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D;58B8FGQ5N8B5 +;5RFCK< Q8R;<HBCBBO B8N-5F@ABS5L5 EC;CH5N@�8 -5K+5BCB>8K@ 
8Q5>B@T H5R;@N. �-E+C;@KCB>8FSB5 H5EFGHICB5 N@K@N8BBO -5K+5BCB>GN L;8B<FS5N8B@T 
8Q5>B@T KGBC;8FSB@T H5R;@N GQ �;<B>5N5L5 EC;CH5N@�8. �5Q;8T5N8B5 -5C]GJG�B> K8E5-
NGHH8?G. �@-5B8B5 +5;GNBOBBO +;5B@-BCBBO -5K+5BCB>GN 8Q5>B@T H5R;@N K5FC-<FO;B5-
H@]<QGMB@K >8 -5BNC->@NB@K E+5E5R5K. 

The problem of pollution of environment with the components of nitrogen mineral 
fertilizers was analyzed. Experimental researches of washout of components of granulated 
nitrogen mineral fertilizers from soil environment were carried out. Calculation of the 
coefficient of mass transfer was done. Comparison of penetration of components of nitrogen 
fertilizers by molecular diffusion and  convective way was carried out.  

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


���j �m "(�"���+ �&o&m*&h��+ m�o'%���)�� ¨'%�!�� !� �"�"ej n #&$)"'"mh���� �m"!�� j��&-
'�#��� �"o'���. 	"�� n "("o#��" �&"o+����j� �#l *"��"����"$" k��#&��l (�#�(�)"$"(*"��'(�)�+ 
)%#�!%'. �� '�+%�") i+ ��(")"i '"mh���"(!� % �"#"$"j% ¨'%�!"�"j% (&'&�"���� �"�� ��"(l!�(l % 
���#�x)% �#l m�o&m*&h&��l (�#�(�)"$"(*"��'(�)�+ )%#�!%' �m"!"j *'"!l$"j ��#"$" �&$&!���e�"$" 
*&'�"�%. ��)(�j�#��� )�#�)�(!� �m"!��+ �"o'��, l)� j"k%!� *"$#��%!� '"(#���, �& *&'&���%n 70 % 
[1, 2]. �� '�+%�") !"$", �" �m"!�� j��&'�#��� �"o'��� m�(!"("�%u!�(l �k& o�$�!" �&(l!)�� '")��, 
)�#�)�(!� ��!'�!��, l)� *'"��)�u!� )'�m� ¨'%�!"�& (&'&�"���& � *"!'�*#lu!� % *��m&j�� �"�"ej�, m 
)"k��j '")"j mo�#�x%n!�(l.  

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

!k&, (!�"'un!�(l o&m*&'&'���e *"!�) )"j*"�&�!�� �m"!��+ �"o'�� �$#�o ¨'%�!"�"$" (&'&�"���� 
*'"!l$"j ��#"$" '")%, �" *'�m�"��!� �" !"$", �" m )"k��j '")"j ()"'"h%n!�(l )�#�)�(!� �k&'&# � 
)"#"�lm��, l)� n *'���!��j� �#l m�o"'% *�!�"i �"�� [3, 4].  


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

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

"(�"��� %��$� o�#�x"(!� ��!"'��, l)� m�ej�#�(l *'"o#&j"u m�o'%��&��l ¨'%�!% !� *'"$�"m%����l 
*'"��)�&��l '�m�"$" '"�% m�o'%���)�� )'�m� ¨'%�!"�& (&'&�"���&, *'���#&�� *'"$�"m%����u !� 
j�!&j�!�h�"j% j"�&#u����u *'"�&(�� j�$'���i j��&'�#���+ ("#&e, '���"�%)#���� � ��k)�+ j&!�#��, 
m�o'%��&��l l)�j� ���o%��n!�(l ��� !"h)"�"$" �k&'&#� (��*'�)#��, ()#��%����l ���+"��� �� *&���e 
!&'�!"'�i), �" *'�m�"��!� �" *"(!�e�"$" *'"��)�&��l h�(!��� m�o'%��u��#���+ '&h"��� �$#�o 
¨'%�!% !� % *��m&j�� �"�� [5–9]. �'"!& m�o'%��&��u ¨'%�!"�"$" (&'&�"���� )"j*"�&�!�j� �m"!��+ 
�"o'��, i+ j�$'���i ¨'%�!"��j *'"g�#&j, j"�&#u����u *'"�&(% i+ *&'&j��&��l % ¨'%�!� l) m� 
'�+%�") j"#&)%#l'�"i ��g%m�i, !�) � )"��&)!���"i, *'���#&�" �&�"(!�!��" %��$�.  

 
�C>8 ;5R5>@. �&!"u '"o"!� o%#" �"(#��k&��l *'"�&(% )"��&)!���"$" *&'&�&(&��l j��&-

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

�#l "���u����l j"k#��"(!� m�o'%��&��l ��k��+ x�'�� ¨'%�!"�"$" (&'&�"���� !� *��m&j��+ 
�"� )"j*"�&�!�j� �m"!��+ j��&'�#���+ �"o'�� m� '�+%�") ��*�����l �!j"(g&'��+ "*���� 
��)"���" &)(*&'�j&�!�#��� �"(#��k&��l �� ��"+ !�*�+ ¨'%�!��, � (�j&: *����"j% !� (%$#��)"�"j%. 
��� h�( ��)"����l &)(*&'�j&�!�#���+ �"(#��k&�� % *"�&'+�&��e x�' ¨'%�!% ��"(�#� �m"!�� 
j��&'�#���, � (�j& �j"��u ��!'�!, !� *&'�"��h�" *"#���#� ¨'%�! m�#&k�" ��� )�#�)"(!� ��*�����l 
"*���� *" �����(�)�e "o#�(!� m� j�(l�� !'��&�� [10]. �&m%#�!�!� &)(*&'�j&�!�#���+ �"(#��k&�� 
���&�&�� �� '�(. 1, �, G. 
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\�	. 1. R
������ ��������
 ����
> �
����� 
� �
M���J� (�) �� 	�J�������J� (G) ¡�������J� ����: 
± – ���H�����H

 ����
> �
����� � �
������
, �J/�3; ³ – �G’�� ����
�, �3; � – �G’�� �
�������  


� �
M���J� ¡�����, �3, � – �G’�� �
������� 
� 	�J�������J� ¡�����, �3 

 
��� h�( ��)"����l &)(*&'�j&�!�#���+ �"(#��k&�� ��m��h�#� x���)�(!� g�#�!'���i �"�� )'�m� 

¨'%�!"��e x�' ��("!"u 20 (j. �'"��)�&��l )"j*"�&�!�� �m"!��+ �"o'�� *�� h�( ��*�����l 
�!j"(g&'��+ "*���� ���o%��n!�(l % ��� &!�*�:  

1) g�#�!'���l *�� h�( ��*�����l "*����;  
2) g�#�!'���l *�� ��nu (�# $'���!���i. 

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

– ��G��,815 , � % #&$)"(%$#��)"�"j% ¨'%�!� – ��G��,80 , � x���)�(!� g�#�!'���i m� '�+%�") (�# 

$'���!���i ���*"����" ��G��,0540  !� ��G��,030 . 
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���#�m '&m%#�!�!�� &)(*&'�j&�!�#���+ �"(#��k&�� *")�m��, �" % *�����+ ¨'%�!�+ m� 30 ��o 
&)(*&'�j&�!% *'�)!�h�" %(� ��&(&�� �m"!�� �"o'��� o%#" ��j�!" �m ¨'%�!%. �m (%$#��)"�"$" ¨'%�!% 
��j�����l ���o%��n!�(l *"��#���x& m� '�+%�") �#�(!��"(!&e ¨'%�!%, *'"!& �m *"��#�x�j 
��*�����lj "*���� �&e *'"�&( *'"�"�k%��!�j&!�(l. 
!k&, )�#�)�(!� �"o'��, l)� ��j���n!�(l � 
��$'"j��k%n!�(l % ��k��+ x�'�+ ¨'%�!%, *"(!�e�" mo�#�x%n!�(l ('�(. 2, �, G). 
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\�	. 2. R
������ ��J�����L���
 ����
> �
����� � �
������
 
� �
M���J� (�) �� 	�J�������J� (G) ¡����
�: 
± – ���H�����H

 ��G���� � �
������
, �J/�3; � – ��J�����L���
 ����
> �
����� � �
������
, �J 

 

��� h�( ��*�����l "*���� �"�� '%+�n!�(l o�#l h�(!��") $'��%#�"����+ j��&'�#���+ �"o'�� � 
!�) ���o%��n!�(l e"$" '"mh��&��l. 	�m��h�#� ��!&�(����(!� ��"$" *'"�&(% �� "(�"�� )'�!&'��#��"$" 
'���l��l j�("�����h�, "�&'k��"$" *�� h�( '"mh��&��l m�)'�*#&��+ !�&'��+ h�(!��") (�" ���*"����n 
��x"j% ��*��)%) '%+"j"u '����"u. 	�m��h&�", �" )'�!&'�e �&e�"#��(�, l)�e +�'�)!&'�m%n 
$��'"#"$�h��e (!�� �#l  g�#�!'���i % *�����+ ¨'%�!�+, j�n m��h&��l 730,Re � . 

�#l m��+"�k&��l )"&g���n�!� j�("�����h� �  ��)"'�(!"�%nj" m�#&k��(!�, l)� ��)"'�(-

!"�%n!�(l !"��, )"#� )'�!&'�e �&e�"#��(� 1	Re : 
3990 Pe,Sh ��      (1) 


 )'�!&'�e �&'�%�� �+"��!� )"&g���n�! j�("�����h� �  

D
dSh �� �       (2) 

��"nu h&'$"u, )'�!&'�e �&)#& �"'���un 

D
dPe �� 
 , 

�& 
  – x���)�(!� g�#�!'���i '"mh��% �j"��u ��!'�!% )'�m� x�' ¨'%�!%, 	� ; d  – ���j&!' h�(!��") �"o'�-

��, �d 3104 ��� ; D  – )"&g���n�! ��g%m�i �j"��u ��!'�!% % �"��, � 
 	�,NONHD 29
34 10921 ���  [11]. 

���(!����x� )'�!&'�e �&)#& % m�#&k��(!� (1), m��+"��j" m��h&��l )'�!&'�u �&'�%��. 

�&'k��& m��h&��l )'�!&'�u �&'�%�� *��(!��#lnj" % '���l��l (2) �#l m��+"�k&��l )"&g���n�!� 
j�("�����h� � : 

	�,,
,
,,

d
DSh 710427

0040

9109214615 ���
������� . 

ª) ���"j", "(�"��& m�o'%��&��l ¨'%�!�� ���o%��n!�(l ��ex���x& �� *�����+ ¨'%�!�+. �'"!& 
�� ���j��% ��� j"#&)%#l'�"-��g%m�e�"$" *'"��)�&��l )"j*"�&�!�� �m"!��+ �"o'�� �$#�o ¨'%�!"-
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�"$" (&'&�"���� ('�(. 3) ��j�����l )"j*"�&�!�� �m"!��+ �"o'�� ���o%��n!�(l m��h�" x���x&, �" 
m�o&m*&h%n ��!&�(���& ���+"�k&��l m�o'%���)�� % ��k�� x�'� ¨'%�!% !� *��m&j�� �"�"ej�. 
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\�	. 3. R
������ �
J��H
� ����
> �
����� 
������������ ����
��� �
M���J� ¡�����: 

± – 3 ��G�; ³ – 7 �
G; @ – 10 �
G; » – 15 �
G; 
Ò – 20 �
G; A  – 25 �
G; Ó – 30 �
G 

 
�#l *"'���l��l *'"��)�&��l )"j*"�&�!�� �m"!��+ �"o'�� j"#&)%#l'�"-��g%m�e��j � 

)"��&)!����j (*"("o"j '"m'�+"�%��#� )�#�)�(!� )"j*"�&�!�� �m"!��+ �"o'��, l)� *'"j�$'%��#� �� 
$#�o��% �" 24 (j ('�(. 3) m� 30 ��o &)(*&'�j&�!% 

� 
21 CChSM ��� ����  
t%#" ��m��h&�", �" m� 30 ��o m� '�+%�") j"#&)%#l'�"i ��g%m�i )'�m� x�' % 24 (j *'"��)#" 

0,132 $. �$���" m ��)"����j� &)(*&'�j&�!�#���j� �"(#��k&��lj� j�$'���l �j"��u ��!'�!% �$#�o 
¨'%�!% m� 30 ��o m� '�+%�") j"#&)%#l'�"i ��g%m�i ���o%��n!�(l �� $#�o��% �" 24 (j ('�(. 3). 
�"��&�!'���l �j"��u ��!'�!% % *"�&'+�&�"j% x�'� *"(!%*"�" mj&�x%n!�(l, *'"!& "(�"��� h�(!��� 
�"o'��� �(& �& m�#�x�n!�(l % '"�uh"j% x�'� ¨'%�!%. 
 !"e h�(, l) *�� h�( �j�!���i �!j"(g&'��+ 
"*���� m� 30 ���� &)(*&'�j&�!% ���o%��n!�(l *"��& ��j�����l �j"��u ��!'�!% �m 20 (j x�'% 
*����"$" ¨'%�!% ('�(. 2�). 

 
�@EB5N-@. ��o'%��&��l ��k��+ x�'�� ¨'%�!"�"$" (&'&�"���� !� *��m&j��+ �"���+ o�(&e��� 

)"j*"�&�!�j� �m"!��+ �"o'�� n "("o#��" �&o&m*&h��j, "()�#�)� '"m*"�(u�k&��l 
m�o'%��u��#���+ '&h"��� ���o%��n!�(l �� �&#�)� ���(!���, � )"k��e ��(!%*��e '�) m�(!"(%����l % 
(�#�(�)"j% $"(*"��'(!�� �m"!��+ �"o'�� m�$'"k%n *"!'�*#l��u ��!'�!�� % )"#"�lm� !� �k&'&#� 
*�!�"i �"��. �'"$�"m%����l *'"��)�&��l )"j*"�&�!�� ��&(&��+ �m"!��+ �"o'�� l) j"#&)%#l'�"-
��g%m�e��j, !�) � )"��&)!����j (*"("o"j ��n mj"$% "����!� !� *"*&'&��!� m�o'%��&��l 
���)"#�x��"$" (&'&�"����. 
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�@B>CQ5N8B5 >8 K5H@]G-5N8B5 JC5FG>@ B8 5EB5NG Q5F@ N@B5E< &5R;5>NG;ES-5P ���. 
�@QB8?CB5 NF8E>@N5E>G JC5FG>< B8 5EB5NG >C;K5L;8NGKC>;@?B5L5 8B8FGQ<. 

In the present paper, the properties of zeolite synthesized from ­y ash Dobrotvir TPS 
was investigated by means of thermogravimetric analysis. 

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

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

 
�B8FGQ 5E>8BBGT H5EFGHICBS >8 +<RFG-8JGM. �&'(*&)!��� *'�)!�h�"$" ��)"'�(!���l 

(��!&m"����+ �&"#�!�� (#%$%��#� $"#"���j (!�j%#"j �" '"m��!)% �"(#��k&�� % $�#%m� i+��"$" 
(��!&m%, ���h&��l �#�(!��"(!&e � m�(!"(%����l. 	�k#��"u "("o#���(!u (��!&m"����+ �&"#�!�� n 
j"k#���(!� ��'�u����l +�j�h�"$" ()#��% )'�(!�#��, � !�)"k g"'j� � '"mj�'� ��%!'�x��")'�(!�-
#�h��+ *"'. ����l)� *"'���l#���e #&$)"(!� m��e(�&��l (��!&m% !� j"��g�)���i �&"#�!��, "(�"�"u 
l)�+ n  m"#� ���"(%, j"k�� )"�!'"#u��!�  ��("'o��e�� �#�(!��"(!� *'"�%)!%, !"o!" i+ *"$#���#��% � 
��o�')"�% m��!��(!�, �" ��n mj"$% ��$"!"�#l!� ��("'o&�!�, (&#&)!���� �#l '�m��+  m�o'%���)��. 
���!&m �&"#�!�� j"k�� ��)"�%��!� "��"-, �o" o�$�!"(!%*&�&�". 	���#lu!� h"!�'� j&!"�� 
"!'�j���l �&"#�!�� m m"#� ���"(% ���: )#�(�h�� #%k�� $��'"!&'j�h�� )"��&'(�l m"#� ���"(%, #%k�& 
(*�)���l, *"n����& m )#�(�h�"u $��'"!&'j�h�"u )"��&'(�nu, )"��&'(�l (%+�, (��!&m ��"(!%*&�&��e 
[1]. ��eh�(!�x& � #�!&'�!%'� "*�(%u!� (��!&m !�)�+ �&"#�!��, l): NaX, NaY, NaP, A, X, Y, ("��#�! � 
��. [2–4]. 	�k#��" ���m��h�!�, �" �&"#�!� "���ni (!'%)!%'� j"k%!� o%!� (��!&m"���� m� '�m��+ %j"� 
('�m�� m��h&��l !&j*&'�!%'�, *'"*"'��i ()#����)��, h�( !� &!�*� (��!&m%).  
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