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&5EFGHICB5 Q8FCIBGE>S +;5H<->@NB5E>G +;5JCE< �B8K5-E NGH ;GNBGN Q8L8FSB5L5 8Q5><, 
>CK+C;8><;@ >8 NGHB5ACBBOK KGI NGFSB@K 8K5BG�K >8 NGFSB5* 8Q5>@E>5* -@EF5>5* Q 
N@-5;@E>8BBOK KC>5H< N@QB8?CBBO E+CJ@]G?B5P 8->@NB5E>G �B8K5-E N@KG;*N8BBOK >@E-< 
L8Q5+5HGRB5L5 8Q5><. &5EFGHICB5 GBH@NGH<8FSBG >8 -<K<FO>@NBG C]C->@ QKGB@ ]8->5;GN. 

The study on finding dependence of performance of Anammox process on the levels of total 
nitrogen, temperature and the ratio between free ammonia and free nitrous acid was made using the 
method of determination of specific Anammox activity by measuring the pressure of nitrogen gas. 
Both separate and cumulative effects of factors’ change have been investigated. 

�E><+. t�"#"$�h��e *'"�&( ���&'"o�"$" ")�(#&��l �j"��u (���j")(), l)�e �&�"����" o%� 
���)'�!�e [1], ��� j"k#���(!� '"m'"o�!� (�(!&j� &g&)!���"$" *"���(!u ��!"!'"g�"$" ��#%h&��l 
�j"��u m ��(")")"��&�!'"����+ (!�h��+ �"�. 

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

�� ��LLLL �L� HOHNOONH asNitrosomon
2223 5,1 ,                                         (1) 

�'%$�j )'")"j n *'"�&( ���j")(, �& m�#�x") �j"��u ")�(#un!�(l �" $�m"*"��o�"$" �m"!% m 
��)"'�(!���lj ��!'�!%, �" ��'"o#&��e % *&'x"j% )'"��, l) &#&)!'"� �)(&*!"'� 

 OHNNONH 2224 2��� �� ,        (2) 

*�(���e *'"�&( *"���(!u ��!"!'"g�"$" ��#%h&��l �j"��u �"(#��k%���(l m ��)"'�(!���lj 

*�#"!��+ %(!��"�") [2, 3] !� m��ex"� m�(!"(%����l % *'"j�(#"��+ o�"'&�)!"'�+ [4, 5]. 

()�#�)� *'"�&( ���j")( o%� ���)'�!�e *"'���l�" �&�"����" – j&�x& 15 '")�� !"j% – �(& 

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


(�"���j� g�)!"'�j�, l)� *'"l�#lu!� ��$�o%uh�e &g&)! �� *'"�&( ���j")(, n '"mh����e 
)�(&�� !� �j�(! "'$���h��+ '&h"��� m ��m�)"u j"#&)%#l'�"u j�("u [6, 7]. ��)"k o%#" *")�m��" [8, 9], 
�" ��!'�!�, (%#�g���, g"(g�!� !� ��&!�!� *'"l�#lu!� ��$�o%uh� �#�(!��"(!� % !�+ h� ��x�+ 
)"��&�!'���l+. 

�j"��e !� ��!'�! n $"#"���j� (%o(!'�!�j� �#l o�)!&'�e ���j")(, !"j% *�����&��l �"(!%*-
�"(!� (%o(!'�!% *"����" mo�#�x%��!� �)!����(!� o�)!&'�e % m�’lm)% m *'�x���x&��lj ��g%m�i i+ % 
$#�o��% o�"*#��)� !� h&'&m j&jo'��� o�)!&'�e. 	"��"h�(, *�����&�� )"��&�!'���l �j"��u !� 
��!'�!% mj&�x%n �)!����(!� o�)!&'�e ���j")( [8, 9, 10]. �'"!&, '&m%#�!�!� ��+ *'��� *")�m�#� 
mj&�x&��l �)!���"(!� o�)!&'�e �#l '�m��+ )"��&�!'���e. 

	*#�� !&j*&'�!%'� �� x���)�(!� *'"�&(% ���j")( ���h�#� �&"��"'�m"�" '�m�� �h&��, % o�#�x"(!� 
*'��� o%#" �(!��"�#&�", �" ii m'"(!���l �" '���l 40 °� *'��"��!� �" m'"(!���l x���)"(!� *'"�&(%. 
�"��#�x& m'"(!���l !&j*&'�!%'� �" 45 °C �&$�!���" �*#���#" �� �)!����(!� o�)!&'�e [11]. 

	�)"'�(!���l )"j*’u!&'�"i *'"$'�j� MODDE ��#" j"k#���!� ���h�!� �������%�#��� !� 
)%j%#l!���� &g&)!� �*#��% !&j*&'�!%'�, �+���"i )"��&�!'���i �j"��u !� '"mh���"$" )�(�u �� 
*'"�%)!����(!� *'"�&(% "��"(!���e�"i �&�j"��g�)���i [12]. 

	 %(�+ ���&m$�����+ *'��l+ �"(#����)�, l)� ���h�#� ��$�o���u *'"�&(% ���j")( �j"��nj !� 
��!'�!"j, ��)"'�(!"�%��#� )"��&�!'���u % j$/# �o" jj"#� �#l *"m��h&��l '���l �j"��u !� ��!'�!%, 

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



 286

l)� *"���#uu!� *'"�&(. �'"!&, ��!"��m&� [13], l)�e ���h�� ��!'�!���u !� ��!'�!���u, m'"o�� 
��(�"�"), �" �& �"��m"����e �j"��e !� ��!'�!, � �&�"��m"���� ��#���e �j"��e (	�) !� ��#��� �m"!�(!� 
)�(#"!� (	��) *'�$��h%u!� ��!'�g�)���u. ��!%���l j"k& o%!� ���#"$�h�"u � �" *'"�&(% ���j")(. 
��)"k �& o%#" m��e�&�" *'���, % l)�+ o� �)!����(!� o�)!&'�e, �" m��!�� ���&'"o�" ")�(#u��!� 
�j"��e, ���h�#�(� % j%#�!�*�'�j&!'�h��e (�(!&j�, �& "���j m *�'�j&!'�� o%#" ����"x&��l 
	�/	��, �", �j"��'�", n ����"x&��lj �j�(!% ��"+ (%o(!'�!�� *'"�&(%. 

t&'%h� �" %��$� ���&*&'&'�+"���� j�')%����l, o%#" ��'�x&�" $#�ox& ���h�!� m�#&k��(!� 
*'"�%)!���"(!� *'"�&(% ���j")( ��� '�m��+ g�)!"'��. �"(#��k%��#� �*#�� !&j*&'�!%'�, �j�(!% 
m�$�#��"$" �m"!% !� ����"x&��l 	�/	��, l)� j"k%!� j�!� ��e��$"j�x�e �*#�� �� *'"�&( ���j")(. 

 
�8>C;G8F@ >8 KC>5H@. �#l &)(*&'�j&�!��, �" "*�(%u!�(l ��kh&, m�(!"("�%��#� )�#��l 

��#��&(� m *�!"j"u *"�&'+�&u 500 j2/j3 *")'�!� o�"*#��)"u ��!'�!%uh�+ o�)!&'�e !� o�)!&'�e 
���j")(. 

�&!"�"#"$�l, �" ��)"'�(!"�%��#�(� �#l ��m��h&��l (*&��g�h�"i �)!���"(!� ���j")( (���) 
"(�"�%��#�(� �� m�j�'�+ !�()% $�m%. �l j&!"�"#"$�l n �"o'& ���"j"u � ���*!"���"u ��� !�ni, l)� 
��)"'�(!"�%n!�(l % *'��� ��*&��-�"'� [9]. 	�m��h&��l (*&��g�h�"i �)!���"(!� ���j")( ¨'%�!%n!�-
(l �� !"j%, �" *�� h�( *&'&!�"'&��l �m"!% m '�m��+ g"'j % $�m"*"��o��e �m"! !�() % "o’nj� m�)'�!"i 
(�(!&j� *"���&� m'"(!�!� *'"*"'��e�" �" *&'&!�"'&�"$" �m"!%. 

�&(!� �)!���"(!� *'"�"��#�(� % ()#l��+ *"(%����+ m�$�#���j "o’nj"j 38 j# m 13 j# $�m"�"i 
g�m�. �#l !"$", �"o %!'�j%��!� '� (!�o�#���j, *'"!l$"j !&(!�� m�(!"("�%��#� g"(g�!��e o%g&'-
��e '"mh��. '� �"�"*'�$"!"�#&�"$" '"mh��% m '�ã 7,8 � e"$" m��h&��l j"��g�)%��#"(� �" 
*"!'�o�"$" '���l �"������lj �&�&#�)"i )�#�)"(!� HCl �o" NaOH. 

�#l )"k�"$" !&(!% ��)"'�(!"�%��#"(� 15 )�#&�� ��#��&(�. 	�#���e "o’nj *"(%��� o%� �&�&'"-
����e �m"!"j. �&"o+���� )"��&�!'���i �j"��u !� ��!'�!% o%#� (!�"'&�� ��������lj ���*"�����+ 
)"��&�!'"����+ '"mh����. �"(%���� mo&'�$�#�(� % !&'j"(!�!�h��e �"�l��e o��� � *&'�"��h�" 
��!l$%��#�(� �#l ��j�'u����l !�()% �(&'&���� ��+ m ��)"'�(!���lj j�)'"j��"j&!'�. 

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

�#l *#��%����l &)(*&'�j&�!�� m ��##u �"(#��k&��l �*#��% !&j*&'�!%'� !� �j�(!% (%o(!'�!% 
�� ��� o%#" "o'��" *'"$'�j% MODDE �&'(�i 7.0, �" '"m'"o#&�� Umetrics AB. �l *'"$'�j� ��n 
j"k#���(!� ��m��h�!� m�#&k��(!� )�#�)"+ ���$%)�� (�(!&j� ��� '�m��+ g�)!"'�� ()�#�)�(!u �" 20) 
��)"'�(!"�%uh� j���j�#��% )�#�)�(!� &)(*&'�j&�!��. �"o"!% m *'"$'�j"u *"��#&�" �� !'� h�(!���. 

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

 
D;5KGI-@ QB8?CBS ��, ��/��' >8 �, �5 N@-5;@E>5N<N8F@ES < HN5T B8R5;8T >CE>GN 

�&'x�e ��o�' !&(!�� �'%$�e ��o�' !&(!��  

��, j$/# 	�/	�� T, °C ��, j$/# 	�/	�� T, °C 
����j%j 100 0,3 15 300 0,003 22,5 
�&'&���� 300 30 22,5 500 0,3 30 
��)(�j%j 500 3000 30 700 30 37,5 
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�"(#��k%���� *'"j�k)� g�)!"'�� �#l ��"+ ��o"'�� !&(!�� ���&�&�" % !�o#���. ���h&��l 
	�/	�� ��)"'�(!"�%��#�(� % #"$�'�gj�h��e x)�#�. �&'x�e ��o�' !&(!�� �& *")�m�� j�)(�j%j% 
��� � !"j% o%� *'"�&�&��e �'%$�e ��o�' !&(!�� � *'"j�k)� o%#" *"(%�%!" % ��*'lj)% '"(!% ���. 

�#l *&'x"$" ��o"'% !&(!�� ��)"'�(!"�%��#�(� )"j*"m�!�� j"�&#� m �&�!'%����lj �� $'��� m 
��"j� �&�!'�#���j� !"h)�j� (16 &)(*&'�j&�!��). �)(*&'�j&�!�#��� '"o"!� ��� �'%$�j ��o"'"j 
�)#uh�#� 17 &)(*&'�j&�!��. �#l "*'��u����l ����+ ��"$" ��o"'% ��)"'�(!"�%��#�(� *"��"g�)!"-
'��#��� j"�&#� m ��"j� �&�!'�#���j� !"h)�j� �#l !"$", �"o ��)"'�(!�!� ���� *&'x"$" ��o"'% 
&)(*&'�j&�!��, l)� #&k�!� % *'"j�k)% *&'x"$" ��o"'%. �"��&�!'���i �j"��u !� ��!'�!% o%#� "o'��� !�), 
�"o "!'�j�!� m��h&��l �� !� 	�/	��, l)� �&"o+����. �"��&�!'���i 	� !� 	�� "oh�(#u��#�(� m$���" m 
g"'j%#�j� (3) !� (4) ���*"����", l)� �*&'x& o%#� "!'�j��� !� "*�(��� ��!"��m&�"j % 1976 '. [13]. 
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�CQ<FS>8>@. �&m%#�!�!� "*'��u����l &)(*&'�j&�!�#���+ ����+ *&'x"$" !� �'%$"$" ��o"'% 
!&(!�� *'"$'�j"u MODDE, *")�m�#�, �" (!�"'&�� j"�&#� j"k%!� *"l(��!� 99  !� 96 % ���+�#&��l 
���$%)% !� *&'&�o�h�!� 98 !� 79 % e"$" ���+�#&��l ���*"����". �& "m��h�n, �" (!�"'&�� j"�&#� 
��&)��!�" "*�(%u!� *'"�&(, �#& !"h��(!� �'%$"i j"�&#� n ��kh"u. �m "*'���"����+ ����+ !�)"k 
����", �" ��eo�#�x�e �*#�� �� ��� (*'�h��ln !&j*&'�!%'�. ��� ��x� g�)!"'� – �� !� 	�/	�� – 
!�)"k h��l!� �*#�� �� ���, *'"!& j&�x"u j�'"u. 

�&j*&'�!%'� j�n '�m��e �*#�� �� ��� m�#&k�" ��� �� !� 	�/	��. ��eo�#�x�e ����"(��e 
'�(! ��� (*"(!&'�$�n!�(l m� ��(")�+ m��h&�� ��. �o�#�x&��l !&j*&'�!%'� ��� 15 �" 30 "C (*'�-
h��un '�(! ��� �� 251–484 %, �" ���*"����n ����"(�"j% '"(!% ��� �� 8,7–12,5 % �� 1 "C. ��&'$�l 
�)!�����i *'"�&(% ���j")(, '"m'�+"���� �#l '�m��+ )'���+ '"(!% ��� m mo�#�x&��lj !&j*&'�!%'�, 
mj��un!�(l ��� 67 �" 86 )�k/j"#�. �& m��h&��l %m$"�k%n!�(l m m ����j� �!'"%(� [8] (70 )�k/j"#�) 
!� n o#�m�)�j �" ����+ �"(!� [11] (63 )�k/j"#�). 

	*#�� !&j*&'�!%'� �� ��� % *'"j�k)% ��� 15 �" 37,5 °C *")�m���e �� '�(. 1. � ��"$" '�(%�)� 
����", �" ���� "o"+ !&(!�� %m$"�k%u!�(l, � x���)�(!� *'"�&(% ���j")( m'"(!�n �m mo�#�x&��lj 
!&j*&'�!%'� �k �" �&'+��"i j&k� �"(#��k%���"$" *�'�j&!'�. �"(#��k&��l m� ����+ !&j*&'�!%' �& 
*'"�"��#"(�, "()�#�)� !&j*&'�!%'� !�*"��+ (!�h��+ �"�, l)� j"k�� "h���!� m� �"*"j"$"u *'"�&(% 
���j")(, �& *&'&���%n �"(#��k%���"i. 
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\�	. 1. CQQ 
� ����H
 �����������, �� ����� aQ=300 �J/� �� �Q/�QR=30.  

I��������� ��� �������>�� ������� 95 % ��	������	� 
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	*#�� �� �& n "���)"��j % '�m��+ !&j*&'�!%'��+ *'"j�k)�+. �#l !&j*&'�!%'� 15 °C ��� 
�"(l$�n j�)(�j�#���+ m��h&�� m� �� �� '���� 300–350 j$/#, m� !&j*&'�!%'� % 22,5 °C j�)(�j%j 
��� �"(l$�n!�(l �#l )"��&�!'���i ��, �" �"'���un 450–500 j$/#, � m� !&j*&'�!%'� 30 °C o�)!&'�i 
j"k%!� *&'&�"(�!� ����!� �&�" ���� m��h&��l �� ('�(. 2). �"��#�x& mo�#�x&��l !&j*&'�!%'� �& 
�"m�"#ln *�����%��!� m��h&��l �� �" �& ���"$" '���l. 
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\�	. 2. a���L�	�� CQQ �� aQ ��� ����� �������
� �����������.  

=��������� ����� ��
�� �� G���	 
 

	*#�� ����"x&��l j"k#���+ ��+����+ (%o(!'�!�� *'"�&(% �� ��� n *")�m���j �� '�(. 3. �m 
��"$" ����", �" "*!�j�#��& m��h&��l 	�/	�� #&k�!� % *'"j�k)% 0,1–1. 
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\�	. 3. CQQ 
� ����H
 �Q/�QR ��� aQ=300 �J/�, T=22,5 °C.  
I��������� ��� �������>�� ������� 95 % ��	������	� 

 
�@EB5N-@. �&j*&'�!%'� j�n ��eo�#�x�e �*#�� �� ��� m-*"j�k g�)!"'��, �" o%#� 

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

�m '&m%#�!�!�� �"(#��k&��l j"k�� m'"o�!� ��(�"�"), �" ��$�o���l *'"�&(% m�$�#���j �m"!"j n 
(�#��" m�#&k�"u ��� !&j*&'�!%'� � m� ���"i !&j*&'�!%'� o�)!&'�i j"k%!� *'��u��!� m� ����+ 
m��h&�� ��. 
*!�j%j �� #&k�!� % *'"j�k)% 400–500 j$/# m� !&j*&'�!%', ����+ ��� 22,5 °C. �'"!&, 
!�)� ��(")� m��h&��l �� n �&��$���" *��!'�j%��!� % *'"j�(#"��+ '&�)!"'�+. ���!'�j���l �� % 
'&�)!"'� ��&�#��"$" mj�x%����l *"(!�e�"i ��i �� !�)"j% '���� "m��h�n, �" ��+����e *"!�) j�!�j& 
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!�)% (�j% ��(")% )"��&�!'���u �m"!%, � ��##u m�(!"(%����l *'"�&(% ���j")( n mj&�x&��l '���l 
�� % (!�h��e �"�� �" j���j%j%. ��)�e '&m%#�!�! !�)"k "m��h�n, �" h�j ��kh"u n o�k��� 
)"��&�!'���l �� ��+"�� m '&�)!"'�, !�j �"�x�j j�n o%!� $��'��#�h��e h�( m�!'�j%����l % '&�)!"'�. 


*!�j%j ����"x&��l 	�/	�� #&k�!� % *'"j�k)% 0,1-1. ª) ����" m '���l�� (3) !� (4), 	� !� 
	�� m�#&k�!� ��� )"��&�!'���e �j"��u !� ��!'�!% ���*"����", � !�)"k ��� m��h&��l '�. �'"(!���l 
'� *�����%n m��h&��l 	�/	�� m� (!�#�+ )"��&�!'���e �j"��u !� ��!'�!%. �& "m��h�n, �" �#l 
�"(l$�&��l ��m�)"$" m��h&��l 	�/	��, )"��&�!'���l �j"��u *"����� o%!� j���j�#��"u m 
j�)(�j�#��"u )"��&�!'���nu ��!'�!% !� ��m�)�j '�. 
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