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CHEMISTRY AND CHEMICAL ENGINEERING 
ɏɂɆɂə�ɂ�ɏɂɆɂɑȿɋɄȺə�ɌȿɏɇɈɅɈȽɂə  

ȼɅɂəɇɂȿ�ɌȼȿɊȾɈɎȺɁɇɕɏ�ɂ�ɊȺɋɉɅȺȼɇɕɏ�ɆȿɌɈȾɈȼ�ɋɂɇɌȿɁȺ�
ɇȺ�ɋɌɊɍɄɌɍɊɍ�ɂ�ɗɅȿɄɌɊɈɏɂɆɂɑȿɋɄɂȿ�ɋȼɈɃɋɌȼȺ� 
ɉɈɅɂɄɊɂɋɌȺɅɅɈȼ�1D�)H��32���� 
 

Ⱥɞɨɥɶɮ�ɋ��ɇɈȽȺɃ��;QRJD\��#PDLO�UX�� 
Ⱥɪɬɭɪ�Ⱥ��ɇɈȽȺɃ��;DUWXU�Q��#PDLO�UX� 
Ⱦɚɧɢɹɪ�ȿ��ɍɋɄȿɇȻȺȿȼ���XVGDQ#PDLO�UX�� 
ɗɥɟɨɧɨɪɚ�Ⱥ��ɇɈȽȺɃ���HOOLH������#JPDLO�FRP� 
Ⱥɥɟɤɫɚɧɞɪ�Ⱥ��Ȼɍɒ���DDEXVK#\DQGH[�UX� 
�Ʉɚɡɚɯɫɤɢɣ�ɚɝɪɨɬɟɯɧɢɱɟɫɤɢɣ�ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ��Ⱥɫɬɚɧɚ��Ʉɚɡɚɯɫɬɚɧ 
�ɆɂɊɗȺ�-�Ɋɨɫɫɢɣɫɤɢɣ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ��Ɇɨɫɤɜɚ��Ɋɨɫɫɢɹ 

 
ȼ�ɫɬɚɬɶɟ�ɢɡɭɱɟɧɨ�ɜɥɢɹɧɢɟ�ɬɜɟɪɞɨɮɚɡɧɨɝɨ�ɢ�ɪɚɫɩɥɚɜɧɨɝɨ�ɦɟɬɨɞɨɜ�ɫɢɧɬɟɡɚ�ɧɚ�ɫɬɪɭɤɬɭɪɵ�ɢ�ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ�ɫɜɨɣɫɬɜɚ�

ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ�1D�)H��32�����ȿɫɥɢ�ɬɜɟɪɞɨɮɚɡɧɵɣ�ɫɢɧɬɟɡ�ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ�1D�)H��32�������ɬɢɩ�ɨɛɪɚɡɰɨɜ��ɨɫɭɳɟɫɬɜɥɹɸɬ�ɩɨ�ɤɟɪɚ�
ɦɢɱɟɫɤɨɣ�ɬɟɯɧɨɥɨɝɢɢ��ɬɨ�ɩɪɢ�ɪɚɫɩɥɚɜɧɨɦ�ɦɟɬɨɞɟ�ɫɢɧɬɟɡɚ�ɫɧɚɱɚɥɚ�ɩɨɥɭɱɚɸɬ�ɫɬɟɤɥɨɨɛɪɚɡɧɵɟ�ɩɪɟɤɭɪɫɨɪɵ�ɩɭɬɟɦ�ɩɥɚɜɥɟɧɢɹ�ɢɫ�
ɯɨɞɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɩɨɞ�ɞɟɣɫɬɜɢɟɦ�ɷɧɟɪɝɢɢ�ɨɩɬɢɱɟɫɤɨɝɨ�ɢɡɥɭɱɟɧɢɣ��ɚ��ɩɨɫɥɟ�ɢɯ�ɨɛɠɢɝɚ�ɩɨɥɭɱɚɸɬ�ɩɨɥɢɤɪɢɫɬɚɥɥɵ�1D�)H��32�������
ɬɢɩ�ɨɛɪɚɡɰɨɜ���ɉɪɢ�ɞɚɧɧɨɦ�ɦɟɬɨɞɟ�ɫɢɧɬɟɡ�ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ�ɩɪɨɢɫɯɨɞɢɬ�ɛɵɫɬɪɨ��ɩɪɢ�ɪɟɡɤɢɯ�ɬɟɦɩɟɪɚɬɭɪɧɨ-ɝɪɚɞɢɟɧɬɧɵɯ�ɭɫɥɨɜɢ�
ɹɯ��ɩɨɷɬɨɦɭ�ɦɨɧɨɤɥɢɧɧɵɟ�ɢɫɤɚɠɟɧɢɹ�ɫɬɪɭɤɬɭɪ�Į-1D�)H��32����ɱɚɫɬɢɱɧɨ�ɫɧɢɦɚɸɬɫɹ�ɩɨɞ�ɜɥɢɹɧɢɟɦ�ɞɟɮɨɪɦɚɰɢɢ�ɫɠɚɬɢɹ���Ȼɥɚɝɨ�
ɞɚɪɹ�ɛɨɥɶɲɟɣ�ɫɢɦɦɟɬɪɢɡɚɰɢɢ�ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ�ɫɬɪɭɤɬɭɪɵ�Į-1D�)H��32����ɢ�ɛɨɥɟɟ�ɜɵɫɨɤɨɣ�ɩɥɨɬɧɨɫɬɢ�ɨɛɪɚɡɰɨɜ���ɬɢɩɚ�ɢɯ�ɷɥɟɤ�
ɬɪɨɯɢɦɢɱɟɫɤɢɟ� ɫɜɨɣɫɬɜɚ� ɭɥɭɱɲɚɸɬɫɹ�� ȼ� ɪɟɡɭɥɶɬɚɬɟ� ɫɪɚɜɧɢɬɟɥɶɧɨɣ� ɨɰɟɧɤɢ� ɫɬɪɭɤɬɭɪ� ɢ� ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ� ɫɜɨɣɫɬɜ� ɩɨɥɢɤɪɢ�
ɫɬɚɥɥɨɜ�1D�)H��32����ɩɨɤɚɡɚɧɨ��ɱɬɨ�ɨɛɪɚɡɰɵ�ɜɬɨɪɨɝɨ�ɬɢɩɚ�ɨɛɥɚɞɚɸɬ�ɥɭɱɲɟɣ�ɨɝɪɚɧɤɨɣ��ɛɨɥɟɟ�ɜɵɫɨɤɢɦɢ�ɩɥɨɬɧɨɫɬɹɦɢ�ɢ�ɷɧɟɪɝɨ�
ɟɦɤɨɫɬɹɦɢ��ɱɟɦ�ɨɛɪɚɡɰɵ�ɩɟɪɜɨɝɨ�ɬɢɩɚ� 

 
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɬɜɟɪɞɨɮɚɡɧɵɣ�ɫɢɧɬɟɡ��ɪɚɫɩɥɚɜɧɵɣ�ɦɟɬɨɞ�ɫɢɧɬɟɡɚ��ɩɨɥɢɤɪɢɫɬɚɥɥɵ��ɫɬɪɭɤɬɭɪɧɵɟ�ɩɚɪɚɦɟɬɪɵ��ɷɥɟɤɬɪɨɟɦɤɨɫɬɶ� 

,1)/8(1&(�2)�62/,'-3+$6(�$1'�0(/7�6<17+(6,6�0(7+2'6�21�
7+(�6758&785(�$1'�(/(&752&+(0,&$/�3523(57,(6�2)� 
1D�)H��32�����32/<&5<67$/6� 
 
$GROI�6��12*$,��QRJD\��#PDLO�UX� 
$UWXU�$��12*$,��DUWXU�Q��#PDLO�UX� 
'DQL\DU�(��86.(1%$(9��XVGDQ#PDLO�UX� 
(OHRQRUD�$��12*$,��HOOLH������#JPDLO�FRP� 
$OH[DQGHU�$��%86+���DDEXVK#\DQGH[�UX� 
�.D]DNK�$JURWHFKQLFDO�5HVHDUFK�8QLYHUVLW\��$VWDQD��.D]DNKVWDQ 
�0,5($�-�5XVVLDQ�7HFKQRORJLFDO�8QLYHUVLW\��0RVFRZ��5XVVLD� 
 

7KH�DUWLFOH�VWXGLHV�WKH�LQIOXHQFH�RI�VROLG-SKDVH�DQG�PHOW�V\QWKHVLV�PHWKRGV�RQ�WKH�VWUXFWXUH�DQG�HOHFWURFKHPLFDO�SURSHUWLHV�RI�WKH�
1D�)H��32����SRO\FU\VWDOV�� ,I� WKH� VROLG-SKDVH� V\QWKHVLV� RI� WKH� 1D�)H��32�����SRO\FU\VWDOV� �W\SH� �� RI� VDPSOHV�� LV� FDUULHG� RXW� XVLQJ� FHUDPLF�
WHFKQRORJ\��LQLWLDOO\�JODVV\�SUHFXUVRUV�DUH�ILUVW�REWDLQHG�E\�PHOWLQJ�WKH�VWDUWLQJ�PDWHULDOV�XQGHU�WKH�LQIOXHQFH�RI�RSWLFDO�UDGLDWLRQ�HQHUJ\�DW�
WKH�PHOW�V\QWKHVLV�PHWKRG��DQG�WKH�1D�)H��32�����SRO\FU\VWDOV�DUH�REWDLQHG�DIWHU�ILULQJ��W\SH����RI�VDPSOHV���:LWK�WKLV�PHWKRG��WKH�V\QWKHVLV�
RI�SRO\FU\VWDOV�RFFXUV�TXLFNO\�XQGHU�VKDUS�WHPSHUDWXUH-JUDGLHQW�FRQGLWLRQV��WKHUHIRUH�� WKH�PRQRFOLQLF�GLVWRUWLRQV�RI�Į-1D�)H��32����VWUXF�
WXUH�DUH�SDUWLDOO\�UHPRYHG�XQGHU�WKH�LQIOXHQFH�RI�FRPSUHVVLYH�GHIRUPDWLRQ��'XH�WR�WKH�JUHDWHU�V\PPHWUL]DWLRQ�RI�WKH�Į-1D�)H��32����FU\VWDO�
VWUXFWXUH�DQG�WKH�KLJKHU�GHQVLW\�RI�W\SH���VDPSOHV��WKHLU�HOHFWURFKHPLFDO�SURSHUWLHV�DUH�LPSURYHG��$V�D�UHVXOW�RI�D�FRPSDUDWLYH�DVVHVVPHQW�
RI�WKH�VWUXFWXUHV�DQG�HOHFWURFKHPLFDO�SURSHUWLHV�RI�WKH�1D�)H��32����SRO\FU\VWDOV��LW�ZDV�VKRZQ�WKDW�VDPSOHV�RI�WKH�VHFRQG�W\SH�KDYH�EHWWHU�
FXWWLQJ�DQG�KLJKHU�GHQVLWLHV�DQG�HQHUJ\�FDSDFLWLHV�WKDQ�VDPSOHV�RI�WKH�ILUVW�W\SH�� 

 
.H\ZRUGV���VROLG-SKDVH�V\QWKHVLV��PHOW�V\QWKHVLV�PHWKRG��SRO\FU\VWDOV��VWUXFWXUDO�SDUDPHWHUV��HOHFWULFDO�FDSDFLWDQFH�SDUDPHWHUV� 

4$77,4�)$=$�9$�(5,0$�6,17(=�868//$5,1,�32/,.5,67$//$51,1*�
78=,/,6+,�9$�(/(.752.52.,0<29,<�;8686,<$7/$5,*$�7$
6,5,�
1D�)H��32���� 
$GROI�6��12*$,���QRJD\��#PDLO�UX 
$UWXU�$��12*$,���DUWXU�Q��#PDLO�UX� 
'RQL\RU�(��86.(1%$(9���XVGDQ#PDLO�UX� 
(OHRQRUD�$��12*$,���HOOLH������#JPDLO�FRP� 
$OHNVDQGU�$��%86+���DDEXVK#\DQGH[�UX� 
�4R]RJµLVWRQ�DJURWH[QLND�WDGTLTRW�XQLYHUVLWHWL��2VWRQD��4R]RJ
LVWRQ 
�0,5($�–�5RVVL\D�WH[QRORJLN�XQLYHUVLWHWL��0RVNYD��5RVVL\D� 
 

0DTRODGD� TDWWLT� ID]DOL� YD� HULWPD� VLQWH]L� XVXOODULQLQJ� 1D�)H��32���� SROLNULVWDOODULQLQJ� WX]LOLVKL� YD� HOHNWURNLP\RYL\� [RVVDODULJD�
WD
VLUL� R
UJDQLODGL�� $JDU� 1D�)H��32���� SROLNULVWDOODULQLQJ� TDWWLT� ID]DOL� VLQWH]L� �QDPXQDODUQLQJ� �� WXUL�� NHUDPLND� WH[QRORJL\DVLGDQ� IR\GD�
ODQJDQ� KROGD� DPDOJD� RVKLULOVD�� HULWLVK� VLQWH]L� XVXOLGD� RSWLN� QXUODQLVK� HQHUJL\DVL� WDҲVLULGD� ERVKODQJұLFK� PRGGDODUQL� HULWLVK� \RұOL� ELODQ�
GDVWODE�VKLVKDVLPRQ�SUHNXUVRUODU�ROLQDGL�� �� YD�XODUQL�\RTLVKGDQ�NH\LQ�1D�)H��32����SROLNULVWDOODUL�ROLQDGL� ��� WXUGDJL�QDPXQDODU���8VKEX�
XVXO�\RUGDPLGD�SROLNULVWDOODUQLQJ�VLQWH]L�NHVNLQ�KDURUDW-JUDGLHQW�VKDURLWLGD�WH]�VRGLU�ER
ODGL��VKXQLQJ�XFKXQ�D-1D�)H��32�����WX]LOPDODULQ�
LQJ�PRQRNOLQLN�EX]LOLVKODUL�VLTLOLVK�GHIRUPDWVL\DVL�WD
VLULGD�TLVPDQ�ROLE�WDVKODQDGL��D-1D�)H��32����NULVWDOO�VWUXNWXUDVLQLQJ�NDWWD�VLPPHWUL�
]DWVL\DVL�YD��-WXUGDJL�QDPXQDODUQLQJ�\XTRUL�]LFKOLJL�WXID\OL�XODUQLQJ�HOHNWURNLP\RYL\�[RVVDODUL�\D[VKLODQDGL��1D�)H��32����SROLNULVWDOODULQ�
LQJ�WX]LOPDODUL�YD�HOHNWURNLP\RYL\�[RVVDODULQL�TL\RVL\�EDKRODVK�QDWLMDVLGD�LNNLQFKL�WXUGDJL�QDPXQDODU�ELULQFKL�WXUGDJL�QDPXQDODUJD�TDUD�
JDQGD�\D[VKLURT�NHVLVK�YD�\XTRUL�]LFKOLN�YD�HQHUJL\D�VLJ
LPODULJD�HJD�HNDQOLJL�NR
UVDWLOGL�� 

 
ɄɚOLW�VR
]ODU��TDWWLT�ID]DOL�VLQWH]��HULWPD�VLQWH]�XVXOL��SROLNULVWDOODU��VWUXNWXUDYL\�SDUDPHWUODU��HOHNWU�VLJ
LP�SDUDPHWUODUL� 

�'2,�����������FFH������ 

�� 

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

ȼɜɟɞɟɧɢɟ 
ȼ�ɧɚɫɬɨɹɳɟɟ�ɜɪɟɦɹ�ɜɨɫɬɪɟɛɨɜɚɧɵ�ɥɢɬɢɣ�

ɢɨɧɧɵɟ� ɚɤɤɭɦɭɥɹɬɨɪɵ� �ɅɂȺ�� ɹɜɥɹɸɳɢɟɫɹ�

ɧɚɢɛɨɥɟɟ�ɷɮɮɟɤɬɢɜɧɵɦɢ�ɦɨɛɢɥɶɧɵɦɢ�ɢɫɬɨɱɧɢ�
ɤɚɦɢ� ɬɨɤɚ�� ɬ�ɤ�� ɦɨɝɭɬ� ɚɤɤɭɦɭɥɢɪɨɜɚɬɶ� ɜɵɫɨɤɢɟ�
ɷɥɟɤɬɪɨɟɦɤɨɫɬɢ� � >�-�@�� ɅɂȺ� ɜɨɫɬɪɟɛɨɜɚɧɵ� ɜɨ�
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0$7(5,$/6�6&,(1&(�$1'�(1*,1((5,1* 
ɆȺɌȿɊɂȺɅɈȼȿȾȿɇɂȿ�ɂ�ɌȿɏɇɈɅɈȽɂə 

0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 

ɦɧɨɝɢɯ� ɨɛɥɚɫɬɹɯ� ɫɨɜɪɟɦɟɧɧɨɣ� ɬɟɯɧɢɤɢ�� ɚɜɢɚ�
ɤɨɫɦɢɱɟɫɤɨɣ�� ɨɛɨɪɨɧɧɨɣ� ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ�� ɜ�
ɷɥɟɤɬɪɨɬɪɚɧɫɩɨɪɬɧɨɣ� ɨɬɪɚɫɥɢ� ɢ� ɞɪɭɝɢɯ� ɨɛɥɚ�
ɫɬɹɯ� ɬɟɯɧɢɤɢ�� Ɉɞɧɚɤɨ�� ɜ� ɤɚɱɟɫɬɜɟ� ɤɚɬɨɞɨɜ� ɜ�
ɅɂȺ� ɢɫɩɨɥɶɡɭɸɬ� ɥɢɬɢɣ� ɫɨɞɟɪɠɚɳɢɟ� ɫɨɟɞɢɧɟ�
ɧɢɹ�� ɱɬɨ�ɩɪɢɜɨɞɢɬ� ɤ� ɩɨɜɵɲɟɧɢɸ�ɢɯ� ɫɬɨɢɦɨɫɬɢ�
>��� �@�� ɉɨɷɬɨɦɭ� ɧɟɨɛɯɨɞɢɦɵ� ɩɨɢɫɤɢ� � ɛɨɥɟɟ� ɞɟ�
ɲɟɜɵɯ�� ɧɨ� ɷɮɮɟɤɬɢɜɧɵɯ� ɜ� ɪɚɛɨɬɟ� ɚɤɤɭɦɭɥɹɬɨ�
ɪɨɜ�� ɇɚɬɪɢɣ� ɢɨɧɧɵɟ� ɚɤɤɭɦɭɥɹɬɨɪɵ� �ɇɂȺ�� ɦɨ�
ɝɭɬ� ɛɵɬɶ� ɩɨɞɯɨɞɹɳɢɦɢ� ɤɚɧɞɢɞɚɬɭɪɚɦɢ�� ɬ�ɤ��
ɧɚɬɪɢɣ�ɫɨɞɟɪɠɚɳɢɟ�ɦɚɬɟɪɢɚɥɵ�ɲɢɪɨɤɨ�ɪɚɫɩɪɨ�
ɫɬɪɚɧɟɧɵ�ɜ�ɩɪɢɪɨɞɟ��ɚ�ɫɬɨɢɦɨɫɬɶ�ɛɚɬɚɪɟɣ�ɦɨɠɟɬ�
ɛɵɬɶ�ɝɨɪɚɡɞɨ�ɧɢɠɟ��ɱɟɦ�ɅɂȺ�>�-��@�� 

ȼ�ɧɚɫɬɨɹɳɟɟ�ɜɪɟɦɹ�ɇɂȺ�ɨɛɥɚɞɚɸɬ�ɛɨɥɟɟ�
ɧɢɡɤɢɦɢ� ɷɧɟɪɝɨɟɦɤɨɫɬɹɦɢ�� ɱɟɦ� ɅɂȺ� >��-��@��
ɉɪɨɛɥɟɦɚ� ɡɚɤɥɸɱɚɟɬɫɹ� ɜ� ɬɨɦ�� ɱɬɨ� ɤɚɬɢɨɧɵ�
ɧɚɬɪɢɹ� ɤɪɭɩɧɟɟ�� ɱɟɦ� ɤɚɬɢɨɧɵ� ɥɢɬɢɹ�� ɩɨɷɬɨɦɭ�
ɧɟɨɛɯɨɞɢɦɨ� ɩɨɞɨɛɪɚɬɶ� ɤɚɬɨɞɧɵɟ� ɢ� ɚɧɨɞɧɵɟ��
ɦɚɬɟɪɢɚɥɵ�ɬɚɤ��ɱɬɨɛɵ�ɨɛɟɫɩɟɱɢɬɶ�ɨɩɬɢɦɚɥɶɧɵɣ�
ɪɟɠɢɦ� ɩɪɨɬɟɤɚɧɢɹ� ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ� ɩɪɨɰɟɫ�
ɫɨɜ�ɜ�ɇɂȺ��ɉɨɫɤɨɥɶɤɭ�ɷɮɮɟɤɬɢɜɧɨɫɬɶ�ɪɚɛɨɬɵ�ɜ�
ɚɤɤɭɦɭɥɹɬɨɪɚɯ�ɜɨ�ɦɧɨɝɨɦ� ɡɚɜɢɫɢɬ�ɨɬ�ɤɚɬɨɞɧɵɯ�
ɦɚɬɟɪɢɚɥɨɜ��ɬɨ�ɧɟɨɛɯɨɞɢɦɨ�ɜɵɛɪɚɬɶ�ɦɚɬɟɪɢɚɥɵ��
ɫɩɨɫɨɛɧɵɟ� ɨɛɟɫɩɟɱɢɬɶ� ɩɪɟɞɴɹɜɥɹɟɦɵɟ� ɤ� ɧɢɦ�
ɬɪɟɛɨɜɚɧɢɹ��ɬ�ɟ��ɢɦɟɬɶ�ɜɵɫɨɤɢɣ�ɪɟɞɨɤɫ�ɩɨɬɟɧɰɢ�
ɚɥ�� ɯɨɪɨɲɭɸ� ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɭɸ� ɟɦɤɨɫɬɶ� ɢ�
ɫɬɪɭɤɬɭɪɧɭɸ�ɭɫɬɨɣɱɢɜɨɫɬɶ�ɩɪɢ�ɰɢɤɥɢɪɨɜɚɧɢɢ�ɜ�
ɇɂȺ�>��-��@�� 

Ȼɨɥɶɲɢɧɫɬɜɭ� ɷɬɢɯ� ɬɪɟɛɨɜɚɧɢɣ� ɭɞɨɜɥɟ�
ɬɜɨɪɹɟɬ�Į-1D�)H��32�����ɤ�ɬɨɦɭ�ɠɟ�ɟɝɨ�ɬɟɨɪɟɬɢɱɟ�
ɫɤɚɹ� ɟɦɤɨɫɬɶ� ɦɨɠɟɬ� ɞɨɫɬɢɝɚɬɶ� ���� ɦȺɱ�ɝ�� ɂɡ�
ɜɟɫɬɧɨ��ɱɬɨ�ɜ�ɧɢɡɤɨɫɢɦɦɟɬɪɢɱɧɨɣ�ɮɚɡɟ�ɫɬɪɭɤɬɭ�
ɪɚ�ɩɨɥɢɤɪɢɫɬɚɥɥɚ�Į-1D�)H��32����ɹɜɥɹɟɬɫɹ�ɦɨɧɨ�
ɤɥɢɧɧɨ-ɢɫɤɚɠɟɧɧɨɣ� �ɩɪ�� ɝɪ�� &��P�� ɫ� ɚɧɬɢɫɟɝɧɟ�
ɬɨɷɥɟɤɬɪɢɱɟɫɤɢɦ� ɬɢɩɨɦ� ɭɩɨɪɹɞɨɱɟɧɢɹ� >���� ��@��
Ʉɪɢɫɬɚɥɥɢɱɟɫɤɢɣ� ɤɚɪɤɚɫ� ɷɬɨɝɨ� ɩɨɥɢɤɪɢɫɬɚɥɥɚ�
ɩɨɫɬɪɨɟɧ� ɢɡ� ɩɨɥɢɚɧɢɨɧɧɵɯ� ɩɨɥɢɷɞɪɨɜ� )HɈ�� ɢ�
32��ɢ�ɫɨɞɟɪɠɢɬ�ɤɚɬɢɨɧ�)H�ɩɟɪɟɦɟɧɧɨɣ�ɜɚɥɟɧɬɧɨ�
ɫɬɢ��ɩɨɷɬɨɦɭ�ɩɪɢ�ɟɝɨ�ɢɫɩɨɥɶɡɨɜɚɧɢɢ�ɜ�ɤɚɱɟɫɬɜɟ�
ɤɚɬɨɞɧɨɝɨ�ɦɚɬɟɪɢɚɥɚ�ɦɨɠɟɬ�ɛɵɬɶ�ɨɛɟɫɩɟɱɟɧ�ɧɟ�
ɨɛɯɨɞɢɦɵɣ�ɪɟɞɨɤɫ�ɩɨɬɟɧɰɢɚɥ�ɜ�ɇɂȺ���Ȼɥɚɝɨɞɚ�
ɪɹ� ɤɚɪɤɚɫɧɨɦɭ� ɫɩɨɫɨɛɭ� ɩɨɫɬɪɨɟɧɢɹ� ɚɧɢɨɧɧɨɣ�
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ� ɫɬɪɭɤɬɭɪɵ� ^>)H��Ɋ2���@

�-`�¥� ɢ�
ɧɚɥɢɱɢɸ� ɜ� ɧɢɯ� ɬɪɟɯɦɟɪɧɵɯ� ©ɤɚɧɚɥɨɜ� ɩɪɨɜɨɞɢ�
ɦɨɫɬɢª� ɜɨɡɦɨɠɧɚ� ɢɨɧɧɚɹ� ɩɪɨɜɨɞɢɦɨɫɬɶ� ɜ� Į-
1D�)H��32����� ɚ� ɟɝɨ� ɫɬɪɭɤɬɭɪɧɚɹ� ɫɬɚɛɢɥɶɧɨɫɬɶ�
ɦɨɠɟɬ� ɨɛɟɫɩɟɱɢɬɶɫɹ� ɝɢɛɤɨɫɬɶɸ� ɢ� ɩɨɞɜɢɠ-
ɧɨɫɬɶɸ� ɝɪɭɩɩɢɪɨɜɨɤ� 32�� >��-��@�� ɉɨɷɬɨɦɭ�
ɤɚɬɨɞɵ�ɧɚ�ɨɫɧɨɜɟ�ɩɨɥɢɤɪɢɫɬɚɥɥɚ�Į-1D�)H��32����
ɫɩɨɫɨɛɧɵ�ɤ�ɦɚɥɵɦ�ɨɛɴɟɦɧɵɦ�ɪɚɫɲɢɪɟɧɢɹɦ�ɩɪɢ�
ɢɧɬɟɪɤɚɥɹɰɢɢ�ɞɟɢɧɬɟɪɤɚɥɹɰɢɢ� ɢɨɧɨɜ� 1D� ɜ�

ɇɂȺ�� Ʉ� ɧɟɞɨɫɬɚɬɤɚɦ� ɤɚɬɨɞɨɜ� ɧɚ� ɨɫɧɨɜɟ� ɩɨɥɢ�
ɤɪɢɫɬɚɥɥɚ� Į-1D�)H��32���� ɦɨɠɧɨ� ɨɬɧɟɫɬɢ�
ɧɢɡɤɢɟ� ɭɞɟɥɶɧɵɟ� ɟɦɤɨɫɬɢ� ��� ɦȺɱ�ɝ� � ɜ� ɇɂȺ� ɢ�
ɢɨɧɧɵɟ� ɩɪɨɜɨɞɢɦɨɫɬɢ� >���� ���� ��@�� � ɉɨɷɬɨɦɭ�
ɧɟɨɛɯɨɞɢɦɨ� ɩɨɜɵɫɢɬɶ� ɩɪɨɜɨɞɹɳɢɟ� ɢ� ɷɥɟɤɬɪɨ-
ɯɢɦɢɱɟɫɤɢɟ� ɫɜɨɣɫɬɜɚ� ɧɚɬɪɢɣ� ɫɨɞɟɪɠɚɳɢɯ�
ɤɚɬɨɞɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɞɥɹ� ɇɂȺ� ɩɭɬɟɦ�
ɪɚɡɪɚɛɨɬɤɢ� ɪɚɡɧɵɯ� ɫɩɨɫɨɛɨɜ� ɩɨɜɵɲɟɧɢɹ�
ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ�ɇɂȺ�� 

ɂɡɜɟɫɬɧɨ��ɱɬɨ�ɫɢɧɬɟɡ�Į-1D�)H��32����ɦɟ�
ɬɨɞɨɦ� ɝɨɪɹɱɟɝɨ� ɩɪɟɫɫɨɜɚɧɢɹ� � ɱɚɫɬɢɱɧɨ� ɩɨɜɵ�
ɲɚɟɬ�ɢɨɧɧɭɸ�ɩɪɨɜɨɞɢɦɨɫɬɶ�ɷɬɨɝɨ�ɫɨɟɞɢɧɟɧɢɹ�ɜ�
ɪɟɡɭɥɶɬɚɬɟ� ɱɚɫɬɢɱɧɨɝɨ� ɫɧɹɬɢɹ� ɦɨɧɨɤɥɢɧɧɨɝɨ�
ɢɫɤɚɠɟɧɢɹ� ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ� ɤɚɪɤɚɫɚ� ɩɪɢ� ɤɪɢ�
ɫɬɚɥɥɢɡɚɰɢɢ� >��@�� ɉɪɢ� ɢɫɩɨɥɶɡɨɜɚɧɢɢ� ɷɬɨɝɨ�
ɦɚɬɟɪɢɚɥɚ� ɜ� ɤɚɱɟɫɬɜɟ� ɤɚɬɨɞɧɨɝɨ� ɦɚɬɟɪɢɚɥɚ� ɜ�
ɇɂȺ�ɭɞɚɥɨɫɶ�ɧɟɦɧɨɝɨ�ɩɨɜɵɫɢɬɶ�ɭɞɟɥɶɧɭɸ�ɪɚɡ�
ɪɹɞɧɭɸ�ɟɦɤɨɫɬɶ�>��@� 

ɍɠɟ� ɢɫɩɨɥɶɡɭɸɬɫɹ� ɪɚɡɥɢɱɧɵɟ� ɦɟɬɨɞɵ�
ɫɢɧɬɟɡɚ� ɷɬɨɝɨ�ɦɚɬɟɪɢɚɥɚ� ɞɥɹ� ɩɨɜɵɲɟɧɢɹ� ɷɧɟɪ�
ɝɨɟɦɤɨɫɬɧɵɯ� ɩɚɪɚɦɟɬɪɨɜ� ɤɚɬɨɞɨɜ� ɧɚ� ɨɫɧɨɜɟ�Į-
1D�)H��32�����ȼ�ɱɚɫɬɧɨɫɬɢ��ɩɭɬɟɦ�ɫɢɧɬɟɡɚ�ɩɨɥɢ�
ɤɪɢɫɬɚɥɥɨɜ� Į-1D�)H��32���� ɡɨɥɶ-ɝɟɥɶ� ɦɟɬɨɞɨɦ�
ɭɞɚɥɨɫɶ�ɩɨɥɭɱɢɬɶ�ɩɨɪɢɫɬɵɣ�ɦɚɬɟɪɢɚɥ��ɤɨɬɨɪɵɣ�
ɫɩɨɫɨɛɟɧ� ɩɨɜɵɫɢɬɶ� ɧɚɱɚɥɶɧɭɸ� ɪɚɡɪɹɞɧɭɸ� ɟɦ�
ɤɨɫɬɶ�ɞɨ������ɦȺɱāɝí��ɜ�ɇɂȺ�>��@��Ɍɚɤɠɟ�ɩɭɬɟɦ�
ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɦɟɬɨɞɚ� ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ� ɫɭɲɤɢ�
ɭɞɚɥɨɫɶ� ɩɨɥɭɱɢɬɶ� ɱɟɲɭɣɱɚɬɨ-ɩɨɪɢɫɬɵɣ� ɩɨɥɢ-
ɤɪɢɫɬɚɥɥ�1D�)H��32���� >��@��Ʉɚɬɨɞɵ�ɢɡ�ɞɚɧɧɨɝɨ�
ɦɚɬɟɪɢɚɥɚ� ɩɨɤɚɡɚɥɢ� ɧɚɱɚɥɶɧɭɸ� ɭɞɟɥɶɧɭɸ�
ɟɦɤɨɫɬɶ�������ɦȺɱ�ɝ-��ɜ�ɇɂȺ�� 

ȼ� ɪɚɛɨɬɟ� >��@� ɛɵɥɨ� ɭɫɬɚɧɨɜɥɟɧɨ�� ɱɬɨ�
ɢɨɧɧɭɸ� ɩɪɨɜɨɞɢɦɨɫɬɶ� ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ� Į-
1D�)H��32���� ɦɨɠɧɨ� ɩɨɜɵɫɢɬɶ� ɩɭɬɟɦ�
ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɪɚɫɩɥɚɜɧɨɝɨ� ɦɟɬɨɞɚ� ɫɢɧɬɟɡɚ��
Ɉɞɧɚɤɨ� ɧɟɬ� ɞɚɧɧɵɯ� ɩɨ� ɢɫɫɥɟɞɨɜɚɧɢɸ�
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ�ɫɜɨɣɫɬɜ�ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ�Į-
1D�)H��32�����ɩɨɥɭɱɟɧɧɵɯ�ɪɚɫɩɥɚɜɧɵɦ�ɦɟɬɨɞɨɦ�
ɫɢɧɬɟɡɚ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɨɩɬɢɱɟɫɤɨɝɨ�ɢɡɥɭɱɟ�
ɧɢɹ� 

ȼ� ɞɚɧɧɨɣ� ɪɚɛɨɬɟ� ɩɥɚɧɢɪɭɟɬɫɹ� ɢɫɫɥɟɞɨ�
ɜɚɬɶ� ɜɥɢɹɧɢɟ� � ɬɜɟɪɞɨɮɚɡɧɨɝɨ� ɢ� ɪɚɫɩɥɚɜɧɨɝɨ�
ɦɟɬɨɞɨɜ� ɧɚ� ɫɬɪɭɤɬɭɪɭ� ɢ� ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ�
ɫɜɨɣɫɬɜɚ�ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ�1D�)H��32����� 

 
Ɇɟɬɨɞɵ�ɢɫɫɥɟɞɨɜɚɧɢɹ 
Ȼɵɥɢ� ɩɨɥɭɱɟɧɵ� ɩɨɥɢɤɪɢɫɬɚɥɥɵ� 1D�)H�

�32����ɞɜɭɯ�ɬɢɩɨɜ��ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ�ɪɚɡɥɢɱɧɵ�
ɦɢ�ɦɟɬɨɞɚɦɢ��ɂɫɯɨɞɧɵɦɢ�ɪɟɚɤɬɢɜɚɦɢ�ɫɥɭɠɢɥɢ�
ɫɨɥɢ�ɤɚɪɛɨɧɚɬɚ�ɧɚɬɪɢɹ��ɨɤɫɢɞ�ɠɟɥɟɡɚ�ɢ�ɮɨɫɮɚɬɚ�
ɚɦɦɨɧɢɹ��1D�&Ɉ���)H�2���1+�+�32��� �ɜɫɟ�ɪɟɚɤ�
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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$�7(;12/2*,<$, 

 

1D�)H��32���� ɨɫɭɳɟɫɬɜɥɹɥɢɫɶ� ɩɢɤɧɨɦɟɬɪɢɱɟ�
ɫɤɢɦ�ɦɟɬɨɞɨɦ�>��@�� 

ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɩɨ�
ɥɢɤɪɢɫɬɚɥɥɨɜ�1D�)H��32�������ɢ���ɬɢɩɨɜ�ɩɪɨɜɨ�
ɞɢɥɢ�ɜ�ɬɪɟɯ-ɷɥɟɤɬɪɨɞɧɨɣ�ɹɱɟɣɤɟ�ɬɢɩɚ�©Ɍ-FHOOª��
ɍɝɥɟɪɨɞɧɚɹ�ɬɤɚɧɶ��ɯɥɨɪɫɟɪɟɛɪɹɧɵɣ�ɷɥɟɤɬɪɨɞ�ɢ�
ɢɫɫɥɟɞɭɟɦɵɣ� ɦɚɬɟɪɢɚɥɵ� �1D�)H��32���� ɢ� ɞɪ���
ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ� ɜ� ɤɚɱɟɫɬɜɟ� ɩɪɨɬɢɜɨɷɥɟɤɬɪɨɞɚ��
ɷɥɟɤɬɪɨɞɚ� ɫɪɚɜɧɟɧɢɹ� ɢ� ɪɚɛɨɱɟɝɨ� ɷɥɟɤɬɪɨɞɨɜ�
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ��ɇɚɫɵɳɟɧɧɵɣ� ɜɨɞɧɵɣ� ɪɚɫɬɜɨɪ�
1D&O2�� �ɋ� a� ����Ɇ�� ɢɫɩɨɥɶɡɨɜɚɥɫɹ� ɜ� ɤɚɱɟɫɬɜɟ�
ɷɥɟɤɬɪɨɥɢɬɚ��ɚ�ɮɢɥɶɬɪ�:KDWPDQ�ɢɫɩɨɥɶɡɨɜɚɥɫɹ�
ɜ� ɤɚɱɟɫɬɜɟ� ɦɟɦɛɪɚɧɵ�� Ʉɚɬɨɞɧɵɣ� ɦɚɬɟɪɢɚɥ� ɝɨ�
ɬɨɜɢɥɢ� ɩɭɬɟɦ� ɫɦɟɲɢɜɚɧɢɹ� ��� ɦɚɫ��� ɫɢɧɬɟɡɢ�
ɪɨɜɚɧɧɨɝɨ�ɦɚɬɟɪɢɚɥɚ�����ɦɚɫ���ɭɝɥɟɪɨɞɚ�7LPL�
FDO�&���ɜ�ɤɚɱɟɫɬɜɟ�ɩɪɨɜɨɞɹɳɟɝɨ�ɩɨɪɨɲɤɚ�ɢ����
ɦɚɫ���ɪɚɫɬɜɨɪɚ���ɦɚɫ���ɩɨɥɢɜɢɧɢɥɢɞɟɧɮɬɨɪɢ�
ɞɚ� �39G)�� ɜ� ɧ-ɦɟɬɢɥɩɢɪɨɥɥɢɞɨɧɟ� �103��� ɢɫ�
ɩɨɥɶɡɭɸɳɟɝɨɫɹ� ɜ� ɤɚɱɟɫɬɜɟ� ɫɜɹɡɭɸɳɟɝɨ�� ȼ� ɤɚ�
ɱɟɫɬɜɟ� ɩɨɞɥɨɠɤɢ� ɞɥɹ� ɤɚɬɨɞɨɜ� ɢɫɩɨɥɶɡɨɜɚɥɢ�
ɝɪɚɮɢɬɨɜɭɸ� ɮɨɥɶɝɭ� �WKLQJUDSKIRLO��� ɐɢɤɥɢɱɟ�
ɫɤɚɹ�ɜɨɥɶɬɚɦɩɟɪɨɦɟɬɪɢɹ��ɐȼȺ��ɩɪɨɜɨɞɢɥɢɫɶ�ɫ�
ɩɨɦɨɳɶɸ� ɩɨɬɟɧɰɢɨɫɬɚɬɚ�ɝɚɥɶɜɚɧɨɫɬɚɬɚ� %LR�
/RJLF�&3-�����ȼɫɟ�ɢɡɦɟɪɟɧɢɹ�ɩɪɨɜɨɞɢɥɢɫɶ� ɨɬ�
ɧɨɫɢɬɟɥɶɧɨ�ɯɥɨɪɫɟɪɟɛɪɹɧɨɝɨ�ɷɥɟɤɬɪɨɞɚ�ɫɪɚɜɧɟ�
ɧɢɹ� 

 
Ɋɟɡɭɥɶɬɚɬɵ�ɢ��ɨɛɫɭɠɞɟɧɢɟ 
ɋɬɪɭɤɬɭɪɧɵɟ�ɩɚɪɚɦɟɬɪɵ�ɨɛɪɚɡɰɨɜ 
ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɟ�ɩɨɥɢɤɪɢɫɬɚɥɥɵ�ɩɪɟɞ�

ɫɬɚɜɥɹɥɢ�ɬɚɛɥɟɬɤɢ�ɫɜɟɬɥɨ�ɛɨɪɞɨɜɨɝɨ�ɰɜɟɬɚ�ɞɢɚ�
ɦɟɬɪɨɦ� ��� ɦɦ� ɢ� ɬɨɥɳɢɧɨɣ� ���� ɦɦ�� Ɉɞɧɨɮɚɡ�
ɧɨɫɬɶ� ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ� 1D�)H��32���� ɨɛɟɢɯ� ɬɢ�
ɩɨɜ� ɨɩɪɟɞɟɥɹɥɢɫɶ� ɪɟɧɬɝɟɧɨɝɪɚɮɢɱɟɫɤɢ�� Ⱦɢ�
ɮɪɚɤɬɨɝɪɚɦɦɵ�ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ�1D�)H��32��������
ɢ���ɬɢɩɚ�ɩɪɟɞɫɬɚɜɥɟɧɵ�ɧɚ�ɪɢɫɭɧɤɟ���>��@�� 

ɉɨɥɢɤɪɢɫɬɚɥɥɵ���ɬɢɩɚ�ɫɮɨɪɦɢɪɨɜɚɥɢɫɶ�
ɥɭɱɲɟ�� ɱɟɦ� ɨɛɪɚɡɰɵ� �� ɬɢɩɚ�� ɬ�ɤ�� ɩɨ� ɢɧɬɟɧɫɢɜ�
ɧɨɫɬɢ� ɩɢɤɢ� ɨɛɪɚɡɰɚ� �� ɬɢɩɚ� ɜ� ɞɜɚ� ɪɚɡɚ� ɜɵɲɟ��
ɱɟɦ� ɭ� �� ɬɢɩɚ�� � ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ� ɧɚ� ɪɢɫɭɧɤɟ� ��
ɞɢɮɪɚɤɬɨɝɪɚɦɦɚɦɵ�ɭɤɚɡɵɜɚɸɬ��ɱɬɨ�ɤɪɢɫɬɚɥɥɢ�
ɬɵ�ɜ�ɩɨɥɢɤɪɢɫɬɚɥɥɚɯ���ɬɢɩɚ�ɥɭɱɲɟ�ɫɮɨɪɦɢɪɨ�
ɜɚɥɢɫɶ�ɢ�ɢɦɟɸɬ�ɥɭɱɲɭɸ�ɨɝɪɚɧɤɭ��ɱɟɦ�ɨɛɪɚɡɰɚɯ�
��ɬɢɩɚ�� �ɉɭɬɟɦ�ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ�ɚɧɚɥɢɡɚ�ɫɬɪɭɤ�
ɬɭɪɧɵɯ�ɩɚɪɚɦɟɬɪɨɜ�ɨɛɪɚɡɰɨɜ�ɨɛɟɢɯ� ɬɢɩɚ�ɭɫɬɚ�
ɧɨɜɥɟɧɨ��ɩɚɪɚɦɟɬɪɵ�ɷɥɟɦɟɧɬɚɪɧɵɯ�ɹɱɟɟɤ�ɚ�ɢ�ɜ�
ɩɨɥɢɤɪɢɫɬɚɥɥɚ���ɬɢɩɚ�ɦɟɧɶɲɟ��¨ɚ ������c��¨ɜ�
 ������c���ɱɟɦ�ɭ�ɨɛɪɚɡɰɚ���ɬɢɩɚ��Ɍɚɤɢɟ�ɢɡɦɟɧɟ�
ɧɢɹ�ɦɨɝɥɢ� ɫɮɨɪɦɢɪɨɜɚɬɶɫɹ� ɜ� ɫɬɪɭɤɬɭɪɟ�ɨɛɪɚɡ�
ɰɚ���ɬɢɩɚ�ɩɨɞ�ɞɟɣɫɬɜɢɟɦ�ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ�ɫɢɥ�
ɫɠɚɬɢɹ���ɩɪɢ��ɫɢɧɬɟɡɟ���ȼ��ɪɟɡɭɥɶɬɚɬɟ��ɜɨɡɦɨɠɧɨ� 

ɬɢɜɵ�ɦɚɪɤɢ��ɑ�Ⱦ�Ⱥ��� 
Ɉɛɪɚɡɰɵ� �-ɬɢɩɚ� ɫɢɧɬɟɡɢɪɨɜɚɥɢ� ɬɜɺɪɞɨ�

ɮɚɡɧɵɦ�ɦɟɬɨɞɨɦ�ɩɭɬɟɦ�ɞɜɭɯɫɬɚɞɢɣɧɨɝɨ�ɨɛɠɢ�
ɝɚ�ɢɫɯɨɞɧɨɣ�ɫɦɟɫɢ�ɜ�ɦɭɮɟɥɶɧɨɣ�ɩɟɱɢ�ɩɪɢ�ɬɟɦ�
ɩɟɪɚɬɭɪɚɯ�����ɢ������ɋ�ɢ�ɞɥɢɬɟɥɶɧɨɫɬɶɸ�ɩɨ���ɱ�
ɜ�ɤɚɠɞɨɦ�ɫɥɭɱɚɟ��ɉɪɢ�ɪɚɫɩɥɚɜɧɨɦ�ɦɟɬɨɞɟ�ɫɧɚ�
ɱɚɥɚ� ɨɫɭɳɟɫɬɜɥɹɥɫɹ� ɫɢɧɬɟɡ� ɫɬɟɤɥɨɮɚɡɧɵɯ� ɩɪɟ�
ɤɭɪɫɨɪɨɜ� ɩɨɞ� ɞɟɣɫɬɜɢɟɦ� ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɝɨ�
ɨɩɬɢɱɟɫɤɨɝɨ�ɢɡɥɭɱɟɧɢɹ��ɚ�ɩɨɫɥɟ�ɢɯ�ɨɛɠɢɝɚ��ɩɪɢ�
���� �ɋ� ɜ� ɬɟɱɟɧɢɢ� �� ɱɚɫɨɜ�� ɩɨɥɭɱɚɥɢ� ɩɨɥɢɤɪɢ�
ɫɬɚɥɥɵ�1D�)H��32������-ɬɢɩɚ�� 

ɋɢɧɬɟɡ� ɫɬɟɤɥɨɮɚɡɧɵɯ�ɩɪɟɤɭɪɫɨɪɨɜ�ɨɫɭ�
ɳɟɫɬɜɥɹɥɢ�ɫ�ɩɨɦɨɳɶɸ�ɭɫɬɚɧɨɜɤɢ�ɪɚɞɢɚɰɢɨɧɧɨ�
ɝɨ� ɧɚɝɪɟɜɚ� ɍɊɇ-�-Ɂɉ� ɦɟɬɨɞɨɦ� ɛɟɫɬɢɝɟɥɶɧɨɣ�
ɡɨɧɧɨɣ�ɩɥɚɜɤɢ�ɩɨɞ� ɞɟɣɫɬɜɢɟɦ�ɨɩɬɢɱɟɫɤɨɝɨ�ɢɡ�
ɥɭɱɟɧɢɹ� >���� ��@�� Ɉɛɪɚɡɰɵ� ɢɫɯɨɞɧɨɣ� ɲɢɯɬɵ�
ɩɪɟɫɫɨɜɚɥɢɫɶ� ɜ� ɜɢɞɟ� ɞɜɭɯ� ɰɢɥɢɧɞɪɨɜ�
ɞɢɚɦɟɬɪɨɦ� �� ɫɦ� ɢ� ɞɥɢɧɧɨɣ� �� ɫɦ�� ɉɪɢɱɟɦ� ɫ�
ɨɞɧɨɣ� ɫɬɨɪɨɧɵ� ɤɨɧɰɵ� ɤɚɠɞɨɝɨ� ɰɢɥɢɧɞɪɚ�
ɡɚɨɫɬɪɹɥɢɫɶ�� Ⱦɪɭɝɢɦɢ� ɤɨɧɰɚɦɢ� ɨɛɪɚɡɰɵ�
ɤɪɟɩɢɥɢɫɶ� ɧɚ� ɜɟɪɯɧɢɣ� ɢ� ɧɢɠɧɢɣ� ɲɬɨɤɢ�� ɚ�
ɡɚɨɫɬɪɟɧɧɵɦɢ� ɤɨɧɰɚɦɢ� ɨɧɢ� ɧɚɩɪɚɜɥɹɥɢɫɶ� ɧɚ�
ɜɫɬɪɟɱɭ� ɞɪɭɝ� ɞɪɭɝɭ�� ɍɫɬɚɧɨɜɤɚ� ɩɨɡɜɨɥɹɥɚ��
ɧɚɩɪɚɜɥɹɬɶ� ɫɮɨɤɭɫɢɪɨɜɚɧɧɭɸ� ɫɜɟɬɨɜɭɸ�
ɷɧɟɪɝɢɸ�ɧɚ� ɡɚɨɫɬɪɟɧɧɵɟ� ɤɨɧɰɵ�ɨɛɪɚɡɰɨɜ��ɉɪɢ�
ɧɟɩɪɨɞɨɥɠɢɬɟɥɶɧɨɦ� ɧɚɝɪɟɜɟ� ɢɫɯɨɞɧɵɟ�
ɦɚɬɟɪɢɚɥɵ� 1D�)H��32���� ɩɨɞ� ɞɟɣɫɬɜɢɟɦ� ɫɜɟɬɨ�
ɜɨɣ�ɷɧɟɪɝɢɢ�ɩɨɞɜɟɪɝɚɥɢɫɶ�ɩɥɚɜɥɟɧɢɸ�ɩɪɢ�ɬɟɦ�
ɩɟɪɚɬɭɪɟ����� ɨɋ�ɜ�ɬɟɱɟɧɢɢ��-��ɦɢɧ��ɉɪɢ�ɨɯɥɚ�
ɠɞɟɧɢɢ� ɧɚ� ɜɨɡɞɭɯɟ� ɩɨɥɭɱɟɧɧɵɣ� ɪɚɫɩɥɚɜ� ɩɪɟ�
ɜɪɚɳɚɥɫɹ�ɜ�ɫɬɟɤɥɨɮɡɚɧɵɟ�ɩɪɟɤɭɪɫɨɪɵ��ɋɥɟɞɭɟɬ�
ɨɬɦɟɬɢɬɶ�� ɱɬɨ� ɫɬɟɤɥɨɮɡɚɧɵɟ� ɩɪɟɤɭɪɫɨɪɵ� ɮɨɪ�
ɦɢɪɨɜɚɥɢɫɶ�ɜ�ɫɢɥɶɧɨ�ɧɟɪɚɜɧɨɜɟɫɧɵɯ�ɝɪɚɞɢɟɧɬ�
ɧɨ-ɬɟɦɩɟɪɚɬɭɪɧɵɯ�ɭɫɥɨɜɢɹɯ��ɩɪɨɰɟɫɫɵ�ɩɥɚɜɥɟ�
ɧɢɹ� ɢ� ɨɯɥɚɠɞɟɧɢɹ� ɦɚɬɟɪɢɚɥɚ��� ɩɨɷɬɨɦɭ� ɜ� ɧɢɯ�
ɜɨɡɧɢɤɚɥɢ�ɦɟɯɚɧɢɱɟɫɤɢɟ�ɞɟɮɨɪɦɚɰɢɢ�ɢ�ɧɚɩɪɹ�
ɠɟɧɢɹ��Ⱦɥɹ� ɩɨɥɭɱɟɧɢɹ� ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ� 1D�)H�
�32���� ɫɬɟɤɥɨɮɡɚɧɵɟ� ɩɪɟɤɭɪɫɨɪɵ� ɨɬɠɢɝɚɥɢ� ɜ�
ɦɭɮɟɥɶɧɨɣ�ɩɟɱɢ�ɜ�ɬɟɱɟɧɢɢ���ɱɚɫɨɜ�ɩɪɢ�ɬɟɦɩɟ�
ɪɚɬɭɪɟ������ɋ��ɇɟɫɦɨɬɪɹ�ɧɚ�ɬɨ��ɱɬɨ�ɜ�ɩɪɨɰɟɫɫɟ�
ɨɬɠɢɝɚ� ɫɬɟɤɥɨɮɡɚɧɵɯ� ɩɪɟɤɭɪɫɨɪɨɜ� ɫ� ɧɢɯ� ɫɧɢ�
ɦɚɸɬɫɹ�ɦɟɯɚɧɢɱɟɫɤɢɟ� ɞɟɮɨɪɦɚɰɢɢ� ɢ� ɧɚɩɪɹɠɟ�
ɧɢɹ��ɧɨ�ɨɛɵɱɧɨ�ɨɫɬɚɬɨɱɧɵɟ�ɞɟɮɨɪɦɚɰɢɢ�ɜ�ɧɟɦ�
ɫɨɯɪɚɧɹɬɶɫɹ�� 

Ɉɞɧɨɮɚɡɧɨɫɬɶ� ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ� ɨɛɪɚɡ�
ɰɨɜ� ɢ� ɩɚɪɚɦɟɬɪɵ� ɫɬɪɭɤɬɭɪɵ� ɨɩɪɟɞɟɥɹɥɢɫɶ� ɫ�
ɩɨɦɨɳɶɸ� ɪɟɧɬɝɟɧɨɜɫɤɢɯ� ɞɢɮɪɚɤɬɨɦɟɬɪɚɯ�
%UXNHU�'���&X.Į�-�ɢɡɥɭɱɟɧɢɟ���ɗɥɟɦɟɧɬɧɵɟ�ɚɧɚ�
ɥɢɡɵ� ɨɛɪɚɡɰɨɜ� ɨɫɭɳɟɫɬɜɥɹɥɢɫɶ� ɧɚ� ɫɤɚɧɢɪɭɸ�
ɳɢɯ� ɷɥɟɤɬɪɨɧɧɵɯ� ɦɢɤɪɨɫɤɨɩɚɯ� -(2/-����/$��
ɂɫɫɥɟɞɨɜɚɧɢɹ� ɩɥɨɬɧɨɫɬɢ� ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ�
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0$7(5,$/6�6&,(1&(�$1'�(1*,1((5,1* 
ɆȺɌȿɊɂȺɅɈȼȿȾȿɇɂȿ�ɂ�ɌȿɏɇɈɅɈȽɂə 

0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 

ɩɨɜɵɲɟɧɢɟ�ɫɢɦɦɟɬɪɢɢ�ɤɪɢɫɬɚɥɥɚ�Į-1D�)H��32����
ɡɚ� ɫɱɟɬ� ɱɚɫɬɢɱɧɨɝɨ� ɫɧɹɬɢɹ�ɦɨɧɨɤɥɢɧɧɨɝɨ� ɢɫɤɚ�
ɠɟɧɢɹ� ɫɬɪɭɤɬɭɪɵ�� � ɉɭɬɟɦ� ɚɧɚɥɢɡɚ� ɩɚɪɚɦɟɬɪɨɜ�
ɷɥɟɦɟɧɬɚɪɧɵɯ�ɹɱɟɟɤ�ɨɛɪɚɡɰɨɜ���ɢ���ɬɢɩɚ�ɜ�ɪɚɛɨ�
ɬɟ�>��@��ɛɵɥɨ�ɭɫɬɚɧɨɜɥɟɧɨ��ɱɬɨ�ɢɡɦɟɧɟɧɢɹ�ɫɬɪɭɤ�
ɬɭɪɧɵɯ� ɩɚɪɚɦɟɬɪɨɜ� ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ� 1D�)H�
�32���� �� ɬɢɩɚ� ɫɜɹɡɚɧɵ� ɫ� ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ� ɞɟ�
ɮɨɪɦɚɰɢɹɦɢ�� ɤɨɬɨɪɵɟ�ɹɜɥɹɸɬɫɹ�ɩɪɢɱɢɧɨɣ�ɫɧɢ�
ɠɟɧɢɹ�ɜ�ɧɢɯ�ɦɨɧɨɤɥɢɧɧɵɯ�ɢɫɤɚɠɟɧɢɣ�ɫɬɪɭɤɬɭ�
ɪɵ�ɢ�ɩɨɜɵɲɟɧɢɹ�ɢɨɧɧɨɣ�ɩɪɨɜɨɞɢɦɨɫɬɢ�� 
���������ɋ�ɩɨɦɨɳɶɸ�ɷɥɟɦɟɧɬɧɨɝɨ�ɚɧɚɥɢɡɚ�ɫɨɫɬɚɜɨɜ�
ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ� �� ɢ� �� ɬɢɩɚ� ɛɵɥɨ� ɭɫɬɚɧɨɜɥɟɧɨ��
ɱɬɨ� ɫɭɳɟɫɬɜɟɧɧɵɯ� ɢɡɦɟɧɟɧɢɣ� ɨɬ� ɫɬɟɯɢɨɦɟɬɪɢ�
ɱɟɫɤɨɝɨ�ɫɨɫɬɚɜɚ�ɜ�ɧɢɯ�ɧɟ�ɧɚɛɥɸɞɚɟɬɫɹ���Ⱦɪɭɝɢɦ�
ɜɚɠɧɵɦ�ɩɚɪɚɦɟɬɪɨɦ�ɫɬɟɤɥɨɮɚɡɧɵɯ�ɩɪɟɤɭɪɫɨɪɨɜ�
ɢ�ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ�1D�)H��32������ ɬɢɩɚ�ɹɜɥɹɟɬɫɹ�
ɛɨɥɟɟ�ɜɵɫɨɤɚɹ�ɩɥɨɬɧɨɫɬɶ�� ɱɟɦ�ɜ�ɨɛɪɚɡɰɚɯ��� ɬɢ�
ɩɚ�� Ⱦɥɹ� ɨɛɪɚɡɰɨɜ� �� ɬɢɩɚ� ɩɥɨɬɧɨɫɬɶ� ɫɨɫɬɚɜɥɹɥɚ�
����ɨɬ�ɬɟɨɪɟɬɢɱɟɫɤɨɣ�ɜɨɡɦɨɠɧɨɣ��ɚ�ɞɥɹ�ɨɛɪɚɡɰɨɜ�
��ɬɢɩɚ�ɷɬɚ�ɜɟɥɢɱɢɧɚ�ɞɨɫɬɢɝɚɥɚ�ɞɨ������ȼɟɪɨɹɬ�
ɧɨ��ɛɥɚɝɨɞɚɪɹ�ɜɵɫɨɤɨɣ�ɩɥɨɬɧɨɫɬɢ�ɫɬɟɤɥɨɮɚɡɧɵɯ�
ɩɪɟɤɭɪɫɨɪɨɜ� ɭɫɤɨɪɹɸɬɫɹ� ɩɪɨɰɟɫɫɵ� ɤɪɢɫɬɚɥɥɢ�
ɡɚɰɢɢ� ɤɪɢɫɬɚɥɥɢɬɨɜ� ɜ� ɩɨɥɢɤɪɢɫɬɚɥɥɟ� �� ɬɢɩɚ� ɢ�
ɮɨɪɦɢɪɭɸɬɫɹ� ɛɨɥɟɟ� ɤɚɱɟɫɬɜɟɧɧɵɟ� ɢ� ɩɥɨɬɧɵɟ�
ɤɟɪɚɦɢɱɟɫɤɢɟ�ɨɛɪɚɡɰɵ��ɱɟɦ�ɜ�ɨɛɪɚɡɰɚɯ���ɬɢɩɚ�� 

ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ� ɫɜɨɣɫɬɜɚ� ɷɥɟɤ�
ɬɪɨɞɨɜ�ɧɚ�ɨɫɧɨɜɟ�ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ 

ȼɫɟ� ɢɡɦɟɪɟɧɢɹ� ɡɚɪɹɞɧɨ-ɪɚɡɪɹɞɧɵɯ� ɝɚɥɶ�
ɜɚɧɨɫɬɚɬɢɱɟɫɤɢɯ� ɤɪɢɜɵɯ� 1D�)H��32���� ɫ� ɧɟɜɨɞ�
ɧɵɦɢ� ɷɥɟɤɬɪɨɥɢɬɚɦɢ� ɩɪɨɜɨɞɢɥɢɫɶ� ɜ� ɩɟɪɱɚɬɨɱ�
ɧɨɦ�ɛɨɤɫɟ�ɫ�ɢɧɟɪɬɧɨɣ�ɚɬɦɨɫɮɟɪɨɣ��$U��ɫ�ɫɨɞɟɪ�
ɠɚɧɢɟɦ�ɤɢɫɥɨɪɨɞɚ�ɢ�ɜɨɞɵ������SSP��ɪɢɫ������ 

ɇɚ� ɪɢɫɭɧɤɟ� �� ɩɪɢɜɟɞɟɧɵ� ɡɚɪɹɞɧɨ-ɪɚɡ-
ɪɹɞɧɵɟ� ɝɚɥɶɜɚɧɨɫɬɚɬɢɱɟɫɤɢɟ� ɤɪɢɜɵɟ�� ɩɨɥɭɱɟɧ�
ɧɵɟ�ɜ�ɹɱɟɣɤɟ�ɫ�ɧɚɬɪɢɟɜɵɦ�ɚɧɨɞɨɦ�ɢ�ɤɚɬɨɞɨɦ�ɧɚ�
ɨɫɧɨɜɟ�ɩɨɥɢɤɪɢɫɬɚɥɥɚ�1D�)H��32����� 

ɐɢɤɥɢɪɨɜɚɧɢɟ� ɨɛɪɚɡɰɨɜ� 1D�)H��32���� ɜ�
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ�ɫɢɫɬɟɦɟ�ɩɪɨɜɨɞɢɥɢ�ɫɨ�ɫɤɨ�
ɪɨɫɬɶɸ����&�ɜ�ɞɢɚɩɚɡɨɧɟ�ɧɚɩɪɹɠɟɧɢɣ����–����ȼ��
ɉɨɫɥɟ� ɞɥɢɬɟɥɶɧɵɯ� ɢɫɩɵɬɚɧɢɣ� ɛɵɥɢ�ɩɨɥɭɱɟɧɵ�
ɡɚɪɹɞɧɨ-ɪɚɡɪɹɞɧɵɟ� ɤɪɢɜɵɟ� ɢ� ɩɨɫɱɢɬɚɧɵ� ɫɪɟɞ�
ɧɢɟ�ɟɦɤɨɫɬɢ�ɡɚɪɹɞɚ�ɪɚɡɪɹɞɚ��ɬɚɛɥ���� 

ɂɡɜɟɫɬɧɨ�� ɱɬɨ� ɩɟɪɟɧɨɫ� ɡɚɪɹɞɚ� ɜ� ɷɥɟɤɬɪɨ�
ɯɢɦɢɱɟɫɤɢɯ�ɫɢɫɬɟɦɚɯ�ɨɩɢɫɵɜɚɟɬɫɹ�ɭɪɚɜɧɟɧɢɟɦ�
ɇɟɪɧɫɬɚ��ɤɨɬɨɪɵɣ�ɫɜɹɡɵɜɚɟɬ�ɩɨɬɟɧɰɢɚɥ�ɨɤɢɫɥɢ�
ɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɝɨ� ɩɪɨɰɟɫɫɚ� �(�� ɫɨ�
ɫɬɚɧɞɚɪɬɧɵɦ� ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɦ� ɩɨɬɟɧɰɢɚɥɨɦ�
�(���ɢ�ɥɨɝɚɪɢɮɦɨɦ�ɤɨɷɮɮɢɰɢɟɧɬɚ�ɪɟɚɤɰɢɢ��ɜɵ�
ɪɚɠɟɧɧɨɝɨ� ɚɤɬɢɜɧɨɫɬɹɦɢ� ɜɨɜɥɟɱɟɧɧɵɯ� ɱɚɫɬɢɰ�

Ɋɢɫɭɧɨɤ����Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɵ�ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ�1D�)H��32�����ɩɨɥɭɱɟɧɧɵɯ�ɬɜɟɪɞɨɮɚɡɧɵɦ��ɬɢɩ���ɨɛɪɚɡɰɨɜ��ɢ� 
ɪɚɫɩɥɚɜɥɟɧɧɵɦ��ɬɢɩ���ɨɛɪɚɡɰɨɜ��ɦɟɬɨɞɚɦɢ� 

Ɋɢɫɭɧɨɤ����Ɏɨɬɨɝɪɚɮɢɢ�ɩɟɪɱɚɬɨɱɧɨɝɨ�ɛɨɤɫɚ�ɫ�ɢɧɟɪɬɧɨɣ� 
ɚɬɦɨɫɮɟɪɨɣ�ɞɥɹ�ɢɫɩɵɬɚɧɢɹ�ɤɚɬɨɞɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɜ�ɷɥɟɤɬɪɨ�

ɥɢɬɚɯ�ɧɚ�ɰɢɤɥɢɪɭɟɦɨɫɬɶ� 
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ɥɢɲɶ�ɧɚ�����ɜ�ɧɟ�ɜɨɞɧɨɣ�ɫɪɟɞɟ��ɨɬ�ɋɬɟɨɪ� �����
ɦȺɱ�ɝ��� ɱɬɨ� ɹɜɥɹɟɬɫɹ� ɞɨɫɬɚɬɨɱɧɨ� ɯɨɪɨɲɢɦ� ɪɟ�
ɡɭɥɶɬɚɬɨɦ�� ȼ� ɰɟɥɨɦ� ɦɚɬɟɪɢɚɥ� ɧɟ� ɩɨɞɜɟɪɝɚɟɬɫɹ�
ɫɭɳɟɫɬɜɟɧɧɨɣ� ɞɟɝɪɚɞɚɰɢɢ� ɩɪɢ� ɰɢɤɥɢɪɨɜɚɧɢɢ�
ɧɚ�ɩɪɨɬɹɠɟɧɢɢ���ɰɢɤɥɨɜ�� ɜ�ɩɨɫɥɟɞɭɸɳɟɦ�ɬɪɟ�
ɛɭɟɬɫɹ�ɭɜɟɥɢɱɟɧɢɟ�ɤɨɥɢɱɟɫɬɜɚ�ɰɢɤɥɨɜ�ɞɥɹ�ɩɪɨ�
ɜɟɪɤɢ�ɫɬɚɛɢɥɶɧɨɫɬɢ�ɞɚɧɧɨɝɨ�ɦɚɬɟɪɢɚɥɚ� 

���ɉɨ�ɡɧɚɱɟɧɢɹɦ�ɭɞɟɥɶɧɨɣ�ɟɦɤɨɫɬɢ�ɨɛɪɚɡ�
ɰɨɜ� �� ɢ� �� ɬɢɩɚ� ɦɨɠɧɨ� ɪɚɫɫɱɢɬɚɬɶ� ɤɨɥɢɱɟɫɬɜɨ�
ɧɨɫɢɬɟɥɟɣ�ɡɚɪɹɞɚ��Q���ɬ�ɟ��ɢɨɧɨɜ�ɧɚɬɪɢɹ��ɭɱɚɫɬ�
ɜɨɜɚɜɲɢɯ� ɜ� ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ� ɩɪɨɰɟɫɫɚɯ� ɡɚ�
ɪɹɞɚ�ɪɚɡɪɹɞɚ�ɩɨ�ɮɨɪɦɭɥɟ� 

�������������������    
ɝɞɟ� ɋ� –ɡɧɚɱɟɧɢɹ� ɟɦɤɨɫɬɢ� ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ�
ɹɱɟɣɤɢ��Ɇ�-�ɦɨɥɹɪɧɚɹ�ɦɚɫɫɚ�ɤɚɬɨɞɧɨɝɨ�ɦɚɬɟɪɢ�
ɚɥɚ��)�–�ɱɢɫɥɨ�Ɏɚɪɚɞɟɹ� 

Ⱦɚɧɧɵɟ�ɩɨ�ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ�ɢɫɩɵɬɚ�
ɧɢɹɦ� ɨɛɪɚɡɰɨɜ� 1D�)H��32���� ɢ� ɪɚɫɱɟɬɚɦ� ɩɚɪɚ�
ɦɟɬɪɚ��Q�ɩɪɢɜɟɞɟɧɵ�ɜ�ɬɚɛɥɢɰɟ� 

Ʉɚɤ� ɜɢɞɧɨ� ɢɡ� ɬɚɛɥɢɰɵ� ɨɛɚ� ɨɛɪɚɡɰɚ�
1D�)H��32���� ɨɛɥɚɞɚɸɬ� ɨɬɧɨɫɢɬɟɥɶɧɨ� ɧɟɜɵɫɨ�
ɤɢɦɢ� ɡɧɚɱɟɧɢɹɦɢ� ɟɦɤɨɫɬɢ�� ɧɟɫɦɨɬɪɹ� ɧɚ�ɧɚɥɢ�
ɱɢɟ�ɜ�ɚɧɢɨɧɧɨɣ�ɫɬɪɭɤɬɭɪɟ�ɷɬɢɯ�ɮɨɫɮɚɬɨɜ�ɤɚɧɚ�
ɥɨɜ� ɩɪɨɜɨɞɢɦɨɫɬɢ�� ɤɚɬɢɨɧɨɜ� ɧɚɬɪɢɹ�� ɚ� ɬɚɤɠɟ�
ɤɚɬɢɨɧɨɜ�ɩɟɪɟɦɟɧɧɨɣ�ɜɚɥɟɧɬɧɨɫɬɢ�)H���)H���� 

Ɍɟɦ�ɧɟ�ɦɟɧɟɟ��ɢɡ�ɞɚɧɧɵɯ�ɬɚɛɥ����ɜɢɞɧɨ��
ɱɬɨ� � ɩɨ� ɭɞɟɥɶɧɨɣ� ɟɦɤɨɫɬɢ� ɩɨɥɢɤɪɢɫɬɚɥɥɵ�
1D�)H��32���� ���ɬɢɩɚ�ɨɛɥɚɞɚɸɬ�ɛɨɥɟɟ�ɜɵɫɨɤɢɦɢ�
ɡɧɚɱɟɧɢɹɦɢ�� ɱɟɦ� ɨɛɪɚɡɰɵ� �� ɬɢɩɚ�� ȼɟɪɨɹɬɧɨ��
ɩɨɥɭɱɟɧɧɵɟ� ɞɚɧɧɵɟ� ɫɜɹɡɚɧɵ� ɫ� ɬɟɦ�� ɱɬɨ� ɪɚɫ�

,
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n =

�ɤɚɬɢɨɧɨɜ�ɠɟɥɟɡɚ��>��@�� 

������� 
ɝɞɟ�5�–�ɭɧɢɜɟɪɫɚɥɶɧɚɹ�ɝɚɡɨɜɚɹ�ɩɨɫɬɨɹɧɧɚɹ��7�–�
ɚɛɫɨɥɸɬɧɚɹ� ɬɟɦɩɟɪɚɬɭɪɚ�� )� –� ɱɢɫɥɨ� Ɏɚɪɚɞɟɹ��
D)H

��ɢ� D)H
��� –� ɤɨɷɮɮɢɰɢɟɧɬɵ� ɪɟɚɤɰɢɢ�� ɨɬɪɚɠɚ�

ɸɳɢɟ� ɚɤɬɢɜɧɨɫɬɶ� ɤɚɬɢɨɧɨɜ� ɠɟɥɟɡɚ� ɜ� ɨɤɢɫɥɟɧ�
ɧɨɣ�ɢ�ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ�ɩɪɨɰɟɫɫɚɯ�� 

ɉɪɢɱɟɦ�� ɫɬɚɧɞɚɪɬɧɵɣ� ɜɨɫɫɬɚɧɨɜɢɬɟɥɶ�
ɧɵɣ� ɩɨɬɟɧɰɢɚɥ� (�� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɫɨɩɪɹɠɟɧɧɨɣ�
ɩɚɪɨɣ�2[�ɢ�5HG� ©ɨɤɢɫɥɢɬɟɥɶ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶª��
ɬ�ɟ��ɷɬɚ�ɜɟɥɢɱɢɧɚ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɬɚɤ� 

 
Ȟ2[���QH-�ĺ�Ȟ�5HG����������� 

 
ɝɞɟ��Ȟ�ɢ�Ȟ��–�ɡɚɪɹɞɵ�ɞɨ�ɢ�ɩɨɫɥɟ�ɪɟɚɤɰɢɢ�ɨɤɢɫɥɟ�
ɧɢɹ-ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ��Q�–�ɱɢɫɥɨ�ɷɥɟɤɬɪɨɧɨɜ� 

ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɟ�ɨɛɪɚɡɰɵ�1D�)H��32������
ɢ���ɬɢɩɚ��ɨɩɪɟɞɟɥɟɧɧɨ�ɹɜɥɹɸɬɫɹ�ɚɤɬɢɜɧɵɦɢ�ɞɥɹ�
ɢɧɬɟɪɤɚɥɹɰɢɢ�ɞɟɢɧɬɟɪɤɚɥɹɰɢɢ�ɧɚɬɪɢɹ��ɧɚɥɢɱɢɟ�
ɨɛɪɚɬɢɦɵɯ� 5HG�2[� ɩɢɤɨɜ��� ɤɨɬɨɪɵɟ� ɩɪɨɬɟɤɚɟɬ�
ɩɨ�ɫɥɟɞɭɸɳɟɣ�ɪɟɚɤɰɢɢ� 

 
1D�)H��32����[1D�[H

-ĺ1D��[)H�-ɯ
���)Hɯ

��
��32������������������������������������������������������� 

 
ȼ�ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ�ɹɱɟɣɤɟ�ɩɪɨɢɫɯɨɞɹɬ�

ɩɪɨɰɟɫɫɵ�ɩɟɪɟɧɨɫɚ� ɤɚɬɢɨɧɨɜ�ɧɚɬɪɢɹ� ɨɬ� ɤɚɬɨɞɚ�
ɤ�ɚɧɨɞɭ��ɬ�ɟ��ɧɚ�ɚɧɨɞɟ�ɢɞɟɬ�ɩɪɨɰɟɫɫ��ɨɤɢɫɥɟɧɢɹ��
ɚ�ɧɚ�ɤɚɬɨɞɟ�—�ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ� 

Ɉɞɧɚɤɨ��ɦɚɬɟɪɢɚɥ�ɩɪɨɪɚɛɚɬɵɜɚɟɬɫɹ�ɜɫɟɝɨ�
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Ɋɢɫɭɧɨɤ����Ɂɚɪɹɞɧɨ-ɪɚɡɪɹɞɧɵɟ�ɝɚɥɶɜɚɧɨɫɬɚɬɢɱɟɫɤɢɟ�ɤɪɢɜɵɟ�ɜ�ɧɟɜɨɞɧɨɦ�ɷɥɟɤɬɪɨɥɢɬɟ�ɤɚɬɨɞɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɧɚ�ɨɫɧɨɜɟ�1D�)H��32�����
ɩɨɥɭɱɟɧɧɵɯ�ɬɜɟɪɞɨɮɚɡɧɵɦ��ɤɪɢɜɵɟ���ɢ�����ɢ�ɪɚɫɩɥɚɜɧɵɦ��ɤɪɢɜɵɟ�������ɦɟɬɨɞɨɦ�ɫɢɧɬɟɡɚ� 

Ɍɢɩɵ�ɨɛɪɚɡɰɨɜ ɋɪɟɞɧɢɟ�ɡɧɚɱɟɧɢɹ�ɟɦɤɨɫɬɢ�
ɡɚɪɹɞɚ�ɪɚɡɪɹɞɚ��ɦȺɱ�ɝ 

Ʉɨɥɢɱɟɫɬɜɨ�ɧɨɫɢɬɟɥɟɣ�ɡɚɪɹɞɚ�ɜ�
ɩɪɨɰɟɫɫɚɯ�ɡɚɪɹɞɚ�ɪɚɡɪɹɞɚ 

Ʌɢɬɟɪɚ�
ɬɭɪɚ 

  
1D�)H��32������ɬɢɩɚ �� ���   

1D�)H��32������ɬɢɩɚ �� ���   

1D�)H��32��� ���� ��� >��@ 

Ⱦɚɧɧɵɟ�ɩɨ�ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ�ɢɫɩɵɬɚɧɢɹɦ�ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ�1D�)H��32���� 



 

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

YD �NLP\R � W H[QR ORJ L\DV L  
�� 

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

0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 

ɩɥɚɜɧɵɣ� ɦɟɬɨɞ� ɩɨɡɜɨɥɹɟɬ� ɩɨɥɭɱɚɬɶ� ɩɨɥɢɤɪɢ�
ɫɬɚɥɥɵ� ��� ɬɢɩɚ�� ɥɭɱɲɟɝɨ� ɤɚɱɟɫɬɜɚ�� ɨɛɥɚɞɚɸ�
ɳɢɯ�ɜɵɫɨɤɨɣ�ɩɥɨɬɧɨɫɬɶɸ�ɢ�ɢɨɧɧɨɣ�ɩɪɨɜɨɞɢ�
ɦɨɫɬɶɸ� ɛɥɚɝɨɞɚɪɹ� ɫɬɪɭɤɬɭɪɧɵɦ� ɞɟɮɨɪɦɚɰɢ�
ɹɦ�� ɜɵɡɜɚɧɧɵɯ� ɪɟɡɤɨ� ɝɪɚɞɢɟɧɬɨ-
ɬɟɦɩɟɪɚɬɭɪɧɵɦ� ɪɟɠɢɦɚɦ� ɫɢɧɬɟɡɚ� ɨɛɪɚɡɰɨɜ��
ɗɬɢ� ɞɚɧɧɵɟ� ɫɨɝɥɚɫɭɸɬɫɹ� ɫ� ɜɵɜɨɞɚɦɢ� ɪɚɛɨɬɵ�
>��@�ɨ�ɬɨɦ��ɱɬɨ�ɩɨɥɢɤɪɢɫɬɚɥɥɵ���ɬɢɩɚ�ɨɛɥɚɞɚ�
ɸɬ� ɛɨɥɟɟ� ɜɵɫɨɤɨɣ� ɢɨɧɧɨɣ� ɩɪɨɜɨɞɢɦɨɫɬɶɸ��
ɱɟɦ�ɨɛɪɚɡɰɵ���ɬɢɩɚ�� 

ɋɥɟɞɭɟɬ� ɨɬɦɟɬɢɬɶ�� ɱɬɨ� ɜ� ɪɟɚɤɰɢɹɯ� ɢɧ�
ɬɟɤɚɥɹɰɢɢ�1D�ɜ�1D�)H��32����ɛɨɥɶɲɟ�ɭɱɚɫɬɜɭ�
ɸɬ� ɤɚɬɢɨɧɵ� ɧɚɬɪɢɹ� ɜ� ɨɛɪɚɡɰɚɯ� �� ɬɢɩɚ�� ɱɟɦ� ��
ɬɢɩɟ� �ɬɚɛɥ���� ȼɨɡɦɨɠɧɨ�� ɱɬɨ� ɧɟɦɚɥɨɜɚɠɧɭɸ�
ɪɨɥɶ� ɜ� ɩɨɜɵɲɟɧɢɢ� � ɭɞɟɥɶɧɨɣ� ɟɦɤɨɫɬɢ� ɩɨɥɢ�
ɤɪɢɫɬɚɥɥɨɜ�1D�)H��32���� ���ɬɢɩɚ�ɢɝɪɚɟɬ�ɛɨɥɟɟ�
ɜɵɫɨɤɚɹ� ɩɥɨɬɧɨɫɬɶ� ɷɬɢɯ� ɦɚɬɟɪɢɚɥɨɜ� ɩɨ� ɫɪɚɜ�
ɧɟɧɢɸ�ɫ�ɨɛɪɚɡɰɚɦɢ���ɬɢɩɚ��ȿɳɟ�ɛɨɥɶɲɟ�ɤɚɬɢ�
ɨɧɨɜ� ɧɚɬɪɢɹ� ɭɱɚɫɬɜɭɸɬ� ɜ� ɩɨɥɢɤɪɢɫɬɚɥɥɚɯ�
1D�)H��32�����ɩɨɥɭɱɟɧɧɵɯ�ɡɨɥɶ-ɝɟɥɶ�ɦɟɬɨɞɨɦ��
ȼɟɪɨɹɬɧɨ�� ɡɚ� ɫɱɟɬ� ɩɨɪɢɫɬɨɫɬɢ� ɦɚɬɟɪɢɚɥɚ�� ɩɨ�
ɥɭɱɟɧɧɨɝɨ�ɡɨɥɶ-ɝɟɥɶ�ɦɟɬɨɞɨɦ��ɭɞɟɥɶɧɚɹ�ɩɥɨɬ�
ɧɨɫɬɶ� ɤɚɬɢɨɧɨɜ� ɧɚɬɪɢɹ�� ɫɩɨɫɨɛɧɵɯ� ɭɱɚɫɬɜɨ�
ɜɚɬɶ�ɜ�ɩɪɨɜɨɞɢɦɨɫɬɢ�ɜɵɲɟ��ɱɟɦ�ɜ�ɨɛɪɚɡɰɚɯ���
ɢ���ɬɢɩɚ�� 

5()(5(1&(6 
 

�� (O�+DM�$VVDG�0���.KRVUDYL�$���0DOHNDQ�0���5RVHQ�0�$���1D]DUL�0�$��(QHUJ\� VWRUDJH�� LQ��'HV��3HUIRUP��2SWLP��5HQHZ��(QHUJ\�6\VW���
(OVHYLHU�����������–����� 

�� 4LDR� +��� :HL� 4�� )XQFWLRQDO� QDQRILEHUV� LQ� OLWKLXP-LRQ� EDWWHULHV�� LQ�� )XQFW�� 1DQRILEHUV� 7KHLU� $SSO��� (OVHYLHU�� ������ ���–�����
'2,���������������������������� 

�� 2K]XNX�7���0DNLPXUD�<���/D\HUHG�OLWKLXP�LQVHUWLRQ�PDWHULDO�RI�/L&R���1L���0Q���2��IRU�OLWKLXP-LRQ�EDWWHULHV��&KHP��/HWW�������������������–
�����'2,����������FO��������� 

�� 6RQJ�%���/DL�0�2���/X�/���,QIOXHQFH�RI�5X�VXEVWLWXWLRQ�RQ�/L-ULFK�����/L�0Q2�����/L1L���&R���0Q���2��FDWKRGH�IRU�/L-LRQ�EDWWHULHV���(OHF�
WURFKLP��$FWD����������������–������'2,����������M�HOHFWDFWD������������ 

�� +DXWLHU�*���-DLQ�$���&KHQ�+���0RRUH�6K�&K���2QJ�3���&HGHU�*��1RYHO�PL[HG�SRO\DQLRQV�OLWKLXP-LRQ�EDWWHU\�FDWKRGH�PDWHULDOV�SUHGLFWHG�E\�
KLJK-WKURXJKSXW�DE�LQLWLR�FRPSXWDWLRQV��-��0DWHU��&KHP����������������������–�������'2,����������&�-0�����$ 

�� &KHQ�+���+DXWLHU�*���-DLQ�$���0RRUH�6K��.DQJ�ȼ���'RH�5���HW��HO��&DUERQRSKRVSKDWHV��D�QHZ�IDPLO\�RI�FDWKRGH�PDWHULDOV�IRU�/L-LRQ�EDWWHULHV�
LGHQWLILHG�FRPSXWDWLRQDOO\��&KHP��0DWHU���������������������–������'2,����������FP������[� 

�� 3DQ�+���+X�<��6���&KHQ�/��5RRP-WHPSHUDWXUH�VWDWLRQDU\�VRGLXP-LRQ�EDWWHULHV�IRU�ODUJH-VFDOH�HOHFWULF�HQHUJ\�VWRUDJH��(QHUJ\�(QYLURQ��6FL���
����������������–������'2,����������&�((�����* 

�� .RPDED�6���+DVHJDZD�7���'DKEL�0���.XERWD�.���3RWDVVLXP� LQWHUFDODWLRQ� LQWR�JUDSKLWH� WR� UHDOL]H�KLJK-YROWDJH�KLJK-SRZHU�SRWDVVLXP-LRQ�
EDWWHULHV�DQG�SRWDVVLXP-LRQ�FDSDFLWRUV��(OHFWURFKHP��&RPPXQ����������������–�����'2,����������M�HOHFRP������������ 

�� .XORYD�7�/���6NXQGLQ�$�0��2W�OLWL\–LRQQ\NK�N�QDWUL\–LRQQ\P�DNNXPXO\DWRUDP�>)URP�OLWKLXP-LRQ�WR�VRGLXP-LRQ�EDWWHULHV@��(OHNWURNKLPLFK�
HVND\D�HQHUJHWLND������������������-����� 

��� 3DORPDUHV�9���&DVDV-&DEDQDV�0���&DVWLOOR-0DUWtQH]�(��� DW� DO�� �8SGDWH� RQ�1D-EDVHG�EDWWHU\�PDWHULDOV��$� JURZLQJ� UHVHDUFK� SDWK��(QHUJ\�
(QYLURQ��6FL�������������������–������'2,����������&�((�����( 

��� <DEXXFKL�1���.XERWD�.���'DKEL�0���.RPDED�6��5HVHDUFK�GHYHORSPHQW�RQ�VRGLXP-LRQ�EDWWHULHV��&KHP��5HY�����������������������–�������
'2,����������FU������I 

