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!����+ �")%j&�!�� �� '&$&�&'���u, �� "(�"�� )"�!'�)!�� *'"��u!� *��*'�nj(!��j-*&'&'"o��)�j. 
��x� �"��#��" ()&'"�%��!� �� (*�#u����l � "'$���m���i, l)� �*'"���k%u!� !&+�"#"$�i ��)"'�(!���l 
�&!'�����e��+ �k&'&# &�&'$�i �#l (!�"'&��l �"��+ ����� *�#��� (���, �&j&�!��, �&$#l�� m��"�� !� 
��x� *��*'�nj(!�� o%���&#��"i ���%(!'�i) [1]. 

 
�@EB5N-@. 
!k&, �� ��x% �%j)%, %��)�&��l &)"#"$�h�"i �&o&m*&)� ��� m�o'%��&��l 

���)"#�x��"$" *'�'"��"$" (&'&�"���� 	
 j"k#��& #�x& m� %j"�� �*'"���k&��l *&'&h�(#&��+ 
���& m�+"��� !� )"�!'"#u ���*"�����+ �&'k����+ "'$���� m� i+ ��)"����lj. 
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�8 5EB5NG ;5Q;8T5N8B5L5 C-5B5KG?B5L5 C]C->< >8 NCF@?@B@ NGHNCHCB5L5 C-5F5LG?B5L5 
QR@>-< N@QB8?CB5 -5C]GJG�B> C-5B5KG-5-C-5F5LG?B5L5 QB8?CBBO ;5Q;5RFCBBO, NB8EFGH5- 
N+;5N8HICBBO >CTB5F5LGP +C;C;5RFCBBO ]5E]8>B5P E@;5N@B@ LGH;5E<FS]8>B@K KC>5H5K. 

On the  basis of calculated economic effect and the size of prevented ecological loss was 
determined the economic-ecological coefficient of the introduction the processing technology of 
the phosphate raw material with the help of hydrosulphate    method.  

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

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

 
�8>C;G8F@ >8 KC>5H@. �CQ<FS>8>@ >8 PT 5RL5N5;CBBO. �'�j ���"j�+ j&!"��) '"m'�+%�)% 

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

�"#� ���(%!��e ���#"$, '"o"!% ���k�u!� ��%)"�"-�"(#������)"$" +�'�)!&'% [1], "���u��!� 
�"��#���(!� �*'"���k&��l !&+�"#"$�i % ��'"o���!�" j"k#��" m� )"&g���n�!"j 

	�

�
n

��� Ka
bK@R

�
��

� ,                                 (1) 
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�& � – ��k#���(!� '"m'"o#&��l �#l ��'"��"$" $"(*"��'(!��. �&e *")�m��) ��m��h�n!�(l (%j"u 
���&)(�� (!�o#. 1); n – *")�m��) ��)"'�(!���l '&m%#�!�!�� ��� j"k�� *'�ej�!�: n=0 – '&m%#�!�!� 
'"o"!� �& ��)"'�(!"�%u!� �� '&�#��" ��uh"j% *��*'�nj(!��; n=1 – h�(!)"�& �*'"���k&��l 
'&m%#�!�!�� '"o"!�; n=2 –  '&m%#�!�! '"o"!� ��)"'�(!"�%u!� �� ��'"o���!��; n=3 –'&m%#�!�!� 
'"o"!� ��)"'�(!"�%u!� �� ��'"o���!��, o&m *"*&'&���"i  !&+��h�"i �*'"o���i '"o"!�; �& – 
)"&g���n�! *'"$�"m"���"$"  &)"#"$�h�"$" &g&)!% (!�o#. 2); � – (%j�'�� &)"�"j�h�� &g&)!����(!� ��� 
�*'"���k&��l, �" �'�+"�%n &)"�"j�u ��� m��k&��l ("o���'!"(!�  *'"�%)��i, !� ����&�&��e 
&)"#"$�h��e mo�!"); � – *'��&�&�� ��!'�!�, "oh�(#&�� m� g"'j%#"u 

� = �+��·�, 
�& � – ��!'�!� , �& �'�+"���� % '"m'�+%�)% &)"�"j�i m� (!�!!lj� )�#�)%#l��i (��*'�)#��, �"��!)"�� ��!'�!� 
�� %*'��#���l); � – )�*�!�#��� m�!'�!�, �" �&"o+���� �#l '&�#�m���i m�*'"*"�"����+ m�+"���; �� – 
�"'j�!����e )"&g���n�! *"'���l#��"i &g&)!���"(!� ��!'�! (��=0,12~0,15); �(# – )"&g���n�! ()#���"(!� 
�*'"���k&��l !&+��h�"$" m������l. �")�m��) ��m��h�n!�(l *"'���l��lj "!'�j���+ '&m%#�!�!�� m 
$'���h��j� +�'�)!&'�(!�)�j�, �o" *�'�j&!'�j� ���"j�+ ���#"$�h��+ h� *"��o��+ m'�m)�� (!�o#. 3). 

 
F�G��H
 1 

';@>C;GP >8 PT R8FSBG 5JGB-@  
HFO N@QB8?CBBO B8<-5N5->CTBG?B5L5, C-5F5LG?B5L5 >8 C-5B5KG?B5L5 ;GNBGN �&� 

�'�!&'�i �)�#� )'�!&'�i� ���&)( "���)� 
	��'�m") h�(%, �&"o+����e �#l 
�*'"���k&��l ��� 

2 '")� � j&�x& 
3 '")� 
4 '")� 
5-6 '")�� 
7 '")�� � o�#�x& 

+2 
+1 
0 
-1 
-2 

�&+��h�� *")�m��)� '&m%#�!�!�� 
'"m'"o)� 

	��& '���l (��!"��+ m'�m)�� 
�� '���� )'���+ (��!"��+ m'�m)�� 
��kh& '���l )'���+ (��!"��+ m'�m)�� 

+2 
0 
-2 

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

+2 
+1 
0 

�"k#��� '&m%#�!�!� "���)� 
�"m�!���� (+) �"m'"o)� �%k& *&'(*&)!���� 
���"��#��� (0) �"m'"o)� *&'(*&)!���� 
�&$�!���� (-) �"m'"o)� �&*&'(*&)!���� 

 

F�G��H
 2 
'5C]GJG�B> +5Q@>@NB5L5 C-5F5LG?B5L5 C]C->< 

� 
m/* �"m�!����e &g&)! ���h&��l 

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

1,0 

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

1,5 

3 �"#�*x&��l +�'�)!&'�(!�), ��m��h�#���+ �#l ��'"o���!�� (*'"�%)��i), m�*'"���k&��l 
*&'&'"o)� ���+"��� � "(�"��"j% ��'"o���!��  

2,0 

4 
!'�j���l �"�"i &)"#"$�h�" o&m*&h�"i *'"�%)��i, �"(l$�&��l l)�(�" �"��+ &)"#"$�h��+ 
+�'�)!&'�(!�) !&+�"#"$�h�"$" *'"�&(% 

3,0 

7 �)"#"$�h�� *")�m��)� ��(")"$" '���l, �*&'x& �"(l$�%!� � ��'"��"j% $"(*"��'(!�� 4,0 
 
�"�)'&!�� m��h&��l �, �(#, �& "o¨'%�!"�%u!� ��  *��(!��� &)(*&'!��+ ����+.  
�"m'�+%nj" )"&g���n�! &)"�"j�)"-&)"#"$�h�"$" m��h&��l '"m'"o)�  �#l !&+�"#"$�i m 

"�&'k���l ()#����+ j��&'�#���+ �"o'�� m ��!h�m�l�"i g"(g�!�"i (�'"���� *'� h�(!)"��e m�j��� 
(%#�g�!�"i )�(#"!� (%#�g�!�j� !� $��'"(%#�g�!�j� #%k��+ j&!�#�� [2].  

�"m)#�� Ca3(PO4)2 �#l "�&'k���l *'"(!"$" (%*&'g"(g�!% *'"�"���(l m �"o��)"u '"mh���� 70 % 
(%#�g�!�"i )�(#"!�. �#l �"(l$�&��l ��"$" !&+��h�"$" '&m%#�!�!% !&+�"#"$�l ��'"o���!�� *&'&�-
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o�h�#� !�)� *"(#��"��� *'"�&(� � "*&'���i: (%#�g�!�% )�(#"!% *&'&� *"������lj � )�j&'% mj�x%u!� 
m (%#�g�!�j� �o" $��'"(%#�g�!�j� #%k��+ j&!�#�� � j"#��"j% (*������"x&��� �"���  SO4

-2 : Me+ =1:0,3÷1 
[2]. �"(g�!�% (�'"���% � (%#�g�!�")�(#"!��e '"mh�� *"*&'&���" ��$'���u!� �" !&j*&'�!%'� 
1000150130 "�.   �%j�x ��!'�j%u!� � )�j&'� *'� !&j*&'�!%'� 100–110 "� *'"!l$"j 60 +�. ��(#l 
�"m'�����l �� (!���i $'��%#l��i �&e!'�#�m%u!� ��#��% )�(#"!��(!� !� )�(#� ("#� �"o'��� �j��)"j �o" 
)�'o�j��"j. ¸�(!)"�� m�j��� '"mh��% (%#�g�!�"i )�(#"!� �� $��'"(%#�g�! )�#�u % (*������"x&��� 
SO4

-2 : Me+ =1:0,3÷:1 m�o&m*&h%n *"��"!% '"m)#��%  Ca3(PO4)2   � g"(g�!��e (�'"����. 
 

F�G��H
 3 
'5C]GJG�B> E-F8HB5E>G N@-5B8B5L5 >CTBG?B5L5 Q8NH8BBO 

� 
m/* �)#����(!� ��'�x&�"$" !&+��h�"$" m������l ���h&��l 

1 �j��� "��"$" *�'�j&!'�, "���ni "*&'���i *'"�&(%, "��"$" ��$'&��n�!% '&�&*!%'� 1,0 
2 �j��� ��"+, �o" k  o�#�x& �&"(�"���+ *�'�j&!'�� �&()#����+ *'"�&(��, mj��� ��"+ �o" k o�#�x& 

�&"(�"���+ "*&'���e !&+�"#"$�h�"$" *'"�&(%, mj��� ��"+, �o" k o�#�x& �&"(�"���+ 
��$'&��n�!�� '&�&*!%'�  

1,5 

3 �"�(!'%)��l "(�"��"$" �%m#�, j&+���mj%, h�(!��� (�&"(�"���+) *'"�&(��, h�(!��� 
(�&"(�"���) '&�&*!%'� 

2,0 

4 
(�"��� *'"�&(� !&+�"#"$�i, h�(!��� "(�"��"i '&�&*!%'� 2,5 
5 �"�(!'%)��l  *'�#��% j�x���, (*"'%��, !&+�"#"$�h��e *'"�&(, '&�&*!%'� 3,5 
6 �"�(!'%)��l j�x���, �&'(!�!% �m ()#���"u )��&j�!�)"u, �*�'�!%'"u )"�!'"#u, 

)"�(!'%)��l (�#"��+ j�x��, ���$%���, )"j*#&)(�� !&+�"#"$�h�� *'"�&(�, '&�&*!%'� 
4,5 

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

5,5 

 
�&+�"#"$�h��j '&$#�j&�!"j *&'&�o�h&�" !&j*&'�!%'��e '&k�j (105±10) "�, &)(*&'�-

j&�!�#��" k ��m��h&�" !&j*&'�!%'%, l) ��e"*!�j�#���x% �#l *'"�&�&��l *'"�&(% (130±10) "�. 
�'� !&j*&'�!%'�+ ��kh& 100 "� mj&�x%n!�(l '"mh����(!� (%#�g�!�� #%k��+ j&!�#�� � '"mh���+ 
�2SO4, �" m��k%n (!%*��� *&'&!�"'&��l !'�)�#���eg"(g�!%. �m mo�#�x&��lj !&j*&'�!%'� ���& 140 "�  
(*"(!&'�$�n!�(l mj&�x&��l '"mh���"(!�  �2
5. 

�#l ��ni !&+�"#"$�i o%#" '"m'�+"���" "h�)%����e &)"�"j�h��e &g&)! !� "h�)%���& ����#��&��l 
)"x!�� m� '�+%�") mj&�x&��l *#�!&k�� ���(#��") '"mj��&��l ���+"��� % ���)"#�x��"j% (&'&�"����.  
�"��!)"��+ m�!'�!�+ �� �*'"���k&��l �'�+%��#� ��'!�(!� �"��!)"�"$" "o#������l (42000 $'�.) !�  
��!'�!� ��  �(!��"�#&��l "o#������l: 

� = 1000 + (42000*0,12) = 5505 ($'�.). 
�$���" m '&m%#�!�!�j� �*'"���k&��l: 

� = 108326 + 19080 = 127406 $'�. 
�'� �&&m>1 &g&)! ��� �*'"���k&��l ���k�u!� m��"��#���j. �'� �&&m>10,  '"o"!% j"k�� 

���k�!� &g&)!���"u, m ��(")�j !&+��h��j, &)"�"j�h��j � &)"#"$�h��j '���lj�. 
�$���" m ��)"����j� '"m'�+%�)�j�    

�
�

��
�

5,35505
12740621

���R 13,22                                                 (2) 

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

�'� *'"�&�&��� !&"'&!�h�"$" "o¨'%�!%����l ���, o&m �'�+%����l '&m%#�!�!�� �*'"���k&��l, 
*'�o#�m�% &)"�"j�)"-&)"#"$�h�% &g&)!����(!� j"k#��" "����!�, ��)"'�(!"�%uh� �"'j�!���� 
m��h&��l !�)�+ )"&g���n�!��[1]: 

�& – )"&g���n�! "h�)%���"$"  &)"#"$�h�"$" &g&)!%; 
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�" – )"&g���n�! "o(l$% ��)"'�(!���l '&m%#�!�!�� ��� (!�o#. 4); 
�(# – )"&g���n�! ()#���"(!� �*'"���k&��l !&+��h�"$" m������l; 
�� – )"&g���n�! �(�%uh�+ ���j���"(!&e (!�o#. 5). 
 

F�G��H
 4 
'5C]GJG�B> 5REOL< N@-5;@E>8BBO ;CQ<FS>8>GN 

� 
m/* 
h�)%nj�e "o(l$ ��'"o���!�� ���h&��l 

1 	�)"'�(!���l �� "��"j% *��*'�nj(!�� � "����h�"j% ��'"o���!�� 1,0 
2 	�)"'�(!���l �� �&)�#�)"+ ��'"o���!��+, �o" �� "��"j% *��*'�nj(!�� % �'�o�"(&'�e��+ 

��'"o���!��+ 
1,5 

3 	�)"'�(!���l �� "��"j% *��*'�nj(!�� % (&'�e�"j% ��'"o���!��, �o" �� �&)�#�)"+ 
*��*'�nj(!��+ % �'�o�"(&'�e�"j% ��'"o���!�� 

2,0 

4 	�)"'�(!���l % (&'�e�"j% ��'"o���!��: 
�� �&)�#�)"+ *��*'�nj(!��+ (2-10) 
�� o�$�!�"+ *��*'�nj(!��+ 

 
6,0 
7,0 

 

F�G��H
 5 
'5C]GJG�B> GEB<*?@T NGHKGBB5E>CM 

� 
m/* 	��j���"(!� ���h&��l 

1 �"(#��k&��l, � l)�+ ��)"'�(!"�%u!� ���"j� m�("o�, *'"�&(� 1,0 
2 �"(#��k&��l, �& ��)"'�(!"�%u!� � �"��e (%)%*�"(!� ���"j� !&+��h�� '�x&��l, �" 

(!�"'uu!� �"��e *"m�!����e &g&)! 
1,25 

3 �"(#��k&��l, �& n �"�� '�x&��l 
�� j&�x�(!u "(�"���+ "m��) 
�� *"#"���"u 
�� o�#�x�(!u  

 
1,5 
2,0 
2,5 

4 �"(#��k&��l m (%)%*��(!u (%!!n��+ ���j���"(!&e, �" �& j�u!� *'"!"!�*% 3,0 
 
�#l ��m��h&��l (!%*&�l &g&)!���"(!� m��e(�u���"i ���, �&"o+���", �"o �"o%!") ��+ )"&g�-

��n�!�� �"'���u��� �o" k o%� o�#�x�e ��k 4. 
�$���" m ��x�j *'�)#��"j �"o%!") )"&g���n�!�� �m�$. �"'���un 

� m�$ = 1·2·3,5·1,25=8,75 

!k&, �"(#��k&��l j"k�� ���k�!� &g&)!����j m� )"j*#&)(��j� !&+��h��j�, &)"�"j�h��j� 

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

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