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ȼɅɂəɇɂȿ�ɂɁȻɕɌɈɑɇɈȽɈ�ȾɂɇȺɆɂɑȿɋɄɈȽɈ�ɉȿɊȿɉȺȾȺ�
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Ɋɚɫɫɦɨɬɪɟɧɵ�ɜɨɩɪɨɫɵ�ɩɪɨɰɟɫɫɚ�ɪɚɡɪɭɲɟɧɢɹ�ɝɨɪɧɵɯ�ɩɨɪɨɞ�ɜ�ɭɫɥɨɜɢɹɯ�ɢɡɛɵɬɨɱɧɨɝɨ�ɩɟɪɟɩɚɞɚ�
ɞɚɜɥɟɧɢɹ��ɉɨɫɬɚɜɥɟɧɚ� ɢ� ɪɟɲɟɧɚ� ɡɚɞɚɱɚ� ɨɩɪɟɞɟɥɟɧɢɹ� ɜɟɥɢɱɢɧɵ� ɭɝɧɟɬɚɸɳɢɯ� ɭɫɢɥɢɣ� ɢ� ɦɨɦɟɧɬɨɜ� ɩɪɢ�
ɧɚɥɢɱɢɢ�ɢɡɛɵɬɨɱɧɨɝɨ�ɩɟɪɟɩɚɞɚ�ɞɚɜɥɟɧɢɹ� Ⱦɥɹ�ɪɚɫɱɟɬɚ�ɩɨɞɴɟɦɧɨɣ�ɫɢɥɵ��ɤɪɭɬɹɳɟɝɨ�ɦɨɦɟɧɬɚ��ɫɬɪɭɢ�
ɠɢɞɤɨɫɬɢ� ɜɵɬɟɤɚɸɳɟɣ� ɢɡ� ɩɪɨɦɵɜɨɱɧɵɯ� ɤɚɧɚɥɨɜ� ɞɨɥɨɬɚ� ɢɫɩɨɥɶɡɨɜɚɧɚ� ɬɟɨɪɢɹ� ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ�
ɬɭɪɛɢɧ�� Ⱦɥɹ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɞɜɢɠɟɧɢɹ� ɩɪɨɦɵɜɨɱɧɨɣ� ɠɢɞɤɨɫɬɢ� ɜ� ɩɪɨɰɟɫɫɟ� ɛɭɪɟɧɢɹ� ɜ� ɫɢɫɬɟɦɟ�
ɩɪɨɦɵɜɤɢ� ɞɨɥɨɬɚ� ɢɫɩɨɥɶɡɨɜɚɧɚ�ɬɟɨɪɟɦɚ�ɢɡɦɟɧɟɧɢɹ� ɟɟ� ɤɢɧɟɬɢɱɟɫɤɨɝɨ�ɦɨɦɟɧɬɚ��ɍɫɬɚɧɨɜɥɟɧɨ�� ɱɬɨ�
ɩɪɨɰɟɫɫ�ɛɭɪɟɧɢɹ�ɜ�ɭɫɥɨɜɢɹɯ�ɢɡɛɵɬɨɱɧɨɝɨ�ɭɝɧɟɬɚɸɳɟɝɨ�ɞɚɜɥɟɧɢɹ�ɡɚɜɢɫɢɬ�ɨɬ�ɬɪɟɯ�ɝɪɭɩɩ�ɩɚɪɚɦɟɬɪɨɜ��
ɨɩɪɟɞɟɥɹɸɳɢɯ� ɩɪɨɦɵɜɨɱɧɭɸ� ɠɢɞɤɨɫɬɶ�� ɤɨɧɫɬɪɭɤɰɢɢ� ɫɤɜɚɠɢɧɵ� ɢ� ɫɢɫɬɟɦɵ� ɩɪɨɦɵɜɤɢ� ɞɨɥɨɬɚ��
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ɤɢɧɟɬɢɱɟɫɤɢɣ�ɦɨɦɟɧɬ��ɝɪɭɩɩɚ�ɮɚɤɬɨɪɨɜ��ɧɨɦɨɝɪɚɦɦɚ�
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ȼ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɧɚɩɪɚɜɥɟɧɢɹ� ɢ� ɪɟɠɢɦɚ� ɩɨɞɚɱɢ� ɩɪɨɦɵɜɨɱɧɨɣ� ɠɢɞɤɨɫɬɢ� ɦɨɝɭɬ�
ɜɨɡɧɢɤɚɬɶ�ɭɫɢɥɢɹ��ɭɝɧɟɬɚɸɳɢɟ�ɪɚɡɛɭɪɟɧɧɵɟ�ɩɨɪɨɞɵ��Ⱦɟɣɫɬɜɢɟ�ɭɝɧɟɬɚɸɳɢɯ�ɭɫɢɥɢɣ�ɧɚ�ɡɚɛɨɣ�
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ɬɚɤ�ɢ�ɭɩɪɚɜɥɟɧɢɟɦ�ɪɟɠɢɦɚ�ɛɭɪɟɧɢɹ��ɚ�ɬɚɤɠɟ�ɫɨɡɞɚɧɢɟɦ�ɩɨɪɨɞɨɪɚɡɪɭɲɚɸɳɢɯ�ɢɧɫɬɪɭɦɟɧɬɨɜ�ɫɨ�
ɫɩɟɰɢɚɥɶɧɨɣ�ɩɪɨɦɵɜɨɱɧɨɣ�ɫɢɫɬɟɦɨɣ�

ɂɡɭɱɟɧɢɟ� ɩɪɨɰɟɫɫɚ� ɪɚɡɪɭɲɟɧɢɹ� ɝɨɪɧɵɯ� ɩɨɪɨɞ� ɜ� ɭɫɥɨɜɢɹɯ� ɢɡɛɵɬɨɱɧɨɝɨ� ɩɟɪɟɩɚɞɚ�
ɞɚɜɥɟɧɢɹ�ɢɡ�ɡɚ�ɨɬɫɭɬɫɬɜɢɹ�ɷɮɮɟɤɬɢɜɧɨɣ�ɪɚɫɱɟɬɧɨɣ�ɫɯɟɦɵ�ɫɢɫɬɟɦɵ�ɩɪɨɦɵɜɤɢ�ɞɨɥɨɬ�ɧɟ�ɜɫɟɝɞɚ�
ɩɪɢɜɨɞɢɬ�ɤ�ɠɟɥɚɟɦɨɦɭ�ɭɪɨɜɧɸ�ɩɨɤɚɡɚɬɟɥɟɣ�ɛɭɪɟɧɢɹ�>����@�

ȼ� ɫɟɪɢɣɧɨ� ɜɵɩɭɫɤɚɟɦɵɯ� ɞɨɥɨɬɚɯ� ɩɪɨɦɵɜɨɱɧɚɹ� ɠɢɞɤɨɫɬɶ� ɧɚɩɪɚɜɥɹɟɬɫɹ� ɧɚ ɡɚɛɨɣ�
ɫɤɜɚɠɢɧɵ�ɥɢɛɨ�ɜɟɪɬɢɤɚɥɶɧɨ��ɥɢɛɨ�ɩɨɞ�ɨɩɪɟɞɟɥɟɧɧɵɦ�ɭɝɥɨɦ��ɉɪɢ�ɷɬɨɦ�ɫɬɪɭɹ��ɜɵɯɨɞɹɳɚɹ�ɢɡ�
ɩɪɨɦɵɜɨɱɧɵɯ�ɤɚɧɚɥɨɜ�ɞɨɥɨɬ�ɭɞɚɪɹɟɬɫɹ�ɨ�ɡɚɛɨɣ�ɢ�ɢɡɦɟɧɹɟɬ�ɧɚɩɪɚɜɥɟɧɢɟ��ɜ�ɪɟɡɭɥɶɬɚɬɟ�ɱɟɝɨ�ɧɟ�
ɬɨɥɶɤɨ� ɬɟɪɹɟɬ� ɤɢɧɟɬɢɱɟɫɤɭɸ� ɷɧɟɪɝɢɸ�� ɧɨ� ɢ� ɡɧɚɱɢɬɟɥɶɧɨ� ɭɦɟɧɶɲɚɟɬ� ɜɪɚɳɚɬɟɥɶɧɵɣ ɷɮɮɟɤɬ�
ɡɚɬɨɩɥɟɧɧɨɣ�ɫɬɪɭɢ��ɤɨɬɨɪɵɣ�ɤɪɚɣɧɟ�ɧɟɨɛɯɨɞɢɦ�ɜ�ɭɫɥɨɜɢɹɯ�ɭɝɧɟɬɚɸɳɟɝɨ�ɩɟɪɟɩɚɞɚ�ɞɚɜɥɟɧɢɹ�
ɞɥɹ�ɫɨɡɞɚɧɢɹ�ɤɪɭɬɹɳɟɝɨ�ɦɨɦɟɧɬɚ�ɫɬɪɭɢ�ɧɚ�ɩɨɜɟɪɯɧɨɫɬɢ�ɡɚɛɨɹ�>�@�
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ɛɨɥɶɲɭɸ� ɪɨɥɶ� ɢɝɪɚɟɬ� ɫɤɨɪɨɫɬɶ� ɮɢɥɶɬɪɚɰɢɢ� ɠɢɞɤɨɫɬɢ� ɫɤɜɨɡɶ� ɡɚɛɨɣ� ɫɤɜɚɠɢɧɵ�� Ⱦɟɣɫɬɜɢɟ�
ɩɟɪɟɩɚɞɚ� ɞɚɜɥɟɧɢɹ� ɜ� ɩɨɥɧɨɦ� ɦɚɫɲɬɚɛɟ� ɩɪɨɹɜɥɹɟɬɫɹ� ɢɦɟɧɧɨ� ɜ� ɬɨɦ� ɫɥɭɱɚɟ�� ɟɫɥɢ� ɫɤɨɪɨɫɬɶ�
ɩɪɨɯɨɞɤɢ� ɜɫɟ� ɜɪɟɦɹ� ɨɩɟɪɟɠɚɟɬ� ɫɤɨɪɨɫɬɶ� ɮɢɥɶɬɪɚɰɢɢ� ɠɢɞɤɨɫɬɢ� ɜ� ɡɨɧɚɯ� ɪɚɡɪɭɲɟɧɢɹ� ɢ�
ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ�� ȿɫɥɢ� ɫɤɨɪɨɫɬɶ� ɜɧɟɞɪɟɧɢɹ� ɩɨɪɨɞɨɪɚɡɪɭɲɚɸɳɟɝɨ� ɢɧɫɬɪɭɦɟɧɬɚ� ɪɚɜɧɚ� ɢɥɢ�
ɦɟɧɶɲɟ�ɫɤɨɪɨɫɬɢ�ɮɢɥɶɬɪɚɰɢɢ�ɠɢɞɤɨɫɬɢ��ɜ�ɷɬɨɦ�ɫɥɭɱɚɟ�ɷɮɮɟɤɬ�ɩɟɪɟɩɚɞɚ�ɞɚɜɥɟɧɢɹ�ɞɟɣɫɬɜɭɟɬ�
ɱɚɫɬɢɱɧɨ�
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ɩɥɚɫɬɢɱɧɚɹ� ɠɢɞɤɨɫɬɶ�� ɬɨ� ɩɨɬɨɤ� ɜɵɬɟɤɚɸɳɟɣ� ɢɡ� ɫɨɩɥɚ� ɞɨɥɨɬɚ� ɞɥɹ� ɩɨɞɴɟɦɚ� ɱɚɫɬɢɰ� ɢɡ� ɡɨɧɵ�
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ɫɬɚɬɢɱɟɫɤɢɣ�ɩɟɪɟɩɚɞ�ɞɚɜɥɟɧɢɹ��ɚ�ɩɨɫɥɟ�ɧɚɱɚɥɚ�ɪɚɡɪɭɲɟɧɢɹ± ɩɟɪɟɩɚɞ�ɞɚɜɥɟɧɢɹ�ɞɢɧɚɦɢɱɟɫɤɨɝɨ�
ɯɚɪɚɤɬɟɪɚ�

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ� ɫɭɦɦɚɪɧɨɟ� ɭɝɧɟɬɚɸɳɟɟ� ɭɫɢɥɢɟ� ɢɥɢ� ɦɨɦɟɧɬ� ɭɝɧɟɬɚɸɳɢɯ� ɭɫɢɥɢɣ�
ɨɩɪɟɞɟɥɹɟɦ�ɩɨ�ɮɨɪɦɭɥɟ
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Ⱦɥɹ� ɪɚɫɱɟɬɚ� ɩɨɞɴɟɦɧɨɣ� ɫɢɥɵ�
�ɤɪɭɬɹɳɟɝɨ� ɦɨɦɟɧɬɚ�� ɫɬɪɭɢ� ɠɢɞɤɨɫɬɢ�
ɜɵɬɟɤɚɸɳɟɣ� ɢɡ� ɩɪɨɦɵɜɨɱɧɵɯ� ɤɚɧɚɥɨɜ�
ɞɨɥɨɬɚ�� ɢɫɩɨɥɶɡɨɜɚɥɢ� ɬɟɨɪɢɸ�
ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ� ɬɭɪɛɢɧ�� ɫɨɝɥɚɫɧɨ�
ɤɨɬɨɪɨɣ�ɠɢɞɤɨɫɬɶ�ɫ�ɜɯɨɞɧɵɦ�ɭɝɥɨɦ�D� ɢ�
ɜɵɯɨɞɧɵɦɭɝɥɨɦ�ɢɡ� ɤɚɧɚɥɚ�D� ɜɟɞɟɬ� ɫɟɛɹ�
ɤɚɤ�ɜɚɥ�ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ�ɬɭɪɛɢɧɵ��ɪɢɫ�����
Ⱦɨɥɨɬɨ�� ɜ� ɩɨɥɨɫɬɢ� ɤɨɬɨɪɨɝɨ� ɩɪɨɬɟɤɚɟɬ�
ɠɢɞɤɨɫɬɶ�� ɜɪɚɳɚɟɬɫɹ� ɜɨɤɪɭɝ�
ɜɟɪɬɢɤɚɥɶɧɨɣ�ɨɫɢ�ɫɤɜɚɠɢɧɵ�ɫ�ɩɨɫɬɨɹɧɧɨɣ�
ɭɝɥɨɜɨɣ�ɫɤɨɪɨɫɬɶɸ��Ⱥɛɫɨɥɸɬɧɚɹ�ɫɤɨɪɨɫɬɶ�

ɱɚɫɬɢɰ�ɜɨɞɵ�ɜɨ�ɜɯɨɞɧɨɦ�ɫɟɱɟɧɢɢ�ɪɚɜɧɚ�

ɢ�ɫɨɫɬɚɜɥɹɟɬ�ɫ�ɤɚɫɚɬɟɥɶɧɨɣ�ɭɝɨɥ�D��
ȼ� ɜɵɯɨɞɧɨɦ� ɫɟɱɟɧɢɢ� ɫɤɨɪɨɫɬɶ�

ɱɚɫɬɢɰ�ɠɢɞɤɨɫɬɢ�ɪɚɜɧɚ�Y� ɢ�ɫɨɫɬɚɜɥɹɟɬ�ɫ�
ɤɚɫɚɬɟɥɶɧɨɣ� ɭɝɨɥ� D�� Ɋɚɫɫɬɨɹɧɢɟ� ɨɬ�
ɰɟɧɬɪɨɜ� ɜɯɨɞɧɨɝɨ� ɢ� ɜɵɯɨɞɧɨɝɨ� ɫɟɱɟɧɢɣ�
ɞɨ�ɨɫɢ�ɜɪɚɳɟɧɢɹ�� ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ��ɪɚɜɧɵ�
U� ɢ�U��
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Ɋɢɫ�� ��� ɋɯɟɦɚ� ɩɪɨɦɵɜɨɱɧɨɝɨ� ɤɚɧɚɥɚ� ɫɢɫɬɟɦɵ�
ɩɪɨɦɵɜɤɢ� ɞɨɥɨɬɚ�� ɉɪɨɟɤɰɢɢ� ɬɪɚɟɤɬɨɪɢɢ�
ɩɪɨɦɵɜɨɱɧɨɝɨ� ɤɚɧɚɥɚ� ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ� ɧɚ�
ɜɟɪɬɢɤɚɥɶɧɨɣ�ɢ�ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ�ɩɥɨɫɤɨɫɬɹɯ



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

��

Ɉɩɪɟɞɟɥɢɦ� ɢɡɦɟɧɟɧɢɟ� ɤɢɧɟɬɢɱɟɫɤɨɝɨ� ɦɨɦɟɧɬɚ�� ɩɪɨɬɟɤɚɸɳɟɣ� ɱɟɪɟɡ� ɨɬɜɟɪɫɬɢɹ�
ɠɢɞɤɨɫɬɢ�ɨɬɧɨɫɢɬɟɥɶɧɨ�ɨɫɢ�ɜɪɚɳɟɧɢɹ�ɫɤɜɚɠɢɧɵ�

� ���

ȼɧɟɲɧɢɦɢ� ɫɢɥɚɦɢ�� ɞɟɣɫɬɜɭɸɳɢɦɢ�ɧɚ� ɫɢɫɬɟɦɭ�� ɹɜɥɹɸɬɫɹ� ɫɢɥɚ� ɬɹɠɟɫɬɢ�� ɧɟ� ɢɦɟɸɳɚɹ�
ɦɨɦɟɧɬɚ�ɨɬɧɨɫɢɬɟɥɶɧɨ�ɨɫɢ�ɜɪɚɳɟɧɢɹ��ɂɡ ɮɨɪɦɭɥɵ���� ɫɥɟɞɭɟɬ��ɱɬɨ�ɝɥɚɜɧɵɣ�ɦɨɦɟɧɬ�ɜɧɟɲɧɢɯ�
ɫɢɥ� ɩɪɟɞɫɬɚɜɥɹɟɬ�ɫɨɛɨɣ�ɝɥɚɜɧɵɣ�ɦɨɦɟɧɬ�ɪɟɚɤɰɢɣ�ɫɬɟɧɨɤ�ɨɬɜɟɪɫɬɢɣ�

ɉɪɟɞɩɨɥɨɠɢɦ��ɱɬɨ�ɜ�ɧɟɤɨɬɨɪɵɣ�ɦɨɦɟɧɬ�ɜɪɟɦɟɧɢ� W ɜ�ɨɞɧɨɦ�ɢɡ�ɩɪɨɦɵɜɨɱɧɵɯ�ɤɚɧɚɥɨɜ�
ɞɨɥɨɬ�ɧɚɯɨɞɢɬɫɹ�ɨɛɴɟɦ�ɠɢɞɤɨɫɬɢ�©DE ɫ�Gª��ȼ�ɦɨɦɟɧɬ�ɜɪɟɦɟɧɢ�W��'W ɷɬɨɬ�ɠɟ�ɨɛɴɟɦ�ɡɚɧɢɦɚɟɬ�
ɩɨɥɨɠɟɧɢɟ ± ©D��E��&� G�ª� ɉɪɢ�ɷɬɨɦ�ɷɥɟɦɟɧɬɚɪɧɵɟ�ɨɛɴɟɦɵ�ɠɢɞɤɨɫɬɟɣ��ɜɬɟɤɚɸɳɢɯ�ɡɚ�ɜɪɟɦɹ�GW
ɜ�ɤɚɧɚɥ�ɢ�ɜɵɬɟɤɚɸɳɢɯ�ɢɡ�ɧɟɝɨ�ɡɚ�ɬɨɠɟ�ɜɪɟɦɹ�ɪɚɜɧɵ��Ɇɚɫɫɚ�ɠɢɞɤɨɫɬɢ��ɩɪɨɬɟɤɚɸɳɟɣ�ɱɟɪɟɡ�ɨɞɢɧ�
ɤɚɧɚɥ�ɡɚ�ɜɪɟɦɹ�GW ɛɭɞɟɬ�ɪɚɜɧɚ�
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ɝɞɟ�U ± ɩɥɨɬɧɨɫɬɶ�ɛɭɪɨɜɨɝɨ�ɪɚɫɬɜɨɪɚ� 4± ɩɨɞɚɱɚ�ɧɚɫɨɫɚ� 1± ɤɨɥɢɱɟɫɬɜɨ�ɩɪɨɦɵɜɨɱɧɵɯ�ɤɚɧɚɥɨɜ�
Ɉɩɪɟɞɟɥɢɦ� ɢɡɦɟɧɟɧɢɟ� ɝɥɚɜɧɨɝɨ� ɦɨɦɟɧɬɚ� ɤɨɥɢɱɟɫɬɜɚ� ɞɜɢɠɟɧɢɹ� ɨɛɴɟɦɚ� ©ɚ� E ɫ� Gª�

ɨɬɧɨɫɢɬɟɥɶɧɨ�ɨɫɢ� ] ɡɚ�ɜɪɟɦɹ�GW� ɫɱɢɬɚɹ�ɧɚɩɪɚɜɥɟɧɢɟ�ɜɪɚɳɟɧɢɹ�ɞɨɥɨɬɚ�ɩɨɥɨɠɢɬɟɥɶɧɵɦ��ɗɬɨ�
ɢɡɦɟɧɟɧɢɟ�ɪɚɜɧɨ�ɪɚɡɧɨɫɬɢ�ɦɨɦɟɧɬɨɜ�ɤɨɥɢɱɟɫɬɜɚ�ɞɜɢɠɟɧɢɹ�ɨɛɴɟɦɨɜ�G ɫ�F��G� ɢ�DEE��D�
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ɝɞɟ�K� ɢ�K� ± ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�ɩɥɟɱɨ�ɜɟɤɬɨɪɚ� ɢ� ɨɬ�ɨɫɢ�ɜɪɚɳɟɧɢɹ��ɨɩɪɟɞɟɥɹɸɬɫɹ�ɩɨ�
ɮɨɪɦɭɥɟ�
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ɝɞɟ�U� ɢ�U� ² ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�ɪɚɫɫɬɨɹɧɢɹ�ɰɟɧɬɪɚ�ɜɯɨɞɚ�ɢ�ɜɵɯɨɞɚ�ɩɪɨɦɵɜɨɱɧɵɯ�ɤɚɧɚɥɨɜ�ɨɬ�ɨɫɢ�
ɜɪɚɳɟɧɢɹ�

ɉɨɞɫɬɚɜɥɹɹ ������������� ɜ ���� ɩɨɥɭɱɚɟɦ�

� ���

ɂɡɦɟɧɟɧɢɟ�ɤɢɧɟɬɢɱɟɫɤɨɝɨ�ɦɨɦɟɧɬɚ�ɜɫɟɯ�ɩɪɨɦɵɜɨɱɧɵɯ�ɤɚɧɚɥɨɜ�ɡɚ�ɜɪɟɦɹ�W
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ɋɢɥɵ� ɞɚɜɥɟɧɢɹ� ɠɢɞɤɨɫɬɢ� ɧɚ� ɫɬɟɧɤɢ� ɩɪɨɦɵɜɨɱɧɵɯ� ɤɚɧɚɥɨɜ� ɪɚɜɧɵ� ɩɨ� ɦɨɞɭɥɸ� ɢ�
ɩɪɨɬɢɜɨɩɨɥɨɠɧɵ� ɩɨ� ɧɚɩɪɚɜɥɟɧɢɸ� ɪɟɚɤɰɢɹɦ� ɫɬɟɧɨɤ� ɤɚɧɚɥɨɜ�� ɋɥɟɞɨɜɚɬɟɥɶɧɨ�� ɤ� ɞɨɥɨɬɭ� ɫɨ�
ɫɬɨɪɨɧɵ� ɠɢɞɤɨɫɬɢ� ɩɪɢɥɨɠɟɧ� ɜɪɚɳɚɸɳɢɣ� ɦɨɦɟɧɬ� Ɇɜɪ�� ɪɚɜɧɵɣ� ɩɨ� ɜɟɥɢɱɢɧɟ� ɢ�

ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɣ�ɩɨ�ɡɧɚɤɭ�ɦɨɦɟɧɬɭ� (
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Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ�� ɜɪɚɳɚɸɳɢɣ�ɦɨɦɟɧɬ�ɠɢɞɤɨɫɬɢ�� ɜɵɯɨɞɹɳɟɣ�ɢɡ� ɩɪɨɦɵɜɨɱɧɨɝɨ� ɤɚɧɚɥɚ�
ɩɪɹɦɨ�ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ�ɩɥɨɬɧɨɫɬɢ��ɪɚɫɯɨɞɭ�ɠɢɞɤɨɫɬɢ�ɢ�ɪɚɡɧɨɫɬɢ�ɩɪɨɢɡɜɟɞɟɧɢɹ�ɫɤɨɪɨɫɬɟɣ�ɧɚ�
ɤɪɚɬɱɚɣɲɢɟ�ɪɚɫɫɬɨɹɧɢɹ�ɨɬ�ɨɫɢ�ɜɪɚɳɟɧɢɹ��Ⱦɥɹ�ɭɜɟɥɢɱɟɧɢɹ�ɜɪɚɳɚɸɳɟɝɨ�ɦɨɦɟɧɬɚ��ɜɵɯɨɞɹɳɟɝɨ�
ɢɡ� ɤɚɧɚɥɚ� ɞɨɥɨɬɚ� ɠɢɞɤɨɫɬɢ�� ɫɥɟɞɭɟɬ� ɦɚɤɫɢɦɚɥɶɧɵɣ� ɜɵɯɨɞ� ɤɚɧɚɥɚ� ɠɢɞɤɨɫɬɢ� ɩɟɪɟɜɟɫɬɢ� ɧɚ�
ɩɟɪɢɮɟɪɢɣɧɭɸ� ɱɚɫɬɶ� ɞɨɥɨɬɚ� ɢ� ɩɨɜɟɪɧɭɬɶ� ɤɚɧɚɥ� ɫ� ɬɚɤɢɦ� ɪɚɫɱɟɬɨɦ� ɱɬɨɛɵ� ɫɤɨɪɨɫɬɶ� ɫɬɪɭɢ�
ɠɢɞɤɨɫɬɢ�ɜɵɯɨɞɹɳɟɣ�ɤɚɫɚɬɟɥɶɧɨ�ɢɡ�ɫɨɩɥɚ�ɛɵɥɚ�ɧɚɩɪɚɜɥɟɧɚ�ɩɨɞ�ɭɝɥɨɦ�D�  ������ ȼ�ɷɬɨɦ�ɫɥɭɱɚɟ�
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ɊȺɁȾȿɅ����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�ɂɁ�ɋȼȿɊɏɌȼȿɊȾɕɏ�ɆȺɌȿɊɂȺɅɈȼ
ɂ�ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɉɊɂɆȿɇȿɇɂə

��

ɜɪɚɳɚɸɳɢɣ� ɦɨɦɟɧɬ� ɜɵɯɨɞɹɳɟɣ� ɢɡ� ɫɨɩɥɚ� ɠɢɞɤɨɫɬɢ� ɫɭɦɦɢɪɭɟɬɫɹ� ɫ� ɦɨɦɟɧɬɨɦ� ɜɯɨɞɹɳɟɣ�
ɠɢɞɤɨɫɬɢ�

Ⱦɥɹ� ɫɨɜɟɪɲɟɧɧɨɣ� ɨɱɢɫɬɤɢ� ɡɚɛɨɹ� ɜ� ɭɫɥɨɜɢɹɯ� ɢɡɛɵɬɨɱɧɨɝɨ� ɩɟɪɟɩɚɞɚ� ɞɚɜɥɟɧɢɹ� ɢ�
ɧɚɢɥɭɱɲɟɝɨ�ɨɯɥɚɠɞɟɧɢɹ�ɞɨɥɨɬɚ�ɜɪɚɳɚɸɳɢɣ�ɦɨɦɟɧɬ�ɩɪɨɦɵɜɨɱɧɨɣ�ɠɢɞɤɨɫɬɢ��ɜɵɬɟɤɚɸɳɟɣ�ɢɡ�
ɫɨɩɥɚ�ɞɨɥɨɬɚ��ɞɨɥɠɧɚ�ɩɪɟɜɵɲɚɬɶ�ɦɨɦɟɧɬ�ɭɝɧɟɬɚɸɳɢɯ�ɭɫɢɥɢɣ�
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ɉɨɥɚɝɚɹ��ɱɬɨ� �� ɢ� �

ɝɞɟ� I� ɢ� I� ± ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ��ɩɥɨɳɚɞɢ�ɩɪɨɦɵɜɨɱɧɵɯ�ɤɚɧɚɥɨɜ�ɧɚ�ɜɯɨɞɟ�ɢ�ɜɵɯɨɞɟ�ɠɢɞɤɨɫɬɢ�ɢ�
ɭɱɢɬɵɜɚɹ�Y� ɢ�Y�ɜ ���� ɩɨɥɭɱɢɦ�
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Ɉɩɪɟɞɟɥɢɦ� ɞɢɧɚɦɢɱɟɫɤɢɣ� ɩɟɪɟɩɚɞ� ɞɚɜɥɟɧɢɹ� ɜ� ɡɨɧɚɯ� ɪɚɡɪɭɲɟɧɢɹ� ɩɨ� ɡɚɤɨɧɭ� Ⱦɚɪɫɢ��
ɫɨɝɥɚɫɧɨ�ɤɨɬɨɪɨɦɭ�
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ɝɞɟYFS ± ɫɪɟɞɧɹɹ�ɫɤɨɪɨɫɬɶ�ɮɢɥɶɬɪɚɰɢɢ�ɠɢɞɤɨɫɬɢ�ɜ�ɡɨɧɚɯ�ɪɚɡɪɭɲɟɧɢɹ�ɡɚɛɨɹ�Ʉɩɪ ± ɢɧɬɟɝɪɚɥɶɧɚɹ�

ɩɪɨɧɢɰɚɟɦɨɫɬɶ�ɡɚɛɨɹ�K ± ɤɨɷɮɮɢɰɢɟɧɬ�ɜɹɡɤɨɫɬɢ�ɮɢɥɶɬɪɚɬɚ�
G]

3G' ± ɝɪɚɞɢɟɧɬ�ɩɟɪɟɩɚɞɚ�ɞɚɜɥɟɧɢɹ�

ɜ�ɡɨɧɚɯ�ɪɚɡɪɭɲɟɧɢɹ�
ɋɨɝɥɚɫɧɨ� ɢɡɥɨɠɟɧɧɨɦɭ� ɞɟɣɫɬɜɢɟ� ɭɝɧɟɬɚɸɳɟɝɨ� ɞɚɜɥɟɧɢɹ� ɩɪɨɹɜɥɹɟɬɫɹ� ɬɨɝɞɚ�� ɤɨɝɞɚ�

ɫɤɨɪɨɫɬɶ�ɩɪɨɯɨɞɤɢ�ɨɩɟɪɟɠɚɟɬ�ɫɤɨɪɨɫɬɶ�ɮɢɥɶɬɪɚɰɢɢ�ɠɢɞɤɨɫɬɢ��
ɉɪɟɞɫɬɚɜɥɹɟɬ� ɨɩɪɟɞɟɥɟɧɧɵɣ� ɢɧɬɟɪɟɫ� ɪɟɲɟɧɢɟ� ɭɪɚɜɧɟɧɢɹ ���� ɞɥɹ� ɫɥɭɱɚɹ� ɪɚɜɟɧɫɬɜɚ�

ɫɤɨɪɨɫɬɢ�ɮɢɥɶɬɪɚɰɢɢ�ɢ�ɦɟɯɚɧɢɱɟɫɤɨɣ�ɫɤɨɪɨɫɬɢ ɩɪɨɯɨɞɤɢ��
Ɂɚ�ɝɥɭɛɢɧɭ�ɮɢɥɶɬɪɚɰɢɢ�ɠɢɞɤɨɫɬɢ�ɩɪɢɦɟɦ�ɭɝɥɭɛɥɟɧɢɟ�ɡɚɛɨɹ�ɡɚ�ɨɞɢɧ�ɨɛɨɪɨɬ�ɛɭɪɢɥɶɧɨɝɨ�

ɢɧɫɬɪɭɦɟɧɬɚ�
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ɝɞɟ� I ± ɩɨɫɬɨɹɧɧɵɣ� ɤɨɷɮɮɢɰɢɟɧɬ� I  � ��6� ± ɭɝɥɭɛɥɟɧɢɟ� ɡɚɛɨɹ� ɡɚ� ɨɞɢɧ� ɨɛɨɪɨɬ� ɛɭɪɢɥɶɧɨɝɨ�
ɢɧɫɬɪɭɦɟɧɬɚ�Q± ɤɨɥɢɱɟɫɬɜɨ� ɨɛɨɪɨɬɨɜ� ɛɭɪɢɥɶɧɨɝɨ� ɢɧɫɬɪɭɦɟɧɬɚ�9ɦ± ɦɟɯɚɧɢɱɟɫɤɚɹ� ɫɤɨɪɨɫɬɶ�
ɩɪɨɯɨɞɤɢ�

ɂɧɬɟɝɪɚɥ�ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ�ɭɪɚɜɧɟɧɢɹ������ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ�ɜ�ɜɢɞɟ�

Q6
.

