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��������� �!"#� �$%�&��� �'�*!"��+ �*-/�$ ��!1&*&!;"" �����-2009, ��-

/&*=��"+ ���%� �*&>��� �&?"��$ /��%�/�$, @*&/%�=&!!A> �@&;"�%"���+" "? *�?-
!A> "!��"�-��$ " �*#�!"?�;"B ����"". 

��'��A ��*�=�C� /���"=&!"� " -*�$&!D "��%&/�$�!"B, �&!/&!;"" " @*�'%&+A 
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!� ��!�$& ���%" �6�5. F%&��*�!!�-+"�*����@"E&��"& "��%&/�$�!"� @� 
+&��/"�& -#�%D!A> *&@%"� " +&��%%�#*�1"E&��"B �!�%"?, @*�$&/&!!AB 
!� +"�*����@& “Neophot-24” @*" *�?%"E!A> -$&%"E&!"�>, /�C� E&��-C 
��*�"!- *��@*&/&%&!"� G�"> ��*-��-* " $�?+�=!���D !&@��*&/��$&!!�#� 
�@*&/&%&!"� "> *��@*&/&%&!"� @� �'H&+- +��&*"�%�. 
!�%"? *��@*&/&%&-
!"� ��/&*=�!"� ��!�$!A> G%&+&!��$ W, Co, Fe, Cr, Mo, V @*" ���!"*�$�-
!"" �� @�$&*>!���" @��*A�"� $#%-'D +��&*"�%� @���?�%, E�� $ @��*A�"" 
���-���$-C� Fe, Cr " /*-#"& G%&+&!�A. ��%�& ��%"E&��$� �� %���%"?�$�-
!� $ ��!��B @*��%�B�& +&=/- �%�&+ ��*'"/� $�%D1*�+� " 'A��*�*&=-�&B 
���%DC. �&?-%D���A "?+&*&!"� +"�*��$&*/���" (@� 	!-@@-) /�@�%!�C� " 
/&��%"?"*-C� ��*�"!- ��*-��-*!A> "?+&!&!"B $ @��*A�"" " ��!�$!�+ 
+��&*"�%& �6�5.  

��=!A+ *&?-%D����+ /�!!�B *�'��A �$%�&��� �@*&/&%&!"& �@�"+�%D-
!A> @�*�+&�*�$ ��!����!�#� G%&��*"E&���#� $?*A$� �$&*/�#� �@%�$� /%� 
@�%-E&!"� @*�E!�#� "?!������B��#� @��*A�"� !� @�$&*>!���" 'A��*�*&-
=-�&B ���%". ��@*"+&*, -@*�E!&!"& /�!!A+ +&��/�+ *&=-�&B �*�+�" 
?-'D&$ /"���$�B @"%A -$&%"E"$�&� $ 2 ÷ 3 *�?� "?!������B����D �&*"B!� 
"?#���$%�&+�B @"%A @*" @"%&!"" ?�#���$�� /*&$&�!�-��*-=&E!A> @%"� 
@� �*�$!&!"C � !&�'*�'���!!�B �&*"B!�B @"%�B. 

 
�����
 ���������� 

 
1. 	���$ O. 
., �$�!�$ �. �. ��*�P��$A& !�!��&>!�%�#"" /%� ��?/�!"� 1-!�;""�!�%D-

!A> +��&*"�%�$ " -��*�B��$ G%&��*�>"+"E&���B G!&*#&�"�". // �&��!"� ����"B���B 
��/&-
+"" ��-�, �. 78, R 9, (2008), �. 777. 

2. �*"#�*D&$ �.�., �%D�!�$� �.�. ��*-��-*� @�$&*>!���!A> �%�&$ ���%" �6�5 @*" G%&�-
�*�"+@-%D�!�B �'*�'���&. // ��-E!�� �&��"� ���-2005, �.9, �.96. 
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F11&��"$!�& "�@�%D?�$�!"& +&��/�$ +�%&�-%�*!�#� +�/&%"*�$�!"� 

