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� (9�<#"+ :"�"<%% &���+��&%!�@��- "�#"!#/� !":&"�/ :"�(�
9�#%- 4�#�&�>%% ! !"�"$"##/’ ����&�’, +��"�/ #�$�9$%. �&���
���!��#/ �$�%!#/� A��+�#�/ ��- �$�%!�>%% !"�"$#� % �’�+/ ���
��&#/’ :�&�’"�"!. �:%��#/ "�"<�##"��% &��"#��"&"! !"�"$"##/’
����&"! #� <&A44"!�$%’ &�B��$�’ % �:"�"</ %’ :"�(9�#%-. �&%�
!���#/ A#�&4��%9��$%� % :&"��&�#��!�##"�!&�+�##/� ’�&�$��&%�
��%$% !"�"$"##/’ ����&"!, &�<"��@C%’ #� &��$"��+���#/’ A���
+�#��’. �:&�����#/ :�&�:�$�%!/ &��!%�%- !"�"$"##/’ ����&"!.
�&%!���#/ "�#"!#/� �%:/ !"�"$"##/’ ����&"!, :&%+�#-�+/� !
��’#"�"4%-’, :&�����!��#/ �%:/ *"$(�%&(@C%’ 4"�"!"$ % &���
�+"�&�#/ #�$"�"&/� ��’#"�"4%% :&%+�#�#%- %��(9�#%- !"�"$"#�
#/’ ����&"! =&��$�, �!�&$�, +%$&""<&�<"�$�?.

�&��#��#�9�#" ��- ��(��#�"! !/�B%’ ��’#%9��$%’ (9�<#/’
��!���#%D +�B%#"��&"%����#/’ �:�>%���#"���D :" #�:&�!��#%@
:"�4"�"!$% «��B%#"��&"�#%�» % «�&"�$�%&"!�#%� ��’#"�"4%9��
�$%’ +�B%# % $"+:��$�"!».

��� 32.86�5-73

����������:
#. #. �$��-/	�$ � �"$�"& ��’#%9��$%’ #�($, :&"*���"& �"��
$"!�$"4" 4"�(��&��!�##"4" ��’#%9��$"4" (#%!�&�%���� &��%"��’�
#%$%, A��$�&"#%$% % �!�"+��%$%E  $. /. �01/-�$ � $�#�%���
��’#%9��$%’ #�($, :&"*���"& �"�$"!�$"4" 4"�(��&��!�##"4" (#%�
!�&�%���� :&%<"&"��&"�#%- % %#*"&+��%$%.
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� #���"-C�� !&�+- #% "�#" %� ��&���4%9��$% !�)�
#/’ ��’#"�"4%9��$%’ #�:&�!��#%D ! +%&� #� "<’"�%��- <��
%�:"���"!�#%- ����&"! :&% "<&�<"�$� +���&%��"!. ����&#/�
��’#"�"4%% �$�%!#" :&%+�#-@��- ! A��$�&"##"+ +�B%#"�
��&"�#%%, �!�"+"<%����&"�#%%, ��"+#"D, $"�+%9��$"D, �!%��
>%"##"D % �(�"��&"%����#"D :&"+/B��##"��%, +��%>%#� %
:&�$�%9��$% !" !��’ #�:&�!��#%-’ "<"&"##"4" :&"%�!"���!�.

����&#�- ��’#%$� %4&��� >�#�&���#(@ &"�� ! :&"%�’"�
�-C%’ ! :"����#�� !&�+- %�+�#�#%-’ ��’#"�"4%9��$"4"
($����, $"�"&/� �!-��#/ � &��$%+ :"!/B�#%�+ 4%<$"��% %
+"<%��#"��% :&"%�!"���!�, A#�&4"A**�$�%!#"���@, �#%)��
#%�+ %���&)�$ %, "�#"!&�+�##", !/’"�"+ #� #"!/D (&"�
!�#� $�9���!� :&"�($>%%.

����&#/� ��’#"�"4%% "<&�<"�$% +���&%��"! ! �"!&�+�#�
#"+ :&"%�!"���!� ��$"#"+�&#" :"���(@��- <"��B%+ �:&"�
�"+ $�$ ( $&(:#/’ :&"%�!"�%����D, ��$ % ! +��/’ *%&+�’.
���� "#% "<��:�9%!�@� >��/D &-� :&�%+(C���!, #�:"�&���
��!�##" !�%-@C%’ #� :"�&�<%�����$%� ’�&�$��&%��%$%
:&"�($>%%; :"�!"�-@� :"!/�%�� $�9���!", :&"%�!"�%�����
#"���, �#%�%�� ��<���"%+"���, "<��:�9%�� A$"�"4%9��$(@
9%��"�( :&"%�!"���!�, � :" >��"+( &-�( #�:&�!��#%D �"��
�%4#(�� +�$�%+���#/’ #� ��4"�#-B#%D ��#� ��’#%9��$%’
% A$"#"+%9��$%’ &��(�����"!. �&% A�"+ �"!&�+�##/� ���
��&#/� ��’#"�"4%9��$%� $"+:��$�/ A#�&4"A**�$�%!#/ %
:"�!"�-@� ��4$" :�&���&�%!��� ��’#"�"4%9��$%D :&">���,
� 4%<$"��� % !"�+")#"��� (#%*%$�>%% ����&#"4" "<"&(�"�
!�#%- :"9�% #� %+�@� �#��"4"!.
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�"�"$"##/� ����&/ -!�-@��- "�#%+ %� #�%<"��� -&$%’
�"��%)�#%D �"!&�+�##"D $!�#�"!"D A��$�&"#%$%. F�" #��
:&�!��#%� !"�#%$�" #� ��/$� ����&#"D *%�%$% % !"�"$"#�
#"D ":�%$%. �(C���!(�� &-� :&�%+(C���! !"�"$"##/’ ���
��&"! :" �&�!#�#%@ � �&��%>%"##/+% $!�#�"!/+% %��(9��
���-+%, $"�"&/� :"�!"�-@� %+ %�:"���"!����- #�&�!#� �
"</9#/+% ����&�+%, � ! #�$"�"&/’ ��(9�-’ % ��+�#%�� %’.
� #�9��� �!"�4" &��!%�%- "�#"!#"D ����9�D !"�"$"##"D
":�%$% :&�����!�-�"�� �"���#%� !"�"$"##/’ �!��"!"�"! $�$
:���%!#"D �&��/ ��- :�&���9% %#*"&+�>%%. ��#�$", $�$ %
! �@<"D �&(4"D &��!%!�@C�D�- "<����% #�($%, ! :&">����
&�B�#%- :�&!"#�9���#"D ����9% :&"-!%�%�� �&(4%� !"��
+")#"��% !"�"$"##"D ":�%$%, $"�"&/� :&%!��% $ &��B%�
&�#%@ $&(4� %�(9��+/’ "<G�$�"! % -!��#%D %, ! �!"@ "9��
&���, &��B%&%�% "<����� !"�+")#/’ :&%+�#�#%D !"�"$"#�
#/’ �!��"!"�"! % (��&"D��! #� %’ "�#"!�.

������#/+ #�:&�!��#%�+ !"�"$"##"D ":�%$% -!�-���-
&��&�<"�$� % %�����"!�#%� !"�"$"##/’ ����&"!. � A�%’ (���
&"D��!�’ ! $�9���!� �$�%!#"D �&��/ %�:"���(@��- !"�"�
$"##/� �!��"!"�/, ��4%&"!�##/� &���%9#/+% �"<�!$�+%,
:&�)�� !��4" &��$"��+���#/+% A��+�#��+%. �:�&!/� !"�"�
$"##/D ����& </� �"���# �#%�>�&"+ ! 1H61 4., $"4�� </��
:&"��+"#��&%&"!�#� ����&#�- 4�#�&�>%- ! ���$��, ��4%&"�
!�##"+ %"#�+% Nd3I. �$�%!#/D A��+�#� ����&� :&�����!�
�-� �"<"D ���$�-##(@ #%��, :"$&/�(@ "<"�"9$"D %� ���$��
� :"#%)�##/+ :"$�������+ :&��"+��#%-. 
��!%�%� ��’#"�
�"4%% :"�(9�#%- !"�"$"##/’ �!��"!"�"! % :"�(:&"!"�#%�
$"!/’ %��"9#%$"! #�$�9$% :"�!"�%�" !�&#(���- $ %���
!"�"$"##"4" ����&� #� $�9���!�##" #"!"+ (&"!#�. ��9��"
<(&#"4" &��!%�%- A�"4" #�:&�!��#%- "�#"�%��- $ $"#>(
1H80�’ 44., $"4�� </�" :"$���#", 9�" !"�"$"##/� �!��"!"�
�/, ��4%&"!�##/� %"#�+% Jr3I, +"4(� #�D�% :&%+�#�#%� !
!"�"$"##/’ (�%�%���-’ �%4#��� #� ��%#�’ !"�# ! �%�:��"�
#� 1,53�1,56 +$+, �. �. ! �:�$�&���#"D "<����% +%#%+����
#/’ ":�%9��$%’ :"��&� !"�"$"##/’ �!��"!"�"! #� "�#"!�
$!�&>�!"4" ���$��. ������"!�#%- ! "<����% !"�"$"##"�":�
�%9��$%’ (�%�%����D :"��()%�% �"�9$"+ ��- �"���#%-
+"C#/’ :"�(:&"!"�#%$"!/’ %��"9#%$"! #�$�9$%. ��$&/�
�%� *"�"&�*&�$�%!#"4" A**�$�� ! �!��"!"��’ % &��&�<"�$�
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+��"�%$% ��:%�% !#(�&%!"�"$"##/’ <&A44"!�$%’ "�&�)�@�
C%’ &�B��"$ :"�!"�%�% *"&+%&"!��� <&A44"!�$%� ��&$���,
"<&��(@C%� &��"#��"& #�:"�&����!�##" ! !"�"$"##/’ �!��
�"!"��’, % &���%�"!��� B%&"$%D #�<"& ����&#/’ $"#*%4(�
&�>%D ! 9%��" !"�"$"##"+ %�:"�#�#%%. ��� A�" :&%!��" $
<(&#"+( &��!%�%@ !"�"$"##/’ ����&"!.

�"#-�%� «!"�"$"##/� ����&/» "’!��/!��� 9&��!/9�D�
#" B%&"$%D $&(4 ����&#/’ $"#*%4(&�>%D, ’�&�$��&%�(@�
C%’�- &���%9#/+% +��B��<�+% !/’"�#"D +"C#"��%, �
��$)� �:�$�&���#/+% % !&�+�##/+% ’�&�$��&%��%$�+%
!/’"�#"4" %��(9�#%-.

�����%*%$�>%- !"�"$"##/’ ����&"! :" (&"!#-+ !/’"��
#"D +"C#"��% !/4�-�%� �"����"9#" (��"!#"D, "�&�)�- ! �"
)� !&�+- "�"<�##"��% �’�+/ :"��&"�#%- ����&�. ��$, ���
��&/ +��"D !/’"�#"D +"C#"��% %�:"���(@� #�$�9$( !
��&�>�!%#( �!��"!"��. F�" #�$���/!��� "4&�#%9�#%- #�
’�&�$��&%��%$% :"�(:&"!"�#%$"!"4" %��"9#%$� #�$�9$%,
$"�"&/D �"�)�# %+��� ’�&�$��&#/D &��+�& %��(9�@C�D
"<����% 5�10 +$+. �&% A�"+ +"C#"��� #�$�9$% #� :&�!/�
B��� �"��# +%��%!���, :"A�"+( ’�&�$��&#�- !/’"�#�- +"C�
#"��� ��$%’ ����&"! #�’"�%��- ! �%�:��"#� 10�1�102 +��.
�&��% A�%’ (��&"D��! +")#" !/���%�� !"�"$"##/� ����&/,
%��(9�@C%� ! "�#"D :&"�"��#"D +"�� � B%&%#"D �%#%%
"$"�" 20 $>.


��&�<"�$� +"C#/’ :"�(:&"!"�#%$"!/’ %��"9#%$"! �
B%&"$"D %��(9�@C�D "<�����@ :"�!"�%�� :&%��(:%�� $
�"���#%@ #�:&�&/!#/’ !"�"$"##/’ ����&"! �&��#�D +"C�
#"��% � "� �"��# +%��%!��� �" ���-�$"! !���. � "�#"!� ���
$%’ (��&"D��! ��)�� !"�"$"##/� �!��"!"�/ � �!"D#"D "<"�
�"9$"D % ��&�>�!%#"D, ��4%&"!�##"D �$�%!#"D :&%+���@.
�</9#" ! ����&�’ �&��#�D +"C#"��% ! $�9���!� "�&�)����
��D %�:"���(@��- <&A44"!�$%� &�B��$%, :&% A�"+ "<G�+�
#/� A��+�#�/ ! �’�+� ����&� "��(���!(@� % #��%#�D#"�":�
�%9��$%� -!��#%- ! &��"#��"&�, $�$ :&�!%�", #� !"�#%$��
@�. � ��$%’ ����&�’ #� �&�<(���- %�:"���"!��� �:�>%���#/�
+�&/ ��- :&��"�!&�C�#%- �(9�!"4" :&"<"- +���&%��� �!��
�"!"��. ���"!#�- !�&’#-- 4&�#%>� !/’"�#"D +"C#"��%
:"�"<#/’ (��&"D��! �"���!�-�� #��$"��$" ���-�$"! !��� !
"�#"D :":�&�9#"D +"��.



��!� 1. "��#����$

1.1. �#��%��!�
! &��
�’
��!� "��#�

��)#�DB%+ ":�%9��$%+ :�&�+��&"+ +���&%��
�� -!�-���- �4" :"$������� :&��"+��#%-. �" !"�#"!"D ��"�
&%% �!��� :"$������� :&��"+��#%- +���&%��� =n? !/&�)��
���- 9�&�� "�#"B�#%� �$"&"��% �!��� ! !�$((+� =�? $ �$"&"�
��% �!��� ! �&��� ��##"4" +���&%��� =�?;

n K �L�, =1.1?

%�% ":�%9��$"D ��%#/ !"�#/ ! !�$((+� =�!? $ ��%#� !"�#/
! +���&%��� =�+?;

n K �!L�+. =1.2?

�"�$"��$( n M 1 ��- !��’ %�!���#/’ !�C���!, �!�� &���
:&"��&�#-���- ! +���&%��� +����##��, 9�+ ! !�$((+�.

�%:%9#/� �#�9�#%- :"$�������D :&��"+��#%- +���&%��
�"!, %�:"���(�+/’ ! ":�"!"�"$#�, :&%!���#/ ! ��<�%>� 1.1.

�� *"&+(� =1.1?, =1.2? % �#�9�#%D, :&%!���##/’ ! ��<�%�
>� 1.1, !%�#", 9�" :"$������� :&��"+��#%- ���$�� %�+�#-�
���- ! ��!%�%+"��% "� �4" �"���!�.
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�(). 1.1
��&�)�#%� % :&��"+��#%� �!��� #� 4&�#%>� �!(’ �&��



8 $����+� ������������� �����+ � �� ����������

��#"!#/� :"#-�%-, %�:"���(�+/� :&% "<�()��#%% +�’��
#%�+� :&��"+��#%-, %��@��&%&(�� &%�(#"$ 1.1. �� !��’ �&�’
!%��’ &%�(#$� 4&�#%>� &������ :&"’"�%� +�)�( �!(+- �&��
��+% � :"$������-+% :&��"+��#%- n1 % n2, :&%9�+ n1 M n4.


���+"�&%+ ��(9�D :&��"+��#%- �!��"!"4" �(9� :&%
:�&�’"�� %� "�#"D �&��/ ! �&(4(@ =&%�. 1.1�?. �4�"+ :����
#%- #��/!����- (4"� +�)�( :�&:�#�%$(�-&"+ $ 4&�#%>�
&������ �!(’ �&�� % :���@C%+ �(9"+ =�1?. �� 4&�#%>� &���
���� 9���� �!��� "�&�)����- "<&��#" ="�&�)�#%� O&�#��-?.
�4�"+ "�&�)�#%- #��/!����- (4"� +�)�( :�&:�#�%$(�-�
&"+ $ 4&�#%>� &������ �!(’ �&�� % "�&�)�##/+ �(9"+. ���
��!B�-�- 9���� �!��� :�&���$��� 4&�#%>( &������, "<&��(-
:&��"+��##/D �(9, $"�"&/D &��:&"��&�#-���- :"� (4�"+
�2. �"4���#" ��$"#( �#���%(�� +�)�( (4�"+ :���#%- % (4�
�"+ :&��"+��#%- �(C���!(�� ����(@C�� �""�#"B�#%�;

n1sin=�1? K n2sin=�2?. =1.3?

	��% (4"� :���#%- �1 (!��%9%!����-, �" :&% ":&�����#�
#"+ �4" �#�9�#%% :&��"+��##/D �(9 :"�#"���@ %�9�����
=�2 K H0�?. ��$"D (4"� #��/!����- $&%�%9��$%+ (4�"+ �$"���
)�#%- �� =&%�. 1.1�?;

�� K arcsin=n2Ln1?. =1.P?

�&% (4��’, <" ·��B%’ $&%�%9��$"4" =&%�. 1.1
?, �!�� :"��
#"���@ "�&�)����- % !" !�"&(@ �&��( #� :&"#%$���, � %#�
��#�%!#"��� "�&�)�##"4" �(9� &�!#� %#��#�%!#"��% :���@�
C�4". F�" -!��#%� #��/!����- :"�#/+ !#(�&�##%+ "�&�)��
#%�+.

�&% &��9��� ’�&�$��&%��%$ &����#"4" &��:&"��&�#�#%-
�!��� ! ":�"!"�"$#� %�:"���(���- !��%9%#� 9%��"!"D �:�&�

�(). 1.2
�’"�#"D $"#(� :&% !’"��

�!��� ! ":�"!"�"$#"
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�(&/ =NQ?. F�� !��%9%#� ���#" �!-��#� � (��"!%�+ :"�#"4"
!#(�&�##�4" "�&�)�#%- % !"�#"!"4" &��:&"��&�#�#%- �!���
! ":�"!"�"$#�. �#� ":&����-�� (4�"!"D &���& !’"�#"4" $"�
#(�� =&%�. 1.2?, �""�!����!(@C�4" +�$�%+���#"+( (4�( !!"�
�� �!��� ! ":�"!"�"$#";

NQ K sin�, =1.5?

4�� � � :"�"!%#� (4�� !!"��.
���%9%#� NQ � !�)#/D ��’#"�"4%9��$%D :�&�+��&, ��$

$�$ 9�+ <"��B� �#�9�#%� NQ, ��+ �(9B� �!�� !!"�%��- !
":�"!"�"$#". �&% +��/’ �#�9�#%-’ NQ !!"�%��- �"����"9�
#" (�$"#�:&�!��##/D �(9 �!��� [11].

1.2. �"#��*"#�� �&#!+�"��� ��
���

�:�%9��$"� !"�"$#" =&%�. 1.3? �"��"%� %� �!(’
$"#>�#�&%9��$%’ ��"�!; ��&��9#%$� =-�&�? % ":�%9��$"D
"<"�"9$%, %+�@C%’ :"$������% :&��"+��#%- �""�!����!�#�
#" n1 % n2. R�&" % ":�%9��$�- "<"�"9$� +"4(� </�� %�4"�"!�
��#/ %� "�#"4" +���&%��� =#�:&%+�&, "�"<" 9%��"4" $!�&>��
!"4" ���$��?, %�+�#�#%� :"$������- :&��"+��#%- :&% A�"+
�"��%4����- :"�<"&"+ �:�>%���#/’ �"<�!"$, !!"�%+/’ !
9%��/D &��:��! $!�&>�. F�"� :&">��� #��/!����- ��4%&"!��
#%�+. � $�9���!� ��4%&(@C�4" !�C���!� 9�C� !��4" !/��(�
:�@� "$%��/ 4�&+�#%- =SeT2?, *"�*"&� =U2T5?, <"&� =V2T3?,
*�"& =W?, A&<%D =Jr? % #�"�%+ =Nd?. � 9���#"��%, *�"& % "$%��
<"&� (+�#�B�@� :"$������� :&��"+��#%-, � "$%�� 4�&+��
#%- % "$%�� *"�*"&� �4" (!��%9%!�@�. �"$&(4 ":�%9��$"D
"<"�"9$% ! >��-’ :&��"’&�#�#%- "� !#�B#%’ !"���D��!%D,
!�%-@C%’ #� ":�%9��$%� �!"D��!� ":�"!"�"$#� =!��4�,

�(). 1.3
��&($�(&� ":�%9��$"4" !"�"$#�
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>�&�:%#/, +%$&"�&�C%#/?, #�#"�-��- �!� ��"- :"�%+�&�
=�$&%���?. R�&" ":�"!"�"$#� ��$)� +")�� </�� %�4"�"!���
#" %� ���$��, � ":�%9��$�- "<"�"9$� %� :����%$� =UXY�":�"�
!"�"$#"?. �, #�$"#�>, :����%$"!"� ":�"!"�"$#" %+��� -�&"
% "<"�"9$( %� :����%$�.

�"$������� :&��"+��#%- ��&��9#%$� n1 <"��B� :"$����
���- :&��"+��#%- ":�%9��$"D "<"�"9$% n2 .�%���##�- &���
#%>� :"$�������D :&��"+��#%- #�!��%$� � :"&-�$� "�#"�
4" :&">�#��. ��%<"��� &��:&"��&�#�##/� �""�#"B�#%- �%��
+��&"! ��&��9#%$� % ":�%9��$"D "<"�"9$% :&%!���#/ !
��<�%>� 1.2.

�&% ($���#%% �#�9�#%D A�%’ !��%9%# ��- $"#$&��#"4"
":�"!"�"$#� %�:"���(���- ��:%��, ! $"�"&"D :"��� 9%��
��##"4" �#�9�#%- �%�+��&� ��&��9#%$� 9�&�� $"�(@ 9�&�(
($��/!����- �#�9�#%� �%�+��&� ":�%9��$"D "<"�"9$%. ���
:&%+�&, ":�"!"�"$#" ��- ����!"4" "<"&(�"!�#%- *%&+/
Zirschmann %+��� +�&$%&"!$( 62,5L125.

�&% !!"�� �!��� !#(�&� !"�"$#� :"� (4�"+, <" ·��B%+
$&%�%9��$"4", �!��, %�:/�/!�- :"�#"� !#(�&�##�� "�&�)��
#%�, <(��� �!%4����- �%4��4""<&��#" !�"�� ��&��9#%$� ":�
�"!"�"$#�. �(9%, :&% �!%)�#%% :�&���$�@C%� "�� �!��"�
!"��, #��/!�@��- +�&%�%"#���#/+%. ����� �(9�D, #��/�
!��+/’ $"�/+% =��%++��&%9#/+%?, <(��� �!%4����- :"
�:%&���"<&��#"D �&��$�"&%%, #� :�&���$�- "�� !"�"$#�E
:&% �#��%�� !"�"$"##"�":�%9��$%’ :&">���"! "#%, $�$ :&��
!%�", #� (9%�/!�@��-. ��:"���(�+/� +���&%��/, �"���! %
&��+�&/ $"+:"#�#�"! ":&����-@� *%�%9��$%� :�&�+��&/
% "�"<�##"��% ":�"!"�"$#�.

�"� "�#"!#/+% :�&�+��&�+% ":�"!"�"$#� :"#%+�@�
:&"*%�� :"$������- :&��"+��#%-, 9%��" +"�, :"��&% ":�%�
9��$"D +"C#"��%.

� � � � � � � � 	
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1.3. &��-!
/
&��6�#�
; &��
�’
��!;

��:&�����#%� �#�9�#%D :"$������- :&��"+���

#%- !�"�� �%�+��&� :":�&�9#"4" ��9�#%- ":�%9��$"4" !"�
�"$#� #��/!�@� :&"*%��+ :"$������- :&��"+��#%-. 
���
�%9�@� ":�%9��$%� !"�"$#� �" ��(:�#9��/+ :&"*%��+,
$"4�� ��&��9#%$ % ":�%9��$�- "<"�"9$� %+�@� "�#"&"�#/D
=#" &��#/D? :"$������� :&��"+��#%-, % � 4&��%�#�#/+ :&"�
*%��+, $"4�� :"$������� :&��"+��#%- ��&��9#%$� :��!#"
(+�#�B����- "� >�#�&� $ $&�-+. � 4&��%�#�#/’ !"�"$"#
"��(���!(�� &��$"� %�+�#�#%� :"$������- :&��"+��#%- #�
4&�#%>� -�&� % ":�%9��$"D "<"�"9$%, 9�" ’�&�$��&#" ��-
��(:�#9��"4" :&"*%�-. ��C� !��4" ( 4&��%�#�#/’ �!��"!"�
�"! :&"*%�� :"$������- :&��"+��#%- <�%�"$ $ :�&�<"��,
��$%� �!��"!"�/ #��/!�@� :�&�<"�%9��$%+%.

��- ":�%+%��>%% &�<"�/ #� $�$"D��%<" "�#"D ��%#�
!"�#/ %�:"���(���- % <"��� ��")#�- ��&($�(&� :&"*%�-
=&%�. 1.P?.

�(). 1.4
�&"*%�% :"$�������D :&��"+��#%-

��- "�#"+"�"!"4" !"�"$"##"4" �!��"!"��
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1.4. ’��$

��&"4"� &���+"�&�#%� (&�!#�#%D ��$�!����, ":�
&����-@C%’ ’�&�$��& &��:&"��&�#�#%- �!��� ! ":�"!"�"$�
#�, :"$��/!���, 9�" ! !"�"$#� +")�� &��:&"��&�#-���- "4�
&�#%9�##"� 9%��" �%:"! A��$�&"+�4#%�#/’ $"��<�#%D,
#��/!��+/’ +"��+%. ��)��- +"�� %+��� ’�&�$��&#/� ��-
#�� ��&($�(&( A��$�&"+�4#%�#"4" :"�-, � ��$)� *��"!(@ %
4&(::"!(@ �$"&"���. �"� *��"!"D �$"&"���@ :"#%+����-
�$"&"��� :�&�+�C�#%- *��/ !"�#/, � 4&(::"!�- �$"&"���
":&����-�� �$"&"��� :�&�#"�� A#�&4%% A��$�&"+�4#%�#"D
!"�#"D. ��- �!"<"�#" &��:&"��&�#-@C%’�- A��$�&"+�4#%��
#/’ !"�# "<� �$"&"��% A$!%!���#�#/ % &�!#/ �$"&"��% �!��
��, ! �" !&�+- $�$ ��- A��$�&"+�4#%�#/’ !"�#, :�&�+�C�@�
C%’�- ! ":�"!"�"$#�, !��%9%#/ *��"!"D % 4&(::"!"D �$"�
&"��% &���%9#/ % ��!%�-� "� 9���"�/ $"��<�#%D, +���&%���
":�"!"�"$#� % �4" 4�"+��&%9��$%’ :�&�+��&"!. ������!%�+
!�%-#%- A�%’ *�$�"&"! -!�-���- �%�:�&�%-. 
���%9�@�
����(@C%� !%�/ �%�:�&�%%;

� +���&%���#(@ =+"��$(�-&#(@? �%�:�&�%@, "<(��"!��#�
#(@ ��!%�%+"���@ :"$������- :&��"+��#%- +���&%���
�!��"!"�� "� ��%#/ !"�#/ %��(9�#%-E

� !"�#"!"�#(@ �%�:�&�%@, ":&����-�+(@ ��%#"D !"�#/
! ":�%9��$"+ !"�#"!"�� % *�$�%9��$% ��!%�-C(@ "�
�"!"$(:#"��% ��$%’ 4�"+��&%9��$%’ :�&�+��&"! ":�"�
!"�"$#�, $�$ "�$�"#�#%� "� $&(4�"D *"&+/ ��9�#%-,
#�:"��"-#��!" �%�+��&�, #��""�#"��� -�&� % "<"�"9$%,
#�:"��"-#��!" :"$������- :&��"+��#%- :" ��%#� ":�"�
!"�"$#� % �. :.E

� +�)+"�"!(@ =+"�"!(@? �%�:�&�%@, -!�-@C(@�- &��
�(�����"+ &���%9#"D �$"&"��% &��:&"��&�#�#%- +"� !
+#"4"+"�"!"+ !"�"$#�.
�"�/ ’�&�$��&%�(@��- ��+, 9�" :"��� �!(’ :"����"!��

����#/’ :�&�"�&�)�#%D "� 4&�#%>/ ��&��9#%$� % ":�%9��
�$"D "<"�"9$% %’ A��$�&"+�4#%�#/� :"�- "$��/!�@��- !
*���. 	��% A�" (��"!%� #� �"<�@�����-, �" !"�#/, %#��&*��
&%&(-, 4��-� �&(4 �&(4�.

R!�--�� "�#%+ %� !"�+")#/’ &�B�#%D (&�!#�#%- ��$�
�!����, +"�� !/��(:��� ! $�9���!� +���+��%9��$"4" :"#-�
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�%-, ":&����-@C�4" ��$(@ *%�%9��$(@ ’�&�$��&%��%$(,
$�$ &�)%+ &�<"�/ ":�"!"�"$#�.


���%9�@� "�#"+"�"!/D % +#"4"+"�"!/D &�)%+/ &��
<"�/ !"�"$"##"�":�%9��$%’ �%#%D �!-�%. ���"!%�+ "�#"�
+"�"!"4" &�)%+�, ! $"�"&"+ :" ":�"!"�"$#( &��:&"��&��
#-���- "�#� "�#"!#�- +"��, -!�-���- !/:"�#�#%� #�&��
!�#��!�;

F K =2� � NQ � rL�0? \ F"��. =1.6?

����� �0 � &�<"9�- ��%#� !"�#/E r � &��%(� ��&��9#%�
$�E F � #"&+%&"!�##"� �#�9�#%� &�<"9�D 9���"�/E F"�� �
#"&+%&"!�##"� �#�9�#%� 9���"�/ "���9$% =9���"�/, �""��
!����!(@C�D :&�����#"+( �#�9�#%@ ��%#/ !"�#/ ��##"D
+"�/?. ���%9%#� F"�� K 2,P05 ��- �!��"!"�"! �" ��(:�#9��
�/+ :&"*%��+ % F"�� K 3,53 ! ��(9�� :�&�<"�%9��$"4" :&"�
*%�-.

���%9%#( NQ +")#" #�D�% %� !/&�)�#%-;

� �� �2 2
1 2NQ .n n =1.7?

����� n1 % n2 � :"$������% :&��"+��#%- ��&��9#%$� %
":�%9��$"D "<"�"9$%.

���"!%�, ":&����-�+"� #�&�!�#��!"+ =1.6?, #�"<’"�%+",
#" #��"����"9#". �&"+� #�4", �"�)#" !/:"�#-���- ����(@�
C�� &�!�#��!";

� �� � �2 2
01 22 0,38 .r n n =1.8?

	��% #�&�!�#��!" =1.6? #� !/:"�#-���-, ! �!��"!"�� (��
��#�!�%!����- +#"4"+"�"!/D &�)%+. � A�"+ ��(9�� 9%��"
+"� :&%<�%�%����#" &�!#" N K F2L2 ��- �!��"!"�� �" ��(�
:�#9��/+ :&"*%��+ % N K F2LP ! ��(9�� 4&��%�#�#"4" :&"�
*%�-. ��&�$��& &��:&"��&�#�#%- �!��� ! +#"4"+"�"!"+ %
"�#"+"�"!"+ !"�"$#� ��- &��#/’ :&"*%��D :"$������-
:&��"+��#%- :"-�#-���- #� &%�(#$� 1.5.

�"�&"<#�� &���+"�&%+ ’�&�$��&#"� ��- +#"4"+"�"!"4"
!"�"$#� -!��#%� +�)+"�"!"D �%�:�&�%%. �&% !!"�� �(9� !
":�%9��$"� !"�"$#" :(�� &��:&"��&�#�#%- "� #�9��� �"
$"#>� !"�"$#� ��- &��#/’ +"� &���%9�#. F�" "<(��"!�%!��
�� &��#"� !&�+- &��:&"��&�#�#%- +"�, :�&�#"�-C%’ A#�&�
4%@ :�&!%9#"4" �%4#���, % :�&�&��:&�����#%� !/’"�#"D
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�(++�&#"D A#�&4%% ! ����##"+ "�&��$� !&�+�#%. � &��(���
����, ���% %+:(��� �!��� #� !’"�� ":�"!"�"$#� %+�� -&$"
!/&�)�##/� *&"#� % �&�� �%4#���, �" #� !/’"�� :"�(9��+
�(C���!�##" &��+/�/D �%4#�� �" �4��)�##/+% *&"#�"+ %
�&��"+. F�" &��+/!�#%� �%4#��� "<(��"!��#" +�)+"�"!"D
�%�:�&�%�D % :&"-!�-���- ��+ �%��#��, 9�+ ��%##�� �%#%-
�!-�%. ��)+"�"!�- �%�:�&�%- "4&�#%9%!��� :&":(�$#(@
�:"�"<#"��� !"�"$#�, ��$ $�$ :&% :"!/B�#%% 9���"�/ !’"��
#"4" �%4#��� =:"����"!�����#"��� $"&"�$%’ %+:(���"!?
&��+/�/� $&�- �&��� "�#"4" %+:(���� #�9%#�@� :�&�$&/�
!����- &��+/�/+ *&"#�"+ :"����(@C�4", !��- $ :"��&�
%#*"&+��%!#"��% �%4#��� =&%�. 1.6?.

���+"�&- #� <"��B(@ �%�:�&�%@, +#"4"+"�"!"� ":�"�
!"�"$#" �" ��(:�#9��/+ :&"*%��+ :"$������- :&��"+���
#%- -!�-���- "9�#� &��:&"��&�#�##/+ ! �%�( <"��� #%�$%’
�&�<"!�#%D $ ��’#"�"4%9��$"+( "<"&(�"!�#%@ ��- �4" :&"�

�(). 1.5

��:&"��&�#�#%� �!��� ! +#"4"+"�"!"+ % "�#"+"�"!"+

!"�"$#�’ ��- &��#/’ :&"*%��D :"$������- :&��"+��#%-
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%�!"���!� % %�:"���(�+"+( +���&%��(. ��##"� !"�"$#"
+")�� %+��� ��&��9#%$ %� ���$�� % ":�%9��$(@ "<"�"9$(
%� :"�%+�&� =UXY? %�% </�� :"�#"���@ %�4"�"!��##/+ %�
:����%$�. ��- !"�"$#� � 4&��%�#�#/+ :"$�������+ :&��
�"+��#%- !��%9%#� +�)+"�"!"D �%�:�&�%% �(C���!�##"
+�#�B�. F�" :&"%�’"�%� <��4"��&- �!"D��!( �!��� &��:&"�
��&�#-���- </��&�� ! �&��� � +�#�B%+ :"$�������+ :&��"+�
��#%-; <"��B(@ 9���� :(�% :�&�"�&�)�##/� �(9% :&"’"�
�-� 9�&�� "<����% ��9�#%- ":�"!"�"$#� � +�#�B%+ :"$����
����+ :&��"+��#%-, :"A�"+( #� !/’"�� ":�"!"�"$#� "#%
:"-!�-@��- :"9�% "�#"!&�+�##" � �(9�+%, &��:&"��&�#-!�
B%+%�- !�"�� "�% 9�&�� "<����� � +�$�%+���#/+ �#�9�#%�
�+ :"$������- :&��"+��#%-. &��%�#�#"� ":�"!"�"$#"
B%&"$" %�:"���(���- :&% :"��&"�#%% �"$���#/’ ����D % !
$"++(#%$�>%-’, �&�<(@C%’ B%&"$"D :"�"�/ :&":(�$�#%-,
#�:&%+�& :&% :�&���9� !%��"%�"<&�)�#%-. �&% A�"+ #�%�

�(). 1.<
��$�)�#%� :�&���!��+"4" �%4#��� !������!%�

+�)+"�"!"D �%�:�&�%%
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<"��� &��:&"��&�#�##/� �#�9�#%- "�#"B�#%- �%�+��&� -�&�
$ �%�+��&( ":�%9��$"D "<"�"9$% �"���!�-@� 50L125, 62,5L
125. ��- +#"4"+"�"!"4" �!��"!"�� !�)#"D ’�&�$��&%��%�
$"D -!�-���- ��$)� B%&%#� :"�"�/ :&":(�$�#%- !"�"$#�
! :�&��9��� #� $%�"+��& �4" ��%#/, #��/!��+�- $"A**%>%�
�#�"+ B%&"$":"�"�#"��%. ��:&%+�&, !��%9%#� A�"4" $"A*�
*%>%�#��, &�!#�- 600 �>�$+ =���#��&�#"� +#"4"+"�"!"�
!"�"$#" *%&+/ Yiemens ��- ��%#/ !"�#/ �" 1300 #+?, 4"�
!"&%� " �"+, 9�" #� &����"-#%� ! 1 $+ +")�� </�� :�&���#
�%4#�� ! :"�"�� 9���"� �" 600 �> %�% #� &����"-#%� 2 $+ �
! :"�"�� �" 300 �>, �" ���� :&"%�!���#%� ��%#/ �%#%%
:�&���9% #� B%&%#( :"�"�/ 9���"� �%4#��� �"�)#" </��
!��%9%#"D, +�#�B�D %�% &�!#"D $"A**%>%�#�( B%&"$":"�
�"�#"��%.

��- "�#"+"�"!"4" !"�"$#� �(C���!�##/+ -!�-���- �&(�
4"D !%� �%�:�&�%% � +���&%���#�- �%�:�&�%- =%�% +"���
$(�-&#�-?. 	��% !�:"+#%�� *"&+(�( =1.2?, �" "9�!%�#", 9�"
��- &��#/’ ��%# !"�# =��- %��"9#%$"! %��(9�#%- ’�&�$�
��&#� ":&�����##�- B%&%#� �:�$�&� ��- ����##"4" �#�9��
#%- &�<"9�D 9���"�/? :"$������� :&��"+��#%- ��$)� &���
�%9�#. ��$%+ "<&��"+, ��)� ! &�+$�’ "�#"D +"�/ �$"&"���
&��:&"��&�#�#%- ! ":�"!"�"$#� ��- &��#/’ �#�9�#%D 9���
�"� �:�$�&� &�<"9�D 9���"�/ &���%9#�. F�"� !%� �%�:�&�%%
:&%�(���!(�� % ! +#"4"+"�"!"+ ":�"!"�"$#�, #" %+, :" �&�!�
#�#%@ � +�)+"�"!"D �%�:�&�%�D, +")#" :&�#�<&�9�.

	C� "�%# !%� �%�:�&�%% � !"�#"!"�#�- �%�:�&�%- �
��$)� -!�-���- �(C���!�##/+ ��- "�#"+"�"!"4" !"�"$#�.
�" �(C���!( A�"� !%� �%�:�&�%% �!-��# � ��+, 9�" ��+��#�-
9���� ":�%9��$"D +"C#"��% =�" 20^ "� "<C�D +"C#"��%?
&��:&"��&�#-���- :" ":�%9��$"D "<"�"9$�, %+�@C�D "��%9�
#/D "� -�&� :"$������� :&��"+��#%-, 9�" ������ �� �$"�
&"��� %#"D, 9�+ :&% &��:&"��&�#�#%% ! -�&�. �(++�&#(@
�%�:�&�%@, !$�@9�@C(@ ! ��<- +���&%���#(@ % !"�#"!"��
#(@, #��/!�@� ’&"+��%9��$"D �%�:�&�%�D. �&"+��%9��$�-
�%�:�&�%- "<"�#�9����- $�$ D=�? % !/&�)����- ! ��%#%�
>�’ :�L=#+�$+?. ��- "�#"+"�"!"4" !"�"$#�, ! "��%9%� "�
+#"4"+"�"!"4", 4�� ":�&%&(@� :"#-�%�+ $"A**%>%�#��
B%&"$":"�"�#"��%, �:�>%*%$�>%- ’&"+��%9��$"D �%�:�&�
�%% #�"<’"�%+�. �%:"!"� �#�9�#%� ��- ���#��&�#"4" "�#"�
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+"�"!"4" !"�"$#�; D =1310 #+? \ 1,8 :�L=#+�$+?. �&%<�%�%�
����#�- ">�#$� B%&%#/ :"�"�/ :&":(�$�#%- =V_? 9�&��
!��%9%#( "�#"+"�"!"D �%�:�&�%% +")�� </�� :"�(9�#� %�
!/&�)�#%-;

V_ K 0,187L=D=�? � Y_ � L?. =1.H?

����� Y_ � B%&%#� �:�$�&� %��(9����-, #+E L � ��%�
#� !"�"$#�, $+.

�� :&%!���##/’ !/&�)�#%D =1.6? % =1.8? ’"&"B" !%�#/
"�#"!#/� ��’#"�"4%9��$%� :(�% &�B�#%- !":&"�� :"�(9��
#%- "�#"+"�"!"4" &�)%+�; A�" (+�#�B�#%� �%�+��&� ��&�
��9#%$�, (+�#�B�#%� &��#"��% :"$�������D :&��"+��#%-
��&��9#%$� % ":�%9��$"D "<"�"9$%, (!��%9�#%� ��%#/ !"��
#/ %��"9#%$� %��(9�#%-. 
����#" $"+:&"+%�� ����(�� %��
$��� �"��$" +�)�( :�&!/+% �!(+- :�&�+��&�+%. � (!��%�
9�#%�+ �%�+��&� (�(9B�@��- (��"!%- ��- !!"�� :"!/B�#�
#"D +"C#"��% % (��"!%- �"9��#�#%- "�&��$"! !"�"$#�,
"�#"!&�+�##" � A�%+ #�"<’"�%+" !/<&��� +��"� �#�9�#%�
&��#"��% :"$�������D :&��"+��#%- -�&� % ":�%9��$"D "<"�
�"9$%, 9�", ! �!"@ "9�&���, :&%!"�%� $ (’(�B�#%@ &��:&"�
��&�#�#%- "�#"!#"D +"�/ % :"!/B�##"D 9(!��!%����#"��%
$ !#�B#%+ !"���D��!%-+ =#�:&%+�&, %�4%<�+?. �&% <"���
B"D &��#"��% :"$�������D :&��"+��#%- ��&��9#%$� % "<"�
�"9$% +���#�$%D �%�+��& ��&��9#%$� :"!/B��� �&�<"!��
#%- $ �"9#"��% ��/$"!$% "�&��$"! !"�"$#�. � �"!&�+�#�
#/’ "�#"+"�"!/’ !"�"$#�’ �%�+��& ��&��9#%$� �"���!�-��
:"&-�$� 6�10 +$+, � &��#"��� :"$�������D :&��"+��#%-
n1 � n2 K 0,003�0,005. ��#"+"�"!/D &�)%+ &�<"�/ ��- ���
��##"D ��%#/ !"�#/ &���%�(���- :&% �%�+��&� !"�"$#�,
�"%�+�&%+"+ � ��%#"D !"�#/. ��� A�" :&%!"�%� $ �"+(, 9�"
�!��"!"D :(9"$ "�&�)����- "� :"!�&’#"��% ��&��9#%$� &�)�,
!/�/!�- +�#�B(@ �%�:�&�%@. � &��(������ "�#"+"�"!"�
!"�"$#" :" �&�!#�#%@ � +#"4"+"�"!/+ %+��� �(C���!�##"
+�#�B%D $"A**%>%�#� ���(’�#%-.
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�� &%�(#$� 2.1 :&�����!��#� :&"���DB�- $"#�
*%4(&�>%- !"�"$"##"4" ����&� � �"&>�!"D #�$�9$"D, �"�
��"-C�4" %� :"�(:&"!"�#%$"!"4" %��"9#%$� #�$�9$% � !"�
�"$"##/+ !/’"�"+, "�&��$� !"�"$"##"4" �!��"!"��, ��4%�
&"!�##"4" �$�%!#/+% %"#�+%, % �!(’ <&A44"!�$%’ &�B��"$
=�&(4%� �:"�"</ #�$�9$% <(�(� &���+"�&�#/ #%)�?. �’"��
#�- <&A44"!�$�- &�B��$� "</9#" %+��� $"A**%>%�#� "�&��
)�#%-, <�%�$%D $ ��%#%>� #� ��%#� !"�#/ 4�#�&�>%%, �
#�"<’"�%+/D $"A**%>%�#� "�&�)�#%- !/’"�#"D &�B��$%
":&����-���- !��%9%#"D (�%��#%- % ":�%9��$%’ :"��&�
%��(9�#%- ! �$�%!#"+ �!��"!"��. �&A44"!�$%� &�B��$% +"�
4(� </�� ��:%��#/ $�$ #�:"�&����!�##" ! �$�%!#"+ �!��"�
!"��, ��$ % ! "�&��$�’ *"�"9(!��!%����#"4" �!��"!"��, $"�
�"&/� :&%!�&%!�@��- $ �$�%!#"+(. 
���+"�&%+ "�����#/�
A��+�#�/, �"���!�-@C%� !"�"$"##/D ����&, % %’ �!"D��!�.

2.1. �#!��$� �����!
��
����$> "��#������

��$ )� $�$ % ! ��(9�� �!�&�"����#/’ ����&#/’
%��"9#%$"!, #�%<"��B�� &��:&"��&�#�#%� ! $�9���!� �$�%!�
#/’ ��4%&(@C%’ �"<�!"$ !"�"$"##/’ �!��"!"�"! :"�(9%�
�% %"#/ ��#��#"%�"!, %�% &��$"��+���#/’ A��+�#�"!. �:��


�

�
�

�

�(). 2.1
�&"���DB�-

$"#*%4(&�>%- !"�"$"#�
#"4" ����&�
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>%*%9��$%� ":�%9��$%� �!"D��!� ��##/’ A��+�#�"! ":&����
�-@��- ��+, 9�" ��- #%’ ’�&�$��&#� �"��&"D$� !#(�&�##�D f�
"<"�"9$%, $"4�� ()� ��:"�#%�%�� !#�B#%� "<"�"9$%. ���%�
9%� #���:"�#�##"D !#(�&�##�D "<"�"9$% :&%!"�%� $ :"-!���
#%@ -&$" !/&�)�##"D �%�$&��#"D ��&($�(&/ A��$�&"##/’
:�&�’"�"!, $"�"&�- % "<(��"!�%!��� :&%+�#�#%� %"#"! &���
$"��+���#/’ A��+�#�"! ! $�9���!� �$�%!#"D :&%+��%.

�&%+�#%+"��� �$�%!#"4" %"#� ��- ��4%&"!�#%- !"�"�
$"##/’ �!��"!"�"! #� "�#"!� $!�&>�!"4" ���$�� ":&����-�
���- ����(@C%+% *�$�"&�+%; !"�:�&!/’, �$�%!#/D %"#
�"�)�# %+��� %��(9�����#/D :�&�’"� ! <�%)#�D �� "<����
�% �:�$�&�, 4�� $!�&>�!"� ���$�" #�%<"��� :&"�&�9#". �"�
!�"&/’, ! $!�&>�!"+ ���$�� A#�&4%- *"�"#"! �"���!�-�� P00�
1100 �+�1, :"A�"+( #��%9%� A#�&4��%9��$%’ (&"!#�D � +��
�/+ A#�&4��%9��$%+ ���"&"+ !#(�&% ":�%9��$"4" :�&�’"��
:&%!"�%� $ <��/��(9�����#"D &���$��>%%, :&�:-���!(-
:"-!��#%@ �@+%#��>�#>%%. �"A�"+( ! $�9���!� �$�%!#"D
:&%+��% !"�"$"##/’ �!��"!"�"! #� "�#"!� $!�&>�!"4" ���$�
�� #�%<"��B�� &��:&"��&�#�#%� #�B�� &-� A��+�#�"!, :&%�
!���##/’ ! ��<�%>� 2.1.

��+ )� �"��&)���- ��##/� "< "<����% �@+%#��>�#>%%
A�%’ �$�%!#/’ %"#"!. ��+��%+, 9�" ! !"�"$"##/’ �!��"!"�
��’ #� "�#"!� ���$"� �&(4"4" �"���!�, ! 9���#"��% *�@"&%��
#/’ % ’���$"4�#%�#/’, !"�+")#" :"�(9�#%� ����&#"D 4�#��
&�>%% � %�:"���"!�#%�+ % �&(4%’ �$�%!#/’ %"#"!, #�:&%�
+�& :&���"�%+�. �’�+/ A#�&4��%9��$%’ (&"!#�D A��+�#�"!,
:&%!���##/’ ! ��<�%>� 2.1, % %�:"���(�+/� ":�%9��$%�
:�&�’"�/ :&�����!��#/ #� &%�(#$� 2.2.

� � � � � � � � �
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����(? @Nd3AC

�"#/ #�"�%+� ! $!�&>�!"+ ���$�� %+�@� &-� �%��#/’
:"�"� :"4�"C�#%- ! !%�%+"+ % <�%)#�+ ����%�:��"#�,
"�#�$" ��- ����$�%!#"4" !"�<()��#%- #� (&"!�#� PF5L2 9�C�
!��4" %�:"���(���- :"�(:&"!"�#%$"!/D %��"9#%$ %��(9��
#%- � ��%#"D !"�#/ 0,8 +$+. �&% "�#"!#/’ :"�"�/ �@�
+%#��>�#>%% &��:"�")�#/ ! "<����% 0,H2, 1,06 % 1,3P +$+.
�&% A�"+ #�%<"��� %#��#�%!#"D -!�-���- :"�"�� �@+%�
#��>�#>%% ! "<����% 1,06 +$+, �""�!����!(@C�- :�&�’"�(
PF3L2 � PI11L2. =�&�+- )%�#% #� !"�<()��##"+ (&"!#� �"�
���!�-�� "$"�" 0,5 +�.? �� A�"D ��%#� !"�#/ ����& &�<"����
:" 9��/&�’(&"!#�!"D �’�+� 4�#�&�>%%. F�" "<G-�#-�� �"�
*�$�, 9�" #�"�%+ </� :�&!"D �$�%!#"D :&%+���@ ��- �"����

�(). 2.2
�’�+� A#�&4��%9��$%’ (&"!#�D %"#"!

&-�� &��$"��+���#/’ A��+�#�"!
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#%- �$�%!#"D �&��/ !"�"$"##"4" ����&�, %�:"���(@C�4"
�!��"!"� #� "�#"!� $!�&>�!"4" ���$��.


���%��>%- !"�"$"##/’ ����&"! � %�:"���"!�#%�+ ":�
�%9��$"4" :�&�’"�� PF3L2 � PIHL2 =� ~ 0,H2 +$+? ���&(�#�#�
%���� $"#$(&�#>%% �" ��"&"#/ �@+%#��>�#>%% ! "<����%
1,06 +$+, � 4�#�&�>%- ! "<����% 1,3P +$+ =PF3L2 � PI13L2? �
%���� :"4�"C�#%- %� !"�<()��##"4" �"��"-#%-. ��+ #� +��
#��, :"��!��#%� �@+%#��>�#>%% #� 1,06 +$+ :"�!"�%�"
�"����� A**�$�%!#/D !"�"$"##/D ����&, %��(9�@C%D #�
��%#� !"�#/ 0,H2 +$+.

���D?(E @Ho3AC

F#�&4��%9��$�- �’�+� Zo3I %+��� ����&#/D :�&�’"�
5J7 � 5J8 � �""�!����!(@C�D ��%#"D !"�#/ %��(9�#%- !
"<����% 2 +$+. �&�+- )%�#% #� !"�<()��##"+ (&"!#� �"�
���!�-�� "$"�" 0,5 +�. �&% A�"+ 4"��+%�!/D ����& �"�)�#
&�<"���� :" �&�’(&"!#�!"D �’�+�, :"�$"��$( #� �"D )� ��%�
#� !"�#/ �(C���!(�� :"4�"C�#%� %� "�#"!#"4" �"��"-#%-.
�"A�"+( ��- ��$%’ ����&"! ��- �"��%)�#%- %#!�&�%% #�"<�
’"�%+"D -!�-���- #�$�9$� ! %#��#�%!#(@ :"�"�( :"4�"C��
#%-. �" A�"D :&%9%#� #�%<"��B�� &��:&"��&�#�#%� #�B�%
�!�&�"����#/� 4"��+%�!/� ����&/ � ��+:"!"D #�$�9$"D !
:"�"�/ :"4�"C�#%-, &��:"�")�##/� ! !%�%+"D 9���% �:�$�
�&�. ��:"���"!�#%� :"�"�/ :"4�"C�#%- ! "<����% 0,H +$+,
�""�!����!(@C�D :�&�’"�( 5J8 � 5J5, ��- #�$�9$% :"�(:&"�
!"�#%$"!/+ %��"9#%$"+ #� :"�(9%�" :&%+�#�#%- !�������
!%� ���<"D %#��#�%!#"��% ($���##"D :"�"�/. � �" )� !&�+-
#��%9%� %#��#�%!#"D :"�"�/ :"4�"C�#%- ! "<����% 1,15 +$+,
�""�!����!(@C�D :�&�’"�( 5J8 � 5J6, :"�!"�-�� &���9%�/�
!��� #� �(C���!�##"� (�(9B�#%� ’�&�$��&%��%$ 4"��+%��
!"4" !"�"$"##"4" ����&� :&% #�$�9$� ! A�( :"�"�(.

=F�(E @Gr3AC

�"#/ A&<%- ! $!�&>�!"+ ���$�� "<����@� ����&#/+
:�&�’"�"+ PI13L2 � PI15L2, �""�!����!(@C%+ %��(9�#%@ !
"<����% 1,53 �1,6 +$+, !&�+- )%�#% #� +������<%��#"+
(&"!#� �"���!�-�� 10�12 +�. ��##/D �:�$�&���#/D �%�:��
�"# �"!:����� � "<�����@ +%#%+���#/’ ":�%9��$%’ :"��&�
!"�"$"##/’ �!��"!"�"! #� "�#"!� $!�&>�!"4" ���$�� %, ����
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�"!�����#", � �%�:��"#"+, %�:"���(�+/+ ! �"!&�+�##/’
!"�"$"##"�":�%9��$%’ �%#%-’ �!-�%. � �"9���#%% � !"�+")�
#"���@ :&%+�#-�� :"�(:&"!"�#%$"!/� %��"9#%$% #�$�9$%
#� 0,H8 % 1,P5�1,P8 +$+ A�" "<(��"!%�" B%&"$"� %�:"���"�
!�#%� !"�"$"##/’ �!��"!"�"!, ��4%&"!�##/’ %"#�+% A&<%-,
� ��$)� (��&"D��! #� %’ "�#"!�. �!�#�"!�- A**�$�%!#"���
#�$�9$% ��- A�%’ �!��"!"�"! :&%<�%)����- $ 100^, � <"���
B"� !&�+- )%�#% #� +������<%��#"+ (&"!#�, �"���!�-@�
C�� "$"�" 10 +�, :"�!"�-�� �"��%4��� !/�"$%’ $"A**%>%�
�#�"! (�%��#%-.

#��(E @Tm3AC

����&#�- 4�#�&�>%- ! $!�&>�!"+ ���$��, ��4%&"!�##"+
%"#�+% �(�%-, �!-��#� � :�&�’"�"+ 3HP � 3H6 :&% #�$�9$�
! :"�"�(, "<(��"!��##(@ :�&�’"�"+ #� (&"!�#� 3FP =~7H0 #+?
�%<" 3H5 =1060�1250 #+?. �:�$�&���#/D �%�:��"# !"�+")�
#"D ����&#"D 4�#�&�>%% �"���!�-�� 1850�2100 #+, !&�+-
)%�#% #� +������<%��#"+ (&"!#� � :&%+�&#" 0,2 +�.

!���F�(E @Yb3AC

F#�&4��%9��$�- ��&($�(&� %"#"! ‘b3I -!�-���- :&��
����#" :&"��"D. �"+%+" "�#"!#"4" (&"!#- 2F7L2 "#% "<���
��@� �%B� "�#%+ (&"!#�+ PF5L2. ����"!�����#", ! �:�$�&�
:"4�"C�#%- !"�"$"##/’ �!��"!"�"!, ��4%&"!�##/’ %"#��
+% ‘b3I, :&%�(���!(�� �%B� "�#� :"�"�� :"4�"C�#%-,
%+�@C�- ��")#(@ *"&+( %���� B��&$"!�$"4" &��C�:���
#%-. ��##�- :"�"�� :&"-!�-�� �!� +�$�%+(+� � >�#�&�+%
#� H15 % H76 #+, :"A�"+( ��- #�$�9$% %�:"���(@��- :"�(�
:&"!"�#%$"!/� %��"9#%$%, %��(9�@C%� ! A�%’ �:�$�&����
#/’ �%�:��"#�’. �:�$�& �@+%#��>�#>%%, "<(��"!��##/D
:�&�’"�"+ 2F5L2 � 2F7L2, %+��� +�$�%+(+/ ! "<����% H78�
H82 #+ % 1030�10P0 #+, :&"��%&�-�� �" "<����% 1,15�
1,2 +$+. �&�+- )%�#% #� +������<%��#"+ (&"!#� ��- ��@�
+"�%�%$��#"4" ���$�� �"���!�-�� "$"�" 0,8 +�. F�" :"�!"�
�-�� &���%�"!��� B%&"$%D #�<"& !"�"$"##/’ %��"9#%$"!
��- �%�:��"#� 0,H8�1,2 +$+ � &���%9#/+% �:�$�&���#/�
+% % A#�&4��%9��$%+% ’�&�$��&%��%$�+%.
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2.2. -�#�!���J!������$� ��K�#!
&��6�#�
; &��
�’
��!;
O"�"%#�(>%&"!�##/� <&A44"!�$%� &�B��$% :"�

$������- :&��"+��#%- %�:"���(@��- ! !"�"$"##/’ ����&�’
! $�9���!� ����$�%!#/’ "�&�)�����D, "<&��(@C%’ ����&#/D
&��"#��"&. �"�(9�#%� *"�"%#�(>%&"!�##/’ &�B��"$ :"$��
�����- :&��"+��#%- ����" !"�+")#/+ :"��� "<#�&()�#%-
*"�"9(!��!%����#"��% �!��"!"�"!, �. �. ���<%��#"4" %�+��
#�#%- :"$������- :&��"+��#%- +���&%��� ��&�>�!%#/ �!��
�"!"�� :"� ��D��!%�+ �O�%��(9�#%- ":&�����##/’ ��%#
!"�#. � "<C�+ ��(9�� :"� *"�"%#�(>%&"!�##"D !#(�&%!"�
�"$"##"D <&A44"!�$"D &�B��$"D :"$������- :&��"+��#%-
����(�� :"#%+��� "�&��"$ !"�"$"##"4" �!��"!"�� � +"�(�-�
>%�D :"$������- :&��"+��#%- ! �!��"!��(C�D "<����% �
�+:�%�(�"D #� (&"!#� 10�5�10�3 % :�&%"�"+ :"&-�$� ��%#/
!"�#/ &��:&"��&�#-@C�4"�- %��(9�#%-.

��#"!#/+% ’�&�$��&%��%$�+% &�B��$% -!�-@��- :��
&%"� +"�(�->%% :"$������- 	, !��%9%#� #�!���##"4" %�+��
#�#%- :"$������- :&��"+��#%- 
n, 9%��" B�&%’"! N %�%
��%#� &�B��$% L. �!� +"�/ !��%+"��D��!(@� #� &�B��$� �
:�&%"�"+ 	, ���% %’ :"��"-##/� &��:&"��&�#�#%- �1 % �2
(�"!���!"&-@� (��"!%@ *��"!"4" �%#’&"#%�+�

� � �
�1 2

2 ,m =2.1?

4�� m � >��"� 9%��", ’�&�$��&%�(@C�� :"&-�"$ &�B��$%,
! $"�"&"+ &���%�(���- +�)+"�"!"� !��%+"��D��!%�.

�!-�� "�#"!#"D +"�/ � +"�"D, %+�@C�D :&"�%!":"�")�
#"� #�:&�!��#%� &��:&"��&�#�#%-, !"�#%$��� #� ":&�����#�
#"D ��%#� !"�#/ �Br, ����!��+"D �""�#"B�#%�+

2neff	 K �Br, =2.2?

4�� neff � A**�$�%!#/D :"$������� :&��"+��#%- "�#"!#"D
+"�/ �!��"!"��.

� &��(������ #� ��%#� !"�#/ !"�#%$��� "�&�)�#%�.
��&�+��&/ &�B��"$ =�:�$�&���#�- B%&%#�, $"A**%>%�#�
"�&�)�#%-? +"4(� !�&�%&"!����- ! B%&"$%’ :&�����’ !
��!%�%+"��% "� (��"!%D ��:%�% % *"�"9(!��!%����#"��%
�!��"!"��. �"A**%>%�#� "�&�)�#%- R "�#"&"�#"D <&A44"!�
�$"D &�B��$% ��%#"D L ":&����-���- !/&�)�#%�+
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R K th2=kL?, =2.3?
4�� k � $"A**%>%�#� �!-�%, k K ��
nL�Br, � � �"�- +"C#"�
��% %��(9�#%-, &��:&"��&�#-@C�4"�- :" "<����%, ! $"�"�
&"D #�!���#" %�+�#�#%� :"$������- :&��"+��#%-. �:�$�
�&���#�- B%&%#� &��"#�#�� #� :"�(!/�"�� +")�� </��
!/&�)�#� ����(@C%+ �""�#"B�#%�+;

� � � �� ���� 	 �
 �� � �

1L22 21 ,
2

n
n N

=2.P?

4�� � � :�&�+��&, :&%<�%�%����#" &�!#/D ��%#%>� ��-
4�(<"$%’ &�B��"$ =R ~ 1? % 0,5 ��- &�B��"$ #�<"��B"D 4�(�
<%#/.

�"�$"��$( :�&%"� <&A44"!�$"D &�B��$% +�#�� 1 +$+ ��-
"�&�)�#%- ! <�%)#�D ���"<����% �:�$�&�, ��:%�� &�B��$%
:&"%�!"�%��- ! %#��&*�&�#>%"##"D $�&�%#� �O�%��(9�#%-.
�� &%�(#$� 2.3 :&�����!��#� �’�+� ��:%�% &�B��"$ � %��
:"���"!�#%�+ %#��&*�&"+��&� ��"D��.

��+��%+, 9�" ��$�- �’�+� �&�<(�� !/�"$"D :&"��&�#���
!�##"D $"4�&�#�#"��% %��(9�#%- % :"A�"+( :&%+�#-���-,
4��!#/+ "<&��"+, � %��"9#%$"+, %�:"���(@C%+ !�"&(@ 4�&�
+"#%$( �&4"#"!"4" ����&� =��%#� !"�#/ %��(9�#%- 2PP #+?.

�&(4"D +��"� ��:%�% &�B��"$ "�#"!�# #� %�:"���"!��
#%% *��"!/’ +��"$. � A�"+ +��"�� %#��&*�&%&(@� :�&!/D
% +%#(� :�&!/D :"&-�$% �%*&�$>%% %��(9�#%-, :&"B���

�(). 2.3
�’�+� ��:%�% &�B��"$ � %�:"���"!�#%�+ %#��&*�&"+��&� ��"D��
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B�4" 9�&�� $!�&>�!(@ *��"!(@ +��$(, &����* $"�"&"D !/�
:"�#�# ��$%+ "<&��"+, 9�"</ :"��!%�� #(��!"D % �&(4%�
:"&-�$% �%*&�$>%%. � ��##"+ +��"�� �&�<"!�#%- $ $"4��
&�#�#"��% %��"9#%$� %��(9�#%- #� ��"�� )���$%�, 9�" :"�
�!"�-�� %�:"���"!��� A$�%+�&#/� ����&/ frW =2P8 #+? %
�rW =1H3 #+?.

�� &%�(#$� 2.P :&�����!��# �%:%9#/D �:�$�& :&"�
:(�$�#%- <&A44"!�$"D &�B��$% � :�&�+��&�+% L K 5 ++,

� K 8�10�P, 	 K 0,P +$+. 
�B��$� "<��:�9%!��� $"A**%>%�
�#� "�&�)�#%- R ~ 0,HH #� ��%#� !"�#/ 1136 #+, :&% A�"+
B%&%#� �:�$�&� "�&�)�#%- �"���!�-�� "$"�" 0,P #+. ��$%�
&�B��$%, %+�@C%� !/�"$%D $"A**%>%�#� "�&�)�#%- %
<"��B(@ B%&%#( �:�$�&� "�&�)�#%-, "</9#" %�:"���(@��
�- ! $�9���!� !’"�#/’ "�&�)�����D !"�"$"##/’ ����&"!.

2.3. �#!��$� ��
����$� "��#����$

�"� �$�%!#/+% :"#%+�@� !"�"$"##/� �!��"!"�
�/, ! �"���! +���&%��� $"�"&/’ !’"�-� %"#/ A��+�#�"!,
"<����@C%’ ":�%9��$%+% :�&�’"��+%. �&% A�"+ �$�%!#/D
%"# +")�� !!"�%���- $�$ ! ��&�>�!%#( �!��"!"��, ��$ % !
�4" "�&�)�@C(@ "<"�"9$(, ���% :" #�D &��:&"��&�#-���-
��+��#�- 9���� ":�%9��$"D +"C#"��%. ��- :&"%�!"���!�
�$�%!#/’ !"�"$"##/’ �!��"!"�"! %�:"���(���- &-� ��’#"�
�"4%9��$%’ :&">���"!; ��gj =+"�%*%>%&"!�##"� ’%+%9��
�$"� "��)��#%� %� 4��"!"D *��/?, Tgj =!#�B#�� "��)��#%�
%� 4��"!"D *��/?, gQj =�$�%���#"� "��)��#%� %� 4��"!"D
*��/?, "��)��#%� � %�:"���"!�#%�+ :���+/ 
�gj % Y
�gj.

�(). 2.4
�%:%9#/D �:�$�&

:&":(�$�#%- <&A44"!�
�$"D &�B��$% �

:�&�+��&�+% L K 5 ++,
�n K 8�10�P
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��- !!���#%- �$�%!#"D :&%+��% ! A�%’ :&">����’ #�%<"���
B� &��:&"��&�#�#%� #�B�% +��"� :&":%�$%, $"4�� #�:&"�
:��!��##/D :"&%��/D +���&%�� ��&�>�!%#/ :&":%�/!����
�- &���!"&"+ �"�% �$�%!#"D �"<�!$%, % ��4%&"!�#%� %� ���
�(9%’ �"��%#�#%D.

��$�%+���#�- $"#>�#�&�>%- �$�%!#/’ %"#"! ! ���$�
$!�&>�!"4" ���$�� #�!��%$� % "4&�#%9%!����- %’ &���!"&%�
+"���@, � ��$)� !"�#%$#"!�#%�+ $"":�&��%!#/’ A**�$�"!.
F�" :&%!"�%� $ �"+(, 9�" ��%#� �$�%!#"D �&��/ !"�"$"##"4"
����&� +")�� �"��%4��� #��$"��$%’ ���-�$"! +��&"!. �"A�"�
+( ������!�##/+ �&�<"!�#%�+ $ �$�%!#/+ !"�"$"##/+ �!��
�"!"��+ -!�-���- #��%9%� �"����"9#" #%�$%’ #�&��"#�#��
#/’ ":�%9��$%’ :"��&�. �&%�+��+"� �#�9�#%� :"��&� �"�
���!�-�� "� 5 �" 20 ��L$+, ! A�"+ ��(9�� %’ !�%-#%� #�
A**�$�%!#"��� ����&� �"���!�-�� #� <"��� #��$"��$%’ :&"�
>�#�"!. �� &%�(#$� 2.5 :&�����!��# �:�$�& ":�%9��$%’ :"�
��&� !"�"$"##"4" �!��"!"��, ��4%&"!�##"4" %"#�+% ‘b3I �
$"#>�#�&�>%�D 8�101H �+�3. ��&�>�!%#� ��##"4" "<&��>�
</�� ��$)� ��4%&"!�#� �l2T3, 9�" :"�!"�-��, $�$ (!��%�
9%�� :&���� &���!"&%+"��% &��$"��+���#/’ %"#"! ! $!�&�
>�!"+ ���$��, ��$ % (+�#�B%�� !�&"-�#"��% %’ $�����&%���
>%%, :&%!"�-C�D $ $"":�&��%!#"D �:�$"#!�&�%%.

�"C#/� :"�(:&"!"�#%$"!/� %��"9#%$% ��- #�$�9$%
!"�"$"##/’ ����&"! �&�<(@� :&%+�#�#%- !"�"$"##/’ �!��
�"!"�"! � �!"D#"D "<"�"9$"D. � $�9���!� �$�%!#"D �&��/
+"C#/’ !"�"$"##/’ ����&"! %�:"���(@��- �!��"!"�/, �"�
��"-C%� %� "�#"+"�"!"D ��&�>�!%#/, ��4%&"!�##"D $�$
�$�%!#"D :&%+���@ &��$"��+���#"4" A��+�#��, ��$ % :&%�

�(). 2.5
�:�$�& ":�%9��$%’ :"��&�

! ��&�>�!%#� �$�%!#"4"
�!��"!"�� :&% $"#>�#�&��

>%% %"#"! ‘b3I, &�!#"D
8�101H �+�3
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+��-+%, *"&+%&(@C%+% :&"*%�� :"$������- :&��"+��#%-,
� ��$)� %� !#(�&�##�D "<"�"9$% %� $!�&>�!"4" ���$�� %
!#�B#�D "<"�"9$% � :"$�������+ :&��"+��#%-, :"#%)�#�
#/+ :" �&�!#�#%@ � ��$"!/+ ��- $!�&>�!"4" ���$��. �"�
����#/D :&"*%�� :"$������- :&��"+��#%- ��##/’ �!��"�
!"�"! :&�����!��# #� &%�(#$� 2.6�.

�#(�&�##-- "<"�"9$� =!+���� � !#�B#�D "<"�"9$"D? "<�
&��(�� +#"4"+"�"!/D �!��"!"�, :" $"�"&"+( &��:&"��&�#-�
���- %��(9�#%� #�$�9$%. �#� %+��� �%:%9#/D &��+�& 0,1�
1 ++, 9�" "<��:�9%!��� !"�+")#"��� !!"�� %��(9�#%- #��
$�9$% "� :"�(:&"!"�#%$"!/’ %��"9#%$"! � +"C#"���@ "�
#��$"��$%’ ��%#%> �" #��$"��$%’ ���-�$"! !���. �&% &���
:&"��&�#�#%% :" +#"4"+"�"!"+( �!��"!"�( %��(9�#%� #��
$�9$% :"4�"C����- �$�%!#/+% %"#�+% &��$"��+���#"4"
A��+�#��, !/�/!�- �@+%#��>�#>%@, $"�"&�- :&% #��%9%%

�(). 2.<
�"����#/D :&"*%�� :&��"+��#%- =�? % :&%#>%:

:&�"<&��"!�#%- +#"4"+"�"!"4" %��(9�#%- #�$�9$%
! "�#"+"�"!"� %��(9�#%� !"�"$"##"4" ����&� =�?
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"<&��#"D �!-�% +")�� &��!%���- ! ����&#(@ 4�#�&�>%@. �&%
A�"+ "<����� 4�#�&�>%% "$��/!����- �"$��%�"!�##"D ! "�#"�
+"�"!"D ��&�>�!%#�, �. �. �� ’�&�$��&#/D :":�&�9#/D &���
+�& �"���!�-�� 5�10 +$+. �&%#>%: :&�"<&��"!�#%- +#"4"�
+"�"!"4" %��(9�#%- #�$�9$% ! "�#"+"�"!"� %��(9�#%� !"�"�
$"##"4" ����&� %��@��&%&(���- #� &%�(#$� 2.6�. ��$%+
"<&��"+, !"�"$"##/D ����& � #�$�9$"D ! "<"�"9$( +")��
&���+��&%!����- $�$ (��&"D��!", :"�!"�-@C�� :"!/�%��
-&$"��� :"�(:&"!"�#%$"!"4" %��"9#%$� ! �"�#% &�� =�������
!�##", #� �&(4"D ��%#� !"�#/?.

��- #�%<"��� &��:&"��&�#�##"4" �%:� !"�"$"##/’ �!��
�"!"�"! � �!"D#"D "<"�"9$"D ! $�9���!� +���&%��� !#�B#�D
"<"�"9$% %�:"���(@��- :"�%+�&/ � #%�$%+ :"$�������+
:&��"+��#%-. � 9���#"��%, A�" �%�%$"#"!�- &��%#�, "<���
:�9%!�@C�- 9%��"!(@ �:�&�(&( +#"4"+"�"!"4" �!��"!"��
NQ K 0,38, % ��*�"# QW, :"�!"�-@C%D (!��%9%�� N� �"
0,6. ��$ :&�!%�", �!��"!"�/ � :"�%+�&#/+ :"$&/�%�+
%+�@� !#�B#%D �%�+��& 100�300 +$+.

� #��"����$�+ %�:"���"!�#%- �%�%$"#"!"4" :"$&/�%-
����(�� "�#���% !/�"$%D (&"!�#� ":�%9��$%’ :"��&� ��- %��
�(9�#%- #�$�9$%, $"�"&/D �"���!�-�� 50 ��L$+ % <"���. ���
:"���"!�#%� ��*�"#� :"�!"�-�� :"�(9��� �!��"!"�/ � ":�%9��
�$%+% :"��&-+% ! "<"�"9$� 10 ��L$+. �&"+� �"4", ��##/D
+���&%�� "<������ !/�"$%+ :&":(�$�#%�+ ! �O�9���% �:�$�
�&�, 9�" :"�!"�-�� ��:%�/!��� &�B��$% <�� (����#%- :"�%�
+�&�. ��#�$" ��*�"#"!"� :"$&/�%� %+��� +��(@ �"�C%#(
=10�20 +$+?, 9�" (!��%9%!��� &%�$ :"!&�)��#%- �!��"!"��.

��- "<��:�9�#%- A**�$�%!#"D �!-�% +"� !#(�&�##�D
"<"�"9$% � �$�%!%&"!�##"D ��&�>�!%#"D #�"<’"�%+" %��
:"���"!��� !"�"$"##/� �!��"!"�/ � #�$&(4�"D *"&+"D !#(��
&�##�D "<"�"9$%, :"�$"��$( ! :&"�%!#"+ ��(9�� <"��B�-
�"�- +"C#"��% &��:&"��&�#-���- ! +"��’, #� :�&���$�@�
C%’ "<����� ��&�>�!%#/. ��- ":&�����#%- A**�$�%!#"��%
:"4�"C�#%- ! ":�%9��$%’ !"�"$#�’ � &���%9#"D 4�"+��&%�
�D !#(�&�##�D "<"�"9$% ! &�<"�� &���+��&%!��"�� #��$"���
$" "<&��>"!, %�4"�"!��##/’ %� "�#"D ��4"�"!$% � ��&�>�!%�
#"D, ��4%&"!�##"D %���&<%�+. ��##/� �!��"!"�/ %+��%
����(@C%� *"&+( % :�&�+��&/ !#(�&�##�D "<"�"9$%; $&(4�
��- =�%�+��&"+ 125 +$+?, j�"<&��#�- � "�#"D �"B�%*"!�#�
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#"D 4&�#�@ =125�100 +$+?, :&-+"(4"��#�- =150�75 +$+?,
$!��&��#�- =125�125 +$+?. ��- A�%’ "<&��>"! </�" %�+�&��
#" :"4�"C�#%� ! :"�"�� %���&<%- ��- �!(’ $"#*%4(&�>%D;
��- :&-+/’ �!��"!"�"! % ��- �!��"!"�"!, %�"4#(�/’ ! *"&�
+� !"��+�&$% � &��%(�"+ %�4%<� 1 �+. ��:"���"!�#%� :"�
����#�D $"#*%4(&�>%% �"�)#" </�" �:"�"<��!"!��� :�&��
+�B%!�#%@ +"� "<"�"9$% % (!��%9�#%@ :"4�"C�#%- ! :"�
�"�� ‘b3I, ���% �!-�� 9���% +"� "<"�"9$% � ��&�>�!%#"D
"��(���!(�� ��- :&-+"4" ":�%9��$"4" !"�"$#�. �� &��(���
���"! %�+�&�#%D, :&�����!��##/’ ! ��<�%>� 2.2, ����(��,
9�" !!���#%� #�&�4(�-&#"4" %�4%<� �!��"!"�� :&%!"�-� $
%�+�#�#%@ :"4�"C�#%- �"��$" ��- "<&��>� � $&(4�"D *"&�
+"D !#(�&�##�D "<"�"9$%, :"A�"+( +")#" ������� !/!"�,
9�" $�)��- %�:"���"!�##�- #�$&(4��- 4�"+��&%- !#(�&�#�
#�D "<"�"9$% :"�!"�-�� :"�(9%�� A**�$�%!#"��� :"4�"C��
#%- #�$�9$%, <�%�$(@ $ 100^.

j�"<&��#�- *"&+� !/4�-�%� #�%<"��� :&"��"D ��- %�4"�
�"!��#%-, :"�$"��$( �&�<(���- B�%*"!$� �%B� "�#"D 4&��
#% ��4"�"!$%. ��#�$" �!�&$� ��$"4" �!��"!"�� �" �!��"!"�
�"+, %+�@C%+ $&(4�(@ *"&+( "<"�"9$% % %�:"���(�+/+
��- %�4"�"!��#%- <&A44"!�$%’ &�B��"$, :&%!"�%� $ �"����
�"9#" <"��B%+ :"��&-+ ! �"9$� �"��%#�#%- %���� �4" ��%+�
+��&%9#"D *"&+/. ��$%+ "<&��"+, ":�%+���#"D 4�"+��&%�
�D "<"�"9$% -!�-���- $!��&��#�- *"&+�, :"�!"�-@C�- �"�
<%���- $�$ !/�"$"D A**�$�%!#"��% :"4�"C�#%- %��(9�#%-
#�$�9$%, ��$ % +��/’ ":�%9��$%’ :"��&� :&% �!�&$� � $&(4�
�/+% !"�"$#�+%. �")#" %�:"���"!��� % �&(4%� 4�"+��&%%
"<"�"9$%, ! 9���#"��% B���%4&�##(@ *"&+(.
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��- &-�� ����9 #�"<’"�%+" %�:"���"!��� �$�%!#/� �!��
�"!"�/ � +��/+ �%�+��&"+ !#(�&�##�D "<"�"9$% =30�
60 +$+?, #�$�9%!��+/� <"��� -&$%+% :"�(:&"!"�#%$"!/�
+% %��"9#%$�+%. �&%+�#�#%� �!��"!"�"! � :"�%+�&#/+
:"$&/�%�+ !/�/!��� �&(�#"��% %���� ��%B$"+ +��"4" !#�B�
#�4" �%�+��&�, $"�"&/D #� �":(�$��� %�:"���"!�#%- �!��
&"9#/’ �::�&��"! ��- �"��%#�#%- � �&(4%+% !"�"$"##/+%
�!��"!"��+%. � A�"+ ��(9�� +")#" :&%+�#-�� !"�"$"##/D
�!��"!"� � �!"D#"D "<"�"9$"D #� "�#"!� $!�&>�!/’ ���$"�
&��#"4" �"���!�. � ��$"+ �!��"!"�� ! $�9���!� !#�B#�D "<"�
�"9$% %�:"���(���- ":"&#�- �&(<� %� $!�&>�!"4" ���$��, �
! $�9���!� !#(�&�##�D � $!�&>�!"� ���$�" � �"����"9#"
<"��B%+ �"��&)�#%�+ SeT2. ���"����$"+ A�"D $"#��&($�
>%% -!�-���- "4&�#%9�#%� �!�&’( 9%��"!"D �:�&�(&/ �!��
�"!"�� #� "�#"!� !#(�&�##�D "<"�"9$% %���� &��&(B�#%-
��4"�"!$%, "<(��"!��##"4" &��#"���@ $"A**%>%�#�"! ��&�
+%9��$"4" &��B%&�#%- ��- +���&%��"! !#(�&�##�D % !#�B�
#�D "<"�"9�$. ��&"-�#"��� &��&(B�#%- ��4"�"!$% :"!/B��
���- :&% <"��B%’ 4�"+��&%9��$%’ &��+�&�’ "��)��##"D
"<"�"9$%. �"A�"+( #� :&�$�%$� 9%��"!�- �:�&�(&� ��- %��
�(9�#%- #�$�9$% �"���!�-�� 0,2�0,25, 9�" �(C���!�##" "4�
&�#%9%!��� !!"�%+(@ +"C#"��� #�$�9$%.

�&(4%+ !�&%�#�"+ -!�-���- %�:"���"!�#%� �$�%!#"4"
�!��"!"�� � +%$&"��&($�(&%&"!�##"D "<"�"9$"D, :":�&�9�
#"� ��9�#%� $"�"&"4" :&�����!��#" #� &%�(#$� 2.7.

�(). 2.7
�’�+� !"�"$"##"4" �!��"!"�� � +%$&"��&($�(&%&"!�##"D "<"�"9$"D;

9�&#/� $&()$% � !"��(B#/� :&"+�)(�$%.
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��&�$��&#"� �#�9�#%� 9%��"!"D �:�&�(&/ ��$%’ �!��"�
!"�"! �"���!�-�� 0,5 % "4&�#%9%!����- !/��$�#%�+ +"�
!/�B%’ :"&-�$"! 9�&�� :�&�+/9$%, :"���&)%!�@C%� !#(��
&�##@@ "<"�"9$(. �"��B"� �#�9�#%� N� :"�!"�-�� (!��%�
9%�� :�"�#"��� #�$�9$% ! #��$"��$" &�� :" �&�!#�#%@ �
:&��/�(C�D $"#��&($>%�D �!��"!"�� :&% %�:"���"!�#%%
%��#�%9#/’ %��"9#%$"! #�$�9$% % �"’&�#�#%% �%�+��&�
!#(�&�##�D "<"�"9$%.

2.4. ">�’$ ���+!
�#!��$> "��#������

��- #�$�9$% �$�%!#"4" !"�"$"##"4" �!��"!"�� �
�!"D#"D "<"�"9$"D </�" :&���")�#" #��$"��$" �:"�"<"!.
��%<"��� :&"��/+ %� #%’ -!�-���- ��(9�D �"&>�!"D #�$�9�
$%, $"4�� %��(9�#%� :"�(:&"!"�#%$"!"4" %��"9#%$� !!"�%��
�- ! �$�%!#/D �!��"!"� 9�&�� �"&�> =�+. &%�. 2.1?. �"��"%#���
!"+ ��$"4" �:"�"<� -!�-���- !"�+")#"��� �4" %�:"���"!�#%-
��- !��’ ":%��##/’ !/B� �%:"! �!��"!"�"! � �!"D#"D "<"�
�"9$"D. � �4" #��"����$�+ "�#"�%��- !"�+")#"��� %�:"���
�"!�#%- �%B� "�#"4" %��"9#%$� #�$�9$% =����&#"4" �%"��
%�% %’ �<"&$%?, :"A�"+( !!"�%+�- ! �!��"!"� +"C#"��� "4�
&�#%9�#� �"!&�+�##/+% !"�+")#"��-+% :"�(:&"!"�#%$"�
!"D ��’#"�"4%%.

�!� �&(4%’ �’�+/ #�$�9$% %�:"���(@� :&%#>%: &���
:&�����#%- !!"�%+"4" %��(9�#%- #�$�9$% :" ��%#� �$�%!�
#"4" �!��"!"��. ��- !!"�� #�$�9$% +")#" %�:"���"!���
#�<"& g�"<&��#/’ $�#�!"$, %�4"�"!��##/’ #� <"$"!"D :"�
!�&’#"��% �!��"!"��. �&%#>%: A�"4" !!"�� #�$�9$% :"$��
��# #� &%�(#$� 2.8.

�(). 2.8
�’�+� #�$�9$% 9�&��
g�"<&��#(@ $�#�!$(
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���"+#�##/+ �"��"%#��!"+ ��$"4" �:"�"<� -!�-���-
!"�+")#"��� �"<�!��#%- %��"9#%$"! :" ��%#� �$�%!#"4"
�!��"!"�� :" +�&� %��"C�#%- +"C#"��% "� :&��/�(C�4"
%��"9#%$�. � #��"����$�+ ����(�� "�#���% #�"<’"�%+"���
*%$��>%% :"�(:&"!"�#%$"!"4" ����&� "�#"�%����#" �$�%!�
#"4" �!��"!"�� % ��C%�/ "<����% !!"�� "� !#�B#%’ !"���D�
��!%D.

��"<�##"���@ �&(4"4" �:"�"<� #�$�9$% -!�-���- %��
:"���"!�#%� �:�>%���#"4" �!"D#"4" !"�"$"##"4" �!��"!"�
��, :&�����!�-@C�4" �"<"D �!� !"�"$"##/’ �!��"!"�� �
"<C%+ :"�%+�&#/+ :"$&/�%�+, %+�@C%+ :"#%)�##/D :"
�&�!#�#%@ � $!�&>�!/+ ���$�"+ :"$������� :&��"+��#%-
=Sk_��!��"!"�?. ��%# %� �!��"!"�"! =�$�%!#/D? %+��� ��&��
>�!%#(, ��4%&"!�##(@ %"#�+% %���&<%-, � !�"&"D =:���%!�
#/D? � :&�����!�-�� �"<"D !"�"$#" %� !/�"$"9%��"4" $!�&�
>�!"4" ���$��. �""�!����!(@C�- $"#*%4(&�>%- :&�����!�
��#� #� &%�(#$� 2.H.

���(9�#%� #�$�9$% "� :"�(:&"!"�#%$"!"4" %��(9����-
!!"�%��- ! :���%!#/D �!��"!"�. � "<����% $"#��$�� �!��"�
!"�"! :&"%�’"�%� :�&�&��:&�����#%� +"C#"��% #�$�9$%,
!!���##"D ! :���%!#/D �!��"!"�, :" �!(+ �!��"!"��+, :&%
A�"+ "�#"B�#%� +"C#"���D #�$�9$% ! "<"%’ �!��"!"��’
":&����-���- "�#"B�#%�+ :�"C���D %’ "<"�"9�$. �&% &���
:&"��&�#�#%% :" �$�%!#"+( �!��"!"�( :"4�"C�#%� 9���%
#�$�9$% ! �4" ��&�>�!%#� $"+:�#�%&(���- �":"�#%����#"D
:�&�$�9$"D %��(9�#%- %� :���%!#"4" �!��"!"��, #�"<’"�%�
+"D ��- :"���&)�#%- :"��"-##"4" "�#"B�#%- +"C#"���D
#�$�9$% ! �$�%!#"+ % :���%!#"+ �!��"!"��’. ��$%+ "<&��
�"+, :&"%�’"�%� &��:&�����##�- #�$�9$� :" !��D ��%#�
�$�%!#"4" �!��"!"��. � ��##"D �’�+� !"�+")#" %�:"���"�
!�#%� �!(’ %��"9#%$"! #�$�9$%, %��(9�#%� $"�"&/’ !!"�
�%��- � :&"�%!":"�")#/’ $"#>"! :���%!#"4" �!��"!"��, �
��$)� &��&/! :���%!#"4" �!��"!"�� ! "<����% %��"C�#%-

�(). 2.9
�’�+� #�$�9$%

� %�:"���"!�#%�+
�!"D#"4" �!��"!"��
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+"C#"��% #�$�9$% % �"<�!��#%� ����(@C�4" %��"9#%$�
=&%�. 2.H?. �&"+� �"4", +")#" (!��%9%�� 9%��" :���%!#/’
�!��"!"�"! ! �<"&$�, 9�" :"�!"�%�, ! �!"@ "9�&���, (!��%�
9%�� $"�%9���!" %��"9#%$"! #�$�9$%.

2.5. �"������"#!
��
����$> "��#������
� �"!
!#�
/��* "���$

�$�%!#/� !"�"$"##/� �!��"!"�/ $�$ (�%�%�����
#�- �&��� "<����@� &-�"+ "�"<�##"���D :" �&�!#�#%@ �
����&#/+% $&%������+% % ���$��+%. ��$, !"�#"!"�#/D
’�&�$��& &��:&"��&�#�#%- *"�"#"! #�$�9$% % �%4#���, $�$
:&�!%�", %�$�@9��� :"��&% #� %’ %��(9�#%� 9�&�� <"$"!/�
:"!�&’#"��% �&��/. �"��$" :&% #�:&�!%��#"+ !/<"&� :�&��
+��&"! �!��"!"�� �%<" :&% #��%9%% %�4%<� �!��"!"�� � +��
�/+ &��%(�"+ +"4(� !"�#%$��� %��(9�����#/� :"��&%. F�"
-!�-���- #��"+#�##/+ :&�%+(C���!"+ !"�"$"##/’ �����
&"! :" �&�!#�#%@ � "</9#/+% �!�&�"����#/+% ����&�+%.
��#�$" ’�&�$��&#�- ��%#� �$�%!#"D �&��/ !"�"$"##/’
����&"! �"���!�-�� ��%#%>/ % ���-�$% +��&"!, :"A�"+( :&%
�#��%�� %’ A**�$�%!#"��% �(C���!�##/+ -!�-���- (9��
#�&��"#�#�#/’ ":�%9��$%’ :"��&� $�$ %��(9�#%- #�$�9$%,
��$ % %��(9�#%- �%4#���.

�&(4%� "�"<�##"��% !"�"$"##/’ ����&"! "<(��"!��#/
��+, 9�" ! "�#"+"�"!"+ !"�"$"##"+ �!��"!"�� %��(9�#%�
&��:&"��&�#-���- #� �"��$" ! ��&�>�!%#�, #" % ! "�&�)�@�
C�D "<"�"9$�, :&% A�"+ �"�% +"C#"��% ! ��&�>�!%#� % "<"�
�"9$� +"4(� "$������- �":"���!%+/+%. �&"+� �"4", +")#"
!!"�%�� �$�%!#(@ :&%+��� #� !" !�@ ��&�>�!%#(, � �%B� !
9���� ��, �%<" ��4%&"!��� 9���� "<"�"9$% �!��"!"��. � :&%#�
>%:�, +")#" ��4%&"!��� &���%9#/� "<����% �!��"!"�� &���
#/+% �$�%!#/+% :&%+��-+%, :&% A�"+ !��%+"��D��!%�
%"#"! ! "<C�:&%#-�"+ �+/��� "��(���!(��, � ���� �%B� %’
":�%9��$�- �!-��.

��$%+ "<&��"+, $����%9��$%� !/&�)�#%- ��- (�%��#%-
! ��(9�� !"�"$"##/’ �!��"!"�"! �"�)#/ </�� +"�%*%>%�
&"!�#/. �&%!���+ �""�#"B�#%- ��- A!"�@>%% +"C#"��%
�%4#��� % #�$�9$% ! �&�’(&"!#�!"D �’�+� (�%��#%-, :"
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$"�"&"D &�<"���� <"��B%#��!" &���%�"!�##/’ !"�"$"##/’
����&"!;

� � � � � � � � �1 0[ = ? = ?] Es
s e s a s s s s

dP N N P P
dz =2.5?

� �� � � � �0 = ? ,p
p a p p p p

dP
N P P

dz =2.6?

4�� Ps % Pp, �s % �p � +"C#"��% % ��%#/ !"�# %��(9�#%-
�%4#��� % #�$�9$% �""�!����!�##"E �� % �� � ��9�#%- :"4�"�
C�#%- % �@+%#��>�#>%%E N0 % N1 � #�����##"��% "�#"!#"�
4" % +������<%��#"4" (&"!#�DE �s % �p � $"A**%>%�#�/
#�&��"#�#�#/’ :"��&� ��- �%4#��� % #�$�9$%E �s % �p �
%#��4&��/ :�&�$&/�%- :"��D %��(9�#%- �%4#��� % #�$�9�
$% � �$�%!#"D "<�����@.

�

�
� �

�

�
�

2

1
,

,

,0

= ?2
,

= ?2

r
s pr

s p

s p

E r rdr

E r rdr
=2.7?

4�� E=r? � &��%���#"� &��:&�����#%� �""�!����!(@C�4"
:"�-E r1 % r2 � 4&�#%>/ "<����% �!��"!"��, ��4%&"!�##"D
�$�%!#/+% %"#�+%.

� ��(9�� #�$�9$% ! "<"�"9$( �!��"!"�� �p +")#" :&%�
<�%�%����#" ">�#%�� $�$

�� � SdLScl, =2.8?

4�� Sd % Scl � :�"C��% :":�&�9#"4" ��9�#%- ��4%&"!�##"D
"<����% % "<"�"9$%, :" $"�"&"D &��:&"��&�#-���- #�$�9$�.
�"�9�&$#�+, 9�" :&%!���##"� �""�#"B�#%� -!�-���- !����
+� :&%<�%�%����#/+, :"�$"��$( %#��4&�� :�&�$&/�%- %��
�(9�#%- #�$�9$% ! ��##"+ ��(9�� ��!%�%� "� &��:&������
#%- %#��#�%!#"��% %��(9�#%- %��"9#%$� #�$�9$%, �:"�"<�
!"�<()��#%-, *"&+/ "<"�"9$% % �. �. ��+ #� +�#��, -�#",
9�" %�:"���"!�#%� #�$�9$% ! "<"�"9$( A$!%!���#�#" �(C��
��!�##"+( (+�#�B�#%@ ��9�#%- :"4�"C�#%- #� ��%#� !"��
#/ #�$�9$%.



��!� 3. >���#��!"#!!
��
����$>

�6����

� A�"D 4��!� &���+��&%!�@��- ’�&�$��&%��%$%
&���%�"!�##/’ !"�"$"##/’ ����&"! #� "�#"!� �!��"!"�"!,
��4%&"!�##/’ &���%9#/+% &��$"��+���#/+% A��+�#��+%.

3.1. 
�6��$ �� �"���� "��#������,

��!������$> !���’! Nd3A

�"�"$"##/D ����& #� "�#"!� �!��"!"��, ��4%&"�
!�##"4" %"#�+% Nd3I, %��(9�@C%D ! "<����% 1,06 +$+,
</� :�&!/+ ����&"+, $"�"&/D %�:"���"!�� #�$�9$( ! "<"�
�"9$(. F�" ":&����-�"�� ��+, 9�" :�&!/� +"C#/� :"�(�
:&"!"�#%$"!/� �%���+/ #�$�9$% %+��% #�!/�"$(@ -&�
$"��� % ��- !!"�� %��(9�#%- #�$�9$% #�"<’"�%+" </�"
%�:"���"!��� �$�%!#/� �!��"!"�/ � &��+�&"+ !#(�&�##�D
"<"�"9$% ! #��$"��$" �"��# +%$&"+��&"!. � &��(������
%#!�&�%- #�����##"��% </�� ��$)� #�<"��B"D, % 4�#�&��
>%- "$��/!����� !"�+")#"D �%B� ! �%���+�’, &�<"��@�
C%’ :" 9��/&�’(&"!#�!"D �’�+�, 4�� "��(���!(�� :�&�:"�
4�"C�#%� �%4#���.

� ��9�#%� #��$"��$%’ ��� :"��� :�&!"D :(<�%$�>%% !/�
’"�#�- +"C#"��� #�"�%+"!/’ ����&"! :&�!/�%�� 30 ��. ��
&%�(#$� 3.1 :&�����!��#/ �%:%9#/� =�:�$�&���#�- % +"C�
#"��#�-? ’�&�$��&%��%$% #�"�%+"!"4" !"�"$"##"4" ����&�
#� "�#"!� �!��"!"�� � "<"�"9$"D &��+�&"+ 2H0�2H0 +$+ %
�$�%!%&"!�##"D ��&�>�!%#"D �%�+��&"+ 5 +$+. ��- #�$�9�
$% %�:"���"!����� �%"�#�- +��&%>� � ��%#"D !"�#/ %��(�
9�#%- 0,81 +$+.


�

�
�

�
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�(). 3.1
��!%�%+"��� !/’"��

#"D +"C#"��%
#�"�%+"!"4" !"�"$"#�

#"4" ����&� "�
+"C#"��% #�$�9$%;

#� !���!$� � �:�$�& 4��
#�&�>%% ����&�.

�(). 3.2
�:�$�& %��(9�#%-

#�"�%+"!"4" !"�"$"#�
#"4" ����&� #�

� K H25 #+;
3 � %��(9�#%� #�$�9$%,
4 � !/’"�#"� %��(9�#%�,
6 � �$�%!#/D �!��"!"�,
7, 8 � <&A44"!�$%� &��
B��$%.

�(). 3.3
��!%�%+"��� !/’"��

#"D +"C#"��%
#�"�%+"!"4" !"�"$"#�

#"4" ����&� #�
� K H25 #+ "� :"4�"�
C�##"D +"C#"��%

#�$�9$%
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����()%!��� !#%+�#%- &�<"�� !"�"$"##"4" ����&�, %��(�
9�@C�4" "�#"!&�+�##" #� �!(’ ��%#�’ !"�# � 1060 % 10H0 #+.
��&�>�!%#� �!��"!"�� ��4%&"!�#� �"<�!$�+% ��@+%#%- % 4�&�
+�#%-. �&% A�"+ �$�%!#/� %"#/ :":����% ! &���%9#"� "$&(�
)�#%� % %+��% &��#/� �:�$�&/ �@+%#��>�#>%%.

�&% !!���##"D +"C#"��% #�$�9$% 8,5 �� ����& %��(9��
<"��� 3 �� #� ��%#� !"�#/ 1060 #+ % <"��� 1 �� #� ��%#�
!"�#/ 10H0 #+.

�#�9%����#/D %#��&�� :&�����!�-�� &��&�<"�$� #�"�%�
+"!"4" ����&� � ��%#"D !"�#/ 4�#�&�>%% ! "<����% 0,H2 +$+.
��$%� ����&/ +"4(� #�D�% :&%+�#�#%� ��- #�$�9$% %���&<%��
!"4" !"�"$"##"4" ����&�, %��(9�@C�4" ! "<����% 0,H8 +$+.
� �!"@ "9�&���, %���&<%�!/D ����&, %+�@C%D �"����"9#"
!/�"$(@ +"C#"���, +")�� %�:"���"!����- ��- #�$�9$%
A&<%�!/’ !"�"$"##/’ (�%�%����D. ��"�%+"!/D ����& ��$�
)� +")�� </�� %�:"���"!�# ! �’�+�’ (�!"�#%- 9���"�/ ��-
:"�(9�#%- %��(9�#%- ! �%#�D "<����% �:�$�&�.


���%��>%- !"�"$"##/’ Nd�����&"! � %�:"���"!�#%�+
":�%9��$"4" :�&�’"�� PF3L2 � PIHL2 ���&(�#�#� %���� $"#$(�
&�#>%% �" ��"&"#/ �@+%#��>�#>%% ! "<����% 1,06 +$+,
:"A�"+( "�#"!#"D :&"<��+"D �"���#%- ��$"4" ����&� -!�-�
���- :"��!��#%� �@+%#��>�#>%% ! A�"D "<����%. ��- A�"4"
%�:"���(���- �:�>%���#/D !"�"$"##/D �!��"!"� � !"�#"�
!"�#"D ��&($�(&"D, ’�&�$��&%�(@C�D�- �#�9%����#/+%
:"��&-+% #� !/��$�#%� ! �:�$�&���#"D "<����% � M 1 +$+.
F�" :"�!"�%�" &���%�"!��� !"�"$"##/D ����& � !/’"�#"D
+"C#"���@ 0,5 �� #� ��%#� !"�#/ H25 #+. �:�$�& %��(9��
#%- ����&� :&�����!��# #� &%�(#$� 3.2.

�"��!��#%� �@+%#��>�#>%% #� � K 1060 #+ �"���!%�" "$"�
�" 60 ��. �� &%�(#$� 3.3 :&�����!��#� ��!%�%+"��� !/’"�#"D
+"C#"��% "� +"C#"��% :"4�"C�##"D #�$�9$%. �%**�&�#>%�
���#�- A**�$�%!#"��� 4�#�&�>%% �"���!%�� "$"�" 35^.

3.2. 
�6��$ �� �"���� "��#������,

��!������$> !���’! Yb3A

F#�&4��%9��$�- �’�+� (&"!#�D %"#"! %���&<%-
! $!�&>�!"+ ���$�� 9&��!/9�D#" :&"���; :"+%+" "�#"!#"�
4" (&"!#- 2F7L2 �(C���!(�� ��%#��!�##/D !"�<()��##/D
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(&"!�#� PF5L2. ���(���!%� �&(4%’ A#�&4��%9��$%’ (&"!#�D
!:�"�� �" �O��%�:��"#� "�#�9���, 9�" ! ��##"D �%���+�
�"�)#" "��(���!"!��� :"4�"C�#%� %� !"�<()��##"4" �"�
��"-#%- % $"":�&��%!#�- �:�$"#!�&�%-. F�" :"�!"�-�� �(�
C���!�##" (!��%9%�� $"#>�#�&�>%@ �$�%!#"D :&%+��%
:" �&�!#�#%@ � ��$%+% &��:&"��&�#�##/+% ��4%&(@C%�
+% �"<�!$�+%, $�$ #�"�%+ % A&<%D. ��:"���"!�#%� �!��"�
!"�"! � !/�"$"D $"#>�#�&�>%�D �$�%!#"D :&%+��% ! �!"@
"9�&��� :"�!"�-�� (+�#�B%�� ��%#( �$�%!#"D �&��/ ���
��&�, � �#�9%�, % !�%-#%� �":"�#%����#/’ ":�%9��$%’
:"��&�.

�:�$�&/ :"4�"C�#%- ��$%’ �!��"!"�"!, ":&����-�+/�
A��$�&"##/+% :�&�’"��+% +�)�( &��C�:��##/+% (&"!#-�
+%, ’�&�$��&%�(@��- #��%9%�+ ��")#"D :"�"�/ :"4�"C��
#%- � >�#�&�+% #� � K H15 % H76 #+. �:�$�& �@+%#��>�#�
>%% �"��"%� %� (�$"D �%#%% � >�#�&"+ #� H80 #+ % :"�"�/
� +�$�%+(+"+ #� 1035 #+, :&"��%&�@C�D�- :&%+�&#" �"
1200 #+ =&%�. 3.P?.

�" �%��&��(&#/+ ��##/+ ��9�#%- :"4�"C�#%- % �@+%�
#��>�#>%% ! +�$�%+(+� :&�$�%9��$% �"!:���@� % �"���!�
�-@� 2,5�10�20 �+2 =$!�&>�!"� ���$�" </�" ��4%&"!�#" ��@�
+%#%�+ % 4�&+�#%�+?. ��:"���"!�#%� #�$�9$% ! "<����%
H76 #+ :&�����!�-���- <"��� A**�$�%!#/+ %���� <"��B�4"
��9�#%- :"4�"C�#%-. � �" )� !&�+-, ! &��(������ #�$�9$%
! :"�"�( H15 #+ +")�� </�� :"�(9�#� 4�#�&�>%- ! "<����%
H76 #+. �&"+� �"4", :&% #�$�9$� ! :"�"�( H15 #+ �&�<"!��
#%- $ ��%#� !"�#/ %��(9�#%- %��"9#%$� #�$�9$% % �� ����

�(). 3.4
�:�$�&/ :"4�"C�#%- =�:�"B#�- $&%!�-? % �@+%#��>�#>%%

=:(#$�%&#�- $&%!�-? %"#"! %���&<%- ! $!�&>�!"+ ���$��
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<%��#"��% :&% %�+�#�#%% ��+:�&��(&/ #� ��"�� !/�"$% %��
�� <"��B"D B%&%#/ A�"D :"�"�/.

����&<%�!/� ����&/ ! #���"-C�� !&�+- -!�-@��- #�%�
<"��� &��:&"��&�#�##/+ �%:"+ !"�"$"##/’ ����&"! #�$�9�
$"D ! "<"�"9$(.

��- &���%��>%% %���&<%�!"4" !"�"$"##"4" ����&� %��
:"���"!����� �’�+� � <&A44"!�$%+% &�B��$�+%, ��:%��##/�
+% $�$ �"<��!�##" ! �$�%!#"+ �!��"!"��, ��$ % ! "�&��$�’
�&(4"4" �!��"!"��, �!�&�##"4" ����+ � �$�%!#/+. ��:"���"�
!��%�� �$�%!#/� �!��"!"�/ �" ����(@C%+% :�&�+��&�+%;
&��#"��� :"$�������D :&��"+��#%- ��&�>�!%#/ % "<"�"9$%
�n K =H�11?�10�3, �%�+��& ��&�>�!%#/ 2� K P,5�5,5 +$+,
$"#>�#�&�>%- %"#"! %���&<%- =5�10?�101H �+�3. 
��+�& !#(��
&�##�D $!��&��#"D "<"�"9$% �"���!%� 120�120 +$+, 9�"
"<��:�9%!��" 100^�#(@ A**�$�%!#"��� ��/$"!$% �!��"!"�
�� � !"�"$"##/+ !/’"�"+ :"�(:&"!"�#%$"!"4" %��"9#%$�
#�$�9$%.

�� &%�(#$� 3.5� :&�����!��#� �%:%9#�- ��!%�%+"���
!/’"�#"D +"C#"��% %���&<%�!"4" !"�"$"##"4" ����&� #�
��%#� !"�#/ 1100 #+ "� +"C#"��% #�$�9$%. �%**�&�#>%�
���#�- A**�$�%!#"��� %�:"���"!�#%- #�$�9$% ! &���%�"�
!�##"+ ����&� �"���!%�� 80^, 9�" �""�!����!(�� $!�#�"!"D
A**�$�%!#"��% "$"�" H0^. �� &%�(#$� 3.5� :"$���# �:�$�&
%��(9�#%- ����&�, %�+�&�##/D � &��&�B�#%�+ 0,01 #+,
B%&%#� �:�$�&� �"���!%�� 0,1 #+.

�(). 3.5
��!%�%+"��� !/’"�#"D +"C#"��% %���&<%�!"4"

!"�"$"##"4" ����&� "� +"C#"��% #�$�9$% =�? % �:�$�& %��(9�#%- =�?
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��"<�##"���@ ����&"! #� "�#"!� �$�%!#/’ !"�"$"##/’
�!��"!"�"! � #�$�9$"D ! "<"�"9$( -!�-���- �", 9�" ! ��$%’
(��&"D��!�’ �&(�#" �"<%���- :"�#"D %#!�&�#"D #�����##"�
��% �&��/, :"�$"��$( A**�$�%!#"� ��9�#%� #�$�9$% (+�#��
B����- :&":"&>%"#���#" "�#"B�#%@ :�"C���D "<"�"9$% %
��&�>�!%#/ �!��"!"��. �"A�"+( #� A**�$�%!#"��� :&�"<&��
�"!�#%- %��(9�#%- #�$�9$% ! ����&#"� %��(9�#%� �%��#"�
!�%-#%� "$��/!��� :�&�:"4�"C�#%� �%4#��� #�%#!�&�%&"�
!�##"D 9����@ �$�%!#/’ %"#"!. �:�$�& :"4�"C�#%- %"#"!
%���&<%- ’�&�$��&%�(���- #��%9%�+ ��%##"!"�#"!"4" $&�-
:"�"�/ :"4�"C�#%- � >�#�&"+ #� H76 #+, :&% A�"+ :"4�"�
C�#%� #� ��%#�’ !"�# 1000 % 1060 #+ �"���!�-�� :&%+�&#"
2 % 0,2^ "� :"4�"C�#%- #� ��%#� !"�#/ H76 #+ �""�!�����
!�##". � �" )� !&�+- +�$�%+(+ �@+%#��>�#>%% �$�%!#/’
%"#"! �"$��%�"!�# ! "<����% 1035 #+ % ��$)� %+��� :&"�-�
)�##/D ��%##"!"�#"!/D $&�D, :"A�"+( A**�$�%!#"���
!"�"$"##"4" ����&� ":&����-���- $"#$(&�#>%�D +�)�(
�@+%#��>�#>%�D % :�&�:"4�"C�#%�+ �%4#���, ! �!"@ "9��
&���, ":&����-- �:�$�&���#(@ ��!%�%+"��� A**�$�%!#"��%
:&�"<&��"!�#%- %��(9�#%- #�$�9$% ! ����&#"� %��(9�#%�.

�� &%�(#$� 3.6 :"$���#� �:�$�&���#�- ��!%�%+"���
�%**�&�#>%���#"D A**�$�%!#"��% 4�#�&�>%% ��- ��+% "<�
&��>"! !"�"$"##/’ ����&"!. �%�#", 9�" +�$�%+���#�- �%*�
*�&�#>%���#�- A**�$�%!#"��� �"���!�-�� "$"�" 80^ % �"��
�%4����- ! �:�$�&���#"D "<����% 1,08�1,11 +$+. �� ��%#�
!"�#/ 1,0PH +$+ "#� �:����� �" 57^, 9�" "<G-�#-���- !�%-�
#%�+ :�&�:"4�"C�#%- %��(9�#%-. � ��%##"!"�#"!"D "<����
�% �:�� A**�$�%!#"��% "<G-�#-���- &��$%+ (+�#�B�#%�+
��9�#%- �@+%#��>�#>%%.

�(). 3.<
�:�$�&���#�- ��!%�%+"���

�%**�&�#>%���#"D
A**�$�%!#"��% %���&<%�!"�

4" !"�"$"##"4" ����&� �
#�$�9$"D ! "<"�"9$(
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�"�(9�##/� &��(�����/ �:&�!���%!/ ��- !/<&�##"D
4�"+��&%% �$�%!#"4" !"�"$"##"4" �!��"!"��, �. �. ��- ��#�
#"4" "�#"B�#%- :�"C���D "<"�"9$% % ��&�>�!%#/, �"���!�
�-@C�4" "$"�" 500. F**�$�%!#"��� ����&"! ! $"&"�$"!"��
#"!"D 9���% +")�� </�� :"!/B�#� ! &��(������ (!��%9�#%-
�%�+��&� �$�%!#"D ��&�>�!%#/. ��&�:�$�%!#/+ :&�����!�
�-���- ��$)� %�:"���"!�#%� �!��"!"�"! � (+�#�B�##/+ &���
+�&"+ "<"�"9$%. F�" !/4�-�%� !"�+")#/+, (9%�/!�- �"�
!&�+�##(@ ��#��#>%@ (!��%9�#%- -&$"��% :"�(:&"!"�#%�
$"!/’ %��"9#%$"! #�$�9$%.

��:"���"!�#%� �$�%!#/’ !"�"$"##/’ �!��"!"�"! � (+�#��
B�##/+ �%�+��&"+ !#(�&�##�D "<"�"9$% -!�-���- "�"<�##"
�$�(���#/+ ��- &���%��>%% ����&"!, %��(9�@C%’ ! "<����
�% H80 #+. �#��&�� ! ��$%+ ����&�+ ":&����-���- !"�+")�
#"���@ %’ %�:"���"!�#%- ��- #�$�9$% +"C#/’ A&<%�!/’
(�%�%����D. ��$ !%�#" %� &%�(#$� 3.P, :"4�"C�#%� ! A�"D
"<����% $"#$(&%&(�� � �@+%#��>�#>%�D, 9�" �&�<(�� �"����
#%- !/�"$"D ���:�#% %#!�&�%% #�����##"��% ��- :"�(9��
#%- ����&#"D 4�#�&�>%%.

��- &���%��>%% ����&�, %��(9�@C�4" "<����% H80 #+,
%�:"���"!���- �$�%!#/D �!��"!"� � �!"D#"D "<"�"9$"D #�
"�#"!� ���$"� &��#"4" �"���!�. �� &%�(#$� 3.7 :"$���# :&"�
*%�� :"$������- :&��"+��#%- ��4"�"!$% ��$"4" !"�"$"#�
#"4" �!��"!"��, %�4"�"!��##/D pXgj�+��"�"+.

�#(�&�##-- "<"�"9$� �!��"!"�� -!�-���� $!�&>�!/+
���$�"+ � �":"�#%����#/+ ��4%&"!�#%�+ SeT2, +"�-&#�-
$"#>�#�&�>%- :&%+��% ! #�D </�� "$"�" 10^, 9�" "<��:��
9%!��" 9%��"!(@ �:�&�(&( ��- %��(9�#%- #�$�9$%, &�!�
#(@ 0,22. 
"�� !#�B#�D "<"�"9$% ! ��##"+ ��(9�� %4&���

�(). 3.7
�&"*%�� :"$������-

:&��"+��#%- ��4"�"!$%
�$�%!#"4" !"�"$"##"4"
�!��"!"�� � "<"�"9$�+%

#� "�#"!� ���$"�
&��#"4" �"���!�



42 $����+� ������������� �����+ � �� ����������

":"&#�- �&(<� %� $!�&>�!"4" ���$��. �&% %�4"�"!��#%%
��&�>�!%#/ %�:"���"!��"�� ��4%&"!�#%� %� &���!"&� %"�
#�+% %���&<%- % ��@+%#%�+. �"�"$"##/D �!��"!"� %+��
�%�+��& !#(�&�##�D "<"�"9$% "$"�" 25 +$+ % �%�+��& ��&��
>�!%#/ 10 +$+. �"#>�#�&�>%- %"#"! ‘b3I �"���!�-�� "$"�
�" 2�101H �+�3, 9�" "<��:�9%!��" $"A**%>%�#� :"4�"C�#%-
2,5 ��L+ #� H15 #+. �’"�#�- <&A44"!�$�- &�B��$� ����&�
��:%�/!����� #�:"�&����!�##" #� �$�%!#"+ �!��"!"��, $"�
�"&/D :&��!�&%����#" :&":%�/!���- !"�"&"�"+. ��$�9$�
!"�"$"##"4" ����&� "�(C���!�-���� :"�(:&"!"�#%$"!/+
%��"9#%$"+ %��(9�#%- � ��%#"D !"�#/ H15 #+, :"�!"�-@�
C%+ !!"�%�� "$"�" 5 �� +"C#"��% ! �!��"!"� � �%�+��&"+
50 +$+ % NQ K 0,22.

�� &%�(#$� 3.8 =#� !���!$�? :&�����!��# �:�$�& %��(9��
#%- :"�(9�##"4" !"�"$"##"4" ����&�, 4�#�&�>%- %+��� +��
��" #� ��%#� !"�#/ H77,5 #+.

��$�%+���#�- +"C#"��� 4�#�&�>%% �"��%4����� :&%
%�:"���"!�#%% ! ����&� �$�%!#"4" !"�"$"##"4" �!��"!"��
��%#"D 1,5 +. �&"+� �"4", :"$���#� �""�!����!(@C�- ��!%�
�%+"��� +"C#"��% 4�#�&�>%% "� !!"�%+"D +"C#"��% #�$�9�
$%. �%**�&�#>%���#�- A**�$�%!#"��� :&�"<&��"!�#%- #��

�(). 3.8
��!%�%+"��� !/’"�#"D +"C#"��% ����&� #� � K H77,5 #+

"� !’"�#"D +"C#"��% #�$�9$%;
#� !���!$� � �:�$�& %��(9�#%- ����&�.
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$�9$% ! �%4#�� �"���!%�� 53^, � :" "�#"B�#%@ $ :"4�"�
C�##"D +"C#"��% � 82^.

��- !!"�� <"��B�D +"C#"��% #�$�9$% %, ����"!������
#", �"��%)�#%- <"��� !/�"$"D +"C#"��% 4�#�&�>%% %�:"���
�(���- �!��"!"� � +%$&"��&($�(&%&"!�##"D "<"�"9$"D. �&%
A�"+ 9%��"!�- �:�&�(&� !#(�&�##�D "<"�"9$%, %+�@C�D
�%�+��& 20 +$+, �"���!%�� 0,7, !/’"�#�- +"C#"��� %��(�
9�#%- #� H80 #+ � 1,P ��, :&% A�"+ :"4�"C�##�- +"C#"���
#�$�9$% &�!#-���� 2,5 ��. � #��"����$�+ :&���")�##"D
$"#*%4(&�>%% ����(�� "�#���% %�:"���"!�#%� "<G�+#/’
��&$�� ! $�9���!� "�&�)�����D, *"&+%&(@C%’ &��"#��"&.

�� "�#"!� !"�"$"##/’ �!��"!"�"!, ��4%&"!�##/’ %"#��
+% ‘b3I, !:�&!/� </� ��:(C�# +#"4"+"�"!/D ����& � &��"�
#��"&"+, �*"&+%&"!�##/+ +#"4"+"�"!/+% <&A44"!�$%+%
&�B��$�+%, ��:%��##/+% ! +#"4"+"�"!"+ 4&��%�#�#"+ �!��
�"!"�� � �%�+��&"+ ��&�>�!%#/ 50 +$+. � $�9���!� �$�%!�
#"D �&��/ ����&� %�:"���"!���- !"�"$"##/D �!��"!"� �
�%�+��&"+ ��4%&"!�##"D %"#�+% ‘b3I ��&�>�!%#/ 16 +$+
% � �%�+��&"+ !#(�&�##�D "<"�"9$% 50 +$+. �������!%�
+��"D &��#"��% :"$������- :&��"+��#%- �$�%!%&"!�##"D
��&�>�!%#/ % !#(�&�##�D "<"�"9$% =�n K 0,003? 4�#�&�>%-
#� �"&>�’ �!��"!"�� "�(C���!�-���� #� �"��$" ! "�#"!#"D
+"��, #" % ! +"��’ !#(�&�##�D "<"�"9$%, &��:&�����#%�
:"��D $"�"&/’ �"����"9#" ’"&"B" :�&�$&/!��%�� � ��&�>��
!%#"D. �/�% %�4"�"!��#/ % %�����"!�#/ �!� !"�"$"##/’
+#"4"+"�"!/’ ����&� � !’"�#/+% "�&�)����-+%, %+�@C%�

�(). 3.9
��!%�%+"���

+"C#"��% 4�#�&�>%%
#� � K 1036  #+ "�

+"C#"��% #�$�9$%
��- +#"4"+"�"!"4"
!"�"$"##"4" ����&�



44 $����+� ������������� �����+ � �� ����������

+% &��"#�#�#/� ��%#/ !"�# 1,03 % 0,H8 +$+. � $�9���!�
!/’"�#"4" "�&�)����- ! &���%�"!�##/’ �’�+�’ %�:"���"�
!���- !/’"�#"D �"&�> �$�%!#"4" �!��"!"��. ��!%�%+"���
!/’"�#"D +"C#"��% ����&�, %��(9�@C�4" #� � K 1036 #+,
"� +"C#"��% #�$�9$% :&�����!��#� #� &%�(#$� 3.H.

�%**�&�#>%���#�- A**�$�%!#"��� ����&� �"���!%��
80^, 9�" �""�!����!(�� H0^�#"D �%**�&�#>%���#"D $!�#�
�"!"D A**�$�%!#"��%. ��- ����&� � ��%#"D !"�#/ %��(9��
#%- H78 #+ </�� �"��%4#(�� !/’"�#�- +"C#"��� 1,5 ��.
�"�(9�##/� &��(�����/ :"�!"�-@� ������� !/!"� " �"+,
9�" +#"4"+"�"!/� &�B��$% +"4(� </�� A**�$�%!#" %�:"���
�"!�#/ ! $�9���!� "�&�)�����D ! �’�+�’ +#"4"+"�"!/’
����&"!.

� :"����#�� !&�+- ��- �"���#%- ����&"! � :"!/B�##"D
!/’"�#"D +"C#"���@ !�� <"��B�� &��:&"��&�#�#%� #�’"�-�
�:�>%���#/� !"�"$"##/� �!��"!"�/, :&�����!�-@C%� �"<"D
"<G��%#�#%� �$�%!#"4" �!��"!"�� � :���%!#/+% [1]. �/� %��

�(). 3.10
�:&"C�##�- �’�+� !"�"$"##"4" ����&� #� �&"D#"+ �!��"!"��;

L1 % L2 � �"9$% &��!��!��#%- �!��"!"��E HR � <&A44"!�$�- &�B��$� � $"A*�
*%>%�#�"+ "�&�)�#%-, <�%�$%+ $ 100^ #� � K 1072 #+E ! $�9���!� !/’"�#"4"
��&$��� %�:"���"!���- �$"� �!��"!"��, :�&:�#�%$(�-&#/D �4" "�%.

�(). 3.11
��!%�%+"��� !/’"�#"D
+"C#"��% "� +"C#"��%
#�$�9$% ��- %���&<%��

!"4" !"�"$"##"4"
����&� � #�$�9$"D
9�&�� :���%!#/�

�!��"!"�/
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4"�"!��# ����& #� �&"D#"+ �!��"!"��, -!�-@C�+�- "<G��%�
#�#%�+ �$�%!#"4" �!��"!"�� � �!(+- :���%!#/+% =&%�. 3.10?.

��:"���"!��%�� 9��/&� %��"9#%$� #�$�9$% "<C�D +"C�
#"���@ �" 100 ��. �/’"�#�- #�:&�&/!#�- +"C#"��� ����&�
�"���!%�� 65 �� #� ��%#� !"�#/ 1072 #+. �""�!����!(@C�-
��!%�%+"��� !/’"�#"D +"C#"��% "� +"C#"��% #�$�9$%
:"$���#� #� &%�(#$� 3.11.

3.3. 
�6��$ �� �"���� "��#������,

��!������$> !���’! �r3A

�"#/ 	r3I ! $!�&>�!"+ ���$�� %+�@� :"�"�(
�@+%#��>�#>%% � >�#�&"+ #� 1,53 +$+, 9�" :"�!"�-�� &���
�%�"!��� !"�"$"##/� ����&/ % (�%�%���% ��- �:�$�&���#"�
4" �%�:��"#� 1,53�1,6 +$+. �""�!����!(@C%D �:�$�& �@�
+%#��>�#>%% %"#"! Jr3I ! ��@+"4�&+�#"�%�%$��#"+ ���$�
�� :&�����!��# #� &%�(#$� 3.12.

���"9#%$% %��(9�#%- #� "�#"!� !"�"$"##/’ �!��"!"�
�"!, ��4%&"!�##/’ %"#�+% A&<%-, &�<"��@� :" �&�’(&"!#��
!"D �’�+�, 9�" :"�&��(+�!��� #�"<’"�%+"��� �"��%)�#%-
!/�"$"D ���:�#% %#!�&�%% #�����##"��%. ��$�%+(+ :"�"�/
:"4�"C�#%- :&�$�%9��$% �"!:����� � +�$�%+(+"+ �@+%#���
>�#>%%, :"A�"+( ! :�&!"D &�<"�� :" &���%��>%% A&<%�!"4"
!"�"$"##"4" ����&� � #�$�9$"D ! "<"�"9$( %�:"���"!�����
!"�#"!"�#�- ��&($�(&� � +��/+ �%�+��&"+ !#(�&�##�D "<"�
�"9$%, :"�!"�-@C%+ �"<%���- !/�"$"D ���:�#% %#!�&�%%.
�%�+��& !#(�&�##�D "<"�"9$% �"���!%� 22 +$+, 9%��"!�-
�:�&�(&� &�!#-���� 0,18. �&% +"C#"��% #�$�9$% H00 +��

�(). 3.12
�:�$�&/ :"4�"C�#%- %
�@+%#��>�#>%% %"#"!
A&<%- ! ��@+"4�&+�#"�
�%�%$��#"+ $!�&>�!"+

���$��
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=� K H80 #+? </�� :"�(9�#� ����&#�- 4�#�&�>%- +"C#"���@
300 +�� #� ��%#� !"�#/ 15P0 #+. �%**�&�#>%���#�- A*�
*�$�%!#"��� �"���!%�� P0^.

�"#-�#", 9�" !/’"�#�- +"C#"��� ! ��##"+ ��(9�� "4&��
#%9%!����- !"�+")#"��-+% !!"�� +"C#"��% #�$�9$% !"
!#(�&�##@@ "<"�"9$( +��"4" &��+�&�. � �" )� !&�+-, $�$
!%�#" %� &%�(#$� 3.12, ! �:�$�&���#"D "<����% 1,56�1,6 +$+
=L�:"�"��? �@+%#��>�#>%- �"+%#%&(�� #�� :"4�"C�#%�+.
F�" :"�!"�-�� �#%�%�� �&�<"!�#%- $ ���:�#% %#!�&�%% #����
��##"��% % %�:"���"!��� �$�%!#/� �!��"!"�/ � <"��B%+
&��+�&"+ !#(�&�##�D "<"�"9$%, %, ����"!�����#", :&%+�#-��
<"��� +"C#/� %��"9#%$% #�$�9$%. ��:"���"!�#%� �$�%!#"�
4" �!��"!"�� � �%�+��&"+ !#(�&�##�D "<"�"9$% 50 +$+ :"�
�!"�-�� :"�(9%�� (�%��##/D �%4#�� ! L�:"�"�� +"C#"���@
1 ��. �")#" :&��:"�")%��, 9�" ��$%� �!��"!"�/ +"4(� </��
%�:"���"!�#/ % ��- �"���#%- ����&"!, %��(9�@C%’ ! A�"+
�:�$�&���#"+ �%�:��"#�.

��- :"�(9�#%- ����&#"D 4�#�&�>%% ! �%�:��"#� 1,53�
1,6 +$+ 9�C� !��4" %�:"���(@� !"�"$"##/� �!��"!"�/, ��4%�
&"!�##/� "�#"!&�+�##" %"#�+% ‘b3I % 	r3I. � ��$%’ �!��"!"�
��’ A**�$�%!#"� :"4�"C�#%� #�$�9$% #� ��%#� !"�#/ H76 #+
"<��:�9%!����- %"#�+% ‘b3I, $"�"&/� :�&���@� A#�&4%@ !"��
<()��#%- %"#�+ 	r3I. ��$�- :�&���9� "$��/!����- !"�+")�
#"D <��4"��&- <�%�"��% A#�&4��%9��$%’ (&"!#�D 2F5L2 %"#"!
%���&<%- % PI11L2 � %"#"! A&<%-. ��#"D %� :&"<��+ &���%���
>%% ��$"4" �!��"!"�� -!�-���- !/<"& % !"�:&"%�!���#%� :&��
!%��#"4" ’%+%9��$"4" �"���!� ��&�>�!%#/. ��$, ��- �"4" 9�"�
</ �#%�%�� !�&"-�#"��� "<&��#"D :�&���9% A#�&4%%, #�"<’"�
�%+" (+�#�B%�� !&�+- )%�#% %"#"! 	r3I #� !"�<()��##"+
(&"!#� PI11L2, 9�" �"��%4����- %�:"���"!�#%�+ *"�*"&"�%�%�
$��#"4" ���$�� ��- +���&%��� ��&�>�!%#/. �&"+� �"4", !�)�
#/+ -!�-���- !/<"& �""�#"B�#%- $"#>�#�&�>%D �$�%!#/’
%"#"!. ��$�%+���#�- A**�$�%!#"��� ����&#"D 4�#�&�>%%
="$"�" 50^? �"��%4����- ! ��(9��, $"4�� $"#>�#�&�>%- %"#"!
%���&<%- :&�!/B��� $"#>�#�&�>%@ %"#"! A&<%- ! 30 &��.

� #���"-C�� !&�+- $"+:�#%�D qUS :&"+/B��##/+ "<�
&��"+ !/:(�$�@��- !"�"$"##/� ����&/ � ��%#"D !"�#/
%��(9�#%- ! �%�:��"#� 1,53�1,62 +$+ % !/’"�#"D +"C#"�
���@ <"��� 100 ��. ��+��%+ ��$)�, 9�" !"�"$"##/� �!��"�
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!"�/, ��4%&"!�##/� %"#�+% 	r3I % ‘b3I, %�:"���(@��- ��-
�"���#%- +"C#/’ "�#"9���"�#/’ !"�"$"##/’ ����&"! �
B%&%#"D �%#%% %��(9�#%- +�#�� 30 $> % !/’"�#"D +"C�
#"���@ <"��� 5 �� =:&% +"C#"��% #�$�9$% 25 ��?.

3.4. 
�6��$ �� �"���� "��#������,

��!������$> !���’! #m3A

F**�$�%!#"� %�:"���"!�#%� #�$�9$% ! "<"�"9$(
�!��"!"�"! ��4%&"!�##/’ %"#�+% km3I, ���&(�#�#" ��+, 9�"
4�#�&�>%- ! "<����% 1,8�2 +$+ :&"%�’"�%� :" �&�’(&"!#��
!"D �’�+�. ��#�$" �%�(�>%- "<��49����- #��%9%�+ +"C#"D
:"�"�/ :"4�"C�#%- � >�#�&"+ #� 787 #+, "<(��"!��##"D
:�&�’"�"+ 3HP � 3FP. �:�$�& :"4�"C�#%- !"�"$"##"4" �!��
�"!"��, ��4%&"!�##"4" #"#�+% �m3I, :"$���# #� &%�(#$� 3.13.

�&"+� �"4", :"�"�/ :"4�"C�#%- % �@+%#��>�#>%%, "<(�
��"!��##/� :�&�’"�"+ 3HP � 3H6 , ! $!�&>�!"+ ���$��, ���
4%&"!�##"+ %"#�+% �m3I, �(C���!�##" &��#���#/. ��$, ���%
>�#�& :"�"�/ :"4�"C�#%- :&%’"�%��- ! "<����� 1600 #+, �"
>�#�& �%#%% �@+%#��>�#>%% � ! "<����� 1800 #+. �&% A�"+
B%&%#� �%#%% �@+%#��>�#>%% �"���!�-�� "$"�" 300 #+. ���
A�" :"�!"�-�� :"�(9%�� �"����"9#(@ ���:�#� %#!�&�%%, :&%
$"�"&"D :�&�:"4�"C�#%� �%4#��� -!�-���- #��(C���!�##/+
! �:�$�&���#"D "<����% � M 1,8 +$+.

�(). 3.13
�:�$�& :"4�"C�#%- !"�"$"##"4" �!��"!"��,

��4%&"!�##"4" %"#�+% �(�%-;
#� !���!$� � �:�$�& �@+%#��>�#>%%.
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3.5. 
�6��$ �� �"���� "��#������,

��!������$> !���’! ��3A

�"#/ �"3I %+�@� :�&�’"� 5I7 � 5I8 , $"�"&/D
+")�� </�� %�:"���"!�# ��- :"�(9�#%- ����&#"D 4�#�&��
>%% ! "<����% 2 +$+. �� &%�(#$� 3.1P :&�����!��# �:�$�&
�@+%#��>�#>%% !"�"$"##"4" �!��"!"��, ��4%&"!�##"4" %"�
#�+% �"3I, :&% !"�<()��#%% %��(9�#%�+ $&%:�"#"!"4"
����&� #� ��%#� !"�#/ 676 #+. ��##�- ��%#� !"�#/ �""��
!����!(�� :�&�’"�( 5I8 � 5IP. �"��"-##�- !&�+�#% �@+%�
#��>�#>%% �"���!%�� 0,5 +�.

��- �"���#%- !"�"$"##"4" �"3I�����&� %�:"���"!���-
�$�%!#/D �!��"!"� � ��&�>�!%#"D #� "�#"!� ��@+"4�&+�#"�
�%�%$��#"4" ���$��, !!���#%� �$�%!#"4" %"#� "�(C���!�-�
�"�� +��"�"+ :&":%�$%. �" ">�#$� $"#>�#�&�>%- �$�%!#"D
:&%+��% �"���!%�� 1,2�101H �+�3. 
��#"��� :"$�������D :&��
�"+��#%- ��&�>�!%#/ % "<"�"9$% �!��"!"�� </�� "$"�" 0,08,
��%#� !"�#/ "���9$% ����&�, :�&!"D !/�B�D +"�/ ��)���
! "<����% 1,5 +$+.

�� &%�(#$� 3.15 :"$���# �:�$�& ":�%9��$%’ :"��&� %��
4"�"!��##"4" �!��"!"��.

�"�$"��$( 4"��+%�!/� !"�"$"##/� ����&/ &�<"��@� :"
�&�’(&"!#�!"D �’�+�, �" ��- :"�(9�#%- %#!�&�%% #�����#�
#"��% #�"<’"�%+" A**�$�%!#"� :"4�"C�#%� #�$�9$%. ��%�
<"��� �%��#/� :"�"�/ :"4�"C�#%- #�’"�-��- ! !%�%+"D
"<����%, :"A�"+( ! :�&!"+ :&"��+"#��&%&"!�##"+ 4"��+%��
!"+ ����&� #�$�9$� "�(C���!�-���� �&4"#"!/+ ����&"+

�(). 3.14
�:�$�& �@+%#��>�#>%%

%"#"! 4"��+%- ! $!�&>�!"+
���$��

�(). 3.15
�:�$�& :"4�"C�#%- !"�"$"##"4"
�!��"!"��, ��4%&"!�##"4" %"#�+%

4"��+%-
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� � K P57,H #+. �"�"$"##/D ����& %+�� "�#"�%����#" #%��
$(@ �%**�&�#>%���#(@ A**�$�%!#"��� =1,7^? % +�$�%�
+���#(@ !/’"�#(@ +"C#"��� =0,67 +��? :&% :"4�"C�##"D
+"C#"��% #�$�9$% 85 +��.

�9�!%�#", 9�" A**�$�%!#"� :&�$�%9��$"� :&%+�#�#%�
4"��+%�!/’ !"�"$"##/’ ����&"! �&�<(�� %�:"���"!�#%-
:"�(:&"!"�#%$"!/’ ����&"! ��- #�$�9$%. ��#�$" �(C����
!(@C%� +"C#/� %��"9#%$% &�<"��@� #� ��%#�’ !"�# <"���
750 #+ % #� +"4(� </�� %�:"���"!�#/ ��- #�$�9$% ! :"�"�/
:"4�"C�#%- 4"��+%- ! !%�%+"+ �%�:��"#�. � �" )� !&�+-
%�:"���"!�#%� :"�"�/ :"4�"C�#%-, �"$��%�"!�##"D ! "<�
����% H00 #+, :&�����!�-���- +��":�&�:�$�%!#/+ !�������
!%� ���<"4" :"4�"C�#%-.

��:"���"!�#%� +"C#/’ %���&<%�!/’ ����&"! � �%"�#"D
#�$�9$"D ! "<"�"9$( :"�!"�%�" �"����� A**�$�%!#/D 4"���
+%�!/D !"�"$"##/D ����&, ! $"�"&"+ #�$�9$� :&"!"�%��-
! �%��#(@ :"�"�( :"4�"C�#%- #� 1,15 +$+, $"�"&�- �""��
!����!(�� :�&�’"�( 5I8 � 5I6. �’�+� &���%�"!�##"4" ����&�
:"$���#� #� &%�(#$� 3.16.

� $�9���!� �$�%!#"D �&��/ %�:"���"!���- ��4%&"!�#�
#/D 4"��+%�+ �!��"!"� � :�&�+��&�+%, ($���##/+% !/B�.
�&A44"!�$�- &�B��$� %+��� &��"#�#�#(@ ��%#( !"�#/
2001 #+ � B%&%#"D �%#%% 1 #+ % $"A**%>%�#� "�&�)�#%-
<"��� HH^.

�/’"�#"D �"&�> �!��"!"�� </� %�:"���"!�# ! $�9���!�
!/’"�#"4" P^�#"4" ��&$���. ��- #�$�9$% ! ��&�>�!%#(
4"��+%�!"4" !"�"$"##"4" ����&� %�:"���"!���- %���&<%��
!/D !"�"$"##/D ����& � � K 1150 #+ % +�$�%+���#"D !/�
’"�#"D +"C#"���@ 3 ��.

�(). 3.1<
�’�+� 4"��+%�!"4" !"�"$"##"4" ����&�,

$&���%$�+% :"$���#/ �"9$% �!�&$%
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�� &%�(#$� 3.17 :&"%��@��&%&"!�#� ��!%�%+"��� !/�
’"�#"D +"C#"��% 4"��+%�!"4" ����&� "� :"4�"C�##"D +"C�
#"��% #�$�9$% %���&<%�!"4" ����&� ��- ��%#/ &��"#��"&�
P,5 +. ��$�%+���#�- !/’"�#�- +"C#"��� 280 +�� </��
�"��%4#(�� :&% :"4�"C�##"D +"C#"��% #�$�9$% 2 ��, �%*�
*�&�#>%���#�- A**�$�%!#"��� �"���!%�� 20^. ����� )�
:"$���# !/’"�#"D �:�$�& %��(9�#%- 4"��+%�!"4" ����&�
%�+�&�##/D � &��&�B�#%�+ 0,2 #+. ��%#� !"�#/ 4�#�&��
>%% ":&����-���� &��"#�#�#"D ��%#"D !"�#/ <&A44"!�$"D
&�B��$%, B%&%#� �%#%% %��(9�#%- ����&� </�� "$"�"
0,P #+.

F**�$�%!#"��� 4�#�&�>%% ":%��##"4" 4"��+%�!"4" �����
&� �(C���!�##" �#%�%�% !/�"$%� �":"�#%����#/� ":�%9��
�$%� :"��&% ! �$�%!#"+ �!��"!"�� =0,65 ��L+ #� � K 1,3 +$+?.
� :&%#>%:�, !"�+")#" %�4"�"!%�� "<&��>/ � ":�%9��$%+%
:"��&-+% :"&-�$� 0,01 ��L+, ! A�"+ ��(9�� �%**�&�#>%����
#�- A**�$�%!#"��� 4�#�&�>%% +")�� </�� (!��%9�#� :&%�
+�&#" �" 25^.

� #���"-C�� !&�+- +"C#"��� :"�(:&"!"�#%$"!/’ %��"9�
#%$"! #�$�9$%, %+�@C%’ !"�"$"##/D !/’"� � �%�+��&"+
��&�>�!%#/ 100 +$+, �"��%4��� 20 ��.

�(). 3.17
��!%�%+"��� !/’"�#"D +"C#"��% 4"��+%�!"4"

!"�"$"##"4" ����&� ! "<����% 2 +$+ "� :"4�"C�##"D +"C#"��%
#�$�9$%;

#� !���!$� � �:�$�& %��(9�#%- ����&�.
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� :"����#%� #��$"��$" ��� </�% &���%�"!�#/ % %�����
�"!�#/ 4"��+%�!/� ����&/ � %�:"���"!�#%�+ �":"�#%�����
#"4" ��4%&"!�#%- %"#�+% �(�%- % %���&<%-. ��$�9$� "�(�
C���!�-���� ! :"�"�/ :"4�"C�#%- ��##/’ A��+�#�"! �
:�&���9�D !"�<()��#%- %"#�+ 4"��+%-. F�" :"�!"�%�" %��
:"���"!��� #�$�9$( ! "<"�"9$( �$�%!#"4" �!��"!"��. ��-
�%���+/ km;�" !/’"�#�- +"C#"��� </�� &�!#� 5 �� #�
��%#� !"�#/ %��(9�#%- "$"�" 2,1 +$+ :&% +"C#"��% #��
$�9$% 20 ��. ��- �%���+/ ‘b;�" !/’"�#�- +"C#"��� �"����
!%�� 0,85 �� :&% +"C#"��% #�$�9$% 11 ��.



��!� P. #�>��
��!+�"!� ��
��!
�
; ��
����$>

�6����


���&#/D %��"9#%$ ! ��’#"�"4%9��$%’ :&%+��
#�#%-’ #� -!�-���-, $�$ :&�!%�", $"#�9#/+ %#��&(+�#�
�"+. F�" %��"9#%$ �!��"!"4" :"�"$� � !/�"$"D +"C#"���@
%�% A#�&4%�D � ":&�����##/+% �!"D��!�+%, $"�"&/� :"�!"�
�-@� :&�"<&��"!��� �4" ! %#��&(+�#�, !/:"�#-@C%D :&%
#��%9%% &��#/’ �":"�#%����#/’ (��"!%D ��’#"�"4%9��$(@
":�&�>%@. ����&#�- ��’#"�"4%9��$�- 4"�"!$� $�$ &�� %
"<��:�9%!��� A�( *%#%B#(@ *(#$>%@ �<"&$% :"�"$"! �(�
9�!"D A#�&4%% % :"�"$"! �&(4%’ #�"<’"�%+/’ !�C���!.
�&"+� �"4", ! ��’#"�"4%9��$(@ 4"�"!$( +"4(� </�� %#��4�
&%&"!�#/ ��#�"&/ &��#"4" �%:�, $�$ $"#�&"��#"��!�&%D�
#/�, ��$ % "<��:�9%!�@C%� *(#$>%% (:&�!��#%- :&">���
�"+ =#�:&%+�&, ���)�#%� �� :"!�&’#"���@?.


���+"�&%+ %+�@C%��- #� &/#$� ��’#"�"4%9��$%� 4"�
�"!$% % "�#"!#/� ��#��#>%% %’ &��!%�%-. F�" :"+")��
��’#"�"4�+ �(9B� "&%�#�%&"!����- :&% *"&+%&"!�#%% �:��
>%*%$�>%D #� ����&#(@ ��’#"�"4%9��$(@ �%���+( [8].

4.1. -��J!���
/��"#/

�6���$> ��
���

4.1.1. �&#!+�"�; -��J!;

	�����!�##", 9�" 4��!#�- *(#$>%"#���#"��� �
":�%9��$�-; :&�"<&��"!�#%� ":�%9��$"4" :"�"$�, !/’"�-�
C�4" %� �&�#�:"&�#"4" ":�%9��$"4" !"�"$#� ����&�. �!��"�
!"� %��(9�#%� !/’"�%� %� �&��� ! !%�� $"#(�� � :"�#/+
(4�"+ 0,2�0,P &��%�#� =! ��!%�%+"��% "� +"�"!"4" �%:� !"�


�

�
�

�
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�"$#�? % ! A�"+ !%�� #�:&%4"�#" ��- ��&+%9��$%’ ":�&��
>%D. �"�- ���� %�$�@9�#%- � +")#" !/:"�#-�� �!�&$(
�"#$%’ +�����"! :&"��" %��(9�#%�+, !/’"�-C%+ %� $!�&�
>�!"4" !"�"$#� � �� �9�� "9�#� !/�"$"D ��"D$"��% $!�&>�
�&�� &��&(B����- �"!"��#" +����##". F�" ��%#��!�##/D #�+
%�!���#/D �:"�"< %�:"���"!�#%- !"�"$"##"4" ����&� <��
����&#"D 4"�"!$% � #" !�� &�!#" #�"<’"�%+" :"��!��� ���
C%�#/D 4�� % !/:"�#-�� +"�(�->%@ +"C#"��% %��(9�#%-.

�:�%9��$�- *(#$>%- =&%�. P.1? �"��"%� ! *"&+%&"!�#%%
"<����% !/�"$"D $"#>�#�&�>%% �(9�!"D A#�&4%% ! �"#� "<�
&�<"�$%. ����� ��’#"�"4%9��$%’ :&">���"! %�:"���"!�#%-
+"C#/’ ����&"! =�!�&$� % &��$�? � �"9$% �&�#%- *%�%$%
:&">���� �(C���!�##" �&�’+�&#�, ��$%+ "<&��"+, !�)�# #�
�"��$" �%�+��& :-�#� *"$(�%&"!$% df, #" % ’�&�$��&#�-
��%#� :�&��-)$% :(9$�. F�% !��%9%#/ +")#" ">�#%!���,
%�’"�- %� ($���##"4" ! :��:"&�� !"�"$"##"4" ����&� :�&��
+��&� $�9���!� %��(9�#%- �

 =Veam Uroduction Uarameter?
% (4�� *"$(�%&"!$% !/’"�#"4" :(9$�, $"�"&/D +")#" &���
�+��&%!��� $�$ "�#"B�#%� *"$(�#"4" &����"-#%- !/’"��
#"D �%#�/ F� % �:�&�(&/ :(9$� D �" A�"D �%#�/ � K DLF
=A�% :�&�+��&/ ($��/!�@��- ! �:�>%*%$�>%% ����&#"D
4"�"!$%?;

df K P � �

La,   f K gf � VUUL�2. =P.1?

����(�� (9%�/!���, 9�" &��:&�����#%� %#��#�%!#"��%
:"�"$� ! ����&#"+ :(9$� #�"�#"&"�#" % :&%!���##/� ">�#�
$% ��@� ’�&�$��&#/� &��+�&/ !/�"$"A#�&4��%9��$"D �"#/
:(9$�, :&%9�+ ��- ’"&"B" �:&"�$�%&"!�##"D �%���+/ �
+%#%+���#"D �*�&%9��$"D �<�&&�>%�D. ��- +#"4%’ ��’#"�
�"4%9��$%’ :&%+�#�#%D #�"�#"&"�#"��� :(9$� !���+� !&���
#�E ��$, :&% ��&+%9��$"D ��$��$� "#� :&%!"�%� $ �"+(, 9�"

3
4

�(). 4.1
�:�%9��$"� :&�"<&��"!�#%�

�!��"!"4" :"�"$�
����&#"D 4"�"!$"D;

3 � ����&E 4 � ����&#�- 4"�"!$�.



54 $����+� ������������� �����+ � �� ����������

! >�#�&� +����� �"!"�%��- �" :��!��#%-, � #� :�&%*�&%%
4�(<%#� ��$��$% #��"����"9#�. �"A�"+( ! �"���! ":�%9��
�$%’ *(#$>%D #()#" �":"�#%����#" !$�@9��� !/&�!#%!��
#%� %#��#�%!#"��% � �%<" ����%9��$%+ +��"�"+ =&%�. P.2?,
�$�)�+, �� �9�� %�:"���"!�#%- ��*�&%9��$"D ":�%$%, �%<"
�%#�+%9��$%+, �� �9�� </��&"4" �$�#%&"!�#%- =&��!�&�$%?
����&#"4" :(9$� :" :"!�&’#"��% :" ":�%+���#"+( ��$"#(.
�$�#%&"!�#%� ��$)� #�"<’"�%+" ! &-�� ��(9��! ��- �!�&$%
<"��B%’ �"�C%#, "#" "<��:�9%!��� &��B%&�#%� :�&"4��"�
!"4" $�#���, (�(9B�#%� ��4���>%% % %�$�@9�#%� :"& %
�&(4%’ ��*�$�"! �!�&#"4" B!�.

�&"+� !��D A�"D *(#$>%"#���#"��% !�)#", 9�"</ ":�
�%9��$�- �%���+� :�&���!��� �(9�!(@ +"C#"��� � +��/+%
:"��&-+% % #� (’(�B��� $�9���!" ����&#"4" :(9$�. � #��
��"-C�� !&�+- ���� *�$�%9��$% �"��$" "�%# ":�%9��$%D
+���&%��, :&%4"�#/D ��- %�4"�"!��#%- �%#� ��- !"�"$"#�
#/’ ����&"! +"C#"���@ 500�20 000 �� � $!�&>�!"� ���$�
�" &��#/’ +�&"$ � $�9���!�##/+ :&"�!���-@C%+ :"$&/�
�%�+. ��&�$��&#/� :"��&% #� "�#"D �%#�� ��- ��$%’ A���
+�#�"! �"���!�-@� 0,3�0,5^, "<C%� :"��&% +"C#"��% !
����&#"D 4"�"!$� #� :&�!"�’"�-� 1,5�3^. ��&���!��+�-
+"C#"��� "4&�#%9%!����- $�$ �(9�!"D ��"D$"���@ ":�%�
9��$%’ A��+�#�"!, ��$ % *"&+%&"!�#%�+ ��&+%9��$%’ �%#�
%���� %�+�#�#%- :"$������- :&��"+��#%- $!�&>�!"4" ���$�
�� :&% #�4&�!� ! �"#� :&"’")��#%- ����&#"4" :(9$�. ��-

�(). 4.2
�!� +��"�� !/&�!#%!�#%- &��:&�����#%-

�!��"!"4" :"�"$� � ����%9��$%D =���!�? % �%#�+%9��$%D =�:&�!�?
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$!�&>� A**�$� !��4�� :"�")%����#/D, �. �. ! :�&!"+ :&%�
<�%)�#%% ��:�"!/� �%#�/ A$!%!���#�#/ :"-!��#%@ :"�
�")%����#/’ �%#� ! �%���+�, ��$ 9�" :&"-!�-���- A�"�
A**�$� #� :&�$�%$� ! �+�C�#%% �"9$% *"$(�� ! ��"&"#(
����&#"D 4"�"!$%. �"���%&"!�#%� :" +��"�%$�+ [6] :"$��
�/!���, 9�" ’�&�$��&#"� !&�+- *"&+%&"!�#%- ��:�"!"D
�%#�/ �"���!�-�� 2�20, ��$ 9�" A**�$� !"�#%$��� :&�$�%�
9��$% �&��(, � #� «:&% ��%����#"D &�<"��», $�$ 9���"
"B%<"9#" �9%�����-.

�(9�!�- ��"D$"��� !/�"$"$�9���!�##/’ �%#� !���+�
!��%$� % :&�!/B��� �#�9�#%� 5 $��L�+2, � !"� ��&+%9��$%�
�%#�/ +"4(� !"�#%$��� :&% �(C���!�##" +�#�B�D :�"�#"�
��% +"C#"��% % %+�##" "#% +"4(� "4&�#%9%!��� :&������
#(@ &�<"9(@ +"C#"��� �%���+/. 	��% !"�:"���"!����-
:&�$�%9��$%+ ":/�"+ �%��&� ! :&"%�!"���!� ����&#/’ 4"�
�"!"$ Urecitec, �" +")#", %�’"�- %� �"��(:#"D ��’#%9��$"D
�"$(+�#��>%%, :"��&"%�� 4&�*%$ #�"<’"�%+"D �:�&�(&/
�%���+/ "� +"C#"��% :�&���!��+"4" :"�"$� =&%�. P.3? %
":&����%��, 9�" :&�$�%9��$"� �#�9�#%� &�<"9�D :�"�#"��%
+"C#"��%, (�&��#�##"� :" �:�&�(&�, �"���!�-�� "$"�" 0,6�
0,7 $��L�+2. ���� #�<"& ":�%9��$"D *(#$>%"#���#"��% �!��
��# ! ��<�%>( P.1.

�(). 4.3
��!%�%+"��� �:�&�(&/ :(9$� !#(�&% �%���+/

"� :&�����#"D :�&���!��+"D +"C#"��%
=%�’"�- %� ��’#%9��$"D �"$(+�#��>%% *%&+/ Urecitec?
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4.1.2. -��J!! 	"#!���!

����� #��"9#"���D %�4"�"!��#%- ������D 4"�"!$%, ! �"+
9%��� % ":�%9��$%’, :"���"$, �<"&"9#/’ "�$�"#�#%D % �. :.
!"�#%$��� #�"<’"�%+"��� �"4���"!�#%- :&"��&�#��!�##"4"
:"�")�#%- A��+�#�"! 4"�"!$% % :"�")�#%- ����&#"4" :(9�
$� =&%�. P.P?. ��"<�##" A�" !�)#" ��- :&">���� ����&#"D
&��$%, 4�� *"$(�%&"!�##/D ����&#/D :(9"$ ’"�%� 9�&��
#�<"��B"� =0,5�1,5 ++? "�!�&��%� ! �":��. �"A�"+( ! $"#���
&($>%@ ����&#"D 4"�"!$% !!"�-� A��+�#�/, "<��:�9%!�@�
C%� �"4���"!�#%� ":�%9��$"D "�% ����&#"4" :(9$� % "�%
4��"!"4" �":��, � "</9#" A�" +�’�#%9��$%� A��+�#�/ =#��
<"& &�4(�%&"!"9#/’ !%#�"!?, "<��:�9%!�@C%� ��$(@ @��%�
&"!$( �� �9�� !��%+#"4" �+�C�#%- (��"! 4"�"!$%. �%9�", !
:&%#>%:�, #� +�B��� A�( *(#$>%@ �!�"+��%�%&"!��� % ����
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�(�� ")%���� :"-!��#%- ����&#/’
4"�"!"$, "<��:�9%!�@C%’ �!�"+��
�%�%&"!�##"� �"!+�C�#%� "��D.

����� #()#" (���#"!%�� ":�%�
+���#"� :"�")�#%� �"9$% *"$(��
:(9$� "�#"�%����#" �&��� �":��.
��- A�"4" ! <"��B%#��!� 4"�"!"$
%+����- +%$&"+��&%9��$%D +��
’�#%�+ �+�C�#%- *"$(�%&(@C�D
�%#�/ "�#"�%����#" $"&:(��. �&"�
<��+�, "�#�$", �"��"%� ! �"+, 9�"
%���� &��#%>/ :"$������- :&��"+�
��#%- $!�&>� ��- +"C#"4" :(9$�
� ��%#"D !"�#/ 1080 #+ % ��- ��%�
#/ !"�#/ !��&"�##"4" ! ����& :%�"�#"4" %��"9#%$� =$&���
#/D, "$"�" 630 #+? �"9$% *"$(�� �+�C�#/ #� &����"-#%�
2�5 ++, % :" :%�"�#"+( :(9$( <�� (9��� A�"4" �+�C�#%-
!/:"�#%�� ":�&�>%@ (���#"!$% ":�%+���#"4" &����"-#%-
z #� (�����-. � &��(������ :"���"!����@ :&%’"�%��- :&"!"�
�%�� A$�:�&%+�#����#/� &�<"�/ #� +���&%���’ =#�:&%+�&,
!/:"�#-�� ��&%% �&�$"! #� +"C#"+ :(9$�? ��- !/-�#�#%-
&����#"4" :"�")�#%- *"$(�� +"C#"4" :(9$�.

��’#"�"4%- "<&�<"�$% �&�<(��, 9�"</ �"9$� *"$(�� :(9�
$� #�’"�%���� #� ����##"+ &����"-#%% �f "� :"!�&’#"��%
+���&%���, ���% �+�C�#%� �z (���#"!��#", �" #�"<’"�%+"
:&"��" :"���&)%!��� �&�<(�+"� �#�9�#%� &����"-#%- "�
�&��� �":�� �" �����% �f K �z =� (9��"+ �#�$"!, ��$ $�$ *"�
$(� +")�� </�� % ��4�(<��# :"� :"!�&’#"���?. O(#$>%-
:"���&)�#%- &����"-#%- ! <"��B%#��!� 4"�"!"$ &���%�(���
�- #� "�#"!� !!���#%- ! $"#��&($>%@ �+$"��#"4" ���9%$�
&����"-#%- "� �":�� �" �����%. �":�" $"#��&($�%!#" %�"�%�
&(���- "� $"&:(�� 4"�"!$% �%A��$�&%9��$%+ A��+�#�"+, %
�:�>%���#�- A��$�&"#%$� %�+�&-�� �+$"��� +�)�( :&"+��
)(�$"+ �":�"+�����%9��$%D �%�� % :&�"<&��(�� ! A��$�&%�
9��$%D �%4#��, #��(C%D %#*"&+�>%@ " &����"-#%%, $"�"�
&/D :�&������- ! �%���+( (:&�!��#%- $""&�%#��#"D �%����
+"D ��- !/:"�#�#%- $"&&�$�%&"!$% :"�")�#%- 4"�"!$%.

�#"4�� ��’#"�"4%- $�9���!�##"D ����&#"D &��$% +")��
!$�@9��� (:&�!��#%� :"�")�#%�+ �"9$% *"$(�� "�#"�%�����

�(). 4.4
���%+#"� :"�")�#%�

�":�� ����&#"D 4"�"!$%,
�����% % ����&#"4" :(9$�
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#" �%���. ��$, &��$&"D#/� ��"�/ *%&+/ krumvw � ��2����
��&�+% !$�@9�@� &�)%+/ !&��$% � :�&�+�C�#%�+ �"9$%
*"$(�� "�#"�%����#" �%��� � %�:"���"!�#%�+ ���:�%!#"4"
��&$���. ����"!�����#", *(#$>%- "��!"4" :�&�+�C�#%-
�"9$% *"$(�� ! ��’#"�"4%9��$%’ (���#"!$�’ ��- !"�"$"#�
#/’ ����&"! ��$)� :&-+"D $�#�%��� #� �!�"+��%��>%@ %
:�&�!"� #� A��$�&"##"� (:&�!��#%�, #" :"$� &���%�"!�#�
�"��$" ! #��$"��$%’ +"���-’ 4"�"!"$.

4.1.3. #�>��
��!+�"!� -��J!!

����&#/D ��’#"�"4%9��$%D :&">��� �&�<(�� ��$)� :"�
��9% ! �"#( "<&�<"�$% !�C���! =4��"!, #�:��!"9#/’ +����
&%��"!?. ��� A�% :"�"$% �"�)#/ </�� �"4���"!�#/ % �%#�
’&"#%�%&"!�#/ � :"�"$"+ �(9�!"D A#�&4%%. �&"���DB%D
!�&%�#� � :"��9� &�)(C�4" 4��� 9�&�� $"�$�%���#"� �":�"
:&% ����&#"D &��$�. � $�9���!� 4��� %�:"���(���- 9%��/D
$%��"&"�, �)��/D !"��(’, ��"�, � ��$)� �+��% 4��"!. ��</�
�"9#"� ��!��#%� 4��� ! !/’"�#"D $�+�&� :�&�� �":�"+ +"�
)�� �"���!�-�� "� 0,3 �" 15 ��+, � ! ��’#"�"4%% ����&#"�
$%��"&"�#"D &��$% �%��"! <"��B"D �"�C%#/ xasTy [2] �"
P0 ��+. ����"!�����#", $"#��&($>%% !/’"�#/’ $�+�& 4"�
�"!"$ ��- &��$% �"�)#/ </�� &���9%��#/ #� !/�"$"� ����
�%9��$"� ��!��#%� 4���.

��’#"�"4%- ����&#"D �!�&$% !/�!%4��� %#/� �&�<"!��
#%- $ 4��"!"D �+��%. �"�:�&!/’, �&�<(���- ��C%�%�� !�##(
&��:��!� %#�&�#/+ 4��"+ =$�$ :&�!%�", �&4"#"+?. �"�!�"�
&/’, :"��!��� ! �"#( �$�%!#"4" !��%+"��D��!%- ����&#"4"
:(9$� � +�����"+ % :�&"+ 4��"!/� �+��% ��- (:&�!��#%-
:&">���"+. �"����#�� "<-������#" :&% ����&#"D �!�&$� ��2�
����&�+% :&% +"C#"��% !/B� P2 $�� [8], #" -!�-���- :"$�
�%�$(��%"##/+ ��- ����&#"D �!�&$% !"�"$"##/+% ����&��
+%. �"$�, $�$ :&�!%�", :���+":"��!�-@C%� % (:&�!�-@�
C%� �+��% #� %�:"���(@�, #" ���� A$�:�&%+�#����#/� ��#�
#/�, 9�" % ! ��(9�� ����&#"D �!�&$% +"C#/+% !"�"$"##/+%
����&�+% +")#" A**�$�%!#" (:&�!�-�� �!�&"9#/+ :&">���
�"+ �� �9�� %�:"���"!�#%- 4��"!/’ �+���D. �� &%�(#$� P.5
:&�����!��#� �":�"!�- 9���� ����&#"D 4"�"!$% gW001p, !
$"�"&"D &���%�"!�#� �!"D#�- 4��"!�- �’�+� � ����&#/D
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:(9"$ :&"’"�%� 9�&�� >�#�&���#"� $"�$�%���#"� "�!�&��%�,
9�&�� �%���+( "�!�&��%D !<�%�% "�% :"�����- $"#�&"�%&(��
+�- 4��"!�- �+��� ! �"#( �$�%!#"4" !��%+"��D��!%-, � :�&%�
*�&%D#�- �"#� *"&+%&(�� "$(�/!�@C%D ��+%#�&#/D :"�
�"$ �&4"#� ��- ��C%�/ �!�&#"4" B!�. ��$�- 4"�"!$� #�:&%�
4"�#� ��- �$"&"��#"D �!�&$% �%#�D#/’ B!"!, ��$ $�$ �"#�
��C%�� B!� :&% !/�"$%’ �$"&"��-’ #��"����"9#� :" ��%#�,
#" %�����#" 4"�%��- ��- $�9���!�##"D �!�&$% � +�$�%+����
#"D 4�(<%#"D :&":��!��#%- % $"#�(&#"D �!�&$%, ! �"+ 9%���
% ��$%’ $&%�%9��$%’ +���&%��"!, $�$ �%��#"!/� �:��!/.

� :&"���DB�+ !�&%�#�� :&% ����&#"D ��&+""<&�<"�$� #�
%�:"���(@��- �":�"!/� �%���+/ % ��C%�#/� 4��/, #" ! %����
�� �&�<(@��- �:�>%���#/� #����$% ��- ��C%�/ +������ "�
"$%���#%- %�% ��- �$�%!�>%% �%**(�%"##/’ :&">���"!
#��/C�#%- :"!�&’#"��#"4" ��"- +������ %� 4��"!"D *��/.

����&#�- #�:��!$� �&�<(�� :"��9% ! �"#( #�4&�!� :"�
&"B$"!/’ +���&%��"! %�% :&"!"�"$, ���% �+"�&��� #� ":/�
&��!%�%- #�:��!"9#/’ :&">���"! #� "�#"!� ����&"!, �" A�"

�(). 4.5
�!�&"9#�- #����$� $ ����&#"D

4"�"!$� gWT01p

�(). 4.<
"�"!$� ��- 4%<&%�#"D �!�&$%
*%&+/ Urecitec =�? % !�&%�#�

<"��� 4�(<"$"D %#��4&�>%% �!(’
�!�&#/’ :&">���"! =�?

� �



<0 $����+� ������������� �����+ � �� ����������

+"4(� </�� �"����"9#" ��")#/� % 4%<$" (:&�!�-�+/� �%��
��+/ � :&"��&�#��!�##"D &��$���$"D :"&"B$"!/’ ��&(D
�$�#%&(@C%+% �":��+%.

%<&%�#/� �:"�"</ ����&#"D �!�&$% �&�<(@� %#��4&��
>%% ! �!�&"9#"D #����$� ����&#"D 9���% � �(4"!/+% �!�&"9�
#/+% %#��&(+�#��+%. � :&"���DB�+ ��(9�� A�" :"9�% +��
’�#%9��$�- �(:�&:"�%>%- �%���+, $�$ ! 4%<&%�#"D 4"�"!$�
*%&+/ Urecitec =&%�. P.6�?, ! <"��� ��")#/’ �%���+�’ �
A�" �$!"�#�- %#��4&�>%- =&%�. P.6�?.

4.1.4. ��#��
/ ! ��6�&�"��"#/

����&#�- ��’#"�"4%9��$�- 4"�"!$� -!�-���- A#�&4��%�
9��$% #�4&()�##/+ "<G�$�"+, :�&���@C%+ <"��B(@ +"C�
#"���, :"A�"+( &��(+#" �#�<)��� �� ��#�"&�+% % ��C%�#/�
+% *(#$>%-+%. �@�� +")#" "�#���% ����(@C%� ":>%%;

� +"#%�"&%#4 ��+:�&��(&/ $"&:(�� %�% "�����#/’ �"#,
$"�"&/D +")�� ��!��� %#*"&+�>%@ " ��4&���>%% ":�%�
9��$%’ A��+�#�"! % "B%<$�’ @��%&"!$% �%���+/E

� :&-+"D +"#%�"&%#4 �"��"-#%- ":�%$%E
� !��&"�##/D $"#�&"�� +"C#"��% �(9�!"4" :"�"$�E
� ���9%$% ��!��#%- %�% &��’"�� ��’#"�"4%9��$%’ 4��"!.

��� A�" !�)#", "�"<�##" ��- :"�#"���@ �!�"+��%�%&"�
!�##/’ :&">���"!, ��$ $�$ +"#%�"&%#4 �"��"-#%- :"�!"�%�
:&��"�!&��%�� #� �"��$" !/:(�$ <&�$"!�##"D :&"�($>%%,
#" % &��&(B�#%� �"!"��#" �"&"4"4" (��&"D��!�.

� A�"� )� &����� +")#" �"<�!%�� *(#$>%% ��C%�/ ":�
�%$%, :"�$"��$( +���&%���#/D :&">��� ����&#"D "<&�<"��
$% #�:&�+�##" �!-��# � �$�%!#/+ !/����#%�+ :�&"!, <&/�4
% �&(4%’ :"�"$"!, �:"�"<#/’ &��&(B%�� ":�%9��$%� �!"D�
��!� !/’"�#"D :"!�&’#"��%. � :&">���� ����&#"D &��$% �"��
���"9#" %�:"���"!��� �&�!#%����#" ��B�!/D A��+�#� �
��C%�#"� ���$�" =$�$ &��’"�#/D +���&%��?, ��$ $�$ :&%�
�(���!(�� ������!�##�- ��C%�� ! !%�� "��!"4" :"�"$� &�)(�
C�4" 4���. �&% ����&#"D �!�&$� % #�$"�"&/’ �&(4%’ :&"�
>����’ ��$�- ��C%�� "��(���!(�� % :&%’"�%��- %�:"���"�
!��� B�"&#/� 4��"�%#�+%9��$%� ��!��/ :�&�� ��C%�#/+%
���$��+%, "�#"!�##/� #� %�:"���"!�#%% C���!/’ �":��,
*"&+%&(@C%’ :�"�$%D ��C%�#/D !"��(B#/D A$&�#.
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4.1.5. -��J!!, ���"&�+!��	L!�
���&#!���"#/ &��J�""�

�&% %�:"���"!�#%% ����&#/’ 4"�"!"$ ! &"<"�%�%&"!�#�
#/’ $"+:��$��’ !"�#%$��� #�"<’"�%+"��� *(#$>%D :&���
!�&%����#"4", ��$(C�4" % *%#%B#"4" $"#�&"�- :&">����.
��%<"��� -!#" A�" +")#" :"-�#%�� #� :&">���� ����&#"D
�!�&$%. �"�4"�"!��##/� :"� �!�&$( A��+�#�/ #%$"4�� #�
"<����@� �<�"�@�#"D �"9#"���@ #% :" 4�"+��&%% A��+�#�
�"!, #% :" ���"&�+, #% :" :&"��&�#��!�##"+( :"�")�#%@
"�#"�%����#" $""&�%#��#"D �%���+/ +�#%:(�-�"&�. �"A�"�
+( !"�#%$��� ����9� :&��!�&%����#"4" �$�#%&"!�#%- &���
:"�")�#%- ��/$� % ���"&� +�)�( A��+�#��+% ! :&"��&�#���
!� % :"����(@C�D $"&&�$�%&"!$% :&"4&�++/ �!%)�#%-.
F�" #� <(��� %�����#/+ &�B�#%�+, ��$ $�$ ! &-�� ��(9��!
���"& +")�� +�#-���- #�:"�&����!�##" !" !&�+- �!�&"9#"�
4" :&">���� %���� ��&+%9��$%’ #�:&-)�#%D. �"A�"+( %���
���#"� &�B�#%� <(��� �"��"-�� ! %�:"���"!�#%% !��&"�#�
#/’ ! 4"�"!$% �&�’ �%���+ ��#�"&"!, *"&+%&(@C%’, :" ��&�
+%#"�"4%% *%&+/ Urecitec, �$!"�#(@ �%���+( $"#�&"�-
$�9���!� ����&#"D �!�&$% x_zX � xaser _eldin{ zualit|
Xontrol. �%���+� �"�)#� �"��&)���;

� ��#�"&/ :&��!�&%����#"4" %�+�&�#%- 4�"+��&%% �!�&�
#"4" B!� YkY � Yeam krac}in{ Y|stemsE

� ��#�"&/ ��$(C�4" $"#�&"�- x_p � xaser _eldin{ po�
nitorE

� ��#�"&/ $"#�&"�- *%#%B#"D 4�"+��&%% �!�&#"4" B!�
YSp � Yeam Seometr| ponitor.
F�" ! &�!#"D +�&� $������- % �&(4%’ ��’#"�"4%9��$%’

:&">���"!, #�:&%+�&, ����&#"D ��$��$% % ����&#"D "9%��$%.
�� ��##"+ A��:� &��!%�%- $"#��&($>%D ����&#/’ 4"�"�

!"$ A�� *(#$>%"#���#"��� &���%�"!�#� ! +%#%+���#"D ����
�%%. � ��&%D#/� ����&#/� 4"�"!$% "<-������#" !��&"�#�
!"�+")#"��� :"�$�@9�#%- �+$"��#"4" ��#�"&� &����"-#%-,
% #�$"�"&/� :&"%�!"�%���% !��&�%!�@� ! 4"�"!$% +"�(��
!%��"��#�"&�, $"�"&/D :"�!"�-�� :&"%�!"�%�� :&��!�&%�
����#"� "<(9�#%� &"<"�� :" :"�")�#%@ ��/$� =&%�. P.7? ��
!/���!$� «��B%#"��&"�#%��200H» *%&+� krumvw ��+"#���
&%&"!��� :"�#"���@ �!�"+��%9��$%D :&">��� �!�&$% $"&"<�
9��/’ ������D, ! $"�"&"+ %�:"���"!���- !��&"�##/D !%��"�



<2 $����+� ������������� �����+ � �� ����������

��#�"& ��- :&��!�&%����#"4" �$�#%&"!�#%- :"�")�#%- ��/�
$� ������D, � �!�&$� :&"%�!"�%���� #� !�"&"+ :&"’"��. ��
<����/ �" �:�>%��%���+% *%&+/ !/-�#%�"��, 9�" �%���+�
#���)#" &�<"���� �"��$" :&% :&%+�#�#%% !/�"$"$�9����
!�##"4" :"�%&"!�##"4" +������ ��4"�"!"$. F�" �"��$" :"��
�!�&)����, 9�" �%���+/ ���:��>%% :&">���� �!�&$% :"$�
#�’"�-��- ! ��+"+ ��9��"9#"+ �"��"-#%%.

�(). 4.7
����&#�- �!�&"9#�- 4"�"!$� ‘_50 *%&+/

Urecitec �" !��&"�##/+ +"�(��+ !%��"��#�"�
&� ="��!"D !�&%�#�?

�(). 4.8
"�"!$� ��- 4%<&%�#"D �!�&$% *%&+/

YcanYonic �" !��&"�##"D *(#$>%�D
���)�#%- :" ��/$(
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�� �����&#��%!#/’ &�B�#%D ����(�� (:"+-#(�� ����&�
#/� �!�&"9#/� 4"�"!$% *%&+/ YcanYonic =&%�. P.8?, �#�<�
)�##/� �%���+"D +�’�#%9��$"4" ���)�#%- :" ��/$( #�
"�#"!� C(:� %�% :"��!��+"D :&%���"9#"D :&"!"�"$% ! ��(�
9�� 4%<&%�#/’ �:"�"<"! �!�&$%. ��$(@ �%���+( +")#" "��
#���% $ $����( x_p, ��$ $�$ �!�&$� % ���)�#%� !/:"�#-�
@��- ! ��%#"+ :&"’"��. ��+ #� +�#��, !&-� �% A�" &�B�#%�
%+��� <"��B(@ :�&�:�$�%!( ��- ����&#"D �!�&$%, ����(��
")%���� �$�%!#"4" &��!%�%- %+�##" ":�%9��$%’ ��#�"&"!,
"�"<�##" #� "�#"!� ����$�+�& � ����&#"D :"��!��$"D.



����� 5. ��6�� !6��
!*
�� �$��

�"��B%#��!" ����&#/’ 4"�"!"$ ��- !"�"$"##/’
����&"! !/:"�#�#/ :" �’�+�, :&�����!��##"D #� &%�(#$� 5.1.

��&!�- 9���� :&�����!�-�� �"<"D $!�&>�!/D �(<��� %
��()%� ��- :&�"<&��"!�#%- &��’"�-C�4"�- :(9$� ! :��
&������#/D, :"A�"+( �� #��/!�@� $"��%+��"&"+. ��"&�-
9���� � *"$(�%&(@C�- "�%#"9#�- $!�&>�!�- �%#��, $"�"�
&�- % :&"%�!"�%� $"#�9#(@ *"$(�%&"!$( �(9�!"D +"C#"�
��% #� "<&�<��/!��+"+ %����%%.

F�� �’�+� "<������ :&%�+��+/+%, ’"�- % #� %�����#/�
+% ":�%9��$%+% :�&�+��&�+ % -!�-���- "�#"!"D <"��B%#�
��!� ����&#/’ 4"�"!"$. �</9#" *"$(�#"� &����"-#%� !/�
’"�#"D �%#�/ f ! 1,5�2,5 &��� <"��B� *"$(�#"4" &����"-�
#%- $"��%+��"&�. � $�9���!� :&%+�&� :&%!���+ ����&#/�
4"�"!$% *%&+/ Tvtos}and =&%�. 5.2?. �#"4%� :"���"!����%
:&%"<&���@� ��$%� 4"�"!$% $�$ :"�(*�<&%$�� %���� (+��
&�##"D >�#/ % ��+�#-@� �"��$" !/’"�#(@ �":�"!(@ 9����
:"� $"#$&��#/� ����9%. �/’"�#�- �%#�� ! A�%’ 4"�"!$�’
&��+�C�#� ! +�’�#%�+� :&"�"��#"4" :�&�+�C�#%-, 9�"
:"�!"�-�� "�(C���!�-�� &�4(�%&"!�#%� :"�")�#%- �"9$%
*"$(�� "�#"�%����#" �&��� �":�"!"D #����$%.


�

�
�

�

�(). 5.1
�%:%9#�- ":�%9��$�- �’�+� ����&#"D 4"�"!$%

��- !"�"$"##/’ ����&"!
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� <"��B%#��!� 4"�"!"$ *%&+/ 
r��itec %�:"���"!�#�
A�� )� ":�%9��$�- �’�+�, ! #�$"�"&/’ 4"�"!$�’ � +%#%�
+���#/+% *"$(�#/+% &����"-#%-+% ��- (�(9B�#%- *"$(�
�%&"!$% ":>%"#���#" +")�� </�� #� "�%#"9#�- *"$(�%�
&(@C�- �%#��, � #�<"& �!(’ �%#�. O%&+� ��$)� :&����4���
+"�%*%$�>%% � :"!"&"�#/+ ��&$��"+ ! �&�$��, 9�" ! &-��

�(). 5.2
�:�%9��$%� $"��%+��"&/ %

*"$(�%&(@C%� +"�(�%
*%&+/ Tvtos}and

�(). 5.3
�"�(��#/� �!�&"9#/� 4"�"!$% *%&+/ Urecitec;

3 � ":�%9��$%D $"##�$�"&E 4 � +"�(�� $"��%+��"&�E 6 � &��C�:%���� :(9�
$� =:�"�$"� ��&$��"?E 7 � *"$(�%&(@C%D +"�(��E 8 � $"#��D#�& �" �+�##/+
��C%�#/+ ���$�"+E ; � +"�(�� B�"&#"D ��C%�/E < � !%��"$�+�&� %�% "$(�
�-& ��- #�!���#%- % ���)�#%-E = � %�+�&%���� +"C#"��%.



<< $����+� ������������� �����+ � �� ����������

��(9��! (�"<#" ��- :&%+�#�#%- � &"<"��+% % !��&�%!�#%-
!%��"��#�"&"!. �� :&%+�&� %����%- ‘_52 +")#" :&"����
�%�� ��#��#>%% +"�(��#"��% % (#%*%$�>%% =&%�. 5.3?, �%����
+� $"+:"#(���- %� ���#��&�#/’ +"�(��D *"&+��"+ 7P�7P ++
� :&"’"�#"D �:�&�(&"D "$"�" P8 ++, �"����"9#"D ��- :�&��
��9% +"C#"��% �" 20 $��. �"���"!����� %+��� !"�+")#"���
��+"��"-����#" $"+:"#"!��� �%���+( #()#"D 4�"+��&%% �
#()#/+% :�&�+��&�+% *"$(�%&"!$%, ��$ $�$ +")#" %�+��
#-�� $�$ *"$(�#"� &����"-#%� $"��%+��"&� =100, 125, 150,
200 ++?, ��$ % *"$(�#"� &����"-#%� *"$(�%&(@C�D �%#�/
=150�1000 ++?.

�"�(��#�- �%���+� %+��� �#�9%����#(@ +���( % !/�"�
$(@ >�#(, :"A�"+( ��- <"��� +���"!/’ 4"�"!"$ ��- ����&�
#"D &��$% *%&+� #� %�:"���(�� +"�(��#/D :"�’"� % :&���
��4��� ":�%+%�%&"!�##/� :" +���� % 4�<�&%��+ 4"�"!$%
��&%D ‘�30,‘f52 ��- &�<"�/ � &"<"��+%. ���%9%����#"D

�(). 5.4
"�"!$� ZUYYx ��- &��$%

� $�&�&%�)#"D �+�##"D
":�%$"D *%&+/ Urecitec
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"�"<�##"���@ A�%’ #����"$ -!�-���- (�(9B�##�- �+$"���
#�- �%���+� ���)�#%- �� :"!�&’#"���@ xasermatic��, �:"�
�"<#�- &�<"���� � +%#%+���#/+% :" &��+�&( �":�"!/+%
#�$"#�9#%$�+%, 9�" "<��:�9%!��� +��(@ 9(!��!%����#"���
$ <"$"!/+ A��+�#��+ %����%- :&% 3j�&��$� &"<"��+%.

����(�� (:"+-#(�� ��$)� �"!"��#" :":(�-&#(@ #�
&"��%D�$"+ &/#$� &�)(C(@ 4"�"!$( ��- :"&����#/’ &���
$&"D#/’ �%���+ ZUYYx =&%�. 5.P?, %+�@C(@ $�&�&%�)�
#/D !�&%�#� �+�#/ ":�%$%, 9�" :"�!"�-�� ":�&��%!#"
"<��()%!��� ":�%$( #� ���#$�’ % </��&" +�#-�� :�&�+���
&/ *"$(�%&"!$%.

��- ��’#"�"4%% ����&#"D #�:��!$% *%&+� Urecitec &���
&�<"���� �!� <��"!/’ !�&%�#�� #�:��!"9#/’ 4"�"!"$ ‘X50
=&%�. 5.5?, �#�<)�##/’ "�#"$�#���#"D =�$�%���#"D? %�%
9��/&�’$�#���#"D �%���+"D :"��9% :"&"B$"!. � A�%’ &���
&�<"�$�’, �"���##/’ #� <��� :":(�-&#"D �!�&"9#"D 4"�"!�

�(). 5.5
��:��!"9#/� 4"�"!$%
‘X50 *%&+/ Urecitec �

9��/&�’$�#���#"D
=���!�? % "�#"$�#���#"D

�$�%���#"D =�:&�!�?
:"��9�D :"&"B$�
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$% ‘_50, :"$� �C� #� &���%�"!�#/ ":>%% �$�#%&"!�#%-
#% ����&#"4" :(9$�, #% :"&"B$"!"4" :"�"$�, #" +")#" �"���
$" :&%!����!"!��� :"-!��#%� #� &/#$� :�&!/’ ��&%D#/’
4"�"!"$ ��- A�%’ :�&�:�$�%!#/’ :&">���"!.

�"�(��#/D :"�’"� $ $"#��&($>%% ����&#/’ 4"�"!"$
���� :"���"!����@ �"����"9#(@ 4%<$"��� ! !/<"&� :�&�+���
&"! :&">����, #" �"��$" #� ����%% &��&�<"�$% ��’#"�"4%9��
�$"4" :&">����. �&(4"D :"�’"� $ 4%<$"��% % +"�(��#"��%
:&�����!��# ! ����&#"D 4"�"!$� gW001p &"��%D�$"D *%&�
+/ «F��$�&"&��(&�». � A�"D 4"�"!$� %�:"���"!�#� :�&��
��&�%!��+�- ":�%9��$�- �%���+�, �� �9�� $"�"&"D +")#"
:��!#" +�#-�� *"$(�#"� &����"-#%� =%�% (4"� *"$(�%&"!�
$%?, ����"!�����#", &��+�& *"$���#"4" :-�#� fd % ��%#(
:�&��-)$%. ��- %�+�#�#%- *"$(�%&"!$% !""<C� #� #()#"
!/:"�#-�� &��<"&$( �%���+/, <"��� �"4", !�- :�&���&"D$�
!/:"�#-���- A��$�&"##/+ :(��+ :"� (:&�!��#%�+ !��&"�

�(). 5.<
����&#�- ��’#"�"4%9��$�- 4"�"!$�

� :�&�+�##/+ *"$(�#/+ &����"-#%�+
gWT01p % :&%#>%: +�4#%�#"D

*%$��>%% ��’#"�"4%9��$%’ #����"$
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�##"4" +%$&":&">���"&�, ��$ 9�" &"<"� %�% �����%���+�
+"4(� !/:"�#-�� :�&���&"D$( :�&�+��&"! �!�"+��%9��$%
:" ’"�( !/:"�#�#%- :&"4&�++/. �#�B#%D !%� ����&#"D
!�&%"4"�"!$% :&�����!��# #� &%�(#$� 5.6, :&">���"&#/D
<�"$ +")�� :&% #�"<’"�%+"��% &��+�C����- #� #� $"&:(��
4"�"!$%, � ! �@<"+ (�"<#"+ ��- (:&�!��#%- +����, ’"�- "#
%�:"���(���- ! "�#"!#"+ ��- :&��!�&%����#"D #���&"D$%.
�&%#>%: +"�(��#"��% ! 4"�"!$� gW001p ��$)� %�:"���(�
���-, #" �"��$" ��- </��&"D ��+�#/ ��’#"�"4%9��$%’ #����
�"$ =�!�&$�, &��$�, ��$��$�?, $"�"&/� *%$�%&(@��- #� ��/�
$"!"9#"+ (��� � :"+"C�@ +�4#%�#"4" *%$���"&�. �%)�
:�&�9%���#/ :"���#/� *(#$>%%, $"�"&/� "<��:�9%!�@� ���
$"D $"#��&($�%!#/D :"�’"�;

1? +")#" ":�&��%!#" :�&���&�%!��� :�&�+��&/ :(9$�
=*"$(�#"� &����"-#%�, :"�")�#%� *"$(��? ��- ":�%+%���
>%% :&"%�!"�%����#"��% % $�9���!� ":�&�>%D. � :&%#>%:�,
A�" +")�� !/:"�#-�� �����%���+� �!�"+��%9��$%E

2? :"�")�#%� �"9$% *"$(�� "�#"�%����#" �&��� �":��
��$)� (:&�!�-���- A��$�&"##/+ "<&��"+, <"��� �"4", &���
�%�"!�# &�)%+ «%+%��>%%» �"9$% *"$(�%&"!$% +"C#"4"
:(9$�, �. �. :&% :�&�’"�� ! &�)%+ «�» � :(���� #� 4"�"!$�
%�% :" $"+�#�� ��� �"9$� *"$(�� !%�%+"4" :%�"�#"4"
%��"9#%$� :"��!�9%!��� �"9$( *"$(�� +"C#"4" :(9$�, 9�"
�(C���!�##" (:&"C��� ":�&�>%% #���&"D$%E

3? �� �9�� +�4#%�#"D *%$��>%% ��’#"�"4%9��$"D #�����
$% %+����- </��&/D ":�&��%!#/D �"��(: $ $"#��D#�&( �
��C%�#/+ ���$�"+ ��- :&"+/!$% %�% ��+�#/E

P? ��’#"�"4%9��$%� #����$% �"��&)�� !��&"�##(@ �%��
��+( �+$"��#"4" %�+�&�#%- &����"-#%- "� �":�� �" �%���,
:&%9�+ �!-�� � (:&�!�-@C%+ :&">���"&"+ "�(C���!�-���-
:" <��:&"!"�#"+( $�#��( =":�%9��$�-?, :"A�"+( :&% �+�#�
#����$% #� �&�<(���- #%$�$%’ ":�&�>%D :" "�$�@9�#%@
&��G�+"!E

5? +�4#%�#�- *%$��>%- ��’#"�"4%9��$%’ #����"$ #���)�
#" ��C%C��� ����&#(@ 4"�"!$( "� (��&"! % #����"! #� #��
:&��!%��##/� :&�:-���!%-.

�%�/ ����&#/’ ��’#"�"4%9��$%’ 4"�"!"$ ��- !"�"$"#�
#/’ ����&"! :&�����!��#/ �����.
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5.1. ��
��! �
; "���!

5.1.1. ��
��! -!�’$ HMMS OTI

���
����	 ������ UZ_�50, UZ_�75

�!�&"9#�- 4"�"!$� UZ_�75 =&%�. 5.7, 5.8, ��<�. 5.1?
�:&"�$�%&"!�#� ��- �!�&$% +"C#/+% ����&�+%. �#� %+���
#���)#(@ +"�(��#(@ $"#��&($>%@. � �� "�#"!� ��)�� !"�
�""’��)���+/� +��#/� :�&�<"�%9��$%� ��&$���. �"��(:#�
":>%- *"$(�%&"!$% ! �!� :-�#� #�4&�!�.

�(). 5.7
�#�B#%D !%�

�!�&"9#/’ 4"�"!"$
UZ_�50, UZ_�75

�(). 5.8
�<�&%�#/�

&��+�&/ �!�&"9#/’
4"�"!"$ UZ_�50,

UZ_�75

� � � � � � � � �
��
��������	��
����	�����	�


��������	
��������	 ����	����	����	���	��	
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����������	 ������	
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������ �	
�� S2

"�"!$% ��&%% S2 =&%�. 5.H? :&��#��#�9�#/ ��- &��$% %
�!�&$%, %+�@� +"�(��#(@ $"#��&($>%@. �"��(:#/ !�&%�
�#�/ ��- !��’ ��%# !"�#.

��"<�##"��%;
� �:�&�(&� 3P,8 ++E
� +�$�%+���#"� ��!��#%� 4��� 8,8 <�&E
� �"��(:�# B%&"$%D $&(4 ":�%$%E
� +"�(��#�- $"#��&($>%- ��- :"���"!������$%’ $"#*%�

4(&�>%DE
� !�� $&�:�)% %� #�&)�!�@C�D ����% :" +��&%9��$"+(

���#��&�(.

���
����R ������ �	
�� 50
�#�B#%D !%�, 4�<�&%�#/� &��+�&/ % !"�+")#/� !�&%�

�#�/ $"+:"#"!$% �!�&"9#/’ 4"�"!"$ ��&%% 50 :&�����!���
#/ #� &%�(#$�’ 5.10, 5.11 % 5.12.

�(). 5.9
�#�B#%D !%�

�!�&"9#/’ 4"�"!"$
��&%% S2

�(). 5.10
�#�B#%D !%�

�!�&"9#/’ 4"�"!"$
��&%% 50




















































































































































































































































































