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	 D??`@ :�V&��@� &f_&� �;8 �V�:�@�>�, V&D:;�����g V�>'@�@�>� :@C?&��&Y& B&�'�>_' 
: �&Y>�@DC>g >DD�@8&:�>;g. 	�8@�;�?D; ?�> ?C>g �V�:�@�>;. �@�:&@ D:;_�& D �D�&��@�>@' 
B&�'�`�&Y& VV�? C�DD>�@DC&� '?@'?>�@DC&� �&Y>C> _ D��? :@C?&�>_a>> C?@Y&�>� �D-
?>�� > W�>. ��& V�@8D?:�@�& :@C?&��&� �&Y>C&� �. T>_�g> > '?�>��&� �&Y>C&� 
. �?@��. 
	?&�&@ &D�&:�& � :@C?&�>_a>> �&Y>�@DC&� D@'�?>C>. 	 ��' >D?>��&D?` �DD'?�>:@?D; CC 
'�&Y&C&'V&�@�?��� :@C?&�. �8@D` &?'@�@�� �&Y>C �.�. Xg?>;�&:, �@�?�&D&BDC; �&Y>C 
b. 5'��8C@ > �&Y>C> D :@C?&��&� D@'�?>C&�. ��@?`@ �V�:�@�>@ D:;_�& D :@C?&�>_a>@� 
D>��&Y>D?>C> 
�>D?&?@�;. 	@C?&��&@ V�@8D?:�@�>@ : V&D�@8�@' D���@ >DV&�`_�@?D; 8�; �D?>�-
�&� :>_��>_a>> > :?&'?>_a>> V&D?�&@�>; D>��&Y>_'&:. 	D@ ?�> �V�:�@�>; >'@�? V�C?>-
�@DC&@ _��@�>@ > �g&8;? V�>'@�@�>@, : �D?�&D?>, 8�; �@U@�>; _8� : &f�D?> :��>D�>?@�`�&� 
?@g�>C> > >DC�DD?:@��&Y& >�?@��@C?. 
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��"���� 
�D�> : �_:>?>> �&Y>C> CC ��C> :�8@�;?` �>f&�@@ _��>'�@ q?V�, �@:&_'&��& 

&f&�?> 8: >_ �>g: D&fD?:@��& D&_8�>@ �&Y>C> CC ?C&:&� 
�>D?&?@�@' > @� '?@'?>_-
a>� p�. X��@'. �?& ���& > C&�@a @� V@�:&Y& «8>�@C?>�@DC&Y& :>?C», �_�:@'&Y& C�D-
D>�@DC&� �&Y>C&�. T?@'?>_a>; V�>:@� C B&�'>�&:�>� 8:�g &D�&:��g �V�:�@�>� @� 
8�`�@�U@Y& �_:>?>;. �@�:&@ D:;_�& D �_:>?>@' > �D�&��@�>@' B&�'�`�&Y& VV�? 
C�DD>�@DC&� �&Y>C>. 	?&�&@ – D &?�>a�>@' C�DD>�@DC&� �&Y>C> > V&;:�@�>@' a@�&Y& D&�-
' �&Y>C, C&?&��@ : D&:&C�V�&D?> �&D;? �_:�>@ «�@C�DD>�@DC>g». ��>�>� V�&D?: '?@-
'?>C ::@� : �&Y>C� V&�;?>@ �>D�. �?& @D?@D?:@��&@, f&�@@ ?&Y&, C���@:&@ 8�; '?@'?>-
C> V&�;?>@ V�>:@�&, D &8�&� D?&�&��, C D?�@'�@�>� ::@D?> : &f��@�>@ f&�@@ D�&���@ &f¥-
@C?� �>D�&:&� V�>�&8�, D 8��Y&�, CC �> D?���&, – C &?�>a�>� V&D?��?&:, V&�&�@���g 

�>D?&?@�@' : &D�&:�>@ �&Y>�@DC&� ��C>. 

�>D�& : :>8@ 8:�g �&Y>�@DC>g C&�D?�?: 1 - «�D?>�» > 0 - «W&�`», - V&;:>�&D` : �&Y>C@ 
?��8'> �. b�@Y@ > �. �>�D [1-3]. �g �_'�U�@�>;, : V@�:�� &�@�@8` :�V&��@���� 
�. b�@Y@ �&Y>�@DC>� ��>_ ;_�C, :�V�D?>�> 8�>��, C&?&��� V&g&�&�>� V�@8D?:�@�>@ &f 
�>D?&?@�@:DC&� �&Y>C@, CC @8>�D?:@��& :@��&� �&Y>�@DC&� C�?>�@ '>�. X@_�D�&:�&, ::@-
8@�>@ �>D�&:�g _��@�>� >D?>��&D?> �@ &C_�& f� D?&�` «�&C&:�g» V&D�@8D?:>�, @D�> f� 
D' q? �&Y>C >D�@�V�:��>' &f�_&' &V>D�:� '>�. o�@ D' :?&� V&�>'� @� &Y��>-
�@��&D?`, �?:@��8; V�>'@�>'&D?` q?&� ��C> ?&�`C& 8�; physis` – �@>_'@��&� &D�&:� '>-
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� > &?�>a; @� V&�@_�&D?` 8�; «8>�@C?>�@DC>g :�DC_�:�>�», _:>D;�>g &? '@D?, :�@'@-
�>, _��>� > &���@�>� �@�&:@C [4]. �� �@ DB&�'��>�&:� > V�&f�@'� >D?>��&D?> D��8@-
�>� & f�8��>g D������g D&f�?>;g; V�&f�@'�, V�>:@8U�� �. W�CD@:>� C >8@@ D��� 
?��g_���&�,  :V&D�@8D?:>> k- > C&�?>���'_����g �&Y>C [5]. �&C �&Y>C 8@�D?:&:� 
�>U` : ?@�'>�g �?:@��8@�>; > &?�>a�>;, CC q?& f��& � 
�>D?&?@�;, � �@� �@ f��& V&8g&-
8;�>g :��_>?@�`��g D�@8D?:, �?&f� qBB@C?>:�& &V>D�:?` �@V&��&@, �@?&��&@, &?�&D>-
?@�`�&@, V�&?>:&�@�>:&@ > ?.8. _��>@. �?& D�@8D?:& ::@� '?@'?>�@DC; �&Y>C, > q?>' 
D�@8D?:&' &C_�&D` �>D�&. 	:@8����@ �. �>�D&' > �. b�@Y@ V&�;?>; [����! > ���, CC 
_��@�>; >D?>��&D?> V�@8�&�@�>�, �DV@U�& V�@:�?>�>D` : V�� {1, 0}. � V&D�@ q?&Y& D?�& 
;D�&, �?& �&:�@ &f�D?>, & C&?&��g �@ '&Y� > V&?&'� &?C_�:�D` �DD��8?` C�DD>�@-
DC; �&Y>C, '&Y�? f�?` &g:�@�� ::@8@�>@' 8&V&��>?@�`��g _��@�>� >D?>��&D?>: ½, ¾, 
m/n > ?.8., :V�&?` 8& �@V�@��:�&Y& &?�@_C [0, 1] �>f& @Y& ��&Y&:. ��> q?&' : ?@�'>�g 
�>D� f��> V@�@B&�'��>�&:�� V�>�a>V� V�&?>:&�@�>; > >DC������&Y& ?�@?`@Y&, > &C_-
�&D`, �?& &�> '&Y�? �@ :�V&��;?`D; [5]. �?& > D?�& C&�a&' C�DD>�@DC&� �&Y>C> CC «@8>�-
D?:@��& :@��&Y& ��@�>;». 

p��Y>' D�@8D?:>@' '?@'?>_a>> �&Y>C> D?�& :�@D@�>@ : �@� >8@�, C&?&��@ V�@�8@ 
C_�>D` D �@� �@D&:'@D?>'�'>. �@�` >8�? &f >DV&�`_&:�>> '?@'?>�@DC&Y& VV�?, C&-
?&��� D&_8:�D; 8�; �@U@�>; D&:D@' >��g _8�. 	 V@�:�� &�@�@8` B>_>C> > '@g�>C>. 
T?@'?>_a>; V�&U� V�?` &? V�&D?@�U@Y& &V@�>�&:�>; V�&� �>D@� {1, 0}, �@�@_ '�&Y&-
_���&D?`, C :@C?&�', V&_:&�;; &?�_>?` f&�@@ D�&���@ :_>'&&?�&U@�>; &f¥@C?&: > V&�;-
?>� :�@U�@Y& '>�. 5�>?@?D;, �?& &8�>' >_ V@�:�g & :&_'&��&� '�&Y&'@��&D?> �&Y>C> 
_Y&:&�>� : ���@ XX :. C_�DC>� �&Y>C �.
. 	D>�`@: [6]. �8�C& : @Y& �f&?g q?&? ?@�-
'>� �V&?�@f�;@?D; DC&�@@ CC '@?B&�. bC?>�@DC> �@�` : �>g U� & '�&Y&_���&� �&Y>C@, 
@D�> V&�`_&:?`D; D&:�@'@��&� ?@�'>�&�&Y>@�. 5' �.
. 	D>�`@: �@ V&�`_&:�D; V&�;?>@' 
�>D� >, �_:>:; D:&> :_Y�;8�, Y&:&�>� & �@&fg&8>'&D?> _'@�� �&Y>�@DC&Y& C:8�? �&-
Y>�@DC>' ?�@�Y&�`�>C&',  : C�@D?:@ 8&V&��>?@�`�&Y& _��@�>; >D?>��&D?> ::&8>� ��&?>-
:&�@�>@ [7]. 	&_'&��& q?>' &f¥;D�;@?D; ?&, �?& : ?& :�@'; @Y& >8@> �_:>?>; �@ V&���>�>,  
'�&Y&_���&D?` :&U� : �&Y>C� ?��8'> 8��Y>g >DD�@8&:?@�@�. �8�C& :�DC_��&@ >' 
V�@8D?:�@�>@ & '�&Y&'@��&D?>, V�&D?��D?:@��&D?> �&Y>C> ?@D�& D:;_�& D V&�;?>@' :@C-
?&�. � : q?&' D'�D�@ :C�8 �.
. 	D>�`@: D��@D?:@�@�. 

	 8��&� �f&?@ :�V&��@� &f_&� �;8 �f&? > �V�:�@�>�, D:;_���g D V�>'@�@�>@' 
:@C?&��&Y& B&�'�>_' : �&Y>�@DC>g >DD�@8&:�>;g > D&&?:@?D?:���>g V�>C�8��g _8-
�g. 

1 
�#�����0 ����#� ��4��5� � ��������0 ����#� 	����� 
5�@8> �&Y>C, >DV&�`_���>g V&�;?>@ :@C?&� 8�; V�@8D?:�@�>; >D?>��&D?>, D�@8�@? &?-

'@?>?` :@C?&���� �&Y>C� T>_�g> (Mizraji E.). 	 �@� :@C?&�'> B&�'�>_��?D; _��@�>; 
[����� > ���$. �� V&;:�@�>@ D:;_�& D >DD�@8&:�>;'> : &f�D?> '&8@�>�&:�>; C&�-
?@CD?�&-_:>D>'&� V';?> : �@��&���g D@?;g [8, 9]. 	 &D�&:@ B&�'�>_' �@�>? V�@8D?:-
�@�>@ �D?>�� > W�> 8:�'; q-'@���'> :@C?&�-D?&�fa'> ( 2�q ) @8>�>��&� 8�>��: s > n. 
�@�:�� DD&a>>��@?D; D [�����", :?&�&� D ���$G. �D?>��&D?` : a@�&' V�@8D?:�@� V�&� 
{s, n}. 	@C?&�-D?&�fa� s > n &�?&�&�'�`��: 

0�� snns TT ; 1�� nnss TT . 
p�; &V�@8@�@�>; �&Y>�@DC>g D:;_&C V�>'@�;�?D; «'&�8��@ &V@�?&��»: 

TT nnssI �� ; 
TT snnsN �� ; 
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TT snssK �� ; 
TT nnnsM �� . 

T?�>a I – &V@�?&� ?&�8@D?:; 8�; �@Y& :�V&��;@?D; D:&�D?:&: pIp � , Y8@ p – V�&>_-
:&�`��� :@C?&�. T?�>a N D&&?:@?D?:�@? &?�>a�>�: nNs �  > sNn � . 

�&�¥��Ca>; > 8>_¥��Ca>; V�@8D?:�;�?D; &V@�?&�'> C > D D&&?:@?D?:@��&: 
TT nMsIC ���� ; 
TT nIsKD ���� . 

��>, �?& ?& �@ D'&@: 
TTTT )nn(n)sn(n)ns(n)ss(sC �������� ; 

TTTT )nn(n)sn(s)ns(s)ss(sD �������� . 
�8@D` � – V�&>_:@8@�>@ ��&�@C@�: @D�> ][A ija�  > ][B ijb�  – V� '?�>a �_'@��&D?`� 
m�n > p�q, ?& ]B[BA ija�� . 

�&�;?>@ �@��?C&D?> :?&� ::&8>? C&�D?��Ca>@�: n)(sp �� �� 1 , Y8@ ][ 1,0��  [10]. 	 

�D?�&' D���@ :@C?&�&: �
�
��

�
�� 0
1s  > �

�
��

�
�� 1
0n  q?& V�@8D?:�@�>@ BC?>�@DC> D&:V8@? D ?�8>-

a>&���'. 
�@D'&?�; � &V�@8@����&@ &f&f�@�>@ C�DD>�@DC&� > �@��?C&� �&Y>C, : �&Y>C@ T>_�g> 

>DV&�`_��?D; ?&�`C& >_:@D?��@ �&Y>�@DC>@ D:;_C>: C&�¥��Ca>>, 8>_¥��Ca>>, &?�>a�>; > 
?.8. ��>�a>V>�`�& �&:�' ?�? ;:�;@?D; V@�@g&8 &? �&Y>�@DC>g C&�D?�? {�D?>�, W&�`} C 
:@C?&�' �D?>�� > W�>. p�@@ :?&� �_:>:@? q?& �V�:�@�>@, B&�'�>_�; : ��' '&8�`-
�&D?> �@&fg&8>'&Y& > :&_'&��&Y&,  ?C�@ V�&:&8; ��&Y>> D :@�&;?�&D?�&� �&Y>C&� 
[10, 11]. 5�@8> �&DD>�DC>g �f&? : q?&� &f�D?> '&��& �C_?` [12]. 	 �@� D V&_>a>� :@C?&�-
�&-'?�>��&Y& V�@8D?:�@�>; �_:>? �&Y>C �@��?C>g V�@8>C?&: > 8� V�>'@� �@U@�>; 
qC&�&'>�@DC&� _8�>. p��; �f&?, V& D�&:' @� :?&�&:, &V>�@?D; � >8@> T>_�g>. 
��?@�@D�&, �?& : �@� :?&�� �DD'?�>:�? �&Y>C� T>_�g> D f&�@@ &f�>g V&_>a>�, �_�-
:; @� ?@�_&��&�. 

X�>_C&� V& 8�g� C �&Y>C@ T>_�g> ;:�;@?D; V&;:>:U;D; V�>'@��& : ?& �@ :�@'; '?-
�>��; �&Y>C �?@�� (Stern A.) [13]. �� ��f&V�?�&� &D&f@��&D?`� ;:�;@?D; �D?&��>:& 
V�&:&8>'; V���@�` D C:�?&:&� '@g�>C&�, :V�&?` 8& >DV&�`_&:�>; DV@a>B>�@DC&� 
?@�'>�&�&Y>>. �V�>'@�, >D?>��&D?` : �@� &V>D�:@?D; «f�»- > «C@?»-:@C?&�'> – q?& 
?@�'>��, V�>U@8U>@ : C:�?&:�� '@g�>C� >_ �f&? �. p>�C. �8�& >_ V�>C�8��g 
�V�:�@�>� q?&� �&Y>C> – '&8@�>�&:�>@ C:�?&:�g V�&a@DD&:. 

	 �&Y>C@ �?@�� : ?@�'>�g f�- > C@?-:@C?&�&:,  ?C�@ '?�>���g &V@�?&�&:, V&8&f-
��g &V@�?&�' C:�?&:&� '@g�>C>, &V>D�:�?D; :D@ >_:@D?��@ : C�DD>�@DC&� '?@'?>-
�@DC&� �&Y>C@ �&Y>�@DC>@ D:;_C>: C&�¥��Ca>>, 8>_¥��Ca>>, >DC�����@Y& >�>, &?�>a�>;, 
qC:>:�@�?�&D?>, >'V�>Ca>>, D?�@�C> �>�D > V�., – >DD�@8��?D; > &f&f��?D; f_&:�@ 
�&Y>�@DC>@ _C&�� :�&8@ _C&�&: V�&?>:&�@�>;, >DC������&Y& ?�@?`@Y&, p@ T&�Y�. 5 V&-
_>a>� '?�>��&� �&Y>C> &fD��8�?D; �&Y>C> W�CD@:>�, �&D?, �@�g@�fg, �DD'?�>:-
@?D; B&�'�>_a>; >D?>��&D?> C&'V�@CD��'> �>D�'>. 	 �D?�&D?>, >_:@D?�; : �@��?C&� 
�&Y>C@ :_>'&D:;_`: 1�� � aa , Y8@ ]1,0[��� |||| aa  – >D?>��&D?` �?:@��8@�>; a,  

]1,0[��� |||| aa  – >D?>��&D?` @Y& &?�>a�>;, B&�'>����;, @D�> '&��& ?C :��_>?`D;, 

�>�@���� B��Ca>� V@�@g&8 &? :@C?&� �D?>� �
�
��

�
�
0
1  C :@C?&�� W&�` �

�
��

�
�
1
0 , _'@�;@?D; B��C-

a>@� V@�@g&8 «V& 8�Y@» @8>�>��&Y& �8>�D (D'. �>D��&C 1). 	 D:;_> D q?>' : [13] Y&:&�>?D; 
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0 1 a+ 

a 

�>D��&C 1 - �@�@g&8 &? :@C?&� �D?>� 
C :@C?&�� W&�` V�> �@��?C&' > '?�>��&' 

V�@8D?:�@�>> >D?>��&D?>. 

1 
& B_&:&' V�&D?��D?:@ _��@�>� >D?>��&D?>. �&-
8&f��� �@ ?�C?&:C� >D?>��&D?> 8&V�DC@? > �&-
Y>C T>_�g>. 	 a@�&' &f@ q?>g �&Y>C> �DD'?-
�>:�?D; CC �Y@f�>�@DC>@ '&8@�> q�@'@�?�-
�&� �&Y>C>, &D�&:���@ � '?�>��&� �Y@f�@. 
�>&�@��&� �f&?&� V& V�>�&�@�>� �>�@��&� �-
Y@f�� C B&�'�`�&� �&Y>C@ : [9] �_�:@?D; [14]. 

5�@8�@? &?'@?>?`, �?& : [13] : C�@D?:@ f_>D-

��g :@C?&�&: f@��?D; ?&�`C& �
�
��

�
�
0
1  > �

�
��

�
�
1
0 . 

�. T>_�g> >8�? 8�`U@, 8&V�DC; V�&>_:&�`�&@ 
C&�>�@D?:& > V�&>_:&�`��@ _��@�>; C&'V&�@�?&: 
8�; s > n V�> D&f��8@�>> ?�@f&:�>; >g &�?&�&-
'�`�&D?>. � : ?&' > : 8��Y&' D���@ V�>:;_C C 

C?@Y&�>;' �D?>�� > W�> > &�?&�&�'�`�&D?` f_>D��g :@C?&�&: :�Y�;8>? CC DC��?; 
�@�>_a>; V�>�a>V&: V�&?>:&�@�>; > >DC���@��&Y& ?�@?`@Y&, �?& V&_:&�;@? �DD'?�>:?` 
q?> �&Y>C> CC �_:>?>@ C�DD>�@DC>g V�@8D?:�@�>�. 

�f��@? � D@f; :�>'�>@ > 8&D??&��& ?;�@��� : D&8@��?@�`�&' V��@ '?@'?>�@-
DC>� VV�? &f@>g �&Y>C. 

2 ����#� K�5��0���� 
��>'@�&', Y8@ V&�;?>@ :@C?&� >D?>��&D?> D:;_�& D �_:>?>@' �@C�DD>�@DC>g :_Y�;-

8&:, ;:�;�?D; >DD�@8&:�>; �.�. Xg?>;�&: [15-17]. 	 >g &D�&:� V&�&�@� >8@; & ?&', �?& 
D��8@�>@ '&�@? &a@�>:?`D; D �_��g D?&�&� (V&_>a>�, DV@C?&:). ��>��' >D?>��&D?` C�-
8&Y& DV@C? V�>�>'@? &8�& >_ ?��g _��@�>�: +1 (�D?>�), 1 (W&�`), 0 (�@&V�@8@���-
�&D?`). �D?>��&D?` D��8@�>; : a@�&' V�@8D?:�;@? D&f&� :@C?&�, C&'V&�@�?� C&?&�&Y& D�?` 
DV@C?� &a@�>:�>;, _��@�>; C&?&��g V�>�8�@�? '�&�@D?:� {1, 0, +1}. �D?>��&D?` 
D�&���g D��8@�>� �DD�>?�:@?D; � &D�&:@ V&C&'V&�@�?�&� &f�f&?C> :@C?&�&:. ��> 
q?&' 8�; 8>_¥��Ca>> �@_��`?>����@@ _��@�>@ DV@C?&: :��>D�;@?D; V& B&�'��@ 

||a1   a2||i = sign(||a1||i + ||a2||i + 1), 
 8�; C&�¥��Ca>>  V& B&�'��@ 

||a1 & a2||i = sign(||a1||i + ||a2||i  1). 
p�; >'V�>Ca>> >DV&�`_�@?D; 

||a1 ! a2||i = sign(||a2||i  ||a1||i + 1), 
8�; &?�>a�>; - B&�'�� 

||�a||i = ||a||i. 

�8@D` ||a||i – i-� DV@C? >D?>��&D?> D��8@�>; a; 
�
�
�

�
"� .0 @D�> ,0

;0 @D�> ,1)( x
xxsign  

�C>' &f�_&', D@'�?>C Xg?>;�&: &D�&:� � '�&Y&DV@C?�&D?> > :@C?&��&' &V>-
D�>> >D?>��&D?>. 5'> DV@C?� V�>�>'�? ?�> :&_'&���g _��@�>;: 1, 0, > 1. 

3 '�����6�:6#�0 ����#� ������"�#� 
��?@�@D��' �&Y>�@DC>' B&�'�>_'&', >DV&�`_���>' :@C?&��&@ V�@8D?:�@�>@ >D?>�-

�&D?>, ;:�;@?D; �@�?�&D&BDC; �&Y>C 5'��8C@ (Smarandache F.). �� &V>�@?D; � >8@�, 
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�?& >D?>��&D?` ��f&Y& D��8@�>; @D?` :@C?&� >_ ?��g C&'V&�@�?&: #T; I; F$, Y8@ T @D?` D?@-
V@�` �D?>��, I – �@�?��`�&D?`, F – W&�`. W&�` : 8��&� �&Y>C@ D:;_� D V&�;?>@' 
C&�?����g,  �@�?��`�&D?` – C&�?�8>C?&���g V�@8�&�@�>� _ :��@?&' C&�?����g, @D�> 
D�@8&:?` C�DD>�@DC&� ?@�'>�&�&Y>>. �8�C& V�> q?&' �@ >DC���@?D; D&:'@D?�; �@�>-
_a>; ?��g DV@C?&: D�_� [18]. 

��8�� >_ C&'V&�@�?&: :@C?&� >D?>��&D?> : �&Y>C@ 5'��8C@ V�>�>'@? _��@�>@ 
>_ �@D?�8�?�&Y& >�?@�:� [1,0] � , Y8@ %� 00 , %��� 11  V�> 0!% . �>CC&� B��Ca>-
&��`�&� D:;_> '@�8� T; I; F �@?, ?C �?& � ���� 30 FIT . 	 V�>C�8��g _8�g �@D?�-
8�?��� >�?@�:� '&��& _'@�;?` &f����': ]1,0[ . �&Y8 ][ 1,0,, �FIT  > 30 ���� FIT  
[19, 20]. 

���@�>; C&'V&�@�?&: '&Y�? f�?` V�@8D?:�@�� CC �>D�'> (�_&:�' >g «?&�@���-
'>»), ?C > >�?@�:�'>,  ?C�@ V�@8D?:�;?` D&f&� �V&�;8&�@��&@ V&8'�&�@D?:& >_ 

[1,0] �  (>�> ]1,0[  : V�>C�8��g _8�g). 
W&Y>�@DC>@ D:;_C> C&�¥��Ca>>, 8>_¥��Ca>>, &?�>a�>; V�@8D?:�;�?D; : �@� C&�-

D?��Ca>;'> [20] 
$&&&#� 21212121 ;;& FFIITTaa |||| , 

$&�&�&�#� 21212121212121 ;; FFFFIIIITTTTaa |||| , 
$#�� ��� FITa 1;1;1||||  

D&&?:@?D?:@��&. �8@D` «&», «+», «» – &V@�a>> �'�&�@�>;, D�&�@�>; > :��>?�>;, &f&f-
�����@ � �@D?�8�?��@ V&8'�&�@D?: >�?@�:� [1,0] � ; Ti, Ii, Fi – _��@�>; C&'V&�@�?&: 
:@C?&�&: >D?>��&D?>: $#� 1111 ;; FITa ||||  > $#� 2222 ;; FITa |||| . ��> V@�@g&8@ C D?�8�?�&'� 
>�?@�:�� ]1,0[ > ?&�@���' _��@�>;' >D?>��&D?> q?& &f����@ �'�&�@�>@, D�&�@�>@ > :�-
�>?�>@. 

��?@�@D�& &?'@?>?`, �?& : f&�@@ V&_8�@� �f&?@ [21] �&Y>�@DC>@ D:;_C> B&�'�>_��?D; 
>��@: 

$#� ),);,();,(& 21212121 FFIITTaa max(maxmin|||| , 
$#� ),();,();,( 21212121 FFIITTaa minminmax|||| , 

$#�� � TIFa ;1;|||| . 
�8@D`, CC > : V@�:&' D���@, min() > max() – &f&f�@�>; B��Ca>� '>�>'�' > 'CD>'�' � 
V&8'�&�@D?: �@D?�8�?�&Y& >�?@�:� [1,0] � . 	�>'?@�`��� ��>_ V&C_�:@?, �?& q?& 
V�>�a>V>�`�& �_��@ &V�@8@�@�>; D:;_&C. 
:?&� ::&8>? �_��@ ?>V� C&�¥��Ca>>, 8>_¥-
��Ca>> > &?�>a�>;, �@ C&''@�?>��; q?&Y&. 

	 V�>C�8��g _8�g '@�8� D��8@�>;'> :��& _8:?` V&�;8&C, V&_:&�;��>� V�@8-
V&�@D?` &8�> 8��Y>'. 	 C�DD>C@ q? V�&f�@' �@ �DD'?�>:@?D;, �&���@ V�@8�&�@�>; 
V�&D?& >DC����?D; >_ �DD'&?�@�>;. �8�C& : '�&Y&_����g �&Y>Cg, Y8@ �@_��`??&' :�-
:&8 �D?& ;:�;@?D; �@DC&�`C& �?:@��8@�>� D �_��'> _��@�>;'> >D?>��&D?>, �V&�;8&�>-
:?` D��8@�>; �@&fg&8>'&. 	 �&Y>C@ 5'��8C@ 8�; q?&Y& V&�`_��?D; V�:>�&' [20]: 

a1 � a2 (a1 '@�@@ V�@8V&�?>?@�`�&, �@' a2), @D�> > ?&�`C& @D�> T1 � T2, I1 � I2, F1 � F2, 
8�; ?&�@���g C&'V&�@�?&:, > a1 � a2, @D�> > ?&�`C& @D�> 

inf T1 � inf T2, sup T1 � sup T2, 

inf I1 � inf I2, sup I1 � sup I2, 

inf F1 � inf F2, sup F1 � sup F2 
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8�; C&'V&�@�?&:-V&8'�&�@D?:. 
	 [18],  ?C�@ [20, 21] D V&_>a>� �@�?�&D&BDC&� �&Y>C> V�&:@8�� ��>_ >_:@D?��g �&-

Y>�@DC>g (> �@ ?&�`C&) V�@8D?:�@�>�, :C���; ?@&�>� '�&�@D?: (�@�?�&D&BDC>@ '�&�@-
D?:), ?@&�>� :@�&;?�&D?> (�@�?�&D&BDC; :@�&;?�&D?`), D??>D?>C�, Y@&'@?�>� > ?.8. 
	 �D?�&D?>, �DD'?�>:; �@�?�&D&B>� CC �V�:�@�>@ B>�&D&B>>, :?&� _?�Y>:@? 
C:�?&:&'@g�>�@DC�� > �@�;?>:>D?DC�� C�?>�� '>�. � ��DDC&' ;_�C@ &D�&:� q?&� 
C&�a@Va>> V�@8D?:�@�� : [18] > [22]. 

�@�?�&D&BDC; �&Y>C ;:�;@?D; D�@8���>' UY&' V&D�@ �@��?C&�. �� &D&f@��&D?`� 
D���>? &Y��>�@�>@ � �>D�& C&'V&�@�?&: :@C?&� >D?>��&D?> V�> >g ��D?C&� D&8@��-
?@�`�&� >�?@�V�@?a>>: �D?>�, W&�`, �@�?��`�&D?`. �C�@ >DV&�`_�@?D; C�DD>�@DC>� 
�f&� �&Y>�@DC>g D:;_&C > @8>�D?:@���� C�>?@�>� �D?>��&Y& V&�;8C '@�8� D��8@�>;'>. 
p&D??&��& >�?@�@D��' :�Y�;8>? V@�@g&8 &? V�>:���&Y& >�?@�:� _��@�>� >D?>��&D?> 

]1,0[  C �@D?�8�?�&'� [1,0] � , g&?; V�>C�8�; a@��&D?` ?C&Y& V@�@g&8 :D� �@ D&'�>-
?@�`�. 

	 [23] 8� V�>'@� �@U@�>; V�C?>�@DC&� _8�> D >DV&�`_&:�>@' &V>D��&Y& V�@8-
D?:�@�>;. 

4 ����#� 6 ��#������ 6������#�� 

*���/����#���������
W&Y>C> D :@C?&��&� D@'�?>C&� – C�DD �&Y>C, : C&?&��g >D?>��&D?` D��8@�>; a B&�'-

�>_�@?D; :@C?&�&' D V�&>_:&�`��' (: &f�@' D���@) �>D�&' C&'V&�@�?&:: 
||a|| = #a1; a2;…; an$, ai � [0, 1]. ���@�>; C�8&Y& >_ C&'V&�@�?&: &V�@8@�;�?D; D:&>' C&'-
V�@CD&' D:>8@?@�`D?:. �&_>a>> C&'V&�@�?&: : :@C?&�@ �_�:�?D; DV@C?'> >D?>��&D?>,  
>g _��@�>; – _��@�>;'> q?>g DV@C?&: [24]. 

5&8@��?@�`�; D?&�&� DV@C?&: :?&�>��. 	��&, �?& >D?>��&D?` &?��@? V�@8D?:-
�@�>@ & D&&?:@?D?:>> D��8@�>; �@�`�&D?>. 	�@� ?C�@ g�C?@� :�>;�>; &?8@�`�&Y& C&'-
V&�@�? � q?& D&&?:@?D?:>@. 	 q?&' D'�D�@, CC&:� f� �@ f��> DV@C?� >D?>��&D?>, :D@ &�> 
8@�;?D; � 8: C�DD. 	 V@�:&' D���@ >D?>��&D?`, :���@��; :@C?&�&' 
#a1; a2;…; ai;…; an$, Y&:&�>? & f&�`U@' D&&?:@?D?:>>, �@' #a1; a2;…; ai’;…; an$, @D�> ai � ai’. 	& 
:?&�&'  @D�> ai � ai’ [25]. ���@ Y&:&�;, :��&, �?& �&D? (�f�:�>@) DV@C?&: V@�:&Y& > :?&-
�&Y& ?>V :�>;@? � >D?>��&D?` :_>'�& V�&?>:&V&�&���' &f�_&'. 
DV@C?� V@�:&Y& ?>V 
�_:�� ;�9�����! �,  :?&�&Y&  ��������! �. �?&f� >g �_�>�?` >DV&�`_��?D; :@�g�>@ 
>�8@CD� «+» > «». �V�>'@�, #a+; a$, #0.5+; 0.2+; 0.9$ > ?C 8�@@. �D�> V&�;8&C D�@8&:�>; 
DV@C?&: : :@C?&�@ ?C&:, �?& D��� �C_�:�?D; V&_>?>:��@ C&'V&�@�?�, ?C; _V>D` 
�_�:@?D; ��� �$��" E�� �" ��	���� ����������: 

#a1+; a2+;…, ai+; a (i+1);…;an$. 
�&�>�@D?:& V&_>?>:��g > �@Y?>:��g C&'V&�@�?&: : &f�@' D���@ '&�@? f�?` ��f�'. 

��> q?&', @D�> D&8@��?@�`��� D'�D� DV@C?&: >D?>��&D?> �@ :�@� > >g �>D�& �@ &Y&:�>-
:@?D;, ?& Y&:&�>?D; &  ������;�	��!< ��	����!< ���	�< (Vn-�&Y>Cg). ���@, & ���<��-
;�	��!<, ���<��;�	��!< > ?.8. �D�> D��@D?:@�� D&8@��?@�`�; D?&�&� DV@C?&:, q?& 
'&�@? f�?` &?��@�& : �>'@�&:�>>. �V�>'@�, VTF-�&Y>C – q?& 8:�gDV@C?�; :@C?&��; 
�&Y>C D DV@C?'> #[�����; ���$$. 
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*���'���#���+� �����
p�; V&D?�&@�>; D�&���g D��8@�>� : �&Y>Cg D :@C?&��&� D@'�?>C&� �DD'?�>:�?D; 

D�@8���>@ ?>V� �&Y>�@DC>g D:;_&C: 1-; > 2-; B&�' C&�¥��Ca>>, 1-; > 2-; B&�' 8>_¥��C-
a>> > 8:@ B&�'� &?�>a�>; [24]. 

�;�������� 1. �@�:&� B&�'&� C&�¥��Ca>> 8:�g D��8@�>� a > b �_�:@?D; D��8@�>@ 
c = a & b, _��@�>; DV@C?&: >D?>��&D?> C&?&�&Y& &V�@8@�;�?D; V& V�:>��: 
    ci = ai 
 bi, @D�> DV@C? V&_>?>:���; 
     ci = ai ' bi, @D�> DV@C? �@Y?>:���. 

�;�������� 2. 	?&�&� B&�'&� C&�¥��Ca>> a > b : �_�:@?D; D��8@�>@ c = a &2 b, _�-
�@�>; DV@C?&: >D?>��&D?> C&?&�&Y& &V�@8@�;�?D; V& V�:>��: 

ci = ai 
 bi. 
�;�������� 3. �@�:&� B&�'&� 8>_¥��Ca>> 8:�g D��8@�>� a > b �_�:@?D; D��8@�>@ 

c = a   b, _��@�>; DV@C?&: >D?>��&D?> C&?&�&Y& &V�@8@�;�?D; V& V�:>��: 
     ci = ai ' bi, @D�> DV@C? V&_>?>:���; 
     ci = ai 
 bi, @D�> DV@C? �@Y?>:���. 

�;�������� 4. 	?&�&� B&�'&� 8>_¥��Ca>> 8:�g D��8@�>� a > b  : �_�:@?D; D��8@�>@ 
c = a  2 b, _��@�>; DV@C?&: >D?>��&D?> C&?&�&Y& &V�@8@�;�?D; V& V�:>��: 

ci = ai ' bi. 
�@�:�@ B&�'� – q?& &f&f�@�>; C�DD>�@DC>g C&�¥��Ca>> > 8>_¥��Ca>> � :@C?&���� 

D����. 	?&��@ :&_'&��� ?&�`C& : :@C?&��&� D@'�?>C@. 
�8@D` x 
�y – t-�&�', x '�y – t-C&�&�' (s-�&�') : >�B>CD�&� _V>D> V�> ?&', �?& '@�8� 

�>'> D��@D?:�@? :_>'&D:;_`: 
(1  x) 
�()��y) = 1  x '�y;  (1  x) '�()��y) = 1  x 
�y. 

��>'@�'> _8@D` D���? V�� B��Ca>� x 
�y = min(x, y), > x '�y = max(x, y); 
x 
�y = max(0, x + y �1), > x '�y = min(1, x + y); x 
�y = xy, > x '�y = x + y �xy. 

�;�������� 5. �@�:&� B&�'&� &?�>a�>; (����
����  � E�� � ;���������	�) �_�:-
@?D; D��8@�>@ �a, >D?>��&D?` C&?&�&Y& V&���@?D; >_ ||a|| V�?�' V@�@D?�&:C> '@D?'> _�-
�@�>� V&_>?>:��g > �@Y?>:��g C&'V&�@�?&: (V&_>?>:��@ C&'V&�@�?� &f¥;:�;�?D; �@Y-
?>:��'>,  �@Y?>:��@ V&_>?>:��'>). �V�>'@�, 8�; VTF-�&Y>C q?& :�Y�;8>? CC 

||�a|| = #a; a+$. 
�? B&�' &?�>a�>; V�>:;_� C D&8@��?@�`�&'� D'�D�� DV@C?&: >D?>��&D?> > V&-

?&'� V�>'@�>' �@ 8�; :D@g :@C?&�&: >D?>��&D?>. 
�;�������� 6. 	?&�&� B&�'&� &?�>a�>; ;:�;@?D; ����
���� � E�� � ��;������: 

||~a|| = #1 �a1; 1 �a2;…; 1 �an$. 
p�; q?&� B&�'� &?�>a�>; :�V&��;�?D; _C&�� 8@ T&�Y� : :>8@: 

    ||~(a  �b)|| = ||~a & ~b||; ||~(a & b)|| = ||~a  �~b||; 
    ||~(a  2 b)|| = ||~a &2 ~b||; ||~(a &2 b)|| = ||~a  2 ~b||, – 
> q? B&�' &?�>a�>; V�>'@�>' : ��f&� �&Y>C@ D :@C?&��&� D@'�?>C&�. 

*�(� ������#�����0��������+0����������
�:�?&�� :D@&f��&D?> > D��@D?:&:�>; ?C�@ V�>&f�@?�? 8:@ B&�'�. �g V@�:; B&�-

' &V�@8@�;@?D; V@�:&� B&�'&� D:;_&C C&�¥��Ca>>/8>_¥��Ca>> V& :D@' _��@�>;' V�@8-
'@?�&� V@�@'@��&�, :?&�; B&�' – :?&�&� B&�'&� D:;_&C [26]. 
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*�*� /��������"�� +��+� ����"��
T@�8� D��8@�>;'> : �&Y>Cg D :@C?&��&� D@'�?>C&� '&��& �D?�:�>:?` &?�&U@�>;, 

��&Y>���@ &?�&U@�>;' >'V�>Ca>> > qC:>:�@�?�&D?> : C�DD>�@DC&� �&Y>C@ [20]. 
�;�������� 7. 5��8@�>@ a ��$��� D��8@�>; b (a �� ������� �8 b, _V>D�:@?D; 

a >> b), @D�> ai ��bi 8�; :D@g i; ?.@., @D�> _��@�>; :D@g DV@C?&: :@C?&� ||a|| �@ '@�`U@ _��@-
�>� D&&?:@?D?:���>g DV@C?&: :@C?&� ||b||. 

5&&?:@?D?:@��&, ���8@�>@ a ����� D��8@�>; b (b �� ������� �8 a, _V>D�:@?D; 
a << b), @D�> ai ��bi 8�; :D@g i; ?.@., @D�> _��@�>; :D@g DV@C?&: :@C?&� ||a|| �@ f&�`U@ _��@-
�>� D&&?:@?D?:���>g DV@C?&: :@C?&� ||b||. 

�;�������� 8. 5��8@�>@ a ;�����;������� D��8@�>; b (_V>D�:@?D; a > b), @D�>  
     ai ��bi 8�; :D@g V&_>?>:��g DV@C?&:, 
     ai ò bi 8�; :D@g �@Y?>:��g DV@C?&:, 
?.@., @D�> :D@ DV@C?� :@C?&� ||a|| «�@ g��@» D&&?:@?D?:���>g DV@C?&: :@C?&� ||b|| : «�&Y>-
�@DC&'» D'�D�@. 

	 D:&� &�@�@8`, D��8@�>@ a  ���� ;�����;������, �@' D��8@�>; b (_V>D�:@?D; a < b), 
@D�> 
     ai ��bi 8�; :D@g V&_>?>:��g DV@C?&:, 
     ai ��bi 8�; :D@g �@Y?>:��g DV@C?&:, 
?.@., @D�> :D@ DV@C?� :@C?&� ||a|| «�@ ���U@» D&&?:@?D?:���>g DV@C?&: :@C?&� ||b|| : «�&-
Y>�@DC&'» D'�D�@. 

p���@ &?�&U@�>; �_�:�?D; ��������� � �� ���������� > ;�����;������. 
�;�������� 9. 5��8@�>@ a ���#��	� D	��������� D��8@�>� b (a = b), @D�> a < b > 

a > b ( ?C�@ a << b > a >> b). 	 ��f&' >_ q?>g D���@: ai = bi 8�; :D@g i. 

*�1�2!����	�$��#� �

��&Y>; '@�8� &?�&U@�>;'> V�:8&V&8&f>; > 8&'>�>�&:�>; > C�DD>�@DC&� >'V�>-

Ca>@� V&_:&�;@? ::@D?> ��&Y> V�:>� modus ponens [24, 25]: 
   a, a << bó b: ||b|| = ||a|| *�#1;…; 1$; 
   a, a < bó b: ||b|| = ||a|| *�#1+;…; 1+; 0,…, 0$. 
�V>D` V&D�@ 8:&@?&�>; &Y&:�>:@? &f�D?` :&_'&���g _��@�>� :@C?&� >D?>��&D?> _-
C���@�>; b: 

||b|| ��[a1, 1] ��[a2, 1] �…��[an, 1] 
: V@�:&' D���@ > 

||b|| ��[a1+, 1] ��[a2+, 1] �…��[ai+, 1] ��[0, a(i+1)] ��[0, a(i +2)] �…��[0, an] 
:& :?&�&' (_8@D` ��>?�:@?D; ��>�>@ V&_>?>:��g > �@Y?>:��g DV@C?&:). 

��� &8>� :>8 �&Y>�@DC&Y& :�:&8, C&?&��� &?�D?> '&�@? f�?` &f&f��� � :@C?&� V�&-
>_:&�`�&� �_'@��&D?>, �DD'?�>:@?D; : D:;_> D VTF-�&Y>C'>. 

*������3�!�	��
�>f&�@@ >_��@���' C�DD&' �&Y>C D :@C?&��&� D@'�?>C&� ;:�;�?D; 8:�gDV@C?��@ 

:@C?&���@ �&Y>C> D DV@C?'> #[�����; ���$$�[24, 25]. ��> �>f&�@@ f�>_C> C ?C>' V�C-
?>�@DC> :&D?�@f&:���' B&�'�>_'', CC C�DD>�@DC; > �@��?C; �&Y>C> (;:�;�?D; >g 
&f&f�@�>@'),  ?C�@ &f&f��? �@C&?&��@ V��@V�&?>:&�@�>:�@ (�V�>'@�, �&Y>C� 
p�� [27]). 



444 %4(22)A.,=</�Q7</�����$�[\����|�L�[���[

��� ���������	��������E�� ��9 �������	�������	�Z ��� ���#��	� � �����������

 

+ 

 

a 

a+ 

||a|| 

�>D��&C 2 - ��B>�@DC&@ V�@8D?:�@-
�>@ :@C?&� ||a|| = #a+; a$ 

� 

� 

	 

* 

a 

a+ 

||a|| 

�>D��&C 3 - ����D?�a>; &?�&U@�>� 
V�:8&V&8&f>; > 8&'>�>�&:�>; 8�; 

VTF-�&Y>C: a << b,  c << b, a < c. 

� 

� 

	 

* 
||b|| 

b+ 

b 

c 

c+ 

||c||

p�; q?&Y& C�DD �&Y>C ||a|| = #a+; a$¸ Y8@ a+ – '@-
� ?&Y&, �?& D��8@�>@ a @D?` �D?>�, a – '@� ?&Y&, 
�?& &�& @D?` W&�`. T@�� �D?>�� > W�> : &f�@' 
D���@ �D?�:�>:�?D; �@_:>D>'& 8��Y &? 8��Y, 
C�8; V& D:&@'� C&'V�@CD� D:>8@?@�`D?:. �D?>�-
�&D?` D��8@�>; : q?&' D���@ '&�@? f�?` V�&>���-
D?�>�&:� �>D��C&' 2. �8@D` 	 V�@8D?:�;@? _��@-
�>@ >D?>��&D?> �@&V�@8@����&Y& D��8@�>; D :@C?&-
�&' #0; 0$; *  D?�&Y& �&��&Y& D��8@�>; #0; 1$; �  
V&��&D?`� V�&?>:&�@�>:&Y& D��8@�>; #1; 1$; �  
D?�&Y& >D?>��&Y& D��8@�>; #1; 0$. 

�D�> a > b 8: ?&'���g D��8@�>;, ?& 8�; 
VTF-�&Y>C ;����� � ������ E�� � ��9_G�	
��, 	��_-
G�	
�� � ����
���� &V�@8@�;?D; D�@8���>' &f�-
_&': 

||a  �b||=#a+ '�b+; a�
�b$;  ||a  2 b||=#a+ '�b+; a�'�b$; 
   ||a & b||=#a+ 
�b+; a�'�b$; ||a &2 b||=#a+ 
�b+; a�
�b$; 
   ||�a||=#a; a+$;   ||~a||=#1 �a+; 1 �a$. 

�@�:�@ B&�'� C&�¥��Ca>> > 8>_¥��Ca>> _8@D` – q?& &f&f�@�>; C�DD>�@DC>g C&�¥-
��Ca>> > 8>_¥��Ca>> � :@C?&���� D����. 	?&��@ D��@D?:��? ?&�`C& : :@C?&��&� D@'�-
?>C@. �@�:; > :?&�; B&�'� &?�>a�>; V�> V@�@g&8@ C C�DD>�@DC&� > �@��?C&� D@'�?>C@ 
8�? &8�� > ?� �@ B&�'� &?�>a�>;: C�DD>�@DC�� >�> �@��?C��. 	 VTF-D@'�?>C@ q?> &?-
�>a�>;, CC �@YC& :>8@?`, �_�>��?D;. �@�:&@ – q?& &?�>a�>@ : D'�D�@ V@�@D?�&:C> D:>-
8@?@�`D?: (V&_>?>:��@ '@�;�?D; D �@Y?>:��'>), :?&�&@ – &?�>a�>@ : D>�� �@8&D??C >�-
B&�'a>>. 

5V�:@8�>:� D:&�D?:: 
�(a  �b) = �a & �b;      �(a & b) = �a  ��b, 

 ?C�@ :�U@V�>:@8����@ _C&�� 8@ T&�Y� 8�; :?&-
�&� B&�'� &?�>a�>;. 

�?�&U@�>; V�:8&V&8&f>; > 8&'>�>�&:�>; >���-
D?�>���?D; �>D��C&' 3. 	�V&��;�?D; D&&?�&U@�>;: 
  a < a  �b; a & b < a; 
  a << a  2 b; a &2 b << a. 

W&Y>�@DC>� :�:&8 : VTF-�&Y>Cg, V&'>'& �V&';��-
?&Y& :�U@, '&�@? :�V&��;?`D; D >DV&�`_&:�>@' D�@-
8���>g 8:�g V�:>�, ��&Y&: C�DD>�@DC>g modus po-
nens (MP) > modus tollens (MT): 

a, a !�bó b: ||b|| = ||a & i|| = #a+ 
�i+; a�'�i$�*�#1; 0$; 

�b, a !�bó �a: ||�a|| = ||�a & i|| = #a�
�i+; a+ '�i$�*�#1; 0$. 

�8@D` a ! b  >'V�>Ca>; «�D�> a, ?& b»  g�C?@��; @8>�>a _��>� '�&Y>g qCDV@�?��g 
D>D?@'. 	 �>g &� &f���& �DD'?�>:@?D; CC �@8@�>'&@ a@�&@. �� >D?>��&D?` _8�?D; 
qCDV@�?&', �?& @D?@D?:@��& 8�; ?C>g _8�: ||a !�b|| = ||i|| = #i+; i$. 

oC_���@ V�:>� :�:&8 &f&f��?D; � >�?@�:�`�&@ V�@8D?:�@�>@ >D?>��&D?> (�>-
D��&C 4) [28]. 

�f&f�@�>@ MP :�Y�;8>? D�@8���>' &f�_&'. �D�> >D?>��&D?` '�&� V&D��C> @D?` 
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a) 

a+
1 

||a1|| 

�>D��&C 4 – ��?@�:�`�&@ 
V�@8D?:�@�>@ :@C?&� 

||a|| = ||a||1 * ||a||2 = #[a+
1, a+

2]; [a2, a1]$ 

� 

� 

	 

* 

a+
2 

a+ ||a2|| 

||a|| 

||a|| = ||a||1 * ||a||2 = #[a+
1, a+

2]; [a2, a1]$, 
 >D?>��&D?` f&�`U&�  

||i|| = ||i||1 * ||i||2 = #[i+
1, i+

2], [i2, i1]$, 
?& >D?>��&D?` _C���@�>; ||b|| �:� 

||b|| = #a+
1 
 i+

1; a1 ' i1$ * #a1 ' i+
2; a+

1 
 i2$ = 
= #[a+

1 
 i+
1, a1 ' i+

2]; [a+
1 
 i2, a1 ' i1]$, 

>�> 
a, a !�bó b: ||b|| = ||a & i|| = 

= #a+
1 
 i+

1; a1 ' i1$ * #a1 ' i+
2; a+

1 
 i2$. 
���@ Y&:&�;, 

||b|| � [a+
1 
 i+

1, a1 ' i+
2] � [a+

1 
 i2, a1 ' i1]. 
	 D:&� &�@�@8` MT 8�; V@�:&� B&�'� &?�>a�>; 

&f&f�@?D; � >�?@�:�� CC 
�b, a !�bó �a: ||�a|| = ||�b & i|| = #b1 
 i+

1; b+
1 ' i1$ * 

#b+
1 ' i+

2; b1 
 i2$, 
>�>, �?& ?& �@ D'&@, 

||a|| = #b1 
 i2; b+
1 ' i+

2$ * #b+
1 ' i1; b1 
 i+

1$. 
p�; :?&�&� B&�'� &?�>a�>; (&?�>a�>; : B&�'@ 8&V&��@�>;) V�:>�& `w : >�?@�:�`-

�&' D���@ V�>&f�@?@? :>8 [29] 
~b, a ! bó ~a: ||~a|| = #(1  b+

2) 
 i+
1; (1  b2) ' i1$ * #(1  b+

2) ' i+
2; (1  b2) 
 i2$. 

5��8@�>; : VTF-�&Y>Cg '&Y�? g�C?@�>_&:?`D; �;8&' DC�;���g '@�: 

� '@� &V�@8@����&D?> (�;����{�����$)�,&(a) = a+ ' a; 

� '@� V�&?>:&�@�>; (;��������#�����$)�,V(a) = a+ 
 a; 

� V&C_?@�` 8&D?&:@��&D?> (������������$)�,8(a) = a+  a; 

� '@� D?�&Y&D?> (��������$)�,D(a) = ,&(a) �,V(a) = a+ '�a� a+ 
�a >�> ,D(a) =|,8 (a)|; 

� V&C_?@�` >_f�?&��&D?> (�9�!��#����$) ,>_f(a) = a+ + a �1. 

	 >�?@�:�`�&' D���@ : C�@D?:@ a+�> a� '&��& f�?` D@�@8>�� >�?@�:�&: >�> &V�@8@-
������ ?&�C� :��?�> �>g. ��&'@ ?&Y& : >�?@�:�`�&' D���@ ?C�@ '&�@? f�?` ?C�@ ::@-
8@� '@� ?&��&D?> :@C?&� >D?>��&D?>, C&?&�; 8&��� f�?` 'CD>'�`�&�, C&Y8 a+

1 = a+
2 

> a1 = a2 > '>�>'�`�&� V�> ||a|| = #[0, 1]; [0, 1]$. �C�� �&�` '&�@? >DV&��;?`, �V�>'@�, 
V&C_?@�` 

2
)( )(

1
2

12
2

12
�� �

�
aaaa

�#�, . 

T@g�>_' >�?@�:�`�&Y& :�:&8 8�; VTF-�&Y>C &V>D� : [28]. �D&f@��&D?> �f&?� '-
U>�� :�:&8, >DV&�`_���@� @Y& 8�; '&8@�>�&:�>; V�:8&V&8&f��g �DD��8@�>�, &fD��-
8�?D; : [29]. 

*�4� 5����"#������ ������
��@8D?:�@�>@ >D?>��&D?> :@C?&�&' D?:>? �;8 :&V�&D&:. ����!" – ���������$��� 

�����;����
�� ��;�	��� ����������. �8@D` :&_'&��� CC '>�>'�' 8: :_Y�;8. 
1)� DV@C?� >D?>��&D?> – q?& &f����@ �@��?C>@ _��@�>; >D?>��&D?>, g�C?@�>_���>@ 

&f¥@C? D �_��g V&_>a>�. �V�>'@�, >D?>��&D?` D��8@�>; «
:?&'&f>�` C&'B&�?@�» 
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'&��& g�C?@�>_&:?` D V&_>a>� C�@D?: &?8@�C> D�&�, '&��&D?> 8:>Y?@�;, U�'&-
>_&�;a>> D�&� > ?.V. 5&&?:@?D?:@��&, >D?>��&D?` #0.3; 0.5; 0.8; …$ &_��@?, �?& C�@-
D?:& &?8@�C> D�&� �@:�D&C&, '&��&D?` 8:>Y?@�; D�@8�;;, U�'&>_&�;a>; g&�&U; > 
?.8. 	@C?&� _8@D` – &f����� �@��?C>� :@C?&�, C&'V&�@�?� C&?&�&Y& V�>�>'�? _��@�>; 
>_ &?�@_C [0, 1]. �?&? :_Y�;8 8&D??&��& &�@:>8@� (� ��' &D�&:�& V&�;?>@ �@��?C&Y& 
:@C?&�) > �@ _D���>:@? &D&f&Y& &fD��8@�>;. 

2)� DV@C?� – 	�������� ����������, :�&8@ �D?>�� > W�>. ���@�>; C&'V&�@�?&: _8@D` – 
D?@V@�> :���@��&D?> D&&?:@?D?:���@� C?@Y&�>>, &V�@8@�;@'�@ V&D?�V>:U>'> D:>8@-
?@�`D?:'> >�> V& >��' D&&f��@�>;' (�V�>'@�, qCDV@�?�&). 
	?&�&� :_Y�;8 �DD'?�>:@' CC &D�&:�&�. ��> q?&' :&_�>C@? :&V�&D � #��� � <���	-

���� ��;�	��� ����������, ��#��;!��G%�  ����9�  �;��!��G%�< ���$����$. �D�> D?-
�&:>?`D; � V&_>a>>, f�>_C>@ C C�DD>�@DC&� �&Y>C@, >g :D@Y& 8:: �D?>� > W&�`. 	 
�@�?�&D&BDC&� �&Y>C@ b. 5'��8C@ ?�>: �D?>�, W&�` > �@�?��`�&D?`. �8�C& V�>�a>-
V>�`�&� &D&f@��&D?`� �DD'?�>:@'&Y& D&�? �&Y>C ;:�;@?D; 8&V��@�>@ DC&�` �Y&8�&Y& 
C&�>�@D?: DV@C?&: >D?>��&D?>, >�>, �?& ?& �@ D'&@, DC&�` �Y&8�& f&�`U&Y& C&�>�@D?: 
C&'V&�@�?&: :@C?&� #a1;…; an$. �f&?;, �V�>'@�, : �'Cg VTF-�&Y>C>, �@ _V�@�@?D; 
V�@8V&�Y?` ��>�>@ @�� CC>g-�>f& «�@ ��?����g» DV@C?&: >D?>��&D?> (&f >g D��@D?:&-
:�>> '&��& 8�@ �@ V&8&_�@:?`). 	D@ �@��?����@ DV@C?� V�&@a>���?D; : ?&�C� #0; 0$, �@ 
�_��U; >Dg&8�&Y& B&�'�>_'. 	 q?&' D'�D�@ �&Y>C> D :@C?&��&� D@'�?>C&� 8@�D?:>-
?@�`�& D:&f&8�� &? V�>�a>V&: V�&?>:&�@�>; > >DC������&Y& ?�@?`@Y&. 

W�f&� �f&� DV@C?&: >D?>��&D?> '&��& D:@D?> C V&��&'� ::@8@�>@' «_'�C�>;» – 
B>C?>:�&Y& C&'V&�@�? an+1 D& _��@�>@' [24]: 

an+1 = 1 �a1 '…'�an. 
	 q?&' D���@ 

a1 '…'�an '�an+1 > 0, 
�?& '&��& �DD'?�>:?` CC V&��&?� :@C?&� >D?>��&D?>. �8�C&, :&V�&D & ?&', �	�$	� � 
	�	�< ��;�	��� ���������� ��#��;!��G%�  ����9�  �;��!��G� ���$����$, &D?�?D;, g&-
?; > V@�@g&8>? f&�`U@ : B>�&D&BDC�� V�&DC&D?`. �D�> >g :�8@�>?`, :D@ :&_'&���@ �&Y>�@-
DC>@ D@'�?>C> '&Y�? f�?` V&D?�&@�� � >g &D�&:@. �f&�&?�&� D?&�&�&� q?&� V�&f�@'� 
;:�;@?D; V&D?�&@�>@ �&Y>C > D:;_���g D �>'> �D?��g D@'�?>C � &D�&:@ >_:@D?��g D-
V@C?&: >D?>��&D?>. �C, �@��?C; D@'�?>C V&���@?D; ::@8@�>@' 8:�g &Y��>�@�>�: �D-
D'?�>:�?D; ?&�`C& DV@C?� �D?>� > W&�` > a+ + a = 1, C�DD>�@DC; – &Y��>�@�>;'> 
a+, a���{0, 1} > a+ + a = 1. 	 [22] �V&'>��?D; &8�&DV@C?��@ �&Y>C>, �V�>'@�, D DV@C?&' 
?&�`C& �D?>� >�> ?&�`C& W&�`. p�; _:@�U@��&D?> '&��& ::@D?> > 0-DV@C?��� �&Y>C� V0, 
D��8@�>; C&?&�&� :&&f�@ �>U@�� CC&Y&-�>f& D'�D�. � ?C 8�@@. ����� � ;����!  
������ ;���� � 8��&Y& ?>V :@C?&���g �&Y>C. 

�C&�@a ����$�" ;���� �" �&Y>C D :@C?&��&� D@'�?>C&� ;:�;@?D; ;���� � 	�  ���-
	�
��. �D�> 8&V�D?>?` ��>�>@ D�f¥@C?&:, '�D�;�>g : «&�?&Y&��`��g �&Y>�@DC>g C&&�8>-
�?g», �@ V&�&8>? �> q?& V�&f�@'� :_>'&V&�>'�>;? �C, D��8@�>;, &D'�D�@���@ 8�; �D 
(&f���& '� '�D�>' : C?@Y&�>;g �D?>�� > W�>) &C��?D; �>U@���'> D'�D� 8�; �_�', 
'�D�;�@Y& : >��g C?@Y&�>;g >D?>��&D?>: &� DV�&@a>��@? >g : ?&�C� #0;…; 0$. � �&f&�&?. 
p��; V�&f�@', C�@?D;, �@�>? :�@ �&Y>C>, &8�C& ?@D�& D:;_� D �@�. 

p:�'; &�@:>8��'> D�@8D?:>;'> �&Y>C D :@C?&��&� D@'�?>C&� ;:�;@?D; �DU>�@���� 
:_Y�;8 � ?@&�>� '�&�@D?: > ?@&�>� :@�&;?�&D?@�. 

�D�> >D?>��&D?` �?:@��8@�>; & V�>�8�@��&D?> &f¥@C? x '�&�@D?:� X D�>??` :@C?&-
�&': ||x ��X|| = #x1;…; xn$, - q?& : &f�@' D���@ V�>:&8>? C &f&f�@�>� V&�;?>� '�&�@D?:, 
�@��?C&Y& '�&�@D?:, �@�?�&D&BDC&Y& '�&�@D?:. 
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� ������ ����������� :D�, ?C >�> >��@, &D�&:�& � V�@8D?:�@�>> & :&_'&��&D?> 
f�Y&V�>;?��g > �@f�Y&V�>;?��g >Dg&8&: �@C&?&�&Y& &V�?. �D�> >D?>��&D?` D&&?:@?-
D?:���@Y& V�@8>C? D�>??` :@C?&��&�, q?& �DU>�;@? V&�;?>@ :@�&;?�&D?>. 
CD>&'?>�@-
DC>� :_Y�;8 � :@�&;?�&D?` �>�@Y& �@ '@�;@?, ?.C. :@C?&���' D?�&:>?D; >D?>��&D?` �?:@�-
�8@�>; & V�>�8�@��&D?> q�@'@�?��&Y& D�����&Y& D&f�?>; e ��õ D�����&'� D&f�?>� 
A -�õ: ||e ��A|| = #e1;…; en$. o�>?�:; '@D?& ?@&�>> '�&�@D?: : D&:�@'@��&� '?@'?>C@, 
'&��& f�?` �:@�@���', �?& q?>'> V�>'@�'> :D� �@ >D�@�V�:@?D;. p&D??&��& V&8�&f�&@ 
>_�&�@�>@ �DD'&?�@��&Y& B&�'�>_' 8�& : [25]. �Y& V�>�&�@�>@ C &�?&�&Y>�@DC&'� �-
�>_� 8���g > B&�'�`��' &�?&�&Y>;' V�@8D?:�@�& : �f&?g 5.	. 5'>��&: > @Y& C&��@Y 
(D'. �V�. [30, 31]). 

5 
�#����4�$�0 6������4��� ���6�����0 
��� &8�>' �V�:�@�>@' >DV&�`_&:�>; :@C?&�&: : �&Y>C@ D?� B&�'�>_a>; D>��&-

Y>_'&:. �?& V&_:&�>�& �@ ?&�`C& :?&'?>_>�&:?` >g V&D?�&@�>@, �& > :>_��>_>�&:?` 
8���� V�&a@DD [32, 33]. �&�&U>' V�>'@�&' :>_��>_a>> �&Y>�@DC>g C&�D?��Ca>� D���? 
C��Y> ���@� > 8>Y�''� ���@�-	@�� (>_ V&D�@8�>g �f&? _8@D` '&��& �C_?` [32]). 
�8@D` D q?&� a@�`� V�>'@�;�? :@C?&��,  DV@a>�>D?�, >DV&�`_���>@ D&&?:@?D?:���>� 
B&�'�>_', ?C�@ Y&:&�;? & ��' CC & :@C?&��&� �&Y>C@. 

	 &D�&:� B&�'�>_' �@Y�& V�@8D?:�@�>@ 
D>��&Y>D?>�@DC>g �DD��8@�>� a@V&�C'> :@C?&-
�&: : n-'@��&' V�&D?��D?:@. ��8; V&D��C 
D?�8�?�&� B&�'� V�@8D?:�;@?D; CC :@C?&�,  
_C���@�>@ D>��&Y>_' ;:�;@?D; D�''&� :@C?&�&:, 
V�@8D?:�;��>g V&D��C>, V& V�:>�� ?�@�Y&�`�>-
C. 	@C?&�� �_'@��?D; : ?.�. �&Y>�@DC&' V�&-
D?��D?:@. �_'@��&D?` V�&D?��D?: D&&?:@?D?:�@? 
�>D�� ?@�'>�&:, ��D?:���>g : �DD��8@�>>. 
�V�>'@�, 8�; C?@Y&�>�@DC&Y& D>��&Y>_' ('&8�D 
Barbara) q?& :�Y�;8>? ?C, CC V&C_�& � �>D��-
C@ 4. �8@D` S – D�f¥@C?, M – D�@8�>� ?@�'>�, P – 
V�@8>C?. �V�>'@�: 
   	D@ V?>a� >'@�? C���`; 
   	D@ V>�Y:>�� – V?>a�    
   	D@ V>�Y:>�� >'@�? C���`; 

� �>D��C@ 4 S – f�?` V>�Y:>�&', M – f�?` 
V?>a@�, P – >'@?` C���`;. 	@C?&� SM, �:��� 
(1, 1, 0) – V&D��C «	D@ V>�Y:>�� – V?>a�», :@C-

?&� MP = (0, 1, 1) – V&D��C «	D@ V?>a� >'@�? C���`;», :@C?&� SP = (1, 0, 1) – _C���@-
�>@ «	D@ V>�Y:>�� >'@�? C���`;». �C���@�>@ ;:�;@?D; D�''&� :@C?&�&: SM > MP. 

	@C?&��, D&@8>�;��>@ '@�8� D&f&� ?&�C> S, M, P, �S, �M, �P,  ?C�@ :@D` �f&� ?&-
�@C ?>V SM, �SM, S�M, �S�M, SP, S�P > >' V&8&f��' D ?&�C&� O, CC C&�a&' :@C?&�, 
D&&?:@?D?:��? &f�@�?:@�8>?@�`��' > &f�@&?�>a?@�`��' V&D��C'. 	@C?&��, D&@8>�;�-
�>@ ?&�C� O (���& :@C?&�) D q?>'> �@ ?&�C'> – �D?�&�?:@�8>?@�`��' > �D?�&&?�>a-
?@�`��'. �V�>'@�, :@C?&�, D&@8>�;��>� ?&�C� O D ?&�C&� SP, D&&?:@?D?:�@? V&D��C@ «�@-
C&?&��@ S @D?` P». 	@C?&�� &f�@�?:@�8>?@�`��g V&D��&C '&Y�? V@�@�&D>?`D; : V�@8@�g 
D:&@� V�&DC&D?> > �_�:�?D; D:&f&8��'>. 	@C?&��, ��>���>@D; : ?&�C@ O, ?C&� :&_-

�>D��&C 4 – W&Y>�@DC&@ 
V�&D?��D?:& > :@C?&�� '&8�D 
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'&��&D?`� �@ &f�8�? > �_�:�?D; D:;_���'>. 5:&f&8��@ :@C?&�� V@�@'@��?D; D 
a@�`� B&�'>�&:�>; a@V&�@C, V&8&f��g ?&�`C& �?& �DD'&?�@��&�. 5:;_���@ :@C?&�� _-
B>CD>�&:��. �D�> '&��& �@U>?` _8�� (&D��@D?:>?` _C���@�>@) V&D�@8D?:&' D:&f&8�&-
Y& V@�@�&D :@C?&�&: > >g D�''>�&:�>;, ?& �@_��`?? :>_��>_>��@?D; : :>8@ :@C?&�, C&?&-
�&'� '&�@? f�?` 8� D&&?:@?D?:���; ?@CD?&:; >�?@�V�@?a>;. �D�> a@V&�C� DB&�'>�&-
:?` �@ �8�?D;, D>��&Y>_' ;:�;@?D; �@:@���'. 

�@D'&?�; � >_:@D?��� �D�&:�&D?`, D V&'&�`� 8��&Y& V&8g&8 �@U�?D; _8�> '&8@-
�>�&:�>; �@C&?&��g V�@8'@?��g &f�D?@� [34]. 

)�#�@����� 
�C>' &f�_&', '&��& _C���>?`, �?& � D@Y&8�; '?@'?>�@DC>� VV�? �&Y>C> V�&-

U�� V�?` &? &V@�>�&:�>; V�&� �>D@� {0, 1} C �f&?@ D 8&D??&��& D�&���'> :@C?&���'> 
C&�D?��Ca>;'>. �D?` >_ �>g D:;_� D �D�&��@�>@' VV�? C�DD>�@DC&� �&Y>C>, �D?` –
D V@�@g&8&' C �@C�DD>�@DC>' V�@8D?:�@�>;', �D?` – CC D�@8D?:& :>_��>_a>> > C&'V`-
�?@�>_a>> V�&a@DD �DD��8@�>�. �?& �@ &_��@?, �?& V�&>Dg&8>? :�?@D�@�>@ &8�&Y& 
:_Y�;8 8��Y>'>. �?& Y&:&�>? �>U` & �DU>�@�>> �U>g :&_'&��&D?@� : V&�>'�>> > &V>-
D�>> :@�@� > V�&a@DD&:. �&:&@ _8@D` �@ &?'@�;@?,  8&V&��;@? >_:@D?�&@, > :@C?&��&@ 
V�@8D?:�@�>@ �&Y>�@DC&� D@'�?>C> > �&Y>�@DC>g C&�D?��Ca>� – &�@�@8�&� q?V : q?&' 
8:>�@�>>. 
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THE APPLICATION OF VECTOR FORMALISM 
IN LOGIC AND LOGICAL-MATHEMATICAL MODELING 

L.V. Arshinskiy 
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Abstract 
The article presents an overview of research related to the application of vector formalism in logical investigations. 
Three directions of research in this area are discussed. The first area has to deal with the complication of formalism of 



*c, %4(22)A.,=</�Q7</�����$�[\����|�L�[���[

��� ���������	��������E�� ��9 �������	�������	�Z ��� ���#��	� � �����������

 

classical mathematical logic. It is based on the vectorization of the categories of Truth and Falsehood. This line of re-
search is represented by a vector logic of E. Mizrahi and matrix logic of A. Stern. The second one is the vectorization of 
logical semantics. This approach is represented by the logic of K.I. Bakhtiyarov, neutrosophy logic of F. Smarandache 
and in the logics with vector semantics. The third area is devoted to vectorization syllogistics of Aristotle. Here vector 
representation is used for partial visualization and automation of building syllogisms. All three areas are of practical 
importance and can be used for the solution of applied problems, in particular, in computer science and artificial intelli-
gence. 

Key words: non-classical logic, multivalued logic, vector logic, neutrosophic logic, logic with vector semantics. 
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