(��) �@���'!� $ ?!�E"�&%D!�B +&*& ���*��"�D �*��" *�?*�'���" !�!�+�-
�&*"�%�$ � ?�/�!!A+" �$�B��$�+", � ���=& �!"?"�D "> ���"+���D. 	�� 
@*�$"%�, � ���"+ +��&*"�%�+ @*&/H�$%�C��� *�?!��'*�?!A& �*&'�$�!"� 
@� "> ��*-��-*& " �$�B��$�+, E�� �'-�%�$%"$�&� !&�'>�/"+���D @*"+&!&-
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!"� *�?%"E!A> +&��/�$ ��. � !������&B *�'��& +A @*&/���$%�&+ @*�-
#*�++!AB ��+@%&�� � *�'�E"+ !�?$�!"&+ 	�!��*-���* �-@*�+�%&�-% 
(	�), $ ����*�+ $ *�+��> &/"!�B @%��1�*+A *&�%"?�$�!A �%&/-C�"& 
+&��/A ��, @�?$�%�C�"& *���E"�A$��D *�?%"E!A& >�*���&*"��"�" !�-
!���*-��-*: 

� 	$�!��$�->"+"E&��"B -*�$&!D +�/&%"*�$�!"� [1], @�?$�%�C�"B "? 
@&*$A> @*"!;"@�$ (!� ��!�$& *&P&!"� +!�#�E���"E!�#� -*�$!&!"� �*&-
/"!#&*�) *���E"�A$��D �$�B��$� !�!��%���&*�$ (�@�"+�%D!�� #&�+&�*"�, 
�@&��* @�#%��&!"�, �@&��* %C+"!&�;&!;"", /"@�%D!AB +�+&!�, @�%�*"-
?-&+���D " /*.) � E"�%�+ ���+�$ /� !&���%D�"> ���&! (?�$"�"� �� -*�$!� 
�$�!��$�->"+"E&���#� +�/&%"*�$�!"�). 

� �*-@@� +&��/�$, ��!�$�!!A> !� @*"+&!&!"" �%���"E&��"> �"%�$A> 
@�%&B [2] /%� *��E&�� G!&*#"" $!-�*" – " +&=+�%&�-%�*!�#� $?�"+�/&B-
��$"�. �*&/-�+��*"$�&��� %���%D!�� �@�"+"?�;"� !�!��%���&*�$ � E"�-
%�+ ���+�$ ~10000, #%�'�%D!�� �@�"+"?�;"� ��+@%&���$ �"@� «#���D-
>�?�"!» � "�@�%D?�$�!"&+ #&!&�"E&��"> �%#�*"�+�$ [3] " *��E&� �$�'�/-
!�B G!&*#"" "> �'*�?�$�!"� � -E&��+ G!�*�@"B!�#� $�%�/� @� *&?-%D����+ 
+�%&�-%�*!� – /"!�+"E&���#� +�/&%"*�$�!"� [4], $�?+�=!���D -E&�� *��-
�$�*"�&%� $ *�+��> !&�$!A> +�/&%&B [5]. 

� �"?-�%"?�;"� " *&/���"*�$�!"& ��*-��-*A !�!��%���&*�$ � @�+�-
�DC +�%&�-%�*!�#� *&/����*�, "!�&#*"*�$�!!�#� $ 	� " @�?$�%�C�&#� 
��>*�!��D "!1�*+�;"C � ��*-��-*& !�!��%���*�$ $ 1�*+���>, "�@�%D?-&-
+A> /*-#"+" ��+@�!&!��+" 	�, � ���=& *��@*���*�!&!!A+" $!&P!"+" 
@*�#*�++�+", "+&C�"+" �>�/!-C 1-!�;"�!�%D!���D.  


@*�'�;"C 	� @*&/@�%�#�&��� @*�$&��" @*" *�?*�'���& �@�"E&��"> 
>"+"E&��"> �&!��*�$, @*&/!�?!�E&!!A> /%� ��!�*�%� ��!;&!�*�;"" $ 
$�?/->& ?�/�!!A> >"+"E&��"> $&�&��$. U-$��$"�&%D!A+ G%&+&!��+ �&!-
��*� �$%�&��� �-@*�+�%&�-%�*!AB *&;&@��*!AB ;&!�*, ����*AB @*&/���$-
%�&� ��'�B +�%&�-%--"!/"����*, �@&��* %C+"!&�;&!;"" ����*�B "?+&!�-
&��� @*" $?�"+�/&B��$"" � /&�&��"*-&+�B +�%&�-%�B, � ���=& && '%"=�B-
P&& +�%&�-%�*!�& ��*-=&!"&. ��*-��-*� �-@*�+�%&�-%�*!�#� *&;&@��*-
!�#� ;&!�*� $A'"*�&��� ���, E��'A �@�"+"?"*�$��D $?�"+�/&B��$"& +�%&-
�-%A–"!/"����*� � /&�&��"*-&+�B +�%&�-%�B, @�$A�"�D "?'"*��&%D!���D 
����#� $?�"+�/&B��$"� " -�"%"�D �@�"E&��"B ���%"� ���!��*-"*�$�!!�#� 
*&;&@��*!�#� ;&!�*�. �%� *&P&!"� G�"> ?�/�E !&�'>�/"+� "�@�%D?�$��D 
$&�D !�'�* +&��/�$ ��, ����*A& @*&/@�%�#�&��� *&�%"?�$��D $ 	�.  

