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ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ ʪʘ ʟʘʜʘʯʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʣʝʚʦʾ ʧʦʧʝʨʝʜʥʴʦ 
ʥʘʧʨʫʞʝʥʦʾ ʘʨʢʠ ʟ ʧʝʨʬʦʨʦʚʘʥʠʤ ʚʝʨʭʥʽʤ ʧʦʷʩʦʤ ʪʘ ʧʝʨʬʦʨʦʚʘʥʦʛʦ ʧʨʦʛʦʥʫ Z-ʧʦʜʽʙʥʦʛʦ 
ʧʨʦʬʽʣʶ, ʷʢʽ ʧʦʣʷʛʘʶʪʴ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʜʽʡʩʥʦʛʦ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 
ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʨʽʟʥʠʭ ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʟʘ ʨʽʟʥʠʭ ʩʭʝʤ ʧʨʠʢʣʘʜʘʥʥʷ 
ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʭʘʨʘʢʪʝʨʥʠʭ ʧʝʨʝʨʽʟʘʭ ʥʘ ʨʽʟʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʽʣʷʥʢʘʭ. ʅʘʚʝʜʝʥʦ ʦʧʠʩ 
ʜʚʦʰʘʨʥʽʨʥʦʾ ʩʪʘʣʝʚʦʾ ʘʨʢʠ ʟ ʧʝʨʬʦʨʦʚʘʥʠʤ ʚʝʨʭʥʽʤ ʧʦʷʩʦʤ ʽ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʦʶ 
ʨʦʟʧʽʨʢʦʶ, ʧʝʨʬʦʨʦʚʘʥʦʛʦ Z-ʧʦʜʽʙʥʦʛʦ ʧʨʦʛʦʥʫ, ʘ ʪʘʢʦʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʷʢʽ 
ʜʦʟʚʦʣʷʶʪʴ ʟʘʢʨʽʧʠʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʟʘʚʘʥʪʘʞʠʪʠ ʾʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʘʣʴʥʠʭ ʫʤʦʚ 
ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʧʝʨʝʣʽʢ ʧʨʠʣʘʜʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʧʽʜ ʯʘʩ 
ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʅʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 
ʚʠʟʥʘʯʝʥʦ, ʱʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʧʦʜʘʣʴʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ 
ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠʚʯʝʥʥʷ ʧʠʪʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʪʽʥʢʠ ʪʘ ʧʦʣʠʮʽ ʧʨʦʢʘʪʥʠʭ ʧʨʦʬʽʣʽʚ ʥʘ ʨʽʟʥʠʭ 
ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʽʣʷʥʢʘʭ ʚ ʧʝʨʝʨʽʟʘʭ ʟ ʦʪʚʦʨʘʤʠ ʨʽʟʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʽ ʚ ʧʝʨʝʨʽʟʘʭ ʙʝʟ ʦʪʚʦʨʽʚ. 

�D�e�x�q�h�\�•�� �k�e�h�\�Z: ʘʨʢʘ, ʧʨʦʛʦʥ, ʝʢʩʧʝʨʠʤʝʥʪ, ʫʩʪʘʥʦʚʢʘ, ʧʨʠʣʘʜ, ʦʙʣʘʜʥʘʥʥʷ, ʥʝʩʫʯʘ 
ʟʜʘʪʥʽʩʪʴ, ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ. 

 
�<�k�l�m�i. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʦʩʦʙʣʠʚʦ 

ʪʘʢʽ, ʱʦ ʚʠʢʦʥʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʨʘʟʢʽʚ ʫ ʥʘʪʫʨʘʣʴʥʫ ʚʝʣʠʯʠʥʫ, 
ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʨʝʘʣʴʥʠʡ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʥʝ ʣʠʰʝ 
ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ ʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʮʽʣʦʤʫ ʥʘ ʚʩʴʦʤʫ ʧʨʦʤʽʞʢʫ ʾʾ ʨʦʙʦʪʠ 
ʚʽʜ ʧʦʯʘʪʢʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽ ʘʞ ʜʦ ʨʫʡʥʫʚʘʥʥʷ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 
ʚʨʘʭʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʽʥʞʝʥʝʨʥʦʾ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʯʠʩʣʝʥʥʽ 
ʬʘʢʪʦʨʠ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ. 

�:�g�Z�e�•�a���h�k�l�Z�g�g�•�o���^�h�k�e�•�^�`�_�g�v���•���i�m�[�e�•�d�Z�p�•�c�� ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʧʨʦʚʝʜʝʥʘ 
ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʝʨʬʦʨʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ 
ʪʘʢʦʞ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʘʣʝ, ʥʘ ʞʘʣʴ, ʨʝʟʫʣʴʪʘʪʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ 
ʜʦʩʠʪʴ ʤʘʣʦ ʚʽʜʦʙʨʘʞʝʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ, ʘ ʽʥʦʜʽ ʥʘʚʽʪʴ ʧʨʦʪʠʨʽʯʘʪʴ ʦʜʥʝ 
ʦʜʥʦʤʫ ʽ ʪʝʦʨʝʪʠʯʥʠʤ ʧʝʨʝʜʫʤʦʚʘʤ ʩʘʤʠʭ ʘʚʪʦʨʽʚ. ɼʦ ʪʦʛʦ ʞ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʩʥʦʚʥʦʤʫ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʦʜʝʣʷʭ ʫ 
ʚʠʛʣʷʜʽ ʟʛʠʥʘʣʴʥʠʭ ʦʜʥʦʧʨʦʣʴʦʪʥʠʭ ʙʘʣʦʢ ʟ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʫʧʝʥʷ 
ʪʦʯʥʦʩʪʽ ʨʽʟʥʠʭ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʥʘʪʫʨʥʠʭ ʟʨʘʟʢʽʚ 
ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʩʫʯʘʩʥʽʡ ʧʨʘʢʪʠʮʽ ʻ ʨʽʜʢʽʩʪʶ, ʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ 
ʢʦʤʙʽʥʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ ʧʝʨʬʦʨʦʚʘʥʽ ʝʣʝʤʝʥʪʠ, ʚ 
ʣʽʪʝʨʘʪʫʨʽ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʽ, ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʜʝʷʢʠʭ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʽʚ. 
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ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʜʽʡʩʥʠʡ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʢʦʥʩʪʨʫʢʮʽʡ 
ʽʥʦʜʽ ʤʘʻ ʟʥʘʯʥʝ ʨʦʟʭʦʜʞʝʥʥʷ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ, ʚʠʢʦʥʘʥʠʤʠ 
ʜʣʷ ʽʜʝʘʣʽʟʦʚʘʥʠʭ ʩʭʝʤ, ʘ ʪʘʢʦʞ ʮʽʥʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʜʽʡʩʥʦʾ ʨʦʙʦʪʠ 
ʨʝʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʚ ʤʝʞʘʭ ʧʨʦʚʝʜʝʥʠʭ ʩʘʤʦʩʪʽʡʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ 
ʜʦʩʣʽʜʞʝʥʴ ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʽ ʩʘʤʦʩʪʽʡʥʠʭ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʪʫʨʥʠʭ ʟʨʘʟʢʽʚ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʦʾ 
ʘʨʢʠ ʟ ʚʝʨʭʥʽʤ ʩʪʠʩʥʫʪʦ-ʟʛʠʥʘʣʴʥʠʤ ʧʦʷʩʦʤ ʫ ʚʠʛʣʷʜʽ ʧʝʨʬʦʨʦʚʘʥʦʛʦ 
ʜʚʦʪʘʚʨʦʚʘ ʧʦʩʪʽʡʥʦʾ ʧʦ ʜʦʚʞʠʥʽ ʞʦʨʩʪʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʧʝʨʬʦʨʦʚʘʥʦʛʦ 
ʧʨʦʛʦʥʫ Z-ʧʦʜʽʙʥʦʛʦ ʧʨʦʬʽʣʶ, ʷʢʠʡ ʧʨʘʮʶʻ ʚ ʫʤʦʚʘʭ ʢʦʩʦʛʦ ʟʛʠʥʫ. 

