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�5Q;5RFCB8 E+;5�CB8 K5HCFS QBCN5HBCBBO +FGN-@ N5HB5L5 ;5Q?@B< B8 +5NC;TBG 
5H@B@?B5P L;8B<F@ +GH ?8E L;8B<F*N8BBO L<KGB5N5-KGBC;8FSB@T -5K+5Q@>B@T H5R;@N < 
+ECNH5Q;GHICB5K< A8;G. 

The simplified model of process of drying a water solution film on a surface of an 
individual granule is developed at graining gumin-mineral composit fertilizers in fluidized bed. 

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

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

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

 
	LFOH GEB<*?@T K5HCFCM QBCN5HBCBBO E]C;@?B5P L;8B<F@. �"�&#u����l m�&�"��&��l 

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

�"�&#� (%x���l "����h�"i $'��%#� � m�$�#��"j% ��*��)% [1] *"�’lm��� m '"m�’lm���lj �"�"#� 
()#���"i m���h� '%+% ��"g�m�"i $�m"'�����"i (%j�x� m� ��l��"(!� g�m"�"$" *&'&+"�% !� "��"h�(�"$" 
*&'&�"(% !&*#� � !'�g�m��e (�(!&j�. �l m���h� �(!"!�" �&#���e�� � !�j o�#�x& %()#���un!�(l 
�&"o+����(!u �'�+%����l )��&!�)� g�m"�"$" *&'&!�"'&��l !� j�kg�m"�"$" !&*#""oj��%, )�*�#l'��+ 
l���, �" (*'�h��lu!� *&'&!�)���l '����� � *"'�+, � !�)"k l��� �&("'o��i �o" *&'&+"�% +�j�h�" 
m�’lm��"i '����� % ��#���e (!��. �(�%u!� ��j�$���l "*�(���l ��"$" *'"�&(% � [2]. 
���) �� j"�&#� 
!�)"k j�(!l!� �&#�)% )�#�)�(!� �&���"j�+ �&#�h��, �" �+"�l!� � �&#���e�& ��g&'&����#��& 
'���l��l, '"m�’lm���l l)�+ j"k%!� o%!� "!'�j��� #�x& � h�(!���"j% ��*��)% !� j�u!� $'"j�m�)�e 
��$#l�, �" %()#���un i+ *'�)!�h�& m�(!"(%����l. 

�(�%u!� (*'"�&�� j"�&#�, �" �'�+"�%u!� "(�"��� "("o#��"(!� $'��%#u����l !� �"m�"#lu!� 
"!'�j�!� '&m%#�!�!�, �"(!�!�� �#l *'�)!�h�"$" m�(!"(%����l. 

�"�&#� !&j*&'�!%'�"$" '"m*"��#% *�� h�( $'��%#u����l % *(&��"m'��k&�"j% x�'� ���&�&�� � 
[3]. ��!"'� *'�*%()�u!�, �" � *&'&!���, �& $'��%#� *&'&o%��n % ��!�uh"j% (!���, !&j*&'�!%'� 
*"(!�e�� !� *'�ej�u!� !&j*&'�!%'% �� *"�&'+�� $'��%#� *"(!�e�"u *'"!l$"j %(�"$" *'"�&(% 
��$'�����l. �� ��ni j"�&#� ��m��h�u!� '����#���e '"m*"��# !&j*&'�!%'� � o%��-l)�e j"j&�! h�(%. 
�#& *�!���l )��&!�)� m�&�"��&��l m�#�x�n!�(l �& ��'�x&��j. 

�#l �"(#��k&��l ��*�'"�%����l *#��)� '����� j"k�� ��)"'�(!�!� �"(��� j"�&#u����l 
��*�'"�%����l � (%x���l "����h��+ )'�*&#�. �& *�!���l x�'")" ��(��!#�#� ��!"'� [4], l)� 
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���"�l!� j"�&#� (%x���l )'�*&#� �� "(�"�� o�#��("��+ '���l�� !� '�x&�� ��g&'&����#���+ '���l�� 
��g%m�i !� !&*#"*'"����"(!�. 

 j"�&#� (%x���l (g&'�h�"i h�(!��)� [5] �"*%()�n!�(l, �" ��*�'"�%����l '����� 
���o%��n!�(l *&'&��k�" % �%m�)�e m"��, �" *"x�'un!�(l *" j�'� (%x���l � $#�o��% j�!&'��#%. 

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

 
�5HCFS QBCN5HBCBBO E]C;@?B5P L;8B<F@ < N@;5RB@J>NG L<KGB5N5-KGBC;8FSB@T H5R;@N. 

�"m$#l�&j" m�&�"��&��l *#��)� �"��"$" '"mh��% �� *"�&'+�� "����h�"i $'��%#� *�� h�( 
$'��%#u����l $%j��"�"-j��&'�#���+ )"j*"m�!�� % *(&��"m'��k&�"j% x�'�. �'�*%(!�j", �" 
$'��%#� j�n (g&'�h�% g"'j% '���%("j R1 � � *"h�!)"��e j"j&�! h�(% ¦0 ��$'�!� �" !&j*&'�!%'� �1; 
$'��%#� '���"j�'�" �)'�!� x�'"j *#��)� !"����"u Ø m !&j*&'�!%'"u F2; !&j*&'�!%'� ���)"#�x-
��"$" (&'&�"���� *"(!�e�� *'"!l$"j %(�"$" h�(% m�&�"��&��l � (!��"��!� F3, '�(. 1, �. 

 

 
\�	. 1. C���� ������� ����� ����������
 J������: 

� – ���������� ������ ��	�; G – �������� ������ ��	� 
 
	��k�nj" $'��%#% j"�"#�!��j !�&'��j !�#"j "���)"�"$" ()#��% *" �(�"j% "o’nj�. �&j*&-

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

$'��%#� !� ��� !&*#"�"(�l.  *"h�!)"��e j"j&�! !&j*&'�!%'� $'��%#� �� j&k� R1 !�&'�� g�m�-
'����� ��kh� m� !&j*&'�!%'% !&*#"�"(�l �� j&k� R2 '�����-$�m !� m��k%n!�(l *�� h�( !&*#""oj��%. 
�"j% �#l (*'"�&��l m���h� !&*#"j�(""oj��"j j�k $'��%#"u !� '"mh��"j j"k�� m�&+!%��!�. 
	��k�nj", �" *���&�&��l !&*#� m��e(�un!�(l '���"j�'�" *" �(�e *"�&'+�� ��� ���)"#�x��"$" 
(&'&�"����. 

 '"o"!� [37] m�m��h&�", �" m"�� ��*�'% '%+�n!�(l � ��*'lj)% �&�!'� $'��%#�, %!�"'uuh� 
m�&�"��&�% )�')%.  ��x"j% ��*��)% ���k�nj" )�')% *�'"*'"��)�"u, �" �& �*#���n �� j�(""oj��. 

� 

o 
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�� ���#"$�nu m *'"�&(�j�, �" *"�’lm��� m '%+"j j&k� '"m��#% g�m, j"k�� *'�*%(!�!�, �" 
��*�'"�%n!�(l '����� *&'&��k�" % �%m�)�e m"��, l)� '"m��#ln ��#l�)�, m�e�l!� *�'"u ()�')�) !� 
'"mh��"j. ��'��� m"�� ��*�'% ��m��h�n!�(l +�'�)!&'��j '"mj�'"j *"' )�')�, )�*�#l'��j� 
(�#�j�, � !�)"k (*������"x&��lj j�k !&*#"j, �" ��!'�h�n!�(l �� ��$'�����l '"mh��%, !� !&*#"j, 
�" ��!'�h�n!�(l �� ��*�'"�%����l. �� m�m��h&��+ ���& %j"� x�'��� m"�� ��*�'% n m��h�" j&�x"u 
��� +�'�)!&'�"$" '"mj�'% $'��%#�. 
!k&, �u m"�% j"k�� m�j���!� g'"�!"j ��*�'"�%����l, � ii 
!"����"u m�&+!%��!�. 

