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�8 KC>5H5K K8>CK8>@?B5L5 +F8B<N8BBO +5R<H5N8BG FGBGP ;GNB@T QB8?CBS NF8E>@-
N5E>CM Q8FCIB5 NGH -5K+5Q@JGMB5L5 E-F8H< K5H@]G-5N8B@T ]CB5F5-]5;K8FSHCLGHB@T 
-5K+5Q@JGM >8 N@QB8?CBG -5C]GJG�B>@ ;CL;CEGP, �5 +C;CHR8?8� ;5Q;5RFCBBO +;5JCE< 
5HC;I8BBO K8>C;G8F< Q +;5LB5Q5N8B@K@ NF8E>@N5E>OK@. 

The method of mathematical planning is build the lines of equal values of properties 
depending on the composition of the modified phenol-formaldehyde compositions and 
determined the regression coefficients, which includes developing the process of obtaining 
materials with predictable properties. 

D5E>8B5N-8 +;5RFCK@ >8 PP QN’OQ5- Q N8IF@N@K@ B8<-5N@K@ Q8NH8BBOK@. �"m'"o#&��l 
!&+�"#"$�i "�&'k���l j�!&'��#% *"#l$�n % (!�"'&��� "*!�j�#��"$" !&+�"#"$�h�"$" *'"�&(% g"'j%����l 
��'"o�� m )&'"����j� �#�(!��"(!lj� �� "(�"�� ��)"'�(!���l ����+ *'" !&+�"#"$�h�� �#�(!��"(!� 
��+���"i (�'"����. �)#�� ��+���"i )"j*"m���i (*'�h��ln '�m�"o�h��e �*#�� �� �#�(!��"(!� *"#�j&'��, 
�" m�!'%��un ��o�' (*������"x&��l )"j*"�&�!�� �#l e"$" (��!&m%.  m�’lm)% m ��j, ()#�� ��+����+ 
)"j*"m���e �#l "!'�j���l )"j*"m���e m "*!�j�#���j� �#l )"�)'&!�"$" ��*��)% �#�(!��"(!lj� 
m��+"��#� m� �"*"j"$"u j&!"�% j�!&j�!�h�"$" *#��%����l &)(*&'�j&�!%, l)�e m��h�" mj&�x%n h�(!)% 
&)(*&'�j&�!�#���+ m�!'�! [1].  ��"j% ��*��)% '&m%#�!�!"j �"(#��k&�� n o�$�!"g�)!"'�� j�!&j�!�h�� 
j"�&#� % ��$#l�� *"#��"j% m����"$" (!&*&�l – '���l��l '&$'&(�i. 

 
�B8FGQ 5E>8BBGT H5EFGHICBS. 
�&'k���l �"��+ ����� g&�"#"-g"'j�#��&$����+ *"#�j&'�� j�n 

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


���j �m ��*'lj)�� ��'�x&��l ��"$" *�!���l n j"��g�)���l g&�"#"-g"'j�#��&$����+ )"j*"-
m���e m ��)"'�(!���lj &*")(�����"�"i (j"#� ��-20 !� *"#�j&'�� N-����#��"$" 'l�%. 	�)"'�(!���l 
&*")(����+ (*"#%) l) j"��g�)�!"'�� �#l g&�"#"-g"'j�#��&$����+ (j"# (���) m�o&m*&h%n )"j*-
#&)(�& *")'�����l  �#�(!��"(!&e “mx�!�+” g&�"*#�(!��, l) ���(#��") %!�"'&��l �"��!)"��+ 
*'"(!"'"��+ (!'%)!%' % '&m�!�, !�) � ��l��"(!� % #���u$% *"#l'��+ g%�)��e��+ $'%*. �&'&� 
*"#�j&'�� N-����#��"$" 'l�% �&#�)�e *'�)!�h��e ��!&'&( (!��"��!� *"#�����#*�'"#��"� (�	�). �&e 
*"#�j&' +�'�)!&'�m%n!�(l (*&��g�h�"u '&�)��e�"u m��!��(!u, x�'")�j ���*�m"�"j '"mh���"(!�, 
l()'��" ��'�k&�"u m��!��(!u �" )"j*#&)("%!�"'&��l � *�����&�"u ��$&m�nu �" '�m�"j���!��+ 
*��)#��") m���l)� ��l��"(!� )�'o�j�!��+ $'%* [2]. 

 *"*&'&���+ '"o"!�+ [3–5] �"(#��k%��#� �*#�� �	� �� �#�(!��"(!� j"��g�)"����+ g&�"#"-
g"'j�#��&$����+ )"j*"m���e. �#&i �� "(�"�� !�)"i )"j*"m���i +�'�)!&'�m%u!�(l ��(")�j� g�m�)"-
j&+���h��j� [3] !� ��$&m�e��j� �#�(!��"(!lj� [4, 5]. 

 
�C>8 ;5R5>@. �� ��"j% &!�*� $"#"���j m������lj o%#" "*!�j�m%��!� ()#�� '"m'"o#&�"i 

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

 
�C>5H@-@ H5EFGHICBS. ��!&j�!�h�& *#��%����l ()#��% '"m'"o#&��+ )"j*"m���e m��e(�u-

��#� m� j&!"�"j (�j*#&)(-'&x�!)"�"$" *#��% �&gg& m$���" m j&!"��)"u [1]. 
 
�CQ<FS>8>@ H5EFGHICBS >8 PT 5RL5N5;CBBO. 	��h�#� (*������"x&��l *"#�j&'�"i (%j�x� 

(���, ��-20, �	�) �� �#�(!��"(!� )"j*"m���e. �*������"x&��l ��x�+ )"j*"�&�!�� (�(!&j� *'�ej�#� 
*"(!�e��j. 

��� h�( ���h&��l �#�(!��"(!&e (%j�x�, �" m�#&k�!� !�#�)� ��� !'�"+ )"j*"�&�!��, g�)!"'��e 
*'"(!�' l�#ln ("o"u *'���#���e ��"j�'��e (�j*#&)( – '���"(!"'"���e !'�)%!��) ('�(. 1). �#l 
(�(!&j� ��)"�%n!�(l (*������"x&��l: 

1XXX 321 ��� ,                                                                            (1) 

�& � �  %  0 – )"��&�!'���l -$" )"j*"�&�!� � (%j�x�. 
	&'x��� !'�)%!��)� ���*"����u!� h�(!�j '&h"����j, (!"'"�� – *"���e��j (�(!&j�j. 


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

�"(#��k%���(l �& �&(� )"��&�!'���e��e !'�)%!��), � !�#�)� e"$" #")�#��� h�(!���, �" l�#ln 
("o"u (�j*#&)( m �&'x���j� �1(100 % ���; 0 % ��-20; 0 % �	�); �2 (50 % ���; 50 % ��-20; 0 
% �	�); �3 (95 % ���; 0 % ��-20; 5 % �	�) ('�(. 1). 

	&'+�l j&k� �j�(!% �	� (5 %) m%j"�#&�� !&+�"#"$�h��j� %()#���&��lj� – *'� o�#�x"j% 
�j�(!� �	� m'"(!�n !'���#�(!� *'�$"!%����l !� ��'!�(!� )"j*"m���i, *�����%n!�(l ii �’lm)�(!�, 
*"$�'x%u!�(l &)(*#%�!���e�� �#�(!��"(!�.  

	j�(! ��-20 *"��� 50 % '�m)" mo�#�x%n ��'!�(!� )"j*"m���i *"'���l�" m �&m��h��j 
*")'�����lj �#�(!��"(!&e. 

�"m��h�j" �1 – ���, %; �2 – ��-20, %; �3 – �	�, %. �#l !"$", �"o ��)"'�(!�!� � ��"j% 
��*��)% *#���, l)� ��)"'�(!"�%u!�(l �#l ���h&��l *"���+ ���$'�j, *&'&�%j&'"�%nj" � *'�ej�nj" 
()#��� � �&'x���+ � � (�1

(�), �2
(�), � 3

(�) ), (� = 1, 2, 3), m� (�j"(!�e�� *(&��")"j*"�&�!� Z� , �"o �#l 
�(�ni "o#�(!� #")�#��"$" (�j*#&)(% ��)"�%��#�(� %j"�� 

1XXX 321 ��� .                                                                   (2) 

�#��%����l &)(*&'�j&�!% m��e(�un!�(l � (�(!&j� )""'����! *(&��")"j*"�&�!�� ����"(�" 
�"��+ mj����+ Z1, Z2, Z3, �" m��"�"#��lu!� �u %j"�%. 

t%�%nj" *#�� &)(*&'�j&�!%. ���h&��l Zk
(i) (k, � = 1, 2, 3) m��+"��j", '"m��lm��x� ��� (�(!&j� 
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� ��)"'�(!"�%uh� (*������"x&��l:  
                                      � 213 ZZ1Z ��� ,                                                                    (4)      

�& Zk
(�) – �j�(! *(&��")"j*"�&�!� Zk � �&'x���+ ��+���"$" (�j*#&)(%; �k

(�) – �j�(! k-$" )"j*"�&�!� 
� �&'x���+ Z� (��). 

�� �"*"j"$"u g"'j%# *&'&�&�&��l )""'����!  
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�  � 
�  � ;ZZXZZXZZ
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1
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)1(
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�������

�������
                                          (5) 

                          � 213 ZZ1Z ���                                                                      (6) 
m "���ni (�(!&j� � ��x%, *��(!��#luh� ��+���� m��h&��l: 

�1
(1) = 1; �2

(1) = 0; �3
(1) = 0; 

�1
(2) = 0,5; �2

(2) = 0,5; �3
(2) = 0; 

�1
(3) = 0,95;  �2

(3) = 0; �3
(3) = 0,05, 

� "!'�j��� m��h&��l Zk
(�): 

Z1
(1) = 1; Z2

(1) = 0; 

Z1
(2) = -1; Z2

(2) = 2; 
Z1

(3) = -19; Z2
(3) = 0, 

��m��h�j" ��'�m� �#l g"'j%# *&'&+"�%: 
Z1 = 1 – 2�2 – 20�3;                                                              (7) 

Z2 = 2�2;                                                                          (8) 
Z3 = 20�3.                                                                       (9) 

�#l "!'�j���l '���l�� '&$'&(�i ()#���nj" (�j*#&)(-'&x�!)"��e *#�� �&gg& ����"(�" 
*(&��")"j*"�&�!�� Z1, Z2, Z3. 	�)"'�(!"�%uh� ���&�&��e *"#��"j �'%$"$" *"'l�)% �#l *"!'�e�"i 
(�(!&j�: 

y� = �1Z1 + �2Z2 + �3Z3 + �12Z1Z2 + �13Z1Z3+ �23Z2Z3                                    (10) 
����j�#��� )�#�)�(!� &)(*&'�j&�!�#���+ !"h") �#l ��m��h&��l )"&g���n�!�� ��"$" *"#��"j% 

(!��"��!�: 
�2

3+2-1= �4
2 = 6                                                                    (11) 

	�)"'�(!��� !'� '���� )"k�"$" m g�)!"'��: 0; -1/2; 1. ��*�(��x� )""'����!� !"h") (�j*#&)(-
�"i '&x�!)�, "!'�j�nj" j�!'��u *#��%����l (!�o#. 1).  

 
F�G��H
 1  

�8>;@JO +F8B<N8BBO 

� Z1 Z2 Z3 y&)(* � Z1 Z2 Z3 y&)(* 
1 1 0 0 y1 4 1/2 1/2 0 y12 
2 0 1 0 y2 5 1/2 0 1/2 y23 
3 0 0 1 y3 6 0 1/2 1/2 y13 

 
�#l "!'�j���l )"&g���n�!�� *"#��"j% *"(#��"��" *��(!��#l!�j&j" � '���l��l *"#��"j% 

�'%$"$" *"'l�)% )""'����!� �(�+ x&(!� !"h") j�!'��� *#��%����l. 
�"�� "!'�j�nj": 

y1 = �1; y2 = �2; y3 = �3;                                                              (12) 
�13 = 4y13 – 2(y1 + y3);                                                                  (13) 
�12 = 4y12 – 2(y1 + y2);                                                                 (14) 
�23 = 4y23 – 2(y2 + y3).                                                                 (15) 

�"m��h�j" y�1 (���) – '���l��l '&$'&(�i ��$&m�e�"i j���"(!� ��� ()#��% )"j*"m���i, y�2  (º�) – 
'���l��l '&$'&(�i !&*#"(!�e)"(!� m� 	�)�, y�3 (%) – '���l��l '&$'&(�i $&#�-g'�)��i. 

 !�o#. 2 ���&�&�� %j"�� � '&m%#�!�!� �"(#���� % ��$#l�� *(&��")"j*"�&�! � � ��!%'�#��"j% 
j�(x!�o�. �&'&��� '&m%#�!�!� �m(, (���); ��, (º�); G, (%) "!'�j��� m� !'�"j� *�'�#&#���j� 
�"(#���j�. 	 l)"(!� )"�!'"#���+ !"h") ��)"'�(!��� �"(#��� 7, 8, 9. 

�"m'�+"���� )"&g���n�!� '���l�� '&$'&(�i ��u!� j"k#���(!� ���&(!� m�#&k�"(!�: 
�#l %�1: 
�1 = 0,69; �2 = 7,53; �3 = 0,78; �12 = 3,08; �13 = 0,78; �23 = 2,74. 
�"��: %�1 = 0,69Z1 + 7,53Z2 + 0,78Z3 + 3,08Z1Z2 + 0,782Z1Z3 + 2,74Z2Z3;  
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�#l %�2: 
�1 = 75; �2 = 130; �3 = 80; �12 = 50; �13 = 30; �23 = 20. 
�"��: %�2 = 75Z1 + 130Z2 + 80Z3 + 50Z1Z2 + 30Z1Z3 + 20Z2Z3; 
�#l %�3: 
�1 = 1,65; �2 = 99,9; �3 = 1,80; �12 = 190,5; �13 = 1,3; �23 = 190,6. 
�"��: %�3 = 1,65Z1 +99,9Z2 + 1,80Z3 +190,5Z1Z2 + 1,3Z1Z3 + 190,6Z2Z3. 
�&'&e�&j" � "�&'k���+ '���l��l+ �" ��!%'�#���+ �&#�h��. 
!'�j�nj" '���l��l '&$'&(�e � 

*"h�!)"��+ mj����+: 

;X312X32,12XX8,44X4,17X84,1969,0y 2
3

2
232321 ������                                (16) 

;X12000X200XX2400X700X21075y 2
3

2
232322 ������                                 (17) 

.X520X762XX48X29X5,57765,1y 2
3

2
232323 ������                                      (18) 

 
F�G��H
 2 

�K5N@ G ;CQ<FS>8>@ H5EFGHGN < N@LFOHG +ECNH5-5K+5BCB> G N B8><;8FSB5K< K8EA>8RG 

�(&��")"j*"�&�!� ��!%'�#��� mj���� 
� 

Z1 Z2 Z3 X1 X2 X3 
y�1&)(* y�2 &)(* y�3 &)(* 

1 1 0 0 1 0 0 0,69 75 1,65 
2 0 1 0 0,5 0,5 0 7,53 130 99,9 
3 0 0 1 0,95 0 0,05 0,78 80 1,80 
4 1/2 1/2 0 0,75 0,25 0 4,88 115 98,4 
5 1/2 0 1/2 0,975 0 0,025 0,93 85 2,05 
6 0 1/2 1/2 0,725 0,25 0,025 4,84 110 98,5 
7 2/3 0 1/3 0,983 0 0,017 0,97 83 2,28 
8 2/3 1/3 0 0,833 0,167 0 3,18 105 78,2 
9 0 2/3 1/3 0,8 0,167 0,033 2,95 100 75,6 

 
�#l *&'&��')� ��&)��!�"(!� "!'�j���+ '���l�� o%#� ��)"'�(!��� !'� !"h)� (!�o#. 2). �#l 

)"k�"i )"�!'"#��"i !"h)� m��+"��#� t-(*������"x&��l: 

                                     
S�

�
�

1s

ny
t 2

y
,                                                                    (19) 

�& '"m'&)(* yyy ��� ; n – )�#�)�(!� �"(#���� % )"k��e !"h�� (n=3); 2
ys  – ��(*&'(�l ���!�"'u���"(!�;  

< <
� T�T�

��S
3

1i 3i1

2
ij

2
i aa ; � 1x2xa iii �� ; jiij xx4a � .                                           (20) 

� 
1

12

�

�
�
<
�

m

yy
S

m

u
u

y ,                                                                (21),  

                      
m

y

y

m

1u
u<

�� ,                                                                     (22) 

�& m – )�#�)�(!� *�'�#&#���+ !"h"). 
�'� '���� m��h%�"(!� ' = 1 – ó = 1 – 0,95 = 0,05, �& ó – �"��'h� ej"��'��(!�, ó = 0,95, � h�(#� 

(!%*&��� ��#��"(!� f = 6 t!�o# = 2,45, !"o!" t'"m'.	 t!�o#. 


!k&, �(� '"m'�+"���� '���l��l '&$'&(�i n ��&)��!��j� &)(*&'�j&�!%. 
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F�G��H
 3 
DC;CNG;-8 K5HCFG B8 8HC-N8>BGE>S 

¡ H5EF. )1(
&)(*y  y1 �y1 )1(y

s  )2(
&)(*y  y2 �y2 

7 0,97 0,90 0,07 0,12 83 83,43 0,43 

8 3,18 3,66 0,48 1,18 105 104,49 0,51 
9 2,95 3,64 0,69 1,22 100 101,30 1,30 

 

)2(y
s  )3(

&)(*y  y3 �y3 )3(y
s  S t(1) t(2) t(3) 

1,08 2,28 1,99 0,29 0,64 0,83 0,64 1,02 0,35 

1,16 78,2 76,84 1,36 1,48 0,83 0,95 1,48 0,81 

1,40 75,6 76,97 1,37 1,49 0,83 1,22 1,33 0,98 

 

!'�j��� '���l��l ��u!� j"k#���(!� ��m��h�!� !�)� �#�(!��"(!� )"j*"m���i, l) ��$&m�e�% 

j����(!� *'� m(%��, !&*#"(!�e)�(!� m� 	�)�, ��+�� $&#�-g'�)��i *'� o%��-l)"j% ()#��� ��+���"i 
)"j*"m���i. �#l '"m'�+%�)% ���&m�m��h&��+ �#�(!��"(!&e m� ���"j�j� )"��&�!'���lj� ��)"'�(!"-
�%��#�(� *'"$'�j� �#l �� MathCad 14.0.  

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

 

 
\�	. 1. `G��	�� ��	��L���
 ���	����	��� 

�������H� 
\�	. 2. A�� ����� ������� ���	����	��� 

�������H�: 
y1 , BI� (êêê ); y2 , °C (—  —  — ); y3 , % (— · — · 

—) 
 

�@EB5N-@. �� j&!"�"j j�!&j�!�h�"$" *#��%����l ���&�&�� #���i '����+ m��h&�� �#�(!��"(!&e 
m�#&k�" ��� )"j*"m���e�"$" ()#��% j"��g�)"���"i &*")(���"u (j"#"u !� *"#�����#*�'"#��"�"j 
g&�"#"-g"'j�#��&$���"i (j"#� !� ��m��h&�� )"&g���n�!� '&$'&(�i, �" *&'&�o�h�n '"m'"o#&��l 
*'"�&(% m "�&'k���lj j�!&'��#% )"�)'&!�"$" *'�m��h&��l m *'"$�"m"����j� �#�(!��"(!lj�.  
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����"��#���e %���&'(�!&! “�����(�)� *"#�!&+��)�” 

)�g&�'� +�j�h�"i !&+�"#"$�i � *&'&'"o)� *#�(!j�( 

������ ��
��	���	�� ��& '	�	���  
��������	� ����{{� �������	��� 

� T�����H���� F.�., a�� @.B., X��� A.B., C������	���� `.\., 2010 

&5EFGHICB5 Q8T@EB< HG* BC5;L8BG?B@T GBLGRG>5;GN �5H5 -5;5QGP 8;K8><;B5P E>8FG N 
;5R5?5K< EC;CH5N@�G, O-C GKG><� <K5N@ C-E+F<8>8JGP QGE>8;CB@T Q8FGQ5RC>5BB@T -5BE>-
;<-JGM. �E>8B5NFCB5, �5  B8MC]C->@NBGA5* � GBLGR<N8FSB8 E<KGA B8 5EB5NG B8>;G* 
K5FGRH8>< >8 -8FSJG* BG>;8><. �<F8 ;5Q;5RFCB8 B5N8 GB’�-JGMB8 +5FG<;C>8B5N8 -5K+5-
Q@JGO, O-8 KGE>@F8 JG GBLGRG>5;@. �K+CH8BEBG H5EFGHICBBO +5-8Q8F@ PP N@E5-< Q8T@EB< 
QH8>BGE>S. 

It was studied a protective action of inorganic inhibitors concerning steel armature 
corrosion in working environment, which models exploitation conditions of aged reinforced 
concrete constructions. Inhibitors blend on basis of sodium molibdate and calcium nitrate has 
been found most effective. New injection polyurethane composition containing these inhibitors 
was developed and  impedance investigation has shown its high protective ability. 

D5E>8B5N-8 +;5RFCK@ G PP QN’OQ5- Q N8IF@N@K@ B8<-5N@K@ Q8NH8BBOK@. ��#�m"o&!"��� 
(*"'%�� *"(!%*"�" '%e�%u!�(l *�� �*#��"j �"#"$"$" (&'&�"����. �'� ��"j% ���o%��n!�(l )"'"m�l 
(!�#&�"i �'j�!%'� !� '"m!'�()%����l o&!"�% [1]. �� *"h�!)% &)(*#%�!���i �"��"-("#�"�& (&'&�"���& 
% o&!"�� j�n #%k��e +�'�)!&', �" (*'�ln *�(�����i *"�&'+�� (!�#&�"i �'j�!%'�. ��m��x&, ���(#��") 
�m�nj"��i o&!"�% m �%$#&)�(#�j $�m"j !� ��x�j� )�(#�j� $�m�j�, *")�m��) '� ��"$" (&'&�"���� 
m��k%n!�(l � '"m*"h���n!�(l *'"�&( )"'"-
m�i �'j�!%'� ('�(. 1). �'�j !"$", % �!j"(-
g&'�, m�o'%��&��e ��)���j� *'"j�(#"��+ 
*��*'�nj(!�, ��*���u!� (#�o)")�(#� 
"*��� [2], �" �"��!)"�" *"$�'x%n %j"�� 
&)(*#%�!���i m�#�m"o&!"���+ )"�(!'%)��e � 
*'�x���x%n i+�u )"'"m�u !� '%e�%����l. 
�� '"m!'�()%����l o&!"��"i j�!'��� !� ii 
���x�'%����l ��� �'j�!%'� �(!"!�" �*#�-
��n !&, �" *'"�%)!� )"'"m�i m�#�m� 
m�ej�u!� o�#�x�e % 2–7 '�m�� "o’nj, ��k 
��+����e j&!�#. ��(!"(%����l ��$�o�!"'�� 
j"k& �(!"!�" mj&�x�!� )"'"m�u (!�#&��+ 
&#&j&�!�� !� ii �&$�!����e �*#�� �� 
j����(!� m�#�m"o&!"��"i )"�(!'%)��i [3]. 

 

 
\�	. 1. C���� ��������J� ���������
 �����G����� 

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


