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ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ: 

ɻʫʣʷʝʚ ɻʝʨʤʘʥ ʖʨʴʝʚʠʯ, ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʄ75 

ʄʆʃʆɼɪɾʔ, ʅɸʋʂɸ, ʆɹʈɸɿʆɺɸʅʀɽ: ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ, 

ɼʆʉʊʀɾɽʅʀʗ ʀ ʀʅʅʆɺɸʎʀʀ: ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ III ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï ʇʝʥʟʘ: ʄʎʅʉ çʅʘʫʢʘ ʠ ʇʨʦʩʚʝʱʝʥʠʝè. ï 2021. ï 156 ʩ. 

 

ISBN 978-5-00173-023-1 

 

ʅʘʩʪʦʷʱʠʡ ʩʙʦʨʥʠʢ ʩʦʩʪʘʚʣʝʥ ʧʦ ʤʘʪʝʨʠʘʣʘʤ III ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʄʆʃʆɼɪɾʔ, ʅɸʋʂɸ, ʆɹʈɸɿʆɺɸʅʀɽ: ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ, 

ɼʆʉʊʀɾɽʅʀʗ ʀ ʀʅʅʆɺɸʎʀʀè, ʩʦʩʪʦʷʚʰʝʡʩʷ 15 ʦʢʪʷʙʨʷ 2021 ʛ. ʚ ʛ. ʇʝʥʟʘ. ɺ ʩʙʦʨʥʠʢʝ 

ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ʧʨʠʤʝʥʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʉʙʦʨʥʠʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʘʫʯʥʳʭ ʨʘʙʦʪʥʠʢʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʘʩʧʠʨʘʥʪʦʚ, 

ʤʘʛʠʩʪʨʘʥʪʦʚ, ʩʪʫʜʝʥʪʦʚ ʩ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʠ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʆʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʘʫʪʝʥʪʠʯʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʮʠʪʘʪ, ʠʤʝʥ, ʥʘʟʚʘʥʠʡ ʠ ʠʥʳʭ ʩʚʝʜʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʟʘ ʩʦʙʣʶʜʝʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʦʙ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʝʩʫʪ ʘʚʪʦʨʳ 

ʧʫʙʣʠʢʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʇʦʣʥʳʝ ʪʝʢʩʪʳ ʩʪʘʪʝʡ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʨʘʟʤʝʱʝʥʳ ʚ ʅʘʫʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʙʠʙʣʠʦʪʝʢʝ Elibrary.ru ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɼʦʛʦʚʦʨʦʤ ˉ1096-04/2016K ʦʪ 26.04.2016 ʛ. 
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ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ: 

ɻʫʣʷʝʚ ɻʝʨʤʘʥ ʖʨʴʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʉʦʩʪʘʚ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ:  

ɸʛʘʨʢʦʚʘ ʃʶʙʦʚʴ ɺʘʩʠʣʴʝʚʥʘ ï 

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɸʥʘʥʯʝʥʢʦ ʀʛʦʨʴ ɺʠʢʪʦʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɸʥʪʠʧʦʚ ɸʣʝʢʩʘʥʜʨ ɻʝʥʥʘʜʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ɹʘʙʘʥʦʚʘ ʖʣʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɹʘʛʘʤʘʝʚ ɹʘʛʘʤ ʄʘʥʘʧʦʚʠʯ ï  

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʘʞʝʥʦʚʘ ʆʣʴʛʘ ʇʨʦʢʦʧʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʦʷʨʩʢʠʡ ʃʝʦʥʠʜ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ɹʫʟʥʠ ɸʨʪʝʤʠʡ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʫʨʦʚ ɸʣʝʢʩʘʥʜʨ ʕʜʫʘʨʜʦʚʠʯ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺʘʩʠʣʴʝʚ ʉʝʨʛʝʡ ʀʚʘʥʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɺʣʘʩʦʚʘ ɸʥʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ɻʝʪʤʘʥʩʢʘʷ ɽʣʝʥʘ ɺʘʣʝʥʪʠʥʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɻʨʠʮʘʡ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɼʘʚʣʝʪʰʠʥ ʈʘʰʠʪ ɸʭʤʝʪʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʀʚʘʥʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʀʛʣʠʥ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʣʴʠʥ ʉʝʨʛʝʡ ʖʨʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʩʢʘʥʜʘʨʦʚʘ ɻʫʣʴʥʘʨʘ ʈʠʬʦʚʥʘ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʂʘʟʜʘʥʷʥ ʉʫʩʘʥʥʘ ʐʘʣʚʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʘʯʘʣʦʚʘ ʃʶʜʤʠʣʘ ʇʘʚʣʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʦʞʘʣʠʝʚʘ ʏʠʥʘʨʘ ɹʘʢʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʂʦʣʝʩʥʠʢʦʚ ɻʝʥʥʘʜʠʡ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʦʨʥʝʚ ɺʷʯʝʩʣʘʚ ɺʷʯʝʩʣʘʚʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʨʝʤʥʝʚʘ ʊʘʪʴʷʥʘ ʃʝʦʥʠʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʨʳʣʦʚʘ ʄʘʨʠʷ ʅʠʢʦʣʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʫʥʮ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʫʨʣʝʥʷ ʄʠʭʘʠʣ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʄʘʣʢʦʯ ɺʠʪʘʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʠʩʢʫʩʩʪʚʦʚʝʜʯʝʩʢʠʭ ʥʘʫʢ 

ʄʘʣʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʄʝʩʝʥʷʰʠʥʘ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï 

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʢʨʘʩʦʚ ʉʪʘʥʠʩʣʘʚ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʧʦʤʥʷʱʠʡ ʆʣʝʛ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʆʨʦʙʝʮ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï 

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʇʦʧʦʚʘ ʀʨʠʥʘ ɺʠʪʘʣʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʇʳʨʢʦʚ ɺʷʯʝʩʣʘʚ ɽʚʛʝʥʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʈʫʢʘʚʠʰʥʠʢʦʚ ɺʠʢʪʦʨ ʉʪʝʧʘʥʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʉʝʤʝʥʦʚʘ ʃʠʜʠʷ ʕʜʫʘʨʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʋʜʫʪ ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌʠʦʥʦʚʘ ʃʶʜʤʠʣʘ ʈʠʤʦʚʥʘ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʏʠʩʪʦʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  
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THE VOLUME OF THE MATRIX BALL AND 
SKELETON IN THE SPACE OF MATRICES      

                    Davlatbaev T. O.  
Research-assistant  

 Nukus State Pedagogical Institute  
 

 
01 . Let be the  [ ]m m³ - space of  [ ]m m³ - matrices with complex elements. Let us denote by the  

[ ]n m m³  Cartesian product of n copies  [ ]m m³ : 

[ ] [ ] ... [ ]n

n ʨʘʟ

m m m m m m

-

³ = ³ ³ ³ ³ . 

Let B denote the matrix ball in space   [ ]n m m³ : 

( )

1{ ( ,..., ) [ ] : , 0}n m

nB Z Z Z m m I Z Z= = Í ³ - >, 

Where 
* * *

1 1 2 2, ... n nZ Z Z Z Z Z Z Z= + + + - "dot" product, 
( )mI - the identity  [ ]m m³ - matrix, 

'
*Z Znn = - matrix, conjugate and transpose to  Zn, 1,2,...,nn= . 

