
6

��� 519.766.4
�.�.  !"#$%&", ����. !"#.-$�%. ��&�, �'(.,

)*+, “-�.�/�01�� ����2$"3 4���"501�'/ 06.�57 +8-”,
'.'. �"()*)+", 9:8 “;5.'62<01�7<”, $. :7/5©

������� !""# %&��%�"%�"�' &( �)%�
)*# �+ �&%,!-%. �/�#0%�
% � ���%� ,!/(,+(1(""#

/!"��&! %� 0��2���&� �3+4�!&�
� ������ �!"#$%&'�! (!)$*+!��� +*,!�*���&&% -(!+��&��&!#! .�/0!/' .�*

�!"��0'&,�0 !.�*(�$1&*0 �2�(�&�+ �� �'( "�+�&��)2&&% 3�&,!(���+ " (2�!4
"�32".252&&% 60 272,�*+&!6 �!3!�*. 89�&2&! (!)$*+���1 +*,!�*���&&% /�&!6
(!/2$� %, �&���'(2&�� /$% �!"+’%"�&&% "�/�5� !.�*(�"�9�6 !3�%#�+ #�!:!+*0 �'(
"�+�&��)2&&% 3�&,!(���+.

;$45!+� �$!+�: 3�&,!(��, (!/2$4+�&&%, -(!+��&��&� (2�!/*.
������� !� #$�%&'(). ������� !��"#$�%"� �&�'()� *��+,-&'%�.

$ �'��# /,�'#0�,1, # �'2#)",1, 2,*$&'"�. �/,�'(2#1�3'%�. ." *!#4%5(�-
�. "#4%",�'# !��"#$, '�" # 2,*5&2(��. �/("'2� /,�4�1, 6, ��-�7'%�.
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=-��", $2�+,$�7�&, 6, $&",2&�'���. -(/,*&'�&+ !��",)�'#$ '�
!��",)�'#$ * �&�'()�)& ,/(2�$���. 1,'#$",7 /,"& 6, �( 3 /,5&2(-
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",5'�)& $���4#-," �((<("'&$�,: 2,!,'& )(2(9# ?@A [3; 4]. �4#- '�-
",9 *�*���&'&, 6, ��0���'#5( 1,4,$�&) ��/2.)",) -#.4%�,�'# 6,-,
��4�1,-9(��. <��";#,��$���. )(2(9# !��",)�'#$ 3 �/,�'(2(9(��. *�
2,!,',7 ",9�,1, !��",)�'� $ 2(9&)# ,�-4�0� # 2(�1�$���. $#-/,$#-�,
-, �&'��;#:. ?4( '�"&0 54.+ �( 3 -,�'�'�%, (<("'&$�&), �-9( $#� /,-
'2(!�3 -,-�'",$&+ $&'2�' # *�4(9&'% $#- '�"&+ �(�/,-#$��&+ <�"',2#$,
." �(1�2�*-& *# *$’.*",) �& /2,!4()& * '2���/,2',) ',6,. ? ',)� -4.
!�-%-.",1, !��"� 3 �!�,47'�, �(,!+#-�&) )�'& (<("'&$��, ���",$,
,!F2��',$��� # $#-/2�;%,$��� �� /2�"'&;# )(',-&"�, 6, -,*$,4&'%
/2�$&4%�, # ��0!#4%5 *2���, ." -4. "4#3�'#$, '�" # -4. !��"� ,21��#*�-
$�'& /2,;(� *�!(*/(�(��. !��",)�'#$ 12,5,$&)& "�/72�)&.

*'�� $�%��) /,4.1�3 � -,�4#-9(��# ),94&$,�'# $&",2&�'���.
#),$#2�#��&+ )(',-#$ -4. $&*���(��. ,/'&)�4%�&+ ,!�.1#$ 12,5,$,:
)��& '� '(2)#�#$ ,!�4�1,$�$���. !��",)�'#$, � '�",9 2,*2�+��"� ,/-
'&)�4%�&+ ��) # '(2)#�#$ *�!(*/(�(��. !��",)�'#$ 1,'#$",7.

+)!&�, ���� ��-� (��'$.�&/. @(+�#��&0 2#$(�% !��",)�'#$ /#--
$&6�3'%�., # �/("'2 :+ <��";#0 /,�'#0�, 2,*5&273'%�.. @()/& 2,*$&-
'"� )(2(9# !��",)�'#$ $ 8"2�:�# (*� -��&)& GD8) /,-��, �� 2&�. 1.
������# )(2(9# !��",)�'#$ 3 -,�&'% 2,*1�4�9(�&)&, 6, ��"4�-�73 :+
,!�4�1,$�$���. # ",�'2,4%. H�4(9�, $#- )��5'�!#$ !��",)�'�,: )(2(-
9#, !��" )��&'% *!#4%5�$�'& $&'2�'& ",5'#$ # ����, � '�",9 *�4���'&
-,-�'",$# "�-2& �� :+ ,!�4�1,$�$���..

