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�-E+C;@KCB>8FSB5 H5EFGHICB5 KGL;8JG* N@E5-5-5BJCB>;5N8B@T ;5Q?@BGN < 
�;<B>5N5K< EC;CH5N@�G . �E>8B5NFCB5 Q8FCIBGE>S AN@H-5E>G +;5JCE< NGH B8+;OK< 
];5B>< H@]<QGP >8 ;5Q;8T5N8B5 -5C]GJG�B>@ H@]<QGP, -GBC>@?BG -5C]GJG�B>@ H@]<QGMB5L5 
+;5JCE< >8 AN@H-GE>S ];5B>< H@]<QGP. �Q8L8FSBCB5 5>;@K8BG ;CQ<FS>8>@ H5EFGHICBBO >8 
;5Q;8T<B-5N@T H8B@T. 

The migration of high concentration solutions in the soil environment is experimentally 
investigated. The dependence of speed of process on direction of front of diffusion is 
established and coefficients of diffusion, kinetic coefficients of diffusive process and speed of 
front of diffusion, are expected. The generalization of received results of research and 
settlement data is carried out. 

D5E>8B5N-8 +;5RFCK@ G PP QN’OQ5- Q N8IF@N@K@ B8<-5N@K@ ?@ +;8->@?B@K@ Q8NH8BBOK@. 
��o'%��&��l �"�)�##l !")(�h��j� '&h"����j� m�#�x�n!�(l �)!%�#��"u *'"o#&j"u h&'&m !&, �" 
j�(x!�o� ��$'"j��k&��l ���+"��� *&'&��k�u!� "o(l$� i+ %!�#�m���i, ���o%��u!�(l �&)"�!'"#�"���� 
()��� !")(�h��+ '&h"��� % �"�)�##l, � !�)"k *"'%x&��l '&k�j�� m�+"'"�&��l ���+"���. �#l 
*")'�����l &)"#"$�h�"$" (!��% ���)"#�x��"$" (&'&�"���� �&"o+���" *&'&�%(�j m�o&m*&h�!� *����-
�&��l '���l (!����'!�� �"�" ��'"o���!�� $"!"�"i *'"�%)��i. �#l ��"$" m�(!"("�%u!� !�)� j&!"��: 
(!�"'&��l x!%h��+ $&"+�j�h��+ o�''n'�� ���)"#" m�o'%��&��+ ��#l�") ¨'%�!��, �" m�*"o�$�u!� j�$'���i 
��k)�+ j&!�#�� % (%j�k�� (&'&�"����; m� *"j�'�"$" '���l m�o'%��&��l ¨'%�!�� &g&)!����j� o%�%!� !�)� 
�$'"+�j�h�� !� �$'"!&+��h�� *'�e"j�, l) *��o�' (�#�(�)"$"(*"��'(�)�+ )%#�!%', (!�e)�+ �" ��k)�+ 
j&!�#��, (��o� !&+��h��+ )%#�!%' �� m�o'%��&��+ ¨'%�!�+, ��*�%����l, ��&(&��l "'$���h��+ !� 
j��&'�#���+ �"o'��, !"'g% !"�". ���o�'�uh� j&#�"'��!� �#l m��k&��l �&$�!���"i ��i ��k)�+ j&!�#�� 
�� ¨'%�!"��e j�)'"o�"�&�"m !� i+��"i j�$'���i % ���)"#�x��"j% (&'&�"����, �&"o+���" �'�+"�%��!� 
g"'j� ��k)�+ j&!�#��, i+ !'��(g"'j���u � ¨'%�!�+ !� (!�e)�(!� ¨'%�!�� � '"(#�� �" ��i ��k)�+ j&!�#��. 

 
�C>8 ;5R5>@ *"#l$�n % �"(#��k&��� j&+���mj% ��g%m�i j��&'�#���+ '&h"��� % ¨'%�!"�"j% 

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

 
�B8FGQ 5E>8BBGT H5EFGHICBS >8 +<RFG-8JGM.  *"*&'&���+ *%o#�)���l+ ���&�&�" ���� *'" 

j�$'���u )"j*"�&�!�� j��&'�#���+ �"o'�� !� ��k)�+ j&!�#�� � ¨'%�!"�"j% (&'&�"���� m� *"(!�e�"i 
)"��&�!'���i )"j*"�&�!% �� *"�&'+�� ¨'%�!% [2, 3]. ��g%m�u j��&'�#���+ �"o'�� m� *"(!�e�"i 
)"��&�!'���i )"j*"�&�!% �� *"�&'+�� ¨'%�!% "*�(%��#�  (�(!&j"u '���l�� [2]  
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�'"!& �"(#��k&��l *'"�"��#� m� %j"�� ��m�)�+ *"h�!)"��+ )"��&�!'���e '"mh��&�"$" 
)"j*"�&�!% �� *"�&'+�� ¨'%�!%. ��!"'� �(!��"��#�, �" m� !�)�+ %j"� ���o%��n!�(l j"#&)%#l'�� 
��g%m�l )"j*"�&�!% m *'"g�#u ¨'%�!%, *'�h"j% )"��&�!'���l '"mh��&�"i '&h"���� ),( ZfC ��  �& 
m�#&k�!� ��� ��*'lj% ��g%m�i.  

 
�8>CK8>@?B@M 5+@E +;5JCE<. ��$'���l ��k)�+ j&!�#�� % ¨'%�!� *"��#ln!�(l �� )�#�)� (!���e: 
� ��g%m�l j"#&)%# '"mh����)� �" �k&'&#� m�o'%��&��l; 
� ("#���!���l j"#&)%# (*"#%)� ��k)�+ j&!�#��; 
� ��("�����l (*"#%)� m ��#l�)� �=�s �" �=�1 , *'�h"j% 0<�1<�s . 
 '�m�  '"mh��&��l (*"#%)� � (�(!&j� ����)�u!� �m�nj"*'"!�#&k�� *"!")� – *"!�) '"mh��&�"i 

'&h"���� !� *"!�) '"mh����)�.  '�m� *&'&(�)���l ��+ ��"+ *"!")�� (!�"'un!�(l ��g%m�e��e "*�', 
�" (*"��#��un *'"�&( j�("*&'&�"(% )"j*"�&�!% � "o’nj ¨'%�!"�"$" (&'&�"����.  

��� h�( '"mh��&��l (*"#%) ��k)�+ j&!�#�� m�#&k�" ��� �"o%!)% i+ '"mh���"(!� o�#�x"u �o" 
j&�x"u j�'"u ���o%��n!�(l mj��� $%(!��� '�����. �� '����% ��u!� (�#� !lk���l, *"�&'+�&�"$" 
��!l$% !� (�#� j�kj"#&)%#l'�"i �m�nj"��i j"#&)%# �"�� !� ("#���!"����+ j"#&)%# ��k)�+ j&!�#�� 
m *"�&'+�&u *"', !"o!" ��("'o��l, � !�)"k (�#� !&'!l. 
()�#�)� ���j&!' *"' �"�"#� m��h��e – 
de=2·10-3 j, !" (�#�j� *"�&'+�&�"$" ��!l$% j"k�� m�&+!%��!�. 	 %j"��+ *"(!��#&�"i m���h� �"(#��-
k&��l j�$'���i )"j*"�&�!�� ��k)�+ j&!�#�� % ¨'%�!"�"j% (&'&�"���� )"��&�!'���l ��(�h&��l CuSO4 

(!��"��!� 345,0)$/j3 , � '�m���l $%(!�� ��(�h&�"$" '"mh��% !� h�(!"i '&h"���� �s–��=110 )$/j3 , "!k&, �� 
*"!�) j�!�j& �(!"!��e �*#�� *'�()"'&��l (�#� m&j�"$" !lk���l. ��*"!&!�h�" j�$'���l )"j*"�&�!% � 
¨'%�!"�"j% (&'&�"���� % ���’nj�"j% ��*'lj� "(� Z ���o%��!�j&!�(l m� j&+���mj"j !%'o%#&�!�"i 
��g%m�i. ��� h�( ��g%m�i � $"'�m"�!�#��"j% ��*'lj� �m�"�k "(&e x !� y o%�& �&�" mj&�x%��!�(l 
��&(") $'���!���i, � l)�" '"m$#l��!� ��#l�)% �&()��h&��" j�#"i ��("!� ����"(�" "(� Z, !" �*#�� (�# 
$'���!���i ���&#u��!�j&!�(l. 
!k&, !%! j"k�� "h�)%��!� *&'&o�$ *'"�&(% m� j&+���mj"j 
j"#&)%#l'�"i ��g%m�i. �� ��g%m�i )"j*"�&�!% *" ��("!� ¨'%�!% m e"$" *"�&'+�� �� '"mh�� �(!"!�" 
�*#���!�j& (�#� !lk���l, *'�h"j% *'� �ã�s, !"o!" �� j&k� x�'% ("#� !� ¨'%�!% (!�"'u��!�j&!�(l 
�(!"!��e "*�' ��g%m�i )"j*"�&�!%, �" mj&�x%n '%x�e�% (�#% *'"�&(%. ��$'���u )"j*"�&�!% � 
¨'%�!� j"k�� "*�(�!�  !�)�j ��g&'&���e��j '���l��lj m )'�e"��j� %j"��j�: 
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                                 (2) 

t&'%h� �" %��$�, �" *'"�&( ���o%��n!�(l � j&k�+ ��� Cn �" C � *&'�"� h�(% ��� 0 �" ß 
"�&'k%nj" '"m�’lm"): 
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��ln                                 (3) 

�& � – )"��&�!'���l, )$/j3; Z – ���(!��� ��� �k&'&#� m�o'%��&��l m� *'"g�#&j ¨'%�!% % ���*"����"j% 
��*'lj� )""'����!�"i (�(!&j�, j;  k – )��&!�h��e )"&g���n�!; ß – h�(, ( 

 
�-E+C;@KCB>8FSBG H5EFGHICBBO KGL;8JGP N8I-@T KC>8FGN. �#l �"(#��k&��l j&+���mj% 

*'"��)�&��l j��&'�#���+ '&h"��� % ¨'%�!"�& (&'&�"���& '"m$#l��nj" !�)% (�!%���u. �� ��l��"(!� 
�� *"�&'+�� ¨'%�!% )"j*"�&�!% % *"'���l�" �&#�)�e )�#�)"(!�, "("o#��" m� %j"�� j�#"i e"$" 
'"mh���"(!�, (*"(!&'�$�!�j&!�(l *"(!%*"�& e"$" *'"+"�k&��l *" *'"g�#u ¨'%�!% [5, 6]. �#& % '�m� 
*"*�����l � ���)"#�x�n (&'&�"���& �"o'& '"mh����+ '&h"���, �&"o+���" �"(#���!� j&+���mj 
*'"�&(% �#l *'"$�"m%����l j�(x!�o�� j�$'���i m�o'%��&�� % ¨'%�!�+. �"��&�!'���l )"j*"�&�!% �� 
*"�&'+�� ¨'%�!% o%�& *"(!�e�"u � �"'���u��!�j& )"��&�!'���i ��(�h&��l, !"o!" Cn=Cs.  
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�C>5H@-8 N@QB8?CBBO. �#l &)(*&'�j&�!�#��"$" �"(#��k&��l j�$'���i )"j*"�&�!% m� *'"-
g�#&j ¨'%�!% �� *"�&'+�u ��(*&'(�"i (�(!&j�, �" �j�!%��#� ¨'%�!, ��"(�#� CuSO4. �#l m�o&m*&-
h&��l *"(!�e�"i )"��&�!'���i �u2+ �� *"�&'+�� ¨'%�!% % ��j�'u��#��� )"j�')� ��"(�#� *" 50 $ ("#�. 

!k&, �'�+"�%uh� '"mh����(!� CuSO4 420.5 $/#, m�o&m*&h%��#� *"(!�e�% )"��&�!'���u �u2+ �� 
*"�&'+�� ¨'%�!%. �#l ��m��h&��l )"��&�!'���i �u2+ ���o�'�#� *'"o� ¨'%�!% �� �����#� Z= 0, 5, 10, 15 
!� 20 (j. �"m*"��# '&h"���� ���o%��n!�(l % �&'%+"j"j% x�'� ¨'%�!% m *"'�(!�(!u �=0,4 �) ��� 
*"�&'+�� ��j�'u��#��"i )"j�')� � "o’nj (&'&�"���� % ���’nj�"j% ��*'lj)% "(� Z; o) �m�"�k 
$"'�m"�!�#��"i *#"���� )"j�')�, !"o!" � ��*'lj� "(� �; () m ��� )"j�')� �" *"�&'+��, !"o!" � 
�"��!�"j% ��*'lj� "(� Z. �"'� (&'&�"���� m�*"��&�� �"�"u. �#l �"(#��k&��l j�$'���i ��k)�+ 
j&!�#�� % ¨'%�!"�"j% (&'&�"���� ��)"'�(!"�%��#� )%*'%j (%#�g�!.  )"#o% m ���#�m"����j 
'"mh��"j Cu2+ �"��u!� 10 j# I � '"mh��% H2SO4 , 10 j# (%j�x� �J + ��SN � �&$�e�" !�!'%u!� 
'"mh��"j !�"(%#�g�!% ��!'�u �" *&'&+"�% k"�!"-)"'�h�&�"$" m�o�'�#&��l � l(�"-k"�!&. �"!�j 
�"��u!� 5 j# '"mh��% )'"+j�#u � *'"�"�k%u!� !�!'%��!� �" *&'&+"�% (���"$" m�o�'�#&��l � 
o%m)"�& ('"k&�"-o�#�e )"#�' "(��% C�CSN ). �� %j"�� *"$��"i '"mh���"(!� '&h"��� �o" � ��#l��� 
��m�)�+ )"��&�!'���e OHðîç÷ 2

�� D  j"k�� o%�& (!�&'�k%��!�, �" )"j*"�&�! j�$'%n m� j&+���mj"j 

j"#&)%#l'�"i ��g%m�i � "*�(%n!�(l '���l��lj (1). �#& % '�m� mo�#�x&��l )"��&�!'���i '"mh��&�"i 
'&h"���� (*"(!&'�$�n!�(l ���+�#&��l !&"'&!�h��+ ����+ ��� '"m'�+%�)"��+. 

���#�m%uh� ���� &)(*&'�j&�!�#���+ �"(#��k&�� m� �"*"j"$"u '"m�’lm���l j�!&j�!�h�"i 
j"�&#� "�&'k��" m��h&��l )"&g���n�!� ��g%m�i �u2+ % ¨'%�!"�"j% (&'&�"���� *" �&'!�)�#��"j% 
*'"g�#u % ���’nj�"j% ��*'lj)% "(� )""'����! Z –  D=1,06·10-6 j2/( ('�(%�"), �). �& (���h�!� *'" 
j�$'���u )"j*"�&�!% � ¨'%�!"�"j% (&'&�"���� m� j&+���mj"j !%'o%#&�!�"$" j�("*&'&�"(%. 
����)�(!� '%+% g'"�!% ��g%miï � ��"j% &)(*&'�j&�!� (!��"��#� 2,72·10-5 j/(. �u2+. �"m*"��# 
)"��&�!'���i �u2+ *" *'"g�#u ¨'%�!% �m�"�k $"'�m"�!�#��"i *#"���� )"j�')� � ��*'lj� "(� Y 
'�(%�"), o) *'� t=c"nst ('�(%�")) ���o%��n!�(l !�)"k m� j&+���mj"j !%'o%#&�!�"i ��g%m�i, �" (���-
h�!� *'" m��h&��l )"&g���n�!� ��g%m�i –  D=2,27·10-7 j2/(. ����)�(!� '%+% g'"�!% ��g%miï � ��"j% 
&)(*&'�j&�!� (!��"��#� 6·10-6 j/(. �& *"l(�un!�(l !�j, �" '"mh��, l)�e ��g%��%n � *"'�+ 
¨'%�!"�"$" (&'&�"����, n �(!"!�" ��kh�e m� �"�%, � âZ=5(j � �� x���)�(!� *&'&j��&��l g'"�!% 
��g%m�i j�n �*#�� (�#� $'���!���i. �'� âZ´0 j�$'���l ���o%��!�j&!�(l m� j&+���mj"j j"#&)%#l'�"i 
��g%m�i, � )"&g���n�! ��g%m�i D o%�& *"'l�)%·10-9 j2/( [4]. 

 
Mi$'��il Cu2+ (-Z)

y 1= 0,0011x - 0,0101
R2 = 0,7825

y 5= 0,0108x - 0,0975
R2 = 0,8578

y 15= 0,0379x - 0,3283
R2 = 0,842

y10 = 0,023x - 0,2091
R2 = 0,8044

y 20= 0,0538x - 0,4602
R2 = 0,8822
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Mi$'��il Cu2+ (Y)

y = 0,0024x - 0,0224

R2 = 0,9989

y 5= -0,1682x + 4,2436
R2 = 1

y = 0,0504x - 0,6234

R2 = 0,9249

y = 0,0486x - 0,4673

R2 = 0,9796

y = 0,0324x - 0,3109

R2 = 0,9741
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�����ln(�/Cn), )$/j3
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�                             o 

b�	������������� ���������
 ��������J� ����H���� �J��H� Cu 2+ ����	��  �����> ¡�����:  
� – � ��’������ ����
��� �	 ��������� Z; G – �����L J������������� ���M��� ������ � ����
� �	 Y 

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

*'"!&, �" !%! ���o%��n!�(l j"#&)%#l'�� ��g%m�l '"mh��&�"$" )"j*"�&�!% � ¨'%�!"�"j% (&'&�"-
����, +"h� *'"�&( (*"��#��un!�(l !�)"k � (�#"u $'���!���i !� $��'"(!�!�h��j !�()"j '����� � 
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*"'�+ ¨'%�!"�"$" (&'&�"����. �"&g���n�! ��g%m�i �u2+ % ¨'%�!"�"j% (&'&�"���� *" �&'!�)�#��"j% 
*'"g�#u % �"��!�"j% ��*'lj)% "(� )""'����! Z ('�( �)  D=1,3·10-11 j2/(. 

 
Mi$'��il Cu2+ (+Z)

y 10= 4,6527x - 23,011
R2 = 1

y 1= 0,0126x - 0,5872
R2 = 0,8152

y20 = -1,5461x + 1,7518
R2 = 0,7751

y15 = -1,003x + 1,2048
R2 = 0,7859

y5 = 1,2043x - 19,405
R2 = 0,6372
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�, ���

ln(�/Cn), )$/j3

z=1

z=5
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z=15
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� 

(I�����L���
). b�	������������� ���������
 ��������J� ����H���� �J��H� Cu 2+  
����	��  �����> ¡�����:  

� – � ���������  ����
��� �	 ��������� Z 
 

�@QB8?CBBO -GBC>@?B5L5 -5C]GJG�B>8 KGL;8JGP Cu 2+ +5 +;5]GF* �;<B>< 

K=k�/Z z=1 z=5 z=10 z=15 z=20 
��$'���l � �"��!�"j% ��*'lj�  "(� Z  0,1380653 0,0827386 0,2277179 0,1379309 0,1804991 
��$'���l % ���’nj�"j% ��*'lj� "(� Z 0,0088769 0,0664998 0,1221981 0,1791226 0,2458882 
��$'���l � �"��!�"j% ��*'lj� "(� Y 0,0041306 0,0392544 0,084295 0,1281034 0,1740219 

 
�"'���uuh� &)(*&'�j&�!�#��� !� !&"'&!�h�� ���� !� �'�+"�%uh� m��h&��l �"(!"��'�"(!� 

�*'")(�j���i R2ã1, j"k&j" (���h�!� *'" m��"��#��% mo�k��(!� '&m%#�!�!��. 
 
�@EB5N-@. 	��*"����" �" &)(*&'�j&�!�#���+ ����+ )'�j j"#&)%#l'�"i ��g%m�i �(�%n 

)"��&)!����e j�("*&'&�"( m�o'%��uuh�+ '&h"��� !� *'"�&( g�#�!'���i ¨'%�!"�"i �"�� )'�m� 
j��&'�#��% *"'"�% �" *��m&j��+ �"�"�"(��+ $"'�m"�!��. �& m�#&k�!� ��� )"��&�!'���i m�o'%��&�� % 
¨'%�!"��+ �"��+ !� ��� ��*'lj)% g'"�!% ��g%m�i. t%#" �(!��"�#&�", �" m��h&��l )"&g���n�!� 
��g%m�i �"o'& '"mh���"$" )"j*"�&�!%, '"m'�+"���& m� '���l��lj (1) *" '�m�� ��*'lj)� "(� Z, !"o!" 
% �&'!�)�#��"j% ��*'lj� ���'�m�ln!�(l �� *’l!� *"'l�)��, � *"'���uuh� )"&g���n�!� ��g%m�i 
)"j*"�&�!% % ���’nj�"j%  ��*'lj� "(� Z (�"��m%) !� %  ��*'lj� "(� Y �� *"'l�").  

 
1. Q���	 	��� �� �������J� � ��	H����� «`	���� ������������ �������J�» ��
  c�y�e��i� 

c�eHia���oc�i 8.090510 «F��������J�����» ������ �� ������� ���� �������
 / U��. C.e. Q��������, 
�.B. T��
��, `.c. T��G����. – c��������L��	�� : ccFU, 2007. – 82 	. 2. A>�� `.�., C�G���� �.�., 
T����H���� �.B. B���������� ���J��������
 �J��H� ���������� � ������������� ����� ¡����� // 
F��. ���. BL���. ����.-�����. ����. ”I���M���
 ����J������� ���������	� ��������  ������ 
����G��H��”. – `��	�,  2007 – C. 202. 3. T����H���� �.B., A>�� `.�., B��������� ����� 
�J��H� ���������� ��G��� � ¡��������� 	�������M // O����� ���H `��	���� ��H�������� 
������� �������� �������J�>. – 2008. – ���. 32. – C. 6–9. 4. O������� O.V. c������
 � ���G�����. – 
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B.: e���
 1980. – 232 	. 5. Aksielrud G.A., MoÄczanow A.D. Rozpuszczanie cial staÄych. – Warszawa: 
Wyydawnictwo Naukowo-Techniczne, 1981. – S. 327. 6. Q�	������ T.Q., Q�������� B.Q. �������� � 
�����
���-������	��> �������J�>. – B.: e���
, 1983. – 264 	. 
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�.�. �8TBCN@?, 	.�. '5N8FS5N8, �.�. &O?5- 
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�8NCHCBG H8BG C-E+C;@KCB>8FSB@T H5EFGHICBS 5?@�CBBO -@EF@T E>G?B@T N5H, �5 
5HC;I<*>SEO +GH ?8E N@;5RB@J>N8 T8;?5N5P 5FGP. �E>8B5NFCBG 5+>@K8FSBG ;CI@K@  
;5QHGFCBBO Q8R;<HBCB@T E>G?B@T N5H KC>5H5K JCB>;@]<L<N8BBO  >8  5-@EFCBBO Q8 
H5+5K5L5* LG+5TF5;@>< B8>;G*.  

Data of experimental studies of acidic wastewater treatment process, derived in the 
production of food oil submitted. The optimum wastewater separation modes by 
centrifugation and oxidation with sodium hypochlorite set. 

D5E>8B5N-8 +;5RFCK@. )'�i�� – "��� m *'l!� "(�"���+ )'�i�-��'"o��)�� ("�lx��)�. 
o(l$� 
��'"o���!�� ��ni )%#�!%'� � ����x��"j% '"�� *&'&����#� 4 j#�. !"��. 
(!����j� '")�j� 
�m�nj"m�’lm") %)'�i�(�)"$" !� (��!"�"$" '��)�� "#�e��+ )%#�!%' !� *'"�%)!�� i+ *&'&'"o#&��l (!�n 
�(& !�(��x�j, �" *"�’lm��" m *"$#�o#&��lj *'"�&(�� j�k��'"��"$" *"��#% *'��� !� �+"�k&��lj 
)'�i�� �" h�(#� (��!"��+ #��&'�� m ��'"o���!�� ��(���l ("�lx��)�, ("�lx��)"�"i "#�i !� x'"!%. 

���) ��'"o���!�" ("�lx��)� !'�����e�" "'�n�!%��#"(� �� ��%!'�x�n (*"k�����l. �%j�'�� 
*"!%k��(!� m��"��� )'�i�� m� %j"�� 100-*'"�&�!�"$" m����!�k&��l �"m�"#ln *&'&'"o�!� 3,2 j#�. !"�� 
��(���l �� '�) (� (�j& !�)�e m��h�e��e �'"k�e) � "�&'k�!� m ��+ o#�m�)" 1,4 j#�. !"�� "#�i. 
�"�lx��)"�� "#�l, *"'l� m ��x�j� '"(#����j� "#�lj�, j�n o�$�!" )"'�(��+ �#�(!��"(!&e, �" '"o#l!� 
ii (*"k�����l *'�"'�!&!��x�j, ��k ��)"'�(!���l !��'����+ k�'��. ���&�� (*"k�����l *'"�%)!% � 
)'�i�� (!��"��!� 1,3–1,4 j#�. !"��, !"o!" "'�n�!"��" �"'���un "o(l$�j ��'"o���!��. ���� � )'�i�� n 
o#�m�)" 80 *��*'�nj(!�, �" ��*%()�u!� ("�lx��)"�% "#�u !� ii *"+���� ('"(#���� k�'� � j�e"�&m). 
��eo�#�x� m ��+ '"m!�x"���� �� *����� )'�i��, !�j, �& � ��'"�%u!� (�j� ("�lx��)�. �"j% �&!�#���e 
���#�m "("o#��"(!&e ��'"o���!�� ("�lx��)"�"i "#�i, ��o#�k&��l ��"$" ��'"o���!�� �" &)"#"$�h�" 
h�(!�+ !&+�"#"$�e, j���j�m���l ���+"��� ��'"o���!�� n �)!%�#���j m������lj.  

 
�C>8 ;5R5>@ *"#l$�n � '"m'"o#&��� !&+�"#"$�i '&�$&�!�"$" "h��&��l (!�h��+ �"� ��� "'$���h��+ 

'&h"��� �m m�(!"(%����lj ")�(��)��. �#l �"(l$�&��l m�m��h&�"i j&!� �&"o+���" o%#" ��)"��!� !�)� 
m������l: *'"���#�m%��!� (!�� (!�h��+ �"� [1–3] !� '"m'"o�!� j&+���mj� !� j&!"�� i+ "h��&��l; 
&)(*&'�j&�!�#��" �"(#���!� "h��&��l (!�h��+ �"� ��� k�'"��+ g'�)��e j&!"�"j �&�!'�g%$%����l !� 
"h��&��l (!�h��+ �"� '&�$&�!��j j&!"�"j – ")�(#&��lj "(�"���+ m�o'%��u��h��  

�#l �"(l$�&��l �&"o+���"i l)"(!� (!�h�"i �"�� ��'"o���!�� +�'h"�"i "#�i, *'"*"�%nj"  
m�(!"("�%��!� !�)% *"(#��"���(!� j&!"��� "h��&��l: 

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

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