�<�b�a�g�Z�q�_�g�g�y�� �f�_�l�b���l�Z�� �a�Z�\�^�Z�g�g�y�� �^�h�k�e�•�^�`�_�g�g�y�� ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʽʡʩʥʦʛʦ ʥʘʧʨʫʞʝʥʦ-
ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʩʪʘʣʝʚʦʾ ʘʨʢʠ ʟ ʧʝʨʬʦʨʦʚʘʥʠʤ ʚʝʨʭʥʽʤ 
ʧʦʷʩʦʤ ʟʘ ʨʽʟʥʠʭ ʾʾ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʟʘ ʨʽʟʥʠʭ ʩʭʝʤ 
ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʝʨʬʦʨʦʚʘʥʦʛʦ ʧʨʦʛʦʥʫ Z-ʧʦʜʽʙʥʦʛʦ 
ʧʨʦʬʽʣʶ ʫ ʭʘʨʘʢʪʝʨʥʠʭ ʧʝʨʝʨʽʟʘʭ ʥʘ ʨʽʟʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʽʣʷʥʢʘʭ ʟʘ 
ʨʽʟʥʠʭ ʢʫʪʽʚ ʡʦʛʦ ʥʘʭʠʣʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ 
ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʟʥʘʯʝʥʦʾ ʤʝʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ 
ʪʘʢʽ ʟʘʜʘʯʽ: 

1) ʟʘʧʨʦʝʢʪʫʚʘʪʠ ʪʘ ʚʠʛʦʪʦʚʠʪʠ ʜʚʦʰʘʨʥʽʨʥʫ ʩʪʘʣʝʚʫ ʘʨʢʫ ʧʨʦʣʴʦʪʦʤ 
9 ʤ ʟ ʧʝʨʬʦʨʦʚʘʥʠʤ ʚʝʨʭʥʽʤ ʧʦʷʩʦʤ ʽ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʦʶ ʨʦʟʧʽʨʢʦʶ ʽ 
ʧʝʨʬʦʨʦʚʘʥʠʡ Z-ʧʦʜʽʙʥʠʡ ʧʨʦʛʦʥ ʧʨʦʣʴʦʪʦʤ 6 ʤ; 

2) ʨʦʟʨʦʙʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʝʚʦʾ 
ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʦʾ ʧʝʨʬʦʨʦʚʘʥʦʾ ʘʨʢʠ ʽ ʧʝʨʬʦʨʦʚʘʥʦʛʦ Z-ʧʦʜʽʙʥʦʛʦ 
ʧʨʦʛʦʥʫ ʟʘ ʨʽʟʥʠʭ ʢʫʪʽʚ ʥʘʭʠʣʫ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʟʘʢʨʽʧʠʪʠ 
ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʟʘʚʘʥʪʘʞʠʪʠ ʾʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

3) ʚʩʪʘʥʦʚʠʪʠ ʬʘʢʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ, ʷʢʽ 
ʚʠʥʠʢʘʶʪʴ ʚ ʭʘʨʘʢʪʝʨʥʠʭ ʧʝʨʝʨʽʟʘʭ ʝʣʝʤʝʥʪʽʚ ʘʨʢʠ ʟʘ ʨʽʟʥʠʭ ʩʭʝʤ ʾʾ 
ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʽ ʧʝʨʬʦʨʦʚʘʥʦʛʦ ʧʨʦʛʦʥʫ, 
ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʟʘ ʨʽʟʥʠʭ ʢʫʪʽʚ ʥʘʭʠʣʫ ʢʦʥʩʪʨʫʢʮʽʾ; 

4) ʚʩʪʘʥʦʚʠʪʠ ʛʨʘʥʠʯʥʫ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ, ʬʦʨʤʫ ʽ ʭʘʨʘʢʪʝʨ ʨʫʡʥʫʚʘʥʥʷ 
ʢʦʥʩʪʨʫʢʮʽʾ ʘʨʢʠ ʟ ʨʦʟʧʽʨʢʦʶ ʟʘ ʥʫʣʴʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ 
ʟʤʽʱʝʥʥʷ ʟʘʪʷʞʢʠ ʽ ʟ ʧʦʧʝʨʝʜʥʽʤ ʥʘʪʷʛʦʤ ʨʦʟʧʽʨʢʠ ʪʘ ʧʝʨʬʦʨʦʚʘʥʦʛʦ Z-
ʧʦʜʽʙʥʦʛʦ ʧʨʦʛʦʥʫ, ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʟ ʧʨʦʢʘʪʥʦʛʦ ʰʚʝʣʝʨʘ 
ˉ22ʋ/ɼʉʊʋ 3436ï96, ʟʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʢʫʪʘ ʡʦʛʦ ʥʘʭʠʣʫ; 

5) ʚʠʢʦʥʘʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 
ʜʦʩʣʽʜʞʝʥʴ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ, ʚʠʢʦʥʘʥʠʤʠ ʟʘ ʨʦʟʨʦʙʣʝʥʠʤʠ 
ʤʝʪʦʜʠʢʘʤʠ ʪʘ ʪʝʦʨʝʪʠʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʚ ʇʂ Ăʃʽʨʘò. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʽ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʚʠʤʦʛ [1]. 
�H�k�g�h�\�g�Z���q�Z�k�l�b�g�Z���^�h�k�e�•�^�`�_�g�g�y����ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʟʥʘʯʝʥʦʾ ʤʝʪʠ ʽ ʟʘʜʘʯ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ʢʘʬʝʜʨʠ ʧʨʦ-
ʤʠʩʣʦʚʦʛʦ, ʮʠʚʽʣʴʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 
ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ (ʅʋɺɻʇ, 
ʤ. ʈʽʚʥʝ) ʙʫʣʠ ʟʘʧʨʦʝʢʪʦʚʘʥʽ, ʚʠʛʦʪʦʚʣʝʥʽ ʪʘ ʚʠʧʨʦʙʫʚʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʘʨʢʠ ʧʨʦʣʴʦʪʦʤ 9 ʤ ʟʽ ʩʪʨʽʣʦʶ ʧʽʜʡʦʤʫ 2,25 ʤ ʽ 
ʧʨʦʛʦʥʫ Z-ʧʦʜʽʙʥʦʛʦ ʧʨʦʬʽʣʶ ʜʦʚʞʠʥʦʶ 6 ʤ (ʨʠʩ. 1) [2,3]. 
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ɼʦʩʣʽʜʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʘʨʢʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʥʘʧʽʚʧʦʷʩʽʚ, ʷʢʽ 
ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʚʠʭʽʜʥʦʛʦ ʜʚʦʪʘʚʨʘ 12/ɻʆʉʊ 8239ï89, ʚ ʨʝʟʫʣʴʪʘʪʽ 
ʧʝʨʬʦʨʘʮʽʾ ʷʢʦʛʦ ʚʠʩʦʪʘ ʧʝʨʝʨʽʟʫ ʧʦʷʩʫ ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ 22%; ʟʘʪʷʞʢʠ, ʷʢʘ 
ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʩʪʝʨʞʥʽʚ ʜʽʘʤʝʪʨʦʤ 16 ʤʤ; ʨʦʟʧʽʨʢʠ, ʱʦ ʟʘʧʨʦʝʢʪʦʚʘʥʘ 
ʟ ʜʚʦʭ ʢʫʪʠʢʽʚ Ž63Ĭ63Ĭ6/ɼʉʊʋ 2251ï93, ʩʢʣʘʜʝʥʠʭ ʪʘʚʨʦʤ. ʌʘʩʦʥʢʠ, 
ʬʣʘʥʮʽ ʪʘ ʦʧʦʨʥʽ ʚʫʟʣʠ ʘʨʢʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʰʠʨʦʢʦʰʪʘʙʦʚʦʾ 
ʩʪʘʣʽ ʪʦʚʱʠʥʦʶ 10 ʤʤ ʟʘ ɻʆʉʊ 82ï70* (ʨʠʩ. 1, (ʘ), (ʚ)). 

 

 
(a) 

 
(ʙ) 

  
                                        (ʚ)                                                                           (ʛ) 

ʈʠʩ. 1. ɼʦʩʣʽʜʥʽ ʢʦʥʩʪʨʫʢʮʽʾ: (ʘ) ï ʟʘʛʘʣʴʥʘ ʩʭʝʤʘ ʘʨʢʠ; (ʙ) ï ʟʘʛʘʣʴʥʘ ʩʭʝʤʘ ʧʨʦʛʦʥʫ; 
(ʚ) ï ʥʘʪʫʨʥʠʡ ʟʨʘʟʦʢ ʘʨʢʠ ʧʨʦʣʴʦʪʦʤ 9 ʤ; (ʛ) ï ʥʘʪʫʨʥʠʡ ʟʨʘʟʦʢ ʧʨʦʛʦʥʫ ʧʨʦʣʴʦʪʦʤ 6 ʤ 

 
ʇʨʦʛʦʥ ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ ʧʨʦʢʘʪʥʦʛʦ ʰʚʝʣʝʨʘ 22ʋ/ɼʉʊʋ 3436ï96, 

ʩʪʽʥʢʘ ʷʢʦʛʦ ʙʫʣʘ ʨʦʟʨʽʟʘʥʘ ʟʘ ʟʠʛʟʘʛʦʧʦʜʽʙʥʦʶ ʣʽʥʽʻʶ ʽ ʚ ʧʦʜʘʣʴʰʦʤʫ 
ʟʚʘʨʝʥʘ ʟʽ ʟʩʫʚʦʤ ʽ ʧʦʚʦʨʦʪʦʤ ʦʜʥʽʻʾ ʧʦʣʦʚʠʥʠ ʰʚʝʣʝʨʘ ʥʘʚʢʦʣʦ ʩʚʦʻʾ ʦʩʽ, 
ʱʦ ʜʦʟʚʦʣʠʣʦ ʫʪʚʦʨʠʪʠ ʧʝʨʬʦʨʦʚʘʥʠʡ ʧʨʦʛʦʥ Z-ʧʦʜʽʙʥʦʛʦ ʧʨʦʬʽʣʶ (ʨʠʩ. 
1, (ʙ), (ʛ)). ʂʦʝʬʽʮʽʻʥʪ ʨʦʟʚʠʪʢʫ ʚʠʩʦʪʠ ʧʨʦʬʽʣʶ ʩʢʣʘʚ 1.2. 

ɿʥʘʯʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʣʽ ʚʩʽʭ ʧʨʦʬʽʣʽʚ 
ʚʠʟʥʘʯʘʣʠʩʴ ʰʣʷʭʦʤ ʚʠʧʨʦʙʫʚʘʥʥʷ ʩʪʘʥʜʘʨʪʥʠʭ ʟʨʘʟʢʽʚ ʫ ʨʦʟʨʠʚʥʽʡ 
ʤʘʰʠʥʽ Ăʋʄʄ-50ò. ʇʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʥʷ ʨʦʟʨʠʚʥʦʶ ʤʘʰʠʥʦʶ ʙʫʣʦ 
ʧʦʙʫʜʦʚʘʥʦ ʜʽʘʛʨʘʤʠ ʨʦʟʪʷʛʫ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ ʤʝʭʘʥʽʯʥʽ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ. 
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ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʩʪʘʥʜʘʨʪʥʽ 
ʧʨʠʣʘʜʠ ʜʣʷ ʩʪʘʪʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʘ ʩʘʤʝ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʤʽʱʝʥʴ 
ï ʧʨʦʛʠʥʦʤʽʨʠ ʪʘ ʽʥʜʠʢʘʪʦʨʠ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ, ʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 
ʜʝʬʦʨʤʘʮʽʡ ʚʦʣʦʢʦʥ ʤʘʪʝʨʽʘʣʫ ï ʪʝʥʟʦʨʝʟʠʩʪʦʨʠ ʟ ʙʘʟʦʶ 10 ʤʤ ʽ 20 ʤʤ, ʷʢʽ 
ʧʽʜʢʣʶʯʘʣʠʩʴ ʝʣʝʢʪʨʠʯʥʠʤʠ ʜʨʦʪʘʤʠ ʜʦ ʚʠʤʽʨʶʚʘʯʘ ʜʝʬʦʨʤʘʮʽʡ Ăʉʀʀʊ-
3ò, ʷʢʠʡ ʽ ʬʽʢʩʫʚʘʚ ʧʦʢʘʟʠ ʜʘʪʯʠʢʽʚ (ʨʠʩ. 2). ʋ ʩʚʦʶ ʯʝʨʛʫ ʚʠʤʽʨʶʚʘʯ 
ʜʝʬʦʨʤʘʮʽʡ ʧʝʨʝʜʘʚʘʚ ʜʘʥʽ ʥʘ ʢʦʤʧôʶʪʝʨ ʯʝʨʝʟ ʙʣʦʢ, ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ 
ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʫ ʮʠʬʨʦʚʠʡ. ʅʘ ʚʩʽʭ ʝʣʝʤʝʥʪʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʘʨʢʠ 
ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ 264 ʪʝʥʟʦʨʝʟʠʩʪʦʨʘ, ʘ ʥʘ ʧʨʦʛʦʥʽ 128 ʜʘʪʯʠʢʽʚ, 
ʨʦʟʤʽʱʝʥʠʭ ʫ 13 ʭʘʨʘʢʪʝʨʥʠʭ ʧʝʨʝʨʽʟʘʭ ʧʦ ʡʦʛʦ ʜʦʚʞʠʥʽ (ʨʠʩ. 3, 4, 5). 
 

 
 

ʈʠʩ. 2. ɸʧʘʨʘʪʫʨʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 
ʜʝʬʦʨʤʘʮʽʡ 

ʈʠʩ. 3. ʈʦʟʤʽʱʝʥʥʷ ʜʘʪʯʠʢʽʚ ʚ ʧʝʨʝʨʽʟʽ ʟ ʦʪʚʦʨʘʤʠ 

 

 
                                 (ʘ)                                            (ʙ)                                       (ʚ) 

 
                                                              (ʛ)                                       (ʜ) 

ʈʠʩ. 4. ʉʭʝʤʠ ʨʦʟʤʽʱʝʥʥʷ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʥʘ ʝʣʝʤʝʥʪʘʭ ʘʨʢʠ: 
(ʘ) ï ʚ ʧʝʨʝʨʽʟʽ ʧʝʨʬʦʨʦʚʘʥʦʛʦ ʜʚʦʪʘʚʨʘ ʟ ʦʪʚʦʨʦʤ; (ʙ) ï ʚ ʧʝʨʝʨʽʟʽ ʧʝʨʬʦʨʦʚʘʥʦʛʦ ʜʚʦʪʘʚʨʘ 
ʙʝʟ ʦʪʚʦʨʫ; (ʚ) ï ʥʘ ʢʫʪʠʢʫ ʨʦʟʧʽʨʢʠ; (ʛ) ï ʥʘ ʘʨʤʘʪʫʨʽ ʟʘʪʷʞʢʠ; (ʜ) ï ʥʘ ʣʠʩʪʦʚʠʭ ʝʣʝʤʝʥʪʘʭ 

 

 
                                                         (ʘ)                                                 (ʙ) 

ʈʠʩ. 5. ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʪʝʥʟʦʨʝʨʠʩʪʦʨʽʚ ʫ ʧʝʨʝʨʽʟʘʭ ʧʝʨʬʦʨʦʚʘʥʦʛʦ Z-ʧʦʜʽʙʥʦʛʦ ʧʨʦʬʽʣʶ  
(ʘ) ï ʚ ʧʝʨʝʨʽʟʽ ʟ ʦʪʚʦʨʦʤ; (ʙ) ï ʚ ʧʝʨʝʨʽʟʽ ʙʝʟ ʦʪʚʦʨʫ 
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ʅʘʧʨʫʞʝʥʥʷ ʚ ʧʦʷʩʘʭ ʘʨʢʠ ʚʠʟʥʘʯʘʣʠʩʴ ʫ ʚʩʽʭ ʧʝʨʝʨʽʟʘʭ ʟ ʦʪʚʦʨʘʤʠ, ʷʢʽ 
ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʙʣʠʟʫ ʧʨʠʢʣʘʜʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʟʦʩʝʨʝʜʞʝʥʦʛʦ 
ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚ ʧʝʨʝʨʽʟʘʭ ʧʦʙʣʠʟʫ ʛʨʝʙʝʥʝʚʦʛʦ, ʦʧʦʨʥʠʭ ʚʫʟʣʽʚ ʪʘ ʚʫʟʣʽʚ 
ʟôʻʜʥʘʥʥʷ ʨʦʟʧʽʨʢʠ ʟ ʧʦʷʩʦʤ, ʘ ʪʘʢʦʞ ʚ ʧʝʨʝʨʽʟʘʭ ʧʦʩʝʨʝʜʠʥʽ ʜʽʣʷʥʢʠ ʧʦʷʩʫ 
ʤʽʞ ʦʧʦʨʥʠʤ ʚʫʟʣʦʤ ʪʘ ʥʘʡʙʣʠʞʯʦʶ ʟʦʩʝʨʝʜʞʝʥʦʶ ʩʠʣʦʶ ʜʣʷ 
ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʦʯʥʠʭ ʟʥʘʯʝʥʴ ʥʘʧʨʫʞʝʥʴ, ʷʢʽ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ 
ʜʝʬʦʨʤʘʮʽʡʥʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʩʭʝʤʦʶ. ɺ ʽʥʰʠʭ ʝʣʝʤʝʥʪʘʭ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 
ʻ ʦʜʥʦʦʩʥʦʥʘʧʨʫʞʝʥʠʤʠ, ʥʘʧʨʫʞʝʥʥʷ ʚʠʟʥʘʯʘʣʠʩʴ ʫ ʥʘʧʨʷʤʢʫ ʜʽʾ 
ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʫʩʠʣʣʷ. 

ʅʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʧʝʨʝʨʽʟʘʭ ʧʝʨʬʦʨʦʚʘʥʦʛʦ ʧʨʦʛʦʥʫ Z-
ʧʦʜʽʙʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʠʤʽʨʶʚʘʣʠʩʷ ʥʘ ʯʦʪʠʨʴʦʭ ʜʽʣʷʥʢʘʭ: 1) ʜʽʣʷʥʢʘ ʟ 
ʤʘʢʩʠʤʘʣʴʥʦʶ ʧʦʧʝʨʝʯʥʦʶ ʩʠʣʦʶ ʽ ʤʘʣʠʤ ʟʛʠʥʘʶʯʠʤ ʤʦʤʝʥʪʦʤ; 
2) ʜʽʣʷʥʢʘ ʟ ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʠ ʽ ʟʛʠʥʘʶʯʦʛʦ ʤʦʤʝʥʪʫ; 
3) ʜʽʣʷʥʢʘ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʛʠʥʘʶʯʠʤ ʤʦʤʝʥʪʦʤ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʧʝʨʝʯʥʦʾ 
ʩʠʣʠ; 4) ʧʨʠʦʧʦʨʥʽ ʜʽʣʷʥʢʠ. ʅʘ ʢʦʞʥʽʡ ʟ ʪʨʴʦʭ ʭʘʨʘʢʪʝʨʥʠʭ ʜʽʣʷʥʦʢ (ʦʢʨʽʤ 
ʧʨʠʦʧʦʨʥʠʭ) ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ ʭʘʨʘʢʪʝʨʥʽ ʧʝʨʝʨʽʟʠ, ʚ ʷʢʠʭ ʽ ʚʠʟʥʘʯʘʣʠʩʷ 
ʥʘʧʨʫʞʝʥʥʷ: ʧʝʨʝʨʽʟ ʟ ʦʪʚʦʨʦʤ ʽ ʧʝʨʝʨʽʟ ʙʝʟ ʦʪʚʦʨʫ. ɺʩʽ ʚʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ 
ʧʦʙʣʠʟʫ ʪʦʯʦʢ ʧʨʠʢʣʘʜʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʟʦʩʝʨʝʜʞʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɼʝʬʦʨʤʘʮʽʾ ʧʦʷʩʽʚ ʘʨʢʠ ʚʠʤʽʨʶʚʘʣʠʩʴ ʧʨʦʛʠʥʦʤʽʨʘʤʠ Ă6 ʇɸʆ-ʃʀʉʀò 
ʪʘ Ăʄʘʢʩʠʤʦʚʘò, ʷʢʽ ʤʘʶʪʴ ʮʽʥʫ ʧʦʜʽʣʢʠ 0,01 ʤʤ, ʫ ʧʣʦʱʠʥʽ ʘʨʢʠ ʷʢ ʫ 
ʚʝʨʪʠʢʘʣʴʥʦʤʫ, ʪʘʢ ʽ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʘʭ (ʨʠʩ. 6, (ʘ)). 
ʇʨʦʛʠʥʦʤʽʨʠ ʨʦʟʤʽʱʫʚʘʣʠʩʴ ʫ ʛʨʝʙʝʥʝʚʦʤʫ ʚʫʟʣʽ, ʚʫʟʣʘʭ ʟôʻʜʥʘʥʥʷ 
ʨʦʟʧʽʨʢʠ ʟ ʧʦʷʩʦʤ, ʘ ʪʘʢʦʞ ʧʦʩʝʨʝʜʠʥʽ ʜʽʣʷʥʢʠ ʧʦʷʩʫ ʤʽʞ ʦʧʦʨʥʠʤ ʚʫʟʣʦʤ 
ʪʘ ʚʫʟʣʦʤ ʟôʻʜʥʘʥʥʷ ʨʦʟʧʽʨʢʠ ʟ ʧʦʷʩʦʤ. ʅʘ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʦʛʦʥʫ 
ʧʨʦʛʠʥʦʤʽʨʠ ʨʦʟʤʽʱʫʚʘʣʠʩʴ ʚ ʤʽʩʮʷʭ ʥʘʡʙʽʣʴʰʠʭ ʽʤʦʚʽʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, 
ʪʦʙʪʦ ʧʦʩʝʨʝʜʠʥʽ ʧʨʦʣʴʦʪʫ (ʨʠʩ. 6, (ʙ)). 

