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ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ 
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ʉʦʨʦʢʠʥʘè. ï ʕʣʝʢʪʨʦʥ. ʪʝʢʩʪʦʚʳʝ ʜʘʥ. (1,6 ʄʙ). ï ʉʳʢʪʳʚʢʘʨ : ʀʟʜ-ʚʦ ʉɻʋ ʠʤ. ʇʠ-

ʪʠʨʠʤʘ ʉʦʨʦʢʠʥʘ, 2020. ï 1 ʦʧʪ. ʢʦʤʧʘʢʪ-ʜʠʩʢ (CD-ROM). ï ʉʠʩʪʝʤ.ʪʨʝʙʦʚʘʥʠʷ: ʇʂ 

ʥʝ ʥʠʞʝ ʢʣʘʩʩʘ Pentium III ; 256 ʄʙ RAM ; ʥʝ ʤʝʥʝʝ 1,5 ɻʙ ʥʘ ʚʠʥʯʝʩʪʝʨʝ ; Windows 

XP ʩ ʧʘʢʝʪʦʤ ʦʙʥʦʚʣʝʥʠʷ 2 (SP2) ; Microsoft Office 2003 ʠ ʚʳʰʝ ; ʚʠʜʝʦʢʘʨʪʘ  

ʩ ʧʘʤʷʪʴʶ ʥʝ ʤʝʥʝʝ 32 ʄʙ ; ʵʢʨʘʥ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʥʝ ʤʝʥʝʝ 1024 Ĭ 768 ʪʦʯʝʢ ;  

4-ʩʢʦʨʦʩʪʥʦʡ ʜʠʩʢʦʚʦʜ (CD-ROM) ʠ ʚʳʰʝ ; ʤʳʰʴ. ï ɿʘʛʣ. ʩ ʪʠʪʫʣ. ʵʢʨʘʥʘ.  
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A method of solution to R-linear conjugation problem and applications 

S. Rogosin, L. Primachuk, M. Dubatovskaya 

Belarusian State University, Minsk 

ʄʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ R-ʣʠʥʝʡʥʦʛʦ ʩʦʧʨʷʞʝʥʠʷ ʠ ʧʨʠʣʦʞʝʥʠʷ 

C. ɺ. ʈʦʛʦʟʠʥ,  ʃ. ʇ. ʇʨʠʤʘʯʫʢ, ʄ. ɺ. ɼʫʙʘʪʦʚʩʢʘʷ  

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ 

In [1], it is proposed a method of solution to a case of R-linear conjugation problem: 

 ʒ Ô ÁÔʒ Ô ÂÔʒ Ô ÆÔȟÔɴ  Ôɴ ᴇȡȿÔȿ ρȟ (1) 

This problem (known also as Markushevichôs problem or generalized Riemann boundary value 

problem) is used in the study of applied problems, e.g. in composite materials or planar heterogeneous 

media (see [2, 3] and references therein). It is also related to certain mathematical problems such as the 

Wiener-Hopf equation (see [4]). Problem (1) is equivalent to the vector-matrix ᴇ-linear conjugation prob-

lem 

 ɰ Ô
Ôå π
π Ôå

ρ ÐÔÐÔ ÐÔ

ÐÔ ρ
ɰ Ô (ÔȟÔɴ  ȟ (2) 

whereÐÔ is the boundary value of a function analytic outside the unit disc. In our work we factorize the 

matrix coefficient of (2) and thus calculate the partial indices of the problem in the case of ÐÔ being a 

rational function or an infinite series.  
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ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʜʘʯ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʣʝʮ, ʧʦʜʢʨʝʧʣʝʥʥʳʭ ʫʧʨʫʛʠʤʠ ʥʠʪʷʤʠ 

ɺ. ʖ. ɸʥʜʨʶʢʦʚʘ 

ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʌʀʎ çʂʦʤʠ ʥʘʫʯʥʳʡ ʮʝʥʪʨ  ʋʨʆ ʈɸʅè, ʉʳʢʪʳʚʢʘʨ 

Numerical simulation of stability problems for rings reinforced with elastic threads 

V. Yu. Andryukova 

Physics and Mathematics Institute Komi Scientific Center, Syktyvkar 

1. ʉʣʫʯʘʡ ʥʦʨʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʧʨʫʛʠʭ ʢʦʣʝʮ, ʧʦʜʢʨʝʧʣʝʥʥʳʭ ʥʠʪʷʤʠ, ʢʦʪʦʨʳʝ ʥʝ 

ʚʦʩʧʨʠʥʠʤʘʶʪ ʩʞʠʤʘʶʱʠʭ ʫʩʠʣʠʡ, ʦʜʠʥ ʢʦʥʝʮ ʥʠʪʠ ʧʨʠʢʨʝʧʣʝʥ ʢ ʥʝʧʦʜʚʠʞʥʦʤʫ ʮʝʥʪʨʫ ʢʦʣʴʮʘ 

ʨʘʜʠʫʩʘ R, ʜʨʫʛʦʡ ï ʢ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ ʢʦʣʴʮʘ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʠʪʴ ʷʚʣʷʝʪʩʷ ʥʝʨʘʩʪʷʞʠʤʦʡ, ʪʦ 

ʝʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʦʤ ʠ ʪʦʯʢʦʡ ʧʨʠʢʨʝʧʣʝʥʠʷ ʢʦʣʴʮʘ ʥʝ ʤʦʞʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟqʮʝʥʪʨʘʣʴʥʳʡ ʫʛʦʣ, )(qw ï ʨʘʜʠʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʪʦʯʝʢ 

ʢʦʣʴʮʘ [1], ɺ ï ʞʝʩʪʢʦʩʪʴ ʥʘ ʠʟʛʠʙ ʚ ʧʣʦʩʢʦʩʪʠ ʢʦʣʴʮʘ. ʇʫʩʪʴ ʥʠʪʠ ʨʘʩʧʦʣʦʞʝʥʳ ʪʘʢ ʯʘʩʪʦ, ʯʪʦ ʠʭ 



ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 
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ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦ ʢʦʣʴʮʫ. ʊʦʛʜʘ ʟʘʜʘʯʘ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʚʦʜʠʪʩʷ ʢ 

ʦʪʳʩʢʘʥʠʶ ʪʘʢʠʭ ʟʥʘʯʝʥʠʡ ʨʘʜʠʘʣʴʥʦʡ ʩʞʠʤʘʶʱʝʡ ʩʠʣʳ ʈ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʘʨʠʘʮʠʦʥʥʘʷ ʧʨʦʙʣʝʤʘ 

[2] 

() min,)2(
2R

B
2

0

3
¡¡+¡¡ñ q

p

dw+www=wJ 22 2)(

2

0

=-¡ñ q
p

dww 22

 

(1)  

ʠʤʝʝʪ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷʭ 

.0)( ¢qw  (2)  

ʌʫʥʢʮʠʷ ʧʨʦʛʠʙʘ ʧʨʝʜʩʪʘʚʠʤʘ ʚ ʚʠʜʝ  

,cossincossin 4321 aqaqqq AAAAw +++=     (3)  

ʛʜʝ 21 k+=a , B
PRk

32 =
. 

ɿʘʬʠʢʩʠʨʫʝʤ ʥʝʢʦʪʦʨʳʡ ʫʛʦʣ 0>b , ʪʘʢʦʡ, ʯʪʦ  

,0)( <qw ),0( bqÍ  ʠ ,0)( ¹qw )2,( pbqÍ . 

ʇʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ)(' qw ʜʦʣʞʥʘ ʙʳʪʴ ʥʝʧʨʝʨʳʚʥʦʡ ʧʨʠ)2,0( pqÍ , ʪʦʛʜʘ ʬʫʥʢʮʠʷwʫʜʦʚʣʝ-

ʪʚʦʨʷʝʪ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ .0)()0(,0)()0( '' ==== bb wwww  
ʉʠʩʪʝʤʘ ʙʫʜʝʪ ʠʤʝʪʴ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʝʩʣʠ ʝʝ ʦʧʨʝʜʝʣʠʪʝʣʴ ʨʘʚʝʥ ʥʫʣʶ, ʪʦ ʝʩʪʴ 

.0sin)sin(sin)sin(2cos)cos(2)( 2 =--+-= babababababaad  
(4) 

ʈʝʰʘʷ ʫʨʘʚʥʝʥʠʝ (4) ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʦʡ a, ʧʦʣʫʯʠʤ ʬʫʥʢʮʠʶ)(baa=
. ʇʨʠ ʟʘʜʘʥ-

ʥʦʤbʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʢʦʨʥʝʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ1=a  ʷʚʣʷʝʪʩʷ ʢʦʨʥʝʤ ʫʨʘʚʥʝ-

ʥʠʷ ʧʨʠ ʣʶʙʦʤ b. ɿʘʤʝʪʠʤ, ʯʪʦ 1=a ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʣʘ ʈ, ʨʘʚʥʘʷ ʥʫʣʶ. ɼʘʣʝʝ ʥʘʭʦʜʠʤ ʬʦʨʤʫ 

ʧʨʦʛʠʙʘ ʧʦ ʬʦʨʤʫʣʝ (3). ʅʝʩʣʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʬʦʨʤʫʣʘ (3) ʧʨʠ1=a  ʜʘʝʪ ʧʝʨʝʤʝʱʝʥʠʝ ʢʦʣʴʮʘ 

ʢʘʢ ʞʝʩʪʢʦʛʦ ʮʝʣʦʛʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʜʦ ʥʘʭʦʜʠʪʴ ʤʠʥʠʤʘʣʴʥʳʡ ʢʦʨʝʥʴ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʫʩʣʦ-

ʚʠʶ 1>a . ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ ʟʥʘʢʦʚʳʭ ʦʛʨʘʥʠʯʝʥʠʡ (2).  

ʊʘʙʣʠʮʘ 1  

ɿʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘa ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘb 

 

b 
4

p

 2

p

 4

3p

 
p 

4

5p

 
a 4,9801 4,2915 3,2136 3 2,4841 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʪʘʙʣ. 1, ʯʝʤ ʙʦʣʴʰʝ ʫʛʦʣb, ʪʝʤ ʤʝʥʴʰʝ2k , ʘ ʟʥʘʯʠʪ, ʠ ʩʠʣʘ ʈ.  

ʏʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠpb> ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ wʙʫʜʝʪ ʤʝʥʷʪʴ ʟʥʘʢ ʥʘ ʠʥ-

ʪʝʨʚʘʣʝ ),0( b, ʪʦ ʝʩʪʴ ʦʛʨʘʥʠʯʝʥʠʷ (2) ʥʝ ʙʫʜʫʪ ʚʳʧʦʣʥʷʪʴʩʷ. ʄʠʥʠʤʘʣʴʥʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʩʠʣʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 3=a ʧʨʠ pb= , ʠ ʩʦʙʩʪʚʝʥʥʘʷ ʬʫʥʢʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ 

qqqq 3cos00311,0sin3cos00311,03sin --+=w . 

2. ʉʣʫʯʘʡ ʮʝʥʪʨʘʣʴʥʳʭ ʩʠʣ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʦʣʴʮʦ, ʥʘʛʨʫʞʝʥʥʦʝ ʨʘʜʠʘʣʴʥʳʤʠ ʫʩʠʣʠʷʤʠ. ʇʦʜʦʙʥʳʝ ʩʠʣʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ 

ʧʦʤʦʱʠ ʤʥʦʞʝʩʪʚʘ ʞʝʩʪʢʠʭ ʥʠʪʝʡ, ʩʦʙʨʘʥʥʳʭ ʚ ʮʝʥʪʨʝ ʠ ʥʘʪʷʛʠʚʘʝʤʳʭ ʛʨʫʟʦʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ 

ʠʟʛʠʙʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʠʣʠʡ. ʇʨʠ ʜʘʥʥʦʡ ʥʘʛʨʫʟʢʝ ʫʨʘʚʥʝʥʠʝ ʕʡʣʝʨʘ ʙʫʜʝʪ ʠʤʝʪʴ 

ʚʠʜ .0)21(")2( 22 =++++ wkwkwIV

 



IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ, 12ï14 ʥʦʷʙʨʷ 2020 ʛʦʜʘ, ʛ. ʉʳʢʪʳʚʢʘʨ 

 

 
8 

 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʤʥʠʤʳʝ ʢʦʨʥʠ ;12,1 al i°=

,24,3 al i°= ʛʜʝ
;

2

42 242

1

kkk --+
=a .

2

42 242

2

kkk -++
=a

 

ʇʨʦʚʝʜʷ ʘʥʘʣʦʛʠʯʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ ʦʧʨʝʜʝʣʠʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ b, ʢʨʠʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ 

2k . ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʟʘʧʠʰʝʤ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2 

 ɿʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ2
k  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ b 

 

b 
4

p

 2

p

 3,4

3p

 4

3p

 
p 

2
k  68,085 21,404 18,603 18,589 10,465 

 

ʇʘʨʘʤʝʪʨ bʜʦʣʞʝʥ ʙʳʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝ, ʪʘʢ ʢʘʢ ʩ ʫʚʝʣʠʯʝʥʠʝʤ b ʟʥʘʯʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʧʘʨʘʤʝʪʨʘ2k ʫʙʳʚʘʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʫʞʥʦ ʚʳʙʨʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝb, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʛʠʙ 

,0)( ¢qw ),0( bqÍ . ʏʠʩʣʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʧʦʣʫʯʝʥʦ3,4

3p
b=

, ʧʨʠ ʢʦʪʦʨʦʤ 

18,60362 =k . 

* * *  

1. ʇʦʛʦʨʝʣʦʚ ɸ.ɺ. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ. ʄ.: ʅʘʫʢʘ, 1974. 176 ʩ.  

2. ʊʘʨʘʩʦʚ ɺ.ʅ. ʄʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯ ʤʝʭʘʥʠʢʠ ʫʧʨʫʛʠʭ 

ʩʠʩʪʝʤ. ʉʳʢʪʳʚʢʘʨ: ʂʦʤʠ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʋʨʆ ʈɸʅ, 2013. 238 ʩ. 

 

ʂʦʥʪʘʢʪʥʘʷ ʟʘʜʘʯʘ ʜʣʷ ʧʦʣʦʛʦʡ ʦʙʦʣʦʯʢʠ 

ɽ. ɸ. ɹʝʣʷʝʚ, ɸ. ɺ. ɽʨʤʦʣʝʥʢʦ, ʉ. ɺ. ʃʘʜʘʥʦʚʘ  

ʉɻʋ ʠʤ. ʇʠʪʠʨʠʤʘ ʉʦʨʦʢʠʥʘ, ʉʳʢʪʳʚʢʘʨ 

Contact problem for a flat shell 

E. A. Belyaev, A. V. Yermolenko, S. V. Ladanova 

Pitirim Sorokin Syktyvkar State University, Syktyvkar 

ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʤʝʭʘ-

ʥʠʢʝ ʧʣʘʩʪʠʥ ʠ ʦʙʦʣʦʯʝʢ 

ʟʘʥʠʤʘʶʪ ʢʦʥʪʘʢʪʥʳʝ ʟʘʜʘ-

ʯʠ ʩʦ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʝʡ 

[1], ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʦ-ʥʝʣʠʥʝʡʥʦʡ. ɺʦʟʥʠʢ-

ʥʦʚʝʥʠʝ ʥʝʣʠʥʝʡʥʦʩʪʠ ʩʚʷ-

ʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʦʜʥʦʩʪʦ-

ʨʦʥʥʠʭ ʩʚʷʟʝʡ. 

ɺ ʨʘʤʢʘʭ ʰʢʦʣʳ ʤʝ-

ʭʘʥʠʢʠ ʘʢʘʜʝʤʠʢʘ ɺ. ɺ. ʅʦ-

ʚʦʞʠʣʦʚʘ ʚ ʉʳʢʪʳʚʢʘʨʩʢʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠ 

ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ  
ʈʠʩ. ʍʘʨʘʢʪʝʨʥʳʡ ʧʨʦʛʠʙ ʧʦʣʦʛʦʡ ʦʙʦʣʦʯʢʠ 



ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

 
9 
 

ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʧʨʫʛʠʭ ʪʝʣ.  

ɺ ʨʘʤʢʘʭ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʫʨʘʚʥʝʥʠʷ ʤʝʭʘʥʠʢʠ ʧʣʘʩʪʠʥ ʠ ʦʙʦʣʦʯʝʢ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʨʝʰʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʟʘʜʘʯ [2], ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʙʦʙʱʝʥʥʦʡ ʨʝʘʢʮʠʠ [3], 

ʨʝʰʝʥ ʮʝʣʳʡ ʨʷʜ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯ [1]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʪʘʢʪʥʘʷ ʟʘʜʘʯʘ ʜʣʷ ʥʘʭʦʜʷʱʝʡʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʦʨ-

ʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʢʨʫʛʣʦʡ ʚ ʧʣʘʥʝ ʧʦʣʦʛʦʡ ʦʙʦʣʦʯʢʠ ʥʘʜ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʤ ʠʜʝʘʣʴʥʦ ʛʣʘʜʢʠʤ 

ʦʩʥʦʚʘʥʠʝʤ. ɿʘʜʘʯʘ ʨʝʰʝʥʘ ʯʠʩʣʝʥʥʦ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʄʘʨʛʝʨʘ [4] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʦʙʦʙʱʝʥʥʦʡ ʨʝʘʢʮʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ. 

ʇʨʠʤʝʨ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʩʯʝʪʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʧʨʠ ʧʦʤʦʱʠ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ python 

[5], ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ, ʢʦʨʠʯʥʝʚʦʡ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥ ʮʝʥʪʨʘʣʴʥʳʡ ʨʘʟʨʝʟ ʦʙʦʣʦʯʢʠ ʜʦ 

ʜʝʬʦʨʤʘʮʠʠ, ʩʠʥʝʡ ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ï ʨʘʟʨʝʟ ʦʙʦʣʦʯʢʠ ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ. 

 

* * *  
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ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʝʤʦʜʠʥʘʤʠʢʠ 

ʅ. ɸ. ɹʝʣʷʝʚʘ, ɽ. ɸ. ʇʨʷʥʠʰʥʠʢʦʚʘ, ʄ. ʅ. ɹʘʪʤʘʥʦʚ 

ʉɻʋ ʠʤ. ʇʠʪʠʨʠʤʘ ʉʦʨʦʢʠʥʘ, ʉʳʢʪʳʚʢʘʨ 
Mathematical modeling of hemodynamics 

N. A. Belyaeva, E. A. Pryanishnikova, M. N. Batmanov 

Pitirim Sorokin Syktyvkar State University, Syktyvkar 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʯʝʥʠʷ ʢʨʦʚʠ ʧʦ ʩʦʩʫʜʫ ʩ ʞʝʩʪʢʠʤʠ ʥʝʧʦʜʚʠʞʥʳ-

ʤʠ ʩʪʝʥʢʘʤʠ ʥʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʥʦʡ ʤʦʜʝʣʠ ʅʴʶʪʦʥʘ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʥʘ ʚʭʦʜʝ ʠ 

ʚʳʭʦʜʝ. ɺʚʝʜʝʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ: ʞʠʜʢʦʩʪʴ ʥʝʩʞʠʤʘʝʤʘ, ʦʙʣʘʩʪʴ ʪʝʯʝʥʠʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʘ, ʚʝʢʪʦʨ 

ʩʢʦʨʦʩʪʠ ʠʤʝʝʪ ʦʜʥʫ ʥʝʥʫʣʝʚʫʶ ʢʦʤʧʦʥʝʥʪʫ 6.ʉʠʩʪʝʤʘ ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩʦʩʪʦʠʪ ʠʟ 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ, ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ, ʦʙʦʙʱʝʥʥʦʡ ʤʦʜʝʣʠ ʅʴʶʪʦʥʘ [2], ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ.  

ʉʠʩʪʝʤʘ ʧʨʠʚʦʜʠʪʩʷ ʢ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʠʜʫ:  

0 ςʈ
Ћ7

ЋØ

ρ

Ø

Ћ7

ЋØ
ג
Ћ7

Ћʐ
 

ʩʥʘʯʘʣʴʥʳʤʠ: 7ȿ  , ʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ: π; 7ȿ π, ʛʜʝ 0 ς ;  

ג ; 7 ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʩʢʦʨʦʩʪʴ; Ðï ʙʝʟʨʘʟʤʝʨʥʦʝ ʜʘʚʣʝʥʠʝ; ʍï ʙʝʟʨʘʟʤʝʨʥʘʷ ʧʣʦʪʥʦʩʪʴ;ʈï 

ʙʝʟʨʘʟʤʝʨʥʘʷ ʚʷʟʢʦʩʪʴ; Øȟ Úï ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ. 



IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ, 12ï14 ʥʦʷʙʨʷ 2020 ʛʦʜʘ, ʛ. ʉʳʢʪʳʚʢʘʨ 
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ʈʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦ-

ʷʥʠʷ ʦʙʦʙʱʝʥʥʦʡ ʤʦʜʝʣʠ ʅʴʶʪʦʥʘ. ɼʝʤʦʥʩʪʨʠʨʫʝʪʩʷ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ ʪʘʢ ʞʝ, 

ʢʘʢ ʠ ʚ ʤʦʜʝʣʷʭ, ʢʦʪʦʨʳʝ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʝʯʝʥʠʷ ʢʨʦʚʠ [1]. 

***  

1. ʇʦʛʦʨʝʣʦʚʘ ɽ.ɸ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʜʚʠʛʦʚʳʭ ʪʝʯʝʥʠʡ ʚ ʚʝʥʝ ʧʨʠ ʥʘʣʠ-

ʯʠʠ ʦʙʣʠʪʠʨʫʶʱʝʛʦ ʪʨʦʤʙʘ // ʂʦʤʧʴʶʪʝʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ.  2010. ̄ 2. ʉ.169 ï182. 

2. Pryanishnikova ɽ.A, Belyaeva N.A, Stolin A.M. Compressible material flow in cylindrical channel with variable 

cross section//MATEC Web of Conferences 129. 2017. ʉ.1ï5. 

 

ʉʜʚʠʛʦʚʦʝ ʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ ʩ ʧʝʨʝʤʝʥʥʦʡ ʚʷʟʢʦʩʪʴʶ 

ʅ. ɸ. ɹʝʣʷʝʚʘ, ɸ. ʅ. ʇʦʪʘʰʝʚ 

ʉɻʋ ʠʤ. ʇʠʪʠʨʠʤʘ ʉʦʨʦʢʠʥʘ, ʉʳʢʪʳʚʢʘʨ 

Shear flow of fluid with variable viscosity 

N. A. Belyaeva, A. N. Potashev  

Pitirim Sorokin Syktyvkar State University, Syktyvkar 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʜʚʠʛʦʚʦʛʦ ʪʝʯʝʥʠʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʜʚʫʭʢʦʤʧʦ-

ʥʝʥʪʥʦʡ ʞʠʜʢʦʩʪʠ ʩ ʧʝʨʝʤʝʥʥʦʡ ʚʷʟʢʦʩʪʴʶ ʤʝʞʜʫ ʜʚʫʤʷ ʮʠʣʠʥʜʨʘʤʠ. ʉʠʩʪʝʤʘ ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʦ-

ʦʪʥʦʰʝʥʠʡ ʩʦʩʪʦʠʪ ʠʟ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʅʘʚʴʝ  ʉʪʦʢʩʘ, ʜʠʬʬʫʟʠʦʥʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝ-

ʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʝʧʝʥʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ʉʦʦʪʚʝʪ-

ʩʪʚʫʶʱʘʷ ʙʝʟʨʘʟʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʝʯʝʥʠʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

ЋÕ

Ћʐ
ÖÁ
ЋÕ

ЋØ

ЋÕ

ЋØ

ÖÁ

Ø
ʇÖ Á

ЋÁ

ЋØ
ÖÁ

Õ

Ø
ʇÖ Á

Õ

Ø

ЋÁ

ЋØ
ȟ 

 ɼ ʆρ Áρ ÅØÐÐÖÁ Ñ ȟ           (1) 

ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: 

Ô πȡ   Áȿ Áȟ Õȿ πȟ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ: 

Õȿ πȟ
ЋÁ

ЋØ
ȿ πȟ Õȿ ρȟ

ЋÁ

ЋØ
ȿ πȟ 

ʛʜʝ Õ ÕØȟʐ  ʙʝʟʨʘʟʤʝʨʥʘʷ ʩʢʦʨʦʩʪʴ, Á ÁØȟʐ  ʩʪʝʧʝʥʴ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʛʜʝ ὼ  

ʙʝʟʨʘʟʤʝʨʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʦʦʨʜʠʥʘʪʘ, ʘ ʐ  ʙʝʟʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ. 

ʇʨʦʚʝʜʝʥ ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ (1), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ ʧʨʦʛʦʥʢʠ. ʇʨʦʛʨʘʤʤʘ ʯʠʩ-

ʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʷʟʳʢʝ ʉ#. ɺ ʭʦʜʝ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʧʘ-

ʨʘʤʝʪʨʦʚ ʥʘ ʧʨʦʮʝʩʩ ʪʝʯʝʥʠʷ ʩʨʝʜʳ. 

***  

1. ɹʝʣʷʝʚʘ ʅ.ɸ. ʅʝʦʜʥʦʨʦʜʥʦʝ ʪʝʯʝʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ // ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

2006. C. 3 14. 

2. ɹʝʣʷʝʚʘ ʅ.ɸ. ʆʩʥʦʚʳ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚ ʤʦʜʝʣʷʭ. ʉʳʢʪʳʚʢʘʨ, 2011. 148 ʩ.  

3. ɹʝʣʷʝʚʘ ʅ.ɸ., ʈʘʟʤʳʩʣʦʚ ʈ.ʖ. ʉʜʚʠʛʦʚʦʝ ʪʝʯʝʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ // ʅʝʣʠʥʝʡʥʳʝ ʧʨʦʙʣʝ-

ʤʳ ʤʝʭʘʥʠʢʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ : ʪʨʫʜʳ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʘʢʘʜʝʤʠʢʘ ɺ.ɺ. ʅʦʚʦʞʠʣʦʚʘ. ʉʇʙ., 

2005. ɺʳʧ.8. ʉ. 186 193. 

 
  



ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 
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ʅʘʧʦʨʥʦʝ ʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ c ʧʝʨʝʤʝʥʥʦʡ ʚʷʟʢʦʩʪʴʶ 

ʅ. ɸ. ɹʝʣʷʝʚʘ, ʅ. ʉ. ʉʠʟʦʚ 

ʉɻʋ ʠʤ. ʇʠʪʠʨʠʤʘ ʉʦʨʦʢʠʥʘ, ʉʳʢʪʳʚʢʘʨ 

Pressure stream of fluid with variable viscosity 
N. A. Belyaeva, N. S. Sizov 

Pitirim Sorokin Syktyvkar State University, Syktyvkar 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʧʦʨʥʦʝ ʪʝʯʝʥʠʝ ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʤʝʞʜʫ 

ʜʚʫʤʷ ʧʣʦʩʢʦʩʪʷʤʠ [1]. ʉʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʚʠʩʠʪ ʦʪ ʦʜʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦ-

ʦʨʜʠʥʘʪʳ ʠ ʚʨʝʤʝʥʠ, ʚʷʟʢʦʩʪʴ  ʦʪ ʩʪʝʧʝʥʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʩʦʩʪʦʠʪ ʠʟ ʩʠʩʪʝʤʳ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ: ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʅʘʚʴʝ ï ʉʪʦʢʩʘ, ʜʠʬʬʫʟʠʦʥʥʦ-

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʝʧʝʥʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ʋʢʘʟʘʥʥʘʷ ʤʦʜʝʣʴ ʧʨʠʚʦʜʠʪʩʷ ʢ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʠʜʫ: 

ЋÕ

Ћʐ
ʇʉÁ

ЋÁ
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ЋÕ

ЋØ
ʉÁ
ЋÕ

ЋØ
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ЋÁ

Ћʐ
ɼ
ЋÁ

ЋØ
ʆρ Á ÁʔÅØÐ ÐʉÁ

ЋÕ

ЋØ
Ñ
ЋÕ

ЋØ
ȟ 

ʥʘʯʘʣʴʥʳʝ: 

Õȿ πȟ Áȿ Áȟ 

ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ: 

ЋÕ

ЋØ

ЋÕ

ЋØ
πȟ 

ЋÁ

ЋØ

ЋÁ

ЋØ
πȢ 

ɿʜʝʩʴ Õ ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʩʢʦʨʦʩʪʴ, Á ï ʩʪʝʧʝʥʴ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, Ø ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʦʦʨʜʠʥʘʪʘ, ʐ ï ʙʝʟʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ, ɼȟʆȟʔȟÐȟÑ ï ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʪʨʫʢ-

ʪʫʨʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʉÁ  ʙʝʟʨʘʟʤʝʨʥʘʷ ʚʷʟʢʦʩʪʴ. 

ʉʦʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʠ ʧʨʦʛʨʘʤʤʘ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝ-

ʯʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʧʨʦʛʦʥʢʠ. ʇʨʦʛʨʘʤʤʘ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʷʟʳʢʝ ʉ#. ʇʨʦʘʥʘ-

ʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

***  

1. ɹʝʣʷʝʚʘ ʅ.ɸ. ʆʩʥʦʚʳ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚ ʤʦʜʝʣʷʭ : ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ʉʳʢʪʳʚʢʘʨ: ʀʟʜ-ʚʦ ʉʳʢʪʳʚʢʘʨʩʢʦʛʦ 

ʛʦʩʫʥʠʚʝʨʩʠʪʝʪʘ, 2011. 147 ʩ.  

2. ɸʩʪʘʨʠʪʘ. ɼʞ., ʄʘʨʨʫʯʯʠ ɼʞ. ʆʩʥʦʚʳ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ. ʄ.: ʄʠʨ, 1978. 312 ʩ. 

3. ɹʝʣʷʝʚʘ ʅ.ɸ., ɻʦʨʩʪ ɼ.ʃ., ʍʫʜʷʝʚ ʉ.ʀ. ʅʝʦʜʥʦʨʦʜʥʦʝ ʪʝʯʝʥʠʝ ʂʫʵʪʪʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦ-

ʩʪʠ // ɺʝʩʪʥʠʢ ʉʳʢʪʳʚʢʘʨʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨ.1. 2002. ɺʳʧ 5. ʉ. 43 48. 

 
  



IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ, 12ï14 ʥʦʷʙʨʷ 2020 ʛʦʜʘ, ʛ. ʉʳʢʪʳʚʢʘʨ 
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ɻʠʙʨʠʜʥʳʡ ʘʣʛʦʨʠʪʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ  

ʚ ʤʦʜʝʣʠ ʢʦʥʚʝʢʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ 

ɸ. ʅ. ʂʫʚʰʠʥʦʚʘ1, ɸ. ɺ. ʎʳʛʘʥʦʚ1, ʖ. ɺ. ʎʳʛʘʥʦʚʘ2 
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Hybrid algorithm for parameter identification of a convection-diffusion transport model 

A. N. Kuvshinova1, A. V. Tsyganov1, Y. V.Tsyganova2  
1Ulyanovsk State University of Education, Ulyanovsk 

2Ulyanovsk State University, Ulyanovsk 

ʏʘʩʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʚʦʟʥʠʢʘʶʪ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʥʝʢʦʪʦʨʳʝ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʢʦʥʚʝʢʪʠʚʥʦ-

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ ʥʝʠʟʚʝʩʪʥʳ ʠʣʠ ʟʘʜʘʥʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫ-

ʯʘʝ ʪʘʢʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʫʨʘʚʥʝʥʠʝʤ (1) ʩ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ (2) ʠ ʛʨʘʥʠʯʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ (3): 

 Ö ɻ ȟÁ Ø Âȟπ Ô Њȟ (1) 

 #Øȟπ ʒØȟÁ Ø Âȟ (2)  

 ÃÁȟÔ ÆÔȟ   ÃÂȟÔ ÆÔȟ     π Ô ЊȢ (3)  

 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʛʠʙʨʠʜʥʳʡ ʘʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʛʨʘʜʠʝʥʪʥʦʤ 

ʤʝʪʦʜʝ ʯʠʩʣʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʤʝʪʘʵʚʨʠʩʪʠʯʝʩʢʦʤ ʘʣʛʦʨʠʪʤʝ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʠʩ-

ʢʨʝʪʥʦʡ ʣʠʥʝʡʥʦʡ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦ ʟʘʜʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ ʢʘʯʝʩʪʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. 

ʇʦʩʣʝ ʧʝʨʝʭʦʜʘ ʦʪ ʫʨʘʚʥʝʥʠʡ (1)ï(3) ʢ ʜʠʩʢʨʝʪʥʦʡ ʣʠʥʝʡʥʦʡ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʢʦʪʦ-

ʨʫʶ ʢʨʘʪʢʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

Ã & ʃÃ " ʃÕ ȟ
Ú (Ã ʊȟ   Ë ρȟςȟȣȟ

 

ʛʜʝ ʃ Öȟɻ ᴙצ , ʧʝʨʝʭʦʜʠʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʟʘʜʘʯʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʫʯʝʥ-

ʥʦʡ ʤʦʜʝʣʠ ʧʦ ʟʘʰʫʤʣʝʥʥʳʤ ʥʘʙʣʶʜʘʝʤʳʤ ʜʘʥʥʳʤ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʥʝʠʟʚʝʩʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ɿʘʜʘʯʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʦʩʪʦʠʪ ʚ ʥʘʭʦʞʜʝʥʠʠ ʥʝʠʟʚʝʩʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʃ ʧʦ 

ʠʟʚʝʩʪʥʳʤ ʚʭʦʜʥʳʤ ʩʠʛʥʘʣʘʤ 5 ÕȟÕȟȢȢȢȟÕ  ʠ ʚʳʭʦʜʥʳʤ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ  

: ÚȟÚȟȣȟÚ  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʳʤ ʢʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

*ʃȟ:ȟ5 Ȣ ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʜʘʯʘ ʦʮʝʥʢʠ ʥʝʠʟʚʝʩʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʝʣʠ-

ʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

 1  *ʃȟ:ȟ5 , (4)  

ʛʜʝ ʃɴ $ʃṖᴙ . ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢʨʠʪʝʨʠʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (4) ʚʳʙʠʨʘʝʤ ʚ ʚʠʜʝ ʣʦʛʘʨʠʬʤʠ-

ʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ 

* ʃȟ:ȟ5
+

ς
ÌÎςʌ

ρ

ς
ÌÎÄÅÔɫȟ ÖɫȟÖ ȟ 

ʛʜʝ ɫȟ %ÖÖ  ʠ Ö ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʷʤ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ. 
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ʨʘ, ʈʦʩʩʠʷ, 26ï29 ʤʘʷ, 2020 (ʚ ʧʝʯʘʪʠ). 

 

FDTD-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʩʣʫʯʘʡʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜʘʭ 

ʇ. ɸ. ʄʘʢʘʨʦʚ, ɺ. ɸ. ʋʩʪʶʛʦʚ  

ʉɻʋ ʠʤ. ʇʠʪʠʨʠʤʘ ʉʦʨʦʢʠʥʘ, ʉʳʢʪʳʚʢʘʨ 

FDTD-simulation of signal propagation in randomly inhomogeneous media 

P. A. Makarov, V. A. Ustyugov 

Pitirim Sorokin Syktyvkar State University, Syktyvkar 

ʄʦʜʝʣʴ ʩʣʫʯʘʡʥʦ-ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʳ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʚʦʩʪʨʝʙʦʚʘʥ-

ʥʦʡ ʢʘʢ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʝ, ʪʘʢ ʠ ʚ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠ-

ʷʭ [1; 2]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʪʠʩʪʠʢʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʩʣʫʯʘʡʥʦ-

ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʫʨʙʫ-

ʣʝʥʪʥʦʩʪʠ ʧʣʘʟʤʳ, ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ [3; 4]. ʆʜʥʘʢʦ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʥʦʛʦʢʨʘʪʥʳʤ ʨʘʩʩʝʷʥʠʝʤ ʩʚʝʪʘ ʚ ʩʣʫ-

ʯʘʡʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜʘʭ, ʠʤʝʝʪ ʤʥʦʛʦʦʙʨʘʟʠʝ ʢʨʘʩʠʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ [5; 6]. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʟʫʯʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʩʨʝʜʘʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʚʘʞʥʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʨʘʜʠʦ, ʩʧʫʪʥʠʢʦʚʦʡ, ʣʘʟʝʨʥʦʡ ʩʚʷʟʠ ʠ ʣʦʢʘʮʠʠ, ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ [4]. 

ɺ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʳʭ ʚʦʣʥ ʚ ʩʣʫʯʘʡʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜʘʭ ʤʝʪʦʜʦʤ FDTD. ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʠʛʦ-

ʜʝʥ ʜʣʷ ʘʥʘʣʠʟʘ ʦʩʥʦʚʥʳʭ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʠʛʥʘʣʦʚ ʠ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ, ʠ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʩʣʦʠʩʪʳʭ ʩʣʫʯʘʡʥʦ-

ʥʝʦʜʥʦʨʦʜʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʨʝʜʘʭ. ɺʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʪʠʧʘ 

ʤʝʘʥʜʨ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʣʫʯʘʡʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜʘʭ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʬʘʟʦʚʦʛʦ ʢʦʥʪʨʘʩʪʘ ʜʚʫʭ 

ʪʠʧʦʚ ï ʩ ʜʠʬʬʫʟʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʠ ʠʭ ʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʦʡ. ɺʳʷʚʣʝʥʦ ʚʣʠʷ-

ʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʠ ʪʠʧʘ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʰʝʜʰʝʛʦ ʠ 

ʦʪʨʘʞʸʥʥʦʛʦ ʩʠʛʥʘʣʦʚ. 
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ʆʙ ʦʜʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʝ ʜʣʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʚʳʨʦʞʜʘʶʱʝʛʦʩʷ 

 ʚ ʧʘʨʘʙʦʣʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ 

ʄ. ʄ. ʉʘʙʟʘʣʠʝʚ 

ɹʘʢʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʙʠʟʥʝʩʘ, ɹʘʢʫ 

On a boundary value problem for a hyperbolic equation degenerating into a parabolic equation 

Azerbaijan University of Oil and Ķndustry, Baku 

ɺ ʨʘʙʦʪʝ ʚ ˜ ÔȟØȿπ Ô 4ȟЊ ὼ Њ ʨʘʩʩʤʦʪʨʝʥʘ ʩʣʝʜʫʶʱʘʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ  

 ʀ ʀ ÁÕÆÔȟØ πȟ ρ 

 Õȿ πȟ πȟ Њ ὼ Њȟ (2)  

 ÌÉÍ
ȿȿO

Õ πȟ   π Ô 4ȟ σ 

ʛʜʝ  ʀ π ï ʤʘʣʳʡ ʧʘʨʘʤʝʪʨÐ ςËρȟË ï ʧʨʦʠʟʚʦʣʴʥʦʝ ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ, Á π  ʧʦʩʪʦʷʥʥʦʝ, 

Æ(t,x) ï ʟʘʜʘʥʥʘʷ ʛʣʘʜʢʘʷ ʬʫʥʢʮʠʷ. 

 ɼʦʢʘʟʘʥʘ 

 ʊʝʦʨʝʤʘ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʬʫʥʢʮʠʷ Æ(t,x), ʟʘʜʘʥʥʘʷ ʚ ʇ, ʠʤʝʝʪ ʥʝʧʨʝʨʳʚʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʧʦ Ô ʜʦ (n+2)-ʛʦ ʧʦʨʷʜʢʘ ʚʢʣʶʯʠʪʝʣʴʥʦ, ʘ ʧʦ ʧʝʨʝʤʝʥʥʦʡ ʭ ʙʝʩʢʦʥʝʯʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘ ʠ ʫʜʦʚʣʝ-

ʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ 

ÓÕÐρ ȿØȿЉ
ЋÆÔȟØ

ЋÔ ЋØ
# Њȟ 

ʧʨʠʯʝʤ ǎ ï ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʝ ʯʠʩʣʦ, k=k1+k2 , k1Òn+2, #Љ ÃÏÎÓÔπȢ ʊʦʛʜʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘ-

ʯʠ (1)ï(3) ʩʧʨʘʚʝʜʣʠʚʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

Õ ʀ× ʀ 6 Úȟ 

ʛʜʝ ʬʫʥʢʮʠʠ  × ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʝʨʚʳʤ ʠʪʝʨʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, 6 ï ʬʫʥʢʮʠʠ ʪʠʧʘ ʧʦʛʨʘʥʠʯʥʦʛʦ 

ʩʣʦʷ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ t=0, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʪʦʨʳʤ ʠʪʝʨʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʘ Ú ï ʦʩʪʘʪʦʯ-

ʥʳʡ ʯʣʝʥ, ʧʨʠʯʝʤ ʜʣʷ ʥʝʛʦ ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ  

ʀ
ЋÚ

ЋÔ
ÄØʀ Ḁ

˜

ЋÚ

ЋÔ
ÄÔÄØ#Ḁ

˜

ЋÚ

ЋÔ
ÄÔÄØ 

ЋÚ

ЋÔ
ÄØ Úȿ ÄØ #ʀ  Ȣ 

ɿʜʝʩʴ # πȟ# π  ï ʧʦʩʪʦʷʥʥʳʝ, ʥʝ ʟʘʚʠʩʷɦ ʠʝ ʦʪ  ʀ. 

 

ʆʙ ʦʜʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʝ ʜʣʷ ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʝʢʣʘʩʩʠʯʝʩʢʦʛʦ ʪʠʧʘ 

ʀ. ʄ. ʉʘʙʟʘʣʠʝʚʘ 

ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʧʨʦʤʳhʣʝʥʥʦʩʪʠ, ɹʘʢʫ 

On a boundary value problem for a nonclassik tupe sinqularly perturbed differential equation  

Azerbaijan University of Oil and Ķndustry, Baku 

 

ɺ $ ÔȟØȿπ Ô ρȟπ Ø ρ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ: 

 ρ ʀ ʀ &ÔȟØȟÕ πȟ ρ 

 Õȿ Ễ   πȟ ς 



ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 
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  Ễ    πȟ σ 

 Õȿ Õȿ πȟ  τ 

ʛʜʝ ʀ π ï ʤʘʣʳʡ ʧʘʨʘʤʝʪʨ, Í  ʧʨʦʠʟʚʦʣʴʥʦʝ ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ, &ÔȟØȟÕ ï ʟʘʜʘʥʥʘʷ ʬʫʥʢʮʠʷ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ F(t,x,u) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ 

 &ÔȟØȟπḴπ ̐ ̑̉ ÔȟØᶰ$Ƞ 
ȟȟ

ᴕ πȟÔȟØȟÕᶰ$ ЊȟЊȢ  υ 

ɼʦʢʘʟʘʥʘ ʩʣʝʜʫʶʱʘʷ ʦʩʥʦʚʥʘʷ ʪʝʦʨʝʤʘ. 

ʊʝʦʨʝʤʘ. ʇʫʩʪʴ &ÔȟØȟÕᶰ˞ $ ЊȟЊ ȟ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ ʫʩʣʦʚʠʷʤ (5), ʬʫʥʢʮʠʷ 

&ÔȟØȟÕ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʝ ʦʙʨʘʱʘʶʪʩʷ ʚ ʥʦʣʴ ʧʨʠ Ô ØȟÕ πȟÔȟØᶰ$ȟ ʧʨʠ Ô ρȟØ πȟ 

Õ πȟ ʧʨʠ Ô πȟØ ρȟÕ π. ʊʦʛʜʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1)ï(4) ʩʧʨʘʚʝʜʣʠʚʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ  

Õ ʀ× ʀ ʒ ʀ ɰ ʀ6 Úȟ 

ʛʜʝ ʬʫʥʢʮʠʠ  × ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʝʨʚʳʤ ʠʪʝʨʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʒȟɰȟ6ʩʫʪʴ ʬʫʥʢʮʠʠ ʪʠʧʘ ʧʦ-

ʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʚʙʣʠʟʠ ʛʨʘʥʠʮ Ô πȟÔ ρȟØ ρ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʨʫʛʠʤʠ 

ʠʪʝʨʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, Úïʦʩʪʘʪʦʯʥʳʡ ʯʣʝʥ, ʧʨʠʯʝʤ ʜʣʷ ʥʝʛʦ ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ  

ʀ
ЋÚ

ЋÔ
ȟ

ʀ
ЋÚ

ЋØ
#ᴁÚᴁ #ʀ Ȣ 

ɿʜʝʩʴ # πȟ# π ï ʧʦʩʪʦʷʥʥʳʝ, ʥʝ ʟʘʚʠʩʷɦ ʠʝ ʦʪ  ʀ. 

 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʘʟʤʳ ʩ ʜʠʬʬʫʟʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʉ. ʐ. ʉʫʣʝʡʤʘʥʦʚʘ  

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʦʙʣʘʩʪʥʦʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʳʪʠʱʠ 

Surface absorption of energy of an AC electric field in the half-space of an electron plasma with dif-

fuse boundary conditions 

S. S. Suleimanova  

Moscow State Region University, Mytishchi 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʧʦʚʝʜʝʥʠʠ ʧʣʘʟʤʳ ʩ ʧʨʦʠʟ-

ʚʦʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʚʳʨʦʞʜʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ ʚʦ ʚʥʝʰʥʝʤ ʧʝʨʝʤʝʥʥʦʤ 

ʧʨʦʜʦʣʴʥʦʤ (ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ) ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ. ʊʘʢʦʡ ʩʣʫʯʘʡ ʨʝʘʣʠʟʫʝʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʧʣʘʟʤʳ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʢʠʥʝʪʠʯʝ-

ʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ɺʣʘʩʦʚʘ ï ɹʦʣʴʮʤʘʥʘ ʩ ʠʥʪʝʛʨʘʣʦʤ ʩʪʦʣʢʥʦʚʝʥʠʡ ʪʠʧʘ ɹɻʂ (ɹʭʘʪʥʘʛʘʨ, ɻʨʦʩʩ ʠ 

ʂʨʫʢ) ʠ ʫʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʇʦʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ ʫʜʘʣʦʩʴ ʨʘʟʜʝʣʠʪʴ ʥʘ ʦʙʲʝʤʥʦʝ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʝ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. ʇʦʢʘʟʘʥ ʥʝʪʨʠʚʠʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʦʛʣʦ-

ʱʝʥʠʷ ʦʪ ʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʳ ʦʙʲʝʤʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʵʣʝʢʪʨʦʥʦʚ ʠ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʚʥʝʰʥʝʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʆʙʱʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʧʨʠʚʝʜʝʥʘ ʚ ʨʘʙʦʪʝ [1]. ʉ ʧʦʤʦʱʴʶ ʥʝʢʦʪʦʨʳʭ ʚʳʯʠʩʣʝʥʠʡ ʧʦʣʫ-

ʯʘʝʤ, ʯʪʦ 1 ï ʚʝʣʠʯʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ï ʨʘʚʥʘ 

1
Ö3%

ψʌ

ɱ

ʀ
)Í

ρ

×
#6 ɻ ʂ ʂ

ʂ ɻ ʂ ʂ

ʂɻ ʂɻ
# ʂɻ ʂɻ Ȣ 



IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ, 12ï14 ʥʦʷʙʨʷ 2020 ʛʦʜʘ, ʛ. ʉʳʢʪʳʚʢʘʨ 
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ɼʣʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʣʦʷ (ʧʨʝʚʳʰʘʶʱʝʛʦ ʧʦ ʰʠʨʠʥʝ ʜʣʠʥʫ ʩʚʦʙʦʜʥʦʛʦ 

ʧʨʦʙʝʛʘ) 1ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʣʱʠʥʳ ʩʣʦʷ. 

***  

1. ʃʘʪʳʰʝʚ ɸ.ɺ., ʉʫʣʝʡʤʘʥʦʚʘ ʉ.ʐ. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʢʦʣʝʙʘʥʠʷʭ ʧʣʘʟʤʳ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥ-

ʩʪʚʝ ʩ ʜʠʬʬʫʟʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ // ɾ. ʚʳʯ. ʤʘʪʝʤ. ʠ ʤʘʪʝʤ. ʬʠʟʠʢʠ. 2018. ʊ. 58. ˉ 9. 

ʉ. 1562ï1580. 
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ʄʘʪʝʤʘʪʠʢ ʠ ʠʥʞʝʥʝʨ S. Golomb ʧʝʨʚʳʤ ʦʙʨʘʪʠʣ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʢʫʙʠʢʘ ʈʫ-

ʙʠʢʘ (ʜʘʣʝʝ ï ʂʈ) ʤʦʞʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʩʠʤʤʝʪʨʠʶ ʢʚʘʨʢʦʚʦʛʦ ʩʪʨʦʝʥʠʷ ʚʝʱʝʩʪʚʘ [4]. ʆʥ 

ʫʢʘʟʘʣ, ʯʪʦ ʠ ʬʠʟʠʯʝʩʢʘʷ ʩʠʤʤʝʪʨʠʷ, ʣʝʞʘʱʘʷ ʚ ʦʩʥʦʚʝ ʩʪʨʦʝʥʠʷ ʙʘʨʠʦʥʦʚ, ʠ ʩʠʤʤʝʪʨʠʷ ʚʨʘʱʝʥʠʡ 

ʂʈ ʦʧʠʩʳʚʘʶʪʩʷ ʩʠʤʤʝʪʨʠʯʝʩʢʦʡ ʛʨʫʧʧʦʡ ʧʝʨʝʩʪʘʥʦʚʦʢ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʫ ʠʣʣʶʩʪʨʘʪʠʚʥʫʶ ʤʦʜʝʣʴ 

ʧʦʜʨʦʙʥʝʝ. 

ʇʦʩʪʫʣʠʨʫʝʤ, ʯʪʦ ʩʦʙʨʘʥʥʳʡ ʢʫʙʠʢ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴʶ ʚʘʢʫʫʤʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʅʘ ʫʛʣʦʚʳʭ 

ʷʯʝʡʢʘʭ ʟʝʣʝʥʦʡ (ʧʫʩʪʴ ʦʥʘ ʙʫʜʝʪ ʣʠʮʝʚʦʡ ʢ ʥʘʙʣʶʜʘʪʝʣʶ) ʠ ʩʠʥʝʡ ʛʨʘʥʝʡ ʥʘʧʠʰʝʤ ʥʫʣʠ. ʊʝʧʝʨʴ 

ʥʘ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʫʛʣʦʚʳʭ ʷʯʝʡʢʘʭ ʥʘʧʠʰʝʤ ʯʠʩʣʘ 1/3 ʠ ī1/3 ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ ʧʨʝʜʝʣʘʭ 

ʦʜʥʦʛʦ ʫʛʣʦʚʦʛʦ ʢʫʙʠʢʘ ʯʠʩʣʘ 0,1/3,ī1/3 ʙʳʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ. ʉʫʤʤʫ ʯʠʩʝʣ 

ʥʘ ʧʝʨʝʜʥʝʡ (ʩ ʟʝʣʝʥʳʤ ʮʝʥʪʨʦʤ) ʠ ʟʘʜʥʝʡ (ʩ ʩʠʥʠʤ ʮʝʥʪʨʦʤ) ʛʨʘʥʷʭ ʤʳ ʥʘʟʦʚʝʤ çʙʘʨʠʦʥʥʳʤ ʯʠʩ-

ʣʦʤè. ʄʦʞʥʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʙʘʨʠʦʥʥʦʝ ʯʠʩʣʦ ʦʩʪʘʝʪʩʷ ʮʝʣʳʤ ʧʨʠ ʣʶʙʳʭ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷʭ (ʚʨʘʱʝʥʠʷʭ) ʂʈ [3]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʢʫʙʠʢʘ, ʩʦʩʪʦʷʱʠʭ ʠʟ çʢʚʘʨʢʦʚè (ʫʛʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʚʝʨʥʫʪʳʭ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣ-

ʢʝ ʥʘ 120Á) ʠ çʘʥʪʠʢʚʘʨʢʦʚè (ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ), ʘ ʪʘʢʞʝ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʪʘʢʠʭ ʢʦʥʬʠʛʫʨʘ-

ʮʠʡ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʦʜʠʥʦʯʥʳʡ ʩʚʦʙʦʜʥʳʡ (ʘʥʪʠ)ʢʚʘʨʢ (ʢʫʙ ʩʦʙʨʘʥ, ʥʦ ʝʜʠʥʩʪʚʝʥʥʳʡ ʫʛʣʦʚʦʡ ʵʣʝ-

ʤʝʥʪ ʨʘʟʚʝʨʥʫʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʘʨʠʦʥʥʦʤʫ ʯʠʩʣʫ |B| = 1/3). 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ çʤʝʟʦʥè ð ʯʘʩʪʠʮʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʢʚʘʨʢʘ ʠ ʘʥʪʠʢʚʘʨʢʘ, ʘ ʪʘʢ-

ʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʢʫʙʠʢʘ (ʨʠʩ.) ʠ ʬʦʨʤʫʣʫ (ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʥʦʪʘʮʠʠ) ʜʣʷ ʝʝ ʧʦ-

ʣʫʯʝʥʠʷ. 

 

 
ʈʠʩ. ʉʦʩʪʦʷʥʠʝ çʤʝʟʦʥè ʠ ʬʦʨʤʫʣʘ ʜʣʷ ʝʛʦ ʧʦʣʫʯʝʥʠʷ 

ʂʚʘʨʢʠ ʧʦʤʠʤʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʠʤʝʶʪ ʦʩʦʙʝʥʥʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʨʷʜʳ ð ʮʚʝʪʘ ʠ 

ʘʨʦʤʘʪʳ [5]. ʈʘʟʚʠʚʘʷ ʤʦʜʝʣʴ, ʤʦʞʥʦ ʘʩʩʦʮʠʠʨʦʚʘʪʴ ʩ ʮʚʝʪʘʤʠ ʬʠʟʠʯʝʩʢʠʭ ʢʚʘʨʢʦʚ ʮʚʝʪʘ çʢʚʘʨ-

ʢʦʚè ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ. ʂʨʘʩʥʳʡ, ʟʝʣʝʥʳʡ ʠ ʩʠʥʠʡ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʨʘʩʢʨʘʩʢʝ ʂʈ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠʟ-

ʥʘʯʘʣʴʥʦ, ʘ ʮʚʝʪʘʤ ʘʥʪʠʢʚʘʨʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʦʧʦʩʪʘʚʠʪʴ ʦʩʪʘʚʰʠʝʩʷ ʪʨʠ ʮʚʝʪʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʥʘʯʘʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʢʫʙʠʢʘ ʷʚʣʷʝʪʩʷ ʥʝʡʪʨʘʣʴʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʮʚʝʪʘ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʢʘʞʜʦʡ 
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ʢʨʘʩʥʦʡ ʢʣʝʪʢʠ ʥʘʡʜʝʪʩʷ ʘʥʪʠʢʨʘʩʥʘʷ), ʠ ʥʝ ʤʝʥʝʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʣʶʙʘʷ ʜʨʫʛʘʷ ʧʦʣʫʯʝʥʥʘʷ ʧʨʘ-

ʚʠʣʴʥʳʤʠ ʚʨʘʱʝʥʠʷʤʠ ʢʦʥʬʠʛʫʨʘʮʠʷ ʪʦʞʝ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʪʘʢʦʚʦʡ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʢʦʨʝʥʴ ʩʭʦʜʩʪʚʘ ʤʝʞʜʫ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʮʚʝʪʦʚ ʫʛʣʦʚʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʂʈ ʠ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʬʠʟʠʯʝʩʢʠʭ ʢʚʘʨʢʦʚ ʢʨʦʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʠʤʤʝʪʨʠʷ, ʥʘ ʢʦʪʦ-

ʨʦʡ ʙʘʟʠʨʫʝʪʩʷ ʢʚʘʥʪʦʚʘʷ ʭʨʦʤʦʜʠʥʘʤʠʢʘ, ʧʦʩʪʨʦʝʥʘ ʥʘ ʛʨʫʧʧʝ SU(3), ʘ ʛʨʫʧʧʘ ʚʨʘʱʝʥʠʡ ʫʛʣʦʚʳʭ 

ʵʣʝʤʝʥʪʦʚ ʝʩʪʴ ʢʦʥʝʯʥʘʷ ʧʦʜʛʨʫʧʧʘ ʛʨʫʧʧʳ SU(7). 

ɻʨʫʧʧʘ ʚʝʥʛʝʨʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʦ ʛʣʘʚʝ ʩ J. Csºrgʦ ʚ 2014 ʛʦʜʫ ʧʨʝʜʣʦʞʠʣʘ ʧʦʩʪʨʦʠʪʴ ʥʘ 

ʙʘʟʝ ʂʈ ʤʦʜʝʣʴ ʢʚʘʨʢ-ʛʣʶʦʥʥʦʡ ʧʣʘʟʤʳ ð ʦʩʦʙʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʠ ʵʢʩʪʨʝ-

ʤʘʣʴʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʝʱʝʩʪʚʦ ʚ ʧʨʠʚʳʯʥʦʤ ʧʦʥʠʤʘʥʠʠ ʨʘʟʨʫʰʘʝʪʩʷ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʭʘʦʪʠʯʥʦ ʜʚʠʞʫʱʠʝʩʷ ʢʚʘʨʢʠ, ʘʥʪʠʢʚʘʨʢʠ ʠ ʛʣʶʦʥʳ. ʇʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʚ ʧʝʨʚʳʝ 10ī11 ʩʝ-

ʢʫʥʜʳ ʧʦʩʣʝ ɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘ ʚʝʱʝʩʪʚʦ ɺʩʝʣʝʥʥʦʡ ʥʘʭʦʜʠʣʦʩʴ ʠʤʝʥʥʦ ʚ ʪʘʢʦʤ ʩʦʩʪʦʷʥʠʠ. ʅʘ ʩʝ-

ʛʦʜʥʷ ʢʚʘʨʢ-ʛʣʶʦʥʥʘʷ ʧʣʘʟʤʘ ʠʩʩʣʝʜʫʝʪʩʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʝ ALICE, ʚʭʦʜʷʱʝʤ ʚ ʩʦʩʪʘʚ ɹʦʣʴʰʦʛʦ 

ʘʜʨʦʥʥʦʛʦ ʢʦʣʣʘʡʜʝʨʘ. 

ɸʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʨʘʩʢʨʘʩʢʫ ʂʈ, ʚ ʢʦʪʦʨʦʡ, ʚʦ-ʧʝʨʚʳʭ, ʧʦʷʚʣʷʶʪʩʷ ʷʚʥʳʝ 

ʢʚʘʨʢʦʚʳʝ ʘʥʪʠʮʚʝʪʘ (ʥʘʧʨʠʤʝʨ, ʢʣʝʪʢʘ ʘʥʪʠʢʨʘʩʥʦʛʦ ʮʚʝʪʘ ʨʘʩʢʨʘʰʠʚʘʝʪʩʷ ʚ ʩʠʥʠʡ ʠ ʟʝʣʝʥʳʡ: 

ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʚ çʩʫʤʤʝè ʩ ʢʨʘʩʥʳʤ ʩʠʥʠʡ ʠ ʟʝʣʝʥʳʡ ʜʘʜʫʪ ʥʝʡʪʨʘʣʴʥʳʡ ʮʚʝʪ). ɺʦ-ʚʪʦʨʳʭ, 

ʥʘ ʢʘʞʜʦʡ ʢʣʝʪʢʝ ʦʪʤʝʯʘʝʪʩʷ ʝʝ ʢʚʘʨʢʦʚʳʡ ʘʨʦʤʘʪ ʚ ʚʠʜʝ ʙʫʢʚʳ (u, s ʠʣʠ d), ʧʦ ʪʨʠ ʢʚʘʨʢʘ ʢʘʞʜʦʛʦ 

ʘʨʦʤʘʪʘ ʥʘ ʢʘʞʜʦʡ ʠʟ ʛʨʘʥʝʡ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʙʣʘʛʦʜʘʨʷ ʪʠʧʦʛʨʘʬʩʢʦʤʫ ʥʘʥʝʩʝʥʠʶ ʙʫʢʚ ʢʣʝʪʢʠ ʂʈ 

ʩʪʘʥʦʚʷʪʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝ-

ʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ. 

ʇʦʜʛʦʪʦʚʣʝʥʥʳʡ ʦʧʠʩʘʥʥʳʤ ʦʙʨʘʟʦʤ ʂʈ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʬʠ-

ʟʠʢʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʯʘʩʪʠʮ ʠ ʦʙʩʫʞʜʝʥʠʷ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʚʘʥʪʦʚʳʤʠ ʯʠʩʣʘʤʠ ʢʚʘʨʢʦʚ, 

ʙʘʨʠʦʥʦʚ ʠ ʤʝʟʦʥʦʚ, ʧʣʦʪʥʦʩʪʠ ʵʥʪʨʦʧʠʠ ʩʦʩʪʦʷʥʠʡ ʠ ʜʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʠʪʝʣʴʥʳʡ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʠʜʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʂʈ ʢʘʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʩʥʘʨʷʜʘ: ʦʪ ʠʟʥʘ-

ʯʘʣʴʥʦʡ ʟʘʜʫʤʢʠ ʕʨʥʦ ʈʫʙʠʢʘ, ʩʚʷʟʘʥʥʦʡ ʩ ʪʨʝʥʠʨʦʚʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʳʰʣʝʥʠʷ, ʢ ʩʧʦʩʦʙʘʤ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʷʚʣʝʥʠʡ ʠ ʩʚʦʡʩʪʚ ʪʝʣ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʪʝʦʨʝʪʠʢʦ-ʛʨʫʧʧʦʚʦʡ ʦʙʱʥʦʩʪʴʶ 

ʦʧʠʩʘʥʠʷ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɺ ʇʈʀʃʆɾɽʅʀʗʍ 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

 ʥʘ ʤʫʣʴʪʠʩʣʦʡʥʳʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʥʘʥʦʧʣʝʥʢʠ 

ʉ. ɺ. ɹʝʣʠʤ  

ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʆʤʩʢ 

Computer simulation of magnetic field effect  

on multi-layer antiferromagnetic nanofilms 

S. V. Belim 

Omsk State Technical University, Omsk 

ʉʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʩʣʦʡʥʳʭ ʥʘʥʦʧʣʝʥʦʢ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʩʧʠʥʪʨʦ-

ʥʠʢʠ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʷʚʣʝʥʠʝʤ, ʥʘʙʣʶʜʘʝʤʳʤ ʚ ʥʠʭ, ʷʚʣʷʝʪʩʷ ʛʠʛʘʥʪʩʢʦʝ ʤʘʛ-

ʥʠʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʷʭ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʪʴ 

ʫʧʨʘʚʣʷʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʥʦʧʣʝʥʦʢ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʤʝʥʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʦ-

ʩʪʠʛʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʜʚʫʭ ʚʠʜʦʚ ʚʦʟʜʝʡʩʪʚʠʷ: ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ. 

ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʢʘ ʩʧʠʥʦʚʳʭ ʚʝʥʪʠʣʝʡ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʣʝʥʦʢ 

ʠʟ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʠʟ ʜʚʫʭ ʬʝʨʨʦʤʘʛ-

ʥʠʪʥʳʭ ʩʣʦʝʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʥʝʤʘʛʥʠʪʥʳʤ ʧʨʦʚʦʜʷʱʠʤ ʩʣʦʝʤ. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ ʧʦ-

ʣʫʯʠʣʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʥʘʟʳʚʘʝʤʦʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʩʧʠʥʪʨʦʥʠʢʦʡ. 

ɼʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʨʷʜʝ ʧʨʝʠʤʫʱʝʩʪʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʦʪʩʫʪʩʪʚʠʠ 

ʧʘʨʘʟʠʪʥʳʭ ʧʦʣʝʡ, ʩʚʝʨʭʙʳʩʪʨʦʡ ʜʠʥʘʤʠʢʝ ʠ ʜʨ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʧʦʚʝʜʝʥʠʝ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʣʝʥʢʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʦʜʥʦʛʦ ʬʝʨ-

ʨʦʤʘʛʥʠʪʥʦʛʦ ʩʣʦʷ ʠ ʜʚʫʭ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʩʣʦʝʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʥʝʤʘʛʥʠʪʥʦʡ ʧʨʦʚʦʜʷʱʝʡ ʧʨʦ-

ʩʣʦʡʢʦʡ. ɸʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʣʘʙʦ ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦʵʪʦʤʫ 

ʚ ʩʠʩʪʝʤʫ ʚʚʦʜʠʪʩʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʩʣʦʡ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʦʜʥʦʡ ʠʟ ʘʥʪʠʬʝʨʨʦʤʘʛ-

ʥʠʪʥʳʭ ʧʣʝʥʦʢ. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʜʣʷ ʪʨʝʭʩʣʦʡʥʳʭ ʩʠʩʪʝʤ ʩ ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝ-

ʨʘʤʠ ʧʣʝʥʦʢ LĬL. ʉʠʩʪʝʤʘ ʨʘʟʤʝʱʘʣʘʩʴ ʤʝʞʜʫ ʜʚʫʤʷ ʧʣʦʩʢʦʩʪʷʤʠ z=0 ʠ z=2D+d-1. ɺʜʦʣʴ ʥʘʧʨʘʚ-

ʣʝʥʠʡ ʦʩʝʡ OX ʠ OY ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ʄʝʪʨʦʧʦʣʠʩʘ. ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ ɻʝʡʟʝʥʙʝʨʛʘ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʧʣʝʥʦʢ ʚʚʦʜʠʣʩʷ ʧʘʨʘʤʝʪʨ ʧʦʨʷʜʢʘ, 

ʜʣʷ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʧʣʝʥʢʠ ʚʳʯʠʩʣʷʣʦʩʴ ʦʙʱʝʝ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʩʧʠʥ m ʠ ʧʨʦʝʢ-

ʮʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ m, my. ɼʣʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʧʣʝʥʦʢ ʧʘʨʘʤʝʪʨ ʧʦʨʷʜʢʘ 

ʚʳʯʠʩʣʷʣʩʷ ʢʘʢ ʰʘʭʤʘʪʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʩʧʠʥʦʚ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ. ɼʣʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ 

ʧʣʝʥʦʢ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʨʦʝʢʮʠʠ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ. 

ʇʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʜʣʷ ʣʠʥʝʡʥʦʛʦ ʨʘʟʤʝʨʘ L=36 ʠ ʪʝʤʧʝʨʘ-

ʪʫʨʳ T=0.5. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʠʢʣʘʜʳʚʘʣʦʩʴ ʚʜʦʣʴ ʦʩʠ OX. ɿʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʟʤʝʥʷʣʦʩʴ 

ʦʪ h=0.1 ʜʦ h=0.5 ʩ ʰʘʛʦʤ Dh=0.01. ʉʠʩʪʝʤʘ ʧʨʠʚʦʜʠʣʘʩʴ ʚ ʩʦʩʪʦʷʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦ-

ʚʝʩʠʷ ʧʨʠ ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʇʦʩʣʝ ʯʝʛʦ ʧʨʠʢʣʘʜʳʚʘʣʦʩʴ ʚʥʝʰʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʉʠʩʪʝʤʘ 

ʩʥʦʚʘ ʧʨʠʚʦʜʠʣʘʩʴ ʚ ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ. ɺʳʯʠʩʣʷʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ ʠ ʝʛʦ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ ʧʦ ʦʩʷʤ OX ʠ OY. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʫʛʣʘ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʩʧʠʥʦʚ ʚ ʤʘʛʥʠʪʥʳʭ 

ʧʦʜʨʝʰʝʪʢʘʭ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʥʘʥʦʧʣʝʥʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 

20-07-00053. 
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ɸʥʘʣʠʟ ʟʘʢʦʥʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ DLP-ʩʠʩʪʝʤ 

ɸ. ʀ. ɹʫʣʜʘʢʦʚ,  ɺ. ɸ. ɺʦʝʚʦʜʠʥ  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʕʊè, ʄʦʩʢʚʘ 

Analysis of the legality of implementing DLP systems 

A. I . Buldakova, V. A. Voevodin 

National Research University ñMIETò, Moscow 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪ DLP-

ʩʠʩʪʝʤʫ, ʧʨʠ ʵʪʦʤ ʚʦʧʨʦʩ ʦ çʣʝʛʘʣʴʥʦʩʪʠè ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʩʝʛʦʜʥʷ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. ʇʨʠ-

ʯʠʥʦʡ ʪʦʤʫ ʩʣʫʞʠʪ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʧʨʘʚʦʚʦʛʦ ʧʦʣʷ ʜʣʷ ʚʳʩʪʨʘʠʚʘʥʠʷ ʥʦʨʤʳ ʧʨʘʚʘ ʧʦ ʚʥʝʜʨʝʥʠʶ 

DLP-ʩʠʩʪʝʤʳ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʢʦʤʧʘʥʠʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʨʘʚʦʚʳʤʠ ʧʨʦʙʣʝ-

ʤʘʤʠ. ʖʨʠʜʠʯʝʩʢʦʝ ʤʥʝʥʠʝ ʦ ʣʝʛʠʪʠʤʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ DLP-ʩʠʩʪʝʤʳ ʩʨʝʜʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ ʜʠʘʤʝʪʨʘʣʴʥʦ ʨʘʩʭʦʜʷʪʩʷ. ʆʜʥʠ ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ ʤʥʝʥʠʷ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʡ 

ʩʠʩʪʝʤʳ ʥʝ ʷʚʣʷʝʪʩʷ ʟʘʢʦʥʥʳʤ ʠ ʫʱʝʤʣʷʝʪ ʢʦʥʩʪʠʪʫʮʠʦʥʥʳʝ ʧʨʘʚʘ ʩʦʪʨʫʜʥʠʢʦʚ ʢʘʢ ʛʨʘʞʜʘʥ, ʪʘʢ 

ʢʘʢ DLP ʩʣʝʜʠʪ ʟʘ ʧʝʨʝʧʠʩʢʦʡ, ʜʨʫʛʠʝ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʤʦʞʥʦ ʚʳʩʪʨʦʠʪʴ ʧʨʘʚʠʣʦ ʧʦʚʝʜʝʥʠʷ ʚ ʩʫ-

ʱʝʩʪʚʫʶʱʝʤ ʧʨʘʚʦʚʦʤ ʧʦʣʝ. 

ʉʫʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʘ ʩʫʜʝʙʥʳʭ ʧʨʘʢʪʠʢ ʦʧʨʝʜʝʣʠʪʴ ʟʘʢʦʥʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʦʙ-

ʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ ʩʦʪʨʫʜʥʠʢʦʚ ʩʦ ʩʪʦʨʦʥʳ ʨʘʙʦʪʦʜʘʪʝʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ DLP-ʩʠʩʪʝʤ ʠ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʧʨʘʚʠʣʘ ʧʦʚʝʜʝʥʠʷ ʚ ʧʨʘʚʦʚʦʤ ʧʦʣʝ. 

ɺ ʥʦʨʤʘʪʠʚʥʳʭ ʧʨʘʚʦʚʳʭ ʘʢʪʘʭ ʥʝ ʟʘʢʨʝʧʣʝʥʦ ʧʨʘʚʘ ʨʘʙʦʪʦʜʘʪʝʣʷ ʦʛʨʘʥʠʯʠʚʘʪʴ ʢʦʥʩʪʠʪʫʮʠ-

ʦʥʥʳʝ ʧʨʘʚʘ ʛʨʘʞʜʘʥʠʥʘ ʥʘ ʪʘʡʥʫ ʧʝʨʝʧʠʩʢʠ, ʪʝʣʝʬʦʥʥʳʭ ʧʝʨʝʛʦʚʦʨʦʚ, ʧʦʯʪʦʚʳʭ, ʪʝʣʝʛʨʘʬʥʳʭ ʠ 

ʠʥʳʭ ʩʦʦʙʱʝʥʠʡ ʚ ʠʥʠʮʠʘʪʠʚʥʦʤ ʧʦʨʷʜʢʝ. ʆʜʥʘʢʦ ʨʘʙʦʪʥʠʢ ʢʘʢ ʦʙʣʘʜʘʪʝʣʴ ʠʥʬʦʨʤʘʮʠʠ ʣʠʯʥʦʡ 

ʧʝʨʝʧʠʩʢʠ, ʪʝʣʝʬʦʥʥʳʭ ʧʝʨʝʛʦʚʦʨʦʚ, ʧʦʯʪʦʚʳʭ, ʪʝʣʝʛʨʘʬʥʳʭ ʠ ʠʥʳʭ ʩʦʦʙʱʝʥʠʡ ʠʤʝʝʪ ʧʨʘʚʦ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʌɿ-149 ʨʘʟʨʝʰʘʪʴ ʠʣʠ ʦʛʨʘʥʠʯʠʚʘʪʴ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ, ʦʧʨʝʜʝʣʷʪʴ ʧʦʨʷʜʦʢ ʠ 

ʫʩʣʦʚʠʷ ʪʘʢʦʛʦ ʜʦʩʪʫʧʘ, ʚ ʧʨʘʚʝ ʧʨʝʜʦʩʪʘʚʠʪʴ ʪʘʢʦʡ ʜʦʩʪʫʧ ʦʙʣʘʜʘʪʝʣʶ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢʞʝ ʨʘʙʦʪ-

ʥʠʢ ʠʤʝʝʪ ʧʨʘʚʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʥʳʝ ʜʝʡʩʪʚʠʷ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʠʣʠ ʨʘʟʨʝʰʘʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʪʘʢʠʭ 

ʜʝʡʩʪʚʠʡ (149-ʬʟ, ʩʪ. 6) [3]. 

ʇʨʠ ʟʘʢʣʶʯʝʥʠʠ ʜʦʛʦʚʦʨʘ ʨʘʙʦʪʦʜʘʪʝʣʴ ʠ ʨʘʙʦʪʥʠʢ ʜʦʛʦʚʘʨʠʚʘʶʪʩʷ, ʯʪʦ ʨʘʙʦʪʥʠʢ, ʢʘʢ ʦʙʣʘ-

ʜʘʪʝʣʴ ʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪ. 6 ʌɿ-149 ʠʤʝʝʪ ʧʨʘʚʦ çʨʘʟʨʝʰʘʪʴ ʠʣʠ ʦʛʨʘʥʠʯʠ-

ʚʘʪʴ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ, ʦʧʨʝʜʝʣʷʪʴ ʧʦʨʷʜʦʢ ʠ ʫʩʣʦʚʠʷ ʪʘʢʦʛʦ ʜʦʩʪʫʧʘè. ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʟʘʢʣʶʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʦʛʣʘʰʝʥʠʝ ʢ ʪʨʫʜʦʚʦʤʫ ʜʦʛʦʚʦʨʫ ʦ ʜʦʙʨʦʚʦʣʴʥʦʤ, ʙʝʟ ʢʘʢʦʛʦ ʣʠʙʦ 

ʧʨʠʥʫʞʜʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʨʘʙʦʪʦʜʘʪʝʣʷ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʨʘʙʦʪʦʜʘʪʝʣʶ ʜʦʩʪʫʧʘ ʢ ʣʠʯʥʦʡ ʧʝʨʝʧʠʩ-

ʢʝ, ʪʝʣʝʬʦʥʥʳʤ ʧʝʨʝʛʦʚʦʨʘʤ, ʧʦʯʪʦʚʳʤ, ʪʝʣʝʛʨʘʬʥʳʤ ʠ ʠʥʳʤ ʩʦʦʙʱʝʥʠʷʤ, ʘ ʨʘʙʦʪʦʜʘʪʝʣʴ ʦʙʷʟʫ-

ʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʝʸ ʪʘʡʥʫ. 

ɼʣʷ ʚʥʝʜʨʝʥʠʷ ʥʦʨʤʳ ʧʨʘʚʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫ-

ʤʝʥʪʳ ʠ ʚʳʨʘʙʦʪʘʪʴ ʧʨʦʮʝʜʫʨʥʫʶ ʥʦʨʤʫ ʧʨʠʤʝʥʝʥʠʷ ʩʚʝʜʝʥʠʡ ʧʦ ʢʦʥʪʨʦʣʶ ʟʘ ʧʝʨʝʧʠʩʢʦʡ ʜʣʷ 

ʫʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʨʫʜʦʚʳʭ ʦʪʥʦʰʝʥʠʡ.  ʇʨʝʜʩʪʘʚʣʷʝʤʳʡ ʜʦʢʣʘʜ ʧʦʩʚʷʱʝʥ ʠʤʝʥʥʦ ʵʪʠʤ ʚʦʧʨʦʩʘʤ. 

* * *  
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ɼ. ɺ. ɻʘʣʫʰʢʠʥʘ, ʅ. ɻ. ʂʫʟʠʥʘ 
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Implementation of the Gram-Schmidt orthogonalization algorithm  

(classical scheme) in Matlab 

D. V.Galushkina, N. G. Kuzina 

Ulyanovsk State Pedagogical University I.N. Ulyanova, Ulyanovsk 

The Gram ï Schmidt orthogonalization process is a classic method for constructing a 12ï

decomposition. It consists in constructing an orthonormal basis Ñ, . . . , Ñ of the subspace spanned by 

columns Á, . . . , Á, and L(Ñ, . . . , Ñ) = L(Á, . . . , Á ) (j = 1, 2, . . . , n).Matrix composed of columns 

Ñ, . . . , Ñ,is the matrix1.The matrix R ï is the transition matrix from the basis Ñ, . . . ,Ñto Á, . . . , Á. 

That is, the orthogonalization of the columns of the matrix !ï is the representation !  1", 

where 1 is a matrix of the same size as !, but which has orthonormal columns, while " is a square matrix 

that ensures the equality !  1". 

For Gram ï Schmidt orthogonalization, there are three forms of the orthogonalization algorithm, 

differing only in the order in which the actions are performed. 

1. Gram ï Schmidt orthogonal orthogonalization. 

2. Modified GSO, or MGSO. 

3. MGSO with a choice of a leading vector. 

Usually, in different textbooks, the algorithm is presented in pseudo-code, asfor example, in ñCom-

putational methods of algebra and estimationò, I.V. Semushin. 

But, this is not enough for mathematical modeling and programming, so there is a need to create a 

new algorithm suitable for use in the mathematical programming environment - in Matlab. Creating this 

algorithm, we used the GSO algorithm in the pseudocode and the syntax of this programming environment 

(Matlab). 

GSO algorithm (classic pseudocode scheme) Implementation of the GSO algorithm (clas-

sical scheme) in Matlab 

Fork = 1 ton 

Ò ÁÑ, i= 1,2,...,kī1, 

Ö  Á В ÒÑ, 

Ò ÖÖ Ⱦ , 

Ñ ÖȾÒ . 

function [Q, R] = gs(A) 

m = size(A,1); 

n = size(A,2); 

Q = zeros(m,n); 

R = zeros(n,n); 

for k = 1:n 

    for i = 1:k-1 

        R(i,k) = A(:,k)' * Q(:,i); 

    end 

    v = A(:,k); 

    for i = 1:k-1 

        v = v - R(i,k) * Q(:,i); 

    end 

    R(k,k) = sqrt(v' * v); 

    Q(:,k) = v / R(k,k); 

end 

end 
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ʄʝʪʦʜʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʳ ʘʫʜʠʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʚʝʩʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚ ʘʫʜʠʪʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ 

ʇ. ɺ. ʄʘʨʢʠʥ, ʄ. ʉ. ʄʘʨʢʠʥʘ, ɼ. ʉ. ɹʫʨʝʥʦʢ, ɺ. ɸ. ɺʦʝʚʦʜʠʥ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʕʊè, ʄʦʩʢʚʘ 

Information  security audit.material assessment methodology 

P. V. Markin, M. S. Markina, D. S. Burenok, V. A. Voevodin 

the National Research University "MIET", Moscow 

ɸʫʜʠʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ɸʀɹ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʙʦʡ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ, ʥʝʟʘʚʠʩʠ-

ʤʳʡ ʠ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʛʦ ʩʚʠʜʝʪʝʣʴʩʪʚʘ (ʉɸ) ʠ ʝʛʦ ʦʙʲʝʢ-

ʪʠʚʥʦʡ ʦʮʝʥʢʠ [1]. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ɸʀɹ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʘ ʘʫʜʠʪʘ (ʇɸ), ʧʨʝʜʩʪʘʚ-

ʣʷʶʱʘʷ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ, ʚʟʘʠʤʦʫʚʷʟʘʥʥʳʭ ʝʜʠʥʦʡ ʮʝʣʴʶ, ʘʫʜʠʪʦʨʩʢʠʭ ʧʨʦʮʝʜʫʨ ʧʦ ʜʦʙʳʚʘ-

ʥʠʶ ʦʙʲʝʢʪʠʚʥʳʭ ʉɸ, ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʥʘ ʢʦʥʢʨʝʪʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʪ 

ʤʝʪʦʜʠʢʠ ʧʦ ʦʪʙʦʨʫ ʟʥʘʯʠʤʳʭ ʢʨʠʪʝʨʠʝʚ ʘʫʜʠʪʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ ʘʫʜʠʪʘ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [2; 3]. ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʩʚʦʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʉɸ ʥʝ ʧʦʜʜʘʶʪʩʷ ʦʮʝʥʢʝ ʚ ʯʠʩ-

ʣʦʚʳʭ ʰʢʘʣʘʭ, ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʷʶʪ ʢʘʯʝʩʪʚʝʥʥʳʝ ʰʢʘʣʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʧʨʦʮʝʜʫʨʳ 

ʥʘʙʣʶʜʝʥʠʷ. ɸʚʪʦʨʘʤʠ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʠʟʙʝʞʘʪʴ ʧʦʪʝʨʠ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʧʫʪʝʤ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ (ʄɸʀ), ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʫʯʝʩʪʴ ʙʦʣʝʝ 

ʪʦʥʢʠʝ ʧʨʝʜʧʦʯʪʝʥʠʷ ʵʢʩʧʝʨʪʦʚ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʄɸʀ ʧʨʝʜʣʦʞʝʥ ʊ. ʉʘʘʪʠ [4]. ʉʨʝʜʠ ʤʝʪʦʜʦʚ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʧʦ-

ʣʝʟʥʦʩʪʠ, ʧʦ ʠʥʪʫʠʪʠʚʥʳʤ ʦʮʝʥʢʘʤ,  ʫʞʝ ʙʦʣʝʝ 20 ʣʝʪ ʫʜʝʨʞʠʚʘʝʪ ʚʝʜʫʱʠʝ ʧʦʟʠʮʠʠ ʚ ʨʝʰʝʥʠʠ 

ʩʣʘʙʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʟʘʜʘʯ [5; 6]. ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʉɸ 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʧʘʨʘʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʧʦ ʠʭ ʚʣʠʷʥʠʶ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʇɸ. ʇʨʠ ʵʪʦʤ ʚʣʠʷʥʠʝ ʜʨʫʛʠʭ ʉɸ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. ɼʣʷ ʧʦʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʘʚʪʦʨʦʤ ʤʝʪʦʜʘ ʧʨʝʜ-

ʣʦʞʝʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʦʮʝʥʦʯʥʘʷ ʰʢʘʣʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʧʷʪʠ ʦʩʥʦʚʥʳʭ ʠ ʯʝʪʳʨʝʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʩʫʞʜʝʥʠʡ. ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ (ʄɸʀ) ʠʟʣʦʞʝʥʳ ʊ. ʉʘʘʪʠ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ 

ʚ ʝʛʦ ʨʘʙʦʪʝ [4]. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ ʜʣʷ ʦʮʝʥʢʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʫʜʠ-

ʪʦʨʩʢʠʭ ʩʚʠʜʝʪʝʣʴʩʪʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʳ ʘʫʜʠʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʞʝʪ 

ʩʥʠʟʠʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ. 

ʄʝʪʦʜ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ ʦʢʘʟʘʣʩʷ ʨʝʟʫʣʴʪʘʪʠʚʥʝʝ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʜʣʷ ʩʚʠʜʝʪʝʣʴʩʪʚ ʘʫʜʠʪʘ, ʚʭʦʜʷʱʠʭ ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʧʨʦʛʨʘʤʤʫ ʘʫʜʠʪʘ. ʆʜʥʘʢʦ ʢʨʠʪʝʨʠʡ ʦʪʙʦʨʘ 

ʵʢʩʧʝʨʪʦʚ ʥʫʞʜʘʝʪʩʷ ʚ ʧʦʜʢʣʶʯʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ 

ʠ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʵʢʩʧʝʨʪʥʳʭ ʤʥʝʥʠʡ ʚ ʩʠʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʟʘʚʠʩʝʣʘ ʦʪ ʫʨʦʚʥʷ ʠʭ ʧʦʜʛʦʪʦʚʢʠ ʠ ʢʦʤʧʝʪʝʥʮʠʠ. 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ ʜʣʷ ʮʝʣʝʡ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʳ 

ʘʫʜʠʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ 

ʦʮʝʥʢʠ ʘʫʜʠʪʦʨʩʢʦʛʦ ʨʠʩʢʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʨʝʜʩʪʚ ʛʨʘʥʪʘ ɹʣʘʛʦʪʚʦʨʠ-

ʪʝʣʴʥʦʛʦ ʬʦʥʜʘ ɺʣʘʜʠʤʠʨʘ ʇʦʪʘʥʠʥʘ 2019 ʛ. 
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ʦʪ ʝʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ 

ʀ. ɸ. ʄʘʨʪʳʥ 

ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

Dependence of the components of the dielectric constant of seawater on its temperature and salinity 
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ʂʦʤʧʣʝʢʩʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʦʨʩʢʦʡ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʪʝʤʧʝʨʘʪʫ-

ʨʳ, ʩʦʣʝʥʦʩʪʠ ʠ ʯʘʩʪʦʪʳ. ɸʢʪʠʚʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʯʘʣʠʩʴ ʝʱʝ ʚ ʩʝʨʝʜʠʥʝ 

ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʥʦ ʧʨʠʦʙʨʝʪʘʶʪ ʚʥʦʚʴ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʨʘʜʠʦʤʝʪ-

ʨʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [1].  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ 

ʚʦʜʳ. ʉʦʛʣʘʩʥʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʜʠʧʦʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ, ʜʣʷ ʨʘʩʯʝʪʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ 

ʤʥʠʤʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʦʨʤʫʣʳ ɼʝ-

ʙʘʷ [2; 3] 
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ʈʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ Borland Delphi.  

ɺ ʭʦʜʝ ʨʘʩʯʝʪʦʚ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʜʚʘ ʩʣʫʯʘʷ: ʧʦʩʪʦʷʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʩʦʣʝ-

ʥʦʩʪʠ, ʧʦʩʪʦʷʥʥʘʷ ʩʦʣʝʥʦʩʪʴ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʈʝʟʫʣʴʪʘʪʳ ʨʝʘʣʠʟʘʮʠʠ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝ-

ʣʠ ʜʘʶʪ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʥʠʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦ-

ʩʪʠ ʦʪ ʢʦʣʝʙʘʥʠʡ ʩʦʣʝʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʟʤʝʥʯʠʚʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʦʨʩʢʦʡ 

ʚʦʜʳ.  

* * *  
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ɺʦʧʨʦʩʳ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʦʭʨʘʥʥʦʩʪʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʝ ʩʭʦʜʷʪ ʩ ʧʦʚʝʩʪʢʠ 

ʜʥʷ ʢʨʫʧʥʝʡʰʠʭ ʤʠʨʦʚʳʭ ʢʦʨʧʦʨʘʮʠʡ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ. ʆʜʥʦ ʠʟ ʛʣʘʚʥʳʭ ʚʦʧʨʦʩʦʚ ʙʠʟʥʝʩʘ ʚ 

ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʠʟʘʮʠʠ ʠ ʚʩʝʦʙʱʝʡ ʦʪʢʨʳʪʦʩʪʠ ï ʢʘʢ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʫʶ ʟʘʱʠʪʫ ʩʚʦʠʭ çʩʝʢʨʝ-

ʪʦʚè ʦʪ ʧʦʩʪʦʨʦʥʥʠʭ ʛʣʘʟ? 

ʋʪʝʯʝʢ ʜʘʥʥʳʭ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʨʦʩʪʦʤ 

ʦʙʲʸʤʦʚ ʩʦʙʠʨʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʉ ʜʨʫʛʦʡ ï c ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʩʦʪʨʫʜʥʠʢʦʚ, ʫ ʢʦʪʦʨʳʭ ʝʩʪʴ 

ʜʦʩʪʫʧ ʢ ʵʪʠʤ ʜʘʥʥʳʤ. ʀʥʩʘʡʜʝʨ ʦʩʪʘʝʪʩʷ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʠʥʦʚʥʠʢʦʤ ʫʪʝʯʝʢ ʜʘʥʥʳʭ ʚ 

ʦʨʛʘʥʠʟʘʮʠʷʭ [1]. 

ʉʠʪʫʘʮʠʶ ʫʩʫʛʫʙʣʷʝʪ ʠ ʪʦ, ʯʪʦ ʤʥʦʛʠʝ ʢʦʤʧʘʥʠʠ ʜʦ ʩʠʭ ʧʦʨ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʣʠʰʴ ʦʭʨʘʥʦʡ 

ʧʝʨʠʤʝʪʨʘ ʠ ʤʘʣʦ ʫʜʝʣʷʶʪ ʚʥʠʤʘʥʠʷ ʪʦʤʫ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚʥʫʪʨʠ ʥʝʛʦ ï ʥʝʜʦʩʪʘʪʦʯʥʦ ʟʘʱʠʱʘʶʪ 

ʜʘʥʥʳʝ. 

ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʜʦʣʞʥʘ ʧʨʠʚʦʜʠʪʴ ʢ ʦʱʫʪʠʤʳʤ ʧʨʦʙʣʝʤʘʤ 

ʚ ʨʘʙʦʪʝ ʦʙʲʝʢʪʘ, ʪʘʢʞʝ ʝʝ ʩʦʟʜʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʳʤ. ʆʜʥʠʤ 

ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ ʥʘʜʝʞʥʦʡ ʩʠʩʪʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʦʙʲʝʢʪʦʚ ʟʘʱʠʪʳ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʠ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ [2]. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʟʘʱʠʱʝʥʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʠ 

ʧʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʙʘʟʝ ʵʪʦʡ ʤʦʜʝʣʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦ-

ʛʦ ʘʥʘʣʠʟʘ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘʠʙʦʣʴʰʫʶ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʪʝʯʢʠ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ ʢʦʤʧʘʥʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʥʫʪʨʝʥʥʠʝ ʥʘʨʫʰʠʪʝʣʠ (ʧʝʨʩʦʥʘʣ ʦʨʛʘʥʠʟʘ-

ʮʠʠ), ʠʤʝʶʱʠʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʜʦʩʪʫʧʘ ʢ ʩʝʢʨʝʪʘʤ ʢʦʤʧʘʥʠʠ.  

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʦʜʝʣʴ ʟʘʱʠʱʝʥʥʦʩʪʠ ʧʦʤʦʞʝʪ ʣʝʛʢʦ ʜʦʢʘʟʘʪʴ ʨʫʢʦʚʦʜʠʪʝʣʶ ʦʨʛʘʥʠʟʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʠʣʝʥʠʷ ʜʝʡʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ DLP-

ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ ʧʦʣʥʳʡ ʥʘʙʦʨ ʤʝʭʘʥʠʟʤʦʚ ʢʦʥʪʝʢʩʪʥʦʛʦ ʢʦʥʪʨʦʣʷ ʦʧʝʨʘʮʠʡ ʩ ʜʘʥʥʳ-

ʤʠ, ʪʝʤ ʩʘʤʳʤ ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʨʦʪʠʚʦʧʨʘʚʥʳʝ ʧʦʧʳʪʢʠ ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩʦʟʜʘʶʱʠʭ ʫʛʨʦʟʫ 

ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ. 

* * *  
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ʏʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ ʚ ʛʦʨʦʜʩʢʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ, ʚʳʟʚʘʥʥʳʭ ʵʥʝʨʛʠʝʡ ʚʟʨʳʚʯʘʪʳʭ 

ʚʝʱʝʩʪʚ, ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʴʰʠʭ ʟʘʚʘʣʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʨʘʟʙʦʨʢʘ 

ʟʘʚʘʣʦʚ. ʈʘʙʦʪʳ ʧʦ ʜʝʙʣʦʢʠʨʦʚʘʥʠʶ ʧʦʩʪʨʘʜʘʚʰʠʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʛʣʫʙʠʥʝ ʦʪ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʟʘʚʘʣʦʚ, ʚʝʜʫʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʞʝʥʝʨʥʦʡ ʪʝʭʥʠʢʠ, ʧʨʠʙʦʨʦʚ ʧʦʠʩʢʘ ʧʦʩʪʨʘʜʘʚ-

ʰʠʭ ʠ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʘʥʘ-

ʣʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʠ ʪʚʦʨʯʝʩʢʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʚʝʜʝʥʠʶ ʵʪʠʭ ʨʘʙʦʪ. ʆʜʥʠʤ ʠʟ 

ʚʘʨʠʘʥʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʝʪʠ ʇʝʪʨʠ [1]. ʉʝʪʠ ʇʝʪʨʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʚʫʜʦʣʴ-

ʥʳʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ ʩ ʜʚʫʤʷ ʪʠʧʘʤʠ ʚʝʨʰʠʥ, ʦʜʥʠ ʠʟ ʢʦʪʦʨʳʭ ʥʘʟʳʚʘʶʪʩʷ ʧʦʟʠʮʠʷʤʠ, ʘ 

ʜʨʫʛʠʝ ï ʧʝʨʝʭʦʜʘʤʠ.  ʇʦʟʠʮʠʠ ʠʟʦʙʨʘʞʘʶʪʩʷ ʢʨʫʞʢʘʤʠ, ʘ ʧʝʨʝʭʦʜʳ ï ʧʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ. ʇʦʟʠ-

ʮʠʠ ʠ ʧʝʨʝʭʦʜʳ ʩʚʷʟʘʥʳ ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʜʫʛʘʤʠ. ʇʦʟʠʮʠʠ, ʠʟ ʢʦʪʦʨʳʭ ʜʫʛʠ ʚʳʭʦʜʷʪ ʠ ʫʧʠʨʘʶʪʩʷ ʚ 

ʧʝʨʝʭʦʜ, ʥʘʟʳʚʘʶʪʩʷ ʚʭʦʜʥʳʤʠ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʝʭʦʜʘʤ), ʘ ʧʦʟʠʮʠʠ, ʚ ʢʦʪʦʨʳʝ ʜʫʛʠ ʚʭʦʜʷʪ, ï 

ʚʳʭʦʜʥʳʤʠ. ɺ ʧʦʟʠʮʠʠ ʧʦʤʝʱʘʶʪ ʤʘʨʢʝʨʳ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʭ ʝʤʢʦʩʪʠ. ʇʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʝʭʦʜʳ ʩʨʘʙʘʪʳʚʘʶʪ (ʦʪʢʨʳʚʘʶʪʩʷ) ʠ ʤʘʨʢʝʨʳ ʧʝʨʝʭʦʜʷʪ ʠʟ ʚʭʦʜʥʳʭ 

ʧʦʟʠʮʠʡ ʚ ʚʳʭʦʜʥʳʝ. ʂʦʣʠʯʝʩʪʚʦ ʧʝʨʝʭʦʜʷʱʠʭ ʤʘʨʢʝʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʘʪʥʦʩʪʠ ʜʫʛ. 

* * *  
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Simulation of gas-air mixture explosions with consideration of cloud drift by wind 

S. V. Shilov 

Pitirim Sorokin Syktyvkar State University, Syktyvkar 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʩʬʝʨʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʦʨʶʯʠʝ ʛʘʟʳ. ɹʦʣʴʰʘʷ ʜʦʣʷ ʠʭ ʧʦʪʨʝʙʣʷ-

ʝʪʩʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ ʠ ʦʪʦʧʠʪʝʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʧʘʥ-ʙʫʪʘʥʦʚʳʝ ʩʤʝʩʠ ʩ 

ʫʩʧʝʭʦʤ ʟʘʤʝʥʷʶʪ ʙʝʥʟʠʥ, ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʦʪʣʘʭ ʠ ʙʳʪʦʚʳʭ ʛʘʟʦʚʳʭ ʧʨʠʙʦʨʘʭ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲ-

ʝʤʳ ʜʘʥʥʳʭ ʛʘʟʦʚ ʧʝʨʝʚʦʟʷʪʩʷ ʛʘʟʦʚʦʟʘʤʠ ʠ ʭʨʘʥʷʪʩʷ ʚ ʛʘʟʛʦʣʴʜʝʨʘʭ [4]. ʕʪʦ ʥʝʩʝʪ ʙʦʣʴʰʫʶ ʧʦ-

ʪʝʥʮʠʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʢʘʢ ʜʣʷ ʣʶʜʝʡ, ʪʘʢ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʆʙʳʯʥʦ ʨʘʩʯʝʪʳ ʚʟʨʳʚʘ ʛʘʟʦʚ ʧʨʦʠʟʚʦʜʷʪ (ʜʣʷ ʧʨʦʩʪʦʪʳ) ʚ ʩʣʫʯʘʝ ʙʝʟʚʝʪʨʝʥʥʦʡ ʧʦʛʦʜʳ [1; 

2]. ʇʨʠ ʵʪʦʤ ʟʦʥʳ ʧʦʨʘʞʝʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ ʤʠʥʠʤʘʣʴʥʳ. ʅʦ ʵʪʦ ʤʘʣʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʚʝʪʝʨ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʙʦʣʝʝ 

ʪʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʦʧʘʩʥʳʭ ʟʦʥ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʘʪʤʦʩʬʝʨʳ. ʕʪʦ ʠ ʩʜʝʣʘʥʦ ʚ ʨʘʙʦʪʝ. ɹʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʪʠʧʠʯʥʳʝ ʝʤʢʦʩʪʠ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʩʞʠʞʝʥʥʦʡ ʧʨʦʧʘʥ-ʙʫʪʘʥʦʚʦʡ ʩʤʝʩʠ ʦʪ 5,07 ʤ3 ʜʦ 

50 ʤ3 ʠ ʨʘʟʥʳʝ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ [3]. ʇʨʠ ʨʘʩʯʝ-

ʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʣʝʢʪʨʦʥʥʳʝ ʪʘʙʣʠʮʳ Excel. ɺ ʥʠʭ ʚʚʦʜʠʣʩʷ ʚʝʩʴ ʬʦʨʤʫʣʴʥʳʡ ʘʧʧʘʨʘʪ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʪʦʯʥʝʥʳ ʚʦʟʤʦʞʥʳʝ ʟʦʥʳ ʧʦʨʘʞʝʥʠʷ ʜʣʷ ʣʶʜʝʡ ʠ ʨʘʟʨʫʰʝʥʠʷ ʟʜʘʥʠʡ. ʆʥʠ 

ʦʢʘʟʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʙʝʟʚʝʪʨʝʥʥʦʤ ʚʘʨʠʘʥʪʝ. 



ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 
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ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦ ʚʟʨʳʚʘʤ ʛʘ-

ʟʦʚʦʟʜʫʰʥʳʭ ʩʤʝʩʝʡ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʩʪʨʫʢʪʫʨʘʭ ʄʏʉ ʧʦ ʈʝʩʧʫʙʣʠʢʝ ʂʦʤʠ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʦʥʘ ʥʝ 

ʫʯʠʪʳʚʘʝʪ ʩʥʦʩ ʦʙʣʘʢʘ ʚʝʪʨʦʤ ʠ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʘʚʳʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʧʨʠ ʨʘʟ-

ʛʝʨʤʝʪʠʟʘʮʠʠ ʙʦʣʴʰʠʭ ʧʦ ʦʙʲʝʤʫ ʝʤʢʦʩʪʝʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠ ʤʦʛʫʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʤʝʥʷʪʴʩʷ ʩʪʫ-

ʜʝʥʪʘʤʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʨʳʚʦʚ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ. 
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EM-ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʜʘʥʥʳʭ ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʨʦʩʩʠʡʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʝ Loginom1 

ɺ. ɹ. ʗʢʦʚʣʝʚ 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʨʦʜʩʢʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ 

EM clustering of data from regional statistics of Russian education  

in the Loginom analytical platform 

V. B. Yakovlev 
Moscow city pedagogical University, Moscow 

ʇʨʠ ʘʥʘʣʠʟʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʚʠʪʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʯʘʩʪʦ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʤʥʦʛʦʤʝʨʥʦʩʪʴʶ ʠʭ ʦʧʠʩʘʥʠʷ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʦʟʥʠʢʘʶʪ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʭʘʨʘʢʪʝʨʘ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʠʣʠ ʧʨʠʟʥʘʢʘʤʠ, ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʩʥʠʞʝʥʠʷ ʨʘʟ-

ʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʟʥʘʢʦʚ ʚ ʟʘʜʘʥʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ EM-ʢʣʘʩʪʝʨʠʟʘʮʠʷ. 

EM (Expectation-maximization) ð ʧʦʧʫʣʷʨʥʳʡ ʘʣʛʦʨʠʪʤ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʵʬ-

ʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʜʘʥʥʳʭ. 

ɺ ʦʩʥʦʚʝ ʠʜʝʠ EM-ʘʣʛʦʨʠʪʤʘ ʣʝʞʠʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʣʶʙʦʝ ʥʘʙʣʶʜʝʥʠʝ ʧʨʠʥʘʜʣʝʞʠʪ 

ʢʦ ʚʩʝʤ ʢʣʘʩʪʝʨʘʤ, ʥʦ ʩ ʨʘʟʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ. ʇʦʵʪʦʤʫ ʥʘ ʚʳʭʦʜʝ ʬʦʨʤʠʨʫʶʪʩʷ ʜʚʘ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʭ ʩʪʦʣʙʮʘ: ʅʦʤʝʨ ʢʣʘʩʪʝʨʘ ʠ ɺʝʨʦʷʪʥʦʩʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. ʆʙʲʝʢʪ ʜʦʣʞʝʥ ʙʳʪʴ ʦʪʥʝʩʝʥ ʢ ʪʦʤʫ 

ʢʣʘʩʪʝʨʫ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʜʘʥʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʰʝ. 

EM-ʘʣʛʦʨʠʪʤ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʢʣʘʩʪʝʨʠʟʫʝʤʳʝ ʜʘʥʥʳʝ ʧʦʜʯʠʥʷʶʪʩʷ ʣʠʥʝʡ-

ʥʦʡ ʢʦʤʙʠʥʘʮʠʠ (ʩʤʝʩʠ) ʥʦʨʤʘʣʴʥʳʭ (ʛʘʫʩʩʦʚʳʭ) ʨʘʩʧʨʝʜʝʣʝʥʠʡ. 

ʅʘʟʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʩʣʦʚ çexpectation-maximizationè, ʯʪʦ ʧʝʨʝʚʦʜʠʪʩʷ ʢʘʢ 

çʦʞʠʜʘʥʠʝ-ʤʘʢʩʠʤʠʟʘʮʠʷè. ɽʛʦ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ï  

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʠ ʜʠʩʧʝʨʩʠʠ, ʢʦʪʦʨʳʝ ʤʘʢʩʠʤʠʟʠʨʫʶʪ ʬʫʥʢʮʠʶ ʧʨʘʚʜʦʧʦʜʦʙʠʷ, ʠʩ-

ʧʦʣʴʟʫʝʤʫʶ ʢʘʢ ʤʝʨʫ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʠ. 

                                                           
1ɺ ʨʘʤʢʘʭ ʛʨʘʥʪʘ çʈʘʟʨʘʙʦʪʢʘ ʠ ʘʧʨʦʙʘʮʠʷ ʢʦʥʮʝʧʮʠʠ, ʧʨʦʛʨʘʤʤʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʩʠʩʪʝʤʳ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʪʝʭʥʦʣʦʛʠʡ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ (ʥʝʡʨʦʩʝʪʝʡ, ʠʩʢʫʩʩʪʚʝʥʥʦ-

ʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ) ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʛʦʨʦʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʩʨʝʜʥʠʭ ʦʙ-

ʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʘ ʪʘʢʞʝ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʦʚ ʜʣʷ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ ʛʦʨʦʜʘ 

ʄʦʩʢʚʳè (ˉ 18-413-770006). 

http://www.mining-enc.ru/c/cisterna


IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ, 12ï14 ʥʦʷʙʨʷ 2020 ʛʦʜʘ, ʛ. ʉʳʢʪʳʚʢʘʨ 

 

 
26 

 

ʉʨʝʜʠ ʧʨʝʠʤʫʱʝʩʪʚ EM-ʘʣʛʦʨʠʪʤʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ: 

¶ ʵʬʬʝʢʪʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ (Big Data); 

¶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʰʫʤʘʤ ʠ ʧʨʦʧʫʩʢʘʤ ʚ ʜʘʥʥʳʭ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʞʝʣʘʝʤʦʛʦ ʯʠʩʣʘ ʢʣʘʩʪʝʨʦʚ; 

¶ ʙʳʩʪʨʘʷ ʩʭʦʜʠʤʦʩʪʴ ʧʨʠ ʫʜʘʯʥʦʡ ʠʥʠʮʠʘʣʠʟʘʮʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʨʝʛʠʦʥʦʚ ʚʳʩʰʠʤʠ ʦʙ-

ʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ Ljginom.  

ʇʨʠʤʝʥʝʥʠʝ EM-ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥʘ ʦʙʣʘʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʚ ʢʦʪʦʨʳʭ ʛʨʫʧʧʠʨʦʚʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʦʪʜʝʣʴʥʳʤ ʧʦʢʘ-

ʟʘʪʝʣʷʤ. ʉ ʧʦʤʦʱʴʶ ʚʳʜʝʣʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʦʞʥʦ ʜʘʪʴ ʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʫʶ ʦʮʝʥʢʫ ʫʨʦʚʥʷ ʦʙʝʩʧʝ-

ʯʝʥʥʦʩʪʠ ʚʳʩʰʠʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʨʝʛʠʦʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ, ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʦ ʧʦʜʦʡʪʠ ʢ ʚʳʜʝʣʝʥʠʶ ʧʝʨʝʜʦʚʳʭ ʠ ʦʪʩʪʘʶʱʠʭ ʨʝʛʠʦʥʦʚ, ʯʪʦ ʠʤʝʝʪ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʚʳʩʰʠʤʠ ʦʙʨʘ-

ʟʦʚʘʪʝʣʴʥʳʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ. 

* * *  

1. ʗʢʦʚʣʝʚ ɺ.ɹ. ʇʨʠʤʝʥʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʝ ʨʦʩʩʠʡʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ // 
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2. ʗʢʦʚʣʝʚ ɺ.ɹ., ʗʢʦʚʣʝʚʘ ʆ.ɸ. ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʩʝʣʴʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʩʫʙʲʝʢʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ 

Deductor Studio : ʤʦʥʦʛʨʘʬʠʷ. ʄ.: ʆʥʪʦʇʨʠʥʪ, 2019.  264 ʩ. 

 

 

ʀʅʌʆʈʄɸʎʀʆʅʅʓɽʊɽʍʅʆʃʆɻʀʀɺʆɹʈɸɿʆɺɸʅʀʀ 

 

Formation of ict competence in students when teaching inverse and ill-posed problems  

in the conditions of education informatization 

V. S. Kornilov 

Moscow City Pedagogical University, Moscow 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʀʂʊ-ʢʦʤʧʝʪʝʥʮʠʠ ʫ ʩʪʫʜʝʥʪʦʚ 

ʧʨʠ ʦʙʫʯʝʥʠʠ ʦʙʨʘʪʥʳʤ ʠ ʥʝʢʦʨʨʝʢʪʥʦ ʧʦʩʪʘʚʣʝʥʳʤ ʟʘʜʘʯʘʤ 

ʚ ʫʩʣʦʚʠʷʭ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ɺ. ʉ. ʂʦʨʥʠʣʦʚ 

ʄʦʩʢʦʚʩʢʠʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ 

Using the teacher at lectures on theinverse and ill-posed problemsof multimedia and computer tech-

nology, allows you to implement a visual demonstration method of teaching. Students can observe on in-

teractive whiteboards a demonstration of the stages of studying inverse and ill-posed problems, formulated 

theorems on the existence, uniqueness and correctness of solving inverse and ill-posed problems; results 

of numerical solution of inverse and ill-posed problems. The use of computer technology allows students 

to realize their research and cognitive activities in laboratory classes, and independently. 

Using computer technology, students gain experience in mobile research of inverse and ill-posed 

problems, as well as identifying the capabilities of computer technology in solving various applied math-

ematical problems, develop ICT competence (see, for example, [1, 2]. The inclusion of multimedia and 

computer technologies in the educational process of teaching students the inverse and ill-posed problems 

allows you to implement the didactic principles of learning. 

The students' fundamental knowledge of inverse and ill-posed problems, abilities and skills to in-

dependently use computer technology in research of inverse and ill-posed problems, allows them to devel-
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op professional competencies, including ICT competencies. ICT competencies will help such students in 

their future professional activities, which use applied mathematics methods to study the world around 

them, successfully select and use effective computer technologies. 

* * *  

1. ɹʦʨʦʥʝʥʢʦ ʊ.ɸ., ʌʝʜʦʪʦʚʘ ɺ.ʉ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʀʂʊ-ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʢʘʜʨʦʚ ʚ 
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ʥʦʛʨʘʬʠʷ. ʄ.: ʆʥʪʦʇʨʠʥʪ, 2017. 500 ʩ. 

 

Web-ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʘʩʩʦʚʳʭ ʦʥʣʘʡʥ-ʚʠʢʪʦʨʠʥ 

ʀ. ʀ. ɹʘʞʝʥʦʚ, ʄ. ʉ. ɻʣʘʜʢʠʭ 

ʉɻʋ ʠʤ. ʇʠʪʠʨʠʤʘ ʉʦʨʦʢʠʥʘ, ʉʳʢʪʳʚʢʘʨ 

Web application for conducting massive online quizzes 
I. I . Bazhenov, M. S. Gladkikh 

Pitirim Sorokin Syktyvkar State University, Syktyvkar 

ʅʘʩʪʦʷʱʝʝ ʩʦʦʙʱʝʥʠʝ ʷʚʣʷʝʪʩʷ ʧʨʝʟʝʥʪʘʮʠʝʡ ʛʦʪʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ï webʧʨʠʣʦ-

ʞʝʥʠʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʤʘʩʩʦʚʳʭ ʩʝʪʝʚʳʭ ʚʠʢʪʦʨʠʥ. ʄʦʜʝʣʴ ʧʨʠʤʝʥʠʤʘ ʚ ʨʘʟʣʠʯʥʦʡ 

ʘʫʜʠʪʦʨʠʠ (ʰʢʦʣʴʥʠʢʠ, ʩʪʫʜʝʥʪʳ, ʫʯʠʪʝʣʷ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʠ) ʠ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ. 

ʄʝʨʦʧʨʠʷʪʠʝ ʤʦʞʝʪ ʠʤʝʪʴ ʢʘʢ ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʘʢ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʟʥʘʥʠʡ ʦʙʫʯʘʶʱʠʭʩʷ. ɺʦʟʤʦʞʥʳ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʠ ï ʢʦʤʘʥʜʥʦʝ ʩʦʨʝʚʥʦʚʘ-

ʥʠʝ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʟʥʘʥʠʡ ʠʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʩʦʩʪʷʟʘʥʠʝ. ʀʜʝʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʦ-

ʛʠʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʨʚʠʩʦʚ Google ʧʨʠʚʦʜʠʪʩʷ ʚ ʨʘʙʦʪʘʭ [1; 2]. 

   ʇʨʠʣʦʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʩʪʨʫʢʪʦʨ ʩʦʟʜʘʥʠʷ ʤʝʨʦʧʨʠʷʪʠʷ ʠ ʩʘʡʪ, ʥʘ ʢʦʪʦʨʦʤ ʦʨ-

ʛʘʥʠʟʫʝʪʩʷ ʩʘʤʦ ʤʝʨʦʧʨʠʷʪʠʝ. ʆʪ ʤʦʜʝʨʘʪʦʨʘ ʪʨʝʙʫʝʪʩʷ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʧʦ ʬʦʨʤʠʨʦʚʘ-

ʥʠʶ ʩʦʜʝʨʞʘʪʝʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʠ ʟʘʜʘʥʠʡ. ɿʘʜʘʥʠʷ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʡ ʬʦʨʤʘʪ ï ʪʝʢ-

ʩʪʦʚʳʝ ʟʘʜʘʥʠʷ, ʛʨʘʬʠʯʝʩʢʠʝ ʬʘʡʣʳ, ʚʠʜʝʦ- ʠ ʘʫʜʠʦʤʘʪʝʨʠʘʣʳ. ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʟʘʜʘʥʠʷ ʠ ʦʪʚʝʪʳ 

ʢ ʥʠʤ ʚʥʦʩʷʪʩʷ ʤʦʜʝʨʘʪʦʨʦʤ ʚ ʢʦʥʩʪʨʫʢʪʦʨʝ. ʀʥʪʝʨʬʝʡʩ ʢʦʥʩʪʨʫʢʪʦʨʘ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʩʪ ʠ ʩʥʘʙ-

ʞʝʥ ʥʝʦʙʭʦʜʠʤʳʤʠ ʧʦʜʩʢʘʟʢʘʤʠ ʠ ʢʦʤʤʝʥʪʘʨʠʷʤʠ. 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ï ʵʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʘʥʜ ʠʣʠ ʩʧʠʩʢʘ ʫʯʘʩʪʥʠʢʦʚ ʤʝʨʦʧʨʠʷʪʠʷ. ʆʥ ʤʦʞʝʪ 

ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʦʜʝʨʘʪʦʨʦʤ, ʪʘʢ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʘʤʦʟʘʧʠʩʠ ʫʯʘʩʪʥʠ-

ʢʦʚ.  

ʉʘʤʦ ʧʨʦʚʝʜʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʦʪʢʨʳʚʘʝʪʩʷ ʜʦʩʪʫʧ ʢ 

ʩʘʡʪʫ, ʛʜʝ ʥʘ ʦʪʜʝʣʴʥʳʭ ʩʪʨʘʥʠʯʢʘʭ ʩʦʜʝʨʞʠʪʩʷ ʠʛʨʦʚʦʝ ʧʦʣʝ ʩ ʟʘʜʘʥʠʷʤʠ, ʦʪʢʨʳʚʘʝʪʩʷ ʞʫʨʥʘʣ, 

ʢʫʜʘ ʚʥʦʩʷʪʩʷ ʦʪʚʝʪʳ ʢ ʟʘʜʘʥʠʷʤ ʫʯʘʩʪʥʠʢʘʤʠ ʢʦʤʘʥʜʳ ʠ ʦʥʣʘʡʥ-ʪʘʙʣʦ. ʂ ʩʘʡʪʫ ʤʦʞʝʪ ʙʳʪʴ ʦʪ-

ʢʨʳʪ ʜʦʩʪʫʧ ʜʣʷ ʧʘʩʩʠʚʥʦʛʦ ʧʨʦʩʤʦʪʨʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʝʞʠʤʝ ʙʦʣʝʣʴʱʠʢʘ. ʇʨʦʚʝʨʢʘ ʚʳʧʦʣʥʝʥʠʷ 

ʟʘʜʘʥʠʡ ʠ ʦʪʚʝʪʦʚ ʥʘ ʚʦʧʨʦʩʳ ʧʨʦʚʦʜʠʪʩʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʠ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʦʥʣʘʡʥ- 

ʪʘʙʣʦ. ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʥʦʚʷʪʩʷ ʠʟʚʝʩʪʥʳ ʩʨʘʟʫ ʧʦʩʣʝ ʠʩʪʝʯʝʥʠʷ ʚʳʜʝʣʝʥʥʦʛʦ ʥʘ ʤʝʨʦʧʨʠʷʪʠʝ ʚʨʝʤʝ-

ʥʠ. ʇʨʦʚʝʜʝʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʭʨʘʥʷʪʩʷ ʚ ʙʘʟʝ ʠ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʤʦʛʫʪ ʙʳʪʴ ʦʪʨʝʜʘʢʪʠʨʦʚʘʥʳ ʠ 

ʧʦʚʪʦʨʝʥʳ ʤʥʦʛʦʢʨʘʪʥʦ ʚ ʨʘʟʥʦʡ ʘʫʜʠʪʦʨʠʠ. 

* * *  

1. ɹʘʞʝʥʦʚ ʀ.ʀ. ʆʙ ʦʜʥʦʤ ʩʧʦʩʦʙʝ ʦʨʛʘʥʠʟʘʮʠʠ ʦʥʣʘʡʥ ï ʚʠʢʪʦʨʠʥʳ // ʄʘʪʝʨʠʘʣʳ VII ɺʩʝʨʦʩʩʠʡʩʢʦʡ (ʩ 
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ʕ. ʍ. ɻʘʣʷʤʦʚʘ 

ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʘʙʝʨʝʞʥʳʝ ʏʝʣʥʳ 

ʄethodological aspects of using a digital simulator in the preparation of a mathematics teacher 

 E. H. Galyamova 

Naberezhnye Chelny State Pedagogical University, Naberezhnye Chelny 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʘ ʚʭʦʞʜʝʥʠʷ ʙʫ-

ʜʫʱʝʛʦ ʫʯʠʪʝʣʷ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʇʨʦʠʩʭʦʜʠʪ ʧʦʠʩʢ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʧʦʛʨʫʞʝʥʠʷ ʦʙʫʯʘʶʱʠʭʩʷ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʚʫʟʦʚ ʚ ʧʨʦʬʝʩʩʠʶ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʩʠʤʫʣʷ-

ʪʦʨʦʚ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʚʠʨʪʫʘʣʴʥʳʭ ʪʨʝʥʘʞʝʨʦʚ ʦʙʫʯʝʥʠʷ ʨʝʰʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʟʘʜʘʯ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʤʝʪʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʥʦʚʳʭ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʯʠʪʝʣʷ ʤʘʪʝʤʘʪʠʢʠ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʮʠʬʨʦʚʳʭ ʩʠʤʫʣʷʪʦʨʦʚ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʫʨʦʢʘʭ 

ʤʘʪʝʤʘʪʠʢʠ ʚʦʟʥʠʢʣʘ ʚ ʩʚʷʟʠ ʩ ʧʨʦʚʝʜʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʢʝʪʠʨʦʚʘʥʠʷ ʩʪʫʜʝʥ-

ʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠ-

ʚʝʨʩʠʪʝʪʘ (ʅɻʇʋ) ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʧʨʘʢʪʠʢ, ʩ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʦʣʥʦʮʝʥʥʦʛʦ ʧʦʩʝʱʝʥʠʷ ʰʢʦʣ ʩʪʫʜʝʥʪʘʤʠ ʠʟ-ʟʘ ʧʝʨʝʭʦʜʘ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ. ɺʦʟʤʦʞʥʦ-

ʩʪʠ ʚʥʝʜʨʝʥʠʷ ʩʠʤʫʣʷʪʦʨʘ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʫʯʠʪʝʣʷ ʨʘʩ-

ʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʟʘʨʫʙʝʞʥʳʤʠ (F. Emprin, H. Sabra) [2], ʪʘʢ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ 

(ʆ.ʇ. ɾʠʛʘʣʦʚʘ, ʊ.ʃ. ʂʦʧʫʩʴ) [1]. 

ɺ ʨʘʤʢʘʭ ʩʦʚʤʝʩʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʝʜʘʛʦʛʠʯʝʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʛʦʨʦʜʘ ʈʝʡʤʩ (ʌʨʘʥ-

ʮʠʷ) ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʘʙʦʪʢʘ, ʘʧʨʦʙʘʮʠʷ ʠ ʚʥʝʜʨʝʥʠʝ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʅɻʇʋ ʮʠʬʨʦʚʳʭ 

ʩʨʝʜʩʪʚ ʦʙʫʯʝʥʠʷ: ʮʠʬʨʦʚʦʛʦ ʩʠʤʫʣʷʪʦʨʘ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ  ʚʠʨʪʫʘʣʴʥʦʛʦ ʪʨʝʥʘʞʝʨʘ 

ʧʦ ʦʙʫʯʝʥʠʶ ʨʝʰʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ.                   

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʠ ʩʨʝʜʩʪʚʘ ʧʦʟʚʦʣʷʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʫ ʦʙʫʯʘʶʱʠʭʩʷ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʚʫ-

ʟʦʚ ʫʤʝʥʠʝ ʨʝʘʣʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʥʘʚʳʢʠ  ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ ʚ ʰʢʦʣʝ. ɺʦʟʤʦʞʥʦʩʪʠ ʩʠʤʫʣʷʪʦʨʘ ʙʫʜʫʪ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʩʠʪʫʘʮʠʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝ-

ʥʠʶ ʘʜʘʧʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʠʨʪʫʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ 

GeoGebra ʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʦʙʫʯʘʶʱʠʭʩʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʦʛʦ  ʪʨʝʥʘʞʝʨʘ  

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʳʪʘ ʧʦ ʦʙʫʯʝʥʠʶ ʚʠʨʪʫʘʣʴʥʦʛʦ ʫʯʝʥʠʢʘ ʨʝʰʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʜʦ ʧʨʦ-

ʭʦʞʜʝʥʠʷ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ ʧʦʟʚʦʣʠʪ ʩʥʷʪʴ ʧʨʦʙʣʝʤʳ ʩʪʫʜʝʥʪʦʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ ʚ ʩʦʜʝʨʞʘʪʝʣʴʥʦʤ ʧʣʘʥʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʩʨʝʜʩʪʚ ʚ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʜʦʣʞʥʦ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʢʘʜʨʦʚ ʩ ʥʝ-

ʦʙʭʦʜʠʤʳʤʠ ʢʦʤʧʝʪʝʥʮʠʷʤʠ ʚ ʫʩʣʦʚʠʷʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʛʨʫʧʧʘ ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʝʡ ʅɻʇʋ ʘʜʘʧʪʠʨʦʚʘʣʘ ʬʨʘʥʮʫʟʩʢʠʡ ʚʘʨʠʘʥʪ ʩʠʤʫʣʷʪʦʨʘ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʠʨʪʫ-

ʘʣʴʥʳʤ ʪʴʶʪʦʨʦʤ ʫʨʦʢʘ ʛʝʦʤʝʪʨʠʠ ʧʦ ʪʝʤʝ çʆʧʠʩʘʥʥʘʷ ʦʢʨʫʞʥʦʩʪʴè ʥʘ ʧʣʘʪʬʦʨʤʝ VTS, ʨʘʟʨʘʙʦ-

ʪʘʣʘ ʧʨʦʮʝʜʫʨʫ ʘʧʨʦʙʘʮʠʠ ʜʘʥʥʦʛʦ ʩʠʤʫʣʷʪʦʨʘ ʥʘ ʩʪʫʜʝʥʪʘʭ ʬʘʢʫʣʴʪʝʪʘ ʤʘʪʝʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʪʠ-

ʢʠ, ʧʦʜʛʦʪʦʚʠʣʘ ʤʝʪʦʜʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʤʫʣʷʪʦʨʘ ʜʣʷ 

ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʚʫʟʦʚ. 

* * *  
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ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʘʢ ʩʨʝʜʩʪʚʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

 ʤʝʪʘʧʨʝʜʤʝʪʥʳʭ ʋʋɼ ʫ ʦʙʫʯʘʶʱʠʭʩ ̫

ʃ. ʅ. ɽʨʤʦʣʝʥʢʦ  

ɻʠʤʥʘʟʠʷ ʠʤ. ɸ. ʉ. ʇʫʰʢʠʥʘ, ʉʳʢʪʳʚʢʘʨ 

Information technology as a means of forming meta-subject 

universal educational actions in students 

L. N. Yermolenko  

Gymnasium named after A.S. Pushkin, Syktyvkar 

ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʢ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʮʠʬʨʦʚʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʳʝ ʧʦʚʳ-

ʰʘʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʥʘʩʳʱʝʥʥʦʩʪʴ ʫʨʦʢʘ, ʚʳʭʦʜʷʪ ʟʘ ʨʘʤʢʠ ʰʢʦʣʴʥʳʭ ʧʦʩʦʙʠʡ, ʜʦʧʦʣʥʷʶʪ ʠ 

ʫʛʣʫʙʣʷʶʪ  ʩʦʜʝʨʞʘʥʠʝ ʫʯʝʙʥʠʢʦʚ.  ɺ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʮʠʬ-

ʨʦʚʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ, ʢʦʪʦʨʳʝ ʧʦʚʳʰʘʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʥʘʩʳʱʝʥʥʦʩʪʴ ʫʨʦʢʘ, ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʫʯʝʙʥʦʡ ʠ ʚʥʝʫʨʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʪ ʨʘʟʥʦʦʙʨʘʟʠʪʴ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʫʯʘʱʠʭʩʷ [1; 2]. 

ʂʘʙʠʥʝʪ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʷʪʩʷ ʫʨʦʢʠ ʙʠʦʣʦʛʠʠ, ʭʦʨʦʰʦ ʦʩʥʘʱʝʥ, ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʠʤʝʝʪʩʷ 

ʤʦʙʠʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ, ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʜʦʩʢʘ, ʜʦʩʪʫʧ ʚ ʩʝʪʴ çʀʥʪʝʨʥʝʪè. ɺ ʨʘʤʢʘʭ ʟʘʥʷʪʠʡ ʠ ʚʦ 

ʚʥʝʫʨʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ:  

- ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʜʦʩʢʘ. 

ʋʯʘʱʠʝʩʷ ʦʯʝʥʴ ʣʶʙʷʪ ʨʘʙʦʪʘʪʴ ʩ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʜʦʩʢʦʡ, ʦʩʦʙʝʥʥʦ ʥʨʘʚʠʪʩʷ ʦʪʨʘʙʘʪʳʚʘʪʴ 

ʥʘʚʳʢʠ ʥʘ ʧʣʘʪʬʦʨʤʝ https://learningapps.org.  ɼʘʥʥʳʡ ʩʝʨʚʠʩ ï ʵʪʦ ʩʚʦʝʛʦ ʨʦʜʘ ʢʦʥʩʪʨʫʢʪʦʨ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʫʯʝʙʥʳʭ ʤʦʜʫʣʝʡ; 

- ʮʠʬʨʦʚʳʝ ʣʘʙʦʨʘʪʦʨʠʠ. 

ɼʘʥʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʚʢʣʶʯʘʝʪ ʤʥʦʞʝʩʪʚʦ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʘʢ ʥʘ ʫʨʦʢʝ, ʪʘʢ ʠ ʚʦ ʚʥʝʫʨʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʕʪʘ ʣʘʙʦʨʘʪʦʨʠʷ ʧʦʤʦʛʘʝʪ ʩʜʝʣʘʪʴ ʠʥʪʝʨʝʩʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʠʪʴ ʠʥʪʝʨʝʩʥʳʝ ʧʨʦʝʢʪʳ. ɼʘʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʨʘʟʚʠʚʘʶʪ ʠʥʪʝʨʝʩ ʢ 

ʧʨʝʜʤʝʪʫ, ʧʦʤʦʛʘʶʪ ʫʩʚʦʠʪʴ ʫʨʦʚʝʥʴ ʥʘʜʰʢʦʣʴʥʳʡ, ʧʦʜʛʦʪʦʚʠʪʴ ʫʯʘʱʝʛʦʩʷ ʢ ʚʥʝʫʨʦʯʥʳʤ ʤʝʨʦ-

ʧʨʠʷʪʠʷʤ; 

- ʚʠʨʪʫʘʣʴʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦ ʙʠʦʣʦʛʠʠ ɺʠʨʪʫʃʘʙ http://www.virtulab.net/ . 

 ɼʘʥʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʧʦʟʚʦʣʷʝʪ ʣʶʙʦʤʫ ʫʯʘʱʝʤʫʩʷ ʩʜʝʣʘʪʴ ʣʘʙʦʨʘʪʦʨʥʫʶ ʨʘʙʦʪʫ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʧʦ ʣʶʙʦʡ ʪʝʤʝ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʘʢʪʫʘʣʴʥʦ, ʢʦʛʜʘ ʥʝ ʭʚʘʪʘʝʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʫʨʦʢʝ, ʣʠʙʦ ʫʯʘ-

ʱʠʡʩʷ ʦʪʩʫʪʩʪʚʦʚʘʣ ʥʘ ʫʨʦʢʝ; 

- ʨʘʟʣʠʯʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʧʣʘʪʬʦʨʤʳ. 

ɸʢʪʠʚʥʦ ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʥʣʘʡʥ-ʨʝʩʫʨʩʘʭ: ʗʂʣʘʩʩ https://www.yaklass.ru/, 

ʌʦʢʩʬʦʨʜ https://foxford.ru/, ʀʥʬʦʫʨʦʢ https://infourok.ru/ . ʊʝʭʥʦʣʦʛʠʷ ʜʘʥʥʳʭ ʩʘʡʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦ-

ʚʦʜʠʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʟʘʜʘʥʠʷ ʩʘʤʦʤʫ ʫʯʠʪʝʣʶ. ʄʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʩʚʦʠ 

ʢʣʘʩʩʳ ʠ ʟʘʜʘʚʘʪʴ ʟʘʜʘʥʠʷ ʢʦʥʢʨʝʪʥʳʤ ʫʯʝʥʠʢʘʤ ʠʣʠ ʚʩʝʤʫ ʢʣʘʩʩʫ. ʅʘ ʢʘʞʜʦʤ ʩʘʡʪʝ ʧʨʦʚʦʜʷʪʩʷ ʠʥʪʝ-

ʨʝʩʥʳʝ ʦʣʠʤʧʠʘʜʳ ʧʦ ʨʘʟʥʳʤ ʧʨʝʜʤʝʪʘʤ ʠ ʧʨʦʝʢʪʥʳʝ ʨʘʙʦʪʳ. 

ʇʦʜʭʦʜ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʦʙʫʯʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ï ʥʘʠʙʦʣʝʝ ʨʝʘʣʴʥʳʡ ʧʫʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʤʦʪʠʚʘʮʠʠ 

ʦʙʫʯʝʥʠʷ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʝʩʘ ʦʙʫʯʘʶʱʠʭʩʷ, ʧʦʚʳʰʝʥʠʷ ʢʘʯʝ-

ʩʪʚʘ ʟʥʘʥʠʡ, ʩʦʟʜʘʥʠʷ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʧʦʩʦʙʥʦʩʪʝʡ ʦʙʫʯʘʶʱʠʭʩʷ, ʚʦʚʣʝʯʝ-

ʥʠʷ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʪʚʦʨʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. 

* * *  
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ʂ ʚʦʧʨʦʩʫ ʦ ʩʦʟʜʘʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʕʆʈ ʚ ʢʫʨʩʝ  

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ 

ʊ. ʅ. ʂʘʟʘʨʠʭʠʥʘ 

ʄʦʩʢʦʚʩʢʠʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ 
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 ʉʦʚʨʝʤʝʥʥʳʝ  ʫʩʣʦʚʠʷ ʚʥʦʩʷʪ ʢʦʨʨʝʢʪʠʚʳ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. ʇʨʝʧʦʜʘʚʘʪʝʣʷʤ 

ʧʨʠʰʣʦʩʴ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʙʳʩʪʨʦ ʧʝʨʝʩʪʨʘʠʚʘʪʴ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʩʚʦʠʤ ʢʫʨʩʘʤ ʩ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʳʡ. ɿʘʤʝʥʦʡ ʦʯʥʳʭ ʟʘʥʷʪʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʳʩʪʫʧʠʣʠ ʟʘʥʷʪʠʷ ʚ ʬʦʨ-

ʤʝ ʚʝʙʠʥʘʨʦʚ. 

 ɿʘʥʷʪʠʝ ʚ ʬʦʨʤʘʪʝ ʚʝʙʠʥʘʨʦʚ ʠʤʝʝʪ, ʚʧʨʦʯʝʤ, ʢʘʢ ʠ ʣʶʙʘʷ ʜʨʫʛʘʷ ʬʦʨʤʘ ʟʘʥʷʪʠʡ, ʩʚʦʠ ʜʦ-

ʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʆʜʥʠʤ ʠʟ çʤʠʥʫʩʦʚè ʪʘʢʠʭ ʟʘʥʷʪʠʡ ï  ʯʘʩʪʦʝ ʦʪʩʫʪʩʪʚʠʝ ʜʦʩʪʫʧʘ ʚ ʩʝʪʴ 

çʀʥʪʝʨʥʝʪè ʠʣʠ ʥʝʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʫ ʫʯʘʩʪʥʠʢʦʚ. 

 ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʤʳ ʚʠʜʠʤ, ʥʘʧʨʠʤʝʨ, ʚ ʟʘʧʠʩʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʕʆʈ ʚ 

ʬʦʨʤʝ ʫʯʝʙʥʳʭ ʚʠʜʝʦ ʚ ʩʚʦʠʭ ʢʫʨʩʘʭ. 

ʈʘʟʨʘʙʦʪʢʘ ʫʯʝʙʥʳʭ ʚʠʜʝʦ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ï ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʚʦʡʩʪʚʘ ʚʥʠʤʘ-

ʥʠʷ ʯʝʣʦʚʝʢʘ (ʫʩʪʦʡʯʠʚʦʩʪʴ, ʢʦʥʮʝʥʪʨʘʮʠʷ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʩʪʴ ʠ ʜʨ.).ʇʨʠ ʦʯʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ ï ʩʪʫʜʝʥʪ, ʫ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ, ʚ ʜʠʩʪʘʥ-

ʮʠʦʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʪʝʭʥʦʣʦʛʠʡ ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʪ.  

ɽʩʪʴ ʨʘʙʦʪʳ,  ʧʦʩʚʷʱʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʪʫʜʝʥʪʦʚ ʠ  ʫʯʝʙʥʳʭ ʚʠʜʝʦ 

(ʥʘʧʨʠʤʝʨ, [2] ʠ ʜʨ.). ɺʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʢʦʪʦʨʳʡ ʦʮʝʥʠʚʘʣʩʷ, ʚʳʩʪʫʧʘʣʦ ʚʨʝʤʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʂʫʨʩ  çʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜ rʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠè (ʄʄʆʀ), ʧʨʝʧʦʜʘʚʘʝʤʳʡ ʙʫʜʫʱʠʤ 

ʫʯʠʪʝʣʷʤ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʢʠ, ʠʤʝʝʪ ʩʚʦʶ ʩʧʝʮʠʬʠʢʫ ï ʢʫʨʩ ʩʦʩʪʦʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ, ʯʪʦ ʜʘʝʪ ʭʦʨʦʰʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʧʝʨʝʚʦʜʘ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘ ʜʠʩʪʘʥ-

ʮʠʦʥʥʳʡ ʨʝʞʠʤ: ʪʘʢ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʫʜʦʙʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʚ ʚʠ-

ʜʝʦʬʦʨʤʘʪʝ. ʊʘʢ, ʢ ʧʨʠʤʝʨʫ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʨʝʛʨʝʩʩʠʠ ʩ ʧʦʤʦ-

ʱʴʶʬʫʥʢʮʠʡ Excel ʫʜʦʙʥʦ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚ ʨʝʞʠʤʝ ʚʠʜʝʦʟʘʭʚʘʪʘ ʵʢʨʘʥʘ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʡ ʚʳʙʦʨ ʧʨʦʛʨʘʤʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʩʫʱʝʩʪʚʠʪʴ ʚʠʜʝʦʟʘʭʚʘʪ ʵʢʨʘʥʘ 

ʠʣʠ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʥʘʧʨʠʤʝʨ OBSStudio, Movavi, ʠ ʜʨ. ʊʘʢʞʝ ʆʉ Windows ʧʦʟʚʦʣʷʝʪ 

ʚʳʧʦʣʥʠʪʴ ʟʘʭʚʘʪ ʵʢʨʘʥʘ ʢʦʤʙʠʥʘʮʠʝʡ ʢʣʘʚʠʰ Win+G.  
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ʆʙʣʘʯʥʳʝ ʨʝʰʝʥʠʷ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʦʙʨʘʟʦʚʘʥʠʠ 

ʄ. ɼ. ʂʠʪʘʡʛʦʨʦʜʩʢʠʡ, ʀ. ʅ. ʉʤʦʣʴʷʥʠʥʦʚ  

ʉɻʋ ʠʤ. ʇʠʪʠʨʠʤʘ ʉʦʨʦʢʠʥʘ, ʉʳʢʪʳʚʢʘʨ 
Cloud solutions of the Internet of Things in technology education 

M. D. Kitaygorodskiy, I. N. Smolyaninov 
Pitirim Sorokin Syktyvkar State University, Syktyvkar 

ʊʝʭʥʦʣʦʛʠʠ IoT (InternetofThingsï ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ) ʚʩʝ ʙʦʣʴʰʝ ʚʭʦʜʷʪ ʚ ʥʘʰʫ ʞʠʟʥʴ ʚʦ ʚʩʝʭ 

ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʪʘʢʠʝ ʢʘʢ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʵʥʝʨʛʝʪʠʢʘ, ɾʂʍ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʙʨʘ-

ʟʦʚʘʥʠʝ. ɺʩʝ ʯʘʱʝ ʤʳ ʩʣʳʰʠʤ ʬʨʘʟʳ çʋʤʥʳʡ ʜʦʤè, çʋʤʥʳʡ ʛʦʨʦʜè, ʘ ʩʢʦʨʦ ʚ ʦʙʠʭʦʜʝ ʧʦʷʚʷʪʩʷ 

çʋʤʥʘʷ ʰʢʦʣʘè ʠʣʠ çʋʤʥʳʡ ʢʣʘʩʩè, ʛʜʝ ʫʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩʧʦʩʦʙʥʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʫʯʝʥʠʢʦʚ, 

ʬʠʢʩʠʨʫʷ ʧʦʩʝʱʘʝʤʦʩʪʴ, ʠ ʜʘʞʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʤʝʨʷʪʴ ʠʭ ʪʝʤʧʝʨʘʪʫʨʫ, ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʢʣʶ-

ʯʘʪʴ ʠ ʚʳʢʣʶʯʘʪʴ ʧʨʠʙʦʨʳ ï ʦʩʚʝʱʝʥʠʝ, ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʜʦʩʢʫ, ʧʨʦʝʢʪʦʨʳ, ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʦʤʧʴʶ-

ʪʝʨʳ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʂ ʵʪʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʤʦʞʥʦ ʪʘʢʞʝ ʦʪʥʝʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʨʘʩʩʳʣʢʫ ʟʘʜʘ-

ʥʠʡ, ʣʠʪʝʨʘʪʫʨʳ  ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʦʙʣʘʯʥʳʝ 

ʨʝhʝʥʠʷ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. ʕʪʠ ʞʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʉʇʆ ʠ 

ɺʇʆ. 

ʇʦʤʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ IoT-ʪʝʭʥʦʣʦʛʠʡ ʚ ʥʘʰʝʡ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʫʱʝ-

ʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦʜʛʦʪʦʚʢʝ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʨʠʤʝʥʷʪʴ ʠ ʚʥʝʜʨʷʪʴ IoT-

ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʤʢʘʭ (ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ) ʧʦʜʛʦʪʦʚʢʠ ʧʦ ʢʦʤʧʝʪʝʥʮʠʠ çʀʥʞʝʥʝʨ-ʧʨʦʝʢʪʠʨʦʚʱʠʢ 

ʩʠʩʪʝʤ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡè ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ ʚ ʨʘʤʢʘʭ ʩʦʨʝʚʥʦʚʘʥʠʡ ʖʥʠʦʨ 

ʇʨʦʬʠ (JuniorSkills) /WorldskillsRussia.  

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʯʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʣʫʯ-

ʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ ʧʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ çʊʝʭʥʦʣʦʛʠʷè. ʋʨʦʢʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʵʪʦʤ ʤʦʛʫʪ ʜʘʚʘʪʴ 

ʙʘʟʦʚʳʝ ʢʦʤʧʝʪʝʥʮʠʠ XXI  ʚʝʢʘ, ʥʝʢʫʶ ʩʪʝʧʝʥʴ ʧʦʛʨʫʞʝʥʠʷ ʚ ʪʫ ʠʣʠ ʠʥʫʶ ʧʨʦʬʝʩʩʠʶ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʝʨʩʧʝʢʪʠʚʥʫʶ, ʯʪʦʙʳ ʫʯʘʱʠʡʩʷ ʤʦʛ ʧʦʛʨʫʟʠʪʴʩʷ ʚ ʥʝʝ, ʧʦʧʨʦʙʦʚʘʪʴ ʯʪʦ-ʪʦ ʩʜʝʣʘʪʴ ʩʚʦʠʤʠ ʨʫʢʘ-

ʤʠ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ IoT-ʪʝʭʥʦʣʦʛʠʡ ʚ ʰʢʦʣʝ ʜʦʣʞʥʳ ʙʳʪʴ, ʢʦʥʝʯʥʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʦʨʫʜʦʚʘ-

ʥʠʝ, ʤʘʪʝʨʠʘʣʳ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʳʥʢʝ ʩʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʥʘʙʦʨʦʚ IoT, ʩʧʦʩʦʙʥʳʭ ʧʦʜʛʦʪʦʚʠʪʴ 

ʫʯʘʱʠʭʩʷ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ:  

¶ ʅʘʙʦʨ çʋʤʥʘʷ ʊʝʧʣʠʮʘ ʁʦʊʠʢ ʄ2è. 

¶ ʋʤʥʳʡ ɼʦʤ ʁʦʪʠʢ ʄ2. 

¶ ʅʘʙʦʨ çɸʛʨʦʪʝʭʥʠʢ ʉʪʘʨʪʦʚʳʡ ʁʦʊʠʢ ʄ3è. 

¶ ʅʘʙʦʨ çʂʚʘʥʪ ʄ1è. 

¶ ʅʘʙʦʨ çʐʢʦʣʴʥʘʷ ʄʝʪʝʦʩʪʘʥʮʠʷ ʁʦʊʠʢ ʄ2è. 

¶ ʅʘʙʦʨ çʂʚʘʥʪ ʄ1è. 

¶ ʋʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʪ SKARTIoTCore 10+ ʠ ʜʨ. 

ɼʣʷ ʨʘʙʦʪʳ ʩ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʙʣʘʯʥʳʤʠ ʩʝʨʚʠʩʘʤʠ. ʂ ʪʘʢʠʤ ʩʝʨʚʠ-

ʩʘʤ, ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʥʘʯʘʣʴʥʦʛʦ ʦʩʚʦʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ DWEET, 

IFTTT, BLYNK ʠ ʥʝʢʦʪʦʨʦʝ ʜʨʫʛʠʝ. 

DWEET(dweet.io) ï ʵʪʦ ʩʝʨʚʠʩ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʩ ʫʩʪʨʦʡʩʪʚ ʠ ʚʳʚʦʜʠʪʴ ʠʭ ʚ 

ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ. ʂʘʞʜʦʝ ʧʦʜʢʣʶʯʸʥʥʦʝ ʢ ʩʝʨʚʠʩʫ ʫʩʪʨʦʡʩʪʚʦ ʠʤʝʝʪ ʩʚʦʡ ʫʥʠʢʘʣʴʥʳʡ ʢʣʶʯ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʧʫʪʘʪʴ ʜʘʥʥʳʝ.  

IFTTT (IFThisThenThat ï ʝʩʣʠ ʵʪʦ, ʩʜʝʣʘʡ ʪʦ) (www.ifttt.com) ï ʵʪʦʪ ʩʝʨʚʠʩ ʧʦʟʚʦʣʷʝʪ ʧʦʜ-

ʢʣʶʯʘʪʴ ʤʥʦʞʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʫʛ ʢ ʜʨʫʛʫ ʧʦ ʧʨʠʥʮʠʧʫ çʝʩʣʠ ʧʨʦʠʟʦʰʣʦ ʩʦʙʳʪʠʝ ɸ, ʩʜʝʣʘʡ 



IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ, 12ï14 ʥʦʷʙʨʷ 2020 ʛʦʜʘ, ʛ. ʉʳʢʪʳʚʢʘʨ 
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ʜʝʡʩʪʚʠʝ ɹè. ʉʝʨʚʠʩʳ Google, ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʤʝʩʩʝʥʜʞʝʨʳ, ʟʘʧʠʩʥʳʝ ʢʥʠʞʢʠ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ 

ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʨʫʪʠʥʥʳʝ ʜʝʡʩʪʚʠʷ.  

BLYNK ( www.blynk.cc) ï ʩʝʨʚʠʩ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʨʠʙʦʨʦʚ ʠ ʫʜʦʙʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʥʠʤ 

ʩ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʵʢʨʘʥʝ ʩʤʘʨʪʬʦʥʘ. ɺʩʪʨʦʝʥʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ʢʦʜʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʠ 

ʥʘʛʣʷʜʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʩʠʣʴʥʦ ʦʙʣʝʛʯʘʶʪ ʩʦʟʜʘʥʠʝ IoT-ʧʨʠʙʦʨʦʚ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʝʨʚʠʩʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨ-

ʤʠʨʦʚʘʪʴ ʫ ʫʯʘʱʠʭʩʷ ʥʘʯʘʣʴʥʳʝ ʟʥʘʥʠʷ ʠ ʥʘʚʳʢʠ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. 

 

ʉʧʝʮʠʬʠʢʘʮʠʷ ʤʝʥʪʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʘʛʝʥʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʫʯʘʶʱʝʡ ʩʠʩʪʝʤʳ2 

ɺ. ɸ. ʂʫʜʠʥʦʚ 

ʂʫʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʫʨʩʢ 

Specification of mental states of agents of an intelligent training system 

V. A. Kudinov 

Kursk State University, Kursk 
ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʢʘʮʠʷ ʤʝʥʪʘʣʴ-

ʥʳʭ ʩʦʩʪʦʷʥʠʡ ʘʛʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʪʝʤʧʦʨʘʣʴʥʦʡ ʣʦʛʠʢʠ [1]. ɺ 

ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʣʦʛʠʢʠ [2] ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʤʝʥʪʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʘʛʝʥʪʦʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʫʯʘʶʱʝʡ ʩʠʩʪʝʤʳ, ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [3]. 

ʆʙʫʯʘʶʱʘʷ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʘʛʝʥʪʦʚ: 

ɸʛʝʥʪ ʩʪʫʜʝʥʪʘ ï ʦʪʚʝʪʩʪʚʝʥʝʥ ʟʘ ʩʚʷʟʴ ʩʦ ʩʪʫʜʝʥʪʦʤ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʨʬʝʡʩ ʤʝʞʜʫ ʩʠ-

ʩʪʝʤʦʡ ʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʘʜʘʧʪʠʨʫʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠ ʩʨʝʜʩʪʚʘ ʥʘʚʠʛʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝ-

ʣʴʶ, ʢʦʪʦʨʘʷ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʩʠʩʪʝʤʝ, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴ-

ʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʢʠʥʛ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʛʨʫʧʧ ʤʘʨʢʝʨʦʚ.  

ʋʧʨʘʚʣʷʶʱʠʡ ʘʛʝʥʪ ï ʦʪʚʝʪʩʪʚʝʥʝʥ ʟʘ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʫʜʝʥʪʝ, ʧʦʣʫʯʝʥʥʦʡ ʦʪ ʜʨʫʛʠʭ 

ʘʛʝʥʪʦʚ, ʠ ʚʳʧʦʣʥʷʝʪ ʝʝ ʘʥʘʣʠʟ ʠ ʦʙʨʘʙʦʪʢʫ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʨʫʛʠʭ ʘʛʝʥʪʦʚ ʠʥʬʦʨʤʘʮʠʝʡ, ʧʦʣʫ-

ʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ. 

ʄʦʜʝʣʠʨʫʶʱʠʡ ʘʛʝʥʪ ï ʦʪʚʝʪʩʪʚʝʥʝʥ ʟʘ ʚʳʧʦʣʥʝʥʠʝ ʨʘʩʯʝʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʠʤ ʧʝʜʘ-

ʛʦʛʠʯʝʩʢʠʤ ʧʦʜʭʦʜʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʪʘʢʠʭ, ʢʘʢ ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ ʠʣʠ ʙʘʡʝʩʦʚʩʢʠʝ ʩʝʪʠ), ʩʦʟʜʘʝʪ 

ʤʦʜʝʣʠ ʥʘʚʳʢʦʚ ʩʪʫʜʝʥʪʦʚ ʠ ʠʭ ʮʝʣʝʡ ʦʙʫʯʝʥʠʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʠʨʫʶʪʩʷ ʧʦʪʨʝʙʥʦʩʪʠ ʢʘʞ-

ʜʦʛʦ ʩʪʫʜʝʥʪʘ ʚ ʥʝʦʙʭʦʜʠʤʦʡ ʝʤʫ ʠʥʬʦʨʤʘʮʠʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʢʦ-

ʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʠʣ ʫʧʨʘʚʣʷʶʱʠʡ ʘʛʝʥʪ. 

ɸʛʝʥʪ ʦʙʫʯʘʶʱʠʭ ʦʙʲʝʢʪʦʚ ï ʦʪʚʝʪʩʪʚʝʥʝʥ ʟʘ ʦʙʨʘʙʦʪʢʫ ʠ ʧʝʨʝʜʘʯʫ ʟʘʧʨʦʩʦʚ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʫʧʨʘʚʣʷʝʪ ʤʥʦʞʝʩʪʚʦʤ ʦʙʫʯʘʶʱʠʭ ʦʙʲʝʢʪʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʤʠ ʦʙʲʝʢʪʘʤʠ ʩʪʫʜʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʫʯʘʪʴʩʷ ʧʦ ʨʘʟʥʳʤ ʤʝʪʦʜʠʢʘʤ. 

ʆʮʝʥʠʚʘʶʱʠʡ ʘʛʝʥʪ ï ʦʪʚʝʪʩʪʚʝʥʝʥ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠ ʧʨʦʚʝʨʢʫ ʟʘʜʘʯ ʠ ʪʝʩʪʦʚ ʧʦʣʴʟʦʚʘʪʝ-

ʣʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʛʦ ʤʦʜʝʣʴʶ, ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʦʙʫʯʘʶʱʠʝ ʦʙʲʝʢʪʳ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʠʥ-

ʜʠʚʠʜʫʘʣʴʥʦʡ ʠ ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʬʦʨʤʘʭ ʜʣʷ ʢʘʞʜʦʛʦ ʩʪʫʜʝʥʪʘ. ɼʘʥʥʳʡ ʘʛʝʥʪ ʯʘʩʪʦ ʦʙʥʦʚʣʷʝʪ ʠʥ-

ʬʦʨʤʘʮʠʶ ʦ ʩʪʫʜʝʥʪʝ, ʠ ʧʦʵʪʦʤʫ ʣʶʙʦʝ ʠʟʤʝʥʝʥʠʝ ʚ ʫʩʚʦʝʥʠʠ ʜʘʥʥʳʭ ʦʪʨʘʞʘʝʪʩʷ ʜʠʥʘʤʠʯʥʦ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʘʣʠʮʠʦʥʥʦʡ ʣʦʛʠʢʠ ʠ ʣʦʛʠʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʝʥ-

ʪʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʘʛʝʥʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʫʯʘʶʱʝʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʧʦʚʝʜʝʥʠʝ 

ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʛʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʨʝʘʢʮʠʶ ʚʥʝʰʥʝʡ ʩʨʝʜʳ.  

* * *  
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ʄ. ʉ. ʇʘʨʤʫʟʠʥʘ 

ʋʭʪʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʭʪʘ 

Use of computer programs in teaching mathematics to technical  

students 

M. S. Parmuzina 

Ukhta State Technical University, Ukhta 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʝʰʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ ʥʝ-

ʦʩʧʦʨʠʤʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʦʚ, ʙʫʜʫʱʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʪʝʭʥʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʢ ʛʨʘʤʦʪʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ, ʘ ʤʝʪʦʜʠʢʘ 

ʧʨʝʧʦʜʘʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ ʜʣʷ ʙʘʢʘʣʘʚʨʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʫʟʘ ʜʦʣʞʥʘ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴʩʷ ʚ ʢʦʥʪʝʢʩʪʝ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʬʦʨʤʠʨʦ-

ʚʘʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʧʴʶʪʝʨʥʳʭ  ʢʦʤʧʝʪʝʥʮʠʡ ʙʘʢʘʣʘʚ-

ʨʦʚ. 

ʄʘʪʝʤʘʪʠʢʘ ʜʣʷ ʠʥʞʝʥʝʨʦʚ ʷʚʣʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʣʶʙʦʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ, ʧʨʠʤʝʥʷʝʤʳʡ ʠʥʞʝʥʝʨʘʤʠ, ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ çʥʘʯʠʥʢʫè. ʂʦʨʨʝʢʪʥʘʷ ʨʘʙʦʪʘ ʩ ʧʨʦʛʨʘʤʤʦʡ ʠ ʧʨʘʚʠʣʴʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫ-

ʯʝʥʥʳʭ ʧʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʪʨʝʙʫʝʪ ʦʪ  ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝ ʪʦʣʴʢʦ ʟʥʘʥʠʡ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʩʬʝʨʝ, ʥʦ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ.  

ʅʘʚʳʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʫʯʝʥʠʠ, ʥʝʩʦʤʥʝʥʥʦ, ʝʩʪʴ ʫ ʩʦʚʨʝʤʝʥ-

ʥʦʛʦ ʩʪʫʜʝʥʪʘ, ʥʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʯʘʩʪʦ ʩʪʫʜʝʥʪʳ ʠʩʧʦʣʴʟʫʶʪ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʥʝ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʣʷʭ. ʇʨʠ ʨʝʰʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩʪʫʜʝʥʪʳ, ʩʪʘʨʘʷʩʴ ʧʦʪʨʘʪʠʪʴ 

ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʠ ʩʠʣ ʥʘ ʠʟʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ, ʧʨʦʩʪʦ ʩʧʠʩʳʚʘʶʪ ʛʦʪʦʚʳʝ ʨʝʰʝʥʠʷ ʚ ʀʥʪʝʨʥʝʪʝ. 

ʇʳʪʘʷʩʴ ʧʦʣʫʯʠʪʴ ʣʫʯʰʫʶ ʦʮʝʥʢʫ ʥʘ ʵʢʟʘʤʝʥʝ, ʩʪʫʜʝʥʪʳ ʦʪʩʳʣʘʶʪ ʬʦʪʦʛʨʘʬʠʠ ʩʚʦʠʭ ʟʘʜʘʥʠʡ 

çʟʥʘʶʱʠʤ ʣʶʜʷʤè, ʢʦʪʦʨʳʝ ʨʝʰʘʶʪ ʠʤ ʠʭ. ʇʨʠ ʧʦʠʩʢʝ ʥʝʦʙʭʦʜʠʤʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʠʩʧʦʣʴʟʫʶʪ ʧʝʨʚʳʡ ʧʦʧʘʚʰʠʡʩʷ ʚ ʧʦʠʩʢʝ ʤʘʪʝʨʠʘʣ, ʥʝ ʚʥʠʢʘʷ ʚ ʩʫʪʴ ʚʦʧʨʦʩʘ. ʊʘʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʨʷʜ ʣʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʤ.  

 ɺ ʩʚʷʟʠ ʩ ʪʘʢʠʤʠ ʨʝʘʣʠʷʤʠ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʚʢʣʶʯʝʥʠʷ ʢʦʤʧʴʶʪʝʨʘ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʫʯʝʥʠʝ ʤʘʪʝʤʘʪʠʢʝ, ʢʦʪʦʨʦʝ ʙʳ ʧʦʟʚʦʣʷʣʦ 

ʬʦʨʤʠʨʦʚʘʪʴ ʫ ʩʪʫʜʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʳʝ ʥʘʚʳʢʠ ʨʘʙʦʪʳ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢ-

ʪʦʚ (ʩʝʨʚʠʩʦʚ), ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ ʚ ʀʥʪʝʨʥʝʪʝ. ɼʣʷ ʩʪʫʜʝʥʪʘ, ʠʤʝʶʱʝʛʦ ʤʠ-

ʥʠʤʘʣʴʥʳʡ ʦʧʳʪ ʨʘʙʦʪʳ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʠʥʪʝʨʬʝʡʩ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤ ʯʘʱʝ ʚʩʝʛʦ ʷʚ-

ʣʷʝʪʩʷ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤ, ʯʪʦ ʜʘʝʪ ʩʪʫʜʝʥʪʘʤ ʠʣʣʶʟʠʶ ʪʦʛʦ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʣʶʙʦʡ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʜʦʩʪʘʪʦʯʥʦ ʥʘʞʘʪʴ ʥʝʩʢʦʣʴʢʦ ʢʣʘʚʠʰ ʠ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ. ʅʝʦʙʭʦʜʠʤʦ ʜʦʥʝʩʪʠ 

ʩʪʫʜʝʥʪʘʤ, ʯʪʦ ʣʶʙʘʷ ʧʨʦʛʨʘʤʤʘ ï ʵʪʦ ʩʨʝʜʩʪʚʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʦʥʘ ʥʝ 

ʧʦʜʩʢʘʞʝʪ ʦʰʠʙʢʫ ʚ ʫʩʣʦʚʠʠ ʟʘʜʘʯʠ, ʥʝ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪ ʧʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʘ ʣʠʰʴ ʤʦʞʝʪ ʫʩʢʦ-

ʨʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʟʘʧʠʩʠ ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ ʠ ʠʥʪʝʨʧʨʝ-

ʪʘʮʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʛʣʫʙʦʢʠʝ ʟʥʘʥʠʷ ʤʘʪʝʤʘʪʠʢʠ, ʘ ʪʘʢʞʝ ʦʧʳʪ ʧʨʘʚʠʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

http://elibrary.ru/item.asp?id=13084123
http://elibrary.ru/item.asp?id=13084123
http://elibrary.ru/issues.asp?id=26888&selid=855199
http://elibrary.ru/issues.asp?id=26888&jyear=2010&selid=855199
http://elibrary.ru/contents.asp?issueid=855199&selid=14871005


IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ, 12ï14 ʥʦʷʙʨʷ 2020 ʛʦʜʘ, ʛ. ʉʳʢʪʳʚʢʘʨ 
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ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʠ ʩ ʥʠʤ ʩʦʛʣʘʩʥʳ ʤʥʦʛʠʝ ʤʝʪʦʜʠʩʪʳ ʚ ʦʙʣʘʩʪʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʤʘʪʝʤʘʪʠʢʠ 

ʚ ʚʫʟʝ, ʧʨʦʛʨʘʤʤʳ Mathcad ʠ Excel ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʥʷʪʠʡ. 

ʄʦʞʝʤ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʢʦʨʦʪʢʠʡ ʧʝʨʠʦʜ ʦʙʫʯʝʥʠʷ ʚ ʚʫʟʝ ʠ ʩʦʢʨʘʱʘʶʱʝʝʩʷ ʢʦʣʠʯʝʩʪʚʦ ʘʫʜʠ-

ʪʦʨʥʳʭ ʯʘʩʦʚ ʥʝ ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʠʪʴ ʩʪʫʜʝʥʪʘʤ ʚʩʝ ʨʘʟʜʝʣʳ ʤʘʪʝʤʘʪʠʢʠ çʦʪ ʢʦʨʢʠ ʜʦ ʢʦʨʢʠè. ʅʦ 

ʵʪʦ ʠ ʥʝ ʥʫʞʥʦ ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʜʦʣʞʥʦ ʜʘʪʴ ʩʪʫʜʝʥʪʫ ʤʝʪʦʜ ʢ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʶ, 

ʦʙʱʠʝ ʦʨʠʝʥʪʠʨʳ ʠ ʤʝʪʦʜʳ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʥʦ ʘʢʪʫʘʣʠʟʠʨʦʚʘʪʴ ʠ ʨʘʩʰʠʨʷʪʴ. 

ʆʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ ʩʪʘʥʝʪ ʭʦʨʦʰʠʤ ʧʦʜʩʧʦʨʴʝʤ ʜʣʷ ʵʪʦʛʦ. 

 

ʅʝʢʦʪʦʨʳʝ ʀʂʊ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʯʝʙʥʳʭ ʘʢʪʠʚʥʦʩʪʝʡ  

ɽ. ɸ. ʉʝʪʴʢʦ, ɺ. ʖ. ʄʝʜʚʝʜʝʚʘ 

ɻʨʦʜʥʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʗ. ʂʫʧʘʣʳ, ɻʨʦʜʥʦ 

Several ICTs for creating learning activities 

E. A. Setko, V. J. Medvedeva 

Yanka Kupala State University of Grodno, Grodno 

ʄʠʨ ʦʢʘʟʘʣʩʷ ʚ ʥʦʚʦʡ ʨʝʘʣʴʥʦʩʪʠ (ʧʘʥʜʝʤʠʠ). ɽʜʠʥʩʪʚʝʥʥʦʝ, ʯʪʦ ʧʦʥʷʪʥʦ ʥʘʚʝʨʥʷʢʘ, ï ʪʦ, 

ʯʪʦ ʨʘʙʦʪʘʣʦ ʨʘʥʴʰʝ, ʥʝ ʦʪʚʝʯʘʝʪ ʨʝʘʣʠʷʤ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ. ʋʯʨʝʞʜʝʥʠʷʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʢʘʞʜʦ-

ʤʫ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʤʦʜʝʣʴ ʦʙʫʯʝʥʠʷ. ʀ ʯʝʤ ʙʳʩʪʨʝʝ, ʪʝʤ 

ʣʫʯʰʝ. ɿʘʥʷʪʠʷ, ʛʜʝ ʧʨʦʩʪʦ ʧʝʨʝʜʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ, ʩʝʡʯʘʩ ʥʝ ʘʢʪʫʘʣʴʥʳ. ʃʶʙʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʣʝʛʢʦ ʥʘʡʪʠ ʚ ʀʥʪʝʨʥʝʪʝ. ʉʦʚʨʝʤʝʥʥʳʤ ʧʦʜʭʦʜʦʤ ʙʫʜʝʪ ʚʳʩʪʫʧʘʪʴ ʩʦʟʜʘʥʠʝ ʮʝʧʦʯʢʠ ʫʯʝʙʥʳʭ ʘʢ-

ʪʠʚʥʦʩʪʝʡ. ʋ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ ʠ ʤʦʪʠʚʘʮʠʠ ʠʤʝʝʪʩʷ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʩʦʚʨʝʤʝʥʥʳʭ IT-ʠʥʩʪʨʫʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ: 

1) Kahoot [1]. ʉʘʤʠ ʩʪʫʜʝʥʪʳ ʠʣʠ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʤʦʛʫʪ ʩʦʟʜʘʪʴ ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʘʥʢʝʪʫ ʟʘ ʥʝ-

ʩʢʦʣʴʢʦ ʤʠʥʫʪ, ʠʩʧʦʣʴʟʫʷ ʨʷʜ ʚʦʧʨʦʩʦʚ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʚʘʨʠʘʥʪʘʤʠ ʦʪʚʝʪʦʚ. ʃʫʯʰʝ ʚʩʝʛʦ ʠʛʨʘʪʴ ʚ 

ʛʨʫʧʧʦʚʦʡ ʥʘʩʪʨʦʡʢʝ, ʧʦʩʢʦʣʴʢʫ ʠʛʨʦʢʠ ʦʪʚʝʯʘʶʪ ʥʘ ʚʦʧʨʦʩʳ ʥʘ ʩʚʦʠʭ ʦʪʜʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʘ 

ʨʝʟʫʣʴʪʘʪʳ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʦʙʱʝʤ ʵʢʨʘʥʝ, ʯʪʦʙʳ ʦʙʲʝʜʠʥʠʪʴ ʠʛʨʫ ʠʣʠ ʫʯʝʙʥʦʝ ʟʘʥʷʪʠʝ; 

2) Trello [2]. ʕʪʦʪ ʠʥʩʪʨʫʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʦʙʫʯʠʪʴ 

ʩʪʫʜʝʥʪʦʚ ʪʦʤʫ, ʢʘʢ ʦʩʪʘʚʘʪʴʩʷ ʦʨʛʘʥʠʟʦʚʘʥʥʳʤ ʠ ʫʧʦʨʷʜʦʯʠʪʴ ʩʚʦʠ ʟʘʜʘʥʠʷ. ʉʪʫʜʝʥʪʳ ʤʦʛʫʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ Trello ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʠʘʛʨʘʤʤ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʝʛʦ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʫʩʧʝʚʘʝʤʦʩʪʠ ʠʣʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʥʘʜ ʦʜʥʠʤ ʧʨʦʝʢʪʦʤ; 

3) Nearpod [3]. ɿʜʝʩʴ ʣʝʛʢʦ ʟʘʛʨʫʞʘʪʴ ʣʝʢʮʠʠ, ʧʨʝʟʝʥʪʘʮʠʠ, ʪʝʩʪʳ, ʦʧʨʦʩʳ ʠ  ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ 

ʢ ʦʪʚʝʪʘʤ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ;  

4) Prezi [4]. ʇʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʠ ʥʘʩʪʨʘʠʚʘʪʴ ʧʨʝʟʝʥʪʘʮʠʶ, ʘ ʪʘʢʞʝ ʚʳʙʠʨʘʪʴ ʥʝʦʙ-

ʭʦʜʠʤʳʝ ʠ ʠʥʪʝʨʝʩʥʳʝ ʰʘʙʣʦʥʳ ʦʬʦʨʤʣʝʥʠʷ. 

* * *  

1. Kahoot [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: https://kahoot.it (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 10.06.2020). 

2. Trello [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: https://trello.com (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 10.06.2020). 

3. Nearpod [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: https://nearpod.com (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 10.06.2020). 

4. Prezi [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: https://prezi.com (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 10.06.2020). 
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ʊʝʧʣʦʦʪʜʘʯʘ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ 

 ʩ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʜʘʚʣʝʥʠʷ ʦʪ ʦʙʲʝʤʘ 

ɺ. ʄ. ʖʨʢʠʥ  

ʉɻʋ ʠʤ. ʇʠʪʠʨʠʤʘ ʉʦʨʦʢʠʥʘ, ʉʳʢʪʳʚʢʘʨ 

Heat of the ideal gas in a thermodynamic process with linear pressure dependence on volume 

V. M. Yurkin 

Pitirim Sorokin Syktyvkar State University, Syktyvkar 

 

ʇʫʩʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʈ(V) ʥʘ ʫʯʘʩʪʢʝ 1ï2 (ʩʤ. ʨʠʩ.) ʠʤʝʝʪ ʚʠʜ ʫʙʳʚʘʶʱʝʡ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ: 
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ʅʘ ʫʯʘʩʪʢʝ 1ïʆ ʛʘʟ ʥʘʛʨʝʚʘʝʪʩʷ, ʥʘ ʫʯʘʩʪʢʝ ʆï2 ʛʘʟ ʦʩʪʳʚʘʝʪ. 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʦʣʫʯʘʝʤʦʝ ʛʘʟʦʤ, ʙʫʜʝʪ ʨʘʚʥʦ: 
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ʛʜʝ ʉ ï ʤʦʣʷʨʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʛʘʟʘ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ [1]. 

ɻʘʟ ʧʦʣʫʯʘʝʪ ʪʝʧʣʦ ʦʪ ʥʘʛʨʝʚʘʪʝʣʷ (dQ > 0) ʥʝ ʪʦʣʴʢʦ ʥʘ ʫʯʘʩʪʢʝ 1ïʆ (ʛʜʝ ʛʘʟ ʥʘʛʨʝʚʘʝʪʩʷ ʠ 

ʩʦʚʝʨʰʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ), ʥʦ ʠ ʥʘ ʫʯʘʩʪʢʝ ʆïɺ (ʛʜʝ ʛʘʟ ʦʩʪʳʚʘʝʪ, ʥʦ ʧʦ-ʧʨʝʞʥʝʤʫ ʜʦʣʞʝʥ 

ʩʦʚʝʨʰʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ), ʥʘ ʫʯʘʩʪʢʝ ɺï2 ʛʘʟ ʦʪʜʘʝʪ ʪʝʧʣʦ ʭʦʣʦʜʠʣʴʥʠʢʫ (dQ < 0). 

* * *  

1. ʖʨʢʠʥ ɺ.ʄ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʴʶ ʚ ʤʦʜʝʣʠ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ // 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ: ʅʘʮʠʦʥʘʣʴʥʘʷ (ɺʩʝʨʦʩʩʠʡʩʢʘʷ) ʥʘʫʯʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ (7ï9 ʥʦʷʙʨʷ 2019 ʛ., ʛ. ʉʳʢʪʳʚʢʘʨ) : ʩʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ  [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʉʳʢʪʳʚ-

ʢʘʨ: ʀʟʜ-ʚʦ ʉɻʋ ʠʤ. ʇʠʪʠʨʠʤʘ ʉʦʨʦʢʠʥʘ, 2019. ʉ. 18. 1 ʦʧʪ. ʢʦʤʧʘʢʪ-ʜʠʩʢ (CD-ROM). 
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ʊɽʍʅʆʃʆɻʀʀ ʉʆɿɼɸʅʀʗ 

ʀ ʉʆɺʈɽʄɽʅʅʓɽ ʅɸʇʈɸɺʃɽʅʀʗ ɺ ʈɸɿɺʀʊʀʀ ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ 

 

ʇʨʦʛʨʘʤʤʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʘʣʝʦʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʠ 

ɺ. ɺ. ɹʘʙʝʥʢʦ1, ʅ. ʆ. ʂʦʪʝʣʠʥʘ1, ʆ. ʇ. ʊʝʣʴʥʦʚʘ2  
1 ʉɻʋʠʤ. ʇʠʪʠʨʠʤʘ ʉʦʨʦʢʠʥʘ, ʉʳʢʪʳʚʢʘʨ 

2 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ, ʉʳʢʪʳʚʢʘʨ 

Software and information support of the paleopalinological problem 

V. V. Babenko1, N. O. Kotelina1, O. P. Telnova2  
1 Pitirim Sorokin Syktyvkar State University, Syktyvkar  

2 Institute of Geology FRC Komi SC UB RAS, Syktyvkar 

ʇʘʣʠʥʦʩʪʨʘʪʠʛʨʘʬʠʷ (ʧʘʣʝʦʧʘʣʠʥʦʣʦʛʠʯʝʩʢʘʷ ʟʘʜʘʯʘ) ï ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʚʦʟʨʘʩʪʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦʩʨʝʜʩʪʚʦʤ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʠʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʠʢʨʦʦʙʲʝʢ-

ʪʦʚ: ʩʧʦʨ ʠ ʧʳʣʴʮʳ ʜʨʝʚʥʠʭ ʨʘʩʪʝʥʠʡ, ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʚʦʜʦʨʦʩʣʝʡ, ʠʭ ʩʧʦʨ ʠ ʮʠʩʪ. ɸʢʩʠʦʤʘʪʠʯʝ-

ʩʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʵʪʠ ʦʙʲʝʢʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ ʠ ʠʭ ʟʘʭʦʨʦʥʝʥʠʝ ʩʠʥʭʨʦʥʥʦ ʬʦʨʤʠ-

ʨʦʚʘʥʠʶ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʢʘʢ ʠ ʚʨʝʤʷ ʞʠʟʥʠ ʨʘʩʪʝʥʠʡ-ʧʨʦʜʫʮʝʥʪʦʚ3. 

ʈʘʟʤʝʨ ʦʙʲʝʢʪʦʚ ï ʜʦʣʠ ʤʠʣʣʠʤʝʪʨʘ. ɼʠʘʛʥʦʩʪʠʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʦʙʲʝʢʪʘ, 

ʠʟʫʯʘʝʤʦʛʦ ʚ ʩʚʝʪʦʚʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ, ʩ ʵʪʘʣʦʥʥʳʤʠ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʤʠ. ɼʠʘʛʥʦ-

ʩʪʠʢʘ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʣʠʯʥʦʛʦ ʦʧʳʪʘ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʠ ʭʦʨʦʰʠʭ ʩʧʨʘʚʦʯʥʠʢʦʚ-ʘʪʣʘʩʦʚ ʵʪʘ-

ʣʦʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʇʦʩʣʝ ʜʠʘʛʥʦʩʪʠʢʠ ʩʧʦʨ, ʬʦʨʤʠʨʫʝʪʩʷ ʧʘʣʠʥʦʩʧʝʢʪʨ4 ʧʨʦʙʳ, ʢʦʪʦʨʳʡ ʵʢʩ-

ʪʨʘʧʦʣʠʨʫʝʪʩʷ ʥʘ ʚʝʩʴ ʚʤʝʱʘʶʱʠʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʩʣʦʡ.  

ʇʦʣʥʘʷ ʧʦʦʧʝʨʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʨʝʰʝʥʠʷ ʧʘʣʝʦʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʚ ʬʦʨʤʘʪʝ SADT-ʤʦʜʝʣʠ (ʨʠʩ. 1) [3]. 

ɻʣʘʚʥʳʤ ʚʳʭʦʜʦʤ ʧʨʦʮʝʩʩʘ (ʆ1) ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟ-

ʨʘʩʪʘ (ʟʝʣʝʥʳʡ ʩʠʛʥʘʣ ʥʘ ʩʭʝʤʝ). ʉ ʥʝʡ ʞʝ ʩʚʷʟʘʥ ʛʣʘʚʥʳʡ ʨʠʩʢ ʧʨʦʮʝʩʩʘ: ʦʰʠʙʢʘ ʚʦʟʨʘʩʪʥʦʡ ʧʨʠ-

ʚʷʟʢʠ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʫʛʨʦʟʫ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʂʘʯʝʩʪʚʦ ʛʣʘʚʥʦʛʦ ʚʳʭʦʜʘ ʚ ʧʦʜʘʚʣʷʶʱʝʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʘʯʝʩʪʚʦʤ ʚʳʭʦʜʘ ʙʣʦʢʘ ɸ4 çɼʠʘʛʥʦʩʪʠʢʘ ʩʧʦʨè (ʢʨʘʩʥʳʡ ʩʠʛʥʘʣ). ʄʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ, ʦʧʠʨʘ-

ʶʱʠʭʩʷ ʧʦʣʥʦʩʪʴʶ ʥʘ ʦʙʲʝʢʪʠʚʥʳʝ ʧʨʠʙʦʨʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɻʣʘʚʥʳʤʠ ʫʧʨʘʚʣʝʥʠʷ-

ʤʠ ʷʚʣʷʶʪʩʷ ʉ1 çʃʠʯʥʳʡ ʦʧʳʪ5ʧʘʣʠʥʦʣʦʛʘè ʠ ʉ5 çɼʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʘʪʣʘʩʳè. 

ʆʧʪʠʤʠʟʘʮʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʛʣʘʚʥʦʛʦ ʚʳʭʦʜʘ  ʠ  ʤʠʥʠʤʠʟʘʮʠʷ ʨʠʩ-

ʢʦʚ ʜʦʣʞʥʘ ʠʜʪʠ ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʝʜʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ: 

1. ɹʘʟ ʜʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʩʧʦʨ ʩ ʪʨʝʭʤʝʨʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʦʡ ʠ 

ʘʣʛʦʨʠʪʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʥʪʝʨʘʢʪʠʚʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʘʣʠʥʦʣʦʛʘ ʵʪʘʣʦʥʥʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ 

(çʜʠʥʘʤʠʯʝʩʢʠʡ ʘʪʣʘʩ ʩʧʦʨè).  

2. ɸʣʛʦʨʠʪʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʜʠʘʛʥʦʩʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ʠ ʵʪʘʣʦʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʛʝʥʝʨʘʮʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ. 

ʅʘʤʠ ʧʨʝʜʣʦʞʝʥ ʜʝʡʩʪʚʫʶʱʠʡ ʧʨʦʪʦʪʠʧ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʪʣʘʩʘ ʩʦ ʩʣʝʜʫʶʱʝʡ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʦʩʪʴʶ (ʬʦʨʤʘʪ UMLUseCase [1]) (ʨʠʩ. 2). 

 

                                                           
3 ʇʦʩʣʝʜʥʝʝ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʥʝ ʩʦʚʩʝʤ ʚʝʨʥʦ ï ʚʦʟʤʦʞʥʦ ʧʝʨʝʦʪʣʦʞʝʥʠʝ ʜʨʝʚʥʠʭ ʩʧʦʨ ʚ ʙʦʣʝʝ ʤʦʣʦʜʳʝ ʧʦ-

ʨʦʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʟʜʥʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʦʞʥʷʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʛʦ ʚʦʟʨʘʩʪʘ ʧʦʨʦʜ. 
4 ɺʠʜʦʚʦʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʩʧʦʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʢʦʥʢʨʝʪʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʚʨʝʤʷ. 
5 ʆʙʫʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʠʘʛʥʦʩʪʘ ʪʨʝʙʫʝʪ ʥʝ ʤʝʥʝʝ ʯʝʤ 10 ʣʝʪʥʝʛʦ ʦʧʳʪʘ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ.  
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ʈʠʩ. 1. SADT-ʤʦʜʝʣʴ  

 

 
ʈʠʩ. 2. ʇʨʦʪʦʪʠʧ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʪʣʘʩʘ 

 

ɼʣʷ ʦʙʫʯʘʶʱʝʡʩʷ ʧʨʦʛʨʘʤʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʧʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʤʦʜʝʣʴ 

Sequential() ʠʟ Keras, ʚʳʩʦʢʦʫʨʦʚʥʝʚʦʛʦ API ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʥʘʧʠʩʘʥʥʦʛʦ ʥʘ Python[4]. 

ʉʪʨʦʠʪʩʷ ʩʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ (ConvolutionalNeuralNetwork, CNN), ʠʟʚʝʩʪʥʘʷ ʩʚʦʠʤʠ ʧʨʝ-

ʠʤʫʱʝʩʪʚʘʤʠ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʤʦʜʝʣʷʤʠ, ʥʘʧʨʠʤʝʨ ʧʝʨʝʜ ʤʥʦʛʦʩʣʦʡʥʳʤ ʧʝʨʮʝʧʪʨʦʥʦʤ,  ʧʨʠ ʨʝʰʝ-

ʥʠʠ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʠʟʦʙʨʘʞʝʥʠʡ [2].  ɸʨʭʠʪʝʢʪʫʨʘ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ CNN 

ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʦʡ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʣʘʩʩʘʤ: ʵʪʦ ʮʝʧʦʯʢʘ ʯʝʨʝ-

ʜʫʶʱʠʭʩʷ ʩʣʦʝʚ ʩʚʝʨʪʢʠ Conv2D/ ʧʦʜʚʳʙʦʨʢʠ MaxPooling2D ʠ ʥʝʩʢʦʣʴʢʦ ʧʦʣʥʦʩʚʷʟʥʳʭ ʩʣʦʝʚ 

Denseʩ ʟʘʚʝʨʰʘʶʱʠʤ ʩʣʦʝʤ ʩ ʬʫʥʢʮʠʝʡ ʘʢʪʠʚʘʮʠʠ softmax. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʩʚʝʨʪʦʯʥʦʛʦ ʩʣʦʷ ʢʦ 

ʚʩʝʤ ʚʳʭʦʜʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʨʠʤʝʥʷʝʪʩʷ ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ ReLU. ɼʣʷ ʙʦʨʴʙʳ ʩ ʧʝʨʝʦʙʫʯʝʥʠʝʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʝʤ dropout. ɼʣʷ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʧʦʨ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ 
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ʠʩʧʦʣʴʟʫʝʤ ʧʝʨʝʢʨʝʩʪʥʫʶ ʵʥʪʨʦʧʠʶ. ʉʯʠʪʘʷ, ʯʪʦ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʢʣʘʩʩʘʤ ʨʘʚ-

ʥʦʤʝʨʥʦ, ʙʝʨʝʤ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʨʠʢʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʦʯʥʦʩʪʴ (accuracy). ʏʪʦʙʳ 

ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʨʘʟʮʳ ʠʟʦʙʨʘʞʝʥʠʡ ʩʧʦʨ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ, ʤʳ "ʫʚʝ-

ʣʠʯʠʚʘʝʤ" ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠ ʧʦʤʦʱʠ ʨʷʜʘ ʩʣʫʯʘʡʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ,  ʠʩʧʦʣʴʟʫʷ 

keras.preprocessing.image.ImageDataGenerator [6].  

ʆʧʳʪʥʦʝ ʦʙʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʩʧʦʨ ʜʝʚʦʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʠʟ ʨʘʟʨʝʟʦʚ ʊʠ-

ʤʘʥʦ-ʇʝʯʦʨʩʢʦʡ ʧʨʦʚʠʥʮʠʠ, ʈʝʩʧʫʙʣʠʢʘ ʂʦʤʠ [5]. 

ʈʘʙʦʪʳ ʧʨʦʚʦʜʷʪʩʷ ʩ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʦʡ ʛʨʘʥʪʘ ʈʌʌʀ ˉ20-05-00445 
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ʂʦʤʧʴʶʪʝʨʥʳʡ ʧʦʠʩʢ ʥʦʚʳʭ ʛʝʥʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʘʫʪʦʠʤʤʫʥʥʳʤ ʪʠʨʝʦʠʜʠʪʦʤʍʘʰʠ-

ʤʦʪʦ, ʚʳʧʦʣʥʝʥʥʳʡ ʤʝʪʦʜʦʤ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʘʥʘʣʠʟʘ ʩʝʪʝʡ ʢʦʵʢʩʧʨʝʩʩʠʠ 
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ʉɻʋ ʠʤ. ʇʠʪʠʨʠʤʘ ʉʦʨʦʢʠʥʘ, ʉʳʢʪʳʚʢʘʨ 

Computer-aided co-expression-based search of new Hashimotoôs disease genetic determinants 

E. V. Bazhukova, I. A. Solovev 

Pitirim Sorokin Syktyvkar State University, Syktyvkar 

ʊʠʨʝʦʠʜʠʪ ʍʘʰʠʤʦʪʦ (ʜʘʣʝʝ ï ʊʍ) ï ʭʨʦʥʠʯʝʩʢʦʝ ʘʫʪʦʠʤʤʫʥʥʦʝ ʚʦʩʧʘʣʝʥʠʝ ʱʠʪʦʚʠʜʥʦʡ 

ʞʝʣʝʟʳ ʩ ʣʠʤʬʦʮʠʪʘʨʥʦʡ ʠʥʬʠʣʴʪʨʘʮʠʝʡ. ʍʘʨʘʢʪʝʨʥʳ ʙʝʟʙʦʣʝʟʥʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʞʝʣʝʟʳ ʠ ʩʠʤʧ-

ʪʦʤʳ ʛʠʧʦʪʠʨʝʦʟʘ. ɼʠʘʛʥʦʟ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʦʙʥʘʨʫʞʝʥʠʠ ʚʳʩʦʢʦʛʦ ʪʠʪʨʘ ʘʥʪʠʪʝʣ ʢ ʪʠʨʝʦʠʜʥʦʡ 

ʧʝʨʦʢʩʠʜʘʟʝ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʚʳʷʚʣʝʥʠʝ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʟʚʠʪʠʠ ʪʠʨʝʦʠʜʠʪʘ ʍʘʰʠʤʦʪʦ, ʘ 

ʪʘʢʞʝ ʠʭ ʚʦʟʤʦʞʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʦʪʙʦʨ ʛʝʥʦʚ, ʪʨʘʥʩʢʨʠʧʪʦʚ ʠ ʙʝʣʢʦʚ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʚʝʙ-ʩʝʨʚʠʩʦʚ 

Omim, Disnor ʠ Ensembl, NCBI GEO Datasets. ɹʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʦʙʦʛʘʱʝʥʠʝ ʩʧʠʩʢʘ ʢʦʵʢʩʧʨʝʩʩʠ-

ʨʦʚʘʥʥʳʤʠ ʛʝʥʘʤʠ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʩʝʪʠ ʩ ʧʦʤʦʱʴʶ Genemania (ʨʠʩ. 1) [1].  

ʇʦʣʫʯʝʥʥʘʷ ʛʠʧʦʪʝʪʠʯʝʩʢʘʷ ʛʝʥʥʘʷ ʩʝʪʴ ʙʳʣʘ ʧʝʨʝʩʪʨʦʝʥʘ ʠ ʧʨʠʦʨʠʪʠʟʠʨʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ 

ʩʝʨʚʠʩʘ ToppGene [2].  ɿʥʘʯʝʥʠʷ ʠʥʮʠʜʝʥʪʥʦʩʪʝʡ ʜʘʥʥʦʛʦ ʩʧʠʩʢʘ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʠ ʚʠʟʫʘʣʠ-

ʟʠʨʦʚʘʥʳ ʚ ʛʠʩʪʦʛʨʘʤʤʝ (ʨʠʩ. 2). 

ɼʣʷ ʦʧʨʦʚʝʨʞʝʥʠʷ ʠʣʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʫʣʝʚʦʡ ʛʠʧʦʪʝʟʳ ʦ ʪʦʤ, ʯʪʦ ʫ ʪʠʨʝʦʠʜʠʪʘ ʍʘʰʠʤʦʪʦ 

ʩʫʱʝʩʪʚʫʝʪ ʧʘʪʦʛʥʦʤʦʥʠʯʥʘʷ ʨʘʩʰʠʨʝʥʥʘʷ ʛʝʥʥʘʷ ʩʝʪʴ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ, ʘʩʩʦ-

https://habr.com/ru/company/wunderfund/
https://habr.com/ru/hub/algorithms/
https://habr.com/ru/hub/machine_learning/?_ga=2.101194945.1736056312.1602534590-1327806726.1602534590
https://keras.io/
https://doi.org/10.31857/S0869-592X27131-56
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ʮʠʠʨʦʚʘʥʥʳʝ ʩ ʜʘʥʥʳʤ ʘʫʪʦʠʤʤʫʥʥʳʤ ʟʘʙʦʣʝʚʘʥʠʝʤ, ʩʦʟʜʘʝʪʩʷ ʩʣʫʯʘʡʥʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʥʝʟʘ-

ʚʠʩʠʤʳʡ ʥʘʙʦʨ ʛʝʥʦʚ ʚ ʧʨʦʛʨʘʤʤʝ Randomgenesetgenerator [3]. ʅʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʥʝʛʦ ʪʘʢʞʝ ʩʪʨʦʠʪ-

ʩʷ ʛʠʩʪʦʛʨʘʤʤʘ (ʨʠʩ. 3) 

 

ʈʠʩ. 1. ɻʠʧʦʪʝʪʠʯʝʩʢʘʷ ʛʝʥʥʘʷ ʩʝʪʴ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʘʷ ʩ ʧʘʪʦʛʝʥʝʟʦʤ ʪʠʨʝʦʠʜʠʪʘ ʍʘʰʠʤʦʪʦ 

 

 
ʈʠʩ. 2. ʏʘʩʪʦʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʮʠʜʝʥʪʥʦʩʪʝʡ ʫʟʣʦʚ ʛʨʘʬʘ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʛʝʥʥʦʡ ʩʝʪʠ 

 

 

 
ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʮʠʜʝʥʪʥʦʩʪʝʡ ʚ ʩʣʫʯʘʡʥʦʡ ʛʝʥʥʦʡ ʩʝʪʠ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʚ Randomgenesetgenerator 
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ʉ ʧʦʤʦʱʴʶ ʩʝʨʚʠʩʘ MinitabExpress ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʫʨʦʚʥʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘ-

ʯʠʤʦʩʪʠ, ʩʨʘʚʥʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤʫ ʢʨʠʪʝʨʠʶ ɢ2 ʠ ʄʘʥʥʘ-ʋʠʪʥʠ. ʇʨʦʚʦʜʠʣ-

ʩʷ ʘʥʘʣʠʟ ʦʙʦʛʘʱʝʥʠʷ ʩʧʠʩʢʘ 100 ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʪʠʨʝʦʠʜʠʪʦʤ ʍʘʰʠʤʦʪʦ ʧʦ ʩʠʛʥʘʣʴʥʳʤ ʠ ʤʝ-

ʪʘʙʦʣʠʯʝʩʢʠʤ ʧʫʪʷʤ ʚ ʧʨʠʣʦʞʝʥʠʠ ToppFun. ɺ ʥʝʤ ʞʝ ʧʨʦʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʢʘʨʪʳ ʩ 

ʜʨʫʛʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʫ ʪʠʨʝʦʠʜʠʪʘ ʍʘʰʠʤʦʪʦ ʠʤʝʝʪʩʷ ʣʠʰʴ 78 ʛʝʥʦʚ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʘʪʦʛʝʥʝʟʝ. ɺʳʚʦʜ ʙʳʣ ʩʜʝʣʘʥ ʥʘ ʦʩʥʦʚʝ ʦʧʨʦʚʝʨʞʝʥʠʷ ʥʫʣʝʚʦʡ ʛʠʧʦʪʝʟʳ ʚ ʩʚʷʟʠ ʩ 

ʪʝʤ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʩʦʩʪʘʚʠʣʘ p<0.05. ʆʩʥʦʚʥʳʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʜʣʷ ʘʩʩʦ-

ʮʠʠʨʦʚʘʥʥʳʭ ʩ ʊʍ ʛʝʥʦʚ ʷʚʣʷʶʪʩʷ ʘʢʪʠʚʥʦʩʪʴ ʬʦʩʬʦʪʨʘʥʩʬʝʨʘʟʳ, ʢʠʥʘʟʥʘʷ, ʧʨʦʪʝʠʥʬʦʩʬʦʪʘʟʳ, ʘ 

ʪʘʢʞʝ ʩʠʛʥʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. ʉʨʝʜʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʵʪʠʤʠ ʛʝʥʘʤʠ ʨʝʛʫʣʠʨʫʶʪʩʷ ʚ ʦʩ-

ʥʦʚʥʦʤ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ, ʢʣʝʪʦʯʥʳʡ ʦʪʚʝʪ ʥʘ ʩʪʠʤʫʣ ʧʝʧʪʠʜʥʦʛʦ ʛʦʨʤʦʥʘ ʠ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ, 

ʨʝʛʫʣʠʨʫʶʱʠʡ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʦʙʦʛʘʱʝʥʠʷ ʧʦ ʙʘʟʝ DisGeNET ʦʙʥʘʨʫʞʝʥʳ 

ʜʨʫʛʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʛʝʥʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ ʨʘʟʚʠʪʠʶ ʘʫʪʦʠʤʤʫʥʥʦʛʦ ʪʠ-

ʨʝʦʠʜʠʪʘ. ʋʩʪʘʥʦʚʣʝʥʘ ʘʩʩʦʮʠʘʮʠʷ ʩ ʣʠʤʬʦʤʦʡ, ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ (ʛʣʘʚʥʳʤ ʦʙʨʘ-

ʟʦʤ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ), ʣʝʡʢʝʤʠʝʡ, ʢʘʨʮʠʥʦʤʦʡ ʠ ʭʨʦʥʠʯʝʩʢʠʤ ʤʠʝʣʦʧʨʦʣʠʬʝʨʘʪʠʚʥʳʤ ʟʘʙʦʣʝ-

ʚʘʥʠʝʤ. 

* * *  
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ɺ ʥʘʰʝ ʚʨʝʤʷ ʚʘʞʥʦ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʤʛʥʦʚʝʥʥʦ ʦʙʤʝʥʷʪʴʩʷ ʜʘʥʥʳʤʠ ʧʦ ʜʝʣʦʚʳʤ ʠʣʠ 

ʣʠʯʥʳʤ ʚʦʧʨʦʩʘʤ, ʦʩʦʙʝʥʥʦ ʚ ʪʝʢʫʱʝʡ ʤʠʨʦʚʦʡ ʩʠʪʫʘʮʠʠ. ʊʘʢʠʤʠ ʬʫʥʢʮʠʷʤʠ ʦʙʣʘʜʘʶʪ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʚʩʝ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʠʣʠ ʤʝʩʩʝʥʜʞʝʨʳ, ʪʘʢʠʝ ʢʘʢ Telegram, VK, Viber, WhatsApp. 

ʆʜʥʘʢʦ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʤʝʩʩʝʥʜʞʝʨʳ ʤʦʛʫʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʫʜʦʙʥʦʤʫ, ʙʳʩʪʨʦʤʫ ʠ ʢʦʥʬʠ-

ʜʝʥʮʠʘʣʴʥʦʤʫ ʦʙʤʝʥʫ ʩʦʦʙʱʝʥʠʷʤʠ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ: 

1) ʩʦʪʨʫʜʥʠʢʠ ʤʦʛʫʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʥʳʤʠ ʤʝʩʩʝʥʜʞʝʨʘʤʠ; 

2) ʚ ʢʦʥʪʘʢʪ-ʣʠʩʪʘʭ ʠʤʝʶʪʩʷ ʢʦʥʪʘʢʪʳ, ʥʝ ʠʤʝʶʱʠʝ ʦʪʥʦʰʝʥʠʝ ʢ ʨʘʙʦʪʝ. 

ɼʣʷ ʣʠʢʚʠʜʘʮʠʠ ʧʦʜʦʙʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʫʜʦʙʥʦʛʦ ʢʦʤʤʫʥʠʮʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʨʧʦ-

ʨʘʪʠʚʥʳʝ ʤʝʩʩʝʥʜʞʝʨʳ. 

ɺ ʩʚʦʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ McKinsey Global Institute ʧʨʠʰʣʠ ʢ ʪʦʤʫ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʨʧʦʨʘ-

ʪʠʚʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʙʦʪʥʠʢʦʚ ʥʘ 20ï25 %, ʘ 

ʧʦʠʩʢ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʘʙʦʪʳ ʟʘʧʠʩʝʡ ʥʘ 35 % [1]. 

ʈʝʟʶʤʠʨʫʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʤʦʞʥʦ ʣʝʛʢʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʦʛʠʶ ʩ ʧʨʦʙʣʝʤʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʧʷʪ-

ʩʪʚʫʶʪ ʦʧʝʨʘʪʠʚʥʦʤʫ ʠ ʪʦʯʥʦʤʫ ʦʙʤʝʥʫ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʨʘʙʦʪʥʠʢʘʤʠ ʠ ʦʙʫʯʘʶʱʠʤʠʩʷ ʚ 

ʥʘʰʝʤ ʫʥʠʚʝʨʩʠʪʝʪʝ, ʘ ʟʥʘʯʠʪ, ʠʤʝʝʪ ʩʤʳʩʣ ʥʘʯʘʪʴ ʨʘʟʨʘʙʦʪʢʫ ʧʦʣʥʦʮʝʥʥʦʛʦ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʤʝʩ-

ʩʝʥʜʞʝʨʘ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʚʟʛʣʷʜ ʥʘ ʪʦ, ʢʘʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠ ʬʫʥʢʮʠʦʥʘʣʦʤ ʜʦʣʞʝʥ 

ʦʙʣʘʜʘʪʴ ʢʦʨʧʦʨʪʠʚʥʳʡ ʤʝʩʩʝʥʜʞʝʨ. 

https://genemania.org/
https://toppgene.cchmc.org/
http://www.molbiotools.com/randomgenesetgenerator.html


ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

 
41 

 

ʇʨʠʣʦʞʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʣʦʩʴ ʥʘ ʷʟʳʢʝ Python 3.8 [2] ʩ ʧʦʤʦʱʴʶ ʬʨʝʡʤʚʦʨʢʘ Flask ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ MongoDB, ʢʘʢ NoSQL ʉʋɹɼ. 

* * *  
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ʋʩʧʝʭ ʙʠʟʥʝʩʘ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʢʪʠʚʦʚ, ʧʨʠʥʘʜʣʝ-

ʞʘʱʠʭ ʩʦʙʩʪʚʝʥʥʠʢʫ, ʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʭ ʢʦʤʧʘʥʠʠ. ʆʜʥʠʤ ʠʟ ʚʠʜʦʚ ʪʘʢʠʭ ʘʢʪʠʚʦʚ ʷʚʣʷʶʪʩʷ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʝ ʘʢʪʠʚʳ (ʀɸ), ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʳʭ ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʦʯʝʢ ʟʨʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚ 

ʩʪʘʥʜʘʨʪʝ [1]. ʇʦʵʪʦʤʫ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʛʨʘʤʦʪʥʦʛʦ ʫʯʝʪʘ ʀɸ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʳʥʢʦʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʘʟʣʠʯ-

ʥʳʝ ʛʦʪʦʚʳʝ ʧʨʦʜʫʢʪʳ, ʨʝʰʘʶʱʠʝ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʧʦʣʥʦʪʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘ ʩʘʤʦ ʧʦʥʷʪʠʝ ʀɸ. ʆʜʥʘʢʦ ʚ ʩʠʣʫ ʥʦʤʝʥʢʣʘʪʫʨʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʦʪʥʦʩʷʱʝʡʩʷ ʢ 

ʀɸ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʪʝʤ, ʯʪʦ ʩʶʜʘ ʦʪʥʦʩʷʪ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʤʘʪʝ-

ʨʠʘʣʴʥʳʝ ʦʙʲʝʢʪʳ, ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʤʦʞʝʪ ʦʩʪʘʚʘʪʴʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ ʦ ʚʳ-

ʙʦʨʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʯʝʪʘ ʘʢʪʠʚʦʚ. 

ʎʝʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʨʘʟʣʠʯ-

ʥʳʤʠ ʪʠʧʘʤʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (ʉʋɹɼ), ʠ ʩʝʨʚʠʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ, ʠʭ ʘʥʘʣʠʟ 

ʠ ʩʨʘʚʥʝʥʠʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʦʧʠʩʳʚʘʝʤʦʛʦ ʢʣʘʩʩʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʛʦʚʦʨʷʪ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʩʝʡʯʘʩ ʥʝʪ çʫʥʠʚʝʨʩʘʣʴʥʦʛʦè ʩ ʪʦʯʢʠ ʟʨʝ-

ʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʋɹɼ ʨʝʰʝʥʠʷ, ʧʦʜʭʦʜʷʱʝʛʦ ʜʣʷ ʚʩʝʭ ʩʠʪʫʘʮʠʡ ʠ ʧʦʜʭʦʜʦʚ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝ-

ʪʘ ʀɸ. ʆʜʥʘʢʦ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʥʦʤʝʥʢʣʘʪʫʨʳ ʫʯʝʪʘ ʠ ʚʦʚʣʝʯʝʥʠʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ, ʤʦ-

ʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʜʦʢʫʤʝʥʪʥʳʝ NoSQL ʉʋɹɼ. 
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1. ʉʪʘʥʜʘʨʪ ɹʘʥʢʘ ʈʦʩʩʠʠ ʉʊʆ ɹʈ ʀɹɹʉ-1.0-2014. ʆʙʝʩʧʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʨʛʘʥʠʟʘ-

ʮʠʡ ʙʘʥʢʦʚʩʢʦʡ ʩʠʩʪʝʤʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ. ʇʨʠʥʷʪ ʠ ʚʚʝʜʝʥ ʚ ʜʝʡʩʪʚʠʝ ʨʘʩʧʦ-

ʨʷʞʝʥʠʝʤ ɹʘʥʢʘ ʈʦʩʩʠʠ ʦʪ 17 ʤʘʷ 2014 ʛ. ˉ ʈ-399. 
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ʇʦʠʩʢ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʠʥʢʨʝʤʝʥʪʦʤ ʠ ʜʝʢʨʝʤʝʥʪʦʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ ʠ ʯʠʩʣʦʤ-

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʛʝʥʘ ʚ ʢʣʝʪʢʝ ʢʦʥʢʨʝʪʥʦʛʦ ʦʨʛʘʥʠʟʤʘ 

ʅ. ʆ. ʂʦʪʝʣʠʥʘ, ɺ. ɺ. ɸʨʩʝʥʴʝʚ, ʀ. ɸ. ʉʦʣʦʚʴʸʚ 

ʉɻʋ ʠʤ. ʇʠʪʠʨʠʤʘ ʉʦʨʦʢʠʥʘ, ʉʳʢʪʳʚʢʘʨ 

Search for correlations between the increment / decrement of life span and the number of gene in-

teractions in the cell of a particular organism 

N. O. Kotelina, V. V. Aresenyev, I. A.Soloviev 

Pitirim Sorokin Syktyvkar State University, Syktyvkar 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʞʠʟʥʠ ʠ ʯʠʩʣʦʤ ʛʝʥʥʳʭ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʡ ʥʘ ʧʨʠʤʝʨʝ ʤʦʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʢʪʫʘʣʴʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʛʝʥʦʚ ʜʦʤʘʰʥʝʡ 

ʤʳʰʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ, ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ[1; 2; 4; 5]. ʀʥ-

ʬʦʨʤʘʮʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʛʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʦʞʠʜʘʝʤʳʤ ʠʟʤʝʥʝʥʠʝʤ ʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ  ʙʳʣʘ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʚ ʝʜʠʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ  pandas. Dataframe, ʧʨʠ ʧʦʤʦ-

ʱʠ ʙʠʙʣʠʦʪʝʢ Python [3; 6] ʙʳʣʠ ʩʜʝʣʘʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ: ʧʦʩʪʨʦʝʥʳ ʠ ʚʠʟʫʘ-

ʣʠʟʠʨʦʚʘʥʳ ʤʘʪʨʠʮʳ ʢʦʨʨʝʣʷʮʠʡ, ʥʘʡʜʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ, ʧʨʦʚʝʨʝʥʳ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʛʠʧʦʪʝʟʳ.  

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ 

ʩʚʷʟʴ ʤʝʞʜʫ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʞʠʟʥʠ ʤʳʰʠ, ʦʙʱʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʛʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʦ-

ʣʠʯʝʩʪʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʙʝʣʦʢ-ʙʝʣʦʢ, ʙʝʣʦʢ-ʈʅʂ ʷʚʣʷʝʪʩʷ ʩʣʘʙʦʡ.  

***  
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https://seaborn.pydata.org/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 15.03.2020). 

 

ʆʙʨʘʙʦʪʢʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʧʨʠ ʧʦʤʦʱʠ ʙʠʙʣʠʦʪʝʢ Python 

ʅ. ʆ. ʂʦʪʝʣʠʥʘ, ʆ. ɺ. ɽʚʜʦʢʠʤʦʚ 

ʉɻʋʠʤ. ʇʠʪʠʨʠʤʘʉʦʨʦʢʠʥʘ, ʉʳʢʪʳʚʢʘʨ 

Natural Language Processing with Python Libraries 

N. O. Kotelina, O. V. Evdokimov 

Pitirim Sorokin Syktyvkar State University, Syktyvkar 

ɺ ʨʘʙʦʪʝ ʧʨʠ ʧʦʤʦʱʠ ʩʪʘʥʜʘʨʪʥʳʭ ʠ ʩʪʦʨʦʥʥʠʭ ʙʠʙʣʠʦʪʝʢ Python ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʪʝʢʩʪ ʥʘ 

ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ.  

ɽʩʪʝʩʪʚʝʥʥʳʡ ʷʟʳʢ ð ʵʪʦ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʣʶʜʠ ʜʣʷ ʦʙ-

ʱʝʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʬʦʨʤʘʣʴʥʳʡ ʷʟʳʢ ï ʵʪʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʠʣʠ ʧʦʣʫʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ 

ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʦʣʷ ʠʣʠ ʨʘʟʤʝʪʢʫ, ʧʦʟʚʦʣʷʶʱʠʝ ʢʦʤʧʴʶʪʝʨʫ ʠʭ ʘʥʘʣʠʟʠʨʦʚʘʪʴ. ʀʩʧʦʣʴ-

ʟʫʷ ʝʩʪʝʩʪʚʝʥʥʳʝ ʷʟʳʢʠ ʢʘʢ ʜʘʥʥʳʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʤʦʞʝʪ ʜʦʙʠʪʴʩʷ ʙʦʣʴʰʠʭ ʨʝ-

https://wiki.thebiogrid.org/doku.php/biogridrest
https://www.ncbi.nlm.nih.gov/genbank/
https://pandas.pydata.org/
http://pri.hgc.jp/
https://seaborn.pydata.org/
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ʟʫʣʴʪʘʪʦʚ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚ, ʢʦʪʦʨʳʝ 

ʚʩʝʛʜʘ ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʥʳʤʠ, ʝʩʪʝʩʪʚʝʥʥʳʝ ʷʟʳʢʠ ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʙʳʣ ʚʟʷʪ Python, ʧʦʩʢʦʣʴʢʫ ʦʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝ-

ʙʷ ʥʘʙʦʨ ʤʦʱʥʳʭ ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʠ ʘʥʘʣʠʟʘ ʛʨʘʬʦʚ: 

ï ʧʘʢʝʪ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ NLTK [3]; 

ï ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ spaCy [4]; 

ï ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʨʘʬʦʚ ʠ ʩʝʪʝʡ NetworkX [2]; 

ï ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ Matplotlib [5]. 

ɼʣʷ ʧʨʦʠʟʚʝʜʝʥʠʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʨʦʚʝʜʝʥ ʛʝʥʜʝʨʥʳʡ ʘʥʘʣʠʟ, ʪʦ ʝʩʪʴ ʪʝʢʩʪ 

ʫʩʣʦʚʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥ ʢʘʢ çʤʫʞʩʢʦʡè ʠʣʠ çʞʝʥʩʢʠʡè ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʘʩʪʦʪʥʦʡ ʦʮʝʥʢʠ ʞʝʥʩʢʠʭ 

ʠ ʤʫʞʩʢʠʭ ʧʨʠʟʥʘʢʦʚ. ʊʘʢʞʝ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʚʷʟʠ ʩʣʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʪʝʢʩʪʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʙʥʘʨʫʞʠʪʴ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʝʨʩʦʥʘʞʘ ʧʦʚʝʩʪʚʦʚʘʥʠʷ.  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʟʫʯʝʥʥʳʝ ʤʝʪʦʜʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ, ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʨʠʣʦʞʝʥʠʡ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʪʝʢʩʪʘ.  

* * *  
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ʉʦʟʜʘʥʠʝ ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʛʝʥʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ 
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Creation of a syntactic analyzer to detect genes affecting the lifespan of experimental animals under 

various influences 

N. O. Kotelina, V. Y. Koposov, I. A. Soloviev 

Pitirim Sorokin Syktyvkar State University, Syktyvkar 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʛʝʥʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʤʦ-

ʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʧʦ ʢʦʨʧʫʩʫ ʘʥʥʦʪʘʮʠʡ ʢ ʩʪʘʪʴʷʤ ʙʘʟʳ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʫʙʣʠʢʘʮʠʡ PubMed[2]. 

ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ ʨʝʣʝʚʘʥʪʥʳʭ ʩʪʘʪʝʡ ʠʟ PubMed ʥʘʡʜʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʧʘʢʝʪʘ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ 

Biopython [1], ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʠʩʢ ʧʦ ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʘʟʚʘ-

ʥʠʷʤ ʤʦʜʝʣʴʥʳʭ ʞʠʚʦʪʥʳʭ), ʧʦ ʚʩʝʡ ʙʘʟʝ ʜʘʥʥʳʭ PubMedʧʨʠ ʧʦʤʦʱʠ ʦʥʣʘʡʥʦʚʦʡ ʧʦʠʩʢʦʚʦʡ ʩʠ-

ʩʪʝʤʳ Entrez. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʣʦʚʘʨʝʡ ʩʠʥʦʥʠʤʦʚ ʜʣʷ ʧʦʠʩʢʘ ʛʝʥʦʚ-ʠʥʬʣʶʝʥʩʝʨʦʚ ʩʦʩʪʘʚʣʝʥʳ ʩʪʨʫʢʪʫʨʳ 

ʧʨʝʜʣʦʞʝʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʛʝʥ ʧʨʦʜʣʝʚʘʝʪ / ʩʦʢʨʘʱʘʝʪ / ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴ-

ʥʦʩʪʴ ʞʠʟʥʠ ʞʠʚʦʪʥʦʛʦ. ʅʘʧʠʩʘʥ ʩʢʨʠʧʪ, ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʠʩʢ ʧʨʝʜʣʦʞʝʥʠʡ ʟʘʜʘʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚ ʘʥʥʦʪʘʮʠʷʭ ʩʪʘʪʝʡ ʧʨʠ ʧʦʤʦʱʠ ʨʝʛʫʣʷʨʥʳʭ ʚʳʨʘʞʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʩʢʨʠʧʪʘ 

ʧʦʣʫʯʝʥ ʩʧʠʩʦʢ ʛʝʥʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʘʥʥʳʡ ʧʨʦʝʢʪ ʤʦʞʥʦ ʨʘʟʚʠʚʘʪʴ, ʥʘʧʨʠʤʝʨ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʢʨʠʧʪ ʧʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʜʚʠʥʫʪʳʝ.   

***  
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ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʛʨʘʬʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʝʥʦʚ ʠ ʠʭ ʧʨʠʦʨʠʪʠʟʘʮʠʷ  

ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʦʩʪʫʧʥʳʭ ʙʘʟ ʜʘʥʥʳʭ 
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ʉɻʋ ʠʤ. ʇʠʪʠʨʠʤʘ ʉʦʨʦʢʠʥʘ, ʉʳʢʪʳʚʢʘʨ 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʙʘʟʳ ʜʘʥʥʳʭ ʛʝʥʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ [2], ʜʣʷ ʟʘʜʘʥʥʳʭ 

ʤʦʜʝʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʧʨʠ ʧʦʤʦʱʠ ʚʝʙ-ʩʝʨʚʠʩʘ ʨʝʧʦʟʠʪʦʨʠʷ BioGRID [1] ʚ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʘ ʘʢʪʫ-

ʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʛʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʛʝʥʦʚ-ʠʥʬʣʶʝʥʩʝʨʦʚ.  

ʈʝʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʛʝʥʥʘʷ ʩʝʪʴ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦ-

ʪʝʢʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʛʨʘʬʘʤʠ ʠ ʩʝʪʷʤʠ NetworkX [3], ʧʨʦʠʟʚʦʜʠʪʩʷ  ʘʥʘʣʠʟ ʤʘʪʨʠʮʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʦʨʠʪʠʟʠʨʦʚʘʥʳ ʛʝʥʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ, ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʡ ʠ ʩʦʩʝʜʝʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. ʇʦʣʫʯʝʥʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʚ ʬʦʨʤʘʪʝ CSV ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʠ ʧʨʦʚʝʨʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ, 

ʥʘʧʨʠʤʝʨ ʜʣʷ ʧʦʠʩʢʘ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʦʞʠʜʘʝʤʳʤ ʠʟʤʝʥʝʥʠʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ ʠ ʯʠʩ-

ʣʦʤ ʛʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɺʳʙʦʨ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʦʙʦʩʥʦʚʘʥ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʨʘʙʦʪʘʪʴ ʩ ʥʘʙʦʨʘʤʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʤʦʱʠ ʙʠʙʣʠʦʪʝʢʠ Pandas[4].  

***  
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ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʨʘʟʚʠʪʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩʪʨʦʠʪʩʷ ʥʘ ʠʜʝʝ, 

ʯʪʦ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʦʙʫʯʘʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʦʙʥʘʨʫʞʠʚʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʧʨʠʥʠ-

ʤʘʪʴ ʨʝʰʝʥʠʷ, ʩʚʝʜʷ ʢ ʤʠʥʠʤʫʤʫ ʫʯʘʩʪʠʝ ʯʝʣʦʚʝʢʘ. 

ɺ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ ʩʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʟʘʜʘʯ, ʦʩʥʦʚʥʳʝ ʠʟ ʥʠʭ: ʦʙʫʯʝʥʠʝ ʩ ʫʯʠ-

ʪʝʣʝʤ, ʦʙʫʯʝʥʠʝ ʙʝʟ ʫʯʠʪʝʣʷ, ʯʘʩʪʠʯʥʦʝ ʦʙʫʯʝʥʠʝ, ʦʙʫʯʝʥʠʝ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ ʠ ʜʨʫʛʠʝ. 

https://wiki.thebiogrid.org/doku.php/biogridrest
https://genomics.senescence.info/genes/
https://networkx.github.io/%20(дата
https://pandas.pydata.org/


ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

 
45 

 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʠ ʦʙʫʯʝʥʠʷ ʩ ʫʯʠʪʝʣʝʤ. ɺ ʪʘʢʠʭ ʟʘʜʘʯʘʭ ʦʙʲʝʢʪ ʦʧʠʩʳʚʘʝʪʩʷ ʥʝʢʦʪʦʨʳʤʠ 

ʧʨʠʟʥʘʢʘʤʠ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʥʘʙʦʨ ʯʠʩʝʣ, ʠʟʦʙʨʘʞʝʥʠʝ ʠʣʠ ʟʚʫʢʦʚʘʷ ʜʦʨʦʞʢʘ. ʂʘʞʜʦʤʫ ʦʙʲʝʢʪʫ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʘʚʠʪʩʷ ʥʝʢʦʪʦʨʳʡ ʮʝʣʝʚʦʡ ʧʨʠʟʥʘʢ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʝʩʪʴ ʥʘʙʦʨ ʦʙʲʝʢʪʦʚ ʩ ʠʟ-

ʚʝʩʪʥʳʤ ʮʝʣʝʚʳʤ ʧʨʠʟʥʘʢʦʤ ʠ ʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʜʦ ʥʘʡʪʠ ʟʥʘʯʝʥʠʝ ʮʝʣʝʚʦ-

ʛʦ ʧʨʠʟʥʘʢʘ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʮʝʣʝʚʦʛʦ ʧʨʠʟʥʘʢʘ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʟʘʜʘʯ [1]: 

ʈʝʛʨʝʩʩʠʷ. ʎʝʣʝʚʦʡ ʧʨʠʟʥʘʢ ï ʯʠʩʣʦ ʠʣʠ ʯʠʩʣʦʚʦʡ ʚʝʢʪʦʨ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ. ʎʝʣʝʚʦʡ ʧʨʠʟʥʘʢ ï ʵʣʝʤʝʥʪ ʜʠʩʢʨʝʪʥʦʛʦ ʤʥʦʞʝʩʪʚʘ. 

ʈʘʥʞʠʨʦʚʘʥʠʝ. ʅʝʦʙʭʦʜʠʤʦ ʫʧʦʨʷʜʦʯʠʪʴ ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ. ʆʙʲʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ, ʠ ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʧʨʦʛʥʦʟ ʥʘ 

ʙʫʜʫʱʝʝ. 

ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʩʪʨʦʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʫʥʢʮʠʠ, ʧʨʠʥʠʤʘʶʱʠʝ ʥʘʙʦʨʳ 

ʚʝʨʥʳʭ ʟʥʘʯʝʥʠʡ ʮʝʣʝʚʦʛʦ ʧʨʠʟʥʘʢʘ ʠ ʧʨʝʜʩʢʘʟʘʥʥʳʝ ʤʦʜʝʣʴʶ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʤʝʪʨʠʢʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʘ ʪʦʯʥʝʝ, ʝʝ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ï ʙʠʥʘʨʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʮʝʣʝʚʦʡ ʧʨʠʟʥʘʢ ʧʨʠʥʠʤʘʝʪ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʷ, ʯʘʱʝ ʚʩʝʛʦ 0 ʠ 1. 

ɺ ʩʣʫʯʘʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʫʜʦʙʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ 

ʦʰʠʙʦʢ, ʢʦʪʦʨʘʷ ʧʨʠʥʠʤʘʝʪ ʚʠʜ (ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʙʠʥʘʨʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ) [2]: 

 
ʀʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʇʦʣʦʞʠʪʝʣʴʥʦʝ (1) ʆʪʨʠʮʘʪʝʣʴʥʦʝ (0) 

ʇʨʝʜʩʢʘʟʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ 

ʇʦʣʦʞʠʪʝʣʴʥʦʝ 

(1) 
True Positive (TP) False Positive (FP) 

ʆʪʨʠʮʘʪʝʣʴʥʦʝ 

(0) 
False Negative (FN) True Negative (TN) 

 

ʇʦ ʤʘʪʨʠʮʝ ʦʰʠʙʦʢ ʚʠʜʥʦ, ʯʪʦ ʝʩʪʴ ʜʚʘ ʪʠʧʘ ʦʰʠʙʦʢ: ʦʰʠʙʢʠ ʧʝʨʚʦʛʦ ʨʦʜʘ (FN) ʠ ʦʰʠʙʢʠ 

ʚʪʦʨʦʛʦ ʨʦʜʘ (FP). 

ʅʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮʳ ʦʰʠʙʦʢ ʩʦʟʜʘʥʦ ʥʝʩʢʦʣʴʢʦ ʤʝʪʨʠʢ. 

ɸʢʢʫʨʘʪʥʦʩʪʴ ïÁÃÃÕÒÁÃÙ
 
 ʠʣʠ ʦʪʥʦʰʝʥʠʝ ʧʨʘʚʠʣʴʥʦ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʢ ʢʦʣʠʯʝʩʪʚʫ ʚʩʝʭ ʦʙʲʝʢʪʦʚ. 

ʇʦʣʥʦʪʘ ïÒÅÃÁÌÌ  ï ʦʪʥʦʰʝʥʠʝ ʧʨʘʚʠʣʴʥʦ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢ ʢʦʣʠʯʝʩʪʚʫ ʚʩʝʭ 

ʦʙʲʝʢʪʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʣʘʩʩʘ. 

ʊʦʯʥʦʩʪʴ ï ÐÒÅÃÉÓÏÎ ï ʦʪʥʦʰʝʥʠʝ ʧʨʘʚʠʣʴʥʦ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢ ʢʦʣʠʯʝʩʪʚʫ 

ʚʩʝʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʤ ʧʨʝʜʩʢʘʟʘʥ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʣʘʩʩ. 

F-ʤʝʨʘ ïÆρÓÃÏÒÅ
ᶻ

 ï ʩʨʝʜʥʝʝ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʪʦʯʥʦʩʪʠ ʠ ʧʦʣʥʦʪʳ, ʧʦʟʚʦʣʷʝʪ 

ʨʘʚʥʦʤʝʨʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʦʙʝ ʤʝʪʨʠʢʠ. 

ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʤʝʪʨʠʢʠ ʦʜʠʥʘʢʦʚʦ ʰʪʨʘʬʫʶʪ ʟʘ ʨʘʟʥʳʝ ʪʠʧʳ 

ʦʰʠʙʦʢ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʧʨʠʤʝʥʠʤʦ. ʅʘʧʨʠʤʝʨ, ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʦʙʥʘʨʫʞʝʥʠʷ ʨʘʢʘ. ʈʘʟʫʤʥʦ ʧʨʝʜʧʦ-

ʣʦʞʠʪʴ, ʯʪʦ ʣʫʯʰʝ ʧʨʝʜʩʢʘʟʘʪʴ ʥʘʣʠʯʠʝ ʨʘʢʘ ʫ ʟʜʦʨʦʚʦʛʦ ʯʝʣʦʚʝʢʘ, ʯʝʤ ʧʨʝʜʩʢʘʟʘʪʴ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ 

ʫ ʙʦʣʴʥʦʛʦ ʯʝʣʦʚʝʢʘ. ʀʟʤʝʥʠʪʴ ʚʘʞʥʦʩʪʴ ʦʰʠʙʢʠ ʚ ʚʳʰʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʨʠʢʘʭ ʥʝʚʦʟʤʦʞʥʦ, 

ʧʦʵʪʦʤʫ ʙʳʣʠ ʩʦʟʜʘʥʳ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʨʠʢ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʩʦʚ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ 

ʦʰʠʙʦʢ, ʥʘʧʨʠʤʝʨ ʚʟʚʝʰʝʥʥʘʷ ʬ-ʤʝʨʘ: ÆρÓÃÏÒÅ
 z ᶻ

. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʣʫʯʘʝ ʟʘʜʘʯ ʩ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤʠ ʢʣʘʩʩʘʤʠ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʙʝʛʘʪʴ ʢ 

ʪʝʭʥʠʢʘʤ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʢʣʘʩʩʦʚ. 

* * *  



IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ, 12ï14 ʥʦʷʙʨʷ 2020 ʛʦʜʘ, ʛ. ʉʳʢʪʳʚʢʘʨ 

 

 
46 

 

1. ɺʴʶʛʠʥ ɺ.ɺ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʪʝʦʨʠʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʄ., 2013. 387 ʩ. 

2. Blaine Bateman, Ashish Ranjan Jha, Benjamin Johnston, Ishita Mathur. The Supervised Learning Workshop: A 

New, Interactive Approach to Understanding Supervised Learning Algorithms, 2nd Edition. 2020. 490 c. 

 

ʆ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʘʥʥʳʭ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ 

ʃ. ɺ. ʈʫʜʠʢʦʚʘ, ʆ. ʈ. ʄʳʩʣʠʚʝʮ 

ɻʨʦʜʥʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʗʥʢʠ ʂʫʧʘʣʳ, ɻʨʦʜʥʦ 

About Modeling Urban Data 

 L. V. Rudikova, O. R. Myslivets 

Yanka Kupala Grodno State University, Grodno 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʛʦʨʦʜʦʚ ʦʜʥʦʡ ʠʟ ʧʦʣʝʟʥʳʭ ʬʫʥʢʮʠʡ Power 

Designer ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʜʘʥʥʳʭ. 

ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʜʘʥʥʳʭ (CDM) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ ʢʦʥʢʨʝʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʙʘʟʝ 

ʉʋɹɼ. ʄʦʜʝʣʴ ʩʪʨʦʠʪʩʷ ʚ ʚʠʜʝ ʛʨʘʬʠʯʝʩʢʦʡ ʩʭʝʤʳ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʜʠʘʛʨʘʤʤʘ çʩʫʱʥʦʩʪʴ 

ï ʩʚʷʟʴè. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦʤ ʫʨʦʚʥʝ ʩʦʟʜʘʝʪʩʷ ʘʙʩʪʨʘʢʪʥʘʷ ʩʭʝʤʘ ʜʘʥʥʳʭ; 

ʚʳʜʝʣʷʶʪʩʷ ʩʫʱʥʦʩʪʠ ʠʟ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ; ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ; ʟʘʜʘʶʪʩʷ ʙʠʟ-

ʥʝʩ-ʧʨʘʚʠʣʘ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ [1]. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʩʦʟʜʘʥʠʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʛʦʨʦʜʘ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʙʲʝʢʪʳ (ʩʫʱ-

ʥʦʩʪʠ), ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ [2; 3]. ʀʩʧʦʣʴʟʫʷ ʩʠ-

ʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʩʫʱʥʦʩʪʠ. 

ʉʫʱʥʦʩʪʴ Building ï ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʦʩʥʦʚʥʦʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʜʘʥʠʷʭ (ʦʙʲʝʢʪʘʭ 

ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ). ʉʫʱʥʦʩʪʴ Road ʚʢʣʶʯʘʝʪ ʦʩʥʦʚʥʫʶ ʠʥʬʦʨʤʘʮʠ ʁʦ ʜʦʨʦʛʘʭ (ʦʙʲʝʢʪʘʭ ʩʚʷʟʠ ʚ 

ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ), ʝʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʣʝʜʫʶʱʠʝ ʘʪʨʠʙʫʪʳ. ɺ ʩʫʱʥʦʩʪʠ GreenZone ʭʨʘʥʠʪʩʷ ʦʩʥʦʚ-

ʥʘʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʝʣʝʥʳʭ ʟʦʥʘʭ ʛʦʨʦʜʘ (ʧʘʨʢʠ, ʣʝʩʦʤʘʩʩʠʚʳ, ʧʨʦʛʫʣʦʯʥʳʝ ʟʦʥʳ ʠ ʪ. ʜ.). ʉʫʱ-

ʥʦʩʪʴ WaterObject ʚʢʣʶʯʘʝʪ ʦʩʥʦʚʥʫʶ ʠʥʬʦʨʤʘʮʠ ʁʦ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʛʦʨʦʜʘ (ʚʢʣʶʯʘʷ ʝʩʪʝ-

ʩʪʚʝʥʥʳʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ). ɺ ʩʫʱʥʦʩʪʠ Yard ʭʨʘʥʠʪʩʷ ʦʩʥʦʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʜʚʦʨʘʭ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ (ʨʝʛʠʦʥʘ) ʛʦʨʦʜʘ. ʉʫʱʥʦʩʪʴ MAF ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʤʘʣʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ 

ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʩʨʝʜʠ ʦʙʲʝʢʪʦʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. ɺ ʩʫʱʥʦʩʪʠ ConditionInfo ʭʨʘʥʠʪʩʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʮʝʥʦʯʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʙʲʝʢʪʦʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ (ʩʦʩʪʦʷʥʠʝ ʬʘʩʘʜʘ, ʦʩʚʝʱʝʥʥʦʩʪʴ, 

ʢʘʯʝʩʪʚʦ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʠ ʜʨ.). ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʚ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʫʱ-

ʥʦʩʪʠ-ʩʧʨʘʚʦʯʥʠʢʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʢʦʥʢʨʝʪʥʳʡ ʪʠʧ ʦʙʲʝʢʪʘ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʠʣʠ ʜʨʫʛʠʝ ʥʝʦʙʭʦ-

ʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʙʦʣʝʝ ʦʙʱʝʛʦ ʚʠʜʘ (BuildingType, YardType ʠ ʜʨ.) 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʩʚʦʶ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ ʩ ʥʝʦʙʭʦʜʠʤʳʤ 

ʫʨʦʚʥʝʤ ʜʝʪʘʣʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʫʶ ʤʦʜʝʣʴ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʣʠʟʘʮʠʠ 

ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʘʟʳ ʜʘʥʥʳʭ. 

* * *  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʦʙʱʝʡ ʢʦʥʮʝʧʮʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚ ʩʝʪʠ çʀʥʪʝʨʥʝʪè, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʘʩʧʝʢʪʝ ʩʦʟʜʘʥʠʷ ʥʝʢʦʝʛʦ ʝʜʠʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʦʠʟʚʦʜʠʪʴ 

ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ [1; 2]. 

ɺ ʨʘʤʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʤʘʪʠʢʠ ʟʘ ʦʩʥʦʚʫ ʭʨʘʥʠʤʳʭ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ ʧʨʠʥʠ-

ʤʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʦʣʴʟʦʚʘʪʝʣʷʭ ʨʘʟʣʠʯʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ (VK, Facebook, Instagramm, 

LiveJournal ʠ ʪ. ʜ), ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʠʚʳʯʢʘʭ, ʧʨʝʜʧʦʯʪʝʥʠʷʭ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʦʢʨʫʞʘʶʱʠʤ 

ʩʦʮʠʫʤʦʤ, ʢʘʢ ʨʝʘʣʴʥʳʤ, ʪʘʢ ʠ ʚʠʨʪʫʘʣʴʥʳʤ. ɺʩʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʠʩʪʝʤʦʡ, 

ʥʘʭʦʜʷʪʩʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ, ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʭ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʜʦʙʨʦʚʦʣʴ-

ʥʳʤ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭ-

ʥʦʣʦʛʠʠ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʠ ʜʣʷ ʥʝʝ ʭʘʨʘʢʪʝʨʥʳ ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ: ʨʘʩʰʠʨʷʝʤʘʷ ʢʦʤ-

ʧʣʝʢʩʥʘʷ ʧʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʩʪʴ ʭʨʘʥʠʤʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʠʟ ʨʘʟ-

ʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʭʨʘʥʠʤʳʭ ʜʘʥʥʳʭ ʚʦ ʚʨʝʤʝʥʠ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʤʝʪʢʘʤʠ, ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʘʥʥʳʭ, ʧʦʠʩʢ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʤʧʨʦʤʠʩʩʦʚ ʚ ʠʟʙʳʪʦʯʥʦʩʪʠ ʜʘʥ-

ʥʳʭ, ʤʦʜʫʣʴʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʦʚ ʩʠʩʪʝʤʳ, ʛʠʙʢʦʩʪʴ ʠ ʨʘʩʰʠʨʷʝʤʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ, ʚʳʩʦʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʭʨʘʥʠʤʳʭ ʜʘʥʥʳʭ.  

ʆʩʥʦʚʥʘʷ ʢʦʥʮʝʧʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʩʦʦʙ-

ʱʝʩʪʚ ʚ ʩʝʪʠ çʀʥʪʝʨʥʝʪè ʦʩʥʦʚʘʥʘ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ. ʈʘʟʨʘʙʦʪʢʫ ʩʠʩʪʝʤʳ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʝʩʪʠ ʩ ʫʯʝʪʦʤ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʬʫʥʢʮʠʦʥʘʣʦʤ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʙʫʜʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʰʠʨʦʢʠʡ ʢʨʫʛ ʣʠʮ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʩʠʩʪʝʤʳ ʙʫʜʫʪ ʨʘʩʪʠ, ʯʪʦ ʩʢʘʞʝʪʩʷ ʥʘ ʝʸ ʨʝʩʫʨʩʦʝʤʢʦʩʪʠ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠʥʮʠʧ ʤʦʜʫʣʴʥʦʩʪʠ, ʘ ʢʦʥʢʨʝʪʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘʣʠʯʠʝ ʢʘʢ ʤʠʥʠʤʫʤ ʯʝʪʳ-

ʨʝʭ ʤʦʜʫʣʝʡ: ʤʦʜʫʣʴ ʧʦʣʫʯʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʤʦʜʫʣʴ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʤʦʜʫʣʴ ʘʜʤʠʥʠ-

ʩʪʨʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ, ʤʦʜʫʣʴ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʨʘʙʦʪʳ ʩ ʩʠʩʪʝʤʦʡ. 

* * *  
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ʉʪʘʥʦʚʣʝʥʠʝ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʛʝʨʦʧʨʦʪʝʢʪʦʨʥʦʡ ʘʢʪʠʚʥʦ-

ʩʪʠ ʧʨʝʧʘʨʘʪʦʚ: ʦʧʳʪ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʦʣʝʢʫʣʳ KL001 ʠ 

ʘʥʘʣʠʟʘ ʩʧʠʩʢʦʚ ʦʙʥʘʨʫʞʝʥʥʳʭ ʤʠʰʝʥʝʡ 
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ʉɻʋ ʠʤ. ʇʠʪʠʨʠʤʘ ʉʦʨʦʢʠʥʘ, ʉʳʢʪʳʚʢʘʨ 
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I. A. Solovev 

Pitirim Sorokin Syktyvkar State University, Syktyvkar 

ʇʨʝʧʘʨʘʪ KL001, ʪʘʢʞʝʠʟʚʝʩʪʥʳʡʢʘʢ N-[3-(9H-Carbazol-9-yl)-2-hydroxypropyl] -N- (2-

furanylmethyl) methanesulfonamide, ʩʧʦʩʦʙʝʥʤʦʜʠʬʠʮʠʨʦʚʘʪʴʮʠʨʢʘʜʥʳʡʨʠʪʤʧʫʪʝʤʧʨʝʜʦʪʚʨʘʱʝʥʠ-

ʷʜʝʛʨʘʜʘʮʠʠʙʝʣʢʘ CRY (ʢʨʠʧʪʦʭʨʦʤʘ). ʅʝʢʨʠʧʦʪʭʨʦʤʥʳʝ ʙʝʣʢʦʚʳʝ ʤʠʰʝʥʠ KL001 ʦʧʠʩʘʥʳ ʚ ʠʩ-

ʩʣʝʜʦʚʘʥʠʠ ʚ ʨʘʤʢʘʭ ʩʝʪʝʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʛʝʥʥʳʭ ʩʝʪʝʡ.  

ʉʢʨʠʥʠʥʛ ʙʝʣʢʦʚʳʭ ʤʠʰʝʥʝʡ ʧʨʦʚʦʜʠʣʠ ʚ ʚʝʙ-ʩʝʨʚʠʩʝ ACID [1] ʤʝʪʦʜʦʤ in silico ʢʦʥʩʝʥʩʫʩ-

ʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ. ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ çʙʝʣʦʢ-ʣʠʛʘʥʜè 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʧʨʦʛʨʘʤʤʝ Webina [2]. ɸʥʘʣʠʟ ʩʧʠʩʢʦʚ ʧʦʣʫʯʝʥʥʳʭ ʤʠʰʝʥʝʡ ʧʨʦʚʦʜʠʣʠ ʚ ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʴʩʢʠʭ ʩʨʝʜʘʭ ToppGen [3] ʠ Pathway Studio [4]. ɸʥʘʣʠʟ ʪʦʢʩʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʝʧʘʨʘʪʘ ʙʳʣ 

ʚʳʧʦʣʥʝʥ ʧʨʠ ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʦʚ SwissADME [5], pkCSM [6] ʠ ADMETlab [7]. 

ʅʘʠʙʦʣʴʰʝʝ ʩʨʦʜʩʪʚʦ ʢ KL001 ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʫ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʛʣʫʪʘʤʘʪʜʝʛʠʜʨʦʛʝʥʘ-

ʟʳ 1 (GLUD1). ɸʥʘʣʠʟ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣ ʠʥʩʫʣʠʥ ʢʘʢ ʚʘʞʥʳʡ ʧʦʩʨʝʜʥʠʢ ʩʚʷʟʠ 

ʤʝʞʜʫ GLUD1 ʠ PER2 ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʮʠʨʢʘʜʥʳʭ ʯʘʩʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʢʝ KL001, ʚʝʨʦʷʪʥʦ, 

ʠʥʛʠʙʠʨʫʝʪ GLUD1, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʘʢʪʠʚʠʨʫʝʪ INS, ʘ INS ʘʢʪʠʚʠʨʫʝʪ PER2. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʨʫ-

ʰʝʥʠʝ ʨʝʛʫʣʷʮʠʠ INS ʩʚʷʟʘʥʦ ʩʦ ʩʪʘʨʝʥʠʝʤ. ʋʙʝʜʠʪʝʣʴʥʳʡ ʧʨʦʛʥʦʟ ʩʧʦʩʦʙʥʦʩʪʠ KL001 ʧʨʦʥʠʢʘʪʴ 

ʯʝʨʝʟ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʜʝʩʠʥʭʨʦʥʦʟ ʠ ʛʠʧʦʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʩʪʘʨʝʥʠʷ. ʉʨʝʜʠ ʧʦʪʝʥʮʠʘʣʴ-

ʥʳʭ ʤʠʰʝʥʝʡ KL001 ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ NGF, CACNA1A, ʛʣʫʪʘʪʠʦʥʧʝʨʦʢʩʠʜʘʟʳ GPX3 ʠ 

GPX5, ʚʠʪʘʤʠʥ K-ʟʘʚʠʩʠʤʳʡ ʙʝʣʦʢ Z ʠ ʥʝʢʦʪʦʨʳʝ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʙʝʣʢʠ, ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʝ ʤʠʢʨʦ-

ʬʣʦʨʦʡ ʢʠʰʝʯʥʠʢʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʥʝʪʦʢʩʠʯʥʦʛʦ ʘʢʪʠʚʘʪʦʨʘ ʙʝʣʢʦʚ ʢʨʠʧʪʦʭʨʦʤʘ ʠ ʤʥʦʛʦʦʙʝʱʘʶʱʝʛʦ ʣʠʛʘʥʜʘ 

GLUD1 ʤʦʣʝʢʫʣʘ KL001, ʧʨʦʥʠʢʘʶʱʘʷ ʯʝʨʝʟ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ, ʦʧʠʩʘʥʘ ʢʘʢ ʧʦʪʝʥʮʠ-

ʘʣʴʥʳʡ ʛʝʨʦʧʨʦʪʝʢʪʦʨʥʳʡ ʧʨʝʧʘʨʘʪ ʠ ʧʨʦʪʠʚʦʜʠʘʙʝʪʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ ʩ ʧʦʟʠʮʠʡ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ 

ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ. ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʥʘʥʩʠʨʦʚʘʣʦʩʴ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʛʨʘʥʪʘ ʈʌʌʀ, ʧʨʦʝʢʪ 

ˉ 19-34-90058. 
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The use of discrete Walsh-Hadamard transform for image compression 
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʯʝʣʦʚʝʢ ʩʪʦʣʢʥʫʣʩʷ ʩ ʩʠʪʫʘʮʠʝʡ, ʚ ʢʦʪʦʨʦʡ ʠʟʦʙʨʘʞʝʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʧʦʚʩʶʜʫ. ʇʨʠ ʟʘʭʦʜʝ ʥʘ ʣʶʙʦʡ ʩʘʡʪ, ʢʦʛʜʘ ʣʠʩʪʘʝʰʴ ʥʦʚʦʩʪʥʫʶ ʣʝʥʪʫ ʠʣʠ ʦʙʱʘʝʰʴʩʷ ʩ ʜʨʫʟʴ-

ʷʤʠ, ʚʠʜʥʦ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʦʢʨʫʞʝʥ ʢʘʨʪʠʥʢʘʤʠ. ɻʨʘʬʠʯʝʩʢʠʝ ʨʠʩʫʥʢʠ ʫʩʧʝʣʠ ʩʪʘʪʴ ʥʝʦʪʲʝʤʣʝʤʦʡ 

ʯʘʩʪʴʶ ʥʘʰʝʡ ʞʠʟʥʠ. ʂʦʛʜʘ ʩʢʦʨʦʩʪʴ ʀʥʪʝʨʥʝʪʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʟʘʛʨʫʞʘʪʴ ʠʭ, ʤʳ ʯʫʚʩʪʚʫʝʤ ʩʝʙʷ ʥʝʢʦʤ-

ʬʦʨʪʥʦ. ʅʦ ʫ ʚʩʝʭ ʠʟʦʙʨʘʞʝʥʠʡ ʨʘʟʥʘʷ ʮʝʣʴ: ʬʦʥ ʩʘʡʪʘ, ʬʦʪʦʛʨʘʬʠʠ ʙʣʠʟʢʠʭ ʣʶʜʝʡ, ʠʢʦʥʢʘ ʧʨʠʣʦʞʝ-

ʥʠʷ ʠ ʪ. ʜ. ɿʘʯʘʩʪʫʶ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʨʦʣʴʶ ʟʘʥʠʤʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʧʘʤʷʪʠ, ʪʦ 

ʝʩʪʴ ʦʥʠ ʠʤʝʶʪ ʩʣʠʰʢʦʤ ʙʦʣʴʰʫʶ ʯʝʪʢʦʩʪʴ ʪʘʤ, ʛʜʝ ʚ ʥʝʡ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʩʞʘʪʠʝ ʠʟʦʙʨʘʞʝʥʠʡ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʨʝʩʫʨʩʳ, 

ʢʘʢ ʧʘʤʷʪʴ ʠ ʪʨʘʬʠʢ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʡ ʘʢʪʫʘʣʴʥʦʩʪʠ ʨʘʙʦʪʳ. 

ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʚʝʨʩʠʠ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʋʦʣʰʘ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʧʦʩʦʙʦʤ 

ʫʧʦʨʷʜʦʯʠʚʘʥʠʷ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʷʜʨʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʕʪʠʤʠ ʪʨʝʤʷ ʚʝʨʩʠʷʤʠ 

ʷʚʣʷʶʪʩʷ ʥʫʤʝʨʘʮʠʠ ʋʦʣʰʘ, ʇʵʣʠ ʠ ɸʜʘʤʘʨʘ. ɼʇʋ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʠʩʢʨʝʪʥʳʡ ʘʥʘʣʦʛ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʙʘʟʠʩʫ, ʩʦʩʪʘʚʣʝʥʥʦʤʫ ʠʟ ʬʫʥʢʮʠʡ ʋʦʣʰʘ [1].ʕʪʘʧʳ ʘʣ-

ʛʦʨʠʪʤʘ ʩʞʘʪʠʷ JPEG ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʧʦʩʦʙʠʠ [2], ʚʢʣʶʯʘʷ ʤʝʪʦʜ ʢʦʜʠʨʦʚʘʥʠʷ ʜʣʠʥ ʩʝ-

ʨʠʡ ʠ ʢʦʜ ʍʘʬʬʤʘʥʘ. ɸʣʛʦʨʠʪʤ, ʧʨʠʚʝʜʝʥʥʳʡ ʚ ʜʘʥʥʦʡ ʢʥʠʛʝ, ʣʝʛ ʚ ʦʩʥʦʚʫ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʩʞʘʪʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʋʦʣʰʘ ς ɸʜʘʤʘʨʘ. ʈʘʩʩʤʦʪʨʝʥʠ  ʁʩʘʤʠʭ ʜʠʩ-

ʢʨʝʪʥʳʭ ʬʫʥʢʮʠʡ ʋʦʣʰʘ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʚʢʣʶʯʘʷ ʤʘʪʨʠʮʳ ɸʜʘʤʘʨʘ, ʧʦʩʚʷ-

ʱʝʥʳ ʨʘʙʦʪʳ [3ς4]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʨʝʜʘ ʨʘʟʨʘ-

ʙʦʪʢʠ RAD Studio 10.3 ʠ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C++11. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʥʦ ʦʢʦʥʥʦʝ ʧʨʠʣʦʞʝ-

ʥʠʝ ʜʣʷ ʆʉ Windows, ʧʦʟʚʦʣʷʶʱʝʝ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʩʞʘʪʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥ-

ʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʋʦʣʰʘ ς ɸʜʘʤʘʨʘ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ 50-ʪʠ ʨʘʟʣʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʨʝʟʫʣʴʪʘʪ 

ʨʘʙʦʪʳ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʨʘʚʥʠʚʘʣʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʥʣʘʡʥ-ʩʝʨʚʠʩʦʚ [5ς6], ʧʨʝʜʣʘʛʘʶ-

ʱʠʭ ʩʞʘʪʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʬʦʨʤʘʪʝ JPEG. ʉʨʝʜʥʠʡ ʨʝʟʫʣʴʪʘʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣ-

ʛʦʨʠʪʤʘ ʦʢʘʟʘʣʩʷ ʥʘ ʫʨʦʚʥʝ 76 %, ʪʦʛʜʘ ʢʘʢ ʧʝʨʚʳʡ ʩʝʨʚʠʩ ʠʤʝʣ 71 %, ʘ ʚʪʦʨʦʡ 75 %. ʊʘʢʞʝ ʚ ʥʝ-

ʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʧʨʦʠʛʨʳʚʘʣ ʚ ʩʨʘʚʥʝʥʠʠ, ʧʦʵʪʦʤʫ ʧʦʩʣʝ ʧʨʦ-

ʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʥʝʙʦʣʴʰʦʛʦ ʮʚʝʪʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʟʦʙʨʘʞʝʥʠʷ ʬʦʨ-

ʤʘʪʘ .png, ʘʣʛʦʨʠʪʤ ʦʢʘʟʳʚʘʣʩʷ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤ. 
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ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʢʚʘʣʠʤʝʪʨʠʷ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʧʝʨʘʪʠʚʥʳʡ ʢʦʥ-

ʪʨʦʣʴ ʨʘʟʣʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʠʱʝʚʳʭ ʩʨʝʜ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʵʢʩʧʝʨʪʥʳʝ 

ʩʠʩʪʝʤʳ ʩʨʘʚʥʠʚʘʶʪ ʧʦʣʫʯʘʝʤʳʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʪʨʝ-

ʙʠʪʝʣʴʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʩʩʣʝʜʫʝʤʦʡ ʩʨʝʜʳ. ʀ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʝʥʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ 

ʦʧʝʨʘʪʠʚʥʦʡ ʦʮʝʥʢʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʨʝʜ. ʉʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʢʚʘʣʠ-

ʤʝʪʨʠʠ ʧʦʟʚʦʣʷʶʪ  

ï ʩʨʘʚʥʠʚʘʪʴ ʩʧʝʢʪʨʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ; 

ï ʬʦʨʤʠʨʦʚʘʪʴ ʙʘʟʳ ʜʘʥʥʳʭ ʚʭʦʜʥʳʭ ʩʧʝʢʪʨʦʚ {Sm = [S1m, S2m, é, SNm]} (m = 1, 2, é, M) 

ʠ çʵʪʘʣʦʥʥʳʭè (ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʩʨʘʚʥʝʥʠʷ) ʚʝʢʪʦʨʦʚ {Ym = [Y1m, Y2m, é, YNm]} ʦʧʠʩʘʥʠʷ 

ʩʚʦʡʩʪʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ; 

ï ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʵʢʩʧʝʨʪʥʳʝ ʧʨʘʚʠʣʘ, ʧʦʟ-

ʚʦʣʷʶʱʠʝ ʩʪʨʦʠʪʴʚʝʢʪʦʨ ʨʝʟʫʣʴʪʘʪʘY ʧʦ ʚʭʦʜʥʦʤʫ ʚʝʢʪʦʨʫ X [1; 2; 3]. 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠʤʝʶʪ ʩʧʝʢʪʨʘʣʴʥʳʝ ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʞʠʜ-

ʢʠʭ ʩʨʝʜ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʦʚ. ʌʦʨʤʠʨʫʝʤʳʡ ʧʨʠ ʵʪʦʤ 

ʚʝʢʪʦʨ ʦʪʢʣʠʢʘ ʠʩʩʣʝʜʫʝʤʳʭ ʩʨʝʜ ʥʘ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʭ 

ʨʘʟʣʠʯʥʳʭ (ʩʪʨʫʢʪʫʨʥʳʭ, ʤʠʢʨʦ- ʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠ ʧʨʦʯ.)  ʩʚʦʡʩʪʚʘʭ [1; 2; 3; 4].  
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ɺʷʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʠʨʦʚ 
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ɺ ʜʦʢʣʘʜʝ ʜʘʸʪʩʷ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʜʦʩʪʠʞʝʥʠʡ ʧʦ ʫʢʘʟʘʥʥʦʡ ʪʝʤʘʪʠʢʝ, ʢʦʪʦʨʦʡ ʧʦʩʚʷʱʝʥʳ 

ʧʨʝʜʳʜʫʱʠʝ ʦʙʟʦʨʥʳʝ ʩʪʘʪʴʠ [1; 2, ʧʘʨʘʛʨʘʬʳ 1 ʠ 2; 8], ʯʘʩʪʠʯʥʦ [7], ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ ʩʘʤʳʝ 

ʩʚʝʞʠʝ ʨʝʟʫʣʴʪʘʪʳ.  

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʬʫʥʢʪʦʨ A ʠʟ ʢʘʪʝʛʦʨʠʠ K ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ X ʚ ʢʘʪʝʛʦʨʠʶ ʦʜʥʦ-

ʪʠʧʥʳʭ ʘʣʛʝʙʨ A(X), ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ X. ɻʦʚʦʨʷʪ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ XĊK ʦʧʨʝʜʝʣʷʝʪʩʷ (ʘʙʩʦ-

ʣʶʪʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ) ʘʣʛʝʙʨʦʡ A(X) ʚ ʢʣʘʩʩʝ K (ʚ ʢʣʘʩʩʝ ʚʩʝʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ), ʝʩʣʠ 

ʜʣʷ ʣʶʙʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ YĊK (ʣʶʙʦʛʦ Y) ʠʟʦʤʦʨʬʥʦʩʪʴ ʘʣʛʝʙʨ A(Y) ʠ A(X) ʚʣʝʯʸʪ ʛʦʤʝʦʤʦʨʬ-

ʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚ Y ʠ X. ʀʟʦʤʦʨʬʠʟʤ A(Y) ʠ A(X), ʢʘʥʦʥʠʯʝʩʢʠ ʧʦʨʦʞʜʸʥʥʳʡ ʛʦʤʝʦʤʦʨʬʠʟʤʦʤ 

Y ʠ X, ʥʘʟʳʚʘʝʪʩʷ ʠʥʜʫʮʠʨʦʚʘʥʥʳʤ.  

ʊʝʦʨʝʤʘ ɻʝʣʴʬʘʥʜʘ ï ʂʦʣʤʦʛʦʨʦʚʘ (1939 ʛ.). ʂʘʞʜʦʝ ʢʦʤʧʘʢʪʥʦʝ ʭʘʫʩʜʦʨʬʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ 

X ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʴʮʦʤ C(X) ʚʩʝʭ ʥʝʧʨʝʨʳʚʥʳʭ ʜʝʡʩʪʚʠʪʝʣʴʥʦʟʥʘʯʥʳʭ ʬʫʥʢʮʠʡ ʥʘ X.  

ʊʝʦʨʝʤʘ ʍʴʶʠʪʪʘ (1948 ʛ.). ʃʶʙʦʝ ʭʴʶʠʪʪʦʚʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ X ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʴʮʦʤ 

C(X). ʇʨʠ ʵʪʦʤ ʚʩʝ ʘʚʪʦʤʦʨʬʠʟʤʳ ʢʦʣʴʮʘ C(X) ï ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ.  

ʊʝʦʨʝʤʘ ɺʝʯʪʦʤʦʚʘ [3]. ɺʩʷʢʦʝ ʭʴʶʠʪʪʦʚʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ X ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʰʸʪʢʦʡ ʚʩʝʭ 

ʧʦʜʘʣʛʝʙʨ ʢʦʣʴʮʘ C(X). ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʘʚʪʦʤʦʨʬʠʟʤʳ ʜʘʥʥʦʡ ʨʝʰʸʪʢʠ ʥʝ ʦʙʷʟʘʥʳ ʙʳʪʴ ʠʥʜʫʮʠ-

ʨʦʚʘʥʥʳʤʠ.  

ʇʝʨʝʥʦʩ ʵʪʦʡ ʪʝʦʨʝʤʳ ʥʘ ʧʦʣʫʢʦʣʴʮʘ ʠ ʧʦʣʫʧʦʣʷ ʥʝʧʨʝʨʳʚʥʳʭ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʭ ʯʠʩʣʦʚʳʭ ʬʫʥʢʮʠʡ ʦʩʫʱʝʩʪʚʠʣ ɺ. ɺ. ʉʠʜʦʨʦʚ (ʩʤ. [7]). ɸʥʘʣʦʛʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʣʷ T1-

ʧʨʦʩʪʨʘʥʩʪʚ ʧʦʣʫʯʝʥ ʚ [6].  

ʈʘʩʩʤʦʪʨʠʤ ʩʦʦʪʚʝʪʩʪʚʠʝ r ʥʘ ʪʦʧʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ X. ʉʦʦʪʚʝʪʩʪʚʠʝ r ʥʘʟʦʚʸʤ ʥʝ-

ʧʨʝʨʳʚʥʳʤ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʨʝʨʳʚʥʳʤ), ʝʩʣʠ ʧʨʦʦʙʨʘʟʳ ʧʨʠ ʜʝʡʩʪʚʠʠ r ʦʪʢʨʳʪʳʭ ʤʥʦʞʝʩʪʚ ʚ X 

ʦʪʢʨʳʪʳ ʚ X (ʦʪʢʨʳʪʳ ʚ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ r). ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ CR(X) ʠ C*R(X) ʧʦʣʫʛʨʫʧʧʳ 

ʚʩʝʭ ʥʝʧʨʝʨʳʚʥʳʭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʨʝʨʳʚʥʳʭ ʩʦʦʪʚʝʪʩʪʚʠʡ ʥʘ X ʩ ʦʧʝʨʘʮʠʝʡ ʢʦʤʧʦʟʠʮʠʠ ʩʦʦʪ-

ʚʝʪʩʪʚʠʡ. ɽʩʣʠ ʥʘ CR(X) ʟʘʜʘʪʴ ʝʱʸ ʠ ʘʜʜʠʪʠʚʥʫʶ ʦʧʝʨʘʮʠʶ ʦʙʲʝʜʠʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʡ, ʪʦ ʧʦʣʫ-

ʯʠʤ ʧʦʣʫʢʦʣʴʮʦ.  

ʊʝʦʨʝʤʘ [4]. ʃʶʙʦʝ ʥʝʜʠʩʢʨʝʪʥʦʝ ʠ ʥʝʘʥʪʠʜʠʩʢʨʝʪʥʦʝ ʪʦʧʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ X ʘʙʩʦ-

ʣʶʪʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʫʛʨʫʧʧʦʡ C*R(X).  

ʊʝʦʨʝʤʘ [5]. ʂʘʞʜʦʝ ʪʦʧʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ X ʘʙʩʦʣʶʪʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʫʢʦʣʴʮʦʤ 

CR(X).  

ɺ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʪʝʦʨʝʤʘʭ ʚʩʝ ʠʟʦʤʦʨʬʠʟʤʳ ï ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ.  

ɿʘʤʝʪʠʤ, ʯʪʦ ʪʝʤʘ ʦʧʨʝʜʝʣʷʝʤʦʩʪʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʟʘʜʘʯʘʤʠ 

ʦʧʠʩʘʥʠʷ ʠʟʦʤʦʨʬʠʟʤʦʚ ʘʣʛʝʙʨ A(X) ʠ A(Y) ʠ ʧʨʦʙʣʝʤʘʤʠ ʜʚʦʡʩʪʚʝʥʥʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦ-

ʨʠʡ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ ʠ ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʠʤ ʢʘʪʝʛʦʨʠʡ ʘʣʛʝʙʨ.  
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ɺʝʨʙʘʣʴʥʳʝ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʛʨʫʧʧʝ PGL26 

ʌ. ɸ. ɻʥʫʪʦʚ 

ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸ. ʀ. ɻʝʨʮʝʥʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

Word maps on the group PGL2 

F. A. Gnutov 

Herzen State Pedagogical University of Russia, Saint-Petersburg 

T. Bandmanʠ, Yu. Zarhin ([1]) ʧʦʢʟʘʣʠ, ʯʪʦ ʜʣʷ ʣʶʙʦʛʦ ʩʣʦʚʘ wFɴn\Fn2 ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʝʨ-

ʙʘʣʴʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ w: PGL2(K)nPGL2(K) ʷʚʣʷʝʪʩʷ ʩʶʨʲʝʢʪʠʚʥʳʤ, ʝʩʣʠ K-ʘʣʛʝʙʨʘʠʯʝʩʢʠ ʟʘ-

ʤʢʥʫʪʦʝ ʧʦʣʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʦʣʴ (ʟʜʝʩʴ Fn ï ʩʚʦʙʦʜʥʘʷ ʛʨʫʧʧʘ ʨʘʥʛʘ n, ʘ Fni ï ʵʪʦ i-ʪʳʡ ʯʣʝʥ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʷʜʘ ʛʨʫʧʧʳ Fn). ɼʣʷ ʩʣʦʚ wFɵn2, ʢʦʪʦʨʳʝ ʥʝ ʨʘʩʢʣʘʜʳʚʘʶʪʩʷ ʚ ʧʨʦʠʟʚʝʜʝʥʠʝ w = 

w1w2 ʜʚʫʭ ʩʣʦʚ ʦʪ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʜʚʘ ʧʨʠʤʝʨʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʝʨʙʘʣʴʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʥʘ ʛʨʫʧʧʝ PGL2 ʩʶʨʲʝʢʪʠʚʥʦ. ʄʳ ʩʪʨʦʠʤ ([2]) ʙʝʩʢʦʥʝʯ-

ʥʫʶ  ʨʝʢʫʨʩʠʚʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ{wm(x, y)} ʩʣʦʚ ʩʚʦʙʦʜʥʦʡ ʛʨʫʧʧʳ F2, ʜʣʷ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʝ ʚʝʨʙʘʣʴʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʥʘ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʛʨʫʧʧʝ PGL2 ʩʶʨʲʝʢʪʠʚʥʦ, ʠ ʝʩʣʠ wm  ɴFni, 

ʪʦ wm+1 ɴFni+1. ɸ ʠʤʝʥʥʦ ʤʳ ʧʦʢʘʟʳʚʘʝʤ, ʯʪʦ ʪʘʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʙʫʜʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʴ ʚʠʜʘ 

w0 <ɵx>,   wm+1 := [ [x, [x, wm]], x [x, [x, wm]] x-1]. 

* * *  

1. T. Bandman, Yu. G. Zarhin, Surjectivity of certain word maps on PSL(2;C) 

2. and SL(2;C), Eur. J. Math. 2(2016), 614ï643. 

3. F. Gnutov, N. Gordeev,  Recursive sequences of surjective word maps for the algebraic groups PGL_2 and 

SL_2, Archive der Mathematik, published on-line 2020 http://link.springer.com/article/10.1007/s00013-020-

01442-7. 
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ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʦʜʥʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʘʢʫʩʪʠʯʝʩʢʠʤʠ 

ʫʩʣʦʚʠʷʤʠ ʩʦʧʨʷʞʝʥʠʷ 

ʉ. ʕ. ʀʩʘʝʚʘ  

ɹʘʢʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʘʢʫ 

The existence of local solutions for one nonlinear equation with acoustic conjugation conditions 

S. E. Isayeva  

Baku State University, Baku 
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ï ʦʛʨʘʥʠʯʝʥʥʘʷ ʦʙʣʘʩʪʴ ʩ ʛʣʘʜʢʦʡ ʛʨʘʥʠʮʝʡ 1G, WËW2 ï ʧʦʜʦʙʣʘʩʪʴ ʩ 

ʛʣʘʜʢʦʡ ʛʨʘʥʠʮʝʡ 2G ʠ ( )221 \ GWW=W 8 ï ʧʦʜʦʙʣʘʩʪʴ ʩ ʛʨʘʥʠʮʝʡ 21 GG=G 8 , ʧʨʠʯʝʤ =GG 211
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ʛʜʝ n ʚʥʝʰʥʷʷ ʥʦʨʤʘʣʴ ʛʨʘʥʠʮʳ G; 21 ,WW
ï ʟʘʤʳʢʘʥʠʷ ʤʥʦʞʝʩʪʚ21,WW ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

2,1,1,1 =>> iqp i ; ( )¤+¤-G ;:,, 2KDM , 
( )¤+¤-W ,:, 110 uu

,
W210 :,uu ( )¤+¤- , ,

( )¤+¤-G ,: 20d ï ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ. 

 ɼʦʢʘʟʘʥʘ ʪʝʦʨʝʤʘ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʣʦʢʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ (1)ï(8) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʌʘʵʜʦ ï ɻʘʣʝʨʢʠʥʘ, ʤʝʪʦʜʘ ʢʦʤʧʘʢʪʥʦʩʪʠ ʠ ʪʝʦʨʝʤʳ ʦ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʝ. 
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ʊʝʦʨʝʤʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʚ ʦʧʠʩʘʥʠʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʨʝʜʥʠʭ ʜʚʫʭ ʚʝʣʠʯʠʥ 

ʉ. ʀ. ʂʘʣʠʥʠʥ, ʃ. ɺ. ʇʘʥʢʨʘʪʦʚʘ  

ɺʷʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʠʨʦʚ 

Theoremsofmathematicalanalysis 

in the description of the classical means of two values 

S. I. Kalinin , L. V. Pankratova  

Vyatka State University, Kirov 

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʷʜʘ ʪʝʦʨʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-

ʛʦ ʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʡ ʧʨʠ ʦʧʠʩʘʥʠʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʨʝʜʥʠʭ ʚʝʣʠʯʠʥ ʜʚʫʭ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʭ ʯʠʩʝʣ. ʊʘʢ, ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 2
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ʀ. ʄ. ʇʝʚʟʥʝʨ 

ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ɸ. ʀ. ɻʝʨʮʝʥʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

The structure of some representations 

I. M. Pevzner  

Herzen State Pedagogical University of Russia, Saint-Petersburg 

ʇʫʩʪʴ ʌ ï ʩʠʩʪʝʤʘ ʢʦʨʥʝʡ ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʥʳ ʠ K ï ʧʨʦʠʟʚʦʣʴʥʦʝ ʧʦʣʝ. ɼʘʣʝʝ, ʦʙʦʟʥʘʯʠʤ ʯʝ-

ʨʝʟ ŭ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʨʝʥʴ ʌ ʠ ʧʦʣʦʞʠʤ ʌ0 = {ŬÍʌ; ŭŬ̂}, G0 = Gsc(ʌ0, K) ʠ V1 = <eŬ; Ï(Ŭ, ŭ) = 

ˊ/3>, ʛʜʝ eŬ ï ʵʣʝʤʝʥʪʘʨʥʳʝ ʢʦʨʥʝʚʳʝ ʵʣʝʤʝʥʪʳ. ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʨʙʠʪʳ ʜʝʡʩʪʚʠʷ 

ʛʨʫʧʧʳ G0 ʥʘ V1. 

ʊʘʢʦʝ ʜʝʡʩʪʚʠʝ ʠʟʫʯʘʣʦʩʴ ʚʦ ʤʥʦʞʝʩʪʚʝ ʩʪʘʪʝʡ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ, ʨʘʟʫʤʝʝʪʩʷ, ʩʣʫʯʘʡ ʌ=E8, 

ʪʦʛʜʘ ʧʦʣʫʯʘʝʪʩʷ 56-ʤʝʨʥʦʝ ʤʠʥʠʤʘʣʴʥʦʝ ʤʠʢʨʦʚʝʩʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʛʨʫʧʧʳ ʪʠʧʘ E7. ʆʩʪʘʣʴʥʳʝ 

                                                           
7 ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʩʦʜʝʡʩʪʚʠʠ ʧʨʦʝʢʪʘ ʈʌʌʀ 19-01-00297. 

 



ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

 
55 

 

ʩʣʫʯʘʠ ʠʩʩʣʝʜʫʶʪʩʷ ʤʝʥʴʰʝ, ʦʜʥʘʢʦ ʪʦʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ. ʆʨʙʠʪʳ ʵʪʦʛʦ ʜʝʡʩʪʚʠʷ 

ʪʘʢʞʝ ʠʟʫʯʘʣʠʩʴ ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʪʘʪʴʷʭ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʩʘʤʳʡ ʦʙʱʠʡ ʩʣʫʯʘʡ ʨʘʟʦʙʨʘʥ ʚ ʨʘʙʦʪʝ [3]. 

ʀʟ ʥʝʝ ʩʣʝʜʫʝʪ ʦʧʠʩʘʥʠʝ ʦʨʙʠʪ ʜʣʷ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʛʨʫʧʧ ʪʠʧʦʚ E6, E7 ʠ E8 ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ-

ʣʷ, ʥʝ ʨʘʚʥʦʡ 2 ʠ 3.  

ɺ ʫʞʝ ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʩʪʘʪʴʝ [1] ʘʚʪʦʨʦʤ ʨʘʟʦʙʨʘʥʳ ʩʣʫʯʘʠ ʌ = E6, E7 ʠ E8 ʧʨʠ Char K Í 2. 

ɸ ʠʤʝʥʥʦ ʜʦʢʘʟʘʥʘ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ: 

ʊʝʦʨʝʤʘ. ʇʫʩʪʴ ʌ = E6, E7 ʠʣʠ E8, K ï ʧʨʦʠʟʚʦʣʴʥʦʝ ʧʦʣʝ ʠ Char K Í 2. ɼʘʣʝʝ, ʧʫʩʪʴ ŭ ï ʤʘʢ-

ʩʠʤʘʣʴʥʳʡ ʢʦʨʝʥʴ ʩʠʩʪʝʤʳ ʌ, ʌ0 = {ŬÍʌ; ŭŬ̂}, ʘ ɚ, ɛ, ɜ ʠ ɝ ï ʯʝʪʳʨʝ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʧʘʨʥʦ ʦʨʪʦ-

ʛʦʥʘʣʴʥʳʭ ʢʦʨʥʷ, ʦʙʨʘʟʫʶʱʠʭ ʩ ŭ ʫʛʦʣ ˊ/3 ʢʘʞʜʳʡ. ʊʦʛʜʘ ʦʨʙʠʪʳ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʛʨʫʧʧʳ 

G0 = Gsc(ʌ0, K) ʥʘ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʝ <eŬ; Ï(Ŭ, ŭ) = ˊ/3> ʠʤʝʶʪ ʚʠʜ: 

ʆʜʥʘ ʥʫʣʝʚʘʷ ʦʨʙʠʪʘ, x = 0.  

ʆʜʥʘ ʦʨʙʠʪʘ ʠʟ ʚʝʢʪʦʨʦʚ, ʧʨʠʚʦʜʷʱʠʭʩʷ ʢ ʚʠʜʫ x = eɚ.  

ʆʜʥʘ ʦʨʙʠʪʘ ʠʟ ʚʝʢʪʦʨʦʚ, ʧʨʠʚʦʜʷʱʠʭʩʷ ʢ ʚʠʜʫ x = eɚ + eɛ.  

ʆʜʥʘ ʦʨʙʠʪʘ ʠʟ ʚʝʢʪʦʨʦʚ, ʧʨʠʚʦʜʷʱʠʭʩʷ ʢ ʚʠʜʫ x = eɚ + eɛ + eɜ.  

ʆʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʤʥʦʞʝʩʪʚʦ ʦʨʙʠʪ ʚʝʢʪʦʨʦʚ, ʧʨʠʚʦʜʷʱʠʭʩʷ ʢ ʚʠʜʫ x = eɚ + eɛ + eɜ +  

+ aeɝ, aÍK*; ʜʣʷ ʢʘʞʜʦʛʦ a ʧʦʣʫʯʘʝʪʩʷ ʩʚʦʷ ʦʨʙʠʪʘ. 

 

ɺ ʛʦʪʦʚʷʱʝʤʩʷ ʢ ʧʫʙʣʠʢʘʮʠʠ ʧʨʦʜʦʣʞʝʥʠʠ [2] ʨʘʟʙʠʨʘʝʪʩʷ ʩʣʫʯʘʡ ʌ = Al ʠ Dl, Char K Í 2. 

ʊʘʢʞʝ ʧʠʰʝʪʩʷ ʪʨʝʪʴʷ ʯʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʠʟʫʯʘʝʪʩʷ ʩʣʫʯʘʡ ʌ = El ʠ Char K = 2. ɺ ʧʣʘʥʳ ʪʘʢʞʝ ʚʭʦ-

ʜʠʪ ʠ ʯʝʪʚʝʨʪʘʷ ʯʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʧʦʩʣʝʜʥʠʡ ʩʣʫʯʘʡ ʌ = Al ʠ Dl, Char K = 2. 

ʇʦʣʫʯʝʥʥʳʝ ʪʝʦʨʝʤʳ ʠʟ ʥʠʭ ʪʘʢʞʝ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʚ ʜʦʢʣʘʜʝ.  

ʅʘʨʷʜʫ ʩ ʠʟʫʯʝʥʠʝʤ ʩʦʙʩʪʚʝʥʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ G0 ʚ V1 ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʧʦʤʦʯʴ ʠ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʩʝʡ ʛʨʫʧʧʳ Gsc(ʌ, K) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʘʣʛʝʙʨʳ ʃʠ. 

* * *  
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ʇʦʣʫʢʦʣʴʮʦ ʤʥʦʛʦʯʣʝʥʦʚ ʥʘʜ ʧʦʣʫʢʦʣʴʮʦʤ ɹʝʟʫ 

ɺ. ɺ. ʏʝʨʤʥʳʭ, ʄ. ɺ. ɹʘʙʝʥʢʦ  

ɺʷʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʠʨʦʚ 

Polynomial semiring on Bezout semiring 

V. V. Chermnykh, M. V. Babenko  

Vyatka State University, Kirov 

ʇʦʣʫʢʦʣʴʮʦ S ʥʘʟʳʚʘʝʪʩʷ ʣʝʚʳʤ ʧʦʣʫʢʦʣʴʮʦʤ ɹʝʟʫ, ʝʩʣʠ ʢʘʞʜʳʡ ʢʦʥʝʯʥʦ ʧʦʨʦʞʜʝʥʥʳʡ ʣʝ-

ʚʳʡ ʠʜʝʘʣ ʠʟ S ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ; ʨʠʢʢʘʨʪʦʚʳʤ ʩʣʝʚʘ, ʝʩʣʠ ʣʶʙʦʡ ʣʝʚʳʡ ʘʥʥʫʣʷʪʦʨ ʧʦʨʦʞʜʘʝʪʩʷ 

ʥʝʢʦʪʦʨʳʤ ʮʝʥʪʨʘʣʴʥʳʤ ʜʦʧʦʣʥʷʝʤʳʤ ʠʜʝʤʧʦʪʝʥʪʦʤ. ʀʟʚʝʩʪʥʦ [1, ʪʝʦʨʝʤʘ 15.13], ʯʪʦ ʝʩʣʠ ʚʩʝ 

ʣʝʚʳʝ ʘʥʥʫʣʷʪʦʨʳ ʷʚʣʷʶʪʩʷ ʠʜʝʘʣʘʤʠ, ʪʦ ʢʦʣʴʮʦ ʤʥʦʛʦʯʣʝʥʦʚ ][xR  ï ʣʝʚʦʝ ʧʦʣʫʢʦʣʴʮʦ ɹʝʟʫ ʚ 

ʪʦʯʥʦʩʪʠ ʪʦʛʜʘ, ʢʦʛʜʘ R ï ʨʠʢʢʘʨʪʦʚʦ ʩʣʝʚʘ ʣʝʚʦʝ ʧʦʣʫʢʦʣʴʮʦ ɹʝʟʫ, ʢʘʞʜʳʡ ʥʝʜʝʣʠʪʝʣʴ ʥʫʣʷ ʢʦ-

ʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʠʤʳʤ ʵʣʝʤʝʥʪʦʤ. ʇʦʣʫʢʦʣʴʮʝʚʦʡ ʘʥʘʣʦʛ ʵʪʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʥʝ ʚʝʨʝʥ, ʩʚʦʡʩʪʚʦ 

çʙʳʪʴ ʧʦʣʫʢʦʣʴʮʦʤ ɹʝʟʫè ʧʣʦʭʦ ʧʝʨʝʥʦʩʠʪʩʷ ʩ ʧʦʣʫʢʦʣʴʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘ ʧʦʣʫʢʦʣʴʮʦ ʤʥʦʛʦ-

ʯʣʝʥʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʚʘʨʠʘʥʪ ʪʝʦʨʝʤʳ ʊʫʛʘʥʙʘʝʚʘ. ʀʜʝʘʣ A ʧʦ-



IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ, 12ï14 ʥʦʷʙʨʷ 2020 ʛʦʜʘ, ʛ. ʉʳʢʪʳʚʢʘʨ 
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ʣʫʢʦʣʴʮʘ ʤʥʦʛʦʯʣʝʥʦʚ ][xS  ʥʘʟʳʚʘʝʪʩʷ m-ʠʜʝʘʣʦʤ [2], ʝʩʣʠ ʠʟAxff k

k
Í++...

0  ʩʣʝʜʫʝʪ Axf i

i
Í  

ʜʣʷ ʣʶʙʦʛʦ .,...,0 ki=  

ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ ʚʩʝ ʣʝʚʳʝ ʘʥʥʫʣʷʪʦʨʳ ʷʚʣʷʶʪʩʷ ʠʜʝʘʣʘʤʠ ʧʦʣʫʢʦʣʴʮʘ S. ʊʦʛʜʘ ʨʘʚʥʦʩʠʣʴ-

ʥʳ ʩʣʝʜʫʶʱʠʝ ʫʪʚʝʨʞʜʝʥʠʷ: 

1) ][xS ï ʧʦʣʫʢʦʣʴʮʦ ʙʝʟ ʥʠʣʴʧʦʪʝʥʪʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠ ʢʘʞʜʳʡ ʢʦʥʝʯʥʦ ʧʦʨʦʞʜʝʥʥʳʡ ʣʝʚʳʡ 

m-ʠʜʝʘʣ ʠʟ S ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ; 

2) Sï ʨʠʢʢʘʨʪʦʚʦ ʩʣʝʚʘ ʣʝʚʦʝ ʧʦʣʫʢʦʣʴʮʦ ɹʝʟʫ, ʠ ʣʶʙʦʡ ʥʝʜʝʣʠʪʝʣʴ ʥʫʣʷ ʠʟ S ʦʙʨʘʪʠʤ ʚ S.  

ʊʘʢʞʝ ʜʘʝʪʩʷ ʦʧʠʩʘʥʠʝ ʩʪʨʦʝʥʠʷ ʛʣʘʚʥʳʭ m-ʠʜʝʘʣʦʚ. 

ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ S ï ʨʠʢʢʘʨʪʦʚʦ ʩʣʝʚʘ ʣʝʚʦʝ ʧʦʣʫʢʦʣʴʮʦ ɹʝʟʫ ʠ ʣʶʙʦʡ ʥʝʜʝʣʠʪʝʣʴ ʥʫʣʷ ʠʟS 

ʦʙʨʘʪʠʤ ʚ S.  

1) ʝʩʣʠ ʜʣʷ ʣʶʙʦʛʦ 1,...,0 -= ki )...(
01 ili

SfSfannf ++Í
+ , ʪʦ )...(

0

k

k
xffR ++ ï ʛʣʘʚʥʳʡ ʣʝ-

ʚʳʡ m-ʠʜʝʘʣ ʧʦʣʫʢʦʣʴʮʘ R; 

2) ʝʩʣʠ L  ï ʛʣʘʚʥʳʡ ʣʝʚʳʡ m-ʠʜʝʘʣ ʚ R, ʪʦ ʥʘʡʜʝʪʩʷ ʪʘʢʦʡ ʤʥʦʛʦʯʣʝʥ 
k

k
xfff ++= ...

0 , 

ʯʪʦ ʚʩʝ i
f

 ï ʮʝʥʪʨʘʣʴʥʳʝ ʜʦʧʦʣʥʷʝʤʳʝ ʠʜʝʤʧʦʪʝʥʪʳ ʧʦʣʫʢʦʣʴʮʘ S, )...(
01 ili

SfSfannf ++Í
+  ʠ 

RfL= .  

* * *  

1.  ʊʫʛʘʥʙʘʝʚ ɸ.ɸ. ʊʝʦʨʠʷ ʢʦʣʝʮ. ɸʨʠʬʤʝʪʠʯʝʩʢʠʝ ʤʦʜʫʣʠ ʠ ʢʦʣʴʮʘ. ʄ.: ʄʎʅʄʆ, 2009. 

2. Dale L. Monic and monic free ideals in polynomial semiring // Proc. Amer. Math. Soc. 1976. V. 56. P. 45ï50.  

 

ɻʠʙʨʠʜʥʳʝ ʦʧʝʨʘʪʦʨʳ ʈʠʤʘʥʘ ï ʃʠʫʚʠʣʣʷ ï ɸʜʘʤʘʨʘ 

ʆ. ʕ. ʗʨʝʤʦ, ʅ. ʅ. ʗʨʝʤʢʦ  

ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʝʥʟʘ  

Hybrid  Riemann-Liouville -Hadamard operators 

O. E. Yaremko, N. N. Yaremko 

Penza state University, Penza 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʫʨʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʪʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʜʨʦʙʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ. 

ɼʨʦʙʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʠ ʠʥʪʝʛʨʘʣʴʥʦʝ ʠʩʯʠʩʣʝʥʠʝ- ʠʥʩʪʨʫʤʝʥʪ ʘʥʘʣʠʟʘ, ʩʠʥʪʝʟʘ, ʜʠʘʛʥʦʩʪʠ-

ʢʠ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦ ʬʨʘʢʪʘʣʴʥʳʭ ʩʨʝʜʘʭ. ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʪʴ 

ʜʨʦʙʥʦʝ ʠʥʪʝʛʨʘʣʴʥʦʝ ʠʩʯʠʩʣʝʥʠʝ ʜʣʷ ʩʤʝʩʠ ʦʧʝʨʘʪʦʨʦʚ ʈʠʤʘʥʘ ï ʃʠʫʚʠʣʣʷ ʠ ɸʜʘʤʘʨʘ. 

ʆʧʝʨʘʪʦʨ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ  [2] R-L-H  ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ () ()1 :I f t f t-  , ʛʜʝ 

() ()( ) ( )( )0 0 0 0ln lnf t f t t t f t t t t th h= - + + - -. 

ʆʙʨʘʪʥʳʡ ʦʧʝʨʘʪʦʨ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ R-L-H ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ  

() (): , 0I f t f t t ² , ʛʜʝ () ()( ) ( )( )0

0 0 0 , 0.
t t

f t f t t t f t e t t th h-
= - + - ² 

)i  ɻʠʙʨʠʜʥʳʡ ʦʧʝʨʘʪʦʨ ʈʠʤʘʥʘ ï ʃʠʫʚʠʣʣʷ ï ɸʜʘʤʘʨʘ RïLïH  ʧʦʨʷʜʢʘ aʦʧʨʝʜʝʣʠʤ ʢʘʢ 

[] []1J f I J I fa a-= , 

ʛʜʝ Ja-ʦʧʝʨʘʪʦʨ ʈʠʤʘʥʘ ï ʃʠʫʚʠʣʣʷ [1]: 

()( ) ()
11

0

.

t

J f t f d
aa a t t t
--è ø= G -ê úñ  

ʊʝʦʨʝʤʘ 1. ʆʧʝʨʘʪʦʨ ʜʨʦʙʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ R-L-H ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
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[] ()( ) ()
0min( , )

11

0

t t

J f t f d
aa a t t t
--= G - +ñ ()( ) () ( )

0

11 1

0 0 0ln ln .

t

t

t t t f d t t
a

a t t t t h
-- -G - + - Ö -ñ  

ɿʘʤʝʯʘʥʠʝ.  ʆʧʝʨʘʪʦʨ Ja ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʤʝʩʴ ʦʧʝʨʘʪʦʨʘ ʜʨʦʙʥʦʛʦ ʈʠʤʘʥʘ ï ʃʠʫʚʠʣʣʷ ʠ ʦʧʝ-

ʨʘʪʦʨʘ ɸʜʘʤʘʨʘ Ha 

[] () ( )( ) ()
11

0

ln ln .

t

H f t f d
aa a t t t
--=G -ñ  

ʉʚʦʡʩʪʚʘ ʦʧʝʨʘʪʦʨʘ Ja:   

1) J J Ja a a b+Ö = ;  

( ) ( )1

0 02) , / / .DJ J D t t d dt t t td dta a h h+= = - + -  

ʆʧʝʨʘʪʦʨ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ [2] H-R-L ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ   

() () ()( ) ( )( )( )1

0 0 0 0: exp / 1 , 0.I f t f t f t t t f t t t t t th h-  = - + - - ² 

ʆʙʨʘʪʥʳʡ ʦʧʝʨʘʪʦʨ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ H-R-L ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

() () ()( ) ( )( )0 0 0 0 0: ln( / ) , 0.I f t f t f t t t f t t t t t t th h = - + + - ² 

)ii  ɻʠʙʨʠʜʥʳʝ ʦʧʝʨʘʪʦʨʳ Ja ɸʜʘʤʘʨʘ ï ʈʠʤʘʥʘ ï ʃʠʫʚʠʣʣʷ HïRïL ʧʦʨʷʜʢʘ a ʩʫʪʴ 

[] []1J f I J I fa a-= . 

ʊʝʦʨʝʤʘ 2. ɻʠʙʨʠʜʥʳʡ ʦʧʝʨʘʪʦʨ ʜʨʦʙʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ Ja ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

[] []( ) () ( ) [] ( )( ) ()
0

111 1

0 0 0

0 0

exp / 1

tt

J f t f d t t t t t f d
aaa a t t t h a t t t
--- -

å
= G - Ö - +G - -æ

æ
ç

ñ ñ + 

( ) ( )( ) () ( )
0

1 1

0 0 0 0exp / 1 exp / 1 .

t

t

t t t t f d t t
aa t t t t h
- -

õ
+ - - - Ö -ö

ö
÷

ñ  

ʉʚʦʡʩʪʚʘ ʦʧʝʨʘʪʦʨʘ:  

1) Ja: J J Ja a a b+Ö =   

( ) ( )1

0 02) , / / .DJ J D t t td dt t t d dta a h h+= = - + -  

***  

1. ʉʘʤʢʦ ʉ.ɻ., ʂʠʣʙʘʩ ɸ.ɸ., ʄʘʨʠʯʝʚ ʆ.ʀ. ʀʥʪʝʛʨʘʣʳ ʠ ʧʨʦʠʟʚʦʜʥʳʝ ʜʨʦʙʥʦʛʦ ʧʦʨʷʜʢʘ ʠ ʥʝʢʦʪʦʨʳʝ ʠʭ 

ʧʨʠʣʦʞʝʥʠʷ. ʄʠʥʩʢ: ʅʘʫʢʘ ʠ ʪʝʭʥʠʢʘ, 1987. 688 ʩ. 

2. ʗʨʝʤʢʦ ʆ.ʕ. ʄʝʪʦʜ ʦʧʝʨʘʪʦʨʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʚʝʢʪʦʨʥʳʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ. ʄ.: ɼʦʢʣʘʜʳ 

ʈɸʅ, 2007. ʊ. 415. ̄  1. ʉ. 31ï35. 
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Basic qualities of mathematical communication in L1 and L2 

in case of bilingual education 

L. L. Salekhova  

Kazan Federal University, Kazan 

ʆʩʥʦʚʥʳʝ ʢʘʯʝʩʪʚʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʱʝʥʠʷ ʥʘ L1 ʠ L2  

ʚ ʩʣʫʯʘʝ ʜʚʫʷʟʳʯʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʃ. ʃ. ʉʘʣʝʭʦʚʘ 

ʂʘʟʘʥʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ 
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The abstract character of mathematics highlights the important role of language in the teaching, and 

learning mathematics, because it is impossible to physically show the abstract nature of most mathematics 

concepts. They can be described only through language. Monaghan (2000) introduced the term ñmathe-

matical langscapeò to denote the combination of mathematical meanings and the resources for communi-

cating these meanings that make up the mathematical curriculum. Similarly, Sfard (2001) argued that 

thinking was communication and to consider learning mathematics as being equivalent to developing a 

mathematical discourse. According to Sfard (2001) discourse can be defined as an activity of communica-

tion with oneself and others.  

The study of bilingual mathematical discourse is of particular interest since it is more complicated 

because of interacting linguistic features and practices of bilinguals. Many students are currently studying 

mathematics in their second or third language and this phenomenon is gradually becoming the norm in 

many countries around the world. One reason for this is the migration process into developed countries, as 

well as the legacy of colonialism and the diverse plurality of local languages in developing countries. The 

second reason is that the language of science, technology and the Internet is slowly narrowing down to 

several international languages, such as English, therefore, textbooks and other teaching materials are of-

ten provided only in these selected languages.  

The effect of bilingualism on cognitive development and studentôs academic achievements in math-

ematics is often seen as being at one or other end of a continuum in which bilingualism is considered ei-

ther as a resource or as a problem (Planas, 2014). However, in recent years, more and more researchers 

consider bilingualism as an intellectual resource with cognitive benefits. This is considered to be because 

the experience of using more than one language can create unique opportunities in the bilingual brain. 

The question of our report is how can the basic qualities of mathematical communication (correct-

ness, accuracy and coherence) be assessed in bilingual studentsô mathematical communication if two lan-

guages (L1, L2) are interacting in their speech? In order to develop support mechanism for preservice bi-

lingual teachers of mathematics, it was deemed important to provide descriptors. Following descriptors for 

basic qualities of mathematical communication in L1 and L2 are suggested:  correctness - correct usage of 

mathematical terms, symbols and notations, correct spelling of mathematical terms and symbols, words 

and expressions of the natural language (for example, Russian or Tatar), correct design of graphic images 

and drawings; accuracy - ability to choose a rational way to solve the problem (proof of the theorem), to 

present the mathematical material precisely, to document the process of solving the problem accurately 

and efficiently; coherence - knowledge of the basic verbal and logical constructions of the mathematical 

language, ability to present the material consistently, to build a text following its semantic structure (break 

into sentences, paragraphs, etc.); and the way of translanguaging - it must be conscious.  

 

ʈʦʣʴ ʅʘʩʨʝʜʜʠʥʘ ʊʫʩʠ ʚ ʨʘʟʚʠʪʠʠ ʠʩʪʦʨʠʠ ʥʘʫʢ 

ʈ. ʄ. ɸʩʣʘʥʦʚ  
ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ɸʟʝʨʙʘʡʜʞʘʥʘ, ɸʟʝʨʙʘʡʜʞʘʥ 

The role of NasruddinTusi in the development of the history of sciences 

R. M. Aslanov  

Institute of Mathematics and Mechanics of the National Academy of Sciences of Azerbaijan, Azerbaijan 

ʀʤʷ ʅʘʩʨʝʜʜʠʥʘ ʊʫʩʠ (1201ð1274)  ʧʦ ʧʨʘʚʫ ʧʨʠʯʠʩʣʷʶʪ ʢ ʧʣʝʷʜʝ ʚʳʜʘʶʱʠʭʩʷ ʤʳʩʣʠʪʝ-

ʣʝʡ-ʵʥʮʠʢʣʦʧʝʜʠʩʪʦʚ ʩʨʝʜʥʝʚʝʢʦʚʴʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʦʛʘʪʠʚʰʠʭ ʩʚʦʠʤʠ ʙʝʩʮʝʥʥʳʤʠ ʠ ʩʦʜʝʨʞʘ-

ʪʝʣʴʥʳʤʠ ʪʨʫʜʘʤʠ, ʦʭʚʘʪʳʚʘʶʱʠʤʠ ʚʘʞʥʝʡʰʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʪʦʛʜʘʰʥʝʡ ʥʘʫʢʠ ð ʬʠʣʦʩʦʬʠʶ, ʤʘ-

ʪʝʤʘʪʠʢʫ, ʘʩʪʨʦʥʦʤʠʶ, ʤʝʜʠʮʠʥʫ, ʵʪʠʢʫ, ʣʦʛʠʢʫ, ʪʝʦʣʦʛʠʶ, ʣʠʪʝʨʘʪʫʨʫ ʠ ʪ. ʜ., ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʠ 

ʜʫʭʦʚʥʫʶ ʩʦʢʨʦʚʠʱʥʠʮʫ ʯʝʣʦʚʝʯʝʩʪʚʘ. 
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      ɺʳʜʘʶʱʠʡʩʷ ʚʦʩʪʦʢʦʚʝʜ ʠ ʧʝʨʝʚʦʜʯʠʢ, ʦʜʠʥ ʠʟ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʚ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ 

ʰʢʦʣʳ ʘʨʘʙʠʩʪʠʢʠ ʀ. ʖ. ʂʨʘʯʢʦʚʩʢʠʡ ʩʢʘʟʘʣ:            

çɺ ʦʙʣʘʩʪʠ ʪʦʯʥʳʭ ʥʘʫʢ ʝʤʫ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʠʥʘʜʣʝʞʘʪ ʥʦʚʳʝ ʦʙʨʘʙʦʪʢʠ ʧʨʦʠʟʚʝʜʝʥʠʡ ʧʦ-

ʯʪʠ ʚʩʝʭ ʢʨʫʧʥʝʡʰʠʭ ʫʯʝʥʳʭ ʘʥʪʠʯʥʦʛʦ ʤʠʨʘ, ʢʦʪʦʨʳʭ ʟʥʘʣʠ ʘʨʘʙʳ; ʠʤʝʥʥʦ ʚ ʝʛʦ ʦʙʨʘʙʦʪʢʘʭ 

ʧʦʣʴʟʦʚʘʣʩʷ ʠʤʠ ʤʫʩʫʣʴʤʘʥʩʢʠʡ ɺʦʩʪʦʢ ʧʦʯʪʠ ʜʦ ʥʘʰʠʭ ʜʥʝʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʥ ʦʩʪʘʚʠʣ ʥʦʚʫʶ ʨʝ-

ʜʘʢʮʠʶ çɸʣʴʤʘʛʝʩʪʘè, ʢʦʪʦʨʘʷ ʧʦʯʪʠ ʚʳʪʝʩʥʠʣʘ ʚʩʝ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝè. 

     ʅʝʩʤʦʪʨʷ ʥʘ ʘʚʪʦʨʩʪʚʦ ʙʦʣʝʝ ʩʪʘ ʪʨʫʜʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʠ ʦʙʣʘʩʪʷʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ 

ʪʦʯʥʳʭ ʥʘʫʢ, ʫʯʝʥʳʝ ʩʢʣʦʥʷʶʪʩʷ ʢ ʤʳʩʣʠ, ʯʪʦ ʅ. ʊʫʩʠ ʙʳʣ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʛʝʥʠʘʣʴʥʳʤ ʤʘʪʝʤʘʪʠ-

ʢʦʤ. ʅʘʫʯʥʳʝ ʪʨʫʜʳ ʅ. ʊʫʩʠ ʜʘʣʠ ʪʦʣʯʦʢ ʨʘʟʚʠʪʠʶ ʛʝʦʤʝʪʨʠʠ ʠ ʩʠʣʴʥʦ ʧʦʚʣʠʷʣʠ ʥʘ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʨʘʥʮʫʟʘ ɸ. ʃʝʞʘʥʜʨʘ, ʘʥʛʣʠʯʘʥʠʥʘ ɼʞ. ɺʘʣʣʠʩʘ ʠ ʠʪʘʣʴʷʥʮʘ ɼʞ. ʉʘʢʝʨʨʠ. ʊʫ-

ʩʠ ʙʫʢʚʘʣʴʥʦ ʩʦʚʝʨʰʠʣ ʨʝʚʦʣʶʮʠʶ ʚ ʨʘʟʚʠʪʠʠ ʧʦʥʷʪʠʷ ʯʠʩʣʘ. ʆʥ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʣ ʝʜʠʥʠʮʫ ʚ 

ʢʘʯʝʩʪʚʝ ʯʠʩʣʘ ʠ ʜʘʣ ʝʡ ʦʧʨʝʜʝʣʝʥʠʝ. ɽʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ çʆʪʨʘʞʝʥʠʝ ʠ ʧʨʝʣʦʤʣʝʥʠʝ ʩʚʝʪʘè, çʆʧʪʠ-

ʢʘ ɽʚʢʣʠʜʘè ʠʥʪʝʨʝʩʥʳ ʤʘʪʝʤʘʪʠʢʘʤ, ʬʠʟʠʢʘʤ, çɿʘʢʦʥʳ ʤʝʜʠʮʠʥʳè ð ʤʝʜʠʢʘʤ, çʀʟʫʯʝʥʠʝ ʥʝʙʝʩ-

ʥʦʛʦ ʩʚʦʜʘè, çʀʟʙʨʘʥʠʝ ʩʯʘʩʪʣʠʚʳʭ ʜʥʝʡè ð ʘʩʪʨʦʥʦʤʘʤ, çʂʥʠʛʘ ʦ ʮʝʥʥʳʭ ʢʘʤʥʷʭè ð ʤʠʥʝʨʘʣʦ-

ʛʘʤ, çʆ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʠè ï ʵʢʦʥʦʤʠʩʪʘʤ. 

   ɺ ʜʦʢʣʘʜʝ ʪʘʢʞʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʨʘʚʩʪʚʝʥʥʳʝ ʠ ʜʫʭʦʚʥʳʝ ʮʝʥʥʦʩʪʠ ʚ ʪʨʫʜʘʭ ʅ.ʊʫʩʠ. 

 

ʈʘʟʚʠʪʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʧʨʝʧʦʜʘʚʘʥʠʷ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ ʤʘʪʝʤʘʪʠ-

ʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʞʧʨʝʜʤʝʪʥʳʭ ʩʚʷʟʝʡ 
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʌɻʆʉ ʢʘʞʜʳʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʝʜʤʝʪ ʜʦʣʞʝʥ ʚʥʦʩʠʪʴ ʩʚʦʡ ʚʢʣʘʜ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ ʤʝʪʘʧʨʝʜʤʝʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʨʘʟʚʠʚʘʪʴ, ʬʦʨʤʠʨʦʚʘʪʴ 

ʢʫʣʴʪʫʨʫ ʠ ʤʠʨʦʚʦʟʟʨʝʥʠʝ ʫʯʘʱʠʭʩʷ.   

ɻʦʚʦʨʷ ʦ ʤʝʪʘʧʨʝʜʤʝʪʥʦʩʪʠ, ʥʫʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʘʤʦʪʥʦʩʪʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ð ʩʧʦʩʦʙʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʚʩʪʫʧʘʪʴ ʚ 

ʦʪʥʦʰʝʥʠʷ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʙʳʩʪʨʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʥʝʡ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʵʣʝʤʝʥʪʘʨʥʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʠ ʣʠʯʥʦʩʪʠ ʯʠʪʘʪʴ, ʧʦʥʠʤʘʪʴ, ʩʦʩʪʘʚʣʷʪʴ ʢʦ-

ʨʦʪʢʠʝ ʪʝʢʩʪʳ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʩʪʝʡʰʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʜʝʡʩʪʚʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʛʨʘʤʦʪʥʦʩʪʴ 

ʝʩʪʴ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʦʨʤʘʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʣʠʯʥʦ-

ʩʪʠ ʚ ʩʠʩʪʝʤʝ ʩʦʮʠʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʢʦʪʦʨʳʡ ʩʯʠʪʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʦʩʫ-

ʱʝʩʪʚʣʝʥʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʣʠʯʥʦʩʪʠ ʚ ʢʦʥʢʨʝʪʥʦʡ ʢʫʣʴʪʫʨʥʦʡ ʩʨʝʜʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʞʠʟʥʝʥʥʳʭ 

ʟʘʜʘʯ ʯʝʣʦʚʝʢʫ, ʧʦʤʠʤʦ ʩʧʦʩʦʙʥʦʩʪʝʡ ʠ ʣʠʯʥʦʩʪʥʳʭ ʢʘʯʝʩʪʚ, ʥʝʦʙʭʦʜʠʤʳ ʨʘʟʣʠʯʥʳʝ ʫʤʝʥʠʷ.  

ʀʤʝʥʥʦ ʫʤʝʥʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠ ʨʘʟʚʠʚʘʝʪ ʫʯʠʪʝʣʴ, ʨʘʙʦʪʘʷ ʩ ʫʯʝʥʠʢʘʤʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʧʨʝʜʤʝʪʥʦʤ ʩʦʜʝʨʞʘʥʠʠ.  

ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʞʠʟʥʠ ʤʳ ʥʝʯʘʩʪʦ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ ʟʘʜʘʯʘʤʠ, ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʨʝʜʤʝʪʥʳʤ.  

ʅʘʧʨʦʪʠʚ, ʯʘʱʝ ʚʩʝʛʦ ʞʠʟʥʝʥʥʳʝ ʟʘʜʘʯʠ ʪʨʝʙʫʶʪ ʥʘʜʧʨʝʜʤʝʪʥʳʭ ʫʤʝʥʠʡ, ʢʦʪʦʨʳʝ ʚ ʰʢʦʣʴ-

ʥʦʡ ʧʨʘʢʪʠʢʝ ʥʘʟʳʚʘʶʪ ʦʙʱʝʫʯʝʙʥʳʤʠ ʫʤʝʥʠʷʤʠ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʤʝʪʘʧʨʝʜʤʝʪʥʦʩʪʠ ʫʜʝʣʷʝʪʩʷ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʚʥʠʤʘ-

ʥʠʝ. ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʝʜʤʝʪ ʤʘʪʝʤʘʪʠʢʠ ʧʦ ʧʨʘʚʫ ʩʪʦʠʪ ʚ ʮʝʥʪʨʝ ʤʝʞʧʨʝʜʤʝʪʥʳʭ ʩʚʷʟʝʡ. ɹʦʣʝʝ 
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ʪʦʛʦ, ʦʥ ʷʚʣʷʝʪʩʷ ʤʝʪʘʧʨʝʜʤʝʪʥʳʤ, ʠ ʤʥʦʛʠʝ ʝʛʦ ʵʣʝʤʝʥʪʳ ʩʦʜʝʨʞʘʥʠʷ ʦʙʫʯʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʝ ʢʦʤʧʝʪʝʥʮʠʠ ʷʚʣʷʶʪʩʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ. ʊʦ ʝʩʪʴ ʦʥ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʠ ʥʝʠʩʯʝʨʧʘʝ-

ʤʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʤʝʞʧʨʝʜʤʝʪʥʳʭ ʩʚʷʟʝʡ ʠ ʦʪʥʦʰʝʥʠʡ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʦʟʠʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʜʨʫʛʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʝʜʤʝʪʳ ʚ ʭʦʜʝ ʠʭ ʘʢʪʠʚʥʦʛʦ ʠ ʧʣʦʜʦʪʚʦʨʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʧʦʩʢʦʣʴʢʫ ʧʦʪʝʥʮʠʘʣ ʤʝʞʧʨʝʜʤʝʪʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʧʨʝʜʤʝʪʘ ʤʘʪʝʤʘʪʠʢʠ, ʢʘʢ ʠ ʩʘʤ 

ʧʨʝʜʤʝʪ, ʷʚʣʷʝʪʩʷ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʦʡ, ʪʦ ʦʥ ʚʩʝʛʜʘ ʦʪʢʨʳʪ ʢ ʨʘʟʚʠʪʠʶ, ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʨʘʩʰʠʨʝ-

ʥʠʶ ʚʤʝʩʪʝ ʩ ʨʘʟʚʠʪʠʝʤ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ ʨʘʤʢʘʭ ʩʨʘʚʥʝʥʠʷ ʟʘʜʘʥʠʡ ɺʇʈ ʧʦ ʨʘʟʥʳʤ ʧʨʝʜʤʝʪʘʤ, ʥʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ ʠʭ ʦʙʱʠʝ ʯʝʨʪʳ 

ʠ ʪʨʝʙʦʚʘʥʠʷ. ɿʘʯʘʩʪʫʶ ʜʘʞʝ ʩʣʦʞʥʦ ʩʢʘʟʘʪʴ, ʧʦ ʢʘʢʦʤʫ ʠʤʝʥʥʦ ʧʨʝʜʤʝʪʫ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʪʦ ʠʣʠ 

ʠʥʦʝ ʟʘʜʘʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʤʝʞʧʨʝʜʤʝʪʥʳʭ ʩʚʷʟʷʭ ʚ ʨʘʤʢʘʭ ʜʦʩʪʠʞʝʥʠʷ ʤʝ-

ʪʘʧʨʝʜʤʝʪʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʆʙʱʠʡ ʘʥʘʣʠʟ ʫʯʝʙʥʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʥʦʛʠʝ ʬʘʢʪʳ ʠ ʧʦʥʷʪʠʷ ʠʟʣʘʛʘʶʪʩʷ ʚ ʥʠʭ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦ ʨʘʟʥʳʤ ʜʠʩʮʠʧʣʠʥʘʤ, ʧʨʠʯʝʤ ʧʦʚʪʦʨʥʦʝ ʠʭ ʠʟʣʦʞʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʤʘʣʦ ʯʪʦ 

ʧʨʠʙʘʚʣʷʝʪ ʢ ʟʥʘʥʠʷʤ ʫʯʘʱʠʭʩʷ. ʋ ʫʯʘʱʠʭʩʷ ʟʘʯʘʩʪʫʶ ʥʝ ʚʦʟʥʠʢʘʝʪ ʥʠʢʘʢʠʭ ʘʩʩʦʮʠʘʮʠʡ ʩ ʪʝʤ, ʯʪʦ 

ʵʪʦ ʠʤ ʜʘʚʥʦ ʠʟʚʝʩʪʥʦ ʙʣʘʛʦʜʘʨʷ ʜʨʫʛʦʤʫ ʧʨʝʜʤʝʪʫ.  ɹʦʣʝʝ ʪʦʛʦ, ʟʘʯʘʩʪʫʶ ʦʜʥʦ ʠ ʪʦ ʞʝ ʧʦʥʷʪʠʝ 

ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ, ʪʝʤ ʩʘʤʳʤ ʟʘʪʨʫʜʥʷʷ ʧʨʦʮʝʩʩ ʠʭ ʫʩʚʦʝʥʠʷ. ʏʘʩʪʦ 

ʚ ʫʯʝʙʥʠʢʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʣʦʠʟʚʝʩʪʥʳʝ ʫʯʘʱʠʤʩʷ ʪʝʨʤʠʥʳ, ʚ ʥʠʭ ʤʘʣʦ ʟʘʜʘʥʠʡ ʤʝʞʧʨʝʜʤʝʪʥʦ-

ʛʦ ʭʘʨʘʢʪʝʨʘ. ʄʥʦʛʠʝ ʘʚʪʦʨʳ ʧʦʯʪʠ ʥʝ ʫʧʦʤʠʥʘʶʪ ʦ ʪʦʤ, ʯʪʦ ʢʘʢʠʝ-ʪʦ ʷʚʣʝʥʠʷ, ʧʦʥʷʪʠʷ ʫʞʝ ʠʟʫʯʘ-

ʣʠʩʴ ʚ ʢʫʨʩʘʭ ʩʤʝʞʥʳʭ ʧʨʝʜʤʝʪʦʚ, ʥʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʳʝ ʧʦʥʷʪʠʷ ʙʫʜʫʪ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ 

ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠ ʠʟʫʯʝʥʠʠ ʜʨʫʛʦʛʦ ʧʨʝʜʤʝʪʘ.   

ʋʩʧʝʰʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʫʯʠʪʝʣʷ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʘʧʨʝʜʤʝʪʥʳʭ ʩʚʷʟʝʡ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ: 

ï ʢʦʦʨʜʠʥʘʮʠʶ ʫʯʝʙʥʳʭ ʧʣʘʥʦʚ ʠ ʧʨʦʛʨʘʤʤ; 

ï ʢʦʦʨʜʠʥʘʮʠʶ ʫʯʝʙʥʠʢʦʚ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʩʦʙʠʡ; 

ï ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʦʙʫʯʝʥʠʷ ʫʯʘʱʠʭʩʷ ʧʝʨʝʥʦʩʫ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʦʜʥʦʡ 

ʜʠʩʮʠʧʣʠʥʳ ʚ ʜʨʫʛʫʶ; 

ï ʵʬʬʝʢʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʧʨʦʚʝʨʢʠ ʵʪʦʛʦ ʫʤʝʥʠʷ. 
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ɺ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʪʦʛʦʚʦʡ ʘʪʪʝʩʪʘʮʠʠ ʢʘʞʜʳʡ ʙʫʜʫʱʠʡ ʫʯʠʪʝʣʴ ʥʘʯʘʣʴʥʳʭ ʢʣʘʩʩʦʚ 

ʦʙʷʟʘʥ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʧʦʣʥʠʪʴ ʠ ʟʘʱʠʪʠʪʴ ʚʳʧʫʩʢʥʫʶ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʫʶ ʨʘʙʦʪʫ ʧʦ ʧʝʜʘʛʦʛʠ-

ʢʝ ʠ ʧʩʠʭʦʣʦʛʠʠ ʩʚʦʝʡ ʙʫʜʫʱʝʡ ʫʯʠʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʩʠʭʦʣʦʛʦ-

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʪʨʝʙʫʝʪʩʷ ʧʦʜʪʚʝʨʜʠʪʴ ʤʝʪʦ-

ʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. ɼʣʷ ʥʘʯʠʥʘʶʱʝʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʦʩʦʟʥʘʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦ-

ʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʦʥ ʠʤʝʝʪ 

ʩʢʨʦʤʥʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʙʫʜʫʱʠʭ ʫʯʠʪʝʣʝʡ ʥʘʯʘʣʴʥʳʭ ʢʣʘʩʩʦʚ ʤʝʪʦʜʘʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʩʪʘʪʠʩʪʠʢʠ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʝʢʮʠʠ-ʜʠʘʣʦʛʠ (ʣʝʢʮʠʠ-ʙʝʩʝʜʳ). ʂʣʘʩʩʠʯʝʩʢʠʝ 

ʣʝʢʮʠʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʤʦʥʦʣʦʛ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʣʫʰʘʪʝʣʝʡ, ʘ 

ʣʝʢʮʠʷ-ʜʠʘʣʦʛ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʷʤʦʛʦ ʚʢʣʶʯʝʥʠʷ ʢʘʞʜʦʛʦ ʩʣʫʰʘʪʝʣʷ ʚ ʧʨʦʮʝʩʩ ʠʟʫʯʝʥʠʷ ʥʦʚʦ-
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ʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʜʘʥʥʦʛʦ ʪʝʟʠʩʘ ʝʩʪʴ ʚ ʨʘʙʦʪʝ ɽ. ɺ. ʂʦʥʜʨʘʪʝʥʢʦ, ʢʦʪʦʨʘʷ ʧʠʰʝʪ: 

çʊʨʘʜʠʮʠʦʥʥʘʷ ʣʝʢʮʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʧʨʦʜʫʢʪʠʚʥʦʤ (ʦʙʲʷʩʥʠʪʝʣʴʥʦ-ʨʝʧʨʦʜʫʢʪʠʚʥʦʤ, ʦʙʨʘʟʥʦ-

ʘʩʩʦʮʠʘʪʠʚʥʦʤ, ʧʦʚʝʩʪʚʦʚʘʪʝʣʴʥʦʤ) ʠʟʣʦʞʝʥʠʠ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦ-ʨʝʮʝʧʪʠʚʥʳʭ ʤʝʪʦʜʦʚ. ʆʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʠ-

ʩʪʝʤ ʪʨʝʙʫʶʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʚʦʨʯʝʩʢʦʡ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫ-

ʜʝʥʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʠʙʦʣʴʰʝʝ ʧʨʝʜʧʦʯʪʝʥʠʝ ʧʨʠ ʯʪʝʥʠʠ ʣʝʢʮʠʠ ʩʣʝʜʫʝʪ ʦʪʜʘʚʘʪʴ ʪʘʢʠʤ ʧʨʦ-

ʜʫʢʪʠʚʥʳʤ ʤʝʪʦʜʘʤ, ʢʘʢ ʧʨʦʙʣʝʤʥʦʝ, ʜʠʘʣʦʛʠʯʝʩʢʦʝ, ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʦʝ ʠʟʣʦʞʝʥʠʷ. ʀʤʝʥʥʦ 

ʦʥʠ ʘʢʪʠʚʠʟʠʨʫʶʪ ʩʪʫʜʝʥʪʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʣʝʢʮʠʠè [3, ʩ.51]. 

ʃʝʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʜʠʘʣʦʛʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʩʪʫʜʝʥʪʦʚ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʵʣʝʤʝʥʪʳ ʧʨʘʢʪʠʯʝ-

ʩʢʠʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʟʘʥʷʪʠʡ, ʯʪʦ ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪ ʠʭ ʩʦʚʤʝʩʪʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.. ɽʩʪʝʩʪʚʝʥʥʦ, 

ʯʪʦ ʣʝʢʮʠʠ-ʜʠʘʣʦʛʠ ʠʤʝʶʪ ʠ ʩʚʦʠ çʪʨʫʜʥʳʝè ʩʪʦʨʦʥʳ: ʙʦʣʴʰʠʝ ʚʨʝʤʝʥʥʳʝ ʠ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘ-

ʪʳ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʢ ʣʝʢʮʠʠ ʠ ʩʣʦʞʥʦʩʪʴ ʚʦʚʣʝʯʝʥʠʷ ʚ ʜʠʘʣʦʛ ʠ ʘʢʪʠʚʥʫʶ ʨʘʙʦʪʫ 

ʚʩʝʭ ʦʙʫʯʘʶʱʠʭʩʷ.  

ɼʣʷ ʢʘʞʜʦʡ ʣʝʢʮʠʠ ʟʘʨʘʥʝʝ ʛʦʪʦʚʠʪʩʷ ʝʝ ʦʧʦʨʥʳʡ ʢʦʥʩʧʝʢʪ. ʕʪʦ ʘʚʪʦʨʩʢʠʡ ʪʝʢʩʪ ʧʨʝʧʦʜʘʚʘ-

ʪʝʣʷ ʠ ʧʦʜʦʙʨʘʥʥʳʡ ʣʝʢʮʠʠ ʤʘʪʝʨʠʘʣ ʠʟ ʫʯʝʙʥʠʢʦʚ, ʧʦʩʦʙʠʡ ʠ ʨʫʢʦʚʦʜʩʪʚ, ʥʘʧʨʠʤʝʨ [1; 2; 4; 5]. 

ʄʘʪʝʨʠʘʣ ʩʦʜʝʨʞʠʪ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʦʧʨʝʜʝʣʝʥʠʷ, ʩʭʝʤʳ, ʪʘʙʣʠʮʳ, ʛʨʘʬʠʢʠ ʠ ʪ. ʧ., ʦʧʨʝʜʝʣʷʶ-

ʱʠʝ ʩʫʪʴ ʠʟʫʯʘʝʤʳʭ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʥʩʧʝʢʪʦʚ ʣʝʢʮʠʡ 

ʚʢʣʶʯʘʶʪ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʝʜʘʛʦʛʠʯʝ-

ʩʢʠʭ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʧʦʨʥʳʡ ʢʦʥʩʧʝʢʪ ʨʘʟʜʘʝʪʩʷ ʚʩʝʤ ʩʪʫʜʝʥʪʘʤ ʚ ʥʘʯʘʣʝ ʣʝʢ-

ʮʠʠ.  

ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʚʝʜʝʪ ʣʝʢʮʠʶ-ʜʠʘʣʦʛ ʧʦ ʜʘʥʥʦʤʫ ʢʦʥʩʧʝʢʪʫ, ʢʦʪʦʨʳʡ ʝʩʪʴ ʠ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ 

ʢʘʞʜʦʛʦ ʩʪʫʜʝʥʪʘ. ɸʢʪʠʚʥʘʷ ʨʦʣʴ ʣʝʢʪʦʨʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʚʝʜʝʪ ʩʪʫʜʝʥʪʦʚ ʧʦ ʤʘʪʝʨʠʘʣʫ 

ʣʝʢʮʠʠ, ʘʢʮʝʥʪʠʨʫʷ ʠʭ ʚʥʠʤʘʥʠʝ ʥʘ ʛʣʘʚʥʳʭ ʠ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʫʯʘʩʪʢʘʭ, ʫʪʦʯʥʷʷ ʤʘʪʝʨʠʘʣ, ʧʦʷʩ-

ʥʷʷ, ʦʪʚʝʯʘʷ ʥʘ ʚʦʧʨʦʩʳ, ʟʘʜʘʚʘʷ ʩʚʦʠ. ʃʝʢʪʦʨ ʚʩʝʛʜʘ ʚʠʜʠʪ ʨʝʘʢʮʠʶ ʩʪʫʜʝʥʪʦʚ ʥʘ ʠʟʫʯʘʝʤʳʡ ʤʘʪʝ-

ʨʠʘʣ, ʦʥ ʚʩʝʛʜʘ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʩʚʦʡ ʩʪʠʣʴ ʧʨʝʜʲʷʚʣʝʥʠʷ ʦʙʫʯʘʝʤʳʤ ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ: ʫʪʦʯʥʠʪʴ, 

ʯʪʦ-ʣʠʙʦ ʜʦʙʘʚʠʪʴ, ʧʦʚʪʦʨʠʪʴ.  

ɼʦʤʘʰʥʝʝ ʟʘʜʘʥʠʝ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʢʘʞʜʦʤʫ ʩʪʫʜʝʥʪʫ ʜʦ ʩʣʝʜʫʶʱʝʛʦ ʟʘʥʷ-

ʪʠʷ, ʚʢʣʶʯʘʝʪ ʧʦʚʪʦʨʝʥʠʝ ʠʟʫʯʝʥʥʦʛʦ ʠ ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʦʩʣʫʰʘʥʥʦʡ ʣʝʢʮʠʠ ʢ ʢʦʥʢʨʝʪ-

ʥʦʡ ʩʠʪʫʘʮʠʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʩʠʭʦʣʦʛʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʚʳʭ ʩʪʫʜʝʥʪʳ 

ʜʦʣʞʥʳ ʙʨʘʪʴ, ʧʦ ʤʝʨʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʩʚʦʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳ-

ʧʦʣʥʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʢʫʨʩʦʚʳʭ ʠʣʠ ʚʳʧʫʩʢʥʳʭ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʨʘʙʦʪ.  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʥʝ ʪʦʣʴʢʦ ʘʢʪʠʚʠʟʠʨʫʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ʩʪʫʜʝʥʪʦʚ ʧʨʠ ʠʟʫ-

ʯʝʥʠʠ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʝ ʦʩʚʦʝʥʠʝ ʩʪʫʜʝʥʪʘʤʠ ʠʟʫʯʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʥʦ ʠ ʧʦʟʚʦʣʷʝʪ ʠʤ ʩʚʦʝʚʨʝʤʝʥʥʦ ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʚʳʧʫʩʢʥʦʡ ʢʚʘ-

ʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʚʫʟʘ ʩʪʫʜʝʥʪʳ ʙʫʜʫʪ ʦʙʝʩʧʝʯʝ-

ʥʳ ʢʦʥʩʧʝʢʪʘʤʠ ʣʝʢʮʠʡ ʧʦ ʤʝʪʦʜʘʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠ ʧʨʠʤʝʨʘʤʠ ʨʘʩʯʝʪʦʚ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʦʮʝʥʢʠ ʟʥʘʯʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʚʦʠʭ ʙʫʜʫʱʠʭ ʧʩʠʭʦʣʦʛʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ.  

* * *  
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ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʦʩʚʦʝʥʠʷ ʩʪʫʜʝʥʪʘʤʠ ʢʫʨʩʘ çʊʝʦʨʠʷ ʚʝʨʦʷʪ-

ʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘè 

ʄ. ʅ. ɻʘʙʦʚʘ, ɸ. ɺ. ʄʫʞʠʢʦʚʘ 

ʋʭʪʠʥʩʢʠʡʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡʪʝʭʥʠʯʝʩʢʠʡʫʥʠʚʝʨʩʠʪʝʪ, ʋʭʪʘ 

Designing a technology of course çProbability theory and mathematical statisticsè for studentsô self 

education 

M. N. Gabova, A. V. Muzhikova 

Ukhta State Technical University, Ukhta 

ʆʙʫʯʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʫʚʝʣʠʯʝ-

ʥʠʝ ʯʘʩʦʚ ʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ʩʪʫʜʝʥʪʦʚ ʧʨʠ ʦʩʚʦʝʥʠʠ ʜʠʩʮʠʧʣʠʥ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ ʤʦʪʠʚʠ-

ʨʫʶʪ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʢ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʠʣʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʢʘʬʝʜʨʝ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ ʋɻʊʋ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʢʫʨʩʳ ʚ ʩʠʩʪʝʤʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ Moodle, ʦʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʢʦʥʩʧʝʢʪʳ ʣʝʢʮʠʡ, ʫʧʨʘʞʥʝʥʠʷ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, ʪʝʩʪʳ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʠ ʦʮʝʥʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ ʥʦʚʦʛʦ 

ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʧʘʩʩʠʚʥʦʝ ʯʪʝʥʠʝ ʪʝʢʩʪʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʦʩʚʦʝʥʠʷ ʫʯʝʙʥʳʭ 

ʜʠʩʮʠʧʣʠʥ ʥʘ ʧʨʠʤʝʨʝ ʢʫʨʩʘ çʊʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘè, ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʚʢʣʶʯʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʫʯʘʶʱʝʛʦʩʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʫʯʝʙ-

ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʙʫʜʝʪ ʨʝʰʘʪʴʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʠ ʫʩʠʣʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʦʙʫʯʝʥʠʷ. ʂʫʨʩ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʫʯʘʶ-

ʱʠʭʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʅʝʬʪʝʛʘʟʦʚʦʝ ʜʝʣʦè ʠ ʥʘʮʝʣʝʥ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʫʯʝʙʥʦʡ ʠ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʦʙʫʯʝʥʠʷ ʥʘʧʨʘʚʣʝʥʦ 

ʥʘ ʨʝʰʝʥʠʝ ʤʥʦʛʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʟʘʜʘʯ: ʧʦʷʚʣʝʥʠʝ ʠʥʪʝʨʝʩʘ ʢ ʦʙʫʯʝʥʠʶ ʠ ʛʦʪʦʚʥʦʩʪʠ ʢ ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʦʡ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʧʦʠʩʢ ʦʙʫʯʘʶʱʠʤʠʩʷ ʧʫʪʝʡ ʠ ʚʘʨʠ-

ʘʥʪʦʚ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʫʯʝʙʥʦʡ ʟʘʜʘʯʠ; ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʟʥʘʥʠʡ ʧʨʠ ʦʙʫʯʝʥʠʠ 

ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʫʩʚʦʝʥʠʝ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; ʨʘʟʚʠʪʠʝ ʥʘʚʳʢʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʘʤʦʨʘʟʚʠʪʠʷ; 

ʠ ʜʨ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʠʪ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ 

ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ, ʪʝʤ ʩʘʤʳʤ ʚʥʝʩʪʠ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʧʦʜʛʦʪʦʚʢʫ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʝʪʝʥ-

ʮʠʡ ʙʫʜʫʱʝʛʦ ʠʥʞʝʥʝʨʘ. 

Designing a technology of course çProbability theory and mathematical statisticsè for studentsô self 

education. 

 

ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʝ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʙʘʢʘʣʘʚʨʦʚ 

ʄ. ʅ. ɻʘʙʦʚʘ, ɸ. ɺ. ʄʫʞʠʢʦʚʘ 

ʋʭʪʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʭʪʘ 

Development of control and measurement materials in higher mathematics for evaluating the for-

mation of universal bachelor's competencies 

M. N. Gabova, A. V. Muzhikova 

Ukhta State Technical University, Ukhta 

ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʬʝʜʝʨʘʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʪʘʥ-

ʜʘʨʪʦʚ (ʌɻʆʉ) ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʝʜʠʥʳʭ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ 

ʜʣʷ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʡ ʙʘʢʘʣʘʚʨʠʘʪʘ. ʋʥʠʚʝʨʩʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʫʥʠʚʝʨʩʘʣʴʥʳʝ 
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ʩʧʦʩʦʙʥʦʩʪʠ ʣʠʯʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʫʩʧʝʰʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʚ ʨʘʟʣʠʯʥʳʭ, ʢʘʢ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʳʭ, ʪʘʢ ʠ ʩʦʮʠʘʣʴʥʳʭ ʩʬʝʨʘʭ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʪʨʝʙʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʩʪʘʥʜʘʨʪʦʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʥʠ ʥʝ ʠʤʝʶʪ ʯʠʩʪʦ ʟʥʘʥʠʝʚʫʶ ʧʨʠʨʦʜʫ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʟʥʘʥʠʝ ʪʝʦʨʝ-

ʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʢʠ, ʫʤʝʥʠʝ ʠ ʥʘʚʳʢ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʥʝ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤʠ 

ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʪʦʛʦ, ʦʚʣʘʜʝʣ ʣʠ ʦʙʫʯʘʶʱʠʡʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʠʩʢ, ʢʨʠʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʠ ʩʠʥʪʝʟ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʠʤʝʥʷʪʴ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ 

(ʢʦʤʧʝʪʝʥʮʠʷ ʋʂ-1). ɿʥʘʥʠʷ, ʫʤʝʥʠʷ ʠ ʥʘʚʳʢʠ ʷʚʣʷʶʪʩʷ ʣʠʰʴ ʙʘʟʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʤʳʭ 

ʢʦʤʧʝʪʝʥʮʠʡ. ʇʦʵʪʦʤʫ ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʚʦʝʥʠʷ ʢʘʞʜʦʡ ʜʠʩʮʠʧʣʠʥʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʌɻʆʉ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: ʦʮʝʥʠʚʘʥʠʝ ʫʨʦʚʥʷ ʜʦʩʪʠʞʝʥʠʷ ʟʥʘʥʠʡ, ʫʤʝ-

ʥʠʡ, ʥʘʚʳʢʦʚ ʠ ʫʨʦʚʥʷ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʢʦʤʧʝʪʝʥʮʠʡ. ɼʣʷ ʵʪʦʛʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʝ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʢʫʱʝʛʦ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʦʥ-

ʪʨʦʣʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʙʦʨ ʫʯʝʙʥʳʭ ʟʘʜʘʯ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʪʠʧʘ ʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪ-

ʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʚʦʨʯʝʩʢʠʭ ʟʘʜʘʥʠʡ. ʉʫʱʥʦʩʪʴ ʣʶʙʦʡ ʢʦʤʧʝʪʝʥʮʠʠ ʨʘʩʢʨʳʚʘʝʪʩʷ ʚ ʝʝ ʠʥʜʠ-

ʢʘʪʦʨʘʭ. ʀʥʜʠʢʘʪʦʨʳ ï ʚʝʜʫʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʤʧʝʪʝʥʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʷʚʣʷʝʪʩʷ ʜʝʷ-

ʪʝʣʴʥʦʩʪʴ. ʀʥʜʠʢʘʪʦʨʳ ʢʦʤʧʝʪʝʥʮʠʠ ʋʂ-1 ʚ ʨʘʤʢʘʭ ʦʩʚʦʝʥʠʷ ʜʠʩʮʠʧʣʠʥʳ çɺʳʩʰʘʷ ʤʘʪʝʤʘʪʠʢʘè 

ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚ ʚʠʜʝ ʢʦʥʢʨʝʪʥʳʭ ʜʝʡʩʪʚʠʡ (ʜʝʩʢʨʠʧʪʦʨʦʚ): ʘʥʘʣʠʟʠʨʫʝʪ ʟʘʜʘʯʫ, ʚʳ-

ʜʝʣʷʝʪ ʝʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʳʙʦʨ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʨʝʰʘʝʪ 

ʟʘʜʘʯʫ ʚʳʙʨʘʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʘʨʛʫʤʝʥʪʠʨʫʝʪ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʜʝʣʘʝʪ ʚʳʚʦʜʳ, ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʪ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ɼʝʩʢʨʠʧʪʦʨʳ ʧʦʟʚʦʣʷʶʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʢʦʥʪʨʦʣʴʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʮʝʥʠʚʘʥʠʝ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʨʦʚʥʷ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʢʦʤʧʝʪʝʥʮʠʠ. ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʚʪʦʨʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʜʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. 
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ʅʘ ʟʘʥʷʪʠʷʭ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ ʫ ʩʪʫʜʝʥʪʦʚ ʤʝʜʠʮʠʥʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳ-

ʤʠ ʷʚʣʷʶʪʩʷ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ, ʚ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʣʝ-

ʞʠʪ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʤʘʩʩʠʚʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ 

ʧʨʘʢʪʠʢʘ, ʚ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʭ ʩʣʫʯʘʷʭ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ ʜʦ-

ʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ Microsoft Office Excel [2], ʨʘʙʦʪʘ ʩ ʢʦʪʦʨʳʤ ʫ 

ʩʪʫʜʝʥʪʦʚ-ʧʝʨʚʦʢʫʨʩʥʠʢʦʚ ʥʝ ʚʳʟʳʚʘʝʪ ʟʘʪʨʫʜʥʝʥʠʡ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʠ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʚʫʭ ʩʦʚʦʢʫʧʥʦʩʪʝʡ ʚʝʣʠʯʠʥ 

ʩʪʨʦʠʪʩʷ ʪʦʯʝʯʥʘʷ ʜʠʘʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʣʠʥʠʝʡ ʪʨʝʥʜʘ. ʃʠʥʠʷ ʪʨʝʥʜʘ ʧʦʟʚʦʣʷʝʪ 

ʫʪʦʯʥʠʪʴ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʠ (ʣʠʥʝʡʥʘʷ, ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʠ ʪ. ʜ.), ʥʘʡʪʠ ʝʝ ʘʥʘʣʠ-

ʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ, ʩʦʩʪʘʚʠʪʴ ʧʨʦʛʥʦʟ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝ-

ʥʠʡ.  

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦ ʝʝ ʚʳʙʦʨʢʝ ʠ ʠʥʪʝʨʚʘʣʴʥʦʡ ʦʮʝʥ-

ʢʠ ʛʝʥʝʨʘʣʴʥʦʡ ʩʨʝʜʥʝʡ ʩ ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʠʤʝʥʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪ ʥʘʜʩʪʨʦʡʢʠ çʇʘʢʝʪ 

ʘʥʘʣʠʟʘè ï çʆʧʠʩʘʪʝʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘè.  ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʨʷʜʘ ʠ 

ʧʦʩʪʨʦʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤʳ ʯʘʩʪʦʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪ ʘʥʘʣʠʟʘ çɻʠʩʪʦʛʨʘʤʤʘè.  ʄʦʞʥʦ ʦʩʪʘ-

ʚʠʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʛʨʫʧʧʠʨʦʚʦʢ ʜʘʥʥʳʭ ʠʣʠ ʟʘʜʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʛʨʘʥʠʮʳ. 
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 ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ ʛʝʥʝʨʘʣʴʥʳʭ ʩʨʝʜʥʠʭ ʥʝʩʢʦʣʴʢʠʭ ʥʦʨʤʘʣʴʥʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʥʳʭ ʩʦʚʦʢʫʧʥʦʩʪʝʡ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ʘʥʘʣʠʟʘ Microsoft  Excel ʧʨʦʚʦʜʠʪʩʷ ʜʠʩʧʝʨʩʠʦʥ-

ʥʳʡ ʘʥʘʣʠʟ,  ʧʨʦʚʝʨʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ: ʦ ʨʘʚʝʥʩʪʚʝ ʛʝʥʝʨʘʣʴʥʳʭ ʜʠʩʧʝʨʩʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʳʭ ʩʦʚʦʢʫʧʥʦʩʪʝʡ ï  çɼʚʫʭʚʳʙʦʨʦʯʥʳʡ  F-ʪʝʩʪ ʜʣʷ ʜʠʩʧʝʨʩʠʠè (ʢʨʠʪʝʨʠʡ ʌʠʰʝʨʘ); ʦ ʨʘʚʝʥʩʪʚʝ 

ʚʳʙʦʨʦʯʥʳʭ ʩʨʝʜʥʠʭ ï çɼʚʫʭʚʳʙʦʨʦʯʥʳʡ t-ʪʝʩʪ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʜʠʩʧʝʨʩʠʷʤʠè (ʢʨʠʪʝʨʠʡ ʉʪʴʶ-

ʜʝʥʪʘ) ʠ ʪ. ʜ.  ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ 

ʢʨʠʪʝʨʠʝʚ ʧʨʦʚʝʨʢʫ ʦ ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʘʙʣʶʜʘʝʤʳʭ ʚʝʣʠʯʠʥ, ʝʩʣʠ ʦʥʦ ʥʝ ʟʘʜʘʥʦ ʟʘʨʘ-

ʥʝʝ, ʧʨʠʭʦʜʠʪʩʷ ʧʨʦʚʦʜʠʪʴ ʩ ʧʦʤʦʱʴʶ ʩʪʦʨʦʥʥʠʭ ʧʨʦʛʨʘʤʤ. 

* * *  
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ɸʚʪʦʨʳ ʧʨʦʜʦʣʞʘʶʪ ʩʚʦʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʨ-

ʛʘʥʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʚʳʩʰʝʡ ʰʢʦʣʝ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺʘʞʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʧʨʦʬʠʣʴʥʦʛʦ ʧʨʝʜʤʝʪʘ ʜʣʷ 

ʙʫʜʫʱʠʭ ʧʝʜʘʛʦʛʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʧʨʦʮʝʩʩ ʦʩʚʦʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʜʠʩʮʠʧʣʠʥʳ ʝʱʸ ʠ 

ʧʨʝʜʤʝʪʦʤ ʠʟʫʯʝʥʠʷ ʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʧʦʟʠʮʠʡ ʙʫʜʫʱʝʛʦ ʫʯʠʪʝʣʷ ʧʨʠʸʤʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʤʳʰ-

ʣʝʥʠʷ, ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʜʣʷ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʳ. ɸʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ [1] ʩʭʝʤʫ-ʰʘʙʣʦʥ ʜʣʷ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʤʳʩʣʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʨʝʰʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʕʪʘ ʩʭʝʤʘ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠ ʩʠʩʪʝʤʦʡ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ. ɺ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʟʫʯʝ-

ʥʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʭʝʤʳ ʚʦʚʣʝʯʝʥʳ ʩʪʫʜʝʥʪʳ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ çʇʝʜʘʛʦʛʠʯʝʩʢʦʝ ʦʙʨʘʟʦ-

ʚʘʥʠʝè ʩ ʧʨʦʬʠʣʝʤ çʄʘʪʝʤʘʪʠʢʘè. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʦʙʨʘʱʘʶʪʩʷ ʢ ʢʣʶʯʝʚʦʤʫ ʤʦʤʝʥʪʫ ʨʝʰʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘ-

ʜʘʯ: ʘʥʘʣʠʟʫ ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ. ʈʘʙʦʪʘ ʧʨʦʜʦʣʞʘʝʪʩʷ [2] ʥʘ ʜʠʜʘʢʪʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ ʢʫʨʩʘ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʥʘʣʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘ-

ʯʠ ʠʟ ʨʘʟʜʝʣʘ çʕʣʝʤʝʥʪʳ ʚʝʢʪʦʨʥʦʡ ʪʝʦʨʠʠ ʧʦʣʷè. 

* * *  
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ʧʝʪʝʥʪʥʦʩʪʠ ʙʫʜʫʱʠʭ ʫʯʠʪʝʣʝʡ ʤʘʪʝʤʘʪʠʢʠ // ɼʠʘʛʥʦʩʪʠʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦ-
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ʩʪʠʢʘè ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʚʫʟʘ 
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ʉɻʋ ʠʤ. ʇʠʪʠʨʠʤʘ ʉʦʨʦʢʠʥʘ, ʉʳʢʪʳʚʢʘʨ 
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ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʤʝʨʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʜʠʩʮʠ-

ʧʣʠʥʘʤ, ʪʝʭʥʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʡ ʢʦʤʧʝʪʝʥʮʠʡ WorldSkillsRussia,ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤʠ, ʚ ʯʘʩʪ-

ʥʦʩʪʠ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʦʙʥʦʚʣʝʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨ-

ʞʜʘʪʴ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʩʪʨʦʠʪʴ ʯʝʪʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʙʱʠʭ ʠ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʙʫʜʫʱʠʭ ʚʳʧʫʩʢʥʠʢʦʚ ʚʫʟʘ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʘʜʝʤʠʯʝʩʢʠʤ ʩʦʦʙʱʝʩʪʚʦʤ ʘʢʪʠʚʥʦ ʦʙʩʫʞʜʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʩʦʜʝʨʞʘ-

ʥʠʷ ʠ ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ, ʧʦʩʢʦʣʴʢʫ ʙʣʘʛʦʜʘʨʷ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʤʫ ʧʨʦʛʨʝʩʩʫ ʫ ʦʙʫʯʘʝʤʳʭ ʧʦʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʫʧʘ ʢ ʦʛʨʦʤʥʳʤ 

ʧʦʪʦʢʘʤ ʠʥʬʦʨʤʘʮʠʠ. ʇʦ ʤʥʝʥʠʶ ʧʝʜʘʛʦʛʦʚ, ʙʦʣʴʰʠʥʩʪʚʦ ʩʪʫʜʝʥʪʦʚ ʚʫʟʘ ʠʤʝʶʪ ʚʠʟʫʘʣʴʥʳʡ ʪʠʧ 

ʤʳʰʣʝʥʠʷ, ʦʙʫʯʘʝʤʳʝ ʧʦʨʦʡ ʥʝ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʙʦʣʴʰʠʤ ʧʦʪʦʢʦʤ ʫʯʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʜʝʷʩʴ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʥʝ ʠʤʝʶʪ ʤʦʪʠʚʘʮʠʠ ʢ ʝʝ ʟʘʧʦʤʠʥʘʥʠʶ. ʉʣʦʞʥʦʩʪʴ ʠʟʫʯʘʝ-

ʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ ʜʣʷ ʫʩʚʦʝʥʠʷ ʩʪʫʜʝʥʪʘʤʠ ʠ ʫʩʣʦʚʠʷ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʤʦʪʠʚʠʨʫʶʪ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʜʠʜʘʢʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝ-

ʯʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʢʫʨʩʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ [2]. 

ʇʨʠ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʲʝʤʘʭ ʠʥʬʦʨʤʘʮʠʠʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʩʤ. 

ʨʠʩ.) ʧʦʟʚʦʣʷʝʪ ʦʙʫʯʘʶʱʠʤʩʷ ʩ ʧʝʨʚʳʭ ʟʘʥʷʪʠʡ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʩʦʜʝʨʞʘʥʠʠ ʢʫʨʩʘ ʠ, ʚ ʮʝʣʦʤ, 

ʤʦʪʠʚʠʨʫʝʪ ʠʭ ʢ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʶ.  

 
ʈʠʩ.  ʉʦʜʝʨʞʘʥʠʝ ʢʫʨʩʘ çʊʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘè 

 

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʥʝʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʩʧʝʮʠ-

ʘʣʴʥʦʩʪʝʡ ʘʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥʦ ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʩ ʪʝʤʘʪʠʯʝʩʢʠʤ ʨʘʟʙʦʨʦʤ ʧʨʠʤʝʨʦʚ ʠ ʟʘʜʘʯ ʩ 














