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 � .� . — ��ÿ ë�þ.ó�����ë ÿ  ý í�þ.ó ñ`ÿ��  ��ð�� ; �=ó���ë��^ó
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õ  ý í�þ.ó ñ`ÿ��  ��ð�� ; ����õ���ë�÷
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ü  

��ó ý õ�ë ÿ ë �  !�"#�$� ; 
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õ�ó���ô û
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7 ��"�������%�/�����0��  #���!���������!�������� , 0 .3���������� - ��� - P8����#  U ��%�/�5  )���������"�����!��  (�����7 ��������.�!�!  ����%����������  )�����*,V�����!��  #����������  ����#�1���*;+  !�����%���"���������!�2  �  
��'�%�������!  !�����%���"���������!�� , )�������(���!�����������!��  !  -�(���)�%�#�������.�!�!  ����������� ������*,+  ����"�!�������+���!�1�����(�!$+  
��!��������  ����&�%�!�1�����0��  ����&�����1�����!�� , ��'�� ���  !���74����� ��.�!���2 , )���!���%���1�����!��  �4��%���"�*,+  #�1�����*,+  (  
#�1�������!�5  �  )�������)���(���!�����*,+  ����#�1���*,+  ����&�����'�����(���+  !  )�����*8V�����!��  ��'�����&@����������%�/���*,+  )�����0������ � . B ��������"�����!��  (�����7 ��������.�!�!  ����#�����������%����������  ���  '���&��  (���7 ��"���*  3$��"�!�������+���!�1�����(�!$+  !  
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F@C�A�L	Z�A�S	E@QR[  J�F@J�U	E�M�E@X	C�D�N�E@C  W�[\?	J�GHC�F�E@V  S	U	V  ?	J�D�X	]�M�J  N�A�^�_R_RE@B@E@C�F@M�J  J�QR>@U	E@M�T�S	F@A�I  QRA�S	T�U	V�B@E@E  -
A�D�F�A�W�F�A�Y&A  >@J�?	J�QRC�M�?	J  O =�P -Q`A�S�T�U	V�M�A�?	J  A�>�M�E@X	C�D�N�A�Y&A  E�K&U	T�X�C�F@E@V . 
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>@A�S	Z�A�S	J . =  ^�M�A�Q  D�U	T�X	J�C  ?	J�D�D�QRJ�M�?	E@W�J�C�M�D�V  QRA�S	C�U	a  >@?�A�B@C�D�D�J  Q`A�S�T�U	V�B@E@E , A�D�F�A	W�J�F@F@J�V  F@J  
W�A	K&S	C�I@D�M�W�E@E  F@J  F@C�U	E@F@C�I@F�[\I  ^�U	C�QRC�F@M  (p-n >@C�?	C�Z�A�S  QRA�S	T�U	E@?�T�C�QRA�Y&A  E@F�GHC�N�B@E�A�F@F�A	Y&A  
>@A�U	T�>@?	A�W�A�S	F@E@N�A�W�A	Y&A  U	J�K&C�?	F�A�Y&A  S	E�A�S	J  ( bdcde )) >@E@M�J�fhgiC�Y&A  F@J�>@?	V�GHC�F@E@V  0U  E  A�S	F�A	Y&A  E@U	E  S	W�T�Z  

QRA�S	T�U	E@?�T�fhgiE@Z  O =�P - D�E@Y�F@J�U�A�W  D�E@Y&F@J�U�A�W  QRJ�U�[\Z  J�QR>@U	E@M�T�S . cdC�?	C�QRC�F@F@A�C  F@J�>@?	V�GHC�F@E@C  U , 
S	C�I@D�M�W	T�fhgiC�C  F@J  p-n >@C�?	C�Z�A�S	C  E@F@GHC�N�B@E@A�F@F�A�Y&A  >�A�U	T�>@?	A�W�A�S	F@E@N�A�W�A	Y&A  U	J�K&C�?	F@A	Y&A  S	E@A�S	J , 
V�W�U	V�C�M�D�V  D�T�QRQRA�I  D�W�C�M�A	W�A�Y&A  F@J�>@?	V�GHC�F@E@V  tK ωcos  E  F@J�>@?	V�GHC�F@E@V  Q`A�S	T�U	E@?�T�fhgiC�Y�A  D�E@Y�F@J�U	J  

tK cc ωcos , M�J�N�E@Q  A�L	?	J�K&A	Q , M�A�N  W  ?	J�L	A�X	C�I  M�A�X	N�C  W�A�U	a�M - J�Q`>@C�?	F@A	I  Z�J�?	J�N�M�C�?	E@D�M�E@N�E  bdcde  Q`A�GHC�M  
L	[\M�a  >@?	C�S	D�M�J�W�U	C�F  W  W�E@S	C  ?	V�S�A�W  j`C�I@U�A�?	J , X	M�A  >�A�K"W�A�U	V�C�M  >�A�U	T�X	E@M�a  J�F@J�U	E@M�E@X	C�D�N�A�C  W�[\?	J�GHC�F@E@C  
S	U	V  N�A�^�_R_RE@B@E@C�F@M�J  QRA�S	T�U	V�B@E@E  m. kdJ  ?	E@D�T�F@N	C  >@?	E@W�C�S	C�F@[  ?	C�K&T�U	a�M�J�M�[  ?	J�D�X	]�M�J  K&J�W�E@D�E@QRA�D�M�E  m 
A�M  W�C�U	E@X	E�F@[  J�QR>@U	E@M�T�S	[  QRA�S�T�U	E@?�T�fhgiC�Y�A  O =�P - N�A�U	C�L	J�F@E@V  cK  E  F@J�>@?	V�GHC�F@E@V  >@E@M�J�F@E@V  0U  >@?	E  

A�S	F�A�I  E  M�A	I  GHC  J�QR>@U	E@M�T�S	C  
A�>@M�E@X	C�D�N�A�Y&A  N�A�U	C�L	J�F@E@V  K . l�J�N  
D�U	C�S�T�C�M  E@K  ?	E@D�T�F@N�J  Y�U�T�L	E@F@J  
J�QR>@U	E@M�T�S	F@A�I  Q`A�S	T�U	V�B@E@E  
D�T�giC�D�M�W�C�F@F@A  K&J�W�E@D�E@M  A�M  cK  E  

QRA	GHC�M  L	[\M�a  T�W�C�U	E@X	C�F@J  >@?	E  
T�QRC�F@a�miC�F@E@E  0U , A�S	F@J�N�A , 

D�A�Y�U	J�D�F�A  A�>@T�L	U	E@N�A�W�J�F@F@[�Q  
^�N�D�>@C�?	E@QRC�F@M�J�U	a�F@[\Q  S	J�F@F�[\Q  [1-
4], T�GHC  >@?	E  Y�U�T�L	E@F@C  QRA�S�T�U	V�B@E@E  
60% bdcde  T�Z	T�S	miJ�C�M  A�>@M�E@X	C�D�N�E@C  
>@J�?	J�QRC�M�?	[  E@K&U	T�X	C�F@E@V , >@A�^�M�A	QRT  m 
>@?	E  ?	C�N�A�QRC�F@S	T�C�QR[\Z  0U  S	A�U	GHC�F  

L	[\M�a  A�Y�?	J�F�E@X	C�F  F@J  T�?	A�W�F@C  30-
50%. cd?	C�S	D�M�J�W�U	C�F@F@[\C  K&J�W�E@D�E -

QRA�D�M�E  D�A	A�M�W�C�M�D�M�W�T�fhM  ?	C�GHE@Q�T  QRJ�U	A�D�E@Y�F@J�U	a�F�A	Y&A  W�A	K&S	C�I@D�M�W�E@V  Q`A�S	T�U	E@?�T�fhgiC�Y�A  O =�P - D�E@Y�F@J�U	J  F@J  
p-n >@C�?	C�Z�A�S  U	J�K&C�?	F@A�Y&A  S	E�A�S	J  ( ^�M�A  D�U	C�S	T�C�M  E@K  D�A	A	M�F�A�miC�F�E@V  J�QR>@U�E@M�T�S  K  E  cK ). 

= J�GHF�A  

A�M�QRC�M�E@M�a  X	M�A  >@?	E  E@K"QRC�F@C�F@E@E  0U  ?	J�D�D�QRJ�M�?	E@W�J�C�QRJ�V  D�E@D�M�C�QRJ  QRA	GHC�M  L	[\M�a  A	>@M�E@Q`E@K&E@?�A	W�J�F@J , 
N�?	E@M�C�?	E@C�Q  A�>@M�E�QRE@K&J�B@E�E  W  S	J�F@F�A�Q  D�U	T�X	J�C  D�U�T�GHE@M  D�A�Z�?	J�F@C�F@E@C  QRJ�U�A�D�E@Y�F@J�U�a�F�A�Y&A  ?	C�GHE@QRJ  E  
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|��utS|��2w�}����
x�w�® , v�|�­
�2�2w�³�w��
x��2r  ­��
��w����2w�²Cx�|�«
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~�w�r�±¸tSr��h�2¬  x�r��utSr�}u���
x�x�|�«
�2w  (�2¹ ) x�r  x�w�º¤x�w�� , «§tS�
~�x�w��  w  }
¬?«
|�v�w��  ²Cr�«
�2|��2r��  ~�w�r���r�°C|�x�r  
r�x��2�
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� tS�
~�«
�2r�}����
x�r  w  |���w�«
r�x�r  �2|�~��u���  ��|�±���|C»dr�¼A»dw��  «���|��
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®  |�ª��
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���
²C�
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|�~�x�|�x�r��utSr�}����
x�x�|�±�|  w�°�� z ²C�
x�w�®  r�x��2�
x�x�¬ . ½2¾
¿�À

 Á�Â
Ã7Ã7Ä�Å  Æ�Â
Ç�Ä�È�É  – ÊHÄ�Á ¾
¿�Ë Æ�Ä�ÌCÂ
Ã Ë7¾  Â
Ã7È ¾ Ã7Ã7É  Í ¿�¿�Ë7Î È Ë7Ï�¾
Ð
Ñ Ä�Å  
Î Ä ¿�Ò Æ Ë7Ó Â
Ô Ë7Ë  Á ¿�Ò  Ï Â Ð È
Ä�È
Ã�Ä�Õ�Ä  Á Ë Â Î Â Ó Ä�Ã7Â  0.8…21 Ö+Ö+Ô  

Ð
 
Ñ Ä�Í�×h× Ë Ô Ë7¾ Ã7È
Ä�Ê  Í ¿�¿�Ë7Î È Ë7Ï Ã�Ä Ð È Ë  Ø?Ù  Ã ¾  ÇCÄ ¿�¾
¾  -10 Á�Ú  Ì  Ð
¾
Ñ È
Ä�Æ ¾  Û�Õ ¿ Ä�Ì  Ð
Ñ Â
Ã Ë Æ�Ä�ÌCÂ
Ã Ë7Ò  ± 060

Ë
 ÜSÝSÞ  

Î Ä  ÌCßCÄ�Á�Û  Â
Ã7È ¾ Ã7Ã7É , Ã ¾  Î Æ ¾ Ì�É?à_Â
á)â Ë Ê  3,5 Ì�Ä  Ì Ð
¾ Ê  Ï Â Ð È
Ä�È
Ã�Ä�Ê  Á Ë Â Î Â Ó Ä�Ã ¾ . ãAÃ7È ¾ Ã7Ã7Â  Á�Ä ¿Cä Ã7Â  Ç�É?È À  Ð Ä�Õ ¿ Â Ð Ä�ÌCÂ
Ã7Â  Î Ä  ÌCßCÄ�Á�Ã�Ä�ÊhÛ  Ð Ä Î ÆCÄ�È Ë Ì ¿�¾ Ã Ë á  
Ð
 ¿�Ë Ã Ë7¾ Å  

Î7Ë È
Â
Ã Ë7Ò . å Ä�Á ¾
¿�Ë Æ�Ä�ÌCÂ
Ã Ë7¾  Ë  Æ�Â Ð
Ï�¾ È  Â
Ã7È ¾ Ã7Ã7É  
Î ÆCÄ�Ì�Ä�Á Ë È Ð
Ò  Ì  Î Æ�Ä�Õ�Æ�Â
ÊhÊ ¾  Ansoft HFSS v.10. æçË Æ�Ä Ñ Ä�Á Ë Â Î Â Ó Ä�Ã7Ã7Â Ò  Â
Ã7È ¾ Ã�Ã7Â  Ð
Î ÆCÄ ¾
Ñ È Ë ÆCÄ�ÌCÂ
Ã�Â  Ñ Â Ñ  Á�Ì�ÛCß Ó Â�ßCÄ�Á�Ã7Â Ò  Ð
Î7Ë Æ�Â ¿�À Ã7Â Ò  Â
Ã7È ¾ Ã7Ã7Â , Ð Ä Ð È�Ä Ò â_Â Ò  Ë7Ó  Î7¿ Ä Ð
Ñ Ä�Å  

Ë
 
Ñ Ä�Ã Ë7Ï�¾
Ð
Ñ Ä�Å  

Ï Â Ð È ¾ Å  ( Æ Ë�Ð Û�Ã7Ä Ñ  1,Â ).  

   Â        Ç  è�Ë7Ð Û�Ã7Ä Ñ  1. – Ý Î7Ë Æ�Â ¿�À Ã7Â Ò  Â
Ã7È ¾ Ã�Ã7Â : Ì�Ã ¾ à_Ã ¾
¾  ( Â ) Ë  ÌCÃ7Û�È
Æ ¾ Ã7Ã ¾
¾  ( Ç ) Û Ð È
Æ�Ä�Å Ð È
ÌCÄ   ÊHÄ�Á ¾
¿�Ë  Â
Ã7È ¾ Ã7Ã�É   
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Ñ Â Ò  Ï Â Ð È À  Ä�Ç ¿ Â
Á�Â ¾ È  Ð
¿ Ä ä Ã�Ä�Å  
Ñ Ä�Ã7× Ë Õ�Û�Æ�Â
Ô Ë7¾ Å : 

Î7¾ Æ�ÌCÉ ¾  È
Æ Ë  Ì Ë È Ñ Â  Ñ Â ä Á�Ä�Å  Ì ¾ È
Ì Ë  
Á�Ì�ÛCß Ó Â�ßCÄ�Á�Ã7Ä�Å  

Î7¿ Ä Ð
Ñ Ä�Å  
Ð
Î7Ë Æ�Â ¿�Ë  

Î Æ ¾ Á Ð È
Â
Ì ¿�Ò á)È  Ð Ä�Ç�Ä�Å  
Ð
Î7Ë Æ�Â ¿�À  ãAÆ�ß Ë Ê ¾ Á�Â ; Î Ä Ð
¿�¾  È
Æ ¾ ß  Ì Ë È Ñ Ä�Ì  Ñ Ä�È�Ä�ÆCÄ�Å  – 

¿ Ä�Õ�Â
Æ Ë ×hÊ Ë7Ï�¾
Ð
Ñ Â Ò  ( Æ�Â
ÌCÃ�Ä�Û�Õ�Ä ¿�À Ã7Â Ò ) Ð�Î7Ë Æ�Â ¿�À . ÜhÄ�Ã Ë7Ï�¾
Ð
Ñ Â Ò  Ï Â Ð È À  Î Æ ¾ Á Ð È
Â
Ì ¿�Ò�¾ È  Ð Ä�Ç�Ä�Å  ¿ Ä�Õ�Â
Æ Ë ×hÊ Ë7Ï�¾
Ð
Ñ Û�á  
Ð
Î7Ë Æ�Â ¿�À  Ð  È ¾ Ê  

äA¾
 Û�Õ ¿ Ä�Ê  

Î Ä�Á)( ¾ ÊhÂ , Ï È
Ä  
Ë
 Û  Î7¿ Ä Ð
Ñ Ä�Å , 

Ò Ì ¿�Ò�Ò�Ð
À  Î ÆCÄ�Á�Ä ¿�äA¾ Ã Ë7¾ Ê  Î7¿ Ä Ð
Ñ Ä�Å  
Ð
Î7Ë Æ�Â ¿�Ë . ÜSÄ�Ã Ë7Ï�¾
Ð
Ñ Â Ò  Ð
Î7Ë Æ�Â ¿�À  Î Æ ¾ Á�Ã7Â Ó Ã7Â Ï�¾ Ã7Â  Á ¿�Ò  Æ�Â�Ç�Ä�È
É  Â
Ã7È ¾ Ã7Ã�É  Ã7Â  Ã Ë7ä Ã Ë ß  Ë  Ð Æ ¾ Á�Ã Ë ß  
Ï Â Ð È
Ä�È
Â
ß . *?Ä�Õ�Â
Æ Ë ×hÊ Ë7Ï�¾
Ð
Ñ Â Ò  Ë  Â
Æ�ß Ë Ê ¾ Á�Ä�ÌCÂ  Ð
Î7Ë Æ�Â ¿�Ë  Ä�Ç ¾
Ð
Î7¾
Ï�Ë ÌCÂ
á)È  Æ�Â
Ç�Ä�È
Û  Â
Ã7È ¾ Ã7Ã7É  Ã7Â  Ð Æ ¾ Á�Ã Ë ß  Ë  ÌCÉ Ð Ä ÑCË ß  Ï Â Ð È
Ä�È
Â
ß  Á Ë Â Î Â Ó Ä�Ã7Â . 

Ý  
Î Ä�ÊHÄ�â À á  Ê ¾ È
Â ¿�¿�Ë7Ï�¾
Ð
Ñ Ä�Õ�Ä  Í Ñ Æ�Â
Ã7Â  Ä Ð Û�â ¾
Ð È
Ì ¿�Ò�¾ È Ð
Ò  Ä�È
Æ�Â äA¾ Ã Ë7¾  Ã Ë7ä Ã ¾ Õ�Ä  

¿�¾
Î7¾
Ð È Ñ Â  Ø?Ù  
Â
Ã7È ¾ Ã7Ã7É , Â  Ó Â
È ¾ Ê  

Î ÆCÄ Ë7Ð ßCÄ�Á Ë È  ¾ Õ�Ä  
Î Ä ¿ Ã�Ä ¾  Î Ä�Á�Â
Ì ¿�¾ Ã Ë7¾  Î Ä�Õ ¿ Ä�È Ë È ¾
¿�Ò Ê Ë  Í ¿�¾
Ñ È
Æ�Ä�ÊhÂ�Õ�Ã Ë È
Ã�Ä�Õ�Ä  Ë7Ó�¿ Û Ï�¾ Ã Ë7Ò . è Â
Á Ë Ä Î Ä�Õ ¿ Ä�â_Â
á)â Ë Å  ÊhÂ
È ¾ Æ Ë Â ¿  ÊhÂ
Æ Ñ�Ë  

'2å
-24 

Ð
 Á Ë Í ¿�¾
Ñ È
Æ Ë7Ï�¾
Ð�Ñ Ä�Å  

Î Æ�Ä�Ã Ë Ô7Â ¾ ÊHÄ Ð È À á , 
i−= 3,18~ε  

Ë
 Ä�È�Ã�Ä Ð
Ë È ¾
¿�À Ã�Ä�Å  ÊhÂ
Õ�Ã Ë È
Ã�Ä�Å  

Î ÆCÄ�Ã Ë Ô7Â ¾ ÊHÄ Ð È À á  i−= 8,4~µ  Ä�Ç ¾
Ð
Î7¾
Ï�Ë ÌCÂ
á)È  
Ê Ë Ã Ë ÊhÂ ¿CÀ Ã7É?Å  

Ñ Ä�Í�×h× Ë Ô Ë7¾ Ã7È  Ä�È
Æ�Â äA¾ Ã Ë7Ò  Í ¿�¾
Ñ È
Æ�Ä�ÊhÂ
Õ�Ã Ë È�Ã7É?ß  Ì�Ä ¿ Ã . è�¾
Ó Û ¿�À È
Â
È
É  Æ�Â Ð
Ï�¾ È
Ä�Ì  Î Ä Ñ Â Ó É?ÌCÂ
á)È , Ï È�Ä  Â
Ã7È ¾ Ã7Ã7Â  Î Ä ¿ Ã�Ä Ð È À á  ÛCÁ�Ä�Ì ¿�¾ È
Ì�Ä�Æ Ò�¾ È  Î Ä Ð È
Â
Ì ¿�¾ Ã7Ã7ÉSÊ  È
Æ ¾ Ç�Ä�ÌCÂ
Ã Ë7Ò Ê . Ù2Â Î Æ Ë Ê ¾ Æ , Ã7Â  Ï Â Ð È
Ä�È ¾  800 
å Ö+Ô  Ä�Ã7Â  Ë Ê ¾
¾ È  Í ¿�¿�Ë7Î È Ë7Ï�¾
Ð
Ñ ÛCá  Î Ä ¿�Ò Æ Ë7Ó Â
Ô Ë á  

Ð
 
Ó Â
Á�Â
Ã7Ã7É?Ê  

Ñ Ä�Í�×h× Ë Ô Ë7¾ Ã7È�Ä�Ê  Í ¿�¿�Ë�Î È Ë7Ï Ã�Ä Ð È Ë  Ì  Ð
¾
Ñ È
Ä�Æ ¾  Û�Õ ¿ Ä�Ì  ±110°, Â  Ã7Â  Ï Â Ð È
Ä�È ¾  
21 Ö+Ö+Ô  – Ì  Ð
¾
Ñ È
Ä�Æ ¾  ± 067 . +AÆ�Ä�Ì ¾ Ã À  Ó Â
Á�Ã ¾ Õ�Ä  

¿�¾
Î7¾
Ð È Ñ Â  Á Ë Â
Õ�Æ�Â
ÊhÊ  Ã7Â Î Æ�Â
Ì ¿�¾ Ã7Ã�Ä Ð È Ë  Ã ¾  Î Æ ¾ Ì�É?à_Â ¾ È  
1 Á�Ú  Ì�Ä  Ì Ð
¾ Ê  

Ó Â
Á�Â
Ã7Ã�Ä�Ê  Á Ë Â Î Â Ó Ä�Ã ¾  Ï Â Ð È�Ä�È . 
Þ  Á�Â ¿�À Ã ¾ Å7à ¾ Ê  Ç�ÛCÁ ¾ È  Ë7Ó Û Ï�¾ Ã7Â  ÌCÄ Ó ÊHÄ ä Ã�Ä Ð È À  Æ�Â Ð à Ë Æ ¾ Ã Ë7Ò  Æ�Â
Ç�Ä Ï�¾ Å  

Î Ä ¿ Ä Ð É  
Ï Â Ð È
Ä�È  Ì  

ÌCÉ Ð Ä Ñ Ä Ï Â Ð È�Ä�È
Ã7Û�á  Ä�Ç ¿ Â Ð È À  Ó Â  Ð
Ï�¾ È  Ë7Ó Ê ¾ Ã ¾ Ã Ë7Ò  Á Ë Â
Ê ¾ È
Æ�Â , È
Ä ¿ â Ë Ã7É  
Ë
 
Ñ Ä ¿�Ë7Ï�¾
Ð È
ÌCÂ  Î Ä�Õ ¿ Ä�â_Â
á)â Ë ß  Ð
¿ Ä ¾ Ì . 

 

    
  -    

 ,
.- . .0/�132�465�/
5�7�8  9;:�<)=�>)=�?�@6A
B
C�D

 E6F =�G .
<)H
G

. I @69�J3K  LMLON  PRQ K  P .N .I C�B
<)S�B
B
> , T�U�V�U�WYX�Z�V�[�\�]�^
 
T
_a`�W�ZYb
Z�V�]�c�_�[�\�]�^

 d W�[�eM]�e�f�e  gih W�Z�V�Z  j _�k�_lX�UYb
m�W�Z�V�Z  
f�W�]�nY_aX�[�]�eM_�eMU

, demalex@inbox.ru 

 o
 
S
=�> F B
pqB
r�r6sut  S
@6S
A
B
pqH
t  S
>)v�w�@  

>)S
B
 x =�C�B
B  :)yzB
S
A
=�{�H
|}A
S
v  A F B x =�>)H
r6@6v  <  S
<�= F =�S
A
@  

E B F B
?�H
{�@  
@6r6Gq= F pqH
~6@6@  

@
 x suS
A F =�?�B
�6S
A
>)@6|  F H
?�@6= E B F B
?�H
|}��@6t  :)S
A F =��6S
A
> . o  � A
=��  

S
>)v�w�@
 @6S E =�C)D�w�=�>)H
r�@6B  = E A
@6{�B
S
<)=���=  

: E6F H
>)C�B
r6@6v  E H F H
pqB
A F H
pq@  F H
?�@6=�A
B
t)r6@6{�B
S
<)@�t  :)S
A F =��6S
A
>  
E6F B
?�S
A
H
>)C�v�B
A
S
v  >)B
S
D�pqH

 E B F S E B
<)A
@6>�r6sup . �3E A
@6{�B
S
<)=�B  : E6F H
>)C�B
r6@6B  t)H F H�<)A
B F @6S
A
@6<)H
pq@  
E =�C�: E6F =�>�=�?�r6@6<�=�>�sut  � o�� - � C�B
pqB
r6A
=�>  E =�w�>�=�C�v�B
A  F B
H
C�@6w�=�>)H
A
D  F v�?  

:)S
A F =��6S
A
>  S  F H
S
��@ F B
r�r6supO@  G�:�r6<)~6@6=�r6H
C�D�r6supO@
 
>�=�w�pO=�yur�=�S
A
v�pq@

, 
A
H
<)@6t

 
<)H
<

: 
= E A
@6{�B
S
<)@6B  E B F B
<)C�|}{�H
A
B
C�@ , 

GqH
w�=�> F H���H
A
B
C�@ , S
pqB
S
@6A
B
C�@
, 
=�� F H
r�@6{�@6A
B
C�@  

pO=���r�=�S
A
@
, � o�� -

:)S
@6C�@6A
B
C�@
 
S
 F B
��:�C�@ F :)B
pqsup  

<)= � GqGq@6~6@6B
r6A
=�p  :)S
@6C�B
r6@6v
, 
��B
r6B F H
A
= F s  

S
 
= E A�@6{�B
S
<)=��  E =�?�S
A F =��6<)=��  

{�H
S
A�=�A
s
, 
GqH
w�s

 
@
 
pO=���r�=�S
A
@

 
>)sut)=�?�r�=���=

 S
@6��r6H
C�H
. ��F =�pqB  A�=���= , 

@�w�>)B
S
A
r�=
, 
{�A�=

 
= E A
@6{�B
S
<)=�B  = x C�:�{�B
r6@6B  < F @6S
A
H
C�C�H  ?�@6=�?�H , r6H E6F @6pqB F , 

>
 ��B
r6B F H
A
= F B  r6H  C�H
>)@�r6r�= - E6F =�C�B
A�r�=�p  

?�@�=�?�B
 ( � J3� ), E =�w�>�=�C�v�B
A  :�pqB
r6D���@6A
D  {�H
S
A�=�A
r�suB  ��:�pqs  ��B
r6B F H
A
= F H . �3H
S
A
=�v���H
v

 F H x =�A
H  E =�S
>)v���B�r6H  @6S
S
C�B
?�=�>)H
r6@6|  
>�=�w�pO=�yzr�=�S
A�@

 
: E6F H
>)C�B
r6@6v  pq=���r�=�S
A
D�|  

@
 {�H
S
A
=�A�=��

 
��B
r6B F H
A�= F H  r6H  � J3�  

= E A
@6{�B
S
<)@6p  
C�:�{�=�p

 E =�S
A�=�v�r6r�=��  
@6r�A
B
r6S
@6>)r�=�S
A�@

. o
 F H x =�A
B  S
=�S
A
H
>)C�B
r6H  � <)>)@6>)H
C�B
r6A
r6H
v  S
t)B
pqH  ��B
r6B F H
A
= F H  r6H  � J3�  

S
 
:){�B
A
=�p

 E6F @6S�:�A
S
A
>)@6v  r6H  
p-n – E B F B�t)=�?�B  = E A
@6{�B
S
<)=���=  

S
@6��r6H
C�H
, 

r6H
 

=�S
r�=�>)H
r�@6@
 

<�=�A�= F =��  x suC)=  E =�C�:�{�B
r6=  ?�@6GqGqB F B
r6~6@6H
C�D�r6=�B  : F H
>)r6B
r6@6B  ��B
r6B F H
A
= F H . 9�H
S
S
pq=�A F B
r�s  
@�p E B
?�H
r6S
r6suB  S
>�=��6S
A�>)H  � J3�  E6F @  

= E A�@6{�B
S
<)=�p  
= x C�:�{�B
r6@6@ . �  

A
=�{�<)@
 
w F B
r6@6v  Gq@6w�@6{�B
S
<)@6t

 E6F =�~6B
S
S
=�> , E6F =�@6S
t)=�?�v���@6t  >  w�H E = F r6=�p  
S
C�=�B

 
?�@�=�?�H

 E6F @  
= x C�:�{�B
r6@6@  

B
��=
 
S
>)B
A�=�p

, = E A�@6{�B
S
<)@6�  
S
@6��r6H
C

 x =�C�B
B  <�= F�F B
<)A
r�=  
:�{�B
S
A
D

 
>
 
>)@6?�B

 “
= E A
@6{�B
S
<)=�� ”  

@�p E B
?�H
r6S
r6=��  
?�= x H
>)<)@ . 

J F @  A
H
<)=�p
 E =�?�t)=�?�B  <  H
r6H
C�@6w�:  F B
yz@6pq=�>  F H x =�A
s  

��B
r6B F H
A
= F H  @6S E =�C�D
w�:�B
pq=���= , 
r6H E6F @6pqB F  

>
 F B�yz@6pqB  



 

���������
	
�
 ��
�� 	
�����  � ������� � ���  III � � 
 ��������	
���������  

�
�����
�
���
 
�����
� 
 � 
 ���
	
	  � ���
� �� �!  ��� 
 �  �! , ����"
	������ � ���  	  

� � � ��
 � � ���  
«# ����$  ��	
� ��
�� � ��
�! �
	���	  

�
 
	
�
% 
 � 
 ���  �!  	
����� 
�� �������
	�& ! » 

7

?�B
pq=�?�:�C�v�~6@6@
 I('  - 

= E A
@6{�B
S
<)@6t  <)=�C�B x H
r�@6�  
pq=�yzr�=

 E =�C�D�w�=�>)H
A
D�S
v  = x ��B E6F @6r6v�A
s�pq@  
F H
?�@6=�A
B
t)r6@6{�B
S
<)@6pq@  

pqB
A�=�?�H
pq@
, 
r6B

 
>)?�H
>)H
v�S
D

 E =�? F = x r�=  
>
 � C�B
<)A F =�r6r�suB  E6F =�~6B
S
S
s , E6F =�A
B
<)H
|}��@6B  >

 
?�@�=�?�B

.  
N w�pqB
r6B
r6@6B  E H F H
pqB
A F =�>  ��B
r6B F H
A�= F H  r6H  � J3�  E =�?  

>)=�w�?�B
�6S
A
>)@6B
p
 
= E A
@6{�B
S
<)=���=  

@6w�C�:�{�B
r6@6v
 r6H

 
H
<)A
@6>)r6su�

 � C�B
pqB
r6A  ��B
r6B F H
A�= F H  ~6B
C�B
S�=�= x�F H
w�r�=  F H
S
S
pqH
A F @�>)H
A
D  >  ?�>�:)t  r6H E6F H
>)C�B
r6@6v�t : H ) E6F @  = x C�:){�B
r6@6@  � J3�  
S
>)B
A
=�p

 E =�S
A�=�v�r6r�=��  
@�r6A
B
r6S
@6>)r�=�S
A
@

, 
<)=���?�H

 
>)suv�>)C�v�|}A
S
v

 
@6w�pqB
r6B
r6@6v

 
@�p E B
?�H
r6S
H  

E =�?  
?�B
�6S
A
>�@6B
p

 
r6H

 � J3�  
?)= E =�C�r�@6A
B
C�D�r�=���=  � r6B F ��B
A
@6{�B
S
<)=���=  

>�=�w�?�B
�6S
A
>)@6v
; x ) E6F @  

= x C�:�{�B
r6@6@  
� J3�  � o��  

H
p E C�@6A�:�?�r6=�pO=�?�:�C�@ F =�>)H
r6r�sup  
S
>)B
A�=�p

, 
<�=���?�H

 
>)suv
>)C�v�|}A
S
v

 
@6p E B
?�H
r6S
r6suB  S
>�=��6S
A
>)H  

� J3�  – 
��B
r6B F H
A
= F H , >�=�w x :�yz?�H�B
pq=���=  

S
@6r6t F =�r�r6=  
S
 E6F @6S
:�A
S
A
>�:)|}��B
p  

>
 I)'  – 

<)=�C�B x H
r6@6@  pq=�?�:�C�@ F :)|}��@6p  � o��  – 
S
@6��r6H
C)=�p

, 
{�A�=

 
=�A
< F su>)H�B
A  >)=�w�pO=�yur�=�S
A
D  ?�B
A
B
<)A
@ F =�>)H
r6@6v  I)'  

S
>)B
A
=�>)sut
 <)=�C�B x H
r6@6� . 

N w  E6F =�>)B
?�B
r6r�=���=  
>
 
r6H
S
A
=�v���B
�

 F H x =�A
B  H
r6H�C�@6w�H
 
��B
r6B F H
A
= F H , r6H
t)=�?�v���B
��=�S
v

 E =�?  >)=�w�?�B
�6S
A
>)@6B
p
 E =�S
A�=�v�r�r�=���=  

= E A�@6{�B
S
<)=���=  
S
@���r�H
C�H

, 
S
C�B
?�:)B
A

, 
{�A
=

 E6F @  E =�pO=���@  
= E A�@6{�B
S
<)=���=  >)=�w�?�B
�6S
A
>)@6v

 
r6H

 � J3�  
pO=�yzr�=

 � GqGqB
<)A
@6>)r�=  
: E6F H�>)C�v�A
D  pO=���r�=�S
A
D�|  

��B
r6B F H
A�= F H , E6F @6{�B
p  
pO=�yzB
A

 
x suA
D  <)H
<  :�p�B
r6D���B
r6@6B , A
H
<  @  

:�>)B
C�@6{�B
r6@6B
 
pq=���r�=�S
A
@

. 
J3=�S
A�=�v
r6r�=�B

 
= E A
@6{�B
S
<)=�B  >�=�w�?�B
�6S
A
>)@6B  r6H  

� J3�  
A
H
<)yzB

 E =�w�>�=�C�v�B
A  : E6F H
>)C�v�A
D  {�H
S
A
=�A�=��  
<)=�C�B x H
r6@6�  

��B
r6B F H
A�= F H , =�?�r6H
<)=  
: E6F H
>)C�B
r6@6B  {�H
S
A
=�A�=��

 
pqB
r6B
B

 � GqGqB
<)A
@6>)r6= , 
{�B
p

 
: E6F H
>)C�B
r6@6B  pq=���r�=�S
A
D�| .  o

 
r6H
S
A
=�v���B
�

 F H x =�A
B  E =�<)H
w�H
r�=  
A
H
<)yzB

, 
{�A�=

 E6F @  
>�=�w�?�B
�6S
A
>)@�@

 � o��  I)'  
C�:){�=�p

 
r6H

 H
<)A
@6>)r6:)|
 
= x C�H
S
A
D  < F @6S
A
H
C�C�H  � J3� , E =�pqB
��B
r6r�=���=  

>
 
<�=�C�B x H
A
B
C�D�r6:�|  

S
@6S
A
B
p�:
 � o�� , E6F =�@6S
t)=�?�@6A  w�H
t)>)H
A
su>)H
r6@6B

 
<)=�C�B x H
r6@6�  *;� J3�  

r6H
 
{�H
S
A
=�A
B

 
pO=�?�:�C�@ F :)|}��B
��=  

S
@6��r6H
C�H
 
@
 E6F =�~6B
S
S  = E A
@6{�B
S
<)=��  S
@6r6t F =�r6@6w�H
~6@�@ , 

A
H
<)@6p
 
= x�F H
w�=�p , 

pO=�yzB
A
 x suA
D  @6S E =�C)D�w�=�>)H
r  

?�C�v
 
: E6F H
>)C�B
r6@6v  {�H
S
A
=�A
=��  

<)=�C�B x H
r6@6�  ��B
r6B F H
A
= F H  @  
?�B
A
B
<)A
@ F =�>)H
r�@6v  � o��  I)'  

= E A
@6{�B
S
<)@6t  <)=�C�B x H
r6@6� .  
 

    
 +

., .-�.�/
0�1�2�3
0 , 4 .5 .68790�3
:�;�3   <�=�>�=�?A@�B�>�C�D�E�F
 
<
GIH�?�BAJ
B�>�E�K�G�C�D�E�F

 L ?�C�MNE�M�O�M  PRQ ?�B�>�B  S G�T�GU@�=AJ
V�?�B�>�B  
O�?�E�WAGI@�C�E�MNG�MN=

, 
D�= S G�TA@�=  X GIH�=�?�E�D�E  

 Y(Z�[�\�]�[�^�_`Za[�bac
]`_`d
 e�fag
h`i�j c
k
c
l`_`[�]`]�mon  g ba[�p g k�b  q d
k
c i d
p , h [ q bad
Z�\�] j k
mon  

Z�c
^ i _`r�]`mos  
g
h [ g [�t�c
s  

sud
nac
]`_`r�d g
f [�p  
[�t�Z�c
t�[�k f _  

_
 f [�]`k
c f k
_`Z javxw _�n  

b
 
k
Z�_`t�[ g _ g k
d
suc
n , y b i�y d
k g
y  c f k j c i�z ]`[�p  

h Z�[�t i d
s{[�p  g [�baZ�d�sud
]`]�[�\�[  
suc
|}_�]�[ g k
Za[�d
]`_ y . ~(g
g
i d q [�bac
]`_ y su_  j�g k
c
]`[�b i d
]�[  [1], 

r�k�[
 

e�fag
h`i�j c
k
c
l`_`[�]`]�mod  g ba[�p g k
bac  q d
k
c i d
p  
ba[

 
s{]�[�\�[�s

 
[ h Z�d q d i�y�v k g
y  g [ g k�[ y ]`_`d
s  

[�t�Z�c
^ javxw d
\�[ g
y  ]`c  ]`_`n
 
]`c
]`[ g k
Z jaf k j Z�]`[�\�[  g
i [ y . �  

Z�c
t�[�k
d
 [2] q c
]`[  

[ h _ g c
]`_`d  �9�9�  h Z�d�[�t�Z�c
^�[�bac
k
d i�y  ]`c
 Z�d
^�[�]`c
] g ]�[�s  

sud
k�[ q d , h Z�_�sud
]`d
]`_`d  f [�k�[�Za[�\�[  
bad g
z suc  e��u� d f k
_`ba]`[  h Z�_  

[ h Z�d q d i d
]`_`_  
jag k
[�p`r�_`b�[ g k
_  fai c g k
d
Z�]`mon  

]`c
]�[ g k
Z jaf k j Z  
suc
k�d
Z�_`c i c  h [�bad
Z�na]`[ g k
]�[�\�[  g
i [ y  q d
k
c i d
p  

_
 
_`n

 Z�c
^�sud
Z�[�b
. 

� m h [ i ]`d
]`]`mod  b
 
Z�c
t�[�k
c
n

 [1, 3, 4] 
k
d�[�Z�d
k�_ f [ - e�fag
h d
Z�_`sud
]`k
c i�z ]`mod  _ g
g
i d q [�bac
]`_ y  

� _`^�_`r�d g
f _`n  h Z�[�l`d g
g [�b , h Za[�_ g na[ q�y�w _`n  
b
 
suc�k
d
Z�_`c i c
n  

b
 
^�c
ba_ g _`s{[ g k
_  

[�k
 
b�_ q c , � [�Zasum  

_
 

h Z�[ q [ i�� _`k
d i�z ]�[ g k
_  
b�[�^ q d
p g k
ba_ y  ]`c  ]`_`n  e�fag
h�i�j c
k
c
l`_`[�]`]`mon  � c f k
[�Z�[�b , g b�_ q d
k
d i�z�g k
b j�v k  [  k
[�s

, 
r�k�[

 
]`c
_`ta[ i d
d  h [ i ]�[�p  

nac
Z�c f k
d
Z�_ g k
_ f [�p  
_�^�]�[ g [ g k�[�p f [ g k
_  f Z�_ g k
c i�i _`r�d g
f _`n  

suc
k
d
Z�_`c i [�b  
y b i�y d
k g
y  _`n  h`i [�k
]`[ g k z  e�i d f k
Z�[�]`]`mon  g [ g k�[ y ]`_`p  (

Y(� � ) [5]. �  g [ � c i d
]`_ v , 
b
 
]`c g k�[ y�w d
d  baZ�d
s y  ]`d

 g�j�w d g k
b j d
k  c h`h c
Z�c
k j Z�m  
_
 
sud
k
[ q _ f  q�i�y  ]`d h [ g Z�d q�g k
bad
]`]�[�\�[  

[ h Z�d q d i d
]`_ y  h [ i ]`mon  
Y(� �  

]`c
 

e�i d
sud
]`k
c
Z�] j�v  y r�d
p f�j . �(q ]`c f [  j�q c i [ g
z  jag k
c
]`[�ba_`k z  f [�Z�Z�d i�y l`_ v  
sud �)q�j  

k
d
Z�su[
 
�9� � , k
ba�
Z q [ g k z�v  

_
 
_`^�]�[ g [ g k�[�p f [ g k z�v  

suc
k
d
Z�_`c i [�b  [3]. 
�9k�[�k

 � c f k  t�m i  
_ g
h [ i�z ^�[�bac
]  q�i�y  

jag k
c
]`[�b i d
]`_ y  �9j ] f l`_`[�]`c i�z ]�[�p  g b y ^�_  
sud �)q�j  g [�[�k
]�[�|}d
]�_`d
s  

k
d
Z�s{[
 
�9� �  f [�]`k
c f k
_`Z j d
sumon  suc
k
d
Z�_`c i [�b  

_
 
_`n

 
_`^�]�[ g [ g k�[�p f [ g k z�v . 

~(g
h [ i�z ^ j�y  �9�9�  h Z�d
[�t�Z�c
^�[�bac
k
d i�z  _  jag k
c
]`[�b faj  q�i�y  [ h Z�d q d i d
]`_ y  ]`c
r�c i�z ]`[�p  
k
d
Z�s{[

 
�9� �  

f [�]`k
c f k
_`Z j d
sumon  
suc
k
d
Z�_`c i [�b , b�[�^�s{[ � ]�[  

Z�c q _`[ e�i d f k
Za[�]`]�[�d  ^�[�] q _`Za[�bac
]�_`d  h [�bad
Z�na]`[ g k
d
p  
q d
k
c i d
p , h Z�[�|}d q |�_`n  

sud
n�c
]`_`r�d g
f�jav  
[�t�Z�c
t�[�k f�j  

_ i _  
]`c
na[ q�y�w _`n g
y  b  e�fag
h`i�j c
k
c
l`_`_ . � c f [�d  



 

���������
	
�
 ��
�� 	
�����  � ������� � ���  III � � 
 ��������	
���������  �
�����
�
���  �����
� 
 � 
 ���
	
	  � ���
� �� �!  ��� 
 �  �! , ����"
	������ � ���  	  � � � ��
 � � ���  

«# ����$  ��	
� ��
�� � ��
�! �
	���	  �  	
�
% 
 � 
 ���  �!  	
����� 
�� �������
	�& ! » 

8

^�[�] q _`Z�[�bac
]`_`d  h [�^�b�[ i _`k  h Za[�\�]�[�^�_`Za[�bac
k z  _`^�]�[ g [ g k�[�p f [ g k z  h [�bad
Z�na]`[ g k�]�[�\�[  g
i [ y  q d
k
c i d
p  
_
 

g k
[�p f [ g k z  _ g
h [ i�z ^ j d
su[�\�[  
Z�d �)j�w d
\�[  

_�] g k
Z j sud
]�k
c . Y(Z�d q bac
Z�_`k
d i�z ]`mod  _ g
g
i d q [�bac
]`_ y  h [ f c
^�c i _ , 
r�k
[

 
Z�c
^�Z�c
ta[�k
c
]`]�[�d

 
Z�c q _`[ e�i d f k
Z�[�]`]�[�d  ^�[�] q _`Z�[�bac
]`_`d  h [�bad
Z�na]`[ g k
d
p  f [�]`k
c f k
_`Z j�vxw _`n  

suc
k
d
Z�_`c i [�b  [�t�d g
h d
r�_`bac
d
k  h [�bam9|}d
]`_`d  _`^�]�[ g [ g k�[�p f [ g k�_  
k
Z�_`ta[ g _ g k
d
s  

b
 2-3 

Z�c
^�c
, 
c
 g k
[�p f [ g k z  _`] g k
Z j sud
]`k
c  – q [  4-

n
 
Z�c
^

. 
Y(Z�_

 
q c i�z ]`d
p`|}d
p  

Z�c
^�Z�c
t�[�k f d  g [�[�k
bad
k g k
b j�vxw d
p  
c h`h c
Z�c
k j Z�m  

_
 
sud
k
[ q _ f _ , h [ -

b�_ q _`s{[�s j , g k
c
]`d
k  ba[�^�s{[ � ]`m9s  
k
c fa� d  q _`c
\�]`[ g k
_ f c  _`^�]�[ g [ g k
[�p f [ g k
_  h [�bad
Z�na]`[ g k
]�[�\�[  g
i [ y  q d
k
c i d
p , 

h [ q bad
Za\�] j k
mos  
Z�c
^ i _`r�]`mos  g
h [ g [�t�c
s  

sud
nac
]`_`r�d g
f [�p  
[�t�Z�c
t�[�k f _ , 

_ i _  g k�[�p f [ g k
_  
_ g
h [ i�z ^ j d
su[�\�[  Z�d �(j�w d
\�[  

_�] g k
Z j sud
]`k
c , r�k
[  y b i�y d
k g
y  r�Z�d
^�b�mor�c
p`]�[  
bac � ]�[�p  

^�c q c
r�d
p  q�i�y  g [�baZ�d
sud
]�]�[�\�[  suc
|}_`]�[ g k
Za[�d
]`_ y .  ')(+*�,
-�.�*�/�-�.
 

1.08j k
d
] f [  � .~ . � [�]`k
c f k
]�[�d  ba^�c
_`s{[ q d
p g k
b�_`d  s{c
k
d
Z�_`c i [�b  h Z�_  
k
Z�d
]`_�_

 
_
 
Z�d
^�c
]`_�_

. – � c
\�c
]`Za[�\ : 
~ ^ q -

ba[
 �N�{~  13254 , 2009. – 245 g . 

2.08j k
d
] f [  � .~ ., 
� j Z�[�b  

�
.� ., 68j�g c f [�bac  7 .� . ~(g
h [ i�z ^�[�bac
]`_`d  �9�9�  

Z�c q _`[�b�[ i ]  h Z�_  
_ g
g
i d q [�bac
]�_`_  

h Z�[�l`d g
g [�b  f [�]`k
c f k
]�[�\�[  
ba^�c
_�s{[ q d
p g k
ba_ y  suc
k�d
Z�_`c i [�b . / �  f ] .: 

Y(Z�[�t i d
s{m  g [�baZ�d
sud
]�]�[�p  
g _ g k
d
su[�k
d
na]`_ f _ . 8 c
k
d
Z�_`c i m  

sud �)q�j ]`c
Z�[ q ]`[�p  
]`c j r�]`[ -

k
d
na]`_`r�d g
f [�p  
_
 
]`c j r�]`[ -

sud
k�[ q _`r�d g
f [�p  _`]`k
d
Z�]`d
k
- f [�] � d
Z�d
]`l`_`_ . – � c
\�c�]`Za[�\ , 2009. 

3.08j k
d
] f [  � .~ . 
� i d f k
Za[�]`]`c y  – q _ g
i [ f c
l`_�[�]`]`c y  k
d�[�Z�_ y  f [�]`k
c f k
]�[�\�[  

b�^�c
_`s{[ q d
p g k
ba_ y  
h [�bad
Z�na]`[ g k
d
p  

k�ba�
Z q mon  
k
d i . – � c�\�c
]`Za[�\ : ~ ^ q -

b�[
 � d
na]`[ i [�\�_`r�d g
f [�\�[  

_`] g k
_�k j k
c  13254 , 2007. – 
208 g . 
4.08j k
d
] f [  � .~ . � k
Z jaf k j Z�c  _  g ba[�p g k
bac  suc
k
d
Z�_`c i [�b  b  e�fag k
Z�d
suc i�z ]`mon  j�g
i [�ba_ y n  e�fag
h`i�j c
k
c
l`_`_ . – 
� c
\�c
]`Za[�\ : ~ ^ q -

b�[
 � d
na]`[ i [�\�_`r�d g
f [�\�[  

_`] g k
_`k j k
c  13254 , 2007. – 264 g . 
5.9 m �)f _`]  : .: ., ~(i�y�g [�b  � .� . �  g b y ^�_  

sud �)q�j  _`^�]�[ g [ g k�[�p f [ g k z�v  
_
 � _`^�_`r�d g
f _`su_  g b�[�p g k
bac
s{_  _`] g k
Z j sud
]`k
c i�z ]`mon  

suc
k
d
Z�_`c i [�b  // � d g k
]`_ f  
suc
|�_`]`[ g k
Za[�d�]`_ y , 2000, ;  12. – � . 32-40. 

 
    

  <
.= .>)?A@B?�CED
F�G�H , I .J .KML�N�H�O
L�P�HEO , Q .= .ISRST�?�F�U
G�L�V , W .

<
. W5?�X�D
F�G�H   Y�Z�[�Z�\A]�^�[�_�`�a�b

 
Y
ced�\�^Af
^�[�a�g�c�_�`�a�b

 h \�_�ija�i�k�i  lnm \�^�[�^  o c�p�cq]�ZAf
r�\�^�[�^  
k�\�a�sAce]�_�a�ijc�ijZ

, mkk@egf.tsure.ru) 
 tvu
w�x�y
z{z�w�u
|
}�~

 �{� w��{y
��� �  �{��� y � y
z �{�  �{�
���
� y
| � w��  ��� � � w �
� ��u
| �{� y�u �E���  � z{|
y
z{z  � �E� � y
|
u �  
�{���{� y
z{y
z � y  w�x ���
� ��w��E� �  u � y
��u
|
�  �{��� y � y
z �{�  (

tv�B�
), 

u
 �{� �Ey
u
|
z�w��  ����� � � |
����z{w - ��� u
|
w�|�z�w��  

�E�
����� |
y ��� u
| �{� w��  
�
 � y
� �{� y  �{��� y ��� , �  

w�x �E�
� �{w��E� �  ��� � � w �
� �Eu
| �{� y
u �E���  u���y �  (
tv�+�

), 
u
 

�{� �Ey
u
|
z�w��  
u � �Ew��  

�{y
� � , �{� w�u
| ��� z{u
|��Ey
z{z�w  ��� u � w��Ew���y
z{z{� �  z �  �{� �Ey
u
|
z{w �  ��� u
u
|
w � z ���  
z �  

�
� �Eu
| �{� y
u � w��  
w�u �  � z{|
y�z{z{� . � u
| � w��{u
|
� �  ��� �  �E� � � x � w�� �E�  ��� � � w �
� ��u
| �{� y
u �E�{�  u � u
|
y �  

��w�����z{�
 
w�|��Ey ��� |
}  ��� ���  | � y
x�w�� � z � �  �{� y
��� � �E� � y � � �  ��� �  w�x�y
u � y � y
z �{�  �E�
� y
u
|
� �  �E� � � x � w�� �E� . ���
� w���� ���  � �E� � ~)|
u �  w�x�y
u � y � y
z � y  ��� � �{���  z �  z{y
u
��� ���  | � �Ex ���  � �{�
� y
| � w �  

w�|
 50 

�Ew
 160 ��� . �v���  � |�w �  �E� � � x � w���w � z �
�  u
��y ���  ��w�����z �  � w����Ey
� � � � |
}�u �  z �  | � y �  z � | �E� , � |�w�x��  � u � ��~ ��� |
}  ��w ��� w���z�w�u
|
}  u � y
� y
z �{�  w�|  w�u �  

� w����Ey
u �  �  �{� y
|�}  ��w ��� w���z�w�u
|
}  � y � ��� �{� w�� �E�  ��� u
u
|
w � z �{�  w�|  �
� ��u
| �{� y
u � w��  
u � u
|
y � �  

�Ew
 

�E� � � x � w���w � z�w��  
u
��y � � . ¡ y
� � |
y
��}�z�w , � |�w�x��  � w�z{u
| � � � � �{�  �Eu
| � w��{u
|
� �  � w � ��w�� � � �  w�u
��� y
u
|
� � |
}  u
x�w ��� �  �  

�
 ��� u
|
y � u � w��  �  

z �  �{� ���Ex�y  � � � �Eu � y
��u
|
� � . �  
w � w�z ��� |
y
��}�z�w��  

y � w  
��u
| � z{w�� � w��  

����y
 z{y � w�u � y
��u
|
�Ey
z{z�w  

z �  z{y
u
��� y
�  
| � ��x�y  ��� x�w � |
z{w � w  

��u
| � w��{u
|
� � . �v���  � |�w �  
� � w��  � y������  z{y
u���� �{���  u
| � y
� �
���  

��w�����y
z
 
x��S|
}

 120°, 
|
. 
y
. 
w�x�y
u � y ��� � � |
}  u �{��� y
| ���{� z{�S�  

w � � � |  z{y
u���� y
�  
| � �Ex��  

��� x�w � |
z�w � w  
��u
| � w��{u
|
� � . ¢ � �  � y
� y
z �{�  � � z{z�w��  ��� � �
���  � �E|�w ���
���  �{� y
��� �
��� ~)|
u �  ���
����� x�w�| � z{z{�Sy  ��� � ��� z{�Sy  �Eu
| � w��{u
|
� �  ��� �  �E� � � x � w�� �E�  ��� � � w �
� ��u
| �{� y
u �E���  

u � u
|
y � : 
��u
| � w��{u
|
�Ew  �  

�Eu
| � w��{u
|
��w  
u
 
� � y
|
w �  

y � w  
� w���y � z �{��� � �{� , 

w�x�y
u � y ��� � � ~)� � y  � �{� w�� y
z � y  �  
u
z � ��y
z � y  u
|�w �{� w�u
| �  �{� w��{y
u
u �  �E� � � x � w�� �E�  ���  u � y
|  ��z � �Ey � u � ��}�z{w�u
| �  � w�z{| � � �  � w�����w���z{� �  ��� u
|
y
�  �{���  

�E�Su�w � w��  
|�w � z�w�u
| �  �E� � � x � w�� �E�  ���  u � y
|  w�x�y
u � y � y
z �{�  u�w�� �{� ��y
z �{�  ��u
��w�� � �  �E� � � x � w�� ���  

u
 
��u
��w�� �{�����  ��� u � ��� � | � � �{� . �v� y
��� �
��� y ���
�  



 

���������
	
�
 ��
�� 	
�����  � ������� � ���  III � � 
 ��������	
���������  

�
�����
�
���
 
�����
� 
 � 
 ���
	
	  � ���
� �� �!  ��� 
 �  �! , ����"
	������ � ���  	  

� � � ��
 � � ���  
«# ����$  ��	
� ��
�� � ��
�! �
	���	  

�
 
	
�
% 
 � 
 ���  �!  	
����� 
�� �������
	�& ! » 

9

� w�z{u
| � � � � �{�  � w � ��w�� � y
|  � w����Su � |
}  |�w � z�w�u
|
}  �{��� y � y
z � � , � y�� � |
}  ��� � �
� � , u
� ����� z{z{�E~  
u
 

� w�u
| � z�w�� � w��  
tv�B�

 �  
tv�+�

 
z �  �
� �Eu
| �{� y
u � w��  

w�u �  � z{|
y
z{z{� . 
� � x � � � |
}�u �  w�|  ��w � w��Ez � |
y
��}�z�� �  

� w�z{u
| � � � � � � , � w �{� � � ~)� �{�  �  �
� ��u
| �{� y
u � w�y  � w���y  � z{|
y
z�z{� , �{��� ��w�� � � �{�  �  � w � �E��y
z � ~  
�
� �Eu
| �{� y
u �E���  u �{� z � ��w�� , ��� | � �E��z � ~)� �{�  �{��� � � ��}�z���~  � z{|
y ���{� y
| � � � ~  � y � ����}�| � |
w��  �{��� y � y
z � � . 
�v���{� y
z � |
}  ��� x�w � |
z{�Sy  ��u
| � w��{u
|
� �  u  ��y
u
| �E�{�  ���
�E� y � ��y
z � y �  ��� � � w �
� ��u
| �{� y
u � w��  � z{|
y
z{z{� . ¢ w � w���z � |
y
��}�z�w  

w�x�y
u � y ��� � � y
|
u �  ��z � �Ey � u � ��}�z{w�u
|
}  ��� � ��� z�w � w  
��u
| � w��{u
|
� �  ��� �  ���
� � �{� z�w � w  

| �{�{�  u��E��z � , z �  � w�|�w � w �  ���
�E� y � � � y
|
u �  ��� x�w � |�z�w�y  ��u
| � w��{u
|���w , �  | �
�  ��y  z � ��y
��z�w�u
|
}  ���
�E� y � ��y
z �{�  �  �E��w�x�u
|
�Ew
 �{���  � w�z{| � ��y  � w��  

��w��Ew��
. ¢ � z{z �
�  � w�z{u
| � � � � �{�  � w � ��w�� � y
|  � �{� w�u
| � |
}  �  

�E��y
� y
� � |
}  �{� w��{y
u
u  �E� � � x � w�� �E�  ���  u � y
|  
�{� w�u
|�w�|��  �  

��z � �Ey � u � ��}�z{w�u
| �  � w�z{| � � �  � w�����w���z�� �  ��� u
|
y
�  �  � w��E�Su � |
}  |�w � z�w�u
|
}  �E� � � x � w�� �E�  ���  u � y
|  w�x�y
u � y � y
z �{�  u�w�� �{� ��y
z �{�  ��u
��w�� � �  �E� � � x � w�� �E�  
u
 
��u
��w�� �{�����  ��� u � ��� � | � � �{� . 

 

    
  '

.( . )+*�,�*�-+.�/�.10  2�3�4�5�6�5�7�8�9;:=<
>  7 .9 .? ., @ 2�5�A .4�B�A . CED�F  G .H . I�J 9�<
5�6  K B�A;:�7�2�B  CED�F  D�D�L  MONQP  R .D B R B ? 215 R , C 5�S�9;5�6�S�4�B J  5�TU< . @ :V2 .W :�4�2�B�S�5�6�S�4�8�X .44 Y[Z]\
^�_
`+a 0�, \ /�b  
Z]\�c�d ,�e `+a�` b  

a / a ,�* c1a   . _ /�.10
/1b;f  f aUZ]a�g�`+\VZ * _
` * g  
ZEhi^�a

 .�j�/ aUZEd�k * `+\ , \
l , g . ` . Z b \  -+.�m d�`  j�b ` e  * _
n .�,�e c .�0 a /�b  
nUZ *  

n . _
`�Z . \ /�*�*  
n�\VZ]_
n�\�g�` *�0
/�b;f  

g .�- n , \
g�_ .�0  Z]a�^ *�.�-+.�/�* ` . Z *�/�m a   
_
n�d�` /�* g .�0
b;f  

Z]a�^ *�.�/ a 0
*�m a�o *�.�/�/�b;f  
_ *�m�/ a ,�.�0   

 p
 qir�s�tiu
v
v
u  v
wixiy
u�z�{  v
y
r�|1}1y�|1r  v
s�~1r�u
�[u
x�xi�Q�  }1s��[qi��u
}1v�s�~  r�{
��w�s���s�xiwiy�s�r�w�xi��{  

v
q�|�y
xiwi}1s�~1�Q�  r�{
��wis�xi{
~1w���{
tiw�s�xix��Q�  v
wi��xi{
��s�~  ( �]���+� ) «�+{
~1v
y
{
r » ~1v
y
{
u
y  z�{
��{���{  {
xi{
��wiz�{  
v�|���u
v
y
~�|1����wi�  {
����s�r�wiy
��s�~  s���xi{
r�|���u
xiwi�  v
wi��x�{
��s�~  w  s�y
�1s�r  xi{
wi��s���u
u  ���[�[u
}1y
wi~1xi�Q�  wiz  x�wi�  v  
tiu
�����  ��{
����xiu
�i��u
�  {
��{
qiy
{
tiwiw  }  y
r�u
��|�u��[�Q�  �1{
r�{
}1y
u
r�wiv
y
wi}1{
�  w  q�s�v
��u
��|�����u
��s  
wiv
qis��1��z�s�~1{
x�wi� .  �

 qiu
r�v
qiu
}1y
wi~1xi�Q�  y
w�qi{
�  s���xi{
r�|���wiy
u
��u
�  �[s���x�s  s�y
xiu
v
y
w : 1) ��xiu
r���u
y
wi��u
v
}1wi�  
s���xi{
r�|���wiy
u
���  ( �]� ); 2) ��xiu
r���u
y
wi��u
v
}1wi�  s���x�{
r�|���wiy
u
���  v  xiu
��wixiu
�ixi�]�  qir�u�s���r�{
z�s�~1{
xiwiu
�   
( �]�+�+� ); 3) {
~1y�s�}�s�r�r�u
����tiw�s�x�xi�Q�  s���xi{
r�|���wiy
u
���  v  }1~1{
��r�{
y�|�r�xis��  s���r�{
��s�y
}�s��  ( ��� � � ); 4) 
}1~1{
z�wi}1s���u
r�u
xiy
xi�]�  s���xi{
r�|���wiy
u
���  (

�]� � ); 5) �[xis���s�}1{
xi{
����xi�]�  s���xi{
r�|���wiy
u
���  xi{  s�v
x�s�~1u  
qi{
r�{
����u
����xis���s  v
qiu
}1y
r�{
����xis���s  {
xi{
��wiz�{
y�s�r�{  ( ���]� ). 

�
 s�v
xis�~1xi�]�  q�s�}1{
z�{
y
u
�����  ���[�[u
}1y
wi~1xis�v
y
w  � ���  �]�����  «���

p
�]�[��� » �[s���x�s  s�y
xiu
v
y
w : 1. qis��[u
�1si|�v
y
s��i��wi~�s�v
y
� ; 2. ��|�~1v
y
~1wiy
u
����xis�v
y
� ; 3. 

���Qv
y
r�s���u
�iv
y
~1wiu . p
 qi{
}1u
y
u  qir�s���r�{
�[�  «MATLAB» ���Q��w  q�s�v
y
r1s�u
x��  �1{
r�{
}1y
u
r�wiv
y
wi}1w  qis��[u
�1s�|�v
y
s��i��wi~�s�v
y
w  

|1}1{
z�{
xixi���  y
wiqis�~  s���xi{
r�|���wiy
u
��u
�  �����  «xiu
��y
{
y
xis���s » r�u
��wi�[{  �[|�xi}1tiwis�xiwir1s�~1{
xiwi�  �]���+�  
«�+{
~1v
y
{
r » xi{  �[s�xiu  ��{
|�v
v
s�~1s��  v
y
{
tiw�s�xi{
r�x�s��  q�s��[u
�1w . �]r�{
~1xiw�~1{
�  ��r�{
�[wi}1w , ~�wi��xis , ��y�s  
xi{
wi��s����
��u
�  q�s��[u
�1s�|�v
y
s��i��wi~�s�v
y
���  s�����{
��{
��y  �]� �  ( 99,0=���¡ D  qir�w  4,242 −=¢�¢¡£¤¦¥g ��§ ) w  

�+�Q�  ( 99,0=i
¨�©«ªD  qir�w  2,262 −=¨�©«ª¬¦­g ��§ , ®°¯f ± 300=∆ ); xi{
wi��|1����u
�   - ��� � �   ( 99,0=²´³¦µ�³D  

qir�w  42,142 −=²´³¦µ�³g ��§ );  �]�  w  �]�  �+�  z�{
xiw��[{
��y  qir1s��[u���|�y
s���xis�u  q�s��1s���u
xiwiu   ( 99,0=¶�³D  qir�w  

4,192 −=¶�³·¦¸g ��§ ), ( 99,0=¹�º¶�³D  qir�w  0,172 −=¹�º¶�³·¦¸g ��§ ). »Q���  v
r�{
~1xiu
xiwi�  s���xi{
r�|���wiy
u
��u
�  q�s  

��|�~1v
y
~1wiy
u
����xis�v
y�w  ���Q��w  q�s�v
y
r1s�u
xi�  ��r�{
�[w�}1w  z�{
~1wiv
wi��s�v
y
w  ~1u
r1s���y�x�s�v
y
w  qir�{
~1wi�1��x�s���s  
s���xi{
r�|���u
xiwi�  s�y  �[w�xiwi�[{
����x�s��  ��s���x�s�v
y
w  q�s���u
z�x�s���s  v
wi��xi{
��{  xi{  ~1�1s���u  �����  r�{
z���wi��xi�Q�  
s���xi{
r�|���wiy
u
��u
�  qir�w  v
s�����{
v
s�~1{
xix�s��  w  xiu
v�s����1{
v
s�~1{
xix�s��  q�s  v
qiu
}1y
r�|  qir�wiu
�[u . ��xi{
��wiz�wir�|��  
qis���|���u
xixi�Qu  ��r�{
�[wi}1w  w  |1��wiy
�Q~1{
� , ��y�s  z�xi{
��u
xiw�u  �[s���x�s�v
y
w  q�s���u
z�x�s���s  v
wi��xi{
��{ , wiz���|���{
u
�[s���s  � �  �]���+�  «��{
~1v
y
{
r », xi{��1s���wiy
v
�  ~  ��wi{
qi{
z�s�xiu  ]160;166[ −−∈µ�²P  ��§

p
y , �[s���x�s  v
��u
��{
y
�  ~1�Q~�s�� , 

��y
s  
� ��� , q�s�v
y
r1s�u
xixi�Qu  xi{  s�v
x�s�~1u  �]� , �]�  �+� , ���  

� � , ��s�����xi�  wi�[u
y
�  ~  v
~1s�u��  v
s�v
y
{
~1u  
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xi{
qir�{
~1��u
xixi|��  {
xiy
u
xix�|  v  }1s����[�[witiwiu
xiy
s��  |�v
w���u
xiwi�  12 >²g . 
�]� �  qir�w  12 =²g  wi�[u
u
y  z�{
qi{
v  

qis��[u
�1si|�v
y
s��i��wi~�s�v
y
w   1,4 ��§
p
y , �+�]�  – 0,5 ��§

p
y . 

�+s  r�u
z�|�����y
{
y
{
�  {
xi{
��wiz�{  ��s���x�s  v
��u
��{
y
�  v
��u
��|�� ��wiu  ~��Q~�s���� :  
1) |1��wiy
�Q~1{
� , ��y�s  

�]� �  s���u
v
qiu
��wi~1{
u
y  }1s��1s�~�s�u , {   �+�]�  – ��{
v
y
s�y
xis�u  r�{
z���u
��u
xiwiu  }1{
xi{
�1s�~ , 
y
s  v  |1��u
y
s��  ~��Qv�s�}1wi�  qis�}1{
z�{
y
u
��u
�  q�s��[u
�1s�|1v�y
s��i�1wi~�s�v
y
w  w  ��|�~1v
y
~1wiy
u
����xis�v
y�w , wi�  �[s���x�s  
wiv
qis��1��z�s�~1{
y
�  v  xiu
xi{�qir�{
~1��u
xix�s��  {
xiy
u
xix�s�� ; 

2) }  xiu
��s�v
y
{
y
}1{
�  
�]� �  ��s���x�s  s�y
xiu
v
y
w  xiu�s����1s���wi��s�v
y
�  ~  {
qir�w�s�r1xi�Q�  ��{
xixi�Q�  s  

�[{
xiwiqi|���wir�|1����u
�  �]|1xi}1tiwiw  w  v
r�{
~1xiwiy
u
����xis  xiw�z�}1s�u  ���Qv
y
r1s���u
�iv
y
~1wiu  ~  v
~1��z�w  v  
xiu
s����1s���wi��s�v
y
���  qiu
r�u
�1s�r�{  ~1v
u
�  ����u
u
}  ��wi{
qi{
z�s�x�{  xiu
s�qir�u
��u
��u
xixis�v
y
w  q�s  ��{
v
y
s�y
u  w  z�{
��u
r���}1u ; 

3) �+�Q�  wi�[u
u
y  ��s�������s��  ��wi{
qi{
z�s�x  xiu�s�qir�u
��u
��u
x�xis�v
y
w  q�s  ��{
v
y�s�y
u , ��y�s  y
r�u
��|�u
y  ~1�Qv
s�}1s���s  
���Qv
y
r�s���u
�iv
y
~1wi�  ~1�Q�1wiv
��wiy
u
����xi�Q�  v
r�u
��v
y
~ , ��wi��s  z�xi{
��wiy
u
���
x�s���s  |�~1u
��wi��u
xiwi�  ~1r�u
�[u
x�w  
s���xi{
r�|���u
xiwi�  qir�w  r�u
{
��wiz�{
tiw�w  q�s�v
��u
�1s�~1{
y
u
����x�s���s  {
xi{
��wiz�{ ;  

4) qir�w  wiv
q�s����
z�s�~1{
xiw�w  ��� � �  qis���~1����u
y
v
�  ~�s�z���s���x�s�v
y
�  s�tiu
xiw�~1{
y
�  }�s���s�~1�Q�  wixiy
u
r�~1{
�  w  
r�u
{
��wiz�s�~1�Q~1{
y��  v�s�����{
v�s�~1{
x�xi�Q�  q�s  v
qiu
}1y
r�|  qir�wiu
� . �]�  w  �]�+�+�  xi{
r�����|  v  qir�s�v
y
s�y�s��  r�u
{
��wiz�{
t�wiw  
s�����{
��{
��y  ~1�Qv�s�}1wi�[w  q�s�}1{
z�{
y
u
�����[w  q�s��[u
�1s�|�v
y
s��i��wi~�s�v
y
w  w  ���Qv
y
r1s���u
�iv
y
~1wi� .  

��{
}1wi�  s���r�{
z�s�� , }1{
�����Q�  wiz  s���xi{
r�|���wiy
u
��u
�  �[s��Qu
y  ���Qy
�  wiv
qis�����z�s�~1{
x  qir�w  v
wixiy
u
z�u  � ��� . p
 z�{
~1wiv
wi��s�v
y
w  s�y  ~1{
r�wi{
xiy
{  q�s�v
y
r1s�u
xiwi�  � ��� , s���xi{
r�|���wiy
u
��w  xi{  s�v
x�s�~1u  �]� �  w  �+�]�  �[s���|�y  

���Qy
�  r�u
{
��wiz�s�~1{
x��  ~  �[{
�1s���{
��{
r�wiy
xi�Q�  qiu
r�u
xis�v
xi�Q�  }�s��[qi��u
}1v
{
� ; ��� � � , �]�  w  �]�  �+�  
tiu
��u
v
s�s���r�{
z�x�s  wiv
q�s��1��z�s�~1{
y��  ~  v
y
{
tiw�s�xi{
r�x��Q�  

� ��� , v  wiv
q�s��1��z�s�~1{
x�wiu
�  xi{
qir�{
~1��u
xix�s��  {
xiy
u
xix�� .  
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 %
.& . ')(+*-,  .)/10�243�5�6�587�9;:-<>=�?

 @ 5�:4A�B�083�:;/128C;D�D�E)?  
A�D�=�2-C43�:;=�/FC;/

, @ . .)/10�2G3�5�6�587�9 , kde.def@gmail.com 
 HJI�K�L�M�N�O P�O Q>M�R O S

 T M�N�U�L�V  W+X)Y�W  Z U�[\I�L  ] T O ^�I�K�L�O  _  ` M T�a�b I ` O c  d+a�`)_ R O U ` O T U�^�M ` O S  ^�M�[ ` VJe  
K�O K�L�I Z : 

^�U�Q Z U�[ ` V  
M�^�M T O O  

O
 _�T�a�b I ` O S  

K a�f U�^ , ` M T�a�b I ` O S  T M�N�U�L�V  
M�g T U ] U T L�U�^ , Z U T K _ O e  

O
 T I�h ` VJe  ] U T L�U�^ . i M _ O Z  

U�N T M�Q>U Z  Z U�j a L  N�VJL�k  T I�M�P�O Q;U�^�M ` V  a j T U�Q>V  _ M _  
P�U _ M�P�k ` U�j>U  

O
 

T I�j�O�U ` M�P�k ` U�j>U , 
L�M _  

O
 
j>U�K a�f M T K�L�^�I ` ` U�j>U  Z M�K b L�M�N�M . l  

g�L�U Z  
U�K�U�N�I ` ` U  Z U�j a L  N�VJL�k

 Q>M�O ` L�I T I�K�U�^�M ` V  
L�I T�T U T O K�L�O h�I�K _ O I  U T j�M ` O Q>M�R�O O  

O
 
Q>M T�a N�I�[ ` VJI  K ] I�R K�P a [�N�V . m�T O  

g�L�U Z  a  
_ U ZnZ I T h�I�K _ O e  

L T M ` K ] U T L ` VJe  _ U Zo] M ` O p  
O

 f�T�a j�O e  
j T M�[ f M ` K _ O e  ] U�P�k�Q;U�^�M�L�I�P�I�p  

U�L�K a L�K�L�^ a I�L  f U�K�L a�]  _  
^�U�I ` ` V Z  ` M�^�O�j�M�R O�U ` ` V Z  

K�O�j ` M�P�M Z , 
U�N�P�M f M�crqsO Z  ] U�^�V b I ` ` U�p   

L�U�h ` U�K�L�k�c  
O

 
] U Z I�e�U�Q>M�qsO�qst ` ` U�K�L�k�c . l  ] U�K�P�I f�` O I  j�U f V  ] U�S�^�O P�U�K�k  

N�U�P�k b U�I  _ U�P�O h�I�K�L�^�U  a K�L T U�p K�L�^ , ] T I f�` M�Q ` M�h�I ` ` VJe  f P�S  
] T U�L�O ^�U f I�p K�L�^�O S  T M�N�U�L�I  W+X)Y�W  [1]. u�` O  ` M ] T M�^�P�I ` V  ` M  T M f O�U�g�P�I _ L T U ` ` U�I  ] U f M�^�P�I ` O I  ( X)v+m ) _ M ` M�P�M  «K ])a L ` O _  - ` M�^�O�j�M�R O�U `�` VJp  ] T O t Zn` O _ ». 
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   IP-DECT ')(
 *�+�,  -/.10�243  576�8 , 9/6�3�,�:
;�<=6�2�;/>�6  >�6�? . @)*�A ,B1C ( ;/2�6�9 , 3 .DE642�6�2�3  

@GF�>�0�H
0�I�,�; (�J C  I�0�K . >�6�? . @)*�A  B . * .LM0N<=2�, ( 2�>�0  
 O=P
Q
RTS�Q
U�P

 DECT V  WTX�Y
Y
ZTZ  
S�[�\

 
S X�] Q
^)RT_
` X  aTX [4b�c X�V Q
R Z \  RT_  P
U�_
d�e4_
P  f Q Y P X P
R X ` X  U�Q
c�U�_
^g_
R Z \  Z  

^ Z U X�h�X  ZTY
a�X [4b�c�e�_
P Y \  S�[�\  e Y [�e4`  P
_
[�_
i X R ZTZ  V  S X�] Q  Z  X i ZTY
j . k/Y R X�V Q
RTR j1l  
RTQ

 P
_
m4R X [ X ` Z \�m : 
• TDMA — Time division multiple access ( ] R X�n _ Y P V _
RTR j1l  

S X�Y P
e a  Y  V U�_ ] _
RTR j1]  
] e�[�b�P ZTa [�_ h4Y
Z U X�V Q
R Z _ ] ); 

• FDMA — Frequency division multiple access ( ] R X�n _ Y P V _
R�R j1l  
S X�Y P
e a  Y  f Q Y P X P
R j1]  

] e�[�b�P ZTa [�_ h4Y
Z U X�V Q
R Z _ ] ); 
• TDD — Time division duplex (

S�e a [�_ h4Y R j1l  h Q
RTQ
[  Y  V U�_ ] _
R�R j=]  
U�Q
c�S�_
[�_
R Z _ ] ), 

aTX c V�X [�\�_
P  Y
a _ h P
U  U�Q
S ZTX�Z c�[�e f _
R Z \  U�Q
c�S�_
[ Z P
b  h Q h  aTX  V U�_ ] _
R Z , 
P
Q h  Z  a�X  f Q Y P X P
Q ] . O=P
Q
RTS�Q
U�P

 X�aTZTY
j=V Q
_
P  V c�Q Z�]oX S�_ lTY P V4Z _  d�Q
c X�V�X�l  Y P
Q
RTp ZTZ  Y  ]oX d Z [�b
R j1]oZ  
P
_
U ]qZ RTQ
[�Q ]qZ , a U Z  r P X�]  

]qX�n _
P  X d�_ Y
a _ f�ZTV Q
P
b Y \  h Q h  a _
U�_
S�Q f Q  ` X [ X�Y Q , P
Q h  Z  
S�Q
RTR j m . s1Z Q a Q
c X R  

U�Q
S ZTX�f Q Y P X P , 
ZTY
aTX [4b�c�e�_ ]qj m  S�[�\  a U ZTt
] Q /a _
U�_
S�Q f�Z  — 1880–1900 uwv p . DECT X P
R X�Y
Z P Y \  h  Y
ZTY P
_ ] Q ]  
a Q h _
P
R X�l  

U�Q
S Z�X�Y
V \�c Z  Y  f Q Y P X P
R X -V U�_ ] _
RTR j1]  
U�Q�c�S�_
[�_
R Z _ ]  h Q
RTQ
[ X�V . x RTi X U ] Q
p ZTy  a _
U�_
S�Q y P  aTX  U�Q
S ZTX�h Q
RTQ
[�e  V  V4Z S�_  a Q h _
P X�V , X U�`�Q
R Z c X�V Q
R�R j m  V  h Q
S�U j . z Q n S j1l  h Q
S�U  

S�[ Z P
_
[�b�R X�Y P
b y  10 ]qY  U�Q
c�S�_
[�_
R
 
RTQ

 24 V U�_ ] _
RTR j m  Z RTP
_
U V Q
[�Q  ( {=x ), a U Z�f _ ]  a _
U V4j _  12 {=x  (0-11) Y [�e n Q
P  S�[�\  a _
U�_
S�Q f�Z  
a Q h _
P X�V  V  RTQ a U�Q V [�_
R ZTZ  |E} - ~/} , 

Q
 Y [�_
S�e yM�gZ _  12 {=x  (12-23) 

S�[�\
 a _
U�_
S�Q f�Z  a Q h _
P X�V  V  X d�U�Q
P
R X�]  RTQ a U�Q V [�_
R ZTZ  ~�} -|E} . s e a [�_ h�Y R j _  h Q
RTQ
[ j  Y
V \�c Z  X d�U�Q
c�e y P  aTX�Y [�_
S X�V Q
P
_
[�b�R X�Y P Z  Z c  S V e4m  

a Q h _
P X�V  X S�R X ` X  h Q
S�U�Q  Y  Z RTP
_
U V Q
[ X�]  ] _ n S�e  R Z�]qZ  V  12 {=x . ~ _
U�_
S�Q f e  Z  a U Z _ ]  Z RTi X U ] Q
p ZTZ  V  
DECT V _
S�e�P  RTQ  X S�R X�l  f Q Y P X P
_  ( S�e a [�_ h4Y  Y  V U�_ ] _
RTR j1]  

U�Q
c�S�_
[�_
R Z _ ]  h Q
RTQ
[ X�V .) 16 h Q
S�U X�V  DECT 
X d���_
S Z RT\ y P  V  ] e�[�b�P ZTh Q�S�U . {=Y _  h Q
S�U j  DECT a U X RTe ] _
U X�V Q
R j , 

R X�] _
U�Q  h Q
S�U X�V  ZTY
a�X [�b�c�e y P  a U Z  ^ Z iqU�Q
p ZTZ  Y�X�X d � _
R ZTl  Z  a _
U�_
S�Q y P  aTX  V _ � Q yM� _ ] e  h Q
RTQ
[�e  Q. ~ _
U�_
S�Q f Q  Y
X _
S Z RT_
R Z \  
]qX d Z [�b
R X ` X  

Q
d X RT_
RTP
Q  X P  X S�R X�l  
d�Q
c X�V�X�l  

U�Q�S ZTX�Y P
Q
RTp Z�Z  h  S�U�e�` X�l  V�X  V U�_ ] \  U�Q
c�` X�V�X U�Q  Q
d Y
X [ y P
R X  
RT_
c�Q ] _
P
RTQ  S�[�\  Q
d X RT_
RTP
Q  ( U�_ n�ZT]  handover). � _ Y
]qX P
U�\  RTQ  a�X�V4Y _ ] _ Y P
R X _  ZTY
a�X [�b�c X�V Q
R Z _  ]oX d Z [�b�R X�l  Y
V \�c Z  Y�X P X�V4j m  X�a _
U�Q
P X U X�V , 

V4X�a U X�Y  X  
P X�] , h Q h  X U�`�Q
R Z c X�V Q
P
b  d�_ Y
a U X�V�X S�RTe y  Y
V \�c�b  Y
X P
U�e4S�R ZTh4X�V  V  X i ZTY _ , a�X - a U�_ n RT_ ] e  

X�Y P
Q
_
P Y \  Q h P�e�Q
[�b�R j1] . �/X P
\  V  a�X�Y [�_
S�R Z _  ` X S j  
RTQ
d�[ y S�Q
_
P Y \  c�RTQ f�Z P
_
[�b�R X _  Y R Z�n _
R Z _  P
Q
U Z i X�V , 

aTX [4R X�Y P
b y  
d�_ Y
a [�Q
P
R X�l  Y�X P X�V Q
\  Y
V \�c�b  RT_  Y P
Q
[�Q . {  

P X  n _  V U�_ ] \  V  U�\�S�_  Y [�e f Q
_ V  Y
X P
U�e4S�R ZTh4Z  
a U�_
S a U Z \�P Z \  S X [ n R j  a�X [�b
c X�V Q
P
b Y \  d�_ Y
a U X�V�X S�R X�l  Y
V \�c�b y  V  h Q f _ Y P V _  X�Y R X�V R X ` X  Y U�_
S Y P V Q , f P X  
a U Z  ZTY
a�X [�b�c X�V Q
R ZTZ  

e Y [�e4`  ]qX d Z [�b�R j m  X�a _
U�Q
P X U X�V  RT_ Z c�d�_ n R X  a U Z�V _
S�_
P  h  c�RTQ f�Z P
_
[�b�R X�] e  e V _
[ ZTf _
R ZTy  Y
f _
P X�V  c�Q  U�Q
c�` X�V�X U j . � _
[�_ h4X�]o] e�R ZTh Q
p ZTX RTR j1l  
U j R X�h  a U�_
S�[�Q
`�Q
_
P  S V Q  X�Y R X�V R j m  V Q
U Z Q
RTP
Q  U�_
^g_
R Z \  S�[�\  

X�Y e � _ Y P V [�_
R Z \  d�_ Y
a U X�V�X S�R X�l  X i ZTY R X�l  Y�V \�c Z : DECT Z  Wi-Fi. k d�Q  ZT] _ y P  S X�Y P X�Z R Y P V Q  Z  RT_
S X�Y P
Q
P h4Z , V�X  ] R X ` Z m  Y [�e f Q
\4m  a U Z  V4j d X U�_  U�_
^g_
R Z \  a U Z m X S Z P Y \  e f�Z P j1V Q
P
b  X�Y�X d�_
RTR X�Y P Z  
a U X _ h P
Q . O ZTY P
_ ]oj  DECT a�X S�S�_
U n�ZTV Q y P  d X [�_�_  V4j1Y
X�h e y  

RTQ
`�U�e�c h e , ] _
RT_
_  f e V4Y P V4Z P
_
[�b�R j  h  
aTX�] _
m4Q ]  Z  ZT] _ y P  d X [4b�^ Z�l  

U�Q
S Z e Y  aTX�h U j P Z \ . {  
P X  n _  V U�_ ] \  Y
ZTY P
_ ]qj  Wi-Fi a U X�Y P X  U�Q
c V _
U�P j1V Q
P
b , P
Q h  h Q h  V  R Z m  V  h Q f _ Y P V _  P
U�Q
R Y�aTX U�P
Q  ZTY
a�X [4b�c�e y P Y \  [ X�h Q
[�b�R j _  Y _
P Z  a _
U�_
S�Q f�Z  S�Q
RTR j m .  

DECT - Y
ZTY P
_ ]qj  ]qZTh U X�Y�X P X�V�X�l  Y�V \�c Z  
RTQ

 
P�_
U�U Z P X U Z�Z  a U�_
S a U Z \�P Z \ , Q
d X RT_
R�P Y
h4X ` X  d�_ Y
a U X�V�X S�R X ` X  

S X�Y P
e a Q  - Wireless Local Loop (WLL) h  P
_
[�_ h4X�]q] e�R ZTh Q
p ZTX RTR X�l  Y _
P Z  h Q h  Q
[�b�P
_
U�RTQ
P ZTV Q  a U X�V�X S�R X�] e  aTX S h [ yMf _
R ZTy , 
d j P X�V�j _  P
_
[�_
i X R j .  

Wi-Fi - 
S�[�\

 X U�`�Q
R Z c�Q
p Z�Z  
d�_ Y
a U X�V�X S�R j m  �1{ O  (WLAN) Z  X U�`�Q�R Z c�Q
p Z�Z  

d�_ Y
a U X�V�X S�R X ` X  
S X�Y P
e a Q  

h  Y _
P Z  x RTP
_
U�RT_
P  V  X d � _ Y P V _
RTR j m  ] _ Y P
Q
m , P
Q h4Z m  h Q h  h Q�iq_ , U�_ Y P X U�Q
R j , 
` X�Y P Z R Z p j , h [�e�d j , Q r U X�a�X U�P j  (Hot-spot).  

z  
RT_
S X�Y P
Q
P h Q ]  DECT, a�X�n Q
[�e l , ]oX�n R X  X P
RT_ Y P Z  - 

R Z c h e y  Y
h4X U X�Y P
b  a _
U�_
S�Q f�Z  
S�Q
RTR j m . 

~/X  Y U�Q V RT_
R ZTy  Y  Wi-Fi - X�f _
RTb  R Z c h e y . 
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~/X�r P X�] e  a U ZTX d�U�_
P
Q
\ , h  a U ZT] _
U�e , Y
ZTY P
_ ] e  DECT, 
c�Q h Q
c f�ZTh  V  h Q h4X�l -

P X  ] _
U�_  n _
U�P V e�_
P  ` Z d h4X�Y P
b y , 
Q
, 
S�_
[�Q
\

 Y P
Q V4h e  RTQ  Y
ZTY P
_ ] e  Wi-Fi, Y P X [ h R ZTV Q
_
P Y \  Y  a U X d�[�_ ] Q ]qZ  X d�_ Y
a _ f _
R Z \  
V4j1Y�X�h4X�l  

RTQ�`�U�e�c h4Z  Z [ Z  a�X�h U j P Z \  d X [4b�^ Z m  a [ X�� Q
S�_ l . 
W _
^g_
R Z _  [�_ n Q
[ X  

RTQ
 a�X�V _
U�m4R X�Y P Z : 

U�Q
c�U�Q
d X P f�ZTh4Z  Y e ] _
[ Z  X d���_
S Z R Z P
b  V  X S�R X�]  e Y P
U X�lTY P V _  S X�Y P X�Z R Y P V Q  Y
ZTY P
_ ]  
RTQ

 
d�Q
c�_

 Y P
Q�RTS�Q
U�P
Q  DECT Y  V4X c ]oX�n R X�Y P
\ ]oZ  a�X�Y P
U X _
R Z \  U�Q Y
a U�_
S�_
[�_
RTR j m  Y _
P
_ l . 
O X�X P V _
P Y P V _
RTR X  Y
ZTY P�_ ]qj  

S�Q
RTR X ` X  h [�Q Y
Y Q  aTX [�e f�Z [ Z  
RTQ
c V Q
R Z _  IP-

DECT, f P X  a�X S f _
U h4ZTV Q
_
P  Z m  P
_
m4R ZTf _ Y
h e y  X�Y
X d�_
RTR X�Y P
b : X U4`�Q
R Z c�Q
p Z \  d�_ Y
a U X�V�X S�R X ` X  h Q
RTQ
[�_  
Y
V \�c Z  a�X  Y P
Q
RTS�Q
U�P
e  DECT Z  Z RTP
_�`�U�Q
p Z \  V  h�X U a�X U�Q
P ZTV RTe y  Y _
P
b  aTX  IP. O ZTY P
_ ] Q  ]qZTh U X�Y�X P X�V�X�l  Y
V \�c Z  Avaya IP-DECT ]qX�n _
P  U�Q
d X P
Q
P
b  Y  S V e ] \  
h4X�]q] e�R ZTh Q
p ZTX RTR j1]qZ  a [�Q
P
i X U ] Q ]oZ : IP Office Z  ' O u  (Avaya Communication Manager).  ( Q
c X�V4j _  Y P
Q
RTp Z�Z  a�X S h [ yMf Q y P Y \  RT_ aTX�Y U�_
S Y P V _
RTR X  h  Y _
P Z  a _
U�_
S�Q f�Z  

S�Q
RTR j m . s [�\  
h4X�]q] e�R ZTh Q
p ZTX RTR X�l  a [�Q
P
i X U ]qj  

d�Q
c X�V�j _  Y P
Q
RTp ZTZ  V4j=a�X [�RT\ y P  U X [�b  IP-
^g[ y c X�V , 

Y
X�X P V _
P Y P V _
RTR X  V4Y _  Q
d X RT_
RTP j  ]oX d Z [�b�R X�l  Y�ZTY P
_ ]qj  a U�_
S Y P
Q V [�_
R j  V  h�X�]q] e�R ZTh Q
p ZTX RTR X�]  
Y _
U V _
U�_  h Q h  I W -

Q
d X RT_
RTP j . 
� Q h4Z�]  X d�U�Q
c X�] , V4Y _  ]oX d Z [�b�R j _  Q
d X RT_
RTP j  

\ V [�\ y P Y \  
aTX [4R X i=e�R h p ZTX RTQ
[�b�R j1]qZ  

Q
d X RT_
RTP
Q ]qZ  h�X�]o] e�R Z�h Q
p ZTX R�R X ` X  Y _
U V _
U�Q . ( Q
c X�V4j _  Y P
Q
RTp ZTZ  ]oX `�e�P  RTQ
m X S Z P
b Y \  V  U�Q
c�R j m  aTX S Y _
P
\�m  Z  V  U�Q
c�R j m  V4Z U�P�e�Q
[�b�R j m  Y _
P
\4m  (V-LAN) Z  
S�Q n _  V4j R X�Y
Z P
b Y \  

f _
U�_
c  WAN h Q
RTQ
[ . 
� Q h4ZT]  X d�U�Q
c X�] , 

S�[�\
 X U4`�Q
R Z c�Q
p ZTZ  

d�_ Y
a U X�V�X S�R X�l  Y
V \
c Z  V  e�S�Q
[�_
RTR X�]  i Z [ Z Q
[�_  h4X�]qa Q
R ZTZ  
S X�Y P
Q
P X�f R X  

e Y P
Q
R X�V4Z P�b  P
Q ]  
d�Q
c X�V e y  Y P
Q
RTp ZTy  

U�Q Y
a U�_�S�_
[�_
RTR X�l  Y
ZTY P
_ ]qj  IP-
DECT. 

s1X  Y _
` X S�RT\�^gRT_�` X  
S�RT\

 
S�[�\

 X d�_ Y
a _ f _
R Z \  ]qX d Z [�b
R X�Y P Z  
Q
d X RT_
RTP X�V  V  U�_
^g_
R Z \�m  h4X�]qa Q
R ZTZ  

ZTY
aTX [4b�c X�V Q
[ Y \  P X [4b h4X  Wi-Fi, X d�[�Q
S�Q yM�gZTl  
pT_
[ j1]  

U�\�S X�]  
RT_
S X�Y P
Q
P h�X�V  a�X  Y U�Q V RT_
R ZTy  Y  U�_
^g_
R Z _ ]  DECT: ] Q
[�Q
\  c X RTQ  S�_ lTY P V4Z \  P X�f�h4Z  

S X�Y P
e a Q , X P Y e�P Y P V4Z _  U X e ]qZ RT`�Q  ] _ n S�e  Y _
P
\ ]qZ , 
V4j1Y�X�h Q
\  Y P X�ZT]oX�Y P�b  h4X RT_ f R X ` X  

U�_
^g_
R Z \ , RT_
d X [4b�^ X�l  V4j d X U  
P
_
[�_
i X R X�V . O  

S�U�e�` X�l  Y P X U X R j , IP 
DECT aTX c V�X [�\�_
P  X d�_ Y
a _ f�Z P
b  a U X c�U�Q f R j1l  

m r RTS X�V _
U  ] _ n S�e  d�Q
c X�V4j1]oZ  Y _
P
\ ]qZ  Z  
U X e ]qZ RT`  ] _ n S�e  

DECT Y _
P
\ ]qZ , ̀ X U�Q
c�S X  
d X [4b�^ge y  

c X RTe  X m V Q
P
Q  d�Q�c X�V�X�l  Y P
Q
R�p ZTZ  a�X  Y U�Q V RT_
R ZTy  Y  U�_�^g_
R Z \ ]qZ  Wi-
Fi, 

d X `�Q
P j1l  V4j d X U  
P
_
[�_
i X R X�V  a�X  

S X�Y P
e a R X�l  
pT_
R�_

.   
~/X�r P X�] e , IP DECT a U�_
S Y P
Q V [�\�_
P  Z c  Y _
d�\  e4R ZTV _�U Y Q
[�b�R X _  U�_
^g_
R Z _ , Y
a�X�Y�X d�R X _  U�Q
d X P
Q
P
b  

a U�Q h P ZTf _ Y
h4Z  Y  [ y d X�l  Y
X�V U�_ ] _
RTR X�l  h�X�]o] e�R Z�h Q
p ZTX R�R X�l  a [�Q
P
i X U ]oX�l : NEC, Cisco, Alcatel, 
Avaya IP-DECT Z  

S�U�e�` Z _ . )+*-,�.
/�0�,�1�/�0
 

1.s1Z RT`�_ Y  O .x . uwX d Z [�b�RTQ
\  Y
V \�c�b : P
_
m4R X [ X ` Z \  DECT. - u .: 
O X [ X R - ~ U�_ Y
Y , 2003. 

2.x/V Q
R X�V Q  � .x . zqX U a�X U�Q
P ZTV R j _  Y _
P Z  Y�V \�c Z . - u .: 2=h4X -
� U�_
RTS�c

, 2001. 
3.s1X [ X P X�V  s .{ ., { _
[�[ Z RT`  ' .{ . uwX d Z [�b�R j1l  

P
_
[�_�i X R  
S�[�\

 X i ZTY Q //� _
m4R X [ X ` ZTZ  Z  Y U�_
S Y P V Q  
Y
V \�c Z . 2000. 3  2. 

4.http://ru.wikipedia.org/wiki/DECT 
5.http://www.forum.prodect.ru/ 
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4.      
  

~ U�_
S Y _�S�Q
P
_
[�b  - c�Q V . h Q
i ., a U X i . k .
(

. u Q h Q
U�_ V4ZTf  ��Q ] . a U�_
S Y _
S�Q
P
_
[�\  - S X p . { .
�

. z=X U�R Z _
R h�X  O=_ h U�_
P
Q
U�b  - � .� . �����	��

���  
 �����

 004.056.52 
      

   
 �

.� . �����
�������!  "$#�%	&('!)	*	)�+�,.-�/10	2
 3 )	-(4�5	%�'!-.#�&�6.7	7	8$2  

4�7	0	&�6('!-.0	#96.#
, 3 . "$#�%	&:'!)	*	)�+�, , amirtimur@gmail.com   

 ;!<�=!<�>!?
 @BA!C�D�EFC > C�G ?FH  A!C�I1@BE < D�GF@BD�J ?  K�@BLMEFN�OPJ�C�Q!GB@BR  

? GFST@BQ!L <	UF?F?  V�@BI.G ? K�W ?  V  70- X  Y	@ =!< X  V  
D�V H I ?  D  D�@BI =!< G ? C�L  

?
 V�GFC = Q!C�G ? C�L  

< V�J�@BL < J ? I ? Q�@!V < GFGFZ�X  
? GFSM@BQ!L <�UB? @BGFGFZ�X  D ? D�J�C�L  V  EFQ!@ U C�D�D�Z  ? GFSM@BQ!L <	UF? @BGFGB@!Y1@  @BA!C�D�EFC > C�G ?FH  = C H J�C�W!N�GF@BD	J ?  K�QB[�EFGFZ�X  

?
 D�Q!C = G ? X  EFQ!C = EFQ ?FH J ? R  

?
 

@BQ�Y < G ? I <�UF? R . \]LMC�GFGB@  V  J	@  V�Q!C	L H  EB@ H V ? W ? D�N  EFC	Q!V�Z�C  Q < A!@!J�Z  EB@  EB@BW ? J ? K�C  ?  LT@ = C�W H L  I <�^_? J	Z  K�@BLMEBN�OPJ�C�Q!GF@!R  
? GFSM@BQ�L <�UF?F? .  ` C�D�LM@BJ�Q H  G <  J	@ , 

> J	@  K  G < D�J�@ H�^ C�LM[  V�Q!C�L
C�G ?  Q < I1Q < A!@BJ < GB@  
?
 
< EFQ!@BA ? Q�@!V < GB@  V  EFQ < K�J ?F> C�D�K�@BR  Q!C < W ? I <�UF?F?  A�@BW!N�ab@BC  K�@BW ?F> C	D�J�V�@  Q < I1W ?F> GFZ�X  L < J�C�L < J ?F> C�D�K ? X  LM@ = C�W!C�R  

A!C�I1@BE < D�GB@BD�J ?  K�@!LMEFN�OPJ�C�Q!GBZ�X  D ? D�J�C�L  ( c
d ), V�D�C  @BG ?  @BD�GB@BV�Z�V < OPJ�D H  G <  D�W!C = [�O ^_? X  LMC�J�@ =!< X  [�EFQ < V�W!C�G ?FH  = @BD�J�[�EF@BL  [1]:  
- 
=!? D�K�Q!C UF? @!GFGFZ�X ; 

- L < G =!< J�GFZ�X ; 
- Q�@BW!C�V�Z�X . \]D�J�@BQ ?F> C�D�K ?  

=!< GFGFZ�C  LMC�J	@ = Z  Q < I.V ? V < W ? D�N  V�LMC�D�J�C  D  c
d  
?
 G <  K <�e�= @BL  

? I  f	J < EF@!V  
D�@!@BJ�V�C�J�D�J	V�@BV < W ?  J	@BLM[ , G < D�K�@BW!N�K�@  

=!< GFGBZ�C  c
d  A!Z�W ?  V�K�W!O > C�GFZ  V  EFQ�@ U C�D�D�Z  @BA!Q < A!@BJ�K ?  ? GFSM@BQ!L <	UF?F? . g
 D�@B@BJ	V�C�J�D�J�V ?B?  D  D�@BV�Q!C�LMC	GFGFZ
L ?  J�C�G = C�G UF?FH L ?  Q < I.V ? J ?FH  ? GFSM@BQ�L <�UF? @BGFGB@!Y1@  LMC�GFC =!e LMC�GFJ <  D	@BV�Q!C�LMC	GFGB@BC  EFQ!C = EFQ ?FH J ? C  @BE ? D	Z�V < C�J�D H  K < K  D�@ UF? @BJ�C�X�G ?F> C�D�K <�H  D ? D�J�C�L <  ( d
hTd ), 

EFQ!C = D�J < V�W H O ^_<�H  V�I <�? LT@BD�V H I < GBGF[�O  D�@BV�@BK�[�EFGF@BD�J�N  J�Q!C�X  EF@ = D ? D�J�C�L : D	@ UF?F< W!N�GB@!R , ? GFSM@BQ!L <	UF? @BGFGB@!R , J�C�X�G ?F> C�D�K�@BR  [2]. i]Q!C = EFQ ?FH J ? C  Q < D�D�L < J�Q ? V < C�J�D H  D  J�@ > K ?  I1Q!C�G ?FH  = C�K�@BLMEB@BI ?FUB?F?  EB@  S
[�GFK UF?FH L  
?
 I <�=!<�>B< L  

?
 @BE ? D�Z�V < C�J�D H  K < K  D�@BV�@BK�[�EFGF@BD�J�N  A ? I1GFC�D - EFQ!@ U C�D�D�@!V  Q < I1W ?F> GFZ�X  [�Q!@BV�GFC�R  

? C�Q < Q!X ?F? , Q!C < W ? I	[�O ^_? X  BPM (Business Process Management) K < K  
[�EFQ < V�W H O ^ [�O  LMC�J�@ = @BW�@BY ? O  [3]. c
W < D�D ?F> C�D�K ? C  LM@ = C�W ?  @BE ? D	Z�V < OPJ  [�EFQ < V�W!C�G ? C  = @BD�J�[�EF@BL  K < K  V�I <�? LT@BD�V H I1N  Q!C�D�[�Q!D�@BV , 
EF@BW�GB@BLT@ >!? R  

?
 S
[�GFK UF? R  

?
 @BD�GB@!V�Z�V < OPJ�D H , J < K ? L  @BA!Q < I1@!L , G <  @BQ�Y < G ? I <�UB? @BGFGB@ -a_J < J�GB@!R  D�J�QB[�K�J�[�Q!C  ?  D�J�QB[�K�J�[�Q!C  ? GFSM@BQ!L <�UF? @BGBGFZ�X  Q!C�D�[�QBD�@BV  EFQ!C = EFQ ?FH J ?FH . j < GFG <�H  V�I <�? LT@BD�V H I1N  H V�W H C�J�D H  

D�J < J ?F> GF@!R  
?
 GFC  [ >!? J�Z�V < C�J  EF@ H V�W!C�G ?FH  V  d
hTd  K�@BGFSMW ? K�J	@BV , V�@!I1G ? K < O ^_? X  EFQ ?  

=!? G < L ?F> GB@!L  ? I1LMC�GFC�G ?F?  EFQ�@ U C�D�D	@BV  EFQ!C = EFQ ?FH J ?FH .  g
 Q < A!@BJ�C  EFQ!C = W!@ e C�GB@  

< K�J ? V�GB@BC  [�EFQ < V�W!C�G ? C  = @BD�J�[�EF@BL  G <  @BD�GB@BV�C  H I1Z�K <  D�X�C�L  Q <�=!? K < W!@BV  
[4], K�@BJ	@BQ�@BC  D	@!@BJ	V�C�J�D�J�V�[�C�J  K < K  D�J < J ?F> GF@BR  @BQ�Y < G ? I <�UF? @BGBGB@ - abJ < J�GB@BR  D�J�Q![�K�J�[�Q!C  EFQ!C = EFQ ?FH J ?FH , 
J < K  

?
 
=!? G < L ?F> GF@BR  D�@!V�@BK![�EFGF@BD�J ?  A ? I1GFC�D - EFQ�@ U C�D�D�@BV , > J�@ , V  D�V�@BO  @ > C�Q!C = N , EFQ!C = EF@BW < Y < C�J  Q!C�a_C�G ? C  K�@BGFSMW ? K�J	@BV , V�@!I1G ? K < O ^_? X  V  EFQ�@ U C�D�D�C  S
[�GFK UF? @BG ? Q�@BV < G ?FH  Q!C < W!N�GB@!R  d
hTd . kPl9m!n�o$p!m!q!o$p

 
1. 

`
.r . s < R =!< L < K ? G  t < I1Y	Q < G ?F> C�G ? C  = @BD�J�[�E <  K  

? GFSM@BQ�L <�UF?F?  V  K�@BLTEFN�OPJ�C�Q!GFZ�X  D ? D�J�C�L < X . – 
\]I =!< J�C�W!N�D�J�V�@  u�Q < W!N�D�K�@BY1@  [�G - J < , 2003. – 328 D . 
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2. d .
g

. 
g @BW�@BA![�C�V  '

? W�@BD�@BS ?FH  A!C�I.@BE < D�GB@BD�J ?  D�@ UF? @BJ�C�X�G ?F> C�D�K ? X  D ? D�J�C�L : 
? GFSM@BQ!L <�UF? @!GFGFZ�C  < D�EFC�K�J�Z . – ( .: 

g [�I1@BV�D�K <�H  K�G ? Y < , 2004. – 360 D . 
3. j .

g
. r�W!C�K�D < G = Q!@BV , r .

g
. c
@BD�J�Q�@BV , t .\ . (

< K < Q!@BV , ) .t . *�@BQ�@Ba_C	V <  ( C�J�@ = Z  
?
 LT@ = C�W ?  ? GFSM@BQ!L <	UF? @BGFGB@!Y1@  LMC�GFC =!e LMC�GFJ < . – ( .: '

? G < GFD	Z  
?
 D�J < J ? D�J ? K < , 2007. – 336 D . 

4. r .
g

. +
C > K ? G  ,]A!C�D�EFC > C�G ? C  ? GFSM@BQ�L <�UF? @BGFGB@ -D ? D�J�C�LMGF@!R  A!C�I1@!E < D�GB@BD�J ?  D�W�@ e GB@!R  D ? D�J�C�LMZ  G <  
@BD�GB@BV�C  D�Q!C = Z  GFC�RFQ!@BQ <�=!? K < W�@BV  C�C  EFQ!@BA!W!C�LMGB@BR  @BA!W < D�J ?  // 

` C�RFQ!@BK�@!LMEFN�OPJ�C�Q!Z : Q < I1Q < A!@!J�K <  ?  EFQ ? LMC�GFC�G ? C , h�@BL  1, 2008, - 7. – d  12-19. 
 

    -
   .

. / . 021�3
4�5�6�7
8�4�1 , / . / . 9:1�8�1�;
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­�¢�¬<­6§
»

) + 2 
¦2¥
ª
» Á §  ( ¡�¥�±�¥
¡�¬<­6§
» ) ¡�§
£�¢�«�°  

¢�«
 
¢ µ ­6¢ ¶ ¢  ̈

¢�¦ ¹ ¤�¥ ¨ «
§  £�§
«
§
¡�¥
® ; 
• Í ¦ ¨ ¢�ª
«
º : 512 

¡�§ µ ²6¢�²6±�¬<¥�¸U§
«
¥
¤�¥
®  + 256 
¡�§ µ ²�¢�¦\¢ µ�¼ ¤�¥
® ; 

• 
Ã

 5 
¡�§
±

 
£�°Gª
«
¡�¥
¥

 
¦\¢�­6«
§
·

. 
   Ä ²6ª
«
¥
¦2§  Ä «
¡�¥
¤�¥ Á ® 

¦2¢�·N¥
«
 
´ ¼ ­ ¨ Á ²6¢�­6²6¡<¢�¬<§
«
º  ¨ § ¨  

¬
 
§
¬<«
¢�­�¢�¦\­�¢�¦

 
¡�¥
·N²�¦2¥

 (
ª
 ¹ ¢ µ §
©�¥
®  ±�¬ ¼<¨ ¢�¬�¢�®  

²
 
ª
¬<¥
«�¢�¬�¢�®

 
ª
² ¶ ­6§
¤�²�±�§ Á ²6² , 

¢�«�¢�£�¡�§
·G¥
­6²6¥
¦
 µ ¥
«
§
¤�º�­�¢�®  

²6­6´\¢�¡�¦2§ Á ²6² , ¼�¹ ¡�§
¬<¤�¥
­6²6¥
¦  ¬<­6¥
ÂU­6²�¦2²
 
²6ª ¹ ¢�¤<­6²6«
¥
¤�º�­�°G¦2²  ¼ ª
«
¡�¢�®6ª
«
¬<§
¦2² , 

¬<°G¬�¢ µ ¢�¦  
²�­6´2¢�¡�¦2§ Á ²6²  

­6§
 Î Ã Ë ), 

«
§ ¨  
²
 
ª
 ¹ ¥
¡�¥ µ §
©�¥
®  

«
¡�¥
¬<¢�·N­�°G¯
 
²6±�¬<¥
¸U¥
­6²�®

 ¹ ¢  
¡�§
±�¤<²6©�­6°;¦

 ¨ §
­6§
¤�§
¦  
ª
¬<»�±�²

 
­6§

 ¹6¼ ¤�º�«  Á ¥
­6«
¡�§
¤�²6±�¢�¬<§
­6­�¢ ¶ ¢  ­6§
£�¤�¿ µ ¥
­6²6» . 
Jablotron – ¾ «
¢  

£�¥
ª ¹ ¡<¢�¬�¢ µ ­6§
»  ª
²6ª
«
¥
¦2§  µ ¤�»  ¢�¯<¡�§
­6°  ̈
¬<§
¡�«
²6¡�°

, µ §
©�­6¢ ¶ ¢  µ ¢�¦2² ¨ § , ̈ ¢�«�«
¥ µ ·N§  ²
 ¹ ¥
¡�²6¦2¥
«
¡�§  ¬�¢ ¨ ¡ ¼�¶  ± µ §
­6²6» , ¢�´2²6ª
§  ²  

«
.µ . 

 o¡<¢�²�±�¬�¢ µ ²6«
¥
¤�º  – Ï ¥
¯<²6» . À ª
­6¢�¬�­6°G¥  ¢�ª�¢�£�¥
­6­�¢�ª
«
²  ª
²6ª
«
¥
¦2°
: 

• ÐN¹ ¡�§
¬<¤�¥
­6²6¥  ¢�ª ¼ ¸U¥
ª
«
¬<¤�»�¥
«
ª
»  ª  £�¡�¥
¤ ¨ § , ̈ ¤�§
¬<²6§
« ¼ ¡�° , 
²6¤�²

 
¦\¢�£�²6¤�º�­6² ¨ § ; 

• À  
¬<ª
¥
¯

 
ª
¡�§
£�§
«
°G¬<§
­6²6»�¯

 
¬<°

 ¹ ¢�¤ ¼ ©�§
¥
«
¥  ª
¢�¢�£�¸U¥
­�²6¥  ­6§  ¬<§
Â  
«
¥
¤�¥
´\¢�­

; 
• 1 ¶ ¢ µ  

¡�§
£�¢�«
°
 
¢�«

 
¢ µ ­�¢ ¶ ¢  ̈

¢�¦ ¹ ¤�¥ ¨ «
§  £�§
«
§
¡�¥
® ; 
• É ²6± ¨ ²6®  ¼ ¡�¢�¬<¥
­6º  ¤<¢�·N­6°G¯  

«
¡�¥
¬�¢ ¶  ±�§  ª
©�¥
«  ²6ª ¹ ¢�¤<º�±�¢�¬<§
­6²6»  µ ¬�¢�®6­�¢�®  
¢ ¹ «�²6©�¥
ª ¨ ¢�®  

ª�²6ª
«
¥
¦2°
; 
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• Ä ¤�¢�·N­�°G®  ¹ ¡<¢�«�¢ ¨ ¢�¤  
¡�§ µ ²�¢�ª
¬<»�±�²  

ª
 
¬<°Gª�¢ ¨ ²6¦  ¼ ¡�¢�¬<­6¥
¦  

£�¥
±�¢ ¹ §
ª
­�¢�ª
«
²  µ §
­6­6°G¯ . Å § ¨ ²6¦  
¢�£�¡�§
±�¢�¦

, 
¡�§
ª
ª
¦2¢�«
¡�¥
­6°

 ¹ ¡�²6­ Á ² ¹ ²6§
¤<º�­�°G¥  ¢�ª�¢�£�¥
­6­�¢�ª
«
²  µ ¬ ¼ ¯  
ª
²6ª
«
¥
¦

. 
Ã °G£�¢�¡

 ¢�£<¢�¡ ¼<µ ¢�¬<§
­6²6»  µ ¤�»  ¢�¯<¡�§
­6°  µ ¢�¤<·N¥
­  
¢�ª ¼ ¸U¥
ª
«
¬<¤�»�«
º�ª
»  «�¢�¤�º ¨ ¢  ¹ ¢�ª
¤�¥  ¢ Á ¥
­ ¨ ²  

¢�¯<¡�§
­6»�¥
¦\¢ ¶ ¢  
¢�£�³�¥ ¨ «
§ . ')(+*�,
-�.�*�/�-�.

 
1. 02143656367
8�9�:6;=<  >
7
<6?  @BA�C4D67
:63�3  Jablotron - http://www.jablotron.ru/ 
2. 02143656367
8�9
:6;E<  >
7
<6?  FHG�I�JB> - K=D6L
@B?
G   - http://www.argus-spectr.ru/ 
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­ ����¯ ¡
­
¢   §z¨  £6¤
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­
¡
ª  

� ¥�£6¨�§  ¨�µ  ¡   §4¦ ©  ² � ¨ ��� ¨6­
¤
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� ­�¢B¤
­
¡
­
¢B¤
£6£�¦ ©  £   ² ��  ¢B´�¤
£6¨ ¯  ¥�¤
ª�­
¤
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­
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� ¤
µ � ²   ¡
£ � ¡
­
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­  ² � ¨6§4¤
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§4¤
£�£6¦ ©  ² � ¨6¡
¬ � ¢�¦ ©  ­
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¡
¬B¨ ©  ¡ � ¤
¥�¡
­
¢ . ¼2¤
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��  ¥�¨ � ´ � ¬   ­ ���  ( ¼2½6¾ ) ª�¿B´�À�Á
­
Â
À  Ã�Ä�Å6Æ6Ç  Æ µ  Å6È
Æ6ÉBÃ ´�Á
Á  «®�¿ È ¶ È Á Ç4ÊEË » ¿ Æ6Ä�Ã ¿  ² Ã�Æ Â
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Á ËBÅ6Æ Ì Æ . Í=­ Ã  Ã�É ®�Â
´ Ã ¿B´�Á Å�Ã  Á ± Ã  Å Á ² Ã ¿B­ Ã�Î�Æ6ÇzÃ ¯  Æ  ® Å6Æ Ì È ´�Ï Å6Ã ¯  Â ² Ã Â Ã�É�Å�Ã Â
­
Ï
¹  Ã�É�Å6È
Î ®�¶HÁ Å6Æ À  ´�¹ É�ÊEË  Î�È
Ä�Æ6Ã º�´�Á
ÌB­ Î�Ã�Å6Å6ÊEË  ®BÂ
­ Î�Ã ¯ Â
­
¿ , Æ6Ç Á
¹)Ð Æ6Ë  ¿  Â
¿ Ã Á Ç  Â Ã Â
­ È ¿BÁ  ² Ã ´�® ² Î�Ã ¿ Ã�Ä�Å6Æ Ì Æ , ¿  Â
­ ÎBÃ�Æ ­
Á
´�Ï Å6ÊEË  Ì Ã�Å Â
­ Î ®BÌB° Æ À Ë , ² Î Á Ä�Ç Á
­ È
Ë  Æ6Å ­
Á Î Ï�Á Î�È  Æ  ­ . Ä ., »�­ Ã  Ä Á
´ È Á
­  ¼2½�¾  È
É Â Ã ´�¹)­ Å�Ã  Å Á�µ È
Ç Á Å6Æ6ÇzÊEÇ  ² Î�Æ  ² ÎBÃ ¿BÁ Ä Á Å6Æ6Æ  ² Ã�Æ Â
Ì Ã ¿ ÊEË  Ç Á ÎBÃ ² Î�Æ À�­ Æ ¯ .  ÑEÒ�Ó+Ô6Õ+Ó+Ö

 ×�Ø�Ù
Ú�ÛBÚ�Ü  
Õ Ø  Ý�Ø�Þ�ÛBÚ�ß  àâá`ã . ä=å
æ  ç6è�é�ê
ë
ì
í6î , ï�î�ðBñ�òâç�í6ë
ì
é�î  ó2ô�õ  ö�å
ïBî�ì
å
÷)ì  í6å  î�ø�í�î�ù  ú�å
ë
ì
î�ì
ê  ç6ð�ç  ç6û4ê
÷)ì  í6ê
ï�î�ð�ñ
òüî�ù  ú�å
ë
ì
î�ì�í�ýEù  ø�ç6å
þ6å
è�î�í  ø�ð�ÿ  þ6ê
ö�ê
ë
ì
ö�î�ù6æBç . �=ì�î  ë
î�è�ø�å
ê
ì  æBå
æ  û4ç6í6ç6û���û  ì
ö�ç  þ6öBî�ï�ð�ê
ûzý : 

• �����4ê�æBì  «í��Bð�ê
éBî���î  ö�å
ë
ë
ì�î�ÿ�í�ç6ÿ » þ6ö�ç  ö�å
ï�î�ì
ê  ó2ô6õ  í6å  î�ø�í�î�ù  ú�å
ë
ì
î�ì
ê ; 
• û4í6î���ç6ê  ��ë
ì
ö�î�ù6ë
ì
éBå  ûzî�����ì  ø�å
éBå
ì
ñ  ö�å
è�ð�ç6ú�í6ýEù  î�ì
æBð�ç6æ  é  è�å
éBç6ë
ç�ûzî�ë
ì
ç  î�ì  ç6è�ð	��ú�å
ê
û4î�ù  ú�å
ë
ì
î�ì
ý  ó2ô�õ ; 
• þ6ö�ç  ö�å
ï�î�ì
ê  í6å  î�ø�í6î�ù  ú�å
ë
ì
î�ì
ê  é�î�è�ûzî�
Eí�î  î�ï�í6å
ö���
Hê
í6ç6ê  ö�å
è�ð�ç6ú�í6ý
�  þ6î�û4ê�� , ë
î�è�ø�å
éBå
ê
û4ý
�  òâç6öBî�æBî  þ6ö�ç6û4ê
í6ÿ�ê�û4ýEûzç  ï�ê
ë
þ6ö�î�é�î�ø�í�ýEû4ç  ��ë
ì
ö�î�ù6ë
ì
éBå
û4ç . �2ì
å
æ , ú�ê
û  òâç6ö�ê  ú�å
ë
ì�î�ì
í6ý=ù  ø�ç6å
þ6å
è�î�í , ì
ê
û  �����4ê
æBì
ç6éBí6ê
ê  ö�å
ï�î�ì
å  þ6öBç6ï�î�ö�å  [1]. ÑEÒ�Ó+Ô6Õ+Ó+Ö

 �EÛ	� Õ Û�Ù
Ú Ó  
Ó���Ò ß�× Ö
Õ+Ó+Ô . �2ì  û4î	�âí�î�ë
ì�ç  ç6è�ð	�Bú�ê
í6ç6ÿ  ð�î�æBå
ì
î�ö�å  è�å
é�ç6ë
ç6ì  ��ð	��ï�ç6í6å  þ6ö�î�í6ç6æBí�î�éBê
í6ç6ÿ  ��ð�ê
æBì
ö�î�û4å���í6ç6ì�í�î�ù  é�î�ðBí6ý . �2ú�ê
éBç6ø�í6î , ú�ì�î  ú�ê�û  é�ýEòâê  ûzî��âí�î�ë
ì
ñ , ì
ê�û  ï�î�ðBñ�òâê  éBê
ö�î�ÿ�ì�í�î�ë
ì
ñ  ç  ø�å
ð�ñ�í6î�ë
ì
ñ  î�ï�í6å
ö	��
Hê
í6ç6ÿ  þ6î�û4ê��âê�í6í6î�ù  é  ��æBö�ýEì
ç6ê  è�å
æBð�å
ø�æBç .  ó2î  é  ë
éBÿ�è�ç  ë  ì
ê
û , ú�ì
î  ïBî�ð�ñ
òâç6í6ë
ì�é�î  ó2õEô  ö�å
ï�î�ì
å
ê
ì  é  ø�ç6å
þ6å
è�î�í6ê  ����� , ïBî�ð�ñ�òâå
ÿ  ûzî	�âí�î�ë
ì
ñ  ç6è�ð	��ú�ê
í6ç6ÿ  û4î�
Hê
ì  î�æBå
è�ý=éBå
ì
ñ  éBö�ê
ø�í6î�ê  é�î�è�ø�ê
ù6ë
ì
éBç6ê  í6å  î�þ6ê
ö�å
ì
î�ö�å .  ÑEÓ�� Ü  

Ó���Ò ß�× Ö
Õ+Ó+Ô . �Eð�ÿ  ��éBê
ð�ç6ú�ê
í6ç6ÿ  ø�å
ð�ñ�í6î�ë
ì
ç  ø�ê
ù6ë
ì
éBç6ÿ  ó2ô�õ  ç  �����4ê
æBì
ç6éBí�î���î  î�ë����âê
ë
ì
éBð�ê
í6ç6ÿ  ö�å
ï�î�ì
ý  þ6ö�ç6ï�î�ö�å  þ�î  ðBî�æBå
ð�ç6è�å���ç6ç  �	�  é  ë
î�éBö�ê
û4ê
í�í6ý
�  éBç6ø�å��  ó2ô�õ  þ6ö�ç6û4ê
í6ÿ�÷)ì  ö�ê�
Hç6û4ý  ë  í6ê
þ6ö�ê
ö�ý=éBí�ýEû  ç  ç�û4þ���ð�ñ�ë
í6ýEû  ç6è�ð	�Bú�ê
í6ç6ê
û . �Hú�ç6ì
ýEéBå
ÿ , ú�ì�î  �����4ê
æBì
ç6éBí6î�ë
ì
ñ  þ6ö�ê
î�ï�ö�å
è�î�éBå
í6ç6ÿ  î�þ6ö�ê
ø�ê
ð�ÿ�ê
ì
ë
ÿ   þ6ç6æ�î�é�ýEû  è�í6å
ú�ê
í�ç6ê
û  ûzî	�âí�î�ë
ì
ç  ç6è�ð	��ú�ê
í6ç6ÿ ,  ø�å
ð�ñ�í6î�ë
ì
ñ  ø�ê
ù6ë
ì
éBç6ÿ  ð�î�æBå
ì�î�öBî�é , ö�å
ï�î�ì
å
÷ �âç��  é  ç�û4þ���ð�ñ�ë
í6î�û  ö�ê�
Eç6û4ê , î�æBå
è�ýEéBå
ê
ì
ë
ÿ  é�ýEòâê , ú�ê
û  �  þ6ö�ç6ï�î�ö�î�é , 
paï�î�ì
å
÷ �âç��  ë  í6ê
þ6ö�ê
ö�ýEé�í6ý=û  ç�è�ð	�Bú�ê
í6ç6ê
û . 
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' Õ Ø Ò�Ó��  Õ Ø  Û�Ù Õ Û�( Ö  )�Ø�Ý��EÛ Õ+Ó+* . ó2ô�õ  î�ï�í6å
ö���
Hç6éBå
ê
ì  í6ê
ð�ç6í6ê
ù6í6ýEê  ë
é�î�ù6ë
ì
éBå  þ6î�ð	��þ6ö�î�é�î�ø�í6ç6æ�î�é  ( ,-, ), ç6û4ê
÷ �âç��Bë
ÿ  é  ë
î�ë�ì
å
éBê  ð�÷)ï�ý
�  ö�å
ø�ç6î���ð�ê
æBì
ö�î�í6í6ý
�  è�å
æBð�å
ø�í6ý �  
�Bë
ì
ö�î�ù6ë
ì
é  ( �	� ). ä=å
æ  ç6è�éBê
ë
ì
í�î , ó2ô�õ  ûzî	
Hê
ì  î�ï�í6å
ö	��
Hç6éBå
ì
ñ  ç  î�þ6ö�ê
ø�ê
ð�ÿ�ì
ñ  û4ê
ë
ì�î�þ�î�ðBî�
Hê
í�ç6ê  ð�÷)ï�î���î  ��ð�ê
æBì
ö�î�í6í�î���î  ��ë
ì
ö�î�ù6ë
ì
éBå  í6ê
è�å
éBç6ë
ç�ûzî  î�ì  ì�î���î , éBæBð�÷)ú�ê
í�î  î�í�î  ç6ð�ç  í6ê
ì . ,2ö�ç  ö�å
ïBî�ì
ê  ó2ô�õ  ç6è�ð	�Bú�å
ê
ì  ���  ë
ç���í6å
ð , æ�î�ì�î�öBýEù  ð�ê���æ�î  þ6öBî�í6ç6æ�å
ê
ì  éBî  û4í�î	��ç6ê  û4å
ì
ê
öBç6å
ð�ý . ,2ö�ç6ê
û4í6ç6æ  ó2ô6õ  þ6ö�ç6í6ç6û4å
ê
ì  æBö�å
ì
í6ýEê  ��å
ö�ûzî�í6ç6æBç  î�ì
ö�å�
Hê
í�í�î���î  ë
ç���í6å
ð�å (2f, 3f). ,2î�ÿ
éBð�ê
í6ç6ê  é  î�ì
ö�å�
Hê
í6í�î�û  ë
ç���í6å
ð�ê  ��ì
ç��  ��å
ö�ûzî�í6ç6æ  î�ï	��ë
ð�î�éBð�ê
í6î  í6ê
ð�ç6í6ê
ù�í6î�ë
ì
ñ�÷  �Bå
ö�å
æBì
ê
ö�ç6ë
ì
ç6æ  ,-, , é �Bî�ø�ÿ��üç��  é  �	� . . û4þ6ð�ç6ì���ø�ý  ��å
ö�û4î�í6ç6æ  é�î  ûzí�î���î�û  è�å
éBç6ë
ç6ì  î�ì  �Bå�ö�å
æBì
ê
ö�å  í6ê
ð�ç6í6ê
ù6í6î�ë
ì
ç  ��ð�ê
æBì
öBî�ö�å
ø�ç6î���ð�ê
û4ê
í6ì�î�é , é �Bî�ø�ÿ��âç��  é  ë
î�ë
ì
å
é  �	� , ç  ûzî��üí�î�ë
ì
ç  ç6è�ð	��ú�ê
í6í6î���î  ��ð�ê
æBì
öBî�û4å���í6ç6ì
í�î	��î  þ�î�ð�ÿ .  ��å
ì
ö	�Bø�í6ê
í6ç6ê  þ6ö�ç  î�ï�í6å
ö	��
Hê
í6ç6ç  éBýEè�ý=éBå
ê
ì  ì�î , ú�ì�î  í6ê
ð�ç�í6ê
ù6í6î�ë
ì�ñ  �Bå
ö�å
æBì
ê
ö�í6å  í6ê  ì
î�ð�ñ�æ�î  ø�ð�ÿ  ,-,  ö�å
ø�ç6î���ð�ê
æBì
ö�î�í6í�ý
�  ë
ö�ê
ø�ë
ì
é , í6î  ç  ø�ð�ÿ  ì
å
æ  í6å
è�ýEéBå
ê
û4ý
�  / �-/ - ø�ç6î�ø�î�é  ( û4ê
ì
å
ð�ð  – î�æBç6ë
ê
ð  – û4ê
ì
å
ð�ð ).  

�Eð�ÿ  ,-,  - ë
î�ê
ø�ç6í6ê
í6ç6ù  þ6ö�ç6éBê
ø�ê
í6í6å
ÿ  é�ýEòâê  �zî�ö�û���ð�å  î�þ6ç6ë
ýEéBå
ê
ì
ë
ÿ  æBö�ç6é�î�ù  � .10  å  ø�ð�ÿ  
/ �-/ - ø�ç6î�ø�î�é  ��ì
å  æBö�ç6éBå
ÿ  í6ê  û4î�
Hê
ì  ï�ýEì
ñ  î�þ6ç6ë
å
í6å  ë
ì
ö�î���î�ù  �zî�ö�û���ð�î�ù , î�ø�í6å
æ�î , é�î�ð�ñ
ì  – å
û4þ6ê
ö�í6å
ÿ  �Bå
ö�å
æBì
ê
ö�ç6ë
ì
ç6æBå  / �2/  – ø�ç6î�ø�î�é  î�ï�ýEú�í�î  ë
ç6ûzû4ê
ì
ö�ç6ú�í6å  þ6öBç  þ6ö�ÿ�ûzý
�  ç  î�ï�ö�å
ì
í6ý
�  ì
î�æBå�� . 

�Hö�î�éBê
í6ñ  «ú�ç6ë
ì�î�ì
ý » ë
î�ê
ø�ç6í6ê
í6ç6ÿ , å  è�í6å
ú�ç6ì , ç  ë
ê
ð�ê
æ �6ç6ç  ë
ç���í6å
ðBî�é  î�ì  ,-,  ç  / �-/ - ø�ç6î�ø�î�é  þ6ö�î�ÿ
éBð�ÿ�ê
ì
ë
ÿ  é  ö�å
è�ð�ç6ú�ç6ç  è�í6å
ú�ê
í6ç6ù  þ6ö�ç6í6ç�û4å
ê
ûzý
�  ó2ô�õ  ë
ç���í6å
ð�î�é  ��å
ö�ûzî�í6ç6æ . ,2ö�ç  î�ï�ð���ú�ê
í6ç6ç  ó2ô�õ  ,-, - ë
î�ê
ø�ç6í6ê
í6ç6ÿ  é�î�è�í6ç6æBå
ê
ì  ë
ç6ð�ñ�í6ý=ù  ë
ç���í�å
ð  í6å  2- ù  ç  ë
ð�å�ï�ýEù  ë
ç���í6å
ð  í6å  3- ù  ��å
ö�û4î�í6ç6æBê , å  þ6ö�ç  î�ï�ð	��ú�ê
í6ç6ç  / �-/ - ø�ç6î�ø�å  - ë
ð�å
ï�ýEù  ë
ç���í6å
ð  í6å  2- ù  ç  ë
ç6ð�ñ�í6ýEù  í6å  3- ù  ��å
ö�ûzî�í6ç6æBê . 3zå
æBç�û  î�ï�ö�å
è�î�û , ë
ö�å
éBí6ç6ì
ê
ð�ñ�í�ýEù  å
í6å
ð�ç�è  ��ö�î�éBí6ê
ù  2- ù  ç  3- ù  ��å
ö�ûzî�í6ç6æ  þ�î�è�é�î�ð�ÿ�ê
ì  î�þ6ê
ö�å
ì�î�ö	�  þ6ö�î�éBê
ë
ì
ç  ë
ê
ð�ê
æ �6ç6÷  ç��  ç6ë
ì
î�ú�í6ç6æ�î�é  [2]  4 ß�(6Ù
Ú�( Ó Ú Ö
Ò656Õ Û�Ù
Ú 5 . �=î  éBö�ê
û4ÿ  þ�î�ç6ë
æBå  �	�  é�î�è�ûzî	
Hí�î  é�î�è�ø�ê
ù6ë
ì
éBç6ê  þ�î�ë
ì�î�öBî�í6í6ç��  éBí6ê�òâí6ç��  î�ï�7�ê
æBì
î�é , þ�î�þ6å�éBòâç��  þ6î�ø  î�ï�ð���ú�ê
í6ç6ê , ø�ð�ÿ  �Bë
ì
ö�å�í6ê
í6ç6ÿ  ��ì
ç��  éBî�è�ø�ê
ù6ë
ì
éBç6ù  í6ê�î�ï	�Bî�ø�ç6û  òâç6öBî�æBç6ù  ø�ç6å
þ6å
è�î�í  ú	��éBë
ì
éBç6ì
ê
ð�ñ�í�î�ë
ì
ç , ë
ð�ê
øBî�éBå
ì
ê
ð�ñ�í�î , úBê
û  ï�î�ð�ñ
òâê  è�å
þ6å
ë  þ�î  ú	��éBë
ì
éBç6ì
ê
ð�ñ�í6î�ë
ì�ç , ì
ê�û  ð���ú�òâê  þ6ö�î��Bî�ø�ç6ì  î�ì
ë
ì
öBî�ù6æBå  î�ì  éBí6ê
òüí6ç��  þ�î�û4ê�� .  8=Ó+9
 
9 Û Ò�Ô Ý Ó�� Ø�: Ó+Ó  Ø Õ Ú Ö
Õ�Õ Ü . �2ï�7�ê
æBì  î�ï�í6å
ö���
Hê
í6ç6ÿ  ( �	� ) þ6ö�ê
ø�ë
ì
å
éBð�ÿ�ê
ì  ë
î�ï�î�ù  þ�ð�å
ì��  ë  þ6ê
ú�å
ì
í6ýEû4ç  þ6öBî�é�î�ø�í6ç6æBå
ûzç , í6å  æBî�ì�î�öBî�ù  ��ë
ì
å�í6î�éBð�ê
í6ý  þ�î�ð	��þ6ö�î�é�î�ø�í6ç6æBî�éBýEê  ��ð�ê
û4ê
í6ì
ý . �=ì
ç  þ6ö�î�é�î�ø�í6ç6æBç  þ6ö�ê
ø�ë
ì
å
éBð�ÿ�÷)ì  ë�î�ïBî�ù  í6å
ï�î�ö  ��ð�ê�û4ê
í6ì
å
ö�í6ý
�  éBç6ï�ö�å
ì�î�öBî�é , î�ö�ç6ê
í6ì�ç6öBî�éBå
í6í�ý
�  é  þ6ö�î�ë
ì
ö�å
í6ë
ì�éBê  þ6öBî�ç6è�é�î�ð�ñ�í6ý=û  î�ï�ö�å
è�î�û , ú�ì�î  î�è�í6å
ú�å
ê
ì  í6ê
î�þ6ö�ê
ø�ê
ð�ê
í6í6î�ë
ì�ñ  ç��  ë
ì
å
ì
ç6ë
ì
ç6ú�ê
ë
æBî�ù  þ6î�ð�ÿ�öBç6è�å��6ç6ç  æBå
æ  þ6ö�ç  þ6ö�ç6ê
û4ê  î�ë
í�î�é�í�î�ù  ú�å
ë
ì
î�ì
ý  ��ê
í6ê
ö�å
ì�î�ö�å , ì
å
æ  ç  þ6ö�ç  ç6è�ð���ú�ê
í6ç6ç  þ6ö�ê
î�ï�ö�å
è�î�éBå
í6í�î�ù  ��å
ö�ûzî�í6ç6æBç . �Eð�ÿ  ì�î���î  ú�ì�î�ï�ý  î�ï�7�ê
æBì  î�ï�í6å
ö	��
Hê
í6ç6ÿ  þ6ö�ç6í6ç�û4å
ð  ú�å
ë
ì
î�ì��  ç6è�ð	�Bú�ê
í6ç6ÿ  ë  û4å
æBë
ç6û4å
ð�ñ�í6î�ù  �����4ê
æBì
ç6éBí6î�ë
ì
ñ�÷ , í�ê
è�å
éBç6ë
ç6ûzî  î�ì  ê���î  î�ö�ç6ê
í6ì
å��6ç�ç  é  þ6öBî�ë
ì
ö�å
í6ë
ì�éBê , í6ê
î�ï	�Bî�ø�ç6ûzî  ç�è�ð	��ú�ê
í6ç6ê  ë  æBö�����î�é�î�ù  þ�î�ð�ÿ�ö�ç6è�å���ç6ê
ù . �=ì�î  
Hê  ì
ö�ê
ïBî�éBå
í6ç6ê  þ6ö�ê
ø�7�ÿ�éBð�ÿ�ê
ì
ë
ÿ  ç  æ  þ6ö�ç6ê
û4í�î�ù  å
í6ì
ê
í�í6ê  ðBî�æBå
ì
î�ö�å  - ø�ð�ÿ  þ6ö�ç6ê�û4å  î�ì
ö�å�
Hê
í6í�î���î  ë
ç���í6å
ð�å  î�ì  î�ï�7�ê
æBì
å  í6å  þ6ö�ê
î�ï�ö�å
è�î�éBå
í6í�î�ù  ��å
ö�ûzî�í6ç6æBê  ë  þ6ö�î�ç6è�é�î�ðBñ�í�î�ù  þ6î�ð�ÿ�öBç6è�å��6ç6ê
ù , þ6ö�ç6ê
ûzí6å
ÿ  å
í6ì
ê
í6í6å  ðBî�æBå
ì�î�ö�å  ø�î�ð	
Hí6å  ç6û4ê
ì
ñ  æBö�����î�é ��÷  þ6î�ð�ÿ�ö�ç6è�å��6ç6÷ . �Eð�ÿ  ø�ö�����ç��  éBç6ø�î�é  þ�î�ð�ÿ�ö�ç6è�å���ç6ç ( ��ð�ð�ç6þ�ì
ç6ú�ê
ë
æBå
ÿ  ç  ð�ç6í6ê
ù6í6å
ÿ ) éBê
öBî�ÿ�ì
í�î�ë
ì
ñ  þ6öBî�þ���ë
æBå  �	�  éBýEòâê , ú�ê
û  �  æBö�����î�éBî�ù  [3]. ; Ý�Û�Ù Ò ß�< Ó (6Ø Õ+Ó+Ö  ��Ö �EÛ � ß Ò�Ó Ý�Û�(6Ø Õ+Õ Û�)�Û  Ø�ß ��Ó Û�Ù Ó ) Õ Ø Ò Ø . ,-,  ûzî�
Hí�î  î�ì
ð�ç6ú�ç6ì�ñ  î�ì  ð�î	
Hí�î���î  ë
î�ê
ø�ç6í6ê
í�ç6ÿ , þ6öBî�ç6è�é�î�ø�ÿ  �4ç6è�ç6ú�ê
ë
æ	�B÷  éBç6ï�ö�å��6ç6÷  û4ê
ë
ì
å  þ�î�ç6ë
æBå  ç  þ6öBî�ë
ð���òâç6éBå
ÿ  ø�ê
û4î�ø���ð�ç6ö�î�éBå
í6í�ýEù  å���ø�ç6î�ë
ç���í6å
ð . 3zå
æ �B÷  éBç6ï�ö�å��6ç6÷  û4î	
Hí�î  ë
î�è�ø�å
ì
ñ  ë  þ6î�ûzî��âñ�÷  þ6öBî�ë
ì��BæBç6éBå
í6ç6ÿ  û4ê
ë
ì
å  þ6î�ç6ë
æBå . ,2ö�ç  þ6öBî�ë
ì��BæBç6éBå
í6ç6ç  û4î	
Hí�î  î�ï�í6å
ö���
Hç6ì
ñ  ç6è�û4ê
í6ÿ�÷ �âç6ê
ë
ÿ  ��ð�ê
æBì
ö�ç6ú�ê
ë
æBç6ê  þ6å
ö�å
û4ê
ì
ö�ý  ðBî�
Eí�î���î  ë�î�ê
ø�ç6í6ê
í6ç6ÿ  ç  é  ö�ê
è ��ð�ñ�ì
å
ì
ê  ø�ê
û4î�ø	��ð�ÿ��6ç6ç  ��ë
ð�ýEòâå
ì
ñ  �Bå
ö�å�æBì
ê
ö�í6ýEù  þ6î�ì
ö�ê
ë
æBç6éBå
÷ �üç6ù  è�é ��æ . ,2î�ð��Bþ6ö�î�é�î�ø�í6ç6æ�î�é�î�ê  ë
î�ê
ø�ç6í6ê
í6ç6ê  í6å  ì
å
æBî�ê  éBî�è�ø�ê
ù6ë
ì
é�ç6ê  ö�ê
å���ç6öBî�éBå
ì
ñ  í6ê  ï��Bø�ê
ì  [4]. 

�=î���ð�å
ë
í�î  �zî�ö�û���ð�ê  ø�ð�ÿ  î��6ê
í6æBç  ú���éBë
ì
éBç6ì
ê
ð�ñ�í�î�ë
ì
ç  ë
ö�å
éBí6ç�éBå
ê
û4ý
�  í6ê
ð�ç6í6ê
ù6í6ý
�  ð�î�æBå
ì�î�öBî�é  é  ë
ö�ê
ø�ê  LabVIEW ï�ýEð  ë
î�è�ø�å
í  éBç6ö�ì��Bå
ð�ñ�í6ýEù  þ6öBç6ï�î�ö , æ�î�ì�î�ö�ýEù  þ�î�æBå
è�ýEéBå
ê
ì  þ6ö�ê
ø�ê
ð�ý  î�ï�í6å
ö	��
Hê
í6ç6ÿ  �	�  þ6î  è�å
ø�å
í6í6ý=û  þ6å
ö�å
û4ê
ì
ö�å
û  þ6ö�ç�ï�î�öBî�é . �2ë
þ�î�ð�ñ�è ��ê
û4ýEù  ø�ð�ÿ  ð�å
ï�î�ö�å
ì
î�öBí6ý
�  �6ê
ð�ê
ù  þ6ö�ç  ç6è ��ú�ê
í6ç6ç  ë
ì��Bø�ê
í6ì
å
û4ç  î�ë
í�î�é  ����í6æ �6ç6î�í6ç6öBî�éBå
í�ç6ÿ  ç  þ6ö�ç6û4ê
í6ê
í�ç6ÿ  í6ê
ð�ç6í6ê
ù6í�ý
�  ð�î�æBå
ì
î�öBî�é  
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ø�å
í6í6ýEù  éBç6ö�ì���å
ð�ñ�í6ýEù  þ6ö�ç6ïBî�ö  þ�î�è�é�î�ð�ÿ�ê
ì  þ6öBî�å
í6å
ð�ç6è�ç6öBî�éBå
ì
ñ  ç��  ì
ê
î�ö�ê
ì
ç6ú�ê
ë
æBç6ê  ì
å
æBì
ç6æBî -ì
ê��Bí6ç6ú�ê
ë
æBç6ê  �Bå
ö�å
æBì
ê
ö�ç6ë
ì
ç6æBç . 
3zå
æBç6û  î�ï�ö�å
è�î�û , é  ø�å
í6í6î�ù  ö�å
ï�î�ì
ê  ï�ýEð  þ6ö�î�éBê
ø�ê
í  å
í6å
ð�ç6è  ë
î�éBö�ê
û4ê
í�í6ý
�  ó2ô�õ  þ6î  î�ë
í�î�é�í6ýEû  ì
ê��Bí6ç6ú�ê
ë
æBç6û  �Bå
ö�å�æBì
ê
ö�ç6ë
ì
ç6æBå
û , î�þ6ö�ê
ø�ê
ð�ê
í6ý  ø�î�ë
ì�î�ç6í6ë
ì
éBå  ç  í6ê
ø�î�ë
ì
å
ì
æBç  ì
å
æBç��  ç6è�éBê
ë
ì
í6ý
�  ë
ö�ê
ø�ë
ì
é  þ6î�ç6ë
æBî�é�î�ù  ì
ê��Bí6ç6æBç  æBå
æ  Orion ( NJE-4000), NR-900EM, ô6î�ø�í6ç6æ  23ä  ç  ë
î�è�ø�å
í6å  éBç6ö�ì���å
ð�ñ�í6å
ÿ  û4î�ø�ê
ð�ñ  ø�ð�ÿ  î��6ê
í6æBç  ç��  ì
ê
î�ö�ê
ì
ç�ú�ê
ë
æBî�ù  ú���éBë
ì
éBç6ì
ê
ð�ñ�í�î�ë
ì
ç . �=ë
ê  ûzî�ø�ê
ð�ç  ó2ô�õ  þ6î�ë
ì�î�ÿ�í�í�î  ë�î�éBê
ö�òâê
í6ë
ì�é �B÷)ì
ë
ÿ , þ6ö�ç6û4ê
í6ÿ�÷)ì
ë
ÿ  í�î�éBýEê  ç6í�
Hê
í6ê
ö�í6ýEê  ì
ê��Bí6î�ðBî	��ç6ç , æBî�ì�î�ö�ýEê  ø�ê
ð�å
÷)ì  þ6î�ç6ë
æ  �	�  ï�î�ð�ê
ê  ì�î�ú�í�ýEû  ç  �����4ê
æBì
ç6éBí6ýEû , ú�ì�î  î�ï�ê
ë
þ6ê
ú�ç6éBå
ê
ì  í6å
ø�ê�
Hí��B÷  è�å��âç6ì��  ç6í��4î�ö�û4å��6ç6ç  î�ì  è�ð�î���û4ýEòâð�ê
í6í6ç6æ�î�é .  
 ã Ó Ú Ö Ý�Ø�Ú�ß�Ý�Ø : 

1. 
.

.ä .õEî�ï�å
òâê
é , ó2ê
ð�ç6í6ê
ù6í6ý=ù  ö�å
ø�ç6î�ðBî�æBå
ì�î�ö  Orion ç  î�ë
î�ï�ê
í6í�î�ë
ì
ç  ê���î  þ6ö�ç�û4ê
í6ê
í6ç6ÿ . ��å��âç6ì
å  ç6í��4î�ö�û4å��6ç6ç . �2í6ë
å
ù6ø , 
�

 1, 2009. 
2. . 

.
.ä .õ=î�ï�å
òâê
é , ó2ê
ð�ç�í6ê
ù6í6ýEê  ö�å
ø�ç�î�ðBî�æBå
ì�î�öBý  ç  î�ë�î�ï�ê
í6í6î�ë
ì�ç  ç��  þ6ö�ç6û4ê
í6ê
í6ç6ÿ  ø�ð�ÿ  þ�î�ç6ë
æBå  è�å
æBð�å
ø�í6ý
�  �Bë
ì
ö�î�ù6ë
ì
é .  �=þ6ê���ç6å
ð�ñ�í6å
ÿ  ì
ê��Bí6ç6æBå , �

 6, 2006. 
 3. ó .� . �=ê
ö�í6ç���î�öBî�é ,  �2ë
þ�î�ð�ñ
è�î�éBå
í6ç6ê  í6ê
ð�ç6í�ê
ù6í6î	��î  ðBî�æBå
ì�î�ö�å  ø�ð�ÿ  ö�å
í6í6ê���î  î�ï�í6å
ö	��
Hê
í6ç6ÿ  
�Bë
ì
ö�î�ù6ë
ì
é  è�é �BæBî�è�å
þ6ç6ë
ç . ä4î�í��4ç6ø�ê
í6ì , �

4, 2001. 
4. 

.
.
.

.
0 î�ö�ê
é , ä=ð�å
ë
ë
ç��4ç6æBå��6ç6ÿ  û4ê
ì
î�ø�î�é  ç  ë
ö�ê
ø�ë
ì
é  þ6î�ç6ë
æBå  ��ð�ê
æBì
ö�î�í6í6ý
�  �Bë
ì
ö�î�ù6ë
ì
é  þ6ê
ö�ê��BéBå
ì
å  ç6í��4î�ö�û4å��6ç6ç . �=þ6ê��6ç6å
ð�ñ
í6å
ÿ  ì
ê��Bí6ç6æBå , �

 6, 2007. 
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5.       
  ,   

  
,2ö�ê
ø�ë
ê�ø�å
ì
ê
ð�ñ  - è�å
é .æBå�� ., þ6öBî�� . � .ó .,2ñ�ÿ
éBú�ê
í6æBî  
��å
û . ,2ö�ê
ø�ë
ê
ø�å
ì
ê
ð�ÿ  - ø�î	� . � .

�
.�zéBøBî�æBç6ûzî�é  

�=ê
æBö�ê
ì
å
ö�ñ  - � .� . ô6î�è�î�éBå  
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Q�T�UGW%Q�T�d  e�f[P
Q�W N
O�gih X�X  W%S
j�]
X�_[V�T�W%^[X  V  e�`
X�T�S
Y  ^[j�YDX�Z O�gih ^[\%V O  f[Q�P
Q�YDX�T�P%S�W  e�f[P
Q�W N
O X�YDS�k�S  S�R
l�X�a%T�Q .  m-V�e h X�V�T�W N X�Z[^[X  n�T�S�k�S  f[P%S�o[X�V�V�Q  W%a N
g `
Q�X�T  W  V�X�R O  j�Q�]
Q�`�e  P�X�bcX�Z[^ O  Z[X N ^[Z[X�_[Z[UG\  
]
^[pDpDX�P
X�Z[o[^[Q N d�Z[UG\  e%P
Q�W%Z[X�Z[^[_ , a%Q�a  YD^[Z�^[YDe�Y , W%T�S�P%S�k�S  f�S�P O ]
a%Q . q�P
Q�]
^[o[^�S�Z�Z[UGX  `
^[V N X�Z[Z�UGX  Q N k�S�P%^[T�Y�U  P
X�bcX�Z[^ O  Z[X N ^[Z[X�_[Z�UG\  ]
^[pDp1X�P
X�Z[o[^[Q N d�Z[UG\  e�P
Q�W%Z[X�Z[^[_  

N ^[R
S  Z[X  f�S�j�W�S N
O�g T  ]
S�V�T�^[`
d  
Z[X�S�R
\%S�]
^[Y�S�_  T�S�`
Z�S�V�T�^  P
X�j�e N d�T�Q�T�Q , N ^[R
S  T�P
X�R�e g T  Z[X�]
S�f[e�V�T�^[YDS  R
S N d�b=S
k�S  W%P
X�YDX�Z[^  ] N
O  V�W�S�X�_  P
Q�R
S�T�U . rJQ�V�V�Y�S�T�P
^�Y  W�S�j�Y�S
s�Z�S�V�T�^  Z[X�_[P%S�V�X�T�X�W�UG\  Q N k�S�P
^[T�Y�S
W  ] N
O  e%V�T�P
Q�Z[X�Z[^ O  W%S�j�Z[^[a%Q gih ^[\  
f[P
S�R N X�Y . t e�V�T�d  ^[YDX�X�T�V O  j�Q�]
Q�`
Q , P
X�bcQ�X�YDQ O  W  P
Q�]
^[S�V�^[V�T�X�YDX , a�S�T�S�P
Q O  S�f�^[V�UGW%Q�X�T�V O  Z[X N ^[Z[X�_[Z�UGY  
]
^[pDpDX�P
X�Z[o[^[Q N d�Z[UGY  e�P�Q�W%Z[X�Z[^[X�Y  W%T�S�P%S
k�S  f�S�P O ]
a%Q .  u-Q�_[]
X�Y  P
X�bcX�Z[^[X  e�P
Q�W%Z[X�Z[^ O  ]
Q�Z[Z[S�_  V�^[V�T�X�YDU  W  Z[X�_[P%S�V�X�T�X�W�S�Y  

N S
k�^[`
X�V�a%S�Y  R
Q�j�^�V�X  ] N
O  T�P
X�\  T�^[f[S
W  Z[X N ^[Z[X�_�Z�S�V�T�^ , `
Q�V�T�S  

W%V�T�P
X�`
Q gih ^[\%V O  Z[Q  f[P
Q�a%T�^[a%X : 2)( xxf = , 2)( x1xf −= , xexf =)( . v
 a%Q�`
X�V�T�W%X  ^[Z[V�T�P�e�Y1X�Z[T�Q N d�Z[S
k�S  V�P
X�]
V�T�W%Q  ^[V�f[S N d�j�S�W%Q�Z  f[Q�a%X�T  f[P
^[a N Q�]
Z[UG\  f[P
S�k�P
Q�YDY  

Neural Network Toolbox W%X�P
V�^[^  4, p1e�ZJa%o[^[S�Z[^[P%e gih ^[_  f[S�]  e�f[P
Q�W N X�Z[^[X�Y  
O ]
P
Q  V�^[V�T�X�YDU  Matlab 

W%X�P
V�^[^  6.5. v
 f[S�]
V�^[V�T�X�YDX  Simulink Z[Q�_[]
X�Z[U  `
^[V N X�Z[Z[UGX  P%X�bcX�Z[^ O  ]
^[pDpDX�P
X�Z[o[^[Q N d�Z[UG\  e�P
Q�W%Z[X�Z[^[_ , ^[V�f[S N d�j�e�X�YDUGX  a%Q�a  S�R�e�`
Q gih Q O  W%UGR%S�P
a%Q  ] N
O  Z[X�_�P
S�Z�Z�S�_  V�X�T�^ . 

u-X�_[P
S�Z[Z�UGX  V�X�T�^  W%UGR
P
Q�Z[U   f�S N Z�S�V�W O j�Z[UGY�^  ]
W%e%\
V N S�_[Z[UGYD^  f[P O Y�S�k�S  P
Q�V�f[P%S�V�T�P
Q�Z[X�Z[^ O . w S N ^[`
X�V�T�W�S  Z[X�_[P%S�Z�S�W  W  f[X�P
W�S
Y  V N S�X  f[P
X�]
V�T�Q�W N
O X�T  V�S�R
S�_  W%Q�P
d�^[P
e�X�YDUG_  f[Q�P
Q�YDX�T�P . xye�Z[a%o[^ O  
S�R
e%`
X�Z[^ O  - Q N k�S�P%^[T�Y  zGX�W%X�Z[R
X�P
k�Q - {|Q�P
a%W%Q�P
]
T�Q  V  P
X�k�e N
O P
^[j�Q�o[^[X�_  f�S  })Q�_[X�V�e . ~ Z[Q N ^[j  P
X�j�e N d�T�Q�T�S�W  f�S�a%Q�j�Q N , `
T�S  ]
W%e%\
V N S�_[Z[Q O  Z[X�_[P%S�Z[Z[Q O  V�X�T�d  V  10 Z[X�_[P%S�Z[Q�Y�^  W  
f[X�P
W%S
Y  V N S�X  ̂  20 Z[X�_[P%S�Z[Q�YD^  W�S  W�T�S�P%S�Y  f�S
j�W�S N
O X�T  ]
S�V�T�^[`
d  Q�R
V�S N
g T�Z�S
_  f�S
k�P
X�bcZ�S�V�T�^  P
X�bcX�Z[^[_  
Z[X  R
S N X�X  7,6×10-4, ̀
T�S  f[P%^  T�X�\%Z[^[`
X�V�a%S�_  P
X�Q N ^[j�Q�o[^[^  � ~��  S�j�Z[Q�`
Q�X�T  f[P
Q�a%T�^[`
X�V�a%S�X  V�S�W�f[Q�]
X�Z[^[X  V  
P
X�j�e N d�T�Q�T�Q�YD^ , f[S N e�`
Q�X�YDUGYD^  a N Q�V�V�^[`
X�V�a%^[YD^  YDX�T�S�]
Q�YD^ . 

t P
^  W%UGf�S N Z[X�Z[^[^  P
Q�V�V�Y�S�T�P
X�Z[Z�S�_  j�Q�]
Q�`
^  Z[Q  Z[X�_[P%S�a�S�YDf[d g T�X�P
Q�\  W%P
X�Y O  P
X�bcX�Z[^ O  V�S
a%P
Q�T�^[T�V O  Z[Q  2-3 f�S�P O ]
a%Q . 
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zG^[T�X�P
Q�T�e�P
Q  
1. 
~ YDS�V�S�W  ~ .

~
., 
M e�R
^[Z[V�a%^[_  � .

~
., 
w S�f[`���Z�S�W%Q  u .

v
. 
v UG`
^[V N ^[T�X N d�Z[UGX  YDX�T�S�]
U  ] N
O  ̂[Z�s�X�Z[X�P%S�W . – { .: 

v UGV�b . bca ., 1994. 
2. u-X�_[P
S
YDQ�T�X�YDQ�T�^[a%Q . w Z .6: 

� `
X�R . 
t S�V�S�R
^[X  ] N
O  W
e�j�S�W ./ 

t S�]  P
X�] . 
~

.� . �)Q N e�bca%^[Z[Q . – { .: 
� t r�� r , 2002. - 448 V . ( �1X�P
^ O  u-X�_[P%S�a�S�YDf�d g T�X�P
U  ̂  ̂[\  f[P
^[YDX�Z[X�Z�^[X ). 
3. {|X�]
W%X�]
X�W  

v
.� ., 

t S�T�X�YDa%^[Z  
v

.� . u-X�_[P
S
Z[Z[U1X  V�X�T�^ . MATLAB 6. / 
t S�]  S�R h . P
X�] . 

v
.� . t S�T�X�YDa%^[Z[Q . – { .: 

M
� ~ zGm�� - {��-x�� , 2002. – 496 V . 
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 W�X�YZX�[�\�X

 ] [/^�_
\�`  a�b�c�d0e \�f�X�g d \�`  h�c�i�c f , g e ^/j
kl\�`  a X b X i  b�c�h�b�c�m ^ e f�\ d0c�] \  g�^/n b X ] X
[�[�o3`  
b�c�i \�^/g�\�g e X ] , 

g i X b�p \/n c X e g�j  q
rsr X d0e \�n0[�^/g e�t
u  
n0o3f�\�g�v�\ e X�v t [/^/w  e X�`0[�\ d \  e X d�x kZX�_
^  x
b ^/n0[�j  

b�c�h n0\ e \�j . y g
^ m X�[�[/^  h�c�] X e [/^  ^/_ b�c [�\�f�X�[�[/^/g e�t  n
^ h�] ^ p [/^/g e X�w  n0o3f�\�g�v0\ e X�v t [/^/w  e X�`0[�\ d \  g  
d v c g�g�\�f�X�g d ^/w  r ^/[ - [�X�w ]sc [/^/n0g d ^�w  c�b `0\ e X d0e
x0b ^/w  a�b ^/j�n0v�j
X e g�j  n  g�v x f c j0`  ] [�^/_�^ d0b�c�e [/^/_�^  
x n0X�v�\�f�X�[�\�j  b�c�h�] X b [�^/g e \  a�b ^/g e�b�c [�g e n c  b X�YZX
[/\�w  \�v�\  [�X
^ m `0^ i \ ] ^/g e \  b X h�d ^�_�^  g
^ d0b�c kZX�[�\�j  n b X ] X�[�\  a ^/v x f�X�[�\�j  b X h
x v t
e�c�e�c . z g a X�YZ[�o3w  n0o3`0^ i  \ h  a ^ i ^ m [/o3`  g�\ e
x0c�{ \�w  ^ d0c�h o%n c X e g�j  n0^ h�] ^ p [�o ]  a�b \  \�g a ^/v t
h ^�n c [�\�\  n0o3f�\�g�v0\ e X�v t [�o3`  g b X i g e n , b�c�m ^ e�c�u kZ\�`  n  [�X�w b ^/g�X e X�n
^ ]  v�^�_
\�f�X�g d ^ ]  m�c�h \�g�X . |

 
n c�p [�X�w�YZ\ ]  m�c�h ^�n0o ]  h�c�i�c f c�] , 

^ a�b X i X�v�j u kZ\ ]  m o3g e�b ^ i X�w�g e n0\�X  g a X { n0o3f�\�g�v�\ e X�v�j , ^ e [/^/g�\ e g�j  n0o3f�\�g�v�X�[�\�X  a�b ^/g e X�w/YZ\�`  ( q v�X ] X�[ e�c�b [�o3` ) ]sc�e X ]sc�e \�f�X�g d \�`  r%x [ d0{ \�w . W c g�g ] ^ e�b X�[�o  

n0^ h�] ^ p [/^/g e \  [�X�w b ^/[/[�o3`  g�X e X�w  i v�j  n0o3f�\�g�v�X�[�\�j  ]sc�e X ]sc�e \�f�X�g d \�`  r%x [ d0{ \�w xy =  
\
 

x

1
y =  

n
 

[�X�w b ^/g�X e X�n
^ ]  
v0^�_
\�f�X�g d ^ ]  m�c�h \�g�X . 

y g�[�^/n
[�o ] \  q
e�c�a�c�] \  g�\�[ e X h�c  [�X�w b ^/[�[/^/w  g�X e \  ( }�~ ) 
j
n
v�j u�e g�j  a ^ i�m ^ b  [�X�^ m `0^ i \ ] ^�_�^  

d ^/v�\�f�X�g e n c  g�v0^/��n  i v�j  }�~ , ̂ a�b X i X�v�X�[�\�X  f�\�g�v c  [/X�w b ^/[/^�n  \  r%x [ d0{ \�\  c�d0e \�n c�{ \/\  n  d0c�p>i ^ ]  
g�v0^/X

, ^ m�x f�X�[�\�X  }�~  a ^  n
o m�b�c [�[/^ ]sx  d0b \ e X b \ u  ̂ a�e \ ] \ h�c�{ \�\ . �
 a�b ^ { X�g�g�X  \�g�g�v�X i ^/n c [�\�w  i v�j  d0c�p>i ^/w  rsx [ d0{ \�\  g�\�[ e X h \ b ^�n c v�\�g t  i n x `0g�v�^/w�[�o3X  [�X�w b ^�[�[�o3X  g�X e \  a�b j ] ^/_�^  b�c g a�b ^/g e�b�c [�X�[�\�j  g  a ^/v�[/o ] \  g�n0j h j ] \  \  r%x [ d0{ \�j ] \  c�d0e \�n c�{ \�\ : i v�j  

a X b n0^�_�^  g�v0^/j  – 
g�\/_ ] ^�\ i [ c j  ne1

1
nlogsig −+

=)( ; i v�j  n e ^ b ^/_�^  g�v0^/j  – 
v�\�[�X�w�[ c j  nnpurelin =)( . 

| c�d  a ^ d0c�h�c v�^  ] ^ i X�v�\ b ^�n c [�\�X , g�\�[ e X h \ b ^�n c [�[�o%X  [�X�w b ^/[/[�o3X  g�X e \  g  a j e�t
u  
[�X�w b ^/[ c�] \  n  

a X b n0^ ]  
g�v�^/X

 
\
 
^ i [�\ ]  

n
^
 
n e ^ b ^ ]  

^ m X�g a X�f�\�n c
u�e  c�m g�^/v u�e [ x
u  a ^/_ b X�Yl[/^/g e�t  c�a�a�b ^ d g�\ ]sc�{ \/\  
6,5×10-7, 

f e ^  v x f�YZX  a ^/_ b X
YZ[/^/g e \  c v�_�^ b \ e�] ^�n  (2,2×10-6), a ^/g e�b ^/X�[/[�o3`  a ^  d v c g�g�\�f�X�g d ^/w  g�`0X ] X  
a�b X�^ m�b�c�h ^/n c [�\�j .  ��g a ^/v t
h ^�n c [�\�X  YZX�g e \  [�X�w b ^/[/^�n  n  a X b n
^ ]  

g�v0^/X
 a ^ h n
^/v�j
X e  g�[�\ h \ e�t  a ^�_ b X�YZ[/^/g e�t  X�kZ�  [ c  

{ X�v�o3w  a ^ b j i ^ d  \  i ^/g e \�f t  b X h�x v t
e�c�e�c  0,6×10-8. � o3g e�b ^ i X�w�g e n0\�X  ^ m�x f/X�[�[�^/w  [�X�w b ^/[�[/^/w  g�X e \  g�^/g e�c n0v�j
X e , d0c�d  \  n  a X b n
^ ]  
g�v x f c X , n0g�X�_�^  2 ]sc Yl\�[�[�o3`  { \ d v c , f e ^  [ c  a ^ b j i ^ d  v x f�YZX  \ h n0X�g e [�o3`  

a ^/g�v�X i ^�n c�e X�v t [/o3`  c v�_
^ b \ e�] ^�n  n0o3f�\�g�v�X�[�\�j  b�c g�g ]sc�e�b \�n c X ] o3`  r%x [ d0{ \�w . ���4���������������
 

1. �>] ^/g
^/n  � .� ., �>x
m \�[�g d \�w  � .� ., 
|%^ a f���[/^/n c  } .

�
. 
�%o3f�\�g�v�\ e X�v t [�o3X  ] X e ^ i o  i v�j  \�[ p X�[�X b ^/n . – �

.: 
�%o3g�Y

. 
Y d ., 1994. 
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2. } X�w b ^ ]sc�e X ]sc�e \ d0c . |%[ .6: z f�X m . ' ^/g
^ m \�X  i v�j  n x
h ^/n ./ ' ^ i  b X i . � .
�

. (4c v x Y d \�[ c . – 
�

.: � ' W�) W , 2002. - 448 
g
. (~ X b \�j  } X�w b ^ d ^ ]sa/t
u�e X b o  

\
 
\�`

 a�b \ ] X�[�X�[/\�X ). 
3. 
��X i n0X i X�n  � .~ ., ' ^ e X ]sd \�[  � .( . } X�w b ^�[�[�o%X  g�X e \ . MATLAB 6. / ' ^ i  ^ m k . b X i . � .( . 

' ^ e X ]sd \�[ c . – 
�

.: � � �+*3y,( -
���,-��

, 2002. – 496 
g
. 
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KMLON�P�=
5  QMR�S8T�U�V�R
 W R�U�X�Y�Z\[
T�]�^�V�Y�_�_�`4a  b V4T�U b ^8c  d R�eMX�^8`  

X
 b T\V�cBX b R  

S8R�]\f�[
g�^8T�^8R
 
X�_�S8YBV�hiR�j�X�Y�_�_�Y�k

 l T d Y�m�R b _�Y b ^8X  n T\a�_�YB[
Y�o�X�p�T b ]�Y�o�Y  q _ b ^8X�^�f�^8R  rts _�Y�o�Y  u T�U�T\V4RB[
g�_�Y�o�Y  v _�X�c�T\V b X�^8T�^8R  
c
 
o
. 
n R�o�R�_BV�Y�o�T

 
 wCx4y
zO{
|�x4y
}

 ~4���O� {
|�� � y
� � }  �O���
��� {
y
x4��} � {  � |���|��  
zO|�x�| �  zOy �O� y
x4� � z �O�  x  � y
��x � { �O�  �
���
��� {
x  

~ |�zO� �O��� zO� � y
����z�|��  �O�
���
� y
� �  � zO�M| ��� y
� �O�  [1-3]. �,�
� |��4����|�x4y
z �O�  �M� {�| � |�x  ~ x4y
zO{�|�x�|��  
~4���O� {
|�� � y
� �O�  � |���x�|���} � {  |�� �
�
�O� � � {
�  �O� | � { � y
z � {
x � zOz�|  � y
� ��� ���
zOzO�2�  � |�������|�x4y
{ � � � �  
�
�
~4��� {
zO� �M�  ~ ���F� � x4� �i�  � | � � �
� |�x4y
{ � ����z�| � {
} �M� .  � ��}  

|�� �
�
�O� � � z � }  
��y
� � ���
zOz�| � { �  �O� |�� �
�
� y  

~ x4y
zO{
|�x�|���|  � y �
�O���
��� � � z � }  ~ ���F� � �  � |���z�| � {
�  ���M�O� ��� � y  z �
��� � � ��|  � zO�i| ��� y
� � �  
|

 
� � { �  ~ ���F��y  z �  � |��4�+zOy  �O��� x4�C��y
{
�  
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Ý�É�ÍUÏ  Ö Ï
Ó�Ç Ö Ï
ØUÈ
Ì�ÍUÝsÙdâ  È
Ï
âUÝsÉ�Ü�É�Õ�ÌsÊ  ( Í  È�É�Î  Ë�ÌsÇ
Ü�Ï  ÝsÑ
Ý�É�È
Ï
âUÝsÉ�ÜUÉ�Õ�Ì�Ê ). ê Ñ
Þ�ÍUÌsÈ
ÌsÏ  Ì  ÍUÝsÏ
Ð�Ó�Ï
ÝsÌsÏ  ÌsÝsÝ�É�ÍUÑ
äsÌ�É�ÝsÝ�Ùdâ  È
Ï
âUÝsÉ�Ü�É�Õ�ÌsÊ  Í  Ó�Ñ
Ð�ÌsÉ�È
Ï
âUÝsÌsØUÏ  Ì  ç�Ü�Ï
ØUÈ
Ó�É�ÝsÌsØUÏ  
ÝsÏ
ÍUÉ�Þ�Î�É�á�Ý�É  à�Ï
Þ  Ó�Ñ
Þ�Ó�Ñ
à�É�È
ØUÌ  Ö Ï
Ó�Ç Ö Ï
ØUÈ
ÌsÍUÝsÙdâ  Î~Ï
È
É�ÐUÉ�Í  Ì  Î�É�Ð�Ï
Ü�Ï
Ê , Ö É�Þ�Í�É�Ü�×�ß\ãzÌsâ  Ç  Ð�É�Ç
È
Ñ
È
É�ËUÝ�É�Ê  
È
É�Ë�Ý�É�Ç
È
Ô�ß  É Ö ÌsÇ
Ñ
È
Ô  Ö ÓUÉ�äsÏ
Ç
Ç
Ù  Í  Ý�É�ÍUÙdâ  Í�ÙdÇ
É�Ø�É�È
Ï
âUÝsÉ�Ü�É�Õ�ÌsË�Ý�Ùdâ  Æ�Ç
È
Ó�É�ÊsÇ
È
ÍUÑ
â . ì�Ñ
ØUÌsÎ  É�à�Ó�Ñ
Þ�É�Î , 
Ó�Ñ
Þ�Ó�Ñ
à�É�È
ØUÑ  ÝsÉ�Í�Ùdâ  Î~Ï
È
É�ÐUÉ�Í  Î�É�Ð�Ï
Ü�ÌsÓUÉ�ÍUÑ
ÝsÌs×  ×�ÍUÜ�×�Ï
È
Ç
×  É�Ð�ÝsÌsÎ  Ì�Þ  É�Ç
Ý�É�ÍUÝsÙdâ  ÝsÑ Ö Ó�Ñ
ÍUÜ�Ï
ÝsÌsÊ  
Ð�Ñ
Ü�Ô�ÝsÏ
ÊsÚzÏ
Õ�É  Ó�Ñ
Þ�ÍUÌsÈ
Ìs×  Ç
Ó�Ï
Ð�Ç
È
Í  Ñ
ÍUÈ
É�Î~Ñ
È
ÌsÞ�ÌsÓUÉ�ÍUÑ
Ý�Ý�É�Õ�É  Ö ÓUÉ�Ï
ØUÈ
ÌsÓUÉ�ÍUÑ
Ý�Ìs×  Ó�Ñ
Ð�ÌsÉ�ç�Ü�Ï
ØUÈ
Ó�É�Ý�ÝsÙdâ  
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ÆUÇ
È
Ó�É�ÊsÇ
È
Í . 
ê Ñ
Þ�Ó�Ñ
àUÉ�È
ØUÑ  Ì  É�à�É�Ç
Ý�É�ÍUÑ
ÝsÌsÏ  Ý�É�Í�Ùdâ  Î~Ï
È
É�Ð�É�Í  Ë�ÌsÇ
Ü�Ï
ÝsÝ�É�Õ�É  Ñ
ÝsÑ
ÜUÌsÞ�Ñ  äsÏ Ö Ï
Ê  Ì  

É Ö È�ÌsÎ~Ì�Þ�Ñ
äsÌsÌ  ÝsÏ
Ü�ÌsÝsÏ
ÊsÝ�Ùdâ  Î~É�Ð�Ï
Ü�Ï
Ê  Ð�Ñ
Ï
È  Í�É�Þ�Î~É�á�Ý�É�Ç
È
Ô  Ö É�Í�ÙdÇ
ÌsÈ
Ô  ç�è~è~Ï
ØUÈ
ÌsÍUÝ�É�Ç
È
Ô  Ç
Ó�Ï
Ð�Ç
È
Í  
Î~É�Ð�Ï
Ü�ÌsÓUÉ�ÍUÑ�ÝsÌs×  Ó�Ñ
Ð�Ì�É�ç�Ü�Ï
ØUÈ
Ó�É�Ý�ÝsÙdâ  ÆUÇ
È
Ó�É�ÊsÇ
È
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TMS320C6455 DSK  - ²�³�´  ́�µ�¶�·  ¶�¸  ¹8º
»�¶6º�·6³�´�¹  »�º
¸�¹8¶6¹8º
¼)½F¾
¿6À
Á   Â6Ã�º
³
Äz´�»�ÅzÆ  À
Ç8¹�´�¸�·�´�È�´  

Â6»�´�¾
Ç8³
¶6»8´�¹8º
·6¶6Á  ¶  É�Æ?À
³
»8´�È�´  Â6»8´�³�´�³
¶6Â6¶6»8´�¹8º
·6¶6Á  À
¶6È�·6º
Ã8´�¹ , Ç�´�³�´�»�º
Á   µ�º
Ê
³  ¹�´�¸�Åz´�ËI·�´�À
³
Ì  
Â6´�Ã8Ì�¸�´�¹8º
³
¾
Ã�Á�Å  »�º
¸�»�º
É�º
³
Æ?¹8º
³
Ì  ¶  »�º�¸�¹8¶�¹8º
³
Ì  Â6»�¶6Ã8´�ËI¾�·6¶6Á  µ�Ã�Á  À
¾
ÅA¾
¿6À
³�¹8º   TI C64xx  DSP.  DSK 
( Í2³
º
»�³
´�¹8Æ?¿  Î6¶6ÄA»8´�¹�´�¿  ·6º
É8´�» ) À
Ã�Ï�ËI¶6³  µ�Ã�Á  Â6»�¾
µ�À
³
º
¹8Ã�¾
·6¶6Á  À
Ð8¾
ÅA´�³
¾
Ð8·6¶6Ç8¶  Â6Ã�º
³�Æ  µ�Ã�Á  Î6¶6ÄA»8´�¹�´�È�´  
À
¶6È�·6º
Ã�Ì�·�´�È�´  Â6»8´�Î6¾
À
À
´�»�º  TMS320C6455 DSP, º  Ï8ËI¾  À�Ï�½F¾
À
³
¹�Ï8¼)½F¶6¾  À
Ð8¾
ÅAÆ , Ã�´�È�¶6Ñ�¾
À
Ç8¶6¾  
´�Â6¾
»�º
Î6¶�¶  ¶  Â6»�¶6Ã8´�ËI¾
·6¶6Á  ¶6À
Â�´�Ã�Ì
¸�Ï8¼)³
À
Á  µ�Ã�Á  É�Æ?À
³
»�´�È�´  »�º
¸�¹8¶6³
¶6Á  Ï�À
³
»�´�¿6À
³
¹8º  ¶  ²�Ç�´�·�´�ÅAÁ�³  ¹8»�¾�ÅAÁ  
·6º  ́�É�À
Ã�Ï�ËI¶6¹8º
·6¶6¾ .  Ò ¶6ÄA»�´�¹�Æ?¾  À
¶6È�·6º
Ã�Ì�·6Æ?¾  Â6»8´�Î6¾
À
À�´�»�Æ  (Digital Signal Processors - DSP) ¶�ÅA¾
¼)³  4 
Ï8·6¶6Ç8º
Ã�Ì�·6Æ?Ð  À
¹8´�¿6À
³
¹8º , ́�³
Ã8¶6Ñ�º
¼)½F¶6Ð  ¶6Ð  ´�³  ́�É�Æ?Ñ�·6Æ?Ð  ÅA¶6Ç8»�´�Â6»8´�Î6¾
À
À
´�»8´�¹ : 

• ÓLº
³
¾
ÅAº
³
¶6Ñ�¾
À
Ç8¶6¿  º
Â6Â6º
»�º
³ , ¶6À
Â�´�Ã�Ì
¸�Ï8¼)½F¶6¿   ·6¾
À
Ç8´�Ã�Ì�Ç�´  ²�Ç8À
³
»�¾
ÅAº
Ã�Ì�·�´  É�Æ?À
³
»8Æ?Ð  
º
»�¶6ÄAÅA¾
³
¶6Ç8´ - Ã8´�È�¶6Ñ�¾
À
Ç8¶6Ð  Ï�À
³
»�´�¿6À
³
¹  ( ÔIÕ?Ö ) ¶  µ�¶6À
Ç8»�¾
³
·6Æ?Ð  Ï�ÅA·6´�ËI¶6³
¾
Ã�¾
¿ .  

• ×uÈ�»�º
·6¶6Ñ�¾
·6·�´�¾  ¶  Â�´�Ã�·�´�¾  ¶6À
Â�´�Ã�Ì
¸�´�¹8º
·6¶6¾  ́�Â6¾
»�º
³
¶�¹8·�´�¿  Â6º
ÅAÁ�³
¶  
• ÓLº
Ç8À
¶6ÅAº
Ã�Ì�·6´  É�Æ?À
³
»8´�¾  Â�´�ÅA¾
½F¾
·6¶6¾  µ�º
·6·6Æ?Ð  ¹  DSP ¶6Ð  ´�É�»�º
É�´�³
Ç8º  ¶  ¶�¸�¹8Ã�¾
Ñ�¾
·6¶6¾  À  

ÅAº
Ç8À
¶6ÅAº
Ã�Ì�·�´�¿  ²�ÄAÄA¾
Ç8³
¶6¹8·�´�À
³
Ì�¼ , Ñ�³�´  µ�º
Ê
³  ¹�´�¸�ÅA´�ËI·�´�À
³
Ì  ´�É�»�º
É�º
³
Æ?¹8º
³
Ì  ·6¾
Â6»�¾
»�Æ2¹8·�Æ?¿  Â�´�³�´�Ç  
µ�º
·6·6Æ?Ð  

• ×uÉ�»�º
É�´�³
Ç8º  µ�º
·6·6Æ?Ð  ¹  »�¾
ËI¶�ÅA¾  «µ�¾
¿6À
³
¹8¶6³
¾
Ã�Ì�·�´ » »�¾
º
Ã�Ì�·6´�È�´  ¹8»�¾
ÅA¾
·6¶  Ø
 Ç8º
Ñ�¾
À
³
¹8¾  ²�Ç�À
Â6¾
»�¶6ÅA¾
·6³
º
Ã�Ì�·�´�¿  Ñ�º
À
³
¶  ¶6À
À
Ã�¾
µ�´�¹�º
·6¶6Á  É�Æ?Ã�¶  Ùu¸�Ï�Ñ�¾
·6Æ  ÅA¾
³
´�µ�Æ  Â�´�À
³
»8´�¾
·6¶6Á  

ÅA´�µ�¾
Ã�¶  º
Ã8È�´�»�¶6³�ÅAº  Ò ×uÙ  (
Ò ¶6ÄA»8´�¹�´�¿  ´�É�»�º
É�´�³
Ç8¶  ¶6¸�´�É�»�º
ËI¾
·6¶6¿ ) ¹  Simulink, ¶6À
À
Ã�¾
µ�´�¹8º
·6º       

ÅA´�µ�¾
Ã�Ì  Ï8À
³
»�´�¿6À
³
¹8º  ¹8Æ?µ�¾
Ã�¾
·6¶6Á  µ�¹8¶6ËI¾
·6¶6Á  ¹  Â�´�À
Ã�¾
µ�´�¹8º
³
¾
Ã�Ì�·�´�À
³
¶  ¹8¶6µ�¾�´�Ç8º
µ�»�´�¹ . Úu»�´�¹8¾
µ�¾
·6Æ  
¶6À
À
Ã�¾
µ�´�¹8º
·6¶6Á  »�º
É8´�³
Æ  Ï�À
³
»�´�¿6À
³
¹8º  µ�¾
³
¾
Ç8³
¶6»�´�¹8º
·�¶6Á  µ�¹8¶�ËI¾
·6¶6Á  ¹  TMDSDSK6455 À  
¶6À
Â6´�Ã8Ì�¸�´�¹8º
·�¶6¾
Å  Target  for TI C6000 Code Composer Studio Blockset, Ç�´�³�´�»8´�¾  Â�´�¸�¹�´�Ã�Á�¾
³  
·6º
Â6¶6À
º
³
Ì , »�º
¸�»�º
É�´�³
º
³
Ì  ¶  ´�³
Ã�º
µ�¶6³
Ì  Â6»8´�È�»�º
ÅAÅA·�´�¾  ´�É�¾
À
Â6¾
Ñ�¾
·6¶6¾  µ�Ã�Á  DSP TMS320. Úu»�´�È�»�º
ÅAÅAº  
Ç8´�ÅAÂ�¶6Ã�¶6»�Ï�¾
³  µ�º
·6·6Æ?¾  ¹  Í / Í ++, ¶6ÅA¾
¾
³
À
Á  ¹8´�¸�ÅA´�ËI·�´�À
³
Ì  À
¶6ÅAÏ�Ã�Á�Î6¶6¶ , ¹  »�¾
º
Ã�Ì�·6´�Å  ¹8»�¾
ÅA¾
·6¶   
´�À
Ï�½F¾
À
³
¹8Ã�Á�¾
³  ´�É�ÅA¾
·  µ�º
·6·6Æ2ÅA¶  ÅA¾
ËIµ�Ï  ´�³
Â�»�º
¹8¶6³
¾
Ã�¾
Å  ¶  Â�´�Ã�Ï�Ñ�º
³
¾
Ã�¾
Å . ÔI¹8³
´�ÅAº
³
¶6Ñ�¾
À
Ç8º
Á  
È�¾
·6¾
»�º
Î6¶6Á  Â6»8´�È�»�º
ÅAÅzÆ  Åz´�ËI¾
³  º
À
À
¾
ÅAÉ�Ã�¶6»8´�¹8º
³
Ì  ³
»�¾
É�Ï8¾
ÅAÆ?¾  Åz´�µ�Ï�Ã�¶  Á�µ�»�º  ¶  Â6´�µ�È�´�³�´�¹8¶6³
Ì  ¶6Ð  Ç  
¹8Ç8Ã�¼)Ñ�¾
·6¶6¼  ¹  Â6»8¶6Ã8´�ËI¾
·6¶6¾ . 

 



 

���������
	
�
 ��
�� 	
�����  � ������� � ���  III � � 
 ��������	
���������  

�
�����
�
���
 
�����
� 
 � 
 ���
	
	  � ���
� �� �!  

��� 
 �  �! , 
����"
	������ � ���  	  

� � � ��
 � � ���  
« # ����$  ��	
� ��
�� � ��
�! �
	���	  

�
 
	
�
% 
 � 
 ���  �!  

	
����� 
�� �������
	�& ! » 

28

     
      
    TMS320DM642EVM. '

. ( .)+*
,.-�*
/  021�3�4 / 4�5�6�7 *�8�9  
5�4�:

. 
3 -�; . 

0=< (  > .
<
.
'?4A@CB�6 * B�3�4  D�EGF�H�IAJ
I�K�L�M�E�N�O�L�P

 
L�H�N�Q2L�Q�R�Q

 SUT H�I�K�I  V E�W�EYX�ZAJ
[�H�I�K�I  
R
H�L�\AEGX�N�L�Q]E�Q2Z

, 
K
. 
D�Z�K�Z�HAX.I�K

, 
O�Z V E�WAX�Z  ̂

D�_
 

 
TMDSDMK642 – `.a�bdcfe�g
`.h
ifj
k  cfe�j
l
mda�n�bdj  o�e�k  n�j
p�n�j
q�a�l
`.r  bCs�e�t�l
rf`.j
ifj
e�t�ifuwv , 

bCs�e�t�l
rfmda�n�bdj
l
i�uwv  r  o�n�s�x�r�v  y.uwh
a�`�a�`.j
z�g
h
l
y.g
ififuwv  y.rfo�g
a�h
rfh
l
g
b  ifj  q�j
p�g  {frfmdn�a�y�a�x�a  
h
rfx�ifj
e�t�i�a�x�a  cfn.a�{fg
h
h�a�n�j  TMS320DM642. DM642 EVM cfa�h
l
n.a�g
i  ifj  cfn.a�{fg
h
h�a�n�g  DM642 
`.a�l�a�n�uC|  k�y.e�k�g
l
h
k  a�h
i�a�y.i�uwb  y  e�rfifr�r  DSP C64xx.   } rfmdn�a�y�uwg  h
rfx�ifj
e�t�i�uwg  cfn.a�{fg
h
h�a�n�u ( DSP – digital signal processors) ~�rfn.a�`�a  
rfh
cfa�e.t�p�s.�?l
h
k  o�e�k  a�q�n�j
q�a�l
`.r  n�g
z�r , y  {frfmdn�a�y�uwv  `.a�bdbds�ifrf`.j
{frfk.v , {frfmdn�a�y.uwv  `.j
bdg
n�j�v , 
l
g
e�g
y.rfo�g
ifrfr  y.uwh�a�`�a�|  z�g
l
`�a�h
l
r  ( HDTV), n�j
o�rfa , mdj
`.h
u , b�a�o�g
bdu , h�a�l�a�y.uwg  l
g
e�g
m�a�ifu  r  y  
o�n�s�x�r�v  s�h
l
n�a�|fh
l
y.j
v .  DSP  ifg�a�q�v.a�o�rfb   o�e�k  {frfm�n�a�y�a�|  a�q�n�j
q�a�l
`.r   y  n�g
j
e�t�i�a�b  y.n�g
bdg
ifr . �

 ��`.h
cfg
n�rfbdg
ifl
j
e�t�ifa�|  z�j
h
l
r  rfh
h
e�g
o�a�y.j
ifrfk  q�uCe�j  n�j
p�n�j
q�a�l
j
ifj  r  rfh
h
e�g
o�a�y.j
ifj  b�a�o�g
e�t  
{frfmdn�a�y�a�|  a�q�n�j
q�a�l
`.r  rfp�a�q�n�j
��g
ifrfk  o�e�k  h�rfh
l
g
b  a�v.n�j
ififa�x�a  l
g
e�g
y.rfo�g
ifrfk . ��n�r  n�j
p�n�j
q.a�l
`.r  
bda�o�g
e�r  q�uwe�j  c�a�h
l
j
y.e�g
ifj  p�j
o�j
z�j  cfg
n�g
o�j
z�r  cfa�e�ifa�n�j
p�bdg
n�i�a�x�a  y.rfo�g�a  c�a�l�a�`.j  720×480 r  y.uwv.a�o.a�b  
rfp�a�q�n�j
��g
ifrfk  h  cfn�rfg
bdi�a�|  z�j
h
l
r  ifj  SVGA y.uwv.a�o  b�a�ifrfl�a�n�j . �we�k  rfh
h
e�g
o�a�y.j
i�rfk  b�a�o�g
e�r  y  
n�g
j
e�t�ifa�b  y.n�g
bdg
i�r  cfn�r�bdg
ifg
i  `.j
ifj
e  HSRTDX. ��j
`  ��g  y  `.j
z�g
h
l
y.g  ��`.h
cfg
n�rfbdg
ifl
j  c�a�h
l
n.a�g
ifj  
bda�o�g
e�t  y�rfo�g
a�ifj
q�e��?o�g
ifrfk , a�h�s���g
h
l
y.e�k��?��j
k  bda�ifrfl�a�n�rfi�x  o�y.rf��g
i�rfk  a�q���g
`.l
j  r  cfg
n�g
o�j
z�r  y.rfo�g
a  
o�j
ififuwv  cfa  `.j
ifj
e�s  TCP/IP bdg���o�s  h
rfx�ifj
e�t�ifuwb�r  cfn�a�{fg
h
h
a�n�j
bdr . �we�k  cfn.a�l�a�l�rfcfrfn.a�y.j
i�rfk  o�j
ifi�a�|  
bda�o�g
e�r  cfn�rfbdg�ifg
ifu  DSP TMS320DM642EVM  r   TMS320C6455. ��j
p�n�j
q�a�l
`.j  bda�o�g
e�g
|  
cfn�a�y.g
o�g
ifj  y  Simulink, h  ̀.a�b�cfrfe�k�{frfg
|  y  Code Composer Studio.       
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