ɼʣʷ ʫʪʦʯʥʝʥʥʷ ʥʘʧʨʷʤʢʫ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʢʫʪʘʭ ʦʪʚʦʨʽʚ 
ʧʝʨʬʦʨʦʚʘʥʠʭ ʧʨʦʬʽʣʽʚ ʙʫʣʠ ʚʣʘʰʪʦʚʘʥʽ ʨʦʟʝʪʢʠ ʟ ʪʨʴʦʭ ʪʝʥʟʦʜʘʪʯʠʢʽʚ 
(ʜʠʚ. ʨʠʩ. 3, 4, 5). ɰʭ ʙʘʟʠ ʙʫʣʠ ʦʨʽʻʥʪʦʚʘʥʽ ʟʛʽʜʥʦ ʟ ʥʘʧʨʷʤʢʦʤ ʜʝʬʦʨʤʘʮʽʡ 
ʫ ʚʦʣʦʢʥʘʭ ʤʘʪʝʨʽʘʣʫ. 

 

                                         (ʘ)                                                                                 (ʙ) 

ʈʠʩ. 6. ʈʦʟʤʽʱʝʥʥʷ ʧʨʦʛʠʥʦʤʽʨʽʚ: (ʘ) ï ʥʘ ʧʦʷʩʘʭ ʘʨʢʠ; (ʙ) ï ʥʘ ʧʨʦʛʦʥʽ 
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ɼʣʷ ʚʠʚʯʝʥʥʷ ʜʽʡʩʥʦʾ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʘʨʢʠ ʪʘ ʧʨʦʛʦʥʫ 
ʙʫʣʠ ʟʘʧʨʦʝʢʪʦʚʘʥʽ ʪʘ ʚʠʛʦʪʦʚʣʝʥʽ ʩʧʝʮʽʘʣʴʥʽ ʫʩʪʘʥʦʚʢʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 
ʜʦʩʣʽʜʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʩʠʩʪʝʤʠ ʟʘʢʨʽʧʣʝʥʥʷ ʜʦʩʣʽʜʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚ 
ʧʨʦʝʢʪʥʦʤʫ ʧʦʣʦʞʝʥʥʷ, ʩʠʩʪʝʤʠ ʩʪʚʦʨʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʠʩʪʝʤʠ 
ʧʝʨʝʜʘʯʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʽ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʟʘ ʩʪʘʥʦʤ 
ʜʦʩʣʽʜʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ (ʨʠʩ. 7, 8). 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʘʨʢʠ ʧʨʦʚʦʜʠʣʦʩʴ ʟʘ ʪʨʴʦʤʘ ʩʭʝʤʘʤʠ 
ʟʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʩʘʤʝ: ʩʠʤʝʪʨʠʯʥʽʡ, ʥʝʩʠʤʝʪʨʠʯʥʽʡ ʽ ʤʦʥʪʘʞʥʽʡ. ʉʠʤʝʪʨʠʯʥʘ 
ʩʭʝʤʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʦʜʝʣʶʚʘʣʘ ʨʝʘʣʴʥʝ ʧʦʩʪʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 
ʧʦʢʨʽʚʣʶ, ʥʝʩʠʤʝʪʨʠʯʥʘ ï ʥʘʷʚʥʽʩʪʴ ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʽʣʴʢʠ ʥʘ ʧʦʣʦʚʠʥʽ 
ʧʨʦʣʴʦʪʫ, ʤʦʥʪʘʞʥʘ ï ʫ ʚʠʧʘʜʢʫ ʚʣʘʰʪʫʚʘʥʥʷ ʧʦʢʨʽʚʣʽ ʧʽʜ ʯʘʩ ʙʫʜʽʚʥʠʮʪʚʘ 
ʣʠʰʝ ʟ ʦʜʥʦʛʦ ʙʦʢʫ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 
ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʧʨʦʚʦʜʠʣʠʩʴ ʚʠʧʨʦʙʫʚʘʥʥʷ ʘʨʢʠ ʟʘ ʢʦʞʥʦʶ ʟʽ ʩʭʝʤ 
ʟʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʨʦʟʧʽʨʢʠ, ʟ ʨʦʟʧʽʨʢʦʶ, ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ 
ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʟʤʽʱʝʥʥʷ ʟʘʪʷʞʢʠ ʽ ʟ ʧʦʧʝʨʝʜʥʽʤ ʥʘʪʷʛʦʤ ʨʦʟʧʽʨʢʠ, ʱʦ 
ʜʦʟʚʦʣʷʣʘ ʚʠʢʦʥʘʪʠ ʜʦʩʣʽʜʥʘ ʢʦʥʩʪʨʫʢʮʽʷ. 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʠʢʣʘʜʘʣʦʩʴ ʩʪʫʧʝʥʷʤʠ 
ʨʽʚʥʠʤʠ 10% ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʙʫʣʦ 
ʧʦʧʝʨʝʜʥʴʦ ʦʙʯʠʩʣʝʥʝ ʪʝʦʨʝʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ɺʠʪʨʠʤʢʘ ʧʽʩʣʷ 
ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʟôʷʩʫʚʘʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʠʨʦʩʪʫ 
ʜʝʬʦʨʤʘʮʽʡ ʩʪʘʥʦʚʠʣʘ ʚ ʤʝʞʘʭ 10é15 ʭʚʠʣʠʥ. 

 
ʈʠʩ. 7. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʘʨʢʠ 

1 ï ʜʦʩʣʽʜʥʘ ʢʦʥʩʪʨʫʢʮʽʷ; 2 ï ʮʝʥʪʨʘʣʴʥʠʡ ʩʪʦʷʢ; 3 ï ʦʧʦʨʥʠʡ ʩʪʦʷʢ; 4 ï ʚôʷʟʝʚʘ ʙʘʣʢʘ; 5 ï 
ʚôʷʟʝʚʽ ʝʣʝʤʝʥʪʠ; 6 ï ʦʩʥʦʚʥʘ ʤʘʩʣʦʩʪʘʥʮʽʷ; 7 ï ʜʦʧʦʤʽʞʥʽ ʤʘʩʣʦʩʪʘʥʮʽʾ; 8 ï ʢʦʥʪʨʦʣʴʥʽ 

ʜʦʤʢʨʘʪʠ; 9 ï ʦʩʥʦʚʥʽ ʜʦʤʢʨʘʪʠ; 10 ï ʩʠʩʪʝʤʘ ʤʘʩʣʦʧʨʦʚʦʜʽʚ; 11 ï ʤʘʩʣʦʧʝʨʝʢʘʯʫʶʯʽ ʚʝʥʪʠʣʽ; 
12 ï ʪʨʘʚʝʨʩʠ; 13 ï ʪʷʛʠ; 14 ï ʦʧʦʨʥʽ ʙʘʣʦʯʢʠ; 15 ï ʩʠʣʦʚʘ ʧʽʜʣʦʛʘ; 16 ï ʘʥʢʝʨʠ; 17 ï 

