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�@-5B8B5 >C5;C>@?BG >8 C-E+C;@KCB>8FSBG H5EFGHICBBO -5K+FC-EB5L5 N+F@N< 
;GH-5P ]8Q@ B8 LGH;5H@B8KG?BG +8;8KC>;@ +ECNH5Q;GHICB5L5 A8;< H@E+C;EB5L5 K8>C;G8F<. 
�E>8B5NFCB5, �5 ;GH-8 ]8Q8, O-  -5K+5BCB> +ECNH5Q;GHICB5L5 A8;< G 5R5F5B-8, O-8 
]5;K<�>SEO B8 +5NC;TBG ?8E>@B5- K8>C;G8F<, N@K8L8*>S H5H8>-5N@T CBC;LC>@?B@T  
Q8>;8> B8 +GH>;@K8BBO Q8H8B@T LGH;5H@B8KG?B@T +8;8KC>;GN. 	>;@K8B8 8B8FG>@?B8 
Q8FCIBGE>S HFO ;5Q;8T<B-< QKGB@ LGH;5H@B8KG?B@T +5-8QB@-GN ;5R5>@ 8+8;8>8 
+ECNH5Q;GHICB5L5 A8;<.   

Theoretical and experimental researches of complex influence of liquid phase are 
conducted on hydrodynamic parameters pseudo the fluidized layer of dispersible material. It 
is set that liquid phase, as  a component pseudo the fluidized layer and shell which is formed 
on-the-spot particles of material, require additional power  expenses on maintenance of 
hydrodynamic preset a parameter. Analytical dependence is got for the calculation of change 
of hydrodynamic indexes of work of vehicle pseudo the fluidized layer.  

D5E>8B5N-8 +;5RFCK@. ��)"�"j�'�"(!� $��'"����j�h��+ *'"�&(�� *(&��"m'��k&�"$" x�'% 
��(*&'(�"$" j�!&'��#% �"(!�!��" ���h&�� � x�'")" "*�(��� � ��%)"�"-!&+��h��e #�!&'�!%'� [1–3]. 
�"(#��k%��#� �m ��"j� "o’n)!�j�: ��(*&'(��j j�!&'��#"j � m'��k%uh�j �$&�!"j ($�m �o" '�����). 
��� h�( )�*(%#u����l � �*�'�!�+ m��k&�"$" x�'% ")'�j j�!&'��#% !� *(&��"m'��k%uh"$" *"��!'l � 
'"o"h�e m"�� *'�(%!��e '"mh�� �o" '"m*#�� *#��)"%!�"'u��h�. 
!k&, %!�"'un!�(l (�(!&j� m !'�"j� 
�m�nj"��uh�j� )"j*"�&�!�j�, l)� *&'&o%��u!� � '�m��+ �$'&$�!��+ (!���+: !�&'�& !�#" – '����� – 
$�m. ��� h�( )�*(%#u����l �� *"�&'+�� h�(!��") j�!&'��#% g"'j%n!�(l *")'�!!l, l)& mj��un g�m�h�� 
*�'�j&!'� !�&'�"$" j�!&'��#%, �" �*#���u!� �� $��'"����j�)%, – $%(!��% � '"mj�'�. 
���'"����j�h��e '&k�j *(&��"m'��k&�"$" x�'% n "���j �m ��m��h�#���+ *�'�j&!'�� !&*#"- , 
j�(""oj��% *�� h�( )�*(%#u����l ��(*&'(�"$" j�!&'��#%. 	'�+"�%uh� �&, �&"o+����j n 
�"(#��k&��l �*#��% '�����"i g�m� �� *&'&o�$ ��"$" *'"�&(%. 

 
�B8FGQ 5E>8BBGT H5EFGHICBS G +<RFG-8JGM. ��$�#��� �#�(!��"(!� m��k&��+ (�(!&j ��m��-

h�u!�(l g�m�h��j� +�'�)!&'�(!�)�j� j�!&'��#%, x���)�(!u $�m%, *&'&*��"j !�()% � x�'�, $&"j&!-
'�h��j� *�'�j&!'�j� x�'%, '&k�j"j *(&��"m'��k&��l [1–3]. 	(� �� *�'�j&!'� n �m�nj"*"�’lm��� � 
m��e(�uu!� '�m��e �*#�� �� )��&!�)% *'"�&(%. ��� h�( *'�)!�h��+ '"m'�+%�)�� !&+�"#"$�h��+ 
*�'�j&!'�� � �*�'�!�+ *(&��"m'��k&�"$" (!��% ��)"'�(!"�%u!� !�)� ��+���� ����, l) ���j&!' 
h�(!��") j�!&'��#% !� e"$" $%(!���,  �’lm)�(!� !� $%(!��� m'��k%uh"$" �$&�!%, *"'"k��(!� x�'% 
j�!&'��#%. �&+�"#"$�h�� *�'�j&!'�, l)� ��m��h�u!� *�� h�( '"m'�+%�)��, n: x���)�(!� m'��k%uh"$" 
�$&�!%, *&'&*�� !�()�� % x�'� j�!&'��#%, ��("!� x�'%. 

 
�C>8 ;5R5>@. �&!"u '"o"!� n ���h&��l �*#��% ��(*&'$"���"i '��)"i g�m� �� "(�"��� $��'"-

����j�h�� *")�m��)� *(&��"m'��k&�"$" x�'% !�&'�"$" j�!&'��#% *�� h�( )�*(%#u����l '"mh���j� 
*#��)"%!�"'uuh�+ )"j*"m���e. 

�)#���uh� j�!&j�!�h�% j"�&#�, '"m$#l��nj" j"�"��(*&'(��e x�' !�&'�"$" j�!&'��#%, l)�e 
o&m*&'&'��" m'"x%n!�(l '����"u.  

 

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



 291

	��k�#�, �" �&e *'"�&( m��e(�un!�(l m� !�)�+ %j"�: 
� x�' j�!&'��#% *&'&o%��n � (!��� (!�e)"$" *(&��"m'��k&��l; 
� '�����, l)� *"��n!�(l, *&'&o%��n % ��$#l�� ")'&j�+ h�(!��") % ��#��"j% *'"(!"'� x�'%; 
� x���)�(!� !� !&j*&'�!%'� *(&��"m'��k%uh"$" �$&�!% m�#�x�u!�(l *"(!�e��j� *" ��("!� 

x�'%; 
� �*�'�! *&'�"��h�"i ��i, ��#���'�h�"i ��i. 
��� h�( )�*(%#u����l *#��)"%!�"'uuh� )"j*"m���l *"��n!�(l � x�' j�!&'��#% % ��(*&'$"-

���"j% ��$#l��. 
(���uh� �� *"�&'+�� h�(!��"), )'�*#��� *#��)"%!�"'u��h� *'�*��ln (�"n �(�%-
����l l) (�j"(!�e��e "o’n)! *'"�&(%. 
���) m'"x&��l j�!&'��#% ���o%��n!�(l, *�� h�( ��'"�%����l 
*")'�!!l, o&m*&'&'��". �& ��n *��(!��� *'�*%(!�!�, �" � *&��"j% "o’nj� x�'% �(�%n (%j�x 
��(*&'(��+ j�!&'��#�� m h�(!��") '"mj�'�� d1 � d2.  *&'x"j% ��o#�k&��� ���k�!�j&j", �" '"mj�'� 
!� $%(!��� h�(!��") j�!&'��#% m�#�x�u!�(l �&mj����j�. 

�'"(!�n ��$� x�'% j�!&'��#%, "()�#�)� m’l�#ln!�(l �'%$�e )"j*"�&�!. ��*�' *(&��"m'��k%u-
h"$" *"��!'l, �&"o+����e �#l *��!'�j���l x�'% j�!&'��#% % m��k&�"j% (!���, ��m��h�n!�(l m� 
'���l��lj [1– 3]: 

S
Gp ��       (1) 

�& G – ��$� x�'% j�!&'��#%, )$; S – *#"�� *"*&'&h�"$" *&'&'�m%, j2. 
	�$� x�'% j�!&'��#% ()#���n!�(l m ��$� !�&'��+ h�(!��") G! � ��(*&'$"���"i '��)"i g�m� G'. 

	��k�!�j&j", �" m�$�#���e "*�' x�'% â� ()#���n!�(l m "*"'% !�&'��+ h�(!��") â�F � '����� â�\, 
!� ���*"����" m�*�(�!� '���l��l (1) �#l )"k�"$" )"j*"�&�!% ")'&j": 

S
Gp F

F ��                  (2)  

S
Gp \

\ ��                 (3) 

�o�#�x&��l �&"o+���"$" ��*"'% *"��!'l % '�m� *"������l ��(*&'$"���"i '��)"i g�m� *" 
����"x&��u �" (�j"$" !�&'�"$" j�!&'��#%, �'�+"�%uh� '���l��l (1), (2), (3), j"k�� *"��!� % 
��$#l�� !�)"i m�#&k�"(!�: 

T

P

F G
G

�
�

��
�
�

1      (4) 

�*������"x&��l â�/ â�F *"m��h�j" h&'&m RJ � ��m�&j" $��'"����j�h��j )"&g���n�!"j 
m'"x&��l, l)�e *")�m%n � ()�#�)� '�m�� m'"(!�n $��'��#�h��e "*�' *(&��"m'��k&�"$" x�'% j�!&'��#%, 
m'"x&�"$" '�����"u g�m"u *"'���l�" m (%+�j. 

	�k#���j *�'�j&!'"j *'"�&(%, l) o%#" ���m��h&�" ���&, n !�)"k x���)�(!� *"��!'l � �*�'�!�. 
��*�', l)�e (!�"'un �&�!�#l!"', *"�’lm���e m e"$" *'"�%)!����(!u !�)"u m�#&k��(!u [4, 5]: 

�1000
pQN �

�       (5) 

�& Q – *'"�%)!����(!� �&�!�#l!"'�, j3/(; N – *"!%k��(!� *'��"�%, )	!; Þ – ��� �&�!�#l!"'�. 
� ��"$" '���l��l ��'�m�j" â� � m�*�x&j" ")'&j", ���*"����", �#l m'"x&�"$" � (%+"$" 

j�!&'��#%: 

Q
Np �1000

��       (6) 

T
T Q

Np �1000
��      (7) 

	'�+"�%uh� "!'�j��� '���l��l, (*������"x&��l â�/ â�F % ��"j% ��*��)% j�!�j& !�)�e 
��$#l�: 
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T

T

Qp
p Q
�

�
�

      (8) 

�o" m �'�+%����lj RJ j"k�� m�*�(�!�: 

$
TQQ K�       (9)  

 ��"j% '���l��� "o’nj�% ��!'�!% *"��!'l m�*�x&j" h&'&m e"$" x���)�(!� �, ()"'"!��x� 
*"��o�� h#&��, "!'�j�nj" 

$K
ww T�       (10) 

�& '���l��l ��n mj"$% ��m��h�!� mj��% x���)"(!� *(&��"m'��k%uh"$" �$&�!% % '�m� m'"x&��l 
x�'% j�!&'��#% '����"u. 

������ *�� h�( m'"x&��l *(&��"m'��k&�"$" x�'% *&'&o%��n � !'�"+ ����+: 
1) ")'&j�+ )'�*#�� % *'"(!"'� *"j�k h�(!��") j�!&'��#%; 
2) !"�)"i *#��)� �� *"�&'+�� h�(!��"); 
3) *�'� � (&'&�"���� *(&��"m'��k%uh"$" *"��!'l. 
�&'x�e � �'%$�e ���� mo�#�x%u!� ��$% ��(*&'(�"$" x�'%, � "!k&, j�u!� ��m��h�#���e �*#�� 

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

���#l '"m�’lm���l ��ni m���h� *'�ej�nj" !�)� �"*%�&��l: 
� �(l '����� ��*�'"�%n!�(l � "o’nj� x�'% � �& ���"(�!�(l m� e"$" j&k�; 
� % '�m� ��&�&��l � x�', '����� m�ej�n �(u *#"�% *"*&'&h�"$" *&'&'�m% � '%+�n!�(l � 

'&k�j� ��&�#��"$" ��!�(�&��l; 
� x���)�(!� '%+% '����� !� *�'� �"'���un x���)"(!� '%+% *(&��"m'��k%uh"$" *"��!'l. 
�"�� j"k&j" m�*�(�!�, �" j�(� �"�� � x�'� �"'���u��!�j&: 

�o� mG �                (11) 

�& mo – j�("�� ��!'�!� �"�� �� �+"�� � �*�'�!, )$/(; ¦ –  h�( *&'&o%����l �"�� � x�'�, (. 
¸�( *&'&o%����l �"�� � x�'� � ��"j% ��*��)% j"k�� ��m��h�!� m !�)"$" '���l��l: 

�
�

w
H

�                             (12) 

�'�ej&j" #���e��e +�'�)!&' mj��� )�#�)"(!� �"�� � '��)"j% (!���. �"�� ii j"k�� "*�(�!� 
'���l��lj !�)"$" ��$#l�%: 

�OGm �� �                    (13) 
�& � – )"&g���n�! *'"*"'��e�"(!�.  

�l �&#�h�� m� g�m�h��j mj�(!"j n )�#�)�(!� ��*�'&�"i '����� ����"(�" ��("!� x�'% j�!&'��#% 
�m '"mj�'��(!u [)$/j]. 

�"�� )�#�)�(!� �"�� % '��)"j% (!��� j"k�� ��m��h�!� x#l+"j ��!&$'%����l o�k%h"i j�(� �"�� 
� o%��-l)"j% *&'&'�m� x�'%: 

H

mdH
G

H

o
p

�
�       (14) 

�o" m �'�+%����lj '���l�� (11), (12) � (13): 

H
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                (15) 
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 '&m%#�!�!� ��!&$'%����l "!'�j%nj" !�)% m�#&k��(!�: 

2
0 Ha

w
mGp E

F
G

H
I
J ��

�
     (16) 

�& '���l��l ��n mj"$% ��m��h�!� )�#�)�(!� '��)"i g�m� � "o’nj� *(&��"m'��k&�"$" x�'% 
��(*&'(�"$" j�!&'��#%. 

��*�(��x� '���l��l (4) m �'�+%����lj (16), "!'�j�nj" 

E
F
G

H
I
J ��� a

w
m

G
HK

�
0

!
$ 2

1      (17) 

�& '���l��l ��n mj"$% !&"'&!�h�" '"m'�+%��!� mj��% $��'"����j�h��+ %j"� '"o"!� �*�'�!� 
*(&��"m'��k&�"$" x�'% *�� h�( m'"x&��l e"$" '�����"u g�m"u.  

�"m'"o#luh� j�!&j�!�h�� m�#&k�"(!� �*#��% '�����"i g�m� �� $��'"����j�)% *(&��"m'��k&-
�"$" x�'%, ���k�#�, �" ��$� x�'% j�!&'��#% m�#�x�n!�(l �&mj���"u. 
���), *��  h�( )�*(%#u����l 
��(*&'(�"$" j�!&'��#% �� e"$" *"�&'+�� g"'j%n!�(l "o"#"�)�, l)� mo�#�x%n '"mj�'� � j�(% h�(-
!��)�. ��(� ���&(&�"$" *")'�!!l j"k& �"(l$�!� 20 % ��� j�(� j�!&'��#%, !"j% �"��#���j n �'�+%-
����l �*#��% mj��� j�(� *(&��"m'��k&�"$" x�'% �� $��'"����j�)% *'"�&(%. �#l ��"$" � '���l��� 
(3.2) �" ��$� !�&'��+ h�(!��") �&"o+���" �"��!� ��$% *")'�!!l. ��#�)�(!� *"#�j&'% � x�'� j�-
!&'��#% m� h�( !'���#"(!� *'"�&(% o&m*&'&'��" m'"(!�n. ��(% *"#�j&'� j"k�� ��m��h�!� m�  !�)�j 
'���l��lj: 

�nnn CmG ��                 (18) 

�& mn – ��!&�(����(!� *"������l *#��)"%!�"'uuh"$" '"mh��% � x�' j�!&'��#%, )$/(; C� – )"��&�!-
'���l *#��)"%!�"'uuh"i )"j*"m���i � '"mh���, % j�(; ¦�  – h�( ���&(&��l *#��)"�"$" *")'�!!l, (. 

�"�� '���l��l (4) *&'&*�x&j" m �'�+%����lj j�(� *"#�j&'% 

T

nP

F G
GG

�
� �

��
�
�

1      (19) 

	��*"����", '���l��l �#l ��m��h&��l $��'"����j�h�"$" )"&g���n�!� m'"x&��l, m �'�+%����lj 
(18) � (19), m�*�x&j" !�)"j% ��$#l��: 

�
�

�
�
 

!
�E
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G

H
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J ��� nnnCma

w
mH
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�
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!
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1
1    (20) 


!'�j��� m�#&k��(!� ��n j"k#���(!� 
'"m'�+"�%��!� mj��% $��'"����j�h��+ *�'�-
j&!'�� *(&��"m'��k&�"$" x�'% ��(*&'(-
�"$" j�!&'��#% *�� h�( e"$" )�*(%#u����l 
*#��)"%!�"'uuh�j� )"j*"m���lj�. 

� j&!"u *&'&��')� "!'�j��"i j�!&j�-
!�h�"i m�#&k�"(!� �*#��% )�*(%#u����l 
��(*&'(�"$" j�!&'��#% �� $��'"����j�h�� 
*�'�j&!'� *(&��"m'��k&�"$" x�'% '"m'�-
+"�%��#� mj��� "*"'% m� '���l��lj� (1), 
(20) �#l %j"� *'"�&�&��l &)(*&'�j&�!�#�-
��+ �"(#��k&��. �&m%#�!�!� � $'�g�h�"j% 
��$#l�� ���&�&�� �� '�(%�)%. ª) ����" �m 
"!'�j���+ m�#&k�"(!&e '�m���l j�k !&"'&-
!�h��j� � &)(*&'�j&�!�#���j� m��h&�-
�lj� "*"'% *(&��"m'��k&�"$" x�'% m'"(-
!�n �m mo�#�x&��lj h�(% *'"�&(%. �& l���& 
j"k�� *"l(��!� !�j, �" � "o’nj� "o"#"�)� 
*&'&o%��n *&��� h�(!)� �"#"$�, )�#�)�(!� 
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�	�������L���J� ���� �� �����  
������� ����������>>��J� ������� (103 �J/	):  

1 – 0,15, 2 – 0,3 
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l)"i mo�#�x%n!�(l �m ���*"�����j m'"(!���lj !"����� *")'�!!l. �& �& �'�+"�%��#� *�� h�( ��*�(���l 
j�!&j�!�h��+ m�#&k�"(!&e *'"�&(%.  '&�#���+ %j"��+, m��e(�uuh� )�*(%#u����l ��(*&'(��+ j�-
!&'��#��, �(�%n (!���l �"(%x%����l *")'�!!l, % '&m%#�!�!� l)"$" ����#ln!�(l m�e��e '"mh����) [6]. 

�"m'�+%�") m��h&��l (&'&���")���'�!�h�"$" ���+�#&��l *")�m��, �" �l �&#�h��� �& 
*&'&���%n, �#l ��*��)% m'"x&��l x�'% ��(!�#�"���"u �"�"u, 27 %. �& �)�m%n �� ��&)��!��(!� 
"!'�j��"i j�!&j�!�h�"i j"�&#� &)(*&'�j&�!�#���j ����j. 

 
�@EB5N-@.  '&m%#�!�!� ��)"����+ !&'&!�h��+ !� &)(*&'�j&�!�#���+ �"(#��k&�� �(!��"�#&�" 

�*#�� ��(*&'$"���"i '��)"i g�m� �� $��'"����j�)% )�*(%#u����l !�&'��+ j�!&'��#�� � (!��� *(&��"-
m'��k&��l. 
!'�j��� ���#�!�h�� m�#&k�"(!� j"k�� ��)"'�(!�!� *�� h�( '"m'�+%�)�� !&+�"#"$�h��+ 
*�'�j&!'�� '"o"!� %(!��"�") *(&��"m'��k&�"$" x�'% m )�*(%#u����l ��(*&'(��+ j�!&'��#��.  
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�8+;5+5B5N8B5 AFOT H5 +5-;8�8BBO C-5B5KG-@ HC;I8N@ >8 N@;GACBBO +;5RFCK@ 
5T5;5B@ H5N-GFFO, QRGFSACBBO ;@B-< C-5F5LG?B5 ?@E>5P +;5H<-JGP ?C;CQ NNCHCBBO +GFSL < 
E@E>CK< 5+5H8>-<N8BBO HFO +GH+;@�KE>N, O-G N@-5;@E>5N<*>S C-5F5LG?B5 ?@E>G 
>CTB5F5LGP. 

It is suggested the way for the improvement of economy of our state, solving the problem 
of environment protection, increasing of the market of ecological pure production through the 
introduction of privileges into the system of taxation for enterprises, which use ecological pure 
technologies. 

�E><+: 	��"j", �" o#�$"%(!'�e )"k�"i )'�i�� m�#&k�!� ��� (!��% &)"�"j�)� � m�"'"�'l ��(&-
#&��l, � m�"'"�'l ��(�j*&'&� m�#&k�!� ��� &)"#"$�h�"$" (!��% (&'&�"����. �"j% *'"o#&j� *'�e�l!-
!l "*!�j�#��"i (!'�!&$�i *"�"�k&��l m !�&'��j� *"o%!"��j� ���+"��j� [1–8], l)� (!�"'uu!� 
m��h�% &)"#"$�h�% m�$'"m% '"m��!)% #u�(!��, n �)!%�#��"u, � ��'�x&��l ii (*'�l!�j& mo�#��("-
���"j% (!�#"j% '"m��!)% (%(*�#�(!��. 
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