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�
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Survivability assessment method based on logical probabilistic models was adapted to 
enterprise communication network information security system for determining the behavior 
of the elements and security system in general after the destabilizing factors influence; 
survivability assessment mathematical models based on logical probabilistic and logic-flow 
models were improved and researched. 
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�'+)9. I�!;!<@� "! ��&%'/ &'*!�"�&$� � '%?)*+'&"�B -!:!'$+: ):%4*+?� !"!*�=/ $! 
%#�"<�!""7 ;��/@%&$� &�&$+? =!-�&$/ �"A%:?!#�( (�I�) '%:)%:!$��"�- ?+:+; =�’7='/ (��I), 
*%>�@"% ):�)/&$�$�, K% %#�"�$� #� )%'!="�'� *�D+ "! %&"%�� %�"%>% 7'%>%-"+4/�� )!:!?+$:! 
�%�%*� �!;'%. �%?/ !�$%:� ):%)%"/<$� �:!-%�/�!$� �"$+>:!*�"� 4!>!$%A!'$%:"� (4!>!$%':�$+:�B"�) 
)%'!="�'�, K% ?�&$7$� 7' '�*�'�&"�, $!' � 7'�&"� -!:!'$+:�&$�'�, 7'� ?%;"! ��'%:�&$%�/�!$� �*7 
A%:?!*�"%>% %#�"<�!""7 (( ;��/@%&$�. 

 

1. $�'+�
�(�� *�(��

� ���
B(�

� A-()/�'+� '-'+�<- *�0-'+) �
4�,<���; ��,9�,�-
+-(
�; <�,�A� *(’�*�).  =!>!*�"%?/ ��)!�'/ )%&$!"%�'! ):%4*+?� !"!*�=/ A!'$%:�� �*!&$��%&$� 
;��/@%&$� [1–4] &�&$+? =!-�&$/ ��I )%�’7=!"! = %#�"<�!""7? )%'!="�'�� 7'%&$� (( A/"'#�%"/�!""7 
(��J), 7'/ "+%4-��"% =��B&"<�!$� !4% ):%$7>%? �&�%>% ;�$$L�%>% #�'*/ #�L( &�&$+?�, !4% "! 
�%&$!$"�% $:��!*%?/ ���:�='/ #�%>% #�'*/, "!B@!&$�D+, – / A!=� '%"$:%*�%�!"%( �+>:!�!#�( %4’L'$! 
�%&*��;+""7. 	�="!@�?% 7'�&$� A/"'#�%"/�!""7 �I� ��I ?"%;�"%< )%'!="�'�� (A!'$%:��) 

},...,{ 21 qqQ � , 7'� ="!-%�7$�&7 � ?+;!- �&$!"%�*+"�- ="!@+"� +'&)*/!$!#�B"�- -!:!'$+:�&$�'. 

�+:+�!;"% #� ="!@+""7 =!�!<$� � $+-"�@"�- ��?%>!- (�	), K% A%:?/*<<$� � $+-"�@"%?/ =!��!""� 
(�I) "! #< &�&$+?/. 	�+�+?% %4?+;+""7 

 5�
jj qq �  !4% Sjqq 5�

jj ,1, �� , (1) 

7'� A%:?!*�=/<$� /?%�� ���)%���"%&$� ��J #�%>% %4’L'$! (�I� I��I), K% ��="!@+"� / �I 

$+-"�@"�? ��?%>!?.  #�%?/ ��)!�'/ )!:!?+$:� Sjq 5�
j ,1, �  L >:!"�@"% �%)/&$�?� ="!@+""7 

���)%���"�- ��J &�&$+?�.  "!B):%&$�D�B A%:?� ):%4*+?/ =!4+=)+@+""7 ;��/@%&$� &A%:?/*<L?% 
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/ ��>*7�� =!�!@� ?�"�?�=!#�( �!:$%&$� =!$:!$, 7'� "+%4-��"� �*7 )��$:�?'� A/"'#�%"!*�"�- ��J 
&�&$+?� "! "+%4-��"%?/ :��"� ):%$7>%? =!�!"%>% )+:�%�/ @!&/, $%4$% / ��>*7��: 

 ],0[1 1
min)( Ti

S
j iij tcC ���� ��

� �
, (2) 

 ljqtq 5�
jij ,1,)(* ���  !4% Sljqtq 5�

jij ,1,)(* ���� , (3) 

��
� ��

1i i+� tT , �+ )( iij tc �  – )%$%@"� +'&)*/!$!#�B"� =!$:!$� "! '!*+"�!:"%-)*!"%�%?/ ���:�='/ 

���� ,1],,0[ iTt +�i , ):� 7'�- =!4+=)+@/<$� :��+"� 7'%&$� A/"'#�%"/�!""7 =! j -? ��J, K% 

=!�%�%*�"7L �	; )(*
ij tq �  – «"!B>�:D+» � :%=/?�""� ��'%"!""7 $+-"�@"�- ��?%> ="!@+""7 j ->% ��J "! 

���:�='/ it� . I!="!@�?%, K% )%&$!"%�'! =!��!""7 =!4+=)+@+""7 ;��/@%&$� / ��>*7�� (2), (3) &):!�+�*��! � 

%&"%�"%?/ �*7 &+)!:!4+*�"�- A/"'#�B ijc , '%*� �'*!�+""7 � �+7'�B $�) :+&/:&/, K% =��B&"<<$� �*7 

)%*�)D+""7 %�"%>% = )%'!="�'�� 7'%&$� jq , "+ �)*��!<$� "! �"D� ��J, ! $!'%; =! /?%�� !��$��"%&$� 

�"$+>:!*�"%( A/"'#�( �!:$%&$� C . �+%4-��"% =!="!@�$�, K% "!��B"�&$� � ���?%�%&$�B'�&$� – #+ )%'!="�'� 
)%$%@"�, &�$/!#�B"�, %)+:!$��"�. � A/"'#�%"!*�"! ;��/@�&$� – )%'!="�' !>:+>%�!"�B, �%�>%&$:%'%��B, 
7'�B -!:!'$+:�=/L =?�"/ ?%;*��%&$+B &�&$+?�, 7'/ �%&*��;/<$� ):%$7>%? �%�%*� $:��!*%>% @!&%�%>% 
���:�='! ()+:�%�/ �+>:!�!#�(). �%?/ ���)%���"� =!$:!$�, K% &):7?%�!"� "! =!4+=)+@+""7 ;��/@%&$� �I� 
��I, "+%4-��"% =��B&"<�!$� :��"%?�:"% ):%$7>%? �&�%>% )*!"%�%>% )+:�%�/ +'&)*/!$!#�(, -%@! "! 
):!'$�#� #�%>% "+ =!�;�� �%$:�?/<$�&7. 

��*�'�&"+ %#�"<�!""7 ;��/@%&$� �I� ��I = �:!-/�!""7? (( ?%;*��%&$+B ):%$�&$%7$� 
A/"'#�%"!*�"�B �+>:!�!#�( =��B&"<�!$�?+?% "! %&"%�� '%"':+$"�- ?+$:�', K% -!:!'$+:�=/<$� �$:!$/ 
A/"'#�%"!*�"%&$� ):%$7>%? �+7'%>% $�?@!&%�%>% )+:�%�/. �:� #�%?/ ?%;*���?� L :�="� ?+$%��@"� 
)��-%�� �% %4@�&*+""7 #�- ?+$:�', "!):�'*!�, @+:+= '�*�'�&"+ %#�"<�!""7 ���"%&"%( =�!$"%&$� &�&$+?� 
�% ��'%"!""7 ':�$�@"% �!;*���- � ���)%���!*�"�- =!��!"�, = �:!-/�!""7? �$:!$� "+< @!&$�"� 
)%@!$'%��- ?%;*��%&$+B �"!&*��%' �+>:!�!#�( [2]. 

 

2. $���*
-�- (��'+-(�'+� A-()/�'+� '-'+�< *�0-'+) �
4�,<���;. ��%>%�"� � :�="�- 
:%4%$!- [5–10] =!):%)%"%�!"% 4!>!$% :�="�- )%'!="�'�� ;��/@%&$�. �+:+� "�- L 7' B?%��:"�&"�, $!' � 
�+$+:?�"%�!"�. J/"'#�%"!*�"/ ;��/@�&$� �I� ��I ��="!@!$�?+?% =! �%)%?%>%< %#�"<�!""7 (( 
��J � /?%�!- ��"�'"+""7 ���?%� / ):%#+&� +'&)*/!$!#�( ):%$7>%? �&�%>% ;�$$L�%>% #�'*/ (Q�).  
$!'�B )%&$!"%�#� =!��!""7 7'�&$� ��'%"!""7 &�&$+?%< &�%(- !):�%:"% =!�!"�- A/"'#�B 
%#�"<�!$�?+?% =! $!'�?� %&"%�"�?� -!:!'$+:�&$�'!?�: ���)%���"�&$� �I� ��I (( #�*7? $! 
=!��!""7?; )%'!="�'� ):%�/'$��"%&$� &�&$+?� � %':+?�- (( A/"'#�%"!*�"�- +*+?+"$��; 
A/"'#�%"!*�"! >%$%�"�&$� �%�!$'�� � �!"�-, 7'! )%�’7=!"! = )%'!="�'!?� ���>/'/ (@!&%? :+!'#�( 
&�&$+?�); 7'�&$� %4&*/>%�/�!""7 '%:�&$/�!@�� $! �%�!$'�� (QoS); 

�:� ):%+'$/�!""� �I� ��I, 7'� ?!<$� "+%4-��"�B ��&%'�B :��+"� A/"'#�%"!*�"%( ;��/@%&$�, 
&)%@!$'/ &*�� ��="!@�$� ���)%���"� ':�$+:�( �*7 %#�"<�!""7 :�="�- &�&$+?"�- 7'%&$+B. �*�� 
=!="!@�$�, K% &!?+ �*!&$���&$� ;��/@%&$� ?%;"! :%=>*7�!$� 7' "!B4�*�D %4’L'$��"�B � !�+'�!$"�B 
)%'!="�', K% �!L =?%>/ %#�"�$� �&� !&)+'$� &$:/'$/:"%-A/"'#�%"!*�"%( "!��B"%&$� ��I, K% 
="!-%��$�&7 � )%&$�B"% =?�""%?/ =%�"�D"�%?/ &+:+�%��K� � )���!L$�&7 )+:?!"+"$"�? 
?%�+:"�=!#�7? = ?+$%< )%':!K+""7 ��J. ��B&"%, ):� �%&*��;+""� �*!&$��%&$� ;��/@%&$� !'#+"$ 
=��B&"<�!$�?+?% "+ "! %��"�@"� =4%( � ���?%��, K% ��'*�'!<$� $�?@!&%�/ "+):!#+=�!$"�&$� 
&�&$+?�, ! "! (( =�!$"�&$� ��'%"/�!$� &�%( A/"'#�( ):%$7>%? $:��!*%>% )+:�%�/ @!&/, 4!;!"% – 
):%$7>%? /&�%>% Q� �I� ��I [5, 11] 

�*7 %#�"'� ;��/@%&$� �I� ��I ��'%:�&$!L?% )%'!="�'�, 7'� ��'%:�&$%�/<$� )�� @!& 
%#�"<�!""7 ;��/@%&$� &'*!�"�- &�&$+? (��) =! &$!"%? &�&$+?�, K% =!):%)%"%�!"� � [12, 13]. 
�%="!@�?% @+:+= nA  )%��<, K% )%*7>!L � n -':!$"�B )%7�� �+&$!4�*�=/<@�- A!'$%:�� (�J), ! @+:+= 
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F  – A/"'#�< ):!#+=�!$"%&$� &�&$+?�, 7'! "!4/�!L ="!@+""7 1, 7'K% &�&$+?! ):!#+=�!$"!, � – 0, 
7'K% "+):!#+=�!$"!. �%�� /?%�"�B =!'%" �:!=*��%&$� 
 )0()( nAFPnQ �� , (4) 

7'K% B?%��:"�&$� �$:!$� ):!#+=�!$"%&$� &�&$+?� =! /?%�� n -':!$"%>% �J. 
	�;��!"�&$� &�&$+?� ):� n -':!$"%?/ �J 

 )1()(1 nn AFPnQR ���� . (5) 

I!)!& ;��/@%&$� ( d -;��/@�&$�) 
 1�� Cd  (6) 
L ':�$�@"%< '�*�'�&$< �+A+'$��, =?+"D+"%< "! %��"�#<. �+A+'$ – #+ %��"�#7 ��?�:<�!""7 
=4�$'/, 7'�B "!"%&7$� &�&$+?� �J. �+ ?%;+ 4/$� %��" +*+?+"$, 7'�B ���!*+"�B �= &�&$+?� � 
:+=/*�$!$� �J, ��="!@+"! "%?�"!*�"! =!-�K+"�&$� @� '%"A��+"#�B"�&$� � &�&$+?� =!-�&$/, 7'! 
�$:!@!L$�&7 �*7 !4%"+"$�� �"!&*��%' �)*��/ �J $%K%. �:�$�@"%< "!=��!<$� ?�"�?!*�"/ '�*�'�&$� 
�+A+'$��, )%7�! 7'�- ):�=�%��$� �% �$:!$� ):!#+=�!$"%&$�. 

I!)!& ;��/@%&$� ( m -;��/@�&$�) 

 i
i

mm max�  (7) 

L ?!'&�?!*�"%< '�*�'�&$< �+A+'$��, 7'/ K+ ?%;+ ��$:�?!$� &�&$+?! 4+= �$:!$� ):!#+=�!$"%&$�. 
�+:+�"7 '�*�'�&$� �J, K% ):�=�%��$� �% �$:!$� ):!#+=�!$"%&$� 

 ��
��

0
)(n nR�  (8) 

L ?!$+?!$�@"�? &)%���!""7? '�*�'%&$� �J, 7'+ =!�!L$�&7 :%=)%��*%? (4). 
�+:+�"�B =!)!& ;��/@%&$� 

 1���d . (9) 

�7 �+*�@�"! "+���’L?"!, %&'�*�'� 1�� . �+ ��)*��!L �= (8), %&'�*�'� 1)0( �R . �%'!="�'� (4), (5), 

(8) $! (9) L B?%��:"�&"�?�, (6) � (7) – �+$+:?�"%�!"�. �% �+$+:?�"%�!"�- )%'!="�'�� ���"%&7$� )%'!="�' 
A
sK , 7'�B =!):%)%"%�!"�B � [14]. �+-!B �+7'! &�&$+?! &'*!�!L$�&7 �= sn  %4’L'$��, S  – "%?+: �!:�!"$! 

&�&$+?�. �:� %�"%':!$"%?/ �+&$!4�*�=/<@%?/ �)*��� "! i -B %4’L'$ ��"�'!L =4�$%' �+*�@�"%< s
iC . 


4’L'$� "/?+:/L?% �*7 '%;"%>% �!:�!"$! � )%:7�'/ =?+"D+""7 =4�$'/ s
n

ss
s

CCC ��� ...21 . 	&$!"%��?% 

)%:%>%�+ �%)/&$�?+ ="!@+""7 =4�$'/ A  � ):�)/&$�?%, K% ):� 4!>!$%':!$"%?/ �)*��� �J )���!<$�&7 
:�="� %4’L'$� � � )+:D/ @+:>/ %4’L'$� = "!B4�*�D�? =4�$'%?. �:�@%?/ =4�$%' �*7 &�&$+?� =!>!*%? 

%$:�?/L?% �%�!�!""7? =4�$'�� "! %':+?�- %4’L'$!-. �%�� A
sK  ��="!@!L?% =! A%:?/*%< 

� ���� sK
i

s
isss

A
s CCKACK

1
,)min( , �+ sK  – '�*�'�&$� �$:!@+"�- +*+?+"$�� / :+=/*�$!$� �J � 

&$:/'$/:� . 

�+-!B $+)+: &�&$+?!, 7'! ?!L 4!=%�/ &$:/'$/:/ 0S , ��'%"/L �+7'+ =!��!""7 ):%$7>%? @!&/ t . 

 :+=/*�$!$� �J � &�&$+?� ?%;+ ��"�'"/$� "%�! &$:/'$/:! iS  �= ?"%;�"� ):!#+=�!$"�- &$:/'$/: 

},...,1,{ pi
+ NiSS ��  !4% "+):!#+=�!$"�- &$:/'$/: },...,1,{ NNiSS pi

�+ ��� . ��&*7 n -':!$"%>% 

�J &�&$+?! = "%�%< &$:/'$/:%< )%��""! ):�&$/)�$� �% ��'%"!""7 �&$!"%�*+"%>% =!��!""7 � 
��'%"!$� B%>% =! @!& t . 
#�"<L?% ;��/@�&$� =! :+=/*�$!$!?� ��'%"!""7 =!��!""7 =! �%)%?%>%< 
"!&$/)"�- )%'!="�'��. 

?%�"! A/"'#�7 ;��/@%&$� 
 )()()()( 0StPStPtGStG iii ��  (10) 

L ���"%D+""7? B?%��:"%&$+B ��'%"!""7 =!��!""7 &�&$+?%<, 7'� ��="!@+"� �*7 ��%- ��)!�'��: �*7 
4!=%�%( $! "%�%( &$:/'$/:�. �:� #�%?/ "+ ��'*<@!L?%, K% �*7 "%�%( &$:/'$/:� iS  =!��!""7 4/�+ 

&A%:?/*�%�!"+ )%-�"D%?/, "�; �*7 0S . �*+ ):� #�%?/ )%��""! ��'%"/�!$�&7 /?%�! 1)( �tGi . I! 
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"!7�"%&$� ���"%�*+""7 :%=>*7�!$�?+?% � "+):!#+=�!$"� &$:/'$/:� ( +Ni � ), %&'�*�'� � �*7 "�- 

?%;+ 4/$� 0)( �iStP . I! ���&/$"%&$� ���"%�*+""7 0)( �iStP  ):� +Ni � . 

J/"'#�7 ��;��!"%&$� &�&$+?� ):� n -':!$"%?/ �)*��� ()%��7 nA ): 

 � ��� N
k knn tGkPntGAtG

1
)()(),()(  (11) 

L /&+:+�"+"! =! �&�?! ?%;*���?� &$:/'$/:!?� A/"'#�7 ;��/@%&$�, )(kPn  – B?%��:"�&$� ��"�'"+""7 

&$:/'$/:� kS  )�&*7 n -':!$"%>% �)*��/ �J. 

E+=/?%�"! A/"'#�7 ;��/@%&$� 

 �� �
�
� �� N

k kkn nn tGSPAtGAPtG
11

)()()()()(  (12) 

L /&+:+�"+"! =! �&�?! ?%;*���?� )%��7?� nA  A/"'#�7 ��;��!"%&$� &�&$+?�. �?%��:"�&$� )( kSP  � 

A%:?/*� (12) ��="!@!L?% =! A%:?/*%< 

 ��
��

1
)()()( n nnk kPAPSP . (13) 

�%'!="�'� (11) $! (12) "!*+;!$� �% '*!&/ !��$��"�- � =!4+=)+@/<$� =>%:$'/ �+'$%:"%>% 
)%'!="�'! },...,1),({ NktGk �  � &'!*7:"�B. I! ���&/$"%&$� $%@"%( �"A%:?!#�( ):% B?%��:"%&$� )(kPn  � 

)( kSP  (- =!?�"<L?% "! �!>%�� '%+A�#�L"$� ka  � k� , 7'� ��="!@!L?% +'&)+:$"�? ?+$%�%?. �*+, 7'K% 

� #+ =��B&"�$� &'*!�"% – )+:+-%��?% �% ?�"�?!'&"�- )%'!="�'��. 
�%&*��%�"�&$� ),( ntG  L &)!�"%< A/"'#�L< n  � =?�"<L$�&7 ��� 1 ):� 0�n  �% 0 ):� ��n . 

�%?/ &+:+�"< '�*�'�&$� �J, 7'! ):�=�%��$� �% "+��'%"!""7 =!��!""7, ��="!@!L?% =! A%:?/*%< 

 � � �� �
�

�
� ����

11
),(),()1,()( nn ntGntGntGnt� . (14) 

�:� 0�t  !4% 0�i�  (+*+?+"$� ��+!*�"% "!��B"�) A%:?/*� (11) � (14) )+:+-%�7$� ���)%���"% � (5) � 

(8). �!&):!���, ):� 0�t  A/"'#�7 1)0( �kG  �*7 +Nk �  � 1)0( �kG  �*7 +Nk � . �= (11) ?!L?% 

)()()0(
1

nRkPAG +N
k nn ��� � , ! �= (12) )()()0(

1
nRAPRG nn��

��� . �%'!="�'� (10)–(14) ?%;"! 

/=!>!*�"�$� � "! ��)!�%' :%=>!*/;+"�- $! 4!>!$%)%*<&"�- &$:/'$/:. �*7 #�%>% � (10) B?%��:"�&$� 
��'%"!""7 =!��!""7 =!?�"<L?% "! �+7'�B )%'!="�' 7'%&$� )(SE . �!', �*7 &�&$+?� = :%=>!*/;+"%< 

&$:/'$/:%< A/"'#�%"/�!""7 � �"$+:�!*� @!&/ t  )%�!?% A/"'#�%"!*%? � �)(),( StPStE 
� , �+ 

},...,0),({)( MmStPStP m ��  :%=)%��* '�*�'%&$� "+):!#+=�!$"�- :%=>!*/;+"� / ?%?+"$ @!&/ t  =! /?%��, 

K% � )%@!$'%��B ?%?+"$ &�&$+?! ?!*! &$:/'$/:/ S . �%�� /?%�"/ A/"'#�< ;��/@%&$� ��="!@!L?% =! 
A%:?/*%< 
 ),(),()()( 0StEStEStGtG iii �� . (15) 

�:� 1�M  %$:�?!L?% )()( StPStE � , � A%:?/*! (15) )+:+-%��$� � (10). �"D� )%'!="�'� 

="!-%��?% =! A%:?/*!?� (11)–(14). I ?+$%< !"!*�=/ �*!&$��%&$� ;��/@%&$� $! %#�"<�!""7 :��"7 �+>:!�!#�( 
�I� ��I ):%)%"/L?% ��'%:�&$%�/�!$� �"$+>:!*�"�B )%'!="�' A/"'#�%"!*�"%( ;��/@%&$� * , 7'�B 

��="!@!$�?+?% @+:+= &+:+�"�%=�!;+"/ &/?/ %#�"%' ��J / $!'%?/ ��>*7��: � �� S
j j kzS*

1
)(1 , �+ 

="!@+""7 "%:?%�!"�- )%'!="�'�� Sjkz j ,1),( �  %4@�&*<L?% 7' � �5�
j

5�
jjjj qqkqakz �� )()( * , lj ,1�  

�*7 �	 ��>*7�/ 5�
jj qq �  !4% � �5�

jj
5�

jjj qkqqakz )()( *�� , Slj ,1��  �*7 �	 ��>*7�/ 5�
jj qq �  

 #�%?/ ��)!�'/ ja  – �!>%��B '%+A�#�L"$, K% -!:!'$+:�=/L :��+"� ="!@/K%&$� j ->o ��J �*7 

�"$+>:!*�"%>% %#�"<�!""7 7'%&$� A/"'#�%"/�!""7 &�&$+?� =!>!*%?; k  – '�*�'�&$� "!'%)�@+"�- 
���?%� / &�&$+?� =! :%=>*7"/$�B )+:�%� @!&/ (=%':+?! = �:!-/�!""7? ���"%�*+"�). 
@+���"%, K% 
7'K% �*7 �&�- =!�!"�- ��J / :%=>*7"/$�B )+:�%� @!&/ ��'%"/<$�&7 ��?%>� �	 ���/ (1), $% 

Sjkz jj ,1,0)(min ��  �, %$;+, ="!@+""7 =!):%)%"%�!"%>% �"$+>:!*�"%>% )%'!="�'! *  4/�+ "+ 
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"�;@�? =! �+7'/ ':�$�@"% "�;"< ?+;/ ��J. �( '%"':+$"+ ="!@+""7 =!�!�!$�?+?% &)%@!$'/ ):� 
��="!@+""� A/"'#�%"!*�"�- ?%;*��%&$+B &�&$+?� "! )+�"�B )+:�%� +'&)*/!$!#�(, $!'%; 7' � 
)%@!$'%�+ ="!@+""7 �"$+>:!*�"%>% )%'!="�'! * . 

 

3. ��+�<�+-/
� <����� ���
B(�

� A-()/�'+� '-'+�<- *�0-'+) �
4�,<���; *� '+�
�< 
'-'+�<-. �+-!B �&"/L ��%)%*<&"! &�&$+?! =!-�&$/ �= N  $%@'%��- +*+?+"$�� = �%��*�"�?� 
=’L�"!""7?� ?�; "�?� � A/"'#�L< ):!#+=�!$"%&$� },...,,{),( 21 NxxxXXfF �� . ��&$+?! )���!L$�&7 

�)*��/ )%$%'/ "+=!*+;"�- $%@'%��- �J = :��"%B?%��:"�? /:!;+""7? '%;"%>% A/"'#�%"!*�"%>% 
+*+?+"$! �I� ��I ):� )%7�� �J, $%4$% NjNkj ,...,1,1 ��
 . 	�!;!$�?+?% $!'%;, K% &$�B'�&$� 

+*+?+"$�� �%:��"<L 0, ! �"$+"&��"�&$� �J �%&$!$"7 �*7 $%>%, K%4 >!:!"$/�!$� )+:+-�� / 
"+):!#+=�!$"�B &$!" +*+?+"$!, 7'�B )%$:!)�� � %4*!&$� ��( �J. 
#�"<L?! ;��/@�&$� =! 
)%'!="�'!?� (5)–(9). 