ʧʨʦʛʠʥʦʤʽʨʠ; 18 ï ʧʝʨʝʨʽʟʠ ʟ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘʤʠ; 19ï ʽʥʜʠʢʘʪʦʨ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ; 20 ï 
ʧʨʫʞʠʥʥʠʡ ʧʨʠʩʪʨʽʡ 
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ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʦʩʣʽʜʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʟʘ ʢʦʞʥʦʶ ʩʭʝʤʦʶ 
ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʚʦʜʠʣʦʩʴ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ 
ʩʢʠʜʘʣʦʩʴ ʜʦ ʥʫʣʷ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʟʥʽʤʘʣʠʩʴ ʧʦʢʘʟʠ 
ʧʨʦʛʠʥʦʤʽʨʽʚ, ʽʥʜʠʢʘʪʦʨʽʚ ʪʘ ʪʝʥʟʦʤʝʪʨʠʯʥʦʾ ʘʧʘʨʘʪʫʨʠ. ɿʘʛʘʣʦʤ ʙʫʣʦ 
ʧʨʦʚʝʜʝʥʦ 27 ʟʘʚʘʥʪʘʞʝʥʴ ʜʦʩʣʽʜʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʨʽʟʥʠʭ ʩʭʝʤ ʡʦʛʦ 
ʧʨʠʢʣʘʜʘʥʥʷ, ʪʘ ʟʘ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʘʨʢʠ. ʅʘ 
ʦʩʪʘʥʥʴʦʤʫ ʩʠʤʝʪʨʠʯʥʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʟ ʧʦʧʝʨʝʜʥʽʤ ʥʘʪʷʛʦʤ ʨʦʟʧʽʨʢʠ 
ʘʨʢʫ ʙʫʣʦ ʜʦʚʝʜʝʥʦ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʨʫʡʥʽʚʥʦʛʦ 
ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʠʭʦʜʷʯʠ ʟ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʷʢʽ ʟʛʦʜʦʤ ʙʫʣʠ 
ʧʽʜʪʚʝʨʜʞʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʩʣʽʜʥʘ ʢʦʥʩʪʨʫʢʮʽʷ 
ʘʨʢʠ ʟ ʨʦʟʧʽʨʢʦʶ ʟʜʘʪʥʘ ʚʠʪʨʠʤʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 30% ʙʽʣʴʰʝ ʥʽʞ ʙʝʟ 
ʨʦʟʧʽʨʢʠ. 

 
(ʘ) 

 
                     (ʙ) 

ʈʠʩ. 8. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ: (ʘ) ï ʫ 

ʧʦʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʢʫ; (ʙ) ï ʫ 
ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ; 

1 ï ʜʦʩʣʽʜʥʘ ʢʦʥʩʪʨʫʢʮʽʷ; 
2 ï ʦʧʦʨʥʠʡ ʩʪʦʷʢ; 3 ï ʚôʷʟʝʚʽ 
ʝʣʝʤʝʥʪʠ; 4 ï ʩʠʣʦʚʘ ʧʽʜʣʦʛʘ; 
5 ï ʩʠʩʪʝʤʘ ʟʤʽʥʠ ʢʫʪʘ ʥʘʭʠʣʫ 

ʢʦʥʩʪʨʫʢʮʽʾ; 6 ï ʙʦʣʪʠ ʢʨʽʧʣʝʥʥʷ; 7 ï 
ʝʣʝʤʝʥʪ, ʱʦ ʤʦʜʝʣʶʻ ʽʩʥʫʶʯʠʡ 

ʧʨʦʛʦʥ ʧʦʢʨʽʚʣʽ; 8 ï ʧʦʧʝʨʝʯʥʽ ʚôʷʟʽ; 
9, 10 ï ʦʧʦʨʥʽ ʙʘʣʦʯʢʠ; 11 ïʪʨʘʚʝʨʩʠ; 

12 ï ʜʦʤʢʨʘʪʠ; 13 ï ʪʷʛʠ 
 
ʇʦʧʝʨʝʜʥʽʡ ʥʘʪʷʛ ʨʦʟʧʽʨʢʠ ʘʨʢʠ ʚʠʢʦʥʫʚʘʚʩʷ ʤʝʭʘʥʽʯʥʠʤ ʩʧʦʩʦʙʦʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʛʘʡʢʦʚʦʛʦ ʢʣʶʯʘ, ʘ ʡʦʛʦ ʚʝʣʠʯʠʥʘ ʢʦʥʪʨʦʣʶʚʘʣʘʩʴ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʽ ʪʝʥʟʦʤʝʪʨʠʯʥʦʾ ʘʧʘʨʘʪʫʨʠ. 



ISSN 2410-2547  
ʆʧʽʨ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʦʨʽʷ ʩʧʦʨʫʜ/Strength of Materials and Theory of Structures. 2019. ˉ 103 

 

 

196

ɺʠʧʨʦʙʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʦʛʦʥʫ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʩʠʤʝʪʨʠʯʥʦʶ 
ʩʭʝʤʦʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʜʽʾ ʯʦʪʠʨʴʦʭ ʟʦʩʝʨʝʜʞʝʥʠʭ ʩʠʣ, ʱʦ ʤʦʜʝʣʶʚʘʣʠ 
ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʦʢʨʽʚʣʶ (ʜʠʚ. ʨʠʩ. 8). 

ʉʠʩʪʝʤʫ ʟʤʽʥʠ ʢʫʪʘ ʥʘʭʠʣʫ ʜʦʩʣʽʜʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ 
ʚʠʛʣʷʜʽ Ăʙʘʰʤʘʢʽʚò, ʷʢʽ ʧʝʨʝʜʘʶʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʜʦʩʣʽʜʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 
ʥʘ ʨʘʤʫ ʫʩʪʘʥʦʚʢʠ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʠʡ ʢʫʪ ʥʘʭʠʣʫ ʢʦʥʩʪʨʫʢʮʽʾ. 
ɺʦʥʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʜʚʦʭ ʰʚʝʣʝʨʽʚ, ʩʪʽʥʢʠ ʷʢʠʭ ʟʨʽʟʘʥʽ ʧʽʜ ʧʝʚʥʠʤ ʢʫʪʦʤ 
ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʝʢʪʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ. ɼʦ ʧʦʣʠʮʽ ʰʚʝʣʝʨʘ 
ʧʨʠʚʘʨʝʥʦ ʤʝʪʘʣʝʚʫ ʧʣʘʩʪʠʥʫ ʪʦʚʱʠʥʦʶ 10 ʤʤ. ɼʣʷ ʥʘʜʽʡʥʦʛʦ ʢʨʽʧʣʝʥʥʷ 
ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʚ Ăʙʘʰʤʘʢʘʭò ʙʫʣʦ ʚʠʢʦʥʘʥʦ 
ʯʦʪʠʨʠ ʦʪʚʦʨʠ ʧʽʜ ʙʦʣʪʠ ʜʽʘʤʝʪʨʦʤ 16 ʤʤ (ʨʠʩ. 9). 
 

