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�@B>CQ5N8B5 B5NG 8K]G]GFSBG GBNC;>8RCFSBG L;CRGB?8>G -5+5FGKC;@ 8J@F<N8BBOK 
KC>5-E@+5FG5-@C>@FCB< 8FS>C;B8>B@K +5FG8BLGH;@H5K 1-H5HCJCB--5-K8FCPB5N@M 
8BLGH;@H, QH8>BG < N5HB@T G BC+5FO;B@T EC;CH5N@�8T <>N5;*N8>@ E<+;8K5FC-<FO;BG 
E8K55;L8BGQ5N8BG B8B5;C8->5;@, O-G N@-5;@E>8B5 HFO 5HC;I8BBO B8B5;5QKG;5L5 
-5F5PHB5L5 E;GRF8. 

New amphiphilic invertible comb-like copolymers chains have been synthesized via 
acylation of methoxypolyoxyethylene by alternating polyanhydride 1-dodecene-co-maleic 
anhydride, which are able to form supramolecular nanoreactors used for the synthesis of silver 
nanoparticles 

�E><+. 	��"j", �" ���"h�(!��)� j&!�#�� j�u!� %��)�#��� +�j�h�� !� g�m�h�� �#�(!��"(!�, 
m")'&j�, &#&)!'�h��, "*!�h��, j�$��!�� !"�"., �" ���'�m�lu!�(l ��� �#�(!��"(!&e �m"#�"����+ �!"j�� 
!� j"#&)%# ��+ j&!�#��. �&!�#�h�� ���"h�(!��)� n �&(!�o�#���j�, ���(#��") h"$" % '�m� )"�!�)!% 
i+��+ *"�&'+"�� �"�� j"k%!� m’n��%��!�(�, �!'�h�uh� (�"u (*&��g�h�% (!'%)!%'% !� �#�(!��"(!�. 
�& m%j"�#un �&#�)�e ��!&'&( �" *'"o#&j (��!&m% !� (!�o�#�m���i ���"h�(!��") j&!�#�� [1–3].  


���j m *&'(*&)!����+ j&!"��� i+ "�&'k���l n (��!&m ���"h�(!��") j&!�#�� % m�"'"!��+ 
j��&#�+ [4].  ��"j% ��*��)% m�"'"!�� j��&#� j"k�� '"m$#l��!� l) (*&��g�h�� +�j�h�� ���"'&�)!"-
'� (��!&m% ���"h�(!��"). �"mj�' "�&'k���+ ���"h�(!��"), l) *'���#", )"�!'"#un!�(l '"mj�'"j 
*"'"k���� ($��'"g�#��"$" l�'�) j��&#�. �'�j !"$", (��!&m ���"h�(!��"), (!�o�#�m"����+ j�)'"-
j"#&)%#�j� *"#�j&'��, n "���j m ��e*&'(*&)!����x�+ ��'�x&�� *'"o#&j� (!�o�#��"(!� ���"h�(-
!��"). 	�� ���)'���n x#l+ �#l (!�"'&��l *"#�j&'��+ ���")"j*"m�!��, ��*"��&��+ ���"h�(!��)�j� 
m )"�!'"#�"����j� '"mj�'�j� (5–15 �j) [5], m")'&j�, o#�$"'"���+ j&!�#�� (Ag, Au). �& ����n ij 
)"j*#&)( %��)�#���+ �#�(!��"(!&e [3]. 

���&#l'�� ���"'&�)!"'� – m�"'"!�� j��&#� *"#�j&'��, "�&'k%u!� m �jg�g�#���+ ���&'!�o&#�-
��+ *"#�&(!&'�� % '"mh����)�+ '�m�"i *"#l'�"(!� [6].  �&*"#l'�"j% (&'&�"���� l�'" j��&#� j�(-
!�!� $��'"g�#��� g'�$j&�!� *"#�&!�#&�")(��%, l)� ��(!%*�u!� ����"���)"j �"��� j&!�#��. �!�o�#�-
m���l ���"'&�)!"'�� ���o%��n!�(l m���l)� ��l��"(!� $��'"g"o��+ *"#�j&!�#&�"��+ g'�$j&�!��, 
"'�n�!"����+ % �&*"#l'�& ��(*&'(�e�& (&'&�"���&. 

 
�C>8 H5EFGHICBS. �&!"u �"(#��k&�� n (!�"'&��l �jg�g�#���+ ���&'!�o&#���+ )"*"#�j&'�� 

$'&o��h�!"i o%�"��, m��!��+ % �&*"#l'��+ � *"#l'��+, m")'&j� �"���+ (&'&�"����+, %!�"'u��!� 
(%*'�j"#&)%#l'�� (�j"�*"'l�)"���� (!'%)!%'�, l)� j"k%!� (#%$%��!� ���"'&�)!"'�j� �#l 
"�&'k���l ��'"mj�'"$" )"#"i��"$" ('�o#�. 

�-E+C;@KCB>8FSB8 ?8E>@B8 G 5RL5N5;CBBO. �jg�g�#��� ���&'!�o&#��� )"*"#�j&'� $'&o��-
h�!"i o%�"�� "�&'k%��#� % ��� (!���i. �� *&'x�e (!���i (��!&m%��#� *"#���$��'��� – o���'�� �#�!&'-
��!�� )"*"#�j&'� Ù-"#&g��% – 1-�"�&�&�% (���) �o" 1-")!&�% (
)!) m j�#&i�"��j ��$��'��"j (��) 
m %!�"'&��lj 1-�"�&�&�-)"-j�#&i�"��e ��$��'�� (���-��), 1-")!&�-)"-j�#&i�"��e ��$��'�� (
)!-��) 
�o" �#�!&'��!�� )"*"#�j&'� ")!�#j&!�)'�#�!% (
��) m �� m %!�"'&��lj ")!�#j&!�)'�#�!-)"-j�-
#&i�"��e ��$��'�� (
��-��) m� (+&j�j� 1 � 2: 
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�+&j� 1, �& l = m, k = 5, 9. 
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�+&j� 2, �& n ã m. 
 
	��"j", �" � Ù-"#&g���, � �� �& %!�"'uu!� $"j"*"#�j&'� m� '���)�#��"u *"#�j&'�m���nu 

[7], �#& n j"k#���j g"'j%����l o���'��+ �#�!&'��!��+ )"*"#�j&'�� Ù-"#&g��-��.  i+ j�)'"-
j"#&)%#�+ #��)� �� !� Ù-"#&g��% h&'$%u!�(l �&m�#&k�" ��� )"��&�!'���i ��+����+ '&�$&�!�� � 
!&j*&'�!%'� )"*"#�j&'�m���i. 

���!&m �#�!&'��!��+ )"*"#�j&'�� 
��-�� m��e(�u��#� '���)�#��"u )"*"#�j&'�m���nu 

�� !� �� % 1,4-��")(���. �����u����l m��e(�u��#� *&'")(��"j o&�m"i#% (0,05 )j"#�/j3) � 358 � � 
�!j"(g&'� �'$"�% � %j"��+ *"(!�e�"i �&�"(!�h� )"j"�"j&'% 
��, l)% m�o&m*&h%��#� *"��#���j 
�"������lj 
�� % '&�)��e�% (%j�x m� x���)�(!u 0,001 j#/(. 

�)#�� o���'��+ )"*"#�j&'�� ��m��h�#� m�"'"!��j *"!&���"j&!'�h��j !�!'%����lj, ���-
(*&)!'"()"*�nu !� *��!�&'�k%��#� FTIR-(*&)!'�j�. 

�� �'%$�e (!���i m��e(�u��#� *"#�j&'���#"$�h�� *&'&!�"'&��l h&'&m ���#%����l j&!")(�*"#�-
")(�&!�#&�% (����) m j"#&)%#l'�"u j�("u 350 �� �#�!&'��!��j� $'&o��h�!�j� *"#���$��'���j� 
% *'�(%!�"(!� !'�&!�#�j��% (���) m %!�"'&��lj �jg�g�#���+ ���&'!�o&#���+ $'&o��h�!�+ 
!&'*"#�j&'�� 1-�"�&�&�-)"-j�#&i�"��e ��$��'��-)"-j&!")(�*"#�")(�&!�#&��#j�#&i��! (���-��-
�����) �o" 1-")!&�-)"-j�#&i�"��e ��$��'��-)"-j&!")(�*"#�")(�&!�#&��#j�#&i��! (
)!-��-
�����) m� (+&j"u 3 � ")!�#j&!�)'�#�!-)"-j�#&i�"��e ��$��'��-)"- j&!")(�*"#�")(�&!�#&��#-
j�#&i��! (
��-��-�����) m� (+&j"u 4: 
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�+&j� 3, �& l = m, k = 5, 9. 
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�� �� �����
�� ��  
�+&j� 4, �& n ã m. 

 
�)#�� !&'*"#�j&'�� ���-��-����� !� 
��-��-����� ��m��h�#� ���-

(*&)!'"()"*�nu !� *��!�&'�k%��#� FTIR-(*&)!'�j�.  !�o#. 1 � 2 ���&�&�" ()#�� o���'��+ � 
!&'*"#�j&'�� !� �+ j"#&)%#l'�"-j�("�� +�'�)!&'�(!�)�. 
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�&��& (*������"x&��l $��'"g�#���+ !� #�*"g�#���+ g'�$j&�!�� % (!'%)!%'� "�&'k���+ 
!&'*"#�j&'�� 
)!-��-�����, ���-��-����� !� 
��-��-����� m�o&m*&h%n i+ '"mh����(!� 
l) % *"#l'�"j% (�"��"j%), !�) � % �&*"#l'�"j% (&'&�"����+ ���(#��") ("#���!���i ���*"�����+ 
g'�$j&�!�� j�)'"j"#&)%#. 

 
F�G��H
 1 

�8;8->C;@E>@-8 8FS>C;B8>B@T RGB8;B@T L;CRGB?8>@T -5+5FGKC;GN 

�)#�� o���'�"$" )"*"#�j&'%, 
% j"# 

�"*"#�j&' 

	j�(! #��") 
)!, ���, 
�� 	j�(! #��") �� 

�&'&���"- h�(&#��� 
j"#. j�(� 

 Mn 

�&'&���"-j�("�� 
j"#. j�(� 

Mw 

)!-�� 50,1 49,9 6320 8290 
���-�� 50,1 49,9 5850 7980 

��-�� 57,5 42,5 10870 13960 

 
F�G��H
 2 

�8;8->C;@E>@-8 8K]G]GFSB@T GBNC;>8RCFSB@T L;CRGB?8>@T >C;+5FGKC;GN 

�)#�� !&'*"#�j&'%, 
% j"# 

�"*"#�j&' 

	j�(! #��") 
)!, 
���, 
�� 

	j�(! #��") 
�� 

	j�(! #��") 
����� 

�&'&���"- 
h�(&#��� j"#. 

j�(� Mn 

�&'&���"-
j�("�� j"#. 

j�(� Mw 


)!-��-����� 50,1 32,8 17,1 9920 12600 
���-��-����� 50,1 39,0 10,9 7900 10150 

��-��-����� 57,5 41,4 1,4 11330 14690 

 
���!�&'�k&��lj �jg�g�#��"(!� �"��+ !&'*"#�j&'�� n g�)! ("#uo�#�m���i "#&"g�#��"$" o�'�-

��)� Nile Red % �"��"j% (&'&�"���� �, "��"h�(�", ("#uo�#�m���i �"�"'"mh���"$" o�'���)� ��#�+�-
!"�"$" m&#&�"$" % o&�m"#��"j% '"mh���. �� '�(. 1 ���&�&�� (*&)!'� *"$#�����l % ����j�e ��#l��� 
�"���+ !� o&�m"#���+ '"mh���� )"*"#�j&'% ���-��-�����. 

 

 
\�	. 1. C����� ��J������
 � ������ ��
�H 	���� G���������,  

	��>G��������� 0,05  ��	. %  ��������� cc=-BQ-BIbTB:  
1 – ���������� G������ Nile Red � ������� ������;  

2 – ������������� G������ ���������� ������� � G���������� ������. 
 
���� (*&)!'"()"*�i *��!�&'�k%u!� ('�(.1), �" �"���e '"mh�� )"*"#�j&'% ���-��-����� 

("#uo�#�m%n "#&"g�#���e o�'���) Nile Red, � e"$" o&�m"#���e '"mh�� – �"�"'"mh����e o�'���) 
��#�+�!"��e m&#&��e. 	(!��"�#&�", �" )�#�)�(!� ("#uo�#�m"���"$" o�'���)� ��m��h�n!�(l )"��&�!-
'���nu )"*"#�j&'% % '"mh���. �& �)�m%n �� ��l���(!� ���&'!�o&#���+ �#�(!��"(!&e % )"*"#�j&'� 
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���-��-����� � %!�"'&��l (�j"�*"'l�)"����+ (%*'�j"#&)%#l'��+ �$'&$�!�� % '"mh���+ 
*"#l'�"i � �&*"#l'�"i *'�'"��, l)� m��!�� ("#uo�#�m%��!� o�'���)� '�m�"i *'�'"��. 

	��"j", �" % '"mo��#&��+ '"mh���+ *"�&'+�&�"-�)!���� j�)'"j"#&)%#� m��!�� %!�"'u��!� 
j"�"j"#&)%#l'�� j��&#� [8]. �� mo�#�x&��lj )"��&�!'���i *"�&'+�&�"-�)!����+ *"#�j&'�� !�)� j��&#� 
%!�"'uu!� *"#�j&'�� (%*'�j"#&)%#l'�� �$'&$�!�.  !�o#. 3 ���&�&�" '"mj�'� *"#�j&'��+ 
(%*'�j"#&)%#l'��+ �$'&$�!��, l)� %!�"'uu!� �jg�g�#��� ���&'!�o&#��� !&'*"#�j&'� ���-��-����� 
% o&�m"#���+ '"mh���+ !� % �"���+ o%g&'��+ '"mh���+ ('� 9,0), �" ��m��h&�" j&!"�"j ����j�h-
�"$" (��!#"'"m(�u����l. �"j�h&�", �" % '"mo��#&��+ (0,05 %) �"���+ o%g&'��+ '"mh���+ m '� 9,0 
*'�(%!�� �$'&$�!� ��"+ '����� '"mj�'�� – 1,2 �j !� 7,7 �j. �� mo�#�x&��lj )"��&�!'���i !&'*"#�j&'% 
���-��-����� m��)�u!� �$'&$�!� j���j�#���+ '"mj�'�� (1 '���l) � m�#�x�u!�(l �$'&$�!� 7,7 �j – 2 
'���l. 	"�� �(�%u!� % �"���+ '"mh���+ *&��"i )"��&�!'���i (!�o#. 3, **. 2,4), � % '�m� m'"(!���l 
)"��&�!'���i (!�o#. 3, *. 5), ����)�u!� *"#�j&'�� �$'&$�!� o�#�x"$" '"mj�'% (3 '��&��). ��'�)!&' 
!�)"$" m'"(!���l '"mj�'�� *"#�j&'��+ �$'&$�!�� m�#&k�" ��� )"��&�!'���i )"*"#�j&'% �)�m%n �� 
%!�"'&��l (�j"�*"'l�)"����+ (%*'�j"#&)%#l'��+ (!'%)!%' '�m�"$" '���l [9] – j"�"j"#&)%#l'��+ 
j��&# (1,2 �j), ()#����x�+ (%*'�j"#&)%#l'��+ �$'&$�!�� m '"mj�'�j� o#�m�)" 8 �j, l)� *�� h�( 
m'"(!���l )"��&�!'���i %!�"'uu!� (�j"�*"'l�)"���� (%*'�j"#&)%#l'��+ (!'%)!%'� m '"mj�'�j� 
o#�m�)" 60 �j. 

 
F�G��H
 3 

�8;8->C;@E>@-8 E8K5N+5;OH-5N8B@T 8L;CL8>GN  
GBNC;>8RCFSB@T -5+5FGKC;< &&)-��-�D��� < N5HB@T  >8 RCBQ5FSB@T ;5Q?@B8T 

�"mj�' (�j"�*"'l�)"����+ �$'&$�!�� )"*"#�j&'%, �j 
 �"���+ '"mh���+ (o%g&', '� 9,0)  o&�m"#���+ '"mh���+ 

� �"��&�!'���l '"mh��% 
���-��-�����, 

 ��(. % 1 '��&�� 2 '��&�� 3 '��&�� 1 '��&�� 2 '��&�� 3 '��&�� 
1 0,05 1,2 7,7 ���(%!�� - - - 
2 1,00 ���(%!�� 7,7 ���(%!�� ���(%!�� 7,7 69,3 
3* 1,67* - - - ���(%!��* 6,5* 32,0* 
4 2,00 ���(%!�� 8,8 ���(%!�� ���(%!�� 4,0?? 30??? 
5 5,00 ���(%!�� 14,2 59,3 ���(%!�� 10,5 95,0 

*�"mh�� ���-��-����� % !"#%"#�. 
 
� !�o#. 3 ����", �" % o&�m"#���+ '"mh���+ !�)"k (*"(!&'�$�n!�(l %!�"'&��l �$'&$�!�� ��"+ 

'�����: o#�m�)" 8 – 10 �j !� o#�m�)" 70 �j – 95 �j. 
	(!��"�#&�", �" �� (�j"�*"'l�)"���� (%*'�j"#&)%#l'�� (!'%)!%'� % o&�m"#���+ '"mh���+ 

j�u!� m��h&��l ���"'&�)!"'��, % l)�+ ���o%��u!�(l ")�(�"-����"��� '&�)��i m� %h�(!u *'&)%'("'% 
���j��"$��'")(��% ('�o#� Ag[(NH3)2OH] !� ���-��-����� *�� h�( "�&'k���l ���"h�(!��") 
)"#"i��"$" ('�o#�. �"mj�' ���"h�(!��") ('�o#� ��m��h�n!�(l '"mj�'�j� ��%!'�x��"i, $��'"g�#��"i, 
h�(!��� �$'&$�!��, l)% %!�"'uu!� $��'"g�#��� #���u$� *"#�&!�#&�$#�)"#u % ()#��� *"#�j&'�"i 
j"#&)%#� ���-��-�����. � '�(. 2 ����", �" '"mj�' ���"h�(!��") ('�o#� �& m�#&k�!� ��� 
)"��&�!'���i '"mh��% )"*"#�j&'% ���-��-����� % j&k�+ 10–50 j�(. %. �� mo�#�x&��lj )"�-
�&�!'���i ���-��-����� m'"(!�n )�#�)�(!� ����"�#&�"$" )"#"i��"$" ('�o#�, �" m%j"�#&�" 
m'"(!���lj )�#�)"(!� �$'&$�!�� – ���"'&�)!"'��, % l)�+ ���o%��n!�(l ")�(�"-����"���e *'"�&(. 


)�(�"-����"���e *'"�&( m� %h�(!u )�!�"��� ('�o#� Ag+ � g'�$j&�!�� *"#�&!�#&�")(��%, �" 
���o%��n!�(l % ���"'&�)!"'�+, (g"'j"����+ % o&�m"#���+ '"mh���+, j"k�� *"��!� ��m)"u *"(#�-
�"���+ '&�)��e [4, 10]. �� *&'x�e (!���i )�!�"� ('�o#�, l)�e n ")�(��)"j, �m�nj"��n m j"o�#���j 
�!"j"j $��'"$&�% % *"#�")(�&!�#&�"�"j% #���u$% (����"���)) % *'�(%!�"(!� $��'")(�� – ���"�% � 
����"�#un!�(l �" j&!�#�h�"$" ('�o#� m %!�"'&��lj *"#�&!�#&�")(��-'���)�#% � �"��: 

O CH2 CH3 AgCH2 O z OH H2OzO AgCH3CH2O CH
o
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\�	. 2. C������ ��J������
 � ������ ��
�H ��������� � ������	������� 	�G��,  

����L����� � ���	����	� ������	��� ������J����	��� 	�G�� � G��������� 
 �������� cc=-BQ-BIbT � ����L��	� �� ���H�����H� ��������J� 	�G��:  
1 – 50 %, 2 – 25 %, 3 – 10 %; a – FbB-������J���
 ������	����� 	�G��. 

 
��(!%*�� �m�nj"��l *"#�&!�#&�")(��-'���)�#% m )�!�"�"j ('�o#� (%*'"�"�k%n!�(l *&'&�"("j 

&#&)!'"�� � ����"�#&��lj )�!�"�� �" j&!�#�h�"$" ('�o#� m %!�"'&��lj *"#�&!�#&�")(��-)�!�"��: 

O CH2 CH3CH2 O z Ag zO AgCH3CH2O CH
o

 
�"#�&!�#&�")(��-)�!�"� �m�nj"��n m $��'")(��-���"�"j m %!�"'&��lj g'�$j&�!% m $��'")(�#�-

�"u $'%*"u: 

OHzO CH3CH2O CH
OH

zO CH3CH2O CH

 
�'�$j&�! *"#�&!�#&�")(��% m $��'")(�#��"u $'%*"u � j"o�#���j �!"j"j $��'"$&�% ����"�-

#un ��(!%*��e )�!�"� �" j&!�#�h�"$" ('�o#� m %!�"'&��lj �"�"$" '���)�#�: 

OH
OH

zO CH3CH2O CH Ag
OH

zO CH3CH2O AgC
o

H2O

 
 ��(!%*��e (!���i �&e '���)�# $&�&'%n *'"!"� �+ !� ���"�-'���)�#, l)�e ����"�#un )�!�"� 

Ag+ �" j&!�#�h�"$" ('�o#� Ag+ !� *&'&!�"'un!�(l �� )�'o"��# % ()#��� &(!&'�"i $'%*�: 

OH
zO CH3CH2O AgC OH

o
H2O

zO CH3CH2O AgC
O

 

!k&, '"m'"o#&�" j&!"� "�&'k���l �"��+ �jg�g�#���+ $'&o��h�!�+ *"#�j&'��, l)� j�(!l!� % 

o")"��+ ���$�#%k&��l+ '&$%#�"���% )�#�)�(!� #�*"g�#���+ *"#�j&!�#&�"��+ !� $��'"g�#���+ *"#�")(�-
&!�#&�"��+ g'�$j&�!��. �"�� )"*"#�j&'� '"mh��lu!�(l l) % *"#l'�"j%, !�) � % �&*"#l'�"j% (&'&�"-
����+. �+ j�)'"j"#&)%#� ("#uo�#�m%u!� "#&"g�#���e o�'���) % �"��"j% (&'&�"����, � �"�"'"mh����e – 
% o&�m"#��"j% !� m��!�� %!�"'u��!� *"#�j&'�� �$'&$�!� % '"mh���+. 	"�� j"k%!� (#%$%��!� ���"'&-
�)!"'�j� �#l "�&'k���l ���"h�(!��") ('�o#� � o'�!� %h�(!� % '&�)��l+ ����"�#&��l. 
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	HC;I8B5 +5FGKC;BG -5K+5Q@>@ B8 5EB5NG H@E+C;EB5L5 LGH;5-E@H< K8LBG*, K5H@-

]G-5N8B5L5 ]<B-JG5B8FSB@K@ +5FG+C;5-E@H8K@. &5EFGHICB5 N+F@N +;@;5H@ +C;5-E@H-
B5L5 K5H@]G-8>5;8 >8 +5FGKC;B5P K8>;@JG, NKGE>< GKK5RGFGQ5N8B@T B8 +5NC;TBG B8+5N-
B*N8?8 +C;5-E@HB@T L;<+ B8 ]GQ@-5-KCT8BG?BG NF8E>@N5E>G >8 N5LBCE>GM-GE>S B8+5N-
BCB@T -5K+5Q@>GN.   

Polymeric composites on the basis of fine magnesium hydroxide modified with 
functional polyperoxides have been obtained. The influence of peroxide modifier and polymer 
matrix nature, content of peroxide groups immobilized on the filler surface onto physico-
mechanical properties and flame-retardancy of filled composites has been studied. 

�E><+. D5E>8B5N-8 +;5RFCK@.  �"#�*'"*�#&� !� )"*"#�j&'� *'"*�#&�% !� &!�#&�% x�'")" 
m�(!"("�%u!� � '�m��+ $�#%ml+ *'"j�(#"�"(!� !� *"�(l)�&��"j% k�!!� – � ��!"j"o�#&- � #�!�)"-
o%�%�����, l) &#&)!'"�m"#l��e�� j�!&'��#�, �#l ��'"o���!�� !'%o, g%'��!%'� !'"�". 
���), ��� j�n 
�&l)� �&�"#�)�, *&'&�%(�j, ��m�)% �"$�&(!�e)�(!� � ����#&��l "!'%e��+ $�m�� � ��j% *�� h�( $"'���l. �� 
�&�"#�)� "oj&k%u!� (g&'% m�(!"(%����l !�)�+ *"#�j&'��. ª)�" '���x& �#l m��k&��l $"'uh"(!� 
*"#�*'"*�#&�% � e"$" )"*"#�j&'�� ��)"'�(!"�%��#� $�#"$&��j�(�� (*"#%)�, !" "(!����j h�("j �#l ��ni 
j&!� �(& x�'x& m�(!"("�%u!�(l $��'")(��� j&!�#��, ��(�j*&'&�, j�$��u (��) !� �#uj���u (��) [1, 2].  
�'�h"j%, �� n o�#�x *'�e�l!��j ��!�*�'&�"j �#l ��+ *"#�j&'��, "()�#�)� e"$" !&j*&'�!%'� '"m)#��% 
(�'>340 ��) ���� m� !&j*&'�!%'% '"m)#��% �� (�'=180 ��). �" !"$" k *�� h�( ��)"'�(!���l $��'")(���� 
j&!�#�� �#l �"(l$�&��l o�k��"i �"$�&(!�e)"(!� �&"o+���� ��(")� (!%*&�� ��*"��&��l, �" �&$�!���" 
�*#���n �� g�m�)"-j&+���h�� �#�(!��"(!� )"j*"m�!%. �"j% ���m��h�e�" ��k#���j n m������l 
*�����&��l (%j�(�"(!� !�)�+ ��*"��u��h�� m *"#�j&'"j j�!'��� !� ���h&��l �*#��% *'�'"�� 
��*"��u��h� �� g�m�)"-j&+���h�� �#�(!��"(!� !� $"'uh�(!� ��*"��&��+ )"j*"m���e��+ j�!&'��#��. 
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