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ɍȾɄ �����������

Ȼ� ȼ��Ɏɟɞɨɪɨɜ��Ȼ� Ɍ��Ɋɚɬɨɜ��Ⱥ� Ȼ��ɒɚɪɚɭɨɜɚ

Ʉɚɡɚɯɫɤɢɣ�ɧɚɰɢɨɧɚɥɶɧɵɣ�ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ�ɬɟɯɧɢɱɟɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ�
ɢɦ��Ʉ�ɂ��ɋɚɬɩɚɟɜɚ��ɝ��Ⱥɥɦɚɬɵ

ɆɈȾȿɅɖ�ɍȽɅɍȻɅȿɇɂə�ɁȺȻɈə�ɋɄȼȺɀɂɇ�3'&�ȾɈɅɈɌȺɆɂ

Ɋɚɫɫɦɨɬɪɟɧɚ�ɦɨɞɟɥɶ�ɛɭɪɢɦɨɫɬɢ�ɞɥɹ�ɞɨɥɨɬ�3'&��ɜɤɥɸɱɚɸɳɚɹ�ɬɪɢ�ɤɨɧɫɬɚɧɬɵ�ɢɞɟɧɬɢɮɢɤɚɰɢɢ��
ɧɚɱɚɥɶɧɭɸ� ɫɤɨɪɨɫɬɶ�� ɬɟɦɩ� ɩɚɞɟɧɢɹ� ɫɤɨɪɨɫɬɢ� ɢɡ�ɡɚ� ɢɡɧɨɫɚ� ɚɥɦɚɡɧɨ�ɬɜɟɪɞɨɫɩɥɚɜɧɨɝɨ� ɜɨɨɪɭɠɟɧɢɹ� ɜɨ�
ɜɪɟɦɟɧɢ��ɢ�ɩɨɤɚɡɚɬɟɥɶ�ɫɬɟɩɟɧɢ��ɜ�ɤɨɬɨɪɨɣ�ɜɨɡɜɨɞɢɬɫɹ�ɜɪɟɦɹ�

Ɉɩɪɟɞɟɥɟɧɚ� ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ� ɡɚɜɢɫɢɦɨɫɬɶ� ɧɚɱɚɥɶɧɨɣ� ɫɤɨɪɨɫɬɢ� ɛɭɪɟɧɢɹ�3'&�ɞɨɥɨɬɚɦɢ��
ɜɤɥɸɱɚɸɳɚɹ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ� ɪɟɠɢɦ�� ɬɜɟɪɞɨɫɬɶ� ɛɭɪɢɦɨɣ ɩɨɪɨɞɵ� ɩɨ� ɲɬɚɦɩɭ� ɢ� ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ�
ɩɚɪɚɦɟɬɪɵ� ɞɨɥɨɬɚ� �ɤɨɥɢɱɟɫɬɜɨ� ɥɨɩɚɫɬɟɣ� ɢ� ɩɥɚɫɬɢɧ�� ɪɚɡɦɟɳɟɧɧɵɯ� ɧɚ� ɬɨɪɰɟ�� ɢɯ� ɭɝɨɥ� ɧɚɤɥɨɧɚ� ɤ�
ɜɟɪɬɢɤɚɥɢ��

Ⱦɥɹ� ɛɭɪɟɧɢɹ� ɫɤɜɚɠɢɧ� 3'&�ɞɨɥɨɬɚɦɢ� ɧɚ� ɦɟɫɬɨɪɨɠɞɟɧɢɢ� ɍɡɟɧɶ� �Ʉɚɡɚɯɫɬɚɧ�� ɩɭɬɟɦ�
ɯɪɨɧɨɦɟɬɪɚɠɚ� ɢ� ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ� ɨɛɪɚɛɨɬɤɢ� ɞɚɧɧɵɯ� ɭɫɬɚɧɨɜɥɟɧɵ� ɜɫɟ� ɤɨɧɫɬɚɧɬɵ� ɢɞɟɧɬɢɮɢɤɚɰɢɢ� ɢ�
ɨɛɳɚɹ�ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ�ɦɨɞɟɥɶ�ɩɪɨɰɟɫɫɚ�ɉɨɫɥɟɞɧɹɹ�ɝɪɚɮɢɱɟɫɤɢ�ɩɪɟɞɫɬɚɜɥɹɟɬ�ɞɜɟ�ɫɨɩɪɹɠɟɧɧɵɟ�ɤɪɢɜɵɟ��
ɩɪɢɱɟɦ�ɧɚɱɚɥɶɧɵɣ�ɭɱɚɫɬɨɤ�ɤɪɢɜɨɣ�ɢɦɟɟɬ�ɜɨɝɧɭɬɭɸ�ɮɨɪɦɭ��ɚ�ɩɨɫɥɟɞɭɸɳɢɣ�ɭɱɚɫɬɨɤ ± ɜɵɩɭɤɥɭɸ��ɫ�ɤɪɭɬɵɦ�
ɩɚɞɟɧɢɟɦ�ɧɚ�ɡɚɤɥɸɱɢɬɟɥɶɧɨɣ�ɫɬɚɞɢɢ�ɢɫɩɨɥɶɡɨɜɚɧɢɹ�ɞɨɥɨɬɚ�

ɍɫɬɚɧɨɜɥɟɧɚ�ɫɬɟɩɟɧɶ�ɢɡɧɨɫɚ�ɞɨɥɨɬɚ��ɡɚɜɢɫɹɳɚɹ�ɨɬ�ɨɬɧɨɲɟɧɢɹ�ɦɢɧɢɦɚɥɶɧɨɣ�ɫɤɨɪɨɫɬɢ�ɜ�ɤɨɧɰɟ�
ɛɭɪɢɦɨɝɨ�ɢɧɬɟɪɜɚɥɚ�ɤ�ɟɺɦɚɤɫɢɦɚɥɶɧɨɣ�ɜɟɥɢɱɢɧɟ�ɜ�ɧɚɱɚɥɟ�ɩɨɫɥɟɞɧɟɝɨ��ɋɬɨɣɤɨɫɬɶ�3'&�ɞɨɥɨɬɚ�ɫɨɫɬɚɜɥɹɟɬ�
ɜ�ɫɪɟɞɧɟɦ������ɦ��ɱɬɨ�ɜ���ɪɚɡ�ɜɵɲɟ��ɱɟɦ�ɭ�ɩɪɢɦɟɧɹɜɲɢɯɫɹ�ɪɚɧɟɟ�ɲɚɪɨɲɟɱɧɵɯ�ɞɨɥɨɬ��

Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɦɨɞɟɥɶ��ɡɚɛɨɣ��ɛɭɪɟɧɢɟ�ɫɤɜɚɠɢɧ��ɞɨɥɨɬɚ��ɢɞɟɧɬɢɮɢɤɚɰɢɹ�

Ⱦɥɹ�ɨɰɟɧɤɢ�ɷɮɮɟɤɬɢɜɧɨɫɬɢ�ɩɪɨɰɟɫɫɚ�ɭɝɥɭɛɥɟɧɢɹ�ɫɤɜɚɠɢɧɵ�ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ�ɦɨɞɟɥɢ�
ɛɭɪɢɦɨɫɬɢ�

ɇɚɦɢ�ɩɨɤɚɡɚɧɨ��ɱɬɨ�ɧɚɢɛɨɥɟɟ�ɩɪɢɟɦɥɟɦɨɣ�ɦɨɞɟɥɶɸ�ɞɥɹ�ɞɨɥɨɬ�3'& ɛɭɞɟɬ�ɫɥɟɞɭɸɳɚɹ�
ɡɚɜɢɫɢɦɨɫɬɶ�ɫɤɨɪɨɫɬɢ�Ԃ�W��ɭɝɥɭɛɥɟɧɢɹ�ɡɚɛɨɹ�ɫɤɜɚɠɢɧɵ >�@�

Ԃሺݐሻ ൌ Ԃ െ οԂ ��ݐ ���
ɝɞɟ� Ԃ െ ɧɚɱɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ� ɛɭɪɟɧɢɹ� ɡɚ� ɜɪɟɦɹ�� ɩɪɢɧɹɬɚɹ� ɜ� ɤɚɱɟɫɬɜɟ� ɛɚɡɨɜɨɝɨ��
ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɝɨ� ɩɟɪɢɨɞɚ� ȟԂ െɬɟɦɩ ɩɚɞɟɧɢɹ� ɫɤɨɪɨɫɬɢ� ɛɭɪɟɧɢɹ�� ɝɥɚɜɧɵɦ� ɨɛɪɚɡɨɦ� ɢɡ�ɡɚ�
ɢɡɧɨɫɚ� ɜɨɨɪɭɠɟɧɢɹ� ɞɨɥɨɬɚ� ݐ െ ɜɪɟɦɹ� ɛɭɪɟɧɢɹ�݉െɩɨɤɚɡɚɬɟɥɶ� ɫɬɟɩɟɧɢ�� ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ�
ɮɨɪɦɭ�ɮɭɧɤɰɢɢ�Ԃሺ�ሻ�ɜɨɝɧɭɬɚɹ�ɢɥɢ�ɜɵɩɭɤɥɚɹ��

Ɉɛɵɱɧɨ� ɧɚɱɚɥɶɧɚɹ� ɫɤɨɪɨɫɬɶ Ԃ ɡɚɜɢɫɢɬ� ɨɬ� ɩɚɪɚɦɟɬɪɨɜ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ� ɪɟɠɢɦɚ�
ɛɭɪɟɧɢɹ� ɢ� ɫɜɨɣɫɬɜ� ɩɨɪɨɞɵ�� Ⱦɥɹ� ɭɫɬɚɧɨɜɥɟɧɢɹ� ɜɥɢɹɧɢɹ� ɷɬɢɯ� ɩɚɪɚɦɟɬɪɨɜ� ɧɚ� ɫɤɨɪɨɫɬɶ� Ԃ
ɪɚɫɫɦɨɬɪɢɦ� ɩɟɪɜɨɧɚɱɚɥɶɧɨ� ɩɪɨɰɟɫɫ� ɜɞɚɜɥɢɜɚɧɢɹ� ɷɥɟɦɟɧɬɚ� ɜɨɨɪɭɠɟɧɢɹ� ɞɨɥɨɬɚ� 3'&��
ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ� � ɩɥɚɫɬɢɧɤɭ� ɫ� ɬɨɧɤɢɦ� ɫɥɨɟɦ� ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ� ɚɥɦɚɡɚ�� ɩɪɨɱɧɨ�
ɫɰɟɩɥɟɧɧɨɝɨ ɫ� ɬɜɟɪɞɨɫɩɥɚɜɧɨɣ ɨɫɧɨɜɨɣ� �ɪɢɫ�� ���� ɉɥɚɫɬɢɧɤɚ� ɧɚɤɥɨɧɟɧɚ� ɩɨɞ� ɨɬɪɢɰɚɬɟɥɶɧɵɦ�
ɭɝɥɨɦ�Ȗ�ɤ�ɜɟɪɬɢɤɚɥɢ�ɉɨɞ�ɞɟɣɫɬɜɢɟɦɫɢɥɵ�ʠ��ɩɪɨɢɫɯɨɞɢɬ�ɟɺ�ɜɧɟɞɪɟɧɢɟ�ɜ�ɡɚɛɨɣ�ɧɚ�ɝɥɭɛɢɧɭ�݄��ȼ�
ɪɟɡɭɥɶɬɚɬɟ� ɜɨɡɧɢɤɧɭɬ� ɫɢɥɵ� ɧɨɪɦɚɥɶɧɨɝɨ� ɞɚɜɥɟɧɢɹ� ଵܰ� ଶܰ ɢ� ɫɢɥɵ� ɬɪɟɧɢɹ ଵܨ ൌ ݂ ଵܰ� ଶܨ ൌ
݂ ଶܰ�݂ െɤɨɷɮɮɢɰɢɟɧɬ�ɬɪɟɧɢɹ�ɧɚ�ɤɨɧɬɚɤɬɟ�©ɩɥɚɫɬɢɧɤɚ�±ɩɨɪɨɞɚ�ɡɚɛɨɹª���

Ɋɟɲɟɧɢɟ�ɭɪɚɜɧɟɧɢɣ�ɪɚɜɧɨɜɟɫɢɹ��ɫɭɦɦɚ�ɩɪɨɟɤɰɢɹ�ɜɫɟɯ�ɫɢɥ�ɧɚ�ɨɫɢ�ɯ�ɢ�ɭ��ɞɚɟɬ�ɮɨɪɦɭɥɵ�
ɞɥɹ�ɫɢɥ� ଵܰ ǡ ଶܰ >�@�
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ȼɵɩɭɫɤ�����ɉɈɊɈȾɈɊȺɁɊɍɒȺɘɓɂɃ�ɂ�ɆȿɌȺɅɈɈȻɊȺȻȺɌɕȼȺɘɓɂɃ�ɂɇɋɌɊɍɆȿɇɌ�± ɌȿɏɇɂɄȺ
ɂ�ɌȿɏɇɈɅɈȽɂə�ȿȽɈ�ɂɁȽɈɌɈȼɅȿɇɂə�ɂ�ɉɊɂɆȿɇȿɇɂə

��

ɉɪɢ� ɩɟɪɟɦɟɳɟɧɢɢ� ɪɟɡɰɚ� ɜɥɟɜɨ� �ɪɢɫ�� ��� ɞɟɣɫɬɜɢɟ� ɫɢɥɵ ଶܰ ɛɭɞɟɬ� ɭɪɚɜɧɨɜɟɲɢɜɚɬɶɫɹ�
ɧɨɪɦɚɥɶɧɨɣ� ɫɨɫɬɚɜɥɹɸɳɟɣ� ɤɨɧɬɚɤɬɧɨɣ� ɩɪɨɱɧɨɫɬɢ� ɩɨɪɨɞɵ ��ː˅ܪ ɞɟɣɫɬɜɭɸɳɟɣ
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɤ�ɚɥɦɚɡɧɨɦɭ�ɫɥɨɸ�ɩɥɚɫɬɢɧɵ�

ଶܰ ൌ ɧଵܵଶ߅ ൌ ܾ݈ߛ���ܪ ൌ ݈ߛ���ܪ


ୡ୭ୱఊ
�� ���

ɝɞɟ�ܵଶ± ɩɥɨɳɚɞɶ��ɧɚ�ɤɨɬɨɪɨɣ�ɞɟɣɫɬɜɭɸɬ��ɜɧɭɬɪɟɧɧɢɟ�ɧɚɩɪɹɠɟɧɢɹ��+E ± ɤɨɧɬɚɤɬɧɚɹ�ɩɪɨɱɧɨɫɬɶ�
ɩɨɪɨɞɵ��+E  � �����Ɋɲ� � >�@� �Ɋɲ ± ɬɜɟɪɞɨɫɬɶ� ɩɨɪɨɞɵ� ɩɨ�ɲɬɚɦɩɭ��� O ± ɞɥɢɧɚ� ɥɢɧɢɢ� ɤɨɧɬɚɤɬɚ�
ɩɥɚɫɬɢɧɵ�ɫ�ɡɚɛɨɟɦ�

Ɉɫɬɚɥɶɧɵɟ�ɨɛɨɡɧɚɱɟɧɢɹ�ɜ�����ɩɨɤɚɡɚɧɵ�ɧɚ�ɪɢɫ����

ɋ� ɭɱɟɬɨɦ� ɮɨɪɦɭɥ� ���� ɞɥɹ� 1� ɢ ����
ɝɥɭɛɢɧɚ� ɜɧɟɞɪɟɧɢɹ� ɚɥɦɚɡɧɨ�ɬɜɟɪɞɨɫɩɥɚɜɧɨɝɨ�
ɪɟɡɰɚ�ɜ�ɡɚɛɨɣ�ɛɭɞɟɬ�

K  �
ሺ ୡ୭ୱఊିୱ୧୬ Ȗሻ బ
ðǡଶ ɲ௧Ȗ

� ����

&ɭɦɦɚɪɧɚɹ� ɞɥɢɧɚɤɨɧɬɚɤɬɚ� ɩɥɚɫɬɢɧɨɤ��
ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ� ɧɚ� ɬɨɪɰɟɜɨɣ� ɱɚɫɬɢ� ɥɨɩɚɫɬɢ�
ɞɨɥɨɬɚ��ɫ�ɡɚɛɨɟɦ�ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ� ݈ ൌ ܴ�ଵܴܭ
± ɪɚɞɢɭɫ� ɞɨɥɨɬɚ�� .�� ± ɭɦɟɧɶɲɚɸɳɢɣ�
ɤɨɷɮɮɢɰɢɟɧɬ�� ɭɱɢɬɵɜɚɸɳɢɣ� ɪɚɡɦɟɳɟɧɢɟ�
ɩɥɚɫɬɢɧɨɤ�ɧɚ�ɥɨɩɚɫɬɢ�ɫ�ɡɚɡɨɪɨɦ��.�§���±�����

Ɉɛɨɡɧɚɱɢɜ�ɜ�����ɞɪɨɛɶ�
௦ఊି௦ஓ

మǤଶ௧ஓ
ൌ ±����ɱɢɫɥɨ�ɥɨɩɚɫɬɟɣ�ɞɨɥɨɬɚܭ P��ɱɢɫɬɨɬɭ�ɟɝɨ�ɜɪɚɳɟɧɢɹ�± Q��

ɩɨɥɭɱɢɦ� ɫ� ɭɱɟɬɨɦ� ɜɵɲɟɭɩɨɦɹɧɭɬɵɯ� ɫɨɨɛɪɚɠɟɧɢɣ� ɫɥɟɞɭɸɳɭɸ� ɡɚɜɢɫɢɦɨɫɬɶ� ɞɥɹ� ɫɤɨɪɨɫɬɢ�
ɛɭɪɟɧɢɹ��

ߴ ൌ
బ

భோɲ
ɋ ሾɦȀɫሿ � ���

Ⱦɥɹ� ɨɩɪɟɞɟɥɟɧɢɹ� ɡɚɜɢɫɢɦɨɫɬɢ� ɫɤɨɪɨɫɬɢ� ɛɭɪɟɧɢɹ� ɨɬ� ɜɪɟɦɟɧɢ� ɜ� ɬɟɱɟɧɢɢ� ɞɥɢɬɟɥɶɧɨɝɨ�
ɩɟɪɢɨɞɚ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ�ɞɨɥɨɬɚ�ɨ�ɡɚɛɨɟɦɫɤɜɚɠɢɧɵ�ɧɟɨɛɯɨɞɢɦɵ�ɯɪɨɧɨɦɟɬɪɚɠɧɵɟ�ɧɚɛɥɸɞɟɧɢɹ�
ɡɚ� ɢɡɦɟɧɟɧɢɟɦ� ɫɤɨɪɨɫɬɢ� ɢ� ɫɬɟɩɟɧɶɸ� ɢɡɧɨɫɚ� ɢɧɫɬɪɭɦɟɧɬɚ� ɜ� ɬɟɱɟɧɢɟ� ɪɟɣɫɚ�� ɤɨɬɨɪɵɟ� ɛɵɥɢ�
ɩɪɨɜɟɞɟɧɵɧɚ� ɤɪɭɩɧɨɦ� ɧɟɮɬɟɝɚɡɨɜɨɦ� ɦɟɫɬɨɪɨɠɞɟɧɢɢ� ɍɡɟɧɶ �Ʉɚɡɚɯɫɬɚɧ��� Ƚɥɭɛɢɧɚ�
ɩɪɨɞɭɤɬɢɜɧɵɯ� ɩɥɚɫɬɨɜ� ɧɚ� ɦɟɫɬɨɪɨɠɞɟɧɢɢ� ɫɨɫɬɚɜɥɹɟɬ� ����±���� ɦ�� ɜɦɟɳɚɸɳɢɟ� ɩɨɪɨɞɵ�
ɩɪɟɞɫɬɚɜɥɟɧɵ� ɝɥɢɧɚɦɢ�� ɧɟɚɛɪɚɡɢɜɧɵɦɢ� ɢɡɜɟɫɬɧɹɤɚɦɢ�� ɦɟɪɝɟɥɹɦɢ�� ɩɟɫɱɚɧɢɤɚɦɢ��
ɨɬɧɨɫɹɳɢɦɢɫɹ� ɤ� ɤɚɬɟɝɨɪɢɢ� ɦɹɝɤɢɯ� ɢ� ɱɚɫɬɢɱɧɨ� ɫɪɟɞɧɟɣ� ɬɜɟɪɞɨɫɬɢ� ɩɨɪɨɞ�� ɇɚɛɥɸɞɟɧɢɹ�
ɨɫɭɳɟɫɬɜɥɹɥɢ� ɩɪɢ� ɮɨɪɦɢɪɨɜɚɧɢɢ� ɫɤɜɚɠɢɧɵ� ɞɢɚɦɟɬɪɨɦ� ɞɨɥɨɬɚ� 3'& ������ ɦɦ� ɩɨɞ�
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɭɸ�ɤɨɥɨɧɧɭ�ɞɢɚɦɟɬɪɨɦ�����ɦɦ��ɢɧɬɟɪɜɚɥ����±�����ɦɦ��ɡɚɧɢɦɚɸɳɢɣ�����ɨɬ�
ɨɛɳɟɝɨ� ɦɟɬɪɚɠɚ� ɫɤɜɚɠɢɧɵ��� Ɋɟɠɢɦ� ɛɭɪɟɧɢɹ� ɩɨɞ� ɷɤɫɤɨɥɨɧɧɭ�� ɨɫɟɜɚɹ� ɧɚɝɪɭɡɤɚ� ± �����ɤɇ��
ɱɚɫɬɨɬɚ�ɜɪɚɳɟɧɢɹ�ɞɨɥɨɬɚ�Ɋ'ɋ�± �±��� ɫ���� ɞɥɹ�ɜɪɚɳɟɧɢɹ�ɢɫɩɨɥɶɡɨɜɚɥɫɹ�ɜɢɧɬɨɜɨɣ�ɡɚɛɨɣɧɵɣ�
ɞɜɢɝɚɬɟɥɶ�����±������ɪɚɫɯɨɞ�ɛɭɪɨɜɨɝɨ�ɪɚɫɬɜɨɪɚ�± ��±�� ɥ�ɫ�

ɉɨɥɭɱɟɧɧɵɟ� ɞɚɧɧɵɟ� ɛɵɥɢ� ɪɚɡɞɟɥɟɧɵ� ɧɚ� �� ɝɪɭɩɩɵ� ɜ� ɫɨɨɬɜɟɬɫɬɜɢɢ� ɫ� ɩɪɢɧɰɢɩɨɦ��
ɤɨɥɢɱɟɫɬɜɨ� ɢɧɬɟɪɜɚɥɨɜ� ɛɭɪɟɧɢɹ� ɩɨɞ� ɷɤɫɤɨɥɨɧɧɭ�� ɪɚɡɛɭɪɟɧɭɸ� ɞɨɥɨɬɨɦ� 3'&�� ȼ� ɪɟɡɭɥɶɬɚɬɟ��
ɨɛɪɚɛɨɬɤɢ� ɦɟɬɨɞɚɦɢ� ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ� ɫɬɚɬɢɫɬɢɤɢ� ɦɚɫɫɢɜɚ� ɢɡ� ���� ɫɤɜɚɠɢɧ ɨɩɪɟɞɟɥɢɥɢ�
ɢɡɦɟɧɟɧɢɟ�ɫɤɨɪɨɫɬɢ�ɢ ɫɪɟɞɧɟɜɡɜɟɲɟɧɧɚɹ�ɫɤɨɪɨɫɬɶ�ɛɭɪɟɧɢɹ�ɜ�ɤɚɠɞɨɣ�ɝɪɭɩɩɟ�ɫɤɜɚɠɢɧ��ɜɪɟɦɹ�
ɛɭɪɟɧɢɹ� ɢɧɬɟɪɜɚɥɚ� ɢ� ɤɨɪɪɟɥɹɰɢɨɧɧɨɟ� ɨɬɧɨɲɟɧɢɟɒ ɦɟɠɞɭ� ɭɩɨɦɹɧɭɬɵɦɢ� ɜɟɥɢɱɢɧɚɦɢ� �ɫɦ��
ɬɚɛɥɢɰɭ��

Ɋɢɫ�����ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ�ɚɥɦɚɡɧɨ�
ɬɜɟɪɞɨɫɩɥɚɜɧɨɝɨɪɟɡɰɚ�ɫ�ɡɚɛɨɟɦ



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

��

ɉɨɤɚɡɚɬɟɥɢ�ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ�ɨɛɪɚɛɨɬɤɢ�ɫɤɨɪɨɫɬɢ�ɛɭɪɟɧɢɹ�
ɞɨɥɨɬɚɦɢ�Ɋ'ɋ�ɩɨ�ɝɪɭɩɩɚɦ�ɫɤɜɚɠɢɧ

ʋ�ɝɪɭɩɩɵ�
ɫɤɜɚɠɢɧ

Ʉɨɥɢɱɟɫɬɜɨ�
ɫɤɜɚɠɢɧ�ɜ�
ɝɪɭɩɩɟ

ɂɡɦɟɧɟɧɢɟ�
ɫɤɨɪɨɫɬɢ�

ɛɭɪɟɧɢɹ��ɦ�ɱ

ɋɪɟɞɧɟɜɡɜɟɲɟɧ�
ɧɚɹ�ɫɤɨɪɨɫɬɶ�

ɛɭɪɟɧɢɹ�9ɫɪ��ɦ�ɱ

ȼɪɟɦɹ�
ɛɭɪɟɧɢɹ�W��ɱɚɫ

Ʉɨɪɪɟɥɹɰɢɨɧɧɨɟ�
ɨɬɧɨɲɟɧɢɟ�Ĳ

� �� ��±�� ���� ���� ����
� �� ��±�� ����� ���� ����
� �� ��±� ���� ���� ����
� �� �±��� ���� ����� ����

ɍɫɬɚɧɨɜɥɟɧɨ�� ɱɬɨ� ɜ� ɪɟɡɭɥɶɬɚɬɟ� ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ� ɛɭɪɟɧɢɹ� ɜ� ɝɪɭɩɩɚɯ� ɫɤɜɚɠɢɧ�
ɩɪɨɢɫɯɨɞɢɬ�ɩɨɫɬɟɩɟɧɧɵɣ�ɢɡɧɨɫ� ɞɨɥɨɬ�3'& ɢ� ɫɧɢɠɟɧɢɟ� ɫɤɨɪɨɫɬɢ�ɛɭɪɟɧɢɹ� ɜ� ɫɨɨɬɜɟɬɫɬɜɢɢ� ɫ�
ɡɚɜɢɫɢɦɨɫɬɶɸ�

σ ௨ܣ ൌ ቂσ ቀͳ െ
ౣ

ౣ ౮
ቁ

ଵ ቃ ή ͳͲͲΨǡ
ଵ ���

ɝɞɟ� ȺXQ ± ɢɡɧɨɫ� ɞɨɥɨɬɚ� ɩɨɫɥɟ� ɛɭɪɟɧɢɹ� ɫɤɜɚɠɢɧ� ɜ� ɝɪɭɩɩɟ� ɫ� ɧɨɦɟɪɨɦ� Q�� 㶶PLQQ�� 㶶PD[Q±
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�ɦɢɧɢɦɚɥɶɧɚɹ�ɢ�ɦɚɤɫɢɦɚɥɶɧɚɹ�ɫɤɨɪɨɫɬɢ�ɛɭɪɟɧɢɹ�ɢɧɬɟɪɜɚɥɚ�ɩɨɞ�ɷɤɫɤɨɥɨɧɧɭ�ɜ�
ɝɪɭɩɩɟ�ɫɤɜɚɠɢɧ�ɫ�ɧɨɦɟɪɨɦ�Q��

Ɋɚɫɱɟɬ�ɩɨ�ɮɨɪɦɭɥɟ� ����ɩɨɤɚɡɚɥ��ɱɬɨ�ɩɨɫɥɟ�ɛɭɪɟɧɢɹ�ɢɧɬɟɪɜɚɥɚ�ɜ�ɫɤɜɚɠɢɧɚɯ���ɯ�ɝɪɭɩɩ�
ɢɡɧɨɫ�ɞɨɥɨɬɚ�ɫɨɫɬɚɜɢɥ������ɬ��ɟ��ɩɨɱɬɢ�ɩɨɥɧɨɫɬɶɸ�ɜɵɪɚɛɨɬɚɧ��ȼɫɟɝɨ�ɞɨɥɨɬɨɦ�ɩɪɨɣɞɟɧɨ����� ɦ��
ɱɬɨ�ɜ�ɰɟɥɨɦ�ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ�ɩɪɚɤɬɢɤɨɣ�

ȼɪɟɦɹ�ɛɭɪɟɧɢɹ�ɢɧɬɟɪɜɚɥɚ�ɩɨɞ�ɷɤɫɤɨɥɨɧɧɭ�ɜ�ɤɚɠɞɨɣ�ɝɪɭɩɩɟ�ɫɤɜɚɠɢɧ�ɨɩɪɟɞɟɥɹɥɨɫɶ�ɩɨ�
ɮɨɪɦɭɥɟ��

ݐ ൌ
௦ɢɧɬ

ణౙ౦
ǡ ���

ɝɞɟݏ�ˋː˕± ɫɪɟɞɧɹɹ�ɞɥɢɧɚ�ɢɧɬɟɪɜɚɥɚ��ɩɪɨɛɭɪɟɧɧɨɝɨ�ɩɨɞ�ɷɤɫɤɨɥɨɧɧɭ��ɞɥɹ�ɭɫɥɨɜɢɣ�ɦɟɫɬɨɪɨɠɞɟɧɢɹ�
˕ːˋݏ ൎ ͳͳʹͲˏ�� ୡ୮ߴ  ± ɫɪɟɞɧɟɜɡɜɟɲɟɧɧɚɹ�ɫɤɨɪɨɫɬɶ�ɛɭɪɟɧɢɹ�ɭɩɨɦɹɧɭɬɨɝɨ�ɢɧɬɟɪɜɚɥɚ�ɜ� ɝɪɭɩɩɟ�

ɫɤɜɚɠɢɧ�ɩɨɞ�ɧɨɦɟɪɨɦ�Q��
ȼɵɱɢɫɥɟɧɧɵɟ� ɜɟɥɢɱɢɧɵ� ɜɪɟɦɟɧɢ ୡ୮ߴ  ɢ�

WQ ɩɪɢ Q  ������������ɩɪɢɜɟɞɟɧɵ�ɜ�ɬɚɛɥɢɰɟ��ɱɬɨ�

ɩɨɡɜɨɥɢɥɨ� ɩɨɥɭɱɢɬɶ� ɡɚɜɢɫɢɦɨɫɬɶ� 㶶�W���
ɢɡɨɛɪɚɠɟɧɧɭɸ�ɧɚ�ɪɢɫ�����ȼ�ɜɟɪɯɧɟɣ�ɱɚɫɬɢ�ɪɢɫ����
ɩɨɤɚɡɚɧɵ� ɜɪɟɦɹ� ɛɭɪɟɧɢɹ� ɢɧɬɟɪɜɚɥɚ� ɜ�
ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɫɬɟɩɟɧɢ�ɢɫɩɨɥɶɡɨɜɚɧɢɹ�ɞɨɥɨɬɚ��

Ɇɨɞɟɥɶ� ɛɭɪɢɦɨɫɬɢ�ɛɭɞɟɦ�ɢɫɤɚɬɶ� ɜ� ɜɢɞɟ�
ɭɪɚɜɧɟɧɢɹ� ����� Ɍɚɤ� ɤɚɤ� ɤɪɢɜɚɹ� �� ɢɦɟɟɬ� ɬɨɱɤɭ�
ɩɟɪɟɝɢɛɚ� �ɬɨɱɤɚ� Ⱥ� ɧɚ� ɪɢɫ� ���� ɬɨ� ɦɨɞɟɥɶ�
ɛɭɪɢɦɨɫɬɢ� ɛɭɞɟɬ� ɩɪɟɞɫɬɚɜɥɟɧɚ� ɞɜɭɦɹ�
ɭɪɚɜɧɟɧɢɹɦɢ�

Ʉɨɧɫɬɚɧɬɵ� ǻ9 ɢ� P ɨɩɪɟɞɟɥɟɧɵ� ɩɨ�
ɦɟɬɨɞɢɤɟ�� ɢɡɥɨɠɟɧɧɨɣ� ɜ� >�@� ɢ� ɞɥɹ�
ɪɚɫɫɦɨɬɪɟɧɧɵɯ�ɭɫɥɨɜɢɣ�

± ɞɥɹ�ɜɟɪɯɧɟɣ�ɱɚɫɬɢ�ȻȺ�ɤɪɢɜɨɣ�Ԃ  �I�W��ǻ9
 � ������ ɦ�ɱ�� P ������ 9� ��ɦ�ɱ�± ɞɥɹ� ɧɢɠɧɟɣ�
ɱɚɫɬɢ�Ⱥɋ�ɤɪɢɜɨɣ�Ԃ� I�W��ǻ9 ������ɦ�ɱ��P  ������
9� �����ɦ�ɱ�

ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ� ɦɨɞɟɥɢ� ɛɭɪɢɦɨɫɬɢ�
ɜɵɝɥɹɞɹɬ�ɫɥɟɞɭɸɳɢɦ�ɨɛɪɚɡɨɦ�

Ɋɢɫ�����Ɂɚɜɢɫɢɦɨɫɬɢ�ɫɤɨɪɨɫɬɢ�㶶 ɛɭɪɟɧɢɹ�
ɞɨɥɨɬɨɦ� 3'&� �Ʉɚɡɚɯɫɬɚɧ�� ɢ�
ɲɚɪɨɲɟɱɧɵɦ� ɞɨɥɨɬɨɦ� ,,,±������ ɇȺɌ�
�Ʉɢɬɚɣɫɤɚɹ� ɇɚɪɨɞɧɚɹ� Ɋɟɫɩɭɛɥɢɤɚ�� ɜ�
ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɜɪɟɦɟɧɢ� W� ɪɚɛɨɬɵ�
ɢɧɫɬɪɭɦɟɧɬɚ� ɧɚ� ɡɚɛɨɟ� ɫɤɜɚɠɢɧ� �� ±
ɤɪɢɜɚɹ� ɫ� ɩɪɢɦɟɧɟɧɢɟɦ� ɞɨɥɨɬ�3'&�� � ±
ɤɪɢɜɚɹ� ɫ� ɩɪɢɦɟɧɟɧɢɟɦ� ɲɚɪɨɲɟɱɧɵɯ�
ɞɨɥɨɬ��



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

��

Ԃ ൌ ͳͺ െ ͲǡͳͲݐǤ଼ଷǡ ሺͲ  ݐ ͳͲ ɱሻǢ ���
���������� �

W W�� � - ሺͳͲ ˚  ݐ  ͵Ͳ ˚ሻ�� ���

ɂɡ�����ɢ���� ɫɥɟɞɭɟɬ��ɱɬɨ�ɬɟɦɩ�ɫɧɢɠɟɧɢɹ�ɦɟɯɚɧɢɱɟɫɤɨɣ�ɫɤɨɪɨɫɬɢ�ǻ9�ɩɪɢ�ɛɭɪɟɧɢɢ�ɧɨɜɵɦ�
ɞɨɥɨɬɨɦ�ɢɧɬɟɪɜɚɥɚ�ɩɨɞ�ɷɤɫɤɨɥɨɧɧɭ�ɜ�ɩɟɪɜɨɣ�ɝɪɭɩɩɟ�ɫɤɜɚɠɢɧ�ɡɧɚɱɢɬɟɥɶɧɨ�ɜɵɲɟ��Ɉɱɟɜɢɞɧɨ��ɷɬɨ�
ɫɜɹɡɚɧɨ�ɫ�ɤɨɧɮɢɝɭɪɚɰɢɟɣ�ɚɥɦɚɡɧɨ�ɬɜɟɪɞɨɫɩɥɚɜɧɵɯ�ɩɥɚɫɬɢɧ��ɤɨɬɨɪɵɦɢ�ɚɪɦɢɪɨɜɚɧɨ�ɞɨɥɨɬɨ�Ɋ'ɋ��

Ⱦɨ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɞɨɥɨɬ� Ɋ'ɋ� ɛɭɪɟɧɢɟ� ɧɚ� ɦɟɫɬɨɪɨɠɞɟɧɢɢ� ɍɡɟɧɶ� ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ�
ɪɨɬɨɪɧɵɦ�ɫɩɨɫɨɛɨɦ��Ɏɨɪɦɢɪɨɜɚɧɢɟ�ɫɤɜɚɠɢɧɵ�ɩɨɞ�ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɭɸ�ɤɨɥɨɧɧɭ�ɩɪɨɜɨɞɢɥɨɫɶ�ɫ�
ɩɪɢɦɟɧɟɧɢɟɦ�ɲɚɪɨɲɟɱɧɵɯ�ɞɨɥɨɬ�,,,�������ɇȺɌ�ɤɢɬɚɣɫɤɨɝɨ�ɩɪɨɢɡɜɨɞɫɬɜɚ�

Ɇɨɞɟɥɶ�ɛɭɪɢɦɨɫɬɢ�ɞɥɹ�ɩɪɢɦɟɧɹɜɲɢɯɫɹ�ɞɨɥɨɬ�,,,�������ɇȺɌ��ɄɇɊ��ɩɪɢɜɟɞɟɧɚ�ɧɢɠɟ�
������� ��

W
� - ɦ�ɱ� ����

ɇɚ�ɪɢɫ�����ɩɪɢɜɟɞɟɧɚ�ɤɪɢɜɚɹ����ɝɪɚɮɢɱɟɫɤɢ�ɨɬɨɛɪɚɠɚɸɳɚɹ�ɦɨɞɟɥɶ�ɛɭɪɢɦɨɫɬɢ������

ȼɵɜɨɞɵ
�� ɍɫɬɚɧɨɜɥɟɧɚ� ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ� ɦɨɞɟɥɶ� ɧɚɱɚɥɶɧɨɣ� ɫɤɨɪɨɫɬɢ� ɛɭɪɟɧɢɹ� 3'&�ɞɨɥɨɬɚɦɢ��

ɤɨɬɨɪɚɹ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ� ɪɟɠɢɦ� ɬɜɟɪɞɨɫɬɶ� ɛɭɪɢɦɨɣ� ɩɨɪɨɞɵ� ɩɨ�ɲɬɚɦɩɭ� ɢ� ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ�
ɨɫɨɛɟɧɧɨɫɬɢ�3'&�ɞɨɥɨɬ��ɱɢɫɥɨ�ɬɨɪɰɟɜɵɯ�ɥɨɩɚɫɬɟɣ��ɭɝɨɥ�ɭɫɬɚɧɨɜɤɢ�ɚɥɦɚɡɧɨ�ɬɜɟɪɞɨɫɩɥɚɜɧɵɯ�
ɩɥɚɫɬɢɧ�ɢ�ɢɯ�ɤɨɥɢɱɟɫɬɜɨ�ɧɚ�ɤɚɠɞɨɣ�ɥɨɩɚɫɬɢ�

�� ɉɪɨɰɟɫɫ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ�3'&�ɞɨɥɨɬɚ� ɫ� ɡɚɛɨɟɦ� ɫɤɜɚɠɢɧɵ� ɧɚɢɛɨɥɟɟ� ɰɟɥɟɫɨɨɛɪɚɡɧɨ�
ɦɨɞɟɥɢɪɨɜɚɬɶ� ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ� ɡɚɜɢɫɢɦɨɫɬɶɸ�� ɜɤɥɸɱɚɸɳɭɸ� ɧɚɱɚɥɶɧɭɸ� ɫɤɨɪɨɫɬɶ� ɛɭɪɟɧɢɹ��
ɬɟɦɩ�ɩɚɞɟɧɢɹ�ɩɨɫɥɟɞɧɟɣ�ɜɫɥɟɞɫɬɜɢɟ�ɢɡɧɨɫɚ�ɞɨɥɨɬɚ�ɢ�ɩɨɤɚɡɚɬɟɥɶ�ɫɬɟɩɟɧɢ��ɜ�ɤɨɬɨɪɨɣ�ɜɨɡɜɨɞɢɬɫɹ�
ɜɪɟɦɹ�ɛɭɪɟɧɢɹ�

�� ɍɫɬɚɧɨɜɥɟɧɚ� ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ� ɨɰɟɧɤɚ� ɫɬɟɩɟɧɢ� ɢɡɧɨɫɚ� ɞɨɥɨɬɚ� 3'& ɩɨ� ɨɬɧɨɲɟɧɢɸ�
ɫɤɨɪɨɫɬɟɣ�ɛɭɪɟɧɢɹ�ɜ�ɤɨɧɰɟ�ɢɧɬɟɪɜɚɥɚ�ɭɝɥɭɛɥɟɧɢɹ�ɫɤɜɚɠɢɧɵ�ɤ�ɧɚɱɚɥɶɧɨɣ�ɫɤɨɪɨɫɬɵ�ɛɭɪɟɧɢɹ�ɷɬɨɝɨ�
ɢɧɬɟɪɜɚɥɚ��ɋɭɦɦɚɪɧɵɣ�ɢɡɧɨɫ�ɞɨɥɨɬɚ�3'& ɪɚɜɟɧ�ɫɭɦɦɟ�ɢɡɧɨɫɨɜ��ɤɨɬɨɪɵɦ�ɞɨɥɨɬɨ�ɩɨɞɜɟɪɝɚɟɬɫɹ�ɩɪɢ�
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ� ɛɭɪɟɧɢɢ� ɢɧɬɟɪɜɚɥɨɜ�� ȼ� ɤɨɧɤɪɟɬɧɵɯ� ɭɫɥɨɜɢɹɯ� ɛɭɪɟɧɢɹ� ɢɧɬɟɪɜɚɥɚ� ɩɨɞ�
ɷɤɫɤɨɥɨɧɧɭ�����±���� ɦ��ɜ���ɯ�ɫɤɜɚɠɢɧɚɯ�ɫɭɦɦɚɪɧɵɣ�ɢɡɧɨɫ�ɞɨɥɨɬɚ�ɫɨɫɬɚɜɢɥ������

�� ɋɪɚɜɧɢɬɟɥɶɧɵɣ� ɚɧɚɥɢɡ� ɩɨɤɚɡɚɬɟɥɟɣ� ɛɭɪɟɧɢɹ� ɲɚɪɨɲɟɱɧɵɦɢ ɞɨɥɨɬɚɦɢ� ɢ� ɞɨɥɨɬɚɦɢ�
3'&ɩɨɤɚɡɚɥ�� ɱɬɨ� ɩɨɫɥɟɞɧɢɟ� ɩɨ� ɫɬɨɣɤɨɫɬɢ� ɩɪɟɜɵɲɚɸɬ� ɲɚɪɨɲɟɱɧɵɟ� ɞɨɥɨɬɚ� ɜ� �� ɪɚɡ�� ɚ� ɩɨ�
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ�± ɜ����±� ɪɚɡɚ��

Ɋɨɡɝɥɹɧɭɬɨ� ɦɨɞɟɥɶ� ɛɭɪɢɦɨɫɬɿ ɞɥɹ� ɞɨɥɿɬ� 3'&�� ɳɨ� ɜɤɥɸɱɚɽ� ɬɪɢ� ɤɨɧɫɬɚɧɬɢ� ɿɞɟɧɬɢɮɿɤɚɰɿʀ��
ɩɨɱɚɬɤɨɜɭ�ɲɜɢɞɤɿɫɬɶ��ɬɟɦɩ�ɩɚɞɿɧɧɹ�ɲɜɢɞɤɨɫɬɿ�ɱɟɪɟɡ�ɡɧɨɲɭɜɚɧɧɹ�ɚɥɦɚɡɧɨ�ɬɜɟɪɞɨɫɩɥɚɜɧɨɝɨ�ɨɡɛɪɨɽɧɧɹ�
ɜ�ɱɚɫɿ��ɿ�ɩɨɤɚɡɧɢɤ�ɫɬɭɩɟɧɹ��ɜ�ɹɤɿɣ�ɡɜɨɞɢɬɶɫɹ�ɱɚɫ�

ȼɢɡɧɚɱɟɧɨ� ɦɚɬɟɦɚɬɢɱɧɭ ɡɚɥɟɠɧɿɫɬɶ� ɩɨɱɚɬɤɨɜɨʀ� ɲɜɢɞɤɨɫɬɿ� ɛɭɪɿɧɧɹ�� 3'&�ɞɨɥɨɬɚɦɢ�� ɳɨ�
ɜɤɥɸɱɚɽ� ɬɟɯɧɨɥɨɝɿɱɧɢɣ� ɪɟɠɢɦ��ɬɜɟɪɞɿɫɬɶ ɩɨɪɨɞɢ� ɩɨ�ɲɬɚɦɩɭ� ɿ� ɤɨɧɫɬɪɭɤɬɢɜɧɿ� ɩɚɪɚɦɟɬɪɢ� ɞɨɥɨɬɚ�
�ɤɿɥɶɤɿɫɬɶ�ɥɨɩɚɬɟɣ�ɿ�ɩɥɚɫɬɢɧ��ɪɨɡɦɿɳɟɧɢɯ�ɧɚ�ɬɨɪɰɿ��ʀɯ�ɤɭɬ�ɧɚɯɢɥɭ�ɞɨ�ɜɟɪɬɢɤɚɥɿ��

Ⱦɥɹ�ɛɭɪɿɧɧɹ�ɫɜɟɪɞɥɨɜɢɧ�3'&�ɞɨɥɨɬɚɦɢ�ɧɚ�ɪɨɞɨɜɢɳɿ�ɍɡɟɧɶ��Ʉɚɡɚɯɫɬɚɧ��ɲɥɹɯɨɦ�ɯɪɨɧɨɦɟɬɪɚɠɭ�
ɿ� ɫɬɚɬɢɫɬɢɱɧɨʀ� ɨɛɪɨɛɤɢ� ɞɚɧɢɯ� ɜɫɬɚɧɨɜɥɟɧɨ� ɜɫɿ� ɤɨɧɫɬɚɧɬɢ� ɿɞɟɧɬɢɮɿɤɚɰɿʀ� ɿ� ɡɚɝɚɥɶɧɭ ɦɚɬɟɦɚɬɢɱɧɭ
ɦɨɞɟɥɶ�ɩɪɨɰɟɫɭ� Ɉɫɬɚɧɧɹɹ�ɝɪɚɮɿɱɧɨ�ɹɜɥɹɽ�ɫɨɛɨɸ ɞɜɿ�ɩɨɽɞɧɚɧɿ�ɤɪɢɜɿ��ɩɪɢɱɨɦɭ�ɩɨɱɚɬɤɨɜɚ�ɞɿɥɹɧɤɚ�ɤɪɢɜɨʀ�
ɦɚɽ�ɭɜɿɝɧɭɬɭ�ɮɨɪɦɭ��ɚ�ɧɚɫɬɭɩɧɚ ɞɿɥɹɧɤɚ ± ɨɩɭɤɥɭ��ɡ�ɤɪɭɬɢɦ�ɩɚɞɿɧɧɹɦ�ɧɚ�ɡɚɤɥɸɱɧɿɣ�ɫɬɚɞɿʀ�ɜɢɤɨɪɢɫɬɚɧɧɹ�
ɞɨɥɨɬɚ�

ȼɫɬɚɧɨɜɥɟɧɨ�ɫɬɭɩɿɧɶ�ɡɧɨɫɭ�ɞɨɥɨɬɚ��ɳɨ�ɡɚɥɟɠɢɬɶ�ɜɿɞ�ɜɿɞɧɨɲɟɧɧɹ ɦɿɧɿɦɚɥɶɧɨʀ�ɲɜɢɞɤɨɫɬɿ�ɜ�ɤɿɧɰɿ�
ɛɭɪɿɧɧɹ ɿɧɬɟɪɜɚɥɭ� ɞɨ� ʀʀ� ɦɚɤɫɢɦɚɥɶɧɨʀ ɜɟɥɢɱɢɧɢ ɧɚ� ɩɨɱɚɬɤɭ�� ɋɬɿɣɤɿɫɬɶ� 3'&�ɞɨɥɨɬɚ� ɫɬɚɧɨɜɢɬɶ� ɜ�
ɫɟɪɟɞɧɶɨɦɭ������ɦ��ɳɨ�ɜ���ɪɚɡɿɜ�ɜɢɳɟ��ɧɿɠ�ɭ�ɲɚɪɨɲɤɨɜɢɯ ɞɨɥɿɬ��ɳɨ ɡɚɫɬɨɫɨɜɭɜɚɥɢɫɹ�ɪɚɧɿɲɟ�

Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ� ɦɨɞɟɥɶ��ɡɚɛɿɣ��ɛɭɪɿɧɧɹ�ɫɜɟɪɞɥɨɜɢɧ��ɞɨɥɨɬɚ��ɿɞɟɧɬɢɮɿɤɚɰɿɹ�



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

��

02'(/�2)�'((3�5(),1,1*�:(//6�2)�3'&�:(//6�:,7+�%,7
$�PRGHO�RI�GULOODELOLW\�IRU�3'&�ELWV�LV�FRQVLGHUHG��LQFOXGLQJ�IRU�WKH�LGHQWLILFDWLRQ�FRQVWDQW��WKH�LQLWLDO�

VSHHG��WKH�VSHHG�GURS�UDWH�GXH�WR�ZHDU�RI�GLDPRQG�FDUELGH�ZHDSRQV�LQ�WLPH��DQG�WKH�H[SRQHQW�LQ�ZKLFK�WLPH�
LV�EHLQJ�EXLOW�

7KH�PDWKHPDWLFDO�GHSHQGHQFH�RI�WKH�LQLWLDO�GULOOLQJ�VSHHG��3'&�ELWV��LQFOXGLQJ�WKH�WHFKQRORJLFDO�UHJLPH��
WKH�KDUGQHVV�RI�WKH�GULOOHG�URFN�RQ�WKH�GLH�DQG�WKH�GHVLJQ�SDUDPHWHUV�RI�WKH�ELW��WKH�QXPEHU�RI�EODGHV��WKH�QXPEHU�
RI�SODWHV�SODFHG�DW�WKH�HQG�RI�WKHLU�DQJOH�RI�LQFOLQDWLRQ�WR�WKH�YHUWLFDO��LV�GHWHUPLQHG�

)RU� WKH�GULOOLQJ�RI�3'&�FKLVHOV�DW�8]HQ� �.D]DNKVWDQ���DOO� WKH� LGHQWLILFDWLRQ�FRQVWDQWV�DQG� WKH�JHQHUDO�
PDWKHPDWLFDO�PRGHO�RI�WKH�SURFHVV�DUH�HVWDEOLVKHG�E\�WLPLQJ�DQG�VWDWLVWLFDO�GDWD�SURFHVVLQJ��7KH�ODWWHU�JUDSKLFDOO\�
UHSUHVHQWV�WZR�FRQMXJDWH�FXUYHV��ZLWK�WKH�LQLWLDO�SRUWLRQ�RI�WKH�FXUYH�KDYLQJ�D�FRQFDYH�VKDSH��DQG�WKH�VXEVHTXHQW�
SRUWLRQ�FRQYH[��ZLWK�D�VWHHS�GURS�DW�WKH�ILQDO�VWDJH�RI�ELW�XVDJH�

7KH�GHJUHH�RI�ELW�ZHDU�LV�GHWHUPLQHG��ZKLFK�GHSHQGV�RQ�WKH�UDWLR�RI�WKH�PLQLPXP�VSHHG�DW�WKH�HQG�RI�WKH�
GULOO�LQWHUYDO�WR�LWV�PD[LPXP�YDOXH�DW�WKH�EHJLQQLQJ�RI�WKH�ODWWHU��7KH�GXUDELOLW\�RI�WKH�3'&�ELW�DYHUDJHV������P��
ZKLFK�LV���WLPHV�KLJKHU�WKDQ�WKDW�RI�WKH�SUHYLRXVO\�XVHG�UROOHU�ELWV�

.H\�ZRUGV�PRGHO��VODXJKWHU��ZHOO�GULOOLQJ��FKLVHOV��LGHQWLILFDWLRQ�

Ʌɢɬɟɪɚɬɭɪɚ
�� Ɏɟɞɨɪɨɜ�Ȼ� ȼ���ɒɚɪɚɭɨɜɚ�Ⱥ���Ⱥɭɛɚɤɢɪɨɜ�Ɇ� Ɍ��Ɉ�ɦɨɞɟɥɢ�ɛɭɪɢɦɨɫɬɢ�ɧɟɮɬɟɝɚɡɨɜɵɯ�

ɫɤɜɚɠɢɧ�ɞɨɥɨɬɚɦɢ�Ɋ'ɋ�ɧɚ�ɦɟɫɬɨɪɨɠɞɟɧɢɢ�ɍɡɟɧɶ����ȼɟɫɬɧ��ɄɚɡɇɂɌɍ��± ������± ʋ����
± ɫ����±����

�� ɉɨɪɨɞɨɪɚɡɪɭɲɚɸɳɢɣ� ɢɧɫɬɪɭɦɟɧɬ� ɞɥɹ� ɝɟɨɥɨɝɨɪɚɡɜɟɞɨɱɧɵɯ� ɫɤɜɚɠɢɧ� ��
ɇ� ɂ� Ʉɨɪɧɢɥɨɜ��ȼ�ɋ��Ɍɪɚɜɤɢɧ�ɢ�ɞɪ��± Ɇ���ɇɟɞɪɚ��± �����

�� ɋɩɢɜɚɤ�Ⱥ� ɂ���ɉɨɩɨɜ�Ⱥ� ɇ��Ɋɚɡɪɭɲɟɧɢɟ�ɝɨɪɧɵɯ�ɩɨɪɨɞ�ɩɪɢ�ɛɭɪɟɧɢɢɫɤɜɚɠɢɧ��± Ɇ���
ɇɟɞɪɚ��± ������

�� ɋɩɪɚɜɨɱɧɢɤ�ɩɨ�ɦɟɯɚɧɢɱɟɫɤɢɦ�ɢ�ɚɛɪɚɡɢɜɧɵɦ�ɫɜɨɣɫɬɜɚɦ�ɝɨɪɧɵɯ�ɩɨɪɨɞ�ɧɟɮɬɹɧɵɯ�ɢ�
ɝɚɡɨɜɵɯ�ɦɟɫɬɨɪɨɠɞɟɧɢɣ���Ɇ� Ƚ� Ⱥɛɪɚɦɫɨɧ�ɢ�ɞɪ��± Ɇ���ɇɟɞɪɚ��± �����

�� Ȼɭɪɨɜɨɣ� ɩɨɪɨɞɨɪɚɡɪɭɲɚɸɳɢɣ� ɢɧɫɬɪɭɦɟɧɬ � ȼ� ɂ�� Ȼɚɥɚɛɚ�� ɂ� Ʉ�� Ȼɢɤɛɭɥɚɬɨɜ��
Ƚ� ɇ� ȼɵɲɟɝɨɪɨɞɰɟɜɚ�ɢ�ɞɪ��± Ɇ���ɢɡɞ�ɜɨ ɰɟɧɬɪ�ɊȽɍ�ɧɟɮɬɢ�ɢ�ɝɚɡɚ�ɢɦ��ɂ� Ɇ��Ƚɭɛɤɢɧɚ��
± �����

�� Ɍɚɧɚɬɚɪɨɜ�Ɍ� Ɍ���Ȼɢɥɟɰɤɢɣ�Ɇ� Ɍ��Ɉɫɧɨɜɵ�ɧɚɭɱɧɵɯ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɢ�ɨɩɬɢɦɢɡɚɰɢɹ�ɜ�
ɛɭɪɟɧɢɢ��± Ⱥɥɦɚɬɵ��ɊɂɄ�������

�� Ʌɟɜɢɰɤɢɣ� Ⱥ� Ɂ�� ɂɫɩɨɥɶɡɨɜɚɧɢɟ� ɞɚɧɧɵɯ� ɝɟɨɥɨɝɨɬɟɯɧɢɱɟɫɤɨɝɨ� ɤɨɧɬɪɨɥɹ� ɞɥɹ�
ɨɩɬɢɦɢɡɚɰɢɢ�ɛɭɪɟɧɢɹ��± Ɇ��ȼɇɂɂɈɗɇȽ�������

ɉɨɫɬɭɩɢɥɚ���������

ɍȾɄ������������������������������������������������

Ⱥ� ɂ��ȼɞɨɜɢɱɟɧɤɨ�����ɚɤɚɞ��ȺɌɇ�ɍɤɪɚɢɧɵ

�Ⱥɤɚɞɟɦɢɹ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ�ɧɚɭɤ�ɍɤɪɚɢɧɵ��ɝ��Ʉɢɟɜ�
�ɋɨɸɡ�ɛɭɪɨɜɢɤɨɜ�ɍɤɪɚɢɧɵ��ɝ��Ʉɢɟɜ�

ɊȿɄɈɊȾɇɕȿ�ȾɈɋɌɂɀȿɇɂə�ȼ�ȺɅɆȺɁɇɈɆ�ȻɍɊȿɇɂɂ�
ɂ�ɉȿɊɋɉȿɄɌɂȼɕ�ɂɏ�ɊȿȺɅɂɁȺɐɂɂ�

ɂɫɫɥɟɞɨɜɚɧɵ�ɪɟɡɭɥɶɬɚɬɵ�ɧɚɭɱɧɨ�ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ� ɷɤɫɩɟɪɢɦɟɧɬɚ�ɩɨ� ɞɨɫɬɢɠɟɧɢɸ�ɪɟɤɨɪɞɧɵɯ�
ɩɨɤɚɡɚɬɟɥɟɣ� ɚɥɦɚɡɧɨɝɨ� ɛɭɪɟɧɢɹ�� ɨɫɭɳɟɫɬɜɥɟɧɧɨɝɨ� ɜ Ɉɥɟɜɫɤɨɣ� ȽɊɉ� ɜ� ɚɜɝɭɫɬɟ� ����ɝɨɞɚ� ɩɪɢ� ɪɚɡɜɟɞɤɟ�
ɉɟɪɠɚɧɫɤɨɝɨ� ɦɟɫɬɨɪɨɠɞɟɧɢɹ� ɛɟɪɢɥɥɢɹ�� ɤɨɬɨɪɵɟ� ɩɨɤɚɡɚɥɢ�� ɱɬɨ� ɜɨɡɦɨɠɧɨɫɬɢ� ɬɪɚɞɢɰɢɨɧɧɵɯ�
ɬɟɯɧɢɱɟɫɤɢɯ�ɢ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ�ɫɪɟɞɫɬɜ��ɚ�ɬɚɤɠɟ��ɨɪɝɚɧɢɡɚɰɢɢ�ɩɪɨɢɡɜɨɞɫɬɜɚ��ɞɚɥɟɤɨ�ɧɟ�ɢɫɱɟɪɩɚɧɵ��ɢ�ɩɪɢ�
ɭɦɟɥɨɦ�ɢɫɩɨɥɶɡɨɜɚɧɢɢ��ɨɧɢ�ɦɨɝɭɬ�ɫɬɚɬɶ�ɜɵɫɨɤɨ��ɤɨɧɤɭɪɟɧɬɧɨ�ɫɩɨɫɨɛɧɵɦɢ�ɜ�ɫɨɜɪɟɦɟɧɧɵɯ�ɭɫɥɨɜɢɹɯ��


