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�
c&>
 U&C7:�?�
 =�>?W�
_== 6
���d �
CU�?6?�����d W?>?�&W?���d =�A&�'
_=&���d =C>&��=-
B&7 �
 &C�&7? &�>&�&W=�. R?>&6 7��=C�?�=: C?'
�>=�?CB&� c�=]&C>= B&�_?U>&7 U&]7&�:?> B&�=-
�?C>7?��& &_?�=>^ Cd&6C>7& '?�6� U&�:>=:'=. ��?6�&�?�
 >?d�&�&W=: &_?�B= C?'
�>=�?CB&� 
c�=]&C>= B&�_?U>&7 67�d &�>&�&W=�, &>�=�=>?�^�&� &C&c?��&C>^� B&>&�&� :7�:?>C: 
7>&'
>=�?-
CB&? &U�?6?�?�=? 7?C&7�d B&zAA=_=?�>&7 C =CU&�^]&7
�=?' '?>&6
 �&: �
C>=_. 4 U&'&�^� U�?6-
�&�?��&W& U&6d&6
 W?�?�=���>C: 7?B>&�� 7?C&7�d B&zAA=_=?�>&7, B&>&��? C&&>7?>C>7��> �
]-
��' B&zAA=_=?�>
' C?'
�>=�?CB&� c�=]&C>=. �&���?���? 7?C&7�? B&zAA=_=?�>� =CU&�^]��>C: 
6�: &cÜ?6=�?�=: �
]��d B&zAA=_=?�>&7 C?'
�>=�?CB&� c�=]&C>=. �&7=]�
 ]
B���
?>C: 7 >&', �>& 
U�='?������ '?>&6 �&: �
C>=_ U&]7&�:?> 
7>&'
>=�?CB= &U�?6?�:>^ 7?C&7�? B&zAA=_=?�>� C?-
'
�>=�?CB&� c�=]&C>= B&�_?U>&7 67�d &�>&�&W=�. �
B=' &c�
]&', 6�: B
�6&W& B&�_?U>
 &6�&� 
&�>&�&W== A&�'=��?>C: '�&�?C>7& �?�?7
�>��d C?'
�>=�?CB=d B&�_?U>&7 6��W&� &�>&�&W==. 
V�
W&6
�: z>&'� 7&]'&��& U&���
>^ �
c&�� &U>='
�^��d = B7
]=&U>='
�^��d �?T?�=�. 

�������� 	�
��: 	��	�	���, 	�	$��"���� 	��	�	���, �	��	� �������
�, $�#� #�����, ��	�	-

������������ 	!����#����. 
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C>=_ / 

.	. 4?'?�&7
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�=:. – 2018. – �. 8, %2(28). – 4. 285-295. 
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�"�&���� 
�6�=' =] &C�&7��d �
U�
7�?�=� �
]7=>=: C&7�?'?���d =�>?��?B>�
�^��d =�A&�'
_=-

&���d C=C>?' :7�:?>C: �
]�
c&>B
 �&7�d U&6d&6&7 U�?6C>
7�?�=: = =�>?W�
_== ]�
�=�. ��-
>?��?B>�
�^��? =�A&�'
_=&���? C=C>?'� C&6?��
> �
]�&�&6��? c
]� ]�
�=�, B&>&��? 
='?�> C&cC>7?���? �&B
�^��? =�A&�'
_=&���? '&6?�=, U&66?��=7
?'�? �
]��'= C>
�-
6
�>
'= U�?6C>
7�?�=: 6
���d = ]�
�=�. �
B C�?6C>7=?, �
 z>
U? =�>?W�=�&7
�=: �
]�&�&6-
��d 6
���d 7&]�=B
?> '�&�?C>7& B&�A�=B>&7: =CU&�^]�?>C: �
]�
: >?�'=�&�&W=: U�= &c&-
]�
�?�== C?'
�>=�?CB= c�=]B=d U&�:>=� U�?6'?>�&� &c�
C>= (���), C��?C>7�?> �?&6�&�&6-
�&C>^ CU?_=A=B
_=� B&�_?U>&7 = 6�. 

�?T?�=? U�&c�?'� =�>?W�
_== �?&6�&�&6�&� =�A&�'
_== 7&]'&��& U�>�' CU?_=A=B
-
_== B&�B�?>�&� ��� C U&C�?6���?� U�&7?�B&� = &>&c�
�?�=?' (mapping) U&�='
�=: �
]-
�=���d ���. 	 �
C>&:�?? 7�?': 6�: &U=C
�=: ��� T=�&B& U�='?�:?>C: &�>&�&W=�?CB=� 
U&6d&6, U&CB&�^B� &�>&�&W=�?CB=? CU?_=A=B
_== U&]7&�:�> ]
6
7
>^ >&���� C?'
�>=B� 
U�=B�
6�&� &c�
C>= &cÜ?B>&7 = &U�?6?�:>^ =d B&�>?BC>. 4&]6
�=? &c�?6&C>�U��d &�>&�&-
W=� ��� U&]7&�:?> �?T=>^ U�&c�?'� �?&6�&�&6�&C>= &�>&�&W=�?CB=d CU?_=A=B
_=� 6�: 
&U�?6?�����d W��UU 
W?�>&7. �6�
B& 7 �C�&7=:d &>B��>&W& =�A&�'
_=&��&W& U�&C>�
�C>7
 
U�= �?T?�== ]
6
� U�?6Ü:7�:�>C: �
]�=���? >�?c&7
�=: B W��c=�? = C>?U?�= A&�'
�=]
_== 
&U=C
�=: ���, =CU&�^]��>C: �?&6�&�&6��? &�>&�&W=�?CB=? &U=C
�=: ���. �?&6�&�&6�&C>^ 
&�>&�&W=�?CB=d CU?_=A=B
_=� U&:7�:?>C: �
 ��&7�:d '&6?�^�&� = U&�:>=��&� C?'
�>=B=. 
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4&&>7?>C>7?��&, ]
6
�= &>&c�
�?�=: &�>&�&W=�?CB=d '&6?�?� = &�>&�&W=�?CB=d B&�>?BC>&7 
:7�:�>C: 
B>�
�^��'=. 


�
�=] �=>?�
>��� [1-7] U&]7&�:?> ]
B���=>^, �>& ]
6
�= &cÜ?6=�?�=: (C&W�
C&7
�=?, 
7��
7�=7
�=?, &>&c�
�?�=? = >.U.) �?&6�&�&6��d &�>&�&W=�?CB=d '&6?�?� &>�&C:>C: B B�
C-
C� NP->��6��d ]
6
� &U>='=]
_== = '&W�> c�>^ �?T?�� C U�='?�?�=?' z7&��_=&���d 
�-
W&�=>'&7 U&=CB
 &U>='
�^��d �?T?�=�. 47&� zAA?B>=7�&C>^ ��? 6&B
]
�=, �
U�='?�, W?�?-
>=�?CB=?, '��
7^=��?, U�?�=��? 
�W&�=>'� = 
�W&�=>'�, &C�&7
���? �
 z7&��_=&��&' '&-
6?�=�&7
�== [1]. 

	 �
c&>? 6�: �?T?�=: ]
6
�= &>&c�
�?�=: &�>&�&W=� U�?6�&�?�& =CU&�^]&7
>^ &6=� =] 
z7&��_=&���d '?>&6&7 &U>='=]
_== – '?>&6 �&: �
C>=_ (R��), B&>&��� U&]7&�:?> 
7>&'
-
>=�?CB= &U�?6?�:>^ 7?C&7�? B&zAA=_=?�>� C?'
�>=�?CB&� c�=]&C>= B&�_?U>&7 67�d &�>&�&-
W=�. 

1 @�7����"'� 5�&��� 
��C>^ ]
6
�� 67? &�>&�&W== O1 = O2, A&�'
�=]���=? C?'
�>=B� �?B&>&�&� ���. ��=-

��', z�?'?�>� &�>&�&W=� U&67?��?�� =]'?�?�=� C >?�?�=?' 7�?'?�=. �]'?�?�=: �&C:> 
6=CB�?>��� d
�
B>?� = 7�&C:>C: 7 C&&>7?>C>7== C C=�>
BC=C&' 7�c�
��&W& :]�B
 U�?6C>
7-
�?�=: &�>&�&W=�. �c&c�=7 �:6 &U�?6?�?�=�, �
CC'
>�=7
��=d &�>&�&W=� C >&�B= ]�?�=: 
C>��B>��� = z�?'?�>&7, C&C>
7�:��=d &�>&�&W=�, ?� '&��& U�?6C>
7=>^ B
B [2]: 

(1)�   ),,(= RPC� , 
W6?: 
� – &�>&�&W=: ���; 
) – '�&�?C>7& U&�:>=� (B�
CC&7), &U�?6?�����d 6�: B&�B�?>�&� ���; 
P – '�&�?C>7& C7&�C>7 U&�:>=�; 
R – '�&�?C>7& &>�&T?�=�, &U�?6?�����d '?�6� U&�:>=:'= 7 ). 

�>&c�
�?�=? &�>&�&W== O1 = (C1, P1, R1) �
 &�>&�&W=� O2 = (C2, P2, R2), &]�
�
?> �
d&�-
6?�=? 6�: B
�6&W& z�?'?�>
 '�&�?C>7 C1, P1, R1, C&C>
7�:��=d &�>&�&W=� �1, U&6&c��d 
z�?'?�>&7 =] '�&�?C>7 C2, P2, R2 &�>&�&W== O2. �>&c�
�?�=?' 67�d &�>&�&W=� :7�:?>C: 
'�&�?C>7& 

(2)�   k ,,, 
� e'em , 

W6?: 
e = e� – z�?'?�>� '�&�?C>7 C, P = R; 

 � ��, �, �, �, �� – '�&�?C>7& &>�&T?�=�; 
k – 7?C&7&� B&zAA=_=?�>, &>�
�
��=� C>?U?�^ �7?�?��&C>= &>�&C=>?�^�& B&��?B>�&C>= 
B&�B�?>�&W& &>&c�
�?�=: [8]. 

��&_?CC &>&c�
�?�=: &�>&�&W=� '&�?> c�>^ ]
6
� A��B_=?� F, �
 7d&6 B&>&�&� U&C>�-
U
�> 67? &�>&�&W== �1 = �2, 
 �
 7�d&6? U&���
?' |O1|�|O2| – '
>�=_� '?� c�=]&C>= S, z�?-
'?�>
'= B&>&�&� (sij) :7�:�>C: 7?�=�=�� '?�� c�=]&C>= '?�6� i-' z�?'?�>&' &�>&�&W== O1 
= j-' z�?'?�>&' &�>&�&W== O2. 4?'
�>=�?CB&� c�=]&C>^� z�?'?�>&7 �
]�7
?>C: C'�C�&7&? 
Cd&6C>7& z>=d z�?'?�>&7. 4?'
�>=�?CB
: c�=]&C>^ '&�?> &U�?6?�:>^C: '?�6� �
]��'= B&'-
U&�?�>
'= >�=U�?>&7. ��= z>&' 7 B
�?C>7? c
]&7&� c�=]&C>= '&��& �
CC'
>�=7
>^ c�=]&C>^ 
'?�6� z�?'?�>
'= &�>&�&W=� (B�
CC
'=, U�?6=B
>
'=, >?�'=�
'=). 

��&_?6��
 &>&c�
�?�=: ]
B���
?>C: 7 �
d&�6?�== C?'
�>=�?CB=d C7:]?� '?�6� B&�-
_?U>
'= �
]�=���d &�>&�&W==. 4�?6&7
>?�^�&, _?�>�
�^�&� ]
6
�?� &>&c�
�?�=: &�>&�&W=� 
:7�:?>C: 7��=C�?�=? '?�� C?'
�>=�?CB&� c�=]&C>= – B&�=�?C>7?��&� &_?�B= C?'
�>=�?CB&� 



.HF��>&�&W=:�U�&?B>=�&7
�=:/�>&'�H/�%2(28)@.,<H

+&*&�)����	�� �*&'&�7������


 

Cd&�?C>= &�>&�&W=�?CB=d C���&C>?�. R?�
 C?'
�>=�?CB&� c�=]&C>= U&B
]�7
?> 7�C&B=? 
]�
�?�=: 6�: U
� C���&C>?�, B&>&��? �
d&6:>C: 7 C?'
�>=�?CB=d &>�&T?�=:d (C=�&�='=:, 
W=U&�='=:, 
CC&_=
>=7�&C>^, B&W=U&�='=:), = ���?7�? ]�
�?�=: 6�: 7C?d &C>
�^��d U
�. 
�
B U�
7=�&, '?�
 c�=]&C>= '?�6� C���&C>:'= �
]��d &�>&�&W=� &U�?6?�:?>C: �
 �?CB&�^-
B=d ��&7�:d: �?BC=�?CB
: c�=]&C>^, c�=]&C>^ 
>�=c�>&7 = &>�&T?�=�, c�=]&C>^ zB]?'U�:�&7 
U&�:>=� = 6��W=?. �
C��> c�=]&C>= '?�6� C���&C>:'= 7 �
]��d &�>&�&W=:d :7�:?>C: =>?�
-
_=&���' U�&_?CC&', U&CB&�^B� '�&W=? '?�� c�=]&C>= 67�d C���&C>?� &C�&7�7
�>C: �
 
c�=]&C>= 6��W=d C���&C>?� (U&�:>=�, C7&�C>7, zB]?'U�:�&7). ��?7=6�&, �?' U&��?? ��=>�-
7
�>C: d
�
B>?�=C>=B= 67�d C���&C>?�, >?' B
�?C>7?��?? :7�:?>C: '?�
 c�=]&C>=. �
B=' 
&c�
]&', B&'U�?BC��? '?�� c�=]&C>=, C&�?>
��=? �?CB&�^B& U&6d&6&7, :7�:�>C: �
=c&�?? 
U?�CU?B>=7��'=. �&'U�?BC�
: '?�
 c�=]&C>= �
CC�=>�7
?>C: B
B C�?6�?? 
�=A'?>=�?CB&? 
]�
�?�=? '?� c�=]&C>= C ���>&' 7?C&7&W& B&zAA=_=?�>
: 

(3)�   
�

�
�

�
�

�� n

i i

n

i ii
CX

w

eesw
eeS

1

1
),(

),( , 

W6?: 
si – '?�
 c�=]&C>= U& &U�?6?����&'� B�=>?�=�;  
wi – 7?C&7&� B&zAA=_=?�>, B&>&��� &U�?6?�:?> 7
��&C>^ '?�� C?'
�>=�?CB&� c�=]&C>= 
(C�''
 7?C&7 �
7�
 1, wi � [0, 1]); 
n – �=C�& '?� c�=]&C>=.  

	?C&7�? B&zAA=_=?�>� '&W�> &U�?6?�:>^C: �=c& zBCU?�>
'=, �=c& 
7>&'
>=�?CB= C U&-
'&�^� &c��
?'&� �?��&��&� C?>= =�= z7&��_=&��&W& 
�W&�=>'
. 	 C���
? 
7>&'
>=�?CB&W& 
&U�?6?�?�=: 7?C&7�d B&zAA=_=?�>&7 U�&c�?'
 &>&c�
�?�=: &�>&�&W=� '&�?> c�>^ �?T?�
 
U�>�' �
d&�6?�=: &U>='
�^��d 7?C&7�d B&zAA=_=?�>&7 '?� C?'
�>=�?CB&� c�=]&C>= B&�-
_?U>&7. �
B=' &c�
]&', ]
6
�
 &>&c�
�?�=: &�>&�&W=� '&�?> c�>^ �?T?�
 B
B ]
6
�
 &U>=-
'=]
_==: 

(4)�   ,
1

,))(,)(()( �
�

��
setm

i
miwimmpmrmF  

W6? 
mset  – '�&�?C>7& &>&c�
�?�=�;  
wi  – '�&�?C>7& 7C?d 7&]'&���d 7?C&7�d B&zAA=_=?�>&7, B&>&��? =CU&�^]&7
�=C^ 6�: 7�-
�=C�?�=: B&'U�?BC�&W& &>&c�
�?�=:;  

�� ,1,0: ][�iwF  – _?�?7
: A��B_=:, U&]7&�:��
: &_?�=>^ B
�?C>7& '�&�?C>7
 7?C&7�d B&-
zAA=_=?�>&7 wi; 

][, 1,0: mmpr �  - B�=>?�== U&��&>� = >&��&C>= &>&c�
�?�=: m, C&&>7?>C>7?��&. 
�&��&C>^ (precision) = U&��&>
 (recall) :7�:�>C: '?>�=B
'=, B&>&��? =CU&�^]��>C: U�= 

&_?�B? &>&c�
�?�=: &�>&�&W=�. �&��&>
 (r) 7��=C�:?>C: B
B  

(5)�   
�
�

�

�

�
�

�

�  
�

m
mm

a

bar

.

 

�&��&C>^ 7��=C�:?>C: B
B: 

(6)�   
�
�
�

�

�

�
�
�

�

�  
�

m
mm

b

bap

,
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W6?: 
ma – �
�6?���? �?�?7
�>��? &>&c�
�?�=:;  
mb – &c�?? �=C�& �?�?7
�>��d &>&c�
�?�=�.  

4A&�'��=��?' ]
6
�� '�&W&B�=>?�=
�^�&� &U>='=]
_== &>&c�
�?�=: &�>&�&W=�: 

(7)�   
	 


!
!
!

"

!!
!

#

$

���

�

�

�
�

n

i
ii

T

wnww

nW

WpWrWF

www

1
1,1... ,10

21

)(

),...,,(
,],[

,

,),()(max
 

W6?: 
n – �=C�& &>&c�
�?�=� C���&C>?� &�>&�&W=� O1= O2 (7��=C�?���d '?� c�=]&C>=);  
wi, w = 1, 2,…, n – 7?C&7&� B&zAA=_=?�>, B&>&��� &U�?6?�:?> 7
��&C>^ i-� '?�� C?'
�>=�?-
CB&� c�=]&C>=.  

�
B=' &c�
]&', _?�?7
: A��B_=: – z>& '
BC='�' U
�
'?>�&7 >&��&C>= = U&��&>�. 

2 ����'�� �45�� ��4�� =� ��$� �77��&�"���2 
4&7�?'?���? '?>&6� �
d&�6?�=: &>&c�
�?�=: &�>&�&W=� �&C:>, B
B U�
7=�&, '?�6=C-

_=U�=�
���� d
�
B>?� [3-7]. 4�?6= �=d '&��& 7�6?�=>^ �?>��? W��UU�: �=�W7=C>=�?CB=?, 
C>
>=C>=�?CB=?, C>��B>����? = �&W=�?CB=? '?>&6� [9]. �>= '?>&6� U&C>&:��& �
]7=7
�>C: = 
C&7?�T?�C>7��>C:. �?' �? '?�??,  &C>
?>C: �:6 &>B��>�d 7&U�&C&7, >
B=d B
B &>&c�
�?�=? 
�?&6�&�&6��d &�>&�&W=�?CB=d '&6?�?�, 
7>&'
>=]
_=: = &U>='=]
_=: U�&_?CC
 &>&c�
�?-
�=: &�>&�&W=� = 6�. 


7>&'
>=]
_== U�&_?CC
 =�>?W�
_== &�>&�&W=�?CB=d '&6?�?� U&C7:�?�� �
c&>� [9-12] 
= 6�. 4��?C>7���=? '?>&6� &C�&7
�� �
 7��=C�?�== Cd&6C>7
 '?�6� &cÜ?B>
'= &�>&�&W=� 
U�>�' =CU&�^]&7
�=: �
]�=���d >=U&7 =�A&�'
_== 7 &�>&�&W=:d, �
U�='?�, ='�� C���&-
C>?�, C>��B>�� >
BC&�&'==, &W�
�=�?�=� = zB]?'U�:�&7 C���&C>?�. V&�^T=�C>7& �
]�
c&-
>
���d 
�W&�=>'&7 &>&c�
�?�=: = 7��
7�=7
�=: &�>&�&W=� &C�&7
�� �
 '?>&6? W?�?>=�?-
CB&W& U�&W�
''=�&7
�=:. 

�.	. �
�d
�&7&� �
CC'&>�?�
 �?
�=]
_=: �?T?�=: ]
6
� ?C>?C>7?��&-:]�B&7&� &c�
c&>-
B= �
���&W& >?BC>
, &C��?C>7����
: C U�='?�?�=?' >?d�&�&W=� W?�?>=�?CB&W& = 
7>&'
>�&W& 
U�&W�
''=�&7
�=:, B&>&�
: U&]7&�=�
 C&]6
>^ >?d�&�&W=� �?T?�=: ]
6
� U&C>�&?�=: &�>&-
�&W=�, &>�=�
����C: U&�>= U&��&� 
7>&'
>=�?CB&� &c�
c&>B&� [11]. 

�.
. V�c
�?7&� 7 _?�:d =�>?W�
_== =�A&�'
_=&���d C=C>?' �
 &C�&7? &�>&�&W=� U�?6-
�&�?� W?�?>=�?CB=� 
�W&�=>', B&>&��� &C�&7
� �
 =CU&�^]&7
�== 
�
�&W&7 C z7&��_=&���-
'= U�&_?CC
'= �?U�&6�B_==, B�&CC=�W&7?�
, '�>
_== = ?C>?C>7?��&W& &>c&�
 [12]. 

	 C>
>^? [13] �
CC'
>�=7
?>C: 7&]'&��&C>^ U�='?�?�=: W?�?>=�?CB&W& 
�W&�=>'
 6�: &U-
>='
�^�&W& ]
6
�=: 7?C&7�d B&zAA=_=?�>&7 C _?�^� &U�?6?�?�=: 7]7?T?��&W& C�?6�?W& �?-
CB&�^B=d c
]&7�d U�&W�
'' C&U&C>
7�?�=: 6
���d 7 C=C>?'? GOAL. 	 6
��&� �
c&>? '&-
6?�^ 7��
7�=7
�=: &�>&�&W== c��
 U�?6C>
7�?�
 B
B ]
6
�
 &U>='=]
_==, 7 B&>&�&� _?�?7
: 
A��B_=: &C�&7
�
 �
 U&�:>== �?��>B&� c�=]&C>=. 

	 �
c&>? [14] U�?6�&�?� '&6=A=_=�&7
���� W?�?>=�?CB=� 
�W&�=>', U&]7&�:��=� &cÜ-
?6=�=>^ �
]��? '?>�=B= c�=]&C>= &�>&�&W=�?CB=d '&6?�?� 7 &6��. 	 �
c&>? [15] CA&�'��=-
�&7
�� c
]&7�? '?>�=B= C?'
�>=�?CB&� c�=]&C>= = U�?6�&�?� W=c�=6��� U&6d&6, &C�&7
�-
��� �
 W?�?>=�?CB&' 
�W&�=>'?, B&>&��� &U�?6?�:?> &U>='
�^��� B&�A=W��
_=� 6�: &>&c-
�
�?�=: &�>&�&W=�.  
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+&*&�)����	�� �*&'&�7������


 


7>&�� �
c&>� [16] U�?6�&�=�= z7&��_=&���� U&6d&6 B �?T?�=� ]
6
�= =�>?W�
_== 
'�&�?C>7?���d &�>&�&W=� 6�: &c?CU?�?�=: C&7'?C>='&C>= = �?U�?]?�>
_== 6
���d = ]�
-
�=� 7 =�>?��?B>�
�^��d =�A&�'
_=&���d C=C>?'
d. �
B&� U&6d&6 U&]7&�:?> &U�?6?�=>^ 
C?'
�>=�?CB= U�=&�=>?>��? &cÜ?B>� 6
���d = ]�
�=� 6�: =d U�?6C>
7�?�=: 7 '&6?�= =�>?-
W�
_==, 
 >
B�? �C>�
�=>^ 6�c�=�&7
�=? = U�&>=7&�?�=: C���&C>?� = C7:]?� �
 ��&7�? ��� 
= &cÜ?B>&7 6
���d =] &c�
C>?� =�>?W�
_==. 

�]7?C>�&, �>& z7&��_=&���? '?>&6� &U>='=]
_== U&]7&�:�> �
d&6=>^ B7
]=&U>='
�^-
��? �?T?�=: ]
 U�=?'�?'&? 7�?': [17]. R�� U�?6C>
7�:?> C&c&� z7&��_=&���� '?>&6 &U-
>='=]
_==. 	U?�7�? &� c�� U�?6�&�?� 6�: ]
6
�= ='=>
_== C&_=
�^�&W& U&7?6?�=: [18]. 
R�� U�=7�?B
>?�?� U�&C>&>&� �?
�=]
_== = '&�?> =CU&�^]&7
>^C: 6�: �?T?�=: '�&W=d ]
-
6
�, 7 >&' �=C�? &c��?�=: �?��&C?>?�, U&=CB
 '=�='�'
 A��B_==, 
 >
B�? ]
6
�, >=U=���d 
6�: W?�?>=�?CB=d 
�W&�=>'&7. R��, B
B = 7C? 
�W&�=>'�, U�=�
6�?�
�=? B C?'?�C>7� z7&-
��_=&���d 
�W&�=>'&7, :7�:?>C: C>&d
C>=�?CB=', �? >�?c���=' 7��=C�?�=: W�
6=?�>
. 
R�&W&�=C�?���? =CC�?6&7
�=: U&B
]
�=, �>& &U>='=]
_=: '?>&6&' �&: �
C>=_ :7�:?>C: zA-
A?B>=7��' U&6d&6&' 6�: �?T?�=: �?U�?��7��d ]
6
� &U>='=]
_== [19]. 

	 �
c&>? [20] c�� U�?6�&�?� z7&��_=&���� U&6d&6 B 7��
7�=7
�=� &�>&�&W=�, &C�&-
7
���� �
 R��. �U>='
�^�&? &>&c�
�?�=? �
d&6=�&C^ U�>�' �?T?�=: &6�&B�=>?�=
�^�&� 
]
6
�= 7��=C�?�=: 7?C&7�d B&zAA=_=?�>&7 '?� C?'
�>=�?CB&� c�=]&C>=.  

	 �
C>&:�?� �
c&>? U&6d&6, &U=C
���� 7 �
c&>? [20], '&6=A=_=��?>C: ]
 C��> �
d&�6?-
�=: 7?C&7�d B&zAA=_=?�>&7 '?� C?'
�>=�?CB&� c�=]&C>=, B&>&��? &c?CU?�
> '
BC='
�^��? 
]�
�?�=: B�=>?�=?7 B
�?C>7
. 

3 �=�7���� $���&� ���4��#���2 ��������� 
�
6
�
 &>&c�
�?�=: &�>&�&W=� �?T
?>C: B
B U�&_?CC �C>
�&7�?�=: &>&c�
�?�=: 67�d 

&�>&�&W=� �
 &C�&7? 7��=C�?�=: B&'U�?BC�&� '?�� C?'
�>=�?CB&� c�=]&C>= C���&C>?� &�-
>&�&W=�. y�: ?� �?T?�=: U�?6�&�?� 
�W&�=>', B&>&��� 7B���
?> 7 C?c: U:>^ U&C�?6&7
>?�^-
�& 7�U&��:?'�d z>
U&7 (�=C��&B 1). 

�
 U?�7&' z>
U? 7��=C�:�>C: U:>^ '?� C?'
�>=�?CB&� c�=]&C>= �
 �?BC=�?CB&', C'�C-
�&7&' ��&7�:d, ��&7�? B�
CC&7, ��&7�? >�=U�?>&7, >
BC&�&'=�?CB&' ��&7�?. �
 �?BC=�?CB&' 
��&7�? 7�U&��:?>C: &_?�B
 C?'
�>=�?CB&� c�=]&C>= (�?6
B_=&��&W& �
CC>&:�=:) C U�='?�?-
�=?' A&�'��� �?7?�T>?��
1. �
 C'�C�&7&' ��&7�? =CU&�^]�?>C: '?�
 C?'
�>=�?CB&� c�=-
]&C>=, B&>&�
: =CU&�^]�?> Cd&6C>7& '?�6� C�&7
'= 7 ='?�= C���&C>= (&C�&7
� �
 C?'
�>=-
�?CB&� C?>= WordNet, '?>&6 �?]�=B
2). y�: &_?�B= B&C=��C�&� '?�� C?'
�>=�?CB&� c�=]&-
C>= B&�_?U>� &�>&�&W== U�?&c�
]��>C: 7 7?B>&�� ('&6?�^ word2vec3) = 7��=C�:?>C: ?� ]�
-
�?�=?. 4?'
�>=�?CB
: c�=]&C>^ '?�6� >�=U�?>
'= &c�C�&7�?�
 c�=]&C>^� '?�6� =d B&'U&-
�?�>
'=. �&�
W
?>C:, �>& ?C�= C&&>7?>C>7���=? B&'U&�?�>� 67�d >�=U�?>&7 :7�:�>C: c�=]-
B='= U& C'�C��, >& z>= >�=U�?>� >
B�? :7�:�>C: C?'
�>=�?CB= c�=]B='=. R?�
 C?'
�>=�?-
CB&� c�=]&C>= �
 ��&7�? >
BC&�&'== 7��=C�:?>C: >&�^B& 6�: B�
CC
. �>& U�=�' U&]7&�:?> 
=]'?�=>^ �
]�=_� 7 �&B
�^�&� C>��B>��? &cÜ?B>
. 

                                                           
1 �����K���� *.E. y7&=���? B&6� C =CU�
7�?�=?' 7�U
6?�=�, 7C>
7&B = ]
'?�?�=� C='7&�&7. y&B�
6� 
B
6?'== �
�B 
444�, 1965. 163.4: 845-848. N���.���. 
2 Resnik, P. Using Information Content to Evaluate Semantic Similarity in a Taxonomy. In IJCAI, 1995, v. 1, p. 448–453. N���.���. 
3 Word2vec — U�&W�
''��� =�C>��'?�>, �
]�
c&>
���� B&'U
�=?� Google, 6�: 
�
�=]
 C?'
�>=B= ?C>?C>7?���d :]�B&7. 
��?6C>
7�:?> C&c&� >?d�&�&W=�, &C�&7
���� �
 6=C>�=c�>=7�&� C?'
�>=B? = 7?B>&��&' U�?6C>
7�?�== C�&7. N���.���. 
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�!����#�����	�	$��"�����	��	�	�������	�	���	����
���

 

 

�=C��&B 1 – �>
U� &>&c�
�?�=: &�>&�&W=� C U�='?�?�=?' '�&W&B�=>?�=
�^�&� &U>='=]
_== 
'?>&6&' �&: �
C>=_ 

y
�?? =�=_=
�=]=��?>C: 7�U&��?�=? 
�W&�=>'
 &U>='=]
_== R��. 4 =CU&�^]&7
�=?' 
A&�'��� (3) 7��=C�:?>C: B&'U�?BC�
: '?�
 C?'
�>=�?CB&� c�=]&C>= = &U�?6?�:?>C: '
>�=-
_
 B&'U�?BC��d '?� C?'
�>=�?CB&� c�=]&C>=. y�: U&���?��&� '
>�=_� U�='?�:?>C: 
�W&-
�=>' '�&W&B�=>?�=
�^�&� &U>='=]
_== R�� (A&�'��
 7), 7��=C�:�>C: &U>='
�^��? 7?C&-
7�? B&zAA=_=?�>� '?� C?'
�>=�?CB&� c�=]&C>= = 7�U&��:?>C: =>&W&7&? &>&c�
�?�=? &�>&-
�&W=�. 

4&W�
C�& R�� 7 U�&_?CC? &U>='=]
_== U&66?��=7
�>C: U&U��:_== 7&]'&���d �?T?-
�=�, �
]�7
?'�d �
C>=_
'=, B&>&��? U?�?'?�
�>C: 7 U�&C>�
�C>7? �?T?�=�. �?�?'?�?�=: 
U&6�=�:�>C: U�=�_=U� �
=���T?W& �
�6?��&W& 7 z>&' U�&C>�
�C>7? U&�&�?�=:, B&>&�&? 
U&C>&:��& =]'?�:?>C: U�= �
d&�6?�== �
C>=_
'= c&�?? 7�W&6��d U&�&�?�=�. 4d?'
 
�W&-
�=>'
 &U>='=]
_== R�� U�=7?6?�
 �
 �=C��B? 2. 

 

�=C��&B 2 – 
�W&�=>' &U>='=]
_== '?>&6&' �&: �
C>=_ 
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	 �
T?' C���
? 7 �&�= �
C>=_ 7�C>�U
�> 7?C&7�? B&zAA=_=?�>� C?'
�>=�?CB&� c�=]&-
C>= B&�_?U>&7. ��=_=
�=]
_=: U�&_?CC
 &U>='=]
_== R�� 7�U&��:?>C: C U&'&�^� U&U�-
�:_== C���
���d �
C>=_, U&C�? �?W& 
�W&�=>' 7�U&��:?> U&=CB &U>='
�^��d �?T?�=� U�-
>�' �?U�?��7�&W& &c�&7�?�=: U&U��:_=�. �>&c�
�?�=? &�>&�&W=� 6=CB�?>��' R�� &U�?-
6?�:?>C: �?B&>&��' �=C�&' N �
C>=_ (U&U��:_=?�). 	 B
�&�=�?CB&' R�� �
 B
�6&� =>?�
-
_== 6�: B
�6&� �
C>=_� U�='?�:?>C: 7?B>&� CB&�&C>=, B&>&��� &U�?6?�:?> ?� �&7&? U&�&-
�?�=? 7 U�&C>�
�C>7? U
�
'?>�&7. �
B
: z7&��_=: U�&=Cd&6=> ]
 C��> �U�
7�:?'�d C���
�-
��d U&7>&���d =>?�
_=� 7 B
�6&� �
C>=_?. V&�?? U&6�&c�&? &U=C
�=? 
�W&�=>'
 U�=7?6?�& 
7 �
c&>? [20], W6? &U>='=]
_=: 7�U&��:?>C: U& &6�&'� B�=>?�=�.  

1�
�
��
���
?. �&U��:_=: �
]�7
?>C: �&?', = &�
 C&C>&=> =] m U&6d&6:�=d �?T?�=� 
=�= �
C>=_. �
�6
: �
C>=_
 ='??> n B�?>&B =�= U&]=_=�, C&6?��
�=d n 7?C&7�d B&zAA=_=-
?�>&7, C&&>7?>C>7���=d �
]��' '?�
' U&6&c=:. 

�
U�='?�, '&6?�= B&6=�&7
�=: �
C>=_ C C?'^� :�?�B
'= U�?&c�
]��>C: 7 C?'^ 7?C&7�d 
B&zAA=_=?�>&7 (�&�'
�=]&7
��&? U�?6C>
7�?�=? :�?�B=) 6�: C?'= '?� Cd&6C>7
 (i-: �
C>=_
 
C C?'^� U&]=_=:'= j, B&>&��? '&W�> c�>^ 7��=C�?�� U& A&�'��? 

�
�

� 7

1i
i

ij
ij

x
xw , U�=��', �%% 10 wij ). 

�?�7&�
�
�^�& C���
���' &c�
]&' 7�c=�
?>C: ]�
�?�=? 6�: B
�6&� :�?�B= 7 6=
U
]&�? 
&> 0 6& 1. �&C�? >&W&, B
B 7�c�
�� �
�
�^��? �&=, �
CC�=>�7
�>C: C&&>7?>C>7���=? =' 
]�
�?�=: U�=W&6�&C>=. �?�7&�
�
�^�
: CB&�&C>^ B
�6&� :�?�B= �
C>=_� U�=�='
?>C: �
7-
�&� ����. 	d&6��'= 6
���'= U�?6�&�?��&� '?>&6=B= :7�:�>C:: �
]'?� �&:; U&�&W&7&? 
]�
�?�=? wij. 

���
	���
� �����
� 4����

. 4&W�
C�& (7) =CU&�^]��>C: B�=>?�== U&��&>� (5) = >&�-
�&C>= (6) U&=CB
. 

-
����
� �
? 	�������'
 �
�
���
?. �U?�
_=: &C��?C>7�:?>C: U�>�' &_?�B= U&�&�?-
�=: = CB&�&C>= �
C>=_�. �
�6
: :�?�B
 =�= U&]=_=: U�?6C>
7�:?> C&c&� 7?C (�&�'
�=]&7
�-
�&? ]�
�?�=? :�?�B=) &>�&C=>?�^�& '?�� U&6&c=:. ��?�B= 7��>�= �
C>=_� C&6?��
> ]�
�?-
�=: &> 0 6& 1, 
 CB&�&C>:' �
C>=_ ]
6
�� ���?7�? ]�
�?�=:. �CU&�^]�: �?]��^>
>� U�?6�6�-
�?� C>
6==, U&�&�?�=? B
�6&� �
C>=_� = ?� CB&�&C>^ &c�&7�:�>C:. �
�6
: �
C>=_
 &>C�?-
�=7
?> ���T�� U&]=_=�, B&>&��� &�
 6&C>=W�
 (pbest). 4
'&? ���T?? U&�&�?�=? C�?6= 7C?d 
�
C>=_ �
]�7
?>C: W�&c
�^��' ���T=' (gbest). �]'?�?�=? CB&�&C>= �
C>=_� U�&=Cd&6=> C&-
W�
C�& C�?6���?'� 7��
�?�=�: 

(8)� ))()(())()(()()( tttttwt xgbestkxpbestkvv ijijijijijij �&&'�& 211  

(9)�   )()()( 11 &&�& ttt vxx ijijij ,
 

W6? 
t – 7�?'?��
: '?>B
, j-� B�
C>?� i �
C>=_�; 
k1 = k2 – C���
���? ]�
�?�=: =] 6=
U
]&�
 &> 0 6& 1. 

y
�?? 7��=C�:?>C: ]�
�?�=? _?�?7&� A��B_== B
�6&� �
C>=_� U& A&�'��? (7) = &>c&� 
�
C>=_, B&>&��? 6
�> �
=c&�^T=? ]�
�?�=: _?�?7&� A��B_==. 

4 �'7=���$��������2 �(��'� �=��$�5�(�� ���4��#���2 ��������� 
��?6�&�?���� 
�W&�=>' c�� �?
�=]&7
� 7 C�?6? Matlab. 	 zBCU?�='?�>? c��= =CU&�^]&-

7
�� 67? &�>&�&W==, C>��B>��
 B&>&��d U�=7?6?�
 �
 �=C��B? 4. 
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�!����#�����	�	$��"�����	��	�	�������	�	���	����
���

 

 

�=C��&B 4 – ��='?� &>&c�
�?�=: &�>&�&W=� 

��>&�&W=: + ='??> T?C>^ C���&C>?�, 
 &�>&�&W=: * - �?>��? C���&C>=. �
�6�� z�?'?�> 
&�>&�&W== + ='??> C7:]^ C& 7C?'= 6��W='= z�?'?�>
'= &�>&�&W== *. �&CB&�^B� C��?C>7��> 
�?>��? C7:]= 6�: B
�6&W& z�?'?�>
 &�>&�&W== +, C�?6&7
>?�^�&, 7 &c�?� C�&��&C>= ='??' 
67
6_
>^ �?>��? U
���d C7:]=. �
 �=C��B? 4 �C�&7�& U&B
]
�� >&�^B& C7:]= [�1, b1] = 
[a1, b2]. ��
�?�=? U&6&c=: '?�6� a1 = b1 &U�?6?�:?> 7?C&7&� B&zAA=_=?�> 6�: C7:]= 
[a1, b1]. �?]��^>
>� C�
7�?�=: U�?6�
W
?'&W& U&6d&6
 C &6�&B�=>?�=
�^�&� &U>='=]
_=?� 
(&U>='=]
_=: c��
 7�U&��?�
 &>6?�^�& 6�: B�=>?�?7 >&��&C>= = U&��&>� 7 �
c&>? [20]) 
U�=7?6?�� 7 >
c�=_? 1. �& B�=>?�=� >&��&C>= zAA?B>=7�&C>^ U�?6�
W
?'&W& U&6d&6
 &B
]
-
�
C^ �
=7�CT?�. �& B�=>?�=� U&��&>� U&=CB
 U�?6�
W
?'�� '?>&6 >
B�? U&]7&�=� U&��-
�=>^ 7�C&B=? �?]��^>
>�. 

�
c�=_
 1 – �?]��^>
>� &6�&- = '�&W&B�=>?�=
�^�&� &U>='=]
_== 

�&6d&6 �&��&C>^ �&��&>
 U&=CB
 
R�&W&B�=>?�=
�^�&� &U>='=]
_== 0,81428 1,00 
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ONTOLOGY MAPPING USING THE METHOD  
OF PARTICLE SWARM OPTIMIZATION 

A.V. Semenova1, V.M. Kureichik2 
Southern Federal University, Taganrog, Russia 
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Abstract 
The paper is devoted to the integration of data from distributed heterogeneous information sources on the basis of on-
tology. The method of semantic similarity calculation between concepts allows to evaluate similarity between concepts. 
A technique for semantic similarity estimation between concepts of two ontologies is proposed. The main feature is the 
automatic calculation of weights using particle swarm optimization method. With the proposed approach, vectors of 
weights are generated. They correspond to different coefficients of semantic similarity. Then, using the obtained 
weights, the combination of different coefficients of semantic similarity is performed. Each concept from an ontology is 
attributed wit a set of relevant semantic concepts from another ontology. This allows to obtain sets of optimal and qua-
si-optimal solutions. 
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