0)�. 1. ��!�1�)!) $)�!/ #&��.2�)3 !�$��!   4!$�5�.
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H$&��0�,, )(',7 -#.4%�,�'# !��"#$�%",: ��'��,$& 3 *)(�5(��.
$&'2�' # /#-$&6(��. /2&!�'"�. B4. -,�.1�(��. ;#3: )('& ),9�� $&",-
2&�',$�$�'& -$� �/,�,!&: ("�'(��&$�&0 # #�'(��&$�&0. >(25&0 �/,�#!
,*����3 *!#4%5(��. ,!�.1#$ *�4��(��. 2(��2�#$. =-��" '�"&0 �/,�#! �(
*�$9-& 3 -,�'�/�&) /,$�,7 )#2,7 ",9�,)� !��"� '� *�*$&��0 3 �(
��)&) (<("'&$�&), *$�9�7�& �� -&��)#"� "#4%",�'# '� ��) ,/(2�;#0 *
$&",2&�'���.) /4�'#9�&+ "�2'," (2&�. 2, *� -��&)& GD8).

0)�. 2. 6.&7!.��7 . �/(� �#'$�8.9 #&��.2�)3 !�$��!

��)( ',)� !#4%5&0 #�'(2(� $&"4&"�3 #�'(��&$�&0 �/,�#!, ",4&
,!�.1 2(��2�#$ )�09( �( *!#4%5�3'%�., � /#-$&6�3'%�. 2�;#,��4%�#�'%
/#-+,-#$ -, $&",2&�'���. ��.$�&+ 2(��2�#$. I&+,-.�& * ',1,, 6, $ !�-%-
.",)� $&/�-"� !��"� -,$,-&'%�. *!#4%5�$�'& ,!�.1& <#�����$���.
,!�4�1,$�$���. !��",)�'#$, !#4%5� �$�1� �4#- /2&-#4&'& '�",)� /&-
'���7, ." $&*���(��. ,/'&)�4%�&+ ��) ",5'#$, ."# *�$��'�9�7'%�. -,
!��",)�'#$.

J,9(� !��" $&",2&�',$�3 -4. ;%,1, 2#*�# )(',-&"&, ."# ),9�'%
!�'& 2,*2,!4(�# ." ��)&)& !��"�)&, '�" # �',2,��#)& -,�4#-�&"�)&.
H-(!#4%5,1, !��"& ",2&�'�7'%�. '�"&) �/,�,!,) ",�'2,47 *�!(*/(-
�(�,�'# !��",)�'#$ 1,'#$",7, ." ),�#',2&�1 )(2(9# !��",)�'#$ # ��-
-���. -, �(: 12,5(0 *� /,'2(!,7. @�"&0 �/,�#! �( )�3 �(20,*�&+
�(-,4#"#$, ."6, 3 $&*���(�&) 4#)#' ",5'#$ 6,-, *�!(*/(�(��. /($�,:
"#4%",�'# !��",)�'#$ ;#4&+ �'2�"'�2�&+ /#-2,*-#4#$ !��"�, ,-��" $#�
�( ,/(2�3 #�<,2)�;#37 /2, 4#)#'& -4. ",9�,1, !��",)�'� ,"2(),.
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@,)� #���3 /($�� /2,!4()�, ."� /,'2(!�3 2('(4%�,1, -,�4#-9(��. #
2,*2,!"& )(',-&" :: $&2#5(��.. >,-#!�# )(',-&"& -�-�'% ),94&$#�'%
$&*����'& ��)& ",5'#$,  ."# /,$�#�'7 *�!(*/(��'% /,'#" "4#3�'#$,  # -,
',1, 9 �",2,'&'& -,-�'",$# $&'2�'& ." �� *�!(*/(�(��. !��",)�'#$
12,5,$&)& "�/72�)&, '�" # �� :+ ,!�4�1,$�$���.. 8 -��#0 2,!,'#
*2,!4(�� �/2,!� ,!F2��'�$���. $&",2&�'���. ),-(4# -4. /2,1�,*�-
$���. ���� '� ��) *�$��'�9(��. !��",)�'#$ 12,5,$&)& ",5'�)&, 6,
!�*�3'%�. �� '(,2('&",-0),$#2�#��,)� /#-+,-#.

�4#- $#-*���&'&, 6, -#.4%�#�'% ",)(2;#0�,1, !��"� ,!�),$4(��
!�1�'%)� �&��&"�)&, ."# )�7'% $&/�-",$�, �($&*���(�� /2&2,-�.
K( �',��3'%�. ." $��'2#5�#+ /2,;(�#$ !��"�, '�" # *,$�#5�#+ �),$, $ ."&+
$#� $(-( �$,7 -#.4%�#�'%. @�"&) �&�,), 2,!,'� !��"#$�%",: ��'��,$&
*����, ��"4�-�73'%�. # /,'2(!�3 -,-�'",$&+ *��&4% 6,-, /4���$���.
# /2,1�,*�$���..

B,�&'% �"4�-�&), �',+��'&��&) /2,;(�,) � !��"#$�%"#0 -#.4%�,-
�'# 3 ,!�4�1,$�$���. "4#3�'#$, *,"2()� ��-���. :) /,�4�1 �(2(* )(2(-
9� !��",)�'#$. @(,2#. 0),$#2�,�'(0 -,�&'% -('�4%�, 2,*14.-�3
/&'���. ,!�4�1,$�$���. * /,*&;#0 '(,2#: )��,$,1, ,!�4�1,$�$���..
K. '(,2#. *�*$&��0 $&*����3 /,'#" "4#3�'#$ ." /���,�#$�%"&0 (/2,�'#-
5&0), ',!', '�"&0, 6, )�3 $4��'&$,�'# �'�;#,��2�,�'#, $#-��'�,�'# /#�4.-
-#: '� ,2-&��2�,�'#. L�'(2$�4 )#9 /,-#.)& /���,�#$�%",1, /,',"� )�3
/,"�*�&",$&0 2,*/,-#4 [2; 5; 6].

@�"&) �&�,), /2,;(� ,!�4�1,$�$���. "4#3�'#$ !��"� �(2(* !��-
",)�'& '�",9 ),9�� 2,*14.-�'& ." �'��-�2'�&0 /���,�#$�%"&0 /,'#",
."&0 )�3 '�"# ,��,$�# +�2�"'(2&�'&"&:
 "#4%"#�'% "4#3�'#$;
 ��)� ,/(2�;#:;
 ��� ,!�4�1,$�$���.;
 ��",/&�(�� ��)� *� /($�&0 ���.

8 �$,7 �(21�,  "#4%"#�'% "4#3�'#$ 3 $&/�-",$,7 $(4&�&�,7,  ."�
+�2�"'(2&*�3'%�. 0),$#2�,�'.)& ",�"2('�&+ *���(�% '� #�'(��&$�#�-
'7 /,',"�. ��)� ,-�#3: ,/(2�;#: '� ��",/&�(�� ��)� )�7'% $4���#
6#4%�,�'# 2,*/,-#4�, � '�",9 '�"# +�2�"'(2&�'&"&, ." �(2(-�3 *���(��.
()�'()�'&��( �/,-#$���.) '� "$�-2�'&��( $#-+&4(��..

>2& $&2#5(��# *�$-���. �$,3����,1, /#-"2#/4(��. !��",)�'#$ 1,-
'#$",7 �(,!+#-�, $2�+,$�$�'&, 6, /,'#" "4#3�'#$ # ��)� 12,5(0 ",9�,:
,/(2�;#:, *-#0��7$��,: "4#3�',), 3 $&/�-",$&)&. I&/�-",$&) 3 # <#-
����,$&0 /,'#", 6, <,2)�3'%�. $ 2(*�4%'�'# $&",����. ;&+ ,/(2�;#0.
B4. 2,*$’.*���. �',+��'&��,: �($&*���(�,�'#, �/2&�&�(�,: ;&)& <�"-
'�)&, �(,!+#-�, $&",2&�',$�$�'& '(,2('&",-0),$#2�#��� ),-(4%, ."�
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-,*$,4.3 /2,1�,*�$�'&, "(2�$�'& 2&*&",) *�&9(��. .",�'# ,!�4�1,$�-
$���. !��",)�'�,: )(2(9#, ,!�),$4(�&) �(�$,3����&) /#-"2#/4(��.)
!��",)�'#$ 1,'#$",7.

N,*14.�(), /,�'�$4(�� *�-��� /2& '�"&+ $&+#-�&+ /2&/�6(��.+.
G(+�0 /,'#" "4#3�'#$ 3 �'�;#,��2�&) /���,�#$�%"&) /2,;(�,) [2].
='9(,  "#4%"#�'% "4#3�'#$ *� -��&0 ��� t tN  3 $&/�-",$,7 $(4&�&�,7 *
0),$#2�,�'.)& ",�"2('�&+ *���(�% n.

! " ! " ! " ,
!

0,1, 2,...

## $ %%
& $ & %

&

n
t

t t
t

P N n P n e
n

n
(1)

-( #  – ������� ����! #$�$%& %'�(��� .

)�*�+�, %�'!%���! %'�(��� , -$ #$��&#�'� ./ 0/� t,  �.�/0/(�!�,
�#�  �+�$1���,2:

 ! "tN t (2)

#*� % /+*/��0�$2&  �+3�'����

#  ! "
tN t . (3)

)&2/ $#�*/4�5 G ,%  �#/+%$ /  �'�0��/ 3/*/%��*�.&(�!�, -�'!��-
��6 *$.#$+�'& $ %f g  �. ��*�+��2 .�/0���,2

0

( )
&

! 'G f g gdg (4)

� % /+*/��0��2  �+3�'���,2

2 2

0

( )#
&

! ('G f g g dg G . (5)

7/%$#�0��/ �&2/ ./ 0/� t tS  �/%$8 (  �#/+%$ $6  �'�0��$6 .
-�'!����6 *$.#$+�'&
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(6)

+� *nf  – -�'!����! *$.#$+�'& �&2� n $#�*/4�9 .nS

:% 3/*/%��*����%& �&2� $+��(5 ;/�%$2/��$5 $#�*/4�5 2$8�/ *$.-
<',+/�� </2/-*$.#$+�' �. -�'!����6

$ %
1

1 exp  ,  0,
( )

*

+ ++ *

(
, - , -

! " ( ./ 0 / 0
1 2 1 2

g gf g g
G

(7)

+� ,+ *  – #/*/2��*� *$.#$+�'&:

;+ *! "G
.# + *! "G (8)

>�3$+,0� . 4�3 #*�#&-��!, *$.<',��2$ ./+/0&  �.�/0���, ����*-
 /'& 0/�& ,nT  ./ ,%�9 �/%$#�0��/ �&2/ tS   #�*1� #�*� �-��! ./+/��9
*� ��! ,S  #$0��/60� . 2$2���& 0,!t  %$'� 0.!tS  > /8/��2�2$, -$
#&/�$�� �!%�9 #$��% %'�(���  . ������� ����6 �  � �&2/ $#�*/4�5 G ,%
 �#/+%$ /  �'�0��/ 2/6�! -�'!����! $ %f g  � 0..G

:%-$ #*�9�,�� ./ np  92$ �*����! �$<$,  -$ �/ n-2& %'�(��� tS
#�*� �-��! ,S  �$ 0/� �/��/��, 4�(5 #$+�5 nT  ,%  �#/+%$ $5  �'�0���
2/( -�'!����! *$.#$+�'&:

$ % $ % $ % 1 ,  0,
1 !

  3  ( ( "! " " " .
(

n t
n t t e t

n
(9)

,%�9 �/.� /(�!�, �#�4�/'!��2 *$.#$+�'$2 ?*'/�</.

@�%�'!%� ����* /' 2�8 #$+�,2� #&/�$�� �!%$<$ #$�$%& 2/( #$%/.-
��%$ �9 *$.#$+�', �$ -�'!����! (9) $�*�2&(2$ ,% n-%*/��� .<$*�/��,
#$%/.��%$ $<$ *$.#$+�'& $ % . 3  ( "! " t

n t e  A�  �#'� /( . �$<$, -$

1!
! 4)

n

n i
i

T t , (10)

+� 4 it  – ����* /' 2�8 2$2���/2� �/+3$+8���, $ %1(i -<$ � i-<$ %'�(��� ,
-$ 2/( #$%/.��%$ �9 *$.#$+�'.
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B. &*/3& /��,2 4!$<$ 0/� ST  2/( �/%& -�'!����! *$.#$+�'&:

$ % $ %
1

3 3
&

!

! ")S n n
n

t p t . (11)

:%-$  �.�/0��� $ %nF g  ,% C&�%4�6 *$.#$+�'& �/%$#�0��$5 �&2�
 �+ n %'�(��� ,nS  �$;�$

$ % $ %*

0

,! '
g

n
nF g f g dg (12)

�$

$ % $ % $ % $ %1 0, 1(! ( !n n np S F S F S F S . (13)

A�9  �*/. ( �/�'�+%$2 �$<$, -$ $ %nF S  (92$ �*����!, -$ 5nS S )
+$*� �6( 92$ �*�$��� �$<$, -$ ,.SN n  +� SN  – �$2�* %'�(��/, �/ ,%$2&
 #�*1� �&2/ nS  #�*� �-�'/ .S  D$*2/'!�$ 4� 2$8�/ ./#��/�� �/%:

$ % $ %! .n SF S P N n . (14)

@�%�'!%� $ % $ % $ % $ %1 ,! ! ! 6 ( ( 6n S S Sp S P N n P N n P N n  �$ .
&*/3& /��,2 (14), $+�*8&(2$ (13).

>�'�0��/ SN  , ',( �$;$6 �/2$���9��9 #*/%��0��9 ����*��. 7/-
#*�%'/+, ,%-$ S – ./#/� <*$1�9 & ;/�%$2/��, �$ sN  – �$2�* #�*1$<$
%'�(��/, ,%$2& ��  ���/0�'$ <*$1�9, / 17! (S SN N  – �$2�* $��/��!$<$
%'�(��/, ,%$2&  ���/0�'$ <*$1�9. >�'�0��/, /�/'$<�0�/ ,SN    ��$*�5
 �+�$ '���, �/.� /(�!�, 0��'$2  �+�$ '��! ./ 0/�, *� ��9 S. E', 2/��-
2/��0�$<$ �#$+� /��, 7SN  ( #*$���9 /��2#�$��0��9 *$. ’,.$%:

$ %0,5 1 , ,#7 8 9 ( !S G G GN S G K K G (15)

. ,%$<$ $+�*8&(2$, -$

$ %1 0,5 1 .7! 9 8 9 9S S GN N S G K (16)
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>�+$2$ �/%$8 /��2#�$��0�� *�1���, +', +��#�*��5

$ %2 4 31 12 5 4 2 3 ,# 8 " 9 9 ( "Ns G G G GS K G K A K (17)

+� GA  – #$%/.��% /��2��*�5 -�'!�$��� *$.#$+�'& $ %.f g

E', #$%/.��%$ $<$ *$.#$+�'& 2,!GA  / +', </2/-*$.#$+�'&
2 .! "G GA K

F &*/3& /��,2 (9) �/ (13) 2$8�/ $�*�2/�� -�'!����! *$.#$+�'&,
+� ST  2/(  �<',+:

$ % $ % $ % $ %
$ %

1

1
1

.
1 !

  
3  

(&
( "

(
!

! " ( ": ;< = ()
n

t
S n n

n

t
t e F S F S

n
(18)

:%-$ �&2/ $#�*/4�5 G 2/( #$%/.��%$ �9 *$.#$+�', �$ $+�*8&(2$
;�'!1 #*$���9 , ��9  �*/.:

$ % $ % $ %0exp 23    ! " ( (S t t S G I tS G , (19)

+� 0()I  – 2$+�C�%$ /�/ C&�%4�, G���', �&'!$ $<$ #$*,+%& [1].

H/��2/��0�� �#$+� /��, � +��#�*��6 ST  $+�*8�2$ .  �%$*���/��,2
#�*�� $*���, I/#'/�/, /'� ./ .2���$6 t.

$ % $ % $ %
10

.>  3 > 3
 >

& &
? (

!

, -! ! " / 091 2
)'

n
t

S S n
n

t e dt p s (20)

$ %
10

( ) 1 .
>

3 >  
>  

? &

!!

! ( ! " !)S
S n S

n

dT p S n N
d

(21)

$ % $ % $ %
2

2 2 2 2
2 2 2

10

( ) 1 11 .
>

3 ># #
>   

? &

!!

! ( ! 9 ( ! 9)S
TS S n S S NS

n

d T p S n n T N
d

 (22)

E',  �'�%�3 .�/0��! S 0/� ST  2/( /��2#�$��0�$ �$*2/'!��9
*$.#$+�', �$;�$
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$ %
2

2
1 ( )) exp ,

22
3

#@#
: ;(

8 (A B
< =

S
S

TSTS

t Tt (23)

+� ST  �/ #TS *$.*/3$ &6�!�, ./ �#�  �+�$1���,2� (9) �/ (11).

:%-$ G 2/( #$%/.��%$ �9 *$.#$+�', �$

1 1 .
 
, -! 9/ 0
1 2

S
ST
G

(24)

2
2

1 2 1 .#
 

, -! 9/ 0
1 2

TS
S

G
(25)

B 4� ( �$0�� *�1���,.

H�8 $ %tf g  � $ %3S t  ���&( $+�$.�/0��9 . ’,.$%, / �/2�:

$ % $ %
0

3
&

!' '
T

s T
S

t dt f g dg , (26)

,%�9  �#'� /( . C/%�&, -$ 92$ �*����! �$<$, -$ 5ST T  +$*� �6(
92$ �*�$��� �$<$, -$ .5TS S  :%-$ TS  –  ��*/�� <*$1�9, �$ �#�  �+-
�$1���, (26) $.�/0/(, -$ *�.�% �$<$, -$  ��*/�� ./ 0/�   #�*� �-/�!
./+/�&  �'�0��& S, +$*� �6( *�.�%& �$<$, -$ *� ��!  ��*/� S ;&+�
+$�,<�&��9 �� #�.��1�  .

J/%�2 0��$2, �/ �+���9 2/��2/��0��9 /#/*/� *$.%*� /( .2���
��$3/���0�$5 �� �.�/0��$���, ,%/ �&#*$ $+8&( ;�.���-#*$4���, -$
*�/'�.&6�!�,   ;/�%$2/���3 �����2/3. 7/ 9$<$ $��$ � 2$8�/ ;&+&-
 /�� �����2& ��C$*2/4�9�$-/�/'���0�$5 #�+�*�2%� ��%/�/4�9�$<$
$;�'&<$ & /��, ;/�%$2/�� .

E', #�*� �*%� 2$+�'� ;&'$ #*$ �+��$ *$.*/3&�%� �/ $��$ � *�/-
'!��3 +/��3, $�*�2/��3   $+�$2& .  �++�'��! KLG “M*� /�G/�%” &
2. )&2�. N$.*/3&�%� ;&'$ #*$ �+��$ & ��*�+$ �-� MathCAD, ,%� +$. $-
',( +$���! #*$��$ #*$ $+��� �%'/+�� *$.*/3&�%� �/ <*/C�0�$ .$;*/8/��
$�*�2/�� *�.&'!�/�� [7].

7/ *��. 3 �/ �+��$ *�.&'!�/�� *$.*/3&�%�  0/�& ,ST  ./ ,%�9 & ;/-
�%$2/�� ;&+�  �0�*#/�$ ./%'/+��&   �!$<$ �&2& <*$1�9 S. M*� *$.*/-
3&�%/3  �3$+�'� . �$<$ #*�#&-���,, -$ �&2/ %$1�� , ,%/ .��2/(�!�, .
;/�%$2/�/, 2/( #$%/.��%$ �9 ./%$� *$.#$+�'&, �$2& ;&'$  �%$*��-
�/�$  ;&+$ /�& C&�%4�6 $ %Mathcad dexp , , g  ,%/  �.�/0/( -�'!����!
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55 *$.#$+�'&, +� g – �&2/ $%*�2$5 ;/�%$2/��$5 �*/�./%4�5, /   – �����-
�� ����! #$�$%& %'�(��� . O*/C�% -�'!�$���9 $ %3S t  *$.#$+�'& 0/�& ST
#�*1$<$ +$�,<����, �/%$#�0��$5 �&2� tS  .�/0���,, *� �$<$ /;$ ;�'!-
1$<$ S #*� 10, ! 1,6!G  ���. <*�. .$;*/8��$ �/ *��&�%& 3. O*/C�%
#$;&+$ /�$ +', #’,��  �#/+%� , %$'� �&2/ S, ./%'/+��/   ;/�%$2/�,
+$*� �6( 1, 2,5, 5, 7,5 � 10 ���. <*�.

���. 3.  !"#$% '$()*+�,-. $$ %%S t33  !+/0+1$(2 3"�2 ST
0-!4+5+ 1+�65*-**6 *"%+0�3-*+7 �28� tS

/*"3-**6, !$9*+5+ ":+ :$()4+5+ S  0!� 10,  !! 1,6G !!  ,��. 5!*.

P �/;'. 1 �/ �+��� .�/0���, 2/��2/��0�$<$ �#$+� /��, 0/�& ST
+$�,<����, �/%$#�0��$5 �&2� <*$1�9 ,tS   �+/�$5 ;/�%$2/�$2, �&-
2� ,S  ./%'/+��$5 & ;/�%$2/�, ./ *�.��3 .�/0��! .S

 !"�#$% 1
;",-8",�3*$ �0+1$9"**6 /"(-<*+�,$ 3"�2 TS

9$1 !+/8$!2 /"%("1-*+7 2 :"*%+8", �28� S

���� S, ���.  !". #$�%&$��'"% �)*+,-$"". '$�/ ,ST   *+�"

1,0 0,063
2,5 0,156
5,0 0,313
7,5 0,469
10,0 0,625

S = 1

S = 2,5

S = 5

S = 7,5

S = 10

20181614121086420

0,2

0,4

0,6

0,8

1

0

�1(t)

�2(t)

�3(t)

�4(t)

�5(t)
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� �����!" #�$%&, '& !" (%�)*%%+ %����,�-�./+ $& ��0, +1" 2&,3�.
�3�� &�4�2�%" (� 54�6"1&2 ($�#. 4�/. 3). 7�"$ #"$(%�)��� �&8 6�1�, '&
��1* %����,*%%+ 9 ��2 �&)%":�2, )�2 �"�.:* (�$�%� /32� S.

������ �. ;&$*�., +1� ��(39�./+ %� �*&4*��1&-82&#"4%"/%&23
="$0&$", %* #/��%&#�-9 4�2&1 $�+ =4&2",1"# )�/3 2", (�#�%��,*%%+2
��%1&2��"# 54&:�2�, � %�$�9 2&,��#"/�. 4&(4�03#��� !" �*42"%�.
>�(&2 ( !�2 2&$*�. #4�0&#39 2&,��#&/�" (#&4&�%�0 4&(4�03%1"# "
$&(#&�+9 4&(4�0&#3#��� ��,�%�8 )�/ 2", (�#�%��,*%%+2� ��%1&2��"#.

?� #"$2"%3 #"$ =4�1��)%�0 2*�&$�1, +1" %� $�%�8 )�/ ($*�"�.:&5&
#�1&4�/�&#3-�./+ # ��%1�0, &=�/�%� 2&$*�. $�9 2&,��#"/�. 4&(4�03-
#��� /323 1&:�"#, %*&�0"$%3 $�+ (��*(=*)*%%+ ��%1&2��"# ( 34�03#�%%+2
3/"0 /�&0�/��)%�0 )�%%�1"#. @4� =4&#*$*%%" 4&(4�03%1"# "( #�1&4�/-
��%%+2 82&#"4%"/%&5& ="$0&$3 9 2&,��#"/�. 34�03#�%%+ &/&���#&/�*8
=4&!*/3 &�/�35&#3#�%%+, 0�4�1�*4%�0 $�+ &�/�35&#3#�%%+ 1�"9%�"#
��%13 (� $&=&2&5&- 2*4*," ��%1&2��"#. 7�2* �&23 ��1�8 ="$0"$ $&-
(#&�+9 �"�.: +1"/%& #�4":��� =&/��#�*%* (�#$�%%+ 3 =&4"#%+%%" (
2*�&$�1�2� 4&(4�03%1"#, =4�8%+��0 3 �"�.:&/�" AB.

������ !"#$%&#'%�
1. C�/�% ?. 7. D*&4*��1&-#*4&+�%&/�%E8 �%���( � =4&5%&(�4&#�%�* /4&1&#

=&$14*=�*%�+ ��%1&2��&# %���)%&/�.- [D*1/�] / ?. 7. C�/�% // F�%�%/E � 14*-
$��. – 2005. – G 27. – 7. 55-57.

2. C*%�!*�. H. 7. D*&4�+ #*4&+�%&/�*8 [D*1/�] / H. 7. C*%�!*�., I. J. K#)�4&#. –
;. : ?�31�, 1969. – 368 /.

3. C*4*/-1 J. ?&#�+ 4&�. ��%1&2��&# [D*1/�] / J. C*4*/-1 // B�%1&#/1�+ =4�1��1�
(� 43�*,&2 (43/.). – 2003. – G 6. – C. 60-62.

4. ��8!*# K. JD;: 63%1!�� %&#E* – 4&�. �� ,* [D*1/�] / K. ��8!*# // B�%1&#/1�+
=4�1��1� (� 43�*,&2 (43/.). – 2004. – G 10. – C. 81-86.

5. F*��*4 C. C#*$*%�* # �*&4�- #*4&+�%&/�*8 � ** =4��&,*%�+ [D*1/�] : # 2-0 �. /
C.F*��*4. – ;. : ;�4, 1964. – D. 1. – 498 /.

6. F*��*4 C. C#*$*%�* # �*&4�- #*4&+�%&/�*8 � ** =4��&,*%�+ [D*1/�] : # 2-0 �. /
C. F*��*4. – ;. : ;�4, 1964. – D. 2. – 752 /.

7. http://www.exponenta.ru [M�*1�4&%%�8 4*/34/].
8. http://www.nkzu.edu [M�*1�4&%%�8 4*/34/].

Summary
The possibilities of using the probabilistic approach in the calculations

of  optimum  terms  and  sums  of  ATMS  loadings  are  considered  with  the
purpose of providing their effective work. The possibility of using this
model as instrument for solving the tasks of optimization of volumes of
money sums of ATMS loadings is appraised.

K�4�2�%& 25.06.2008
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 �7 336.71
�.�.  !"#$%&', �-� ����. �!"�, #��$.,

%!��&'()�*+ �!,&��!.)�*+ �����/&0�*+ "�&'��(*1�1 

������ �!��" ��#$�%�&�!�
'��#�$�(#&) �*�!+,* "#-�)�*

� ������ �!�"�#$#% �#�&�� &�'(�!#%��� )�#'�(�*'%+ �,��$-, �'.�+#, / !,#�-
-�0� �� 1%'��#,'�-, ��&,2'�( #� '%..�3/#'�3 )�#'�( / 45� �� (�!#%2$##6 (,�%'%-
&�'(�!#,3 �'�,(�( !% �%)%(’6��#* #� (,-%7/ -$�%!�-, $'�1%#$#0��&*#%7%
�7&�!8/(�##6 �� !$'%-1%�,0�+ 9��%(,3 .6!�( #� 9%�,., �'&�!%(�: �.$#!%(/, �$-
�%##/, ��./'�/.#/ �� (,1�!'%(/. :%�&�!8$#% ��&$8#���* &�'(�!#%��� )�#'�( (�!
.%�-�./ %�#%(#%7% '�1���&/ �� 1.,)/�'/ � ����%�/(�##6- �7&�!8/(�##6 -$�%!%-
!,���#0�"#% �(�8$#,3 #�"-$#2,3 '(�!.���(.

;&<9%(� �&%(�: &�'(�!#���* )�#'�(�*'%+ �,��$-,, 1%'��#,' ��&,2'�( #� '%..�3/-
#'/ ( 45�, 1%'��#,' (�!#%2$##6 (,�%'%&�'(�!#,3 �'�,(�( !% �%)%(’6��#* #� (,-%7/,
$'�1%#$#0��&*#$ �7&�!8/(�##6, !$'%-1%�,0�6 9��%(,3 .6!�(.

!��"#��� # %&�'()*�. K$%�2 "( &/%&#%�0 (�#$�%. �3$.-+1&N ��-
%1"#/.1&N 3/��%&#� 9 (�$&#&�*%%+ =&�4*� 1�"9%�"# '&$& /#&9)�/%&5&
=&#*4%*%%+ N0 1&:�"#. K�,*, ��%1 '&$%+ 2�9 �3�� 5&�&#�2 4&(4�03#�-
��/+ (� (&�&#’+(�%%+2�, '& #�%�1�-�.. 7�3="%. ��1&N 5&�&#%&/�" #�-
(%�)�9 �*42"% “�"1#"$%"/�.”. 7�2* �&23 3=4�#�"%%+ �"1#"$%"/�- 2�9
#*��)*(%* (%�)*%%+ $�+ ="$�4�2�%%+ /���"�.%&/�" �� %�$"8%&/�" +1
&14*2&5& ��%13, ��1 " ��%1"#/.1&N /�/�*2� # !"�&23.

+)"# �"#"", – $&/�"$��� (��*,%"/�. �"1#"$%&/�" ��%1"# #"$ 4&(2"-
43 &/%&#%&5& 1�="���3 �� =4��3�13 "( (�/�&/3#�%%+2 (5��$,3#�%%+
2*�&$&2 $�/��%!"8%& (#�,*%�0 %�82*%:�0 1#�$4��"#.

�� (#- �������.� *#")&,#(/. I"1#"$%"/�. ��%1"#/.1&N /�/�*2� –
&$�% "( =&1�(%�1"#, '& #�(%�)�9 /�"81"/�. 6"%�%/&#&N /�/�*2� 14�N%�
[2; 3]. ?�8)�/�":* #&%� 0�4�1�*4�(39�./+ (���:1�2� %� 1&44�03%1�0
��%1"# 3 ?BO – ��1" �1��#� ##�,�-�./+ %�8�"�.: �"1#"$%�2� �� (��*(-
=*)3-�. #=*#%*%"/�. ��%13 # /#&N8 ($��%&/�" #"$=&#"/�� =& 4�03%1�0 3
4�(" 14�8%.&N %*&�0"$%&/�". �� !�2 =&1�(%�1&2 ��%1"#/.1� /�/�*2�
O14�N%� 9 �"1#"$%&- �� =4&$&#,39 %�4&'3#��� �"1#"$%"/�. " %�$��".
?�$��:1&#� �"1#"$%"/�. ��1&, %* 9 /=4�+���#�2 6�1�&4&2 4&(#��13
*1&%&2"1� 14�N%�, �&23 %*&�0"$%& ="$�4�23#��� !*8 =&1�(%�1 %�
&=��2��.%&23 4"#%" [1; 2].

P�%�2"13 �"1#"$%&/�" ��%1"#/.1&N /�/�*2� (� =&1�(%�1&2 (���:1"#
%� 1&44�03%1�0 3 ?BO =&$�%& %� 4�/. 1.
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