&Q6
.
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ɩɪ

�

ɩɪ�

KIK
� �� ' � ����

ɝɞɟ�ɋ± ɩɨɫɬɨɹɧɧɚɹ�ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ��ɤɨɬɨɪɚɹ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɢɡ�ɝɪɚɧɢɱɧɵɯ�ɭɫɥɨɜɢɣ�'Ɋ� �'ɊFɬ� �
ɋ�ɩɪɢ�6 ����ɬɨɝɞɚ�ɨɤɨɧɱɚɬɟɥɶɧɨ�ɭɪɚɜɧɟɧɢɟ������ɦɨɠɧɨ�ɡɚɩɢɫɚɬɶ�ɬɚɤ�

ɞɢɧFPɦ
ɩɪ

FP 3396
.
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Ɍɚɤ� ɤɚɤ� ɫɬɚɬɢɱɟɫɤɚɹ� ɫɨɫɬɚɜɥɹɸɳɚɹ� ɩɟɪɟɩɚɞɚ� ɞɚɜɥɟɧɢɹ� ɞɟɣɫɬɜɭɟɬ� ɬɨɥɶɤɨ� ɜ� ɧɚɱɚɥɟ�
ɞɨɥɛɥɟɧɢɹ� ɞɨ� ɫɨɩɪɨɬɢɜɥɟɧɢɹ� ɞɨɥɨɬɚ� ɫ� ɡɚɛɨɟɦ�� ɬɨ� ɜ� ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ� ɩɪɨɰɟɫɫɟ� ɪɚɡɪɭɲɟɧɢɹ�
ɝɨɪɧɵɯ� ɩɨɪɨɞ�� ɤɚɤ� ɭɤɚɡɚɧɨ� ɪɚɧɟɟ�� ɛɭɞɭɬ� ɞɟɣɫɬɜɨɜɚɬɶ� ɞɢɧɚɦɢɱɟɫɤɢɟ� ɫɨɫɬɚɜɥɹɸɳɢɟ� ɩɟɪɟɩɚɞɚ�
ɞɚɜɥɟɧɢɹ�� ɋɨɝɥɚɫɧɨ� ������ ɩɟɪɟɯɨɞɹ� ɨɬ� ɝɥɭɛɢɧɵ� ɪɚɡɪɭɲɟɧɢɹ� ɡɚ� ɨɞɢɧ� ɨɛɨɪɨɬ� ɤ� ɦɟɯɚɧɢɱɟɫɤɨɣ�
ɫɤɨɪɨɫɬɢ�ɩɪɨɯɨɞɤɢ�ɢ�ɩɨɞɫɬɚɜɥɹɹ�ɡɧɚɱɟɧɢɟ�ɞɢɧɚɦɢɱɟɫɤɨɣ�ɫɨɫɬɚɜɥɹɸɳɟɣ�ɞɚɜɥɟɧɢɹ�ɜ�������ɩɨɫɥɟ�
ɪɟɲɟɧɢɹ�ɩɨɥɭɱɟɧɧɨɝɨ�ɭɪɚɜɧɟɧɢɹ�ɨɬɧɨɫɢɬɟɥɶɧɨ�ɦɟɯɚɧɢɱɟɫɤɨɣ�ɫɤɨɪɨɫɬɢ�ɩɪɨɯɨɞɤɢ�ɩɨɥɭɱɢɦ
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ȼɵɩɭɫɤ�����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂ�ɆȿɌȺɅɈɈȻɊȺȻȺɌɕȼȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�± ɌȿɏɇɂɄȺ
ɂ�ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɂɁȽɈɌɈȼɅȿɇɂə�ɂ�ɉɊɂɆȿɇȿɇɂə
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94  ± ɭɞɟɥɶɧɵɣ�ɪɚɫɯɨɞ�ɩɪɨɦɵɜɨɱɧɨɣ�ɠɢɞɤɨɫɬɢ�)ɡɚɛ�� ɩɥɨɳɚɞɶ�ɡɚɛɨɹ�ɫɤɜɚɠɢɧɵ�

ɉɪɢ� ɜɵɜɨɞɟ�ɮɨɪɦɭɥ� ɜɥɢɹɧɢɟɦ�ɞɢɧɚɦɢɱɟɫɤɨɝɨ�ɧɚɩɪɹɠɟɧɢɹ� ɫɞɜɢɝɚ�ɩɪɟɧɟɛɪɟɝɚɟɦ�� ɤɚɤ�
ɦɚɥɨɣ�ɜɟɥɢɱɢɧɨɣ�ɩɨ�ɫɪɚɜɧɟɧɢɸ�ɫ�ɢɡɛɵɬɨɱɧɵɦ�ɞɚɜɥɟɧɢɟɦ�

ɉɪɢɧɢɦɚɹ�ɱɢɫɥɨ�ɩɪɨɦɵɜɨɱɧɵɯ�ɤɚɧɚɥɨɜ�1 ����ɤɨɷɮɮɢɰɢɟɧɬ�I  ���ɢ�ɭɱɢɬɵɜɚɹ��ɱɬɨ���

ɬɨɝɞɚ�ɮɨɪɦɭɥɭ������ɦɨɠɧɨ�ɩɪɟɞɫɬɚɜɢɬɶ�ɜ�ɜɢɞɟ
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ɝɞɟ�Z ± ɱɚɫɬɨɬɚ�ɜɪɚɳɟɧɢɹ�ɛɭɪɢɥɶɧɨɝɨ�ɢɧɫɬɪɭɦɟɧɬɚ�
Ʉɚɤ�ɜɢɞɧɨ�ɢɡ�ɮɨɪɦɭɥ������ɢ������ɩɪɨɰɟɫɫ�ɛɭɪɟɧɢɹ�ɜ�ɭɫɥɨɜɢɹɯ�ɢɡɛɵɬɨɱɧɨɝɨ�ɭɝɧɟɬɚɸɳɟɝɨ�

ɞɚɜɥɟɧɢɹ�ɡɚɜɢɫɢɬ�ɨɬ�ɬɪɟɯ�ɩɚɪɚɦɟɬɪɨɜ�

��
K
UZ�

 ɩɪ
�

.
; �� ¸̧

¹

·
¨̈
©

§ D
�

D
 

�

��

�

��
� I

FRVU

I

FRVU
'; �

ɉɟɪɜɵɣ� ɢɡ� ɧɢɯ ;� ɩɪɟɞɫɬɚɜɥɹɟɬ� ɫɨɛɨɣ�
ɨɬɧɨɲɟɧɢɟ� ɫɟɤɭɧɞɧɨɝɨ� ɨɛɴɟɦɚ� ɪɚɡɪɭɲɟɧɧɨɣ�
ɩɨɪɨɞɵ� ɤ� ɭɞɟɥɶɧɨɦɭ� ɪɚɫɯɨɞɭ� ɩɪɨɦɵɜɨɱɧɨɣ�
ɠɢɞɤɨɫɬɢ� ɢ� ɯɚɪɚɤɬɟɪɢɡɭɟɬ� ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ�
ɩɪɨɰɟɫɫ� ɪɚɡɪɭɲɟɧɢɹ� ɜ� ɭɫɥɨɜɢɹɯ� ɭɝɧɟɬɚɸɳɟɝɨ�
ɭɫɢɥɢɹ�� ɜɬɨɪɨɣ� ɏ� ± ɨɬɧɨɲɟɧɢɟ� ɩɨɞɴɟɦɧɵɯ� ɫɢɥ��
ɨɛɥɟɝɱɚɸɳɢɯ�ɩɪɨɰɟɫɫ�ɪɚɡɪɭɲɟɧɢɹ�ɤ�ɫɢɥɟ�ɜɹɡɤɨɫɬɢ��
ɩɪɟɩɹɬɫɬɜɭɸɳɟɣ� ɩɪɨɰɟɫɫɭ� ɨɱɢɫɬɤɢ� ɢ� ɜɵɧɨɫɭ�
ɱɚɫɬɢɰ�ɜɵɛɭɪɟɧɧɨɣ�ɩɨɪɨɞɵ�ɢɡ�ɡɨɧɵ�ɪɚɡɪɭɲɟɧɢɹ�ɢ�
ɯɚɪɚɤɬɟɪɢɡɭɟɬ� ɤɨɪɤɨɨɛɪɚɡɭɸɳɭɸ� ɫɩɨɫɨɛɧɨɫɬɶ�
ɛɭɪɨɜɨɝɨ� ɪɚɫɬɜɨɪɚ�� Ɍɪɟɬɢɣ� ɩɚɪɚɦɟɬɪ� ɏ� ±
ɯɚɪɚɤɬɟɪɢɡɭɟɬ� ɞɢɚɦɟɬɪ� ɫɬɜɨɥɚ� ɫɤɜɚɠɢɧɵ� ɢ�
ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ� ɩɚɪɚɦɟɬɪɵ� ɜɯɨɞɹɳɟɝɨ� ɢ�
ɜɵɯɨɞɹɳɟɝɨ� ɢɡ� ɩɪɨɦɵɜɨɱɧɵɯ� ɤɚɧɚɥɨɜ� ɞɨɥɨɬɚ�
ɩɨɬɨɤɨɜ� ɠɢɞɤɨɫɬɢ�� Ⱥɧɚɥɢɡ� ɮɨɪɦɭɥɵ� �����
ɩɨɤɚɡɵɜɚɟɬ�� ɱɬɨ� ɷɮɮɟɤɬɢɜɧɨɫɬɶ� ɩɪɨɰɟɫɫɚ� ɛɭɪɟɧɢɹ�
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ� ɬɨɝɞɚ�� ɤɨɝɞɚ� ɞɨɥɨɬɨ� ɛɭɞɟɬ� ɢɦɟɬɶ�
ɫɩɟɰɢɚɥɶɧɵɟ�ɤɚɧɚɥɵ��ɩɟɪɟɜɨɞɹɳɢɟ�ɩɨɬɨɤ�ɠɢɞɤɨɫɬɢ�
ɦɚɤɫɢɦɚɥɶɧɨ� ɤ� ɩɟɪɢɮɟɪɢɣɧɨɣ� ɱɚɫɬɢ� ɫɬɪɭɢ� ɩɪɢ�
ɜɯɨɞɟ D�  � �q ɢ�ɜɵɯɨɞɟ�D�  ������ɩɨ� ɤɚɫɚɬɟɥɶɧɨɣ�
ɨɬɧɨɫɢɬɟɥɶɧɨ�ɪɚɞɢɭɫɚ�ɞɨɥɨɬɚ��ɪɢɫ�����

ɂɧɬɟɪɟɫɧɵɦ�ɹɜɥɹɟɬɫɹ�ɬɨ��ɱɬɨ�ɭɪɚɜɧɟɧɢɟ������
ɨɛɴɟɞɢɧɹɟɬ�ɤɚɤ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ�ɩɚɪɚɦɟɬɪɵ��ɬɚɤ�ɢ�
ɩɚɪɚɦɟɬɪɵ� ɩɪɨɦɵɜɨɱɧɨɣ� ɠɢɞɤɨɫɬɢ�� ɚ� ɬɚɤɠɟ�
ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ� ɨɫɨɛɟɧɧɨɫɬɢ� ɫɢɫɬɟɦɵ� ɩɪɨɦɵɜɤɢ�
ɩɨɪɨɞɨɪɚɡɪɭɲɚɸɳɟɝɨ� ɢɧɫɬɪɭɦɟɧɬɚ >��� �@��
ɋɥɟɞɨɜɚɬɟɥɶɧɨ�� ɨɧɨ� ɦɨɠɟɬ� ɛɵɬɶ� ɢɫɩɨɥɶɡɨɜɚɧɨ�
ɨɫɧɨɜɨɣ� ɞɥɹ� ɪɚɡɪɚɛɨɬɤɢ� ɪɟɝɥɚɦɟɧɬɨɜ� ɩɪɢ�
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ɩɪɨɦɵɜɨɱɧɨɣ�ɫɢɫɬɟɦɵ�
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ɊȺɁȾȿɅ����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�ɂɁ�ɋȼȿɊɏɌȼȿɊȾɕɏ�ɆȺɌȿɊɂȺɅɈȼ
ɂ�ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɉɊɂɆȿɇȿɇɂə

��

ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ� ɫɬɪɨɢɬɟɥɶɫɬɜɚ� ɫɤɜɚɠɢɧ�� ɗɬɚ� ɜɨɡɦɨɠɧɨɫɬɶ�� ɜ� ɫɜɨɸ� ɨɱɟɪɟɞɶ�� ɨɛɟɫɩɟɱɢɜɚɟɬ�
ɜɵɫɨɤɢɟ�ɩɨɤɚɡɚɬɟɥɢ�ɛɭɪɨɜɵɯ�ɪɚɛɨɬ�ɜ�ɭɫɥɨɜɢɹɯ�ɞɟɣɫɬɜɢɹ�ɢɡɛɵɬɨɱɧɨɝɨ�ɩɟɪɟɩɚɞɚ�ɞɚɜɥɟɧɢɹ��

ɇɚ�ɨɫɧɨɜɚɧɢɢ�ɮɨɪɦɭɥɵ�������ɢɫɩɨɥɶɡɭɹ�ɦɟɬɨɞɵ�ɩɪɚɤɬɢɱɟɫɤɨɣ�ɧɨɦɨɝɪɚɮɢɢ��ɩɨɫɬɪɨɟɧɚ�
ɧɨɦɨɝɪɚɦɦɚ�ɞɥɹ�ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ�ɩɚɪɚɦɟɬɪɨɜ�ɩɪɨɢɡɜɨɞɫɬɜɚ�ɛɭɪɨɜɵɯ�ɪɚɛɨɬ�ɫ�ɭɱɟɬɨɦ�ɯɚɪɚɤɬɟɪɚ�
ɪɚɡɪɭɲɚɟɦɵɯ� ɩɨɪɨɞ�� ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ� ɫɜɨɣɫɬɜ� ɫɢɫɬɟɦɵ� ɩɪɨɦɵɜɤɢ� ɞɨɥɨɬ� ɢ� ɪɟɨɮɢɡɢɱɟɫɤɢɯ�
ɫɜɨɣɫɬɜ�ɩɪɨɦɵɜɨɱɧɨɣ�ɠɢɞɤɨɫɬɢ��ɫɦ��ɪɢɫ������ɋ�ɷɬɨɣ�ɰɟɥɶɸ�ɫɨɝɥɚɫɧɨ�ɫɭɳɟɫɬɜɭɸɳɟɝɨ�ɦɟɬɨɞɚ�
ɧɨɦɨɝɪɚɮɢɪɨɜɚɧɢɹ�ɜɜɟɞɟɧɵ�ɩɪɨɦɟɠɭɬɨɱɧɵɟ�ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɟ�ɤɨɦɩɥɟɤɫɵ�ɧɢɠɟɩɪɢɜɨɞɢɦɨɝɨ�
ɫɨɞɟɪɠɚɧɢɹ�

�

�

Ⱦɥɹ� ɪɚɫɱɟɬɚ� ɩɪɨɦɟɠɭɬɨɱɧɵɯ� ɤɨɦɩɥɟɤɫɨɜ� ɢɫɩɨɥɶɡɨɜɚɥɢ� ɫɥɟɞɭɳɢɟ�
ɢɧɬɟɪɜɚɥɵ�ɢɡɦɟɧɟɧɢɹ�ɩɚɪɚɦɟɬɪɨɜ��ɜɯɨɞɹɳɢɯ�ɜ �����

ɉɪɢɦɟɪ� ɩɨɥɶɡɨɜɚɧɢɹ� ɧɨɦɨɝɪɚɦɦɨɣ� ɩɪɢɜɟɞɟɧ� ɧɚ� ɪɢɫ�� �� ɞɥɹ� ɫɥɟɞɭɸɳɢɯ� ɡɧɚɱɟɧɢɣ�
ɩɚɪɚɦɟɬɪɨɜ�
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ɉɪɢ� ɭɤɚɡɚɧɧɵɯ� ɡɧɚɱɟɧɢɹɯ� ɩɚɪɚɦɟɬɪɨɜ� ɩɪɨɦɵɜɨɱɧɨɣ� ɠɢɞɤɨɫɬɢ�� ɪɟɠɢɦɨɜ� ɛɭɪɟɧɢɹ� ɢ�
ɤɨɧɫɬɪɭɤɰɢɢ�ɫɢɫɬɟɦɵ�ɩɪɨɦɵɜɤɢ�ɛɭɪɢɥɶɧɨɝɨ�ɢɧɫɬɪɭɦɟɧɬɚ��ɤɚɤ�ɜɢɞɧɨ�ɢɡ�ɧɨɦɨɝɪɚɦɦɵ��ɛɭɞɟɬ�
ɨɛɟɫɩɟɱɟɧɚ� ɫɤɨɪɨɫɬɶ� ɛɭɪɟɧɢɹ� ����� ɦ�ɱ�� ɉɭɬɟɦ� ɢɡɦɟɧɟɧɢɹ� ɨɞɧɨɝɨ� ɢɡ� ɮɚɤɬɨɪɨɜ� ɤɚɤ� ɫɢɫɬɟɦɵ�
ɩɪɨɦɵɜɤɢ�ɛɭɪɢɥɶɧɨɝɨ�ɢɧɫɬɪɭɦɟɧɬɚ��ɬɚɤ�ɢ�ɪɟɠɢɦɚ�ɛɭɪɟɧɢɹ�ɩɪɢ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ�ɫɜɨɣɫɬɜɚɯ�
ɩɪɨɦɵɜɨɱɧɨɣ�ɠɢɞɤɨɫɬɢ��ɦɨɠɟɬ�ɛɵɬɶ�ɞɨɫɬɢɝɧɭɬɨ�ɛɨɥɟɟ�ɜɵɫɨɤɨɟ�ɡɧɚɱɟɧɢɟ�ɩɨɤɚɡɚɬɟɥɹ�ɛɭɪɟɧɢɹ��
ɬ��ɟ��9P��

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɪɚɡɪɚɛɨɬɚɧɧɵɣ� ɦɟɬɨɞ�� ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ� ɧɚ� ɪɢɫ� �� ɧɨɦɨɝɪɚɦɦɨɣ���
ɩɨɡɜɨɥɹɟɬ� � ɤɨɥɢɱɟɫɬɜɟɧɧɨ� � ɨɰɟɧɢɜɚɬɶ� �ɩɪɹɦɚɹ� ɡɚɞɚɱɚ�� ɷɮɮɟɤɬɢɜɧɨɫɬɶ� ɩɪɨɰɟɫɫɚ� ɛɭɪɟɧɢɹ� ɫ�
ɭɱɟɬɨɦ� ɩɚɪɚɦɟɬɪɨɜ� ɟɝɨ� ɪɟɚɥɢɡɚɰɢɢ�� Ɍɚɤ� ɤɚɤ� ɜ� ɢɫɯɨɞɧɭɸ� ɦɨɞɟɥɶ� ɜɤɥɸɱɟɧɵ� ɩɚɪɚɦɟɬɪɵ��
ɨɩɪɟɞɟɥɹɸɳɢɟ� ɤɨɦɩɨɧɨɜɤɭ� ɤɨɧɫɬɪɭɤɰɢɢ� ɛɭɪɢɥɶɧɨɝɨ� ɢɧɫɬɪɭɦɟɧɬɚ�� ɫɜɨɣɫɬɜɚ� ɛɭɪɨɜɨɝɨ�
ɪɚɫɬɜɨɪɚ� ɢ� ɪɟɠɢɦ� ɛɭɪɟɧɢɹ�� ɢɦɟɟɬɫɹ� ɬɚɤɠɟ� ɜɨɡɦɨɠɧɨɫɬɶ� �ɨɛɪɚɬɧɚɹ� ɡɚɞɚɱɚ�� ɨɩɪɟɞɟɥɟɧɢɹ� ɢɯ�
ɫɨɜɦɟɫɬɢɦɨɝɨ�ɧɚɛɨɪɚ�ɧɚ�ɭɪɨɜɧɟ�ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ�ɩɪɨɰɟɫɫɚ�ɛɭɪɟɧɢɹ�
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ȼɵɩɭɫɤ�����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂ�ɆȿɌȺɅɈɈȻɊȺȻȺɌɕȼȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�± ɌȿɏɇɂɄȺ
ɂ�ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɂɁȽɈɌɈȼɅȿɇɂə�ɂ�ɉɊɂɆȿɇȿɇɂə

��

Ɋɢɫ�����ɇɨɦɨɝɪɚɦɦɚ�ɞɥɹ�ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ�ɩɚɪɚɦɟɬɪɨɜ�ɩɪɨɰɟɫɫɚ�ɛɭɪɟɧɢɹ

ȼɵɜɨɞɵ
��� ɍɫɬɚɧɨɜɥɟɧɨ�� ɱɬɨ� ɩɪɢ� ɞɢɧɚɦɢɱɟɫɤɨɦ� ɢɡɛɵɬɨɱɧɨɦ� ɞɚɜɥɟɧɢɢ� ɷɮɮɟɤɬɢɜɧɨɫɬɶ�

ɩɪɨɢɡɜɨɞɫɬɜɚ� ɛɭɪɨɜɵɯ� ɪɚɛɨɬ� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɝɪɭɩɩɨɣ� ɮɚɤɬɨɪɨɜ�� ɨɛɴɟɞɢɧɹɸɳɢɯ� ɤɚɤ�
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ� ɩɚɪɚɦɟɬɪɵ�� ɬɚɤ� ɢ� ɩɚɪɚɦɟɬɪɵ� ɩɪɨɦɵɜɨɱɧɨɣ� ɠɢɞɤɨɫɬɢ� ɢ� ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ�
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɫɢɫɬɟɦɵ�ɩɪɨɦɵɜɤɢ�ɩɨɪɨɞɨɪɚɡɪɭɲɚɸɳɟɝɨ�ɢɧɫɬɪɭɦɟɧɬɚ

��� Ɋɚɡɪɚɛɨɬɚɧ� ɧɨɦɨɝɪɚɮɢɱɟɫɤɢɣ� ɦɟɬɨɞ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ� ɫɨɜɦɟɫɬɢɦɵɯ� ɫɨɱɟɬɚɧɢɣ�
ɭɤɚɡɚɧɧɵɯ�ɝɪɭɩɩ�ɮɚɤɬɨɪɨɜ��ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ�ɷɮɮɟɤɬɢɜɧɨɫɬɶ�ɩɪɨɢɡɜɨɞɫɬɜɚ�ɛɭɪɨɜɵɯ�ɪɚɛɨɬ�ɜ�
ɭɫɥɨɜɢɹɯ�ɞɢɧɚɦɢɱɟɫɤɨɝɨ�ɩɟɪɟɩɚɞɚ�ɞɚɜɥɟɧɢɹ�

Ɋɨɡɝɥɹɧɭɬɨ�ɩɢɬɚɧɧɹ�ɩɪɨɰɟɫɭ�ɪɭɣɧɭɜɚɧɧɹ�ɝɿɪɫɶɤɢɯ�ɩɨɪɿɞ�ɜ�ɭɦɨɜɚɯ�ɧɚɞɥɢɲɤɨɜɨɝɨ�ɩɟɪɟɩɚɞɭ�ɬɢɫɤɭ��
ɉɨɫɬɚɜɥɟɧɨ� ɬɚ� ɪɨɡɜ
ɹɡɚɧɨ� ɡɚɞɚɱɭ� ɜɢɡɧɚɱɟɧɧɹ� ɜɟɥɢɱɢɧɢ� ɡɭɫɢɥɶ� ɩɪɢɝɧɿɱɟɧɧɹ� ɿ� ɦɨɦɟɧɬɿɜ� ɩɪɢ� ɧɚɹɜɧɨɫɬɿ�
ɧɚɞɥɢɲɤɨɜɨɝɨ� ɩɟɪɟɩɚɞɭ�ɬɢɫɤɭ�� Ⱦɥɹ� ɪɨɡɪɚɯɭɧɤɭ� ɩɿɞɣɨɦɧɨʀ� ɫɢɥɢ� �ɤɪɭɬɧɨɝɨ� ɦɨɦɟɧɬɭ�� ɫɬɪɭɦɟɧɹ� ɪɿɞɢɧɢ�
ɜɢɬɿɤɚɽ� ɡ� ɩɪɨɦɢɜɧɢɯ� ɤɚɧɚɥɿɜ� ɞɨɥɨɬɚ� ɜɢɤɨɪɢɫɬɚɧɚ�ɬɟɨɪɿɹ� ɝɿɞɪɚɜɥɿɱɧɢɯ�ɬɭɪɛɿɧ��Ⱦɥɹ�ɦɨɞɟɥɸɜɚɧɧɹ� ɪɭɯɭ�
ɩɪɨɦɢɜɧɨʀ� ɪɿɞɢɧɢ� ɜ� ɩɪɨɰɟɫɿ� ɛɭɪɿɧɧɹ� ɜ� ɫɢɫɬɟɦɿ� ɩɪɨɦɢɜɤɢ� ɞɨɥɨɬɚ� ɜɢɤɨɪɢɫɬɚɧɚ� ɬɟɨɪɟɦɚ� ɡɦɿɧɢ� ʀʀ�



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

��

ɤɿɧɟɬɢɱɧɨɝɨ� ɦɨɦɟɧɬɭ�� ȼɫɬɚɧɨɜɥɟɧɨ�� ɳɨ� ɩɪɨɰɟɫ� ɛɭɪɿɧɧɹ� ɜ� ɭɦɨɜɚɯ� ɧɚɞɥɢɲɤɨɜɨɝɨ� ɬɢɫɤɭ� ɩɪɢɝɧɿɱɟɧɧɹ�
ɡɚɥɟɠɢɬɶ� ɜɿɞ� ɬɪɶɨɯ� ɝɪɭɩ ɩɚɪɚɦɟɬɪɿɜ�� ɳɨ� ɜɢɡɧɚɱɚɸɬɶ� ɩɪɨɦɢɜɧɭ� ɪɿɞɢɧɭ�� ɤɨɧɫɬɪɭɤɰɿʀ� ɫɜɟɪɞɥɨɜɢɧɢ� ɿ�
ɫɢɫɬɟɦɢ� ɩɪɨɦɢɜɤɢ� ɞɨɥɨɬɚ�� Ɋɨɡɪɨɛɥɟɧɨ� ɧɨɦɨɝɪɚɮɿɱɧɢɣ� ɦɟɬɨɞ� ɩɪɨɟɤɬɭɜɚɧɧɹ� ɡɚɡɧɚɱɟɧɢɯ� ɝɪɭɩ�
ɩɚɪɚɦɟɬɪɿɜ��ɳɨ�ɡɚɛɟɡɩɟɱɭɸɬɶ�ɟɮɟɤɬɢɜɧɿɫɬɶ�ɜɢɪɨɛɧɢɰɬɜɚ�ɛɭɪɨɜɢɯ�ɪɨɛɿɬ�

Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ� ɪɭɣɧɭɜɚɧɧɹ� ɩɨɪɿɞ�� ɧɚɞɥɢɲɤɨɜɢɣ� ɩɟɪɟɩɚɞ�� ɫɬɪɭɦɿɧɶ� ɪɿɞɢɧɢ�� ɩɿɞɣɨɦɧɚ� ɫɢɥɚ��
ɤɿɧɟɬɢɱɧɢɣ�ɦɨɦɟɧɬ��ɝɪɭɩɚ�ɱɢɧɧɢɤɿɜ��ɧɨɦɨɝɪɚɦɚ�

,1)/8(1&(�2)�7+(�(;&(66,9(�'<1$0,&�35(6685(�'523�
'(3(1'(1&(�21�7+(�()),&,(1&<�2)�'(6758&7,21�2) 52&.6

7KH�DUWLFOH�GHDOV�ZLWK�WKH�SURFHVV�RI�GHVWUXFWLRQ�RI�URFNV�LQ�FRQGLWLRQV�RI�H[FHVVLYH�SUHVVXUH�GURS��7KH�
SUREOHP�RI�GHWHUPLQLQJ� WKH�PDJQLWXGH�RI� WKH�GHSUHVVLQJ� IRUFHV�DQG�PRPHQWV� LQ� WKH�SUHVHQFH�RI�DQ�H[FHVV�
SUHVVXUH�GURS�KDV�EHHQ�VɟW DQG�VROYHG��7KH�WKHRU\�RI�K\GUDXOLF�WXUELQHV�LV�XVHG�WR�FDOFXODWH�WKH�OLIWLQJ�IRUFH�
�WRUTXH��RI�WKH�OLTXLG�MHW�IORZLQJ�IURP�WKH�IOXVKLQJ�FKDQQHOV�RI�WKH�ELW��7R�VLPXODWH�WKH�PRWLRQ�RI�WKH�GULOOLQJ�
IOXLG�GXULQJ�WKH�GULOOLQJ�SURFHVV��WKH�WKHRUHP�RI�FKDQJLQJ�LWV�NLQHWLF�PRPHQW�LV�XVHG�LQ�WKH�ELW�ZDVKLQJ�V\VWHP��
,W�KDV�EHHQ�HVWDEOLVKHG�WKDW�WKH�GULOOLQJ�SURFHVV�XQGHU�FRQGLWLRQV�RI�H[FHVVLYH�GHSUHVVXUL]LQJ�SUHVVXUH�GHSHQGV�
RQ�WKUHH�JURXSV�RI�SDUDPHWHUV�WKDW�GHWHUPLQH�WKH�ZDVKLQJ�IOXLG��WKH�ZHOO�GHVLJQ�DQG�WKH�IOXVKLQJ�V\VWHP�RI�WKH�
ELW��7KH�QRPRJUDSKLF�PHWKRG�RI�GHVLJQLQJ� WKH� VSHFLILHG�JURXS�RI�SDUDPHWHUV� WKDW� HQVXUH� WKH�HIILFLHQF\�RI�
GULOOLQJ�RSHUDWLRQV�LV�GHYHORSHG�

.H\�ZRUGV� 5RFN�IDLOXUH��H[FHVV�GURS��IOXLG�MHW��OLIW��NLQHWLF�PRPHQW��JURXS�RI�IDFWRUV��QRPRJUDP�

Ʌɢɬɟɪɚɬɭɪɚ
�� Ȼɭɪɟɧɢɟ� ɧɚɤɥɨɧɧɵɯ� ɢ� ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ� ɫɤɜɚɠɢɧ�� ɋɩɪɚɜɨɱɧɢɤ�� Ⱥ� Ƚ�� Ʉɚɥɢɧɢɧ��

Ȼ� Ⱥ� ɇɢɤɢɬɢɧ��Ʉ� Ɇ��ɋɨɥɨɞɤɢɣ��Ȼ� Ɂ��ɋɭɥɬɚɧɨɜ��± Ɇ���ɇɟɞɪɚ��������± ����ɫ�
�� ȼɚɞɟɰɤɢɣ�ɘ� ȼ��Ȼɭɪɟɧɢɟ�ɧɟɮɬɹɧɵɯ�ɢ�ɝɚɡɨɜɵɯ�ɫɤɜɚɠɢɧ��± Ɇ��ɇɟɞɪɚ��������± ����ɫ�
�� Ɉ�ɤɢɧɟɬɢɤɟ�ɩɪɨɰɟɫɫɚ�ɨɱɢɫɬɤɢ�ɡɚɛɨɹ�ɫɤɜɚɠɢɧɵ�ɨɬ�ɜɵɛɭɪɟɧɧɵɯ�ɩɨɪɨɞ� ��Ɋ� Ⱥ��Ƚɚɫɚɧɨɜ��

Ƚ� ɇ��Ɇɟɞɠɢɞɨɜ��Ⱥ�ɋ��Ƚɸɥɶɝɚɡɥɢ��ɇ�Ⱥ��Ɇɟɞɠɢɞɨɜ����ɇɟɮɬɟɩɪɨɦɵɫɥɨɜɨɟ�ɞɟɥɨ��± ʋ ���±
������± ɋ����±���

�� ɉɪɨɰɟɫɫɵ� ɪɚɡɪɭɲɟɧɢɹ� ɝɨɪɧɵɯ� ɩɨɪɨɞ� ɢ� ɪɟɡɟɪɜɵ� ɩɨɜɵɲɟɧɢɹ� ɫɤɨɪɨɫɬɟɣ� ɛɭɪɟɧɢɹ� ��
ɇ� Ⱥ� Ʉɨɥɟɫɧɢɤɨɜ��Ⱥ� Ʉ��Ɋɚɯɢɦɨɜ��Ⱥ� Ⱥ��Ȼɪɵɤɨɜ��Ⱥ� ɂ��Ȼɭɥɚɬɨɜ��± Ɍɚɲɤɟɧɬ��Ɏɚɧ��������±
����ɫ�

�� Ɇɚɫɥɟɧɧɢɤɨɜ�ɂ� Ʉ��ɍɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ�ɛɭɪɨɜɨɝɨ�ɢɧɫɬɪɭɦɟɧɬɚ�ɞɥɹ�ɧɟɮɬɹɧɵɯ�ɫɤɜɚɠɢɧ��
± Ɇ���ɂɡɞɚɬɟɥɶɫɬɜɨ�ɐɂɇɌɂɯɢɦɧɟɮɬɟɦɚɲ��������± ���ɫ�

�� ɋɟɢɞ�Ɋɡɚ�Ɇ� Ʉ���Ɏɚɪɚɞɠɟɜ�Ɍ� Ƚ���Ƚɚɫɚɧɨɜ�Ɋ� Ⱥ��ɉɪɟɞɭɩɪɟɠɞɟɧɢɟ�ɨɫɥɨɠɧɟɧɢɣ�ɜ�ɤɢɧɟɬɢɤɟ�
ɛɭɪɨɜɵɯ�ɩɪɨɰɟɫɫɨɜ��± Ɇ�� ɇɟɞɪɚ��������± ����ɫ�

ɉɨɫɬɭɩɢɥɚ���������


