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QUALITY EVALUATION FOR REGISTRATION WATER VOLUME AND WATER 

VOLUMETRIC FLOWRATE 
The article describes generalized structure of water metering system in the apartment building. Analyzed the pur-

pose and conditions of using meters and flowmeters for liquids, conditions of their operation and metrological per-

formance of instruments that determine the quality of water metering.  

Identified problems of existing sites for housing water registration and reasons of water consumption undercount in 

the apartment buildings (equipment installation is out of manufacturers recommendations for spatial orientation, 

using meters at flowrates which are less then sensitivity threshold; length of the straight pipes are not meet the re-

quirements). Evaluated metrological characteristics of widely used devices that implement different measurement 

methods.  

Directions of improvement the quality for volume and flowrate registration in apartment buildings are proposed. 

Keywords: water volume, volumetric water flowrate, registration quality. 
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�"%���)��*  �!�()'!�+  &%"4�,+���* &/’0.'�
� !)�#7�&(�  !&�'&!� %����& +�$!�%�*0'7�* +�$ ���-

#&-���&1 �"'��4�1 + �*+��6 �"�')(� .&&!$"��'. �*+-

�� �"�')(� .&&!$"��' � !"6(�0'7�* ��(" *. �$)�-

#7��, .&'!� �) (�0 5&$�"3 -)&()'!"��"3  !&�'&-

!&+"3  &3"/&.,  !&')  )!)3�$ � !)�#7�"6  !&�'�!, 

*."6 +".&!"�'&+�0'7�*  !" ')3�&#&-���"3  !&4)-

��3, +".#".�0 �"%.� � &'+&!)�7. 
�., �� !".#�$, 

 &$�/�� �"'��4�* +"�".�0 +���#�$&. !)�#�%�4�1 !�3�
/�$7-*.&-& &/’0.'�. �&$�&���, ��2&!(�4�*, 8& +"-

!&/#*0'7�* + (&%.� 5"+&-& &!-���%(�, 0 �*+�� �"-

'��4�* !�3�, *.� &/’0.' ��(�-�0'7�* +�$'+&!"'". �.
���#�$&. '�.&1 � !&/", �*+�� ��2&!(�4�*  !& !�3
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&'!"(�0  )+��  )!)!&/.� .&(��$ % +"%���)�"("
 &3"/.�(", 8&  !"%+&$"'7 $& �)$&�.&��#&�'� +"-

.&����*  )!)(�8)��* &/’0.'�. ���#&-���� �"'��-

4�* � &�')!�-�0'7�* + ')3����"3 �"�')(�3, 

 &+’*%��"3 �%  )!)'+&!)��*( 2&!(" &/’0.'�, .&#"
��2&!(�4�* (�)%�#)5�& +�$ '" � �"-��#�) %/)!�-�-
0'7�* + � )4��#7�"3 �"�')(�3  �(’*'� � %�.#�$�0'7-

�* ')3����"(" %��&/�(", *.� !&%!&/�". (#,$"��) 
++�5�0 �$)�#7�"(". �#) �"�')(� !)�#�%�4�* 4�01
 !&-!�("  !"  !&3&$5)��� �)!)% �"%.� ')3�&#&-�-
��"3  )!)'+&!)�7 &'!"(�0  &3"/.", *.� (&5�'7
 !"%+)�'" $&  &+�&-& 6&-& � &'+&!)��*.  

� !&/" +"!�9)��*  &$�/�&1  !&/#)(" $�+�&
����,'7 � ')3��4�, �� !".#�$ !&%+"'&. ()'&$�+, 

.&'!� $&%+&#*,'7 !&% �%��+���* &/’0.'� % .&!).4�-
0,  !&�'&!&+"3 � &'+&!)�7 %&/!�5)�7 %� $& &(&-

-&,  &+�&1 �2���&1 -!� "  )!)'+&!)�7 [2]. �& &�-
�&+�"3 .!"')!�1+, 8& 3�!�.')!"%�,'7 +"(�!,+���*
.&&!$"��' &/’0.'� % &-#*$� �� 13  !�4)%$�'�&�'�, 
%�+�$&�'�6.&�'�, %� !& &�&+��& [3, 4, 5] &/"!�'"
 &("#." +"(�!,+���* .&&!$"��', � '�.&5 $"�.!)-
'���'7 +�$#�.�+, �� *."3 .&&!$"��'" &/!�3&+�,'7
/)% +)#"."3  &("#&.. �!&') ��!�%� � /�#79&�'�
 &$�/�"3 $&�#�$5)�7 �) +!�3&+��&  !&4)�", /)%
*."3 �)(&5#"+& +"%���"'"  !&4)�  )!)'+&!)��*
 �!�()'!�+ &$�&-& � '&-& 5 &/’0.'�, '&/'& )#)()�-

'�!�� ���'.�  &3"/." (
	�) '� $��#7���'7  &+)!3-

�� (��). 
&(� ()'&, $&�#�$5)��* /�#& +"%���)��*
+ #"+� 4"3  �!�()'!�+ �� %�-�#7�"6 +" �$&. � &-

'+&!)��* -)&()'!"��"3 .&&!$"��' &/’0.'�. 

%��������� ��
�#�  

�  & )!)$��3 !&/&'�3 [1, 7] !&%-#*��'& �"%.�
+#��'"+&�')6 .!"+&1 � !)�#7��6 �"�')(� .&&!$"��'. 
�. ���#�$&., 0 (&5#"+��'7 �'+)!$5�+�'", 8&, *.8&
(�0(& « !*(�» + !)�#7��6 �"�')(� .&&!$"��', '&
4) 0 �) /�#79), ��5 �#,%�* 11  !*(&#���6�&�'�.  

� !)�#7��6 �"�')(� .&&!$"��' (" �) (�0(&
(&5#"+&�'� +"%���"'"�* % +�$3"#)��*( #���1, ()�-

9"( %� +)#"�"�� [S], � &'5), *. ���#�$&., /�$7-*.�
+�$3"#)��* � 4"3 ()5�3, (" �) (&5)(& %�2�.��+�-

'". 
�."( �"�&(, 11 .!"+"%�� $&!�+�,0 ��#,. �#), 
&�.�#7.", .&5�� #���* 0 )#)()�'&( +�$!�3��.� (.!�-

 .�, !"�.�) [1, 7], '& � !)�#7��6 �"�')(� .&&!$"��'
+&�� (�0 $&�"'7 �'�#"6 $��()'!, *."6 /�#79"6 %�
[S], '&/'& %�  �!�()'! (/�!'0!) ����+���*. �'5), 
 !*(� + !)�#7�&(�  !&�'&!� (&5�� �*+#*'" *.
.!"+&#���6�"6 4"#��$! $��()'!&( +�$ [S] $& D.  


�."( �"�&(, !&%'�9�+���*  !*(&1 +�$�&��&
!)�#7�&1 �"�')(" .&&!$"��', 11 2&!(� '� !&%(�!"
+"%����,'7�* $)*."(" �'�#"(" +)#"�"�" ( �!�()-
'!�(" .!"+&1), �.#�$&+"(" 11 !�+�*��*. � +" �$.�, 

*.8& !�+�*��*, &.!�( %(���"3 .&&!$"��', (�0  �-

!�()'!, *."6 '�.&5 (�0 (&5#"+��'7  !"6(�'" !�%��
�"�#&+� %���)��*, '& !�+�*��* +�$'+&!,0 �) &$��, �
%����� .�#7.��'7 #���6.  

�&$�&���, !�+�*��* .&5�&1 % �"3 �'+&!,0'7�*
% +"%���)�&-& !�+�*��* %� +"%���)�&-& �"�#&+&-&
%���)��* %(���&-&  �!�()'!�. 
�., �� !".#�$, *.-

8& (" (�0(& !�+�*��* xcos< + ysin< – r = 0  !"
%(���&(�  �!�()'!� <, '& +&�& +�$&/!�5�0 �"%.�
 !*("3 !�%�&-& ��!*(.�, �#) +�� +&�"  !&3&$*'7 ��
+�$�'��� r +�$  &��'.� .&&!$"��' [8]. �. ���#�$&., 

��9�  !*(�, *.�  &'!� #*0 � !)�#7�� �"�')(� .&-

&!$"��', (�0 �  )!)!�%� 2&!(� .&#� !�$���� [S]/2. 

�'5), *.8& (�0(& �"%.� .�# !�$���� [S]/2, 4)�'!"
*."3 !&%'�9&+��� +%$&+5 &�� �, '& !�+�*��*  &�#�-
$&+�&�'� ��/�$) +"-#*$�

      

2

2 2( )
2

x a y
� �

− + = � �
� �

[S]
,            (1) 

$) 
 – +"%����0 +�$�'��7 +�$  &��'.� .&&!$"��' $&
4)�'!� .&#�, '&/'& .&#& $��()'!&( [S] �/& D /�$)-

(& ++�5�'" ��()6�'+&( .!"+"3.  