The skeleton of B is the set (see [3]) 

{ [ ] : , }nX Z m m Z Z I= Í ³ =. 

Theorem. Let Zn- [ ]m m³ - matrix and  1l>-. We put 

, 0

( ) [det( , )]
I Z Z

J I Z Z Zll
- >

= -ñ , 

where 
1 1

m mn

ij ij

i j

Z dx dy
= =

=ÔÔ , ij ij ijx iy z+ = . Then 

2

1

( )
( )

( )

mn
nm

k

ɻ k
J

ɻ k m

l
l p

l=

+
=

+ +
Ô  

In particular, when the  0l=  volume of the matrix ball is obtained 

2 1!2!...( 1)!
( )

!( 1)!...( 1)!

nm mn
V B

m m m mn
p

-
=

+ + -
 

Proof. We represent 1( ,..., )nZ Z Z= - matrix in the form   

                            , 1( , )m mnZ Z q-= ,                                                                  (1) 

where , 1m mnZ -  -[ ( 1)]m mn³ - - matrix, and q -[ 1]m³  matrix - column.  It is not hard to see 

Abstract: In this article, the volume of the matrix ball and skeleton in the matrix space. 
Key words: Matrix ball, space, volume, matrix circle. 



10 ǫǭǪǭǣǝǥǻ* Ǭǟǲǩǟ* ǭǠǯǟǦǭǡǟǬǧǤ 

 

III ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

that  
* * *

, 1 , 1, m mn m mnI Z Z I ZZ I Z Z qq- -- = - = - -. 

It follows from the inequalities , 0I Z Z- > and 
* 0qq > ,  that 

*

, 1 , 1 0m mn m mnI Z Z- -- >. 

Therefore, there is a nondegenerate matrix H , such that 
* *

, 1 , 1m mn m mnI Z Z HH- -- = . 

Let's make a replacement  q Hw= . Then 

            
* * * * *

, 1 , 1 ( )m mn m mnI ZZ I Z Z qq H I ww H- -- = - - = -                            (2) 

and  
2 * *

, 1 , 1det det det( )m mn m mnq H w w HH w I Z Z- -= = = - .             (3) 

Now consider the integral: 

, 0

( )
I Z Z

f Z Z
- >

ñ . 

From relations (1), (2) and (3) we obtain the following: 

 , 1
* *

, 1 , 1

*

, 1 , 1

, 0 0 0

( ) det( ) ( )
m mn

m mn m mn

m mn m mn

I Z Z I Z Z I ww

f Z Z I Z Z Z f Z w
-

- -

- -

- > - > - >

= -ñ ñ ñ .       (4) 

It is known that the inequality
*

0I ww- >  is equivalent to the inequality 
*

1 0w w- > , which 

defines an ordinary unit ball in the space m  ([1, p. 37]). 
Repeatedly applying equality (4), we obtain  
 

, 2
*

, 2 , 2

* *
1 1

* *
1 1

* 2

, 2 , 2

, 0 0

*

1 1 1

1 0 1 0

* 1 *

1 1 1 1 1 1

1 0 1 1 0

( ) [det( )]

(1 ) ( )

(1 ) ... (1 ) ( )

m mn

m mn m mn

mn mn mn mn

mn mn

m mn m mn

I Z Z I Z Z

mn mn mn mn

w w w w

mn

mn mn mn mn

w w w w

f Z Z I Z Z Z

w w w f Z w

w w w w w w f Z w

-

- -

- -

- -

- > - >

- - -

- > - >

-

- - -

- > - >

= - ³

³ - =

= - -

ñ ñ

ñ ñ

ñ ñ
*

1 1 0

.

mn mnw w- -- >

ñ

 

Gently ( ) [det( , )]f Z I Z Z l= - , we get 

*

* 1

1 1 0

( ) (1 )
mn

k

k w w

J w w wll + -

= - >

= -Ô ñ  

Using the well-known formula ([1, p. 46]) 
 

2 2
1 2

2 2 1

1 2 1 2

... 1

( )
(1 ... ) ... ( 0)

( )
m

m

m m

x

ɻ
x x dx dx

ɻ m

m m
p m

m

-

+ + <

- - - = >
+ñ  
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we get 
  

2

1

( )
( )

( )

mn
nm

k

ɻ k
J

ɻ k m

l
l p

l=

+
=

+ +
Ô . 

Hence, at  0l=  

                        
2 1!2!...( 1)!

( )
!( 1)!...( 1)!

nm mn
V B

m m m mn
p

-
=

+ + -
,                                        (5) 

which determines the volume of the matrix ball ɺ. 
The theorem is proved.  
From the obtained result (5), in particular, for 1n=  and 1m=  , we obtain the well-known formulas for 

the volumes of the matrix disc from [ ]m m³  and the unit ball from n  respectively (see [1], [2]).  

Now we calculate the volume of the skeleton of the matrix ball B. Let be [ ]U m mn- ³ - a matrix satisfy-

ing the condition 
* ( )mUU I= . 

The collection of all such matrices forms a variety ,m mnU , that coincides with the set of cosets of a uni-

tary group mnU  with respect to its subgroup mn mU - , consisting of matrices of the form 

( ) 0

0

m

mn m

I

U -

å õ
æ ö
ç ÷

. 

This implies,  

,

,

mn m mn mn m

mn m mn mn m

U U U

U U U

-

-= Öñ ñ ñ. 

It is known that ([1, p. 57]) the volume of the manifold is  mnU : 

( 1)

2(2 )
( )

1!2!...( 1)!

mn mn

mnV U
mn

p
+

=
-

 
Then the volume of the skeleton of the matrix ball is 

                            

2 ( 1)

2(2 )
( )

( )!...( 1)!

m m
nm

V X
mn m mn

p
-

-

=
- -

.                                                     (6) 

Therefore, we have the following. 

Offer. The volume of the skeleton of the  X  matrix ball is  B  calculated by the formula (6) 
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ǲǣǩ 40/,1,.65 

ǭǮǯǤǣǤǪǤǬǧǤ ǮǟǯǟǫǤǱǯǭǡ ǭǩǯǲǥǟǽǸǤǨ 
ǰǯǤǣǺ* ǡǪǧǾǽǸǧǴ Ǭǟ 
ǮǯǭǧǦǡǭǣǧǱǤǪǻǬǭǰǱǻ 
ǳǭǱǭǼǪǤǩǱǯǧǶǤǰǩǧǴ ǫǭǣǲǪǤǨ ǧ 
ǫǤǱǭǣǧǩǟ ǧǴ ǧǦǫǤǯǤǬǧǾ  

ǣǿȁȏȍȌȍȁ ǷȍȔȅǿȔȍȌ ǯȇȆǿȋǿȑ ȒȂȊȇ 
ʘʩʩʠʩʪʝʥʪ 

ʂʘʨʰʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

 
ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʧʳʪʘʥʠʡ (STC), ʠ ʵʪʠ 

ʫʩʣʦʚʠʷ ʩʦʩʪʦʷʪ ʠʟ 1000 ɺʪ/ʤ2, ɸ.ʄ. 1,5 (ʚʦʟʜʫʰʥʘʷ ʤʘʩʩʘ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ 25 ÁC. ʊʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʜʨʫʛʦʡ ʪʝʩʪ, ʥʘʟʳʚʘʝʤʳʡ ʥʦʤʠʥʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʷʯʝʡʢʠ. ʉʪʘʥʜʘʨʪʥʳʝ ʫʩʣʦʚʠʷ ʠʩʧʳʪʘʥʠʡ: 0,8 
ʢɺʪ/ʤ2 ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 20 ÁC ʠ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ 1 ʤ/ʩ [1; c. 3192]. 

ʅʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʬʘʢʪʦʨʳ ʦʢʨʫʞʘʶ-
ʱʝʡ ʩʨʝʜʳ, ʪʘʢʠʝ ʢʘʢ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ, ʚʦʟʜʫʰʥʘʷ ʤʘʩʩʘ ʠ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ [2]. ʂʨʦʤʝ 
ʪʦʛʦ, ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʂʇɼ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 6% ʜʦ 18%. ʆʜʥʘʢʦ ʜʦʙʠʪʴʩʷ ʦʜ-
ʥʦʚʨʝʤʝʥʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ ʚ ʧʨʠʨʦʜʝ ʦʯʝʥʴ ʩʣʦʞʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʚ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʦʟʜʫʰʥʦʡ 

ɹʦʦʧʫʙʯʡʸ. ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʠ-
ʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʦʝ ʠʟʫʯʘʝʪʩʷ ʜʦ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ. 
ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʣʠʷʥʠʝʤ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦ-ʨʘʟʥʦʤʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʪʦʵʣʝʢʪʨʠʯʝ-
ʩʢʦʛʦ ʵʣʝʤʝʥʪʘ. ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʣʠʷʶʱʠʝ ʥʘ ʚʳʨʘʙʦʪ-
ʢʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. ʈʘʩʩʤʦʪʨʝʥʳ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʩʦʣʥʝʯ-
ʥʘʷ ʨʘʜʠʘʮʠʷ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʘʣʛʦʨʠʪʤ, ʚʣʘʞʥʦʩʪʴ, ʬʦʪʦ-
ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʜʫʣʴ. 
 

DETERMINATION OF ENVIRONMENTAL PARAMETERS AFFECTING THE PERFORMANCE OF PV 
MODULES AND THE METHOD OF THEIR MEASUREMENT 

 
Davronov Shokhjakhon 

 
Abstract. The study of the influence of environmental parameters on the performance of photovoltaic convert-
ers is one of the main tasks that is being studied to this day. This is due to the influence of environmental con-
ditions in different ways depending on the photovoltaic cell. The work studied the main environmental factors 
affecting the generation of electricity from photovoltaic converters. Parameters such as solar radiation, wind 
speed, temperature and relative humidity are considered. 
Key words: solar radiation, wind speed, temperature, algorithm, humidity, PV module. 
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ʤʘʩʩʝ (AM), ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʡ ʚʦ ʚʨʝʤʝʥʠ [3; c. 
1387]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʣʦ ʪʨʫʜʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ, ʯʪʦ 
ʦʙʲʷʩʥʷʝʪ, ʧʦʯʝʤʫ ʧʦʣʫʯʘʶʪʩʷ ʥʝʣʠʥʝʡʥʳʝ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜ-
ʩʪʚʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ [4]. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʵʬʬʝʢʪʳ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʥʝʦʪʲʝʤʣʝʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʫʣʝʡ ʥʘ ʦʩ-
ʥʦʚʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ. ʆʥʠ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʧʨʦʠʟʚʦʜʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ 
ʧʘʜʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ, ʥʘʦʙʦʨʦʪ, ʪʝʨʷʪʴ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʃʶʙʦʡ ʨʘʩʯʝʪ ʩʦʣ-
ʥʝʯʥʦʡ ʙʘʪʘʨʝʠ ʠʣʠ ʩʠʩʪʝʤʳ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʧʦʧʨʘʚʢʫ ʥʘ ʵʪʦʪ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʵʬʬʝʢʪ    [5; ʩ. 47]. 
ɺʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʣʘʛʠ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʫʜʝʨʞʠʚʘʪʴ ʚʦʟʜʫʭ, ʠ 
ʦʧʨʝʜʝʣʷʝʪ ʧʨʝʜʝʣ ʥʘʩʳʱʝʥʠʷ. ʈʘʙʦʪʘ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 25Áʉ 
ʦʟʥʘʯʘʝʪ ʩʥʠʞʝʥʠʝ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʉʨʝʜʥʝʛʦʜʦʚʦʝ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʚʥʝʟʝʤʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 1367 ɺʪ/ʤĮ. ʉ 
ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʨʦʚʝʥʴ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʧʘʜʘʶʱʝʡ ʥʘ ʟʝʤʣʶ, ʤʝʥʴʰʝ ʫʨʦʚʥʷ ʚʥʝʟʝʤʥʦʡ ʩʦʣʥʝʯ-
ʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩʪʨʘʥ. ʀʟʤʝʥʝʥʠʷ ʚ ʘʪʤʦ-
ʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʫʨʦʚʝʥʴ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪʝʯʝʥʠʝ ʜʥʷ, ʦʢʘʟʳʚʘʶʪ 
ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʘʥʝʣʠ. ʇʦʵʪʦʤʫ ʦʯʝʥʴ ʚʘʞʥʦ ʟʥʘʪʴ ʫʨʦʚʝʥʴ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ 
ʠ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʘʥʝʣʴ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 
ʧʘʥʝʣʝʡ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʚʝʩʪʥʳ. ʇʨʠʥʷʪʠʝ ʚʦ ʚʥʠʤʘʥʠʝ ʵʪʠʭ ʫʩʣʦʚʠʡ, ʦʩʦ-
ʙʝʥʥʦ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʚʪʦʥʦʤʥʳʭ ʠ ʩʝʪʝʚʳʭ ʩʠʩʪʝʤ, ʜʘʩʪ ʙʦʣʝʝ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ [6; ʩ. 1, 7; ʩ. 
36]. 

ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʜʫʣʠ ʩʝʨʴʝʟʥʦ ʧʦʜʚʝʨʞʝʥʳ ʚʦʟʜʝʡʩʪʚʠʶ ʚʦʜʳ. ʊʘʢʞʝ ʚʦʜʘ ʚʳʟʳʚʘʝʪ ʛʠʜ-
ʨʦʣʠʟ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʫʣʷ. ɺʦʜʘ ʚʳʟʳʚʘʝʪ 
ʢʦʨʨʦʟʠʶ ʩʪʝʢʣʘ, ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʠ ʩʦʝʜʠʥʠʪʝʣʝʡ [8; ʩ. 282]. ɺ ʦʩʥʦʚʥʦʤ ʚʦʜʘ, ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ 
ʚʦʟʜʫʭʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʚʣʘʞʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʘʢ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʬʘʢʪʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ 
ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚ ʚʦʟʜʫʭʝ ʠ ʜʘʚʣʝʥʠʝʤ ʥʘʩʳʱʝʥʥʦʛʦ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ [9; ʩ. 125]. 
ɺʣʘʛʘ ʜʠʬʬʫʥʜʠʨʫʝʪ ʚ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʯʝʨʝʟ ʪʨʝʱʠʥʳ ʠʣʠ ʚʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʳʝ ʟʘʜʥʠʝ 
ʣʠʩʪʳ [10; ʩ. 2720]. ʂʦʣʠʯʝʩʪʚʦ ʚʣʘʛʠ ʠʟʤʝʨʷʝʪʩʷ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʘʷ ʚʘʨʴʠ-
ʨʫʝʪʩʷ ʚ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʠʥʢʘʧʩʫʣʷʪʘ ʠ ʥʘ ʟʘʜʥʝʡ ʩʪʦʨʦʥʝ ʠʥʢʘʧʩʫʣʷʪʘ [11]. ʕʪʠ ʨʘʟʣʠʯʠʷ ʦʙʫʩʣʦʚʣʝʥʳ 
ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʠʷ ʚʦʜʷʥʳʤ ʧʘʨʦʤ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʝʛʦ 
ʟʥʘʯʠʪʝʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ [12; ʩ. 693]. ʂʦʛʜʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʜʫʣʠ ʨʘʙʦʪʘʶʪ ʚ 
ʞʘʨʢʦʤ ʠ ʚʣʘʞʥʦʤ ʢʣʠʤʘʪʝ, ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʚʦʟʜʫʭʝ ʫʭʫʜʰʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʫʣʷ. ʀʟʤʝʥʝʥʠʷ 
ʟʘʚʠʩʷʪ ʦʪ ʧʨʦʮʝʩʩʘ ʜʠʬʬʫʟʠʠ ʚʣʘʛʠ ʯʝʨʝʟ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʜʫʣʴ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʤʝʜʣʝʥʥʳʤ 
ʧʨʦʮʝʩʩʦʤ. ʂʦʛʜʘ ʚʣʘʛʘ ʧʨʦʥʠʢʘʝʪ ʚ ʧʦʣʠʤʝʨ ʠ ʜʦʩʪʠʛʘʝʪ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʦʥʘ ʦʩʣʘʙʣʷʝʪ ʤʝʞ-
ʬʘʟʥʳʝ ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʷʟʠ, ʚʳʟʳʚʘʷ ʤʥʦʞʝʩʪʚʦ ʵʬʬʝʢʪʦʚ. ʅʝʢʦʪʦʨʳʤʠ ʧʨʠʤʝʨʘʤʠ ʵʪʠʭ ʵʬʬʝʢʪʦʚ 
ʷʚʣʷʶʪʩʷ ʦʪʩʣʦʝʥʠʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʭʦʜʥʳʭ ʢʘʥʘʣʦʚ ʠ ʵʨʦʟʠʷ 
ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʦʩʢʦʣʴʢʫ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʜʫʣʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʥʠ ʧʦ-
ʩʪʦʷʥʥʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʚʝʪʨʘ. ɺʝʪʝʨ ʦʢʘʟʳʚʘʝʪ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 
ʬʦʪʦʵʣʝʤʝʥʪʳ. ɺʦ-ʧʝʨʚʳʭ, ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ, ʢʦʪʦʨʦʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 
ʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʢʦʥʚʝʢʮʠʦʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʘʥʝʣʠ. ʆʭʣʘʞʜʝʥʠʝ ʬʦʪʦʵʣʝʤʝʥ-
ʪʘ ʧʦʤʦʛʘʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. ɺʦ-ʚʪʦʨʳʭ, ʥʝʛʘ-
ʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʚʝʪʨʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʢʘʪʝʛʦʨʠʠ: (1) ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝ-
ʩʢʫʶ ʧʘʥʝʣʴ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʫʱʝʨʙʫ, ʠ (2) ʨʘʟʜʨʘʞʝʥʠʝ ʧʝʩʢʦʤ 
ʠ ʧʳʣʴʶ ʚ ʚʦʟʜʫʭʝ, ʢʦʪʦʨʦʝ ʦʩʝʜʘʝʪ ʠ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʘʥʝʣʠ ʧʦʩʣʝ 
ʚʝʪʨʘ [13]. 

ʀʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʷʚʣʷʝʪʩʷ 
ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʧʨʠ ʚʳʧʦʣʥʝʥʠʷʭ ʠʩʧʳʪʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʌʕʇ. ɺ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ 
ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ, ʘʥʝʤʦʤʝʪʨ ʠ ʧʠʨʘʥʦʤʝʪʨ, ʙʦʣʝʝ 
ʧʦʜʨʦʙʥʦ ʦ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪʴʩʷ ʥʠʞʝ (ʩʤ. ʨʠʩ. 1). ʅʘ ʫʩʪʘʥʦʚʢʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 1, ʧʦʢʘʟʘʥʘ 
ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʦʜʫʣʝʡ, ʠʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʪʘʢʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʜʘʪʯʠʢʦʚ ʙʫʜʝʪ ʥʘʠʙʦʣʝʝ ʪʦʯ-
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ʥʦ ʦʧʨʝʜʝʣʷʪʴ ʢʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʣʠʷʶʪ ʥʘ ʚʳʨʘʙʦʪʢʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʝʦʙʨʘʟʦ-
ʚʘʪʝʣʷʤʠ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʠʨʘʥʦʤʝʪʨʘ ʙʳʣʦ ʪʘʢʠʤ ʯʪʦ ʥʠʢʘʢʠʝ ʧʦʩʪʦʨʦʥʥʠʝ 
ʧʨʝʜʤʝʪʳ ʥʝ ʧʨʝʧʷʪʩʪʚʦʚʘʣʠ ʪʦʯʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʫʨʦʚʥʷ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʪʝʤʧʝʨʘʪʫʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʌʕʇ. ʇʦ ʵʪʦʡ 
ʧʨʠʯʠʥʝ ʝʸ ʠʟʤʝʨʝʥʠʝ ʠ ʘʥʘʣʠʟ ʚʦʟʜʝʡʩʪʚʠʷ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘ-
ʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦ ʤʝʥʷʶʱʠʤʩʷ ʟʥʘʯʝʥʠʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠʩ-
ʧʦʣʴʟʫʝʪʩʷ ʜʚʘ ʪʠʧʘ ʮʠʬʨʦʚʳʭ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ. 

 

 
ʉʡʪ. 1. ʅʧʝʬʤʡ ʡʠʥʞʩʞʦʡʸ ʨʙʩʙʥʞʫʩʧʛ ʧʣʩʬʟʙʷʲʞʢ ʪʩʞʝʴ 

 
ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʤʦʜʫʣʠ ʠ ʜʘʪʯʠʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʂʘʢ ʠʟʚʝʩʪʥʦ 

ʮʠʬʨʦʚʳʝ ʜʘʪʯʠʢʠ ʥʘʠʙʦʣʝʝ ʣʝʛʯʝ ʧʦʜʜʘʶʪʩʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʠ ʫʜʦʙʥʳ ʚ ʨʝʘʣʠʟʘʮʠʠ ʩ ʤʠʢʨʦ-
ʢʦʥʪʨʦʣʣʝʨʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʠʞʝʧʨʠʚʝʜʝʥʥʳʝ ʤʦʜʫʣʠ ʠ ʜʘʪʯʠʢʠ 
ʜʣʷ ʠʟʤʝʨʝʥʠʡ. ʇʦ ʮʝʥʦʚʦʡ ʢʘʪʝʛʦʨʠʠ ʠ ʧʦ ʢʘʯʝʩʪʚʫ ʧʨʠʚʝʜʝʥʥʳʝ ʜʘʪʯʠʢʠ ʥʝ ʫʩʪʫʧʘʶʪ ʩʚʦʠʤ ʘʥʘʣʦ-
ʛʘʤ.  

ɼʘʪʯʠʢ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ DS18B20 ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤ ʧʦ ʧʨʠʯʠʥʝ ʣʝʛʢʦʜʦ-
ʩʪʫʧʥʦʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʦʡ ʮʝʥʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʘʥʘʣʦʛʘʤʠ. ʇʨʠ ʵʪʦʤ ʪʦʯʥʦʩʪʴ ʠ 
ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʜʘʥʥʦʛʦ ʜʘʪʯʠʢʘ ʥʝ ʫʩʪʫʧʘʝʪ ʜʦʨʦʛʦʩʪʦʷʱʠʤ. ɼʘʥʥʳʡ ʜʘʪʯʠʢ ʧʠʪʘʝʪʩʷ ʦʪ ʥʘʧʨʷ-
ʞʝʥʠʷ 5 ʚʦʣʴʪ, ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪ -55 ʜʦ +125 Áʉ, ʘʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 
ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 0.5 Áʉ. ɺʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʜʘʪʯʠʢʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 750 ʤʩ. ɼʘʪʯʠʢ ʠʤʝʝʪ ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘʩʪʨʦʠʪʴ ʧʘʨʘʤʝʪʨʳ ʪʨʝʚʦʞʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʘʥʝʣʠ, ʪʘʢʠʭ ʢʘʢ ʫʛʦʣ 
ʥʘʢʣʦʥʘ ʧʘʥʝʣʠ, ʟʘʪʝʥʝʥʠʝ, ʧʳʣʴ, ʫʨʦʚʝʥʴ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʨʫʛʠʝ ʧʦʪʝʨʠ [14; ʩ. 
477]. ʉʨʝʜʠ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʫʨʦʚʝʥʴ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʙʳʣʠ ʙʦʣʝʝ ʟʘʤʝʪʥʳʤʠ. 

DHT22 ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ. ɼʘʪʯʠʢ ʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʚʳʜʝʣʝʥ-
ʥʳʤ NTC ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 8-ʙʠʪʥʳʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ʜʣʷ ʚʳʚʦʜʘ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘ-
ʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ. ɼʘʪʯʠʢ ʪʘʢʞʝ ʦʪʢʘʣʠʙʨʦʚʘʥ ʥʘ ʟʘʚʦʜʝ-
ʠʟʛʦʪʦʚʠʪʝʣʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʣʝʛʢʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʨʫʛʠʤʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʤʠ. ɼʘʪʯʠʢ ʤʦʞʝʪ 
ʠʟʤʝʨʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʦʪ -40 Á C ʜʦ 80 Á C ʠ ʚʣʘʞʥʦʩʪʴ ʦʪ 0% ʜʦ 100% ʩ ʪʦʯʥʦʩʪʴʶ Ñ 1 Á C ʠ Ñ 1% [15]. 

ʎʠʬʨʦʚʦʡ ʪʝʨʤʦʤʝʪʨ DS18B20 ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 9 ʜʦ 12 ʙʠʪ ʧʦ ʎʝʣʴʩʠʶ 
ʠ ʠʤʝʝʪ ʬʫʥʢʮʠʶ ʩʠʛʥʘʣʠʟʘʮʠʠ ʩ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚʝʨʭʥʝʡ ʠ ʥʠʞ-
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ʥʝʡ ʪʦʯʢʘʤʠ ʟʘʧʫʩʢʘ. DS18B20 ʩʚʷʟʳʚʘʝʪʩʷ ʧʦ 1-ʧʨʦʚʦʜʥʦʡ ʰʠʥʝ, ʢʦʪʦʨʘʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʨʝʙʫʝʪ 
ʪʦʣʴʢʦ ʦʜʥʦʡ ʣʠʥʠʠ ʜʘʥʥʳʭ (ʠ ʟʘʟʝʤʣʝʥʠʷ) ʜʣʷ ʩʚʷʟʠ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʤ. ʂʨʦʤʝ ʪʦʛʦ, 
DS18B20 ʤʦʞʝʪ ʧʦʣʫʯʘʪʴ ʵʥʝʨʛʠʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (çʧʘʨʘʟʠʪʥʦʝ ʧʠʪʘ-
ʥʠʝè), ʫʩʪʨʘʥʷʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʦ ʚʥʝʰʥʝʤ ʠʩʪʦʯʥʠʢʝ ʧʠʪʘʥʠʷ [16]. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʜʘʪʯʠʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʳʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʧʠʨʘʥʦʤʝʪʨ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 
ʣʘʙʦʨʘʪʦʨʠʷʭ, ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʚ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. ɺ 
ʵʪʦʡ ʨʘʙʦʪʝ ʪʘʢʞʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʠʨʘʥʦʤʝʪʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʩʪʫʧʘʶʱʝʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, 
ʤʘʨʢʠ SMP11 ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ Kipp&Zonen. 

 

 
ʉʡʪ. 2. ɹʤʜʧʩʡʫʥ ʡʠʥʞʩʞʦʡʸ ʛʤʡʸʷʲʡʮ ʭʙʣʫʧʩʧʛ ʧʣʩʬʟʙʷʲʞʢ ʪʩʞʝʴ ʦʙ ʍʖʅ 

 
ʀʟʤʝʨʝʥʠʝ ʚʥʝʰʥʠʭ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦ-

ʚʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʚ ʵʪʦʡ ʩʬʝʨʝ. ʄʝʪʦʜʦʣʦʛʠʷ ʠʟʤʝʨʝʥʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɸʣʛʦʨʠʪʤ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʥʝʰʥʠʭ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʚ ʢʦʪʦ-
ʨʦʤ ʧʨʠʚʦʜʠʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ (ʩʤ. ʨʠʩ. 2). ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʙʳʣʦ ʨʝʰʝʥʦ, ʯʪʦ 
ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ɺɸʍ ʜʦʣʞʥʳ ʧʨʦʚʦʜʠʪʴʩʷ ʧʝʨʚʳʤ, ʧʦʩʣʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʠʟʤʝʨʝʥʠʝ 
ʚʥʝʰʥʠʭ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʪʘʢʠʭ ʢʘʢ, ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ 
ʚʦʟʜʫʭʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ. ʊʝʤʧʝʨʘʪʫʨʘ 
ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʠʟʤʝʨʷʣʦʩʴ ʧʦ ʜʚʫʤ ʜʘʪʯʠʢʘʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʳʯʠʪʳʚʘʣʘʩʴ ʩʨʝʜʥʷʷ ʪʝʤ-
ʧʝʨʘʪʫʨʘ ʤʦʜʫʣʷ ʠʟ ʜʚʫʭ ʜʘʪʯʠʢʦʚ.  

ʀʙʣʤʷʰʞʦʡʞ 
ʀʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʤʦʜʫʣʝʡ, ʜʦʣʞʥʳ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʮʝʣʷʭ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʠ ʧʦʚʝʜʝʥʠʷ ʬʦʪʦ-
ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʝ ʪʦʣʴʢʦ ʚ ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ, ʥʦ ʠ ʚ ʩʣʫʯʘʝ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʦʙʱʝʡ ʩʝʪʠ ʵʣʝʢ-
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ʪʨʦʵʥʝʨʛʠʠ. ʇʘʨʘʤʝʪʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʦʣʞʥʳ ʠʟʤʝʨʷʪʴʩʷ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʠʟʤʝʨʝʥʠʷ ʚʦʣʴʪʘʤ-
ʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ. 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʄʦʪʦʨʳʛʠʥ ʖʨʠʡ ɼʤʠʪʨʠʝʚʠʯ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 
ʌɻɹʆʋ ɺʆ ʉʇʙ ʋʥʠʚʝʨʩʠʪʝʪ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ 

 

 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʠ ʩʫʜʝʙʥʦʡ ʵʢʩʧʝʨʪʠʟʳ ʧʨʠ ʨʘʩʩʣʝʜʦʚʘʥʠʠ 
ʧʦʞʘʨʦʚ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʧʨʠ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʘʭ ʚ ʵʣʝʢʪʨʦʩʝʪʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʇʦʢʘʟʘʥʦ, 
ʯʪʦ ʧʦʞʘʨʦʦʧʘʩʥʳʝ ʘʚʘʨʠʡʥʳʝ ʨʝʞʠʤʳ ʚ ʵʣʝʢʪʨʦʩʝʪʠ ʘʚʪʦʤʦʙʠʣʝʡ, ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʘʚʘʨʠʡʥʳʤ ʨʝʞʠʤʦʤ ʚ ʵʣʝʢʪʨʦʩʝʪʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ 
ʩʨʝʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʦʣʴʰʠʭ ʧʝʨʝʭʦʜʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ 
ʤʝʪʦʜʠʢʘ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʧʦʞʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʚʪʦʪʨʘʥʩʧʦʨʪ, ʵʣʝʢʪʨʦʩʝʪʴ, ʙʦʣʴʰʠʝ ʧʝʨʝʭʦʜʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʵʢʩʧʝʨʪʠʟʘ, ʧʦ-
ʞʘʨʦʦʧʘʩʥʳʝ ʘʚʘʨʠʡʥʳʝ ʨʝʞʠʤʳ. 
 

FEATURES OF THE STUDY OF LARGE TRANSIENT RESISTANCES IN THE POWER GRID DURING 
FIRE-TECHNICAL EXPERTISE 

 
Abubakarov Magomed Musayevich, 

Shishanova Svetlana Sergeevna, 
Gorbacheva Marina Mikhailovna, 

Chibotar Alexander Alexandrovich 
 

Scientific adviser: Motorygin Yuri Dmitrievich 
 
Abstract: the article discusses the features of conducting a forensic examination in the investigation of fires 
that occurred during emergency modes in the electric grid of motor vehicles. It is shown that fire-hazardous 
emergency modes in the electrical network of cars depend on the time of operation of the vehicle. The most 
dangerous emergency mode in the electrical network of a motor vehicle is the process of occurrence of large 
transient resistances. The paper proposes a methodology for conducting a fire-technical examination of motor 
vehicles. 
Key words: motor transport, electric grid, large transient resistances, expertise, fire-hazardous emergency 
modes. 
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ɹʝʟʦʧʘʩʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʘʚʪʦʤʦʙʠʣʷ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʩʝʪʠ 
[1]. ʉʯʠʪʘʝʪʩʷ ʯʪʦ ʵʣʝʢʪʨʦʩʝʪʴ ʥʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʙʝʟʦʧʘʩʥʘ, ʝʩʣʠ ʚ ʥʝʝ ʥʝ ʧʨʦʠʟʚʦʜʷʪ ʧʦʜʢʣʶʯʝʥʠʝ 
ʥʝ ʰʪʘʪʥʳʝ ʫʩʪʨʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ: ʤʫʣʴʪʠʤʝʜʠʡʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʟʘʱʠʪʳ, 
ʦʙʦʛʨʝʚʘʪʝʣʠ, ʵʣʝʤʝʥʪʳ ʤʦʜʜʠʥʛʘ.  

ʇʦʩʣʝ ʧʝʨʠʦʜʘ ʦʙʢʘʪʢʠ ʘʚʪʦʤʦʙʠʣʷ, ʵʪʦʪ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʦʪ 3 ʜʦ 5 ʣʝʪ. ʆʙʳʯʥʦ 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʢʘʪʢʠ ʥʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʟʘʢʘʥʯʠʚʘʝʪʩʷ, ʢʦʛʜʘ ʦʥ ʧʨʦʡʜʝʪ 1500 ʢʤ. ɺ ʪʝʯʝʥʠʝ 
ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʘʚʘʨʠʡʥʳʝ ʧʦʞʘʨʦʦʧʘʩʥʳʝ ʨʝʞʠʤʳ ʚ ʵʣʝʢʪʨʦʩʝʪʠ ʘʚʪʦʤʦʙʠʣʷ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫ-
ʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʝʨʝʛʨʫʟʢʘ, ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ, ʙʦʣʴʰʦʝ ʧʝʨʝʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ.   

ʉʣʝʜʫʶʱʠʡ ʧʝʨʠʦʜ ʥʘʟʳʚʘʝʪʩʷ ʨʘʙʦʯʠʤ ʠ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ 5 ʜʦ 10 ʣʝʪ [2, 3]. ɿʘ ʵʪʦ ʚʨʝʤʷ ʚ 
ʵʣʝʢʪʨʦʩʝʪʠ ʘʚʪʦʤʦʙʠʣʷ ʧʨʦʠʩʭʦʜʷʪ ʨʝʞʠʤʳ ʨʘʟʨʫʰʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʟʦʣʷʮʠʠ ʠ ʢʦʤʤʫʪʘ-
ʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  ʆʩʦʙʝʥʥʦ ʥʘ ʵʪʠ ʧʨʦʮʝʩʩʳ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʦ-
ʚʳʰʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ, ʚʠʙʨʘʮʠʷ, ʫʜʘʨʳ. ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʩʦ ʚʨʝʤʝʥʝʤ ʧʦʪʝʨʷ ʢʘʯʝʩʪʚʘ ʠʟʦʣʷʮʠʠ. ʅʘ 
ʵʪʦʤ ʧʝʨʠʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ ʦʢʘʟʳʚʘʶʪʩʷ ʢʦʨʦʪʢʠʝ ʟʘʤʳʢʘʥʠʷ, ʥʘ ʚʪʦʨʦʤ 
ʤʝʩʪʝ ï ʙʦʣʴʰʠʝ ʧʝʨʝʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʥʘ ʪʨʝʪʴʝʤ ï ʧʝʨʝʛʨʫʟʢʘ. 

ʊʨʝʪʠʡ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʯʘʩʪʳʤʠ ʦʪʢʘʟʘʤʠ ʚ ʵʣʝʤʝʥʪʘʭ ʵʣʝʢ-
ʪʨʦʩʝʪʠ ʘʚʪʦʤʦʙʠʣʷ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʷ. ʅʘ ʧʝʨʚʦʝ ʤʝʩʪʦ 
ʚʳʭʦʜʷʪ ʘʚʘʨʠʡʥʳʝ ʨʝʞʠʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʙʦʣʴʰʠʤʠ ʧʝʨʝʭʦʜʥʳʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ. ʅʘ ʚʪʦʨʦʤ ʤʝʩʪʝ 
ï ʢʦʨʦʪʢʠʝ ʟʘʤʳʢʘʥʠʷ. ʅʘ ʵʪʦʤ ʧʝʨʠʦʜʝ ʘʚʘʨʠʡʥʳʡ ʨʝʞʠʤ - ʧʝʨʝʛʨʫʟʢʘ ʤʘʣʦʚʝʨʦʷʪʝʥ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʦʩʥʦʚʥʘʷ ʧʦʞʘʨʥʘʷ ʥʘʛʨʫʟʢʘ ʵʣʝʢʪʨʦʩʝʪʠ ʘʚʪʦʤʦʙʠʣʷ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʧʦʜʢʘʧʦʪʥʦʤ 
ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʦ ʛʦʨʝʥʠʝ ʧʝʨʝʜʥʝʡ ʩʪʦʨʦʥʳ ʩʘʣʦʥʘ ʘʚʪʦʤʦʙʠ-
ʣʷ çTOYOTA RAV 4è.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʩʝʪʠ ʘʚʪʦ-
ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

 

 
ʉʡʪ. 1. ɼʧʩʞʦʡʞ ʨʞʩʞʝʦʞʢ ʪʫʧʩʧʦʴ ʪʙʤʧʦʙ ʙʛʫʧʥʧʚʡʤʸ çTOYOTA RAV 4è 

 
ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ [2, 4, 5] ʧʦʠʩʢʘ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʩʝʪʠ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʦʩʣʝ ʧʦʞʘʨʘ. ʆʩʥʦʚʥʦʡ ʫʧʦʨ ʜʝʣʘʝʪʩʷ ʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʘʚʘʨʠʥʳʭ 
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ʨʝʞʠʤʦʚ ʚ ʵʣʝʢʪʨʦʩʝʪʠ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʥʦ ʩ ʙʦʣʴʰʠʤʠ ʧʝʨʝʭʦʜʥʳʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ 
ʠ ʩ ʧʦʚʳʰʝʥʦʡ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʴʶ ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

 

 
ʉʡʪ. 2. ɹʤʜʧʩʡʫʥ ʥʞʫʧʝʡʣʡ ʨʧʡʪʣʙ ʙʛʙʩʡʢʦʴʮ ʩʞʟʡʥʧʛ ʩʙʚʧʫʴ ʶʤʞʣʫʩʧʪʞʫʡ ʙʛʫʧʫʩʙʦʪʨʧʩʫʦʧʜʧ 

ʪʩʞʝʪʫʛʙ ʨʧʪʤʞ ʨʧʟʙʩʙ 
 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2 ʧʝʨʚʳʡ ʵʪʘʧ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʚʦʜʝ ʜʘʥʥʳʭ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʘʚʪʦʤʦʙʠʣʷ, ʘ ʠʤʝʥʥʦ ʜʘʥʥʳʝ ʪʘʣʦʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʘʩʧʦʨʪʘ ʘʚʪʦʤʦʙʠʣʷ, ʩʚʝʜʝʥʠʷ ʧʦ 
ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝʤʦʥʪʫ. ʇʨʦʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 
ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʟʥʘʢʦʚ ʘʚʘʨʠʡʥʦʛʦ ʨʝʞʠʤʘ ʚ ʵʣʝʢʪʨʦʩʝʪʠ ʜʘʥʥʦʛʦ 
ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ.  

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʨʦʚʝʨʢʠ ʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʨʢʠ, ʜʘʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 
ʥʘʭʦʞʜʝʥʠʶ ʦʯʘʛʘ ʧʦʞʘʨʘ ʠ ʠʩʪʦʯʥʠʢʘ ʟʘʞʠʛʘʥʠʷ. 
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ǲǣǩ ..2,.10,04 

ǮǭǡǺǷǤǬǧǤ ǼǳǳǤǩǱǧǡǬǭǰǱǧ 
ǯǟǰǮǭǦǬǟǡǟǬǧǾ ǲǰǪǭǡǬǺǴ ǢǯǟǳǧǶǤǰǩǧǴ 
ǭǠǭǦǬǟǶǤǬǧǨ ǼǪǤǩǱǯǧǶǤǰǩǧǴ ǰǴǤǫ ǰ 
ǧǰǮǭǪǻǦǭǡǟǬǧǤǫ ǧǰǩǲǰǰǱǡǤǬǬǺǴ 
ǬǤǨǯǭǬǬǺǴ ǰǤǱǤǨ 

ǶȒȋǿȖȄȌȉȍ ǟȊȄȉȐǿȌȃȏ ǡȇȉȑȍȏȍȁȇȖ 
ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

 
ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʫʩʣʦʚʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʦʟʥʘʯʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʧʨʦʜʠʢʪʦ-

ʚʘʥʘ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʪʨʝʥʜʘʤʠ. ʅʘʢʦʧʣʝʥʥʳʝ ʟʘ ʤʥʦʛʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʘʨʭʠʚʳ ʪʝʭʥʠʯʝ-
ʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʚʚʝʜʝʥʥʳʭ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʙʦʣʝʝ 30 
ʣʝʪ, ʪʨʝʙʫʶʪ ʧʝʨʝʚʦʜʘ ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʘʪ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʮʠʬʨʦʚʢʘ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʨʦʠʟʚʦ-
ʜʠʪʩʷ ʚʨʫʯʥʫʶ, ʯʪʦ ʢʨʘʡʥʝ ʜʦʣʛʦ ʠ ʪʨʝʙʫʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʧʦʩʢʦʣʴʢʫ 
ʧʨʠʭʦʜʠʪʩʷ ʟʘʥʦʚʦ ʩʦʟʜʘʚʘʪʴ ʯʝʨʪʝʞ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝ-
ʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʮʠʬʨʦʚʢʠ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʩʚʷ-
ʟʘʥʳ ʩ ʤʝʪʦʜʘʤʠ ʝʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ʆʜʥʘʢʦ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʠ ʜʦʩʪʠ-
ʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʫʩʣʦʚʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʦʟʥʘʯʝʥʠʡ ʵʣʝʢ-
ʪʨʠʯʝʩʢʠʭ ʩʭʝʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʢʘ ʝʱʝ ʥʝ ʜʦʩʪʠʛʥʫʪʘ ʪʨʝʙʫʝʤʘʷ ʩʢʦʨʦʩʪʴ ʠ 
ʘʜʝʢʚʘʪʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ. ʆʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʫʩʣʦʚʥʦʝ ʛʨʘʬʠʯʝʩʢʦʝ ʦʙʦʟʥʘ-
ʯʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʣʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʭʦʪʷ ʠ ʩʦʩʪʦʠʪ ʠʟ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝ-
ʩʢʠʭ ʩʠʤʚʦʣʦʚ, ʷʚʣʷʝʪʩʷ ʝʜʠʥʳʤ ʩʣʦʞʥʳʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʵʪʦʤ ʩʤʳʩʣ ʢʘʞʜʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ ʚ 

ɹʦʦʧʫʙʯʡʸ: ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʫʩʣʦʚʥʳʭ 
ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʦʟʥʘʯʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ ʦʩʥʦʚʝ 
ʘʫʛʤʝʥʪʘʮʠʠ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʩʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʘʫʛʤʝʥʪʘʮʠʷ 
ʜʘʥʥʳʭ, ʫʩʣʦʚʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʦʙʦʟʥʘʯʝʥʠʷ, ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ. 
 
INCREASING THE EFFICIENCY OF RECOGNITION OF SYMBOLS OF ELECTRICAL DIAGRAMS USING 

ARTIFICIAL NEURAL NETWORKS 
 

Chumachenko Aleksandr Viktorovich 
 
Abstract: The paper considers the issue of increasing the efficiency of recognition of conventional graphic 
symbols of electrical circuits using a convolutional neural network based on augmentation of a training sample. 
Key words: pattern recognition, neural networks, convolutional neural network, data augmentation, conven-
tional graphic symbols, circuit diagram. 
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ʫʩʣʦʚʥʦʤ ʦʙʦʟʥʘʯʝʥʠʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʘʢʠʤ ʜʨʫʛʠʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ 
ʩʠʤʚʦʣʦʤ ʦʥ ʧʨʠʤʝʥʷʝʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʫʩʣʦʚʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʦʟʥʘʯʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ 
ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ. ʇʨʘʢʪʠʢʘ 
ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʨʝʜʠ ʚʩʝʭ ʤʝʪʦʜʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʚʝʨ-
ʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʢʘʢ ʦʙʱʝʝ ʩʦ-
ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʪʘʢ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʪʦʜʠʢʠ ʩʦʟʜʘʥʠʷ ʚʠʟʫ-
ʘʣʴʥʳʭ ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʦʢ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʚʳʙʨʘʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ 
ʦʙʣʘʩʪʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʫʯʘʶʱʝʛʦ 
ʤʥʦʞʝʩʪʚʘ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʣʦʞʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ. ʄʘʣʦʠʟʫʯʝʥʥʳʤ ʪʘʢʞʝ ʷʚ-
ʣʷʝʪʩʷ ʚʦʧʨʦʩ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʙʦʨʢʠ ʠ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʚʠʟʫʘʣʴʥʳʭ 
ʜʘʥʥʳʭ ʥʘ ʢʘʯʝʩʪʚʦ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. 

ʉʦʟʜʘʥʠʝ ʧʦʜʦʙʥʦʡ ʚʳʙʦʨʢʠ ʜʣʷ ʨʝʰʝʥʠʷ ʯʘʩʪʥʦʡ ʟʘʜʘʯʠ ʜʦʚʦʣʴʥʦ ʪʨʫʜʦʝʤʢʠʡ ʧʨʦʮʝʩʩ, ʦʩʣʦʞ-
ʥʷʶʱʠʡʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʦʚ. ʀʤʝʶʱʠʝʩʷ ʚ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦ-
ʢʫʤʝʥʪʘʮʠʠ (ɻʆʉʊʳ) ʦʙʨʘʟʮʳ ʷʚʣʷʶʪʩʷ ʯʝʪʢʠʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʜʝʬʝʢʪʦʚ. ɺ ʨʝʘʣʴʥʳʭ 
ʫʩʣʦʚʠʷʭ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʪʘʨʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʤʦʞʝʪ ʥʝ ʠʤʝʪʴ ʯʝʪʢʦʛʦ 
ʢʦʥʪʫʨʘ, ʩʣʠʚʘʪʴʩʷ ʩ ʦʢʨʫʞʘʶʱʠʤ ʬʦʥʦʤ ʠʣʠ ʧʝʨʝʩʝʢʘʪʴʩʷ ʩ ʧʨʦʯʠʤʠ ʥʝʮʝʣʝʚʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʯʪʦ ʟʘ-
ʤʝʪʥʦ ʫʩʣʦʞʥʷʝʪ ʨʘʩʧʦʟʥʘʚʘʥʠʝ. 

ʋʚʝʣʠʯʝʥʠʝ ʜʦʩʪʫʧʥʦʛʦ ʦʙʲʝʤʘ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʠ ʧʨʠʙʣʠʞʝʥʠʝ ʦʙʨʘʟʮʦʚ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦ-
ʚʠʷʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʘʫʛʤʝʥʪʘʮʠʠ. ʇʦʜ ʘʫʛʤʝʥʪʘʮʠʝʡ ʜʘʥʥʳʭ ʧʦʥʠʤʘ-
ʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʚʳʙʦʨʢʠ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʯʝʨʝʟ ʤʦʜʠʬʠʢʘʮʠʶ ʠʤʝʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ. ʀʩʧʦʣʴ-
ʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʘʫʛʤʝʥʪʘʮʠʠ ʧʦʢʘʟʘʣʦ ʩʝʙʷ ʭʦʨʦʰʦ ʥʘ ʟʘʜʘʯʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ. ʅʝʩʤʦʪʨʷ 
ʥʘ ʵʪʦ, ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʘʫʛʤʝʥʪʘʮʠʠ ʥʘ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʝʡ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʝ ʙʳʣʦ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʦʙʦʙʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ 
ʩʝʪʠ ʙʝʟ ʧʦʪʝʨʴ ʩʢʦʨʦʩʪʠ ʝʝ ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʫʩʣʦʚʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʦʟʥʘʯʝʥʠʡ 
ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʥʘ ʦʩʥʦʚʝ ʘʫʛʤʝʥʪʘʮʠʠ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. 

 
 

 
ʉʡʪ. 1. ʀʙʛʡʪʡʥʧʪʫʵ ʧʚʧʚʲʙʷʲʞʢ ʪʨʧʪʧʚʦʧʪʫʡ ʦʞʢʩʧʦʦʧʢ ʪʞʫʡ ʧʫ ʩʙʠʥʞʩʙ ʧʚʳʞʣʫʧʛ (ʙ), ʪʤʧʟ-
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ʥʘʙʦʨ ʜʘʥʥʳʭ, ʘ ʪʝʩʪʦʚʳʡ ʦʩʪʘʚʘʣʩʷ ʥʝʠʟʤʝʥʥʳʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝ-
ʣʠ YOLOv5 ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʠʯʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʬʫʥʢʮʠʠ, ʠʤʠʪʠʨʫʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʢʘʯʝʩʪʚʘ 
ʠʩʭʦʜʥʦʛʦ ʦʨʠʛʠʥʘʣʘ ʠʟʦʙʨʘʞʝʥʠʷ: ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʘ ʦʙʲʝʢʪʦʚ, ʩʣʦʞʥʦʩʪʴ ʬʦʥʘ, ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʘ 
ʠʟʦʙʨʘʞʝʥʠʷ, ʜʝʬʝʢʪʳ ʧʦʜʣʦʞʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʨʠʢʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚʝʣʠʯʠʥʘ mAP (mean Average 
Precision). ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʝʨʚʠʯʥʘʷ ʘʫʛʤʝʥʪʘʮʠʷ ʜʘʥʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ 
ʪʦʯʥʦʩʪʴ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 2.3 ʧʫʥʢʪʘ mAP. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʘʢʞʝ ʠʤʝʶʪ ʦʩʚʝʱʝʥʥʦʩʪʴ, ʨʘʩʧʦʣʦʞʝʥʠʝ 
































































































































































































































