��� +ZDQJ�-�-<���0\XQJ�6�-7���6XQ�<�-.��6RGLXP-LRQ�EDWWHULHV��SUHVHQW�DQG�IXWXUH��&KHP��6RF��5HY�����������������–����� 
��� .LP�6�:���6HR�'�+���0D�;���&HGHU�*���.DQJ�.��(OHFWURGH�0DWHULDOV�IRU�5HFKDUJHDEOH�6RGLXP-,RQ�%DWWHULHV��3RWHQWLDO�$OWHUQDWLYHV�WR�&XU�

UHQW�/LWKLXP-,RQ�%DWWHULHV��$GY��(QHUJ\�0DWHU���������������í�����'2,����������DHQP���������� 
��� /LX�<���=KRX�<���=KDQJ�-���HW�DO��0RQRFOLQLF�3KDVH�1D�)H��32�����6\QWKHVLV��6WUXFWXUH��DQG�(OHFWURFKHPLFDO�3HUIRUPDQFH�DV�&DWKRGH�0DWH�

ULDO�LQ�6RGLXP-,RQ�%DWWHULHV��$&6�6XVWDLQ��&KHP��(QJ�������������������–�����'2,����������DFVVXVFKHPHQJ��E����� 
��� 1RJDL�$�6���1RJDL�$�$���6WHIDQRYLFK�6�<X���8VNHQEDHY�'�(��(OHFWURFKHPLFDO�SURSHUWLHV�RI�1D�)H��32���� FDWKRGH�PDWHULDOV�SURGXFHG�E\�

YDULRXV�V\QWKHVLV�PHWKRGV�DQG�HYDOXDWLRQ�RI�WKH�SRVVLELOLW\�RI�WKHLU�XVH�LQ�VRGLXP-LRQ�EDWWHULHV��(XUDVLDQ�-RXUQDO�RI�3K\VLFV�DQG�)XQFWLRQDO�
0DWHULDOV�����������������–�����'2,����������HMSIP����������� 

��� :KLWWLQJKDP�0�6��/LWKLXP�EDWWHULHV�DQG�FDWKRGH�PDWHULDOV��&KHP��5HY����������������������–������'2,����������FU������F 
��� *RRGHQRXJK�-�%���.LP�<��&KDOOHQJHV�IRU�5HFKDUJHDEOH�/L�%DWWHULHV��&KHP��0DWHU�������������������–�����'2,����������FP������] 
��� 3DGKL�$�.���1DQMXQGDVZDP\�.�6���*RRGHQRXJK�-��%��3KRVSKR-ROLYLQHV�DV�SRVLWLYH�HOHFWURGH�PDWHULDOV� IRU� UHFKDUJHDEOH� OLWKLXP�EDWWHULHV��

(OHFWURFKHP��6RF�����������������–������ 
��� '
<YRLUH�)���3LQWDUG–6FUHSHO�0���%UHWH\�(��HW�DO��3KDVH�WUDQVLWLRQV�DQG�LRQLF�FRQGXFWLRQ�LQ��G�VNHOHWRQ�SKRVSKDWHV�$�0��32�����$� �/L��1D��

$J��.��0� �&U��)H��6ROLG�6WDWH�,RQLFV���������������–���� 
��� .DOLQLQ� 9�%��� 6WHIDQRYLFK� 6�<X�� .ULVWDOOLFKHVNL\H� NKLPLFKHVNL\H� SULQWVLS\� GO\D� SURJQR]LURYDQL\D� VHJQHWRHOHNWULFKHVNLNK� L� VY\D]DQQ\NK�

PDWHULDORY�Y�VOXFKD\H�VR\HGLQHQL\�V�NDUNDVDPL�^0��72���`���>&U\VWDO�FKHPLFDO�SULQFLSOHV�IRU�SUHGLFWLQJ�IHUURHOHFWULF�DQG�UHODWHG�PDWHULDOV�

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ�� ɷɥɟɤɬɪɨɟɦɤɨɫɬɶ� ɩɨɥɢ�
ɤɪɢɫɬɚɥɥɨɜ�1D�)H��32����ɦɨɠɧɨ�ɡɚɦɟɬɧɨ�ɩɨɜɵ�
ɫɢɬɶ�ɡɚ�ɫɱɟɬ�ɬɟɯɧɨɥɨɝɢɢ�ɢɯ�ɩɨɥɭɱɟɧɢɹ��ɬ�ɟ��ɩɭ�
ɬɟɦ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɪɚɫɩɥɚɜɧɨɝɨ� ɦɟɬɨɞɚ� ɫ� ɢɫ�
ɩɨɥɶɡɨɜɚɧɢɟɦ� ɷɧɟɪɝɢɢ� ɨɩɬɢɱɟɫɤɨɝɨ� ɢɡɥɭɱɟɧɢɹ�
ɢ�ɡɨɥɶ-ɝɟɥɶ�ɦɟɬɨɞɨɦ� 

 
Ɂɚɤɥɸɱɟɧɢɟ 
ɇɚ� ɨɫɧɨɜɟ� ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ� ɷɤɫɩɟɪɢ�

ɦɟɧɬɚɥɶɧɵɯ�ɪɟɡɭɥɶɬɚɬɨɜ�ɢ�ɢɯ�ɚɧɚɥɢɡɚ�ɨɩɪɟɞɟ�
ɥɟɧɨ��ɱɬɨ�ɫɢɧɬɟɡ�ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ�1D�)H��32����
ɪɚɫɩɥɚɜɧɵɦ� ɦɟɬɨɞɨɦ� ɩɨɞ� ɞɟɣɫɬɜɢɟɦ� ɨɩɬɢɱɟ�
ɫɤɨɝɨ� ɢɡɥɭɱɟɧɢɹ� ɩɪɢɜɨɞɢɬ� ɤ� ɫɨɡɞɚɧɢɸ� ɛɨɥɟɟ�
ɤɚɱɟɫɬɜɟɧɧɵɯ�ɢ�ɩɥɨɬɧɵɯ�ɨɛɪɚɡɰɨɜ���ɬɢɩɚ��ɱɟɦ�
ɨɛɪɚɡɰɨɜ� �� ɬɢɩɚ�� ɩɨɥɭɱɟɧɧɵɯ� ɬɜɟɪɞɨɮɚɡɧɵɦ�
ɦɟɬɨɞɨɦ��ɗɥɟɤɬɪɨɟɦɤɨɫɬɧɵɟ�ɩɚɪɚɦɟɬɪɵ�ɩɨɥɢ-
ɪɢɫɬɚɥɥɨɜ�Į-1D�)H��32���� �� ɬɢɩɚ� ɜɵɲɟ�� ɱɟɦ�ɭ�
ɨɛɪɚɡɰɨɜ� �� ɬɢɩɚ� ɢɡ-ɡɚ� ɛɨɥɟɟ� ɜɵɫɨɤɨɣ� ɩɥɨɬɧɨ�
ɫɬɢ�ɢ�ɫɢɦɦɟɬɪɢɱɧɨɫɬɢ�ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ�ɫɬɪɭɤ�
ɬɭɪɵ� 

 
Ȼɥɚɝɨɞɚɪɧɨɫɬɶ 
Ɋɚɛɨɬɚ� ɜɵɩɨɥɧɟɧɚ� ɩɪɢ� ɩɨɞɞɟɪɠɤɟ� ɦɢ�

ɧɢɫɬɟɪɫɬɜɚ� ɧɚɭɤɢ� ɢ� ɜɵɫɲɟɝɨ� ɨɛɪɚɡɨɜɚɧɢɹ� ɊɄ��
ɉɪɨɟɤɬ�ʋ�$3��������� 
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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$�7(;12/2*,<$, 

 

 

 
 

LQ�WKH�FDVH�RI�FRPSRXQGV�ZLWK�^0��72���`���IUDPHZRUNV@��,]YHVWL\D�$NDG��1DXN�6665�������������������–����� 
��� .DOLQLQ�9�%���6WHIDQRYLFK�6�<8���1RJDL�$��.ULVWDOORNKLPL\D�L�VYR\VWYD�VR\HGLQHQL\�V�URPERHGULFKHVNLP�NDUNDVRP�VRVWDYD�^0��72���`���L�

WYHUG\\H� UDVWYRU\� QD� LNK� RVQRYH� >&U\VWDO� FKHPLVWU\� DQG�SURSHUWLHV� RI� FRPSRXQGV�ZLWK� D� UKRPERKHGUDO� IUDPHZRUN� RI� FRPSRVLWLRQ� ^0�

�72���`����DQG�VROLG�VROXWLRQV�EDVHG�RQ�WKHP@��1HRUJDQLFKHVNL\H�PDWHULDO\������������������–���� 
��� 1RJDL�$�$���1RJDL�$�6���6WHIDQRYLFK�6�<X��HW�DO��7KH�'LSROH�2UGHULQJ�DQG�WKH�,RQLF�&RQGXFWLYLW\�LQ�WKH�1$6,&21–/LNH�6WUXFWXUHV�RI�WKH�

1D�)H��32����7\SH��3K\VLFV�RI�WKH�6ROLG�6WDWH�������������������–������'2,���������6���������������� 
��� 0DVTXHOLHU�&���:XUP�&���5RGUÕ�JXH]–&DUYDMDO�-��HW�DO��$�3RZGHU�1HXWURQ�'LIIUDFWLRQ�,QYHVWLJDWLRQ�RI�WKH�7ZR�5KRPERKHGUDO�1$6,&21�

$QDORJXHV��Ȗ–1D�)H��32����DQG�/L�)H��32�����&KHP��0DWHU�������������������–�����'2,����������FP������Q 
��� %LK�+���%LK�/���0DQRXQ�%��HW�DO��5DPDQ�VSHFWURVFRSLF�VWXG\�RI� WKH�SKDVH� WUDQVLWLRQV�VHTXHQFH�LQ�/L�)H��32����DQG�1D�)H��32����DW�KLJK�

WHPSHUDWXUH��-RXUQDO�RI�0ROHFXODU�6WUXFWXUH�������������-�������–�����'2,����������M�PROVWUXF������������ 
��� /\XEXWLQ�,�6���0HOQLNRY�2�.���6LJDU\RY�6�(��DQG�7HU]LHY�9�*��3KDVH�WUDQVLWLRQV�� LQ��1D�)H��32�����$Q�LQVLGH�YLHZ��6ROLG��6WDWH� � ,RQLFV��

�������������–���� 
��� .UDYFKHQNR�9�9���6LJDU\RY�6�(��6WUXFWXUDO�IHDWXUHV�RI�WKH�VXSHULRQLF�SKDVH�WUDQVLWLRQV�LQ�1D�)H��32�����6ROLG�6WDWH�&RPPXQLFDWLRQV��������

����������–���� 
��� &DR�<���/LX�<���&KHQ�7���HW�DO��6RO-JHO�V\QWKHVLV�RI�SRURXV�1D�)H��32����ZLWK�HQKDQFHG�VRGLXP-LRQ�VWRUDJH�FDSDELOLW\���,RQLFV� ��������������

�–���'2,���������V�����-���-����-] 
��� &DR��<���/LX��<���=KDR��'���;LD��;���=KDQJ��/��&���=KDQJ��-���;LD��<��+LJKO\�VWDEOH�1D�)H��32���#KDUG�FDUERQ�VRGLXP-LRQ�IXOO�FHOO�IRU�ORZ-

FRVW�HQHUJ\�VWRUDJH� $&6�6XVWDLQDEOH�&KHPLVWU\�DQG�(QJLQHHULQJ�����������������–����� '2,����������DFVVXVFKHPHQJ��E����� 
��� 1RJDL�$�6���1RJDL�$�$���8VNHQEDHY�'�(���HW�DO��)HDWXUHV�RI�6WUXFWXUHV�DQG�,RQLF�&RQGXFWLYLW\�RI�1D�)H��32����3RO\FU\VWDOV�2EWDLQHG�E\�

6ROLG�3KDVH�DQG�0HOWH�0HWKRGV��&HUDPLFV������������������–������'2,����������FHUDPLFV������� 
��� %XVK�$�$��)L]LNR-NKLPLFKHVNL\H�RVQRY\�L�PHWRG\�Y\UDVKFKLYDQL\D�PRQRNULVWDOORY��Y\UDVKFKLYDQL\D�NULVWDOORY�$O�2��PHWRGRP�EHVWLJHO
QR\�
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