��'��� @*�$�/"��� $ *�+��> ��!�*���� � � �
� (R 02.523.11.3014-��/08 �� 
25 �$#-��� 2008#.) @� �&+& «��?*�'���� @*�#*�++!A> �*&/��$ +!�#�+��P��'!�#� 
+�/&%"*�$�!"� " $"*�-�%D!�#� @*�&��"*�$�!"� !�!���*-��-*"*�$�!!A> +��&*"�-
%�$». 

�����
 ���������� 
 

1. D. N. Laikov // Chemical Physics Letters V. 416 , P. 116–120 (2005). 
2. T.A. Halgren // J. Comp. Chem. V. 5-6.,P. 490-519. (1996).  
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3. 
.�.��+�!�$, �.
.	�!/���$�, .�.�*"#�*D&$, 
.�.�-%"+�$, �.�.�-�&�"!�, 
�.�.��*�A!�$, �.�.�-%"+�$ // �AE"�%"�&%D!A& +&��/A " @*�#*�++"*�$�!"&. �. 9, �. 213-
233. (2008). 

4. .�.�*"#�*D&$, �.�.�-�&�"!�, 
.�.��+�!�$, �.�.�-%"+�$, �.
.�"�"�"!� // 
�"�>"+"�. �. 72, �. 963-973(2007). 

5. A.N.Romanov, S.N.Jabin, Y.B.Martynov, A.V.Sulimov, F.V.Grigoriev, V.B.Sulimov // J. 
Phys. Chem. A (Letters). V. 108.,P. 9323-9328.(2004).  

 
 

�.�. ������, �.�. ������	��, �.
. ����S������,  
�.�. ���T�	��, �.�. ������	�, 
.�. ������  

+������������	 "�������������	 ����������� 
 

 �
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�
*�1 � �*3'�
���  
�1�0�
4���� �
���'�(	'(�  

 
����+��*"$�C��� �%#�*"�+A 1*����%D!�#� �!�%"?� " 1"%D�*�;"" "?�'*�=&!"B 

G%&��*�!!�-+"�*����@"E&��"> "?�'*�=&!"B !�!���*-��-* !� +!�#"> +��P��'�> � 
"�@�%D?�$�!"&+ �*��!�+��P��'!�#� �!�%"?� -*D& " ���%D?��"> ���!. �*&/%�-
=&!!A& �%#�*"�+A *&�%"?�$�!A $ $"/& "!�&*���"$!�#� @*�#*�++!�#� ��+@%&���, 
� @�+��DC ����*�#� �'*�'��A$�%"�D "?�'*�=&!"� !�!���*-��-* $ �+�*1!A> " 
+"�*��*"���%%"E&��"> �@%�$�>. �� G%&��*�!!�-+"�*����@"E&��"> �!"+��> �@%�-
$�$ $"?-�%"?"*�$�!A !�!���*-��-*A *�?%"E!A> +��P��'�$, " @� ����$&���$-C-
�"+ #"���#*�++�+ �@*&/&%&!A "> ����"��"E&��"& " 1*����%D!A& >�*���&*"��"�".  

 
*����%D!AB �!�%"? "?�'*�=&!"B !�!���*-��-* ��%D�� !� /$-> +��-

P��'�> !& /�&� $�?+�=!���" *�?%"E"�D /$� 1*����%�, ��/&*=��"> !�!�- 
��*-��-*A *�?%"E!A> *�?+&*�$. ��+A+ @*���A+ $A>�/�+ "? G��#� @�%�-
=&!"� �$%�&��� �!�%"? !� !&���%D�"> +��P��'�> �/!�$*&+&!!�. ��%-E&!-
!A& !"=& *&?-%D���A @�?$�%�C� -�$&*=/��D, E�� ����B �!�%"? $�?+�=&! � 
"�@�%D?�$�!"&+ @*&/%�#�&+A> $ /�!!�B *�'��& �%#�*"�+�$.  

�%� "?�'*�=&!"B ���>���"E&��"> 1*����%D!A> !�!���*-��-* �@&�-
�*�%D!�� @%��!���D -'A$�&� @� ��&@&!!�+- ?���!- $ !&����*�+ /"�@�?�!& 
@*���*�!��$&!!A> E�����. ��=!� @���?��D, E�� @���?��&%D ��&@&!" /%� 
�/!�*�/!A> "?�'*�=&!"B �@*&/&%�&��� %�#�*"1+�+ ��!�P&!"� G!&*#"B 
(/"�@&*�"B) !� ���&/!"> @*���*�!��$&!!A> E������>, �������"> /*-# �� 
/*-#�, !�@*"+&*, !� ����$-. �E&$"/!�, E�� $ @*���*�!��$&!!�B �'%���" 
/%� 1*����%D!A> "?�'*�=&!"B %�#�*"1+ ��!�P&!"� /"�@&*�"B "?�'*�-
=&!"B !� /$-> ���&/!"> +��P��'�> ���=& /�%=&! ��>*�!��D��.  

�@*&/&%&!"& #*�!"; �@*�$&/%"$���" G��#� 1���� ��-�&��$%�%��D !�+" 
@� �%&/-C�&+- �%#�*"�+-. ��/&%"*�$�%��D "?�'*�=&!"& � ?�/�!!�B 
1*����%D!�B �@&��*�%D!�B @%��!���DC. �&!&& /&��%D!�& "?�'*�=&!"& 
@�%-E�%��D @-�&+ �#%�="$�!"� �+�/&%"*�$�!!�#� "?�'*�=&!"� ���%D?�-
�"+ ��!�+ *�?+&*�+ (3*3) G%&+&!�� !�*+"*�$�!!A+ /%� @�%-E&!"� &/"-
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E� �'��%C�!�#� -!"E��=&!"� '���&*"B, $"*-��$ " �.@., E�� !& ��-�&��$"-
+� ��$*&+&!!A+" 1"%D�*�+" " �'��*'&!��+". � G��B �"��&+& 1"%D�*�;"" 
���=& @*"+&!�C��� �-"���E!"�" " "?%-E&!"& ��%!;�.  
6. '���#���"��#�!��. 

��?/�!"& 1���!!A> �*"���%%�$. F�� �&>!�%�#"� $@&*$A& 'A%� ��?/�!� 
$ !�P&B %�'�*���*"" $ �&*&/"!& 80-> #�/�$ @*�P%�#� $&��.  
7. ��#��- � ����5��#�����#�. 

��!�%"��#*�1"� � *�?*&P&!"&+ $ /"�@�?�!& 15-30!+. 
8. +��������#� � ���������% �������������� � ����"����9��� � ��-
���;&������� ����������#�9 ����#�����%���9 ����#�. 

�� '�?& @�%"��@"%%�*!�B �@�"�" $ �!��"�-�& *&!�#&!�$���B �@�"�" 
��?/�!� '�%&& 10 *�?!A> �!�%"�"E&��"> @*�'�*�$ (/"1*����+&�*A, 
�XRF-�@&��*�+&�*A, *&1%&���+&�*A, " �./.), ����*A& G11&��"$!� *&P�-
C� @*�'%&+A /"�#!���"�" !�!�+��&*"�%�$. �*"'�*A @�*���"$!A, @�-
�*&'%�C� +�%� G!&*#"" " �'%�/�C� $A����B 1-!�;"�!�%D!���DC. �&BE�� 
$ +"*& !��E"�A$�&��� !&���%D�� �A��E @*"'�*�$ !� '�?& @�%"��@"%%�*-
!�B �@�"�". �� $�&> �"!>*��*�!�> @��%&/!&#� @���%&!"�> "�@�%D?-&��� 
+&��/ 3D "?�'*�=&!"� �'H&���$ � @�+��DC @�%"��@"%%�*!A> %"!?.  
9. (��������� �"=#��� �>��#�$ 5�����9.  

��?/�!"& #�++�-%"!?. �@*�$%&!"& @-E��+" @*���!�$ " "�!�$ $A����B 
G!&*#"". 
10.  "���������;�>� �������>.  

� !�!���!�%�> @�$&/&!"& 1���!�$ " E���"; ���!�$"��� �$�!��$A+. 
��!!�& �$%&!"& !&�'>�/"+� &�& "?-E"�D. 

 
 

�.O. 	�����
����1,2, �.�. T
���1,2, �.�. �������1,2 

1 #�����-/������������
�	 '�����������	 3���� �$%  
�&. �.'.*�&�������, ���
�� 

2 ��� «+�&����», ���
�� 
 

	��'��(
*3�2� ��+�*� �
�'����'�*�. 
)�+�A�' ���0�+��� B���,�� �
�'������� 

 
���%�/ @��$��&! *���+��*&!"C !�"'�%&& G11&��"$!A> +�/&%&B *���$�*"�&-

%�. ����+��*&!A �*" ��!�$!A> �����$%�C�"> G!&*#"" ��%$���;"". ��/*�'!� *��-
�+��*&!� �*&�D� "? !">, �$�?�!!�� � G%&��*�����"E&��"+ $?�"+�/&B��$"&+. �*"$&-
/&!A �*" ��!�$!A> +&��/� && E"�%&!!�#� !�>�=/&!"� ���, ��SMO, SGB. �@"-
��!A "> @*&"+-�&��$� " !&/������". 

 
�%� @�/�E&�� �$�'�/!�B G!&*#"" *���$�*&!"� !&�'>�/"+� @���*�"�D 

+�/&%D *���$�*"�&%�. F�� +�=!� �/&%��D �$!� – @-�&+ *���+��*&!"� *��-
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�$�*"�&%� ��� !�'�*� '�%DP�#� E"�%� +�%&�-% " +�/&%"*�$��D $?�"+�-
/&B��$"� +&=/- +�%&�-%�+" *���$�*"�&%� " +�%&�-%�B *���$�*&!!�#� 
$&�&��$�. �� G��� +&��/ @*" E"�%&!!�+ +�/&%"*�$�!"" �*&'-&� �#*�+-
!A> ?��*�� ��+@DC�&*!A> *&�-*��$. 	*�+& ��#� �%�=!� @�/�'*��D $&*-
!A& +�/&%" $?�"+�/&B��$"� +�%&�-%. 

��G��+- '�%&& E���� "�@�%D?-C��� !&�$!A& +�/&%" *���$�*"�&%�, $ 
����*A> *���$�*"�&%D *���+��*"$�&��� ��� !&@*&*A$!�� (��!�"!-�%D!��) 
�*&/�, � !& /"��*&�!AB !�'�* +�%&�-%. � *�+��> ��!�"!-�%D!A> (!&�$-
!A>) +�/&%&B *���$�*"�&%� @*&/@�%�#�&���, E�� @*" *��E&�& �$�'�/!�B 
G!&*#"" *���$�*�&+�B +�%&�-%A -�*&/!&!"& @� $�&+ ���*/"!���+ +�%&-
�-% *���$�*"�&%� @*�"?$&/&!� ?�*�!&&. 

�$�'�/!�� G!&*#"� ��%D$���;"" @*&/���$%�&��� $ $"/& �-++A �*&> ��-
���$%�C�">: 

1) 	�$"��;"�!!�� "%" #"/*�1�'!�� �����$%�CP�� [1, 2] @�/�E"�A$�-
&��� � "�@�%D?�$�!"&+ @*&/%�=&!!�B *�!&& �>&+A, $ ����*�B �$!A+ �'*�-
?�+ *���+��*"$�&��� G11&�� "��%CE&!!�#� �'H&+�, �'-�%�$%&!!AB �-�&-
��$�$�!"&+ $ *���$�*"�&%& �'H&+�, ?�!���#� *���$�*&!!A+ $&�&��$�+ " 
@�G��+- !&/���-@!A+ /%� *���$�*"�&%� 

2) U���D $?�"+�/&B��$"�, �$�?�!!�#� � �"%�+" ��!-/&*-���%D�� [3, 4]. 
�%� *��E&�� G!&*#"" $?�"+�/&B��$"� ��!-/&*-���%D�� �-'��*��� � *���$�-
*"�&%&+ �'AE!� "�@�%D?-&��� @*����� 1�*+-%�, $ ����*�B G!&*#"� *��-
�+��*"$�&��� ��� �-++� G!&*#"B @�$&*>!���!�#� !���=&!"� +�%&�-%A, 
����$&���$-C�"> *�?%"E!A+ ��*��+ ���+�$. 

3)  ��%�*!�� �����$%�C���. � @*"'%"=&!"" ��!�"!-�%D!�B +�/&%" 
G%&��*�����"E&���& $?�"+�/&B��$"& +�%&�-%A � *���$�*"�&%&+ �;&!"$�-
&��� ��� $?�"+�/&B��$"& ��E&E!A> ?�*�/�$ (�, ��E!&& #�$�*�, *��@*&/&-
%&!!AB ?�*�/, ?�+&!&!!AB !�'�*�+ ��E&E!A> ?�*�/�$), *��@�%�=&!!A> 
$!-�*" @�%���" $A*&?�!!�B $ �'H|+& �/!�*�/!�#� /"G%&��*"��. ��%D *��-
�$�*"�&%� "#*�&� /"G%&��*"�. �*+� @�%���", $A*&?�!!�B $ !|+, ����$&�-
��$-&� 1�*+& +�%&�-%A, � ��E!���DC /� *�?+&*� +�%&�-%A *���$�*"�&%�. 
}�*�/A $ @�%���" – �@"�A$�C� !&*�$!�+&*!�& *��@*&/&%&!"& G%&��*�!-
!�B @%��!���" $!-�*" +�%&�-%A. �'AE!� ?�*�/A *��@�%�#�C� $ ;&!�*�> 
���+�$, �'*�?-C�"> *���$�*�&+-C +�%&�-%-.  

�A ���*&/���E"+�� $ /�!!�+ /��%�/& !� �*&�&B �����$%�C�&B. �"=& 
*���+��*&!� ��E!�� @����!�$�� ?�/�E� � $?�"+�/&B��$"" ��E&E!A> ?�*�-
/�$ $!-�*" /"G%&��*"E&���B @�%���" � /"G%&��*"��+. ��#%��!� @����!�$-
�&, "+&C��� /$& �/!��$�?!A& �'%���" @*���*�!��$�, *�?/&%|!!A& ?�+�!--
��B @�$&*>!���DC. �!-�*&!!�� �'%���D "+&&� /"G%&��*"E&��-C @*�!"-
;�&+���D �in, � $!&P!�� �'%���D @*�!";�&+���D �ex. �� $!-�*&!!&B E���" 
*��@�%�=&!� �"��&+� ?�*�/�$, !�>�/��">�� $ ;&!�*�> ���+�$. � *&?-%D��-
�& $?�"+�/&B��$"� ?�*�/�$ � /"G%&��*"��+ !� #*�!";& *�?/&%� �'%���&B 
"!/-;"*-C��� @�$&*>!���!AB ?�*�/. ������!"& G%&��*�����"E&���#� @�-
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%� �@*&/&%�&��� *&P&!"&+ -*�$!&!"� �-����!� [5, 6]. �%� �@*&/&%&!"� 
@�$&*>!���!�B @%��!���" "!/-;"*�$�!!A> ?�*�/�$ !&�'>�/"+� *&P"�D 
"!�&#*�%D!�& -*�$!&!"&. ��%-E&!!A& *&P&!"� ����$&���$-C� ��!�"!--
�%D!�+- @*"'%"=&!"C *���$�*"�&%� $ ?�/�E& G%&��*�����"E&���#� $?�"-
+�/&B��$"� +�%&�-%A � *���$�*"�&%&+.  

��"'�%&& G11&��"$!A& +&��/A *&P&!"� ?�/�E" � ?�*�/�> $ /"G%&�-
�*"�&: 

1) ��E!A& E"�%&!!A& +&��/A: ��� [5-8] 
2) �*"'%"=&!!A& E"�%&!!A& +&��/A: COSMO [9] 
3) F$*"��"E&��"& +&��/A: Surface Generalized Born (@�$&*>!���!AB 

�'�'�&!!AB +&��/ ��*!�). [10, 11]. F��� +&��/ ��!�$�! !& ��%D�� !� $A-
$�/�> (��E!A> "%" @*"'%"=&!!A>) "? ��!�$!A> -*�$!&!"B G%&��*�/"!�-
+"�", !� ���=& " !� "!�-"�"$!A> «/�#�/��>» � >�*���&*& *&P&!"�. 

����� ��� 
���&!;"�% @�%!���DC " �/!�?!�E!� �@*&/&%�&��� ��� ?�*�/�+" $!-�*" 

@�%���", ��� " @�$&*>!���!�B @%��!���DC ?�*�/� !� ��&!��> @�%���". F�� 
@�?$�%�&� �$&��" ?�/�E- !�>�=/&!"� @��&!;"�%� � #�*�?/� '�%&& @*����B 
?�/�E& !�>�=/&!"� @�$&*>!���!�#� ?�*�/� @�%���". ����� ?�/�E� �*&'-&� 
/%� *&P&!"� ?!�E"�&%D!� +&!DP& @&*&+&!!A> " �>�/"��� #�*�?/� 'A��-
*&&, E&+ E"�%&!!�& *&P&!"& -*�$!&!"� �-����!� $ @*���*�!��$&. �*" 
G��+ @�$&*>!���!AB ?�*�/ � '-/&� �@"�A$��D�� "!�&#*�%D!A+ -*�$!&!"-
&+. 

��=!-C *�%D $ *&�%"?�;"" +&��/� PCM "#*�&� @�$&*>!���D "��%C-
E&!!�#� �'H&+� "%" $ �!#%"B���B �''*&$"��-*& SES (Solvent Excluded 
Surface). � !�P&B @*�#*�++& -E&�� *���$�*"�&%� "�@�%D?-&��� �*"#"!�%D-
!�� @�$&*>!���D "��%CE&!!�#� �'H&+�, ����*�� ��*�"��� � @�+��DC @*�-
#*�++A TAGSS [12, 13]. �%� @���*�&!"� @�$&*>!���" +�%&�-%� �-'��*��� 
$�& &#� ���+A ��*-=�C��� �1&*�+" *�/"-�� ��!-/&*-���%D��, -+!�=&!-
!A& !� 1.2. �%� *�/"-��$ ��!-/&*-���%D�� $ %"�&*��-*& "+&&��� *�?%"E-
!A& !�'�*A $&%"E"!. �*�$"%D!AB $A'�* /�%=&! ��-�&��$%��D�� !� ��!�-
$& �*�$!&!"� *&?-%D����$ «+��*�#�» G��@&*"+&!�� � *&?-%D����+" *��E&-
��. F��� 1����* $A'"*�&���, E��'A @*&/��$*��"�D @��$%&!"& ?�*�/� �-'-
��*��� !� @�$&*>!���" @�%���". �%� @�%-E&!"� #%�/��B @�$&*>!���", !&-
�'>�/"+�B /%� �>�/"+���" +&��/�, /&%�&��� /�%D!&BP�� «�'�����» @�-
$&*>!���" �1&*�+" +�%�#� *�/"-��. }��&+ @*�"?$�/"�D�� �*"�!#-%�;"� 
@�$&*>!���" – *�?'"&!"& !� +�%&!D�"& �*&-#�%D!"�". �? G�"> �*&-#�%D-
!"��$ $ /�%D!&BP&+ " 1�*+"*-C��� @�$&*>!���!A& G%&+&!�A. �%� -'A-
��*&!"� ��� +�=&� 'A�D "�@�%D?�$�! +&��/ 
'�#�!�-����*�$� � -$&%"-
E&!!A+" @�$&*>!���!A+" G%&+&!��+" [7]  

)�����C���>� =������>� �����> – COSMO 
	�#/� /"G%&��*"E&���� @*�!";�&+���D $&%"�� +�=!� @*"'%"=&!!� 

?�+&!"�D /"G%&��*"� @*�$�/!"��+. �� ��!�$& ����B ?�+&!A *�?*�'���! 
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+&��/ COSMO. �&��/ COSMO �*&'-&�, ��� " ��� �'*��&!"& +��*";A, 
�/!��� G�� +��*";� �"++&�*"E!�, E�� �'%&#E�&� !�P- ?�/�E-, @����%D�- 
G�� $AE"�%"�&%D!� �/&%��D %&#E&. F��� +&��/ ���'&!!� G11&��"$&!, ��#/� 
$ ��E&��$& *���$�*"�&%� "�@�%D?-&��� $�/�, ����"E&���� /"G%&��*"E&���� 
@*�!";�&+���D ����*�B @*" ��+!��!�B �&+@&*��-*& *�$!� 78.4. 

B������=��#�� �����> – Surface Generalized Born 
� G��+ +&��/& ��!�$!A& -*�$!&!"� @�%-E�C��� !& !� ��!�$& $A$�/� "? 

��E!A> -*�$!&!"B, � !� ��!�$& "!�-"�"$!A> /�#�/�� � >�*���&*& *&P&-
!"�. 

� G��+ +&��/& "�@�%D?-&��� @*����� G$*"��"E&���� 1�*+-%� /%� *��-
E&�� G!&*#"" ��%D$���;"" E&*&? ��*!�$��"& *�/"-�A ���+�$. ��+" ��*-
!�$��"& *�/"-�A *��E"�A$�C��� E&*&? @�$&*!���!A& "!�&#*�%A, E�� " 
�@*&/&%�&� @&*$�& �%�$� $ !�?$�!"" +&��/�. GB +&��/ @�?$�%�&� �E&!D 
'A��*� �;&!"�D �$�'�/!-C G!&*#"C.  

)�������>9 ����"#� 
�A%� !�@"��!!� @*�#*�++� ��!�$A$�C����� !� @�$&*>!���" TAGSS " 

*��E"�A$�C��� G!&*#"C ��%D$���;"" +�%&�-%A �*&+� +&��/�+": ���, 
��SMO, SGB. �%� +�%&�-%A ���%� 50 ���+�$ *��E&� G�"+" �*&+� +&��-
/�+" $+&��& /%"��� ���%� 20 �&�-!/ "/�&� �P"'�- +&!&& 1 ���%\+�%D. 

��'��� @*�$�/"��� $ *�+��> ��!�*���� � � �
� (R 02.523.11.3014-
��/08 �� 25 �$#-��� 2008#.) @� �&+& «��?*�'���� @*�#*�++!A> �*&/��$ 
+!�#�+��P��'!�#� +�/&%"*�$�!"� " $"*�-�%D!�#� @*�&��"*�$�!"� !�!�-
��*-��-*"*�$�!!A> +��&*"�%�$». 
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����+��*&! G11&�� «#�?�$�#� /"�/�» $ !�!�@�*"��A> +&+'*�!�> � #*�/"&!��+ 

@�*"�����". ����*�&!� +�/&%D /$->�%�B!�B �!"?��*�@!�B +&+'*�!A " �@"��!� 
�&E&!"& #�?� $ ����B +&+'*�!&. �@*&/&%&!A -�%�$"� $�?!"�!�$&!"� G11&��� �/-
!����*�!!&B @*�$�/"+���".  

 

�"++&�*"E!A& !�!�@�*"��A& +&+'*�!A +�#-� �'%�/��D "!�&*&�!A+ 

�$�B��$�+ – "+&�D *�?%"E!-C @*�!";�&+���D $ ?�$"�"+���" �� !�@*�$%&-
!"� @&*&@�/� /�$%&!"�, �.&. �$%��D�� «#�?�$A+ /"�/�+». 	 ���"+ +&+'*�-
!�+ ��!������ ��+@�?";"�!!A& " ��"++&�*"E!A& +&+'*�!A, $ ����*A> 
*�?+&* @�* +&!�&��� �� �%�� � �%�C ���E��+ "%" !&@*&*A$!�. ���%&/!"B, 
��� !�?A$�&+AB �&%&��"$!AB �%�B – !&@�*"��AB "%" !�!�@�*"��AB, � 
*�?+&*�+ @�* �� /&���A> /�%&B /� &/"!"; !�!�+&�*�$. �'%"?" �&%&��"$-
!�#� �%�� "+&&��� !�!�@�*"��AB �%�B, *�?+&*A @�* $ ����*�+ �����$%�C� 
/&����" !�!�+&�*�$.  

� *�+��> �-�&��$-C�"> +�/&%&B #�?�@*�!";�&+���" @�*"��A> " #*�-
/"&!�!�-@�*"��A> �*&/ �'H��!"�D G11&�� «#�?�$�#� /"�/�» !&$�?+�=!�. 
F��� G11&�� �E&$"/!� �$�?�! � �&+, E�� $ !�!�@�*"��A> �%��> *&�%"?-&�-
�� �$�'�/!�-+�%&�-%�*!�& �&E&!"& #�?�, ��#/� ��-/�*&!"� +�%&�-% #�?� 
@*�"�>�/�� $ ��!�$!�+ �� ��&!��+", � !& /*-# � /*-#�+. ��G��+- /%� +�-


