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�34 330.4
�.�.  !"#$%&", ������ !�� ���#$%&' (���&) !�*�  +��), -.� ©

�������-� ��!" $% ! &�'()� �
*'+, +"(��  $ .! � &+�/0 1�&+�/0 '$2!�

������� !� #$�%&'(). ������� !"��# % &'()�!*+ +�+,�-�+
.�* .�*/�#--0  .�"!'0�12&*3 �04,�2. 5�6'*!01-2 .,�,78")*-* �,&,-
��!"�0 "1.,&-* .�70/ .,�,7 .�*/�#--#+ �04,��# 7��!�'#% ���8*-*
�"/&�"9*/ !*80�. :"+, -�+  +,-�( .������ !"��# % �+,�4,��# �*�*-
&  .�* .�*/�#--0  .�"!'0�12&*3 �04,�2.

; 7"�*/ )"1 "&- "'2�*+ % "�"'0� 0 .������ !"��# -�!"��*3 0 <0-
�"�1�!*3 �*�&0! � !*&��*1-"��#+ +,-�70! +"-,+"-*)��= 1-"-*1-*&*.
>1�8'*!01-( -*+)"1�!*3 �#70!, 9� !07�8�"6"(-2 01-��0( �*�& , % -,,
9� =3 3"�"&-,�*1-*&* (?0�*, �81#�* �.,�"?0/, 0�7*&"-��* -�9�) <��-
+ (-21# � 7,&0'2&�3 1&'"7�!*3: .�!0'2��= �,�,� '#���= 1&'"7�!�=
(-�,�7"), .�!0'2��= 1,�����= 1&'"7�!�=, .,�0�7*)��= "8� &�'*!"'2��=
1&'"7�!�= (4!*7&�= �,�,� '#���= +"'�= !"�0"?0=) 0 !*."7&�!�= 1&'"7�-
!�= (�.*1 !"��= !*."7&�!*+ .��?,1�+ .,!���� -*. ). A"6'*!�( �1�8-
'*!01-( -*+)"1�!*3 �#70! ,&���+0)���� 3"�"&-,�  % �"#!�01-2 .,�0-
�7*)��1-0 0� �+0���( !,'*)*��( .,�0�7 .

B���'#� -0 �1�8'*!�1-0 .�&"� (-2, 9� 7'# 7�1'076,��# <0�"�1�!*3
�*�&0! �, 7�1*-2 ,<,&-*!�*+* % -"&0 &'"1*)�0 +,-�7* "�"'0� , #& "�"'0�
C �’%, �,��,10/�*/ "�"'0�, �1&0'2&* !��* !*&��*1-�! (-2 ���&'"7"��#
.�)"-&�!�= < �&?0= ! �#7 �" <0&1�!"��( 1*1-,+�( 8"�*1�*3 < �&?0/, 9�
.���76 % !'"1-*!01-2 1-����= .,�0�7*)��1-0. D�+  !*�04,��# 7"��= .��-
8',+* !*+"�"% !*&��*1-"��# ��!*3 .073�70! -" +,-�70!.

*'��+ �����, % !*��"),��# �1�8'*!�1-,/ !*&��*1-"��# !,/!',--
"�"'0�  7'# .������ !"��# )"1�!*3 �#70!

-)!&�. ���� ��/� (��'$,�&0. ; 1 )"1�0/ 1-"-*1-*)�0/ -,��0= 01-
� % 8"�"-� �0���+"�0-�*3 +,-�70! .������ !"��#. E�")�" =3 )"1-*�"
!07��1*-21# 7� .������ !"��# )"1�!*3 �#70!, �1�8'*!01-( #&*3 % -,,
9� "�"'0� (-21# '*4, 7"�0 1.�1-,�,6,�2 8,� 7�7"-&�!�= 0�<��+"?0=,
8,� "�"'0�  !.'*!  ��!�04�03 1*'. E!*)"/��, -"&*/ "�"'0� !*�'#7"% 7�-
1*-2 �,.�!�*+, "', 7�!�'0 )"1-� .������* )"1�!*3 �#70! % !07��1��
-�)�*+*.