  
(ʘ) (ʙ) 

ʈʠʩ. 9. ʂʦʥʩʪʨʫʢʮʽʷ Ăʙʘʰʤʘʢʽʚò (ʘ) ï ʚʠʛʣʷʜ ʟʙʦʢʫ; (ʙ) ï ʚʠʛʣʷʜ ʩʧʝʨʝʜʫ 
 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʩʠʤʝʪʨʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʝʨʬʦʨʦʚʘʥʠʡ ʧʨʦʛʦʥ, ʷʢʝ 
ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʫʪʘ ʥʘʭʠʣʫ ʢʦʥʩʪʨʫʢʮʽʾ, ʚʠʟʥʘʯʘʣʦʩʷ ʟʘ ʛʨʘʥʠʯʥʠʤʠ ʩʪʘʥʘʤʠ 
ʜʨʫʛʦʾ ʛʨʫʧʠ ʜʣʷ ʚʠʭʽʜʥʦʛʦ ʧʨʦʢʘʪʥʦʛʦ ʰʚʝʣʝʨʘ 22ʋ/ɼʉʊʋ 3436ï96 [4]. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʫʡʥʽʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʛʦʥ ʙʫʣʦ ʜʦʚʝʜʝʥʦ ʜʦ 
ʨʫʡʥʫʚʘʥʥʷ ʟʘ ʢʫʪʘ ʥʘʭʠʣʫ ʢʦʥʩʪʨʫʢʮʽʾ 15Á. ʊʘʢʠʡ ʢʫʪ ʥʘʭʠʣʫ ʙʫʚ 
ʧʨʠʡʥʷʪʠʡ ʪʦʤʫ, ʱʦ ʩʘʤʝ ʟʘ ʪʘʢʦʛʦ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 
ʥʘʡʙʽʣʴʰʠʡ ʟʙʽʛ ʩʠʣʦʚʦʾ ʧʣʦʱʠʥʠ, ʪʦʙʪʦ ʥʘʧʨʷʤʢʫ ʜʽʾ ʩʠʣʠ, ʟ ʛʦʣʦʚʥʦʶ 
ʮʝʥʪʨʘʣʴʥʦʶ ʚʽʩʩʶ ʽʥʝʨʮʽʾ ʧʝʨʬʦʨʦʚʘʥʦʛʦ ʧʨʦʛʦʥʫ Z-ʧʦʜʽʙʥʦʛʦ ʧʨʦʬʽʣʶ, 
ʚʠʢʦʥʘʥʦʛʦ ʟ ʧʨʦʢʘʪʥʦʛʦ ʰʚʝʣʝʨʘ 22ʋ/ɼʉʊʋ 3436ï96. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, 
ʤʘʻ ʤʽʩʮʝ ʥʘʡʤʝʥʰʝ ʚʽʜʭʠʣʝʥʥʷ ʛʦʣʦʚʥʦʾ ʮʝʥʪʨʘʣʴʥʦʾ ʦʩʽ ʽʥʝʨʮʽʾ ʚʽʜ 
ʩʠʣʦʚʦʾ ʧʣʦʱʠʥʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʙʽʣʴʰʫ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ, 
ʦʩʢʽʣʴʢʠ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʪʘ ʦʧʦʨʫ ʤʘʪʠʤʫʪʴ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʢʩʠʤʘʣʴʥʽ 
ʟʥʘʯʝʥʥʷ. ɼʣʷ ʽʥʰʠʭ ʚʠʭʽʜʥʠʭ ʧʨʦʬʽʣʽʚ ʮʝʡ ʢʫʪ ʥʘʭʠʣʫ ʙʫʜʝ ʤʘʪʠ ʽʥʰʽ 
ʟʥʘʯʝʥʥʷ. ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʽ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʚʠʤʦʛ [5]. 

�<�b�k�g�h�\�d�b��
1. ʈʦʟʨʦʙʣʝʥʦ ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʦʾ ʘʨʢʠ ʧʨʦʣʴʦʪʦʤ 

9 ʤ ʟ ʧʝʨʬʦʨʦʚʘʥʠʤ ʚʝʨʭʥʽʤ ʧʦʷʩʦʤ, ʧʝʨʬʦʨʦʚʘʥʦʛʦ ʧʨʦʛʦʥʫ Zïʧʦʜʽʙʥʦʛʦ 
ʧʨʦʬʽʣʶ ʜʦʚʞʠʥʦʶ 6 ʤ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʫʩʪʘʥʦʚʢʠ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ 
ʟʘʢʨʽʧʠʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤ ʽ ʧʨʠʢʣʘʩʪʠ ʜʦ 
ʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʨʽʟʥʠʤʠ ʨʝʘʣʴʥʦ ʤʦʞʣʠʚʠʤʠ ʩʭʝʤʘʤʠ ʟʘʚʘʥʪʘʞʝʥʥʷ. 
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2. ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʨʢʠ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ 
ʦʪʨʠʤʘʪʠ ʜʘʥʽ ʧʨʦ ʾʾ ʜʽʡʩʥʠʡ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʫ ʚʠʧʘʜʢʫ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʾ ʙʝʟ ʨʦʟʧʽʨʢʠ, ʟ ʥʝʥʘʧʨʫʞʝʥʦʶ ʨʦʟʧʽʨʢʦʶ, ʟ ʧʦʧʝʨʝʜʥʴʦ 
ʥʘʧʨʫʞʝʥʦʶ ʨʦʟʧʽʨʢʦʶ, ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʟʤʽʱʝʥʥʷ 
ʟʘʪʷʞʢʠ ʷʢ ʜʣʷ ʩʠʤʝʪʨʠʯʥʦʛʦ, ʪʘʢ ʽ ʜʣʷ ʥʝʩʠʤʝʪʨʠʯʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ 
ʢʦʥʩʪʨʫʢʮʽʾ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 
ʘʨʮʽ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʦʾ ʨʦʟʧʽʨʢʠ ʘʙʦ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʟʤʽʱʝʥʥʷ 
ʟʘʪʷʞʢʠ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʪʠ ʜʦʩʣʽʜʥʘ ʢʦʥʩʪʨʫʢʮʽʷ. 

3. ɺʠʢʦʥʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʛʦʥʫ Zïʧʦʜʽʙʥʦʛʦ 
ʧʨʦʬʽʣʶ ʧʨʦʣʴʦʪʦʤ 6 ʤ ʚ ʫʤʦʚʘʭ ʧʦʧʝʨʝʯʥʦʛʦ ʪʘ ʢʦʩʦʛʦ ʟʛʠʥʽʚ ʟ 
ʤʦʞʣʠʚʽʩʪʶ ʟʤʽʥʠ ʢʫʪʘ ʥʘʭʠʣʫ ʚ ʜʽʘʧʘʟʦʥʽ 0Áé25Á ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʫʭʠʣʫ 
ʧʦʢʨʽʚʣʽ ʙʫʜʽʚʣʽ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ ʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʨʦ 
ʜʽʡʩʥʠʡ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʧʝʨʬʦʨʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ Zï
ʧʦʜʽʙʥʦʛʦ ʧʨʦʬʽʣʶ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʢʦʩʦʛʦ ʟʛʠʥʫ, ʚ ʭʘʨʘʢʪʝʨʥʠʭ 
ʪʦʯʢʘʭ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʟ ʦʪʚʦʨʘʤʠ ʽ ʙʝʟ ʦʪʚʦʨʽʚ ʥʘ ʪʨʴʦʭ 
ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʽʣʷʥʢʘʭ ʧʦ ʜʦʚʞʠʥʽ ʧʨʦʛʦʥʫ. 

4. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʫʡʥʫʚʘʥʥʷ ʘʨʢʠ ʟ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʦʶ 
ʨʦʟʧʽʨʢʦʶ ʚʽʜʙʫʣʦʩʴ ʯʝʨʝʟ ʚʪʨʘʪʫ ʩʪʽʡʢʦʩʪʽ ʩʪʠʩʥʫʪʦ-ʟʛʠʥʘʣʴʥʦʛʦ 
ʧʝʨʬʦʨʦʚʘʥʦʛʦ ʧʦʷʩʫ ʟ ʡʦʛʦ ʧʣʦʱʠʥʠ, ʘ ʨʫʡʥʫʚʘʥʥʷ ʧʝʨʬʦʨʦʚʘʥʦʛʦ 
ʧʨʦʛʦʥʫ ï ʯʝʨʝʟ ʚʪʨʘʪʫ ʤʽʩʮʝʚʦʾ ʩʪʽʡʢʦʩʪʽ ʧʦʣʠʮʽ ʪʘ ʩʪʽʥʢʠ ʥʘ ʜʽʣʷʥʮʽ 
ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʟʛʠʥʘʶʯʦʛʦ ʤʦʤʝʥʪʫ, ʱʦ ʧʨʠʟʚʝʣʦ 
ʜʦ ʟʘʛʘʣʴʥʦʾ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʚʝʨʭʥʴʦʛʦ ʧʦʷʩʫ ʧʨʦʛʦʥʫ ʽʟ ʧʣʦʱʠʥʠ 

5. ɿʘʛʘʣʦʤ, ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ 
ʦʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʧʝʨʝʜʫʤʦʚʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʦʾ ʘʨʢʠ ʟ 
ʧʝʨʬʦʨʦʚʘʥʠʤ ʚʝʨʭʥʽʤ ʧʦʷʩʦʤ ʪʘ Zïʧʦʜʽʙʥʦʛʦ ʧʨʦʛʦʥʫ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʾʭ 
ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʤʘʩʦʚʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ. 

6. ɺʨʘʭʦʚʫʶʯʠ ʭʘʨʘʢʪʝʨ ʨʫʡʥʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ, ʧʝʨʩʧʝʢʪʠʚʥʠʤ 
ʥʘʧʨʷʤʢʦʤ ʧʦʜʘʣʴʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ 
ʚʠʚʯʝʥʥʷ ʧʠʪʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʪʽʥʢʠ ʪʘ ʧʦʣʠʮʽ ʧʨʦʢʘʪʥʠʭ ʧʨʦʬʽʣʽʚ ʥʘ ʨʽʟʥʠʭ 
ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʽʣʷʥʢʘʭ ʚ ʧʝʨʝʨʽʟʘʭ ʟ ʦʪʚʦʨʘʤʠ ʨʽʟʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʽ ʚ 
ʧʝʨʝʨʽʟʘʭ ʙʝʟ ʦʪʚʦʨʽʚ. 
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The purpose and tasks of experimental researches of steel pre-stressed arches with perforated 
upper belt and perforated stringer of Z-like profile are formulated. They consist in establishing the 
actual stress-deformed��state of constructions for their various design features and for different 
schemes of applying a load in characteristic sections on different settlement areas. 

For this purpose a double-hinged steel arch with a span of 9 m with a perforated upper belt and 
a pre-tensioned arbor and a perforated Z-like stringer of 6 m was designed and manufactured; 
experimental installations for the study of steel pre-stressed perforated arches and perforated Z-like 
stringer at different angles of the design have been developed, which will allow the fastening of 
structures and loading them in accordance with the actual operating conditions; the actual values of 
the stresses and deformations that arise in the characteristic sections of the arches elements in 
different schemes of its loading and structural features, and the perforated stringer, which arise at 
different angles of the design; the boundary bearing capacity, the shape and character of the 
destruction of the arch structure with the arrangement for the zero value of the eccentricity of the 
tightening displacement and with the preliminary tension of the spacer and the perforated Z-like 
stringer made of a rolled channel at a rational angle of its inclination is established; a comparative 
analysis of the results of experimental studies with the results of calculations performed on the 
developed methods and theoretical calculations in PC "Lira" was performed. 

The description of a double-hinged steel arch with a perforated upper belt and a pre-stressed 
arbor, a perforated Z-like stringer, as well as experimental installations, that allow fastening the 
structures and loading them in accordance with the actual operating conditions are given. The list of 
devices and equipment used during the experiment is presented. The locations of the measuring 
equipment in the characteristic sections of the structures along their length, which are located near 
the application of the external concentrated load, are determined. 

The main conclusions from the results of experimental research are presented and the 
prospective direction of further experimental and theoretical researches is the study of the stability 
of the wall and the shelf of the rolling profiles at different settlement areas in sections with holes of 
different configurations and in sections without holes. 

�.�H�\�� �Z�R�U�G�V�� arch; stringer; experiment; test bench; gear; equipment; load bearing capacity; 
stress-strain state. 



ISSN 2410-2547  
ʆʧʽʨ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʦʨʽʷ ʩʧʦʨʫʜ/Strength of Materials and Theory of Structures. 2019. ˉ 103 
 

 

199

�J�h�f�Z�g�x�d���<���<�������K�m�i�j�m�g�x�d���<���<������
�W�D�K�I�?�J�B�F�?�G�L�:�E�V�G�U�?���B�K�K�E�?�>�H�<�:�G�B�Y���I�J�H�E�?�L�G�U�O���D�H�G�K�L�J�M�D�P�B�C���B�A��
�I�?�J�N�H�J�B�J�H�<�:�G�G�U�O���W�E�?�F�?�G�L�H�<���I�J�B���K�E�H�@�G�H�F���G�:�I�J�Y�@�?�G�G�H��
�>�?�N�H�J�F�B�J�H�<�:�G�G�H�F���K�H�K�L�H�Y�G�B�B��

ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʴʥʦʡ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʘʨʢʠ ʩ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʤ ʚʝʨʭʥʠʤ ʧʦʷʩʦʤ ʠ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʛʦ 
ʧʨʦʛʦʥʘ Z-ʦʙʨʘʟʥʦʛʦ ʧʨʦʬʠʣʷ, ʢʦʪʦʨʳʝ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ 
ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 
ʦʩʦʙʝʥʥʦʩʪʷʭ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤʘʭ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʚ ʭʘʨʘʢʪʝʨʥʳʭ ʩʝʯʝʥʠʷʭ ʥʘ 
ʨʘʟʥʳʭ ʨʘʩʯʝʪʥʳʭ ʫʯʘʩʪʢʘʭ. ʇʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʜʚʫʭʰʘʨʥʠʨʥʦʡ ʩʪʘʣʴʥʦʡ ʘʨʢʠ ʩ 
ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʤ ʚʝʨʭʥʠʤ ʧʦʷʩʦʤ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʨʘʩʧʦʨʢʦʡ, 
ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʛʦ Z-ʦʙʨʘʟʥʦʛʦ ʧʨʦʛʦʥʘ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʢʦʪʦʨʳʝ 
ʧʦʟʚʦʣʷʶʪ ʟʘʢʨʝʧʠʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʟʘʛʨʫʟʠʪʴ ʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ 
ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʝʜʩʪʘʚʣʝʥ ʧʝʨʝʯʝʥʴ ʧʨʠʙʦʨʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʭʦʜʝ 
ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʇʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 
ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 
ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʦʧʨʦʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʥʢʠ ʠ ʧʦʣʢʠ 
ʧʨʦʢʘʪʥʳʭ ʧʨʦʬʠʣʝʡ ʥʘ ʨʘʟʥʳʭ ʨʘʩʯʝʪʥʳʭ ʫʯʘʩʪʢʘʭ ʚ ʩʝʯʝʥʠʷʭ ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʨʘʟʣʠʯʥʦʡ 
ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʚ ʩʝʯʝʥʠʷʭ ʙʝʟ ʦʪʚʝʨʩʪʠʡ. 

�D�e�x�q�_�\�u�_���k�e�h�\�Z�� ʘʨʢʘ, ʧʨʦʛʦʥ, ʵʢʩʧʝʨʠʤʝʥʪ, ʫʩʪʘʥʦʚʢʘ, ʧʨʠʙʦʨ, ʦʙʦʨʫʜʦʚʘʥʠʝ, ʥʝʩʫʱʘʷ 
ʩʧʦʩʦʙʥʦʩʪʴ, ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. 
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Tabl. 0. Fig. 9. Ref. 5. 
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