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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�� �#�(!��"(!� !� $"'uh�(!� ��*"��&��+ )"j*"m���e��+ j�!&'��#��. 
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�B8FGQ 5E>8BBGT H5EFGHICBS G +<RFG-8JGM. 	��"j" [3], �" "�&'k���l )"j*"m�!�� m ��(")�j� 
g�m�)"-j&+���h��j� +�'�)!&'�(!�)�j� j"k#��& #�x& m� %j"� ��'�x&��l *'"o#&j )"j*�!�o�#�m���i 
e"$" )"j*"�&�!��, l)% j"k�� �"(l$!� m�(!"(%����lj ��#"i ��m)� '�m�"j���!��+ j&!"��� � *'�e"j��, 
�" �"m�"#lu!� '&$%#u��!� �m�nj"��u �� j&k� '"m��#% g�m. � j&!"u *�����&��l (%j�(�"(!� 
j��&'�#���+ ��*"��u��h�� m *"#�j&'�"u j�!'��&u &g&)!����j n m�(!"(%����l �*'&!��, ��*'�)#��, 
(�#����, !�!���!��, (!&�'�!��, � !�)"k j�#&i��m"����+ *"#�"#&g���� [4]. ��x�e *��+�� *"#l$�n % 
g"'j%����� �� *"�&'+�� ��*"��u��h� *"#�j&'�"$" x�'% m '&$%#�"����j� !"����"u, +�j�h��j� !� 
g�m�h��j� �#�(!��"(!lj� [5, 6]. 
 '&m%#�!�!� m��k%n!�(l *"�&'+�&�� &�&'$�l h�(!��") j��&'�#��"$" 
��*"��u��h�, l)� (!�n o#�m�)"u �" *"�&'+�&�"i &�&'$�i, +�'�)!&'�"i �#l *"#�j&'��, �, l) ��(#��"), 
m'"(!�n e"$" (%j�(��(!� m *"#�j&'"j j�!'���. �� )�g&�'� "'$���h�"i +�j�i ����"��#��"$" %���&'(�!&!% 
”�����(�)� *"#�!&+��)�” '"m'"o#&�" j&!"�, l)�e �"m�"#ln #")�#�m%��!� �� *"�&'+�� ��(*&'(��+ 
��*"��u��h�� '�m�� g%�)��"��#��� $'%*�, m")'&j� *&'")(����, �" m�o&m*&h%n g"'j%����l �� j�kg�m��e 
*"�&'+�� )"j*�!�o�#�m%uh�+ *"#�j&'��+ x�'�� '�m�"i !"����� � g%�)��"��#��"(!� [7]. 

 
�C>5* '"o"!� o%#" (!�"'&��l �"$�&(!�e)�+ ��*"��&��+ *"#�j&'��+ )"j*"m�!�� !� �"(#��-

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

 
�-E+C;@KCB>8FSB8 ?8E>@B8. ª) ��*"��u��h *"#�j&'��+ )"j*"m�!�� o%#" ��)"'�(!��" 

��(*&'(��e $��'")(�� j�$��u (��) j�')� MAGNIFIN-H5 (S*�! = 5.6 j2/$). ª) *"#�j&'�� j�!'��l – 
$"j"*"#�j&' *"#�*'"*�#&�% Basell MOPLEN HP 501 M (���), o#"))"*"#�j&' &!�#&�% � *'"*�#&�% 
Basell MOPLEN EP 240 P (t��) � (!�!�(!�h��e )"*"#�j&' &!�#&�% � *'"*�#&�% Basell MOPLEN RP 
220 M (���). 

ª) j"��g�)�!"' *"�&'+�� ��(*&'(�"$" �� ��)"'�(!"�%��#�(� *"#�g%�)��"��#��� )"*"#�j&'� 
(��) �� "(�"�� o%!�#�)'�#�!% (t�), j�#&i�"�"$" ��$��'��% (��), *&'")(���"$" j"�"j&'% 5-!'&!-
o%!�#*&'")(�-5-j&!�#-1-$&)(&�-3-��% (	��), j"�"�#�#j�#&���!% (���) m '�m��j (*������"x&��lj 
j"�"j&'��+ #��") (!�o#. 1), (��!&m"���� l) '���)�#��"u )"*"#�j&'�m���nu ���*"�����+ j"�"j&'�� 
m� ���"j"u j&!"��)"u, !�) � x#l+"j *"#�j&'���#"$�h��+ *&'&!�"'&�� [8]. 

 
F�G��H
 1  

�8;8->C;@E>@-@ ]<B-JG5B8FSB@T -5+5FGKC;GN,  
N@-5;@E>8B@T HFO K5H@]G-8JGP H@E+C;EB5L5 �� 

 �)#�� )"*"#�j&'%, % j"#. 
 	Ñ� t� �� ��� 

��'. �’lm)�(!� � 
��&!"��, �#/$ 

��-1 9,5 41,0 49,5  0,13 
��-2 19,9 30,8 49,4  0,10 
��-3 19,9 30,8 24,7 24,7 0,12 
 

�"��g�)���u ��(*&'(�"$" �� *'"�"��#� � o�(&'�"j% j#��� m �"��"$" '"mh��% �� ('�=8,0-8,5, 
)"��&�!'���l – 0,5N2 %) *'� �=50 ��. �*������"x&��l [��]:['"mh��]=1:1. ��#�)�(!� ��("'o"���"$" �� 
��m��h�#� !&'j"$'���j&!'�h��j ���#�m"j. 	j�(! *&'")(����+ g'�$j&�!�� � �� !� "o"#"��� �� 
��m��h��(l m� �"*"j"$"u !&'j�h�"$" '"m)#��% *&'")(���j�(��+ �� *'� 483K � �!j"(g&'� �'$"�%, *�(#l 
h"$" )���&�� $�m"*"��o�� *'"�%)!� '"m)#��% ���#�m%��#� m� $�m"+'"j�!"$'�g�h��j j&!"�"j [9] (!�o#. 2). 

 
F�G��H
 2  

�HE5;RJGO +C;5-E@HNKGEB@T (' B8 +5NC;TBG H@E+C;EB5L5 �� 

 �'�'"�� �� ���, j$/$ 	j�(! *&'")(����+ $'%* [O]*105, j"#�/$�� 

�1 ��-1 11,2 0,897 
�2 ��-2 14,2 2,275 
�3 ��-3 16,8 2,973 
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�'�m)� ��*"��&��+ )"j*"m�!�� j�("u 60$ � �j�(!"j �� 60% o%#� "�&'k��� mj�x%����lj � 
mj�x%��h� (Brabender WHT 50) m "o’nj"j )�j&'� 55 (j3, "(���&��j ��"j� ��#)�j�. �'�m)� 
)"j*"m�!�� �#l ��m��h&��l %��'�"i j���"(!� � j���"(!� �� '"m'�� $"!%��#�(� #�!!lj *�� !�()"j �� 
#�!!n��e j�x��� BOY 22 A HV m ���j&!'"j x�&)� 18jj � m%(�##lj mj�)���l 220)�. 

�&k� j���"(!� *'� '"m!l$% � ����"(�& ���"�k&��l ��m��h�#�(� ���*"����" �" (!����'!% ISO 
527 m� �"*"j"$"u %���&'(�#��"i !&(!-j�x��� ZWICK 1456. 
��'�% �’lm)�(!� *" �m"�% m ���'�m"j 
��m��h�#�  ���*"����" �" (!����'!% ASTM D256 �� j�l!��)"�"j% *'�#��� PSW. �"'g"#"$�l 
)"j*"m�!% ���h�#�(� m� �"*"j"$"u !'��(j�(�e�"$" &#&)!'"��"$" j�)'"()"*� OLYMPUS BH2. �#l 
��m��h&��l �"$�&(!�e)"(!� )"j*"m�!% ��)"'�(!"�%���(l j&!"� ��m��h&��l ��k��"$" *"'"$� )"�-
�&�!'���i )�(�u, l)� o m�o&m*&h%��#� $"'���l m'�m)� (LOI). 	�j�'u����l *'"�"��#�(� m� �"*"j"-
$"u !&(!&'� FTA II LOI (Stanton Redcraft). 

 
�CQ<FS>8>@ G 5RL5N5;CBBO. t%#� �"(#��k&�� j&+���h�� �#�(!��"(!� "�&'k���+ )"j*"m�!�� 

*'� '"m!l$% – j&k� j���"(!� *'� '"m!l$%, ����"(�& ���"�k&��l *'� '"m'��� –m�#&k�" ��� *'�'"�� 
*"#�j&'�"i j�!'��� � j"��g�)�!"'� *"�&'+�� �� ('�(. 1). 	���", �" �#l )"j*"m�!�� �� "(�"�� ��� 
+�'�)!&'�� ���� m��h&��l j���"(!� �� '"m'�� �, % !"e (�j�e h�(, ��kh& m��h&��l ���"�k&��l % '�m� 
'"m'��%. �!�!�(!�h��e )"*"#�j&' m�o&m*&h%n ���& m��h&��l ���"�k&��l *'� '"m'��� *'� (*��-
j�'��e j���"(!� �� '"m'��. � ��x"$" o")%, "!'�j��� ���� (���h�!� *'" m��h��e �*#�� *&'")(���"i 
j"��g�)���i *"�&'+�� �� �� �#�(!��"(!� )"j*"m�!��. 
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\�	. 1. a���L�
	�� �
����-�����
���� ���	����	��� ��������
� BT-II �
� ��
	�� �����	�����  
���J����
� �� �������
 BT: �
H�
	�� �� ������ (�), �
���	�� �����L���
 ��� ������
 (G) 

 
��), �m mo�#�x&��lj �j�(!% *&'")(����+ $'%* �� *"�&'+�� �� j����(!� �� '"m'�� � ���"�-

k&��l % '�m� '"m'��% m'"(!�u!� �" 30 %. 	�'!" !�)"k ���m��h�!�, �" )'��� j&+���h�� �#�(!��"(!� 
�&j"�(!'%u!� )"j*"m�!�, "�&'k��� �� "(�"�� ��, j"��g�)"���"$" ��, l)�e j�(!�!� �#�#��� 
*"���e�� m�’lm)�. 

�� '�(. 2 ���&�&�� m�#&k�"(!� %��'�"i �’lm)"(!� ��*"��&��+ )"j*"m�!�� ��� �j�(!% *&'")(��-
��+ $'%* �� *"�&'+�� �� � *'�'"�� *"#�j&'�"i j�!'���. 	���", �" )"j*"m�!� �� "(�"�� )"*"#�-
j&'�� &!�#&�% � *'"*�#&�% +�'�)!&'�m%u!�(l ����j� m��h&��lj� %��'�"i �’lm)"(!� � *'�(%!�"(!� 
��, *'�h"j% m��h&��l �’lm)"(!� m'"(!�u!� m� m'"(!���lj �j�(!% *&'")(����+ g'�$j&�!��, "("o#��" 
% '�m� �� m *"���e��j� m�’lm)�j�, !"�� l) %��'�� �’lm)�(!� )"j*"m�!�� �� "(�"�� ��� �&�" 
m��k%n!�(l � ��"j% 'l��.  

�'�h��� ��kh"$" m��h&��l %��'�"i �’lm)"(!� )"*"#�j&'% �� "(�"�� ��� � �&j"��g�)"���"$" 
�� �& m"�(�j m'"m%j�#�, "���) �&"o+���" j�!� �� %��m�, �" ����!� �&m��h�� ���+�#&��l � 
'���"j�'�"(!� ��(*&'$%����l ��*"��u��h� � *"#�j&'��e j�!'��� j"k& (*'�h���!� '�m)& 
*"$�'x&��l j&+���h��+ �#�(!��"(!&e, "("o#��" %��'�"i �’lm)"(!� m'�m)�� m ���'�m"j. �" !"$" k 
j"��g�)���l *"�&'+�� ��*"��u��h� g%�)��"��#���j� )"*"#�j&'�j�, l)� ��)"�%u!� g%�)��u 
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)"j*�!�o�#�m�!"'�, m�o&m*&h%n '���"j�'��e '"m*"��# h�(!��") ��*"��u��h� � *"#�j&'��e j�!'��� 
('�(. 3). � ��x"$" o")%, m'"(!���l %��'�"i �’lm)"(!� )"j*"m�!�� �� "(�"�� )"*"#�j&'�� &!�#&�% � 
*'"*�#&�% j"k& *"l(�u��!�(� '&�)��lj� *&'&������l '���)�#��, $&�&'"����+ ��, �� #��)� 
&!�#&�% *"#�j&'�"i j�!'���, �" *'��"��!� �" '"m$�#%k&��l *"#�j&'% �o" %!�"'&��u h�(!)"�" 
mx�!"$" "l�'�" ���)"#" h�(!��") ��(*&'(�"$" ��*"��u��h�, "()�#�)� �� �jj"o�#�m"���� �� 
*"�&'+�� h�(!��") ��, � ��l '���)�#�� "oj&k&�� j�kg�m�"u *"�&'+�&u. 
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\�	. 2. a���L�
	�� ������� �’
���	�
 ��������
� BT-II �
� ��
	��  

�����	����� ���J����
� �� �������
 BT 
 ������� ���
������ �����H
 
 

 
� o 

\�	. 3. FbB �
�������J���
� ��������� BT-TII. O������
������� BT (�);  
BT, �����
������� ?R-2 (G). X�� – 500 ��� 

 
�& *'��"��!� �" mj��� h�(% '&#�)(���i, �" "("o#��" *"j�!�" *'� ��(")�+ x���)"(!l+ 

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


()�#�)� $"#"��"u j&!"u ��ni '"o"!� o%#" (!�"'&��l �"$�&(!�e)�+ *"#�j&'��+ )"j*"m�!��, 
o%#" �&"o+���" �"(#���!� �*#�� *&'")(���"i j"��g�)���i ��*"��u��h� �� $"'uh�(!� ��*"��&��+ 
j�!&'��#��. 	���" ('�(. 4), �" ��)"'�(!���l *&'")(��"���"$" �� *'��"��!� �" m'"(!���l �"$�&-
(!�e)"(!� )"j*"m�!�� �� "(�"�� *"#�j&'��+ j�!'��� �(�+ !'�"+ �"(#��k%����+ !�*��. �#l *&'")(��-
�j�(��+ )"j*"m�!�� �� "(�"�� ��� +�'�)!&'�� ��e��kh� �"$�&(!�e)�(!�, �*#�� j"��g�)���i �� �� 
$"'uh�(!� ��'�k&�� (#�o)". 
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����	� LOI �
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	�� �����	����� ���J����
�  

�� �������
 BT 
 ������� ���
������ �����H
 
 

�"j*"m�!� �� "(�"�� t��, l)� j�#� ��e��kh% �"$�&(!�e)�(!� *�� h�( ��)"'�(!���l �&j"��g�-
)"���"$" ��, �&j"�(!'%u!� �%k& ��(")� m��h&��l LOI �#l *&'")(��"���"$" �� � !&��&���u �" 
mo�#�x&��l ��"$" *")�m��)� m mo�#�x&��lj )"��&�!'���i 
-
 $'%** m j�)(�j%j"j % ��*��)% ��-2. 
�#l ��� �l !&��&���l �& *'"(#��)"�%n!�(l !�) h�!)", +"h� �� )"j*"m�!� !�)"k j�u!� �"�"#� ��(")% 
�"$�&(!�e)�(!�. 
���), ��'!" j�!� �� %��m�, �" $"'���l n �%k& ()#����j � mj��� � *"�&����� 
*"#�j&'�"i j�!'��� (�’lm)�(!�, #&$)�(!� "o�%$#u�����l, m��!��(!� �" (*%h%����l *�� h�( $"'���l), 
l)� j"k%!� o%!� m%j"�#&�� ��&�&��lj ��, j"k%!� j�!� �*#�� �� $"'uh�(!� )"j*"m�!%, m�$�#"j, � 
!�)"k i+ *"!'�o�" o'�!� �" %��$�. 

 
�@EB5N-@. 
!'�j��� ���� (���h�!� *'" m��h��e �*#�� j"��g�)���i *"�&'+�� ��(*&'(�"$" �� 

*&'")(���j�(��j� *"#�g%�)��"��#���j� )"*"#�j&'�j� �� g�m�)"-j&+���h�� �#�(!��"(!� � �"$�&-
(!�e)�(!� ��*"��&��+ )"j*"m�!��. �"��g�)���l �� g%�)��"��#���j� �� (*'�ln '���"j�'��x"j% 
e"$" ��(*&'$%����u � *"#�j&'��e j�!'���, �" m�o&m*&h%n *")'�����l g�m�)"-j&+���h��+ �#�(!�-
�"(!&e )"j*"m�!�� *'� '"m!l$% !� m'"(!���l %��'�"i �’lm)"(!�. �'�j !"$", ��l���(!� *&'")(����+ 
g'�$j&�!��, �jj"o�#�m"����+ �� *"�&'+�� ��(*&'(�"$" ��, (*'�h��ln m'"(!���l %��'�"i �’lm)"(!� 
)"j*"m�!�� �� "(�"�� )"*"#�j&'�� &!�#&�% � *'"*�#&�% � '&m%#�!�!� '&�)��e *&'&������l $&�&'"-
����+ '���)�#�� �� #��)� &!�#&�% *"#�j&'�"i j�!'���, �" �&�& �" '"m$�#%k&��l *"#�j&'% �o" 
%!�"'&��l h�(!)"�" mx�!"$" “l�'�” ���)"#" h�(!��") ��(*&'(�"$" ��*"��u��h�. �&'")(���� j"��-
g�)���l ��*"��u��h� j�n *"m�!����e &g&)! � �� �"$�&(!�e)�(!� )"j*"m�!��, �&#�h��� l)"$" m�#&-
k�!� ��� *'�'"�� *"#�j&'�"i j�!'���. 
!k&, ��)"'�(!���l l) ��*"��u��h� j"��g�)"���"$" 
*&'")(����j� )"*"#�j&'�j� $��'")(��% j�$��u n �%k& *&'(*&)!����j �#l "�&'k���l �"$�&(!�e)�+ 
*"#�j&'��+ )"j*"m�!�� m ��(")�j� g�m�)"-j&+���h��j� +�'�)!&'�(!�)�j�. 
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	HC;I8B5 +5FGKC;BG KG-;5-8+E<F@ Q KGBC;8FSB@K SiO2 OH;5K G ]<B-JG5B8FGQ5N8-
B5* 5R5F5B-5* N ;CQ<FS>8>G +5�HB8BBO +;5JCEGN ]5;K<N8BBO 5R5F5B-@ >8 Q5FS-LCFS 
KC>5H< E@B>CQ< OH;8. &5EFGHICB5 N+F@N +8;8KC>;GN +;5JCE< B8 -5F5PHB5-TGKG?BG 
NF8E>@N5E>G KG-;5-8+E<F. D;5NCHCB5 K5H@]G-8JG* KG-;5-8+E<F AFOT5K +;@�C+FCB5P 
+5FGKC;@Q8JGP, GBGJGM5N8B5P Q8 ;8T<B5- GK5RGFGQ5N8B@T B8 PT +5NC;TBG +C;5-E@HB@T L;<+.    

Polymeric microcapsules with mineral SiO2 core and functionalized shell have been 
obtained as a result of the combination of shell formation process with sol-gel method of core 
synthesis. The influence of process parameters on the colloidal-chemical properties of 
microcapsules has been studied. The modification of microcapsules has been performed via 
graft-polymerization initiated due to the peroxide groups immobilized on their surface. 

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

 
�B8FGQ 5E>8BBGT H5EFGHICBS G +<RFG-8JGM. ��o'���� "'$��"-�&"'$���h�� ���"- � j�)'"-

h�(!��)� n �%k& ��)���j� "o’n)!�j�, "()�#�)� �"m�"#lu!� *"n���!� � "���e h�(!���� �#�(!��"(!� l) 
"'$���h�"i, !�) � �&"'$���h�"i '&h"����. 
���j m j&!"��� "�&'k���l !�)"$" !�*% h�(!��") n 
j�)'")�*(%#u����l [1]. �!'�!&$�h�" j�)'")�*(%#u����l *&��"i '&h"���� j"k�� '&�#�m%��!� ��"j� 
x#l+�j� – �o" (g"'j%��!� "o"#"�)% �� !�&'��+ �o" '��)�+ h�(!��)�+ '&h"����, l)% �&"o+���" 
)�*(%#u��!�, �o" (*"h�!)% "�&'k�!� *"'"k��(!% j�)'")�*(%#% � *"!�j m�*"���!� ii *"'"k���% 
*"!'�o�"u �#l )�*(%#u����l '&h"���"u [3, 4]. ���#�m ��%)"�"i � !&+��h�"i #�!&'�!%'� (���h�!�, �" 
"o���� �� *��+"�� '&�#�m%u!�(l �� *'�)!���. �&!"�� j�)'")�*(%#u����l !� *'�'"�� *"#�j&'%, l)�e 
m�(!"("�%n!�(l �#l ��"$", � *&'x% h&'$% m�#&k�!� ��� *'�'"�� )�*(%#�"���"i '&h"���� !� m������, 
l)� *"!'�o�" ��)"��!� [4]. �")'&j�, j�)'")�*(%#u����l )"#"i���+ h�(!��") ��")(��% )'&j��u 
*'"�"��#"(� m� �"*"j"$"u )'&j��e"'$���h��+ "#�$"j&'�� [5], x#l+"j m�!'��"h�"i &j%#�(�e�"i 
*"#�j&'�m���i ����#��&!�!% [6], � '&m%#�!�!� (*"�!���"i "(�j"*"#�j&'�m���ii" ��m)� ��("'o"����+ 
)�!�"���+ *"�&'+�&�"-�)!����+ j"�"j&'�� [7]. �"o!" (*&)!' j&!"��� j�)'")�*(%#u����l !� )�*(%-
#uuh�+ *"#�j&'�� % ��*��)% ��")(��% )'&j��u n �%k& x�'")�j. 
 !"e k& h�( '"m'"o#&�� �� 
)�g&�'� j&!"�� j"��g�)���i *"�&'+�� j��&'�#���+ ��(*&'(��+ ��*"��u��h�� *&'")(����j� 

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


