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

 
�@EB5N-@. 
!k&, �"(#��k&��l j&!"�% $"j"$&��"i �%)#&���i ���"'"mj�'��+ h�(!��") "'$�-

��h��+ *�$j&�!�� m i+��+ '"mh���� % *'�(%!�"(!� g%�)��"��#���+ *"�&'+�&�"-�)!����+ 
"#�$"*&'")(���� l) !&j*#�!�� *")�m�#� j"k#���(!� )"�!'"#u i+ '"mj�'% !� g%�)��"��#��"(!�, � 
!�)"k *"��#�x"i ��#�"�"i j"��g�)���i m� %h�(!u �jj"o�#�m"����+ *&'")(��"�j�(��+ g'�$j&�!�� �#l 
"!'�j���l (!�o�#���+ �"���+ (%(*&�m�e.  
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�@N?CB5 Q8 >CK+C;8><; 313, 323 G 333 ' ;C8-JG* KGI JG8B<;5N5* C+5-E@HB5* 
EK5F5* G LGH;5+C;5-E@H5K >;C>-R<>@F< < +;@E<>B5E>G -8>8FG>@?B5P E@E>CK@, �5 
E-F8H8�>SEO Q 18--;8<B-6 >8 TF5;@H< J@B-<. �>;<-><;< E@B>CQ5N8B5P +C;5-E@HB5P 
+5TGHB5P C+5-E@HB5P EK5F@ +GH>NC;HICB5 O- TGKG?B@K@, >8- G �
-E+C->;5E-5+G?BB@K 
KC>5H8K@ 8B8FGQGN. D5-8Q8B5 K5IF@NGE>S N@-5;@E>8BBO E@B>CQ5N8B5L5 +;5H<->< < 
+;5JCE8T E>;<-><;<N8BBO +5FGKC;B@T E<KGACM B8 5EB5NG HG8B5N5P C+5-E@HB5P EK5F@. 

The reaction between cianuric epoxy resin and tert-butyl hydroperoxide in the presence 
of catalytic system consisting of 18-Crown-6 and zinc chloride has been examined at 313, 323 
and 333 K. The structure of synthesized peroxy derivatives of epoxy resin was confirmed by 
chemical analyses as well as IR-spectroscopy. The synthesized product may be used in 
structurization processes of polymeric mixtures based on ED-20 dianic epoxy resin. 

D5E>8B5N-8 +;5RFCK@. �"mx�'&��l (g&'� m�(!"(%����l *"#�j&'��+ j�!&'��#�� % '�m��+ 
$�#%ml+ ��'"��"$" $"(*"��'(!��, � !�)"k *�����&��l ��j"$, l)� (!��#l!�(l �" &)(*#%�!���e��+ 
+�'�)!&'�(!�) ��'"o�� �� i+ "(�"��, ��j�$�n (!�"'&��l �"��+ *"#�j&'��, � !�)"k *")'�����l 
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�#�(!��"(!&e �k& �(�%uh�+. �"j% ��k#���j n "�&'k���l *"#�j&'��, l)� o m� *&���+ %j"� ����#� 
j"k#���(!� (!�"'u��!� '�m�� *'"�%)!� �m m��"��#���j� &)(*#%�!���e��j� �#�(!��"(!lj�. �& j"k�� 
�"(l$�%!� % '�m� *"n�����l �#�(!��"(!&e '�m��+ m� *'�'"�"u *"#�j&'��. 

 
�B8FGQ 5E>8BBGT H5EFGHICBS G +<RFG-8JGM. 	��"j" [1–4], �" &*")(���� (j"#�, l)� j�(!l!� % 

(�"ie (!'%)!%'� g%�)��"��#��� $'%*�, l)� (�j"(!�e�" m�(!"("�%u!�(l, !�) � n �)!����j� �"��!)�j� 
�" *"#�j&'��+ )"j*"m���e��+ j�!&'��#��. �#l ������l (j"#�j *&���+ &)(*#%�!���e��+ 
�#�(!��"(!&e m��e(�uu!� i+ +�j�h�% j"��g�)���u l) ��m�)"j"#&)%#l'��j�, !�) � ��(")"j"-
#&)%#l'��j� (*"#%)�j�. �� "("o#��% %��$% m�(#%$"�%u!� &*")(���� (j"#�, % l)�+ &*")(���� $'%*� 
h�(!)"�" m�j��&�� �� *&'")(���� g'�$j&�!�, l)�, (�"nu h&'$"u, j"k%!� (#%$%��!� �k&'&#"j ��#���+ 
'���)�#�� �#l *'"�&(�� '���)�#��"i *"#�j&'�m���i e *"#�)"��&�(���i [5, 6]. ��)� *&'")(���� *"+���� 
&*")(����+ (j"# n �����j� % m�’lm)% m !�j, �" % *'"�&(�+ g"'j%����l )"j*"m���e��+ (�(!&j �"�� 
m�’lm%u!�(l % !'���j�'�% (�!)% l) m� '���)�#���j, !�) � m� *"#�)"��&�(���e��j j&+���mj�j�. 
	"��"h�( *&'")(���� *"+���� ����%'"�"i &*")(���"i (j"#� (�
���) % #�!&'�!%'� �& "*�(���. 
�'�(%!��(!� % j"#&)%#�+ &*")(���"i (j"#� !'��m��"��+ ��)#�� ��n mj"$% *"-�"�"j% *��+"��!� �" 
*'"o#&j� (!�"'&��l ��'"o�� �� "(�"�� &*")(����+ *"#�j&'��+ j�!&'��#��. 
���) "�&'k���l 
*&'")(����+ "#�$"j&'�� (�
), j"#&)%#� l)�+ "��"h�(�" j�(!l!� % (�"ie (!'%)!%'� �!"j� ��!'"$&�% 
!� #�o�#��� -
-
-m�’lm)�, n %!'%��&��j, "()�#�)� !�)� (*"#%)� % *'"�&(� '&�)��i !� *�� h�( mo&'�$���l 
'"m)#���u!�(l m� *&'")(����j� $'%*�j� [7]. 

 
�C>8 ;5R5>@ – '"m'"o�!� j&!"� "�&'k���l �� "(�"�� ����%'"�"i &*")(���"i (j"#� (���) 

"#�$"j&'��, l)� o % (�"i+ j"#&)%#�+ j�(!�#� "��"h�(�" *&'")(���� !� &*")(���� g%�)��"��#��� 
$'%*�. ���!�&'��!� (!'%)!%'% "�&'k��"$" *&'")(���"$" "#�$"j&'% ����%'"�"i &*")(���"i (j"#� 
+�j�h��j� !� �¸-(*&)!'"()"*�h��j j&!"��j� ���#�m��. 	��h�!� j"k#���(!� ��)"'�(!���l 
(��!&m"���"$" �
��� l) (!'%)!%'%uh"$" )"j*"�&�!� &*")(�-*"#�j&'��+ (%j�x&e �� "(�"�� 
*'"j�(#"�"i &*")(���"i (j"#�. 

 
�-E+C;@KCB>8FSB8 ?8E>@B8. 
�&'k���l "#�$"j&'�� m *&'")(����j� $'%*�j� �� "(�"�� 

����%'"�"i &*")(���"i (j"#� j"k�� *"��!� m� '���l��lj:  
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�@TGHBG ;C?5N@B@. ª) ����%'"�% &*")(���% (j"#% ��)"'�(!"�%��#� *'"�%)!, (��!&m"����e 
�� "(�"�� ����%'"�"i )�(#"!� !� &*�+#"'$��'��% m� j&!"��)"u, "*�(���"u % [8]. �#l (��!&m"���"i 
��� o%#" m��e�&�" j"#&)%#l'�% j�(% (Mn) 540 $/j"#� !� �j�(! &*")(����+ $'%* (&.h.) 14,0  %. 
���'"*&'")(��"j, l)�e ��)"'�(!"�%��#� �#l "�&'k���l �
���, (#%$%��� $��'"*&'")(�� !'&!-
o%!�#% (���t) �m �j�(!"j "(�"��"$" *'"�%)!% 89,0  %. ª) )�!�#�m�!"' ��)"'�(!"�%��#� )�!�#�!�h�% 
(%j�x, �" ()#���n!�(l m 18-)'�%�-6 !� +#"'��% ���)% % j"#��"j% (*������"x&��� 1:3 ���*"����". 

 
�C>5H@-8 +;5NCHCBBO -GBC>@?B@T H5EFGHICBS. ���&!�h�� �"(#��k&��l *'"�&(% "�&'k���l 

�
��� m��e(�u��#� % !'�$"'#"j% '&�)!"'� m j&+���h��j *&'&j�x%����lj, "o#�����"j% 
!&'j"j&!'"j !� m�"'"!��j +"#"��#���)"j. 
 '&�)!"' m����!�k%��#� '"mh�� ��� � ��&!"�� � ���t. 
�&�)��e�% (%j�x !&'j"(!�!%��#� �" m����"i !&j*&'�!%'� (313, 323 �o" 333 �) !� m� �&*&'&'��"$" 
*&'&j�x%����l �"����#� 18-)'�%�-6 % ��$#l�� 25 %-$" �"��"$" '"mh��% e 20 %-e �"���e '"mh�� 
+#"'��% ���)%. ��(#l m�)��h&��l *'"�&(% �j�(! '&�)!"'� *&'&�"(�#� % ��#�#��% #�e)%, �����#l#� 
)�!�#�!�h�% (�(!&j%, � �&'+��e "'$���h��e x�' *�(#l �"������l !"#%&�% *'"j���#� �&�&#�)"u 
)�#�)�(!u �"�� !� ��(%x%��#� *�� ��)%%j"j �" *"(!�e�"i j�(�. 	 "�&'k��"j% �
��� ��m��h�#� 
�j�(! &*")(����+ $'%* [9], �)!���"$" )�(�u [10] !� j"#&)%#l'�% j�(% )'�"()"*�h��j j&!"�"j � 1,4-
��")(���. 

 
�C>5H@-8 E@B>CQ< D	)��. �
��� (��!&m%��#� % !'�$"'#"j% '&�)!"'�, "o#�����"j% 

m�"'"!��j +"#"��#���)"j, j&+���h��j *&'&j�x%����lj � !&'j"j&!'"j. 
 '&�)!"' m����!�k%��#� 
���, '"mh��&�% % 100 j# ��&!"�%. 
 '"mh�� *�� h�( *&'&j�x%����l !&'j"(!�!%��#� �" 323 � !� 
*�(#l �"(l$�&��l m����"i !&j*&'�!%'� m� �&*&'&'��"$" *&'&j�x%����l �"����#� 98,8 $ ���t; 5,7 $ 
18-)'�%�-6 % ��$#l�� 25 %-$" �"��"$" '"mh��% !� 20 %-e �"���e '"mh�� +#"'��% ���)% % )�#�)"(!� 
8,9 $. �'���#�(!� (��!&m% (!��"��#� 9 $"�. ��(#l m�)��h&��l *'"�&(% �j�(! '&�)!"'� *&'&�"(�#� % 
��#�#��% #�e)%, �����#l#� )�!�#�m�!"', � "'$���h��e x�' ��(%x%��#� m� m�#�x)"�"$" !�()% �" 
*"(!�e�"i j�(�. 	 "�&'k��"j% �
��� ��m��h�#� �j�(! &*")(����+ $'%*, �)!���"$" )�(�u !� 
j"#&)%#l'�% j�(%. ���!&m"����e *'"�%)! '"mh����e � ��&!"��, 1,4-��")(���, ��x�+ "'$���h��+ 
'"mh����)�+ !� (!�o�#���e *�� h�( mo&'�$���l m� �"'j�#���+ %j"� o&m ���h%!�"i mj��� �j�(!% 
�)!���"$" )�(�u. 

 
&5EFGHICBBO E>;<-><;<*?5P 8->@NB5E>G D	)��. �!'%)!%'%uh% �)!����(!� ���h�#� m� 

�j�(!"j $&#�-g'�)��i !� !�&'��(!u *"#�j&'��+ *#��"). �#l ��"$" )"j*"m���i $"!%��#� 
*&'&j�x%����lj )"j*"�&�!�� �" "��"'����+ �’lm)�+ '"mh����, l)� ���"(�#� �� ()#l�� *#�(!��� 
(!����'!�"$" '"mj�'%. �'"�&( (!'%)!%'%����l ���h�#� (!%*��h�(!": (*"h�!)% m� )�j��!�"i 
!&j*&'�!%'� �*'"�"�k 24 $"�, � *"!�j *�� h�( ��$'�����l (383, 403 � 423 �) �*'"�"�k 60 +�. ��(#l 
m�)��h&��l *'"�&(% (!'%)!%'%����l ��m��h�#� i+ !�&'��(!� �� j�l!��)"�"j% *'�#��� �-3. 
�"�'�o�&�� m'�m)� &)(!'�$%��#� � �*�'�!� �")(#&!� ��&!"�"j �*'"�"�k 10 $"� !� ��m��h�#� % ��+ 
�j�(! $&#�-g'�)��i.  

 
�CQ<FS>8>@ H5EFGHICBS >8 PT 5RL5N5;CBBO. �&m%#�!�!� m ���h&��l �*#��% !&j*&'�!%'� !� 

!'���#"(!� *'"�&(% �� +�'�)!&'�(!�)% (��!&m"����+ �
��� *"���" % !�o#. 1. 
�m !�o#. 1 m'"m%j�#", �" m� mo�#�x&��lj !'���#"(!� *'"�&(% mj&�x%n!�(l �j�(! &*")(����+ 

$'%* % (��!&m"����+ �
���. �'�h"j% ��eo�#�x& mj&�x&��l &*")(����+ $'%* (*"(!&'�$�n!�(l m� 
!&j*&'�!%'� 333 �, !"�� l) m� !&j*&'�!%'� 313 � ���o%��n!�(l ��ej&�x& mj&�x&��l �j�(!% 
&*")(����+ $'%*. 
���) m� !&j*&'�!%'� 333� *&'&o�$�u!� *"o�h�� '&�)��i ('"m)#�� �
��� m� 
#�o�#���j� –
-
-$'%*�j�), *'" �" (���h�!� *"!&j����l '&�)��e�"i j�(�. �& ��#" mj"$% ��o'�!� 
!&j*&'�!%'% *'"�&(% -323 �. 

�"#&)%#l'�� j�(� (��!&m"����+ "#�$"j&'�� g�)!�h�" �& m�#&k�!� ��� !&j*&'�!%'� '&�)��i, 
�#& m�#&k�!� ��� !'���#"(!� *'"�&(% (!�o#. 1). 

Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua



 116 

F�G��H
 1 

�+F@N >CK+C;8><;@ M >;@N8F5E>G +;5JCE< TGKG?B5P K5H@]G-8JGP )�� �D��  
B8 T8;8->C;@E>@-< E@B>CQ5N8B@T D	)�� 

��'�)!&'�(!�)� �
��� 
�"m��h&��l 

�
��� 

�&j*&'�!%'� 
*'"�&(%, � 

�'���#�(!� 

*'"�&(%, +�. &.h.,  % [O]�)!.,  % 
Mn, 

$/j"#� 

�
���-1 30 12,7 2,3 540 

�
���-2 60 11,8 3,0 565 

�
���-3 90 11,4 3,5 581 

�
���-4 180 11,4 3,7 637 

�
���-5 

313 

240 11,2 3,9 665 

�
���-6 30 12,5 3,2 557 

�
���-7 60 11,6 3,9 581 

�
���-8 90 11,4 4,3 593 

�
���-9 180 11,3 4,5 649 

�
���-10 

323 

240 11,1 4,6 682 

�
���-11 30 12,4 3,8 570 

�
���-12 60 11,4 4,4 594 

�
���-13 90 11,3 4,9 602 

�
���-14 180 11,2 5,1 658 

�
���-15 

333 

240 10,9 5,2 699 

 
 

� *"*&'&���+ '"o�! [6] ���"j", �" �#l %(*�x�"$" ��)"'�(!���l *&'")(����+ *"+����+ 
&*")(����+ (j"# % )"j*"m���e��+ (�(!&j�+ �&"o+���", �"o % j"��g�)"���"j% *'"�%)!� !�#�)� 
*"#"���� &*")(����+ $'%* o%#� m�j��&�� �� *&'")(����. �#l ��"$" �&"o+���" o%#" �(!��"��!� 
!'���#�(!� *'"�&(% �m�nj"��i ��� m ���t, m� l)"$" *"#"���� &*")(����+ $'%* ��� o%#� m�j��&�� 
�� *&'")(���� g'�$j&�!�. �"(#��k&��l m��e(�u��#� m� j&!"��)"u '"o"!� [5], � "!'�j��� 
'&m%#�!�!� m"o'�k&�" �� '�(. 1. 
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\�	. 1. a���L�
	�� ���H�����H
� ����	����� J��� �
� �������	�
  
���H�	� �
�
���� �����
��H
� =bC TIFX m� !&j*&'�!%'� 323 R � 	�������M
 �H�����.  
R
���
	�� TIFX 	�������� 3 ���
 �� 1 ���� =bC. R����
����� 	�	���� `-18+ ZnCl2 

 � 	�
��
�������
 1:3 ���
� �
����
��� 
 

� '�(. 1 m'"m%j�#", �" m�j��� *"#"���� &*")(����+ $'%* % ��� �� *&'")(���� g'�$j&�!� 
j"k& o%!� �"(l$�%!� m� 9 $"�. 
!'�j��� '&m%#�!�!� )��&!�h��+ �"(#��k&�� #l$#� � "(�"�% 
'"m'"o#&��l j&!"��)� (��!&m% �
���, l)� "*�(��� ���&. �$���" m �&u "�&'k��" 133 $ �
��� m 
�j�(!"j �)!���"$" )�(�u 5,3 %, &*")(����j h�(#"j -6,9 % !� j"#&)%#l'�"u j�("u 1210 $/j"#�. 

�#l *��!�&'�k&��l (!'%)!%'� (��!&m"���"$" �
��� *"'l� m +�j�h��j� j&!"��j� ���#�m% 
o%#� m�*�(�*'�#��% �&')��-�#j&'� �m (j%$�j� *"$#�����l � "o#�(!� 4000–400 (j-1. 

���#�m%uh� '�(. 2 !� 3 o�h�j", �" m�*�(��� �¸-(*&)!'� �& n ��&�!�h��j�. 
 ��+����e (j"#� 
��� m��e�&�" (j%$� *"$#�����l *'� 956–929 (j-1, �" ��#&k�!� �" ��#&�!��+ )"#����� 
&*")(���"$" )�#��l [6]. �'�(%!��(!� % j"#&)%#�+ (j"#� &*")(���"i $'%*� *��!�&'�k%n!�(l !�)"k 
(j%$�j� � "o#�(!� *"$#�����l *'� 3048–2920 (j-1, l)� j"k�� ����&(!� �" ��#&�!��+ )"#����� 
(×asC�2)~��2 $'%*� � &*")(���"j% )�#���, � !�)"k *'� 1224 (j-1, �" +�'�)!&'�m%u!� (�j&!'�h�� 
��#&�!�� )"#�����l (×s) &*")(���"i $'�� �¸-(*&)!'� ��+���"i ��� ('�(. 2) !� (��!&m"���"$" �
��� 
('�(. 3) m� �"*"j"$"u ��(*&'(�e�"$" %*�. �'��m��"�& )�#��& j"#&)%#� ��� �"�&�&�" (j%$"u 
*"$#�����l � "o#�(!� 1692 (j-1. �'�(%!��(!� $��'")(�#���+ $'%* % ��+����e (j"#� *��!�&'�k&�" 
(j%$�j� *"$#�����l � "o#�(!� 3368 (j-1, l)� +�'�)!&'�m%u!� ��#&�!�� )"#�����l $��'")(�#��"i 
$'%*�. 

	 �¸-(*&)!'� �
���, *"'���l�" m ���, m’l�#lu!�(l (j%$� *"$#�����l *'� 880–856 (j-1  

(×-"-"-), l)� +�'�)!&'�� �#l )"#����� *&'")(���"i $'%*�. 
�'" +�j�h�% j"��g�)���u ��� ���t (���h�!� mj&�x&��l ��!&�(���"(!� (j%$ *"$#�����l � 

"o#�(!� 952–920 (j-1, �" +�'�)!&'�m%n ��#&�!�� )"#�����l &*")(���"$" )�#��l. 	"��"h�( � 
"#�$"j&'� �
��� *"'���l�" m� (*&)!'"j (j"#� ��� (*"(!&'�$�n!�(l mo�#�x&��l ��!&�(���"(!� (j%$ 
)"#�����, l)� +�'�)!&'�m%u!� $��'")(�#��% $'%*% ((j%$� *"$#�����l 3440–3390 (j-1). �& �& '�m 
*��!�&'�k%n *'�n�����l ���t �" &*")(���"$" )�#��l m %!�"'&��lj $��'"*&'")(���"i $'%*�. 
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\�	. 2. @W-	����� =bC 
 

 
 

\�	. 3. @W-	����� I`=bC 
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�&m��k�uh� �� �&��(")% ��!&�(����(!� (j%$ *"$#�����l *'� 880–856 (j-1, �" 
+�'�)!&'�m%u!� ��#&�!�� )"#�����l #�o�#���+ -
-
- m�'lm)��, *'�(%!��(!� % j"#&)%#�+ 
(��!&m"����+ *'"�%)!�� *&'")(����+ $'%* �"�&�&�� �%*#&!"j �&g"'j���e��+ )"#����� � "o#�(!� 
*"$#�����l *'� 1380–1360 (j-1, l)� ��&�!�g�)%n (��3)3�-, �o" R(��3)3�- $'%*�. 


!k&, ���#�m m�*�(���+ �¸-(*&)!'�� ��� mj"$% *��!�&'��!� (!'%)!%'% (��!&m"����+ *'"�%)!�� 
!� �"�&(!� *'�(%!��(!� % i+ j"#&)%#�+ l) &*")(����+, !�) � *&'")("���+ g%�)��"��#���+ $'%*. 

�"k#���(!� ��)"'�(!���l (��!&m"���"$" �
��� % *'"�&(�+ (!'%)!%'%����l &*")(�-
"#�$"&(!&'��+ (%j�x&e �� "(�"�� *'"j�(#"�"i &*")(���"i (j"#� ��-20 o%#� ���h&�� �� *'�)#��� 
)"j*"m���i, *"���"i % !�o#. 2.  

 
F�G��H
 2 

�-F8H C+5-E@-5FGL5CE>C;B5P E<KGAG 

�*"#%)� 	j�(! (*"#%)�, j�("�� h�(!)� 
�j"#� ��-20 
�
��� 
���� 
���-3 
���� 

70 
25 
5 

10 
14 

�'�j�!)�: 1. �j"#� ��-20 – *'"j�(#"��e *'"�%)! m Mn 350 $/j"#�, !� &.h. 20  %. 
2. ���� – ��g!"*"#�j&'�� (j"#� m &*")(����j� $'%*�j�, (��!&m"���� m� j&!"��)"u 

               [11] m Mn 5050 $/j"#� !� &.h. 0,5  %. 
3. ���-3 – "#�$"&(!&'�)'�#�! – *'"j�(#"��e *'"�%)! m Mn 280 $/j"#�. 
4. ���� – *"#�&!�#&�*"#��j��. 

 
�#l *"'���l��l �"(#��k%��#� (%j�x, l)� % (�"nj% ()#��� �& j�(!�#� �
���. �'"�&( 

(!'%)!%'%����l m��e(�u��#� m� ���&"*�(��"u j&!"��)"u, � "!'�j��� '&m%#�!�!� �"(#��k&�� 
*"���" % !�o#. 3. 

F�G��H
 3 

�8FCIBGE>S NKGE>< LCFS-];8-JGP >8 >NC;H5E>G +FGN5- NGH >CK+C;8><;@  
M >;@N8F5E>G E>;<-><;<N8BBO E<KGAG (Q8 >8RF. 2) 

���h&��l *")�m��)� m� !'���#"(!� (!'%)!%'%����l, +�. 
�, � �")�m��) 24 $"� m� )�j��!�"i 

!&j*&'�!%'� 
15 30 45 60 

G 69,8 71,0 72,2 72,9 73,2 
383 

� 0,14 0,36 0,46 0,49 0,52 

G 70,0 73,9 76,4 77,8 80,1 
403 

� 0,14 0,39 0,56 0,62 0,71 

G 70,2 79,4 81,3 83,1 85,8 
423 

� 0,14 0,46 0,68 0,75 0,78 

�'�j�!)�: G – �j�(! $&#�-g'�)��i,  %; � – !�&'��(!� *#��") m� j�l!��)"��j *'�#��"j �-3, ����. "�. 
 
�&m%#�!�!�, *"���� % !�o#. 3, *��!�&'�k%u!� (!'%)!%'%uh� �#�(!��"(!� �
���. 	"��"h�( 

(%j�x�, (!'%)!%'"���� o&m �
���, +�'�)!&'�m%��#�(� ��m�)�j m��h&��lj �j�(!% $&#�-g'�)��e, l)& 
�& *&'&���%n 60 % ,!� !�&'��(!u, �& ���"u m� 0,32 ����"(��+ "������. 

 
�@EB5N-@. �� "(�"�� ����%'"�"i &*")(���"i (j"#� !� $��'"*&'")(��% !'&!-o%!�#% "�&'k��" 

*&'")(����e "#�$"j&', % j"#&)%#�+ l)"$" "��"h�(�" *'�(%!�� &*")(���� !� *&'")(���� g%�)��"-
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��#��� $'%*�. ���!&m"����e "#�$"j&' j"k& o%!� '&)"j&��"����e l) (!'%)!%'%uh�e �$&�! &*")(�-
"#�$"&(!&'��+ (%j�x&e �� "(�"�� *'"j�(#"�"i &*")(���"i (j"#�. 
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