:'07 -"&�6 !07��")*-*, 9� .�!1#&7,��, 6*--# .,!��( +0��( �"-
',6*-2 0 !07 .,�0�7*)��= �+0�* 1,���0!, 9�   1!�( ),��  1 .��!�76 -
%-21# 1.,?*<0)�*+* �+0�"+* 7*�"+0&* 1�?0"'2��-,&���+0)�*3 .��?,-
10!. D�+  01� % �),!*7�" �,�8307�01-2  �"3 !"��# 1,����*3 &�'*!"�2
  .������"3.

© :.5. H�"- 4&", 2007
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>��"),�, !*9, .�!�01-( 1-�1 %-21# -"&�= 1<,�* 70#'2��1-0 8"�&0!-
12&*3  1-"��!, #& &�,7*- !"��#, �1�8'*!� &���-&�1-��&�!,. I"7�!*-
)"/�� !"6'*!*+ % .*-"��# ,<,&-*!���� ���.�70'  ���4�!*3 &�4-0! -"
.������ !"��# +�6'*!*3 �81#�0! &�,7*- !"��#. ��� 7*�"+0&  ! ?0/ �8-
'"1-0 1!07)*-2 -�/ <"&-, 9� �"�"'2�*/ �81#� &�,7*-0!, !*7"�*3  &�"=�-
12&*+* 8"�&"+* <0�*)�*+ �1�8"+, �" 10 +01#?0! 2006 �. 1&'"! .��"7
60 +'�7. ���. A"��+  )"1-*�  ! &�,7*- !"��0 <0�*)�*3 �108 1&'"7"(-2
-"& �!"�0 1.�6*!)0 &�,7*-* – 15,7 +'�7. ���. ���-#��+ 2006 �. �" �*�& 
1.�6*!)��� &�,7*- !"��# 1.�1-,�0�"'�1# 1-0/&, ���1-"��#, 9� % .��-
7�!6,��#+ -,�7,�?0/ 2004-2005 ��. D"&, ! 2004 �. -,+.* ���1-"��#
�8’%+  !*7"�*3 1.�6*!)*3 &�,7*-0! 1&'"7"'* 26 %, " ! 2005 – 71 %.

J�"'0� -,�7,�?0/ 8"�&0!12&��� &�,7*- !"��# �" �1-"��0 ��&* �"-
1!07)*!, 9� ! &�,7*-�0/ .�'0-*?0 8"�&0! !078 '*1# �+0�* – 8"�&* 7,7"-
'0 "&-*!�04, �"��9 (-2 &�,7*-�0 !&'"7,��# ! 1,&-�� 7�+���1.�-
7"�1-! (�*1. 1).

1)�. 1. 2$'.)�) %��!,  3� �!$'()()
,���)�04,5�)() �'!��$�() '!���(,!), 2001-2005 $$.

��)*�"()* � 2002 �., -,+.* �"��9 !"��# �81#�0! &�,7*-0! 7�+�-
��1.�7"�1-!"+ 1-"80'2�� .,�,!*9 (-2 -,+.* &�,7*- !"��# �,<0�"�-
1�!��� 1,&-��" ,&���+0&*. A07.�!07�� -"&" �+0�" -,�7,�?0/ .���")*-
'"1# 0 �" 1-� &- �0 8"�&0!12&*3 &�,7*-0! �" 0�1-*- ?0/�*+* 1,&-��"+*
,&���+0&*: .*-�+" !"�" &�,7*-0! 7�+���1.�7"�1-!"+   �"�"'2��+  �8-
1#�0 !*+�� 8"�&0! �" &�,7*-"+* ! ,&���+0&  ;&�"=�* �" .071 +&"+*
2005 �. ���1'" 7� 24,9 %, -�70 #& 9, .’#-2 ��&0! -�+  ',7!, .,�,!*9 -
!"'" 5 %.
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I, ! �1-"��( ),��  -"&0 �+0�* ! &�,7*-�0/ .�'0-*?0 8"�&0! � +�!-
',�0 �,"&?0%( �" .07!*9,��# �0!�# .'"-�1.��+�6��1-0 �"1,',��#:
  2002 �. 7�3�7* �"1,',��# ���1'* �" 17,1 %, 2003 – �" 16,5 %, 2004 –
�" 27,2 %, 2005 – ��+0�"'2�0 7�3�7* �"1,',��# 1-"��!*'* 365,9 +'�7.
���. 0 .��0!�#�� � 2004 �. ���1'* �" 38,4 % (-"8'. 1). >1�8'*!� 01-�-��
���1'* 7�3�7* �" <��0 -,+.0! �80'24,��# AA�: �"#!�0 7�3�7*, #&0 !*-
&��*1-�! !"'*1# �"1,',��#+ �" .�*78"��# 1.�6*!)*3 -�!"�0! -"
�.'"-  .�1' �   2005 �., ���1'* �" 36,4 %, " �,"'2�0 �"#!�0 – �" 20,1 %.

������  1
6�$�%,��� #&��� , .�7�.) ���'&'��8 9!$�:�)   2002-2005 $$.

������ � 2002 !. 2003 !. 2004 !. 2005 !. 2006 !.

.����!/&(#%01!$ !&(#!$+/!$ 2$�&3#�!$
-+$�$ -�$4#'!�*#', ,�!. 376,38 462,27 589,62 806,18 1070,45

5�(-� 2�&%�$!!0 �& -&-����!/&,& �&*), % 121,0 122,8 127,5 136,7 132,7
6&7&�� !$%�+�!!0, (+!. ,�!. 185073 215672 274241 365923 475200
5�(-� 2�&%�$!!0 �& -&-����!/&,& �&*), % 117,1 116,5 127,2 138,4 129,8
6&'#�*&'&: ��(-� 2�&%�$!!0 889, % 105,5 109,6 112,1 102,4 107,0

I,�8307�� -"&�6 !07+0-*-*, 9� .�* 7�1'076,��0 �81#�0! 1.�6*!-
)*3 &�,7*-0! 1.�1-,�0�"%-21# -"& �!"�" 1,����" 1&'"7�!" (1,����01-2).
�07 1,����01-( 1'07 ��� +0-* 1-0/&  �"&���+0��01-2 !� -�04�2��0)��=
7*�"+0&* -��� "8� 0�4��� #!*9", "8� .��?,1 , #&" .��#!'#%-21#   !� -
-�04�2��0)��+  .07!*9,��0 "8� .��*6,��0 �0!�# -��� "8� 0�4��� .�-
&"��*&" !.��7�!6 �#7  ��&0!.

��* ��")�0/ 7*�"+0)��1-0 .��?,10! &�,7*- !"��# ! 8"�&"3 '��0)-
�*+ 0 7�?0'2�*+ % !*&��*1-"��# 7'# .������  +,-�70! ,&���+0&�-
+"-,+"-*)���� +�7,'(!"��#. K1� % &0'2&" .073�70! 7� +�7,'(!"��#
1,�����1-0, 9� 8"� (-21# �" ��'�!�0/ !'"1-*!�1-0 1,�����1-0 – .�!-�-
�,��# -*.�!*3 �*1 7�1'076 !"���� .��?,1  �" �8+,6,��+  0�-,�!"'0
�#7 , 9� % )"1-*��( 7*�"+0&* .��?,1  ! +,6"3 ��& .

B0!,�2 ���!*-&  1 )"1�*3 �L 1.�*#% ,<,&-*!�0/ �,"'0�"?0= 1&'"7-
�*3 +"-,+"-*)�*3 +�7,',/ 7'# ���!’#�"��# .�*&'"7�*3 �"7"). >7�0%(
� -"&*3 �"7") % �"7")" "�"'0�  0 .������ !"��# -*+)"1�!*3 .�1'07�!-
��1-,/, #&0 �"1-�1�! (-21# ! �0��*3 1<,�"3 70#'2��1-0. ; 7"�*/ )"1
"&- "'2�*+ % "�"'0� 0 .������ !"��# -�!"��*3 0 <0�"�1�!*3 �*�&0! 0�
!*&��*1-"��#+ +,-�70! +"-,+"-*)��= 1-"-*1-*&*. >1�8'*!01-( -*+-
)"1�!*3 �#70!, 9� !07�8�"6"(-2 01-��0( �*�& , % -,, 9� =3 3"�"&-,�*1-
-*&* (?0�*, �81#�* �.,�"?0/, 0�7*&"-��* -�9�) <��+ (-21# � 7,&0'2&�3
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1&'"7�!*3: .�!0'2��= �,�,� '#���= 1&'"7�!�= (-�,�7"), .�!0'2��= 1,-
�����= 1&'"7�!�=, .,�0�7*)��= "8� &�'*!"'2��= 1&'"7�!�= (4!*7&�= �,-
�,� '#���= +"'�= !"�0"?0=) 0 !*."7&�!�= 1&'"7�!�= (�.*1 !"��= !*."7-
&�!*+ .��?,1�+ .,!���� -*. ). A"6'*!�( �1�8'*!01-( -*+)"1�!*3
�#70! ,&���+0)���� 3"�"&-,�  -"&�6 % �"#!�01-2 .,�0�7*)��1-0 0�
�+0���( !,'*)*��( .,�0�7 .

M�1*-2 ?0&"!*+ -" .,�1.,&-*!�*+ % !*&��*1-"��# !,/!',--
"�"'0�  7'# .������ !"��# )"1�!*3 �#70!. A,/!',--"�"'0� % !07��1��
��!*+ +"-,+"-*)�*+ 0�1-� +,�-�+, #&*/ +�6�" �"1-�1 !"-* 7'# &�-
��-&�1-��&�!��� .������ !"��# ,&���+0)�*3 .��?,10!. A0� % �1�8'*-
!*+ !*7�+ '0�0/���� .,�,-!��,��# 1*��"'0!. ; 7"��+  !*."7&  .07 1*-
��"'�+ 1'07 ��� +0-* 7,#&*/  .��#7&�!"�*/ �"80� )*1,'2�� �"<0&1�-
!"��= 0�<��+"?0= .�� .��?,1, �8’%&-, < �&?0( -�9�.

A,/!',-* – ?,  �"�"'2�,�" �"�!" < �&?0/ .,!��= <��+*, '�&"'0��-
!"�*3 .� �10 "�� +,�-0! (�,�"',6�*3 �+0��*3), 0�!"�0"�-�*3 7� �� -
4,��# 0 '0�0/�*3 7� �.,�"?0/ +"14-"8 !"��# (1-*1�,��# "8� ���-#� -
!"��#), 9� +"(-2 !*�'#7 &���-&*3 3!*'2�!*3 ."&,-0! � � '2�!*+ 0�-,-
��"'2�*+ ��"),��#+. A��* 1-!��((-21# �" 7�.�+���( 1.,?0"'2�*3
8"��!*3 < �&?0/, #&0 !*��")"(-2 =3 !*�'#7 0 !'"1-*!�1-0.

A,/!',--< �&?0= 8"�*1  7��!�'#(-2 1&��?,�-� !"-*  !"�  �" -*3
"8� 0�4*3 '�&"'2�*3 �1�8'*!�1-#3 "�"'0��!"�*3 .��?,10!, #&0 �, +�-
6 -2 8 -* !*#!',�0 �" 7�.�+���( -�"7*?0/�*3 .,�,-!��,�2 C �’%
0 N".'"1".

A,/!',--.,�,-!��,��# 1*��"'  – ?, /��� .�,71-"!',��#   !*�'#70
�"�"'2���� �#7  �" 1*1-,+�( 8"�*1�*3 < �&?0/:

 a,b(t) = |�|-1/2  [(t-b)/�],

7,  (t) – +"-,�*�12&*/ (!307�*/) !,/!',-;
t – ��"),��#, 9� = 1, 2…n (n – &0'2&01-2 ��"),�2 !307���� 0�-

-,�!"' );
b – !'"1-*!01-2 �� 4,��# ! )"10;
� – !'"1-*!01-2 �+0�* )"1�!��� +"14-"8 .

A,/!',--< �&?0# .�!*��" �"7�!�'2�#-* 7!0  +�!*:
") 1,�,7�% ��"),��# (0�-,��"' .� !10/ .�#+0/) �0!�, 0;
8) < �&?0# 4!*7&� 1."7"% .�* t !".

���?,1 .�8 7�!* +�7,'0 .������ !"��# �" �1��!0 !,/!',--
.,�,-!��,�2 .,�,78")"% �"1- .�0 70=:
") �,�8307�� !*8�"-* 8"�*1, -�8-� 1*1-,+  < �&?0/, #&0 8 7 -2 !*&�-

� !"-* ��'2 “< �&?0��"'2�*3 &���7*�"-”;
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8) .01'# !*8��  -" .�8 7�!* 8"�*1  < �&?0= .�)"-&�!*/ 1*��"' ���-
&'"7"%-21# �" 7�.�+���( !,/!',--.,�,-!��,��# �" &�+.��,�-*,
" -"&�6 ����"3�! (-21# !07.�!07�0 &�,<0?0%�-*, #&0 .�&"� (-2, �"-
1&0'2&* .�!,70�&" .��?,1  ! 7"�0/ -�)?0 13�6" �" .�!,70�&  !,/!-
',-  �" 7"��+  +"14-"80:

!mk = #
"

"$
s(t)" mk(t)dt,

7, s(t) – !307�*/ �#7 7"�*3 �" 0�-,�!"'0 )"1 t;
 mk(t) – +"-,�*�12&*/ (!307�*/) !,/!',-;
m – ."�"+,-� +"14-"8 ;
k – ."�"+,-� �� 4,��#;

!) !�"3�! ()* �.,�"?0=, #&0 +�6�" �"1-�1�! !"-* 7� !,/!',-0! (�� -
4,��# -" +"14-"8 !"��#), " -"&�6 ����"3�!"�0 �" .�.,�,7�2�+ 
,-".0 &�,<0?0%�-*, 8"�*1�  < �&?0( �7��+0����� 7*1&�,-���� !,/-
!',--.,�,-!��,��# �1 !"(-2 "8� ���-#� (-2 .� �10 )"1 t;

�) .01'# .,�,�,1,��# 8"��!��� !,/!',-  �" �,�8307�*/ 0�-,�!"' )"1 
!.,�,7 �" 7�.�+���( �-�*+"�*3 &�,<0?0%�-0! ".��&1*+"?0= -" 7,-
-"'0�"?0= /��� �,&��1-� ((-2   .�)"-&�!*/ 1*��"' �" 7�.�+���(
?*3 &�,<0?0%�-0! 7'# !*��"),��# -,�7,�?0= 1*��"'  ),�,� 7,#&*/
.��+06�& )"1 :

s(t) =
"

"$%
&

m

"

"$%
&

k
 !mk" mk(t),

7, !mkO – &�,<0?0%�-* 7,-"'0�"?0= -" ".��&1*+"?0=;
 mk(t) – +"-,�*�12&*/ (!307�*/) !,/!',-;
m – ."�"+,-� +"14-"8 ;
k – ."�"+,-� �� 4,��#.

D"&*+ )*��+,   !*."7&  �"#!��1-0 8"��!�= !,/!',--< �&?0= 7'#
�.*1  �"7"���� .��?,1  .�7"'240 70=, .�!’#�"�0 � .������ !"��#+ .,�-
1.,&-*!* �" +"/8 -�%, �!�7#-21# 7� ����"3 �&  &�,<0?0%�-0! ".��&1*-
+"?0= -" 7,-"'0�"?0=, " -"&�6 �� 4,��# 8"��!��� !,/!',-  �" .,�0�7
!.,�,7 0 �8,��,�, .,�,-!��,��# /���   !*307�*/ 1*��"'.

:'07 !07��")*-*, 9� !,/!',--"�"'0� #& �"108 .������ !"��# 7��,-
)�� �"1-�1 !"-* '*4, 7'# �.,�"-*!���� .������ !"��# (�" 1-2 +01#?0).
; .�7"'24�+  6 �, 8 7 -2 !�"3�!"�0 1,����0 &�'*!"��# !307���� 1*�-
�"'  0 .�3*8&" .�������!"�*3 ��"),�2 8 7, �80'24 !"-*12 ("8� �+,�-
4 !"-*12) ! �"',6��1-0 !07 ��"),��# .�.,�,7�2�= -,�7,�?0=.

-)��� !). ; ��8�-0 ����'#� -� �1�8'*!�1-0 .������ !"��# )"1�-
!*3 <0�"�1�!*3 �#70! �  �"3 !"��#+ 1,�����1-0, " -"&�6 �".��.���!"��


