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�@EB5N-@. �")�m��� j"k#���(!� "�&'k���l !"�)�+ *#��") CdS �m �"���+ '"mh���� )��j�e-
�j�(��+ ("#&e j&!"�"j ��
 �� ��*��*'"�����)"��+ *��)#��)�+ Si !� CdTe. 	��h&�" ()#��, 
j"'g"#"$�u *"�&'+�� !� (!%*��� )'�(!�#�h�"(!� "!'�j���+ *")'�!!��. �'"�&�&�� �"(#��k&��l 
��u!� mj"$% (!�&'�k%��!�, �" "!'�j��� !"�)� *#��)� n *'���!��j� �#l ��)"'�(!���l % ("�lh��+ 
&#&j&�!�+ l) x�'")"m"��& "��)�"". 
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&5EFGHICB8 K5IF@NGE>S N@E5F*N8BBO Q ]5E]8>B5-@EF5>B5L5 E5FS5N5L5 ;5Q?@B<, 
5HC;I8B5L5 ;5Q?@BCBBOK F8B�RCMBG>5N5L5 -5BJCB>;8>< < ]5E]8>BGM -@EF5>G, -8FG* G 
K8LBG* E<FS]8>GN.  D5-8Q8B5, �5 NB8EFGH5- BCM>;8FGQ8JGP K8>5?B5L5 ;5Q?@B< 8KG8?B5* 
N5H5* K5IB8 5HC;I8>@ E<+<>BGM +;5H<-> – LC-E8LGH;8> 8K5BG*-K8LBG* ]5E]8><, 8 +GEFO  
N@+8;*N8BBO – E-F8HBC NP-H5R;@N5 (8K5]5E). 

The possibility of the salting-out salt solution of phosphoric acid, obtained dissolution by 
langbeinite concentrate in acid phosphate, potassium sulfate and magnesium sulfate was 
investigated. It is shown that by neutralizing of mather solution by the ammonia water can 
obtain coproduct such as ammonium-magnesium phosphate hexahydrate.  After evaporation 
of mather solution the complex NP-fertilizer (ammophos) was obtained. 

��(!"(%����l g"(g�!�"i )�(#"!� �#l '"mh��&��l #��¨o&e��!"�"$" )"��&�!'�!%, "�&'k��"$" 
*�(#l &)(!'�$%����l +#"'����+ j��&'�#�� m *"#�j��&'�#��"i )�#�e�"i '%��, ��n mj"$% �"��!)"�" 
��&(!� � (�(!&j% g"(g�!-�"�� !� "�&'k�!� g"(g�!�")�(#"!��e ("#�"��e '"mh��, l)�e j"k�� 
*&'&'"o#l!� % o&m+#"'���& )�#�e�"-j�$��n�& �"o'��" ()�#�j�$�&m�u), (%*%!��e *'"�%)! – 
$&)(�$��'�! �j"��u-j�$��u g"(g�! � ()#���& NP-�"o'��".  
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�B8FGQ 5E>8BBGT H5EFGHICBS G +<RFG-8JGM. 
 *"*&'&���+ �"(#��k&��l+ �1� j� ���h�#� *'"�&( 
'"mh��&��l #��¨o&e��!"�"$" )"��&�!'�!% % 15 %-j% �"��"j% '"mh��� g"(g�!�"i )�(#"!� m� '�m��+ 
j�("��+ (*������"x&�� �:� = 1:2…1:3 !� ��!&�(���"(!� *&'&j�x%����l (&'&�"����, l)& ���*"����#" 
mj��� ����&�!'"�"$" )'�!&'�u �&e�"#��(� % j&k�+ 4300…15900. 	�m��h&�" "*!�j�#��� m��h&��l 
��+ h����)��, l)� ��u!� mj"$% �"(l$!� !�)�+ (!%*&��� ��#%h&��l � '"mh��: )�#�u (%#�g�!% 93,25 � 
j�$��u (%#�g�!% 88,96 %. �")�m��", �" *'"�&( % (&'&�"���� g"(g�!�"i )�(#"!� ���o%��n!�(l % 
��g%m�e��e "o#�(!�. 

 
D5E>8B5N-8 +;5RFCK@. �#l (!�"'&��l �"�"i !&+�"#"$�i *&'&'"o#&��l #��¨o&e��!"�"$" 

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

 
�C>8 ;5R5>@ – �"(#���!� *'"�&( *&'&'"o#&��l g"(g�!�")�(#"!�"$" ("#�"�"$" '"mh��%, 

"�&'k��"$" '"mh��&��lj #��¨o&e��!"�"$" )"��&�!'�!% % g"(g�!��e )�(#"!�, � )"�����e�� *'"�%)!�.  
 
�-E+C;@KCB>8FSB8 ?8E>@B8. 
 �"(#��k&��l+ ��)"'�(!"�%��#� g"(g�!�")�(#"!��e '"mh��, 

l)�e j�(!�� (j�(. %): �+ 3,14; Na+ 0,80; C�2+ 0,02; Mg2+ 1,82; SO4
2- 12,26; Cl- 0,45; �3�O4 11,77; �2
 

69,74.  �" ��"$" '"mh��% �"����#� (%j�x �m"*'"*�#"�"$" (*�'!% m �"�"u, l)� ()#���#�(l m 86 j�(. % 
�3�7
� � 14 j�(. % �2
. 	���"x&��l j�(� �"���"$" '"mh��% (*�'!% (m2) �" j�(� *"h�!)"�"$" 
g"(g�!�")�(#"!�"$" '"mh��% (m1) mj��u��#� % j&k�+ 1,0...3,0. ��(#l mj�x%����l '"mh���� 
%��(#��") ��("#u��#��"i ��i (*�'!% � !�&'�% g�m% *'"!l$"j 40 +��#�� ����#l�(l "(��, l)�e 
���g�#�!'"�%��#� �� #�o"'�!"'�"j% ��)%%j-g�#�!'� h&'&m g�#�!'%��#���e *�*�' “h&'�"�� (!'�h)�”. 
��(#l g�#�!'%����l ���o%��#"(l '"m��#&��l '��)"i g�m� �� ���: (*�'!"�% (�&'+�u) � �"��% (��k�u). 
��m� '"m��#l#� m� �"*"j"$"u ��#�#��"i #�e)�. 
 ���g�#�!'"���"j% "(��� !� "�&'k���+ (*�'!"��e � 
�"���e '��)�+ g�m�+ ��m��h�#� �j�(! �"��� !�)�j� j&!"��j�: �+ � Na+ –  *"#%j'l�"i g"!"j&!'�i �2�, 
�g2+ – )"j*#&)("�"j&!'�h��j �3�, �l- – j&')%'"j&!'�h��j [3� � SO4

2- – $'���j&!'�h��j �3�, ��2+ � 
'��)�+ g�m�+ – ")(�#�!��j m $'���j&!'�h��j � !�!'�j&!'�h��j m�)��h&��lj�, ��2+ � "(���+ – 
)"j*#&)("�"j&!'�h��j !� ")(�#�!��j,  ��#��"i g"(g�!�"i )�(#"!� – !�!'%����lj '"mh��"j #%$% % 
*'�(%!�"(!� ����)�!"'� ��j&!�#"�"$" k"�!"$" [4]. 

 
�CQ<FS>8>@ H5EFGHICBS >8 PT 5RL5N5;CBBO. ��#&k��(!� ��+"�% "(���� m� j�("u � (!%*&��� 

��#%h&��l �"��� �+ � �g2+ � !�&'�%  g�m% ��� (*������"x&��l  m2:m1  *"���"  �� '�(. 1,  m l)"$" 
m'"m%j�#", �" �� "(�"��� !&+�"#"$�h�� *")�m��)� *'"�&(% mo�#�x%u!�(l �m m'"(!���lj j�(� 
�"���"$" "(��k%��h� �k �" m��h&��l m2:m1 = 3,0. �"��#�x& mo�#�x&��lj ��"$" (*������"x&��l n 
�&�"��#���j, "()�#�)� �&#�)� "o(l$� %!�"'&��+ j�!"h��+ '"mh���� *"!'&o%u!� m��h��+ 
&�&'$&!�h��+ ��!'�! �� ���$"�)% m ��+ �m"*'"*�#"�"$" (*�'!%. �& ��n j"k#���(!� ��o'�!� 
"*!�j�#��& (*������"x&��l m2:m1, l)�j j"k�� ���k�!� 3,0:1. 

F�G��H
 1 
�-F8H 5E8HGN Q8 ;GQB@T K8E5N@T E+GNNGHB5ACBS KGI 8QC5>;5+B5* E<KGAA* GQ5+;5+GF5N@M  

E+@;>-N5H8 G ;5Q?@B5K (m2:m1) 
�)#�� "(��%, j�(. % 

  
m2:m1 

�&��! 
K2SO4·MgSO4·6H2O 

�*("j�! 
MgSO4·7H2O 

��*(  
CaSO4·2H2O 

�3�O4 
��$'"()"*�h��  

�"#"$�  

1:1 92,82 4,40 0,80 0,38 1,60 

1,5:1 93,80 5,54 0,60 0,18 - 
2:1 94,47 2,46 0,52 0,08 2,47 

2,5:1 94,88 2,02 0,39 0,22 2,49 
3:1 94,88 3,18 0,36 0,17 1,41 
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�)#�� ��("#&��+ % !�&'�% g�m% "(���� ���&�&�" � !�o#. 1, m l)"i m'"m%j�#", �" �m m'"(!���lj 
�&#�h��� m2:m1 �j�(! x&��!% � "(���+ m'"(!�n, � $�*(% – mj&�x%n!�(l, �" �& '�m *��!�&'�k%n 
*'���#���(!� ��o'��"$" m��h&��l (*������"x&��l m2:m1. 

\�	. 1. a���L�
	��  	�����
� 
��������
 (e, %) R+ (����� 1), 

Mg2+ (����� 2) 
 
 ������ �	��� (J�100 J 
�������) (����� 3) �
� 

��	���J� 	�
��
�������
 �
L 
�	��L������ 
 �������� m2:m1 
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X 

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

!�o#. 2.  
 

F�G��H
 2 

�KGE> 5-;CK@T -5K+5BCB>GN < E+@;>5NGM G N5HBGM ;GH-@T ]8Q8T Q8 ;GQB@T E+GNNGHB5ACBS m2:m1. 
D5?8>-5N@M 5R'�K  ]5E]8>B5-@EF5>B5L5 E5FS5N5L5 ;5Q?@B< – 50 EK3, M5L5 L<E>@B8 –  1,262 L/EK3    

m2:m1 = 1:1 
�*�'!"�� g�m� 	"��� g�m� 

	j�(!, $/�j3  	j�(!, $/�j3  
�+ 0,93 �+ 40,01 

�g2+ 0,95 �g2+ 38,10 
H3PO4 55,79 H3PO4 116,78 


o'nj g�m�, (j3 82 
o'nj g�m�, (j3 22 
�%(!���, $/(j3 0,916 �%(!���, $/(j3 1,203 

m2:m1 = 1:1,5 
�*�'!"�� g�m� 	"��� g�m� 

	j�(!, $/�j3  	j�(!, $/�j3  
�+ 0,72 �+ 39,45 

�g2+ 0,50 �g2+ 43,18 
H3PO4 47,44 H3PO4 102,19 


o'nj g�m�, (j3 131 
o'nj g�m�, (j3 17 
�%(!���, $/(j3 0,890 �%(!���, $/(j3 1,262 

m2:m1 = 1:2 
�*�'!"�� g�m� 	"��� g�m� 

	j�(!, $/�j3  	j�(!, $/�j3  
�+ 0,43 �+ 36,26 

�g2+ 0,30 �g2+ 45,95 
H3PO4 35,71 H3PO4 82,37 


o'nj g�m�, (j3 174 
o'nj g�m�, (j3 14 
�%(!���, $/(j3 0,876 �%(!���, $/(j3 1,343 

m2:m1 = 1:2,5 
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I�����L���
 ��G�. 2 
�*�'!"�� g�m� 	"��� g�m� 

	j�(!, $/�j3  	j�(!, $/�j3  
�+ 0,31 �+ 37,28 

�g2+ 0,27 �g2+ 50,79 
H3PO4 30,50 H3PO4 75,08 


o'nj g�m�, (j3 211 
o'nj g�m�, (j3 13 
�%(!���, $/(j3 0,867 �%(!���, $/(j3 1,404 

m2:m1 = 1:3 
�*�'!"�� g�m� 	"��� g�m� 

	j�(!, $/�j3  	j�(!, $/�j3  
�+ 0,28 �+ 36,23 

�g2+ 0,23 �g2+ 52,87 
H3PO4 25,55 H3PO4 62,56 


o'nj g�m�, (j3 247 
o'nj g�m�, (j3 12 
�%(!���, $/(j3 0,861 �%(!���, $/(j3 1,376 

 
�*�'!"�% g�m% *"����#� �� ���$"�)% ��m�)")�*#lh"i g'�)��i. 
�&'k���e )"��&�(�! m 

$%(!��"u 0,826 $�(j3, �" m� j�("��j ()#��"j ���*"����� (%j�x� 86 j�(. % �3�7
� � 14 j�(. % �2
, 
��)"'�(!"�%��#� �#l "(��k&��l (%#�g�!��+ )�#�e�"-j�$��n��+ ("#&e m *"h�!)"�"$" g"(g�!�"-
)�(#"!�"$" '"mh��%. 

�"mh��, "�&'k���e *�(#l ���$"�)� �m"*'"*�#"�"$" (*�'!%, l)�e j�(!�� (j�(. %): �2SO4 0,44; 
MgSO4 0,81; NaCl 1,28; �3�O4 18,09; �m"*'"*�#"�"$" (*�'!% 0,22; �2
 79,16, �&e!'�#�m%��#� 20 %-j 
�"���j '"mh��"j NH4OH, )�#�)�(!� l)"$" '"m'�+"�%��#� m� '���l��lj� '&�)��e: 

�3�
4 + NH3 ´ NH4H2PO4;                                                            (1) 
�3�
4 + 2NH3 ´ (NH4)2HPO4,                                                        (2) 

 m !�j, �"o g"(g�!�� )�(#"!� � '"mh��� o%#� m�'lm��� � "��"- � ��"m�j��&��e �j"��u g"(g�! % 
(*������"x&���, �" ���*"����n �j�(!% ��+ ("#&e � �m"!�"-g"(g"'�"j% �"o'��� – �j"g"(�. ��� h�( 
�&e!'�#�m���i � !�&'�% g�m% ����#l�(l "(�� !�)"$" ()#��% (j�(. %): �+ 1,11; Na+ 0,26; Mg2+ 7,56; N�4

+ 

6,21; SO4
2- 3,60; �O4

3- 29,76; �2
 17,22.  ��(#l g�#�!'%����l, *'"j�����l � (%x���l ��"$" "(��% 
"�&'k�#� *'"�%)! –  $&)(�$��'�! �j"��u-j�$��u g"(g�! NH4MgPO4·6H2O, l)�e ��)"'�(!"�%u!� % 
*'"j�(#"�"(!� l) �"��!")-��!�*�'&� �" *#�(!�h��+ j�(, g�'o, � !�)"k �#l *'"("h%����l �&'&���� � 
!)����, �" *"(!�e�" )"�!�)!%u!� m �"�"u [5]. 
�&'k���e j�!"h��e '"mh��, �" j�(!�� 
(j�(. %): %): �+ 0,15; Na+ 0,36;  N�4

+  2,82; �+ 3,15; �l- 0,57; SO4
2- 0,65; �O4

3- 12,32; �m"*'"*�#"�"$" 
(*�'!% 0,16; �2
 79,82, ��*�'u��#�, *'� ��"j% � !�&'�% g�m% ����#l�(l "(��, l)�e 
���g�#�!'"�%��#� � ��(%x%��#� �" )���&�"i �"#"$"(!� 1 %. 
�&'k���e *'"�%)! j�(!�� (j�(. %): 
NH4H2PO4 68,42,  (NH4)2HPO4 19,64, (NH4)2SO4 3,74, Na�l 5,35, K2SO4 1,85. �2
$�$' 1,0. 

 
�@EB5N-@: 1. �"������l �m"*'"*�#"�"$" (*�'!% �" g"(g�!�")�(#"!�"$" ("#�"�"$" '"mh��%, 

"�&'k��"$" ���(#��") '"mh��&��l #��¨o&e��!"�"$" )"��&�!'�!% % g"(g�!��e )�(#"!�, ��n mj"$% 
��("#�!� � !�&'�% g�m% o&m+#"'���& )�#�e�"-j�$��n�& �"o'��" ()�#�j�$�&m�u). 
*!�j�#���j �#l 
"�&'k���l ��(")"$" ��+"�% *'"�%)!% n j�("�& (*������"x&��l j�k '"mh��"j ��(��k%��h&j  
(86 j�(. % �m"*'"*�#"�"$" (*�'!% � 14 j�(. % �2
) 1:3.   

2. ��(#l ���$"�)� �m"*'"*�#"�"$" (*�'!% �&e!'�#�m���nu j�!"h�"$" '"mh��% �"���j '"mh��"j 
�j��)% j"k�� ����#�!� (%*%!��e *'"�%)! – $&)(�$��'�! �j"��u-j�$��u g"(g�!. 

3. 
��(#��") ��*�'u����lj j�!"h�"$" '"mh��% *�(#l �����#&��l $&)(�$��'�!% �j"��u-j�$��u 
g"(g�!% � !�&'�% g�m% ����#ln!�(l ()#���& NP-�"o'��" (�j"g"(). 


