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ʇʨʠ ʩʜʝʣʘʥʥʳʭ ʜʦʧʫʱʝʥʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ (1), ʢʦʛʜʘ 
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ʠʤʝʝʪ ʩʣʘʙʫʶ ʦʩʦʙʝʥʥʦʩʪʴ, ʘ ʧʨʘʚʘʷ ʯʘʩʪʴ ʥʝʧʨʝʨʳʚʥʘ ʥʘ ɻ. ʇʦʵʪʦʤʫ ʠʥʪʝʛʨʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ (11) ʧʨʠ ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ 0c
, 1c

, 2c
ʠʤʝʝʪ 

ʥʝʧʨʝʨʳʚʥʦʝ ʥʘ ɻ ʨʝʰʝʥʠʝ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʦʞʥʦ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʦʥʦ ʧʨʠʥʘʜʣʝʞʠʪ 

ʢʣʘʩʩʫ )(3 ɻC . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʝʩʣʠ 
)(xy
 ʝʩʪʴ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1), ʪʦ 

ʬʫʥʢʮʠʷ 
)(xj
, ʦʧʨʝʜʝʣʷʝʤʘʷ ʠʟ ʨʘʚʝʥʩʪʚʘ (10), ʙʫʜʝʪ ʨʝʰʝʥʠʝʤ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

(11). ʄʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʚʝʨʥʦ ʠ ʦʙʨʘʪʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ. 
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ʉʧʨʘʚʝʜʣʠʚʘ 

ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ ʚ ʫʨʘʚʥʝʥʠʠ (1) 
)()( 2 ɻCxp Í

, 
)()( 1 ɻCxr Í
, 

)(xs
, 

)()( ɻCxf Í  ʠ 
2)0( >p

. ʌʫʥʢʮʠʠ )(1

1 xW , )(2

1 xW  ʦʧʨʝʜʝʣʷʝʤʳʝ ʨʘʚʝʥʩʪʚʘʤʠ (6) ʚ ʪʦʯʢʝ 

0=x  ʦʙʨʘʱʘʶʪʩʷ ʚ ʥʫʣʴ ʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʵʪʦʡ ʪʦʯʢʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ ʨʘʚʝʥʩʪʚʘʤ (8).  

ʊʦʛʜʘ ʟʘʜʘʯʘ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1) ʵʢʚʠʚʘʣʝʥʪʥʘ ʟʘʜʘʯʝ 

ʨʝʰʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ɺʦʣʴʪʝʨʨʘ ʚʪʦʨʦʛʦ ʨʦʜʘ (11) ʩʦ ʩʣʘʙʦʡ ʦʩʦʙʝʥʥʦʩʪʴ .ʁ  

ɿʘʤʝʯʘʥʠʝ 1. ʇʫʩʪʴ ʚ ʫʨʘʚʥʝʥʠʠ (1) 
2)0( ¢p

 ʠ ʬʫʥʢʮʠ ̫
)(xf

 ʚ ʪʦʯʢʝ 0=x  

ʨʘʚʥʷʝʪʩʷ ʥʫʣʶ, ʘ ʚ ʝʝ ʦʢʨʝʩʪʥʦʩʪʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ (4). 

ʊʦʛʜʘ ʟʘʢʣʶʯʝʥʠʝ ʪʝʦʨʝʤʳ 1 ʦʧʷʪʴ ʦʩʪʘʝʪʩʷ ʩʧʨʘʚʝʜʣʠʚʳʤ. 

ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ 1. ʊʦʛʜʘ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ 

(1) ʠʟ ʢʣʘʩʩʘ )(3 ɻC  ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 

ý
ü
û

í
ì
ë

+G-= ñ
- ],,,,[],,),(),([),()](exp[)( 21012101

0

1

1)0( cccfpKdcccfpKxxwxxy

x

p

p xxxx

,(12) 

ʛʜʝ ),(1 xxG  ʝʩʪʴ ʨʝʟʦʣʴʚʝʥʪʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ɺʦʣʴʪʝʨʨʘ ʚʪʦʨʦʛʦ ʨʦʜʘ (11) ʩʦ 

ʩʣʘʙʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ.  

ɿʘʤʝʯʘʥʠʝ 2. ʇʦʚʝʜʝʥʠʝ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ (1), ʚʳʨʘʞʘʝʤʳʝ ʨʘʚʝʥʩʪʚʦʤ (12) ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʩʠʥʛʫʣʷʨʥʦʡ ʪʦʯʢʠ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʢʘ ʯʠʩʣʘ )0(p , ʝʩʣʠ 0)0( >p  ʚʩʝ ʦʥʠ 

ʩʪʨʝʤʷʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʘ ʝʩʣʠ 0)0( <p  ʩʪʨʝʤʷʪʩʷ ʢ ʥʫʣʶ ʧʨʠ 0+x  ʠ ʠʭ ʧʦʨʷʜʦʢ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ ʨʘʚʝʥʩʪʚʦʤ: 
)()( )0(pxOxy -=

. 

ɿʘʤʝʯʘʥʠʝ 3. ʈʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (1), ʚʳʨʘʞʘʝʤʳʝ ʬʦʨʤʫʣʦʡ (12) ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʩʣʝʜʫʶʱʠʤ ʨʘʚʝʥʩʪʚʘʤ: 

jx

jp cxyBx =
+=01

)0( )]([
, 2,1,0=j        (13) 

ʛʜʝ 
y

x

xp
yyB

)(
1 +¡=

, )( 1

111 yBByB kkk -= , yyB ¹0

1 . 

ʌʦʨʤʫʣʘ (12) ʧʦʟʚʦʣʷʝʪ ʩʪʘʚʠʪʴ ʠ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʫʶ ʟʘʜʘʯʫ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (1): 

ɿʘʜʘʯʘ ʪʠʧʘ ʂʦʰʠ. ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʠʟ ʢʣʘʩʩʘ )(3 ɻC  ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ ʚ ʩʠʥʛʫʣʷʨʥʦʡ ʪʦʯʢʝ 0=x : 

jx

jp yxyBx =
+=01

)0( )]([
, 2,1,0=j , 

ʛʜʝ 
2,1,0, =jy j  ʟʘʜʘʥʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ʯʠʩʣʘ. 

ʃʝʛʢʦ ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʪʠʧʘ ʂʦʰʠ ʧʦʣʫʯʘʝʪʩʷ ʠʟ 

ʬʦʨʤʫʣʳ (12) ʟʘʤʝʥʦʡ ʚ ʥʝʤ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ jc
ʥʘʯʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʩʦʛʣʘʩʥʦ 

ʨʘʚʝʥʩʪʚ jj yc =
, 2,1,0=j .  

ʉʧʨʘʚʝʜʣʠʚʦ ʫʪʚʝʨʞʜʝʥʠʝ 

ʊʝʦʨʝʤʘ 3. ʇʫʩʪʴ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ 1. ʊʦʛʜʘ ʟʘʜʘʯʘ ʪʠʧʘ ʂʦʰʠ ʧʨʠ 

ʣʶʙʳʭ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ 
2,1,0, =jy j  ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʘʝʪʩʷ 

ʠʟ ʬʦʨʤʫʣʳ (12), ʧʨʠ jj yc =
, 2,1,0=j . 
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ɿʘʤʝʯʘʥʠʝ 4. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʝʥʦʩʷʪʩʷ ʥʘ ʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ n - ʛʦ 

ʧʦʨʷʜʢʘ ʚʠʜʘ  

n

n

j

jn

j

jnn

x

xf
ʫ

x

xp
ʫ

x

xnp
ʫ

)()()(

2

)()1()( =++ ä
=

--

, 

ʛʜʝ 
)()( 1 ɻCxp n-Í

, 
)()( ɻCxp jn

j

-Í
, 

nj ,2=
 - ʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʠ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʦʜʝʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ  

n

n

j

jn

j

jnn

x

xf
ʫ

x

xq
ʫ

x

xnp
ʫ

)()()(

2

)()1()( =++ ä
=

--

,  

ʛʜʝ 
)(xq j ,

nj ,2=
- ʩʫʪʴ ʠʟʚʝʩʪʥʳʝ ʥʝʧʨʝʨʳʚʥʳʝ ʬʫʥʢʮʠʠ, ʷʚʥʦ ʚʳʨʘʞʘʝʤʳʝ ʩ ʧʦʤʦʱʴʶ 

ʬʫʥʢʮʠʠ )(xp  ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ.  
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ʩʠʥʛʫʣʷʨʥʦʡ ʪʦʯʢʦʡ / ɸ.ɻ. ʆʣʠʤʦʚ // ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʠʭ 

ʧʨʠʣʦʞʝʥʠʡ. ʄʘʪʝʨʠʘʣʳ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 60-ʣʝʪʠʶ ʘʢʘʜʝʤʠʢʘ ɸʅ 

ʈʊ ɹʦʡʤʘʪʦʚʘ ʂ.ʍ. -ɼʫʰʘʥʙʝ: ɼʦʥʠʰ, 2010. - ʉ. 79-81. 

 

ʃʀʅɽʁʅʆɽ ʆɹʓʂʅʆɺɽʅʅʆɽ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʆɽ ʋʈɸɺʅɽʅʀɽ ʊʈɽʊʔɽɻʆ ʇʆʈʗɼʂɸ 

ʆɹʑɽɻʆ ɺʀɼɸ ʉ ʉʀʅɻʋʃʗʈʅʆʁ ʊʆʏʂʆʁ 

ɺ ʩʪʘʪʴʝ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʣʠʥʝʡʥʦʛʦ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʩ 

ʩʠʥʛʫʣʷʨʥʦʡ ʪʦʯʢʦʡ ʥʘʡʜʝʥʦ ʚ ʷʚʥʦʤ ʚʠʜʝ ʠʣʠ ʚʳʨʘʞʝʥʦ ʯʝʨʝʟ ʨʝʟʦʣʴʚʝʥʪʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ɺʦʣʴʪʝʨʨʘ ʚʪʦʨʦʛʦ ʨʦʜʘ ʩʦ ʩʣʘʙʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ.  

ʌʦʨʤʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʧʨʠʤʝʥʝʥʘ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʚʝʜʝʥʠʷ ʨʝʰʝʥʠʡ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʩʠʥʛʫʣʷʨʥʦʡ ʪʦʯʢʠ ʠ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʪʠʧʘ ʂʦʰʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʥʝʡʥʦʝ ʦʙʳʢʥʦʚʝʥʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ï 

ʩʠʥʛʫʣʷʨʥʘʷ ʪʦʯʢʘ ï ʦʙʱʝʝ ʨʝʰʝʥʠʝ ï ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ɺʦʣʴʪʝʨʨʘ ï ʟʘʜʘʯʘ ʪʠʧʘ ʂʦʰʠ. 
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THREE ORDER GENERAL LINEAR ORDINARY DIFFERENTIAL EQUATION  

WITH A SINGULAR POINT  

The article considers the problem of integrating general linear ordinary differential equation of three orders 

with a singular point, by means of solution by model equation, which reduces to decision of the second type 

Volterra integral equation with weak singularity.  

Representation of the general solution of the equation are studied for clarifying the characteristics of the 

solution in the singular point and Cauchy type problem is solved. 

Key words: three order ordinary linear differential equation ï singular point - general solution - Volterra 

integral equation ï Cauchy type problem.  
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ʆɹ ʆɼʅʆʄ ʃʀʅɽʁʅʆʄ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʆʄ ʋʈɸɺʅɽʅʀʀ ɺʊʆʈʆɻʆ 

ʇʆʈʗɼʂɸ ʉ ʆʉʆɹʆʁ ʊʆʏʂʆʁ  

 

ʈ. ʄʫʩʪʘʬʦʢʫʣʦʚ 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʈʘʩʩʤʦʪʨʠʤ ʥʘ ʦʪʨʝʟʢʝ  ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

 

ʛʜʝ  - ʧʦʩʪʦʷʥʥʳʝ ʚʝʱʝʩʪʚʝʥʥʳʝ ʯʠʩʣʘ,  ʠ  - ʥʝʧʨʝʨʳʚʥʘʷ ʥʘ  

ʬʫʥʢʮʠʷ. ʊʦʯʢʘ  ʚ̫ʣʷʝʪʩʷ ʦʩʦʙʦʡ ʪʦʯʢʦʡ ʫʨʘʚʥʝʥʠʷ , ʦʜʥʘʢʦ ʚ ʠʥʪʝʨʚʘʣʝ  

ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ. ʅʠʞʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʫʩʣʦʚʠʷ ʨʘʟʨʝʰʠʤʦʩʪʠ ʫʨʘʚʥʝʥʠʷ  ʚ ʪʝʨʤʠʥʘʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ  ʠ ʧʨʘʚʦʡ ʯʘʩʪʠ  

ʠ ʜʘʸʪʩʷ ʬʦʨʤʫʣʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʣʷ ʝʛʦ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʦʩʦʙʳʤʠ ʪʦʯʢʘʤʠ ʧʦʩʚʷʱʝʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ (ʩʤ. [1,2] ʠ ʠʭ ʙʠʙʣ.). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟ ʵʪʠʭ ʨʘʙʦʪ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʩʚʝʜʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʢ ʫʨʘʚʥʝʥʠʶ ʩ 

ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʫʪʝʤ ʟʘʤʝʥʳ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʦʡ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ 

ʤʝʪʦʜʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʫʨʘʚʥʝʥʠʶ  ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʞʝʣʘʝʤʦʤʫ ʨʝʟʫʣʴʪʘʪʫ, ʪʘʢ ʢʘʢ 

ʦʥʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ  ʟʘʤʝʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʥʝ ʧʨʠʚʦʜʠʪʩʷ ʢ 

ʫʨʘʚʥʝʥʠʶ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʣʦʚʠʷ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ , ʧʨʠ 

ʢʦʪʦʨʳʭ ʝʛʦ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʫʨʘʚʥʝʥʠʶ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. ʇʨʠ 

ʚr ʧʦʣʥʝʥʠʠ ʵʪʠʭ ʫʩʣʦʚʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʣʦʚʠʷ ʨʘʟʨʝʰʠʤʦʩʪʠ ʫʨʘʚʥʝʥʠʷ  ʠ 

ʧʨʠʚʦʜʠʪʩʷ ʬʦʨʤʫʣʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʣʷ ʝʛʦ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ. 

1
0
. ɺ ʥʘʩʪʦʷʱʝʤ ʧʫʥʢʪʝ ʨʘʩʩʤʦʪʨʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʨʘʚʥʝʥʠʶ  ʦʜʥʦʨʦʜʥʦʝ 

ʫʨʘʚʥʝʥʠʝ  

 
ʠ ʧʦʩʪʨʦʠʤ ʜʣʷ ʥʝʛʦ ñʤʦʜʝʣʴʥʦʝò ʫʨʘʚʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʚ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʬʫʥʢʮʠʷʭ. 

ʊʘʢ ʢʘʢ ʜʣʷ ʣʠʥʝʡʥʦʛʦ ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʚʩʝʛʜʘ ʫʜʘʸʪʩʷ ʧʦʩʪʨʦʠʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʨʝʰʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʨʥʝʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʪʦ ʝʩʪʝʩʪʚʝʥʥʦ ʧʦʩʪʘʚʠʪʴ ʚʦʧʨʦʩ ʦ 

mailto:Abdumanon1950@mail.ru
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ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʚʝʜʝʥʠʷ ʫʨʘʚʥʝʥʠʷ  ʢ ʫʨʘʚʥʝʥʠʶ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʧʨʠ ʧʦʤʦʱʠ ʟʘʤʝʥʳ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʦʡ . 

ʇʨʠ  ʫʨʘʚʥʝʥʠʝ  ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʕʡʣʝʨʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

, ʢʦʪʦʨʦʝ ʟʘʤʝʥʦʡ ʧʝʨʝʤʝʥʥʦʡ 

 
ʧʨʠʚʦʜʠʪʩʷ ʢ ʫʨʘʚʥʝʥʠʶ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ  ʧʨʠ  ʠʟʫʯʝʥʦ ʪʘʢʞʝ ʚ . 

ɺ ʫʨʘʚʥʝʥʠʠ  ʩʜʝʣʘʝʤ ʧʦʜʩʪʘʥʦʚʢʫ . ʊʦʛʜʘ  

 

 

ʇʦʜʩʪʘʚʣʷʷ ʵʪʠ ʚʳʨʘʞʝʥʠʷ ʚ , ʧʨʠʭʦʜʠʤ ʢ ʫʨʘʚʥʝʥʠʶ 

 

ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ  ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʚʝʜʝʥʦ ʢ ʫʨʘʚʥʝʥʠʶ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʬʫʥʢʮʠʷ  ʧʨʝʚʨʘʱʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʨʠ  ʠ  ʚ ʫʨʘʚʥʝʥʠʠ  ʚ ʢʦʥʩʪʘʥʪʳ. ʇʦʣʦʞʠʤ  

 

ʊʦʛʜʘ  , ʦʪʢʫʜʘ . ɺʦʟʴʤʝʤ ʢʦʥʩʪʘʥʪʫ  ʠ 

ʦʧʫʩʢʘʷ ʧʦʩʪʦʷʥʥʫʶ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ , ʧʦʣʫʯʠʤ ʜʣʷ ʬʫʥʢʮʠʠ  ʬʦʨʤʫʣʫ , ʝʩʣʠ 

 ʠ  

 

ʝʩʣʠ . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʫʨʘʚʥʝʥʠʝ  ʧʨʠʚʦʜʠʤʦ ʢ ʫʨʘʚʥʝʥʠʶ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʨʠ ʧʦʤʦʱʠ ʟʘʤʝʥʳ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʪʦ ʪʦʣʴʢʦ ʧʦ ʬʦʨʤʫʣʘʤ 

 ʧʨʠ  ʠ  ʧʨʠ . 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʣʫʯʘʡ . ʊʦʛʜʘ  ʠ 

, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠ  ʚ ʫʨʘʚʥʝʥʠʠ  ʧʨʠʤʝʪ 

ʚʠʜ  

 

ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʥʝ ʤʦʞʝʪ ʨʘʚʥʷʪʴʩʷ ʢʦʥʩʪʘʥʪʝ. ʇʦʵʪʦʤʫ ʫʨʘʚʥʝʥʠʝ  ʧʨʠ  ʟʘʤʝʥʦʡ 

ʧʝʨʝʤʝʥʥʦʡ  

 
ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʚʝʜʝʥʦ ʢ ʫʨʘʚʥʝʥʠʶ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

 

ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠ  ʚ ʫʨʘʚʥʝʥʠʠ  ʠʤʝʝʪ ʚʠʜ 

 

ʆʙʨʘʪʥʦ, ʝʩʣʠ ʜʘʥʦ ʫʨʘʚʥʝʥʠʝ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ , ʪʦ ʧʦʜʩʪʘʥʦʚʢʦʡ 

 ʦʥʦ ʧʨʠʚʦʜʠʪʩʷ ʢ ʫʨʘʚʥʝʥʠʶ 
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ɽʩʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ  ʠ  ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʥʦ ʦʙʨʘʪʥʳʤʠ, ʪʦ  

 

ʆʪʩʶʜʘ  ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

. 

ʇʦʵʪʦʤʫ ʧʨʠʚʝʜʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʪ ʤʝʩʪʦ ʫʪʚʝʨʞʜʝʥʠʝ 

ʊʝʦʨʝʤʘ 1. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʨʘʚʥʝʥʠʝ  ʟʘʤʝʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʧʦ ʬʦʨʤʫʣʝ  

ʧʨʠʚʦʜʠʣʦʩʴ ʢ ʫʨʘʚʥʝʥʠʶ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ , ʥʝʦʙʭʦʜʠʤʦ ʠ 

ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠ  ʚ ʫʨʘʚʥʝʥʠʠ  ʠʤʝʣ ʚʠʜ 

. 

ʋʨʘʚʥʝʥʠʝ 

 

ʥʘʟʳʚʘʝʪʩʷ ʤʦʜʝʣʴʥʳʤ ʜʣʷ ʫʨʘʚʥʝʥʠʷ . ʆʥʦ ʟʘʤʝʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʧʦ ʬʦʨʤʫʣʝ  

ʧʨʠʚʦʜʠʪʩʷ ʢ ʫʨʘʚʥʝʥʠʶ . 

. ɺ ʥʘʩʪʦʷʱʝʤ ʧʫʥʢʪʝ ʠʟʫʯʘʝʪʩʷ ʤʦʜʝʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ . ʊʘʢ ʢʘʢ ʫʨʘʚʥʝʥʠʝ  

ʠʤʝʝʪ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʚʠʜʘ , ʛʜʝ  ï ʢʦʨʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 

 ʦʪ ʬʫʥʢʮʠʷ 

 

ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʤʦʜʝʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ . 

ʇʫʩʪʴ ʜʠʩʢʨʠʤʠʥʘʥʪ  ʠ  ʚʝʱʝʩʪʚʝʥʥʳʝ ʢʦʨʥʠ 

ʫʨʘʚʥʝʥʠʷ . ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ  ʠʤʝʝʪ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʝ ʯʘʩʪʥʳʝ ʨʝʰʝʥʠʷ 

 
ʠ ʦʙʱʠʤ ʨʝʰʝʥʠʝʤ ʙʫʜʝʪ 

 

ʛʜʝ  ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ. 

ɽʩʣʠ , ʪʦ ʫʨʘʚʥʝʥʠʝ  ʠʤʝʝʪ ʢʦʤʧʣʝʢʩʥʦ ï ʩʦʧʨʷʞʝʥʥʳʝ ʢʦʨʥʠ 

. ʕʪʠʤ ʢʦʨʥʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʝʱʝʩʪʚʝʥʥʳʝ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʝ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ  ʚʠʜʦʚ 

 

ʇʦʵʪʦʤʫ ʦʙʱʠʤ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ  ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʬʫʥʢʮʠʷ 

 

ʛʜʝ  ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ. 

ɽʩʣʠ ʞʝ , ʪʦ ʫʨʘʚʥʝʥʠʝ  ʠʤʝʝʪ ʢʨʘʪʥʳʡ ʢʦʨʝʥʴ . ʊʦʛʜʘ 

ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʬʫʥʢʮʠʠ 

ʠ  

ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʤʠ ʨʝʰʝʥʠʷʤʠ ʫʨʘʚʥʝʥʠʷ  ʠ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʠʤʝʝʪ ʚʠʜ 
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ʛʜʝ  ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʥʝʦʜʥʦʨʦʜʥʦʝ ʤʦʜʝʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

 

ʛʜʝ  - ʥʝʧʨʝʨʳʚʥʘʷ ʥʘ ʦʪʨʝʟʢʝ  ʬʫʥʢʮʠʷ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʙʱʝʝ ʨʝʰʝʥʠʝ  

ʫʨʘʚʥʝʥʠʷ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 

ʛʜʝ  - ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ , ʘ  - ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ 

ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ . ɺʳʰʝ ʥʘʤʠ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʟʥʘʢʘ ʜʠʩʢʨʠʤʠʥʘʥʪʘ  ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ . ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ  ʤʦʞʥʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤ ʫʪʚʝʨʞʜʝʥʠʝʤ, ʚʳʪʝʢʘʶʱʠʤ ʠʟ ʤʝʪʦʜʘ ʚʘʨʠʘʮʠʠ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ: 

ʃʝʤʤʘ. ʇʫʩʪʴ  - ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ . 

ɽʩʣʠ  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ 

 
ʪʦ ʬʫʥʢʮʠʷ  

 

ʙʫʜʝʪ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ . 

ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʣʝʤʤʳ, ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝʥʠʷ  ʥʫʞʥʦ ʨʝʰʠʪʴ ʩʠʩʪʝʤʫ , 

ʦʧʨʝʜʝʣʠʪʴ  ʠ ʧʦʜʩʪʘʚʠʪʴ ʠʭ ʚ ʨʘʚʝʥʩʪʚʦ . 

ʆʧʨʝʜʝʣʠʪʝʣʴ ʩʠʩʪʝʤʳ  ï ʦʧʨʝʜʝʣʠʪʝʣʴ ɺʨʦʥʩʢʦʛʦ 

 

ʇʦʵʪʦʤʫ ʩʠʩʪʝʤʘ  ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ: 

 

ɽʩʣʠ  ʪʦ  

 

ʇʦʵʪʦʤʫ ʜʣʷ ,  ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ: 

 

ʆʪʩʶʜʘ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ , ʥʝʦʙʭʦʜʠʤʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠʥʪʝʛʨʘʣʦʚ  

 

ʇʨʠʤʝʥʷʷ ʢ ʠʥʪʝʛʨʘʣʘʤ  ʠʟʚʝʩʪʥʳʝ ʧʨʠʟʥʘʢʠ ʩʭʦʜʠʤʦʩʪʠ (ʩʤ. [6]), ʧʨʠʭʦʜʠʤ ʢ 

ʩʣʝʜʫʶʱʝʤʫ ʫʪʚʝʨʞʜʝʥʠʶ 

ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ  ʠ   - ʚʝʱʝʩʪʚʝʥʥʳʝ ʢʦʨʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ . ʇʫʩʪʴ, ʢʨʦʤʝ ʪʦʛʦ, ʬʫʥʢʮʠʷ  ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʪʦʯʢʠ  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ: ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʠ , ʘ ʪʘʢʞʝ 
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ʧʨʠ  ʠ ; ʘ ʝʩʣʠ  ʠ  ʠʣʠ ʞʝ , ʪʦ  ʩ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʦʮʝʥʢʦʡ 

 

ʊʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ , ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʠʤʦ ʚ ʚʠʜʝ 

 

 

ʛʜʝ  - ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɺ ʫʩʣʦʚʠʷʭ ʪʝʦʨʝʤʳ 2 ʩʫʱʝʩʪʚʫʶʪ ʠʥʪʝʛʨʘʣʳ . ʇʦʵʪʦʤʫ ʠʟ 

 ʧʦʣʫʯʘʝʤ 

 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʠʣʫ ʣʝʤʤʳ ʠʤʝʝʤ 

 

ʆʪʩʶʜʘ ʚ ʩʠʣʫ  ʠ  ʧʦʣʫʯʘʝʤ ʨʘʚʝʥʩʪʚʦ . 

ʊʝʦʨʝʤʘ 2 ʜʦʢʘʟʘʥʘ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚʳʨʘʞʝʥʠʝ 

 

ʥʘʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ ʂʦʰʠ ʫʨʘʚʥʝʥʠʷ  ʚ ʩʣʫʯʘʝ . 

ʇʫʩʪʴ ʪʝʧʝʨʴ . ʊʦʛʜʘ  

 

ʠ ʜʣʷ ʨʝʰʝʥʠʷ ,  ʩʠʩʪʝʤʳ  ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ: 

 
ʇʨʠʤʝʥʷʷ ʪʝʧʝʨʴ ʢ ʵʪʠʤ ʚʳʨʘʞʝʥʠʷʤ ʠʟʚʝʩʪʥʳʝ ʧʨʠʟʥʘʢʘ ʩʭʦʜʠʤʦʩʪʠ ʥʝʩʦʙʩʪʚʝʥʥʳʭ 

ʠʥʪʝʛʨʘʣʦʚ (ʩʤ. [6]), ʧʨʠʭʦʜʠʤ ʢ ʫʪʚʝʨʞʜʝʥʠʶ. 

ʊʝʦʨʝʤʘ 3. ʇʫʩʪʴ  ʠ ʬʫʥʢʮʠʷ  ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ  ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʫʩʣʦʚʠʷʤ: ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʠ , ʘ ʪʘʢʞʝ ʧʨʠ  ʠ ; ʘ ʝʩʣʠ 

 ʠ , ʪʦ  ʩ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ 

 

ʊʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ , ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʠʤʦ ʚ ʚʠʜʝ 
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ʛʜʝ  - ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɺ ʫʩʣʦʚʠʷʭ ʪʝʦʨʝʤʳ 3 ʩʫʱʝʩʪʚʫʶʪ ʠʥʪʝʛʨʘʣʳ ʦʪ ʧʨʘʚʳʭ ʯʘʩʪʝʡ 

ʨʘʚʝʥʩʪʚ . ʇʦʵʪʦʤʫ ʠʥʪʝʛʨʠʨʫʷ ʵʪʠ ʨʘʚʝʥʩʪʚʘ, ʚ ʩʠʣʫ ʣʝʤʤʳ ʧʦʣʫʯʘʝʤ 

 

ʆʪʩʶʜʘ ʚ ʩʠʣʫ  ʠ  ʧʦʣʫʯʘʝʤ ʨʘʚʝʥʩʪʚʦ . 

ʊʝʦʨʝʤʘ 3 ʜʦʢʘʟʘʥʘ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʬʫʥʢʮʠʷ ʂʦʰʠ ʫʨʘʚʥʝʥʠʷ  ʚ ʩʣʫʯʘʝ  ʠʤʝʝʪ ʚʠʜ 

 

ʇʫʩʪʴ, ʥʘʢʦʥʝʮ, . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʤ 

 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 
ʇʨʠʤʝʥʷʷ ʢ ʠʥʪʝʛʨʘʣʘʤ ʦʪ ʚʳʨʘʞʝʥʠʡ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʵʪʠʭ ʨʘʚʝʥʩʪʚ ʠʟʚʝʩʪʥʳʝ 

ʧʨʠʟʥʘʢʠ ʩʭʦʜʠʤʦʩʪʠ ʥʝʩʦʙʩʪʚʝʥʥʳʭ ʠʥʪʝʛʨʘʣʦʚ (ʩʤ. [6]), ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʝ 

ʫʪʚʝʨʞʜʝʥʠʝ. 

ʊʝʦʨʝʤʘ 4. ʇʫʩʪʴ  ʠ ʬʫʥʢʮʠʷ  ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ  ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʫʩʣʦʚʠʷʤ: ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʠ , ʘ ʪʘʢʞʝ ʧʨʠ  ʠ ; ʘ ʝʩʣʠ 

 ʠ , ʪʦ  ʩ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ 

 

ʊʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ , ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʠʤʦ ʚ ʚʠʜʝ 

 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɺ ʫʩʣʦʚʠʷʭ ʪʝʦʨʝʤʳ 4 ʨʘʚʝʥʩʪʚʘ  ʠʥʪʝʛʨʠʨʫʝʤʳ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟ ʣʝʤʤʳ ʚʳʪʝʢʘʝʪ, ʯʪʦ ʬʫʥʢʮʠʷ 

 

ʙʫʜʝʪ ʯʘʩʪʥʳʤ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ . ʆʙʱʝʝ ʞʝ ʨʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʠʣʫ . ʇʦʵʪʦʤʫ ʠʟ  ʠ  ʧʦʣʫʯʘʝʤ ʨʘʚʝʥʩʪʚʘ . 

ʊʝʦʨʝʤʘ 4 ʜʦʢʘʟʘʥʘ 

ʌʫʥʢʮʠʷ ʂʦʰʠ ʫʨʘʚʥʝʥʠʷ  ʚ ʩʣʫʯʘʝ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ: 

 

3
0
. ɺ ʥʘʩʪʦʷʱʝʤ ʧʫʥʢʪʝ ʚʝʨʥʝʤʩʷ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʫʨʘʚʥʝʥʠʷ  ʠ ʫʩʪʘʥʦʚʠʤ ʩʚʷʟʴ 

ʤʝʞʜʫ ʝʛʦ ʨʝʰʝʥʠʝʤ ʠ ʨʝʰʝʥʠʝʤ ʤʦʜʝʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ  

ʇʝʨʝʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ  ʚ ʚʠʜʝ 
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ʛʜʝ ʦʙʦʟʥʘʯʝʥʦ . ʋʨʘʚʥʝʥʠʝ  - ʵʪʦ ʤʦʜʝʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʩ ʧʨʘʚʦʡ ʯʘʩʪʴʶ . ʇʦʵʪʦʤʫ ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʳʜʫʱʝʛʦ ʧʫʥʢʪʘ, ʜʣʷ ʝʛʦ 

ʦʙʱʝʛʦ ʨʝʰʝʥʠʝ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

 

ʛʜʝ  - ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ , ʘ  ʬʫʥʢʮʠʷ ʂʦʰʠ ʫʨʘʚʥʝʥʠʷ . ɺ 

ʧʨʝʜʳʜʫʱʝʤ ʧʫʥʢʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʬʦʨʤʫʣʳ ʜʣʷ  ʠ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʢʘ 

ʜʠʩʢʨʠʤʠʥʘʥʪʘ . 

ʈʘʩʩʤʦʪʨʠʤ ʦʪʜʝʣʴʥʦ ʠʥʪʝʛʨʘʣ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ  

 
ʀʥʪʝʛʨʠʨʫʷ ʧʦ ʯʘʩʪʷʤ ʚʪʦʨʦʡ ʠʥʪʝʛʨʘʣ, ʧʦʣʫʯʘʝʤ 

 

 

ɺʥʝʠʥʪʝʛʨʘʣʴʥʦʝ ʩʣʘʛʘʝʤʦʝ ʨʘʚʥʦ ʥʫʣʶ, ʪʘʢ ʢʘʢ  ʠ  ʧʨʠ 

. ʕʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʣʝʜʫʝʪ ʠʟ ʬʦʨʤʫʣ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʬʫʥʢʮʠʠ ʂʦʰʠ  ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʧʫʥʢʪʝ. 

ʈʘʚʝʥʩʪʚʦ  ʧʨʠʥʠʤʘʝʪ ʪʝʧʝʨʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 
ʛʜʝ 

 

 

ʋʨʘʚʥʝʥʠʝ  ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʪʠʧʘ ɺʦʣʴʪʝʨʘ ʩ ʷʜʨʦʤ . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ ʦʙʱʝʝ ʨʝʰʝʥʠʝ  ʤʦʜʝʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

, ʪʦ ʦʙʱʝʝ ʨʝʰʝʥʠʝ  ʫʨʘʚʥʝʥʠʷ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʝʰʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʪʠʧʘ ɺʦʣʴʪʝʨʘ , ʷʜʨʦ ʢʦʪʦʨʦʛʦ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʬʫʥʢʮʠʶ ʂʦʰʠ 

 ʫʨʘʚʥʝʥʠʷ  ʬʦʨʤʫʣʦʡ . 

ʈʝʘʣʠʟʘʮʠʷ ʬʦʨʤʫʣʳ  ʜʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ  ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʢʨʝʪʥʦ ʜʣʷ 

ʢʘʞʜʦʛʦ ʩʣʫʯʘʷ ʟʥʘʢʘ ʜʠʩʢʨʠʤʠʥʘʥʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ . 
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ʆɹ ʆɼʅʆʄ ʃʀʅɽʁʅʆʄ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʆʄ ʋʈɸɺʅɽʅʀʀ ɺʊʆʈʆɻʆ ʇʆʈʗɼʂɸ ʉ 

ʆʉʆɹʆʁ ʊʆʏʂʆʁ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʥʦ ʣʠʥʝʡʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʪʦʨʦʛʦ ʠʤʝʶʪ ʦʩʦʙʫʶ ʪʦʯʢʫ. ɺʳʜʝʣʷʝʪʩʷ ʢʣʘʩʩ ʫʨʘʚʥʝʥʠʡ, ʧʨʠʚʦʜʷʱʠʭʩʷ ʢ ʫʨʘʚʥʝʥʠʶ ʩ 

ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʫʪʝʤ ʟʘʤʝʥʳ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ. ɼʣʷ ʫʨʘʚʥʝʥʠʡ ʠʟ ʵʪʦʛʦ ʢʣʘʩʩʘ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʣʦʚʠʷ ʨʘʟʨʝʰʠʤʦʩʪʠ, ʠ ʚʳʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʱʝʛʦ 

ʨʝʰʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʥʛʫʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʫʨʘʚʥʝʥʠʷ ʩ ʦʩʦʙʝʥʥʦʩʪʴʶ, ʤʦʜʝʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, 

ʠʥʪʝʛʨʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

 

ABOUT AN ONE LINEARE DIFFERENTIAL EQUATION OF SECOND ORDER  

WITH FEATURE POINT  

In this work one lineare differential equation of second order with singular coefficients is considered. The 

class equations reducing to equation with constants coefficients bʫ means of change of variable is selected. For 

equation of this class the condition existence determined and the formulʘ of integral representation of solution is 

extracted. 

Key words: singular coefficient, equation with feature, equation model, integral representation. 

 

ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʝ: ʈ. ʄʫʩʪʘʬʦʢʫʣʦʚ ï ʜʦʢʪʦʨ ʬʠʟʠʢʦïʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʊʝʣʝʬʦʥ: 951-60-69-55. Eïmail: rmustaf@list.ru   

 

 

ɺʃʀʗʅʀɽ ʇʈɽɼʇʆʉɽɺʅʆɻʆ ʈɸɼʀɸʎʀʆʅʅʆɻʆ ʀɿʃʋʏɽʅʀʗ ʅɸ ʕʅɽʈɻʀʖ 

ʇʈʆʈɸʉʊɸʅʀʗ ʀ ʇʈʆɼʋʂʊʀɺʅʆʉʊʔ ʉɽʄʗʅ ʍʆʇʏɸʊʅʀʂɸ 

 

ʊ.ɸ. ʍʦʜʞʘʝʚ 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʍʣʦʧʦʢ, ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʩʳʨʴʝʤ ʥʘʰʝʡ ʨʝʩʧʫʙʣʠʢʠ, ʠ ʝʛʦ ʚʦʣʦʢʥʘ 

ʠʩʧʦʣʴʟʫʪʁʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʉʦʩʪʘʚ ʩʝʤʷʥ ʭʣʦʧʯʘʪʥʠʢʘ 

ʩʦʜʝʨʞʠʪ ʤʘʩʣʦ, ʢʦʪʦʨʦʝ ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʳʣʦʚʘʨʝʥʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʘ ʭʣʦʧʢʦʚʳʡ ʞʤʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʢʦʨʤ ʚ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ. ʂʦʞʫʨʘ ʠ ʩʪʝʙʣʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʪʁʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʠʨʪʘ, ʛʣʶʢʦʟʳ, 

ʙʫʤʘʛʠ, ʢʘʢ ʪʦʧʣʠʚʦ, ʪ.ʝ. ʭʣʦʧʯʘʪʥʠʢ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʦʪʭʦʜʥʘʷ ʩʳʨʴy . ʇʦʵʪʦʤʫ 

ʭʣʦʧʯʘʪʥʠʢ ʰʠʨʦʢʦ ʚʦʟʜʝʣʳʚʘʝʪʩʷ ʚ ʤʠʨʝ.  

ʈʘʩʪʝʥʠʝ ʭʣʦʧʯʘʪʥʠʢʘ ʷʚʣʷʝʪʩʷ ʩʪʦʡʢʠʤ ʢ ʪʝʧʣʫ. ʉʝʤʝʥʘ ʭʣʦʧʯʘʪʥʠʢʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʥʠʞʝ 12Áʉ ʥʝ ʧʨʦʨʘʩʪʘʶʪ, ʜʘʞʝ ʚʦʣʦʢʥʦ ʧʝʨʝʩʪʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ, ʝʩʣʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʠʞʝ +12Áʉ. ʍʣʦʧʯʘʪʥʠʢ ʢʫʣʴʪʫʨʘ ʩʚʝʪʦʣʶʙʠʚʘʷ ʠ ʩʪʨʘʜʘʝʪ ʦʪ ʜʦʣʛʦʛʦ 

ʟʘʪʝʤʥʝʥʠʷ, ʯʫʚʩʪʚʠʪʝʣʝʥ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʚʝʪʦʚʦʛʦ ʜʥʷ ʠ ʥʦʯʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʩʚʝʪʦʚʦʤʫ ʧʝʨʠʦʜʫ[1, 2]. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʣʫʯʝʥʠʡ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʘʙʦʪʳ ʧʦ ʚʳʷʩʥʝʥʠʶ ʚʣʠʷʥʠʷ ʛʘʤʤʘ ï ʣʫʯʝʡ, 

ʥʘ ʵʥʝʨʛʠʶ ʧʨʦʨʘʩʪʘʥʠʷ ʠ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʭʣʦʧʯʘʪʥʠʢʘ. ʕʥʝʨʛʠʷ ʧʨʦʨʘʩʪʘʥʠʷ ʠ 

ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʷʚʣʷʪʁʩʷ ʦʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦʩʝʚʥʳʭ ʢʘʯʝʩʪʚ ʩʝʤʷʥ, ʦʪ ʥʠʭ 

ʟʘʚʠʩʠʪ ʚʳʩʦʢʠʡ ʫʨʦʞʘʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʭʣʦʧʢʘ ï ʩʳʨʮʘ. 

ʍʦʟʷʡʩʪʚʝʥʥʦ-ʧʦʣʝʟʥʳʡ ʵʬʬʝʢʪ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

mailto:rmustaf@list.ru
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ʜʝʡʩʪʚʠʷ ʠʦʥʠʟʠʨʫʶʱʝʡ ʨʘʜʠʘʮʠʠ ʫʩʠʣʠʚʘʝʪʩʷ ʩʠʥʪʝʟ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʙʝʣʢʦʚ, 

ʛʦʨʤʦʥʦʚ, ʧʦʚʳʰʘʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʬʝʨʤʝʥʪʦʚ, ʠʟʤʝʥʷʝʪʩʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʤʝʤʙʨʘʥ, ʫʩʠʣʠʚʘʝʪʩʷ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʨʘʩʪʝʥʠʡ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʚ 

ʠʪʦʛʝ ʢ ʫʩʢʦʨʝʥʠʶ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ, ʘ ʪʘʢʞʝ ʢ ʧʦʚʳʰʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʨʘʩʪʝʥʠʡ[1, 2]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴ ʁʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʨʝʜʧʦʩʝʚʥʦʛʦ 

ʥʝʡʪʨʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʥʘ ʵʥʝʨʛʠʶ ʧʨʦʨʘʩʪʘʥʠʷ, ʧʦʣʝʚʦʡ ʚʩʭʦʞʝʩʪʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʥʘʩʪʦʷʱʠʭ ʣʠʩʪʴʝʚ ʧʨʦʨʦʩʪʢʦʚ ʩʝʤʷʥ ʭʣʦʧʯʘʪʥʠʢʘ ʨʘʟʥʳʤʠ ʜʦʟʘʤʠ. ʉʭʝʤʘ ʦʙʣʫʯʝʥʠʷ 

ʩʝʤʷʥ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣ. 1. ʉʭʝʤʘ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʨʘʩʪʝʥʠʡ ʭʣʦʧʯʘʪʥʠʢʘ (ʩʦʨʪʘ ʌʣʦʨʘ) 

ʥʝʡʪʨʦʥʥʳʤ ʦʙʣʫʯʝʥʠʝʤ 
ɺʘʨʠʘʥʪʳ ʇʦʪʦʢ ʥʝʡʪʨʦʥʦʚ ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʣʫʯʝʥʠʷ 

I ʂʦʥʪʨʦʣʴʥʳʝ ï ʥʝʦʙʣʫʯʝʥʥʳʝ ʩʝʤʝʥʘ  - 

II  8.64 
.
 10

8
 ʥ

.
 24 ʯʘʩʘ 

III  17.28 
.
 10

8
 ʥ

.
 48 ʯʘʩʦʚ 

IV  25.92 
.
 10

8
 ʥ

.
 72 ʯʘʩʘ 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʭʣʦʧʯʘʪʥʠʢ ʩʦʨʪʘ (ʌʣʦʨʘ). ʆʧʳʪʳ 

ʧʨʦʚʦʜʠʣʠ ʚ ʨʘʡʦʥʝ ʈʫʜʘʢʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ.  

ʇʝʨʝʜ ʦʙʣʫʯʝʥʠʝʤ ʦʪʙʠʨʘʣʠ ʩʝʤʝʥʘ ʩʦʛʣʘʩʥʦ ɻʆʉʊʫ. ʇʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʩʝʤʝʥʘ 

ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʟʘʤʘʯʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ 

ʚ ʪʝʤʥʦʪʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʉʝʤʝʥʘ ʚʳʩʝʚʘʣʠ ʥʘ ʛʨʷʜʢʠ ʥʘ ʛʣʫʙʠʥʫ 5-6ʩʤ ʩ 

ʰʠʨʠʥʦʡ ʤʝʞʜʫʨʷʜʠʡ ʦʪ 60 ʜʦ 70ʩʤ ʠ ʨʘʩʩʪʦʷʥʠʝʤ ʚ ʨʷʜʢʘʭ ʦʪ 15 ʜʦ 20ʩʤ, ʛʨʷʜʢʠ ʩ 

ʫʯʝʪʦʤ ʟʘʱʠʪʥʦʡ ʧʦʣʦʩʳ ʧʦ ʧʝʨʠʤʝʪʨʫ ʦʪ 25 ʜʦ 35ʩʤ, ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 20ʤ
2
. ʅʘ ʛʨʷʜʢʘʭ 

ʧʦʩʣʝ ʚʩʭʦʜʦʚ ʨʘʟʤʝʱʘʣʦʩʴ ʦʪ 10 ʜʦ 20 ʨʘʩʪʝʥʠʡ. ʇʨʦʚʦʜʠʣʠ 2-ʢʨʘʪʥʳʡ ʦʧʳʪ ʜʣʷ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʣʠʚ ʚʘʨʠʘʥʪʦʚ ʧʨʦʚʦʜʠʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ.  

ɺ 60-ʳʡ ʜʝʥʴ ʦʪ ʧʝʨʚʦʛʦ ʜʥ ̫ ʚʩʭʦʜʦʚ ʩʝʤʷʥ, ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʨʦʩʪʘ 

ʭʣʦʧʯʘʪʥʠʢʘ. ɺ ʥʘʯʘʣʝ ʦʧʨʝʜʝʣʠʣʠ ʣʠʥʝʡʥʳʡ ʨʦʩʪ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ, ʢʦʣʠʯʝʩʪʚʦ ʧʦʙʝʛʦʚ, 

ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʣʠ ʩʨʝʜʥʶʶ ʧʣʦʱʘʜʴ ʣʠʩʪʘ ʩʨʝʜʥʝʛʦ ʷʨʫʩʘ ʠ ʦʙʱʫʶ 

ʣʠʩʪʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʩʪʝʥʠʷ. ɺ ʢʦʥʮʝ ʩʙʦʨʘ ʫʨʦʞʘʷ ʧʦʜʩʯʠʪʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʥʦʩʪʴʶ 

ʚʳʟʨʝʚʰʠʭ ʢʦʨʦʙʦʯʝʢ. ʇʦʜʩʯʝʪ ʚʳʟʨʝʚʰʠʭ ʢʦʨʦʙʦʯʝʢ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʦʪʙʦʨʘ ʜʝʩʷʪʠ 

ʥʦʨʤʘʣʴʥʦ ʨʘʟʚʠʪʳʭ ʢʦʨʦʙʦʯʝʢ ʩ 10 ʨʘʩʪʝʥʠʡ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ 

ʚʳʩʫʰʠʚʘʥʠʷ ʚʟʚʝʰʠʚʘʣʠʩʴ ʥʘ ʵʣʝʢʪʨʦʥʥʳʭ ʚʝʩʘʭ. ʇʦʪʦʤ ʚʟʚʝʰʠʚʘʣʠ ʚʦʣʦʢʥʦ ʩ 

ʩʝʤʝʥʘʤʠ ʩʦ ʚʩʝʭ ʢʦʨʦʙʦʯʝʢ, ʧʦʩʣʝ ʠʟʤʝʨʷʣʠ ʜʣʠʥʫ ʚʦʣʦʢʥʘ, ʦʪʜʝʣʷʣʠ ʩʝʤʝʥʘ ʦʪ ʚʦʣʦʢʥʘ 

ʠ ʧʦʜʩʯʠʪʘʣʠ ʠʭ ʯʠʩʣʦ ʠ ʤʘʩʩʫ, ʘ ʪʘʢʞʝ ʤʘʩʩʫ ʯʠʩʪʦʛʦ ʚʦʣʦʢʥʘ. ʉʨʝʜʥʠʝ ʨʘʩʯʝʪʳ 

ʧʨʦʚʦʜʠʣʠ ʚ ʮʝʣʦʤ ʠʟ ʦʜʥʦʡ ʢʦʨʦʙʦʯʢʠ ʠ ʦʜʥʦʛʦ ʨʘʩʪʝʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ, ʧʨʦʨʘʩʪʘʥʠʝ ʩʝʤʷʥ ʠ ʨʦʩʪ ʧʨʦʨʦʩʪʢʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʧʝʨʠʦʜʦʚ ʦʥʪʦʛʝʥʝʟʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʠʟʤʘ, ʦʪ ʢʦʪʦʨʦʛʦ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ 

ʜʘʣʴʥʝʡʰʘʷ ʩʫʜʴʙʘ ʨʘʩʪʝʥʠʷ, ʝʛʦ ʨʦʩʪ, ʨʘʟʚʠʪʠʝ ʠ ʚʳʩʦʢʦʝ ʧʣʦʜʦʥʦʰʝʥʠʝ. 

ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ ʠ ʩʦʩʪʘʚʝ ʵʪʠʭ ʚʝʱʝʩʪʚ ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʭʘʨʘʢʪʝʨʝ 

ʨʦʩʪʦʚʳʭ ʠ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʩʦʙʝʥʥʦ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʥʪʦʛʝʥʝʟʘ ʧʦʩʣʝ ʧʨʦʨʘʩʪʘʥʠʷ 

ʩʝʤʷʥ ʠ ʨʦʩʪʘ ʧʨʦʨʦʩʪʢʦʚ.  

ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʨʝʜʧʦʩʝʚʥʦʛʦ ʥʝʡʪʨʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʩʝʤʷʥ 

ʭʣʦʧʯʘʪʥʠʢʘ ʨʘʟʥʳʤʠ ʜʦʟʘʤʠ ʥʘ ʵʥʝʨʛʠʶ ʧʨʦʨʘʩʪʘʥʠʷ, ʧʦʣʝʚʦʡ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʩʪʦʷʱʠʭ ʣʠʩʪʴʝʚ ʧʨʦʨʦʩʪʢʦʚ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ.1, ʧʨʝʜʧʦʩʝʚʥʦʝ 

ʦʙʣʫʯʝʥʠʝ ʩʝʤʷʥ ʭʣʦʧʯʘʪʥʠʢʘ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʥʪʦʛʝʥʝʟʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʢʦʨʝʥʠʶ 

ʵʥʝʨʛʠʠ ʧʨʦʨʘʩʪʘʥʠʷ ʠ ʧʦʣʝʚʦʡ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ. ʇʦʷʚʣʝʥʠʝ ʚʩʭʦʜʦʚ ʜʣʷ ʚʘʨʠʘʥʪʦʚ - 

ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʦʙʣʫʯʝʥʥʳʭ ʩ ʜʦʟʦʡ 8,64 Ā10
8
ʥ. ʙʳʣʠ ʦʜʠʥʘʢʦʚʳʤʠ, ʘ ʚ ʦʙʣʫʯʝʥʥʳʭ 

ʚʘʨʠʘʥʪʘʭ ʩ ʜʦʟʦʡ 17,28Ā10
8
ʥ ʠ 25.92 Ā10

8
ʥ ʧʦʷʚʠʣʠʩʴ ʚʩʭʦʜʳ 2 ʜʥʷ ʨʘʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
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ʢʦʥʪʨʦʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʦʙʣʫʯʝʥʠʝ ʘʢʪʠʚʠʨʫʝʪ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʩʝʤʝʥʘʭ ʧʨʠ ʧʨʦʨʘʩʪʘʥʠʠ, ʫʩʢʦʨʷʷ ʨʦʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ ʟʘʨʦʜʳʰʘ.  

 

ʊʘʙʣʠʮʘ 2. ɺʣʠʷʥʠʝ ʥʝʡʪʨʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʩʝʤʷʥ ʭʣʦʧʯʘʪʥʠʢʘ ʥʘ ʵʥʝʨʛʠʶ 

ʧʨʦʨʘʩʪʘʥʠʷ, ʧʦʣʝʚʫ  ʁʚʩʭʦʞʝʩʪ ɹʠ ʧʦʷʚʣʝʥʠʝ ʥʘʩʪʦʷʱʠʭ ʣʠʩʪʴʝʚ ʧʨʦʨʦʩʪʢʦʚ 
 ɺʘʨʠʘʥʪ ɼʝʥʴ ʧʦʩʝʚʘ ɼʝʥʴ ʚʩʭʦʜʦʚ ʇʦʷʚʣʝʥʠʝ ʣʠʩʪʴʝʚ 

1 ʂʦʥʪʨʦʣʴ 07.05.12 16.05.12. 26.05.12 

2 8,64 Ā10
8
ʥ. 07.05.12 16.05.12 24.05.12 

3 17,28Ā10
8
ʥ 07.05.12 14.05.12. 24.05.12 

4 25.92 Ā10
8
ʥ 07.05.12 14.05.12. 24.05.12 

 

ɼʨʫʛʠʤ ʟʥʘʯʠʤʳʤ ʧʨʦʮʝʩʩʦʤ ʚ ʞʠʟʥʠ ʨʘʩʪʝʥʠʡ ʷʚʣʷʝʪʩʷ ʤʦʨʬʦʛʝʥʝʟ ʠ ʙʦʣʝʝ ʨʘʥʥʠʝ 

ʚʩʭʦʜʳ ʩʧʦʩʦʙʩʪʚʫʪʁ ʨʘʥʥʝʤʫ ʤʦʨʬʦʛʝʥʝʟʫ, ʪʦʠʩʪ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘʩʪʦʷʱʠʭ ʣʠʩʪʴʝʚ. ʈʦʩʪ 

ʜʣʷ ʣʶʙʦʛʦ ʨʘʩʪʝʥʠ ̫ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʧʨʦʷʚʣʷʶʱʠʤʩʷ 

ʚʦ ʚʥʝʰʥʠʭ ʧʨʠʟʥʘʢʘʭ: ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʦʨʛʘʥʦʚ. ʅʘ ʩʝʙʝ 

ʩʪʝʙʝʣʴ ʠʤʝʝʪ ʧʦʙʝʛʠ ʠ ʧʦʙʝʛ ʥʝʩʝʪ ʣʠʩʪʴʷ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʬʦʪʦʩʠʥʪʝʟ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʭʣʦʧʯʘʪʥʠʢʘ ʚʩʝʤʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ.  

ʈʦʩʪ ʨʘʩʪʝʥʠʡ ʭʣʦʧʯʘʪʥʠʢʘ ʷʚʣʷʝʪʩʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʥʘʠʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʚʦʟʜʝʡʩʪʚʠʶ, ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ, ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ: ʬʠʪʦʛʦʨʤʦʥʘʤʠ, ʠʥʛʠʙʠʪʦʨʘʤʠ, ʚʠʪʘʤʠʥʘʤʠ.[1] ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ.3, ʥʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʦʢʘʟʘʣʦ ʵʬʬʝʢʪʠʚʥʦʝ 

ʚʣʠʷʥʠʝ ʧʨʝʜʧʦʩʝʚʥʦʝ ʦʙʣʫʯʝʥʠʝ ʩʝʤʷʥ.  

 

ʊʘʙʣʠʮʘ 3. ɺʣʠʷʥʠʝ ʥʝʡʪʨʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʩʝʤʷʥ ʨʘʩʪʝʥʠʡ ʭʣʦʧʯʘʪʥʠʢʘ ʥʘ ʨʦʩʪ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʨʛʘʥʦʚ  
  

 

ɺʘʨʠʘʥʪʳ 

 ʉʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ɺʳʩʦʪʘ 

ʩʪʝʙʣʷ 

ʭʣʦʧʯʘʪ. 

ʉʫʤʤʘ 

ʧʦʙʝʛʦʚ ʫ 

ʭʣʦʧʯʘʪ. 

ʉʫʤʤʘ 

ʣʠʩʪʴʝʚ ʫ 

ʭʣʦʧʯʘʪ.  

ʇʣʦʱʘʜʴ 

ʣʠʩʪʘ, ʩʤ
2
 

ʭʣʦʧʯʘʪ.
 

ʉʫʤʤʘ ʣʠʩʪʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʫ 

ʭʣʦʧʯʘʪ.ʩʤ
2 

1 ʂʦʥʪʨʦʣʴ 91 ʩʤ. 14.0 ʰʪ. 15.0 ʰʪ. 9.50 142.5 

2 8,64 Ā10
8
ʥ. 112 ʩʤ. 17.0 ʰʪ. 18.0 ʰʪ. 10.20 183.6 

3 17,28Ā10
8
ʥ 118 ʩʤ. 19.0 ʰʪ. 24.0 ʰʪ. 11.50 276 

4 25.92 Ā10
8
ʥ 128 ʩʤ. 21.0 ʰʪ. 27.0 ʰʪ. 12.60 340.2 

 

ʇʨʝʜʧʦʩʝʚʥʦʝ ʦʙʣʫʯʝʥʠʝ ʩʝʤʷʥ ʥʝʡʪʨʦʥʘʤʠ ʩ ʜʦʟʦʡ 8,64 Ā10
8
ʥ. ʜʘʣʦ ʧʨʠʨʦʩʪ 

ʛʣʘʚʥʦʛʦ ʩʪʝʙʣʷ ʚ ʚʳʩʦʪʫ ʜʦ 112ʩʤ ʠ ʩ ʜʦʟʦʡ 17,28Ā10
8
ʥ - 118ʩʤ, ʘ ʩ ʜʦʟʦʡ 25.92 Ā10

8
ʥ 

128ʩʤ., ʪʦʛʜʘ ʢʘʢ ʚ ʢʦʥʪʨʦʣʝ - 91ʩʤ. ʉʪʠʤʫʣʠʨʦʚʘʥʠʝ ʧʦʙʝʛʦʦʙʨʘʟʦʚʘʥʠ ̫ ʨʘʩʪʝʥʠʡ 

ʭʣʦʧʯʘʪʥʠʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʙʣʫʯʝʥʠ ̫ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʦʜʠʥʘʢʦʚʦ. ɽʩʣʠ ʚ ʢʦʥʪʨʦʣʴʥʦʤ 

ʚʘʨʠʘʥʪʝ ʦʙʨʘʟʦʚʘʣʦʩʴ 14 ʧʦʙʝʛʦʚ,  ʦʙʣʫʯʝʥʥʳʝ ʩʝʤʝʥʘ ʜʘʣʠ 17-19-21 ʧʦʙʝʛʘ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʣʠʩʪʴʝʚ, ʠʭ ʩʨʝʜʥʷ ̫ʧʣʦʱʘʜ,ɹ ʠ ʦʩʦʙʝʥʥʦ ʧʦ ʦʙʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʦʚʦʛʦ ʘʧʧʘʨʘʪʘ ʜʘʣʦ 

ʚʝʩʴʤʘ ʧʦʢʘʟʘʪʝʣʴʥʫ  ʁ ʜʠʥʘʤʠʢʫ. ɽʩʣʠ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʣʠʩʪʴʝʚ ʢ ʵʪʦʤʫ ʧʝʨʠʦʜʫ ʩʦʩʪʘʚʣʷʣʘ 142.5ʩʤ
2
, ʪʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʝʤ̫ʥ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʘʚʠʣʘ 183.6ʩʤ
2
, 276ʩʤ

2
 ʠ 340.2ʩʤ

2
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʨʦʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ ʭʣʦʧʯʘʪʥʠʢʘ ʦʢʘʟʘʣʦ 

ʧʨʝʜʧʦʩʝʚʥʦʝ ʦʙʣʫʯʝʥʠʝ ʩʝʤʷʥ.  

ɺ ʪʘʙʣ.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠ ̫ʚʣʠʷʥʠ ̫ʥʝʡʪʨʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʨʛʘʥʦʚ ʨʘʩʪʝʥʠʡ ʭʣʦʧʯʘʪʥʠʢʘ ʚ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʦʧrʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʧʨʝʜʧʦʩʝʚʥʦʤ ʦʙʣʫʯʝʥʠʠ ʩʝʤʷʥ 

ʧʨʦʷʚʠʣʦʩʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʜʝʡʩʪʚʠʝ, ʯʝʤ ʧʨʠ ʢʦʥʪʨʦʣʴʥʦʤ ʦʙʣʫʯʝʥʠʠ ʨʘʩʪʝʥʠʡ. ʇʨʠ 

ʦʙʣʫʯʝʥʠʠ ʩʝʤʷʥ ʜʦʟʦʡ 8,64 Ā10
8
ʥ ʠ ʜʦʟʦʡ 17,28Ā10

8
ʥ ʢʦʣʠʯʝʩʪʚʦ ʚʳʟʨʝʚʰʠʭ ʢʦʨʦʙʦʯʝʢ 

ʙʳʣʦ 18,0 ʰʪ., ʩ ʜʦʟʦʡ 25.92 Ā10
8
ʥ 22.0 ʰʪ., ʘ ʚ ʢʦʥʪʨʦʣʝ ʙʳʣʦ ʪʦʣʴʢʦ 14.0 ʰʪ. 
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ʊʘʙʣʠʮʘ 4. ʆʙʨʘʟʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʨʛʘʥʦʚ ʨʘʩʪʝʥʠʡ ʭʣʦʧʯʘʪʥʠʢʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʧʨʝʜʧʦʩʝʚʥʦʛʦ ʥʝʡʪʨʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ 
  

 ɺʘʨʠʘʥʪʳ 

ʂʦʣʠʯʝʩʪʚʦ 

ʚʳʟʨʝʚʰʠʭ ʢʦʨʦʙʦʯʝʢ 

ʥʘ ʨʘʩʪʝʥʠʠ 

ʄʘʩʩʘ ʭʣʦʧʢʘ 

ʩʳʨʮʘ ʩ1 

ʢʦʨʦʙʦʯʢʠ, ʛ 

ʂʦʣʠʯʝʩʪʚʦ 

ʩʝʤʷʥ ʚ 

ʢʦʨʦʙʦʯʢʝ  

ʄʘʩʩʘ ʩʝʤʷʥ ʚ 

ʢʦʨʦʙʦʯʢʝ, ʛ 

1 ʂʦʥʪʨʦʣʴ 14.0 ʰʪ. 7.5 39 ʰʪ. 5 

2 8,64 Ā10
8
ʥ. 18.0 ʰʪ. 7.7 38 ʰʪ. 5 

3 17,28Ā10
8
ʥ 18.0 ʰʪ. 6.8 36 ʰʪ. 4 

4 25.92 Ā10
8
ʥ 22.0 ʰʪ. 9.0 43 ʰʪ. 6 

 

ɸʥʘʣʦʛʠʯʥʘʷ ʪʝʥʜʝʥʮʠʷ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʜʣʷ ʧʦʢʘʟʘʪʝʣʝʡ ʚʳʭʦʜʘ ʤʘʩʩʳ ʭʣʦʧʢʘ ʩʳʨʮʘ, 

ʢʦʣʠʯʝʩʪʚʘ ʩʝʤʷʥ ʠ ʠʭ ʤʘʩʩʳ ʩ 1 ʢʦʨʦʙʦʯʢʠ. ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʪʘʙʣ.5 ʚʠʜʥʦ, ʯʪʦ 

ʚʩʝ ʚʘʨʠʘʥʪʳ ʦʙʣʫʯʝʥʠʷ ʩʝʤʷʥ ʜʘʣʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ ʚʦʣʦʢʥʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʠʥʘ ʚʦʣʦʢʦʥ ʦʙʣʫʯʝʥʥʳʭ ʩʝʤʷʥ ʙʳʣʠ ʥʝʩʢʦʣʴʢʦ 

ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠ ʁʩ ʢʦʥʪʨʦʣʴʥʳʤʠ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣʦ 41.7ʤʤ ʠ 42.2 ʤʤ. ɼʣʠʥʘ ʚʦʣʦʢʦʥ 

ʦʙʣʫʯʝʥʥʳʭ ʩʝʤ̫ʥ ʩ ʜʦʟʦʡ 8,64 Ā10
8
 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʝ ʚʦʣʦʢʦʥ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ, 

ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣʘ 40.5ʤʤ.  

 

ʊʘʙʣʠʮʘ 5. ɼʝʡʩʪʚʠʝ ʧʨʝʜʧʦʩʝʚʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʥʘ ʩʝʤʝʥʘ ʨʘʩʪʝʥʠʡ ʭʣʦʧʯʘʪʥʠʢʘ  

ʥʘ ʜʣʠʥʫ ʠ ʚʳʭʦʜ ʚʦʣʦʢʥʘ 
 ɺʘʨʠʘʥʪʳ ɼʣʠʥʘ ʚʦʣʦʢʥʘ, 

ʤʤ 

ɺʝʩʴ ʚʦʣʦʢʥʘ ʩ 

ʦʜʥʦʡ ʢʦʨʦʙʦʯʢʠ, ʛ 

ɺʝʩʴ ʚʦʣʦʢʥʘ ʩ 

ʦʜʥʦʛʦ ʨʘʩʪʝʥʠʷ, ʛ 

% 

ʢ ʢʦʥʪʨʦʣʶ 

1 ʂʦʥʪʨʦʣʴ 40.5 2,5 35 100 

2 8,64 Ā10
8
ʥ. 40.5 2,7 48,6 138.8 

3 17,28Ā10
8
ʥ 41.7 2.8 50,4 144 

4 25.92 Ā10
8
ʥ 42.2 3 66 188.5 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʪʁ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʚʣʠʷʥʠ ̫ʦʙʣʫʯʝʥʠʷ ʥʘ 

ʨʦʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʙʦʣʝʝ ʨʘʥʥʠʤ ʚʩʭʦʜʘʤ ʠ ʯʠʩʣʫ ʢʦʨʦʙʦʯʝʢ ʥʘ 

ʨʘʩʪʝʥʠʝ. ɺʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʚʳʭʦʜʘ ʤʘʩʩʳ ʚʦʣʦʢʥʘ ʩ ʨʘʩʪʝʥʠʡ ʭʣʦʧʯʘʪʥʠʢʘ ʙʳʣ ʚ 

ʚʘʨʠʘʥʪʝ ʧʨʝʜʧʦʩʝʚʥʦʛʦ ʦʙʣʫʯʝʥʥʦʛʦ ʩʝʤʝʥʘ ʩ ʜʦʟʦʡ 25.92 Ā10
8
ʥ, ʩʦʩʪʘʚʠʚʰʝʛʦ 66ʛ, 

ʧʨʦʪʠʚ ʢʦʥʪʨʦʣʷ 35ʛ.  

ʀʟ ʚʳʰʝ ʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʠ 

ʚʳʨʘʱʠʚʘʥʠʠ ʭʣʦʧʯʘʪʥʠʢʘ ʚ ʫʩʣʦʚʠʷʭ ʊʘʜʞʠʢʠʩʪʘʥʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʧʦʩʝʚʥʦʝ 

ʦʙʣʫʯʝʥʠʝ ʩʝʤʷʥ ʭʣʦʧʯʘʪʥʠʢʘ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʩʪʠʤʫʣʠʨʫʶʪ ʚʝʛʝʪʘʪʠʚʥʳʡ ʨʦʩʪ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʛʝʥʝʨʘʪʠʚʥʳʭ ʦʨʛʘʥʦʚ, ʫʜʣʠʥʝʥʠʝ ʠ ʧʨʠʙʘʚʢʫ ʚʳʭʦʜʘ ʚʦʣʦʢʥʘ.  
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4. ʍʦʜʞʘʝʚ ʊ.ɸ. ɺʣʠʷʥʠʝ ʥʝʡʪʨʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʥʘ ʩʝʤʝʥʘ ʭʣʦʧʯʘʪʥʠʢʘ / ʊ.ɸ. ʍʦʜʞʘʝʚ // ʄʠʨ ʩʦʚʨʝʤʝʥʥʦʡ 

ʥʘʫʢʠ. - 2014. - ˉ3(25). -ʉ.57-62. 

 

ɺʃʀʗʅʀɽ ʇʈɽɼʇʆʉɽɺʅʆɻʆ ʈɸɼʀɸʎʀʆʅʅʆɻʆ ʀɿʃʋʏɽʅʀʗ ʅɸ ʕʅɽʈɻʀʖ ʇʈʆʈɸʉʊɸʅʀʗ 

ʀ ʇʈʆɼʋʂʊʀɺʅʆʉʊʔ ʉɽʄʗʅ ʍʆʇʏɸʊʅʀʂɸ 

ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʨʝʜʧʦʩʝʚʥʦʛʦ ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʨʦʮʝʩʩ ʧʨʦʨʘʩʪʘʥʠʷ, ʚʩʭʦʞʝʩʪʴ, 

ʨʦʩʪ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʝʤʷʥ ʭʣʦʧʯʘʪʥʠʢʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʜʦʟʘʭ ʥʝʡʪʨʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʩʪʠʤʫʣʷʮʠʷ ʵʥʝʨʛʠʠ ʧʨʦʨʘʩʪʘʥʠʷ, ʧʦʣʝʚʘ ̫ʚʩʭʦʞʝʩʪ ɹʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʠʩʪʴʝʚ ʧʨʦʨʦʩʪʢʦʚ ʩʝʤʷʥ 

ʭʣʦʧʯʘʪʥʠʢʘ. ʀʟʣʦʞʝʥ ʤʝʪʦʜ ʧʦʩʝʚʘ ʠ ʚʳʨʘʱʠʚʘʥʠʷ ʩʝʤʷʥ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʵʥʝʨʛʠʠ 

ʧʦʣʝʚʦʡ ʚʩʭʦʞʝʩʪʠ ʠ ʧʦʷʚʣʝʥʠʝ ʣʠʩʪʴʝʚ ʧʨʦʨʦʩʪʢʦʚ.  
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʡʪʨʦʥ, ʵʥʝʨʛʠʷ ʧʨʦʨʘʩʪʘʥʠʷ, ʚʩʭʦʞʝʩʪʴ, ʩʪʠʤʫʣʷʮʠʷ, ʩʝʤʝʥʘ ʭʣʦʧʯʘʪʥʠʢʘ. 

 

THE INFLUENCE OF THE PRESOWING RADIATION TO THE ENERGY OF GERMINATION 

PRODUCTIVITY OF COTTON SEEDS  

It was studied the influence of neutron radiation on germination process, viability, growth and efficiency of 

seeds of cotton in this work. It was shown the method of crops and cultivation of seeds in field conditions. It has 

shown that at small doses of neutron radiation is happens a stimulation of energy of germination, field viability and 

the formation of leaves of sprouts of cotton seeds. It was made the calculation of the energy of field viability and the 

emergence of sprouts leaves. 

Key words: neutron, energy of germination, viability, stimulation, cotton seeds. 
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ʆɹ ʆɼʅʆʄ ʄɽʊʆɼɽ ʇʈʀɹʃʀɾɪʅʅʆɻʆ ʈɽʐɽʅʀʗ ʇɽʈʀʆɼʀʏɽʉʂʆʁ 

ʂʈɸɽɺʆʁ ɿɸɼɸʏʀ ɼʃʗ ʉʀʉʊɽʄ ʃʀʅɽʁʅʓʍ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ 

ʋʈɸɺʅɽʅʀʁ 

 

ʕ. ʄ. ʄʫʭʘʤʘʜʠʝʚ, ʄ. ʂ.ʉʦʙʠʨʦʚ 

ɺʦʣʦʛʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʈʌ), 

ʀʥʩʪʠʪʫʪ ʵʢʦʥʦʤʠʢʠ ʠ ʜʝʤʦʛʨʘʬʠʠ ɸʅ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ 

 

1. ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ ʜʣʷ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ  

    (1) 

,       (2) 

ʛʜʝ - ʢʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ ʧʦʨʷʜʢʘ  ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ , 

- ʥʝʧʨʝʨʳʚʥʘʷ ʢʦʤʧʣʝʢʩʥʦʟʥʘʯʥʘʷ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʬʫʥʢʮʠʠ f(t) ʥʝ ʪʨʝʙʫʝʪʩʷ.  

ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʠʤʝʝʪ ʚʠʜ 

 

ʛʜʝ - ʧʨʦʠʟʚʦʣʴʥʳʡ ʚʝʢʪʦʨ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (1)-

(2) ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʚʝʢʪʦʨ  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ , ʪ.ʝ. 

 

ʛʜʝ- ʝʜʠʥʠʯʥʘʷ ʢʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ ʧʦʨʷʜʢʘ n. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʟʘʜʘʯʘ (1)-(2) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʣʶʙʦʡ 

ʬʫʥʢʮʠʠ  ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʝʜʠʥʠʮʘ ʥʝ ʷʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʤʘʪʨʠʮʳ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʝʜʠʥʠʮʘ ʥʝ ʷʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʤʘʪʨʠʮ ʪrʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʤʥʦʞʝʩʪʚʦ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʪ.ʝ. ʩʧʝʢʪʨ - 

) ʤʘʪʨʠʮʳ A, ʥʝ ʩʦʜʝʨʞʠʪ ʤʥʠʤʳʝ ʯʠʩʣʘ ʚʠʜʘ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʨʘʚʝʜʣʠʚʘ ʩʣʝʜʫʶʱʘʷ 
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ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ ʩʧʝʢʪʨʤʘʪʨʠʮʳ A ʥʝ ʩʦʜʝʨʞʠʪ ʤʥʠʤʳʝ ʯʠʩʣʘ ʚʠʜʘ 

ʊʦʛʜʘ ʟʘʜʘʯʘ (1)-(2) ʧʨʠ ʣʶʙʦʡ  ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ 

ʨʝʰʝʥʠʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ (3), ʢʦʛʜʘ  

, (4) 

ʛʜʝ ʩʢʘʣʷʨʥʘʷ ʬʫʥʢʮʠʷʧʨʠ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ 

 
ɼʣʷ ʬʫʥʢʮʠʡ ʚʠʜʘ (4) ʧʨʘʚʘʷ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (3) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

 

ʃʝʤʤʘ 1. ɽʩʣʠ ʤʘʪʨʠʮʘ A ʠ ʯʠʩʣʦ  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ 

ʪʦ ʣʠʥʝʡʥʳʡ ʦʧʝʨʘʪʦʨ U(ŭ) ʥʘ  ʦʙʨʘʪʠʤ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʀʟ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠʩʣʝʜʫʝʪ, ʯʪʦ 

 
ʊʘʢ ʢʘʢ  

 
ʪʦ ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ 

 

ʀʟ ʵʪʦʡ ʦʮʝʥʢʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʘʪʨʠʮʘʥʝʚʳʨʦʞʜʝʥʥʘʷ, ʝʩʣʠ . ʃʝʤʤʘ 

ʜʦʢʘʟʘʥʘ. 

ɼʦʢʘʟʘʥʥʘʷ ʣʝʤʤʘ ʧʦʟʚʦʣʷʝʪ ʜʦʧʦʣʥʠʪʴ ʪʝʦʨʝʤʫ 1. 

ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ ʟʘʜʘʯʘ (1)-(2) ʠʤʝʝʪ ʨʝʰʝʥʠʝ ʜʣʷ ʣʶʙʦʡ ʬʫʥʢʮʠʠ , 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʚʠʜʝ (4), ʛʜʝ  ʧʨʦʙʝʛʘʝʪ ʤʥʦʞʝʩʪʚʦ, ʦʙʨʘʟʫʶʱʝʝ ʙʘʟʠʩ ʚ . ʊʦʛʜʘ 

ʩʧʝʢʪʨ  ʤʘʪʨʠʮʳ A ʥʝ ʩʦʜʝʨʞʠʪ ʯʠʩʣʘ ʚʠʜʘ  . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʫʩʪʴ ʚʝʢʪʦʨʳ ʦʙʨʘʟʫʶʪ ʙʘʟʠʩ ʚ. ɺ ʩʠʣʫ ʣʝʤʤʳ 1 

ʤʘʪʨʠʮʘ  ʦʙʨʘʪʠʤʘ ʠ ʧʦʵʪʦʤʫ ʚʝʢʪʦʨʳ ʪʘʢʞʝ ʦʙʨʘʟʫʶʪ 

ʙʘʟʠʩ ʚ . ʇʦ ʫʩʣʦʚʠʶ, ʟʘʜʘʯʘ (1)-(2) ʠʤʝʝʪ ʨʝʰʝʥʠʝ ʜʣʷ ʬʫʥʢʮʠʠ (4), ʛʜʝ 

. ʕʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʨʘʟʨʝʰʠʤʦʩʪʠ ʫʨʘʚʥʝʥʠʷ 

 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʦʛʦ ʚʝʢʪʦʨʘ  ʜʣʷ ʚʩʝʭ . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʨʘʟ 

ʦʧʝʨʘʪʦʨʘ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʦʩʪʨʘʥʩʪʚʦʤ  ʠ ʧʦʵʪʦʤʫ ʝʜʠʥʠʮʘ ʥʝ ʷʚʣʷʝʪʩʷ 

ʩʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʦʧʝʨʘʪʦʨʘ . ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʫʪʚʝʨʞʜʝʥʠʝ ʪʝʦʨʝʤʳ. ʊʝʦʨʝʤʘ 

ʜʦʢʘʟʘʥʘ. 

ʉʣʝʜʩʪʚʠʝ. ʇʫʩʪʴ ʟʘʜʘʯʘ (1)-(2) ʠʤʝʝʪ ʨʝʰʝʥʠʝ ʜʣʷ ʣʶʙʦʡ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʠ 

. ʊʦʛʜʘ ʩʧʝʢʪʨ  ʤʘʪʨʠʮʳ ɸ ʥʝ ʩʦʜʝʨʞʠʪ ʯʠʩʣʘ ʚʠʜʘ 

 . 

2. ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʩʚʦʡʩʪʚʘʭ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1)-(2) ʚ ʪʝʨʤʠʥʘʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʌʫʨʴʝ ʬʫʥʢʮʠʠ ʧʦ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʝ . 
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ʇʫʩʪʴ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ  ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʦʩʪʨʘʥʩʪʚʫ ʠ - ʝʝ ʨʷʜ 

ʌʫʨʴʝ, ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪʳ  ʦʧʨʝʜʝʣʝʥʳ ʨʘʚʝʥʩʪʚʘʤʠ 

 
ʀʟ ʩʚʦʡʩʪʚʘ ʨʷʜʘ ʌʫʨʴʝ (ʩʤ., ʥʘʧʨ. [3]) ʩʣʝʜʫʝʪ, ʯʪʦ ʯʘʩʪʥʳʝ ʩʫʤʤʳ  

 

ʩʭʦʜʷʪʩʷ ʢ ʬʫʥʢʮʠʠ  ʧʨʠ ʚ ʩʨʝʜʥʝʤ, ʪ.ʝ.  

 
ʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʌʫʨʴʝ (5) ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʨʘʚʝʥʩʪʚʫ ʇʘʨʩʝʚʘʣʷ: 

 

ɺ ʯʘʩʪʥʦʩʪʠ, ʣʶʙʦʝ ʨʝʰʝʥʠʝ x(t),  ʫʨʘʚʥʝʥʠʷ (1) ʩ ʜʘʥʥʦʡ ʧʨʘʚʦʡ ʯʘʩʪʴʶ 

ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʫʩʣʦʚʠʶ (2)),ʠʤʝʝʪ ʨʷʜ ʌʫʨʴʝ 

 (8) 

ʅʘʩ ʠʥʪʝʨʝʩʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʌʫʨʴʝ ʨʝʰʝʥʠʷ x(t), 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʧʦʣʥʝʥʠʝ ʢʨʘʝʚʦʛʦ ʫʩʣʦʚʠʷ (2). 

ʉʧʨʘʚʝʜʣʠʚʘ ʩʣʝʜʫʶʱʘʷ 

ʊʝʦʨʝʤʘ 3. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʝʰʝʥʠʷ x(t) ʫʨʘʚʥʝʥʠʷ (1) ʫʜʦʚʣʝʪʚʦʨʷʣʦ ʫʩʣʦʚʠʶ (2), 

ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʌʫʨʴʝ ʬʫʥʢʮʠʡ x(t), f(t) 

ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

 
ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ. ɽʩʣʠ x(t) ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (1), ʪʦ 

ʧʨʠ ʢʘʞʜʦʤ ʮʝʣʦʤ k ʩʧʨʘʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ 

 

ʀʥʪʝʛʨʠʨʫʷ ʨʘʚʝʥʩʪʚʘ (10) ʧʦ ʦʪʨʝʟʢʫ , ʚ ʩʠʣʫ ʨʘʚʝʥʩʪʚ 

 

 
ʠʤʝʝʤ 

 

ʛʜʝ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʌʫʨʴʝ ʬʫʥʢʮʠʠ f ʠ x, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɽʩʣʠ x(t) ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ (2), ʪʦ ʠʟ ʨʘʚʝʥʩʪʚ (11) ʩʣʝʜʫʶʪ ʨʘʚʝʥʩʪʚʘ (9). ʅʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʦʢʘʟʘʥʘ. 

ɼʦʩʪʘʪʦʯʥʦʩʪʴ. ʇʫʩʪʴ - ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (9). ʇʨʠ  ʫʨʘʚʥʝʥʠʝ (9) 

ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

 
ɼʣʷ ʨʝʰʝʥʠʷ (12) ʫʨʘʚʥʝʥʠʷ (9) ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ 
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ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

 
ʀʟ ʦʮʝʥʢʠ (13) ʠ ʨʘʚʝʥʩʪʚʘ ʇʘʨʩʝʚʘʣʷ (7) ʩʣʝʜʫʝʪ, ʯʪʦ ʨʷʜ ʌʫʨʴʝ  

 

ʩʭʦʜʠʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʥʘ ʦʪʨʝʟʢʝ. ʇʫʩʪʴ x(t) ʩʫʤʤʘ ʨʷʜʘ (14). ʇʦʢʘʞʝʤ, ʯʪʦ x(t) 

ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (1) ʠʣʠ, ʯʪʦ ʪʦ ʞʝ ʩʘʤʦʝ, ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʠʥʪʝʛʨʘʣʴʥʦʤʫ 

ʫʨʘʚʥʝʥʠʶ  

 

ʇʦ ʫʩʣʦʚʠʶ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʌʫʨʴʝ ʠ  ʩʚʷʟʘʥʳ ʨʘʚʝʥʩʪʚʘʤʠ (8) ʠ ʧʦʵʪʦʤʫ 

ʩʧʨʘʚʝʜʣʠʚʳ ʪʦʞʜʝʩʪʚʘ 

 

ʀʥʪʝʛʨʠʨʫʷ ʵʪʠ ʪʦʞʜʝʩʪʚʘ ʥʘ ʦʪʨʝʟʢʝ, , ʠʤʝʝʤ 

 
ʉʫʤʤʠʨʫʷ ʪʦʞʜʝʩʪʚʘ ʧʦ k, ʧʦʣʫʯʠʤ 

 
ɼʘʣʝʝ, ʠʩʧʦʣʴʟʫʷ ʵʪʦ ʪʦʞʜʝʩʪʚʦ, ʠʤʝʝʤ 

 

 

 
ʆʪʩʶʜʘ ʚ ʩʠʣʫ ʨʘʚʥʦʤʝʨʥʦʡ ʩʭʦʜʠʤʦʩʪʠ ʨʷʜʘ (14) ʢ ʬʫʥʢʮʠʠ x(t) ʠ ʩʭʦʜʠʤʦʩʪʠ ʚ 

ʩʨʝʜʥʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (6) ʢ ʬʫʥʢʮʠʠ f(t) ʩʣʝʜʫʝʪ, ʯʪʦ ʬʫʥʢʮʠʷ x(t) ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ (15). ʏʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ. 

ʊʘʢ ʢʘʢ ʨʷʜ ʌʫʨʴʝ (14) ʧʦ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʝ - ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ  

ʨʘʚʥʦʤʝʨʥʦ ʩʭʦʜʠʪʩʷ, ʪʦ x(t) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ (2): x(2 )=x(0). ɼʦʩʪʘʪʦʯʥʦʩʪʴ 

ʜʦʢʘʟʘʥʘ. ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

ʊʝʦʨʝʤʘ 4. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʷʜ ʌʫʨʴʝ (8) ʨʝʰʝʥʠʷx (t) ʫʨʘʚʥʝʥʠʷ (1) ʨʘʚʥʦʤʝʨʥʦ 

ʩʭʦʜʠʣʩʷ, ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʨʝʰʝʥʠʝ ʫʜʦʚʣʝʪʚʦʨʷʣʦ ʫʩʣʦʚʠʶ (2). 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ ʩʣʝʜʫʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ 

ʨʘʚʥʦʤʝʨʥʦʡ ʩʭʦʜʠʤʦʩʪʠ ʨʷʜʘ 2 ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. 
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ɼʦʩʪʘʪʦʯʥʦʩʪʴ. ʇʫʩʪʴ ʨʝʰʝʥʠʝ x(t) ʫʨʘʚʥʝʥʠʷ (1) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ (2). 

ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ 3, ʢʦʵʬʬʠʮʠʝʥʪʳ ʌʫʨʴʝ ʠ ʩʚʷʟʘʥʳ ʨʘʚʝʥʩʪʚʘʤʠ (12). ʇʦʵʪʦʤʫ, ʢʘʢ 

ʧʦʢʘʟʘʣʠ ʧʨʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʪʝʦʨʝʤʳ 3, ʨʷʜ ʌʫʨʴʝ (8) ʨʘʚʥʦʤʝʨʥʦ 

ʩʭʦʜʠʪʩʷ. ɼʦʩʪʘʪʦʯʥʦʩʪʴ ʜʦʢʘʟʘʥʘ. ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

3. ʂʘʢ ʦʪʤʝʪʠʣʠ ʚ ʧ.1, ʜʣʷ ʦʜʥʦʟʥʘʯʥʦʡ ʨʘʟʨʝʰʠʤʦʩʪʠ ʟʘʜʘʯʠ (1)-(2) 

ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʯʠʩʣʘ ʚʠʜʘ ʥʝ ʧʨʠʥʘʜʣʝʞʘʣʠ ʩʧʝʢʪʨʫ  

ʤʘʪʨʠʮʳ :  

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʭʦʪʷ ʙʳ ʦʜʥʦ ʠʟ ʯʠʩʝʣ ʚʠʜʘ  

ʧʨʠʥʘʜʣʝʞʠʪ ʩʧʝʢʪʨʫ ʤʘʪʨʠʮʳ, ʪ.ʝ. 

. ʕʪʦ ʫʩʣʦʚʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦ ʪʦʤʫ, ʯʪʦ ʟʘʜʘʯʘ (1)-(2) ʜʣʷ 

ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ ʣʠʙʦ ʥʝ ʠʤʝʝʪ ʨʝʰʝʥʠʷ, ʣʠʙʦ, ʝʩʣʠ ʠʤʝʝʪ ʨʝʰʝʥʠʝ, ʪʦ ʦʥʦ 

ʥʝ ʝʜʠʥʩʪʚʝʥʥʦʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʩʝʤʝʡʩʪʚʦ ʢʨʘʝʚʳʭ ʟʘʜʘʯ 

 

         (17) 

ʛʜʝ- ʢʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ ʧʦʨʷʜʢʘ n ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

- ʤʘʣʳʡ ʧʘʨʘʤʝʪʨ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ  ʧʨʠʚʝʜʝʥʳ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʩʜʚʠʛʦʤ ʩʠʩʪʝʤ 

ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʠ ʘʙʩʪʨʘʢʪʥʳʭ ʦʧʝʨʘʪʦʨʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʉʣʝʜʫʷ , 

ʩʬʦʨʤʫʣʠʨʫʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʣʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (1)-(2).ɹʫʜʝʤ ʛʦʚʦʨʠʪʴ, 

ʯʪʦ ʩʝʤʝʡʩʪʚʦ ʢʨʘʝʚʳʭ ʟʘʜʘʯ (16)-(17) ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ ʩʜʚʠʛʦʤ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ 

(1)-(2), ʝʩʣʠ: 

ʘ) ʜʣʷ ʚʩʝʭ ʬʫʥʢʮʠʡ f ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝʧʨʝʨʳʚʥʳʭ ʚʝʢʪʦʨ ï ʬʫʥʢʮʠʡ 

ʟʘʜʘʯʘ (16)-(17) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ - ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʭ 

 

ʙ) ʝʩʣʠ ʟʘʜʘʯʘ (1)-(2) ʨʘʟʨʝʰʠʤʘ, ʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (16)-(17) ʧʨʠ  

ʨʘʚʥʦʤʝʨʥʦ ʩʭʦʜʠʪʩʷ ʢ ʥʝʢʦʪʦʨʦʤʫ ʨʝʰʝʥʠʶ  ʟʘʜʘʯʠ (1)-(2): 

 
ʇʨʝʞʜʝ, ʯʝʤ ʧʝʨʝʡʪʠ ʢ ʠʟʫʯʝʥʠʶ ʦʙʱʝʛʦ ʩʣʫʯʘʷ, ʩʥʘʯʘʣʘ ʧʦʢʘʞʝʤ, ʯʪʦ ʝʩʣʠ ʩʧʝʢʪʨ 

 ʤʘʪʨʠʮʳʥʝ ʩʦʜʝʨʞʠʪ ʤʥʠʤʳʝ ʯʠʩʣʘ ʚʠʜʘ , ʪʦ ʜʣʷ ʣʶʙʦʡ ʤʘʪʨʠʮʳ  

ʩʝʤʝʡʩʪʚʦ ʢʨʘʝʚʳʭ ʟʘʜʘʯ (16)-(17) ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ ʩʜʚʠʛʦʤ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (1)-

(2). 

ʃʝʤʤʘ 2. ʇʫʩʪʴ ʩʧʝʢʪʨ  ʤʘʪʨʠʮʳ  ʥʝ ʩʦʜʝʨʞʠʪ ʤʥʠʤʳʝ ʯʠʩʣʘ ʚʠʜʘ 

 ʠ . ʊʦʛʜʘ ʜʣʷ ʣʶʙʦʡ 

ʥʝʥʫʣʝʚʦʡ ʤʘʪʨʠʮʳ ʠ ʯʠʩʣʘ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʷʤ  

      (18), 

ʩʧʝʢʪʨ ʤʘʪʨʠʮʳ  ʪʘʢʞʝ ʥʝ ʩʦʜʝʨʞʠʪ ʤʥʠʤʳʝ ʯʠʩʣʘ ʚʠʜʘ 

 . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʫʩʪʴ ʥʝʥʫʣʝʚʘʷ ʤʘʪʨʠʮʘ ʠ ʯʠʩʣʦ  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ 

(18),  ïʮʝʣʦʝ ʯʠʩʣʦ. ʀʟ ʨʘʚʝʥʩʪʚʘ 

 
ʠ ʠʟ ʥʝʨʘʚʝʥʩʪʚ 
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ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʤʦʩʪʴ ʤʘʪʨʠʮʳ . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʠʩʣʦ  ʥʝ ʷʚʣʷʝʪʩʷ 

ʩʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʤʘʪʨʠʮʳ . ʃʝʤʤʘ 2 ʜʦʢʘʟʘʥʘ. 

