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Ƚɥɚɜɧɵɣ�ɪɟɞɚɤɬɨɪ�- 
Ʉɚɞɢɪɨɜɚ�Ɂɭɯɪɚ�ɑɢɧɝɢɡɨɜɧɚ 
Ɂɚɦɟɫɬɢɬɟɥɶ�ɝɥɚɜɧɨɝɨ�ɪɟɞɚɤɬɨɪɚ�– 
Ⱥɪɢɩɨɜɚ�Ɇɚɫɬɭɪɚ�ɏɢɤɦɚɬɨɜɧɚ� 
 
Ɋɟɞɚɤɰɢɨɧɧɚɹ�ɤɨɥɥɟɝɢɹ 
Ⱥɛɞɭɥɥɚɟɜ�ɍ�Ʉ���ɍɡɛɟɤɢɫɬɚɧ� 
Ⱥɞɢɥɨɜ�Ɋ�ɂ���ɍɡɛɟɤɢɫɬɚɧ� 
Ȼɨɛɚɟɜ�ɂ�Ⱦ���ɍɡɛɟɤɢɫɬɚɧ� 
Ⱦɚɦɢɧɨɜɚ�ɒ�ɒ���ɍɡɛɟɧɤɢɫɬɚɧ� 
Ⱦɠɚɥɢɥɨɜ�Ⱥ�Ɍ���ɍɡɛɟɤɢɫɬɚɧ� 
Ⱦɨɞɚɟɜ�Ʉ�Ɉ���ɍɡɛɟɤɢɫɬɚɧ� 
ɂɤɪɚɦɨɜ�Ⱥ���ɍɡɛɟɤɢɫɬɚɧ� 
Ʉɟɞɟɥɶɛɚɟɜ�Ȼ�ɒ���Ʉɚɡɚɯɫɬɚɧ� 
Ɇɢɪɡɚɤɭɥɨɜ�ɏ�ɑ���ɍɡɛɟɤɢɫɬɚɧ� 
Ɇɭɬɚɥɨɜ�ɒ�Ⱥ���ɍɡɛɟɤɢɫɬɚɧ� 
ɇɭɪɦɭɯɚɦɟɞɨɜ�ɏ�ɋ���ɍɡɛɟɤɢɫɬɚɧ� 
ɉɨɬɚɩɨɜɚ�ȿ�ɇ���Ɋɨɫɫɢɹ� 
ɉɭɥɚɬɨɜ�ɏ�Ʌ���ɍɡɛɟɤɢɫɬɚɧ� 
Ɋɚɭ�Ⱦ�ȼ���ɂɬɚɥɢɹ� 
Ɋɚɯɦɚɧɛɟɪɞɢɟɜ�Ƚ���ɍɡɛɟɤɢɫɬɚɧ� 
ɋɟɪɤɚɟɜ�Ʉ�ɉ���ɍɡɛɟɤɢɫɬɚɧ� 
Ɍɪɭɫɨɜɚ�ȿ�ȿ���Ȼɟɥɚɪɭɫɶ� 
Ɍɭɥɬɚɛɚɟɜ�Ɇ�ɑ���Ʉɚɡɚɯɫɬɚɧ� 
Ɍɭɪɚɛɞɠɚɧɨɜ�ɋ�Ɇ���ɍɡɛɟɤɢɫɬɚɧ� 
ɍɫɦɨɧɨɜ�Ȼ�ɒ���ɍɡɛɟɤɢɫɬɚɧ� 
ɏɚɦɢɞɨɜ�ɏ���ɍɡɛɟɤɢɫɬɚɧ� 
ɒɚɯɝɢɥɶɞɹɧ�Ƚ�ɘ���Ɋɨɫɫɢɹ� 
 
Ɋɟɞɚɤɰɢɨɧɧɵɣ�ɫɨɜɟɬ 
Ⱥɛɞɭɪɚɡɚɤɨɜɚ�ɋ�ɏ���ɌɏɌɂ� 
Ƚɭɥɹɦɨɜ�ɒ�0���ɌȽ7ɍ� 
ɘɧɭɫɨɜ�Ɇ�ɉ���ɍɡɄɎɌɂ� 
Ɇɭɯɚɦɟɞɨɜ�Ƚ�ɂ���ɑȽɉɂ� 
Ɋɚɲɢɞɨɜɚ�ɋ�ɒ���ɂɎɏɉ�Ⱥɇ�Ɋɍɡ� 
ɋɚɝɞɭɥɥɚɟɜ�ɒ�ɒ���ɂɏɊȼ�Ⱥɇ�Ɋɍɡ� 
Ɍɭɪɚɟɜ�Ⱥ�ɋ���Ⱥɇ�Ɋɍɡ� 
Ɍɚɞɠɢɯɨɞɠɚɟɜ�Ɂ�Ⱥ���ȼȺɄ�Ɋɍɡ� 
Ɍɭɪɚɟɜ�ɏ�ɏ���Ɍɟɪɦɟɡɫɤɢɣ�Ƚɍ� 
ɘɫɭɩɛɟɤɨɜ�ɇ�Ɋ���ɌȽ7ɍ� 
 
ɍɱɪɟɞɢɬɟɥɶ�–�Ɍɚɲɤɟɧɬɫɤɢɣ 
ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ�ɢɧɫɬɢɬɭɬ 
 
ɀɭɪɧɚɥ�ɜɤɥɸɱɟɧ�ɜ�ɩɟɪɟɱɟɧɶ 
ɪɟɰɟɧɡɢɪɭɟɦɵɯ�ɧɚɭɱɧɵɯ�ɠɭɪɧɚɥɨɜ� 
ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɯ�ȼȺɄ�Ɋɍɡ�ɞɥɹ 
ɩɭɛɥɢɤɚɰɢɢ�ɧɚɭɱɧɵɯ�ɪɟɡɭɥɶɬɚɬɨɜ 
ɞɢɫɫɟɪɬɚɰɢɣ�ɧɚ�ɫɨɢɫɤɚɧɢɟ�ɭɱɟɧɨɣ 
ɫɬɟɩɟɧɢ 
 
 
Ɉɬɜɟɬɫɬɜɟɧɧɵɣ�ɫɟɤɪɟɬɚɪɶ�– 
Ɇɤɪɬɱɹɧ�Ɋ�ȼ� 
 
Ⱥɞɪɟɫ�ɪɟɞɚɤɰɢɢ� 
��������Ɍɚɲɤɟɧɬ��ɭɥ��ɇɚɜɨɢ���� 
H-PDLO��MRXUQDOBWFWL#PDLO�UX 
KWWSV���FFH�UHVHDUFKFRPPRQV�RUJ�
MRXUQDO� 
Ɍɟɥ���������������-��-�� 

ɋɈȾȿɊɀȺɇɂȿ 

ɂɡɞɚɟɬɫɹ���ɪɚɡɚ�ɜ�ɝɨɞ�ɫ������ɝɨɞɚ� 
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ɏɢɦɢɹ�ɢ�ɯɢɦɢɱɟɫɤɚɹ�ɬɟɯɧɨɥɨɝɢɹ 
ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ�ɠɭɪɧɚɥ 

������ 
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Ʌɢ�Ƚ�-ɋ���Ȼɚɛɚɯɚɧɨɜɚ�Ɂ�Ⱥ���Ⱥɪɢɩɨɜɚ�Ɇ�ɏ� 
ɍɬɢɥɢɡɚɰɢɹ�ɨɬɯɨɞɨɜ�ɧɚ�ɤɨɪɟɣɫɤɢɯ�ɰɟɦɟɧɬɧɵɯ�ɡɚɜɨɞɚɯ � 

Ƚɭɥɚɦɨɜɚ�Ⱦ�Ⱦɠ���Ȼɨɛɨɤɭɥɨɜ�ɋ�ɏ���ɗɲɨɧɤɭɥɨɜ�ɗ�Ȼ���Ɇɚɦɧɢɚɲɜɢɥɢ�Ƚ�ɂ���Ʌɢ�ȼ�Ɋ���
Ƚɭɥɚɦɨɜ�Ɍ�ɂ� 
Ⱥɧɨɦɚɥɢɢ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ�ɢ�ɦɚɝɧɢɬɧɨɣ�ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ�ɩɪɢ����-����Ʉ�ɢ� 
ɚɬɦɨɫɮɟɪɧɨɦ�ɞɚɜɥɟɧɢɢ�ɜɢɫɦɭɬɨɜɵɯ�ɤɭɩɪɚɬɚɯ��ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ�ɫɨɥɧɟɱɧɨɣ�ɷɧɟɪɝɢɟɣ� 

� 

ɉɨɞɞɟɧɟɠɧɵɣ�ȿ�ɇ���Ɍɪɭɫɨɜɚ�ȿ�ȿ���Ȼɨɣɤɨ�Ⱥ�Ⱥ���Ʉɪɚɜɰɨɜɚ�ȿ�Ɋ���Ⱦɚɜɵɞɨɜɚ�Ɉ�ȼ� 
Ɏɨɪɦɢɪɨɜɚɧɢɟ�ɥɸɦɢɧɟɫɰɟɧɬɧɵɯ�ɩɨɤɪɵɬɢɣ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɥɟɝɤɨɩɥɚɜɤɢɯ�ɫɬɟɤɨɥ� �� 

ɇɚɢɦɨɜ�ɒ�Ȼ���Ⱥɪɢɩɨɜɚ�Ɇ�ɏ� 
ɂɫɫɥɟɞɨɜɚɧɢɟ�ɜɥɢɹɧɢɹ�ɨɤɫɢɞɚ�%�2��ɧɚ�ɮɢɡɢɤɨ-ɬɟɯɧɢɱɟɫɤɢɟ�ɫɜɨɣɫɬɜɚ�ɝɪɭɧɬɨɜɚɧɧɨɣ�
ɷɦɚɥɢ��ɩɨɥɭɱɟɧɧɨɣ�ɧɚ�ɨɫɧɨɜɟ�ɦɟɫɬɧɵɯ�ɫɵɪɶɟɜɵɯ�ɦɚɬɟɪɢɚɥɨɜ 

�� 

ɌȿɏɇɈɅɈȽɂə�ɄȺɌȺɅɂɁȺ�ɂ�ɊȿȺɄɐɂɃ�� 

Ɉɬɚɦɭɯɚɦɟɞɨɜɚ�Ƚ�Ʉ���ɁɢɹɞɭɥɥDɟɜ�Ɉ�ɗ���ɂɤɪɚɦɨɜ�Ⱥ���Ɍɢɪɤɚɲɟɜɚ�ɋ�ɂ� 
ɋɢɧɬɟɡ�ɢɧɬɟɪɧɚɥɶɧɵɯ�ɚɰɟɬɢɥɟɧɨɜɵɯ�ɫɩɢɪɬɨɜ�ɧɚ�ɨɫɧɨɜɟ�ɪɟɚɤɰɢɢ�ɫɨɧɨɝɚɲɢɪɵ� 
ɬɟɪɦɢɧɚɥɶɧɵɯ�ɚɰɟɬɢɥɟɧɨɜɵɯ�ɫɩɢɪɬɨɜ�ɢ�ɛɟɧɡɨɥɯɥɨɪɢɞɚ 

�� 

ɉɚɪɦɚɧɨɜ�Ⱥ�Ȼ���ɇɭɪɦɚɧɨɜ�ɋ�ɗ���Ⱥɛɞɭɪɭɯɦɚɧɨɜɚ�ɋ�ɋ���Ɍɢɪɤɚɲɟɜɚ�ɋ�ɂ��� 
Ⱥɞɚɲɟɜ�Ȼ�Ɏ� 
Ɍɟɯɧɨɥɨɝɢɹ�ɫɢɧɬɟɡɚ�ɜɢɧɢɥɨɜɵɯ�ɷɮɢɪɨɜ�ɚɪɨɦɚɬɢɱɟɫɤɢɯ�ɤɚɪɛɨɧɨɜɵɯ�ɤɢɫɥɨɬ�ɧɚ�ɨɫɧɨɜɟ�
ɜɢɧɢɥɚɰɟɬɚɬɚ 

�� 

ɋɚɣɢɬɨɜ�Ȼ���ɀɭɦɚɧɨɜ�Ʌ���Ⱥɥɢɦɭɯɚɦɟɞɨɜ�Ɇ�Ƚ���ɍɦɚɪɨɜ�ɒ���Ɇɚɝɪɭɩɨɜ�Ɏ�Ⱥ� 
ɋɢɧɬɟɡ�ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ�ɨɥɢɝɨɦɟɪɨɜ�ɧɚ�ɨɫɧɨɜɟ�ɮɭɪɮɭɪɢɥɨɜɨɝɨ�ɫɩɢɪɬɚ �� 

ɋɚɥɢɟɜɚ�Ɇ�Ʉ���ɁɢɹɞɭɥɥDɟɜ�Ɉ�ɗ���Ɉɬɚɦɭɯɚɦɟɞɨɜɚ�Ƚ�Ʉ���ɌDɥɢɩɨɜ�Ɋ�Ɏ��� 
Ⱥɛɥɚɤɭɥɨɜ�Ʌ�Ʉ� 
ɋɢɧɬɟɡ�ɚɰɟɬɢɥɟɧ�ɞɢɨɥɨɜ�ɫ�ɭɱɚɫɬɢɟɦ�ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ�ɫɢɫɬɟɦɵ�%X�12+�'062�+�2 

�� 

ɉɂɓȿȼɕȿ�ɌȿɏɇɈɅɈȽɂɂ� 

ɗɪɝɚɲɟɜɚ�ɒ�Ⱥ���Ɇɚɦɚɬɯɚɧɨɜɚ�Ɇ�Ⱥ���ɏɚɠɢɛɚɟɜ�Ɍ�Ⱥ���ɏɚɥɢɥɨɜ�Ɋ�Ɇ��� 
Ɇɚɦɚɬɯɚɧɨɜ�Ⱥ�ɍ� 
ɉɨɞɛɨɪ�ɨɩɬɢɦɚɥɶɧɵɯ�ɭɫɥɨɜɢɣ�ɩɪɨɰɟɫɫɚ�ɫɭɲɤɢ�ɜɨɞɧɨɝɨ�ɷɤɫɬɪɚɤɬɚ�ɢɡ�ɧɚɞɡɟɦɧɨɣ�ɱɚɫɬɢ�
6FXWHOODULD�DGHQRVWHJLD� 

�� 

Ʉɚɸɦɨɜ�Ȼ�ɋ���ɏɚɤɢɦɨɜɚ�ɋ�ɒ���ɏɚɫɚɧɨɜ�ɏ�Ɍ� 
ȼɥɢɹɧɢɟ�ɥɢɩɨɥɢɬɢɱɟɫɤɢɯ�ɮɟɪɦɟɧɬɨɜ�ɧɚ�ɮɪɚɤɰɢɨɧɧɵɣ�ɫɨɫɬɚɜ�ɡɟɪɧɨɜɨɝɨ�ɫɩɢɪɬɚ �� 

Ȼɨɣɠɚɧɨɜ�ɇ����Ȼɨɣɠɚɧɨɜ�ɂ���Ƀɭɥɱɢɟɜ�Ⱥ���ɋɟɪɤɚɟɜ�Ʉ� 
ȼɥɢɹɧɢɟ�ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ�ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ�ɛɟɧɬɨɧɢɬɨɜ�ɧɚ�ɤɚɱɟɫɬɜɨ�ɪɚɫɬɢɬɟɥɶɧɵɯ�
ɦɚɫɟɥ� 

�� 
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*XODPRYD�'�'M���%RERNXORY�6�.K���(VKRQNXORY�(�%���/,�9�5��� 
0DPQLDVKYLOL�*�,���*XODPRY�7�,� 
$QRPDORXV�RI�UHVLVWDQFH�DQG�PDJQHWLF�VXVFHSWLELOLW\�DW����-����.�DQG� 
DPELHQW�SUHVVXUH�LQ�ELVPXWK�FXSUDWHV�V\QWKHVL]HG�E\�VRODU�HQHUJ\ 
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3RGGHQH]KQ\�(�1���7UXVRYD�(�(���%RLNR�$�$���.UDYFRYD�(�5��� 
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)RUPDWLRQ�RI�OXPLQHVFHQW�FRDWLQJV�ZLWK�WKH�XVH�RI�ORZ�PHOWLQJ�JODVV 
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1DLPRY�6K�%���$ULSRYD�0�.K� 
6WXG\�RI�WKH�LQIOXHQFH�RI�%�2��R[LGH�RQ�WKH�SK\VLFDO�DQG�WHFKQLFDO� 
SURSHUWLHV�RI�JURXQG�HQDPHO�REWDLQHG�IURP�ORFDO�UDZ�PDWHULDOV� 
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3DUPDQRY�$�%���1XUPDQRY�6�(���$EGXUXNKPDQRYD�6�6���7LUNDVKHYD�
6�,���$GDVKHY�%�)� 
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EDVHG�RQ�YLQ\O�DFHWDWH� 
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3RGGHQH]KQ\�(�1���7UXVRYD�(�(���%RLNR�$�$���.UDYWVRYD�(�5��� 
'DY\GRYD�2�9� 
&KDP�VHUJDQ�NR
UDNODU�IR\GDODQLVKGD�OXPLQHVFHQW�TRSODPDODUQL�KD]LUODVK 
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1DLPRY�6K�%���$ULSRYD�0�;� 
0D[DOOL\�[RPDVK\RODU�DVRVLGD�ROLQJDQ��JUXQWOL�HPDOQLQJ�IL]LNVL\-WH[QLN�
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UJDQLVK 
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DVRVLGD�LQWHUQDO�DWVHWLOHQ�VSLUWODUL�VLQWH]L� 
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CHEMISTRY AND CHEMICAL ENGINEERING 
ɏɂɆɂə�ɂ�ɏɂɆɂɑȿɋɄȺə�ɌȿɏɇɈɅɈȽɂə  

� 

ɍɌɂɅɂɁȺɐɂə�ɈɌɏɈȾɈȼ�ɇȺ�ɄɈɊȿɃɋɄɂɏ�ɐȿɆȿɇɌɇɕɏ�ɁȺȼɈȾȺɏ 
 
Ƚɟɭɧ-ɋɟɨɧɝ�Ʌɂ��JHXQVOHH#JPDLO�FRP� 
Ɂɟɛɨ�Ⱥ��ȻȺȻȺɏȺɇɈȼȺ��]HER�EDEDNKDQRYD#JPDLO�FRP� 
Ɇɚɫɬɭɪɚ�ɏ��ȺɊɂɉɈȼȺ��DULSRYD����#\DQGH[�UX� 
Ɍɚɲɤɟɧɬɫɤɢɣ�ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ�ɢɧɫɬɢɬɭɬ��Ɍɚɲɤɟɧɬ��ɍɡɛɟɤɢɫɬɚɧ 
 

ɉɪɟɢɦɭɳɟɫɬɜɨ�ɩɟɱɢ�ɧɚ�ɰɟɦɟɧɬɧɨɦ�ɡɚɜɨɞɟ�ɡɚɤɥɸɱɚɟɬɫɹ�ɜ�ɩɨɥɧɨɦ�ɢ�ɷɮɮɟɤɬɢɜɧɨɦ�ɪɚɡɪɭɲɟɧɢɢ�ɢ�ɫɠɢɝɚɧɢɢ�ɜɫɟɯ�ɨɪɝɚɧɢɱɟ�
ɫɤɢɯ� ɜɟɳɟɫɬɜ� ɛɥɚɝɨɞɚɪɹ� ɜɵɫɨɤɨɣ� ɬɟɦɩɟɪɚɬɭɪɟ� ɢ� ɞɥɢɬɟɥɶɧɨɦɭ� ɜɪɟɦɟɧɢ� ɩɪɟɛɵɜɚɧɢɹ�� ɤɢɫɥɨɪɨɞɧɨɣ� ɚɬɦɨɫɮɟɪɟ� ɢ� ɩɪɟɜɨɫɯɨɞɧɨɦɭ�
ɷɮɮɟɤɬɭ�ɫɦɟɲɢɜɚɧɢɹ��ɳɟɥɨɱɧɵɦ�ɭɫɥɨɜɢɹɦ�ɫɵɪɶɹ�ɢ�ɜɤɥɸɱɟɧɢɸ�ɫɥɟɞɨɜ�ɦɟɬɚɥɥɨɜ�ɜ�ɤɥɢɧɤɟɪ��ɚ�ɬɚɤɠɟ�ɢɝɪɚɟɬ�ɪɨɥɶ�ɛɚɪɶɟɪɚ�ɞɥɹ�ɜɵ�
ɛɪɨɫɨɜ� ɡɚɝɪɹɡɧɹɸɳɢɯ� ɜɟɳɟɫɬɜ� ɩɪɢ� ɭɬɢɥɢɡɚɰɢɢ� ɨɬɯɨɞɨɜ�� Ɍɟɯɧɨɥɨɝɢɹ� ɭɬɢɥɢɡɚɰɢɢ� ɨɬɯɨɞɨɜ� ɜ� ɧɚɫɬɨɹɳɟɟ� ɜɪɟɦɹ� ɚɩɪɨɛɢɪɨɜɚɧɚ� ɢ�
ɭɫɩɟɲɧɚ�ɧɚ�ɰɟɦɟɧɬɧɵɯ�ɡɚɜɨɞɚɯ��ɂɫɩɨɥɶɡɨɜɚɧɢɟ�ɨɬɯɨɞɨɜ�ɧɚ�ɤɨɪɟɣɫɤɢɯ�ɰɟɦɟɧɬɧɵɯ�ɡɚɜɨɞɚɯ�ɡɧɚɱɢɬɟɥɶɧɨ�ɪɚɫɲɢɪɹɟɬɫɹ�ɫ�ɬɨɱɤɢ�ɡɪɟ�
ɧɢɹ�ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ�ɷɧɟɪɝɢɢ�ɢ�ɦɚɬɟɪɢɚɥɨɜ��ɚ�ɬɚɤɠɟ�ɷɤɨɧɨɦɢɤɢ��ɚ�ɬɚɤɠɟ�ɨɯɪɚɧɵ�ɨɤɪɭɠɚɸɳɟɣ�ɫɪɟɞɵ��ɂɫɫɥɟɞɨɜɚɧɢɹ�ɩɨ�ɢɫɩɨɥɶɡɨ�
ɜɚɧɢɸ�ɨɬɯɨɞɨɜ�ɜ�ɩɪɨɢɡɜɨɞɫɬɜɟ�ɰɟɦɟɧɬɚ�ɜ�Ʉɨɪɟɟ��ɧɚɱɚɜɲɢɟɫɹ�ɜ������ɝɨɞɭ��ɩɪɨɜɨɞɹɬɫɹ�ɭɠɟ�ɛɨɥɟɟ����ɥɟɬ�ɢ�ɩɨɥɧɨɫɬɶɸ�ɤɨɦɦɟɪɰɢɚ�
ɥɢɡɢɪɨɜɚɧɵ�ɧɚ�ɜɫɟɯ�ɰɟɦɟɧɬɧɵɯ�ɡɚɜɨɞɚɯ��ȼ�ɬɟɱɟɧɢɟ������ɝɨɞɚ�����ɝɥɢɧɢɫɬɨ-ɤɪɟɦɧɢɫɬɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɛɵɥɨ�ɡɚɦɟɧɟɧɨ�ɡɚ�ɫɱɟɬ�ɢɫ�
ɩɨɥɶɡɨɜɚɧɢɹ�ɨɬɯɨɞɨɜ�ɜ�ɤɚɱɟɫɬɜɟ�ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ�ɫɵɪɶɹ��ɚ�ɬɚɤɢɟ�ɨɬɯɨɞɵ��ɤɚɤ�ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ�ɲɢɧɵ��ɨɬɯɨɞɵ�ɩɥɚɫɬɢɤɚ�ɢ�ɬ��ɞ���
ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ�ɜ�ɤɚɱɟɫɬɜɟ�ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ�ɬɨɩɥɢɜɚ�ɢ�ɧɚ�����ɡɚɦɟɧɢɥɢ�ɭɝɨɥɶ��ɢɫɩɨɥɶɡɭɟɦɵɣ�ɜ�ɤɚɱɟɫɬɜɟ�ɨɫɧɨɜɧɨɝɨ�ɬɨɩɥɢɜɚ��Ʉɪɨ�
ɦɟ�ɬɨɝɨ��ɞɥɹ�ɷɮɮɟɤɬɢɜɧɨɝɨ�ɭɩɪɚɜɥɟɧɢɹ�ɨɬɯɨɞɚɦɢ��ɜɤɥɸɱɚɹ�ɩɪɨɰɟɞɭɪɭ�ɩɨɞɝɨɬɨɜɤɢ�ɫɬɚɛɢɥɶɧɵɯ�ɢ�ɨɞɧɨɪɨɞɧɵɯ�ɩɨɫɬɚɜɨɤ��ɱɬɨ��ɤɪɨɦɟ�
ɬɨɝɨ��ɛɭɞɟɬ�ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ�ɨɛɳɟɦɭ�ɫɨɤɪɚɳɟɧɢɸ�ɜɵɛɪɨɫɨɜ�ɭɝɥɟɪɨɞɚ�ɜ�ɫɬɪɚɧɟ��ɧɟɨɛɯɨɞɢɦɨ�ɷɮɮɟɤɬɢɜɧɨɟ��ɧɟɩɪɟɪɵɜɧɨɟ�ɢ�ɧɚɞɟɠ�
ɧɨɟ�ɢɫɩɨɥɶɡɨɜɚɧɢɟ�ɨɬɯɨɞɨɜ�ɧɚ�ɰɟɦɟɧɬɧɵɯ�ɡɚɜɨɞɚɯ��ɐɟɦɟɧɬɧɵɦ�ɡɚɜɨɞɚɦ�ɍɡɛɟɤɢɫɬɚɧɚ�ɬɚɤɠɟ�ɧɟɨɛɯɨɞɢɦɨ�ɚɤɬɢɜɧɨ�ɩɟɪɟɫɦɚɬɪɢ�
ɜɚɬɶ�ɢ�ɩɪɢɦɟɧɹɬɶ�ɦɟɬɨɞɵ�ɭɬɢɥɢɡɚɰɢɢ�ɨɬɯɨɞɨɜ��ɢ��ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�� ɩɪɚɜɢɬɟɥɶɫɬɜɨ�ɍɡɛɟɤɢɫɬɚɧɚ�ɞɨɥɠɧɨ�ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ�ɚɤ�
ɬɢɜɧɨɦɭ�ɫɨɡɞɚɧɢɸ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ�ɫɢɫɬɟɦɵ�ɩɨɞɞɟɪɠɤɢ�ɞɥɹ�ɪɚɡɪɚɛɨɬɤɢ�ɬɟɯɧɨɥɨɝɢɣ�ɭɬɢɥɢɡɚɰɢɢ�ɨɬɯɨɞɨɜ�ɧɚ�ɰɟɦɟɧɬɧɵɯ�ɡɚɜɨ�
ɞɚɯ�� 

 
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɰɟɦɟɧɬɧɵɣ�ɡɚɜɨɞ��ɭɬɢɥɢɡɚɰɢɹ�ɨɬɯɨɞɨɜ��ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ�ɦɚɬɟɪɢɚɥɵ�ɢ�ɬɨɩɥɢɜɨ� 
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*HXQ-6HRQJ�/((��JHXQVOHH#JPDLO�FRP� 
=HER�$��%$%$.+$129$��]HER�EDEDNKDQRYD#JPDLO�FRP� 
0DVWXUD�.K��$5,329$��DULSRYD����#\DQGH[�UX� 
7DVKNHQW�,QVWLWXWH�RI�&KHPLFDO�7HFKQRORJ\��7DVKNHQW��8]EHNLVWDQ 

 
7KH� NLOQ�SURFHVV� LQ� FHPHQW� SODQW� KDV� WKH�DGYDQWDJH� RI� FRPSOHWHO\� DQG� HIIHFWLYHO\�GHVWUR\LQJ� DQG�EXUQLQJ� DOO� RUJDQLF� VXE�

VWDQFHV�GXH�WR�KLJK�WHPSHUDWXUH�DQG�ORQJ�UHVLGHQFH�WLPH��R[\JHQ�DWPRVSKHUH�DQG�H[FHOOHQW�PL[LQJ�HIIHFW��DONDOLQH�FRQGLWLRQV�RI�UDZ�
PDWHULDOV��DQG�LQFRUSRUDWLRQ�RI� WUDFH�PHWDOV� LQWR�FOLQNHU��DQG�SOD\V�D�UROH�DV�D�SROOXWDQW�HPLVVLRQ�EDUULHU�GXULQJ�ZDVWH�XWLOL]DWLRQ��
:DVWH�XWLOL]DWLRQ�WHFKQRORJ\�LV�QRZ�SURYHQ�DQG�VXFFHVVIXO�LQ�FHPHQW�SODQWV��7KH�ZDVWH�XWLOL]DWLRQ�LQ�.RUHDQ�FHPHQW�SODQWV�DUH�JUHDWO\�
H[SDQGLQJ�LQ� WKH�YLHZ�RI�HQHUJ\�DQG�PDWHULDO�UHFRYHULHV��DQG�HFRQRPLFV�DV�ZHOO�DV�HQYLURQPHQWDO�SUHVHUYDWLRQ��5HVHDUFK�RQ�ZDVWH�
XWLOL]DWLRQ�LQ�WKH�.RUHDQ�FHPHQW�SURFHVV��ZKLFK�EHJDQ�LQ�������KDV�QRZ�EHHQ�RYHU����\HDUV�DQG�LW�KDV�EHHQ�FRPSOHWHO\�FRPPHUFLDO�
L]HG�LQ�DOO�FHPHQW�SODQWV��'XULQJ�WKH�\HDU�����������RI�DUJLOODFHRXV-VLOLFHRXV�PDWHULDOV�ZHUH�EHLQJ�UHSODFHG�WKURXJK�ZDVWH�XWLOL]D�
WLRQ�DV�DOWHUQDWLYH� UDZ�PDWHULDOV��DQG�ZDVWHV� VXFK�DV�ZDVWH� WLUHV��ZDVWH�SODVWLF��HWF���XWLOL]HG�DV�DOWHUQDWLYH� IXHO�DQG�UHSODFHG�FRDO�
XVHG�DV�PDLQ�IXHO�E\������$OVR��ZDVWH�XWLOL]DWLRQ�ZLWK�HIIHFWLYHO\�FRQWLQXRXV�DQG�UHOLDEOH�DYDLODELOLW\�LQ�FHPHQW�SODQWV� LV�QHHGHG�WR�
HIIHFWLYH�ZDVWH�PDQDJHPHQW�LQFOXGLQJ�WKH�SUHSDUDWLRQ�SURFHGXUH�IRU�VWDEOH�DQG�KRPRJHQHRXV�VXSSOLHV��ZKLFK�ZLOO�IXUWKHUPRUH�FRQ�
WULEXWH�WKH�RYHUDOO�FDUERQ�UHGXFWLRQ�LQ�WKH�FRXQWU\��8]EHNLVWDQ�FHPHQW�IDFWRULHV�DOVR�QHHG�WR�DFWLYHO\�UHYLHZ�DQG�WR�DSSO\�ZDVWH�XWLOL�
]DWLRQ��DQG�DFFRUGLQJO\�� WKH�8]EHNLVWDQ�JRYHUQPHQW� VKRXOG�FRQWULEXWH� WKDW� LW�DFWLYHO\�HVWDEOLVK�D�UHODWHG�VXSSRUW� V\VWHP� WR�GHYHORS�
ZDVWH�XWLOL]DWLRQ�WHFKQRORJ\�LQ�FHPHQW�SODQWV�� 

 
.H\ZRUGV���FHPHQW�SODQW��ZDVWH�XWLOL]DWLRQ��DOWHUQDWLYH�PDWHULDOV�DQG�IXHO� 
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*HXQ-6HRQJ�/((��JHXQVOHH#JPDLO�FRP� 
=HER�$��%$%$ɏ$129$��]HER�EDEDNKDQRYD#JPDLO�FRP� 
0DVWXUD�ɏ��$5,329$��DULSRYD����#\DQGH[�UX� 
7RVKNHQW�NLP\R-WH[QRORJL\D�LQVWLWXWL��7RVKNHQW��2µ]EHNLVWRQ� 
� 

7VHPHQW�]DYRGLGDJL�SHFKQLQJ�DI]DOOLJL�VKXQGDNL��\XTRUL�KDURUDW�YD�X]RT�YDTW�TROLVK�PXGGDWL��NLVORURG�DWPRVIHUDVL�YD�PXNDPPDO�
DUDODVKWLULVK� HIIHNWL�� [RP� DVK\RQLQJ� LVKTRUL\� VKDURLWODUL� YD� L]�PHWDOODUQLQJ� WDUNLELJD� NLULVKL� WXID\OL� EDUFKD� RUJDQLN�PRGGDODUQL� WR
OLT� YD�
VDPDUDOL�\R
T�TLOLVK�YD�\RTLVK��NOLQNHU��VKXQLQJGHN��FKLTLQGLODUQL�TD\WD�LVKODVKGD�LIORVODQWLUXYFKL�PRGGDODU�HPLVVL\DVL�XFKXQ�WR
VLT�ER
OLE�
[L]PDW�TLODGL��&KLTLQGLODUQL�TD\WD� LVKODVK�WH[QRORJL\DVL�HQGL� WVHPHQW� ]DYRGODULGD�VLQRYGDQ�R
WND]LOGL�YD�PXYDIIDTL\DWOL�ER
OGL��.RUH\D�VH�
PHQW� ]DYRGODULGD�FKLTLQGLODUGDQ� IR\GDODQLVK�HQHUJL\D�YD�PDWHULDOODUQL�TD\WD� WLNODVK�� LTWLVRGL\RW�YD�DWURI-PXKLWQL�PXKRID]D�TLOLVK�QXTWDL�
QD]DULGDQ� VH]LODUOL� GDUDMDGD� NHQJD\PRTGD�� .RUH\DGD� ����� \LOGD� ERVKODQJDQ� VHPHQW� LVKODE� FKLTDULVKGD� FKLTLQGLODUGDQ� IR\GDODQLVK�
ERµ\LFKD�WDGTLTRWODU����\LOGDQ�RUWLT�YDTW�GDYRPLGD�ROLE�ERULOLE��EDUFKD�VHPHQW�]DYRGODULGD�WRµOLT�WLMRUDWODVKWLULOGL�������\LO�GDYRPLGD�OR\-
NUHPQL\OL�PDWHULDOODUQLQJ����IRL]L�PXTRELO�[RP�DVK\R�VLIDWLGD�FKLTLQGLODUGDQ�IR\GDODQLVK�ELODQ�DOPDVKWLULOGL�YD�LVKODWLOJDQ�VKLQDODU��FKLTLQ�
GL�SODVWPDVVD�YD�ERVKTDODU�PXTRELO�\RTLOJ
L�VLIDWLGD�LVKODWLOJDQ�YD�DVRVL\�\RTLOJ
L�VLIDWLGD�LVKODWLODGLJDQ�NR
PLUQLQJ����IRL]L�DOPDVKWLULOJDQ���
%XQGDQ�WDVKTDUL��FKLTLQGLODUQL�VDPDUDOL�ERVKTDULVK�XFKXQ��VKX�MXPODGDQ�EDUTDURU�YD�\DJRQD�WD
PLQRWQL�WD\\RUODVK�WDUWLEL��EX�HVD�PDPOD�
NDWGD� XJOHURG� FKLTLQGLODULQL� XPXPL\� NDPD\WLULVKJD� \RUGDP� EHUDGL�� VHPHQW� ]DYRGODULGD� FKLTLQGLODUGDQ� VDPDUDOL�� X]OXNVL]� YD� LVKRQFKOL�
IR\GDODQLVK�]DUXU��2µ]EHNLVWRQGDJL�VHPHQW�]DYRGODUL�KDP�FKLTLQGLODUQL�ERVKTDULVK�DPDOL\RWLQL�IDRO�TD\WD�NRµULE�FKLTLVKODUL�YD�MRUL\�HWLVKOD�
UL� NHUDN� YD� VKXQJD� PXYRILT� 2µ]EHNLVWRQ� KXNXPDWL� VHPHQW� ]DYRGODULGD� FKLTLQGLODUQL� ERVKTDULVK� WH[QRORJL\DODULQL� ULYRMODQWLULVK� XFKXQ�
WHJLVKOL�TRµOODE-TXYYDWODVK�WL]LPLQL�\DUDWLVKJD�IDRO�NRµPDNODVKLVKL�NHUDN�� 

� 
ɄɚOLW�VR
]ODU��WVHPHQW�]DYRGL��FKLTLQGLODUQL�XWLOL]DWVL\D�TLOLVK��PXTRELO�PDWHULDOODU�YD�\RTLOJ
L� 
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�'2,�����������FFH������ 

,QWURGXFWLRQ� 
&HPHQW�SURGXFWLRQ�LV�D�YHU\�PDWHULDO�DQG�

HQHUJ\-LQWHQVLYH� SURFHVV�� &HPHQW� SURGXFWLRQ� LV�
VLPLODU� DOO� RYHU� WKH�ZRUOG�� $IWHU� WKH� QDWXUDO� UDZ�
PDWHULDOV�VXFK�DV�OLPHVWRQH��VLOLFD�VDQG��FOD\��DQG�
LURQ�RUH��DUH�PLQHG��WKH\�XQGHUJR�YDULRXV�VWHSV�RI�
PHFKDQLFDO� WUHDWPHQW� VXFK� DV� FUXVKLQJ�� JULQGLQJ��
DQG�KRPRJHQL]DWLRQ�WR�SURGXFH�WKH�VR-FDOOHG�UDZ�

PHDO� LQ� WKH� UDZ�PLOO��7KH� UDZ�PHDO� HQWHUV� WKH�FH�
PHQW� NLOQ� V\VWHP� ZKHUH� WKH� WKHUPDO� SURFHVVHV�
�GU\LQJ�� SUHKHDWLQJ�� EXUQLQJ� DQG� FRROLQJ�� DQG�
FKHPLFDO� UHDFWLRQV� �FDOFLQDWLRQ�� FOLQNHUL]DWLRQ��
WDNH� SODFH� WR� SURGXFH� WKH� LQWHUPHGLDWH� SURGXFW��
FOLQNHU��)LQDOO\�WKH�FOLQNHU�LV�JURXQG�WRJHWKHU�ZLWK�
J\SVXP� DQG� RWKHU� FRQVWLWXHQWV� WR� SURGXFH� D� ILQH�
DQG�KRPRJHQHRXV�SRZGHU�RI�WKH�VR-FDOOHG�3RUWODQG�
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FHPHQW��)LJJXUH���LOOXVWUDWHV�WKH�VFKHPDWLF�FHPHQW�
PDQXIDFWXULQJ�SURFHVV�VWDUWLQJ�ZLWK�WKH�PLQLQJ�RI�
WKH� UDZ� PDWHULDOV� LQ� WKH� TXDUU\� YLD� WKH� FOLQNHU�
EXUQLQJ� SURFHVV� LQ� WKH� FHPHQW� NLOQ� XQWLO� WKH� ILQ�
LVKHG�SURGXFW��FHPHQW��OHDYLQJ�WKH�SODQW��DV�EDJ�RU�
EXON��E\�WUXFN��WDQN�ORUU\��WUDLQ�DQG�VKLS�� 

3URGXFLQJ� RQH� WRQ� RI� FOLQNHU� UHTXLUHV� RQ�
DYHUDJH����a����WRQV�RI�UDZ�PDWHULDOV��0RVW�RI�WKH�
ZHLJKW� ORVV�RFFXUV� IURP� WKH�FDOFLQDWLRQ�� WKH� UHDF�
WLRQ�RI�FDOFLXP�FDUERQDWH��&D&2���WR�OLPH��&D2���
ZKLFK�WDNHV�SODFH�RQFH�WKH�UDZ�PHDO� LV�KHDWHG�XS�
WR�����a������&��$V�WKH�WHPSHUDWXUH�LQ�WKH�URWDU\�

NLOQ�LV�LQFUHDVHG�XS�WR�������&��WKH�FOLQNHUL]DWLRQ�
SURFHVV� WDNHV� SODFH� DV� OLPH�� VLOLFD�� DOXPLQD�� DQG�
LURQ� UHDFW� WRJHWKHU� DQG� FRPELQH� WR� IRUP� FOLQNHU��
ZKHUH� WKH� FKHPLFDO� FRPSRQHQWV� LQ� UDZ�PDWHULDOV�
VXFK�DV�&D2��6L2���$O�2��DQG�)H�2��FKDQJH�WR�WKH�
PLQHUDORJLFDO� FRPSRQHQWV�� �&D2ā6L2�� �DOLWH��

&�6��� �&D2ā6L2�� �EHOLWH�� &�6���
�&D2ā$O�2�� �DOXPLQDWH�� &�$�� DQG�
�&D2ā$O�2�ā)H�2�� �IHUULWH�� &�$)��� 7KH�
WKHUPDO�HQHUJ\�UHTXLUHG�IRU�UDZ�PDWHULDO�
GU\LQJ�� FDOFLQDWLRQ� DQG� VLQWHULQJ� UHDF�
WLRQV�KDV� WUDGLWLRQDOO\�EHHQ�SURYLGHG�E\�
IRVVLO�IXHOV�VXFK�DV�RLO��QDWXUDO�JDV��FRDO�
DQG�SHWUROHXP�FRNH�� 
&XUUHQWO\�� WKH� LQQRYDWLYH� LVVXHV�RI�PRVW�
LQWHUHVW�WR�WKH�JOREDO�FHPHQW�LQGXVWU\�DUH�
DV� �L�� LQFUHDVHG� HQHUJ\� HIILFLHQF\�� �LL��
LQFUHDVHG�12[�HIILFLHQF\���LLL��LQFUHDVHG�
VXEVWLWXWLRQ� RI� FOLQNHU� E\�PLQHUDO� DGGL�
WLYHV�� �LY�� LQFUHDVHG� ZDVWH� XWLOL]DWLRQ��
DQG� �Y�� UHGXFHG� &2�� HPLVVLRQ�� $PRQJ�
WKH�YDULRXV�LVVXHV�DERYH�� WKH�LQFUHDVH�LQ�
ZDVWH�XWLOL]DWLRQ�LQ�FHPHQW�SODQWV�ZLOO�EH�
GLVFXVVHG� 

 
6SHFLDO�IHDWXUHV�LQ�FHPHQW�SODQWV 
7KH�WHPSHUDWXUHV��DQG�WKH�UHVLGHQFH�WLPHV�

RI�JDV�DQG�VROLGV�PDWHULDOV�ZKLFK�QRUPDOO\�UHPDLQ�
LQ� WKH� URWDU\� NLOQ�� SUHFDOFLQHU� DQG� SUHKHDWHU� DUH�
VKRZQ� LQ�)LJXUHV��� DQG����7KH�PDWHULDO� WHPSHUD�
WXUH�LQ�FHPHQW�NLOQ�FDQ�EH�KLJKHU�WKDQ������R&�DQG�

WKH�UHVLGHQFH�WLPH�LQ�WKH�NLOQ�LWVHOI�FDQ�
EH�PRUH�WKDQ����PLQ��7KH�JDV�WHPSHU�
DWXUH�FDQ�EH�HYHQ�KLJKHU�WKDQ������R&��
WKH�UHVLGHQFH�WLPH�RI�JDV�LQ�KLJK�WHP�
SHUDWXUH� ]RQH�ZKLFK� QR� OHVV� WKH� �����
R&�LV�PRUH�WKDQ����VHFRQGV��7KHUHIRUH��
EHFDXVH� RI� WKH� IXQGDPHQWDOO\� KLJK�
WHPSHUDWXUH� RI� ORQJ� UHVLGHQFH� WLPH� LQ�
FHPHQW� NLOQV�� DOO� RUJDQLF� FRPSRXQGV��
HYHQ� WKH� PRVW� UHVLVWDQW� FKORULQDWHG�
K\GURFDUERQV�DUH�FRPSOHWHO\�DQG�HIIL�
FLHQWO\� GHVWUR\HG�� (YHQ� WKH�PRVW� VWD�
EOH� RUJDQLF� FRPSRXQG� FDQQRW� VXUYLYH�
DW� WHPSHUDWXUHV� H[FHHGLQJ� VOLJKWO\�
PRUH�WKDQ�����R&�>�@�� 
&RPEXVWLEOH� WR[LF� FRPSRXQGV� IRXQG�
LQ�VRPH�KD]DUGRXV�ZDVWH��VXFK�DV�KDO�
RJHQDWHG� RUJDQLF� VXEVWDQFHV�� QHHG� WR�
EH�GHVWUR\HG�WKURXJK�SURSHU� WHPSHUD�
WXUH� DQG� UHVLGHQFH� WLPH�� +D]DUGRXV�
DQG�RWKHU�ZDVWHV�IHG�WKURXJK�WKH�PDLQ�
EXUQHU�LQ�WKH�URWDU\�NLOQ��ZKHUH�FRQGL�
WLRQV� ZLOO� DOZD\V� EH� IDYRUDEOH�� GH�
FRPSRVH� XQGHU� R[LGL]LQJ� FRQGLWLRQV�
DW� D� IODPH� WHPSHUDWXUH� RI� !����� �&�
>�@�� &HPHQW� SURFHVVHV� DUH� EDVLFDOO\�
R[\JHQ� ULFK� DWPRVSKHUH� DQG� JRRG�
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)LJXUH����6FKHPDWLF�FHPHQW�PDQXIDFWXULQJ�SURFHVV�� 

)LJXUH����*DV�DQG�PDWHULDO�WHPSHUDWXUH�LQ�NLOQ�SURFHVV� 

)LJXUH����7HPSHUDWXUHV�DQG�UHVLGHQFH�WLPH�GXULQJ�S\URSURFHVVLQJ� 
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PL[LQJ�FRQGLWLRQV��DVVXULQJ�JRRG�FRPEXVWLRQ�DQG�
DYRLGLQJ�WKH�JHQHUDWLRQ�RI�FDUERQ�PRQR[LGH��&2��
DQG� RWKHU� GHOHWHULRXV� FRPSRXQGV�� 7KH� WKHUPDOO\�
FRQVLVWHQW�FRQGLWLRQV�LQ�D�NLOQ�JXDUDQWHH�WKH�FRP�
SOHWH� GHVWUXFWLRQ�� DQG� VLPXOWDQHRXVO\� FRPSOHWH�
FRPEXVWLRQ�ZLWK�KLJKHU�HIILFLHQF\�RI� WKH�RUJDQLF�
FRPSRQHQWV� LQ� WKH�ZDVWH��%DVLF� UDZ�PDWHULDOV� LQ�
FHPHQW�SURFHVVHV�DUH�DONDOLQH�FRPSRQHQWV��:DVWH�
PDWHULDOV� LQ� WKH� NLOQ� DUH� LQ� FRQWDFW� ZLWK� D� ODUJH�
IORZ�RI�DONDOLQH��EDVLF��PDWHULDOV�WKDW�QHXWUDOL]HG�
SRWHQWLDO� DFLG�RII-JDVHV� IURP�FRPEXVWLRQ��7KHUH�
IRUH��WKH�FRPSRQHQWV�RI�VXOIXU�DQG�FKORULGH�JDVHV�
UHOHDVHG� GXULQJ� WKH� ZDVWH� XWLOL]DWLRQ� DUH� HDVLO\�
DEVRUEHG�E\�WKH�UDZ�PHDO�>�@�� 

)XUWKHUPRUH��FHPHQW�SODQWV�KDYH�LQWULQVLFDO�
O\� SOD\HG� D� UROH� DV� HPLVVLRQ� EDUULHUV� IURP� WKH�
SRLQW� RI� YLHZ� LQ� WKH� HQYLURQPHQWDO� DVSHFW�� LQ�
ZKLFK�EDUULHUV�SUHYHQW� WR[LF� VXEVWDQFHV� IURP�EH�
LQJ�HPLWWHG�RU�EHFRPLQJ�KDUPIXO� WR� WKH�HQYLURQ�
PHQW� �)LJ�� ��� E\� WKH� IXQFWLRQ� VXFK� DV�� �L�� +LJK�
LQFLQHUDWLRQ� WHPSHUDWXUH�� ,Q� WKH� VLQWHULQJ� ]RQH�
IODPH�WHPSHUDWXUHV�RI�VRPH������R&�DUH�UHTXLUHG�
IRU� WKH�FOLQNHUL]DWLRQ��ZKHUH�HYHQ�YHU\�VWDEOH�RU�
JDQLF� FRPSRXQGV� �H�J�� 3&%�� DUH� FRPSOHWHO\� GH�
VWUR\HG�� �LL�� ,QWHQVLYH�FRQWDFW�ZLWK� WKH� UDZ�PHDO��
,QWHQVLYH�FRQWDFW�RI�JDV�DQG�UDZ�PHDO�LV�UHTXLUHG�
IRU� KHDW� WUDQVIHU�� 3UHKHDWHU� V\VWHP� DFWV� DV�
µVFUXEELQJ�VWDWLRQ¶� LQ�VHULHV��ZRUNLQJ�DW�GLIIHUHQW�
WHPSHUDWXUHV� ����a���R&��� 7KLV� SURGXFHV� JDV�
SXULILFDWLRQ� WKURXJK� DEVRUSWLRQ� RI� WR[LF� FRP�
SRXQGV� ZKLOH� FRQWDFW� RFFXUV� LQ� FRXQWHU-FXUUHQW�
SDWWHUQ�� $OVR�� UDZ� JULQGLQJ� PLOO� LV� SDUWLFXODUO\�
HIIHFWLYH�IRU�DEVRUSWLRQ�GXH�WR�WKH�QHZO\�JHQHUDW�
HG� DFWLYH� VXUIDFH� RI� UDZ�PHDOV� GXULQJ� JULQGLQJ��
$FLG�JDVHV� �H�J��+&O��62��� DQG� DOVR�PRVW� RI� WKH�
KHDY\�PHWDOV� DUH� FDSWXUHG� LQ� SUHKHDWHUV� DQG� UDZ�
PLOOV��7KH�NH\�LV�WKH�FRQWDFW�RI�JDV�ZLWK�ILQH�VXV�
SHQGHG�SDUWLFOHV�� �LLL��/RZ� WHPSHUDWXUH��&RQGHQ�
VDWLRQ� RU� DEVRUSWLRQ� RQ� VXUIDFH� DFWLYH� UDZ�PHDO�
UHGXFHV� WKH� FRQFHQWUDWLRQV� RI� WR[LF� HOHPHQWV� DF�
FRUGLQJ� WR� WKH� SK\VLFDO�FKHPLFDO� HTXLOLEULXP��
7KLV�HIIHFW�VWURQJO\�GHSHQGV�RQ� WKH�JDV� WHPSHUD�

WXUH�� 7KH� ORZHU� VWDFN� WHPSHUDWXUH� WKH� ORZHU� ZLOO�
EH� WKH� HTXLEULXP� FRQFHQWUDWLRQV� RI� WKH� YDSRUV� RI�
WR[LF� FRPSRXQGV�� ,W� LV� WKHUHIRUH� SRVVLEOH� WR� NHHS�
HPLVVLRQ� OHYHOV� ORZ�� ZKLOH� WKH� JDVHV� DUH� SDVVLQJ�
WKH� UDZ�PLOO�� �LY�� (IILFLHQW� GHGXVWLQJ� HTXLSPHQW��
7KH� KLJKHU� DEVRUWLRQ� FDSDFLW\� RI� WKH� NLOQ� V\VWHP�
DYRLGV� HPLVVLRQV�� $Q� HIILFLHQW� GHGXVWLQJ� HTXLS�
PHQW�SUHYHQWV�HQULFKHG�GXVW�IURP�JHWWLQJ�LQWR�WKH�
DWPRVSKHUH�� �Y�� ,QFRSRUDWLRQ�RI� WUDFH�HOHPHQWV� LQ�
FOLQNHU�� $Q\� LQRUJDQLF� PLQHUDO� UHVLGXHV� IURP�
FRPEXVWLRQ� -� LQFOXGLQJ� PRVW� KHDY\� PHWDOV� -� DUH�
WUDSSHG� LQ� WKH� FRPSOH[�PDWUL[� RI� WKH� FOLQNHU� DQG�
FHPHQW��7KHVH�WUDFH�HOHPHQWV�DUH�LPPRELOL]HG�DQG�
IL[HG�SUDFWLFDOO\�LQVROXEOH�IRUP�LQ�WKH�FOLQNHU�PLQ�
HUDO�FRPSRQHQWV�ZKLFK�LV�QRW�OHDFKDEOH�LQ�FHPHQW�
PRUWDU�RU�FRQFUHWH�>�@�� 

7KHUHIRUH��D�FHPHQW�NLOQ�LV�D�SURYHQ�WHFKQRO�
RJ\� IRU� UHF\FOLQJ� E\� EHQHILFLDO� UHXVH� IRU�
OLTXLG�DQG�KD]DUGRXV�ZDVWHV��7KH�XVH�RI�ZDVWHV�DV�
UDZ�PDWHULDOV� DQG� IXHOV� LQ� WKH� FHPHQW� SODQWV� KDV�
QXPHURXV� EHQHILWV� VXFK� DV�� �L�� 0D[LPL]DWLRQ� RI�
WKH� UHFRYHU\�RI� HQHUJ\� IURP�ZDVWHV� LQ�D� VDIH�DQG�
HIIHFWLYH�ZD\��$OO�WKH�HQHUJ\�LV�XVHG�GLUHFWO\�LQ�WKH�
NLOQ� IRU� FOLQNHU� SURGXFWLRQ�� �LL�� &RQVHUYDWLRQ� RI�
QDWXUDO� UHVRXUFHV� E\� UHGXFLQJ� UDZ�PDWHULDOV�� �LLL��
(FRQRPLFV� WR� EH� FRVW� FRPSHWLWLYH� QDWLRQDOO\� DV�
ZHOO�DV�LQWHUQDWLRQDOO\�E\�UHGXFHG�FRVW�RI�UDZ�PD�
WHULDOV�	�IXHOV���LY��&RQWULEXWLRQ�WRZDUGV�D�ORZHU�
LQJ� RI� HPLVVLRQ� VXFK� DV� JUHHQKRXVH� JDVHV� E\� UH�
SODFLQJ� WKH� XVH� RI� IRVVLO� IXHOV� ZLWK� ZDVWHV� WKDW�
ZRXOG�RWKHUZLVH�KDYH�WR�EH�LQFLQHUDWHG�ZLWK�FRUUH�
VSRQGLQJ�HPLVVLRQV�DQG�ILQDO�UHVLGXHV�� 

 
:DVWHV�IRU�FHPHQW�SODQWV 
³:DVWH´� PHDQV� PDWHULDOV�� WKDW� DUH� QRW�

SURGXFWV� RU� E\-SURGXFWV�� IRU� ZKLFK� WKH\� KDYH� QR�
IXUWKHU�XVH�IRU�WKH�SXUSRVH�RI�SURGXFWLRQ��WUDQVIRU�
PDWLRQ� RU� FRQVXPSWLRQ�� 7KH� ZDVWH� XWLOL]DWLRQ� LQ�
FHPHQW� SODQWV� UHGXFHV� WKH� XVH� RI� QRQ-UHQHZDEOH�
UDZ� PDWHULDOV� DQG� IRVVLO� IXHOV� DV� DOWHUQDWLYH� UDZ�
PDWHULDOV�DQG�DOWHUQDWLYH�IXHOV�DV�ZHOO�DV�WKH�HQYL�
URQPHQWDO� LPSDFWV� DVVRFLDWHG�ZLWK�&2�� HPLVVLRQ��
7KH�ZDVWH�XWLOL]DWLRQ� LQ�FHPHQW�SODQWV PD[LPL]HV�

WKH� UHFRYHU\� RI� HQHUJ\� IURP�ZDVWH��
$OO�WKH�HQHUJ\�LV�XVHG�GLUHFWO\�LQ�WKH�
NLOQ� IRU� FOLQNHU� SURGXFWLRQ�� VR� WKDW�
YDULRXV� W\SHV� RI�ZDVWH� FDQ� EH� XVHG�
WR�UHSODFH�WUDGLWLRQDO�IXHOV� 
7KH� UDQJH� RI� ZDVWHV� LV� H[WUHPHO\�
ZLGH��0DWHULDOV�OLNH�ZDVWH�RLO��ZDVWH�
SODVWLFV�� ZDVWH� WLUHV� DQG� VHZDJH�
VOXGJH�DUH�ZLGHO\�XVHG�DV�DOWHUQDWLYH�
IXHOV� IRU� WKH� FHPHQW� LQGXVWU\��$OVR��
ZDVWHV� VXFK� DV� IO\� DVKHV� IURP� WKH�
SRZHU�SODQWV�DQG�LQFLQHUDWRUV��ZDVWH�
IRXQGU\� VDQG�� VODJV�� FKHPLFDO� J\S�
VXP� IURP�GHVXOIXUL]DWLRQ� XQLWV�� HWF��
FDQ�EH�XVHG�DV�DOWHUQDWLYH�UDZ�PDWH�)LJXUH����(PLVVLRQ�EDUULHUV�LQ�FHPHQW�NLOQV�� 
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ULDOV� LQ� FHPHQW� SODQWV�� 7DEOH� �� VKRZV� WKH� JURXS�
FODVVLILFDWLRQ�RI�DOWHUQDWLYH�UDZ�PDWHULDOV�DQG�IXHOV�
ZLGHO\�XVHG�LQ�FHPHQW�SODQWV� 

,W� LV�UHSRUWHG�WKDW�IRXU�EDVLF�SULQFLSOHV�IRU�

WKH� XVH� RI� DOWHUQDWLYH� IXHOV� LQ� FHPHQW� SURGXFWLRQ�
DUH�DV�>�@���L��7KH�FKHPLFDO�TXDOLW\�RI�WKH�IXHO�KDV�
WR�PHHW�UHJXODUO\�VWDQGDUGV�WR�HQVXUH�HQYLURQPHQ�
WDO�SURWHFWLRQ���LL��7KH�FDORULILF�TXDQWLW\�RI�WKH�IXHO�
PXVW�EH�VWDEOH�HQRXJK�WR�DOORZ�D�FRQWUROOHG�VXSSO\�
RI� HQHUJ\� WR� WKH� NLOQ� WR� SURGXFH� KRPRJHQHRXV�
FOLQNHU�� �LLL��7KH� SK\VLFDO� IRUP�RI� WKH� IXHO� KDV� WR�
SHUPLW� HDV\� KDQGOLQJ� IRU� WUDQVSRUWDWLRQ� DQG� FRQ�
WUROOHG� IORZ� LQWR� WKH�NLOQ�� �LY��7KH� IXHOV�PXVW�QRW�
LQWURGXFH�DQ\�FKHPLFDO�FRPSRXQGV�LQWR�WKH�FOLQN�
HU� WKDW�PLJKW�EH�GHOHWHULRXV� WR� WKH� VWDELOLW\�RI� WKH�
SURGXFWLRQ�SURFHVV�RU�WKH�SHUIRUPDQFH�RI�WKH�SURG�
XFW� 

:DVWHV�RFFXU�LQ�GLIIHUHQW�IRUPV�DQG�TXDOL�
WLHV�� VR�ZDVWHV�SUHVHQW� D� ODUJH�YDULHW\� LQ� WHUPV�RI�
SK\VLFDO� DQG� FKHPLFDO� SURSHUWLHV�� ZKLFK� PHDQV�
WKDW�SUHSDUDWLRQ�RI�DQ�DSSURSULDWH�ZDVWH�DV�DOWHUQD�
WLYH� UDZ� PDWHULDOV� DQG� IXHOV�� LQ� DFFRUGDQFH� ZLWK�
UHTXLUHPHQWV� RI� FHPHQW� SODQWV�� LV� D� FRPSOH[� SUR�
FHVV�� UHTXLULQJ� FRQWURO� E\� ERWK� D� ZDVWH� VXSSOLHU�
DQG� D� FXVWRPHU� �FHPHQW� SODQW��� $OO� PDWHULDOV� �LQ�
WKH�IRUP�RI�DOWHUQDWLYH�IXHOV��LQWURGXFHG�LQWR�D�FH�
PHQW� SURGXFWLRQ� VKRXOG� LGHDOO\� UHVHPEOH� WKH� KR�
PRJHQHLW\��SDUWLFOH�VL]H�GLVWULEXWLRQ��KHDW�DQG�ZD�
WHU�FRQWHQW�� DV�QRUPDO� IRVVLO� IXHOV�XVHG� LQ�FHPHQW�
PDQXIDFWXULQJ��7KHUHIRUH��DOWHUQDWLYH�IXHOV�VKRXOG�
EH�SUHSDUHG�DV�KRPRJHQHRXVO\�SK\VLFDO�DQG�FKHP�
LFDO�SURSHUWLHV�LQWR�FHPHQW�NLOQV�E\�SURKLELWLRQ�RI�
IRUHLJQ� ERGLHV� DQG� VXEVWDQFHV�� VR� WKDW� SUHWUHDW�
PHQW� DQG� SUH-SURFHVVLQJ� DUH� RIWHQ� QHFHVVDU\� IRU�
KHWHURJHQHRXV�DOWHUQDWLYH�IXHOV� 

7KH� WUDQVIRUPDWLRQ�RI�ZDVWH� WR�DOWHUQDWLYH�
UDZ�PDWHULDOV�DQG�IXHOV�UHTXLUHV�FHUWDLQ�VWDQGDUGV��
6RPH� W\SHV� RI� ZDVWH� FDQQRW� EH� XVHG� GLUHFWO\� DV�
UDZ� PDWHULDOV� DQG�RU� IXHOV�� EXW� PXVW� XQGHUJR� D�

SUHSDUDWLRQ� SURFHVV�� 3UHSDUDWLRQ� SODQWV� IRU� ZDVWH�
XWLOL]DWLRQ� XVXDOO\� VWRUH� LQFRPLQJ� PDWHULDOV� DQG�
FRQWDLQ� VFUHHQLQJ�� VL]H� UHGXFWLRQ�� KRPRJHQL]LQJ�
DQG� PL[LQJ� SURFHVVHV�� 6FUHHQLQJ� LV� WR� VHSDUDWH�
IRUHLJQ�DQG�RYHUVL]HG�PDWHULDO��DQG�VL]H�UHGXFWLRQ�
LV� WR� ILW� WKH� IXHO� WR� WKH� IRUHVHHQ� ILULQJ� SRLQW� �H�J��
SUHKHDWHU��PDLQ�EXUQHU���DV�ZHOO�DV�WR�DOORZ�D�SURS�
HU� GRVLQJ� DQG� WR� HQVXUH� D� JRRG� FRPEXVWLRQ�� DQG�
ILQDOO\�KRPRJHQL]LQJ�DQG�PL[LQJ�LV�WR�IHHG�WR�WKH�
NLOQ�SURFHVV�D�IXHO�RI�FRQVWDQW�TXDOLW\� 

7KH� VXSSO\� IURP� ZDVWH� FROOHFWLRQ� WR� WKH�
FHPHQW� SODQW� SUREDEO\� UHTXLUHV� WKH� SUHSDUDWLRQ�
SURFHGXUHV�DV���L��ZDVWH�FROOHFWLRQ����LL��WUDQVSRUW�
�� �LLL�� SUH-SURFHVVLQJ��� �LY�� WUDQVSRUW��� �Y�� FH�
PHQW� SODQW�� 7KLV� VWHS� SURGXFHV� D� ZDVWH� SURGXFW�
ZLWK�GHILQHG�FKDUDFWHULVWLFV�WKDW�FRPSOLHV�ZLWK�WKH�
WHFKQLFDO� VSHFLILFDWLRQV�RI� FHPHQW�SURGXFWLRQ�DQG�
JXDUDQWHHV� WKDW� HQYLURQPHQWDO� VWDQGDUGV� DUH� PHW��
,Q�SDUWLFXODU��SUHSDUDWLRQ�RI� WKH�DOWHUQDWLYH�IXHO�RI�
VSHFLILF� SK\VLFDO� DQG� FKHPLFDO� SURSHUWLHV� RIWHQ�
UHTXLUHV�PL[LQJ�RI�VHYHUDO�W\SHV�RI�ZDVWH��GHSHQG�
LQJ� RQ� WKH� W\SH� RI� ZDVWH� DQG� WKH�PHWKRG� RI� IXHO�
SUHSDUDWLRQ��7KH�H[SHULHQFH�RI�FRXQWULHV�DVVRFLDW�
HG� LQ� &(0%85($8� �(XURSHDQ� $VVRFLDWLRQ� RI�
&HPHQW�3URGXFHUV��VKRZV�WKDW�DOWHUQDWLYH�IXHOV� LQ�
D�FOLQNHU�EXUQLQJ�SURFHVV�PXVW�EH�FKDUDFWHUL]HG�DV�
7DEOH� �� >�@�� LQ� ZKLFK� 3&%V� DQG� 3&7V� DUH� SRO\�
FKORULQDWHG� ELSKHQ\OV� DQG� SRO\FKORULQDWHG� WHU�
SKHQ\OV��UHVSHFWLYHO\�� 

7DEOH���VKRZV� WKH�EDFNJURXQG�KLVWRU\� IRU�

ZDVWH� XWLOL]DWLRQ� LQ� .RUHDQ� FHPHQW� SODQWV�� ,Q�
������ZLWK�VXSSRUWLQJ�RI�WKH�JRYHUQPHQW�UHVHDUFK�
IXQG� IURP� WKH� 0LQLVWU\� RI� (QYLURQPHQW�� D� 5	'�
SURMHFW�RQ�WKH�IHDVLELOLW\�RI�ZDVWH� WLUHV�DV�DOWHUQD�
WLYH�IXHO�LQ�FHPHQW�SODQWV�EHJDQ�DQG�LWV�DSSOLFDWLRQ�
KDG� UHYLHZHG� ,Q�������ZDVWH�VOXGJH� IURP�D�]LQF�
VPHOWLQJ�SODQW��EHJDQ� WR�EH�XVHG�DV�DQ�DOWHUQDWLYH�
PDWHULDO� IRU� WKH� VXEVWLWXWLRQ� RI� LURQ� RUH�� DQG� LQ�
������ FXWWLQJ� FRDUVH-JUDLQHG� ZDVWH� SODVWLFV� ZHUH�
WULHG� WR� EH� XVHG� DV� DOWHUQDWLYH� IXHO�� ,Q� ������ WKH�
VFRSH�RI�DOWHUQDWLYH� IXHO�ZDV�H[SDQGHG� WR� LQFOXGH�
ZDVWH�YLQ\O��ZDVWH�SODVWLF��DQG�ZDVWH�RLO��DQG�ZHOO�

0$7(5,$/6�6&,(1&(�$1'�(1*,1((5,1* 
ɆȺɌȿɊɂȺɅɈȼȿȾȿɇɂȿ�ɂ�ɌȿɏɇɈɅɈȽɂə 

0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 

7DEOH�� 
*URXS�FODVVLILFDWLRQ�RI�DOWHUQDWLYH�UDZ  

7DEOH�� 
&KDUDFWHUL]DWLRQ�RI�DOWHUQDWLYH�IXHO� 
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0$7(5,$/6�6&,(1&(�$1'�(1*,1((5,1* 
ɆȺɌȿɊɂȺɅɈȼȿȾȿɇɂȿ�ɂ�ɌȿɏɇɈɅɈȽɂə 
0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 

DSSOLHG� LQ� FHPHQW� SODQWV�� ,Q� ������ D� ZDVWH� WLUH�
FROOHFWLRQ�DQG�VXSSO\�V\VWHP�EHJDQ�WR�EH�RSHUDW�
HG�XQGHU�WKH�VXSSRUW�RI�WKH�JRYHUQPHQW
V�0LQLVWU\�
RI�(QYLURQPHQW�� DQG� DV� D� VWDEOH� VXSSO\� RI�ZDVWH�
WLUHV� ZDV� DFKLHYHG�� WKHLU� XVH� DV� DOWHUQDWLYH� IXHO�
EHJDQ� WR� EH� VWDEO\� DSSOLHG� LQ� FHPHQW� SODQWV� LQ�
������8QWLO�QRZ�� WKH�ZDVWH�XWLOL]DWLRQ� LV�H[SDQG�
LQJ� DQG� VXFFHVVLYHO\� ZHOO� RSHUDWLQJ� LQ� .RUHDQ�
FHPHQW�SODQWV�� 

'LIIHUHQW� IHHG� SRLQWV� WKDW� FDQ� EH� XVHG� WR�
IHHG�WKH�DOWHUQDWLYH�IXHOV�LQWR�WKH�FHPHQW�SURGXF�
WLRQ�SURFHVV�DUH�JLYHQ�DV�� WKH�PDLQ�EXUQHU�DW� WKH�
NLOQ� RXWOHW� HQG�� WKH� NLOQ� LQOHW� HQG�� ULVHU� GXFW� DQG�
WKH� SUHFDOFLQHU� DV� VKRZQ� LQ� )LJ�� ��� $SSURSULDWH�
IHHG� SRLQWV� DPRQJVW� WKH� DERYH� ZLOO� KDYH� WR� EH�
VHOHFWHG� IRU� WKH� HQYLURQPHQWDOO\� VRXQG� FR-
SURFHVVLQJ� RI� WKH� DOWHUQDWLYH� IXHO�� ,QMHFWLRQ� RU�
IHHGLQJ� RI� DOWHUQDWLYH� IXHOV� WKURXJK� WKH� PDLQ�
EXUQHU� DW� WKH� NLOQ� RXWOHW� HQG� LV� WKH� RQO\� ZD\� LQ�
ZKLFK�WKH�IOXH�JDVHV�IURP�WKH�IXHOV�SDVV�WKH�KLJK�
HVW�WHPSHUDWXUH�]RQH�RI�WKH�NLOQ�DQG�DUH�FRPSOHWH�
O\� GHFRPSRVHG� LQ� WKH� SULPDU\� EXUQLQJ� ]RQH� DW�
WHPSHUDWXUHV�XS�WR������R&��*HQHUDOO\��DOWHUQDWLYH�
IXHO� VXFK� DV� WKH�SODVWLFV� LQMHFWHG� LQWR� WKH�SUHFDO�
FLQHU�RU�ULVHU�GXFW�PD\�QHHG�WR�EH�VKUHGGHG�RU�FXW�
WR� OHVV� WKDQ���PP�VL]H� IRU�FRDUVH�PDWHULDOV��7KH�

OXPSHG�ZDVWHV�FDQ�EH�IHG�DW� WKH�RWKHU�
IHHG�SRLQWV�VXFK�DV�NLOQ�LQOHW�HQG��OXPS
-VL]HG�ZDVWH� LV� IHG� LQWR� WKH�NLOQ� LQOHW��
DQG�ILQH-VL]HG�RU�OLTXLG�ZDVWHV�LV�VXS�
SOLHG� WR� WKH� PDLQ� EXUQHU� DORQJ� ZLWK�
WKH�H[LVWLQJ�IXHO�� 
)LJ�� �� VKRZV� JUDSKLFDOO\� VFKHPDWLF�
YLHZ� EHWZHHQ� FRQYHQWLRQDO� DQG� LQWH�
JUDWHG�DSSURDFK�IRU�&2��HPLVVLRQ�EH�
WZHHQ� LQFLQHUDWLRQ� RI� ZDVWH� DQG� FH�
PHQW� NLOQ�� LQ� ZKLFK� FR-SURFHVVLQJ� RI�
ZDVWH� LQ� FHPHQW� NLOQ� RXWSHUIRUPV� LQ�
FLQHUDWLRQ�� ,Q� WKH� FRQYHQWLRQDO� DS�
SURDFK�� &2�� LV� VHSDUDWHO\� JHQHUDWHG�
IURP� WKH� ZDVWH� LQFLQHUDWLRQ� SURFHVV�

DQG�WKH�FHPHQW�SURFHVV��,Q�WKH�LQWHJUDWHG�DSSURDFK�
LQ�WKH�FDVH�RI�FR-SURFHVVLQJ�ZLWK�ZDVWH�PDWHULDOV��
WKH�XVLQJ�RI�DOWHUQDWLYH�IXHO�FDQ�VXEVWLWXWH�WKH�WUD�
GLWLRQDO� IRVVLO� IXHOV� ZLWK� WKH� UHVXOWV� IRU� QDWXUDO�
VRXUFH� VDYLQJ�� DQG� LQ� DGGLWLRQ� WR� &2�� HPLVVLRQV�
UHGXFWLRQ�EHQHILWV��FR-SURFHVVLQJ�RI�ZDVWH�UHGXFHV�
WKH�DPRXQW�RI�&2��HPLVVLRQ�RI�LQFLQHUDWLRQ�  

7DEOH� �� VKRZV� WKH� DQQXDO�ZDVWH� XWLOL]D�

WLRQ� DV� DOWHUQDWLYH� UDZ� PDWHULDOV� DQG� IXHOV� LQ�
.RUHDQ� FHPHQW� SODQWV� IURP� ����� WR� ������ $OW�
KRXJK� WKH� DQQXDO� FOLQNHU� SURGXFWLRQ� LV� VRPH�
ZKDW�GHFUHDVLQJ��WKH�TXDQWLWLHV�IRU�ZDVWH�XWLOL]D�

WLRQ� LQ�FHPHQW�SODQWV�FRQWLQXHV� WR�JUDGXDOO\�
LQFUHDVH�� ,Q� ������ DOWHUQDWLYH� PDWHULDOV� DV�
DUJLOODFHRXV-VLOLFHRXV� UDZ� PDWHULDOV� ZHUH�
XVHG� DERXW� ���� PLOOLRQ� WRQV�� � ,Q� DGGLWLRQ��
LQFOXGLQJ� �������� WRQV� RI� ZDVWH� WLUHV�� ����
PLOOLRQ� WRQV� RI� ZDVWH� SODVWLFV�� DQG� ��������
WRQV�RI�ZDVWH�UXEEHUV��D�WRWDO�RI������PLOOLRQ�
WRQV� RI� ZDVWHV� DV� DOWHUQDWLYH� IXHO� ZDV� DS�
SOLHG�� $� WRWDO� RI� DERXW� ��� PLOOLRQ� WRQV� RI�
ZDVWHV� DV� UDZ�PDWHULDOV� DQG� IXHO�ZHUH� XVHG�
LQ� ������ZKLFK� LV� HTXLYDOHQW� WR� ���� RI� WKH�
WRWDO� DUJLOODFHRXV-VLOLFHRXV� UDZ� PDWHULDOV�
DQG� ���� RI� WKH� WRWDO� IXHO� FRQVXPSWLRQ� LQ�
.RUHDQ� FHPHQW� SODQWV�� $QG� DOVR� LQ� QH[W�
VWHSV� WRR�� ZDVWH� XWLOL]DWLRQ� LV� VXVWDLQDEO\�
H[SHFWHG�WR�LQFUHDVH�IRU�WKH�UHGXFWLRQ�RI�QRQ

7DEOH�� 
�%DFNJURXQG�KLVWRU\�IRU�ZDVWH�XWLOL]DWLRQ� 

)LJXUH����6FKHPDWLF�YLHZ�EHWZHHQ�FRQYHQWLRQDO�DQG�LQWHJUDWHG�
DSSURDFK�IRU�&2��HPLVVLRQ� 

)LJXUH����)HHG�SRLQWV�RI�DOWHUQDWLYH�IXHOV� 
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5()(5(1&(6 

 

�� %LELDQQD��=��$OWHUQDWLYH�IXHOV��7KH�HFRQRPLF�DQG�HFRORJLFDO�DVSHFWV�RI�WKHLU�XVH�LQ�WKH�FHPHQW�FOLQNHU�ILULQJ�SURFHVV��(FRQRPLF�DQG�(QYLURQPHQ�
WDO�6WXGLHV���������������-�����'2,�����������HHV����������� 

�� +LQNHO��0���%OXPH��6���+LQFKOLIIH��'���0XW]��'���+HQJHYRVV��'��*XLGHOLQHV�RQ�SUH-�DQG�FR-SURFHVVLQJ�RI�ZDVWH�LQ�FHPHQW�SURGXFWLRQ�-�8VH�RI�
ZDVWH� DV� DOWHUQDWLYH� IXHO� DQG� UDZ�PDWHULDO�� +ROFLP� 7HFKQRORJ\� /WG� DQG� *,=�� ������ $YDLODEOH� DW� KWWSV���ZZZ�KROFLP�FRP�VLWHV�KROFLP�ILOHV�
LPDJHV�JXLGHOLQHVBSUH-FRSURFHPB����BZHE�SGI��DFFHVVHG������������ 

�� +ROGHUEDQN� &HPHQW� 6HPLQDU�� $OWHUQDWLYH� IXHOV�� 3URFHVV� 7HFKQRORJ\� ,,�� ������ $YDLODEOH� DW� KWWSV���DUFKLYH�RUJ�GHWDLOV�
+ROGHUEDQN&HPHQW(QJLQHHULQJ%RRN�3JB����-����BXVH2I$OWHUQDWLYH)XHOV�SDJH�����PRGH��XS��DFFHVVHG������������ 

�� /HFKWHQEHUJ��'��7KH�XVH�RI�DOWHUQDWLYH�IXHOV�LQ�WKH�FHPHQW�LQGXVWU\�RI�GHYHORSLQJ�FRXQWULHV�–�DQ�RSSRUWXQLW\�WR�UHGXFH�SURGXFWLRQ�FRVWV"��&HPHQW�
,QWHUQDWLRQDO�� ������ ������ ��-���� $YDLODEOH� DW� KWWSV���ZZZ�EUDLQJXLGH�GH�XSORDG�SXEOLFDWLRQ��G�UTO��
HF��IG����IFGI���IE�EF��DI��DDDHB�����������SGI��DFFHVVHG������������ 

 

-UHQHZDO� QDWXUDO� UHVRXUFHV� DV� ZHOO� DV� GHFUHDVHG�
&2��HPLVVLRQ�LQ�.RUHDQ�FHPHQW�SODQWV� 

&RQFOXVLRQV� 
:DVWH� XWLOL]DWLRQ� LQ� FHPHQW� SODQWV� LV� D�

SURYHQ� WHFKQRORJ\� GXH� WR� WKH� FRPSOHWH� DQG� VDIH�

GHVWUXFWLRQ� IRU� ZDVWHV� E\� WKH� KLJK� WHPSHUDWXUH��
ORQJ�UHVLGHQFH�WLPH��DQG�R[LGL]LQJ�FRQGLWLRQV��DQG�

WKH� LQVROXEOH� IRUP� ELQGLQJ� RI� WUDFH� HOH�
PHQWV� ZLWK� WKH� PLQHUDO� FRPSRQHQWV� RI�
FOLQNHU�� 7KHUHIRUH�� ZDVWHV� FDQ� EH� UH�
SODFHG� WR� WKH� FRQYHQWLRQDO� UDZ�PDWHULDOV�
DQG� IXHOV�� ,QWULQVLF� FKDUDFWHULVWLFV� RI� FH�
PHQW�SURFHVV�DFW�DV�HPLVVLRQ�EDUULHUV�DQG�
KDYH� QR� HIIHFW� RQ� FOLQNHU� TXDOLW\� GXULQJ�
WKH�ZDVWH�XWLOL]DWLRQ�� 
)RU� WKH�ZDVWH�XWLOL]DWLRQ�ZLWK� HIIHFWLYHO\�
FRQWLQXRXV� DQG� UHOLDEOH� DYDLODELOLW\�� LW� LV�
QHHGHG� WR� WKH� HIIHFWLYH� ZDVWH� PDQDJH�
PHQW�� :DVWHV� XVLQJ� LQ� FHPHQW� SODQWV�
VKRXOG� EH� DV� DQ� HQYLURQPHQWDOO\� VRXQG�
VXSSO\�E\�SURSHU�VRUWLQJ�DQG�SUHWUHDWPHQW�
RI� ZDVWH�� FOHDUO\� HQVXULQJ� TXDOLW\� RI�
ZDVWHV� 
/RFDO� FHPHQW� SODQWV� LQ� 8]EHNLVWDQ� QHHG�
WR� UHYLHZ� WKH� LPSOHPHQWDWLRQ� IRU� ZDVWH�
XWLOL]DWLRQ� WR�REWDLQ� WKH�HQHUJ\�VDYLQJ�DV�
ZHOO�DV�&2��UHGXFWLRQ�LQ�FHPHQW�SODQWV��,Q�
DGGLWLRQ�WKH�V\VWHPDWLF�HVWDEOLVKPHQW�RI�D�

VXSSO\� FKDLQ� RI�ZDVWHV�ZLWK� OHJDO� VXSSRUW� E\�8=�
JRYHUQPHQW� VKRXOG� EH� GRQH� RQ� WKH� UHDOL]DWLRQ� RI�
ZDVWH�XWLOL]DWLRQ�LQ�FHPHQW�SODQWV� 

� 
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0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 

7DEOH�� 
$QQXDO�ZDVWH�XWLOL]DWLRQ� 
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$120$/286�2)�5(6,67$1&(�$1'�0$*1(7,&�686&(37,%,/,7<�$7�
���-����.�$1'�$0%,(17�35(6685(�,1�%,6087+�&835$7(6� 
6<17+(6,=('�%<�62/$5�(1(5*<� 
 
'LOEDUD�'M��*8/$029$���JXODPRYD#X]VFL�QHW� 
6LURMLGGLQ�.K��%2%2.8/29���VLURM-����#PDLO�UX� 
9DOHUL\D�5��/,���YOL#PLVLV�X]� 
*ULJRU�,��0$01,$6+9,/,���PJULJRU#URFNHWPDLO�FRP� 
7LPXU�,��*8/$029���*XODPRYWLPXU#JPDLO�FRP� 
�0DWHULDOV�6FLHQFH�,QVWLWXWH��7DVKNHQW��8]EHNLVWDQ 
�0RVFRZ�,QVWLWXWH�RI�6WHHO�DQG�$OOR\V�EUDQFK��$OPDOLN��8]EHNLVWDQ 
�7ELOLVL�6WDWH�8QLYHUVLW\��7ELOLVL��*HRUJLD� 
 

,Q�RUGHU�WR�REWDLQ�WKH�IXOO�FRQWHQW�RI�KLJK-WHPSHUDWXUH�VXSHUFRQGXFWLQJ�SKDVHV�XVLQJ�WKH�³6XSHU�)DVW�$OOR\V�4XHQFKLQJ´�WHFKQRO�
RJ\�LQ�WKH�/DUJH�6RODU�)XUQDFH��3DUNHQW���SUHFXUVRUV�RI�ELVPXWK�FXSUDWHV�RI�WKH�VHULHV�%L���3E���6U�&D�Q-��&XQ2\��Q �-���ZHUH�V\QWKHVL]HG��
0HWKRGV�IRU�VWXG\�WKH�SURSHUWLHV�RI�SUHFXUVRUV�DUH�SUHVHQWHG��7KH�RULHQWHG�QDQR-VL]HG�PLFURVWUXFWXUH�DQG�OD\HUHG�VWUXFWXUH�RI�QDQRFU\VWDO�
OLQH�QXFOHL�DUH�VKRZQ��7KH�SKDVH�FRPSRVLWLRQ�RI�WKH�SUHFXUVRUV�DW�WKH�EHJLQQLQJ�RI�WKH�VHULHV��Q �-���LV�UHSUHVHQWHG�E\�;-UD\�DPRUSKRXV�
DQG�FU\VWDOOLQH�SKDVHV��$Q�LQFUHDVH�LQ�WKH�FRQWHQW�RI�&D2�DQG�&X2�GHVWDELOL]HV�WKH�DPRUSKRXV�SKDVH��7KH�FU\VWDOOLQH�EDVLV�RI�DOO�SUHFXU�
VRUV�LV�LGHQWLFDO��*UDSKV�RI�WKH�UHVLVWDQFH�DQG�PDJQHWLF�VXVFHSWLELOLW\�RI�%L���3E���6U�&D�Q-��&XQ2\���Q ���������SUHFXUVRUV�VKRZ�DEQRUPDOO\�
VKDUS�HIIHFWV�LQ�WKH�WHPSHUDWXUH�UDQJH����-����.�DW�DWPRVSKHULF�SUHVVXUH��GD\OLJKW��7KH�PDQLIHVWDWLRQ�RI�WKH�0HLVVQHU�HIIHFW��DQRPDOLHV�LQ�
UHVLVWDQFH�DQG�PDJQHWLF�VXVFHSWLELOLW\�EHORZ�����.�VXJJHVW�VXSHUFRQGXFWLYLW\�RI�WKH�SUHFXUVRUV�RI�WKH�VHULHV�%L���3E���6U�&D�Q-��&XQ2\��Q ���
�������DW�URRP�WHPSHUDWXUH� 

 
.H\ZRUGV��%L�3E�FXSUDWHV��VRODU�WHFKQRORJ\��PLFURVWUXFWXUH��SKDVH�FRPSRVLWLRQ��UHVLVWDQFH��PDJQHWLF�VXVFHSWLELOLW\��URRP-WHPSHUDWXUH�VXSHUFRQGXFWLQJ�SKDVHV� 

ȺɇɈɆȺɅɂɂ�ɋɈɉɊɈɌɂȼɅȿɇɂə�ɂ�ɆȺȽɇɂɌɇɈɃ�ȼɈɋɉɊɂɂɆɑɂȼɈɋɌɂ�
ɉɊɂ����-����Ʉ�ɂ�ȺɌɆɈɋɎȿɊɇɈɆ�ȾȺȼɅȿɇɂɂ�ȼɂɋɆɍɌɈȼɕɏ�ɄɍɉɊȺɌȺɏ�� 
ɋɂɇɌȿɁɂɊɈȼȺɇɇɕɏ�ɋɈɅɇȿɑɇɈɃ�ɗɇȿɊȽɂȿɃ� 
 
Ⱦɢɥɶɛɚɪɚ�Ⱦɠ��ȽɍɅȺɆɈȼȺ���JXODPRYD#X]VFL�QHW� 
ɋɢɪɨɠɢɞɞɢɧ�ɏ��ȻɈȻɈɄɍɅɈȼ���VLURM-����#PDLO�UX� 
ȼɚɥɟɪɢɹ�Ɋ��Ʌɂ���YOL#PLVLV�X]� 
Ƚɪɢɝɨɪ�ɂ��ɆȺɆɇɂȺɒȼɂɅɂ���PJULJRU#URFNHWPDLO�FRP� 
Ɍɢɦɭɪ�ɂ��ȽɍɅȺɆɈȼ���*XODPRYWLPXU#JPDLO�FRP� 
�ɂɧɫɬɢɬɭɬ�ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ��Ɍɚɲɤɟɧɬ��ɍɡɛɟɤɢɫɬɚɧ 
�Ɏɢɥɢɚɥ�Ɇɨɫɤɨɜɫɤɨɝɨ�ɢɧɬɫɬɢɬɭɬɚ�ɫɬɚɥɢ�ɢ�ɫɩɥɚɜɨɜ��Ⱥɥɦɚɥɵɤ��ɍɡɛɟɤɢɫɬɚɧ 
�Ɍɛɢɥɢɫɫɤɢɣ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ�ɭɧɢɜɟɪɫɢɬɟɬ��Ɍɛɢɥɢɫɢ��Ƚɪɭɡɢɹ� 
 

ɋ�ɰɟɥɶɸ� ɩɨɥɭɱɟɧɢɹ� ɩɨɥɧɨɨɛɴɟɦɧɨɝɨ� ɫɨɞɟɪɠɚɧɢɹ� ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ� ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ�ɮɚɡ�ɬɟɯɧɨɥɨɝɢɟɣ� ³6XSHU� )DVW�
$OOR\V�4XHQFKLQJ´�ɜ�Ȼɨɥɶɲɨɣ�ɫɨɥɧɟɱɧɨɣ�ɩɟɱɢ��ɉɚɪɤɟɧɬ��ɫɢɧɬɟɡɢɪɨɜɚɧɵ�ɩɪɟɤɭɪɫɨɪɵ�ɜɢɫɦɭɬɨɜɵɯ�ɤɭɩɪɚɬɨɜ�ɪɹɞɚ�%L���3E���6U�&D�Q-��
&XQ2\��Q �-���� ɉɪɟɞɫɬɚɜɥɟɧɵ� ɦɟɬɨɞɵ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɫɜɨɣɫɬɜ� ɩɪɟɤɭɪɫɨɪɨɜ�� ɉɨɤɚɡɚɧɚ� ɨɪɢɟɧɬɢɪɨɜɚɧɧɚɹ� ɧɚɧɨ� ɪɚɡɦɟɪɧɚɹ� ɦɢɤɪɨ�
ɫɬɪɭɤɬɭɪɚ�ɢ�ɫɥɨɢɫɬɨɟ�ɫɬɪɨɟɧɢɟ�ɧɚɧɨ�ɤɪɢɫɬɚɥɥɢɬɨɜ-ɡɚɪɨɞɵɲɟɣ��Ɏɚɡɨɜɵɣ�ɫɨɫɬɚɜ�ɩɪɟɤɭɪɫɨɪɨɜ�ɧɚɱɚɥɚ�ɪɹɞɚ��Q �-���ɩɪɟɞɫɬɚɜɥɟɧ�
ɪɟɧɬɝɟɧɨɚɦɨɪɮɧɨɣ�ɢ� ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦɢ�ɮɚɡɚɦɢ��ȼɨɡɪɚɫɬɚɧɢɟ�ɫɨɞɟɪɠɚɧɢɹ�ɋɚɈ�ɢ�ɋX2�ɞɟɫɬɚɛɢɥɢɡɢɪɭɟɬ�ɚɦɨɪɮɧɭɸ�ɮɚɡɭ��Ʉɪɢ�
ɫɬɚɥɥɢɱɟɫɤɚɹ�ɨɫɧɨɜɚ�ɜɫɟɯ�ɩɪɟɤɭɪɫɨɪɨɜ�ɢɞɟɧɬɢɱɧɚ��Ƚɪɚɮɢɤɢ�ɡɚɜɢɫɢɦɨɫɬɢ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ�ɢ�ɦɚɝɧɢɬɧɨɣ�ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ�ɩɪɟɤɭɪɫɨ�
ɪɨɜ�%L���3E���6U�&D�Q-��&XQ2\���Q ���������ɩɨɤɚɡɵɜɚɸɬ�ɚɧɨɦɚɥɶɧɨ�ɪɟɡɤɢɟ�ɷɮɮɟɤɬɵ�ɜ�ɬɟɦɩɟɪɚɬɭɪɧɨɦ�ɢɧɬɟɪɜɚɥɟ����-����Ʉ�ɩɪɢ�ɚɬ�
ɦɨɫɮɟɪɧɨɦ�ɞɚɜɥɟɧɢɢ��ɞɧɟɜɧɨɦ�ɨɫɜɟɳɟɧɢɢ��ɉɪɨɹɜɥɟɧɢɟ�ɷɮɮɟɤɬɚ�Ɇɟɣɫɫɧɟɪɚ��ɚɧɨɦɚɥɢɢ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ�ɢ�ɦɚɝɧɢɬɧɨɣ�ɜɨɫɩɪɢɢɦɱɢɜɨ�
ɫɬɢ�ɜɵɲɟ�����Ʉ�ɩɪɟɞɩɨɥɚɝɚɸɬ�ɫɜɟɪɯɩɪɨɜɨɞɢɦɨɫɬɶ�ɩɪɟɤɭɪɫɨɪɨɜ�ɪɹɞɚ�%L���3E���6U�&D�Q-��&XQ2\��Q ����������ɩɪɢ�ɤɨɦɧɚɬɧɨɣ�ɬɟɦɩɟɪɚ�
ɬɭɪɟ�� 
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0$7(5,$/6�6&,(1&(�$1'�(1*,1((5,1* 
ɆȺɌȿɊɂȺɅɈȼȿȾȿɇɂȿ�ɂ�ɌȿɏɇɈɅɈȽɂə 
0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 

ȼɜɟɞɟɧɢɟ 
ɋɨɫɬɚɜ� ɢ� ɬɟɯɧɨɥɨɝɢɹ� ɹɜɥɹɸɬɫɹ� ɨɫɧɨɜ�

ɧɵɦɢ� ɮɚɤɬɨɪɚɦɢ�� ɨɩɪɟɞɟɥɹɸɳɢɦɢ� ɫɜɨɣɫɬɜɚ�

ɰɟɥɟɜɨɝɨ� ɦɚɬɟɪɢɚɥɚ�� ɉɪɢ� ɩɨɫɬɨɹɧɧɨɦ� ɫɨɫɬɚɜɟ��
ɤɨɬɨɪɵɣ�ɜ�ɧɚɫɬɨɹɳɟɟ�ɜɪɟɦɹ�ɞɨɫɬɚɬɨɱɧɨ�ɧɚɞɟɠ�
ɧɨ� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɜɵɫɨɤɨɬɨɱɧɵɦɢ� ɩɪɢɛɨɪɚɦɢ� ɢ�



 

CHEMISTRY AND CHEMICAL ENGINEERING 
ɏɂɆɂə�ɂ�ɏɂɆɂɑȿɋɄȺə�ɌȿɏɇɈɅɈȽɂə  �
���� .�, �0�<�2  
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0$7(5,$/6�6&,(1&(�$1'�(1*,1((5,1* 
ɆȺɌȿɊɂȺɅɈȼȿȾȿɇɂȿ�ɂ�ɌȿɏɇɈɅɈȽɂə 

0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 

ɚɧɚɥɢɬɢɱɟɫɤɢɦ� ɨɛɨɪɭɞɨɜɚɧɢɟɦ�� ɬɨɧɤɢɟ� ɨɫɨɛɟɧ�
ɧɨɫɬɢ� ɬɟɯɧɨɥɨɝɢɢ� ɫɢɧɬɟɡɚ� ɩɪɟɞɫɬɚɜɥɹɸɬ� ɝɥɚɜ�
ɧɵɣ� ɫɟɤɪɟɬ� QRZ-KRZ�� ɤɨɬɨɪɵɣ� ɧɟɨɛɯɨɞɢɦɨ�
ɪɟɚɥɢɡɨɜɚɬɶ� ɞɥɹ� ɫɨɡɞɚɧɢɹ� ɬɪɟɛɭɟɦɵɯ� ɫɜɨɣɫɬɜ� ɭ�
ɦɚɬɟɪɢɚɥɚ�ɢ�ɢɡɞɟɥɢɣ�ɧɚ�ɟɝɨ�ɨɫɧɨɜɟ��Ⱦɥɹ�ɫɢɧɬɟɡɚ�
ɨɤɫɢɞɧɵɯ� ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ� ɦɚɬɟɪɢɚɥɨɜ� >�-��@�
ɬɪɚɞɢɰɢɨɧɧɨ�ɲɢɪɨɤɨ�ɢɫɩɨɥɶɡɭɸɬ�ɬɟɯɧɨɥɨɝɢɢ�ɧɚ�
ɨɫɧɨɜɟ�ɩɪɢɧɰɢɩɚ�ɬɜɟɪɞɨɮɚɡɧɵɯ�ɪɟɚɤɰɢɣ��Ɍɚɤɢɟ�
ɩɪɨɰɟɫɫɵ� ɞɨɥɝɨɜɪɟɦɟɧɧɵ�� ɫɜɹɡɚɧɵ� ɫ� ɩɪɨɦɟɠɭ-
ɬɨɱɧɵɦɢ� ɩɟɪɟɞɟɥɚɦɢ� ɩɨɦɨɥɚ�� ɪɚɡɞɟɥɟɧɢɹ� ɧɚ�
ɮɪɚɤɰɢɢ�� ɤɨɦɩɚɤɬɢɪɨɜɚɧɢɹ�� ɨɛɠɢɝɚ� ɢ� ɞɪɭɝɢɦɢ�
ɢɧɞɢɜɢɞɭɚɥɶɧɵɦɢ� ɨɫɨɛɟɧɧɨɫɬɹɦɢ�� Ɍɟɪɦɨɨɛɪɚ-
ɛɨɬɤɚ� ɩɪɟɞɫɬɚɜɥɹɟɬ� ɷɧɟɪɝɨɡɚɬɪɚɬɧɵɣ� ɩɪɨɰɟɫɫ� ɫ�
ɩɟɪɢɨɞɢɱɟɫɤɢɦ� ɩɨɷɬɚɩɧɵɦ� ɢɡɦɟɧɟɧɢɟɦ� ɬɟɪɦɢ-
ɱɟɫɤɨɝɨ� ɪɟɠɢɦɚ�� ɱɬɨ� ɬɪɟɛɭɟɬ� ɩɪɢɦɟɧɟɧɢɹ�
ɜɵɫɨɤɨɬɨɱɧɨɣ� ɚɩɩɚɪɚɬɭɪɵ� ɢ� ɞɨɪɨɝɨɫɬɨɹɳɢɯ�
ɧɚɝɪɟɜɚɬɟɥɟɣ�� ȼ� ɪɟɡɭɥɶɬɚɬɟ� ɫɨɡɞɚɸɬɫɹ� ɦɚɬɟ-
ɪɢɚɥɵ� ɢ� ɢɡɞɟɥɢɹ� ɫ� ɪɚɡɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ�
ɨɛɴɟɦɧɨɣ� ɦɢɤɪɨɫɬɪɭɤɬɭɪɨɣ�� ɩɪɢɟɦɥɟɦɨɣ�� ɫ�
ɧɟɤɨɬɨɪɵɦɢ� ɨɝɪɚɧɢɱɟɧɢɹɦɢ�� ɞɥɹ� ɢɡɞɟɥɢɣ� ɫ�
ɢɡɨɬɪɨɩɧɵɦɢ� ɫɜɨɣɫɬɜɚɦɢ�� ɧɨ� ɧɟ� ɭɞɨɜɥɟɬ-
ɜɨɪɹɸɳɟɣ� ɠɟɫɬɤɢɟ� ɬɪɟɛɨɜɚɧɢɹ� ɤ� ɩɚɪɚɦɟɬɪɚɦ�
ɚɧɢɡɨɬɪɨɩɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ��ɫɭɳɟɫɬɜɟɧɧɨ�ɡɚɜɢɫɹ-
ɳɢɦ� ɨɬ� ɨɫɨɛɟɧɧɨɫɬɟɣ� ɦɨɪɮɨɥɨɝɢɢ�� ɇɟɤɨɬɨɪɨɟ�
ɭɥɭɱɲɟɧɢɟ� ɬɟɤɫɬɭɪɵ�� ɩɨɡɜɨɥɹɸɳɟɟ� ɞɨɫɬɢɝɚɬɶ�
ɬɪɟɛɭɟɦɵɯ� ɫɜɨɣɫɬɜ� ɜ� ɩɪɨɢɡɜɨɞɫɬɜɟ� ɫɜɟɪɯɩɪɨ-
ɜɨɞɹɳɢɯ� ɦɚɬɟɪɢɚɥɨɜ� ɡɚɞɚɧɧɨɝɨ� ɫɨɫɬɚɜɚ� ɫ�
ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ� ɦɢɤɪɨɫɬɪɭɤɬɭɪɨɣ�� ɞɨɫɬɢɝɚɟɬ-
ɫɹ� ɪɚɫɩɥɚɜɧɵɦɢ� ɦɟɬɨɞɚɦɢ�� Ɉɞɧɚɤɨ�� ɜɵɫɨɤɚɹ�
ɷɧɟɪɝɨɟɦɤɨɫɬɶ� ɪɚɫɩɥɚɜɧɵɯ� ɬɟɯɧɨɥɨɝɢɣ�� ɫɥɨɠ-
ɧɨɫɬɶ� ɞɥɢɬɟɥɶɧɨɝɨ� � ɩɨɞɞɟɪɠɚɧɢɹ� ɬɪɟɛɭɟɦɨɝɨ�
ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɪɟɦɟɧɧɨɝɨ� ɪɟɠɢɦɚ� ɱɚɫɬɨ� ɧɟ�
ɩɨɡɜɨɥɹɸɬ� ɤɨɧɤɭɪɢɪɨɜɚɬɶ� ɫ� ɩɪɨɦɵɲɥɟɧɧɵɦɢ�
ɩɪɨɰɟɫɫɚɦɢ�ɧɚ�ɨɫɧɨɜɟ�ɬɜɟɪɞɨɮɚɡɧɨɝɨ�ɩɪɢɧɰɢɩɚ��
ȼ� ɬɨ� ɠɟ� ɜɪɟɦɹ�� ɜ� ɬɟɯ� ɫɥɭɱɚɹɯ�� ɤɨɝɞɚ�
ɜɨɡɦɨɠɧɨɫɬɶ� ɪɟɚɥɢɡɚɰɢɢ� ɬɪɟɛɭɟɦɵɯ� ɫɜɨɣɫɬɜ�
ɰɟɥɟɜɨɝɨ� ɦɚɬɟɪɢɚɥɚ� ɪɚɫɩɥɚɜɧɵɦɢ� ɦɟɬɨɞɚɦɢ�
ɩɪɟɜɚɥɢɪɭɟɬ�ɧɚɞ�ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ�ɚɪɝɭɦɟɧɬɚɦɢ��
ɢɫɩɨɥɶɡɭɸɬɫɹ� ɪɚɫɩɥɚɜɧɵɟ� ɬɟɯɧɨɥɨɝɢɢ��
ɇɚɩɪɢɦɟɪ�� ɪɚɡɪɚɛɨɬɚɧɧɵɣ� Ɋ�� 0F-LQQ� ɪɚɫɩɥɚɜ�
ɧɵɣ� ɦɟɬɨɞ� >��@� ɬɟɤɫɬɭɪɢɪɨɜɚɧɢɹ� ɞɥɹ� ɩɨɜɵɲɟ�
ɧɢɹ�ɤɪɢɬɢɱɟɫɤɨɣ�ɬɟɦɩɟɪɚɬɭɪɵ�ɫɜɟɪɯɩɪɨɜɨɞɹɳɟ�
ɝɨ�ɩɟɪɟɯɨɞɚ�ɤɭɩɪɚɬɨɜ�ɢɬɬɪɢɹ��ɜɢɫɦɭɬɚ�ɢ�ɞɪɭɝɢɯ�
ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ�ɦɚɬɟɪɢɚɥɨɜ��ɡɚɫɥɭɠɢɜɚɟɬ�ɜɧɢ�
ɦɚɧɢɹ�� ɬ�ɤ�� ɫɨɡɞɚɟɬ� ɫɜɨɣɫɬɜɚ�� ɧɟ� ɞɨɫɬɢɝɧɭɬɵɟ�
ɬɜɟɪɞɨɮɚɡɧɵɦ� ɦɟɬɨɞɨɦ� ɤ� ɦɨɦɟɧɬɭ� ɪɚɡɪɚɛɨɬɤɢ�
ɢɦ�ɬɟɯɧɨɥɨɝɢɢ�ɧɚɩɪɚɜɥɟɧɧɨɝɨ�ɬɟɤɫɬɭɪɢɪɨɜɚɧɢɹ��
ɚɧɚɥɨɝɢɱɧɨɣ� ɦɟɬɨɞɭ� ɜɵɪɚɳɢɜɚɧɢɹ� ɦɨɧɨɤɪɢ�
ɫɬɚɥɥɨɜ�� 