�&'k��� ���� o%�%!� ��)"'�(!��� ��j� � '"m'"o#&��� !&+�"#"$�h�"$" '&k�j% � !&+�"#"$�h�"i 
(+&j� *'"�&(% '"mh��&��l #��¨o&e��!"�"$" )"��&�!'�!% % �"��"j% '"mh��� ��!'�!�"i )�(#"!�. 
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&5EFGHICB5 N@F<L5N<N8BBO TF5;@HB@T KGBC;8FGN GQ +5FGKGBC;8FSB5P -8FGMB5P ;<H@ 
;GQB5L5 ];8-JGMB5L5 E-F8H< T5F5HB5* N5H5*. �E>8B5NFCB5 BC5RTGHB< >;@N8FGE>S +;5JCE< 
HFO 5-;CK@T ];8-JGM >8 PT E<KGACM. �8+;5+5B5N8B5 ;5QHGFO>@ +5H;GRBCB< ;<H< B8 -GFS-8 
+5>5-GN G ;5Q?@BO>@ PT 5-;CK5. 

Dissolution the chloride minerals from polymineral potassium ore different fraction of 
the cold water has been investigated. It required time for dissolution of individual fractions 
and their blends. Proposed split crushed potash ore into several streams and solve them 
separately. 

D5E>8B5N-8 +;5RFCK@. �"#�j��&'�#��� )�#�e�� '%�� �'�)�'*�!!l +�'�)!&'�m%u!�(l 
o�$�!"j���!��(!u � �&*"(!�e��(!u j��&'�#��"$" ()#��%, �" l)"$" �+"��!� *"��� 20 +#"'����+, 
(%#�g�!��+ � +#"'���"-(%#�g�!��+ j��&'�#��. 	"�� ���'�m�lu!�(l j�k ("o"u �& #�x& x���)�(!u 
'"mh��&��l � '"mh����(!u, � e !�&'��(!u, $%(!��"u !� ��x�j� �#�(!��"(!lj�. �&'&'"o#&��l !�)�+ 
'%� m$���" m �(�%uh"u $�#%'$�e�"u !&+�"#"$�nu *&'&�o�h�n i+ *"�'�o�&��e �" '"mj�'��, �& o�#�x�+ 
m� 5 jj, � '"mh��&��l "�&'k��"i *"#�g'�)��e�"i (%j�x� '%�� % $�'lh"j% ��'"o��h"j% '"mh��� [1]. 
��)& m��e(�&��l *'"�&(% j�n o�$�!" �(!"!��+ �&�"#�)��, l)� m%j"�#uu!� e"$" ()#����(!�, 
�"�$"!'���#�(!�, ���#�x)"�� &�&'$"��!'�!� !"�". 	k& �� (!���i *"�'�o�&��l '%�� ���o%��n!�(l ii 
*&'&*"�'�o�&��l, !"o!" "�&'k���l ��(")"$" �j�(!% h�(!��") m '"mj�'�j�, j&�x�j�, ��k 0,5 jj 
(43–44 %), �" m%j"�#un *�����&�� &�&'$"��!'�!�. ��� h�( '"mh��&��l *"#�g'�)��e�"i (%j�x� 
*"�'�o�&�"i '%�� ii *&'&*"�'�o�&�� h�(!��� x���)" ��(�h%n $�'lh�e ��'"o��h�e '"mh�� � m ��"$" 
*"h���u!� )'�(!�#�m%��!�(l �'�o�"��(*&'(�� �!"'���� j��&'�#�, l)� ���"(l!�(l '�m"j m $#���(!"-
("#�"��j x#�j"j. �& *'�m�"��!� �" �!'�!� )"'�(��+ )"j*"�&�!�� '%�� � mj%x%n ��"��!� % *'"�&( 
�"��!)"�� (!���i *'"j�����l x#�j%. �� '"mh��&��l '%�� *"��u!� �&#�)% )�#�)�(!� ��'"o��h"$" 
'"mh��% – 2,5–3,0 j3/! '%��, �� *"��#�x& *&'&'"o#&��l l)"$" �&"o+���� �&#�)� &�&'$"��!'�!�. �'�j 
!"$", % ("#�"�"j% '"mh��� '�m)" (*"��#��un!�(l '"mh��&��l $'%ox�+ g'�)��e '%��, !"j% �&e 
*'"�&( m��e(�uu!� % !'�"+ �*�'�!�+ *'"!l$"j 40 +�. ��m��h&�� �&�"#�)� �(!"!�" *"(�#uu!�(l *�� 
h�( *&'&'"o#&��l '%� m *�����&��j �j�(!"j ��k)"'"mh����+ j��&'�#��. 

	'�+"�%uh� ���&�&�&, �)!%�#���j m������lj m�#�x�n!�(l '���"��#��& m��e(�&��l (!���i 
'"mh��&��l '%��, l)& ��#" o mj"$% ��!&�(�g�)%��!� *'"�&(, mj&�x�!� e"$" &�&'$"j�(!)�(!�, 
(*'"(!�!� !&+�"#"$�u. 
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