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ɇ� ȼ��Ʌɢɬɨɲɟɧɤɨ��ɤɚɧɞ��ɬɟɯɧ��ɧɚɭɤ

ȱɧɫɬɢɬɭɬ�ɧɚɞɬɜɟɪɞɢɯ�ɦɚɬɟɪɿɚɥɿɜ�ɿɦ��ȼ�Ɇ��Ȼɚɤɭɥɹ�ɇȺɇ�ɍɤɪɚʀɧɢ��ɜɭɥ��Ⱥɜɬɨɡɚɜɨɞɫɶɤɚ�����
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ɉɈɊȱȼɇəɇɇə�ȾȼɈɏ�ɉȱȾɏɈȾȱȼ�ȾɈ�ɆɈȾȿɅɘȼȺɇɇə�ȽɊȺɇɂɐȱ�ɉɊɍɀɇɈɋɌȱ�
ɋɉɅȺȼȱȼ�:&±&R ɉȱȾ�ɑȺɋ�ɊɈɁɌəȽɍȼȺɇɇə

Ɂɚɜɞɚɧɧɹ� ɧɚɭɤɨɜɨɝɨ� ɞɨɫɥɿɞɠɟɧɧɹ� ɩɨɥɹɝɚɽ� ɜ� ɬɨɦɭ�� ɳɨɛ� ɩɨɹɫɧɢɬɢ� ɨɬɪɢɦɚɧɭ� ɡɚ� ɞɨɩɨɦɨɝɨɸ�
ɪɿɜɧɹɧɶ� ɦɟɯɚɧɿɤɢ� ɬɟɪɦɨɩɪɭɠɧɨɫɬɿ� ɤɨɦɩɨɡɢɬɿɜ� ɬɟɨɪɟɬɢɱɧɭ� ɡɚɥɟɠɧɿɫɬɶ� ɞɥɹ� ɝɪɚɧɢɰɿ� ɩɪɭɠɧɨɫɬɿ� ɡ�
ɩɨɝɥɹɞɭ�ɞɢɫɥɨɤɚɰɿɣɧɢɯ�ɭɹɜɥɟɧɶ�ɩɪɨ�ɩɥɚɫɬɢɱɧɿ�ɞɟɮɨɪɦɚɰɿʀ��ɳɨ�ɜɢɧɢɤɚɸɬɶ�ɜ�ɪɟɚɥɶɧɢɯ�ɬɜɟɪɞɢɯ�ɫɩɥɚɜɚɯ�
:&±&ɨ�� Ⱦɥɹ� ɰɶɨɝɨ� ɩɪɨɜɟɞɟɧɨ� ɩɨɪɿɜɧɹɧɧɹ� ɨɬɪɢɦɚɧɨɝɨ� ɪɨɡɜ¶ɹɡɤɭ� ɦɨɞɟɥɶɧɨʀ� ɡɚɞɚɱɿ� ɩɪɨ� ɜɡɚɽɦɨɞɿɸ�
ɝɜɢɧɬɨɜɨʀ� ɞɢɫɥɨɤɚɰɿʀ� ɡ� ɡɟɪɧɚɦɢ� :&� ɜ� ɬɜɟɪɞɢɯ� ɫɩɥɚɜɚɯ� :&±&ɨ� ɡ� ɨɰɿɧɤɨɸ� ɝɪɚɧɢɰɿ� ɩɪɭɠɧɨɫɬɿ� ɰɢɯ�
ɫɩɥɚɜɿɜ��ɜɢɤɨɧɚɧɨɸ�ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɪɿɜɧɹɧɶ�ɬɟɪɦɨɩɪɭɠɧɨɫɬɿ�ɞɜɨɮɚɡɧɢɯ�ɤɨɦɩɨɡɢɬɿɜ��ȼɫɬɚɧɨɜɥɟɧɨ��ɳɨ�
ɬɟɨɪɟɬɢɱɧɚ�ɡɚɥɟɠɧɿɫɬɶ�ɭɦɨɜɧɨʀ�ɝɪɚɧɢɰɿ�ɩɪɭɠɧɨɫɬɿ�ɞɥɹ�ɫɩɥɚɜɭ�:&±���&R�ɩɪɚɤɬɢɱɧɨ�ɡɛɿɝɚɽɬɶɫɹ�ɡ�
ɜɢɪɚɡɨɦ� ɞɥɹ� ɨɰɿɧɤɢ� ɡɧɢɡɭ� ɝɪɚɧɢɰɿ� ɬɟɤɭɱɨɫɬɿ� ɡɚ� ɧɚɹɜɧɨɫɬɿ� ɫɦɭɝɢ� ɡɫɭɜɭ� ɜ� ɫɭɦɿɠɧɢɯ� ɩɥɨɳɢɧɚɯ�
ɤɪɢɫɬɚɥɿɱɧɨʀ�ʉɪɚɬɤɢ�ɩɿɞ�ɱɚɫ�ɪɨɡɬɹɝɭɜɚɧɧɹ��Ɉɬɠɟ��ɫɬɜɨɪɟɧɿ�ɡ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ�ɬɪɚɞɢɰɿɣɧɨʀ�ɦɟɯɚɧɿɤɢ�
ɩɪɭɠɧɢɯ�ɤɨɦɩɨɡɢɬɿɜ�ɦɚɬɟɦɚɬɢɱɧɿ�ɦɨɞɟɥɿ�ɽ�ɮɿɡɢɱɧɨ�ɩɪɚɜɞɨɩɨɞɿɛɧɢɦɢ�ɿ�ɦɨɠɭɬɶ�ɛɭɬɢ�ɪɨɡɜɢɧɭɬɢɦɢ��
Ȳɯ� ɡɚɫɬɨɫɭɜɚɧɧɹ� ɞɚɫɬɶ� ɡɦɨɝɭ� ɩɪɨɜɨɞɢɬɢ� ɤɨɧɬɪɨɥɶ� ɬɨɱɧɨɫɬɿ� ɜɢɦɿɪɸɜɚɧɧɹ� ɞɟɮɨɪɦɚɰɿɣɧɢɯ�
ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɩɪɨɦɢɫɥɨɜɢɯ�ɦɚɪɨɤ�ɬɜɟɪɞɢɯ�ɫɩɥɚɜɿɜ��

Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ�� ɬɜɟɪɞɢɣ� ɫɩɥɚɜ :&±&R�� ɦɚɬɟɦɚɬɢɱɧɟ� ɦɨɞɟɥɸɜɚɧɧɹ�� ɝɪɚɧɢɰɹ� ɩɪɭɠɧɨɫɬɿ��
ɪɨɡɬɹɝɭɜɚɧɧɹ��ɝɜɢɧɬɨɜɚ�ɞɢɫɥɨɤɚɰɿɹ�

ȼɫɬɭɩ
əɤ� ɫɜɿɞɱɢɬɶ� ɨɝɥɹɞ� ɫɭɱɚɫɧɨʀ� ɥɿɬɟɪɚɬɭɪɢ�� ɩɪɢɫɜɹɱɟɧɨʀ� ɤɨɦɩ¶ɸɬɟɪɧɨɦɭ� ɦɨɞɟɥɸɜɚɧɧɸ�

ɧɚɩɪɭɠɟɧɨ�ɞɟɮɨɪɦɚɰɿɣɧɨɝɨ� ɫɬɚɧɭ� ɫɩɥɚɜɿɜ�:&�&R�� ɜɫɬɚɧɨɜɥɸɸɱɢ� ɤɨɪɟɥɹɰɿɣɧɿ� ɡɜ¶ɹɡɤɢ� ɦɿɠ�
ɫɬɪɭɤɬɭɪɨɸ� ɿ� ɜɥɚɫɬɢɜɨɫɬɹɦɢ� ɬɜɟɪɞɢɯ� ɫɩɥɚɜɿɜ�� ɞɨɫɥɿɞɧɢɤɢ� ɡɞɟɛɿɥɶɲɨɝɨ� ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ�
ɚɬɨɦɿɫɬɢɱɧɿ� ɨɛɱɢɫɥɸɜɚɥɶɧɿ� ɦɨɞɟɥɿ� >��� �@�� ȱɧɮɨɪɦɚɰɿɸ�� ɨɬɪɢɦɚɧɭ� ɡɚ� ɞɨɩɨɦɨɝɨɸ�� ɧɚɩɪɢɤɥɚɞ��
ɦɨɥɟɤɭɥɹɪɧɨ�ɞɢɧɚɦɿɱɧɨɝɨ� ɦɟɬɨɞɭ�� ɩɨɜ¶ɹɡɭɸɬɶ� ɡ� ɤɨɧɬɢɧɭɚɥɶɧɢɦɢ� ɦɨɞɟɥɹɦɢ� ɩɪɭɠɧɨɫɬɿ� ɡ�
ɭɪɚɯɭɜɚɧɧɹɦ� ɬɟɨɪɿʀ� ɞɢɫɥɨɤɚɰɿɣ�� Ⱦɥɹ� ɪɨɡɜ¶ɹɡɚɧɧɹ� ɦɨɞɟɥɶɧɢɯ� ɡɚɞɚɱ� ɡɞɟɛɿɥɶɲɨɝɨ�
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ�ɞɜɨɜɢɦɿɪɧɢɣ�ɦɟɬɨɞ�ɫɤɿɧɱɟɧɧɢɯ�ɟɥɟɦɟɧɬɿɜ�

Ⱥɜɬɨɪ�ɫɬɚɬɬɿ�ɫɬɚɜɢɬɶ�ɡɚ�ɦɟɬɭ�ɜɫɬɚɧɨɜɢɬɢ��ɹɤ�ɭɡɝɨɞɠɭɽɬɶɫɹ�ɦɿɠ�ɫɨɛɨɸ�ɞɜɚ�ɪɿɡɧɿ�ɩɿɞɯɨɞɢ�
ɞɨ� ɦɨɞɟɥɸɜɚɧɧɹ� ɭɦɨɜɧɨʀ� ɝɪɚɧɢɰɿ� ɩɪɭɠɧɨɫɬɿ� ɫɩɥɚɜɿɜ�:&±���&R ɩɿɞ� ɱɚɫ� ɜɢɩɪɨɛɭɜɚɧɧɹ� ɧɚ�
ɪɨɡɬɹɝɭɜɚɧɧɹ�� ɉɟɪɲɢɣ� ɿɡ� ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ� ɩɿɞɯɨɞɿɜ� ɛɚɡɭɽɬɶɫɹ� ɧɚ� ɮɭɧɞɚɦɟɧɬɚɥɶɧɢɯ�
ɩɨɥɨɠɟɧɧɹɯ� ɮɿɡɢɱɧɨɝɨ� ɦɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɚ� ɿ� ɦɟɯɚɧɿɤɢ� ɩɪɭɠɧɨ�ɩɥɚɫɬɢɱɧɢɯ� ɤɨɦɩɨɡɢɬɿɜ�� ɚ�
ɞɪɭɝɢɣ�± ɧɚ�ɩɪɢɧɰɢɩɚɯ�ɮɿɡɢɱɧɨʀ�ɬɟɨɪɿʀ�ɩɥɚɫɬɢɱɧɨɫɬɿ�ɤɪɢɫɬɚɥɿɜ�

ɑɢɫɥɨɜɢɣ�ɟɤɫɩɟɪɢɦɟɧɬ
ɉɿɞ� ɱɚɫ� ɦɟɯɚɧɿɱɧɢɯ� ɜɢɩɪɨɛɭɜɚɧɶ� ɬɜɟɪɞɢɯ� ɫɩɥɚɜɿɜ� ɧɚ� ɪɨɡɬɹɝɭɜɚɧɧɹ� ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ�

ɞɨɜɝɿ�ɡɪɚɡɤɢ��ɜ�ɫɟɪɟɞɧɿɣ�ɱɚɫɬɢɧɿ�ɹɤɢɯ�ɫɬɜɨɪɸɽɬɶɫɹ�ɨɞɧɨɪɿɞɧɢɣ�ɨɞɧɨɨɫɶɨɜɢɣ�ɧɚɩɪɭɠɟɧɢɣ�ɫɬɚɧ��
Ⱦɥɹ� ɨɰɿɧɸɜɚɧɧɹ� ɝɪɚɧɢɰɿ� ɩɪɭɠɧɨɫɬɿ� ɬɜɟɪɞɨɝɨ� ɫɩɥɚɜɭ� :&±���&R ɜɢɯɨɞɢɦɨ� ɡ�

ɜɿɞɩɨɜɿɞɧɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɣɨɝɨ� ɤɚɪɛɿɞɧɨʀ� ɿ� ɤɨɛɚɥɶɬɨɜɨʀ� ɮɚɡ� ɡ� ɭɪɚɯɭɜɚɧɧɹɦ� ɡɚɥɢɲɤɨɜɢɯ�
ɬɟɪɦɿɱɧɢɯ� ɧɚɩɪɭɠɟɧɶ�� ɳɨ� ɜɢɧɢɤɥɢ� ɜ� ɩɪɨɰɟɫɿ� ɨɯɨɥɨɞɠɟɧɧɹ� ɩɿɫɥɹ� ɫɩɿɤɚɧɧɹ� >�@�� Ɋɿɜɧɹɧɧɹ�
ɬɟɪɦɨɩɪɭɠɧɨɫɬɿ� ɞɜɨɮɚɡɧɢɯ� ɤɨɦɩɨɡɢɬɿɜ� ɜɫɬɚɧɨɜɥɸɸɬɶ� ɡɜ
ɹɡɨɤ� ɦɿɠ� ɫɟɪɟɞɧɿɦɢ� ɡɚ� ɨɛ¶ɽɦɨɦ�
ɧɚɩɪɭɠɟɧɧɹɦɢ�ɮɚɡ�ɫɩɥɚɜɭ�:&±&ɨ�ɬɚ�ɦɚɤɪɨɫɤɨɩɿɱɧɢɦ�ɧɚɩɪɭɠɟɧɧɹɦ�ɪɨɡɬɹɝɭɜɚɧɧɹ��ɉɿɞ�ɞɿɽɸ�
ɧɚɩɪɭɠɟɧɧɹ�ɪɨɡɬɹɝɭɜɚɧɧɹ�ɮɿɤɫɨɜɚɧɨɝɨ�ɡɧɚɱɟɧɧɹ�ɬɪɶɨɯɨɫɶɨɜɢɣ�ɧɚɩɪɭɠɟɧɢɣ�ɫɬɚɧ��ɳɨ�ɜɢɧɢɤɚɽ�
ɜ�ɣɨɝɨ�ɮɚɡɚɯ��ɿɫɬɨɬɧɨ�ɜɿɞɪɿɡɧɹɽɬɶɫɹ�



ɊȺɁȾȿɅ����ɊȺɁɊȺȻɈɌɄȺ�ɂ�ȼɇȿȾɊȿɇɂȿ�ɈȻɈɊɍȾɈȼȺɇɂə�ɂ�ɂɇɋɌɊɍɆȿɇɌȺ��ɈɋɇȺɓȿɇɇɈȽɈ�
ɌȼȿɊȾɕɆɂ�ɋɉɅȺȼȺɆɂ��ȼ�ɊȺɁɅɂɑɇɕɏ�ɈɌɊȺɋɅəɏ�ɉɊɈɆɕɒɅȿɇɇɈɋɌɂ
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ɉɿɞ�ɱɚɫ�ɡɛɿɥɶɲɟɧɧɹ�ɡɨɜɧɿɲɧɶɨɝɨ�ɧɚɜɚɧɬɚɠɟɧɧɹ��ɳɨ�ɪɨɡɬɹɝɭɽ�ɡɪɚɡɨɤ�ɡ�ɬɜɟɪɞɨɝɨ�ɫɩɥɚɜɭ�
:&±���&R��ɩɟɪɲɨɸ�ɡ�ɮɚɡ��ɜ�ɹɤɿɣ�ɞɨɫɹɝɚɽɬɶɫɹ�ɝɪɚɧɢɰɹ�ɩɪɭɠɧɨɫɬɿ��ɽ�ɤɨɛɚɥɶɬɨɜɚ�ɡɜ¶ɹɡɤɚ��Ɍɨɦɭ�
ɭɦɨɜɧɚ�ɝɪɚɧɢɰɹ�ɩɪɭɠɧɨɫɬɿ�ɰɶɨɝɨ�ɫɩɥɚɜɭ�ɪɨɡɪɚɯɨɜɭɽɬɶɫɹ�ɡɚ�ɮɨɪɦɭɥɨɸ�>�@��
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������������� ��� &R\&R OV ± ɝɪɚɧɢɰɹ�ɩɪɭɠɧɨɫɬɿ�ɤɨɛɚɥɶɬɨɜɨʀ�ˊ˅
ɹɡɤɢ��ȝ��ȝ:&��ȝ&ɨ ± ɦɨɞɭɥɿ�

ɡɫɭɜɭ�ɫɩɥɚɜɭ��ɤɚɪɛɿɞɧɨʀ�ɿ�ɤɨɛɚɥɶɬɨɜɨʀ�ɮɚɡɢ�ɜɿɞɩɨɜɿɞɧɨ��Ȟ&ɨ�± ɨɛ¶ɽɦɧɢɣ�ɜɦɿɫɬ�ɤɨɛɚɥɶɬɭ�ɜ�ɫɩɥɚɜɿ��
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ɞɟ� G:& ± ɫɟɪɟɞɧɿɣ� ɪɨɡɦɿɪ� ɤɚɪɛɿɞɧɢɯ� ɡɟɪɟɧ�� ɋ ± ɤɨɟɮɿɰɿɽɧɬ� ɫɭɦɿɠɧɨɫɬɿ� ɡɟɪɟɧ�:&�� ɚ� 9 ±
ɤɨɟɮɿɰɿɽɧɬ�ɜɚɪɿɚɰɿʀ�ɪɨɡɩɨɞɿɥɭ�ɡɟɪɟɧ�:& ɡɚ�ɪɨɡɦɿɪɚɦɢ�

Ɉɬɪɢɦɚɧɿ�ɡɧɚɱɟɧɧɹ�ıɭ ɞɥɹ�ɪɿɡɧɢɯ�G:& ɬɚ�ɤɨɟɮɿɰɿɽɧɬɚ�ɜɚɪɿɚɰɿʀ�9  ����ɩɨɞɚɧɨ�ɜ�ɬɚɛɥɢɰɿ�

Ɂɚɥɟɠɧɿɫɬɶ�ɝɪɚɧɢɰɿ�ɩɪɭɠɧɨɫɬɿ�ıɭ ɩɿɞ�ɱɚɫ�ɪɨɡɬɹɝɭɜɚɧɧɹ�ɫɩɥɚɜɭ�:&±���&R ɜɿɞ�ɫɟɪɟɞɧɶɨɝɨ�
ɪɨɡɦɿɪɭ�ɤɚɪɛɿɞɧɢɯ�ɡɟɪɟɧ�G:&

G:&��ɦɤɦ � � � � �
ıɭ ��Ƚɉɚ ���� ���� ���� ���� ����

Ʌɿɬɟɪɚɬɭɪɧɿ� ɞɚɧɿ� ɩɪɨ� ɦɟɯɚɧɿɱɧɿ� ɜɢɩɪɨɛɨɜɭɜɚɧɧɹ� ɬɜɟɪɞɢɯ� ɫɩɥɚɜɿɜ� :&±&R� ɧɚ�
ɪɨɡɬɹɝɭɜɚɧɧɹ��ɧɚ�ɠɚɥɶ��ɧɟɱɢɫɥɟɧɧɿ� ɿ�ɞɨɫɢɬɶ�ɫɭɩɟɪɟɱɥɢɜɿ� >�@��ɇɚɜɟɞɟɦɨ�ɞɟɹɤɿ�ɡ�ɧɢɯ�ɞɥɹ�:&±
���&R�� Ɍɚɤ�� ɝɪɚɧɢɰɹ� ɩɪɨɩɨɪɰɿɣɧɨɫɬɿ�� ɜɢɦɿɪɹɧɚ� ɜ� >�@�� ɫɬɚɧɨɜɢɬɶ� ���������� Ƚɉɚ�� ɭɦɨɜɧɚ�
ɝɪɚɧɢɰɹ� ɬɟɤɭɱɨɫɬɿ� ɡɚ� ɡɚɥɢɲɤɨɜɨʀ� ɩɥɚɫɬɢɱɧɨʀ� ɞɟɮɨɪɦɚɰɿʀ� ������ ± ����±������ Ƚɉɚ� >�@�� Ɂ�
ɞɿɚɝɪɚɦɢ�ɞɟɮɨɪɦɭɜɚɧɧɹ� ɩɿɞ� ɱɚɫ� ɪɨɡɬɹɝɭɜɚɧɧɹ� ɜ� >�@� ɜɢɞɧɨ��ɳɨ� ɝɪɚɧɢɰɹ� ɩɪɭɠɧɨɫɬɿ� ɞɨɪɿɜɧɸɽ�
ɩɪɢɛɥɢɡɧɨ� ����� Ƚɉɚ�� Ɂɚ� ɞɚɧɢɦɢ� ɬɚɛɥɢɰɿ�� ɞɥɹ� ɪɨɡɦɿɪɿɜ� ɤɚɪɛɿɞɧɢɯ� ɡɟɪɟɧ� � G:& � ��±��� ɦɤɦ�
ɫɟɪɟɞɧɽ�ɡɧɚɱɟɧɧɹ�ıɭ  ������Ƚɉɚ��Ɍɚɤɚ�ɜɿɞɩɨɜɿɞɧɿɫɬɶ�ɫɜɿɞɱɢɬɶ�ɧɚ�ɤɨɪɢɫɬɶ�ɡɚɫɬɨɫɨɜɚɧɨɝɨ�ɦɟɬɨɞɭ�
ɨɛɱɢɫɥɟɧɧɹ�ɝɪɚɧɢɰɿ�ɩɪɭɠɧɨɫɬɿ�

ɉɨɞɚɧɚ�ɜ�ɬɚɛɥɢɰɿ�ɡɚɥɟɠɧɿɫɬɶ ıɭ�G:&��ɦɨɠɟ�ɛɭɬɢ�ɚɩɪɨɤɫɢɦɨɜɚɧɚ�ɜɢɪɚɡɨɦ��

:&���������ı G�\ � ���

ɡ�ɤɨɟɮɿɰɿɽɧɬɨɦ�ɪɟɝɪɟɫɿʀ�������
Ɂɚɫɬɨɫɭɽɦɨ� ɿɧɲɢɣ� ɩɿɞɯɿɞ� ɞɥɹ� ɜɫɬɚɧɨɜɥɟɧɧɹ� ɡɚɥɟɠɧɨɫɬɿ� ɝɪɚɧɢɰɿ� ɩɪɭɠɧɨɫɬɿ ɬɜɟɪɞɨɝɨ

ɫɩɥɚɜɭ�:&±���&R ɜɿɞ�ɫɟɪɟɞɧɶɨɝɨ�ɪɨɡɦɿɪɭ�ɡɟɪɟɧ�:&��ȼ�ɧɶɨɦɭ�ɬɪɚɞɢɰɿɣɧɚ�ɦɟɯɚɧɿɤɚ�ɩɪɭɠɧɢɯ�
ɤɨɦɩɨɡɢɬɿɜ�ɩɨɽɞɧɭɽɬɶɫɹ�ɡ�ɮɿɡɢɱɧɨɸ�ɬɟɨɪɿɽɸ�ɩɥɚɫɬɢɱɧɨɫɬɿ�ɤɪɢɫɬɚɥɿɜ��Ɋɨɡɝɥɹɧɟɦɨ�ɦɚɬɪɢɱɧɢɣ�
ɤɨɦɩɨɡɢɬ� ɡ� ɪɟɝɭɥɹɪɧɢɦ� ɪɨɡɬɚɲɭɜɚɧɧɹɦ� ɫɮɟɪɢɱɧɢɯ� ɜɤɥɸɱɟɧɶ�� ɜ� ɹɤɨɦɭ� ɫɬɜɨɪɟɧɨ� ɝɜɢɧɬɨɜɭ�
ɞɢɫɥɨɤɚɰɿɸ�� ȼɜɚɠɚɽɬɶɫɹ�� ɳɨ� ɧɚ� ɜɟɥɢɤɿɣ� ɜɿɞɫɬɚɧɿ� ɜɿɞ� ɞɢɫɥɨɤɚɰɿʀ� ɤɨɦɩɨɡɢɬɧɢɣ� ɦɚɬɟɪɿɚɥ�
ɡɧɚɯɨɞɢɬɶɫɹ� ɜ� ɭɦɨɜɚɯ� ɨɞɧɨɪɿɞɧɨɝɨ� ɧɚɩɪɭɠɟɧɨɝɨ� ɫɬɚɧɭ��Ɉɫɧɨɜɧɢɦ�ɦɟɯɚɧɿɡɦɨɦ� ɩɥɚɫɬɢɱɧɨɝɨ�
ɞɟɮɨɪɦɭɜɚɧɧɹ� ɤɨɦɩɨɡɢɬɭ� ɜɜɚɠɚɽɬɶɫɹ� ɤɨɜɡɚɧɧɹ� ɜ� ɩɥɨɳɢɧɚɯ� ɫɢɦɟɬɪɿʀ� ɣɨɝɨ� ɟɥɟɦɟɧɬɚɪɧɨʀ�
ɤɨɦɿɪɤɢ��Ɋɨɡɝɥɹɞɚɽɬɶɫɹ�ɬɚɤɚ�ɫɢɫɬɟɦɚ�ɤɨɜɡɚɧɧɹ��ɳɨ�ɩɿɞ�ɱɚɫ�ɞɟɮɨɪɦɭɜɚɧɧɹ�ɩɨɞɨɜɠɧɶɨɝɨ�ɡɫɭɜɭ�
ɦɚɬɟɪɿɚɥɭ�ɜɿɞɩɨɜɿɞɚɽ�ɧɚɣɛɿɥɶɲ�ɥɟɝɤɨɦɭ�ɤɨɜɡɚɧɧɸ��ȼ�ɬɚɤɨɦɭ�ɪɚɡɿ�ɞɢɫɥɨɤɚɰɿɹ�ɩɿɞ�ɱɚɫ�ɪɭɯɭ�ɧɟ�



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

���

ɩɟɪɟɬɢɧɚɽ�ɱɚɫɬɢɧɤɢ�ɞɢɫɩɟɪɫɧɨʀ�ɮɚɡɢ��ɉɟɪɟɜɚɝɢ�ɡɚɫɬɨɫɨɜɚɧɨɝɨ�ɦɟɬɨɞɭ�ɩɨɥɹɝɚɸɬɶ�ɜ�ɬɨɦɭ��ɳɨ�
ɧɚ� ɜɿɞɦɿɧɭ� ɜɿɞ� ɧɚɜɟɞɟɧɨɝɨ�� ɧɚɩɪɢɤɥɚɞ� ɜ� >�@�� ɜɿɧ� ɜɪɚɯɨɜɭɽ� ɟɮɟɤɬ� ɜɡɚɽɦɧɨɝɨ� ɜɩɥɢɜɭ�
ɬɜɟɪɞɨɮɚɡɧɢɯ�ɜɤɥɸɱɟɧɶ�ɧɚ�ɧɚɩɪɭɠɟɧɨ�ɞɟɮɨɪɦɚɰɿɣɧɢɣ�ɫɬɚɧ�ɦɚɬɪɢɰɿ��

Ɂɚɩɪɨɩɨɧɨɜɚɧɚ� ɦɨɞɟɥɶ� ɫɬɪɭɤɬɭɪɢ� ɤɨɦɩɨɡɢɬɚ� ɦɨɠɟ� ɪɨɡɝɥɹɞɚɬɢɫɹ� ɹɤ� ɞɜɨɜɢɦɿɪɧɢɣ�
ɚɧɚɥɨɝ�ɛɚɝɚɬɨɤɨɛɚɥɶɬɨɜɨɝɨ�ɬɜɟɪɞɨɝɨ�ɫɩɥɚɜɭ�:&±&R��ɦɿɤɪɨɫɬɪɭɤɬɭɪɚ�ɹɤɨɝɨ�ɧɚɛɥɢɠɚɽɬɶɫɹ�ɞɨ�
ɦɚɬɪɢɱɧɨʀ��Ⱦɥɹ�ɨɰɿɧɸɜɚɧɧɹ�ɭɦɨɜɧɨʀ�ɝɪɚɧɢɰɿ�ɩɪɭɠɧɨɫɬɿ�ɩɿɞ�ɱɚɫ�ɪɨɡɬɹɝɭɜɚɧɧɹ�ɬɜɟɪɞɨɝɨ�ɫɩɥɚɜɭ�
:&±���&R ɫɤɨɪɢɫɬɚɽɦɨɫɹ�ɬɟɨɪɟɬɢɱɧɢɦɢ�ɪɟɡɭɥɶɬɚɬɚɦɢ�>�@��Ƚɪɚɧɢɰɹ�ɬɟɤɭɱɨɫɬɿ�ɤɨɦɩɨɡɢɬɧɨɝɨ�
ɦɚɬɟɪɿɚɥɭ�ɩɿɞ�ɱɚɫ�ɡɫɭɜɭ�ɦɚɽ�ɜɢɝɥɹɞ�
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ɞɟ�ĲP ± ɝɪɚɧɢɰɹ�ɬɟɤɭɱɨɫɬɿ�ɧɚ�ɡɫɭɜ�ɦɚɬɟɪɿɚɥɭ�ɦɚɬɪɢɰɿ��E ± ɦɨɞɭɥɶ�ɜɟɤɬɨɪɚ�Ȼɸɪɝɟɪɫɚ�ɦɚɬɟɪɿɚɥɭ�
ɦɚɬɪɢɰɿ��G ± ɞɿɚɦɟɬɪ�ɱɚɫɬɢɧɨɤ�ɧɚɩɨɜɧɸɜɚɱɚ��Y ± ɨɛ¶ɽɦɧɚ�ɤɨɧɰɟɧɬɪɚɰɿɹ�ɧɚɩɨɜɧɸɜɚɱɚ���ȝ  ��I ��
�P ± ɜɿɞɧɨɲɟɧɧɹ�ɦɨɞɭɥɿɜ�ɡɫɭɜɭ�ɦɚɬɟɪɿɚɥɿɜ�ɜɤɥɸɱɟɧɧɹ�ɿ�ɦɚɬɪɢɰɿ��Ɂɚɥɟɠɧɿɫɬɶ�ɩɚɪɚɦɟɬɪɚ�Ĳ�Y��ȝ��
ɜɿɞ� ɚɪɝɭɦɟɧɬɿɜ� ɧɚɜɟɞɟɧɨ� ɜ� >�@�� Ⱥɧɚɥɨɝɿɱɧɟ� ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ� ɞɥɹ� ɝɪɚɧɢɰɿ� ɬɟɤɭɱɨɫɬɿ� ɩɿɞ� ɱɚɫ�

ɪɨɡɬɹɝɭɜɚɧɧɹ�ɡ�ɭɪɚɯɭɜɚɧɧɹɦ�ɬɨɝɨ�ɮɚɤɬɭ��ɳɨ�ɜɨɧɚ�ɜ � ɪɚɡɿɜ�ɛɿɥɶɲɚ�ɡɚ�ɝɪɚɧɢɰɸ�ɬɟɤɭɱɨɫɬɿ�ɩɿɞ�
ɱɚɫ�ɡɫɭɜɭ�>�@��ɦɚɽ�ɬɚɤɢɣ�ɜɢɝɥɹɞ�
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ɞɟ�ıP ± ɝɪɚɧɢɰɹ�ɬɟɤɭɱɨɫɬɿ�ɩɿɞ�ɱɚɫ�ɪɨɡɬɹɝɭɜɚɧɧɹ�ɦɚɬɟɪɿɚɥɭ�ɦɚɬɪɢɰɿ��Ɉɫɤɿɥɶɤɢ��ɧɚɦɢ�ɪɨɡɝɥɹɧɭɬɨ�
ɜɢɩɚɞɨɤ�� ɤɨɥɢ� ɨɞɧɚ� ɞɢɫɥɨɤɚɰɿɹ� ɩɟɪɟɦɿɳɭɽɬɶɫɹ� ɜ� ɩɥɨɳɢɧɿ� ɧɚɣɥɟɝɲɨɝɨ� ɤɨɜɡɚɧɧɹ�� ɬɨ�
ɡɚɩɪɨɩɨɧɨɜɚɧɢɣ�ɜɢɪɚɡ�ɞɥɹ�ɝɪɚɧɢɰɿ�ɬɟɤɭɱɨɫɬɿ�ɡɚ�ɜɢɩɪɨɛɨɜɭɜɚɧɧɹ�ɧɚ�ɪɨɡɬɹɝ�ɦɨɠɧɚ�ɪɨɡɝɥɹɞɚɬɢ�
ɹɤ� ɨɰɿɧɤɭ� ɡɧɢɡɭ� ɝɪɚɧɢɰɿ� ɬɟɤɭɱɨɫɬɿ� ɪɟɚɥɶɧɨɝɨ� ɫɩɥɚɜɭ� :&±&R ɿ� ɩɨɪɿɜɧɹɬɢ� ʀʀ� ɡ� ɭɦɨɜɧɨɸ�
ɝɪɚɧɢɰɟɸ�ɩɪɭɠɧɨɫɬɿ�����

Ⱦɥɹ�ɬɜɟɪɞɨɝɨ�ɫɩɥɚɜɭ�:&±���&R ɩɚɪɚɦɟɬɪɢ�ɪɿɜɧɹɧɧɹ�����ɦɚɸɬɶ�ɬɚɤɿ�ɡɧɚɱɟɧɧɹ��E  ������
ɧɦ���P  ������Y  ��������Ĳ�Y��ȝ�� �������Ⱦɥɹ�ıP ɜɢɛɢɪɚɽɦɨ�ɡɧɚɱɟɧɧɹ�������Ƚɉ��ɳɨ�ɧɚɜɟɞɟɧɨ�ɜ�>��@�
ɞɥɹ� ɤɨɛɚɥɶɬɨɜɨʀ� ɡɜ¶ɹɡɤɢ�� ȼ� ɪɟɡɭɥɶɬɚɬɿ� ɩɪɨɜɟɞɟɧɢɯ� ɪɨɡɪɚɯɭɧɤɿɜ� ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ� ���
ɩɟɪɟɬɜɨɪɸɽɬɶɫɹ�ɧɚ�ɡɚɥɟɠɧɿɫɬɶ�ɝɪɚɧɢɰɿ�ɬɟɤɭɱɨɫɬɿ�ɩɿɞ�ɱɚɫ�ɪɨɡɬɹɝɭɜɚɧɧɹ�ɜɿɞ�ɫɟɪɟɞɧɶɨɝɨ�ɪɨɡɦɿɪɭ�
ɤɚɪɛɿɞɧɢɯ�ɡɟɪɟɧ�G:& ɜ�ɫɩɥɚɜɿ�:&±���&R��

:&����������ı G� � ���

ɉɨɪɿɜɧɹɧɧɹ�ɡɚɥɟɠɧɨɫɬɟɣ�����ɿ�����ɜɤɚɡɭɽ�ɧɚ�ɬɟ��ɳɨ�ɜɨɧɢ�ɛɭɞɭɬɶ�ɩɪɚɤɬɢɱɧɨ�ɫɩɿɜɩɚɞɚɬɢ�ɭ�
ɪɚɡɿ�ɡɛɿɥɶɲɟɧɧɹ�ɤɨɟɮɿɰɿɽɧɬɚ�������ɜ�ɱɨɬɢɪɢ�ɪɚɡɢ��ȼɚɪɬɨ�ɡɚɭɜɚɠɢɬɢ��ɳɨ�ɜ�ɰɶɨɦɭ�ɜɢɩɚɞɤɭ�ɜɢɪɚɡ�
���� ɜɿɞɩɨɜɿɞɚɬɢɦɟ� ɬɟɨɪɟɬɢɱɧɨɦɭ� ɪɨɡɜ¶ɹɡɤɭ� ɪɨɡɝɥɹɧɭɬɨʀ� ɡɚɞɚɱɿ� � ɦɨɞɟɥɸɜɚɧɧɹ� ɫɦɭɝɢ� ɡɫɭɜɭ� ɜ�
ɱɨɬɢɪɶɨɯ�ɩɥɨɳɢɧɚɯ�ɤɪɢɫɬɚɥɿɱɧɨʀ�ʉɪɚɬɤɢ�

ȼɢɫɧɨɜɤɢ
ɉɪɨɜɟɞɟɧɢɣ� ɩɨɪɿɜɧɹɥɶɧɢɣ� ɚɧɚɥɿɡ� ɫɜɿɞɱɢɬɶ� ɩɪɨ� ɬɟ�� ɳɨ� ɦɚɬɟɦɚɬɢɱɧɟ� ɦɨɞɟɥɸɜɚɧɧɹ�

ɭɦɨɜɧɨʀ� ɝɪɚɧɢɰɿ� ɩɪɭɠɧɨɫɬɿ� ɩɿɞ� ɱɚɫ� ɪɨɡɬɹɝɭɜɚɧɧɹ� ɬɜɟɪɞɢɯ� ɫɩɥɚɜɿɜ�:&±&R�� ɚɥɝɨɪɢɬɦɢ� ɹɤɨɝɨ�
ɛɚɡɭɸɬɶɫɹ� ɧɚ� ɮɭɧɞɚɦɟɧɬɚɥɶɧɢɯ� ɩɨɥɨɠɟɧɧɹɯ� ɮɿɡɢɱɧɨɝɨ� ɦɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɚ� ɬɚ� ɦɟɯɚɧɿɤɢ�
ɩɪɭɠɧɨ�ɩɥɚɫɬɢɱɧɢɯ� ɦɚɬɟɪɿɚɥɿɜ�� ɞɨɛɪɟ� ɭɡɝɨɞɠɭɽɬɶɫɹ� ɡ� ɞɢɫɥɨɤɚɰɿɣɧɢɦɢ� ɭɹɜɥɟɧɧɹɦɢ� ɩɪɨ�
ɩɥɚɫɬɢɱɧɟ�ɞɟɮɨɪɦɭɜɚɧɧɹ�ɛɚɝɚɬɨɤɨɛɚɥɶɬɨɜɢɯ�ɬɜɟɪɞɢɯ�ɫɩɥɚɜɿɜ�:&±&R��Ɉɬɠɟ��ɫɬɜɨɪɟɧɿ�ɜ�>�@�ɿ�
>��@� ɡ� ɜɢɤɨɪɢɫɬɚɧɧɹɦ� ɬɚɤɨɝɨ� ɩɿɞɯɨɞɭ� ɦɚɬɟɦɚɬɢɱɧɿ� ɦɨɞɟɥɿ� ɽ� ɮɿɡɢɱɧɨ� ɩɪɚɜɞɨɩɨɞɿɛɧɢɦɢ� ɿ�
ɦɨɠɭɬɶ� ɪɨɡɜɢɜɚɬɢɫɹ� ɭ� ɦɚɣɛɭɬɧɶɨɦɭ�� Ɂɚɫɬɨɫɭɜɚɧɧɹ� ɨɬɪɢɦɚɧɢɯ� ɚɧɚɥɿɬɢɱɧɢɯ� ɡɚɥɟɠɧɨɫɬɟɣ�



ɊȺɁȾȿɅ����ɊȺɁɊȺȻɈɌɄȺ�ɂ�ȼɇȿȾɊȿɇɂȿ�ɈȻɈɊɍȾɈȼȺɇɂə�ɂ�ɂɇɋɌɊɍɆȿɇɌȺ��ɈɋɇȺɓȿɇɇɈȽɈ�
ɌȼȿɊȾɕɆɂ�ɋɉɅȺȼȺɆɂ��ȼ�ɊȺɁɅɂɑɇɕɏ�ɈɌɊȺɋɅəɏ�ɉɊɈɆɕɒɅȿɇɇɈɋɌɂ

���

ɜɥɚɫɬɢɜɨɫɬɟɣ� ɫɩɥɚɜɿɜ�:&±&R ɜɿɞ� ɫɬɪɭɤɬɭɪɧɢɯ� ɩɚɪɚɦɟɬɪɿɜ� ɞɚɽ� ɡɦɨɝɭ� ɩɪɨɜɨɞɢɬɢ� ɤɨɧɬɪɨɥɶ�
ɬɨɱɧɨɫɬɿ�ɜɢɦɿɪɸɜɚɧɧɹ�ɞɟɮɨɪɦɚɰɿɣɧɢɯ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɩɪɨɦɢɫɥɨɜɢɯ�ɦɚɪɨɤ�ɬɜɟɪɞɢɯ�ɫɩɥɚɜɿɜ��

Ɂɚɞɚɱɚ ɧɚɭɱɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ�ɡɚɤɥɸɱɚɟɬɫɹ�ɜ�ɬɨɦ��ɱɬɨɛɵ�ɨɛɴɹɫɧɢɬɶ�ɩɨɥɭɱɟɧɧɭɸ�ɫ�ɩɨɦɨɳɶɸ�
ɭɪɚɜɧɟɧɢɣ� ɦɟɯɚɧɢɤɢ� ɬɟɪɦɨɭɩɪɭɝɨɫɬɢ� ɤɨɦɩɨɡɢɬɨɜ� ɬɟɨɪɟɬɢɱɟɫɤɭɸ� ɡɚɜɢɫɢɦɨɫɬɶ� ɞɥɹ� ɩɪɟɞɟɥɚ�
ɭɩɪɭɝɨɫɬɢ� ɫ� ɬɨɱɤɢ� ɡɪɟɧɢɹ� ɞɢɫɥɨɤɚɰɢɨɧɧɵɯ� ɩɪɟɞɫɬɚɜɥɟɧɢɣ� ɨ� ɩɥɚɫɬɢɱɟɫɤɢɯ� ɞɟɮɨɪɦɚɰɢɹɯ��
ɜɨɡɧɢɤɚɸɳɢɯ� ɜ� ɪɟɚɥɶɧɵɯ� ɬɜɟɪɞɵɯ� ɫɩɥɚɜɚɯ� :&±&ɨ�� Ⱦɥɹ� ɷɬɨɝɨ� ɩɪɨɜɟɞɟɧɨ� ɫɪɚɜɧɟɧɢɟ� ɩɨɥɭɱɟɧɧɨɝɨ�
ɪɟɲɟɧɢɹ�ɦɨɞɟɥɶɧɨɣ�ɡɚɞɚɱɢ�ɨ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ�ɜɢɧɬɨɜɨɣ�ɞɢɫɥɨɤɚɰɢɢ�ɫ�ɡɟɪɧɚɦɢ�:&�ɜ�ɬɜɟɪɞɵɯ�ɫɩɥɚɜɚɯ�
:&±&ɨ� ɫ� ɨɰɟɧɤɨɣ� ɩɪɟɞɟɥɚ� ɭɩɪɭɝɨɫɬɢ� ɷɬɢɯ� ɫɩɥɚɜɨɜ�� ɜɵɩɨɥɧɟɧɧɨɣ� ɫ� ɩɨɦɨɳɶɸ� ɭɪɚɜɧɟɧɢɣ�
ɬɟɪɦɨɭɩɪɭɝɨɫɬɢ�ɞɜɭɯɮɚɡɧɵɯ� ɤɨɦɩɨɡɢɬɨɜ��ɍɫɬɚɧɨɜɥɟɧɨ�� ɱɬɨ�ɬɟɨɪɟɬɢɱɟɫɤɚɹ� ɡɚɜɢɫɢɦɨɫɬɶ� ɭɫɥɨɜɧɨɣ�
ɝɪɚɧɢɰɵ�ɭɩɪɭɝɨɫɬɢ�ɞɥɹ�ɫɩɥɚɜɚ�:&±���&R�ɩɪɚɤɬɢɱɟɫɤɢ�ɫɨɜɩɚɞɚɟɬ�ɫ�ɜɵɪɚɠɟɧɢɟɦ�ɞɥɹ�ɨɰɟɧɤɢ�ɫɧɢɡɭ�
ɩɪɟɞɟɥɚ�ɬɟɤɭɱɟɫɬɢ�ɩɪɢ�ɧɚɥɢɱɢɢ�ɩɨɥɨɫɵ�ɫɞɜɢɝɚ�ɜ�ɫɦɟɠɧɵɯ�ɩɥɨɫɤɨɫɬɹɯ�ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ�ɪɟɲɟɬɤɢ�ɩɪɢ�
ɪɚɫɬɹɠɟɧɢɢ�� Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɫɨɡɞɚɧɧɵɟ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɬɪɚɞɢɰɢɨɧɧɨɣ� ɦɟɯɚɧɿɤɢ� ɭɩɪɭɝɢɯ�
ɤɨɦɩɨɡɢɬɨɜ� ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ� ɦɨɞɟɥɢ� ɹɜɥɹɸɬɫɹ� ɮɢɡɢɱɟɫɤɢ� ɩɪɚɜɞɨɩɨɞɨɛɧɵɦɢ� ɢ� ɦɨɝɭɬ� ɛɵɬɶ�
ɪɚɡɜɢɬɵɦɢ�� ɂɯ� ɩɪɢɦɟɧɟɧɢɟ� ɩɨɡɜɨɥɢɬ� ɩɪɨɜɨɞɢɬɶ� ɤɨɧɬɪɨɥɶ� ɬɨɱɧɨɫɬɢ� ɢɡɦɟɪɟɧɢɹ� ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ�
ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɩɪɨɦɵɲɥɟɧɧɵɯ�ɦɚɪɨɤ�ɬɜɟɪɞɵɯ�ɫɩɥɚɜɨɜ�

Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ� ɬɜɟɪɞɵɣ� ɫɩɥɚɜ� :&±&R�� ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ� ɦɨɞɟɥɢɪɨɜɚɧɢɟ�� ɩɪɟɞɟɥ��
ɭɩɪɭɝɨɫɬɢ���ɪɚɫɬɹɠɟɧɢɟ��ɜɢɧɬɨɜɚɹ�ɞɢɫɥɨɤɚɰɢɹ�

1� 9��/\WRVKHQNR
&203$5,621�2)�7:2�$3352$&+(6�72�7+(�02'(/,1*�2)�7+(�7(16,/(�(/$67,&�

/,0,7�2)�7+(�:&�&2�+$5'0(7$/
7KH WDVN�RI�WKH�VFLHQWLILF�VWXG\�LV�WR�H[SODLQ�WKH�WKHRUHWLFDO�GHSHQGHQFH�REWDLQHG�IURP�WKH�HTXDWLRQV�

RI�WKH�PHFKDQLFV�RI�WKHUPRHODVWLFLW\�RI�FRPSRVLWHV�IRU�WKH�HODVWLF�OLPLW�IURP�WKH�SRLQW�RI�YLHZ�RI�GLVORFDWLRQ�
FRQFHSWV�RI�SODVWLF�GHIRUPDWLRQV�DULVLQJ�LQ�UHDO�:&±&R�KDUGPHWDOV��7R�GR�WKLV��ZH�FRPSDUH�WKH�VROXWLRQ�RI�
WKH�PRGHO�SUREOHP�IRU�WKH�LQWHUDFWLRQ�RI�D�VFUHZ�GLVORFDWLRQ�ZLWK�:&�JUDLQV�LQ�:&±&R KDUGPHWDO ZLWK�DQ�
HVWLPDWH�RI�WKH�HODVWLF�OLPLW�RI�WKHVH�DOOR\V��FDUULHG�RXW�XVLQJ�WKH�HTXDWLRQV RI�WKHUPRHODVWLFLW\�RI�WZR�SKDVH�
FRPSRVLWHV�� ,W� LV�HVWDEOLVKHG�WKDW� WKH� WKHRUHWLFDO�GHSHQGHQFH�RI� WKH�FRQGLWLRQDO�HODVWLFLW\� OLPLW� IRU� WKH�:&±
���&R� DOOR\� SUDFWLFDOO\� FRLQFLGHV� ZLWK� WKH� H[SUHVVLRQ� IRU� HVWLPDWLQJ� WKH� \LHOG� SRLQW� IURP� EHORZ� LQ� WKH�
SUHVHQFH�RI�D�VKHDU�EDQG�LQ�DGMDFHQW�SODQHV�RI�WKH�FU\VWDO�ODWWLFH�XQGHU�WHQVLRQ��7KXV��PDWKHPDWLFDO�PRGHOV�
FUHDWHG�XVLQJ�WKH�WUDGLWLRQDO�PHFKDQLFV�RI�HODVWLF�FRPSRVLWHV�DUH�SK\VLFDOO\�SODXVLEOH�DQG�FDQ�EH�GHYHORSHG��
7KHLU� DSSOLFDWLRQ� ZLOO� DOORZ� FRQWUROOLQJ� WKH� DFFXUDF\� RI� PHDVXULQJ� WKH� GHIRUPDWLRQ� FKDUDFWHULVWLFV� RI�
LQGXVWULDO�JUDGHV�RI� KDUGPHWDOV�

.H\ZRUGV� :&±&R�KDUGPHWDOV��PDWKHPDWLFDO�VLPXODWLRQ��HODVWLF�OLPLW��WHQVLOH��VFUHZ�GLVORFDWLRQ�

Ʌɿɬɟɪɚɬɭɪɚ
�� -RKDQVVRQ 6��$�FRPSXWDWLRQDO�VWXG\�RI�LQWHUIDFH�VWUXFWXUHV�DQG�HQHUJHWLFV�LQ�FHPHQWHG

FDUELGHV�DQG�VWHHOV ���3K'�WKHVLV��&KDOPHUV�8QLYHUVLW\�RI�7HFKQRORJ\�������
�� &KDQJ�6RR� .��� 7HG� 5�� 0DVVD�� *UHJRU\� 6�� 5�� 0RGHOLQJ� WKH� UHODWLRQVKLS� EHWZHHQ�

PLFURVWUXFWXUDO�IHDWXUHV�DQG�WKH�VWUHQJWK�RI�:&±&R�FRPSRVLWHV ���,QW� -� RI�5HIU� 0HW� 	�
+DUG�0DW� ± ����� ±��� ± Ɋ� ��±����

�� Ʌɢɬɨɲɟɧɤɨ�ɇ� ȼ��Ɉɰɟɧɤɚ�ɭɫɥɨɜɧɨɝɨ�ɩɪɟɞɟɥɚ�ɭɩɪɭɝɨɫɬɢ�ɬɜɟɪɞɨɝɨ�ɫɩɥɚɜɚ�:&�&ɨ�ɩɪɢ�
ɪɚɫɬɹɠɟɧɢɢ ���ɉɪɨɛɥ��ɩɪɨɱɧ� ± ����� ± ʋ��� ± ɋ�����±����

�� Ʉɪɟɣɦɟɪ�Ƚ� ɋ��ɉɪɨɱɧɨɫɬɶ�ɬɜɟɪɞɵɯ�ɫɩɥɚɜɨɜ�±Ɇ�� Ɇɟɬɚɥɭɪɝɢɹ�������±��� ɫ�
�� %RFN�+���+RIIPDQQ�+���%OXPHQDXHU�+��0HFKDQLVFKH�(LJHQVFKDIWHQ�YRQ�:ROIUDPNDUELG�

.REDOW�/HJLHUXQJHQ��7HFKQLN��± ������± %����± 1 ���± Ɋ� ��±���
�� Ʌɨɲɚɤ�Ɇ� Ƚ��ɉɪɨɱɧɨɫɬɶ�ɢ�ɞɨɥɝɨɜɟɱɧɨɫɬɶ�ɬɜɟɪɞɵɯ�ɫɩɥɚɜɨɜ�± Ʉ�� ɇɚɭɤ��ɞɭɦɤɚ������� ±

��� ɫ�



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

���

�� 6HQGHFN\L�*� 3��6FUHZ�GLVORFDWLRQV�QHDU�FLUFXODU�LQFOXVLRQV���3K\V� 6WDW� 6RO��$�� ± �����
± ���1���± 3�����±���

�� Ȼɨɧɞɚɪɟɧɤɨ�ȼ� ɉ���Ʌɢɬɨɲɟɧɤɨ�ɇ� ȼ��Ɉɰɟɧɤɚ�ɜɥɢɹɧɢɹ�ɜɨɥɨɤɨɧ�ɧɚ�ɩɪɟɞɟɥ�ɬɟɤɭɱɟɫɬɢ�
ɜɨɥɨɤɧɢɫɬɨɝɨ� ɤɨɦɩɨɡɢɬɚ� ɩɪɢ� ɞɟɮɨɪɦɚɰɢɢ� ɩɪɨɞɨɥɶɧɨɝɨ� ɫɞɜɢɝɚ� ��� ɉɪɢɤɥ�� ɦɟɯɚɧ� ±
����� ± ���ʋ��� ± ɋ����±���

�� Ʉɚɱɚɧɨɜ�Ʌ��Ɇ��Ɉɫɧɨɜɵ ɬɟɨɪɢɢ ɩɥɚɫɬɢɱɧɨɫɬɢ��± Ɇ�� ɇɚɭɤɚ� �����± ����ɫ�
��� Ɉɰɭɤɚ� Ⱥ��� Ɍɨɝɨ� Ʉ��� Ɍɚɝɚɜɚ� Ɍ�� Ⱥɧɚɥɢɡ� ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ� ɩɨɫɥɟ� ɫɩɟɤɚɧɢɹ��

ɦɢɤɪɨɧɚɩɪɹɠɟɧɢɣ�ɢ�ɦɢɤɪɨɞɟɮɨɪɦɚɰɢɣ�ɩɪɢ�ɩɪɢɥɨɠɟɧɢɢ�ɨɞɧɨɨɫɧɨɣ�ɪɚɫɬɹɝɢɜɚɸɳɟɣ�
ɧɚɝɪɭɡɤɢ�ɜ�ɬɜɟɪɞɨɦ�ɫɩɥɚɜɟ�ɬɢɩɚ�:&±&ɨ���7UDQV��-DS��6RV��0HFK��(QJ��Ⱥ��± ����� ± ����
± 1����� ± Ɋ������±�����

��� *RORYFKDQ 9� 7��� /LWRVKHQNR�1� 9��7KH� VWUHVV�VWUDLQ� EHKDYLRU� RI�:&±&R�KDUGPHWDOV ���
&RPS��0DW��6FL� ± ����� ± ����± 1���± Ɋ�����±����

ɇɚɞɿɣɲɥɚ���������

5HIHUHQFHV
�� -RKDQVVRQ 6����������$�FRPSXWDWLRQDO�VWXG\�RI�LQWHUIDFH�VWUXFWXUHV�DQG�HQHUJHWLFV�LQ�

FHPHQWHG FDUELGHV�DQG�VWHHOV� 3K'�WKHVLV� &KDOPHUV�8QLYHUVLW\�RI�7HFKQRORJ\
�� &KDQJ�6RR�.���7HG�5��0DVVD��	�*UHJRU\�6��5����������0RGHOLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�

PLFURVWUXFWXUDO�IHDWXUHV�DQG�WKH�VWUHQJWK�RI�:&±&R�FRPSRVLWHV��,QW� -� RI�5HIU� 0HW� 	�+DUG�
0DW�� ��� ��±����

�� /LWRVKHQNR��1� 9� ��������2WVHQND�XVORYQRJR�SUHGHOD�XSUXJRVWL�WYHUGRJR�VSODYD�:&�&R�SUL�
UDVW\DJHQLL�>(VWLPDWLRQ�RI�WKH�ɫRQGLWLRQDO�OLPLW�RI�HODVWLFLW\�RI�D�KDUG�ɚOOR\�:&�&R�XQGHU�
VWUHWFKLQJ�@� 3UREO��ɪURFK� ± 6WUHQJWK�SUREOHPV���������±��� >LQ�5XVVLDQ@�

�� .UDPHU��*�6����������3URFKQRVW�WYHUG\NK�VSODYRY >6WUHQJWK�RI�KDUG�DOOR\V@��0RVFRZ��
0HWDOOXUKLLD >LQ�5XVVLDQ@�

�� %RFN��+���+RIIPDQQ��+���	�%OXPHQDXHU��+����������0HFKDQLVFKH�(LJHQVFKDIWHQ�YRQ�
:ROIUDPNDUELG�.REDOW�/HJLHUXQJHQ�>0HFKDQLFDO�SURSHUWLHV�RI�WXQJVWHQ�ɫDUELGH�ɫREDOW@��
7HFKQLN�>LQ�*HUPDQ@�

�� /RVKDN��0� *����������3URFKQRVW�L�GROJRYHFKQRVW�WYHUG\NK�VSODYRY�>6WUHQJWK�DQG�GXUDELOLW\�
RI�KDUG�DOOR\V@��.LHY��1DXN��GXPND��>LQ�5XVVLDQ@�

�� 6HQGHFN\L� *�3����������6FUHZ�GLVORFDWLRQV�QHDU�FLUFXODU�LQFOXVLRQV�3K\V� 6WDW� 6RO��$���9RO�
���������±����

�� %RQGDUHQNR��9� 3���	�/LWRVKHQNR��1� 9����������ɈWVHQND�YOLLDQLLD�YRORNRQ�QD�SUHGHO�
WHNXFKHVWL�YRORNQLVWRJR�NRPSR]LWD�SUL�GHIRUPDWVLL�SURGROQRJR�VGYLJD>�(YDOXDWLRQ�RI�WKH�
LQIOXHQFH�RI�ILEHUV�RQ�WKH�\LHOG�VWUHQJWK�RI�D�ILEURXV�FRPSRVLWH�XQGHU�GHIRUPDWLRQ�RI�D�
ORQJLWXGLQDO�VKHDU@� 3ULNO��0HNKDQ��± $SSOLHG�PHFKDQLFV��9RO�����������±��� >LQ�5XVVLDQ@�

�� .DFKDQRY� /�0� ��������2VQRYL�WHRULL�SODVWLFKQRFWL� >7KH�IXQGDPHQWDOV�RI�WKH�WKHRU\�RI�
SODVWLFLW\@��0RVFRZ� 1DXND��>LQ�5XVVLDQ@�

��� 2WVXND�$���7RJR��.���7DJDYD��7����������$QDO\VLV�RI�UHVLGXDO�VWUHVVHV�DIWHU�VLQWHULQJ��
PLFURVWUHVVHV�DQG�PLFURGHIRUPDWLRQV�ZKHQ�D�XQLD[LDO�WHQVLOH�ORDG�LV�DSSOLHG�LQ�D�VROLG�DOOR\�
RI�WKH�:&�&R�W\SH��7UDQV��-DS��6RV��0HFK��(QJ���$���9RO��������������±�����

��� *RORYFKDQ��9�7���/LWRVKHQNR��1�9����������7KH�VWUHVV�VWUDLQ�EHKDYLRU�RI�:&±&R�
KDUGPHWDOV� &RPS��0DW��6FL���9RO������������±����


