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DYNAMIC ANALYSIS OF EARTH DAMS BASED ON  

THE MODEL OF TWO -PHASE MEDIUM  

 
In the calculation of a dam on the seismic influences except seismic inertial forces it is taken into account 

hydrostatic and hydrodynamic pressure of water on the pressure face, as well as the pore pressure in dam body as 
multiphase medium. Analysis of consequences of major earthquakes has shown that the main cause of the destruc-

tion of large buildings and structures is the resonant state of buildings. For possible occurrence of the resonance 

state specification it is necessary to perfect the methodology of its calculation on seismic influence given by 

accelerograms recording. 

 

Key words: earth dams, two-phase medium, hydrodynamic pressure, boundary conditions. 
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ʋʨʘʚʥʝʥʠʷ (4)ï(6) ʩʦʚʤʝʩʪʥʦ ʩ ʫʨʘʚʥʝʥʠʷʤʠ ʩʦʩʪʦʷʥʠʷ ʛʨʫʥʪʘ, ʘ ʪʘʢʞʝ ʥʘʯʘʣʴʥʳʤʠ ʠ ʛʨʘ-

ʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʛʨʘʥʠʯʥʳʤ ʠ ʥʘ-
ʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʜʣʷ ʥʝʚʦʜʦʥʘʩʳʱʝʥʥʦʛʦ ʛʨʫʥʪʘ ʟʜʝʩʴ ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʜʘʥʦ ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ P  ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʬʫʥʢʮʠʠ P. ɻʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʞʠʜʢʦʩʪʠ ʟʘʜʘʶʪʩʷ ʚ ʛʨʘʥʠʯʥʳʭ ʷʯʝʡʢʘʭ ʥʘʧʦʨʥʦʡ ʛʨʘʥʠ. ɸʣʛʦ-
ʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʧʨʠʥʷʪ ʢʘʢ ʚ 

ʨʘʙʦʪʝ [1]. ʋʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʚʷʟʴ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʷʤʠ ʠ ʜʝʬʦʨʤʘʮʠʷʤʠ, 

ʧʨʠʥʷʪʳ ʚ ʠʜʝʘʣʴʥʦ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʨʘʱʝʥʠʡ ʧʣʘʩʪʠʯʝ-
ʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʟʘʢʦʥ ɺ. ʂʦʡʪʝʨʘ [2]. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʨʦʚʝʜʝ-

ʥʦ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʩʦʟʜʘʥʘ ʢʦʤʧʴʶ-

ʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʧʣʦʪʠʥʳ ʜʣʷ ʢʘʞʜʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ. 
ʇʦ ɺ. ʂʦʡʪʝʨʫ, ʧʦʜ ʢʨʠʪʝʨʠʝʤ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦʥʠʤʘʝʪʩʷ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʥʘʢʦʧʣʝ-
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ʥʠʝ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʢʘʢʦʡ-ʣʠʙʦ ʦʙʣʘʩʪʠ ʩʦʦʨʫʞʝʥʠʷ, ʠʤʝʶʱʝʡ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭ-
ʥʦʩʪʴ. ʃʦʢʘʣʴʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʛʨʫʥʪʘ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʦʦʨʫʞʝʥʠʝ ʚ ʮʝʣʦʤ 

ʥʘʭʦʜʠʪʩʷ ʚ ʦʧʘʩʥʦʤ ʧʦʣʦʞʝʥʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʚʳʷʩʥʷʝʪʩʷ, ʯʪʦ ʧʨʠ ʧʨʠʥʷʪʳʭ ʠʩʭʦʜ-

ʥʳʭ ʜʘʥʥʳʭ ʧʣʦʪʠʥʘ ʧʦʧʘʜʘʝʪ ʠʣʠ ʥʝ ʧʦʧʘʜʘʝʪ ʚ ʨʝʟʦʥʘʥʩʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʕʪʦʪ ʬʘʢʪ ʷʚʣʷʝʪʩʷ 
ʛʣʘʚʥʦʡ ʦʮʝʥʢʦʡ ʦʙʱʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʦʪʠʥʳ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʦʪʠ-

ʥʳ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʯʝʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʣʦ-

ʪʠʥʘ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʷʜʨʦʤ ʥʘ ʧʦʜʘʪʣʠʚʦʤ ʦʩʥʦʚʘʥʠʠ. ʆʥʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʟʘʜʘʥ-
ʥʦʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʘʢʩʝʣʝʨʦʛʨʤʤʳ. ʅʘ ʨʠʩ. 1ï3 ʧʨʠʚʝʜʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ 

ʩʝʯʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʨʪʠʢʘʣʴʥʳʭ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ 

ʦʢʦʥʯʘʥʠʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ (ʄʇʘ).  
 

 

 
ʈʠʩ. 1. ɺʝʨʪʠʢʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

ʭ
s  (ʄʇʘ) 

 
 

 

 
ʈʠʩ. 2. ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

ʫ
s  (ʄʇʘ) 

 
 

 

 
ʈʠʩ. 3. ʊʘʥʛʝʥʮʠʘʣʴʥʳʝ  ʥʘʧʨʷʞʝʥʠʷ t (ʄʇʘ) 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ  ʥʘʢʦʧʣʝʥʠʝ ʙʦʣʴʰʠʭ ʥʘʧʨʷʞʝʥʠʡ. 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʥʥʘʷ ʧʣʦʪʠʥʘ ʥʝ ʠʩʧʳʪʳʚʘʝʪ ʨʝʟʦʥʘʥʩʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʪ.ʝ. ʠʤʝʝʪ ʦʙʱʫʶ ʫʩʪʦʡ-

ʯʠʚʦʩʪʴ. 
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SOLUTION OF NONLINEAR TASKS OF  UNDERGROUND  

PIPELINE SEISMO -DYNAMICS  

 
This article reviews some problems of underground pipelines fluctuations in accordance with their nonlinear 

interaction with the ground under seismic loads. A number of numerical results was obtained and analyzed. 

 
Key words: underground pipeline, seismic loads, interaction, finite difference method, the hardening coeffi-

cient, butt joint. 

 

 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʫʥʠʢʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ 
ʵʪʦʡ ʪʝʦʨʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʝʪʨʦʧʦʣʠʪʝʥ ʊʘʰʢʝʥʪʘ ʠ ʧʦʜʟʝʤʥʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘ-

ʯʝʥʠʷ, ʥʘ ʯʪʦ ʠʤʝʝʪʩʷ ʨʷʜ ʘʚʪʦʨʩʢʠʭ ʩʚʠʜʝʪʝʣʴʩʪʚ ʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʘʤʠ ʜʝ-

ʪʘʣʴʥʦ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩ-

ʩʣʝʜʦʚʘʥʠʝʤ ʩʠʩʪʝʤ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʪʠʧʘ ʧʦʜʟʝʤʥʳʭ ʛʘʟʦ-, ʚʦʜʦ-, ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʜʨ.  
ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ [1ï3] ʫʜʝʣʷʶʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʦʪʜʝʣʴʥʳʤ ʯʘʩʪʷʤ ʩʠʩʪʝʤʳ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʦʥʘʭ ʨʘʟʣʦʤʘ, ʦʙʚʘʣʘʭ ʠ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʛʨʫʥʪʘʭ, ʛʜʝ ʧʨʦʠʩʭʦʜʷʪ ʩʠʣʴʥʳʝ 

ʜʚʠʞʝʥʠʷ ʛʨʫʥʪʘ, ʢʦʛʜʘ ʤʦʛʫʪ ʨʘʟʨʫʰʠʪʴʩʷ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʝ ʩʠʩʪʝʤʳ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ, ʪʘʢʠʝ 
ʢʘʢ ʥʝʬʪʝ-, ʚʦʜʦ-, ʛʘʟʦʧʨʦʚʦʜ ʠ ʢʘʥʘʣʠʟʘʮʠʠ. ɺʘʞʥʦ ʫʯʝʩʪʴ ʜʣʷ ʧʦʜʟʝʤʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʧʝʨʝ-

ʩʝʢʘʶʱʠʭ ʘʢʪʠʚʥʳʝ ʨʘʟʣʦʤʳ, ʯʪʦ ʣʠʥʝʡʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʤʝʞʜʫ ʪʨʫʙʦʧʨʦʚʦʜʦʤ ʠ 

ʦʢʨʫʞʘʶɦ ʠʤ ʛʨʫʥʪʦʤ ʥʘʨʫʰʘʝʪʩʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʬʬʝʢʪ ʥʝʣʠʥʝʡʥʦʩʪʠ ʛʨʫʥʪʘ ʠʩʩʣʝʜʫʝʪʩʷ ʧʦ 
ʘʥʘʣʦʛʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ 

ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʅɼʉ ʧʦʜʟʝʤʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʫʯʠʪʚrʘʶʱʠʭ 

ʥʝʣʠʥʝʡʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ çʪʨʫʙʘ-ʛʨʫʥʪè. 

ɺ ʨʘʙʦʪʘʭ [4ï6] ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʧʦʜʟʝʤʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʤ 
ʟʘʢʦʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʝʛʦ ʩ ʛʨʫʥʪʦʤ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 
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ʛʜʝ [ ])(1)(
00

uuuuk
x

-w--=t , 
r

=
E

a
T

 ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʚ ʤʘʪʝʨʠʘʣʝ 

ʪʨʫʙʦʧʨʦʚʦʜʘ; FE,  ʠ 
H

D  ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʧʣʦʱʘʜʴ ʝʛʦ ʧʦʧʝʨʝʯʥʦ-

ʛʦ ʩʝʯʝʥʠʷ ʠ ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʪʨʫʙʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

x
k  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʜʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʛʨʫʥ-

ʪʦʤ; r ï ʧʣʦʪʥʦʩʪʴ; 
N

K  ï ʞʝʩʪʢʦʩʪʴ ʩʪʳʢʦʚʦʛʦ ʩʦʝʜʠ-

ʥʝʥʠʷ; 
0

u  ï ʟʘʢʦʥ ʜʚʠʞʝʥʠʷ ʛʨʫʥʪʘ ʚʜʦʣʴ ʧʨʦʜʦʣʴʥʦʡ 

ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. )(
0

uu-w  ï ʬʫʥʢʮʠʷ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ɸ.ɸ. ʀʣʴʶʰʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʥʝʣʠʥʝʡʥʳʝ ʩʚʦʡʩʪ-

ʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺʠʜ ʵʪʦʡ ʬʫʥʢʮʠʠ ʟʘʜʘʝʪʩʷ ʩ ʧʦʤʦ-
ʱʴʶ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʧʫʪʝʤ ʜʠʘʛʨʘʤʤ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʩʘʪʝʣʴʥʦʛʦ ʫʩʠʣʠʷ t ʦʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʪʨʫʙ. ʉʧʦʩʦʙ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʬʫʥʢʮʠʠ )(
0

uu-w  ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʛʨʫʥʪʘ. 

ʌʫʥʢʮʠʷ ʥʝʣʠʥʝʡʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ )(
0

uu-w  ʤʦ-

ʞʝʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʡ ʚʠʜ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʠ 

ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ 
0

uu- , 

0
uu ##-  ʠ ʧʨʝʜʳʩʪʦʨʠʠ ʜʚʠʞʝʥʠʷ. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) 

ʪʘʢʞʝ ʙʫʜʝʪ ʨʘʟʣʠʯʥʳʤ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʜʚʠʞʝʥʠʷ. ʆʙʦʟʥʘʯʘʷ n  ï ʥʦʤʝʨ ʵʪʘʧʘ ʜʚʠʞʝʥʠʷ, ʫʩʣʦ-

ʚʠʝ ʧʝʨʝʭʦʜʘ ʢ ʢʦʪʦʨʦʤʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʜʘʥʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʨʘʟʙʠʚʘʝʤ 

ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ 
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ʋʨʘʚʥʝʥʠʝ (2) ʧʝʨʝʚʦʜʠʤ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʠʟ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝ-
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ɿʜʝʩʴ ʩʝʡʩʤʠʯʝʩʢʦʝ ʩʤʝʱʝʥʠʝ ʛʨʫʥʪʘ ʧʨʠʥʠʤʘʝʤ ʚ ʚʠʜʝ 

)(sin
0

p
C

x
tAu -W= .                                                          (4) 

ɻʨʘʥʠʯʥʳʝ ʠ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 
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0)0,()0,( == xuxu # .                                                         (6) 

ɼʣʷ ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (3), (5) ʠ (6) ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʚʪʦʨʦʛʦ ʧʦ-

ʨʷʜʢʘ ʪʦʯʥʦʩʪʠ. ɺʳʧʦʣʥʝʥʘ ʯʠʩʣʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʟʘʜʘʯʠ ʧʦ ʩʦʩʪʘʚʣʝʥʥʳʤ ʘʣʛʦʨʠʪʤʘʤ ʠ ʧʨʦ-

ʛʨʘʤʤʝ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ çBorland Delphi 7è ʧʨʠ ʟʘʜʘʥʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʢʦʥʘ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʜʚʠʞʝʥʠʷ ʛʨʫʥʪʘ. 

ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʟʘʚʠʩʠʤʦʩʪʠ u~t ,  

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʙʠʣʠʥʝʡʥʦʤʫ  

ʟʘʢʦʥʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
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ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʠ ʘʣʛʦʨʠʪʤʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʝʰʘʝʪʩʷ ʧʦ-
ʩʪʘʚʣʝʥʥʘʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ (3), (5) ʠ (6). 

ɿʘʜʘʯʘ. ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʟʘʱʝʤʣʝʥʥʳʡ ʣʝʚʳʤ ʢʦʥʮʦʤ ʠ ʩʚʦʙʦʜʥʳʡ ʧʨʘʚʳʤ ʢʦʥʮʦʤ ʧʦʜʟʝʤʥʳʡ 

ʪʨʫʙʦʧʨʦʚʦʜ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ: 
8102Ö=E  ʢʅ/ʤ

2
; 01,0=d ʤ; 25,0=R  ʤ; 3,0=T  ʩ; 3108Ö=r  ʢɻ/ʤ

3
; 100=l  ʤ; 004,0=A  ʤ; 

4103Ö=
x

k  ʢʅ/ʤ
3
; 

T

p
=W

2
; 500=

p
C  ʤ/c; 50 101

~ -Ö=Su  ʤ. 

ʅʘ ʦʩʥʦʚʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʅʘ ʨʠʩ. 2 

ʠ ʨʠʩ. 3 ʧʨʠʚʦʜʷʪʩʷ ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʥʘ ʩʚʦʙʦʜʥʦʤ ʢʦʥʮʝ ʪʨʫʙʦʧʨʦʚʦʜʘ  

ʭ = 100 ʤ ʠ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʣʝʚʦʤ ʟʘʱʝʤʣʝʥʥʦʤ ʢʦʥʮʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʭ = 0 ʤ ʧʦ ʚʨʝ-
ʤʝʥʠ, ʢʦʪʦʨʳʝ ʥʦʩʷʪ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʩ ʚʳʩʦʢʠʤʠ ʯʘʩʪʦʪʘʤʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʢʦʥʫ 

ʜʚʠʞʝʥʠʷ ʛʨʫʥʪʘ. 
 

  
ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ  

ʥʘ ʣʝʚʦʤ ʪʦʨʮʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦ ʚʨʝʤʝʥʠ  

ʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ  
ʫʧʨʦʯʥʝʥʠʷ ʛʨʫʥʪʘ1. ʩ = 0,6. 2. ʩ = 0,4 

ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 
ʥʘ ʧʨʘʚʦʤ ʩʚʦʙʦʜʥʦʤ ʢʦʥʮʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦ ʚʨʝʤʝʥʠ  

ʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ  
ʫʧʨʦʯʥʝʥʠʷ ʛʨʫʥʪʘ 1. ʩ = 0,6. 2. ʩ = 0,4 

 
ɿʜʝʩʴ ʧʨʠʚʦʜʷʪʩʷ ʛʨʘʬʠʢʠ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʨʘʟʣʠʯ-

ʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʫʧʨʦʯʥʝʥʠʷ ʛʨʫʥʪʘ (ʩ = 0,4 ʠ ʩ = 0,6). ɽʩʣʠ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʩ ʫʚʝʣʠ-

ʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʦʯʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʥʦʨʤʘʣʴ-

ʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʙʱʝʤ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. 
ʅʘ ʨʠʩ. 4 ʠ ʨʠʩ. 5 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʚʦʜʷʪʩʷ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʠ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʜʦʣʴ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʚʨʝʤʝʥʘʭ ʩ 

ʨʘʟʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʦʯʥʝʥʠʷ ʛʨʫʥʪʘ (ʩ = 0·0,6). 
 

  

  
 

ʈʠʩ. 4. ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʜʦʣʴ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ  

ʚ ʟʘʜʘʥʥʳʭ ʚʨʝʤʝʥʘʭ ʠ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʦʯʥʝʥʠʷ ʛʨʫʥʪʘ çʩè 
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ɿʜʝʩʴ ʚʨʝʤʷ ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʨʠʩ. 4 ʠ ʨʠʩ. 5, ʛʜʝ ʧʨʦʚʝʜʝʥʳ ʚʝʨʪʠʢʘʣʴʥʳʝ ʣʠʥʠʠ t = 0.00685 c,  
t = 0.09745 c, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʠʢʦʚʳʤ ʪʦʯʢʘʤ ʢʦʣʝʙʘʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʥʘ ʪʦʯʢʝ  

ʭ = 100 ʤ ʠ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦ ʚʨʝʤʝʥʠ ʥʘ ʪʦʯʢʝ ʭ = 0 ʤ. ɸ t = 0.042445 c, 

t = 0.16595 c ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢ ʧʨʦʮʝʩʩʘʤ ʫʚʝʣʠʯʝʥʠʷ ʘʤʧʣʠʪʫʜ ʢʦʣʝʙʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦ ʘʙʩʦ-
ʣʶʪʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ɿʜʝʩʴ ʥʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʦʯʥʝʥʠʷ ʛʨʫʥʪʘ çʩè ʧʨʠʚʦʜʠʪ ʢ ʫʚʝ-

ʣʠʯʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʛʨʫʥʪʘ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʦʟʜʝʡʩʪʚʫʶʱʝʡ ʥʘʛʨʫʟʢʠ 
ʥʘ ʪʨʫʙʦʧʨʦʚʦʜ (ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʝ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜ). 
 

  

  
 

ʈʠʩ. 5. ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʜʦʣʴ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ  
ʧʨʠ ʟʘʜʘʥʥʳʭ ʚʨʝʤʝʥʘʭ ʠ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʦʯʥʝʥʠʷ ʛʨʫʥʪʘ çʩè 

 

ɽʩʣʠ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʨʠʩ. 4 ʠ ʨʠʩ. 5, ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ 
ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʦʩʥʦʚʥʦʤ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʫʧʨʦʯʥʝʥʠʷ ʛʨʫʥʪʘ çʩè. ɿʘʢʦʥʳ ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘ-

ʧʨʷʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʜʦʣʴ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 4 ʠ  
ʨʠʩ. 5. ʇʨʠ t = 0.00685 c, t = 0.09745 c ʟʥʘʯʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʥʘ ʧʨʘʚʦʤ ʢʦʥʮʝ ʠ 

ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʣʝʚʦʤ ʢʦʥʮʝ ʚʦ ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʦʯʥʝʥʠʷ ʛʨʫʥʪʘ 

çʩè ʦʜʠʥʘʢʦʚʦ ʠʟʤʝʥʷʶʪ ʟʥʘʢʠ. ɸ ʧʨʠ t = 0.042445 c ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʦʯʥʝʥʠʷ  

ʛʨʫʥʪʘ çʩè ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʬʘʟʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʥʦʨʤʘʣʴ-
ʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʜʦʣʴ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ɼʘʣʝʝ ʨʝʰʝʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (5) ʠ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ (6). ɺ 

ʯʘʩʪʥʦʩʪʠ ʧʨʠʚʦʜʠʤ ʨʝʰʝʥʠʝ ʥʝʣʠʥʝʡʥʦʡ ʟʘʜʘʯʠ ʧʦʜʟʝʤʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʧʦʜʘʪʣʠʚʦ ʟʘʢʨʝʧ-
ʣʝʥʥʳʤ ʣʝʚʳʤ ʢʦʥʮʦʤ ʠ ʩʚʦʙʦʜʥʳʤ ʧʨʘʚʳʤ ʢʦʥʮʦʤ. ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷ-

ʞʝʥʠʷ ʠ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʥʘ ʣʝʚʦʡ ʫʧʨʫʛʦʡ ʦʧʦʨʝ ʧʨʠ ʟʘʜʘʥʥʳʭ ʚʨʝʤʝʥʘʭ ʠ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʤ ʫʧʨʦʯʥʝʥʠʷ ʧʦ ʧʘʨʘʤʝʪʨʫ 
N

K  ʧʨʠʚʦʜʠʪʩʷ ʥʘ ʨʠʩ. 6. 
 

  
 

ʈʠʩ. 6. ʀʟʤʝʥʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʥʘ ʧʦʜʘʪʣʠʚʦʤ ʢʦʥʮʝ ʪʨʫʙʦʧʨʦʚʦʜʘ  
ʧʨʠ ʟʘʜʘʥʥʳʤ ʚʨʝʤʝʥʘʤ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʫʧʨʦʯʥʝʥʠʷ çʩè ʧʦ ʧʘʨʘʤʝʪʨʫ KN 
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ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʠ ʜʨʫʛʠʭ ʥʝʣʠʥʝʡʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʩʠʩʪʝʤʝ çʪʨʫʙʘ-ʛʨʫʥʪè, ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʠ ʜʨʫʛʠʭ ʢʨʘʝʚʳʭ ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠ ʧʨʦʛʨʘʤʤʘ ʨʘʩʯʝʪʘ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʧʦʟʚʦʣʷʶʪ ʨʝʰʠʪʴ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ  

ʩ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʧʨʠ ʨʘʟʥʳʭ ʚʠʜʘʭ ʜʚʠʞʝʥʠʷ ʛʨʫʥʪʘ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ. 
ɺ ʩʪʘʪʴʝ ʚ ʦʩʥʦʚʥʦʤ ʨʝʰʘʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʧʨʠ ʥʝʣʠʥʝʡʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʨʫʥʪʘ 

ʩ ʧʦʜʟʝʤʥʳʤ ʪʨʫʙʦʧʨʦʚʦʜʦʤ. ʇʨʠʚʦʜʠʪʩʷ ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʥʝʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʛʨʫʥʪʦʤ ʠ ʧʦʜʟʝʤʥʳʤ ʪʨʫʙʦʧʨʦʚʦʜʦʤ ʧʨʠ ʩʝʡʩʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. 

ʌʦʨʤʫʣʠʨʫʝʪʩʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʜʟʝʤʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʥʝʣʠ-

ʥʝʡʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʛʨʫʥʪʦʤ. ʂʦʥʢʨʝʪʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʝʡʩʤʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʧʦʜʟʝʤʥʦ-

ʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʛʨʫʥʪʦʤ ʧʦ ʙʠʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ. ʈʝʰʘʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʟʘʜʘʯʘ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʦʯʥʝʥʠʷ ʛʨʫʥʪʘ çʩè ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʘʪʣʠʚʦʩʪʠ 

ʦʧʦʨʳ 
N

K . ʇʨʠʚʦʜʠʪʩʷ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɽʩʣʠ ʠʩʭʦʜʠʪʴ ʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʦʯʝʥʠʷ ʛʨʫʥʪʘ çʩè ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʘʪʣʠʚʦʩʪʠ 

ʦʧʦʨʳ 
N

K  ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʥʘʯʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʨʠʢʣʘʜʥʫʶ ʧʨʦʛʨʘʤʤʫ 

ʨʘʩʯʝʪʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʛʨʫʞʝʥʠʷʭ. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʦʙʠʣʴʥʳʤ ʢʦʣʝʩʥʳʤ ʜʠʘʛʥʦ-

ʩʪʠʯʝʩʢʠʤ ʨʦʙʦʪʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʛʘʟʦʧʨʦʚʦʜʦʚ. ʈʘʙʦʪʘ ʩʠʩʪʝʤʳ ʦʩʥʦʚʘʥʘ ʥʘ ʤʝʪʦʜʠʢʝ 

ʥʝʯʝʪʢʦʛʦ ʩʠʪʫʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʦʤ, ʢʦʪʦʨʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʨʦ-

ʙʦʪʘʤʠ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʦʧʨʦʚʦʜʘ. 
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ARCHITECTURE OF CONTROL SYSTEM OF MOBILE WHEEL ROBOT  

FOR GAS PIPELINE INSPECTION  

 
The designed architecture of control system of mobile wheel robot for gas pipeline inspection is presented in 

this paper. This system functioning is based on fuzzy situational control technique which suits for decision of dif-

ficult control task in conditions of gas pipeline parameters changes. 

 

Key words: mobile robots, gas pipeline inspection, touch subsystem, robot control system. 

 

 

ɺʚʝʜʝʥʠʝ 

ʄʝʨʦʧʨʠʷʪʠʷ ʧʦ ʚʥʫʪʨʠʪʨʫʙʥʦʡ ʜʠʘʛʥʦʩʪʠʢʝ, ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ ʨʝʤʦʥʪʫ ʛʘʟʦʧʨʦʚʦʜʦʚ ʜʦʣʞʥʳ 
ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʝʧʨʝʨʳʚʥʦ, ʧʦʩʢʦʣʴʢʫ ʦʪ ʥʠʭ ʟʘʚʠʩʠʪ ʙʝʟʦʧʘʩʥʘʷ ʠ ʵʬʬʝʢʪʠʚʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʛʘ-

ʟʦʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ. ʇʨʠʤʝʥʝʥʠʝ ʨʦʙʦʪʦʚ ʜʣʷ ʠʥʩʧʝʢʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʨʝʰʝʥʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʧʨʝʜʫʧʨʝʞʜʘʪʴ ʪʝʭʥʦʛʝʥʥʳʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʢʘʪʘʩʪ-
ʨʦʬʳ. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʨʦʙʦʪʦʚ ʷʚʣʷʝʪʩʷ ʜʠʘʛʥʦʩʪʠʢʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʙʝʟ ʚʩʢʨʳʪʠʷ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ ʨʘʙʦʪʫ ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ɿʘʜʘʯʝʡ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ ʷʚʣʷʝʪʩʷ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʯʪʦ 

ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʦʤ [1]. 
ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʦʙʠʣʴʥʳʤ ʨʦʙʦʪʦʤ ʜʣʷ ʧʨʦʚʝ-

ʜʝʥʠʷ ʚʥʫʪʨʠʪʨʫʙʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʛʘʟʦʧʨʦʚʦʜʦʚ, ʩʧʦʩʦʙʥʳʤ ʧʨʦʠʟʚʦʜʠʪʴ ʥʘʚʠʛʘʮʠʶ ʚ ʛʘʟʦʧʨʦ-

ʚʦʜʘʭ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ.  
ʆʩʥʦʚʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʚʘʪʴ ʤʦʙʠʣʴʥʦʤʫ ʨʦʙʦʪʫ ʚʥʫʪʨʠ ʛʘʟʦʧʨʦ-

ʚʦʜʘ (ʧʨʝʮʝʜʝʥʪʳ): ʧʦʚʦʨʦʪʳ ʪʨʫʙʳ; ʪʨʦʡʥʠʢʠ, ʦʪʚʦʜʳ ʪʨʫʙʦʧʨʦʚʦʜʘ; ʩʫʞʝʥʠʷ (ʫʚʝʣʠʯʝʥʠʷ) ʜʠʘ-

ʤʝʪʨʘ ʪʨʫʙʳ; ʚʥʫʪʨʝʥʥʠʝ ʧʦʜʢʣʘʜʢʠ, ʩʚʘʨʥʳʝ ʰʚʳ; ʛʦʬʨʳ; ʠʟʤʝʥʝʥʠʝ ʥʘʢʣʦʥʘ ʪʨʫʙʳ, ʚʝʨʪʠʢʘʣʴʥʳʝ 
ʫʯʘʩʪʢʠ; ʠʟʤʝʥʝʥʠʷ ʜʠʘʤʝʪʨʘ ʠ ʬʦʨʤʳ ʪʨʫʙʳ (ʚʤʷʪʠʥʳ, ʦʚʘʣʴʥʦʩʪʠ, ʩʧʣʶʱʠʚʘʥʠʷ, ʩʫʞʝʥʠʷ) [2]. 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʘ ʨʝʰʘʪʴ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʤʦʙʠʣʴʥʳʤ ʨʦʙʦʪʦʤ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʠʥʩʧʝʢʮʠʠ ʛʘʟʦʧʨʦʚʦʜʦʚ:  

ï ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʩʧʦʣʦʞʝʥʠʠ ʨʦʙʦʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʲʝʢʪʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ: ʩʪʝʥʦʢ 
ʪʨʫʙʦʧʨʦʚʦʜʘ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʧʨʝʧʷʪʩʪʚʠʡ; ʦʙʨʘʙʦʪʢʘ ʩʝʥʩʦʨʥʳʭ ʜʘʥʥʳʭ ʦ ʨʦʙʦʪʝ ʠ ʚʥʝʰʥʝʡ 

ʩʨʝʜʝ ʚʦʢʨʫʛ ʥʝʛʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ;  

ï ʧʣʘʥʠʨʦʚʘʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʷʩʥʝʥʠʶ ʮʝʣʝʚʳʭ ʟʘʜʘʥʠʡ (ʜʦʩʪʠʞʝʥʠʝ ʛʣʦʙʘʣʴʥʳʭ ʮʝʣʝʡ) 
ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʜʟʘʜʘʯ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʟʘʜʘʥʠʷ 

(ʜʦʩʪʠʞʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʮʝʣʝʡ);  

ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ 

ʨʦʙʦʪʘ, ʢʦʪʦʨʳʝ ʙʳ ʧʨʠʚʦʜʠʣʠ ʢ ʚʳʧʦʣʥʝʥʠʶ ʨʦʙʦʪʦʤ ʣʦʢʘʣʴʥʦʡ ʧʦʜʟʘʜʘʯʠ;  
ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʟʘʜʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʦʙʦʪʘ, ʢʦʪʦ-

ʨʳʝ ʙʳ ʧʨʠʚʦʜʠʣʠ ʢ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦʤʫ ʠ ʙʳʩʪʨʦʤʫ ʚʳʧʦʣʥʝʥʠʶ ʠʤʠ ʧʨʦʛʨʘʤʤʥʦʡ ʪʨʘʝʢʪʦ-

ʨʠʠ ʜʚʠʞʝʥʠʷ; 
ï ʦʨʛʘʥʠʟʘʮʠʷ ʜʠʘʣʦʛʘ ʩ ʦʧʝʨʘʪʦʨʦʤ, ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. 

ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʉ ʫʯʝʪʦʤ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ 
ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʤʦʙʠʣʴʥʳʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ 

ʨʦʙʦʪʦʤ ʧʨʝʜʣʦʞʝʥʘ ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʩʪʨʫʢʪʫʨʘ 

ʵʪʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ 

ʫʨʦʚʥʷ: ʨʝʛʫʣʷʪʦʨʥʳʡ, ʩʠʪʫʘʮʠʦʥʥʳʡ ʠ ʠʩʧʦʣʥʠ-
ʪʝʣɹʥʳʡ. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ ʨʘʟʥʳʭ 

ʫʨʦʚʥʝʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

ʉʝʥʩʦʨʥʘʷ ʧʦʜʩʠʩʪʝʤʘ

3. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ

1. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʫʨʦʚʥʷ

2. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʩʠʪʫʘʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ

ʀʥʪʝʨʬʝʡʩ ʦʧʝʨʘʪʦʨʘ

ʈʠʩ. 1. ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 
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ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʫʨʦʚʥʷ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: 
ï ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʜʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʠʘʤʝʪʨʘ ʨʦʙʦʪʘ; 
ï ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʜʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʠʣʳ ʧʨʠʞʘʪʠʷ ʢʦʣʝʩʥʳʭ ʤʦʜʫʣʝʡ  

ʢ ʩʪʝʥʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ; 
ï ʨʝʛʫʣʷʪʦʨ ʜʠʘʤʝʪʨʘ ʨʦʙʦʪʘ; 
ï ʨʝʛʫʣʷʪʦʨ ʩʠʣʳ ʧʨʠʞʘʪʠʷ ʢʦʣʝʩʥʳʭ ʤʦʜʫʣʝʡ ʢ ʩʪʝʥʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ. 
ʅʘ ʩʠʪʫʘʮʠʦʥʥʦʤ ʫʨʦʚʥʝ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʚʝʜʝʥʠʝ ʨʦʙʦʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʝʡ ʩʠʪʫʘ-

ʮʠʠ [3]. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʪʚʝʯʘʝʪ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʷʤʠ ʪʨʝʭ ʢʦʣʝʩʥʳʭ ʤʦʜʫʣʝʡ ʧʨʠ ʧʨʝʦʜʦ-
ʣʝʥʠʠ ʧʦʚʦʨʦʪʦʚ ʠ ʪʨʦʡʥʠʢʦʚ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʛʘʟʦʧʨʦʚʦʜʝ. 
ʆʩʥʦʚʦʡ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʦʙʠʣʴʥʳʤ ʢʦʣʝʩʥʳʤ ʨʦʙʦʪʦʤ ʷʚʣʷʝʪʩʷ ʤʝ-

ʪʦʜʠʢʘ ʩʠʪʫʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʝ. ɺʳʙʦʨ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ 
ʫʧʨʘʚʣʝʥʠʷ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʤʥʦʛʦʦʙʨʘʟʠʝ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʡ ʩʨʝʜʳ ʬʫʥʢʮʠʦʥʠʨʦ-
ʚʘʥʠʷ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ ʩʣʦʞʥʦ ʦʧʠʩʘʪʴ ʦʛʨʘʥʠʯʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʘʚʠʣ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ 
ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʘʥʜ, ʚ ʩʚʷʟʠ ʩ ʠʭ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ 
ʥʝʯʝʪʢʦʛʦ ʩʠʪʫʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ 
ʨʝʰʝʥʠʡ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʩʫʱʝʩʪʚʝʥʥʦʤ ʩʦʢʨʘʱʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʘʚʠʣ. 
ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʩʠʪʫʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʨʦ-
ʙʦʪʦʤ ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ [4].  
ʀʩʧʦʣʥʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘʤʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʜʩʠʩʪʝ-

ʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʨʝʭ ʢʦʣʝʩʥʳʭ ʤʦʜʫʣʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʜ ʫʛʣʦʤ 120Á ʜʨʫʛ ʢ ʜʨʫʛʫ, ʠ ʮʝʥ-
ʪʨʘʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩʠʩʪʝʤʳ, ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ ʠʟʤʝʥʝʥʠʝ ʜʠʘʤʝʪʨʘ ʨʦʙʦʪʘ ʠ ʩʠʣʳ ʧʨʠʞʘʪʠʷ ʢʦ-
ʣʝʩʥʳʭ ʤʦʜʫʣʝʡ ʢ ʩʪʝʥʢʘʤ ʪʨʫʙʳ. 

ʆʧʠʩʘʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʦʙʠʣʴʥʳʤ ʨʦʙʦʪʦʤ 

ʉʦʩʪʘʚʠʤ ʩʭʝʤʫ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʦʙʠʣʴʥʳʤ ʨʦʙʦʪʦʤ, ʫʯʠʪʳʚʘʷ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʧʨʠ-
ʟʥʘʢʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʥʘʙʦʨ ʚʥʫʪʨʝʥʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ 
ʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ [5]. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ 
ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

 

ʇʦʜʩʠʩʪʝʤʘ ʠʩʧʦʣʥʠʪʝʣɹʥrʭ ʤʝʭʘʥʠʟʤʦʚ

ʎʝʥʪʨʘʣɹʥrʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠ̫ʉʝʥʩʦʨʥʘ̫ ʧʦʜʩʠʩʪʝʤʘ

ɹʣʦʢ ʦʧʨʝʜʝʣʝʥʠ̫ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʛʘʪʝʣʝʡ

ʆʧʨʝʜʝʣʝʥʠʝ ʫʛʣʘ 

ʥʘʢʣʦʥʘ 

ʛʘʟʦʧʨʦʚʦʜʘ

ʆʧʨʝʜʝʣʝʥʠʝ 

ʦʨʠʝʥʪʘʮʠʠ 

ʢʦʣʝʩʥrʭ ʤʦʜʫʣʝʡ

ʆʧʨʝʜʝʣʝʥʠʝ 

ʨʘʜʠʫʩʘ ʧʦʚʦʨʦʪʘ 

ʛʘʟʦʧʨʦʚʦʜʘ

ʆʧʨʝʜʝʣʝʥʠʝ 

ʜʠʘʤʝʪʨʘ 

ʛʘʟʦʧʨʦʚʦʜʘ

ɹʣʦʢ ʦʮʝʥʢʠ 

ʩʦʩʪʦ̫ʥʠʡ

ɹʣʦʢ ʧʨʠʥ̫ʪʠ̫ 

ʨʝhʝʥʠʡ

ɹʣʦʢ ʚrʜʘʯʠ 

ʫʧʨʘʚʣ̫ʶɦ ʠʡ 

ʚʦʟʜʝʡʩʪʚʠʡ

ʂʦʣʝʩʥrʡ 

ʤʦʜʫʣɹ 1

ʂʦʣʝʩʥrʡ 

ʤʦʜʫʣɹ 2

ʂʦʣʝʩʥrʡ 

ʤʦʜʫʣɹ 3

ʎʝʥʪʨʘʣɹʥr

ʡ ʜʚʠʛʘʪʝʣɹ

ɼʘʪʯʠʢ 

ʢʦʥʪʨʦʣ̫ 

ʧʘʨʘʤʝʪʨʦʚ 

ʜʚʠʛʘʪʝʣ̫ 1

ɼʘʪʯʠʢ 

ʢʦʥʪʨʦʣ̫ 

ʧʘʨʘʤʝʪʨʦʚ 

ʜʚʠʛʘʪʝʣ̫ 2

ɼʘʪʯʠʢ 

ʢʦʥʪʨʦʣ̫ 

ʧʘʨʘʤʝʪʨʦʚ 

ʜʚʠʛʘʪʝʣ̫ 3

ɼʘʪʯʠʢ 

ʢʦʥʪʨʦʣ̫ 

ʧʘʨʘʤʝʪʨʦʚ 

ʮʝʥʪʨ. 

ʜʚʠʛʘʪʝʣ̫

ʀʥʪʝʨʬʝʡʩ ʦʧʝʨʘʪʦʨʘ

ɿʘʜʘʥʠʝ ʮʝʣʝʚrʭ 

ʥʘʧʨʘʚʣʝʥʠʡ

ʇʨʠʥ̫ʪʠʝ ʨʝhʝʥʠ̫ 

ʚ ʢʨʠʪʠʯʥrʭ 

ʩʠʪʫʘʮʠ̫ʭ

 
ʈʠʩ. 2. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 



ǨǻȎȅǻ, ȉǼȋǻȂȉǽǻȈȃȀ, ȃȈȈȉǽǻȑȃȃ: ȊȎȍȃ ȋǻȂǽȃȍȃȚ 
 

16 

ʆʩʥʦʚʥʳʤʠ ʯʘʩʪʷʤʠ ʩʭʝʤʳ ʷʚʣʷʶʪʩʷ 4 ʙʣʦʢʘ: ʩʝʥʩʦʨʥʘʷ ʧʦʜʩʠʩʪʝʤʘ, ʮʝʥʪʨʘʣʴʥʳʡ ʙʣʦʢ 
ʫʧʨʘʚʣʝʥʠʷ, ʧʦʜʩʠʩʪʝʤʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʠʥʪʝʨʬʝʡʩ ʦʧʝʨʘʪʦʨʘ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝ-

ʥʠʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʝʰʝʥʠʝ ʣʦʢʘʣʴʥʳʭ (ʧʨʝʦʜʦʣʝʥʠʝ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʧʨʝʧʷʪʩʪʚʠʡ) ʠ ʛʣʦ-

ʙʘʣʴʥʳʭ ʟʘʜʘʯ (ʧʨʦʭʦʞʜʝʥʠʝ ʚʩʝʭ ʮʝʣʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʟʘʜʘʚʘʝʤʳʭ ʦʧʝʨʘʪʦʨʦʤ) ʚ ʧʨʦʮʝʩʩʝ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʦʙʦʪʘ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ [6]. 

ʉʝʥʩʦʨʥʘʷ ʧʦʜʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʘʪʯʠʢʠ ʠ ʩʝʥʩʦʨʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʥʘʢʣʦʥʘ ʛʘ-

ʟʦʧʨʦʚʦʜʘ, ʜʠʘʤʝʪʨʘ ʛʘʟʦʧʨʦʚʦʜʘ, ʨʘʜʠʫʩʘ ʧʦʚʦʨʦʪʘ ʪʨʫʙʳ ʠ ʫʛʣʘ ʦʨʠʝʥʪʘʮʠʠ ʢʦʣʝʩʥʳʭ ʤʦʜʫʣʝʡ 
ʨʦʙʦʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʠ. 

ʎʝʥʪʨʘʣʴʥʳʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʠʪ ʠʭ ʪʨʝʭ ʛʣʘʚʥʳʭ ʯʘʩʪʝʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʥʝʯʝʪʢʦʛʦ ʩʠʪʫʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ: ʙʣʦʢ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʡ, ʙʣʦʢ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʠ ʙʣʦʢ ʚʳʜʘʯʠ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ.  
ɺ ʙʣʦʢʝ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʬʦʨʤʘʣʠʟʘʮʠʷ ʧʨʠʟʥʘʢʦʚ, ʬʘʟʟʠʬʠʢʘʮʠʷ ʚʭʦʜʥʳʭ ʧʝ-

ʨʝʤʝʥʥʳʭ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʪʫʘʮʠʡ. ɺ ʙʣʦʢʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʫʧʨʘʚʣʷʶʱʠʭ ʨʝʰʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʤʥʦʞʝʩʪʚʘ ʫʧʨʘʚʣʷʶʱʠʭ 
ʨʝʰʝʥʠʡ. ɹʣʦʢ ʚʳʜʘʯʠ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʝʬʘʟʟʠʬʠʢʘʮʠʶ ʚʳʭʦʜʥʳʭ ʧʝʨʝ-

ʤʝʥʥʳʭ ʠ ʨʘʩʯʝʪ ʟʥʘʯʝʥʠʡ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ. 

ʊʨʠ ʢʦʣʝʩʥʳʭ ʤʦʜʫʣʷ ʠ ʮʝʥʪʨʘʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ ʨʦʙʦʪʘ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʠʟʤʝʥʝʥʠʝ ʜʠʘʤʝʪʨʘ 

ʨʦʙʦʪʘ ʠ ʩʠʣʫ ʫʧʦʨʘ ʚ ʩʪʝʥʢʫ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʧʦʜʩʠʩʪʝʤʳ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ 
ʤʝʭʘʥʠʟʤʦʚ. ɺ ʥʝʝ ʪʘʢʞʝ ʚʭʦʜʷʪ ʙʣʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʛʘʪʝʣʷ ʠ ʜʘʪʯʠʢʠ ʢʦʥʪʨʦʣʷ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʪʦʨʦʚ. 

ʀʥʪʝʨʬʝʡʩ ʦʧʝʨʘʪʦʨʘ ʩʦʩʪʦʠʪ ʠʟ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʟʘʜʘʥʠʷ ʮʝʣʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʦʙʦʪʘ (ʦʧ-
ʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʘʚʳʭ ʠ ʣʝʚʳʭ ʧʦʚʦʨʦʪʦʚ ʚ ʩʣʫʯʘʝ ʪʨʦʡʥʠʢʦʚ) ʠ ʧʨʦʛʨʘʤʤʳ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʚ ʩʣʫʯʘʝ ʢʨʠʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ, ʢʦʛʜʘ ʨʦʙʦʪ ʥʝ ʩʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʜʝʡʩʪʚʠʷ ʙʝʟ ʢʦʤʘʥ-

ʜʳ ʦʧʝʨʘʪʦʨʘ, ʥʘʧʨʠʤʝʨ ʚ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʧʨʦʭʦʜʠʤʦʛʦ ʫʯʘʩʪʢʘ ʛʘʟʦʧʨʦʚʦʜʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʨʦʙʦʪʘʤʠ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʦʧʨʦʚʦʜʘ. 
ʇʨʠʤʝʥʝʥʠʝ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ ʜʣʷ ʚʥʫʪʨʠʪʨʫʙʥʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʛʘʟʦʧʨʦʚʦʜʦʚ ʨʘʩʧʨʝʜʝ-

ʣʠʪʝʣʴʥʦʡ ʩʝʪʠ, ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʠ ʪʨʫʙ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦʟʚʦʣʠʪ ʫʚʝ-

ʣʠʯʠʪʴ ʫʜʦʙʩʪʚʦ ʠ ʯʘʩʪʦʪʫ ʧʨʦʚʝʜʝʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʠʪ ʪʨʫʜʦʟʘʪʨʘʪʳ ʠ ʩʪʦʠ-
ʤʦʩʪʴ ʨʘʙʦʪ. 
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ɹʣʘʛʦʚʝʱʝʥʩʢ: ʀʟʜ-ʚʦ ɸʤɻʋ. ï ʉ. 129ï140. 
6. ɻʦʣʫʙʢʠʥ ʀ.ɸ., ʑʝʨʙʘʪʦʚ ʀ.ɸ. ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʩʝʥʩʦʨʥʘʷ ʧʦʜʩʠʩʪʝʤʘ ʤʦʙʠʣʴʥʦʛʦ ʢʦʣʝʩ-

ʥʦʛʦ ʨʦʙʦʪʘ // ɼʘʪʯʠʢʠ ʠ ʩʠʩʪʝʤʳ: ʅʘʫʯ.-ʪʝʭʥ. ʠ ʧʨʦʠʟʚʦʜ. ʞʫʨʥʘʣ. ï 2010. ï ˉ 8 (135), ʘʚʛʫʩʪ. ï 

ʉ. 32ï35. 
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ɸ.ʀ. ʀʩʦʤʠʜʜʠʥʦʚ  

 
ʀʥʩʪʠʪʫʪ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʩʦʦʨʫʞʝʥʠʡ ɸʅ ʈʋʟ, 

ʛ. ʊʘʰʢʝʥʪ, 100125 

e-mail: isomiddinov_a@inbox.uz,  

e-mail: anvari@rambler.ru 

 
ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅɸʗ ʉʀʉʊɽʄɸ ɼʃʗ ʈɽʐɽʅʀʗ ʂʃɸʉʉʀʌʀʎʀʈʆɺɸʅʅʓʍ 

ʌʀɿʀʏɽʉʂʀ ʅɽʃʀʅɽʁʅʓʍ ɿɸɼɸʏ ʕʃɽʄɽʅʊʆɺ ʂʆʅʉʊʈʋʂʎʀʁ  

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʨʝʰʝʥʠʷ ʬʠʟʠʯʝʩʢʠ 

ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʪʠʧʘ ʩʪʝʨʞʥʝʡ ʧʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʧʝʨʝʤʝʥʥʦʤ ʥʘʛʨʫʞʝʥʠʠ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʨʝʰʝʥʳ ʥʝʢʦʪʦʨʳʝ ʬʠʟʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʳʝ ʟʘʜʘʯʠ ʩ ʝʩʪʝ-

ʩʪʚʝʥʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ.  

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʦʨʠʷ ʫʧʨʫʛʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʚʘʨʠʘʮʠʦʥʥʳʡ ʧʨʠʥʮʠʧ, ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ, ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ, ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʘʧ-

ʧʨʦʢʩʠʤʘʮʠʷ, ʢʣʝʪʦʯʥʳʝ ʤʘʪʨʠʮʳ ʠ ʚʝʢʪʦʨʳ.  

 

 
A.I.  Isomiddinov  

 
Institute of structures seismic stability of Academy of sciences of Uzbekistan, 

Tashkent, 100125 

e-mail: isomiddinov_a@inbox.uz,  

e-mail: anvari@rambler.ru 

 
AUTOMATED SYSTEM FOR SOLVING CLASSIFIED PHYSICALLY NONLINEAR  

PROBLEMS OF STRUCTURAL ELEMENTS  

 
The article describes the mathematical models and computational algorithms for the solution of physically 

nonlinear problems of structural elements as cores at spatially - variable loadings. Using the automated system 

solved some physically nonlinear problems with natural boundary conditions. 

 
Key words: the theory of elasticity and plasticity, deformation, variation principle, modeling, regional tasks, 

boundary conditions, numerical methods, computing algorithms, approximation, cellular matrix and vectors. 

 

 
ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʫʧʨʫʛʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʧʨʦʙʣʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʬʠʟʠʯʝʩʢʠ ʥʝʣʠ-

ʥʝʡʥʳʭ ʟʘʜʘʯ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʪʠʧʘ ʩʪʝʨʞʥʝʡ ʧʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʧʝʨʝʤʝʥʥʦʤ ʥʘʛʨʫ-

ʞʝʥʠʠ ʦʩʪʘʶʪʩʷ ʜʦ ʩʠʭ ʧʦʨ ʥʘ ʫʨʦʚʥʝ ʧʦʩʪʘʥʦʚʢʠ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʴʶ-

ʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʢʘ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʠ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʘʩʯʝʪʘ ʪʦʥʢʦʩʪʝʥʥʳʭ ʩʪʝʨʞʥʝʡ ʧʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʥʘʛʨʫʞʝʥʠʠ. ɺ ʨʘʙʦʪʝ 

ʧʨʠʚʝʜʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʘʩʯʝʪʘ ʪʦʥʢʦʩʪʝʥʥʳʭ ʩʪʝʨʞ-

ʥʝʡ ʧʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʞʝʥʠʷʭ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʤʘʣʳʭ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝ-

ʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ɸ.ɸ. ʀʣʴʶʰʠʥʘ ʠ ʫʪʦʯʥʝʥʥʦʡ ʪʝʦʨʠʠ ʩʪʝʨʞʥʝʡ, ʧʨʝʜʣʦʞʝʥʥʦʡ ɺ.ɿ. ɺʣʘʩʦʚʳʤ, 

ɻ.ʖ. ɼʞʘʥʝʣʠʜʟʝ ʠ ɺ.ʂ. ʂʘʙʫʣʦʚʳʤ [1]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʧʦʚʪʦʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʥʘʛʨʫʞʝʥʠʷʭ ʚʝʣʠʯʠʥʘ ʪʝ-

ʢʫʱʝʡ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʫ ʥʘʛʨʫʟʢʠ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʣʫʮʠʢʣʘ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʨʝʰʝʥʠʷ ʢʨʘʝʚʳʭ ʟʘʜʘʯ, ʩʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [2], ʪʝʢʫʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʥʘʧʨʷʞʝʥʠʡ ʚʳʨʘʟʠʤ ʯʝʨʝʟ 

ʪʝʢʫʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʜʝʬʦʨʤʘʮʠʠ: 

mailto:isomiddinov_a@inbox.uz
mailto:anvari@rambler.ru
mailto:isomiddinov_a@inbox.uz
mailto:anvari@rambler.ru


ǨǻȎȅǻ, ȉǼȋǻȂȉǽǻȈȃȀ, ȃȈȈȉǽǻȑȃȃ: ȊȎȍȃ ȋǻȂǽȃȍȃȚ 
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ʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (ʟʘʱʝʤʣʝʥʥʳʡ), ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ: 
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 ï ʢʣʝʪʦʯʥʳʡ ʚʝʢʪʦʨ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʚʠʜʝ: 
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ɼʣʷ ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (4), (5) ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʤʝʪʦʜʘ ʤʘʪʨʠʯʥʦʡ ʧʨʦʛʦʥʢʠ ʠ 
ʥʝʷʚʥʳʡ ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʦʩʪʘʚʣʝʥʘ ʤʦʜʠʬʠʮʠʨʦ-

ʚʘʥʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʧʨʦʛʨʘʤʤʘ (ʨʠʩ.1) ʥʘ Delphi 7.0. [5]. 

 

 
 

ʈʠʩ. 1. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʨʝʰʝʥʠʷ ʬʠʟʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯ ʩʪʝʨʞʥʝʡ 
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ʉʦʟʜʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ, ʚ ʚʠʜʝ ʪʘʙʣʠʮ ʠ ʛʨʘʬʠʢʦʚ, ʠ 
ʟʘʧʠʩʴ ʠʭ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʬʘʡʣʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ  ʨʘʩʩʤʦʪʨʝʥʠʷ ʠ ʘʥʘʣʠʟʘ. 

ʅʘ ʦʩʥʦʚʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʘ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʅɼʉ) ʩʪʝʨʞʥʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʣʦʩʢʦʩʪʷʭ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ, ʩʤʝ-
ʰʘʥʥʳʤʠ ʠ ʩʪʘʪʠʯʝʩʢʠʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʠ ʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʞʝʥʠʷʭ. ɺ [3] ʢʣʘʩʩʠ-

ʬʠʮʠʨʦʚʘʥʳ ʥʝʢʦʪʦʨʳʝ ʬʠʟʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʳʝ ʟʘʜʘʯʠ ʩʪʝʨʞʥʝʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʝʨʝʤʝʥʥʳʭ 

ʥʘʛʨʫʟʦʢ ʚ ʨʘʟʣʠʯʥʳʭ ʧʣʦʩʢʦʩʪʷʭ.  
ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʝ ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ ʩʪʝʨʞʥʷ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ()
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1. ʀʟʛʠʙ ʩʪʝʨʞʥʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ XOZ :  () () (){ }kkk WV
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2. ʀʟʛʠʙ ʩʪʝʨʞʥʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ XOZ  ʩ ʫʯʝʪʦʤ  ʧʦʧʝʨʝʯʥʦʛʦ ʩʜʚʠʛʘ 
1
b: 
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3. ʀʟʛʠʙ ʩʪʝʨʞʥʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ XOZ  ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ YOX ʧʣʦʩʢʦʩʪʷʭ ʩ ʫʯʝʪʦʤ ʧʦʧʝ-

ʨʝʯʥʦʛʦ ʩʜʚʠʛʘ
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b: 
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4. ʀʟʛʠʙ ʩʪʝʨʞʥʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ XOZ  ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ YOX ʧʣʦʩʢʦʩʪʷʭ ʩ ʫʯʝʪʦʤ ʧʦʧʝ-

ʨʝʯʥʳʭ ʩʜʚʠʛʦʚ 
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5. ʀʟʛʠʙ ʩʪʝʨʞʥʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ XOZ  ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ YOX ʧʣʦʩʢʦʩʪʷʭ ʩ ʫʯʝʪʦʤ ʧʦʧʝ-

ʨʝʯʥʳʭ ʩʜʚʠʛʦʚ 
1
b, 

2
b, ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ U, ʢʨʫʯʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ q ʠ ʧʦ-

ʛʦʥʥʦʡ ʟʘʢʨʫʪʢʠ n:  
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ʂʨʘʝʚʳʝ ʟʘʜʘʯʠ ʨʝʰʝʥʳ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ: ʯʠʩʣʦ ʫʟʣʦʚ 40=N ; ʯʠʩʣʦ ʧʝ-

ʨʝʤʝʥʥʳʭ ʥʘʛʨʫʞʝʥʠʡ 10=k ; ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʝʨʞʥʷ: 

ʩʤ 350=l , ʩʤ 20
0
=h , ʩʤ 20

0
=b , 26ʢʛ/ʩʤ10*2=E , 

2ʢʛ/ʩʤ3210=s
s ; ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ-

ʥʳʝ ʚʥʝʰʥʠʝ ʥʘʛʨʫʟʢʠ: 50
0
=+f ,  100

0
=-f ,  20

0
=+f ,  10

0
=-f )ʢʛ/ʩʤ( 2

. 

ʊʘʙʣʠʮʘ  

ɿʥʘʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʢʪʦʨʘ ʚʥʫʪʨʝʥʥʠʭ ʫʩʠʣʠʡ 
()kP
C

  

i
V
C

 k  
1-ʷ ʟʘʜʘʯʘ  

(g=3) 

2-ʷ ʟʘʜʘʯʘ 

(g=3) 

3-ʷ ʟʘʜʘʯʘ  

(g=4) 

4-ʷ ʟʘʜʘʯʘ  

(g=5) 

5-ʷ ʟʘʜʘʯʘ  

(g=5) 

()kQ
1 *10ï2 1 ï9,23699 ï9,55591 ï9,55362 ï9,55255 ï9,54865 

10 9,23740 9,55676 9,55596 9,55568 9,55423 

()k

y
M *10ï4 

1 4,47683 4,47802 4,44812 4,44496 4,36166 

10 ï4,47714 ï4,47864 ï4,45011 ï4,44719 ï4,36629 

()k

a
M

1 *10ï2 
1 0 ï1,60038 ï1,59653 ï1,58451 ï1,55744 

10 0 1,60052 1,59698 1,58548 1,55913 

()kQ
2 *10ï2 

1 0 0 ï8,66699 ï8,96428 ï8,96061 

10 0 0 8,66928 8,96722 8,96582 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ.  
 

()k

z
M *10ï4 

1 0 0 4,19825 4,19770 4,19530 

10 0 0 ï4,19962 ï4,19926 ï4,19812 

()k

a
M

2
*10ï2 

1 0 0 0 ï1,47993 ï1,45447 

10 0 0 0 1,48075 1,45589 

()k

x
N *10ï2 

1 0 0 0 0 ï7,86631 

10 0 0 0 0 7,90316 

()k

x
M *10ï2 

1 0 0 0 0 1,80799 

10 0 0 0 0 ï1,80842 

()kM
j

*10ï2 
1 0 0 0 0 2,85067 

10 0 0 0 0 ï2,85633 

()k

a
Q

1
*10ï2 

1 0 1,59265 1,59300 1,59305 1,58974 

10 0 ï1,59279 ï1,59338 ï1,59355 ï1,59068 

()k

a
Q

2
*10ï2 

1 0 0 0 1,49494 1,49172 

10 0 0 0 ï1,49543 ï1,49261 

()kM
j

*10ï1 
1 0 0 0 0 5,06935 

10 0 0 0 0 ï5,31192 

 
ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 
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 ʚ ʪʦʯʢʘʭ 

i
x  ʧʨʠ k= 1 ʠ 10-ʡ ʥʘʛʨʫʞʝʥʠʡ. ʂʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʠ g ʣʝʞʠʪ ʚ 

ʠʥʪʝʨʚʘʣʝ 53 ¢g¢ . 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʰʘʛ ʟʘ ʰʘʛʦʤ ʜʦʙʘʚʣʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʡ 
i

V
C

 ʚʣʠʷʝʪ ʥʘ ʢʠʥʝʪʠʢʫ ʠʟʤʝʥʝʥʠʡ ʅɼʉ.  

ʀʟ ʨʘʩʯʝʪʘ ʚʠʜʥʦ, ʯʪʦ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʪʝʨʞʥʷ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʚ 

ʢʘʢʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟʛʠʙ, ʠ ʫʯʝʪʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʜʚʠʛʘ ʠ ʢʨʫʯʝʥʠʷ. ɻʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, 

ʚʦ ʚʨʝʤʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʧʝʨʝʤʝʥʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʵʣʝʤʝʥʪʳ 

ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ.  

ʆʙʱʠʝ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ:  

- ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʤʘʣʳʭ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ɸ.ɸ. ʀʣʴʶʰʠʥʘ ʠ ʫʪʦʯʥʝʥʥʦʡ 

ʪʝʦʨʠʠ ɺ.ʂ. ʂʘʙʫʣʦʚʘ ʧʦʩʪʨʦʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʨʝʰʝʥʠʷ ʬʠʟʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʳʭ 

ʟʘʜʘʯ ʩʪʝʨʞʥʝʡ ʧʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʧʝʨʝʤʝʥʥʦʤ ʥʘʛʨʫʞʝʥʠʠ; 

- ʧʦʩʪʨʦʝʥʳ ʜʠʩʢʨʝʪʥʳʝ ʤʦʜʝʣʠ, ʨʘʟʨʘʙʦʪʘʥʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ ʥʘ ʦʩʥʦʚʝ ʮʝʥ-

ʪʨʘʣʴʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ɸ.ɸ. ʉʘʤʘʨʩʢʦʛʦ, ʀ.ɺ. ʌʨʷʟʠʥʦʚʘ; 

- ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʦʟʜʘʥʘ ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʘ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʷʟʳʢʝ Borland Delphi Enterprise; 

- ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʝʰʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʥʝʣʠʥʝʡʥʳʭ ʢʨʘʝʚʳʭ 

ʟʘʜʘʯ ʩʪʝʨʞʥʝʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʞʝʥʠʷʭ ʥʘ ʢʦʤʧʴʶʪʝʨʝ. 

ʃʠʪʝʨʘʪʫʨʘ 
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ʬʠʮʠʝʥʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʠʤ ʛʨʫʥʪʦʤ ʧʨʠ ʜʝʡʩʪʚʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʩ ʠʩʧʦʣʴʟʦʚʘ-
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ALGORITHM FOR THE DECISION OF UNDERGROUND PLASTIC PIPES  

UNDER DYNAMIC LOADS  
 

This article provides solutions SDS polymer underground piping with a variable coefficient of interaction 

with the surrounding soil under dynamic loads using finite difference method of the second order accuracy. Prob-

lems were solved by the two kinds of boundary conditions, the results are presented as graphs with analysis. 
 

Key words: underground pipeline, seismic loads, the interaction variable coefficients, finite difference method. 
 

 

ɸʥʘʣʠʟ ʚʦʟʜʝʡʩʪʚʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦʩʣʝʜʥʠʭ 20ï30 ʣʝʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʩʦʧʨʦʚʦ-

ʞʜʘʣʠʩʴ ʥʘʨʫʰʝʥʠʷʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʧʦʚʨʝʞʜʝʥʠʷʤʠ 
ʠ ʨʘʟʨʫʰʝʥʠʷʤʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚʦʜʦ-, ʛʘʟʦ- ʠ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. 

ɼʘʥʥʳʝ ʧʦ ʩʪʘʪʠʩʪʠʢʝ ʨʘʟʨʫʰʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʛʘʟʦʧʨʦʚʦʜʦʚ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦ ʚʨʝʤʷ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʷ ʚ ʛ. ʂʦʙʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʣʠʵʪʠʣʝʥʦʚʳʝ ʪʨʫʙʳ ʷʚʣʷʶʪʩʷ ʧʦʢʘ ʝʜʠʥʩʪʚʝʥʥʳʤ ʪʠ-
ʧʦʤ ʪʨʫʙ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʶʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ. ʇʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤ 

ʨʘʟʨʫʰʝʥʠʠ ʛʘʟʦʧʨʦʚʦʜʦʚ ʠʟ ʤʘʪʝʨʠʘʣʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʙʦʣʴʰʦʡ ʞʝʩʪʢʦʩʪʴʶ, ʧʦʣʠʵʪʠʣʝ-

ʥʦʚʳʝ ʛʘʟʦʧʨʦʚʦʜʳ ʚʳʜʝʨʞʘʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʟʝʤʣʠ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ. 

ʇʦʩʣʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʂʦʙʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʪʨʫʙ ʜʣʷ ʛʘʟʦ- ʠ 
ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʙʳʣʦ ʟʘʢʨʝʧʣʝʥʦ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ ʚʦ ʚʩʝʡ ʗʧʦʥʠʠ. 

ɺ ʩʝʡʩʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʙʣʝʤʦʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ çʧʦʜʟʝʤʥʦʝ ʩʦʦʨʫʞʝʥʠʝ ï ʛʨʫʥʪè ʚʳʭʦʜʷʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘ-
ʙʘʪʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʟʘʢʦʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʨʫʞʝʥʠʷ ʩ ʛʨʫʥʪʦʤ, ʫʯʠʪʳʚʘʶʱʠʝ ʧʘʨʘʤʝʪʨʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʨʦʮʝʩʩ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʚʝʨʜʳʭ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʪʝʣ ʩ ʛʨʫʥʪʦʤ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʩʷ ʨʷʜ ʧʦʜʭʦʜʦʚ ʧʦ ʫʯʝʪʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ çʪʨʫʙʘ-
ʛʨʫʥʪè, ʛʜʝ ʥʘʯʘʣʠ ʫʜʝʣʷʪʴ ʚʥʠʤʘʥʠʝ ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ ʛʨʫʥʪʘ, ʨʘʟʨʫʰʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʠ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ. ɻʨʫʥʪʳ, ʦʢʨʫʞʘʶʱʠʝ ʠʭ, ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʠʩʪʦʯʥʠʢʦʤ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʦ ʠ ʫʯʘʩʪʚʫʶʪ ʚ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʩʦʚʤʝʩʪʥʦ ʩ ʩʘʤʠʤ ʪʨʫ-

ʙʦʧʨʦʚʦʜʦʤ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʪʨʫʙʦʧʨʦʚʦʜ ʛʨʫʥʪʦʚʦʡ 
ʩʨʝʜʳ, ʩʪʝʧʝʥʠ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʛʨʫʥʪʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠ ʤʝʭʘʥʠʟʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʨʫʞʝʥʠʷ ʩ ʛʨʫʥʪʦʤ ʙʫʜʫʪ ʨʘʟʣʠʯʥʳʤʠ. ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ-

ʦʙʨʝʪʘʶʪ ʵʤʧʠʨʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʘʥʘʣʠʟʫ ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ  
ʦ ʧʦʚʝʜʝʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ.  
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ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ 
ʧʦʣʠʤʝʨʥʳʤʠ ʪʨʫʙʘʤʠ ʚ ʫʚʣʘʞʝʥʥʦʤ ʛʨʫʥʪʝ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʢʦʣʝʙʘʥʠʷ ʧʦʜʟʝʤʥʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʥʝʦʜʥʦʨʦʜʥʳʭ ʛʨʫʥʪʘʭ, ʚʦʟʥʠʢʰʠʝ ʠʟ-ʟʘ ʧʝʨʝ-

ʤʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  

ʉ ʧʦʤʦʱʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʝʨʞʥʷ ʥʘ ʤʦʜʝʣʷʭ 

ʂʝʣʴʚʠʥʘ ï ʌʦʡʛʪʘ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʜʦʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʢʦʥʝʯʥʦʛʦ ʫʯʘʩʪʢʘ ʧʦʜ-

ʟʝʤʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʧʨʦʜʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʛʨʫʥʪʦʤ. 
ʀʩʧʦʣʴʟʫʝʤ ʤʦʜʝʣʴ ʂʝʣʴʚʠʥʘ ï ʌʦʡʛʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʝʤ ï 

ʜʝʬʦʨʤʘʮʠʝʡ ʠʤʝʝʪ ʚʠʜ  
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ʛʜʝ ɽ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʪʨʫʙʳ, h ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ ʪʨʫʙʳ, )(ʭk
ʭ
ï ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʧʨʦʜʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʛʨʫʥʪʦʚʦʡ ʩʨʝʜʦʡ, R ï ʚʥʝʰʥʠʡ ʨʘʜʠʫʩ ʪʨʫʙʦ-

ʧʨʦʚʦʜʘ, r ï ʚʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ ʪʨʫʙʦʧʨʦʚʦʜʘ, 
0

u  ï ʩʤʝʱʝʥʠʝ ʛʨʫʥʪʘ.  

ɽʩʣʠ ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʙʝʟʨʘʟʤʝʨʥʳʝ ʚʝʣʠʯʠʥʳ lxx= , Ruu 2= , ttt Ö=
0
, ʪʦ ʫʨʘʚʥʝʥʠʝ (2) 

ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
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ɺʚʦʜʠʤ ʦʙʦʟʥʘʯʝʥʠʷ 
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ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (4) ʧʝʨʝʧʠʰʝʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 
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ɿʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʯʠʩʣʝʥʥʦ, ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. ʇʨʠ ʵʪʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʩʣʘ-

ʛʘʝʤʳʝ ʫʨʘʚʥʝʥʠʷ (5) ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤʠ ʨʘʟʥʦʩʪʥʳʤʠ ʩʭʝʤʘʤʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 
ʪʦʯʥʦʩʪʠ. 
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ʋʯʠʪʳʚʘʷ (6), ʫʨʘʚʥʝʥʠʝ  (5) ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ 
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ʋʨʘʚʥʝʥʠʝ (7) ʨʝʰʘʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ 
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ʋʤʥʦʞʘʷ ʧʦʩʣʝʜʥʝʝ ʫʨʘʚʥʝʥʠʝ ʥʘ 2t ʠ ʫʯʠʪʳʚʘʷ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 
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ʫʨʘʚʥʝʥʠʝ (8) ʧʝʨʝʧʠʰʝʤ ʚ ʚʠʜʝ  
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ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʚʳʧʦʣʥʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. 
1. ɼʣʷ ʣʝʚʦʛʦ ʢʦʥʮʘ ʩʪʝʨʞʥʷ ʩʪʘʚʠʤ ʫʩʣʦʚʠʷ ʞʝʩʪʢʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ. ʊʦʛʜʘ ʧʨʠ i = 0, u0,j = 0; 

ʅʘ ʧʨʘʚʦʤ ʢʦʥʮʝ ʫʩʣʦʚʠʷ ʧʨʠʥʠʤʘʝʤ ʚ ʚʠʜʝ 0=
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; ʪʦʛʜʘ ʠʩʧʦʣʴʟʫʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʶ 

ʮʝʥʪʨʘʣʴʥʦʡ ʨʘʟʥʦʩʪʠ  
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2. ɼʣʷ ʣʝʚʦʛʦ ʢʦʥʮʘ ʩʪʝʨʞʥʷ ʧʨʠʥʠʤʘʝʤ ʫʩʣʦʚʠʷ )(
0

uuk
x

u
EF
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µ
. ɿʜʝʩʴ kN ï ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʩʪʳʢʦʚ ʪʨʫʙ ʧʨʠ ʜʝʡʩʪʚʠʠ ʧʨʦʜʦʣʴʥʦʡ ʩʠʣʳ. ʊʦʛʜʘ ʠʩʧʦʣʴʟʫʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʶ 
ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʠ ʪʦʯʥʦʩʪʠ ʩ ʰʘʛʦʤ ʚʧʝʨʝʜ 
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ʅʘ ʧʨʘʚʦʤ ʢʦʥʮʝ ʫʩʣʦʚʠʷ ʧʨʠʥʠʤʘʝʤ ʚ ʚʠʜʝ 0=
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ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠʥʠʤʘʝʤ ʚ ʚʠʜʝ 
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ɽʩʣʠ ʫʯʠʪʳʚʘʶʪʩʷ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠ i =  1 ʠ i = N (13), ʪʦ ʫʨʘʚʥʝʥʠʝ (10) ʧʦʣʫʯʘʝʪ ʚʠʜ: 
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ɿʘʜʘʯʘ ʂʦʰʠ (14) ʩ ʫʯʝʪʦʤ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ (13) ʨʝʰʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʷʤʦʡ ʠ 

ʦʙʨʘʪʥʦʡ ʧʨʦʛʦʥʢʠ ʧʨʠ ʢʘʞʜʦʤ ʰʘʛʝ ʚʨʝʤʝʥʠ  Ű ( jt Öt=
~

,0 Ò j Ò M). 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʧʨʦʜʦʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʪʨʫʙʳ ʦʧʨʝʜʝʣʷʶʪʩʷ 
ʧʦ ʬʦʨʤʫʣʝ (1), ʩ ʫʯʝʪʦʤ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ:  
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ů ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʩ ʫʯʝʪʦʤ ʟʘʜʘʥʥʳʭ ʛʨʘ-
ʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ʇʨʠ ʵʪʦʤ ʫʨʘʚʥʝʥʠʝ (15) ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤʠ ʨʘʟʥʦʩʪʥʳʤʠ ʩʭʝ-

ʤʘʤʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ. ʋʨʘʚʥʝʥʠʷ (15) ʧʦʩʣʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʩʣʘ-

ʛʘʝʤʳʭ ʠʤʝʝʪ ʚʠʜ: 
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ɽʩʣʠ ʚ ʟʦʥʝ ʧʦʜʟʝʤʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʛʨʫʥ-
ʪʦʚ, ʪʦ ʵʪʠ ʠʟʤʝʥʝʥʠʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚ ʠʟʤʝʥʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʭ. ɺʠʜʥʦ, ʯʪʦ ʧʨʠʯʠʥʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ, ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʝ: ʠʟʤʝʥʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʛʨʫʥʪʦʚ ʧʦ ʜʣʠʥʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʟʤʝʥʝʥʠʷ ʚ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʛʨʫʥʪʦʚ, ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʠʭ ʩʪʘʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʠ ʜʨʫʛʠʝ. ɺ ʨʘʩ-
ʯʝʪʘʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ ʩʣʫʯʘʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥ-

ʪʘ ʧʨʦʜʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ kʭ(x) ʩ ʛʨʫʥʪʦʤ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚʣʘʞʥʦʩʪʠ w ʧʦ ʦʩʠ ʭ. ʇʨʠʚʝʜʝʥʳ 4 ʩʣʫʯʘʷ ʧʝʨʝʤʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʜʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʧʦʜʟʝʤʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʛʨʫʥʪʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʣʘʞʥʦʩʪʠ w: 

ɼʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʛʨʫʥʪʦʤ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ ʥʘ çBor-

land Delphi 7è ʥʘ ʇʕɺʄ. ʇʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʜʣʷ ʧʦʣʠʤʝʨʥʦʡ ʪʨʫʙʳ ʜʣʷ ʩʣʫʯʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʝ-
ʨʝʤʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʣʠʯʥʳʤ ʩʣʫʯʘʷʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʣʘʞʥʦʩʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʜʦʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʦʜʟʝʤʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʪʨʫʙʦʧʨʦ-

ʚʦʜʘ ʩʦ ʩʣʝʜʫʶʱʠʤ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʝʛʦ ʩ 
ʛʨʫʥʪʦʤ, ʘ ʪʘʢʞʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ɖ = 7.7 * 10

4 
ʢɻ * ʩ/ʤ

2
, E = 5 * 10

7 
ʢɻ/ʤ

2
, ɟ = 940 ʢʛ/ʤ

3
,  

R = 0.11 ʤ, r = 0.1037 ʤ, l = 20 ʤ. ʉʝʡʩʤʠʯʝʩʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʛʨʫʥʪʘ ʚʜʦʣʴ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʧʨʠʤʝʤ ʚ ʚʠʜʝ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ u0
 
(x,t) = a0 sinst. 

ʇʨʠʚʝʜʝʥʥʳʝ ʛʨʘʬʠʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʣʠʷʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʥʘ ʭʘʨʘʢ-

ʪʝʨ ʢʦʣʝʙʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʚ 7ï10 ʨʘʟ ʙʦʣʴʰʝ ʚ 

ʩʣʫʯʘʷʭ ʟʘʱʝʤʣʝʥʥʦʛʦ ʥʘ ʣʝʚʦʤ ʢʦʥʮʝ ʠ ʩʚʦʙʦʜʥʦʛʦ ʥʘ ʧʨʘʚʦʤ ʢʦʥʮʝ (ʨʠʩ. 1), ʯʝʤ ʧʨʠ ʩʣʫʯʘʷʭ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʫʧʨʫʛʦ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʥʘ ʣʝʚʦʤ ʢʦʥʮʝ ʠ ʩʚʦʙʦʜʥʦʛʦ ʥʘ ʧʨʘʚʦʤ ʢʦʥʮʝ ʪʨʫʙʦ-
ʧʨʦʚʦʜʘ (ʨʠʩ. 2). ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʩʦʛʣʘʩʫʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʦ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦ ʦʮʝʥʢʝ ʥʘʧʨʷʞʝʥʠʡ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [1, 2], ʛʜʝ ʥʘʠʙʦʣʴʰʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʤʝʩʪʘʭ 

ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʤʘʩʩʠʚʥʳʤ ʩʦʦʨʫʞʝʥʠʷʤ. 
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ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʢʦʦʨʜʠʥʘʪʝ  

t = 1000, 1ï ʧʝʩʦʢ, 2 ï ʩʫʛʣʠʥʦʢ 
ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʢʦʦʨʜʠʥʘʪʝ  

t = 1000, 1 ï ʩʫʛʣʠʥʦʢ,  2 ï ʧʝʩʦʢ 

 

ɽʩʣʠ ʩʨʘʚʥʠʪʴ ʩʣʫʯʘʠ, ʢʦʛʜʘ kx(ʭ) Í const ʠ kx(ʭ) = const, ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (10), ʪʦ ʜʣʷ ʧʝʨ-

ʚʦʛʦ ʩʣʫʯʘʷ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ 

ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ k(ʭ) (ʨʠʩ. 3-4). 

 

  
ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʢʦʦʨʜʠʥʘʪʝ, 

kx(ʭ)Íconst,  t=1000,1ï ʧʝʩʦʢ, 2 ï ʩʫʛʣʠʥʦʢ 

ʈʠʩ. 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʢʦʦʨʜʠʥʘʪʝ, 
kx(ʭ)=const, 1 ï t=1000, 2 ï t=3200 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (10ô) ʚʪʦʨʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ, ʢʦʛʜʘ ʠʩʪʦʯʥʠʢ 

ʚʣʘʛʠ ʨʘʩʧʦʣʦʞʝʥ ʧʦʜ ʩʝʨʝʜʠʥʦʡ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʯʘʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʤ-

ʤʝʪʨʠʯʥʦʝ ʧʦ ʦʩʠ ʭ, ʩʦʛʣʘʩʥʦ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʤʠʥʠʤʘʣʴʥʦʡ ʪʦʯʢʝ 

ʧʦ k(ʭ) (ʨʠʩ. 5 ʠ 6). ʇʨʦʜʦʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚʦʟʥʠʢʘʝʪ ʚ ʪʦʯʢʝ, ʛʜʝ k(ʭ) ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘ-

ʯʝʥʠʝ, ʟʜʝʩʴ ʚʦʟʥʠʢʘʶʪ ʢʘʢ ʨʘʩʪʷʛʠʚʘʶʱʠʝ, ʪʘʢ ʠ ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ. ɼʣʷ ʩʣʫʯʘʝʚ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʦ ʜʣʠʥʝ ʪʨʫʙʳ, ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʚʣʘʞʥʦʩʪʠ, ʫʤʝʥʴʰʘʶʪʩʷ ʧʝʨʝʤʝʱʝʥʠʷ.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ů ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʨʠ ʚʣʘʞʥʦʩʪʠ 20ï25%. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ k(ʭ) ʪʘʢʞʝ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ  

ʚ ʵʪʠʭ ʞʝ ʫʩʣʦʚʠʷʭ. 

 

  
ʈʠʩ. 5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦ ʢʦʦʨʜʠʥʘʪʝ,  

ʜʣʷ ʧʝʩʢʘ t = 1000, 1 ï ʧʝʩʦʢ,  2 ï ʩʫʛʣʠʥʦʢ 
ʈʠʩ. 6. ʂʦʣʝʙʘʥʠʝ ʪʦʯʢʠ i = 1 ʚʦ ʚʨʝʤʝʥʠ 
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ɺ ʩʣʫʯʘʝ ʩʪʫʧʝʥʯʘʪʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʪʘʢʞʝ ʠʟʤʝʥʷʶʪʩʷ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦ (ʨʠʩ. 7). ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʦʣʫʯʝʥʳ ʚ ʤʝʩʪʘʭ ʩʪʫʧʝʥ-

ʯʘʪʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚʣʘʞʥʦʩʪʠ (ʨʠʩ. 8). 
 

  
ʈʠʩ. 7. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦ ʢʦʦʨʜʠʥʘʪʝ  

t=500, 1ï ʧʝʩʦʢ ,  2 ï ʩʫʛʣʠʥʦʢ 
ʈʠʩ. 8. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʢʦʦʨʜʠʥʘʪʝ 

t=990,1 ï ʧʝʩʦʢ,  2 ï ʩʫʛʣʠʥʦʢ 

ʃʠʪʝʨʘʪʫʨʘ 
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ɺɽʈʆʗʊʅʆʉʊʅʓɽ ʇʆʂɸɿɸʊɽʃʀ ɺʆʉʉʊɸʅɸɺʃʀɺɸɽʄʓʍ ʕʃɽʄɽʅʊʆɺ  

ʉɸʄʆʆʈɻɸʅʀɿʋʖʑɽʁʉʗ ʉɽʅʉʆʈʅʆʁ ʉɽʊʀ 
 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʩʘʤʦʦʨʛʘʥʠ-

ʟʫʶʱʝʡʩʷ ʩʝʥʩʦʨʥʦʡ ʩʝʪʠ (CCC). ʇʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘ ʠʥʪʝʨʚʘʣʝ ʧʨʦʩʪʦʷ, ʥʘ ʠʥʪʝʨʚʘʣʝ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʫʤʤʘʨʥʳʭ 
ʥʘʨʘʙʦʪʢʘʭ ʟʘ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʚʨʝʤʷ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʉʉʉ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʥʩʦʨʥʘʷ ʩʝʪʴ, ʵʣʝʤʝʥʪ, ʥʘʜʝʞʥʦʩʪʴ, ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ. 
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PROBABILISTIC INDICES RECOVER ITEMS OF SELF -ORGANIZING  

SENSOR NETWORKS 

The probable indicators of the recovered elements of self-organizing sensor network (SSN) are described in 

the article. The characteristics of random and exponential probability distributions on the interval of inactivity, on 

the interval uptime and at different total operating time for a fixed time were shown. The described indicators can 

be used to improve the reliability of recoverable SSN items. 

Key words: sensor network, element, reliability, index of a probability, distribution. 
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ɺʚʝʜʝʥʠʝ 

ʉʘʤʦʦʨʛʘʥʠʟʫʶʱʘʷʩʷ ʩʝʥʩʦʨʥʘʷ ʩʝʪʴ (ʉʉʉ) ï ʙʝʩʧʨʦʚʦʜʥʘʷ ʩʝʪʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʥʦʞʝʩʪʚʘ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʧʦ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʘʪʯʠʢʦʚ (ʩʝʥʩʦʨʦʚ). ʊʘʢʠʝ 

ʩʝʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʦʙʲʝʢʪʦʚ ʞʠʚʦʪʥʦʛʦ 
ʤʠʨʘ, ʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ, ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʚ ʦʙʣʘʩʪʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ.  

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʉʉʉ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʝʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʟʘʜʘʯ, ʦʪʥʦ-
ʩʷʱʠʭʩʷ ʢ ʨʘʟʥʳʤ ʦʙʣʘʩʪʷʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʉʉ. ʆʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ï ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦ-

ʩʪʠ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ. ɺʘʞʥʦʩʪʴ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʢʦʥʢʨʝʪʥʦ ʜʣʷ ʩʝʥʩʦʨʥʳʭ 

ʩʝʪʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ ʠʭ ʧʨʠʤʝʥʝʥʠʡ, ʪʘʢ ʠ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʥʘʨʫʰʝ-

ʥʠʷ ʨʘʙʦʪʳ ʩʝʪʠ ʠʟ-ʟʘ ʦʪʢʘʟʦʚ ʫʟʣʦʚ ʠ ʢʘʥʘʣʦʚ ʩʚʷʟʠ. ʕʪʦ ʚʳʟʚʘʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝ-
ʩʪʚʦʤ ʫʟʣʦʚ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʥʝʰʥʠʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʚʣʠʷʥʠʡ, ʘ ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʨʝ-

ʩʫʨʩʘ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʫʟʣʦʚ [1]. 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʵʣʝ-
ʤʝʥʪʦʚ ʩʝʥʩʦʨʥʦʡ ʩʝʪʠ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʷ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʝʡʩʷ ʩʝʥʩʦʨʥʦʡ ʩʝʪʠ. 

ʇʦʜ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʤ ʵʣʝʤʝʥʪʦʤ ʧʦʥʠʤʘʝʪʩʷ ʪʘʢʦʡ ʵʣʝʤʝʥʪ, ʨʘʙʦʪʘ ʢʦʪʦʨʦʛʦ ʧʦʩʣʝ ʦʪʢʘʟʘ 

ʤʦʞʝʪ ʙʳʪʴ ʚʦʟʦʙʥʦʚʣʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. ʕʣʝ-
ʤʝʥʪ ʠ ʩʠʩʪʝʤʘ (ʩʝʪʴ) ʷʚʣʷʶʪʩʷ ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʤʠ, ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ ʧʦʜʦʙʥʳ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤ ʤʝʞʜʫ ʮʝʣʳʤ ʠ ʝʛʦ ʯʘʩʪʴʶ. ʆʙʳʯʥʦ ʚ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ ʧʦʜ ʵʣʝʤʝʥʪʦʤ 

ʩʠʩʪʝʤʳ ʧʦʥʠʤʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʠ ʯʝʪʢʦ ʚʳʜʝʣʷʝʤʘʷ ʝʝ ʯʘʩʪʴ, ʜʘʣʴʥʝʡʰʘʷ ʜʝ-
ʪʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʡ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʦʛʦ ʠʥʪʝʨʝʩʘ ʚ ʨʘʤʢʘʭ ʧʨʦʚʦʜʠʤʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʠ ʘʥʘʣʠ-

ʟʝ ʥʘʜʝʞʥʦʩʪʠ ʉʉʉ ʧʦʜ ʵʣʝʤʝʥʪʦʤ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʦʪʜʝʣʴʥʳʡ ʩʝʥʩʦʨ (ʜʘʪʯʠʢ) ʜʘʥʥʦʡ ʩʝʪʠ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʟʘʜʘʥʥʦʡ ʩʫʤʤʘʨʥʦʡ ʥʘʨʘʙʦʪʢʠ ʟʘ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʚʨʝʤʷ 

ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʦʪʢʘʟʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ ʩʝʥʩʦʨʥʦʡ ʩʝʪʠ, ʥʝ ʧʨʠʚʦ-

ʜʷʪ ʢ ʝʝ ʧʦʣʥʦʤʫ ʦʪʢʘʟʫ, ʥʦ ʚʥʦʩʷʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʟʘʜʝʨʞʢʫ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʨʝʙʫʝʤʦʡ ʟʘʜʘʯʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʵʪʫ ʟʘʜʘʯʫ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʠʤʝʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚ-

ʥʳʡ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʠʥʪʝʨʚʘʣʦʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦ-
ʩʪʠ ɗi ʯʝʨʝʜʫʶʱʠʭʩʷ ʩ ʠʥʪʝʨʚʘʣʘʤʠ ʧʨʦʩʪʦʷ Ⱥi: ɗ1, Ⱥ1, ɗ2, Ⱥ2,é ɗn, Ⱥn,é  

ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ [0, t]. ɺ ʵʪʦʪ ʠʥʪʝʨʚʘʣ ʤʦʞʝʪ ʧʦ-

ʧʘʩʪʴ ʥʝʢʦʪʦʨʘʷ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ k ʠʥʪʝʨʚʘʣʦʚ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ. ʅʦ, ʝʩʣʠ ʚ ʤʦʤʝʥʪ t ʩʝʪʴ 
ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʦ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʥʝ ʚʝʩʴ ʧʦʩʣʝʜʥʠʡ ʠʥʪʝʨ-

ʚʘʣ ɗk, ʘ ʣʠʰʴ ʝʛʦ ʯʘʩʪʴ ɗôk, ʧʨʠʥʘʜʣʝʞʘʱʘʷ ʠʥʪʝʨʚʘʣʫ [0, t]. 

ʅʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʚʝʨʦʷʪʥʦʩʪʴ A (t0, t) ʪʦʛʦ, ʯʪʦ ʟʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ t ʩʫʤʤʘʨʥʘʷ ʥʘʨʘ-
ʙʦʪʢʘ ʩʠʩʪʝʤʳ S(t) = ɗ1 + ɗ2 + é + ɗk-1 + ɗôk ʜʦʩʪʠʛʥʝʪ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ t0 : 

ɸ(t0, t) = Ɋ{ S(t) ¢ t0}.                                                              (1) 

ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʚʨʝʤʝʥʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤʳ FB(t) = Ɋ{ɝ ¢ t}, F(t) = Ɋ {Ū ¢ t}  ʟʘʧʠʰʝʤ: 
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ʛʜʝ *n ï n-ʢʨʘʪʥʘʷ ʩʚʝʨʪʢʘ. 

ʏʪʦʙʳ ʥʝ ʚʳʧʦʣʥʷʪʴ ʛʨʦʤʦʟʜʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ɸ(t0, t) ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ t ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʫʶ ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ: 
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ɺ ʬʦʨʤʫʣʝ (5): 
ʊ ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʩʝʪʠ; 

ů
2
ï ʜʠʩʧʝʨʩʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ; 

Ű ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʝʪʠ; 
2

ɺ
s  ï ʜʠʩʧʝʨʩʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ;  

ʌ (x) ï ʬʫʥʢʮʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

 

ɺ ʩʣʫʯʘʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ F(t) = 1 ï e
ïɚt 
ʠ Fɺ(t) = 1 ï e

ïɛt 
. ʌʦʨʤʫʣʘ ʜʣʷ ʚʳ-

ʯʠʩʣʝʥʠʷ A(t0, t) ʥʝ ʫʧʨʦʱʘʝʪʩʷ, ʘ ʣʠʰʴ ʧʨʠʥʠʤʘʝʪ ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʳʡ ʚʠʜ: 
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ɼʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ t ʪʘʢʞʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ (4), 

ʥʦ ʚ ʩʣʫʯʘʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ )(ts
ʄ  ʠ 2

)(ts
s  ʧʨʠʤʫʪ ʚʠʜ: 
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ɺʝʨʦʷʪʥʦʩʪʴ ʥʘʣʠʯʠʷ ʟʘʜʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ  

ʟʘ ʬʠʢʩʠʨʦʚʘʥʥʫʶ ʩʫʤʤʘʨʥʫʶ ʥʘʨʘʙʦʪʢʫ 

ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʥʝʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯʠ ʟʘ ʚʨʝʤʷ t0 ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʨʠʯʠʥʝ ʦʪʢʘʟʘ ʵʣʝʤʝʥʪʘ 

ʩʝʪʠ ʠʣʠ ʩʘʤʦʡ ʩʝʪʠ ʚ ʮʝʣʦʤ. ʅʦ ʧʦʚʪʦʨʠʪʴ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ ʚ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ 

ʦʪʚʝʜʝʥʥʦʛʦ ʟʘʨʘʥʝʝ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʚʨʝʤʝʥʠ t, ʥʘʯʠʥʘʷ ʩ ʤʦʤʝʥʪʘ ʦʪʢʘʟʘ ʩʝʪʠ (ʵʣʝʤʝʥʪʘ ʩʝʪʠ). 
ʊʘʢʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʥʘʟʳʚʘʝʪʩʷ ʚʨʝʤʝʥʥʳʤ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝʤ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʙʫʜʝʤ ʩʯʠ-

ʪʘʪʴ, ʯʪʦ ʧʨʦʩʪʦʠ ʩʝʪʠ ʠʟ-ʟʘ ʦʪʢʘʟʦʚ ʥʠʯʪʦʞʥʦ ʤʘʣʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʮʝʩʩ 

ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʦʙʳʯʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ [2]. 
ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t = 0 ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʫʜʝʤ ʠʤʝʪʴ ʘʙʩʦʣʶʪʥʦ ʥʦʚʫʶ ʩʠʩ-

ʪʝʤʫ. ʇʦʢʘʟʘʪʝʣʴ ʥʘʜʝʞʥʦʩʪʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʧʠʰʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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DEVELOPMENT OF DATA -PROCESSING SYSTEM FOR ANALYSIS  

OF CATASTROPHIC EVENTS  
 
The results of the development of data-processing system that can store and analyze data on natural disasters 

and social events that occurred during the last 36 centuries of human history were presented. Created database 

structure allows analyzing list of catastrophic events by different types of disasters, classes, time periods and geo-

graphic regions. The system provides data export for their presentation and further processing. The development 

prospects of data-processing system are also discussed. 

 

Key words: natural disasters; social phenomena; database; information-computational system. 
 
 

ɺʚʝʜʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʚʪʦʨʘʤʠ ʠ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʘʥʘʣʠʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʴʰʦʛʦ ʧʦ 
ʦʙʲʝʤʫ ʤʘʪʝʨʠʘʣʘ ʧʦʢʘʟʘʣ [1]: ʚʩʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʢʨʠʟʠʩʳ ʥʘ ʧʣʘʥʝʪʝ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 600 

ʤʣʥ ʣʝʪ, ʦʙʦʩʦʙʣʝʥʠʝ ʯʝʣʦʚʝʢʘ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʨʦʜ, ʚʩʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʩʪʘʥʦʚʣʝʥʠʷ Homo 

sapience ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʮʠʫʤʘ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʠʩʯʝʟʥʦʚʝʥʠʝ ʮʠʚʠʣʠʟʘʮʠʡ, ʠʤʧʝʨʠʡ ʠ ʛʦʩʫ-
ʜʘʨʩʪʚ  ʧʨʝʜʚʘʨʷʣʠʩʴ ʠ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʧʨʠʨʦʜʥʳʤʠ ʢʘʪʘʩʪʨʦʬʘʤʠ: ʠʤʧʘʢʪʘʤʠ, ʢʣʠʤʘʪʠʯʝʩʢʠ-

ʤʠ ʘʥʦʤʘʣʠʷʤʠ ʠ ʘʥʦʤʘʣʠʷʤʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʘʚʦʜʥʝʥʠʷʤʠ ʠ ʟʘʩʫʭʘʤʠ, ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ, 

ʠʟʚʝʨʞʝʥʠʷʤʠ ʚʫʣʢʘʥʦʚ ʠ ʜʨ.  

ɺʩʝ ʵʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʪʘʚʠʪʴ ʟʘʜʘʯʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʢʘʪʘʩʪʨʦʬ ʠ ʩʦʮʠʘʣʴʥʳʭ ʷʚ-
ʣʝʥʠʡ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʢʘʢ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʩʦʙʳʪʠʡ, ʦʪʨʘʞʘʶʱʠʭ ʝʜʠʥʳʡ ʛʝʦʩʦʮʠʘʣʴʥʳʡ ʧʨʦʮʝʩʩ. 

ʂʘʢ ʚʠʜʠʤ, ʚʟʛʣʷʜ ʥʘ ʇʨʠʨʦʜʫ çʛʣʘʟʘʤʠ ʢʘʪʘʩʪʨʦʬè, ʧʨʝʜʧʨʠʥʷʪʳʡ ʚ ʨʘʙʦʪʘʭ [1ï4], ʠʤʝʝʪ ʧʦʜ ʩʦʙʦʡ 

ʛʣʫʙʦʢʠʝ ʢʦʨʥʠ, ʜʦʩʪʘʪʦʯʥʦ ʚʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʚʩʝ ʫʚʝʣʠʯʠʚʘʶʱʫʶʩʷ ʩʦʮʠʘʣʴʥʫʶ ʟʥʘʯʠʤʦʩʪʴ. ɺ 
ʵʪʠʭ ʞʝ ʧʫʙʣʠʢʘʮʠʷʭ ʦʙʩʫʞʜʘʣʘʩʴ ʪʝʨʤʠʥʦʣʦʛʠʷ, ʧʨʠʚʝʜʝʥʳ ʧʦʜʨʦʙʥʳʝ ʦʧʠʩʘʥʠʷ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ 
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ʢʘʪʘʩʪʨʦʬ ʠ ʩʦʮʠʘʣʴʥʳʭ ʷʚʣʝʥʠʡ, ʠ ʥʘ ʥʝʙʦʣʴʰʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʮʠʢʣʠʯʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʢʘʪʘʩʪʨʦʬ, ʠʭ ʛʨʫʧʧʠʨʦʚʘʥʠʠ ʥʘ 

ʤʘʣʳʭ ʚʨʝʤʝʥʘʭ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʤʝʞʜʫ ʥʠʤʠ ʚʟʘʠʤʦʩʚʷʟʠ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʙʦʣʝʝ ʢʨʫʧʥʳʭ 

ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ ʦ ʧʨʠʨʦʜʥʳʭ ʢʘʪʘʩʪʨʦʬʘʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʷʚʣʝʥʠʷʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʜʦʩʪʠʞʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʦʨʠʠ ʙʘʟ ʜʘʥʥʳʭ. 

ʆʧʠʩʘʥʠʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ɼʣʷ ʘʥʘʣʠʟʘ ʠ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ  ʧʨʠʨʦʜʥʳʭ ʢʘʪʘʩʪʨʦʬ ʠ ʩʦʮʠʘʣʴʥʳʭ 
ʷʚʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʢʘʪʘʩʪʨʦʬʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʝʜʠʥʳʤ ʦʙʨʘʟʦʤ ʦʧʠʩʳʚʘʶʱʠʝ ʚʩʝ ʩʦʙʳʪʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʛʫʪ ʚʳʩʪʫʧʠʪʴ ʩʦʮʠ-

ʘʣʴʥʦ ʟʥʘʯʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʚʠʜʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʦʪʝʨʴ Q ($), ʚʳʨʘʞʝʥʥʳʭ ʚ ʜʦʣʣʘʨʘʭ ʉʐɸ, ʠ ʢʦ-

ʣʠʯʝʩʪʚʝ ʯʝʣʦʚʝʯʝʩʢʠʭ ʞʠʟʥʝʡ ʈ. ʊʘʢʦʛʦ ʪʠʧʘ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʰʢʘʣʘ (J) ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʜʣʷ 
ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ [5]. ʕʪʘ ʰʢʘʣʘ ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳ-

ʷʚʣʝʥʥʳʤʠ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʠ ʠʟʤʝʥʝʥʠʝʤ ʩʦ ʚʨʝʤʝʥʝʤ 

ʢʫʨʩʘ ʚʘʣʶʪʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʩʝʭ ʢʘʪʘʩʪʨʦʬ, ʠ ʧʨʠʨʦʜʥʳʭ, ʠ ʩʦʮʠʘʣʴʥʳʭ [4].  
ɸʚʪʦʨʘʤʠ ʩʦʩʪʘʚʣʝʥ ʩʧʠʩʦʢ ʩʠʣʴʥʳʭ ʧʨʠʨʦʜʥʳʭ ʢʘʪʘʩʪʨʦʬ ʠ ʟʥʘʯʠʤʳʭ ʩʦʮʠʘʣʴʥʳʭ ʷʚʣʝ-

ʥʠʡ, ʚʢʣʶʯʘʶʱʠʡ N = 2395 ʩʦʙʳʪʠʡ, ʠʟ ʥʠʭ ʧʨʠʨʦʜʥʳʝ (N = 1086) ʠ ʩʦʮʠʘʣʴʥʳʝ (N = 1079), 

ʧʨʦʠʟʦʰʝʜʰʠʭ ʥʘ ʧʣʘʥʝʪʝ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 36 ʚʝʢʦʚ ʥʘʰʝʡ ʠʩʪʦʨʠʠ [1ï4]. ʉʦʙʳʪʠʷ ʢʣʘʩʩʠ-

ʬʠʮʠʨʫʶʪʩʷ ʧʦ ʚʠʜʘʤ: ʧʨʠʨʦʜʥʳʝ ï ʟʝʤʣʝʪʨʷʩʝʥʠʷ (1), ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʦʚ (2), ʫʨʘʛʘʥʳ, ʥʘ-
ʚʦʜʥʝʥʠʷ (3), ʟʘʩʫʭʠ, ʧʦʞʘʨʳ ʧʨʠʨʦʜʥʳʝ (4) ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ (5); ʩʦʮʠʘʣʴʥʳʝ ï ʚʦʡ-

ʥʳ, ʙʠʪʚʳ (6), ʨʝʚʦʣʶʮʠʠ, ʚʦʩʩʪʘʥʠʷ (7), ʛʝʥʦʮʠʜ, ʨʝʟʥʷ (8), ʵʧʠʜʝʤʠʠ, ʧʘʥʜʝʤʠʠ (9) ʠ ʧʦʞʘʨʳ 

ʩʦʮʠʘʣʴʥʳʝ, ʧʦ ʚʠʥʝ ʯʝʣʦʚʝʢʘ (10) ʠ ʜʨʫʛʠʝ ʩʦʙʳʪʠʷ (11), ʢʦʪʦʨʳʝ ʥʝ ʫʜʘʝʪʩʷ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ 
ʧʦ ʚʠʜʘʤ (1)ï(10). ɺʩʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ 

ʏʠʩʣʘ NI, NII , NIII  ʠ N×, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʘʚʪʦʨʩʢʦʤ ʩʧʠʩʢʝ ʧʨʠʨʦʜʥʳʭ (n = 1, 2, é, 5)  

ʠ ʩʦʮʠʘʣʴʥʳʭ (n = 6, 7, é, 10) ʢʘʪʘʩʪʨʦʬ ʙʘʣʣʦʚ J = I , II  ʠ III  ʠ ʚʩʝʭ,  

ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ, n NI NII  NIII  N× 

1. ɿʝʤʣʝʪʨʷʩʝʥʠʷ 16 110 407 533 

2. ʀʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʦʚ 1 5 47 53 

3. ʋʨʘʛʘʥʳ, ʥʘʚʦʜʥʝʥʠʷ 12 53 283 348 

4. ɿʘʩʫʭʠ, ʧʦʞʘʨʳ ʧʨʠʨʦʜʥʳʝ 8 30 56 94 

5. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ 3 19 36 58 

(1õ5) 40 217 829 1086 

6. ɺʦʡʥʳ, ʙʠʪʚʳ 27 154 522 703 

7. ʈʝʚʦʣʶʮʠʠ, ʚʦʩʩʪʘʥʠʷ, 2 19 38 59 

8. ɻʝʥʦʮʠʜ, ʨʝʟʥʷ 4 16 11 31 

9. ʕʧʠʜʝʤʠʠ, ʧʘʥʜʝʤʠʠ 13 77 179 169 

10. ʇʦʞʘʨʳ ʩʦʮʠʘʣʴʥʳʝ 3 10 104 117 

(6õ10) 49 276 764 1079 

(1õ10) 89 493 1593 2165 

11. ɼʨʫʛʠʝ ʩʦʙʳʪʠʷ 18 44 68 130 

N× (1õ11) 107 537 1751 2395 
 

ɺʩʝ ʵʪʠ ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʚ ʚʠʜʝ ʪʝʢʩʪʦʚʳʭ ʪʘʙʣʠʮ ʚ ʦʪʜʝʣʴʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʬʘʡʣʘʭ ʚ ʬʦʨʤʘʪʝ 

.doc, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʦʙʨʘʙʦʪʢʫ, ʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʙʦʨʦʢ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ 
ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʠ ʩʦʧʨʷʞʝʥ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʘʷ ʮʝʣʴ: ʨʘʟʨʘʙʦʪʘʪʴ ʙʘʟʫ 
ʜʘʥʥʳʭ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʠ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʥʝʡ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥ-

ʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ï ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ; 
ï ʧʨʝʜʣʦʞʠʪʴ ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʚʠʜʘʤ ʦʙʝʩʧʝʯʝʥʠʷ; 

ï ʨʘʟʨʘʙʦʪʘʪʴ ʩʪʨʫʢʪʫʨʫ ʙʘʟʳ ʜʘʥʥʳʭ; 

ï ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ; 

ï ʨʝʘʣʠʟʦʚʘʪʴ ʙʘʟʫ ʜʘʥʥʳʭ; 



ǳȀȌȍǻȚ ǽȌȀȋȉȌȌȃȄȌȅǻȚ ȈǻȎȒȈȉ-ȊȋǻȅȍȃȒȀȌȅǻȚ ȅȉȈȏȀȋȀȈȑȃȚ 
 

33 

ï ʨʘʟʨʘʙʦʪʘʪʴ ʩʭʝʤʫ ʤʝʥʶ ʜʣʷ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ; 
ï ʨʘʟʨʘʙʦʪʘʪʴ ʵʢʨʘʥʥʳʝ ʬʦʨʤʳ ʧʨʠʣʦʞʝʥʠʷ; 
ï ʨʘʟʨʘʙʦʪʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʬʦʨʤʳ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʜʦʢʫʤʝʥʪʦʚ; 
ï ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʠʣʦʞʝʥʠʝ.  

ʇʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʚʠʜʘʤ ʦʙʝʩʧʝʯʝʥʠʷ 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ɺ ʩʦʩʪʘʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʭʦʜʷʪ ʚʭʦʜʥʳʝ ʠ 
ʚʳʭʦʜʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʩʠʩʪʝʤʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʢʦʜʠʨʦʚʘʥʠʷ, ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʘʟʘ [6].  
ɺʭʦʜʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʪʘʙʣʠʮʳ ʚ ʚʠʜʝ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ ʬʦʨʤʘʪʘ .doc ʠ ʙʠʙʣʠʦ-

ʛʨʘʬʠʯʝʩʢʠʝ ʦʧʠʩʘʥʠʷ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɺʳʭʦʜʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʚʳʙʦʨʢʠ 
ʩʦʙʳʪʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 
ɺ ʩʠʩʪʝʤʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʨʷʜʢʦʚʘʷ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʜʠʨʦʚʘʥʠʷ ʜʣʷ ʟʘʜʘ-

ʥʠʷ ʢʦʜʘ ʤʝʩʪʘ ʩʦʙʳʪʠʷ. ɼʣʷ ʟʘʜʘʥʠʷ ʢʦʜʘ ʤʝʩʪʘ ʩʦʙʳʪʠʷ ʦʧʨʝʜʝʣʝʥʳ ʧʷʪʴ ʤʘʩʰʪʘʙʥʳʭ ʫʨʦʚʥʝʡ 
(ʢʦʥʪʠʥʝʥʪ, ʨʝʛʠʦʥ, ʩʪʨʘʥʘ, ʦʙʣʘʩʪʴ ʠ ʛʦʨʦʜ). ʐʠʬʨ ʤʝʩʪʘ ʥʠʞʥʝʛʦ ʤʘʩʰʪʘʙʥʦʛʦ ʫʨʦʚʥʷ ʚʢʣʶ-
ʯʘʝʪ ʚ ʩʝʙʷ ʢʦʤʙʠʥʘʮʠʶ ʰʠʬʨʦʚ ʚʝʨʭʥʠʭ ʤʘʩʰʪʘʙʥʳʭ ʫʨʦʚʥʝʡ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʰʠʬʨʘ 
ʛʦʩʫʜʘʨʩʪʚʘ ɹʘʥʛʣʘʜʝʰ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʰʠʬʨ ʢʦʥʪʠʥʝʥʪʘ ñɸʟʠʷò ï 02, ʧʦʨʷʜʢʦʚʳʡ ʥʦ-
ʤʝʨ ʨʝʛʠʦʥʘ ñʖʞʥʘʷ ɸʟʠʷò ï 06 ʠ ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʩʘʤʦʡ ʩʪʨʘʥʳ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ ï 01. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʧʦʣʥʳʡ ʰʠʬʨ ʛʦʩʫʜʘʨʩʪʚʘ ʠʤʝʝʪ ʚʠʜ ï 02.06.01. ɺʩʝ ʤʘʩʰʪʘʙʥʳʝ ʫʨʦʚʥʠ ʢʦʜʠʨʫʶʪʩʷ 
ʢʦʤʙʠʥʘʮʠʝʡ ʜʚʫʭʟʥʘʯʥʳʭ ʯʠʩʝʣ. 
ʀʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʘʪʘʩʪʨʦʬ ʧʦ ʚʝʣʠʯʠʥʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʠʩʘʥʥʳʤ 

ʚʳʰʝ ʧʦʜʭʦʜʦʤ.  
ʀʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʦʡ ʚʳʙʨʘʥʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʨʝʣʷʮʠʦʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ, ʠʥʬʦʣʦʛʠʯʝ-

ʩʢʘʷ ʤʦʜʝʣʴ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
 

 
ʈʠʩ. 1. ʀʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʘʟʳ ʜʘʥʥʳʭ 

 

ɼʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ ʩʦʩʪʘʚʣʝʥʘ ʩ ʫʯʝʪʦʤ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ʩʦʨʪʠʨʦʚʢʠ ʠ ʬʠʣʴʪ-
ʨʘʮʠʠ ʜʘʥʥʳʭ ʧʦ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤʫ ʧʨʠʟʥʘʢʫ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʩʚʷʟʝʡ ʠʝʨʘʨʭʠʠ ʤʘʩʰʪʘʙʥʳʭ ʫʨʦʚ-
ʥʝʡ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʧʨʦʛʨʘʤʤʥʦʤ ʫʨʦʚʥʝ, ʵʪʦ ʫʩʢʦʨʷʝʪ ʨʘʙʦʪʫ ʧʨʠʣʦʞʝʥʠʷ ʠ ʦʙʣʝʛʯʘʝʪ ʨʘʙʦʪʫ ʩ 
ʥʠʤ. ʂʘʞʜʦʝ ʩʦʙʳʪʠʝ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʤʦʞʝʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʦʜʥʦʤʫ ʠʟ ʤʘʩʰʪʘʙʥʳʭ ʫʨʦʚʥʝʡ.  
ʉʧʨʘʚʦʯʥʠʢʠ ʂʦʥʪʠʥʝʥʪ, ʈʝʛʠʦʥ, ʉʪʨʘʥʘ, ʆʙʣʘʩʪʴ ʠ ɻʦʨʦʜ ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ ʧʦʣʥʦʝ ʥʘʟʚʘʥʠʝ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʝʩʪʘ ʠ ʫʥʠʢʘʣʴʥʳʡ ʰʠʬʨ. ʐʠʬʨ ʧʦʟʚʦʣʷʝʪ ʥʘ ʧʨʦʛʨʘʤʤʥʦʤ ʫʨʦʚʥʝ ʦʨʛʘʥʠʟʦ-
ʚʳʚʘʪʴ ʠʝʨʘʨʭʠʶ ʤʘʩʰʪʘʙʥʦʛʦ ʫʨʦʚʥʷ ʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʙʦʣʴ-
ʰʦʛʦ ʯʠʩʣʘ ʧʨʦʮʝʜʫʨ ʧʨʠʣʦʞʝʥʠʷ. 
ʉʧʨʘʚʦʯʥʠʢ ʪʠʧʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʭʨʘʥʝʥʠʷ ʪʠʧʦʚ ʠ ʧʦʜʪʠʧʦʚ ʩʦʙʳʪʠʡ, ʧʨʠ ʵʪʦʤ ʧʦʣʝ ʪʠʧ 

ʩʦʜʝʨʞʠʪ ʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ: 0 ï ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʨʦʜʥʳʤ ʢʘʪʘʩʪʨʦʬʘʤ, 1 ï ʩʦʮʠʘʣʴʥʳʤ, ʘ 
ʧʦʣʝ ʧʦʜʪʠʧ ï ʝʛʦ ʧʦʣʥʦʝ ʥʘʠʤʝʥʦʚʘʥʠʝ.  
ɼʣʷ ʭʨʘʥʝʥʠʷ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʩʩʳʣʦʢ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʪʘʙʣʠʮʘ ʂʥʠʛʘ. ɺ ʧʨʦʮʝʩʩʝ ʥʦʨʤʘ-

ʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʙʘʟʳ ʜʘʥʥʳʭ [7] ʙʳʣʘ ʩʦʟʜʘʥʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ ɹʠʙʣʠʦʪʝʢʘ, ʢʦʪʦʨʘʷ 
ʩʦʜʝʨʞʠʪ ʩʩʳʣʢʠ ʥʘ ʥʦʤʝʨʘ ʩʦʙʳʪʠʷ ʠ ʥʘ ʥʦʤʝʨʘ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʘ ʪʘʢʞʝ ʥʦʤʝ-
ʨʘ ʩʪʨʘʥʠʮ ʚ ʠʩʪʦʯʥʠʢʝ, ʩʦʜʝʨʞʘʱʠʝ ʦʧʠʩʘʥʠʝ ʜʘʥʥʦʛʦ ʩʦʙʳʪʠʷ. 
ʊʘʙʣʠʮʘ ʉʦʙʳʪʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʦ ʧʨʠʨʦʜʥʳʭ ʢʘʪʘʩʪʨʦʬʘʭ ʠ ʩʦʮʠʘʣʴ-

ʥʳʭ ʷʚʣʝʥʠʷʭ. ʂʣʶʯʝʚʦʝ ʧʦʣʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʝ ʪʠʧʘ ʩʯʝʪʯʠʢ. ɻʦʜʘ ʩʦʙʳʪʠʡ ʜʦ ʥʘʰʝʡ ʵʨʳ 
ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʯʠʩʣʘ. ɺ ʧʦʣʝ ʈʝʛʠʦʥ ʫʢʘʟʳʚʘʝʪʩʷ ʥʘʟʚʘʥʠʝ ʤʝʩʪʘ ʩʦʙʳʪʠʷ 
ʠ, ʠʩʭʦʜʷ ʠʟ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʟʘʧʦʣʥʷʝʪʩʷ ʧʦʣʝ ʂʄʝʩʪʘ ʠ ʧʦʣʝ ʄʘʩʰʪʘʙʥʳʡ ʫʨʦʚʝʥʴ. ɺ ʧʦʣʝ 
ʆʧʠʩʘʥʠʝ ʚʧʠʩʳʚʘʝʪʩʷ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʩʦʙʳʪʠʡ, ʚʟʷʪʦʝ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʩʩʳʣʢʘ ʥʘ 
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ʢʦʪʦʨʳʝ ʫʢʘʟʳʚʘʝʪʩʷ ʚ ʧʦʣʝ ʀʩʪʦʯʥʠʢ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʷʟʘʪʝʣʴʥʦʝ ʧʦʣʝ ʂʦʤʤʝʥʪʘʨʠʡ, ʚ 
ʢʦʪʦʨʦʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʥʦʩʠʪʴ ʩʚʦʠ ʟʘʤʝʪʢʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ). ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʘʟʳ ʜʘʥʥʳʭ ʚʳʙʨʘʥʘ ʉʋɹɼ MS Access, 

ʪʘʢ ʢʘʢ ʨʘʙʦʪʘ ʩʦ ʩʧʠʩʢʦʤ ʢʘʪʘʩʪʨʦʬ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʦʪʨʫʜʥʠʢʦʤ ʣʦʢʘʣʴʥʦ. Microsoft Office 
Access ï ʨʝʣʷʮʠʦʥʥʘʷ ʉʋɹɼ, ʠʤʝʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʫʥʢʮʠʡ, ʚʢʣʶʯʘʷ ʩʚʷʟʘʥʥʳʝ ʟʘʧʨʦʩʳ, ʩʚʷʟʴ 
ʩ ʚʥʝʰʥʠʤʠ ʪʘʙʣʠʮʘʤʠ ʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ [8].  
ʇʨʠʣʦʞʝʥʠʝ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Borland 

Delphi 7. ʉʨʝʜʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʙʳʩʪʨʦʡ (RAD) ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʢʣʘʜʥʦʛʦ ʇʆ [9] ʜʣʷ ʦʧʝʨʘʮʠ-
ʦʥʥʳʭ ʩʠʩʪʝʤ Windows, Mac OS X, ʘ ʪʘʢʞʝ IOS ʠ Android. ɹʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ 
ʧʨʦʩʪʦʪʳ ʷʟʳʢʘ ʠ ʛʝʥʝʨʘʮʠʠ ʤʘʰʠʥʥʦʛʦ ʢʦʜʘ ʧʦʟʚʦʣʷʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠ ʧʨʠ ʞʝʣʘʥʠʠ ʜʦʩʪʘ-
ʪʦʯʥʦ ʥʠʟʢʦʫʨʦʚʥʝʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ, ʘ ʪʘʢʞʝ ʩ ʙʠʙʣʠʦʪʝʢʘʤʠ, ʥʘ-
ʧʠʩʘʥʥʳʤʠ ʥʘ C/C++.  

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʵʢʨʘʥʥʳʭ ʬʦʨʤ 

ɻʣʘʚʥʦʝ ʦʢʥʦ ʧʨʠʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 
 

 
 

ʈʠʩ. 2. ɻʣʘʚʥʘʷ ʬʦʨʤʘ ʧʨʠʣʦʞʝʥʠʷ 
 

ɿʜʝʩʴ ʚʳʜʝʣʝʥʥʳʝ ʨʘʟʥʳʤʠ ʮʚʝʪʘʤʠ ʦʙʣʘʩʪʠ ʚʳʧʦʣʥʷʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʫʥʢʮʠʠ: 

- ʢʨʘʩʥʳʡ ʮʚʝʪ (1) ï ʦʙʣʘʩʪʴ ʦʪʦʙʨʘʞʝʥʠʷ ʚʳʙʨʘʥʥʦʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʪʘʙʣʠʮʳ; 

- ʟʝʣʝʥʳʡ ʮʚʝʪ (2) ï ʦʙʣʘʩʪʴ ʚʳʙʦʨʘ ʪʘʙʣʠʮʳ; 

- ʩʠʥʠʡ ʮʚʝʪ (3) ï ʦʙʣʘʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʠʩʷʤʠ, ʢʥʦʧʢʠ ʦʪʚʝʯʘʶʪ ʟʘ ʜʦʙʘʚʣʝʥʠʝ, ʫʜʘʣʝʥʠʝ 
ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʟʘʧʠʩʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

- ʨʦʟʦʚʳʡ ʮʚʝʪ (4) ï ʦʙʣʘʩʪʴ ʥʘʚʠʛʘʮʠʠ ʧʦ ʟʘʧʠʩʷʤ ʪʘʙʣʠʮʳ, ʦʪʦʙʨʘʞʘʝʤʦʡ ʚ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ; 

- ʛʦʣʫʙʦʡ ʮʚʝʪ (5) ï ʦʙʣʘʩʪʴ ʨʘʙʦʪʳ ʩ ʟʘʧʠʩʷʤʠ. ʂʥʦʧʢʠ ʦʪʚʝʯʘʶʪ ʟʘ ʩʦʨʪʠʨʦʚʢʫ, ʬʠʣʴʪʨʘ-
ʮʠʶ, ʦʪʤʝʥʫ ʬʠʣʴʪʨʘʮʠʠ ʠ ʚʳʚʦʜ ʦʪʯʝʪʘ ʚ MS Excel ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʳ ʩ ʦʪʬʠʣʴʪʨʦʚʘʥ-
ʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ; 

- ʣʠʣʦʚʳʡ ʮʚʝʪ (6) ï ʦʙʣʘʩʪʴ ʚʳʚʦʜʘ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʘʪʘʩʪʨʦʬʝ, ʟʘʧʠʩʴ ʧʦ ʢʦʪʦʨʦʡ 
ʚʳʜʝʣʝʥʘ ʚ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʚ ʪʘʙʣʠʮʝ çʉʦʙʳʪʠʷè; 

- ʩʠʨʝʥʝʚʳʡ ʮʚʝʪ (7) ʠ ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ (8) ï ʦʙʣʘʩʪʴ ʨʘʙʦʪʳ ʩ ʩʦʨʪʠʨʦʚʢʦʡ ʠ ʬʠʣʴʪʨʘʤʠ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

- ʦʨʘʥʞʝʚʳʡ ʮʚʝʪ (9) ï ʤʝʥʶ ʧʨʠʣʦʞʝʥʠʷ. 
ʇʨʠ ʥʘʞʘʪʠʠ ʚ ʩʠʥʝʡ ʦʙʣʘʩʪʠ ʢʥʦʧʢʠ, ʜʦʙʘʚʣʷʶʱʝʡ ʟʘʧʠʩʴ, ʥʘ ʵʢʨʘʥ ʚʳʚʦʜʠʪʩʷ ʬʦʨʤʘ ʜʦ-

ʙʘʚʣʝʥʠʷ ʟʘʧʠʩʠ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʬʦʨʤʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚʢʣʘʜʢʠ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʧʦ ʢʦʪʦʨʳʤ 
ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʷ. ɺʥʠʟʫ ʬʦʨʤʳ ʥʘʭʦʜʷʪʩʷ ʢʥʦʧʢʠ ʥʘ ʜʦʙʘʚʣʝ-
ʥʠʝ ʟʘʧʠʩʠ ʠ ʧʝʨʝʭʦʜ ʢ ʛʣʘʚʥʦʡ ʬʦʨʤʝ ʧʨʠʣʦʞʝʥʠʷ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʠ 
ʘʢʪʠʚʘʮʠʠ ʢʥʦʧʢʠ ʥʘ ʜʦʙʘʚʣʝʥʠʝ ʟʘʧʠʩʠ ʬʦʨʤʘ ʜʦʙʘʚʣʝʥʠʷ ʦʩʪʘʝʪʩʷ ʘʢʪʠʚʥʦʡ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 
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ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝ ʟʘʥʝʩʝʪ ʚʩʶ ʥʫʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʥʝ ʘʢʪʠʚʠʨʫʝʪ ʢʥʦʧʢʫ ʚʦʟʚʨʘʪʘ ï ʵʪʦ ʩʜʝ-
ʣʘʥʦ ʜʣʷ ʫʜʦʙʩʪʚʘ ʜʦʙʘʚʣʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʘʧʠʩʝʡ. 
ʇʨʠ ʥʘʞʘʪʠʠ ʚ ʩʠʥʝʡ ʦʙʣʘʩʪʠ ʢʥʦʧʢʠ, ʨʝʜʘʢʪʠʨʫʶʱʝʡ ʟʘʧʠʩʴ, ʥʘ ʵʢʨʘʥ ʚʳʚʦʜʠʪʩʷ ʬʦʨʤʘ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʟʘʧʠʩʠ. ʆʢʥʦ ʥʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʟʘʧʠʩʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʘʥʘʣʦʛʠʯʥʦ ʦʢʥʫ ʥʘ ʜʦ-
ʙʘʚʣʝʥʠʝ ʟʘʧʠʩʝʡ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʥʦʧʢʠ ʧʨʠʤʝʥʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʠ ʚʢʣʘʜʢʠ ʄʝʩʪʘ. ʅʘ ʵʪʦʡ 
ʚʢʣʘʜʢʝ ʨʘʩʧʦʣʦʞʝʥʳ ʧʝʨʝʢʣʶʯʘʪʝʣʠ ʀʟʤʝʥʠʪʴ ʥʘʟʚʘʥʠʝ ʠ ʀʟʤʝʥʠʪʴ ʤʝʩʪʦ. ʇʨʠ ʘʢʪʠʚʥʦʡ ʧʝʨ-
ʚʦʡ ʠʟ ʥʠʭ ʠʟʤʝʥʷʝʪʩʷ ʥʘʟʚʘʥʠʝ ʤʝʩʪʘ, ʚʳʙʨʘʥʥʦʛʦ ʠʟ ʧʦʣʝʡ ʥʠʞʝ. ʇʨʠ ʘʢʪʠʚʥʦʡ ʚʪʦʨʦʡ ʦʙʣʘʩʪʠ 
ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʚʩʶ ʠʝʨʘʨʭʠʶ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʤʝʩʪʘ. 
ɽʩʣʠ ʧʝʨʝʜ ʘʢʪʠʚʘʮʠʝʡ ʢʥʦʧʢʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʟʘʧʠʩʠ ʚ ʪʘʙʣʠʮʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʟʝʣʝʥʦʡ 

ʦʙʣʘʩʪʠ, ʚʳʙʨʘʪʴ ʟʘʧʠʩʴ, ʢʦʪʦʨʫʶ ʩʣʝʜʫʝʪ ʦʪʨʝʜʘʢʪʠʨʦʚʘʪʴ, ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʵʪʦʡ ʟʘʧʠʩʠ ʘʚʪʦ-
ʤʘʪʠʯʝʩʢʠ ʦʪʦʙʨʘʟʠʪʩʷ ʚ ʬʦʨʤʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʟʘʧʠʩʠ.  
ʂʥʦʧʢʠ ʥʘʚʠʛʘʮʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʦʙʣʘʩʪʠ 4, ʚʳʜʝʣʝʥʥʦʡ ʨʦʟʦʚʳʤ ʮʚʝʪʦʤ, ʧʨʦʣʠʩʪʳʚʘʶʪ ʩʧʠ-

ʩʦʢ ʟʘʧʠʩʝʡ ʪʘʙʣʠʮʳ ʚ ʥʘʯʘʣʦ, ʥʘ ʩʪʨʘʥʠʮʫ ʚʚʝʨʭ, ʥʘ ʩʪʨʘʥʠʮʫ ʚʥʠʟ ʠ ʚ ʢʦʥʝʮ ʪʘʙʣʠʮʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ʉʠʨʝʥʝʚʘʷ ʦʙʣʘʩʪʴ, ʦʙʣʘʩʪʴ ʩʦʨʪʠʨʦʚʢʠ, ʠʤʝʝʪ ʩʪʫʧʝʥʯʘʪʳʡ ʚʠʜ ʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʪʘʙʣʠʮ 

ʠʤʝʝʪ ʩʚʦʠ ʧʘʨʘʤʝʪʨʳ. ʇʨʠ ʚʳʙʦʨʝ ʦʜʥʦʛʦ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʥʠʞʝ ʜʦʙʘʚʣʷʝʪʩʷ ʝʱʝ ʦʜʠʥ, ʠ ʵʪʦ 
ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʵʪʦ ʦʩʪʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʜʣʷ ʜʘʥʥʦʡ ʪʘʙʣʠʮʳ. ʂʦʨʠʯʥʝʚʘʷ ʦʙ-
ʣʘʩʪʴ, ʦʙʣʘʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʟʘʧʠʩʝʡ, ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʪʘʙʣʠʮʳ, ʩʪʘ-
ʥʦʚʷʪʩʷ ʜʦʩʪʫʧʥʳ ʧʦʣʷ ʬʠʣʴʪʨʘʮʠʠ ʪʦʣʴʢʦ ʜʣʷ ʜʘʥʥʦʡ ʪʘʙʣʠʮʳ. ʇʦ ʧʨʠʯʠʥʝ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 
ʟʘʧʠʩʝʡ ʚ ʪʘʙʣʠʮʝ ʊʠʧʳ, ʬʠʣʴʪʨʘʮʠʷ ʟʘʧʠʩʝʡ ʵʪʦʡ ʪʘʙʣʠʮʳ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ. 
ʂʥʦʧʢʘ ʚʳʚʦʜʘ ʦʪʯʝʪʘ ʚ MS Excel, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʦʙʣʘʩʪʠ, ʚʳʜʝʣʝʥʥʦʡ ʛʦʣʫʙʳʤ ʮʚʝʪʦʤ, 

ʩʦʟʜʘʝʪ ʥʦʚʳʡ ʣʠʩʪ ʚ MS Excel ʠ ʟʘʧʠʩʳʚʘʝʪ ʚ ʥʝʛʦ ʘʢʪʠʚʥʫʶ ʪʘʙʣʠʮʫ. ʅʘ ʣʠʩʪʝ ʪʘʢʞʝ ʦʪʦʙʨʘ-
ʞʝʥʳ ʧʘʨʘʤʝʪʨʳ ʩʦʨʪʠʨʦʚʦʢ ʠ ʬʠʣʴʪʨʘʮʠʡ, ʧʨʠʤʝʥʝʥʥʳʭ ʢ ʪʘʙʣʠʮʝ.  
ɿʘʯʘʩʪʫʶ ʦʧʠʩʘʥʠʝ ʢʘʪʘʩʪʨʦʬ ʟʘʥʠʤʘʝʪ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʧʦʣʝ ʙʘʟʳ ʜʘʥʥʳʭ, 

ʧʦʵʪʦʤʫ ʚ ʪʘʙʣʠʮʝ ʜʣʷ ʫʜʦʙʩʪʚʘ ʥʘʚʠʛʘʮʠʠ ʠ ʚʦʩʧʨʠʷʪʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʪʦʙʨʘʞʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ-
ʯʘʣʦ, ʘ ʧʦʣʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʚʳʜʝʣʝʥʥʦʡ ʟʘʧʠʩʠ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʧʦʣʝ, ʚʳʜʝʣʝʥʥʦʤ ʣʠʣʦʚʳʤ 
ʮʚʝʪʦʤ. ɺ ʤʝʥʶ ʥʘʭʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʧʨʠʣʦʞʝʥʠʷ. ʊʘʢʞʝ ʤʝʥʶ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ 
ʛʦʨʷʯʠʤʠ ʢʣʘʚʠʰʘʤʠ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʢʘʪʘʩʪʨʦʬ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷ-
ʶʪ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʜʣʷ ʚʩʝʛʦ ʤʘʩʩʠʚʘ ʥʘʢʦʧʣʝʥʥʳʭ ʜʘʥʥʳʭ ʦ ʧʨʠʨʦʜʥʳʭ ʢʘ-
ʪʘʢʣʠʟʤʘʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʷʚʣʝʥʠʷʭ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ, ʙʝʟʫʩʣʦʚʥʦ, 
ʧʦʚʳʩʠʪ ʢʘʯʝʩʪʚʦ ʧʨʦʚʦʜʠʤʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʟʘ-
ʢʦʥʦʤʝʨʥʦʩʪʷʭ ʛʝʦʩʦʮʠʘʣʴʥʦʛʦ [4] ʧʨʦʮʝʩʩʘ.  
ɺ ʙʫʜʫʱʝʤ ʚ ʩʠʩʪʝʤʝ ʙʫʜʫʪ ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʪʨʦʠʪʴ ʛʨʘ-

ʬʠʢʠ ʧʦʚʪʦʨʷʝʤʦʩʪʠ, ʧʨʦʚʦʜʠʪʴ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʩʦʙʳ-
ʪʠʡ, ʘ ʪʘʢʞʝ ʩʧʨʘʚʦʯʥʘʷ ʩʠʩʪʝʤʘ ʧʨʠʣʦʞʝʥʠʷ. 
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ʆʇʊʀʏɽʉʂʀʁ ʂʆʄʄʋʊɸʊʆʈ ʉ ʋʇʈɸɺʃʗɽʄʓʄ ɹʋʌɽʈʆʄ 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʤʫʪʘʪʦʨʦʚ ʩ ʫʧʨʘʚʣʷʝʤʳʤ ʙʫʬʝ-

ʨʦʤ. ʇʨʠʚʦʜʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʧʦʣʝʡ, ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ 

ʙʫʬʝʨʦʚ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʙʫʬʝʨʦʤ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʪʠʯʝʩʢʠʡ ʢʦʤʤʫʪʘʪʦʨ, ʙʫʬʝʨ, ʤʘʪʨʠʯʥʳʡ ʢʦʤʤʫʪʘʪʦʨ, ʤʥʦʛʦʢʘʩʢʘʜʥʳʡ ʢʦʤʤʫ-

ʪʘʪʦʨ, ʢʦʥʪʨʦʣʣʝʨ, ʘʣʛʦʨʠʪʤ. 
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OPTICAL SWITCH WITH A MANAGED BUFFER  

 

The features of the construction of optical switches with control buffer were described in the article. The var-

ious fields of switching architecture, especially the construction of optical buffers are presented. The algorithm of 

buffer control in optical switch is proposed. It will allow to improve the efficiency of the optical switch.  

 

Key words: optical switch, buffer, matrix switch, multistage switch, controller, algorithm. 

 
 

ɺʚʝʜʝʥʠʝ 

ʆʧʪʠʯʝʩʢʘʷ ʢʦʤʤʫʪʘʮʠʷ ʧʘʢʝʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʧʨʦʠʟʚʦʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʧʘʢʝʪʦʚ, ʥʦ 
ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʩʝʨʴʝʟʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʚ ʦʙʨʘʙʦʪʢʝ ʠ ʙʫʬʝʨʠʟʘʮʠʠ ʙʠʪʦʚ ʥʘ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ. 

ɼʦ ʩʠʭ ʧʦʨ ʦʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʙʫʬʝʨʠʟʘʮʠʠ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʠʚʦʜʷʪ ʢ ʦʛʨʘʥʠ-

ʯʝʥʥʦʤʫ ʢʨʫʛʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʤʫʪʘʪʦʨʦʚ [1]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʢʦʪʦʨʳʝ ʨʝ-

ʰʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʪʘʜʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʙʫʬʝ-
ʨʠʟʘʮʠʠ ʚ ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʙʫʬʝʨʦʤ ʠ ʤʝʪʦʜʦʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʢʦʤʤʫʪʘʮʠʠ. 

ʆcʥʦʚʥʳʝ ʟʘʜʘʯʠ ʙʫʬʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʩʝʪʷʤ ʩʚʷʟʠ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤʦʤ ʨʘʙʦʪʳ ʙʫʬʝʨʦʚ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʫʟʣʦʚ. ɹʫʬʝʨʳ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪ-

ʚʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʙʫʬʝʨ ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴ ʟʘʜʝʨʞʢʫ 

ʧʘʢʝʪʦʚ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʟʨʝʰʝʥʠʷ çʢʦʥʬʣʠʢʪʦʚè, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ 
ʚʭʦʜʝ ʩʠʩʪʝʤʳ ʢʦʤʤʫʪʘʮʠʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʥʝ ʜʦʣʞʥʦ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʧʝ-

ʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ [2]. 
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ɼʣʷ ʦʧʪʠʯʝʩʢʠʭ ʩʝʪʝʡ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʙʫʬʝʨʦʚ ʚʦʟʨʘʩʪʘʶʪ, ʪʘʢ ʢʘʢ ʧʨʠ 
ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʦʧʪʠʯʝʩʢʠʤ ʣʠʥʠʷʤ ʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʢʦʤʤʫʪʘʮʠʠ ʦʧ-

ʪʠʯʝʩʢʠʡ ʙʫʬʝʨ ʬʘʢʪʠʯʝʩʢʠ ʩʪʘʥʦʚʠʪʩʷ "ʫʟʢʠʤ ʤʝʩʪʦʤ ". ʇʨʦʙʣʝʤʘ ʫʩʫʛʫʙʣʷʝʪʩʷ ʧʨʠ ʨʘʙʦʪʝ ʥʘ 

ʩʢʦʨʦʩʪʷʭ ʧʦʨʷʜʢʘ 10 ɻʙʠʪ/ʩ ʠ ʚʳʰʝ, ʢʦʛʜʘ ʧʦʣʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝ-
ʩʪʚʦ ʥʘʜ ʵʣʝʢʪʨʦʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. ʇʦʜ ʧʦʣʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʢʦʤʤʫʪʘʮʠʠ ʧʦʜ-

ʨʘʟʫʤʝʚʘʶʪʩʷ ʫʟʣʳ ʩʚʷʟʠ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʚ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʡ. ʌʘʢʪʠʯʝʩʢʠ ʥʘ ʧʨʘʢʪʠʢʝ ʜʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʧʦʣʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʚʠʜʫ 
ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʠʤʝʥʥʦ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʙʫʬʝʨʥʦʡ ʧʘʤʷʪʠ. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝ-

ʤʘ ʦʧʪʠʯʝʩʢʦʡ ʧʘʤʷʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʧʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʧʦʜʚʝʨʞʝʥ ʟʘʪʫʭʘʥʠʶ ʠ ʧʦʵʪʦ-

ʤʫ ʧʨʠ ʙʦʣʴʰʦʤ ʨʘʟʤʝʨʝ ʙʫʬʝʨʘ ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʤ ʭʨʘʥʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʩʧʦʩʦʙʦʚ ʨʝʛʝʥʝʨʘʮʠʠ ʚ ʦʧʪʠʯʝʩʢʠʭ ʙʫʬʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʩʣʝʜʥʠʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʙʫʬʝʨʦʚ ʩ ʤʝʥʴʰʠʤ ʨʘʟʤʝʨʦʤ ʦʧʝʨʘʪʠʚ-

ʥʦʡ ʧʘʤʷʪʠ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ [3]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ ʥʝʦʙʭʦʜʠ-
ʤʦ ʨʝʰʠʪʴ ʜʚʝ ʟʘʜʘʯʠ: ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʫʧʨʘʚʣʝʥʠʷ ʙʫʬʝʨʘʤʠ ʢʦʤʤʫʪʘʪʦʨʦʚ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʨʘʟʤʝʨʘ ʙʫʬʝʨʘ ʠ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʧʘʢʝʪʘ ʚ ʦʯʝʨʝʜʠ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ 

ʢʦʤʤʫʪʘʮʠʠ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʦʣʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʆʩʥʦʚ-

ʥʳʝ ʙʣʦʢʠ ʢʦʤʤʫʪʘʪʦʨʘ: ʚʭʦʜʥʦʡ ʙʣʦʢ (ʚʭʦʜʥʳʝ ʧʦʨʪʳ), ʚʳʭʦʜʥʦʡ ʙʣʦʢ (ʚʳʭʦʜʥʳʝ ʧʦʨʪʳ), ʦʧ-

ʪʠʯʝʩʢʦʝ ʢʦʤʤʫʪʘʮʠʦʥʥʦʝ ʧʦʣʝ, ʙʫʬʝʨ ʠ ʢʦʥʪʨʦʣʣʝʨ [4]. 
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ʈʠʩ.1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ 
 

ɼʣʷ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ ʤʝʞʜʫ ʧʦʨʪʘʤʠ ʢʦʤʤʫʪʘʪʦʨʘ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʤʤʫʪʘʮʠʦʥʥʦʝ ʧʦʣʝ. 

ʂʦʤʤʫʪʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʣʶʙʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. ɽʛʦ ʦʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ï ʥʘʧʨʘʚʣʝʥʠʝ ʧʘʢʝʪʦʚ ʩ ʚʭʦʜʥʳʭ ʧʦʨʪʦʚ ʢʦʤʤʫʪʘʪʦʨʘ ʥʘ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʭʦʜʥʳʝ.  
ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ: ʤʘʪʨʠʯ-

ʥʘʷ, ʙʘʥʴʷʥʦʚʠʜʥʘʷ, ʤʥʦʛʦʢʘʩʢʘʜʥʘʷ. ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʘʢʝʪʥʳʭ ʢʦʤʤʫʪʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʚʥʫʪʨʝʥʥʝʡ ʙʫʬʝʨʥʦʡ ʧʘʤʷʪʠ ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʧʘʢʝʪʦʚ. ʇʦʵʪʦʤʫ ʢʘʞʜʳʡ ʧʘʢʝʪ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʙʠʪ ʟʘ ʙʠʪʦʤ ʧʦʤʝʱʘʝʪʩʷ ʚʦ ʚʭʦʜʥʦʡ ʙʫʬʝʨ. ɺ ʧʦʣʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʦʤ ʢʦʤʤʫ-

ʪʘʪʦʨʝ  ʙʫʬʝʨ ʜʦʣʞʝʥ ʟʘʜʝʨʞʠʚʘʪʴ ʦʧʪʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ  ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ.   

ʇʨʦʮʝʩʩ ʧʦʠʩʢʘ ʩʚʦʙʦʜʥʦʛʦ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʧʫʪʠ ʠ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ ʚʥʫʪʨʠ ʦʧʪʠʯʝʩʢʦʛʦ 

ʢʦʤʤʫʪʘʪʦʨʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʘʨʘʣʣʝʣʴʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʧʘʢʝʪʦʚ 
ʚ ʦʯʝʨʝʜʠ ʠ ʧʦʚʳʩʠʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ. 



ǨǻȎȅǻ, ȉǼȋǻȂȉǽǻȈȃȀ, ȃȈȈȉǽǻȑȃȃ: ȊȎȍȃ ȋǻȂǽȃȍȃȚ 
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ʆʧʪʠʯʝʩʢʠʡ ʙʫʬʝʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʨʝʤʷ ʧʘʨʘʤʝʪʨʘʤʠ: ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ 
ʙʠʪʦʚʦʛʦ ʧʦʪʦʢʘ B, ʤʘʢʩʠʤʘʣʴʥʳʤ ʯʠʩʣʦʤ ʙʠʪ, ʭʨʘʥʠʤʳʭ ʚ ʙʫʬʝʨʝ NB ʠ ʜʣʠʥʦʡ ʙʫʬʝʨʘ L. ʉʢʦ-

ʨʦʩʪʴ B ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʟʘʥʠʤʘʝʤʦʛʦ 

ʦʧʪʠʯʝʩʢʠʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʠʤʧʫʣʩɹʦʤ TB. ɺ ʦʙʱʝʤ 
ʩʣʫʯʘʝ, ʯʝʤ ʙʦʣʴʰʝ B, ʪʝʤ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʧʦʪʦʢ, ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʙʫʬʝʨʦʤ; ʯʝʤ ʙʦʣʴʰʝ ʦʪʥʦʰʝ-

ʥʠʝ NB/B, ʪʝʤ ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʘ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ. 
ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʧʦ-

ʣʷ ʷʚʣʷʝʪʩʷ ʤʘʪʨʠʯʥʳʡ ʢʦʤʤʫʪʘʪʦʨ. 

ɺ ʤʘʪʨʠʯʥʦʤ ʢʦʤʤʫʪʘʪʦʨʝ ʨʘʟʤʝʨʦʤ N³M  N ʚʭʦʜ-
ʥʳʭ ʧʦʨʪʦʚ ʧʦʜʢʣʶʯʝʥʳ ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʰʠʥʘʤ,  

ʘ M ʚʳʭʦʜʥʳʭ ʧʦʨʪʦʚ ï ʢ ʚʝʨʪʠʢʘʣʴʥʳʤ (ʨʠʩ. 2). 
ɺ ʫʟʣʘʭ ʤʘʪʨʠʮʳ ʠʤʝʶʪʩʷ ʢʦʤʤʫʪʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ, ʧʨʠʯʝʤ ʚ ʢʘʞʜʦʤ ʩʪʦʣʙʮʝ ʤʘʪʨʠʮʳ 

ʤʦʞʝʪ ʙʳʪʴ ʦʪʢʨʳʪʦ ʥʝ ʙʦʣʝʝ ʯʝʤ ʧʦ ʦʜʥʦʤʫ ʵʣʝʤʝʥʪʫ. ʆʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʤʤʫʪʘʪʦʨʳ ʩ 

ʨʘʚʥʳʤ ʯʠʩʣʦʤ ʚʭʦʜʦʚ ʠ ʚʳʭʦʜʦʚ N³N. 
ʅʘ ʢʘʞʜʦʤ ʪʘʢʪʝ ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʝʛʦ ʛʝʥʝʨʘʪʦʨʘ ʢʦʥʪʨʦʣʣʝʨ ʘʥʘʣʠʟʠʨʫʝʪ ʘʜʨʝʩʥʫʶ ʠʥʬʦʨ-

ʤʘʮʠʶ ʧʦʩʪʫʧʠʚʰʠʭ ʥʘ ʚʭʦʜʥʳʝ ʧʦʨʪʳ ʧʘʢʝʪʦʚ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʧʦʨʪʘʤʠ ʧʦ 
ʚʳʜʝʣʝʥʥʦʤʫ ʢʘʥʘʣʫ.  

ʐʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʨʠʯʥʳʭ ʢʦʤʤʫʪʘʪʦʨʦʚ ʚ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʙʲʷʩʥʷʝʪʩʷ 

ʧʨʦʩʪʦʪʦʡ ʠʭ ʩʪʨʫʢʪʫʨʳ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦ ʧʨʦʠʟʚʦʜʠʪʴ ʢʦʤʤʫʪʘʮʠʶ ʧʘʢʝ-

ʪʦʚ. ʆʜʥʘʢʦ ʠʭ ʥʝʜʦʩʪʘʪʦʢ ï  ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʢʦʤʤʫʪʠ-
ʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʩʣʫʞʠʪ ʦʛʨʘʥʠʯʝʥʠʝʤ ʥʘ ʯʠʩʣʦ 

ʧʦʨʪʦʚ. ʊʘʢ, ʜʣʷ ʢʚʘʜʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ʯʠʩʣʦ ʢʦʤʤʫʪʠ-

ʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʨʘʚʥʦ N
2
. 

ɺ ʮʝʣʷʭ ʩʦʢʨʘʱʝʥʠʷ ʯʠʩʣʘ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ (ʢʨʦʩʩʦʚ) ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʫʟʣʘʤʠ ʚ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʭ ʚʳʯʠʩ-
ʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʘ ʧʦʟʜʥʝʝ ʤʝʞʜʫ ʧʦʨʪʘʤʠ ʢʦʤʤʫ-

ʪʘʪʦʨʦʚ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʥʦ-

ʛʦʢʘʩʢʘʜʥʳʝ ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʇʨʠʤʝʨ 

ʤʥʦʛʦʢʘʩʢʘʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 
ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʤʤʫ-

ʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʠʛʨʘʝʪ ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ (ʢʦʥ-

ʪʨʦʣʣʝʨ). ʋʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ 
ʬʫʥʢʮʠʠ: 

- ʧʨʠʝʤ ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʢʦʤʤʫʪʘʮʠʠ;  

- ʧʦʠʩʢ, ʨʘʟʙʦʨʢʘ ʠ ʬʠʢʩʘʮʠʷ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʧʫʪʠ;  

- ʢʦʥʪʨʦʣʴ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʠʭ ʫʩʪʨʘʥʝʥʠʝ (ʦʙʭʦʜ).  
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʳ ʪʨʠ ʩʧʦʩʦʙʘ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʤʫʪʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ: 
1) ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʩʧʦʩʦʙ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʠʩʢ ʠ ʨʘʟʙʦʨʢʘ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʦʩʫʱʝʩʪʚʣʷʶʪ-

ʩ ̫ʙʣʦʢʘʤʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦ ʚʩʝʤʫ ʢʦʤʤʫʪʘʮʠʦʥʥʦʤʫ ʧʦʣʶ; 
2) ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʩʧʦʩʦʙ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʤʝʩʪʝ ʩ ʢʘʞʜʦʡ ʩʪʫʧʝʥʴʶ ʠʩʢʘʥʠʷ ʩʦʝʜʠʥʠ-

ʪʝʣʴʥʦʛʦ ʧʫʪʠ ʚʳʧʦʣʥʷʝʪʩʷ ʩʚʦʡ ʙʣʦʢ; 
3) ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʩʧʦʩʦʙ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʧʨʘʚʣʷʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʚʠʜʝ 

ʝʜʠʥʦʛʦ ʙʣʦʢʘ ï ʢʦʥʪʨʦʣʣʝʨʘ, ʦʙʱʝʛʦ ʜʣʷ ʚʩʝʡ ʩʠʩʪʝʤʳ [5]. 
ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʤ 

ʢʦʤʤʫʪʘʪʦʨʦʤ. 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʙʫʬʝʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʙʫʬʝʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʘʜʘʧ-

ʪʠʚʥʦʤ ʫʧʨʦʱʝʥʥʦʤ ʘʣʛʦʨʠʪʤʝ ʨʘʥʥʝʛʦ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ AGRED.  

ɸʣʛʦʨʠʪʤ AGRED ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʘʣʛʦʨʠʪʤʦʚ ʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʯʝʨʝʜʷʤʠ ʠ ʦʙʥʘʨʫ-
ʞʝʥʠʷ ʥʘʯʠʥʘʶʱʠʭʩʷ ʧʝʨʝʛʨʫʟʦʢ ʚ ʙʫʬʝʨʝ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ. ɸʣʛʦʨʠʪʤ AGRED ʩʦʩʪʦʠʪ 

ʠʟ ʜʚʫʭ ʦʪʜʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʇʝʨʚʳʡ ʘʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʦʯʝʨʝ-

ʜʠ (AQL), ʠ ʦʥ ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʦʯʝʨʝʜʠ ʰʣʶʟʘ [6]. 

 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʤʘʪʨʠʯʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ 
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1 

2 

2 

ɺʭʦʜʥʳʝ 

ʧʦʨʪʳ 

ɺʳʭʦʜʥʳʝ ʧʦʨʪʳ 

 
ʈʠʩ. 3. ʊʨʸʭʢʘʩʢʘʜʥʘʷ ʂʉ ʩ ʦʜʥʠʤ ʚʭʦʜʦʤ  

ʚ ʢʘʞʜʳʡ ʢʦʤʤʫʪʘʪʦʨ ʚʭʦʜʥʦʛʦ ʢʘʩʢʘʜʘ  
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ʢʘʩʢʘʜʘ 
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ɺʪʦʨʦʡ ʘʣʛʦʨʠʪʤ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʤʘʨʢʠʨʦʚʢʠ ʧʘʢʝʪʘ, ʦʧʨʝʜʝʣʷʝʪ, 
ʢʘʢ ʯʘʩʪʦ ʢʦʤʤʫʪʘʪʦʨ ʦʪʤʝʯʘʝʪ ʧʘʢʝʪʳ, ʫʯʠʪʳʚʘʷ ʪʝʢʫʱʠʡ ʫʨʦʚʝʥʴ ʧʝʨʝʛʨʫʟʢʠ. ʎʝʣʴ ʜʣʷ ʢʦʤʤʫ-

ʪʘʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʪʤʝʪʠʪʴ ʧʘʢʝʪʳ ʯʝʨʝʟ ʜʦʩʪʘʪʦʯʥʦ ʨʘʚʥʦʤʝʨʥʳʝ ʧʨʦʤʝʞʫʪʢʠ, 

ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʨʝʜʚʟʷʪʦʩʪʠ, ʠʟʙʝʞʘʪʴ ʛʣʦ-
ʙʘʣʴʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʧʦʤʝʯʘʪʴ ʧʘʢʝʪʳ 

ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ, ʯʪʦʙʳ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʩʨʝʜʥʶʶ ʜʣʠʥʫ ʦʯʝʨʝʜʠ.  
ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʫʬʝʨʦʤ 

ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 3.  

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʘ ʙʣʦʢ-ʩʭʝʤʘ, ʛʜʝ 
ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʷʝʪ, ʙʫʜʝʪ ʧʘʢʝʪ ʦʪʢʣʦʥʝʥ 

ʠʟ ʦʯʝʨʝʜʠ ʠʣʠ ʜʦʙʘʚʣʝʥ ʚ ʥʝʝ. ɸʣʛʦʨʠʪʤ 

ʚʳʯʠʩʣʷʝʪ AQL ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʠʭʦʜʷʱʝʛʦ 
ʧʘʢʝʪʘ, ʘ ʟʘʪʝʤ ʦʥ ʩʨʘʚʥʠʚʘʝʪ AQL ʩ ʪʨʝʤʷ 

ʧʦʨʦʛʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩ. 3. ʆʥ 

ʧʨʦʜʦʣʞʘʝʪ ʜʦʙʘʚʣʷʪʴ ʧʘʢʝʪʳ ʚ ʦʯʝʨʝʜʴ, 

ʧʨʠ AQL ʤʝʥʴʰʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʦʨʦʛʘ ʙʫ-
ʬʝʨʘ ʠ  ʦʪʙʨʘʩʳʚʘʪʴ ʚʩʝ ʧʨʠʙʳʚʘʶʱʠʝ ʧʘ-

ʢʝʪʳ, ʝʩʣʠ AQL ʙʦʣʴʰʝ ʵʪʦʛʦ ʧʦʨʦʛʘ. ɺ ʧʨʦ-

ʪʠʚʥʦʤ ʩʣʫʯʘʝ ʘʣʛʦʨʠʪʤʫ ʥʝʦʙʭʦʜʠʤʦ 
ʚʳʯʠʩʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʙʨʦʩʘ ʠ ʨʝʰʠʪʴ, 

ʩʣʝʜʫʝʪ ʣʠ ʜʦʙʘʚʠʪʴ ʠʣʠ ʦʪʢʣʦʥʷʪʴ ʧʨʠʙʳ-

ʚʘʶʱʠʝ ʧʘʢʝʪʳ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʩʝʪʝʡ ʵʣʝʢʪʨʦʩʚʷʟʠ ʩʪʘʣ ʧʝʨʝʭʦʜ ʢ ʧʘʢʝʪʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ ʧʝʨʝʜʘʯʠ ʠ ʢʦʤʤʫʪʘʮʠʠ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʨʘʬʠʢʘ 

ʨʝʯʠ, ʜʘʥʥʳʭ ʠ ʚʠʜʝʦ. ɺ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ ʚʦʟʨʘʩʪʘʶʪ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʢʦʤʤʫʪʘʮʠʦʥʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ ʪʘʢʠʭ ʩʝʪʝʡ. ʇʦʵʪʦʤʫ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʧʦʩʪʨʦʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ 

ʢʦʤʤʫʪʘʪʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʚ ʨʘʟʳ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʠʭ ʘʨʭʠʪʝʢʪʫʨ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ 

ʫʧʨʘʚʣʝʥʠʷ ʙʫʬʝʨʦʤ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʵʬʬʝʢʪʠʚʥʦ ʟʘʛʨʫʞʘʪʴ ʙʫʬʝʨ ʚʦ 

ʠʟʙʝʞʘʥʠʝ ʧʝʨʝʛʨʫʟʦʢ ʩʝʪʠ.  
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POLAR DIFFERENTIAL O PERATORS 
 

In this paper, based on the embedding and compactness theorems in the Sobolev spaces with weighted norm 

conditions positive definiteness of certain singular differential operators and spectrum estimation were obtained. 

 

ʂʝʫ words: embedding theorems and compactness, singular differential operator, self-adjoint extension of 

singular differential operator, spectrum, polar operators. 

 

 

ɺ ʨʘʙʦʪʝ [1] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ u, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʦʪʣʠʯʥʳʝ ʦʪ ʥʠʭ ʜʦʩʪʘʪʦʯʥʳʝ 

ʫʩʣʦʚʠʷ ʚʣʦʞʝʥʠʷ ʠ ʢʦʤʧʘʢʪʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚ ʉʦʙʦʣʝʚʘ ʩ ʚʝʩʦʚʦʡ ʥʦʨʤʦʡ ʚ ʚʝʩʦʚʳʝ ʃʝʙʝʛʦʚʳ 
ʧʨʦʩʪʨʘʥʩʪʚʘ. ʉʬʦʨʤʫʣʠʨʫʝʤ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ. 
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,  ï ʚʝʩʦʚʦʝ ʃʝʙʝʛʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʬʫʥʢʮʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘ ʧʦʣʫʦʩʠ ʩ 
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ɼʣʷ ʧʨʦʩʪʨʘʥʩʪʚʘ 
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 ʵʪʘ ʧʨʦʙʣʝʤʘ ʨʝʰʝʥʘ ɺ.ɼ. ʉʪʝʧʘʥʦʚʳʤ ʚ [1]. 
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ɺ [5, 6] ʜʦʢʘʟʘʥʦ. 
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ʨʘʟʥʳʭ ʬʦʨʤʫʣʘʭ. 
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ʛʜʝ )(ty  ï ʙʝʩʢʦʥʝʯʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ʂʚʘʜʨʘʪʠʯʥʘʷ 
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ʀʩʧʦʣʴʟʫʷ ʪʝʦʨʝʤʳ 3, 4 ʠ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ  ʪʝʦʨʠʠ ʦʧʝʨʘʪʦʨʦʚ [1, 3], ʧʦʣʫʯʘʝʤ ʜʦʩʪʘʪʦʯ-

ʥʳʝ ʫʩʣʦʚʠʷ. 
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ʧʝʨʚʳʡ ʩʦʤʥʦʞʠʪʝʣʴ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʢʦʥʢʨʝʪʥʦ. 

ʇʨʠʤʝʨ 3. ʇʫʩʪʴ v(x) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷ ʄʘʢʝʥʭʘʫʧʪʘ [6], ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʚ ʪʝʦʨʝʤʘʭ 5, 6  

ʠʤʝʝʤ ,t=t );()(* xvxV =  ʪ. ʝ. 
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ʅʝʦʙʭʦʜʠʤʳʝ ʠ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʚʣʦʞʝʥʠʷ ʠ ʢʦʤʧʘʢʪʥʦʩʪʠ ʩʦʚʧʘʜʘʶʪ, ʠʤʝʝʤ ʢʨʠʪʝʨʠʠ.  
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THE PROCESS OF FORMING THE PHASE-OUT IN TECHNICAL SYSTEMS  

 
The article discusses the process of forming the phase-out in technical systems and describes a model for 

probabilistic assessment of the possibility of initiating emergency existence or the condition caused by this phe-
nomenon. 

 

Key words: technical systems, emergency, operation. 

 

 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʧʦʥʷʪʠʝʤ ʪʝʦʨʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʦʥʷʪʠʝ çʦʧʘʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷè, 
ʧʝʨʝʭʦʜ ʚ ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʠʥʝʩʪʠ çʫʱʝʨʙ ʙʦʣʴʰʦʛʦ ʤʘʩʰʪʘʙʘè. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʧʦʧʘʜʘʥʠʷ ʚ 

ʦʧʘʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʷʚʣʷʝʪʩʷ ʧʨʝʚʳʰʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʩʚʦʝʛʦ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʝʨʤʠʥ çʦʧʘʩʥʦʝ ʩʦʩʪʦʷʥʠʝè ʷʚʣʷʝʪʩʷ ʩʠʥʦʥʠʤʦʤ ʪʝʨʤʠʥʘ çʧʨʝʜʝʣʴʥʦʝ ʩʦʩʪʦʷ-
ʥʠʝè, ʢʦʪʦʨʦʝ ɻʆʉʊʦʤ [1] ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ çʩʦʩʪʦʷʥʠʝ ʠʟʜʝʣʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʝʛʦ ʜʘʣʴʥʝʡʰʘʷ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʢʨʘʱʝʥʘ ʠʟ-ʟʘ ʥʝʫʩʪʨʘʥʠʤʦʛʦ ʥʘʨʫʰʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʠʣʠ ʥʝʫʩʪʨʘʥʠʤʦʛʦ ʫʭʦʜʘ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʨʝʜʝʣʳ ...è. 

ʇʨʝʜʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘʩʪʫʧʘʝʪ ʧʨʠ ʧʦʩʪʝʧʝʥʥʳʭ ʦʪʢʘʟʘʭ. 
ʇʦʩʪʝʧʝʥʥʳʝ ʦʪʢʘʟʳ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ. ʆʥʠ ʩʚʷʟʘʥʳ ʩ ʠʟʥʦʩʦʤ ʜʝʪʘʣʝʡ, 

ʫʟʣʦʚ, ʩʪʘʨʝʥʠʝʤ ʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʨʫʛʠʤʠ ʧʨʠʯʠʥʘʤʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʩʪʝʧʝʥʥʦ ʠʟ-

ʤʝʥʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʩʪʦʨʦʥʫ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠʟ-ʟʘ ʩʪʘʨʝʥʠʷ ʠ ʠʟʥʦʩʘ, ʠʟ-ʟʘ ʥʘ-

ʨʫʰʝʥʠʷ ʧʨʦʮʝʜʫʨ ʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʠʟ-ʟʘ ʦʪʢʘʟʘ ʘʚʪʦʤʘʪʠʢʠ, ʢʦʥʪʨʦʣʴʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʠʟ-ʟʘ ʥʝʛʦʪʦʚʥʦʩʪʠ ʩʨʝʜʩʪʚ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ ʠ ʪ.ʜ. 
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ʈʘʩʩʤʦʪʨʠʤ ʚ ʦʙʱʝʤ ʧʣʘʥʝ ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʦʛʨʘʥʠʯʝʥʥʫʶ ʝʛʦ 
ʧʨʝʜʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʚ ʢʦʪʦʨʦʡ ʦʙʲʝʢʪ ʨʘʙʦʪʦʩʧʦʩʦʙʝʥ, ʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʝʛʦ ʙʝʟʦʧʘʩʥʦ 

(ʨʠʩ. 1). ʆʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʝ ʜʦʧʫʩʪʠʤʳʝ ʟʦʥʳ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʥʘ ʧʘʨʘʤʝʪʨ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʜʚʫʩʪʦʨʦʥʥʠʝ ʦʛʨʘʥʠʯʝʥʠʷ. ʇʨʠ ʦʜʥʦʩʪʦʨʦʥʥʝʤ ʦʛʨʘʥʠʯʝʥʠʠ ʠʤʝʝʤ 
ʦʜʥʫ ʜʦʧʫʩʪʠʤʫʶ ʦʙʣʘʩʪʴ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʨʘʙʦʯʝʝ 

ʟʥʘʯʝʥʠʝ ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʜʦʧʫʩʪʠʤʦʛʦ, ʘ ʧʦʩʣʝʜʥʝʝ ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʧʨʝʜʝʣʴʥʦʛʦ, ʪ.ʝ. Zʥ  < Z < Zʧʨ. 

 
 

 

 

ʈʠʩ. 1. ʆʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ɺ ʧʨʘʢʪʠʢʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʦʨʘʙʝʣʴʥʳʭ ʪʝʭʥʠʯʝ-
ʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʝ ʜʦʧʫʩʢʘʪʴ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ ʜʦ ʧʨʝʜʝʣʴʥʦʛʦ (ʦʧʘʩʥʦʛʦ) ʩʦʩʪʦʷ-
ʥʠʷ, ʦʙʳʯʥʦ ʥʘʟʥʘʯʘʶʪ ʥʝʢʦʪʦʨʦʝ ʧʨʦʤʝʞʫʪʦʯʥʦʝ (ʜʦʧʫʩʪʠʤʦʝ) ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ Zʜ, ʜʦʩʪʠ-
ʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʙʣʠʟʦʩʪʠ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɼʣʷ ʣʶʙʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ 
ʧʘʨʘʤʝʪʨʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʙʣʘʩʪʠ ʝʛʦ ʟʥʘʯʝʥʠʡ: ʨʘʙʦʯʫʶ, ʜʦʧʫʩʪʠʤʫʶ ʠ ʦʧʘʩʥʫʶ. ɺ ʨʘʙʦ-
ʯʝʡ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʜʦʧʫʩʪʠʤʦʛʦ, ʪ.ʝ. Z < Zʜ. ɺ ʥʝʡ ʥʘʭʦʜʷʪʩʷ ʥʦʤʠ-
ʥʘʣʴʥʦʝ ʠ ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʷ. ɼʦʧʫʩʪʠʤʘʷ ʦʙʣʘʩʪʴ ʨʘʩʧʦʣʦʞʝʥʘ ʤʝʞʜʫ ʜʦʧʫʩʪʠʤʳʤ ʠ ʧʨʝʜʝʣʴ-
ʥʳʤ ʟʥʘʯʝʥʠʷʤʠ, ʜʣʷ ʥʝʝ ʩʧʨʘʚʝʜʣʠʚʦ ʫʩʣʦʚʠʝ Zʜ < Z < Zʧʨ. ɺ ʜʦʧʫʩʪʠʤʦʡ ʦʙʣʘʩʪʠ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʘ ʚʦʟʤʦʞʥʦ, ʥʦ ʨʝʟʢʦ ʧʦʚʳʰʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʠ. 
ɺ ʦʧʘʩʥʦʡ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʧʘʨʘʤʝʪ-
ʨʘ ʟʘ ʟʥʘʯʝʥʠʝ Zʧʨ  ʚʩʝʛʜʘ ʥʘʩʪʫʧʘʝʪ ʧʨʝʜʝʣʴʥʦʝ, ʦʧʘʩʥʦʝ ʩʦʩʪʦʷʥʠʝ. 
ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʪʝʧʝʥʥʦʛʦ ʦʪʢʘʟʘ ʚ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, 

ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ. ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʘʥʘʣʠ-
ʟʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ Zʥ < Z < Zʜ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʘʢʠʭ-
ʣʠʙʦ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʧʨʠʯʠʥ ʠ ʩʣʫʯʘʡʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʝʜʧʦʣʦ-
ʞʠʤ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʧʦʜʯʠʥʷʝʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʩ 
ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ mz ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤ ʦʪʢʣʦʥʝʥʠʝʤ ůz. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʜ 
ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ mz ʠ ůz ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʥʘʯʝ-
ʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʩʪʘʨʝʥʠʷ ʠ ʠʟʥʦʩʘ ʠ ʧʦʜ ʚʦʟʜʝʡʩʪ-
ʚʠʝʤ ʫʧʨʘʚʣʷʶʱʠʭ ʠ ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. 
ʅʘ ʨʠʩʫʥʢʝ 2 ʠʟʦʙʨʘʞʝʥʘ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʦʙʣʘʩ-

ʪʠ ʝʛʦ ʚʦʟʤʦʞʥʦʛʦ ʠʟʤʝʥʝʥʠʷ. ʇʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʦʞʠ-
ʜʘʥʠʠ ʨʘʚʥʦʤ ʥʦʤʠʥʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʧʘʨʘʤʝʪʨʘ (mz = Z), ʘ ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ï  ʧʨʠ m z = Zʜ. ɼʣʷ 
ʟʘʢʦʥʦʚ, ʠʟʦʙʨʘʞʝʥʥʳʭ ʥʘ ʨʠʩ. 2, (ů1 < ůz).  

 

 

 
 

 

 
 

 

 

 
 

 
 

ʀʟ ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʭʦʜʘ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʆz ʟʘ ʧʨʝʜʝʣʳ Zʧʨ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ 

mz, ʪʘʢ ʠ ʦʪ ů1. ɼʣʷ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʠʟʦʙʨʘʞʝʥʥʳʭ ʥʘ ʨʠʩ. 2, ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʥʘ ʨʘʚʥʘ ʧʨʘʢ-
ʪʠʯʝʩʢʠ ʥʫʣʶ, ʘ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʦʥʘ ʨʘʚʥʘ ʟʘʰʪʨʠʭʦʚʘʥʥʦʡ ʧʣʦʱʘʜʠ S. ɼʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ [2], ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ, ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʚʥʘ 
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mz = Zʥ mz = Zʜ  Zʧʨ 

S = Oz (Z > Zʧʨ) 

 Z 

ʈʠʩ. 2. ʇʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʇʨʝʜʝʣʴʥʦʝ 
ʩʦʩʪʦʷʥʠʝ 

ʇʨʝʜʝʣʴʥʦʝ 
ʩʦʩʪʦʷʥʠʝ 

ɼʦʧʫʩʪʠʤʘʷ 
ʦʙʣʘʩʪʴ 

ɼʦʧʫʩʪʠʤʘʷ 

ʦʙʣʘʩʪʴ 
ʈʘʙʦʯʘʷ 
ʦʙʣʘʩʪʴ 
Zʥ Zʜ Zʜ Zʧʨ Zʧʨ 
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 ï ʬʫʥʢʮʠʷ ʃʘʧʣʘʩʘ. 

ɺʳʨʘʞʝʥʠʝ (1) ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʚ 
ʙʝʟʦʧʘʩʥʦʡ ʦʙʣʘʩʪʠ ʈz = 1 ï ʆz ʧʨʠ ʣʶʙʦʤ ʩʤʝʱʝʥʠʠ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʘʥʘʣʠʟʠʨʫʝ-

ʤʦʡ ʦʙʣʘʩʪʠ Zʥ < Z < Zʜ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ mz = Zʢ ʦʪ Zʥ ʜʦ Zʧʨ ʟʥʘʯʝʥʠʝ ʠʩʢʦʤʦʡ 

ʚʝʨʦʷʪʥʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 1 ʜʦ 0,5 (ʩʤ. ʨʠʩ. 3).  
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

ʅʘʟʦʚʝʤ ʬʫʥʢʮʠʶ ʈz )(
ɼ

Zf=  ï ʬʫʥʢʮʠʝʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʘ. ʍʘʨʘʢʪʝʨ 

ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʚ ʙʝʟʦʧʘʩʥʦʡ ʟʦʥʝ 
ʧʨʠ ʣʶʙʦʤ ʚʳʙʨʘʥʥʦʤ ʜʦʧʫʩʪʠʤʦʤ ʟʥʘʯʝʥʠʠ Zʜ ʧʘʨʘʤʝʪʨʘ. ɿʘ ʧʨʝʜʝʣʘʤʠ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʧʘʩʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʚʦʟʨʘʩʪʘʝʪ ʦʧʘʩʥʦʩʪʴ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠʣʠ ʧʦ ʜʨʫʛʠʤ ʧʨʠʯʠʥʘʤ ʤʦʞʝʪ 
ʠʟʤʝʥʷʪʴʩʷ ʠ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʪʘʢʞʝ ʤʦʞʝʪ ʠʤʝʪʴ ʩʣʫʯʘʡʥʫʶ ʩʦ-

ʩʪʘʚʣʷʶʱʫʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʠʥʠʮʠʠʨʫʶʱʝʛʦ ʩʦʙʳʪʠʷ ʠʣʠ ʫʩʣʦʚʠʷ, 

ʧʨʠʯʠʥʦʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ: 

- ʧʨʝʜʝʣʴʥʦʝ ʠ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ; 

- ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ; 

- ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ. 

ɼʣʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʝʣʴʥʳʝ ʠ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʫʢʘʟʳʚʘʶʪʩʷ ʚ ʨʫʢʦ-

ʚʦʜʷʱʠʭ ʜʦʢʫʤʝʥʪʘʭ ʠʣʠ ʚ ʠʥʩʪʨʫʢʮʠʷʭ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʵʪʠʭ ʩʚʝʜʝʥʠʡ ʤʦʞʥʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʮʝʥʢʠ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ: 

- ʤʝʪʦʜʦʤ ʠʩʧʳʪʘʥʠʡ; 

- ʧʨʦʯʥʦʩʪʥʳʤ ʤʝʪʦʜʦʤ; 

- ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ɿʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʤʝʨʝʥʥʳʭ ʚʝʣʠʯʠʥ ʤʦʞʝʪ ʙʳʪʴ ʥʦʨʤʘʣʴʥʳʤ, ʨʘʚʥʦʤʝʨʥʳʤ, ʪʨʝ-

ʫʛʦʣʴʥʳʤ ʠʣʠ ʜʨʫʛʠʤ ʠ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʠʜʘ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. 

ʆʜʥʘʢʦ ʤʝʪʦʜʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʚ ʨʘʩʯʝʪʘʭ ʦʪ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 10 õ 30%, ʯʪʦ ʚʧʦʣʥʝ ʜʦʧʫʩʪʠʤʦ ʚ ʨʘʩʯʝʪʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʝʪ ʥʘʠʙʦʣʴʰʠʡ ʟʘʧʘʩ ʚ ʩʪʦʨʦʥʫ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʘʩʯʝʪʦʚ, ʧʨʠʤʝʤ ʜʦʧʫʱʝʥʠʝ ʦ ʧʨʠʝʤʣʝʤʦʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʨʠ ʦʮʝʥʢʝ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʥʠʮʠʠʨʫʶʱʠʭ ʫʩʣʦʚʠʡ. 
ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɽʛʦ ʤʦʞʥʦ 

ʧʨʠʙʣʠʞʝʥʥʦ ʦʮʝʥʠʪʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʩʣʫʯʘʡʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ 

ʟʥʘʯʝʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ Z. 

ʉʫʱʥʦʩʪʴ ʧʝʨʚʦʛʦ ʩʧʦʩʦʙʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ çʧʨʘʚʠʣʘ s3 è [2]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 
ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʤʘʢʩʠʤʘʣʴʥʳʭ Zmax ʠ ʤʠʥʠʤʘʣʴʥʳʭ Zmin ʟʥʘʯʝʥʠʷʭ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ Zʂ ʩʨʝʜ-
ʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʘʚʥʦ 

ʈʘʙʦʯʘʷ ʦʙʣʘʩʪʴ ˑ̠̏̐̔̒̓̉̍́ 
ʦʙʣʘʩʪʴ 

ʆʧʘʩʥʘʷ 

ʦʙʣʘʩʪʴ 

Zʥ Zʢ Zʜ Zʧʨ Z 

0,5 

1 
ʈz

1 

ʈz 

ʈʠʩ. 3. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʭʦʞʜʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʚ ʙʝʟʦʧʘʩʥʦʡ ʦʙʣʘʩʪʠ 
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47 

6

minmax
ZZ -

=s .                                                                       (2) 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʪʝʨʚʘʣʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʟʥʘʯʝʥʠʷ ʧʘʨʘ-

ʤʝʪʨʘ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʝʛʦ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ, ʠʤʝʶʱʝʛʦ ʢʣʘʩʩ ʪʦʯʥʦʩʪʠ  D [3]. ɽʩʣʠ ʢʣʘʩʩ ʪʦʯ-
ʥʦʩʪʠ ʚʳʨʘʞʝʥ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʰʢʘʣʳ, ʠʥʪʝʨʚʘʣ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʨʘʚʝʥ 

100

max
Z

Z
ÖD

°=D                                                                             (3) 

ʠ ʩʚʷʟʘʥ ʩʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤ ʦʪʢʣʦʥʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

sÖ=D KZ ,                                                                         (4)  

ʛʜʝ ʂ = 2,066 ï ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ; ʂ = 2,02 ï ʜʣʷ ʪʨʝʫʛʦʣʴʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ; ʂ = 1,73 ï ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʪʦʨʦʛʦ ʩʧʦʩʦʙʘ ʜʣʷ ʦʮʝʥʢʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʨʘʚʦʤʝʨʥʦ 

ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʣʠʷʥʠʝ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩ-

ʢʣʶʯʝʥʦ ʠ çʪʦʯʥʦʝè ʟʥʘʥʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʧʦʛʨʝʰʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʦ-
ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʀʣʣʶʩʪʨʘʮʠʶ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʮʝʥʢʝ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ ʩʪʘʨʝ-

ʥʠʷ ʠʟʦʣʷʮʠʠ ʢʘʙʝʣʷ. 

ʂʘʙʝʣʴʥʳʝ ʪʨʘʩʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʢʦʨʘʙʣʷ. ɽʱʝ ʙʦʣʝʝ ʦʥʘ ʚʦʟʨʘʩʪʘʝʪ ʚ 
ʩʚʷʟʠ ʩʦ ʩʪʘʨʝʥʠʝʤ ʠʟʦʣʷʮʠʠ ʢʘʙʝʣʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 7866-76 ʜʣʷ ʥʦʚʦʛʦ ʢʘʙʝʣʷ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʠʟʦʣʷʮʠʠ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ 100 ʄʆʤ/ʢʤ, ʘ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʧʫʩʢʘʝʪʩʷ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʚʥʦ 5 ʄʆʤ/ʢʤ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʠʥ-
ʪʝʥʩʠʚʥʦʝ ʩʪʘʨʝʥʠʝ ʠʟʦʣʷʮʠʠ ʢʘʙʝʣʷ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʜʘʞʝ ʙʳʪʴ ʤʝʥʴʰʝ ʵʪʦʛʦ 

ʟʥʘʯʝʥʠʷ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ ʚʦʟʨʘʩʪʘʶʪ ʪʦʢʠ ʫʪʝʯʢʠ, ʩʥʠʞʘʶʱʠʝ ʙʝʟʦ-

ʧʘʩʥʦʩʪʴ ʣ.ʩ., ʫʚʝʣʠʯʠʚʘʶʱʠʝ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʙʦʷ ʠʟʦʣʷʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʜʫʛʠ. 
ʇʦʣʴʟʫʷʩʴ ʤʦʜʝʣʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʪʝʧʝʥʥʦʛʦ ʦʪʢʘʟʘ, ʧʨʠʚʝʜʝʤ ʨʘʩʯʝʪ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʦ-

ʙʦʷ ʠʟʦʣʷʮʠʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚʦʟʴʤʝʤ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʥʘ ʢʦʨʘʙʣʷʭ ʤʘʨʢʠ ʢʘ-

ʙʝʣʝʡ ʂʅʈʇ ʠ ʅʈʐʄ ʠ ʧʨʠʤʝʤ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 

- ʜʣʠʥʘ ʫʯʘʩʪʢʘ ʢʘʙʝʣʴʥʦʡ ʪʨʘʩʩʳ L = 50 ʤ; 

- ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ ʫʯʘʩʪʢʘ R = 2000 ʄʆʤ; 

- ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ Rʧʨ = 100 ʄʆʤ; 

- ʩʨʦʢ ʩʣʫʞʙʳ ʢʘʙʝʣʷ ʂʅʈʇ  ʧʦ ɻʆʉʊ   ʊʨ = 25 ʣʝʪ; 

- ʩʨʦʢ ʩʣʫʞʙʳ ʢʘʙʝʣʷ ʅʈʐʄ ʧʦ ɻʆʉʊ  ʊp = 12,5 ʣʝʪ. 

ʉʪʘʨʝʥʠʝ ʠʟʦʣʷʮʠʠ ʢʘʙʝʣʷ ʢʘʢ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ:  

t
-

Ö=
1

eAR , 

ʛʜʝ R ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʦʣʷʮʠʠ ʢʘʙʝʣʷ; t ï ʚʨʝʤʷ; ɸ, Ű ï ʧʦʩʪʦʷʥʥʳʝ. 
ʇʦʣʴʟʫʷʩʴ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʩʨʦʢʫ ʩʣʫʞʙʳ ʢʘʙʝʣʷ [6], ʝʛʦ ʥʘʯʘʣʴʥʳʤ ʠ ʧʨʝʜʝʣʴʥʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠʟʦʣʷʮʠʠ, ʥʘʭʦʜʠʤ ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʚʝʣʠʯʠʥ: 

- ʜʣʷ ʂʅʈʇ ï ɸ = 20 Ŀ 10
8
ʆʤ, Ű = 8,34 ʣʝʪ; 

- ʜʣʷ ʅʈʐʄ ï ɸ = 20 Ŀ 10
8
 ʆʤ, Ű = 5,0 ʣʝʪ. 

ʆʪʩʶʜʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʦʣʷʮʠʠ ʢʘʙʝʣʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ (ʪʘʙʣ. 1). 
 

ʊʘʙʣʠʮʘ 1 
 

ʄʘʨʢʘ ʢʘʙʝʣʷ R, ʄʆʤ 
t 

0 5 10 15 20 25 

ʂʅʈʇ ʄʆʤ 2000 1100 603 331 182 100 

ʅʈʐʄ ʄʆʤ 2000 737 271 100 ï ï 
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ʇʨʦʠʟʚʝʜʝʤ ʦʮʝʥʢʫ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦ-
ʣʷʮʠʠ ʢʘʙʝʣʷ. ʈʘʩʩʤʦʪʨʠʤ ʪʨʠ ʩʣʫʯʘʷ. 

1. ʇʦ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʦʣʷʮʠʠ ʜʦʣʞʥʦ ʠʟʤʝʨʷʪʴʩʷ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦ-

ʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ  10%, ʊʦʛʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ (4) ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʟʘʢʦʥʝ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʘʚʥʦ 

ʠʟʤ
R05,0=s ,

 

ʛʜʝ  Rʠʟʤ ï ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ. 
2. ʀʩʧʦʣʴʟʫʝʤ ʠʥʪʝʨʚʘʣ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʩ ʧʦʤʦʱʴʶ 

ʢʦʨʘʙʝʣʴʥʦʛʦ ʤʝʛʦʤʤʝʪʨʘ. ʇʦ ʧʘʩʧʦʨʪʥʳʤ ʜʘʥʥʳʤ ʢʣʘʩʩ ʪʦʯʥʦʩʪʠ ʧʨʠʙʦʨʘ ʨʘʚʝʥ 1% ʦʪ ʜʠʘʧʘ-

ʟʦʥʘ ʠʟʤʝʨʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʪʝʨʚʘʣʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚʦʟʴʤʝʤ ʧʦʣʦʚʠʥʫ ʮʝʥʳ ʜʝʣʝʥʠʷ ʰʢʘ-
ʣʳ. ʀʟ-ʟʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʰʢʘʣʳ ʫ ʧʨʠʙʦʨʘ ʠʟʤʝʥʷʝʪʩʷ ʝʛʦ ʮʝʥʘ ʜʝʣʝʥʠʷ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʙʫʜʫʪ ʪʘʢʞʝ ʠʟʤʝʥʷʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘ-

ʞʝʥʠʝʤ (4). 
ʊʘʙʣʠʮʘ 2 

 

ɿʥʘʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ R 500ï100 100ï50 50ï25 

ʎʝʥʘ ʜʝʣʝʥʠʷ ʎ 400 50 5,0 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ů 100 12,5 1,25 

 
3. ʀʩʧʦʣʴʟʫʝʤ çʧʨʘʚʠʣʦ 3ůè. ʇʨʠʥʠʤʘʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʡ 

ʥʘʯʘʣʴʥʦʝ ʠ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ, ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʴʷ (2) ʧʦʣʫʯʠʤ:    

ů = 330 ʄʆʤ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʦʙʦʷ ʠʟʦʣʷʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʜʫʛʠ ʥʘ ʢʦʨʧʫʩ ʠʟ-ʟʘ ʩʪʘʨʝʥʠʷ ʢʘ-
ʙʝʣʷ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʚʳʨʘʞʝʥʠʝʤ (1), ʚ ʢʦʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʧʨʠʤʝʤ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ ʧʨʠ ʩʪʘʨʝʥʠʠ (ʩʤ. ʪʘʙʣ. 2). 

ʅʘ ʛʨʘʬʠʢʘʭ (ʨʠʩ. 4) ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʜʣʷ ʪʨʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʝʚ 
ʦʮʝʥʢʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ [4].  

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 

ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʚʩʝʭ ʩʣʫʯʘʷʭ ʦʮʝʥʢʠ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ. ʆʥʘ ʣʝʞʠʪ ʚ ʠʥʪʝʨ-

ʚʘʣʝ ʤʝʞʜʫ ʢʨʠʚʳʤʠ, ʦʙʦʟʥʘʯʝʥʥʳʤʠ ʮʠʬʨʘʤʠ 1 ʠ 3. 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ ʧʦ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ. 

ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʨʘʙʝʣʴʥʳʭ ʤʝʛʦʤʤʝʪʨʦʚ ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ ʥʝʚʳʧʦʣʥʠʤʳ. ɺ ʪʨʝʪʴʝʤ ʩʣʫʯʘʝ ʜʘʥʘ ʥʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʥʘʷ ʦʮʝʥʢʘ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦ-
ʨʦʚ (ʥʘʛʨʝʚ ʢʘʙʝʣʷ ʧʦ ʢʘʢʠʤ-ʣʠʙʦ ʧʨʠʯʠʥʘʤ, ʧʦʚʳʰʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʚ ʦʪʩʝʢʝ ʠ ʪ.ʜ.) ʩʦʧʨʦ-
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ʈʠʩ.4. ʆʮʝʥʢʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 
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ʪʠʚʣʝʥʠʝ ʠʟʦʣʷʮʠʠ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʜʦ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ,  
ʘ ʣʠʯʥʳʡ ʩʦʩʪʘʚ ʥʝ ʧʨʝʜʧʨʠʥʠʤʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʨ (ʥʘʧʨʠʤʝʨ, ʧʦʜʩʫʰʢʠ). 

ʅʘʠʙʦʣʝʝ ʨʝʘʣʴʥʳʤ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʚʪʦʨʦʡ ʩʣʫʯʘʡ, ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʛʫʣʷʨʥʦʝ ʠʟʤʝ-

ʨʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ ʩ ʧʦʤʦʱʴʶ ʢʦʨʘʙʝʣʴʥʦʛʦ ʤʝʛʦʤʤʝʪʨʘ ʠ ʜʨʫʛʠʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝ-
ʥʠʷ, ʢʦʥʪʨʦʣʴ ʠʟʦʣʷʮʠʠ ʢʘʙʝʣʷ ʠ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. 
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THE STRAIGHT PROPER INSTALLATION OF THE GRAPH  

 

A new proof of the existence of the straight proper installation of a simple not a planar graph in three-

dimensional space, but a planar one on the plane was proposed in the article. 

 

Key words: graph, theorem, the outer face, the top, the base of induction, the induction step. 

 
 

ʋʢʣʘʜʢʦʡ ʛʨʘʬʘ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʨʝʘʣʠʟʘʮʠʶ ʛʨʘʬʘ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʠʣʠ ʥʘ ʧʣʦʩʢʦʩʪʠ. ʋʢʣʘʜʢʘ ʛʨʘʬʘ ʥʘʟʳʚʘʝʪʩʷ ʧʨʘʚʠʣʴʥʦʡ, ʝʩʣʠ ʝʛʦ ʨʝʙʨʘ ʧʝʨʝʩʝʢʘʶʪʩʷ 

ʪʦʣʴʢʦ ʚ ʚʝʨʰʠʥʘʭ. ɽʩʣʠ ʚʩʝ ʨʝʙʨʘ ʚ ʫʢʣʘʜʢʝ ʷʚʣʷʶʪʩʷ ʦʪʨʝʟʢʘʤʠ ʧʨʷʤʳʭ, ʪʦ ʫʢʣʘʜʢʫ ʥʘʟʳʚʘʶʪ 
ʧʨʷʤʦʣʠʥʝʡʥʦʡ. ʆʧʨʝʜʝʣʝʥʠʷ ʜʨʫʛʠʭ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʧʦʥʷʪʠʡ ʩʤ., ʥʘʧʨʠʤʝʨ, ʚ [1]. ʆ ʩʫʱʝʩʪʚʦ-

ʚʘʥʠʠ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʧʨʘʚʠʣʴʥʳʭ ʫʢʣʘʜʦʢ ʠʟʚʝʩʪʥʦ, ʥʦ, ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʵʪʠʭ ʜʚʫʭ ʬʘʢʪʦʚ ʧʨʠ-

ʚʣʝʢʘʶʪ, ʢʘʢ ʧʨʠʚʠʣʦ, ʠʟʣʠʰʥʝ ʤʥʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ (ʩʤ., ʥʘʧʨʠʤʝʨ, [2]).  
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ɿʜʝʩʴ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʦʝ, ʦʧʠʨʘʶʱʝʝʩʷ ʥʘ ʧʨʦʩʪʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʦʦʙʨʘʞʝʥʠʷ, ʜʦʢʘʟʘ-
ʪʝʣʴʩʪʚʦ ʵʪʠʭ ʜʚʫʭ ʫʪʚʝʨʞʜʝʥʠʡ ʦ ʛʨʘʬʘʭ. 

ʇʦʢʘʞʝʤ ʩʥʘʯʘʣʘ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʧʨʘʚʠʣʴʥʘʷ, ʧʣʦʩʢʘʷ ʧʨʷʤʦʣʠʥʝʡʥʘʷ ʫʢʣʘʜʢʘ ʣʶʙʦʛʦ ʧʣʘ-

ʥʘʨʥʦʛʦ ʛʨʘʬʘ. ʇʦʥʷʪʥʦ, ʯʪʦ ʪʘʢʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʜʦʢʘʟʘʪʴ ʣʠʰʴ ʪʨʠʘʥʛʫʣʠʨʦʚʘʥʥʳʭ 
(ʤʘʢʩʠʤʘʣʴʥʦ ʧʣʘʥʘʨʥʳʭ) ʛʨʘʬʦʚ.  

ʊɽʆʈɽʄɸ 1. ɼʣʷ ʣʶʙʦʛʦ ʪʨʠʘʥʛʫʣʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ ʧʦʨʷʜʢʘ n ² 3 ʩʫʱʝʩʪʚʫʝʪ ʧʣʦʩʢʘʷ ʫʢʣʘʜ-
ʢʘ, ʚ ʢʦʪʦʨʦʡ ʚʩʝ ʨʝʙʨʘ ʷʚʣʷʶʪʩʷ ʦʪʨʝʟʢʘʤʠ ʧʨʷʤʳʭ ʠ ʧʝʨʝʩʝʢʘʶʪʩʷ ʣʠʰʴ ʚ ʚʝʨʰʠʥʘʭ ʛʨʘʬʘ. 

ʇʨʦʚʝʜʝʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʠʥʜʫʢʮʠʠ, ʘ ʠʤʝʥʥʦ: ʠʥʜʫʢʮʠʝʡ ʧʦ  

n ï ʯʠʩʣʫ ʚʝʨʰʠʥ ʛʨʘʬʘ. 
ɹʘʟʘ ʠʥʜʫʢʮʠʠ. ɼʣʷ ʪʘʢʦʛʦ n = 3 ʫʪʚʝʨʞʜʝʥʠʝ ʚʝʨʥʦ, ʪʨʠʘʥʛʫʣʠʨʦʚʘʥʥʳʡ ʛʨʘʬ ʥʘ ʪʨʝʭ ʚʝʨ-

ʰʠʥʘʭ ï ʵʪʦ ʧʨʦʩʪʦ ʪʨʝʫʛʦʣʴʥʠʢ.  

ʐʘʛ ʠʥʜʫʢʮʠʠ. ʇʦ ʠʥʜʫʢʪʠʚʥʦʤʫ ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʣʶʙʦʡ ʪʨʠʘʥʛʫʣʠʨʦʚʘʥʥʳʡ ʛʨʘʬ ʧʦʨʷʜʢʘ 

n ² 3 ʤʦʞʥʦ ʧʨʘʚʠʣʴʥʦ ʫʣʦʞʠʪʴ ʥʘ ʧʣʦʩʢʦʩʪʠ ʪʘʢ, ʯʪʦ ʚʩʝ ʨʝʙʨʘ ʙʫʜʫʪ ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ ʦʪʨʝʟʢʘʤʠ. 

ʇʦʢʘʞʝʤ, ʯʪʦ ʠ ʪʨʠʘʥʛʫʣʠʨʦʚʘʥʥʳʡ ʛʨʘʬ ʧʦʨʷʜʢʘ n + 1 ʪʦʞʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ. 
ɺ ʪʨʠʘʥʛʫʣʠʨʦʚʘʥʥʦʤ ʛʨʘʬʝ ʧʦʨʷʜʢʘ n + 1 ʩʦʜʝʨʞʠʪʩʷ  3(n + 1) ï 6 ʨʝʙʝʨ, ʪʦ ʝʩʪʴ  ʥʘ ʪʨʠ 

ʨʝʙʨʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʪʨʠʘʥʛʫʣʠʨʦʚʘʥʥʦʤ ʛʨʘʬʝ ʧʦʨʷʜʢʘ n. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ, ʜʦʙʘʚʠʚ ʥʦʚʫʶ ʚʝʨ-

ʰʠʥʫ, ʤʳ ʜʦʣʞʥʳ ʜʦʙʘʚʠʪʴ ʝʱʝ ʪʨʠ ʨʝʙʨʘ. ʏʠʩʣʦ ʛʨʘʥʝʡ ʚ ʪʨʠʘʥʛʫʣʠʨʦʚʘʥʥʦʤ ʛʨʘʬʝ ʧʦʨʷʜʢʘ n 
ʨʘʚʥʦ 2n ï 4, ʧʦʵʪʦʤʫ ʜʦʙʘʚʣʝʥʠʝ ʚʝʨʰʠʥʳ ʚʣʝʯʝʪ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʛʨʘʥʝʡ ʥʘ 2. 

ʅʦʚʘʷ ʚʝʨʰʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʙʘʚʣʝʥʘ ʢ ʛʨʘʬʫ ʥʘ n ʚʝʨʰʠʥʘʭ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʉʧʦʩʦ-

ʙʳ ʵʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ çʦʙʨʘʪʥʳʤ ʭʦʜʦʤè ï ʫʤʝʥʴʰʝʥʠʝʤ ʧʦʨʷʜʢʘ ʥʘ ʝʜʠʥʠʮʫ ʪʨʠʘʥʛʫʣʠʨʦʚʘʥʥʦʛʦ 

ʛʨʘʬʘ. ʋʜʘʣʷʝʤʘʷ ʚʝʨʰʠʥʘ ʤʦʞʝʪ ʠʤʝʪʴ ʩʪʝʧʝʥʴ 3 (ʪʫʪ ʚʦʟʤʦʞʥʳ ʪʨʠ ʩʣʫʯʘʷ), ʩʪʝʧʝʥʴ 4 ʠ ʩʪʝʧʝʥʴ 
ʙʦʣʴʰʝ ʯʝʪʳʨʝʭ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʥʦʚʦʡ ʚʝʨʰʠʥʳ ʜʦʩʪʘʚʣʷʝʪ ʚʩʝ ʵʪʠ ʩʣʫʯʘʠ. 

ʉʣʫʯʘʡ 1. ʇʨʠʩʦʝʜʠʥʷʝʤʘʷ ʚʝʨʰʠʥʘ (ʥʘ ʨʠʩʫʥʢʘʭ ʚʳʜʝʣʝʥʘ ʩʝʨʳʤ) ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚʥʫʪ-

ʨʠ ʥʝʢʦʪʦʨʦʡ ʪʨʝʫʛʦʣʴʥʦʡ ʛʨʘʥʠ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʦʚʘʷ ʚʝʨʰʠʥʘ ʚʥʫʪʨʠ ʛʨʘʬʘ. 

 
ʈʠʩ. 1. ʅʦʚʘʷ ʚʝʨʰʠʥʘ ʚʥʫʪʨʠ ʛʨʘʥʠ 

 
ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʩʦʝʜʠʥʠʚ ʵʪʫ ʚʝʨʰʠʥʫ  ʩ ʚʝʨʰʠʥʘʤʠ ʛʨʘʥʠ, ʧʦʣʫʯʘʝʤ ʥʝʜʦʩʪʘʶʱʠʝ ʪʨʠ ʨʝʙ-

ʨʘ (ʥʘ ʨʠʩʫʥʢʘʭ ʥʦʚʳʝ ʨʝʙʨʘ ʚʳʜʝʣʝʥʳ ʯʝʨʥʳʤ). ʏʠʩʣʦ ʛʨʘʥʝʡ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 2.  

ʉʣʫʯʘʡ 2. ʅʦʚʘʷ ʚʝʨʰʠʥʘ ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʚʥʝʰʥʝʡ ʛʨʘʥʠ. ʊʦʛʜʘ, ʧʝʨʝʜʚʠʥʫʚ ʝʝ ʚ ʩʣʫʯʘʝ 
ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʘʢ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ, ʩʥʦʚʘ ʤʦʞʥʦ ʚʳʧʨʷʤʠʪʴ çʢʨʠʚʦʝè ʨʝʙʨʦ. ʅʘ ʨʠ-

ʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʦʚʘʷ ʚʝʨʰʠʥʘ ʚʥʫʪʨʠ ʚʥʝʰʥʝʡ ʛʨʘʥʠ. 

 
ʈʠʩ. 2. ʅʦʚʘʷ ʚʝʨʰʠʥʘ ʚʥʫʪʨʠ ʚʥʝʰʥʝʡ ʛʨʘʥʠ 

 
ʉʣʫʯʘʡ 3. ʅʦʚʘʷ ʚʝʨʰʠʥʘ ʥʘ ʨʝʙʨʝ ʚʥʝʰʥʝʡ ʛʨʘʥʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʩʣʝʛʢʘ çʥʘʜʣʦʤʠʚè ʨʝʙʨʦ 

ʚʥʝʰʥʝʡ ʛʨʘʥʠ, ʥʘ ʢʦʪʦʨʦʤ ʦʢʘʟʘʣʘʩʴ ʥʦʚʘʷ ʚʝʨʰʠʥʘ, ʩʦʝʜʠʥʠʤ ʚʝʨʰʠʥʳ ʚʥʝʰʥʝʡ ʛʨʘʥʠ ʝʱʝ 

ʦʜʥʠʤ  ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʨʝʙʨʦʤ.  ʊʨʝʪʴʝ ʨʝʙʨʦ ʩʦʝʜʠʥʠʪ ʥʦʚʫʶ ʚʝʨʰʠʥʫ ʩ ʚʝʨʰʠʥʦʡ ʚʥʫʪʨʝʥʥʝʡ 
ʪʨʝʫʛʦʣʴʥʦʡ ʛʨʘʥʠ, ʚ ʢʦʪʦʨʦʡ ʦʢʘʟʘʣʘʩʴ ʥʦʚʘʷ ʚʝʨʰʠʥʘ. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʦʚʘʷ ʚʝʨ-

ʰʠʥʘ ʥʘ ʨʝʙʨʝ ʙʝʩʢʦʥʝʯʥʦʡ ʛʨʘʥʠ. 

 
ʈʠʩ. 3. ʅʦʚʘʷ ʚʝʨʰʠʥʘ ʥʘ ʨʝʙʨʝ ʙʝʩʢʦʥʝʯʥʦʡ ʛʨʘʥʠ 
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ʉʣʫʯʘʡ 4. ʅʦʚʘʷ ʚʝʨʰʠʥʘ ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ (ʪʦ ʝʩʪʴ ʥʝ ʥʘ ʚʥʝʰʥʝʡ ʛʨʘʥʠ) ʛʨʘʬʘ, ʥʘ ʨʝʙʨʝ, 
ʨʘʟʜʝʣʷʶʱʝʤ ʜʚʝ ʛʨʘʥʠ,  ʪʦ ʪʨʠʘʥʛʫʣʷʮʠʷ ʥʦʚʦʛʦ ʛʨʘʬʘ ʩʥʦʚʘ ʜʘʝʪ ʧʨʷʤʦʣʠʥʝʡʥʳʝ ʨʝʙʨʘ. ʅʘ 

ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʦʚʘʷ ʚʝʨʰʠʥʘ ʥʘ ʨʝʙʨʝ ʚʥʫʪʨʠ ʛʨʘʬʘ.  

 
ʈʠʩ. 4. ʅʦʚʘʷ ʚʝʨʰʠʥʘ ʥʘ ʨʝʙʨʝ ʚʥʫʪʨʠ ʛʨʘʬʘ 

ʉʣʫʯʘʡ 5. ʅʦʚʘʷ ʚʝʨʰʠʥʘ ʠʤʝʝʪ ʩʪʝʧʝʥʴ ʥʝ ʤʝʥʴʰʝ ʯʝʪʳʨʝʭ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚʝʨʰʠʥʘ ʧʦʷʚ-

ʣʷʝʪʩʷ ʚʦʟʣʝ ʦʜʥʦʡ ʠʟ ʩʪʘʨʳʭ ʚʝʨʰʠʥ ʠ ʩʦʝʜʠʥʝʥʘ ʩ ʵʪʦʡ ʚʝʨʰʠʥʦʡ ʥʦʚʳʤ ʨʝʙʨʦʤ.  ʊʦʛʜʘ ʧʨʦ-

ʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʥʝʩʢʦʣʴʢʦ ʩʤʝʞʥʳʭ ʪʨʝʫʛʦʣʴʥʳʭ ʛʨʘʥʝʡ, ʠʤʝʶʱʠʭ ʦʙʱʫʶ ʚʝʨʰʠʥʫ. ɽʩʣʠ 

ʫʙʨʘʪʴ ʦʙʱʠʝ ʨʝʙʨʘ ʵʪʠʭ ʪʨʝʫʛʦʣʴʥʳʭ ʛʨʘʥʝʡ, ʪʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʥʦʚʦʡ ʚʝʨ-
ʰʠʥʳ ʧʨʦʠʩʭʦʜʠʪ ʚʥʫʪʨʠ çʤʥʦʛʦʫʛʦʣʴʥʦʡè ʛʨʘʥʠ. ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʦʚʘʷ ʚʝʨʰʠʥʘ 

ʚʥʫʪʨʠ çʤʥʦʛʦʫʛʦʣʴʥʦʡè ʛʨʘʥʠ. 

 
ʈʠʩ. 5.  ʅʦʚʘʷ ʚʝʨʰʠʥʘ ʚʥʫʪʨʠ çʤʥʦʛʦʫʛʦʣʴʥʦʡè  ʛʨʘʥʠ 

ʊʘʢ ʢʘʢ ʠʟ ʩʪʘʨʦʡ ʚʝʨʰʠʥʳ, ʚʦʟʣʝ ʢʦʪʦʨʦʡ ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʘʷ, ʙʳʣʠ ʚʠʜʥʳ ʚʩʝ ʦʩʪʘʣʴʥʳʝ 

ʚʝʨʰʠʥʳ ʤʥʦʛʦʫʛʦʣʴʥʦʡ ʛʨʘʥʠ, ʥʦʚʫʶ ʚʝʨʰʠʥʫ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʪʘʢ, ʯʪʦ ʦʥʘ ʪʦʞʝ ʙʫʜʝʪ ʦʙʣʘ-

ʜʘʪʴ ʵʪʠʤ ʩʚʦʡʩʪʚʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʤʝʩʪʝ ʩ ʥʦʚʦʡ ʚʝʨʰʠʥʦʡ ʧʦʷʚʷʪʩʷ ʪʨʠ ʥʦʚʳʭ ʨʝʙʨʘ ʠ ʜʚʝ 
ʪʨʝʫʛʦʣʴʥʳʝ ʛʨʘʥʠ, ʘ ʩʪʘʨʳʝ ʛʨʘʥʠ, ʥʝʤʥʦʛʦ ʠʟʤʝʥʠʚʰʠʩʴ, ʦʩʪʘʥʫʪʩʷ ʪʨʝʫʛʦʣʴʥʳʤʠ. 

ʀʪʘʢ, ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʡ ʚʝʨʰʠʥʳ ʩʦʭʨʘʥʷʝʪ ʧʨʷʤʦʣʠʥʝʡʥʦʩʪʴ 

ʨʝʙʝʨ ʠ ʧʨʘʚʠʣʴʥʫʶ ʨʘʩʢʣʘʜʢʫ ʛʨʘʬʫ. ʐʘʛ ʠʥʜʫʢʮʠʠ ʜʦʢʘʟʘʥ. ɺʤʝʩʪʝ ʩ ʰʘʛʦʤ ʠʥʜʫʢʮʠʠ ʜʦʢʘʟʘʥʦ ʠ 
ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʨʝʙʨʘʭ ʪʨʠʘʥʛʫʣʠʨʦʚʘʥʥʦʛʦ (ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʣʶʙʦʛʦ ʧʣʘʥʘʨʥʦʛʦ) ʛʨʘʬʘ. 

ʇʦ ʪʝʦʨʝʤʝ ʂʫʨʘʪʦʚʩʢʦʛʦ-ʇʦʥʪʨʷʛʠʥʘ ʣʶʙʦʡ ʥʝ ʧʣʘʥʘʨʥʳʡ ʛʨʘʬ ʩʦʩʪʦʠʪ ʠʟ ʧʣʘʥʘʨʥʦʛʦ 

ʧʦʜʛʨʘʬʘ ʠ ʧʦʜʛʨʘʬʦʚ, ʛʦʤʝʦʤʦʨʬʥʳʭ ʛʨʘʬʘʤ K5   ʠʣʠ K3,3. ʅʘ ʨʠʩʫʥʢʝ 6 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʷʤʦʣʠ-
ʥʝʡʥʳʡ ʛʨʘʬ  K5  ʠ K3,3. 

ʕʪʠ ʜʚʘ ʛʨʘʬʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ ʛʨʘʬʘʤʠ (ʥʘ  ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠ-

ʤʝʨ ʪʘʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ), ʧʦʵʪʦʤʫ ʣʶʙʦʡ ʛʨʘʬ ʤʦʞʥʦ ʨʘʩʧʦʣʦʞʠʪʴ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʩ ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ ʨʝʙʨʘʤʠ, ʧʝʨʝʩʝʢʘʶʱʠʤʠʩʷ ʪʦʣʴʢʦ ʚ ʚʝʨʰʠʥʘʭ.  
 

 
ʈʠʩ. 6. ʇʨʷʤʦʣʠʥʝʡʥʳʝ ʛʨʘʬʳ K5 ʠ K3,3 

 
ʆʜʥʘʢʦ ʵʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʛʨʘʬʘʭ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʠ ʙʝʟ ʢʨʠʪʝʨʠʷ ʂʫʨʘʪʦʚʩʢʦʛʦ-

ʇʦʥʪʨʷʛʠʥʘ, ʘ ʧʨʦʩʪʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ.  

ʃɽʄʄɸ. ʇʫʩʪʴ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʘʩʧʦʣʦʞʝʥʳ ʧʨʦʠʟʚʦʣʴʥʳʤ ʦʙʨʘʟʦʤ ʧʨʷʤʳʝ a1, 

a2, é, an, ʥʘ ʢʦʪʦʨʳʭ ʚʳʜʝʣʝʥʳ  ʪʦʯʢʠ A1, A2, é, Am. ʊʦʛʜʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʫʱʝʩʪʚʫʝʪ  ʪʦʯʢʘ X, 
ʠʟ ʢʦʪʦʨʦʡ ʚʠʜʥʘ ʢʘʞʜʘʷ ʠʟ ʚʳʜʝʣʝʥʥʳʭ ʪʦʯʝʢ. 



ǨǻȎȅǻ, ȉǼȋǻȂȉǽǻȈȃȀ, ȃȈȈȉǽǻȑȃȃ: ȊȎȍȃ ȋǻȂǽȃȍȃȚ 
 

52 

ɼʆʂɸɿɸʊɽʃʔʉʊɺʆ. ʊʦʯʢʘ Aj, ʧʨʠʥʘʜʣʝʞʘʱʘʷ ʥʝʢʦʪʦʨʦʡ ʧʨʷʤʦʡ, ʚʠʜʥʘ ʠʟ ʪʦʯʢʠ M, ʝʩʣʠ ʧʨʷ-
ʤʘʷ AjX ʥʝ ʧʝʨʝʩʝʢʘʝʪʩʷ ʥʠ ʩ ʦʜʥʦʡ ʠʟ ʧʨʷʤʳʭ ai. ʈʘʩʩʤʦʪʨʠʤ ʤʥʦʞʝʩʪʚʦ W, ʩʦʩʪʦʷʱʝʝ ʠʟ ʦʙʲʝ-

ʜʠʥʝʥʠʷ  ʧʣʦʩʢʦʩʪʝʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʝʢʦʪʦʨʫʶ ʧʨʷʤʫʶ ai ʠ ʪʦʯʢʫ Aj, ʥʝ ʣʝ-

ʞʘʱʫʶ ʥʘ ʵʪʦʡ ʧʨʷʤʦʡ. ʏʠʩʣʦ ʪʘʢʠʭ ʧʣʦʩʢʦʩʪʝʡ ʩʪʨʦʛʦ ʤʝʥʴʰʝ nm, ʠ ʣʶʙʘʷ ʪʦʯʢʘ ʧʨʦʩʪʨʘʥʩʪʚʘ, 
ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʘʷ W, ʧʦʜʭʦʜʠʪ ʥʘ ʨʦʣʴ ʪʦʯʢʠ X. ʋʪʚʝʨʞʜʝʥʠʝ ʜʦʢʘʟʘʥʦ. 

ʊɽʆʈɽʄɸ 2. ʃʶʙʦʡ ʛʨʘʬ ʙʝʟ ʧʝʪʝʣʴ ʠ ʤʫʣʴʪʠʨʝʙʝʨ ʤʦʞʥʦ ʨʘʩʧʦʣʦʞʠʪʴ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʪʘʢ, ʯʪʦ ʝʛʦ ʨʝʙʨʘ ʙʫʜʫʪ ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ ʦʪʨʝʟʢʘʤʠ ʠ ʧʝʨʝʩʝʢʘʪʴʩʷ ʵʪʠ ʦʪʨʝʟʢʠ ʙʫʜʫʪ 
ʪʦʣʴʢʦ ʚʝʨʰʠʥʘʭ ʛʨʘʬʘ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɼʦʩʪʘʪʦʯʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʪʝʦʨʝʤʳ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʧʦʣʥʦʛʦ 

ʛʨʘʬʘ Kn. ʇʨʦʚʝʜʝʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʠʥʜʫʢʮʠʠ, ʘ ʠʤʝʥʥʦ: ʠʥʜʫʢʮʠʝʡ ʧʦ  

n ï ʯʠʩʣʫ ʚʝʨʰʠʥ ʛʨʘʬʘ. 
ɼʣʷ ʛʨʘʬʘ K3 ʫʪʚʝʨʞʜʝʥʠʝ ʪʝʦʨʝʤʳ ʚʳʧʦʣʥʷʝʪʩʷ: K3 ï ʵʪʦ ʧʨʦʩʪʦʡ ʪʨʝʫʛʦʣʴʥʠʢ.  

ʇʫʩʪʴ ʪʝʧʝʨʴ ʜʣʷ ʚʩʝʭ ʛʨʘʬʦʚ Kn, ʛʜʝ n > 3, ʫʪʚʝʨʞʜʝʥʠʝ ʪʝʦʨʝʤʳ ʚʝʨʥʦ. ɻʨʘʬ Kn + 1 ʧʦʣʫʯʘ-

ʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝʤ ʢ ʧʨʷʤʦʣʠʥʝʡʥʦʤʫ ʛʨʘʬʫ Kn ʥʦʚʦʡ ʚʝʨʰʠʥʳ X ʠ n ʨʝʙʝʨ, ʩʦʝʜʠʥʷʶʱʠʭ ʵʪʫ 
ʚʝʨʰʠʥʫ X ʩʦ ʚʩʝʤʠ  ʚʝʨʰʠʥʘʤʠ ʠʟ ʛʨʘʬʘ  Kn. ʉʦʛʣʘʩʥʦ ʣʝʤʤʝ ʚʝʨʰʠʥʫ X ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦ ʥʠ ʦʜʥʦ ʥʦʚʦʝ ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʨʝʙʨʦ ʥʝ ʙʫʜʝʪ ʧʝʨʝʩʝʢʘʪʴʩʷ ʥʠ ʩ ʦʜʥʠʤ çʩʪʘʨʳʤè 

ʨʝʙʨʦʤ ʚ ʪʦʯʢʝ, ʦʪʣʠʯʥʦʡ ʦʪ ʚʝʨʰʠʥʳ ʛʨʘʬʘ. ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

 
ʈʠʩ. 7. ʇʦʣʫʯʝʥʠʝ ʛʨʘʬʦʚ K5 ʠ K6 ʠʟ ʛʨʘʬʘ K4  

 

ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʤʝʪʦʜʘ ʥʘ ʨʠʩʫʥʢʝ 7 ʧʨʠʚʝʜʝʥʳ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʠʟ ʛʨʘʬʘ K4 ʧʦʣʥʦʛʦ 

ʛʨʘʬʘ ʥʘ ʧʷʪʠ ʚʝʨʰʠʥʘʭ, ʘ ʩ ʧʦʤʦʱʴʶ ʜʦʙʘʚʣʝʥʠʷ ʜʚʫʭ ʚʝʨʰʠʥ ï ʛʨʘʬʘ K6. ɺ ʢʘʞʜʦʤ ʛʨʘʬʝ ʥʦ-
ʚʳʝ ʚʝʨʰʠʥʳ ʚʳʜʝʣʝʥʳ ʩʝʨʳʤ ʮʚʝʪʦʤ. 

ʃʠʪʝʨʘʪʫʨʘ 
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ʈɸɿʈɸɹʆʊʂɸ ʅɽʏɽʊʂʆɻʆ ʈɽɻʋʃʗʊʆʈɸ ʊɽʄʇɽʈɸʊʋʈʓ  

ɼʃʗ ʇʈʆʎɽʉʉɸ ʉʊɸɹʀʃʀɿɸʎʀʀ ʂɸʊɸʃʀɿɸʊɸ ʈʀʌʆʈʄʀʅɻɸ 
 

ɺ ʨʘʙʦʪʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʙʣʦʢʦʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʘʪʘʣʠʟʘʪʘ ʧʨʦʮʝʩʩʘ ʢʘʪʘʣʠʪʠʯʝ-
ʩʢʦʛʦ ʨʠʬʦʨʤʠʥʛʘ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʦʚʝʜʝʥʥʳʡ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 
ʤʦʜʝʣʷʤ ʧʨʦʮʝʩʩʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʠʬʦʨʤʠʥʛʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʠʬʦʨʤʠʥʛʘ, ʫʯʠʪʳʚʘʶʱʝʡ ʢʘʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ (ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝ-
ʥʠʝ, ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʦʪʦʢʦʚ), ʪʘʢ ʠ ʚʝʣʠʯʠʥʳ, ʧʨʝʜʩʪʘʚʣʷʝʤʳʝ ʦʧʝʨʘʪʦʨʦʤ ʚ ʚʠʜʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ 
ʧʝʨʝʤʝʥʥʳʭ (ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʢʘʯʝʩʪʚʦ ʪʦʧʣʠʚʥʦʛʦ ʛʘʟʘ ʠ ʪ.ʜ.). ʆʙʱʝʡ ʧʨʦʙʣʝʤʦʡ ʧʦʩʪʨʦʝʥʠʷ 
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ʤʦʜʝʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʠʬʦʨʤʠʥʛʘ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʫʯʝʪʘ ʥʝ ʠʟʤʝʨʷʝʤʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠ ʠʟʤʝʥʝʥʠʷ 
ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʘʪʘ-
ʣʠʟʘʪʘ ʨʠʬʦʨʤʠʥʛʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʢʫʙʘ ʢʦʣʦʥʥʳ ʥʘ ʙʘʟʝ ʥʝʯʝʪʢʦʡ ʣʦʛʠ-
ʢʠ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʜʠʘʧʘʟʦʥʦʚ ʠʟʤʝʥʝʥʠʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʥʝʯʝʪʢʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 
ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩʫʱʝʩʪʚʫʶʱʘʷ ʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʜʫʢʪʘ ʥʘ ʚʳʭʦʜʝ ʧʝʯʠ ʧʦʜʦʛʨʝ-
ʚʘ, ʢʦʪʦʨʘʷ ʠʜʝʥʪʠʯʥʘ ʧʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠʩʩʣʝʜʫʝʤʦʡ ʧʝʯʠ. ʇʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷ-
ʪʦʨʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʦʠʟʚʝʜʝʥʘ ʬʘʟʟʠʬʠʢʘʮʠʷ ʟʥʘʯʝʥʠʡ ʚʳʜʝʣʝʥʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥ-
ʥʳʭ, ʧʦʩʪʨʦʝʥʳ ʜʚʝ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʢʫʙʘ ʢʦʣʦʥʥʳ (ʩʠʩʪʝʤʘ ʩ ʮʠʬʨʦʚʳʤ ʇʀɼ-
ʨʝʛʫʣʷʪʦʨʦʤ ʠ ʩʠʩʪʝʤʘ ʩ ʮʠʬʨʦʚʳʤ ʥʝʯʝʪʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ). ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 
ʚ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʨʷʜʘ ʧʨʝʠʤʫʱʝʩʪʚ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʨʠʬʦʨʤʠʥʛ, ʩʪʘʙʠʣʠʟʘʮʠʦʥʥʘʷ ʢʦʣʦʥʥʘ, ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ, ʣʠʥ-

ʛʚʠʩʪʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ, ʩʠʩʪʝʤʘ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ. 

 

 

A.M. Dzhambekov 
 

Astrakhan State Technical University, 

Astrakhan, 414025 

e-mail: azamat-121@mail.ru 

 

DEVELOPMENT OF FUZZY TEMPERATURE CONTROLLER  

FOR THE STABILIZATION PROCESS OF REFORMING CATALYSATE  

 
In this paper we formulate the problem of stabilization control unit catalysate catalytic reforming process 

based on expert information. A review of the literature on mathematical models of catalytic reforming process 

leads to the conclusion about the necessity of constructing a mathematical model of reforming, taking into account 
both the quantitative parameters (temperature, pressure, flow rate of material flow), and the value submitted by the 

operator in the form of linguistic variables (catalyst activity, the quality of the fuel gas etc.). General problem of 

constructing a model of a catalytic reforming unit is the lack of accounting unmeasured disturbances and change 

the state of the object. To enhance the management process of stabilization reforming catalysate developed tem-

perature control system cube columns based on fuzzy logic. To find the range of variation of the linguistic varia-

bles of fuzzy control system was investigated the time dependence of the current product temperature at the outlet 

of the furnace heating, which is identical in their characteristics investigated furnace. The calculation of fuzzy 

controller control system, made fuzzification values selected linguistic variables, built two temperature control 

system cube column (system with digital PID controller and fuzzy system with digital controller). Comparative 

analysis of transient processes in these systems revealed several advantages of fuzzy controller. 

 

Key words: catalytic reforming, the stabilization column, fuzzy controller, a linguistic variable, fuzzy infer-
ence system. 

 

 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʢʘʢ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ 

ʫʧʨʘʚʣʝʥʠʷ, ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʢʘʢ ʩʘʤʦʛʦ ʦʙʲʝʢʪʘ, ʪʘʢ ʠ ʜʝʡʩʪʚʫʶʱʠʭ 
ʥʘ ʥʝʛʦ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʫʩʪʘʥʦʚʢʘ ʢʘʪʘ-
ʣʠʪʠʯʝʩʢʦʛʦ ʨʠʬʦʨʤʠʥʛʘ. ʉʣʦʞʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫ-
ʯʘʝʚ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʦʧʪʠʤʘʣʴʥʳʭ ʠ ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 
[1] ʚʚʠʜʫ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʧʨʦʮʝʩʩʘ [2]. ʅʘʣʠʯʠʝ ʦʧʳʪʥʦʛʦ ʵʢʩʧʝʨʪʘ-ʦʧʝʨʘʪʦʨʘ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷ-
ʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʙʷʟʘʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʝʝ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ. ʇʨʠʦʙʨʝʪʘʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʦʧʝ-
ʨʘʪʦʨʦʤ ʟʥʘʥʠʷ ʠ ʦʧʳʪ ʧʦ ʥʘʩʪʨʦʡʢʝ ʧʘʨʘʤʝʪʨʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦ-
ʩʪʨʦʝʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ [3]. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ 
ʤʦʜʝʣʝʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʠʬʦʨʤʠʥʛʘ ʚʘʞʥʳʤ ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʚ ʤʦʜʝʣʠ ʢʘʯʝʩʪʚʝʥʥʳʭ 
ʧʦʢʘʟʘʪʝʣʝʡ (ʢʘʯʝʩʪʚʦ ʩʳʨʴʷ, ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʢʘʯʝʩʪʚʦ ʪʦʧʣʠʚʥʦʛʦ ʛʘʟʘ, ʩʦʩʪʦʷʥʠʝ ʪʨʫʙ-
ʯʘʪʳʭ ʧʝʯʝʡ). ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʜʦʧʫʩ-
ʢʘʶʱʝʛʦ ʦʙʨʘʙʦʪʢʫ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʵʢʩʧʝʨʪʦʚ [4]. ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʠʥʩʪʨʫ-
ʤʝʥʪʘʨʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʩʪʨʦʠʪʴ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ 
ʦʙʲʝʢʪʝ, ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʠ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ [5].  
ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʢʘʪʘʣʠʪʠ-

ʯʝʩʢʦʛʦ ʨʠʬʦʨʤʠʥʛʘ ʟʘ ʩʯʝʪ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤ ʧʨʦʮʝʩ-
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ʩʦʤ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠʦʥʥʘʷ ʢʦʣʦʥʥʘ ʫʩʪʘʥʦʚʢʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 
ʨʠʬʦʨʤʠʥʛʘ. ʉʪʘʙʠʣʴʥʳʡ ʢʘʪʘʣʠʟʘʪ, ʧʦʣʫʯʘʝʤʳʡ ʥʘ ʚʳʭʦʜʝ ʩʪʘʙʠʣʠʟʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ, ʷʚʣʷʝʪ-
ʩʷ ʦʜʥʠʤ ʠʟ ʧʦʩʣʝʜʥʠʭ ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʦʙʱʝʡ ʮʝʧʠ ʧʨʦʮʝʩʩʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʠʬʦʨ-
ʤʠʥʛʘ. ʇʦʩʣʝ ʧʨʦʮʝʩʩʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪ ʧʦʩʪʫʧʘʝʪ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʳʝ ʩʪʘʜʠʠ ʧʨʠʛʦʪʦʚʣʝ-
ʥʠʷ ʙʝʥʟʠʥʘ (ʧʘʨʢ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ, ʩʤʝʰʠʚʘʥʠʝ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ, ʪʦʚʘʨʥʳʡ ʧʘʨʢ). ʇʦʵʪʦʤʫ 
ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʘʪʘʣʠʟʘʪʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʟʘʜʘʯ ʥʘ 
ʫʩʪʘʥʦʚʢʝ ʨʠʬʦʨʤʠʥʛʘ. 

ʅʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʥʝʯʝʪʢʦʡ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʙʠʣʠʟʘ-

ʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʫʯʠʪʳʚʘʪʴ ʦʧʳʪ ʵʢʩʧʝʨʪʦʚ ʥʘʣʘʜʯʠʢʦʚ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʊʝʤ-
ʧʝʨʘʪʫʨʘ ʚʳʭʦʜʥʦʛʦ ʧʦʪʦʢʘ (ʩʪʘʙʠʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘʪʘ) ʩʪʘʙʠʣʠʟʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ ʷʚʣʷʝʪʩʷ ʥʘʠ-

ʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʘʥʘʣʠʟʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʫʢʪʘ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʠʬʦʨʤʠʥʛʘ. ʇʦʵʪʦʤʫ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʥʝʯʝʪʢʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 
ʢʫʙʘ ʢʦʣʦʥʥʳ ʨʠʬʦʨʤʠʥʛʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʫʙʣʠʢʘʮʠʡ, ʛʜʝ ʦʧʠʩʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʩʪʦʨʦʥʳ ʧʨʦʙʣʝʤʳ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʙʘʟʝ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ. ɺ [6] ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘ-
ʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʥʝʯʝʪʢʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʭʣʘʞʜʘʶʱʠʤʠ ʚʩʧʨʳʩʢʘʤʠ ʵʥʝʨʛʦʙʣʦʢʘ ʩʚʝʨʭ-

ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ. ɹʳʣ ʦʧʠʩʘʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʘʶʱʠʭ 

ʚʩʧʨʳʩʢʦʚ. ɺ ʨʘʙʦʪʝ [7] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦʛʨʘʥʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʣʝʜʷʱʝʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦ-

ʜʘ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. ɹʳʣʦ ʧʨʝʜʣʦ-
ʞʝʥʦ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʩ ʥʝʯʝʪʢʠʤ ʨʝʛʫ-

ʣʷʪʦʨʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠ ʜʨʫʛʠʭ ʨʘʙʦʪ ʧʦ ʥʘʩʪʨʦʡʢʝ ʥʝʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʥʝʯʝʪʢʠʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʥʦʡ ʠʣʠ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʳ ʪʨʘʜʠʮʠʦʥʥʳʭ 
ʪʠʧʦʚʳʭ ʤʝʪʦʜʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ (ʇʀ, ʇʀɼ) ʥʝʯʝʪʢʠʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʝʛʦ ʜʣʠʪʝʣʴʥʦʩʪʴʶ. 

ʏʠʩʣʦ ʪʝʨʤʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʦʮʝʥʠʚʘʶʪʩʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ (ʚʭʦʜʥʳʝ ʠ 

ʚʳʭʦʜʥʦʡ ʧʘʨʘʤʝʪʨʳ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ), ʦʰʠʙʢʘ ʩʠʩʪʝʤʳ q, ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ (ʧʝʨʚʘʷ 

ʧʨʦʠʟʚʦʜʥʘʷ) ʦʰʠʙʢʠ q#, ʫʩʢʦʨʝʥʠʝ (ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ) q##ʦʰʠʙʢʠ, ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ 
ʥʘ ʦʙʲʝʢʪ m, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʘʚʥʳʤ 3. 

ʇʨʝʜʩʪʘʚʠʤ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʠʟʘ ʢʦʣʦʥʥʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩ ʮʠʬʨʦʚʳʤ ʥʝ-

ʯʝʪʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ (ʅʈ) ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʡ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ [8]: 
 

 

ʈʠʩ. 1. ʇʨʠʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩ ʮʠʬʨʦʚʳʤ ʅʈ 
 

ɺ ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ɗ (t) ʚ ʥʝʯʝʪʢʦʡ ʩʠʩʪʝʤʝ ʙʫʜʝʪ ʚʳʩʪʫʧʘʪʴ ʦʰʠʙʢʘ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʟʤʝʨʷʝʤʦʡ ʥʘ ʚʳʭʦʜʝ ʠʟ ʪʨʫʙʯʘʪʦʡ ʧʝʯʠ ʇ-4 ʧʦʜʦʛʨʝʚʘ ʩʳʨʴʷ ʢʦʣʦʥʥʳ ʂ-2. 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʳʭʦʜʝ ʧʝʯʠ ʧʦʜʦʛʨʝʚʘ ʇ-4 ʜʦʣʞʥʘ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʚ ʟʘʜʘʥʥʳʭ ʧʨʝʜʝʣʘʭ: 
220õ256ÁC. ʇʦʩʣʝ ʚʳʨʘʙʦʪʢʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʅʈ ʧʦʣʫʯʘʝʤ ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ ʨʝʛʫʣʠʨʦ-

ʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ m(t) ʧʝʯʠ ʧʦʜʦʛʨʝʚʘ ʇ-4, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʧʦʜʘʥʦ ʥʘ ʠʩʩʣʝʜʫʝʤʫʶ, ʚ ʩʠʩʪʝʤʝ 

MatlabSimulink, ʤʦʜʝʣʴ ʩʪʘʙʠʣʠʟʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ ʂ-2. ʅʘ ʚʳʭʦʜʝ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʤʳ ʧʦʣʫʯʘ-
ʝʤ ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ x(t) ʥʠʟʘ ʢʦʣʦʥʥʳ ʂ-2. ʅʘ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʥʠʟʘ ʩʪʘʙʠʣʠʟʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ ʂ-2 ʪʘʢʞʝ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ: 200õ250ÁC. 

ɹʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʬʘʟʟʠʬʠʢʘʮʠʷ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʦʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ: ʦʰʠʙ-

ʢʘ ʩʠʩʪʝʤʳ q, ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ (ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ) ʦʰʠʙʢʠ q#, ʫʩʢʦʨʝʥʠʝ (ʚʪʦʨʘʷ ʧʨʦʠʟ-

ʚʦʜʥʘʷ) ʦʰʠʙʢʠ q##, ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʙʲʝʢʪ m, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ, 

ʦʧʠʩʘʥʥʳʤʠ ʚ [9]. ɿʜʝʩʴ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʩʠʩʪʝʤʘ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʄʘʤʜʘʥʠ ʠ ʧʦʣʫʯʝʥʘ ʥʝʯʝʪʢʘʷ ʙʘʟʘ ʧʨʘʚʠʣ. 
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ʈʘʙʦʯʝʝ ʧʨʘʚʠʣʦ ʫʧʨʘʚʣʝʥʠʷ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʦ ʚ ʚʠʜʝ: 
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 ï ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʦʰʠʙʢʠ, ʩʢʦʨʦʩʪʠ (ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ) ʦʰʠʙʢʠ ʠ 

ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʦʰʠʙʢʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʢʘʢ ʥʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘ ʫʥʠ-

ʚʝʨʩʘʣʴʥʦʤ ʤʥʦʞʝʩʪʚʝ, 3,1=j ; 
j

c
a ï ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʙʲʝʢʪ, ʚʳʙʠʨʘʝʤʳʝ ʠʟ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʘ ʧʝʨʝʤʝʥʥʦʡ m. ʃʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʚʳʙʠʨʘʶʪʩʷ ʠʟ 

ʪʝʨʤ-ʤʥʦʞʝʩʪʚʘ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ *q, *q#,  *q##ʠ *m : 

{ })3(ʥʫʣʝʚʘʷ),2(ʥʘʷʧʦʣʦʞʠʪʝʣʴ),1(ʥʘʷʦʪʨʠʮʘʪʝʣʴ
1
Í

j
a                                (2) 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚʩʝ ʩʠʛʥʘʣʳ (ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʳʰʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ) ʚ ʩʠʩʪʝ-

ʤʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʘʢ ʦʪʨʠʮʘʪʝʣʴʥʳʝ (j = 1), ʧʦʣʦʞʠʪʝʣʴʥʳʝ  

(j = 2) ʠ ʥʫʣʝʚʳʝ (j = 3). 

ʇʨʦʠʟʚʝʜʝʥʦ ʦʪʦʙʨʘʞʝʥʠʝ ʜʠʘʧʘʟʦʥʦʚ [
maxmin

,qq ], [
maxmin

,qq ## ], [
maxmin

,qq #### ] ʠ [
maxmin

,mm ] ʠʟʤʝ-

ʥʝʥʠʷ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʝʜʠʥʦʝ ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʤʥʦʞʝʩʪʚʦ [10]: 
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ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ (ʢʦʣʦʥʥʳ ʩʪʘʙʠʣʠʟʘʮʠʠ) ʙʫʜʝʪ ʩʣʝʜʫʶʱʘʷ [11]: 

182.13343.609217.72856
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ɿʜʝʩʴ ʙʳʣʦ ʧʨʠʥʷʪʦ ʜʦʧʫʱʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʢʦʥʩʪʨʫʢʮʠʠ ʘʧʧʘʨʘʪʘ ʠ ʨʘʙʦʪʳ ʢʘʪʘ-

ʣʠʟʘʪʦʨʘ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʚ ʥʝʢʦʪʦʨʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ, ʪ.ʝ. ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʦʙʲʝʢʪʘ 

ʩʦʜʝʨʞʠʪ ʧʦʩʪʦʷʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ʉʦʩʪʘʚʣʝʥʥʳʝ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʩʠʩʪʝʤʝ MATLAB  ʩʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʩʠʩʪʝʤ ʨʝʛʫʣʠʨʦʚʘ-
ʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʟʘ ʢʦʣʦʥʥʳ ʂ-2 ʫʩʪʘʥʦʚʢʠ ʨʠʬʦʨʤʠʥʛʘ ʩ ʮʠʬʨʦʚʳʤʠ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ ʠ 

ʥʝʯʝʪʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʩʠʩʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩ ʮʠʬʨʦʚʳʤʠ ʇʀɼ- ʠ ʥʝʯʝʪʢʠʤ ʨʝʛʫʣʷʪʦʨʘʤʠ 
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ʅʘʩʪʨʦʡʢʘ ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʦʠʟʚʝʜʝʥʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʰʠʙ-
ʢʠ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ. ʇʦʩʣʝ ʥʘʩʪʨʦʡʢʠ ʮʠʬʨʦʚʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʧʨʠ ʰʘʛʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ  

h0 = 0.001 c ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ (3): 

K = 0.672;    Ki = 0.0018;   Ki = 63. 

ʇʦʣʫʯʝʥʳ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʩ ʮʠʬʨʦʚʳʤʠ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ ʠ 

ʥʝʯʝʪʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ (ʨʠʩ.3). ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ (ʪʘʙʣ.). 
 

 
 

ʈʠʩ. 3. ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʠʩʪʝʤʘʭ ʩ ʮʠʬʨʦʚʳʤʠ ʇʀɼ- ʠ ʥʝʯʝʪʢʠʤ ʨʝʛʫʣʷʪʦʨʘʤʠ 
 

ʊʘʙʣʠʮʘ 

ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠ ̫

 ̄ ʇʦʢʘʟʘʪʝʣʴ 
ʉʠʩʪʝʤʘ  

ʩ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ 
ʉʠʩʪʝʤʘ  

ʩ ʥʝʯʝʪʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ 

1 ɺʨʝʤʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ tʨ, [ʤʠʥ] 200 180 

2 ʇʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ ů, [Ǔʉ] 21,29 7,59 

3 ɺʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʧʝʨʚʦʛʦ ʤʘʢʩʠʤʫʤʘ tMAX, [ʤʠʥ] 21,875 19,89 

4 ʉʪʝʧʝʥʴ ʟʘʪʫʭʘʥʠʷ ɣ (21,29 ï 3,33)/21,29 = 0,8436 (7,59 ï 3,32)/ 7,59 = 0,5626 

5 ʂʚʘʜʨʘʪʠʯʥʳʡ ʠʥʪʝʛʨʘʣʴʥʳʡ ʢʨʠʪʝʨʠʡ ʢʘʯʝʩʪʚʘ I2 7418 975,5 
 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʢʘʢ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ, ʪʘʢ 

ʠ ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ ʚ ʩʠʩʪʝʤʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʢʫʙʘ ʩʪʘʙʠʣʠʟʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ ʨʠ-

ʬʦʨʤʠʥʛʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʩʪʦʡʯʠʚʦʝ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʢʦʣʦʥʥʳ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦ-
ʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ. ʅʦ ʚ ʩʠʩʪʝʤʝ ʩ ʥʝʯʝʪʢʠʤ (ʨʘʙʦʪʘʶʱʠʤ ʥʘ ʙʘʟʝ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ) ʨʝ-

ʛʫʣʷʪʦʨʦʤ ʚʝʣʠʯʠʥʘ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ 3 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʩʠʩʪʝʤʝ ʩ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ ʧʨʠʜʘʝʪ ʚʩʝʡ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʘ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʫ, ʪʘʢ ʠ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʝʝ ʚʦ ʚʨʝʤʝ-
ʥʠ, ʪ.ʝ. ʨʝʛʫʣʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʮʝʩʩʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʠʬʦʨʤʠʥʛʘ. ʊʘʢ ʢʘʢ ʧʘʨʘʤʝʪʨʳ ʩʪʘʙʠʣʠ-

ʟʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ ʫʩʪʘʥʦʚʢʠ ʨʠʬʦʨʤʠʥʛʘ ʠʟʤʝʥʷʶʪʩʷ ʚ ʦʯʝʥʴ ʰʠʨʦʢʠʭ ʜʠʘʧʘʟʦʥʘʭ, ʪʦ ʥʝʯʝʪʢʠʡ 

ʨʝʛʫʣʷʪʦʨ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʢʘʯʝʩʪʚʦ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 
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COLLECTIVE OF NEURAL NETWORKS FOR THE ESTIMATION  
OF THE GEOMAGNETIC FIELD CONDITION  

 

The report presents the collective of neural networks developed by the authors, which allows us to perform 
the estimation of the geomagnetic field condition in an automatic mode. To test the collective, we used data from 
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the "Paratunka" geomagnetic station (Paratunka, Kamchatka region, data registration is carried out by the Institute 
of Cosmophysical Research and Radio Wave Propagation). The results of the research that confirm the effective-
ness of the developed method are shown in this report. 

 

Key words: neural networks, wavelet transformation, geomagnetic data, Earthôs magnetic field. 

 

 

ʈʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʦʟʜʘʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ 
ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʦʮʝʥʢʠ ʝʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦ ʜʘʥʥʳʤ ʥʘʟʝʤʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʠ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ. ʉʣʦʞʥʘʷ ʩʪʨʫʢ-

ʪʫʨʘ ʚʘʨʠʘʮʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ ʠʭ ʠʟʫʯʝʥʠʷ ʠ ʜʝʣʘʝʪ ʢʣʘʩ-
ʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʧʦ-

ʩʢʦʣʴʢʫ ʦʥʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʧʨʠʚʦʜʷʪ ʢ ʧʦʪʝʨʝ ʚʘʞʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ [1, 2]. ʅʝʜʦʩʪʘʪʢʦʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 
ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʩʪʝʧʝʥʴ ʠʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʚʘʞʥʳʤ ʚ ʟʘʜʘʯʘʭ ʦʧʝʨʘʪʠʚʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦʢʦʣʦʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʧʨʦʛʥʦʟʘ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ. 

ɺ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʚʪʦʨʘʤʠ ʤʝʪʦʜʘ ʣʝʞʘʪ ʢʨʘʪʥʦʤʘʩʰʪʘʙʥʦʝ ʚʝʡʚʣʝʪ-ʨʘʟʣʦʞʝʥʠʝ 

(ʂʄɸ) [3] ʠ ʨʘʜʠʘʣʴʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ [4]. ʅʘ ʦʩʥʦʚʝ ʂʄɸ ʚʳʧʦʣʥʷʝʪʩʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʚʘʨʠʘ-
ʮʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʦʟʤʫʱʝʥʥʦʩʪʴ 

ʧʦʣʷ, ʠ ʧʦʜʘʚʣʷʝʪʩʷ ʰʫʤ. ɺʳʜʝʣʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʦʩʪʫʧʘʶʪ ʚ ʨʘʜʠʘʣʴʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, 

ʚʳʧʦʣʥʷʶʱʠʝ ʦʮʝʥʢʫ ʩʪʝʧʝʥʠ ʠʭ ʚʦʟʤʫʱʝʥʥʦʩʪʠ. ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʛʝʦʤʘʛʥʠʪʥʳʭ 
ʜʘʥʥʳʭ (ʥʘ ʧʨʠʤʝʨʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ (ʅ-ʢʦʤʧʦʥʝʥʪʳ)), ʚʳ-

ʧʦʣʥʝʥʥʦʝ ʥʘ ʦʩʥʦʚʝ ʂʄɸ, ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ ʧʨʠʟʥʘʢʠ ʚʦʟʤʫʱʝʥʥʦʩʪʠ ʧʦʣʷ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʙʨʘʟʳ ʢʣʘʩʩʦʚ ʜʣʷ ʨʘʜʠʘʣʴʥʳʭ ʩʣʦʝʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʕʪʦ ʧʦʚʳʩʠʣʦ ʢʘʯʝʩʪʚʦ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʧʦʟʚʦ-
ʣʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠʤʝʨʦʚ ʚ ʠʭ ʨʘʜʠʘʣʴʥʦʤ ʩʣʦʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʰʝʩʪʴ ʨʘʜʠʘʣʴʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʢʦʣ-

ʣʝʢʪʠʚ ʵʣʝʢʪʨʦʥʥʳʭ ʵʢʩʧʝʨʪʦʚ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʟʘʢʣʶʯʝʥʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʳʧʦʣ-
ʥʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʝʰʘʶʱʝʛʦ ʧʨʘʚʠʣʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʢʦʤʙʠʥʘʮʠʠ ʨʝʰʝʥʠʡ ʵʢʩʧʝʨʪʦʚ ʢʦʣʣʝʢʪʠʚʘ. 

ɼʣʷ ʘʧʨʦʙʘʮʠʠ ʩʧʦʩʦʙʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʛʝʦʤʘʛʥʠʪʥʳʝ ʜʘʥʥʳʝ ʩʪʘʥʮʠʠ çʇʘʨʘʪʫʥʢʘè (ʩ. ʇʘ-

ʨʘʪʫʥʢʘ, ʂʘʤʯʘʪʩʢʠʡ ʢʨʘʡ, ʨʝʛʠʩʪʨʘʮʠʶ ʚʳʧʦʣʥʷʝʪ ʀʂʀʈ ɼɺʆ ʈɸʅ) ʟʘ ʧʝʨʠʦʜ 2002ï2008 ʛʛ.  
ɺʳʧʦʣʥʝʥʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʚ ʧʝʨʠʦʜʳ ʧʦʚʳʰʝʥʥʦʡ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʢʘʟʘʣ ʧʝʨ-

ʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʧʦʩʦʙʘ  ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʟʘʜʘʯʘʭ 

ʧʨʦʛʥʦʟʘ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ. 

ɼʝʢʦʤʧʦʟʠʮʠʷ ʚʘʨʠʘʮʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʜʠʩʢʨʝʪʥʳʭ ʜʘʥʥʳʭ )(
0

tf  ʨʘʩʩʤʘʪʨʠʚʘ-

ʣʦʩʴ ʟʘʤʢʥʫʪʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩ ʨʘʟʨʝʰʝʥʠʝʤ0=j : ):))2(2
00

)(0
(2 ZkktclosV

RL
Í-f= , ʧʦʨʦʞʜʝʥ-

ʥʦʝ ʩʢʵʡʣʠʥʛ-ʬʫʥʢʮʠʝʡ )(
2

RLÍf  [3, 5]. ʅʘ ʦʩʥʦʚʝ ʢʨʘʪʥʦʤʘʩʰʪʘʙʥʳʭ ʨʘʟʣʦʞʝʥʠʡ ʜʦ ʫʨʦʚʥʷ 

6=m  ʧʦʣʫʯʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʘʨʠʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʚʠʜʝ ʩʫʤʤʳ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ 

ʠ ʜʝʪʘʣʠʟʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪ:  

[ ] [ ]tftgtf
m

m

j

j -
-

-=

+ä= 22)(
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j
VtfWtg
-
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ÍÍ 2,2 ,                                                     (1) 

ʛʜʝ 
j

W  ï ʧʨʦʩʪʨʘʥʩʪʚʦ ʩ ʨʘʟʨʝʰʝʥʠʝʤ j, ʧʦʨʦʞʜʝʥʥʦʝ ʚʝʡʚʣʝʪ-ʙʘʟʠʩʦʤ )2(2)(
2/

,
ntt

jj

nj
-Y=Y ; 

ʢʦʤʧʦʥʝʥʪʳ [ ]ä Y=
n

njnj

j
tdtg ),(2

,,
 ʛʜʝ njnj

fd
,,

,Y= , ʷʚʣʷʶʪʩʷ ʜʝʪʘʣʠʟʠʨʫʶʱʠʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʣʦʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ; ʢʦʤʧʦʥʝʥʪʘ [ ]ä f=
--

-

k
kmkm

m
tctf )(2

,,
, 

kmkm
fc

,,
,
--
f=  ʷʚʣʷʝʪʩʷ ʘʧ-

ʧʨʦʢʩʠʤʠʨʫʶʱʝʡ. 



ǳȀȌȍǻȚ ǽȌȀȋȉȌȌȃȄȌȅǻȚ ȈǻȎȒȈȉ-ȊȋǻȅȍȃȒȀȌȅǻȚ ȅȉȈȏȀȋȀȈȑȃȚ 
 

59 

ʈʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʪʨʠ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʷ ʚʘʨʠʘʮʠʠ ʧʦʣʷ: 1) çʩʧʦʢʦʡʥʦʝè ʩʦʩʪʦʷʥʠʝ  
(1 ʢʣʘʩʩ); 2) çʩʣʘʙʦʚʦʟʤʫʱʝʥʥʦʝè ʩʦʩʪʦʷʥʠʝ (2 ʢʣʘʩʩ); 3) çʚʦʟʤʫʱʝʥʥʦʝè ʩʦʩʪʦʷʥʠʝ (3 ʢʣʘʩʩ). 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʝʪʘʣʠʟʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ
nj

d
,

 ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʩʪʝʧʝʥʴ ʚʦʟʤʫʱʝʥʥʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠ ʚ ʧʝ-

ʨʠʦʜʳ ʚʦʟʨʘʩʪʘʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠ-
ʯʠʚʘʶʪʩʷ ʠʭ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ [6], ʧʦʵʪʦʤʫ ʘʙʩʦ-

ʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʤʧʦʥʝʥʪ 
nj

d
,

 

ʧʨʠʥʷʪʳ ʟʘ ʤʝʨʫ ʠʭ ʛʝʦʤʘʛʥʠʪʥʦʡ ʚʦʟʤʫʱʝʥʥʦʩʪʠ. 

ɿʘ ʤʝʨʫ ʛʝʦʤʘʛʥʠʪʥʦʡ ʚʦʟʤʫʱʝʥʥʦʩʪʠ ʢʦʤʧʦʥʝʥ-

ʪʳ[ ]tg
j

2  ʧʨʠʥʷʪ ʤʘʢʩʠʤʫʤ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʝʝ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 
nj

n
g

dV
j ,

max== . ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ 
2-g

V ʠ
6-g

V , ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʣʷ 

ʢʦʤʧʦʥʝʥʪ ʚ ʧʝʨʠʦʜʳ çʩʧʦʢʦʡʥʦʛʦè, çʩʣʘʙʦʚʦʟʤʫ-

ʱʝʥʥʦʛʦè ʠ çʚʦʟʤʫʱʝʥʥʦʛʦè ʩʦʩʪʦʷʥʠʡ ʧʦʣʷ. ɸʥʘʣʠʟ 

ʨʠʩʫʥʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʠʘʧʘʟʦʥʳ ʠʭ ʟʥʘʯʝʥʠʡ ʠʤʝ-
ʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʥʘʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʙʫʩʣʦʚʣʝʥʦ 

ʩʣʦʞʥʳʤ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʮʝʩʩʘ, ʘ 

ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝʤ ʯʝʪʢʠʭ ʛʨʘʥʠʮ ʤʝʞʜʫ ʘʥʘʣʠʟʠʨʫʝ-

ʤʳʤʠ ʢʣʘʩʩʘʤʠ [7]. 
ʋʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʧʦʜʢʣʘʩʩʳ ʩʦʩʪʦʷʥʠʡ ʢʦʤʧʦʥʝʥʪ: 

1) ʜʣʷ çʩʧʦʢʦʡʥʦʛʦè ʩʦʩʪʦʷʥʠʷ ï ʧʦʜʢʣʘʩʩ ça-ʩʧʦʢʦʡʥʳʭè (
1
k): 1

,
max

a
¢

jnj
n

Td  ʠ  

çb-ʩʧʦʢʦʡʥʳʭè (
2
k): 11

,
max

ba
¢<

jnj
n

j
TdT ; 

2) ʜʣʷ çʩʣʘʙʦʚʦʟʤʫʱʝʥʥʦʛʦè ʩʦʩʪʦʷʥʠʷ ï ʧʦʜʢʣʘʩʩ ça-ʩʣʘʙʦʚʦʟʤʫʱʝʥʥʳʭè (
3
k): 

21

,
max

ab
¢<

jnj
n

j
TdT  ʠ çb-ʩʣʘʙʦʚʦʟʤʫʱʝʥʥʳʭè (

4
k): 22

,
max

ba
¢<

jnj
n

j
TdT ; 

3) ʜʣʷ çʚʦʟʤʫʱʝʥʥʦʛʦè ʩʦʩʪʦʷʥʠʷ ï ʧʦʜʢʣʘʩʩ ça-ʚʦʟʤʫʱʝʥʥʳʭè (
5
k ): 32

,
max

ab
¢<

jnj
n

j
TdT  

ʠ çb-ʚʦʟʤʫʱʝʥʥʳʭè (
6
k): 3

,
max

a
>

jnj
n

Td . 

ʇʦʨʦʛʠ 32211 ,,,,
ababa

jjjjj
TTTTT  ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʧʫʪʝʤ ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʢʠ ʥʝʡ-

ʨʦʥʥʦʡ ʩʝʪʠ ʥʘ ʤʥʦʞʝʩʪʚʝ ʦʙʫʯʘʶʱʠʭ ʚʝʢʪʦʨʦʚ. 

ʉʪʨʫʢʪʫʨʘ ʨʘʜʠʘʣʴʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʈʘʜʠʘʣʴʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʪʨʘʜʠʮʠʦʥʥʦ ʠʤʝʶʪ ʪʨʠ ʩʣʦʷ [4]: ʚʭʦʜʥʦʡ ʩʣʦʡ; ʩʢʨʳʪʳʡ ʩʣʦʡ 

ʧʨʠʤʝʨʦʚ (ʨʘʜʠʘʣʴʥʳʡ ʩʣʦʡ), ʩʦʜʝʨʞʘʱʠʡ ʧʨʠʟʥʘʢʠ ʢʣʘʩʩʦʚ; ʚʳʭʦʜʥʦʡ ʣʠʥʝʡʥʳʡ ʩʣʦʡ, ʦʧʨʝʜʝ-

ʣʷʁʱʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʚʭʦʜʥʦʛʦ ʦʙʨʘʟʘ ʢ ʢʣʘʩʩʫ. 
ɺ ʨʘʜʠʘʣʴʥʦʤ ʩʣʦʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ: 

1. ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʥʝʡʨʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʠ ʚʟʚʝʰʠʚʘʥʠʷ bwpr -= , ʛʜʝ p  ï ʚʝʢʪʦʨ 

ʚʭʦʜʘ, w ï ʚʝʢʪʦʨ ʧʨʠʤʝʨʘ, b  ï ʩʤʝʱʝʥʠʝ. 

2. ʀʩʧʦʣʴʟʫʷ ʧʦʨʦʛʦʚʫʶ ʬʫʥʢʮʠʶ ʘʢʪʠʚʘʮʠʠ, ʦʮʝʥʢʘ ʤʝʨʳ ʙʣʠʟʦʩʪʠ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ ʠ 

ʧʨʠʤʝʨʘ. 

ʂʦʛʜʘ ʨʘʩʩʪʦʷʥʠʝ r  ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ ʧʨʠʤʝʨʘ w ʠ ʚʭʦʜʥʳʤ ʚʝʢʪʦʨʦʤ p  ʫʤʝʥʴʰʘʝʪʩʷ, ʚʳʭʦʜ 

ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʟʥʘʯʝʥʠʶ ç1è, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ï ʢ ʟʥʘʯʝʥʠʶ ç0è. 
ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʥʦʚʢʦʡ ʟʘʜʘʯʠ,  ʚʭʦʜʥʳʤ ʚʝʢʪʦʨʦʤ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʢʦʤʧʦ-

ʥʝʥʪʘ [ ]tg
j

2 . ɿʘʜʘʯʝʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʝʝ ʩʦʩʪʦʷʥʠʷ.  

ʀʩʧʦʣʴʟʫʷ ʤʝʨʫ ʚʦʟʤʫʱʝʥʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 
nj

d
,
, ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʜʢʣʘʩʩʘ 

i
kʚ ʨʘʜʠʘʣʴ-

ʥʦʤ ʩʣʦʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩʦʟʜʘʥ ʦʜʠʥ ʧʨʠʤʝʨ 
ij

P
k,
ʧʦ ʧʨʘʚʠʣʫ:  

 
ʈʠʩ. 1. ɿʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ 

2-g
V  ʠ 

6-g
V , ʦʧʨʝʜʝ-

ʣʝʥʥʳʝ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʚ ʧʝʨʠʦʜʳ çʩʧʦʢʦʡʥʦʛʦè,  
çʩʣʘʙʦʚʦʟʤʫʱʝʥʥʦʛʦè ʠ çʚʦʟʤʫʱʝʥʥʦʛʦè  
ʩʦʩʪʦʷʥʠʡ ʧʦʣʷ (ʚ ʦʮʝʥʢʘʭ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ  

100 çʩʧʦʢʦʡʥʳʭè, 190 çʩʣʘʙʦʚʦʟʤʫʱʝʥʥʳʭè  

ʠ 86 çʚʦʟʤʫʱʝʥʥʳʭè ʚʘʨʠʘʮʠʡ ʧʦʣʷ) 



ǨǻȎȅǻ, ȉǼȋǻȂȉǽǻȈȃȀ, ȃȈȈȉǽǻȑȃȃ: ȊȎȍȃ ȋǻȂǽȃȍȃȚ 
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juj dddD ,2,1,, ...,,,= , 
i

u ï ʥʦʤʝʨ ʢʦʤʧʦʥʝʥʪʳ ʧʦʜ-

ʢʣʘʩʩʘ 
i
k, 

j
N ï ʜʣʠʥʘ ʢʦʤʧʦʥʝʥʪʳ  ʤʘʩʰʪʘʙʘ j , 

i
U  ï ʢʦ-

ʣʠʯʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪ ʧʦʜʢʣʘʩʩʘ 
i
k.  

ɺʳʧʦʣʥʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʧʦʟʚʦʣʠʣʦ ʩʫʱʝʩʪʚʝʥ-

ʥʦ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠʤʝʨʦʚ, ʚ ʦʪ-

ʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʨʘʜʠ-
ʘʣʴʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ [4]. ɸʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʜʢʣʘʩʩʘ ʚ ʨʘʜʠʘʣʴʥʦʤ 
ʩʣʦʝ ʩʝʪʠ ʙʳʣ ʩʦʟʜʘʥ ʪʦʣʴʢʦ ʦʜʠʥ ʥʝʡʨʦʥ (ʩ ʚʝʩʘʤʠ ʧʨʠʤʝ-

ʨʘ-ʦʙʨʘʟʘ ʧʦʜʢʣʘʩʩʘ). ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʠʤʝ-

ʨ -rʦʙʨʘʟʳ ʧʦʜʢʣʘʩʩʦʚ ʜʣʷ 6 ʤʘʩʰʪʘʙʥʦʛʦ ʫʨʦʚʥʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 3. ɸʥʘʣʠʟ ʨʠʩ. 3 ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʦʙʨʘʟʳ ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʝ ʨʘʟʜʝʣʠʣʠʩʴ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʨʘʩʪʘʥʠʝʤ ʛʝʦ-
ʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ. 

 

ʈʠʩ. 3. ʇʨʠʤʝʨʳ-ʦʙʨʘʟʳ ʧʦʜʢʣʘʩʩʦʚ ʨʘʜʠʘʣʴʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ  
ʜʣʷ 6 ʤʘʩʰʪʘʙʥʦʛʦ ʫʨʦʚʥʷ 

ʂʦʣʣʝʢʪʠʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʦ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʣʣʝʢʪʠʚʘ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʂʦʣʣʝʢʪʠʚ 

ʩʦʩʪʦʠʪ ʠʟ ʰʝʩʪʠ ʨʘʜʠʘʣʴʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪ ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ 

ʦʪʜʝʣʴʥʦʡ ʜʝʪʘʣʠʟʠʨʫʶʱʝʡ ʢʦʤʧʦʥʝʥʪʳ ʩʦʦʪ-
ʚʝʪʩʪʚʫʶʱʝʛʦ ʤʘʩʰʪʘʙʘ. ɿʘʪʝʤ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʚʝʜʝʥʥʦʛʦ ʥʠʞʝ ʨʝʰʘʶʱʝʛʦ ʧʨʘʚʠʣʘ ʬʦʨ-

ʤʠʨʫʝʪʩʷ ʟʘʢʣʶʯʝʥʠʝ ʦ ʩʦʩʪʦʷʥʠʠ ʛʝʦʤʘʛʥʠʪ-
ʥʦʛʦ ʧʦʣʷ. 

1) ʝʩʣʠ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʠʤʝʶʪ çʩʧʦʢʦʡ-

ʥʦʝè ʩʦʩʪʦʷʥʠʝ, ʣʠʙʦ ʪʦʣʴʢʦ ʦʜʥʘ ʢʦʤʧʦʥʝʥʪʘ 
ʷʚʣʷʝʪʩʷ çʩʣʘʙʦʚʦʟʤʫʱʝʥʥʦʡè, ʪʦ ʙʫʜʝʤ ʩʯʠ-

ʪʘʪʴ, ʯʪʦ ʚʘʨʠʘʮʠʷ ʷʚʣʷʝʪʩʷ çʩʧʦʢʦʡʥʦʡè (ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʩʧʦʢʦʡʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʛʝʦʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ); 
2) ʝʩʣʠ ʭʦʪʷ ʙʳ ʦʜʥʘ ʠʟ ʢʦʤʧʦʥʝʥʪ ʚʝʡʚ-

ʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʤʝʝʪ çʚʦʟʤʫʱʝʥʥʦʝè ʩʦʩʪʦʷʥʠʝ, ʪʦ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʘʨʠʘʮʠʷ ʷʚʣʷʝʪʩʷ 

çʚʦʟʤʫʱʝʥʥʦʡè (ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʟʤʫʱʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ); 
3) ʚ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʘʨʠʘʮʠʷ ʠʤʝʝʪ çʩʣʘʙʦʚʦʟʤʫʱʝʥʥʦʝè ʩʦʩʪʦʷʥʠʝ 

(ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʘʙʦʚʦʟʤʫʱʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ). 

 

 

ʈʠʩ. 2. ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ  

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

 

ʈʠʩ. 4. ɸʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 
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ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʉ ʧʦʤʦʱʴʶ ʧʦʩʪʨʦʝʥʥʦʛʦ ʢʦʣʣʝʢʪʠʚʘ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʩʦʩʪʦʷ-

ʥʠʷ ʚʘʨʠʘʮʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʩʪʘʥʮʠʠ ʇʘʨʘʪʫʥʢʘ, ʂʘʤʯʘʪʩʢʠʡ ʢʨʘʡ ʟʘ ʧʝʨʠ-

ʦʜ 2002ï2008 ʛʛ. (ʪʘʙʣ.), ʢʦʪʦʨʘʷ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 
ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʚʦʟʤʫʱʝʥʥʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  

ʊʘʙʣʠʮʘ  

ʇʦʛʨʝʰʥʦʩʪʴ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ɸʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ 
ɻʦʜʳ 

2002 2003 2004 2005 2006 2007 2008 

ʇʦʛʨʝʰʥʦʩʪʴ, % 18,58 11,96 19,89 18,39 18,57 23,01 18,85 

 

ɸʥʘʣʠʟ ʨʘʙʦʪʳ ʧʦʩʪʨʦʝʥʥʦʛʦ ʢʦʣʣʝʢʪʠʚʘ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʦʜʪʚʝʨʜʠʣ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ 
ʧʨʠʤʝʥʝʥʠʷ ʚ ʟʘʜʘʯʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʚʦʟʤʫʱʝʥʥʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʘʨʠʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʩʪʘʥʮʠʠ çʇʘʨʘ-

ʪʫʥʢʘè, ʂʘʤʯʘʪʩʢʠʡ ʢʨʘʡ (ʨʝʛʠʩʪʨʘʮʠʶ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʝʪ ʀʂʀʈ ɼɺʆ ʈɸʅ). 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ, ʧʨʦʝʢʪ ˉ 14-11-00194 ʠ ʌʉʈ ʄʌʇ 

ʅʊʉ (ʧʨʦʛʨʘʤʤʘ çʋʄʅʀʂè) ʜʦʛ. 4024ɻʋ1/2014. 
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GEOMAGNETIC DATA PROCESSING ALGORITHMS  

OF VARIOUS FORMATS  IN THE SYSTEM çAURORAè 

 
This work aims to develop a software module for the system çAuroraè, which will allow to process data in 

various formats in global network of magnetic observatories and existing databases. The data loading and conver-

sion for the period 1984ï2000 a network of observatories of the Far Eastern region of Russia were done. 

 
Key words: geomagnetic, database, observatories, formats, algorithm, processing, system, server, the inter-

net, storage. 

 

 
ʉʫʱʝʩʪʚʫʝʪ ʤʠʨʦʚʘʷ ʩʝʪʴ ʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʧʦ ʨʝʛʠʩʪʨʘʮʠʠ ʜʘʥʥʳʭ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ɿʝʤʣʠ, ʚʳʧʦʣʥʷʶʱʠʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠʭ ʥʘʢʦʧʣʝʥʠʝ ʚ ʣʦʢʘʣʴʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ. ʅʘ 

ʵʪʘʧʝ ʟʘʥʝʩʝʥʠʷ ʜʘʥʥʳʭ ʚ ʤʠʨʦʚʫʶ ʩʝʪʴ ʧʨʦʚʦʜʠʪʩʷ ʤʥʦʛʦʵʪʘʧʥʘʷ ʠʭ ʵʢʩʧʝʨʪʠʟʘ [1ï4]. ʉʦʟʜʘ-

ʚʘʝʤʘʷ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴ ʥʘʢʦʧʣʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʩʝʪʠ 
ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʀʥʩʪʠʪʫʪʘ ʢʦʩʤʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʨʘʜʠʦʚʦʣʥ (ʀʂʀʈ ɼɺʆ ʈɸʅ). 

ʇʝʨʚʠʯʥʳʝ ʜʘʥʥʳʝ ʤʘʛʥʠʪʦʤʝʪʨʦʚ ʥʘ ʚʩʝʭ ʯʝʪʳʨʝʭ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ʀʂʀʈ ɼɺʆ ʈɸʅ ʘʨʭʠʚʠ-
ʨʫʶʪʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʩʝʨʚʝʨʝ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʭ ʩʦʭʨʘʥʥʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʩʦʪʨʫʜʥʠ-

ʢʘʤ ʜʣʷ ʨʘʙʦʪʳ. ʇʨʠ ʵʪʦʤ ʜʘʥʥʳʝ ʦʙʩʝʨʚʘʪʦʨʠʡ çʇʘʨʘʪʫʥʢʘè, çʄʘʛʘʜʘʥè ʠ çʍʘʙʘʨʦʚʩʢè ʝʞʝ-

ʜʥʝʚʥʦ ʦʪʧʨʘʚʣʷʶʪʩʷ ʥʘ ʩʝʨʚʝʨ ɻʌʆ çʇʘʨʘʪʫʥʢʘè (ʀʂʀʈ ɼɺʆ ʈɸʅ) ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ɼʘʥʥʳʝ 

ʦʙʩʝʨʚʘʪʦʨʠʠ çʄʳʩ ʐʤʠʜʪʘè ʠʟ-ʟʘ ʫʜʘʣʝʥʥʦʩʪʠ ʠ ʥʝʥʘʜʝʞʥʦʩʪʠ ʩʚʷʟʠ ʦʪʧʨʘʚʣʷʶʪʩʷ ʧʦ ʵʣʝʢ-
ʪʨʦʥʥʦʡ ʧʦʯʪʝ ʠ ʟʘʪʝʤ ʘʨʭʠʚʠʨʫʶʪʩʷ ʥʘ ʩʝʨʚʝʨʝ ɻʌʆ çʇʘʨʘʪʫʥʢʘè. ʉʦʩʪʦʷʥʠʝ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʩ 

ʫʜʘʣʝʥʥʳʤʠ ʦʙʩʝʨʚʘʪʦʨʠʷʤʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʝʨʚʠʩʘ, ʜʦʩʪʫʧʥʦʛʦ ʚʦ 

ʚʥʫʪʨʝʥʥʝʡ ʩʝʪʠ ʦʙʩʝʨʚʘʪʦʨʠʠ çʇʘʨʘʪʫʥʢʘè. 
ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʭʨʘʥʝʥʠʷ, ʧʫʙʣʠʢʘʮʠʠ ʚ ʀʥʪʝʨʥʝʪ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʛʝʦ-

ʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ (ʚ ʪʦʤ ʯʠʩʣʝ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʥʘ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ʀʂʀʈ ɼɺʆ ʈɸʅ) ʩʦʟʜʘʥʘ 

ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʩʨʝʜʘ çAuroraè (http://www.ikir .ru:8081). ʉʨʝʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʛʨʫʟʢʫ, ʩʦʭʨʘʥʝ-
ʥʠʝ, ʚʠʟʫʘʣʠʟʘʮʠʶ ʠ ʩʚʦʙʦʜʥʳʡ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʯʝʨʝʟ ʩʝʪʴ ʀʥʪʝʨʥʝʪ. ʍʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʚʳʧʦʣ-

ʥʷʝʪʩʷ ʚ ʬʦʨʤʘʪʘʭ, ʧʨʠʥʷʪʳʭ ʩʝʪʴʶ ʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ.  

ɼʣʷ ʧʦʜʜʝʨʞʢʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʦʚ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ, 

ʚʳʧʦʣʥʷʶʱʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʢʦʥʚʝʨʪʘʮʠʶ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʙʝʟ ʧʦʪʝʨʴ ʠʥʬʦʨ-
ʤʘʮʠʠ. ɼʣʷ ʚʳʭʦʜʥʦʛʦ ʬʦʨʤʘʪʘ ʧʦ ʫʤʦʣʯʘʥʠʶ ʙʳʣ ʚʳʙʨʘʥ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʬʦʨʤʘʪ 

IAGA2002.ʊʘʢʞʝ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʢʦʥʚʝʨʪʘʮʠʷ ʩʪʘʨʳʭ ʬʦʨʤʘʪʦʚ ʜʘʥʥʳʭ ʚʘʨʠʘʮʠʡ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ɿʝʤʣʠ ʟʘ ʧʝʨʠʦʜ 1984ï2000 ʛʛ. ʜʣʷ ʦʙʩʝʨʚʘʪʦʨʠʡ çʄʳʩ ʐʪʠʜʪʘè, çʊʠʢʩʠè ʠ çʀʨʢʫʪʩʢè ʠ 
ʦʨʛʘʥʠʟʦʚʘʥʦ ʠʭ ʭʨʘʥʝʥʠʝ ʚ ʩʦʟʜʘʥʥʦʡ ʩʨʝʜʝ. ɺ ʙʘʟʫ ʜʘʥʥʳʭ ʟʘʛʨʫʞʝʥʳ ʛʝʦʤʘʛʥʠʪʥʳʝ ʜʘʥʥʳʝ 

ʦʙʩʝʨʚʘʪʦʨʠʠ çʇʘʨʘʪʫʥʢʘè ʟʘ ʧʝʨʠʦʜ 2010ï2013 ʛʛ., çʍʘʙʘʨʦʚʩʢè ʟʘ 2013 ʛ., çʄʘʛʘʜʘʥè ʟʘ  

2012ï2013 ʛʛ. ɹʳʣ ʦʨʛʘʥʠʟʦʚʘʥ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʚ ʪʝʩʪʦʚʦʤ ʨʝʞʠʤʝ. 
ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ, ʧʦʜʜʝʨʞʠʚʘʶʱʘʷ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʳʭ ʬʦʨʤʘʪʦʚ ʜʘʥʥʳʭ. ʇʨʠ ʟʘʛʨʫʟʢʝ ʜʘʥʥʳʭ ʥʘ ʩʝʨʚʝʨ ʩʠʩʪʝʤʘ ʦʧʨʝʜʝʣʷʝʪ ʬʦʨʤʘʪ, ʠ, ʝʩʣʠ ʜʘʥ-

ʥʳʡ ʬʦʨʤʘʪ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ, ʬʘʡʣ ʟʘʛʨʫʞʘʝʪʩʷ ʥʘ ʩʝʨʚʝʨ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʩʳʣʢʘ ʥʘ ʬʘʡʣ ʟʘʧʠʩʳ-

ʚʘʝʪʩʷ ʚ ʙʘʟʫ ʜʘʥʥʳʭ (ʨʠʩ. 1). ʊʘʢʞʝ ʫʢʘʟʳʚʘʝʪʩʷ ʚʨʝʤʷ ʜʦʙʘʚʣʝʥʠʷ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʬʘʡʣʘ, 
ʦʭʚʘʪʳʚʘʝʤʳʡ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ, ʟʘʛʨʫʟʠʚʰʠʡ ʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠ ʥʘʟʚʘʥʠʝ ʦʙʩʝʨʚʘʪʦʨʠʠ, 

ʧʨʝʜʦʩʪʘʚʠʚʰʝʡ ʠʟʤʝʨʝʥʠʷ. 
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ʈʠʩ. 1. ʆʧʠʩʘʥʠʝ ʟʘʛʨʫʞʘʝʤʦʛʦ ʬʘʡʣʘ ʚ ʙʘʟʝ ʜʘʥʥʳʭ 
 

ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʩʠʩʪʝʤʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʬʦʨʤʘʪʳ IAGA2002 ʠ ʬʦʨʤʘʪʳ çɹʘʟʳ ʮʠʬʨʦ-

ʚʳʭ ʜʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʈʦʩʩʠʠ ʟʘ 1984ï2000 ʛʦʜʳ [5]. 
IAGA2002 ï ʵʪʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʬʦʨʤʘʪ ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ, ʰʠʨʦʢʦ ʧʨʠʤʝ-

ʥʷʝʤʳʡ ʚ ʠʥʩʪʠʪʫʪʘʭ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʆʥ ʚʳʙʨʘʥ ʢʘʢ ʬʦʨʤʘʪ ʧʦ ʫʤʦʣʯʘʥʠʶ ʚ ʥʘʰʝʡ ʩʠʩʪʝʤʝ. 

ʉʪʨʫʢʪʫʨʘ ʬʦʨʤʘʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʰʘʧʢʫ, ʩ ʫʢʘʟʘʥʠʝʤ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ, ʜʝʪʘʣʴʥʳʤ ʦʧʠ-
ʩʘʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʥʳʭ, ʠʭ ʛʝʦʧʦʟʠʮʠʝʡ. ʊʘʢʞʝ ʬʦʨʤʘʪ ʧʦʜʜʝʨʞʠʚʘʝʪ ʢʦʤʤʝʥʪʘʨʠʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʤʘʛʥʠʪʦʣʦʛʫ ʫʢʘʟʘʪʴ ʚʘʞʥʳʝ, ʧʦ ʝʛʦ ʤʥʝʥʠʶ, ʦʩʦʙʝʥʥʦʩʪʠ. ɼʘʣʝʝ ʠʜʫʪ ʪʘʙʣʠʯʥʦ-

ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʜʘʥʥʳʝ (ʨʠʩ. 2). 
 

 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʬʦʨʤʘʪʘ IAGA2002 

 

ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ ʙʣʘʛʦʜʘʨʷ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʣʝʛʢʦ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʚʠʟʫʘʣʴʥʦ, ʩʦ-
ʜʝʨʞʠʪ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʘʥʥʳʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʪʴ ʦʰʠʙʢʫ ʚ ʬʘʡʣʝ ʫʞʝ ʥʘ ʨʘʥ-

ʥʠʭ ʵʪʘʧʘʭ ʘʥʘʣʠʟʘ. ɸʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʦʛʦ ʬʦʨʤʘʪʘ ʙʳʩʪʨʝʝ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʧʦʩʪʘʚʣʝʥ-

ʥʳʤʠ ʟʘʜʘʯʘʤʠ.  
ʇʦʜʜʝʨʞʠʚʘʶʪʩʷ ʬʦʨʤʘʪʳ çɹʘʟʳ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʈʦʩʩʠʠ ʟʘ 

1984ï2000 ʛʦʜʳè ɸ.ʅ. ɿʘʡʮʝʚʘ. ʉʪʨʫʢʪʫʨʘ ʬʦʨʤʘʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʙʠʪʳʝ ʧʦ ʯʘʩʘʤ ʙʣʦʢʠ 

ʜʘʥʥʳʭ, ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʦʥʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʟʙʠʪʳ ʧʦ ʢʦʤʧʦʥʝʥʪʝ (ʨʠʩ. 3).  
ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʠʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʢʦʤʧʘʢʪʥʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʝʝ 

ʟʘʛʨʫʞʘʪʴ ʠʭ ʥʘ ʩʝʨʚʝʨ. ʅʦ ʧʨʠ ʵʪʦʤ ʚʠʟʫʘʣʴʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʜʘʥʥʳʭ ʟʘʪʨʫʜʥʝʥʦ. ʊʘʢʞʝ ʘʣʛʦʨʠʪ-

ʤʫ ʦʙʨʘʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ʧʦ ʨʘʟʙʠʝʥʠʶ ʜʘʥʥʳʭ. ʂʘʞʜʘʷ 

ʦʙʩʝʨʚʘʪʦʨʠʷ ʪʨʝʙʫʝʪ ʦʪʜʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʠʟ-ʟʘ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʬʘʡʣʘ ʠ ʩʣʦʞ-
ʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʘʪʘ. ɿʘʛʨʫʞʝʥʥʳʝ ʚ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʦʨʤʘʪʘʭ ʜʘʥʥʳʝ ʩʨʘʟʫ ʞʝ ʜʦʩʪʫʧʥʳ 

ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʨʘʙʦʪʳ ʥʘ ʩʘʡʪʝ. 
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ʈʠʩ 3. ʇʨʠʤʝʨ ʬʦʨʤʘʪʘ ʩ ʜʠʩʢʘ ɸ.ʅ. ɿʘʡʮʝʚʘ 

ʅʝʠʟʚʝʩʪʥʳʝ ʬʦʨʤʘʪʳ ʪʘʢʞʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʙʘʟʫ ʜʘʥʥʳʭ, ʥʦ ʦʥʠ ʥʝ ʜʦʩʪʫʧʥʳ ʜʣʷ ʦʪʦʙʨʘ-

ʞʝʥʠʷ ʥʘ ʩʘʡʪʝ. ʉʩʳʣʢʘ ʥʘ ʬʘʡʣ ʜʦʙʘʚʣʷʝʪʩʷ ʚ ʦʪʜʝʣʴʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ (ʨʠʩ. 4), ʛʜʝ ʫʢʘʟʳʚʘʝʪʩʷ 
ʚʨʝʤʷ ʜʦʙʘʚʣʝʥʠʷ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴ, ʧʨʝʜʦʩʪʘʚʠʚʰʠʡ ʬʘʡʣ. ʊʘʢʠʝ ʜʘʥʥʳʝ ʦʞʠʜʘʶʪ ʦʙʨʘʙʦʪʢʠ ʦʪ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ.  
 

 

ʈʠʩ. 4. ʆʧʠʩʘʥʠʝ ʥʝʟʥʘʢʦʤʦʛʦ ʬʦʨʤʘʪʘ ʬʘʡʣʘ 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʥʦʚʳʡ ʬʦʨʤʘʪ ʨʘʩʩʤʦʪʨʷʪ ʠ ʨʘʟʨʘʙʦʪʘʶʪ ʜʣʷ ʥʝʛʦ ʘʣʛʦʨʠʪʤ ʢʦʥʚʝʨʪʘʮʠʠ, ʦʥ 

ʙʫʜʝʪ ʜʦʙʘʚʣʝʥ ʚ ʩʧʠʩʦʢ ʧʦʣʥʦʩʪʴʶ ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʬʦʨʤʘʪʦʚ ʚ ʩʠʩʪʝʤʝ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ 

ʩʦʭʨʘʥʠʪʴ ʜʘʥʥʳʝ ʩʝʙʝ ʥʘ ʢʦʤʧʴʶʪʝʨ (ʨʠʩ. 5) ʚ ʫʜʦʙʥʦʤ ʜʣʷ ʥʝʛʦ ʬʦʨʤʘʪʝ. 
 

 

ʈʠʩ. 5. ʉʦʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʥʘ ʢʦʤʧʴʶʪʝʨ 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʢʦʥʚʝʨʪʘʮʠʠ ʜʘʥʥʳʝ ʙʫʜʫʪ ʧʝʨʝʚʝʜʝʥʳ ʚ ʥʝʦʙʭʦʜʠʤʳʡ ʬʦʨʤʘʪ 

ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʞʘʪʳ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʟʘʛʨʫʟʢʠ ʬʘʡʣʘ. 
ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣ ʩʦʟʜʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ ʧʦʜʜʝʨʞʢʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʦʚ 

ʜʘʥʥʳʭ ʨʝʛʠʩʪʨʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʜʣʷ ʩʠʩʪʝʤʳ çAuroraè.  ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʩʠʩʪʝʤʳ 

ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʘʭ ʠ ʢʦʥʚʝʨʪʠʨʦʚʘʪʴ ʠʭ ʠʟ ʦʜʥʦʛʦ ʬʦʨʤʘʪʘ ʚ 
ʜʨʫʛʦʡ. ʕʪʦ ʜʝʣʘʝʪ ʩʠʩʪʝʤʫ ʛʠʙʢʦʡ ʧʨʠ ʟʘʛʨʫʟʢʝ ʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʠ ʢʦʤʬʦʨʪʥʦʡ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʥʝʡ ʢʘʢ ʧʦʣʴʟʦʚʘʪʝʣʶ, ʪʘʢ ʠ ʤʘʛʥʠʪʦʣʦʛʫ. ɼʣʷ ʠʥʪʝʛʨʘʮʠʠ ʧʦʜʜʝʨʞʢʠ ʥʦʚʳʭ ʬʦʨʤʘʪʦʚ ʨʘʟʨʘʙʦ-

ʪʘʥʘ ʬʫʥʢʮʠʷ, ʩʦʦʙʱʘʶʱʘʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ ʦ ʟʘʛʨʫʞʘʝʤʳʭ ʜʘʥʥʳʭ ʥʝʠʟʚʝʩʪʥʦʛʦ ʬʦʨʤʘʪʘ, ʩ 
ʜʘʣʴʥʝʡʰʝʡ ʠʭ ʦʙʨʘʙʦʪʢʦʡ. 

ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʘ ʢʦʥʚʝʨʪʘʮʠʷ ʜʘʥʥʳʭ ʟʘ ʧʝʨʠʦʜ 1984ï2000 ʛʛ. ʜʣʷ ʦʙʩʝʨʚʘʪʦʨʠʡ 

çʄʳʩ ʐʪʠʜʪʘè, çʊʠʢʩʠè ʠ çʀʨʢʫʪʩʢè ʠ ʦʨʛʘʥʠʟʦʚʘʥʦ ʠʭ ʭʨʘʥʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʠʩʪʝ-

ʤʘ ʧʨʦʭʦʜʠʪ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ (http://www.ikir .ru:8081). 
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ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʦʩʪʨʦʝʥʠʷ ʩʦʣʠʪʦʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʙʠʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʭʠʨʦ-

ʪʦʚʩʢʦʛʦ ʪʠʧʘ. ʇʨʠʚʦʜʷʪʩʷ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ n-ʩʦʣʠʪʦʥʥʳʭ ʨʝʰʝʥʠʡ ʚ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʬʦʨʤʝ. ʆʙ-

ʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʚʫʭ ʩʦʣʠʪʦʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʙʠʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʠʟʚʦʜʥʘʷ ʍʠʨʦʪʳ, ʙʠʣʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʷ,  ʩʦʣʠʪʦʥ,  ʤʝʪʦʜ ʍʠʨʦʪʳ. 

 

 

I.A.  Ilin
1,2,3

, I.V. Ilina
2
, D.S. Noshchenko

1
, A.S. Perezhogin

1,3
 

 

1Institute of Cosmophysical Researches and Radio Wave Propagation, 

Paratunka, Kamchatka, 684034; 
2Kamchatka State Technical University, Petropavlovsk-Kamchatskʫ, 683003; 

3
Vitus Bering Kamchatka State University, Petropavlovsk-Kamchatskʫ, 683032 

e-mail: d951039@gmail.com 

 

SOLITON SOLUTIONS FOR HIROTAôS BILINEAR EQUATIONS 

 

The problems of constructing soliton solutions for the bilinear equations of Hirotaôs type were discussed in 

the article. The conditions of existence of n-soliton solutions in algebraic form were presented. The existence of 

two soliton solutions for the bilinear equations was analyzed. 

 

Key words: the Hirota derivative, bilinear equations, soliton, Hirotaôs method. 

 
ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ n-ʩʦʣʠʪʦʥʥʳʭ ʨʝʰʝʥʠʡ ʚ ʙʠʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʷʭ 

ʭʠʨʦʪʦʚʩʢʦʛʦ ʪʠʧʘ. 

ɺʥʘʯʘʣʝ ʧʦʢʘʞʝʤ ʵʪʫ ʠʜʝʶ ʥʘ ʧʨʠʤʝʨʝ ʫʨʘʚʥʝʥʠʷ ʂɼɺ  
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ʦʥʦ ʩʚʦʜʠʪʩʷ ʢ ʙʠʣʠʥʝʡʥʦʤʫ ʫʨʘʚʥʝʥʠʶ 
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ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩʚʦʡʩʪʚʘ ʧʨʦʠʟʚʦʜʥʦʡ ʍʠʨʦʪʳ ʠʟʣʦʞʝʥʳ ʚ [1]. 
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ʠ ʪ.ʜ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʨʝʰʝʥʠʡ ʵʪʦʡ ʩʠʩʪʝʤʳ ʧʨʠʭʦʜʠʤ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʨʝʰʝʥʠʶ 

ʫʨʘʚʥʝʥʠʷ ʂɼɺ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʦʪʣʠʯʥʳʤʠ ʦʪ ʥʫʣʷ ʦʢʘʟʳʚʘʶʪʩʷ 

ʪʦʣʴʢʦ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʬʫʥʢʮʠʡ
i

f . 
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ɿʘʤʝʪʠʤ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠ ʥʫʣʝʚʦʡ ʩʪʝʧʝʥʠ e ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ, ʝʩʣʠ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ 
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p  ,                                                                 (17) 

ʥʘʟʳʚʘʝʤʦʝ ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ. 
ɽʩʣʠ ʨʷʜ (13) ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʦʥʝʯʥʫʶ ʩʫʤʤʫ, ʪʦ ʦʪʧʘʜʘʝʪ ʚʦʧʨʦʩ ʦʙ ʠʩʩʣʝʜʦʚʘʥʠʠ ʝʛʦ ʩʭʦ-

ʜʠʤʦʩʪʠ. 
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ʅʘʠʙʦʣʝʝ ʠʩʩʣʝʜʦʚʘʥʥʳʤ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡ, ʢʦʛʜʘ 
i

f ʚʳʨʘʞʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʦʥʝʥʪ.  
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ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʝʰʝʥʠʝ ʂɼɺ ʥʘʟʳʚʘʝʪʩʷ ʩʦʣʠʪʦʥʦʤ. 

ɽʩʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ [3], [5] 
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ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (3). ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʂɼɺ ʥʘʟʳʚʘʝʪʩʷ ʜʚʦʡ-

ʥʳʤ ʩʦʣʠʪʦʥʦʤ. ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʧʦʣʦʞʠʪʴ e = 1. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʤʫʣʴʪʠʩʦʣʠʪʦʥʥʳʝ ʨʝʰʝʥʠʷ ʂɼɺ ʚ ʚʠʜʝ 
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ʠ ʪ.ʜ. 

ʉʣʫʯʘʡ F = 0 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʠʶ ʩʦʣʠʪʦʥʘ ʠ ʥʘʟʳʚʘʝʪʩʷ çʚʘʢʫʫʤʦʤè [4]. ɼʣʷ ʂɼɺ ʚʘ-
ʢʫʫʤ ʝʜʠʥʩʪʚʝʥʝʥ, ʪ.ʢ. ʚ ʩʠʣʫ ʙʠʣʠʥʝʡʥʦʩʪʠ ʫʨʘʚʥʝʥʠʷ (5) ʩʣʫʯʘʡ F = const ʚʩʝʛʜʘ ʤʦʞʥʦ ʧʝʨʝ-

ʥʦʨʤʠʨʦʚʘʪʴ ʢ ʩʣʫʯʘʶ F = 1. ʆʜʥʘʢʦ ʜʣʷ ʜʨʫʛʠʭ ʫʨʘʚʥʝʥʠʡ ʵʪʦ ʥʝ ʪʘʢ. ʇʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʠ ʧʨʠ-

ʤʝʨʳ ʫʨʘʚʥʝʥʠʡ ʩ ʥʝʝʜʠʥʩʪʚʝʥʥʳʤ ʚʘʢʫʫʤʦʤ ʧʨʠʚʝʜʝʥ ʚ [4]. ʄʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʚʘʢʫʫʤʘ ʤʦʞʝʪ 

ʧʨʦʣʠʪʴ ʩʚʝʪ ʥʘ ʠʥʪʝʛʨʠʨʫʝʤʦʩʪʴ ʫʨʘʚʥʝʥʠʷ. 
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ʄʫʣʴʪʠʩʦʣʠʪʦʥʥʳʝ ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚʦʟʤʫʱʝʥʠʝʤ ʚʘʢʫʫʤʘ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪ-
ʥʦʰʝʥʠʡ 

...1
3

3

2

2

1
+e+e+e+= fffF  ,                                              (23) 

ʛʜʝ e ʥʝʢʦʪʦʨʳʡ ʬʦʨʤʘʣʴʥʳʡ ʧʘʨʘʤʝʪʨ. ʅʘʣʠʯʠʝ n-ʩʦʣʠʪʦʥʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 
ʵʪʦʪ ʨʷʜ ʦʙʨʳʚʘʝʪʩʷ.  
ʈʘʩʩʤʦʪʨʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʙʠʣʠʥʝʡʥʦʡ ʬʦʨʤʝ  
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ʛʜʝ ʈ ʷʚʣʷʝʪʩʷ ʧʦʣʠʥʦʤʦʤ ʩʚʦʠʭ ʘʨʛʫʤʝʥʪʦʚ, ʠ ʫʩʪʘʥʦʚʠʤ ʫʩʣʦʚʠʷ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʪʦʨʳʭ ʦʥʦ 

ʠʤʝʝʪ ʩʦʣʠʪʦʥʥʦʝ ʨʝʰʝʥʠʝ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʦʪʤʝʪʠʤ, ʯʪʦ ʚʩʝ ʩʣʘʛʘʝʤʳʝ ʫʨʘʚʥʝʥʠʷ (5), ʩʦʜʝʨʞʘ-
ʱʠʝ ʥʝʯʝʪʥʳʝ ʩʪʝʧʝʥʠ ʧʨʦʠʟʚʦʜʥʳʭ ʍʠʨʦʪʳ, ʠʩʯʝʟʘʶʪ ʚ ʩʠʣʫ ʘʥʪʠʢʦʤʤʫʪʘʪʠʚʥʦʩʪʠ ʧʦʩʣʝʜʥʝʡ. 

ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʈ ï ʧʦʣʠʥʦʤ, ʩʦʜʝʨʞʘʱʠʡ ʪʦʣʴʢʦ ʯʝʪʥʳʝ ʩʪʝʧʝʥʠ ʧʨʦʠʟʚʦʜʥʳʭ. 

ɽʩʣʠ (24) ʠʤʝʝʪ ʨʝʰʝʥʠʝ F = 1, ʪʦ ʠʟ ʩʚʦʡʩʪʚʘ 

fPfDP )(1)( µ=Ö                                                              (25) 
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ʇʦʜʩʪʘʚʣʷʷ ʝʛʦ ʚ ʫʨʘʚʥʝʥʠʝ (16), ʧʦʣʫʯʠʤ 
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ʇʦʣʘʛʘʷ ʨʘʚʥʳʤ ʥʫʣʶ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ e, ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ f1 ʚ ʚʠʜʝ 
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ɽʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʨʝʰʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʚʠʜʝ ʵʢʩʧʦʥʝʥʪʳ 
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ʪʦ ʦʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʣʠʪʦʥʥʦʤʫ ʨʝʰʝʥʠʶ ʫʨʘʚʥʝʥʠʷ (24). 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ (29) ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʚʷʟʳ-
ʚʘʝʪ ʧʘʨʘʤʝʪʨʳ p,q ʠ ʪ.ʜ.: 
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ɿʘʤʝʯʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʬʘʢʪ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ e ʠʩʯʝʟʘʝʪ, ʪ.ʢ. 
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ʇʦʜʩʪʘʚʣʷʷ (35) ʚ (24), ʠʤʝʝʤ ʩʦʦʪʥʦʰʝʥʠʝ, ʧʨʠʚʝʜʝʥʥʦʝ ʚ  [6]: 
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ɺ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʚʩʝ ʥʝʧʦʜʯʝʨʢʥʫʪʳʝ ʩʣʘʛʘʝʤʳʝ ʠʩʯʝʟʘʶʪ ʚ ʩʠʣʫ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ 

ʩʚʦʡʩʪʚ ʧʨʦʠʟʚʦʜʥʦʡ ʍʠʨʦʪʳ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʯʝʪʳʨʝ ʧʦʜʯʝʨʢʥʫʪʳʭ ʩʣʘʛʘʝʤʳʭ ʠʩʯʝʟʘʣʠ, ʧʦʪʨʝ-

ʙʫʝʤ, ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʦʩʴ ʨʘʚʝʥʩʪʚʦ:  
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ɿʘʤʝʪʠʤ, ʯʪʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʚʫʭʩʦʣʠʪʦʥʥʦʛʦ ʨʝʰʝʥʠʷ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʩʣʘʙʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, 

ʯʝʤ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʩʦʣʠʪʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʡ ʤʝʪʦʜ ʦʙ-
ʨʘʪʥʦʡ ʟʘʜʘʯʠ ʨʘʩʩʝʷʥʠʷ. ʋʧʨʦʱʝʥʥʳʡ ʚʘʨʠʘʥʪ ʤʝʪʦʜʘ ʍʠʨʦʪʳ ʨʘʩʩʤʦʪʨʝʥ ʚ [7]. ɼʨʫʛʠʝ ʤʝʪʦʜʳ  

ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ [8]. 

ʉʦʦʪʥʦʰʝʥʠʝ (35) ʤʦʞʥʦ ʠʩʪʦʣʢʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɽʩʣʠ ʤʳ ʥʘʙʣʶʜʘʝʤ ʜʚʫʭʩʦʣʠ-

ʪʦʥʥʦʝ ʨʝʰʝʥʠʝ, ʪʦ ʩʦʣʠʪʦʥʳ ʨʘʩʭʦʜʷʪʩʷ ʦʜʠʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʛʦ. ʇʦʵʪʦʤʫ ʧʨʠ ʫʜʘʣʝʥʠʠ ʠʭ 
ʥʘ ʜʦʩʪʘʪʦʯʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʤʳ ʥʘʙʣʶʜʘʝʤ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʪʦʣʴʢʦ ʦʜʠʥ ʠʟ ʥʠʭ, ʪ.ʝ. 

ʬʘʢʪʠʯʝʩʢʠ ʠʤʝʝʤ ʦʜʥʦʩʦʣʠʪʦʥʥʦʝ ʨʝʰʝʥʠʝ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʨʠ h2°¤ ʤʳ ʧʦʣʫʯʘʝʤ ʨʝʰʝʥʠʝ 

h+= eF 1 . 

ʊʦ ʞʝ ʩʘʤʦʝ ʠʤʝʝʤ ʧʨʠ h1°¤.  
ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʧʦʧʳʪʘʪʴʩʷ ʠʩʢʘʪʴ ʪʨʝʭʩʦʣʠʪʦʥʥʦʝ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ 

321323121321

231312231312
1

h+h+hh+hh+hh+hhhh
+++++++= eAAAeAeAeAeeeF  ,                (39) 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ɸij ʚʳʯʠʩʣʷʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ (38). ʇʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ (39) ʥʝ ʩʦʜʝʨʞʠʪ 

ʩʚʦʙʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʡ ʩ ʦʯʝʥʴ ʩʧʝʮʠʘʣʴ-

ʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʣʶʙʦʝ ʙʠʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʬʦʨʤʝ ʍʠʨʦʪʳ ʠʤʝʝʪ ʜʚʫʭʩʦ-
ʣʠʪʦʥʥʦʝ ʨʝʰʝʥʠʝ, ʠ ʵʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʬʦʨʤʝ ʦʪʳʩʢʠʚʘʝʤʦʛʦ ʨʝʰʝʥʠʷ. 

ʆʜʥʘʢʦ ʪʨʝʭʩʦʣʠʪʦʥʥʦʝ ʨʝʰʝʥʠʝ ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʫʨʘʚʥʝʥʠʡ, ʠʤʝʶʱʠʭ ʩʧʝʮʠ-

ʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʬʦʨʤʝ ʍʠʨʦʪʳ, ʪ.ʝ. ʥʘʣʠʯʠʝ ʪʨʝʭʩʦʣʠʪʦʥʥʦʛʦ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʚʦʡʩʪ-
ʚʦʤ ʩʘʤʦʛʦ ʫʨʘʚʥʝʥʠʷ.  

ʈʘʩʩʤʦʪʨʠʤ  ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ n-ʩʦʣʠʪʦʥʥʦʛʦ ʨʝʰʝʥʠʷ (ʟʜʝʩʴ ʤʳ ʩʣʝʜʫʝʤ ʨʘʙʦʪʝ [3]). 

ʇʫʩʪʴ ʜʘʥʦ ʫʨʘʚʥʝʥʠʝ  ʚ ʙʠʣʠʥʝʡʥʦʡ ʬʦʨʤʝ ʍʠʨʦʪʳ 

,0),( =ÖFFDDP
tx

                                                           (40) 

ʛʜʝ P(X,Y) ï ʤʥʦʛʦʯʣʝʥ ʯʝʪʥʦʡ ʩʪʝʧʝʥʠ. ʇʨʠ ʵʪʦʤ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ (4) ʙʫʜʝʪ ʚʳʧʦʣ-

ʥʷʪʴʩʷ, ʝʩʣʠ 

0),( =W
ii

pP                                                               (41) 

ʜʣʷ .n...,,i 1=  

ʈʘʚʝʥʩʪʚʘ (41) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠ ʩʣʫʞʘʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

pi ʠ Wi.  
ɽʩʣʠ  ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ n-ʩʦʣʠʪʦʥʥʦʝ ʨʝʰʝʥʠʝ, ʪʦ ʚ ʩʠʩʪʝʤʝ (16)  

.ni,f i >0=  
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ʀʩʧʦʣʴʟʫʷ ʠʟʚʝʩʪʥʦʝ ʩʚʦʡʩʪʚʦ ʧʨʦʠʟʚʦʜʥʦʡ ʍʠʨʦʪʳ 
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 ,                  (42) 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʫʩʣʦʚʠʝ ʜʣʷ ʪʦʞʜʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʚ ʥʫʣʴ fn+1 ʚ ʚʠʜʝ: 
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PP          (43) 

ʜʣʷ ʚʩʝʭ 

.n...,,,m 21=  

ɺ ʨʘʙʦʪʝ [5] ʧʨʠʚʝʜʝʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʫʨʘʚʥʝʥʠʡ, ʠʤʝʶʱʠʭ ʩʦʣʠʪʦʥʥʳʝ ʨʝʰʝʥʠʷ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ, ʯʪʦ n-ʩʦʣʠʪʦʥʥʦʝ ʨʝʰʝʥʠʝ ʤʦʞʥʦ ʠʩʢʘʪʴ ʚ ʚʠʜʝ  
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AF .                                         (44) 

ʂʘʢ ʠ ʪʨʝʭʩʦʣʠʪʦʥʥʦʝ ʨʝʰʝʥʠʝ, ʧʦʩʣʝʜʥʝʝ ʩʫʱʝʩʪʚʫʝʪ ʜʣʷ ʦʯʝʥʴ ʫʟʢʦʛʦ ʢʣʘʩʩʘ ʫʨʘʚʥʝʥʠʡ 
ʜʣʷ ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʦʚʤʝʩʪʥʦʩʪʠ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʂɼɺ ʪʨʝʭʩʦʣʠʪʦʥʥʦʝ ʨʝʰʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 
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ʛʜʝ N = 3, 
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tkxk h+-=h ,                                                   (46) 
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ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʩʝʤʝʡʩʪʚʦ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 
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ʥʝʥʥʦʡ ʚʦʣʥʳ ʠ ʜʚʦʡʥʦʛʦ ʩʦʣʠʪʦʥʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʠʥʜʫʮʠʨʫʝʤʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʦʧʝʨʘʪʦʨʦʤ ʮʝʧʦʯʢʠ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. 
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SOLITON SOLUTIONS FO R NONLINEAR 7TH ORDE R KDV-TYPE EQUATIONS 

 
In this study we investigate some families of 7th order nonlinear PDEs. With Ö log substitution we obtain 

conditions for one- and two-soliton solutions. We also describe algebraic equations derived from initial differen-

tial operator. 

 
Key words: direct method, nonlinear differential operator, soliton, parametrical expansion. 

 

 
ɺʚʝʜʝʥʠʝ 

ʇʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʘʥʳ ʩ ʜʚʫʤʷ ʥʝʣʠʥʝʡʥʳʤʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ: 

ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ 

,uuuiu xxt 0=2++
2

 

ʫʨʘʚʥʝʥʠʷ Sin-ɻʦʨʜʦʥʘ 

xxtʭ
uu sin=  

ʠ ʫʨʘʚʥʝʥʠʝʤ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʂʦʨʪʝʚʝʛʘ-ʜʝ ɺʨʠʟʘ (ʂʜɺ) 

0=++
xxxxt

uuuu , 

ʧʨʠʯʝʤ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʦʩʣʝʜʥʝʛʦ. 
ʀʤʝʥʥʦ ʠʩʩʣʝʜʫʷ ʫʨʘʚʥʝʥʠʝ ʂʜɺ, ɿʘʙʫʩʢʠ ʠ ʂʨʫʩʢʘʣ ʚ ʨʘʙʦʪʝ [1] ʦʪʢʨʳʣʠ ʩʦʣʠʪʦʥ ʠ ʠʩʩʣʝ-

ʜʦʚʘʣʠ ʝʛʦ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ.  
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ʉʦʣʠʪʦʥʘʤʠ ʥʘʟʳʚʘʶʪ ʫʝʜʠʥʝʥʥʳʝ ʚʦʣ-
ʥʳ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʫʧʨʫ-

ʛʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ. 1). ɺ ʢʣʘʩʩʠʯʝʩʢʦʤ ʩʣʫʯʘʝ 

ʩʦʣʠʪʦʥʳ ʚʦʟʥʠʢʘʶʪ ʢʘʢ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʦ-
ʛʦ ʫʨʘʚʥʝʥʠʷ ʂʦʨʪʝʚʝʛʘ-ʜʝ-ɺʨʠʟʘ [1, 2]. 
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ʢʦʪʦʨʦʝ ʠʤʝʝʪ n-ʩʦʣʠʪʦʥʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʣʶ-

ʙʦʛʦ ʥʘʪʫʨʘʣʴʥʦʛʦ (ʜʠʩʧʝʨʩʠʷ ʢʦʤʧʝʥʩʠʨʫʝʪ-
ʩʷ ʥʝʣʠʥʝʡʥʳʤ ʯʣʝʥʦʤ).  

ɸʥʘʣʠʪʠʯʝʩʢʠ ʟʘʜʘʚʘʪʴ ʬʦʨʤʫ ʩʦʣʠʪʦʥʘ 

ʤʦʞʥʦ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʦʜʥʠʤ ʠʟ ʢʦ-

ʪʦʨʳʭ ʷʚʣʷʝʪʩʷ  Ö log -ʧʦʜʩʪʘʥʦʚʢʘ [1,2] 
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ʧʨʠʯʝʤ ʢʨʘʪʥʦʩʪʴ ʩʦʣʠʪʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩ-

ʣʦʤ ʥʝʥʫʣʝʚʳʭ 
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f  ʚ ʨʘʟʣʦʞʝʥʠʠ. 
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f  ʟʘʚʠʩʷʪ ʦʪ ʚʦʣʥʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ qtpx-x= , ʛʜʝ ʢʦʥʩʪʘʥʪʳ qp,  ʩʚʷʟʘʥʳ ʜʠʩ-

ʧʝʨʩʠʦʥʥʳʤ ʦʪʥʦʰʝʥʠʝʤ. ɼʣʷ ʂʜɺ (1) 
3= pq . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 1, 2 é, n-ʩʦʣʠʪʦʥʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦʜʩʪʘʥʦʚʢʦʡ 

)(exp1= qtpx-+t                                                               (4) 
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...                                                              (6) 

ɺ ʪʘʢʦʡ ʬʦʨʤʝ n-ʩʦʣʠʪʦʥʥʳʝ ʨʝʰʝʥʠʷ ʜʦʧʫʩʢʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʃʘʢʩʘ ï ʜʣʷ 3 ʧʦʨʷʜʢʘ ʵʪʦ 

ʂʜɺ (1) ʠ ʉʘʚʘʜʘ-ʂʦʪʝʨʳ [2, 3, 4, 5]. ɼʚʦʡʥʦʡ ʩʦʣʠʪʦʥ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʂʜɺ. 

ʉʦʣʠʪʦʥʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʂʜɺ 7 

ʈʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ ʂʜɺ-ʪʠʧʘ 7 ʧʦʨʷʜʢʘ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ [3,4,5] 
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Ku ))(ln(= t ʦʧʨʝʜʝʣʠʤ, ʢʘʢʠʝ ʫʨʘʚʥʝʥʠʷ ʚ ʢʣʘʩʩʝ (7) ʜʦʧʫʩ-

ʢʘʶʪ ʨʝʰʝʥʠʷ ʚ ʚʠʜʝ ʫʝʜʠʥʝʥʥʦʡ ʚʦʣʥʳ. ɼʣʷ ʵʪʦʛʦ ʚʦʟʴʤʝʤ 
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ʧʦʜʩʪʘʚʠʤ (2ï3) ʚ ʦʧʝʨʘʪʦʨ (7), ʚʳʧʦʣʥʠʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʠ ʧʨʠʨʘʚʥʷʝʤ ʚʳʨʘʞʝʥʠʷ ʧʨʠ 

ʩʪʝʧʝʥʷʭ e ʢ ʥʫʣʶ. ʇʦʣʫʯʠʤ ʘʣʛʝʙʨʘʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʦʜʩʪʘʥʦʚʢʠ qpK ,, ʠ ʢʦ-

ʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ 
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ʉʣʫʯʘʡ ʜʚʦʡʥʦʛʦ ʩʦʣʠʪʦʥʘ 
ʉʨʝʜʠ ʫʨʘʚʥʝʥʠʡ, ʜʦʧʫʩʢʘʶʱʠʭ ʫʝʜʠʥʝʥʥʫʶ ʚʦʣʥʫ, ʚʳʜʝʣʠʤ ʩʫʝɦʩʪʚʦʚʘʥʠʝ ʜʚʦʡʥʦʛʦ ʩʦ-
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ʠʣʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʉʘʚʘʜʘ-ʂʦʪʝʨʳ 5 ʧʦʨʷʜʢʘ [2] 
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ʜʣʷ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ. ʎʝʧʦʯʢʘ ʫʨʘʚʥʝʥʠʡ, ʧʦʣʫʯʘʝʤʘʷ ʧʦʜʩʪʘʥʦʚʢʦʡ ʚ ʥʫʣʝ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

0=0,=2,=11,=0,=0,=
1
rrqqtx , ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

)10713087(418 565

11
AAKAaK -+  ,                                                  (35) 



ǳȀȌȍǻȚ ǽȌȀȋȉȌȌȃȄȌȅǻȚ ȈǻȎȒȈȉ-ȊȋǻȅȍȃȒȀȌȅǻȚ ȅȉȈȏȀȋȀȈȑȃȚ 
 

75 

)28288291665240688548(747618 2

11

3

11

4

11

342 KAaKAaBBBKaAAAK -+--+  ,            (36) 

4                                                                            (37) 

ʅʘ ʨʠʩ. 2 ʠ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʝʜʠʥʝʥʥʳʝ ʚʦʣʥʳ ʜʣʷ ʫʨʘʚʥʝʥʠʡ (7, 30) ʠ ʜʚʦʡʥʦʡ ʩʦʣʠʪʦʥ ʜʣʷ 

ʫʨʘʚʥʝʥʠʷ (7). 

 
 

ʈʠʩ. 2. ʋʝʜʠʥʝʥʥʳʝ ʚʦʣʥʳ ʜʣʷ ʫʨʘʚʥʝʥʠʡ (7, 30) 

 

 

 
 

ʈʠʩ. 3.  ɼʚʦʡʥʦʡ ʩʦʣʠʪʦʥ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (7) 

 

ʉʠʩʪʝʤʘ ʥʝ ʠʤʝʝʪ ʨʝʰʝʥʠʡ ʜʣʷ ʥʝʥʫʣʝʚʦʛʦ A, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʚʦʡʥʦʡ ʩʦʣʠʪʦʥ ʚ ʟʘʜʘʥʥʦʤ 
ʚʠʜʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʅʘʣʠʯʠʝ ʩʦʣʠʪʦʥʥʳʭ ʨʝʰʝʥʠʡ ʩʨʝʜʠ ʫʨʘʚʥʝʥʠʡ 7 ʧʦʨʷʜʢʘ [3ï5] ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʚʳʧʦʣʥʝʥʠʠ ʜʣʷ ʥʠʭ ʥʝʢʦʪʦʨʳʭ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ. 
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u ) ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʥʝʣʠʥʝʡʥʦʩʪʷʤʠ ʪʦʛʦ ʞʝ 

ʧʦʨʷʜʢʘ ( 2,,, 3

3

2

5 xxx
uuuuuu ), ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʡ ʚʦʣʥʳ ʙʝʟ ʜʠʩʩʠ-

ʧʘʮʠʠ. ɼʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʝʰʠʤʦʩʪʴ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʧʦʣʫʯʘʝʤʦʡ  

Ö log-ʧʦʜʩʪʘʥʦʚʢʦʡ. ʉʨʝʜʠ ʫʨʘʚʥʝʥʠʡ ʂʜɺ-ʪʠʧʘ 7 ʧʦʨʷʜʢʘ ʥʘʡʜʝʥʦ ʫʨʘʚʥʝʥʠʝ, ʜʦʧʫʩʢʘʶʱʝʝ 

ʜʚʫʭʩʦʣʠʪʦʥʥʦʝ ʨʝʰʝʥʠʝ ʠ ʥʝ ʩʚʦʜʠʤʦʝ (ʧʦ ʧʨʝʜʧʦʣʦʞʝʥʠʶ) ʢ ʫʨʘʚʥʝʥʠʷʤ ʃʘʢʩʘ ʠʣʠ ʉʘʚʘʜʘ-
ʂʦʪʝʨʳ-ʀʪʦ 7 ʧʦʨʷʜʢʘ [3, 4]. ʆʪʢʨʳʪʳʤ ʧʦʢʘ ʦʩʪʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʧʘʨʳ ʃʘʢʩʘ ʜʣʷ 

ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ. 
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MULTILIN EAR BAKER -HIROTA OPERATORS  

 
We obtain bases of k-linear Baker-Hirota operators for  k = 3,4. Using them we represent soliton equations in 

multilinear forms. 

 

Key words: multilinear Hirota formalism, nonlinear partial differential equations, solitons. 

 

 
ɹʠʣʠʥʝʡʥʳʡ ʬʦʨʤʘʣʠʟʤ ʍʠʨʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʦʡ ʪʝʭʥʠʢʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʋʨʘʚʥʝʥʠʝ ʂʜɺ 
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log2= µ , ʚ ʚʠʜʝ 
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ʤʝʪʦʜ ʍʠʨʦʪʳ). ʇʨʠ ʵʪʦʤ ʩʪʨʫʢʪʫʨʘ ʙʠʣʠʥʝʡʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʪʘʢʦʚʘ, ʯʪʦ ʣʶʙʦʝ ʙʠʣʠʥʝʡʥʦʝ 
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ʢʨʘʡʥʝʡ ʤʝʨʝ ʜʚʫʭʩʦʣʠʪʦʥʥʦʝ ʨʝʰʝʥʠʝ. ʋʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʨʦʠʥʦʛʦ ʩʦʣʠʪʦʥʘ ʛʦʨʘʟʜʦ 

ʙʦʣʝʝ ʩʠʣʴʥʳʝ. ɺ ʩʘʤʦʤ ʜʝʣʝ, ʩʨʝʜʠ ʫʨʘʚʥʝʥʠʡ ʚʠʜʘ 

0=)( FFDDD n

xtx
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ʣʠʰʴ ʩʣʫʯʘʠ n = 4,6 ʠʤʝʶʪ N-ʩʦʣʠʪʦʥʥʦʝ ʨʝʰʝʥʠʝ (ʫʨʘʚʥʝʥʠʷ ʃʘʢʩʘ ʠ ʉʘʚʘʜʘ-ʂʦʪʝʨʳ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) . ɹʠʣʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʜʦʧʫʩʢʘʶʱʠʝ ʪʨʝʭʩʦʣʠʪʦʥʥʳʝ ʨʝʰʝʥʠʷ ʠ ʥʝ ʩʚʦʜʠʤʳʝ 
ʢ ʠʟʚʝʩʪʥʳʤ ʠʝʨʘʨʭʠʷʤ, ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ J. Hietarinta [1]. 

ʄʳ ʠʩʩʣʝʜʫʝʤ ʠʟʚʝʩʪʥʦʝ ʦʙʦʙʱʝʥʠʝ ʦʧʝʨʘʪʦʨʘ (3) , ʥʘʟʳʚʘʝʤʦʝ ʤʫʣʴʪʠʣʠʥʝʡʥʳʤ ʦʧʝʨʘʪʦ-

ʨʦʤ ɹʝʡʢʝʨʘ-ʍʠʨʦʪʳ. k -ʣʠʥʝʡʥʳʡ ʦʧʝʨʘʪʦʨ ɹʝʡʢʝʨʘ-ʍʠʨʦʪʳ ʟʘʜʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʩʤ. 
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ɹʘʟʠʩʳ ʪʨʠʣʠʥʝʡʥʳʭ ʦʧʝʨʘʪʦʨʦʚ: 3=k , ],[=],[ ijji  
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ʠʟʚʝʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ. 
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ɹʠʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ  tail9 ʚ ʬʦʨʤʝ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ: 
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ʊʨʠʣʠʥʝʡʥʘʷ ʬʦʨʤʘ ʜʣʷ tail9 ʚ ʬʦʨʤʝ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ: 
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ʇʦʩʪʨʦʝʥʥʳʝ ʙʘʟʠʩʳ ʤʫʣʴʪʠʣʠʥʝʡʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ɹʝʡʢʝʨʘ-ʍʠʨʦʪʳ ʧʦʟʚʦʣʷʶʪ ʚʳʧʠʩʳʚʘʪʴ 

ʧʦ ʥʠʤ ʥʝʣʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʷ. ʊʘʢ, ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʳ k-ʣʠʥʝʡʥʳʝ 
ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʃʘʢʩʘ, ʉʘʚʘʜʘ-ʂʦʪʝʨʳ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʠʝʨʘʨʭʠʡ. ɺ ʙʠʣʠʥʝʡʥʦʤ 

ʩʣʫʯʘʝ ʨʘʙʦʪʘʝʪ ʧʨʷʤʦʡ ʤʝʪʦʜ ʍʠʨʦʪʳ ï ʧʨʦʮʝʜʫʨʘ ʦʪʳʩʢʘʥʠʷ ʩʦʣʠʪʦʥʥʳʭ ʨʝʰʝʥʠʡ. ɺ ʩʣʫʯʘʝ  

k > 2 ʦʙʱʠʡ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʨʝʰʝʥʠʡ ʧʦʢʘ ʥʝ ʥʘʡʜʝʥ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʝʩʪʴ ʠʥʪʝʛʨʠʨʫʝʤʳʝ 
ʩʠʩʪʝʤʳ ʜʦʧʫʩʢʘʶʱʠʝ ʪʨʠ-, ʥʦ ʥʝ ʙʠʣʠʥʝʡʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ k-ʣʠʥʝʡʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 
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ANALYSIS OF CORPORATE DATA NETWORKS MONITORING SYSTEMS  
 

The main problems arising at distribution of information on a corporate network of data transmission and 

ways of their decision by means of systems of data transmission networks monitoring are described. The short 

review of the techniques, means and products used for corporate data transmission networks monitoring is provid-

ed.  The parameters of data transmission networks checked during monitoring are described in detail. Modern 

prospects of use of systems of monitoring in industrial structures are planned. Rules of creation of system of 

monitoring of a corporate network of data transmission on the example of Cisco Info Center are presented. 

 
Key words: corporate networks, data transmission, distribution of information, monitoring, local networks. 

 

 

ɺʚʝʜʝʥʠʝ 

ɿʘʜʘʯʝʡ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʤʝʪʦʜʠʢʠ, ʩʨʝʜʩʪʚ ʠ ʧʨʦʜʫʢʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʚʳʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦ-

ʩʪʠ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʊʝʨʤʠʥ çʂʦʨʧʦʨʘʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭè ʚʧʝʨʚʳʝ ʙʳʣ ʧʨʠʤʝʥʝʥ ʚ 2000 ʛ., ʢʦʛʜʘ 
ʙʳʣʘ ʥʘʤʝʯʝʥʘ ʧʝʨʚʘʷ ʢʦʥʮʝʧʮʠʷ ʩʦʟʜʘʥʠʷ  ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʝʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʨʝʥʜʫʝʤʳʭ ʮʠʬ-

ʨʦʚʳʭ ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʤʘʨʰʨʫʪʠʟʠʨʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʬʠʨ-

ʤʳ Cisco Systems. ɺ XXI  ʚ. ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʫʩʣʫʛʠ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢ-
ʪʠʚʥʳʭ ʠ ʧʨʦʛʨʝʩʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʠ. ʇʦʩʪʨʦʝʥʠʝ ʢʦʨʧʦʨʘʪʠʚʥʳʭ 

ʩʝʪʝʡ ʩʚʷʟʠ ʯʘʩʪʥʳʭ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʧʨʦʜʚʠʞʝʥʠʝ 

ʩʦʪʦʚʳʭ ʩʝʪʝʡ ʩʚʷʟʠ, ʧʨʠʤʝʥʝʥʠʝ ʩʝʪʝʡ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʧʦʧʫʣʷʨʠʟʘʮʠʷ ʨʳʥʢʘ ʫʩʣʫʛ ʩʚʷʟʠ ï ʚʩʝ 
ʵʪʦ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʥʘʜʝʞʥʳʭ ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ [1]. 

ɺ ʩʦʩʪʘʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʝʡ ʫʞʝ ʚʭʦʜʷʪ ʪʳʩʷʯʠ, ʘ ʠ ʠʥʦʛʜʘ ʠ ʜʝʩʷʪʢʠ ʪʳʩʷʯ 

ʢʦʤʧʴʶʪʝʨʦʚ. ʇʨʠ ʵʪʦʤ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʧʨʝʜʝʣʝʥʘ ʩʨʝʜʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʧʴʶʪʝʨʦʚ, ʘ ʦʜʥʘ ʠ ʪʘ ʞʝ ʧʨʦʙʣʝʤʘ ʯʘʩʪʦ ʨʝʰʘʝʪʩʷ ʛʨʫʧʧʘʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ [2]. ɸʢʪʫʘʣʴʥʦʡ 
ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʨʘʙʦʪʳ ʚʩʝʭ ʛʨʫʧʧ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺʘʞʥʳʤʠ ʟʘʜʘʯʘʤʠ ʢʦʥʪʨʦʣʷ 

ʷʚʣʷʶʪʩʷ: ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʩʣʫʯʘʝʚ ʥʝʢʦʨʨʝʢʪʥʦʛʦ, 

ʥʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʠʣʠ ʥʝʮʝʣʝʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ, ʘʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʦʥʠ-
ʨʦʚʘʥʠʷ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʠ ʧʨʘʚʠʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ [3]. 

ʆʙʟʦʨ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʉʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʠʢ, ʩʨʝʜʩʪʚ ʠ ʧʨʦʜʫʢʪʦʚ, ʩʦʟʜʘʥʥʳʭ ʜʣʷ ʤʦʥʠʪʦʨʠʥ-

ʛʘ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʇʨʠʚʝʜʝʤ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʥʝʢʦʪʦʨʳʭ ʛʨʫʧʧ ʵʪʠʭ 
ʩʨʝʜʩʪʚ. 

ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ (Network Management Systems). ʕʪʦ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤ-

ʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʦʙʦʙʱʘʶʪ ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ ʫʟʣʦʚ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʝʪʠ, 
ʘ ʪʘʢʞʝ ʦ ʪʨʘʬʠʢʝ, ʮʠʨʢʫʣʠʨʫʶʱʝʤ ʚ ʩʝʪʠ. ʕʪʠ ʩʠʩʪʝʤʳ ʥʝ ʪʦʣʴʢʦ ʦʩʫʱʝʩʪʚʣʷʶʪ ʢʦʥʪʨʦʣʴ ʠ ʘʥʘ-

ʣʠʟ ʩʝʪʠ, ʥʦ ʠ ʚʳʧʦʣʥʷʶʪ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʠʣʠ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʜʝʡʩʪʚʠʷ ʧʦ ʫʧʨʘʚ-

ʣʝʥʠʶ ʩʝʪʴʶ ï ʚʢʣʶʯʝʥʠʝ ʠ ʦʪʢʣʶʯʝʥʠʝ ʧʦʨʪʦʚ ʫʩʪʨʦʡʩʪʚ, ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʩʪʦʚ ʘʜʨʝʩ-
ʥʳʭ ʪʘʙʣʠʮ ʤʦʩʪʦʚ, ʢʦʤʤʫʪʘʪʦʨʦʚ ʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ ʠ ʪ.ʧ. ʇʨʠʤʝʨʘʤʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʠʟʚʝʩʪʥʳʝ ʩʠʩʪʝʤʳ HPOpenView, SunNetManager, IBMNetView. 

ʉʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ (System Management). ʉʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʯʘʩʪʦ 

ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʠ, ʘʥʘʣʦʛʠʯʥʳʝ ʬʫʥʢʮʠʷʤ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ 
ʦʙʲʝʢʪʘʤ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʝ ʠ ʘʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʢʦʤʧʴʶʪʝʨʦʚ ʩʝʪʠ, ʘ ʚʦ ʚʪʦʨʦʤ ï ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʫʥʢʮʠʠ ʵʪʠʭ ʜʚʫʭ ʚʠʜʦʚ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʤʦʛʫʪ ʜʫʙʣʠʨʦʚʘʪʴʩʷ, ʥʘʧʨʠʤʝʨ, 
ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʧʨʦʩʪʝʡʰʠʡ ʘʥʘʣʠʟ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ. 
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ɺʩʪʨʦʝʥʥʳʝ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ (Embedded systems). ʕʪʠ ʩʠʩʪʝʤʳ ʚʳʧʦʣ-
ʥʷʶʪʩʷ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʤʦʜʫʣʝʡ, ʢʦʪʦʨʳʝ ʚʥʝʜʨʷʶʪʩʷ ʚ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʝ ʦʙʦ-
ʨʫʜʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ, ʚʩʪʨʦʝʥʥʳʭ ʚ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. ʆʥʠ 
ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʦʣʴʢʦ ʦʜʥʠʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʠ ʚ ʵʪʦʤ ʠʭ ʦʩʥʦʚʥʦʝ 

ʦʪʣʠʯʠʝ ʦʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠʤʝʨʦʤ ʩʨʝʜʩʪʚ ʵʪʦʛʦ ʢʣʘʩʩʘ ʤʦʞʝʪ ʩʣʫ-
ʞʠʪʴ ʤʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ Distrebuted 5000, ʠʩʧʦʣʴʟʫʶʱʠʡ ʬʫʥʢʮʠʠ ʘʚʪʦʩʝʛʤʝʥ-
ʪʘʮʠʠ ʧʦʨʪʦʚ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʧʨʠʧʠʩʳʚʘʥʠʷ ʧʦʨʪʦʚ ʚʥʫʪʨʝʥʥʠʤ ʩʝʛʤʝʥʪʘʤ 
ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ. ʏʘʱʝ ʚʩʝʛʦ, ʚʩʪʨʦʝʥʥʳʝ ʤʦʜʫʣʠ ʫʧʨʘʚʣʝʥʠʷ çʧʦ ʩʦʚʤʝʩʪʠ-

ʪʝʣʴʩʪʚʫè ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʠ SNMP-ʘʛʝʥʪʦʚ, ʧʦʩʪʘʚʣʷʶʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʫʩʪʨʦʡ-
ʩʪʚʘ ʜʣʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. 
ɸʥʘʣʠʟʘʪʦʨʳ ʧʨʦʪʦʢʦʣʦʚ (Protocol analyzers). ʇʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʛʨʘʤʤʥʳʝ ʠʣʠ ʘʧʧʘ-

ʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʣʠʰʴ 

ʬʫʥʢʮʠʷʤʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʥʘʣʠʟʘ ʪʨʘʬʠʢʘ ʚ ʩʝʪʷʭ.  ɸʥʘʣʠʟʘʪʦʨʳ ʧʨʦʪʦʢʦʣʦʚ ʧʦʟʚʦʣʷʶʪ ʫʩʪʘ-
ʥʦʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʟʘʭʚʘʪʘ ʦʪʜʝʣʴʥʳʭ ʧʘʢʝʪʦʚ ʠ ʚʳʧʦʣʥʷʶʪ ʧʦʣʥʦʝ ʜʝʢʦ-
ʜʠʨʦʚʘʥʠʝ ʟʘʭʚʘʯʝʥʥʳʭ ʧʘʢʝʪʦʚ, ʪʦ ʝʩʪʴ ʧʦʢʘʟʳʚʘʶʪ ʚ ʫʜʦʙʥʦʡ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʘ ʬʦʨʤʝ ʚʣʦʞʝʥ-

ʥʦʩʪʴ ʧʘʢʝʪʦʚ ʧʨʦʪʦʢʦʣʦʚ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ ʜʨʫʛ ʚ ʜʨʫʛʘ ʩ ʨʘʩʰʠʬʨʦʚʢʦʡ ʩʦʜʝʨʞʘʥʠʷ ʦʪʜʝʣʴʥʳʭ 
ʧʦʣʝʡ ʢʘʞʜʦʛʦ ʧʘʢʝʪʘ. 
ʕʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ. ʉʠʩʪʝʤʳ ʵʪʦʛʦ ʚʠʜʘ ʘʢʢʫʤʫʣʠʨʫʶʪ ʯʝʣʦʚʝʯʝʩʢʠʝ ʟʥʘʥʠʷ ʦ ʚʳʷʚʣʝʥʠʠ 

ʧʨʠʯʠʥ ʘʥʦʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʩʝʪʝʡ ʠ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʘʭ ʧʨʠʚʝʜʝʥʠʷ ʩʝʪʠ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ 

ʩʦʩʪʦʷʥʠʝ. ʕʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ ʯʘʩʪʦ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ ʨʘʟʣʠʯʥʳʭ 
ʩʨʝʜʩʪʚ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʥʘʣʠʟʘ ʩʝʪʝʡ: ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʷʤʠ, ʘʥʘʣʠʟʘʪʦʨʦʚ ʧʨʦʪʦʢʦʣʦʚ, ʩʝ-
ʪʝʚʳʭ ʘʥʘʣʠʟʘʪʦʨʦʚ. ʉʘʤʳʤ ʧʨʦʩʪʳʤ ʧʨʠʤʝʨʦʤ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʢʦʥʪʝʢʩʪʥʦ-
ʟʘʚʠʩʠʤʘʷ help-ʩʠʩʪʝʤʘ. ɹʦʣʝʝ ʩʣʦʞʥʳʝ ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʚʦʝʦʙʨʘʟʥʳʝ 

ʙʘʟʳ ʟʥʘʥʠʡ, ʦʙʣʘʜʘʶʱʠʝ ʵʣʝʤʝʥʪʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ [4]. 

ʕʪʘʧʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ɺʳʙʦʨ ʩʧʦʩʦʙʦʚ ʠ ʦʙʲʝʢʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʪʠ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ ï ʢʦʥʬʠʛʫʨʘ-
ʮʠʠ ʩʝʪʠ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʥʝʡ ʩʝʨʚʠʩʦʚ ʠ ʩʣʫʞʙ, ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʝʨʚʝʨʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ 

ʥʠʭ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʪ.ʧ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʢʦʨ-
ʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ: 

- ʧʨʦʚʝʨʢʘ ʬʠʟʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʧʨʦʚʝʨʢʘ ʩʦʩʪʦʷʥʠʷ (ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ) ʩʣʫʞʙ ʠ ʩʝʨʚʠʩʦʚ, ʟʘʧʫʱʝʥʥʳʭ ʚ ʩʝʪʠ; 

- ʜʝʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʥʝ ʢʨʠʪʠʯʥʳʭ, ʥʦ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʠ: ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʟʘʛʨʫʟʢʠ ʠ ʪ.ʧ.; 

- ʧʨʦʚʝʨʢʘ ʧʘʨʘʤʝʪʨʦʚ, ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ ʩʝʨʚʠʩʦʚ ʠ ʩʣʫʞʙ ʜʘʥʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʦʢʨʫʞʝ-

ʥʠʷ (ʥʘʣʠʯʠʝ ʥʝʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʡ ʚ ʪʘʙʣʠʮʘʭ ʙʘʟ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʠʤʦʝ ʣʦʛ-ʬʘʡʣʦʚ) [5]. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʣʶʙʦʡ ʧʨʦʚʝʨʢʠ ʧʨʦʠʩʭʦʜʠʪ ʪʝʩʪʠʨʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʦʙʦʨʫ-
ʜʦʚʘʥʠʷ (ʤʦʛʫʪ ʙʳʪʴ ʥʘʨʫʰʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʢʣʶʯʝʥʠʷ ʩʘʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʣʠʙʦ ʦʪʢʘʟʝ ʢʘ-

ʥʘʣʦʚ ʩʚʷʟʠ). ʕʪʦ ʦʟʥʘʯʘʝʪ ʧʨʦʚʝʨʢʫ ʜʦʩʪʫʧʥʦʩʪʠ ʧʦ ICMP-ʧʨʦʪʦʢʦʣʫ (ping), ʧʨʠʯʝʤ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʨʷʪʴ ʥʝ ʪʦʣʴʢʦ ʬʘʢʪ ʥʘʣʠʯʠʷ ʦʪʚʝʪʘ, ʥʦ ʠ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ, ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʝ-
ʨʷʥʥʳʭ ʟʘʧʨʦʩʦʚ: ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʵʪʠʭ ʚʝʣʠʯʠʥ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʠʛʥʘʣʠʟʠʨʫ-

ʶʪ ʦ ʩʝʨʴʝʟʥʳʭ ʧʨʦʙʣʝʤʘʭ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʝʪʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʧʨʦʙʣʝʤ ʣʝʛʢʦ ʦʙʥʘʨʫʞʠʪʴ 

ʧʨʠ ʧʦʤʦʱʠ ʪʨʘʩʩʠʨʦʚʢʠ ʤʘʨʰʨʫʪʘ (traceroute) ï ʝʝ ʪʘʢʞʝ ʤʦʞʥʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʠ ʥʘʣʠʯʠʠ 
çʵʪʘʣʦʥʥʳʭ ʤʘʨʰʨʫʪʦʚè. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʚʝʨʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʨʠʪʠʯʥʳʭ 

ʩʣʫʞʙ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʦʟʥʘʯʘʝʪ TCP-ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʦʨʪʫ ʩʝʨʚʝʨʘ, ʥʘ ʢʦ-

ʪʦʨʦʤ ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʧʫʱʝʥʘ ʩʣʫʞʙʘ, ʠ, ʚʦʟʤʦʞʥʦ, ʚʳʧʦʣʥʝʥʠʝ ʪʝʩʪʦʚʦʛʦ ʟʘʧʨʦʩʘ (ʥʘʧʨʠʤʝʨ, 
ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʥʘ ʧʦʯʪʦʚʦʤ ʩʝʨʚʝʨʝ ʧʦ ʧʨʦʪʦʢʦʣʫ SMTP ʠʣʠ POP ʠʣʠ ʟʘʧʨʦʩ ʪʝʩʪʦʚʦʡ ʩʪʨʘʥʠ-

ʮʳ ʦʪ ʚʝʙ-ʩʝʨʚʝʨʘ). 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʞʝʣʘʪʝʣʴʥʦ ʧʨʦʚʝʨʷʪʴ ʥʝ ʪʦʣʴʢʦ ʬʘʢʪ ʦʪʚʝʪʘ ʩʣʫʞʙʳ/ʩʝʨʚʠʩʘ, ʥʦ ʠ ʟʘ-
ʜʝʨʞʢʠ ï ʚʧʨʦʯʝʤ, ʪɻʦ ʦʪʥʦʩʠʪʩʷ ʫʞʝ ʢ ʩʣʝʜʫʶʱʝʡ ʧʦ ʚʘʞʥʦʩʪʠ ʟʘʜʘʯʝ: ʧʨʦʚʝʨʢʝ ʥʘʛʨʫʟʢʠ. ʇʦʤʠ-

ʤʦ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʫʩʪʨʦʡʩʪʚ ʠ ʩʣʫʞʙ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʝʨʚʝʨʦʚ ʩʫʱʝʩʪʚʫʶʪ ʜʨʫʛʠʝ ʧʨʠʥ-

ʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʝ ʧʨʦʚʝʨʢʠ: ʧʘʤʷʪʴ ʠ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʦʨʘ (ʚʝʙ-ʩʝʨʚʝʨ, ʩʝʨʚʝʨ ɹɼ), ʤʝʩʪʦ 
ʥʘ ʜʠʩʢʝ (ʬʘʡʣ-ʩʝʨʚʝʨ), ʠ ʙʦʣʝʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ï ʥʘʧʨʠʤʝʨ, ʩʪʘʪʫʩ ʧʨʠʥʪʝʨʦʚ ʫ ʩʝʨʚʝʨʘ ʧʝʯʘʪʠ. 
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ʉʧʦʩʦʙʳ ʧʨʦʚʝʨʢʠ ʵʪʠʭ ʚʝʣʠʯʠʥ ʚʘʨʴʠʨʫʶʪʩʷ, ʥʦ ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ, ʜʦʩʪʫʧʥʳʭ ʧʦʯʪʠ ʚʩʝ-

ʛʜʘ ï ʧʨʦʚʝʨʢʘ ʧʦ SNMP-ʧʨʦʪʦʢʦʣʫ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ, 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʆʉ ʧʨʦʚʝʨʷʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʢ ʧʨʠʤʝʨʫ, ʩʦʚʨʝʤʝʥʥʳʝ ʩʝʨʚʝʨʥʳʝ ʚʝʨʩʠʠ 

ʆʉ Windows ʥʘ ʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʩʯʝʪʯʠʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

(performancecounters), ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʥʦ çʩʯʠʪʘʪʴè ʜʦʚʦʣʴʥʦ ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷ-

ʥʠʠ ʢʦʤʧʴʶʪʝʨʘ. 

ʅʘʢʦʥʝʮ, ʤʥʦʛʠʝ ʦʢʨʫʞʝʥʠʷ ʪʨʝʙʫʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʦʚʝʨʦʢ ï ʟʘʧʨʦʩʦʚ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ, 

ʧʨʦʚʝʨʷʶʱʠʭ ʨʘʙʦʪʫ ʥʝʢʦʝʛʦ ʧʨʠʣʦʞʝʥʠʷ; ʢʦʥʪʨʦʣʴ ʬʘʡʣʦʚ ʦʪʯʝʪʦʚ ʠʣʠ ʟʥʘʯʝʥʠʡ ʥʘʩʪʨʦʝʢ; ʦʪ-

ʩʣʝʞʠʚʘʥʠʝ ʥʘʣʠʯʠʷ ʥʝʢʦʪʦʨʦʛʦ ʬʘʡʣʘ (ʥʘʧʨʠʤʝʨ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʧʨʠ çʧʘʜʝʥʠʠè ʩʠʩʪʝʤʳ). 

ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (CiscoInfoCenter) 

CiscoInfoCenter (CIC) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ, ʚʭʦʜʷʱʫʶ 

ʚ ʩʦʩʪʘʚ CiscoInternet OSS. ʈʘʙʦʪʘʷ ʥʘ ʩʝʨʚʠʩʥʦʤ ʠ ʩʝʪʝʚʦʤ ʫʨʦʚʥʷʭ, CIC ʪʝʩʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ 

ʩ ʜʨʫʛʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʫʧʨʘʚʣʝʥʠʷ Cisco OSS ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ (ʥʘ ʫʨʦʚʥʝ ʫʩʣʫʛ) ʦʨʠʝʥʪʠʨʦʚʘʥ-

ʥʳʡ ʥʘ ʟʘʢʘʟʯʠʢʘ ʤʦʥʠʪʦʨʠʥʛ ʠ ʨʘʟʜʝʣʝʥʠʝ ʩʝʪʝʡ ʜʣʷ ʫʩʣʫʛ. ʉʨʝʜʩʪʚʘ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʚʳʷʚʣʝʥʠʷ 

ʧʨʦʙʣʝʤ CIC, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʫʨʦʚʥʝ ʫʩʣʫʛ, ʧʦʜʜʝʨʞʠʚʘʶʪ ʤʦʥʠʪʦʨʠʥʛ ʩʝʪʝʚʳʭ ʦʪʢʘʟʦʚ ʠ ʩʝʪʝ-

ʚʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʠʟʦʣʷʮʠʶ ʩʝʪʝʚʳʭ ʧʨʦʙʣʝʤ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʫʨʦʚʥʝ ʫʩʣʫʛ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ CIC ʩʦʩʪʦʠʪ ʚ ʦʩʚʦʙʦʞʜʝʥʠʠ ʦʧʝʨʘʪʦʨʦʚ ʦʪ ʥʝʩʫʱʝʩʪʚʝʥʥʳʭ 

ʟʘʜʘʯ ʩʝʪʠ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʨʘʙʦʪʝ ʩ ʚʘʞʥʳʤʠ ʩʝʪʝʚʳʤʠ ʩʦ-

ʙʳʪʠʷʤʠ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝ ʧʨʘʚʠʣ ʦʙʨʘʙʦʪʢʠ ʘʚʘʨʠʡʥʳʭ ʩʠʛʥʘʣʦʚ, ʬʠʣʴʪʨʘ-

ʮʠʠ, ʥʘʩʪʨʦʡʢʠ ʧʨʦʩʤʦʪʨʘ ʘʚʘʨʠʡʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʨʘʟʜʝʣʝʥʠʷ ʟʦʥ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. CIC ʙʘʟʠʨʫʝʪ-

ʩʷ ʥʘ ʘʨʭʠʪʝʢʪʫʨʝ ʢʣʠʝʥʪ/ʩʝʨʚʝʨ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʩʝʪʷʭ ʣʶʙʦʛʦ ʤʘʩʰʪʘʙʘ. ʆʥ 

ʭʦʨʦʰʦ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʠ ʤʦʞʝʪ ʢʦʥʩʦʣʠʜʠʨʦʚʘʪʴ, ʜʝʜʫʧʣʠʮʠʨʦʚʘʪʴ, ʬʠʣʴʪʨʦʚʘʪʴ ʠ ʢʦʨʨʝʣʠʨʦ-

ʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʪʢʘʟʘʭ, ʧʦʩʪʫʧʘʶʱʫʶ ʩ ʨʘʟʥʳʭ ʩʝʪʝʚʳʭ ʫʨʦʚʥʝʡ. CIC ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʝʭ-

ʥʦʣʦʛʠʠ NetcoolÈ ʦʪ ʢʦʤʧʘʥʠʠ Micromuse ʩ ʨʷʜʦʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ, ʚʥʝʜʨʝʥʥʳʭ Cisco. ʋʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ Cisco ʚʢʣʶʯʘʶʪ ʥʘʩʪʨʘʠʚʘʝʤʳʝ ʤʝʜʠʘʪʦʨʳ ʤʝʥʝʜʞʝʨʦʚ ʩʝʪʝʚʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʩʨʝʜʩʪʚʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʛʦʪʦʚʳʝ ʨʝʰʝʥʠʷ ʧʦ ʠʥʪʝʛʨʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʧʨʦʜʫʢʪʘ-

ʤʠ Cisco ʠ ʤʥʦʛʦ ʜʨʫʛʦʝ. CIC ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʚ ʝʜʠ-

ʥʦʡ ʩʨʝʜʝ ʘʚʘʨʠʡʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʜʘʥʥʳʭ ʦ ʩʦʙʳʪʠʷʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʫʩʪʨʦʡʩʪʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʨʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʨʘʟʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ. 

ʂ ʦʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʨʝʰʝʥʠʡ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʙʘʟʝ CiscoInfoCenter, ʤʦʞʥʦ ʦʪʥʝʩʪʠ:  

- ʙʳʩʪʨʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ ʠ ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ 

ʩʦʙʳʪʠʷ ʙʣʘʛʦʜʘʨʷ ʭʦʨʦʰʦ ʥʘʩʪʨʘʠʚʘʝʤʦʤʫ ʤʝʭʘʥʠʟʤʫ ʢʦʨʨʝʣʷʮʠʠ ʩʦʙʳʪʠʡ; 

- ʧʦʜʜʝʨʞʢʘ ʩʨʝʜʩʪʚ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʨʘʟʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʅʝʟʘʚʠ-

ʩʠʤʦʩʪʴ ʦʪ ʪʝʭʥʦʣʦʛʠʠ ʩʝʪʝʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʟʜʘʥʠʝ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʛʦ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʮʝʥ-

ʪʨʘ ʫʧʨʘʚʣʝʥʠʷ ʦʪʢʘʟʘʤʠ; 

- ʫʧʨʦʱʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ ʫʩʣʫʛ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʫʨʦʚʥʝ ʫʩʣʫʛ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʘʡʜʝʨʘʤ ʦʪʩʣʝʞʠʚʘʪʴ ʫʩʣʫʛʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʟʥʦʦʙʨʘʟʠʠ ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʝʩʫʨ-

ʩʦʚ. ɻʠʙʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʜʝʣʦʚ ʠ ʬʠʣʴʪʨʦʚ ʩʦʙʳʪʠʡ ʚ CIC ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʦʨʘʤ ʩʚʷʟʠ ʦʪʩʣʝ-

ʞʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʫʩʣʫʛ, ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʝʩʫʨʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʥʠʪʦʨʠʥʛ ʫʩʣʫʛʠ ʚʢʣʶʯʘʝʪ ʤʦʥʠʪʦʨʠʥʛ ʚʩʝʭ ʩʝʪʝʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʪʫ ʫʩʣʫʛʫ. 

ʆʧʝʨʘʪʦʨʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ CIC ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʙʩʪʨʘʢʪʥʳʭ ʚʟʛʣʷʜʦʚ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʦʜ-

ʧʠʩʯʠʢʘʤ ʜʘʥʥʳʭ ʦ ʩʦʩʪʦʷʥʠʠ ʫʩʣʫʛ. ʇʨʠ ʵʪʦʤ ʜʘʥʥʳʝ ʙʫʜʫʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴʩʷ ʢʘʞʜʦʤʫ ʟʘʢʘʟʯʠ-

ʢʫ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʚʠʜʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʫʩʣʫʛʠ. ʕʪʘ ʬʫʥʢʮʠʷ ʫʧʨʦʱʘʝʪ ʤʦʥʠʪʦ-

ʨʠʥʛ ʫʩʣʫʛ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʟʘʢʘʟʯʠʢʘʤ [6]. 

ɿʘʢʣʶʯʝʥʠʝ 

ɹʣʘʛʦʜʘʨʷ ʚʥʝʜʨʝʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥ-

ʥʳʭ ʪʝʧʝʨʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝ ʥʘʙʦʨ ʣʦʢʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʘ ʝʜʠʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ɼʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʢ ʢʦʨʧʦʨʘʪʠʚʥʳʤ ʩʝ-

ʪʷʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦʩʪʦʷʥʥʳʤʠ ʢʘʥʘʣʘʤʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʤʫʪʠʨʫʝʤʳʭ, 

ʧʦʟʚʦʣʠʪ ʚʳʡʪʠ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʩʝʨʚʠʩʦʚ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʩʪʫʧʥʦʩʪʴ,  

ʦʧʝʨʘʪʠʚʥʦʩʪʴ, ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʩʪʴ ʧʨʦʮʝʩʩʦʚ. 
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FORMING THE SET OF FAC E IMAGES CHARACTERISTIC FEATURES  

FOR PERSON IDENTIFICATION  

 
The problems of developing of the algorithms for characteristic features selection for face recognition were 

considered in this article. The statistical approach based on the analysis of face images is used. On the basis of this 

approach a model of feature selection of face images is proposed. Proposed model consists of the following stag-

es: formation of basic subsets of the original data set in the form of images; defining a set of characteristic features 

of face images; selecting of the subsets of strongly correlated features; determining of the representative features 

in each subset of strongly correlated features. To test the efficiency of the proposed model the experimental re-

search in solving the problem of recognizing a person by face images is conducted. 

 

Key words: recognition tasks, face images characteristic features, base subsets of features, strongly correlat-

ed features, representative features, person recognition. 

 

 

ʆʜʥʦ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʚʷʟʘʥʦ ʩ ʟʘʜʘʯʘʤʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʣʠʯʥʦʩʪʠ ʧʦ ʙʠʦʤʝʪʨʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠ-
ʢʘʤ (ʧʨʠʟʥʘʢʘʤ) ʯʝʣʦʚʝʢʘ [1, 2]. ʉʨʝʜʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʤʝʪʦ-

ʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʯʥʦʩʪʠ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ ʣʠʮʘ. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʩʠʩʪʝʤ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʣʠʯʥʦʩʪʠ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ ʣʠʮʘ ʷʚʣʷʶʪʩʷ ʥʝʥʘʚʷʟʯʠʚʦʩʪʴ (ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʦʩʫʱʝ-
ʩʪʚʣʷʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʥʝ ʟʘʜʝʨʞʠʚʘʷ ʠ ʥʝ ʦʪʚʣʝʢʘʷ ʯʝʣʦʚʝʢʘ), ʧʘʩʩʠʚʥʦʩʪʴ (ʥʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠ-

ʘʣʴʥʳʭ ʟʥʘʥʠʡ ʠʣʠ ʜʝʡʩʪʚʠʡ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ (ʜʦʩʪʘʪʦʯʥʦ ʥʘʣʠ-

ʯʠʷ ʢʦʤʧʴʶʪʝʨʘ, ʚʠʜʝʦʢʘʤʝʨʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ). ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, 

ʚʦʧʨʦʩʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʣʠʯʥʦʩʪʠ ʧʦ ʨʘʟʣʠʯʥʳʤ ʙʠʦʤʝʪʨʠ-
ʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʯʝʣʦʚʝʢʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ ʣʠʮʘ, ʠʩʩʣʝʜʦʚʘʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ.  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʙʦʨʘ ʧʨʠʟʥʘʢʦʚ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʠʟʦʙʨʘʞʝʥʠʝ ʣʠʮʘ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʯʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʭʦʜ, ʦʩ-
ʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠʟʦʙʨʘʞʝʥʠʡ ʣʠʮʘ ʨʘʩʧʦʟʥʘʚʘʝʤʦʛʦ ʯʝʣʦʚʝʢʘ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʈʘʩʩʤʦʪʨʠʤ ʤʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʣʠʮʘ }{À, ʢʦʪʦʨʦʝ 

ʨʘʟʙʠʪʦ ʥʘ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʧʦʜʤʥʦʞʝʩʪʚ (ʢʣʘʩʩʦʚ) 
l

KKK ...,,,
21

: 

{ } { }.l,...,j,i,ji,KK,K

l

j

jij8 1
1=

1==  

ʈʘʟʙʠʝʥʠʝ }{À  ʦʧʨʝʜʝʣʝʥʦ ʥʝ ʧʦʣʥʦʩʪʴʶ. ʀʤʝʝʪʩʷ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʘʷ ʥʘʯʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

0
J  ʦ ʢʣʘʩʩʘʭ 

l
KKK ...,,,

21
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(ʦʙʲʝʢʪʦʚ) },...,,...,{
~

1 mi

m ÀÀÀ=À ),1},{( mi
i

=ÀÍÀ : 

j

m

jj

m

j
KKCKK
~

\
~~

,
~~

À=ÆÀ= . 

ʊʦʛʜʘ ʥʘʯʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 
0

J  ʦ ʢʣʘʩʩʘʭ ʤʦʞʥʦ ʟʘʜʘʪʴ ʚ ʚʠʜʝ [4]: 
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ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʥʘʯʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʟʘʜʘʥʥʘʷ ʚ ʚʠʜʝ ʠʟʦʙʨʘʞʝʥʠʡ. ʀʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ 
ʘʣʛʦʨʠʪʤʦʚ ʚʳʯʠʩʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʦʙʲʝʢʪ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. ɿʘʜʘʯʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʤʥʦʞʝʩʪʚʘ ʧʨʠʟʥʘʢʦʚ }...,,...,,{
1 ni

xxx  ʧʦ ʟʘʜʘʥʥʦʡ ʥʘʯʘʣʴʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ 
0

J . ʇʨʠ ʵʪʦʤ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʠʟʥʘʢʦʚ ʦʢʘʟʘʣʦʩʴ 

ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ, ʥʝʞʝʣʠ ʠʩʭʦʜʥʦʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʨʘʟʜʝʣʝʥʠʝ ʟʘʜʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʣʠʮʘ ʩ 
ʥʝʢʦʪʦʨʦʡ ʪʦʯʥʦʩʪʴʶ. 
ʄʝʪʦʜ ʨʝʰʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʚʳʜʝʣʝʥʠʷ 

ʧʨʠʟʥʘʢʦʚ ʧʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʣʠʯʥʦʩʪʠ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ ʣʠʮʘ. ʅʘ ʙʘʟʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʧʨʝʜʣʦ-
ʞʝʥʘ ʤʦʜʝʣʴ ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʦʙʲʝʢʪʘ, ʟʘʜʘʥʥʦʛʦ ʚ ʚʠʜʝ ʠʟʦʙʨʘʞʝʥʠʡ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʧʨʝʜ-
ʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʩʦʩʪʦʠʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝʟʘʚʠʩʠʤʳʭ (ʠʣʠ ʩʣʘʙʦ ʟʘʚʠʩʠʤʳʭ) 
ʧʨʠʟʥʘʢʦʚ ʧʨʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʦʙʨʘʟʦʚ, ʟʘʜʘʥʥʳʭ ʚ ʚʠʜʝ ʠʟʦʙʨʘʞʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʨʘʟʣʠʯʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ [5]. 
ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʣʠʮʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚ-

ʥʳʝ ʵʪʘʧʳ: 
1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʦʚʳʭ ʧʦʜʤʥʦʞʝʩʪʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʟʘʜʘʥʥʳʭ ʚ ʚʠʜʝ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʟʘʜʘʥʠʷ ʤʦʜʝʣʠ ʘʣʛʦʨʠʪʤʦʚ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʙʘʟʦʚʳʭ ʧʦʜʤʥʦ-
ʞʝʩʪʚ ʠʩʭʦʜʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʧʘʨʘʤʝʪʨʘ q  [6, 7]. ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʬʠʢʩʠʨʦʚʘʥʥʫʶ ʤʦʱʥʦʩʪʴ ʧʦʜʤʥʦʞʝʩʪʚ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʜʝʣʝʥʠʷ ʨʘʩ-
ʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʥʦʞʝʩʪʚʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʟʘʜʘʥʥʦʛʦ ʚ ʚʠʜʝ ʠʟʦʙʨʘʞʝʥʠʡ. ʅʝʩʦʤʥʝʥʥʦ, ʯʪʦ 
ʤʦʱʥʦʩʪʴ ʚʩʝʭ ʧʦʜʤʥʦʞʝʩʪʚ ʧʨʠʟʥʘʢʦʚ ʦʜʠʥʘʢʦʚʘ. ɿʘʜʘʚʘʷ ʨʘʟʣʠʯʥʳʝ ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 
ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʘʟʣʠʯʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʤʥʦʞʝʩʪʚ ʧʨʠʟʥʘʢʦʚ. ʅʝʩʦʤʥʝʥʥʦ, 

ʯʪʦ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ q  ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫ-

ʯʘʷʭ ʝʛʦ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʘʧʨʠʦʨʥʦ. ʇʨʠ ʵʪʦʤ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʯʠʩʣʦ ʧʦʜʤʥʦʞʝʩʪʚ ʧʨʠʟʥʘʢʦʚ 
ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʳʤ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʟʘʜʘʥʠʷ ʙʘʟʦʚʳʭ ʧʦʜʤʥʦʞʝʩʪʚ ʧʨʠʟʥʘʢʦʚ 
u
X  ( ',1 qu= ) ʤʦʞʥʦ ʧʦ-

ʣʫʯʠʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʘʣʛʦʨʠʪʤʳ [5, 7].  
2. ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʙʦʨʘ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʣʠʮʘ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʬʦʨʤʠ-

ʨʫʝʪʩʷ ʥʘʙʦʨ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʚʳʙʦʨʦʯʥʳʝ ʤʦʤʝʥʪʳ [8ï10]. 
ʂʨʦʤʝ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʦʙʲʝʢʪʘ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʵʥʪʨʦ-
ʧʠʶ, ʘʚʪʦʢʦʨʨʝʣʷʮʠʶ ʠ ʜʨ. [8, 10, 11]. 

3. ɺʳʜʝʣʝʥʠʝ ʧʦʜʤʥʦʞʝʩʪʚ ʭʘʨʘʢʪʝʨʥʳʭ ʩʠʣʴʥʦʩʚʷʟʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʦʧʨʝ-
ʜʝʣʷʝʪʩʷ ʩʠʩʪʝʤʘ çʥʝʟʘʚʠʩʠʤʳʭè ʧʦʜʤʥʦʞʝʩʪʚ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʙʫʜʝʪ 

ʟʘʚʠʩʝʪʴ ʦʪ ʧʘʨʘʤʝʪʨʘ 'n. ɿʘʜʘʚʘʷ ʨʘʟʣʠʯʥʳʝ ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ, ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ. ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 'n  ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʩʭʦʜ-

ʥʳʭ ʜʘʥʥʳʭ, ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʝʛʦ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʘʧʨʠʦʨʥʦ.  
ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ çʥʝʟʘʚʠʩʠʤʳʭè ʧʦʜ-

ʤʥʦʞʝʩʪʚ ʭʘʨʘʢʪʝʨʥʳʭ ʩʠʣʴʥʦʩʚʷʟʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ { }
'21

...,,,
nA

W XXX= . 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʟʘʜʘʥʠʷ ʤʝʨʳ ʙʣʠʟʦʩʪʠ ʤʝʞʜʫ ʧʦʜʤʥʦʞʝʩʪʚʘʤʠ ʩʠʣʴʥʦʩʚʷʟʘʥʥʳʭ 

ʧʨʠʟʥʘʢʦʚ (p
X  ʠ q

X) ʠ ʬʫʥʢʮʠʦʥʘʣʘ ʢʘʯʝʩʪʚʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʘʣ-

ʛʦʨʠʪʤʳ ʚʳʜʝʣʝʥʠʷ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʜʤʥʦʞʝʩʪʚ ʭʘʨʘʢʪʝʨʥʳʭ ʩʠʣʴʥʦʩʚʷʟʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ [5, 7, 12]. 
4. ʆʧʨʝʜʝʣʝʥʠʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚ ʢʘʞʜʦʤ ʧʦʜʤʥʦʞʝʩʪʚʝ ʭʘʨʘʢʪʝʨʥʳʭ ʩʠʣʴ-

ʥʦʩʚʷʟʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʇʫʩʪʴ q
N  ï ʤʦʱʥʦʩʪʴ ʧʦʜʤʥʦʞʝʩʪʚʘ ʩʠʣʴʥʦʩʚʷʟʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ q

X . 

ʇʦʠʩʢ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛʦ ʧʨʠʟʥʘʢʘ ʠʟ ʧʦʜʤʥʦʞʝʩʪʚʘ q
X  ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʜʦ-

ʤʠʥʘʥʪʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʠʟʥʘʢʘ, ʢʦʪʦʨʘʷ ʨʘʟʜʝʣʷʝʪ ʦʙʲʝʢʪʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʤʥʦʞʝ-

ʩʪʚʫ 
0

J , ʥʘ ʜʚʘ ʧʦʜʤʥʦʞʝʩʪʚʘ (ʢʣʘʩʩʘ) j
K
~

 ʠ j
KC
~

 [12]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʡ ʧʨʠʟʥʘʢ ʜʣʷ ʧʦʜ-

ʤʥʦʞʝʩʪʚʘ ʧʨʠʟʥʘʢʦʚ 
q
X  ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʯʝʨʝʟ q

c. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘʙʦʨ ʨʝʧʨʝ-

ʟʝʥʪʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ 
'21

...,,,
n
ccc . ʂʘʞʜʳʡ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʡ ʧʨʠʟʥʘʢ ʠʟ ʵʪʦʛʦ ʥʘʙʦʨʘ ʷʚʣʷʝʪ-

ʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ ʩʠʣʴʥʦʩʚʷʟʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʙʦʨʘ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʦ 

ʠʟʦʙʨʘʞʝʥʠʶ ʣʠʮʘ. ɼʣʷ ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.  
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ʕʢʩʧʝʨʠʤʝʥʪʳ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ 
ʤʦʜʝʣʠ ʦʧʝʨʘʪʦʨʦʚ ʨʘʟʨʘʙʦʪʘʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢ-ʩʭʝʤʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ. 
ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʘ ʷʟʳʢʝ Object Pascal. ɺ ʮʝ-
ʣʷʭ ʦʮʝʥʠʚʘʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʨʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʚʳʜʝʣʝʥʠʷ ʧʨʠ-
ʟʥʘʢʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʣʠʮʘ.  
ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʷʚʣʷʶʪʩʷ ʚʳʙʦʨʢʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʠʟʦʙʨʘ-

ʞʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʣʠʮ. ʂʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ ʚ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʨʘʚʥʦ ʪʨʝʤ. ʆʙʲʝʤ ʠʩʭʦʜʥʦʡ 
ʚʳʙʦʨʢʠ ï 120 ʠʟʦʙʨʘʞʝʥʠʡ ʣʠʮʘ (ʧʦ 40 ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ). ɺʩʝ ʨʘʩʩʤʘʪʨʠʚʘʝ-
ʤʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤʠ ʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʨʘʟʤʝʨʳ. 
ʅʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʘ ʚʳʜʝʣʝʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʠʟʦʙʨʘʞʝʥʠʷ ʣʠʮʘ [13] ʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʧʨʦʮʝʜʫʨʝ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ 
ʘʥʘʣʠʟ ʵʪʠʭ ʤʝʪʦʜʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʟʘʜʘʯʠ ʧʨʦʚʝʜʝʥ ʧʦ ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ: 
1) ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʢʦʥʪʨʦʣʴʥʦʡ ʚʳʙʦʨʢʠ; 2) ʚʨʝʤʷ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʝ ʥʘ ʦʙʫʯʝ-
ʥʠʝ; 3) ʚʨʝʤʷ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʝ ʥʘ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʠʟ ʢʦʥʪʨʦʣʴʥʦʡ ʚʳʙʦʨʢʠ. 
ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʨʠ ʨʝʰʝʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʚ ʮʝʣʷʭ ʠʩʢʣʶʯʝ-

ʥʠʷ ʫʜʘʯʥʦʛʦ (ʠʣʠ ʥʝʫʜʘʯʥʦʛʦ) ʨʘʟʙʠʝʥʠʷ ʠʩʭʦʜʥʦʡ ʚʳʙʦʨʢʠ V  ʥʘ ʜʚʝ ʨʘʚʥʳʝ ʯʘʩʪʠ 
o

V  ʠ 
k

V   

(
ko

VVV 8= , 
o

V  ï ʚʳʙʦʨʢʘ ʜʣʷ ʦʙʫʯʝʥʠʷ, 
k

V  ï ʚʳʙʦʨʢʘ ʜʣʷ ʢʦʥʪʨʦʣʷ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʩʢʦʣʴʟʷ-

ʱʝʛʦ ʢʦʥʪʨʦʣʷ [14]. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʠʩʭʦʜʥʘʷ ʚʳʙʦʨʢʘ ʦʙʲʝʢʪʦʚ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 
10 ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʙʣʦʢʦʚ, ʪʦʯʥʦ ʩʦʚʧʘʜʘʶʱʠʭ ʧʦ ʨʘʟʤʝʨʫ. ʇʨʠ ʵʪʦʤ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʚʦ ʚʩʝʭ 
ʙʣʦʢʘʭ ʩʦʭʨʘʥʠʣʘʩʴ ʧʨʦʧʦʨʮʠʷ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʠʟʦʙʨʘʞʝʥʠʡ ʣʠʮʘ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʨʘʟʥʳʤ ʢʣʘʩʩʘʤ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʚ ʢʘʞʜʦʤ ʙʣʦʢʝ ʧʦ 4 ʬʦʪʦʧʦʨʪʨʝʪʘ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ. ʇʨʦʮʝʩʩ ʩʢʦʣʴʟʷ-
ʱʝʛʦ ʢʦʥʪʨʦʣʷ ʧʦ ʵʪʠʤ ʙʣʦʢʘʤ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʰʘʛʦʚ. ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʠʟ 10 ʙʣʦʢʦʚ ʚʳʙʠʨʘʶʪ-
ʩʷ 9 ʚ ʢʘʯʝʩʪʚʝ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, ʠ ʥʘ ʵʪʦʡ ʚʳʙʦʨʢʝ ʦʙʫʯʘʶʪʩʷ ʨʘʩʧʦʟʥʘʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ʩ ʟʘ-
ʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ [3, 12]. ʆʙʫʯʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʨʘʩʧʦʟʥʘʶʱʠʡ ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʨʷʝʪʩʷ ʥʘ 
ʦʩʪʘʚʰʝʤʩʷ ʙʣʦʢʝ ʜʘʥʥʳʭ (ʢʦʥʪʨʦʣʴʥʦʡ ʚʳʙʦʨʢʝ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʘʞʜʦʡ ʧʨʦʚʝʨʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʧʦ ʫʢʘʟʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʠ ʬʠʢʩʠʨʫʝʪʩʷ. ʇʨʠ ʚʳ-
ʧʦʣʥʝʥʠʠ ʢʘʞʜʦʛʦ ʦʯʝʨʝʜʥʦʛʦ ʰʘʛʘ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʘʣʛʦʨʠʪʤʦʚ ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʠʟ ʦʙʫ-
ʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʚʳʙʠʨʘʝʪʩʷ ʦʜʠʥ ʙʣʦʢ, ʠ ʦʥ ʤʝʥʷʝʪʩʷ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʚʳʙʦʨʢʦʡ. ɺ ʮʝʣʷʭ ʠʩʢʣʶʯʝ-
ʥʠʷ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʣʠʮ ʢʦʥʪʨʦʣʴʥʦʡ ʚʳʙʦʨʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʣʦʢʠ 
ʤʘʨʢʠʨʫʶʪʩʷ ʠ ʧʨʠ ʚʳʙʦʨʝ ʢʦʥʪʨʦʣʴʥʦʡ ʚʳʙʦʨʢʠ ʦʥʠ ʥʝ ʫʯʘʩʪʚʫʶʪ. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʚʦʟ-
ʤʦʞʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʚʨʝʤʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʢʘʢ ʩʨʝʜʥʠʝ. 
ʈʝʟʫʣʴʪʘʪʳ. ʆʩʥʦʚʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ 

ʠʟʦʙʨʘʞʝʥʠʡ ʣʠʮ. ʇʦʩʪʨʦʝʥʠʝ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʧʦʬʨʘʛʤʝʥʪʥʦʛʦ ʘʥʘ-
ʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ [5]. ɺ ʮʝʣʷʭ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥʦ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʚʳʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠʟʦ-
ʙʨʘʞʝʥʠʡ ʣʠʮ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʨʘʥʝʝ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʚʳʜʝ-
ʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ. 
ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʠʣʘ ʧʦʚʳ-

ʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʯʥʦʩʪʠ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ ʣʠʮʘ (ʙʦʣʝʝ ʯʝʤ ʥʘ 5% ʚʳʰʝ, ʥʝʞʝʣʠ 
ʤʝʪʦʜʦʤ ʚʳʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʛʝʦ-
ʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʜʘʝʪ ʥʝʫʩʪʦʡʯʠʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠʟʦʙʨʘʞʝʥʠʡ ʣʠʮ ʨʘʟʣʠʯ-
ʥʦʛʦ ʨʘʟʤʝʨʘ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʢʦʪʦʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʫʯʝʥʠʷ ʵʪʠʭ ʨʘʩ-
ʧʦʟʥʘʶʱʠʭ ʦʧʝʨʘʪʦʨʦʚ. 
ʆʙʩʫʞʜʝʥʠʝ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʨʫʛʠʭ ʪʝʤ, 

ʯʪʦ ʦʥʠ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʥʮʠʧʝ ʣʦʢʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʣʠʮ. ʇʦʵʪʦʤʫ ʵʪʠ ʘʣʛʦʨʠʪʤʳ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʩʭʦʜʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʨʘʟʤʝʨʳ. ʆʜʥʠʤ ʠʟ 
ʧʨʝʠʤʫʱʝʩʪʚ ʧʨʝʜʣʦʞʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʙʦʨʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʧʨʠ-
ʟʥʘʢʦʚ (ʦʧʠʩʘʥʥʳʭ ʥʘ ʚʪʦʨʦʤ ʠ ʪʨʝʪʴʝʤ ʵʪʘʧʘʭ). ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʵʪʠ ʘʣʛʦʨʠʪʤʳ ʠʩʢʣʶʯʘʶʪ 
ʧʨʠʟʥʘʢʠ, ʧʦʚʪʦʨʷʶʱʠʝ ʦʜʥʫ ʠ ʪʫ ʞʝ ʠʥʬʦʨʤʘʮʠʶ, ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʙʦʨ ʧʨʠʟʥʘʢʦʚ, ʜʦʩʪʘʪʦʯ-
ʥʦ ʭʦʨʦʰʦ ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʚʩʝ ʪʝ ʧʨʠʟʥʘʢʠ, ʢʦʪʦʨʳʝ ʥʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʜʘʥʥʦʤ ʥʘʙʦʨʝ [4]. 
ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ 

ʤʦʜʝʣʴ ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʣʠʮ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʯʥʦ-
ʩʪʠ ʥʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʨʘʟʤʝʨʳ.  
ɿʘʜʘʯʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʯʥʦʩʪʠ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ ʣʠʮʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʟʘʜʘʯ ʚ 

ʧʨʦʙʣʝʤʝ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʚʦʧʨʦʩʳ ʩʦʟʜʘʥʠʷ 
ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʯʥʦʩʪʠ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ ʣʠʮʘ ʠʩʩʣʝʜʦʚʘʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ.  
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ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʧʨʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʣʠʯʥʦʩʪʠ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ ʣʠ-
ʮʘ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʘʣʛʦʨʠʪʤʦʚ ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʦʧʠʨʘʝʪʩʷ ʥʘ ʚʳʯʠʩʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʢʘʞʜʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥ-
ʥʳʭ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ, ʟʘʜʘʥʥʳʭ ʚ ʚʠʜʝ ʠʟʦʙʨʘʞʝʥʠʡ. 
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ʚʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʘ ʛʨʘʬʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʦʨʝ. ʉʚʷʟʴ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʧʨʦʮʝʩ-
ʩʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʙʠʙʣʠʦʪʝʢʠ DirectX. ʋʯʘʩʪʢʠ ʘʣʛʦʨʠʪʤʘ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʧʦʜ ʧʘ-

ʨʘʣʣʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʥʘʧʠʩʘʥʳ ʥʘ ʷʟʳʢʝ ʰʝʡʜʝʨʦʚ HLSL. 
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ʉʪʘʚʥʦʡ ʥʝʚʦʜʥʦʡ ʣʦʚ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʧʨʦʤʳʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ ʚ ʵʢʦʥʦʤʠʢʝ ʈʦʩʩʠʠ. ʉ ʝʛʦ ʧʦ-

ʤʦʱʴʶ ʜʦʙʳʚʘʝʪʩʷ 90% ʣʦʩʦʩʷ ʠ 100 % ʥʝʨʝʩʪʦʚʦʡ ʩʝʣʴʜʠ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʪʘʚʥʳʭ ʥʝʚʦ-

ʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʦ, ʯʪʦʙʳ ʚ ʫʩʣʦʚʠʷʭ ʢʨʠʪʠʯʝʩʢʦʡ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘ-

ʥʦʚʢʠ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʚʳʣʦʚ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ. 
ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʪʘʚʥʳʭ ʥʝʚʦʜʦʚ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʢʦʣʦʩʩʘʣʴʥʳʭ ʦʙʲʝʤʦʚ ʚʳʯʠʩʣʝʥʠʡ, 

ʪʘʢ ʢʘʢ ʩʝʪʴ ʩʦʩʪʦʠʪ ʠʟ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʷʯʝʡ. ɿʘʯʘʩʪʫʶ ʪʨʝʙʫʝʪʩʷ ʠʟʫʯʠʪʴ ʧʦʚʝʜʝʥʠʝ ʥʘʪʫʨ-

ʥʦʛʦ ʦʨʫʜʠʷ ʨʳʙʦʣʦʚʩʪʚʘ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦʵʪʦʤʫ 
ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʧʦʩʦʙʘʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʣʦʞʥʳʝ 

ʩʠʩʪʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʩʪʘʚʥʳʝ ʧʦʜʚʝʩʥʳʝ ʥʝʚʦʜʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʪʳʩʷʯʠ ʠ ʙʦʣʝʝ ʵʣʝʤʝʥʪʦʚ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʢʦʤʧʴʶʪʝʨ ʚʩʝ ʙʦʣʴʰʝ ʧʨʠʭʦʜʠʪ ʥʘ ʧʦʤʦʱʴ ʨʘʟʨʘ-
ʙʦʪʯʠʢʘʤ ʦʨʫʜʠʡ ʨʳʙʦʣʦʚʩʪʚʘ ʠ ʨʳʙʘʢʘʤ. ʇʨʠʤʝʥʝʥʠʝ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʚ ʢʘʯʝʩʪʚʝ 

ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʨʫʜʠʡ ʨʳʙʦʣʦʚʩʪʚʘ ʧʦʟʚʦʣʷ-

ʝʪ ʩʦʢʨʘʪʠʪʴ ʦʙʱʝʝ ʚʨʝʤʷ ʝʛʦ ʨʘʟʨʘʙʦʪʢʠ ʠ ʫʩʪʘʥʦʚʢʠ, ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ. 

ʉʪʘʚʥʦʡ ʥʝʚʦʜ ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ ʦʜʥʦʪʠʧʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩ 
ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ ʵʣʝʤʝʥʪʦʚ (ʷʯʝʡ). ɸʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʩʚʷ-

ʟʳʚʘʶʱʘʷ ʩʠʣʦʚʳʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʚʥʦʛʦ ʧʦʜʚʝʩʥʦʛʦ ʥʝʚʦʜʘ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʚʦʣʥʝʥʠʠ, ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʪʝʯʝʥʠʠ, ʰʪʦʨʤʝ) [1ï3], 
ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʪʦʯʝʯʥʳʭ ʤʘʩʩ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠ-

ʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʪʘʚʥʦʤ ʧʦʜʚʝʩʥʦʤ ʥʝʚʦʜʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʚʥʝʰʥʝʡ 
ʩʨʝʜʦʡ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ɽʝ ʛʣʘʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʷʚʣʷʝʪ-

ʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʴ ʚʳʯʠʩʣʝʥʠʷ ʥʘʜ ʤʥʦʞʝʩʪʚʦʤ ʦʜʥʦʪʠʧʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʩʪʦʠʪ ʥʝʚʦʜ, ʦʜʥʦʚʨʝʤʝʥʥʦ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝ-

ʩʫʨʩʦʤ, ʩʧʦʩʦʙʥʳʤ ʵʬʬʝʢʪʠʚʥʦ ʚʳʧʦʣʥʷʪʴ ʪʘʢʠʝ ʚʳʯʠʩʣʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ, 
ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʚʠʜʝʦʘʜʘʧʪʝʨʘʭ. 

ɼʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʨʦʤ ʚʳʙʨʘʥ ʥʘʙʦʨ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ DirectX API (ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ). ɹʠʙʣʠʦʪʝʢʘ DirectX 
ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ ʧʦʜ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ 

Microsoft Windows ʠ ʚʭʦʜʠʪ ʚ ʝʝ ʩʦʩʪʘʚ [4].  

ɼʣʷ ʧʨʠʣʦʞʝʥʠʷ DirectX ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʢʠʡ ʢʘʨʢʘʩ, ʚ ʢʦʪʦʨʳʡ ʜʦʙʘʚʣʷʶʪʩʷ ʨʝʘʣʠʟʘ-

ʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ (2D, 3D, ʩʪʝʨʝʦ 3D). ɺ ʟʘʚʠʩʠʤʦʩʪʠ 
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ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ DirectX ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʧʨʝʜʝʣʷʝʪ ʥʘʛʨʫʟʢʫ ʤʝʞ-
ʜʫ ʘʧʧʘʨʘʪʥʦʡ ʠ ʧʨʦʛʨʘʤʤʥʦʡ ʯʘʩʪʷʤʠ ʢʦʥʚʝʡʝʨʘ ʚʠʜʝʦʘʜʘʧʪʝʨʘ. ʉʚʷʟʴ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʤʦ-

ʜʫʣʷʤʠ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʤʦʜʝʣʠ DirectX (ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ, ʚʠʟʫʘʣʠʟʠʨʫʶʱʠʤʠ) ʚʦʟʤʦʞʥʘ ʢʘʢ 

ʧʦʩʨʝʜʩʪʚʦʤ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʚʠʜʝʦʘʜʘʧʪʝʨʘ (ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʳʡ, ʥʦ ʥʘʠʤʝʥʝʝ ʛʠʙʢʠʡ ʤʝʪʦʜ), 
ʪʘʢ ʠ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʱʝʡ ʧʘʤʷʪʠ ʚʩʝʡ ʩʠʩʪʝʤʳ. 

ʇʨʦʛʨʘʤʤʥʳʝ ʫʯʘʩʪʢʠ ʢʦʥʚʝʡʝʨʘ ʚʠʜʝʦʘʜʘʧʪʝʨʘ (ʰʝʡʜʝʨʳ) ʚʳʧʦʣʥʷʶʪʩʷ ʛʨʘʬʠʯʝʩʢʠʤ ʧʨʦ-

ʮʝʩʩʦʨʦʤ. ɿʘʛʨʫʟʢʘ ʢʦʜʘ ʚ ʧʘʤʷʪʴ ʧʨʦʮʝʩʩʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʘʤʦʡ ʙʠʙʣʠʦʪʝʢʦʡ DirectX. ʇʝʨʝʜ 
ʟʘʛʨʫʟʢʦʡ ʚʩʪʨʦʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʙʠʙʣʠʦʪʝʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʘʧʧʘʨʘʪʥʦ-

ʥʝʟʘʚʠʩʠʤʦʛʦ ʧʩʝʚʜʦʢʦʜʘ ʚ ʘʧʧʘʨʘʪʥʦ-ʟʘʚʠʩʠʤʳʡ ʠʩʧʦʣʥʷʝʤʳʡ ʢʦʜ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʫʩʪʘʥʦʚ-

ʣʝʥʥʦʛʦ ʚ ʩʠʩʪʝʤʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ (ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ).  

ʇʩʝʚʜʦʢʦʜ ʰʝʡʜʝʨʘ ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʨʦʛʨʘʤʤʳ ʧʦʩʨʝʜʩʪʚʦʤ ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ 
DirectX ʢʦʤʧʠʣʷʪʦʨʘ ʩ ʷʟʳʢʘ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ HLSL. ʗʟʳʢ HLSL ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʘʭ ʠ ʠʤʝʝʪ ʩʠʥʪʘʢʩʠʩ, ʦʩʥʦʚʘʥ-

ʥʳʡ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉʠ. 
ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ ʰʝʡʜʝʨʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ. ɼʣʷ ʨʝʘʣʠ-

ʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʘʚʥʦʛʦ ʧʦʜʚʝʩʥʦʛʦ ʥʝʚʦʜʘ 

ʙʳʣʘ ʚʳʙʨʘʥʘ ʥʘʠʙʦʣʝʝ ʤʦʱʥʘʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʤʦʜʝʣʴ ʰʝʡʜʝʨʦʚ ʚʝʨʩʠʠ 5 

(Shader Model 5). ɺ ʰʝʡʜʝʨʥʦʡ ʤʦʜʝʣʠ ʚʝʨʩʠʠ 5 (ʢʘʢ ʠ ʚ ʚʝʨʩʠʠ 4) ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʚʳʯʠʩʣʠ-
ʪʝʣʴʥʳʭ ʰʝʡʜʝʨʦʚ. ʕʪʠ ʰʝʡʜʝʨʘ ʥʝ ʫʯʘʩʪ-

ʚʫʶʪ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʢʦʥʚʝʡʝʨʝ ʚʠʜʝʦʘʜʘʧ-

ʪʝʨʘ. ʀʭ ʦʩʥʦʚʥʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ï ʚr -
ʯʠʩʣʝʥʠʷ. ɿʘ ʧʦʜʜʝʨʞʢʫ ʚʳʯʠʩʣʝʥʠʡ ʚ 

ʙʠʙʣʠʦʪʝʢʝ DirectX ʦʪʚʝʯʘʝʪ ʢʦʤʧʦʥʝʥʪ 

DirectCompute. 
ʈʘʩʩʤʦʪʨʠʤ ʦʙʦʙʱʝʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ (ʨʠʩ. 1) [5]. ʂʘʞ-

ʜʦʝ ʷʜʨʦ ʧʨʦʮʝʩʩʦʨʘ ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ 

ʤʦʜʫʣʝʡ. ɺʩʝ ʤʦʜʫʣʠ ʚ ʷʜʨʝ ʦʜʥʦʚʨʝʤʝʥʥʦ 
ʨʘʙʦʪʘʶʪ ʧʦ ʦʜʥʦʤʫ ʘʣʛʦʨʠʪʤʫ, ʥʦ ʦʙʨʘʙʘ-

ʪʳʚʘʶʪ ʨʘʟʥʳʝ ʜʘʥʥʳʝ. ɺ ʢʦʜʝ ʰʝʡʜʝʨʘ ʚ 

ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʝʪʩʷ 
ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʤʦʜʫʣʷ. ʀʜʝʥʪʠʬʠʢʘʪʦʨ 

ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨʦʤ. ʈʘʟʤʝʨʥʦʩʪʴ ʚʝʢʪʦʨʘ  

(1, 2 ʠʣ 3) ʟʘʜʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤ ʩʧʦʩʦ-
ʙʦʤ. ɺ ʦʧʠʩʳʚʘʝʤʦʤ ʘʣʛʦʨʠʪʤʝ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʦʜʥʦʤʝʨʥʳʝ ʚʝʢʪʦʨʘ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʩʤʝʱʝʥʠʝ ʵʣʝʤʝʥʪʘ (ʫʟʣʘ) ʚ ʤʘʩʩʠʚʝ ʫʟʣʦʚ ʠ ʩʤʝʱʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʚ ʤʘʩʩʠʚʝ ʩʚʷ-

ʟʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʙʘʪʳʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʫʟʣʦʚ ʠ ʩʚʷ-
ʟʝʡ ʤʦʜʝʣʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨ ʤʘʩʩʠʚʦʚ ʫʟʣʦʚ ʠ ʩʚʷʟʝʡ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʰʝʡʜʝ-

ʨʦʚ HLSL. 
 

struct  TNode  //ʧʝʨʝʤʝʥʥʳʝ ʫʟʣʘ 

{  

float 4 X, X0; //ʚʝʢʪʦʨ ʧʨʝʜʩʢʘʟʘʥʥʦʡ ʠ ʪʝʢʫʱʝʡ ʢʦʦʨʜʠʥʘʪ 

float 4 Fi , Fe; //ʚʝʢʪʦʨ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʩʠʣ 

float 4 E; //ʚʝʢʪʦʨ ʦʰʠʙʢʠ 

};  

 

struct  TCNode //ʢʦʥʩʪʘʥʪʳ ʫʟʣʘ 

{  

float 4 Feu, Fed; //ʚʝʢʪʦʨ ʚʥʝʰʥʝʡ ʩʠʣʳ ʥʘʜ ʠ ʧʦʜ ʛʨʘʥʠʮʝʡ ʚʦʜʘ/ʚʦʟʜʫʭ 

float  w; //ʫʩʢʦʨʝʥʠʝ  

f loat  h; //ʧʦʣʦʚʠʥʘ ʚʳʩʦʪʳ ʫʟʣʦʚʦʛʦ ʵʣʝʤʝʥʪʘ 

int  link 1, link 2; //ʠʥʜʝʢʩ ʛʦʣʦʚʳ ʩʧʠʩʢʘ ʚʭʦʜʷʱʠʭ/ʠʩʭʦʜʷʱʠʭ ʩʚʷʟʝʡ 

float  mass; //ʟʥʘʯʝʥʠʝ ʪʦʯʝʯʥʦʡ ʤʘʩʩʳ 

};  

ʗʜʨʦ 1

ʄʦʜʫʣʴ 1

ʄʦʜʫʣʴ 2

ʄʦʜʫʣʴ N

ʗʜʨʦ 2

ʄʦʜʫʣʴ 1

ʄʦʜʫʣʴ 2

ʄʦʜʫʣʴ N

ʗʜʨʦ M

ʄʦʜʫʣʴ 1

ʄʦʜʫʣʴ 2

ʄʦʜʫʣʴ N

ɺʥʫʪʨʝʥʥʷʷ ʨʘʟʜʝʣʷʝʤʘʷ ʧʘʤʷʪʴ

ʀʥʪʝʨʬʝʡʩ ʢ ʩʠʩʪʝʤʥʦʡ (ʚʥʝʰʥʝʡ) ʧʘʤʷʪʠ

ʇʘʤʷʪʴ ʷʜʨʘʇʘʤʷʪʴ ʷʜʨʘ ʇʘʤʷʪʴ ʷʜʨʘ

ʈʠʩ. 1. ɸʨʭʠʪʝʢʪʫʨʘ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ 
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struct  TLink  //ʧʝʨʝʤʝʥʥʳʝ ʩʚʷʟʠ 

{  

float  T; //ʥʘʪʷʞʝʥʠʝ 

float 4 Fe, Fi ; //ʚʝʢʪʦʨ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʠʣ 

};  

 

struct  TCLink  //ʢʦʥʩʪʘʥʪʳ ʩʚʷʟʠ 

{  

float  L0; //ʜʣʠʥʘ ʩʚʷʟʠ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ 

int  node 1, node2; //ʠʥʜʝʢʩ ʠʥʮʠʜʝʥʪʥʳʭ ʫʟʣʦʚ 

float  Rk; //0.1* Rk //ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

float  d; //ʜʠʘʤʝʪʨ 

float  EA1, EA2; // L>L0, L<L0 //ʢʦʵʬʬʠʮʠʝʥʪʳ ʞʝʩʪʢʦʩʪʠ 

int  link 1, link 2; //ʩʣʝʜʫʶʱʘʷ ʩʤʝʞʥʘʷ ʚʭʦʜʷʱʘʷ/ʠʩʭʦʜʷʱʘʷ ʩʚʷʟʴ 

};  
 

// ʄʘʩʩʠʚʳ 

StructuredBuffer<TCNode> CNodes : register(t0);  

StructuredBuffer<TCLink> CLinks : register(t1);  

RWStructuredBuffer<TNode> Nodes : register(u0);  

RWStructuredBuffer<TLink> Links : regi ster(u1);  

ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʰʝʡʜʝʨʦʚ ʦʧʠʩʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʝʡ ʩʪʨʫʢʪʫʨʦʡ: 

cbuffer TSolverParams : register(cb0)  

{  

float Depth; // ʛʣʫʙʠʥʘ 

float  V; //ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ 

float  Fo2; //ʩʧʣʦʰʥʦʩʪʴ ʩʝʪʠ 

float  v; //ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ 

uint  NodesSize ; //ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ 

uint  bl , el ; //ʜʠʘʧʘʟʦʥ ʩʚʷʟʝʡ 

uint  maxlpn ; //ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʮʠʜʝʥʪʥʳʭ ʩʚʷʟʝʡ 

float FeTimeConst1, FeTimeConst2, FiTimeConst; // ʚʨʝʤʝʥʥʳʝ ʢʦʥʩʪʘʥʪʳ 

};  

ʈʘʩʩʤʦʪʨʠʤ ʨʝʘʣʠʟʘʮʠʶ ʘʣʛʦʨʠʪʤʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 
ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʪʘʚʥʦʤ ʧʦʜʚʝʩʥʦʤ ʥʝʚʦʜʝ, ʥʘ ʷʟʳʢʝ HLSL ʜʣʷ ʰʝʡʜʝʨʥʦʡ ʤʦʜʝʣʠ ʚʝʨʩʠʠ 5. ʆʩʥʦ-
ʚʳʚʘʷʩʴ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ [1ï3] ʩʦʩʪʘʚʠʤ ʦʙʦʙʱʝʥʥʫʶ ʙʣʦʢ-ʩʭʝʤʫ ʘʣʛʦʨʠʪʤʘ (ʨʠʩ. 2). 
ɸʣʛʦʨʠʪʤ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʚʣʦʞʝʥʥʳʭ ʮʠʢʣʦʚ. ɺʦ 

ʚʥʫʪʨʝʥʥʝʤ ʮʠʢʣʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʚʥʫʪʨʝʥʥʠʭ 
ʩʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ (ʪʦʯʝʯʥʳʤʠ 
ʤʘʩʩʘʤʠ) ʥʝʚʦʜʘ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠ-
ʞʝʥʠʡ (ʰʝʡʜʝʨ IntLinks) ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʢʦʨʨʝʢʮʠʷ ʧʝ-
ʨʝʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ (ʰʝʡʜʝʨ IntNodes). ʋʩʣʦʚʠʝʤ ʚʳ-
ʭʦʜʘ ʠʟ ʚʥʫʪʨʝʥʥʝʛʦ ʮʠʢʣʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʢʘʢ 
ʜʦʩʪʠʞʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝ-
ʥʠʡ (ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ), ʪʘʢ ʠ ʚʳʧʦʣʥʝʥʠʝ 
ʟʘʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʪʝʨʘʮʠʡ ʮʠʢʣʘ.  
ɺʦ ʚʥʝʰʥʝʤ ʮʠʢʣʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʚʥʝʰʥʠʭ 

ʩʠʣ ʩ ʫʯʝʪʦʤ ʪʝʢʫʱʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʩʢʦʨʦʩʪʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʰʝʡʜʝʨ ExtLinks) ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʵʣʝ-
ʤʝʥʪʦʚ (ʤʘʩʩʦʚʳʭ ʪʦʯʝʢ) (ʰʝʡʜʝʨ ExtNodes). ʋʩʣʦʚʠʝʤ 
ʚʳʭʦʜʘ ʠʟ ʚʥʝʰʥʝʛʦ ʮʠʢʣʘ ʷʚʣʷʝʪʩʷ ʚʥʝʰʥʝʝ ʩʦʙʳʪʠʝ, 
ʩʚʷʟʘʥʥʦʝ ʣʠʙʦ ʩ ʜʝʡʩʪʚʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʣʠʙʦ ʩ ʧʝʨʝ-
ʭʦʜʦʤ ʤʦʜʝʣʠ ʚ ʩʦʩʪʦʷʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʫʩʣʦ-
ʚʠʡ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʜʣʷ ʰʝʡʜʝʨʦʚ 

IntNodes ʠ IntLinks. ʂʘʞʜʳʡ ʰʝʡʜʝʨ ʤʦʞʝʪ ʦʜʥʦʚʨʝ-
ʤʝʥʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʦ 1024 ʵʣʝʤʝʥʪʦʚ (ʫʟʣʦʚ ʠʣʠ ʩʚʷ-
ʟʝʡ) (ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ Shader Model 5), ʯʪʦ 
ʫʢʘʟʘʥʦ ʚ ʧʝʨʚʦʡ ʩʪʨʦʢʝ ʢʦʜʘ. 

start
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ExtLinks

ExtNodes

ExtLinks

ExtNodes

ʊʦʯʥʦʩʪʴ 

ʜʦʩʪʠʛʥʫʪʘ?
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 [numthreads(10 24,1,1)]  

void IntNodes(uint3 id : SV_DispatchThreadID)  

{  

if(id.x < NodesSize) {  

 float4 Fi = 0;  

 uint li1 = CNodes[id.x].link1, li2 = CNodes[id.x].link2;  

 for(uint i = 0; i < maxlpn; i++) {  

  Fi += Links[li1].Fi - Links[li2].Fi;  

  li1 = CLinks[li1].link1;  

  li2 = CLinks[li2].link2;  

 }  

 Nodes[ index ].E = 

(Nodes[ index ].Fe+Fi)*FiTimeConst+Nodes[ index ].E*(1.0f - FiTimeConst);  

 float h = CNodes[ index ].h;  

 Nodes[ index ].X += Nodes[ index ].E*CNodes[ index ].w;  

 Nodes[ index ].X.y = clamp(Nodes[ index ].X.y, h, Depth+h);  

}  

}  

 

 

[numthreads(1024,1,1)]  

void IntLinks(uint3 id : SV_DispatchThreadID)  

{  

uint i = id.x+bl;  

if(i < el) {  

 int n1 = CLinks[i].node1, n2 = CLinks[i].node2;  

 float4 D = Nodes[n2].X - Nodes[n1].X;  

 float L = length(D);  

 float dL = L - CLinks[i].L0;  

 float EA = dL > 0  ? CLinks[i].EA1 : CLinks[i].EA2;  

 float T = Links[i].T;  

 float w = 1.0f/(CNodes[n2].w+CNodes[n1].w);  

 float dT = w/(w*EA+1)*dL;  

 Links[i].T = T+dT;  

 Links[i].Fi = L == 0.0f ? 0 : D*( dT/ L);  

}  

}  

 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʠʣʦʚʳʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʚʥʦʛʦ ʧʦʜʚʝʩʥʦʛʦ ʥʝʚʦʜʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ ʧʦ ʝʛʦ ʠʟʚʝʩʪʥʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.  
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THE DEVELOPMENT OF A  COMPUTER SIMULATION PROGRAM FOR ROSE  

AND IMMERSION OF PUR SE SEINE DURING WAVE EXCITEMENT CONDITION S 

 
A computing program for simulation rose and immersion processes of purse seine was described in the arti-

cle. This program was written on modern design tools software: visual designer RAD Studio XE, library VCL, 

C++programming language. The critical program code were written on low-level language - Assembler. 

Computing algorithms, based on excitement and mass-point mathematical models, were developed by the au-
thors. The differential equations were written by Adams and Runge-Kutta algorithms. 

 

Key words: purse seine, excitement, irregular flow, dynamics, mass-point, method of particles interaction. 

 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʰʝʣʴʢʦʚʳʭ ʥʝʚʦʜʦʚ, ʢʘʢ ʠ ʜʨʫʛʠʭ ʦʨʫʜʠʡ ʣʦʚʘ, ʚ 
ʦʩʥʦʚʥʦʤ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʬʠʟʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ʄʝʞʜʫ ʪʝʤ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʤʠʨʝ, ʘ ʠʤʝʥʥʦ ʚ ʪʘʢʠʭ ʩʪʨʘʥʘʭ, ʢʘʢ ʚ ʗʧʦʥʠʠ ʠ ʂʦʨʝʝ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʢʦʰʝʣʴʢʦʚʳʭ ʥʝʚʦʜʦʚ [1, 2]. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ 
ʤʦʜʝʣʠ ʢʦʰʝʣʴʢʦʚʳʭ ʥʝʚʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤʘʭ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʳʩʪ-

ʨr ʡ ʨʘʩʯʝʪ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʛʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ ʩʝʪʥʦʡ ʩʪʝʥʢʠ, ʚʨʝʤʷ ʧʦʛʨʫʞʝʥʠʷ ʠ ʜʨ.  

ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʦʡ ʩʨʝʜʦʡ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʨʫʜʠʡ 

ʠ ʧʨʦʮʝʩʩʦʚ ʨʳʙʦʣʦʚʩʪʚʘ ʷʚʣʷʝʪʩʷ Embarcadero RAD Studio XE [3]. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʨʘʩʩʯʠʪʘʥʦ ʥʘ ʨʘʙʦʪʫ ʚ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩʝʤʝʡʩʪʚʘ Windows ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Delphi, C++ ʠ Assembler. 

ʈʘʩʩʤʦʪʨʠʤ ʜʠʥʘʤʠʢʫ ʧʦʛʨʫʞʝʥʠʷ ʧʦʣʦʩʢʠ ʂʅ ʜʣʠʥʦʡ L ʩ ʫʯʝʪʦʤ ʚʦʣʥʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʟʘʚʠ-
ʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ ʥʠʞʥʝʡ ʧʦʜʙʦʨʳ ʩʦ ʩʪʷʞʥʳʤ ʪʨʦʩʦʤ ʦʪ ʚʨʝʤʝʥʠ. ʇʨʠ ʨʘʩʯʝʪʝ 

ʧʨʠʤʝʥʠʤ ʩʣʝʜʫʶʱʠʝ ʫʧʨʦʱʝʥʠʷ: ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ ʂʅ ʧʦʛʨʫʞʘʝʪʩʷ ʝʜʠʥʳʤ ʞʛʫʪʦʤ, ʨʘʩʧʨʘʚʣʷ-

ʷʩʴ ʩʚʝʨʭʫ; ʬʦʨʤʘ ʞʛʫʪʘ ʚ ʝʛʦ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʢʨʫʞʥʦʩʪʴ. 
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ɺ ʧʨʦʮʝʩʩʝ ʧʦʛʨʫʞʝʥʠʷ ʥʘ ʜʚʠʞʫʱʫʶʩʷ ʯʘʩʪʴ ʧʦʣʦʩ-

ʢʠ ʂʅ ï ʞʛʫʪ (ʩʤ. ʨʠʩ. 1) ʜʝʡʩʪʚʫʶʪ ʜʚʝ ʩʠʣʳ: Gz ï ʚʝʩ 

ʧʦʛʨʫʞʝʥʥʦʛʦ ʥʘ ʛʣʫʙʠʥʫ z ʞʛʫʪʘ ʚ ʚʦʜʝ; Rz ï ʩʠʣʘ ʛʠʜʨʦ-

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʞʛʫʪʘ, ʧʦʛʨʫʞʝʥʥʦʛʦ ʥʘ 

ʛʣʫʙʠʥʫ z ʠ ʜʚʠʞʫʱʝʛʦʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ v. 

ʉʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ 

ʞʛʫʪʘ ʂʅ (1) ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ: v = 0, y = 0 ʨʝʰʘ-

ʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʠʪʝʨʘʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ɸʜʘʤʩʘ ʠ 

ʈʫʥʛʝ-ʂʫʪʪʳ [4, 5]. 

 

( )z ʧz z z
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ɿʜʝʩʴ mz ï ʧʦʛʦʥʥʘʷ ʤʘʩʩʘ ʞʛʫʪʘ; mʧz ï ʧʦʛʦʥʥʘʷ ʧʨʠʩʦʝʜʠʥʝʥʥʘʷ ʤʘʩʩʘ ʞʛʫʪʘ; L ï ʰʠʨʠʥʘ 
ʧʦʣʦʩʢʠ ʂʅ; t ï ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʧʦʛʨʫʞʝʥʠʷ; m ï ʧʦʛʦʥʥʘʷ ʤʘʩʩʘ ʩʝʪʥʦʡ ʯʘʩʪʠ ʥʝʚʦʜʘ; mʥ ï ʧʦ-

ʛʦʥʥʘʷ ʤʘʩʩʘ ʥʠʞʥʝʡ ʧʦʜʙʦʨʳ ʩʦ ʩʪʷʞʥʳʤ ʪʨʦʩʦʤ; H ï ʚʳʩʦʪʘ ʧʦʣʦʩʢʠ ʥʝʚʦʜʘ; Gz  ï ʚʝʩ ʤʝʪʨʘ 

ʞʛʫʪʘ ʚ ʚʦʜʝ, ʧʦʛʨʫʞʝʥʥʦʛʦ ʥʘ ʛʣʫʙʠʥʫ z; g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. 
ʉʠʣʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʪʨʘ ʞʛʫʪʘ, ʧʦʛʨʫʞʝʥʥʦʛʦ ʥʘ ʛʣʫʙʠʥʫ z: 
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z w ʥzR c v v F= - ,                                                           (2) 

ʛʜʝ ʩ ï ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʞʛʫʪʘ; vw ï ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʦʜʳ ʚ ʨʘʡʦʥʝ ʞʛʫʪʘ. 

ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʦʜʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʦʜʳ, 
ʚʳʟʚʘʥʥʦʛʦ ʚʦʣʥʦʚʳʤ ʪʝʯʝʥʠʝʤ: 
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ʛʜʝ h ï ʚʳʩʦʪʘ ʚʦʣʥʳ; ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ; Z ï ʛʣʫʙʠʥʘ ʤʝʩʪʘ ʣʦʚʘ; ű ï ʬʘʟʘ ʚʦʣʥʳ ʚ ʨʘʡʦʥʝ ʞʛʫʪʘ; 

cw ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ. 

ʇʦ ʦʧʠʩʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳ-

ʣʘ ʩʦʟʜʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʢʦʪʦʨʦʡ ʙʳʣʦ ʧʦʩʪʘʚʣʝʥʦ ʜʚʘ ʯʠʩʣʝʥ-

ʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʣʠʥʝ ʠ ʚʳʩʦʪʝ ʚʦʣʥʳ ʠ ʧʨʦʯʠʭ 

ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʇʘʨʘʤʝʪʨʳ ʢʦʰʝʣʴʢʦʚʦʛʦ ʥʝʚʦʜʘ ʧʨʠʚʝʜʝ-

ʥʳ ʥʘ ʨʠʩ. 2. ʇʘʨʘʤʝʪʨʳ ʤʝʩʪʘ ʣʦʚʘ ʜʣʷ ʜʚʫʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3. ʈʘʩʯʝʪʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʚʦʣʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 4. 
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ʈʠʩ. 3. ʇʘʨʘʤʝʪʨʳ ʤʝʩʪʘ ʣʦʚʘ: ʘ ï ʵʢʩʧʝʨʠʤʝʥʪ 1, ʙ ï  ʵʢʩʧʝʨʠʤʝʥʪ 2 
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ʈʠʩ. 1. ʉʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʞʛʫʪ  
ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ 

 

ʈʠʩ. 2. ʇʘʨʘʤʝʪʨʳ ʢʦʰʝʣʴʢʦʚʦʛʦ ʥʝʚʦʜʘ 
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ʈʠʩ. 4. ʈʘʩʯʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʦʣʥʳ: ʘ ï ʵʢʩʧʝʨʠʤʝʥʪ 1, ʙ ï ʵʢʩʧʝʨʠʤʝʥʪ 2 
 

ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ ʚʦʣʥʝ ʦʪ ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 5. 

ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ ʥʠʞʥʝʡ ʧʦʜʙʦʨʳ ʢʦʰʝʣʴʢʦʚʦʛʦ ʥʝʚʦʜʘ ʦʪ ʚʨʝʤʝʥʠ ʩ 
ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʧʦʛʨʫʞʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 6. 
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ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ ʚʦʣʥʝ ʦʪ ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ:  
ʘ ï ʵʢʩʧʝʨʠʤʝʥʪ 1,  ï ʵʢʩʧʝʨʠʤʝʥʪ 2 

 

 

  
ʘ ʙ 

 
ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ ʥʠʞʥʝʡ ʧʦʜʙʦʨʳ ʢʦʰʝʣʴʢʦʚʦʛʦ ʥʝʚʦʜʘ  
ʦʪ ʚʨʝʤʝʥʠ ʩ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʧʦʛʨʫʞʝʥʠʷ: ʘ ï ʵʢʩʧʝʨʠʤʝʥʪ 1, ʙ ï ʵʢʩʧʝʨʠʤʝʥʪ 2 

 

ʇʦ ʛʨʘʬʠʢʘʤ, ʧʦʢʘʟʘʥʥʳʤ ʥʘ ʨʠʩʫʥʢʘʭ,  ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʩʠʣʝʥʠʠ ʚʦʣʥʝʥʠʷ (ʵʢʩʧʝʨʠʤʝʥʪ 2) 

ʩʢʦʨʦʩʪʴ ʧʦʛʨʫʞʝʥʠʷ ʥʠʞʥʝʡ ʧʦʜʙʦʨʳ ʢʦʰʝʣʴʢʦʚʦʛʦ ʥʝʚʦʜʘ ʫʤʝʥʴʰʘʝʪʩʷ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʨʝʤʷ ʧʦʛʨʫʞʝʥʠʷ ʩʦʩʪʘʚʠʣʦ 102 ʩ, ʚʦ ʚʪʦʨʦʤ ï 98 ʩ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʟʘʤʝʪʘ ʢʦʰʝʣʴʢʦʚʦʛʦ ʥʝʚʦʜʘ ʧʨʠ ʥʘʣʠʯʠʠ ʚʦʣʥʦʚʦʛʦ ʪʝʯʝʥʠʷ. ɼʣʷ ʧʨʘ-

ʚʠʣʴʥʦʛʦ ʟʘʤʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ: ʜʚʠʞʝʥʠʝ ʧʦʛʨʫʞʝʥʥʦʡ ʯʘʩʪʠ ʥʝʚʦʜʘ; ʨʘʟʤʝʨ, ʩʢʦʨʦʩʪʴ ʠ 

ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʢʦʩʷʢʘ ʨʳʙʳ; ʪʷʛʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʜʥʘ. ɺ ʧʣʦʩʢʦʩʪʠ OXY (ʧʣʦʩ-

ʢʦʩʪʴ ʚʦʜʳ) ʧʦʛʨʫʞʝʥʥʘʷ ʯʘʩʪʴ ʥʝʚʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʠʚʫʶ. ʇʨʠʤʝʥʠʚ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʨʘʟʦʙʴʝʤ ʧʦʛʨʫʞʝʥʥʫʶ ʯʘʩʪʴ ʥʝʚʦʜʘ ʧʦ ʚʝʨʭʥʝʡ ʧʦʜʙʦʨʝ ʥʘ ʨʘʚʥʳʝ ʫʯʘʩʪʢʠ, ʟʘʤʝʥʠʚ 

ʢʘʞʜʳʡ ʫʯʘʩʪʦʢ ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʦʪʨʝʟʢʦʤ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7. ʉʦʩʨʝʜʦʪʦʯʠʤ ʤʘʩʩʳ ʠ ʚʝʩʘ 

ʚʩʝʭ ʫʯʘʩʪʢʦʚ ʥʝʚʦʜʘ ʚ ʫʟʣʘʭ ʛʨʘʬʘ. ɼʣʷ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʩʦʩʪʘʚʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʠ ʨʝ-

ʰʠʤ ʠʭ ʠʪʝʨʘʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ɸʜʘʤʘ ʠ ʈʫʥʛʝ-ʂʫʪʪʳ. 
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ʈʠʩ. 7. ɻʨʘʬ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦʛʨʫʞʝʥʥʦʡ ʯʘʩʪʠ  
ʢʦʰʝʣʴʢʦʚʦʛʦ ʥʝʚʦʜʘ 
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ʛʜʝ vi ï ʩʢʦʨʦʩʪʴ ʫʟʣʘ i; wi ï ʫʩʢʦʨʝʥʠʝ ʫʟʣʘ i; r i ï ʢʦʦʨʜʠʥʘʪʳ ʫʟʣʘ i; r i
0
 ï ʥʘʯʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ 

ʫʟʣʘ i; t ï ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; mi ï ʩʦʩʨʝʜʦʪʦʯʝʥʥʘʷ ʤʘʩʩʘ ʚ ʫʟʣʝ i ʩ ʫʯʝʪʦʤ ʧʨʠʩʦʝ-

ʜʠʥʝʥʥʦʡ ʤʘʩʩʳ; wi ï ʫʟʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʚ ʪʦʯʢʝ i; Rij ï ʩʠʣʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
ʧʦʪʦʢʫ ʚʦʜʳ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʫʯʘʩʪʦʢ ʥʝʚʦʜʘ ʤʝʞʜʫ ʫʟʣʘʤʠ i ʠ j; r i ï ʢʦʦʨʜʠʥʘʪʳ ʫʟʣʘ i; r j ï ʢʦ-

ʦʨʜʠʥʘʪʳ ʫʟʣʘ j; Tij ï ʩʠʣʘ ʥʘʪʷʞʝʥʠʷ ʫʯʘʩʪʢʘ (i,j) ʚʝʨʭʥʝʡ ʧʦʜʙʦʨʳ; Fʩ,ij ï ʩʪʷʛʠʚʘʶʱʘʷ ʩʠʣʘ, ʚr -

ʟʚʘʥʥʘʷ ʚʝʩʦʤ ʧʦʛʨʫʞʝʥʥʦʡ ʯʘʩʪʠ ʥʝʚʦʜʘ; Ni ï ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʫʟʣʦʚ, ʩʤʝʞʥʳʭ  ʫʟʣʫ i ʧʦ ʨʝʙʨʫ (i,j); 

dʚ ï ʜʠʘʤʝʪʨ ʚʝʨʭʥʝʡ ʧʦʜʙʦʨʳ; Lij ï ʜʣʠʥʘ ʫʯʘʩʪʢʘ (i,j) ʧʨʠ Tij  = 0 (ʙʝʟ ʨʘʩʪʷʞʝʥʠʷ); E ï ʤʦʜʫʣʴ 
ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚʝʨʭʥʝʡ ʧʦʜʙʦʨʳ (ʜʣʷ ʢʘʧʨʦʥʘ ʧʨʠʥʷʪ 1,7Ā10

9
 ʇʘ); vr ï ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝ-

ʥʠʷ ʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʯʘʩʪʢʘ ʥʝʚʦʜʘ; cʥ ï ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʝʪʠ ʥʝʚʦʜʘ, ʜʣʷ 

ʨʘʩʯʝʪʦʚ ʧʨʠʤʝʤ cʥ = 1,3. 
ʉʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʫʟʝʣ i ʚʝʨʭʥʝʡ ʧʦʜʙʦʨʳ ʢʦʰʝʣʴʢʦʚʦʛʦ ʥʝʚʦʜʘ ʚ ʧʣʦʩʢʦʩʪʠ OXY 

(ʧʣʦʩʢʦʩʪʠ ʚʦʜʳ), ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 8, ʩʪʷʛʠʚʘʶʱʘʷ ʩʠʣʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 9.
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ʈʠʩ. 8. ʉʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʫʟʝʣ i ʚʝʨʭʥʝʡ ʧʦʜʙʦʨʳ ʚ ʧʣʦʩʢʦʩʪʠ OXY ʈʠʩ. 9. ʈʘʩʯʝʪ ʩʪʷʛʠʚʘʶʱʝʡ ʩʠʣʳ 
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ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʚʝʢʪʦʨ ʚʦʣʥʦʚʦʛʦ ʪʝʯʝʥʠʷ ʥʘʧʨʘʚʣʝʥ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ OX, ʧʦʣʫʯʘʝʤ: 

( )(0, ) / 2r ʚ i jv v v v= - + , 
( )

( )

cosh ( )

cosh
ʚ ʚʧ

k Z z
v v

kZ

-
= , 

2

,
x

ʩ ij ʥ x

y

u
F T u Gaz

u
= = ,              (5) 

/(2 )ʥ ʥ yT G u= ,  2ʥ xG au zG=  

ʛʜʝ vʚ ï ʩʢʦʨʦʩʪʴ ʚʦʣʥʦʚʦʛʦ ʪʝʯʝʥʠʷ [8]; vi ʠ vj ï ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʫʟʣʦʚ i ʠ j ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ; uʚʧ = 0.25h
2
k

2
cw ï ʩʢʦʨʦʩʪʴ ʚʦʣʥʦʚʦʛʦ ʪʝʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ; k = 2ˊ/ɚ; Gʥ ï ʚʝʩ ʩʝʪʠ ʥʝʚʦʜʘ 

ʚʳʩʦʪʦʡ z, ʧʨʠʣʦʞʝʥʥʳʡ ʢ ʫʟʣʫ; G ï ʚʝʩ ʚ ʚʦʜʝ 1 ʤ
2
 ʥʝʚʦʜʘ; ux, uy ï ʧʦʩʘʜʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʦ ʰʠʨʠʥʝ ʠ ʚʳʩʦʪʝ ʩʝʪʠ ʥʝʚʦʜʘ; Tʥ ï ʥʘʪʷʞʝʥʠʝ ʚ ʥʠʪʢʝ ʷʯʝʠ. 

ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʯʥʳʭ ʤʘʩʩ ʚ ʦʙʲʝʢʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ 

ʰʘʛʘ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʧʨʠʚʦʜʠʪ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʨʝʜʥʝʡ ʧʦʛʨʝʰ-
ʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʩʠʣʦʚʳʭ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʚʦʜʘ, ʘ ʩ ʜʨʫʛʦʡ ï ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʝʥʠʡ (ʟʘʤʝʜʣʝʥʠʶ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ). ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʦʜʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʠʦʙʨʝʪʝʥʠʠ ʙʦʣʝʝ ʤʦʱʥʦʛʦ ʠ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʪʘʪʴʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʨʘʥʪʘ ʈʌʌʀ ˉ15-08-00464-ʘ çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ, 

ʬʠʟʠʯʝʩʢʦʝ ʠ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʝʪʥʳʭ ʦʨʫʜʠʡ ʨʳʙʦʣʦʚʩʪʚʘ ʠ ʘʢʚʘʢʫʣʴʪʫʨʳè. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʩʠʩʪʝʤʳ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʠ ʥʘʟʝʤʥʳʤ ʜʘʥʥʳʤ 
ʩʝʪʠ ʩʪʘʥʮʠʡ ʨʝʛʠʩʪʨʘʮʠʠ. ʉʝʛʦʜʥʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʦʛʦ ʥʘʢʦʧʣʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ [1ï4]. ɺ ʥʘʰʝʤ ʨʝʛʠʦʥʝ ʩʫʱʝʩʪʚʫ-

ʝʪ ʩʝʪʴ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ (ʂʘʤʯʘʪʢʘ, ʍʘʙʘʨʦʚʩʢ, ʄʘʛʘʜʘʥ, ʏʫʢʦʪʢʘ), ʚʭʦʜʷʱʘʷ ʚ 

ʤʠʨʦʚʫʶ ʩʝʪʴ ʩʪʘʥʮʠʡ Intermagnet [5]. ʉʦʟʜʘʚʘʝʤʘʷ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʩʠʩʪʝʤʘ çAuroraè  
ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴ ʥʘʢʦʧʣʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʩʝʪʠ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ. 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʭʨʘʥʝʥʠʷ, ʧʫʙʣʠʢʘʮʠʠ ʚ ʀʥʪʝʨʥʝʪ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʛʝʦ-

ʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ ʨʘʟʨʘʙʦʪʘʥ ʩʝʨʚʝʨ ʙʘʟʳ ʜʘʥʥʳʭ çAuroraè. ʉʝʨʚʝʨ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʚʦʙʦʜʥʳʡ 
ʜʦʩʪʫʧ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ʯʝʨʝʟ ʩʝʪʴ ʀʥʪʝʨʥʝʪ ʠ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ, ʟʘʛʨʫʞʘʪʴ ʠ ʩʦʭʨʘʥʷʪʴ 

ʛʝʦʤʘʛʥʠʪʥʳʝ ʜʘʥʥʳʝ. ʍʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʦʢʫʤʝʥʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ MongoDB.  ɹʘʟʘ ʜʘʥʥʳʭ ʭʨʘʥʠʪ ʠʥʬʦʨʤʘ-
ʮʠʶ ʦ ʧʦʣʴʟʦʚʘʪʝʣʷʭ ʩʠʩʪʝʤʳ, ʛʝʦʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʜʘʥʥʳʭ. ɼʘʥʥʳʝ ʚʘʨʠʘʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʭʨʘʥʷʪʩʷ ʚ ʬʦʨʤʘʪʘʭ, ʧʨʠʥʷʪʳʭ ʩʝʪʴʶ ʤʘʛ-

ʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ. ɼʣʷ ʨʘʙʦʪʳ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʚʝʙ-ʧʣʘʪʬʦʨʤʳ Meteor ʨʘʟʨʘʙʦʪʘʥʘ 

ʩʠʩʪʝʤʘ çAuroraè, ʚʳʧʦʣʥʷʶʱʘʷ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ:  
1. ɸʚʪʦʨʠʟʘʮʠʷ, ʨʝʛʠʩʪʨʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʜʦʩʪʫʧʘ ʤʝʞʜʫ ʥʠʤʠ. 

2. ʇʦʠʩʢ, ʚʠʟʫʘʣʠʟʘʮʠʷ, ʟʘʛʨʫʟʢʘ ʠ ʩʦʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ. 

3. ʂʦʥʚʝʨʪʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʚ ʬʦʨʤʘʪ IAGA2002. 
ʉʠʩʪʝʤʘ ʬʠʢʩʠʨʫʝʪ ʚʨʝʤʷ ʟʘʧʠʩʠ ʬʘʡʣʦʚ ʚ ʙʘʟʫ ʜʘʥʥʳʭ, ʧʝʨʠʦʜ ʨʝʛʠʩʪʨʘʮʠʠ ʜʘʥʥʳʭ, ID 

ʤʘʛʥʠʪʦʣʦʛʘ ʟʘʛʨʫʟʠʚʰʝʛʦ ʬʘʡʣʳ ʚ ʙʘʟʫ. ʇʨʠ ʨʘʙʦʪʝ ʚ ʩʠʩʪʝʤʝ ʚʦʟʤʦʞʥʦ ʜʚʘ ʪʠʧʘ ʜʦʩʪʫʧʘ 

çʇʦʣʴʟʦʚʘʪʝʣʴè ʠ çʄʘʛʥʠʪʦʣʦʛè.  

ɼʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʨʛʘʥʠʟʦʚʘʥʳ ʬʫʥʢʮʠʠ ʧʦʠʩʢʘ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʩʦʭʨʘʥʝʥʠʷ ʥʘ ʚʥʝʰʥʝʤ 
ʥʦʩʠʪʝʣʝ ʥʘʡʜʝʥʥʳʭ ʜʘʥʥʳʭ.  

ɼʣʷ ʪʠʧʘ ʜʦʩʪʫʧʘ çʄʘʛʥʠʪʦʣʦʛè ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʠ ʠʥʪʝʨʬʝʡʩʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʟʘʛʨʫʞʘʪʴ ʜʘʥʥʳʝ ʚʘʨʠʘʮʠʡ ʧʦʣʷ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʠ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʩʦʜʝʨʞʠʤʦʝ ʩʫ-
ʱʝʩʪʚʫʶʱʠʭ ʬʘʡʣʦʚ. ʉʠʩʪʝʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʬʦʨʤʘʪ IAGA2002, ʠ ʚ ʩʣʫʯʘʝ ʝʩʣʠ çʄʘʛʥʠʪʦʣʦʛè 

ʟʘʛʨʫʞʘʝʪ ʬʘʡʣ ʥʝʠʟʚʝʩʪʥʦʛʦ ʬʦʨʤʘʪʘ, ʜʘʥʥʳʝ ʦʪʧʨʘʚʣʷʶʪʩʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʷ.  
ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʩʝʨʚʝʨʫ ʯʝʨʝʟ ʩʝʪʴ ʀʥʪʝʨʥʝʪ ʠ ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʦʪ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʢʩʠ-ʩʝʨʚʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ nginx. ʇʨʠ ʬʦʨʤʠʨʦʚʘ-

ʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʚʳʧʦʣʥʝʥʘ ʢʦʥʚʝʨʪʘʮʠʷ ʩʪʘʨʳʭ ʬʦʨʤʘʪʦʚ ʜʘʥʥʳʭ ʚʘʨʠʘʮʠʡ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʟʘ ʧʝʨʠʦʜ 1984ï2000 ʛʛ. ʜʣʷ ʦʙʩʝʨʚʘʪʦʨʠʡ çʄʳʩ ʐʤʠʜʪʘè, çʊʠʢʩʠè ʠ 
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çʀʨʢʫʪʩʢè, ʠ ʦʨʛʘʥʠʟʦʚʘʥʦ ʠʭ ʭʨʘʥʝʥʠʝ. ʊʘʢʞʝ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʟʘʛʨʫʞʝʥʳ ʛʝʦʤʘʛʥʠʪʥʳʝ ʜʘʥʥʳʝ 
ʦʙʩʝʨʚʘʪʦʨʠʠ çʇʘʨʘʪʫʥʢʘè ʟʘ ʧʝʨʠʦʜ 2010ï2013 ʛʛ., çʍʘʙʘʨʦʚʩʢè ʟʘ 2013 ʛ., çʄʘʛʘʜʘʥè ʟʘ 2012ï

2013 ʛʛ. ʆʨʛʘʥʠʟʦʚʘʥ ʩʚʦʙʦʜʥʳʡ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ (http://www.ikir .ru:8081).  

ʇʨʠ ʚʭʦʜʝ ʚ ʩʠʩʪʝʤʫ Aurora, ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʩʚʦʡ ʣʦʛʠʥ ʠ ʧʘʨʦʣʴ (ʨʠʩ. 1) 
ʠʣʠ ʧʨʦʡʪʠ ʧʨʦʮʝʜʫʨʫ ʙʳʩʪʨʦʡ ʨʝʛʠʩʪʨʘʮʠʠ (ʨʠʩ. 2).  

 

  
ʈʠʩ. 1. ʆʢʥʦ ʚʚʦʜʘ ʣʦʛʠʥʘ ʠ ʧʘʨʦʣʷ ʈʠʩ. 2. ʆʢʥʦ ʨʝʛʠʩʪʨʘʮʠʠ 

 
ʉʠʩʪʝʤʘ ʘʚʪʦʨʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʧʨʘʚ ʜʦʩʪʫʧʘ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʧʦʣʴʟʦ-

ʚʘʪʝʣʷʤʠ ʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ. ʉʫʱʝʩʪʚʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʝ ʧʨʘʚʘ ʜʦʩʪʫʧʘ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪʩʷ ʫ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʩʠʩʪʝʤʳ. ʅʘʧʨʠʤʝʨ, ʤʘʛʥʠʪʦʣʦʛʫ ʥʝ-
ʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʧʨʘʚʘ ʜʦʩʪʫʧʘ ʥʘ ʟʘʛʨʫʟʢʫ ʜʘʥʥʳʭ ʥʘ ʩʝʨʚʝʨ. ʕʪʦ ʩʜʝʣʘʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘ 

ʩʝʨʚʝʨ ʧʦʧʘʜʘʣʠ ʪʦʣʴʢʦ ʧʨʦʚʝʨʝʥʥʳʝ ʥʘʜʝʞʥʳʝ ʜʘʥʥʳʝ. ɼʣʷ ʧʦʣʫʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʜʘʥʥʳʭ, 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʳʙʠʨʘʝʪ ʠʟ ʩʧʠʩʢʘ ʥʫʞʥʳʝ ʦʙʩʝʨʚʘʪʦʨʠʠ, ʟʘʜʘʝʪ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʠ ʪʠʧ ʜʘʥ-

ʥʳʭ (ʤʠʥʫʪʥʳʝ ʠʣʠ ʩʝʢʫʥʜʥʳʝ). ʂʦʣʠʯʝʩʪʚʦ ʥʘʡʜʝʥʥʳʭ ʜʘʥʥʳʭ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝ-
ʤʝʥʠ (ʨʠʩ. 3).  

 

 
 

ʈʠʩ. 3. ʀʥʪʝʨʬʝʡʩ ʧʦʠʩʢʘ 

 
ʊʘʢʞʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʨʠʪʝʨʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ  

(HDZ, XYZ, DFI) ʠ ʫʢʘʟʘʪʴ, ʩ ʢʘʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʜʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ. 

ɸʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʦʯʝʥʴ ʛʠʙʢʠʡ, ʧʦʟʚʦʣʷʝʪ ʠʩʢʘʪʴ ʥʫʞʥʳʡ ʠʥʪʝʨʚʘʣ, ʜʘʞʝ ʝʩʣʠ ʦʥ ʥʘʭʦʜʠʪʩʷ 
ʚ ʙʘʟʝ ʚ ʨʘʟʣʠʯʥʳʭ ʬʘʡʣʘʭ. ɹʣʘʛʦʜʘʨʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʚʳʙʠʨʘʝʪ ʥʘʠʙʦʣʝʝ ʩʚʝʞʠʝ 

ʦʙʥʦʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʢʦʤʧʦʥʫʝʪ ʠʭ ʚ ʦʜʠʥ ʬʘʡʣ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚ ʚʠʜʝ ʛʨʘʬʠ-

ʢʘ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ ʦʪʦʙʨʘʞʝʥʠʷ ʛʨʘʬʠʢʘ (ʨʠʩ. 4). 

 

 
 

ʈʠʩ. 4. ʂʥʦʧʢʘ ʦʪʦʙʨʘʞʝʥʠʷ ʛʨʘʬʠʢʘ 

 

http://www.ikir.ru:8081/
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ʇʦʩʣʝ ʵʪʦʛʦ ʩʝʨʚʝʨ ʩʦʞʤʝʪ ʜʘʥʥʳʝ ʠ ʚʳʰʣʝʪ ʠʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʠʩʪʝʤʦʡ ʠ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘ-
ʬʠʢʦʚ (ʨʠʩ. 5). 

 

 
 

ʈʠʩ. 5. ʆʪʦʙʨʘʞʝʥʠʝ ʛʨʘʬʠʢʦʚ 

 

ɹʣʘʛʦʜʘʨʷ ʩʠʩʪʝʤʝ ʩʞʘʪʠʷ ʜʘʥʥʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʙʳʩʪʨʝʝ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʡ ʩʢʦʨʦ-
ʩʪʠ ʠʥʪʝʨʥʝʪ-ʩʦʝʜʠʥʝʥʠʷ.  ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘ ʦʪʦʙʨʘʞʘʝʪ ʛʨʘʬʠʢ, ʥʘ 

ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʧʦʩʪʨʦʝʥʠʝ ʧʦ ʚʳʙʨʘʥʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ.  ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠʥ-

ʪʝʨʝʩʫʶʱʝʛʦ ʫʯʘʩʪʢʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʙʣʠʟʠʪʴ ʛʨʘʬʠʢ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʨʦʠʟʚʝʩʪʠ ʙʦʣʝʝ ʜʝ-

ʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʨʘʬʠʢʦʚ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʬʘʡʣʦʚ ʩʠʩʪʝʤʘ ʦʪʦʙʨʘʞʘʝʪ 
ʵʪʠ ʫʯʘʩʪʢʠ ʨʘʟʣʠʯʥʳʤʠ ʮʚʝʪʘʤʠ (ʨʠʩ. 6). 

 

ʈʠʩ. 6. ɻʨʘʬʠʢ ʠʟ ʨʘʟʥʳʭ ʬʘʡʣʦʚ 
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ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʢʣʶʯʠʪʴ ʦʪʦʙʨʘʞʝʥʠʝ ʥʝ ʥʫʞʥʳʭ ʫʯʘʩʪʢʦʚ, ʝʩʣʠ 
ʘʥʘʣʠʟ ʧʦ ʥʠʤ ʙʦʣʴʰʝ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʩʪʘʚʠʪʴ ʪʦʣʴʢʦ ʥʫʞʥʳʝ ʜʘʥʥʳʝ. 

ɼʣʷ  ʥʘʢʦʧʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ ʩʝʪʠ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ 

(ʂʘʤʯʘʪʢʘ, ʄʘʛʘʜʘʥ, ʍʘʙʘʨʦʚʩʢ, ʏʫʢʦʪʢʘ) ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ çAuroraè. ʉʠʩʪʝʤʘ ʧʨʝʜʦʩ-
ʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʴ ʙʳʩʪʨʳʡ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢ-

ʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʠ ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ ʥʝʡ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ. ɹʣʘ-

ʛʦʜʘʨʷ ʠʩʧʦʣʴʟʫʝʤʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʠ ʥʦʚʝʡʰʠʤ ʘʣʛʦʨʠʪʤʘʤ ʩʠʩʪʝʤʘ ʨʘʩʰʠʨʷʝʤʘ ʠ ʚ 
ʜʘʣʴʥʝʡʰʝʤ ʧʦʷʚʠʪʩʷ ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʦʙʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ. 
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ʇʈɸʂʊʀʏɽʉʂʆɽ ʇʈʀʄɽʅɽʅʀɽ ʀ ʇʋʊʀ ʈɸɿɺʀʊʀʗ 
 

ʇʦʩʪʨʦʝʥʠʝ ʫʩʪʦʡʯʠʚʦʡ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʤʳʩʣʘ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʧʨʦʤʳ-

ʩʣʦʚʦʛʦ ʠʟʲʷʪʠʷ. ʇʝʨʝʩʯʝʪ ʤʘʩʩʳ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʤʘʩʩʫ ʩʳʨʴʷ ʧʨʦʠʟʚʦʜʷʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʢʘʟʘʪʝʣʝʡ 

ʥʦʨʤʠʨʦʚʘʥʠʷ. ʇʨʦʛʨʘʤʤʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʥʦʨʤʠʨʦʚʘʥʠʷ ʟʘʥʠʤʘʶʪ ʩʚʦʶ ʦʩʦʙʫʶ ʥʠʰʫ ʚ ʩʝʢʪʦʨʝ 

ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɼʣʷ ʨʘʟʚʠʪʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʙʳʣʦ ʚʳʙʨʘʥʦ ʩʣʝʜʫʶʱʝʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ï ʧʝʨʝʭʦʜ ʦʪ ʧʨʦʛʨʘʤʤʥʳʭ ʟʘʧʨʦʩʦʚ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ʩ ʭʨʘʥʠʤʳʤʠ ʧʨʦʮʝʜʫʨʘʤʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʢʘʟʘʪʝʣʠ ʥʦʨʤʠʨʦʚʘʥʠʷ, ʧʨʠʢʣʘʜʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʙʘʟʘ ʜʘʥʥʳʭ, ʟʘʧʨʦʩʳ. 
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THE SOFTWARE OF TECHNOLOGICAL RATION:  

PRACTICAL APPLICATION AND WAYS OF DEVELOPMENT  

 
The construction of sustainable system of regulating fishing is impossible without determining the volume of 

commercial catch. Recalculation of raw material weight on the weight of the finished product is produced using 

conversion factors. Programs for definition rationing parameters occupy a special place in the sector of application 

software. For the development of the software following the direction ï moving from software database queries 
with stored procedures was chosen. 

Key words: parameters of rationing, application software, database, queries. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʦʩʩʠʡʩʢʠʡ ʨʳʥʦʢ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʜʠʥʘʤʠʯʥʦ ʨʘʟ-
ʚʠʚʘʶʱʠʭʩʷ ʩʝʛʤʝʥʪʦʚ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʛʦ ʨʳʥʢʘ, ʦʙʱʘʷ ʝʛʦ ʝʤʢʦʩʪʴ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 3,3 ʤʣʥ 

ʪʦʥʥ ʧʨʦʜʫʢʮʠʠ [1]. ʋʚʝʣʠʯʝʥʠʝ ʘʩʩʦʨʪʠʤʝʥʪʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʩʳʨʴʝʚʦʡ ʙʘʟʳ, ʧʦʵʪʦʤʫ ʧʦʩʪʨʦʝʥʠʝ ʫʩʪʦʡʯʠʚʦʡ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʤʳʩʣʘ ʥʝʚʦʟʤʦʞʥʦ 
ʙʝʟ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʧʨʦʤʳʩʣʦʚʦʛʦ ʠʟʲʷʪʠʷ. ʆʮʝʥʢʘ ʤʘʩʩʳ ʚʳʣʦʚʣʝʥʥʳʭ ʚʦʜʥʳʭ ʙʠʦʣʦʛʠ-

ʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʧʨʦʚʦʜʠʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ: ʧʨʷʤʳʤ ʚʟʚʝʰʠʚʘʥʠʝʤ ʫʣʦʚʘ, ʦʙʲʝʤʥʳʤ 

ʤʝʪʦʜʦʤ, ʧʫʪʝʤ ʧʝʨʝʩʯʝʪʘ ʤʘʩʩʳ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʤʘʩʩʫ ʩʳʨʴʷ. ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʈʦʩ-
ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ˉ 166-ʌɿ çʆ ʨʳʙʦʣʦʚʩʪʚʝ ʠ ʩʦʭʨʘʥʝʥʠʠ ʚʦʜʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚè 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚ ʧʨʘʚʠʣʘʭ ʨʳʙʦʣʦʚʩʪʚʘ ʜʣʷ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʙʘʩʩʝʡʥʦʚ 

ʥʦʨʤ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ, ʚ ʪ. ʯ. ʠʢʨʳ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʨʤ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʚʦʜʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʠ ʦʙʲ-
ʝʢʪʦʚ ʘʢʚʘʢʫʣʴʪʫʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʩʯʝʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ, ʦʧʳʪʥʳʡ ʠ ʦʧʳʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʤʝʪʦʜʳ. ɺʝʜʫʱʘʷ ʨʦʣʴ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʥʦʨʤ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʠʥʘʜʣʝʞʠʪ ʦʧʳʪ-

ʥʦʤʫ ʤʝʪʦʜʫ. ʉʦʙʨʘʥʥʘʷ ʚ ʝʜʠʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʟʥʘ-
ʯʝʥʠʡ ʚʳʭʦʜʘ ʧʨʦʜʫʢʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʡʦʥʦʚ ʠ ʩʨʦʢʦʚ ʚʳʣʦʚʘ, ʚʠʜʘ ʠ ʩʧʦʩʦʙʘ ʨʘʟʜʝʣʢʠ, 

ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ. ʇʨʦʛʨʘʤʤʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʥʦʨʤʠʨʦʚʘʥʠʷ ʟʘʥʠʤʘʶʪ 

ʩʚʦʶ ʦʩʦʙʫʶ ʥʠʰʫ ʚ ʩʝʢʪʦʨʝ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʠʭ ʩʦʟʜʘ-

ʥʠʷ ï ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʳʪʥʦ-ʢʦʥʪʨʦʣʴʥʳʭ ʨʘʙʦʪ ʠ ʩʦʟʜʘʥʠʝ ʙʘʟʳ ʜʘʥ-
ʥʳʭ, ʥʘʣʠʯʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ 

ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ʈʘʟʚʠʪʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝ-
ʞʠʤʝ ʤʦʥʠʪʦʨʠʥʛʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʨʘ-

ʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʧʫʪʠ ʝʛʦ ʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʩʦʟʜʘʥʠʷ ʰʘʙʣʦʥʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʦʚ ʠ ʟʘʧʨʦʩʦʚ  
ʚ ʙʘʟʝ ʜʘʥʥʳʭ.  

ʅʘʜʝʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ ʨʘʙʦʪʦʡ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʇʦʩʪʨʦʝʥʠʝ ʟʘʧʨʦʩʦʚ ʚ ʙʘʟʝ ʜʘʥʥʳʭ MS Access ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ 

ʦʧʳʪʘ ʨʘʙʦʪʳ ʩ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ. ɽʩʣʠ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʢʦʤ-
ʧʴʶʪʝʨ, ʛʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ Open Office, ʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʙʫʜʝʪ ʠʩʢʣʶʯʝʥʘ 

ʪ.ʢ. ʙʘʟʳ ʜʘʥʥʳʭ MS Access ʚʭʦʜʠʪ ʚ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ MS Office (2000, 2003, ʍʈ) ʠ ʷʚʣʷʝʪʩʷ ʨʘʟ-

ʨʘʙʦʪʢʦʡ Microsoft. ɼʣʷ ʨʘʟʚʠʪʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʙʳʣʦ ʚʳʙʨʘʥʦ ʩʣʝʜʫʶʱʝʝ ʥʘʧʨʘʚ-
ʣʝʥʠʝ ï ʧʝʨʝʭʦʜ ʦʪ ʧʨʦʛʨʘʤʤʥʳʭ ʟʘʧʨʦʩʦʚ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ʩ ʭʨʘʥʠʤʳʤʠ ʧʨʦʮʝʜʫʨʘʤʠ.  

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʳʪʥʦ-ʢʦʥʪʨʦʣʴʥʳʭ ʨʘʙʦʪ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʯʝʪʳʨʝ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ:  
ï çʂʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʆʂʈ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʨʦʞʝʥʦʡ ʧʨʦ-

ʜʫʢʮʠʠ ʠʟ  ʨʳʙʳ-ʩʳʨʮʘ (ʢʨʦʤʝ ʦʩʝʪʨʦʚʳʭ ʠ ʣʦʩʦʩʝʚʳʭ)è;  

ï çʂʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʆʂʈ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʨʦʞʝʥʦʡ ʧʨʦ-

ʜʫʢʮʠʠ ʠʟ ʢʨʘʙʘè;  
ï çʂʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʆʂʈ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʭʣʘʞʜʝʥʥʦʡ ʧʨʦ-

ʜʫʢʮʠʠ ʠʟ ʨʳʙʳ-ʩʳʨʮʘ (ʢʨʦʤʝ ʦʩʝʪʨʦʚʳʭ ʠ ʣʦʩʦʩʝʚʳʭ)è; 

ï çʂʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʆʂʈ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ  ʧʨʦʜʫʢʮʠʠ ʠʟ ʣʦ-
ʩʦʩʝʚʳʭ ʚʠʜʦʚ ʨʳʙè. 

ʇʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʟʘʧʨʦʩʦʚ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʧʨʦ-

ʜʫʢʪ Visual Studio, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʫʶ ʩʨʝ-

ʜʫ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʛʨʘʤʤʘ ʟʘʧʨʦʩʦʚ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ NET Framework 
4.0, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʚʥʫʪʨʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʆʩʥʦʚʦʡ ʧʣʘʪ-

ʬʦʨʤʳ ʷʚʣʷʝʪʩʷ ʚʠʨʪʫʘʣʴʥʘʷ ʤʘʰʠʥʘ Common Language Runtime (CLR), ʩʧʦʩʦʙʥʘʷ ʚʳʧʦʣʥʷʪʴ ʢʘʢ 

ʦʙʳʯʥʳʝ ʥʘʩʪʦʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʪʘʢ ʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ NET 
Framework ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʧʨʦʛʨʘʤʤʳ, ʥʘʧʠʩʘʥʥʳʝ ʥʘ ʨʘʟʥʳʭ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ [2]. ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʘʧʨʦʩʘ ʢ ʙʘʟʝ ʜʘʥʥʳʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʟʘʧʨʦʩʘ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ. 
ɺʦ ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ ʧʨʦʛʨʘʤʤ ʟʘʧʨʦʩʳ ʚʳʧʦʣʥʝʥʳ ʧʦ ʝʜʠʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʢʘʞʜʦʡ ʙʘʟʳ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʩʦʩʪʘʚʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʧʨʦʩʳ ʧʦ ʧʦʣʷʤ. ʇʨʠ ʟʘʧʫʩʢʝ ʧʨʦʛʨʘʤʤʳ ʧʝʨʚʦʥʘ-

ʯʘʣʴʥʦ ʟʘʧʦʣʥʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚʳʧʘʜʘʶʱʠʡ ʩʧʠʩʦʢ çɺʠʜ ʆʂʈè, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʧʠʩʢʫ ʧʨʦʛʨʘʤʤ ʛʣʘʚʥʦʡ ʬʦʨʤʳ ʢʦʤʧʣʝʢʩʘ. ʇʦʩʣʝ ʚʳʙʦʨʘ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʨʦʢʠ ʠʟ ʵʪʦʛʦ ʩʧʠʩʢʘ 
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ʧʦʜʛʨʫʞʘʶʪʩʷ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʩʧʠʩʢʠ. ɺ ʢʘʞʜʦʤ ʠʟ ʥʠʭ ʚʳʙʠʨʘʝʪʩʷ ʢʦʥʢʨʝʪʥʳʡ ʧʨʠʟʥʘʢ ʜʣʷ ʬʦʨ-
ʤʠʨʫʝʤʦʛʦ ʟʘʧʨʦʩʘ ʠʣʠ ʚʳʙʠʨʘʶʪʩʷ ʚʩʝ ʟʥʘʯʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʝ ʧʫʥʢʪʳ ʤʝʥʶ: çɺʩʝ ʧʨʝʜʧʨʠʷʪʠʷè, çɺʩʝ ʚʠʜʳè ʠ ʪ.ʧ. ʇʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʟʘʧʨʦʩʘ ʠ 

ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ çɿʘʧʨʦʩè ʚ ʪʘʙʣʠʮʝ ʧʨʦʛʨʘʤʤʳ ʧʦʷʚʣʷʝʪʩʷ ʚʳʙʦʨʢʘ ʜʘʥʥʳʭ. ɼʣʷ ʧʝʨʝʥʦʩʘ ʜʘʥʥʳʭ 
ʪʨʝʙʫʝʪʩʷ ʚʳʜʝʣʠʪʴ ʠʭ. ɼʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʥʘʚʝʩʪʠ ʢʫʨʩʦʨ ʥʘ ʣʝʚʳʡ ʚʝʨʭʥʠʡ ʵʣʝʤʝʥʪ ʪʘʙʣʠʮʳ ʠ 

ʱʝʣʢʥʫʪʴ ʣʝʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ. ɺʳʜʝʣʝʥʥʳʝ ʧʦʣʷ ʦʢʨʘʰʠʚʘʶʪʩʷ. ɼʘʣʝʝ ʯʝʨʝʟ ʙʫʬʝʨ ʦʙʤʝʥʘ 

(ʉTRL-C, CTRL-V) ʜʘʥʥʳʝ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʵʣʝʢʪʨʦʥʥʳʝ ʪʘʙʣʠʮʳ ʠʣʠ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ. 
 

 

ʈʝʟʫʣʴʪʘʪʳ ʟʘʧʨʦʩʘ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ 

ʉʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʨʷʜʢʫ ʩʦʟʜʘʥʠʷ ʟʘʧʨʦʩʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥ-

ʪʝʨʬʝʡʩ, ʫʜʦʙʥʳʡ ʚ ʨʘʙʦʪʝ, ʘ ʪʘʢʞʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʢʨʫʛʘ ʬʦʨʤʠ-
ʨʫʝʤʳʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ.  
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COMPUTATIONAL  EXPERIMENT BY THE METHOD OF FRONT DETECTION   

IN ONE-DIMENSIONAL FORMULATION  OF MELTING PROBLEM  

 
A numerical algorithm is developed based on the method of determining the front in relation to the process 

of melting, when the conditions of the second type is imposed to the boundaries of one-dimensional field. To de-

termine the first step of the time for the phase transition front a fictitious fractional step is used, and for the final 

step a linear extrapolation is used. By using the method of linear interpolation the results are shown with a con-

stant time-step. The results, concerning melting mass of ice with different thicknesses having an initial zero and 

linearly decreasing temperature at different heating intensities are discussed.  