Ⱦɥɹ�ɩɪɨɢɡɜɨɞɫɬɜɚ�ɦɚɬɟɪɢɚɥɨɜ�ɫ�ɢɡɨɬɪɨɩ�
ɧɨɣ�ɫɬɪɭɤɬɭɪɨɣ�ɬɪɟɛɨɜɚɧɢɹ�ɧɟ�ɫɬɨɥɶ�ɫɬɪɨɝɢ��ɤɚɤ�

ɤ� ɬɟɯɧɨɥɨɝɢɹɦ� ɩɨɥɭɱɟɧɢɹ� ɰɟɥɟɜɵɯ� ɩɪɨɞɭɤɬɨɜ��
ɫɜɨɣɫɬɜɚ� ɤɨɬɨɪɵɯ� ɨɩɪɟɞɟɥɹɸɳɢɦ� ɨɛɪɚɡɨɦ� ɡɚ�
ɜɢɫɹɬ�ɨɬ�ɨɫɨɛɟɧɧɨɫɬɟɣ�ɦɨɪɮɨɥɨɝɢɢ��ɤ�ɤɨɬɨɪɵɦ�
ɨɬɧɨɫɹɬɫɹ� ɦɚɬɟɪɢɚɥɵ� ɢ� ɢɡɞɟɥɢɹ� ɫ� ɨɫɨɛɵɦɢ�
ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɦɢ� ɫɜɨɣɫɬɜɚɦɢ�� ɫɟɝɧɟɬɨɷɥɟɤ�
ɬɪɢɤɢ�� ɩɨɥɭɩɪɨɜɨɞɧɢɤɢ�� ɫɜɟɪɯɩɪɨɜɨɞɧɢɤɢ��
Ɍɜɟɪɞɨɮɚɡɧɵɟ�ɬɟɯɧɨɥɨɝɢɢ�ɩɪɨɢɡɜɨɞɫɬɜɚ�ɫɟɝɧɟ�
ɬɨɷɥɟɤɬɪɢɤɨɜ� ɢ� ɨɤɫɢɞɧɵɯ� ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ�
ɪɚɡɜɢɬɵ�ɞɨɫɬɚɬɨɱɧɨ�ɧɚɞɟɠɧɨ��ɨɞɧɚɤɨ�ɜ�ɨɛɥɚɫɬɢ�
ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ� ɤɭɩɪɚɬɨɜ� ɫɥɨɠɧɨ� ɞɨɛɢɬɶɫɹ�
ɜɨɫɩɪɨɢɡɜɨɞɢɦɵɯ�ɪɟɡɭɥɶɬɚɬɨɜ� ɬɪɚɞɢɰɢɨɧɧɵɦɢ�
ɬɟɯɧɨɥɨɝɢɹɦɢ�ɢ�ɞɨ�ɧɚɫɬɨɹɳɟɝɨ�ɜɪɟɦɟɧɢ�ɨɫɬɚɟɬ�
ɫɹ�ɩɪɨɛɥɟɦɚ�ɩɨɥɭɱɟɧɢɹ�ɫɜɟɪɯɩɪɨɜɨɞɹɳɟɣ�ɤɟɪɚ�
ɦɢɤɢ�ɫ�ɤɪɢɬɢɱɟɫɤɨɣ�ɬɟɦɩɟɪɚɬɭɪɨɣ�ɫɜɟɪɯɩɪɨɜɨ�
ɞɹɳɟɝɨ�ɩɟɪɟɯɨɞɚ�ɜɵɲɟ�����Ʉ��ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ��
ɱɬɨ� ɧɟɬɪɢɜɢɚɥɶɧɵɟ� ɬɟɯɧɨɥɨɝɢɢ� ɩɨɡɜɨɥɹɬ� ɩɪɢ-
ɛɥɢɡɢɬɶɫɹ� ɤ� ɩɨɥɭɱɟɧɢɸ� ɤɨɦɧɚɬɧɨ-ɬɟɦɩɟɪɚ-
ɬɭɪɧɵɯ�ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ�ɤɭɩɪɚɬɨɜ��ɉɨɞɬɜɟɪɠ-
ɞɟɧɢɟɦ� ɷɬɨɝɨ� ɩɪɟɞɩɨɥɨɠɟɧɢɹ� ɹɜɥɹɸɬɫɹ�
ɪɟɡɭɥɶɬɚɬɵ� ɩɨɥɭɱɟɧɢɢ� ɫɨɥɧɟɱɧɨɣ� ɬɟɯɧɨɥɨɝɢɟɣ�
³6)$4´� � ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ� ɜɢɫɦɭɬɨɜɵɯ� ɮɚɡ� ɫ�
Ɍɫ ���� Ʉ� >��@� ɢ� ɜɵɲɟ� >��-��@�� Ʉɨɦɧɚɬɧɨ-
ɬɟɦɩɟɪɚɬɭɪɧɵɟ�ɮɚɡɵ�ɩɨɥɭɱɟɧɵ�ɜ�ɨɝɪɚɧɢɱɟɧɧɨɦ�
ɨɛɴɟɦɧɨɦ�ɤɨɥɢɱɟɫɬɜɟ�ɜ�ɦɧɨɝɨɮɚɡɧɵɯ�ɤɭɩɪɚɬɚɯ�
ɜɢɫɦɭɬɚ��Ⱦɥɹ�ɜɵɩɨɥɧɟɧɢɹ�ɬɪɟɛɨɜɚɧɢɹ�ɲɢɪɨɤɨ�
ɝɨ� ɩɪɨɦɵɲɥɟɧɧɨɝɨ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɦɚɫɫɢɜɧɵɯ�
ɧɢɡɤɨɨɦɧɵɯ� ɤɟɪɚɦɢɤ� ɰɟɥɶɸ� ɪɚɛɨɬɵ� ɹɜɢɥɨɫɶ�
ɩɨɥɭɱɟɧɢɟ��ɩɨɥɧɨɨɛɴɟɦɧɨɝɨ�ɫɨɞɟɪɠɚɧɢɹ�ɜɵɫɨ�
ɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ�ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ�ɮɚɡ�� 

Ɉɛɴɟɤɬɵ�ɢ�ɦɟɬɨɞɵ�ɢɫɫɥɟɞɨɜɚɧɢɹ 
ȼɢɫɦɭɬɨɜɵɟ� ɤɭɩɪɚɬɵ�� ɫɨɫɬɚɜ� ɤɨɬɨɪɵɯ�

ɨɩɢɫɵɜɚɟɬɫɹ�ɮɨɪɦɭɥɨɣ�%L���3E���6U�&D�Q-��&XQ2\��
Q �-���� ɫɢɧɬɟɡɢɪɨɜɚɧɵ� ɜ� Ȼɨɥɶɲɨɣ� ɫɨɥɧɟɱɧɨɣ�
ɩɟɱɢ� �ɉɚɪɤɟɧɬ�� ³6)$4´� ɬɟɯɧɨɥɨɝɢɟɣ� >��@��
ɉɪɢɧɰɢɩ� ɦɟɬɨɞɚ� ɡɚɤɥɸɱɚɟɬɫɹ� ɜ� ɩɥɚɜɥɟɧɢɢ�
ɲɢɯɬɵ� ɡɚɞɚɧɧɨɝɨ� ɫɨɫɬɚɜɚ� ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ�
ɫɨɥɧɟɱɧɨɣ� ɷɧɟɪɝɢɟɣ� ɢ� ɩɨɫɥɟɞɭɸɳɟɣ� ɡɚɤɚɥɤɟ�
ɪɚɫɩɥɚɜɚ�� ɇɚ� ɮɪɨɧɬɚɥɶɧɭɸ� ɩɨɜɟɪɯɧɨɫɬɶ�
ɪɚɫɩɥɚɜɚ� ɜɨɡɞɟɣɫɬɜɭɟɬ� ɫɨɥɧɟɱɧɨɟ� ɢɡɥɭɱɟɧɢɟ��
ɩɪɟɞɫɬɚɜɥɹɸɳɟɟ� ɫɩɟɤɬɪ� ɷɧɟɪɝɢɣ� ���-���� ɟ9��
ɉɪɨɬɢɜɨɩɨɥɨɠɧɚɹ� ɫɬɨɪɨɧɚ� ɪɚɫɩɥɚɜɚ� ɧɯɨɞɢɬɫɹ�
ɧɚ�ɜɨɞɨɨɯɥɚɠɞɚɟɦɨɣ�ɩɨɞɥɨɠɤɟ�ɫ�ɬɟɦɩɟɪɚɬɭɪɨɣ�
��-����ɋ��Ɍɚɤɢɟ�ɭɫɥɨɜɢɹ�ɫɨɡɞɚɸɬ�ɜɵɫɨɤɢɣ�ɬɟɦ�
ɩɟɪɚɬɭɪɧɵɣ� ɝɪɚɞɢɟɧɬ� ɜ� ɜɚɧɧɟ� ɪɚɫɩɥɚɜɚ�  � ���-
����ɝɪɚɞ�ɫɦ���Ɋɚɫɩɥɚɜ�ɡɚɤɚɥɢɜɚɟɬɫɹ�ɜ�ɞɢɫɩɟɪɝɚ�
ɬɨɪɟ��Ɂɚɤɚɥɟɧɧɵɟ�ɱɚɫɬɢɰɵ��ɩɪɟɤɭɪɫɨɪɵ��-�ɩɪɟɞ�
ɫɬɚɜɥɹɸɬ� ɫɨɛɨɣ� ɩɥɚɫɬɢɧɤɢ�� ɫɮɟɪɨɥɢɬɵ�� ɢɝɥɵ�
>��@�ɢ�ɢɫɩɨɥɶɡɭɸɬɫɹ�ɞɥɹ�ɢɡɝɨɬɨɜɥɟɧɢɹ�ɛɚɥɨɱɟɤ�
ɪɚɡɦɟɪɨɦ� ��ɯ�ɯ�ɦɦ� ɩɭɬɟɦ� ɩɨɦɨɥɚ�� ɫɭɯɨɝɨ�
ɩɪɟɫɫɨɜɚɧɢɹ��ɱɬɨ�ɢɫɤɥɸɱɚɟɬ�ɜɥɢɹɧɢɟ�ɩɪɢɦɟɫɟɣ��
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ɏɂɆɂə�ɂ�ɏɂɆɂɑȿɋɄȺə�ɌȿɏɇɈɅɈȽɂə  

�� 

ɩɪɢ�ɞɚɜɥɟɧɢɢ�����Ɇɉɚ�� 
Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ� ɢɫɫɥɟɞɨɜɚɧɚ� ɧɚ�

ɫɤɚɧɢɪɭɸɳɟɦ�ɡɨɧɞɨɜɨɦ�ɦɢɤɪɨɫɤɨɩɟ�³62/9(5�
1(;��7��17-0'7�´�ɢ�ɷɥɟɤɬɪɨɧɧɨɦ�ɦɢɤɪɨɫɤɨ�
ɩɟ�©=(,66ª��Ɏɚɡɨɜɵɣ�ɫɨɫɬɚɜ�ɨɩɪɟɞɟɥɟɧ�ɪɟɧɬɝɟ�
ɧɨɜɫɤɢɦ�ɦɟɬɨɞɨɦ�ɧɚ�ɞɢɮɪɚɤɬɨɦɟɬɪɚɯ��©ȾɊɈɇ-
ɍɆ-�ª�� &X.Į–ɢɡɥɭɱɟɧɢɟ�� 1L–� ɮɢɥɶɬɪ�� ³;�
����´�� 

ɗɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɟ� ɫɜɨɣɫɬɜɚ� ɢɫɫɥɟɞɨ�
ɜɚɧɵ� ɪɟɡɢɫɬɢɜɧɵɦ� �-ɯ� ɤɨɧɬɚɤɬɧɵɦ� >��@�� ɦɚɝ�
ɧɢɬɧɨɣ� ɢɧɞɭɤɬɢɜɧɨɫɬɢ� >��@� ɦɟɬɨɞɚɦɢ�� ȼ� ɷɬɢɯ�
ɦɟɬɨɞɚɯ�ɧɚɩɪɹɠɟɧɢɟ��ɬɨɤ��ɫɨɩɪɨɬɢɜɥɟɧɢɟ�ɨɩɪɟ�
ɞɟɥɹɸɬɫɹ� ɦɭɥɶɬɢɦɟɬɪɨɦ� ©5LJRO� '0����(ª��

Ɍɟɦɩɟɪɚɬɭɪɚ� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɬɟɪɦɨɩɚɪɚɦɢ� ɯɪɨ�
ɦɟɥɶ-ɤɚɩɟɥɶ�� ɯɪɨɦɟɥɶ-ɚɥɸɦɟɥɶ�� ɝɪɚɞɭɢɪɨɜɚɧ�
ɧɵɦɢ�ɜ�ɤɢɩɹɳɟɣ�ɜɨɞɟ�ɢ�ɥɶɞɭ� 

 
Ɋɟɡɭɥɶɬɚɬɵ�ɢ�ɨɛɫɭɠɞɟɧɢɟ 
Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ� ɩɪɟɤɭɪɫɨɪɨɜ� -

ɩɥɚɫɬɢɧɨɤ� ɧɟɩɪɚɜɢɥɶɧɨɣ� ɮɨɪɦɵ�� ɬɨɥɳɢɧɨɣ�
ɦɟɧɟɟ� ���� ɦɦ� �ɪɢɫ�� �ɚ�� ɢ� ɛɚɥɨɱɟɤ� ɩɨɤɚɡɚɧɚ� ɧɚ�
ɪɢɫɭɧɤɟ��E��F��ɉɪɨɡɪɚɱɧɵɟ�ɜɤɥɸɱɟɧɢɹ��ɜɢɞɧɵɟ�
ɧɚ� ɪɢɫɭɧɤɟ� �ɚ�� ɩɨɤɚɡɵɜɚɸɬ� ɫɬɟɤɥɨɮɚɡɭ��
ɨɛɪɚɡɨɜɚɜɲɭɸɫɹ� ɜ� ɪɟɡɭɥɶɬɚɬɟ� ɡɚɤɚɥɤɢ�
ɷɜɬɟɤɬɢɤɢ�� Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ� ɩɪɟɤɭɪɫɨɪɨɜ�
ɩɪɟɞɫɬɚɜɥɹɟɬ� ɫɨɛɨɣ� ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ� ɜ� ɨɞɧɨɦ�

0$7(5,$/6�6&,(1&(�$1'�(1*,1((5,1* 
ɆȺɌȿɊɂȺɅɈȼȿȾȿɇɂȿ�ɂ�ɌȿɏɇɈɅɈȽɂə 
0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 

D����������������������������������������������������������E������������������������������������������������������ɫ 
Ɋɢɫɭɧɨɤ����ɉɪɟɤɭɪɫɨɪɵ-ɩɥɚɫɬɢɧɤɢ��ɚ��ɢ�6(0�ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ��E��F��ɩɪɟɤɭɪɫɨɪɨɜ�ɧɨɦɢɧɚɥɶɧɵɯ�ɫɨɫɬɚɜɨɜ�%L���3E���6U�&D�Q-��&XQ2\��

�Q �-�����ɩɨɥɭɱɟɧɧɵɯ�³6)$4´�ɬɟɯɧɨɥɨɝɢɟɣ�ɜ�Ȼɨɥɶɲɨɣ�ɫɨɥɧɟɱɧɨɣ�ɩɟɱɢ��ɉɚɪɤɟɧɬ�� 

Ɋɢɫɭɧɨɤ����Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɵ�ɩɪɟɤɭɪɫɨɪɨɜ�ɧɨɦɢɧɚɥɶɧɵɯ�ɫɨɫɬɚɜɨɜ�%L���3E���6U�&D�Q-��&XQ2\���Q �-�����ɯ��྄-ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɟ�ɮɚɡɵ�� 
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0$7(5,$/6�6&,(1&(�$1'�(1*,1((5,1* 
ɆȺɌȿɊɂȺɅɈȼȿȾȿɇɂȿ�ɂ�ɌȿɏɇɈɅɈȽɂə 

0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 

ɧɚɩɪɚɜɥɟɧɢɢ� ɛɥɨɤɢ� ɧɚɧɨ� ɤɪɢɫɬɚɥɥɢɬɨɜ� �ɪɢɫ��
�E��� Ȼɥɨɤɢ� ɫɨɫɬɨɹɬ� ɢɡ� ɩɥɨɬɧɨ� ɭɩɚɤɨɜɚɧɧɵɯ�
ɩɥɚɫɬɢɧ��ɩɨɤɚɡɚɧɧɵɯ�ɧɚ�ɪɢɫɭɧɤɟ��ɫ�� 

Ɋɟɡɭɥɶɬɚɬɵ� ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ� ɚɧɚɥɢɡɚ�
ɩɪɟɤɭɪɫɨɪɨɜ�ɤɨɪɪɟɥɢɪɭɸɬ�ɫ�ɞɚɧɧɵɦɢ�ɦɢɤɪɨ�
ɫɬɪɭɤɬɭɪɧɨɝɨ�ɚɧɚɥɢɡɚ��Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɵ�ɩɪɟ�
ɤɭɪɫɨɪɨɜ� ɧɨɦɢɧɚɥɶɧɵɯ� ɫɨɫɬɚɜɨɜ�
%L���3E���6U�&D�Q-��&XQ2\�� �Q �-��� ɩɨɤɚɡɵɜɚɸɬ�
ɪɟɧɬɝɟɧɨɚɦɨɪɮɧɭɸ� ɮɚɡɭ� �ɝɚɥɨ� ɜ� ɢɧɬɟɪɜɚɥɟ�
�Ԧ ��-����� ɢ� ɪɟɮɥɟɤɫɵ�� ɨɩɪɟɞɟɥɹɸɳɢɟ� ɤɪɢ�

ɫɬɚɥɥɢɱɟɫɤɢɟ�ɮɚɡɵ� �ɪɢɫ�� ���� Ɋɟɮɥɟɤɫɵ� ��Ԧ�@��
�������������������������������������������ɜɯɨɞɹɬ�
ɜ� ɫɢɫɬɟɦɵ� >KNO@� %L�3E� ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ� ɮɚɡ�
������������ ����� >��@��Ɋɟɧɬɝɟɧɨɚɦɨɪɮɧɚɹ�ɮɚ�
ɡɚ� ɞɟɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ� ɫ� ɭɜɟɥɢɱɟɧɢɟɦ� ɫɨɞɟɪ�
ɠɚɧɢɹ�ɋɚɈ�ɢ�&X2��Q������ 

Ɋɟɡɭɥɶɬɚɬɵ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɫɨɩɪɨɬɢɜɥɟ�
ɧɢɹ�ɢ�ɦɚɝɧɢɬɧɨɣ� ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ�ɩɪɟɤɭɪɫɨ�
ɪɨɜ� ɩɪɟɞɫɬɚɜɥɟɧɵ� ɧɚ� ɝɪɚɮɢɤɚɯ� �ɪɢɫ�� �D�� E�� F��
�D��E��F���Ⱥɧɨɦɚɥɶɧɵɟ�ɷɮɮɟɤɬɵ�ɡɚɜɢɫɹɬ�ɨɬ�ɧɨ�
ɦɢɧɚɥɶɧɨɝɨ� ɫɨɫɬɚɜɚ� ɩɪɟɤɭɪɫɨɪɨɜ�� ȼ� ɨɛɪɚɡɰɟ�
ɧɨɦɢɧɚɥɶɧɨɝɨ�ɫɨɫɬɚɜɚ�%L���3E���6U�&D�Q-��&XQ2\��
�Q ��� ɪɟɡɤɨɟ� ɜɨɡɪɚɫɬɚɧɢɟ� ɫɨɩɪɨɬɢɜɥɟɧɢɹ� ɩɪɢ�
���� Ʉ� ɢ� ɫɩɚɞ� ɞɨ� ɩɨɱɬɢ� ɧɭɥɟɜɨɝɨ� ɡɧɚɱɟɧɢɹ�� ɚ�

ɬɚɤɠɟ�ɜɨɡɪɚɫɬɚɧɢɟ�ɢ�ɧɚɱɚɥɨ�ɫɩɚɞɚ�ɫɨɩɪɨɬɢɜɥɟ�
ɧɢɹ� ɜ� ɨɛɪɚɡɰɟ� ɧɨɦɢɧɚɥɚ� %L���3E���6U�&D�Q-��

&XQ2\���Q ����ɩɪɢ�����Ʉ��ɚɧɚɥɨɝɢɱɧɨɟ�ɩɨɜɬɨɪɟ�
ɧɢɟ�ɷɮɮɟɤɬɨɜ�ɜɨɡɪɚɫɬɚɧɢɹ�ɢ�ɫɩɚɞɚ�ɫɨɩɪɨɬɢɜɥɟ�
ɧɢɹ� ɜ� ɨɛɪɚɡɰɟ� ɧɨɦɢɧɚɥɚ� %L���3E���6U�&D�Q-��

&XQ2\���Q ����ɭɤɚɡɵɜɚɸɬ�ɧɚ�ɜɨɡɦɨɠɧɨɫɬɶ�ɫɜɹɡɢ�
ɷɬɢɯ� ɚɧɨɦɚɥɢɣ� ɫɨ� ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɦɢ� ɮɚɡɚɦɢ��
ɇɚɱɚɥɨ� ɩɟɪɟɯɨɞɚ� ɜ� ɨɛɪɚɡɰɟ� �Q ��� ɩɪɨɢɫɯɨɞɢɬ�
ɩɪɢ� ���� Ʉ�� ɋ� ɭɜɟɥɢɱɟɧɢɟɦ� �Q �������� ɬ�� ɟ��
ɭɜɟɥɢɱɟɧɢɟɦ�ɫɨɞɟɪɠɚɧɢɹ�ɋɚ2�ɢ�&X2��ɬɟɦɩɟɪɚ�
ɬɭɪɚ� ɚɧɨɦɚɥɶɧɨɝɨ� ɢɡɦɟɧɟɧɢɹ� ɫɨɩɪɨɬɢɜɥɟɧɢɹ�
³Ɍɫ´� ɩɨɜɵɲɚɟɬɫɹ� ɞɨ� Ɍɫ ���� Ʉ� ɭ� ɨɛɪɚɡɰɚ�
ɧɨɦɢɧɚɥɚ��Q ����ɢ�ɞɨ�Ɍɫ ����-����Ʉ�ɭ�ɨɛɪɚɡɰɚ�
ɧɨɦɢɧɚɥɚ� �Q ���� ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�� ɗɬɢ�
ɡɚɜɢɫɢɦɨɫɬɢ� ɫɨɨɬɜɟɬɫɬɜɭɸɬ� ɩɪɟɞɩɨɥɨɠɟɧɢɸ�
ɚɜɬɨɪɨɜ�>�@�ɨ�ɜɨɡɪɚɫɬɚɧɢɢ�Ɍɫ�ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ�
ɮɚɡ� ɫ� ɭɜɟɥɢɱɟɧɢɟɦ� ɨɛɴɟɦɚ� ɷɥɟɦɟɧɬɚɪɧɨɣ�
ɹɱɟɣɤɢ�� ɱɬɨ� ɢ� ɩɪɨɢɫɯɨɞɢɬ� ɩɨ� ɪɹɞɭ�
%L���3E���6U�&D�Q-��&XQ2\��Q �-����� 

ɇɚ� ɝɪɚɮɢɤɚɯ� ɦɚɝɧɢɬɧɨɣ� ɜɨɫɩɪɢɢɦɱɢ�
ɜɨɫɬɢ�� ɢɡɦɟɪɟɧɧɨɣ� ɧɚ� ɬɟɯ� ɠɟ� ɨɛɪɚɡɰɚɯ�� ɚɧɨ�
ɦɚɥɶɧɵɟ� ɷɮɮɟɤɬɵ� ɩɨɜɬɨɪɹɸɬɫɹ� ɜ� ɚɧɚɥɨɝɢɱ�
ɧɵɯ� ɬɟɦɩɟɪɚɬɭɪɧɵɯ� ɢɧɬɟɪɜɚɥɚɯ� ���-���� Ʉ��
�ɪɢɫ���D��E��F��� 

��������ɚ���������������������������������������������������������������������E����������������������������������������������������������������������������ɫ 
Ɋɢɫɭɧɨɤ����Ⱥɧɨɦɚɥɶɧɵɟ�ɷɮɮɟɤɬɵ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ�ɩɪɟɤɭɪɫɨɪɨɜ�ɧɨɦɢɧɚɥɶɧɵɯ�ɫɨɫɬɚɜɨɜ�%L���3E���6U�&D�Q-��&XQ2\��Q ���������� 

ɚ�–��Q ����E�-��Q �����ɫ�–��Q -����� 

D�������������������������������������������������������������������E�������������������������������������������������������������F 
Ɋɢɫɭɧɨɤ����ɂɡɦɟɧɟɧɢɟ�ɧɚɩɪɹɠɟɧɢɹ�ɜ�ɩɪɟɤɭɪɫɨɪɚɯ-ɩɥɚɫɬɢɧɤɚɯ�ɧɨɦɢɧɚɥɶɧɵɯ�ɫɨɫɬɚɜɨɜ�%L���3E���6U�&D�Q-��&XQ2\���Q ���������� 

ɚ�–��Q- ����ɛ�–��Q �����ɫ�–��Q ���� 
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�� 7UHW\DNRY�<X�'���*RRGLOLQ�(�$���+LPLFKHVNLH�SULQFLS\�SROXFKHQL\D�PHWDOORRNVLGQ\K�VYHUKSURYRGQLNRY�>&KHPLFDO�SULQFLSOHV�RI�SUHSDUDWLRQ�
RI�PHWDO-R[LGH�VXSHUFRQGXFWRUV@��ɍɫɩɟɯɢ�ɯɢɦɢɢ���������������–����'2,����������5&����Y���Q��$%(+������� 

�� &KX�&�:���'HQJ�/�=��� /Y�%��+ROH-GRSHG� FXSUDWH�KLJK� WHPSHUDWXUH� VXSHUFRQGXFWRUV��3K\VLFD�&��6XSHUFRQGXFWLYLW\�DQG� LWV�$SSOLFDWLRQV��
��������������-�����'2,���������M�SK\VF������������ 

�� <X�(��*ULJRUDVKYLOL��0DQXIDFWXULQJ�7HFKQRORJ\�RI� WKH��%L�3E��6U�&D�&X�2���KLJK�WHPSHUDWXUH�6XSHUFRQGXFWRUV�SURSHUWLHV��6XSHUFRQGXF�
WRUV�-�3URSHUWLHV��7HFKQRORJ\��DQG�$SSOLFDWLRQV�������������'2,��������������� 

�� 3R]LJXQ�6�ௗ$���3DQ�9�ௗ0���$OHNVHHY�9�ௗ$���6WUXQQLNRY�9�ௗ0���.DXO
�$�ௗ5���*RUEHQNR�2�ௗ<8��9\VRNRWHPSHUDWXUQ\H�VYHUKSURYRG\DVKLH�PDWH�
ULDO\�V�Y\VRNLPL�WRNRQHVXVKFKLPL�KDUDNWHULVWLNDPL�L�PHWRG\�LK�SROXFKHQL\D�>+LJK-7HPSHUDWXUH�6XSHUFRQGXFWLQJ�0DWHULDOV�ZLWK�+LJK�&XU�
UHQW-&DUU\LQJ�&KDUDFWHULVWLFV�DQG�0HWKRGV�RI�7KHLU�)DEULFDWLRQ@��8VSHNKL�IL]LNL�PHWDOORY��������������-���� 

�� <RVKLKLUR�$EH�� >6XSHUFRQGXFWLQJ�JODVV-FHUDPLFV� LQ�%L6U&D&X2��)DEULFDWLRQ�DQG� LWV�$SSOLFDWLRQV@��$YDLODEOH�DW��KWWSV���SOD\�JRRJOH�FRP�
VWRUH�ERRNV�GHWDLOV"LG X[+W&J$$4%$-	UGLG ERRNX[+W&J$$4%$-	UGRW �	VRXUFH JEVBDWE	SFDPSDLJQLG ERRNVBERRNVHDUFKBDWE� 

�� 7DUDVFRQ�-�0���0F.LQQRQ�:�5���%DUERX[�3���+ZDQJ�'�0���%DJOH\�%�*���*UHHQH�/�+���+XOO�*�:��3UHSDUDWLRQ��VWUXFWXUH�DQG�SURSHUWLHV�RI�
WKH�VXSHUFRQGXFWLQJ�FRPSRXQG�VHULHV�%L�6U�&DQ-�&XQ2\�ZLWK�Q� ������DQG����3K\V��5HY��%��–�0HOYLOOH����������������-����� 

�� 

Ⱥɧɨɦɚɥɶɧɵɟ� ɷɮɮɟɤɬɵ� ɧɚ� ɡɚɜɢɫɢɦɨɫɬɹɯ�
ɫɨɩɪɨɬɢɜɥɟɧɢɹ� ɢ� ɦɚɝɧɢɬɧɨɣ� ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ�
ɜ�ɬɟɦɩɟɪɚɬɭɪɧɨɦ�ɢɧɬɟɪɜɚɥɟ����-�����Ʉ�ɜ�ɫɨɩɨ�
ɫɬɚɜɥɟɧɢɢ�ɫ�ɩɪɨɹɜɥɟɧɢɹɦɢ�ɷɮɮɟɤɬɚ�ɜɵɬɚɥɤɢɜɚ�
ɧɢɹ�ɦɚɝɧɢɬɚ� �ɷɮɮɟɤɬɚ�Ɇɟɣɫɫɧɟɪɚ��ɨɬ�ɨɛɪɚɡɰɨɜ�
ɩɪɟɤɭɪɫɨɪɨɜ� ɢ� ɤɟɪɚɦɢɤ� ɪɹɞɚ� %L���3E���6U�&D�Q-��

&XQ2\�� �Q ��������� ɩɪɢ� ɤɨɦɧɚɬɧɵɯ� ɬɟɦɩɟɪɚɬɭ�
ɪɚɯ�� ɧɨɪɦɚɥɶɧɨɦ� ɚɬɦɨɫɮɟɪɧɨɦ� ɞɚɜɥɟɧɢɢ�� ɩɪɢ�
ɞɧɟɜɧɨɦ�ɫɜɟɬɟ�ɢ�ɩɨɞ�ɜɨɡɞɟɣɫɬɜɢɟɦ�ɛɟɥɨɝɨ�ɫɜɟɬɚ�
>��@� ɩɨɡɜɨɥɹɸɬ� ɫɞɟɥɚɬɶ� ɩɪɟɞɩɨɥɨɠɟɧɢɟ� ɨ� ɩɪɨ�
ɹɜɥɟɧɢɢ�ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ�ɫɜɨɣɫɬɜ�ɜɢɫɦɭɬɨɜɵɯ�
ɤɭɩɪɚɬɨɜ�� ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ� ³6)$4´� ɬɟɯɧɨɥɨ�
ɝɢɟɣ� 

ɉɪɟɞɩɨɥɨɠɟɧɢɹ� ɨ� ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ�
ɩɟɪɟɯɨɞɚɯ�ɩɪɢ�ɤɨɦɧɚɬɧɵɯ�ɬɟɦɩɟɪɚɬɭɪɚɯ�ɜ�ɩɪɟ�
ɤɭɪɫɨɪɚɯ� ɢ� ɤɟɪɚɦɢɤɚɯ� ɜɢɫɦɭɬɨɜɵɯ� ɤɭɩɪɚɬɨɜ�
ɪɹɞɚ�%L���3E���6U�&D��&X��2\�� �Q ���������� ɫɢɧɬɟ�
ɡɢɪɨɜɚɧɧɵɯ�³6)$4´�ɬɟɯɧɨɥɨɝɢɟɣ�� � ɫɞɟɥɚɧɵ�ɧɚ�
ɨɫɧɨɜɚɧɢɢ� ɜɩɟɪɜɵɟ� ɩɨɥɭɱɟɧɧɵɯ� ɚɧɨɦɚɥɶɧɵɯ�
ɷɮɮɟɤɬɨɜ� ɢɡɦɟɧɟɧɢɹ� ɫɨɩɪɨɬɢɜɥɟɧɢɹ� ɢ�ɦɚɝɧɢɬ�
ɧɨɣ�ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ�ɜ� ɬɟɦɩɟɪɚɬɭɪɧɨɦ�ɢɧɬɟɪ�
ɜɚɥɟ� ��-���� Ʉ� ɩɪɢ� ɧɨɪɦɚɥɶɧɨɦ� ɚɬɦɨɫɮɟɪɧɨɦ�
ɞɚɜɥɟɧɢɢ�� ɞɧɟɜɧɨɦ� ɨɫɜɟɳɟɧɢɢ� ɢ� ɩɨɞ� ɜɨɡɞɟɣ�
ɫɬɜɢɟɦ� ɢɫɬɨɱɧɢɤɚ� ɫɜɟɬɚ�� ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ� ɷɤɫ�
ɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ� ɩɨɥɭɱɟɧɵ� ɜɩɟɪ�
ɜɵɟ�� Ɋɚɧɟɟ� ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ� ɜ� ɬɟɦɩɟɪɚɬɭɪɧɨɦ�
ɢɧɬɟɪɜɚɥɟ� ���-���ɨɋ� ɤɟɪɚɦɢɤɢ� ɧɚ� ɨɫɧɨɜɟ� ɷɬɢɯ�
ɩɪɟɤɭɪɫɨɪɨɜ� ɫɨɞɟɪɠɚɥɢ� ɥɢɲɶ� ɨɝɪɚɧɢɱɟɧɧɨɟ�
ɤɨɥɢɱɟɫɬɜɨ� ɤɨɦɧɚɬɧɨ-ɬɟɦɩɟɪɚɬɭɪɧɵɯ� ɫɜɟɪɯ�
ɩɪɨɜɨɞɹɳɢɯ�ɮɚɡ�Ɍɫ ����Ʉ��ɨ�ɤɨɬɨɪɵɯ�ɫɨɨɛɳɚ�
ɥɨɫɶ�ɜ�ɪɚɛɨɬɟ�>��@�� 

 
Ɂɚɤɥɸɱɟɧɢɟ 
ɋɨɩɨɫɬɚɜɥɟɧɢɟ�ɭɫɥɨɜɢɣ�ɩɨɥɭɱɟɧɢɹ�ɩɪɟ�

ɤɭɪɫɨɪɨɜ� ɫ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ�ɪɟɡɭɥɶɬɚɬɚɦɢ�
ɢɫɫɥɟɞɨɜɚɧɢɹ�ɫɜɨɣɫɬɜ�ɩɨɡɜɨɥɹɟɬ�ɫɞɟɥɚɬɶ�ɫɥɟɞɭ�
ɸɳɢɟ�ɩɪɟɞɩɨɥɨɠɟɧɢɹ� 

��� ɋɢɧɬɟɡ� ɜ� ɪɚɫɩɥɚɜɟ� ɨɩɪɟɞɟɥɹɟɬ� ɩɨɜɵ�
ɲɟɧɧɭɸ� ɜɡɚɢɦɧɭɸ� ɪɚɫɬɜɨɪɢɦɨɫɬɶ� ɤɨɦɩɨɧɟɧ�
ɬɨɜ��ɩɨ�ɫɪɚɜɧɟɧɢɸ�ɫ�ɬɜɟɪɞɨɮɚɡɧɵɦɢ�ɩɪɨɰɟɫɫɚ�
ɦɢ��ɢ�ɜɨɡɦɨɠɧɨɫɬɶ�ɨɛɪɚɡɨɜɚɧɢɹ�ɮɚɡ�ɫ�ɛɨɥɶɲɢ�

ɦɢ�ɨɛɴɟɦɚɦɢ� ɷɥɟɦɟɧɬɚɪɧɨɣ�ɹɱɟɣɤɢ�� ɱɬɨ�ɩɪɹɦɨ�
ɫɜɹɡɚɧɨ� ɫ� ɬɟɦɩɟɪɚɬɭɪɨɣ� ɫɜɟɪɯɩɪɨɜɨɞɹɳɟɝɨ� ɩɟ�
ɪɟɯɨɞɚ�� 

��� ɍɫɥɨɜɢɹ� ɩɨɥɭɱɟɧɢɹ� ɩɪɟɤɭɪɫɨɪɨɜ��
ɨɩɪɟɞɟɥɹɟɦɵɟ�ɪɟɡɤɢɦ�ɬɟɦɩɟɪɚɬɭɪɧɵɦ�ɝɪɚɞɢɟɧ�
ɬɨɦ��³ɧɚɞɫɬɟɯɢɨɦɟɬɪɢɱɧɵɦ�ɤɢɫɥɨɪɨɞɨɦ´��ɨɩɪɟ�
ɞɟɥɹɸɬ�ɩɨɜɵɲɟɧɢɟ�ɩɥɨɬɧɨɫɬɢ�ɞɟɮɟɤɬɨɜ�ɢ�ɫɨɨɬ�
ɜɟɬɫɬɜɟɧɧɨɟ� ɭɫɢɥɟɧɢɟ� ɩɢɧɧɢɧɝɚ��
³ɇɚɞɫɬɟɯɢɨɦɟɬɪɢɱɧɵɣ´�ɤɢɫɥɨɪɨɞ�ɦɨɠɟɬ�ɫɬɚɛɢ�
ɥɢɡɢɪɨɜɚɬɶ�ɜɵɫɨɤɨɜɚɥɟɧɬɧɵɟ�ɫɨɫɬɨɹɧɢɹ�ɤɚɬɢɨ�
ɧɨɜ��ɜ�ɬɨɦ�ɱɢɫɥɟ�ɋX��� 

��� ɋɧɢɠɟɧɢɟ� ɤɪɢɬɢɱɟɫɤɨɣ� ɬɟɦɩɟɪɚɬɭɪɵ�
Ɍɫ�ɩɨɫɥɟ�ɞɥɢɬɟɥɶɧɨɝɨ�ɨɛɠɢɝɚ�ɤɟɪɚɦɢɤɢ�ɩɪɢɜɨ�
ɞɢɬ�ɤ�ɚɧɧɢɝɢɥɹɰɢɢ�ɞɟɮɟɤɬɨɜ�ɢ��ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ��
ɪɚɡɪɭɲɟɧɢɸ�ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ�ɮɚɡ��Ɋɟɡɭɥɶɬɚɬɵ�
ɩɨɜɵɲɟɧɢɹ� ɤɪɢɬɢɱɟɫɤɨɣ� ɬɟɦɩɟɪɚɬɭɪɵ� ɩɟɪɟɯɨ�
ɞɚ�ɜ�ɫɜɟɪɯɩɪɨɜɨɞɹɳɟɟ�ɫɨɫɬɨɹɧɢɟ�Ɍɫ�ɩɨɫɥɟ�ɞɥɢ�
ɬɟɥɶɧɨɣ� ɜɵɞɟɪɠɤɢ� ɤɟɪɚɦɢɤ� ɜ� ɠɢɞɤɨɦ� ɚɡɨɬɟ� ɢ�
ɫɧɢɠɟɧɢɟ� Ɍɫ� ɜ� ɷɬɢɯ� ɨɛɪɚɡɰɚɯ�� ɨɛɨɠɠɟɧɧɵɯ�
ɞɥɢɬɟɥɶɧɨɟ�ɜɪɟɦɹ� ���-���ɱɚɫɨɜ��� ɭɤɚɡɵɜɚɸɬ�ɧɚ�
ɩɨɥɨɠɢɬɟɥɶɧɨɟ� ɜɥɢɹɧɢɟ� ɞɟɮɟɤɬɨɜ�� ɨɛɪɚɡɨɜɚɜ�
ɲɢɯɫɹ� ɩɪɢ� ɜɵɞɟɪɠɤɟ� ɜ� ɠɢɞɤɨɦ� ɚɡɨɬɟ�� ɬ�ɤ�� ɨɛ�
ɠɢɝ�ɩɪɢɜɨɞɢɬ�ɤ�ɚɧɧɢɝɢɥɹɰɢɢ�ɞɟɮɟɤɬɨɜ�ɢ��ɫɨɨɬ�
ɜɟɬɫɬɜɟɧɧɨ��ɧɚɛɥɸɞɟɧɧɨɦɭ��ɫɧɢɠɟɧɢɸ�Ɍɫ�ɢɡ-ɡɚ�
ɭɦɟɧɶɲɟɧɢɹ� ɫɢɥɵ� ɩɢɧɧɢɧɝɚ�� ɬ�ɟ�� ɞɟɝɪɚɞɚɰɢɢ�
ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ� ɮɚɡ� ɩɪɢ� ɞɥɢɬɟɥɶɧɨɣ� ɬɟɪɦɨ�
ɨɛɪɚɛɨɬɤɟ�� 

���ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ�ɝɪɚɮɢɤɢ�ɢɡɦɟɧɟ�
ɧɢɹ� ɫɨɩɪɨɬɢɜɥɟɧɢɹ� ɢ� ɦɚɝɧɢɬɧɨɣ� ɜɨɫɩɪɢɢɦɱɢ�
ɜɨɫɬɢ�� ɩɪɟɞɫɬɚɜɥɹɸɬ� ɯɚɪɚɤɬɟɪɧɵɟ� ɞɥɹ� ɫɜɟɪɯ�
ɩɪɨɜɨɞɹɳɢɯ�ɩɟɪɟɯɨɞɨɜ�ɡɚɜɢɫɢɦɨɫɬɢ�� 

��� ɗɮɮɟɤɬ�Ɇɟɣɫɫɧɟɪɚ� ɩɪɨɹɜɥɹɟɬɫɹ� ɩɪɢ�
ɤɨɦɧɚɬɧɨɣ� ɬɟɦɩɟɪɚɬɭɪɟ�� ɨɛɵɱɧɨɦ� ɚɬɦɨɫɮɟɪ�
ɧɨɦ�ɞɚɜɥɟɧɢɢ��ɩɨɞ�ɢ�ɛɟɡ�ɜɨɡɞɟɣɫɬɜɢɹ�ɢɫɬɨɱɧɢ�
ɤɚ�ɫɜɟɬɚ�� 

ɋɨɩɨɫɬɚɜɥɟɧɢɟ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɪɟ�
ɡɭɥɶɬɚɬɨɜ� ɢ� ɨɛɴɹɫɧɟɧɢɟ�ɜɥɢɹɧɢɹ� ɨɫɨɛɟɧɧɨɫɬɟɣ�
³ɫɨɥɧɟɱɧɨɣ´� ɬɟɯɧɨɥɨɝɢɢ� ɩɨɡɜɨɥɹɸɬ� ɧɚɦ� ɫɞɟ�
ɥɚɬɶ�ɩɪɟɞɩɨɥɨɠɟɧɢɟ�ɨ�ɜɨɡɦɨɠɧɨɫɬɢ�ɩɨɥɭɱɟɧɢɹ�
ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ� ɤɨɦɧɚɬɧɨ-ɬɟɦɩɟɪɚɬɭɪɧɵɯ�
ɜɢɫɦɭɬɨɜɵɯ�ɤɭɩɪɚɬɨɜ�ɫɨɥɧɟɱɧɨɣ�ɷɧɟɪɝɢɟɣ� 

0$7(5,$/6�6&,(1&(�$1'�(1*,1((5,1* 
ɆȺɌȿɊɂȺɅɈȼȿȾȿɇɂȿ�ɂ�ɌȿɏɇɈɅɈȽɂə 
0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 
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�� 5DELQRYLFK�.�6���6DPRMOHQNR�/�/���6+QHMGHU�$�*��6SRVRE�SROXFKHQL\D�VYHUKSURYRG\DVKFKHJR�PDWHULDOD�QD�RVQRYH�%L-�����V�NULWLFKHVNRM�
WHPSHUDWXURM�SHUHNKRGD����.�>0HWKRG�IRU�SURGXFLQJ�VXSHUFRQGXFWLQJ�PDWHULDO�EDVHG�RQ�%L-�����ZLWK�D�FULWLFDO�WUDQVLWLRQ�WHPSHUDWXUH�RI�
���.@��3DWHQW�58��������������� 

�� =KDQJ��<5���4LX��/3���*DR��6/��HW�DO��6\QWKHVLV�RI�����-3KDVH�%6&&2�%DVHG�RQ�/LTXLG-3KDVH�0HWKRG�DQG�,WV�0DJQHWLF�3URSHUWLHV��-RXU�
QDO�RI�6XSHUFRQGXFWLYLW\�DQG�1RYHO�0DJQHWLVP���������������–�����'2,���������V�����-���-�����-� 

�� =KDQJ��<5���4LX��/3���*DR��6/�� HW� DO��6\QWKHVLV� RI� ����-3KDVH�%6&&2�%DVHG�RQ�/LTXLG-3KDVH�0HWKRG� DQG� ,WV�0DJQHWLF�3URSHUWLHV�� -�
6XSHUFRQG�1RY�0DJQ����������������–�����'2,���������V�����-���-�����-� 

��� (O�0DNGDK�0�+���(O�*KRXFK�1���(O-'DNGRXNL�0�+���$ZDG�5���0DWDU�0��6\QWKHVLV��FKDUDFWHUL]DWLRQ��DQG�9LFNHUV�PLFURKDUGQHVV�IRU��<,*�
[��%L�3E�-�����VXSHUFRQGXFWLQJ�SKDVH��&HUDPLFV�,QWHUQDWLRQDO���������������'2,����������M�FHUDPLQW������������ 

��� 9HUPD�,���.XPDU�5���*DQHVDQ�9���%DQHUJHH�$���'DV�%��6\QWKHVLV�DQG�PDJQHWLF�SURSHUWLHV�RI��%L�3E��6U�&D�&X�2���į�VXSHUFRQGXFWRU��-RXU�
QDO�RI�6XSHUFRQGXFWLYLW\�DQG�1RYHO�0DJQHWLVP��������������'2,����������V�����-���-����-� 

��� 7RUVRQL�*�%���&HQD�&�5���GH�)UHLWDV�*�4���&DUYDOKR�&�/��6\QWKHVLV�RI� �%L�3E�-�����VXSHUFRQGXFWRU�SRZGHU�E\�3HFKLQL�PHWKRG��5HYLVWD�
%UDVLOHLUD�GH�)tVLFD�7HFQROyJLFD�$SOLFDGD��������������'2,����������UEIWD�Y�Q������ 

��� /LPD�5�*���5RGULJXHV�9�'���&DUYDOKR�&�/���7HL[HLUD�6�5���6RX]D�$�(���=DGRURVQ\�5��6\QWKHVLV�RI�%L-EDVHG�VXSHUFRQGXFWRU�E\�PLFURZDYH-
DVVLVWHG�K\GURWKHUPDO�PHWKRG��-RXUQDO�RI�3K\VLFV��&RQIHUHQFH�6HULHV�������������3$57����'2,��������������-����������������� 

��� &HQD�&�5���7RUVRQL�*�%���=DGRURVQ\�/���0DOPRQJH�/�)���&DUYDOKR�&�/���0DOPRQJH�-�$��%6&&2�VXSHUFRQGXFWRU�PLFUR�QDQRILEHUV�SUR�
GXFHG�E\�VROXWLRQ�EORZ-VSLQQLQJ�WHFKQLTXH��&HUDPLFV�,QWHUQDWLRQDO�������������������–������'2,����������M�FHUDPLQW������������ 

��� (UPL]D�6�1���+DVKLP�$���.DVLP�$���1RUD]LOD�,���6LWL�)�6��6\QWKHVLV�DQG�FKDUDFWHUL]DWLRQ�RI�ORZ�GHQVLW\�%L-�����FXSUDWHV�VXSHUFRQGXFWRU�
GRSHG�(X�2��QDQRSDUWLFOHV��6ROLG�6WDWH�3KHQRPHQD����������������-�����'2,����������ZZZ�VFLHQWLILF�QHW�663�������� 

��� %DODVDQ�%�$���+DVKLP�$���0D]ZLU�0�+���=XONLIOL�)�+��(OHFWURVSLQQLQJ�6\QWKHVLV�RI�%L-�����6XSHUFRQGXFWLQJ�1DQRZLUHV��6ROLG�6WDWH�3KH�
QRPHQD���������������–����'2,����������ZZZ�VFLHQWLILF�QHW�663������� 

��� (O� *KRXFK� 1��� $O-2ZHLQL� 5��� $ZDG� 5�� 6\QWKHVLV�� FKDUDFWHUL]DWLRQ� DQG� HOHFWULFDO� SURSHUWLHV� RI� K\EULG� PRQR-LURQ-VXEVWLWXWHG� XQGHFD�
WXQJVWRVLOLFDWH��%L�3E�-�����SKDVH�VXSHUFRQGXFWRUV��0DWHULDOV�5HVHDUFK�([SUHVV��������������������-��������'2,��������������-�����
DE��H� 

��� *RNKIHOG�'�0���.REOLVFKND�0�5���.REOLVFKND-9HQHYD�$��+LJKO\�3RURXV�6XSHUFRQGXFWRUV��6\QWKHVLV��5HVHDUFK��DQG�3URVSHFWV��3K\VLFV�RI�
0HWDOV�DQG�0HWDOORJUDSK\�������������������-�����'2,����������6�������;�������� 

��� /RXGKDLHI�1���/DELDGK�+���+DQQDFKL�(���=RXDRXL�0���%HQ�6DOHP�0��6\QWKHVLV�RI�&G6�QDQRSDUWLFOHV�E\�K\GURWKHUPDO�PHWKRG�DQG�WKHLU�
HIIHFWV� RQ� WKH� HOHFWULFDO� SURSHUWLHV� RI�%L-EDVHG� VXSHUFRQGXFWRUV��-RXUQDO�RI�6XSHUFRQGXFWLYLW\�DQG�1RYHO�0DJQHWLVP�������� ������ ����-
������'2,����������V�����-���-����-� 

��� $VWXWL�)���%DTL\D�0�$���'DUPLQWR��0DJQHWLF� SURSHUWLHV� RI� VXSHUFRQGXFWRUV�%L-����� DQG� �%L�3E�-�����QDQRSDUWLFOHV� V\QWKHVL]HG�E\�GLV�
VROYHG�PHWKRG��$,3�&RQIHUHQFH�3URFHHGLQJV������������������-�����'2,������������������� 

��� <DPDNL�.���)XVHJL�5���2LNDZD�'���,ULH�$��6\QWKHVLV�RI�%6&&2�VLQJOH�FU\VWDO�ZKLVNHUV�IRU�WHUDKHUW]�HP�ZDYH�RVFLOODWRUV��,(((�7UDQVDF�
WLRQV�RQ�$SSOLHG�6XSHUFRQGXFWLYLW\��������������$UWLFOH�VHTXHQFH�QXPEHU�����������'2,����������7$6&������������� 

��� .DQQDQ�7��3UHGHHS�3��(IIHFW�RI�VLQWHULQJ�WHPSHUDWXUH�RQ�WKH�JODVV\�SUHFXUVRU�V\QWKHVLV�RI�VXSHUFRQGXFWLQJ�%L���3E���6U�&X�&D�2���į��-RXU�
QDO�RI�6XSHUFRQGXFWLYLW\�DQG�1RYHO�0DJQHWLVP����������������-����'2,����������V�����-���-����-� 

��� 0F*LQQ�3��3URJUHVV� LQ� WKH�PHOW� WH[WXULQJ�RI�5(-����VXSHUFRQGXFWRUV��7KH�-RXUQDO�RI�7KH�0LQHUDOV��0HWDOV�	�0DWHULDOV�6RFLHW\��������
���������–����'2,���������%)�������� 

��� &KLJYLQDG]H�-�*���$FULYRV�-�9���$VKLPRY�6�0���*XODPRYD�'�'���'RQDG]H�*�-��6XSHUFRQGXFWLYLW\�DW�7§���.�LQ�ELVPXWK�FXSUDWHV�V\QWKH�
VL]HG�XVLQJ�VRODU�HQHUJ\��$UFKLYH������������������ 

��� *XODPRYD�'�'���-DOLORY�'�<���%RERNXORY�6�1���(VKRQNXORY�(�%���*XODPRYD�.�=���$KPDGNXORY�2�%���5XVLQRY�$�9��9R]PR]KQRVWL�L�RVR�
EHQQRVWL�VROQHFKQRM�WHNKQRORJLL�Y�SURL]YRGVWYH�NHUDPLFKHVNLK�PDWHULDORY�>6RODU�WHFKQRORJ\�SRVVLELOLWLHV�DQG�IHDWXUHV�LQ�FHUDPLF�PDWHULDOV�
SURGXFWLRQ@��1RY\H�RJQHXSRU\�������������-��� 

��� 0DPQLDVKYLOL�*�,���'RQDG]H�*���7DYNKHOLG]H�9���*XODPRYD�'�'��6XSHUFRQGXFWLQJ�SUHFXUVRUV�LQ�%L�3E�PXOWLSKDVH�FXSUDWHV�IDEULFDWHG�E\�
WKH� VRODU� WHFKQRORJ\� DQG� WKHLU� FRPSDUDWLYH� VWXG\� E\� WRUTXH�PDJQHWRPHWU\�PHWKRGV��(QJLQHHULQJ�� 7HFKQRORJ\� DQG�$SSOLHG� 6FLHQFH�5H�
VHDUFK�������������������-�������'2,����������HWDVU����� 

��� &+LJYLQDG]H�'�*��� *XODPRYD�'�'��� $VKLPRY� 6�0�� %L�3E� NRPQRWQR-WHPSHUDWXUQ\H� VYHUKSURYRG\DVKFKLH� ID]\� 7V ���.�� ����.�� SROX�
FKHQQ\H� VROQHFKQRM� HQHUJLM� >%L�3E� URRP� WHPSHUDWXUH� VXSHUFRQGXFWLQJ�SKDVHV� RI� ɌF ����Ʉ�� ����.� REWDLQHG� E\� VRODU� HQHUJ\@��+LPL\D� L�
KLPLFKHVND\D�WHNKQRORJL\D������������-�� 

��� &KLJYLQDG]H�-�*���$VKLPRY�6�0���$FULYRV�-�9���*XODPRYD�'�'��&ULWLFDO�WHPSHUDWXUH�RI�WKH�VXSHUFRQGXFWLQJ�WUDQVLWLRQ�RI�LQGLYLGXDO�SKDVHV�
RI�PXOWLSKDVH�ELVPXWK�FXSUDWHV�DIWHU�FRROLQJ�LQ�D�PDJQHWLF�ILHOG�WR�D�WHPSHUDWXUH�RI���ௗ.��/RZ�WHPSHUDWXUH�3K\VLFV�����������������-�����
'2,������������������ 

��� *XODPRYD�� '�'��� -DOLORY�� '��� (VKRQNXORY�� (�%��� %RERNXORY� 6�.K�� *XODPRY� 7�,��� 6DLGRY� 5�0��� %DNKURQRY� +�1�� 1DQRVWUXFWXUHG� ORZ-
UHVLVWDQFH�FHUDPLFV�EDVHG�RQ�WKH�%L–3E–6U–&D–&X–2�V\VWHP�SURGXFHG�E\�VRODU�WHFKQRORJ\��5HIUDFWRULHV�DQG�,QGXVWULDO�&HUDPLFV��������
������–����'2,���������V�����-���-�����-� 

��� 6LQJK�<��(OHFWULFDO�UHVLVWLYLW\�PHDVXUHPHQWV��D�UHYLHZ��,QWHUQDWLRQDO�-RXUQDO�RI�0RGHUQ�3K\VLFV��&RQIHUHQFH�6HULHV���������������–�����
'2,���������6���������������� 

��� 1LNROR�0�� 6XSHUFRQGXFWLYLW\�� $� JXLGH� WR� DOWHUQDWLQJ� FXUUHQW� VXVFHSWLELOLW\�PHDVXUHPHQWV� DQG� DOWHUQDWLQJ� FXUUHQW� VXVFHSWRPHWHU� GHVLJQ��
$PHULFDQ�-RXUQDO�RI�3K\VLFV����������������-����'2,���������������� 

��� -LDQ�&���=X\DR�&���<LWDL�4���-LDQVKHQJ�;���=KHQJKXL�+���6KLIRQJ�6���0LQKX�)���4LUXL�=��6XSHUFRQGXFWLYLW\�DQG�SKDVHV�RI�OHDGHG�%L-&D-6U-
&X-2�V\VWHP��6ROLG�6WDWH�&RPPXQLFDWLRQV��2FWREHU����������������-�����'2,�������������-�������������-� 

��� *XODPRYD�'�'���(VKRQNXORY�(�%���=+DOLORY�'�<8���%RERNXORY�6�+��9OL\DQLH�VYHWD�QD�VRSURWLYOHQL\D�%L�3E�VYHUKSURYRGQLNRY��VLQWH]LUR�
YDQQ\K�VROQHFKQRM�HQHUJLHM�>(IIHFW�RI�OLJKW�RQ�WKH�UHVLVWDQFH�RI�%L�3E�VXSHUFRQGXFWRUV�V\QWKHVL]HG�E\�VRODU�HQHUJ\@��+LPL\D�L�KLPLFKHVND\D�
WHNKQRORJL\D������������-��� 
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ɎɈɊɆɂɊɈȼȺɇɂȿ�ɅɘɆɂɇȿɋɐȿɇɌɇɕɏ�ɉɈɄɊɕɌɂɃ�ɋ� 
ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ�ɅȿȽɄɈɉɅȺȼɄɂɏ�ɋɌȿɄɈɅ� 
 
ȿɜɝɟɧɢɣ�ɇ��ɉɈȾȾȿɇȿɀɇɕɃ���SRGG-HYJHQ#\DQGH[�UX� 
ȿɤɚɬɟɪɢɧɚ�ȿ��ɌɊɍɋɈȼȺ���WUXVRYD#EHOVWX�E\� 
Ⱥɧɞɪɟɣ�Ⱥ��ȻɈɃɄɈ���ERLNR#JVWX�E\� 
ȿɤɚɬɟɪɢɧɚ�Ɋ��ɄɊȺȼɐɈȼȺ���NDWDN����#JPDLO�FRP� 
Ɉɥɶɝɚ�ȼ��ȾȺȼɕȾɈȼȺ���ROJDBGDYLGRYD-XUHWVND\D#PDLO�UX� 
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,QWURGXFWLRQ� 
/('� ODPSV� DUH� ZLGHO\� XVHG� GXH� WR� WKHLU�

FRVW–HIIHFWLYHQHVV��HQHUJ\�HIILFLHQF\�DV�FRPSDUHG�
WR�LQFDQGHVFHQW�ODPSV��DQG�KDYH�D�ORQJ�VHUYLFH�OLIH�
>�–�@�� 6XFK� OLJKWLQJ� GHYLFHV� DUH� EDVHG� RQ� ZKLWH�
OLJKW–HPLWWLQJ�GLRGHV� �/('V��RI�YDULRXV� VKDGHV�–�
IURP� SXUH� ZKLWH� �FROG� OLJKW�� WR� SLQNLVK� \HOORZ�
�ZDUP� OLJKW��� 7KH�PRVW� FRPPRQ�PHWKRG� RI� SUR�
GXFLQJ�ZKLWH�/('V� LV� WKH�XVH�RI�PLFURFU\VWDOOLQH�
OXPLQRSKRUHV� WKDW� FRQYHUW� OLJKW� HPLWWHG� E\� EOXH�

FKLSV�LQWR�D�ZLGH�VSHFWUXP�FRUUHVSRQGLQJ�WR�VRODU�
VSHFWUXP�ZLWK�WKH�XVH�RI�PLFURFU\VWDOOLQH�OXPLQR�
SKRUHV�PDQXIDFWXUHG�EDVHG�RQ�FHULXP–GRSHG�\WWUL�
XP–DOXPLQXP�JDUQHW��<$*�&H����>�–�@��7KH�WHFK�
QRORJ\�IRU�FUHDWLQJ�ZKLWH�/('V�LQYROYHV�DSSO\LQJ�
D�UHDG\�FRPSRXQG�FRQVLVWLQJ�RI�D�OXPLQRSKRUH��DQ�
RUJDQLF�ELQGHU�DQG�VWDELOL]LQJ�DGGLWLYHV�WR�WKH�VXU�
IDFH�RI�WKH�FU\VWDO��DIWHU�ZKLFK�WKH�VWUXFWXUH�LV�KHDW�
WUHDWHG�� :LWK� WKLV� DSSURDFK� GXH� WR� /('� KHDWLQJ�
GXULQJ� LWV� RSHUDWLRQ�� FRQYHUVLRQ� HIILFLHQF\� DQG�
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EULJKWQHVV� RI� /('� GHFUHDVH� RYHU� WLPH�� VSHFWUDO�
FRPSRVLWLRQ� RI� OLJKW� HPLVVLRQ� DOVR� FKDQJHV� RYHU�
WLPH�� 7KHUH� DUH� VHYHUDO� SXEOLFDWLRQV� WKDW� VXJJHVW�
WKDW� WKH� OXPLQRSKRUH�VKRXOG�EH�SXW�DZD\�DW�VRPH�
GLVWDQFH� IURP� WKH� FKLS�� ZKLFK� ZRXOG� UHGXFH� WKH�
WKHUPDO� GHJUDGDWLRQ� RI� WKH� OLJKW� FRQYHUWLQJ� OD\HU��
LQFUHDVH� WKH� OLIHVSDQ�RI�/('�GHYLFH�� LQFUHDVH�KR�
PRJHQHLW\�RI�OLJKW�HPLVVLRQ�DQG�LPSURYH�WKH�ODPS�
OLJKW�HPLVVLRQ�SDWWHUQ�>��–��@��6XFK�FRQYHUWHU�FDQ�
EH�PDQXIDFWXUHG�LQ�IRUP�RI�VHPL–WUDQVOXFHQW�FRP�
SRVLWH� RU� FHUDPLF� SODWH�� DQG� � OXPLQHVFHQW� FRDWLQJ�
RQ�WUDQVSDUHQW�VXEVWUDWH�>������@��%HVLGHV��WKLV�DS�
SURDFK�FDQ�DOVR�RIIHU�D�VWUXFWXUDO�YDULHW\�RI�IRUPV�
RI� WKH� UHPRWH� FRQYHUWHU� –� IODW�� KHPLVSKHULFDO��
VSKHULFDO��DQG�DW�WKH�VDPH�WLPH�DOORZV�WKH�LQFUHDVH�
RI� OLJKWLQJ� GHYLFH� HIILFLHQF\� GXH� WR� WKH� VWUXFWXUDO�
IHDWXUHV�E\���–����>��@� 

7KH�DLP�RI�WKH�SUHVHQW�UHVHDUFK�LV�WR�GHYHO�
RS� FRPSRXQGV� DQG� WHFKQRORJLHV� IRU� DSSO\LQJ� WKH�
OXPLQRXV� YLWURFU\VWDOOLQH� FRPSRXQGV� WR� VPRRWK�
DQG�ULEEHG�JODVV�VXEVWUDWHV�LQ�/('�ODPS�VWUXFWXUH�
ZLWK� D� UHPRWH� SKRWRFRQYHUWHU� WKDW� FRQWDLQV� R[LGH�
ORZ�PHOWLQJ� JODVV� DV� WKH�EDVH� DQG� QDQRVWUXFWXUHG�
FHULXP–GRSHG� \WWULXP–DOXPLQXP� JDUQHW� SRZGHU�
DV�WKH�OXPLQRSKRUH� 

 
5HVHDUFK�PHWKRGV 
7KH�IROORZLQJ�UHTXLUHPHQWV�DUH�DSSOLHG�WR�

ORZ�PHOWLQJ�JODVV�DV�WKH�PDWUL[�IRU�LQWURGXFWLRQ�RI�
XOWUDGLVSHUVHG�OXPLQRSKRUH�SRZGHU�IRU�WUDQVSDUHQW�
JODVV�VXEVWUDWHV�FRDWLQJ� 

L��JODVV-VRIWHQLQJ�SRLQW�LV����–�����ɋ� 
LL�� WKH� WHPSHUDWXUH� RI� FRPSOHWH� VSUHDGLQJ�

RYHU� WKH� JODVV� VXEVWUDWH� GXULQJ� KHDW� WUHDWPHQW� LV�
QRW�KLJKHU�WKDQ����–�����&� 

LLL�� WKHUPDO� H[SDQVLRQ� FRHIILFLHQW� LV� ���–
����ā��–��Ʉ–�� 

LY�� FKHPLFDO� UHVLVWDQFH� LV� QRW� ORZHU� WKDQ�
,,,�FODVV� 

Y��UHIUDFWLYH�LQGH[�LV�QRW�OHVV�WKDQ����� 
7KH� ORZ� PHOWLQJ� JODVV� FRPSRVLWLRQV� RI�

IHUHG� LQ� WKH� VFLHQWLILF� OLWHUDWXUH� LQ�PRVW� FDVHV� DUH�
PXOWL-OHDG� RU� ERURQ-]LQF� V\VWHPV� WKDW� GR� QRW� HQ�
VXUH�DFKLHYLQJ�UHTXLUHG�SURSHUWLHV�LQ�WHUPV�RI�WKHU�
PDO� OLQHDU� H[SDQVLRQ� FRHIILFLHQW� YDOXHV� RU� UHIUDF�
WLYH�LQGH[��7KHUHIRUH��DFFRUGLQJO\��D�FRPSRXQG�LV�
SURSRVHG�DV�ORZ�PHOWLQJ�JODVV�ZLWK�D�PHOWLQJ�SRLQW�
EHORZ�����ƕ&��ZW����%�2�������–�������=Q2����–
�����$O�2������–������%L�2�������–�������&G2����
–����� &X2� ����–����� 1L2� ����–����� 3E)�� �����–
�����>��@��7KH�GLVDGYDQWDJHV�RI� WKLV�JODVV�DUH� WKH�

XVH� RI� WR[LF� DQG� YRODWLOH� 3E)�� DQG� UHODWLYHO\� ORZ�
UHIUDFWLYH� LQGH[� �OHVV� WKDQ� ������ 7KH� IROORZLQJ�
FRPSRVLWLRQV�FDQ�EH�JLYHQ�DV�H[DPSOH�RI�OHDG-IUHH�
ERURQ-]LQF�JODVV� >��@��7KH� ODWWHU�DUH�GHYHORSHG� LQ�
=Q2–%�2�–3�2�� V\VWHP��ZKLFK� DUH�PDLQ� FRPSR�
QHQWV�� DQG�$O�2���0J2��&D2��%D2� LQWURGXFHG� DV�
RSWLPL]LQJ� DGGLWLYH�� 7KH� FRQWHQW� RI� WKH� SULPDU\�
FRPSRQHQWV�LV����ZW���DQG�PRUH��7KH�OLPLW�RI�WKH�
SULPDU\� FRPSRQHQWV� FRQWHQW� �ZW���� LV� =Q2� ��–
����%�2���–����3�2�����–����RSWLPL]LQJ��$O�2���–
����0J2��–����&D2��–����%D2��–�� �WRWDO� ��� RU�
OHVV��� 7KH� GLVDGYDQWDJH� RI� WKLV� JODVV� LV� WKH� LQWUR�
GXFWLRQ�RI�VLJQLILFDQW�DPRXQWV�RI�3�2��ZKLFK�LV�D�
KLJKO\�YRODWLOH� FRPSRQHQW�� DQG� WKH� ORZ� UHIUDFWLYH�
LQGH[�YDOXHV��7KHUH�LV�DOVR�ELVPXWK-FRQWDLQLQJ�ORZ�
PHOWLQJ�JODVV� >��@��ZW����%L�2����–����%�2����–
����$O�2�������=Q2������6E�2�������%D2��–���XVHG�
IRU�SDVWHV�LQ�PLFURHOHFWURQLFV��7KHLU�GLVDGYDQWDJHV�
DUH� WKH� VLJQLILFDQW� FRQWHQW� RI� ELVPXWK� R[LGH� WKDW�
FDXVHV� DFWLYH� FRORXULQJ� RI� RULJLQDO� JODVV�� ZKLFK�
VLJQLILFDQWO\� LQFUHDVHV� DEVRUSWLRQ� RI� WKH� SDVVLQJ�
OLJKW�� 

,W� KDV� EHHQ� HVWDEOLVKHG� WKDW� WKH� LQWURGXF�
WLRQ� RI� %D2� DQG� &D2� LQWR� WKH� JODVV� FRPSRVLWLRQ�
LQFUHDVHV�WKHUPDO�OLQHDU�H[SDQVLRQ�FRHIILFLHQW�YDO�
XHV�RI�ERUDWH�JODVV�DQG�FRQWULEXWHV�WR�WKH�LQFUHDVH�
RI� WKH�RULJLQDO� JODVV�PHOWDELOLW\� LQ� JHQHUDO� GXH� WR�
WKHLU� DELOLW\� WR� IRUP�PHOWDEOH� FDOFLXP-EDULXP�ER�
UDWHV� RI� FRPSRVLWLRQV� &D�%2���–�%D2�%2����� &D
�%2���–%D�%2���� ɢ� �&D�%2���–%D�%2���� ZLWK�
PHOWLQJ�WHPSHUDWXUHV�RI������������DQG�������&��
UHVSHFWLYHO\�>��@� 

/RZ� PHOWLQJ� JODVV� EDVHG� RQ� ELVPXWK-
ERUDWH� V\VWHP� IRU� OLJKW� FRQYHUWLQJ� FRDWLQJV� WKDW�
FRPSOLHV� ZLWK� VSHFLILHG� UHTXLUHPHQWV�� ZLWK� WKHU�
PDO�H[SDQVLRQ�FRHIILFLHQW�YDOXHV�ZLWKLQ� WKH� UDQJH�
RI����–����Â��-��.-��DQG�WKH�UHIUDFWLYH�LQGH[�RI�DW�
OHDVW� ���� FRUUHVSRQGLQJ� WR� WKH� UHIUDFWLYH� LQGH[� RI�
OXPLQRSKRUH� –� \WWULXP� DOXPLQXP� JDUQHW� –� DQG�
SURYLGHV� IRU� VSUHDGLQJ� RQ� JODVV� VXEVWUDWH� DW� WHP�
SHUDWXUH� QRW� H[FHHGLQJ� ���� ƕ&� >��@�� 7KH� JODVV�
FRPSRVLWLRQV� DUH�� ZW���� %L�2�� ��–���� %�2�� ��–
����=Q2��-����%D2���–����&D2��–���.�2��–��� 

7KH� UDZ�PDWHULDOV� ��������� SXULW\�� ZHUH�
ZHLJKWHG� DQG� KRPRJHQL]HG� LQ� ��� FP�� DOXPLQXP�
R[LGH� FHUDPLF� FUXFLEOH�� 7KH� V\QWKHVLV� ZDV� SHU�
IRUPHG� DW� PD[LPXP� WHPSHUDWXUH� �����ɋ� LQ� WKH�
HOHFWULF� IXUQDFH� IRU� �� K�� 2EWDLQHG� VDPSOHV� ZHUH�
DQQHDOHG�DW������&�IRU���K� LQ� WKH�PXIIOH� IXUQDFH��
7KH� GHYHORSHG� JODVV� FRPSRVLWLRQV� KDYH� WKHUPDO�
H[SDQVLRQ� FRHIILFLHQW� YDOXHV� FRQVLVWHQW� ZLWK� WKH�
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WKHUPDO� H[SDQVLRQ� FRHIILFLHQW� YDOXHV� RI� WKH� JODVV�
VXEVWUDWH� DQG� WKH� LQFUHDVHG� UHIUDFWLYH� LQGH[� FORVH�
WR�WKH�UHIUDFWLYH�LQGH[�RI�OXPLQRSKRUH�� 

7KH� �–�� PP-WKLFN� WUDQVSDUHQW� JODVV�
SODWHV�� ERWK� VPRRWK�DQG� ULEEHG��ZHUH�XVHG� DV� WKH�
VXEVWUDWHV�IRU�FRDWLQJ�� 

$V� WKH� OXPLQHVFHQW� SRZGHU� IRUPLQJ� SDUW�
RI�WKH�OLJKW�FRQYHUWHU�FRDWLQJ��QDQRVWUXFWXUHG�FHUL�
XP� GRSHG� \WWULXP-DOXPLQXP� JDUQHW� SRZGHU� ZDV�
XVHG�WKDW�KDG�EHHQ�REWDLQHG�E\�WKH�WKHUPRFKHPL�
FDO� UHDFWLRQ� RI� R[LGDWLRQ� RI� UHOHYDQW� QLWULF� DFLG�
VDOWV� LQ� UHGXFLQJ� DJHQWV� �VXFURVH�� FLWULF� DFLG� DQG�
DFHWLF�DFLG��>��–��@��0HWKRG�RI�V\QWKHVLV�RI�OXPL�
QHVFHQW� XOWUDGLVSHUVHG� SRZGHU� ZLWK�
<����&H����$O�2��� FKHPLFDO� FRPSRVLWLRQ�� XVHG� DV�
DFWLYH� ILOOLQJ� DJHQW�� LV� GHVFULEHG� LQ� WKH� UHVHDUFK�
SDSHUV�>��–��@� 

,Q�RUGHU� WR� LPSURYH�OLJKW�DQG�OXPLQHVFHQW�
VSHFWURVFRSLF�SDUDPHWHUV�RI�WKH�FRDWLQJV��D�GLIIXVH
-GLVSHUVLQJ�FRPSRQHQW�–�VLOLFD�JODVV�SRZGHU�ZLWK�
YDULRXV� JUDQXORPHWULF� FRPSRVLWLRQ� –� ZDV� LQWUR�
GXFHG�LQWR�WKH�FRPSRVLWLRQ�RI� WKH�VOXUU\��DYHUDJH�
SDUWLFOH�VL]H�IURP����WR�����PLFURQV���6LOLFD�JODVV�
LV�LQWURGXFHG�LQWR�WKH�FRDWLQJ�DV�D�FRPSRQHQW�WKDW�
LV� WUDQVSDUHQW� IRU� EOXH� OLJKW� HPLVVLRQ�RI� WKH�/('�
FKLS�� DQG� ZKLWH� OLJKW� LV� IRUPHG� E\� EOXH� SDVVLQJ�
OLJKW�EHLQJ�FRPELQHG�ZLWK�OLJKW�HPLVVLRQ�JHQHUDW�
HG�E\�FHULXP-GRSHG�\WWULXP-DOXPLQXP�JDUQHW�SDU�
WLFOHV��7KLFN� ILOP�FRDWLQJ�ZDV�DOVR�DSSOLHG� WR� WKH�
ULEEHG�JODVV��,Q�WKLV�FDVH�WKHUH�LV�QR�QHHG�WR�LQWUR�
GXFH� D� OLJKW� GLIIXVLRQ� FRPSRQHQW�� EHFDXVH� HPLV�
VLRQ�RI�EOXH�/('�SDUWLDOO\�SDVVHV�WKURXJK�WKH�DUH�
DV�RI� ULEEHG�VXUIDFH�RI� WKH� VXEVWUDWHV� WKDW� DUH�QRW�
FRYHUHG�E\�WKH�VOXUU\��)LJ�����E�� 

7KH� WKLFNQHVV� DQG� WKH� FRPSRVLWLRQ�RI� WKH�
OXPLQHVFHQW� FRPSRXQG� OD\HU� DUH� VHOHFWHG� LQ� VXFK�
D�ZD\� WKDW�EOXH� OLJKW�HPLVVLRQ�RI�/('��ʄHPLVVLRQ� �
����QP��H[FLWHV�EURDGEDQG�UDGLDWLRQ� LQ� WKH�SKRV�
SKRU�ZLWK�D�PD[LPXP�DW�D�ZDYHOHQJWK�RI�����QP�
�\HOORZ� JORZ��� 7RWDO� HPLVVLRQ� RI� EOXH� /('� DQG�
\HOORZ� OXPLQRSKRUH� LV� SHUFHLYHG� E\� WKH� H\H� DV�
ZKLWH� OLJKW� RU� ³ZDUP´� ZKLWH� OLJKW� GHSHQGLQJ� RQ�
UDWLR� RI� DPRXQW� WR� VL]H� RI� WKH� VLOLFD� JODVV� WKDW� LV�
WUDQVSDUHQW� WR� OLJKW� HPLVVLRQ� DQG� OXPLQRSKRUH�
FRPSRVLWLRQ�� 

'HVLJQ� RI� WKH� FRQYHUWHU� WKDW� LV� PDGH� RQ�
WKH� ULEEHG� VXEVWUDWH�ZLWK� D� OD\HU� RI� OXPLQRSKRUH�
FRPSRXQG�DSSOLHG� WR� WKH� UHFHVVHV�� UHTXLUHV� ORZHU�
FRQVXPSWLRQ� RI� H[SHQVLYH� OXPLQHVFHQW� SRZGHU�
DQG�PDLQWDLQV� XQLIRUPLW\� RI� OLJKW� HPLVVLRQ�� 8QL�
IRUP�GLVWULEXWLRQ�RI� WKH�FRPSRXQG�FRQWDLQLQJ� OX�
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PLQRSKRUH� SDUWLFOHV� EDVHG� RQ� \WWULXP-DOXPLQXP�
JDUQHW�LQ�UHFHVVHV�RI�WKH�JODVV�SODWH�HQVXUHV�VWDELO�
LW\� DQG� XQLIRUPLW\� RI� WKH� OXPLQRXV� IOX[� ZLWK� LWV�
WUDQVIRUPDWLRQ� LQWR� WKH� EURDGEDQG� OLJKW� HPLVVLRQ�
ZLWK�D�ORQJHU�ZDYHOHQJWK��/LJKW�IOX[�RI�EOXH�FRORXU�
XQLIRUPO\� SDVVHV� WKURXJK� WUDQVSDUHQW� DUHDV� RI� WKH�
VXEVWUDWH��7RWDO�HPLVVLRQ�RI� WKH�EOXH�/('�DQG� WKH�
\HOORZ�OXPLQRSKRUH�LV�SHUFHLYHG�E\�WKH�H\H�DV�WKH�
ZKLWH�RU�³ZDUP´�ZKLWH�OLJKW�GHSHQGLQJ�RQ�WKH�UDWLR�
RI�WUDQVSDUHQW�DUHDV�WR�UHFHVVHV�ILOOHG�ZLWK�OXPLQR�
SKRUH�� 

,QWURGXFWLRQ�RI�WKH�OXPLQRSKRUH�FRPSRXQG�
RQO\�LQWR�WKH�UHFHVVHV�RI� WKH�OLJKW� WUDQVIRUPHU�VLJ�
QLILFDQWO\�UHGXFHV�WKH�FRQVXPSWLRQ�RI�OXPLQRSKRUH�
ZKLOH�PDLQWDLQLQJ� WKH� XQLIRUPLW\� RI� WKH� OXPLQRXV�
IOX[�RI� WKH� ODPS�DQG� WKH�XQLIRUPLW\�RI� OLJKW�HPLV�
VLRQ�� 

*URXQG�VLOLFD�JODVV�SRZGHU�XVHG�DV�GLIIXVH�
UHIOHFWLRQ�ILOOLQJ�DJHQW��ZDV�SUH-ZDVKHG�DQG�HWFKHG�
LQ� XOWUDVRQLF� EDWK� 8=8-���� DW� D� IUHTXHQF\� RI� ���
+]�� XOWUDVRQLF� SRZHU–� ���� :�� LQ� ���� 1+�+)��
DTXHRXV�VROXWLRQ�IRU����PLQXWHV��$IWHU�WKH�SRZGHU�
LV�ZDVKHG��LWV�WUDQVSDUHQF\�LQFUHDVHV��GXVW�DQG�GH�
IHFWV� DUH� UHPRYHG� IURP� WKH�JUDLQ� VXUIDFH�� DQG� WKH�
UHIUDFWLYH�DQG�UHIOHFWLYH�FDSDFLWLHV�LQFUHDVHV�� 

/XPLQRSKRUH� FRPSRVLWLRQ� ZDV� SUHSDUHG�
DQG� DSSOLHG� WR� WKH�JODVV� VXEVWUDWH�� ,Q� RUGHU� WR� RE�
WDLQ� OLJKW� FRQYHUWLQJ� FRDWLQJ�� JURXQG� IULW� RI� ORZ�
PHOWLQJ�JODVV�FRQWDLQLQJ����ZW���%L�2��ZDV�PL[HG�
LQ� LVRSURS\O� DOFRKRO� PHGLXP�ZLWK� QDQRVWUXFWXUHG�
FHULXP-GRSHG� \WWULXP-DOXPLQXP� JDUQHW� SRZGHU�
DQG� WKH� VLOLFD� JODVV� SRZGHU� ZLWK� D� UDWLR� RI� ������
�����������ZW���� 

7KH�UHVXOWLQJ�VXVSHQVLRQ�ZDV�VSULQNOHG�RQ�
WKH�JODVV� VXEVWUDWH� DQG�GULHG� LQ� WKH� DLU� DW���ƕ&� LQ�
WKH�GU\HU�IRU����PLQXWHV��7KH�FRDWHG�VXEVWUDWH�ZDV�
WKHQ�SODFHG�LQ�D�PXIIOH�IXUQDFH�RQ�D�FHUDPLF�VWDQG�
DQG� JUDGXDOO\� KHDWHG� WR� D� WHPSHUDWXUH� RI� ���� �&�
ZLWK�D�WHPSHUDWXUH�ULVH�UDWH�RI�����&�PLQ��7KH�VXE�
VWUDWH�ZDV�KHOG�DW����ƕ&�IRU����PLQXWHV��WKHQ�VORZ�
O\�FRROHG�GRZQ�ZLWK�WKH�IXUQDFH�WR�WKH�URRP�WHP�
SHUDWXUH�>��@�� 

6FDQQLQJ� HOHFWURQ� PLFURVFRSH� 7(6&$1�
�&]HFK� 5HSXEOLF�� ZDV� XVHG� WR� VWXG\� PRUSKRORJ\�
RI�WKH�FRDWLQJ�� 

/XPLQHVFHQFH� RI� WKH� <$*�&H��� EDVHG�
FRDWLQJ�ZLWK� WKH� LQWURGXFWLRQ� RI� VLOLFD� JODVV� SRZ�
GHUV�ZDV�H[FLWHG� LQ�&H��� LRQ�DEVRUSWLRQ�EDQG�DUHD�
ZLWKLQ� WKH� EOXH� DUHD�� E\� /('–���:–��&–���–
���/0–(/–3�ZLWK� D� ZDYHOHQJWK� LQ� ���–���� QP�
VSHFWUXP�� ZKLFK� FRUUHVSRQGV� WR� WUDQVLWLRQV� IURP�
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ZLWK� WKH� XVH� RI� FHULXP-GRSHG� \WWULXP-DOXPLQXP�
JDUQHW�SURGXFHG�E\�EHLQJ�EXUQW� LQ�FLWULF�DFLG��FDO�
FLILHG�LQ�WKH�DUJRQ�DWPRVSKHUH�DW�D�WHPSHUDWXUH�RI�
�����ƕ&�VLOLFD�JODVV�SRZGHU�ZLWK�DQ�DYHUDJH�SDUWL�
FOH� VL]H� RI����–����ȝP�EHLQJ� DGGHG� DV� GLIIXVLRQ�
FRPSRQHQW�� 

7KH�PHDVXUHG�OXPLQRSKRUH�HPLVVLRQ�VSHF�
WUD� KDG� D� ZLGH� EDQG� ZLWKLQ� ���–���� QP�� ZKLFK�
FRUUHVSRQGV� WR� WUDQVLWLRQV� RI�&H��� LRQ� IURP��G� WR�
�I-VKHOO� OHYHOV��ZLWK� WKH�PD[LPXP�EHLQJ�DSSUR[L�
PDWHO\�����QP�>��@��/XPLQHVFHQFH�VSHFWUD�RI� WKH�
VDPSOHV�GHSHQGLQJ�RQ� WKH�SDUWLFOH�VL]H�RI�GLIIXVH-
GLVSHUVLQJ�FRPSRQHQW�RI�VLOLFD�SRZGHU�ʋ���–�����
�P��ʋ���–������P��ʋ���–� �����P� LV�SUHVHQW� LQ�
)LJ�� ��� $V� WKH� VL]H� RI� GLIIXVH-GLVSHUVLQJ� SRZGHU�
LQFUHDVHV�� WKH� OXPLQHVFHQFH� LQWHQVLW\� LQFUHDVHV��
WRR�� EHFDXVH� WRWDO� DPRXQW� RI� EOXH� /('� TXDQWD�
SDVVLQJ�WKURXJK�WKH�FRPSRVLWH�DQG�H[FLWHG�LQ�\HO�
ORZ�OXPLQRSKRUH�SDUWLFOHV�LQFUHDVHV�� 

,Q� RUGHU� WR� FUHDWH� UHPRWH� OLJKW� WUDQVGXFHUV�
HPLWWLQJ�OLJKW�LQ�D�ZLGH�UDQJH�RI�FRORXU�WHPSHUDWXUHV�
�IURP� FROG-ZKLWH� WR� SLQN��� WKH\� ZHUH� IRUPHG� E\�
FRPELQDWLRQ�RI�WZR�W\SHV�RI�OXPLQRSKRUHV�HPLWWLQJ��
UHVSHFWLYHO\��\HOORZ-JUHHQ�DQG�UHG�SDUWV�RI�WKH�VSHF�
WUXP��)RU�H[DPSOH�� LQWURGXFWLRQ�LQWR�JODVV�PDWULFHV�
RI� WKH� UHG� OXPLQRSKRUHV� <�2��� (X

���� ZKLFK� ZHUH�
REWDLQHG�E\� WKH� WKHUPRFKHPLFDO� UHDFWLRQV�� WRJHWKHU�
ZLWK�<$*�&H��� EDVHG� \HOORZ� OXPLQRSKRUH�� DOORZV�
XV�WR�PRYH�OLJKW�HPLVVLRQ�EDQG�WR�UHG��WKXV�REWDLQ�
LQJ� ³ZDUP´� ZKLWH� FRORU� OLJKW� IURP� WKH� GHYLFH�� ,Q�
RUGHU�WR�DFKLHYH�WKLV��D�FRPELQDWLRQ�RI�WZR�OXPLQR�
SKRUHV� ZDV� SUHSDUHG� ZLWK� D� UDWLR� RI� ������ ZW�� ��
�\HOORZ���UHG���:KHQ�VXFK�D�ɫRPSRVLWH�LV�LUUDGLDWHG�
E\�/('V�ZLWK�Ȝ� �����QP��D�FRPELQHG�OLJKW�HPLV�
VLRQ�VSHFWUXP�ZLWK�D�ZLGH�EDQG�RI����–����QP�DQG�

�I�)����WR��G�VSOLW�OHYHOV�� 
/XPLQHVFHQFH� VSHFWUD� ZHUH� UHFDOFXODWHG�

XVLQJ�WKH�UHIHUHQFH�FROG-ZKLWH�/('�VSHFWUXP�� 
 
5HVXOWV�DQG�'LVFXVVLRQ 
6(0� LPDJH� RI� SKRVSKRU� FRDWLQJ� ILOOHG�

ZLWK� VLOLFD� JODVV� SRZGHU� �DYHUDJH� SDUWLFOH� VL]H�
IURP���� �D�� WR�����PLFURQV� �E��� LQ�D� ORZ�PHOWLQJ�
JODVV� PDWUL[� ZLWK� VXEPLFURQ� <$*�&H� SRZGHU� LV�
VKRZQ�LQ�)LJ����6LOLFD�JODVV� LV� LQWURGXFHG�LQWR�WKH�
FRDWLQJ� DV� D� FRPSRQHQW� WKDW� LV� WUDQVSDUHQW� WR� WKH�
EOXH� OLJKW� HPLVVLRQ� RI� WKH� /('� FKLS�� DQG� ZKLWH�
OLJKW� LV� JHQHUDWHG� E\� PL[LQJ� EOXH� HPLVVLRQ� DQG�
\HOORZ� UDGLDWLRQ� JHQHUDWHG� E\� DFWLYDWHG� \WWULXP�
DOXPLQXP�JDUQHW�SDUWLFOHV�� 

$QDO\VLV� RI� WKH� OXPLQHVFHQFH� �)LJ�� ��� RI�
FRDWLQJV�FRQWDLQLQJ�WUDQVSDUHQW�VLOLFD�SDUWLFOHV�KDV�
SURYHG� WKDW� KLJKHVW� OXPLQHVFHQFH� LQWHQVLW\� KDV�
EHHQ�VKRZQ�E\�WKH�OXPLQRSKRUH�FRDWLQJV�SURGXFHG�

D�������������������������������������������������������������������������������������������E 
)LJXUH����6(0�LPDJH�RI�SKRVSKRU�FRDWLQJ�FRQWDLQLQJ�TXDUW]�SRZGHU�ZLWK�DQ�DYHUDJH�SDUWLFOH�VL]H�RI������D��DQG����PLFURQV��E�� 

����–������PP����–������PP����–�����PP� 
)LJXUH����/XPLQHVFHQFH�VSHFWUD�RI�FRDWLQJV�GHSHQGLQJ�RQ�WKH�VL]H�RI�

VLOLFD�JODVV�SDUWLFOHV�� 
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E\� EXUQLQJ� FHULXP-GRSHG� <�$O�2��� \WWULXP-
DOXPLQXP� JDUQHW� XOWUDGLVSHUVHG� SRZGHU�� ZLWK�
DGGLWLRQDO� LQWURGXFWLRQ� RI� OLJKW-GLIIXVLQJ� VLOLFD�
SRZGHU��+LJKHVW�OXPLQHVFHQFH�LQWHQVLW\�DW�H[FLWD�
WLRQ�DW�ZDYHOHQJWK�Ȝ ����QP�KDV�EHHQ�DFKLHYHG�
E\� WKH� OXPLQRSKRUH� FRDWLQJV� REWDLQHG� ZLWK� WKH�
XVH� RI� GLIIXVH-GLVSHUVLQJ� FRPSRQHQW� RI� VLOLFD�
JODVV� SRZGHU� ZLWK� WKH� PHGLXP� SDUWLFOH� VL]H� RI�
�����P�� 

DQ� LQWHQVLYH� QDUURZ� EDQG� RI� ���� QP� LV� REWDLQHG��
ZKLFK�ZLWK�WKH�XVH�RI�WKH�EOXH�OLJKW�DOORZV�WR�DGMXVW�
WKH³ZDUP´�ZKLWH�OLJKW�HPLVVLRQ��)LJ������ 

7KH� REWDLQHG� VDPSOHV� RI� WKH� OXPLQHVFHQW�
FRDWLQJV� FRQVLVWLQJ�RI� ORZ�PHOWLQJ� JODVV�ZLWK����
ZW��� RI� %L�2��� QDQRVWUXFWXUHG� FHULXP-GRSHG� \W�
WULXP-DOXPLQXP� JDUQHW� SRZGHU�� DQG� VLOLFD� JODVV�
SRZGHU�WDNHQ�LQ�UDWLR�RI��������������������ZW����
HQDEOHG�WR�DFKLHYH�ZKLWH�OLJKW�IURP�EOXH�DQG�89-
/('V��WKH�WRWDO�OLJKW�HPLVVLRQ�VSHFWUXP�RI�ZKLFK�
LV�VKRZQ�LQ�)LJ����ZLWK�FRUUHVSRQGLQJ�FKURPDWLFL�
W\� FRRUGLQDWHV� ɏ ����–����� DQG� ɍ ����–�����
�)LJ����� 

 
&RQFOXVLRQ 
7KH�FRPSRVLWLRQ�RI�OXPLQRSKRUH�FRDWLQJ�

RQ� WKH� JODVV� VXEVWUDWHV� IRU� FRQYHUWRU� WKDW� WUDQV�
IRUPV� OLJKW�HPLVVLRQ�RI�EOXH�/('V�RU�FKLSV� LQWR�
ZKLWH�OLJKW�KDV�EHHQ�GHYHORSHG�EDVHG�RQ�DSSOLFD�
WLRQ� DQG� ILULQJ� RI� FRPSRVLWH� VOXUU\� XVLQJ� ORZ�
PHOWLQJ� ELVPXWK-FRQWDLQLQJ� JODVV� DQG� REWDLQHG�

5()(5(1&(6 
 

�� /HQN�5�� �/HQN�&��3UDFWLFDO�/LJKWLQJ�'HVLJQ�ZLWK�/('V���QG�HG� :LOH\������� ���S� 
�� /LX�;���*XR�/���:HL�;��,QGRRU�YLVLEOH�OLJKW�DSSOLFDWLRQV�IRU�FRPPXQLFDWLRQ��SRVLWLRQLQJ��DQG�VHFXULW\��:LUHOHVV�&RPPXQLFDWLRQV�DQG�0R�

ELOH�&RPSXWLQJ�����������������'2,���������������������� 
�� 3DWWLVRQ�0���+DQVHQ�0���7KRPVRQ�*����*RUGRQ�.����:LONHUVRQ�$���/HH�.���1XEEH�9���'RQQHOO\�6��6ROLG-6WDWH�/LJKWLQJ�5	'�2SSRUWXQLWLHV��

������'2,�����������5*���������������� 
�� )DURRT�0����5DILT�+����6KDK�$�,����5DVRRO�0��+��5HYLHZ�—�RQ�WKH�GHYHORSPHQW�RI�SKRVSKRUV�IRU�OXPLQHVFHQW�PDWHULDOV��V\QWKHVLV��FKDUDF�

WHUL]DWLRQ�� DSSOLFDWLRQV� DQG� HYROXWLRQ� RI� SKRVSKRUV� DV� ZKLWH-OLJKW-HPLWWLQJ� GLRGHV��(&6� -RXUQDO� RI� 6ROLG� 6WDWH� 6FLHQFH� DQG� 7HFKQROR�
J\� ������������'2,��������������-�����DG���� 

�� &KR�-���3DUN�-��+���.LP�-��.���6FKXEHUW�(�)� :KLWH�OLJKW-HPLWWLQJ�GLRGHV��+LVWRU\��SURJUHVV��DQG�IXWXUH� /DVHU�	�3KRWRQLFV�5HYLHZV��������
�� ������������ '2,���������OSRU���������� 

�� .ZRQ�6�%���&KRL�6�+���<RR�-�+���-HRQJ�6�*���6RQJ�<�-+���<RRQ�'�+��6\QWKHVLV�GHVLJQ�RI�<�$O�2���&H
���SKRV�SKRU�IRU�IDEULFDWLRQ�RI�FH�

UDPLF�FRQYHUWHU�LQ�DXWRPRWLYH�DS�SOLFDWLRQ��2SWLFDO�0DWHULDOV��$PVWHUGDP����������������-�����'2,�25*���������-�2370$7����������� 
�� =KDQJ�5���/LQ�+���<X�<���&KHQ�'���;X�-���:DQJ�<��$�QHZ-JHQHUDWLRQ�FRORU�FRQYHUWHU�IRU�KLJKSRZHU�ZKLWH�/('��WUDQVSDUHQW�&H���<$*�

SKRVSKRU-LQ-JODVV��/DVHU�3KRWRQLFV���������������-�����'2,����������/325���������� 
�� .LVWDQNLQD�0�$���$VHHY�9�$���7X]RYD�-�9���0\QEDHY�.�'���%RXJURY�9�(���1LNRQRURY�1�9���DQG�5RPDQRY�$�(��OXPLQHVFHQW�SKRVSKRU-LQ-

JODVV�FRPSRVLWH�IRU�ZKLWH�OLJKW-HPLWWLQJ�GLRGHV��-RXUQDO�RI�2SWRHOHFWURQLFV�(QJLQHHULQJ��������������-���'2,�����������-2(-�-�-�� 

)LJXUH����(PLVVLRQ�VSHFWUXP�RI�D�SKRVSKRU�FRDWLQJV�ZKHQ�LUUDGL�
DWHG�ZLWK�/('�ZLWK�Ȝ� �����QP�����ZLWK�<$*�&H���OXPLQRSKRUH��
DQG���–�FRPELQDWLRQ�RI�WZR�OXPLQRSKRUHV�<$*�&H�����<�2���(X