ʊʝʦʨʝʤʘ 5. ʇʫʩʪʴ ʩʧʝʢʪʨʤʘʪʨʠʮʳ ʥʝ ʩʦʜʝʨʞʠʪ ʤʥʠʤʳʝ ʯʠʩʣʘ ʚʠʜʘ 

. ʊʦʛʜʘ ʜʣʷ ʣʶʙʦʡ ʥʝʥʫʣʝʚʦʡ ʤʘʪʨʠʮʳ ɺ ʩʝʤʝʡʩʪʚʦ (16)-(17) ʷʚʣʷʝʪʩʷ 

ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ ʩʜʚʠʛʦʤ ʟʘʜʘʯʠ (1)-(2) ʠ ʜʣʷ ʨʝʰʝʥʠʡ , ʟʘʜʘʯ (1)-(2), (16)-(17), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʤʘʣʳʭ  ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ 

 

ʛʜʝ ʧʦʩʪʦʷʥʥʦʝ ʟʘʚʠʩʠʪ ʦʪ ʤʘʪʨʠʮʠ . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɺ ʩʠʣʫ ʪʝʦʨʝʤʳ 1 ʟʘʜʘʯʘ (1)-(2) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ x(t), 

ʢʦʪʦʨʦʝ ʚ ʩʠʣʫ ʪʝʦʨʝʤʳ 4 ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʨʘʚʥʦʤʝʨʥʦ ʩʭʦʜʷʱʝʛʦʩʷ ʨʷʜʘ ʌʫʨʴʝ 

 

ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʨʝʰʝʥʠʷ x(t,  ʟʘʜʘʯʠ (16)-(17) ʧʨʠ , ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ 

(18), ʠʤʝʝʤ 

 
ɺ ʩʠʣʫ ʨʘʚʝʥʩʪʚʘ 

 
ʠ ʦʮʝʥʢʠ 

 

 
ʩʣʝʜʫʝʪ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʥʝʨʘʚʝʥʩʪʚʘ 

. 

ʀʟ ʨʘʚʝʥʩʪʚʘ (20) ʠ (21) ʠʤʝʝʤ 

 
ɼʘʣʝʝ, ʚ ʩʠʣʫ 

 

ʠ ʥʝʨʘʚʝʥʩʪʚʘ ʂʦʰʠ-ɹʫʥʷʢʦʚʩʢʦʛʦ ʠʤʝʝʤ 

 
ɺ ʩʠʣʫ ʨʘʚʝʥʩʪʚʘ ʇʘʨʩʝʚʘʣʷ (7) ʦʢʦʥʯʘʪʝʣʴʥʦ ʠʤʝʝʤ 

 

 
ʇʦʣʘʛʘʷ 
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ʧʨʠ ʠʟ (22) ʧʦʣʫʯʠʤ ʦʮʝʥʢʫ (19). ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

4. ʀʟʫʯʠʤ ʩʦʚʤʝʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʘʨʳ ʤʘʪʨʠʮ ʠ , ʧʦʟʚʦʣʷʶʱʠʝ ʟʘʜʘʯʝ (16)-(17) 

ʙʳʪʴ ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ ʩʜʚʠʛʦʤ ʜʣʷ ʟʘʜʘʯʠ (1)-(2). ʆʙʩʫʜʠʤ ʚʳʧʦʣʥʝʥʠʝ ʩʚʦʡʩʪʚʘ ʘ) ʠ ʩʚʷʟʴ 

ʤʝʞʜʫ ʩʚʦʡʩʪʚʘʤʠ ʘ) ʠ ʙ) ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʩʜʚʠʛʦʤ. ʇʦʢʘʞʝʤ, ʯʪʦ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʠʟ ʩʚʦʡʩʪʚʘ ʘ) ʥʝ ʩʣʝʜʫʝʪ ʩʚʦʡʩʪʚʦ ʙ). 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʟʘʜʘʯʠ (1)-(2) ʜʣʷ ʩʣʫʯʘʷ n=2: 

 

, .   (24) 

ɿʘʜʘʯʘ (23)-(24) ʜʣʷ ʟʘʜʘʥʥʳʭ ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʡ ʣʠʙʦ ʥʝ ʠʤʝʝʪ ʨʝʰʝʥʠʷ, ʣʠʙʦ, 

ʝʩʣʠ ʠʤʝʝʪ ʨʝʰʝʥʠʝ, ʪʦ ʦʥʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʦʝ. 

ʅʘʨʷʜʫ ʩ ʟʘʜʘʯʝʡ (23)-(24) ʨʘʩʩʤʦʪʨʠʤ ʚʦʟʤʫʱʝʥʥʫʶ ʟʘʜʘʯʫ 

 

 

ʄʘʪʨʠʮʳ ʠ  ʟʜʝʩʴ ʠʤʝʶʪ ʚʠʜ 

 

ɽʩʣʠ ʠʣʠ , ʪʦ ʫʩʣʦʚʠʝ ʘ) ʥʝ ʚʳʧʦʣʥʝʥʦ.  

ʇʫʩʪʴ ʊʦʛʜʘ ʧʨʠ  ʟʘʜʘʯʘ (23)-(24) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ 

ʨʝʰʝʥʠʝ ʧʨʠ ʣʶʙʳʭ ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʷʭ, ʪ.ʝ. ʜʣʷ ʵʪʦʡ ʟʘʜʘʯʠ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ 

ʘ). ɺ ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ , ʪʦ ʟʘʜʘʯʘ (23)-(24) ʠʤʝʝʪ ʨʝʰʝʥʠʝ 

ʘ ʟʘʜʘʯʘ (25)-(26) ʠʤʝʝʪ ʨʝʰʝʥʠʝ  

ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (25)-(26) ʧʨʠ  ʥʝ ʩʭʦʜʠʪʩʷ ʥʠ ʢ 

ʢʘʢʦʤʫ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ (23)-(24).  

ʋʩʪʘʥʦʚʠʤ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʪʦʛʦ, ʯʪʦ ʩʝʤʝʡʩʪʚʦ ʟʘʜʘʯʠ (16)-

(17) ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ ʩʜʚʠʛʦʤ ʜʣʷ ʟʘʜʘʯʠ (1)-(2). 

ʊʝʦʨʝʤʘ 6. ʇʫʩʪʴ ʩʝʤʝʡʩʪʚʦ ʟʘʜʘʯ (16)-(17) ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ ʩʜʚʠʛʦʤ ʜʣʷ 

ʟʘʜʘʯʠ (1)-(2). ʊʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ  ʪʘʢʦʝ, ʯʪʦ  

1)  

2)  

ʜʣʷ ʚʩʝʭ ʮʝʣʳʭ ɿʜʝʩʴ - ʦʙʨʘʟ ʠ 

 ʷʜʨʦ ʦʧʝʨʘʪʦʨʘ  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ , - ʤʥʦʞʝʩʪʚʦ ʮʝʣʳʭ 

ʯʠʩʝʣ. ɺ ʩʠʣʫ ʪʝʦʨʝʤʳ 4, ʯʠʩʣʘ ʛʜʝ , ʥʝ ʷʚʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʤʘʪʨʠʮʳ  ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʭ . ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʦʝ , ʯʪʦ 

(27) 

ʜʣʷ ʚʩʝʭ . ɼʣʷ ʤʥʦʞʝʩʪʚʘ ʧʦʣʦʞʠʤ 
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ʊʦʛʜʘ  

        (28) 

ʝʩʣʠ ʜʣʷ ʚʩʝʭ . ʀʟ ʫʩʣʦʚʠʡ (27) ʠ (28) ʩʣʝʜʫʝʪ ʫʪʚʝʨʞʜʝʥʠʝ 1) 

ʪʝʦʨʝʤʳ, ʝʩʣʠ ʧʦʣʦʞʠʪʴ  

ɼʦʢʘʞʝʤ ʫʪʚʝʨʞʜʝʥʠʝ 2) ʪʝʦʨʝʤʳ. ɽʩʣʠ , ʪʦ ʫʪʚʝʨʞʜʝʥʠʝ 2) ʦʯʝʚʠʜʥʦ, ʪʘʢ ʢʘʢ 

.  

ʇʫʩʪʴ  ʠ ,  

, ʛʜʝ  ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʠ 

 

ʌʫʥʢʮʠʠ  ʠ  ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʷʤʠ ʟʘʜʘʯ (1)-(2) ʠ (16)-(17), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʩ ʧʨʘʚʦʡ ʯʘʩʪʴʶ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʪʘʢ ʢʘʢ 

 
ʪʦ ʠʤʝʝʤ 

 

 

ʉʦʛʣʘʩʥʦ ʩʚʦʡʩʪʚʫ ʙ) ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʩʜʚʠʛʦʤ ʩʝʤʝʡʩʪʚʦ ʬʫʥʢʮʠʡ  ʧʨʠ  

ʨʘʚʥʦʤʝʨʥʦ ʩʭʦʜʠʪʩʷ ʢ ʥʝʢʦʪʦʨʦʤʫ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ (1)-(2) ʧʨʠ . ʆʪʩʶʜʘ ʠ 

ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʠʷ  

 

 

ʩʣʝʜʫʝʪ, ʯʪʦ  ɿʥʘʯʠʪ  ʯʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ. ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

ʊʝʦʨʝʤʘ 7. ʇʫʩʪʴ ʤʘʪʨʠʮʳ  ʜʣʷ ʚʩʝʭ ,  ʠ ʜʣʷ ʮʝʣʳʭ 

ʯʠʩʝʣ ) ʠʤʝʶʪ ʦʙʨʘʪʥʳʝ ʤʘʪʨʠʮʳ , ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 

ʫʩʣʦʚʠʶ  

 
ʊʦʛʜʘ ʩʝʤʝʡʩʪʚʦ ʟʘʜʘʯ (16)-(17) ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ ʩʜʚʠʛʦʤ ʜʣʷ ʟʘʜʘʯʠ (1)-(2). 
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ʆɹ ʆɼʅʆʄ ʄɽʊʆɼɽ ʇʈʀɹʃʀɾɪʅʅʆɻʆ ʈɽʐɽʅʀʗ ʇɽʈʀʆɼʀʏɽʉʂʆʁ ʂʈɸɽɺʆʁ ɿɸɼɸʏʀ 

ɼʃʗ ʉʀʉʊɽʄ ʃʀʅɽʁʅʓʍ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ 

ɼʦʢʘʟʳʚʘʝʪʩʷ ʩʭʦʜʠʤʦʩʪʴ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʚʦʟʤʫʱʝʥʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ 

ʣʠʥʝʡʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʢ ʦʜʥʦʤʫ ʠʟ ʨʝʰʝʥʠʡ ʠʩʭʦʜʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ, ʥʝ ʠʤʝʶʱʝʡ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ, ʚʦʟʤʫʱʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʩʧʝʢʪʨ, ʨʝʛʫʣʷʨʠʟʘʮʠʷ, ʧʘʨʘʤʝʪʨ 

ʨʝʛʫʣʷʨʠʟʘʮʠʠ, ʩʝʤʝʡʩʪʚʦ ʟʘʜʘʯ. 
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ABOUT ONE METHOD OF  CLOSE DECISION OF PERIODIC REGIONAL TASK FOR SYSTEMS OF 

LINEAR DIFFERENTIAL EQUALIZATIONS  

In the article convergence of only periodic decision of indignant regional task of linear differential 

equalization is proved to one of to the decision of the sought after regional task that she does not have an only 

periodic decision. 

Key words: regional task, indignant equalization, spectrum, regulation, parameter of regulation, family of 

task. 
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Ø.à. Ìíðÿöìüôøúî, Ü.Þ. Íìüúþúî 
àô÷ôì÷ô ÐúùôĄïúĕô ðìî÷ìþôô Øúýöîì íì ùúøô Ø.Î. ×úøúùúýúî ðìü Ą. ÐÿĄìùíñ, 

ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù 

 

Ðìü ôù øìėú÷ì øìýĆì÷ìô ôùöôĄúĀô ĀìĆú÷ôċþô ĉĔúðôô ðúùôĄĔĘČùô 
øÿìýýôýìĕúô þìĕýô÷úþô ú÷ôô (ØÞÚ-ô) Æÿøĕÿüôô ÞúĔôöôýþúù ĕìùïúøô ïÿóìüúùôðìùô 
öúüĕúô ÷ìíúüìþúüĒ ìó Āìùùô µØñþúðĕúô ìðìðĒ½ îì íñĕþìü öìüðìùô üìîìùðô þìĄöô÷ô 
úùĕú úøĘāþì øñĄìîìð. Ôù øìėú÷ì ðìîúøô øìùþôėôô øìėú÷ìô [1] øñíúĄìð, öô ðìü úù 
ýÿāìù ðìü íúüìô øñþúðôöìô ÿøÿøôô þìĄöô÷ îì ïÿóìüúùôðìùô öúüĕúô ÷ìíúüìþúüĒ ìó 
Āìùùô øìóöÿü øñüìĀþ. Ôù Ĕú íúĄìð, ðìü øôýú÷ô ċö öúüô ÷ìíúüìþúüĒ ìùðñĄìĕú üúĔñĆ 
íì øìýĆì÷ìô ïÿóúĄþìĄÿðì ûñĄùôĕúð øñïìüðìùð. 

Éìõð öìüðìù ÷úóôø ìýþ, öô íì øìýĆì÷ìô øñþúðôöìô þìĆ÷ôøô øìþñøìþôöì, ăô ðìü 
øÿìýýôýìĕúô þìĕýô÷úþô øôČùì îì ăô ðìü øÿìýýôýìĕúô þìĕýô÷úþô ú÷ôô Æÿøĕÿüôô 
ÞúĔôöôýþúù öúüĕúô íôýČü íìāĄôðì Ąÿðììùð (øìýì÷ìù, ùôï. íì [2-4]). Ðìü öúüĕúô 
ûñĄþìü ăúûöìüðìô øú ùôó, íìĆóñ ûìĕ÷ÿĕúô øìýĆì÷ìô øÿúôùìĄìîìùðì úøĘāþì Ąÿðììùð 
[5-6]. Íì ýôĀìþô ìðìíôČþô Čüôüìýúù öôþúíĕúô [7-10]-üú þìîýôċ øñðôĕñø.  

ØìýĆì÷ìñ, öô øìîüôðô úøĘóôĄ ėìüúü øñïôüìð, íñùôĕúċþ ìöþÿì÷Ē ìýþ. Îúėñìù, 
ïÿóìüúùôðìùô öúüĕúô ÷ìíúüìþúüĒ ìó Āìùùô øñþúðĕúô ìðìðĒ ðìü üìîìùðô þìĆ÷ôøô ôù 
Āìù ùìėĄô øÿĕôøø ðúĄþì, ċöñ ìó îúýôþìĕúô øÿĕôøô íì÷ìùð íìüðúĄþìùô Ĕìĕúùíôùôô 
øìþñøìþôöôô ðúùôĄĔĘČù, Ąôùúý ùìøÿðìùô úùĕú íì þìþíôėô íñîúýôþìô ôù Āìù ðìü 
ĕì÷÷ô øìýĆì÷ìĕúô øÿĄìāāìýô ìøì÷Ē, þìĄìööÿ÷ô øìĕúüìþ îì øì÷ìöìô ì÷ïúüôþøýúóôĊ 
íìüùúøìýúóôô úùĕú øñíúĄìð. Ìó ôù āúþôü, öúüô ÷ìíúüìþúüĒ ìó Āìùùô øìóöÿü ýìþĕĒ 
ùñ, íì÷öô íúċð ìó üĘõô íìüùúøìô øÿĄìāāìý îì ýôýþñøìô øÿìõċù ïÿóìüúùôðì Ąìîìð.  

Íì ýôĀìþô øìîóĘô øÿúôùìĄìîìùðì, øìîóĘô µáìþúô Āÿùöýôċô ìüïÿøñùþĕúċĄ ìó 
íÿóÿüïôĕúô þìėüôíĒ ôíúüìþíÿðì½-üú ôùþôāúí øñùìøúñø. 

Øìėýìðô öúüô ÷ìíúüìþúüĒ ìó þìþíôėô Āúüøÿ÷ìĕúô óìüÿüôô øìîóĘô āìþúô 
Āÿùöýôċô ìüïÿøñùþĕúċĄ íÿóÿüïôĕúô þìėüôíôíÿðì, ðìü ĕì÷÷ô øìýĆì÷ìĕúô øÿĄìāāìýô 
ìøì÷Ē ôíúüìþ ìýþ.  

ÏÿóúüôĄô øìýĆì÷ì. Ðìü þìüìĀĕúô üúýþöÿùĔìô íìüìĄ a=5¹0,01 îì ðìüúóôìĄ 
b=6¹0,02 öîìðüìþĕú öìĄôðì Ąÿðììýþ. Øìþ÷ÿí: ČĀþìùô ýÿøøìô øìýúĕìþĕúô ĕìøìô 
Āôïÿüìĕú. 

Þ Ì × Ì Í Ô 1: 
1. áìþúô øÿþ÷ìė îì āìþúô ùôýíôô ĕÿðÿðôô øìþ÷ÿíô øìýĆì÷ìüú Číñð;  
2. Øôėðúüô üìėìøĕúô ĉĆþôøúðùúöô øìþ÷ÿíô øìýĆì÷ì øÿìõċù öìüðì Ąìîìð. 

Þ Ì × Ì Í Ô 2: 

mailto:emuhamadiev@rambler.ru
mailto:adolat1@mail.ru
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3. Ì÷ïúüôþø îì íìüùúøìô ĕôýúíô āìþúô øÿþ÷ìėô ĕÿðÿðĒ, āìþúô ùôýíôô ĕÿðÿðĒ îì 
øôėðúüô üìėìøĕúô ĉĆþôøúðùúöô øìþ÷ÿíô øìýĆì÷ìüú ðìü ċïúù óìíúùô íìüùúøìýúóĒ 
ùìîôýñð; 

4. Ðÿüÿýþôô öúüô íìüùúøìüú ðìü øôýú÷ô øìýĆì÷ìô úîìüðìĄÿðì ýìùĔñð. 
Íìüúô ĕì÷÷ô ôù øìýĆì÷ì ðúùôĄĔĘ íúċð úôð íì øìîóĘô øÿúôùìĄìîìùðì 

øìĆ÷ÿøúþô øÿāþìýìüô ùìóìüôċîôüú ðúĄþì íúĄìð. ÌùôėìĄ, ðúùôĄĔĘ øìĀĕÿøĕú îì 
Āúüøÿ÷ìĕúô óìüÿüôüú ìėì÷÷ìù ðìü ĕìĔøô øìîúðô óñüôù íúċð ðúùìð: 

Íôïÿóúü ðìü Āìóúô n-ăñùìöìô Ñîö÷ôðĒ Āÿùöýôċô ĕúýô÷ìðúüô 
),...,,( **

2

*

1

*

nxxxfu =
 

ðúðì Ąÿðì íúĄìð, öô ìüïÿøñùþĕúô úù 
{}n

iix
1

*

=  íÿóÿüïôĕúô þìėüôíôìùð. àìüó øñöÿùñø, 

öô āìþúĕúô øÿþ÷ìėô ĕÿðÿðôô ìüïÿøñùþĕúô ôù Āÿùöýôċ 
{ }n

iix
1

*~
=

D
 - ĕú øìĆ÷ÿø íÿðì, 

íÿóÿüïôĕúô āÿüð ĕìýþìùð. Úù ïúĕ āìþúô øÿþ÷ìėô ĕÿðÿðôô Āÿùöýôċô ðúðìĄÿðì, ìó üĘõô 
Āúüøÿ÷ìô óñüôù ĕôýúí öìüðì øñĄìîìð: 

)1(.
~~ *

1
*

*
*

i

n

i i

x
x

u
u DÖ

µ

µ
=D ä
=  

áìþúô ùôýíôô ĕÿðÿðôô Āÿùöýôċô ðúðìĄÿðìüú íúĄìð, ìó üĘõô Āúüøÿ÷ìô  

( ) )2(
~

ln
~ *

1

*

*

*

i

n

i i

xu
x

u DÖ
µ

µ
=ä
=

d

 
ČĀþìù øÿøöôù ìýþ. Éìõð øñùìøúñø, öô ĕìùïúøô øìĆ÷ÿø íÿðìùô āìþúô øÿþ÷ìėô ĕÿðÿðĒ, 

āìþúô ùôýíôô ĕÿðÿðôüú ìó íìüúíìüôô 

*

*
*

~
~

u

u
u

D
=d

 ùôó øÿìõċù öìüðìù øÿøöôù 
øñíúĄìð. Íôùúíìü ôù, ìïìü ìó üĘõô (2) ČĀþìùô āìþúô ùôýíôô ĕÿðÿðôô Āÿùöýôċô 
ðúðìĄÿðì ùôýíìþìù øÿüìööìí íúĄìð, úù ïúĕ úùüú ìó üĘõô Āúüøÿ÷ìô úîìüðìĄÿðì ĕìø 
øìĆ÷ÿø öìüðìù øÿøöôù ìýþ. 

Íôïÿóúü ìðìðô þìėüôíôô  
11

2121

* 10...1010... +-- Ö++Ö+Ö== mn

m

nn

m aaaaaax
 

ðúðì Ąÿðì íúĄìð.  
Üìėìøô ìĕìøôċþùúöô am ¬ ô ìðìðô x* ĉĆþôøúðùúö ùúøôðì øñĄìîìð, ìïìü āìþúô 

øÿþ÷ìėô ĕÿðÿðôô úù ìó ùôýĀô îúĕôðô üìóüċðô ôù üìėìø öì÷úù ùìíúĄìð, ċĆùñ ìïìü 
Ąìüþô  

)3(105,0
~ 1* +-Ö¢D mnx  

ôĔüú Ąìîìð.  
Üìėìøĕúô ĎìõüôĉĆþôøúðùúöüú Ąÿíĕìùúö øñùúøìùð. Ìó (3) ðôðì øñĄìîìð, öô 

ìïìü am üìėìøô ĉĆþôøúðùúö íúĄìð, úù ïúĕ ĕìøìô üìėìøĕúô ûñĄ ìó úù íÿðì, ùôó 
ĉĆþôøúðùúöìùð.  

Ìöùÿù íì ĕì÷÷ô øìýĆì÷ìĕúô ïÿóúĄþìĄÿðì øìĄĎÿ÷ øñĄìîñø. 
Þ Ì × Ì Í Ô 1: 

1. Þìîüñ øñðúùñø, øìýúĕìþô üúýþöÿùĔì íì ĕúýô÷ô óìüíô ðìüúóĒ îì íìüô úù 
íìüúíìü øñíúĄìð. Øìýúĕìþô öîìðüìþ íúĄìð, íì öîìðüìþô þìüìĀìĄ íìüúíìü ìýþ. 
Ìóíìýöô þìüìĀĕúô øÿėúíô÷ô üúýþöÿùĔì íú ĕìø íìüúíìüìùð, ûìý ýÿøøìô øìýúĕìþĕúô 
Āôïÿüìĕú íì 

22 22 baabS ++=  
íìüúíìü øñĄìîìð (ùôï. íì üìýø). 
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Ìöùÿù íìüúô ČĀþìùô āìþúô øÿþ÷ìėô ĕÿðÿðĒ ìó Āúüøÿ÷ìô (1) ôýþôĀúðì øñíìüñø. 

Ðìü øôýú÷ô øú bxaxn === *

2

*

1 ,,2  îì ),(* bafSu ==  ìýþ. Ûìý, 

.
~~~

b
b

S
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S
S DÖ
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µ
+DÖ
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µ
=D

 
Çúýô÷ìĕúô āÿýÿýôô Āÿùöýôċô S ¬ üú ùôýíìþ íì þìĎõôüČíìùðìĕúô a îì b øñČíñø: 

.4;4 ba
b

S
ab

a

S
+=

µ

µ
+=

µ

µ

 
Éôøìþô ĕúýô÷ìĕúüú ĕìùïúøô a=5 îì b=6 íÿðìù ĕôýúí øñöÿùñø: 

( )

( ) .292456454

;262065464
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6
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µ
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=
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b
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b
a

b
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Ôùìö, 

.84,058,026,002,02901,026

~~~

=+=Ö+Ö=

=DÖ
µ

µ
+DÖ

µ

µ
=D b

b

S
a

a

S
S

 
Çìøôù þìüôė, 

15262526522 2222 =Ö+Ö+Ö=++= baabS  
îì ìó ôù Ĕú: 

.84,0152°=S
 

àúüøÿ÷ìô (2) ¬ üú ôýþôĀúðì öìüðì, āìþúô ùôýíôô ĕÿðÿðôüú øñČíñø: 

[ ] [ ] [ ] +DÖ++
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Çìøôù þìîü, 

%.6,000553,000382,000171,002,0
152

29
01,0

152

26~
º=+ºÖ+Ö=Sd

 

Ìõùìù ĕìøôù ùìþôĔìüú ĕúýô÷ øñùìøúñø, ìïìü ìó Āúüøÿ÷ìô SSS /
~~
D=d ôýþôĀúðì 

íìüñø. Ðìü ĕìėôėìþ, 
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%.6,000553,0
152

84,0
~

~
ºº=

D
=

S

S
Sd

 
2. Íìüúô øÿìõċù öìüðìùô øôėðúüô üìėìøĕúô ĉĆþôøúðùúöô ìðìðô S=152, ìó 

þìĆüôĀô ĉĆþôøúðùúöôô üìėìøô ìðìð ôýþôĀúðì øñíìüñø. 
Îúĕôðô üìóüċðô íì üìėìøô 2 øÿîúĀôė íì 100=1 íìüúíìü ìýþ. Ìóíìýöô ùôýĀô ôù 

ìó āìþúô øÿþ÷ìėô ĕÿðÿðôô S, ċĆùñ 84,0
~
=DS  āÿüð ìýþ, ûìý üìėìøô 2 Ąÿíĕìùúö 

øñíúĄìð. Îì÷ñ ùôýĀô îúĕôðô üìóüċðô üìėìøô 5, öô íì 101/2=10/2=5 íìüúíìü ìýþ, ìó 

84,0
~
=DS  öì÷úù øñíúĄìð. Ìó ôù āúþôü, üìėìøô 5 ĉĆþôøúðùúö ìýþ. Ìó ôù Ĕú íìüøñúċð, 

öô üìėìøô 1 ùôó ĉĆþôøúðùúö øñíúĄìð. Íú ĕìøôù, ðÿ üìėìøô ìðìðô S=152 ĉĆþôøúðùúö 
îì ċöþúô úù Ąÿíĕìùúö ìýþ. 

Þ Ì × Ì Í Ô 2: 
3. Øú ì÷÷ìöìõ Āúüøÿ÷ìĕúô óìüÿüôüú ĕúýô÷ öìüðìñø. Íôùúíìü ôù, ĕìùïúøô 

þìüþôí ðúðìùô ì÷ïúüôþøô ĕì÷÷ô øìýĆì÷ìĕúô ïÿóúĄþìĄÿðì, öô ìó üĘõô úù ðìü ôù Č úù 
óìíúùô íìüùúøìýúóĒ íìüùúøì ùìîôĄþìù øÿøöôù ìýþ, ìó úùĕú ôýþôĀúðì øñíìüñø. 

Ì÷ïúüôþø ðìü ùìøÿðô øìþù: 
1. Ôíþôðú; 
2. Ðúāô÷öÿùôô a, b, da, db; 
3. Çôýúíöÿùôô S=ab+2a2+2b2; 
4. Ìïìü [S]=S íúĄìð, úù ïúĕ ĕôýúíöÿùôô m={øôėðúüô üìėìøĕúô S};  n=m-1; S1=0, 
îìïìüùì, ìïìü [S]>0 íúĄìð, úù ïúĕ ĕôýúíöÿùôô m={øôėðúüô üìėìøĕúô S}; l={øôėðúüô 
üìėìøĕúô ėôýøô íÿþÿùô S} ; n=l-1; S1=0, îìïìüùì, ĕôýúíöÿùôô m={øôėðúüô üìėìøĕúô 
S}; n=0; S1={øôėðúüô ùÿ÷ĕúñ, öô ûìõôĕìø øñúċùð};  
5. Çôýúíöÿùôô HM =(b+4a)*da+(a+4b)*db; 
6. Çôýúíöÿùôô HN=HM/S ;  
7. Çôýúíöÿùôô i=m+1; 
8. Çôýúíöÿùôô i= i-1; 
9. Ìïìü HM <=1/2*10n-i+1 íúĄìð, úù ïúĕ ïÿóìü íì (11), îìïìüùì ïÿóìü íì (10);  
10. Ìïìü i<S1 íúĄìð, úù ïúĕ ïÿóìü íì (8), îìïìüùì - íì (11); 
11. Ìïìü S1>0 íúĄìð, úù ïúĕ ĕôýúíöÿùôô i= i-S1; 
12. ãúûô µøìýúĕìþ S, i ¬ þú üìėìøô ĉĆþôøúðùúö ðúüìð½, S, HM , HN ; 
13. Ôùþôĕú. 

 
Ì÷ïúüôþø ðìü ùìøÿðô í÷úö-ýāñøì: 
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Ìöùÿù ìó üĘõô ì÷ïúüôþøô úîìüðìĄÿðì, ðìü óìíúùô íìüùúøìýúóôô Ûìýöì÷ 

íìüùúøì þìüþôí øñðôĕñø:  
Program mikdorirakamhoietimodnok;  
label 1; 
var l, s1, s3:string; 

S, a, b, da, db, HM, HN:real; 
m,i,k,n,s2,s4,s5,err:integer; 

begin 
writeln('a=');read(a); 
writeln('b=');read(b); 
writeln('da=');read(da); 
writeln('db=');read(db); 
S:=a*b+2*a*a+2*b*b; writeln('S=',S:5:10); 
if trunc(s)=s then begin  
str(s,s3);m:=length(S3);  
n:=m-1; s5:=0  
end 
else  
if trunc(s)>0 then begin  
str(s,s1); m:=length(S1)-1; 
k:=trunc(s); str(k,l);  
n:=Length(l) -1; s5:=0 
end 
else begin 
str(s,s1); m:=length(S1)-1;  
//writeln('m=',m); n=0; str(S,s1);  
s4:=length(S1);s1:=copy(s1,3,s4); 
val(s1,s2,err); str(s2,s1); 
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s5:=m-length(s1);  
end; 
HM:=(b+4*a)*da+(a+4*b)*db; writeln('HM=',HM:5:10);  
HN:=HM/S; writeln('HN=',HN);  
for i:=m downto s5 do 
if HM<=0.5*exp((n -i+1)*ln(10)) then goto 1; 
1: if s5>0 then i:=i -s5;  
write ('øìýúĕìþ S, i-þú üìėìøô ĉĆþôøúðùúö ðúüìð:');  
write('i=',i)  

end. 
4. ÙìþôĔìô öúüô ôù íìüùúøì íìüúô øìýĆì÷ìô øÿúôùìĄÿðì ăÿùôù ìýþ: 

a= 
5 
b= 
6 
da= 
0.01 

db= 
0.02 
S=152.0000000000 
HM =0.8400000000 
HN =0.00552631578947368 
øìýúĕìþ S, i-þú üìėìøô ĉĆþôøúðùúö ðúüìð: i=2 

 
Øìýì÷ìù, ìïìü a=0,25; b=0,565 îì da=0,01; db=0,002 íúĄìð, úù ïúĕ ùìþôĔìô öúüô 

íìüùúøì ăÿùôù øñĄìîìð: 
S=0.9047000000 
HM =0.0206700000 
HN =0.0228473527136067 

øìýúĕìþ S, i-þú üìėìøô ĉĆþôøúðùúö ðúüìð: i=1  
Ìöùÿù ðÿ íìüþìüôô íìüùúøìô ùìîôĄþìĄÿðìüú øñúüñø. 

i.  Íìüùúøìô úîìüðìĄÿðì íìüúô ùìóúüìþ öìüðìù îì íìĕúô îúėñĒ ðúðìù íì ðúùôĄô 
ðúùôĄĔĘČù ùìėĄô øÿĕôø ðúĄþì øñþìîúùìð. Îúėñìù, úøĘóïúü ôù öúüüú øñþìîúùìð ðìü 
øôýú÷ô øìýĆì÷ìô úîìüðìĄÿðì ìøì÷Ē ùìøúċð. Ê þìùĕú ėôøìþĕúô ûìüìøñþüĕúô ì îì b-
üú ôîìó öìüðì (ì÷íìþþì, ĕìùïúøô ôùþôāúíô ûìüìøñþüĕú íúċð íì øìóøÿùô øìýĆì÷ì 
ðôėėìþ ðúðì Ąìîìð. Øìýì÷ìù, ðìü øôýú÷ô úîìüðìĄÿðì, íúċð ì îì b øÿýíìþ íúĄìùð), íì 
ĕìü ċö ðúùôĄĔĘõ ýÿûúüôĄô ĀìüðĒ øñðôĕìð. Ýôûìý, úøĘóïúü þìîìýýÿþô íìüùúøì 
ðÿüÿýþôô ĕì÷÷ô øìýĆì÷ìĕúüú ýìùĔôðì, ýìþĕô ðúùôĄô ðúùôĄĔĘČùüú øÿìõċù øñöÿùìð. 
Þìíôôýþ, öô ìùĔúøô ôù öúü íñ Čüôô íìüùúøì íì øÿĄöô÷ôĕúô óôČð üĘ íì üĘ 
øñïìüðúùìð.  

ii .  Íú Čüôô íìüùúøì øñþìîúù øìýĆì÷ìĕúô øúùìùðüú ùôó ĕì÷ öìüð. Ðìü ôù øìîüôð, 
ðìü üìøóô (öúðô) íìüùúøì þìùĕú ôîìó öìüðìùô ôĀúðìĕúô øÿîúĀôė ÷úóôø øñúċð. 
Øìýì÷ìù, øìýĆì÷ìĕúô óñüôùüú ðôðì íìüúøìðìù øÿøöôù ìýþ:  

1.ÞìüìĀĕúô ýñöÿùĔì øÿîúĀôėìù íì ;01,05°=a  02,06°=b  îì 05,07°=c  
íìüúíìüìùð. Øìþ÷ÿí: øìýúĕìþô ýñöÿùĔì. 

2. Üìðôÿýô ðúôüì 03,025,10 °=R  îì 01,014,3 °=p  øñíúĄìð. Øìþ÷ÿí: øìýúĕìþô 
ðúôüì. 

3. Üìðôÿýô ðìîüì íì 02,048,21 °=R  íìüúíìü íÿðì, 01,014,3 °=p  ìýþ. Øìþ÷ÿí: 
ðìüúóôô ðìîüì. 

4. Öìþñþĕúô ýñöÿùĔìô üúýþöÿùĔì øÿîúĀôėìù íì 1,06°=a  îì 2,08°=b  íìüúíìü 
øñíúĄìùð. Øìþ÷ÿí: ïôûúþñùÿóì. 

5. Ðìüúóôô üúýþöÿùĔì íì 01,09°=a  îì íìüô úù íì 012,07°=b  íìüúíìü ìýþ. 
Øìþ÷ÿí: øìýúĕìþô üúýþöÿùĔì. 

6. Ìýúýô ýñöÿùĔìô íìüúíìüûìĕ÷ÿ íì 001,06°=a  îì þìüìĀô ûìĕ÷ÿôô úù íì 
03,05°=b  íìüúíìü ìýþ. Øìþ÷ÿí: íì÷ìùðôô ýñöÿùĔì. 
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7. ÞìüìĀĕúô ýñöÿùĔì øÿîúĀôėìù íì ;01,09°=a  012,010°=b  îì 015,012°=c  
íìüúíìüìùð. Øìþ÷ÿí: ûñüôøñþüô ýñöÿùĔì. 

8. ÐìüúóĒ, íìü îì íì÷ìùðôô ûìüì÷÷ñ÷ñûôûñðô üúýþöÿùĔì øÿîúĀôėìù íì 

;01,03°=a 2,04°=b
 îì 

015,05°=c
 íìüúíìü øñíúĄìùð. Øìþ÷ÿí: ĕìĔøô 

ûìüì÷÷ñ÷ñûôûñð. 

9. ãñùìöĕúô öÿí íì 0004,0205,12 °=a  íìüúíìüìùð. Øìþ÷ÿí: ĕìĔøô öÿí. 

10. Ðôìïúùì÷ô öîìðüìþ íì 04,004,14 °=a  íìüúíìü ìýþ. Øìþ÷ÿí: øìýúĕìþô 
öîìðüìþ. 

Îì סìõüì. 
Þìîüñ øñðúùñø, ðìü ĕìøìô ØÞÚ-ô ĔÿøĕÿüĒ ýìþĕô ðúùôĄô ðúùôĄĔĘČù þìîìýýÿþô 

ôøþôĕúùúþô þñýþĒ øÿìõċù öìüðì øñĄìîìð. ÔýþôĀúðìô íìüùúøìô úîìüðìĄÿðì íìüúô 
þìüþôí ðúðìùô øôýú÷ÿ øìýĆì÷ìĕúô þñýþĒ ðúôü íì øìîóĘô øÿúôùìĄìîìùðì öúüüú 
íñùôĕúċþ úýúù øñïìüðúùìð. Ðìü ĕìėôėìþ, ðìýþĒ ĕôýúí öìüðìùô ĕôýúííìüúüôĕúô 
öì÷úùĕìĔø, ìó ċö þìüìĀ, îìėþô óôČðüú øñïôüìð îì ìó þìüìĀô ðôïìü øñþìîúùìð íì 
āìþúïôĕú úüìð.  

Øìîúðô úîìüðìĄÿðìüú þìĕ÷ô÷ öìüðì, íì āÿ÷úýì øñúñø, öô íìüúô ûñĄùôĕúðô 
ċïúù øìýĆì÷ì íì ýôĀìþô öúüô ÷ìíúüìþúüĒ íì ôùúíìþ ïôüôĀþìùô ûìõðìüûìõôô óñüôù 
íì ùìĀĆô öúü ìýþ: 

¶  ùúøô øìîóĘĆ úîìüðì Ąìîìð - íìĆðô ôù øìĆ÷ÿø øñïìüðìð, öô ýÿāìù ðìü íúüìô ăĒ 
øñüìîìð; 

¶  øìėýìðô öúü íìČù ïìüðìð, þú öô ðúùôĄĔĘ ûñĄ ìó ôĔüúô öúü ðúùìð, öô ĕìðìĀô 
öúüô ÷ìíúüìþúüĒ ìó ăĒ ôíúüìþ ìýþ; 

¶  ïÿóúüôĄô øìýĆì÷ì íú ðÿ þì÷ìí úîìüðì Ąìîìð, ċĆùñ þì÷ìí öìüðì Ąìîìð, öô 
ðúùôĄĔĘ øìýĆì÷ìüú ĕìø íú Čüôô íìüùúøìýúóôô öúøûĊþñüĒ îì ĕìø ðìýþĒ ĕì÷ ùìøúċð; 

¶  þì÷ìí öìüðì Ąìîìð, öô ùìþôĔìô ĕôýúííìüúüôĕúô ðìýþĒ îì öúüô öúøûĊþñü 
øÿėúôýì ïìüðìùð. Ôù þì÷ìí íìüúô úù óìüÿü ìýþ, öô ðúùôĄĔĘ íúċð íúîìüĒ ĕúýô÷ 
ùìøúċð, öô íìüùúøìô ùìîôĄþìĄÿðì ðÿüÿýþ öúü øñöÿùìð. Ðìü ýÿüìþô ċöāñ÷ì ùìíÿðìùô 
ùìþôĔìĕú ðúùôĄĔĘ øìĔíÿü øñĄìîìð, öô āìþúïôô ýúðôüĄÿðìüú ĔÿýþÿĔĘ ùìøúċð. Íú ôù 
îìýô÷ì ðúùôĄĔĘ øìĕúüìþÿ øì÷ìöìô āÿðüú íì÷ìùð íìüðúĄþì øñþìîúùìð. áÿýÿýìù, Ę 
ėúíô÷ôċþô þìĕ÷ô÷ùìøúôô āÿðüú íú ôù üúĕ üÿĄð øñðôĕìð, öô ôù úċùðì íìüúô 
ðúùôĄìùðĘóĒ îì ôùöôĄúĀô ĀìĆú÷ôċþô ĉĔúðôìĄ öÿøìöô ìøì÷Ē øñüìýúùìð.  

Ôù ïÿĀþìĕúüú íì þìîüô ĀôĄÿüðì ðìü ùìøÿðô ùìėĄìô óñüôù øñúüñø: 

 
ÍìĆðô ôĔüúô öúüô ÷ìíúüìþúüĒ, íìüúô íì Ąìö÷ ðìüúîìüðìù îì ýÿûúüôðìùô úù 

íúċð ăÿùôù ìøì÷ĕú ôĔüú öìüðì Ąìîìð:  
a. Ùúøô øìîóĘĆ íúċð úîìüðì Ąìîìð; 
b. ÏÿóúüôĄô øìýĆì÷ì íúċð íìČù ïìüðìð;  
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c. Øìîúðô ùìóìüôċîôñ, öô íìüúô ôĔüúô öúüô ÷ìíúüìþúüĒ ôýþôĀúðì 
øñĄìîìð, íì þìîüô øÿāþìýìü íúċð íìČù öìüðì Ąìîìð; 

d. Üìîìùðô ĕì÷÷ô øìýĆì÷ì íúċð íú Ąìüĕÿ þìîóñĕúþ ûñüúýþì ïìüðìð; 
e. Ì÷ïúüôþøô ĕì÷÷ô øìýĆì÷ì, öô ìó üĘõô úù íìüùúøì ùìîôĄþì øñĄìîìð, 

íúċð ðìü ùìøÿðô øìþù îì í÷úö-ýāñøìĕú þìüþôí ðúðì Ąìîìð; 
f. Íìüùúøìô ĕì÷÷ô øìýĆì÷ìô ïÿóúĄþìĄÿðì ðìü ôù Č úù óìíúùô íìüùúøìýúóĒ íúċð 

ùìîôĄþì ïìüðìð; 
g. ÙìþôĔìô öúüô íìüùúøì íúċð ăúû öìüðì Ąÿðì, íú ùìþôĔìĕúô ðìýþĒ ĕôýúí 

öìüðìĄÿðì øÿėúôýì ïìüðôðì, ðìü ðìĀþìüô öúüĕúô ÷ìíúüìþúüĒ óìøôøì öìüðì Ąìîìð; 
h. ÜĘõāìþô ìðìíôČþô ôýþôĀúðìĄÿðì íúċð úîìüðì Ąìîìð; 
i. Öúüô ÷ìíúüìþúüôô ôĔüúöìüðìĄÿðì, þú öúüô ÷ìíúüìþúüôô ùìîíìþĒ íúċð íì 

úøĘóïúü ýÿûúüôðì Ąìîìð.  
Ôù ïÿĀþìĕúüú íì þìîüô øÿāþìýìü ðìü ùìėĄìô óñüôù Ĕúõ øñðôĕñø: 

 

 
Ìó Āÿüýìþ ôýþôĀúðì öìüðì, øÿì÷÷ôĀúù íì ûüúĀñýýúü Ù. äñüøìþúî îì ù.ô.û. 

Ì.Û. Ùìóìüúî íìüúô øìý÷ôĕìþĕúô øÿĀôð óôøùô úøúðì öìüðìùô ôù øìėú÷ì ôóĕúüô 
øôùùìþðúüĒ øñùìøúċùð. 
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ʈɸɿɺʀʊʀɽ ʊɺʆʈʏɽʉʂʆʁ ɸʂʊʀɺʅʆʉʊʀ ʉʊʋɼɽʅʊʆɺ ɺʋɿʆɺ ʈɽʉʇʋɹʃʀʂʀ ʊɸɼɾʀʂʀʉʊɸʅ 

ʇʈʀ ʇʈʆɺɽɼɽʅʀʀ ʃɸɹʆʈɸʊʆʈʅʓʍ ʈɸɹʆʊ ʇʆ ʇʈɽɼʄɽʊʋ ʏʀʉʃɽʅʅʓʍ ʄɽʊʆɼʆɺ 

ɺ ʩʪʘʪʴʝ ʠʟʫʯʝʥ ʚʦʧʨʦʩ ʨʘʟʚʠʪʠʷ ʪʚʦʨʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʚʫʟʦʚ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʧʦ ʧʨʝʜʤʝʪʫ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ. ʅʘ ʧʨʠʤʝʨʝ ʦʜʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʨʘʙʦʪʳ ʩʜʝʣʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʘʢʪʠʚʠʟʘʮʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ.  

 

THE DEVELOPMENT OF CREATIVE ACTIVITY UNIVERSITY STUDENTS OF TAJIKISTAN IN 

LABORATORY WORK ON THE SUBJECT OF NUMERICAL METHODS  

The article explored the development of creative activity of students of high schools of the Republic of 

Tajikistan in laboratory work on the subject of numerical methods. For example, one lab made recommendations to 

improve the organization and conduct of laboratory work. 

Key words: laboratory work, numerical Methods, revitalization of students. 
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ʌ  ʀ  ɿ  ʀ  ʂ  ɸ 
 

ʉʊʈʋʂʊʋʈʅɸʗ ʀʅʊɽʈʇʈɽʊɸʎʀʗ ʅɽʅʔʖʊʆʅʆɺʉʂʆɻʆ ʊɽʏɽʅʀʗ 

ɼʀʉʇɽʈʉʅʓʍ ʀ ʇʆʃʀʄɽʈʅʓʍ ʉʀʉʊɽʄ 

 

ɽ.ɸ. ʂʠʨʩʘʥʦʚ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʦʮʠʘʣʴʥʦ-ʛʫʤʘʥʠʪʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʦʣʦʤʥʘ, ʈʦʩʩʠʷ 

 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝʥʴʶʪʦʥʦʚʩʢʦʝ ʪʝʯʝʥʠʝ ʢʘʢ ʚʠʜ ʪʝʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʟʥʘʯʝʥʠʝ ʚʷʟʢʦʩʪʠ h ʠʟʤʝʥʷʝʪʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ
g#
, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʣʠʯʠʷ 

ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ. ɺʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʩʢʦʨʦʩʪʷʭ ʥʝʥʴʶʪʦʥʦʚʩʢʦʝ ʪʝʯʝʥʠʝ, ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʥʝʥʴʶʪʦʥʦʚʩʢʠʤʠ ʩʨʝʜʘʤʠ ʠʣʠ 

ʞʠʜʢʦʩʪʷʤʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪ ʜʠʩʧʝʨʩʥʳʝ ʠ ʧʦʣʠʤʝʨʥʳʝ ʩʠʩʪʝʤʳ, ʪ.ʝ. ʩʠʩʪʝʤʳ, 

ʦʙʣʘʜʘʶʱʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ï ʦʨʛʘʥʠʟʘʮʠʷ ʯʘʩʪʠʮ ʩ 

ʧʦʤʦʱʴʶ ʬʠʟʠʯʝʩʢʠʭ (ʠʣʠ ʭʠʤʠʯʝʩʢʠʭ) ʩʚʷʟʝʡ ʚ ʥʝʢʦʝ ʝʜʠʥʦʝ ʮʝʣʦʝ (ʘʛʨʝʛʘʪʳ ʯʘʩʪʠʮ, 

ʘʩʩʦʮʠʘʪʳ ʤʘʢʨʦʤʦʣʝʢʫʣ). ʉʚʦʡʩʪʚʘ ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʚʳʨʘʞʝʥʳ ʚ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʢʨʠʚʳʭ ʪʝʯʝʥʠʷ ʠ ʚʷʟʢʦʩʪʠ, ʩʘʤ ʭʘʨʘʢʪʝʨ ʵʪʠʭ ʢʨʠʚʳʭ ʨʘʟʣʠʯʝʥ ʥʘ ʨʘʟʥʳʭ 

ʠʥʪʝʨʚʘʣʘʭ ʩʢʦʨʦʩʪʝʡ ʩʜʚʠʛʘ. ʇʦʢʘʞʝʤ, ʯʪʦ ʧʨʠʨʦʜʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

(ʩʫʩʧʝʥʟʠʠ, ʵʤʫʣʴʩʠʠ, ʤʠʮʝʣʣʷʨʥʳʝ ʩʠʩʪʝʤʳ, ʨʘʩʪʚʦʨʳ ʠ ʨʘʩʧʣʘʚʳ ʧʦʣʠʤʝʨʦʚ, ʞʠʜʢʠʝ 

ʢʨʠʩʪʘʣʣʳ) ʥʝ ʦʢʘʟʳʚʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʪʝʯʝʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʝʥʴʶʪʦʥʦʚʩʢʦʛʦ ʪʝʯʝʥʠʷ ʚ ʨʘʤʢʘʭ ʩʪʨʫʢʪʫʨʥʦʡ ʨʝʦʣʦʛʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʦʙʲʷʩʥʷʶʪʩʷ ʨʘʟʨʫʰʝʥʠʝʤ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʘʛʨʝʛʘʪʦʚ ʯʘʩʪʠʮ (ʠʣʠ ʘʩʩʦʮʠʘʪʦʚ 

ʤʘʢʨʦʤʦʣʝʢʫʣ) ʚ ʩʜʚʠʛʦʚʦʤ ʪʝʯʝʥʠʠ.  

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ [1, 2] ʩʪʨʫʢʪʫʨʥʘʷ ʨʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʧʦʣʫʯʝʥʦ ʦʙʦʙʱʸʥʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʪʝʯʝʥʠʷ (ʆʋʊ), ʢʦʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʝ ʷʚʣʝʥʠʝ 

ʥʝʥʴʶʪʦʥʦʚʩʢʦʛʦ ʪʝʯʝʥʠʷ ï ʩʜʚʠʛʦʚʦʝ ʨʘʟʞʠʞʝʥʠʝ. ʉʜʚʠʛʦʚʦʝ ʨʘʟʞʠʞʝʥʠʝ (ʠʣʠ 

ʚʷʟʢʦʧʣʘʩʪʠʯʥʦʝ ʪʝʯʝʥʠʝ) ï ʚʠʜ ʪʝʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ 
g#

 

ʫʤʝʥʴʰʘʝʪʩʷ ʚʷʟʢʦʩʪʴ h ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ t.  

ʇʨʠ ʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʩʪʨʫʢʪʫʨʘ ʪʝʢʫʯʝʡ ʩʠʩʪʝʤʳ 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ (ʩʢʦʨʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʨʘʚʥʘ ʩʢʦʨʦʩʪʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ). ʈʝʦʣʦʛʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ï ʦʙʦʙʱʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʯʝʥʠʷ 

(ʆʋʊ) ʠʤʝʝʪ ʚʠʜ: 
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ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʦʧʠʩʳʚʘʝʪ ʜʠʩʩʠʧʘʮʠʶ ʵʥʝʨʛʠʠ, ʚʦʟʥʠʢʘʶʱʫʶ ʧʨʠ ʦʙʪʝʢʘʥʠʠ 

ʘʛʨʝʛʘʪʦʚ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ; ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʧʨʠ 

ʦʙʪʝʢʘʥʠʠ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ.  

ʆʙʦʙʱʸʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʯʝʥʠʷ ʦʧʠʩʳʚʘʝʪ ʪʝʯʝʥʠʷ: ʥʴʶʪʦʥʦʚʩʢʦʝ, ʥʝʣʠʥʝʡʥʦʝ 

ʧʣʘʩʪʠʯʥʦʝ ʠ ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʦʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ (ʨʠʩ. 1). ɽʩʣʠ ʦʜʠʥ ʠʟ ʚʠʜʦʚ 

ʪʝʯʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʚʩʸʤ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʩʢʦʨʦʩʪʝʡ ʩʜʚʠʛʘ, ʪʦ ʙʫʜʝʤ 

ʛʦʚʦʨʠʪʴ ʦ ʨʝʞʠʤʝ ʪʝʯʝʥʠʷ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ, ʘ ʨʝʦʣʦʛʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʥʘʟʳʚʘʪʴ 

ʧʨʦʩʪʳʤ. 

ɿʥʘʯʝʥʠʝ ʧʨʝʜʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʚʷʟʢʦʩʪʠ ʧʨʠ 
¤g#

 ʨʘʚʥʦ c
hh =

¤ ; ʚ ʵʪʦʤ 

ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ ʘʛʨʝʛʘʪʳ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʝʥʳ. ɽʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ c ʨʘʚʝʥ ʥʫʣʶ, ʪʦ 

ʨʘʟʤʝʨʳ ʘʛʨʝʛʘʪʘ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʚʦʟʨʘʩʪʘʁ ʪ ʧʨʠ ʫʩʣʦʚʠʠ 0g# . ɺ ʵʪʦʤ ʩʣʫʯʘʝ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʣʠʥʝʡʥʦʝ ʧʣʘʩʪʠʯʥʦʝ ʪʝʯʝʥʠʝ, ʢʦʵʬʬʠʮʠʝʥʪ ʩ
t
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ʧʨʝʜʝʣʴʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʠʤʝʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʧʣʦʰʥʦʡ 

ʩʝʪʢʠ (ʢʘʨʢʘʩʘ) ʧʨʠ ʥʫʣʝʚʦʡ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ. ɽʩʣʠ c ʙʦʣʴʰʝ ʥʫʣʷ, ʪʦ ʨʘʟʤʝʨʳ ʘʛʨʝʛʘʪʘ 

ʦʩʪʘʶʪʩʷ ʢʦʥʝʯʥʳʤʠ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʦʝ ʪʝʯʝʥʠʝ (ʨʠʩ. 1).  

ʆʙʦʙʱʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʯʝʥʠʷ (ʆʋʊ) ʩʚʦʜʠʪʩʷ ʢ ʫʨʘʚʥʝʥʠʶ ʅʴʶʪʦʥʘ ʠʣʠ ʂʵʩʩʦʥʘ 

ʧʨʠ ʥʫʣʝʚʦʤ ʟʥʘʯʝʥʠʠ ʦʜʥʦʛʦ ʠʟ ʪʨʸʭ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 
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ʈʠʩ. 1. ʊʠʧʠʯʥʳʝ ʢʨʠʚʳʝ ʚʷʟʢʦʩʪʠ ʚ ʜʚʦʡʥʳʭ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ (ʘ) ʠ ʢʨʠʚʳʝ ʪʝʯʝʥʠʷ ʚ 

ʢʦʨʥʝʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ (ʙ) 

 

ʂʨʠʚʳʝ ʉ ʚʷʟʢʦʧʣʘʩʪʠʯʥʦʛʦ ʪʝʯʝʥʠʷ, ʚʳʜʝʣʝʥʥʳʝ ʞʠʨʥʦʡ ʣʠʥʠʝʡ, ʦʧʠʩʚrʘʶʪʩʷ 

ʦʙʦʙʱʸʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʪʝʯʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ c : ʧʣʘʩʪʠʯʥʦʝ 
(  = 0), ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʦʝ ( > 0). ʅɹ ʶʪʦʥʦʚʩʢʦʝ ʪʝʯʝʥʠʝ (N) ʩʠʩʪʝʤʳ ʩ ʧʦʣʥʦʩʪʴʶ 

ʨʘʟʨʫʰʝʥʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ ʧʦʢʘʟʘʥʦ ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ (ʩ
t
= 0). ɼʨʫʛʠʝ ʨʝʞʠʤʳ 

ʪʝʯʝʥʠʷ ʧʦʢʘʟʘʥʳ ʰʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ: ʥʴʶʪʦʥʦʚʩʢʦʝ ʪʝʯʝʥʠʝ ʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʥʘ ʫʯʘʩʪʢʝ ʥʠʟʢʠʭ (N1) ʠ ʚʳʩʦʢʠʭ (N2) ʩʢʦʨʦʩʪʝʡ ʩʜʚʠʛʘ. ʉʠʤʚʦʣ Sp ʦʪʤʝʯʘʝʪ ʫʯʘʩʪʦʢ 

ʨʝʟʢʦʛʦ ʩʧʘʜʘ ʚʷʟʢʦʩʪʠ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ 

(ʷʚʣʝʥʠʝ ʩʨʳʚʘ ʪʝʯʝʥʠʷ ʠʣʠ ʧʦʪʦʢʘ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʩʜʚʠʛʦʚʳʤ 

ʨʘʩʩʣʦʝʥʠʝʤ).  

ʅʘ ʨʠʩʫʥʢʝ 1, ʘ ʧʦʢʘʟʘʥʳ ʥʝʢʦʪʦʨʳʝ ʩʦʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʞʠʤʳ ʪʝʯʝʥʠʷ: 

ʥʴʶʪʦʥʦʚʩʢʦʝ ʧʨʠ ʥʠʟʢʠʭ ʠ ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʦʝ ï ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʩʜʚʠʛʘ. ɽʩʣʠ ʚ 

ʠʩʭʦʜʥʦʡ ʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʝ ʩʫʱʝʩʪʚʫʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʨʘʟʤʝʨ ʘʛʨʝʛʘʪʦʚ çʩʚʝʨʭʫè, ʪ.ʝ. 

ʙʦʣʴʰʠʝ ʘʛʨʝʛʘʪʳ ʥʝ ʤʦʛʫʪ ʧʦ ʢʘʢʠʤ-ʪʦ ʧʨʠʯʠʥʘʤ ʦʙʨʘʟʦʚʘʪʴʩʷ, ʪʦ ʧʨʠ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ 

ʩʜʚʠʛʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʘʛʨʝʛʘʪʳ ʥʝ ʩʧʦʩʦʙʥʳ ʨʘʟʨʫʰʘʪʴʩʷ (ʨʘʩʪʷʛʠʚʘʶʱʠʝ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ ʤʝʥʴʰʝ ʩʠʣ ʩʮʝʧʣʝʥʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ). ʇʦʵʪʦʤʫ, ʨʘʟʤʝʨʳ 

ʘʛʨʝʛʘʪʦʚ ʚ ʩʨʝʜʥʝʤ ʧʦʩʪʦʷʥʥʳ, ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʷʟʢʦʩʪʠ. ʊʘʢʦʝ 

ʧʦʚʝʜʝʥʠʝ ʪʠʧʠʯʥʦ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʠ ʨʘʩʧʣʘʚʦʚ ʧʦʣʠʤʝʨʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʩʫʩʧʝʥʟʠʡ ʠ ʵʤʫʣʴʩʠʡ. 

ʇʨʠ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʚ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤʘʭ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʷʚʣʝʥʠʝ çʩʨʳʚʘ ʧʦʪʦʢʘè ʠʣʠ çʩʨʳʚʘ ʪʝʯʝʥʠʷè, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʝ 

ʩʜʚʠʛʘ t ʩʪʘʥʦʚʠʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʠʣʠ ʜʘʞʝ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʟʥʘʯʝʥʠʝ ʚʷʟʢʦʩʪʠ ʨʝʟʢʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ. ʅʘ ʨʠʩʫʥʢʝ 1 ʩʠʤʚʦʣ Sp ʦʪʤʝʯʘʝʪ ʫʯʘʩʪʦʢ ʨʝʟʢʦʛʦ 

ʩʧʘʜʘ ʚʷʟʢʦʩʪʠ ʧʨʠ ʧʦʩʪʦ̫ ʥʥʦʤ ʠʣʠ ʩʥʠʞʘʶʱʝʤʩʷ ʟʥʘʯʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ t, 

ʧʨʠʯʸʤ ʥʘʠʤʝʥʴʰʝʝ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʷʟʢʦʩʪʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʚʝʣʠʯʠʥʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʷʟʢʦʩʪʠ ʂʵʩʩʦʥʘ ʩ
h
, ʪʦ ʝʩʪʴ ʢ ʟʥʘʯʝʥʠʶ ʚʷʟʢʦʩʪʠ ʩʠʩʪʝʤʳ ʩ ʧʦʣʥʦʩʪʴʶ 

ʨʘʟʨʫʰʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ.  
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ʆʙʦʙʱʸʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʯʝʥʠʷ (ʆʋʊ) ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʨʝʦʣʦʛʠʯʝʩʢʠʤ, 

ʧʦʩʢʦʣʴʢʫ ʦʧʠʩʳʚʘʝʪ ʧʣʘʩʪʠʯʥʦʝ ʠ ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʦʝ ʪʝʯʝʥʠʝ ʣʶʙʳʭ ʜʠʩʧʝʨʩʥʳʭ, 

ʧʦʣʠʤʝʨʥʳʭ ʠ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʆʥʦ ʠʤʝʝʪ ʪʨʠ ʧʦʜʛʦʥʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘ, 

ʪ.ʝ. ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʨʠʚʦʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʬʫʥʢʮʠʡ )(gt# ʠ )(gh#. ʆʋʊ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ ʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 
ʜʘʥʥʳʝ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʠ ʨʘʥʝʝ ʧʨʝʜʣʦʞʝʥʳ ʜʨʫʛʠʝ ʠʟʚʝʩʪʥʳʝ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ 

(ʨʠʩ. 2). 
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ʈʠʩ. 2. ʉʨʘʚʥʝʥʠʝ ʦʙʦʙʱʸʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʝʯʝʥʠʷ ʩ ʠʟʚʝʩʪʥʳʤʠ ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: ʘ ï 

ʟʘʚʠʩʠʤʦʩʪʴ ʚʷʟʢʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ ʜʣʷ ʜʠʩʧʝʨʩʠʠ ʧʦʣʠʚʠʥʠʣʘʮʝʪʘʪʘ [3].; ʙ ï ʢʨʠʚʘʷ ʪʝʯʝʥʠʷ ʚ 

ʢʦʨʥʝʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʜʣʷ ʢʦʘʛʫʣʠʨʦʚʘʥʥʦʛʦ ʣʘʪʝʢʩʘ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʚ 31,2% ʩʤʝʩʠ ʛʣʠʮʝʨʠʥ-ʚʦʜʘ 

[4]. ʂʦʵʬʬʠʮʠʝʥʪʳ ʆʋʊ ʧʨʠʚʝʜʝʥʳ ʥʘ ʛʨʘʬʠʢʘʭ 

 

ʂʨʠʚʘʷ 1 ʧʦʩʪʨʦʝʥʘ ʧʦ ʦʙʦʙʱʸʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʪʝʯʝʥʠʷ; ʢʨʠʚʘʷ 3 ï ʧʦ ʫʨʘʚʥʝʥʠʶ 

ʂʨʠʛʝʨʘ-ɼʦʛʝʨʪʠ. ʂʨʠʚʘʷ 2, ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʯʝʪʳʨʸʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝʥʠʶ ʂʨʦʩʩʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʢʨʠʚʦʡ ʦʙʦʙɦ ʸʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʝʯʝʥʠʷ. ʇʨʷʤʘʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʫʨʘʚʥʝʥʠʶ ʂʵʩʩʦʥʘ (ɢ = 0), ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʢʨʠʚʦʡ ʫʨʘʚʥʝʥʠʷ 

ɻʝʨʰʝʣʷ-ɹʘʣʢʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʵʪʦʤ ʞʝ ʛʨʘʬʠʢʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʠ ʜʘʥʥʳʝ ʥʝ ʤʦʛʫʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʠʩʳʚʘʪʴʩʷ ʫʨʘʚʥʝʥʠʝʤ ɹʠʥʛʘʤʘ. 

ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠʟ ʩʪʘʪʴʠ [5] ʩ ʧʦʤʦɦ ʴʶ ʆʋʊ ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩ. 3. ʂʨʠʚʳʝ ʚʷʟʢʦʩʪʠ ʠ ʪʝʯʝʥʠʷ 1% ʨʘʩʪʚʦʨʘ ʥʠʪʨʦʮʝʣʣʶʣʦʟʳ ʚ ʙʫʪʠʣʘʮʝʪʘʪʝ ʚ ʜʚʦʡʥʳʭ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ (ʘ) ʠ ʚ ʢʦʨʥʝʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ (ʙ). ʉʧʣʦʥhʳʝ ʣʠʥʠʠ ï ʆʋʊ 
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ʆʧʠʩʘʥʥʦʝ ʚʳʰʝ ʧʨʦʩʪʦʝ ʨʝʦʣʦʛʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ 

ʠʥʪʝʨʚʘʣʝ ʩʢʦʨʦʩʪʝʡ ʩʜʚʠʛʘ. ʅʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʠʥʪʝʨʚʘʣʝ ʩʢʦʨʦʩʪʝʡ ʩʦʩʫʱʝʩʪʚʫʶʪ 

ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʪʝʯʝʥʠʷ, ʨʘʟʜʝʣʸʥʥʳʝ ʧʝʨʝʭʦʜʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʳ. 

ʈʝʞʠʤ ʪʝʯʝʥʠʷ ï ʵʪʦ ʚʠʜ ʪʝʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʩʫʱʝʩʪʚʫʝʪ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ ʠ ʩʚʷʟʘʥ ʩ ʢʦʥʢʨʝʪʥʳʤ ʨʝʦʣʦʛʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ (ʤʝʭʘʥʠʟʤʦʤ). 

ʇʝʨʝʭʦʜʥʳʡ ʫʯʘʩʪʦʢ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ ʪʝʯʝʥʠʷ ï ʠʥʪʝʨʚʘʣ ʩʢʦʨʦʩʪʝʡ ʩʜʚʠʛʘ, ʛʜʝ 

ʩʦʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʨʝʞʠʤʳ ʪʝʯʝʥʠʷ, ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʛʦ 

ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ ʢ ʜʨʫʛʦʤʫ.  

ʅʘʙʣʶʜʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʩʣʦʞʥʦʛʦ ʨʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ (ʨʠʩ. 4). ʆʜʥʘʢʦ 

ʚʩʝ ʠʤʝʶʱʠʝʩʷ ʜʝʪʘʣʠ ʢʨʠʚʳʭ ʚʷʟʢʦʩʪʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʪʝʯʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʠ ʦʙʪʝʢʘʥʠʠ 

ʘʛʨʝʛʘʪʦʚ ʯʘʩʪʠʮ. 

ʉʜʚʠʛʦʚʦʝ ʟʘʪʚʝʨʜʝʚʘʥʠʝ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ 

ʘʛʨʝʛʘʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʫʜʘʨʝʥʠʡ ʯʘʩʪʠʮ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʩʜʚʠʛʘ; ʧʨʠ ʵʪʦʤ 

ʚʦʟʥʠʢʘʝʪ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʩʮʝʧʣʝʥʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ. ʇʨʦʤʝʞʫʪʦʯʥʳʡ, ʧʝʨʝʭʦʜʥʳʡ 

ʫʯʘʩʪʦʢ ʥʘ ʢʨʠʚʦʡ ʪʝʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʰʝʥʠʝ ʜʚʫʭ ʨʝʞʠʤʦʚ ʪʝʯʝʥʠʷ, ʜʦʣʷ 

ʘʛʨʝʛʘʪʦʚ, çʧʨʠʥʘʜʣʝʞʘʱʠʭè ʚʪʦʨʦʤʫ ʨʝʞʠʤʫ ʪʝʯʝʥʠʷ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ. ʅʘʣʠʯʠʝ ʨʘʟʥʳʭ ʨʝʞʠʤʦʚ ʪʝʯʝʥʠʷ ʠ ʧʝʨʝʭʦʜʥʳʭ ʫʯʘʩʪʢʦʚ 

ʤʝʞʜʫ ʥʠʤʠ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʤ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ʠʥʪʝʨʚʘʣʘ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʦʥʢʨʝʪʥʳʤ ʨʝʦʣʦʛʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ. 
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ʈʠʩ. 4. ɺʠʜʳ ʩʣʦʞʥʦʛʦ ʨʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʩ ʜʚʫʤʷ ʨʝʞʠʤʘʤʠ 

ʧʣʘʩʪʠʯʥʦʛʦ, ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʦʛʦ ʠʣʠ ʥʴʶʪʦʥʦʚʩʢʦʛʦ ʪʝʯʝʥʠʷ ʧʨʠ ʥʠʟʢʠʭ, ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʩʜʚʠʛʘ ʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʝʨʝʭʦʜʥʳʤ ʫʯʘʩʪʢʦʤ. 

 

ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʫʯʘʩʪʢʠ ʫʚʝʣʠʯʝʥʠʷ ʚʷʟʢʦʩʪʠ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʢʘʢ ʧʦʩʪʝʧʝʥʥʳʡ 

ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʛʦ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ ʢ ʜʨʫʛʦʤʫ (ʉ1 + ʉ2 ʠʣʠ N1 + C2), ʪʦ ʝʩʪʴ ʜʠʣʘʪʘʥʪʥʦʝ 

ʪʝʯʝʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʨʝʞʠʤʘʤʠ ʩʜʚʠʛʦʚʦʛʦ ʨʘʟʞʠʞʝʥʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ 

ʚʠʜʦʤ.  

ʉʫʩʧʝʥʟʠʷ ʤʦʥʦʜʠʩʧʝʨʩʥʦʛʦ ʣʘʪʝʢʩʘ ʚ ʚʦʜʝ [6] ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʯʘʩʪʦʢ 

ʥʴʁʪʦʥʦʚʩʢʦʛʦ ʪʝʯʝʥʠʷ ʧʨʠ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʩʜʚʠʛʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 5, ʘ. ʊʦʯʢʠ 

ʥʘ ʢʨʠʚʳʭ ʦʪʤʝʯʘʶʪ ʧʝʨʝʩʝʯʝʥʠʝ çʥʴʶʪʦʥʦʚʩʢʦʡ ʧʨʷʤʦʡè ʩ ʢʨʠʚʦʡ ʦʙʦʙʱʸʥʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʪʝʯʝʥʠʷ. ɼʚʘ ʩʭʦʜʥʳʭ ʫʯʘʩʪʢʘ ʪʝʯʝʥʠʷ ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʨʘʩʧʣʘʚʘʭ 

ʧʦʣʠʤʝʨʦʚ ʩ ʫʟʢʠʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ʊʠʧʠʯʥʦʝ çʥʴʶʪʦʥʦʚʩʢʦʝ 

ʧʣʘʪʦè ʥʘ ʢʨʠʚʦʡ ʚʷʟʢʦʩʪʠ ʧʦʣʠʤʝʨʥʦʛʦ ʨʘʩʧʣʘʚʘ [7] ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 5, ʙ.  
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    ʘ      ʙ 

ʈʠʩ. 5. ʂʨʠʚʳʝ ʚʷʟʢʦʩʪʠ ʚʦʜʥʦʡ ʩʫʩʧʝʥʟʠʠ ʤʦʥʦʜʠʩʧʝʨʩʥʦʛʦ ʣʘʪʝʢʩʘ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 250 ʥʤ ʚ ʜʚʦʡʥʳʭ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ [6] ʧʨʠ ʦʙʲʸʤʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.45 (1), 0,44 (2), 0.43 (3), 0.41 (4) (ʘ) ʠ 

ʢʨʠʚʘʷ ʚʷʟʢʦʩʪʠ ʨʘʩʧʣʘʚʘ ʧʦʣʠʩʪʠʨʦʣʘ ʩ ʫʟʢʠʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ (ʙ). ʐʪʨʠʭʦʚʘʷ 

ʣʠʥʠʷ ʨʘʟʜʝʣʷʝʪ ʫʯʘʩʪʢʠ ʥʴʶʪʦʥʦʚʩʢʦʛʦ ʠ ʥʝʥʴʶʪʦʥʦʚʩʢʦʛʦ ʪʝʯʝʥʠʡ 

 

ʆʙʳʯʥʦ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʢʨʠʚʳʭ ʪʝʯʝʥʠʷ ʩʚʦʜʠʪʩʷ ʢ ʧʦʜʙʦʨʫ ʧʦʜʭʦʜʷʱʝʛʦ 

ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʧʨʠʯʸʤ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʧʦʜʛʦʥʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʦʯʥʦʩʪʴ ʠ ʚʝʣʠʯʠʥʘ ʦʙʣʘʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʊʘʢʞʝ ʧʨʝʜʣʘʛʘʶʪ ʚʳʜʝʣʷʪʴ 

ʢʦʥʢʨʝʪʥʳʝ ʫʯʘʩʪʢʠ ʢʨʠʚʦʡ, ʧʨʝʜʧʦʣʘʛʘʷ ʥʘ ʢʘʞʜʦʤ ʠʟ ʥʠʭ ʦʪʜʝʣʴʥʫʶ ʤʦʜʝʣʴ ʪʝʯʝʥʠʷ ʩʦ 

ʩʚʦʠʤ ʨʝʦʣʦʛʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʦʙʱʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʝʯʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʠ ʦʧʠʩʘʪʴ ʫʯʘʩʪʢʠ ʧʣʘʩʪʠʯʥʦʛʦ ʠ ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʦʛʦ ʪʝʯʝʥʠʡ, ʫʯʘʩʪʢʠ 

ʥʴʶʪʦʥʦʚʩʢʦʛʦ ʪʝʯʝʥʠʷ ʠ ʩʜʚʠʛʦʚʦʛʦ ʟʘʪʚʝʨʜʝʚʘʥʠʷ, ʦʙʲʷʩʥʠʪʴ ʩʣʦʞʥʦʝ ʨʝʦʣʦʛʠʯʝʩʢʦʝ 

ʧʦʚʝʜʝʥʠʝ ʤʥʦʛʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʩʪʝʤ, ʥʘʧʨʠʤʝʨ, ʩʫʩʧʝʥʟʠʠ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʚ 

ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʝ. 
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   ʘ       ʙ 

ʈʠʩ. 6. ʈʝʦʣʦʛʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʫʩʧʝʥʟʠʠ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (PMMA) ʚ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʝ (PEG-200) 

[8] ʚ ʜʚʦʡʥʳʭ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ (ʘ) ʠ ʚ ʢʦʨʥʝʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ (ʙ). 

 

ʂʨʠʚʳʝ ʧʦʩʪʨʦʝʥʳ ʧʦ ʦʙʦʙʱʝʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʪʝʯʝʥʠʷ, ʦʪʜʝʣʴʥʦ ʜʣʷ ʥʠʟʢʠʭ ʠ ʜʣʷ 

ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʩʜʚʠʛʘ, ʧʦʢʘʟʳʚʘʷ ʜʚʘ ʫʯʘʩʪʢʘ ʥʝʥʴʪʁʦʥʦʚʩʢʦʛʦ ʪʝʯʝʥʠʷ ʠ ʧʝʨʝʭʦʜʥʳʡ 

ʫʯʘʩʪʦʢ ʤʝʞʜʫ ʥʠʤʠ. 
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ʉʊʈʋʂʊʋʈʅɸʗ ʀʅʊɽʈʇʈɽʊɸʎʀʗ ʅɽʅʔʖʊʆʅʆɺʉʂʆɻʆ ʊɽʏɽʅʀʗ ɼʀʉʇɽʈʉʅʓʍ ʀ 

ʇʆʃʀʄɽʈʅʓʍ ʉʀʉʊɽʄ 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʢʨʠʚʳʝ ʚʷʟʢʦʩʪʠ ʠ ʢʨʠʚʳʝ ʪʝʯʝʥʠʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʣʦʞʥʦʝ ʨʝʦʣʦʛʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚ ʨʘʤʢʘʭ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʪʝʯʝʥʠʷ. ʇʨʠʯʠʥʦʡ 

ʥʝʥʴʶʪʦʥʦʚʩʢʦʛʦ ʪʝʯʝʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʠ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʘʛʨʝʛʘʪʦʚ 

ʯʘʩʪʠʮ (ʤʘʢʨʦʤʦʣʝʢʫʣ) ʚ ʧʨʦʮʝʩʩʝ ʩʜʚʠʛʦʚʦʛʦ ʪʝʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʚʳʝ ʪʝʯʝʥʠʷ, ʥʝʥʴʶʪʦʥʦʚʩʢʦʝ ʧʦʚʝʜʝʥʠʝ, ʩʪʨʫʢʪʫʨʥʘʷ ʨʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʩʜʚʠʛʦʚʦʝ ʨʘʟʞʠʞʝʥʠʝ ʠ ʟʘʪʚʝʨʜʝʚʘʥʠʝ. 

 

STRUCTURAL INTERPRETATION OF NON -NEWTONIAN FLOW OF DISPERSED AND POLYMER 

SYSTEMS 

We describe the curves of viscosity and flow curves of structured systems. It is shown that the complex 

rheological behavior can be explained within the framework of a structural model of the flow. The reason for non-

Newtonian flow of dispersed and polymer systems are to the destruction and formation of aggregates of particles 

(macromolecules) in shear flow. 

Key words: flow curves, non-Newtonian behavior, structural rheological model, shear-thinning and shear-

thickening.  
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ʊ.ʈ. ʊʠʣʣʦʝʚʘ, ʄ.ʄ. ɻʫʣʦʤʦʚ, ʉ.ɻ. ʈʠʟʦʝʚ, ʕ.ʐ. ʊʘʫʨʦʚ, ʌ.ɼ. ʉʫʣʘʡʤʦʥʠ, 

 ɼ.ʐ. ʍʘʢʠʤʦʚ, ɼ.ɸ. ʅʘʟʨʠʤʘʜʦʚ, ʉ.ʉ. ʈʘʬʠʝʚ, ɸ.ʈ. ʈʘʜʞʘʙʦʚ
 

ʊʘʜʞʠʢʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ. ɸʡʥʠ, 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʛ.ʂʫʨʛʘʥ-ʊʁ ʙʝ, 

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʉ. ʆʩʠʤʠ, 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʉ. ʋʤʘʨʦʚʘ ɸʅ ʈʊ,
 

ɼʘʥʛʘʨʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʂʫʣʷʙʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ʈʫʜʘʢʠ 

 

ɺ ʥʦʚʳʡ ʚʝʢ ʯʝʣʦʚʝʯʝʩʪʚʦ ʚʩʪʫʧʠʣʦ ʩ ʵʧʦʭʘʣʴʥʳʤʠ ʦʪʢʨʳʪʠʷʤʠ, ʢʦʪʦʨʳʤ ʩʫʞʜʝʥʦ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʚ ʝʜʠʥʫʶ ʥʘʫʯʥʫʶ ʧʘʨʘʜʠʛʤʫ-ʦʪʢʨʳʪʠʷ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʫʩʪʨʦʡʩʪʚʦʤ 

ʤʠʨʘ, ʥʘʥʦʤʠʨʦʤ ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʆʪʢʨʳʪʠʝ ʬʫʣʣʝʨʝʥʦʚʦʡ ʬʦʨʤʳ 
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ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʜʥʦʛʦ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ɿʝʤʣʝ - ʫʛʣʝʨʦʜʘ 

ʧʨʠʟʥʘʥʦ ʦʜʥʠʤ ʠʟ ʫʜʠʚʠʪʝʣʴʥʳʭ ʠ ʚʘʞʥʝʡʰʠʭ ʦʪʢʨʳʪʠʡ ʚ ʥʘʫʢʝ XX ʩʪʦʣʝʪʠʷ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʜʘʚʥʦ ʠʟʚʝʩʪʥʫʶ ʫʥʠʢʘʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʩʚʷʟʳʚʘʪʴʩʷ ʚ ʩʣʦʞʥʳʝ, 

ʯʘʩʪʦ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʠ ʦʙʲʝʤʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʘʚʣʷʶʱʫʶ ʦʩʥʦʚʫ ʚʩʝʡ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʬʘʢʪʠʯʝʩʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʣʴʢʦ ʠʟ ʦʜʥʦʛʦ ʫʛʣʝʨʦʜʘ 

ʩʪʘʙʠʣʴʥʳʭ ʢʘʨʢʘʩʥʳʭ ʤʦʣʝʢʫʣ ʦʢʘʟʘʣʦʩʴ ʥʝʦʞʠʜʘʥʥʦʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʪʦʛʦ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ, ʩʦʩʪʦʷʱʠʝ ʠʟ 60 ʠ ʙʦʣʝʝ ʘʪʦʤʦʚ 

ʧʨʦʠʟʦʰʣʦ ʚ 1985 ʛ [1]. ɿʘʜʦʣʛʦ ʜʦ ʵʪʦʛʦ ʥʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʣʠ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʤʦʣʝʢʫʣ ʩ ʟʘʤʢʥʫʪʦʡ ʫʛʣʝʨʦʜʥʦʡ ʩʬʝʨʦʡ. ɽʱʝ ʚ 1970 ʛʦʜʫ ɽ. ʆʩʘʚʘ ʚ ʗʧʦʥʠʠ 

ʧʨʝʜʧʦʣʦʞʠʣ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʦʣʝʢʫʣʳ  ʚ ʚʠʜʝ ʫʩʝʯʝʥʥʦʛʦ ʠʢʦʩʘʵʜʨʘ [2], ʘ ʚ 

1973 ʛʦʜʫ ʩʦʚʝʪʩʢʠʝ ʭʠʤʠʢʠ ɼ.ɸ. ɹʦʯʚʘʨ ʠ ɽ.ɻ. ɻʘʣʧʝʨʥ [3] ʧʨʦʚʝʣʠ ʧʝʨʚʳʝ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʪʘʢʦʡ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ- ʟʘʤʢʥʫʪʥʦʛʦ ʧʦʣʠʵʜʨʘ . ʈʘʩʯʝʪ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʜʦʙʥʘʷ ʩʪʨʫʢʪʫʨʘ ʫʛʣʝʨʦʜʘ ʠʤʝʝʪ ʟʘʢʨʳʪʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʦʙʦʣʦʯʢʫ ʠ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ. ʕʪʠ ʨʘʙʦʪʳ 

ʙʳʣʠ ʤʘʣʦʠʟʚʝʩʪʥʳ ʚʧʣʦʪʴ ʜʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ 1980-ʭ ʛʦʜʦʚ, ʧʦʢʘ ʥʝ ʧʦʣʫʯʠʣʠ 

ʥʝʦʞʠʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚ ʘʩʪʨʦʥʦʤʠʠ [4].  

ɺ 1990 ʛʦʜʫ ʩʨʝʜʠ ʬʠʟʠʢʦʚ ʠ ʭʠʤʠʢʦʚ ʚʦʟʥʠʢ ʙʫʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, 

ʚʳʟʚʘʥʥʳʡ ʩʦʦʙʱʝʥʠʝʤ ʦ ʧʦʣʫʯʝʥʠʠ ʥʦʚʦʛʦ ʚʝʱʝʩʪʚʘ - ʬʫʣʣʝʨʠʪʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʤʦʣʝʢʫʣ 

ʫʛʣʝʨʦʜʘ - ʬʫʣʣʝʨʝʥʦʚ. ʉʪʨʫʢʪʫʨʘ ʬʫʣʣʝʨʠʪʘ, ʝʛʦ ʩʚʦʡʩʪʚʘ, ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ - ʚʩʝ ʵʪʠ 

ʚʦʧʨʦʩʳ ʦʢʘʟʘʣʠʩʴ ʚ ʬʦʢʫʩʝ ʚʥʠʤʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʆʪʢʨʳʣʠʩʴ ʙʦʛʘʪʝʡʰʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʦʚʦʛʦ ʚʝʱʝʩʪʚʘ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʩʪʨʫʢʪʫʨ ʩ ʥʝʦʙʳʯʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [5-13]. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʜʥʦʡ ʠʟ 

ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʫʛʣʝʨʦʜʘ ʷʚʣʷʝʪʩʷ ʛʨʘʬʠʪ, 

ʥʘʭʦʜʷʱʠʡ ʰʠʨʦʯʘʡʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ - ʦʪ ʢʘʨʘʥʜʘʰʥʳʭ ʛʨʠʬʝʣʝʡ ʜʦ ʙʣʦʢʦʚ ʟʘʤʝʜʣʝʥʠʷ ʥʝʡʪʨʦʥʦʚ ʚ ʷʜʝʨʥʳʭ 

ʨʝʘʢʪʦʨʘʭ [7-10]. ʈʘʩʧʦʣʦʞʝʥʠʝ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʛʨʘʬʠʪʘ 

ʚʝʩʴʤʘ ʥʝʦʙʳʯʥʦ. ʆʪʜʝʣʴʥʳʝ ʘʪʦʤʳ, ʩʦʝʜʠʥʷʷʩʴ ʤʝʞʜʫ ʩʦʙʦʡ, ʬʦʨʤʠʨʫʶʪ ʰʝʩʪʠʫʛʦʣʴʥʳʝ 

ʢʦʣʴʮʘ, ʦʙʨʘʟʫʶʱʠʝ ʩʝʪʢʫ. ʄʥʦʞʝʩʪʚʦ ʪʘʢʠʭ ʩʝʪʦʢ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʜʨʫʛ ʥʘʜ ʜʨʫʛʦʤ 

ʩʣʦʷʤʠ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʚʝʨʰʠʥʘʭ ʧʨʘʚʠʣʴʥʳʭ 

ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ ʨʘʚʥʦ 0.142 ʥʤ. ʉʦʩʝʜʥʠʝ ʘʪʦʤʳ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʩʣʦʷ ʩʚʷʟʘʥʳ 

ʢʦʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ, ʧʦʵʪʦʤʫ ʩʣʦʡ ʘʪʦʤʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʩʝʪʢʫ, 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʝʥ ʠ ʩʪʘʙʠʣʝʥ. ʉʣʦʠ ʚ ʛʨʘʬʠʪʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʦʥʦ ʨʘʚʥʦ 0.335 ʥʤ, ʯʪʦ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʛʣʝʨʦʜʥʳʤʠ ʘʪʦʤʘʤʠ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʝʪʢʝ. ɹʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʩʣʦʷʤʠ ʦʧʨʝʜʝʣʷʝʪ ʩʣʘʙʦʩʪʴ ʩʠʣ, ʩʚʷʟʳʚʘʶʱʠʭ ʩʣʦʠ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʨʦʯʥʳʝ 

ʩʣʦʠ, ʩʣʘʙʦ ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ, ʦʧʨʝʜʝʣʷʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʨʘʬʠʪʘ: 

ʥʠʟʢʫʶ ʪʚʝʨʜʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʣʝʛʢʦ ʨʘʩʩʣʘʠʚʘʪʴʩʷ ʥʘ ʤʝʣʴʯʘʡʰʠʝ ʯʝʰʫʡʢʠ. 

ɼʨʫʛʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʫʛʣʝʨʦʜʘ ʷʚʣʷʝʪʩʷ ʘʣʤʘʟ. ʂʘʞʜʳʡ ʘʪʦʤ 

ʫʛʣʝʨʦʜʘ ʚ ʩʪʨʫʢʪʫʨʝ ʘʣʤʘʟʘ ʨʘʩʧʦʣʦʞʝʥ ʚ ʮʝʥʪʨʝ ʪʝʪʨʘʵʜʨʘ, ʚʝʨʰʠʥʘʤʠ ʢʦʪʦʨʦʛʦ ʩʣʫʞʘʪ 

ʯʝʪʳʨʝ ʙʣʠʞʘʡʰʠʭ ʘʪʦʤʘ. ʉʦʩʝʜʥʠʝ ʘʪʦʤʳ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʢʦʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ. 

ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʧʨʝʜʝʣʷʝʪ ʩʚʦʡʩʪʚʘ ʘʣʤʘʟʘ - ʩʘʤʦʛʦ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ. 

ɺ ʨʘʟʥʦʝ ʚʨʝʤʷ ʙʳʣʠ ʦʪʢʨʳʪʳ ʜʨʫʛʠʝ ʬʦʨʤʳ ʫʛʣʝʨʦʜʘ, ʪʘʢʠʝ, ʢʘʢ ʘʤʦʨʬʥʳʡ 

ʫʛʣʝʨʦʜ, ʢʘʨʙʠʥ, ʙʝʣʳʡ ʫʛʣʝʨʦʜ ʠ ʪ. ʧ. ʆʜʥʘʢʦ, ʚʩʝ ʵʪʠ ʬʦʨʤʳ ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʟʠʪʘʤʠ, ʪ.ʝ. 

ʩʤʝʩʴʶ ʤʘʣʳʭ ʬʨʘʛʤʝʥʪʦʚ ʘʣʤʘʟʘ ʠ ʛʨʘʬʠʪʘ. ɼʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʜʚʘ ʩʧʦʩʦʙʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʬʦʨʤʫ ʫʛʣʝʨʦʜʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ 

ʩʚʳʰʝ ʤʠʣʣʠʦʥʘ ʩʦʝʜʠʥʝʥʠʡ ʫʛʣʝʨʦʜʘ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʀʭ ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʝʜʤʝʪ ʦʛʨʦʤʥʦʛʦ ʨʘʟʜʝʣʘ ʥʘʫʢʠ - ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʯʠʩʪʦʛʦ ʫʛʣʝʨʦʜʘ ʥʘʯʘʣʠʩʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ. ɿʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ 
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ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʟʥʘʤʝʥʦʚʘʣʠʩʴ ʚʳʜʘʶʱʠʤʠʩʷ ʫʩʧʝʭʘʤʠ ʚ ʧʦʣʫʯʝʥʠʠ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʡ ʪʨʝʪʴʝʡ ʬʦʨʤʳ ʯʠʩʪʦʛʦ ʫʛʣʝʨʦʜʘ [1-13]. 

ʌʫʣʣʝʨʝʥʳ - ʤʦʣʝʢʫʣʷʨʥʘʷ ʬʦʨʤʘ ʫʛʣʝʨʦʜʘ. ʅʦʚʘʷ ʬʦʨʤʘ ʫʛʣʝʨʦʜʘ ʷʚʣʷʝʪʩʷ 

ʥʦʚʦʡ ʧʦ ʩʫʱʝʩʪʚʫ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʛʨʘʬʠʪʫ ʠ ʘʣʤʘʟʫ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʘʪʦʤʦʚ, ʪʨʝʪʴʷ ʬʦʨʤʘ ʯʠʩʪʦʛʦ ʫʛʣʝʨʦʜʘ 

ʷʚʣʷʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʦʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʝʝ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ 

ʥʝ ʘʪʦʤ, ʘ ʤʦʣʝʢʫʣʘ ʫʛʣʝʨʦʜʘ. ʆʢʘʟʳʚʘʝʪʩʷ, ʤʦʣʝʢʫʣʳ ʯʠʩʪʦʛʦ ʫʛʣʝʨʦʜʘ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʠʤʝʶʱʫʶ ʬʦʨʤʫ ʩʬʝʨʳ ʠʣʠ ʩʬʝʨʦʠʜʘ. ʊʘʢʠʝ ʤʦʣʝʢʫʣʳ 

ʥʘʟʚʘʣʠ ʬʫʣʣʝʨʝʥʘʤʠ. ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʫʛʣʝʨʦʜʫ ʚʦʟʥʠʢ ʚ 1985 ʛʦʜʫ, 

ʢʦʛʜʘ ʙʳʣʘ ʦʪʢʨʳʪʘ 60-ʘʪʦʤʥʘʷ ʤʦʣʝʢʫʣʘ  ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʤʦʣʝʢʫʣʳ 

 ʠ ʪ. ʜ. ɺʩʝ ʦʥʠ ʠʤʝʶʪ ʬʦʨʤʫ ʟʘʤʢʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ [1, 7, 9], ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʪʨʫʢʪʫʨʳ ʬʫʣʣʝʨʝʥʦʚ 

ʷʚʣʷʝʪʩʷ ʰʝʩʪʠʫʛʦʣʴʥʠʢ, ʚ ʚʝʨʰʠʥʘʭ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥʳ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ. ʂʘʢ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʧʦʜʦʙʥʳʝ ʰʝʩʪʠʫʛʦʣʴʥʠʢʠ, ʪʘʢʞʝ, ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʠʪʘ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʣʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʛʨʘʬʠʪ ʜʦʣʞʝʥ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʠʩʭʦʜʥʦʝ 

ʩʳʨʴʝ ʜʣʷ ʩʠʥʪʝʟʘ ʬʫʣʣʝʨʝʥʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʚʝʨʜʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ 

ʧʦʣʫʯʝʥʠʷ ʬʫʣʣʝʨʝʥʦʚ ʷʚʣʷʝʪʩʷ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʠʪʘ ʥʘ 

ʤʘʣʳʝ ʬʨʘʛʤʝʥʪʳ, ʠʟ ʢʦʪʦʨʳʭ ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ  ʠ ʜʨʫʛʠʭ ʟʘʤʢʥʫʪʳʭ 

ʤʦʣʝʢʫʣ ʫʛʣʝʨʦʜʘ [5-18]. ɽʩʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ ʤʦʣʝʢʫʣʘ  ʩʦʩʪʘʚʣʝʥʘ ʪʦʣʴʢʦ ʠʟ 

ʰʝʩʪʠʫʛʦʣʴʥʳʭ ɻ ʬʨʘʛʤʝʥʪʦʚ ʛʨʘʬʠʪʘ, ʪʦ ʝʝ ʨʘʜʠʫʩ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʝʥ 0,37 ʥʤ. ʅʘ ʩʘʤʦʤ 

ʞʝ ʜʝʣʝ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʜʠʫʩʘ , ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʠʟʦʤ, 

ʩʦʩʪʘʚʣʷʝʪ 0,357 ʥʤ. ʕʪʘ ʚʝʣʠʯʠʥʘ ʚʩʝʛʦ ʥʘ 2% ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʩʩʯʠʪʘʥʥʦʡ. ʈʘʟʣʠʯʠʝ ʚ 

ʨʘʜʠʫʩʘʭ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʚʝʨʰʠʥʘʭ 20 ʧʨʘʚʠʣʴʥʳʭ ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ ʠ 12 ʧʨʘʚʠʣʴʥʳʭ ʧʷʪʠʫʛʦʣʴʥʠʢʦʚ, ʚʦʟʥʠʢʰʠʭ 

ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʬʫʣʣʝʨʝʥʦʚ 

ʧʦʜʦʙʥʳ ʩʪʨʫʢʪʫʨʥʳʤ ʵʣʝʤʝʥʪʘʤ ʛʨʘʬʠʪʘ. ʇʣʦʩʢʘʷ ʩʝʪʢʘ ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ (ʚ ʩʣʫʯʘʝ 

ʛʨʘʬʠʪʘ) ʩʚʝʨʥʫʪʘ ʠ ʩʰʠʪʘ ʚ ʟʘʤʢʥʫʪʫʶ ʩʬʝʨʫ ʠʣʠ ʩʬʝʨʦʠʜ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ 

ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʧʷʪʠʫʛʦʣʴʥʠʢʠ.  

ɺ ʩʧʦʩʦʙʝ ʧʦʣʫʯʝʥʠʷ ʧʘʣʣʘʜʠʡ ʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʛʠʜʨʠʨʦʚʘʥʠʷ ʧʫʪʝʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʧʘʣʣʘʜʠʷ ʠʟ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʦʩʘʞʜʝʥʠʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʘʣʣʘʜʠʷ ʥʘ ʫʛʣʝʨʦʜʥʳʡ ʤʘʪʝʨʠʘʣ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʠʩʧʦʣʴʟʫʶʪ ʪʝʪʨʘ ʘʢʚʘʧʘʣʣʘʜʠʡ (II) ʧʝʨʭʣʦʨʘʪ, ʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʧʘʣʣʘʜʠʡ ʦʩʘʞʜʘʶʪ ʥʘ 

ʫʛʣʝʨʦʜʥʳʡ ʥʘʥʦʤʘʪʝʨʠʘʣ. ɺ ʢʘʯʝʩʪʚʝ ʫʛʣʝʨʦʜʥʦʛʦ ʥʘʥʦʤʘʪʝʨʠʘʣʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʬʫʣʣʝʨʝʥ ʉ60, ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʢʘʪʦʜʥʳʡ ʜʝʧʦʟʠʪ; ʚ ʢʘʯʝʩʪʚʝ ʫʛʣʝʨʦʜʥʦʛʦ 

ʥʘʥʦʤʘʪʝʨʠʘʣʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʤʝʩʴ ʬʫʣʣʝʨʝʥʦʚ ʉ60 ʠ ʉ70 ʧʨʠ ʩʣʝʜʫʶʱʝʤ 

ʩʦʦʪʥʦʰʝʥʠʠ, ʤʘʩ. %: ʬʫʣʣʝʨʝʥ ʉ60 - 60-80, ʬʫʣʣʝʨʝʥ ʉ70 -20-40.ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʘʝʪʩʷ 

ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʧʘʣʣʘʜʠʡ ʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʛʠʜʨʠʨʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʝʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʨʘʙʦʪʘʝʪ ʚ ʙʦʣʝʝ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ (ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ). 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʩʠʩʪʝʤʳ ʛʠʜʨʘʟʠʥ ʠ 

ʥʘʥʦʯʘʩʪʠʮ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʨʝʛʫʣʷʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʧʝʨʚʦʛʦ ʨʦʜʘ ʠ 

ʤʦʥʦʪʦʥʥʦʛʦ ʨʘʟʦʛʨʝʚʘ [19] (ʪʘʙʣ. 1). 
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ʊʘʙʣʠʮʘ 1. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ (ɚ ʢʦʣʣʦʠʜʥʦʡ ʩʠʩʪʝʤʳ (ʛʠʜʨʘʟʠʥ 

+0,1% ) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʷʭ 
 

ʊ, ʂ 

ɼʘʚʣʝʥʠʝ, ʄʇʘ 

0.101 4.91 9.81 19.62 29.43 39.24 49.01 

299.3 462.3 490.8 508.7 580.4 6017 640.5 6802 

313.4 430.4 4803 490.1 570.6 590.3 630.7 674.3 

331.5 420.2 458.6 475.2 550.3 578.1 620.3 660.1 

353.6 400.8 426.7 454.7 535.7 566.8 600.8 640.4 

373.4 380.3 408.3 432.5 523.7 550.5 585.7 630.2 

395.3 360.5 390.5 416.3 512.4 530.6 575.3 610.2 

423.2 - 360.2 390.2 486.7 510.3 550.4 590.5 

448.5  330.4 370.6 460.2 500.4 536.7 570.4 

468.6  312.6 350.3 450.3 480.6 526.8 558.3 

486.7  290.3 322.6 430.9 470.2 510.8 540.6 

503.3  270.5 312.4 422.6 450.3 480.7 525.7 

523.7  255.4 300.2 415.2 440.5 470.3 518.6 

541.4  230.9 280.3 395.4 430.7 462.4 500.2 

558.5  220.3 270.5 380.2 412.6 450.3 480.5 

573.2  206.2 255.3 370.1 402.6 440.1 470.3 

598.1  180,4 230,4 358,3 370,5 415,6 460,4 

618.4  175,5 220,6 350 365,2 408,5 440,6 

638.5  168,3 212,4 348,3 363,5 400 430,2 

658,3  267,5 201,6 346,4 360,7 395,4 427,3 

673  164,6 200 344,7 358,9 390,7 420,5 

693,1  155,8 198,2 340,5 356,4 388,7 418,9 

723,2  150,2 196,7 336,9 351,7 388 416,3 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʪʘʙʣʠʮʳ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʩʠʩʪʝʤʳ ʛʠʜʨʘʟʠʥ 

ʩ ʜʦʙʘʚʢʦʡ 0.1% ʉ70 ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʘʚʣʝʥʠʷ - 

ʨʘʩʪʝʪ. 
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ʊɽʇʃʆʌʀɿʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʅɽʂʆʊʆʈʓʍ ʅɸʅʆʋɻʃɽʈʆɼʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʩʠʩʪʝʤʳ ʛʠʜʨʘʟʠʥ - ʬʫʣʣʝʨʫʥ-ʉ60 ʠ ʋʅʊ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʷʭ. ʆʙʱʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʨʠ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ Ŭ=0.95 ʨʘʚʥʘ 4.3 

ʠ 3.2%. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʪʝʧʣʦʝʤʢʦʩʪʴ, ʬʫʣʣʝʨʝʥ, ʫʛʣʝʨʦʜʥʘʷ ʥʘʥʦʪʨʫʙʦʢʘ, ʤʝʪʦʜ, 

ʨʝʛʫʣʷʨʥʳʡ, ʪʝʧʣʦʚʦʡ, ʨʝʞʠʤ. 

 

THERMOPHYSICAL PROPERTIES OF CARBON MATERIALS  

The paper presents results of experimental measurement of the thermal conductivity and heat capacity of the 

system and hydrazine fullerun-C60 and UNITat various temperatures and pressures. The total relative error of 

thermal conductivity and heat capacity measurement at a confidence level Ŭ = 0.95 is equal to 4.3 and 3.2%. 

Key words: heat conductivity, specific heat capacity, fullerene, carbon nanotubes, by regular thermal regime 

of the first kind. 
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ʆʇʊʀʄʀɿɸʎʀʗ ɺʓʍʆɼɸ ɻʆʈʖʏʀʍ ɻɸɿʆɺ ʇʈʀ ʇɸʈʆ-ɺʆɿɼʋʐʅʆʁ 

ɻɸɿʀʌʀʂɸʎʀʀ ʋɻʃʗ 

 

ɸ. ʐʘʨʠʬʦʚ, ɻ. ɻ. ʐʦʜʠʝʚ, ɼ.ʂ. ʉʫʙʭʦʥʦʚ, ʊ.ʉ. ɹʦʙʦʝʚ 

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʉ.ʆʩʠʤʠ 

 

ɻʘʟʠʬʠʢʘʮʠʷ ʫʛʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

(ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, ʩʦʦʪʥʦʰʝʥʠʷ ʫʛʣʝʨʦʜ-ʛʘʟʠʬʠʮʠʨʫʶʱʝʝ ʚʝʱʝʩʪʚʦ ʠ ʜʨ.) ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʣʫʯʝʥʠʶ ʩʤʝʩʠ ʛʘʟʦʚ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʨʝʘʢʮʠʷʭ ʛʘʟʠʬʠʢʘʮʠʠ ʫʯʘʩʪʚʫʶʪ ʫʛʣʝʨʦʜ, 

ʦʨʛʘʥʠʯʝʩʢʘʷ ʩʝʨʘ, ʬʦʩʬʦʨ (ʝʩʣʠ ʠʤʝʝʪʩʷ ʚ ʩʦʩʪʘʚʝ ʫʛʣʷ), ʚʦʜʦʨʦʜ ʠ ʢʠʩʣʦʨʦʜ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚ ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʢ ʫʛʣʝʨʦʜʫ ʦʩʥʦʚʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʷ ʷʚʣʷʶʪʩʷ ʉʆ2, ʉʆ, ʉʅ4,H2, ʅ2ʆ, ʅ2S, ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ 

ʘʟʦʪ ʠ ʘʨʛʦʥʠʟ ʩʦʩʪʘʚʘ ʚʦʟʜʫʭʘ. ʀʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʛʘʟʦʚ ʉʆ, ʉʅ4, ʅ2 ʠ ʅ2S ʷʚʣʷʶʪʩʷ 

ʪʝʧʣʦʪʚʦʨʥʳʤʠ, ʪ.ʢ. ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʢʠʩʣʝʥʠʠ ʦʥʠ ʚʳʜʝʣʷʶʪ ʪʝʧʣʦ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʉʆ2, 

ʅ2ʆ, N2 ʠ Ar ʥʝ ʠʤʝʶʪ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ. ʀʟ ʥʠʭ ʜʘʞʝ ʘʟʦʪ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʜʦ ʦʢʩʠʜʘ ʘʟʦʪʘ 

(Nʆ) ʪʨʝʙʫʝʪ ʪʝʧʣʘ ʠʟ ʚʥʝ. ʅʝʪʝʧʣʦʪʚʦʨʥʳʝ ʛʘʟʳ: ʉʆ2, N2ʠ Ar ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ 

ʩʳʨʴʸ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʦʜʥʘʢʦ, ʜʣʷ ʵʪʦʛʦ ʠʭ ʥʘʜʦ ʚʳʜʝʣʠʪʴ ʠʟ ʩʦʩʪʘʚʘ 

ʛʘʟʘ.  

ʉʦʚʨʝʤʝʥʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʦʙʨʘʟʫʶʱʠʝʩʷ ʩʤʝʩʠ ʥʝ 

ʪʦʣʴʢʦ ʥʘ ʦʪʜʝʣʴʥʳʝ ʛʨʫʧʧʳ, ʥʦ ʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʛʘʟʳ. ʅʘʧʨʠʤʝʨ, ʤʝʪʦʜʘʤʠ ʤʝʤʙʨʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʠ ʛʘʟʦʚ [1] ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʢʘʞʜʳʡ ʛʘʟ ʥʘ ʧʦʣʫʧʨʦʥʠʮʘʝʤʳʭ 

ʤʝʤʙʨʘʥʘʭ, ʥʦ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʦʧʪʠʤʘʣʴʥʦ ʧʨʠʛʦʜʥʘ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʦʜʫʢʪʦʚ ʛʘʟʠʬʠʢʘʮʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʤʦʞʥʦ ʚ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʤʥʦʛʦʧʨʦʬʠʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʀʟ ʩʤʝʩʠ ʛʘʟʦʚ ʉʆ2 ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʘʢ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʦʥʘʪʩʦʜʝʨʞʘʱʠʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʩʦʜʘ, ʧʦʪʘʰ, ʢʘʨʙʘʤʠʜ ʠ ʜʨ., ʘ ʯʠʩʪʳʝ ʘʟʦʪ ʠ ʘʨʛʦʥ - ʚ ʢʘʯʝʩʪʚʝ ʛʘʟʘ ʧʦ ʠʭ ʧʨʷʤʦʤʫ 

ʥʘʟʥʘʯʝʥʠʶ.  

ʀʟ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ ʫʛʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʠ ʫʜʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʠʤʝʥʷʝʤʳʭ ʛʘʟʠʬʠʮʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʛʘʟïʩʳʨʴʸ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠʣʠ ʛʘʟ-ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʦʙʨʘʟʫʶʱʘʷʩʷ ʩʤʝʩʴ ʛʘʟʦʚ ʠʤʝʣʘ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ ʪʝʧʣʦʪʚʦʨʥʦʝ 

ʢʘʯʝʩʪʚʦ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʉʆ, ʉʅ4, ʅ2 ʠ ʅ2S. ʏʝʤ ʚʳʰʝ ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ 

ʛʘʟʦʚ ʚ ʩʤʝʩʠ, ʪʝʤ ʙʦʣʴʰʝ ʝʸ ʪʝʧʣʦʪʚʦʨʥʦʩʪʴ. ʉʦʜʝʨʞʘʥʠʝ ʅ2S ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʝʨʳ 

ʚ ʩʦʩʪʘʚʝ ʫʛʣʷ. ʈʘʟʫʤʝʝʪʩʷ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ, ʥʦ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʉʆ, ʉʅ4 ʠ 

ʅ2 ʤʝʞʜʫ ʩʦʙʦʡ, ʪʘʢʞʝ, ʚʣʠʷʶʪ ʥʘ ʚʝʣʠʯʠʥʫ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʩʤʝʩʠ ʛʘʟʦʚ, ʧʦʩʢʦʣʴʢʫ 

ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʠʤʝʝʪ ʩʚʦʶ ʪʝʧʣʦʪʚʦʨʥʦʩʪʴ. 

ʆʙʳʯʥʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʘʟʘ ʢʘʢ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʨʠ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʷ ʚ ʢʘʯʝʩʪʚʝ 

ʛʘʟʠʬʠʮʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʧʨʠʤʝʥʷʶʪ ʧʘʨʦ-ʚʦʟʜʫʰʥʫʶ ʩʤʝʩʴ. ɺʤʝʩʪʦ ʚʦʟʜʫʭʘ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʠʩʪʳʡ ʢʠʩʣʦʨʦʜ, ʥʦ ʝʛʦ ʧʦʣʫʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʵʥʝʨʛʦʝʤʢʠʤ 

ʧʨʦʮʝʩʩʦʤ, ʧʦʵʪʦʤʫ ʦʥ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʧʦʩʦʙʘ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʜʫʭʘ ʷʚʣʷʝʪʩʷ ʤʘʣʦʟʘʪʨʘʪʥʳʤ, ʯʝʤ 

ʧʨʠʤʝʥʝʥʠʝ ʢʠʩʣʦʨʦʜʘ, ʦʜʥʘʢʦ, ʧʦʣʫʯʘʝʤʳʡ ʧʨʠ ʵʪʦʤ ʛʘʟ ʙʫʜʝʪ ʨʘʟʙʘʚʣʝʥ ʠʥʝʨʪʥʳʤ 

ʘʟʦʪʦʤ, ʥʝ ʠʤʝʶʱʠʤ ʪʝʧʣʦʪʚʦʨʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʥʘʣʠʯʠʝ ʘʟʦʪʘ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʠʚʘʷ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʛʘʟʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʝʛʦ 

ʪʝʧʣʦʪʚʦʨʥʳʝ ʢʘʯʝʩʪʚʘ. ɺʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʧʦ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʩ ʧʨʦʪʠʚʦʨʝʯʠʝʤ. ʂʘʢ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʫʷ ʚʦʟʜʫʭ, ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʘʟʦʪʘ ʠ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʘ ʛʘʟʦʚ (ʉʆ, 

ʉʅ4 ʠ ʅ2), ʧʦʚʳʰʘʶʱʠʭ ʠʭ ʪʝʧʣʦʪʚʦʨʥʦʩʪʴ. ɼʘʥʥʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʦʞʥʦ ʨʝʰʠʪʴ 

ʥʘʭʦʞʜʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʧʘʨʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʜʣʷ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʷ. 



 46 

ʈʘʟʫʤʝʝʪʩʷ, ʜʘʥʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʘ ʧʨʝʞʜʝ ʚʩʝʛʦ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʉʅ4 ʠ ʅ2, ʪ.ʝ. ʪʝʭ ʛʘʟʦʚ, ʠʤʝʶʱʠʭ ʚʳʩʦʢʠʝ ʪʝʧʣʦʪʚʦʨʥʳʝ ʢʘʯʝʩʪʚʘ. 

ʇʨʠ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʷ ʧʨʦʪʝʢʘʝʪ ʤʥʦʞʝʩʪʚʦ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ [1, 2], ʦʜʥʘʢʦ, 

ʦʩʥʦʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

ʉ+ ʆ2 = ʉʆ2+ 393,6 ʢɼʞ    (1) 

ʉ + İ ʆ2= ʉʆ + 110,6 ʢɼʞ    (2) 

ʉʆ + İ ʆ2 = ʉʆ2+ 283,0 ʢɼʞ   (3) 

ʉ+ ʅ2ʆ = ʉʆ + ʅ2ï 131,5 ʢɼʞ   (4) 

ʉ + ʉʆ2 = 2ʉʆ ï 172,5 ʢɼʞ   (5) 

ʉʆ + ʅ2ʆ = ʉʆ2 +ʅ2+ 41,0 ʢɼʞ   (6) 

ʉ + 2ʅ2 = ʉʅ4+ 74,9 ʢɼʞ    (7). 

ʇʨʦʪʝʢʘʶʪ ʠ ʧʦʙʦʯʥʳʝ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ S ʠ ʈ ʩʦʩʪʘʚʘ ʟʦʣʳ ʫʛʣʷ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ Sʆ2, ʅ2S, ʈ2ʆ5 ʠ ʪ.ʧ. ʄʦʛʫʪ ʪʘʢʞʝ ʚʳʜʝʣʷʪʴʩʷ ʩʤʦʣʳ 

ʩʦʩʪʘʚʘ ʫʛʣʷ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʪʴʩʷ ʘʤʤʠʘʢ, ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ʠ ʜʨʫʛʠʝ ʚʝʱʝʩʪʚʘ, 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ, ʩʦʨʪʘ ʠ ʩʦʩʪʘʚʘ ʫʛʣʷ [1].  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʠ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʠ ʩʦʩʪʘʚʘ 

ʛʘʟʠʬʠʮʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʆ2 ʠ ʅ2ʆ, ʤʦʞʥʦ ʨʝʘʢʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ 

ʧʨʦʚʦʜʠʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ ʥʸʤ ʧʨʝʦʙʣʘʜʘʣʘ ʢʦʥʢʨʝʪʥʘʷ ʨʝʘʢʮʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʣʘ 

ʧʦʣʫʯʝʥʠʝ ʥʫʞʥʳʭ ʚʝʱʝʩʪʚ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʉʆ, ʉʅ4 ʠ ʅ2 ʚ ʩʤʝʩʠ ʥʘʜʦ 

ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʧʨʝʦʙʣʘʜʘʥʠʝ ʨʝʘʢʮʠʠ (2), (4) ʠ (7), ʯʪʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʩʥʠʞʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʦʟʜʫʭʘ, ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚ 

ʩʦʩʪʘʚʝ ʛʘʟʠʬʠʮʠʨʫʶʱʝʡ ʩʤʝʩʠ.  

ʉʦʩʪʘʚʳ ʦʙʨʘʟʫʶʱʠʭʩʷ ʛʘʟʦʚ ʦʙʳʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʧʦʣʥʝʥʠʝʤ ʨʘʩʯʸʪʦʚ 

ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʧʣʦʚʳʭ ʙʘʣʘʥʩʦʚ, ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ 

ʪʝʧʣʦʪʚʦʨʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʤʝʩʠ. 

ʅʘ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʟʘʚʦʜʝ ʊɸʃʂʆ, ʧʨʠʤʝʥʷʶʪ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ 

ʫʛʦʣʴ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʌʦʥ-ʗʛʥʦʙ. ʅʘʤʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʳ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʛʘʟʠʬʠʮʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʤʝʩʠ ʛʘʟʦʚ ʩ 

ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʉʆ, ʉʅ4 ʠ ʅ2, ʢʦʪʦʨʳʝ ʚ ʩʢʫʧʝ ʫʚʝʣʠʯʠʚʘʶʪ ʪʝʧʣʦʪʚʦʨʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʦʙʝ 

ʫʛʣʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʤʘʩʩ. %: ʚʣʘʛʘ ï 4.0; ʟʦʣʘ -5.3; ʉ-81.0; ʅ-5.2; N-

1.0; O-2.0; S-1.4 [3,4]. 

ʈʘʩʯʸʪʳ ʧʨʦʚʝʜʝʥʳ ʧʦ ʤʝʪʦʜʫ ʧʨʦʬʝʩʩʦʨʘ ɻʨʫʤ-ɻʨʞʠʤʘʡʣʦ [5], ʛʜʝ ʟʘʨʘʥʝʝ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪʩʷ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʉʆ2 ʠ ʉʅ4 ʚ ʩʦʩʪʘʚʝ ʛʘʟʘ-ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 

ʈʘʟʫʤʝʝʪʩʷ, ʮʝʣʴʶ ʨʘʩʯʸʪʘ ʜʦʣʞʥʳ ʙʳʪʴ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʉʆ2 ʠ ʫʚʝʣʠʯʝʥʠʝ ʉʅ4. 

ɺ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʨʘʩʯʸʪʘʭ ʥʘʤʠ ʧʨʠʥʷʪʦ, ʯʪʦ 5% ʫʛʣʝʨʦʜ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʉʆ2, ʘ 

ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʥʘ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 5 ʜʦ 45% ʠʟ ʦʙʱʝʛʦ ʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ʫʛʣʷ. ʆʩʪʘʚʰʠʡʩʷ ʫʛʣʝʨʦʜ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʉʆ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʛʘʟʘ ʧʨʠ 

ʧʘʨʦ-ʚʦʟʜʫʰʥʦʡ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʷ. ɺ ʦʙʱʝʤ ʦʙʲʝʤʝ ʛʘʟʘ, ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʜʦʣʠ ʨʝʘʢʮʠʠ 7 

ʦʪ 5 ʜʦ 45% ʩʦʜʝʨʞʘʥʠʝ ʉʆ2 ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʚʩʝʛʦ 1.6-2.1%, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ H2S (0.2ï0.3%), ʪ.ʢ. ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʚ 

ʩʦʩʪʘʚʝ ʫʛʣʷ, ʚʣʘʞʥʦʩʪʴ ʛʘʟʘ ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʟʢʘ ʠ ʧʦʩʪʦʷʥʥʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʩʦʜʝʨʞʘʥʠʝ Cʅ4 ʚʦʟʨʘʩʪʘʝʪ ʦʪ 1.6 ʜʦ 19.4%, ʚʦʜʦʨʦʜʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 16.5ï19.8%, 

ʉʆ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 28.7 ʜʦ 21.5%. 
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ʈʠʩ.1. ʀʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʛʘʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʷ: ʘ) ʩʦʩʪʘʚ 

ʛʦʨʶʯʠʭ ʛʘʟʦʚ; ʙ) ʩʦʩʪʘʚ ʥʝ ʛʦʨʶʯʠʭ ʛʘʟʦʚ. 

 

ɺʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʛʦʨʶʯʠʭ ʛʘʟʦʚ ʉʆ, ʉʅ4, ʅ2 ʠ 

H2S ʚʦʟʨʘʩʪʘʝʪ ʦʪ 47.0 ʜʦ 61.0% ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʦʣʠʯʝʩʪʚʦ ʘʟʦʪʘ, ʠʥʝʨʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʧʨʦʮʝʩʩʘ ʧʘʨʦ-ʚʦʟʜʫʰʥʦʡ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʷ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 49.5 ʜʦ 34.4%. ʊʘʢʠʝ 

ʠʟʤʝʥʝʥʠʷ, ʢʘʢ ʦʪʤʝʪʠʣʠ ʚʳʰʝ, ʧʨʠ ʤʝʥʴʰʠʭ ʟʘʪʨʘʪʘʭ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ 

ʦʙʲʸʤ ʛʘʟʘ, ʤʝʥʴʰʠʡ ʧʦ ʢʦʣʠʯʝʩʪʚʫ, ʥʦ ʩ ʙʦʣʴʰʝʡ ʪʝʧʣʦʪʚʦʨʥʦʩʪʴʶ, ʯʝʤ ʧʨʠ ʦʙʳʯʥʳʭ 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʛʘʟʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʨʘʩʭʦʜʦʚ ʫʛʣʝʨʦʜʘ, ʚʦʟʜʫʭʘ ʠ 

ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚ ʛʘʟʦʛʝʥʝʨʘʪʦʨʝ, ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʛʘʟʘ, ʝʛʦ ʩʦʩʪʘʚ ʠ 

ʪʝʧʣʦʪʚʦʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ ʨʝʘʢʮʠʠ 7 ʦʪ 5 ʜʦ 

45% ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʨʝʘʢʮʠʠ 1 ʚ ʦʙʱʝʤ ʨʝʘʢʮʠʦʥʥʦʤ ʦʙʲʸʤʝ ʢʦʣʠʯʝʩʪʚʦ 

ʛʘʟʠʬʠʮʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 1.94 ʨʘʟʘ, ʧʨʠ ʵʪʦʤ, ʦʙʲʸʤ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʛʘʟʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ 1.36 ʨʘʟʘ. ɿʘ ʩʯʸʪ ʚʦʟʨʘʩʪʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚʦʜʦʨʦʜʘ ʠ 

ʤʝʪʘʥʘ, ʪʝʧʣʦʪʚʦʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʘʟʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2.03 ʨʘʟʘ, ʠ ʧʨʠ ʵʪʦʤ, ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʧʣʘ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʦʙʲʸʤʘ ʛʘʟʘ ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʝʪ ʚ 1.49 ʨʘʟʘ. ʄʦʱʥʦʩʪʴ ʦʙʨʘʟʫʶʱʝʛʦʩʷ 

ʛʘʟʘ ʧʦ ʪʝʧʣʦʪʝ ʩʛʦʨʘʥʠʷ ʙʫʜʝʪ ʵʢʚʠʚʘʣʝʥʪʥʘ 1.8 ï 3.64 ʢɺʪ-ʯ/ʤ
3
 ʣɻʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʨʠ ʵʪʦʤ, 

1ʪ ʫʛʣʷ ʙʫʜʝʪ ʩʧʦʩʦʙʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠ ʩʞʠʛʘʥʠʠ 



 48 

ʚʳʨʘʙʘʪʳʚʘʪʴ 8350-12470 ʢɺʪ-ʯ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʕʪʦ ʢʦʣʠʯʝʩʪʚʦ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʧʨʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʩʞʠʛʘʥʠʠ ʩʧʦʩʦʙʥʦ ʚʳʨʘʙʘʪʳʚʘʪʴ ʚʩʝʛʦ 7500 ʢɺʪ-ʯ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

 

ʊʘʙʣʠʮʘ 1. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʦʮʝʩʩʘ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʷ 
 

ʂʦʣ-

ʚʦ 

ʫʛʣʷ, 

ʢʛ 

ʂʦʣ-ʚʦ ʉ, 

ʜʦʣʷ. ʝʜ., ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝ 

ʂʦʣ-ʚʦ ʛʘʟʠʬʠʮ. ʚ-ʚ,  

ʢʛ 

ʂʦʣ- 

ʚʦ ʦʙ- 

ʨʘʟ-ʩʷ 

ʛʘʟʘ, 

ʤ
3 

ʉʦʦʪʥʦʰ. 

ʢʦʣ-ʚʘ ʦʙʨʘ ʟ-

ʩʷ ʛʘʟʦʚ, % 

ʊʝʧʣʦʪʚ

ʦʨʥʘʷ 

ʩʧʦʩʦʙ.

ʛʘʟʘ, 

ʤɼʞ/ 

ʤ
3
 

ʂʦʣ-ʚʦ 

ʪʝʧ-ʳ ʦʙ-

ʨʘʟ. 

ʦʙʲʸʤʘ 

ʛʘʟʘ, 

ʤɼʞ 

ʉʆ2 ʉʅ4 ɺʦʟ 

ɼʫʭ 

ɺʦʜ-

ʷʥʦʡ

ʧʘʨ 

ɺʩʝʛʦ  ʉʆ2, 

ʅ2ʆ, 

N2 

 

Cʅ4,

H2, 

CO, 

H2S 

 

 

 

100 

0.05 0.05 381.6 34.7 416.3 465.4 53.0 47.0 6.46 3006.5 

0,05 0.15 335.4 30.6 366.0 434.9 50.3 49.7 7.75 3370.5 

0.05 0.25 289.0 26.8 315.8 404.3 47.0 53.0 9.25 3339.8 

0.05 0.35 242.8 22.8 265.6 374.0 43.3 56.7 10.97 4102.8 

0.05 0.45 196.2 18.7 214.9 343.0 39.0 61.0 13.09 4489.9 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʷ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʥʘʜʦ ʩʦʟʜʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʥʘ ʠ 

ʚʦʜʦʨʦʜʘ, ʥʘʠʙʦʣʝʝ ʪʝʧʣʦʪʚʦʨʥʳʭ ʛʘʟʦʚ. ʇʨʠ ʵʪʦʤ, ʜʣʷ ʛʘʟʠʬʠʢʘʮʠʠ ʦʧʨʝʜʝʣʸʥʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʨʘʟʤʝʨʳ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪʩʷ ʪʘʢʞʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ. 

ʇʨʠ ʟʘʜʘʥʥʳʭ ʨʘʟʤʝʨʘʭ ʠ ʤʦʱʥʦʩʪʷʭ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʛʘʟʠʬʠʢʘʮʠʠ.  
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ʆʇʊʀʄʀɿɸʎʀʗ ɺʓʍʆɼɸ ɻʆʈʖʏʀʍ ɻɸɿʆɺ ʇʈʀ ʇɸʈʆ-ɺʆɿɼʋʐʅʆʁ ɻɸɿʀʌʀʂɸʎʀʀ ʋɻʃʗ 

ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʪʝʧʣʦʪʚʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʷ 

ʧʫʪʸʤ ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʧʘʨʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʚ ʢʘʯʝʩʪʚʝ ʛʘʟʠʬʠʮʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ. ʏʝʤ ʙʦʣʴʰʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʥʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʩʦʩʪʘʚʝ ʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ, ʪʝʤ ʙʦʣʴʰʝ ʝʛʦ ʪʝʧʣʦʪʚʦʨʥʦʩʪʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʛʦʣʴ, ʛʘʟʠʬʠʢʘʮʠʷ, ʧʘʨʦ-ʚʦʟʜʫʰʥʘʷ ʩʤʝʩʴ, ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʤʝʪʘʥ, ʚʦʜʦʨʦʜ, 

ʜʚʫʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʘʟʦʪ, ʪʝʧʣʦʪʚʦʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʛʘʟ. 

 

OPTIMIZATION OF AN EXIT OF COMBUSTIBLE GASES AT WATER  

VAPOR-AIRGASIFICATION OF COAL  

The articles presents possibility of increase of calorific ability of products of gasification of coal by change of 

the ratio water vapor-air mix as the installing gas agent. The higher content of methane and hydrogen in the 

composition of formed gas the greater its heating value. 

Key words  ̋coal, gasification, water vapor-air mix, carbon oxide, methane, hydrogen, carbon dioxide, 

nitrogen, calorific ability, gas. 
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ʀ ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʇʀɺʅʆɻʆ ʉʋʉʃɸ 

 

ʄ.ʌ. ʂʫʨʙʦʥʦʚ, ʄ.ʄ. ʉʘʬʘʨʦʚ, ʌ.ɹ. ʂʫʨʙʦʥʦʚ, ʐ.ʊ. ʖʩʫʧʦʚ
 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʊʘʜʞʠʢʠʩʪʘʥʘ, 

ʊʘʜʞʠʢʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ.ɸʡʥʠ 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ, ʧʨʦʝʢʪʥʳʭ ʨʘʙʦʪ ʧʦ ʘʥʘʣʠʟʫ, ʚʳʙʦʨʫ ʩʭʝʤ ʠ ʢʦʥʩʪʨʫʢʮʠʡ 

ʤʘʣʦʤʦʱʥʳʭ ʧʠʚʟʘʚʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚʦ ʚʨʝʤʷ ʝʛʦ ʨʘʙʦʪʳ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʝʥʥʳʝ ʠ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʦʣʫʯʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ 

ʫʩʪʨʦʡʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʠʟʠʯʝʩʢʠʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ʆʜʥʘʢʦ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʠ ʢʠʥʝʪʠʢʝ ʨʘʟʣʦʞʝʥʠʷ 

ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦ ʢʘʩʘʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ 

ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʠʚʘ.  

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʧʠʚʥʦʛʦ ʩʫʩʣʘ ʚʘʞʥʝʡʰʘʷ ʠ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʘʷ ʩʪʘʜʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʠʚʘ. ʆʪ ʢʘʯʝʩʪʚʘ ʩʫʩʣʘ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʠ ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʛʦ ʧʠʚʘ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ, ʵʪʦ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦʝʤʢʠʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʝʡ. ʀʩʢʣʶʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʚʘʨʢʠ ʩʫʩʣʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʠʚʘ 

ʚʦʟʤʦʞʥʦ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢʦʥʮʝʥʪʨʘʪʦʚ ʧʠʚʥʦʛʦ ʩʫʩʣʘ. 

ɺ ʫʩʣʦʚʠʷʭ ʞʝʩʪʢʦʡ ʨʳʥʦʯʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʧʨʦʙʣʝʤʘ ʢʘʯʝʩʪʚʘ ʧʠʚʘ ʧʨʠʦʙʨʝʣʘ ʫ 

ʧʠʚʦʚʘʨʦʚ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ. ɽʩʣʠ 

ʢʨʫʧʥʳʝ ʟʘʚʦʜʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʚʳʧʫʩʢ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʠʚʘ ʰʠʨʦʢʦʛʦ 

ʧʦʪʨʝʙʣʝʥʠʷ, ʪʦ ʤʠʥʠʟʘʚʦʜʳ ï ʥʘ ʧʠʚʦ ʵʣʠʪʥʳʭ ʜʦʨʦʛʠʭ ʩʦʨʪʦʚ. ʇʦʵʪʦʤʫ, ʚʦʧʨʦʩʳ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʧʨʠʦʙʨʝʪʘʶʪ ʟʜʝʩʴ ʛʣʘʚʝʥʩʪʚʫʶʱʫʶ ʨʦʣʴ. ʂʘʯʝʩʪʚʦ ʧʠʚʘ ʟʘʚʠʩʠʪ ʦʪ 

ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʚʘʞʥʝʡʰʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʥʝʤ ʢʠʩʣʦʨʦʜʘ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʪʚʝʪʘ ʦ ʚʣʠʷʥʠʠ ʢʠʩʣʦʨʦʜʘ ʥʘ ʚʨʝʤʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʧʠʚʥʦʛʦ ʩʫʩʣʘ ʥʝʪ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʙʨʦʞʝʥʠʷ, ʪʦ ʘʵʨʘʮʠʷ ʥʫʞʥʘ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʫʩʧʝʰʥʦʝ 

ʨʘʟʚʠʪʠʝ ʜʨʦʞʞʝʡ, ʘ ʪʘʢʞʝ ʭʦʨʦʰʠʡ ʭʦʜ ʙʨʦʞʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʠʚʥʦʝ ʩʫʩʣʦ 

ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʣʘʙʠʣʴʥʳʤ ʧʨʦʜʫʢʪʦʤ, ʧʨʦʮʝʩʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʜʦʣʞʝʥ ʧʨʦʚʦʜʠʪʴʩʷ 

ʧʨʠ ʚʦʟʤʦʞʥʦ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʢʦʥʪʘʢʪʘ 

ʧʨʦʜʫʢʪʘ ʩ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩʳ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʧʠʚʥʦʛʦ ʩʫʩʣʘ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʂ ʦʜʥʠʤ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʧʧʘʨʘʪʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʦʪʦʨʥʳʡ ʧʣʝʥʦʯʥʳʡ ʘʧʧʘʨʘʪ (ʈʇɸ). 

ʂʨʠʪʝʨʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʨʦʪʦʨʥʦʤ 

ʧʣʝʥʦʯʥʦʤ ʘʧʧʘʨʘʪʝ [1] ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

Nu = f(Pr, Re, ReÊ, Kq, ,  ),     (1) 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʬʘʢʪʦʨʳ ʧʦʟʚʦʣʷʶʪ ʩʯʠʪʘʪʴ ʪʝʤʫ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʘʢʪʫʘʣʴʥʦʡ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʠʥʪʝʨʝʩ, ʢʘʢ ʜʣʷ ʧʨʘʢʪʠʢʠ, ʪʘʢ ʠ ʜʣʷ ʥʘʫʢʠ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʠ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʧʘʨʘʤʝʪʨʦʚ 
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ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʩʚʦʡʩʪʚ ʩʫʩʣʘ, ʠ ʚ ʯʘʩʪʥʦʩʪʠ 

ʠʭ ʪʝʧʣʦʝʤʢʦʩʪʠ. ʇʝʨʝʜ ʪʝʤ ʢʘʢ ʩʦʩʪʘʚʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʠʟʤʝʨʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʜʦʧʫʱʝʥʠʷ: 

1) ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʦʙʨʘʟʮʘ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʪʦʣʴ ʚʝʣʠʢʠ, 

ʯʪʦ ʝʛʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʙʝʩʢʦʥʝʯʥʳʤ; 

2) ʧʦʪʝʥʮʠʘʣ (ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ) ʜʘʪʯʠʢʘ ʩʚʷʟʘʥ ʩ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝʤ ʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ; 

3) ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [2] ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʘʵʨʘʮʠʠ ʥʘ ʢʠʥʝʪʠʢʫ ʩʙʨʘʞʠʚʘʥʠʷ 

ʧʠʚʥʦʛʦ ʩʫʩʣʘ. ʆʙʲʝʢʪʘʤʠ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʩʦʣʦʜ ʢʣʘʩʩʘ 1, ʧʠʚʥʦʝ ʩʫʩʣʦ, ʧʠʚʦ, 

ʘ ʪʘʢʞʝ ʧʠʚʥʳʝ ʜʨʦʞʞʠ ʰʪʘʤʤʘ RH, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʅʦʨʤʘ ʚʥʝʩʝʥʠʷ ʜʨʦʞʞʝʚʳʭ ʢʣʝʪʦʢ ʩʦʩʪʘʚʣʷʣʘ 15 ʠ 25 ʤʣʥ. ʢʣʝʪʦʢ/ʤʣ 

(3% ʤʝʨʪʚʳʭ). ʅʘʯʘʣʴʥʘʷ ʵʢʩʪʨʘʢʪʠʚʥʦʩʪʴ ʩʫʩʣʘ ʩʦʩʪʘʚʣʷʣʘ 11,8%. ɹʨʦʞʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʚ ʪʝʯʝʥʠʝ 7 ʩʫʪʦʢ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 11,16 ʠ 20
ʦ
ʉ. ɹʨʦʞʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʙʝʟ ʘʵʨʘʮʠʠ ʠ ʩ ʘʵʨʘʮʠʝʡ ʩʫʩʣʘ ʠ ʩʝʤʝʥʥʳʭ ʜʨʦʞʞʝʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʙʨʦʞʝʥʠʠ ʩʫʩʣʘ ʙʝʟ ʠ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʝʛʦ ʘʵʨʘʮʠʝʡ, ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʘʵʨʘʮʠʝʡ ʜʨʦʞʞʝʡ ʥʘʠʣʫʯʰʠʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠʤʝʝʪ 

ʧʦʩʣʝʜʥʠʡ ʚʘʨʠʘʥʪ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʢʠʥʝʪʠʢʠ ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʭ, 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʣʠʷʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ (ʉʈ, ɟ, ʨʘʟʥʦʩʪʠ 

ʪʝʧʣʦʝʤʢʦʩʪʝʡ, ʵʥʪʘʣʴʧʠʷ, ʵʥʪʨʦʧʠʷ, ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ, ɻʝʣʴʤʛʦʣʴʮʘ), ʨʅ, ʞʸʩʪʢʦʩʪʴ 

ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ, ʥʘ ʢʦʪʦʨʦʡ ʛʦʪʦʚʠʪʴʩʷ ʧʠʚʦ. ʂʦʥʝʯʥʦ, ʩʚʦʡʩʪʚʘ ʚʦʜʳ ʨʦʜʥʠʢʦʚʦʡ ʠ 

ʨʝʯʥʦʡ, ʤʦʨʩʢʦʡ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɼʘʞʝ ʩʚʦʡʩʪʚʘ ʚʦʜ ʨʝʢ ʂʘʬʘʨʥʠʛʘʥʘ, ɺʘʭʰʘ ʠ 

ʇʷʥʜʞʘ (ʊʘʜʞʠʢʠʩʪʘʥ)- ʨʘʟʥʳʝ. ɼʣʷ ʚʘʨʢʠ ʧʠʚʘ ʥʘʤʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚʦʜʘ ʨʝʢʠ 

ʂʦʬʘʨʥʠʛʘʥ, ʢʦʪʦʨʘʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʝʯʥʦʡ ʚʦʜʳ ʛʦʨʦʜʦʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʄʦʩʢʚʳ ʠ ʜʨ. 

ʇʦʵʪʦʤʫ, ʧʝʨʝʜ ʥʘʤʠ ʩʪʦʷʣʘ ʟʘʜʘʯʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʜʳ ʨʝʢʠ ʂʦʬʘʨʥʠʛʘʥ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʚʳʰʝ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.  

ɿʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʧʠʚʘ, ʨʘʩʩʯʠʪʘʥʘ 

ʨʘʟʥʦʩʪʴ ʵʥʪʘʣʴʧʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ [2-4], ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1.  

 

ʊʘʙʣʠʮʘ 1. ʈʘʟʥʦʩʪʴ ʵʥʪʘʣʴʧʠʠ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʠʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. ʆʙʨʘʟʝʮ ˉ1- (ʅ2ʆ+5 % ʩʫʩʣʘ) 
 P,ʄʇʘ 

ʊ,ʂ 

0.101 1.96 2.94 3.92 4.91 5.88 7.68 

298.3 - - - - - - - 

308.6 38.52 37.18 36.11 35.04 33.99 33.37 31.96 

318.9 38,52 38.63 38.19 37.33 36.14 35.12 33.99 

338.6 43.59 42.38 41.29 40.35 39.10 38.27 36.71 

368.2 50.96 49.98 49.00 48.02 47.04 45.67 - 

378.5 57.68 56.65 55.62 - - - - 

ʆʙʨʘʟʝʮ ˉ2 - (ʅ2ʆ+6 % ʩʫʩʣʘ) 
298.3 - - - - - - - 

308.6 31.18 36.26 35.23 33.99 33.03 31.93 30.90 

328.4 38.48 37.05 34.20 35.15 34.20 32.59 31.45 

338.6 41.31 39.78 41.82 40.59 33.07 37.74 35.90 

358.4 52.31 50.96 49.98 48.15 46.80 45.76 44.20 

368.2 53.51 52.23 50.96 49.98 49.78 47.33 46.06 

ʆʙʨʘʟʝʮ ˉ3 - (ʅ2ʆ+7% ʩʫʩʣʘ) 
298.2 - - - - - - - 

308.4 35.70 34.68 33.66 33.41 30.91 29.95 28.46 
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318.7 37.92 36.73 35.54 34.29 33.06 31.72 30.06 

338.7 39.67 38.46 34.75 33.84 34.75 33.27 32.06 

348.3 45.42 43.98 42.64 41.26 39.96 38.71 37.08 

368.2 50.34 48.58 47.04 45.22 43.97 42.24 40.89 

ʆʙʨʘʟʝʮ ˉ4 - (ʅ2ʆ+8% ʩʫʩʣʘ) 
298.2 - - - - - - - 

308.7 35.76 34.34 33.18 31.92 30.77 29.40 28.46 

318.6 35.48 33.96 32.87 31.68 30.49 29.30 28.12 

328.5 37.62 36.23 35.24 34.35 32.97 31.88 30.69 

358.7 43.21 44.03 42.68 41.74 40.74 39.81 38.61 

368.4 49.28 47.92 46.56 45.74 44.72 43.71 42.68 

378.7 56.69 55.08 54.06 52.63 51.51 50.29 48.96 

ʆʙʨʘʟʝʮ ˉ5 - (ʅ2ʆ+9 % ʩʫʩʣʘ) 
298.4 - - - - - - - 

308.7 33.61 32.24 31.48 30.28 28.94 27.81 26.99 

318.8 34.38 33.03 31.91 30.91 29.59 28.68 27.27 

328.5 35.41 33.95 32.69 32.01 30.65 29.25 28.13 

348.7 41.92 40.60 39.64 37.65 37.11 35.65 34.74 

358.8 45.55 44.44 43.43 42.42 41.51 39.24 37.57 

378.3 52.53 51.74 50.04 49.00 47.53 46.06 44.19 

ʆʦʙʨʘʟʝʮ ˉ5 - (ʅ2ʆ+10% ʩʫʩʣʘ) 
298.3 - - - - - - - 

308.6 32.96 31.72 30,39 29.25 28.02 26.92 25.24 

318.7 33.03 32.14 31,16 29.89 28.36 27.27 25.96 

328.5 33.74 32.44 31,36 31.21 29.09 27.83 26.56 

348.5 41.85 40.95 39,73 38.16 36.93 35.29 33.71 

368.9 49.98 48.09 46,41 45.15 43.68 42.00 40.42 

378.3 49.78 47.50 46,08 44.65 43.45 41.89 40.19 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1 ʨʘʟʥʦʩʪʴ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʮʘ ˉ5 ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʩ ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʜʦʙʘʚʢʠ ʩʫʩʣʘ ʜʦ 10% ʚ ʚʦʜʫ 

ʫʤʝʥʴʰʘʝʪʩʷ ʵʥʪʘʣʴʧʠʷ ʦʙʨʘʟʮʘ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʦʙʨʘʟʮʘ ˉ5 (ʅ2ʆ+9% ʩʫʩʣʘ) ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 308.7 ʂ ʵʥʪʘʣʴʧʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 19.7%, ʘ ʧʨʠ 378.7 ʂ ʵʪʦ ʠʟʤʝʥʝʥʠʝ 

ʜʦʭʦʜʠʪ ʜʦ 15.9%. ʂʦʛʜʘ ʜʘʚʣʝʥʠʝ ʨʘʚʥʦ 0.101 ʄʇʘ (ʦʙʨʘʟʝʮ ˉ1 ʅ2ʆ+5% ʩʫʩʣʘ) ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 378.5 ʂ ʵʥʪʘʣʴʧʠʷ ʨʘʩʪʝʪ ʜʦ ~49.8%. ʇʨʠ ʜʘʥʥʦʤ ʜʘʚʣʝʥʠʠ ʫ 

ʦʙʨʘʟʮʘ ˉ6 (ʅ2ʆ+10%) ʩʫʩʣʘ ʚ ʧʨʠʚʝʜʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʨʘʟʥʦʩʪʴ ʵʥʪʘʣʴʧʠʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ~51.0%. 
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ɺʃʀʗʅʀɽ ʋʉʃʆɺʀʁ ɸʕʈɸʎʀʀ ʅɸ ʂʀʅɽʊʀʂʋ ʉɹʈɸɾʀʈʆɺɸʅʀʗ ʀ 

ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʇʀɺʅʆɻʆ ʉʋʉʃɸ 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʢʠʥʝʪʠʢʠ ʙʨʦʞʝʥʠʷ 

ʧʠʚʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʅʘ ʦʩʥʦʚʝ ʟʘʢʦʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ 
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ʧʦʣʫʯʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ. ʆʙʱʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʨʠ 

ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ Ŭ=0.95 ʨʘʚʥʘ 3.2%. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʝʤʢʦʩʪʴ, ʢʠʥʝʪʠʢʘ, ʩʫʩʣʦ, ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, ʢʦʥʮʝʥʪʨʘʮʠʷ, ʜʘʚʣʝʥʠʝ, 

ʪʝʤʧʝʨʘʪʫʨʘ. 

 

INFLUENCE OF AERATION ON FERMENTATION KINETICS AND THERMODYNAMIC 

PROPERTIES OF WORT AND WATER  

The paper presents the results of experimental measurements of the heat capacity and kinetics of beer 

product. On the basis of the law of corresponding states and the measurement results obtained by empirical 

equations. The total relative error of measurement of the specific heat at Transitional proba-bility Ŭ=0.95 is equal to 

3.2%. 

Key words: specific heat capacity, kinetics, concentration, temperature, pressures. 
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ʄɽʍɸʅʀɿʄ ʆɹʈɸɿʆɺɸʅʀʗ ʍʀʄʀʂʆ-ʉʊʈʋʂʊʋʈʀʈʆɺɸʅʅʓʍ ɽɼʀʅʀʎ 

ʅɸʉʃɽɼʉʊɺɽʅʅʆʉʊʀ ʂʈʀʉʊɸʃʃɸ ʉ ʇʆɿʀʎʀʀ ʊɽʆʈʀʀ ʇʃʆʊʅɽʁʐʀʍ 

ʐɸʈʆɺʓʍ ʋʇɸʂʆɺʆʂ 

  

ʕ.ʈ. ɻʘʟʠʟʦʚʘ, ʊ.ɼ. ɼʞʫʨʘʝʚ, ʄ.ʊ. ʊʦʰʝʚ, ɻ.ʂ. ʍʦʜʞʠʝʚ 

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʉ. ʆʩʠʤʠ 

 

ʇʨʦʙʣʝʤʝ ʧʨʦʷʚʣʝʥʠʷ ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʠ ʚ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʧʦʩʚʷʱʝʥʳ 

ʨʘʙʦʪʳ [1, 2]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʥʘʢʦʧʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʚʧʝʨʚʳʝ ʧʨʝʜʣʘʛʘʝʪʩʷ [3] ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʠ ʚ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʥʦʩʠʪʝʣʝʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʭʠʤʠʢʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʝʜʠʥʠʮʳ ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʠ 

(ʍʉɽʅ) ï ʛʝʥʳ ʚ ʚʠʜʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ (ʊʕ) ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ (ʆʕ) ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ ʩ 

ʦʧʨʝʜʝʣʸʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʠ ʢʦʦʨʜʠʥʘʮʠʷʤʠ ʩ ʯʝʪʳʨʴʤʷ sp
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ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ ʠ ʫʛʣʘʤʠ ʤʝʞʜʫ ʥʠʤʠ ʚ 109,5Ü ʠ 

90,0Ü, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʧʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʠ ʚʝʱʝʩʪʚ [3], ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʩʦʙʦʡ ʢʦʜ ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ.  

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʍʉɽʅ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʪʝʦʨʠʝʡ ʧʣʦʪʥʝʡʰʠʭ 

ʰʘʨʦʚʳʭ ʫʧʘʢʦʚʦʢ [4], ʧʨʠ ʢʦʪʦʨʦʡ ʦʩʥʦʚʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʘʧʦʣʥʝʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʝʰʝʪʢʠ ʢʨʠʩʪʘʣʣʘ ʰʘʨʘʤʠ.  

ʇʣʦʩʢʠʡ ʩʣʦʡ ʰʘʨʦʚ, ʥʘʠʙʦʣʝʝ ʧʨʠʣʝʛʘʶʱʠʭ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 

1. ʇʨʦʝʢʮʠʷ ʟʘʧʦʣʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʰʘʨʘʤʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ 

ʧʣʦʪʥʦʩʪʴ ʟʘʧʦʣʥʝʥʠʷ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ (ʘ ʠ ʙ) ʦʜʠʥʘʢʦʚʘ, ʛʜʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ (ʂʏ) 

ʨʘʚʥʦ 12, ʥʦ ʩʠʤʤʝʪʨʠʷ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʰʘʨʦʚ ʨʘʟʣʠʯʥʘ. ɺʘʨʠʘʥʪ ʘ ʦʪʚʝʯʘʝʪ ʢʫʙʠʯʝʩʢʦʡ 

ʩʠʥʛʦʥʠʠ, ʙ ï ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ. ʅʘ ʨʠʩʫʥʢʝ 3 ʠʟʦʙʨʘʞʝʥʳ ʧʣʦʪʥʝʡʰʠʝ ʫʧʘʢʦʚʢʠ (ʢʣʘʜʢʠ).  
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ʈʠʩ. 1. ʉʣʦʡ ʰʘʨʦʚ, ʧʣʦʪʥʝʡʰʠʤ ʦʙʨʘʟʦʤ 

ʧʨʠʣʝʛʘʶʱʠʭ ʜʨʫʛ ʢ ʜʨʫʛʫ. 

ʈʠʩ. 2. ʇʨʦʝʢʮʠʠ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʧʣʦʪʥʝʡʰʠʭ 

ʫʧʘʢʦʚʦʢ ʰʘʨʦʚ ʘ-ʢʫʙʠʯʝʩʢʘʷ; ʙ-ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ. 

ʙ ʘ 

ʈʠʩ. 3. ʇʣʦʪʥʝʡʰʠʝ ʫʧʘʢʦʚʢʠ ʰʘʨʦʚ ʧʦ ʢʫʙʠʯʝʩʢʦʤʫ 

(ʘ) ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʤʫ (ʙ) ʟʘʢʦʥʘʤ. 

ʘ ʙ 

ʈʠʩ. 4. ʊʕ ʠ ʆʕ ʧʫʩʪʦʪʳ ʤʝʞʜʫ ʰʘʨʘʤʠ ʚ 

ʧʣʦʪʥʝʡʰʠʭ ʫʧʘʢʦʚʢʘʭ. 

 

 

 

 

 

 

 

 

 

 

ɺ ʧʣʦʪʥʝʡʰʠʭ ʫʧʘʢʦʚʢʘʭ ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʰʘʨʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʫʩʪʦʪʘʤ ʜʚʫʭ ʨʦʜʦʚ [4]. ʆʜʥʠ ʧʫʩʪʦʪʳ ʨʘʩʧʦʣʦʞʝʥʳ ʤʝʞʜʫ ʯʝʪʳʨʴʤʷ ʰʘʨʘʤʠ, ʘ ʜʨʫʛʠʝ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʤʝʞʜʫ ʰʝʩʪʴʶ ʰʘʨʘʤʠ, ʠ ʠʤʝʶʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʂʏ=4 ʠ ʂʏ=6 (ʨʠʩ. 4). 

ʇʣʦʪʥʦʩʪʴ (ʈ) ʫʧʘʢʦʚʢʠ ʦʙʳʯʥʦ ʚʳʨʘʞʘʶʪ ʚ ʧʨʦʮʝʥʪʘʭ:  

P = Vn/V0 Ț 100 (%), 

ʛʜʝ: Vn =  ́/ 6 Ț nR
3
 ï ʦʙʲʝʤ n ʰʘʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ (ʕʗ); V0 ï ʦʙʲʝʤ 

ʕʗ; R ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʰʘʨʦʚ ʚ ʕʗ ʠ r = R/2 ï ʨʘʜʠʫʩ ʰʘʨʘ; 

V = ˊR
3
/6 ï ʦʙʲʝʤ ʰʘʨʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ [4], ʯʪʦ ʥʘ ʢʘʞʜʳʡ ʘʪʦʤ ɻʎʂ ʨʝʰʝʪʢʠ ʧʨʠʭʦʜʠʪʴʩʷ ʜʚʝ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ (ʊʕ) ʠ ʦʜʥʘ ʦʢʪʘʵʜʨʠʯʝʩʢʘʷ (ʆʕ) ʧʫʩʪʦʪʳ. ɺ ʇʋɻ ʨʝʰʝʪʢʝ, ʢʘʢ ʠ ʚ ɻʎʂ, 

ʥʘ ʢʘʞʜʳʡ ʘʪʦʤ ʧʨʠʭʦʜʠʪʩʷ ʜʚʝ ʊʕ ʠ ʦʜʥʘ ʆʕ ʧʫʩʪʦʪʳ. ɺ ʦʙʲʸʤʥʦ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʢʫʙʠʯʝʩʢʦʡ (ʆʎʂ) ʨʝʰʝʪʢʝ ʥʘ ʢʘʞʜʳʡ ʘʪʦʤ ʧʨʠʭʦʜʠʪʩʷ ʰʝʩʪʴ ʊʕ ʠ ʪʨʠ ʆʕ ʧʫʩʪʦʪʳ. 

ʎʝʥʪʨʳ ʯʝʪʳʨʝʭ ʰʘʨʦʚ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʦʙʨʘʟʫʝʪʩʷ ʧʫʩʪʦʪʘ ʦʜʥʦʛʦ ʚʠʜʘ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʧʦ ʚʝʨʰʠʥʘʤ ʪʝʪʨʘʵʜʨʘ. ʎʝʥʪʨʳ ʰʝʩʪʠ ʰʘʨʦʚ, ʟʘʤʳʢʘʶʱʠʭ ʧʫʩʪʦʪʳ ʜʨʫʛʦʛʦ ʚʠʜʘ, 

ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʚʝʨʰʠʥʘʤ ʆʕ. ʇʨʦʮʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʰʘʨʘʤʠ ʧʨʠ ʫʩʣʦʚʠʠ ʠʭ 

ʢʘʩʘʥʠʷ ʠ ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʥʠʤʠ (çʧʫʩʪʦʪʘʤʠè) ʧʦ ʚʳʰʝʫʢʘʟʘʥʥʦʤʫ 

ʫʨʘʚʥʝʥʠʶ ʨʘʩʩʯʠʪʘʥʳ ʠ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. ʇʣʦʪʥʦʩʪʴ ʟʘʧʦʣʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʰʘʨʘʤʠ, ʧʨʠ ʫʩʣʦʚʠʠ ʠʭ ʢʘʩʘʥʠʷ ʠ 

ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʥʠʤʠ (çʧʫʩʪʦʪʳè) 
ʉʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ɿʘʧʦʣʥʷʝʤʦʩʪʴ, % ʇʫʩʪʦʪʳ, % ɺʠʜʳ ʧʫʩʪʦʪ 

ɻʎʂ 74 26 2ʊʕ, 1ʆʕ 

ʇʋɻ 74 26 2ʊʕ, 1ʆʕ 

ʆʎʂ 68 32 6ʊʕ, 3ʆʕ 

 