	�;��!"�&$� &�&$+?� ):� n -':!$"%?/ �J )%�!L?% / ��>*7�� 

 )1()()(
1

nXX n AFPAXPnR ���� � , (16) 

�+ 1X  – )��?"%;�"! �+'$%:�� X , K% ���)%���!<$� ):!#+=�!$"�? &$!"!? &�&$+?�. �?%��:"�&$� 

)( nAXP  ="!-%��?% =! A%:?/*%<: 

 � ��
nMnn nXPnPAXP )()()( , (17) 

�+ ),...,,( 21 knnnn �  – �+'$%: '�*�'%&$� �J, K% "!*+;!$� k  )��&�&$+?!?, nM  – ?"%;�"! �+'$%:��, 

K% =!�%�%*�"7<$� /?%�/ nnnn k ���� ...21 . �?%��:"�&$� 

 � � kn
k

nn
knnnnnP ��� ...!!...!!)( 21

2121 � , (18) 

�+ i�  – B?%��:"�&$� $%>%, K% i -$! )��&�&$+?! �-%��$� � %4*!&$� ��( �J. 	 %':+?�- ��)!�'!- $/$ 

?%;+ 4/$� Nk � . 
�:� :��"%B?%��:"%?/ /:!;+""� +*+?+"$�� A%:?/*� (16)–(18) ?%;"! /$%@"�$�, ):+�&$!���D� 

A/"'#�< ):!#+=�!$"%&$� / ��>*7�� %:$%>%"!*�"%( ��=’<"'$��"%( "%:?!*�"%( (
��J) A%:?� 

�m
i iQF

1�
� . I!)�D+?% (16) / ��>*7�� 

 � � �� m
i ni AQPnR

1
)1()( . (19) 

�*7 �?)*�'!"$, 7'� ?�&$7$� 2,1,0�il  =!)+:+@+""7, =!)�D+?% A%:?/*� � (19) / 7�"%?/ ��>*7��: 

 1,0,)1()1( 1 ����� nlNsAQP n
ini , (20) 

1,1,)1()1(
1

����� �

�
� nlNNsCAQP i

jjn
i

n

j

j
nni , ��

�

��
�

�
���

n

k

nkn
i

k

j

j
nni NNsCAQP

2

1

1

,)1()1(  

2,2 �� nli , �+ is  – '�*�'�&$� 4/'� � �?)*�'!"$� iQ . �� A%:?/*� L %':+?�? ��)!�'%? (18) ):� 2�k  

$! :�="�- ="!@+""7- 1n  � 2n . �*7 ��)!�'/ :��"%B?%��:"%>% )%$:!)*7""7 +*+?+"$�� � %4*!&$� �)*��/ 

�J ?%;*���B �"D�B &)%&�4 %4@�&*+""7 ��;��!"%&$� &�&$+?� ):� n -':!$"%?/ �)*���. I! 4!=%�%< 
&$:/'$/:%< 0S  ��="!@!L?% �&� ?%;*��� ):!#+=�!$"� &$:/'$/:� pi NiS ,...,1, � . �%��: 

n
n

N
j

n
j NrNnrnR p ��� �1

)()( , �+ )(nrj  – '�*�'�&$� ��)!�'��, � 7'�- ��"�'!L &$:/'$/:! iS  ):� n -

':!$"%?/ �J. �< '�*�'�&$� ��="!@!L?% =! A%:?/*%< ��
)(

)( k kjnkj BLnr , �+ nkL  – '�*�'�&$� 

)+:+&$!"%�%' �= n  +*+?+"$�� k  $�)��, kjB  – '�*�'�&$� :�="�- �+'$%:�� X  = k  "/*7?�, 7'� ):��%�7$� 

�% &$:/'$/:� iS . 
&'�*�'� )!:!?+$:� d  $! m  �= A%:?/* (6) � (7) =!=��@!B "+�+*�'�, "+ &'*!�"% 

="!B$� kjB  ):%&$�? )+:+4%:%? �+'$%:��. �!'&�?!*�"! '�*�'�&$� �+'$%:�� �*7 �%&*��;+""7 
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�%:��"<L mN , ! ):!'$�@"% �%"! ="!@"% ?+"D!. P�&*! nkL  – $!' =�!"� @�&*! �%:>!"!. 	%"� 

)%�’7=!"� = @�&*!?� �$�:*�">! �:/>%>% :%�/ &)�����"%D+""7? 
 nknk SkL !� , (21) 

�+ nkS  ="!-%�7$� =! �%)%?%>%< :+'/:+"$"%>% ���"%D+""7 0;,11,1 ���� ��� nknkknknnk SSkSSS  

):� 1; �� nnSkn , !*+ @�&*! nkL  ?%;"! %4@�&*�$� B 4+=)%&+:+�"�% =! A%:?/*%<: 

� �
��� k

i
ikni

knk iCL
1

)1( . 

 

4. ��+�<�+-/
� <����� ���
B(�

� A-()/�'+� '-'+�<- *�0-'+) �
4�,<���; *� 
,�*)��+�+�<- (-��
�

� *�(��

�. �+-!B &�&$+?! = ��%)%*<&"%< &$:/'$/:%< ��'%"/L =!��!""7 
� �"$+:�!*� @!&/ ),0( t . �*7 ��'%"!""7 #�*�%�%( A/"'#�(, 7'! )%&$!�*+"! �I� ��I, '%;+" (( 

A/"'#�%"!*�"�B +*+?+"$ )%��"+" A/"'#�%"/�!$� ���)%���"% �% �&$!"%�*+"%>% >:!A�'! � 
=!4+=)+@/�!$� ��'%"!""7 ):%$7>%? @!&/ t  =!�!"%>% "!4%:/ A/"'#�B. �?%��:"�&$� $%>%, K% i -B 

+*+?+"$ ��'%"/L &�%< @!&$�"/ =!>!*�"%>% =!��!""7, �%:��"<L )(tpi . I%':+?!, #7 B?%��:"�&$� ?%;+ 

=4�>!$�&7 = B?%��:"�&$< 4+=���?%�"%( :%4%$�, A/"'#�L< >%$%�"%&$�, '%+A�#�L"$%? >%$%�"%&$�, 
'%+A�#�L"$%? %)+:!$��"%( >%$%�"%&$�. �*+ � =!>!*�"%?/ ��)!�'/ )(tpi  ?%;+ 4/$� B?%��:"�&$< 

��'%"!""7 =!��!""7 �= &'*!�"�? :+;�?%? :%4%$� � &'*!�"�?� %4?+;+""7?� "! ��� $:!L'$%:�( 
A/"'#�%"/�!""7. ��� @!& %#�"<�!""7 ;��/@%&$� ��!;!$�?+?%, K% /&� �J =!�+:D�*�&7 "! )%@!$%' 
�!"%>% �"$+:�!*/ @!&/ ),0( t  � � )%@!$'%��B ?%?+"$ &�&$+?! ):�&$/)!L �% ��'%"!""7 =!��!""7, 

?!<@� %�"/ = ?%;*���- ):!#+=�!$"�- &$:/'$/:. �:�)/&'!L?% $!'%;, K% ):%#+&� ���"%�*+""7 � 
&�&$+?� &):7?%�!"� "! )��$:�?'/ ):!#+=�!$"%&$� &$:/'$/:�, K% =4+:+>*!&7, � "+ =!@�)!<$� 
+*+?+"$�, K% )%$:!)�*� :!"�D+ � =%"/ �)*��/ �J. �+ ):�)/K+""7 "+ L ):�?/&%��? � B%>% ?%;"! 
="7$�, 7'K% =4+:�>!L$�&7 /?%�! "+=!*+;"%&$� ):%#+&�� A/"'#�%"/�!""7 +*+?+"$��. 


#�"<�!""7 ;��/@%&$� �I� ��I =��B&"�?% � $!'�B )%&*��%�"%&$�. ��&*7 =!)�&/ J�I �*7 
4!=%�%( &$:/'$/:� ��="!@!L?% /&� �"D� ):!#+=�!$"� &$:/'$/:� D*7-%? )��&$!"%�'� / J�I �+'$%:��, 
� 7'�- %�"!, )%$�? ���, $:� � 4�*�D+ 4/'� =!?�"+"� "/*7?�. �'K% ):� )��&$!"%�#� *%>�@"! A/"'#�7 "+ 
$%$%;"% �%:��"<L "/*<, $%�� �%"! ���)%���!L %�"�B = ):!#+=�!$"�- &$:/'$/:. �!'&�?!*�"/ 
'�*�'�&$� "/*��, K% ��%��$�&7 / �+'$%: ):� ��):%4/�!""7-, ��="!@!L?% )%'!="�'%? m -;��/@%&$�. 


�"%@!&"% ):� $!'�- ��):%4/�!""7- ��="!@!L?% '%+A�#�L"$� kjB . �"%;+""7? "! ?!$:�#< L  

="!-%��?% ?!$:�#< '%+A�#�L"$�� nir . 	��"%D+""7 n
ni Nr  >!:!"$/L B?%��:"�&$� )(iPn  $%>%, K% 

)�&*7 n -':!$"%>% �J ��"�'"+ &$:/'$/:! pi NiS ,...,1, � . �*7 '%;"%( �= &$:/'$/: &'*!�!L?% A/"'#�< 

):!#+=�!$"%&$� � ):��%��?% �% A%:?� )+:+-%�/ �% @!&$'%�%>% =!?�K+""7: 

  
!
"#

$
%� �

)(
1

)( )(
)( Xf

jj
l
jn

i i
fxVxXF , (22) 

�+ nx  – =?�""!, 7'! ���)%���!L )%*<&/ &�&$+?�, jx  – "+)%�$%:"� +*+?+"$�, )(
)( Xf i  – A/"'#�( 

!*>+4:� *%>�'� 4/��-7'%>% ���/. 	�� A/"'#�( (22) )+:+-%��?% �% =?�D!"%( A%:?� $�)/: 

� �  !
"#$

% ��� & �
l
j

i
jn

i XfqpXFP
1

)()( )(11)( , �+ )0(1),1( ������ jjinn xPpqxPp . �!*� =��B&"<L?% 

)%&*��%�"+ 4!>!$%':%'%�+ =!?�K+""7 :+D$� *%>�@"�- =?�""�- � %$:�?/L?% A/"'#�( )( iStP . �%�� 

��="!@!L?% )(tGi  � ),( ntG . �'K% ��!L$�&7 �&$!"%��$� B?%��:"�&$� )( nAP , $%�� ="!-%��?% � 

4+=/?%�"/ A/"'#�< ;��/@%&$�. 
 

5. ��+�<�+-/
� <����� 9�+���(�� ���
B(�

� A-()/�'+� '-'+�<- *�0-'+) �
4�,<���;. 
�%$%'%�! ?+:+;+�! �"A%:?!#�B"! &�&$+?! [9] &*/>/L ?!$+?!$�@"%< ?%�+**< :+!*�"�- :%=)%��*+"�- 
�I� ��I, K% )%L�"/<$� 4+=*�@ �/=*�� (&$:/'$/:"�- +*+?+"$�� (��)). �*7 �I� ��I $!'%>% $�)/ 
�!;*���? L ��:�D+""7 $!'�- =!��!"�, 7'� )%�’7=!"� = ):�B"7$$7? :�D+"� K%�% ��'%:�&$!""7 "!7�"�- 
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?+:+;+��- :+&/:&��, (- :%=)%��*%? ?�; ��, $%4$% = !"!*�=%? ?%;*��%&$+B )%':!K+""7 :%4%$� �I� ��I 
=! :!-/"%' :!#�%"!*�"%>% )+:+:%=)%��*/ �"A%:?!#�B"�- )%$%'��. 	 /?%�!- �+A�#�$/ :+&/:&�� �I� ��I  
(/ ��)!�'/ /&)�D"%( :+!*�=!#�( !$!'� =*%�?�&"�'!?�) ��"�'!L )%>�:D+""7 7'%&$� =�’7='/, 7'+ )%*7>!L / 
���?%�!- � %4&*/>%�/�!""�, &�&$+?"�- �$:!$!-, @!&%��- =!$:�?'!-, ="�;+""� =!-�K+"%&$�, '%"A��+"-
#�B"%&$�, �%&$/)"%&$�, &)%&$+:+;/�!"%&$� &�&$+?� $%K%. 

�%�!?% �I� ��I / ��>*7�� %�"%:��"�- &�?+$:�@"�- &$:/'$/:, �+ >:!A ?!L A%:?/ :+D�$'�, � 7'�B 
'%;"! �+:D�"! =’L�"!"! = "!B4*�;@�?� &/&��"�?�. 	�?%>� '%:�&$/�!@�� �% ):%)/&'"%( =�!$"%&$� :+4+: 
A�=�@"%>% >:!A/ �I� ��I ��!;!L?% ���%?�?�, ):%$+ #+ ):�)/K+""7 "+ ��'%"/L$�&7 ):� )%D'%�;+""� 
�I� ��I, $%4$% ��"�'!L ):%4*+?! ��4%:/ %)$�?!*�"%>% :%=)%��*/ )%$%'�� / ��)!�'/ "+�%)/&$�?%&$� 
�I� ��I. �%�� �%�%��$�&7 D/'!$� :�D+""7, 7'+ ��'%:�&$%�/L �&� :+&/:&� �I� ��I, )%'� �%"� ?%;/$� 
4/$� ��'%:�&$!"� -%@! 4 %�"�L< )!:%< �/=*��. �-%;�B :%=)%��* )%$%'��, 7'�B ?!'&�?!*�"% =!4+=)+@/L 
��?%>� �&�- $7;�<@�- )!:, "!=��!$�?+?% "%:?!$��"�?. 	�" L $!'�? :%=�’7='%? =!�!@� :%=)%��*/ )%$%'�� 
� �I� ��I, K% "+ �!L ?%;*��%&$� %�"�? $7;�<@�? )!:!? )%':!K�$� =!4+=)+@+"�&$� &�%(- ��?%> =! 
:!-/"%' �"D�-, ?+"D =!4+=)+@+"�-, � ':�? $%>%, ��'%:�&$%�/L �&� &)%&%4� =4�*�D+""7 =!4+=)+@+"%&$� 
��?%> $7;�<@�- )!: =! :!-/"%' :+&/:&�� �I� ��I. �:�$+:�B �%)/&$�?%&$� )%$%'%�%( �I� ��I =!�!?% 
/?%�%< 00 �' , 7'+ >!:!"$/L �&"/�!""7 �%)/&$�?%>% :%=)%��*/ )%$%'��, $!'%>%, K% ���)%���"�B �+'$%: 

?/*�$�)%$%'/ 4/�+ "+ ?+"D�? =! �+'$%: =!�!"�- ��?%>. 
 ��)!�'/ "+):�)/&$�?%&$� �I� ��I 00 �'  ��"�'!L &'*!�"! ):%4*+?! )+:+:%=)%��*/ 

)%$%'�� / �I� ��I (%&'�*�'� :%=)%��*+"� �I� ��I =!�;�� ?!<$� «�/=�'� ?�&#7» – :+4:! A�=�@"%>% 
>:!A/ �I� ��I, ):%)/&'"! =�!$"�&$� 7'�- "+ �%=�%*7L =4�*�D/�!$� )%$�' ��K+ )+�"%>% ="!@+""7), 
:�="�- �*7 :�="�- $7;�<@�- )!:. �%:?!$��"% :%=)%��*+"�B )%$�' �!L =?%>/ =��B&"�$� :%=)%��* 
���)%���"% �% :��"7 =!4+=)+@+"%&$� :�="�- $7;�<@�- )!: %)$�?!*�"�? @�"%?. 
��&$+?/ =!-�&$/ �"A%:?!#�( ��I / ��>*7�� ),,( PRVS �  =!�!?% ?"%;�"!?� },...,,{ 21 nvvvV �  – 

�/=*�� �I� ��I, VVrrrR e ()� },...,,{ 21  – :+4+: A�=�@"%>% >:!A/ �I� ��I G  $! 

VVpppP m ()� },...,,{ 21  – $7;�<@�- )!: !4% :+4+: *%>�@"%>% >:!A/ �I� ��I G . �!7�"� �"�+'&� 

?"%;�"� )%="!@�?%: },...,1{ nN � , },...,1{ eE � , },...,1{ mM � . �%�� NjjvV �� }{ , EkkrR �� }{ , 

MiivP �� }{ . �+-!B /&� :+4:! "+ L %:�L"$%�!"�, ):7?�? "!):7?%? )%$%'/ ��!;!$�?+?% "!):7? ��� 

�+:D�"� = ?+"D�? "%?+:%? �% �+:D�"� = 4�*�D�?. �%;"+ :+4:% kr  A�=�@"%>% >:!A/ �I� ��I G  

4/�+?% ):+�&$!�*7$� %:�L"$%�!"�?� �/>!?� = "%?+:!?� k  $! lk �  �*7 ):7?%>% � =�%:%$"%>% 
"!):7?��. �*7 4/��-7'%( �+:D�"� Vv�  )%="!@�?% @+:+= )(vS  ?"%;�"/ �"�+'&�� ��-��"�- �= "+( 

�/>, ! @+:+= )(vT  – ?"%;�"/ �"�+'&�� �-��"�-. �*7 '%;"%( i -( $7;�<@%( )!:� ��+�+?% )%="!@+""7 

),(
ii tsi vvp � , �+ ii ts �  � �+:D�"/ 

isv  "!=��!$�?+?% �;+:+*%?, ! 
itv  – &$%'%? i ->% ���/ ):%�/'$/. 

 ��)!�'/ %:�L"$%�!"%>% :+4:! *%>�@"%>% >:!A/ �+:D�"� �;+:+*%/&$�' ��="!@!L?% ���)%���"% �% 
%:�L"$/�!""7. �!�+�+"/ &$:/'$/:/ �I� ��I )%�!?% =! �%)%?%>%< ?!$:�#� �"#��+"$"%&$� «�/>� – 
�+:D�"�» A�=�@"%>% >:!A/ �I� ��I G : }{ , jkaA �  :%=?�:%? )2( ne(  � ?!$:�#� =�’7='�� *%>�@"%>% 

>:!A/ �I� ��I G  }{ , jibB �  :%=?�:%? )( nm( : 

 
*
+

*
,

-

��

�

�

,,0

);(,1

);(,1

,

����������|���

vTk
�Z�

vSk
�Z�

a j

j

jk     
*
+

*
,

-

��

�

�

.,0

;,1

;,1

,

����������|���

vv
�Z�

vv
�Z�

b
i

i

tj

sj

ji   

�%4$% %�"%="!@"% =!�!L?% ="!@+""7 iz  )%$%'/ ?�; �;+:+*%? � &$%'%? �*7 '%;"%( $7;�<@%( 

)!:� ip  =!*+;"% ��� :%=)%��*/ f  )%$%'�� =! :+4:!?� A�=�@"%>% >:!A/ G . 	�+�+?% ?!$:�@"/ 

=?�""/ }{ ,kiff �  :%=?�:%? )2( em( . �%;+" +*+?+"$ kif ,  )%="!@!L '�*�'�&$� )%$%'/ i -( $7;�<@%( 

)!:� =! :+4:%? kr  � ):7?%?/ "!):7?'/ �*7 Ek �  !4% =! :+4:%? lkr �  / ):%$�*+;"%?/ "!):7?'/, 
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7'K% ek � , 0, �kif .  $:!"=�$"�- �/=*!- ��'%"/<$�&7 /?%�� "+:%=:��"%&$� )%$%'/, K% 

):�=�%��$� �% ���"%D+""7: 

 
*
+

*
,

-

��

�

�� ��
�� ,,0

;,

;,

)(
,

)(
,

����������|���

vv
�Z�z

vv
�Z�z

ff
i

i

ti

si

vTk
ki

vSk
ki   

�+ 0�iz  – �+*�@�"! �-��"%>% )%$%'/, K% ):%-%��$� @+:+= �I� ��I ��� �;+:+*! �% &$%'/ ip  ):� 

:%=)%��*� )%$%'�� f . 	 ?!$:�@"�B A%:?� %$:�?!L?% )( fZZ �  &�&$+?/ :��"7"�: MiBzAf ii �� , , 

"�;"�B �"�+'& � ?!$:�#� )%="!@!L ���)%���"�B �+'$%:-:7�%'. 	+'$%: ),...,,()( 21 mzzzfZZ �� , K% 

��="!@!L?% �+'$%:%? :%=)%��*/ )%$%'�� f , L &/'/)"�&$< )%$%'�� ?�; /&�?! $7;�<@�?� )!:!?� ip  � 

"!=��!L$�&7 ?/*�$�)%$%'%? Z . �%="!@�?% @+:+= � �� ��� i lkikik ffy )(,,  =!>!*�"�B )%$�' @+:+= 

:+4:% kr  ���)%���"% �% :%=)%��*/ )%$%'�� f . �%;"%?/ :+4:/ kr  ):�)�D+?% �+7'/ '�*�'�&$� 

0�kC , 7'/ "!=��!$�?+?% ):%)/&'"%< =�!$"�&$< :+4:! kr  $! 7'/ ��?�:<�!$�?+?% � /?%�"�- 

%��"�#7- )%$%'/. 	+'$%: ),...,,( 21 lcccC �  4/�+?% ��!;!$� A�'&%�!"�? $! ���%?�?. 	+'$%: C  =!�!L 

"!&$/)"� %4?+;+""7 "! :%=)%��* )%$%'�� @+:+= �I� ��I: � �� � � ��m
i klkiki Cff

1 )(,, . �%="!@�?%: )(cF  – 

?"%;�"! ?%;*���- :%=)%��*�� )%$%'�� f ; )(cL  – ?"%;�"! ?%;*���- ?/*�$�)%$%'�� z ; 

),,...,,(}{)( 21 ZfffxcX m��  – ?"%;�"! /&�- ?%;*���- :%=)%��*�� )%$%'�� f  $! ?/*�$�)%$%'/ Z . 

�+-!B � )%$%'%��B �I� ��I =!�!"�B �+'$%: d  ��?%> !4% =!7�%' $7;�<@�- )!: ip  "! �+*�@�"� )%$%'�� 

?�; �;+:+*%? $! &$%'%?, $%4$% �&�? :+4:!? ip  *%>�@"%>% >:!A/ ):�)�&!"� @�&*! 0�id , 7'� ��?�:<L?% 

� /?%�"�- %��"�#7- )%$%'/, 7'� "+%4-��"% ):%)/&$�$� @+:+= �!"+ *%>�@"+ :+4:% �I� ��I ($!' =�!"%?/ 
�"A%:?!#�B"%?/ "!):7?'/). �'K% �+'$%: d  ���%?�B, $%�� &$!��$�&7 =!�!@! ):% �%)/&$�?�&$� �I� ��I 
�*7 "!�+�+"%>% �+'$%:! ��?%>, $%4$% ��'%"!""7 /?%��: )(cLd � . �+ ��="!@!L $!'�B :%=)%��* )%$%'�� 

)(cF , "! 7'%?/ �%&7>!L?% �+'$%:! ��?%>: )( fZd � , K% A%:?!*�"% :%=/?�L?% 7' Zz � . 	��)%���"�B 

:%=)%��* )%$%'�� f , 7'�B �%)/&$�?�B �*7 �+'$%:! d , )%="!@�?% ][df . I!="!@�?%, K% $!'�B :%=)%��* 

"+ L��"�B. 	+'$%: d  ?%;+ 4/$� � "+���%?�? $%@"%, "!):�'*!�, =!�!L$�&7 *�D+ ?"%;�"! B%>% ="!@+"� 

D , $!'! 7': 
.
/
0

+
,
- �� � �

m
i i dddD

1 0 . 	�"�'!<$� ��� :�="� )%&$!"%�'� =!�!@� ):% �%)/&$�?�&$�: 

>!:!"$%�!"! – )(cLD 1 ; &*!4'! (�%)/&$�?�&$� -%@! 4 %�"%>% �+'$%:! Dd � ). �:� $!'�B )%&$!"%�#� 

=!�!@� �%)/&$�?�? L *�D+ 7'�B&� %��" :%=)%��*: 0)( 23 cLD . 
 

6. ��'���A�

� <�����	 ���
B(�

� A-()/�'+� '-'+�<- *�0-'+) �
4�,<���;. �*7 
"!%@"%&$� ):%#+&/ %#�"<�!""7 ;��/@%&$� &�&$+?� =!-�&$/ �"A%:?!#�( �%&*���?% �I� ��I = :�="�?� 
&$:/'$/:!?� (?�&$'%�!, = )!:!*+*�"%-)%&*��%�"%< &$:/'$/:%<, �= =!>!*�"�? &$:/'$/:"�? :+=+:�%? 
= #�*%< ':!$"�&$<) $! "!�+�+?% :+=/*�$!$� / $!4*�#7- "�;@+. 

 

6.1. ��	���J���
 $����� ����B����
 J�����	�� 	�	��$� ����	�� ����$���D �� 	����$ 
	�	��$� 

5�?���
 1 
!
�/�

� (-A-(�
�'+� '-'+�<- )(nR   

9,- n -�,�+
�<) (9�-(� ��'+�>���*)B/-0 4��+�,�( ��� �!� * <�'+��(�B '+,)�+),�B 9,- 5�n  

n  1 2 3 4 5 6 7 

)(nR  1 0,84 0,52 0,3024 0,1744 0,1012 0,0592 
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5�?���
 2 
!
�/�

� ���4���?
+�( nkL  ��� �!� * <�'+��(�B '+,)�+),�B 

nkL  n  
1�k  2�k  3�k  4�k  5�k  6�k  7�k  

1 1 0 0 0 0 0 0 
2 1 2 0 0 0 0 0 
3 1 6 6 0 0 0 0 
4 1 14 36 24 0 0 0 
5 1 30 150 240 120 0 0 
6 1 62 540 1560 1800 720 0 
7 1 126 1806 8400 16800 15120 5040 

 
5�?���
 3 

!
�/�

� ���4���?
+�( kiB  ��� ��(’�+- 9,���*��+
-0 '+,)�+), �!�, Q� �+,-<)B+�  

�* >�*�(�; '+,)�+),- @��0�< (-����

� ��
��, �(�0 �>� +,��0 4)
����
���
-0 ���<�
+�( 

kiB  k  1�i  2�i  3�i  4�i  5�i  6�i  7�i  8�i  9�i  
1 1 1 1 1 1 0 0 0 0 
2 0 0 0 0 0 3 3 1 1 
3 0 0 0 0 0 1 1 0 0 

 
	�'%:�&$%�/<@� A%:?/*� (8) $! (21), ="!B�+?% &+:+�"< '�*�'�&$� �J, 7'! ):�=�%��$� �% 

�$:!$� ):!#+=�!$"%&$� �I� ��I: 

 083.4})2.0()4.0(2)6.0(2{1)(
0 0

1 ������ � �
�

�

�

�

�

n n

nnnnR� .  

�+:+�"�B =!)!& ;��/@%&$� 083.3�d . 	!:$% =�+:"/$� /�!>/ "! $+, K% �*7 �!"%( &$:/'$/:� 
2�d , ! 3�m . 	��)%���"%, &+:+�"�B =!)!& ;��/@%&$� 4�*�D�B =! ?!'&�?!*�"/ '�*�'�&$� +*+?+"$��, 

7'! ?%;+ 4/$� ���!*+"! 4+= �$:!$� ):!#+=�!$"%&$�, 4�*�D! =! m -;��/@�&$�. �+B +A+'$ )%7&"<L?% 
$�?, K% �+7'� +*+?+"$� )%$:!)*7<$� � %4*!&$� �)*��/ �J �+'�*�'! :!=��. 

 
5�?���
 4 

!
�/�

� ���4���?
+�( nir , ��� 9�*
�/�B+� ������'+� '9�'�>�(, ��-<-  

9,- n -�,�+
�<) �� <�A
� 9�,�	+- (�� >�*�(�; '+,)�+),- 0S  �� '+,)�+),- iS  

nir  n  
5..1�i  6�i  7�i  8�i  9�i  

nr  nN  

1 1 0 0 0 0 5 5 
2 1 6 6 2 2 21 25 
3 1 24 24 6 6 65 125 
4 1 78 78 14 14 189 625 
5 1 240 240 30 30 545 3125 
6 1 726 726 62 62 1581 15625 
7 1 2184 2184 126 126 4625 78125 

 

�+:+�"7 '�*�'�&$� �J 9524.2})125.0(5)25.0(2)5.0(2{1
0

����� ��
�n

nnn� . �+:+�"�B =!)!& 

;��/@%&$� 9524.1�d . �+ ="!@"% ?+"D+, "�; m -;��/@�&$� (/ #�%?/ ��)!�'/ 4�m ). 
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5�?���
 5 
!
�/�

� (-A-(�
�'+� '-'+�<- 9,- n -�,�+
�<) (9�-(� ��'+�>���*)B/-0 4��+�,�(  

��� �!� * 9�,�����
�-9�'����(
�B '+,)�+),�B 

n  1 2 3 4 5 6 

)(nR  7/8 35/64 139/512 539/4096 2107/32768 8315/262144 

)(* nR  7/8 1/2 8/56 1/35 0 0 

 

5�?���
 6 
!
�/�

� ���4���?
+�( kiB  ��� �!� * 9�,�����
�-9�'����(
�B '+,)�+),�B 

kiB  k  
1�i  2�i  3�i  4�i  5�i  6�i  7�i  8�i  9�i  

1 1 1 1 1 1 1 1 0 0 
2 0 0 0 0 0 6 6 1 1 
3 0 0 0 0 0 4 4 0 0 
4 0 0 0 0 0 1 1 0 0 

 

5�?���
 7 
!
�/�

� nir  ��� �!� * 9�,�����
�-9�'����(
�B '+,)�+),�B 

nir  n  
5..1�i  6�i  7�i  8�i  9�i  

nr  nN  

1 1 0 0 0 0 7 8 
2 1 13 13 2 2 35 64 
3 1 61 61 6 6 139 512 
4 1 253 253 14 14 539 4096 
5 1 1021 1021 30 30 2107 32768 

 

$;+, :+=/*�$!$� / $!4*. 5 $! 7 =4�>!<$�&7. �"!*�= �!"�- $!4*. 7 �!L =?%>/ �&$!"%��$� #�'!�/ 

=!'%"%?�:"�&$�. 	��"%D+""7 nni rr  ��:!;!L /?%�"/ B?%��:"�&$� =4+:+;+""7 &$:/'$/:� iS  )�&*7 n -

':!$"%>% �J =! /?%��, K% &�&$+?! =!*�D�*!&� ):!#+=�!$"%<. �' ���"% �= :+=/*�$!$�� %4@�&*+"� 
($!4*. 8), *�D+ �*7 %�"%>% $�)/ &$:/'$/:� ( 6s $! 7s ) /?%�"! B?%��:"�&$� =:%&$!L �= =4�*�D+""7? 

'�*�'%&$� �J � #7 &$:/'$/:! "+"!�*�D'%�! � ?!L "!B?+"D/ '�*�'�&$� +*+?+"$��. 	;+ ):� 5�n  "! 

@!&$'/ &$:/'$/: 6s $! 7s  ):�)!�!L 97% �&�- ��)!�'��, '%*� &�&$+?! =4+:�>!L ):!#+=�!$"�&$�. 
 

5�?���
 8 
���
�@�

� nni rr  ��� �!� * 9�,�����
�-9�'����(
�B '+,)�+),�B 

nni rr  n  
5..1�i  7,6�i  9.8�i  

1 0.1429 0.1429 0 
2 0.0286 0.3714 0.0571 
3 0.0072 0.4388 0.0432 
4 0.0019 0.4694 0.0260 
5 0.0005 0.4846 0.0142 

 
�= �!"�- ($!4*. 9) ���"%, K% =! �+*�'%( '�*�'%&$� :+=+:�"�- +*+?+"$�� �:!=*���&$� &�&$+?� L 

"�=�'%< "!��$� =! "!��+*�'%( '�*�'%&$� �J. �'K% '�*�'�&$� �J �%:��"<L '�*�'%&$� +*+?+"$��, $%�� 
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�:!=*���&$� &�&$+?� ="�;/L$�&7 ���)%���"% �% =4�*�D+""7 "!�*�D'%�%&$� �%�%*� )%?�$"%: 4�*�D+ 
"�; "! )%:7�%' ):� =4�*�D+""� N  ��� 2 �% 5 (��!>%"!*�"� +*+?+"$� � $!4*. 9). 	�;��!"�&$� &�&$+?� 
"+ L �/;+ "�=�'%<, "!��$� 7'K% '�*�'�&$� �J ����@� )+:+��K/L '�*�'�&$� +*+?+"$��: 0.125 ):� 

2�N  � 0.26 ):� 3�N . 	 %':+?%?/ ��)!�'/, 3��  ):� 2�N , 5.5��  ):� 3�N . �+:+�"�B =!)!& 
;��/@%&$�, ���)%���"%, 2 � 4.5. �+ ="!@"% 4�*�D+, "�; m -;��/@�&$� (� 2 � 2.25 :!=!). 

 
5�?���
 9 

��*)��+�+- �>/-'��
� )<�(
�� *���
) (,�*�-(�'+� )(nQ   

��� �!� �* *����
-< '+,)�+),
-< ,�*�,(�< * ����B �,�+
�'+B 

),( NnQ  n  
2�N  3�N  4�N  5�N  6�N  

2 0.5 0 0 0 0 
3 0.75 0.2222 0 0 0 
4 0.875 0.4444 0 0 0 
5 0.9375 0.6173 0.2344 0.0384 0 
6 0.9688 0.7407 0.3809 0.1152 0.0154 
7 0.9844 0.8258 0.5127 0.2150 0.0540 

 
6.2. ��	���J���
 ����B����
 J�����	�� 	�	��$� ����	�� ����$���D �� ���������$� 

��������
 �������
 
 

5�?���
 10 
��*)��+�+- ���
B(�

� A-()/�'+� �!� 

 * <�'+��(�B '+,)�+),�B *� ,�*)��+�+�<- (-��
�

� *�(��

� 

),( ntG  q  
1�n  2�n  3�n  4�n  5�n  

)( 0StP  

0.00 1.0000 0.8400 0.5200 0.3024 0.1744 1 
0.02 0.9839 0.8082 0.4989 0.2900 0.1673 0.9992 
0.05 0.9594 0.7653 0.4695 0.27272 0.1574 0.9948 
0.10 0.9189 0.7003 0.4262 0.2474 0.1429 0.9785 

 
5�?���
 11 

!
�/�

� 1)0,,(),,( �ntGqntG  �!� * <�'+��(�B '+,)�+),�B 

)0,,(),,( ntGqntG  q  
1�n  2�n  3�n  4�n  5�n  

0.02 0.9839 0.9621 0.9594 0.9590 0.9593 
0.05 0.9594 0.9111 0.9029 0.9018 0.9025 
0.10 0.9189 0.8337 0.8196 0.8181 0.8194 

 
�= �!"�- ��)*��!L, K% )%'!="�'� ;��/@%&$� / �&�- ��)!�'!- ?+"D�, "�; )%'!="�'� 

4+=���?%�"%&$�. �+%4-��"% =!="!@�$� � $!'/ �!;*��/ �*!&$���&$�, K% �= =4�*�D+""7? q  A/"'#�7 

��;��!"%&$� =?+"D/L$�&7, $%4$% ���"%D+""7 1)0,,(),,( �ntGqntG  ):� �&�- ="!@+""7- q  $! n , 

$%4$% ?!*%"!��B"! &�&$+?! 4�*�D �:!=*��! ):� =%�"�D"�- =4/:+""7-, "�; ��&%'%"!��B"! &�&$+?! 
($!4*. 11). �:�@%?/ �= =4�*�D+""7? q  A/"'#�7 ��;��!"%&$� =?+"D/L$�&7 D���D+, "�; &)!�!L 

B?%��:"�&$� ��'%"!""7 =!��!""7. 
$;+, ?%;"! =:%4�$� ��&"%�%', K% ):� %�"�- � $�- &!?�- 
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��?%>!- �% ;��/@%&$� � 4+=���?%�"%&$� �*7 =!4+=)+@+""7 ;��/@%&$� ��?!>!L$�&7 ��&KB :��+"� 
"!�*�D'%�%&$�. 

 
5�?���
 12 

��*)��+�+- ���
B(�

� A-()/�'+� �!�  
* 9�,�����
�-9�'����(
�B '+,)�+),�B *� ,�*)��+�+�<- (-��
�

� *�(��

� 

),( ntG  q  
1�n  2�n  3�n  4�n  5�n  

)( 0StP  

0.00 0.8750 0.5469 0.2715 0.1316 0.0643 1 
0.02 0.8418 0.5158 0.2556 0.1240 0.0606 0.9773 
0.05 0.7980 0.4758 0.2352 0.1143 0.0560 0.9334 
0.10 0.7376 0.4229 0.2084 0.1013 0.0497 0.8445 

 
5�?���
 13 

���
�'
� *
-A�

� 4)
���; (-A-(�
�'+� �* *,�'+�

�< q  

)0,,(),,( ntGqntG  q  
1�n  2�n  3�n  4�n  5�n  

0.02 0.9621 0.9450 0.9414 0.9422 0.9425 
0.05 0.9120 0.8700 0.8663 0.8685 0.8709 
0.10 0.8430 0.7733 0.7676 0.7698 0.7729 

 
�%:��"<<@� �!"� $!4*. 13 � 11, 4!@�?%, K% � &�&$+?� =!-�&$/, 7'! :%=>*7�!L$�&7, ="�;+""7 ;��/@%&$� = 

)%>�:D+""7? 4+=���?%�"%&$� +*+?+"$�� K+ 4�*�D )%?�$"+, "�; � &�&$+?� = ?�&$'%�%< &$:/'$/:%<. 

 
6.3. ��	���J���
 ��������D $����� ����B����
 J�����	�� 	�	��$� ����	�� ����$���D. 

I!�!?% &�&$+?/ =!-�&$/ �"A%:?!#�( >:!A%? = �+*�'%< '�*�'�&$< �+:D�" (K% =/?%�*<L !'$/!*�"�&$� 
$! �%#�*�"�&$� =!&$%&/�!""7 &!?+ )%$%'%�%( ?%�+*� %#�"<�!""7 ;��/@%&$�) $!', K%4 �= �+:D�"�, 7'! 
%4:!"! ��)!�'%�% ?%;"! 4/*% �&$!"%��$� =�’7=%' )�&*7 !$!'� =*%�?�&"�'! (�)*��/ �J) = 90% 
( 9.0�� ) "+/:!;+"�- �+:D�". �:� #�%?/ ��!;!$�?+?%, K% :+4:! >:!A/ "+�:!=*���, ! �+:D�"� 

)���!<$�&7 ="�K+""<. g�*�"�&$� !$!' &$!"%��$� 100 !$!'/-�. �?%��:"�&$� /:!;+""7 '%"':+$"%( 
�+:D�"� 1,05.0105.0 ���� skD . 
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$;+, >:!A, K% ?�&$�$� 380 �+:D�", ?%;+ ��$:�?!$� %�"/ !$!'/, )�&*7 7'%( ?%;"! 
�&$!"%��$� =�’7=%' = 90 % �+:D�"!?�, 7'� =!*�D�*�&7 )�&*7 !$!'�. 
4@�&*�?% '�*�'�&$� �+:D�", 

K% =!*�D�*�&7: 034.0)1)100*05.0(()(
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=!*�D�$�&7 *�D+ 3% – 12 �+:D�". I!>!*�"�B )%$�' ="�=�$�&7 4�*�D+ "�; � 30 :!=��, &�&$+?! 
=!-�&$/ �"A%:?!#�( &$!"+ "+�%)/&$�?%<, $%4$% �I� ��I 4/�+ ="�K+"!. 

 

�-'
�(�-. 	�="!@+"% )%'!="�'� ;��/@%&$�, 7'� "! ):!'$�#� ?%;"! ��'%:�&$%�/�!$� �*7 
A%:?!*�"%>% %#�"<�!""7 ;��/@%&$� &�&$+? =!-�&$/ �"A%:?!#�( ��I. 
$:�?!*! )%�!*�D�B 
:%=��$%' ?!$+?!$�@"! ?%�+*� %#�"<�!""7 ;��/@%&$� �I� ��I =! &$!"%? &�&$+?�, K% �!L 
?%;*���&$� %#�"�$� ��;��!"�&$� &�&$+?� ):� n -':!$"%?/ �)*��� �J $! ��'%:�&$%�/�!$� $%@'%�/, 
&$!$�@"/ ?%�+*� &�&$+?� 4+= �:!-/�!""7 &$�B'%&$� +*+?+"$�� � �$%:�""�- "!&*��'�� )�&*7 �J. 
�+=/*�$!$� �%&*��;+""7 ?!$+?!$�@"%( ?%�+*� )%'!=!*�, K% ):� �+*�'�B '�*�'%&$� :+=+:�"�- 
+*+?+"$�� �:!=*���&$� �I� L "�=�'%< "!��$� ):� "!��+*�'�B '�*�'%&$� �J. 
$:�?!*! )%�!*�D�B 
:%=��$%' ?!$+?!$�@"! ?%�+*� %#�"<�!""7 ;��/@%&$� �I� ��I =! :+=/*�$!$!?� ��'%"!""7 =!��!""7, 
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K% �!L ?%;*���&$� ��7��$� /&� ):!#+=�!$"� &$:/'$/:� &�&$+?� )�&*7 n -':!$"%>% �)*��/ �J, ! 
$!'%; ��'%:�&$%�/�!$� $%@'%�/, &$!$�@"/ ?%�+*� &�&$+?� 4+= �:!-/�!""7 &$�B'%&$� +*+?+"$�� � 
�$%:�""�- "!&*��'�� )�&*7 �J. �+=/*�$!$� �%&*��;+""7 ?!$+?!$�@"%( ?%�+*� )%'!=!*�, K% � �I� 
="�;+""7 �*!&$��%&$� ;��/@%&$� = )%>�:D+""7? 4+=���?%�"%&$� +*+?+"$�� L 4�*�D�?, "�; � &�&$+?� 
= ?�&$'%�%< &$:/'$/:%<. 
$:�?!*! )%�!*�D�B :%=��$%' ?!$+?!$�@"! ?%�+*� )%$%'%�%>% 
%#�"<�!""7 ;��/@%&$� �I�, 7'/ �%#�*�"% ��'%:�&$%�/�!$� �*7 :%=)%��*+"�- ��I, K% ��:�D/L 
):%4*+?/ )+:+:%=)%��*/ )%$%'�� )�&*7 �)*��/ �J. �%&*��;+""7 )%$%'%�%( ?%�+*� %#�"<�!""7 
;��/@%&$� �!*% =?%>/ ��="!@�$� ?%;*���&$� ('�*�'�&"%) �&$!"%�*+""7 =�’7='/ ?�; J� �I� ��I ):� 
%�"%':!$"%?/ �)*��� �J, ! $!'%; ��="!@�$� '�*�'�&$� J�, 7'� =!*�D!$�&7 )�&*7 �)*��/ �J. 
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