���

ZLWK�D�UDWLR�RI�������ZW�����\HOORZ��UHG��� 

)LJXUH����7RWDO�VSHFWUXP�RI�D�EOXH�/('�DQG�D�FRPSRVLWH�WKLFN-ILOP�
OLJKW�FRQYHUWHU�� 

)LJXUH����&RORU�GLDJUDP�IRU�D�OLJKW�FRQYHUWHU�ZKHQ�LUUDGLDWHG�ZLWK�
OLJKW�IURP�D�EOXH�/('�ZLWK��Ȝ� �����QP�� 
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�� =KHQJ�3���/L�6���:DQJ�/���=KRX�7�-/��<RX�6���7DNHGD�7���+LURVDNL�1���;LH�5�--���8QLTXH�FRORU�FRQYHUWHU�DUFKLWHFWXUH�HQDEOLQJ�SKRVSKRU-LQ-
JODVV��3L*��ILOPV�VXLWDEOH�IRU�KLJK-SRZHU�DQG�KLJKOXPLQDQFH�ODVHU-GULYHQ�ZKLWH�OLJKWLQJ��$&6�$SSO��0DWHU��,QWHUIDFHV��������������������-
�������'2,����������$&6$0,��%������ 

��� <DR�4���=KDQJ�/���=KDQJ�-���-LDQJ�=K���6XQ�%���6KDR�&���0D�<���=KRX�7���:DQJ�.���=KDQJ�/���&KHQ�+���:DQJ�<��6LPSOH�PDVV-SUHSDUDWLRQ�
DQG�HQKDQFHG�WKHUPDO�SHUIRUPDQFH�RI�&H��<$*�WUDQVSDUHQW�FHUDPLFV�IRU�KLJK�SRZHU�ZKLWH�/('V��&HUDPLFV�,QWHUQDWLRQDO������������������
-������'2,�����������-�&(5$0,17������������ 

��� /LQ�+���+X�7���&KHQJ�<���&KHQ�0���:DQJ�<��*ODVV�FHUDPLF�SKRVSKRUV��WRZDUGV�ORQJ-OLIHWLPH�KLJK-SRZHU�ZKLWH�OLJKW-HPLWWLQJ-GLRGH�DSSOL�
FDWLRQV��$�/DVHU�	�3KRWRQLFV�5HYLHZ�����������������������'2,����������/325���������� 

��� &KHQ�'���;LDQJ�:���/LDQJ�;���=KRQJ�-���<X�+���'LQJ�0���/X�+���-L�=��$GYDQFHV� LQ�WUDQVSDUHQW�JODVV-FHUDPLF�SKRVSKRUV�IRU�ZKLWH� OLJKW-
HPLWWLQJ�GLRGHV-$�UHYLHZ��-��(XU��&HUDP��6RF������������������-�����'2,�������-�-(85&(5$062&������������� 

��� /LX�;���4LDQ�;���=KHQJ�3���&KHQ�;���)HQJ�<���6KL�<���=RX�-���;LH�5���/L�-��&RPSRVLWLRQ�DQG�VWUXFWXUH�GHVLJQ�RI� WKUHH-OD\HUHG�FRPSRVLWH�
SKRVSKRUV�IRU�KLJK�FRORU�UHQGHULQJ�FKLS-RQ-ERDUG�OLJKWHPLWWLQJ�GLRGH�GHYLFHV��-��$GY��&HUDP�����������������-�����'2,����������6�����-
���-����-� 

��� %RENRYD�1�0���7UXVRYD�(�(��6WHNORNRPSR]LFLRQQ\H�PDWHULDO\�GO\D�VYHWRGLRGQ\K�SUHREUD]RYDWHOHM�RSWRHOHNWURQQ\K�XVWURMVWY��>*ODVV�FRP�
SRVLWH�PDWHULDOV�IRU�/('�FRQYHUWHUV�RI�RSWRHOHFWURQLF�GHYLFHV@��7HNKQLND�L�WHNKQRORJL\D�VLOLNDWRY����������������-���� 

��� ;X�-���<DQJ�<���:DQJ�-���'X�%���6DQWDPDUtD�$�$���+X�%���/LX�%���-L�+���'DP-+DQVHQ�&���-HQVHQ�2�%��,QGXVWU\-IULHQGO\�V\QWKHVLV�DQG�KLJK�
VDWXUDWLRQ�WKUHVKROG�RI�D�/X$*�&H�JODVV�FRPSRVLWH�ILOP�UHDOL]LQJ�KLJK-EULJKWQHVV� ODVHU� OLJKWLQJ��-��(XU��&HUDP��������������������-������
'2,����������-�-(85&(5$062&������������� 

��� 6KYDOHYD�0�$���7X]RYD�-�9���$VHHY�9�$���0\QEDHY�.�'���5RPDQRY�$�(���1LNRQRURY�1�9���DQG�%RXJURY�9�(��2SWLFDO�DQG�WKHUPDO�SURSHU�
WLHV�RI�SKRVSKRUV�EDVHG�RQ�OHDG-VLOLFDWH�JODVV�IRU�KLJK-SRZHU�ZKLWH�/('V� 7HFKQLFDO�3K\VLFV�/HWWHUV������������������-������ 

��� %RENRYD�1�0���7UXVRYD�(�(���=DNKDUHYLFK�*�%��3KDVH��JODVV�IRUPDWLRQ�DQG�WKH�SURSHUWLHV�RI�%D2-%L�2�-%�2��JODVVHV��*ODVV�DQG�FHUDPLFV��
�����������-�������-���� 

��� 0DHGHU�7K��5HYLHZ�RI�%L�2�-%DVHG�*ODVVHV�IRU�(OHFWURQLFV�DQG�5HODWHG�$SSOLFDWLRQV��,QWHUQDWLRQDO�0DWHULDOV�5HYLHZV���������������-�����
'2,�������������������<����������� 

��� %DMDM�$���.KDQQ�$���&KHQ�%���/RQJWDIIH�-��*���=ZDQ]LJHU�8�:���=ZDQ]LJHU�-���*RPH]�<���*RQ]DOHV�)��6WUXFWXUH�LQYHVWLJDWLRQ�RI�ELVPXWK�
ERUDWH�JODVVHV�DQG�FU\VWDOOLQH�SKDVHV��-��1RQ-&U\VW��6ROLGV������������O����-��� 

��� %RENRYD�1�0���7UXVRYD�ȿ�ȿ��6WUXFWXUH�RI�ELVPXWK-�ERUDWH�JODVVHV�ZLWK�52�JURXS�R[LGHV�DFFRUGLQJ�WR�,5�VSHFWURVFRS\��*ODVV�DQG�FHUDPLFV��
��������������-��� 

��� 'REURGHM� $�2��� 6REROHY� (�9��� 3RGGHQH]KQ\M� (�1��� %RMNR� $�$�� 1DQRVWUXNWXULURYDQQ\\H� O\XPLQRIRU\� QD� RVQRYH� LWWUL\-DO\XPLQL\HYRJR�
JUDQDWD�GO\D�GLVNUHWQ\NK�IRWRO\XPLQHVWVHQWQ\NK�SUHREUD]RYDWHOH\�VYHWRGLRGQ\NK�RVYHWLWHO
Q\NK�SULERURY�>1DQRVWUXFWXUHG�SKRVSKRUV�EDVHG�
RQ�\WWULXP-DOXPLQXP�JDUQHW�IRU�GLVFUHWH�SKRWROXPLQHVFHQW�FRQYHUWHUV�RI�/('�OLJKWLQJ�GHYLFHV@��3HUVSHNWLYQ\H�PDWHULDO\������������-��� 

��� =KDQJ�/���/X�=K���=KX�-���<DQJ�+���+DQ�3���&KHQ�<���=KDQJ�4��&LWUDWH�VRO-JHO�FRPEXVWLRQ�SUHSDUDWLRQ�DQG�SKR�WROXPLQHVFHQFH�SURSHUWLHV�RI�
<$*���&H�SKRVSKRUV��-RXUQDO�RI�5DUH�(DUWKV�����������������-�����'2,�25*����������6����-��������������-� 

��� 7XFXUHDQX�9�� 0DWHL $���$YUDP�$�0�� 6\QWKHVLV� DQG� FKDUDFWHUL]DWLRQ� RI�<$*�&H� SKRVSKRUV� IRU�ZKLWH�/('V� 2SWR-(OHFWURQLFV�5HYLHZ��
���������������-�����'2,����������2(5(-����-���� 

��� 3RGGHQH]KQ\M� (�1��� 'REURGHM� $�2��� %RMNR� $�$��� =GUDYNRY� $�9��� *ULVKNRYD� (�,��� +LPLFK� 1�1�� )RUPLURYDQL\H� QDQRVWUXNWXULURYDQQ\NK�
FKDVWLWV� LWWUL\-DO\XPLQL\HYRJR� JUDQDWD�� DNWLYLURYDQQRJR� WVHUL\HP�� PHWRGRP� JRUHQL\D� >)RUPDWLRQ� RI� QDQRVWUXFWXUHG� SDUWLFOHV� RI� FHULXP-
DFWLYDWHG�\WWULXP-DOXPLQXP�JDUQHW�E\�FRPEXVWLRQ�PHWKRG@��)L]LND�L�NKLPL\D�VWHNOD����������������-��� 

��� 3RGGHQH]KQ\M�(�1���%RMNR�$�$���'REURGHM�$�2���*ULVKNRYD�(�,���=GUDYNRY�$�9���+LPLFK�1�1��3ROXFKHQL\H�QDQRGLVSHUVQ\NK�FKDVWLWV�OHJL�
URYDQQRJR� LWWUL\-DO\XPLQL\HYRJR� JUDQDWD� V� LVSRO
]RYDQL\HP� ]RO
-JHO
� SURFHVVD� >3UHSDUDWLRQ� RI� QDQRGLVSHUVHG� SDUWLFOHV� RI� GRSHG� \WWULXP�
DOXPLQXP�JDUQHW�XVLQJ�WKH�VRO-JHO�SURFHVV@��=KXUQDO�SULNODGQRM�KLPLL�������������������-����� 

��� 'DY\GRYD� 2�9��� 'URE\VKHYVND\D� 1�(��� 3RGGHQH]KQ\M� (�1�� 6LQWH]� LWWUL\-DO\XPLQL\HYRJR� JUDQDWD�� DNWLYLURYDQQRJR� LRQDPL� WVHUL\D��
WHUPRNKLPLFKHVNLP�PHWRGRP�>6\QWKHVLV�RI�\WWULXP-DOXPLQXP�JDUQHW�DFWLYDWHG�E\�FHULXP�LRQV�E\�WKHUPRFKHPLFDO�PHWKRG@��7UXG\�%*78��
6HU�����+LPLFKHVNLH�WHNKQRORJLL��ELRWHNKQRORJLL��JHRHNRORJL\D������������������-���� 

��� )XMLWD�6���6DNDPRWR�$���7DQDEH�6��/XPLQHVFHQFH�FKDUDFWHULVWLFV�RI�<$*�JODVV-FHUDPLF�SKRVSKRU�IRU�ZKLWH�/('��,(((�-��6HO��7RSLFV�4XDQ�
WXP�(OHFWURQ����������������–������'2,���������-674(������������ 

��� /L� 6���:DQJ� /��� +LURVDNL�1��� ;LH�5�-��&RORU� FRQYHUVLRQ�PDWHULDOV� IRU� KLJK-EULJKWQHVV� ODVHU-GULYHQ� VROLG-VWDWH� OLJKWLQJ��/DVHU�3KRWRQLFV��
��������������������'2,�25*���������/325���������� 

��� &KXQJ�'�1���+LHX�'�1���7KDR�7�7���7UXRQJ�9�-9���'LQK�1�1��6\QWKHVLV�DQG�FKDUDFWHUL]DWLRQ�RI�&H-GRSHG�<�$O�2�� �<$*�&H��QDQRSRZ�
GHUV�XVHG�IRU�VROLG-VWDWH�OLJKWLQJ��-RXUQDO�RI�QDQRPDWHULDOV�������� '2,��������������������� 

��� 'DY\GRYD�2�9���'URE\VKHYVND\D�1�(���3RGGHQH]KQ\L�(�1���%RLNR�$�$���=GUDYNRY�$�9��DQG�.KLPLFK�1�1��7KHUPRFKHPLFDO�6\QWKHVLV�RI�
OXPLQHVFHQW�PDWHULDOV�LQ�WKH�<�2�–=Q2�V\VWHP�GRSHG�ZLWK�(X

���LRQV��-RXUQDO�RI�$SSOLHG�&KHPLVWU\���������������������–������ 
 

�� 

0$7(5,$/6�6&,(1&(�$1'�(1*,1((5,1* 
ɆȺɌȿɊɂȺɅɈȼȿȾȿɇɂȿ�ɂ�ɌȿɏɇɈɅɈȽɂə 

0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 
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ɂɋɋɅȿȾɈȼȺɇɂȿ�ȼɅɂəɇɂə�ɈɄɋɂȾȺ�%�2��ɇȺ�ɎɂɁɂɄɈ-
ɌȿɏɇɂɑȿɋɄɂȿ�ɋȼɈɃɋɌȼȺ�ȽɊɍɇɌɈȼȺɇɇɈɃ�ɗɆȺɅɂ��ɉɈɅɍɑȿɇ�
ɇɈɃ�ɇȺ�ɈɋɇɈȼȿ�ɆȿɋɌɇɕɏ�ɋɕɊɖȿȼɕɏ�ɆȺɌȿɊɂȺɅɈȼ 
 
ɒRɯɪɭɯ�Ȼ��ɇȺɂɆɈȼ��VKR[UX[QDLPRY���#JPDLO�FRP� 
Ɇɚɫɬɭɪɚ�ɏ��ȺɊɂɉɈȼȺ��DULSRYD����#\DQGH[�FRP� 
Ɍɚɲɤɟɧɬɫɤɢɣ�ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ�ɢɧɫɬɢɬɭɬ��Ɍɚɲɤɟɧɬ��ɍɡɛɟɤɢɫɬɚɧ 

 
ɐɟɥɶɸ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɹɜɥɹɥɨɫɶ�ɩɨɥɭɱɟɧɢɟ�ɝɪɭɧɬɨɜɨɣ�ɷɦɚɥɢ�ɧɚ�ɨɫɧɨɜɟ�ɦɟɫɬɧɵɯ�ɫɵɪɶɟɜɵɯ�ɤɨɦɩɨɧɟɧɬɨɜ�ɢ�ɢɫɫɥɟɞɨɜɚɧɢɟ�ɜɥɢɹ�

ɧɢɹ�ɨɤɫɢɞɚ�ɛɨɪɚ��ȼɵɛɨɪ�ɦɟɫɬɧɵɯ�ɫɵɪɶɟɜɵɯ�ɤɨɦɩɨɧɟɧɬɨɜ�ɞɥɹ�ɩɨɥɭɱɟɧɢɹ�ɝɪɭɧɬɨɜɨɣ�ɷɦɚɥɢ�ɩɨɤɚɡɚɥ��ɱɬɨ�ɩɨɥɭɱɚɟɦɵɟ�ɫɨɫɬɚɜɵ�ɫɬɟ�
ɤɨɥ� ɧɚɯɨɞɹɬɫɹ� ɜ� ɫɢɫɬɟɦɟ� 6L2�–$O�2�–1D�2–.�2–ɋD2–%�2��� Ⱦɥɹ� ɤɨɪɪɟɤɬɢɪɨɜɤɢ� ɫɜɨɣɫɬɜ� ɢɫɩɨɥɶɡɨɜɚɥɢ� ɞɨɛɚɜɤɢ� ɨɤɫɢɞɚ� ɧɢɤɟɥɹ� ɢ�
ɨɤɫɢɞɚ�ɤɨɛɚɥɶɬɚ��ɋɜɨɣɫɬɜɚ�ɪɚɡɪɚɛɨɬɚɧɧɵɯ�ɫɨɫɬɚɜɨɜ�ɝɪɭɧɬɨɜɵɯ�ɷɦɚɥɟɣ�ɫɨɨɬɜɟɬɫɬɜɭɸɬ�ɬɪɟɛɨɜɚɧɢɹɦ�ȽɈɋɌ������-�����Ɉɩɪɟɞɟ�
ɥɟɧɨ�� ɱɬɨ� ɞɨɛɚɜɤɚ� ɛɨɪɚ� ɢ� ɭɜɟɥɢɱɟɧɢɟ� ɟɟ� ɤɨɥɢɱɟɫɬɜɚ� ɜ� ɫɨɫɬɚɜɟ� ɫɬɟɤɥɚ� ɭɜɟɥɢɱɢɜɚɟɬ�ɪɚɫɬɟɤɚɟɦɨɫɬɶ� ɢ� ɫɧɢɠɚɟɬ�ɩɨɜɟɪɯɧɨɫɬɧɨɟ�
ɧɚɬɹɠɟɧɢɟ��ɂɫɫɥɟɞɨɜɚɧɢɟ�ɫɬɪɭɤɬɭɪɧɵɯ�ɨɫɨɛɟɧɧɨɫɬɟɣ�ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ�ɫɬɟɤɨɥ�ɦɟɬɨɞɨɦ�ɂɄ�ɫɩɟɤɬɪɨɫɤɨɩɢɢ�ɩɨɡɜɨɥɢɥɨ�ɭɫɬɚɧɨ�
ɜɢɬɶ�ɩɪɢɫɭɬɫɬɜɢɟ��-ɤɪɚɬɧɨ�ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɝɨ�ɛɨɪɚ�ɢ�ɩɨɹɜɥɟɧɢɟ��-ɤɪɚɬɧɨ�ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɵɯ�ɫɨɟɞɢɧɟɧɢɣ�ɛɨɪɚ�ɩɪɢ�ɭɜɟɥɢɱɟɧɢɢ�
ɟɝɨ�ɫɨɞɟɪɠɚɧɢɹ� 

 
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɝɪɭɧɬɨɜɚɹ�ɷɦɚɥɶ��ɫɬɟɤɥɨ��ɪɚɫɬɟɤɚɟɦɨɫɬɶ��ɩɨɜɟɪɯɧɨɫɬɧɨɟ�ɧɚɬɹɠɟɧɢɟ��ɂɄ�ɫɩɟɤɬɪɵ� 

678'<�2)�7+(�,1)/8(1&(�2)�%�2��2;,'(�21�7+(�3+<6,&$/�$1'�
7(&+1,&$/�3523(57,(6�2)�*5281'�(1$0(/�2%7$,1('�%$6('�21�
/2&$/�5$:�0$7(5,$/6� 
 
6KRNKUXNK�%��1$,029��VKR[UX[QDLPRY���#JPDLO�FRP� 
0DVWXUD�.K��$5,329$��DULSRYD����#\DQGH[�FRP� 
7DVKNHQW�,QVWLWXWH�RI�&KHPLFDO�7HFKQRORJ\��7DVKNHQW��8]EHNLVWDQ 

 
7KH�SXUSRVH�RI�WKH�VWXG\�ZDV�WR�REWDLQ�JURXQG�HQDPHO�EDVHG�RQ�ORFDO�UDZ�PDWHULDOV�DQG�WR�VWXG\�WKH�HIIHFW�RI�ERURQ�R[LGH��7KH�

VHOHFWLRQ�RI�ORFDO�UDZ�PDWHULDOV�IRU�SURGXFLQJ�JURXQG�HQDPHO�VKRZHG�WKDW�WKH�UHVXOWLQJ�JODVV�FRPSRVLWLRQV�DUH�LQ�WKH�6L2�–$O�2�–1D�2–
.�2–&D2–%�2�� V\VWHP��7R�DGMXVW� WKH�SURSHUWLHV��DGGLWLYHV�RI� QLFNHO� R[LGH�DQG�FREDOW� R[LGH�ZHUH�XVHG��7KH�SURSHUWLHV� RI� WKH�GHYHORSHG�
FRPSRVLWLRQV�RI�SULPHU�HQDPHOV�PHHW� WKH�UHTXLUHPHQWV�RI�*267������-���� ,W�KDV�EHHQ�GHWHUPLQHG� WKDW� WKH�DGGLWLRQ�RI�ERURQ�DQG�DQ� LQ�
FUHDVH�LQ�LWV�DPRXQW�LQ�WKH�JODVV�FRPSRVLWLRQ�LQFUHDVHV�VSUHDGDELOLW\�DQG�UHGXFHV�VXUIDFH�WHQVLRQ��7KH�VWXG\�RI�WKH�VWUXFWXUDO�IHDWXUHV�RI�WKH�
V\QWKHVL]HG�JODVVHV�XVLQJ�,5�VSHFWURVFRS\�PDGH�LW�SRVVLEOH�WR�HVWDEOLVK�WKH�SUHVHQFH�RI��-IROG�FRRUGLQDWHG�ERURQ�DQG�WKH�DSSHDUDQFH�RI��-
IROG�FRRUGLQDWHG�ERURQ�FRPSRXQGV�ZLWK�LQFUHDVLQJ�LWV�FRQWHQW�� 
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0$7(5,$/6�6&,(1&(�$1'�(1*,1((5,1* 
ɆȺɌȿɊɂȺɅɈȼȿȾȿɇɂȿ�ɂ�ɌȿɏɇɈɅɈȽɂə 
0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 

ȼɜɟɞɟɧɢɟ 
ɗɦɚɥɟɜɵɟ�ɩɨɤɪɵɬɢɹ�ɨɬɥɢɱɚɸɬɫɹ�ɬɜɟɪɞɨ�

ɫɬɶɸ�� ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶɸ�� ɚɛɪɚɡɢɜɨɫɬɨɣɤɨɫɬɶɸ��
ɤɨɪɪɨɡɢɨɧɧɨɣ� ɫɬɨɣɤɨɫɬɶɸ�� ɬɟɪɦɨ-� ɢ�ɠɚɪɨɫɬɨɣ�
ɤɨɫɬɶɸ� ɢ� ɜɵɫɨɤɢɦɢ� ɞɟɤɨɪɚɬɢɜɧɵɦɢ� ɤɚɱɟɫɬɜɚ�
ɦɢ�� Ɉɧɢ� ɝɢɝɢɟɧɢɱɧɵ�� ɧɟɬɨɤɫɢɱɧɵ�� ɩɨɜɵɲɚɸɬ�
ɫɪɨɤ� ɫɥɭɠɛɵ� ɢɡɞɟɥɢɣ�� ɷɤɨɧɨɦɢɱɧɵ�� Ɍɚɤ� ɤɚɤ�
ɩɨɡɜɨɥɹɸɬ� ɩɪɢɦɟɧɹɬɶ� ɜɡɚɦɟɧ� ɧɟɪɠɚɜɟɸɳɟɣ�
ɫɬɚɥɢ� ɢ� ɞɪɚɝɨɰɟɧɧɵɯ� ɦɟɬɚɥɥɨɜ� ɛɨɥɟɟ� ɞɟɲɟɜɵɟ�
ɦɚɬɟɪɢɚɥɵ�� Ɍɟɯɧɢɱɟɫɤɢɟ� ɷɦɚɥɢ� ɧɚɧɨɫɹɬɫɹ� ɧɚ�
ɢɡɞɟɥɢɹ�ɢɡ� ɱɭɝɭɧɚ�� ɫɬɚɥɢ�� ɚɥɸɦɢɧɢɹ�ɢ� ɫɩɥɚɜɨɜ�
ɥɟɝɤɢɯ�ɦɟɬɚɥɥɨɜ� ɢ� ɩɪɟɞɧɚɡɧɚɱɚɸɬɫɹ� ɞɥɹ� ɡɚɳɢ�

ɬɵ�ɢɡɞɟɥɢɣ�ɨɬ�ɤɢɫɥɨɬ��ɳɟɥɨɱɟɣ�ɢ�ɞɥɹ�ɫɧɢɠɟɧɢɹ�
ɤɨɷɮɮɢɰɢɟɧɬɚ� ɚɛɫɨɪɛɰɢɢ� ɧɟɣɬɪɨɧɨɜ�� ɏɨɡɹɣ�
ɫɬɜɟɧɧɵɟ�ɷɦɚɥɢ�ɧɚɧɨɫɹɬ�ɧɚ�ɩɨɫɭɞɭ��ɫɬɢɪɚɥɶɧɵɟ�
ɦɚɲɢɧɵ��ɫɚɧɢɬɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɨɟ�ɨɛɨɪɭɞɨɜɚɧɢɟ��
ɷɥɟɤɬɪɨɨɫɜɟɬɢɬɟɥɶɧɭɸ�ɚɩɩɚɪɚɬɭɪɭ�ɢ�ɞɪ��>�@�� 

ȼ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɮɚɡɨɜɨɝɨ� ɫɨɫɬɚɜɚ� ɢ�
ɬɟɯɧɨɥɨɝɢɢ� ɮɨɪɦɨɜɚɧɢɹ� ɪɚɡɥɢɱɚɸɬ� ɩɨɤɪɵɬɢɹ��
ɫɬɟɤɥɨɷɦɚɥɟɜɵɟ�� ɫɨɫɬɨɹɳɢɟ� ɩɪɚɤɬɢɱɟɫɤɢ� ɩɨɥ�
ɧɨɫɬɶɸ�ɢɡ�ɫɬɟɤɥɨɮɚɡɵ��ɫɬɟɤɥɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ��
ɫɨɞɟɪɠɚɳɢɟ� ɞɨ� ���� ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɨɣ� ��-��
ɦɤɦ��ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ�ɮɚɡɵ��ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ�-�
ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɟ��ɫɬɟɤɥɨɦɟɬɚɥɥɢɱɟɫɤɢɟ�>�@� 



 

CHEMISTRY AND CHEMICAL ENGINEERING 
ɏɂɆɂə�ɂ�ɏɂɆɂɑȿɋɄȺə�ɌȿɏɇɈɅɈȽɂə  �
���� .�, �0�<�2  
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0$7(5,$/6�6&,(1&(�$1'�(1*,1((5,1* 
ɆȺɌȿɊɂȺɅɈȼȿȾȿɇɂȿ�ɂ�ɌȿɏɇɈɅɈȽɂə 

0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 

ɗɦɚɥɢ�ɞɟɥɹɬ�ɧɚ�ɝɪɭɧɬɨɜɵɟ�ɢ�ɩɨɤɪɨɜɧɵɟ��
Ƚɪɭɧɬɨɜɵɟ� ɷɦɚɥɢ� ɧɚɧɨɫɹɬ� ɧɚ� ɢɡɞɟɥɢɹ� ɩɟɪɜɵɦ�
ɫɥɨɟɦ��ɝɪɭɧɬɨɦ���ɤɨɬɨɪɵɣ�ɯɨɪɨɲɨ�ɫɰɟɩɥɹɟɬɫɹ�ɫ�
ɦɟɬɚɥɥɨɦ��Ƚɪɭɧɬɨɜɵɟ�ɷɦɚɥɢ�ɫɨɞɟɪɠɚɬ��ɦɚɫ���� 
��—��� 6L2�� �—�� $O�2��� �—��� &D2�� ��—���
1D�2���—���%�2��ɢ�ɧɟɡɧɚɱɢɬɟɥɶɧɵɟ�ɤɨɥɢɱɟɫɬɜɚ�
ɞɪɭɝɢɯ� ɨɤɫɢɞɨɜ�� ɚ� ɬɚɤɠɟ� �-����ɮɬɨɪɚ��ɉɨɤɪɨɜ�
ɧɵɟ� ɷɦɚɥɢ�� ɤɨɬɨɪɵɦɢ� ɩɨɤɪɵɜɚɸɬ� ɝɪɭɧɬɨɜɵɣ�
ɫɥɨɣ��ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ�ɧɚ�ɝɥɭɯɢɟ��ɛɟɥɵɟ�ɢ�ɨɤɪɚ�
ɲɟɧɧɵɟ�� ɢ� ɩɪɨɡɪɚɱɧɵɟ� �ɛɟɫɰɜɟɬɧɵɟ� ɢɥɢ� ɨɤɪɚ�
ɲɟɧɧɵɟ��� ɉɨɤɪɨɜɧɵɟ� ɷɦɚɥɢ� ɪɚɡɥɢɱɚɸɬ� ɞɟɤɨɪɚ�
ɬɢɜɧɵɟ�� ɡɚɳɢɬɧɨ-ɞɟɤɨɪɚɬɢɜɧɵɟ�� ɯɢɦɢɱɟɫɤɢ�
ɫɬɨɣɤɢɟ�� ɫɚɦɨɨɱɢɳɚɸɳɢɟɫɹ�� ɩɨɝɨɞɨɫɬɨɣɤɢɟ��
ɷɥɟɤɬɪɨɥɸɦɢɧɟɫɰɟɧɬɧɵɟ�� ɠɚɪɨɫɬɨɣɤɢɟ�� ɷɥɟɤ�
ɬɪɨɢɡɨɥɢɪɭɸɳɢɟ�>�@�� 

Ⱦɥɹ� ɩɪɢɝɨɬɨɜɥɟɧɢɹ� ɷɦɚɥɟɣ� ɢɫɩɨɥɶɡɭɸɬ�
ɬɟ�ɠɟ�ɜɢɞɵ�ɫɵɪɶɹ��ɱɬɨ�ɢ�ɩɪɢ�ɩɪɨɢɡɜɨɞɫɬɜɟ�ɫɬɟɤ�
ɥɚ� ɫɥɭɠɚɬ�� ɞɥɹ� ɜɜɟɞɟɧɢɹ� ɤɢɫɥɨɬɧɵɯ� ɨɤɫɢɞɨɜ� –�
ɤɪɟɦɧɟɡɟɦ�� ɮɨɫɮɨɪɧɵɣ� ɚɧɝɢɞɪɢɞ�� ɛɨɪɧɚɹ� ɤɢɫ�
ɥɨɬɚ�� ɞɥɹ� ɜɜɟɞɟɧɢɹ� ɨɫɧɨɜɧɵɯ� ɨɤɫɢɞɨɜ� -� ɫɨɞɚ��
ɩɨɬɚɲ�� ɤɚɪɛɨɧɚɬ� ɤɚɥɶɰɢɹ�� ɫɨɟɞɢɧɟɧɢɹ� ɦɚɝɧɢɹ��
ɫɜɢɧɰɨɜɵɣ� ɫɭɪɢɤ�� ɞɥɹ� ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ� ɜɜɟɞɟ�
ɧɢɹ�ɤɢɫɥɨɬɧɵɯ�ɢ�ɳɟɥɨɱɧɵɯ�ɨɤɫɢɞɨɜ�-�ɛɭɪɚ��ɩɨ�
ɥɟɜɨɣ� ɲɩɚɬ�� ɤɚɨɥɢɧ�� Ʉɚɤ� ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ� ɫɵ�
ɪɶɟ�ɢɫɩɨɥɶɡɭɸɬɫɹ�ɨɤɢɫɥɢɬɟɥɢ� -� ɫɟɥɢɬɪɚ��ɧɢɬɪɚ�
ɬɵ� ɛɚɪɢɹ� ɢ� ɧɚɬɪɢɹ�� ɫɰɟɩɥɹɸɳɢɟ� ɨɤɫɢɞɵ�
�ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ�ɫɰɟɩɥɟɧɢɟ�ɷɦɚɥɢ�ɫ�ɦɟɬɚɥɥɨɦ��
-� ɨɤɫɢɞɵ�ɤɨɛɚɥɶɬɚ��ɧɢɤɟɥɹ��ɦɚɪɝɚɧɰɚ�ɜ�ɞɪ�� ɝɥɭ�
ɲɢɬɟɥɢ� -� ɮɨɫɮɚɬɵ�� ɮɬɨɪɫɨɞɟɪɠɚɳɢɟ� ɫɨɟɞɢɧɟ�
ɧɢɹ�� ɨɤɫɢɞɵ�ɨɥɨɜɚ�� ɬɢɬɚɧɚ�� ɫɨɟɞɢɧɟɧɢɹ� ɫɭɪɶɦɵ�
ɢ�ɦɵɲɶɹɤɚ��Ⱦɥɹ�ɩɨɥɭɱɟɧɢɹ�ɰɜɟɬɧɵɯ�ɷɦɚɥɟɣ�ɢɫ�
ɩɨɥɶɡɭɸɬ� ɤɪɚɫɢɬɟɥɢ� �ɨɤɫɢɞɵ�ɤɨɛɚɥɶɬɚ��ɦɚɪɝɚɧ�
ɰɚ�� ɦɟɞɢ�� ɯɪɨɦɚ�� ɠɟɥɟɡɚ�� ɢ� ɩɢɝɦɟɧɬɵ�� ɢɡɝɨɬɨɜ�
ɥɟɧɧɵɟ� ɢɡ� ɫɦɟɫɟɣ� ɨɤɫɢɞɨɜ� ɠɟɥɟɡɚ�� ɯɪɨɦɚ�� ɤɨ�
ɛɚɥɶɬɚ��ɚɥɸɦɢɧɢɹ��ɰɢɧɤɚ�ɢ�ɞɪ��>�@� 

Ɉɞɧɢɦ� ɢɡ� ɨɫɧɨɜɧɵɯ� ɫɜɨɣɫɬɜ� ɝɪɭɧɬɨɜɨɣ�
ɷɦɚɥɢ ɹɜɥɹɟɬɫɹ�ɬɨ��ɱɬɨ�ɨɧɚ�ɩɥɚɜɢɬɫɹ�ɩɨɞ�ɜɨɡɞɟɣ�
ɫɬɜɢɟɦ� ɬɟɦɩɟɪɚɬɭɪɵ� ɢ� ɩɨɤɪɵɜɚɟɬ� ɩɨɜɟɪɯɧɨɫɬɶ�
ɦɟɬɚɥɥɚ��Ɉɤɫɢɞ�ɛɨɪɚ�ɜɯɨɞɢɬ�ɜ�ɫɨɫɬɚɜ�ɛɨɥɶɲɢɧ�
ɫɬɜɚ�ɝɪɭɧɬɨɜɵɯ�ɷɦɚɥɟɣ� >����@�ɢ�ɹɜɥɹɟɬɫɹ�ɨɫɧɨɜ�
ɧɵɦ�ɮɚɤɬɨɪɨɦ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɝɪɭɧɬɚ�ɩɨ�ɩɨɜɟɪɯ�
ɧɨɫɬɢ�ɦɟɬɚɥɥɚ��ɑɟɦ�ɛɨɥɶɲɟ�ɨɤɫɢɞɚ�ɛɨɪɚ�ɞɨɛɚɜ�
ɥɟɧɨ�ɜ�ɫɨɫɬɚɜ��ɬɟɦ�ɧɢɠɟ�ɬɟɦɩɟɪɚɬɭɪɚ�ɩɥɚɜɥɟɧɢɹ��
ɬɟɦ� ɥɟɝɱɟ� ɪɚɫɬɟɤɚɟɬɫɹ� ɝɪɭɧɬɨɜɤɚ� ɩɨ� ɩɨɜɟɪɯɧɨ�
ɫɬɢ�ɦɟɬɚɥɥɚ�ɢ�ɨɛɪɚɡɭɟɬɫɹ�ɪɚɜɧɨɦɟɪɧɚɹ�ɝɨɦɨɝɟɧ�
ɧɚɹ�ɫɢɫɬɟɦɚ�>�-��@� 

Ⱦɨɛɚɜɤɚ� ɨɤɫɢɞɚ� ɛɨɪɚ� ɫɧɢɠɚɟɬ� ɬɟɦɩɟɪɚ�
ɬɭɪɭ� ɩɥɚɜɥɟɧɢɹ�� ɩɨɞɚɜɥɹɟɬ� ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ��
Ʉɨɧɬɪɨɥɶ�ɡɚ�ɫɨɞɟɪɠɚɧɢɟɦ�ɨɤɫɢɞɚ�ɛɨɪɚ�ɜ�ɬɟɯɧɨ�
ɥɨɝɢɱɟɫɤɨɦ� ɩɪɨɰɟɫɫɟ� ɩɨɡɜɨɥɹɟɬ� ɞɨɫɬɢɝɚɬɶ� ɨɞɢ�
ɧɚɤɨɜɵɯ�ɤɨɷɮɮɢɰɢɟɧɬɨɜ�ɬɟɩɥɨɜɨɝɨ�ɪɚɫɲɢɪɟɧɢɹ�

ɝɥɚɡɭɪɢ� ɢ� ɩɨɤɪɵɜɚɟɦɨɝɨ� ɟɸ� ɦɚɬɟɪɢɚɥɚ�� ɱɬɨ�
ɨɛɟɫɩɟɱɢɜɚɟɬ� ɦɟɯɚɧɢɱɟɫɤɭɸ� ɩɪɨɱɧɨɫɬɶ�� ɢɡɧɨ�
ɫɨɭɫɬɨɣɱɢɜɨɫɬɶ�� ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɨɫɬɶ�� ɫɬɨɣ�
ɤɨɫɬɶ�ɤ�ɚɝɪɟɫɫɢɜɧɵɦ�ɫɪɟɞɚɦ�ɤɨɧɟɱɧɨɝɨ�ɢɡɞɟɥɢɹ�
>��@��Ɉɤɫɢɞ�ɛɨɪɚ�ɜɥɢɹɟɬ�ɧɚ�ɫɜɨɣɫɬɜɚ�ɤɨɧɟɱɧɨɝɨ�
ɩɪɨɞɭɤɬɚ��ɜɵɩɨɥɧɹɹ�ɨɞɧɨɜɪɟɦɟɧɧɨ�ɪɨɥɶ�ɮɥɸɫɚ�
ɢ� ɫɜɹɡɭɸɳɟɝɨ�� ɉɪɢ� ɜɜɟɞɟɧɢɢ� ɨɤɫɢɞɚ� ɛɨɪɚ� ɩɨ�
ɫɪɟɞɫɬɜɨɦ�ɛɭɪɵ��ɨɧɚ�ɬɚɤɠɟ�ɫɥɭɠɢɬ�ɢɫɬɨɱɧɢɤɨɦ�
ɧɚɬɪɢɹ�>��@� 

Ⱦɥɹ�ɫɢɧɬɟɡɚ�ɩɨɤɪɨɜɧɵɯ�ɫɬɟɤɥɨɷɦɚɥɟɜɵɯ�
ɩɨɤɪɵɬɢɣ� ɜɵɛɪɚɧɚ� ɚɥɸɦɨɛɨɪɨɫɢɥɢɤɚɬɧɚɹ� ɫɢ�
ɫɬɟɦɚ� 5�2–52–%�2�–$O�2�–6L2�–7L2�–3�2�–)��
ɤɚɤ� ɧɚɢɛɨɥɟɟ� ɩɪɢɟɦɥɟɦɚɹ� ɜ� ɬɟɯɧɨɥɨɝɢɢ� ɞɜɭɯ�
ɫɥɨɣɧɨɝɨ� ɷɦɚɥɢɪɨɜɚɧɢɹ�� ɤɨɬɨɪɨɟ�ɞɨɥɠɧɨ�ɨɛɟɫ�
ɩɟɱɢɜɚɬɶ� ɧɟ� ɬɨɥɶɤɨ� ɜɵɫɨɤɭɸ� ɫɬɨɣɤɨɫɬɶ� ɷɦɚɥɢ��
ɧɨ� ɢ� ɛɟɡɞɟɮɟɤɬɧɨɟ� ɮɨɪɦɢɪɨɜɚɧɢɟ� ɩɨɤɪɵɬɢɹ��
ɱɬɨ� ɜɨɡɦɨɠɧɨ� ɩɪɢ� ɨɩɪɟɞɟɥɟɧɧɵɯ� ɡɧɚɱɟɧɢɹɯ�
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ�ɫɜɨɣɫɬɜ��ɋ�ɰɟɥɶɸ�ɭɜɟɥɢɱɟ�
ɧɢɹ�ɌɄɅɊ��ɭɥɭɱɲɟɧɢɹ�ɛɥɟɫɤɚ�ɢ�ɫɧɢɠɟɧɢɹ�ɬɭɝɨ�
ɩɥɚɜɤɨɫɬɢ� ɷɦɚɥɟɜɨɝɨ� ɩɨɤɪɵɬɢɹ� ɜ� ɫɨɫɬɚɜ� ɲɢɯɬ�
ɜɜɨɞɢɥɢ�ɮɬɨɪ� ɫɜɟɪɯ�������� ɤɨɬɨɪɵɣ�ɜ�ɩɪɢɫɭɬ�
ɫɬɜɢɢ�ȼ�Ɉ��ɢ�$O�2��ɡɚɦɟɬɧɟɟ�ɩɨɜɵɲɚɟɬ�ɯɢɦɢ�
ɱɟɫɤɭɸ� ɫɬɨɣɤɨɫɬɶ� ɩɨɤɪɵɬɢɹ�� ɱɬɨ� ɨɛɴɹɫɧɹɟɬɫɹ�
ɫɩɨɫɨɛɧɨɫɬɶɸ� ɮɬɨɪɚ� ɫɜɹɡɵɜɚɬɶ� ɜ� ɫɨɟɞɢɧɟɧɢɹ�
ɦɚɥɨɫɬɨɣɤɢɟ� ɨɤɫɢɞɵ� ɳɟɥɨɱɧɵɯ� ɢ� ɳɟɥɨɱɧɨɡɟ�
ɦɟɥɶɧɵɯ�ɦɟɬɚɥɥɨɜ��>��@�� 

Ɉɛɡɨɪ�ɢɡɜɟɫɬɧɵɯ� ɫɨɫɬɚɜɨɜ�ɩɪɨɦɵɲɥɟɧ�
ɧɵɯ� ɷɦɚɥɟɜɵɯ� ɩɨɤɪɵɬɢɣ� ɩɨɤɚɡɚɥ�� ɱɬɨ� ɨɫɧɨɜɨɣ�
ɞɥɹ�ɢɯ�ɩɨɥɭɱɟɧɢɹ�ɩɨ�ɬɟɯɧɨɥɨɝɢɢ�ɫɭɫɩɟɧɡɢɨɧɧɨ�
ɝɨ� ɨɛɠɢɝɚ� ɹɜɥɹɸɬɫɹ� ɛɨɪɨɫɢɥɢɤɚɬɧɵɟ� ɫɬɟɤɥɚ�� ɜ�
ɤɨɬɨɪɵɯ�ɫɭɦɦɚɪɧɨɟ�ɫɨɞɟɪɠɚɧɢɟ�ɛɚɡɨɜɵɯ�ɨɤɫɢ�
ɞɨɜ��ɬɚɤɢɯ�ɤɚɤ�6L2���%�2��ɢ�1D�2��ɧɚɯɨɞɢɬɫɹ�ɜ�
ɩɪɟɞɟɥɚɯ���-���ɦɨɥ����ɉɨɷɬɨɦɭ�ɷɬɢ�ɤɨɦɩɨɧɟɧ�
ɬɵ� ɨɤɚɡɵɜɚɸɬ� ɛɨɥɶɲɨɟ� ɜɥɢɹɧɢɟ� ɧɚ� ɡɧɚɱɟɧɢɹ�
ɜɹɡɤɨɫɬɢ��ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ�ɧɚɬɹɠɟɧɢɹ�� ɬɟɦɩɟɪɚ�
ɬɭɪɧɨɝɨ� ɤɨɷɮɮɢɰɢɟɧɬɚ� ɥɢɧɟɣɧɨɝɨ� ɪɚɫɲɢɪɟɧɢɹ�
ɢ�ɜɨɞɨɫɬɨɣɤɨɫɬɢ�ɫɬɟɤɥɹɧɧɨɣ�ɮɪɢɬɬɵ��ɗɬɢ�ɫɜɨɣ�
ɫɬɜɚ�ɭɱɢɬɵɜɚɸɬɫɹ�ɩɪɢ�ɪɚɡɪɚɛɨɬɤɟ�ɧɨɜɵɯ�ɫɨɫɬɚ�
ɜɨɜ�ɷɦɚɥɟɣ�>��-��@�� 

Ɉɬɦɟɱɚɹ�ɜɚɠɧɨɫɬɶ� ɫɬɪɭɤɬɭɪɧɨɝɨ�ɮɚɤɬɨ�
ɪɚ�ɜ�ɷɦɚɥɹɯ��ɚɜɬɨɪɵ�>��-��@�ɫɱɢɬɚɸɬ��ɱɬɨ�ɜ�ɛɨ�
ɪɨɫɢɥɢɤɚɬɧɵɯ�ɫɬɟɤɥɚɯ�ɨɫɨɛɨɝɨ�ɜɧɢɦɚɧɢɹ�ɡɚɫɥɭ�
ɠɢɜɚɟɬ� ɧɟ� ɬɨɥɶɤɨ� ɜɨɩɪɨɫ� ɨ� ɞɨɥɟ� ɱɟɬɵɪɟɯ-� ɢ�
ɬɪɟɯɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɝɨ� ɛɨɪɚ�� ɧɨ� ɬɚɤɠɟ� ɫɜɹɡɶ�
ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɯ� ɢ� ɬɪɢɝɨɧɚɥɶɧɵɯ� ɛɨɪɚɬɧɵɯ�
ɝɪɭɩɩ�ɞɪɭɝ�ɫ�ɞɪɭɝɨɦ�ɢ�ɫ�ɫɢɥɢɤɚɬɨɦ� 

Ɍɟɯɧɨɥɨɝɢɸ� ɧɚɧɟɫɟɧɢɹ� ɷɦɚɥɟɜɨɝɨ� ɩɨ�
ɤɪɵɬɢɹ�ɢ�ɜɥɢɹɧɢɟ�ɪɚɡɥɢɱɧɵɯ�ɩɚɪɚɦɟɬɪɨɜ�ɹɜɥɹ�
ɟɬɫɹ�ɡɚɞɚɱɟɣ�ɦɧɨɝɢɯ�ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ�>��-��@� 

Ɉɞɧɢɦ�ɢɡ�ɪɟɲɚɸɳɢɯ�ɮɚɤɬɨɪɨɜ�� ɜɥɢɹɸ�
ɳɢɯ�ɧɚ�ɫɜɨɣɫɬɜɚ�ɷɦɚɥɢ��ɹɜɥɹɸɬɫɹ�ɢɫɩɨɥɶɡɨɜɚɧ�
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CHEMISTRY AND CHEMICAL ENGINEERING 
ɏɂɆɂə�ɂ�ɏɂɆɂɑȿɋɄȺə�ɌȿɏɇɈɅɈȽɂə  

�� 

0$7(5,$/6�6&,(1&(�$1'�(1*,1((5,1* 
ɆȺɌȿɊɂȺɅɈȼȿȾȿɇɂȿ�ɂ�ɌȿɏɇɈɅɈȽɂə 
0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 

 

ɫɩɟɤɬɪɨɦɟɬɪɟ�5LJDNX�&*�(';5)��ɋɒȺ��� 
ɉɨɜɟɪɯɧɨɫɬɧɨɟ� ɧɚɬɹɠɟɧɢɟ� ɪɚɫɫɱɢɬɚɧɨ�

ɩɨ�ɦɟɬɨɞɭ�Ⱥɩɩɟɧɚ�>��@�� 
ɂɧɮɪɚɤɪɚɫɧɵɣ� ɫɩɟɤɬɪ� ɨɛɪɚɡɰɨɜ� ɚɧɚɥɢ�

ɡɢɪɨɜɚɥɢ� ɧɚ� ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɟ� ,5$IILQLW\-��
�6+,0$'=8��əɩɨɧɢɹ�� 

Ɋɚɫɬɟɤɚɟɦɨɫɬɶ� ɮɪɢɬɬɵ� ɩɨɥɭɱɟɧɧɵɯ� ɨɛ�
ɪɚɡɰɨɜ�ɩɪɢ�ɧɚɧɟɫɟɧɢɢ�ɧɚ�ɩɨɜɟɪɯɧɨɫɬɶ�ɦɟɬɚɥɥɚ�
ɨɩɪɟɞɟɥɹɥɢ� ɜ� ɫɨɨɬɜɟɬɫɬɜɢɢ� ɫ� ɬɪɟɛɨɜɚɧɢɹɦɢ�
>��@�� 

 
Ɋɟɡɭɥɶɬɚɬɵ�ɢ�ɨɛɫɭɠɞɟɧɢɟ� 
ȼ� ɥɚɛɨɪɚɬɨɪɧɵɯ� ɭɫɥɨɜɢɹɯ� ɜ� ɫɢɫɬɟɦɟ�

6L2�–$O�2�–1D�2–.�2–&D2–%�2�–1L2–&R�2��
ɫɢɧɬɟɡɢɪɨɜɚɧɵ�ɫɬɟɤɥɚ��Ⱦɥɹ�ɫɢɧɬɟɡɚ�ɫɬɟɤɨɥ�ɩɨ�
ɫɥɭɠɢɥɢ� ɫɥɟɞɭɸɳɟ� ɫɵɪɶɟɜɵɟ� ɤɨɦɩɨɧɟɧɬɵ��
ɤɜɚɪɰɟɜɵɣ� ɩɟɫɨɤ�� ɝɥɢɧɢɫɬɵɣ� ɫɥɚɧɟɰ�� ɛɨɪɧɚɹ�
ɤɢɫɥɨɬɚ�� ɢɡɜɟɫɬɧɹɤ�� ɤɚɥɶɰɢɧɢɪɨɜɚɧɧɚɹ� ɫɨɞɚ��
ɨɤɫɢɞ� ɧɢɤɟɥɹ� ̛� ɨɤɫɢɞ� ɤɨɛɚɥɶɬɚ͘� ɏɢɦɢɱɟɫɤɢɣ�
ɫɨɫɬɚɜ� ɫɵɪɶɟɜɵɯ� ɤɨɦɩɨɧɟɧɬɨɜ� ɩɪɟɞɫɬɚɜɥɟɧ� ɜ�
ɬɚɛɥɢɰɟ� ��� ɚ� ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ� ɫɬɟɤɨɥ� –� ɜ�
ɬɚɛɥɢɰɟ��� 
ȼ�ɪɟɡɭɥɶɬɚɬɟ�ɪɟɡɤɨɝɨ�ɡɚɤɚɥɚ�ɫɬɟɤɨɥ�ɩɨɥɭɱɟɧɵ�

ɮɪɢɬɬɵ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ�ɫɨɫɬɚɜɨɜ��Ⱦɥɹ�ɩɪɢɝɨ�
ɬɨɜɥɟɧɢɹ�ɩɨɤɪɵɬɢɹ� ɨɫɭɳɟɫɬɜɥɹɥɢ� ɬɨɧɤɢɣ� ɫɨɜ�
ɦɟɫɬɧɵɣ� ɩɨɦɨɥ� ɤɜɚɪɰɟɜɨɝɨ� ɩɟɫɤɚ�� ɝɥɢɧɢɫɬɨɝɨ�
ɫɥɚɧɰɚ� ɢ� ɮɪɢɬɬɵ� ɞɨ� ɨɫɬɚɬɤɚ� ɧɚ� ɫɢɬɟ� �����
������� 

Ɋɟɡɭɥɶɬɚɬɵ� ɧɟɤɨɬɨɪɵɯ� ɮɢɡɢɤɨ-
ɬɟɯɧɢɱɟɫɤɢɯ� ɫɜɨɣɫɬɜ� ɨɩɵɬɧɵɯ� ɝɪɭɧɬɨɜɵɯ� ɩɨ�
ɤɪɵɬɢɣ�ɩɪɢɜɟɞɟɧɵ�ɜ�ɬɚɛɥɢɰɟ����Ⱦɨɛɚɜɤɚ�ɛɨɪɚ�ɢ�
ɭɜɟɥɢɱɟɧɢɟ�ɟɟ�ɤɨɥɢɱɟɫɬɜɚ�ɜ�ɫɨɫɬɚɜ�ɫɬɟɤɥɚ�ɨɬɪɚ�
ɡɢɥɚɫɶ� ɧɚ� ɫɜɨɣɫɬɜɚɯ� ɝɪɭɧɬɨɜɨɝɨ� ɩɨɤɪɵɬɢɹ� –�
ɭɜɟɥɢɱɢɥɚɫɶ� ɪɚɫɬɟɤɚɟɦɨɫɬɶ� ɢ� ɫɧɢɡɢɥɨɫɶ� ɩɨ�
ɜɟɪɯɧɨɫɬɧɨɟ�ɧɚɬɹɠɟɧɢɟ�� 

ɧɵɟ�ɫɵɪɶɟɜɵɟ�ɤɨɦɩɨɧɟɧɬɵ��ɧɚɥɢɱɢɟ�ɜ�ɧɢɯ�ɩɪɢ�
ɦɟɫɧɵɯ�ɷɥɟɦɟɧɬɨɜ��Ɉɬɫɸɞɚ�ɧɟɨɛɯɨɞɢɦɨɫɬɶ�ɪɚɡ�
ɪɚɛɨɬɤɢ� ɫɨɫɬɚɜɚ� ɷɦɚɥɢ� ɜ� ɤɚɠɞɨɦ� ɤɨɧɤɪɟɬɧɨɦ�
ɫɥɭɱɚɟ� 

ɐɟɥɶɸ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɹɜɥɹɥɨɫɶ� ɩɨɥɭɱɟ�
ɧɢɟ�ɝɪɭɧɬɨɜɨɣ�ɷɦɚɥɢ�ɧɚ�ɨɫɧɨɜɟ�ɦɟɫɬɧɵɯ�ɫɵɪɶ�
ɟɜɵɯ� ɤɨɦɩɨɧɟɧɬɨɜ� ɢ� ɢɫɫɥɟɞɨɜɚɧɢɟ� ɜɥɢɹɧɢɹ�
ɨɤɫɢɞɚ�ɛɨɪɚ��ȼɵɛɨɪ�ɦɟɫɬɧɵɯ�ɫɵɪɶɟɜɵɯ�ɤɨɦɩɨ�
ɧɟɧɬɨɜ� ɞɥɹ� ɩɨɥɭɱɟɧɢɹ� ɝɪɭɧɬɨɜɨɣ� ɷɦɚɥɢ� ɩɨɤɚ�
ɡɚɥ��ɱɬɨ�ɩɨɥɭɱɚɟɦɵɟ�ɫɨɫɬɚɜɵ�ɫɬɟɤɨɥ�ɧɚɯɨɞɹɬɫɹ�
ɜ� ɫɢɫɬɟɦɟ� 6L2�–$O�2�–1D�2–.�2–ɋD2–%�2���
Ⱦɥɹ� ɤɨɪɪɟɤɬɢɪɨɜɤɢ� ɫɜɨɣɫɬɜ� ɢɫɩɨɥɶɡɨɜɚɥɢ� ɞɨ�
ɛɚɜɤɢ�ɨɤɫɢɞɚ�ɧɢɤɟɥɹ�ɢ�ɨɤɫɢɞɚ�ɤɨɛɚɥɶɬɚ� 

 
Ɇɟɬɨɞɵ�ɢɫɫɥɟɞɨɜɚɧɢɹ 
Ⱦɥɹ�ɨɛɠɢɝɚ�ɫɬɟɤɥɹɧɧɨɣ�ɲɢɯɬɵ�ɢɫɩɨɥɶ�

ɡɨɜɚɥɫɹ� ɥɚɛɨɪɚɬɨɪɧɚɹ� ɩɟɱɶ� ɫ� ɩɨɞɨɝɪɟɜɨɦ� ɧɚ�
ɨɫɧɨɜɟ� ɩɪɢɪɨɞɧɨɝɨ� ɝɚɡɚ�� ʿ̡̣̱̌̏� ̡̨̨̭̯̖̣̦̜̽�
̵̛̹̯̼�ɨɫɭɳɟɫɬɜɥɹɥɢ�ɜ�ɲɚɦɨɬɧɵɯ�ɬɢɝɥɹɯ�ɟɦɤɨ�
ɫɬɶɸ����-����ɦɥ�ɩɪɢ�ɬɟɦɩɟɪɚɬɭɪɟ�����-�����ɨɋ�
ɫ�ɜɵɞɟɪɠɤɨɣ�ɜ�ɬɟɱɟɧɢɟ����–����ɦɢɧɭɬ��Ɋɚɫɩɥɚɜ�
ɫɥɢɜɚɥɢ�ɜ�ɜɨɞɭ�ɢ�ɩɨɥɭɱɚɥɢ�ɝɪɚɧɭɥɵ�ɮɪɢɬɬɵ� 

ɋɨɫɬɚɜ� ɝɪɭɧɬɨɜɨɝɨ� ɩɨɤɪɵɬɢɹ� ɩɨɥɭɱɚɥɢ�
ɢɡ� ɬɨɧɤɨɢɡɦɟɥɶɱɟɧɧɨɣ� ɮɪɢɬɬɵ�� ɞɨɛɚɜɥɹɹ�
ɤɨɦɩɨɧɟɧɬɵ� ɜ� ɫɨɨɬɜɟɬɫɬɜɢɢ� ɫ� ɬɪɟɛɨɜɚɧɢɹɦɢ�
>��@� 

ɉɪɨɰɟɫɫ� ɩɨɥɭɱɟɧɢɹ� ɝɪɭɧɬɨɜɨɝɨ� ɩɨɤɪɵ�
ɬɢɹ�ɧɚ�ɩɨɜɟɪɯɧɨɫɬɢ�ɦɟɬɚɥɥɚ��ɯɨɥɨɞɧɨɤɚɬɚɧɧɵɣ�
ɥɢɫɬɨɜɨɣ� ɩɪɨɤɚɬ� ɞɥɹ� ɷɦɚɥɢɪɨɜɚɧɢɹ� ɦɚɪɤɢ�
'&��(.��>��-��@�ɨɫɭɳɟɫɬɜɥɹɥɫɹ�ɜ�ɷɥɟɤɬɪɨɩɟɱɢ�
ɋɇɈɅ�� Ɍɨɱɧɨɫɬɶ� ɨɩɪɟɞɟɥɟɧɢɹ� ɬɟɦɩɟɪɚɬɭɪɵ�
ɫɨɫɬɚɜɥɹɥɚ���R&�� 

ɏɢɦɢɱɟɫɤɢɣ� ɚɧɚɥɢɡ� ɫɵɪɶɟɜɵɯ� ɤɨɦɩɨ�
ɧɟɧɬɨɜ�ɢ�ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ�ɫɬɟɤɨɥ�ɨɩɪɟɞɟɥɟɧ�ɧɚ�
ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɦ� ɪɟɧɬɝɟɧɮɥɭɨɪɟɫɰɟɧɬɧɨɦ�

ɋɵɪɶɟ 
ɆDɫɫɨɜɨɟ�ɫɨɞɟɪɠɚɧɢɟ�ɨɤɫɢɞɨɜ��� 

6L2� 1D�2 .�2 &D2 $O�2
� 

%�2� 0J2 )H�2
� 

1L2 &R�2� ɩ�ɩ�ɩ 

Ʉɜɚɪɰɟɜɵɣ� ɩɟ�
ɫɨɤ ����� – ���� ���� ���� – ���� ���� – – – 

Ƚɥɢɧɢɫɬɵɣ� ɫɥɚ�
ɧɟɰ ����� – ���� ���� ����� – – ���� – – ���� 

Ȼɨɪɧɚɹ�ɤɢɫɥɨɬɚ – – – – – ���� – – – – ���� 
ɂɡɜɟɫɬɧɹɤ ���� – ���� ����� ���� - ���� ���� – – ����� 
ɋɨɞɚ� ɤɚɥɶɰɢɧɢ�
ɪɨɜɚɧɧɚɹ – ����� – – – – – – – – ����� 

Ɉɤɢɫɶ�ɤɨɛɚɥɶɬɚ – – – – – – – – – ��� – 
Ɉɤɢɫɶ�ɧɢɤɟɥɹ – – – – – – – – ��� – – 

Ɍɚɛɥɢɰɚ��� 
ɏɢɦɢɱɟɫɤɢɣ�ɫɨɫɬɚɜ�ɫɵɪɶɟɜɵɯ�ɦɚɬɟɪɢɚɥɨɜ 
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0$7(5,$/6�6&,(1&(�$1'�(1*,1((5,1* 
ɆȺɌȿɊɂȺɅɈȼȿȾȿɇɂȿ�ɂ�ɌȿɏɇɈɅɈȽɂə 

0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 

Ɂɧɚɱɟɧɢɹ� ɜɟɥɢɱɢɧ� ɩɨ� ɪɚɫɬɟɤɚɟɦɨɫɬɢ�
ɫɨɨɬɜɟɬɫɬɜɭɸɬ�ɦɚɪɤɚɦ�ɮɪɢɬɬ�ɨɬ�ɬɭɝɨɩɥɚɜɤɨɣ�
ɞɨ�ɨɬɧɨɫɢɬɟɥɶɧɨ�ɥɟɝɤɨɩɥɚɜɤɨɣ�ɩɨ�ɫɬɚɧɞɚɪɬɭ�
>��@�� 

ɋɬɪɭɤɬɭɪɧɵɟ�ɤɨɦɩɨɧɟɧɬɵ�ɜ�ɩɨɥɭɱɟɧ�
ɧɵɯ�ɫɬɟɤɥɚɯ�ɢɫɫɥɟɞɨɜɚɧɵ�ɂɄ�ɫɩɟɤɬɪɨɫɤɨɩɢ�
ɟɣ��Ɋɟɡɭɥɶɬɚɬɵ�ɩɪɟɞɫɬɚɜɥɟɧɵ�ɧɚ�ɪɢɫɭɧɤɟ�� 

ȼɨ�ɜɫɟɯ�ɫɩɟɤɬɪɚɯ�ɝɪɭɧɬɨɜ�ɩɪɢɫɭɬɫɬɜɭɸɬ�
ɱɟɬɵɪɟ� ɨɫɧɨɜɧɵɟ� ɝɪɭɩɩɵ� ɩɨɥɨɫ� ɩɨɝɥɨɳɟɧɢɹ��
ɪɚɫɩɨɥɨɠɟɧɧɵɟ� � ɜ� ɨɛɥɚɫɬɢ� ���-����� ���-������
����-����� ɫɦ-�� ɢ� ����-����� ɫɦ-��� Ɋɚɡɥɢɱɢɹ� ɜ�
ɫɩɟɤɬɪɚɯ� ɹɜɥɹɸɬɫɹ� ɫɥɟɞɫɬɜɢɟɦ� ɪɚɡɥɢɱɢɹ� ɜ� ɫɨ�
ɫɬɚɜɚɯ� ɦɚɬɟɪɢɚɥɨɜ�� ɇɚɢɛɨɥɟɟ� ɫɭɳɟɫɬɜɟɧɧɨɟ�
ɜɥɢɹɧɢɟ�ɨɤɚɡɵɜɚɟɬ�ɢɡɦɟɧɟɧɢɟ�ɤɨɥɢɱɟɫɬɜɚ�ɛɨɪɚ� 

ɒɢɪɨɤɚɹ� ɩɨɥɨɫɚ� ���-����� ɫɦ-�� ɫɜɢɞɟ�
ɬɟɥɶɫɬɜɭɟɬ�ɨ�ɩɪɢɫɭɬɫɬɜɢɢ�ɫɬɪɭɤɬɭɪɧɵɯ�ɝɪɭɩɩɢ�
ɪɨɜɨɤ�ɤɪɟɦɧɢɹ��ɬɚɤɢɯ�ɤɚɤ�6L-2-6L��ɢ�ɨɫɬɪɨɜɧɵɯ�
ɝɪɭɩɩ�6L2���ȼ�ɷɬɭ�ɠɟ�ɨɛɥɚɫɬɶ�ɩɨɩɚɞɚɸɬ�ɤɨɥɟɛɚ�
ɧɢɹ�ɱɟɬɵɪɟɯɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɝɨ�ɛɨɪɚ��ɉɨɥɨɫɚ�ɜ�
ɨɛɥɚɫɬɢ� ����-����� ɫɦ-�� ɨɬɧɟɫɟɧɚ� ɤ� ɧɚɥɢɱɢɸ�
ɤɚɥɶɰɢɟɜɚɨɝɨ� ɫɢɥɢɤɚɬɚ��Ʉɨɥɟɛɚɧɢɹ� �ȼɈ��ɧɚɤɥɚ�
ɞɵɜɚɸɬɫɹ�ɜ�ɷɬɨɣ�ɨɛɥɚɫɬɢ��ɱɬɨ�ɨɬɪɚɠɚɟɬɫɹ�ɜ�ɪɚɫ�
ɲɢɪɟɧɢɢ� ɷɬɨɣ� ɩɨɥɨɫɵ� ɫ� ɭɜɟɥɢɱɟɧɢɟɦ� ɤɨɥɢɱɟ�
ɫɬɜɚ�ɛɨɪɚ�ɜ�ɫɨɫɬɚɜɟ�ɫɬɟɤɨɥ�����ɉɨɥɨɫɵ�ɜ�ɨɛɥɚɫɬɢ�

ʋ� 
ɫɨɫɬɚɜɚ 

  ɆDɫɫɨɜɨɟ�ɫɨɞɟɪɠɚɧɢɟ�ɨɤɫɢɞɨɜ��� 
6L2� $O�2� 1D�2 .�2 &D2 7L2� 3�2� 0J2 1L2 &R�2� )H�2� %�2� 

� ����� ���� ����� ���� ���� ���� – – ���� – ���� – 

� ����� ���� ����� ���� ���� ���� – ���� ���� – ���� – 

� ���� ���� ����� ���� ���� ���� ���� ���� ���� ���� ���� ���� 

� ����� ���� ����� ���� ���� ���� ���� - ���� ���� ���� ���� 

� ����� ���� ����� ���� ���� ���� ���� ���� ���� ���� ���� ����� 

� ����� ���� ����� ���� ���� ���� ���� – ���� ���� ���� ����� 

Ɍɚɛɥɢɰɚ�� 
ɏɢɦɢɱɟɫɤɢɣ�ɫɨɫɬɚɜ�ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ�ɫɬɟɤɥɚ� 

Ɍɚɛɥɢɰɟ�� 
Ɏɢɡɢɤɨ-ɬɟɯɧɢɱɟɫɤɢɟ�ɫɜɨɣɫɬɜɚ�ɝɪɭɧ�

ɬɨɜɵɯ�ɷɦɚɥɟɣ 

ɇɨɦɟɪ� 
ɫɨɫɬɚɜɚ 

  

Ɋɚɫɬɟɤɚɟɦɨɫɬɶ� 
�ɦɦ 

ɉɨɜɟɪɯɧɨɫɬɧɨɟ 
ɧɚɬɹɠɟɧɢɟ��ɇ�ɦ 

� ���� ����� 

� ���� ����� 

� ���� ����� 

� ���� ����� 

� ���� ����� 

� ���� ����� 

�������������������������������ɚ��������������������������������������������������������������������������

��ɛ� 

��������������������������������ɜ���������������������������������������������������������������������������������
ɂɄ�ɫɩɟɤɬɪɵ�ɫɬɟɤɨɥ�ɫɨɫɬɚɜɨɜ�ʋ����ɚ���ʋ���

�ɛ���ʋ����ɜ��� 
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5()(5(1&(6 
 

�� 3DYOHQNR�=�9���%RQGDUHQNR�1�,��,]XFKHQL\H�YR]PR]KQRVWL�LVSRO
]RYDQL\D�NROHPDQLWD�GO\D�SROXFKHQL\D�HPDOH\�SR�VWDOL�>6WXG\LQJ�WKH�SRVVL�
ELOLW\�RI�XVLQJ�FROHPDQLWH�WR�SURGXFH�HQDPHOV�IRU�VWHHO@��9HVWQLN�%*78������������'2,���������������-����-����-�-��-��-�� 

�� %HOL\�<D�,���*ROHXV�9� ,���3DYORYD�<H�9���.LVOLFKQD\D�5�,��9OL\DQL\H�RNVLGRY�VKFKHORFKQR]HPHO¶Q\NK�PHWDOORY�QD�VYR\VWYD�EHVIWRULVW\NK�
EH]ERUQ\NK�HPDOH\�>,QIOXHQFH�RI�DONDOLQH�HDUWK�PHWDO�R[LGHV�RQ�WKH�SURSHUWLHV�RI�IOXRULGH-IUHH�ERURQ-IUHH�HQDPHOV@��7HNKQRORJLFKHVNL\�DXGLW�
L�UH]HUY\�SURL]YRGVWYD�������������������-��� 

�� 'RURIH\HYD� $�9��� 6HPLQ�0�$�� =DVKFKLWQLH� VWHNORYLGQ\\H� SRNU\WL\D� GO\D� VWDOL� >3URWHFWLYH� JODVV� FRDWLQJV� IRU� VWHHO@��8VSHNKL� Y� NKLPLL� L�
NKLPLFKHVNR\�WHNKQRORJLL��������;;9,,,������-�� 

�� 3DVKFKHQNR�$�$��2EVKFKD\D�WHNKQRORJL\D�VLOLNDWRY�>*HQHUDO�VLOLFDWH�WHFKQRORJ\@��.L\HY��9LVKD�VKNROD�3XEO������������� 
�� %DFKDU�$���0DEURXN�$���0HQHVHV�'�'�6���9HURQ�(��� 6DGDOODK�<��� (FKHJXW� 3���%HQWLVV� )��(IIHFW� RI� WKHUPDO� WUHDWPHQW� RQ� WKH�SURSHUW\� RI�

HQDPHO�FRDWLQJ�RQ�VWHHO�VXEVWUDWH��-0(6������������������-����� 
�� *RGH�*�.��%RUDW\�QDURGQRPX�NKR]\D\VWYX�>%RUDWHV�IRU�WKH�QDWLRQDO�HFRQRP\@��5LJD��/*8�3XEO������������� 
�� 'X�/�6���6WHEELQV��-�)��6ROLG-VWDWH�105�VWXG\�RI�PHWDVWDEOH�LPPLVFLELOLW\�LQ�DONDOL�ERURVLOLFDWH�JODVVHV��-��1RQ-&U\VW��6ROLGV���������������

���–�����'2,����������6����-�������������-� 
�� 'X�/�6���6WHEELQV��-�)��1DWXUH�RI�VLOLFRQíERURQ�PL[LQJ�LQ�VRGLXP�ERURVLOLFDWH�JODVVHV�ௗ�D�KLJK-UHVROXWLRQ���%�DQG���2�105�VWXG\��-��3K\V��

&KHP��%���������������������–����'2,����������MS������O 
�� $EH�7��%RURVLOLFDWH�JODVVHV��-��$P��&HUDP��6RF�������������������–�����'2,����������M�����-����������WE������[ 
��� :ULJKW�$�&��%RUDWH�VWUXFWXUHV��FU\VWDOOLQH�DQG�YLWUHRXV��(XU��-��*ODVV�6FL��7HFKQRO��%���������������–��� 
��� 'HOO�:�-���%UD\�3�-�� ��%�105�VWXGLHV� DQG� VWUXFWXUDO�PRGHOLQJ�RI�1D�2–%�2�–6L2�� JODVVHV�RI� KLJK� VRGD�FRQWHQW��-��1RQ-&U\VW�� 6ROLGV��

�����������–����'2,���������M�����-����������WE������[ 
��� +DQQRQ�$�&���*ULPOH\�'�,���+XOPH�5�$���:ULJKW�$�&���6LQFODLU�5�1��%RUR[RO�JURXSV�LQ�YLWUHRXV�ERURQ�R[LGH��QHZ�HYLGHQFH�IURP�QHXWURQ�

GLIIUDFWLRQ�DQG�LQHODVWLF�QHXWURQ�VFDWWHULQJ�VWXGLHV��-��1RQ-&U\VW��6ROLGV����������������–�����'2,��������������-�������������-� 
��� $YHUMDQRY�9�-���0D]XULQ��2�:���3RUDL-.RVKLWV��-�$���5HL���+���5RVNRYD��*�3���9RJHO�:���(KUW�'��,QIOXHQFH�RI�WHPSHUDWXUH�RQ�WKH�FRQRGHV�LQ�

SKDVH�VHSDUDWHG�JODVV�PHOWV�RI�WKH�V\VWHP�%D2–%�2�–6L2���)L]��&KLP��6WHNOD����������������–���� 
��� 5\DERYD�$�9���7NDFKHQNR�9�'���)DQGD�$�<X��6YHWQLH� VWHNORHPDOHYLH�SRNULWL\D�GO\D� VWDOQL[�DU[LWHNWXUQR-VWURLWHOQL[�SDQHOH\� >/LJKW�JODVV�

HQDPHO�FRDWLQJV�IRU�VWHHO�DUFKLWHFWXUDO�DQG�FRQVWUXFWLRQ�SDQHOV@��,]YHVWL\D�YX]RY���6HYHUR-NDYND]VNL\�UHJLRQ��WH[QLFKHVNL\H�QDXNL�������������
-����'2,���������������-����-����-�-��-��� 

��� *ROHXV�9�,��6YRLVWYD�ERURVLOLNDWQ\NK�VWHNORIULWW�NDN�RVQRY\�GO
\D�SROXFKHQL\D�VWHNORHPDOHY\NK�SRNU\WLL�>3URSHUWLHV�RI�ERURVLOLFDWH�JODVV�IULW�
DV�D�EDVLV�IRU�REWDLQLQJ�JODVV-HQDPHO�FRDWLQJV@��,VVXHV�RI�&KHPLVWU\�DQG�&KHPLFDO�7HFKQRORJ\�������������-���� 

��� %UXQJV�0�3���&DUWQH\�(�5��6WUXFWXUH�RI�VRGLXP�ERURVLOLFDWH�JODVVHV��3K\V��&KHP��*ODVVHV��������������-��� 
��� 0|QFNH�'��� 7ULFRW�*���:LQWHUVWHLQ-%HFNPDQQ�$���:RQGUDF]HN�/���.DPLWVRV�(�,��2Q� WKH� FRQQHFWLYLW\� RI� ERUDWH� WHWUDKHGUD� LQ� ERUDWH� DQG�

ERURVLOLFDWH�JODVVHV��3K\V��&KHP��*ODVVHV�����������������-���� 
��� 3HWURYVND\D�76��3URSHUWLH�V�RI�OHDG�ERURVLOLFDWH�JODVVHV��7KH�HIIHFW�RI�WKH�VWUXFWXUH��*ODVV�&HUDP��������������–�������–���� 
��� :X�-�0���+XDQJ�+�/��0LFURZDYH�SURSHUWLHV�RI�]LQF��EDULXP�DQG�OHDG�ERURVLOLFDWH�JODVVHV��-��1RQ-&U\VW��6ROLGV����������������-����  
��� 'RULV�0���*UHJRU\� 7��� /RWKDU�:��2Q� WKH� FRQQHFWLYLW\� RI� ERUDWH� WHWUDKHGUD� LQ� ERUDWH� DQG�ERURVLOLFDWH� JODVVHV��3K\VLFV� DQG�&KHPLVWU\� RI�

*ODVVHV�(XURSHDQ�-RXUQDO�RI�*ODVV�6FLHQFH�DQG�7HFKQRORJ\�3DUW�%���������������-�����'2,���������������������������� 
��� :ULJKW�$�&��%RUDWH�VWUXFWXUHV��FU\VWDOOLQH�DQG�YLWUHRXV��3K\V��&KHP��*ODVVHV��(XU��-��*ODVV�6FL��7HFKQRO��%��������9������ʋ����3���–��� 
��� 0RULQ�(���:X�-���6WHEELQV�-��0RGLILHU�FDWLRQ��%D��&D��/D��<��ILHOG�VWUHQJWK�HIIHFWV�RQ�DOXPLQXP�DQG�ERURQ�FRRUGLQDWLRQ�LQ�DOXPLQRERURVLOL�

FDWH�JODVVHV��WKH�UROHV�RI�ILFWLYH�WHPSHUDWXUH�DQG�ERURQ�FRQWHQW��$SSO��3K\V��$������������������–�����'2,���������V�����-���-����-� 
��� :LQWHUVWHLQ-%HFNPDQQ�$���0|QFNH�'��� 3DOOHV�'��� .DPLWVRV� (�,���:RQGUDF]HN� /�� 6WUXFWXUH� DQG� SURSHUWLHV� RI� RUWKRERUDWH� JODVVHV� LQ� WKH�

(X�2�–�6U�(X�2–%�2��TXDWHUQDU\��-��3K\V��&KHP��%�������������������–�����'2,���������MS������� 
��� 5HLEVWHLQ�6���:RQGUDF]HN�/���GH�/LJQ\�'���.UROLNRZVNL�6���6LURWNLQ�6���6LPRQ�-��3���0DUWLQH]�9���&KDPSDJQRQ��%��6WUXFWXUDO�KHWHURJHQHLW\�

���-���� ɫɦ-�� ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ� ɨ� ɧɚɥɢɱɢɢ� ɫɜɹ�
ɡɚɧɧɵɯ� ɝɪɭɩɩɢɪɨɜɨɤ� ɤɪɟɦɧɢɹ� ɢ� ɮɨɫɮɨɪɚ��ɂɧ�
ɬɟɧɫɢɜɧɨɫɬɶ�ɩɨɥɨɫɵ�ɪɟɡɤɨ�ɜɨɡɪɚɫɬɚɟɬ�ɫ�ɭɜɟɥɢ�
ɱɟɧɢɟɦ� ɫɨɞɟɪɠɚɧɢɹ�ɮɨɫɮɨɪɚ� ɞɥɹ� ɫɨɫɬɚɜɚ� ���ȼ�
ɨɛɥɚɫɬɢ� ���-���� ɫɦ-�� ɨɛɧɚɪɭɠɢɜɚɸɬɫɹ� ɩɨɥɨɫɵ�
ɏɈ���ɏ� �0J��&D��1L��&R��>������@� 

ɉɪɢ�ɦɚɥɨɦ�ɫɨɞɟɪɠɚɧɢɢ�ɛɨɪɚ��ɫɨɫɬɚɜ����
ɩɪɢɫɭɬɫɬɜɭɸɬ� ɬɨɥɶɤɨ� �-ɤɪɚɬɧɨ� ɤɨɨɪɞɢɧɢɪɨ�
ɜɚɧɧɵɟ� ɫɨɟɞɢɧɟɧɢɹ� ɛɨɪɚ�� ɤɨɬɨɪɵɦ� ɨɬɧɟɫɟɧɚ�
ɩɨɥɨɫɚ� ���� ɫɦ-��� ɋ� ɭɜɟɥɢɱɟɧɢɟɦ� ɫɨɞɟɪɠɚɧɢɹ�
ɛɨɪɚ��ɫɨɫɬɚɜɵ�������ɩɨɹɥɹɟɬɫɹ�ɢɧɬɟɧɫɢɜɧɚɹ�ɩɨ�
ɥɨɫɚ�ɩɨɝɥɨɳɟɧɢɹ�����ɫɦ-���ɨɬɧɟɫɟɧɧɚɹ��-ɤɪɚɬɧɨ�
ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɵɦ�ɫɨɟɞɢɧɟɧɢɹɦ�ɛɨɪɚ�>��-��@� 

ɉɨɥɨɫɚ� ɜ� ɨɛɥɚɫɬɢ� ���� ɫɦ-�� ɨɬɧɟɫɟɧɚ� ɤ�
ɞɟɮɨɪɦɚɰɢɨɧɧɵɦ� ɤɨɥɟɛɚɧɢɹɦ� ɬɪɢɝɨɧɚɥɶɧɵɯ�
ɛɨɪɚɬɧɵɯ� ɨɛɪɚɡɨɜɚɧɢɣ�� ɢɧɬɟɧɫɢɜɧɨɫɬɶ� ɤɨɬɨ�
ɪɨɣ� ɪɟɡɤɨ� ɜɨɡɪɚɫɬɚɟɬ� ɫ� ɭɜɟɥɢɱɟɧɢɟɦ� ɤɨɥɢɱɟ�
ɫɬɜɚ� ɮɨɫɮɨɪɚ� ɜ� ɝɪɭɧɬɟ� ɫɨɫɬɚɜɚ� ��� ɢ� ɹɜɥɹɟɬɫɹ�
ɨɬɪɚɠɟɧɢɟɦ� ɨɛɪɚɡɨɜɚɧɢɹ� ɧɟɦɨɫɬɢɤɨɜɨɝɨ� ɤɢɫ�
ɥɨɪɨɞɚ� ɧɚ� ɬɪɢɝɨɧɚɥɶɧɵɯ� ɛɨɪɚɬɧɵɯ� ɭɡɥɚɯ� >����
���@� 

Ɉɛɥɚɫɬɶ� ����-����� ɫɦ-��� ɨɬɜɟɬɫɬɜɟɧɧɚɹ�
ɡɚ�ɩɪɢɫɭɬɫɬɜɢɟ�Ɉɇ�ɝɪɭɩɩ�ɪɟɚɝɢɪɭɟɬ�ɢɡɦɟɧɟɧɢ�

ɟɦ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɫ� ɭɜɟɥɢɱɟɧɢɟɦ� ɫɨɞɟɪɠɚɧɢɹ�
ɛɨɪɚ�ɜ�ɝɪɭɧɬɟ��ɱɬɨ�ɦɨɠɧɨ�ɩɪɟɞɩɨɥɨɠɢɬɶ�ɫɜɡɚɧɨ�
ɫ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ� ɝɥɢɧɢɫɬɨɝɨ� ɫɥɚɧɰɚ� ɫ� ɷɥɟ�
ɦɟɧɬɚɦɢ�ɫɬɟɤɨɥ� 

 
Ɂɚɤɥɸɱɟɧɢɟ 
ɋɢɧɬɟɡɢɪɨɜɚɧɵ� ɫɬɟɤɥɚ� ɜ� ɫɢɫɬɟɦɟ� ^ŝK�–

$O�2�–1D�2–.�2–&D2–%�2�–1L2–&R�2�� ɧɚ�
ɨɫɧɨɜɟ�ɦɟɫɬɧɵɯ�ɫɵɪɶɟɜɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɫ�ɞɨɛɚɜ�
ɥɟɧɢɟɦ� ɨɤɫɢɞɚ� ɧɢɤɟɥɹ� ɢ� ɨɤɫɢɞɚ� ɤɨɛɚɥɶɬɚ�� ɋ�
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɮɪɢɬɬɵ� ɢɡ� ɫɬɟɤɥɚ� ɩɨɥɭɱɟɧɵ�
ɝɪɭɧɬɨɜɵɟ�ɷɦɚɥɢ��ɋɜɨɣɫɬɜɚ�ɪɚɡɪɚɛɨɬɚɧɧɵɯ�ɫɨ�
ɫɬɚɜɨɜ� ɝɪɭɧɬɨɜɵɯ� ɷɦɚɥɟɣ� ɫɨɨɬɜɟɬɫɬɜɭɸɬ� ɬɪɟ�
ɛɨɜɚɧɢɹɦ� ȽɈɋɌ� �����-���� � Ɉɩɪɟɞɟɥɟɧɨ�� ɱɬɨ�
ɞɨɛɚɜɤɚ�ɛɨɪɚ�ɢ�ɭɜɟɥɢɱɟɧɢɟ�ɟɟ�ɤɨɥɢɱɟɫɬɜɚ�ɜ�ɫɨ�
ɫɬɚɜɟ�ɫɬɟɤɥɚ�ɭɜɟɥɢɱɢɜɚɟɬ�ɪɚɫɬɟɤɚɟɦɨɫɬɶ�ɢ�ɫɧɢ�
ɠɚɟɬ� ɩɨɜɟɪɯɧɨɫɬɧɨɟ� ɧɚɬɹɠɟɧɢɟ��ɂɫɫɥɟɞɨɜɚɧɢɟ�
ɫɬɪɭɤɬɭɪɧɵɯ� ɨɫɨɛɟɧɧɨɫɬɟɣ� ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ�
ɫɬɟɤɨɥ� ɦɟɬɨɞɨɦ�ɂɄ� ɫɩɟɤɬɪɨɫɤɨɩɢɢ� ɩɨɡɜɨɥɢɥɨ�
ɭɫɬɚɧɨɜɢɬɶ�ɩɪɢɫɭɬɫɬɜɢɟ��-ɤɪɚɬɧɨ�ɤɨɨɪɞɢɧɢɪɨ�
ɜɚɧɧɨɝɨ�ɛɨɪɚ�ɢ�ɩɨɹɜɥɟɧɢɟ��-ɤɪɚɬɧɨ�ɤɨɨɪɞɢɧɢ�
ɪɨɜɚɧɧɵɯ� ɫɨɟɞɢɧɟɧɢɣ� ɛɨɪɚ� ɩɪɢ� ɭɜɟɥɢɱɟɧɢɢ�
ɟɝɨ�ɫɨɞɟɪɠɚɧɢɹ� 
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0$7(5,$/6�6&,(1&(�$1'�(1*,1((5,1* 
ɆȺɌȿɊɂȺɅɈȼȿȾȿɇɂȿ�ɂ�ɌȿɏɇɈɅɈȽɂə 

0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 

DQG� SUHVVXUH-UHOD[DWLRQ� LQ� FRPSUHVVHG� ERURVLOLFDWH� JODVVHV� E\� LQ� VLWX� VPDOO� DQJOH� [-UD\� VFDWWHULQJ�� -�� &KHP�� 3K\V��� ������ ��������
'2,������������������ 

��� 6RVKLQD�7�2���0XNKDPDG\DURYD�9�5��9OL\DQL\H� WHPSHUDWXU\� L� YUHPHQL� WHUPLFKHVNR\� REUDERWNL� QD� VWUXNWXUX� HPDOHYRJR� SRNU\WL\D� >7KH�
LQIOXHQFH� RI� WHPSHUDWXUH� DQG� WLPH� RI� KHDW� WUHDWPHQW� RQ� WKH� VWUXFWXUH� RI� WKH� HQDPHO� FRDWLQJ@��9HVWQLN� 3HUPVNRJR� QDWVLRQDO¶QRJR� LVVOH�
GRYDWHO¶VNRJR�SROLWHNKQLFKHVNRJR�XQLYHUVLWHWD����������������–����'2,���������������-�������������� 

��� <DWVHQNR�(�$�� ,]XFKHQL\H�YOL\DQL\D�SUHGYDULWHO
QR\�SRGJRWRYNL�UD]QRURGQ\NK�PHWDOORY�QD�NDFKHVWYR�HPDOHYRJR�SRNU\WL\D�>6WXG\�RI� WKH�
LQIOXHQFH�RI�SUHOLPLQDU\�SUHSDUDWLRQ�RI�GLVVLPLODU�PHWDOV�RQ� WKH�TXDOLW\�RI� WKH�HQDPHO�FRDWLQJ@��3UDNWLND�SURWLYRNRUUR]LRQQR\� ]DVKFKLW\��
�����������–����� 

��� <DWVHQNR�(�$���']\XED�(�%���9HURSDNKD�1�9��,]XFKHQL\H�YOL\DQL\D�VSRVRED�REUDERWNL�SRYHUNKQRVWL�VWDOL��NDN�IDNWRUD�REUD]RYDQL\D�NRQ�
WDNWQRJR�VOR\D��QD�SURFKQRVW
�VWVHSOHQL\D�VLVWHP\�PHWDOO�SRNU\WLH�>6WXG\�RI�WKH�LQIOXHQFH�RI�WKH�VWHHO�VXUIDFH�WUHDWPHQW�PHWKRG��DV�D�IDFWRU�
LQ� WKH�IRUPDWLRQ�RI�D�FRQWDFW� OD\HU��RQ�WKH�DGKHVLRQ�VWUHQJWK�RI�WKH�PHWDO�FRDWLQJ�V\VWHP@��,]YHVWL\D�6DQNW-3HWHUEXUJVNRJR�JRVXGDUVWYHQ�
QRJR�WHNKQRORJLFKHVNRJR�LQVWLWXWD��WHNKQLFKHVNRJR�XQLYHUVLWHWD�����������������–������ 

��� 5\DERYD�$�9���<DWVHQNR�(�$���.HULPRYD�9�9���.OLPRYD�/�9���)DQGD�$�<X���6PROLL�9�$��*ODVV�(QDPHO�0RQROD\HU�&RDWLQJ�IRU�WKH�3URWHF�
WLRQ�RI�6WHHO�$UWLFOHV�$JDLQVW�&RUURVLRQ��*ODVV�3K\VLFV�DQG�&KHPLVWU\����������������–��� 

��� *267������-������)ULWW\��7HNKQLFKHVNL\H�XVORYL\D��0RVFRZ�6WDQGDUWLRQIRUP�3XEO��������������,Q�5XVV�� 
��� $SSHQ�$�$��.KLPL\D�VWHNOD�>&KHPLVWU\�RI�JODVV@��/HQLQJUDG��.KLPL\D�3XEO������������� 
��� 3O\XVQLQD�,�,��,QIUDNUDVQ\\H�VSHNWU\�PLQHUDORY�>,QIUDUHG�VSHFWUD�RI�PLQHUDOV@��0RVNYD��0RVN�XQ-W�3XEO������������� 
��� 0RULQ�(���:X�-���6WHEELQV�-��0RGLILHU�FDWLRQ��%D��&D��/D��<��ILHOG�VWUHQJWK�HIIHFWV�RQ�DOXPLQXP�DQG�ERURQ�FRRUGLQDWLRQ�LQ�DOXPLQRERURVLOL�

FDWH�JODVVHV��WKH�UROHV�RI�ILFWLYH�WHPSHUDWXUH�DQG�ERURQ�FRQWHQW��$SSO��3K\V��$������������������–�����'2,���������V�����-���-����-� 
��� (KUW�'��=LQF�DQG�0DQJDQHVH�%RUDWH�*ODVVHV�-�3KDVH�6HSDUDWLRQ��&U\VWDOOLVDWLRQ��3KRWROXPLQHVFHQFH��DQG�6WUXFWXUH��(XURSHDQ�-RXUQDO�RI�

*ODVV�6FLHQFH�DQG�7HFKQRORJ\�3DUW�%����������������-�� 
��� 7RSSHU�%���0|QFNH�'���<RXQJPDQ�5�(���9DOYL�&K���.DPLWVRV�(�,���&KULVWRV�3�(��9DUVDPLV�&K�(�,��=LQF�ERUDWH�JODVVHV��SURSHUWLHV��VWUXFWXUH�

DQG�PRGHOOLQJ�RI�WKH�FRPSRVLWLRQ-GHSHQGHQFH�RI�ERUDWH�VSHFLDWLRQ��3K\VLFDO�&KHPLVWU\�&KHPLFDO�3K\VLFV��������������-����'2,����������
'�&3�����$ 

��� .DPLWVRV�(�,���.DUDNDVVLGHV�0�$���&KU\VVLNRV�*�'��$�YLEUDWLRQDO� VWXG\�RI� OLWKLXP-VXOIDWH� EDVHG� IDVW� LRQLF� FRQGXFWLQJ�ERUDWH�JODVVHV�� -��
3K\V��&KHP��������������������–������GRL���������M������D��� 

��� .DPLWVRV� (�,��� &KU\VVLNRV� *�'�� %RUDWH� JODVV� VWUXFWXUH� E\� 5DPDQ� DQG� LQIUDUHG� VSHFWURVFRSLHV�� -�� 0RO�� 6WUXFW��� ������ ����� �–����
GRL�������������-�������������-S 

��� .DPLWVRV�(�,���3DWVLV�$�3���.DUDNDVVLGHV�0�$���&KU\VVLNRV�*�'���,QIUDUHG�5HIOHFWDQFH�6SHFWUD�RI�/LWKLXP�%RUDWH�*ODVVHV��-RXUQDO�RI�1RQ-
&U\VWDOOLQH�6ROLGV�������������-�����-�� 
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JDORJHQ-DONDQODU�� JDJDORJHQDONHQODU��
JDORJHQDULOODU� YD� ERVKTDODU� ELODQ� RUDOLT�
PHWDOODUQLQJ�NRPSOHNV�NDWDOL]DWRUODUL�LVKWLURNLGD�
ERUDGLJDQ�NRUV-ELULNLVK�UHDNVL\DODUL�\RWDGL�>�-�@��

.LULVK 
<DQJL� ɋ–ɋ� ERJµ� KRVLO� TLOLVKQLQJ�

XQLYHUVDO�� UHJLRVHOHNWLY� YD� VWHULRVHOHNWLY�
XVXOLQLQJ� DVRVLGD� PHWDORUJDQLN� ELULNPDODUQLQJ�

�� 

&$7$/<6,6�$1'�5($&7,21�(1*,1((5,1* 
ɌȿɏɇɈɅɈȽɂə�ɄȺɌȺɅɂɁȺ�ɂ�ɊȿȺɄɐɂɃ 
.$7$/,=�9$�5($.6,<$�7(;12/2*,<$6, 

ɋɂɇɌȿɁ�ɂɇɌȿɊɇȺɅɖɇɕɏ�ȺɐȿɌɂɅȿɇɈȼɕɏ�ɋɉɂɊɌɈȼ�ɇȺ�ɈɋɇɈȼȿ� 
ɊȿȺɄɐɂɂ�ɋɈɇɈȽȺɒɂɊɕ�ɌȿɊɆɂɇȺɅɖɇɕɏ�ȺɐȿɌɂɅȿɇɈȼɕɏ� 
ɋɉɂɊɌɈȼ�ɂ�ȻȿɇɁɈɅɏɅɈɊɂȾȺ 
 
Ƚɭɡɚɥ�Ʉ��ɈɌȺɆɍɏȺɆȿȾɈȼȺ���JX]DO������#\DQGH[�UX�� 
Ɉɞɢɥɠɨɧ�ɗ��ɁɂəȾɍɅɅ$ȿȼ�����EXODN����#\DQGH[�UX� 
Ⱥɛɞɭɜɚ[ɚɛ�ɂɄɊȺɆɈȼ���LNURPRY����#OLVW�UX� 
ɋɚɪɜɢɧɨɡ�ɂ��ɌɂɊɄȺɒȿȼȺ���VDUYLQR]LVRTRYQD#PDLO�UX� 
�ɑɢɪɱɢɤɫɤɢɣ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ�ɩɟɞɚɝɨɝɢɱɟɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ��ɑɢɪɱɢɤ��ɍɡɛɟɤɢɫɬDɧ� 
�Ⱥɤɚɞɟɦɢɹ�ɦɢɧɢɫɬɟɪɫɬɜɚ�ɱɪɟɡɜɵɱɚɣɧɵɯ�ɫɢɬɭɚɰɢɣ��Ɍɚɲɤɟɬ��ɍɡɛɟɤɫɢɬɚɧ 
�Ɍɚɲɤɟɧɬɫɤɢɣ�ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ�ɢɧɫɬɢɬɭɬ��Ɍɚɲɤɟɧɬ��ɍɡɛɟɤɢɫɬɚɧ 
�Ⱦɠɢɡɚɤɫɤɢɣ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ�ɩɟɞɚɝɨɝɢɱɟɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ��Ⱦɠɢɡɚɤ��ɍɡɛɟɤɢɫɬɚɧ 

 
ɐɟɥɶɸ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɹɜɥɹɟɬɫɹ�ɪɚɡɪɚɛɨɬɤɚ�ɧɨɜɨɣ�ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ�ɫɢɫɬɟɦɵ�ɞɥɹ�ɫɢɧɬɟɡɚ�ɤɨɧɰɟɜɵɯ�ɚɰɟɬɢɥɟɧɨɜɵɯ�ɫɩɢɪɬɨɜ�

ɢ�ɜɧɭɬɪɟɧɧɢɯ�ɚɰɟɬɢɥɟɧɨɜɵɯ�ɫɩɢɪɬɨɜ�ɢɡ�ɪɟɚɤɰɢɢ�ɩɪɢɫɨɟɞɢɧɟɧɢɹ�ɯɥɨɪɢɞɚɛɟɧɡɨɥ�ɪɟɚɤɰɢɢ�ɋɨɧɨɝɚɲɢɪɚ��ȼ�ɷɬɨɣ�ɪɚɛɨɬɟ�ɜɩɟɪɜɵɟ�ɛɵɥɢ�
ɢɫɩɨɥɶɡɨɜɚɧɵ�ɧɟɤɨɬɨɪɵɟ�ɤɨɧɰɟɜɵɟ�ɚɰɟɬɢɥɟɧɨɜɵɟ�ɫɩɢɪɬɵ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ�ɫɢɫɬɟɦɵ�3G�2$F���&X&O�(W�1�0H&1�
+�2� –� ���-ɞɢɦɟɬɢɥɩɟɧɬɢɧ-�-ɨɥ-��� �����-ɬɪɢɦɟɬɢɥɩɟɧɬɢɧ-�-ɨɥ-��� �-ɷɬɢɧɢɥɰɢɤɥɨɝɟɤɫɚɧɨɥ-��� �-ɷɬɢɧɢɥɚɞɚɦɚɧɬɚɧɨɥ-��� �-
ɮɟɧɢɥɛɭɬɢɧ-�-ɨɥ-��� �-�ɧɚɮɬɢɥ-��ɛɭɬɢɧ-�-ɨɥ-��� �-�ɮɭɪɚɧɢɥ-��ɛɭɬɢɧ-�-ɨɥ-�� ɢ� �-�ɩɢɪɢɞɢɧɢɥ-��ɛɭɬɢɧ-�-ɨɥ-�� ɧɚ� ɨɫɧɨɜɟ� ɪɟɚɤɰɢɣ� ɫ�
ɛɟɧɡɨɥɯɥɨɪɢɞɨɦ� ɫɢɧɬɟɡɢɪɨɜɚɧɵ� ɜɧɭɬɪɟɧɧɢɟ� ɚɰɟɬɢɥɟɧɨɜɵɟ� ɫɩɢɪɬɵ�� Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɟ� ɭɫɥɨɜɢɹ� ɛɵɥɢ� ɨɩɪɟɞɟɥɟɧɵ� ɩɭɬɟɦ� ɢɡɭɱɟɧɢɹ�
ɦɨɥɶɧɵɯ� ɫɨɨɬɧɨɲɟɧɢɣ� ɢɫɯɨɞɧɵɯ� ɜɟɳɟɫɬɜ�� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ� ɫɬɪɭɤɬɭɪɵ�� ɢɧɞɭɤɰɢɨɧɧɵɯ� ɷɮɮɟɤɬɨɜ� ɡɚɦɟɫɬɢɬɟɥɟɣ�� ɩɪɢɪɨɞɵ�
ɪɚɫɬɜɨɪɢɬɟɥɹ�ɢ� ɤɚɬɚɥɢɡɚɬɨɪɚ��ɚ�ɬɚɤɠɟ�ɜɥɢɹɧɢɹ�ɬɟɦɩɟɪɚɬɭɪɵ��ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ�ɪɟɚɤɰɢɢ�ɞɥɹ�ɞɨɫɬɢɠɟɧɢɹ�ɛɨɥɟɟ� ɜɵɫɨɤɨɝɨ�
ɜɵɯɨɞɧɨɝɨ�ɷɮɮɟɤɬɚ�ɜ�ɪɟɚɤɰɢɢ�ɋɨɧɨɝɚɲɢɪɚ��ɚ�ɦɟɯɚɧɢɡɦ�ɪɟɚɤɰɢɢ�ɛɵɥ�ɩɪɟɞɥɨɠɟɧ�ɧɚ�ɨɫɧɨɜɟ�ɥɢɬɟɪɚɬɭɪɧɵɯ�ɢɫɬɨɱɧɢɤɨɜ� 

 
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ�ɫɢɫɬɟɦɚ��ɯɥɨɪɢɞɛɟɧɡɨɥ��ɦɟɞɶ�,�-ɫɨɥɶ��3G�,,�-ɫɨɥɶ��ɬɪɢɷɬɢɥɚɦɢɧ��ɜɵɯɨɞ�ɩɪɨɞɭɤɬɚ��ɪɚɫɬɜɨɪɢɬɟɥɢ� 
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6212*$6+,5$�5($&7,21�2)�7(50,1$/�$&(7</(1(�$/&2+2/6� 
$1'�%(1=2/&+/25,'( 
 