	��k�nj", �" ��*�' ���o%��n!�(l � j&k�+ !"����� Ø, '�(. 1, G. ��� h�( m�$#�o#&��l g'"�!% 
��*�'"�%����l �(�%n ��� "o#�(!�: (%+� ()�')�) !� �"#"$� ('"mh��).  (%+�e ��#l��� *&'&j��%n!�(l 
!�#�)� *�'�, � �"#"$�(!� �"'���un �%#u. � � �"#"$�e )"��&�!'���l '"mh��% m�#�x�n!�(l �&mj���"u � 
�"'���un *"h�!)"��e. 

� �'�+%����lj m'"o#&��+ *'�*%�&�� j�!&j�!�h�� j"�&#� m�&�"��&��l *#��)� �"��"$" 
'"mh��% �� *"�&'+�� "����h�"i $'��%#� g"'j%#un!�(l !�). 

�"m*"��# !&j*&'�!%'� � j&k�+ $'��%#� !� *#��)� "*�(%n!�(l '���l��lj: 
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110 0 Rr���TT ����� ,                             (2) 
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����l��l o�#��(% !&*#"!� � �"#"$� � j&k�+ g'"�!% ��*�'"�%����l: 

� Lc
d
dT ��� 144 2

2
2 �

�
K�K��K ,                  (8) 

21 RR ��K .                                                  (9) 
��(!&j% '���l�� '"m�’lm%u!� m� j&!"-

�"j )���&��+ '�m���� m� l��"u (+&j"u � 
*'"$'�j�"j% *�)&!� Delphi. �&j*&'�!%'� � 
!"h��, *&'&�%uh�e !"h�� g'"�!% ��*�'"�%-
����l, *'� '%(� g'"�!% ��m��h�n!�(l ��!&'-
*"#l��nu m� �&l��"u (+&j"u. �&m%#�!�!� 
��'�x&��l j�!&j�!�h�"i j"�&#� �#l $'��%-
#� ���j&!'"j 3 jj, *"*&'&���" ��$'�!"i �" 
!&j*&'�!%'� 90 0�, �#l !&j*&'�!%'� '"m-
h��% !� !&*#"�"(�l 20 !� 100 0� ���*"����" 
���&�&�� �� ���$'�j�, '�(. 2. 

�"m'�+%�)"��e h�( (%x���l (!��"-
��!� 2,15 (, �" mo�$�n!�(l m '&m%#�!�!�j� 
�"(#��k&�� )�g&�'� ���	 ��»���». 

 
\�	. 2. \��������� ����’
����
 ������������ ����� 
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�@EB5N-@. �"m'"o#&�� (*'"�&�� j"�&#� *'"�&(% m�&�"��&��l *#��)� �"��"$" '"mh��% �� 
*"�&'+�� "����h�"i $'��%#� *�� h�( $'��%#u����l $%j��"�"-j��&'�#���+ )"j*"m�!�� % *(&��"m'��-
k&�"j% x�'�. �l j"�&#� ��n mj"$% m �"(!�!��"u �#l ��k&�&'��+ '"m'�+%�)�� !"h��(!u ��m��h�!� 
h�( m�&�"��&��l $'��%#�, !"o!" ��'"�%����l "��"$" x�'% � o�$�!"x�'"��e (!'%)!%'� )"j*"m�!��. 

�&m%#�!�!� j"k%!� o%!� m�(!"("���� �� (!���l+ *'"&)!%����l !� ���*'��u����l '&k�j% 
'"o"!� $'��%#l!"'�. 

DC;CFG- +5QB8?CBS 
� – h�(, (; F– !&j*&'�!%'�, �; 
� – )"&g���n�! !&j*&'�!%'"*'"����"(!�, j2/(; 
r – *"!"h��e '���%(, j; 
Ù – )"&g���n�! !&*#"*'"����"(!�, �k/j�(��; 
½ – �&()��h&��" j�#� �&#�h���; 
Á – )"&g���n�! !&*#"*&'&��h�, �k/)$�j2; 
Ú – $%(!��� �"��, )$/j3; 
	 – j�("�� )"��&�!'���l '"mh��%, )$/)$; 
L – *�!"j� !&*#"!� *�'"%!�"'&��l, �k/)$; 
Û – '���%( g'"�!% ��*�'"�%����l, j. 
���&)(�: 
1 – �#l $'��%#�; 
2 – �#l *#��)� '"mh��%; 
3 – �#l !&*#"�"(�l. 
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