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CHEMISTRY AND CHEMICAL ENGINEERING 
ɏɂɆɂə�ɂ�ɏɂɆɂɑȿɋɄȺə�ɌȿɏɇɈɅɈȽɂə  

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� 

 
.H\ZRUGV��JURXQG�HQDPHO��JODVV��VSUHDGDELOLW\��VXUIDFH�WHQVLRQ��,5�VSHFWUD� 
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6KRKUXK�%��1$,029��VKR[UX[QDLPRY���#JPDLO�FRP� 
0DVWXUD�;��$5,329$�DULSRYD����#\DQGH[�FRP� 
7RVKNHQW�NLP\R-WH[QRORJL\D�LQVWLWXWL��7RVKNHQW��2
]EHNLVWRQ 
 

7DGTLTRWGDQ�PDTVDG�PDKDOOL\�[RPDVK\RODU�DVRVLGD�JUXQWOL�HPDO�ROLVK�YD�XQJD�ERU�RNVLGL�WD¶VLULQL�RµUJDQLVK��*UXQWOL�HPDO�LVKODE�
FKLTDULVK� XFKXQ� PDKDOOL\� [RP� DVK\RODUQL� WDQODVK� QDWLMDVLGD� ROLQJDQ� VKLVKD� NRPSR]LWVL\DODU� 6L2�-$O�2�-1D�2-.�2-&D2-%�2�� WL]LPLGD�
HNDQOLJL�DQLTODQGL��.HUDNOL�[XVXVL\DWODUQL� WD¶PLQODVK�XFKXQ�QLNHO�RNVLGL�YD�NREDOW�RNVLGL�TR
VKLPFKDODUL� LVKODWLOGL��*UXQWOL� HPDOODU�XFKXQ�
LVKODE�FKLTLOJDQ�NRPSR]LWVL\DODUQLQJ�[XVXVL\DWODUL�*267������-���WDODEODULJD�PXYRILT�NHOLVKL�DQLTODQGL��6KLVKD�WDUNLELJD�ERU�TR
VKLOLVKL�
YD� XQLQJ� PLTGRULQL� RVKLULVK� HPDOQLQJ� \R\LOLVK� TRELOL\DWLQLQLQJ� RUWLVKL� YD� VLUW� WDUDQJOLJLQLQJ� NDPD\LVKLJD� WD¶VLU� HWLVKL� DQLTODQGL�� 6LQ�
WH]ODQJDQ�VKLVKDODU�VWUXNWXUDYL\�[XVXVL\DWODULQL�,4�VSHNWURVNRSL\DVL�\RUGDPLGD�R
UJDQLVK���NDUUD�NRRUGLQDWVL\DODQJDQ�ERU�PDYMXGOLJLQL�YD�
XQLQJ�WDUNLELQL�NR
SD\WLULVK�ELODQ���NDUUD�NRRUGLQDWVL\DODQJDQ�ERU�ELULNPDODULQLQJ�SD\GR�ER
OLVKLQL�DQLTODVKJD�LPNRQ�EHUGL� 

 
ɄɚOLW�VR
]ODU��JUXQWOL�HPDO��VKLVKD��\R\LOXYFKDQOLN��VLUW�WDUDQJOLJL��,4�VSHNWUODUL� 
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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�>�@� 
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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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0$7(5,$/6�6&,(1&(�$1'�(1*,1((5,1* 
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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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