*X]DO�.��27$08.+$0('29$���JX]DO������#\DQGH[�UX�� 
2GLOMRQ�(��=,<$'8//$(9�����EXODN����#\DQGH[�UX�� 
$EGXYDKDE�,.5$029���LNURPRY����#OLVW�UX� 
6DUYLQR]�,��7,5.$6+(9$���VDUYLQR]LVRTRYQD#PDLO�UX� 
�&KLUFKLN�6WDWH�3HGDJRJLFDO�8QLYHUVLW\��&KLUFKLN��8]EHNLVWDQ� 
�$FDGHP\�RI�WKH�0LQLVWU\�RI�(PHUJHQF\�6LWXDWLRQV��7DVKNHQW��8]EHNLVWDQ 
�7DVKNHQW�,QVWLWXWH�RI�&KHPLFDO�7HFKQRORJ\��7DVKNHQW��8]EHNLVWDQ 
�-L]]DNK�6WDWH�3HGDJRJLFDO�8QLYHUVLW\��-L]]DNK��8]EHNLVWDQ 
 

7KH�SXUSRVH�RI�WKH�VWXG\�LV�WR�GHYHORS�D�QHZ�FDWDO\WLF�V\VWHP�IRU�WKH�V\QWKHVLV�RI�LQWHUQDO�DFHW\OHQH�DOFRKROV�IURP�WKH�6RQRJDVWULF�
FRXSOLQJ�UHDFWLRQ�RI�WHUPLQDO�DFHW\OHQH�DOFRKROV�DQG�EHQ]ROFKORULGH��)RU�WKH�ILUVW�WLPH�LQ�WKLV�ZRUN��LQWHUQDO�DFHW\OHQH�DOFRKROV�KDYH�EHHQ�
V\QWKHVL]HG� EDVHG� RQ� UHDFWLRQV� RI� VRPH� WHUPLQDO� DFHW\OHQH� DOFRKROV� –� ���-GLPHWK\OSHQWLQ-�-RO-��� �����-WULPHWK\OSHQWLQ-�-RO-��� �-
HWK\Q\OF\FORKH[DQRO-��� �-HWK\Q\ODGDPDQWDQRO-��� �-SKHQ\OEXWLQ-�-RO-��� �-�QDSKWK\O-��EXW\Q-�-RO-��� �-�IXUDQ\O-��EXW\Q-�-RO-�� DQG� �-
�S\ULGLQ\O-��EXW\Q-�-RO-�� ZLWK� FKORULGHEHQ]HQH�� ,Q� RUGHU� WR� DFKLHYH� KLJK� SURGXFW� SURGXFWLYLW\� LQ� WKH� 6RQRJDVKLUD� UHDFWLRQ�� DOWHUQDWLYH�
FRQGLWLRQV�KDYH�EHHQ�LGHQWLILHG�E\�VWXG\LQJ�WKH�PRODU�UDWLRV��VSDWLDO�VWUXFWXUH��LQGXFWLRQ�HIIHFWV�RI�VXEVWLWXHQWV��VROYHQW�DQG�FDWDO\VW�QDWXUH��
DV�ZHOO�DV�WHPSHUDWXUH��UHDFWLRQ�GXUDWLRQ�HIIHFWV��DQG�WKH�UHDFWLRQ�PHFKDQLVP�KDV�EHHQ�SURSRVHG�RQ�WKH�EDVLV�RI�OLWHUDWXUH�VRXUFHV� 

 
.H\ZRUGV��FDWDO\WLF�V\VWHP��FKORULGHEHQ]HQH��FRSSHU�,�-VDOW��3G�,,�-VDOW��WULHWK\ODPLQH��SURGXFW�\LHOG��VROYHQWV� 
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5($.6,<$6,�$626,'$�,17(51$/�$76(7,/(1�63,57/$5,�6,17(=, 
 
*Rµ]DO�4��27$08;$0('29$���JX]DO������#\DQGH[�UX�� 
2GLOMRQ�(��=,<$'8//$<(9�����EXODN����#\DQGH[�UX�� 
$EGXYDKDE�,.5$029���LNURPRY����#OLVW�UX� 
6DUYLQR]�,��7,5.$6+(9$���VDUYLQR]LVRTRYQD#PDLO�UX� 
�&KLUFKLT�GDYODW�SHGDJRJLND�XQLYHUVLWHWL��&KLUFKLT��2µ]EHNLVWRQ� 
�)DYTXORGGD�YD]L\DWODU�YD]LUOLJL�$NDGHPL\DVL��7RVKNHQW��2µ]EHNLVWRQ 
�7RVKNHQW�NLP\R-WH[QRORJL\D�LQVWLWXWL��7RVKNHQW��2µ]EHNLVWRQ 
�-L]]D[�GDYODW�SHGDJRJLND�XQLYHUVLWHWL��-L]]D[��2µ]EHNLVWRQ 
 

7DGTLTRWQLQJ� PDTVDGL� WHUPLQDO� DWVHWLOHQ� VSLUWODUL� YD� EHQ]RO[ORULGQLQJ� 6RQRJDVKLUD� ELULNLVK� UHDNVL\DVLGDQ� LQWHUQDO� DWVHWLOHQ�
VSLUWODUL� VLQWH]� TLOLVK� XFKXQ� \DQJL� NDWDOLWLN� VLVWHPDVL� LVKODE� FKLTLVKGDQ� LERUDW�� 8VKEX� LVKGD� LON� ERU� 3G�2$F���&X&O�(W�1�0H&1�+�2�
NDWDOLWLN�VLVWHPDVL�\RUGDPLGD�D\ULP�WHUPLQDO�DWVHWLOHQ�VSLUWODUL�–����-GLPHWLOSHQWLQ-�-RO-��������-WULPHWLOSHQWLQ-�-RO-����-HWLQLOVLNORJHNVDQRO-
����-HWLQLODGDPDQWDQRO-����-IHQLOEXWLQ-�-RO-����-�QDIWLO-��EXWLQ-�-RO-����-�IXUDQLO-��EXWLQ-�-RO-��YD��-�SLULGLQLO-��EXWLQ-�-RO-�QLQJ�[ORUEHQ]RO�
ELODQ� UHDNVL\DODUL� DVRVLGD� LQWHUQDO� DWVHWLOHQ� VSLUWODUL� VLQWH]� TLOLQJDQ�� 6RQRJDVKLUD� UHDNVL\DVLGD� \XTRUL�PDKVXORW� XQXPLJD� HULVKLVK�XFKXQ�
ERVKODQJµLFK�PRGGDODU�PRO� QLVEDWODUL�� ID]RYL\� WX]LOLVKL�� RµULQERVDUODUQLQJ� LQGXNVLRQ� WD¶VLUL�� HULWXYFKL� YD� NDWDOL]DWRU� WDELDWL�� VKXQLQJGHN��
KDURUDW�� UHDNVL\D�GDYRPL\OLJL� WD¶VLULQL�RµUJDQLVK�RUTDOL�PXTRELO� VKDURLW�DQLTODQJDQ�YD�UHDNVL\D�PH[DQL]PL�DGDEL\RW�PDQEDDODUL�DVRVLGD�
WDNOLI�HWLOJDQ�� 

 
ɄɚOLW�VR
]ODU��NDWDOLWLN�VLVWHPD��[ORUEHQ]RO��PLV�,�-WX]L��3G�,,�-WX]L��WULHWLODPLQ��PDKVXORW�XQXPL��HULWXYFKLODU� 
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,ON�ERU�&KRZ�YD�XQLQJ�LOPL\�MDPRDVL�WRPRQLGDQ�
����-\LO� 3G&O��33K����&X-� NDWDOLWLN� VLVWHPD�
\RUGDPLGD� DURPDWLN� DWVHWLOHQ� VSLUWODULQL�
EURPEHQ]RO�ELODQ�6RQRJDVKLUD�UHDNVL\DVL�DVRVLGD�
GLDULO� DWVHWLOHQODU� VLQWH]L� DPDOJD� RVKLULOJDQ� >�@��
.H\LQFKDOLN� XVKEX� UHDNVL\DQL� +XD� YD� XQLQJ�
KDPNDVEODUL� [ORUEHQ]RO� ELODQ� 3G&O��3&\����
NDWDOLWLN�VLVWHPDGD�>�@��7VDL�HVD�\RGEHQ]RO�ELODQ�
)H&O�� NDWDOL]DWRUL� \RUGDPLGD� DPDOJD� RVKLUJDQ�
>�@�� 6RQRJDVKLUD� UHDNVL\DVL� DVRVLGD� LQWHUQDO�
DURPDWLN� DWVHWLOHQ� VSLUWODULQLQJ� [ORUEHQ]RO� ELODQ�
ELULNLVK� UHDNVL\DVL� 3DOODGDF\FOH�;SKRV�.�&2��

NDWDOLWLN� VLVWHPD� \RUGDPLGD� D]RW� DWPRVIHUDVLGD��
DWVHWRQLWULO� HULWPDVLGD� ���� ɨɋ� KDURUDWGD� ROLE�
ERULOJDQ� YD� ���� XQXPJDFKD� ��� [LO� WXUGDJL�
GLDULOODU� VLQWH]� TLOLQJDQ� >��@�� 0LV� �,�� NRPSOHNV�
WX]ODUL� LVKWLURNLGD� R-\RGDQLOLQ� ELODQ� WHUPLQDO�
DONLQODUQLQJ� 6RQRJDVKLUD� NURVV-ELULNLVK�
UHDNVL\DODUL� KDYR� DWPRVIHUDVLGD� DPDOJD�
RVKLULOJDQ� ��-���� XQXP� ELODQ� ELRORJLN��
IDUPDNRORJLN� IDRO� HWLQLODQLOLQ� KRVLODODUL� ROLQJDQ�
>��@�� 7HUPLQDO� DONLQODU� DVRVLGD� NURVV-ELULNLVK�
UHDNVL\DVLGDQ� VLOLNRQRUJDQLN� ELULNPDODUQLQJ�
PXKLP�VLQIL��DOOHQLO�ELULNPDODUQLQJ�ERVKODQJµLFK�
UHDJHQWL� KLVREODQJDQ� DURPDWLN� SURSDUJLOVLODQODU�
VLQWH]L� WROXRO� HULWPDVLGD� ��� ɨɋ� KDURUDWGD� �� VRDW�
GDYRPLGD� 3G�GED�ā&+&O�� NDWDOLWLN� VLVWHPDGD�
DPDOJD� RVKLULOJDQ�� >��@�� 5RVVL\D� ROLPODUL�
<�.RWRYVKFKLNRY� XFKODPFKL� SURSDUJLO� VSLUWODUL�
YD� DULO�JHWDULO�JDORJHQLGODUGDQ� PLV� WX]ODUL�
LVKWLURNLGD� ��� WXUGDJL� LQWHUQDO� GLDULOODU�
PDNVLPXP�����XQXPJDFKD�VLQWH]�TLOLQJDQ�>��@��
3G&O��33K���&O��&X-�NDWDOLWLN�VLVWHPD�\RUGDPLGD�
WHUPLQDO� DWVHWLOHQ� VSLUODUL� YD� �-\RGDONHQ-�-RO-��
QLQJ� 6RUQRJDVKLUD� ELULNLVK� UHDNVL\DVL� DVRVLGD�
\HQLQGLROODU� VLQWH]� TLOLQJDQ� YD� ROLQJDQ�
ELULNPDODUQLQJ� VLNORL]RPHUL]DWVL\D��
GHJLGURWVLNOL]DWVL\D� UHDNVL\DODUL� QDWLMDVLGD� �-��-
DONHQLO�IXUDQODU� VLQWH]L� WDGTLT� TLOLQJDQ� >��@�� 3G
�2$F���0H&1� NDWDOLWLN� VLVWHPDGD� ��� R&�
KDURUDWGD� ��� VRDW� GDYRPLGD� IHQLODWVHWLOHQQLQJ�
ELUODPFKL� DWVHWLOHQ� VSLUWODULJD� ELULNLVK�
UHDNVL\DODUL� ROLE� ERULOJDQ�� DONLQQLQJ� VHOHNWLY�
GLPHUODQLVKL� QDWLMDVLGD� WXUOL� \HQLQRO�� \HQLQGLRO��
\HQLQGLDULO�ELULNPDODU�ROLQJDQ�>��@���-EURPDQLOLQ�
YD� �-PHWLO-�-EXWLQ-�-ROGDQ� 6RQRJDVKLUD�
UHDNVL\DVL�DVRVLGD�RµSND��RVKTR]RQ��EX\UDN��MLJDU�
YD�NRµNUDN�VDUDWRQLGD�RµVLPWDQL�HSLGHPLDO�RµVLVK�
RPLOL�UHWVHSWRUODULJD�TDUVKL�LQJLELWRU�[LVREODQJDQ�
IDUPRNRORJLN� IDRO� ELULNPD� (UORWLQLE� VLQWH]L�
DPDOJD�RVKLULOJDQ�>��@�� 

7DGTLTRW�XVXOL 
&X&O�3G�2$F���(W�1�0H&1�+�2�

NDWDOLWLN� VLVWHPDVLGD� �-�IHQLOHWLQLO�
VLNORJHNVDQRO-�� VLQWH]L�� 7HUPLQDO� DWVHWLOHQ�
VSLUWODULGDQ� LQWHUQDO� DURPDWLN� DWVHWLOHQ� VSLUWODUL�
VLQWH]� TLOLVK� MDUD\RQL� KDMPL� ����PO� ERµOJDQ� EHVK�
RJµL]OL� NROEDGD� DPDOJD� RVKLULOGL�� 8VKEX� NROEDJD�
WRPL]JLFK� YRURQND�� PH[DQLN� DUDODVKWLUJLFK��
WHUPRPHWU� YD� TD\WDUPD� VRYXWJLFK� RµUQDWLOGL��
'DVWODE� NROEDJD� ����� J� ������ PRO�� �-
HWLQLOVLNORJHNVDQRO-�� YD� ����� J� ������ PRO�� &X&O�
VROLQGL�� .H\LQ� ����� J� ������ PRO�� SDOODGL\�,,�-
DWVHWDW��3G�2$F���QLQJ����PO�0H&1�YD���PO�+�2�
����� QLVEDWGD�� HULWXYFKLODU� \RUGDPLGD� WD\\RU�
ODQJDQ� VXVSHQVL\DVL� DUDODVKWLULOJDQ� KRODWGD�
TRµVKLOGL�� %XQGD� NROEDGDJL� KDURUDW� ��-��� R&� GD�
ERµOLVKL�NHUDN��+RVLO�ERµOJDQ�DUDODVKPDJD�������J�
������PRO��[ORUEHQ]RO��&�+�&O��YD����J������PRO��
���PO��WULHWLODPLQ�ELODQ�WD\\RUODQJDQ�VXVSHQVL\DVL�
���PLQXW�GDYRPLGD�WRPFKLODWLE�TRµVKLOGL��6RµQJUD�
DUDODVKPD����R&�KDURUDWGD����� VRDW�GDYRPLGD�ELU�
PH\RUGD� DUDODVKWLULOGL�� +RVLO� ERµOJDQ� UHDNVL\D�
PDKVXORWL� ��� PLQXWJD� WLQGLULVKJD� TRµ\LOGL��
6RµQJUD� ��� PO� ��î���� VRYXT� VXY� \RUGDPLGD�
JLGUROL]� TLOLQLE�� NDWDOLWLN� TLVP� DMUDWLE� ROLQDGL� YD�
TROJDQ�RUJDQLN�TLVPL�HVD�\RUGDPLGD�GL[ORURPHWDQ�
���PO� ��î���� \RUGDPLGD� TD\WD-TD\WD� HNVWUDNVL\D�
TLOLQGL��2UJDQLN�TLVPL�&D&O��\RUGDPLGD�ELU�VXWND�
GDYRPLGD� TXULWLOLE�� ILOWUODE� ROLQGL� YD� HULWXYFKL�
RGGL\� KD\GDE� ROLQGL� YD� TROJDQ� TLVP� YDNXXPGD�
KD\GDOGL�� 5HDNVL\D�PDKVXORWODUL� 6LOLNDJHO� ��� NR�
ORQNDOL� [URPDWRJUDIL\D� \RUGDPLGD�$F2(W�JHNVDQ�
������HOXHQWODU�RµWND]LOLE��5I�TL\PDWL�DQLTODQGL�YD�
PDKVXORW�WR]D�KRODWGD�DMUDWLE�ROLQGL��1DWLMDGD������
J� UDQJVL]� VX\XT� PRGGD� 
�-�IHQLOHWLQLO�VLNORJHNVDQRO-�� ������ XQXP� ELODQ�
VLQWH]�TLOLQGL�� 

8VKEX� XVXO� ERµ\LFKD� ���-GLPHWLOSHQWLQ-�-
RO-��� �����-WULPHWLOSHQWLQ-�-RO-��� 
�-HWLQLODGDPDQWDQRO-��� �-IHQLOEXWLQ-�-RO-��� �-
�QDIWLO-��EXWLQ-�-RO-��� �-�IXUDQLO-��EXWLQ-�-RO-�� YD�
�-�SLULGLQLO-��EXWLQ-�-RO-�� NDEL� WHUPLQDO� DWVHWLOHQ�
VSLUWODULQLQJ� 6RQRJDVKLUD� ELULNLVK� UHDNVL\DVL�
DVRVLGD�PRV�UDYLVKGDJL�LQWHUQDO�DURPDWLN�DWVHWLOHQ�
VSLUWODUL�� MXPODGDQ� ���� XQXP� ELODQ� 
���-GLPHWLO-�-IHQLOSHQWLQ-�-RO-��� ���� XQXP� ELODQ�
�����-WULPHWLO-�-IHQLOSHQWLQ-�-RO-��� ���� XQXP�
ELODQ� �-��-IHQLOHWLQLO�DGDPDQWDQRO-��� ���� XQXP�
ELODQ� ���-GLIHQLOEXWLQ-�-RO-��� ���� XQXP� ELODQ� �-
�QDIWLO-��-�-IHQLOEXWLQ-�-RO-��� ���� XQXP� ELODQ� �-
�IXUDQLO-��-�-IHQLOEXWLQ-�-RO-��YD�����XQXP�ELODQ�
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�-IHQLO-�-�SLULGLQLO-��EXWLQ-�-RO-��VLQWH]�TLOLQGL�� 
 
1DWLMDODU�YD�PXKRNDPD 
2OLE� ERULOJDQ� LOPL\� WDGTLTRWODU� DVRVLGD�

NDWDOL]DWRU� VLIDWLGD� 3G�2$F��� YD� \RUGDPFKL�
NDWDOL]DWRU� VLIDWLGD� &X&O�� KDP� SURPRWɨU�� KDP�
HULWXYFKL� YD]LIDVLQL� EDMDUXYFKL� (W�1� YD� 0H&1�
+�2������� HULWXYFKL� DUDODVKPDVLGDQ� WD\\RUODQJDQ�
NDWDOLWLN� VLVWHPD� \RUGDPLGD� WHUPLQDO� DWVHWLOHQ�
VSLUWODU� -� ���-GLPHWLOSHQWLQ-�-RO-��� �����-
WULPHWLOSHQWLQ-�-RO-��� �-HWLQLOVLNORJHNVDQRO�� 
�-HWLQLODGDPDQWDQRO-��� �-IHQLOEXWLQ-�-RO-��� �-
�QDIWLO-��EXWLQ-�-RO-����-�IXUDQLO-��EXWLQ-�-RO-��YD�

�-�SLULGLQLO-��EXWLQ-�-RO-�� QLQJ� DVRVOL� PXKLWGD�
[ORUEHQ]RO� ELODQ� ROLE� ERULOJDQ� UHDNVL\DODUL�
QDWLMDVLGD� TX\LGDJL� LQWHUQDO� DURPDWLN� DWVHWLOHQ�
VSLUWODUL� –� ���-GLPHWLO-�-IHQLOSHQWLQ-�-RO-�� �����
�����-WULPHWLO-�-IHQLOSHQWLQ-�-RO-�� ����� �-��-
IHQLOHWLQLO�VLNORJHNVDQRO� ����� 
�-��-IHQLOHWLQLO�DGDPDQWDQRO-�� ����� ���-
GLIHQLOEXWLQ-�-RO-�� ����� �-�QDIWLO-��-�-IHQLOEXWLQ-�-
RO-��������-�IXUDQLO-��-�-IHQLOEXWLQ-�-RO-������YD��-
IHQLO-�-�SLULGLQLO-��EXWLQ-�-RO-�� ���� VLQWH]�
TLOLQJDQ�� 5HDNVL\D� V[HPDVL� TX\LGDJLFKD� WDNOLI�
HWLOGL�>��@�� 
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%X�\HUGD��5 �0H��5
 �L3U������5 �0H��5
 �W%X������55
 ��F+[������55
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 �ȕ1K������5 �0H��5
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CuCl

MeCN/H2O
CuCl+

OH
OH

5HDNVL\D� PH[DQL]PL�� �1DPXQD� VLIDWLGD� �� VLQWH]L� NHOWLULOJDQ�� 6RQRJDVKLUD� ELULNLVK�
UHDNVL\DVLQL� DPDOJD� RVKLULVK� XFKXQ� TRµVK� NDWDOL]DWRUODU� &X&O�3G�2$F��� WD¶VLULGD� ELU� SD\WGD� LNNLWD�
NDWDOLWLN� VLNO� DPDOJD� RVKDGL��%XQGD� ELULQFKL� NDWDOLWLN� VLNOGD� �-HWLQLOVLNORJHNVDQROQLQJ�PLV� �,�-[ORULG�
ELODQ�WD¶VLUODVKXYLGDQ�ʌ-NRPSOHNVQL�KRVLO�TLODGL��-DUD\RQGD�QXNOHRILO�HULWXYFKL�VLIDWLGD�0H&1�YD�VXY�
LVKWLURNLGD�ROLE�ERULOJDQ� 

6LVWHPDJD�TRµVKLOJDQ�WULHWLODPLQ�WDUNLELGDJL�D]RW�DWRPLQLQJ�ERJµ�KRVLO�TLOLVKGD�LVKWLURN�HWPDJDQ�
MXIW�HOHNWURQODUL�KLVRELJD�ʌ-NRPSOHNVQLQJ�YRGRURG�YD�[ORU�DWRPODUL�ELODQ�GRQRU�DNVHSWRU�ERJµODQLVK�DVR�
VLGD�ELULNWLULVKL�QDWLMDVLGD�PLV��,�-DWVHWLOHQLG�WX]L�ROLQDGL� 
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,QWHUQDO� DURPDWLN� DWVHWLOHQ� VSLUWODULQLQJ�

XQXPLJD� KDURUDW�� UHDNVL\D� GDYRPL\OLJL�� HULWXYFKL��
NDWDOL]DWRU� WDELDWL� KDPGD� ERVKODQJµLFK� PRGGDODU�
PRO�QLVEDWODUL�WD¶VLUL�WL]LPOL�WDKOLO�TLOLQGL��%XQGD� 

 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GDVWODE� WHUPLQDO� DWVHWLOHQ� VSLUWODUQLQJ� [ORUEHQ]RO�
ELODQ� UHDNVL\DVL� XFKXQ� &X-�3G�2$F���� &X&O�3G
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ROLE�ERULOGL���-UDVP��� 
5DVPGDQ� NRµULQLE� WXULEGLNL�� WDQODQJDQ�

NDWDOL]DWRUODU� LFKLGD�PDKVXORW� XQXPL� HQJ� \XTRUL��
TRµVKLPFKD� PDKVXORWODU� PLTGRUL� HQJ� NDP� KRVLO�
ERµOLVKL� UHDNVL\D� &X&O�3G�2$F��� NDWDOLWLN�
VLVWHPDGD� ROLE� ERULOJDQGD� NX]DWLOGL�� %L]JD�
PD¶OXPNL�� QXNOHRILO� ELULNLVK� UHDNVL\DODULGD�
NDUEDQLRQQL� QXNOHRILOOLQLJL� RVKLULVK� RUTDOL� \XTRUL�
XQXPQL� WD¶PLQODVK� XFKXQ� LVKTRUL\� PXKLW� WDODE�
HWLODGL�� 7DGTLTRWGD� QLVEDWDQ� NXFKOL� NLVORWD�
KLVREODQJDQ� &X-� GDQ� IR\GDODQLOJDQGD� PXKLWQLQJ�
LVKTRUL\OLJL� SDVD\LVKL�� RUDOLT� �DONRJRO\DWODU�� YD�
TRµVKLPFKD��NRPSOHNV�ELULNPDODU��ELULNPDODUQLQJ�
PLTGRUL� RUWLVKL� KLVRELJD� DURPDWLN� DWVHWLOHQ�
VSLUWODUL� XQXPL� VHOHNWLYOLJL� SDVD\LVKL� DQLTODQGL��
.URVV-ELULNLVK� UHDNVL\DVL� &X&O�3G�33K���&O��
NDWDOLWLN� VLVWHPDGD� ROLE� ERULOJDQLGD� PDKVXORW�
XQXPL� NHVNLQ� SDVD\LVKL� ��–���� GDQ� ����JD�� ��–��
���GDQ�����JD�� ��–����GDQ�����JD�� ��–����GDQ�
����JD����–����GDQ�����JD����–����GDQ�����JD���
–����GDQ�����JD����–����GDQ�����JD��NX]DWLOGL��
%XQJD� VDEDE� PROHNXODGDJL� 3G� JD� ELULNNDQ�
WULIHQLOIRVILQ� KDPGD� [ORU� UDGLNDOL� KLVRELJD� XQJD�

VXEVWUDWQL� ELULNLVKL� XFKXQ� ID]RYL\� WRµVLOJDQOLJLQL�
NHOWLULVKLPL]�PXPNLQ�� 

.URVV-ELULNLVK� MDUD\RQL�XFKXQ� HULWXYFKLODU�
WD¶VLUL� WDKOLO� TLOLQGL��4XWEOL� DSURWRQ� HULWXYFKLODU�–�
DWVHWRQLWULO� �0H&1��� GL[ORURPHWDQ� �&+�&O����
DWVHWRQ� �$6(�� KDPGD� WHWUDJLGURIXUDQ� �7*)��
LVKWLURNLGD� ROLE� ERULOGL� YD� PDKVXORW� XQXPL�
VDPDUDGRUOLJLJD� WD¶VLUL� RµUJDQLOGL� YD� ROLQJDQ�
QDWLMDODU��-MDGYDOGD�NHOWLULOGL�� 

)R\GDODQLOJDQ� TXWEOL� DSURWRQ� HULWXYFKLODU�
61�� UHDNVL\DODUL� XFKXQ� TXOD\� VKDURLWQL� QDPR\RQ�
TLOVDGD�� DPPR� QLVEDWDQ� PDKVXORW� XQXPLQLQJ�
0H&1�+�2� GD� \XTRUL� HNDQOLJL� WDKOLO� QDWLMDODUL�
DVRVLGD� DQLTODQGL�� 6LVWHPDGD� HULWXYFKL� VLIDWLGD�
VXYGDQ� KDP� IR\GDODQLVKJD� VDEDE� NDWDOL]DWRUQLQJ�
HULVKL� YD� GLVVRWVL\DODQLVK� GDUDMDVLQL� RVKLULVKJD�
TDUDWLOJDQ�� 1DWLMDGD� NDWDOL]DWRU� IDROOLJLQLQJ� RU�
WLVKL�� MDUD\RQQLQJ� ERULVKL� XFKXQ� \XTRUL� KDURUDWQL�
WDODE�HWPDVOLJLJD�ROLE�NHOGL��$GDEL\RW�PDQEDDODUL�
GDQ�PD¶OXPNL��6RQRJDVKLUD�UHDNVL\DODUL���-����R&�
KDURUDW� RUDOLJµLGD� DPDOJD� RVKLULOJDQ�� 8VKEX� MD�
UD\RQ�TX\LGDJLFKD�L]RKODQDGL� 

-0H&1� YD� 7*)� ELSRO\DU� DSURWRQ� HULWX�

,QWHUQDO�DWVHWLOHQ�VSLUWODUL 0DKVXORW�XQXPL��� 
� � � � � � � � 

0H&1�+�2 �� �� �� �� �� �� �� �� 

&+�&O��+�2 �� �� �� �� �� �� �� �� 

$6(�+�2 �� �� �� �� �� �� �� �� 

7*)�+�2 �� �� �� �� �� �� �� �� 

�--DGYDO 
,QWHUQDO�DURPDWLN�DWVHWLOHQ�VSLUWODUL�XQXPLJD�HULWXYFKLODU�WDELDWLQLQJ�WD¶VLUL 
�UHDNVL\D�GDYRPL\OLJL���VRDW��KDURUDW����R&��NDWDOL]DWRU�&X&O�3G�2$F��Ϳ 

�-5DVP��,QWHUQDO�DURPDWLN�DWVHWLOHQ�VSLUWODUL�XQXPLJD�NDWDOL]DWRU�WDELDWL�WD¶VLUL 
�UHDNVL\D�GDYRPL\OLJL���VRDW��KDURUDW����R&��HULWXYFKL�0H&1Ϳ͘ 
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YFKLODU� 6RQRJDVKLUD� UHDNVL\DODULQLQJ� ERULVKLQL�
RVRQODVKWLUGL�� %XQLQJ� ERLVL� RµUJDQLOJDQGD�� KDU�
LNNDOD� HULWXYFKLODU� VXY� ELODQ� MXGD� \D[VKL�
DUDODVKLVKL�� VKXQLQJGHN�� KDP� TXWEOL�� KDP� TXWEVL]�
PRGGDODUQL�\D[VKL�HULWD�ROLVKL��VLVWHPDGDJL�SURWRQ�
QL�Rµ]LJD�ELULNWLULVKL�RUTDOL��PXKLWQLQJ� LVKTRUL\OLJL�
\DQDGD� RVKLULVKL� QDWLMDVLGD� UHDNVL\DQLQJ� ERULVKLQL�
WH]ODVKWLUGL�� $PPR� 0H&1� JD� QLVEDWDQ� 7*)� GD�
TXWEOLOLN� QLVEDWDQ� TX\L� NRµUVDWNLFK� QDPR\RQ�
TLOJDQOLJL� ERLV� PDKVXORW� XQXPLGD� SDVD\LVK� NX]D�
WLOGL� 

-'L[ORURPHWDQ�YD�DWVHWRQGD�KDP�0H&1�JD�
QLVEDWDQ� SDVW� PDKVXORW� XQXPLQL� QDPR\RQ� TLOGL��
&KXQNL�� XODUQLQJ� PRV� UDYLVKGD� WULHWLODPLQ� YD� WHU�
PLQDO�DWVHWLOHQ�VSLUW�ELODQ�TRµVKLPFKD�UHDNVL\D�ERU�
LVKL�DQLTODQGL�� 

-0H&1� QLQJ� ERVKTD� HULWXYFKLODUJD� TDUD�
JDQGD�SDOODGL\��,,�-WX]ODULQL�MXGD�\D[VKL�HULWLE��VXV�
SHQVL\D� KRVLO� TLOLVKL� DQLTODQGL� KDPGD� XQLQJ� GLHO�
HNWULN�NRQVWDQWDVL� �İ �����YD�GLSRO�PRPHQWL� ������
'�� \XTRUL� ERµOJDQOLJL� VDEDEOL�� LQWHUQDO� DURPDWLN�
DWVHWLOHQ� VSLUWODU� VLQWH]� TLOLVKGD� HQJ� \XTRUL�
PDKVXORW�XQXPLQL����–��������–��������–��������
–��������–��������–��������–�����YD����–������
EHUGL�� 

-$WVHWRQQLQJ�NRµSJLQD�NHWRQODU�VLQJDUL�NH�
WR� YD� HQRO� WDXWRPHUL\DVL� PDYMXG� ERµOLVKL�� XQLQJ�
HULWPDGDJL� LRQODUQLQJ� ID]RYL\� WRµTQDVKXYODU� VR�
QLQLQJ�NDP�ERµOJDQOLJL��VKXQLQJGHN��GLSRO�PRPHQ�
WL� PLTGRUL� KDP� NLFKLNOLJL� VDEDEOL� UHDNVL\DGD�
PDKVXORW�XQXPLQLQJ�SDVD\LVKLJD�ROLE�NHODGL�� 

-7*)�GLHOHNWULN�RµWND]XYFKDQOLN�NRQVWDQWD�

5HDNVL\D�
GDYRPL\OLJL��VRDW 

+DURUDW� 
R& 

0DKVXORW�XQXPL��� 

� � � � � � � � 

� 

�� �� �� �� �� �� �� �� �� 

�� �� �� �� �� �� �� �� �� 

�� �� �� �� �� �� �� �� �� 

� 

�� �� �� �� �� �� �� �� �� 

�� �� �� �� �� �� �� �� �� 

�� �� �� �� �� �� �� �� �� 

�� 

�� �� �� �� �� �� �� �� �� 

�� �� �� �� �� �� �� �� �� 

�� �� �� �� �� �� �� �� �� 

�--DGYDO 
,QWHUQDO�DURPDWLN�DWVHWLOHQ�VSLUWODUL�XQXPLJD�KDURUDW�WD¶VLUL� 

�UHDNVL\D�GDYRPL\OLJL���VRDW��NDWDOL]DWRU�&X&O�3G�2$F����HULWXYFKL�0H&1� 

VL�SDVW�ERµOJDQOLJL��İ �������DONLQ�LRQODUQLQJ�NHWRQ�
ODU�ELODQ� ID]RYL\� WRµTQDVKXYODU� VRQLQLQJ�\HWDUOLFKD�
ERµOPDVOLJL� RTLEDWLGD�XQXPQLQJ�SDVD\LVKLJD� VDEDE�
ERµODGL� 

6RQRJDVKLUD� UHDNVL\DVL� PDKVXORW� XQXP�
GRUOLJLJD� KDURUDWQLQJ� WD¶VLUL� ��·��� R&� LQWHUYDO�
RUDOLJµLGD�RµUJDQLOGL����-MDGYDO��� 

5HDNVL\D� &X&O�3G�2$F���(W�1� NDWDOLWLN�
VLVWHPDVLGD� ��� R&� GD� �� VRDW� GDYRPLGD� ROLE�
ERULOJDQGD� LQWHUQDO� DURPDWLN� DWVHWLOHQ� VSLUWODUL�
\XTRUL� XQXPGD� FKLTLVKL� NX]DWLOGL�� .X]DWLOJDQ�
UHDNVL\D� MDUD\RQODULGDQ� PD¶OXP� ERµOGLNL�� MDUD\RQ�
��� R&� KDURUDW� RUDOLTGD� ROLE� ERULOJDQGD� UHDNVL\DJD�
NLULVKPDVGDQ� TROJDQ� ERVKODQJµLFK� PDKVXORWODUQL�
\XSTD�TDWODPOL�[URPDWRJUDIL\DGD�DQLTODQGL��EX�HVD�
PROHNXODODUQLQJ� WRµOLT� LRQODUJD� GLVVRWVL\DODQLVKL�
DPDOJD� RVKPDJDQOLJL� PDKVXORW� XQXPLQLQJ� \XTRUL�
ERµOPDVOLJLJD�VDEDE�ERµOJDQ� 

-DUD\RQ����R&�JDFKD�RVKLULOJDQGD�VLVWHPDGD�
WDQODQJDQ� SDOODGL\� �,,�� DWVHWDWQLQJ� ERVKODQJµLFK�
UHDJHQWODU� ELODQ� TRµVKLPFKD� PDKVXORWODU� KRVLO�
ERµOLVKL�� DURPDWLN� DWVHWLOHQ� VSLUWODUL� Rµ]DUR� ELULNLE�
\HQLQGLROODU� KRVLO� TLOLVKL��SROLPHUODQLVKL� QDWLMDVLGD�
VPRODVLPRQ� PDKVXORWODUQLQJ� SD\GR� ERµOLVKL�
PDKVXORW�XQXPLQLQJ�NHVNLQ�SDVD\LVKLJD�ROLE�NHOGL� 

ȺURPDWLN� DWVHWLOHQ� VSLUWODULQLQJ� XQXPLJD�
UHDNVL\D� GDYRPL\OLJLQLQJ� WD¶VLUL� �-��� VRDW�
RUDOLJµLGD� WDKOLOL� DPDOJD� RVKLULOGL� ��-MDGYDOGD�
NHOWLULOJDQ��� %XQGD� KDURUDW� ��� R&�� HULWXYFKL�
DWVHWRQLWULO� PXKLWLGD� �� VRDW� GDYRPLGD� ROLE�
ERULOJDQGD�� ERVKODQJµLFK� UHDJHQW� ��-
HWLQLOVLNORJHNVDQRO��YD�VXEVWUDW��[ORUEHQ]RO��Rµ]DUR�
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WRµOLT�UHDNVL\DJD�NLULVKPDVGDQ�TROJDQOLJLQL�\XSTD�
TDWODPOL� [URPDWRJUDIL\D� DQDOL]L� RUTDOL� DQLTODQGL��
VKX� VDEDEOL� KDP� VDPDUDOL� PDKVXORW� XQXPLJD�
HULVKLOPDJDQ�� 5HDNVL\D� �� VRDW� GDYRPLGD� ROLE�
ERULOJDQLGD�WRµOLTURT�RKLULJDFKD�ERUJDQOLJLQL�IL]LN-
NLP\RYL\� WDKOLO� QDWLMDODUL� NRµUVDWGL�� EX� HVD�
ERVKODQJµLFK� PRGGDODU� 0H&1� GD� WRµOLT� HULE��
\XTRUL� GDUDMDGD� GLVVRWVL\DODQLVKQL� QDPR\RQ�
TLOJDQOLJL�� [ORUEHQ]RO� WD¶VLULGD� 3G�2$F��� QLQJ�
RNVLGODQLVKLGDQ� 3G� DWRPLQLQJ� ��� RNVLGODQLVK�
GDUDMDGDQ� ��� RNVLGODQLVK� GDUDMDJD� RµWLVKL� YD�
QDWLMDGD� DULO� YD� [ORUQL� Rµ]LJD� ELULNWLULVKL� \D¶QL�
³RNVLGODE� ELULNLVK´� ERVTLFKL� XFKXQ� KDPGD� FKLTLE�
NHWXYFKL�[ORU�PROHNXODVLQL�PLV� �,�� DWVHWLOHQLGQLQJ�
NDUEDQLRQ� TLVPLJD� DOPDVKLQLVKL� QDWLMDVLGD�
SDOODGL\QLQJ� YDOHQWOLJL� 3G�� JDFKD� TD\WDULOLE��
VRµQJUD� HOLPLQLUODQLVKL� XFKXQ� RSWLPDO� GDYU�
ERµOJDQOLJL�� LQWHUQDO� DURPDWLN� DWVHWLOHQ�
VSLUWODULQLQJ�XQXPLQL�\D¶QL���-����GDQ�����JD���-�
���GDQ�����JD���-����GDQ�����JD���-����GDQ�����
JD���-����GDQ�����JD���-����GDQ�����JD���-����GDQ�
����JD���-����GDQ�����JD�RµVKLVKLJD�ROLE�NHOJDQ�� 

5HDNVL\D� GDYRPL\OLJLQL� ��� VRDWJD�
RVKLUJDQLPL]GD� PXUDNNDE� DONRJRO\DWODU��
SROLDWVHWLOHQ� VSLUWODU�� HQLQGLROODU�� VPRODVLPRQ� YD�
SROLPHU� PDKVXORWODU� KRVLO� ERµOLVKL� QDWLMDVLGD�
DURPDWLN� DWVHWLOHQ� VSLUWODUL� XQXPLGD� SDVD\LVK�
NX]DWLOGL�� 0DVDODQ�� VLVWHPDGDJL� �-
HWLQLOVLNORJHNVDQROQLQJ� Rµ]DUR� ELULNLVKL� DVRVLGD�
TRµVKLPFKD�PDKVXORW� VLIDWLGD����
-��-EXWHQ-�-GLLO�
GLVLNORJHNVDQRO-��� KRVLO� ERµOLVKL� QDWLMDVLGD� DVRVL\�
PDKVXORW�XQXPLQLQJ�SDVD\LVKLJD�ROLE�NHODGL�� 

8QJD� NRµUD� NDWDOL]DWRU�PLTGRUL� ������PRO�
ROLQJDQGD� DURPDWLN� DWVHWLOHQ� VSLUWODUL� KRVLO� ERµOLVK�
XQXPLQLQJ� SDVWOLJL�� EXQJD� NDWDOLWLN� IDRO�
PDUND]ODUQLQJ� NDP� KRVLO� ERµOLVKL� KDPGD� UHDNVL�
\DQLQJ� IDROODQLVK� HQHUJL\DVLQLQJ� \XTRULOLJL� VDEDE�
VLIDWLGD�NHOWLULVK�PXPNLQ��.DWDOL]DWRU�PLTGRUL������
PRO�ROLQJDQGD�HVD�HQJ�\XTRUL�XQXP�NRµUVDWNLFKLQL�
KRVLO� TLOGL�� DPPR� NDWDOL]DWRUQLQJ� \DQDGD� RVKLULVK�
UHDNVL\D� VHOHNWLYOLJLQL� SDVD\LVKLJD� VDEDE� ERµOGL��
7D¶NLGODE� RµWLVK� MRL]NL�� PLTGRUQLQJ� RVKLULOLVKL�
VLVWHPDGD� TRµVKLPFKD� UHDNVL\DODUQLQJ� ERULVKL��
\D¶QL� VLQWH]�ERµOJDQ� LQWHUQDO� DWVHWLOHQ� VSLUWODULQLQJ�
RUWLTFKD� NDWDOL]DWRUODU� ELODQ� WD¶VLUODVKLE� DONRJRO\�
DWODU� KRVLO� TLOLVKL� VKXQLQJGHN�� SROLPHU�

MeCN
OH

10 soat, 40 oC
2

OH

OH

�-5DVP��$WVHWLOHQ�GLROODUL�XQXPLJD�NDWDOL]DWRU�PLTGRUL�WD¶VLUL� 
;ŚĂƌŽƌĂƚ�ϰϬ�Ž�͕�ĞƌŝƚƵǀĐŚŝ�DĞ�E͕�ƌĞĂŬƐŝǇĂ�ĚĂǀŽŵŝǇůŝŐŝ�ϴ�ƐŽĂƚ͕�ƚĞƌŵŝŶĂů�

ĂƚƐĞƟůĞŶ�ƐƉŝƌƚ͗�ǆůŽƌďĞŶǌŽů�ϭ͕ϱ͗ϭ�ŵŽů�ŶŝƐďĂƚĚĂͿ͘� 

PDKVXORWODUJD� D\ODQLVKL� WDKOLO� QDWLMDODUL� RUTDOL�
DQLTODQJDQ� 

2OLE� ERULOJDQ� WDGTLTRW� QDWLMDODULJD� NRµUD��
WDQODQJDQ� WHUPLQDO� DWVHWLOHQ� VSLUWODULQL� [ORUEHQ]RO�
ELODQ� 6RQRJDVKLUD� ELULNLVK� UHDNVL\DVL� &X&O�3G
�2$F���(W�1�NDWDOLWLN�VLVWHPD�\RUGDPLGD��&X&O�3G
�2$F���(W�1� Rµ]DUR� HNYLPRO\DU� QLVEDWGD�� 0H&1�
HULWPDVLGD�� �� VRDW� GDYRPLGD�� ���R&�KDURUDWGD�ROLE�
ERULOJDQGD� LQWHUQDO� DURPDWLN� DWVHWLOHQ� VSLUWODUL� HQJ�
\XTRUL�XQXP���-�������-�������-�������-�������-�
������-�������-�������-������ELODQ�VLQWH]�TLOLQGL�
YD�MDUD\RQ�XFKXQ�PXTRELO�VKDURLW�TLOLE�WDQODQGL� 

6LQWH]� TLOLQJDQ� DWVHWLOHQ� GLROODULQLQJ�
WR]DOLJL�� WDUNLEL�� WX]LOLVKL� YD� [XVXVL\� [RVVDODUL�
]DPRQDYL\� ,4-�� �+-<$05�� ��&-<$05�
VSHNWURVNRSL\D�� PDVV� VSHNWURPHWUL\D��
[URPDWRJUDILN� �<84;�� .;��� NYDQW-NLP\RYL\��
ELRORJLN� YD� ERVKTD� IL]LN-NLP\RYL\� WDGTLTRW�
XVXOODUL� \RUGDPLGD� WDKOLO� TLOLQGL�� ;XVXVL\�
NRQVWDQWDODUL� DQLTODQGL�� HQHUJHWLN� YD� NYDQW-
NLP\RYL\� NDWWDOLNODUL� KLVREODQGL�� PROHNXODGDJL�
DWRPODU� ]DU\DGODUL�� HOHNWURQODU� ]LFKOLJL� YD� RSWLN�
WDTVLPODQLVKL� NDEL� [RVVDODUL� PD[VXV� GDVWXUODU�
DVRVLGD�WDGTLT�TLOLQGL� 

 
;XORVD 
,ON�ERU�WXUOL�[LO�WDELDWJD�HJD�ERµOJDQ�WHUPLQDO�

DWVHWLOHQ� VSLUWODULQLQJ� [ORUEHQ]RO� ELODQ� 6RQRJRVKLUD�
ELULNLVK�UHDNVL\DVL�DVRVLGD�LQWHUQDO�DURPDWLN�DWVHWLOHQ�
VSLUWODUL-� ���-GLPHWLO-�-IHQLOSHQWLQ-�-RO-��� �����-
WULPHWLO-�-IHQLOSHQWLQ-�-RO-��� �-��-IHQLOHWLQLO�
VLNORJHNVDQRO�� �-��-IHQLOHWLQLO�DGDPDQWDQRO-��� ���-
GLIHQLOEXWLQ-�-RO-����-�QDIWLO-��-�-IHQLOEXWLQ-�-RO-����
-�IXUDQLO-��-�-IHQLOEXWLQ-�-RO-��YD��-IHQLO-�-�SLULGLQLO
-��EXWLQ-�-RO-��VLQWH]L�TLOLQJDQ� 

0DKVXORW� XQXPLJD� KDURUDW�� UHDNVL\D�
GDYRPL\OLJL�� HULWXYFKLODU�� NDWDOL]DWRU�� UHDJHQW� YD�
VXEVWUDWODUQLQJ� WDELDWL� YD� PLTGRUODUL� WD¶VLUL�



 

CHEMISTRY AND CHEMICAL ENGINEERING 
ɏɂɆɂə�ɂ�ɏɂɆɂɑȿɋɄȺə�ɌȿɏɇɈɅɈȽɂə  �
���� .�, �0�<�2  

YD �NLP\R � W H[QR ORJ L\DV L  
�� 

&$7$/<6,6�$1'�5($&7,21�(1*,1((5,1* 
ɌȿɏɇɈɅɈȽɂə�ɄȺɌȺɅɂɁȺ�ɂ�ɊȿȺɄɐɂɃ 

.$7$/,=�9$�5($.6,<$�7(;12/2*,<$6, 

 

5()(5(1&(6 
 

�� .DQZDO��,���0XMDKLG��$���5DVRRO��1���5L]ZDQ��.���0DOLN��$���$KPDG��*���1DVLU��1�0��3DOODGLXP�DQG�&RSSHU�&DWDO\]HG�6RQRJDVKLUD�FURVV�
&RXSOLQJ� DQ� ([FHOOHQW�0HWKRGRORJ\� IRU� &-&�%RQG� )RUPDWLRQ� RYHU� ���<HDUV�� $� 5HYLHZ��&DWDO\VWV�� ������ ���� ��� ����� '2,�� ��������
FDWDO��������� 

�� .XPDU��*��5���5DMHVK��0���/LQ��6���	�/LX��6��3URSDUJ\OLF�$OFRKROV�DV�&RXSOLQJ�3DUWQHUV�LQ�7UDQVLWLRQဨ0HWDOဨ&DWDO\]HG�$UHQH�&í+�$FWLYD�
WLRQ��$GYDQFHG�6\QWKHVLV�	�&DWDO\VLV���������������������-������'2,����������DGVF���������� 

�� 0RKMHU��)���0RIDWHKQLD��3���5DQJUD]��<���	�+HUDYL��0��0��3G-IUHH��6RQRJDVKLUD�FURVV-FRXSOLQJ�UHDFWLRQ��$Q�XSGDWH��-RXUQDO�RI�2UJDQRPH�
WDOOLF�&KHPLVWU\�������������������������'2,����������M�MRUJDQFKHP������������ 

�� ���<DQJ��<���&KHZ��;���-RKDQQHV��&��:���5RELQV��(��*���-RQJ��+���	�/LP��<��+��$�9HUVDWLOH�DQG�(IILFLHQW�3DOODGLXP-PHWD-7HUDU\OSKRVSKLQH�
&DWDO\VW� IRU� WKH�&RSSHU-)UHH� 6RQRJDVKLUD�&RXSOLQJ� RI� �+HWHUR-�$U\O�&KORULGHV� DQG�$ON\QHV��(XURSHDQ� -RXUQDO� RI�2UJDQLF�&KHPLVWU\��
��������������-������'2,����������HMRF���������� 

�� 6XQ��6���:DQJ��%���*X��1���<X��-�-7���&KHQJ��-��3DOODGLXP-&DWDO\]HG�$U\OFDUER[\ODWLRQ�RI�3URSDUJ\OLF�$OFRKROV�ZLWK�&2��DQG�$U\O�+DO�
LGHV�� $FFHVV� WR� )XQFWLRQDOL]HG� Į-$ON\OLGHQH� &\FOLF� &DUERQDWHV�� 2UJDQLF� /HWWHUV�� ������ ������ ����-������ '2,�� ��������
DFV�RUJOHWW��E������ 

�� 0XUDVKNLQD�$�9���0LWURIDQRY�$�<8���%HOHWVND\D�,�3��0HG
�Y�UHDNWVL\DNK�NURVV-VRFKHWDQL\D��,��5HDNWVL\D�VRQRJDVKLU\-NKDJLNKDUD�>&RSSHU�
LQ� FURVV-FRXSOLQJ� UHDFWLRQV�� ,�� 6RQRJDVKLUD-KDJLKDUD� UHDFWLRQ@�� =KXUQDO� RUJDQLFKHVNR\� NKLPLL�� ������ ������� ����-������ '2,�� ��������
6���������������; 

�� &KRZ��+�-)���:DQ��&�-:���/RZ��.�-+���	�<HXQJ��$�+LJKO\�6HOHFWLYH�6\QWKHVLV�RI�'LDU\OHWK\QHV�DQG�7KHLU�2OLJRPHUV�E\�D�3DOODGLXP-
&DWDO\]HG�6RQRJDVKLUD�&RXSOLQJ�5HDFWLRQ�XQGHU�3KDVH�7UDQVIHU�&RQGLWLRQV��7KH�-RXUQDO�RI�2UJDQLF�&KHPLVWU\������������������-������
'2,���������MR������T 

�� <L��&�<���+XD��5��0���=HQJ��+�;���+XDQJ��4�)��3DOODGLXP-&DWDO\]HG�(IILFLHQW�DQG�2QH-3RW�6\QWKHVLV�RI�'LDU\ODFHW\OHQHV�IURP�WKH�5HDF�
WLRQ� RI� $U\O� &KORULGHV� ZLWK� �-0HWK\O-�-EXW\Q-�-RO�� $GYDQFHG� 6\QWKHVLV� DQG� &DWDO\VLV�� ������ ����� ���� ����-������ '2,�� ��������
DGVF����������� 

�� +XQJ�� 7�-7��� +XDQJ��&�-0���	� 7VDL�� )�-<�� 6RQRJDVKLUD-+DJLKDUD�&RXSOLQJ� WRZDUGV�'LDU\O� $ON\QHV� &DWDO\]HG� E\� )H&O�2+�ڄ��&DWLRQLF�
���¶-%LS\ULG\O��&KHP&DW&KHP����������������-�����'2,����������FFWF���������� 

��� +X��+���<DQJ��)���	�:X��<��3DOODGDF\FOH-&DWDO\]HG�'HDFHWRQDWLYH�6RQRJDVKLUD�&RXSOLQJ�RI�$U\O�3URSDUJ\O�$OFRKROV�ZLWK�$U\O�&KORULGHV��
7KH�-RXUQDO�RI�2UJDQLF�&KHPLVWU\��������������������-�������'2,����������MR������� 

��� &KHQ��;LD��=KRX��;LDR-<X��$�&RQYHQLHQW��(IILFLHQW�� DQG� ,QH[SHQVLYH�&RSSHU� �,��&RPSOH[�&DWDO\]HG�6RQRJDVKLUD�&URVV-&RXSOLQJ�RI�R-
,RGRDQLOLQHV�ZLWK�7HUPLQDO�$ON\QHV��6\QWKHVLV-6WXWWJDUW��������������������-������'2,����������D-����-����� 

��� 0LNXV�3XULƼã��/XFDV�(LFKHQEHUJHU��-pU{PH�:DVHU��6\QWKHVLV�RI�SURSDUJ\O�VLODQHV�IURP�WHUPLQDO�DON\QHV�ǀŝĂ�D�PLJUDWRU\�6RQRJDVKLUD�UHDF�
WLRQ��&KHPLFDO�&RPPXQLFDWLRQV��������������������-������'2,����������'�&&�����' 

��� <XU\�1�� .RWRYVKFKLNRY��$UWHP�$�� %LQ\DNRYVN\�� *HQQDGLM� 9�� /DW\VKHY��1LNROD\�9�� /XNDVKHY�DQG� ,ULQD� 3��%HOHWVND\D� &RSSHU-FDWDO\]HG�
GHDFHWRQDWLYH�6RQRJDVKLUD�FRXSOLQJ��KƌŐĂŶŝĐ�%LRPROHFXODU�&KHPLVWU\����������������-������'2,����������MR������S 

��� ;LDRELQJ�=KDQJ��=KDQ�/X��&KXQOLQJ�)X��6KHQJPLQJ�0D��6\QWKHVLV�RI�SRO\VXEVWLWXWHG�IXUDQV�EDVHG�RQ�D�VWHSZLVH�6RQRJDVKLUD�FRXSOLQJ�RI�
�=�-�-LRGRDON-�-HQ-�-ROV�ZLWK�WHUPLQDO�SURSDUJ\OLF�DOFRKROV�DQG�VXEVHTXHQW�$X�,�-�RU�3G�,,�-FDWDO\]HG�F\FOL]DWLRQ-DURPDWL]DWLRQ�YLD�HOLPL�
QDWLRQ�RI�+�2��-RXUQDO�RI�2UJDQLF�&KHPLVWU\�������������������-������'2,����������MR������S 

��� /DXHU��0��*���+HDGIRUG��%��5���*REEOH��2��0���:H\KDXSW��0��%���*HUODFK��'��/���=HOOHU��0���	�6KDXJKQHVV\��.�+��$�7ULDON\OSKRVSKLQH-
'HULYHG�3DOODGDF\FOH�DV�D�&DWDO\VW�LQ�WKH�6HOHFWLYH�&URVV-'LPHUL]DWLRQ�RI�7HUPLQDO�$U\ODFHW\OHQHV�ZLWK�7HUPLQDO�3URSDUJ\O�$OFRKROV�DQG�
$PLGHV��$&6�&DWDO\VLV�������������������-������'2,����������DFVFDWDO��E����� 

��� )HUUD]]DQR��/���0DUWHOOL��*���)DQWRQL��7���'DND��$���&RUELVLHUR��'���9LROD��$���7RORPHOOL��$��)DVW�+HFN–&DVVDU–6RQRJDVKLUD��+&6��5HDF�
WLRQV�LQ�*UHHQ�6ROYHQWV��2UJDQLF�/HWWHUV��������������������-�����'2,����������DFV�RUJOHWW��F����� 

��� )DWK��5��+���	�+RVHLQL��6�� -��&RSSHU�,�� FRPSOH[� FRYDOHQWO\� DQFKRUHG�RQ�JUDSKHQH�R[LGH� DV�DQ� HIILFLHQW�DQG� UHF\FODEOH� FDWDO\VW� IRU�6R�
QRJDVKLUD�UHDFWLRQ��$SSOLHG�2UJDQRPHWDOOLF�&KHPLVWU\�������������-���'2,����������DRF����� 

��� /LX��<���%ODQFKDUG��9���'DQRXQ��*���=KDQJ��=���7OLOL��$���=KDQJ��:���7DLOOHIHU��0��&RSSHU-&DWDO\]HG�6RQRJDVKLUD�5HDFWLRQ�LQ�:DWHU��&KHP�
LVWU\�6HOHFW�������������������-�������'2,����������VOFW���������� 

 

RµUJDQLOJDQ��7DGTLTRWODU� WDKOLOL� QDWLMDVLGD� MDUD\RQ�
XFKXQ� PXTRELO� VKDURLW� WRSLOJDQ� YD� UHDNVL\D�
MDUD\RQLQLQJ� PH[DQL]PL� LVKODE� FKLTLOJDQ�� 6LQWH]�
TLOLQJDQ� LQWHUQDO� DURPDWLN� DWVHWLOHQ� VSLUWODULQLQJ�
WDUNLEL�� WR]DOLJL� YD� WX]LOLVKL� ]DPRQDYL\� IL]LN-
NLP\RYL\�XVXOODUGD�LVERWODQJDQ�� 

7HUPLQDO� DWVHWLOHQ� VSLUWODU�PROHNXODVLGDJL�
RµULQERVDUODUQLQJ�WDELDWL�YD�XODUQLQJ�ID]RYL\�WD¶VLU�

HWLVK�[RVVDVLJD�NRµUD�UHDNVL\D�ERULVKL�YD�PDKVXORW�
XQXPLJD�WD¶VLU�HWLVK�TRQXQL\DWL�WRSLOGL��XQJD�NRµUD�
�-�QDIWLO-��EXWLQ-�-RO-�����-�SLULGLQLO-��EXWLQ-�-RO-
�����-�IXUDQLO-��EXWLQ-�-RO-�����-IHQLOEXWLQ-�-RO-��
�� �-HWLQLODGDPDQWDQRO-�� �� �����-WULPHWLOSHQWLQ-�-
RO-�� �� ���-GLPHWLOSHQWLQ-�-RO-��� �-
HWLQLOVLNORJHNVDQRO�ERµ\LFKD�HWLQLOODVK�UHDNVL\DVLQL�
VDPDUDGRUOLJL�RVKLE�ERULVKL�DQLTODQJDQ�� 
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6<17+(6,6�$1'�7(&+12/2*<�2)�9,1</�(67(56�2)�$520$7,&�
&$5%2;</,&�$&,'6�%$6('�21�9,1</�$&(7$7( 
 
$VNDU�%��3$50$129���DVTDU�SDUPDQRY#PDLO�UX� 
6XYDQNXO�(��1850$129���QXUPRQRYBVH#PDLO�UX� 
6DLGD�6��$%'85$.+0$129$���VDLGDRLOJDV#PDLO�UX� 
6DUYLQR]�,��7,5.$6+(9$���VDUYLQR]LVRTRYQD#PDLO�UX� 
%HJ]RG�)��$'$6+(9���EHJ]RGDGDVKHY�#JPDLO�FRP� 
�1DWLRQDO�8QLYHUVLW\�RI�8]EHNLVWDQ��7DVKNHQW��8]EHNLVWDQ 
�-L]]DNK�6WDWH�3HGDJRJLFDO�8QLYHUVLW\��-L]]DNK��8]EHNLVWDQ 
 

,Q� WKLV�ZRUN� WKH� YLQ\ODWLRQ� UHDFWLRQV�RI�DURPDWLF� FDUER[\OLF� DFLGV�ZLWK� YLQ\O�DFHWDWH��ZKLFK�FRQWDLQ�YDULRXV� VXEVWLWXHQWV�� LQ� WKH�
SUHVHQFH� RI� �-FKORUR-���-GLPHWKR[\-�����-WULD]LQH� ZHUH� VWXGLHG� IRU� WKH� ILUVW� WLPH�� 7KH� LQIOXHQFH� RI� WKH� QDWXUH� RI� WKH� VWDUWLQJ� PDWHULDOV��
WHPSHUDWXUH�� UHDFWLRQ� GXUDWLRQ�� VROYHQW� DQG� UHDJHQWV� -� ]LQF� WULIODWH� �=Q�27I���� ���-GLSKHQ\OELQDSKWKRO� ����
-3K�%,12/-�/L��� WHUWLDU\�
SRWDVVLXP�EXW\ODWH��.2WU%X���EXW\OOLWKLXP��%X/L��IRU�WKH�V\QWKHVLV�RI�YLQ\O�HVWHUV��7KH�V\QWKHVLV�RI�YLQ\O�HVWHUV�RI�DURPDWLF�FDUER[\OLF�DFLGV�
ZDV� FDUULHG� RXW�� EHQ]RLɫ�� �-SKHQ\ODFHWLF�� �-PHWK\OEHQ]RLF�� �-PHWKR[\EHQ]RLF�� ���-GLPHWKR[\EHQ]RLF�� �-EURPEHQ]RLF�� �-EURPEHQ]RLF�� �-
IOXRUREHQ]RLF�� �-QLWUREHQ]RLF�� �-QLWUREHQ]RLF�� �-WHUWLDU\� EXW\OEHQ]RLF�� �-FKORUREHQ]RLF�� �-FKORUREHQ]RLF�� �-K\GUR[\EHQ]RLF� DQG� �-
K\GUR[\EHQ]RLF�DFLGV�KDV�EHHQ�VWXGLHG��7KH�VWUXFWXUH�RI�V\QWKHVL]HG�YLQ\O�HVWHUV�KDV�EHHQ�GHWHUPLQHG�E\�PRGHUQ�SK\VLFDO�PHWKRGV�DQG�D�
WHFKQRORJLFDO�VFKHPH�IRU�WKHLU�SURGXFWLRQ�KDV�EHHQ�HODERUDWHG� 

 
.H\ZRUGV��YLQ\ODFHWDWH��DURPDWLF�FDUER[\OLF�DFLG��YLQ\O�VXEVWLWXWLRQ�UHDFWLRQ��YLQ\O�HVWHU���-FKORUR-���-GLPHWKR[\-�����-WULD]LQH� 

ɌȿɏɇɈɅɈȽɂə�ɋɂɇɌȿɁȺ�ȼɂɇɂɅɈȼɕɏ�ɗɎɂɊɈȼ�ȺɊɈɆȺɌɂɑȿɋɄɂɏ� 
ɄȺɊȻɈɇɈȼɕɏ�ɄɂɋɅɈɌ�ɇȺ�ɈɋɇɈȼȿ�ȼɂɇɂɅȺɐȿɌȺɌȺ� 
 
Ⱥɫɤɚɪ�Ȼ��ɉȺɊɆȺɇɈȼ���DVTDU�SDUPDQRY#PDLO�UX� 
ɋɭɜɚɧɤɭɥ�ɗ��ɇɍɊɆȺɇɈȼ���QXUPRQRYBVH#PDLO�UX�� 
ɋɚɢɞɚ�ɋ��ȺȻȾɍɊɍɏɆȺɇɈȼȺ���VDLGDRLOJDV#PDLO�UX� 
ɋɚɪɜɢɧɨɡ�ɂ��ɌɂɊɄȺɒȿȼȺ���VDUYLQR]LVRTRYQD#PDLO�UX� 
Ȼɟɝɡɨɞ�Ɏ��ȺȾȺɒȿȼ���EHJ]RGDGDVKHY�#JPDLO�FRP� 
�ɇɚɰɢɨɧɚɥɶɧɵɣ�ɭɧɢɜɟɪɫɢɬɟɬ�ɍɡɛɟɤɢɫɬɚɧɚ��Ɍɚɲɤɟɧɬ��ɍɡɛɟɤɢɫɬɚɧ 
�Ⱦɠɢɡɚɤɫɤɢɣ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ�ɩɟɞɚɝɨɝɢɱɟɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ��Ⱦɠɢɡɚɤ��ɍɡɛɟɤɢɫɬɚɧ� 
 

ȼ� ɪɚɛɨɬɟ� ɜɩɟɪɜɵɟ� ɛɵɥɢ� ɢɡɭɱɟɧɵ� ɪɟɚɤɰɢɢ� ɜɢɧɢɥɢɪɨɜɚɧɢɹ� ɜɢɧɢɥɚɰɟɬɚɬɨɦ� ɚɪɨɦɚɬɢɱɟɫɤɢɯ� ɤɚɪɛɨɧɨɜɵɯ� ɤɢɫɥɨɬ�� ɤɨɬɨɪɵɟ�
ɫɨɞɟɪɠɚɬ�ɪɚɡɥɢɱɧɵɟ�ɡɚɦɟɫɬɢɬɟɥɢ��ɜ�ɩɪɢɫɭɬɫɬɜɢɢ��-ɯɥɨɪ-���-ɞɢɦɟɬɨɤɫɢ-�����-ɬɪɢɚɡɢɧɚ��ɂɫɫɥɟɞɨɜɚɧɨ�ɜɥɢɹɧɢɟ�ɩɪɢɪɨɞɵ�ɢɫɯɨɞɧɵɯ�
ɜɟɳɟɫɬɜ�� ɬɟɦɩɟɪɚɬɭɪɵ�� ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ� ɪɟɚɤɰɢɢ�� ɪɚɫɬɜɨɪɢɬɟɥɹ� ɢ� ɪɟɚɝɟɧɬɨɜ� -� ɬɪɢɮɥɚɬ� ɰɢɧɤɚ� �=Q�27I����� ���-
ɞɢɮɟɧɢɥɛɢɧɚɮɬɨɥ� ����
-3K�%,12/-�/L��� ɬɪɟɬɢɱɧɵɣ� ɛɭɬɢɥɚɬ� ɤɚɥɢɹ� �.2WU%X��� ɛɭɬɢɥɥɢɬɢɣ� �%X/L�� ɧɚ� ɫɢɧɬɟɡ� ɜɢɧɢɥɨɜɵɯ� ɷɮɢɪɨɜ��
Ɉɫɭɳɟɫɬɜɥɟɧ� ɫɢɧɬɟɡ� ɜɢɧɢɥɨɜɵɯ� ɷɮɢɪɨɜ� ɚɪɨɦɚɬɢɱɟɫɤɢɯ� ɤɚɪɛɨɧɨɜɵɯ� ɤɢɫɥɨɬ�� ɛɟɧɡɨɣɧɨɣ�� �-ɮɟɧɢɥɭɤɭɫɧɨɣ�� �-ɦɟɬɢɥɛɟɧɡɨɣɧɨɣ�� �-
ɦɟɬɨɤɫɢɛɟɧɡɨɣɧɨɣ�� ���-ɞɢɦɟɬɨɤɫɢɛɟɧɡɨɣɧɨɣ�� �-ɛɪɨɦɛɟɧɡɨɣɧɨɣ�� �-ɛɪɨɦɛɟɧɡɨɣɧɨɣ�� �-ɮɬɨɪɛɟɧɡɨɣɧɨɣ�� �-ɧɢɬɪɨɛɟɧɡɨɣɧɨɣ�� �-
ɧɢɬɪɨɛɟɧɡɨɣɧɨɣ�� �-ɬɪɟɬɢɱɧɵɣ� ɛɭɬɢɥɛɟɧɡɨɣɧɨɣ�� �-ɯɥɨɪɛɟɧɡɨɣɧɨɣ�� �-ɯɥɨɪɛɟɧɡɨɣɧɨɣ�� �-ɝɢɞɪɨɤɫɢɛɟɧɡɨɣɧɨɣ� ɢ� �-ɝɢɞɪɨɤɫɢɛɟɧɡɨɣɧɨɣ�
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ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ�ɫɯɟɦɚ�ɢɯ�ɩɨɥɭɱɟɧɢɹ� 
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IL]LN-WDGTLTRW�XVXOODULGD�DQLTODQJDQ�YD�XODUQL�ROLVKQL�WH[QRORJLN�V[HPDVL�LVKODE�FKLTLOJDQ� 
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.LULVK 

.DUERQ� NLVORWDODU� DVRVLGD� WXUOL� [RVVDODUJD�
HJD�ELULNPDODU�ROLQDGL��.DUERQ�NLVORWDODUQLQJ�YLQLO�
HILUODUL� NHQJ� WDUTDOJDQ� ELULNPDODU� EɨµOLE�� \HQJLO�
VDQRDW�PDWHULDOODUL�� WHULQL�TD\WD� LVKODVK��TRJµR]�YD�
\RJµRFK� PDWHULDOODUL� XFKXQ� Eɨµ\RTODU� VLIDWLGD�
LVKODWLODGL� >�@�� .DUERQ� NLVORWD� HILUODUL� RGDWGD�

NDUERQ� NLVORWD� YD� VSLUWODUGDQ� HWHULILNDWVL\D�
UHDNVL\DVL� RUTDOL� VLQWH]� TLOLQDGL�� %XQGDQ� WDVKTDUL�
HSRNVLG�� NLVORWD� JDORJHQLGL� \RNL� NLVORWD�
DQJLGULGODULGDQ� KDP� PRV� UDYLVKGDJL� HILUODU� VLQWH]�
TLOLQDGL�� $PPR� EX� XVXOODUQL� NDUERQ� NLVORWD� YLQLO�
HILUODUL� XFKXQ� TɨµOODE� EɨµOPD\GL�� &KXQNL� UHDNVL\D�
VKDURLWLGD�YLQLO� HILUODUQLQJ�EDUTDURUOLJL�SDVW�EɨµOLE��
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NDWDOL]DWRUODULQLQJ� VDPDUDGRUOLJL� TRQLTDUOL� HPDV��
.DWDOLWLN� PLTGRUGDJL� 3Gɏ��&+�&1��� ELODQ� YLQLO�
DOPDVKLQLVK� UHDNVL\DODUL� RUTDOL� ���� JDFKD� XQXP�
ELODQ� YLQLO� HILUODU� VLQWH]� TLOLVKJD� HULVKLOJDQ��
<XTRULGD� D\WLE� ɨµWLOJDQ� NDWDOL]DWRUODU� LVKWLURNLGD�
\XTRUL� XQXP� ELODQ� YLQLO� HILUODUQL� ROLVK� XFKXQ�
NDWDOL]DWRUQLQJ� IDROOLJL� YD� VHOHNWLYOLJLQL� RVKLULVK�
XFKXQ� WXUOL� TɨµVKLPFKD� OLJDQG� YD� HULWXYFKLODUGDQ�
�WROXRO� \RNL� 7*)�� IR\GDODQLODGL�� 4ɨµVKLPFKD�
OLJDQG� TɨµOODPDVGDQ� YLQLODWVHWDWGDQ� YLQLO�
DOPDVKLQLVK� UHDNVL\DVL� RUTDOL� VHOHNWLYOLN� ELODQ�
YLQLO� EHQ]RDWODU� EDUTDURU� YD� ]DKDUVL]� 5K� �,,,��
NDWDOL]DWRUODUL�LVKWLURNLGD�VLQWH]�TLOLQJDQ�>��-��@�� 

9LQLODWVHWDWQLQJ� YLQLO� JXUXKLQL� DOLIDWLN��
DURPDWLN�YD�JHWHURDURPDWLN�NLVORWDODUJD�NLULWLOLVKL�
YLQLO� HILUODUQL� [DYIVL]� YD� VDPDUDOL� XVXOGD� VLQWH]�
TLOLVKQL� WD¶PLQOD\GL� >��-��@�� 8VKEX� WDGTLTRW�
LVKLQLQJ�PDTVDGL� WXUOL�ɨµULQERVDU� WXWJDQ� DURPDWLN�
NDUERQ� NLVORWDODU� ELODQ� YLQLODWVHWDW� RUDVLGDJL�
YLQLODOPDVKLQLVK� UHDNVL\DVL� RUTDOL� NDUERQ�
NLVORWDODUQLQJ� YLQLO� HILUODULQL� VLQWH]� TLOLVK� YD�
PDKVXORW�XQXPLJD�WXUOL�RPLOODU� WD¶VLULQL�ɨµUJDQLVK�
KLVREODQDGL�>��@�� 

 
7DGTLTRW�XVXOL� 
7XUOL� ɨµULQERVDU� WXWJDQ� DURPDWLN� NDUERQ�

NLVORWDQLQJ� �����PROL� ELODQ� �����PRO� ������ J�� �-
[ORU-���-GLPHWRNVL-�����-WULD]LQ� ��� PO�
WHWUDJLGURIXUDQGD� �7*)�� HULWLOGL�� (ULWPD� �-�� �&�
JDFKD� VRYXWLOGL�� VɨµQJUD�1-PHWLOPRUIROLQQLQJ� ����
PO�PLTGRUL� ������PRO�� TɨµVKLOGL� YD� HULWPD��� VRDW�
GDYRPLGD�PH[DQLN� DUDODVKWLUJLFKGD� DUDODVKWLULOGL��
,NNLQFKL� LGLVKJD� HNYLYDOHQW� PLTGRUGD� UHDJHQW�
�������PRO�������J��=Q�27I����������PRO�������J��
���ƍ-3K�%,12/-�/L�������PRO� ������J��.2WU%X����
PO� ������ PRO�� %X/L� QLQJ� JHNVDQGDJL� ���� 0�
HULWPDVL� ELODQ� 7*)� QLQJ� ��� PO� VXVSHQ]L\DVL� -���
R&� JDFKD� VRYXWLOGL�� $UDODVKPDJD� ����� PO� ������
PRO�� YLQLODWVHWDWQLQJ���PO�7*)�GDJL�HULWPDVL���-
���PLQ�� GDYRPLGD� WRPL]LVK� \ɨµOL� ELODQ� TɨµVKLOGL��
9LQLODWVHWDW� EHULOLVKLGD� KDURUDW� -��� R&� GDQ�
\XTRULJD�NɨµWDULOLE�NHWPDVOLJL�QD]RUDW�TLOLE�ERULOGL�
YD� ��� PLQ�� DUDODVKWLULOGL�� 6KXQGDQ� VɨµQJ�
DUDODVKPDJD� NDUERQ� NLVORWDQLQJ� IDRO� WUL]LQ� HILUL�
TɨµVKLOGL��UHDNVL\D�-���R6�KDURUDWGD���VRDW�GDYRP�
HWWLULOGL��6ɨµQJUD�1+�&O�QLQJ����OL����PO�HULWPDVL�
ELODQ�LVKORY�EHULOGL��%XQGD�KDURUDWQLQJ�-����6�GDQ�
\XTRULJD� NɨµWDULOLE� NHWPDVOLJL� QD]RUDW� TLOLQGL��
$UDODVKPD� GLHWLO� HILUL� ELODQ� � ��� PDUWD� ��� PO��
HNVWUDNVL\D�TLOLQGL�YD�VRYXWLOJDQ�1D+&2��QLQJ�����
0� HULWPDVL�� 1D+62�� QLQJ� �� 0� HULWPDVL��

XODU� DOGHJLGODUJD� L]RPHUODQDGL�� 6KXQJD� TDUDPD\��
ED¶]L� GDVWODENL� YLQLO� HILUODU� YLQLO� VSLUWLJD� PRV�
NHODGLJDQ� DOGHJLG-� DWVHWDOGHJLGGDQ� IR\GDODQLE�
VLQWH]�TLOLQJDQ�� ,ON�ERU������\LOGD�DWVHWDOGHJLG�YD�
VLUND�DQJLGULGQLQJ�EHQ]ROVXOIRQ�NLVORWD�NDWDOL]DWRUL�
LVKWLURNLGD� ��-���� XQXP� ELODQ� YLQLODWVHWDW� LVKODE�
FKLTDULVK� \ɨµOJD� Tɨµ\LOJDQ� >�@�� +R]LUJL� YDTWGD�
YLQLODWVHWDW� DVRVDQ� VLUND� NLVORWD� YD� HWLOHQQLQJ�
NLVORURG� LVKWLURNLGD� EXJµ� ID]DGD� UHDNVL\DVL� RUTDOL�
LVKODE� FKLTDULODGL�� 'XQ\R� Eɨµ\LFKD� YLQLODWVHWDW�
PRQRPHUL� LVKODE� FKLTDULOLVKL� ����� \LOQLQJ�
PD¶OXPRWODULJD� NɨµUD� ����� POQ�� WRQQDQL� WDVKNLO�
TLODGL�� %XQLQJ� GH\DUOL� \DUPL� SROL�YLQLODWVHWDW��
LVKODE�FKLTDULVK�XFKXQ�VDUIODQDGL��%XQGDQ�WDVKTDUL�
YLQLODWVHWDW� PRQRPHULGDQ� VDQRDW� PLT\RVLGD�
YLQLODWVHWDW�YD�SROL�YLQLO�VSLUW��VRSROLPHUODUL�LVKODE�
FKLTDULVKGD� IR\GDODQLODGL� >�@�� $URPDWLN� NDUERQ�
NLVORWDODUQLQJ� YLQLO� HILUODUL� [XVXVDQ�� YLQLO� EHQ]RDW�
ELRPDWHULDOODU�� TRSODPD� PDWHULDOODU�� \HOLPODU��
WLEEL\� PDKVXORWODU�� TRJµR]� TRSODPDODU�� TXULOLVK�
PDWHULDOODUL��RUJDQLN�VLQWH]�YD� IDUPDWVHYWLN�NLP\R�
VDQRDWLGD� DPDOGD� NHQJ� TɨµOODQLODGL�� 9LQLO�
HILUODUQLQJ� LVKODWLOLVKL� NHQJ� LPNRQL\DWODUJD� HJD�
EɨµOVDGD�� VLQWH]� TLOLVKGDJL� \X]DJD� NHODGLJDQ�
TL\LQFKLOLNODU� XODUQL� TɨµOODVK� VRKDVLGDJL�
LPNRQL\DWODUQL�FKHNOD\GL�>����@�� 

+R]LUJL� YDTWGD� YLQLO� HILUODUQL� VDQRDW�
PLT\RVLGD� VLQWH]L� NDUERQ� NLVORWDODUQL� DWVHWLOHQ�
ELODQ�YLQLOODVK� UHDNVL\DVL�RUTDOL� DPDOJD�RVKLULODGL��
$PPR� DWVHWLOHQQLQJ� SRUWORYFKDQOLN� [XVXVL\DWL��
UHDNVL\D� VKDURLWODULQLQJ� PXUDNNDEOLJL� YD� NLVORWDOL�
PXKLWGD� ROLE� ERULOLVKL� QDWLMDVLGD� PHWDOO�
XVNXQDODUQLQJ� NRUUR]L\DVLJD� VDEDE� EɨµOLVKL� YLQLO�
HILUODUQL� VLQWH]� TLOLVKGD� TL\LQFKLOLN� WXJµGLUDGL� >�-
�@��9LQLO�HILUODU�ROLVKGD�TɨµOODQLODGLJDQ�XVXOODULGDQ�
\DQD� ELUL� NDWDOL]DWRU� VLIDWLGD� UHQL\�� SDOODGL\��
UXWHQL\�YD�VLPRE�DWVHWDW�LVKWLURNLGD�NDUERQ�NLVORWD�
YD� YLQLO� DWVHWDW� ɨµUWDVLGDJL� YLQLO� DOPDVKLQLVK�
UHDNVL\DVL� KLVREODQDGL� >�-��@�� %DUFKD� VLQWHWLN�
XVXOODU� RUDVLGD� YLQLO� HILUODUQL� NDUERQ� NLVORWDVL� YD�
YLQLODWVHWDWGDQ� YLQLODOPDVKLQLVK� UHDNVL\DVL� RUTDOL�
VLQWH]� TLOLVK� LTWLVRGL\� VDPDUDGRU� \ɨµO� KLVREODQDGL�
YD� VɨµQJJL� \LOODUGD� XVKEX� WDGTLTRW� VRKDVLJD� NDWWD�
H¶WLERU� EHULOPRTGD�� 9LQLODOPDVKLQLVK�
UHDNVL\DODULGD� >,U&O�FRG�@�� >���� ��@�� ȺX&O33K��
>��@� YD� 3Gɏ��&+�&1��� �ɏ &O�� %U�� >��@� NDEL� ELU�
TDQFKD� NDWDOL]DWRUODU� TɨµOODQLOJDQ�� %LURT��
ȺX&O33K�� NDWDOL]DWRUODUL� YD� >,U&O�FRG�@��
NDWDOL]DWRUODUL� TDWWLT� UHDNVL\D� VKDURLWODULQL� WDODE�
TLODGL� YD� WRU� VXEVWUDW� GRLUDVL� ELODQ� FKHNODQJDQ��
%XQGDQ� WDVKTDUL�� 3Gɏ��&+�&1���
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GLVWLOODQJDQ� VXY�� NDOL\� [ORULGQLQJ� Wɨµ\LQJDQ�
HULWPDVL� YD� GLVWLOODQJDQ� VXY� ELODQ� NHWPD� NHWOLNGD�
\XYLOGL�� (NVWUDNW� �� J� 1D�62�� \RUGDPLGD� ��� VRDW�
GDYRPLGD�TXULWLOGL� YD� ILOWUODQGL��(ULWXYFKL� YDNXXP�
VKDURLWLGD� KD\GDOGL�� TROGLT� PDVVDVL� ɨµ]JDUPD\�
TROJXQFKD� YDNXXPOL� HNVLNDWRUGD� TXULWLOGL� YD� ����
QLVEDWGDJL� JHNVDQ�HWLO� DWVHWDW� VLVWHPDVL� RUTDOL�
[URPRWRJUDIL\D�NRORQNDVLGD�DMUDWLE�ROLQGL��2OLQJDQ�
YLQLO�HILUODU�,4-���+-����&-<$05�YD�;URPDWR-PDVV�
VSHNWU�DQDOL]ODUL�RUTDOL�WDKOLO�TLOLQGL� 

 
1DWLMDODU�YD�PXKRNDPD 
8VKEX� LVKGD� LON�ERU�D\ULP�WXUOL�RµULQERVDU�

WXWJDQ� DURPDWLN� NDUERQ� NLVORWDODUQL� YLQLODVHWDW�
ELODQ� YLQLODOPDVKLQLVK� UHDNVL\DODUL� �-[ORU-���-
GLPHWRNVL-�����-WULD]LQ� LVKWLURNLGD� RµUJDQLOGL��
6LQWH]�TLOLQJDQ�YLQLO�HILUODU�XQXPLJD�ERVKODQJµLFK�

PRGGDODU� WDELDWL�� KDURUDW�� UHDNVL\D� GDYRPL\OLJL��
HULWXYFKL�YD�UHDJHQWODU-�UX[�WULIODW��=Q�27I��������-
GLIHQLOELQDIWRO� ����ƍ-3K�%,12/-�/L��� NDOL\�
XFKODPFKL� EXWLODW� �.2WU%X��� EXWLOOLWL\� �%X/L��
WDELDWL� RµUJDQLOGL�� $URPDWLN� NDUERQ� NLVORWDODUGDQ��
EHQ]R\�� IHQLOVLUND�� �-PHWLOEHQ]R\�� �-
PHWRNVLEHQ]R\�� ���-GLPHWRNVLEHQ]R\�� �-
EURPEHQ]R\�� �-EURPEHQ]R\�� �-IWRUEHQ]R\�� �-
QLWUREHQ]R\�� �-QLWUREHQ]R\�� �-XFKODPFKL�
EXWLOEHQ]R\�� �-[ORUEHQ]R\�� �-[ORUEHQ]R\�� �-
JLGURNVLEHQ]R\�YD��-JLGURNVLEHQ]R\�NLVORWDODUQLQJ�
YLQLO� HILUODUL� VLQWH]� TLOLQGL�� 2OLQJDQ� YLQLO�
HILUODUQLQJ� WX]LOLVKL� ]DPRQRYL\� IL]LN-WDGTLTRW�
XVXOODULGD� DQLTODQGL� YD� XODUQL� LVKODE� FKLTLVK�
WH[QRORJLN�V[HPDVL�\DUDWLOGL�� 

5HDNVL\DQLQJ� XPXPL\� V[HPDVL� TX\LGD�
NHOWLULOJDQ� 

�� 
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8PXPL\�KROGD�MDUD\RQ�PH[DQL]PLQL�TX\LGDJLFKD�WDNOLI�HWLVK�PXPNLQ�� 

6LQWH]�TLOLQJDQ�YLQLO�HILUODULQLQJ�WX]LOLVKL�,4-��
�1-����&�<$05�YD�;URPDWR-PDVV�VSHNWU�WDKOLOODUL�
\RUGDPLGD�LVERWODQGL��4X\LGD� ��-IHQLOVLUND�NLVORWD�

YLQLO� HILULQLQJ� ,4-VSHNWUL� ��-UDVP��� �1� <$05-
VSHNWUL� ��-UDVP��� ��&� 05-VSHNWUL� ��-UDVP�� YD�
;URPDWR-PDVV�VSHNWUL���-UDVP��NHOWLULOJDQ�� 
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.$7$/,=�9$�5($.6,<$�7(;12/2*,<$6, 

 

LRQLQLQJ� ID]RYL\� TDUVKLOLJL� KDP� PDKVXORW�
XQXPLQLQJ�NDPD\LVKLJD�ROLE�NHODGL��+DURUDW�-���R&�
ɞɚ� =Q�27I���7Ƚ)� LVKWLURNLGD� YLQLO� HILUODU�
PDNVLPXP���í�����í�����í�����í�����í�����í����
�-�����-�����-������-������-������-������-������-
���� ��-����� XQXP� ELODQ� VLQWH]� TLOLQGL�� $URPDWLN�
NDUERQ� NLVORWD� YLQLO� HILUODUL� XQXPL� �-%U-
&�+�&22&+ &+���-&O-&�+�&22&+ &+�� ��-2+-
&�+�&22&+ &+���-2+-&�+�&22&+ &+�����-2�1-
&�+�&22&+ &+���-%U-&�+�&22&+ &+��� �-&O-
&�+�&22&+ &+�� �� �-2�1-&�+�&22&+ &+��� �-)-
&�+�&22&+ &+��� &�+�&22&+ &+���
&�+�&+�&22&+ &+��� ���-&+�2-
&�+�&22&+ &+��� �-&+�-&�+�&22&+ &+��� �-
�&+���&-&�+�&22&+ &+���-&+�2-
&�+�&22&+ &+��WDUWLEGD�RUWLE�ERUDGL� 

7DMULED�QDWLMDODULGDQ�NRµULQDGLNL�� WDQODQJDQ�
NDUERQ� NLVORWDODUQLQJ� NLVORWDOL� [RVVDVL� RUWJDQ� VDUL�
XODUQLQJ� IDRO� WULD]LQ� HILULGDQ� �-JLGURNVL-���-
GLPHWRNVL-�����-WULD]LQ� LRQLQLQJ� FKLTLE� NHWLVKL�
TL\LQODVKDGL�� QDWLMDGD� YLQLO� HILUODUQLQJ� XQXPL�
NDPD\DGL�� �-$OPDVKLQJDQ� RµULQERVDU� HOHNWURGRQRU�
JXUXK� ERµOVD� DURPDWLN� KDOTDJD� HOHNWURQ� HIIHNWL�
ELODQ� WD¶VLU� HWLE� IDRO� WULD]LQ� HILUL� KRVLO� ERµOLVKLQL�
RVRQODVKWLUDGL�� %XQGDQ� WDVKTDUL� JLGURNVL� YD�
QLWUREHQ]R\� NLVORWDODUGD� D]RW� YD� NLVORURG� DWRPODUL�
KDP� HOHNWURILO� PDUND]� ERµOJDQOLJL� XFKXQ�
TRµVKLPFKD� PDKVXORW� KRVLO� ERµOLVKL� NX]DWLOGL��
9LQLODVHWDWGDQ� YLQLORNVL� LRQLQLQJ� KRVLO� ERµOLVKL�

�-5DVP���-)HQLOVLUND�NLVORWD�YLQLO�HILULQLQJ�,4-�VSHNWUL�� �-5DVP��)HQLOVLUND�NLVORWD�YLQLO�HILULQLQJ��ɇ�<$05�–�VSHNWUL�� 

�-5DVP��)HQLOVLUND�NLVORWD�YLQLO�HILULQLQJ���&–VSHNWUL�� �-5DVP���-)HQLOVLUND�NLVORWD�YLQLO�HILULQLQJ�[URPDWR-PDVV�VSHNWUL�� 

6LQWH]� TLOLQJDQ� DURPDWLN� NDUERQ� NLVORWD�
YLQLO� HILUODULQLQJ� �+� <$05-VSHNWUODULQL� WDKOLO�
TLOLVK� QDWLMDVLGD� ����-����� P�X�� VRKD� RUDOLJµLGD�
YLQLO� JXUXKLGDJL� -&+�� JD� [RV� LNNLWD� SURWRQQLQJ�
GXEOHW-GXEOHW� VLJQDOODUL� YD� YLQLO� JXUXKLGDJL� -&+�
SURWRQLQLQJ�����-�����P�X��VRKDGD�NLP\RYL\�VLOMLVK�
VLJQDOL� NX]DWLOGL�� %XQGDQ� WDVKTDUL�� ,4-VSHNWUGD�
YLQLO� JXUXKLJD� �-&+ &+��� [RV� VLJQDO� ����-�����
VP-��VRKDODUGD�NX]DWLOGL�>��@� 

9LQLO� HILU� XQXPLJD� KDURUDWQLQJ� �-�-���� R&�
LQWHUYDOODU� RUDOLJµLGD� WD¶VLUL� WDGTLT� TLOLQGL��
7DQODQJDQ�VLVWHPDODUGD��=Q�27I�������ƍ-3K�%,12/
-�/L�� .2WU%X� YD� %X/L� UHDNVL\D� 7*)� HULWPDVLGD��
ERVKODQJµLFK�PRGGDODU� �NDUERQ� NLVORWD�YLQLODVHWDW��
PRO�PLTGRUL�����QLVEDWGD�ROLE�ERULOJDQGD�PDKVXORW�
XQXPL� QXNOHRILO� UHDJHQW� VLIDWLGD� WDQODQJDQ� PHWDOO�
RUJDQLN� ELULNPDODU� ���ƍ-3K�%,12/-�/L�� %X/L��
.2WU%X�JD� QLVEDWDQ�=Q�27I��� TRµOODQLOJDQGD� YLQLO�
HILU� XQXPL� PDNVLPXP� ERµOLVKL� DQLTODQGL� ��-
MDGYDO��� 

2OLQJDQ� QDWLMDODU� DVRVLGD�YLQLO� HILUODUQL� VLQWH]�
TLOLVKGD� TRµOODQLOJDQ� UHDJHQWODUQLQJ� NDWDOLWLN�
IDROOLN� TDWRUL� WRSLOGL�� XQJD� NRµUD�� -/3K�%,12-މ���
�/L�7Ƚ)� �� %X/L�7Ƚ)� �� .2W%X�7Ƚ)� �� =Q�27I���
7Ƚ)�NHWPD-NHWOLNGD�PDKVXORW�XQXPL�RVKLE�ERULVKL�
DQLTODQGL�� %XQLQJ� VDEDEL�� \XTRULGD� NHOWLULOJDQ�
WDUWLE� ERµ\LFKD� QXNOHRILO� UHDJHQWODUQLQJ�
EDUTDURUOLJL� RUWLE� ERUDGL�� ���-'LIHQLO� ELQDIWDODW�
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&$7$/<6,6�$1'�5($&7,21�(1*,1((5,1* 
ɌȿɏɇɈɅɈȽɂə�ɄȺɌȺɅɂɁȺ�ɂ�ɊȿȺɄɐɂɃ 
.$7$/,=�9$�5($.6,<$�7(;12/2*,<$6, 

TD\WDU�MDUD\RQ�ERµOJDQOLJL�VDEDEOL�KDURUDWQLQJ�-���
GDQ� �� Rɋ� JDFKD� RUWLVKL� YLQLO� HILUL� XQXPLQLQJ�
NDPD\LVKLJD�ROLE�NHODGL� 

$URPDWLN����NDUERQ����NLVORWD����YLQLO���HILUL� 
 

+DURUDW� 
�& 

0DKVXORW�XQXPL��� 

� � � � � � � � � �� �� �� �� �� �� 

���ƍ-3K�%,12/-�/L 
-�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� 

-�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� 

� �� �� �� �� �� - �� �� �� �� �� �� �� �� �� 

  %X/L 

-�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� 

-�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� 

� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�� 

  .2WU%X 

-�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� 

-�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� 

� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� 

  =Q�27I�� 

-�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� 

-�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� 

� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� 

�--DGYDO 
.DUERQ�NLVORWD�YLQLO�HILUODUL�XQXPLJD�KDURUDW�WD¶VLUL� 

�NDUERQ�NLVORWD��YLQLODWVHWDW�����PRO�QLVEDWGD��HULWXYFKL-7*)��UHDNVL\D�GDYRPL\OLJL���VRDW� 

XQXPLJD� UHDNVL\D� GDYRPL\OLJL� WD¶VLULQL� RµUJDQLVK�
XFKXQ� YLQLODVHWDW� DVRVLGD� YLQLODOPDVKLQLVK�
MDUD\RQODUL� �-�� VRDW� RUDOLJµLGD� ROLE� ERULOGL� ��-
UDVP��� 

�-5DVP��.DUERQ�NLVORWD�YLQLO�HILU�XQXPLJD�UHDNVL\D�GDYRPL\OLJL�WD¶VLUL 
��KDURUDW�-���R&��HULWXYFKL�7*)��UHDJHQW-=Q�27I���� 

NDUERQ�NLVORWD���YLQLODVHWDW�PLTGRUL�����PRO�QLVEDWGD�� 
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HULWXYFKLODUGD� VH]LODUOL� GDUDMDGD� WH]� ERUDGL��
(ULWXYFKL� PROHNXODVL� XVKEX� MDUD\RQGD� KRVLO�
ERµOJDQ� YLQLODVHWDWQLQJ� YLQLORNVL� DQLRQLQL�
VROYDWODPDJDQOLJL� VDEDEOL� VXEVWUDW-NDUERQ� NLVORWD�
IDRO� WULD]LQ� HILUL� ELODQ� UHDNVL\DJD� NLULVKLVK� XFKXQ�
HUNLQ� ERµODGL� >��@�� 6KXQLQJ� XFKXQ� NDUERQ�
NLVORWDODUQLQJ� YLQLODVHWDW� ELODQ� YLQLODOPDVKLQLVK�
UHDNVL\DVLGD� ';0�� '((� YD� 7*)� HULWXYFKLODUL�
WDELDWLQLQJ� NDUERQ� NLVORWD� YLQLO� HILUL� XQXPLJD�
WD¶VLUL�RµUJDQLOGL���-UDVP��� 

1DWLMDODUGDQ�NRµULVK�PXPNLQNL��YLQLODVHWDW�
YD� NDUERQ� NLVORWDODU� UHDNVL\DVLGD� YLQLO� HILUODU�
ROLVKGD� 7*)� HULWXYFKLVL� TRµOODQLOVD� PDKVXORWQLQJ�
QLVEDWDQ�\XTRUL�XQXPL� �TX\LGDJLFKD�ERµOGL���í����
�í�����í�����í�����í�����í�����-�����-�����-����
��-���� ��-���� ��-���� ��-���� ��-��� YD� ��-�����
4RµOODQLOJDQ� HULWXYFKLODU� RUDVLGD� DSURWRQ�
HULWXYFKLODU� KLVREODQJDQ� '((� YD� 7*)� GD�
PDKVXORWQLQJ�VH]LODUOL�GDUDMDGD�\XTRUL�XQXP�ELODQ�
FKLTLVKLQL� TX\LGDJLFKD� L]RKODVK� PXPNLQ�� 4XWEOL�
DSURWRQ� HULWXYFKL� 7*)� HILUJD� QLVEDWDQ� NXFKOL�
VROYDWODVK� TRELOL\DWLJD� HJD� ERµOJDQ� HULWXYFKL�
KLVREODQDGL�� 8QLQJ� PROHNXODVLGDJL� HILU� TROGLJµL�
ERµOJDQ� DONLO� JXUXKLQLQJ� KDOTD� KRVLO� TLOLVKL�
NLVORURGQLQJ� WDTVLPODQPDJDQ� HOHNWURQ� MXIWODUL�
ELODQ�PHWDOO�LRQLQLQJ�WD¶VLUODVKLVKLQL�RVRQODVKWLUDGL�
YD�PHWDOO�LRQLQLQJ�EDUTDURUOLJLQL�RVKLUDGL��7*)�GD�
UHDJHQW� HULWPDJD� WH]� YD� RVRQ� RµWLE�� UHDNVL\DQLQJ�
ERULVKL�� \D¶QL� ERVKODQJµLFK� PRGGDODUGD� IDRO�
PDUND]�KRVLO�ERµOLVKL�XFKXQ�TXOD\�JRPRJHQ�PXKLW�
\DUDWDGL�� 'LHOHNWULN� GRLPL\OLJL� '((� �\H � ����� YD�
';0� �\H � ����� JD� QLVEDWDQ� \XTRUL� ERµOJDQ� 7*)�
GD��\H ������PXKLWQLQJ�TXWEOLOLJL�RUWLVKL�QDWLMDVLGD�
DNWLYODQJDQ� NRPSOHNVODUQLQJ� KRVLO� ERµOLVKL�
KLVRELJD� UHDNVL\D� WH]OLN� GRLPL\VL� RUWLE� ERUDGL�� EX�
HVD�YLQLO� HILU�XQXPL�\XTRUL�ERµOLVKLJD�ROLE�NHODGL��

&$7$/<6,6�$1'�5($&7,21�(1*,1((5,1* 
ɌȿɏɇɈɅɈȽɂə�ɄȺɌȺɅɂɁȺ�ɂ�ɊȿȺɄɐɂɃ 

.$7$/,=�9$�5($.6,<$�7(;12/2*,<$6, 

'DVWODE� UHDNVL\D� �� VRDW� GDYRPLGD� ROLE�
ERULOJDQLGD�� ERVKODQJµLFK� NDUERQ� NLVORWD� ELODQ� �-
[ORU-���-GLPHWRNVL-�����-WULD]LQ� WRµOLT� UHDNVL\DJD�
NLULVKPDJDQOLJL��RUDOLT�ELULNPD�NLVORWD�IDRO�WULD]LQ�
HILULQLQJ� \HWDUOL� PLTGRUGD� KRVLO� ERµOPDVOLJL�
DQLTODQGL�� -DUD\RQ� YDTWL� �� VRDWJD� X]D\WLULOJDQGD��
YLQLODOPDVKLQLVK� UHDNVL\DVLQLQJ� WRµOLT� ERULVKL��
VLVWHPDGD� WULD]LQ� IDRO�HILUQLQJ�KRVLO�ERµOLVKL�ELODQ�
UHDNVL\D� WH]OLJL� RUWLVKL� QDWLMDVLGD�PDKVXORW� XQXPL�
QLVEDWDQ� \XTRUL� ��í���� �í���� �í���� �í���� �í����
�í�����-�����-�����-������-������-������-������-
������-������-������ERµOLVKL�NX]DWLOGL��7DQODQJDQ�
NDUERQ� NLVORWDODUQL� YLQLODVHWDW� ELODQ�
YLQLODOPDVKLQLVK� UHDNVL\DVL� �� VRDWJDFKD�
RVKLULOJDQGD� HVD� DPDOGD� PDKVXORW� XQXPLGD�
Rµ]JDULVK� NX]DWLOPDGL�� -DGYDOGDQ� NRµULQLE�
WXULEGLNL�� UHDNVL\D� GDYRPL\OLJL� �� VRDW� ERµOJDQGD�
PDKVXORW� XQXPLQLQJ� PDNVLPXP� RUTDOL� RµWLVK�
NX]DWLOGL� 