� %�-�#7�&(� +"-#*$� ��()6�'+& .!"+"3, *.)
%�#)5"'7 +�$ &$�&-& %(���&-&  �!�()'!�, (&5)
/�'" +�$&/!�5)�& !�+�*��*(

                            F(x, y, t) = 0,                     (2) 

$) � 2��.4�, F !�%&( %� %(���"(" .&&!$"��'�("
++)$)�& %(���"6  �!�()'! t.  

�'5), ����0 &-"��,�� #���* $&'"��� $& +�7&-&
��()6�'+� .!"+"3. �& '&-& 5, 4* &-"��,�� *+#*0
�&/&, �"%.� '&�&. $&'".� $& &$��01 % ��()6�'+�
.!"+"3.  


�., �� !".#�$, $#* ��()6�'+�  !*("3
x cos< + y sin< – r = 0, 

&-"��,�&, 0 .&#& x
2
 + y

2
 = z

2
, &�.�#7." +��  !*(�

!&$"�" 0 $&'"��� 47&(� .&#�, � .&5�� '&�.� .&#�
��#)5"'7 &$��6 % ��()6�'+� .!"+"3, '&/'& '�6, 8&
'&!.�0'7�* .&#� + 4�6 '&�4�. � ��9&(� +" �$.�, 

�)&/3�$�&  &(�'"'", 8& &-"��,�� ��()6�'+� .�#, 

(&5) �.#�$�'"�* % .�#7.&3 .!"+"3. �-"��,�� ��-
()6�'+� .�# %� (1) (�'"()  &$+�6���'7 � +"-#*$�

2
y =

[S]
'�

2
y = −

[S]
. 

2�+����� ��������#�� ��
+����( ������-

����( �(���
 ��(��
 � �������/ ������� ����-


����


�."( �"�&(, % &$�&-& /&.� (" (�0(& ��()6�-
'+& .!� &., 8& �'+&!,0 .!"+� � !)�#7�&(�  !&�-
'&!�, � % ��9&-& /&.� (�0(& (&5#"+��'7 +"%���"'"-

�* % &-"��,�&, 4�01 .!"+&1 [8].  

�&%-#*�)(&, *."( �"�&( (" (&5)(& &'!"(�-

'" %�#)5���'7 &-"��,�&1, *.8& (�0(& +3�$�) !�+-

�*��* ��()6�'+� .!"+"3 (2) !�%&( �% &-"��,�&,
#���0, E. �.8& %�$�+�'" %(���&(�  �!�()'!� t

!�%�� �"�#&+� %���)��*, '& (�0(& (&5#"+��'7 &'!"-

(�+�'" &.!)(� .!"+� ��()6�'+�

1 2
( , , )  0,  ( , , )  0 ... ( , , )  0

i
F x y t F x y t F x y t= = = , (3) 

1 1 1 2 2 2
 ( , ),   ( , ) ...  ( , )

i i i
XY M x y M x y M x y .      (4) 

��� 4� .!"+� '&!.�,'7�* &-"��,�&1 � +�$ &+�-
$�"3 '&�.�3.  

��.�#7." .&5�� '&�.� &-"��,�&1 0 '&�.� $&-

'".� &-"��,�&1 $& &$��01 % &-"��0("3, '& (&5��
+�'��&+"'" +�$ &+�$��'7 (�5 '&�.�(" &-"��,�&1 '�
%���)��*("  �!�()'!� t. �!" /)% )!)!+��6 %(���
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 �!�()'!� t +�$ &+�$�� '&�.� M(x,y) !�3�'"()'7�* �
$�+�'" & "� &-"��,�&1 /.  


�."( �"�&(,  #"��� .&&!$"��'" &-"��,�&1 0
2��.4�*(" %(���&-&  �!�()'!� t, '&/'&

  x = x(t),   y = y(t).                      (5)  

�'5), *.8& 0 (&5#"+��'7 +"%���"'"�* % 2��-

.4�*(" x(t) '� y(t), '& !�+�*��* (5)  )!)'+&!,,'7�*
��  �!�()'!"��&  &�'�+#)�) !�+�*��* &-"��,�&1, 
8& ��$�0 (&5#"+��'7 +"!�9"'"  &�'�+#)�� %�$���. 


�."( �"�&(, *.8& .&5�� '&�.� &-"��,�&1  Mi(xi, 

yi) ��#)5"'7 &$��6 % .!"+"3 ��()6�'+�  F(x, y, ti) = 

0, '&
               F(xi, yi, ti) = 0                     (6)  

�/&, +!�3&+�,�" 2&!(�#" (5), 

                              F[x(ti), y(ti), ti] = 0;               (7) 

�#), &�.�#7." 4) +�!�& $#* /�$7-*.&-& %���)��*
 �!�()'!� t, '& (�0(& (&5#"+��'7 &'!"(�'" /�#79
%�-�#7�"6 +"-#*$

                      F[x(t), y(t), t] = 0.               (8) 

�&$�&���,  �!�()'! t  &+"�)� &$�&����&  !"-

6(�'" &$��.&+� %���)��* � +��3 '!7&3 �!-�()�'�3
!�+�*��* (8).  

�.8& ("  !&$"2)!)�4�,0(& !�+�*��* (8), 

'&/'&  

( , , ) ( ) ( , , ) ( ) ( , , ) 0
x x t

F x y t X t F x y t Y t F x y t′ ′ ′ ′ ′+ + = ,  (9) 

'& &'!"(�0(& &$�) � �++�$�&9)��*, *.&(�  &+"���
%�$&+&#7�*'" +"9�.�+��� 2��.4�1 x(t) '� y(t), '&/'&
.&&!$"��'" /�$7-*.&1 '&�." &-"��,�&1.  

�#* &'!"(���* $!�-&-& ���#&-���&-& � �++�$-

�&9)��* �.&!"�'�0(&�* '"(, 8& .&5�� '&�.� &-"-

��,�&1 Mi(xi, yi) 0 '&�.� $&'".� &-"��,�&1 % +�$ &-

+�$�&, &-"��0(&,  F(x, y, ti), � &'5), &/"$+� .!"+�
(�,'7 %�-�#7�� $&'"��� � 4�6 '&�4�. �&$�&���, 
.�'&+"6 .&)2�4�)�' $& &-"��0(&1 F(x,y,ti) � '&�4�
Mi(xi, yi) +"%����0'7�* %� 2&!(�#&,

         
( )
( )

x i i i

y i i i

F x y t
k .

F x y t

′
= −

′
                     (10) 

��'&+"6 .&)2�4�)�' $& &-"��,�&1 (5) � '&�4�  
Mi(xi, yi) +"%����0'7�* %� +"!�%&(

       1

( )
.

( )

i

i

y t
k

x t

′
=

′
                        (11) 

��.�#7." %� �(&+&, &/"$+� $&'"��� &$��.&+�, '&

        
,

,

( , ) ( )

( , ) ( )

x i i i i

y i i i i

F x y t y t

F x y t x t

′ ′
− =

′ ′
,              (12) 

%+�$.�#* &'!"(�0(&
   ( , , ) ( ) ( , , ) ( ) 0

x i i i i y i i i i i
F x y t X t F x y t Y t′ ′ ′ ′+ = ,    (13) 

�!�3&+�,�", 8& (13) $�0 & "� +�$�&��& /�$7-

*.&1 '&�." &-"��,�&1, '& (�0(& (&5#"+��'7 '�.&-&
%� "�� $#* /�$7-*.&-& %���)��*  �!�()'!� t, '&/'&  

     ( , , ) ( ) ( , , ) ( ) 0
x y

F x y t X t F x y t Y t′ ′ ′ ′+ = .     (14) 

� �+�'�+#*,�" (14) '� (9), &'!"(�0(&
                   ( , , ) 0.

t
F x y t′ =                         (15) 


"( �) ()�9, �) /�$7-*.� '&�.� &-"��0(&1
��#)5"'7 &-"��,��6, � '&(� !�+�*��* (15) $&$�0
8) &$�� �(&+�, *.� $&%+&#*0 +"&.!)("'" '� '&�."
&-"��0("3, *.� &$�&����& ��#)5�'7 &-"��,��6. 

�'5), .&&!$"��'" '&�&. &-"��,�&1  &+"��� %�$&-

+&#7�*'" �"�')(� !�+�*�7:  

             
( , , ) 0

( , , ) 0
t

F x y t

F x y t

= �
�

′ = �
.             (16) 

�"!�9�,�" !�+�*��* (16) +�$�&��& x '� y  (", 

&'!"(�0(&  �!�()'!"��� !�+�*��* &-"��,�&1: 

                               
( )

( )

x f t

y t

= �
�

= ϕ �
.                 (17) 

�.8& +".#,�"'"  �!�()'! t % (17) � %+"��6-

�"6 � &��/, &'!"(�0(& !�+�*��* &-"��,�&1 �  !*-

(&.�'�"3 .&&!$"��'�3
                  O( , ) 0x y = .                 (18) 

,����
����( �(���� ��(��� � ���������

�������� �� ����
������ ��’0����  

�'5), &�.�#7." (" !&%-#*��#"  �$:!��'* (�')-
(�'"��&-& & "��  !*("3 '� .!"+"3 #���6 �  !&�'&!�, 
'& (&5)(&  !&+)�'" $&�#�$5)��* !)�#7�"3 &/'0.'�+, 

$& *."3 +&�" +3&$*'7 *. �.#�$&+�.  
�#*  &��'.� $&�#�$"(& .&&!$"��'�� �"�')(�

*. ��6/�#79  !&�'"6 +" �$&. (!"�. 1).  

�"�. 1. ��-�#7�) �*+#)��*  !"�'�6�&�'� !)�#7-

�&1 �"�')(" .&&!$"��', +�$#�.&+&1 �"�')(" .&&!-

$"��' '� �*+�&1

��.�#7." (" (�0(& '!" .&&!$"��'" % &$��.&-

+"("  �!�()'!�(", '& $&�'�'�7& $&�#�$"'" &$�� %
.&&!$"��',  ��#* �&-& !&%-#*$�'" 13 %�-�#7�"6
+ #"+ &$�&1 �� &$��. 
&$� (�0(& ��#7 .&&!$"��'-
�&1 �"�')(" �% '!7&3  !"�'�6�"3 .&&!$"��'�"3
�"�')(, � ��() �*+�&1, +�$#�.&+&1 '� !)�#7�&1. 

�)!9"6 ��#7 O(U) �*+�&1 �"�')(" .&&!$"��'
%��3&$"'7�* ��  )!)3!)�'� '!7&3 �*+�"3 .&&!$"��-
'�"3 &�)6 X(U), Y(U), Z(U) � 0 & &!�&, '&�.&, $#*  

+�$#�.&+&1 '� !)�#7�&1. F)6 �*+�"6 ��#7 �) (�0
!&%(�!�+, &�.�#7." 0  )!)���)��*( '!7&3 &�)6, *.�
�) (�,'7 $��()'!�, � (�,'7 #"9) $&+5"��.  

�!�-"6 ��#7 O(V) 0 ��#)( .&&!$"��'�&1 �"�-

')(" +�$#�.� � *+#*0 �&/&, .!� .� (�2)!�) $��()'-
!&( [S]. F)6 !&%(�! +"%����0'7�* $��()'!&( &�)6
+�$#�.�, '&/'& [S]. �&$�&���, +��7 *+#*0 �&/&, 4"-

#��$!, '+&!�&, *.&-& 0 &-"��,�� X(V), Y(V), Z(V) 
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+�$ &+�$�& $& .&5�&1 &�� X, Y, Z, *.� � "!�0'7�* ��
.&#& $��()'!&( [S].  


!)'�6 ��#7 O(R) !)�#7�&1 �"�')(" .&&!$"��'
�'+&!,0'7�* +).'&!&( $��#7�&�'� D ��+.&#&  )!-

9"3 $+&3 ��#�+ +�$#�.�. 

�'5), *.8& (" &/)!)(&  )+�� $&+�#7�� '&�.�
) �� &�� �*+�&1 �"�')(" .&&!$"��' Z(U), '& (�0(&
(&5#"+��'7 &$�&%����& +"%���"'" 11 .&&!$"��'", 

'&/'&  

                     

0

0

( )

x

y

z z t

= �
	

= �
	= �

.                         (19) 

�#* �"�')(" .&&!$"��' +�$#�.� 4� .&&!$"��'"
+"%����'7�* *.

                    

( )

x

y

z z t

= �
	

= �
	= + �

[S]

[S]

[S]

,                   (20) 

'&/'& ����0 �)+"%���)���'7 � !&%(�!� [S]. 

� !)�#7��6 �"�')(� .&&!$"��' $��#7���'7  &-

-#"��0 +)#"�"�� [S], *.&, (&5�� �)3'�+�'", '&/'&
&'!"(�0(&: 

                    

( )

x

y

z

x

y

z z t

=

=

= +

D

D

D

.                   (21) 

� %�-�#7�&(� +"-#*$� $��#7���'7 +�$�&��&
�*+�"3 .&&!$"��' /�$) �.#�$�&, 2��.4�0,, *.8&
(&5�� %� "��'" *. +).'&!�� ��(� � ���'� �&(�
+"-#*$�: 

  

( )

( )

( )

x x x

y y y

z z z

�= + −
	

= + − �
	

= + − �

D d d

D d d

D d d

    !"      

( )

( )

( )

x x t

y y t

z z t

=

=

=

  (22) 

��-�#7�"6 +" �$&. �.#�$&+� $��#7�&�'� $&+&-

$"'7, 8& +&�" ��.&#" �) (&5�'7 /�'" !�+�"(" &$-

�� &$��6, '&/'&
    dx P -dx P dy P - dy P dz  = - dz,      (23)  

�/&
       Dx P Dy P Dz.                     (24) 

M3 !�+���'7 (&5) !&%-#*$�'"�* #"9) *. ')&!)-
'"��� ()5� � +"-#*$� .�#�, '&/'& *. ()5�  ��$��-

�&1 %&�" $��#7�&�'�.  
� 9"!&.&(� �)���  &$�/�� �"'��4�*  !"%+&-

$"'7 $& '&-&, 8& �*+�� .&&!$"��'" �*+�&1 '&�."  

!&%'�9&+��� � ()5�3 .!"+&#���6�&-& )#� �&1$�
!)�#7�"3 .&&!$"��'.  

� �$)�#7�&(� +" �$.� 4) 4)�'!�#7�&�"()'-
!"��"6 )#� �&1$ %  �++��*(" $��#7�&�'�

               
2 2 2

2 2 2
1.

x y z

x y z

D D D
+ + =               (25) 

�#*  &��'.� !)�#7�"3 .&&!$"��' O(R) ("
&'!"(�0(& ���'� �� 2&!(�#�: 

          
2

2 2 2

1 1 1
1.

x y zD D D

� �
+ + =� �� �

� �
[S]          (26) 

�#*  &��'.� .&&!$"��' +�$#�.� O(V) (�'"()-
(& ���'� �� %�#)5���'7: 

                     
2

2 2 2

4
x y z+ + =

[S]
,               (27) 

'&/'& 4) 0 �2)!�. 

�'5), � %�-�#7�&(� +"-#*$� $��#7���'7 �)&/-

3�$�& � !"6(�'" *.  !&�'&!&+"6 +).'&!: 

    D = Dxi + Dyj + Dzk,                (28) 

(&$�#7 *.&-&

            
2 2 2

.x y zD D D= + +D             (29) 

� 9"!&.&(� %�-�#� $��#7���'7 0 !)%�#7'�'
+�$$�#)�&�'� +�$  &��'.� .&&!$"��'�&1 �"�')(" '�
+%�0(&$�1 �� �% %&+��9��( �)!)$&+"8)( [9]. �&�'�-
'�7&  !&���#�%�+�'" .#��"��� +" �$." $)2&!(�4�1
��  �$ $�0, %&+��9��3 �"#, *.� (�,'7 /)% &�)!)$-

��6 %+'*%&. % *+"8)( $��#7�&�'�. 
�., �� !".#�$, 

 !*(&.�'�� /�#.� �  )!)!�%�, *.� (�0 .&��&#7�"6
-&!"%&�'�#7�"6 %�'"�., &'!"(�0 ���'� �"6  !&-"�
%�#)5�& +�$ (��4* %�'"�.� (�"#� %�'"�.� Q (�0 .&-

&!$"��'� l) 

         
2

,
2 3

Qx x
y l

EJ

� �
= −� �

� �
                  (30) 

$) l – $&+5"�� /�#.", E – (&$�#7  !�5�&�'� =�-�, 
J – �'�'"��"6 (&()�'  & )!)��&-&  )!)!�%�

�!" !�+�&(�!�&(� !&% &$�#� �"#" q +%$&+5
/�#." (�0(&

  
2 2

22 3
12 2

qx x
y lx l

EJ

� �
= − −� �

� �
.          (31) 

�!" %!&�'�,�&(� #���6�& ��+��'�5)��� q, 

+%$&+5 .&��&#7�& %�.!� #)�&1 /�#."

2 3
260 120

24

qx x
y lx l

EJ l

� �
= − −� �

� �
,        (32) 

�#* '&-&, 8&/ $&�#�$"'" %�-�#7�"6 3�!�.')!
$)2&!(�4�1 �)&/3�$�&  !&+)�'" �"%.� � !&8)�7.  

�&- )!9),  !"6(�0(& ()5� %(��" �!-�()�'�, 

� ��() 0  Q  x Q  l. F) $&%+&#*0 %!&/"'" ���'� �"6
.!&. $& � !&8)��*, � ��() 0 Q  x  Q  1.  


�."( �"�&(, �#)��(" !�+�*��* � $�5.�3, *.�
(�,'7 �.#�$&+� �2 '� �3 (&5�� %�)3'�+�'".  

� %�-�#7�&(� +"-#*$� !�+�*��*  !&-"�� /�#."
(&5�� %� "��'" � � !&8)�&(� +"-#*$�, ���'� �"(
�"�&(: 

         y = k0x
2
(k1x+b)+ [S],                     (33) 

$) k0 – .&)2�4�)�' %�#)5�"6 +�$ (&$�#* =�-� 
,

�'�'"��&-& (&()�'� J '� $�,�&1 �"#" q '� Q, k1 – 

.&)2�4�)�' %�#)5�"6 +�$ $&+5"�" $&�#�$5�+��&1
/�#.".  

�'5), 2&!(� $)2&!(�4�1 0 �3&5&, ��  �!�/&-

#�. � ��9&(� +" �$.� 4) 0 11  &#&+"��.  
�. ���#�$&., %+)!'�,�"�7 $& !"�. 1 '�  & )!)-

$�7&-& !&%-#*$� '�.&-&  &�*''* *. &-"��,��, (�0(&
(&5#"+��'7 �'+&!)��*  )!+"��&1 (&$)#� $��#7�&�'�
�� %���$�3 +"!�%�+ (16, 17, 18), (22), (25) '� (33).  
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�&$�&���, �)&/3�$�& %��+�5"'", 8& +�� !�-

9�6�� (.&&!$"��'��) �"�')(" ��#�9'&+�,'7�* '�-

."( �"�&(, 8& $��#7���'7 � ()5�3  &��'.� .&&!-

$"��' (�0 (���(�#7�� +)#"�"��. ��$��� +).'&! $�-

�#7�&�'�  !" 47&(� �+&1( .��4)( & "��0 .&#&, � %�
'!7&(� .&&!$"��'�(" - �2)!�.  


�."( �"�&(, )#� �&1$ � ()5�3 .&&!$"��'�&1
�"�')(" +"!&$5�0'7�* � �2)!�. ��.&� 47&-& +"!&-

$5)��* � "!�0'7�* �� 2��.4�, &-"��,�&1, '&/'&
(33). �. ���#�$&., 4)6 +"!�% (33) $�0 (�.�"(�#7��
%���)��* 2��.4�1 $��#7�&�'� �  !&�'&!� .&&!$"��-
'�&1 �"�')(".  

��#)5���'7 +)#"�"�" $��#7�&�'� +�$ .&&!$"-

��'" &'!"(�0 ���'� �"6 +"-#*$ (.&&!$"��'� �): 

        D(x) = D0x
2
(k1x+b) + [S],             (34) 

$) D0  – $��#7���'7 .&&!$"��' x.  

�.8& %+�5"'" �� '), 8& .&&!$"��'� � %(��,-

0'7�* � ()5�3 +�$ ��#* $& D0 , '&/'&

          
0

lim ( )
x

D x D
→

=
[S]

,                         (35) 

'& &'!"(�0(& ���'� �) !�+�*��* +�$�&��& $��#7-

�&�'�  &+)!3�� �  !&�'&!� .&&!$"��'�&1 �"�')("

        D0 = D0[S]
2
(k1[S] + b) + [S],          (36) 

%+�$.�#*

                    0 2

11 ( )
D

k b
=

− +

[S]

[S] [S]
.          (37) 


&/'&  &��'.&+� $��#7���'7 � ��#� .&&!$"��'
0  &+���', %�#)5�&, +�$ .&��'!�.'"+�"3 &�&/#"-

+&�')6 �"�')(" +�$#�.�. 

��������  

�&%-#*��') ')&!)'"��)  �$-!��'* � &'+&!)��*
 !*(&1 � .!"+&#���6�&(�  !&�'&!� 0 &��&+&, $#*
�'+&!)��* � �!�'� +"%���)��* !)�#7�"3 .&&!$"��'
 &%"4�,+���* &/’0.'� +  !&�'&!�, �� !".#�$, &/-

#�$����* ')3�&#&-���&-& �/& ()$"��&-&. 
�."(
�"�&(, �  �$��(.� $& ��+)$)�&-& $&�#�$5)��* (�-

0(& (&5#"+��'7 .&!"�'�+�'"�* �*+�&, (&$)##,
 &3"/&. !)�#7�"3 .&&!$"��'.  

���&+�"( +"��&+.&( 8&$& (�')(�'"��&-&
$&�#�$5)��* (&$)#� 0 '), 8& 3�!�.')! � &'+&!)�7
(�0  �!�/&#���"6 3�!�.')!. ���#7���'7 !&% &+�,-

$5�0'7�* �  !&�'&!� %�  !�.'"��& #���6�"( %�.&-

�&( +�$ &$�&-& $5)!)#� $& ��9&-&, �'+&!,,�"
).+�+�#)�'��  &+)!3��. ����#�$&. +).'&!�&-& 3�!�-

.')!� $��#7���'7 � .&5��6 .!� 4�  !&�'&!� +"%��-

��0'7�* *. +).'&!�� ��(� �"%." $��#7�&�')6 &.!)-
("3 )#)()�'�+ &/’0.'�. 

�!�3�+���* %+’*%.� )#)()�'�!�&1 ���'."  &-

3"/." '� $��#7�&�'� % �*+�&,, !)�#7�&, '� +�$#�-
.&+&, �"�')(�(" .&&!$"��' $&%+&#*0  �$+"8�+�'"

'&����'7 .&�'!&#, !�3� &/’0.'�+ )#).'!&()3����-

�"3 �"�')(, &/’0.'�+ /�&')3����"3 �"�')( '&8&. F)
$&%+&#*0 �'+&!"'" $&�.&��#� .&�'!&#7�&-

+"(�!,+�#7�� �"�')(", *.� +!�3&+�,'7 (&5#"+�
+".!"+#)��*  !&�'&!� '� +�$ &+�$�) .&!"-�+���*
!�9�6�&1 �"�')(" �  !&�'&!�. �&�#�$5)��*  &.�%�-
#", 8& .!"+&#���6���'7 0 +�$�&��)  &�*''*, &�.�#7-

." �'� ��7 .!"+&#���6�&�'� +"%����0 �'� ��7 � &-

'+&!)�7 .&&!$"��' +�$#�.�.  

���'� �) $&�#�$5)��* /�$)  !"�+*�)�& $&-

�#�$5)��, � &'+&!)�7  #&8"�" + �*+�&(�  !&�-

'&!�, *.�  &'!� #*0 � !)�#7�� �"�')(� .&&!$"��'. 

����������

1.�."4,., �.�. 
#)()�'�!�� ���'.�  &3"/." // ��-
��". �
�� «���». �)!�* (�9"�&/�$�+���*. – 

2016. – �" . 76.  – C. 121-125. 
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�
», �. ����, !��
��

�)%�#7'�'B "��#)$&+��"* *+#*)'�* ���#"'"�)�.&6 /�%&6 $#* !*$� 2"%".&-(�')(�'"�)�."3 (&$)#)6 $#* !)-
9)�"* %�$�� & !)$)#)�"* .&&!$"��' &/G).'&+ .�. + ')3�"�)�."3 �"�')(�3, '�. " /"&#&-"�)�."3 �"�')(�3. �
!�/&') !���(�'!"+�)'�* �+*%7 ()5$� (�"(B(" " !)�#7�B(" .&&!$"��'�(",  &�.&#7.�  !"  )!)3&$) &'
(�"(&6 . !)�#7�&6 2��.4""  !&"�3&$"' *+#)�"*, .&'&!B) "�.�5�,' !)�#7��, �"�')(� .&&!$"��' + &'#"-

�") &' (�"(&6. �()��& + C'&(  !&4)��) .!&)'�* !*$  !&/#)(, �+*%���B3 � !�%#"�"*(" ()5$� +&&/!�5�)-
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V. Skytsiouk, T. Klotchko 

DETERMINION OF GEOMETRIC DISTORTIONS OF THE OBJECTS SPATIAL 

COORDINATES  

National Technical University of Ukraine «Kyiv Polytechni� Instityte», Kyiv, Ukraine 
The study is an analytical basis for a number of physical and mathematical models for solving problems of 

positioning objects in technical systems, and biological systems. This paper considers the relationship between the 

imaginary and the real coordinates, since the transition from the imaginary to the real function is the phenomenon 

that distort the real coordinate system, unlike the imaginary. It is this process lies in the number of problems 

associated with the differences between the imaginary and the real world. At such transformations occur processes, 

without which it is impossible to determine the parameters of the conversion process of the same object. 

Now to such concepts include the elementary particle of error ([S]), and the surface of the duality (D) [1], whose 

relationship to each other determines the degree of distortion in the real coordinate system and its difference from 

the imaginary. In general, the difference between the imaginary and the real coordinate systems is a fact of 

uncertainty with technological phantoms of coordinate systems. Measure of influence from the destruction on the 

measurement of the object spatial coordinates by means of field theory and as a result, error function space is  

determined.  

The article continues consideration of the model of elementary particle effect of the error on the distortion of straight 

lines (as an elementary geometric shapes, occurs most frequently in biotechnical systems) when you transfer it into a 

real coordinate system.  

Keywords: object coordinates, distortion of straight line, technological phantoms, measurement. 
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