ�ɣɨɝɨ�ɨɫɧɨɜɿ�ɥɟɠɢɬɶ�
ɜɢɡɧɚɱɟɧɧɹ� ɧɚɩɪɭɠɟɧɨ�ɞɟɮɨɪɦɨɜɚɧɨɝɨ� ɫɬɚɧɭ� ɧɢɡɭ� ɛɭɪɢɥɶɧɨʀ� ɤɨɥɨɧɢ� >�� �@�� ȼ� ɹɤɨɫɬɿ�
ɪɨɡɪɚɯɭɧɤɨɜɢɯ�ɫɯɟɦ�ɡɚɡɜɢɱɚɣ�ɜɢɛɢɪɚɽɬɶɫɹ�ɦɨɞɟɥɶ�ɡɝɢɧɭ�ɛɚɥɤɢ�ɜ�ɩɥɨɳɢɧɿ��əɤ�ɩɨɤɚɡɭɽ�ɩɪɚɤɬɢɤɚ�
ɛɭɞɿɜɧɢɰɬɜɚ�ɫɜɟɪɞɥɨɜɢɧ��ɬɚɤɢɣ�ɩɿɞɯɿɞ�ɩɨɤɚɡɚɜ�ɫɜɨɸ�ɠɢɬɬɽɡɞɚɬɧɿɫɬɶ�ɬɚ�ɧɟ�ɩɨɝɚɧɭ�ɜɿɞɩɨɜɿɞɧɿɫɬɶ�
ɪɟɚɥɶɧɢɦ�ɭɦɨɜɚɦ�ɟɤɫɩɥɭɚɬɚɰɿʀ��ɉɪɨɬɟ�ɜɿɧ�ɦɚɽ�ɿ�ɪɹɞ�ɧɟɞɨɥɿɤɿɜ��ɨɞɧɢɦ�ɿɡ�ɹɤɢɯ�ɽ�ɧɟɦɨɠɥɢɜɿɫɬɶ�
ɨɰɿɧɤɢ� ɜɩɥɢɜɭ� ɜɟɥɢɱɢɧɢ� ɪɟɚɤɬɢɜɧɨɝɨ� ɤɪɭɬɧɨɝɨ� ɦɨɦɟɧɬɭ� ɧɚ� ɞɨɥɨɬɿ� ɧɚ� ɡɧɚɱɟɧɧɹ� ɬɚ� ɧɚɩɪɹɦ�
ɜɿɞɯɢɥɹɸɱɨɝɨ�ɡɭɫɢɥɥɹ��ȼ�ɞɚɧɿɣ�ɪɨɛɨɬɿ�ɡɚɩɪɨɩɨɧɨɜɚɧɨ�ɦɟɬɨɞ�ɚɧɚɥɿɡɭ�ɩɪɨɫɬɨɪɨɜɨʀ�ɞɟɮɨɪɦɚɰɿʀ�
ɧɢɡɭ�ɛɭɪɢɥɶɧɨʀ�ɤɨɥɨɧɢ��ɹɤɢɣ�ɞɚɽ�ɦɨɠɥɢɜɿɫɬɶ�ɜɪɚɯɭɜɚɬɢ�ɰɟɣ�ɜɩɥɢɜ�

Ⱦɥɹ�ɚɧɚɥɿɡɭ�ɞɟɮɨɪɦɚɰɿʀ�ɧɢɡɭ�ɛɭɪɢɥɶɧɨʀ�ɤɨɥɨɧɢ�ɫɤɨɪɢɫɬɚɽɦɨɫɹ�ɬɟɨɪɿɽɸ�ɡɝɢɧɭ�ɝɧɭɱɤɢɯ�
ɫɬɟɪɠɧɿɜ��ȼɿɞɬɚɤ�ɫɢɫɬɟɦɚ�ɜɟɤɬɨɪɧɢɯ�ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ�ɪɿɜɧɹɧɶ�ɪɿɜɧɨɜɚɝɢ�ɦɚɬɢɦɟ�ɜɢɝɥɹɞ�>�@
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ɞɟ�4 ɬɚ�0 ± ɜɟɤɬɨɪɢ�ɜɧɭɬɪɿɲɧɿɯ�ɫɢɥ�ɬɚ�ɦɨɦɟɧɬɿɜ��İ�± ɛɟɡɪɨɡɦɿɪɧɚ�ɤɪɢɜɨɥɿɧɿɣɧɚ�ɤɨɨɪɞɢɧɚɬɚ��3��
7 ± ɜɟɤɬɨɪɢ� ɡɨɜɧɿɲɧɿɯ� ɫɢɥ� ɬɚ�ɦɨɦɟɧɬɿɜ�� Ȥ �� Ȥ���� ± ɜɟɤɬɨɪ�ɩɨɬɨɱɧɨʀ� ɬɚ� ɩɨɱɚɬɤɨɜɨʀ� ɤɪɢɜɢɡɧɢ�
ɫɬɟɪɠɧɹ��ɟ�� ɟ���ɟ� ± ɨɞɢɧɢɱɧɿ�ɜɟɤɬɨɪɢ�ɪɭɯɨɦɨʀ�ɫɢɫɬɟɦɢ�ɤɨɨɪɞɢɧɚɬ��ɫɢɫɬɟɦɢ�ɤɨɨɪɞɢɧɚɬ��ɧɚɩɪɹɦ�
ɨɫɟɣ� ɹɤɨʀ� ɫɩɿɜɩɚɞɚɽ� ɡ� ɧɚɩɪɹɦɨɦ� ɝɨɥɨɜɧɢɯ� ɨɫɟɣ� ɿɧɟɪɰɿʀ� ɩɨɩɟɪɟɱɧɨɝɨ� ɩɟɪɟɪɿɡɭ� ɫɬɟɪɠɧɹ��� Ⱥ ±
ɦɚɬɪɢɰɹ�ɠɨɪɫɬɤɨɫɬɟɣ�ɫɬɟɪɠɧɹ��/��/� ± ɦɚɬɪɢɰɿ�ɩɟɪɟɯɨɞɭ�ɦɿɠ�ɜɟɤɬɨɪɧɢɦɢ�ɛɚɡɢɫɚɦɢ��- ± ɜɟɤɬɨɪ�
ɤɭɬɚ� ɩɨɜɨɪɨɬɭ� ɪɭɯɨɦɨʀ� ɫɢɫɬɟɦɢ� ɤɨɨɪɞɢɧɚɬ� ɜɿɞɧɨɫɧɨ� ɩɨɱɚɬɤɨɜɨɝɨ� ɩɨɥɨɠɟɧɧɹ�� X ± ɜɟɤɬɨɪ�
ɩɟɪɟɦɿɳɟɧɧɹ��O��� O����O�� ± ɟɥɟɦɟɧɬɢ�ɦɚɬɪɢɰɿ�/�



ɊȺɁȾȿɅ����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�ɂɁ�ɋȼȿɊɏɌȼȿɊȾɕɏ�ɆȺɌȿɊɂȺɅɈȼ
ɂ�ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɉɊɂɆȿɇȿɇɂə

��

ȼ�ɫɜɨɸ�ɱɟɪɝɭ�ɜɟɤɬɨɪɢ�3 ɬɚ�7 ɜɢɡɧɚɱɚɸɬɶɫɹ�ɡɚ�ɮɨɪɦɭɥɚɦɢ�>�@
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ɞɟ�T ± ɜɟɤɬɨɪ�ɪɨɡɩɨɞɿɥɟɧɨʀ�ɫɢɥɢ��Ɋ�ɿ� ± ɜɟɤɬɨɪ�ɡɨɫɟɪɟɞɠɟɧɨʀ�ɫɢɥɢ��ȝ ± ɜɟɤɬɨɪ�ɪɨɡɩɨɞɿɥɟɧɨɝɨ�
ɦɨɦɟɧɬɭ��Ɍ�ȣ� ± ɜɟɤɬɨɪ�ɡɨɫɟɪɟɞɠɟɧɨɝɨ�ɦɨɦɟɧɬɭ��İɿ��İȣ ± ɛɟɡɪɨɡɦɿɪɧɿ�ɤɪɢɜɨɥɿɧɿɣɧɿ�ɤɨɨɪɞɢɧɚɬɢ�
ɩɪɢɤɥɚɞɚɧɧɹ�ɜɿɞɩɨɜɿɞɧɢɯ�ɜɟɤɬɨɪɿɜ�

Ⱦɥɹ ɩɪɚɤɬɢɱɧɨʀ�ɪɟɚɥɿɡɚɰɿʀ�ɫɢɫɬɟɦɭ����±����ɡɪɭɱɧɨ�ɩɨɞɚɜɚɬɢ�ɜ�ɩɪɨɟɤɰɿɹɯ�ɧɚ�ɨɫɿ�ɪɭɯɨɦɨʀ�
ɫɢɫɬɟɦɢ�ɤɨɨɪɞɢɧɚɬ�>�@��Ⱦɥɹ�ɰɶɨɝɨ�ɪɨɡɝɥɹɧɟɦɨ�ɞɟɬɚɥɶɧɿɲɟ�ɤɨɦɩɨɧɟɧɬɢ�ɜɟɤɬɨɪɿɜ�ɡɨɜɧɿɲɧɿɯ�ɫɢɥ�
ɬɚ�ɦɨɦɟɧɬɿɜ��ɹɤɿ�ɞɿɸɬɶ�ɧɚ�ɞɿɥɹɧɤɭ�ɛɭɪɢɥɶɧɨʀ�ɤɨɥɨɧɢ�ɡɝɿɞɧɨ�ɡ�ɪɨɡɪɚɯɭɧɤɨɜɨɸ�ɫɯɟɦɨɸ��ɪɢɫ�����

ɉɪɢɣɦɟɦɨ��ɳɨ�ɜɟɪɯɧɿɣ�ɤɿɧɟɰɶ�ɝɧɭɱɤɨɝɨ�ɫɬɟɪɠɧɹ��İ� ����ɡɚɳɟɦɥɟɧɢɣ��ɧɢɠɧɿɣ��İ� ����±
ɜɿɥɶɧɢɣ��Ɍɚɤɨɠ�ɞɨ�ɧɢɠɧɶɨɝɨ�ɤɿɧɰɹ�ɩɪɢɤɥɚɞɟɧɿ�ɫɥɿɞɤɭɸɱɿ�ɡɨɫɟɪɟɞɠɟɧɿ�ɫɢɥɢ��Ɋ�

��� ± ɨɫɶɨɜɚ�ɫɢɥɚ��
ɹɤɚ�ɜɿɞɨɛɪɚɠɚɽ�ɧɚɜɚɧɬɚɠɟɧɧɹ�ɧɚ�ɞɨɥɨɬɨ��Ɋ�

��� ± ɜɟɪɬɢɤɚɥɶɧɚ�ɫɤɥɚɞɨɜɚ�ɜɿɞɯɢɥɹɸɱɨɝɨ�ɡɭɫɢɥɥɹ��
Ɋ�

��� ± ɝɨɪɢɡɨɧɬɚɥɶɧɚ�ɫɤɥɚɞɨɜɚ�ɜɿɞɯɢɥɹɸɱɨɝɨ�ɡɭɫɢɥɥɹ��ȼɟɥɢɱɢɧɢ�ɫɢɥ�Ɋ�
��� ɬɚ�Ɋ�

��� ɜɢɡɧɚɱɚɸɬɶɫɹ�
ɡ�ɧɚɫɬɭɩɧɢɦ�ɭɦɨɜ

� � �a�� DGP[ UX  
� � ����  [X

ɞɟ� X[������ X[���� ± ɩɪɨɟɤɰɿʀ�
ɜɟɤɬɨɪɚ� ɩɟɪɟɦɿɳɟɧɧɹ� ɧɚ� ɨɫɿ�
ɧɟɪɭɯɨɦɨʀ�ɫɢɫɬɟɦɢ�ɤɨɨɪɞɢɧɚɬ��

DGPUa ± ɛɟɡɪɨɡɦɿɪɧɚ� ɜɟɥɢɱɢɧɚ�

ɪɚɞɿɚɥɶɧɨɝɨ�ɡɚɡɨɪɭ��ɹɤɚ�ɪɿɜɧɚ
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ɞɟ�'��G ± ɞɿɚɦɟɬɪ�ɫɜɟɪɞɥɨɜɢɧɢ�
ɬɚ� ɡɨɜɧɿɲɧɿɣ� ɞɿɚɦɟɬɪ�
ɛɭɪɢɥɶɧɨʀ� ɤɨɥɨɧɢ� ɜɿɞɩɨɜɿɞɧɨ��
OE ± ɞɨɜɠɢɧɚ� ɞɿɥɹɧɤɢ� ɧɢɡɭ�

ɛɭɪɢɥɶɧɨʀ�ɤɨɥɨɧɢ��ɳɨ�ɪɨɡɝɥɹɞɚɽɬɶɫɹ�
ȼɟɥɢɱɢɧɚ�OE ɪɨɡɪɚɯɨɜɭɽɬɶɫɹ�ɜɢɯɨɞɹɱɢ�ɿɡ�ɧɚɫɬɭɩɧɢɯ�ɭɦɨɜ

� � ����  0 � � ����  0
Ɋɟɚɤɬɢɜɧɢɣ�ɤɪɭɬɧɢɣ�ɦɨɦɟɧɬ�ɧɚ�ɞɨɥɨɬɿ�ɩɨɡɧɚɱɟɧɨ�ɱɟɪɟɡ�Ɍ�

����
Ⱦɥɹ�ɦɨɠɥɢɜɨɫɬɿ�ɡɚɫɬɨɫɭɜɚɧɧɹ�ɪɨɡɪɨɛɥɟɧɨɝɨ�ɦɟɬɨɞɭ�ɞɨ�ɧɚɯɢɥɟɧɢɯ�ɞɿɥɹɧɨɤ�ɫɜɟɪɞɥɨɜɢɧ��

ɜɚɝɭ� ɨɞɢɧɢɰɿ� ɞɨɜɠɢɧɢ� ɛɭɪɢɥɶɧɨʀ� ɤɨɥɨɧɢ� ɪɨɡɤɥɚɞɟɦɨ� ɧɚ� ɞɜɿ� ɤɨɦɩɨɧɟɧɬɢ�� ɨɫɶɨɜɭ� T[� ɬɚ�
ɧɨɪɦɚɥɶɧɭ�T[���ɹɤɿ�ɜɿɞɩɨɜɿɞɧɨ�ɪɿɜɧɿ

�FRV� DGF[ TT  
�VLQ� DGF[ TT  

ɞɟ�TGF ± ɛɟɡɪɨɡɦɿɪɧɚ�ɩɪɢɜɟɞɟɧɚ�ɜɚɝɚ�ɨɞɢɧɢɰɿ�ɞɨɜɠɢɧɢ�ɛɭɪɢɥɶɧɨʀ�ɤɨɥɨɧɢ�ɜ�ɩɪɨɦɢɜɚɥɶɧɿɣ�ɪɿɞɢɧɿ��
Į ± ɡɟɧɿɬɧɢɣ�ɤɭɬ�ɫɜɟɪɞɥɨɜɢɧɢ�

ȼɿɞɬɚɤ�ɩɪɨɟɤɰɿʀ�ɜɟɤɬɨɪɚ�ɪɨɡɩɨɞɿɥɟɧɨʀ�ɫɢɥɢ�ɧɚ�ɨɫɿ�ɪɭɯɨɦɨʀ�ɫɢɫɬɟɦɢ�ɤɨɨɪɞɢɧɚɬ�ɛɭɞɭɬɶ�ɪɿɜɧɿ
�������� OTOTT [[ � 
�������� OTOTT [[ � 
�������� OTOTT [[ � 

ɞɟ�O����O����ɬɚ O�� ± ɤɨɦɩɨɧɟɧɬɢ�ɦɚɬɪɢɰɿ�/ ɩɟɪɟɯɨɞɭ�ɦɿɠ�ɜɟɤɬɨɪɧɢɦɢ�ɛɚɡɢɫɚɦɢ�>�@�
Ʉɪɚɣɨɜɿ�ɭɦɨɜɢ�ɞɥɹ ɪɨɡɜ¶ɹɡɚɧɧɹ�ɫɢɫɬɟɦɢ����±����ɡɚɩɢɲɟɦɨ�ɭ�ɜɢɝɥɹɞɿ

Ɋɢɫ�����Ɋɨɡɪɚɯɭɧɤɨɜɚ�ɫɯɟɦɚ�ɞɿɥɹɧɤɢ�ɧɢɡɭ�ɛɭɪɢɥɶɧɨʀ�ɤɨɥɨɧɢ



ȼɵɩɭɫɤ�����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂ�ɆȿɌȺɅɈɈȻɊȺȻȺɌɕȼȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�± ɌȿɏɇɂɄȺ
ɂ�ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɂɁȽɈɌɈȼɅȿɇɂə�ɂ�ɉɊɂɆȿɇȿɇɂə

��

� � ����  X � � ����  X � � ����  X � � ����  - � � ����  - � � ����  -
� � � ��� �

�� 34  � � � ��� �
�� 34  � � � ��� �

�� 34  � � � ��� �
�� 70  � � ����  0 � � ����  0

ɞɟ� � �HLX �� � �HL4 �� � �HL0 ± ɩɪɨɟɤɰɿʀ� ɜɟɤɬɨɪɚ� ɩɟɪɟɦɿɳɟɧɧɹ�� ɩɨɩɟɪɟɱɧɨʀ� ɫɢɥɢ� ɬɚ� ɡɝɢɧɚɥɶɧɨɝɨ�

ɦɨɦɟɧɬɭ�ɧɚ�ɨɫɿ�ɪɭɯɨɦɨʀ�ɫɢɫɬɟɦɢ�ɤɨɨɪɞɢɧɚɬ��L  ������ ��
Ɂɚ�ɞɨɩɨɦɨɝɨɸ�ɦɚɬɟɦɚɬɢɱɧɨɝɨ�ɫɟɪɟɞɨɜɢɳɚ�©:DWHUORR�0DSOHª�ɩɪɨɚɧɚɥɿɡɭɽɦɨ�ɧɚɩɪɭɠɟɧɨ�

ɞɟɮɨɪɦɨɜɚɧɢɣ� ɫɬɚɧ� ɧɢɡɭ� ɛɭɪɢɥɶɧɨʀ� ɤɨɥɨɧɢ�� ɳɨ� ɫɤɥɚɞɚɽɬɶɫɹ� ɿɡ� ɡɛɚɥɚɧɫɨɜɚɧɢɯ� ɨɛɜɚɠɧɟɧɢɯ�
ɛɭɪɢɥɶɧɢɯ�ɬɪɭɛ��ɈȻɌɋ����î�����Ɍɨɠ�ɜɢɯɿɞɧɿ�ɞɚɧɿ�ɧɚɫɬɭɩɧɿ��'  ��������ɦ��G  ��������ɦ��G�  
�������ɦ��G� � ɜɧɭɬɪɿɲɧɿɣ�ɞɿɚɦɟɬɪ�ɛɭɪɢɥɶɧɨʀ�ɤɨɥɨɧɢ���Į  ���q�

Ɋɟɡɭɥɶɬɚɬɢ�ɪɨɡɪɚɯɭɧɤɭ�ɩɨɞɚɧɨ�ɭ�ɬɚɛɥɢɰɿ���

Ɍɚɛɥɢɰɹ����Ɋɟɡɭɥɶɬɚɬɢ�ɚɧɚɥɿɡɭ�ɧɚɩɪɭɠɟɧɨ�ɞɟɮɨɪɦɨɜɚɧɨɝɨ�ɫɬɚɧɭ�ɧɢɡɭ�ɛɭɪɢɥɶɧɨʀ�ɤɨɥɨɧɢ

Ɉɫɶɨɜɚ�ɫɢɥɚ��
ɤɇ

Ʉɪɭɬɧɢɣ�ɦɨɦɟɧɬ��
ɤɇɦ

ȼɟɪɬɢɤɚɥɶɧɚ�ɫɤɥɚɞɨɜɚ�
ɜɿɞɯɢɥɹɸɱɨɝɨ�ɡɭɫɢɥɥɹ��

ɇ

Ƚɨɪɢɡɨɧɬɚɥɶɧɚ�ɫɤɥɚɞɨɜɚ�
ɜɿɞɯɢɥɹɸɱɨɝɨ�ɡɭɫɢɥɥɹ��

ɇ
� � ���� �
� �� ���� ����
� �� ���� ����
��� � ���� �
��� �� ���� ����
��� �� ���� ����
��� � ���� �
��� �� ���� ����
��� �� ���� ����

Ɂɚɝɚɥɨɦ��ɡɚ�ɜɿɞɫɭɬɧɨɫɬɿ�ɤɪɭɬɧɨɝɨ�ɦɨɦɟɧɬɭ�ɞɟɮɨɪɦɚɰɿɹ�ɛɭɪɢɥɶɧɨʀ�ɤɨɥɨɧɢ�ɜɿɞɛɭɜɚɽɬɶɫɹ�ɜ�
ɨɞɧɿɣ�ɩɥɨɳɢɧɿ��ȼ�ɞɚɧɨɦɭ�ɜɢɩɚɞɤɭ�ɰɟ�ɩɥɨɳɢɧɚ�ɏ��ɏ���ȼɿɞɬɚɤ�ɜɿɞɯɢɥɹɸɱɟ�ɡɭɫɢɥɥɹ�ɫɤɥɚɞɚɽɬɶɫɹ�
ɬɿɥɶɤɢ�ɡ�ɤɨɦɩɨɧɟɧɬɢ��ɳɨ�ɩɚɪɚɥɟɥɶɧɚ�ɨɫɿ�ɏ���əɤɳɨ�ɠ�ɞɨ�ɜɿɥɶɧɨɝɨ�ɤɿɧɰɹ�ɩɪɢɤɥɚɫɬɢ�ɪɟɚɤɬɢɜɧɢɣ�
ɤɪɭɬɧɢɣ� ɦɨɦɟɧɬ�� ɞɟɮɨɪɦɚɰɿɹ� ɫɬɚɽ� ɩɪɨɫɬɨɪɨɜɨɸ� ɿ�� ɹɤ� ɧɚɫɥɿɞɨɤ�� ɡ¶ɹɜɥɹɽɬɶɫɹ� ɝɨɪɢɡɨɧɬɚɥɶɧɚ�
ɫɤɥɚɞɨɜɚ�ɜɿɞɯɢɥɹɸɱɨɝɨ�ɡɭɫɢɥɥɹ��ɐɟ��ɜ�ɫɜɨɸ�ɱɟɪɝɭ��ɡɭɦɨɜɥɸɜɚɬɢɦɟ�ɜɢɤɪɢɜɥɟɧɧɹ�ɨɫɿ�ɫɬɨɜɛɭɪɚ�
ɹɤ�ɜ�ɩɥɨɳɢɧɿ�ɏ��ɏ� ɬɚɤ�ɿ�ɭ�ɩɥɨɳɢɧɿ�ɏ��ɏ���ɳɨ�ɧɟɨɛɯɿɞɧɨ�ɜɪɚɯɨɜɭɜɚɬɢ�ɩɪɢ�ɩɪɨɟɤɬɭɜɚɧɧɿ�ɩɨɯɢɥɨ�
ɫɤɟɪɨɜɚɧɢɯ�ɬɚ�ɝɨɪɢɡɨɧɬɚɥɶɧɢɯ�ɫɜɟɪɞɥɨɜɢɧ�

ɐɟɥɶ� ɩɭɛɥɢɤɚɰɢɢ� ɫɨɫɬɨɢɬ� ɜ� ɪɚɡɪɚɛɨɬɤɟ� ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ� ɦɟɬɨɞɚ� ɨɰɟɧɤɢ� ɜɥɢɹɧɢɹ�
ɤɪɭɬɹɳɟɝɨ�ɦɨɦɟɧɬɚ�ɧɚ�ɜɟɥɢɱɢɧɭ�ɨɬɤɥɨɧɹɸɳɟɝɨ�ɭɫɢɥɢɹ�ɧɚ�ɞɨɥɨɬɟ�

Ⱦɥɹ�ɪɚɫɱɟɬɚ�ɢɫɩɨɥɶɡɨɜɚɧɚ�ɦɨɞɟɥɶ�ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ�ɞɟɮɨɪɦɚɰɢɢ�ɭɩɪɭɝɨɝɨ�ɫɬɟɪɠɧɹ��
ȼ� ɱɚɫɬɧɨɫɬɢ�� ɫɨɫɬɚɜɥɟɧɚ�� ɭɱɢɬɵɜɚɹ� ɨɫɨɛɟɧɧɨɫɬɢ� ɧɚɝɪɭɠɟɧɢɹ� ɧɢɡɚ� ɛɭɪɢɥɶɧɨɣ� ɤɨɥɨɧɧɵ�� ɢ�
ɱɢɫɥɟɧɧɨ� ɪɟɲɟɧɚ� ɫɢɫɬɟɦɚ� ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ� ɭɪɚɜɧɟɧɢɣ� ɪɚɜɧɨɜɟɫɢɹ� ɭɩɪɭɝɨɝɨ� ɫɬɟɪɠɧɹ� ɜ�
ɩɪɨɟɤɰɢɹɯ�ɧɚ�ɫɜɹɡɚɧɧɵɟ�ɨɫɢ�

ȼ� ɪɟɡɭɥɶɬɚɬɟ� ɩɨɥɭɱɟɧɚ� ɜɨɡɦɨɠɧɨɫɬɶ� ɨɩɪɟɞɟɥɹɬɶ� ɞɜɟ� ɜɡɚɢɦɧɨ� ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɟ�
ɤɨɦɩɨɧɟɧɬɵ�ɨɬɤɥɨɧɹɸɳɟɝɨ�ɭɫɢɥɢɹ�ɧɚ�ɞɨɥɨɬɟ��ɜɟɥɢɱɢɧɚ�ɤɨɬɨɪɵɯ��ɩɨɦɢɦɨ�ɩɪɨɱɟɝɨ��ɡɚɜɢɫɢɬ�
ɨɬ�ɤɪɭɬɹɳɟɝɨ�ɦɨɦɟɧɬɚ�

Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɨɬɤɥɨɧɹɸɳɟɟ�ɭɫɢɥɢɟ�ɧɚ�ɞɨɥɨɬɟ��ɧɢɡ�ɛɭɪɢɥɶɧɨɣ�ɤɨɥɨɧɧɵ��ɧɚɩɪɹɠɟɧɧɨ�
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ�ɫɨɫɬɨɹɧɢɟ��ɭɩɪɭɝɢɣ�ɫɬɟɪɠɟɧɶ�

2EMHFWLYH�RI� WKLV�SXEOLFDWLRQ� LV�GHYHORSPHQW�RI�DQDO\WLFDO�PHWKRG� IRU�HVWLPDWLRQ�RI� WRUVLRQ�
PRPHQW�LQIOXHQFH�RQ�GHIOHFWLQJ�ORDG�RQ�ELW�

7KUHH�GLPHQVLRQ�PRGHO�RI�HODVWLF�EHDP�GHIRUPDWLRQ�LV�XVHG��6\VWHP�RI�GLIIHUHQWLDO�HTXDWLRQV�
RI�HODVWLF�EHDP�HTXLOLEULXP�LQ�SURMHFWLRQV�RQ�PRYLQJ�D[OHV�LV�SUHSDUHG�GHSHQG�RQ�SHFXOLDULW\�RI�GULOO�
VWULQJ�ERWWRP�ORDG��7KLV�V\VWHP�ZDV�VROYHG�E\�QXPHULFDO�PHWKRG�



ɊȺɁȾȿɅ����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�ɂɁ�ɋȼȿɊɏɌȼȿɊȾɕɏ�ɆȺɌȿɊɂȺɅɈȼ
ɂ�ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɉɊɂɆȿɇȿɇɂə

��

3RVVLELOLW\� WR�GHILQH�RI� WZR�RUWKRJRQDOO\� UHODWHG�FRPSRQHQWV�RI�GHIOHFWLQJ� ORDG�RQ�ELW�ZDV�
UHFHLYHG�DV�UHVXOW��9DOXH�RI�WKHVH�FRPSRQHQWV�GHSHQGV�RQ�WRUVLRQ�PRPHQW�

.H\�ZRUGV��GHIOHFWLQJ�ORDG�RQ�ELW��GULOO�VWULQJ�ERWWRP��LQWHQVH�GHIRUPHG�VWDWH��HODVWLF�EHDP�

Ʌɿɬɟɪɚɬɭɪɚ
�� Ƚɪɟɱɢɧ�ȿ�Ƚ���Ɉɜɱɢɧɧɢɤɨɜ ȼ�ɉ���ɉɚɧɨɜ Ʉ�ȿ��Ⱥɧɚɥɢɡ�ɪɚɛɨɬɵ�ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯ�ɤɨɦɩɨɧɨɜɨɤ�

ɧɚ�ɫɤɜɚɠɢɧɚɯ�ɍɪɟɧɝɨɣɫɤɨɝɨ�ɝɚɡɨɤɨɧɞɟɧɫɚɬɧɨɝɨ�ɦɟɫɬɨɪɨɠɞɟɧɢɹ����Ȼɭɪɟɧɢɟ�ɢ ɧɟɮɬɶ��± ������
± ʋ����± ɋ����±���

�� əɧɬɭɪɢɧ� Ɋ�Ⱥ�� ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ� ɦɟɬɨɞɨɜ� ɪɚɫɱɟɬɨɜ� ɩɚɪɚɦɟɬɪɨɜ� ɤɨɦɩɨɧɨɜɨɤ� ɧɢɡɚ�
ɛɭɪɢɥɶɧɨɣ�ɤɨɥɨɧɧɵ�ɢ�ɢɯ� ɷɥɟɦɟɧɬɨɜ�ɞɥɹ� ɛɟɡɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ�ɛɭɪɟɧɢɹ�� ɚɜɬɨɪɟɮ�� ɞɢɫ�� ɧɚ�
ɫɬɢɫɤ�� ɭɱ�� ɫɬ�� ɤɚɧɞ�� ɬɟɯ�� ɧɚɭɤ�� ɫɩɟɰ�� ���������� Ɍɟɯɧɨɥɨɝɢɹ�ɛɭɪɟɧɢɹ� ɫɤɜɚɠɢɧ��± ɍɮɢɦɫɤɢɣ�
ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ�ɧɟɮɬɹɧɨɣ�ɬɟɯɧɢɱɟɫɤɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ������� ± ���ɫ�

�� ɋɜɟɬɥɢɰɤɢɣ�ȼ�Ⱥ��Ɇɟɯɚɧɢɤɚ�ɫɬɟɪɠɧɟɣ��ɍɱɟɛ��ɞɥɹ�ɜɬɭɡɨɜ��ȼ���ɯ�ɱ��ɑ�����ɋɬɚɬɢɤɚ��± Ɇ���ȼɵɫɲ��
ɲɤ���������± ����ɫ�

ɍȾɄ��������������

Ⱥ� Ⱥ� Ʉɚɪɚɤɨɡɨɜ��ɤɚɧɞ��ɬɟɯɧ��ɧɚɭɤ��Ɇ� ɋ� ɉɨɩɨɜɚ���&� ɇ� ɉɚɪɮɟɧɸɤ��
Ɋ� Ʉ� Ȼɨɝɞɚɧɨɜ��Ⱥ� ɉ� Ɂɚɤɨɪɚ��ɤɚɧɞɢɞɚɬɵ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ�

� Ⱦɨɧɟɰɤɢɣ�ɧɚɰɢɨɧɚɥɶɧɵɣ�ɬɟɯɧɢɱɟɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ��ɍɤɪɚɢɧɚ
� ɂɧɫɬɢɬɭɬ�ɫɜɟɪɯɬɜɺɪɞɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɢɦ��ȼ� ɇ� Ȼɚɤɭɥɹ

ɇȺɇ�ɍɤɪɚɢɧɵ��Ʉɢɟɜ��ɍɤɪɚɢɧɚ

ɂɋɋɅȿȾɈȼȺɇɂə�ɂ�ɊȺɁɊȺȻɈɌɄȺ�ɄɈɇɋɌɊɍɄɐɂɂ�ɈȾɇɈɋɅɈɃɇɈɃ�ȻɍɊɈȼɈɃ�
ɄɈɊɈɇɄɂ�ɋ�ɋɂɇɌȿɌɂɑȿɋɄɂɆɂ�ɆɈɇɈɄɊɂɋɌȺɅɅȺɆɂ ȺɅɆȺɁȺ

ɉɪɢɜɟɞɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɪɚɡɪɚɛɨɬɤɢ� ɨɞɧɨɫɥɨɣɧɵɯ� ɚɥɦɚɡɧɵɯ� ɤɨɪɨɧɨɤ�� ɨɫɧɚɳɺɧɧɵɯ�
ɦɨɧɨɤɪɢɫɬɚɥɥɚɦɢ� ɡɟɪɧɢɫɬɨɫɬɶɸ� ���������� ɦɤɦ ɫ� ɩɨɜɵɲɟɧɧɨɣ� ɬɟɪɦɨɫɬɨɣɤɨɫɬɶɸ��
ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɦɢ� ɜ� ɂɋɆ� ɢɦ�� ȼ� ɇ� Ȼɚɤɭɥɹ� ɇȺɇ� ɍɤɪɚɢɧɵ�� ɋɨɡɞɚɧɢɟ� ɤɨɪɨɧɨɤ� ɨɫɧɨɜɚɧɨ� ɧɚ�
ɪɟɡɭɥɶɬɚɬɚɯ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɬɟɩɥɨɜɵɯ� ɢ� ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ� ɩɪɨɰɟɫɫɨɜ�� ɚ� ɬɚɤɠɟ� ɦɟɯɚɧɢɱɟɫɤɨɝɨ�
ɧɚɝɪɭɠɟɧɢɹ�� ɉɪɢ� ɦɨɞɟɥɢɪɨɜɚɧɢɢ� ɭɱɢɬɵɜɚɥɢɫɶ� ɨɫɨɛɟɧɧɨɫɬɢ� ɪɚɛɨɬɵ� ɨɬɞɟɥɶɧɵɯ� ɚɥɦɚɡɨɜ�� ɚ�
ɬɚɤɠɟ�ɜɥɢɹɧɢɟ�ɧɚ�ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ�ɱɚɫɬɨɬɵ�ɜɪɚɳɟɧɢɹ�ɛɭɪɨɜɨɝɨ�ɫɧɚɪɹɞɚ��ɢɧɬɟɧɫɢɜɧɨɫɬɢ�
ɩɨɞɚɱɢ� ɩɪɨɦɵɜɨɱɧɨɣ� ɠɢɞɤɨɫɬɢ� ɢ� ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ� ɨɫɨɛɟɧɧɨɫɬɟɣ� ɤɨɪɨɧɤɢ�� Ⱦɚɧɧɵɟ�
ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɩɨɥɨɠɟɧɵ� ɜ� ɨɫɧɨɜɭ� ɪɚɡɪɚɛɨɬɤɢ� ɧɨɜɵɯ� ɤɨɪɨɧɨɤ� ȻɋɈ���� ɩɪɨɲɟɞɲɢɯ�
ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ�ɢɫɩɵɬɚɧɢɹ�ɜ�ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ�ɭɫɥɨɜɢɹɯ�

Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ�� ɨɞɧɨɫɥɨɣɧɚɹ� ɚɥɦɚɡɧɚɹ� ɤɨɪɨɧɤɚ�� ɫɢɧɬɟɬɢɱɟɫɤɢɟ� ɚɥɦɚɡɧɵɟ�
ɦɨɧɨɤɪɢɫɬɚɥɥɵ��ɦɨɞɟɥɢɪɨɜɚɧɢɟ�ɪɚɛɨɬɵ�ɚɥɦɚɡɧɨɣ�ɤɨɪɨɧɤɢ��ɬɟɦɩɟɪɚɬɭɪɧɵɣ�ɪɟɠɢɦ�ɚɥɦɚɡɧɨɣ�
ɤɨɪɨɧɤɢ�

ɉɨɬɪɟɛɧɨɫɬɶ� ɝɟɨɥɨɝɨɪɚɡɜɟɞɨɱɧɨɣ� ɨɬɪɚɫɥɢ� ɜ� ɧɨɜɵɯ� ɜɢɞɚɯ� ɚɥɦɚɡɧɨɝɨ�
ɩɨɪɨɞɨɪɚɡɪɭɲɚɸɳɟɝɨ� ɢɧɫɬɪɭɦɟɧɬɚ� ɞɥɹ� ɛɭɪɟɧɢɹ� ɜ� ɩɨɪɨɞɚɯ� ɫɪɟɞɧɟɣ� ɤɪɟɩɨɫɬɢ� ɦɨɠɟɬ� ɛɵɬɶ�
ɪɟɚɥɢɡɨɜɚɧɚ� ɡɚ� ɫɱɺɬ� ɫɨɡɞɚɧɢɹ� ɧɨɜɵɯ� ɜɢɞɨɜ� ɨɞɧɨɫɥɨɣɧɵɯ� ɤɨɪɨɧɨɤ�� ɨɫɧɚɳɺɧɧɵɯ� ɤɪɭɩɧɵɦɢ�
ɫɢɧɬɟɬɢɱɟɫɤɢɦɢ�ɚɥɦɚɡɧɵɦɢ�ɦɨɧɨɤɪɢɫɬɚɥɥɚɦɢ�ɫ�ɩɨɜɵɲɟɧɧɨɣ�ɬɟɪɦɨɫɬɨɣɤɨɫɬɶɸ��ɞɨ����� qɋ���
ȼ�ɬɨ�ɠɟ�ɜɪɟɦɹ��ɪɟɤɨɦɟɧɞɚɰɢɢ�ɢ�ɪɚɫɱɺɬɧɵɟ�ɦɨɞɟɥɢ��ɢɦɟɸɳɢɟɫɹ�ɞɥɹ�ɨɞɧɨɫɥɨɣɧɵɯ�ɚɥɦɚɡɧɵɯ�
ɤɨɪɨɧɨɤ��ɛɵɥɢ�ɫɨɡɞɚɧɵ�ɞɨɫɬɚɬɨɱɧɨ�ɞɚɜɧɨ�ɢ�ɱɚɫɬɨ�ɢɦɟɸɬ�ɩɪɢɛɥɢɠɺɧɧɵɣ�ɯɚɪɚɤɬɟɪ�

ɇɚ� ɫɨɜɪɟɦɟɧɧɨɦ� ɷɬɚɩɟ� ɪɚɡɪɚɛɨɬɤɚ� ɧɨɜɵɯ� ɤɨɪɨɧɨɤ� ɦɨɠɟɬ� ɛɵɬɶ� ɨɛɟɫɩɟɱɟɧɚ�
ɫɨɜɪɟɦɟɧɧɵɦɢ�ɭɬɨɱɧɺɧɧɵɦɢ�ɤɨɦɩɶɸɬɟɪɧɵɦɢ�ɦɨɞɟɥɹɦɢ�ɪɚɡɥɢɱɧɵɯ�ɩɪɨɰɟɫɫɨɜ�ɩɪɨɬɟɤɚɸɳɢɯ�
ɩɪɢ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ�ɚɥɦɚɡɧɵɯ�ɪɟɡɰɨɜ�ɫ�ɝɨɪɧɨɣ�ɩɨɪɨɞɨɣ�ɧɚ�ɡɚɛɨɟ�ɫɤɜɚɠɢɧɵ��ɉɪɢ�ɷɬɨɦ�ɤɚɠɞɵɣ�


