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CHEMISTRY AND CHEMICAL ENGINEERING 
ɏɂɆɂə�ɂ�ɏɂɆɂɑȿɋɄȺə�ɌȿɏɇɈɅɈȽɂə  

� 

ɂɋɋɅȿȾɈȼȺɇɂȿ�ɎɂɁɂɄɈ-ɌȿɏɇɂɑȿɋɄɂɏ�ɋȼɈɃɋɌȼ� 
ȽɊɍɇɌɈȼɕɏ�ɗɆȺɅȿɃ�ȼ�ɋɂɋɌȿɆȿ� 
6L2�–$O�2�–1D�2–.�2–ɋD2–%�2�–1L2����� 
 
ɒɨɯɪɭɯ�ɇȺɂɆɈȼ��VKR[UX[QDLPRY���#JPDLO�FRP� 
Ɇɚɫɬɭɪɚ�ȺɊɂɉɈȼȺ��DULSRYD����#\DQGH[�UX� 
Ɍɚɲɤɟɧɬɫɤɢɣ�ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ�ɢɧɫɬɢɬɭɬ��Ɍɚɲɤɟɧɬ��ɍɡɛɟɤɢɫɬɚɧ 
 

ɐɟɥɶɸ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɹɜɥɹɟɬɫɹ�ɪɚɡɪɚɛɨɬɤɚ�ɤɚɱɟɫɬɜɟɧɧɵɯ�ɝɪɭɧɬɨɜɵɯ�ɷɦɚɥɟɣ�ɧɚ�ɨɫɧɨɜɟ�ɦɟɫɬɧɵɯ�ɫɵɪɶɟɜɵɯ�ɦɚɬɟɪɢɚɥɨɜ��ɞɥɹ�
ɡɚɦɟɧɵ� ɢɦɩɨɪɬɢɪɭɟɦɵɯ�� ɋɢɧɬɟɡɢɪɨɜɚɧɵ� ɫɬɟɤɥɚ� ɜ� ɫɢɫɬɟɦɟ� 6L2�–$O�2�–1D�2–.�2–ɋD2–%�2�–1L2�� Ɉɩɪɟɞɟɥɟɧɵ� ɮɢɡɢɤɨ-
ɬɟɯɧɢɱɟɫɤɢɟ� ɫɜɨɣɫɬɜɚ� ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ� ɫɬɟɤɨɥ�� ȼɵɹɜɥɟɧɵ� ɫɨɫɬɚɜɵ�� ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ� ɧɨɪɦɚɬɢɜɧɵɦ� ɬɪɟɛɨɜɚɧɢɹɦ�� Ⱦɨɤɚɡɚɧɚ�
ɜɨɡɦɨɠɧɨɫɬɶ�ɫɢɧɬɟɡɚ�ɝɪɭɧɬɨɜɵɯ�ɷɦɚɥɟɣ�ɞɥɹ�ɦɟɬɚɥɥɢɱɟɫɤɢɯ�ɢɡɞɟɥɢɣ�ɯɨɡɹɣɫɬɜɟɧɧɨ�ɛɵɬɨɜɨɝɨ�ɧɚɡɧɚɱɟɧɢɹ�ɧɚ�ɨɫɧɨɜɟ�ɦɟɫɬɧɵɯ�ɫɵɪɶ�
ɟɜɵɯ�ɦɚɬɟɪɢɚɥɨɜ� 

 
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɮɪɢɬɬɚ��ɪɚɫɬɟɤɚɟɦɨɫɬɶ��ɩɥɨɬɧɨɫɬɶ��ɬɟɦɩɟɪɚɬɭɪɧɵɣ�ɤɨɷɮɮɢɰɢɟɧɬ�ɥɢɧɟɣɧɨɝɨ�ɪɚɫɲɢɪɟɧɢɹ��ɩɨɜɟɪɯɧɨɫɬɧɨɟ�ɧɚɬɹɠɟɧɢɟ 

678'<�2)�7+(�3+<6,&$/�$1'�7(&+1,&$/�3523(57,(6� 
2)�*5281'�(1$0(/6�,1�7+(�6<67(0� 
6L2�–$O�2�–1D�2–.�2–ɋD2–%�2�–1L2���� 
 
6KRKUXNK�1$,029�VKR[UX[QDLPRY���#JPDLO�FRP�� 
0DVWXUD�$5,329$��DULSRYD����#\DQGH[�UX� 
7DVKNHQW�&KHPLFDO-7HFKQRORJLFDO�,QVWLWXWH��7DVKNHQW��8]EHNLVWDQ 

 
7KH�DLP�RI� WKH�VWXG\�LV� WR�GHYHORS�TXDOLW\�JURXQG�HQDPHOV�EDVHG�RQ�ORFDO�UDZ�PDWHULDOV� WR�UHSODFH�LPSRUWHG�RQHV��*ODVVHV�

ZHUH� V\QWKHVL]HG� LQ� WKH� 6L2�–$O�2�–1D�2–.�2–ɋD2–%�2�–1L2� V\VWHP�� 7KH� SK\VLFDO� DQG� WHFKQLFDO� SURSHUWLHV� RI� WKH� V\QWKHVL]HG�
JODVVHV�ZHUH� GHWHUPLQHG��&RPSRVLWLRQV� WKDW�PHHW� WKH� UHJXODWRU\� UHTXLUHPHQWV� KDYH� EHHQ� LGHQWLILHG�� 7KH� SRVVLELOLW\� RI� V\QWKHVLV� RI�
SULPLQJ�HQDPHOV�IRU�KRXVHKROG�PHWDO�SURGXFWV�EDVHG�RQ�ORFDO�UDZ�PDWHULDOV�KDV�EHHQ�SURYHG� 

 
.H\ZRUGV��IULW��VSUHDGDELOLW\��GHQVLW\��WHPSHUDWXUH�FRHIILFLHQW�RI�OLQHDU�H[SDQVLRQ��VXUIDFH�WHQVLRQ� 

6L2�–$O�2�–1D�2–.�2–ɋD2–%�2�–1L2�6,67(0$6,�$626,'$� 
*5817/,�(0$/1,1*�),=,.-7(;1,.�;86868<$7/$5,1,� 
2¾5*$1,6+� 
 
6KRKUX[�1$,029��VKR[UX[QDLPRY���#JPDLO�FRP� 
0DVWXUD�$5,329$��DULSRYD����#\DQGH[�UX� 
7RVKNHQW�NLP\R-WH[QRORJL\D�LQVWLWXWL��7RVKNHQW��2ƍ]EHNLVWRQ 
� 

7DGTLTRWGDQ� NRµ]ODQJDQ�PDTVDG�–� LPSRUW� TLOLQDGLJDQODU� RµUQLQL� ERVXYFKL�PDKDOOL\� [RPDVK\R� DVRVLGD� VLIDWOL� WXSURT� HPDOODULQL�
LVKODE� FKLTLVK�� 6KLVKDODU� 6L2�–$O�2�–1D�2–.�2–ɋD2–%�2�–1L2� WL]LPLGD� VLQWH]� TLOLQGL�� 6LQWH]ODQJDQ� VKLVKDODUQLQJ� IL]LN-WH[QLN�
[XVXVL\DWODUL� DQLTODQGL�� 1RUPDWLY� WDODEODUJD� MDYRE� EHUDGLJDQ� NRPSR]LWVL\DODU� DQLTODQGL�� 0DKDOOL\� [RPDVK\R� DVRVLGD� PDLVKL\� PHWDOO�
EX\XPODU�XFKXQ�JUXQWRYND�HPDOODUQL�VLQWH]�TLOLVK�LPNRQL\DWL�DQLTODQGL�� 

 
ɄɚOLW�VR
]ODU��IULWWD��\R\LOXYFKDQOLN��]LFKOLN��FKL]LTOL�NHQJD\LVKQLQJ�KDURUDW�NRHIILWVLHQWL��VLUW�WDUDQJOLJL� 

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

�'2,�����������FFH������ 

ȼɜɟɞɟɧɢɟ 
ɗɦɚɥɢɪɨɜɚɧɢɟ� ɦɟɬɚɥɥɨɜ� –� ɲɢɪɨɤɨ� ɪɚɫ�

ɩɪɨɫɬɪɚɧɟɧɧɵɣ�ɫɩɨɫɨɛ�ɡɚɳɢɬɵ�ɦɟɬɚɥɥɢɱɟɫɤɢɯ�
ɢɡɞɟɥɢɣ� ɨɬ� ɤɨɪɪɨɡɢɢ� ɢ� ɩɪɢɞɚɧɢɹ� ɢɦ� ɨɩɪɟɞɟ�
ɥɟɧɧɵɯ�ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ�ɢ�ɷɫɬɟɬɢɤɨ-ɩɨɬɪɟɛɢ
-ɬɟɥɶɫɤɢɯ�ɫɜɨɣɫɬɜ�� �ȼ�ɧɚɫɬɨɹɳɟɟ�ɜɪɟɦɹ�ɭɫɬɨɣ�
ɱɢɜɨɫɬɶ�ɫɬɟɤɥɨɜɢɞɧɨɝɨ�ɩɨɤɪɵɬɢɹ�ɪɹɞɚ�ɢɡɞɟɥɢɣ�
ɨɤɚɡɵɜɚɟɬɫɹ�ɧɟɞɨɫɬɚɬɨɱɧɨɣ��ɧɚɩɪɢɦɟɪ��ɢɦɟɸɬ�
ɫɹ� ɫɜɟɞɟɧɢɹ� ɨɛ� ɨɬɧɨɫɢɬɟɥɶɧɨ� ɧɢɡɤɨɣ� ɯɢɦɢɱɟ�
ɫɤɨɣ�ɫɬɨɣɤɨɫɬɢ�ɷɦɚɥɟɣ��ɤɨɬɨɪɚɹ�ɩɪɨɹɜɥɹɟɬɫɹ�ɜ�
ɬɪɭɞɧɨɫɬɢ� ɭɞɚɥɟɧɢɹ� ɧɚɥɟɬɚ� ɫ� ɩɨɤɪɵɬɢɹ� ɛɟɡ�
ɩɪɢɦɟɧɟɧɢɹ�ɫɪɟɞɫɬɜ�ɛɵɬɨɜɨɣ�ɯɢɦɢɢ�ɜ�ɩɪɨɰɟɫ�
ɫɟ� ɷɤɫɩɥɭɚɬɚɰɢɢ�� ȼ� ɫɜɹɡɢ� ɫ� ɷɬɢɦ� ɜ� ɩɪɨɢɡɜɨɞ�
ɫɬɜɟ�ɷɦɚɥɢɪɨɜɚɧɧɵɯ�ɢɡɞɟɥɢɣ�ɧɚɛɥɸɞɚɟɬɫɹ�ɬɟɧ�
ɞɟɧɰɢɹ� ɤ� ɩɪɢɦɟɧɟɧɢɸ� ɷɦɚɥɟɣ� ɫ� ɩɨɜɵɲɟɧɧɨɣ�
ɯɢɦɢɱɟɫɤɨɣ�ɭɫɬɨɣɱɢɜɨɫɬɶɸ�>�-�@�� 

Ʉɚɱɟɫɬɜɨ� ɷɦɚɥɟɜɨɝɨ� ɩɨɤɪɵɬɢɹ� ɫɭɳɟ�
ɫɬɜɟɧɧɨ�ɡɚɜɢɫɢɬ�ɨɬ�ɜɟɥɢɱɢɧɵ�ɫɰɟɩɥɟɧɢɹ�ɫ�ɦɟ�

ɬɚɥɥɨɦ��ɩɨɷɬɨɦɭ�ɠɟɥɚɬɟɥɶɧɨ�ɭɫɢɥɢɬɶ�ɚɞɝɟɡɢɨɧ�
ɧɵɟ�ɫɜɨɣɫɬɜɚ�ɝɪɭɧɬɨɜɤɢ�ɫ�ɦɟɬɚɥɥɨɦ�>�@�� 

Ƚɪɭɧɬɨɜɤɚ� ɫɨɡɞɚɟɬ� ɧɚɢɥɭɱɲɢɟ� ɭɫɥɨɜɢɹ�
ɞɥɹ�ɫɰɟɩɥɟɧɢɹ�ɩɨɤɪɨɜɧɨɣ�ɷɦɚɥɢ�ɫ� ɡɚɳɢɳɚɟɦɨɣ�
ɩɨɜɟɪɯɧɨɫɬɶɸ�� ɋɰɟɩɥɟɧɢɟ� ɞɨɥɠɧɨ� ɛɵɬɶ�
ɧɚɫɬɨɥɶɤɨ� ɜɵɫɨɤɢɦ�� ɱɬɨɛɵ� ɩɨɤɪɵɜɚɸɳɢɣ� ɫɥɨɣ�
ɧɟ� ɦɨɝ� ɛɵɬɶ� ɨɬɞɟɥɟɧ� ɨɬ� ɦɟɬɚɥɥɚ� ɩɪɢ� ɯɢɦɢɱɟ�
ɫɤɨɦ� ɢɥɢ� ɦɟɯɚɧɢɱɟɫɤɨɦ� ɜɨɡɞɟɣɫɬɜɢɢ�� ɉɨɷɬɨɦɭ�
ɧɚ�ɢɡɞɟɥɢɟ��ɩɨɫɥɟ�ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ�ɩɨɞɝɨɬɨɜɤɢ�
ɟɝɨ� ɩɨɜɟɪɯɧɨɫɬɢ�� ɧɚɧɨɫɹɬ� ɝɪɭɧɬɨɜɭɸ� ɷɦɚɥɶ��
ɩɨɞɫɭɲɢɜɚɸɬ� ɢ� ɨɛɠɢɝɚɸɬ� ɩɪɢ� ���-���� �&�� ɚ�
ɡɚɬɟɦ�ɭɠɟ�ɧɚɧɨɫɹɬ�ɩɨɤɪɨɜɧɭɸ�ɷɦɚɥɶ�ɜ�ɨɞɢɧ�ɢɥɢ�
ɧɟɫɤɨɥɶɤɨ� ɫɥɨɟɜ� ɫ� ɩɨɞɫɭɲɤɨɣ� ɢ� ɩɨɫɥɟɞɭɸɳɢɦ�
ɨɛɠɢɝɨɦ�ɩɪɢ�ɬɨɣ�ɠɟ�ɬɟɦɩɟɪɚɬɭɪɟ�>�@�� 

ɋ� ɰɟɥɶɸ� ɭɥɭɱɲɟɧɢɹ� ɩɪɨɰɟɫɫɚ� ɫɰɟɩɥɟɧɢɹ�
ɝɪɭɧɬɚ�ɫ�ɦɟɬɚɥɥɨɦ�ɭɜɟɥɢɱɟɧɨ�ɫɨɞɟɪɠɚɧɢɟ�ɨɤɫɢ�
ɞɚ�ɚɥɸɦɢɧɢɹ��ɨɞɧɚɤɨ�ɩɪɢ�ɷɬɨɦ�ɬɪɟɛɭɟɬɫɹ�ɛɨɥɟɟ�
ɜɵɫɨɤɚɹ�ɬɟɦɩɟɪɚɬɭɪɚ�ɜɚɪɤɢ�ɮɪɢɬɬɵ�>�@�� 
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Ɇɧɨɝɢɟ�ɭɱɟɧɵɟ�ɩɪɨɜɨɞɢɥɢ�ɢɫɫɥɟɞɨɜɚɧɢɹ�
ɩɨ�ɩɨɥɭɱɟɧɢɸ�ɝɪɭɧɬɨɜɨɣ�ɷɦɚɥɢ�ɧɚ�ɨɫɧɨɜɟ�ɨɬɯɨ�
ɞɨɜ�>�-��@�� 

Ɍɪɟɛɨɜɚɧɢɟ�ɞɥɹ�ɝɪɭɧɬɨɜɨɣ�ɷɦɚɥɢ ɞɨɥɠɧɨ�
ɛɵɬɶ�ɫɥɟɞɭɸɳɢɦ��ɧɚɪɹɞɭ�ɫ�ɩɨɞɝɨɧɤɨɣ�ɬɟɩɥɨɜɨ�
ɝɨ�ɪɚɫɲɢɪɟɧɢɹ�ɤ�ɡɧɚɱɟɧɢɸ�ɷɬɨɝɨ�ɩɚɪɚɦɟɬɪɚ�ɞɥɹ�
ɨɫɧɨɜɧɨɝɨ�ɦɟɬɚɥɥɚ�ɫɥɟɞɭɟɬ�ɨɛɟɫɩɟɱɢɜɚɬɶ�ɯɨɪɨ�
ɲɟɟ� ɫɦɚɱɢɜɚɧɢɟ�ɩɨɜɟɪɯɧɨɫɬɢ�ɦɟɬɚɥɥɚ� ɷɦɚɥɶɸ��
ɚ� ɜɨ� ɢɡɛɟɠɚɧɢɟ� ɞɢɧɚɤɬɢɜɧɵɯ� ɩɪɨɰɟɫɫɨɜ� ɝɪɭɧ�
ɬɨɜɚɹ� ɷɦɚɥɶ� ɞɨɥɠɧɚ� ɢɦɟɬɶ� ɛɨɥɟɟ� ɜɵɫɨɤɨɟ� ɩɨ�
ɜɟɪɯɧɨɫɬɧɨɟ� ɧɚɬɹɠɟɧɢɟ�� ɱɟɦ� ɩɨɤɪɨɜɧɚɹ�� Ɉɬ�
ɝɪɭɧɬɨɜɨɣ� ɷɦɚɥɢ� ɬɪɟɛɭɟɬɫɹ� ɨɩɬɢɦɚɥɶɧɚɹ� ɜɹɡ�
ɤɨɫɬɶ�ɜ�ɢɧɬɟɪɜɚɥɟ����-����ɉɚāɫ�ɩɪɢ�ɬɟɯɧɢɱɟɫɤɢ�
ɩɪɢɟɦɥɟɦɵɯ�ɬɟɦɩɟɪɚɬɭɪɚɯ�ɨɛɠɢɝɚ�>��@� 

Ɍɟɦɩɟɪɚɬɭɪɚ�ɪɚɡɦɹɝɱɟɧɢɹ ɝɪɭɧɬɨɜɨɣ�ɷɦɚ�
ɥɢ ɞɨɥɠɧɚ� ɛɵɬɶ� ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ� ɧɚ� ��-���� �&�
ɜɵɲɟ� ɬɟɦɩɟɪɚɬɭɪɵ� ɪɚɡɦɹɝɱɟɧɢɹ� ɩɨɤɪɨɜɧɨɝɨ�
ɫɥɨɹ��ȼ�ɷɬɨɦ�ɫɥɭɱɚɟ�ɞɨɫɬɢɝɚɟɬɫɹ�ɩɪɨɱɧɨɟ�ɫɰɟɩ�
ɥɟɧɢɟ�ɫɥɨɟɜ�ɷɦɚɥɢ�ɦɟɠɞɭ�ɫɨɛɨɣ>��@��ȼ�ɬɨ�ɜɪɟɦɹ�
ɤɚɤ� ɩɨɤɪɨɜɧɵɣ� ɫɥɨɣ� ɷɦɚɥɢ� ɧɚɯɨɞɢɬɫɹ� ɜ� ɪɚɫ�
ɩɥɚɜɥɟɧɧɨɦ� ɫɨɫɬɨɹɧɢɢ�� ɨɫɧɨɜɧɨɣ� ɫɥɨɣ�� ɢɥɢ�
ɝɪɭɧɬ��ɥɢɲɶ�ɪɚɡɦɹɝɱɚɟɬɫɹ�>��-��@�� 

ɇɚ� ɞɚɧɧɵɣ� ɦɨɦɟɧɬ� ɢɡɜɟɫɬɧɵ� ɨɞɧɨɫɥɨɣ�
ɧɵɟ�ɛɟɥɵɟ�ɥɟɝɤɨɩɥɚɜɤɢɟ�ɩɨɤɪɵɬɢɹ� >��-��@�ɞɥɹ�
ɦɚɥɨɭɝɥɟɪɨɞɢɫɬɨɣ� ɫɬɚɥɢ� ɧɚ� ɨɫɧɨɜɟ� $O—%—6L�
ɫɬɟɤɨɥ�ɫ�ɭɱɚɫɬɢɟɦ�ɳɟɥɨɱɧɵɯ�ɢ�ɳɟɥɨɱɧɨɡɟɦɟɥɶ�
ɧɵɯ�ɨɤɫɢɞɨɜ��7L2��ɢ�3�2���Ʉɚɤ�ɩɪɚɜɢɥɨ��ɛɟɥɵɟ�
ɷɦɚɥɢ� ɫ� ɩɨɧɢɠɟɧɧɨɣ� ɩɥɚɜɤɨɫɬɶɸ� ɫɨɞɟɪɠɚɬ�
ɮɬɨɪ�� ɹɜɥɹɸɬɫɹ�ɧɢɡɤɨ� ɤɪɟɦɧɟɡɟɦɢɫɬɵɦɢ�� ɫ� ɫɨ�
ɞɟɪɠɚɧɢɟɦ�6L2��ɧɟ�ɛɨɥɟɟ����ɦɚɫ�����ɢɦɟɸɬ�ɩɨ�
ɜɵɲɟɧɧɨɟ��ɞɨ����ɦɚɫ�����ɫɨɞɟɪɠɚɧɢɟ�%�2���ɞɨ�
��� ɦɚɫ�� �� ɳɟɥɨɱɧɵɯ� ɨɤɫɢɞɨɜ� ɢ� ɞɨ� �� ɦɚɫ�� ��
3�2���Ɍɟɦɩɟɪɚɬɭɪɵ�ɜɚɪɤɢ�ɬɚɤɢɯ�ɫɬɟɤɨɥ�ɫɨɫɬɚɜ�
ɥɹɸɬ� ����� �&�� ɚ� ɨɛɠɢɝɚ� ɝɪɭɧɬɨɜɨɝɨ� ɩɨɤɪɵɬɢɹ�
—�ɧɟ�ɧɢɠɟ������&�� 

ɉɪɢ�ɪɚɡɪɚɛɨɬɤɟ�ɫɬɟɤɨɥ�ɞɥɹ�ɷɦɚɥɢɪɨɜɚɧɢɹ�
ɛɵɥɚ�ɜɡɹɬɚ�ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɚɹ�ɫɢɫɬɟɦɚ�5�2—
52—%�2�—$O�2�—6L2�—7L2��6Q2��� =U2��—
3�2�—)��ɧɚ�ɨɫɧɨɜɟ�ɤɨɬɨɪɨɣ�ɜ�ɧɚɫɬɨɹɳɟɟ�ɜɪɟɦɹ�
ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ�ɛɟɥɵɟ�ɨɞɧɨɫɥɨɣɧɵɟ�ɷɦɚɥɢ��ɧɨ�
ɨɧɢ� ɧɟ� ɭɞɨɜɥɟɬɜɨɪɹɸɬ� ɜɵɲɟɢɡɥɨɠɟɧɧɵɦ� ɬɪɟ�
ɛɨɜɚɧɢɹɦ������ɇɟɞɨɫɬɚɬɤɨɦ�ɷɦɚɥɟɣ��ɩɨɥɭɱɟɧɧɵɯ�
ɧɚ�ɨɫɧɨɜɟ�ɷɬɨɣ�ɨɞɧɨɫɥɨɣɧɨɣ�ɫɢɫɬɟɦɵ��ɹɜɥɹɟɬɫɹ�
ɧɚɥɢɱɢɟ�ɨɤɫɢɞɨɜ�ɋɨɈ�ɢ�1L2��ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ�
ɚɞɝɟɡɢɸ�� ɡɚɜɟɞɨɦɨ� ɜɪɟɞɧɵɯ� ɞɥɹ� ɱɟɥɨɜɟɤɚ�� ɚ�
ɬɚɤɠɟ�ɭɜɟɥɢɱɟɧɢɟ�ɫɬɨɢɦɨɫɬɢ�ɢɡ-ɡɚ�ɢɫɩɨɥɶɡɨɜɚ�
ɧɢɹ�ɛɨɥɶɲɨɝɨ�ɨɛɴɟɦɚ�%�2��>��@��  

��ɂɫɫɥɟɞɨɜɚɧɚ� ɜɨɡɦɨɠɧɨɫɬɶ� ɢɫɩɨɥɶɡɨɜɚ�
ɧɢɹ�ɫɬɟɤɨɥ�ɧɚ� �ɨɫɧɨɜɟ�ɛɚɡɨɜɨɣ�ɫɢɫɬɟɦɵ�1D�2–
&D2–7L2�–6L2�� ɞɥɹ� ɩɨɥɭɱɟɧɢɹ� ɛɟɡɮɬɨɪɢɫɬɵɯ�
ɛɟɡɛɨɪɧɵɯ� ɝɪɭɧɬɨɜɵɯ� ɩɨɤɪɵɬɢɣ�� ɍɫɬɚɧɨɜɥɟɧɚ�

ɨɩɬɢɦɚɥɶɧɚɹ� ɤɨɧɰɟɧɬɪɚɰɢɹ� ɨɤɫɢɞɚ� ɫɰɟɩɥɟɧɢɹ�
�ɋɨɈ��ɜ�ɪɚɡɪɚɛɨɬɚɧɧɵɯ�ɫɨɫɬɚɜɚɯ�ɷɦɚɥɟɣ��Ɉɩɪɟ�
ɞɟɥɟɧɨ� ɜɥɢɹɧɢɟ� ɫɭɫɩɟɧɞɢɪɭɸɳɢɯ� ɦɚɬɟɪɢɚɥɨɜ�
ɧɚ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɝɪɭɧɬɨɜɵɯ�ɷɦɚɥɟɜɵɯ�ɩɨɤɪɵ�
ɬɢɣ� ɢ� ɭɫɬɚɧɨɜɥɟɧɨ� ɢɯ� ɪɚɰɢɨɧɚɥɶɧɨɟ� ɤɨɥɢɱɟ�
ɫɬɜɨ�� ɉɨɥɭɱɟɧɧɵɟ� � ɛɟɡɮɬɨɪɢɫɬɵɟ� ɛɟɡɛɨɪɧɵɟ�
ɝɪɭɧɬɨɜɵɟ� ɩɨɤɪɵɬɢɹ� ɪɟɤɨɦɟɧɞɨɜɚɧɵ� ɤ� ɩɪɨɢɡ�
ɜɨɞɫɬɜɟɧɧɵɦ�ɢɫɩɵɬɚɧɢɣ�ɫ�ɰɟɥɶɸ�ɢɯ�ɢɫɩɨɥɶɡɨ�
ɜɚɧɢɹ�ɩɪɢ�ɷɦɚɥɢɪɨɜɚɧɢɢ�ɫɬɚɥɶɧɵɯ�ɢɡɞɟɥɢɣ�ɯɨ�
ɡɹɣɫɬɜɟɧɧɨ-ɛɵɬɨɜɨɝɨ�ɧɚɡɧɚɱɟɧɢɹ�>��@� 

Ɋɚɡɪɚɛɨɬɚɧɵ� ɩɪɢɧɰɢɩɵ� ɫɢɧɬɟɡɚ� ɥɟɝɤɨ�
ɩɥɚɜɤɨɣ�ɝɪɭɧɬɨɜɨɣ�ɮɪɢɬɬɵ�ɫ�ɜɵɫɨɤɢɦ�ɷɥɟɤɬɪɨ�
ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ� ɧɚ� ɨɫɧɨɜɟ� ɫɬɟɤɥɨɦɚɬɪɢɰɵ�
ɩɫɟɜɞɨɬɪɨɣɧɨɣ� ɫɢɫɬɟɦɵ� 5�2–52–�%�2��6L2���
ɡɚ�ɫɱɟɬ�ɨɛɟɫɩɟɱɟɧɢɹ�ɩɪɨɹɜɥɟɧɢɹ�ɩɨɥɢɳɟɥɨɱɧɨ�
ɝɨ� ɢ� ɩɨɥɢɤɚɬɢɨɧɧɨɝɨ� ɷɮɮɟɤɬɨɜ� ɫ� ɭɫɬɚɧɨɜɥɟɧ�
ɧɵɦ� ɫɨɨɬɧɨɲɟɧɢɟɦ� ɳɟɥɨɱɧɵɯ� ɢ� ɳɟɥɨɱɧɨɡɟ�
ɦɟɥɶɧɵɯ�ɨɤɫɢɞɨɜ�>��@� 

Ɋɚɡɪɚɛɨɬɚɧ� ɫɨɫɬɚɜ� ɤɨɦɩɥɟɤɫɧɨɝɨ� ɚɤɬɢɜɚ�
ɬɨɪɚ�ɫɰɟɩɥɟɧɢɹ�� ɫɨɞɟɪɠɚɳɢɣ�ɦɢɧɢɦɚɥɶɧɨɟ�ɤɨ�
ɥɢɱɟɫɬɜɨ�ɞɨɪɨɝɢɯ�ɨɤɫɢɞɨɜ�ɋɨɈ�ɢ�1L2��ɤɨɬɨɪɵɣ�
ɨɛɟɫɩɟɱɢɜɚɟɬ�ɧɟɨɛɯɨɞɢɦɭɸ�ɪɟɚɤɬɢɜɧɨɫɬɶ�ɝɪɭɧ�
ɬɨɜɨɝɨ� ɪɚɫɩɥɚɜɚ� ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɟ� ɨɛɠɢɝɚ� ���-
���� �&� ɡɚ� ɫɱɟɬ� ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ� ɜɜɟɞɟɧɢɹ�
0Q2��ɢ�)H�2�� 

ȼɵɹɜɥɟɧɚ� ɫɩɟɰɢɮɢɤɚ� ɩɪɨɰɟɫɫɨɜ� ɢ� ɭɫɬɚ�
ɧɨɜɥɟɧɵ� ɨɩɬɢɦɚɥɶɧɵɟ� ɭɫɥɨɜɢɹ� ɮɨɪɦɢɪɨɜɚɧɢɹ�
ɫɢɫɬɟɦɵ� ɦɚɥɨɭɝɥɟɪɨɞɢɫɬɚɹ� ɫɬɚɥɶ�–� ɥɟɝɤɨɩɥɚɜ�
ɤɨɟ�ɞɜɭɯɫɥɨɣɧɨɟ�ɷɦɚɥɟɜɨɟ�ɩɨɤɪɵɬɢɟ�ɨɞɧɨɤɪɚɬ�
ɧɨɝɨ�ɨɛɠɢɝɚ�ɩɪɢ�ɬɟɦɩɟɪɚɬɭɪɟ������&�ɧɚ�ɨɫɧɨɜɟ�
ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ�ɝɪɭɧɬɚ��ɤɨɬɨɪɵɣ�ɢɦɟɟɬ�ɜ�ɫɜɨɟɦ�
ɫɨɫɬɚɜɟ� ɤɨɦɩɥɟɤɫɧɵɣ� ɚɤɬɢɜɚɬɨɪ� ɫɰɟɩɥɟɧɢɹ�� ɜ�
ɫɨɱɟɬɚɧɢɢ�ɫ�ɛɟɥɨɣ�ɬɢɬɚɧɨɜɨɣ�ɷɦɚɥɶɸ�>��@�� 

Ⱦɪɭɝɢɦ�ɫɩɨɫɨɛɨɦ�ɡɚɳɢɬɵ�ɦɟɬɚɥɥɢɱɟɫɤɢɯ�
ɢɡɞɟɥɢɢɣ� ɨɬ� ɤɨɪɪɨɡɢɢ� ɹɜɥɹɟɬɫɹ� ɧɚɧɟɫɟɧɢɟ� ɡɚ�
ɳɢɬɧɵɯ� ɩɨɤɪɵɬɢɣ� ɧɚ� ɦɟɬɚɥɥ� �ɞɜɚ� ɫɥɨɹɨɞɢɧ�
ɨɛɠɢɝ�� ��ɋ��Ɏ��� ɤɨɬɨɪɵɣ� ɡɚɤɥɸɱɚɟɬɫɹ� ɜ� ɬɨɦ��
ɱɬɨ�ɧɚ�ɩɨɜɟɪɯɧɨɫɬɶ�ɢɡɞɟɥɢɹ�ɧɚɧɨɫɢɬɫɹ�ɝɪɭɧɬɨ�
ɜɨɟ�ɩɨɤɪɵɬɢɟ�� ɚ� ɡɚɬɟɦ��ɧɟ�ɩɪɨɜɨɞɹ� ɟɝɨ�ɤɪɟɩɥɟ�
ɧɢɹ� ɨɛɠɢɝɨɦ�� ɧɚ� ɝɪɭɧɬɨɜɨɣ� ɫɥɨɣ� ɧɚɧɨɫɹɬ� ɩɨ�
ɤɪɨɜɧɭɸ�ɷɦɚɥɶ��ɉɨ�ɷɬɨɦɭ�ɦɟɬɨɞɭ�ɭɱɟɧɵɟ�ɬɚɤɠɟ�
ɩɪɨɜɟɥɢ�ɦɧɨɠɟɫɬɜɨ�ɢɫɫɥɟɞɨɜɚɧɢɣ��ɨɞɧɨ�ɢɡ�ɧɢɯ��
ɩɪɢ� ɞɨɛɚɜɥɟɧɢɢ� ɬɪɢɩɨɥɢɮɨɫɮɚɬɚ� ɧɚɬɪɢɹ�
�1D�3�2����ɤ�ɫɢɥɢɤɚɬɧɨɣ�ɝɪɭɧɬɨɜɨɣ�ɷɦɚɥɢ��ɗɋȽ
-���� ɭɞɚɥɨɫɶ� ɩɨɥɭɱɢɬɶ� ɝɪɭɧɬɨɜɭɸ� ɷɦɚɥɶ�� ɩɨ�
ɤɪɵɜɚɸɳɭɸ� ɩɨɜɟɪɯɧɨɫɬɶ� ɦɟɬɚɥɥɚ� ɩɪɢ� ɧɢɡɤɨɣ�
ɬɟɦɩɟɪɚɬɭɪɟ��Ⱥɧɚɥɢɡ� ɩɨɥɭɱɟɧɧɵɯ� ɞɚɧɧɵɯ� ɩɨɡ�
ɜɨɥɢɥ�ɭɫɬɚɧɨɜɢɬɶ��ɱɬɨ�ɞɨɛɚɜɤɚ�1D�3�2���ɜ�ɤɨɥɢ�
ɱɟɫɬɜɟ�ɛɨɥɟɟ������ɹɜɥɹɟɬɫɹ�ɢɫɬɨɱɧɢɤɨɦ�ɢɧɬɟɧ�
ɫɢɜɧɨɝɨ�ɝɚɡɨɨɛɪɚɡɨɜɚɧɢɹ��ɱɬɨ�ɩɪɢɜɨɞɢɬ�ɤ�ɛɪɚɤɭ�
ɩɨɤɪɵɬɢɹ�� ɬ�ɤ��ɩɪɨɢɫɯɨɞɢɬ�ɜɫɩɟɧɢɜɚɧɢɟ�ɷɦɚɥɟ�

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

ɜɨɝɨ� ɫɥɨɹ�� Ɉɩɬɢɦɚɥɶɧɵɦ� ɤɨɥɢɱɟɫɬɜɨɦ� ɫɨɞɟɪ�
ɠɚɧɢɹ�1D�3�2��� � ɹɜɥɹɟɬɫɹ�����ɞɚɧɧɨɟ�ɤɨɥɢɱɟ�
ɫɬɜɨ� ɪɟɚɝɟɧɬɚ� ɨɛɟɫɩɟɱɢɜɚɟɬ� ɧɟɨɛɯɨɞɢɦɭɸ� ɜɨ�
ɞɨɧɟɩɪɨɧɢɰɚɟɦɨɫɬɶ� ɝɪɭɧɬɨɜɨɣ� ɷɦɚɥɢ�� ɪɚɜɧɨ�
ɦɟɪɧɨ� ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ� ɜ� ɫɬɪɭɤɬɭɪɟ� ɫɥɨɹ�� ɧɟ�
ɩɪɢɜɨɞɹ� ɤ� ɛɪɚɤɭ� ɩɨɤɪɵɬɢɹ�� ɏɨɬɹ� ɷɬɨɬ� ɫɩɨɫɨɛ�
ɩɨɤɪɵɬɢɹ� ɩɨɜɟɪɯɧɨɫɬɢ� ɦɟɬɚɥɥɚ� ɡɚɳɢɬɧɵɦɢ�
ɩɨɤɪɵɬɢɹɦɢ�ɢɦɟɟɬ�ɪɹɞ�ɩɪɟɢɦɭɳɟɫɬɜ��ɨɧ�ɬɚɤɠɟ�
ɢɦɟɟɬ�ɢ�ɧɟɞɨɫɬɚɬɤɢ��Ɉɞɧɢɦ�ɢɡ�ɜɨɡɦɨɠɧɵɯ�ɪɟ�
ɲɟɧɢɣ� ɞɚɧɧɨɣ� ɩɪɨɛɥɟɦɵ� ɹɜɥɹɟɬɫɹ� ɜɜɟɞɟɧɢɟ� ɜ�
ɫɨɫɬɚɜ� ɲɥɢɤɟɪɚ� ɤɨɦɩɨɧɟɧɬɨɜ�� ɩɪɢɜɨɞɹɳɢɣ� ɤ�
ɯɨɥɨɞɧɨɦɭ� ɨɬɜɟɪɠɞɟɧɢɸ� ɩɟɪɜɨɝɨ� ɫɥɨɹ�� Ⱦɥɹ�
ɷɬɨɝɨ� ɩɪɢɦɟɧɹɸɬ� ɮɨɫɮɚɬɵ� ɢ� ɚɥɸɦɢɧɚɬɵ�
�ɚɥɸɦɢɧɚɬ� ɧɚɬɪɢɹ�� ɫɨɥɢ� ɮɨɫɮɨɪɧɨɣ� ɤɢɫɥɨɬɵ�
ɢ�ɬ�ɞ���� ɱɬɨ� ɩɪɢɜɨɞɢɬ� ɤ� ɩɟɪɟɪɚɫɯɨɞɭ� ɫɪɟɞɫɬɜ�
>��@� 

Ⱦɨ� ɫɢɯ� ɩɨɪ� ɛɵɥɢ� ɩɨɥɭɱɟɧɵ� ɪɚɡɥɢɱɧɵɟ�
ɷɦɚɥɢ�ɧɚ�ɨɫɧɨɜɟ�ɧɟɫɤɨɥɶɤɢɯ�ɪɚɡɥɢɱɧɵɯ�ɫɨɫɬɚ�
ɜɨɜ�� Ɉɱɟɧɶ� ɲɢɪɨɤɨ� ɪɚɡɜɢɜɚɸɬɫɹ� ɜ� ɨɫɧɨɜɧɨɦ�
ɨɞɧɨɫɥɨɣɧɵɟ� ɷɦɚɥɢ�� Ⱦɪɭɝɢɦ� ɩɪɢɦɟɪɨɦ� ɷɬɨɝɨ�
ɹɜɥɹɸɬɫɹ� ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɵɟ� ɛɟɥɵɟ� ɷɦɚɥɢ��
ɩɨɥɭɱɟɧɧɵɟ� ɧɚ� ɨɫɧɨɜɟ� ɫɢɫɬɟɦɵ� ɫɨɫɬɚɜɚ� 5�2–
52–%�2�–$O�2�–6L2�–7L2��6Q2��� =U2��–3�2�–
)��ɧɨ�ɷɬɢ�ɷɦɚɥɢ�ɧɟ�ɭɞɨɜɥɟɬɜɨɪɹɟɬ�ɪɹɞɭ�ɬɪɟɛɨ�
ɜɚɧɢɣ��ɂɡɭɱɢɜ�ɷɬɭ�ɤɨɦɩɨɡɢɰɢɨɧɧɭɸ�ɫɢɫɬɟɦɭ�ɢ�
ɭɦɟɧɶɲɢɜ� ɜɦɟɫɬɨ� ɧɟɟ� ɤɨɥɢɱɟɫɬɜɨ� 6L2��� ɢɫ�
ɩɨɥɶɡɭɹ� ɨɤɫɢɞɵ�/L�2��1D�2��.�2�ɜ� ɫɨɨɬɧɨɲɟ�
ɧɢɢ� ������ ɢ� ɞɨɛɚɜɥɹɹ� 7L2��� ɭɞɚɥɨɫɶ� ɩɨɥɭɱɢɬɶ�
ɛɟɥɵɟ� ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ� ɷɦɚɥɟɜɵɟ� ɩɨɤɪɵ�
ɬɢɹ�� Ɉɞɧɚɤɨ� ɩɨɤɚɡɚɬɟɥɶ� ɜɹɡɤɨɫɬɢ� ɩɨɥɭɱɟɧɧɵɯ�
ɷɦɚɥɟɜɵɯ�ɤɨɦɩɨɡɢɰɢɣ�ɧɟɜɵɫɨɤ�ɢɡ-ɡɚ�ɬɨɝɨ��ɱɬɨ�
ɨɤɫɢɞɵ�1L2��&R2��ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ�ɧɟɨɛɯɨɞɢ�
ɦɭɸ� ɜɹɡɤɨɫɬɶ�� ɧɟ�ɦɨɝɭɬ� ɛɵɬɶ� ɢɫɩɨɥɶɡɨɜɚɧɵ� ɜ�
ɨɞɧɨɫɥɨɣɧɵɯ� ɷɦɚɥɹɯ�� ɗɬɨ� ɹɜɥɹɟɬɫɹ� ɨɞɧɢɦ� ɢɡ�
ɨɫɧɨɜɧɵɯ� ɧɟɞɨɫɬɚɬɤɨɜ� ɨɞɧɨɫɥɨɣɧɵɯ� ɷɦɚɥɟɣ�
>��@� 

ɉɪɨɜɟɞɟɧɵ�ɪɚɛɨɬɵ�ɩɨ�ɩɨɥɭɱɟɧɢɸ�ɷɦɚɥɟ�
ɜɵɯ�ɩɨɤɪɵɬɢɣ�ɳɟɥɨɱɟɫɬɨɣɤɨɣ� ɝɪɭɧɬɨɜɤɨɣ�ɛɟɡ�
ɨɤɫɢɞɨɜ�ɤɨɛɚɥɶɬɚ�ɢ�ɮɬɨɪɚ��ɂɫɫɥɟɞɨɜɚɥɚɫɶ�ɫɥɟ�
ɞɭɸɳɚɹ�ɫɢɫɬɟɦɚ��5�2�–�=U2��–�6L2���ɜ�ɤɨɬɨɪɨɣ�
ɤɨɥɢɱɟɫɬɜɨ� ɤɨɦɩɨɧɟɧɬɨɜ� ɢɡɦɟɧɹɥɨɫɶ� ɫɥɟɞɭɸ�
ɳɢɦ�ɨɛɪɚɡɨɦ� �ɦɚɫ������5�2�ɨɬ����ɞɨ����ɱɟɪɟɡ�
������=U2��ɨɬ���ɞɨ���ɱɟɪɟɡ�����6L2��ɨɬ����ɞɨ����
ɱɟɪɟɡ�����ɉɪɢ�ɞɨɛɚɜɥɟɧɢɢ�ɳɟɥɨɱɧɵɯ�ɨɤɫɢɞɨɜ�
ɛɵɥɢ�ɢɫɩɨɥɶɡɨɜɚɧɵ�ɨɤɫɢɞɵ�1D�2��.�2�ɢ�/L�2��
ɤɨɬɨɪɵɟ�ɜɜɨɞɢɥɢ�ɜ�ɫɬɟɤɥɨɲɢɯɬɭ�ɜ�ɫɥɟɞɭɸɳɢɯ�
ɫɨɨɬɧɨɲɟɧɢɹɯ��1D�2�.�2�ɨɬ�����ɞɨ������ɋ�ɷɬɢ�
ɦɢ� ɫɨɫɬɚɜɚɦɢ� ɛɵɥɨ� ɩɨɥɭɱɟɧɨ� ��� ɫɨɫɬɚɜɨɜ��
ɤɚɠɞɵɣ� ɢɡ� ɤɨɬɨɪɵɯ� ɜɤɥɸɱɚɥ� )H�2��� 9�2���
0Q2��ɇɚɢɛɨɥɟɟ�ɩɪɢɟɦɥɟɦɵɦ�ɫɪɟɞɢ�ɧɢɯ�ɨɩɪɟ�
ɞɟɥɟɧ� ɫɨɫɬɚɜ�� ɫɨɞɟɪɠɚɳɢɣ� ��-��� 6L2��� ��-����

Ɋ�Ɉ���-���=U2���ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ�ɫɨɛɨɣ�ɫɢɫɬɟɦɭ�
ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ� V-�� S-�� G-ɷɥɟɦɟɧɬɨɜ�� Ɉɫɧɨɜ�
ɧɵɦ� ɧɟɞɨɫɬɚɬɤɨɦ� ɞɚɧɧɨɣ� ɪɚɛɨɬɵ� ɹɜɥɹɟɬɫɹ� ɬɨ��
ɱɬɨ� ɫɵɪɶɟɦ�� ɢɫɩɨɥɶɡɨɜɚɧɧɵɦ� ɞɥɹ� ɨɛɟɫɩɟɱɟɧɢɹ�
ɫɨɫɬɚɜɚ��ɹɜɥɹɸɬɫɹ�ɪɟɚɤɬɢɜɵ�ɦɚɪɨɤ�©ɑª�ɢ�©ɏɑª��
ɉɪɨɢɡɜɨɞɫɬɜɨ� ɧɚ� ɨɫɧɨɜɟ� ɬɚɤɨɝɨ� ɫɵɪɶɹ� ɜ� ɩɪɨ�
ɦɵɲɥɟɧɧɵɯ�ɦɚɫɲɬɚɛɚɯ�ɩɪɢɜɟɞɟɬ�ɤ�ɫɭɳɟɫɬɜɟɧ�
ɧɨɦɭ�ɭɜɟɥɢɱɟɧɢɸ�ɡɚɬɪɚɬ�>��@� 

ɉɪɨɢɡɜɨɞɫɬɜɨ�ɤɚɱɟɫɬɜɟɧɧɵɯ�ɷɦɚɥɢɪɨɜɚɧ�
ɧɵɯ� ɢɡɞɟɥɢɣ� ɯɨɡɹɣɫɬɜɟɧɧɨ-ɛɵɬɨɜɨɝɨ� ɧɚɡɧɚɱɟ�
ɧɢɹ�ɬɪɟɛɭɟɬ�ɩɪɢɦɟɧɟɧɢɹ�ɧɨɜɵɯ�ɩɟɪɫɩɟɤɬɢɜɧɵɯ�
ɫɩɨɫɨɛɨɜ�ɧɚɧɟɫɟɧɢɹ�ɩɨɤɪɵɬɢɣ��ɬɚɤɢɯ�ɤɚɤ�ɨɞɧɨ�
ɫɥɨɣɧɨɟ�ɷɦɚɥɢɪɨɜɚɧɢɟ��ɡɨɥɶ-ɝɟɥɶ�ɬɟɯɧɨɥɨɝɢɹ��ɚ�
ɬɚɤɠɟ� ɞɜɭɯɫɥɨɣɧɨɟ� ɷɦɚɥɢɪɨɜɚɧɢɟ� ɫ� ɨɞɧɨɤɪɚɬ�
ɧɵɦ� ɨɛɠɢɝɨɦ� ɢɥɢ� ɨɛɠɢɝɨɦ� ɜ� ɞɜɚ� ɷɬɚɩɚ�� ɗɬɢ�
ɬɟɯɧɨɥɨɝɢɢ� ɹɜɥɹɸɬɫɹ� ɧɟ� ɬɨɥɶɤɨ� ɷɧɟɪɝɨ-� ɢ� ɪɟ�
ɫɭɪɫɨɫɛɟɪɟɝɚɸɳɢɦɢ��ɧɨ�ɢ�ɩɨɡɜɨɥɹɸɬ�ɩɨɥɭɱɚɬɶ�
ɜɨ� ɦɧɨɝɢɯ� ɫɥɭɱɚɹɯ� ɬɨɧɤɨɫɥɨɣɧɵɟ� ɩɨɤɪɵɬɢɹ� ɫ�
ɭɥɭɱɲɟɧɧɵɦɢ�ɫɜɨɣɫɬɜɚɦɢ�� 

ɐɟɥɶɸ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɹɜɥɹɟɬɫɹ�ɪɚɡɪɚɛɨɬɤɚ�
ɤɚɱɟɫɬɜɟɧɧɵɯ� ɝɪɭɧɬɨɜɵɯ� ɷɦɚɥɟɣ� ɧɚ� ɨɫɧɨɜɟ�
ɦɟɫɬɧɵɯ� ɫɵɪɶɟɜɵɯ� ɦɚɬɟɪɢɚɥɨɜ�� ɞɥɹ� ɡɚɦɟɧɵ�
ɢɦɩɨɪɬɢɪɭɟɦɵɯ� 

 
Ɇɟɬɨɞɵ�ɢɫɫɥɟɞɨɜɚɧɢɹ 
ȼɚɪɤɚ� ɫɬɟɤɥɚ� ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ� ɜ� ɷɥɟɤɬɪɢ�

ɱɟɫɤɨɣ� ɩɟɱɢ� ɫ� ɤɚɪɛɢɞɤɪɟɦɧɢɟɜɵɦɢ� ɧɚɝɪɟɜɚ�
ɬɟɥɶɧɵɦɢ� ɷɥɟɦɟɧɬɚɦɢ�� ɉɥɚɜɤɭ� ɫɬɟɤɨɥɶɧɨɣ�
ɲɢɯɬɵ� ɨɫɭɳɟɫɬɜɥɹɥɢ� ɜ� ɲɚɦɨɬɧɵɯ� ɬɢɝɥɹɯ� ɟɦ�
ɤɨɫɬɶɸ� ���-���� ɝ� ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɟ� ����-�����
1D�3�2��� �ɫ�ɜɵɞɟɪɠɤɨɣ�ɜ�ɬɟɱɟɧɢɟ���-���ɦɢɧɭɬ��
Ɋɚɫɩɥɚɜ� ɫɥɢɜɚɥɢ� ɜ� ɜɨɞɭ� ɢ� ɩɨɥɭɱɚɥɢ� ɝɪɚɧɭɥɵ�
ɮɪɢɬɬɵ�>��@� 

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

ɉɪɨɰɟɫɫ�ɩɨɥɭɱɟɧɢɹ�ɝɪɭɧɬɨɜɨɝɨ�ɩɨɤɪɵɬɢɹ�
ɧɚ�ɩɨɜɟɪɯɧɨɫɬɢ�ɦɟɬɚɥɥɚ��ɯɨɥɨɞɧɨɤɚɬɚɧɧɵɣ�ɥɢ�
ɫɬɨɜɨɣ� ɩɪɨɤɚɬ� ɞɥɹ� ɷɦɚɥɢɪɨɜɚɧɢɹ� ɦɚɪɤɢ�
'&��(.��>��-��@�ɨɫɭɳɟɫɬɜɥɹɥɫɹ�ɜ�ɷɥɟɤɬɪɨɩɟɱɢ�
ɋɇɈɅ�� Ɍɨɱɧɨɫɬɶ� ɨɩɪɟɞɟɥɟɧɢɹ� ɬɟɦɩɟɪɚɬɭɪɵ�
ɫɨɫɬɚɜɥɹɥɚ����1D�3�2����� 

ɏɢɦɢɱɟɫɤɢɣ�ɚɧɚɥɢɡ�ɫɵɪɶɟɜɵɯ�ɤɨɦɩɨɧɟɧ�
ɬɨɜ� ɢ� ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ� ɫɬɟɤɨɥ� ɨɩɪɟɞɟɥɟɧ� ɧɚ�
ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɦ� ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬ�
ɧɨɦ�ɫɩɟɤɬɪɨɦɟɬɪɟ�5LJDNX�&*�(';5)��ɋɒȺ��� 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ� ɤɨɷɮɮɢɰɢɟɧɬ� ɥɢɧɟɣɧɨɝɨ�
ɪɚɫɲɢɪɟɧɢɹ�� ɩɥɨɬɧɨɫɬɶ�� ɩɨɜɟɪɯɧɨɫɬɧɨɟ� ɧɚɬɹ�
ɠɟɧɢɟ�ɨɩɪɟɞɟɥɹɥɢ�ɩɨ�ɦɟɬɨɞɭ�Ⱥɩɩɟɧɚ�>�@�� 

Ɋɚɫɬɟɤɚɟɦɨɫɬɶ� ɮɪɢɬɬɵ� ɨɩɪɟɞɟɥɹɥɢ� ɜ� ɫɨ�
ɨɬɜɟɬɫɬɜɢɢ�ɫ�>��@�� 
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Ɋɟɡɭɥɶɬɚɬɵ�ɢ�ɨɛɫɭɠɞɟɧɢɟ� 
ɇɚ� ɨɫɧɨɜɟ� ɫɢɫɬɟɦɵ� 6L2�–$O�2�–1D�2–

.�2–ɋD2–%�2�–1L2�ɜ� ɥɚɛɨɪɚɬɨɪɧɵɯ�ɭɫɥɨɜɢɹɯ�
ɛɵɥɢ� ɫɢɧɬɟɡɢɪɨɜɚɧɵ� ɫɬɟɤɥɚ�� Ⱦɥɹ� ɫɢɧɬɟɡɚ� ɫɬɟ�
ɤɨɥ�ɩɨɫɥɭɠɢɥɢ�ɫɥɟɞɭɸɳɟ�ɫɵɪɶɟɜɵɟ�ɤɨɦɩɨɧɟɧ�
ɬɵ�� ɤɜɚɪɰɟɜɵɣ� ɩɟɫɨɤ� ɋɚɦɚɪɤɚɧɞɫɤɨɝɨ� ɦɟɫɬɨ�
ɪɨɠɞɟɧɢɹ��ɢɡɜɟɫɬɧɹɤ�Ʉɚɲɤɚɞɚɪɶɢɧɫɤɨɝɨ�ɦɟɫɬɨ�
ɪɨɠɞɟɧɢɹ�� ɫɨɞɚ� ɩɪɨɢɡɜɨɞɫɬɜɚ� ɋɉ� ɈɈɈ�
�Ʉɭɧɝɪɚɞɫɤɢɣ� ɫɨɞɨɜɵɣ� ɡɚɜɨɞ��� ɚɥɸɦɢɧɢɣ� ɫɨ�
ɞɟɪɠɚɳɢɣ� ɨɬɯɨɞ� ɒɭɪɬɚɧɫɤɨɝɨ� ɝɚɡɨ-
ɯɢɦɢɱɟɫɤɨɝɨ�ɤɨɦɩɥɟɤɫD�ɢ�ɛɨɪɧɚɹ�ɤɢɫɥɨɬɚ���ɏɢ�
ɦɢɱɟɫɤɢɣ� � ɫɨɫɬɚɜ� ɢɫɯɨɞɧɵɯ� ɫɵɪɶɟɜɵɯ� ɤɨɦɩɨ�
ɧɟɧɬɨɜ� ɩɪɟɞɫɬɚɜɥɟɧ� ɜ� ɬɚɛɥɢɰɟ� ��� ɚ� ɫɢɧɬɟɡɢɪɨ�
ɜɚɧɧɵɯ�ɫɬɟɤɨɥ��–�ɜ�ɬɚɛɥɢɰɟ���� 

ȼ�ɬɚɛɥɢɰɟ���ɧɚɪɹɞɭ�ɫ�ɫɨɫɬɚɜɚɦɢ�ɫɢɧɬɟɡɢ�
ɪɨɜɚɧɧɵɯ� ɫɬɟɤɨɥ� ɩɪɢɜɟɞɟɧɵ� ɫɨɫɬɚɜɵ� ɮɪɢɬɬ��
ɢɫɩɨɥɶɡɭɟɦɵɯ�ɧɚ�ɩɪɨɢɡɜɨɞɫɬɜɟ�ɜ�Ɋɨɫɫɢɢ�ɢ�Ɍɭɪ�
ɰɢɢ�� ɉɪɢɛɥɢɡɢɬɟɥɶɧɭɸ� ɚɧɚɥɨɝɢɸ� ɩɨ� ɫɨɫɬɚɜɚɦ�
ɦɨɠɧɨ� ɩɪɨɜɟɫɬɢ� ɞɥɹ� ɫɨɫɬɚɜɚ� ʋ�� ɫ� ɬɭɪɟɰɤɢɦ���

ɉɨ� ɤɨɦɩɨɧɟɧɬɧɨɦɭ� ɫɨɫɬɚɜɭ� ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ�
ɫɬɟɤɥɚ�ɢɞɟɧɬɢɱɧɵ�ɪɨɫɫɢɣɫɤɨɣ�ɮɪɢɬɬɟ��ɨɞɧɚɤɨ�ɜ�
ɩɨɫɥɟɞɧɟɣ�ɨɬɫɭɬɫɬɜɭɟɬ�ɨɤɫɢɞ�ɦɚɝɧɢɹ�� 

Ɋɚɫɱɟɬɧɵɟ� ɡɧɚɱɟɧɢɹ� ɩɥɨɬɧɨɫɬɢ�� ɩɨɜɟɪɯ�
ɧɨɫɬɧɨɝɨ�ɧɚɬɹɠɟɧɢɹ�ɢ�ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ�ɤɨɷɮɮɢ�
ɰɢɟɧɬɚ�ɥɢɧɟɣɧɨɝɨ�ɪɚɫɲɢɪɟɧɢɹ��ɌɄɅɊ���ɚ�ɬɚɤɠɟ�
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɡɧɚɱɟɧɢɹ� ɪɚɫɬɟɤɚɟɦɨɫɬɢ�
ɢɫɩɵɬɭɟɦɵɯ� ɨɛɪɚɡɰɨɜ� ɨɬɪɚɠɟɧɵ� ɜ� ɬɚɛɥɢɰɟ� ���
Ɋɚɫɬɟɤɚɟɦɨɫɬɶ� ɨɩɪɟɞɟɥɹɥɢ� ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɟ�
����ɨɋ��Ƚɪɚɮɢɱɟɫɤɚɹ�ɡɚɜɢɫɢɦɨɫɬɶ�ɷɬɢɯ�ɜɟɥɢɱɢɧ�
ɨɬ�ɫɨɫɬɚɜɚ�ɩɪɢɜɟɞɟɧɚ�ɧɚ�ɪɢɫɭɧɤɚɯ���ɢ��� 

Ʉɚɤ� ɜɢɞɧɨ� ɢɡ� ɩɪɢɜɟɞɟɧɧɵɯ� ɞɚɧɧɵɯ��
ɌɄɅɊ� ɦɟɧɹɟɬɫɹ� ɜ� ɩɪɟɞɟɥɚɯ� �����-�����ā��-��
ɝɪɚɞ-���Ɋɚɫɬɟɤɚɟɦɨɫɬɶ�ɤɨɥɟɛɥɟɬɫɹ�ɜ�ɩɪɟɞɟɥɚɯ���
-��� ɦɦ�� ɩɥɨɬɧɨɫɬɶ� –� ����-����� ɝ�ɫɦ��� ɚ� ɩɨɜɟɪɯ�
ɧɨɫɬɧɨɟ�ɧɚɬɹɠɟɧɢɟ�–�����-����ā��-��ɇ�ɦ� 

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ�ɪɟɡɭɥɶɬɚɬɵ��ɩɪɟɞɫɬɚɜ�
ɥɟɧɧɵɟ�ɜ�ɬɚɛɥɢɰɟ���ɢ�ɪɢɫɭɧɤɚɯ��������ɇɚ�ɨɫɧɨɜɚ�
ɧɢɢ�ɧɨɪɦɚɬɢɜɧɨɝɨ�ɞɨɤɭɦɟɧɬɚ�>��@�ɤ�ɦɚɪɤɟ�ɥɟɝ�

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

0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 

Ɍɚɛɥɢɰɚ��� 
ɏɢɦɢɱɟɫɤɢɣ�ɫɨɫɬɚɜ�ɫɵɪɶɟɜɵɯ�ɦɚɬɟɪɢɚɥɨɜ�� 

ɋɵɪɶɟ ɆDɫɫɨɜɨɟ�ɫɨɞɟɪɠɚɧɢɟ�ɨɤɫɢɞɨɜ���     

6L2� 1D�2 .�2 &D2 $O�2� %�2� 0J2 )H�2� ɩ�ɩ�ɩ 

Ʉɜɚɪɰɟɜɵɣ�ɩɟɫɨɤ ���� - ���� ����� ���� - ���� ����� - 

ɋɨɞɚ�ɤɚɥɶɰɢɧɢɪɨɜɚɧɚɹ - ����� - - - - - - ����� 

Ȼɨɪɧɚɹ�ɤɢɫɥɨɬɚ - - - - - ���� - - ���� 

ɂɡɜɟɫɬɧɹɤ ���� - ����� ����� ���� - ���� ���� ����� 
Ⱥɥɸɦɢɧɢɣ� 
ɫɨɞɟɪɠɳɢɣ�ɨɬɯɨɞ ����� - ���� ����� ���� - - ���� ���� 

Ɍɚɛɥɢɰɚ�� 
ɏɢɦɢɱɟɫɤɢɣ�ɫɨɫɬɚɜ�ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ�ɫɬɟɤɨɥ��ɮɪɢɬɬɚ� 

ɋɨɫɬɚɜ�ʋ 
ɆDɫɫɨɜɨɟ�ɫɨɞɟɪɠɚɧɢɟ�ɨɤɫɢɞɨɜ��� 

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

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

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

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

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

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

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

� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� 
ʋ���ɎȽɌ�ɋ-�����

�Ɋɨɫɫɢɹ� 
���� ���� ���� ���� ���� ���� ���� - ���� ����� ���� 

���*5�–�������Ɍɭɪɰɢɹ� ���� ��� ���� ���� ���� ���� ���� ��� ���� ����� - 
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� 

�Ⱥɧɚɥɢɡ� ɩɨɥɭɱɟɧɧɵɯ� ɞɚɧɧɵɯ� ɩɨɡɜɨɥɹɟɬ�
ɜɵɛɪɚɬɶ� ɞɥɹ� ɞɚɥɶɧɟɣɲɢɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɫɨɫɬɚ�
ɜɵ�ʋ���ʋ���ʋ���Ʌɟɝɤɨɩɥɚɜɤɢɣ�ɫɨɫɬɚɜ�ɮɪɢɬɬɵ�
ʋ��ɧɟɠɟɥɚɬɟɥɟɧ�ɜɜɢɞɭ�ɫɥɨɠɧɨɫɬɟɣ��ɜɨɡɧɢɤɚɸ�
ɳɢɯ�ɩɪɢ�ɩɨɫɥɟɞɭɸɳɟɦ�ɷɦɚɥɟɜɨɦ�ɩɨɤɪɵɬɢɢ� 

 
Ɂɚɤɥɸɱɟɧɢɟ 
ɇɚ� ɨɫɧɨɜɟ� ɫɢɫɬɟɦɵ� 6L2�–$O�2�–1D�2–

.�2–&D2–%�2�–1L2� ɫɢɧɬɟɡɢɪɨɜɚɧɵ� ɫɬɟɤɥɚ�
ɞɥɹ� ɩɨɥɭɱɟɧɢɹ� ɝɪɭɧɬɨɜɨɝɨ� ɩɨɤɪɵɬɢɹ� ɧɚ� ɦɟ�
ɬɚɥɥɟ�� ɒɢɯɬɚ� ɞɥɹ� ɩɨɥɭɱɟɧɢɹ� ɫɬɟɤɨɥ� ɫɨɞɟɪ�
ɠɢɬ� ɦɟɫɬɧɵɟ� ɩɪɢɪɨɞɧɵɟ� ɦɢɧɟɪɚɥɶɧɵɟ� ɤɨɦ�
ɩɨɧɟɧɬɵ��ɬɚɤɢɟ�ɤɚɤ�ɤɜɚɪɰɟɜɵɣ�ɩɟɫɨɤ��ɢɡɜɟɫɬ�
ɧɹɤ�� ɩɪɨɞɭɤɬɵ� ɯɢɦɢɱɟɫɤɢɯ� ɩɪɨɢɡɜɨɞɫɬɜ� –�
ɫɨɞɚ�� ɛɨɪɧɚɹ� ɤɢɫɥɨɬɚ� ɢ� ɚɥɸɦɢɧɢɣ� ɫɨɞɟɪɠɚ�
ɳɢɣ�ɨɬɯɨɞ�ɯɢɦɢɱɟɫɤɨɝɨ�ɩɪɨɢɡɜɨɞɫɬɜɚ��Ɉɩɪɟ�
ɞɟɥɟɧɨ�� ɱɬɨ� ɫɨɫɬɚɜɚɦɢ�� ɫɩɨɫɨɛɧɵɦɢ� ɭɞɨɜɥɟ�

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

ɤɨɩɥɚɜɤɨɝɨ� ɤɨɦɩɨɧɟɧɬɚ� ɦɨɠɧɨ� ɨɬɧɟɫɬɢ� ɫɨɫɬɚɜ�
ɮɪɢɬɬɵ�ʋ����ɞɥɹ�ɤɨɬɨɪɨɝɨ�ɌɄɅɊ�ɪɚɜɟɧ������ā��
-�� ɝɪɚɞ-��� ɚ� ɪɚɫɬɟɤɚɟɦɨɫɬɶ� –� ��� ɦɦ�� ɋɨɫɬɚɜɵ�
ɮɪɢɬɬ�ʋ���ʋ���ʋ��ɨɬɧɨɫɹɬɫɹ�ɤ�ɦɚɪɤɟ�ɨɬɧɨɫɢ�
ɬɟɥɶɧɨ� ɥɟɝɤɨɩɥɚɜɤɢɯ� ɤɨɦɩɨɧɟɧɬɨɜ� ɩɨ���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
ɪɚɫɬɟɤɚɟɦɨɫɬɢ�ɢ� ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ�ɤɨɷɮɮɢɰɢɟɧ�
ɬɭ�ɥɢɧɟɣɧɨɝɨ�ɪɚɫɲɢɪɟɧɢɹ��ɋɨɫɬɚɜɵ�ɮɪɢɬɬ�ʋ���
ʋ���ʋ��ɜɜɢɞɭ�ɧɟ� ɫɨɨɬɜɟɬɫɬɜɢɹ� ɜɟɥɢɱɢɧ�ɌɄɅɊ�
ɢ�ɪɚɫɬɟɤɚɟɦɨɫɬɢ�ɨɩɪɟɞɟɥɟɧɧɵɦ�ɦɚɪɤɚɦ�ɢɫɤɥɸ�
ɱɚɸɬɫɹ� ɢɡ� ɞɚɥɶɧɟɣɲɢɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ�� ɉɨɤɚɡɚ�
ɬɟɥɢ� ɮɪɢɬɬɵ� ɪɨɫɫɢɣɫɤɨɝɨ� ɩɪɨɢɡɜɨɞɫɬɜɚ� �ʋ���
ɫɨɨɬɜɟɬɫɬɜɭɸɬ�ɦɚɪɤɟ�� ɩɪɢɫɜɨɟɧɧɨɣ� ɷɬɨɣ�ɮɪɢɬ�
ɬɟ��ɚ�ɢɦɟɧɧɨ�ɨɬɧɨɫɢɬɟɥɶɧɨ�ɬɭɝɨɩɥɚɜɤɢɣ�ɤɨɦɩɨ�
ɧɟɧɬ��Ɏɪɢɬɬɚ� ɬɭɪɟɰɤɨɝɨ� ɩɪɨɢɡɜɨɞɫɬɜɚ��ʋ��� ɩɨ�
ɪɚɫɬɟɤɚɟɦɨɫɬɢ� ɫɨɨɬɜɟɬɫɬɜɭɟɬ� ɦɚɪɤɟ� ɨɬɧɨɫɢ�
ɬɟɥɶɧɨ�ɥɟɝɤɨɩɥɚɜɤɨɝɨ�ɤɨɦɩɨɧɟɧɬɚ��ɚ�ɩɨ�ɌɄɅɊ�–�
ɥɟɝɤɨɩɥɚɜɤɨɦɭ�ɤɨɦɩɨɧɟɧɬɭ�� 

Ɋɢɫɭɧɨɤ����Ɂɚɜɢɫɢɦɨɫɬɶ�ɪɚɫɬɟɤɚɟɦɨɫɬɢ�ɢ�ɌɄɅɊ�ɨɬ�ɫɨɫɬɚɜɚ�
ɝɪɭɧɬɨɜɨɣ�ɷɦɚɥɢ�� 

Ɋɢɫɭɧɨɤ����Ɂɚɜɢɫɢɦɨɫɬɶ�ɩɥɨɬɧɨɫɬɢ�ɢ�ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ�ɧɚɬɹɠɟ�
ɧɢɹ�ɨɬ�ɫɨɫɬɚɜɚ�ɝɪɭɧɬɨɜɨɣ�ɷɦɚɥɢ� 

Ɍɚɛɥɢɰɚ�� 
Ɏɢɡɢɤɨ-ɬɟɯɧɢɱɟɫɤɢɟ�ɫɜɨɣɫɬɜɚ�ɝɪɭɧɬɨɜɵɯ�ɷɦɚɥɟɣ 

ɂɧɞɟɤɫ�ɫɨɫɬɚɜɚ 
  

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ�ɤɨɷɮɮɢ�
ɰɢɟɧɬ�ɥɢɧɟɣɧɨɝɨ�ɪɚɫɲɢ�

ɪɟɧɢɹā�����ɝɪɚɞ-� 

Ɋɚɫɬɟɤɚɟɦɨɫɬɶ��ɦɦ ɉɥɨɬɧɨɫɬɶ�� 
ɝ�ɫɦ� 

ɉɨɜɟɪɯɧɨɫɬɧɨɟ�
ɧɚɬɹɠɟɧɢɟā���� 

ɇ�ɦ 
ʋ� ����� �� ���� ���� 
ʋ� ����� �� ���� ���� 
ʋ� ����� �� ���� ���� 
ʋ� ����� �� ���� ���� 
ʋ� ����� �� ���� ��� 
ʋ� ����� �� ���� ���� 
ʋ� ����� �� ���� ���� 

ʋ���ɎȽɌ�ɋ-�����
�Ɋɨɫɫɢɹ� ��� �� ���� ���� 

���*5�–������
�Ɍɭɪɰɢɹ� ��� �� ���� ��� 
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5()(5(1&(6 
 

�� %RURYR\�9�<X��>'HYHORSPHQW�RI�DQ�HQDPHO�FRDWLQJ�FRPSRVLWLRQ�ZLWK�VSHFLILHG�FKDUDFWHULVWLFV@��0H]KGXQDURGQ\\�QDXFKQ\\�VLPSR]LXP�LPHQL�
DNDGHPLND�0�$�� 8VRYD� ©3UREOHP\� JHRORJLL� L� RVYR\HQL\D� QHGUª� >,QWHUQDWLRQDO� VFLHQWLILF� V\PSRVLXP� QDPHG� DIWHU� DFDGHPLFLDQ�0�� $�� 8VRY�
�3UREOHPV�RI�JHRORJ\�DQG�VXEVRLO�GHYHORSPHQW�@��6ERUQLNL�WUXGRY�VLPSR]LXPD��7RPVN�����������-���� 

�� =XEHNKLQ�$�3���6WUDNKRY�9�,���&KHNKRYVNL\�9�*��)L]LNR-NKLPLFKHVNL\H�PHWRG\�LVVOHGRYDQL\D�WXJRSODYNLNK�QHPHWDOOLFKHVNLNK�L�VLOLNDWQ\NK�PDWH�
ULDORY�>3K\VLFR-FKHPLFDO�PHWKRGV�IRU�WKH�VWXG\�RI�UHIUDFWRU\�QRQ-PHWDOOLF�DQG�VLOLFDWH�PDWHULDOV@��6DQNW-3HWHUEXUJ��6LQWH]�3XEO������������� 

�� 3HW]ROG�$���3RVFKPDQQ�+��(PDLO�XQG�(PDLOOLHUWHFKQLN��'HXWVFKHU�9HUODJ�IXU�*UXQGVWRIILQGXVWULH��/HLS]LJ���������5XVV��(G���3HWWVRO
G�$���3RVK�
PDQQ�*��(PDO
�L�HPDOLURYDQL\H��0RVFRZ��0HWDOOXUJL\D�3XEO��������������� 

�� %UDJLQR\�/�/���=XEHNKLQD�$�3��7HNKQRORJL\D�HPDOL�L�]DVKFKLWQ\NK�SRNU\WL\�>7HFKQRORJ\�RI�HQDPHO�DQG�SURWHFWLYH�FRDWLQJV@���.KDU
NRY��178�
©.+3,ª�3XEO������������� 

�� $SSHQ�$�$��.KLPL\D�VWHNOD���/HQLQJUDG��.KLPL\D�3XEO������������� 
�� (PDOLURYDQL\H�PHWDOOLFKHVNLNK�L]GHOL\�>(QDPHOLQJ�RI�PHWDO�SURGXFWV@��/HQLQJUDG��0DVKLQRVWUR\HQL\H�3XEO������������� 
�� 0DULR�.���.UXQRVODY�3��� ,YDQ�6W���-RVLSD�$��$GKHVLRQ�DQG�DQWLFRUURVLYH�SURSHUWLHV�RI�'70�FRDWLQJ�DV�UHODWHG�WR�SULPHU�FRDWLQJ��*UDGHYLQDU��

���������������-�����'2,�����������-&(���������� 
�� 5\DERYD�$�9��%HO\\H�OHJNRSODYNL\H�RGQRVOR\Q\\H�VWHNORHPDOHY\\H�SRNU\WL\D�GO\D�VWDOL��'LVV��GRNW��IL]-PDW��QDXN�>:KLWH�IXVLEOH�VLQJOH-OD\HU�JODVV�

HQDPHO�FRDWLQJV�IRU�VWHHO��'U��SK\V��DQG�PDWK��VFL��GLVV�@� 1RYRFKHUNDVVN������������ 
�� =HPO\DQD\D�<H�%��5D]UDERWND�VRVWDYRY�L� WHNKQRORJLL�JUXQWRY\NK�L�RGQRVOR\Q\NK�HPDOH\�GO\D�VWDOL�V� LVSRO]RYDQL\HP�JOLQR]HPVRGHU]KDVKHJR�

RWNKRGD��'LVV��GRNW��IL]-PDW��QDXN�>'HYHORSPHQW�RI�FRPSRVLWLRQV�DQG�WHFKQRORJ\�RI�JURXQG�DQG�VLQJOH-OD\HU�HQDPHOV�IRU�VWHHO�XVLQJ�DOXPLQD-
FRQWDLQLQJ�ZDVWH@��1RYRFKHUNDVVN������������� 

��� <DWVHQNR� <H�$��� 5\DERYD� $�9��� =XEHNKLQ� $�3��� *X]L\�9�$�� 2GQRVOR\Q\\H� OHJNRSODYNL\H� EHO\\H� VWHNORHPDOHY\\H� SRNU\WL\D� GO\D� E\WRYR\�
JD]RYR\�DSSDUDWXU\�>6LQJOH-OD\HU�IXVLEOH�ZKLWH�JODVV-HQDPHO�FRDWLQJV�IRU�KRXVHKROG�JDV�HTXLSPHQW@��6WHNOR�L�NHUDPLND�������������-��� 

��� %UDJLQD�/�/���=XEHNKLQ�$�3��7HNKQRORJL\D�HPDOL�L�]DVKFKLWQ\NK�SRNU\WL\�>7HFKQRORJ\�RI�HQDPHO�DQG�SURWHFWLYH�FRDWLQJV@��.KDU
NRY��178�³.K3,�
3XEO������������� 

��� &KXPDNRY� $�$�� >$GKHVLRQ� VWUHQJWK� RI� D� VLQJOH-OD\HU� HQDPHO� FRDWLQJ� ZLWK� D� PHWDO� VXUIDFH@�� 6ERUQLN� VWDWH\� 0H]KGXQDURGQR\� QDXFKQR-
SUDNWLFKHVNR\� NRQIHUHQWVLL� 3DP\DWL� 9�)�� 3HWUXVKHYVNRJR� >&ROOHFWLRQ� RI� DUWLFOHV� RI� WKH� ,QWHUQDWLRQDO� 6FLHQWLILF� DQG� 3UDFWLFDO� &RQIHUHQFH� LQ�
PHPRU\�RI�9�)��3HWUXVKHYVN\@��0RVFRZ���������-�� � 

��� $OHXWGLQRY�$�'��7HNKQRORJLL�QDQHVHQL\D�L�UHVWDYUDWVLL�HPDOHY\NK�SRNU\WL\�FKRUQ\NK�PHWDOORY�VIRNXVLURYDQQ\P�L]OXFKHQL\HP�GXJRYRJR�LVWRFKQL�
ND��'LVV��GRNW��IL]-PDW��QDXN�>7HFKQRORJLHV�IRU�DSSO\LQJ�DQG�UHVWRULQJ�HQDPHO�FRDWLQJV�RI�IHUURXV�PHWDOV�E\�IRFXVHG�UDGLDWLRQ�IURP�DQ�DUF�VRXUFH��
'U��SK\V��DQG�PDWK��VFL��GLVV�@��7RPVN������������ 

��� ,RIIH�9�<D���7HNKQRORJL\D�HPDOLURYDQL\D�E\WRYR\�JD]RYR\�L�HOHNWULFKHVNR\�DSSDUDWXU\�>(QDPHOLQJ�WHFKQRORJ\�IRU�KRXVHKROG�JDV�DQG�HOHFWULFDO�
HTXLSPHQW@��6WHNOR�L�NHUDPLND� �������� ��ဨ���  

��� 5\DERY�$�9���<DWVHQNR�<H�$���.HULPRYD�9�9���.OLPRY�/�9�� �6WHNORHPDOHYR\H� �RGQRVOR\QR\H�SRNU\WL\H� �GO\D� �DQWLNRUUR]LRQQR\��]DVKFKLW\�
VWDO൏Q\NK�L]GHOL\��)L]LND�L�NKLPL\D�VWHNOD�������������–���� 

��� <DWVHQNR�<H�$��2VREHQQRVWL�UHVXUVRVEHUHJD\XVKFKH\�WHNKQRORJLL�IXQNVLRQDO൏Q\NK�RGQRVOR\Q\NK��NRPSR]LWVLRQQ\NK��HPDOHY\NK��SRNU\WL\�GO\D�
VWDOL��)L]LND�L�NKLPL\D�VWHNOD�������������-��� 

��� <DWVHQNR� <H�$��� 5\DERYD� $�9��� =XEHNKLQ� $�3��� *X]L\�9�$�� 2GQRVOR\Q\\H� OHJNRSODYNL\H� EHO\\H� VWHNORHPDOHY\\H� SRNU\WL\D� GO\D� E\WRYR\�
JD]RYR\�DSSDUDWXU\��6WHNOR�L�NHUDPLND�������������—��� 

��� <DWVHQNR�<H�$�� 3UREOHPD� VWVHSOHQL\D� RGQRVOR\Q\NK� VWHNORNRPSR]LWVLRQQ\NK� SRNU\WL\� V�PHWDOODPL��3UDNWLND� SURWLYRNRUUR]LRQQR\� ]DVKFKLW\��
��������������-��� 

��� <DWVHQNR�<H�$���=HPO\DQD\D�<H�9���.UDVQLNRYD�2�6��7VYHWQ\\H��RGQRVOR\Q\\H��VWHNORHPDOL��GO\D��VWDOL��6WHNOR�L�NHUDPLND�������������ဨ���� 
��� %HUG]HQLVKYLOL�,�*���6KDOLJLQD�2�9��1L]NRWHPSHUDWXUQ\\H�RGQRVOR\Q\\H�WHPQRRNUDVKHQQ\\H�VWHNORHPDOHY\\H��SRNU\WL\D��GO\D��E\WRY\NK��SOLW�

>/RZ-WHPSHUDWXUH� VLQJOH-OD\HU� GDUN-FRORUHG� JODVV-HQDPHO� FRDWLQJV� IRU� KRXVHKROG� VWRYHV@��9HVWQLN�QDWVLRQDOQRJR� WHNKQLFKHVNRJR�XQLYHUVLWHWD��
���������ဨ���� 

��� 0LQNHYLFK�7�6��� 7DYJHQ�9�9���5RGVHYLFK� 6�3�� � 6KHORFKQ\\H� WLWDQRVLOLNDWQ\\H� VWHNOD�GO\D�EHO\NK� VWHNORHPDOH\� V� SRY\VKHQQR\�NRUUR]LRQQR\�
VWR\NRVW\X��6WHNOR�L�NHUDPLND�������������-��� 

��� %ɿOL\� <D�ȱ��� .LVOLFKQD� 5�ȱ��� 1DJRUQD� 7�ȱ��� 1DXPHQNR� 6�<X��� 3DYORYD� .�9�� %H]ERUQ\\H� JUXQWRY\\H� HPDOHY\\H� SRNU\WL\D�� 9RSURV\� NKLPLL� L�
NKLPLFKHVNR\�WHNKQRORJLL��������������-���� 

��� 6KDOLJLQD�2�9��*UXQWRY\\H�IULW\�GO\D�HOHNWURVWDWLFKHVNRJR�HPDOLURYDQL\D�E\WRYR\�WHNKQLNL�SR�PDORXJOHFKQ\P�VWDO\DP��$YWRUHI��NDQ-WHNK��QDXN��
>3ULPLQJ�IULWV�IRU�HOHFWURVWDWLF�HQDPHOLQJ�RI�KRXVHKROG�DSSOLDQFHV�RQ�ORZ-FDUERQ�VWHHOV��3K'�GLVV��DEVWUDFW@��.KDUNLY����������� 

��� ;RURVKDYLQD�9�9��� 'DYLW\DQ�0�9��5HVXUVRVEHUHJD\XVKFKD\D� WHNKQRORJL\D� SROXFKHQL\D� IXQNVLRQDO൏Q\NK� NRPSR]LWVLRQQ\NK� VWHNORHPDOHY\NK�
SRNU\WL\�GO\D�VWDOL��.KLPLFKHVNL\H�QDXNL������������-������-���� 

��� .OLPRYD�/�9��&WHNORNULVWDOOLFKHVNL\H�EHO\\LH�HPDOHY\\H�SRNU\WL\D�GO\D�VWDOL��'LVV��NDQ-WHNK��QDXN�� >*ODVV-FHUDPLF�ZKLWH� HQDPHO�FRDWLQJV� IRU�
VWHHO��3K'�GLVV�@��1RYRFKHUNDVVN������������ 

��� %ROVKDNRY�9�,���6DYLQ�<X��/���3ULNKRG൏NR�$�3���6DYLQ�/�6���9GRYNLQD�*�*���=DORJLQD�<H��)L]LNR-NKLPLFKHVNL\�SRGNKRG�N�VLQWH]X�QL]NRWHPSHUD�
WXUQR\� EHVNREDO൏WRYR\� VWHNORHPDOL� Y� NDFKHVWYH� ]DVKFKLWQRJR� SRNU\WL\D�� 9HVWQLN� 3ULGQHSURYVNR\� JRVXGDUVWYHQQR\� DNDGHPLL� VWURLWHOVWYD� L�
DUNKLWHNWXU\���������-��� 

��� 6RVKLQD� 7�2���0XNKDPDG\DURYD� 9�5�� 9OL\DQL\H� WHPSHUDWXU\� L� YUHPHQL� WHUPLFKHVNR\� REUDERWNL� QD� VWUXNWXUX� HPDOHYRJR� SRNU\WL\D��9HVWQLN�
3HUPVNRJR��QDWVLRQDOQRJR�LVVOHGRYDWHOVNRJR��SROLWHNKQLFKHVNRJR��XQLYHUVLWHWD����������������-����'2,���������������-�������������� 

��� <DWVHQNR�(�$��,]XFKHQL\H�YOL\DQL\D�SUHGYDULWHO
QRL�SRGJRWRYNL�UD]QRURGQ\NK�PHWDOORY�QD�NDFKHVWYR�HPDOHYRJR�SRNU\WL\D��3UDNWLND�SURWLYRNRU�
UR]LRQQR\�]DVKFKLW\������������-���� 

��� <DWVHQNR�(�$���']\XED�(�%���9HURSDNKD�1�9��,]XFKHQL\H�YOL\DQL\D�VSRVRED�REUDERWNL�SRYHUNKQRVWL�VWDOL��NDN�IDNWRUD�REUD]RYDQL\D�NRQWDNWQRJR�
VOR\D�� QD� SURFKQRVW
� VWVHSOHQL\D� VLVWHP\� PHWDOO� SRNU\WL\H�� ,]YHVWL\D� 6DQNW-3HWHUEXUJVNRJR� JRVXGDUVWYHQQRJR� WHNKQRORJLFKHVNRJR� LQVWLWXWD�
�WHNKQLFKHVNRJR�XQLYHUVLWHWD����������������-������,Q�5XVV�� 

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

��� *267������-������)ULWW\��7HNKQLFKHVNL\H�XVORYL\D��0RVFRZ�6WDQGDUWLRQIRUP�3XEO��������������,Q�5XVV�� 
��� %H]ERURGRY�0�$��6DPRSURL]YROQD\D�NULVWDOOL]DWVL\D�VLOLNDWQ\NK�VWHNRO��0LQVN��1DXND�L�WHNKQLND�3XEO�������������S� 
 

� 

ɬɜɨɪɢɬɶ�ɧɨɪɦɚɬɢɜɧɵɦ�ɬɪɟɛɨɜɚɧɢɹɦ��ɩɪɟɞɴɹɜ�
ɥɹɟɦɵɦ� ɤ� ɮɪɢɬɬɟ� ɞɥɹ� ɝɪɭɧɬɨɜɨɝɨ� ɩɨɤɪɵɬɢɹ�
ɩɨ�ɪɚɫɬɟɤɚɟɦɨɫɬɢ�ɢ�ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ�ɤɨɷɮɮɢ�
ɰɢɟɧɬɭ� ɥɢɧɟɣɧɨɝɨ� ɪɚɫɲɢɪɟɧɢɹ�� ɹɜɥɹɸɬɫɹ� ɫɨ�

ɫɬɚɜɵ� ʋ��� ʋ�� ɢ� ʋ��� ɤɨɬɨɪɵɟ� ɨɬɧɨɫɹɬɫɹ� ɤ�
ɤɥɚɫɫɭ� ɫɪɟɞɧɟɣ� ɩɥɚɜɤɨɫɬɢ�� ɤɨɬɨɪɵɟ� ɜ� ɞɚɥɶ�
ɧɟɣɲɟɦ� ɛɭɞɭɬ� ɫɥɭɠɢɬɶ� ɨɫɧɨɜɨɣ� ɜ� ɩɪɨɰɟɫɫɟ�
ɧɚɧɟɫɟɧɢɹ�ɩɨɤɪɨɜɧɨɣ�ɷɦɚɥɢ� 

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

0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 


	STUDY OF THE PHYSICAL AND TECHNICAL PROPERTIES OF GROUND ENAMELS IN THE SYSTEM SiO2–Al2O3–Na2O–K2O–СaO–B2O3–NiO
	Recommended Citation

	C:\Users\HP\AppData\Local\Temp\mso4CC0.tmp