+R]LUJL� YDTWGD� PHWDOORUJDQLN� ELULNPDODU�
RUTDOL� NRµSODE� RUJDQLN� UHDNVL\DODU� ROLE�
ERULOPRTGD�� 0HWDOORUJDQLN� ELULNPDODUQL� RUJDQLN�
VLQWH]GD� NRµS� TRµOODQLOLVKLJD� VDEDE� VKXNL�� XODU�
NLP\RYL\� MXGD� IDRO� YD� WXUOL� UHDNVL\DODUJD� RVRQ�
NLULVKDGL�YD�D\ULPODUL�VHOHNWLY�UHDJHQW�KLVREODQDGL�
>��@�� (ULWXYFKLODU� PHWDOORUJDQLN� ELULNPDODUQLQJ�
IDROOLJLJD�� UHDNVL\D� WH]OLJLJD�� VHOHNWLYOLNND� YD�
RUDOLT� PDKVXORWODUQLQJ� EDUTDURUOLJLJD� VH]LODUOL�
WD¶VLU� NRµUVDWDGL�� .RµSJLQD� PHWDOORUJDQLN�
ELULNPDODU� NHQJ� WDUTDOJDQ� RUJDQLN� HULWXYFKLODUGD�
HULPD\GL� YD� EXQGD� PD[VXV� HULWXYFKLODUGDQ�
IR\GDODQLVKQL� WDODE� TLODGL�� 6RµQJJL� YDTWODUGD�
PHWDOORUJDQLN� ELULNPDODU� LVKWLURNLGD� ERUDGLJDQ�
UHDNVL\DODU� WHWUDJLGURIXUDQ� �7*)��� GLHWLO� HILU�
�'((��� GL[ORUPHWDQ� �';0�� YD� WROXRO� NDEL� TXWEOL�
DSURWRQ�HULWXYFKLODU�LVKWLURNLGD�ROLE�ERULODGL�>��@� 

$URPDWLN�NDUERQ�NLVORWDODUQLQJ�YLQLODVHWDW�
ELODQ�YLQLODOPDVKLQLVK�UHDNVL\DVL�61��PH[DQL]PGD�
ERUDGL� YD� EXQGD� RUDOLT� PDKVXORW� NDUERQ� NLVORWD�
IDRO� WULD]LQ� HILULQLQJ� HOHNWURILO� NDUERQLO�
XJOHURGLQLQJ� QXNOHRILO� UHDJHQW� ELODQ� į�
ERJµODQLVKLQL� DPDOJD� RVKLULVK� XFKXQ� NDWLRQODUQL�
\D[VKL� VWDELOORYFKL� TXWEOL� DSURWRQ� HULWXYFKLODU�
TXOD\� KLVREODQDGL�� 0D¶OXPNL�� TXWEOL� DSURWRQ�
HULWXYFKLODU� NLVORWDOL� [RVVDJD� HJD� ERµOLE�� YRGRURG�
DMUDWPD\GL�� DPPR� WDUNLELGD� HOHNWURPDQIL\� DWRP�
PDYMXG� ERµOJDQOLJL� ERLV� PXVEDW� ]DU\DGOL� PHWDOO�
NDWLRQODUL� ELODQ� ERJµ� KRVLO� TLOD� RODGL� YD�
QXNOHRILOODUQL� VRO¶YDWODPD\GL�� 6KXQLQJ� XFKXQ�
QXNOHRILO� ELULNLVK� UHDNVL\DODUL� SURWRQ�
HULWXYFKLODUJD� TDUDJDQGD� TXWEOL� DSURWRQ�

�-5DVP��.DUERQ�NLVORWD�YLQLO�HILUL�XQXPLJD�HULWXYFKLODU�WDELDWL�
WD¶VLUL���KDURUDW�-���R&��UHDNVL\D�GDYRPL\OLJL���VRDW��UHDJHQW-�=Q

�27I���5-&22+�&+�-&22-&+ &+��PRO�PLTGRUL������� 
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'((� KDP� TXWEOL� DSURWRQ� HULWXYFKL� ERµOLE�� WDELDWL�
ML[DWLGDQ� 7*)� JD� Rµ[VKD\GL�� '((� PHWDOORUJDQLN�
ELULNPDODUQLQJ� IDROOLJLJD� YD� EDUTDURUOLJLJD� 7*)�
JD� Rµ[VKDE� WD¶VLU� TLODGL�� $PPR� '((� 7*)� JD�
QLVEDWDQ� PHWDOO� LRQODULQL� NDPURT�
EDUTDURUODVKWLUDGL��6KXQLQJ�XFKXQ�KDP�YLQLO�HILUODU�
XQXPLGD� NDPD\LVK� NX]DWLOGL�� 'L[ORURPHWDQ�
�&+�&O��� RUJDQLN� UHDNVL\DODUGD� NRµS� TLUUDOL�
HULWXYFKL� ERµOLE� RµUWDFKD� TXWEOLOLN� YD� WXUOL�
PHWDOORUJDQLN�ELULNPDODUQL� HULWLVKL� WXID\OL� RUJDQLN�
VLQWH]GD� NHQJ� TRµOODQLODGLJDQ� HULWXYFKLGLU�� ';0�
7*)�YD�'((�JD�TDUDJDQGD�NRµSODE�PHWDOORUJDQLN�
ELULNPDODUJD� QLVEDWDQ� LQHUW� ERµOLE�� EX� HULWXYFKLGD�
PHWDOORUJDQLN� ELULNPD� PROHNXODODUL� HUNLQ� \RNL�
GLPHU�KROLGD�PDYMXG�ERµODGL��6KXQLQJ�XFKXQ�YLQLO�
HILU�XQXPL�HQJ�SDVW�ERµOLVKL�NX]DWLOGL�>��@� 

8VKEX� WDGTLTRW� LVKLGD� YLQLODVHWDW� DVRVLGD�
DURPDWLN� NDUERQ� NLVORWDODUQLQJ� YLQLO� HILUODULQL�
LVKODE�FKLTDULVK�WH[QRORJL\DVL�\DUDWLOGL��-DUD\RQGD�
DWPRVIHUD� ERVLPL� RVWLGD� NDWDOL]DWRU� LVKWLURNLVL]�
YLQLODVHWDWQLQJ� YLQLO� JXUXKLQL� NDUERQ� NLVORWDJD�
YLQLODOPDVKLQLVK� UHDNVL\DVL� RUTDOL� NLULWLE� YLQLO�
HILUODUL�VLQWH]L�DPDOJD�RVKLULOGL� 

-DUD\RQGD� �-[ORU-���-GLPHWRNVL-�����-
WULD]LQQLQJ�YD]LIDVL�NDUERQ�NLVORWDQL�IDROODVKWLUDGL��
9LQLO� HILUODUQL� 7*)� HULWPDVLGD� JRPRJHQ� XVXOGD�
VLQWH]� TLOLVK� MDUD\RQL� LNNL� ERVTLFKGD� DPDOJD�

RVKLULOGL�� %LULQFKL� ERVTLFKGD� 7*)� HULWXYFKL�
PXKLWLGD� NDUERQ� NLVORWD� 1-PHWLOPRUIDOLQ�
LVKWLURNLGD��-�� ɨ&�KDURUDWGD��-[ORU-���-GLPHWRNVL-
�����-WULD]LQ� ELODQ� UHDNVL\DJD� NLULVKLE� NDUERQ�
NLVORWDQLQJ�IDRO�WULD]LQ�HILULQL�KRVLO�TLODGL��,NNLQFKL�
ERVTLFKGD� -��� ɨ&� KDURUDWGD� NDUERQ� NLVORWD� IDRO�
WULD]LQ� HILUL� ELODQ� YLQLO� DVHWDWQLQJ� UHDNVL\DVLGDQ�
PRV� UDYLVKGDJL� YLQLO� HILUODU� VLQWH]L� DPDOJD�
RVKLULODGL�� 

6LQWH]� MDUD\RQL� DWPRVIHUD� ERVLPLGD�� �-�-
���� ɨɋ� KDURUDWGD� GDYUL\� UDYLVKGD� DPDOJD�
RVKLULODGL��%XQGD�VRYXWLVK�WL]LPL�ELODQ�MLKR]ODQJDQ�
UHDNWRUJD� �5-���� PD[VXV� QD\ODU� \RUGDPLGD�
GDVWODENL� PRGGDODU�� NDUERQ� NLVORWD�� �-[ORU-���-
GLPHWRNVL-�����-WULD]LQ�� 1-PHWLOPRUIDOLQ� YD�
HULWXYFKL�7*)�\XNODQDGL��5HDNWRUGDJL�[RP�DVK\R�
�� VRDW� GDYRPLGD�� �-�� ɨ&� KDURUDWGD� DWPRVIHUD�
ERVLPLGD� PH[DQLN� DUDODVKWLUJLFK� \RUGDPLGD�
DUDODVKWLULODGL��6KX�ELODQ�ELU�YDTWGD�VRYXWLVK�WL]LPL�
ELODQ� MLKR]ODQJDQ� LNNLQFKL� UHDNWRUJD� �5-����
7*)GD� HULWLOJDQ� NDOL\� XFKODPFKL� EXWLODW� HULWPDVL�
\XERULOLE��-���ɨ&�KDURUDWJDFKD�VRYXWLODGL��6RµQJUD�
DUDODVKPDJD� YLQLODVHWDWQLQJ� 7*)GDJL� HULWPDVL�
VHNLQOLN� ELODQ� \XERULOLE�� ��� PLQ�� GDYRPLGD�
DUDODVKWLULODGL�� 6RµQJUD� ELULQFKL� UHDNWRUGDJL� KRVLO�
ERµOJDQ� NLVORWDQLQJ� IDRO� WULD]LQ� HILULQL� Rµ]� LFKLJD�
ROJDQ� UHDNVLRQ� DUDODVKPD� 1-��� QDVRV� ELODQ�

&$7$/<6,6�$1'�5($&7,21�(1*,1((5,1* 
ɌȿɏɇɈɅɈȽɂə�ɄȺɌȺɅɂɁȺ�ɂ�ɊȿȺɄɐɂɃ 
.$7$/,=�9$�5($.6,<$�7(;12/2*,<$6, 

�-5DVP��$URPDWLN�NDUERQ�NLVORWD�YLQLO�HILUODULQL�LVKODE�FKLTDULVK�TXULOPDVLQLQJ�SULQVLSLDO�WH[QRORJLN�V[HPDVL� 
5-����5-��–�6LQWH]�UHDNWRUODUL����P����,$-���–�LVVLTOLN�DOPDVKJLFK��1-����1-����1-����1-����1-����1-���QDVRVODU��(�-HNVWUDNVL\D�NRORQQDVL��
$-������P���–�DMUDWJLFK��<-������P����<-������P��-\XYLVK�NRORQQDVL��4-��-TXULWLVK�NRORQQDVL��9$-���YDNXXPOL�IUDNVL\DODVK��9-��������P����9

-��������P��–�VLJµLPODU��6W-���–�VRYXWLVK�WL]LPL� 
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SRµODWGDQ� WD\\RUODQJDQ� WUXEDODU� RUTDOL� �SRµODWGDQ�
\DVDOJDQ� WUXEDODU� WDUNLELGD� UDQJOL� PHWDOODU�
ERµOPDVOLJL� NHUDN�� LNNLQFKL� UHDNWRUJD� �5-����
\XERULODGL�YD���VRDW�GDYRPLGD�DUDODVKWLULODGL��6LQ�
WH]� MDUD\RQL� WXJDJDFK�� LNNLQFKL� UHDNWRUGDJL�
UHDNVLRQ� DUDODVKPD� ,$-��� LVVLTOLN� DOPDVKJLFK�
RUTDOL� [RQD� KDURUDWLJDFKD� ���� �&�� VRYLWLODGL��
,NNLQFKL� UHDNWRUGDJL� UHDNVLRQ�DUDODVKPDJD�1+�&O�
QLQJ� ��� OL� HULWPDVL� TRµVKLODGL� YD� 1-��� QDVRV�
RUTDOL� HNVWUDNVL\D� NRORQQDVLJD� \XERULODGL��
(NVWUDNVL\D�NRORQQDVLGD�UHDNVLRQ�DUDODVKPD��GLHWLO�
HILU�\RUGDPLGD�HNVWUDNVL\D�TLOLQDGL�YD�1-���QDVRV�
RUTDOL� DMUDWLVK� NRORQQDVLJD� RµWND]LODGL�� <XTRUL�
HILUOL� TDWODP� TLVPLGD� NDUERQ� NLVORWD� YLQLO� HILUL��
EXWLODVHWDW� HILUL�� VLUND� DOGHJLG� YD� NDP� PLTGRUGD�
UHDNVL\DJD� NLULVKPDJDQ� GDVWODENL� NDUERQ� NLVORWD�
PDYMXG�ERµODGL��$MUDWLVK�MDUD\RQLGD�7*)GD�HULJDQ�
SDVWNL� TDWODPGD� NDUERQ� NLVORWDQLQJ� WULD]LQ� IDRO�
HILUL�� �-JLGURNVL-���-GLPHWRNVL-�����-WULD]LQ�� 1-
PHWLOPRUIDOLQ� YD� TRµVKLPFKD� KDPGD� UHDNVL\DJD�
NLULVKPDJDQ� PRGGDODU� IUDNVL\DODUJD� DMUDWLOLE�
TD\WDGDQ�UHDNWRUJD�\XERULODGL�� 

'LHWLO� HILU� TDWODPLGD� HULJDQ� DVRVL\�
DUDODVKPD� 1-��� QDVRV� RUTDOL� <-��� \XYLVK�
NRORQQDVLJD� \XERULODGL�� <XYLVK� NRORQQDVLGD�
NDUERQ� NLVORWDQLQJ� YLQLO� HILULQL� Rµ]� LFKLJD� ROJDQ�
HILUOL� TDWODP� 1D+&2�� QLQJ� ���� 0� HULWPDVL� ELODQ�
\XYLODGL� YD� 1-��� QDVRV� RUTDOL� <-��� \XYLVK�
NRORQQDVLJD�\XERULODGL��%X�\HUGD�HILUOL�TDWODP���0�
1D+62�� HULWPDVL� ELODQ� \XYLODGL�� %X� MDUD\RQGD�
KDP� KRVLO� ERµOJDQ� MXGD� NDP� PLTGRUGDJL�
TRµVKLPFKD� PDKVXORWODU� DMUDWLE� ROLQLE� TD\WD�
LVKODQDGL��6RµQJUD�HILUOL�TDWODP�1-���QDVRV�RUTDOL�
TXULWLVK� NRORQQDVLJD� \XERULODGL�� (ILUOL� TDWODP�
1D�62�� \RUGDPLGD� VXYGDQ� TXULWLODGL�� VRµQJUD�
YDNXXPOL� KD\GDVK� RUTDOL� GLHWLO� HILU� YD� NDUERQ�
NLVORWDQLQJ�YLQLO�HILUL�DMUDWLE�ROLQDGL��HILU�VLVWHPDJD�
TD\WD�\XERULODGL��.DUERQ�NLVORWD�YLQLO�HILUL�VLQWH]L�
QL� DPDOJD� RVKLULVK� WH[QRORJLN� V[HPDVL� �-UDVPGD�
NHWLULOJDQ� 

.DUERQ� NLVORWDQLQJ� YLQLO� HILULQL� VLQWH]�
TLOLVKGD� KRVLO� EɨµODGLJDQ� RUDOLT� YD� TɨµVKLPFKD�
PDKVXORWODUQLQJ� WDUNLEL�� PLTGRUL� DQLTODQGL�� XODU�
LNNLODPFKL� TD\WD� LVKODQLE� WH[QRORJLN� MDUD\RQGD�
WDNURUDQ� EHULOGL�� QDWLMDGD� PDKVXORW� XQXPLQL�
RVKLULVKJD�� XQLQJ� WDQQDU[LQL� WXVKLULVKJD�� FKLTLQGL�
PDKVXORWODU�PLTGRULQL�NDPD\WLULVKJD�HULVKLOGL�� 

9LQLO� HILU� VLQWH]LQL� GDYUL\� DPDOJD�RVKLULVK�
XFKXQ� VLQWH]� UHDNWRULJD� UHJODPHQWGD� NRµUVDWLOJDQ�
KDMPODUGD� [RPDVK\R� \XNODQDGL�� 1DPXQD� VLIDWLGD�
����� NJ� �-XFKODPFKLEXWLO� EHQ]R\� NLVORWD� YLQLO�

HILULQL� LVKODE� FKLTDULVK� XFKXQ� VDUIODQDGLJDQ�
ERVKODQJµLFK� [RPDVK\RODUQLQJ� ELU� VRDWGD� YD�
VXWNDOLN� VDUIODUL� �-MDGYDOGD� NHOWLULOJDQ�� �-
8FKODPFKLEXWLO� EHQ]R\� NLVORWD� YLQLO� HILULGDQ� �����
NJ� LVKODE� FKLTDULVK� XFKXQ� [RPDVK\R�� PDWHULDOODU�
VDUIL� YD� PDWHULDO� EDODQVL� �-MDGYDOGD� NHOWLULOJDQ��
(NVWUDNVL\D� MDUD\RQLGD� DMUDWLE� ROLQJDQ� �-��-
XFKODPFKL� EXWLO�-���-GLPHWRNVL-�����-WULD]LQ�
EHQ]RDW�� �-JLGURNVL-���-GLPHWRNVL-�����-WULD]LQ�� 1-
0HWLOPRUIDOLQ�� WHWUDJLGURIXUDQ� YD� GLHWLO� HILUODU�
UHDNVL\DJD�TD\WD�EHULODGL��%X�HVD�PDKVXORW�XQXPLQL�
RVKLVKLJD�YD�WDQQDU[LQL�NDPD\LVKLJD�ROLE�NHODGL� 

 
;XORVD 
,ON� ERU� WXUOL� [LO� WDELDWJD� HJD� ERµOJDQ�

DURPDWLN� NDUERQ� NLVORWDODU� ELODQ� YLQLODVHWDWQLQJ� �-
[ORU-���-GLPHWRNVL-�����-WULD]LQ�� 1-PHWLOPRUIROLQ�
YD� UHDJHQWODU-� =Q�27I���� ���ƍ-3K�%,12/-�/L��
.2WU%X�� %X/L� LVKWLURNLGD� YLQLODOPDVKLQLVK�
UHDNVL\DVL� RUTDOL� DURPDWLN� NDUERQ� NLVORWD� YLQLO�
HILUODUL�VLQWH]�TLOLQGL� 

5HDNVL\D�ERULVK�PH[DQL]PL�WDNOLI�HWLOJDQ�YD�
�-[ORU-���-GLPHWRNVL-�����-WULD]LQ� YD� 1-
PHWLOPRUIROLQGDQ� IDRO� RUDOLT� WULD]LQ� HILU� KRVLO�
ERµOLVKL�� XQLQJ� YLQLODVHWQLQJ� YLQLORNVL� LRQL� ELODQ�
QXNOHRILO� ELULNLVK� UHDNVL\DVL� KLVRELJD� NDUERQ�
NLVORWDQLQJ�YLQLO�HILUL�KRVLO�ER¶OLVKL�NRµUVDWLOJDQ� 

9LQLO� HILUODU� XQXPLJD� ERVKODQJµLFK�

�� 

&$7$/<6,6�$1'�5($&7,21�(1*,1((5,1* 
ɌȿɏɇɈɅɈȽɂə�ɄȺɌȺɅɂɁȺ�ɂ�ɊȿȺɄɐɂɃ 

.$7$/,=�9$�5($.6,<$�7(;12/2*,<$6, 

�--DGYDO 
;RPDVK\RQLQJ�VDUIODUL 

ʋ ɏɨɦDVK\R ��W�PDKVXORW�
XFKXQ�VDUI��NJ 

� 
�-

8FKODPFKLEXWLO�
EHQ]R\�NLVORWD 

������ 

� 9LQLODWVHWDW ����� 
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�-;ORU-���-
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WULD]LQ 

������ 

� 1-0HWLOPRUIDOLQ ����� 

� .DOL\�XFKODPFKL�
EXWLODW ����� 

� 7HWUDJLGURIXUDQ ������ 

� 'LHWLO�HILU ������ 

� $PPRQL\�
[ORULG ��� 

� 1DWUL\�
JLGURNRUEDQDW ��� 

�� 1DWUL\�
JLGURVXOIDW ��� 
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5()(5(1&(6 
 

�� 3DUPDQRY�$�%��� 1XUPDQRY� 6�(��� =L\DGXOODHY�0�(��� 7XUVXQRY� 6K�6K��� %HNER\HYD�1�8��� ;ROPXKDPPHGRY�1�'�� &DWDO\WLF� UHDFWLRQ�ZLWK�
EHQ]RLF� DFLG�SKHQ\ODFHW\OHQH� LQ� WKH� SUHVHQFH� RI� FRPSOH[� FDWDO\VWV��$VLDQ� MRXUQDO� RI� FKHPLFDO� VFLHQFHV�� ������ ��� ��-����'2,�� ��������
DMRFV������Y��L����� 

�� 6FKREHUW�+�� 3URGXFWLRQ� RI� DFHW\OHQH� DQG� DFHW\OHQH-EDVHG� FKHPLFDOV� IURP� FRDO�� &KHPLFDO� 5HYLHZV�� ������ ����� ����–������ '2,�� ��������
FU������X 

�� /XR�-��$�VWXG\�RI�9$0�GRPHVWLF�PDUNHW�VLWXDWLRQ�DQG�GRZQVWUHDP�FRQVXPSWLRQ��*XDQJGRQJ�FKHPLFDO�LQGXVWU\��������QR������-3����-��� 
�� 9�0��0X]DOHYVNL\��$�9��6KDVWLQ��6�,��7LUNDVKHYD��2�(��=L\DGXOODHY��$�%��3DUPDQRY��9�*��1HQDMGHQNR��&&O�-70('$-&X&O—$�QRYHO�FRQYHQ�

LHQW�FDWDO\WLF�V\VWHP�IRU�GLPHUL]DWLRQ�RI�WHUPLQDO�DFHW\OHQHV�LQ�PLOG�FRQGLWLRQV��&DWDO\VWV����������������-������'2,����������FDWDO�������� 
�� 3DUPDQRY�$�%���1XUPDQRY�6�(��.ROHVLQVNR�%���0DQLHFNL�7���=L\DGXOOD\HY�2�(��+RPRJHQHRXV�YLQ\ODWLRQ�RI��-K\GUR[\-�-SKHQ\OHWKDQLFDO�DFLG��

$]HUEDLMDQ�&KHP��-��������������–����'2,���������������-����-����-�-��-��� 
�� 7LUNDVKHYD��6�,���=L\DGXOODHY��2�(���0X]DOHYVNL\��9�0���3DUPDQRY��$�%������-'LPHWK\OLFRVD-����-'L\QH-����-'LRO��0ROEDQN�����������0������

'2,����������0����� 
�� -LDQJ�5���&KHQ�=���=KDQ�.���/LX�/���=KRX�-���$L�<���/L�6���%DR�+���+X�=���4L�/���HW�DO��5HXVDEOH�5KRGLXP�&DWDO\VW�IRU�WKH�6HOHFWLYH�7UDQVYLQ\ODWLRQ�

RI�6S���-&�/LQNHG�&DUER[\OLF�$FLG��7HWUDKHGURQ�/HWW�����������������–������'2,����������M�WHWOHW������������� 
�� 1LFNV�)���$]QDU�5���6DLQ]�'���0XOOHU�*���'HPRQFHDX�$��1RYHO��+LJKO\�(IILFLHQW�DQG�6HOHFWLYH�5XWKHQLXP�&DWDO\VWV�IRU�WKH�6\QWKHVLV�RI�9LQ\O�

(VWHUV�IURP�&DUER[\OLF�$FLGV�DQG�$ON\QHV��(XU��-��2UJ��&KHP�������������–������'2,����������HMRF����������� 
�� 1DNDPXUD�$���7RNXQDJD�0��$X�,��&RPSOH[HV-&DWDO\]HG�7UDQVIHU�9LQ\ODWLRQ�RI�$OFRKROV�DQG�&DUER[\OLF�$FLGV��7HWUDKHGURQ�/HWW�������������

����–������'2,����������M�WHWOHW������������� 
��� 0HOLV�.���2SVWDO� 7���9HUSRRUW� )�� 6HOHFWLYH�'LPHULVDWLRQ� DQG�$GGLWLRQ� RI�&DUER[\OLF�$FLGV� WR� 7HUPLQDO�$ON\QHV��&DWDO\VHG� E\� 7KHUPRO\VHG�

*UXEEV¶�&DWDO\VW��$�1RYHO�6\QWKHVLV�RI�(Q\QHV�DQG�9LQ\O�(VWHUV��(XU��-��2UJ��&KHP����������������–������'2,��������������-������������
��������������$,'-(-2&����!����&2��-- 

��� *DR�-���*XDQ�'���;X�'���=KDR�/���=KDQJ�/���/L��0��(FR-(QYLURQPHQWDO�6\QWKHVLV�RI�9LQ\O�%HQ]RDWH�WKURXJK�7UDQVHVWHULILFDWLRQ�&DWDO\]HG�E\�3G�&�
&DWDO\VW��%XOO��&KHP��6RF��(WKLRS������������������'2,����������EFVH�Y��L���� 

��� =LULDNXV�-���=LPPHUPDQQ�7�.���3|WKLJ�$���'UHHV�0���+DVOLQJHU�6���-DQWNH�'���.�KQ�)�(��5XWKHQLXP-&DWDO\]HG�7UDQVYLQ\ODWLRQ�-�1HZ�,QVLJKWV��
$GY��6\QWK��&DWDO�����������������–������'2,����������DGVF���������� 

��� 1DNDJDZD��+���2NLPRWR��<���6DNDJXFKL��6��� ,VKLL��<��6\QWKHVLV�RI�(QRO�DQG�9LQ\O�(VWHUV�&DWDO\]HG�E\�DQ�,ULGLXP�&RPSOH[��7HWUDKHGURQ�/HWW��
�������������–�����'2,����������6����-�������������-� 

��� *RRVVHQ�/�-���3DHW]ROG�-���.ROH\�'��5HJLRFRQWUROOHG�5X-&DWDO\]HG�$GGLWLRQ�RI�&DUER[\OLF�$FLGV�WR�$ON\QHV��3UDFWLFDO�3URWRFROV�IRU�WKH�6\QWKHVLV�
RI�9LQ\O�(VWHUV:H�7KDQN�3URI��'U��0��7��5HHW]�IRU�*HQHURXV�6XSSRUW�DQG�&RQVWDQW�(QFRXUDJHPHQW��DQG�*UDWHIXOO\�$FNQRZOHGJH�WKH�')*��WKH�
)&,��DQG�WKH�%0%)�IRU�)LQDQFLDO�6XSSRUW��&KHP��&RPPXQ���������������–�����'2,����������E������D 

��� ,VKLKDUD�.���1DNDMLPD�1���,WRK�7���<DPDJXFKL�+���1DNDPXUD�.���)XUX\D�7���+DPDGD�+��$�&KHPRHQ]\PDWLF�6\QWKHVLV�RI�$URPDWLF�&DUER[\OLF�
$FLG�9LQ\O�(VWHUV��-��0RO��&DWDO��%�(Q]\P��������������–�����'2,����������6����-�������������-� 

��� %DUEDUD�,���%LURW�0���%LVPDUFN�$���'HOHX]H�+��3UHSDUDWLRQ�RI�'LYLQ\O�(VWHUV�E\�7UDQVYLQ\ODWLRQ�EHWZHHQ�9LQ\O�$FHWDWH�DQG�'LFDUER[\OLF�$FLGV��
$UNLYRF�������������–����'2,����������DUN���������S������� 

��� .DOL\DSHUXPDO $SSD\H�6���3DQGXUDQJ 1LNXPEK�6���5HGG\ *RYLQGDSXU�5���%DQHUMHH�6���%KDOHUDR�'�6���6\DP .XPDU�8�.��(WKHQRODWH�7UDQVIHU�
5HDFWLRQV��$�)DFLOH�6\QWKHVLV�RI�9LQ\O�(VWHUV��+HOY��&KLP��$FWD����������������–������'2,����������KOFD���������� 

��� *RR�HQ�/�-���5RGUtJXH]�1���*RR�HQ�.��&DUER[\OLF�$FLGV�DV�6XEVWUDWHV�LQ�+RPRJHQHRXV�&DWDO\VLV��$QJHZ��&KHP��,QW��(G��������������������–
������'2,����������DQLH���������� 

��� %ORWQ\��*��5HFHQW�$SSOLFDWLRQV�RI������-7ULFKORUR-�����-7ULD]LQH�DQG�,WV�'HULYDWLYHV� LQ�2UJDQLF�6\QWKHVLV��&KHP,QIRUP�����������GRL���������
FKLQ����������� 

��� .DPLxVNL��=�-���.ROHVLxVND��%���0DáJRU]DWD��0��0LOG�DQG�(IILFLHQW�6\QWKHVLV�RI�&DUER[\OLF�$FLG�$QK\GULGHV�IURP�&DUER[\OLF�$FLGV�DQG�7ULD]LQH�
&RXSOLQJ�5HDJHQWV��6\QWK��&RPPXQ����������������–������GRL���������6&&-���������� 

��� :X��;�-)���1HXPDQQ��+��=LQF-&DWDO\]HG�2UJDQLF�6\QWKHVLV��& &��& 1��& 2�%RQG�)RUPDWLRQ�5HDFWLRQV��$GY��6\QWK��&DWDO�����������������–
������GRL���������DGVF����������� 

��� (LQKRUQ��&���(LQKRUQ��-���/XFKH��-�-/��1XFOHRSKLOLF�3URSHUWLHV�RI�%XW\OOLWKLXP�YHUVXV�)UHH�&DUER[\OLF�$FLGV��7HWUDKHGURQ�/HWW����������������–
������GRL�������������-�������������*� 

��� .RWKD�6���0HVKUDP�0��$SSOLFDWLRQ�RI�RUJDQRPHWDOOLFV�LQ�RUJDQLF�V\QWKHVLV��-RXUQDO�RI�RUJDQRPHWDOOLF�FKHPLVWU\�������QR�������3����-����KWWSV���
GRL�RUJ���������M�MRUJDQFKHP������������� 

��� 3DUPDQRY�$�%���1XUPRQRY�6�(���7XUVXQRY�6K���(UNKDQRYD�<��)DFLOH�V\QWKHVLV�RI�YLQ\O�HVWHUV�RI�DURPDWLF�FDUER[\OLF�DFLGV�ZLWK�WKH�SDUWLFLSDWLRQ�RI�
�-FKORUR-���-GLPHWKR[\-�����-WULD]LQH��(�6�:HE�RI�&RQIHUHQFHV��������QR�������3����-����KWWSV���GRL�RUJ���������H�VFRQI�������������� 

��� *XWPDQQ�9��6ROYHQW�HIIHFWV�RQ�WKH�UHDFWLYLWLHV�RI�RUJDQRPHWDOOLF�FRPSRXQGV��&RRUGLQDWLRQ�FKHPLVWU\�UHYLHZV��������QR�����3�����-�����KWWSV���
GRL�RUJ���������6����-�������������-�� 

��� 6DQJRQ�6��HW�DO��'LUHFW�FRPSDULVRQ�RI�VDIHU�RU�VXVWDLQDEOH�DOWHUQDWLYH�GLSRODU�DSURWLF�VROYHQWV�IRU�XVH�LQ�FDUERQ–FDUERQ�ERQG�IRUPDWLRQ��5HDFWLRQ�
FKHPLVWU\�	�HQJLQHHULQJ��������QR�����3������-������GRL���������'�5(�����.� 

��� &LFFR�/��HW�DO��:DWHU�RSHQV�WKH�GRRU�WR�RUJDQROLWKLXPV�DQG�*ULJQDUG�UHDJHQWV��H[SORULQJ�DQG�FRPSDULQJ�WKH�UHDFWLYLW\�RI�KLJKO\�SRODU�RUJDQRPHWDO�
OLF� FRPSRXQGV� LQ� XQFRQYHQWLRQDO� UHDFWLRQ� PHGLD� WRZDUGV� WKH� V\QWKHVLV� RI� WHWUDK\GURIXUDQV�� &KHPLFDO� 6FLHQFH�� ������ QR�� ��� 3�� ����-������
GRL���������&�6&�����$� 

��� 3HWURVYDQ�9��6���5HXWRY�*��$��7KH�HIIHFW�RI�VROYHQW�XSRQ�WKH�UDWHV�DQG�PHFKDQLVPV�RU�RUJDQRPHWDOOLF�UHFWLRQV��� ,��*HQHUDO�DVSHFWV��-RXUQDO�RI�
RUJDQRPHWDOOLF�FKHPLVWU\��������QR�����3�����-�����KWWSV���GRL�RUJ���������6����-���;���������-�� 
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&$7$/<6,6�$1'�5($&7,21�(1*,1((5,1* 
ɌȿɏɇɈɅɈȽɂə�ɄȺɌȺɅɂɁȺ�ɂ�ɊȿȺɄɐɂɃ 
.$7$/,=�9$�5($.6,<$�7(;12/2*,<$6, 

PRGGDODU� WDELDWL�� KDURUDW�� HULWXYFKLODU� WDELDWL��
UHDNVL\D� GDYRPL\OLJL� YD� UHDJHQWODU-� =Q�27I����
���ƍ-3K�%,12/-�/L�� .2WU%X�� %X/L� WDELDWL�
WD¶VLUODUL� WDGTLT� TLOLQGL� KDPGD� ROLQJDQ� QDWLMDODU�
DVRVLGD� MDUD\RQODUQLQJ� HQJ� PXTRELO� VKDURLWODUL�
WRSLOGL�� 8QJD� NRµUD� WDQODQJDQ� DURPDWLN� NDUERQ�
NLVORWDODU� ELODQ� YLQLODVHWDWQLQJ� YLQLODOPDVKLQLVK�
UHDNVL\DVL� XFKXQ� KDURUDW� -��� R&�� NDUERQ�
NLVORWD�YLQLODVHWDW�� ���� PRO� QLVEDWGD�� HULWXYFKL�
7*)�� UHDNVL\D� GDYRPL\OLJL� �� VRDW� ERµOJDQGD�

DURPDWLN� NDUERQ� NLVORWD� YLQLO� HILUODUL� HQJ� \XTRUL�
XQXP�ELODQ�VLQWH]�TLOLVKJD�HULVKLOGL� 

$URPDWLN� NDUERQ� NLVORWD� YLQLO� HILUODUL�
VLQWH]L�XFKXQ�WDQODQJDQ�HULWXYFKLODU–�7*)��'((�YD�
';0� WDKOLO� TLOLQJDQGD� HQJ� \XTRUL� XQXP� 7*)� GD�
KRVLO�ERµOJDQ� 

6LQWH]�TLOLQJDQ�YLQLO�HILUODUQLQJ�WX]LOLVKL�,4
-���+-����&-<$05�YD�0DVV-�VSHNWUODU�WDKOLOL�DVRVLGD�
LVERWODQJDQ�� 9LQLO� HILUODUQL� LVKODE� FKLTLVK�
WH[QRORJLN�V[HPDVL�WDNOLI�HWLOJDQ�� 
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ɋɂɇɌȿɁ�ȼɕɋɈɄɈɆɈɅȿɄɍɅəɊɇɕɏ�ɈɅɂȽɈɆȿɊɈȼ�ɇȺ�ɈɋɇɈȼȿ� 
ɎɍɊɎɍɊɂɅɈȼɈȽɈ�ɋɉɂɊɌȺ 
 
Ȼɨɣɫɚɣɢɞ�ɍ��ɋȺɃɂɌɈȼ��ER\VD\LG��#PDLO�UX� 
Ʌɚɬɢɮ�ȿ��ɀɍɆȺɇɈȼ��MOH�X]#PDLO�UX� 
Ɇɭɡɚɮɚɪ�Ƚ��ȺɅɂɆɍɏȺɆȿȾɈȼ��PJD����#PDLO�UX� 
ɒɟɪɚɥɢ�Ⱥ��ɍɆȺɊɈȼ��VKHUDOLXPDURY#\DKRR�FRP� 
ɎɚɪɯRɞ�Ⱥ��ɆȺȽɊɍɉɈȼ� 
Ɍɚɲɤɟɧɬɫɤɢɣ�ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ�ɢɧɫɬɢɬɭɬ��Ɍɚɲɤɟɧɬ��ɍɡɛɟɤɢɫɬɚɧ 
� 

ɐɟɥɶ�ɪɚɛɨɬɵ�–�ɢɫɫɥɟɞɨɜɚɧɢɟ�ɩɪɨɰɟɫɫɚ�ɫɢɧɬɟɡɚ�ɮɭɪɮɭɪɢɥɨɜɵɯ�ɨɥɢɝɨɦɟɪɨɜ�ɫ�ɜɵɫɨɤɨɣ�ɦɨɥɟɤɭɥɹɪɧɨɣ�ɦɚɫɫɨɣ�ɩɪɢ�ɪɚɡɥɢɱɧɵɯ�
ɫɨɨɬɧɨɲɟɧɢɹɯ�ɮɭɪɮɭɪɢɥɨɜɨɝɨ�ɫɩɢɪɬɚ�ɢ�ɝɢɞɪɨɤɫɢɥɫɨɞɟɪɠɚɳɟɝɨ�ɩɨɥɢɷɮɢɪɩɨɥɢɨɥɚ��ɉɨɤɚɡɚɧɨ�ɜɥɢɹɧɢɟ�ɫɩɨɫɨɛɚ�ɩɪɨɜɟɞɟɧɢɹ�ɩɪɨɰɟɫɫɚ�
ɧɚ�ɜɵɯɨɞ�ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɨɝɨ�ɮɭɪɮɭɪɢɥɨɜɨɝɨ�ɨɥɢɝɨɦɟɪɚ�–�ɩɪɢ�ɨɞɧɨɫɬɚɞɢɣɧɨɦ�ɦɟɬɨɞɟ�ɫɢɧɬɟɡɚ�ɫ�ɭɜɟɥɢɱɟɧɢɟɦ�ɤɨɥɢɱɟɫɬɜɚ�ɮɭɪɮɭ�
ɪɢɥɨɜɨɝɨ� ɫɩɢɪɬɚ� ɨɬ� ��� ɞɨ� ���ɦɨɥɟɣ� ɧɚ� �� ɦɨɥɶ� ɩɨɥɢɷɮɢɪɩɨɥɢɨɥɚ�� � ɜɵɯɨɞ� ɤɨɧɟɱɧɨɝɨ� ɩɪɨɞɭɤɬɚ� ɭɦɟɧɶɲɚɟɬɫɹ� ɫ� ���� ɞɨ� ����� ɩɨ-
ɜɢɞɢɦɨɦɭ�ɜɫɥɟɞɫɬɜɢɟ�ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɝɨ�ɷɮɮɟɤɬɚ��ɜɵɡɵɜɚɸɳɟɝɨ�ɝɟɥɟɨɛɪɚɡɨɜɚɧɢɟ�ɫɢɫɬɟɦɵ��ȼ�ɨɬɥɢɱɢɟ�ɨɬ�ɟɞɢɧɨɜɪɟɦɟɧɧɨɝɨ�ɜɜɟɞɟ�
ɧɢɹ�ɤɚɬɚɥɢɡɚɬɨɪɚ�ɟɝɨ�ɞɨɡɢɪɨɜɚɧɧɵɣ�ɜɜɨɞ�ɩɨɡɜɨɥɹɟɬ�ɪɟɝɭɥɢɪɨɜɚɬɶ�ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɣ�ɷɮɮɟɤɬ�ɪɟɚɤɰɢɢ�ɢ��ɬɚɤɢɦ�ɨɛɪɚɡɨɦ�ɩɪɟɞɨɬ�
ɜɪɚɬɢɬɶ�ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɟ�ɝɟɥɟɨɨɛɪɚɡɨɜɚɧɢɟ��Ɍɚɤ��ɩɪɢ�ɩɨɷɬɚɩɧɨɦ�ɞɨɛɚɜɥɟɧɢɟ�ɤɚɬɚɥɢɡɚɬɨɪɚ�ɜɵɯɨɞ�ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɨɝɨ�ɮɭɪɮɭ�
ɪɢɥɨɜɨɝɨ�ɨɥɢɝɨɦɟɪɚ�ɜɨɡɪɚɫɬɚɟɬ�ɫ������ɞɨ�������ɩɪɢ�ɢɡɦɟɧɟɧɢɟ�ɤɨɥɢɱɟɫɬɜɚ�ɮɭɪɮɭɪɢɥɨɜɨɝɨ�ɫɩɢɪɬɚ�ɨɬ����ɞɨ����ɦɨɥɟɣ�ɧɚ���ɦɨɥɶ�
ɩɨɥɢɷɮɢɪɩɨɥɢɨɥɚ��ɜɡɹɬɨɝɨ�ɞɥɹ�ɫɢɧɬɟɡɚ��ɂɫɫɥɟɞɨɜɚɧɢɟɦ�ɨɬɜɟɪɠɞɟɧɢɹ�ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ�ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ�ɮɭɪɮɭɪɢɥɨɜɵɯ�ɨɥɢ�
ɝɨɦɟɪɨɜ�ɩɨɤɚɡɚɧɨ��ɱɬɨ�ɫ�ɭɜɟɥɢɱɟɧɢɟɦ�ɦɨɥɶɧɨɝɨ�ɫɨɨɬɧɨɲɟɧɢɹ�ɮɭɪɮɭɪɢɥɨɜɵɣɫɩɢɪɬ��ɩɨɥɢɷɮɢɪɩɨɥɢɨɥ�ɜɨɡɪɚɫɬɚɟɬ�ɜɵɯɨɞ�ɝɟɥɶ�ɮɪɚɤ�
ɰɢɢ�ɨɬ� � ����ɞɨ������ Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ��ɩɪɨɜɟɞɟɧɧɵɟ� ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɩɨɡɜɨɥɢɥɢ� ɧɚɭɱɧɨ� ɨɛɨɫɧɨɜɚɬɶ� ɫɬɭɩɟɧɱɚɬɵɣ�
ɪɟɠɢɦ�ɫɢɧɬɟɡɚ�ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ�ɮɭɪɮɭɪɢɥɨɜɵɯ�ɨɥɢɝɨɦɟɪɨɜ�� 

 
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɩɨɥɢɷɮɢɪɩɨɥɢɨɥ��ɫɨɩɨɥɢɤɨɧɞɟɧɫɚɬ��ɜɪɟɦɹ�ɝɟɥɟɨɛɪɚɡɨɜɚɧɢɹ��ɦɚɥɟɢɧ�ɚɧɝɢɞɪɢɞ� 
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%R\VD\LG�8��6$<,729��ER\VD\LG��#PDLO�UX� 
/DWLI�(��-80$129��MOH�X]#PDLO�UX� 
0X]DIDU�*��$/,08.+$0('29��PJD����#PDLO�UX� 
6KHUDOL�$��80$529��VKHUDOLXPDURY#\DKRR�FRP 
)DU[RG�$��0$*58329 
7RVKNHQW�NLP\R-WH[QRORJL\D�LQVWLWXWL��7RVKNHQW��2¶]EHNLVWRQ 

 
7DGTLTRWQLQJ� PDTVDGL� –� \XTRUL� PROHNXO\DU� PDVVDOL� IXUIXULO� ROLJRPHUODULQL� GDVWODENL� PRQRPHUODU� EɨµOJDQ� IXUIXULO� VSLUWD� YD�

JLGURNVLOVDTORYFKL�SROLHILUSROLROQLQJ�WXUOL�PRO\DU�QLVEDWODULGD�VLQWH]�TLOLVK� MDUD\RQLQL� WDGTLT�TLOLVKGLU��%XQGD�MDUD\RQQL�ROLE�ERULVK�XVXO�
ODULQL�\DNXQL\�PDKVXORW�EɨµOJDQ�\XTRUL�PROHNXO\DU�PDVVDOL� IXUIXULO�ROLJRPHULQLQJ�FKLTLVK�XQXPLJD�WD¶VLUL�NɨµUVDWLOJDQ�–�VLQWH]QL�ELU�ERV�
TLFKGD�ROLE�ERULVKGD�IXUIXULO�VSLUW�PLTGRULQL���PRO�SROLHILUJD�QLVEDWDQ����GDQ����PROJD�RVKLULVK��VLVWHPDQLQJ�JHO�[RVLO�EɨµOLVKLQL�NHOWLULE�
FKLTDUDGLJDQ�\XTRUL�HN]RWHUPL\D� WXID\OL�� � \DNXQL\�PDKVXORWQLQJ�FKLTLVK�XQXPL����GDQ�����JDFKD�NDPD\LVKLJD�ROLE�NHOGL��%XQGDQ� IDUTOL�
NDWDOL]DWRUQL��EɨµOLE�EɨµOLE�TɨµVKLVK�UHDNVL\D�HN]RWHUPLN�HIIHNWLQL�URVWODVK�LPNRQLQL�EHUDGL�YD�VKXQGD\�TLOLE�EDU�YDTW�JHO�NHOLVK�ROGLQL�RODGL��
.DWDOL]DWRUQL�ERVTLFKPD�ERVTLFK�TɨµVKLVKGD�\XTRUL�PROHNXO\DU�PDVVDOL�IXUIXULO�ROLJRPHULQLQJ�FKLTLVK�XQXPL����PRO�SROLHILU�SROLROJD�QLV�
EDWDQ� IXUIXULO� VSLUWLQLQJ�PLTGRULQL� ���GDQ����PROJDFKD�RVKLULOJDQGD�� �����GDQ� �������JDFKD�ɨµVLVKL� NX]DWLOJDQ�� 6LQWH]� TLOLQJDQ� \XTRUL�
PROHNXO\DU�PDVVDOL� IXUIXULO� ROLJRPHUODULQLQJ�TRWLVKLQL� WDGTLT� TLOLE� NɨµUVDWLGLNL�� VLQWH]� XFKXQ�ROLQJDQ� IXUIXULO� VSLUWLQLQJ�PLTGRULQL� RUWLVKL�
ELODQ�JHO� IUDNVL\DQLQJ�FKLTLVKL����GDQ������JDFKD�ɨµVLVKL�NX]DWLOJDQ��6KXQGD\�TLOLE��ROLE�ERULOJDQ� WL]LPOL� WDGTLTRWODU�\XTRUL�PROHNXO\DU�
PDVVDOL�IXUIXULO�ROLJRPHUODULQL�ERFKTLFKOL�VLQWH]�TLOLVK�UHMLPLQL�LOPL\�DVRVODVK�LPNRQLQL�EHUGL� 

 
ɄɚOLW�VR൏]ODU��SROLHILU�SROLRO��VRSROLNRQGHQVDW��JHOODQLVK�YDTWL��PDOHLQ�DQJLGULG� 
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%R\VD\LG�8��6$<,729��ER\VD\LG��#PDLO�UX� 
/DWLI��(��-80$129��MOH�X]#PDLO�UX� 
0X]DIDU�*��$/,08;$0('29��PJD����#PDLO�UX� 
6KHUDOL�$��80$529��VKHUDOLXPDURY#\DKRR�FRP� 
)DUKRG�$��0$*58329 
7DVKNHQW�,QVWLWXWH�RI�&KHPLFDO�7HFKQRORJ\��7DVKNHQW��8]EHNLVWDQ 

 
7KH�SXUSRVH�RI�WKH�ZRUN�LV�WR�VWXG\�WKH�SURFHVV�RI�V\QWKHVLV�RI�IXUIXU\O�ROLJRPHUV�ZLWK�KLJK�PROHFXODU�ZHLJKW�DW�YDULRXV�UDWLRV�RI�

IXUIXU\O�DOFRKRO�DQG�K\GUR[\O-FRQWDLQLQJ�SRO\HWKHU�SRO\RO��7KH�LQIOXHQFH�RI�WKH�SURFHVV�PHWKRG�RQ�WKH�\LHOG�RI�KLJK-PROHFXODU�IXUIXU\O�ROLJR�
PHU�LV�VKRZQ�-�ZLWK�D�RQH-VWHS�V\QWKHVLV�PHWKRG�ZLWK�DQ�LQFUHDVH�LQ�WKH�DPRXQW�RI�IXUIXU\O�DOFRKRO�IURP����WR����PROHV�SHU���PROH�RI�SRO\�
HWKHU�SRO\RO��WKH�\LHOG�RI�WKH�ILQDO�SURGXFW�GHFUHDVHV�IURP�����WR������DSSDUHQWO\�GXH�WR�KLJK�H[RWKHUPLF�HIIHFWV��FDXVLQJ�JHODWLRQ�V\VWHPV��
,Q�FRQWUDVW�WR�WKH�RQH-WLPH�LQWURGXFWLRQ�RI�WKH�FDWDO\VW��LWV�GRVHG�LQWURGXFWLRQ�DOORZV�\RX�WR�UHJXODWH�WKH�H[RWKHUPLF�HIIHFW�RI�WKH�UHDFWLRQ�
DQG��WKXV��SUHYHQW�SUHPDWXUH�JHODWLRQ��7KXV��ZLWK� WKH�JUDGXDO�DGGLWLRQ�RI�D�FDWDO\VW�� WKH�\LHOG�RI�KLJK�PROHFXODU�ZHLJKW�IXUIXU\O�ROLJRPHU�
LQFUHDVHV� IURP������WR�������ZKHQ�WKH�DPRXQW�RI�IXUIXU\O�DOFRKRO�FKDQJHV� IURP����WR����PROHV�SHU���PROH�RI�SRO\HWKHU�SRO\RO� WDNHQ�IRU�
V\QWKHVLV��$�VWXG\�RI�WKH�FXULQJ�RI�V\QWKHVL]HG�KLJK-PROHFXODU�IXUIXU\O�ROLJRPHUV�VKRZHG�WKDW�ZLWK�DQ�LQFUHDVH�LQ�WKH�PRODU�UDWLR�RI�IXUIXU\O�
DOFRKRO��SRO\HWKHU�SRO\RO��WKH�\LHOG�RI�WKH�JHO�IUDFWLRQ�LQFUHDVHV�IURP�����WR������7KXV��WKH�V\VWHPDWLF�VWXGLHV�FDUULHG�RXW�PDGH�LW�SRVVLEOH�
WR�VFLHQWLILFDOO\�VXEVWDQWLDWH�WKH�VWHSZLVH�V\QWKHVLV�RI�KLJK-PROHFXODU�IXUIXU\O�ROLJRPHUV� 

 
.H\ZRUGV��SRO\HVWHU�SRO\RO��FRSRO\FRQGHQVDWH��JHODWLRQ�WLPH��PDOHLF�DQK\GULGH� 

.LULVK 

.LP\R� VDQRDWLQLQJ� DVRVL\� [RP� DVK\R� WXU�
ODULGDQ� ELUL� KLVREODQJDQ� WDELL\� JD]� YD� QHIW�
]DKLUDODULQL� NDPD\LE� ERULVKL� VDEDEOL� ELRPDVVDQL�
TD\WD� LVKODVK� DVRVLGD� WXUOL� NLP\RYL\� PRGGD� YD�
ELULNPDODUQL� \DUDWLVK�GRO]DUE�PXDPPR�ERCOLE�TRO�

GL�� %X� PXDPPRQL� LMREL\� \HFKLPL� LTWLVRGL\�
WRPRQGDQ� VDPDUDJD� ROLE� NHODGL� YD� \XTRUL�
PROHNXODOL� ELULNPDODU� NLP\RVLQLQJ� NDP�
RµUJDQLOJDQ�WDUPRJµLQL�\DQDGD�ULYRM�WRSLVKLJD�KLVVD�
TRµVKD� RODGL��%X� ERUDGD� IXUDQ� SROLPHUODUL� DORKLGD�
DKDPL\DW�NDVE�HWPRTGD��1H\WUDO�PXKLWGD��QLVEDWDQ�
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SDVW� KDURUDWODUGD� ����-���� ɨ&�� WLNLOJDQ� KROJD� RµWD�
RODGLJDQ� IXUDQ� ROLJRPHUODULQL� VLQWH]� TLOLVK� XODUQL�
WLNLOJDQ� KROJD� RµWND]LVK�PH[DQL]PODULQL� RµUJDQLVK�
SROLPHU� VRKDVLGD� \DQJL� WXUGDJL� SROLPHUODU� VLQWH]�
TLOLVKJD� LPNRQ� \DUDWDGL� >�@�� 8VKEX� WXUGDJL�
SROLPHUODUQL� VLQWH]� TLOLVK� YD� XODUQL� IL]LN�PH[DQLN�
YD� WHUPLN� [RVVDODULQL� \D[VKLODVK� RC]LJD� [RV�
PXUDNNDEOLNND� HJD� ERµOJDQ� WDGTLTRWODUQL� DPDOJD�
RVKLULVKQL� WDTD]R� HWDGL� >�@�� )XUDQ� SROLPHUODUL� YD�
IXUIXULO� VSLUW� ROLJRPHUODUL� XVWLGD� EXJXQJL� NXQJD�
TDGDU�NRCSODE�WDGTLTRWODU�DPDOJD�RVKLULOJDQ�ERCOLE��
QDWLMDODULJD� NRCUD� XODU� WDGELT� TLOLQJDQ� WXUOL�
\RCQDOLVKODU� DGDEL\RWODU� YD� LOPL\� MXUQDOODU� DVRVLGD�
RCUJDQLOGL�� )XUDQ� SROLPHUODUL� YD� XODU� DVRVLGDJL�
ROLJRPHUODU��NRPSR]LWVL\DODU�RC]ODULGD�PXVWDKNDP�
IL]LN-�NLP\RYL\�YD�WH[QLN�[XVXVL\DWODUQL�QRPR\RQ�
TLODGL�� 0DVDODQ� IXUDQ� SROLPHUODUL� VLOLNDWODU� ELODQ�
KRVLO� TLOLQJDQ� NRPSR]LWVL\DODUL� [XVXVDQ� IXUIXULO�
VSLUW� YD� IXUIXULO� NLULWLOJDQLGDQ� VRCQJ� SR�
OLPHUVLOLNDWODUQLQJ�VLTLOLVK�PH[DQL]PL�RCUJDQLOJDQ��
1DWLMDGD� HQJ� \D[VKL� IL]LN-NLP\RYL\� YD� WH[QLN�
[XVXVL\DWODUJD� HJD� ERCOJDQ� RSWLPDO� UDPND� SR�
OLPHUVLONDW� NRPSR]LWVL\DVL� DQLTODQJDQ�� 0DCOXP�
ERCOGLNL� SROLPHU� NRPSR]LWVL\DODUJD� TRCVKLOJDQGD�
RGDWGDJL� PRQR� TR
VKLPFKDODUJD� QLVEDWDQ� NR
S�
IXQNWVLRQDO� TR
VKLPFKDODUQLQJ� DI]DOOLJL� DQLTODQGL��
6KX�ELODQ�ELUJD��SROLPHUVLOLNDWODUQLQJ�IL]LN��NLP\R-
YL\�YD�ELRORJLN�[XVXVL\DWODULQL�RVKLULVKJD�HULVKLOGL�
>�@��)XUDQ�ROLJRPHUODUL�NRCSLNOL�SROLPHUODU�ROLVKGD�
KDP� NHQJ�PLTGRUODUGD� IR\GDODQLOJDQ�� %XQGD�PR�
FKHYLQD� IRUPDOGHJLG� TDWURQODUL� \RUGDPLGD� NRCSLN�
KRVLO� TLOLVK� XFKXQ� NRPSR]LWVL\DQLQJ� RSWLPDO� WDU�
NLELJD� ���� � YD� TRCVKLPFKDODU� VLIDWLGD� EHQWRQLW��
GLVSHUJDWRU��DPPRQL\�ELNRUEDQDW��������PLTGRUGD�
����OL�IRVIDW�NLVORWD�TRCOODVK�RUTDOL�WX\XOPD�]LFKOL�
JL� ��-���� NJ�P�� JDFKD� ERCOJDQ� NRCSLN� SROLPHU�
ROLVK�PXPNLQOLJL�LOJDUL�VXULOJDQ��>�@�� 

8VKEX� MLKDWGDQ� R
]DUR� ERJ
ODQJDQ�
SROLPHUODUQLQJ� KRVLO� ER
OLVK� WH]OLJLGD� IHQRO-
IRUPDOGHJLG� ROLJRPHUODULJD� R
[VKDVK�� DPPR�
\XTRUL� NRUUR]L\D� YD� LVVLTOLNJD� TDUVKLOLJL� ELODQ�
R
]DUR� ERJ
ODQJDQ� SROLPHUODUGDQ� IDUT� TLODGLJDQ�
IXUIXULO-IRUPDOGHJLG� ROLJRPHUODUL� NDWWD� TL]LTLVK�
X\J
RWPRTGD� YD� RORYEDUGRVK� SROLPHU�
NRPSR]LWVL\DODU� ROLVKGD� KDP� IXUIXULO� VSLUW�
ROLJRPHUODUL�DKDPL\DWOL�KLVREODQPRTGD�>�@� 

2
]DUR� ERJ
ODQJDQ� SROLPHUODUQL� QH\WUDO�
PXKLWGD� YD� R
UWDFKD� KDURUDWGD� KRVLO� ER
OLVKLQLQJ�
XVKEX� PH[DQL]PL� R
]DUR� ERJ
ODQJDQ� IXUIXULO-
IRUPDOGHJLG�SROLPHUODUQLQJ�KRVLO�ER
OLVK�WH]OLJL�YD�
]LFKOLJL� GDVWODENL� ROLJRPHUODUGD� IXUDQ� KDOTDODULQL�

ELUODVKWLUXYFKL� GLPHWLOHQ� HILU� ERJ
ODUL� VRQLJD�
PXWDQRVLE� HNDQOLJLQL� NR
UVDWDGL� >��� �@�� IHQRO-
IRUPDOGHJLG�ROLJRPHUODUL�PROHNXODODULGD�GLPHWLOHQ�
HILU� ERJ
ODUL� PLTGRULQLQJ� NR
SD\LVKL� VLQWH]� XFKXQ�
ROLQJDQ�IHQRO�GLPHWLO�HILULQLQJ�PRO\DU�PLTGRULQLQJ�
NR
SD\LVKL�ELODQ�WD
PLQODQDGL�� 

)XUDQ� KRVLODODULQL� ��-PHWLOIXUDQ�� �-WHWUD-
EXWLOIXUDQ�� EORN-VRSROLPHU� YD� IXQNWVLRQDOODVKJDQ�
SROLPHUODUQL� VLQWH]L� XFKXQ� LVKODWLVK� NR
ULE� FKL�
TLOPRTGD� KDPGD� WDUNLELGDJL� &+�&O�� 7L&O�� \RNL�
%&O��\RNL�&+�&O��YD�&+�&O�DUDODVKPDVLGD�HULWPD�
ELODQ� IXQNWVLRQDOODVKJDQ� SROLL]REXWLOHQODUQL� VLQWH]�
TLOLVKGD�XVKEX�PRGGDODUGDQ� IR\GDODQLOJDQ��8VKEX�
VKDURLWGD�EDUTDURU�DOOLO�NDWLRQODULQL�R
]�LFKLJD�ROJDQ�
SROLPHUODU�KRVLO�ER
OLVKL�NR
UVDWLOGL��)XUDQ�KRVLODOD�
ULQL� LVKODWLVK� \XOGX]� VKDNOLGDJL� PROHNXODODU� ELODQ�
EORNOL�VRSROLPHUODUQL�ROLVKJD�LPNRQ�EHUDGL�>�@�� 

%URQVWHG�YD�/\XLV�SROLPHUODQLVK�VKDURLWLQ�
LQJ� R
]JDULVKL� SROL-IXUIXULO� TDWURQLQLQJ� FKL]LTOL�
WX]LOLVKLQL� R
]JDUWLUPD\GL� YD� NRQVHQWUDWVL\DVLQLQJ�
RVKLVKL� \RNL� KDURUDWQLQJ� NR
WDULOLVKL� [XVXVL\DWODU�
MLKDWLGDQ� R
]DUR� ELU-ELULJD� ERJ
OLT� ERCOJDQ� SROLPHU�
KRVLO� ER
OLVKLJD� ROLE� NHODGL�� 1DWLMDODUJD� NRCUD�
TROGLT� SROL-IXUIXULO� ROLJRPHULQLQJ� JXUXKODUL� HN]�
RWHUPLN� UHDNVL\DODU� YD� SROLPHUODUQL� R
]DUR�
ERJ
ODVKJD�TRGLU�HNDQOLJLQL�'6&�XVXOL�ELODQ�NR
UVD�
WLOJDQ�>�@� 

6KXQGD\� TLOLE�� QDVKU� HWLOJDQ� DGDEL\RWODUQL�
TLVTDFKD�WDKOLO�TLOLVK�VKXQL�NR
UVDWGLNL��IXUIXULO�ROL�
JRPHUODUL�YD�XODUJD�DVRVODQJDQ�SROLPHU�PDWHULDOODU�
NHQJ� [XVXVL\DWODUJD� HJD� ER
OJDQ� WHUPRVH]XYFKL�
SROLPHU� NRPSR]LW� PDWHULDOODU� �3.0�� QLQJ� HQJ�
\RUTLQ� YDNLOODULGDQ� ELULGLU�� 0ROHNXO\DU� RJ
LUOLJLQL�
RVKLULVK� XFKXQ� WXUOL� [LO� UHDJHQWODU� ELODQ� PRGL�
ILNDWVL\DODQJDQ� WR]D� IXUIXULO� ROLJRPHUODUL� YD� IXU�
IXULO�ROLJRPHUODULQL�SROLPHUL]DWVL\D�TLOLVK�\RNL�SRO�
LNRQGHQVDWVL\D� MDUD\RQL� WXJDJDQ� 3.0� ODUQLQJ�
WH[QRORJLN� YD� HNVSOXDWDWVLRQ� [XVXVL\DWODULQL� VH]L�
ODUOL�GDUDMDGD�\D[VKLODVKL�PXPNLQ�� 

;XORVD� TLOLE� D\WJDQGD�� TDWURQODU� VLIDWLQL�
\D[VKLODVK� YD� IL]LN-NLP\RYL\�� IL]LN-PHKDQLN�
[XVXVL\DWODULQL�\D[VKLODVK�PDTVDGLGD�IXUDQ�TDWURQ�
ODULQL� WDELL\� NHOLE� FKLTLVKL� ELRSROLPHUODUL� ELODQ�
R
]JDUWLULVK� LPNRQL\DWL�� VKXQLQJGHN�� EX� TDWURQ�
ODUGDQ� IHQRO-IRUPDOGHJLG� YD� PRFKHYLQD-IRUPDO-
GHJLG�ELODQ�ELUJDOLNGD�IR\GDODQLVK�PXPNLQ�>��@� 

)XULO� VSLUWLQLQJ� NLVORWDOL� PXKLWGD�
SROLNRQGHQVDWODQLVKLJD� KDPURK� ER
ODGLJDQ� \RQ�
UHDNWVL\DODU� PH[DQL]PLQL� R
UJDQGLN�� %XQGD�
]DQMLUODU� YD� WDUPRTODUGD� IXQNVLRQDO� JXUXKODU� KRVLO�
ER
OLVKL� NX]DWLOGL�� 'DVWODE� ELULQFKL� MDUD\RQQL�
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&$7$/<6,6�$1'�5($&7,21�(1*,1((5,1* 
ɌȿɏɇɈɅɈȽɂə�ɄȺɌȺɅɂɁȺ�ɂ�ɊȿȺɄɐɂɃ 

.$7$/,=�9$�5($.6,<$�7(;12/2*,<$6, 

WXVKXQLVK�XFKXQ�ɨUDOLT�PRQRPHUODUGDQ� IR\GDODQLO-
JDQ�� %XQLQJ� DVRVL\� VDEDEL� IXUDQ� KDOTDODULQL�
ELUODVKWLUJDQ� PHWLOHQ� JXUXKODULGDJL� ODELO� YRGRURG�
DWRPODUL� GHE� KLVREODQDGL�� ,NNLQFKL� KROGD��
PRGHOODVKWLULVK� DVRVLGD� PXPNLQ� ER
OJDQ�
UHDNWVL\DODU�WDNOLI�HWLODGL�>������@�� 

<XTRULGDJL� LVKODUGD� IXUDQ� ROLJRPHUODUQLQJ�
R¶UWDFKD�PROHNXODU�PDVVDVL�NDWWD�ER¶OD�ROPD\GL�YD�
QDWLMDGD� HNVSOXDWDVLRQ� [RVVDODUL� HWDUOL� WDODE�
GDUDDVLGD�ER¶OPDJDQOLJL�VDEDEOL�TR¶OODQLVK� LPNRQL�
\DWLQL�FKHNODVKJD�ROLE�NHODGL���%X�DVSHNWGD�LVWLTERO�
OL� YD� VDPDUDOL� � \RCQDOLVKODUGDQ� ELUL� IXUDQ�
ROLJRPHUODULQL� PROHNXO\DU� PDVVDVLQL� PDTVDGOL�
RVKLULVKGLU� >��@�� 6KXODUQL� LQREDWJD� ROLE� XVKEX�
PDTRODGD� \XTRUL� PROHNXO\DU� PDVVDOL� IXUDQ�
ROLJRPHUODU� VLQWH]� TLOLVK� VKDURLWODULQL� WDGTLT�
TLOLVKGDQ�LERUDW� 

 
7DGTLTRW�XVXOODUL�YD��PDWHULDOODUL 
7DGTLTRW� LVKL� GDYRPLGD� IR\GDODQLOJDQ�

EDUFKD� UHDNWLYODU� YD� XODULQJLQJ� IL]LN-NLP\RYL\�
[RVVD� YD� [XVXVL\DWODUL� TX\LGDJL� MDGYDOGD�
NHOWLULOJDQ�� 

<XTRUL� PROHNXODU� PDVVDJD� HJD� ERµOJDQ�
ROLJRPHULQL� VLQWH]� TLOLVK� XFKXQ� IXUIXULO� VSLUWLQL�
JLGURNVLO� JXUXK� VDTORYFKL� SROLHILU� SROLRO� ELODQ�
PRGLILNDWVL\D� TLOGLN�� *LGURNVLO� JXUXK� VDTORYFKL�
SROLHILU�SROLRO��*63�����PRO�DGLSLQ�NLVORWDVL�YD�����
PRO� GLHWLOHQJOLNROQLQJ� PRO-PRO� PLTGRUODULGDJL�
QLVEDWODUGD� =Q�&+�&22��

� LVKWLURNLGD� LQHUW� JD]�
PXKLWLGD� �� VRDW� GDYRPLGD� ���� ɨ&� [DURUDWGD�
SROLNRQGHQVDWVL\D� TLOLVK� RUTDOL� VLQWH]� TLOLE�
ROLQJDQ� 

6LQWH]� TLOLQJDQ� *63� YD� IXUIXULO� ROLJRPHU-

ODULQLQJ� IL]LN� NLP\RYL\� [RVVDODUQL� TX\LGDJL�
XVOXEODU� ELODQ� RCUJDQLOGL�� 0ROHNXO\DU� PDVVDVL��
JLGURNVLO� JXUXK� VRQL�� .LVORWD� VRQL�� HILU� VRQL�� JHO�
IUDNVL\D� FKLTLVKL�� JHO� [RVRO� TLOLVK� YDTWL� NDEL� IL]LN�
NLP\RYL\�[RVVDODUL�RCUJDQLOGL�� 

<XTRUL� PROHNXODU� PDVVDJD� HJD� DOLIDWLN�
VLJPHQW� ERCOJDQ� ROLJRPHUODUQL� VLQWH]� TLOLVK� XFKXQ�
GDVWODE�>�����@�DGDEL\RWODUGD�NHOWLULOJDQ�XVXO�RUTDOL�
JLGURNVLO� JXUXK� VDTORYFKL� SROLHILU� SROLRO� �*63��
ROLQGL�� 6LQWH]� TLOLE� ROLQJDQ� *63� QLQJ� PROHNXO\DU�
PDVVDVL� ����� HNDQOLJL� NULRVNRSLN� XVXO� \RUGDPLGD�
DQLTODQJDQ�>������@��<XTRUL�PROHNXODU�PDVVDOL�IXU�
IXULO� ROLJRPHUODULQL� VLQWH]� TLOLVK� XVXOL� >��@� GD�
NHOWLULOJDQ� 

 
1DWLMDODU�YD�PXKRNDPDVL 
3ODVWLN� PDVVDODUQLQJ� [DP� WH[QRORJLN� [DP�

HNVSOXDWDVLRQ� [XVXVL\DWODULQLQJ� \D[VKL� WDPLQOD-
QLVKLQL� R¶UWDFKD� PROHNXODU� PDVVD� EHOJLOD\GL��
4RQXQL\DWODUJD� NR¶UD� >���� ��@�� WDUPRTODQJDQ�
PDNURPROHNXOD� ]DQMLULJD� DOLIDWLN� VHJPHQWQL�
NLULWLOLVKL� PDNURPROHNXODGDJL� LFKNL� NXFKODQLVKQL�
NDPD\WLULVKJD� YD� ]DUEL\�PXVWD[NDPOLNQL� RUWLVKLJD�
ROLE�NHOLVKL�PDCOXP�� 

>��@� DGDEL\RWGD� NHOWLULOJDQ� XVXO� RUTDOL�
IXUIXULO� VSLUWL� �)6�� YD� JLGURNVLO� VDTORYFKL�
SROLHILUSROLROQL� ���� ɨ&� KDURUDW� RVWLGD� NDWDOL]DWRU�
VLIDWLGD� PDOHLQ� DQJLGULG� LVKWLURNLGD� � SROLNRQGHQ�
VDWVL\DODVK�RUTDOL��PRGLILNDWVL\DODQJDQ�ROLJRPHUODU�
VLQWH]� TLOLQGL�� 6LQWH]� �� VRDWGDQ� ��� VRDWJDFKD� WXUOL�
QLVEDWODUGD� ELU� ERVTLFKGD� ROLE� ERULOGL�� ȺMUDOLE�
FKLTD\RWJDQ�VXY�YD�UHDNVL\DJD�NLULVKPDJDQ�IXUIXULO�
VSLUWL� 'LQD-6WDUN� XVKODJLFKLGD� DMUDWLE� ROLQGL��
<LJµLOJDQ� VXY� YD� IXUIXULO� VSLUWL� DUDODVKPDVL� ELU�

5HDNWLYODU�QRPL 0ROHNXO\DU�
PDVVDVL 

=LFKOLJL 
J�VP� 

6LQGLULVK�NRCUVDWNLFKL��

 

6X\XTODQLVK�
KDURUDWL��ɨɋ 

4D\QDVK�KDURUDWL��
ɨɋ 

)XUIXULO�VSLUW �� ������ ������ ���� ���-��� 
0DOHLQ�DQJLGULG ����� ����� - �� ��� 
$GLSLQ�NLVORWDVL ������ ���� - ��� ��� 
'LHWLOHQJOLNRO ������ ����� ������ ��� ����� 
5X[�DWVHWDW ������ ���� - - ��� 
5X[�[ORULG ������ ���� - ��� ��� 
.RPIRUD ������ ���� - ��� ��� 
$WVHWRQ ����� ����� ������ -�� �� 
(WDQRO �� ����� ������ -��� ����� 
1�1-'LPHWLOIRUPDPLG ����� ����� ����� -�� ��� 
%HQ]RO ����� ������ ����� -��� ���� 
7ROXRO ����� ������ ������   ����� 
6LNORJHNVDQRQ ����� ������ ������ �� -����� 

�--DGYDO 
5HDNWLYODU�YD�XODULQJLQJ�IL]LN-NLP\RYL\�[RVVD�YD�[XVXVL\DWODUL� 
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ELULGDQ� DMUDWLOLE�� UHDNVL\DJD� NLULVKPDJDQ� IXUIXULO�
VSLUWL�PLTGRUL�KLVREODE�WRSLOJDQ� 

6LQWH]�XFKXQ�ROLQJDQ�)6�QLQJ�PRO�PLTGRUL�
��� PROGDQ� ��� PROJDFKD� RVKJDQGD�� SROLNRQGHQ-
VDWODQLVK� UHDNVL\DVLJD� NLULVKJDQ� )6� PLTGRUL� DVWD�
VHNLQ� *63� PROLJD� QLVEDWDQ� ���� PROGDQ� �����
PROJDFKD� RUWGL�� 6KX� ELODQ� ELUJD� UHDNVL\DJD�
NLULVKPDJDQ� )6� PLTGRUL� RUWLVKL� PDCOXP� ER¶OGL��
6KXQGD\� TLOLE�� DJDU� *63�)6� QLVEDWL� ����� JD� WHQJ�
ERµOVD�� UHDNVL\DJD� NLULVKPDJDQ� )6� PLTGRUL� ����
PROQL� WDVKNLO� TLOGL�� *63�)6� QLVEDW� ����� YD� �����
PROJD� RVKLULOJDQGD� IXUIXULO� VSLUW� VDUIL� ���� YD�
ROLJRPHUQLQJ� KRVLO� ERµOLVK� XQXPGRUOLJL� ������
JDFKD�NHVNLQ�SDVD\JDQL�DQLTODQGL���-MDGYDO��� 

*63�)6� QLVEDWODUQL� ������ ����� PROJDFKD�
RUWLVKL�� VLQWH]� MDUD\RQLQL� ��� VRDW� GDYRP� HWWLULE�
VRµQJ� UHDNVLRQ� DUDODVKPDJD� ������ PDOHLQ�
DQJLGULGL� TRµVKLE� VLQWH]� MDUD\RQLQL� \DQD� �� VRDW�
GDYRP� HWWLULOGL�� 1DWLMDGD� *63� JD� QLVEDWDQ�
VDUIODQJDQ� )6� PLTGRUL� VH]LODUOL� GDUDMDGD� RUWGL��
$PPR� ROLJRPHUQL� FKLTLVK� XQXPL� PRV� UDYLVKGD�
������GDQ� ���� JDFKD� NDPD\GL��%XQGDQ� NRµULQLE�
WXULEGLNL� ELU� ERVTLFKOL� SROLNRQGHQVDWVL\DODVK� XVXOL�
ELODQ�ROLJRPHUQLQJ�FKLTLVK�XQXPGRUOLJLQL�RVKLULVK�
YD� ROLJRPHU� WDUNLELGD� )6� PLTGRULQL� RVKLULVK� LP�
NRQL�ERCOPDGL�� 

<XTRULGLJLODUQL�WD[OLO�TLOJDQ�[ROGD�UHDNVL\D�
XFKXQ� ROLQJDQ�PDOHLQ� DQJLGULGQL� �� TLVPJD� ERCOLE�
KDU� ELU� ERVTLFKGD� ������ TLVPLQL� UHDNVLRQ�
DUDODVKPDJD� TRCVKLE� MDUD\RQQL� GDYRP� HWWLULVKQL�
UHMDODQGL��8VKEX�MDUD\RQQL�DPDOJD�RVKLULVKGD�NRC]-
ODQJDQ� DVRVL\� PDTVDG� IXUIXULO� VSLUWLQL�

SROLNRQGHQVDWVL\DODQLVKLGD� PROHNXODU� PDVVDQL�
ERVTLFKOL� URVWODVK�� UHDNVLRQ� DUDODVKPDGD� VRGLU�
ERCODGLJDQ� HN]RWHUPL\DQLQJ� ROGLQL� ROLVK� [DPGD�
ROLJRPHUODUQL� FKRNODQLVKLQL� EDUWDUDI� HWLVKGDQ�
LERUDW� 

%LULQFKL�ERVTLFKGD��������PDOHLQ�DQJLGULG�
UHDNVLRQ� DUDODVKPDJD� TRµVKLOLE� �� VRDW� VLQWH]�
TLOLQLE�� \DQD� �������PDOHLQ� DQJLGULG� TRµVKLOGL� YD�
UHDNVL\D� ���� ɨ&� GD� �� VRDW� GDYRP� HWWLULOGL�� \DQD�
�������PDOHLQ� DQJLGULG� TRµVKLOGL� YD� UHDNVL\DQLQJ�
XFKLQFK�ERVTLFKL�����ɨ&�GD���VRDW�GDYRP�HWWLULOGL��
�����QLVEDWGDJL�QDPXQDQL�UHDNVL\D�GDYRPL\OLJL����
VRDWQL�WDVKNLO�TLOGL���-MDGYDO�� 

�-MDGYDOGDQ�NXULQLE�WXULEGLNL�6KXQGD\�TLOLE�
*63�)6� QLQJ� XFK� ERVTLFKOL� XVXOL� ERµ\LFKD�
SROLNRQGHQVDWODQLVK�MDUD\RQLQL�RµWND]LVK�*63�ELODQ�
UHDNVL\DJD�NLULVKJDQ�)6�PLTGRULQLQJ�RUWLVKLJD�ROLE�
NHOGL�� � *63�)6 ������ ����� YD� ����� PRO�PRO�
PLTGRUODUGD�VLQWH]�TLOLQJDQ�ROLJRPHUODUGD�UHDNVL\D�
XFKXQ� VDUIODQJDQ�)6�PLTGRUL� ELU� ERVTLFKGD� VLQWH]�
TLOLQJDQ�ROLJRPHUODU�XFKXQ�VDUIODQJDQ�)6������������
����� PRO�� PLTGRUODUL� PRV� UDYLVKGD� GDVWODENL�
PLTGRUODULGDQ� NRCSURT� ���� ���� ��� PRO� PLTGRUGD��
VDUIODQJDQOLJL�NX]DWLOGL� 

-DUD\RQQL� \DQDGD� FKXTXUURT� R¶UJDQLVK�
PDTVDGLGD� )6� PLTGRULQLQJ� ��� YD� ��� PROJDFKD�
NRµSD\WLULOGL� YD� QDWLMDGD� ��� YD� ��� PROJDFKD�
NLULVKJDQOLJL� )6�PLTGRULQLQJ� \DQDGD� NRµSD\LVKLJD�
ROLE� NHODGL�� 8VKEX� KROGD� �-MDGYDOGD� NHOWLULOJDQ�
PDOXPRWODUQL� WDKOLO� TLOLVK� VKXQL� NRµUVDWDGLNL�� �����
PRO� QLVEDWGD� DVRVL\�TRQXQL\DWJD� ERµ\VLQLVK� NX]D�
WLOPD\DSWL�� 6DEDEL� EX� MDUD\RQGD� UHDNVL\D� XQXPL�

 ʋ *63�)6 
PRO�PRO 

5HDNVLJD�NLULVKJDQ�)6��
PLTGRUL��PRO� 

5HDNVL\DJD�NLULVKPDJDQ�)6�
PLTGRUL��PRO� 

5HDNVL\D�XQXP�
GRUOLJL��� 

0ROHNXO\DU�
PDVVD��00� 

� ���� �� � ���� ���� 
� ���� �� � �� ���� 
� ���� �� � �� ���� 
� ���� �� � ���� ���� 
� ���� �� �� �� ���� 

�--DGYDO 
8FK�ERVTLFKOL�VLQWH]LGD�IXUIXULO�ROLJRPHUODULQL�FKLTLVK�XQLPLJD�NDWDOL]DWRU� 

�PDOHLQ�DQJLGULG�QL�WD¶VLUL 

ʋ *63�)6 
PRO�PRO 

5HDNVLJD�NLULVKJDQ�)6��PL�
TGRUL��PRO� 

5HDNVL\DJD�NLULVKPDJDQ�)6�PL�
TGRUL��PRO� 

2OLJRPHUQLQJ�FKLTLVK�
XQXPGRUOLJL���� 

� ���� ��� ��� �� 
� ���� ��� ��� ���� 
� ���� ���� ��� ���� 
� ���� ���� ���� �� 

�--DGYDO 
%LU�ERVTLFKOL�VLQWH]LGD�IXUIXULO�PLTGRULQLQJ�ROLJRPHU�FKLTLVK�XQLPLJD�WD¶VLUL 

(VODWPD��NDWDOL]DWRU�VLIDWLGD�PDOHLQ�DQJLGULGL�TXOODQLOGL�� 
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����� �� DPPR� PDOHNXO\DU� PDVVD� ����� QL� WDVKNLO�
TLOPRTGD�� 2OLQJDQ� QDWLMDODU� WDKOLOLJD� DVRVODQJDQ�
KROGD�� XVKEX� QLVEDWGDJL� ROLJPHU� VLQWH]� MDUD\RQLQL�
EDWDIVLO�RµUJDQLVK�NHUDN�ERµODGL� 

*63�)6�QLQJ�ERVKTD������������������������
PRO�PRO�ERµOJDQ�QLVEDWODULGD�)6�QLQJ�PRO�PLTGRUL�
RVKLVKLGD� XPXPL\� ERJµOLTOLN� YD� TRQXQL\DW�
ERUOLJLQL� NX]DWDPL]�8VKEX� ROLJRPHUODUGD�
UHDNVL\DJD� NLULVKJDQ� )6� PLTGRUL� RVKLVKL� ELODQ�
ROLJRPHUODUQLQJ� KRVLO� ERµOLVK� XQXPGRUOLJL� KDP�
RUWLE� ERUPRTGD� ��-������� IDTDW� )6�PLTGRUL� �����
QLVEDWGD� ROLQJDQ� ROLJRPHUQLQJ� KRVLO� ERµOLVK�
XQXPGRUOLJL� ����� JDFKD� NDPD\JDQOLJL� DQLTODQGL��
DPPR� QDWLMDGD� ��� PRO� NRµSURT� PLTGRUGD� )6�
UHDNVL\DJD�NLULWLOLVKL�DQLTODQGL� 

6LQWH]� TLOLE� ROLQJDQ� *63�)6� QLQJ� ������
������ ����� YD� ����� PRO�PRO� PLTGRUODULGD� VLQWH]�
TLOLQJDQ� ROLJRPHUODUQLQJ� PROHNXO\DU� PDVVDODUL�
NULRVNRSLN�XVXOGD�RµUJDQLOJDQGD������������������
YD������WDVKNLO�TLOGL� 

8VKEX� RµUWDFKD� VRQL\� DQLTODQJDQ�
PROHNXO\DU� RJµLUOLNODU� QD]DUL\� MLKDWGDQ� KLVREODQ-
JDQ�PROHNXO\DU�RJµLUOLNODUGDQ�ELUR]�NDPOLJL�ROLJR-
PHUODU� Rµ]� PRQRPHULJD� ERµNNDQOLJL� YD� ROLJRPHU�
KRVLO� ERµOLVK� MDUD\RQLGD� VXY� DMUDOLVKL� NDEL� KRODWODU�
VDEDEOL� YD� ROLJRPHU� WDUNLELGD� SDVW� PROHNXODOL�
TROGLTODU� PDYMXGOLJL� XPXPL\� RµUWDFKD� VRQ�
PROHNXODU�PDVVDQLQJ�SDVW�FKLTLVKLJD�ROLE�NHODGL� 

,NNDOD� MDGYDOGD� NHOWLULOJDQ� PDOXPRWODUQL�

�� 

&$7$/<6,6�$1'�5($&7,21�(1*,1((5,1* 
ɌȿɏɇɈɅɈȽɂə�ɄȺɌȺɅɂɁȺ�ɂ�ɊȿȺɄɐɂɃ 

.$7$/,=�9$�5($.6,<$�7(;12/2*,<$6, 

XPXPODVKWLULE�PXPNLQNL�� UHDNVL\D�PXKLWLQLQJ� S+�
TL\PDW� \XTRUL� GDUDMDGD� ERµOJDQGD� *63� QLQJ�
JLGURNVLO� JXUXKODUL� ELODQ� )6� QLQJ� �ܤ YRGRURGLQLQJ�
Rµ]DUR� WDVLUL� VRGLU� ERµODGL� YD� S+� TL\PDWL� SDVW�
GDUDMDGD� ERµOJDQGD� )6� QLQJ� Rµ]DUR� WDVLULQL�
WH]ODVKWLUJDQGD� \XTRUL� PROHNXO\DU� RJµLUOLNGDJL�
IXUIXULO�ROLJRPHUODULQL�[RVLO�ER¶OLVKLJD�ROLE�NHODGL� 

%XQGDQ�WDVKTDUL�)6�QLQJ�JRPRSROLNRQGHQ-
VDWODQLVKL� QDWLMDVLGD� ROLQJDQ� IXUIXULO� ROLJRPHULQLQJ�
PROHNXODU�RJµLUOLJL����-����QL�WDVKNLO�TLOJDQ�ERµOVD�
*63�YD�PDOHLQ�DQJLGULGL� LVKWLURNLGD� LNNL�ERVTLFKOL�
JHWHURSROLNRQGHQVDWODVK� RUTDOL� RPRSROLNRQGHQVD-
WODQLVK� [RVLODVLGDQ� �-�� PDUWD� NRµS� RJµLUOLNGDJL�
IXUIXULO� ROLJRPHUODULQL� VLQWH]� TLOVK� LPNRQL\DWLQL�
EHUGL� 

2µWND]LOJDQ� NLP\RYL\� WDKOLOODU� YD� VLQWH]�
TLOLQJDQ� ROLJRPHUODUQLQJ� PROHNXO\DU� RJµLUOLNODULQL�
DQLTODVK� DVRVLGD� XODUQLQJ� SD\GR� ERµOLVK�
PH[DQL]PLQL� TX\LGDJL� UHDNVL\D� ELODQ� LIRGDODVK�
PXPNLQ� 

%LULQFKL� ERVTLFKGD� *63� QLQJ� )6� ELODQ�
Rµ]DUR� WDVLUL� TX\LGDJL� V[HPD� ERµ\LFKD� DPDOJD�
RVKLULODGL� 

7HUPRUHDNWLY� ROLJRPHUODUQLQJ� WH[QRORJLN�
[RVVDODULGD� ELUL� EX� JHO� [RVLO� ER¶OLVK� YDTWL-
MHODWLQODQLVK� ERCOLE�� VLQWH]� TLOLQJDQ� QDPXQDODUQL�
TRWLVK�MDUD\RQLQL�R¶UJDQLOGL��&KRNORYFKL�NDWDOL]DWRU�
VLIDWLGD� =Q&O�� WDQODE� ROLQGL�� %XQGD� ROLJRPHUODUQL�
���VRDWJDFKD�YDTW�LQWHUYDOLGD��������������������ɨ&�

,NNLQFKL�ERVTLFKGD�)6�JRPRSROLNRQGHQVDWODQLVKL�TX\LGDJL�V[HPD�ERµ\LFKD�VRGLU�ERµODGL� 

EXQGD�5�–� 



 

 

�
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�� 

&$7$/<6,6�$1'�5($&7,21�(1*,1((5,1* 
ɌȿɏɇɈɅɈȽɂə�ɄȺɌȺɅɂɁȺ�ɂ�ɊȿȺɄɐɂɃ 
.$7$/,=�9$�5($.6,<$�7(;12/2*,<$6, 

KDURUDWODUGD� WHUPLN� YD� ��� =Q&O�� –� LVKWLURNLGD�
WHUPRNDWDOLWLN� TRWLULVK� MDUD\RQL� R¶UJDQLOGL��
1DWLMDGD� \XYLE� ROLQJDQ� ROLJRPHU� QDPXQDODULQL�
JHOODQLVK�IUDNVL\DODUL�WDKOLO�TLOLQJDQGD�TX\LGDJL��-
�-UDVPODUGD� WDVYLUODQJDQ� NRµUVDWNLFKODUQL�
NX]DWLVKLPL]� PXPNLQ�� 5DVPODUGD� *63�� )6� QLQJ�
�����YD������QLVEDWODULGD�ROLQJDQ�ROLJRPHUODUQLQJ�
WHUPLN� YD� WHUPRNDWDOLWLN� TRWLULOJDQ� QDPXQDODUL-
QLQJ�JHOODQLVK�IUDNVL\DVL�QDWLMDODUL�WDVYLUODQGL�� 

6KXQGD\� TLOLE� �-UDVP� GD� *63�)6� QLQJ�
����� PRO�PRO� QLVEDWLGD� VLQWH]� TLOLQJDQ� ROLJRPHU�
���� ɨ&� KDURUDWGD� JHOODQLVK� PLTGRUL� ��� VRDW�
2OLJRPHUODUQLQJ� JHOODQLVK� PLTGRULQL� *63�)6�
QLQJ� ����� PRO�PRO� PLTGRUODULGD� ��-UDVPGD��
[DURUDW� ���� ɨ&� GD� ��� VRDW� GDYRPLGD� JHOODQLVK�
PLTGRUL������PRO�PRO�QLVEDW�ROLJRPHUJD�QLVEDWDQ�
\XTRUL� NRµUVDWNLFKODUQL� QRPR\RQ� TLOJDQ�� �����
���������YD�����ɨ&�KDURUDWODUGD�PRV�UDYLVKGD�����
�������YD�����ODUQL�WDVKNLO�HWJDQOLJL�DQLTODQGL�� 

 

�-UDVP��*63�)6-�����PRO�PRO�QLVEDW�ERC\LFKD�VLQWH]�TLOLQJDQ�
\XTRUL�PROHNXO\DU�RJCLUOLNGDJL�IXUIXULO�ROLJRPHULQLQJ�JHO�

IUDNVL\DVL�ROLJRPHU�KRVLO�ERCOLVK�YDTWLJD�ERJCOLTOLJL�� 

��-�����ɨ&����-����ɨ&����-�����ɨ&����-�����ɨ&� 

�-UDVP��*63�)6-�����PRO�PRO�QLVEDW�ERC\LFKD�VLQWH]�TLOLQJDQ�
\XTRUL�PROHNXO\DU�RJCLUOLNGDJL�IXUIXULO�ROLJRPHULQLQJ�JHO�

IUDNVL\DVL�ROLJRPHU�KRVLO�ERCOLVKLJD�ERJCOLTOLJL�� 
��-�����ɨ&����-����ɨ&����-�����ɨ&����-�����ɨ&� 

 

�-UDVP��*63�)6-�����PRO�PRO�QLVEDW�ERC\LFKD�VLQWH]�TLOLQJDQ�
\XTRUL�PROHNXO\DU�RJCLUOLNGDJL�IXUIXULO�ROLJRPHULQLQJ����=Q&O��
LVKWRURNLGD�TRWLULOJDQGD��JHO�IUDNVL\DVL�ROLJRPHU�KRVLO�ERCOLVKLJD�

ERJCOLTOLJL����-�����ɨ&����-����ɨ&����-�����ɨ&����-�����ɨ&� 

�-UDVP��*63�)6-�����PRO�PRO�QLVEDW�ERC\LFKD�VLQWH]�TLOLQJDQ�
\XTRUL�PROHNXO\DU�RJCLUOLNGDJL�IXUIXULO�ROLJRPHULQLQJ����=Q&O��
LVKWRURNLGD�TRWLULOJDQGD��JHO�IUDNVL\DVL�ROLJRPHU�[RVLO�ERCOLVKLJD�

ERJCOLTOLJL����-�����ɨ&����-����ɨ&����-�����ɨ&����-�����ɨ&�� 

2OLJRPHUODUQL� TRWLVK� MDUD\RQLQL�
WHUPRNDWDOLWLN�=Q&O�� LVKWLURNLGD�R¶UJDQLOJDQGD���-�
-UDVP�� *63�)6� QLQJ� ����� PRO�PRO� QLVEDWGD� ��-
UDVP�� ���� ɨ&� GD� ��� VRDW� GDYRPLGD� JHOODQLVK�
PLTGRUL������QL�WDVKNLO�HWPRTGD�YD���������������
ɨ&�KDURUDWODUGD�HVD�PRV�UDYLVKGD�������������ODUQL�
WDVKNL� TLOLE�� XVKEX� QLVEDW� ROLJRPHULQL� WHUPLN�
TRWLULOJDQGDJL� NRµUVDWNLFKODUGDQ� � ��-���� JDFKD�
NRµS� PLTGRUGD� JHOODQLVK� VRGLU� ERµOJDQOLJLQL�
NX]DWDPL]�� 

*63�)6� QLQJ� ����� PRO�PRO� QLVEDWGD� ��-
UDVP��VLQWH]�TLOLQJDQ�ROLJRPHUQLQJ�JHOODQLVK�WH]OLJL�
YD�PLTGRUL� \DQDGD� RVKJDQOLJLQL� NX]DWDPL]� YD� XODU�

GDYRPLGD�LVVLTOLNGD�XVKODE�WXULOJDQGD�KDP�����QL�
WDVKNLO� TLOPRTGD�� 8VKEX� ROLJRPHUGD� ���� ɨ&� GDQ�
ERVKODE� JHOODQLVK� PLTGRUL� ��� VRDW� GDYRPLGD�
LVVLTOLNGD� XVKODE� WXULOJDQGD� ���� QL� WDVKNLO�
TLOJDQOLJLQL�� ���� ɨ&� GD� HVD� EX� NRµUVDWNLFK� ��� ��
WDVKNLO�HWJDQOLJLQL�NX]DWLVKLPL]�PXPNLQ�� 
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5()(5(1&(6 
 

�� 0DJUXSRY�)�$���$OLPXNKDPHGRY�0�*���0DJUXSRY�$�)���1L]DPRY�7��$��,VVOHGRYDQL\H�XVORYL\�L�PHNKDQL]PD�REUD]RYDQL\D�IXUIXULO-�IRU�
PDO
GHJLGQ\NK� ROLJRPHURY� >6WXG\� RI� WKH� FRQGLWLRQV� DQG�PHFKDQLVP� RI� IRUPDWLRQ� RI� IXUIXU\O-IRUPDOGHK\GH� ROLJRPHUV@�� 3ODVWLFKHVNL\H�
PDVV\��������������-���� 

�� 0DJUXSRY� )�$��� $OLPXNKDPHGRY�0�*��� 0DJUXSRY� $�)�� 1HNRWRU\\H� RVREHQQRVWL� PHNKDQL]PD� REUD]RYDQL\D� IXUIXULORY\NK� ROLJRPHURY�
>6RPH� IHDWXUHV� RI� WKH� PHFKDQLVP� RI� IRUPDWLRQ� RI� IXUIXU\O� ROLJRPHUV@�� 3ODVWLFKHVNL\H� PDVV\�� ������ ��� ��-����
'2,����������������;���������� 

�� 1L]DPRY�7��$��6LQWH]�L�LVVOHGRYDQL\H�IXUIXULO-DO
NLOHQRY\NK�ROLJRPHURY�>6\QWKHVLV�DQG�VWXG\�RI�IXUIXU\O-DON\OHQH�ROLJRPHUV@��3ODVWLFKHVNL�
\H�PDVV\�������������-��� 

�� $OLPXNKDPHGRY� 0�*�� =DNRQRPHUQRVWL� IRUPLURYDQL\D� L� VYR\VWYD� VHJPHQWLURYDQQ\NK� JLGURNVLOVRGHU]KDVKFKLNK� IXUDQRY\NK� ROLJRPHURY�
]KHVWNLNK�SHQRSROLXUHWDQRY�QD�LNK�RVQRYH��'LVV��GRNW��WHNKQ��QDXN�>)RUPDWLRQ�SDWWHUQV�DQG�SURSHUWLHV�RI�VHJPHQWHG�K\GUR[\O-FRQWDLQLQJ�
IXUDQ�ROLJRPHUV�RI�ULJLG�SRO\XUHWKDQH�IRDPV�EDVHG�RQ�WKHP��'6F�GLVV�@��7DVKNHQW����������� 

�� /L�*XREDR��/X�=KRQJKXD��+XDQJ�%L\LQJ��:DQJ�=KDR[LDQJ��+XDQJ�+RQJ��;XH�5RQJMLDQ��&KHQ�/LTXDQ��5DPDQ�VFDWWHULQJ�LQYHVWLJDWLRQ�RI�
FDUERQV�REWDLQHG�E\�KHDW�WUHDWPHQW�RI�D�SRO\IXUIXU\O�DOFRKRO��6ROLG�6WDWH�,RQLFV������������������-�����'2,��������������-�������������-� 

�� 0DJUXSRY�$�)���$GLORY�5�,���$OLPXNKDPHGRY�0�*�� ,VVOHGRYDQL\H�NXERYRJR�RVWDWND� WHWUDJLGURIXUIXULORYRJR� VSLUWD� L� UD]UDERWND�QD� \HJR�
RVQRYH�]KHVWNLNK�SHQRSROLXUHWDQRY�>6WXG\�RI� WKH�GLVWLOODWLRQ�UHVLGXH�RI� WHWUDK\GURIXUIXU\O�DOFRKRO�DQG�WKH�GHYHORSPHQW�RI�ULJLG�SRO\XUH�
WKDQH�IRDPV�RQ�LWV�EDVLV@��3ODVWLFKHVNL\H�PDVV\�������������-��� 

�� 6RQJ�&KHQJ-:HQ��-LDQJ�'D-:HL��/L�/LQ��6XQ�0HL-<XH��:DQJ�7RQJ-+XD��3UHSDUDWLRQ�DQG�JDV�VHSDUDWLRQ�SURSHUWLHV�RI�SRO\��IXUIXU\O�DOFR�
KRO��EDVHG�&�&06�FRPSRVLWH�PHPEUDQHV��-RXUQDO�RI�,QRUJDQLF�0DWHULDOV��������������-�����'2,����������63�-���������������� 

�� *QLJR�1DWKDQDHO��0LMD�$OLFD��=DYDJOLD�5DIIDFWH��9LQFHQW�/XF��6ELUUDU]XROL�1LFRODV��1HZ�LQVLJKWV�RQ�WKH�WKHUPDO�GHJUDGDWLRQ�SDWKZD\V�RI�
QHDW� SRO\� �IXUIXU\O� DOFRKRO�� DQG� SRO\� �IXUIXU\O� DOFRKRO��6L2�� K\EULG� PDWHULDOV�� 3RO\P�� 'HJUDG� DQG� 6WDE��� ������ ������ ���-����� '2,��
��������M�SRO\PGHJUDGVWDE������������ 

�� *RQ]DOH]�5HJLQR��)LJXHURD�-XDQ�0���*RQ]DOH]�+LOGD��3ROLPHUL]DWVL\D�IXUIXULORYRJR�VSLUWD�Y�VUHGH�PHWLOHQNKORULGD��LQLWVLLUX\HPD\D�\RGRP�
>)XUIXU\O�DOFRKRO�SRO\PHULVDWLRQ�E\�LRGLQH�LQ�PHWK\OHQH�FKORULGH@��(XU��3RO\P��-���������������-����� 

��� *XSWD�3���1DQRWL�$���*DUJ�0�2���*RVZDPL�$�1��7KH�UHPRYDO�RI�IXUIXUDO�IURP�ZDWHU�E\�DGVRUSWLRQ�ZLWK�SRO\PHULF�UHVLQV��6HSDU��6FL��DQG�
7HFKQRO��������������������-������'2,����������66-��������� 

��� )HGRWRY� $�$��� 8JU\XPRY� 6�$�� ,VVOHGRYDQL\H� YOL\DQL\D� IHQROIRUPDO
GHJLGQ\NK� VY\D]X\XVKFKLNK�� PRGLILWVLURYDQQ\NK� IXUDQRY\P� ROLJR�
PHURP��QD�VYR\VWYD�GUHYHVQR-VWUX]KHFKQ\NK�SOLW�>,QYHVWLJDWLRQ�RI�WKH�HIIHFW�RI�SKHQRO-IRUPDOGHK\GH�ELQGHUV�PRGLILHG�ZLWK�D�IXUDQ�ROLJR�
PHU�RQ�WKH�SURSHUWLHV�RI�SDUWLFOH�ERDUGV��/HVQR\�YHVWQLN��������������–���� 

��� 0DJUXSRY�)�$���$OLPXNKDPHGRY�0�*��1RY\\H�GDQQ\\H�Y�NLQHWLNH�SROLNRQGHQVDWVLL�IXUIXULORYRJR�VSLUWD�>1HZ�GDWD�LQ�WKH�NLQHWLFV�RI�SRO\�
FRQGHQVDWLRQ�RI�IXUIXU\O�DOFRKRO@��9\VRNRPROHNXO\DUQ\\H�VR\HGLQHQL\D�������������� 

��� 0DJUXSRY�)�$���$OLPXNKDPHGRY�0�*���0DJUXSRY�$�)���1L]ɚPRY�7�$��,QYHVWLJDWLQJ�WKH�FRQGLWLRQV�DQG�PHFKDQLVP�RI�IRUPDWLRQ�RI�IXUIX�
U\O-IRUPDOGHK\GH�ROLJRPHUV��,QWHUQDWLRQDO�3RO\PHU�6FLHQFH�DQG�7HFKRORJ\����������������-����'2,�����������������;����������� 

��� )DOOLFR�%���$UHQD�(���=DSSDOD�0��'HJUDGDWLRQ�RI��–+\GUR[\PHWK\OIXUIXUDO�LQ�+RQH\��-��)RRG�6FL������������������–������'2,� ��������
M�����-����������������[ 

��� %HFNHU�5���6LJZDUW�&K���+HVVH�0���)LVFKHU�5���(OOHU�.���+HLOHQ�*���3OLW]NR�.�-'��0HWKRG�RI�SURGXFLQJ�SRO\WHWUDK\GURIXUDQH��3DWHQW�:,32�
�3&7���:2����������$�������� 

��� 'RVNRF]�-���'RVNRF]�0���5RV]DN�6���6RORGXFKR�-���/HV]F]\QVNL�-��7KHRUHWLFDO�VWXGLHV�RI�V\PPHWULF�ILYH-PHPEHUHG�KHWHURF\FOH�GHULYDWLYHV�
RI�FDUED]ROH�DQG�IOXRUHQH��SUHFXUVRUV�RI�FRQGXFWLQJ�SRO\PHUV��-��3K\V��&KHP�����������������������-�������'2,� ��������MS������� 

��� 6WUDQR�0�6���$JDUZDO�+���3HGULFN�-���5HGPDQ�'���)ROH\�+�&��7HPSODWHG�S\URO\WLF�FDUERQ�� WKH�HIIHFW�RI�SRO\�HWK\OHQH�JO\FRO��PROHFXODU�
ZHLJKW�RQ�WKH�SRUH�VL]H�GLVWULEXWLRQ�RI�SRO\�IXUIXU\O�DOFRKRO�-GHULYHG�FDUERQ��&DUERQ�������������������-������'2,����������V����-����
���������-� 

��� *XLJR� 1���0LMD� $��� 9LQFHQW� /��� 6ELUUD]]XROL� 1�� &KHPRUKHRORJLFDO� DQDO\VLV� DQG�PRGHO-IUHH� NLQHWLFV� RI� DFLG� FDWDO\]HG� IXUIXU\O� DOFRKRO�
SRO\PHUL]DWLRQ��3K\VLFDO�&KHPLVWU\�&KHPLFDO�3K\VLFV���������������-�����'2,� ��������E������K 

��� ,RQHVFX�0��&KHPLVW\�DQG�7HFKQRORJ\�RI�3RO\ROV�IRU�3RO\XUHWKDQH��/RQGRQ��5DSUD�7HFKQRORJ\�/LPLWHG�3XEO�������������� 

PRV�UDYLVKGD���������������YD�����ɨ&�KDURUDWODUGD�
���� ���� ���YD������ ODUQL� WDVKNLO� HWPRTGD��8VKEX�
QDWLMDODU� *63�)6� QLQJ� ������ ����� PRO�PRO�
QLVEDWODULGD�KDP�NX]DWLOJDQ�� 

 
;XORVD 
6LQWH]� TLOLVK� VKDURLWLQL� YD� DOLIDWLN�

]DQMLUOL� *36� NLULWLOLVK� [LVRELJD� )6� QLQJ� WXUOL�
QLVEDWODULGD� ������ –� ����� PRO�PRO�� \XTRUL�
PROHNXODU� PDVVDOL� IXUIXULO� ROLJRPHUODUL� ROLVK�
LPNRQL\DWL� LVKODE� FKLTLOGL�� 2OLQJDQ�

ROLJRPHUODUQLQJ� TRWLVK� MDUD\RQL� RµUJDQLOJDQGD��
IXUIXULO� ROLJRPHUL� PROHNXODU� PDVVDVL� RVKJDQL�
VD\LQ� JHO� KRVLO� TLOLVKL� WH]OLJL� ELU� QHFKD� PDUWD�
RUWLVKL�DQLTODQGL� 

6LQWH]� TLOLE� ROLQJDQ� ROLJRPHUODUQLQJ�
PROHNXODU� PDVVDVL� RGGL\� IXUIXULO� ROLJRPHUODUJD�
QLVEDWDQ� �-�� PDUWD� PROHNXODU� PDVVD� RUWLVKLJD�
HULVKLOGL�� <XTRUL� PROHNXODU� PDVVDOL� IXUIXULO�
ROLJRPHUODULQL� =Q&O�� LVKWLURNLGD� WHUPRNDWDOLWLN�
TRWLULVK�JHOODQLVK�WH]OLJL�YD�JHO-IUDNVL\D�PLTGRULQL�
RVKLULVKL�DQLTODQGL�� 

�� 

&$7$/<6,6�$1'�5($&7,21�(1*,1((5,1* 
ɌȿɏɇɈɅɈȽɂə�ɄȺɌȺɅɂɁȺ�ɂ�ɊȿȺɄɐɂɃ 

.$7$/,=�9$�5($.6,<$�7(;12/2*,<$6, 
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.LULVK 
$WVHWLOHQ� VSLUWODUL� YD� XODUQLQJ� GLROODUL�

RUJDQLN� VLQWH]GD� PXKLP� UHDJHQW� KLVREODQLE��
EXJXQJL� NXQGD� WLEEL\RWGD� DQWLELRWLNODU�� YLWDPLQODU��
SLJPHQWODU�� YD� JɚUPRQODU� LVKODE� FKLTDULVKGD�
TRµVKLPFKD� NRPSRQHQWODU� VLIDWLGD� NHQJ�

IR\GDODQLOPRTGD� >�-�@�� $WVHWLOHQ� GLROODULQL� \XTRUL�
XQXPODUGD� VLQWH]� TLOLVK� XFKXQ� DONLQODUQL� Q%X/L�
(W�2�NDWDOLWLN�VLVWHPDVLGD��-���

R&�KDURUDWGD����VRDW�
GDYRPLGD� DOGHJLGODU� ELODQ� UHDNVL\DVL� QDWLMDVLGD�
DONLQ-���-GLROODU� VLQWH]L� DPDOJD� RVKLULOJDQ� >�@��
$WVHWLOHQ�VSLUWODUL�DONLQLO�GLJDORJHQLG�KRVLODODULQLQJ�

6<17+(6,6�2)�$&(7</(1(�',2/6�:,7+�7+(�3$57,&,3$7,21� 
2)�7+(�%X�12+�'062�+�2�&$7$/<7,&�6<67(06� 
 
0X\DVVDU�.��6$/,(9$���PX\DVVDU�VDOL\HYD#PDLO�UX��� 
2GLOMRQ�(��=,<$'8//$(9������EXODN����#\DQGH[�UX��� 
*X]DO�.��27$08.+$0('29$���JX]DO������#\DQGH[�UX��� 
5LINDW�)��7$/,329���WDOLSRY#PDLO�UX��� 
/RFKLQ�.��$%/$.8/29���PRQRNRS��#PDLO�FRP� 
�&KLUFKLN�6WDWH�3HGDJRJLFDO�8QLYHUVLW\��&KLUFKLN��8]EHNLVWDQ� 
�$FDGHP\�RI�WKH�0LQLVWU\�RI�(PHUJHQF\�6LWXDWLRQV��7DVKNHQW��8]EHNLVWDQ 
�8ID�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\��8ID��5XVVLD 

 
7KH�SXUSRVH�RI�WKLV�ZRUN�LQ�WKLV�VWXG\��DFHW\OHQH�DOFRKROV�FRQWDLQLQJ�KHWHURDWRPLF�VXEVWLWXHQWV�LQ�WKHLU�PROHFXODU�FRPSRVLWLRQ-��-�-

WKLRSKHQ-�-\O�EXW-�-\Q-�-RO�� �-��-PHWK\OWKLRSKHQ-�-\O�EXW-�-\Q-�-RO�� �-�IXUDQ-�-\O�EXW-�\Q-�-RO�� �-�S\ULGLQ-�-\O�EXW-�-\Q-�-RO�� �-��-
FKORURWKLRSKHQ-�-\O�EXW-�-\Q-�-RO���-��-EURPRWKLRSKHQ-�\O�EXW-�-\Q-�-RO�DFHW\OHQH�GLROV�ZHUH�V\QWKHVL]HG�EDVHG�RQ�WKH�UHDFWLRQ�ZLWK�DFH�
WRQH�LQ�D�GLPHWK\O�VXOIR[LGH�VROYHQW�LQ�WKH�SUHVHQFH�RI�WKH�%X�12+�'062�+�2�FDWDO\WLF�V\VWHP��7KH�LQIOXHQFH�RI�WKH�PRODU�UDWLR�RI�VWDUWLQJ�
PDWHULDOV��UHDFWLRQ�GXUDWLRQ��WHPSHUDWXUH��QDWXUH�RI�WKH�FDWDO\VW�DQG�VROYHQWV�RQ�WKH�SURGXFW�\LHOG�ZDV�V\VWHPDWLFDOO\�VWXGLHG��7KH�FRPSRVL�
WLRQ��SXULW\�DQG�VWUXFWXUH�RI�WKH�QHZ�JHQHUDWLRQ�RI�V\QWKHVL]HG�DFHW\OHQHGLROV�KDYH�EHHQ�FRQILUPHG�E\�PRGHUQ�SK\VLFRFKHPLFDO�PHWKRGV��7KH�
PHFKDQLVP�RI�WKH�UHDFWLRQ�SURFHVV�KDV�EHHQ�GHYHORSHG� 

 
.H\ZRUGV��DFHW\OHQH�DOFRKROV��DFHWRQH��GLPHWK\OVXOIR[LGH��UHDFWLRQ�PHFKDQLVP� 

ɋɂɇɌȿɁ�ȺɐȿɌɂɅȿɇ�ȾɂɈɅɈȼ�ɋ�ɍɑȺɋɌɂȿɆ�ɄȺɌȺɅɂɌɂɑȿɋɄɈɃ� 
ɋɂɋɌȿɆɕ�%X�12+�'062�+�2 
 
Ɇɭɹɫɫɚɪ�Ʉ��ɋȺɅɂȿȼȺ���PX\DVVDU�VDOL\HYD#PDLO�UX��� 
Ɉɞɢɥɠɨɧ�ɗ��ɁɂəȾɍɅɅ$ȿȼ�����EXODN����#\DQGH[�UX��� 
Ƚɭɡɚɥ�Ʉ��ɈɌȺɆɍɏȺɆȿȾɈȼȺ���JX]DO������#\DQGH[�UX�� 
Ɋɢɮɤɚɬ�Ɏ��Ɍ$ɅɂɉɈȼ�����WDOLSRY#PDLO�UX�� 
Ʌɨɱɢɧ�Ʉ��ȺȻɅȺɄɍɅɈȼ���PRQRNRS��#PDLO�FRP�� 
�ɑɢɪɱɢɤɫɤɢɣ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ�ɩɟɞɚɝɨɝɢɱɟɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ��ɑɢɪɱɢɤ��ɍɡɛɟɤɢɫɬDɧ� 
�Ⱥɤɚɞɟɦɢɹ�ɦɢɧɢɫɬɟɪɫɬɜɚ�ɱɪɟɡɜɵɱɚɣɧɵɯ�ɫɢɬɭɚɰɢɣ��Ɍɚɲɤɟɬ��ɍɡɛɟɤɫɢɬɚɧ 
�ɍɮɢɦɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ�ɧɚɭɤɢ�ɢ�ɬɟɯɧɨɥɨɝɢɣ��ɍɮɚ��Ɋɨɫɫɢɹ 

 
ɐɟɥɶ�ɪɚɛɨɬɵ�–�ɢɫɫɥɟɞɨɜɚɧɢɟ�ɚɰɟɬɢɥɟɧɨɜɵɯ�ɫɩɢɪɬɨɜ��ɫɨɞɟɪɠɚɳɢɯ�ɜ�ɦɨɥɟɤɭɥɹɪɧɨɦ�ɫɨɫɬɚɜɟ�ɝɟɬɟɪɨɚɬɨɦɧɵɟ�ɡɚɦɟɫɬɢɬɟɥɢ

–�-�ɬɢɨɮɟɧɢɥ-��ɛɭɬɢɧ-�-ɨɥ-����-��-ɦɟɬɢɥɬɢɨɮɟɧɢɥ-��ɛɭɬɢɧ-�-ɨɥ-����-�ɮɭɪɚɧɢɥ-��ɛɭɬɢɧ-�-ɨɥ-����-�ɩɢɪɢɞɢɧɢɥ-��ɛɭɬɢɧ-�-ɨɥ-����-��
-ɯɥɨɪɬɢɨɮɟɧɢɥ-��ɛɭɬɢɧ-�-ɨɥ-����-��-ɛɪɨɦɬɢɨɮɟɧɢɥ-��ɛɭɬɢɧ-�ɨɥ-��ɚɰɟɬɢɥɟɧ�ɞɢɨɥɵ�ɫɢɧɬɟɡɢɪɨɜɚɧɵɯ�ɧɚ�ɨɫɧɨɜɟ�ɪɟɚɤɰɢɢ�ɫ�ɚɰɟɬɨɧɨɦ�
ɜ�ɞɢɦɟɬɢɥɫɭɥɶɮɨɤɫɢɞɧɨɦ�ɪɚɫɬɜɨɪɢɬɟɥɟ�ɜ�ɩɪɢɫɭɬɫɬɜɢɢ�ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ�ɫɢɫɬɟɦɵ�%X�12+�'062�+�2��ɂɡɭɱɚɥɨɫɶ�ɜɥɢɹɧɢɟ�ɦɨɥɶ�
ɧɨɝɨ�ɫɨɨɬɧɨɲɟɧɢɹ�ɢɫɯɨɞɧɵɯ�ɜɟɳɟɫɬɜ��ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ�ɪɟɚɤɰɢɢ��ɬɟɦɩɟɪɚɬɭɪɵ��ɩɪɢɪɨɞɵ�ɤɚɬɚɥɢɡɚɬɨɪɚ�ɢ�ɪɚɫɬɜɨɪɢɬɟɥɟɣ�ɧɚ�
ɜɵɯɨɞ�ɩɪɨɞɭɤɬɚ��ɋɨɫɬɚɜ��ɱɢɫɬɨɬɚ�ɢ�ɫɬɪɨɟɧɢɟ�ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ�ɚɰɟɬɢɥɟɧɞɢɨɥɨɜ�ɧɨɜɨɝɨ�ɩɨɤɨɥɟɧɢɹ�ɩɨɞɬɜɟɪɠɞɟɧɵ�ɫɨɜɪɟɦɟɧɧɵɦɢ�
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ�ɦɟɬɨɞɚɦɢ��ɉɪɟɞɫɬɚɜɥɟɧ�ɦɟɯɚɧɢɡɦ�ɩɪɨɰɟɫɫɚ�ɪɟɚɤɰɢɢ�� 

 
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɚɰɟɬɢɥɟɧɨɜɵɟ�ɫɩɢɪɬɵ��ɚɰɟɬɨɧ��ɞɢɦɟɬɢɥɫɭɥɶɮɨɤɫɢɞ��ɦɟɯɚɧɢɡɦ�ɪɟɚɤɰɢɢ� 

%X�12+�'062�+�2�.$7$/,7,.�6,67(0$6,�,6+7,52.,'$�Ⱥ76(7,/(1�
',2//$5,�6,17(=, 
 
0X\DVVDU�.��6$/,<(9$���PX\DVVDU�VDOL\HYD#PDLO�UX��� 
2GLOMRQ�(��=,<$'8//$<(9�����EXODN����#\DQGH[�UX��� 
*Rµ]DO�.��27$08;$0('29$���JX]DO������#\DQGH[�UX��� 
5LINDW�)��7$/,329���WDOLSRY#PDLO�UX��� 
/RFKLQ�Ʉ��$%/$.8/29���PRQRNRS��#PDLO�FRP� 
�&KLUFKLT�GDYODW�SHGDJRJLND�XQLYHUVLWHWL��&KLUFKLT��2µ]EHNLVWRQ� 
�)DYTXORGGD�YD]L\DWODU�YD]LUOLJL�$NDGHPL\DVL��7RVKNHQW��2µ]EHNLVWRQ 
�8ID�IDQ�YD�WH[QRORJL\DODU�XQLYHUVLWHWL��8ID��5RVVL\D 
 

8VKEX�WDGTLTRW�LVKLQLQJ�PDTVDGL�PROHNXODVL�WDUNLELGD�JHWHURDWRP�RµULQERVDUODU�VDTODJDQ�DWVHWLOHQ�VSLUWODUL-��-�WLRIHQLO-��EXWLQ-�-
RO-��� �-��-PHWLOWLRIHQLO-��EXWLQ-�-RO-��� �-�IXUDQLO-��EXWLQ-�-RO-��� �-�SLULGLQLO-��EXWLQ-�-RO-��� �-��-[ORUWLRIHQLO-��EXWLQ-�-RO-��� �-��-
EURPWLRIHQLO-��EXWLQ-�RO-�� QL� %X�12+�'062�+�2� NDWDOLWLN� VLVWHPDVL� LVKWLURNLGD� HULWXYFKL� GLPHWLOVXOIRNVLGGD� DWVHWRQ� ELODQ� UHDNVL\DODUL�
DVRVLGD�DWVHWLOHQ�GLROODUL�VLQWH]�TLOLQJDQ��0DKVXORW�XQXPLJD�ERVKODQJµLFK�PRGGDODU�PRO�PLTGRUL�QLVEDWODUL��UHDNVL\D�GDYRPL\OLJL��KDURUDW��
NDWDOL]DWRU�YD�HULWXYFKLODU�WDELDWL�WD¶VLUL�WL]LPOL�UDYLVKGD�RµUJDQLOJDQ��6LQWH]�TLOLQJDQ�\DQJL�DYORG�DWVHWLOHQ�GLROODULQLQJ�WDUNLEL��WR]DOLJL�YD�
WX]LOLVKL� ]DPRQDYL\� IL]LN-NLP\RYL\� XVXOODUGD� LVERWODQJDQ�� 5HDNVL\D� MDUD\RQLQLQJ� PH[DQL]PL� LVKODE� FKLTLOJDQ�� 6LQWH]� TLOLQJDQ� DWVHWLOHQ�
VSLUWODULQLQJ�HOHPHQW�WDKOLOL�DPDOJD�RVKLULOJDQ� 

 
ɄɚOLW�VR൏]ODU��DWVHWLOHQ�VSLUWODUL��DWVHWRQ��GLPHWLOVXOIRNVLG��UHDNVL\D�PH[DQL]PL� 

�'2,�����������FFH������� 
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.$7$/,=�9$�5($.6,<$�7(;12/2*,<$6, 

EXWLOOLWL\� \RNL� OLWL\� QDIWDOHQQL� WHWUDJLGURIXUDQGDJL�
HULWPDVLGD� YD� EHQ]DOGHJLG� ELODQ� WD¶VLUODVKLVKLGDQ�
\XTRUL� VHOHNWLYOLN� ELODQ� DVLPPHWULN� DWVHWLOHQ�
GLROODUL� VLQWH]� TLOLQJDQ� >�@�� <XH-4LQJ� *X�D� 3HQJ-
3HQJ� =KDQJ� KDPGD� XQLQJ� KDPNDVEODUL� WRPRQLGDQ�
DONLQGLROODUQLQJ� ROWLQ� �,�-NDWDOL]DWɨUL� LVKWLURNLGD�
VLNORL]RPHUL]DWVL\D�UHDNVL\DODUL�ROLE�ERULOJDQ�YD��-
RNVDELVLNOR>�����@� JHSWDQ� KDPGD� IDUQHVLIHURO� &�
QLQJ� DVVLPHWULN� XPXPL\� VLQWH]L� DPDOJD� RVKLULOJDQ�
>�@�� .DOVL\� NDUELGQLQJ� NHWRQODU� ELODQ�
HQDQWLRVHOHNWLY� ELULNLVK� UHDNVL\DODULGD� DWVHWLOHQ�
VSLUWODUL� ELODQ� ELUJDOLNGD� TRµVKLPFKD� PDKVXORW�
VLIDWLGD� DWVHWLOHQ� GLROODUL� KDP� KRVLO� ERµOLVKL�
DQLTODQJDQ� >�@�� )RUPDOGHJLGQLQJ� PLV� �,�� WX]ODUL�
NDWDOL]DWRUL� LVKWLURNLGD� DWVHWLOHQ� YD� XQLQJ�
JRPRORJODUL�ELODQ�DONLQLOODQLVKL�QDWLMDVLGD�DWVHWLOHQ�
GLROODUL� VLQWH]� TLOLQJDQ�� HULWXYFKL� WHWUDJLGURIX�
UDQGDQ� IR\GDODQLOJDQ� >�@�� .DOVL\� NDUELGQLQJ�
NHWRQODU� ELODQ� HQDQWLRVHOHNWLY� ELULNLVK� UHDNVL\DODUL�
DVRVLGD� DWVHWLOHQ� VSLUWODUL� YD� TRµVKLPFKD�PDKVXORW�
VLIDWLGD� DWVHWLOHQ� GLROODUL� KDP� KRVLO� ERµOLVKL�
DQLTODQJDQ� >�@�� 6KXQLQJGHN�� WHWUDJLGURIXUDQ�
HULWPDVLGD�� PLV� �,�� WX]ODUL� NDWDOL]DWRUL� LVKWLURNLGD�
DWVHWLOHQ� YD� XQLQJ� JRPRORJODUL� ELODQ�
IRUPDOGHJLGQLQJ� DONLQLOODQLVKL� QDWLMDVLGD� DWVHWLOHQ�
GLROODUL�VLQWH]�TLOLQJDQ�>��-��@��$WVHWLOHQ�GLROODULQL�
VLQWH]�TLOLVK�XFKXQ�DWVHWLOHQ�VSLUWODULQL���HNYLYDOHQW�
Q-EXWLOOLWL\� ELODQ� HOHNWURILO� ELULNLVK� UHDNVL\DVL�
DVRVLGD� KRVLO� ERµOJDQ� ELVOLWL\DONRJRO\DWJD� VHUL\�
�,,,�� [ORULG� LVKWLURNLGD� SURSLOHQ� RNVLG� ELODQ�
UHDNVL\DVLGDQ� IR\GDODQLOJDQ� >��@�� 7HWUD-Q-
EXWLODPPRQL\� JLGURNVLG� YD� GLPHWLOVXOIRNVLG�
DVRVLGD�WD\\RUODQJDQ�\XTRUL�DVRVOL�NDWDOLWLN�VLVWHPD�
\RUGDPLGD� �-HWLQLOVLNORJHNVDQROQLQJ� DOLIDWLN��
DURPDWLN� YD� DOLVLNOLN� NHWRQODUQL� WHUPLQDO� DWVHWLOHQ�
VSLUWODUL� ELODQ� QXNOHRILO� UHDNVL\DVL� DVRVLGD� \XTRUL�
XQXP� ELODQ� DWVHWLOHQ� GLROODUL� VLQWH]� TLOLQJDQ� >��@��
$WVHWLOHQ�VSLUWODUL� LNNL�HNYLYDOHQW�Q-EXWLO� OLWL\�ELODQ�
ELULNLVKL� QDWLMDVLGD� ELV-OLWL\� WX]ODUL� VLQWH]� TLOLQLE��
1+�&O� LVKWLURNLGD� XODUQLQJ� UHDNWLYOLJL� WHJLVKOL�
HOHNWURILOODU� VLIDWLGD� DOGHJLGODU�� NHWRQODU� ELODQ�
UHDNVL\DJD�NLULVKLVK�\RµOL�ELODQ�DWVHWLOHQ�GLROODUL�-��
-JHNVLQ-���-GLRO�VLQWH]�TLOLQJDQ�YD�VDUDWRQJD�TDUVKL�
SUHSDUDWODUQLQJ� DQDORJODUL� VLIDWLGD� LVKODWLOJDQ� >��@��
6KXQLQJGHN��JDORJHQ�DONQLODU�LVKWLURNLGD�WHWUDGHND-
���-GL\Q-���-GLRO� YD� �-PHWLOWHWUDGHND-���-GLLQ-���-
GLROODU�VLQWH]�TLOLQJDQ�YD�VDUDWRQ�NDVDOOLJLJD�TDUVKL�
HQJ� \D[VKL� NLP\RWHUDSHYWLN� IDROOLJL� MLKDWLGDQ�
VXOIRUDIDQ� ELODQ� WHQJOLJL� LVERWODQJDQ� >��@��
6KXQLQJGHN��5REHUWR�6DQV�'LH]��%ULDQ�$GJHUF�DQG�
(ULFN� 0�� &DUUHLUD� ROLPODU� WRPRQLGDQ� =Q�27I���

(W�2����-1-PHWLOHILGUHQ� LVKWLURNLGD� ���� �-DONLQ-�-
���-GLRO� VLQWH]� TLOLQJDQ� YD� ELU� TDWRU� ELRORJLN� [RV�
VDODUL� RµUJDQLOJDQ� >��@�� $WVHWOHQ� GLROODULQL� .2+�
NDWDOLWLN� VLVWHPD� LVKWLURNLGD� �-JHNVLQ-RO-�� DVRVLGD�
EXWLUDOGHJLG� ELODQ� QXNOHRILO� ELULOLNLVKL� QDWLMDVLGD�
GHWVLQ-�-GLRO-���� VLQWH]L� DPDOJD� RVKLULOJDQ� >��-��@��
8VKEX� XVXO� ELODQ� PɨOHNXODVL� WDUNLELGD� JHWHURDWRP�
VDTODJDQ�DWVHWLOHQ�VSLUWODUL-�-�WLRIHQLO-��EXWLQ-�-RO-���
�-��-PHWLOWLRIHQLO-��EXWLQ-�-RO-��� �-�IXUDQLO-��EXWLQ-
�-RO-��� �-�SLULGLQLO-��EXWLQ-�-RO-��� �-��-[ORUWLRIHQLO-
��EXWLQ-�-RO-��� �-��-EURPWLRIHQLO-��EXWLQ-�RO-�� QL�
%X�12+�'062�+�2�NDWDOLWLN�VLVWHPDVL� LVKWLURNLGD�
DWVHWRQ� ELODQ� QXNOHRILO� ELULNLVK� UHDNVL\DVL� DVRVLGD�
TX\LGDJL� DWVHWLOLQ� GLROODUL-�-PHWLO-�-��WLRIHQLO-��
JHNVLQ-�-GLRO-���� ����� �-PHWLO-�-��-PHWLOWLRIHQLO-��
JHNVLQ-GLRO-���� ����� �-�IXUDQLO-��-�-PHWLOJHNVLQ-�-
GLRO-���� ����� �-PHWLO-�-SLULGLQLO-��JHNVLQ-�-GLRO-����
������-��-[ORUWLRIHQLO-��-�-PHWLOJHNVLQ-�-GLRO-���������
�-�-�EURPWLRIHQLO-��-�-PHWLOJHNVLQ-�-GLRO-���� ����
QLQJ�VLQWH]L�DPDOJD�RVKLULOGL� 

 
7DGTLTRW�XVXOODUL 
%X�12+�'062�+�2� NDWDOLWLN� VLVWHPDVLGD�

ɚWVHWLOHQ� GLROODULQL� VLQWH]L� TLOLVK� XVXOL�� �1D¶PXQD�
VLIDWLGD� �-�IXUDQLO-��-�-PHWLOJHNVLQ-�-GLRO-����
VLQWH]L�NHOWLULOJDQ���5HDNVL\D�PH[DQLN�DUDODVKWLUJLFK�
�63;)/2:� /LJKWQLQ� /%��� ������������ USP�
PDUNDOL��� WRPL]JLFK� YRURQND� �,VR/DE� 76�������
PDUNDOL�� KDMPL� ���� PO�� TD\WDUPD� VRYXWJLFK�
�'LPURWD� 76������� ���� PP�� PDUNDOL��� VKOLIOL�
WHUPRPHWU� �7KHUPRPHWHU� //*-*HQHUDO� -��������
R&� PDUNDOL�� RµUQDWLOJDQ� PD[VXV� WD\\RUODQJDQ� LNNL�
TDYDWOL�� KDMPL� ����� PO� ERµOJDQ� UHDNWRUGD� DPDOJD�
RVKLULOGL�� 

'DVWODE�MDUD\RQ�����J����PRO��%X�12+�����
��VXYOL�HULWPDVL��YD�����PO�'062�ELODQ�KDURUDW���
R&�� ��� PLQXW� GDYRPLGD� DUDODVKWLULOLE�� VXVSHQ]L\D�
KRVLO� TLOLQGL��+RVLO� ERµOJDQ�NDWDOLWLN� VLVWHPDJD�����
J� ��� PRO�� �-�IXUDQLO-��EXWLQ-�-RO-�� VROLQGL� KDPGD�
DWVHWLOHQ� VSLUWL� YD� MDUD\RQGD� KRVLO� ERµODGLJDQ�
DWVHWLOHQ� GLROODU� SROLPHUODQLE� NHWPDVOLJL� XFKXQ�
VLVWHPDJD� JLGUR[LQRQ� TRµVKLOGL�� 6RµQJUD� ��� J� ���
PRO��DWVHWRQ����PLQXW�GDYRPLGD�DUDODVKWLULOJDQ�KR�
ODWGD� WRPFKLODWLE� TRµVKLOGL� YD� ��� PLQXW� GDYRPLGD�
DUDODVKWLULOGL�� VKXQGDQ� VRµQJ�� MDUD\RQ� ��� VRDW�
GDYRPLGD�WLQGLULOGL��5HDNVLRQ�DUDODVKPD�VRYXT�VXY�
ELODQ� ������ VX\XOWLULOGL� YD� GLHWLO� HILU� \RUGDPLGD� ��
PDUWD� ��î���PO�� HNVWUDNVL\D�TLOLQGL� YD� VXY� ��î����
PO�� ELODQ� \XYLOGL�� TXULWXYFKL� 1D�62�� \RUGDPLGD� ��
VRDW� GDYRPLGD� TXULWLOGL�� 0DKVXORW� ILOWUODE� ROLQLE��
YDNXXPOL�EXJµODWJLFK��*HUPDQL\DGD�LVKODE�FKLTDULO�
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JDQ� +HL–9$3� &RUH� +/�*�� PDUNDOL�� \RUGDPLGD�
HULWXYFKLODU� EXJµODWLOGL�� VRµQJUD� VLOLNDJHO� ���
[URPDWRJUDIL\D� NRORQNDVL� RUTDOL� HO\XHQW� �JHNVDQ�
HWLODWVHWDW�� ODUGDQ� RµWND]LOLE�� IUDNVL\DODU� \XSTD�
TDWODPOL� [URPDWRJUDIL\D� ³0HUFN� ��� )���´�
SODVWLQNDVLGD�5I�TL\PDWODUL�DQLTODQGL��%XQGD�������
J� �-�IXUDQLO-��-�-PHWLOJHNVLQ-�-GLRO-���� ��� ���
RUDOLT�PDKVXORW�����ERVKODQJµLFK�PRGGDODU����YD�

TRµVKLPFKD� PDKVXORWODU� ��� XQXP� ELODQ� VLQWH]�
TLOLVKJD�HULVKLOGL� 

5HDNVL\D� [LPL]PL� YD� PH[DQL]PL��
0ROHNXODVL�WDUNLELGD�JHWHURDWRP�VDTODJDQ�DWVHWLOHQ�
VSLUWODULQLQJ� %X�12+�'062�+�2� NDWDOLWLN�
VLVWHPDVL� LVKWLURNLGD� DWVHWRQ� ELODQ� QXNOHRILO�
ELULNLVK� UHDNVL\DVL� PH[DQL]PL� ɚGDEL\RW� PDQEDODUL�
DVRVLGD�TX\LGDJLFKD�WDNOLI�HWLOGL�>��@�� 

R

OH

Me

C C C

OH

CH3

CH3R

Me

OH

C CH + CH3 C

O

CH3
Bu4NOH/DMSO/H2O

1-6 7                                                            8-13                                                                 

R = 
S

(1); 
S

Me

(2);
S

Cl (5);
S

Br (6); 

N
(3);

O
(4);

'DVWODE� MDUD\RQGD� NDWDOL]DWRU� VLIDWLGD� LVKODWLOJDQ� %X�12+� DSURWRQ� HULWXYFKL� GLPHWLOVXOIRNVLG�
WD¶VLUL�RVWLGD�%X�12+�LRQODUJD�DMUDODGL�>��@�� 

N+

H3C

H3C

H3C

H3C

OH- DMSO
+ OH-

N+

H3C

H3C

H3C

H3C

1DWLMDGD� JLGURNVLG� DQLRQL� VS-V� ERJµLJD� WD¶VLU� TLOLE�� DWVHWLOHQ� VSLUWLQLQJ� XFK� ERJµLQLQJ�
GHSURWRQODQLVKLJD�VDEDE�ERµODGL��+RVLO�ERµOJDQ�QXNOHRILO�LRQL�HVD�WHWUD-Q-EXWLODPPRQL\�NDWLRQL�ELODQ�IDRO�
RUDOLT�PDKVXORW�KRVLO�TLODGL� 

N+

H3C

H3C

H3C

H3C

DMSO
+ R

OH

Me

-
_

N+

H3C

H3C

H3C

H3C

OH

Me

R
_

5HDNVL\DQLQJ� NH\LQJL� ERVTLFKLGD�� KRVLO� ERµOJɚQ� RUDOLT� PDKVXORWJD� RKLVWDOLN� ELODQ� NHWRQ�
TRµVKLOɚGL�� 6RµQJ� NHWRQ� WDUNLELGDJL� NDUERQLO� JXUXKL� KRVLO� ERµOJDQ� DWVHWLOHQLG� LRQLQLQJ� QXNOHRILO�
KXMXPLJD� XFKUDE�� DWVHWLOHQ� VSLUWLQLQJ� NLVORURG� PDUND]ODVKJDQ� DQLRQL� ELODQ� ELULNLE�� WHWUD-Q-
EXWLODPPRQL\�NDWLRQL�ELODQ�RUDOLT�PDKVXORW�KRVLO�TLODGL�� 

DMSO
N+

H3C

H3C

CH3

CH3

_

+ N+

H3C

H3C

CH3

CH3

OH

Me

R

O

CH3 CH3

OH

Me

R

CH3

CH3

O

6ɨµQJUD�� UHDNVL\D� QDWLMDVLGD� KRVLO� EɨµOJDQ� RUDOLT� PDKVXORW� JLGUɨOL]JD� XFKUDVKL� QDWLMDVLGD�
DWVHWLOHQ�GLROODUL�KRVLO�ERµODGL�� 

DMSO
N+

H3C

H3C

CH3

CH3

OH

Me

R

CH3

CH3

O +  H2O  N+

H3C

H3C

CH3

CH3

OH +

OH

Me

R

OH

CH3

CH3
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1DWLMDODU�YD�PXKRNDPD 
8VJEX� XVXO� ELODQ� WDUNLELGD� JHWHURDWRP�

VDTODJDQ� DWVHWLOHQ� VSLUWODUL-� �-�WLRIHQLO-��EXWLQ-�-RO-���
�-��-PHWLOWLRIHQLO-��EXWLQ-�-RO-����-�IXUDQLO-��EXWLQ-�-

RO-��� �-�SLULGLQLO-��EXWLQ-�-RO-��� �-��-[ORUWLRIHQLO-��
EXWLQ-�-RO-��� �-��-EURPWLRIHQLO-��EXWLQ-�RO-�� QL�
DWVHWRQ�ELODQ�DVRVOL�PXKLWGD�ROLE�ERULOJDQ�MDUD\RQ�QD�
WLMDVLGD�TX\LGDJL�DWVHWLOHQ�GLROODUL�VLQWH]�TLOLQGL� 

S

OH

Me

C C C

OH

CH3

CH3
S

Me

Me
OH

C C C

OH

CH3

CH3 O

OH

Me

C C C

OH

CH3

CH3

N

OH

Me C C C

OH

CH3

CH3

S
Cl C C C

OH

Me

C

CH3

OH

CH3
S

Br C C

OH

Me

C CH3

CH3

OH

8                                                                    9                                                           10

11                                                                   12                                                        13

8VKEX� MDUD\RQ� XFKXQ� NDWDOL]DWRUQLQJ�
ERVKODQJµLFK� PRGGDODU� PDVVDVLJD� QLVEDWDQ�
ROLQJDQ�PRO� PLTGRUL� WD¶VLUL�� UHDNVL\DQLQJ� ERULVKL�
YD�XQLQJ�ERVTLFKODUL��PDKVXORW�XQXPLJD�HULWXYFKL��
NDWDOL]DWRU�� KDURUDW�� UHDNVL\D� GDYRPL\OLJL� NDEL�
RPLOODUQLQJ�WD¶VLUL�RµUJDQLOGL� 

'DVWODE� DWVHWLOHQ� GLROODUL� VLQWH]L� XQXPLJD�
KDURUDW�YD�UHDNVL\D�GDYRPL\OLJL�WD¶VLUL�RµUJDQLOGL���
-5DVP�� 

�-5DVP��$WVHWLOHQ�GLROODUL�XQXPLJD�KDURUDW�YD�UHDNVL\D�GDYRPL\OLJL�
WD¶VLUL��ERVKODQJµLFK�PRGGDODU�YD�NDWDOL]DWRU�PRO�PLTGRUODUL�

HNYLPRO\DU�QLVEDWGD��HULWXYFKL�GLPHWLOVXOIRNVLG�� 

5DVPGDQ� NRµULQLE� WXULEGLNL�� UHDNVL\D� -��
R&·���R&�KDURUDW�RUDOLTODULGD�ROLE�ERULOGL��5HDNVL\D�
-�� ɨɋ� KDURUDWGD� ROLE� ERULOJDQGD� NDWDOL]DWRUQLQJ�
HUXYFKDQOLJL� YD� IDROOLJL� MXGD� SDVW� QDPR\RQ�
TLOJDQOLJL�NX]DWLOGL��-DUD\RQQLQJ�KDURUDWLQL���R&�JD�
RVKLULOJDQGD� PDKVXORW� XQXPL� \XTRUL� ERµOJDQL�
DQLTODQGL�� 0DKVXORW� XQXPLQL� RVKLULVK� PDTVDGLGD�
KDURUDW� �-� ��� R&� JDFKD� NRµWDULOJDQGD� VLVWHPDGD�
UHDNVL\DQLQJ� IDROODQLVK� HQHUJL\DVL� RUWLVKL� KLVRELJD�
TD\WDU� MDUD\RQQLQJ� URµ\� EHULVKL� RUTDOL� DVRVL\�

PDKVXORW� XQXPLQLQJ� SDVD\LVKLJD� VDEDE� ERµOGL��
5HDNVL\D� MDUD\RQL� ERVKODQJµLFK� PRGGDODU� YD�
NDWDOLWLN� VLVWHPD� PRO� PLTGRUODUL� ������ PRO�
QLVEDWODUGD�� HULWXYFKL� GLPHWLOVXOIRNVLG�� KDURUDW� ��
Rɋ��UHDNVL\D�GDYRPL\OLJL�����PLQXW�GDYRPLGD�ROLE�
ERULOJDQGD�� WRµTQDVKD\RWJDQ� ]DUUDFKDODUQLQJ�
HQHUJL\DVL� IDROODQLVK� HQHUJL\DVLJD� WHQJODVKLE�
PɨOHNXODODUGDJL� ERJµODU� X]XOLE�� \DQJL� DWVHWLOHQ�
VSLUWODUL� YD� NHWRQODU� RµUWDVLGDJL� &-&� ERJµODU� KRVLO�
TLOLVK� MDUD\RQL� NX]DWLOLE�� DWVHWLOHQ� GLROODUL�
XQXPGRUOLJL��-������-�������-�������-�������-
�������-����\XTRUL�ERµOJDQOLJL�NX]DWLOGL� 

0D]NXU� VLVWHPDGD� KDURUDW� ELODQ� ELUJDOLNGD�
DWVHWLOHQ� GLROODULQLQJ� HQJ� \XTRUL� XQXPGD� FKLTLVKL�
XFKXQ� UHDNVL\D� GDYRPL\OLJL� RPLOL� KDP� WDGTLT�
TLOLQGL���-UDVP�� 

7DQODQJDQ� DWVHWLOHQ� VSLUWODUL� YD� DWVHWRQ�
UHDNVL\DVL� GDVWODE� ���� GDTLTD� GDYRPLGD� DPDOJD�
RVKLULOGL�%X�YDTW�RUDOLJµLGD�ERVKODQJµLFK�PRGGDODU�
WRµOLT� UHDNVL\DJD� NLULVKD� ROPDJDQOLJL� YD�
DUDODVKPDGD� TROLE� NHWLVKL� QDWLMDVLGD� PDKVXORW�
XQXPLQLQJ� SDVW� FKLTLVKL� NX]DWLOGL�� 5HDNVL\D�
GDYRPL\OLJL� ���� GDTLTDJD� X]D\WLULOJDQGD� DWVHWLOHQ�
GLROODULODULQLQJ� XQXPGRUOLJL� RVKLVKLJD� VLVWHPDJD�
UHDJHQW� �DWVHWLOHQ� VSLUWL�� YD� VXEVWUDW� �NHWRQW�� QLQJ�
GH\DUOL� WRµOLT� UHDNVL\DJD�NLULVKJDQOLJL�VDEDE�ERµOGL�
YD�PDKVXORW�XQXPLJD� LMREL\� WD¶VLU�NRµUVDWGL��%LURT�
UHDNVL\D� GDYRPL\OLJL� ���� GDTLTDJD� \HWND]LOJDQGD�
DWVHWLOHQ� GLROODULQLQJ� XQXPL� NHVNLQ� NDPD\LE� NHWGL�
YD� EXQJD� WXUOL� UHDNVLRQ� KRODWODU� VDEDE� ERµOGL��
<D¶QL�� UHDNVL\D� GDYRPL\OLJL� RVKLULOJDQGD��
VLVWHPDGD� KRVLO� ERµOJDQ� DWVHWLOHQ� GLROODUL�
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PROHNXODVLGDQ� VXY� DMUDOLE� FKLTLVKL� QDWLMDVLGD�
VLVWHPDGD� TRµVKLPFKD� PDKVXORWODU�� MXPODGDQ�
DONRJRO\DWODU�� SROLDWVHWLOHQ� VSLUWODU�� NHWRQODU�� YLQLO�
HILUODU�� VPRODVLPRQ� YD� SROLPHU� PDKVXORWODU� KRVLO�
ERµOLVKL�QDWLMDVLGD�DWVHWLOHQ�GLROODUL�XQXPL��-������
�-��������-��������-��������-��������-�����JD�
NDPD\LVKL�NX]DWLOGL� 

$WVHWLOHQ�GLROODULQL�VLQWH]�TLOLVKGD�HULWXYFKL�
WDELDWL� WD¶VLULQL� RµUJDQLVK� PDTVDGLGD� DSUDWRQ�
HULWXYFKLODU� GLPHWLOIRUPDPLG� YD�
GLPHWLOVXOIRNVLGGDQ� IR\GDODQLOGL� ��--DGYDO���
'LPHWLOIRUPDPLG� TD\QDVK� KDURUDWL�
GLPHWLOVXOINVLGJD� QLVEDWDQ� SDVW� ERµOJDQ� DSURWLN�
HULWXYFKLGLU�� 8� 61�� UHDNVL\DODUL� NDEL� TXWE�
PH[DQL]PL� ELODQ� UHDNVL\DODUQL� UDJ
EDWODQWLUDGL��
/HNLQ� [RVVDVL� MLKDWLGDQ� NXFKOL� NLVORWDODU� YD�
DVRVODUJD� QLVEDWDQ� EDUTDURU� ERµOPDJDQOLJL� KDPGD�
GLPHWLOVXOIRNVLGJD� QLVEDWDQ� GLHOHNWULN�
RµWND]XYFKDQOLJL� ������� JD� WHQJ�� SDVWOLJL� WXID\OL�
LRQODU� ELODQ� WRµTQDVKLVKODU� VRQLQL� SDVD\LVKLJD� ROLE�
NHOGL�� QDWLMDGD� DWVHWLOHQ� KRVLODODULQLQJ� HUXYFKDQOLJL�
GLPHWLOVXOIRNVLGJD��QLVEDWDQ�SDVW�ERµOLVKL�NX]DWLOGL�� 

-DUD\RQ�DSURWRQ�HULWXYFKL�
GLPHWLOVXOIRNVLGGD�ROLE�ERULOJDQLGD�PDKVXORW�
XQXPL�\XTRUL�FKLTTDQOLJL�NX]DWLOGL��(ULWXYFKL�
GLPHWLOVXOIRNVLGQLQJ�TD\QDVK�YD�GLHOHNWULN�
RµWND]XYFKDQOLJL�GLPHWLOIRUPDPLGJD�QLVEDWDQ�

\XTRUL�ERµOJDQOLJL�PDKVXORW�XQXPLQLQJ�RUWLVKLJD�
VDEDE�ERµOGL�� 

2OLQJDQ� QDWLMDODU� DVRVLGD� DWVHWLOHQ� GLRO�
ODULQL� %X�12+�'062�+�2� NDWDOLWLN� VLVWHPDVLGD�
VLQWH]� TLOLVK� UHDNVL\DODULQLQJ� HQJ� PXTRELO�
VKDURLWODUL� DQLTODQJDQ�� 8QJD� NRµUD� DWVHWLOHQ�
VSLUWODULQL�NHWRQ�ELODQ�QXNOHRILO�UHDNVL\DODUL�XFKXQ�
KDURUDW� �� R&�� UHDNVL\D� GDYRPL\OLJL� ���� PLQXW��
ERVKODQJµLFK�PRGGDODU�UHDJHQW��DWVHWLOHQ�VSLUWL��YD�
VXEVWUDW� �NHWRQ�� QLQJ� PRO� QLVEDWODUL� HNYLPRO\DU�
QLVEDWGD� ROLQJDQ� KRODWGD� DWVHWLOHQ� GLROODUL� HQJ�
\XTRUL� ��-����� �-����� ��-����� 
��-����� ��-����� ��-����� XQXP� ELODQ� VLQWH]�
TLOLQGL� 

7DGTLTɨW� RE\HNWL� VLIDWLGD� WDQODQJDQ�
DWVHWLOHQ� VSLUWODULQLQJ� DWVHWRQ� ELODQ� UHDNVL\DVLGD�
ERVKODQJµLFK� PRGGDODUQLQJ� WDUNLELGDJL�
RµULQERVDUODULQLQJ� WD¶VLUL� QD]DUL\� WDKOLO� TLOLQGL� YD�
DWVHWLOHQ� GLROODUL� KRVLO� ER¶OLVK� XQXPLJD� DWVHWLOHQ�
VSLUWODULQLQJ� VDPDUDGRUOLN� TDWRUL� TX\LGDJLFKD� �-
�WLRIHQLO-��EXWLQ-�-RO-�����-��-PHWLOWLRIHQLO-��EXWLQ
-�-RO-�� �� �-��-EURPWLRIHQLO-��EXWLQ-�RO-�� �� �-��-
[ORUWLRIHQLO-��EXWLQ-�-RO-�����-�SLULGLQLO-��EXWLQ-�-
RO-�����-�IXUDQLO-��EXWLQ-�-RO-��RUWLE�ERULVKL� WDUWL�
ELGD�DQLTODQGL� 

6LQWH]� TLOLQJDQ� DWVHWLOHQ� GLROODUL� WDUNLEL�
HOHPHQW�DQDOL]�TLOLQGL���-MDGYDO�� 

�--DGYDO 
$WVHWLOHQ�GLROODUL�XQXPLJD�HULWXYFKLODU�WDELDWLQLQJ�WD¶VLUL 

Ⱥɋ %UXWWR�IRUPXODVL 7DKOLO�QDWLMDODUL 
(OHPHQWODU�QRPL�YD�WDKOLOL��� 

ɋ ɇ Ɉ 6 1 &O %U 

� 
&��+��2�6 +LVREODQJDQ ����� ���� ����� �����       

0U ����JU�PRO ȺQLTODQJDQ ����� ���� ����� �����       

� 
&��+��2�6 +LVREODQJDQ ����� ���� ����� �����       

0U ����JU�PRO ȺQLTODQJDQ ����� ���� ����� �����       

�� 
&��+��2� +LVREODQJDQ ����� ���� �����         

0U ����JU�PRO ȺQLTODQJDQ ����� ���� �����         

�� 
&��+��12� +LVREODQJDQ ����� ���� �����   ����     

0U ����JU�PRO ȺQLTODQJDQ ����� ���� �����   ����     

�� 
&��+��&O2�6 +LVREODQJDQ ����� ���� ����� �����   �����   

0U ������JU�PRO ȺQLTODQJDQ ����� ���� ����� �����   �����   

�� 
&��+��%U2�6 +LVREODQJDQ ����� ���� ����� �����     ����� 

0U� ����JU�PRO ȺQLTODQJDQ ����� ���� ����� �����     ����� 

�--DGYDO 
6LQWH]�TLOLQJDQ�DWVHWLOHQ�GLROODULQLQJ�HOHPHQW�WDKOLOL�QDWLMDODUL 

(ULWXYFKL 
0DKVXORW�XQXPL��� 

� � �� �� �� �� 
'062 �� �� �� �� �� �� 
'0)$ �� �� �� �� �� �� 
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6LQWH]� TLOLQJDQ� DWVHWLOHQ� GLROODULQLQJ�
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�� 6ULQLYDVDUDR�<DUDJRUOD��3��5DMHVK�5HJLRVSHFLILF�IRUPDO�DQQXODWLRQ�RI�WHUW-SURSDUJ\O�DOFRKROV�ZLWK�DF\FOLF����-GLNHWRQHV�YLD�WKH�F\FORLVRP�
HUL]DWLRQ�RI�KRPRDOOHQ\O�NHWRQHV��2UJDQLF�DQG�%LRPROHFXODU�&KHPLVWU\������������������-������'2,����������&�2%�����$ 

�� 5DMHHY�.KDUE��5XSLQGHU�.DXU�9LVWDV�2Q�$QWLPLFURELDO�3RWHQWLDO�RI�1RYHO�2[DGLD]ROH�'HULYDWLYHV�,Q�0RGHUQ�0HGLFLQDO�&KHPLVWU\��(XUR�
SHDQ�-RXUQDO�RI�%LRPHGLFDO�DQG�3KDUPDFHXWLFDO�6FLHQFHV���������������-����'2,������������������ 

�� 0LON\DV�(QGDOH��$QQDEHO�(NEHUJ��+RVHDK�0��$NDOD��-RKQ�3DWULFN�$ODR��$EL\�<HQHVHZ��0DDWH�(UGHO\L�%XVVHLK\GURTXLQRQHV�$-'�IURP�WKH�
5RRWV�RI�3HQWDV�EXVVHL��-RXUQDO�RI�1DWXUDO�3URGXFWV������������������-������'2,���������$$%&�6������ 

�� 6LPRQ�-��3ULGPRUH��3DXO�$��6ODWIRUG��-DPHV�(��7D\ORU��0LFKDHO�.��:KLWWOHVH\��-RQDWKDQ�0�-��:LOOLDPV�6\QWKHVLV�RI�IXUDQV��S\UUROHV�DQG�
S\ULGD]LQHV� E\� D� UXWKHQLXP-FDWDO\VHG� LVRPHULVDWLRQ� RI� DON\QHGLROV� DQG� LQ� VLWX� F\FOLVDWLRQ��7HWUDKHGURQ�� ������ ������ ����-������ '2,��
��������M�WHW������������ 

�� $EGHVODP� $ERX�� )UDQFLVFR� )RXEHOR�� 0LJXHO� <XV� 6HOHFWLYH� OLWKLDWLRQ� RI� ���-GLKDORKH[-�-HQHV� DQG� ���-GLKDORKH[-�-\QHV�� 7HWUDKHGURQ�
/HWWHUV����������������-������'2,����������MR�����D��� 

�� <XH-4LQJ�*X�D�3HQJ-3HQJ�=KDQJ��-XQ-.DL�)X��6RQJ�/LX��<X�/DQ��-LDQ-;LDQ�*RQJ��=KHQ�<DQJ�5HJLR-�DQG�6WHUHRVHOHFWLYH�6\QWKHVHV�RI��-
2[DELF\FOR>�����@KHSWDQHV�YLD�D�*ROG�,�-&DWDO\]HG�&\FORLVRPHUL]DWLRQ�RI�$ON\QHGLROV��$V\PPHWULF�7RWDO�6\QWKHVLV�RI�)DUQHVLIHURO��$G�
YDQFHG�6\QWKHVLV�	�&DWDO\VLV��������������������–�������'2,����������DGVF���������� 

�� .DUHQ� -�� $UGLOD-)LHUUR�� &DUVWHQ� %ROP�� -RV� *�� +HUQDQGH]� 0HFKDQRV\QWKHVLV� RI� 2GG-1XPEHUHG� 7HWUDDU\O>Q@FXPXOHQHV@�� $QJHZDQGWH�
&KHPLH�,QWHUQDWLRQDO�(GLWLRQ�����������������-�������'2,�����������DQLH���������� 

�� 1LNRODL� $�� 6LWWH�� )UDQFHVFD� *KLULQJKHOOL�� *ULJRU\� $�� 6KHYFKHQNR�� )UDQN� 5RPLQJHU�� $�� 6WHSKHQ� .�� +DVKPL�� 7KRPDV� 6FKDXE� &RSSHU-
&DWDO\VHG�6\QWKHVLV�RI�3URSDUJ\O�$OFRKRO�DQG�'HULYDWLYHV�IURP�$FHW\OHQH�DQG�RWKHU�7HUPLQDO�$ON\QHV��$GYDQFHG�6\QWKHVLV�DQG�&DWDO\VLV��
������������������-������'2,����������DGVF���������� 

�� .DUHQ� -�� $UGLOD-)LHUUR�� &DUVWHQ� %ROP�� -RV� *�� +HUQDQGH]� 0HFKDQRV\QWKHVLV� RI� 2GG-1XPEHUHG� 7HWUDDU\O>Q@FXPXOHQHV@�� $QJHZDQGWH�
&KHPLH�,QWHUQDWLRQDO�(GLWLRQ�����������������-�������'2,��GRL�RUJ���������DQLH���������� 

��� 1LNRODL� $�� 6LWWH�� )UDQFHVFD� *KLULQJKHOOL�� *ULJRU\� $�� 6KHYFKHQNR�� )UDQN� 5RPLQJHU�� $�� 6WHSKHQ� .�� +DVKPL�� 7KRPDV� 6FKDXE� &RSSHU-
&DWDO\VHG�6\QWKHVLV�RI�3URSDUJ\O�$OFRKRO�DQG�'HULYDWLYHV�IURP�$FHW\OHQH�DQG�RWKHU�7HUPLQDO�$ON\QHV��$GYDQFHG�6\QWKHVLV�DQG�&DWDO\VLV��
��������������-������'2,����������DGVF���������� 

��� 7KRPDV� 6FKXEHUW�� :HUQHU� +XPPHO�� 0DULD-5HJLQD� .XOD�� 0LFKDHO� 0�OOHU� (QDQWLRVHOHFWLYH� 6\QWKHVLV� RI� %RWK� (QDQWLRPHUV� RI� 9DULRXV�
3URSDUJ\OLF� $OFRKROV� E\� 8VH� RI� 7ZR� 2[LGRUHGXFWDVHV�� (XURSHDQ� -RXUQDO� RI� 2UJDQLF� &KHPLVWU\�� ������ ���� ����-������
'2,������������������������� 

��� -HLHO\�*��)HUUHLUD��&OHYHUVRQ�5��3ULQFLYDO��'\HJR�0��2OLYHLUD��5HQDWD�;��1DVFLPHQWR��-HIIHUVRQ�/��3ULQFLYDO�(Q]\PDWLF�.LQHWLF�5HVROXWLRQ�
RI� ,QWHUQDO� 3URSDUJ\OLF� 'LROV�� 3DUW� ,�� $� 1HZ�$SSURDFK� IRU� WKH� 6\QWKHVLV� RI� �6�-3HQW-�-\Q-���-GLRO�� D� 1DWXUDO� 3URGXFW� IURP� &OLWRF\EH�
FDWLQXV�2UJDQLF�DQG�%LRPROHFXODU�&KHPLVWU\��������������������-������'2,����������[�[[�����[ 

��� 7LUNDVKHYD�6DUYLQR]�,VKRT�TL]L�$\ULP�WHUPLQDO�DWVHWLOHQ�VSLUWODULQLQJ�NLP\RYL\�Rµ]JDULVKODUL�YD�ELRORJLN�[RVVDODUL��ɄLP\R�IDQODUL�ERµ\LFKD�
IDOVDID�GRNWRUL��3K'��LOPL\�GDUDMDVLQL�ROLVK�XFKXQ�GLVVHUWDWVL\D�LVKL����� 

��� ,]D�0LUHOD�5��*��3ULQFLYDO��-HLHO\�*��)HUUHLUD��7HUHVLQKD�*��6LOYD��-DFLDQD�6��$JXLDU��-HIIHUVRQ�/��3ULQFLYDO�6\QWKHVLV�DQG�LQ�YLWUR�HYDOXDWLRQ�
RI� �5��� �6�� DQG� �5�6�-�-KH[\QH-���-GLRO�� D� QDWXUDO� SURGXFW�SURGXFHG�E\� IXQJXV�&OLWRF\EH� FDWLQXV�� DQG� UHODWHG� DQDORJV� DV� SRWHQWLDO� DQWL�
FDQFHU�DJHQWV��MRXUQDO�%LRRUJDQLF�	�0HGLFLQDO�&KHPLVWU\�/HWWHUV��������'2,����������M�EPFO������������� 

��� &KDQJ-<RQJ�/HH��-L�+R�<XQ��.\XQJVX�.DQJ��&KX-:RQ�1KR��'RQJ\XQ�6KLQ�,GHQWLILFDWLRQ�RI�GLDON\O�GLDFHW\OHQH�GLROV�ZLWK�SRWHQW�FDQFHU�
FKHPRSUHYHQWLYH�DFWLYLW\��-RXUQDO�%LRRUJDQLF�	�0HGLFLQDO�&KHPLVWU\�/HWWHUV�������������������–������'2,����������M�EPFO������������ 

��� 5REHUWR�6DQV�'LH]��%ULDQ�$GJHUF�DQG�(ULFN�0��&DUUHLUD��(IILFLHQW�DV\PPHWULF�V\QWKHVLV�RI��-DON-�-\QH-���-GLROV��7HWUDKHGURQ��������������
����–������'2,����������RO�������FDOO 

��� =RNLURY�6RGLNMRQ�5HVHDUFK�RI�WKH�3URFHVVHV�RI�6\QWKHVLV�RI�$FHW\OHQH�'LROV�DQG�6WXG\�RI�WKHLU�$QWL-&RUURVLYH�3URSHUWLHV��1DWXUDO��9ROD�
WLOHV��(VVHQW��2LOV�������������������–������� 

��� 7LUNDVKHYD�6�,���4RµVKERTRY�)�=��=L\DGXOOD\HY�2�(��.DOVL\�NDUELG�YD�D\ULP�DOLIDWLN�NHWRQODU�DVRVLGD�DWVHWLOHQ�VSLUWODUL�VLQWH]L�©=DPRQDYL\�
WDGTLTRWODU�� LQQRYDWVL\DODU�� WH[QLND� YD� WH[QRORJL\DODUQLQJ� GRO]DUE� PXDPPRODUL� YD� ULYRMODQLVK� WHQGHQVL\DODULª� 5HVSXEOLND� LOPL\-WH[QLN�
NRQIHUHQVL\DVL��-L]]D[�����������-���� 

��� 1RULNL�.XWVXPXUD��0DL� ,QDJDNL��$NLWR�.LULVHNR��7DNDR�6DLWR�1RYHO�2QH-3RW�6\QWKHWLF�0HWKRG� IRU�3URSDUJ\O�$OFRKRO�'HULYDWLYHV� IURP�
$OO\O�$OFRKRO�'HULYDWLYHV��6\QWKHVLV�������������������-������'2,����������V-����-��������� 

��� (OHQD�<X�6���1DWDOLD�$��&K��� ,YDQ�$�%���1DGH]KGD� ,�3���%RULV�$�7��$ON\Q\ODWLRQ� RI�$OGHK\GHV� DQG�.HWRQHV�8VLQJ� WKH�%X�12+�+�2�
'062� &DWDO\WLF� &RPSRVLWLRQ�� $� :LGH-6FRSH� 0HWKRGRORJ\�� (XURSHDQ� -RXUQDO� RI� 2UJDQLF� &KHPLVWU\�� ������ ���� ����-������ '2,��
��������HMRF����������� 
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WDELDWL� WD¶VLUL� WL]LPOL� UDYLVKGD� RµUJDQLOJDQ�� 6LQWH]�
TLOLQJDQ�\DQJL�DYORG�DWVHWLOHQ�GLROODULQLQJ�WDUNLEL��
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IL]LN-NLP\RYL\� WDKOLO�XVXOODULGD� ��+-�<D05�� ��&-�
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6KRNKLGD�$��(5*$6+(9$��VKRKLGD�HUJDVKHYD���#PDLO�UX�� 
0XQLUDNKRQ�$��0$0$7.+$129$��PXQLUB��#PDLO�UX�� 
7HPXUEHN�$��.+$-,%$(9��KDMLEDHY��#PDLO�UX�� 
5DYVKDQMRQ�0��.+$/,/29��U�P�NKDOLORY#PDLO�UX�� 
$NKPDWNKRQ�8��0$0$7.+$129��SURI�DKPDG#PDLO�UX� 
,QVWLWXWH�RI�WKH�&KHPLVWU\�RI�3ODQW�6XEVWDQFHV��7DVKNHQW��8]EHNLVWDQ� 

 
,Q�RUGHU� WR�HVWDEOLVK�RSWLPDO�GU\LQJ�PRGHV� IRU�DQ�DTXHRXV�H[WUDFW� IURP�WKH�DERYHJURXQG�SDUW�RI�6FXWHOODULD�DGHQRVWHJLD�� WKH� IROORZLQJ�

SDUDPHWHUV�ZHUH�VWXGLHG��VROXWLRQ�FRQFHQWUDWLRQ��VROXWLRQ�IHHG�UDWH��WHPSHUDWXUH�RI�WKH�GU\LQJ�DJHQW�DW�WKH�LQOHW�DQG�RXWOHW��SUHVVXUH�ZKHQ�WKH�VROX�
WLRQ�LV�IHG�LQWR�WKH�GU\LQJ�FKDPEHU��,W�ZDV�IRXQG�WKDW�LQ�RUGHU�WR�REWDLQ�D�GU\�H[WUDFW�IURP�WKH�DERYHJURXQG�SDUW�RI�6FXWHOODULD�DGHQRVWHJLD��DQWLK\�
SR[LF�DFWLRQ��DQ�DTXHRXV�H[WUDFW�REWDLQHG�ZLWK�ZDWHU�DW�D�WHPSHUDWXUH�RI������&�PXVW�EH�FRQFHQWUDWHG�WR�D�FRQWHQW�RI�����RI�GU\�VXEVWDQFHV�DQG�
GULHG�LQ�D�VSUD\�GU\HU�RI�WKH�QR]]OH�W\SH�DW�WKH�WHPSHUDWXUH�RI�WKH�GU\LQJ�DJHQW�DW�WKH�LQOHW�–������&��RXWOHW�–�����&��WKH�IHHG�RI�WKH�VROXWLRQ�DW����O�K�
P��DQG�DW�D�SUHVVXUH�RI�����03D��7KLV�PRGH�SURYLGHV�DQ�RXWSXW�RI�����GU\�H[WUDFW�� 

 
.H\ZRUGV��6FXWHOODULD�DGHQRVWHJLD��DQWLK\SR[LF�PHGLFDWLRQ��GU\LQJ�RI�WKH�H[WUDFW� 

ɉɈȾȻɈɊ�ɈɉɌɂɆȺɅɖɇɕɏ�ɍɋɅɈȼɂɃ�ɉɊɈɐȿɋɋȺ�ɋɍɒɄɂ�ȼɈȾɇɈȽɈ�
ɗɄɋɌɊȺɄɌȺ�ɂɁ�ɇȺȾɁȿɆɇɈɃ�ɑȺɋɌɂ�6&87(//$5,$�$'(1267(*,$� 
 
ɒɨɯɢɞɚ�Ⱥ��ɗɊȽȺɒȿȼȺ��VKRKLGD�HUJDVKHYD���#PDLO�UX� 
Ɇɭɧɢɪɚɯɨɧ�Ⱥ�ɆȺɆȺɌɏȺɇɈȼȺ��PXQLUB��#PDLO�UX� 
Ɍɟɦɭɪɛɟɤ�Ⱥ��ɏȺɀɂȻȺȿȼ��KDMLEDHY��#PDLO�UX� 
Ɋɚɜɲɚɧɠɨɧ�Ɇ��ɏȺɅɂɅɈȼ��U�P�NKDOLORY#PDLO�UX� 
Ⱥɯɦɚɬɯɨɧ�ɍ��ɆȺɆȺɌɏȺɇɈȼ��SURI�DKPDG#PDLO�UX� 
ɂɧɫɬɢɬɭɬ�ɯɢɦɢɢ�ɪɚɫɬɢɬɟɥɶɧɵɯ�ɜɟɳɟɫɬɜ��Ɍɚɲɤɟɧɬ��ɍɡɛɟɤɢɫɬɚɧ 

 
ɋ�ɰɟɥɶɸ�ɭɫɬɚɧɨɜɥɟɧɢɹ�ɨɩɬɢɦɚɥɶɧɵɯ�ɪɟɠɢɦɨɜ�ɫɭɲɤɢ�ɜɨɞɧɨɝɨ�ɷɤɫɬɪɚɤɬɚ�ɢɡ�ɧɚɞɡɟɦɧɨɣ�ɱɚɫɬɢ�6FXWHOODULD�DGHQRVWHJLD�ɜ�ɪɚɫ�

ɩɵɥɢɬɟɥɶɧɨɣ� ɫɭɲɢɥɤɟ� ɢɡɭɱɟɧɵ� ɫɥɟɞɭɸɳɢɟ� ɩɚɪɚɦɟɬɪɵ�� ɤɨɧɰɟɧɬɪɚɰɢɹ� ɪɚɫɬɜɨɪɚ�� ɫɤɨɪɨɫɬɶ� ɩɨɞɚɱɢ� ɪɚɫɬɜɨɪɚ�� ɬɟɦɩɟɪɚɬɭɪɚ� ɫɭ�
ɲɢɥɶɧɨɝɨ�ɚɝɟɧɬɚ�ɧɚ�ɜɯɨɞɟ�ɢ�ɜɵɯɨɞɟ��ɞɚɜɥɟɧɢɟ�ɩɪɢ�ɩɨɞɚɱɟ�ɪɚɫɬɜɨɪɚ�ɜ�ɫɭɲɢɥɶɧɭɸ�ɤɚɦɟɪɭ��ɍɫɬɚɧɨɜɢɥɢ��ɱɬɨ�ɞɥɹ�ɩɨɥɭɱɟɧɢɹ�ɫɭɯɨɝɨ�
ɷɤɫɬɪɚɤɬɚ�ɚɧɬɢɝɢɩɨɤɫɢɱɟɫɤɨɝɨ�ɞɟɣɫɬɜɢɹ�ɢɡ�ɧɚɞɡɟɦɧɨɣ�ɱɚɫɬɢ�6FXWHOODULD�DGHQRVWHJLD��ɜɨɞɧɵɣ�ɷɤɫɬɪɚɤɬ��ɩɨɥɭɱɟɧɧɵɣ�ɷɤɫɬɪɚɤɰɢɟɣ�
ɜɨɞɨɣ� ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɟ� ��� �ɋ�� ɧɟɨɛɯɨɞɢɦɨ� ɤɨɧɰɟɧɬɪɢɪɨɜɚɬɶ� ɞɨ� ɫɨɞɟɪɠɚɧɢɹ� ɫɭɯɢɯ� ɜɟɳɟɫɬɜ� ���� ɢ� ɫɭɲɢɬɶ� ɜ� ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ�
ɫɭɲɢɥɤɟ�ɮɨɪɫɭɧɨɱɧɨɝɨ�ɬɢɩɚ�ɩɪɢ�ɬɟɦɩɟɪɚɬɭɪɟ�ɫɭɲɢɥɶɧɨɝɨ�ɚɝɟɧɬɚ�ɧɚ�ɜɯɨɞɟ�����°ɋ��ɜɵɯɨɞɟ�–����°ɋ��ɩɨɞɚɜɚɹ�ɪɚɫɬɜɨɪ�ɫɨ�ɫɤɨɪɨɫɬɶɸ�
��ɥ�ɱഗɦ��ɢ�ɩɨɞ�ɞɚɜɥɟɧɢɟɦ�����Ɇɉɚ��Ɍɚɤɨɣ�ɪɟɠɢɦ�ɨɛɟɫɩɟɱɢɜɚɟɬ�ɜɵɯɨɞ�����ɫɭɯɨɝɨ�ɷɤɫɬɪɚɤɬɚ�� 

 
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��6FXWHOODULD�DGHQRVWHJLD��ɚɧɬɢɝɢɩɨɤɫɢɱɟɫɤɨɟ�ɫɪɟɞɫɬɜɨ��ɫɭɲɤɚ�ɷɤɫɬɪɚɤɬɚ� 
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ȼɜɟɞɟɧɢɟ 
ȼ� ɩɨɫɥɟɞɧɢɟ� ɝɨɞɵ� ɛɨɥɶɲɨɟ� ɜɧɢɦɚɧɢɟ�

ɭɞɟɥɹɟɬɫɹ� ɮɢɬɨɯɢɦɢɱɟɫɤɢɦ�� ɮɚɪɦɚɤɨɥɨɝɢɱɟ�
ɫɤɢɦ� ɢ� ɮɚɪɦɚɤɨɝɧɨɫɬɢɱɟɫɤɢɦ� ɢɫɫɥɟɞɨɜɚɧɢɹɦ�
ɪɚɫɬɟɧɢɣ�ɪɨɞɚ�6FXWHOODULD�/���ɫɟɦɟɣɫɬɜɨ�/DPLDFH�
DH���ɱɬɨ�ɨɛɭɫɥɨɜɥɟɧɨ�ɢɯ�ɜɵɫɨɤɨɣ�ɛɢɨɥɨɝɢɱɟɫɤɨɣ�
ɚɤɬɢɜɧɨɫɬɶɸ��Ʉ�ɧɚɫɬɨɹɳɟɦɭ�ɜɪɟɦɟɧɢ�ɢɡ�ɪɚɡɥɢɱ�
ɧɵɯ� ɜɢɞɨɜ� ɪɚɫɬɟɧɢɣ� ɪɨɞɚ� 6FXWHOODULD� ɜɵɞɟɥɟɧɵ�
ɮɥɚɜɨɧɨɢɞɵ�� ɮɟɧɢɥɩɪɨɩɚɧɨɢɞɵ�� ɮɟɧɨɥɨɤɢɫɥɨ�

ɬɵ��ɢɪɢɞɨɢɞɵ��ɬɟɪɩɟɧɨɢɞɵ��ɫɬɟɪɨɢɞɵ��ɬɪɢɬɟɪɩɟ�
ɧɵ�� ɥɢɝɧɚɧɵ�� ɚɥɤɚɥɨɢɞɵ��ɮɢɬɨɫɬɟɪɢɧɵ�� ɩɨɥɢɫɚ�
ɯɚɪɢɞɵ�� ɞɭɛɢɥɶɧɵɟ� ɜɟɳɟɫɬɜɚ�� ɷɮɢɪɧɵɟ�ɦɚɫɥɚ� ɢ�
ɞɪɭɝɢɟ� ɤɥɚɫɫɵ� ɩɪɢɪɨɞɧɵɯ� ɜɟɳɟɫɬɜ� >�-��@�� Ɉɫ�
ɧɨɜɧɵɦɢ� ɛɢɨɥɨɝɢɱɟɫɤɢ� ɚɤɬɢɜɧɵɦɢ� ɜɟɳɟɫɬɜɚɦɢ�
ɪɚɫɬɟɧɢɣ� ɞɚɧɧɨɝɨ� ɪɨɞɚ� ɹɜɥɹɟɬɫɹ� ɤɨɦɩɥɟɤɫ� ɮɥɚ�
ɜɨɧɨɢɞɨɜ�� ɮɟɧɨɥɤɚɪɛɨɧɨɜɵɯ� ɤɢɫɥɨɬ� ɢ� ɞɭɛɢɥɶ�
ɧɵɯ�ɜɟɳɟɫɬɜ�>���-��@��Ɉɩɭɛɥɢɤɨɜɚɧɵ�ɞɚɧɧɵɟ�ɨɛ�
ɷɮɮɟɤɬɢɜɧɨɫɬɢ� 6�� EDLFDOHQVLV� ɩɪɢ� ɤɨɪɨɧɨɜɢɪɭɫ�
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ɧɨɣ�ɢɧɮɟɤɰɢɢ�>��@��Ɏɚɪɦɚɤɨɥɨɝɢɱɟɫɤɢɟ�ɢɫɫɥɟ�
ɞɨɜɚɧɢɹ� ɩɨɞɬɜɟɪɞɢɥɢ�� ɱɬɨ� ɷɤɫɬɪɚɤɬɵ� ɢ� ɢɧɞɢ�
ɜɢɞɭɚɥɶɧɵɟ�ɫɨɟɞɢɧɟɧɢɹ��ɜɵɞɟɥɟɧɧɵɟ�ɢɡ�ɪɚɫɬɟ�
ɧɢɣ�ɪɨɞɚ�6FXWHOODULD�/��–�ɛɚɣɤɚɥɢɧ��ɛɚɣɤɚɥɟɢɧ��
ɜɨɝɨɧɢɧ� ɨɛɥɚɞɚɸɬ� ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɦ�� ɝɟɩɚ�
ɬɨɩɪɨɬɟɤɬɨɪɧɵɦ�� ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɦ�� ɩɪɨɬɢɜɨ�
ɜɨɫɩɚɥɢɬɟɥɶɧɵɦ�� ɩɪɨɬɢɜɨɫɭɞɨɪɨɠɧɵɦ�� ɚɧɬɢ�
ɛɚɤɬɟɪɢɚɥɶɧɵɦ�ɢ�ɩɪɨɬɢɜɨɜɢɪɭɫɧɵɦ�ɞɟɣɫɬɜɢɹ�
ɦɢ�>�����-��@��ɗɤɫɬɪɚɤɬɵ�6��EDUEDWD�ɜ�ɷɤɫɩɟɪɢ�
ɦɟɧɬɟ�ɨɤɚɡɵɜɚɸɬ�ɬɨɪɦɨɡɹɳɟɟ�ɞɟɣɫɬɜɢɟ�ɧɚ�ɧɟ�
ɤɨɬɨɪɵɟ�ɮɨɪɦɵ�ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɯ�ɨɩɭɯɨɥɟɣ��6��
ULYXODULV� ɪɟɤɨɦɟɧɞɨɜɚɧ� ɞɥɹ� ɩɨɞɚɜɥɟɧɢɹ� ɪɨɫɬɚ�
ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɣ��ɥɟɱɟɧɢɹ�ɝɟɩɚɬɢɬɚ�ɢ�ɰɢɪɪɨɡɚ�
ɩɟɱɟɧɢ�>�@��ɚ�6��DOELGD�-�ɤɚɤ�ɫɩɚɡɦɨɥɢɬɢɱɟɫɤɨɟ��
ɩɨɬɨɝɨɧɧɨɟ� ɢ� ɠɚɪɨɩɨɧɢɠɚɸɳɟɟ� ɫɪɟɞɫɬɜɨ� >�@��
ȼɵɹɜɥɟɧɵ� ɞɢɭɪɟɬɢɱɟɫɤɨɟ� ɢ� ɚɧɚɥɶɝɟɬɢɱɟɫɤɨɟ�
ɫɜɨɣɫɬɜɚ�6�� DPRHQD� >�@��ɇɚɞɡɟɦɧɚɹ�ɱɚɫɬɶ� �ɧ�ɱ��
6��DOWLVVLPD�ɢɫɩɨɥɶɡɭɟɬɫɹ�ɩɪɢ�ɝɢɩɟɪɬɨɧɢɱɟɫɤɨɣ�
ɛɨɥɟɡɧɢ��ɨɬɟɤɚɯ��ɤɚɤ�ɨɬɯɚɪɤɢɜɚɸɳɟɟ��ɩɪɨɬɢɜɨ�
ɤɚɲɥɟɜɨɟ� ɢ� ɝɟɦɨɫɬɚɬɢɱɟɫɤɨɟ� ɫɪɟɞɫɬɜɨ�� ɚ�
ɧɚɞɡɟɦɧɚɹ� ɱɚɫɬɶ� 6�� JDOHULFXODWD� ɩɪɢ� ɬɨɲɧɨɬɟ��
ɞɢɫɩɟɩɫɢɢ�� ɠɟɥɭɞɨɱɧɨ-ɤɢɲɟɱɧɵɯ� ɪɚɫɫɬɪɨɣ�
ɫɬɜɚɯ�� ɩɪɢ� ɝɢɩɟɪɬɨɧɢɱɟɫɤɨɣ� ɛɨɥɟɡɧɢ�� ɚɫɰɢɬɟ��
ɦɚɥɹɪɢɢ�� ɩɪɢ� ɤɪɨɜɨɬɟɱɟɧɢɹɯ� ɢ� ɨɫɬɪɵɯ� ɪɟɫɩɢ�
ɪɚɬɨɪɧɵɯ�ɢɧɮɟɤɰɢɹɯ��ɇɚɞɡɟɦɧɚɹ�ɱɚɫɬɶ�6��VFRU�
GLIROLD�ɪɟɤɨɦɟɧɞɨɜɚɧɚ�ɩɪɢ�ɥɟɱɟɧɢɢ�ɩɧɟɜɦɨɧɢɢ��
ɦɢɨɤɚɪɞɢɬɚɯ�� ɬɚɯɢɤɚɪɞɢɢ��ɩɨɥɢɚɪɬɪɢɬɟ��ɠɟɥɭ�
ɞɨɱɧɨ-ɤɢɲɟɱɧɵɯ� ɡɚɛɨɥɟɜɚɧɢɹɯ�� ɩɨɱɟɱɧɵɯ� ɢ�
ɩɟɱɟɧɨɱɧɵɯ� ɤɨɥɢɤɚɯ�� ɦɚɥɹɪɢɢ�� ɚɧɨɪɟɤɫɢɢ��
ɀɢɞɤɢɣ� ɫɩɢɪɬɨɜɵɣ� ɷɤɫɬɪɚɤɬ� ɤɨɪɧɟɣ� 6�� RULHQ�
WDOLV� ɨɤɚɡɵɜɚɟɬ� ɫɬɢɦɭɥɢɪɭɸɳɟɟ� ɞɟɣɫɬɜɢɟ� ɧɚ�
ɫɟɪɞɟɱɧɨ-ɫɨɫɭɞɢɫɬɭɸ� ɫɢɫɬɟɦɭ�� ɨɛɥɚɞɚɟɬ� ɠɟɥ�
ɱɟɝɨɧɧɵɦ�� ɞɢɭɪɟɬɢɱɟɫɤɢɦ�� ɤɨɪɨɧɚɪɨɪɚɫɲɢɪɹ�
ɸɳɢɦ��ɝɢɩɨɬɟɧɡɢɜɧɵɦ�ɢ�ɫɟɞɚɬɢɜɧɵɦ�ɞɟɣɫɬɜɢ�
ɟɦ�>�-�����@� 

Ɋɚɫɬɟɧɢɹ� ɪɨɞɚ� 6FXWHOODULD� /��
�ɲɥɟɦɧɢɤ�� ɫɟɦɟɣɫɬɜɨ� /DPLDFHDH�� ɧɚ� ɡɟɦɧɨɦ�
ɲɚɪɟ� ɩɪɟɞɫɬɚɜɥɟɧɵ� ���� ɜɢɞɚɦɢ� ɢ� ɲɢɪɨɤɨ�
ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ� ɜ� ɭɦɟɪɟɧɧɵɯ�� ɫɭɛɬɪɨɩɢɱɟ�
ɫɤɢɯ�ɢ�ɬɪɨɩɢɱɟɫɤɢɯ�ɪɟɝɢɨɧɚɯ��ɜɤɥɸɱɚɹ�ȿɜɪɨ�
ɩɭ�� ɋɟɜɟɪɧɭɸ� Ⱥɦɟɪɢɤɭ� ɢ� ȼɨɫɬɨɱɧɭɸ� Ⱥɡɢɸ��
ɇɚ�ɬɟɪɪɢɬɨɪɢɢ�ɫɬɪɚɧ�ɋɇȽ�ɩɪɨɢɡɪɚɫɬɚɟɬ�ɨɤɨ�
ɥɨ�����ɜɢɞɨɜ�ɫ�ɩɨɞɜɢɞɚɦɢ��ɝɥɚɜɧɵɦ�ɨɛɪɚɡɨɦ��
ɜ� ɝɨɪɚɯ� Ʉɚɜɤɚɡɚ� ɢ� ɋɪɟɞɧɟɣ�Ⱥɡɢɢ�� ɇɚ� ɬɟɪɪɢ�
ɬɨɪɢɢ� ɍɡɛɟɤɢɫɬɚɧɚ� ɩɪɨɢɡɪɚɫɬɚɸɬ� ��� ɜɢɞɚ�
ɪɨɞɚ�6FXWHOODULD�/��>�@� 

Ɉɞɧɢɦ� ɢɡ� ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ� ɷɬɨɝɨ� ɪɨɞɚ�
ɪɚɫɬɟɧɢɣ� ɹɜɥɹɟɬɫɹ� 6�� DGHQRVWHJLD� �ɲɥɟɦɧɢɤ�ɠɟ�
ɥɟɡɢɫɬɨ-ɱɟɲɭɣɧɵɣ��� ɤɨɬɨɪɵɣ� ɦɚɫɫɢɜɧɨ� ɩɪɨɢɡ�
ɪɚɫɬɚɟɬ� ɜ� &Sɟɞɧɟɣ� Ⱥɡɢɢ�� Ɍɹɧɶ-ɒɚɧɟ�
�ɋɭɫɚɦɵɪɫɤɢɣ�ɯɪɟɛɟɬ���ɉɚɦɢɪɨ-Ⱥɥɚɟ��Ⱥɥɚɣɫɤɢɣ�

ɯɪɟɛɟɬ��Ɍɭɪɤɟɫɬɚɧɫɤɢɣ�ɯɪɟɛɟɬ��Ɂɟɪɚɜɲɚɧ��>�@� 
ɏɢɦɢɱɟɫɤɢɣ�ɫɨɫɬɚɜ�6��DGHQRVWHJLD�ɪɚɡɧɨ�

ɨɛɪɚɡɧɵɣ�� ɤ�ɧɚɫɬɨɹɳɟɦɭ�ɜɪɟɦɟɧɢ�ɢɡ� ɷɬɨɝɨ�ɪɚɫ�
ɬɟɧɢɹ� ɜɵɞɟɥɟɧɵ� ɫɨɟɞɢɧɟɧɢɹ�� ɨɬɧɨɫɹɳɢɟɫɹ� ɤ�
ɮɥɚɜɨɧɨɢɞɚɦ�� ɮɟɧɢɥɩɪɨɩɚɧɨɢɞɚɦ�� ɮɟɧɨɥɨɤɢɫ�
ɥɨɬɚɦ�� ɫɟɫɤɜɢɬɟɪɩɟɧɚɦ�� ɢɪɢɞɨɢɞɚɦ�� ɞɢɬɟɪɩɟɧɨ�
ɢɞɚɦ�ɤɥɟɪɨɞɚɧɨɜɨɝɨ�ɪɹɞɚ��ɫɬɟɪɨɢɞɚɦ��ɬɪɢɬɟɪɩɟ�
ɧɚɦ�� ɥɢɝɧɚɧɚɦ�� ɚɥɤɚɥɨɢɞɚɦ�� ɮɢɬɨɫɬɟɪɢɧɚɦ�� ɩɨ�
ɥɢɫɚɯɚɪɢɞɚɦ�� ɞɭɛɢɥɶɧɵɦ� ɜɟɳɟɫɬɜɚɦ�� ɷɮɢɪɧɵɦ�
ɦɚɫɥɚɦ� ɢ� ɞɪɭɝɢɦ� ɤɥɚɫɫɚɦ� ɩɪɢɪɨɞɧɵɯ� ɜɟɳɟɫɬɜ�
>����������@�� 

ɇɚɥɢɱɢɟ� ɲɢɪɨɤɨɝɨ� ɫɩɟɤɬɪɚ� ɛɢɨɥɨɝɢɱɟ�
ɫɤɢ� ɚɤɬɢɜɧɵɯ� ɜɟɳɟɫɬɜ�� ɨɬɧɨɫɹɳɢɯɫɹ� ɤ� ɪɚɡɥɢɱ�
ɧɵɦ�ɤɥɚɫɫɚɦ� ɯɢɦɢɱɟɫɤɢɯ� ɫɨɟɞɢɧɟɧɢɣ�� ɢ� ɞɨɫɬɚ�
ɬɨɱɧɨɣ� ɫɵɪɶɟɜɨɣ� ɛɚɡɵ� ɚɪɝɭɦɟɧɬɢɪɭɸɬ� ɰɟɥɟɫɨ�
ɨɛɪɚɡɧɨɫɬɶ�ɢɫɫɥɟɞɨɜɚɧɢɹ�6��DGHQRVWHJLD��ɚ�ɬɚɤɠɟ�
ɪɚɡɪɚɛɨɬɤɢ� ɧɚ� ɟɝɨ� ɨɫɧɨɜɟ� ɧɨɜɵɯ� ɩɪɟɩɚɪɚɬɨɜ�� ɜ�
ɬɨɦ�ɱɢɫɥɟ�ɢ�ɩɪɨɬɢɜɨɝɢɩɨɤɫɢɱɟɫɤɨɝɨ��Ʉɚɤ�ɪɚɧɟɟ�
ɫɨɨɛɲɚɥɢ��ɫɭɯɨɣ�ɷɤɫɬɪɚɤɬ�ɧ�ɱ�6��DGHQRVWHJLD�ɩɨ�
ɥɭɱɟɧɧɵɣ�ɜɨɞɨɣ�ɩɪɢ�ɬɟɦɩɟɪɚɬɭɪɟ�����ɋ��ɨɛɥɚɞɚ�
ɟɬ�ɩɪɨɬɢɜɨɝɢɩɨɤɫɢɱɟɫɤɨɣ�ɚɤɬɢɜɧɨɫɬɶɸ�ɧɚ�ɦɨɞɟ�
ɥɢ� ɝɟɦɢɱɟɫɤɨɣ� ɝɢɩɨɤɫɢɢ� ɜ� ɞɨɡɟ� ���� ɦɝ�ɤɝ� >��@��
ɉɪɨɞɨɥɠɚɹ�ɢɫɫɥɟɞɨɜɚɧɢɹ��ɧɚɦɢ�ɢɡɭɱɟɧ�ɩɪɨɰɟɫɫ�
ɫɭɲɤɢ�ɜɨɞɧɨɝɨ�ɷɤɫɬɪɚɤɬɚ�ɢɡ�ɧɚɞɡɟɦɧɨɣ�ɱɚɫɬɢ�6��
DGHQRVWHJLD�ɜ�ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ�ɫɭɲɢɥɤɟ� 

 
Ɉɛɴɟɤɬɵ�ɢ�ɦɟɬɨɞɵ�ɢɫɫɥɟɞɨɜɚɧɢɹ 
Ⱦɥɹ� ɩɪɨɜɟɞɟɧɢɹ� ɷɤɫɩɟɪɢɦɟɧɬɨɜ� ɛɵɥɨ�

ɡɚɝɨɬɨɜɥɟɧɨ� ɫɵɪɶɟ� ɢɡ� ɧɚɞɡɟɦɧɨɣ� ɱɚɫɬɢ� �ɧ�ɱ��6��
DGHQRVWHJLD�� ɫɨɛɪɚɧɧɨɣ� ɜ� ɩɟɪɢɨɞ� ��� ɢɸɧɹ� –� ���
ɢɸɥɹ� ����� ɝɨɞɚ� ɜ� ɨɤɪɟɫɬɧɨɫɬɹɯ� ɝɨɪɨɞɚ�
Ɍɭɪɚɤɭɪɝɚɧ� ɇɚɦɚɧɝɚɧɫɤɨɣ� ɨɛɥɚɫɬɢ� Ɋɟɫɩɭɛɥɢɤɢ�
ɍɡɛɟɤɢɫɬɚɧ�� 

Ɉɩɪɟɞɟɥɟɧɢɟ�ɫɭɯɨɝɨ�ɨɫɬɚɬɤɚ�ɪɚɫɬɜɨɪɨɜ�ɢ�
ɷɤɫɬɪɚɤɬɨɜ�ɩɪɨɜɨɞɢɥɢ�ɧɚ�ɪɟɮɪɚɤɬɨɦɟɬɪɟ�ɦɚɪɤɢ�
5/-���ɉɨɥɶɲɚ��� 

ȼɨɞɧɵɣ� ɷɤɫɬɪɚɤɬ� ɧ�ɱ� 6�� DGHQRVWHJLD� ɩɨ�
ɥɭɱɢɥɢ� ɫɥɟɞɭɸɳɢɦ� ɫɩɨɫɨɛɨɦ�� ɗɤɫɬɪɚɤɰɢɸ�
ɩɪɨɜɨɞɢɥɢ� ɜ� ɫɩɟɰɢɚɥɶɧɨ� ɫɨɛɪɚɧɧɨɦ� ɧɚɦɢ�
ɷɤɫɬɪɚɤɬɨɪɟ� ɨɛɴɟɦɨɦ� ������ ɥ� ɫ� ɪɭɛɚɲɤɨɣ� ɞɥɹ�
ɩɨɞɚɱɢ� ɩɚɪɚ� ɢ� ɭɫɬɚɧɨɜɥɟɧɧɵɦ� ɧɚɫɨɫɨɦ� ɞɥɹ�
ɰɢɪɤɭɥɢɪɨɜɚɧɢɹ� ɷɤɫɬɪɚɝɟɧɬɚ�� ȼ� ɷɤɫɬɪɚɤɬɨɪ�
ɡɚɝɪɭɠɚɥɢ������ɤɝ�ɫɵɪɶɹ��ɡɚɥɢɜɚɥɢ�������ɥ�ɜɨɞɵ��
ɜ� ɪɭɛɚɲɤɭ� ɷɤɫɬɪɚɤɬɨɪɚ� ɩɨɞɚɜɚɥɢ� ɩɚɪ� ɢ�
ɷɤɫɬɪɚɤɰɢɸ� ɩɪɨɜɨɞɢɥɢ� ɩɪɢ� ��� �ɋ�� ɰɢɪɤɭɥɢɪɭɹ�
ɷɤɫɬɪɚɝɟɧɬ� ɫɨ� ɫɤɨɪɨɫɬɶɸ� ����� ɥ�ɦɢɧ� ɧɚ� �� ɦ��
ɷɤɫɬɪɚɤɬɨɪɚ�� ɗɤɫɬɪɚɝɟɧɬ� ɰɢɪɤɭɥɢɪɨɜɚɥɢ�
ɜɵɬɹɝɢɜɚɧɢɟɦ�ɷɤɫɬɪɚɤɬɚ�ɢɡ�ɞɧɢɳɚ� ɷɤɫɬɪɚɤɬɨɪɚ��
ɩɨɞɚɜɚɹ� ɫɜɟɪɯɭ� ɜ� ɜɢɞɟ� ɞɭɲɚ�� Ɍɟɦɩɟɪɚɬɭɪɭ�
ɩɪɨɰɟɫɫɚ� ɪɟɝɭɥɢɪɨɜɚɥɢ� ɜɪɭɱɧɭɸ�� ɢɡɦɟɧɹɹ�
ɫɤɨɪɨɫɬɶ�ɩɨɞɚɱɢ�ɩɚɪɚ�ɧɚ�ɨɫɧɨɜɚɧɢɢ�ɩɨɤɚɡɚɬɟɥɹ�



 

CHEMISTRY AND CHEMICAL ENGINEERING 
ɏɂɆɂə�ɂ�ɏɂɆɂɑȿɋɄȺə�ɌȿɏɇɈɅɈȽɂə  �
���� .�, �0�<�2  

YD �NLP\R � W H[QR ORJ L\DV L  
�� 

)22'�7(&+12/2*< 
ɉɂɓȿȼɕȿ�ɌȿɏɇɈɅɈȽɂɂ 
2=,4-294$7�7(;12/2*,<$6, 

 

ɬɟɪɦɨɦɟɬɪɚ�� Ʉɚɠɞɵɟ� ��� ɦɢɧɭɬ� ɨɬɛɢɪɚɥɢ�
ɨɛɪɚɡɰɵ�ɢɡ�ɷɤɫɬɪɚɤɬɚ�ɢ�ɨɩɪɟɞɟɥɹɥɢ�ɫɨɞɟɪɠɚɧɢɟ�
ɫɭɯɨɣ�ɦɚɫɫɵ��ɉɟɪɜɭɸ�ɷɤɫɬɪɚɤɰɢɸ�ɩɪɨɜɨɞɢɥɢ�ɞɨ�
ɞɨɫɬɢɠɟɧɢɹ� ɮɚɡɨɜɨɝɨ� ɪɚɜɧɨɜɟɫɢɹ�
ɷɤɫɬɪɚɤɬɢɜɧɵɯ� ɜɟɳɟɫɬɜ� ɜ� ɷɤɫɬɪɚɤɬɟ�� ɉɟɪɜɵɣ�
ɫɥɢɜ� ɷɤɫɬɪɚɤɬɚ� ɜ� ɤɨɥɢɱɟɫɬɜɟ� ����� ɥ� ɫɥɢɜɚɥɢ� ɜ�
ɫɛɨɪɧɢɤ� ɢ� ɨɯɥɚɠɞɚɥɢ�� ȼ� ɷɤɫɬɪɚɤɬɨɪ� ɡɚɥɢɜɚɥɢ�
ɧɨɜɭɸ� ɩɨɪɰɢɸ� ɨɱɢɳɟɧɧɨɣ� ɜɨɞɵ� ������ ɥ�� ɢ�
ɩɪɨɜɨɞɢɥɢ� ɷɤɫɬɪɚɤɰɢɸ� ɚɧɚɥɨɝɢɱɧɨ� ɩɟɪɜɨɣ�
ɷɤɫɬɪɚɤɰɢɢ�� Ɍɚɤɢɦ� ɠɟ� ɨɛɪɚɡɨɦ� ɩɪɨɜɨɞɢɥɢ�
ɬɪɟɬɶɸ� ɷɤɫɬɪɚɤɰɢɸ�� ɗɤɫɬɪɚɤɬɵ� ɨɛɴɟɞɢɧɹɥɢ��
ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ� ɢ� ɤɨɧɰɟɧɬɪɢɪɨɜɚɥɢ� ɞɨ� ����
ɫɭɯɨɝɨ� ɨɫɬɚɬɤɚ�� ɉɨɥɭɱɟɧɧɵɣ� ɤɨɧɰɟɧɬɪɚɬ�
ɪɚɡɞɟɥɢɥɢ�ɪɨɜɧɨ�ɧɚ����ɩɨɪɰɢɣ��ɤɨɬɨɪɵɟ�ɫɭɲɢɥɢ�
ɩɪɢ� ɪɚɡɥɢɱɧɵɯ� ɭɫɥɨɜɢɹɯ� �ɢɡɦɟɧɹɹ� ɩɚɪɚɦɟɬɪɵ�
ɢɡɭɱɚɟɦɵɯ� ɮɚɤɬɨɪɨɜ�� ɜ� ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ�
ɫɭɲɢɥɤɟ� ɮɨɪɫɭɧɱɚɬɨɝɨ� ɬɢɩɚ� ³$QK\GUR� ʋ�
�´��Ⱦɚɧɢɹ�� 

Ɇɚɤɫɢɦɚɥɶɧɚɹ� ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ� ɫɭ�
ɲɢɥɤɢ� ³$QK\GUR� ʋ� �´� ɫ� ɨɛɴɟɦɨɦ� ɫɭɲɢɥɶɧɨɣ�
ɤɚɦɟɪɵ�����ɦ��ɢ�ɦɨɳɧɨɫɬɶɸ�ɷɥɟɤɬɪɨɤɚɥɨɪɢɮɟɪɚ�
��ɤȼɬ�ɫɨɫɬɚɜɥɹɟɬ���ɤɝ�ɱ�ɩɨ�ɢɫɩɚɪɟɧɧɨɣ�ɜɥɚɝɟ�ɩɪɢ�
ɫɭɲɤɟ�ɱɢɫɬɨɣ�ɜɨɞɵ� 

 
Ɋɟɡɭɥɶɬɚɬɵ�ɢ�ɨɛɫɭɠɞɟɧɢɟ 
ɂɡɭɱɟɧɢɟ� ɜɥɢɹɧɢɹ� ɬɟɦɩɟɪɚɬɭɪɵ� ɧɚ� ɩɪɨ�

ɰɟɫɫ� ɫɭɲɤɢ� ɜɨɞɧɨɝɨ� ɷɤɫɬɪɚɤɬɚ� ɢɡ� ɧ�ɱ� 6��

DGHQRVWHJLD�ɩɨɤɚɡɚɥɨ��ɱɬɨ�ɫ�ɭɜɟɥɢɱɟɧɢɟɦ�ɬɟɦɩɟ�
ɪɚɬɭɪɵ� ɬɟɩɥɨɧɨɫɢɬɟɥɹ� ɧɚ� ɜɯɨɞɟ� ɜ� ɫɭɲɢɥɶɧɭɸ�
ɤɚɦɟɪɭ� ɧɚɪɹɞɭ� ɫ� ɜɨɡɪɚɫɬɚɧɢɟɦ� ɩɪɨɢɡɜɨɞɢɬɟɥɶ�
ɧɨɫɬɢ�ɫɭɲɤɢ�ɭɦɟɧɶɲɚɟɬɫɹ�ɜɥɚɠɧɨɫɬɶ�ɜɵɫɭɲɟɧ�
ɧɨɝɨ�ɩɪɨɞɭɤɬɚ� 

ȼɨ�ɜɪɟɦɹ�ɫɭɲɤɢ�ɩɪɢ�ɬɟɦɩɟɪɚɬɭɪɟ�ɬɟɩɥɨ�
ɧɨɫɢɬɟɥɹ�ɧɚ�ɜɯɨɞɟ������ɋ��ɜɵɯɨɞɟ�����ɋ�ɢ�ɧɢɠɟ�
ɷɤɫɬɪɚɤɬ� ɧɟ� ɭɫɩɟɜɚɟɬ� ɜɵɫɭɲɢɬɶɫɹ� ɢ� ɱɚɫɬɶ� ɩɪɨ�
ɞɭɤɬɚ� ɩɪɢɥɢɩɚɟɬ� ɤ� ɫɬɟɧɤɟ� ɤɚɦɟɪɵ� ɫɭɲɢɥɤɢ��
Ʉɪɨɦɟ� ɬɨɝɨ�� ɩɨɥɭɱɟɧɧɵɣ� ɩɪɨɞɭɤɬ� ɩɪɟɞɫɬɚɜɥɹɟɬ�
ɫɨɛɨɣ�ɩɥɚɫɬɢɥɢɧɨɨɛɪɚɡɧɭɸ�ɦɚɫɫɭ��ɬɚɛɥ������ 

ɍɜɟɥɢɱɟɧɢɟ�ɬɟɦɩɟɪɚɬɭɪɵ�ɬɟɩɥɨɧɨɫɢɬɟɥɹ�
ɧɚ� ɜɯɨɞɟ� ɜɵɲɟ� ���� �ɋ� ɩɪɢɜɨɞɢɬ� ɤ� ɫɧɢɠɟɧɢɸ�
ɨɪɝɚɧɨɥɟɩɬɢɱɟɫɤɢɯ�ɩɨɤɚɡɚɬɟɥɟɣ� ɫɭɯɨɝɨ� ɩɪɨɞɭɤ�
ɬɚ�� ɉɪɢ� ɷɬɨɦ� ɧɚɛɥɸɞɚɟɬɫɹ� ɩɨɹɜɥɟɧɢɟ� ɡɚɩɚɯɚ��
ɭɯɭɞɲɟɧɢɟ�ɜɤɭɫɚ��ɰɜɟɬɚ�ɢ��ɜ�ɰɟɥɨɦ��ɩɪɨɞɭɤɬ�ɬɟ�
ɪɹɟɬ� ɫɜɨɢ�ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɟ�ɤɚɱɟɫɬɜɚ��Ʉɪɨɦɟ� ɬɨ�
ɝɨ��ɩɨɬɟɪɢ�ɩɪɨɞɭɤɬɚ� ɭɜɟɥɢɱɢɜɚɸɬɫɹ� ɡɚ� ɫɱɟɬ�ɨɛ�
ɪɚɡɨɜɚɧɢɹ�ɫɥɢɲɤɨɦ�ɦɟɥɤɢɯ�ɱɚɫɬɢɰ��ɬɚɛɥ����� 

ɍɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ� ɩɨɥɭ�
ɱɢɥɢ� ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɟ� ɬɟɩɥɨɧɨɫɢɬɟɥɹ� ɧɚ� ɜɯɨɞɟ�
�����ɋ��ɜɵɯɨɞɟ�����ɋ��ɬɚɛɥ������ 

ɋɤɨɪɨɫɬɶ� ɩɨɞɚɱɢ� ɜɵɫɭɲɢɜɚɟɦɨɝɨ� ɪɚɫ�
ɬɜɨɪɚ�ɢɝɪɚɟɬ�ɛɨɥɶɲɭɸ�ɪɨɥɶ�ɩɪɢ�ɫɭɲɤɟ�ɜ�ɪɚɫɩɵ�
ɥɢɬɟɥɶɧɨɣ� ɫɭɲɢɥɤɟ�� ɗɬɨ� ɨɛɴɹɫɧɹɟɬɫɹ� ɬɟɦ�� ɱɬɨ�
ɛɵɫɬɪɚɹ� ɩɨɞɚɱɚ� ɪɚɫɬɜɨɪɚ� ɩɪɢɜɨɞɢɬ� ɤ� ɭɜɟɥɢɱɟ�
ɧɢɸ� ɜɥɚɝɢ� ɜ� ɝɨɬɨɜɨɦ� ɩɪɨɞɭɤɬɟ�� ɚ� ɜ� ɨɛɪɚɬɧɨɦ�

ɋɤɨɪɨɫɬɶ�ɩɨɞɚɱɢ�ɪɚɫɬɜɨɪɚ��
ɥ�ɱ 

ȼɥɚɠɧɨɫɬɶ�ɫɭɯɨɝɨ�ɷɤɫɬɪɚɤ�
ɬɚ��� 

ȼɵɯɨɞ�ɫɭɯɨɝɨ�ɷɤɫɬɪɚɤɬɚ� 
��ɤ�ɦɚɫɫɟ�ɫɵɪɶɹ 
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����ɩɪɨɞɭɤɬɚ�ɩɪɢɥɢɩɚɥɨ�ɤ�ɫɬɟɧɤɟ�ɫɭɲɢɥɤɢ 

Ɍɚɛɥɢɰɚ�� 
ȼɥɢɹɧɢɟ�ɫɤɨɪɨɫɬɢ�ɩɨɞɚɱɢ�ɧɚ�ɫɭɲɤɭ�ɜɨɞɧɨɝɨ�ɷɤɫɬɪɚɤɬɚ�ɢɡ�ɧ�ɱ�6��DGHQRVWHJLD 

Ɍɟɦɩɟɪɚɬɭɪɚ�ɬɟɩɥɨɧɨɫɢɬɟɥɹ���ɋ ȼɥɚɠɧɨɫɬɶ�ɫɭɯɨɝɨ�ɷɤɫ�
ɬɪɚɤɬɚ��� 

ȼɵɯɨɞ�ɫɭɯɨɝɨ�ɷɤɫɬɪɚɤɬɚ����ɤ�ɦɚɫ�
ɫɟ�ɫɵɪɶɹ ɧɚ�ɜɯɨɞɟ ɧɚ�ɜɵɯɨɞɟ 
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Ɍɚɛɥɢɰɚ�� 
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ɫɥɭɱɚɟ� –� ɭɜɟɥɢɱɢɜɚɟɬɫɹ� ɩɨɬɟɪɹ� ɩɪɨɞɭɤɬɚ� ɡɚ�
ɫɱɟɬ� ɨɛɪɚɡɨɜɚɧɢɹ� ɫɥɢɲɤɨɦ� ɦɟɥɤɢɯ� ɱɚɫɬɢɰ� ɢ�
ɡɚɬɪɚɬɵ� ɜɪɟɦɟɧɢ��ɋ� ɷɬɨɣ� ɰɟɥɶɸ�ɧɚɦɢ� ɢɡɭɱɟɧɚ�
ɫɤɨɪɨɫɬɶ� ɩɨɞɚɱɢ� ɪɚɫɬɜɨɪɚ�� ɇɚ� ɨɫɧɨɜɚɧɢɢ� ɪɟ�
ɡɭɥɶɬɚɬɨɜ�ɭɫɬɚɧɨɜɢɥɢ��ɱɬɨ�ɩɪɢ�ɫɤɨɪɨɫɬɢ�ɩɨɞɚɱɢ�
ɛɨɥɟɟ���ɥ�ɱ�ɪɚɫɬɜɨɪ�ɩɥɨɯɨ�ɜɵɫɭɲɢɜɚɟɬɫɹ�ɢ�ɱɚɫɬɶ�
ɷɤɫɬɪɚɤɬɚ�ɩɪɢɥɢɩɚɟɬ�ɤ�ɫɬɟɧɤɚɦ�ɤɚɦɟɪɵ�ɫɭɲɢɥɤɢ��
ɚ� ɬɚɤɠɟ� ɜɥɚɠɧɨɫɬɶ� ɤɨɧɟɱɧɨɝɨ� ɩɪɨɞɭɤɬɚ� ɩɪɟɜɵ�
ɲɚɟɬ�ɞɨɩɭɫɬɢɦɭɸ�ɧɨɪɦɭ��ɉɪɢ�ɫɤɨɪɨɫɬɢ�ɦɟɧɟɟ���
ɥ�ɱ� ɫɧɢɠɚɟɬɫɹ� ɜɵɯɨɞ� ɤɨɧɟɱɧɨɝɨ� ɩɪɨɞɭɤɬɚ�� ɉɨ�
ɷɬɨɦɭ�ɞɥɹ�ɩɪɨɢɡɜɨɞɫɬɜɚ�ɫɭɯɨɝɨ�ɷɤɫɬɪɚɤɬɚ�ɧ�ɱ�6��
DGHQRVWHJLD�ɜɵɛɪɚɧɚ�ɫɤɨɪɨɫɬɶ�ɩɨɞɚɱɢ�ɪɚɫɬɜɨɪɚ�–�
��ɥ�ɱ������ɥ�ɱᄷɦ����ɬɚɛɥ������ 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ� ɷɤɫɩɥɭɚɬɚɰɢɢ� ɫɭɲɢɥɤɢ�
ɜɨ� ɦɧɨɝɨɦ� ɡɚɜɢɫɢɬ� ɨɬ� ɩɪɚɜɢɥɶɧɨɝɨ� ɜɵɛɨɪɚ�
ɤɨɧɰɟɧɬɪɚɰɢɢ� ɜɵɫɭɲɢɜɚɟɦɨɝɨ� ɪɚɫɬɜɨɪɚ�� ɬɚɤ�
ɤɚɤ� ɷɬɨ�ɜɥɢɹɟɬ�ɧɚ�ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ� ɫɭɲɢɥ�
ɤɢ�ɢ�ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ�ɧɚ�ɟɞɢɧɢɰɭ�ɜɵɫɭɲɟɧ�
ɧɨɝɨ� ɩɪɨɞɭɤɬɚ�� Ⱦɥɹ� ɬɨɝɨ� ɱɬɨɛɵ� ɧɚɣɬɢ� ɨɩɬɢ�
ɦɚɥɶɧɭɸ� ɤɨɧɰɟɧɬɪɚɰɢɸ� ɪɚɫɬɜɨɪɚ� ɩɪɨɜɨɞɢɥɢ�
ɪɹɞ� ɷɤɫɩɟɪɢɦɟɧɬɨɜ� ɩɨ� ɪɟɡɭɥɶɬɚɬɚɦ� ɤɨɬɨɪɵɯ�
ɜɵɹɜɢɥɢ�� ɱɬɨ� ɫɭɲɤɚ� ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɝɨ� ɜɨɞ�
ɧɨɝɨ� ɷɤɫɬɪɚɤɬɚ�ɞɨ����ɫɭɯɨɝɨ�ɨɫɬɚɬɤɚ�ɧɟ� ɫɨɨɬ�
ɜɟɬɫɬɜɭɟɬ�ɩɨ�ɦɚɫɫɨɜɨɣ�ɞɨɥɟ�ɜɥɚɠɧɨɫɬɢ�ɤɨɧɟɱ�
ɧɨɝɨ�ɩɪɨɞɭɤɬɚ��Ʉɪɨɦɟ� ɬɨɝɨ�� ɜ�ɩɪɨɰɟɫɫɟ�ɫɭɲɤɢ�
ɱɚɫɬɶ� ɝɨɬɨɜɨɝɨ� ɩɪɨɞɭɤɬɚ� �ɨɤɨɥɨ� �-���� ɩɪɢɥɢ�

Ɍɚɛɥɢɰɚ�� 
ȼɥɢɹɧɢɟ�ɤɨɧɰɟɧɬɪɚɰɢɢ�ɪɚɫɬɜɨɪɚ�ɧɚ�ɤɚɱɟɫɬɜɨ�ɫɭɯɨɝɨ� 

ɷɤɫɬɪɚɤɬɚ�ɢɡ�ɧ�ɱ�6��DGHQRVWHJLD 

Ʉɨɧɰɟɧɬɪɚɰɢɹ�ɪɚɫɬɜɨɪɚ��
��ɫɭɯɨɝɨ�ɨɫɬɚɬɤɚ 

ȼɥɚɠɧɨɫɬɶ�ɫɭɯɨɝɨ�
ɷɤɫɬɪɚɤɬɚ��� 

ȼɵɯɨɞ�ɫɭɯɨɝɨ�ɷɤɫ�
ɬɪɚɤɬɚ��� 

ɤ�ɦɚɫɫɟ�ɫɵɪɶɹ 

ɐɜɟɬ 
ɫɭɯɨɝɨ�ɷɤɫɬɪɚɤɬɚ 
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ɋɜɟɬɥɨ�ɤɨɪɢɱɧɟɜɵɣ 

Ʉɨɪɢɱɧɟɜɵɣ 

Ʉɨɪɢɱɧɟɜɵɣ 

Ɍɟɦɧɨ�ɤɨɪɢɱɧɟɜɵɣ 

Ɍɟɦɧɨ�ɤɨɪɢɱɧɟɜɵɣ 

Ⱦɚɜɥɟɧɢɟ�ɜɨɡɞɭɯɚ��Ɇɉɚ ȼɥɚɠɧɨɫɬɶ�ɤɨɧɟɱɧɨɝɨ�ɩɪɨɞɭɤɬɚ��� ȼɵɯɨɞ�ɫɭɯɨɝɨ�ɷɤɫɬɪɚɤɬɚ��� 
ɤ�ɦɚɫɫɟ�ɫɵɪɶɹ 

 
���� 

���� 

���� 

���� 

 
��� 

��� 

��� 

��� 

 
���� 

���� 

���� 

���� 

Ɍɚɛɥɢɰɚ�� 
ȼɥɢɹɧɢɟ�ɞɚɜɥɟɧɢɹ�ɜɨɡɞɭɯɚ��ɩɨɞɚɜɚɟɦɨɝɨ�ɧɚ�ɮɨɪɫɭɧɤɭ�ɪɚɫɩɵɥɢɬɟɥɹ��ɧɚ�ɤɚɱɟɫɬɜɨ� 

ɫɭɯɨɝɨ�ɷɤɫɬɪɚɤɬɚ�ɢɡ�ɧ�ɱ�6��DGHQRVWHJLD 

ɩɚɥɚ� ɤ� ɫɬɟɧɤɟ� ɤɚɦɟɪɵ� ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ� ɫɭɲɢɥ�
ɤɢ��ɉɪɢ� ɫɭɲɤɟ� ɤɨɧɰɟɧɬɪɚɬɚ� ɫ� ɫɨɞɟɪɠɚɧɢɟɦ� ɫɭ�
ɯɨɝɨ�ɨɫɬɚɬɤɚ�ɛɨɥɟɟ�����ɜɵɯɨɞ�ɝɨɬɨɜɨɝɨ�ɩɪɨɞɭɤ�
ɬɚ�ɭɦɟɧɶɲɚɟɬɫɹ��ɢ�ɰɜɟɬ�ɩɨɥɭɱɚɟɦɨɣ�ɫɭɛɫɬɚɧɰɢɢ�
ɬɟɦɧɟɟɬ�� ɍɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɣ� ɪɟɡɭɥɶɬɚɬ� ɩɨɥɭ�
ɱɢɥɢ�ɩɪɢ�ɫɭɲɤɟ�ɪɚɫɬɜɨɪɚ�ɫ�ɫɨɞɟɪɠɚɧɢɟɦ�ɫɭɯɨɝɨ�
ɨɫɬɚɬɤɚ� ��-����� Ɉɞɧɚɤɨ� ɩɪɢ� ɫɭɲɤɟ� ���� ɤɨɧ�
ɰɟɧɬɪɚɬɚ�ɪɚɫɯɨɞ�ɜɪɟɦɟɧɢ�ɢ�ɷɧɟɪɝɢɢ�ɛɨɥɶɲɟ��ɩɨ�
ɫɪɚɜɧɟɧɢɸ�ɫ�ɫɭɲɤɨɣ�����ɤɨɧɰɟɧɬɪɚɬɚ��ɂɫɯɨɞɹ�
ɢɡ�ɷɬɨɝɨ��ɩɪɢɲɥɢ�ɤ�ɜɵɜɨɞɭ��ɱɬɨ�ɞɥɹ�ɫɭɲɤɢ�ɜɨɞ�
ɧɵɣ� ɷɤɫɬɪɚɤɬ� ɧɟɨɛɯɨɞɢɦɨ� ɤɨɧɰɟɧɬɪɢɪɨɜɚɬɶ� ɞɨ�
ɡɧɚɱɟɧɢɹ�ɫɭɯɨɝɨ�ɨɫɬɚɬɤɚ������ɬɚɛɥ������ 

ɋɬɟɩɟɧɶ� ɪɚɫɩɵɥɟɧɢɹ� ɪɚɫɬɜɨɪɚ� ɮɨɪɫɭɧ�
ɤɨɣ� ɜ� ɫɭɲɢɥɶɧɨɣ� ɤɚɦɟɪɟ� ɡɚɜɢɫɢɬ� ɨɬ� ɞɚɜɥɟɧɢɹ�
ɜɨɡɞɭɯɚ�� ɩɨɞɚɜɚɟɦɨɝɨ� ɧɚ� ɮɨɪɫɭɧɤɭ� ɪɚɫɩɵɥɢɬɟ�
ɥɹ�� �Ɉɩɬɢɦɚɥɶɧɨɟ�ɞɚɜɥɟɧɢɟ�ɨɛɟɫɩɟɱɢɜɚɟɬ�ɯɨɪɨ�
ɲɭɸ�ɜɵɫɭɲɢɜɚɟɦɨɫɬɶ�ɪɚɫɬɜɨɪɚ�ɜ�ɤɚɦɟɪɟ��ɂɫɯɨ�
ɞɹ� ɢɡ� ɷɬɨɝɨ�� ɞɚɥɟɟ� ɢɡɭɱɚɥɢ� ɜɥɢɹɧɢɟ� ɞɚɜɥɟɧɢɹ�
ɜɨɡɞɭɯɚ�� ɩɨɞɚɜɚɟɦɨɝɨ� ɧɚ� ɮɨɪɫɭɧɤɭ� ɪɚɫɩɵɥɢɬɟ�
ɥɹ�� ɧɚ� ɩɪɨɰɟɫɫ� ɫɭɲɤɢ� ɜɨɞɧɨɝɨ� ɷɤɫɬɪɚɤɬɚ� ɧ�ɱ�6��
DGHQRVWHJLD��ɬɚɛɥ������ 

ɂɡ�ɪɟɡɭɥɶɬɚɬɨɜ�ɢɫɫɥɟɞɨɜɚɧɢɣ��ɩɪɢɜɟɞɟɧ�
ɧɵɯ� ɜ� ɬɚɛɥ�� ��� ɭɫɬɚɧɨɜɢɥɢ�� ɱɬɨ� ɨɩɬɢɦɚɥɶɧɨɟ�
ɞɚɜɥɟɧɢɟ� ɩɨɞɚɜɚɟɦɨɝɨ� ɜɨɡɞɭɯɚ� ɧɚ� ɮɨɪɫɭɧɤɭ�
ɞɨɥɠɧɨ�ɛɵɬɶ�����Ɇɉɚ��ɉɪɢ�ɡɧɚɱɟɧɢɹɯ�ɞɚɜɥɟɧɢɹ�
����������Ɇɉɚ�ɪɚɫɬɜɨɪ�ɩɥɨɯɨ�ɪɚɫɩɵɥɹɥɫɹ�ɜɧɭɬɪɢ�
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�� �5DVWLWHO
Q\\H� UHVXUV\� 6665�� 7VYHWNRY\\H� UDVWHQL\D�� LNK� NKLPLFKHVNL\� VRVWDY�� LVSRO
]RYDQL\H�� 6HPH\VWYD�+LSSXULGDFHDH-/REHOLDFDH� >3ODQW� UH�
VRXUFHV�RI�WKH�8665��)ORZHULQJ�SODQWV��WKHLU�FKHPLFDO�FRPSRVLWLRQ��XVH��)DPLOLHV�+LSSXULGDFHDH-/REHOLDFDH�@��6W��3HWHUVEXUJ��1DXND�3XEO���������
���� 

�� 3ODQW�UHVRXUFHV�RI�5XVVLD�DQG�QHLJKERULQJ�FRXQWULHV��3DUW����)DPLO\�/\FRSRGLDFHDH�–�(SKHGUDFHDH��3DUW����$GGLWLRQV�WR�YROXPHV��-��RI�WKH�KDQG�
ERRN��6W��3HWHUVEXUJ��0LU�,�6HP
\DD-���3XEO������������� 

�� &KHPHVRYD�,�,��)ODYRQRLGV�RI�VSHFLHV�RI�WKH�JHQXV�6FXWHOODULD�/��3ODQW�UHVRXUFHV����������������-��� 
�� �6KDQJ�;���+H�;���+H�;���/L�0���=KDQJ�5���)DQ�3���=KDQJ�4���-LD�=��7KH�JHQXV�6FXWHOODULD�DQ�HWKQRSKDUPDFRORJLFDO�DQG�SK\WRFKHPLFDO�UHYLHZ��

-RXUQDO�(WKQRSKDUPDFRORJ\������������������-�����'2,����������M�MHS������������ 
�� 6ULSDWKL�5���5DYL�6���(WKQRSKDUPDFRORJ\��3K\WRFRQVWLWXHQWV��(VVHQWLDO�2LO�&RPSRVLWLRQ�DQG�%LRORJLFDO�$FWLYLWLHV�RI�WKH�JHQXV�6FXWHOODULD��-RXUQDO�

RI�3KDUPDFHXWLFDO�6FLHQFH�DQG�5HVHDUFK����������������-����� 
�� .DULPRY�$�0���%RWLURY�(�.K��6WUXFWXUDO�'LYHUVLW\�DQG�6WDWH�RI�.QRZOHGJH�RI�)ODYRQRLGV�RI�WKH�6FXWHOODULD�/��*HQXV���5XVVLDQ�-RXUQDO�RI�%LRRU�

JDQLF�&KHPLVWU\�����������������–�����'2,����������6���������������� 
�� 6KHQ�-���/L�3���/LX�6K���/LX�4���/L�<���6XQ�<���+H�&K���;LDR�3��7UDGLWLRQDO�XVHV��WHQ-\HDUV�UHVHDUFK�SURJUHVV�RQ�SK\WRFKHPLVWU\�DQG�SKDUPDFRORJ\��

DQG�FOLQLFDO�VWXGLHV�RI�WKH�JHQXV�6FXWHOODULD���-RXUQDO�(WKQRSKDUPDFRORJ\����������������������'2,����������M�MHS������������ 
�� .DULPRY�$�0���%RWLURY�(�+���0DPDWNKDQRY�$�8���6DJGXOODHY�6K�6K��)ODYRQRLGV�RI�SODQWV�RI�WKH�JHQXV�6FXWHOODULD�/��7DVKNHQW��)DQ�YD�WH[QRORJL�

\D�3XEO������������� 
�� 2OHQQLNRY�'�1���&KLULNRYD�1�.���7DQNKDHYD�/�0��3KHQROLF�FRPSRXQGV�RI�WKH�%DLNDO�VNXOOFDS��6FXWHOODULD�EDLFDOHQVLV�*HRUJL���5XVVLDQ�-RXUQDO�RI�

%LRRUJDQLF�&KHPLVWU\�����������������-�����'2,���������6���������������� 
��� /LWYLQHQNR�9�,���3RSRYD�7�3���9RORYLN�9�*���*ROGEHUJ�(�'���'\JDL�$�0���6XVORY�1�,��3K\WRFKHPLVWU\�DQG�SKDUPDFRORJLFDO�SURSHUWLHV�RI�SUHSDUD�

WLRQV�RI�WKH�%DLNDO�VNXOOFDS��.KDUNLY������������ 
��� 0DOLNRY�9�0���<XOGDVKHY�0�3��3KHQROLF�&RPSRXQGV�RI�3ODQWV�RI� WKH�6FXWHOODULD�*HQXV��'LVWULEXWLRQ��6WUXFWXUH��DQG�3URSHUWLHV��&KHPLVWU\�RI�

1DWXUDO�&RPSRXQGV���������������–���� 
��� /LX�+���<H�)���6XQ�4���/LDQJ�+���/L�&K���/L�6���/X�5����+XDQJ�%���7DQ�:���/DL�/��6FXWHOODULD�EDLFDOHQVLV�H[WUDFW�DQG�EDLFDOHLQ�LQKLELW�UHSOLFDWLRQ�RI�

6$56-&R9-�� DQG� LWV� �&-OLNH� SURWHDVH� LQ� YLWUR�� -RXUQDO� RI� (Q]\PH� ,QKLELWLRQ� DQG� 0HGLFLQDO� &KHPLVWU\�� ������ ������ ���-����� '2,��
����������������������������� 

��� /L-:HEHU�0��1HZ�WKHUDSHXWLF�DVSHFWV�RI�IODYRQHV��WKH�DQWLFDQFHU�SURSHUWLHV�RI�6FXWHOODULD�DQG�LWV�PDLQ�DFWLYH�FRQVWLWXHQWV�ZRJRQLQ��EDLFDOHLQ�DQG�
EDLFDOLQ��&DQFHU�7UHDWPHQW�5HYLHZV����������������-����'2,����������M�FWUY������������ 

��� 3DUDMXOL�3���-RVKHH�1���5LPDQGR�$���0LWWDO�6���<DGDY�$��.��,Q�YLWUR�DQWLWXPRU�PHFKDQLVPV�RI�YDULRXV�6FXWHOODULD�H[WUDFWV�DQG�FRQVWLWXHQW�IODYR�
QRLGV��3ODQWD�0HGLFD����������������-����'2,����������V-����-������� 

��� 3DUN�+�*���<RRQ�6�<���&KR��-�<���/HH�*�6���&KRL�-�+���6KLQ�&�<���6RQ�.�+���/HH�<�6���.LP�:�.���5\X�-�+���.R�.�+���&KHRQJ�-�+��$QWLFRQYXOVDQW�
HIIHFW� RI� ZRJRQLQ� LVRODWHG� IURP� 6FXWHOODULD� EDLFDOHQVLV�� (XURSHDQ� -RXUQDO� RI� 3KDUPDFRORJ\�� ������ �����-��� ���–����� '2,�� ��������
M�HMSKDU������������ 

��� :RĨQLDN�'���'U\Ğ�$���0DWNRZVNL�$��$QWLUDGLFDO�DQG�DQWLR[LGDQW�DFWLYLW\�RI�IODYRQHV� IURP�6FXWHOODULD�EDLFDOHQVLV� UDGL[��1DWXUDO�3URGXFW�5H�
VHDUFK�������������������-������'2,������������������������������ 

��� <X�-�4���/LX�+�%���/HL�-�&���7DQ�:�-���+X�;�0���=RX�*�/��$QWLWXPRU�DFWLYLW\�RI�FKORURIRUP�IUDFWLRQ�RI�6FXWHOODULD�EDUEDWD�DQG�LWV�DFWLYH�FRQVWLWX�
HQWV��3K\WRWKHUDS\�5HVHDUFK������������������–�����'2,����������SWU����� 

��� 6X�<�/���+XDQJ�/���&KHQ�=�<��>,VRODWLRQ�DQG�HOXFLGDWLRQ�RI�DQWLR[LGDQW�FRQVWLWXHQWV�IURP�DFHWRQH�H[WUDFW�LQ�URRW�RI�6FXWHOODULD�UHKGHULDQD@��&KLQD�
-��&KLQHVH�0DWHULDO�0HGLFLQH���������������-���� 

��� &KHPHVRYD�,�,���,LQXPD�0���%XGDQWVHY�$�/��,QYHVWLJDWLRQ�RI�WKH�IODYRQRLG�FRPSRVLWLRQ�RI�6FXWHOODULD�DGHQRVWHJLD��&KHPLVWU\�RI�1DWXUDO�&RP�
SRXQGV���������������–���� 

��� .DULPRY�$�0���<XOGDVKHY�0�3���%DWLURY�(�+���)ODYRQRLGV�RI�6FXWHOODULD�DGHQRVWHJLD�%ULT���&KHPLVWU\�RI�YHJHWDEOH�UDZ�PDWHULDOV�������������–��� 
��� (UJDVKHYD�6K�$���0DPDWNKDQRYD�0�$���1DELHY�$���.DULPRY�$�0���.KDOLORY�5�0���0DPDWNKDQRY�$�8��'HYHORSPHQW�RI�WKH�IORZ�FKDUW�IRU�REWDLQ�

LQJ�DQG�VWXG\LQJ�WKH�DQWLK\SR[LF�DFWLYLW\�RI�GU\�H[WUDFWV�IURP�WKH�DHULDO�SDUW�RI�6FXWHOODULD�DGHQRVWHJLD�KHUEV��3KDUPDFHXWLFDO�&KHPLVWU\�-RXUQDO��
���������������-���� 

 

�� 
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ɫɭɲɢɥɤɢ��ɢ�ɩɨɥɭɱɚɟɦɵɣ�ɩɪɨɞɭɤɬ�ɛɵɥ�ɜɥɚɠɧɵɦ��
Ʉɪɨɦɟ� ɬɨɝɨ�� ɩɪɢ� ɞɚɜɥɟɧɢɢ� ����Ɇɉɚ� ɨɤɨɥɨ� ��-
���� ɷɤɫɬɪɚɤɬɚ� ɩɪɢɥɢɩɚɥɨ� ɧɚ� ɞɧɨ� ɤɚɦɟɪɵ� ɪɚɫ�
ɩɵɥɢɬɟɥɶɧɨɣ� ɫɭɲɢɥɤɢ��ɉɪɢ� �����Ɇɉɚ�ɪɚɫɬɜɨɪ�
ɩɪɢɥɢɩɚɥ�ɤ�ɜɟɪɯɧɟɣ�ɫɬɟɧɤɟ�ɫɭɲɢɥɤɢ��ɬɚɛɥ����� 

 
Ɂɚɤɥɸɱɟɧɢɟ 
Ɉɫɭɳɟɫɬɜɥɟɧ� ɩɨɞɛɨɪ� ɨɩɬɢɦɚɥɶɧɵɯ� ɩɚ�

ɪɚɦɟɬɪɨɜ� ɫɭɲɤɢ� ɜɨɞɧɨɝɨ� ɷɤɫɬɪɚɤɬɚ� ɢɡ� ɧɚɞɡɟɦ�
ɧɨɣ� ɱɚɫɬɢ� 6FXWHOODULD� DGHQRVWHJLD�� ɤɨɬɨɪɵɟ� ɡɚ�
ɤɥɸɱɚɸɬɫɹ� ɜ� ɫɥɟɞɭɸɳɟɦ�� ɫɨɫɬɚɜ� ɷɤɫɬɪɚɤɬɚ��
ɫɭɯɢɟ� ɜɟɳɟɫɬɜɚ� ɷɤɫɬɪɚɤɬɚ� –� ����� ɜɨɞɚ� –� �����

ɬɟɦɩɟɪɚɬɭɪɚ�ɫɭɲɢɥɶɧɨɝɨ�ɚɝɟɧɬɚ��ɧɚ�ɜɯɨɞɟ�–�����
�ɋ��ɜɵɯɨɞɟ�–�����ɋ��-�ɫɤɨɪɨɫɬɶ�ɩɨɞɚɱɢ�ɪɚɫɬɜɨɪɚ��
����ɥ�ɱɦ���ɞɚɜɥɟɧɢɟ�ɩɨɞɚɱɢ�ɪɚɫɬɜɨɪɚ������Ɇɉɚ��
Ɋɚɡɪɚɛɨɬɚɧɧɵɟ� ɩɚɪɚɦɟɬɪɵ� ɨɛɟɫɩɟɱɢɜɚɸɬ�
ɢɡɜɥɟɱɟɧɢɟ�����ɫɭɯɨɝɨ�ɷɤɫɬɪɚɤɬɚ�� 

 
 
Ȼɥɚɝɨɞɚɪɧɨɫɬɶ 
Ɋɚɛɨɬɚ� ɜɵɩɨɥɧɟɧɚ� ɜ� ɪɚɦɤɚɯ� ɛɚɡɨɜɨɣ�

ɛɸɞɠɟɬɧɨɣ�ɬɟɦɚɬɢɤɢ�ɂɢɧɫɬɢɬɭɬɚ�ɯɢɦɢɢ�ɪɚɫɬɢ�
ɬɟɥɶɧɵɯ� ɜɟɳɟɫɬɜ� Ⱥɤɚɞɟɦɢɢ� ɧɚɭɤ� Ɋɟɫɩɭɛɥɢɤɢ�
ɍɡɛɟɤɢɫɬɚɧ� 
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ȼɅɂəɇɂȿ�ɅɂɉɈɅɂɌɂɑȿɋɄɂɏ�ɎȿɊɆȿɇɌɈȼ�ɇȺ�ɎɊȺɄɐɂɈɇɇɕɃ� 
ɋɈɋɌȺȼ�ɉɒȿɇɂɑɇɈȽɈ�ɋɉɂɊɌȺ 
 
Ȼɨɛɢɪ�ɋ��ɄȺɘɆɈȼ��NKD\XPRY��#JPDLO�FRP� 
ɋɚɢɞɚ��ɒ��ɏȺɄɂɆɈȼȺ��VDLGDNKDNLPRYD��#JPDLO�FRP� 
ɏɚɫɚɧ�Ɍ��ɏȺɋȺɇɈȼ��[DV�W\U#UDPEOHU�UX� 
Ɍɚɲɤɟɧɬɫɤɢɣ�ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ�ɢɧɫɬɢɬɭɬ��Ɍɚɲɤɟɧɬ��ɍɡɛɟɤɢɫɬɚɧ�� 

 
ɐɟɥɶɸ�ɧɚɫɬɨɹɳɟɣ�ɪɚɛɨɬɵ�ɹɜɥɹɟɬɫɹ�ɢɫɫɥɟɞɨɜɚɧɢɟ�ɜɥɢɹɧɢɟ�ɥɢɩɨɥɢɬɢɱɟɫɤɢɯ�ɮɟɪɦɟɧɬɨɜ�ɧɚ�ɛɪɨɞɢɥɶɧɭɸ�ɚɤɬɢɜɧɨɫɬɶ�ɢ�ɮɪɚɤ�

ɰɢɨɧɧɵɣ�ɫɨɫɬɚɜ�ɫɩɢɪɬɚ�ɞɪɨɠɠɚɦɢ�6DFFKDUDP\FHV�FHUHYLVHD�ɜɨ�ɜɪɟɦɹ�ɫɩɢɪɬɨɜɨɝɨ�ɛɪɨɠɟɧɢɹ��Ʌɢɩɨɥɢɬɢɱɟɫɤɢɟ�ɮɟɪɦɟɧɬɵ��ɢɧɬɟɧ�
ɫɢɮɢɰɢɪɭɹ� ɩɪɨɰɟɫɫ� ɛɪɨɠɟɧɢɹ� ɢ� ɭɜɟɥɢɱɢɜɚɹ� ɜɵɯɨɞ� ɰɟɥɟɜɨɝɨ� ɩɪɨɞɭɤɬɚ�� ɩɨɥɨɠɢɬɟɥɶɧɨ� ɜɥɢɹɸɬ� ɧɚ� ɮɢɡɢɨɥɨɝɢɱɟɫɤɭɸ� ɚɤɬɢɜɧɨɫɬɶ�
ɞɪɨɠɠɟɜɵɯ�ɤɥɟɬɨɤ��ɉɪɨɢɫɯɨɞɢɬ�ɬɚɤɠɟ�ɝɢɞɪɨɥɢɡ�ɫɥɨɠɧɵɯ�ɷɮɢɪɨɜ�ɤɚɪɛɨɧɨɜɵɯ�ɤɢɫɥɨɬ��ɡɚ�ɫɱɟɬ�ɝɢɞɪɨɥɚɡɧɨɣ�ɚɤɬɢɜɧɨɫɬɢ�ɥɢɩɚɡ��ȼ�
ɩɪɢɫɭɬɫɬɜɢɢ�ɷɤɡɨɝɟɧɧɵɯ�ɥɢɩɚɡ�ɩɪɨɢɫɯɨɞɢɬ�ɝɢɞɪɨɥɢɡ�ɥɢɩɢɞɨɜ��ɡɚ�ɫɱɟɬ�ɝɢɞɪɨɥɚɡɧɨɣ�ɚɤɬɢɜɧɨɫɬɢ�ɥɢɩɚɡ�ɢ�ɢɡɦɟɧɹɟɬɫɹ�ɮɪɚɤɰɢɨɧɧɵɣ�
ɫɨɫɬɚɜ�ɫɩɢɪɬɚ��ɋɨɞɟɪɠɚɧɢɟ�ɫɥɨɠɧɵɯ�ɷɮɢɪɨɜ�ɭɦɟɧɶɲɚɟɬɫɹ�ɧɚ������ɫɢɜɭɲɧɵɯ�ɦɚɫɟɥ�ɧɚ������ɢ�ɢɡɨɩɪɨɩɚɧɨɥɚ�ɧɚ��-������ 

 
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɥɢɩɚɡɚ��ɪɚɫɬɢɬɟɥɶɧɚɹ��ɪɢɫɨɜɚɹ�ɦɭɱɤɚ��ɞɪɨɠɠɢ��ɫɩɢɪɬɨɜɵɟ��ɛɪɨɠɟɧɢɟ 

,1)/8(1&(�2)�/,32/<7,&�(1=<0(6�21�7+(�)5$&7,21$/� 
&20326,7,21�2)�:+($7�$/&2+2/ 
 
%RELU�6��.$<8029��NKD\XPRY��#JPDLO�FRP� 
6DLGD�6K��.+$.,029$��VDLGDNKDNLPRYD��#JPDLO�FRP� 
.KDVDQ�7��.+$6$129��[DV�W\U#UDPEOHU�UX� 
7DVKNHQW�,QVWLWXWH�RI�&KHPLFDO�7HFKQRORJ\��7DVKNHQW��8]EHNLVWDQ 

 
7KH�SXUSRVH�RI� WKLV�ZRUN�LV� WR�VWXG\�WKH�LQIOXHQFH�RI�OLSRO\WLF�HQ]\PHV�RQ�WKH�IHUPHQWDWLRQ�DFWLYLW\�DQG�IUDFWLRQDO�FRPSRVLWLRQ�RI�

DOFRKRO�E\�WKH�\HDVW�6DFFKDUDP\FHV�FHUHYLVHD�GXULQJ�DOFRKROLF�IHUPHQWDWLRQ��/LSRO\WLF�HQ]\PHV��LQWHQVLI\LQJ�WKH�IHUPHQWDWLRQ�SURFHVV�DQG�
LQFUHDVLQJ�WKH�\LHOG�RI�WKH�WDUJHW�SURGXFW��KDYH�D�SRVLWLYH�HIIHFW�RQ�WKH�SK\VLRORJLFDO�DFWLYLW\�RI�\HDVW�FHOOV��+\GURO\VLV�RI�FDUER[\OLF�DFLG�
HVWHUV�DOVR�RFFXUV�GXH�WR�WKH�K\GURODVH�DFWLYLW\�RI�OLSDVHV��,Q�WKH�SUHVHQFH�RI�H[RJHQRXV�OLSDVHV��K\GURO\VLV�RI�OLSLGV�RFFXUV�GXH�WR�WKH�K\GUR�
ODVH�DFWLYLW\�RI� OLSDVHV�DQG�WKH� IUDFWLRQDO�FRPSRVLWLRQ�RI�DOFRKRO�FKDQJHV��7KH�FRQWHQW�RI�HVWHUV�LV�UHGXFHG�E\����� IXVHO�RLOV�E\�����DQG�
LVRSURSDQRO�E\��-���� 

 
.H\ZRUGV��OLSDVH��SODQW��ULFH��\HDVW��DOFRKROLF��IHUPHQWDWLRQ� 

/,32/,7,.�)(50(17/$51,1*�%8*
'2<�65,57,1,�)5$.76,21� 
7$5.,%,*$�7Ⱥ¶6,5,� 
 
%RELU�6��.$<8029��NKD\XPRY��#JPDLO�FRP� 
6DLGD�6K��;$.,029$��VDLGDNKDNLPRYD��#JPDLO�FRP� 
.KDVDQ�7��;$6$129��[DV�W\U#UDPEOHU�UX� 
7RVKNHQW�NLP\R-WH[QRORJL\D�LQVWLWXWL��7DVKNHQW��Ɉ¶]EHNLVWDQ�2
]EHNLVWRQ 

 
8VKEX�LVKQLQJ�PDTVDGL�VSLUWOL�ELMJ¶LVK�MDUD\RQLGD�6DFFKDUDP\FHV�FHUHYLVHD�DFKLWTLVLQLQJ��IDROOLJLJD�YD�VSLUWQLQJ�IUDNVL\RQ�WDUNLE�

LJD� OLSROLWLN� IHUPHQWODUQLQJ� � WD
VLULQL� R
UJDQLVKGLU�� /LSROLWLN� IHUPHQWODU�� IHUPHQWDWVL\D� MDUD\RQLQL� WD]ODVKWLUDGL� YD�PDTVDGOL� PDKVXORWQLQJ�
KRVLOGRUOLJLQL� RVKLUDGL�� DFKLWTL� KXMD\UDODULQLQJ� IL]LRORJLN� IDROOLJLJD� LMREL\� WD
VLU� NR
UVDWDGL��0XUDNNDE� HILUODULQLQJ�JLGUROL]L� OLSD]DODUQLQJ�
JLGUROLWLN�IDROOLJL�WXID\OL�KDP�VRGLU�ER
ODGL��(N]RJHQ�OLSD]DODU�LVKWLURNLGD�OLSLGODUQLQJ�JLGUROL]L�OLSD]DODUQLQJ�JLGUROLWLN�IDROOLJL�\X]�EHUDGL�YD�
VSLUWODUQL�IUDNVL\RQ�WDUNLEL�R
]JDULVKL�VRGLU�ER
ODGL��(ILUODUQLQJ�WDUNLEL����JD��VLYX[D�PR\ODUL�����JD�YD�L]RSURSDQRO��-���JD�NDPD\DGL� 

 
ɄɚOLW�VR൏]ODU��OLSD]D��JXUXFK�PXUWDJL��DFKLWTL��VSLUWOL��IHUPHQWDWVL\D� 
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ȼɜɟɞɟɧɢɟ 
ȼ� ɧɚɫɬɨɹɳɟɟ� ɜɪɟɦɹ� ɩɪɢ� ɩɟɪɟɪɚɛɨɬɤɟ�

ɪɚɫɬɢɬɟɥɶɧɨɝɨ� ɫɵɪɶɹ� ɞɥɹ� ɩɨɥɭɱɟɧɢɹ� ɩɢɳɟɜɵɯ�
ɩɪɨɞɭɤɬɨɜ� ɲɢɪɨɤɨ� ɩɪɢɦɟɧɹɸɬɫɹ� ɝɢɞɪɨɥɢɬɢɱɟ�
ɫɤɢɟ�ɮɟɪɦɟɧɬɵ�ɦɢɤɪɨɛɧɨɝɨ�ɩɪɨɢɫɯɨɠɞɟɧɢɹ�>�-
�@� 

ȼ�ɩɪɨɢɡɜɨɞɫɬɜɟ�ɫɩɢɪɬɚ�ɢɡ�ɡɟɪɧɨɜɨɝɨ�ɫɵ�
ɪɶɹ� ɜ� ɨɫɧɨɜɧɨɦ� ɢɫɩɨɥɶɡɭɸɬɫɹ� ɚɦɢɥɨɥɢɬɢɱɟ�
ɫɤɢɟ��ɰɢɬɨɥɢɬɢɱɟɫɤɢɟ�ɢ�ɩɪɨɬɟɨɥɢɬɢɱɟɫɤɢɟ�ɮɟɪ�
ɦɟɧɬɵ� >�-�@�� ɉɪɨɜɨɞɹɬɫɹ� ɬɚɤɠɟ� ɢɫɫɥɟɞɨ-
ɜɚɬɟɥɶɫɤɢɟ� ɪɚɛɨɬɵ� ɩɨ� ɢɫɩɨɥɶɡɨɜɚɧɢɸ� ɞɪɭɝɢɯ�
ɝɢɞɪɨɥɢɬɢɱɟɫɤɢɯ� ɮɟɪɦɟɧɬɨɜ� ɞɥɹ� ɨɛɨɝɚɳɟɧɢɹ�
ɫɛɪɚɠɢɜɚɟɦɨɝɨ� ɫɭɫɥɚ� ɫ� ɩɢɬɚɬɟɥɶɧɵɦɢ�
ɜɟɳɟɫɬɜɚɦɢ�ɞɥɹ�ɞɪɨɠɠɟɣ�>�@� 

ȼ� ɷɬɨɣ� ɫɜɹɡɢ� ɛɢɨɬɪɚɧɫɮɨɪɦɚɰɢɹ� ɜɵɫɨ�

ɤɨɦɨɥɟɤɭɥɹɪɧɵɯ� ɫɨɟɞɢɧɟɧɢɣ� ɡɟɪɧɚ� ɪɚɫɫɦɚɬɪɢ�
ɜɚɟɬɫɹ� ɩɚɪɚɥɥɟɥɶɧɨ� ɫ� ɭɝɥɭɛɥɟɧɢɟɦ� ɢɫɫɥɟɞɨɜɚ�
ɧɢɣ� ɩɨ� ɲɢɪɨɤɨɦɭ� ɢɫɩɨɥɶɡɨɜɚɧɢɸ� ɝɢɞɪɨɥɢ-
ɬɢɱɟɫɤɢɯ�ɮɟɪɦɟɧɬɨɜ�>�����@� 

Ɋɚɡɥɢɱɚɸɬ�ɷɤɡɨɝɟɧɧɨɟ�ɢ�ɷɧɞɨɝɟɧɧɨɟ�ɩɢ�
ɬɚɧɢɟ� ɫɩɢɪɬɨɜɵɯ� ɞɪɨɠɠɟɣ�� ɉɪɢ� ɷɤɡɨɝɟɧɧɨɦ�
ɩɢɬɚɧɢɢ� ɩɢɬɚɬɟɥɶɧɵɟ� ɜɟɳɟɫɬɜɚ� ɩɨɫɬɭɩɚɸɬ� ɜ�
ɞɪɨɠɠɟɜɭɸ�ɤɥɟɬɤɭ� ɢɡ� ɜɧɟɲɧɟɣ� ɫɪɟɞɵ�� ɩɪɢ� ɷɧ�
ɞɨɝɟɧɧɨɦ�ɞɪɨɠɠɢ�ɢɫɩɨɥɶɡɭɸɬ��ɜ�ɨɫɧɨɜɧɨɦ�ɩɪɢ�
ɝɨɥɨɞɚɧɢɢ��ɫɜɨɢ�ɪɟɡɟɪɜɧɵɟ�ɜɟɳɟɫɬɜɚ��ɝɥɢɤɨɝɟɧ��
ɬɪɟɝɚɥɨɡɭ�� ɥɢɩɢɞɵ�� ɚɡɨɬɢɫɬɵɟ� ɫɨɟɞɢɧɟɧɢɹ� >����
��@� 

ȼɨ�ɜɪɟɦɹ�ɩɪɢɝɨɬɨɜɥɟɧɢɟ�ɫɛɪɚɠɢɜɚɟɦɨɝɨ�
ɫɭɫɥɚ�ɢɡ�ɡɟɪɧɨɜɵɯ�ɤɭɥɶɬɭɪ�ɪɟɡɟɪɜɧɵɟ�ɜɟɳɟɫɬɜɚ�
ɤɪɚɯɦɚɥ�� ɛɟɥɤɢ� ɢ� ɞɪɭɝɢɯ� ɨɪɝɚɧɢɱɟɫɤɢɟ�
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ɜɟɳɟɫɬɜɚ� ɪɚɫɳɟɩɥɹɸɬɫɹ� ɝɢɞɪɨɥɢɬɢɱɟɫɤɢɦɢ�
ɮɟɪɦɟɧɬɚɦɢ� 

ȼ�ɤɚɱɟɫɬɜɟ�ɢɫɬɨɱɧɢɤɚ�ɩɪɨɬɟɚɡɵ�ɢɫɩɨɥɶ�
ɡɨɜɚɥɢ� ɩɪɨɬɟɨɥɢɬɢɱɟɫɤɢɣ� ɮɟɪɦɟɧɬɧɵɣ� ɩɪɟɩɚ�
ɪɚɬ�ɉɪɨɥɚɣɜ�%6�Ʌɢɤɜɢɞ��ȼ�ɤɚɱɟɫɬɜɟ�ɢɫɬɨɱɧɢɤɚ�
ɮɢɬɚɡɵ� ɩɪɢɦɟɧɹɥɢ� ɮɟɪɦɟɧɬɧɵɣ� ɩɪɟɩɚɪɚɬ�
Ʉɢɧɝɮɨɫ��ȼ�ɤɚɱɟɫɬɜɟ�ɚɦɢɥɨɥɢɬɢɱɟɫɤɢɯ�ɮɟɪɦɟɧ�
ɬɨɜ� ɢɫɩɨɥɶɡɭɸɬɫɹ� 7Hɪɦɚɦɢɥ� 6&�� 7Hɪɦɚɥɚɡɚ�
���/�� Ⱥɥɮɚɦɢɥ� ����� /�� ɋɚɧɫɭɩɟɪ� ���� /� ɢ� ɞɪ��
>��-��@� 

Ʌɢɩɨɥɢɬɢɱɟɫɤɢɟ�ɮɟɪɦɟɧɬɵ� �ɥɢɩɚɡɵ��—�
ɝɪɭɩɩɚ� ɮɟɪɦɟɧɬɨɜ�� ɤɚɬɚɥɢɡɢɪɭɸɳɢɟ� ɪɟɚɤɰɢɢ�
ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɝɨ� ɪɚɫɳɟɩɥɟɧɢɹ� ɠɢɪɨɜ� ɫ� ɨɛɪɚ�
ɡɨɜɚɧɢɟɦ� ɦɨɧɨ-� ɢ� ɞɢɝɥɢɰɟɪɢɞɨɜ� ɢ� ɫɜɨɛɨɞɧɵɯ�
ɠɢɪɧɵɯ�ɤɢɫɥɨɬ��ɩɪɢ�ɷɬɨɦ�ɧɚɢɛɨɥɶɲɟɟ�ɫɪɨɞɫɬɜɨ�
ɮɟɪɦɟɧɬ� ɩɪɨɹɜɥɹɟɬ� ɤ� ɷɮɢɪɧɵɦ� ɫɜɹɡɹɦ�� ɪɚɫɩɨ�
ɥɨɠɟɧɧɵɦ�ɧɚ�ɜɧɟɲɧɟɣ�ɱɚɫɬɢ�ɦɨɥɟɤɭɥɵ�ɬɪɢɝɥɢ�
ɰɟɪɢɞɚ� >��@�� Ɉɧɢ� ɬɚɤɠɟ� ɦɨɝɭɬ� ɤɚɬɚɥɢɡɢɪɨɜɚɬɶ�
ɞɪɭɝɢɟ� ɪɟɚɤɰɢɢ�� ɬɚɤɢɟ� ɤɚɤ� ɷɬɟɪɢɮɢɤɚɰɢɹ��
ɩɟɪɟɷɬɟɪɢɮɢɤɚɰɢɹ�� ɚɰɢɞɨɥɢɡ�� ɚɥɤɨɝɨɥɢɡ� ɢ�
ɚɦɢɧɨɥɢɡ�>��-��@� 

ȼ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɬɢɩɚ� ɫɭɛɫɬɪɚɬɨɜ�
ɥɢɩɚɡɵ�ɫɩɨɫɨɛɧɵ�ɤɚɬɚɥɢɡɢɪɨɜɚɬɶ�ɚɰɢɞɨɥɢɡ��ɨɧ�
ɜɤɥɸɱɚɟɬ� ɫɥɨɠɧɵɣ� ɷɮɢɪ� ɢ� ɤɚɪɛɨɧɨɜɭɸ�
ɤɢɫɥɨɬɭ��� ɚɥɤɨɝɨɥɢɡ� �ɨɧ� ɜɤɥɸɱɚɟɬ� ɫɥɨɠɧɵɣ�
ɷɮɢɪ�ɢ�ɫɩɢɪɬ���ɚɦɢɧɨɥɢɡ��ɫɥɨɠɧɵɣ�ɷɮɢɪ�ɦɨɠɟɬ�
ɪɟɚɝɢɪɨɜɚɬɶ� ɫ� ɚɦɢɧɨɦ�� ɢ� ɩɟɪɟɷɬɟɪɢɮɢɤɚɰɢɸ�
�ɝɞɟ� ɞɜɟ� ɚɰɢɥɶɧɵɟ� ɝɪɭɩɩɵ� ɨɛɦɟɧɢɜɚɸɬɫɹ�
ɦɟɠɞɭ�ɞɜɭɦɹ�ɫɥɨɠɧɵɦɢ�ɷɮɢɪɚɦɢ��>��@� 

ɂɡɜɟɫɬɧɨ�� ɱɬɨ� ɨɪɝɚɧɢɱɟɫɤɢɟ� ɤɢɫɥɨɬɵ�
ɢɦɟɸɬ�ɜɚɠɧɨɟ�ɡɧɚɱɟɧɢɟ�ɜ�ɦɟɬɚɛɨɥɢɡɦɟ�ɭɝɥɟɪɨ�
ɞɚ�� ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ� ɨɛɦɟɧɟ� ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ��
ɫɢɧɬɟɬɢɱɟɫɤɢɯ� ɢ� ɞɢɫɫɢɦɢɥɹɰɢɨɧɧɵɯ� ɩɪɨɰɟɫ�
ɫɚɯ��ɂɫɩɨɥɶɡɨɜɚɧɢɟ�ɤɢɫɥɨɬ�ɠɢɪɧɨɝɨ�ɪɹɞɚ�ɜ�ɤɚ�
ɱɟɫɬɜɟ� ɢɫɬɨɱɧɢɤɚ� ɭɝɥɟɪɨɞɚ� ɡɚɜɢɫɢɬ� ɨɬ� ɜɢɞɚ� ɢ�
ɪɚɫɵ� ɞɪɨɠɠɟɣ�� ɤɨɧɰɟɧɬɪɚɰɢɢ� ɤɢɫɥɨɬɵ�� ɞɥɢɧɵ�
ɟɟ� ɭɝɥɟɪɨɞɧɨɣ� ɰɟɩɢ� ɢ� ɫɬɟɩɟɧɢ� ɷɥɟɤɬɪɨɥɢɬɢɱɟ�
ɫɤɨɣ�ɞɢɫɫɨɰɢɚɰɢɢ�>��@� 

ɐɟɥɶɸ� ɞɚɧɧɨɣ� ɪɚɛɨɬɵ� ɹɜɥɹɥɨɫɶ� ɢɫɫɥɟ�
ɞɨɜɚɧɢɟ� ɜɥɢɹɧɢɹ� ɥɢɩɨɥɢɬɢɱɟɫɤɢɯ� ɮɟɪɦɟɧɬɨɜ�
ɧɚ� ɞɢɧɚɦɢɤɭ� ɪɨɫɬɚ� ɞɪɨɠɠɟɜɵɯ� ɤɭɥɶɬɭɪ� ɢ� ɧɚ�
ɨɛɪɚɡɨɜɚɧɢɟ� ɜɬɨɪɢɱɧɵɯ� ɩɪɨɞɭɤɬɨɜ� ɜɨ� ɜɪɟɦɹ�
ɫɩɢɪɬɨɜɨɝɨ�ɛɪɨɠɟɧɢɹ� 

 
Ɇɟɬɨɞɵ�ɢɫɫɥɟɞɨɜɚɧɢɹ 
ȼ�ɪɚɛɨɬɟ�ɢɫɩɨɥɶɡɨɜɚɥɢ�ɥɢɩɨɥɢɬɢɱɟɫɤɢɟ�

ɮɟɪɦɟɧɬɵ�ɢɡ�ɪɢɫɨɜɨɣ�ɦɭɱɤɢ� 
ɋɨɫɬɚɜ� ɛɪɨɞɹɳɟɣ� ɫɪɟɞɵ�� ȼ� ɥɚɛɨɪɚɬɨɪ�

ɧɵɯ�ɭɫɥɨɜɢɹɯ�ɦɨɞɟɥɶɧɚɹ�ɛɪɨɞɹɳɚɹ�ɫɦɟɫɶ�ɫɨɫɬɨ�
ɹɥɚ�ɢɡ�ɫɥɟɞɭɸɳɢɯ�ɤɨɦɩɨɧɟɧɬɨɜ��ɦɚɥɶɬɨɡɚ�-������
Ʉɇ�ɊɈ��–�������ɆJ62�ᄷ�ɇ�Ɉ�–�������ɪɇ������ 

ȼ� ɨɬɞɟɥɶɧɵɯ� ɷɤɫɩɟɪɢɦɟɧɬɚɯ� ɩɪɨɰɟɫɫ�
ɛɪɨɠɟɧɢɹ�ɨɫɭɳɟɫɬɜɥɹɥɢ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɨɫɚ�
ɯɚɪɟɧɧɨɝɨ�ɡɟɪɧɨɜɨɝɨ�ɫɭɫɥɚ�ɩɨɥɭɱɟɧɧɨɝɨ�ɢɡ�əɧ�
ɝɢɸɥɶɫɤɨɝɨ�ɡɚɜɨɞɚ�©Ȼɢɨɯɢɦª� 

Ɉɩɪɟɞɟɥɟɧɢɟ� ɩɪɨɞɭɤɬɨɜ� ɝɢɞɪɨɥɢɡɚ�
ɥɢɩɢɞɨɜ��ɂɡ� ɛɪɨɞɹɳɟɣ� ɫɦɟɫɢ� ɨɬɛɢɪɚɸɬ� ɩɪɨɛɵ�
ɩɨ� ����� ɦɥ� ɢ� ɞɨɛɚɜɥɹɸɬ� �� ɦɥ� ���� Ɇ� ɇɋ�� ɜ�
ɷɬɚɧɨɥɟ� ɢ� �� ɦɥ� ɝɟɤɫɚɧɚ�� ɋɦɟɫɶ� ɬɳɚɬɟɥɶɧɨ�
ɜɫɬɪɹɯɢɜɚɸɬ� ɢ� ɩɨɫɥɟ� ɪɚɫɫɥɚɢɜɚɧɢɹ� ɢɡ� ɜɟɪɯɧɟɣ�
ɱɚɫɬɢ� ɨɬɛɢɪɚɸɬ� �� ɦɥ� ɩɪɨɛɵ�� ɜɧɨɫɹɬ� �� ɦɥ�
ɰɜɟɬɧɨɝɨ� ɪɟɚɝɟɧɬɚ� Ɋɨɞɚɦɢɧɚ� �ɀ� ɢ� ɢɡɦɟɪɹɸɬ�
ɨɩɬɢɱɟɫɤɭɸ� ɩɥɨɬɧɨɫɬɶ� ɩɪɢ� ���� ɧɦ�� ɉɨ�
ɤɚɥɢɛɪɨɜɨɱɧɨɣ�ɤɪɢɜɨɣ�ɨɩɪɟɞɟɥɹɸɬ�ɫɨɞɟɪɠɚɧɢɟ�
ɠɢɪɧɨɣ�ɤɢɫɥɨɬɵ�>��@� 

Ɉɩɪɟɞɟɥɟɧɢɟ� ɞɪɨɠɠɟɜɨɣ� ɛɢɨɦɚɫɫɵ��
Ⱦɪɨɠɠɟɜɭɸ� ɛɢɨɦɚɫɫɭ� ɨɬɞɟɥɹɥɢ� ɮɢɥɶɬɪɨɜɚɧɢ�
ɟɦ�� Ɂɚɪɚɧɟɟ� ɜɵɫɭɲɟɧɧɵɣ� ɢ� ɜɡɜɟɲɟɧɧɵɣ� �ɜ� ɬɟ�
ɱɟɧɢɟ� �-�� ɱ� ɩɪɢ� ��-���� ɨɋ�� ɛɭɦɚɠɧɵɣ� ɮɢɥɶɬɪ�
ɩɨɦɟɲɚɸɬ� ɜ� ɜɨɪɨɧɤɭ� ɢ� ɮɢɥɶɬɪɭɸɬ� ɱɟɪɟɡ� ɧɟɝɨ�
���ɦɥ�ɤɭɥɶɬɭɪɵ��Ɉɫɚɞɨɤ�ɧɚ�ɮɢɥɶɬɪɟ�ɦɧɨɝɨɤɪɚɬ�
ɧɨ� ɩɪɨɦɵɜɚɸɬ� ɩɨɞɤɢɫɥɟɧɧɨɣ� ɞɢɫɬɢɥɥɢɪɨɜɚɧ�
ɧɨɣ�ɜɨɞɨɣ��Ɂɚɬɟɦ�ɮɢɥɶɬɪ�ɫ�ɨɫɚɞɤɨɦ�ɤɥɟɬɨɤ�ɩɨ�
ɦɟɳɚɸɬ� ɜ� ɫɭɲɢɥɶɧɵɣ� ɲɤɚɮ�� ɜɵɫɭɲɢɜɚɸɬ� ɜ�
ɬɟɱɟɧɢɟ� �-�� ɱ� ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɟ� ��-���� ɨɋ� ɢ�
ɜɡɜɟɲɢɜɚɸɬ�ɫ�ɬɨɱɧɨɫɬɶɸ�ɞɨ�������ɝ��>��@� 

Ɉɩɪɟɞɟɥɟɧɢɟ� ɫɨɞɟɪɠɚɧɢɟ� ɫɩɢɪɬɚ��ȼɧɚ�
ɱɚɥɟ�ɛɪɚɠɤɭ�ɩɨɞɜɟɪɝɚɸɬ�ɩɟɪɟɝɨɧɤɟ�ɧɚ�ɩɟɪɟɝɨɧ�
ɧɨɦ� ɭɫɬɚɧɨɜɤɟ�� Ɇɟɪɧɭɸ� ɤɨɥɛɭ� ɜɦɟɫɬɢɦɨɫɬɶɸ�
����ɦɥ�ɡɚɩɨɥɧɹɸɬ�ɛɪɚɠɤɨɣ�ɢ�ɞɨɜɨɞɹɬ�ɞɨ�ɦɟɬɤɢ�
ɩɪɢ���� ɨɋ��ɋɨɞɟɪɠɢɦɨɟ�ɤɨɥɛɵ�ɩɟɪɟɧɨɫɹɬ�ɜ�ɩɟ�
ɪɟɝɨɧɧɭɸ� ɤɨɥɛɭ� ɧɚ� ���-���� ɦɥ� ɛɟɡ� ɩɨɬɟɪɶ�� ȼ�
ɤɚɱɟɫɬɜɟ�ɩɪɢɟɦɧɢɤɚ�ɢɫɩɨɥɶɡɭɸɬ�ɦɟɪɧɭɸ�ɤɨɥɛɭ�
ɜɦɟɫɬɢɦɨɫɬɶɸ� ���� ɦɥ�� ɜ� ɤɨɬɨɪɭɸ� ɩɪɟɞɜɚɪɢ�
ɬɟɥɶɧɨ�ɧɚɥɢɜɚɸɬ���-���ɦɥ�ɜɨɞɵ��ɉɚɬɪɭɛɨɤ��ɩɨ�
ɫɥɟ�ɯɨɥɨɞɢɥɶɧɢɤɚ��ɩɨɝɪɭɠɚɸɬ�ɜ�ɜɨɞɭ�ɢ�ɩɪɢɫɬɭ�
ɩɚɸɬ� ɤ� ɩɟɪɟɝɨɧɤɟ�� Ⱦɥɹ� ɭɦɟɧɶɲɟɧɢɹ� ɩɨɬɟɪɶ�
ɫɩɢɪɬɚ� ɩɪɢɟɦɧɭɸ� ɤɨɥɛɭ� ɩɨɦɟɳɚɸɬ� ɜ� ɛɚɧɸ� ɫɨ�
ɥɶɞɨɦ��ɉɟɪɟɝɨɧɤɭ�ɩɪɨɢɡɜɨɞɹɬ�ɫɨ�ɫɤɨɪɨɫɬɶɸ����
-���� ɦɥ�ɦɢɧ�� ɉɟɪɟɝɨɧɤɭ� ɩɪɟɤɪɚɳɚɸɬ�� ɤɨɝɞɚ�
ɦɟɪɧɚɹ� ɤɨɥɛɚ� ɡɚɩɨɥɧɢɬɶɫɹ� ɞɢɫɬɢɥɥɹɬɨɦ� ɧɚ� ô�
ɨɛɴɟɦɚ��ɉɨɫɥɟ� ɷɬɨɝɨ�ɩɪɟɤɪɚɳɚɸɬ�ɩɨɞɨɝɪɟɜ� ɫɨ�
ɞɟɪɠɢɦɨɝɨ�ɩɟɪɟɝɨɧɧɨɣ�ɤɨɥɛɵ�ɢ�ɩɪɢɟɦɧɭɸ�ɤɨɥ�
ɛɭ�ɞɨɜɨɞɹɬ�ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ�ɜɨɞɨɣ�ɩɪɢ�����ɋ��
Ɇɟɪɧɭɸ�ɤɨɥɛɭ�ɜɦɟɫɬɢɦɨɫɬɶɸ�����ɦɥ� ɡɚɩɨɥɧɹ�
ɸɬ�ɛɪɚɠɤɨɣ�ɢ�ɞɨɜɨɞɹɬ�ɞɨ�ɦɟɬɤɢ�ɩɪɢ����ɨɋ��ɋɨ�
ɞɟɪɠɢɦɨɟ�ɦɟɪɧɨɣ�ɤɨɥɛɵ�ɬɳɚɬɟɥɶɧɨ�ɩɟɪɟɦɟɲɢ�
ɜɚɸɬ�� ɨɩɪɟɞɟɥɹɸɬ� ɩɥɨɬɧɨɫɬɶ� ɞɢɫɬɢɥɥɹɬɚ� ɩɢɤ�
ɧɨɦɟɬɪɨɦ� ɢ� ɧɚɯɨɞɹɬ� ɫɨɞɟɪɠɚɧɢɟ� ɫɩɢɪɬɚ� ɜ�
ɛɪɚɠɤɟ��ɜ�ɨɛ����ɩɨ�ɬɚɛɥɢɰɟ�>��@� 

Ɉɩɪɟɞɟɥɟɧɢɟ� ɫɨɫɬɚɜɚ� ɫɩɢɪɬɨɜ��
Ɉɛɪɚɡɰɵ� ɫɩɢɪɬɚ� ɫɵɪɰɚ� ɛɵɥɢ� ɩɪɨɚɧɚɥɢɡɢ-
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ɪɨɜɚɧɵ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɝɚɡɨɜɨɝɨ�
ɯɪɨɦɚɬɨɝɪɚɮɚ� $JLOHQW� ������ ɫɨɟɞɢɧɟɧɧɨɝɨ� ɫɨ�
ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɨɦ������&LQHUW;/(,�&,06'� 

 
Ɋɟɡɭɥɶɬɚɬɵ�ɢ�ɨɛɫɭɠɞɟɧɢɟ 
ȼ� ɩɪɨɰɟɫɫɟ� ɫɛɪɚɠɢɜɚɧɢɹ� ɨɫɚɯɚɪɟɧɧɨɝɨ�

ɫɭɫɥɚ�ɧɚɪɹɞɭ�ɫ�ɷɬɢɥɨɜɵɦ�ɫɩɢɪɬɨɦ�ɢɞɟɬ�ɨɛɪɚɡɨ�
ɜɚɧɢɟ� ɩɨɛɨɱɧɵɯ� ɩɪɨɞɭɤɬɨɜ� �ɷɮɢɪɵ�� ɜɵɫɲɢɟ�
ɫɩɢɪɬɵ�� ɚɥɶɞɟɝɢɞɵ�� ɨɪɝɚɧɢɱɟɫɤɢɟ� ɤɢɫɥɨɬɵ� ɢ�
ɞɪɭɝɢɟ� ɫɨɟɞɢɧɟɧɢɹ�� ɧɚɡɵɜɚɟɦɵɟ� ɩɪɢɦɟɫɹɦɢ�
ɫɩɢɪɬɚ��� ɂɯ� ɤɚɱɟɫɬɜɟɧɧɵɣ� ɢ� ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ�
ɫɨɫɬɚɜ� ɫɤɚɡɵɜɚɟɬɫɹ� ɧɚ� ɤɚɱɟɫɬɜɟ� ɝɨɬɨɜɨɝɨ� ɩɪɨ�
ɞɭɤɬɚ�–�ɩɢɳɟɜɨɝɨ�ɷɬɢɥɨɜɨɝɨ�ɫɩɢɪɬɚ��Ɉɛɪɚɡɨɜɚ�
ɧɢɟ�ɜɬɨɪɢɱɧɵɯ�ɩɪɨɞɭɤɬɨɜ�ɡɚɜɢɫɢɬ�ɨɬ�ɤɚɱɟɫɬɜɚ�
ɨɫɧɨɜɧɨɝɨ�ɫɵɪɶɹ�ɢ�ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ�ɦɚɬɟɪɢɚ�
ɥɨɜ�� ɩɚɪɚɦɟɬɪɨɜ� ɢ� ɪɟɠɢɦɨɜ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ�
ɩɪɨɰɟɫɫɚ�� ɚ� ɬɚɤɠɟ� ɪɚɫɵ� ɢɫɩɨɥɶɡɭɟɦɵɯ�
ɞɪɨɠɠɟɣ�>��-��@� 

Ⱦɥɹ� ɧɨɪɦɚɥɶɧɨɝɨ� ɦɟɬɚɛɨɥɢɡɦɚ� ɞɪɨɠ�
ɠɟɜɵɯ�ɤɥɟɬɨɤ�ɧɟɨɛɯɨɞɢɦɨ�ɫɨɞɟɪɠɚɧɢɟ�ɜ�ɩɢɬɚ�
ɬɟɥɶɧɨɣ�ɫɪɟɞɟ�ɜɫɟɯ�ɜɟɳɟɫɬɜ��ɚ�ɬɚɤɠɟ�ɧɟɨɛɯɨɞɢ�
ɦɵ�ɭɫɥɨɜɢɹ��ɢɫɤɥɸɱɚɸɳɢɟ�ɫɬɪɟɫɫɨɜɵɟ�ɜɨɡɞɟɣ�
ɫɬɜɢɹ�� ɜɵɡɵɜɚɟɦɵɟ� ɬɟɦɩɟɪɚɬɭɪɚɦɢ�� ɜɵɫɨɤɢɦɢ�
ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ�ɭɝɥɟɜɨɞɨɜ�ɢ�ɷɬɚɧɨɥɚ�>��@� 

ɉɨɜɵɲɟɧɢɟ� ɛɪɨɞɢɥɶɧɨɣ� ɚɤɬɢɜɧɨɫɬɢ�
ɞɪɨɠɠɟɣ� ɦɨɠɟɬ� ɛɵɬɶ� ɞɨɫɬɢɝɧɭɬɨ� ɩɪɢɦɟɧɟɧɢ�
ɟɦ� ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɝɨ� ɫɨɫɬɚɜɚ� ɩɢɬɚɬɟɥɶɧɨɣ�
ɫɪɟɞɵ�>��@� 

Ɋɨɥɶ� ɥɢɩɨɥɢɬɢɱɟɫɤɢɯ� ɮɟɪɦɟɧɬɨɜ� ɜ�
ɩɪɨɰɟɫɫɟ� ɩɟɪɟɪɚɛɨɬɤɢ� ɡɟɪɧɚ� ɧɚ� ɫɩɢɪɬ�
ɡɚɤɥɸɱɚɟɬɫɹ� ɜ� ɩɪɟɜɪɚɳɟɧɢɢ� ɥɢɩɢɞɨɜ� ɜ�
ɠɢɪɧɵɟ� ɤɢɫɥɨɬɵ�� ɦɨɧɨ-� ɢ� ɞɢɝɥɢɰɟɪɢɞɵ�� ɚ�
ɬɚɤɠɟ�ɝɥɢɰɟɪɢɧ� 

ɋɥɟɞɭɟɬ� ɨɬɦɟɬɢɬɶ�� ɱɬɨ� ɨɪɝɚɧɢɱɟɫɤɢɟ�
ɤɢɫɥɨɬɵ�ɢɦɟɸɬ�ɜɚɠɧɨɟ�ɡɧɚɱɟɧɢɟ�ɜ�ɦɟɬɚɛɨɥɢɡ�
ɦɟ�ɭɝɥɟɪɨɞɚ��ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ�ɨɛɦɟɧɟ�ɦɢɤɪɨɨɪ�
ɝɚɧɢɡɦɨɜ��ɫɢɧɬɟɬɢɱɟɫɤɢɯ�ɢ�ɞɢɫɫɢɦɢɥɹɰɢɨɧɧɵɯ�
ɩɪɨɰɟɫɫɚɯ� 

ɀɢɪɧɵɟ� ɤɢɫɥɨɬɵ� ɫɨ� ɫɪɟɞɧɟɣ� ɞɥɢɧɨɣ�
ɭɝɥɟɪɨɞɧɨɣ�ɰɟɩɢ��ɨɬ�ɋ� ɞɨ�ɋ����ɜ�ɦɟɧɶɲɟɣ�ɦɟ�
ɪɟ� ɩɨɬɪɟɛɥɹɸɬɫɹ� ɞɪɨɠɠɚɦɢ� ɢ� ɩɪɢ� ɨɱɟɧɶ� ɧɢɡ�

ɤɢɯ� ɤɨɧɰɟɧɬɪɚɰɢɹɯ� ɜ� ɫɪɟɞɟ� �����—�������� Ȼɨ�
ɥɟɟ�ɜɵɫɨɤɢɟ�ɤɨɧɰɟɧɬɪɚɰɢɢ�ɢɯ�ɩɨɞɚɜɥɹɸɬ�ɪɚɡɜɢ�
ɬɢɟ�ɞɪɨɠɠɟɣ��ɀɢɪɧɵɟ�ɤɢɫɥɨɬɵ�ɫ���—���ɚɬɨɦɚ�
ɦɢ� ɭɝɥɟɪɨɞɚ� ɜ� ɦɨɥɟɤɭɥɟ� ɩɨɬɪɟɛɥɹɸɬɫɹ� ɢɡɛɢɪɚ�
ɬɟɥɶɧɨ� ɜ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɪɨɞɚ� ɢ� ɜɢɞɚ� ɞɪɨɠɠɟɣ�
>��@� 

ȼ� ɩɪɢɫɭɬɫɬɜɢɢ� ɦɚɫɥɹɧɨɣ� ɢ� ɤɚɩɪɨɧɨɜɨɣ�
ɤɢɫɥɨɬ�ɩɪɨɰɟɫɫ�ɨɛɪɚɡɨɜɚɧɢɹ�ɜɵɫɲɢɯ�ɫɩɢɪɬɨɜ�ɜ�
ɡɧɚɱɢɬɟɥɶɧɨɣ� ɦɟɪɟ� ɛɥɨɤɢɪɭɟɬɫɹ� ɧɟɡɚɜɢɫɢɦɨ� ɨɬ�
ɪɚɫɵ�ɞɪɨɠɠɟɣ� 

ɂɫɩɵɬɭɟɦɚɹ� ɧɚɦɢ� ɥɢɩɚɡɚ� ɢɡ� ɪɢɫɨɜɨɣ�
ɦɭɱɤɢ� ɦɚɤɫɢɦɚɥɶɧɨ� ɩɪɨɹɜɥɹɟɬɫɹ� ɩɪɢ� ɪɇ� ���� ɢ�
����� ɧɨ� ɫɨɯɪɚɧɹɟɬɫɹ� ɜ� ɞɢɚɩɚɡɨɧɟ� ɪɇ� ɨɬ� ���� ɞɨ�
����� Ɉɩɬɢɦɚɥɶɧɚɹ� ɬɟɦɩɟɪɚɬɭɪɚ� ɞɟɣɫɬɜɢɹ� ����ɋ��
ɮɟɪɦɟɧɬ� ɫɬɚɛɢɥɟɧ� ɞɨ� ����ɋ��Ɏɟɪɦɟɧɬ� ɝɢɞɪɨɥɢ�
ɡɭɟɬ�ɨɥɢɜɤɨɜɨɟ�ɦɚɫɥɨ��ɦɚɫɥɨ�ɪɢɫɨɜɵɯ�ɨɬɪɭɛɟɣ�ɢ�
ɤɨɤɨɫɨɜɨɟ� ɦɚɫɥɨ�� ɚ� ɬɚɤɠɟ� ɫɢɧɬɟɬɢɱɟɫɤɢɟ� ɬɪɢɚ�
ɰɢɥɝɥɢɰɟɪɢɧ�ɢ�ɬɪɢɨɥɟɢɧ��Ɏɟɪɦɟɧɬ�ɤɚɬɚɥɢɡɢɪɭ�
ɟɬ� ɝɢɞɪɨɥɢɡ� ɤɨɪɨɬɤɨɰɟɩɨɱɟɱɧɨɣ� ɫɥɨɠɧɨɷɮɢɪ�
ɧɨɣ�ɫɜɹɡɢ�ɛɵɫɬɪɟɟ��ɱɟɦ�ɞɥɢɧɧɨɰɟɩɨɱɟɱɧɨɣ�� 

ȼɨ�ɜɪɟɦɹ�ɫɩɢɪɬɨɜɨɝɨ�ɛɪɨɠɟɧɢɹ�ɥɢɩɨɥɢ�
ɬɢɱɟɫɤɢɟ�ɮɟɪɦɟɧɬɵ�ɬɚɤɠɟ�ɦɨɝɭɬ�ɝɢɞɪɨɥɢɡɨɜɚɬɶ�
ɥɢɩɢɞɵ�ɡɚ�ɫɱɟɬ� ɝɢɞɪɨɥɚɡɧɨɣ�ɚɤɬɢɜɧɨɫɬɢ�� ɚ� ɬɚɤ�
ɠɟ� ɨɛɪɚɡɨɜɵɜɚɬɶ� ɷɮɢɪɵ� ɠɢɪɧɵɯ� ɤɢɫɥɨɬ� ɫɨ�
ɫɩɢɪɬɚɦɢ�ɡɚ�ɫɱɟɬ�ɫɢɧɬɟɬɚɡɧɵɯ�ɫɜɨɣɫɬɜ� 

ɂɫɫɥɟɞɨɜɚɧɨ� ɜɥɢɹɧɢɟ� ɥɢɩɨɥɢɬɢɱɟɫɤɢɯ�
ɮɟɪɦɟɧɬɨɜ�ɧɚ�ɞɢɧɚɦɢɤɭ�ɪɨɫɬɚ�ɞɪɨɠɠɟɣ�6DFFKD�
UDP\FHV� FHUHYLVHD� ɜɨ� ɜɪɟɦɹ� ɫɩɢɪɬɨɜɨɝɨ� ɛɪɨɠɟ�
ɧɢɹ� ɢ� ɧɚ� ɨɛɪɚɡɨɜɚɧɢɟ� ɜɬɨɪɢɱɧɵɯ� ɩɪɨɞɭɤɬɨɜ��ȼ�
ɪɟɡɭɥɶɬɚɬɟ� ɭɫɬɚɧɨɜɥɟɧɨ�� ɱɬɨ� ɥɢɩɨɥɢɬɢɱɟɫɤɢɟ�
ɮɟɪɦɟɧɬɵ�ɜɥɢɹɸɬ�ɧɚ�ɪɨɫɬ�ɞɪɨɠɠɟɣ�ɢ�ɧɚ�ɨɛɪɚɡɨ�
ɜɚɧɢɟ�ɜɬɨɪɢɱɧɵɯ�ɩɪɨɞɭɤɬɨɜ�� 

ȼ�ɬɚɛɥɢɰɟ���ɩɪɢɜɟɞɟɧɵ�ɪɟɡɭɥɶɬɚɬɵ�ɜɥɢ�
ɹɧɢɹ� ɥɢɩɚɡɵ� ɢɡ� ɪɢɫɨɜɨɣ� ɦɭɱɤɢ� ɧɚ� ɧɚɤɨɩɥɟɧɢɟ�
ɛɢɨɦɚɫɫɵ� ɜɨ� ɜɪɟɦɹ� ɫɩɢɪɬɨɜɨɝɨ� ɛɪɨɠɟɧɢɹ� ɧɚ�
ɦɨɞɟɥɶɧɵɯ�ɫɢɫɬɟɦɚɯ�� 

ɂɡ�ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ�ɞɚɧɧɵɯ�ɜɢɞɧɨ��ɱɬɨ�ɜ�
ɨɬɫɭɬɫɬɜɢɢ�ɥɢɩɚɡɵ��ɤɨɧɬɪɨɥɶɧɵɣ�ɜɚɪɢɚɧɬ��ɡɚ���
-ɱɚɫɨɜɨɣ�ɩɟɪɢɨɞ�ɛɪɨɠɟɧɢɹ�ɫɨɞɟɪɠɚɧɢɟ�ɛɢɨɦɚɫ�
ɫɵ�ɫɨɫɬɚɜɥɹɟɬ������ɦɝ�ɦɥ��ȼ�ɩɪɢɫɭɬɫɬɜɢɢ�ɥɢɩɚ�
ɡɵ�ɢɡ�ɪɢɫɨɜɨɣ�ɦɭɱɤɢ�ɧɚɤɨɩɥɟɧɢɟ�ɛɢɨɦɚɫɫɵ�ɫɨ�

ɍɫɥɨɜɢɟ 
ȼɪɟɦɹ�ɛɪɨɠɟɧɢɹ��ɱɚɫ� 

� �� �� �� �� �� �� 

ȼ�ɨɬɫɭɬɫɬɜɢɟ�ɥɢɩɚɡɵ � ��� ��� ��� ��� ��� ��� 

ȼ�ɩɪɢɫɭɬɫɬɜɢɢ�ɥɢɩɚɡɵ � ��� ��� ��� ��� ��� ��� 

Ɍɚɛɥɢɰɚ�� 
ɇɚɤɨɩɥɟɧɢɟ�ɫɨɞɟɪɠɚɧɢɹ�ɛɢɨɦɚɫɫɵ��ɦɝ�ɦɥ��ɩɪɢ�ɛɪɨɠɟɧɢɢ�ɜ�ɩɪɢɫɭɬɫɬɢɢ� 

ɥɢɩɚɡɵ�� 

�ɋɨɫɬɚɜ�ɫɪɟɞɵ��ɦɚɥɶɬɨɡɚ�-������Ʉɇ�ɊɈ��-������ɆJ62�ᄷ�ɇ�Ɉ�–�������ɪɢɫɨɜɚɹ�ɦɭɱɤɚ-�����ɪɇ����� 
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ɫɬɚɜɥɹɟɬ�����ɦɝ�ɦɥ� 
ɉɪɢ� ɷɬɨɦ� ɨɛɪɚɡɨɜɚɧɢɟ� ɷɬɚɧɨɥɚ� ɬɚɤɠɟ�

ɭɜɟɥɢɱɢɜɚɟɬɫɹ�ɜ�ɩɪɢɫɭɬɫɬɜɢɢ�ɥɢɩɚɡ�ɢɡ�ɪɢɫɨɜɨɣ�
ɦɭɱɤɢ� 

ȼ�ɬɚɛɥɢɰɟ���ɩɪɢɜɟɞɟɧɵ�ɞɚɧɧɵɟ�ɜɥɢɹɧɢɹ�
ɥɢɩɚɡɵ�ɢɡ�ɪɢɫɨɜɨɣ�ɦɭɱɤɢ�ɧɚ�ɧɚɤɨɩɥɟɧɢɟ�ɷɬɚɧɨ�
ɥɚ�ɜɨ�ɜɪɟɦɹ�ɛɪɨɠɟɧɢɹ��ɂɡ�ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ�ɞɚɧ�
ɧɵɯ�ɜɢɞɧɨ��ɱɬɨ�ɥɢɩɨɥɢɬɢɱɟɫɤɢɣ�ɮɟɪɦɟɧɬ�ɜɥɢɹ�
ɟɬ�ɧɚ�ɯɨɞ�ɫɩɢɪɬɨɜɨɝɨ�ɛɪɨɠɟɧɢɹ� 

ȼ� ɩɪɢɫɭɬɫɬɜɢɢ� ɪɢɫɨɜɨɣ� ɦɭɱɤɢ� ɩɪɨɰɟɫɫ�
ɛɪɨɠɟɧɢɹ� ɢɧɬɟɧɫɢɮɢɰɢɪɭɸɬɫɹ� ɢ� ɫɨɞɟɪɠɚɧɢɟ�
ɫɩɢɪɬɚ� ɜ� ɛɪɨɞɹɳɟɣ� ɫɪɟɞɟ� ɞɨɫɬɢɝɚɟɬ� ����� ɩɪɨ�
ɬɢɜ������ɤɨɧɬɪɨɥɶɧɨɝɨ� 

ȼɨ� ɜɪɟɦɹ� ɫɩɢɪɬɨɜɨɝɨ� ɛɪɨɠɟɧɢɹ� ɜ� ɩɪɢ�
ɫɭɬɫɬɜɢɢ� ɥɢɩɚɡ� ɩɪɨɢɫɯɨɞɢɬ� ɬɚɤɠɟ� ɝɢɞɪɨɥɢɡ�
ɫɥɨɠɧɵɯ�ɷɮɢɪɨɜ�ɤɚɪɛɨɧɨɜɵɯ�ɤɢɫɥɨɬ�ɢ�ɷɬɨ�ɜɥɢ�
ɹɟɬ�ɧɚ�ɨɛɪɚɡɨɜɚɧɢɟ�ɜɬɨɪɢɱɧɵɯ�ɩɪɨɞɭɤɬɨɜ�� �Ɋɟ�
ɡɭɥɶɬɚɬɵ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɞɚɧɧɵɯ�ɩɪɢɜɟɞɟ�
ɧɵ�ɜ�ɬɚɛɥɢɰɟ���� 

ɂɡ� ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ� ɞɚɧɧɵɯ� ɜɢɞɧɨ�� ɱɬɨ�
ɫɨɞɟɪɠɚɧɢɟ� ɫɥɨɠɧɵɯ� ɷɮɢɪɨɜ� ɭɦɟɧɶɲɚɟɬɫɹ� ɧɚ�
����ɫɵɜɭɲɧɵɯ�ɦɚɫɟɥ�ɧɚ������ɢ�ɢɡɨɩɪɨɩɚɧɨɥɚ�
ɧɚ��-����� 

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɪɟɡɭɥɶɬɚɬɵ� ɢɫɫɥɟɞɨɜɚ�

ɧɢɣ�ɩɨɤɚɡɵɜɚɸɬ�ɜɚɠɧɭɸ�ɪɨɥɶ�ɮɟɪɦɟɧɬɨɜ�ɥɢɩɨ�
ɥɢɬɢɱɟɫɤɨɝɨ� ɤɨɦɩɥɟɤɫɚ� ɜ� ɩɪɨɰɟɫɫɟ� ɫɩɢɪɬɨɜɨɝɨ�
ɛɪɨɠɟɧɢɹ� ɢ� ɞɪɨɠɠɟɝɟɧɟɪɚɰɢɢ�� ȼɨɡɞɟɣɫɬɜɢɟ�
ɥɢɩɚɡ� ɧɚ� ɥɢɩɢɞɵ� ɡɟɪɧɨɜɨɝɨ� ɫɭɫɥɚ� ɩɨɜɵɲɚɟɬ�
ɷɮɮɟɤɬɢɜɧɨɫɬɶ�ɟɝɨ�ɝɢɞɪɨɥɢɡɚ��ɨɛɨɝɚɳɚɟɬ�ɫɪɟɞɭ�
ɠɢɪɧɵɦɢ� ɤɢɫɥɨɬɚɦɢ�� ɱɬɨ� ɫɩɨɫɨɛɫɬɜɭɟɬ� ɜ� ɤɨ�
ɧɟɱɧɨɦ� ɫɱɺɬɟ� ɩɨɜɵɲɟɧɢɸ� ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɣ�
ɚɤɬɢɜɧɨɫɬɢ� ɞɪɨɠɠɟɜɵɯ� ɤɥɟɬɨɤ�� ɢɧɬɟɧɫɢɮɢɤɚ�
ɰɢɢ� ɩɪɨɰɟɫɫɚ� ɛɪɨɠɟɧɢɹ� ɢ� ɭɜɟɥɢɱɟɧɢɸ� ɜɵɯɨɞɚ�
ɰɟɥɟɜɨɝɨ�ɩɪɨɞɭɤɬɚ� 

 
Ɂɚɤɥɸɱɟɧɢɟ� 
Ʌɢɩɨɥɢɬɢɱɟɫɤɢɟ�ɮɟɪɦɟɧɬɵ��ɢɧɬɟɧɫɢɮɢ�

ɰɢɪɭɹ� ɩɪɨɰɟɫɫ� ɛɪɨɠɟɧɢɹ� ɢ� ɭɜɟɥɢɱɢɜɚɹ� ɜɵɯɨɞ�
ɰɟɥɟɜɨɝɨ� ɩɪɨɞɭɤɬɚ�� ɩɨɥɨɠɢɬɟɥɶɧɨ� ɜɥɢɹɸɬ� ɧɚ�
ɮɢɡɢɨɥɨɝɢɱɟɫɤɭɸ� ɚɤɬɢɜɧɨɫɬɶ� ɞɪɨɠɠɟɜɵɯ� ɤɥɟ�
ɬɨɤ��ɉɪɨɢɫɯɨɞɢɬ�ɬɚɤɠɟ�ɝɢɞɪɨɥɢɡ�ɫɥɨɠɧɵɯ�ɷɮɢ�
ɪɨɜ� ɤɚɪɛɨɧɨɜɵɯ� ɤɢɫɥɨɬ�� ɡɚ� ɫɱɟɬ� ɝɢɞɪɨɥɚɡɧɨɣ�
ɚɤɬɢɜɧɨɫɬɢ� ɥɢɩɚɡ�� ȼ� ɩɪɢɫɭɬɫɬɜɢɢ� ɷɤɡɨɝɟɧɧɵɯ�
ɥɢɩɚɡ� ɩɪɨɢɫɯɨɞɢɬ� ɝɢɞɪɨɥɢɡ� ɥɢɩɢɞɨɜ�� ɡɚ� ɫɱɟɬ�
ɝɢɞɪɨɥɚɡɧɨɣ� ɚɤɬɢɜɧɨɫɬɢ� ɥɢɩɚɡ� ɢ� ɢɡɦɟɧɹɟɬɫɹ�
ɮɪɚɤɰɢɨɧɧɵɣ� ɫɨɫɬɚɜ� ɫɩɢɪɬɚ�� ɋɨɞɟɪɠɚɧɢɟ�
ɫɥɨɠɧɵɯ� ɷɮɢɪɨɜ� ɭɦɟɧɶɲɚɟɬɫɹ� ɧɚ� ���� ɫɢɜɭɲ�
ɧɵɯ�ɦɚɫɟɥ�ɧɚ�����ɢ�ɢɡɨɩɪɨɩɚɧɨɥɚ�ɧɚ��-���� 

ɍɫɥɨɜɢɟ 
ȼɪɟɦɹ�ɛɪɨɠɟɧɢɹ��ɱɚɫ� 

� �� �� �� �� �� �� 

ȼ�ɨɬɫɭɬɫɬɜɢɟ�ɥɢɩɚɡɵ � ��� ��� ��� ��� ��� ��� 

ȼ�ɩɪɢɫɭɬɫɬɜɢɢ�ɥɢɩɚɡɵ � ��� ��� ��� ��� ��� ��� 

Ɍɚɛɥɢɰɚ�� 
ɇɚɤɨɩɥɟɧɢɟ�ɷɬɚɧɨɥɚ��ɨɛ����ɜɨ�ɜɪɟɦɹ�ɛɪɨɠɟɧɢɹ�ɜ�ɩɪɢɫɭɬɫɬɜɢɢ�ɥɢɩɚɡɵ 

Ɍɚɛɥɢɰɚ�� 
ȼɥɢɹɧɢɟ�ɥɢɩɚɡ�ɢɡ�ɪɢɫɨɜɨɣ�ɦɭɱɤɢ�ɧɚ�ɯɢɦɢɱɟɫɤɢɣ�ɫɨɫɬɚɜ�ɫɩɢɪɬɚ 

�ɫɨɞɟɪɠɚɧɢɟ�ɩɪɨɞɭɤɬɨɜ�ɦɝ�ɥ� 

ɋɨɫɬɚɜ Ʉɨɧɬɪɨɥɶ Ʌɢɩɚɡɚ�ɢɡ�ɪɢɫɨɜɨɣ�ɦɭɱɤɢ 

Ⱥɥɶɞɟɝɢɞɵ ������� ������� 

ɗɮɢɪɵ ������ ������ 

ɋɵɜɭɲɧɵɟ�ɦɚɫɥɚ �������� �������� 

ɂɡɨɩɪɨɩɚɧɨɥ ������ ������ 

5()(5(1&(6 
 

�� :KLWHKXUVW�5�-���2RUW�0��(Q]\PHV� LQ�)RRG�7HFKQRORJ\��6KHI¿HOG�$FDGHPLF�3UHVV��&5&�3UHVV��6KHI¿HOG��8.�������� �5XVV�� HG��
8D\W[HUVWD�5�'��2RUWD�0��)HUPHQW\�Y�SLVKHYR\�SURP\VKOHQQRVWL��63E��3URIHVVL\D�3XEO�������������� 

�� 5LPDUHYD� /�9�� 0LNUREQ\\H� IHUPHQWQ\\H� SUHSDUDW\� Y� VSLUWRYRP� � � � � SURL]YRGVWYH� >0LFURELDO� HQ]\PH� SUHSDUDWLRQV� LQ� DOFRKRO�
SURGXFWLRQ@��3URL]YRGVWYR�VSLUWD�L�OLNHURYRGRFKQ\NK�L]GHOL\�������������-��� 

�� �<DQR�6K��(Q]\PDWLF�6DFFKDULILFDWLRQ�DQG�)HUPHQWDWLRQ�7HFKQRORJ\�IRU�(WKDQRO�3URGXFWLRQ�IURP�:RRG\�%LRPDVV��-RXUQDO�RI�WKH�
-DSDQ�3HWUROHXP�,QVWLWXWH�����������������-�����'2,���������MSL������� 

�� <DNRYOHYD� 6�)��� <DNRYOHY� $�1��� .RUQHHYD� 2�6�� 3ROXFKHQL\H� HWLORYRJR� VSLUWD� L]� U]KL� V� LVSRO൏]RYDQLHP� PXO൏WLHQ]LPQR\� NRPSR]LWVLL�
>3URGXFWLRQ�RI�HWK\O�DOFRKRO�IURP�U\H�XVLQJ�D�PXOWL-HQ]\PH�FRPSRVLWLRQ@��%LRWHNKQRORJL\D�������������–��� 

�� 5LPDUHYD�/�9���6HUED�(�0���2YHUFKHQNR�0�%���6KHOHNKRYD�1�9���,JQDWRYD�1�,��3DYORY�$�$�� � �(Q]\PH�FRPSOH[HV� IRU�DFWLYDWLQJ�
\HDVW�JHQHUDWLRQ�DQG�HWKDQRO�IHUPHQWDWLRQ��)RRGV�DQG�5DZ�0DWHULDOV����������������-���� 
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�� &DVSHWD�/��&RURQHO� -��0RQWHVGH�2FD$��$EDUFD�(��*RQ]iOH]�/��0DUWtQH]�$��(QJLQHHULQJ�KLJK-JUDYLW\� IHUPHQWDWLRQV� IRU� HWKDQRO�
SURGXFWLRQ�DW�HOHYDWHG�WHPSHUDWXUH�ZLWK�6DFFKDURP\FHV�FHUHYLVLDH��%LRWHFKQRORJ\�DQG�%LRHQJLQHHULQJ��������������������–������
'2,����������ELW������� 

�� 6KXVWHU�.���9D\QIXUWQHU�)���1DUVLVV�/��7HNKQRORJL\D�VRORGD�>0DOW�WHFKQRORJ\@��0���3LVKHYD\D�SURPLVKOHQQRVW������������ 
�� 9RVWULNRY�6�9���<DNRYOHY�$�1���%XVKLQ�0�$��9OL\DQL\H�VEDODQVLURYDQQRJR�VRVWDYD�]HUQRYRJR�VXVOD�QD�SURWVHVV�ELRVLQWH]D�GUR]K]KHYR\�

ELRPDVVL�>7KH�LQIOXHQFH�RI�D�EDODQFHG�FRPSRVLWLRQ�RI�JUDLQ�ZRUW�RQ�WKH�SURFHVV�RI�ELRV\QWKHVLV�RI�\HDVW�ELRPDVV@��3URL]YRGVWYR�VSLUWD�L�
OLNHURYRGRFKQ\NK�L]GHOL\�������������-��� 

�� <DNRYOHY� $�1��� $JDIRQRY� *�9��� <DNRYOHYD� 6�)��� $OHNVHHYD� 1�,�� L� GU�� 9OL\DQL\H� PXOWLHQ]LPQR\� NRPSR]LWVLL� QD� SURVHVV� EUR]KHQL\D�
U]KDQRJR� VXVOD� >7KH� LQIOXHQFH� RI� D� PXOWL-HQ]\PH� FRPSRVLWLRQ� RQ� WKH� IHUPHQWDWLRQ� SURFHVV� RI� U\H� ZRUW@�� 3URL]YRGVWYR� VSLUWD� L�
OLNHURYRGRFKQ\NK�L]GHOL\�������������–��� 

��� 6RWQLNRY�9�$���0DUFKHQNR�9�9��� *DPD\XURYD�9�6�� ,VSRO]RYDQL\H� SROLIRVIDWRY� WHNKQRORJLL� QL]NRWHPSHUDWXUQRJR� UD]YDULYDQL\D� NUDNK�
PDOLVWRJR�V\U\D�SUL�SURL]YRGVWYH�VSLUWD�>7KH�XVH�RI�SRO\SKRVSKDWHV�LQ�WKH�WHFKQRORJ\�RI�ORZ-WHPSHUDWXUH�ERLOLQJ�RI�VWDUFK\�UDZ�PDWHULDOV�
LQ�WKH�SURGXFWLRQ�RI�DOFRKRO@��9HVWQLN�.D]DQVNRJR�WHNKQRORJLFKHVNRJR�XQLYHUVLWHWD��������������-���� 

��� 5LPDUHYD�/�9���2YHUFKHQNR�0�%���,JQDWRYD�1�,���$EUDPRYD�,�,��7HRUHWLFKHVNL\H�L�SUDNWLFKHVNL\H�RVQRY\�IHUPHQWDWLYQRJR�NDWDOL]D�
SROLPHURY�]HUQRYRJR�V\U\D�Y�VSLUWRYRP�SURL]YRGVWYH�>7KHRUHWLFDO�DQG�SUDFWLFDO�IRXQGDWLRQV�RI�HQ]\PDWLF�FDWDO\VLV�RI�SRO\PHUV�RI�
JUDLQ�UDZ�PDWHULDOV�LQ�DOFRKRO�SURGXFWLRQ@��3URL]YRGVWYR�VSLUWD�L�OLNHURYRFKQ\NK�L]GHOL\������������-�� 

��� 3RO\DNRY�9�$��� 6HUED� (�0��� 2YHUFKHQNR�0�%��� ,JQDWRYD�1�,�� 7KH� HIIHFW� RI� D� FRPSOH[� SK\WDVH-FRQWDLQLQJ� HQ]\PH� SUHSDUDWLRQ� RQ� WKH�
SURFHVV�RI�U\H�ZRUW�IHUPHQWDWLRQ��)RRG�DQG�5DZ�0DWHULDOV����������������–����� 

��� �.KDVVHOEHN�*���3ORNKRY�$�<X���6DNKDURY�<X�9��3ULPHQHQL\H�IHUPHQWQ\NK�SUHSDUDWRY�ILUP\�©(UEVOH�*D\]HQ[D\Pª�Y�VSLUWRYR\�SURP\VK�
OHQQRVWL� >7KH�XVH� RI� HQ]\PH� SUHSDUDWLRQV� IURP� ³(UEVOH�*HLVHQKHLP´� LQ� WKH� DOFRKRO� LQGXVWU\@��3URL]YRGVWYR� VSLUWD� L� OHNRURYRGRFKQ\NK�
L]GHOL\�������������-��� 

��� &KHFKQHY�5�9���$QGULHQNR�7�9��1RYR]D\PV� –� SRGYRG\D� LWRJL� >1RYR=\PHV�–� VXPPLQJ� XS@��3ULR]YRGVWYR� VSLUWD� L� � OLNHURYRGRFKQ\NK�
L]GHOL\�������������-���� 

��� 3RO\DNRY� 9�$��� 5LPDUHYD� /�9��� .VDQGRSXOR� *�%�� 3HUVSHNWLYQL\H� ELRWHNKQRORJLFKHVNL\H� SURVHVV\� GO\D� VSLUWRYR\� SURP\VKOHQQRVWL�
>3URPLVLQJ�ELRWHFKQRORJLFDO�SURFHVVHV�IRU�WKH�DOFRKRO�LQGXVWU\@��3URL]YRGVWYR�VSLUWD�L�OLNHURYRGRFKQ\NK�L]GHOL\������������-��� 

��� *XSWD�5���5DWKL�3���%UDGRR�6��/LSDVH�PHGLDWHG�XSJUDGDWLRQ�RI�GLHWDU\�IDWV�DQG�RLOV��&ULWLFDO�5HYLHZV�LQ�)RRG�6FLHQFH�DQG�1XWULWLRQ��������
���������-�����'2,��������������������������� 

��� 0DUORW�&��/DQJUDQG�*���7ULDQWDSK\OLGHV�&���%DUDWWL�-��(VWHU�V\QWKHVLV�LQ�RUJDQLF�VROYHQW�FDWDO\]HG�E\�OLSDVHV�LPPRELOL]HG�RQ�K\GURSKLOLF�
VXSSRUWV��%LRWHFKQRORJ\�/HWWHUV�����������������-���� 

��� GD�&UX]�6�+���&LOOL�(�0���(UQDQGHV�-�5��6WUXFWXUDO�FRPSOH[LW\�RI�WKH�QLWURJHQ�VRXUFH�DQG�LQIOXHQFH�RI�\HDVW�JURZWK�DQG�IHUPHQWDWLRQ��-��
,QVW��%UHZ����������������-����'2,���������M�����-����������WE������[ 

��� %RUUHOOL�*�0���7URQR�'��5HFRPELQDQW�OLSDVHV�DQG�SKRVSKROLSDVHV�DQG�WKHLU�XVH�DV�ELRFDWDO\VWV�IRU�LQGXVWULDO�DSSOLFD�WLRQV��,QW�-�0RO�6FL��
���������������-�����'2,����������LMPV��������� 

��� 3V]F]ROD�'�(��/LSDVHV�DQG�WKHLU�LQGXVWULDO�DSSOLFDWLRQV��)RRG�7HFKQRO��������������–���� 
��� 9LHJDV�&�$���HW�DO��,QKLELWLRQ�RI�\HDVW�JURZWK�E\�RFWDQRLF�DQG�GHFDQRLF�DFLGV�SURGXFHG�GXULQJ�HWKDQROLF�IHUPHQWDWLRQ��$SSOLHG�DQG�(QYL�

URQPHQWDO�0LFURELRORJ\����������������–��� 
��� $QGHUVRQ�0�0���0F&DUW\�5�(��5DSLG�DQG�VHQVLWLYH�DVVD\�IRU�IUHH�IDWW\�DFLGV�XVLQJ�UKRGDPLQH��*��$QDO�%LRFKHP����������������-����� 
��� (JRURY�1�6��5XNRYRGVWYR�N�SUDNWLFKHVNLP�]DQ\DWL\DP�SR�PLNURELRORJLL��>*XLGH�WR�SUDFWLFDO�OHVVRQV�LQ�PLFURELRORJ\@���-H�L]GDQL\H��0RV�

FRZ��0RVFRZ�8QLYHUVLW\�3XEOLVKLQJ�+RXVH�����������-����� 
��� 3ROLJDOLQD�*�9��7HNKQRNKLPLFKHVNL\�NRQWURO�VSLUWRYRJR�L�OLNHURYRGRFKQRJR�SURL]YRGVWYD�>7HFKQRFKHPLFDO�FRQWURO�RI�DOFRKRO�DQG�OLTXRU�

SURGXFWLRQ@��0RVFRZ��.RORV�3XEO�����������-��� 
��� 9RVWULNRY� 6�9���0DOVHYD�2�<X�� )HGRURYD� (�9��'LQDPLND� QDNRSOHQL\D� SULPHVH\� HWLORYRJR� VSLUWD� SUL� VEUDMLYDQLL� UD]OLFKQL[� YLGRY� VXVOD�

>'\QDPLFV�RI�DFFXPXODWLRQ�RI�HWK\O�DOFRKRO�LPSXULWLHV�GXULQJ�WKH�IHUPHQWDWLRQ�RI�YDULRXV�W\SHV�RI�ZRUW@��,]YHVWL\D���YX]RY���3LVKFKHYD\D���
WHNKQRORJL\D�������������-��� 

��� /LX�3���,YDQRYD-3HWURSXORV�9���'XDQ�&���<DQ�*��(IIHFW�RI�XQVDWXUDWHG�IDWW\�DFLGV�RQ�LQWUDPHWDEROLWHV�DQG�DURPD�FRPSRXQGV�RI�6DFFKDUR�
P\FHV�FHUHYLVLDH�LQ�ZLQH�IHUPHQWDWLRQ��)RRGV�������������������'2,����������IRRGV�������� 

��� 5LPDUHYD�/�9���0DNHHY�'�0���8VWLQQLNRY�%�$��9OL\DQL\H�SURWHROLWLFKHVNLNK�IHUPHQWRY�QD�Y\NKRG�VSLUWD�>(IIHFW�RI�SURWHRO\WLF�HQ]\PHV�
RQ�DOFRKRO�\LHOG@��3LVKFKHYD\D�SURP\VKOHQQRVW൏�������������-��� 

��� �.LOOLDQ�(���2XJK�&�6��)HUPHQWDWLRQ�HVWHUV�–�IRUPDWLRQ�DQG�UHWHQWLRQ�DV�DIIHFWHG�E\�IHUPHQWDWLRQ�WHPSHUDWXUH��$PHULFDQ�-RXUQDO�RI�(QROR�
J\�DQG�9LWLFXOWXUH��������������–���� 

��� 9RVWULNRY�6�9���<DNRYOHY�$�1���%XVKLQ�0�$��9OL\DQL\H�VEDODQVLURYDQQRJR�VRVWDYD�]HUQRYRJR�VXVOD�QD�SURWVHVV�ELRVLQWH]D�GUR]K�
]KHYR\�ELRPDVV\�>7KH�LQIOXHQFH�RI�D�EDODQFHG�FRPSRVLWLRQ�RI�JUDLQ�ZRUW�RQ�WKH�SURFHVV�RI�ELRV\QWKHVLV�RI�\HDVW�ELRPDVV@��3UR�
L]YRGVWYR�VSLUWD�L�OLNHURYRGRFKQ\NK�L]GHOL\�������������-��� 

��� &VXWRUDV�&V���%DNRV-%DUF]L�1���%XUNXV�%��0HGLXP�FKDLQ�IDWW\�DFLGV�DQG�IDWW\�DFLG�HVWHUV�DV�SRWHQWLDO�PDUNHUV�RI�DOFRKROLF�IHUPHQWDWLRQ�RI�
ZKLWH�ZLQHV��$FWD�$OLPHQWDULD����������������–��� 

 



 

CHEMISTRY AND CHEMICAL ENGINEERING 
ɏɂɆɂə�ɂ�ɏɂɆɂɑȿɋɄȺə�ɌȿɏɇɈɅɈȽɂə  �
���� .�, �0�<�2  

YD �NLP\R � W H[QR ORJ L\DV L  
�� 

)22'�7(&+12/2*< 
ɉɂɓȿȼɕȿ�ɌȿɏɇɈɅɈȽɂɂ 
2=,4-294$7�7(;12/2*,<$6, 

ɂɋɋɅȿȾɈȼȺɇɂȿ�ɊȿȺɄɌɂȼɇɈ-ȾɂɋɌɂɅɅəɐɂɈɇɇɈȽɈ�ɍɋɌɊɈɃɋɌȼȺ�
ȾɅə�ɉɊɈɐȿɋɋȺ�ɗɌȿɊɂɎɂɄȺɐɂɂ 
 
Ⱥɛɛɨɫ�ɗɅɆȺɇɈȼ���DEERV�WNWLVKI#JPDLO�FRP� 
Ⱥɛɞɭɥɚɡɢɡ�ȻɎɏɌɂȬɊɈȼ���DEGXEDNK��#JPDLO�FRP�� 

Ⱥɞɯɚɦ�ɇɇɈɊɄɈȻɂɅɈȼ��DGKDP�QRUNRELORY#JPDLO�FRP�� 
Ɉɥɢɦɠɨɧ�ɆȺɄɋɍȾɈȼ���ROLPMRQPDNVXGRY�#JPDLO�FRP�� 
Ɉɪɢɮɠɨɧ�ɁȺɊɂɉɈȼ���]RULSRII#JPDLO�FRP� 
�ɒɚɯɪɢɫɚɛɡɫɤɢɣ�ɮɢɥɢɚɥ�Ɍɚɲɤɟɧɬɫɤɨɝɨ�ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ�ɢɧɫɬɢɬɭɬɚ��ɒɚɯɪɢɫɚɛɡ��ɍɡɛɟɤɢɫɬɚɧ�� 
�Ɍɚɲɤɟɧɬɫɤɢɣ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ�ɬɟɯɧɢɱɟɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ��Ɍɚɲɤɟɧɬ��ɍɡɛɟɤɢɫɬɚɧ� 
 

ɐɟɥɶɸ�ɞɚɧɧɨɣ�ɪɚɛɨɬɵ�ɹɜɥɹɟɬɫɹ�ɢɡɭɱɟɧɢɟ�ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ�ɩɪɨɰɟɫɫɨɜ�ɞɥɹ�ɩɪɨɰɟɫɫɨɜ�ɷɬɟɪɢɮɢɤɚɰɢɢ��ɢ�ɜ�ɤɚɱɟɫɬɜɟ�
ɨɛɴɟɤɬɚ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɛɵɥɚ�ɜɵɛɪɚɧɚ�ɪɟɚɤɰɢɨɧɧɨ-ɪɟɤɬɢɮɢɤɚɰɢɨɧɧɚɹ�ɭɫɬɚɧɨɜɤɚ��ɨɫɭɳɟɫɬɜɥɹɸɳɚɹ�ɪɟɚɤɰɢɸ�ɢ�ɩɪɨɰɟɫɫ�ɪɚɡɞɟɥɟɧɢɹ�ɜ�
ɨɞɧɨɦ� ɚɩɩɚɪɚɬɟ�� ɂɫɫɥɟɞɨɜɚɧɚ� ɫɢɫɬɟɦɚ� ɪɟɚɤɬɢɜɧɨɣ� ɞɢɫɬɢɥɥɹɰɢɢ� ɞɥɹ� ɩɨɥɭɱɟɧɢɹ� ɷɬɢɥɚɰɟɬɚɬɚ� �(W$F�� ɩɭɬɟɦ� ɷɬɟɪɢɮɢɤɚɰɢɢ�
ɭɤɫɭɫɧɨɣ� ɤɢɫɥɨɬɵ� �ɇȺɫ�� ɷɬɚɧɨɥɨɦ�� Ɍɚɤɠɟ� ɩɪɨɜɨɞɹɬɫɹ� ɦɟɬɨɞɵ� ɨɩɬɢɦɢɡɚɰɢɢ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɚɧɚɥɢɡɚ� ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ��
Ɋɚɫɱɟɬ� ɩɚɪɨɠɢɞɤɨɫɬɧɨɝɨ� ɪɚɜɧɨɜɟɫɢɹ� ɫɦɟɲɚɧɧɨɣ� ɫɢɫɬɟɦɵ� ɜɵɩɨɥɧɟɧ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɦɨɞɟɥɢ�81,)Ⱥ&��ɂɧɬɟɝɪɚɰɢɹ�ɬɟɩɥɚ� ɢɡ�
ɞɢɫɬɢɥɥɹɬɧɨɝɨ�ɩɨɬɨɤɚ�ɤɨɥɨɧɧɵ�ɜ�ɩɨɬɨɤ�ɢɫɯɨɞɧɨɣ�ɤɢɫɥɨɬɵ�ɢ�ɢɡ� ɤɭɛɨɜɨɝɨ�ɩɨɬɨɤɚ�ɤɨɥɨɧɧɵ�ɜ�ɩɨɬɨɤ� ɷɬɚɧɨɥɚ� ɫ�ɰɟɥɶɸ�ɷɤɨɧɨɦɢɢ�
ɪɟɛɨɣɥɟɪɧɨɣ� ɧɚɝɪɭɡɤɢ�ɪɟɚɤɰɢɨɧɧɨ-ɪɟɤɬɢɮɢɤɚɰɢɨɧɧɨɣ� ɤɨɥɨɧɧɵ�� ɱɬɨ�ɩɨɜɵɲɚɟɬ� ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɟ� �ɧɟ�ɦɟɧɟɟ� ���� ɷɬɨɬ�ɩɪɨɰɟɫɫ��
ȼɨɡɦɨɠɧɨɫɬɶ�ɢɫɩɨɥɶɡɨɜɚɧɢɹ�ɪɟɚɤɬɢɜɧɨɣ�ɞɢɫɬɢɥɥɹɰɢɢ��5'��ɞɥɹ�ɩɪɨɰɟɫɫɚ�ɩɪɨɢɡɜɨɞɫɬɜɚ�(W$F�ɛɵɥɚ�ɨɰɟɧɟɧɚ�ɩɭɬɟɦ�ɬɳɚɬɟɥɶɧɨɝɨ�
ɦɨɞɟɥɢɪɨɜɚɧɢɹ�ɢ�ɨɩɬɢɦɢɡɚɰɢɢ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɩɪɨɝɪɚɦɦɧɨɝɨ�ɩɚɤɟɬɚ�$VSHQ�3OXV��ɗɮɮɟɤɬɵ�ɧɟɫɤɨɥɶɤɢɯ�ɤɨɧɫɬɪɭɤɰɢɣ�ɢ�ɪɚɛɨɱɢɯ�
ɩɟɪɟɦɟɧɧɵɯ�ɬɚɤɠɟ�ɛɵɥɢ�ɢɫɫɥɟɞɨɜɚɧɵ�ɞɥɹ�ɩɪɟɞɥɚɝɚɟɦɨɣ�ɤɨɧɫɬɪɭɤɰɢɢ� 
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ȺEERV�(/0$129���DEERV�WNWLVKI#JPDLO�FRP� 
ȺEGXOɚ]L]�%$.+7,<2529���DEGXEDNK��#JPDLO�FRP� 
ȺGKɚP�125.2%,/29��DGKDP�QRUNRELORY#JPDLO�FRP�� 
2OLPMRQ�0$.68'29���ROLPMRQPDNVXGRY�#JPDLO�FRP�� 
2ULIMRQ�=$5,329��]RULSRII#JPDLO�FRP�� 
�6KDNKULVDE]�EUDQFK�RI�WKH�7DVKNHQW�,QVWLWXWH�RI�&KHPLFDO�7HFKQRORJ\���6KDNKULVDE]��8]EHNLVWDQ 
�7ɚVKNHQW�6WɚWH�7HFKQLFɚO�8QLYHUVLW\��7ɚVKNHQW��8]EHNLVWDQ� 

 
7KH�SXUSRVH�RI�WKLV�ZRUN�LV�WR�VWXG\�WKH�FKHPLFDO�WHFKQRORJLFDO�SURFHVVHV�IRU�HWHULILFDWLRQ�SURFHVVHV��DQG�WKH�UHDFWLYH�GLVWLOODWLRQ�

XQLW��ZKLFK�FDUULHV�RXW� WKH� UHDFWLRQ�DQG� VHSDUDWLRQ�SURFHVV� LQ�RQH�GHYLFH��ZDV� FKRVHQ�DV� WKH�REMHFW� RI� UHVHDUFK��Ⱥ� UHɚFWLYH�GLVWLOOɚWLRQ�
V\VWHP�LV�H[ɚPLQHG�WR�SURGXFH�IRU�WKH�SURGXFWLRQ�RI�(WK\O�$FHWDWH��(W$F��YLɚ�HWHULILFɚWLRQ�RI�DFHWLF�DFLG��+$F��ZLWK�HWKɚQRO��2SWLPL]ɚWLRQ�
PHWKRGV�XVLQJ�VHQVLWLYLW\�DQDO\VLV�ɚUH�ɚOVR�FRQGXFWHG��&ɚOFXOɚWLRQ�RI�YɚSRU�OLTXLG�HTXLOLEULXP�RI�WKH�PL[WXUH�V\VWHP�LV�GRQH�XVLQJ�81,)Ⱥ&�
PRGHO��+HDW�LQWHJUDWLRQ�IURP�WKH�GLVWLOODWH�VWUHDP�RI�WKH�FROXPQ�WR�WKH�DFLG�IHHG�VWUHDP�DQG�IURP�ERWWRP�VWUHDP�RI�WKH�FROXPQ�WR�WKH�HWKD�
QRO�VWUHDP�ZLWK�WKH�SXUSRVH�RI�VDYLQJ�UHERLOHU�GXW\�RI�WKH�UHɚFWLYH�GLVWLOOɚWLRQ�FROXPQ��ZKLFK�HQKɚQFHV�WKH�HQHUJ\�VɚYLQJV��DW�OHDVW�����RI�
WKLV� SURFHVV�� 7KH� IHɚVLELOLW\� RI� WKH� UHɚFWLYH� GLVWLOOɚWLRQ� �5'�� IRU� (W$F� SURGXFWLRQ� SURFHVV� ZDV� HYɚOXɚWHG� E\� ULJRURXV� VLPXOɚWLRQ� ɚQG�
RSWLPL]ɚWLRQ�XVLQJ�WKH�ȺVSHQ�3OXV�VRIWZɚUH�SɚFNɚJH��7KH�HIIHFWV�RI�VHYHUɚO�GHVLJQV�ɚQG�RSHUɚWLQJ�YɚULɚEOHV�ZHUH�ɚOVR�LQYHVWLJɚWHG�IRU�WKH�
SURSRVHG�GHVLJQ�� 

 
.H\ZRUGV��HWKHULILFDWLRQ��HWK\O�DFHWDWH��UHɚFWLYH�GLVWLOOɚWLRQ��ɚVSHQ�SOXV��XQLIɚF��PRGHOLQJ��KHɚW�LQWHJUɚWLRQ� 
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ȺEERV�(/0$129���DEERV�WNWLVKI#JPDLO�FRP� 
ȺEGXOɚ]L]�%$;7,<2529���DEGXEDNK��#JPDLO�FRP�� 
ȺGKɚP�125.2%,/29��DGKDP�QRUNRELORY#JPDLO�FRP�� 
2OLPMRQ�0$.68'29���ROLPMRQPDNVXGRY�#JPDLO�FRP�� 
2ULIMRQ�=$5,329��]RULSRII#JPDLO�FRP�� 
�7RVKNHQW�NLP\R-WH[QRORJL\D�LQVWLWXWL�6KɚKULVɚE]�ILOLDOL��6KɚKULVɚE]��2
]EHNLVWRQ 
��7RVKNHQW�'DYODW�7H[QLND�8QLYHUVLWHW��7RVKNHQW��2
]EHNLVWRQ 

 
8VKEX�LVKGDQ�PDTVDG�HWHULILNDWVL\D�MDUD\RQODUL�XFKXQ�NLP\RYL\�WH[QRORJLN�MDUD\RQODUQL�R¶UJDQLVK�ER¶OLE��UHDNVL\D�YD�DMUDWLVK�MDUD\RQL�

ELU� TXULOPDGD� ROLE� ERULOXYFKL� UHDNWLY� GLVWLO\DWVL\D� TXULOPDVL� WDGTLTRW� RE\HNWL� VLIDWLGD� WDQODE� ROLQGL�� 6LUND� NLVORWDVLQL� �+$F�� HWDQRO� ELODQ� HWHUL�
ILNDWVL\DODVK�RUTDOL�HWLO�DWVHWDW��(W$F��LVKODE�FKLTDULVK�XFKXQ�UHDNWLY�GLVWLOODVK�WL]LPL�R¶UJDQLOGL��6H]JLUOLN�WDKOLOLGDQ�IR\GDODQJDQ�KROGD�RSWLPDO�
ODVKWLULVK�XVXOODUL�KDP�R
WND]LODGL��$UDODVK�WL]LPLQLQJ�EXJ
-VX\XTOLN�PXYR]DQDWLQL�KLVREODVK�81,)$&�PRGHOL�\RUGDPLGD�DPDOJD�RVKLULOGL��4D\�
QDWJLFKGDJL��UHER\OHU��HQHUJL\D�\XNODPDVLQL�WHMDVK��NDPLGD�����PDTVDGLGD�GLVWLO\DW�RTLPLGDQ�NLVORWD�RTLPLJD��NXE��TROGLJ¶L�RTLPLGDQ�HVD�HWDQRO�
RTLPLJD� LVVLTOLN� LQWHJUDWVL\DVL� DPDOJD� RVKLULOGL�� (W$F� LVKODE� FKLTDULVK� MDUD\RQL� XFKXQ� UHDNWLY� GLVWLO\DWRUGDQ� �5'�� IR\GDODQLVK�PDTVDGJD�PX�
YRILTOLJL�$VSHQ�3OXV�GDVWXUL\�WD
PLQRW�WR
SODPLGDQ�IR\GDODQJDQ�KROGD�PRGHOODVKWLULVK�YD�RSWLPDOODVKWLULVK�RUTDOL�EDKRODQGL��7DNOLI�HWLOJDQ�OR\LKD�
XFKXQ�MDUD\RQ�YD�SDUDPHWUODUQLQJ�WD
VLUL�KDP�R
UJDQLOGL� 

 
ɄɚOLW�VR൏]ODU��HVWHULILNDWVL\D��HWLO�DWVHWDW��UHDNWLY�GLVWLOODVK��DVSHQ�SOXV��XQLIDF��PRGHOODVKWLULVK��LVVLTOLN�LQWHJUDWVL\DVL� 

�'2,�����������FFH������� 

.,5,6+� 
(WLO� DWVHWDW� �(W$F�� ODNODU� YD� VLUW� TRSODPDOL�

TDWURQODU� LVKODE� FKLTDULVK� XFKXQ� NHQJ� TR
OODQLODGL��
GXQ\RGD� \LOOLN� LVKODE� FKLTDULVK� TXYYDWL� �� PLOOLRQ�
WRQQDGDQ� RUWLT� >�@�� (W$F� DVRVDQ� VLUND� NLVORWDVL�

�+$F��YD�HWDQRO��(W2+��HWHULILNDWVL\DVL�RUTDOL�LVK�
ODE� FKLTDULODGL�� 2GDWGD� DQ¶DQDYL\� HWHULILNDWVL\D�
MDUD\RQL� [RP� DVK\RQLQJ� SDVW� NRQYHUVL\DVLJD� HJD�
ER¶OLE�� WD[PLQDQ� ��� IRL]QL� WDVKNLO� HWDGL�� %XQGDQ�
WDVKTDUL�� XVKEX� DQ
DQDYL\� MDUD\RQODUGD� (W$F� QL�
PDKVXORW� VLIDWLGD� WR]DODVK� \XTRUL� HQHUJL\D� WDODE�
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HWDGL� >�@�� 5HDNVL\DJD� NLULVKXYFKL� PRGGDODU� YD�
UHDNVL\D� PDKVXORWODUL� DUDODVKPDVL� DVRVLGD� WR¶UWWD�
D]HRWURS� [RVVDVL� PDYMXG� ER¶OJDQ� WL]LP� KRVLO�
ER¶ODGL���-MDGYDO���8VKEX�D]HRWURS�WL]LPODU�VDEDEOL�
LVVLT[RQD� JD]ODUL� PLTGRUL� RUWDGL�� 8VKEX� LVKGD�
(W$F�PRGGDVLQL�PDKVXORW�VLIDWLGD�LVKODE�FKLTDULVK�
XFKXQ� TR¶OODQLODGLJDQ� MDUD\RQODUQLQJ� WH[QLN-
LTWLVRGL\�TL\RVL\�WDKOLOODUL�R¶UJDQLOJDQ�ER¶OLE��EXQ�
GD�XJOHURG�JD]ODU�HPLVVL\DVL�KDP�KLVREJD�ROLQJDQ��
6DQRDW� \LOOLN� JOREDO� LVVLT[RQD� JD]ODUL� HPLV�
VL\DVLQLQJ�XFKGDQ�ELU�TLVPLQL� LVKODE�FKLTDUJDQOLJL�
VDEDEOL��LVKODE�FKLTDULVK�MDUD\RQODULQL�OR\LKDODVKGD�
EXQGD\�JD]ODU�HPLVVL\DVLQL�LQREDWJD�ROLVK�YD�XODU�
QL� LPNRQL\DW� GDUDMDVLGD� NDPURT� FKLTLQGL� VLIDWLGD�
FKLTDULVK� WDODE� HWLODGL� >�@�� .LP\R� VDQRDWLGD�
HNRORJLN� MLKDWGDQ� EDUTDURU� YD� WR]D� LVKODE�
FKLTDULVKJD� MDUD\RQQL� LQWHQVLYODVKWLULVK� RUTDOL� HU�
LVKLVK� PXPNLQ� >�@�� -DUD\RQQL� LQWHQVLYODVKWLULVK�
XVXOODULJD� NR¶S� IXQNWVL\DOL� UHDNWRUODU� >�@�� JLEULG�
DMUDWLVK�MDUD\RQODUL�>�@��PXTRELO�HQHUJL\D�PDQEDOD�
UL� >�@� YD� VKX� NDEL� ERVKTD� WH[QRORJL\DODU� NLUDGL��
$Q¶DQDYL\�UHDNWRU�YD�KD\GDVK�NRORQQDVLGDQ�LERUDW�
LVKODE�FKLTDULVK�MDUD\RQL�ELODQ�ELU�TDWRUGD�5HDNWLY�
GLVWLOODVK� �5'�� XVXOL� KDP�PDYMXG� ER¶OLE�� 5HDNWLY�
GLVWLOODVK� �5'�� MDUD\RQODUL� HILUODU�� VKX� MXPODGDQ�
DWVHWDWODU�LVKODE�FKLTDULVK�XFKXQ�KDP�VDQRDW�PLT\�
RVLGD� NHQJ� TR¶OODQLODGLJDQ� NR¶S� IXQNVL\DOL�
WH[QRORJL\DODU�VLUDVLJD�NLUDGL�>�@�� 

(WLO� DWVHWDW� LVKODE� FKLTDULVKGD� UHDNVL\D� MD�
UD\RQLGD� KRVLO� ER¶OJDQ� VXY� �VKXQLQJGHN�� [RP-
DVK\R� VLIDWLGD� LVKODWLODGLJDQ� ���� VSLUW�� GRLPL\�
UDYLVKGD� DMUDWLE� ROLQDGL�� 7DQODQJDQ� VKDUWODU� HWLO�
VSLUWLJD� TDUDJDQGD� TLPPDWURT� ERµOJDQ� VLUND�
NLVORWDVLQLQJ�PDNVLPDO�NRQYHUVL\DVLQL�WD¶PLQOD\GL� 

5HDNWLY�GLVWLOODVK�XVNXQDVL� HWDQRO�YD� VLUND�
NLVORWDVL� LVKWLURNLGDJL� UHDNVL\D� XQXPLQLQJ� \XTRUL�
GDUDMDVLJD� HULVKLVK� XFKXQ� UHDNVL\D� PXYR]DQDWLQL�
\HQJLE� R¶WLVKJD� LPNRQ� EHUDGL��2
]� QDYEDWLGD�� GLV�
WLOODVK�YD�UHDNVL\D�]RQDODUL�ELODQ�DMUDWLVKQLQJ�NRP�
ELQDWVL\DVL� EXJ¶-VX\XTOLN� PXYR]DQDWLQL� R¶UQDWLVK�
MDUD\RQLGD�PDVVD�DOPDVKLQLVK� WH]OLJL�YD�NLP\RYL\�
NLQHWLNDJD� WD¶VLU� TLOXYFKL� PXUDNNDE� X]YL\� WD¶VLU�
ODUJD� ROLE� NHODGL�� 8VKEX� R¶]DUR� WD¶VLUODU� MDUD\RQ�
GLQDPLNDVLGD� PXUDNNDE� ER¶OJDQ� QRFKL]LTOLOLN� YD�
PXUDNNDEOLNODUJD� VDEDE� ERµODGL�� %X�� Rµ]� QDYEDWL�
GD��XVKEX�WL]LPODUQL� OR\LKDODVKGD�NDWWD�TL\LQFKLOLN�
WXJ
GLUDGL� >�@�� -DUD\RQODUQL� PRGHOODVKWLULVK��
OR\LKDODVK�YD�RSWLPDO�\HFKLP�LVKODE�FKLTLVKGD�HQ�
HUJL\D� VDUILQL� WDKOLO� TLOLVK� PXKLP� ER¶OLE�� EX� R¶]�
QDYEDWLGD�DWPRVIHUDJD�FKLTD\RWJDQ�XJOHURG�JD]OD�
ULQL�NDPD\WLULVK�YD�EX�RUTDOL�JOREDO�LVLVKJD�ER¶OJDQ�

VDOEL\� WD¶VLUQL� TLVTDUWLULVK� KDP� PXKLP� DKDPL\DW�
NDVE�HWDGL�>������@� 

8VKEX� WDGTLTRWGD� HWLO� DWVHWDW� LVKODE�
FKLTDULVK� XFKXQ� X]OXNVL]� UDYLVKGD� LVKOD\GLJDQ�
UHDNWLY�GLVWLOODVK�NRORQQDVLQLQJ�PRGHOL�R¶UJDQLOJDQ�
ER¶OLE�� PXYR]DQDW� FKHNORYODULQL� \HQJLE� R
WLVK��
\XTRUL�NR¶UVDWNLFKOL� DMUDWLVK�QDWLMDODUL�� MDUD\RQ�KD�
UDMDWODULQL� NDPD\WLULVK� YD� ]DYRG� KDUDMDWODULQL� TLV�
TDUWLULVK� NDEL� QDWLMDODU� XVKEX� WDGTLTRW� QDWLMDODUL�
VLIDWLGD�NHOWLULE�R¶WLOJDQ�� 

 
 
0DWHULDOODU�YD�PHWRGODU� 
-DUD\RQ� WDYVLIL�� (WDQROQLQJ� VLUND� NLVORWD�

ELODQ� WD¶VLUODVKXYL� QDWLMDVLGD� HWLO� DWVHWDW� YD� KRVLO�
VXY� ER¶ODGL�� 5HDNWLY� GLVWLOODVK� TXULOPDVLGD� KRVLO�
ER¶ODGLJDQ� XVKEX� TD\WDU� UHDNVL\D� TX\LGDJLFKD�
LIRGDODQDGL�>��@� 

 
 ��� 

  
 ��� 

  
 ��� 

%X� \HUGD�� N�� YD� N�� –� UHDNVL\D� WH]OLJLQL�
LIRGDORYFKL� TL\PDWODU� ER¶OLE�� XVKEX� TL\PDWODU�
UHDNVL\D� MDUD\RQL� QDWLMDVLGD� &DOYDU� YD� ERVKTDODU�
WRPRQLGDQ�ROLQJDQ�>��@� 

0RGHOODVKWLULVK� YD� NRPS\XWHU� GDVWXUODUL�
�$VSHQ� 3OXV�� \RUGDPLGD� MDUD\RQODUQL� WDKOLO� TLOLVK�
XVXOODULGDQ� IR\GDODQLE� UHDNWLY� GLVWLOODVK�
TXULOPDVLGD� HWLO� DWVHWDW� ROLVK� MDUD\RQL� R¶UJDQLOGL��
%XQGD� HWLO� DWVHWDWQL� VDQRDW� PDKVXORWL� VLIDWLGDJL�
WR]DOLJLQL� LPNRQ� TDGDU� \XTRUL� GDUDMDGD� ROLVK�
PDTVDG� TLOLE� TR¶\LOGL�� 8VKEX� PDTVDGJD� HULVKLVK�
XFKXQ� DYYDOJL� FKRS� HWLOJDQ� LVKODULPL]GD�
R¶UJDQLOJDQ� UHDNWLY� GLVWLOODVK� TXULOPDVL� YD�
PRGHOODVKWLULVK�XVXOODULGDQ�KDP�IR\GDODQLOGL�>������
�@�� $YYDOJL� WDGTLTRW� LVKODULGD� DVRVDQ� ELU� WXUGDJL�
UHDNWLY� GLVWLOODVK� TXULOPDVLQLQJ� R¶]L� LVKODVKL�
ER¶\LFKD� MDUD\RQODU� NR¶ULOJDQ� ER¶OVD�� XVKEX� LVKGD�
UHDNVL\D� TDWODPL� WXUOLFKD� ER¶OJDQ� MDUD\RQODU� KDP�
NR¶ULE�R¶WLOJDQ�� 

1RLGHDO� WL]LPQL� KLVREJD� ROJDQ� KROGD�
WHUPRGLQDPLN�KRODWODUQL�KLVREODVK�XFKXQ�81,)$&�
WL]LPLGDQ�IR\GDODQLOGL��81,)$&�PRGHOL� WL]LPGDJL�
KDU� ELU� WXU� XFKXQ� IDROOLN� NRHIILWVLHQWLQL� LNNLWD�

NRPSRQHQWJD��\D¶QL�NRPELQDWRULN�� ��YD�TROGLT�
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� �� NRPSRQHQWODUJD� DMUDWDGL�� %XQGD�� TROGLT�
NRPSRQHQW� DUDODVKPDGDJL� JXUXKODUQLQJ� R
]DUR�
WD
VLULQL� KLVREJD� ROLVK� XFKXQ� PR
OMDOODQJDQ� TROGLT�
XOXVK� ER¶OLE�� NRPELQDWRULDO� NRPSRQHQW� HVD�
PROHNXO\DU� VKDNOGDJL� IDUTODU� WXID\OL� HQWURSLN�
WD
VLUODUQL� KLVREJD� ROLVK� XFKXQ� PR
OMDOODQJDQ�
NRPELQDWVL\DYL\� XOXVKQL� WDVKNLO� HWDGL�� L-PROHNXOD�
XFKXQ� IDROOLN� NRHIILWVLHQWODUL� TX\LGDJL� WHQJODPD�
ER
\LFKD�WDTVLPODQDGL�>��@� 

 
8VKEX� LVKGD� NR¶ULE� R¶WLOJDQ� DVRVL\� NH\V�

XFKXQ� UHDNWLY� GLVWLOODVK� TXULOPDVLQLQJ� V[HPDWLN�
GLDJUDPPDVL� �-UDVPGD� NHOWLULE� R¶WLOJDQ�� 8QJD�
NR¶UD� ��� WD� WDUHONDGDQ� LERUDW� ER¶OJDQ� UHDNWLY�
GLVWLOODVK� NRORQQDVLQLQJ� NLULVKODUL� )�� YD� )�� PRV�
UDYLVKGD� NRORQQDQLQJ� VRYXWJLFK� YD� TD\QDWJLFK�
TLVPODULGDQ� NLULWLODGL�� .RORQQDQLQJ� QD]DUL\�
ERVTLFKODUL� WHSDGDQ� ERVKODE� UDTDPODQJDQ� ER¶OLE��
HQJ� WHSD� TLVPLGD� VRYXWJLFK�� HQJ� SDVW� TLVPLGD� HVD�
TD\QDWJLFK� MR\ODVKJDQ�� � 6LUND� NLVORWD� �+$F��
PDYMXG� ER¶OJDQ� )�� NLULVK� RTLPL� NRORQQDQLQJ� �-
WDUHONDVLGDQ�NLULWLODGL��)���\D¶QL� �����XOXVKJD� HJD�
HWDQRO� YD� VXY� DUDODVKPDVL� HVD� NRORQQDQLQJ� TX\L�
TLVPLGDQ�NLULWLODGL��6LUND�NLVORWD�HWDQROJD�QLVEDWDQ�
NDPURT�XFKXYFKDQ�ER¶OJDQOLJL�VDEDEOL�GRLP�HWDQRO�
RTLPLJD� TDUDJDQGD� NRORQQDQLQJ� WHSDURT� TLVPLGDQ�
EHULODGL��%D]DYL\�NH\V�VLIDWLGD�WDQODE�ROLQJDQ�LVKGD�
NRORQQDQLQJ�EXWXQ�TLVPL�ER¶\ODE�UHDNVL\D�MDUD\RQL�
UR¶\�EHUDGL�GHE�KLVREODQGL��.RORQQD�ER¶\ODE�ERVLP�
R¶]JDUPDV� YD� VRYXWJLFK� DUDODVKPDQL� WR¶OLT�
NRQGHQVDWVL\DOD\GL� GHE� KLVREODQGL�� .RORQQD�
VSHVLILNDWVL\DVL�YD� MDUD\RQ�SDUDPHWUODUL��-MDGYDOGD�
NHOWLULOJDQ� 

5HDNWLY� GLVWLOODVK� NRORQQDVL� UHDNVL\D�
MDUD\RQL�ERUDGLJDQ�TDWODP�KDPGD�DMUDWLVK�MDUD\RQL�
ERUDGLJDQ� KD\GDVK� TDWODPL� PDYMXG� ER¶ODGL��
5HDNVL\D� TDWODPLGD� VX\XT� DUDODVKPDQLQJ� ER¶OLVK�
KDMPL� $VSHQ� 3OXV� GDVWXULGD� VH]JLUOLN� WDKOLOLQL�
DPDOJD� RVKLULVK� RUTDOL� KLVREODE� FKLTLOGL�� 7DKOLO�
QDWLMDODULJD� NR¶UD� UHDNVL\D� TDWODPLGD� ��� OLWU� KDMP�
XVKODE� WXULODGLJDQ� ER¶OVD� HQJ� \XTRUL� PLTGRUGDJL�
(WLO�$WVHWDW�KRVLO�ER¶OLVKL�NX]DWLOGL�� 

 
0RGHOODVKWLULVK�QDWLMDODUL 
0RGHOODVKWLULVK� QDWLMDODULJD� NR¶UD� QRUPDO�

VKDURLWGD� WL]LPGD� PDYMXG� NRPSRQHQWODU� WR¶UW� [LO�
VKDURLWGD� D]HRWURS� [XVXVL\DWODUL� QDPR\RQ� HWDGL��
8VKEX� [XVXVL\DWODUJD� NR¶UD� EXQGD� JRPRJHQ�
DUDODVKPDGD�XFKWD�PXYR]DQDW�QXTWDVL� �VDGGOH�SRLQW��
YD�ELWWD�EHTDURU�KRODW�PDYMXG�ER¶ODGL���-MDGYDO��� 

 

$]HRWURS�KRODWODU 
�-KRODW� 

�-KRODW� 

�-KRODW� 

�-MDGYDO 
%RVKODQJ¶LFK�KRODWGD�NRORQQD�VSHVLILNDWVL\DVL�YD�

MDUD\RQ�SDUDPHWUODUL 

6LUND�NLVORWD�VDUIL��NPRO�VRDW ��� 

(WDQRO�VDUIL��NPRO�VRDW ��� 

0RGGDODU�XOXVKL��PRO�� �����6LUND�NLVORWD�� 
����(WɚQRO�������6XY� 

8PXPL\�ERVTLFKODU�VRQL �� 

$MUDWLVK�ERVTLFKODUL�VRQL � 

5HDNVL\D�ERVTLFKODUL�VRQL �� 

5HNWLILNDWVL\D�ERVTLFKODUL�VRQL � 

%RVLP��DWP � 

4D\QDWJLFK�\XNODPDVL��N: ���� 

)OHJPDODU��PRO ��� 

'LVWLO\DW�VDUIL��PRO ���� 

�-MDGYDO 
��DWP�ERVLPLGD�DUDODVKPD�XFKXQ�D]HRWURS�[XVXVL\DWL�

SDUDPHWUODUL 

.RPSRQHQ W � 6 LQ I O DQ L VK L  7HPSHU D WX UD  

(7$12/  0XYR]DQD W � �� ��� � �&  

(7,/� 0XYR]DQD W � �� ��� � �&  
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*RPRJHQ  6LQ I O DQ L VK L � �0XYR]DQD W � � HJD U � �

 0RO\DU �X OX VK �  0DVVD �X OX VK �  
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�-KRODW� 

0RGHOODVKWLULVK� MDUD\RQLGD� RSWLPDO�

TL\PDWODUQL� ROLVK� XFKXQ� NRORQQD� YD� [RP-DVK\R�
RTLPODUL� SDUDPHWUODUL� WD¶VLUL� R¶UJDQLOGL�� .R¶ULE�
R¶WLOD\RWJDQ�MDUD\RQGD�ERVKODQJ¶LFK�KRODWGD�WDUHO�
NDODU� VRQL� ��� WD� ER¶OLE�� WDUHNDODU� VRQLQL� R¶]JDU�
WLULVK� RUTDOL� UHDNVL\D� XQXPL� R¶UJDQLOGL�� .RORQ�
QDGDJL� WDUHONDODU� VRQL� ��� WD� ER¶OJDQGD� HQJ� NR¶S�
PLTGRUGD� (WLO� DWVHWDW� KRVLO� ER¶OLVKL� NX]DWLOGL� ��-
UDVP��YD�QDYEDWGDJL�WDUHONDODU�VRQLQLQJ�RUWLE�ERU�
LVKL� HWLO� DWVHWDW� KRVLO� ER¶OLVKLJD� VH]LODUOL� WD¶VLU�
NR¶UVDWPDGL�� 

.RORQQDGD� IOHJPDODU� VRQL� YD� GLVWLO\DW�

VDUILQ�
LQJ�

R¶]JDULVKL� QDIDTDW� DMUDWLVK� MDUD\RQL� VLIDWLJD� WD¶VLU�
HWLEJLQD� TROPDVGDQ�� EDONL� UHDNVL\D� TDWODPLGD�
UHDNVL\D� MDUD\RQL� ERULVKLJD�� EX� HVD� R¶]� QDYEDWLGD�
HWLO� DWVHWDW� KRVLO� ER¶OLVKLJD� KDP� WD¶VLU� HWDGL�� )OHJ�
PDODU�VRQL�YD�GLVWLO\DW�VDUILJD�NR¶UD�UHDNVL\D�XQXPL�
KDP� R¶]JDUDGL�� 0D¶OXP� ELU� TL\PDWJDFKD� UHDNVL\D�
XQXPL�RUWLE�ERUDGL�YD�HQJ�\XTRUL�TL\PDWJD�\HWDGL��
.R¶ULE� R¶WLOD\RWJDQ� UHDNWLY� GLVWLOODVK� TXULOPDVLGD�
EHULOJDQ� UHDNVL\D� NLQHWLNDODULJD� >��@� NR¶UD�PRO\DU�
IOHJPDODU� VRQL� ���� JD�� GLVWLO\DW� VDUIL� HVD� ����NPRO�
VRDWJD� \HWJDQLGD� HWLO� DWVHWDW� KRVLO� ER¶OLVKL�PLTGRUL�
HQJ�\XTRUL�ER¶ODU�HNDQ�����-UDVPODU���� 

 
 
 
 
 
 
 
 
 
 
 

0RGHOODVKWLULVK� YD� RWLPDOODVKWLULVK� QD�
WLMDODULJD� NR¶UD� NR¶ULE� R¶WLOD\RWJDQ� NLP\RYL\�
WH[QRORJLN� MDUD\RQ� XFKXQ� UHDNWLY� GLVWLOODVK� NRORQ�

.RPSRQHQ W O D U � 7HPSHU D WX UD ��� ��� � �&  

*RPRJHQ  0XYR]DQD W � � HJD U � � QXT W DV L  
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�-UDVP��)OHJPDODU�VRQLQLQJ�UHDNVL\D�XQXPLJD�WD¶VLUL� 

�-UDVP��'LVWLO\DW�VDUILQLQJ�UHDNVL\D�XQXPLJD�WD¶VLUL� 
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QDVLQLQJ� XPXPL\� WDUHONDODUL� VRQL� ���� UHDVNL\D�
TDWODPL��-��� WDUHONDODU�RUDOLJ¶LGD��PRO\DU� IOHJPD�
ODU�VRQL������GLVWLO\DW�VDUIL�HVD�����ER¶OJDQLGD�QDWLMD�
HQJ� RSWLPDO� TL\PDWJD� \HWGL�� 7H[QLND� KDYIVL]OLJL�
MLKDWGDQ� RODGLJDQ� ER¶OVDN�� NRORQQD� GLDPHWUL� ����
PHWU� ER¶OJDQLGD� NRORQQDQLQJ� NR¶SLULE� NHWLVK� RPLOL�
HQJ� NLFKLN� ER¶OLVKL� DQLTODQGL�� .RORQQDQLQJ� QD�
WLMDYL\� EDODQGOLJL� HVD� �����PHWUQL� WDVKNLO� HWGL��2¶]�
QDYEDWLGD� VLUND� NLVORWD� YD� HWLO� VSLUWL� RTLPODULQLQJ�
NLULVK�ERVTLFKODUL�PRV�UDYLVKGD���YD����ER¶OJDQLGD�
XVKEX� TXULOPD� RUTDOL� VRDWLJD� ���� NJ� HWLO� DWVHWDW�
ROLVKJD� HULVKLOGL� ��-MDGYDO���+RVLO� ER¶OD\RWJDQ� EDU�
FKD�(WLO� DWVHWDW�PRGGDVL� QLVEDWDQ� XFKXYFKDQ� ER¶O�
JDQOLJL� VDEDEOL� GLVWLO\DW� VLIDWLGD� DMUDWLE� ROLQGL��
%XQLQJ� XFKXQ� UHDNWLY� GLVWLOODVK� NRORQQDVLQLQJ�
VRYXWJLFKLGD�NRQGHQVDWVL\DODVK�XFKXQ�����0-�VRDW��
LVLTOLNQL�WD¶PLQODE�EHUXYFKL�UHERLOHUGD�HVD�����0-�
VRDW� HQHUJL\D� VDUIODQDU� HNDQ�� 5HDNWLY� GLVWLOODVK�
NRORQQDVLGDQ�FKLTD\RWJDQ�GLVWLO\DW�YD�NXE�TROGLJ¶L�
RTLPODULGDJL� PDYMXG� LVVLTOLN� HQHUJL\DVLQL� NRORQ�

QDJD�NLUD\RWJDQ�[RP-DVK\R�RTLPODULJD�LQWHJUDWVL\D�
TLOLVK� RUTDOL� UHER\OHUJD� EHULOD\RWJDQ� HQHUJL\D�
\XNODPDVL� ����0-�VRDW�PLTGRUJDFKD� NDPD\WLULOGL��
%X� HVD� R¶]� QDYEDWLGD� DWPRVIHUDJD� WDVKODQD\RWJDQ�
XJOHURG� JD]ODULQLQJ� KDP� NDPD\LVKLJD� VDEDE�
ER¶ODGL�� 8VKEX� RSWLPDOODVKWLULVK� QDWLMDVLJD� NR¶UD�
NR¶ULE�R¶WLOD\RWJDQ�WL]LP��-UDVPGD�WDVYLUODQJDQ�� 

 
;XORVD 
+LVREODVK� QDWLMDODUL� VKXQL� NR¶UVDWDGLNL��

EHULOJDQ� TXULOPDGD� ���� NJ�VRDW� VDUI� ELODQ� KRVLO�
ER¶OD\RWJDQ�(WLO�DWVHWDW�PRGGDVLQLQJ�EDUFKDVL�GLV�
WLO\DW� VLIDWLGD� DMUDWLE� ROLQDU� HNDQ�� %XQGD� HWDQROJD�
QLVEDWDQ� UHDNVL\D� XQXPL� ��� IRL]� DWURILGD� ER¶OLE��
EXQLQJ�XFKXQ�VRYXWLVK�YD� LVLWLVK�PDTVDGLGD�VRDWL�
JD�PRV�UDYLVKGD�����0-�YD�����0-�HQHUJL\D�VDU�
IODQGL�� � 4XULOPDGD� XPXPL\� WDUHONDODUL� VRQL� ����
UHDVNL\D� TDWODPL� �-��� WDUHONDODU� RUDOLJ¶LGD� ER¶OLE��
WR]DODVK�YD�UHNWLILNDWVL\D�XFKXQ�MDPL����WD�ERVTLFK�
\HWDUOL�ER¶OGL� 

)22'�7(&+12/2*< 
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�-MDGYDO� 
0DWHULDO�EDODQVL�QDWLMDODUL 

0DWHULDO )���6LUND�NLVORWD� )���(WLO�VSLUWL� 'LVWLO\DW�VDUIL .XE�TROGLJ
L�VDUIL 
6DUI��NJ�VRDW ������ ������ ������ ������ 
(WLO�DWVHWDW ���� ���� ������ ���� 
6XY ���� ����� ����� ���� 
(WDQRO ���� ���� ����� ������ 
6LUND�NLVORWD ������ ����� ���� ���� 

�-UDVP��(WLO�DWVHWDW�LVKODE�FKLTDULVK�XFKXQ�UHDNWLY�GLVWLOODVK�NRORQQDVL� 
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5()(5(1&(6 
 

�� 0DULQR�'��-��(WK\O�$FHWDWH��(QF\FORSHGLD�RI�7R[LFRORJ\��6HFRQG�(GLWLRQ������������-����� 
�� 6DQWDHOOD� 0��� 2UMXHOD� $��� 1DUYiH]� 3�� &�� &RPSDULVRQ� RI� GLIIHUHQW� UHDFWLYH� GLVWLOODWLRQ� VFKHPHV� IRU� HWK\O� DFHWDWH� SURGXFWLRQ� XVLQJ�

VXVWDLQDELOLW\�LQGLFDWRUVɸ��&KHPLFDO�(QJLQHHULQJ�DQG�3URFHVVLQJ��3URFHVV�,QWHQVLILFDWLRQ�������������-���� 
�� 1RUNRELORY� $��'HVLJQ� RI� K\EULG� VHSDUDWLRQ� SURFHVVHV� LQFRUSRUDWLQJ� PHPEUDQH� WHFKQRORJLHV�� 3K'� 7KHVLV�� 8QLYHUVLGDG� GH� &DQWDEULD��

6DQWDQGHU��6SDLQ�������� 
�� (OPDQRY�$���%DNKWL\RURY�$��� 7XUDNXORY�=���.DPRORY�$���1RUNRELORY�$��0RGHOLQJ� DQG� VLPXODWLRQ� RI� KROORZ� ILEHU�PRGXOHV� RI� K\EULG�

IDFLOLWDWHG�WUDQVSRUW�PHPEUDQHV�IRU�IOXH�JDV�&2��FDSWXUH��(QJLQHHULQJ�3URFHHGLQJV��������������'2,����������(&3����-������� 
�� 1RUNRELORY�$���7XUDNXORY�=���.DPDORY�$���7DOLSRY�+��3UHVVXUH-FRPSHQVDWHG�WHPSHUDWXUH�FRQWURO�LQ�UHFWLILFDWLRQ�FROXPQ��&KHPLVWU\�DQG�

FKHPLFDO�HQJLQHHULQJ����������������-���� 
�� *RUUL�'���1RUNRELORY�$���2UWL]�,��2SWLPDO�3URGXFWLRQ�RI�(WK\O�7HUW-EXW\O�(WKHU�XVLQJ�3HUYDSRUDWLRQ-EDVHG�+\EULG�3URFHVVHV�WKURXJK�WKH�

$QDO\VLV�RI�3URFHVV�)ORZVKHHW��&RPSXWHU�$LGHG�&KHPLFDO�(QJLQHHULQJ����������������-������ 
�� 1LFRODV�.���-DYLHU�,���-DPHV�+���$JQLHV]ND�0��5��3KRWR-�WKHUPDO�V\QHUJLHV� LQ�KHWHURJHQHRXV�FDWDO\VLV��7RZDUGV� ORZ-WHPSHUDWXUH��VRODU-

GULYHQ��SURFHVVLQJ�IRU�VXVWDLQDEOH�HQHUJ\�DQG�FKHPLFDOV��$SSOLHG�&DWDO\VLV�%��(QYLURQPHQWDO����������������-���� 
�� 1RUNRELORY� $��� 0DNVXGRY� 2��� %DNKWL\RURY� $��� =DULSRY� 2��� (OPDQRY� $�� 0RGHOOLQJ� RI� UHɚFWLYH� GLVWLOOɚWLRQ� SURFHVV� IRU� HWKHULILFɚWLRQ�

UHɚFWLRQ��&KHPLVWU\�DQG�FKHPLFDO�HQJLQHHULQJ���������������-���� 
�� 6XQGPDFKHU�.���.LHQOH�$��5HDFWLYH�'LVWLOODWLRQ��6WDWXV�DQG�IXWXUH��LQ�3DUW�,,����7KHUPRG\QDPLFV�RI�UHDFWLYH�VHSDUDWLRQ��:LOH\-9&+�9HU�

ODJ�*PE+�	&R����������-��� 
��� .DPRORY�$�%���7XUDNXORY�=�6���5HMDERY�6�$���'tD]-6DLQ]�*���*yPH]-&RPD�/���1RUNRELORY�$�7���)DOODQ]D�0���,UDELHQ�$��'HFDUERQL]DWLRQ�

RI�3RZHU�DQG�,QGXVWULDO�6HFWRUV��7KH�5ROH�RI�0HPEUDQH�3URFHVVHV��0HPEUDQHV�����������������-����� 
��� 7XUDNXORY�=�6���.DPRORY�$�%���7XUDNXORY�$�6���1RUNRELORY�$�7���)DOODQ]D�0��$VVHVVPHQW�RI�WKH�'HFDUERQL]DWLRQ�3DWKZD\V�RI�WKH�&H�

PHQW�,QGXVWU\�LQ�8]EHNLVWDQ��(QJLQHHULQJ�3URFHHGLQJV��������������'2,����������(&3����-������ 
��� &DOYDU�1���*RQ]iOH]�%���'RPLQJXH]�$��(VWHULILFDWLRQ�RI�DFHWLF�DFLG�ZLWK�HWKDQRO��5HDFWLRQ�NLQHWLFV�DQG�RSHUDWLRQ�LQ�D�SDFNHG�EHG�UHDFWLYH�

GLVWLOODWLRQ�FROXPQ��&KHPLFDO�(QJLQHHULQJ�DQG�3URFHVVLQJ��3URFHVV�,QWHQVLILFDWLRQ�������������������-������ 
��� $DJH�)���-RQHV�5��/���3UDXVQLW]�-��0��*URXS-FRQWULEXWLRQ�HVWLPDWLRQ�RI�DFWLYLW\�FRHIILFLHQWV�LQ�QRQLGHDO�OLTXLG�PL[WXUHV��$,&K(�-RXUQDO��

����������������-������ 
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Ɉɣɛɟɤ�ȺɊɂɉȾɀȺɇɈȼ��DULSGMDQRY��#JPDLO�FRP�� 
ɒɚɜɤɚɬ�ɇɍɊɍɅɅȺȿȼ��QXUXOODHY#PDLO�UX�� 
ɒɨɞɢɹɯɚɧ�ȺɁɂɆɈȼȺ��SURIB]LPRYD#PDLO�UX� 
Ɍɚɲɤɟɧɬɫɤɢɣ�ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ�ɢɧɫɬɢɬɭɬ��Ɍɚɲɤɟɧɬ��ɍɡɛɟɤɢɫɬɚɧ� 
 

ɐɟɥɶɸ�ɪɚɛɨɬɵ�ɹɜɥɹɟɬɫɹ�ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ�ɩɪɨɰɟɫɫɚ�ɨɱɢɫɬɤɢ�ɩɪɢɪɨɞɧɨɝɨ�ɝɚɡɚ�ɨɬ�ɤɢɫɥɵɯ�ɤɨɦɩɨɧɟɧɬɨɜ�ɫ�ɩɪɢɦɟɧɟɧɢɟɦ�
ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ�ɚɛɫɨɪɛɟɧɬɚ��Ⱦɥɹ� ɢɡɭɱɟɧɢɹ� ɫɨɪɛɰɢɢ� ɤɢɫɥɵɯ� ɤɨɦɩɨɧɟɧɬɨɜ� ɜ� ɫɨɫɬɚɜɟ� ɝɚɡɚ� ɛɵɥ�ɢɫɩɨɥɶɡɨɜɚɧ� ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɣ�
ɦɟɬɨɞ� ɚɧɚɥɢɡɚ�� ɂɡɭɱɟɧɵ� ɤɢɧɟɬɢɤɚ� ɢ� ɫɤɨɪɨɫɬɶ� ɤɨɪɪɨɡɢɢ� ɭɝɥɟɪɨɞɢɫɬɨɣ� ɫɬɚɥɢ� ɦɚɪɤɢ� ɫɬ���� ɩɪɢ� ɢɫɩɨɥɶɡɨɜɚɧɢɢ� ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ�
ɚɛɫɨɪɛɟɧɬɨɜ�ɆȾɗȺ�ȾɗȺ�ȺȼɊɉ��Ɋɟɡɭɥɶɬɚɬɵ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɩɨɤɚɡɵɜɚɸɬ��ɱɬɨ�ɨɛɴɟɦ�ɚɛɫɨɪɛɰɢɢ� ɭɜɟɥɢɱɢɥɫɹ� ɫ������ɦɨɥɶ�ɦɨɥɶ�ɞɨ�
�����ɦɨɥɶ�ɦɨɥɶ��ɚ�ɤɨɥɢɱɟɫɬɜɨ�+�6�ɜ�ɨɱɢɳɟɧɧɨɦ�ɝɚɡɟ�ɭɦɟɧɶɲɢɥɨɫɶ�ɫ�������ɝ�ɦ

��ɞɨ�������ɝ�ɦ���Ʉɨɪɪɨɡɢɹ�ɨɛɨɪɭɞɨɜɚɧɢɹ�ɪɟɡɤɨ�ɫɧɢɡɢɥɚɫɶ�
–�ɫɬɟɩɟɧɶ�ɤɨɪɪɨɡɢɢ�ɦɟɬɚɥɥɨɜ�ɫɨɫɬɚɜɢɥɚ������ɦɦ�ɝɨɞ�ɜɦɟɫɬɨ������ɦɦ�ɝɨɞ�� 

 
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɦɟɬɢɥɞɢɷɬɚɧɨɥɚɦɢɧ��ɞɢɷɬɚɧɨɥɚɦɢɧ��ɚɡɨɬɨɫɨɞɟɪɠɚɳɢɟ�ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɣ�ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɵ��ɫɬɚɥɶ��ɤɨɪɪɨɡɢɹ� 

.2032=,76,<21�$%625%(17/$5�%,/$1�8*/(92'252'�*$=/$5,1,�
72=$/$6+�-$5$<21,�.,1(7,.$6,1,�2½5*$1,6+ 
 
2\EHN�$5,3'-$129��DULSGMDQRY��#JPDLO�FRP�� 
6KDYNDW�1858//$<(9��QXUXOODHY#PDLO�UX�� 
6KRGL\D[RQ�$=,029$��SURIB]LPRYD#PDLO�UX� 
7RVKNHQW�NLP\R-WH[QRORJL\D�LQVWLWXWH��7RVKNHQW��2
]EHNLVWRQ � 

7DGTLTRWQLQJ� PDTVDGL� WDELL\� JD]� WDUNLELGDJL� QRUGRQ� NRPSRQHQWODUQL� WR]DODVK� WH[QRORJL\DVLQL� NRPSR]RWVLRQ� DEVRUEHQWODU� ELODQ�
WDNRPLOODVKWLULVK��*D]�QRUGRQ�URPSRQHQWODUQLQJ�VRUEVL\DVLQL�R
UJDQLVK�XFKXQ�[URPDWRJUDILN�WDKOLO�XVXOL�LVKODWLOJDQ��0'($�'($�$66(3�
NRPSR]LW� DEVRUEHQWODUL� ELODQ� S���� PDUNDOL� XJOHURGOL� SR
ODWQLQJ� NRUUR]L\D� NLQHWLNDVL� YD� WH]OLJL� R
UJDQLOGL�� 7DGTLTRW� QDWLMDODUL� VKXQL�
NR
UVDWDGLNL�� \XWLOLVK�KDMPL�������PRO�PROGDQ������PRO�PROJDFKD� NR
WDULOGL�� WR]DODQJDQ�JD]GDJL�+�6�PLTGRUL�������J�P

�GDQ�������JDFKD�
NDPD\GL��8VNXQDQLQJ�NRUUR]L\DVL�GH\DUOL�\R
T�ERµOGL��NRUUR]L\DODQLVK�\LOLJD������PP�R
UQLJD������PPJD�NDPD\JDQ� 

 
ɄɚOLW�VR൏]ODU��PHWLOGLHWDQRODPLQ��GLHWDQRODPLQ��D]RW�VDTORYFKL�VXYGD�HUL\GLJDQ�SROLHOHNWUROLWODU��SR¶ODW��NRUUR]L\D�IDROOLN� 

678'<�2)�.,1(7,&6�2)�+<'52&$5%21�*$6�385,),&$7,21�:,7+�
&20326,7(�$%625%(176� 
 
2\EHN�$5,3'-$129��DULSGMDQRY��#JPDLO�FRP� 
6KDYNDW�1858//$(9��QXUXOODHY#PDLO�UX� 
6KRGL\DNKRQ�$=,029$��SURIBD]LPRYD#PDLO�UX�� 
7DVKNHQW�,QVWLWXWH�RI�&KHPLFDO�7HFKQRORJ\��7DVKNHQW��8]EHNLVWDQ 

 
�7KH�DLP�RI�WKH�ZRUN�LV�WR�LPSURYH�WKH�SURFHVV�RI�QDWXUDO�JDV�SXULILFDWLRQ�IURP�DFLGLF�FRPSRQHQWV�XVLQJ�D�FRPSRVLWH�DEVRUEHQW��7R�

VWXG\� WKH� VRUSWLRQ�RI� DFLGLF� FRPSRQHQWV� LQ� WKH�JDV� FRPSRVLWLRQ��D� FKURPDWRJUDSKLF�DQDO\VLV�PHWKRG�ZDV�XVHG��7KH�NLQHWLFV�DQG� UDWH�RI�
FRUURVLRQ�RI�FDUERQ�VWHHO�JUDGH�VW����ZKHQ�XVLQJ�FRPSRVLWH�DEVRUEHQWV�0'($��'($���$953�KDYH�EHHQ�VWXGLHG��7KH�UHVXOWV�RI�WKH�VWXG\�
VKRZ�WKDW�WKH�YROXPH�RI�DEVRUSWLRQ�LQFUHDVHG�IURP������PRO�PRO�WR������PRO�PRO��DQG�WKH�DPRXQW�RI�+�6�LQ�WKH�SXULILHG�JDV�GHFUHDVHG�IURP�
������J�P��WR�������J�P���&RUURVLRQ�RI�HTXLSPHQW�KDV�SUDFWLFDOO\�GLVDSSHDUHG��WKH�GHJUHH�RI�FRUURVLRQ�RI�PHWDOV�LV������PP�LQVWHDG�RI������
PP�\HDU� 

� 
.H\ZRUGV��PHWK\OGLHWKDQRODPLQH��GLHWKDQRODPLQH��QLWURJHQ-FRQWDLQLQJ�ZDWHU-VROXEOH�SRO\HOHFWURO\WHV��VWHHO��FRUURVLRQ� 

�'2,�����������FFH������� 

�� 

,QWURGXFWLRQ 
5HFHQWO\��LQ�WKH�5HSXEOLF�RI�8]EHNLVWDQ��LQ�

WKH�LQGXVWULDO�HQWHUSULVHV�RI�RLO�DQG�JDV�SURFHVVLQJ��
WKH�PDLQ�IRFXV�LV�RQ�WKH�VHDUFK�IRU�PHWKRGV�IRU�WKH�
SXULILFDWLRQ�RI�QDWXUDO�DQG�ZDVWH�JDVHV�RI�SURGXF�
WLRQ� IURP� RUJDQLF� VXOIXU� FRPSRXQGV�� PHUFDSWDQV��
FDUERQ\O�VXOILGH��&26���FDUERQ�GLVXOILGH��&6���DQG�
VXOILGHV��565���DV�ZHOO�DV�WKH�FUHDWLRQ�RI�QHZ�W\SHV�
RI� KLJKO\� HIILFLHQW� FRPSRVLWH� DEVRUEHQWV� IRU� JDV�
SXULILFDWLRQ�� 7KH� $FWLRQ� 6WUDWHJ\� IRU� WKH� )XUWKHU�
'HYHORSPHQW� RI� WKH� 5HSXEOLF� RI� 8]EHNLVWDQ� SUR�
YLGHV�IRU�WKH�WDVNV���5DLVLQJ�WKH�LQGXVWU\�E\�WUDQV�
IHUULQJ� LW� WR� D� TXDOLWDWLYHO\� QHZ� OHYHO�� WR� IXUWKHU�
LQWHQVLI\�WKH�SURGXFWLRQ�RI�ILQLVKHG�SURGXFWV�RQ�WKH�
EDVLV� RI� GHHS� SURFHVVLQJ� RI� ORFDO� UDZ� PDWHULDOV��
PDVWHULQJ�WKH�SURGXFWLRQ�RI�QHZ�W\SHV�RI�SURGXFWV�
DQG� WHFKQRORJLHV��� ,Q� WKLV� UHJDUG�� UHVHDUFK� RQ� WKH�

FUHDWLRQ�RI�FRPSRVLWH�DEVRUEHQWV�DQG�WKH�GHYHORS�
PHQW� RI� KLJKO\� HIILFLHQW� FRPSRVLWH� DEVRUEHQWV� LQ�
YDULRXV�IXQFWLRQDO�JURXSV�DUH�LPSRUWDQW��LQFUHDVLQJ�
WKH�GHJUHH�RI�FOHDQLQJ�RI�DFLGLF�FRPSRQHQWV�RI�QDW�
XUDO�DQG�H[KDXVW�JDV�HPLVVLRQV�>�-�@� 

$W� WKH� VDPH� WLPH�� VFLHQWLILF� UHVHDUFK� LV�
XQGHUZD\� WR�REWDLQ�QHZ�HIIHFWLYH�DGGLWLYHV�EDVHG�
RQ� VHFRQGDU\� UHVRXUFHV� DQG� SURGXFWLRQ�ZDVWH� IRU�
WKH�V\QWKHVLV�RI�FRPSRVLWH�VRUEHQWV��DV�ZHOO�DV�WKH�
XVH� RI� WKHVH� DGGLWLYHV� WR� LPSURYH� WKH� DQWL-
FRUURVLYHQHVV�RI�HTXLSPHQW�KDYLQJ�D�KLJK�DEVRUS�
WLRQ� YROXPH�� ORZ� DEVRUSWLRQ� DQG� GHVRUSWLRQ� WHP�
SHUDWXUH��ORZ�IRDPLQJ��ORZ�FRQVXPSWLRQ�RI�DEVRU�
EHQWV�� SURYLGLQJ� ORQJHU� VHUYLFH� OLIH� DQG� VWXG\LQJ�
WHFKQRORJLFDO�� SUDFWLFDO�� HQYLURQPHQWDO� DQG� HFR�
QRPLF�DVSHFWV�RI�WKH�QHZ�GLHWKDQRODPLQH�DQG�PH�
WK\O�GLHWKDQRODPLQH�FRPSRVLWH�VRUEHQWV�>�-�@� 
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0DWHULDOV�DQG�PHWKRGV 
7KH�VWXG\�RI�VXOIXU�DEVRUSWLRQ�NLQHWLFV�ZDV�

FDUULHG�RXW�E\�FKDQJLQJ� WKH�HOHFWULFDO�FRQGXFWLYLW\�
RI�WKH�DEVRUEHU�VROXWLRQ��)RU�PHDVXUHPHQW��D�IUHVK�
O\�SUHSDUHG�DEVRUEHU�VROXWLRQ�ZDV�XVHG�-�D�VDPSOH�
�$:63��GLOXWHG�ZLWK�ZDWHU�LQ�D�UDWLR�RI������DQG�D�
VDPSOH�RI�R]RQH-FRQWDLQLQJ�DOJDH-VROXEOH�SRO\HOHF�
WURO\WH� XVHG� DW� JDV� SURFHVVLQJ� SODQWV� EHIRUH� WKH�
EUHDNWKURXJK� RI� K\GURJHQ� VXOILGH� LQWR� D� 'UH[HO�
FRQWURO� IODVN�ZLWK�&G&O���7KH�PL[LQJ� WDEOH� RI� WKH�
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WZR�VDPSOHV�LV�JLYHQ�EHORZ��7DEOH���� 
,Q�)LJXUH����WKH�GHSHQGHQFH�RI�UHVLVWLYLW\�RI�

WKH�$:63�VDPSOH�VROXWLRQ�������LV�JLYHQ�GHSHQGLQJ�
RQ�WKH�IUDFWLRQ�RI�VSHQW�VROXWLRQ�LQ�WKH�LQLWLDO�RQH� 

$V�LW�IROORZV�IURP�WKH�JLYHQ�GDWD��WKH�UHVLV�
WLYLW\� RI� WKH� DTXHRXV� VROXWLRQ� RI� $:63� GHFUHDVHV�
VKDUSO\�ZKHQ� WKH�VSHQW�VROXWLRQ�DSSHDUV� LQ� WKH� LQL�
WLDO� UHDJHQW��$IWHU� WKH� IUDFWLRQ�RI�ZDVWH� VROXWLRQ� LQ�
WKH� VWDUWLQJ� UHDJHQW� H[FHHGV� ����� WKH� UHVLVWLYLW\�
GHFUHDVHV�PRUH� VPRRWKO\�� ,Q� WKLV� UHJDUG�� WKH� UHVLV�
WLYLW\�LQGH[�RI�WKH�VROXWLRQ�FDQ�VHUYH�DV�DQ�LQGLFDWRU�
RI� WKH� WUHDWPHQW� RI� WKH� VWDUWLQJ� UHDJHQW� GXULQJ� JDV�
VXOIXUL]DWLRQ�>��-��@� 

%DVHG�RQ� WKH�VWXG\�RI� WKH�VXOIXU�DEVRUSWLRQ�
NLQHWLFV� RI� WKH� FRPSRVLWH� DEVRUEHQW�� H[SHULPHQWDO�
GHYHORSPHQW� RI� WKH� WHFKQRORJ\� RI� WKH� VXOIXU� WUHDW�
PHQW�SURFHVV�XVLQJ�$:63�ZDV�FDUULHG�RXW�DW�VPDOO�
SODQWV� RI� JDV� SURFHVVLQJ� SODQWV�� 7KH� UHDJHQW� ZDV�
WHVWHG� GXULQJ� JDV� SXULILFDWLRQ� IURP� VXOIXU� FRP�
SRXQGV� ERWK� DW� WKH� LQOHW� RI� WKHVH� SODQWV� DQG� DW� WKH�
RXWOHW� RI� WKH� SODQW� LQ� RUGHU� WR� GHWHUPLQH� WKH� HIIHF�
WLYHQHVV� RI� QDWXUDO� JDV� DIWHU� WUHDWPHQW��:KHQ� FRQ�
GXFWLQJ�WHVWV�RQ�H[SHULPHQWDO�SODQWV��WKH�IORZ�UDWH�RI�
SXULILHG�JDV�DQG�WKH�FRQWHQW�RI�VXOIXU�FRPSRXQGV�LQ�
LW�ZHUH�PRQLWRUHG��DQG�WKH�HIIHFWLYHQHVV�RI�XVLQJ�WKH�
V\QWKHVL]HG� UHDJHQW� LQ� WKH� SURFHVV� RI� VXOIXU� WUHDW�
PHQW�RI�QDWXUDO�JDV�DQG�WKH�VHOHFWLRQ�RI�RSWLPDO�RS�
HUDWLQJ�SDUDPHWHUV�ZDV�DOVR�GHWHUPLQHG�>��@� 

7KH� ILUVW� WZR� H[SHULHQFHV� ZHUH� FRQGXFWHG�
XVLQJ�'UH[HO�VOLSV�DV�FRQWDFWRUV��$W� WKH�VDPH�WLPH��
D� EDFWHULFLGDO� DGGLWLYH� ZDV� XVHG� DV� D� VXOIXU-

DEVRUELQJ� UHDJHQW�� GHVLJQHG� WR� VXSSUHVV� VXOIDWH-
UHGXFLQJ� EDFWHULD� GXULQJ� RLO� DQG� JDV� SURGXFWLRQ��
7KH�$:63�FRQWHQW�LQ�WKH�EDFWHULFLGDO�DGGLWLYH�GLG�
QRW�H[FHHG������7KH�H[SHULPHQWV�FDUULHG�RXW�FRQ�
ILUPHG�WKH�KLJK�HIILFLHQF\�RI�$:63�LQ�WKH�VXOIXUL�
]DWLRQ�RI�QDWXUDO�JDV�DQG�WKH�DELOLW\�RI�WKH�UHDJHQW�
WR�SXULI\�WKH�JDV�WR�WKH�FRPSOHWH�DEVHQFH�RI�VXOIX�
URXV� FRPSRXQGV�� 7KH� VXOIXU� DEVRUSWLRQ� H[SHUL�
PHQWV�ZHUH�SHUIRUPHG�LQ�D�YHUWLFDO�JODVV�FRQWDFWRU�
ZLWK�D�GLDPHWHU�RI����PP��$V�D�QR]]OH�LQ�D�JODVV�
FRQWDFWRU�� ZRRG� FKLSV� LPSUHJQDWHG� DV� D� VXOIXU-
DEVRUELQJ�UHDJHQW�'($��GLHWKDQRODPLQH��$:63��
0'($� �PHWK\O� GLHWKDQRODPLQH�� �$:63� DQG�
'($�0'($�$:63�ZHUH�XVHG��*DV�IRU�SXULILFD�
WLRQ�ZDV�WDNHQ�IURP�WKH�0+33�RYHUKHDG�VHSDUDWRU�
DQG� IURP� WKH� HQG� VHSDUDWRU� DIWHU� WUHDWPHQW�� 7KH�
K\GURJHQ� VXOILGH� FRQWHQW� RI� WKH� IHHG� JDV� YDULHG�
GXULQJ�UXQV�IURP��������J�QP��WR������J�QP���)RU�
WKH�H[SHULPHQWV��D�FRQFHQWUDWHG�VDPSOH�RI�$:63�
ZDV� XVHG� ZLWK� D� FRQWHQW� RI� WKH� PDLQ� VXOIXU-
DEVRUELQJ�VXEVWDQFH�RI�XS�WR�����E\�ZHLJKW� 

 
5HVXOWV�DQG�GLVFXVVLRQ 
%DVHG�RQ�WKHVH�H[SHULPHQWV��LW�KDV�EHFRPH�

DSSDUHQW�WKDW�WKH�PDLQ�IDFWRUV�LQIOXHQFLQJ�WKH�YDO�
XH�RI� WKH�VSHFLILF�IORZ�IDFWRU�DUH�SDUDPHWHUV�FRQ�
WULEXWLQJ� WR� DQ� LQFUHDVH� LQ� WKH� SKDVH� FRQWDFW� VXU�
IDFH�RI�WKH�JDV�DQG�WKH�UHDFWDQW��VXFK�DV�WKH�YLVFRV�
LW\�RI� WKH�$:63�� WKH�KHLJKW�RI� WKH� UHDFWLRQ�]RQH��
WKH�YROXPH�DQG�OLQHDU�YHORFLWLHV�RI�WKH�JDV��DQG�WKH�
UHVLGHQFH�WLPH�RI�WKH�JDV�LQ�WKH�UHDFWLRQ�]RQH� 

,Q� FRQQHFWLRQ�ZLWK� WKH�SODQQHG�SLORW� WHVWV�
RI� WKH� FRPSRVLWH� DEVRUEHQW� '($�
�0'($�$:63�� WKHLU� FRUURVLYHQHVV�ZDV� LQYHVWL�
JDWHG� 

7KH�H[SHULPHQWV�ZHUH�FDUULHG�RXW� LQ�JODVV�
DPSRXOHV� DQG� DXWRFODYHV� DFFRUGLQJ� WR� WKH� SURFH�
GXUH��7KH�XVH�RI�DPSRXOHV�PDGH�LW�SRVVLEOH�WR�RE�
WDLQ�SUHOLPLQDU\�LQIRUPDWLRQ�ZLWK�OLPLWHG�WLPH�DQG�
UHDJHQWV�� DQG� DXWRFODYHV� -� LQIRUPDWLRQ� FORVH� WR�
UHDO�FRQGLWLRQV� 

7KH� UHVXOWV� RI� WKH� VWXGLHV� DUH� VKRZQ� LQ�
)LJXUH������DQG�7DEOH����DPSRXOH�H[SHULPHQWV���DV�

7DEOH�� 
0L[LQJ�RI�6WRFN�DQG�:DVWH�6ROXWLRQV�������$:63�VDPSOH 

7\SH�RI�PL[WXUH 0DVV�FRQWHQW��� 

&RQWHQW�RI�WKH�$:63�VWRFN�VDPSOH�LQ�WKH�PL[WXUH��� ��� �� �� �� �� � 

&RQWHQW�RI�VSHQW�VDPSOH���LQ�WKH�PL[WXUH��� � �� �� �� �� ��� 

0L[WXUH�UHVLVWDQFH��2KP ���� ��� ��� ��� ��� ��� 

)LJXUH����'HSHQGHQFH�RI�UHVLVWLYLW\�RI�VDPSOH�VROXWLRQ 
$:63�������RI�WKH�IUDFWLRQ�RI�VDWXUDWLRQ�RI�WKH�JUD\�VROXWLRQ� 
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ZHOO�DV� LQ�7DEOH���DQG�)LJXUH��� �DXWRFODYH�H[SHUL�
PHQWV��� $QDO\VLV� RI� WKH� GDWD� REWDLQHG� LQ� WKH� DP�
SRXOHV� VKRZV� WKDW� WKH� FRUURVLRQ� UDWH� 6���� LQ�
'($�0'($��0'($�'($�DEVRUEHQWV�LV�KLJKHU�LI�
WKH�DEVRUEHQW�LV�VDWXUDWHG�ZLWK�RQH�+�6�WKDQ�LQ�WKH�
FDVH�RI�VDWXUDWLRQ�ZLWK�RQH�&2���)LJXUH��������,Q�WKH�
SUHVHQFH�RI�+�6�DQG�&2��� WKH�PD[LPXP�FRUURVLRQ�
UDWH� EHJDQ� WR� EH� REVHUYHG� DW� D� UDWLR� RI�+�6�&2� 
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�+�6�DQG�ɋ2����PRO��) ����K��FRQFHQWUDWLRQ�RI�DPLQHV�LQ�
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W ���ɨɋ��Į ����PRO�PRO��Ĳ ����KRXU�� 

7KH� UHVXOWV� DOVR� VKRZ� WKDW� WKH� GH�
JUHH� RI� VDWXUDWLRQ� RI� WKH� +�6� DEVRUEHQW��
&2�� DQG� WHPSHUDWXUH� VLJQLILFDQWO\� GHWHU�
PLQH� LWV� FRUURVLYH� SURSHUWLHV�� 6WDLQOHVV�
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����-�����PP�\HDU��7KLV�IDFW�UHTXLUHV�DGGL�
WLRQDO�VSHFLDO�UHVHDUFK�� 

)LJXUH����(IIHFW�RI�0'($�'($��+�6�&2��UDWLR�RQ�FDUERQ�VWHHO�
FRUURVLRQ�UDWH� 

�W ����&��Į ����PRO�PRO��Ĳ ����KRXU�� 

7DEOH�� 
&RUURVLRQ�UDWH�RI�FDUERQ�VWHHO�JUDGH����*25�LQ�

DEVRUEHQW 
0'($�'($�$:63��DXWRFODYH�H[SHULPHQWV� 

�DPLQH�FRQFHQWUDWLRQ�����PDVVHV��� 
WHPSHUDWXUH����ɨɋ��DPLQH�VDWXUDWLRQ�a����PRO�PRO��

ɇ�6�ɋɈ�������ɊZ�a��03D��) ����KRXU� 

$EVRUEHQW &RUURVLRQ�UDWH� 
VWHHO��PP�\HDU 

'($ ���� 

0'($ ���� 

0'($�'($����ɯ���� ���� 

0'($�'($����ɯ���� ���� 

0'($�'($����ɯ���� ���� 

0'($�'($����ɯ���� ���� 

0'($�'($����ɯ���� ���� 

0'($�'($����ɯ���� ���� 

0'($�'($����ɯ���������$:63 ���� 

0'($�'($����ɯ���������$:63 ���� 

0'($�'($����ɯ��������+H[D�
PHWK\OHQHGLDPLQH ���� 



 

CHEMISTRY AND CHEMICAL ENGINEERING 
ɏɂɆɂə�ɂ�ɏɂɆɂɑȿɋɄȺə�ɌȿɏɇɈɅɈȽɂə  �
���� .�, �0�<�2  

YD �NLP\R � W H[QR ORJ L\DV L  
�� 

352&(66�&21752/�$1'�6<67(06 
ɄɈɇɌɊɈɅɖ�ɉɊɈɐȿɋɋɈȼ�ɂ�ɋɂɋɌȿɆ� 

-$5$<21/$5�9$�7,=,0/$51,1*�1$=25$7,� 

5()(5(1&(6 
 

�� 2µ]EHNLVWRQ�QHIW��JD]�YD�HQHUJHWLNDVL�-������$YDLODEOH�DW��KWWSV���QHIWHJD]�X]���DFFHVVHG������������� 
�� �1HZPDQ�6�$��$FLG�DQG�6RXU�*DV�7UHDWLQJ�3URFHVVHV��/DWHVW�GDWH�DQG�PHWKRGV�IRU�GHVLJQLQJ�DQG�RSHUDWLQJ�WRGD\¶V�JDV�7UHDWLQJ�)DFLOL�

WLHV��+RXVWRQ��86$��*XOI�3XE��&R������������� 
�� $QWRQRY�9�*���.RUQHHY�$�(���6RORYLHY�6�$���$OHNVHHY�6�=���$IDQDV\HY�$�,��&DUERQ�VWHHO�FRUURVLRQ�PHFKDQLVP�LQ�0'($�DEVRUEHQW�'($��

*DV�LQGXVWU\��������������-��� 
�� 0HLVHQ�$���.HQQDUG�0�/��'($�EHJUDGDWLRQ�PHFKDQLVP��+\GURFDUERQ�3URFHVVLQJ��������2FWREHU�����-���� 
�� 0XVD\HY�0�1��1HIW�-�YD�JD]�VRKDVL�HNRORJL\DVL�>(FRORJ\�RI�WKH�RLO�DQG�JDV�VHFWRU@��7RVKNHQW��1DYUR�3[ދXEO������������� 

$ULSGMDQRY�2�<X���1XUXOODHY�6K�3��,QFUHDVLQJ�DQG�LQWHQVLILFDWLRQ�RI�WKH�WHFKQRORJ\�RI�SXULILFDWLRQ�RI�QDWXUDO�JDV�E\�FRPSRVLWH�DEVRUEHQWV��
$GYDQFHG�0DWHULDOV�5HVHDUFK��6ZLW]HUODQG��7UDQV�7HFK�3XEOLFDWLRQV�/WG�������������������-���

 

LQWHUYDO ���[�����-����[������7KLV�UHODWLRQVKLS�FDQ�
EH�WUDFHG�ERWK�IRU�WKH�PL[WXUH�RI�+�6��ɋ2���DQG�LQGL�
YLGXDO�JDVHV�-�+�6�DQG�ɋ2���)LJXUH���� 

7KH�UHVXOWV�RI�DXWRFODYH�H[SHULPHQWV�DUH�SUH�
VHQWHG�LQ�7DEOH����)LJXUH���DQG�FRQILUP�DQ�DEQRUPDO�
LQFUHDVH�LQ�WKH�FRUURVLRQ�DJJUHVVLYHQHVV�RI�0'($���
'($� VROXWLRQV� FRQWDLQLQJ�PRUH� WKDQ� ����0'($��
7KH�DGGLWLRQ�RI�����$:63�WR�WKLV�DEVRUEHQW�UHGXF�
HV�WKH�FRUURVLRQ�UDWH�RI�VWHHO�E\���WLPHV��DQG�WKH�DGGL�
WLRQ�RI�����a�E\���WLPHV��7DEOH����� 

 
&RQFOXVLRQ 
7KH� UHVXOWV� RI� DXWRFODYH� H[SHULPHQWV� FRQ�

ILUP� DQ� DEQRUPDO� LQFUHDVH� LQ� WKH� FRUURVLYHQHVV� RI�
0'($�'($� VROXWLRQV� FRQWDLQLQJ� PRUH� WKDQ� ����
0'($��7KH� DGGLWLRQ�RI� ����$:63� WR� WKLV� DEVRU�
EHQW� UHGXFHV� WKH� FRUURVLRQ� UDWH� RI� VWHHO� E\� �� WLPHV��
DQG� WKH� DGGLWLRQ� RI� ���� aE\� �� WLPHV�� 7KLV� VWXG\�
VKRZV� WKDW� WKH� DEVRUSWLRQ� YROXPH�� PRO�PRO�� LQ�
FUHDVHG�IURP������WR�������DQG�WKH�DPRXQW�RI�+�6�LQ�
WKH� SXULILHG� JDV�� J�P� �� �� LQFUHDVHG� IURP� ������ WR�
������ DQG� � SUDFWLFDOO\� QR� FRUURVLRQ� RI� HTXLSPHQW��
PHWDO�FRUURVLRQ�LV������PP�LQVWHDG�RI������PP�\HDU� 

)LJXUH����&RUURVLRQ�UDWH��.��RI���*)�JUDGH�FDUERQ�VWHHO�LQ�0'($�
'($�DEVRUEHQW��Įa����PRO�PRO��W� ���2&��3� ��03D��+�6�
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+ɟ�ɩɪɢɧɢɦɚɸɬɫɹ�ɫɬɚɬɶɢ�ɨɛɡɨɪɧɨɝɨ�ɯɚɪɚɤɬɟɪɚ�ɢ�ɭɠɟ�ɩɨɥɧɨɫɬɶɸ�ɢɥɢ�ɱɚɫɬɢɱɧɨ�ɧɚɩɟɱɚɬɚɧɧɵɟ�
ɜ�ɞɪɭɝɢɯ�ɩɟɪɢɨɞɢɱɟɫɤɢɯ�ɢɡɞɚɧɢɹ��ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ�ɩɪɨɜɟɪɤɚ�ɧɚ�ɩɥɚɝɢɚɬ��� 

Ɋɚɡɦɟɪ�ɫɬɚɬɶɢ�ɞɨɥɠɟɧ�ɛɵɬɶ�ɧɟ�ɦɟɧɟɟ���ɫɬɪɚɧɢɰ��ɧɚɩɟɱɚɬɚɧɧɵɯ�ɲɪɢɮɬɨɦ����ɱɟɪɟɡ���ɢɧɬɟɪɜɚɥ�
�ɌLPHV�1HZ�5RPDQ�� ɧɚ� ɭɡɛɟɤɫɤɨɦ� ɹɡɵɤɟ�–� ɥɚɬɢɧɫɤɢɣ�ɲɪɢɮɬ��� ɑɢɫɥɨ� ɚɜɬɨɪɨɜ� ɧɟ� ɞɨɥɠɧɨ� ɩɪɟɜɵ�
ɲɚɬɶ��� 

Ƚɨɬɨɜɚɹ�ɫɬɚɬɶɹ�ɡɚɝɪɭɠɚɟɬɫɹ�ɩɨ�ɚɞɪɟɫɭ��KWWSV���FFH�UHVHDUFKFRPPRQV�RUJ�MRXUQDO� 
 
ɋɬɪɭɤɬɭɪɚ�ɧɚɭɱɧɨɣ�ɫɬɚɬɶɢ�ɞɨɥɠɧɚ�ɫɨɫɬɨɹɬɶ�ɢɡ�ɫɥɟɞɭɸɳɢɯ�ɨɫɧɨɜɧɵɯ�ɷɥɟɦɟɧɬɨɜ� 

Ɂɚɝɥɚɜɢɟ��7LWOH� 
Ⱥɧɧɨɬɚɰɢɹ��ɚɜɬɨɪɫɤɨɟ�ɪɟɡɸɦɟ��$EVWUDFW� 
ȼɜɟɞɟɧɢɟ��,QWURGXFWLRQ� 
Ɇɟɬɨɞɵ�ɢɫɫɥɟɞɨɜɚɧɢɣ��ɜɤɥɸɱɚɹ�ɨɛɨɪɭɞɨɜɚɧɢɟ���5HVHDUFK�PHWKRGV��LQFOXGLQJ�HTXLSPHQW� 
Ɋɟɡɭɥɶɬɚɬɵ��5HVXOWV��ɢ�ɨɛɫɭɠɞɟɧɢɟ��'LVFXVVLRQ� 
Ɂɚɤɥɸɱɟɧɢɟ��&RQFOXVLRQ� 
Ȼɥɚɝɨɞɚɪɧɨɫɬɢ��$FNQRZOHGJHPHQWV� 
ɋɩɢɫɨɤ�ɥɢɬɟɪɚɬɭɪɵ��5HIHUHQFHV� 

Ɂɚɝɥɚɜɢɟ��Ɏɂ�ɚɜɬɨɪɨɜ�ɩɨɥɧɨɫɬɶɸ��ɨɪɝɚɧɢɡɚɰɢɹ��ɝɨɪɨɞ��ɝɨɫɭɞɚɪɫɬɜɨ�ɩɪɢɜɨɞɹɬɫɹ�ɧɚ��-ɯ�ɹɡɵɤɚɯ�
�ɭɡɛɟɤɫɤɢɣ�ɧɚ�ɥɚɬɢɧɢɰɟ���ɉɪɢɜɨɞɢɬɫɹ�ɍȾɄ�ɫɬɚɬɶɢ�ɢ�ɫɨɬɨɜɵɣ�ɬɟɥɟɮɨɧ�ɤɨɧɬɚɤɬɧɨɝɨ�ɚɜɬɨɪɚ� 
 
Ⱥɧɧɨɬɚɰɢɢ��ɧɚ��-ɯ�ɹɡɵɤɚɯ��ɞɨɥɠɧɵ�ɫɨɞɟɪɠɚɬɶ� 

ɰɟɥɶ�ɪɚɛɨɬɵ�ɜ�ɫɠɚɬɨɣ�ɮɨɪɦɟ�� 
ɩɭɬɢ�ɞɨɫɬɢɠɟɧɢɹ�ɷɬɨɣ�ɰɟɥɢ�ɢ�ɪɟɡɭɥɶɬɚɬ��ɧɟɨɛɯɨɞɢɦɨ�ɫɥɟɞɨɜɚɬɶ�ɯɪɨɧɨɥɨɝɢɢ�ɫɬɚɬɶɢ�ɢ�ɢɫɩɨɥɶɡɨ�

ɜɚɬɶ�ɟɟ�ɡɚɝɨɥɨɜɤɢ�ɜ�ɤɚɱɟɫɬɜɟ�ɪɭɤɨɜɨɞɫɬɜɚ��� 
ɢɫɩɨɥɶɡɨɜɚɬɶ�ɬɟɯɧɢɱɟɫɤɭɸ�ɬɟɪɦɢɧɨɥɨɝɢɸ��ɱɟɬɤɨ�ɢɡɥɚɝɚɹ�ɫɜɨɟ�ɦɧɟɧɢɟ�ɤɚɤ�ɫɩɟɰɢɚɥɢɫɬɚ�� 
©ɚɧɝɥɨɹɡɵɱɧɵɦɢª��ɧɚɩɢɫɚɧɵ�ɤɚɱɟɫɬɜɟɧɧɵɦ�ɚɧɝɥɢɣɫɤɢɦ�ɹɡɵɤɨɦ��� 
ɬɟɤɫɬ� ɞɨɥɠɟɧ� ɛɵɬɶ� ɫɜɹɡɧɵɦ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɫɥɨɜ� ©ɫɥɟɞɨɜɚɬɟɥɶɧɨª�� ©ɛɨɥɟɟ� ɬɨɝɨª��

©ɧɚɩɪɢɦɟɪª��©ɜ�ɪɟɡɭɥɶɬɚɬɟª�ɢ�ɬ�ɩ���©FRQVHTXHQWO\ª��©PRUHRYHUª��©IRU�H[DPSOHª��©WKH�EHQHILWV�
RI�WKLV�VWXG\ª��©DV�D�UHVXOWª�HWF����ɥɢɛɨ�ɪɚɡɪɨɡɧɟɧɧɵɟ�ɢɡɥɚɝɚɟɦɵɟ�ɩɨɥɨɠɟɧɢɹ�ɞɨɥɠɧɵ�ɥɨɝɢɱ�
ɧɨ�ɜɵɬɟɤɚɬɶ�ɨɞɢɧ�ɢɡ�ɞɪɭɝɨɝɨ� 

ɧɟɨɛɯɨɞɢɦɨ�ɢɫɩɨɥɶɡɨɜɚɬɶ�ɚɤɬɢɜɧɵɣ��ɚ�ɧɟ�ɩɚɫɫɢɜɧɵɣ�ɡɚɥɨɝ��ɬ�ɟ���7KH�VWXG\�WHVWHG���ɧɨ�ɧɟ��,W�ZDV�
WHVWHG�LQ�WKLV�VWXG\�� 

ɤɨɦɩɚɤɬɧɵɦɢ��ɧɨ�ɧɟ�ɤɨɪɨɬɤɢɦɢ��ɜ�ɩɪɟɞɟɥɚɯ�ɨɬ�����ɞɨ�����ɫɥɨɜ� 
 
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɧɚ��-ɯ�ɹɡɵɤɚɯ��ɞɨɥɠɧɵ�ɨɬɪɚɠɚɬɶ�ɨɫɧɨɜɧɨɟ�ɫɨɞɟɪɠɚɧɢɟ�ɫɬɚɬɶɢ��ɩɨ�ɜɨɡɦɨɠɧɨɫɬɢ�
ɧɟ�ɩɨɜɬɨɪɹɬɶ�ɬɟɪɦɢɧɵ�ɡɚɝɥɚɜɢɹ�ɢ�ɚɧɧɨɬɚɰɢɢ��ɢɫɩɨɥɶɡɨɜɚɬɶ�ɬɟɪɦɢɧɵ�ɢɡ�ɬɟɤɫɬɚ�ɫɬɚɬɶɢ��ɚ�ɬɚɤɠɟ�ɬɟɪ�
ɦɢɧɵ��ɨɩɪɟɞɟɥɹɸɳɢɟ�ɩɪɟɞɦɟɬɧɭɸ�ɨɛɥɚɫɬɶ�ɢ�ɜɤɥɸɱɚɸɳɢɟ�ɞɪɭɝɢɟ�ɜɚɠɧɵɟ�ɩɨɧɹɬɢɹ��ɤɨɬɨɪɵɟ�ɩɨɡ�
ɜɨɥɹɬ� ɨɛɥɟɝɱɢɬɶ� ɢ� ɪɚɫɲɢɪɢɬɶ� ɜɨɡɦɨɠɧɨɫɬɢ� ɧɚɯɨɠɞɟɧɢɹ� ɫɬɚɬɶɢ� ɫɪɟɞɫɬɜɚɦɢ� ɢɧɮɨɪɦɚɰɢɨɧɧɨ-
ɩɨɢɫɤɨɜɨɣ�ɫɢɫɬɟɦɵ���-��ɫɥɨɜ�� 
 
ɂɥɥɸɫɬɪɚɰɢɢ�ɞɨɥɠɧɵ�ɛɵɬɶ�ɤɚɱɟɫɬɜɟɧɧɵɦɢ�ɢ�ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ�ɜ�ɮɨɪɦɚɬɟ�-3*��7,))��Ɋɋɏ�ɢɥɢ�
ɢɧɵɯ�ɚɧɚɥɨɝɢɱɧɵɯ�ɩɪɨɝɪɚɦɦɚɯ��ɢɫɤɥɸɱɚɹ�ɫɤɚɧɢɪɨɜɚɧɢɟ�ɜ�3')��ɜ�ɬɟɤɫɬɟ��ɧɭɦɟɪɭɸɬɫɹ��ɟɫɥɢ�ɢɯ�
ɛɨɥɶɲɟ�ɨɞɧɨɣ��ɢ�ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ�ɩɨɞɪɢɫɭɧɨɱɧɵɦɢ�ɧɚɞɩɢɫɹɦɢ� 
 
ɋɩɢɫɤɢ�ɥɢɬɟɪɚɬɭɪɵ��ɠɟɥɚɬɟɥɶɧɨ�ɛɨɥɟɟ���� 

Ⱦɨɩɭɫɤɚɬɶ�ɧɟ�ɛɨɥɟɟ�����ɫɚɦɨɰɢɬɢɪɨɜɚɧɢɹ� 
ɐɢɬɢɪɨɜɚɬɶ�ɢɧɨɫɬɪɚɧɧɵɟ�ɢɫɬɨɱɧɢɤɢ�–�ɫɬɚɬɶɢ�ɢɡ�ɠɭɪɧɚɥɨɜ��ɤɨɧɮɟɪɟɧɰɢɣ��ɤɧɢɝ��ɜɤɥɸɱɟɧ�
ɧɵɯ�ɜ�6FRSXV�ɢ�:HE�RI�6FLHQFH��ɨɬ���-����ɫɩɢɫɤɚ�� 

ȼɤɥɸɱɚɬɶ�ɚɤɬɭɚɥɶɧɵɟ�ɢɫɬɨɱɧɢɤɢ��ɩɨɤɚɡɵɜɚɸɳɢɟ��ɱɬɨ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɧɚ�ɷɬɭ�ɬɟɦɭ�ɩɪɨɞɨɥɠɚɸɬ�
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.DQHYVND\D� 5�'��0DWHPDWLFKHVNR\H� PRGHOLURYDQL\H� JLGURGLQDPLFKHVNLNK� SURWVHVVRY� UD]UDERWNL�
PHVWRUR]KGHQL\�XJOHYRGRURGRY� >0DWKHPDWLFDO�PRGHOLQJ�RI�K\GURG\QDPLF�SURFHVVHV�RI�K\GURFDU�
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