 

Key words: Stefan problem, method of front detection, finite difference method, sweeping method.  

 

 

ʉʨʝʜʠ ʩʧʦʩʦʙʦʚ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʧʨʦʛʦʥʢʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʦʩʦʙʳʭ ʩʣʫʯʘʷ, ʛʜʝ, ʥʘʨʷ-

ʜʫ ʩ ʥʝʠʟʚʝʩʪʥʳʤ ʚʝʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʥʝʢʦʪʦʨʦʡ ʩʢʘʣʷʨʥʦʡ ʚʝʣʠʯʠʥʳ. ɺ ʧʝʨʚʦʤ 

ʩʣʫʯʘʝ ï ʵʪʦʪ ʩʣʫʯʘʡ ʠʟʚʝʩʪʝʥ ʢʘʢ ʤʝʪʦʜ ʉʠʤʫʥʠ ï ʥʘʨʷʜʫ ʩ ʧʦʣʝʤ ʧʨʦʜʦʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʩʝʪʦʯ-

ʥʳʭ ʫʟʣʘʭ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʩʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ ʚ ʵʪʦʤ ʩʝʯʝʥʠʠ [1]. ɺ ʤʝʪʦ-
ʜʝ ʉʠʤʫʥʠ ʤʝʪʦʜ ʧʨʦʛʦʥʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʘʞʜʳ. ɺʪʦʨʦʡ ʩʣʫʯʘʡ ï ʵʪʦ ʤʝʪʦʜ ʣʦʚʣʠ ʬʨʦʥʪʘ ʬʘ-

ʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ï ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʬʨʦʥʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘ ʬʦʥʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʩʢʨʝʪʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʩʝʯʝʥʠʷ [2]. ʆʙʱʝʡ ʯʝʨʪʦʡ ʵʪʠʭ 
ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʚʣʝʯʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʫʨʘʚʥʝʥʠʡ ʧʝʨʝʥʦʩʘ, ʘ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ï ʩ ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʫʩʣʦʚʠʷ ʩʦʧʨʷʞʝʥʠʷ 

ʵʥʝʨʛʠʠ ʥʘ ʬʨʦʥʪʝ ʠʟʤʝʥʝʥʠʷ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ. ʅʠʞʝ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 

ʨʝʰʝʥʠʷ ʦʜʥʦʤʝʨʥʦʡ ʟʘʜʘʯʠ ʪʠʧʘ ʉʪʝʬʘʥʘ ʜʣʷ ʩʣʫʯʘʷ ʧʣʘʚʣʝʥʠʷ, ʢʦʛʜʘ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 
ʚʝʱʝʩʪʚʘ ʚ ʧʨʦʮʝʩʩʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩʯʠʪʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ɼʚʫʭʬʘʟʥʘʷ ʦʜʥʦʤʝʨʥʘʷ ʟʘʜʘʯʘ ʪʠʧʘ ʉʪʝʬʘʥʘ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʟʥʘʯʝ-

ʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʪʘʚʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [2-4].  
ʀʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʚʝʨʜʦʡ ï ʧʝʨʚʦʡ ʬʘʟʳ ʟʘʜʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ  

1 0 0 *( ,0) ( ), 0 , (0)T x T x x l T T= ¢ ¢ =.                                         (1) 

ɿʜʝʩʴ *T  ï ʪʝʤʧʝʨʘʪʫʨʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʢʦʪʦʨʘʷ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ; ( )1 ,T x t  ï ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʧʝʨʚʦʡ ʬʘʟʳ.  

ʇʨʠ t = 0 ʚ ʩʝʯʝʥʠʠ x = 0 ʫʩʪʘʥʦʚʠʣʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʦʪʦʢ ʪʝʧʣʘ:  

2
2 0

(0, )
( ) ( 0)

T t
q t

x

µ
-l = >

µ
,                                                  (2) 

ʛʜʝ 2( , )T x t  ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʪʦʨʦʡ ï ʞʠʜʢʦʡ ʬʘʟʳ; 1l, 2l  ï ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʚʝʨʜʦʡ ʠ ʞʠʜʢʦʡ 

ʬʘʟ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʩʝʯʝʥʠʠ x = l  ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʦʪʦʢ ʪʝʧʣʘ:  

1
1 1

( , )
( ) ( 0)

T l t
q t

x

µ
-l = ²

µ
.                                                      (3) 

ʇʨʦʮʝʩʩ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʟʦʥʝ ʚʪʦʨʦʡ ʬʘʟʳ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ  

{ }
2

22 2
2 2

0 ( ), 0
T T
ʘ x t t

t x

µ µ
= < <x >

µ µ
,                                              (4) 

ʘ ʚ ʟʦʥʝ ʧʝʨʚʦʡ ʬʘʟʳ ï ʫʨʘʚʥʝʥʠʝʤ  

{ }
2

21 1
1 2

( ) , 0
T T
ʘ t x l t

t x

µ µ
= x < < >

µ µ
.                                              (5) 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ ( )x t=x  ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʦʨʜʠʥʘʪʫ ʬʨʦʥʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʬʨʦʥʪʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩʯʠʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʠ ʨʘʚʥʦʡ *T :  

1 2 *( ( ), ) ( ( ), )T t t T t t Tx = x =. 

ʇʦʩʪʫʧʠʚʰʠʡ ʢ ʬʨʦʥʪʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩʣʝʚʘ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʦʪʦʢ ʪʝʧʣʘ ʯʘʩʪʠʯʥʦ ʨʘʩ-

ʭʦʜʫʝʪʩʷ ʥʘ ʥʘʛʨʝʚʘʥʠʝ ʠʩʭʦʜʥʦʡ ʬʘʟʳ. ɸ ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʧʦʪʦʢʘ ʪʝʧʣʘ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʠʟʤʝʥʝ-

ʥʠʝ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʭʦʜʥʦʡ ʬʘʟʳ ʠ ʥʘ ʜʨʫʛʠʝ ʨʘʩʭʦʜʳ ( )( , ,...) x tx t =xF :  

1 0 2 0
1 1 2 ( )

( , ) ( , )
( , ,...) x t

T t T td
L x t

dt x x

- +
=x

µ x µ xx
r =l -l +F

µ µ
. 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ L ï ʩʢʨʳʪʘʷ ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʠʷ; 
1 2,r r  ï ʧʣʦʪʥʦʩʪʠ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʬʘʟ. 

ɿʘʜʘʯʘ ʉʪʝʬʘʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ 1( , )T x t , 2( , )T x t  ʠ ʧʝʨʝʤʝʥʥʦʡ 

ʛʨʘʥʠʮʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ( )x t=x .  

ʆʩʥʦʚʥʳʝ ʨʘʩʯʝʪʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʘʛʨʝʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʦʜʳ, ʜʣʷ ʢʦʪʦ-

ʨʦʡ * 0T C= .̄ ʏʪʦʙʳ ʩʦʙʣʶʜʘʪʴ ʦʙʱʥʦʩʪʠ ʜʣʷ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ ʩ ʚʦʜʦʡ ʦʙʦʟʥʘʯʝʥʠʷ 1( , )T x t , 

2( , )T x t  ʧʨʠʥʠʤʘʶʪʩʷ ʢʘʢ ʠʟʙʳʪʦʯʥʳʝ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ *T) ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʚʝʱʝʩʪʚʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʨʠʥʠʤʘʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʬʨʦʥʪʝ ʥʫʣʝʚʦʡ ʧʨʠ ʦʙʩʫʞʜʝʥʠʠ 
ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ. 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʣʦʞʝʥʠʷ ʤʝʪʦʜʘ ʣʦʚʣʠ ʬʨʦʥʪʘ [2ï3].  

ɺʚʝʜʝʤ ʜʠʩʢʨʝʪʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʧʦ ʪʦʣʱʠʥʝ ʤʘʩʩʳ , 0,1, ..., ,i l lx ih i N l N h= = =  ʠ ʧʦ ʚʨʝʤʝ-

ʥʠ 
1

k

k n

n

t
=

=ät, ʘ ʪʘʢʞʝ ʜʠʩʢʨʝʪʥʫʶ ʬʫʥʢʮʠʶ ,i nu  ʩʦ ʩʢʚʦʟʥʦʡ ʥʫʤʝʨʘʮʠʝʡ ʧʦ i ʜʣʷ 2( , )T x t  ʠ 

1( , )T x t . 

ʇʦ ʚʨʝʤʝʥʠ kt  ʩʦʩʪʘʚʣʷʝʪʩʷ ʤʥʦʛʦʟʚʝʥʥʘʷ ʣʦʤʘʥʘʷ ʣʠʥʠʷ ʬʨʦʥʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩ ʢʦʦʨ-

ʜʠʥʘʪʘʤʠ , 2 , 3 ,...,x h h h nh=  ʩ ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ h. ɼʣʷ ʵʪʦʛʦ ʩʥʘʯʘʣʘ ʟʘʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝ 0

nt , 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ n-ʤ ʩʝʯʝʥʠʠ. ʇʦʣʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʭʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭʩʣʦʡʥʦʡ ʥʝʷʚʥʦʡ ʩʭʝʤʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ (ʩ ʫʯʝʪʦʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʘ ʛʨʘ-

ʥʠʮʘʭ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ) ʠ ʤʝʪʦʜʘ ʧʨʦʛʦʥʢʠ.  
ʋʩʣʦʚʠʝ (2) ʨʝʘʣʠʟʦʚʘʣʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʛʦʥʢʠ ʚ ʚʠʜʝ  

0
0 0

2

( )
1,

hq t
a = b =

l
. 

ɺʥʫʪʨʝʥʥʝʝ ʫʩʣʦʚʠʝ (6) ʧʨʠ i = n ʫʯʠʪʳʚʘʣʠ ʢʘʢ  

*0,n n Ta = b =. 
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ɺ ʦʩʪʘʣʴʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʘʭ, ʩʣʝʜʫʷ [3ï4], ʫʨʘʚʥʝʥʠʝ ʚ s-ʤ ʧʨʠʙʣʠʞʝʥʠʠ ʜʠʩʢʨʝʪʠʟʠʨʦ-
ʚʘʣʠ ʪʘʢ  

( ) ( ) ( ) ( )

, , 1 1, , 1,2

( ) 2

2
.

s s s s

i n i n i n i n i n

s

n

u u u u u
a

h

- + -- - +
=

t
 

ʀʟ ʧʦʩʣʝʜʥʝʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʣʫʯʠʣʠ ʟʥʘʯʝʥʠʷ ʧʨʦʛʦʥʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ  

1

1 1

, ,i i i i
i j

i i i i i i

a c d

b c b c

-

- -

b -
a = b =

-a -a
 

ʛʜʝ 
2 ( )

, 12
, 2 1,

s

n
i i i i i i n

a
a c b a d u

h
-

t
= = = + =-. 

ʊʘʢʘʷ ʩʭʝʤʘ ʫʤʝʩʪʥʘ ʜʣʷ ʚʥʫʪʨʝʥʥʠʭ ʪʦʯʝʢ ʧʝʨʚʦʡ (2 2

1a a= ) ʠ ʚʪʦʨʦʡ (2 2

2a a= ) ʬʘʟ ʚʝʱʝʩʪ-

ʚʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʦʥʘʭ. 

ʆʙʨʘʪʥʘʷ ʧʨʦʛʦʥʢʘ ʥʘʯʠʥʘʝʪʩʷ ʠʟ ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʨʘʚʦʡ ʛʨʘʥʠʮʝ 

1( )

,

11

l

l

l

Ns

N n

N

u
-

-

b
=
-a

, 

ʢʦʪʦʨʦʝ ʨʝʘʣʠʟʦʚʘʣʦ ʫʩʣʦʚʠʝ (3) ʧʨʠ ()0 0q t = . 

ɼʘʣʝʝ ʧʨʠ 1, 2,...2,1,0l li N N= - -  ʚʳʯʠʩʣʷʣʠ 

( ) ( )

, 1,

s s

i n i i n iu u+=a +b. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʛʦ (
(0)

nt ) ʠʣʠ ʥʘʡʜʝʥʥʦʛʦ (
( ) , 1,2,3,...s

n st = ) ʟʥʘʯʝʥʠʷ ʧʘ-

ʨʘʤʝʪʨʘ ʦʧʨʝʜʝʣʝʥʦ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ. ʅʦʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʟʥʘ-

ʯʝʥʠʶ 
( 1)s

n

+t  ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʙʘʣʘʥʩʘ ʵʥʝʨʛʠʠ ʥʘ ʬʨʦʥʪʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ï ʠʟ ʚʪʦʨʦʛʦ 

ʚʥʫʪʨʝʥʥʝʛʦ ʫʩʣʦʚʠʷ ʚ ʚʠʜʝ ʨʝʢʫʨʨʝʥʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

( ) ( ) ( ) ( )

, 1, 1, ,( 1) ( ) ( )

1 2 1( )

0

1
.

( )

s s s s

n n n n n n n ns s s

n n ns

n

u u u u
hL

q h h

- ++
è øå õ- -

t =t + r +t l -lé ùæ öæ öt é ùç ÷ê ú

 

ʇʦ ʜʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʟʘʥʦʚʦ ʚʳʯʠʩʣʷʣʠ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʠ ʪ.ʜ. ʇʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʣʠ ʜʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ 
( ) ( 1)s s

n n

-

tt -t <e, ( )
( ) ( 1)

, ,0,1,...,
max

l

s s

i n i n Ti N
u u -

=
- <e, ( )( )s

n ff t <e, 

ʛʜʝ 
( )( )s

nf t  ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʟʥʦʩʪʴ ʧʨʘʚʳʭ ʠ ʣʝʚʳʭ ʯʘʩʪʝʡ ʫʩʣʦʚʠʷ (7). 

ʂʘʢ ʦʩʦʙʳʝ ʜʣʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʩʣʫʯʘʠ 1n=  ʠ ln N= , ʢʦ-

ʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʚ ʦʜʥʦʡ ʠʟ ʟʦʥ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʫʨʘʚʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʦ-
ʧʨʦʚʦʜʥʦʩʪʠ.  

ɺ ʩʣʫʯʘʝ 1n=  ʚʚʝʣʠ ʬʠʢʪʠʚʥʳʡ ʫʟʝʣ 1/ 2i= , ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʚʭʦʜʥʳʝ ʧʨʦʛʦʥʦʯ-

ʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʚʠʜʝ  

() 2
2 ( )

0,0 1,0 0 2
2 1

2
2

0 02 ( ) 2 ( )

2 1 2 1

2 2

44 0.5
2

, .
4 4

1 1

s

s s

u u q t aa h
hh

a a

h h

+ å õt + +æ ö
l ç ÷

a = b =
t t

+ +

 

ɼʣʷ ʩʣʫʯʘʷ ln N= , ʩʣʝʜʫʷ [3], ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʰʘʛʘ ʚʨʝʤʝʥʠ ʧʨʠʤʝʥʠʣʠ ʵʢʩʪʨʘʧʦʣʷʮʠʶ: 

1 22
l l lN N N- -t = t -t. ʊʘʢʦʝ ʟʥʘʯʝʥʠʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ , li Nu  ʙʝʟ 

ʠʪʝʨʘʮʠʠ.  



ǳȀȌȍǻȚ ǽȌȀȋȉȌȌȃȄȌȅǻȚ ȈǻȎȒȈȉ-ȊȋǻȅȍȃȒȀȌȅǻȚ ȅȉȈȏȀȋȀȈȑȃȚ 
 

107 

ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʢʦʥʮʘʤ ʣʦʤʘʥʦʡ ʬʨʦʥʪʘ ʬʘ-

ʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʦ ʚʨʝʤʝʥʠ ʰʘʛʦʤ nt. ʂ ʧʦʩʪʦʷʥʥʦʤʫ ʰʘʛʫ pt ʧʦ ʚʨʝʤʝʥʠ ʧʝʨʝ-

ʭʦʜʠʣʠ ʤʝʪʦʜʦʤ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʯʪʦ ʦʙʣʝʛʯʘʣʦ ʧʨʦʩʣʝʜʠʪʴ ʟʘ ʜʠʥʘʤʠʢʦʡ ʧʨʦʮʝʩʩʘ. ɺʠ-

ʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ Exʩel-ʧʨʦʛʨʘʤʤʦʡ.  

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʧʣʘʚʣʝʥʠʷ ʣʴʜʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʩʪʦʷʥʥʳʭ ʙʨʘʣʠ: ʩ1 = 2,261103 ɼʞ ʢʛ
ï1
ʂ
ï1

, ʩ2 = 4,618103 ɼʞ ʢʛ
ï1
ʂ
ï1

, ɚ1 =   
= 2,250103 ɺʪ ʤ

ï1
ʂ
ï1

 , ɚ2 = 0,4218103 ɺʪ ʤ
ï1
ʂ
ï1
, ɟ1 = 916,20 ʢʛ ʤ

ï3
, ɟ2 = 999,87 ʢʛ ʤ

ï3
, L = 3,335105 ɼʞ ʢʛ

ï1
. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʬʘʟ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʘʤ 

2 2 2 11 2
1 2

1 1 2 2

0.001086, 0.000100 ʤ ,a a ʩ
c c

-l l
= = = =
r r

 ʛʜʝ 1 2,c c  ï ʫʜʝʣʴʥʳʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʣʴʜʘ ʠ 

ʚʦʜʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʫʶ ʩʭʦʜʠʤʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-
ʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʢʘʢ ʧʨʠ n = 1 (3ï5 ʧʨʠʙʣʠʞʝʥʠʡ), ʪʘʢ ʠ ʧʨʠ n > 1 (7ï12 ʧʨʠʙʣʠʞʝʥʠʡ). ʇʨʠ-

ʪʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʡ 
0, ( )l q t , ʘ ʪʘʢʞʝ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʦʠʟʚʦʜʥʳʭ ʪʝʤʧʝʨʘʪʫʨʳ 

0( )T x  ʧʦ ʭ ʠ ʤʦʱʥʦʩʪʠ ʥʘʛʨʝʚʘ 
0( )q t  ʧʦ t ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʫʚʝʣʠʯʠ-

ʚʘʣʦʩʴ. ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʨʠ 410f T

-

te =e =e = ʠ lN = 50 çʟʘʮʠʢʣʠʚʘʥʠʝè ʧʨʦ-

ʛʨʘʤʤʳ ʥʝ ʥʘʙʣʶʜʘʣʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʯʝʨʝʟ ʢʘʞʜʳʝ 10 ʤʠʥʫʪ 

ʚʨʝʤʝʥʠ ʜʣʷ 
0( ) 50000.0ɼʞ, 0.5ʤq t l= = . 

ʉʝʨʠʷ ʨʘʩʯʝʪʦʚ ʧʨʦʚʝʜʝʥʘ ʧʨʠ 
0( ) 50000.0ɼʞq t = , ʢʦʛʜʘ ʪʦʣʱʠʥʘ ʣʴʜʘ ʩʦʩʪʘʚʣʷʣʘ l = 0.1, 

0.2, 0.4, 0.8 ʠ 1.0 ʤ. ʌʨʦʥʪʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩʦʚʧʘʜʘʣʠ ʩ ʪʝʤ, ʯʪʦ ʧʦʣʫʯʠʣʠ ʧʨʠ l = 0.1ʤ.  

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʨʤʳ ʬʨʦʥʪʘ ʠʟʤʝʥʝʥʠʷ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ ʧʨʠ 0( )q t  =  

= 1000, 5000, 10000, 50000 ʠ 100000 ɼʞ ʤ
-2
, 50lN = . ʊʦʣʱʠʥʘ ʣʴʜʘ ʩʦʩʪʘʚʠʣʘ 0.5 ʤ. ɺʨʝʤʷ ʧʦʣ-

ʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʩʦʩʪʘʚʠʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 154020, 31740, 16440, 4020 ʠ 2340 ʩʝʢʫʥʜ. ɺ ʩʝʯʝʥʠʠ 

ʥʘʛʨʝʚʘ (ʧʨʠ ʭ = 0) ʚ ʢʦʥʮʝ ʧʣʘʚʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʚʥʷʣʘʩʴ 1.176, 5.713, 11.105, 48.291 ʠ 
87.043Áʉ. 

  
ʈʠʩ. 1. ɻʨʘʬʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʯʝʨʝʟ ʢʘʞʜʳʡ 10 ʤʠʥʫʪ 

ʧʨʠ l = 0.5 ʤ ()0 50000.0ɼʞq t = , 100lN =  
ʈʠʩ. 2. ʌʦʨʤʳ ʬʨʦʥʪʦʚ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʣʘʚʣʝʥʠʷ 

ʣʴʜʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ()0q t . 0.5l ʤ= , 50lN =  

 
ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʷ l ʨʝʰʝʥʠʝ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦ-

ʜʠʪ ʢ ʘʚʪʦʤʦʜʝʣʴʥʦʤʫ ʨʝʰʝʥʠʶ ʠ ʜʣʷ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʘʭ, ʠ ʜʣʷ ʢʨʠʚʦʡ ʬʨʦʥʪʘ ʬʘ-

ʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ /x t) [5]. ʇʨʠ ʵʪʦʤ ʛʨʘʬʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʘʥʦʚʷʪʩʷ 

ʙʦʣʝʝ ʚʦʛʥʫʪʳʤʠ, ʯʪʦ ʩʚʦʡʩʪʚʝʥʥʦ ʩʣʫʯʘʶ l¤. 

ʉʣʝʜʫʶʱʘʷ ʩʝʨʠʷ ʨʘʩʯʝʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʣʠʥʝʡʥʦʤ ʫʙʳʚʘʥʠʠ ʠʩʭʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʭ: 0 *( )T x T x= -b. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʟʥʘʯʝʥʠʷʭ 0.5ʤl =  ʠ 

0( ) 50000.0ɼʞq t =  ʜʣʷ 
110, 20, 40, 80, 120 ʤC -b=- - - - - .̄ ʀʭ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʣʝʜ ʙʳ-

ʩʪʨʦ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʦʛʠʝ ʛʨʘʬʠ-

ʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʣʴʜʘ (ʨʠʩ. 3).  
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ʈʠʩ. 3. ɻʨʘʬʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʯʝʨʝʟ ʢʘʞʜʳʝ 10 ʤʠʥʫʪ  

ʧʨʠ ()0 * 120T x T x= - . 
0( )q t  = 10000 ɼʞ ʤ-2, 0.5l ʤ=  

 

ɼʘʥʥʳʡ ʬʘʢʪ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ ʣʴʜʘ ʧʨʠʤʝʨʥʦ ʚ 10 ʨʘʟ ʧʨʝʚʦʩ-

ʭʦʜʠʪ ʦʜʥʦʠʤʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚʦʜʳ. ʊ.ʝ. ʧʝʨʝʜʘʯʘ ʪʝʧʣʘ ʚʦ ʣʴʜʝ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʝʝ, ʯʝʤ 
ʚ ʚʦʜʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʥʘʯʘʣʴʥʦʡ ʞʝ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʣʝʜ ʫʩʧʝʚʘʝʪ ʥʘʛʨʝʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʣʘʚʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʚʥʠʟʫ ʦʪ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʠ ʥʝ ʥʘʙʣʶʜʘʝʤ ʦʩʪʘʣʴʥʳʭ ʣʠʥʠʡ ʛʨʘʬʠʢʦʚ.  

ʂʨʦʤʝ ʪʦʛʦ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʣʴʜʘ ʚ ʧʷʪʴ ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʝ-
ʨʝʜʘʯʠ ʚʦʜʳ. ɺ ʧʨʦʩʪʦʤ (ʙʝʟ ʬʘʟʦʚʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ) ʧʦʣʝ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʫʛʣʦ-

ʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʢʘʯʢʦʤ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʷʪʴ ʨʘʟ. ʆʪʙʦʨ ʪʝʧʣʘ ʥʘ ʬʘʟʦʚʳʡ ʧʝ-

ʨʝʭʦʜ ʫʩʫʛʫʙʣʷʝʪ ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ, ʠ ʧʦʵʪʦʤʫ ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʣʴʜʘ 

ʜʦʩʪʘʪʦʯʥʦ ʤʘʣ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ.  
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ.  

1. ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʦʚʣʠ ʬʨʦʥʪʘ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʧʦ ʦʜʥʦ- ʠ ʜʚʫʭʬʘʟʥʦʡ ʟʘ-

ʜʘʯʘʤ ʪʠʧʘ ʉʪʝʬʘʥʘ ʜʣʷ ʧʣʘʚʣʝʥʠʷ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʚʪʦʨʦʛʦ ʪʠʧʘ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ.  
2. ɺ ʜʦʧʦʣʥʝʥʠʠ ʠʟʚʝʩʪʥʦʤʫ ʤʝʪʦʜʫ ʧʨʝʜʣʦʞʝʥʳ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʜʣʷ ʚʥʦʚʴ ʬʦʨ-

ʤʠʨʦʚʘʚʰʝʛʦ (ʧʨʠ n=1) ʠ ʠʩʯʝʟʘʶʱʝʛʦ (n = Nl) ʬʨʦʥʪʦʚ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ: ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʜʨʦʙʥʳʡ ʰʘʛ, ʘ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ï ʵʢʩʪʨʘʧʦʣʷʮʠʶ.  
3. ɺ ʥʘʯʘʣʴʥʦʡ ʠ ʩʨʝʜʥʝʡ ʩʪʘʜʠʷʭ ʨʘʩʯʝʪʘ ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʦʢʘʟʘʣʩʷ 

ʙʳʩʪʨʦʩʭʦʜʷʱʠʤʩʷ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʪʦʣʱʠʥʳ ʤʘʩʩʳ, ʚʥʦʩʠʤʦʛʦ ʪʝʧʣʘ, ʘ 

ʪʘʢʞʝ ʧʨʠ  ʙʦʣʴʰʠʭ ʛʨʘʜʠʝʥʪʘʭ ʠʩʭʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʘʩʩʝ ʠ ʤʦʱʥʦʩʪʠ ʥʘ-

ʛʨʝʚʘ ʰʘʛ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʢʦʦʨʜʠʥʘʪʝ ʭ ʩʣʝʜʫʝʪ ʫʤʝʥʴʰʠʪʴ.  
4. ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʧʦʩʪʦʷʥʥʦʛʦ ʰʘʛʘ ʧʦ ʭ ʢ ʧʦʩʪʦʷʥʥʦʤʫ 

ʰʘʛʫ ʧʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʦʩʣʝʜʠʪʴ ʟʘ ʜʠʥʘʤʠʢʦʡ ʧʨʦʮʝʩʩʘ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ 

ʚʳʰʝ ʤʘʪʝʨʠʘʣʘ.  

5. ɼʣʷ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ 0( )q t  ʧʨʠ varl =  ʧʦʣʫʯʠʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʱʠʝ 

ʬʦʨʤʳ ʬʨʦʥʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʢʦʪʦʨʳʡ ʧʨʠ l¤ ʧʝʨʝʭʦʜʠʪ ʢ ʠʟʚʝʩʪʥʦʤʫ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ 

ʨʝʰʝʥʠʶ ta  ʠʟ [5].  

6. ɺʘʨʴʠʨʦʚʘʥʠʝ 0( )q t  ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ l ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 0( )q t  ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʧʨʠ ʭ = 0 ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʚʨʝʤʷ ʧʦʣʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʫʙʳʚʘʝʪ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʯʠʩʣʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ  ʠʤʝʶʪ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ.  

7. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʷʭ ʬʫʥʢʮʠʡ 0( )q t , 

1( )q t  ʠ 0( )T x . ʇʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʧʨʦʮʝʩʩʘ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʪʨʝʙʫʝʪ ʚʥʝʩʝʥʠʷ ʦʧʨʝʜʝʣʝʥ-

ʥʳʭ ʢʦʨʨʝʢʪʠʚʦʚ ʚ ʫʨʘʚʥʝʥʠʷʭ ʠ ʘʣʛʦʨʠʪʤʝ.  
8. ɸʣʛʦʨʠʪʤ ʠ ʧʨʦʛʨʘʤʤʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʣʘʚʣʝʥʠʷ ʠ ʜʨʫʛʠʭ ʯʠʩʪʳʭ ʚʝʱʝʩʪʚ. ʅʦ 

ʵʪʦ ʚʦʧʨʦʩ ʙʫʜʫʱʝʛʦ.  
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THE EQUATIONS OF MAT HEMATICAL PHYSICS IN  HYDRODYNAMICS  
 

The conclusion of the basic equations in hydrodynamics: the equation of continuity, motion equations of ide-

al liquid and the equation, expressing energy of movement of ideal liquid was presented. 

 

Key words: hydrodynamics, equation of continuity, equation of motion, equation of energy. 

 

 

ɺ ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʞʠʜʢʦʩʪʴ (ʠʣʠ ʛʘʟ) ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʧʣʦʰʥʘʷ ʩʨʝʜʘ. ʈʘʩʩʤʘʪʨʠʚʘʷ 

ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʝ ʵʣʝʤʝʥʪʳ ʦʙʲʝʤʘ, ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʦʙʲʝʤ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʦʙʲʝʤʦʤ ʪʝʣʘ, ʥʦ ʙʦʣʴʰʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ. ʇʫʩʪʴ ʞʠʜʢʦʩʪʴ ʜʚʠ-

ʞʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ v(x, y, z, t), ʪ. ʝ. v ï ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʚ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ (x, y, z) ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t, ʪ.ʝ. ʦʪʥʦʩʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʦʯʢʘʤ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘ ʥʝ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʯʘʩʪʠʮʘʤ 
ʞʠʜʢʦʩʪʠ. ʊʦ ʞʝ ʩʘʤʦʝ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʝʢʮʠʠ ʥʘ 

ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ: vʭ (x, y, z, t), vʫ (x, y, z, t) ʠ vz (x, y, z, t). ɽʩʣʠ ʧʦʣʝ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʠʟʚʝʩʪʥʦ, 

ʪʦ ʪʨʘʝʢʪʦʨʠʠ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʫʨʘʚʥʝʥʠʷʤʠ: 

dx

dt
 = vʭ (x, y, z, t) 

dʫ

dt
= vʫ (x, y, z, t) 

dz

dt
 =  v z(x, y, z, t). 
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ʅʘʡʜʝʤ ʫʩʢʦʨʝʥʠʝ ʯʘʩʪʠʮʳ ʞʠʜʢʦʩʪʠ: 
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ɺ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʠ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʞʠʜʢʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʢʦʪʦʨʦʤ ʩʦʩʪʦʷʥʠʠ ʪʝʨʤʦʜʠʥʘ-

ʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʜʘʚʣʝʥʠʝʤ ʨ (x, y, z, t),ʧʣʦʪʥʦʩʪʴʶ r (x, y, z, t), ʪʝʤʧʝʨʘʪʫ-
ʨʦʡ ʊ (x, y, z, t), ʵʥʪʨʦʧʠʝʡ S (x, y, z, t) ʠ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʝʡ ɽ (x, y, z, t). ɺʝʣʠʯʠʥʳ ʨ, ʊ ʠ ɽ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʬʫʥʢʮʠʠ ʦʪ r ʠ S. 
ɺʳʚʝʜʝʤ ʦʩʥʦʚʥʳʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ, ʚʳʨʘʞʘʶʱʝʝ ʩʦ-

ʙʦʡ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʚʝʱʝʩʪʚʘ ʚ ʛʠʜʨʦʜʠʥʘʤʠʢʝ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʡ ʦʙʲʝʤ ʞʠʜʢʦʩʪʠ V, ʦʛ-

ʨʘʥʠʯʝʥʥʳʡ ʧʦʚʝʨʭʥʦʩʪʴʶ S. ɽʩʣʠ ʚʥʫʪʨʠ ʦʙʲʝʤʘ ʥʝʪ ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʪʦʢʦʚ, ʪʦ ʠʟʤʝʥʝʥʠʝ ʚ ʝʜʠ-
ʥʠʮʫ ʚʨʝʤʝʥʠ ʤʘʩʩʳ ʞʠʜʢʦʩʪʠ, ʟʘʢʣʶʯʝʥʥʦʡ ʚʥʫʪʨʠ V, ʨʘʚʥʦ ʧʦʪʦʢʫ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ 

ʧʦʚʝʨʭʥʦʩʪʴ S. 

ñññññr-=r
µ

µ

V

n
dSvdV

t
 ,                                                            (2) 

ʛʜʝ vʧ ï ʧʨʦʝʢʮʠʷ v (x, y, z, t) ʥʘ ʚʥʝʰʥʶʶ ʥʦʨʤʘʣʴ ʧ ʢ ʧʦʚʝʨʭʥʦʩʪʠ S. 

ʇʨʝʦʙʨʘʟʫʝʤ ʧʨʘʚʫʶ ʯʘʩʪʴ ʧʦ ʬʦʨʤʫʣʝ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ, ʧʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʧʦ t ʧʦʜ ʟʥʘ-

ʢʦʤ ʠʥʪʝʛʨʘʣʘ ʚ ʣʝʚʦʡ, ʧʦʣʫʯʠʤ: 
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ʊ.ʢ. ʧʦʩʣʝʜʥʝʝ ʨʘʚʝʥʩʪʚʦ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʣʶʙʦʛʦ ʦʙʲʝʤʘ ʚʥʫʪʨʠ ʞʠʜʢʦʩʪʠ, ʪʦ ʦʪʩʶʜʘ ʩʣʝʜʫʝʪ 

0=r+
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rµ
vdiv

t
.                                                                 (5) 

ʇʦʣʫʯʠʣʠ ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ. 

ɺʳʚʝʜʝʤ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. ʇʦʜ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʴʶ ʧʦʥʠʤʘʶʪ 
ʪʘʢʫʶ ʜʝʬʦʨʤʠʨʫʝʤʫʶ ʩʧʣʦʰʥʫʶ ʩʨʝʜʫ, ʚ ʢʦʪʦʨʦʡ ʚʥʫʪʨʝʥʥʠʝ ʩʠʣʳ (ʥʘʭʦʜʠʪʩʷ ʣʠ ʩʨʝʜʘ ʚ ʩʦ-

ʩʪʦʷʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʠʣʠ ʜʚʠʞʝʥʠʷ) ʧʨʠʚʦʜʷʪʩʷ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʜʘʚʣʝʥʠʶ, ʪʘʢ ʯʪʦ ʝʩʣʠ ʚʳʜʝʣʠʪʴ 

ʚ ʵʪʦʡ ʞʠʜʢʦʩʪʠ ʥʝʢʦʪʦʨʳʡ ʦʙʲʝʤ V, ʦʛʨʘʥʠʯʝʥʥʳʡ ʧʦʚʝʨʭʥʦʩʪʴʶ S, ʪʦ ʜʝʡʩʪʚʠʝ ʥʘ ʥʝʛʦ ʦʩʪʘʣʴ-
ʥʦʡ ʯʘʩʪʠ ʞʠʜʢʦʩʪʠ ʧʨʠʚʦʜʠʪʩʷ ʢ ʩʠʣʝ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʦʚʝʨʭʥʦʩʪʠ S ʧʦ ʚʥʫʪ-

ʨʝʥʥʝʡ ʥʦʨʤʘʣʠ. 
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dSpn ,                                                                          (6) 

ʛʜʝ ʧ ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʚʥʝʰʥʝʡ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ S. 

ʇʦ ʬʦʨʤʫʣʝ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ʠʤʝʝʤ 

ñññññ -=-
VS

dVpgraddSpn .                                                        (7) 

ɽʩʣʠ ʥʘ ʞʠʜʢʦʩʪʴ ʜʝʡʩʪʚʫʝʪ ʚʥʝʰʥʷʷ ʩʠʣʘ F (Fx, Fy, Fz), ʨʘʩʩʯʠʪʘʥʥʘʷ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ, ʪʘʢ 

ʯʪʦ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʵʪʠʭ ʩʠʣ, ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʦʙʲʝʤʫ V ʨʘʚʥʘ 

ñññr
V

dVF  ,                                                                         (8) 

ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣ ʠʥʝʨʮʠʠ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʦʙʲʝʤ V, ʙʫʜʝʪ 

ñññr-
V

dV
dt

dv
,                                                                     (9) 

          

ʛʜʝ 
dv

dt
 ï ʚʝʢʪʦʨ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮʳ ʞʠʜʢʦʩʪʠ. 

ɿʜʝʩʴ ʧʨʦʠʟʚʦʜʥʘʷ 
dv

dt
 ʦʧʨʝʜʝʣʷʝʪ ʥʝ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚ ʜʘʥʥʦʡ ʥʝʧʦʜʚʠʞʥʦʡ 

ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʝʨʝʜʚʠʛʘʶʱʝʡʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʯʘʩ-

ʪʠʮʳ ʞʠʜʢʦʩʪʠ (ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʦ 
d

dt
, ʘ ʥʝ 

t

µ

µ
). 

ʇʨʠʤʝʥʷʷ ʧʨʠʥʮʠʧ ɼôɸʣʘʤʙʝʨʘ, ʧʦʣʫʯʠʤ: 

ñññ ö
÷

õ
æ
ç

å
-r-r

V

dVpgrad
dt

dv
F .                                                        (10) 

ɺ ʩʠʣʫ ʧʨʦʠʟʚʦʣʴʥʦʩʪʠ ʦʙʲʝʤʘ V, 

pgradF
dt

dv

r
-=

1
                                                                 (11) 

ʠʣʠ ʩ ʫʯʝʪʦʤ (1) ʚ ʩʢʘʣʷʨʥʦʡ ʬʦʨʤʝ: 
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=+++                                 (12) 
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ʇʦʣʫʯʠʣʠ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʬʦʨʤʝ ʕʡʣʝʨʘ. 
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ʈʘʩʩʤʦʪʨʠʤ ʝʱʝ ʦʜʥʦ ʫʨʘʚʥʝʥʠʝ, ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʧʨʦʭʦʜʠʪ ʘʜʠʘʙʘ-
ʪʠʯʝʩʢʠ, ʪ.ʝ. ʵʥʪʨʦʧʠʷ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʥʦ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʦʪ ʪʦʯʢʠ ʢ ʪʦʯʢʝ 

ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʝʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
dS

dt
= 0. ɿʜʝʩʴ ʧʦʣʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝ-

ʤʝʥʠ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʚ (9)ï(11), ʦʟʥʘʯʘʝʪ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʝʨʝʜʚʠʛʘʶʱʝʡʩʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʯʘʩʪʠʮʳ ʞʠʜʢʦʩʪʠ ʠ ʝʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

zyx
v

z

S
v

y

S
v

x

S

t

S

dt

dS
Ö

µ

µ
+Ö

µ

µ
+Ö

µ

µ
+

µ

µ
= .                                          (13) 

ʀ ʫʨʘʚʥʝʥʠʝ, ʚʳʨʘʞʘʶʱʝʝ ʘʜʠʘʙʘʪʠʯʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʠʤʝʝʪ ʚʠʜ: 

0=Ö
µ

µ
+Ö

µ

µ
+Ö

µ

µ
+

µ

µ
zyx

v
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S
v

y

S
v

x

S
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S
.                                            (14) 

ʇʦʣʫʯʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ (5), ʜʚʠʞʝʥʠʷ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ (12) ʠ ʫʨʘʚʥʝʥʠʝ 

(14) ʩʦʜʝʨʞʘʪ ʢʘʢ ʨʘʟ ʧʷʪʴ ʥʝʠʟʚʝʩʪʥʳʭ ʬʫʥʢʮʠʡ vʭ, vʫ, vz ʨ ʠ r [1]. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʂʦʯʠʥ ʅ.ɽ., ʂʠʙʝʣʴ ʀ.ɸ., ʈʦʟʝ ʅ.ɺ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʛʠʜʨʦʤʝʭʘʥʠʢʘ.  ï ʄ.: ʌʠʟʤʘʪʣʠʪ, 1963. ï 

583 ʩ. 
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THE VALIDATION TESTIMONY OF PORTABLE REFERENCE ELECTRODES  

ON A PASSENGER VESSEL 

 
The results of the testing device for checking the accuracy of portable reference electrodes used for protective 

capacity measurement on passenger ship were presented. The use of this device eliminates the need to examine 

reference electrodes in specialized laboratories. 

 

Key words: vessel steel hull corrosion, electrochemical protection of vessel hull from corrosion, protection, 

vessel hull protection potential measurement. 

 

 

ʂʦʨʨʦʟʠʷ ʩʪʘʣʴʥʳʭ ʢʦʨʧʫʩʦʚ ʢʦʨʘʙʣʝʡ ʠ ʩʫʜʦʚ ï ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ ʠʟʥʦʩʘ ʩʫʜʦʚ, ʩʥʠ-

ʞʝʥʠʷ ʠʭ ʧʨʦʯʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ [1, 3]. ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʠʟʥʦʩʘ ʢʦʨʧʫʩʘ 

ʩʫʜʥʘ (ʢʦʨʘʙʣʷ) ʷʚʣʷʝʪʩʷ ʧʦʚʩʝʜʥʝʚʥʦʡ ʟʘʜʘʯʝʡ ʵʢʠʧʘʞʘ [4, 5]. ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʥʘ ʢʦʨʘʙ-
ʣʷʭ ʠ ʩʫʜʘʭ ʠʩʧʦʣʴʟʫʶʪ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ (ʢʘʪʦʜʥʳʝ ʠ ʧʨʦʪʝʢʪʦʨʥʳʝ), ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ (ʤʠʥʫʩ 0,85 ɺ) ʟʘʱʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣ ʢʦʨʧʫʩʘ ʩʫʜʥʘ [4, 6]. ʉʦ-

ʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ (ʅɼ) [4, 5], ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʟʘ-

ʱʠʪʳ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʨʷʪʴ ʧʦʪʝʥʮʠʘʣ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʥʦʩʥʦʛʦ 
ʤʠʣʣʠʚʦʣʴʪʤʝʪʨʘ ʠ ʧʝʨʝʥʦʩʥʦʛʦ ʭʣʦʨʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ (ʍʉʕ). ʆʜʥʘʢʦ  ʵʪʠ ʪʨʝ-

ʙʦʚʘʥʠʷ ʥʘ ʢʦʨʘʙʣʷʭ ʠ ʩʫʜʘʭ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ ʥʝ ʚʳʧʦʣʥʷʶʪʩʷ [7, 8]. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʥʝʚʳ-

ʧʦʣʥʝʥʠʷ ʵʢʠʧʘʞʝʤ ʩʚʦʠʭ ʦʙʷʟʘʥʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʘ ʩʫʜʘʭ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʨʦʚʝʨʢʠ 
ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʦʢʘʟʘʥʠʡ ʭʣʦʨʩʝʨʝʙʨʷʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʩʨʘʚʥʝʥʠʷ.  

mailto:oni@kamchatgtu.ru
mailto:oni@kamchatgtu.ru
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ʉʦʛʣʘʩʥʦ ʅɼ [4] çʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʵʣʝʢʪʨʦʜʦʚ ʩʨʘʚʥʝʥʠʷ ʧʨʦʚʝʨʷʶʪ ʠʟʤʝʨʝʥʠʝʤ ʩʪʘʮʠʦ-
ʥʘʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʧʫʩʘ ʦʙʲʝʢʪʘ ʧʨʠ ʦʪʢʣʶʯʝʥʥʦʡ ʩʠʩʪʝʤʝ ʟʘʱʠʪʳè. ɿʥʘʯʝʥʠʝ ʩʪʘʮʠʦʥʘʨ-

ʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʪʘʣʴʥʳʭ ʢʦʨʧʫʩʦʚ ʚ ʚʦʜʝ ʨʘʟʣʠʯʥʦʡ ʩʦʣʝʥʦʩʪʠ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ ʧʨʠ ʠʩʧʨʘʚ-

ʥʳʭ ʵʣʝʢʪʨʦʜʘʭ ʩʨʘʚʥʝʥʠʷ ʤʠʥʫʩ 0,5ïʤʠʥʫʩ 0,7 ɺ. ʆʜʥʘʢʦ ʵʪʘ ʤʝʪʦʜʠʢʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 
ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʘ ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʭ ʩʫʜʘʭ, ʪ.ʢ. ʥʘ ʥʠʭ ʠʩʧʦʣʴʟʫʶʪ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʫʶ ʧʨʦʪʝʢʪʦʨ-

ʥʫʶ ʟʘʱʠʪʫ, ʢʦʪʦʨʫʶ ʥʝʚʦʟʤʦʞʥʦ ʦʪʢʣʶʯʠʪʴ. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [6] ʩʯʠʪʘʶʪ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ ʍʉʕ ʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ, ʧʦʵʪʦʤʫ çʝʛʦ ʥʝʦʙ-
ʭʦʜʠʤʦ ʯʘʩʪʦ ʧʨʦʚʝʨʷʪʴ ʧʦ ʪʦʣʴʢʦ ʯʪʦ ʧʨʠʛʦʪʦʚʣʝʥʥʳʤ ʵʣʝʢʪʨʦʜʘʤ ʠʣʠ ʧʦ ʢʘʣʦʤʝʣʴʥʦʤʫ ʵʣʝʢ-

ʪʨʦʜʫè. ʕʪʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʅɼ [5]. ʉʦʛʣʘʩʥʦ ʅɼ [5] çʦʜʠʥ ʨʘʟ ʚ ʛʦʜ ʩʣʝʜʫʝʪ ʧʨʦ-

ʚʝʨʷʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʦʢʘʟʘʥʠʡ ʍʉʕ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʘʣʦʥʥʦʛʦ ʍʉʕ, ʭʨʘʥʷʱʝʛʦʩʷ ʥʘ ʙʘʟʝ, ʠʣʠ 

ʧʦ ʜʨʫʛʠʤ ʦʜʥʦʪʠʧʥʳʤ ʵʣʝʢʪʨʦʜʘʤè. 
ʇʨʦʚʝʨʢʫ ʍʉʕ ʚʳʧʦʣʥʷʶʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [5]: 

ï ʧʨʦʚʝʨʷʝʤʳʡ ʍʉʕ ʧʦʜʢʣʶʯʘʶʪ ʢ ʢʣʝʤʤʝ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨʘ (ʥʘʧʨʠʤʝʨ, ʄ-1109), ʜʨʫʛʘʷ 

ʢʣʝʤʤʘ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨʘ  ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʵʪʘʣʦʥʥʦʤʫ ʍʉʕ; 
ï ʦʙʘ ʵʣʝʢʪʨʦʜʘ ʧʦʤʝʱʘʶʪʩʷ ʚ ʩʦʩʫʜ ʩ ʤʦʨʩʢʦʡ ʚʦʜʦʡ ʠʣʠ ʚ 3% ʨʘʩʪʚʦʨ ʭʣʦʨʠʩʪʦʛʦ ʥʘʪʨʠʷ; 

ï ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʵʪʘʣʦʥʥʳʤ ʠ ʧʨʦʚʝʨʷʝʤʳʤ ʵʣʝʢʪʨʦʜʘʤʠ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʙʦ-

ʣʝʝ 20 ʤɺ; 

ï ʧʨʠ ʙʦʣʴʰʝʡ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʵʣʝʢʪʨʦʜ ʜʦʣʞʝʥ ʙʳʪʴ ʟʘʤʝʥʝʥ ʥʦʚʳʤ. 
ʕʪʘ ʤʝʪʦʜʠʢʘ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʭ ʠ ʜʨʫʛʠʭ ʪʠʧʘʭ ʛʨʘʞʜʘʥʩʢʠʭ ʩʫʜʦʚ, ʪ.ʢ. 

ʦʥʠ ʥʝ ʦʙʝʩʧʝʯʝʥʳ ʵʪʘʣʦʥʥʳʤʠ ʍʉʕ. ʉʨʦʢ ʜʦʩʪʘʚʢʠ ʍʉʕ ʥʘ ʩʫʜʥʦ (ʦʪ ʟʘʚʦʜʘ-ʠʟʛʦʪʦʚʠʪʝʣʷ) ʩʦ-

ʩʪʘʚʣʷʝʪ ʙʦʣʝʝ ʜʚʫʭ ʤʝʩʷʮʝʚ. ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʚʥʝʜʨʠʪʴ ʠ ʠʩʧʳʪʘʪʴ ʥʘ ʩʫʜʘʭ ʫʩʪʨʦʡʩʪʚʦ 
ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʦʢʘʟʘʥʠʡ ʍʉʕ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʝ ʚʳʟʦʚʝʪ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ, 

ʬʠʥʘʥʩʦʚʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ ʫ ʵʢʠʧʘʞʝʡ ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʭ ʩʫʜʦʚ. 

ʅʘʤʠ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʦʢʘʟʘʥʠʡ ʍʉʕ [9]. ɺ ʵʪʦʤ 
ʫʩʪʨʦʡʩʪʚʝ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʪʘʣʦʥʥʳʡ ʍʉʕ. ɺʤʝʩʪʦ ʥʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʢʦʥʪʨʦʣʴʥʳʝ ʵʣʝʢʪʨʦʜʳ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʚʠʜʝ ʩʫʜʦʚʳʭ ʵʣʝʢʪʨʦʫʛʦʣʴʥʳʭ ʠʟʜʝʣʠʡ [9]. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʩ-

ʚʦʙʦʞʜʘʝʪ ʵʢʠʧʘʞ ʩʫʜʥʘ ʦʪ ʧʦʩʪʦʷʥʥʦʡ ʟʘʢʫʧʢʠ ʵʪʘʣʦʥʥʳʭ ʍʉʕ. ʆʜʥʘʢʦ ʚʥʝʜʨʝʥʠʝ ʧʨʝʜʣʘʛʘʝ-

ʤʦʛʦ ʥʘʤʠ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʩʫʜʘʭ ʠ ʢʦʨʘʙʣʷʭ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʤʝʪʨʦʣʦʛʠ-
ʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʧʨʦʚʝʨʷʝʤʳʤ ʍʉʕ ʠ 

ʢʦʥʪʨʦʣʴʥʳʤʠ (ʵʪʘʣʦʥʥʳʤ) ʵʣʝʢʪʨʦʜʘʤʠ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦ-
ʩʪʠ ʧʦʢʘʟʘʥʠʡ ʍʉʕ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʥʘʤʠ ʫʩʪʨʦʡʩʪʚʘ [9] ʚʳʧʦʣʥʠʣʠ ʩʣʝʜʫʶʱʠʝ ʵʢʩ-

ʧʝʨʠʤʝʥʪʳ. ʉʥʘʯʘʣʘ ʠʟʤʝʨʷʣʠ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʵʪʘʣʦʥʥʳʤ ʍʉʕ ʠ ʧʨʦʚʝʨʷʝʤʳʤ 

ʍʉʕ ʧʦ ʤʝʪʦʜʠʢʝ [5]. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʣʝʢʪʨʦʜʳ ʤʘʨʢʠ ʕʉʆ-01, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ɻʦʤʝʣʴ-
ʩʢʠʤ ʟʘʚʦʜʦʤ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ. ʇʨʦʚʝʨʷʝʤʳʡ ʍʉʕ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʘʤʠ ʥʘ ʧʘʩʩʘʞʠʨ-

ʩʢʦʤ ʩʫʜʥʝ çɺʘʩʠʣʠʡ ɿʘʚʦʡʢʦè ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʤʝʩʷʮʘ. ʕʪʘʣʦʥʥʳʡ ʍʉʕ ʨʘʥʝʝ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣ-

ʩʷ. ɺ ʢʘʯʝʩʪʚʝ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʮʠʬʨʦʚʦʡ ʤʫʣʴʪʠʤʝʪʨ UT203. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʫʶ ʚʳʙʦʨʢʫ ʠʟʤʝʨʝʥʠʡ 
ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ (50 ʠʟʤʝʨʝʥʠʡ). ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʠ ʥʝʦʙʭʦʜʠʤʳʭ [10] ʨʘʩʯʝʪʦʚ ʧʨʠ-

ʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 
ʊʘʙʣʠʮʘ 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʦʪʝʥʮʠʘʣʘ ʩʪʘʣʴʥʦʛʦ ʢʦʨʧʫʩʘ ʩʫʜʥʘ  

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʩʨʘʚʥʝʥʠʷ 

 ̄
ʠʟʤʝʨʝʥʠʷ 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, ʤɺ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʘ 

ʝɦʪʦʢ ʤʝʜʥʦʛʨʘʬʠʪʥʳʭ, 
ʩ ʨʘʟʤʝʨʘʤʠ, ʤʤ 

ʝɦʪʦʢ ʵʣʝʢʪʨʦ-
ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ, 

ʩ ʨʘʟʤʝʨʘʤʠ, ʤʤ 

ʝɦʪʦʢ ʫʛʦʣʴʥʦʛʨʘʬʠʪʥʳʭ, 
ʩ ʨʘʟʤʝʨʘʤʠ, ʤʤ 

ʭʣʦʨ-
ʩʝʨʝʙʨʷʥʦʛʦ 

ʵʣʝʢʪʨʦʜʘ 

16Ĭ20Ĭ25, ʉ1 8Ĭ10Ĭ25, ʉ2 16Ĭ20Ĭ50, ʉ3 8Ĭ10Ĭ25, ʉ4 20Ĭ30Ĭ40, ʉ5 9Ĭ10Ĭ39, ʉ6 ʉ7 

1 650 650 647 647 647 647 780 

2 650 649 648 647 648 646 780 

3 650 649 647 648 647 646 779 

4 649 650 647 647 647 647 780 

5 650 650 646 648 648 647 781 

6 649 651 647 648 647 648 781 

7 649 649 647 649 648 648 780 

8 648 650 647 648 647 647 778 
9 649 650 648 647 646 647 780 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 
 

 ̄

ʠʟʤʝʨʝʥʠʷ 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, ʤɺ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʘ 

ʝɦʪʦʢ ʤʝʜʥʦʛʨʘʬʠʪʥʳʭ, 

ʩ ʨʘʟʤʝʨʘʤʠ, ʤʤ 

ʝɦʪʦʢ ʵʣʝʢʪʨʦ-
ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ, 
ʩ ʨʘʟʤʝʨʘʤʠ, ʤʤ 

ʝɦʪʦʢ ʫʛʦʣʴʥʦʛʨʘʬʠʪʥʳʭ, 

ʩ ʨʘʟʤʝʨʘʤʠ, ʤʤ 

ʭʣʦʨ-
ʩʝʨʝʙʨʷʥʦʛʦ 
ʵʣʝʢʪʨʦʜʘ 

16Ĭ20Ĭ25, ʉ1 8Ĭ10Ĭ25, ʉ2 16Ĭ20Ĭ50, ʉ3 8Ĭ10Ĭ25, ʉ4 20Ĭ30Ĭ40, ʉ5 9Ĭ10Ĭ39, ʉ6 ʉ7 

10 650 650 648 648 647 648 779 

11 650 651 647 648 648 647 780 

12 649 651 647 648 647 646 780 

13 650 651 648 649 647 646 780 

14 650 650 649 648 647 647 779 

15 650 650 647 648 646 647 781 

16 650 650 647 649 646 646 780 

17 650 649 648 648 647 647 780 

18 650 650 647 647 647 647 780 

19 648 650 647 647 647 647 781 

20 649 650 646 648 647 647 779 

21 650 649 647 646 647 646 780 

22 650 648 647 647 647 647 780 

23 650 650 646 647 648 647 780 

24 650 650 647 647 646 648 781 

25 649 650 648 647 648 647 781 

26 649 649 647 647 647 647 780 

27 649 650 647 648 647 647 780 

 

ʀʩʧʳʪʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʦʢʘʟʘʥʠʡ ʍʉʕ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠʤʝʥʝ-

ʥʠʝ ʝʛʦ ʥʝ ʚʳʟʳʚʘʝʪ ʟʘʪʨʫʜʥʝʥʠʡ ʫ ʵʢʠʧʘʞʘ ʩʫʜʥʘ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʠʪ ʵʢʠ-

ʧʘʞʘʤ ʩʫʜʦʚ ʠ ʢʦʨʘʙʣʝʡ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʩʪʘʣɹ -

ʥʳʭ ʢʦʨʧʫʩʦʚ ʢʦʨʘʙʣʝʡ ʠ ʩʫʜʦʚ ʦʪ ʢʦʨʨʦʟʠʠ. 
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CURRENT STATUS OF CONTROL METHODS OF MINER AL RAW MATERIALS  

POWDERED SAMPLES PARTICLE SIZE. PROBLEMS  AND PROSPECTS  
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The history of particle size analysis development, the requirements for methods of particle size analysis, clas-

sification and analysis of the current state of methods, the development and use of methods in industrial practice 
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʷʚ-

ʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʠʛʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʢ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʶ [1ï6]. 
ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʙʳ ʢ ʘʥʘʣʠʟʫ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʨʫʧʥʦʩʪʴ ʝʝ ʯʘʩʪʠʮ [7ï9]. 

ʕʪʦ ʪʨʝʙʦʚʘʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝʤ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʝʜʠʥʦʡ ʪʝʦʨʠʠ ʠʟʤʝʣʴʯʝʥʠʷ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʡ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʜʠʩʧʝʨʩʥʦʩʪʴʶ ʧʦʨʦʰʢʘ, ʬʠʟʠʢʦ-
ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʯʘʩʪʠʮ, ʟʘʪʨʘʪʘʤʠ ʵʥʝʨʛʠʠ ʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʤʝʣʴʥʠʮʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʙʦʨʘ ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʠ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʧʨʦ-

ʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʚʩʝ ʝʱʝ ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʫʪʝʤ [10, 11]. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʦʙʦʦʪʙʦʨʘ ʠ ʧʨʦʙʦʧʦʜ-
ʛʦʪʦʚʢʠ, ʧʨʠ ʵʪʦʤ ʧʦʛʨʝʰʥʦʩʪʠ ʩʪʘʜʠʠ ʦʪʙʦʨʘ ʠ ʩʪʘʜʠʠ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʙʳ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ 

ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. ɽʩʣʠ ʚʩʶ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠʥʷʪʴ ʟʘ 100%, ʪʦ ʥʘ 

ʩʪʘʜʠʶ ʦʪʙʦʨʘ ʧʨʦʙʳ ʧʨʠʭʦʜʠʪʩʷ 40ï70%, ʥʘ ʩʪʘʜʠʶ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʙʳ ï 20ï40%, ʥʘ ʩʪʘʜʠʶ 
ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ï 5ï10% [12ï18]. 

ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʆʩʥʦʚʳ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʟʘ-

ʣʦʞʝʥʳ ʜʨʝʚʥʠʤʠ ʛʨʝʢʘʤʠ, ʥʦ ʠʥʪʝʥʩʠʚʥʦʝ  ʨʘʟʚʠʪʠʝ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʧʨʘʢʪʠʯʝ-
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ʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʥʘʯʘʣʦʩʴ ʚ XVII  ʚ. ʆʧʠʩʘʥʠʝ ʧʝʨʚʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 
ʦʪʥʦʩʠʪʩʷ ʢ 1692 ʛ. ɺ 1704 ʛ. ɺʘʥ-ʃʝʚʝʥʯʫʢ ʠʩʩʣʝʜʦʚʘʣ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʥʝʩʢʦʣʴʢʦ ʦʙʨʘʟʮʦʚ 

ʧʝʩʢʦʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʠ ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʠʣ ʥʘʙʦʨ ʩʠʪ. ʏʝʨʝʟ 50 ʣʝʪ ɺʘʣʣʝʨʠʫʩ ʦʪʤʝʪʠʣ, ʯʪʦ 

ʨʘʟʣʠʯʥʳʝ ʚʝʱʝʩʪʚʘ ʷʚʣʷʶʪʩʷ ʩʤʝʩʴʶ ʯʘʩʪʠʮ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ. ʊʝʨʤʠʥ çʤʝʭʘʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟè 
ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʌʣʝʨʴʦ-ɹʝʣʴʚʶ ʚ ʥʘʯʘʣʝ XIX  ʚ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʜʣʷ ʪʦʛʦ ʚʨʝʤʝʥʠ ʠʟʣʦʞʝʥʠʝ 

ʤʝʪʦʜʠʢʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʩʜʝʣʘʥʦ ʐʶʙʣʝʨʦʤ ʚ çʆʩʥʦʚʘʭ ʘʛʨʦʭʠʤʠʠè. ʊʝʦ-

ʨʝʪʠʯʝʩʢʘʷ ʙʘʟʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʨʘʙʦʪʘʥʘ ʉʪʦʢʩʦʤ [19].  
ʊʨʝʙʦʚʘʥʠʷ,  ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʤʝʪʦʜʘʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʤʝʪʦʜʘʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ï ʧʨʦʩʪʦʪʘ 

ʨʝʘʣʠʟʘʮʠʠ, ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʪʦʯʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʢʦʥʪʨʦʣʷ, ʥʘʛʣʷʜ-

ʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ [20]. ʂʨʦʤʝ ʪʦʛʦ ʚʘʞʥʝʡʰʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʣʶ-
ʙʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʪʦʠʤʦʩʪʴ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʦʢʦʣʦ 200 ʤʝʪʦʜʦʚ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [5]. ɼʣʷ ʪʦʛʦ 
ʯʪʦʙʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʝʪʦʜʦʚ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʥʝʦʙʭʦ-

ʜʠʤʦ ʠʭ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ [5, 21]. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʢʣʘʩʩʠʬʠʢʘʮʠʡ [5, 21ï23], ʥʦ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦʡ ʷʚʣʷʝʪʩʷ ʢʣʘʩ-

ʩʠʬʠʢʘʮʠʷ ɻ.ɽ. ʀʪʢʠʥʘ [5]. ɸʚʪʦʨ ʧʨʝʜʣʘʛʘʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʤʝʪʦʜʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʬʠʟʠʯʝ-
ʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʜʠʩʧʝʨʩʥʫʶ ʩʤʝʩʴ: 

ï ʩʠʪʦʚʳʡ ʘʥʘʣʠʟ ʦʩʥʦʚʘʥ ʥʘ ʧʝʨʝʤʝʱʝʥʠʠ ʜʠʩʧʝʨʩʥʳʭ ʩʤʝʩʝʡ ʯʝʨʝʟ ʨʝʰʝʪʢʫ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʠʙʨʘʮʠʡ; 
ï ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ï ʥʘ ʨʘʟʜʝʣʝʥʠʠ ʜʠʩʧʝʨʩʥʳʭ ʩʤʝʩʝʡ ʚ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʝ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠʣʠ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ; 

ï ʤʝʪʦʜʳ ʠʤʧʫʣʴʩʥʦʡ ʛʨʘʥʫʣʦʤʝʪʨʠʠ ï ʥʘ ʠʟʤʝʨʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʪʝʣʘ, ʧʦʤʝʱʝʥ-
ʥʦʛʦ ʚ ʧʦʪʦʢ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ; 

ï ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ï ʥʘ ʠʟʤʝʨʝʥʠʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʧʨʠ ʜʚʠʞʝ-

ʥʠʠ ʚ ʥʝʡ ʧʦʪʦʢʘ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ; 

ï ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʤʝʪʦʜʳ ï ʥʘ ʧʦʛʣʦʱʝʥʠʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮʘʤʠ ʜʠʩʧʝʨʩʥʦʡ 
ʩʤʝʩʠ; 

ï ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ï ʥʘ ʧʦʛʣʦʱʝʥʠʠ ʠʣʠ ʦʪʨʘʞʝʥʠʠ ʩʚʝʪʦʚʦʡ ʵʥʝʨʛʠʠ ʜʠʩʧʝʨʩʥʦʡ ʩʤʝʩʴʶ; 

ï ʤʝʪʦʜʳ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ï ʥʘ ʠʟʤʝʨʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ (ʜʘʚʣʝʥʠʷ, ʦʙʲʝʤʘ, ʪʝʤʧʝʨʘʪʫʨʳ) 
ʧʦʪʦʢʘ ʛʘʟʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʜʠʩʧʝʨʩʥʫʶ ʩʤʝʩʴ. 

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʪʦʜʦʚ, ʨʘʟʚʠʪʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ  

ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʣʘʙʦʨʘʪʦʨʠʡ, ʠʩʩʣʝʜʫʶʱʠʭ ʤʠʥʝʨʘʣʴʥʦʝ ʩʳʨʴʝ 

ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [5] ʨʘʩʩʤʦʪʨʝʥʦ ʩʦʩʪʦʷʥʠʝ ʠ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʦʩʥʦʚʥʳʤ 

ʚʠʜʘʤ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. 

ʉʠʪʦʚʳʡ ʘʥʘʣʠʟ. ʉʠʪʦʚʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʦʪʜʝʣʠʪʴ ʯʘʩʪʠʮʳ 

ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʚʳʯʠʩʣʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʦʡ ʜʠʩ-
ʧʝʨʩʥʦʩʪʠ [3]. ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ çʜʝʰʝʚʠʟʥʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʜʣʷ ʛʨʫʙʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮè [11].  

ʀʟ ʚʩʝʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʢʨʫʧʥʦʩʪʠ ʩʠʪʦʚʳʡ ʘʥʘʣʠʟ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʤ. 
ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʢʘʩʘʝʪʩʷ ʩʠʩʪʝʤʳ ʩʠʪ ʠ ʩʧʦʩʦʙʘ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ [5, 7, 24ï27].  

ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʚʠʜ ʘʥʘʣʠʟʘ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ, ʧʦʩʢʦʣʴʢʫ ʧʦʩʣʝ ʢʘʞ-

ʜʦʛʦ ʧʨʦʩʝʚʘ ʥʝʦʙʭʦʜʠʤʦ ʚʨʫʯʥʫʶ ʧʨʦʠʟʚʝʩʪʠ ʧʦʜʩʯʝʪ ʠ ʧʦʜʛʦʪʦʚʠʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʢ ʩʣʝʜʫʶ-

ʱʝʡ ʧʨʦʙʝ. ʉʠʪʘ ʚ ʘʥʘʣʠʟʘʪʦʨʝ ʩʣʝʜʫʝʪ ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʝʨʷʪʴ ʥʘ ʧʨʝʜʤʝʪ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʘ 
ʷʯʝʡʢʠ, ʪʘʢ ʢʘʢ ʠʟ-ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʨʦʰʢʦʤ ʦʥʠ ʩʢʣʦʥʥʳ çʨʘʟʥʘʰʠʚʘʪʴʩʷè [3]. ʇʨʦʚʝʜʝʥʠʝ 

ʩʠʪʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚʨʫʯʥʫʶ ʟʘʥʠʤʘʝʪ ʫ ʣʘʙʦʨʘʥʪʘ ʜʦ 2 ʯ. ɻʨʘʥʫʣʦʤʝʪʨʳ ʚʦ ʤʥʦʛʦ ʨʘʟ ʫʩʢʦʨʷʶʪ 

ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ, ʦʜʥʘʢʦ ʩʘʤʠ ʦʥʠ ʜʦʨʦʛʠ [5]. 
ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʪʦʚʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʘ ʠʤʝʥʥʦ:  

1) ʘʚʪʦʨʳ ʨʘʙʦʪ [5, 28ï37] ʧʨʝʜʣʘʛʘʶʪ ʜʦʦʙʦʨʫʜʦʚʘʪʴ ʩʠʪʦʚʦʡ ʢʦʨʦʙ/ʙʘʨʘʙʘʥ ʨʘʟʣʠʯʥʳʤʠ ʤʝʭʘ-

ʥʠʯʝʩʢʠʤʠ [28ï35] ʠ ʫʧʨʘʚʣʷʶʱʠʤʠ [36, 37] ʫʩʪʨʦʡʩʪʚʘʤʠ; 2) ʘʚʪʦʨʳ ʨʘʙʦʪ [38, 39] ʧʨʝʜʣʘʛʘʶʪ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʠʪʘ ʜʦʙʘʚʣʷʪʴ ʵʣʘʩʪʠʯʥʳʝ ʧʣʘʩʪʠʥʳ. 
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ʅʝʜʦʩʪʘʪʢʘʤʠ ʫʩʪʨʦʡʩʪʚ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ 
ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʛʘʙʘʨʠʪʳ ʠ ʤʘʩʩʘ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʟʛʦʪʦʚʣʝʥʠʝ, ʨʝ-

ʤʦʥʪ, ʥʘʣʘʜʢʫ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ. ʆʙʱʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʯʠʩʪʢʠ ʩʠʪ ʧʨʠ  

ʟʘʢʣʠʥʠʚʘʥʠʠ, ʟʘʙʠʚʘʥʠʠ ʠ ʟʘʣʠʧʘʥʠʠ ʷʯʝʝʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 
ʢʘʯʝʩʪʚʘ ʛʨʦʭʦʯʝʥʠʷ [28, 33, 34, 40, 41].  

ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʩʠʪʦʚʦʛʦ ʘʥʘʣʠʟʘ ï ʵʪʦ ʨʘʩʩʝʚ-ʘʥʘʣʠʟʘʪʦʨʳ [42], ʚʠʙʨʘʮʠʦʥ-

ʥʳʝ ʛʨʦʭʦʪʳ [43, 44] ʠ ʧʨʦʩʝʠʚʘʶʱʠʝ ʤʘʰʠʥʳ [45, 46] ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ. 
ʉʝʜʠʤʝʥʪʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ. ʉʝʜʠʤʝʥʪʘʮʠʷ ï ʪʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʥʦ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʘʝʤʳʝ ʵʪʠʤ ʤʝʪʦʜʦʤ, ʟʘʚʝʜʦʤʦ ʥʝʪʦʯʥʳ (ʟʘʥʠʞʝʥʳ). ʕʪʦʪ ʤʝʪʦʜ ʵʬʬʝʢʪʠ-

ʚʝʥ ʜʣʷ ʫʟʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʦʪ 2 ʜʦ 15 ʤʢʤ. ɺʨʝʤʷ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 25 ʤʠʥʫʪ 

ʜʦ 1 ʯʘʩʘ, ʯʪʦ ʦʩʣʦʞʥʷʝʪ ʣʶʙʦʡ ʧʦʚʪʦʨʥʳʡ ʘʥʘʣʠʟ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʘʥʘʣʠʟʘ ʫʚʝʣʠʯʠʚʘ-
ʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʛʣʦʤʝʨʘʮʠʠ ʤʘʪʝʨʠʘʣʘ. ʄʝʪʦʜ ʪʨʝʙʫʝʪ ʪʦʯʥʦʡ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʠʟʤʝʨʷʝ-

ʤʦʡ ʩʠʩʪʝʤʳ, ʪ.ʢ. ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʷʟʢʦʩʪʠ [11]. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʥʠʤʘʣʠʩʴ ʘʚʪʦʨʳ ʨʘʙʦʪ [5, 6, 47]. ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʠʟʫʯʝʥʠʷ 
ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ï ʧʨʠʙʦʨ çMicro Sizer 201Cè 

(ʉʐɸ) [48]. ʀʟʚʝʩʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʥʝʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʪʦʥʢʠʭ ʬʨʘʢʮʠʡ ʤʘʪʝʨʠʘʣʦʚ, 

ʚʟʚʝʰʝʥʥʳʭ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ, ʧʦʩʢʦʣʴʢʫ ʤʝʭʘʥʠʯʝʩʢʠʝ ʚʦʟʙʫʜʠʪʝʣʠ ʠ ʚʠʙʨʘʪʦʨʳ ʧʦʩʪʦʷʥʥʦ ʧʝ-

ʨʝʤʝʰʠʚʘʶʪ ʤʝʣʢʠʝ ʬʨʘʢʮʠʠ ʩ ʢʨʫʧʥʳʤʠ, ʘ ʦʙʲʝʤ ʧʫʣʴʧʳ ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʝʪʩʷ, ʯʪʦ ʟʘʪʨʫʜ-
ʥʷʝʪ ʫʯʝʪ ʠ ʘʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʪʦʥʢʠʭ ʬʨʘʢʮʠʡ [47]. 

ʄʝʪʦʜʳ ʠʤʧʫʣʴʩʥʦʡ ʛʨʘʥʫʣʦʤʝʪʨʠʠ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʩʚʷʱʝʥʳ ʨʘ-

ʙʦʪʳ [5, 49]. ʇʦʩʪʘʚʣʝʥʥʫʶ ʮʝʣʴ ʘʚʪʦʨʳ ʜʦʩʪʠʛʘʶʪ ʪʝʤ, ʯʪʦ ʧʦʪʦʢ ʤʘʪʝʨʠʘʣʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ-
ʧʨʘʚʣʷʶʪ ʥʘ ʜʚʝ ʧʣʘʩʪʠʥʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʪʦʢʘ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ ʠ ʠʟʤʝ-

ʨʷʶʪ ʨʘʟʥʦʩʪʴ ʤʦʤʝʥʪʦʚ ʩʠʣ, ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʧʣʘʩʪʠʥʘʤ, ʧʦ ʚʝʣʠʯʠʥʝ ʢʦʪʦʨʦʡ ʩʫʜʷʪ ʦ ʩʪʝʧʝʥʠ 

ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʪʦʯʥʦʩʪʴ ʢʦʥʪʨʦʣʷ [47], ʢʦ-
ʪʦʨʘʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʣʶʙʳʭ ʢʦʩʚʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ [6]. 

ʂʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʀʟʫʯʝʥʠʝʤ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦ-

ʜʦʚ ʟʘʥʠʤʘʣʠʩʴ ʘʚʪʦʨʳ ʨʘʙʦʪ [5, 50, 51]. ʕʪʠ ʩʧʦʩʦʙʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝ-

ʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʫʱʝʛʦʩʷ ʧʦʪʦʢʘ ʯʘʩʪʠʮ [49]. 
ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ ʤʝʪʦʜʳ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ [5, 52] ʧʨʝʜʣʘʛʘʶʪ ʦʧʨʝʜʝʣʷʪʴ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝ-

ʩʢʠʡ ʩʦʩʪʘʚ ʩ ʧʦʤʦʱʴʶ ʟʚʫʢʘ, ʠʟʤʝʨʷʷ ʩʜʚʠʛʠ ʬʘʟ ʤʝʞʜʫ ʠʟʣʫʯʘʝʤʳʤʠ ʠ ʧʨʠʝʤʥʳʤʠ ʩʠʛʥʘʣʘʤʠ 

ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʘʩʪʦʪʘʭ. ʀʩʧʦʣʴʟʦʚʘʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʦʙʨʘʙʦʪʢʫ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʣʘʛʘʝʪ 
ʘʚʪʦʨ ʨʘʙʦʪʳ  [53]. ɸʚʪʦʨ ʜʨʫʛʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʘʥʘʣʠʟʘ [54] ʧʨʝʜʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʚʫʢʦʚʦʝ 

ʜʘʚʣʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʢʦʣʝʙʘʥʠʡ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʤʝʪʦʜʦʚ ʦʪʥʦʩʠʪʩʷ 

ʥʠʟʢʘʷ ʪʦʯʥʦʩʪʴ ʢʦʥʪʨʦʣʷ, ʩʣʦʞʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʳʧʦʣʥʷʝʤʳʭ ʠʟʤʝʨʝʥʠʡ. 
ʆʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʄʝʪʦʜ ʣʘʟʝʨʥʦʡ ʜʠʬʨʘʢʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʥʝ 

ʩʘʤʠ ʯʘʩʪʠʮʳ, ʘ ʨʘʩʩʝʷʥʥʳʡ ʩʚʝʪ ʦʪ ʵʪʠʭ ʯʘʩʪʠʮ (ʠʣʠ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʢʘ) ʠ ʫʛʦʣ ʨʘʩʩʝʷʥʠʷ 

ʩʚʝʪʘ ʫʥʠʚʝʨʩʘʣʴʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʨʘʟʤʝʨʫ ʯʘʩʪʠʮ [11]. ʀʟʫʯʝʥʠʝʤ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʦʧ-

ʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʟʘʥʠʤʘʣʠʩʴ ʘʚʪʦʨʳ ʨʘʙʦʪ [3, 5, 11, 20, 55, 56]. ʉʦʚʨʝʤʝʥʥʳʝ ʣʘʟʝʨʥʳʝ ʘʥʘʣʠʟʘ-
ʪʦʨʳ [57ï60] ʨʦʩʩʠʡʩʢʦʛʦ ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʘʙʦʪʘʶʪ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʠ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ. ʆʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʝʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ 

ʜʣʷ ʨʫʪʠʥʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ [11]. 
ʄʝʪʦʜʳ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʟʘʥʠʤʘ-

ʣʠʩʴ ʘʚʪʦʨʳ ʨʘʙʦʪ [5, 40, 41, 61, 62]. ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʠʭ ʩʧʦʩʦʙʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ ʠʭ ʨʝʘʣʠʟʘ-

ʮʠʠ ʪʨʝʙʫʝʪʩʷ ʩʣʦʞʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʘʷ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʧʨʦʜʫʚʘʝʤʦʛʦ 

ʚʦʟʜʫʭʘ, ʪʘʢ ʠ ʦʙʨʘʟʫʶʱʝʡʩʷ ʛʘʟʦʚʟʚʝʩʠ [49]. 

ɺʳʚʦʜʳ 

ʆʩʥʦʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʛʨʘʥʫʣʦʤʝʪʨʠʠ ï ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʣʘʟʝʨʥʳʭ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʳʭ ʩʯʝʪʯʠʢʦʚ ʯʘʩʪʠʮ. ʅʝʩʤʦʪʨʷ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ, 
ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʷʝʤʳʭ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ, ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʴ ʘʥʘʣʠʟʘ, ʣʘʟʝʨʥʳʝ ʩʯʝʪʯʠ-

ʢʠ ʥʝ ʣʠʰʝʥʳ ʥʝʜʦʩʪʘʪʢʦʚ, ʧʨʠʩʫʱʠʭ ʣʶʙʳʤ ʢʦʩʚʝʥʥʳʤ ʤʝʪʦʜʘʤ ʠʟʤʝʨʝʥʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʤ-

ʧʦʨʪʥʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʧʨʠʙʦʨʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʥʦʚʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ, ʦʩʥʘʱʝʥʥʳʝ 
ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘʤʠ ʠʣʠ ʧʝʨʩʦʥʘʣʴʥʳʤʠ ʢʦʤʧʴʶʪʝʨʘʤʠ, ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʠʟʚʦʜʩʪʚ ʥʝ ʜʦʩ-

ʪʫʧʥʳ ʧʦ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ [6]. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʫʩʪʦʡʯʠʚʳʡ ʠʥʪʝʨʝʩ ʢ ʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʪʦʚʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ. 



ǳȀȌȍǻȚ ǽȌȀȋȉȌȌȃȄȌȅǻȚ ȈǻȎȒȈȉ-ȊȋǻȅȍȃȒȀȌȅǻȚ ȅȉȈȏȀȋȀȈȑȃȚ 
 

119 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʢʨʫʧʥʦʩʪʠ ʯʘʩʪʠʮ ʧʨʦʙʳ ʦʪʣʠʯʘʶʪʩʷ ʚʳ-
ʩʦʢʦʡ ʪʨʫʜʦʝʤʢʦʩʪʴʶ, ʥʠʟʢʦʡ ʵʢʩʧʨʝʩʩʥʦʩʪʴʶ ʠʣʠ ʚʳʩʦʢʦʡ  ʩʪʦʠʤʦʩʪʴʶ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʜʥʠʤ 

ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʢʦʥʪʨʦʣʷ ʢʨʫʧʥʦʩʪʠ ʯʘʩʪʠʮ ʧʨʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʝ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʞʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʦʧʝʨʘʪʦʨʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʜʝʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʞʥʳʝ 
ʨʝʮʝʧʪʦʨʳ ʯʝʣʦʚʝʢʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʨʫʧʥʦʩʪʠ ʯʘʩʪʠʮ ʧʨʦʙʳ ʥʝ ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ. ʅʘʧʨʠʤʝʨ, ʧʨʦ-

ʬʝʩʩʦʨ ɺ.ɻ. ɸʛʝʝʥʢʦʚ ʚ 1932 ʛ. [63, ʩ. 8] ʧʠʩʘʣ: çʕʪʫ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʣʘʙʦʨʘʪʦʨʥʫʶ ʧʨʦʙʫ ʠʟ-

ʤʝʣʴʯʘʶʪ ʜʦ 100 ʦʪʚʝʨʩʪʠʡ ʚ 1 ʣʠʥ. ʜʶʡʤʝ ʠ ʧʦʩʣʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʦʪʙʠʨʘʶʪ ʠʟ ʥʝʝ ʤʝʪʦʜʦʤ 
çʟʘʯʝʨʧʳʚʘʥʠʷè ʥʝʙʦʣʴʰʫʶ ʧʦʨʮʠʶ 5ï10 ʛ, ʢʦʪʦʨʫʶ ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʪʠʨʘʶʪ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ 

ʜʦ ʩʦʩʪʦʷʥʠʷ ʪʦʥʢʦʛʦ ʧʦʨʦʰʢʘ, ʚ ʢʦʪʦʨʦʤ ʥʝ ʜʦʣʞʥʳ ʦʱʫʱʘʪʴʩʷ ʧʝʩʯʠʥʢʠè. ʆʜʥʘʢʦ ʵʪʘ ʠʜʝʷ ʥʝ 

ʧʦʣʫʯʠʣʘ ʜʦʣʞʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʥʝ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʤʝʪʦʜʠʢʫ ʢʦʥʪʨʦʣʷ ʢʨʫʧʥʦʩʪʠ ʯʘʩʪʠʮ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʨʦʙʳ. 
ɿʘʜʘʯʠ  ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ ʚʳ-

ʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ: 1) ʧʦʚʳʩʠʪʴ ʵʢʩʧʨʝʩʩʥʦʩʪʴ ʩʠʪʦʚʦʛʦ 

ʘʥʘʣʠʟʘ ʧʫʪʝʤ ʫʤʝʥʴʰʝʥʠʷ ʤʘʩʩʳ ʥʘʚʝʩʢʠ; 2) ʨʘʟʨʘʙʦʪʘʪʴ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ 
ʢʨʫʧʥʦʩʪʠ ʯʘʩʪʠʮ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʨʦʙʳ. 
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ASSESSMENT OF THE POSSIBILITIES FOR MULTIMETERS HOUSEHO LD USE  

TO MEASURE THE PROTECTIVE POTENTIAL OF SHIPS STEEL HULLS  

 
The possibility to use household multimeters for measuring the protective potential of ships steel hulls is proved. 

Using household multimeters eliminates the purchase and delivery of mill voltmeters due to the normative documents. 
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Key words: vessel steel hull corrosion, electrochemical protection of vessel hull from corrosion, protection, 
vessel hull protection potential measurement, multimeter. 

 

 

ʉʦʛʣʘʩʥʦ ʅɼ [1] ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʥʦʩʥʦʛʦ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨʘ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʵʣʝʢʪʨʦʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ: ʎ-434, ʎ-4312, ʎ-4313, ʎ-4340, 
ʎ4315, ʎ-4353, ʄ-1109. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʧʨʠʙʦʨʦʚ ʥʘ ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʭ ʩʫʜʘʭ ʂʘʤ-

ʯʘʪʩʢʦʛʦ ʢʨʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʩʚʦʙʦʜʥʦʡ ʧʨʦʜʘʞʝ ʠ ʠʭ 

ʩʪʦʠʤʦʩʪʴ ʩ ʫʯʝʪʦʤ ʜʦʩʪʘʚʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʠʙʦʨʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 
ʩʚʦʙʦʜʥʦʡ ʧʨʦʜʘʞʝ. 

ʉʦʛʣʘʩʥʦ ʅɼ [2] ʩʠʩʪʝʤʳ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ çʧʝʨʝʥʦʩʥʦʡ ʤʠʣʣʠ-

ʚʦʣʴʪʤʝʪʨʦʤ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʧʫʩʘ ʟʘʱʠʱʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʩ ʚʭʦʜʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 
ʥʝ ʤʝʥʝʝ 20 ʢʆʤ ʥʘ ɺʦʣʴʪ, ʢʣʘʩʩʘ ʪʦʯʥʦʩʪʠ ʥʝ ʥʠʞʝ 2,5 ʧʦ ɻʆʉʊ 10374-82 ʠ ɻʆʉʊ 8711-78è.  

ʊʘʢ ʢʘʢ ʅɼ [2] ʥʝ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ ʞʝʩʪʢʦ ʪʠʧ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨʘ, ʪʦ ʩʣʝʜʫʝʪ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʩʪʫʧʥʳʭ ʠ ʜʝʰʝʚʳʭ ʤʫʣʴʪʠʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʂʅʈ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʟʘ-

ʱʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʪʘʣʴʥʳʭ ʢʦʨʧʫʩʦʚ ʢʦʨʘʙʣʝʡ ʠ ʩʫʜʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʰʝʚʳʭ ʤʫʣʴʪʠʤʝʪ-
ʨʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʚʦʙʦʜʥʦʡ ʧʨʦʜʘʞʝ, ʧʦʟʚʦʣʠʪ ʵʢʠʧʘʞʘʤ ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʭ ʩʫʜʦʚ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ. ʆʜʥʘʢʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʧʨʠʙʦʨʦʚ ʥʘ ʩʫʜʘʭ ʥʝʦʙʭʦʜʠʤʦ ʦʙʦʩʥʦʚʘʪʴ. 
ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʣʝʜʫʶʱʠʡ ʵʢʩʧʝʨʠʤʝʥʪ. ɺ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʜʥʷ ʟʘʤʝʨʷʣʠ ʟʘʱʠʪʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʫʜʥʘ çɺʘʩʠʣʠʡ ɿʘʚʦʡʢʦè ʚ ʨʘʡʦʥʝ ʢʦʨʤʳ, ʚ ʪʦʯʢʝ ˉ 5. ʀʟʤʝʨʝʥʠʷ ʧʨʦ-

ʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ [3] ʧʦʦʯʝʨʝʜʥʦ ʧʨʠ ʧʦʤʦʱʠ ʯʝʪʳʨʝʭ ʪʠʧʦʚ ʙʳʪʦʚʳʭ ʤʫʣʴʪʠʤʝʪʨʦʚ (UT203, 
MAS830L , M832, DT830B) ʠ ʧʝʨʝʥʦʩʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʥʘʯʘʣʘ ʭʣʦʨʩʝʨʝʙʨʷʥʳʡ ʵʣʝʢʪʨʦʜ (ʍʉʕ) ʤʘʨʢʠ ʕʉʆ-01, ʘ ʟʘʪʝʤ ʛʨʘʬʠʪʦʚʳʡ ʵʣʝʢ-

ʪʨʦʜ. ɺʩʝ ʧʝʨʝʥʦʩʥʳʝ ʤʫʣʴʪʠʤʝʪʨʳ ʙʳʣʠ ʧʨʠʦʙʨʝʪʝʥʳ ʚ ʤʘʛʘʟʠʥʘʭ ʵʣʝʢʪʨʦʪʦʚʘʨʦʚ. ʉ ʧʦʤʦʱʴʶ 

ʢʘʞʜʦʛʦ ʤʫʣʴʪʠʤʝʪʨʘ ʚʳʧʦʣʥʠʣʠ ʧʦ 30 ʠʟʤʝʨʝʥʠʡ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʧʫʩʘ ʩʫʜʥʘ  ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
ʛʨʘʬʠʪʦʚʦʛʦ ʠ ʭʣʦʨʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʦʚ. ʀʟʤʝʨʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʧʫʩʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʩʪʦʷ-

ʥʦʯʥʦʤ ʨʝʞʠʤʝ ʩʫʜʥʘ ʚ ɸʚʘʯʠʥʩʢʦʡ ʛʫʙʝ, ʭʦʨʦʰʝʡ ʧʦʛʦʜʝ ʠ ʤʠʥʠʤʘʣʴʥʦʤ ʚʦʣʥʝʥʠʠ ʤʦʨʷ. ɼʣʷ 

ʢʘʞʜʦʡ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʯʝʪʳʨʝʭ ʚʳʙʦʨʦʢ (ʩʝʨʠʡ) ʠʟʤʝʨʝʥʠʡ ʨʘʩʩʯʠʪʘʣʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʝʟʫʣʴ-
ʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ, ʚʳʙʦʨʦʯʥʫʶ ʜʠʩʧʝʨʩʠʶ, ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ [4] ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ.  
ʊʘʙʣʠʮʘ 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʟʘʱʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʧʫʩʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʫʜʥʘ çɺʘʩʠʣʠʡ ɿʘʚʦʡʢʦè  

ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʝ ˉ 5, ʚʳʧʦʣʥʝʥʥʳʭ  ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʤʫʣʴʪʠʤʝʪʨʦʚ ʠ ʵʣʝʢʪʨʦʜʦʚ ʩʨʘʚʥʝʥʠʷ 

ˉ ʠʟʤʝ-
ʨʝʥʠʷ 

ɿʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ, ʤɺ, ʧʦʣʫʯʝʥʥʦʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʫʣʴʪʠʤʝʪʨʘ ˉ 

ʊʠʧʳ ʤʫʣʴʪʠʤʝʪʨʦʚ 

1 
(UT203) 

2 
(MAS830L) 

3 
(M832) 

4 
(DT830B) 

1 
(UT203) 

2 
(MAS830L) 

3 
(M832) 

4(DT830B) 

ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʭʣʦʨʩʝʨʝʙʨʷʥʳʡ ʵʣʝʢʪʨʦʜ ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʛʨʘʬʠʪʦʚʳʡ ʵʣʝʢʪʨʦʜ 

1 610 602 603 600 482 471 473 469 

2 610 601 603 600 482 471 473 469 

3 610 602 604 600 482 471 474 469 

4 611 602 604 601 482 471 474 469 

5 610 602 604 601 482 472 474 469 

6 610 602 604 600 482 472 474 470 

7 609 602 603 600 482 471 473 470 

8 610 602 603 600 482 472 474 469 

9 610 602 603 600 482 472 474 469 

10 610 602 603 600 482 472 474 469 

11 610 602 604 600 482 472 474 469 

12 610 602 603 601 482 472 474 470 

13 610 602 603 600 482 472 474 470 

14 610 602 604 600 482 472 474 470 

15 610 602 603 600 482 473 473 469 

16 610 601 603 600 482 473 473 469 

17 610 602 603 600 482 472 474 469 

18 609 602 602 600 482 472 474 469 

19 610 602 603 601 482 472 474 469 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 
 

ˉ ʠʟʤʝʨʝ-
ʥʠʷ 

ɿʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ, ʤɺ, ʧʦʣʫʯʝʥʥʦʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʫʣʴʪʠʤʝʪʨʘ ˉ 

ʊʠʧʳ ʤʫʣʴʪʠʤʝʪʨʦʚ 

1 
(UT203) 

2 
(MAS830L) 

3 
(M832) 

4 (DT830B) 
1 

(UT203) 
2 

(MAS830L) 
3 

(M832) 
4(DT830B) 

ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʭʣʦʨʩʝʨʝʙʨʷʥʳʡ ʵʣʝʢʪʨʦʜ ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʛʨʘʬʠʪʦʚʳʡ ʵʣʝʢʪʨʦʜ 

20 610 602 603 601 482 472 474 469 

21 610 602 603 600 482 472 474 470 

22 610 602 603 600 482 472 474 470 

23 611 602 603 600 483 472 474 470 

24 610 602 603 600 483 472 473 470 

25 610 602 603 601 482 472 474 470 

26 610 602 604 601 482 472 474 470 

27 610 602 603 601 482 472 474 469 

28 610 601 603 601 482 472 474 469 

29 610 602 603 601 482 472 474 469 

30 610 602 603 601 482 472 474 470 

ʉʨʝʜʥʝʝ Sʩʨ 610 601,91 603,27 600,34 482 471,81 473,83 469,42 

ʉʪʘʥʜ. 
ʆʪʢʣ S 

0,37 0,36 0,48 0,49 0,25 0,68 0,5 0,5 

ɼʠʩʧʝʨʩʠʷ 
S2 

0,14 0,13 0,23 0,24 0,06 0,46 0,25 0,25 

ʂ. ʚʘʨʠʘ-

ʮʠʠ V 
0,06 0,06 0,08 0,08 0,05 0,14 0,1 0,1 

 

ɺʳʧʦʣʥʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʣʶʙʦʡ ʠʟ ʠʩʧʳʪʫʝʤʳʭ ʥʘʤʠ ʤʫʣʴʪʠʤʝʪʨʦʚ ʤʦ-

ʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘʱʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʪʘʣʴʥʳʭ ʢʦʨʧʫʩʦʚ ʢʦʨʘʙʣʝʡ ʠ ʩʫʜʦʚ. 
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DEVELOPMENT OF AUTONOMOUS LOW POWER PLANT  
 

These materials contain theoretical justification of mobile hydroelectric power stations application for power 

supply of the remote regions in Kamchatsky Krai. Authors developed the scheme and approximate appearance of 

the device. 

Also there are arguments supporting the developed scheme in comparison with the existing analogs. 

 

Key words: power plant, electric power resource, mechanical connection, diesel fuel. 

 
 

ʇʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʦʪʜʘʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʷʚʣʷʝʪʩʷ ʦʙʱʝʠʟʚʝʩʪʥʳʤ 

ʬʘʢʪʦʤ. ʅʝʜʦʩʪʫʧʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʨʘʡʦʥʦʚ ʟʘʪʨʫʜʥʷʝʪ ʧʝʨʝʜʘʯʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦ ʣʠ-

ʥʠʷʤ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ [1]. ʅʘʠʙʦʣʝʝ ʦʩʪʨʦ ʧʨʦʙʣʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʛʦʜʘ, ʢʦ-
ʛʜʘ ʧʦʩʪʫʧʣʝʥʠʝ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʟʘʪʨʫʜʥʝʥʦ. ʂʨʦʤʝ ʢʨʫʛʣʦʛʦʜʠʯʥʳʭ ʥʫʞʜ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʦʚ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʨʝʙʫʝʪʩʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ  

ʯʘʩʪʥʳʝ ʨʳʙʦʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʟʘʚʦʜʳ, ʨʳʙʦʣʦʚʝʮʢʠʝ ʩʪʘʥʳ, ʨʫʜʦʜʦʙʳʚʘʶʱʠʝ ʦʙʲʝʢʪʳ, ʚʨʝ-
ʤʝʥʥʳʝ ʥʘʫʯʥʳʝ ʙʘʟʳ. 

ʈʝʰʝʥʠʝʤ ʩʣʦʞʠʚʰʝʡʩʷ ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 1, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʧʨʠʚʦʜʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʇʄ, ʛʝʥʝʨʘʪʦʨʘ G, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ, ʨʝ-
ʛʫʣʷʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʈʅ, ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ɸɹ, ʧʠʪʘʶʱʠʭ ʧʨʦʚʦʜʦʚ [2]. ʈʘʙʦʪʘ ʩʭʝʤʳ: 

ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚʝʪʨʘ ʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʪʝʯʝʥʠʷ ʨʝʢʠ ʣʦʧʘʩʪʠ ʧʨʠʚʦʜʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʜʘ-

ʶʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʥʘ ʨʦʪʦʨ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ. ɻʝʥʝʨʘʪʦʨ ʧʦʣʫʯʘʝʪ ʧʠʪʘʥʠʝ ʠ ʥʘ-

ʯʠʥʘʝʪ ʨʘʙʦʪʘʪʴ. ʇʨʠʚʦʜʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʥʝʙʦʣʴʰʘʷ ʪʫʨʙʠʥʘ ʠʣʠ ʣʦʧʘʩʪʠ, ʧʝ-
ʨʝʜʘʶʱʠʝ ʵʥʝʨʛʠʶ ʥʘ ʨʦʪʦʨ ʛʝʥʝʨʘʪʦʨʘ (ʨʠʩ. 2). 

 

 

ʈʠʩ. 1. ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ 
ʈʠʩ. 2. ɺʥʝʰʥʠʡ ʚʠʜ ʨʦʪʦʨʘ ʛʝʥʝʨʘ-
ʪʦʨʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʘʰʠʥʘ ʜʘʝʪ ʥʘʧʨʷʞʝʥʠʝ 
12 ɺʦʣʴʪ ʠ ʪʦʢ 1,5 ɸʤʧʝʨ, ʯʪʦ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʟʘʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ, ʢʨʦʤʝ ʪʦ-

ʛʦ ʧʦʩʪʦʷʥʩʪʚʦ ʟʘʨʷʜʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʨʝʛʫʣʷʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʷ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʯʝʨʝʟ ʚʳ-

ʧʨʷʤʠʪʝʣʴ ʠ ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʷʞʝʥʠʷ ʧʦʩʪʫʧʘʝʪ ʥʘ ʘʢʢʫʤʫʣʷʪʦʨ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʵʣʝʢʪʨʦ-
ʩʥʘʙʞʝʥʠʠ ʚ ʚʝʯʝʨʥʝʝ ʚʨʝʤʷ ʩʫʪʦʢ ʘʢʢʫʤʫʣʷʪʦʨ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʨʘʙʦʪʝ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʨʷʞʘʷʩʴ 

ʦʪ ʛʝʥʝʨʘʪʦʨʘ. ʇʦʣʫʯʘʝʤʦʡ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʧʦʣʥʝ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʥʝʙʦʣʴʰʦʛʦ ʫʯʘʩʪʢʘ ʚ ʚʝʯʝʨʥʝʝ ʚʨʝʤʷ ʩʫʪʦʢ. ɺʦ ʚʨʝʤʷ ʧʠʢʦʚʳʭ 

ʥʘʛʨʫʟʦʢ ʚʦʟʤʦʞʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʨʘʙʦʪʘ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ. 
ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʦʪʜʘʣʝʥʥʦʩʪʠ ʦʙʲʝʢʪʦʚ. ʇʨʦʝʢʪ ʤʦʞʝʪ ʥʘʡʪʠ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ (ʵʪʦ ʵʣʝʢʪʨʠʬʠʢʘʮʠʷ ʬʝʨʤ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʨʘʩʪʝʪ), ʚ ʨʳʙʥʦʤ ʭʦʟʷʡʩʪʚʝ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʥʘʰʝʛʦ ʨʝʛʠʦʥʘ (ʨʝʯʥʳʝ ʨʳʙʥʳʝ ʟʘʚʦʜʳ, ʨʳ-
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ʙʦʣʦʚʝʮʢʠʝ ʩʪʘʥʳ), ʛʦʨʥʦʜʦʙʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʚʩʝ ʵʪʠ ʦʪʨʘʩʣʠ ʦʙʲʝʜʠʥʝʥʳ ʥʘʣʠʯʠʝʤ 
ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʤʝʩʪ ʜʣʷ ʞʠʟʥʠ ʠ ʨʘʙʦʪʳ  ʧʝʨʩʦʥʘʣʘ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʦʪʜʘʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʜʠʟʝʣʴ ʠ ʛʘʟʦ-

ʛʝʥʝʨʘʪʦʨʳ. ʆʥʠ ʠʤʝʶʪ ʤʥʦʞʝʩʪʚʦ ʥʝʜʦʩʪʘʪʢʦʚ, ʛʣʘʚʥʳʡ ʠʟ ʢʦʪʦʨʳʭ  ï ʵʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʦ-
ʩʪʘʚʣʷʝʤʦʛʦ ʪʦʧʣʠʚʘ. 
ɽʱʝ ʦʜʥʠʤ ʘʢʪʫʘʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʷʚʣʷʶʪʩʷ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʥʝʙʦʣʴ-

ʰʠʤʠ ʯʘʩʪʥʳʤʠ ʬʠʨʤʘʤʠ, ʥʦ ʦʥʠ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʈʦʩʩʠʠ, ʩʘʤʳʝ ʙʣʠʟʢʠʝ ʧʦʩʪʘʚʱʠʢʠ ï ʧʨʝʜʧʨʠ-
ʷʪʠʷ ʂʠʪʘʷ ʠ ʋʢʨʘʠʥʳ.  
ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʘʥʘʣʦʛʘʤʠ: 

- ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʤʦʙʠʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ; 

- ʦʪʩʫʪʩʪʚʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʘʰʠʥ ʦʧʨʝʜʝʣʷʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ 
ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʙʠʣʴʥʦʡ ʩʠʩʪʝʤʳ; 

- ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʦʩʪʘʚʣʷʝʤʦʛʦ ʪʦʧʣʠʚʘ. 
ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʥʝʠʩʯʝʨʧʘʝʤʳʡ ʨʝʩʫʨʩ ʵʥʝʨʛʠʠ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʩʠʩ-

ʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʘʚʪʦʥʦʤʥʦ ʦʪ ʦʜʥʦʡ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠʣʠ 
ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʛʠʜʨʦ- ʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ. 
ɺ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʢʫʧʘʪʝʣʝʡ ʤʦʛʫʪ ʚʳʩʪʫʧʠʪʴ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʦʨʝʥʥʳʭ  ʥʘʨʦʜʦʚ  

ʧʦʣʫʦʩʪʨʦʚʘ, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʪʫʨʠʩʪʠʯʝʩʢʦʛʦ ʙʠʟʥʝʩʘ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʳʙʥʦʡ 
ʦʪʨʘʩʣʠ ʨʝʛʠʦʥʘ. 
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʣʠʥʠʥʛʨʘʜ-
ʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʦʚʦʜʠʪʩʷ ʦʙʱʝʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʩʫʰʠ. ʇʦ ʜʘʥ-

ʥʳʤ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ ʥʘ ʩʦʩʪʘʚ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʢʦʤʤʫʥʘʣʴʥʦ-ʙʳʪʦʚʳʭ ʩʪʦʢʦʚ.  

ʇʨʝʚʳʰʝʥʠʝ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʦʙʲʷʩʥʷʝʪʩʷ 

ʩʙʨʦʩʦʤ ʥʝʦʯʠʱʝʥʥʳʭ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʯʠʱʝʥʥʳʭ ʩʪʦʢʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʦʜʦʝʤʳ ʠ ʚʦʜʦ-

ʪʦʢʠ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʦʯʠʩʪʥʳʭ 
ʩʪʘʥʮʠʡ ʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʩʘʥʢʮʠʦ-

ʥʠʨʦʚʘʥʥʳʭ ʩʙʨʦʩʦʚ (ʨʠʩ. 1). 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʝʱʝʩʪʚ, 

ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʥʘ ʚʦʜʥʳʝ 
ʵʢʦʩʠʩʪʝʤʳ ʠ ʩʦʩʪʦʷʥʠʝ ʛʠʜʨʦʙʠʦʥʪʦʚ ʧʨʦ-

ʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʦʪʨʘʚʣʝʥʠʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟ-

ʤʦʚ, ʥʘʨʫʰʝʥʠʷ ʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚ-
ʥʦʩʪʠ, ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʠ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʛʠʙʝʣʠ [1]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʩʦ-

ʭʨʘʥʝʥʠʷ ʠ ʟʘʱʠʪʳ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʷʚʣʷʝʪ-
ʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʛʦ-

ʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠ-
ʪʠʷ ʩʪʨʘʥʳ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʥʝʛʘʪʠʚ-

ʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʨʝʛʫʣʷʨʥʦ ʢʦʥʪʨʦʣʠʨʦ-
ʚʘʪʴ ʠʭ ʩʦʩʪʦʷʥʠʝ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʦʮʠ-

ʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʵʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʜʦʨʦʛʦʚʠʟʥʳ ʩʪʘʥʜʘʨʪʥʳʭ 

ʤʝʪʦʜʦʚ ʦʪʩʣʝʞʠʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ.  

ʆʜʥʠʤ ʠʟ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʧʨʦʩʪʳʭ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʷʚʣʷʝʪ-
ʩʷ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʝ [2ï7]. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʩ ʢʦʥʮʘ XX ʚ. 

ʂʨʦʤʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʜʦʩʪʦʠʥʩʪʚ ʢ ʦʩʥʦʚʥʳʤ ʧʣʶʩʘʤ ʤʝʪʦʜʦʚ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʤʦʞʥʦ 
ʦʪʥʝʩʪʠ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ çʩʫʤʤʘʨʥʦʛʦ ʵʬʬʝʢʪʘè ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ [4]. 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʘʢʦʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʢʘʢ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦ-
ʣʫʯʠʣ ʚ ʩʪʨʘʥʘʭ ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʦʶʟʘ ʠ ʇʨʠʙʘʣʪʠʢʠ. 

ʇʦʢʘʟʘʪʝʣʝʥ ʧʨʠʤʝʨ ʌʨʘʥʮʠʠ, ʛʜʝ ʦʮʝʥʢʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʪʦʢʩʠʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʦʙʷʟʘʪʝʣʴʥʘ ʠ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ  çʉʠʩʪʝʤʦʡ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʨʝʩʥʳʭ ʚʦʜè.  

ʄʝʪʦʜʳ ʦʮʝʥʢʠ ʪʦʢʩʠʯʥʦʩʪʠ ʚʦʜ ʧʨʠʤʝʥʷʶʪ ʪʘʢʞʝ ʚ ɸʥʛʣʠʠ, ɸʚʩʪʨʠʠ, ʅʦʨʚʝʛʠʠ, ʐʚʝʡʮʘ-
ʨʠʠ, ɻʝʨʤʘʥʠʠ. 

ɼʣʷ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʛʠʜʨʦʙʠʦʥʪʳ ï ʚʦʜʦʨʦʩʣʠ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, 

ʨʳʙʳ, ʙʝʩʧʦʟʚʦʥʦʯʥʳʝ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʪʝʩʪ-ʦʙʲʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʜʘʬʥʠʠ 
(Daphnia magna, Daphnia ʨulex), ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ ʠʟ ʢʣʘʩʩʘ 

ʧʨʦʪʦʢʦʢʢʦʚʳʭ (ʩʮʝʥʝʜʝʩʤʫʩ Scenedesmus quadricauda, ʭʣʦʨʝʣʣʘ Chlorella sp.), ʧʷʪʴ-ʰʝʩʪʴ ʚʠʜʦʚ 

ʨʳʙ (ʛʫʧʧʠ, ʜʘʥʠʦ-ʨʝʨʠʦ, ʛʦʣʝʮ, ʛʦʣʴʷʥ) [5].  

ʊʝʩʪ-ʦʙʲʝʢʪʳ  ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʟʘʛʨʷʟʥʷʶʱʠʤ ʚʝʱʝʩʪʚʘʤ, ʧʦʵʪʦʤʫ 
ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʦʧʨʝʜʝʣʠʪʝʣʷʤʠ ʜʣʷ ʚʩʝʭ ʧʦʣʣʶʪʘʥʪʦʚ.  

ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʧʨʦʚʝʜʝʥʠʷ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠ ʦʜʥʦ-

ʨʦʜʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʢʫʣʴʪʫʨ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʨʦʭʦʜʷʪ ʧʦʚʝʨʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʩʦʜʝʨʞʘʪʩʷ ʚ 
ʩʧʝʮʠʘʣʴʥʳʭ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʝʦʙʭʦ-

ʜʠʤʫʶ ʩʭʦʜʠʤʦʩʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʪʦʢʩʠʢʘʥʪʘʤ [4]. 
ɺ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʢʣʠʢʘ ʪʝʩʪ-ʦʙʲʝʢʪʘ ʥʘ ʧʦʚʨʝʞʜʘʶʱʝʝ ʜʝʡʩʪʚʠʝ 

ʩʨʝʜʳ ʠʩʧʦʣʴʟʫʶʪ ʢʨʠʪʝʨʠʡ ʪʦʢʩʠʯʥʦʩʪʠ (toxicity criterion) ï ʪʝʩʪ-ʬʫʥʢʮʠʶ. ʉ ʧʦʤʦʱʴʶ 

ʦʪʚʝʪʥʳʭ ʨʝʘʢʮʠʡ ʦʨʛʘʥʠʟʤʦʚ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʦʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ. 

 
ʈʠʩ. 1. ʄʝʣʠʦʨʘʪʠʚʥʳʡ ʢʘʥʘʣ, ʟʘʛʨʷʟʥʝʥʥʳʡ ʩʪʦʢʘʤʠ,  

ʧʦʩʪʫʧʘʶʱʠʤʠ ʩ ʪʝʨʨʠʪʦʨʠʠ ʛʘʨʘʞʥʦʛʦ ʦʙʱʝʩʪʚʘ 

(ʛ. ɿʝʣʝʥʦʛʨʘʜʩʢ) 
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ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪ-ʦʙʲʝʢʪʦʚ ʚ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʘʣʴʪʝʨʥʘ-
ʪʠʚʥʳʝ ʦʨʛʘʥʠʟʤʳ, ʢʘʢ ʢʨʝʩʩ-ʩʘʣʘʪ (Lipidium sativum), ʨʷʩʢʘ ʤʘʣʘʷ (Lemna minor L.), ʵʣʦʜʝʷ ʢʘ-

ʥʘʜʩʢʘʷ (Elodea Canadensis), ʧʨʝʩʥʦʚʦʜʥʳʡ ʤʦʣʣʶʩʢ (Ampullaria gigas) ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʦʢʩʠʯʥʦ-

ʩʪʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʧʦʜʘʚʘʝʤʳʭ ʥʘ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩ ʮʝʣʴʶ 
ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʙʠʦ-

ʮʝʥʦʟʦʚ ʘʢʪʠʚʥʦʛʦ ʠʣʘ. ɺʩʝ ʵʪʠ ʪʝʩʪ-ʦʙʲʝʢʪʳ ʥʘʠʙʦʣʝʝ ʜʦʩ-

ʪʫʧʥʳ ʠ ʫʜʦʙʥʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 
ʊʝʩʪ-ʦʙʲʝʢʪ ʨʷʩʢʘ ʤʘʣʘʷ (Lemna minor L.) (ʨʠʩ. 2). 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʪʘʢʩʠʩʘ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʣʠʩʪʝʮʘʭ 

ʨʷʩʢʠ, ʦʮʝʥʠʚʘʝʤʘʷ ʧʦ ʠʟʤʝʥʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʭʣʦʨʦʧʣʘ-

ʩʪʦʚ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, 
ʢʦʪʦʨʳʡ ʛʦʚʦʨʠʪ ʦ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ. ʈʷʩʢʘ ʯʫʚʩʪʚʠʪʝʣʴ-

ʥʘ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʜʳ, ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚ ʥʝʡ ʜʦ 10 ʤʢʛ/ʤʣ 

ʠʦʥʦʚ ɺʘ, ʉʠ, ʄg, ʉʦ, Fe. ɼʣʷ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʥʫʞʥʦ ʥʘ-
ʣʠʪʴ ʚ ʝʤʢʦʩʪʠ ʧʦ 150 ʤʣ ʠʩʩʣʝʜʫʝʤʦʡ ʚʦʜʳ ʠ ʢʦʥʪʨʦʣʴ, 

ʟʘʪʝʤ ʚ ʢʘʞʜʫʶ ʝʤʢʦʩʪʴ ʧʦʤʝʱʘʶʪ ʧʦ ʧʷʪʴ ʨʘʩʪʝʥʠʡ. 

ʆʧʳʪ ʧʨʦʚʦʜʠʪʩʷ ʚ ʦʜʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 17ï20 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ ʩ ʦʜʠʥʘʢʦ-

ʚʳʤ ʦʩʚʝʱʝʥʠʝʤ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʣʘʤʧʘʤʠ. ʂʘʞʜʳʝ ʧʷʪʴ ʜʥʝʡ ʧʨʦʚʦʜʠʪʩʷ ʥʘʙʣʶʜʝʥʠʝ, ʠʟʤʝ-
ʨʷʶʪʩʷ ʜʣʠʥʘ ʢʦʨʥʝʡ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʣʦʧʘʩʪʝʡ, ʢʨʦʤʝ ʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʥʘʙʣʶʜʘʪʴ ʩʦʩʪʦʷʥʠʝ ʢʣʝ-

ʪʦʢ ʠ ʠʟʤʝʥʝʥʠʝ ʦʙʱʝʛʦ ʚʠʜʘ ʨʘʩʪʝʥʠʷ (ʧʦʙʫʨʝʥʠʝ, ʦʪʨʳʚ ʣʠʩʪʦʯʢʦʚ). ʇʦʩʣʝ 25 ʜʥʝʡ ʠʩʧʳʪʘʥʠʡ 

ʨʝʟʫʣʴʪʘʪʳ ʩʚʦʜʷʪʩʷ ʚ ʪʘʙʣʠʮʫ.  
ʊʝʩʪ-ʦʙʲʝʢʪ ʢʨʝʩʩ-ʩʘʣʘʪ (Lipidium sativum) (ʨʠʩ.3) ï ʦʜʥʦʣʝʪʥʝʝ ʨʘʩʪʝʥʠʝ ʩʝʤʝʡʩʪʚʘ ʢʨʝ-

ʩʪʦʮʚʝʪʥʳʭ. ɼʣʷ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʦʜʥʦʡ ʧʨʦʙʳ ʪʨʝʙʫʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʫʝʤʦʡ 

ʚʦʜʳ (50ï100 ʤʣ.) ʉʝʤʝʥʘ ʢʨʝʩʩ-ʩʘʣʘʪʘ  ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ 
ʠʟ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʨʘʟʣʠʯʥʳʤ ʧʦ ʩʚʦʝʤʫ ʩʦʩʪʘ-

ʚʫ ʟʘʛʨʷʟʥʝʥʠʷʤ ʠ ʫʜʦʙʥʳʤʠ ʚ ʨʘʙʦʪʝ. 

ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʟʫʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝ-

ʤʷʥ ʠ ʪʝʤʧʝ ʨʦʩʪʘ ʢʦʨʝʰʢʦʚ ʠ ʧʨʦʨʦʩʪʢʦʚ. ʂʨʝʩʩ-ʩʘʣʘʪ, ʚʳ-
ʨʘʱʝʥʥʳʡ ʚ ʯʘʰʢʘʭ ʇʝʪʨʠ, ʩʣʫʞʠʪ ʭʦʨʦʰʠʤ ʪʝʩʪʦʤ ʥʘ ʪʦʢ-

ʩʠʯʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʳ. ɹʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʪʝʩʪ-ʦʙʲʝʢʪʘ ʷʚʣʷʶʪʩʷ ʜʣʠʥʘ ʧʨʦʨʦʩʪʦʢ ʠ ʢʦʨʝʰʢʦʚ, ʦʙʱʝʝ 
ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʨʦʩʰʠʭ ʨʘʩʪʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴ-

ʥʳʤʠ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʪʩʷ ʚ ʯʘʰʢʘʭ ʇʝʪʨʠ. ɺ ʢʘʞʜʫʶ 

ʯʘʰʢʫ ʥʝʦʙʭʦʜʠʤʦ ʚʳʩʘʜʠʪʴ ʧʦ 25 ʩʝʤʷʥ ʥʘ ʦʜʠʥʘʢʦʚʦʤ 
ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʬʠʣʴʪʨʦʚʘʣʴʥʫʶ ʙʫʤʘʛʫ, ʩʤʦ-

ʯʝʥʥʫʶ 5 ʤʣ ʠʩʩʣʝʜʫʝʤʦʡ ʚʦʜʳ. ʆʧʳʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʨʝʭʢʨʘʪʥʦʤ ʧʦʚʪʦʨʝ. ʅʘ ʯʝʪʚʝʨʪʳʝ ʩʫʪʢʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʮʝʥʪ ʧʨʦʨʘʩʪʘʥʠʷ, ʜʣʠʥʫ ʢʦʨʝʰʢʦʚ ʠ ʧʨʦʨʦʩʪʢʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ. 
ʊʝʩʪ-ʦʙʲʝʢʪ ʵʣʦʜʝʷ ʢʘʥʘʜʩʢʘʷ (Elodea Canadensis) (ʨʠʩ. 4). ʕʣʦʜʝʷ ʢʘʥʘʜʩʢʘʷ (Elodea 

Canadensis) ï ʛʠʜʨʦʬʠʪ. ʉʧʦʩʦʙʥʦʩʪʴ ʚʳʩʰʠʭ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʥʘʢʘʧʣʠʚʘʪʴ ʚʝʱʝʩʪʚʘ ʚ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʬʦʥʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʟʘʬʠʢʩʠʨʦʚʘʥ-
ʥʳʝ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʦʙʫʩʣʦʚʠʣʘ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʩʠʩʪʝʤʝ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ɻʠʜʨʦʬʠʪʳ ʷʨʢʦ ʚʳʨʘʞʝʥʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʠʟʤʝʥʝʥʠʷ 

ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʛʠʜ-
ʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ: ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʦʟʨʘʯʥʦʩʪʠ, 

ʢʠʩʣʦʪʥʦʩʪʠ, ʩʦʣʝʚʦʛʦ ʠ ʜʨʫʛʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦ-

ʜʳ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʪʠʧʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʦʙʝʩ-
ʧʝʯʝʥʥʦʩʪʠ ʚʦʜʦʝʤʘ ʙʠʦʛʝʥʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʜʨʫʛʠʤ. 

ɼʣʷ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʵʣʦʜʝʝ ʢʘʥʘʜʩʢʦʡ (Elodea Canadensis) ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʪʴ ʚ ʝʤʢʦʩʪʠ 

ʨʘʩʪʚʦʨ ʠʟ ʚʦʜʦʝʤʘ ʧʦ 150 ʤʣ. ɿʘʪʝʤ ʚ ʢʘʞʜʳʡ ʨʘʩʪʚʦʨ ʧʦʤʝʱʘʝʪʩʷ ʧʦ ʧʷʪʴ ʚʝʪʦʯʝʢ ʵʣʦʜʝʠ, ʦʜʠ-
ʥʘʢʦʚʦʡ ʜʣʠʥʥʳ, ʩʘʤʳʝ ʚʝʨʭʫʰʝʯʥʳʝ. ʆʧʳʪ ʧʨʦʚʦʜʠʪʩʷ ʚ ʦʜʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

17ï20 ʛʨʘʜʫʩʦʚ ʧʨʠ ʣʶʤʠʥʝʩʮʝʥʪʥʦʤ ʦʩʚʝʱʝʥʠʠ. ʏʝʨʝʟ 5 ʜʥʝʡ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʠʪʴ ʜʣʠʥʫ ʚʝ-

ʪʦʯʝʢ, ʧʦʷʚʣʝʥʠʝ ʙʦʢʦʚʳʭ ʚʝʪʦʯʝʢ ʠ ʢʦʨʥʝʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʢʣʝʪʦʢ ʠ 

ʠʟʤʝʥʝʥʠʝ ʦʙʱʝʛʦ ʚʠʜʘ ʨʘʩʪʝʥʠʷ: ʧʦʙʫʨʝʥʠʝ, ʦʪʨʳʚ ʣʠʩʪʦʯʢʦʚ, ʨʘʟʨʫʰʝʥʠʝ ʚʝʪʦʯʢʠ. 

 
ʈʠʩ. 2. ɹʠʦʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʨʷʩʢʝ ʤʘʣʦʡ 

(Lemna minor L.) 

 

ʈʠʩ. 3. ɹʠʦʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʢʨʝʩʩ-ʩʘʣʘʪʝ 
(Lipidium sativum) 

 
ʈʠʩ. 4. ʕʣʦʜʝ̫  ʢʘʥʘʜʩʢʘ ̫ 

(Elodea Canadensis) 
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ʊʝʩʪ-ʦʙʲʝʢʪ ʧʨʝʩʥʦʚʦʜʥʳʝ ʤʦʣʣʶʩʢʠ-ʘʤʧʫʣʷʨʠʠ (Ampullaria gigas) (ʨʠʩ. 5). ʕʪʠ ʤʦʣʣʶ-
ʩʢʠ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʢʨʫʧʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʩʝʤʝʡʩʪʚʘ ʘʤʧʫʣʷʨʠʡ (Ampullaridae). 

ʉʪʨʦʝʥʠʝ ʵʪʠʭ ʫʣʠʪʦʢ ʧʨʠʩʧʦʩʦʙʣʝʥʦ ʢ ʟʝʤʥʦʚʦʜʥʦʤʫ ʦʙ-

ʨʘʟʫ ʞʠʟʥʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢ ʜʳʭʘʥʠʶ ʠ ʘʪʤʦʩʬʝʨʥʳʤ 
ʚʦʟʜʫʭʦʤ, ʠ ʨʘʩʪʚʦʨʝʥʥʳʤ ʚ ʚʦʜʝ ʢʠʩʣʦʨʦʜʦʤ. ɸʤʧʫʣʷʨʠʠ 

ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʤʝʪʘʙʦʣʠʟʤʘ, ʢʦʪʦʨʳʡ ʥʝ 

ʧʦʜʚʝʨʞʝʥ ʩʝʟʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʠ, ʩʣʝʜʦʚʘʪʝʣʥɹʦ, ʷʚʣʷ-
ʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ ʪʝʩʪ-ʦʨʛʘʥʠʟʤʘʤʠ ʜʣʷ ʵʢʩʧʨʝʩʩʥʦʡ 

ʦʮʝʥʢʠ ʪʦʢʩʠʯʥʦʩʪʠ ʚʦʜʳ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʛʦʜʘ. ʅʘʙʦʨ ʧʦ-

ʚʝʜʝʥʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʷʜ ʨʘʟʥʦʦʙʨʘʟʥʳʭ, 

ʥʦ ʚ ʪʦʞʝ ʚʨʝʤʷ ʜʦʩʪʘʪʦʯʥʦ ʩʪʝʨʝʦʪʠʧʥʳʭ ʧʦʚʝʜʝʥʯʝʩʢʠʭ 
ʨʝʘʢʮʠʡ. ʇʨʝʦʙʣʘʜʘʶʱʠʤ ʧʦʚʝʜʝʥʠʝʤ ʚ ʥʦʨʤʝ ʷʚʣʷʝʪʩʷ 

ʧʠʱʝʚʦʝ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʝ ʚ ʜʚʘ ʵʪʘʧʘ. ʇʝʨʚʳʡ ï ʤʦʣʣʶʩʢ 

ʣʦʢʘʣʠʟʫʝʪ ʠʩʪʦʯʥʠʢ ʧʠʱʠ ʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʢ ʥʝʤʫ, ʚʪʦʨʦʡ 
ï ʟʘʭʚʘʪ ʠ ʧʦʝʜʘʥʠʝ ʧʠʱʠ. ʇʠʱʝʚʦʝ ʧʦʚʝʜʝʥʠʝ ï ʩʣʦʞʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, 

ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʨʘʟʫ ʪʨʝʭ ʚʘʞʥʝʡʰʠʭ ʘʥʘʪʦʤʦ-

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ ï ʭʝʤʦʩʝʥʩʦʨʥʦʡ ʠ ʣʦʢʦʤʦʪʦʨʥʦʡ. ʇʨʠ ʘʥʘʣʠʟʝ ʠʟʤʝʥʝʥʠʷ 

ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʝʣʘʶʪ ʚʳʚʦʜʳ ʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʨʛʘʥʠʟʤʘ ʚ ʮʝʣʦʤ, ʘ ʟʥʘʯʠʪ, ʠ 
ʦʙ ʦʙʱʝʡ ʪʦʢʩʠʯʥʦʩʪʠ ʪʝʩʪʠʨʫʝʤʦʡ ʚʦʜʳ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʳʪʦʚ ʥʘ ʛʠʜʨʦʙʠʦʥʪʘʭ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʦʮʝʥʪ ʛʠʙʝʣʠ ʦʨʛʘʥʠʟʤʦʚ 

ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʥʦ ʠ ʦʪ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʦʨʛʘʥʠʟʤʦʚ, ʪʦ 
ʝʩʪʴ ʛʠʙʝʣʴ ʷʚʣʷʝʪʩʷ ʦʪʨʘʞʝʥʠʝʤ ʩʚʦʡʩʪʚ ʧʦʧʫʣʷʮʠʠ. ʀʥʦʛʜʘ ʫ ʨʘʟʥʳʭ ʛʠʜʨʦʙʠʦʥʪʦʚ ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʨʝʘʢʮʠʷ ʠʟʙʝʛʘʥʠʷ ʪʦʢʩʠʯʥʦʡ ʩʨʝʜʳ. ʅʘʧʨʠʤʝʨ, ʙʨʶʭʦʥʦʛʠʝ ʤʦʣʣʶʩʢʠ ʚʳʧʦʣʟʘʶʪ ʠʟ ʩʦʩʫ-

ʜʦʚ, ʘ ʪʘʢʞʝ ʚʳʣʝʟʘʶʪ ʥʘ ʠʭ ʩʪʝʥʢʠ. ʂ ʪʦʤʫ ʞʝ ʤʦʣʣʶʩʢʠ ʩʧʦʩʦʙʥʳ ʚʳʜʝʣʷʪʴ ʩʣʠʟʴ, ʯʪʦ ʧʦʚʳ-
ʰʘʝʪ ʠʭ ʪʦʢʩʠʢʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ. 

ʊʦʢʩʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʘʪʦʣʦʛʠʡ. 

ʀʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ, ʩʨʝʜʩʪʚʘʤʠ ʢʦʪʦ-
ʨʦʛʦ ʯʘʩʪʦ ʥʝ ʫʜʘʝʪʩʷ ʦʙʥʘʨʫʞʠʪʴ ʥʝʫʩʪʦʡʯʠʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʘ-

ʣʝʡʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʢʦʪʦʢʩʠʢʘʥʪʦʚ. ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚʳʧʦʣʥʝʥʥʳʡ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʝ ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʷ ʪʦʢʩʠʢʘʥʪʦʚ, ʪʦʛʜʘ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 
ʪʝʩʪ-ʦʙʲʝʢʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʨʝʜʝ. ɹʠʦʪʝʩʪʠʨʦʚʘʥʠʝ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʠ ʜʦʩʪʫʧʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʮʝʥʢʠ ʪʦʢʩʠʯʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ 

ʚʝʩʴʤʘ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʩʢʨʠʥʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 
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The experience of natural biological treatment facilities application as the plateau in different countries was 

represented. The possibility of using such facilities in Kaliningrad region was assessed. 
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ɼʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʦʦʨʫʞʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʙʠʦʣʦʛʠʯʝ-

ʩʢʦʡ ʦʯʠʩʪʢʠ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʘʙʠʣʴʥʫʶ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ, ʤʦʛʫʪ ʧʨʠʤʝ-
ʥʷʪʴʩʷ ʚ ʣʶʙʳʭ ʫʩʣʦʚʠʷʭ, ʥʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʚʳʛʦʜʥʳʤ, ʪʘʢ ʢʘʢ ʵʪʠ ʩʦʦʨʫ-

ʞʝʥʠʷ ʪʨʝʙʫʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ ʜʣʷ ʚʦʟʚʝʜʝʥʠʷ ʩʦʦʨʫʞʝʥʠʡ ʠ 

ʧʦʪʨʝʙʣʷʶʪ ʤʥʦʛʦ ʵʥʝʨʛʠʠ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʝʩʪʝʩʪʚʝʥʥʫʶ ʙʠʦʣʦʛʠʯʝ-

ʩʢʫʶ ʦʯʠʩʪʢʫ ʩʪʦʯʥʳʭ ʚʦʜ. ɽʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʦ ʦʯʠʱʝʥʥʫʶ ʚʦʜʫ,  
ʘ ʪʘʢʞʝ ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʜʘʣʝʥʠʷ ʪʘʢʠʭ ʙʠʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʘʟʦʪ ʠ ʬʦʩʬʦʨ; ʥʝʙʦʣʴʰʠʝ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ;  

ʩ ʵʩʪʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ï ʙʦʣʝʝ ʧʨʠʷʪʥʳʡ ʚʥʝʰʥʠʡ ʚʠʜ [1]. 
ʊʘʢʠʝ ʠʥʞʝʥʝʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʘʢ ʙʠʦʧʣʘʪʦ, ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʛʨʝʩʩʠʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʩʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʚʩʝʤ ʤʠʨʝ. ɹʠʦʧʣʘʪʦ ï 

ʵʪʦ ʤʝʪʦʜ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʩʘʤʦʦʯʠʱʝʥʠʷ ʚʦʜʦʝʤʦʚ ʩ 

ʚʳʩʰʝʡ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ. ʕʪʦ ʧʨʫʜ ʠʣʠ ʨʫʯʝʡ, ʧʦʣʥʦʩʪʴʶ ʟʘʩʘʞʝʥʥʳʡ 
ʚʦʜʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ, ʥʘʭʦʜʷʱʠʡʩʷ ʧʝʨʝʜ ʜʨʫʛʠʤ ʚʦʜʦʝʤʦʤ ʠʣʠ ʚʦʜʦʪʦʢʦʤ. ʊʘʢʦʡ ʤʝʪʦʜ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʩʪʨʘʥʘʭ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ, ʉʐɸ, ʂʘʥʘʜʝ, ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ, ʗʧʦʥʠʠ, ʂʠʪʘʝ, ʋʢʨʘʠ-

ʥʝ. ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʙʠʦʧʣʘʪʦ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ Constructed wetland (ʚʦʜʥʦ-ʙʦʣʦʪʥʳʝ ʫʛʦʜʴʷ). 
ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ, ʛʜʝ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʫʞʝ ʧʨʠʤʝʨʥʦ 50 ʣʝʪ, ʨʘʟʨʘʙʦʪʯʠ-

ʢʠ ʜʘʶʪ ʛʘʨʘʥʪʠʶ ʥʘ ʨʘʙʦʪʫ ʵʪʠʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʜʦ 100 ʣʝʪ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ɻʝʨʤʘʥʠʠ 

ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʭʦʜʠʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 300 ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ, ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ï ʙʦʣʝʝ 50,  
ʚ ɼʘʥʠʠ ï ʙʦʣʝʝ 150, ʚ ʂʘʥʘʜʝ ï 67. ɺ ʮʝʣʦʤ ʚ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ ʥʘʭʦʜʠʪʩʷ ʦʢʦʣʦ 1000 ʩʠʩʪʝʤ 

ʙʠʦʧʣʘʪʦ. ɽ ʝɦ ʚ 1996 ʛ. ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʘʭ ʚ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ ʙʳʣʠ ʚʚʝʜʝʥʳ ʩʠʩʪʝʤʳ ʦʯʠʩʪ-

ʢʠ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʜʝʣʴʥʳʤʠ ʙʠʦʧʣʘʪʦ ʦʢʦʣʦ 200 ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

176 ʠʟ ʥʠʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʯʠʩʪʢʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ, ʜʝʚʷʪʴ ï ʜʣʷ ʦʯʠʩʪʢʠ 
ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ, ʰʝʩʪʴ ï ʜʣʷ ʦʯʠʩʪʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʪʦʢʦʚ, ʘ ʩʝʤʴ ï ʯʪʦʙʳ 

ʦʯʠʩʪʠʪʴ ʜʦʞʜʝʚʫʶ ʚʦʜʫ. 
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ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʧʣʘʪʦ ʩʦʟʜʘʝʪʩʷ ʢʘʢ ʧʦʣʥʦʮʝʥʥʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ ʦʯʠʱʝʥʠʷ ʩʪʦʯ-
ʥʳʭ ʚʦʜ, ʧʦ ʧʨʠʥʮʠʧʫ ʩʦʟʜʘʥʠʷ ʧʦʭʦʞʘ ʥʘ ʙʠʦʧʨʫʜʳ. ʉʦʦʨʫʞʝʥʠʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʢʘʩʢʘʜʦʤ, ʦʨ-

ʛʘʥʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʙʷʟʘʪʝʣʴʥʳʡ ʪʱʘʪʝʣʴʥʳʡ ʫʯʝʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʧʨʝʜʩʪʦʷʱʝʛʦ ʧʨʦʮʝʩʩʘ ʦʯʠʱʝʥʠʷ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪ-
ʚʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʯʠʱʝʥʥʳʭ ʚʦʜ ʠ ʠʭ ʦʙʲʝʤʘ. ʅʘʛʨʫʟʢʘ ʥʘ ʩʦʦʨʫʞʝʥʠʝ ʧʨʠ ʵʪʦʤ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 

1 ʜʦ 4 ʤ
3
 ʦʯʠʱʘʝʤʳʭ ʚʦʜ ʥʘ 1 ʤ

2
 ʧʣʦʱʘʜʠ ʚ ʩʫʪʢʠ.  

ʉʦʦʨʫʞʝʥʠʝ ʙʠʦʧʣʘʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: ʩʝʧʪʠʢ; ʙʣʦʢ ʦʙʝʟʚʦʞʠ-
ʚʘʥʠʷ ʦʩʘʜʢʘ ʚ ʩʝʧʪʠʢʝ; ʙʣʦʢʠ ʬʠʣʴʪʨʘʮʠʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʫʜʘʣʝʥʠʷ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʚʟʚʝ-

ʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ; ʙʣʦʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʛʣʫʙʦʢʦʡ ʦʯʠʩʪʢʠ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ʠ ʫʜʘʣʝʥʠʷ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ; ʝʩʪʝʩʪʚʝʥʥʳʝ 

ʥʘʩʘʞʜʝʥʠʷ ʚʳʩʰʠʭ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ (ʪʨʦʩʪʥʠʢ, ʦʩʦʢʘ, ʨʦʛʦʟ ʠ ʪ.ʜ.). ʉʭʝʤʘ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, 
ʢʦʣʠʯʝʩʪʚʦ ʠ ʨʘʟʤʝʨʳ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʠʦʧʣʘʪʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʡ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʢʘʯʝʩʪʚʫ ʦʯʠʱʘʝʤʳʭ ʩʪʦʯʥʳʭ ʚʦʜ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʝʩʪʥʦʩʪʠ ʙʣʦʢʠ ʤʦʛʫʪ ʙʳʪʴ ʦʩʥʘʱʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʥʝʧʨʦʥʠ-
ʮʘʝʤʳʤ ʵʢʨʘʥʦʤ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʷ ʛʨʫʥʪʦ-

ʚʳʭ ʚʦʜ [2]. 

ɹʠʦʧʣʘʪʦ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 
ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ: ʧʦʚʝʨʭʥʦʩʪ-

ʥʳʝ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ, ʚʝʨʪʠ-

ʢʘʣʴʥʳʝ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʝ, 
ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ. ʂʘʞʜʳʡ ʚʠʜ 

ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʤʦʞʝʪ 

ʦʯʠʱʘʪʴ ʨʘʟʥʳʝ ʢʘʪʝʛʦʨʠʠ ʩʪʦʯ-
ʥʳʭ ʚʦʜ. 
ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʙʠʦʧʣʘʪʦ 

(ʨʠʩ.1) ʧʦʭʦʞʝ ʥʘ ʩʦʟʜʘʥʥʳʡ 
ʧʨʠʨʦʜʦʡ ʟʘʙʦʣʦʯʝʥʥʳʡ ʣʘʥʜʰʘʬʪ, ʢʦʛʜʘ ʩʪʦʢʠ ʥʘʧʨʘʚʣʷʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʦʨʫʞʝʥʠʷ. ʆʪ-
ʣʠʯʠʝʤ ʦʪ ʧʨʠʨʦʜʥʦʛʦ ʦʯʠʩʪʠʪʝʣʴʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʙʠʦʧʣʘʪʦ ʠʤʝʶʪ ʩʠʩʪʝʤʳ 
ʫʧʨʘʚʣʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʱʝʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ. 
ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʦʛʦ ʚʠʜʘ: 
ï ʥʝʙʦʣʴʰʠʝ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ ʥʘ ʚʦʟʚʝʜʝʥʠʝ; 
ï ʣʝʛʢʦʩʪʴ ʚ ʫʧʨʘʚʣʝʥʠʠ ʠ ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ 
ʅʦ ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʠ ʥʝʜʦʩʪʘʪʢʠ: 
ï ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ ʜʣʷ ʩʦʦʨʫʞʝʥʠʷ ʩʠʩʪʝʤʳ; 
ï ʥʠʟʢʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʯʠʱʝʥʠʷ. 
ʇʦʩʪʫʧʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʩʠʩʪʝʤʫ ʦʯʠʩʪʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʦʥ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʟ ʘʪʤʦʩʬʝʨʳ ʯʝʨʝʟ ʢʦʨʥʝʚʳʝ ʦʨʛʘʥʳ ʨʘʩʪʝʥʠʷ. ʅʦ ʪʘʢʦʡ ʩʧʦʩʦʙ ʧʦʜʘʯʠ ʢʠʩʣʦʨʦ-
ʜʘ ʥʝ ʤʦʞʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʙʝʩʧʝʯʠʪʴ ʠʤ ʥʫʞʜʳ ʙʠʦʧʣʘʪʦ. ʂʨʦʤʝ ʵʪʦʛʦ ʥʘ ʢʘʯʝʩʪʚʦ ʦʯʠʩʪʢʠ 
ʩʪʦʯʥʳʭ ʚʦʜ ʚʣʠʷʝʪ ʠʟʤʝʥʝʥʠʷ 
ʢʣʠʤʘʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʣʝʪʦʤ 
ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʩʩʦʚʦʝ ʨʘʟʚʠ-
ʪʠʝ ʢʦʤʘʨʦʚ ʠ ʜʨʫʛʠʭ ʥʘʩʝʢʦ-
ʤʳʭ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʝ 
ʩʧʝʮʠʘʣʴʥʳʭ ʩʘʥʠʪʘʨʥʳʭ ʤʝ-
ʨʦʧʨʠʷʪʠʡ. 
ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠʥ-

ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʙʠʦʧʣʘʪʦ 

(ʨʠʩ. 2) ʥʘʟʳʚʘʶʪʩʷ ʪʘʢ ʧʦʪʦ-
ʤʫ, ʯʪʦ ʩʪʦʢʠ ʚ ʫʩʪʨʦʡʩʪʚʝ 
ʜʚʠʞʫʪʩʷ ʩʢʚʦʟʴ ʩʣʦʠ ʟʘʛʨʫʟ-
ʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ɺʩʝ ʫʩʪʨʦʡʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʮʠʡ. ɺ 
ʩʝʢʮʠʷʭ ʠʤʝʝʪʩʷ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʝ ʧʦʢʨʳʪʠʝ, ʩʣʦʠ ʟʘʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ ʞʠʚʳʝ ʨʘʩʪʝʥʠʷ ʠ ʤʠʢ-
ʨʦʦʨʛʘʥʠʟʤʳ. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʙʠʦʧʣʘʪʦ 

 

ʈʠʩ. 2. ɻʦʨʠʟʦʥʪʘʣʴʥʦʝ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦʝ ʙʠʦʧʣʘʪʦ 



ǨǻȎȅǻ, ȉǼȋǻȂȉǽǻȈȃȀ, ȃȈȈȉǽǻȑȃȃ: ȊȎȍȃ ȋǻȂǽȃȍȃȚ 
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ʇʨʝʠʤʫʱʝʩʪʚʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʙʠʦʧʣʘʪʦ: 
ï ʚ ʥʠʭ ʩʦʟʜʘʶʪʩʷ ʚʳʩʦʢʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ; 
ï ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʦ ɹʇʂ ʠ ʍʇʂ, ʚʟʚʝʰʝʥʥʳʤ ʚʝʱʝʩʪʚʘʤ, ʪʷ-

ʞʝʣʳʤ ʤʝʪʘʣʣʘʤ; 
ï ʦʪʩʫʪʩʪʚʠʝ ʥʝʧʨʠʷʪʥʦʛʦ ʟʘʧʘʭʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʠʦʧʣʘʪʦ; 
ï ʦʪʩʫʪʩʪʚʠʝ ʥʘʩʝʢʦʤʳʭ 
ʅʝʜʦʩʪʘʪʦʢ ʫ ʪʘʢʦʛʦ ʚʠʜʘ ʚʩʝʛʦ ʦʜʠʥ ï ʦʥʠ ʭʫʞʝ ʫʜʘʣʷʶʪ ʘʟʦʪ ʠʟ ʩʪʦʢʦʚ, ʯʝʤ ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʙʠʦʧʣʘʪʦ. 
ɹʠʦʧʣʘʪʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʠʧʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥʘʭ, ʉʐɸ, ɸʚʩʪ-

ʨʘʣʠʠ ʠ ʗʧʦʥʠʠ. 

ɺ ʙʠʦʧʣʘʪʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʠʧʘ (ʨʠʩ. 3) ʩʪʦʯʥʳʝ ʚʦʜʳ ʧʦʜʘʶʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʜʥʦ ʚʝʨ-
ʪʠʢʘʣʴʥʦ. ɼʘʥʥʦʝ ʩʦʦʨʫʞʝʥʠʝ ʩʥʘʙʞʘʝʪʩʷ ʢʠʩʣʦʨʦʜʦʤ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʠ ʚʦʟʜʫʭʘ ʠʟ ʘʪʤʦʩʬʝʨʳ,  

ʘ ʪʘʢʞʝ ʯʝʨʝʟ ʢʦʨʥʝʚʳʝ ʩʠʩʪʝʤʳ ʨʘʩʪʝʥʠʡ. 
 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʙʠʦʧʣʘʪʦ 
 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʚʠʜʘ ʙʠʦʧʣʘʪʦ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʥʠʪʨʠʬʠʢʘ-

ʮʠʠ, ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚʦʟʤʦʞʥʘ ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ, ʩʦʜʝʨʞʘʱʠʭ ʘʟʦʪ ʚ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. 

ʅʝʜʦʩʪʘʪʢʠ: 
ï ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʦʯʠʩʪʢʠ; 

ï ʩʦʟʜʘʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʘʩʝʢʦʤʳʭ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʥʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʩʦʯʝʪʘʥʠʷ 
ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʪʠʧʦʚ ʙʠʦʧʣʘʪʦ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚ ʦʜʥʦʤ ʩʦʦʨʫʞʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʧʦʪʦʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ. 

ʋʯʝʥʳʝ ʂʠʪʘʷ ʠ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ ʩʦʚʤʝʩʪʥʦ ʨʘʟʨʘʙʦʪʘʣʠ ʩʤʝʰʘʥʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʙʠʦ-

ʧʣʘʪʦ, ʚ ʢʦʪʦʨʳʭ ʩʪʦʯʥʳʝ ʚʦʜʳ ʧʦʩʪʫʧʘʶʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʚʝʨʭʫ ʚʥʠʟ, ʘ ʟʘʪʝʤ ʩʥʠʟʫ ʥʘʚʝʨʭ.  
ɺ ʩʦʦʨʫʞʝʥʠʷʭ ʜʘʥʥʦʛʦ ʪʠʧʘ, ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʥʘ ʶʛʝ ʂʠʪʘʷ, ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʦʯʠʩʪʢʠ. 

ɸ ʥʘ ʩʝʚʝʨʝ ʂʠʪʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʦʯʠʩʪʢʠ ʚ ʙʠʦʧʣʘʪʦ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ, ʛʜʝ ʥʘ-
ʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ ʚʢʣʶʯʘʝʪ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʭ: ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ, 

ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ [3-5]. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʙʠʦʧʣʘʪʦ: 
ï ʪʝʭʥʦʣʦʛʠʷ ʙʠʦʧʣʘʪʦ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʠ ʠʤʠʪʠʨʫʝʪ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ 

ʩʘʤʦʦʯʠʱʝʥʠʷ ʚʦʜʳ; 

ï ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʘʛʫʣʷʥʪʳ, ʬʣʦʢʫʣʷʥʪʳ, ʠʦʥʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʠʩʢʫʩʩʪʚʝʥʥʦ ʚʳʨʘ-

ʱʝʥʥʳʝ ʰʪʘʤʤʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʥʫʜʠʪʝʣʴʥʘʷ ʘʵʨʘʮʠʷ ʩʪʦʯʥʳʭ ʚʦʜ; 
ï ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ; 

ï ʩʦʦʨʫʞʝʥʠʷ ʧʨʦʩʪʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʨʦʢ ʩʣʫʞʙʳ ʙʝʟ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝ-

ʤʦʥʪʘ ʩʦʩʪʘʚʣʷʝʪ 20ï25 ʣʝʪ; 
ï ʙʠʦʧʣʘʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʫ ʁʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ; 

ï ʦʙʩʣʫʞʠʚʘʶʱʠʡ ʧʝʨʩʦʥʘʣ ʢʦʤʧʣʝʢʩʘ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ, 

ʢʦʪʦʨʳʡ ʧʨʦʚʦʜʠʪ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ, ʦʯʠʩʪʢʫ ʠ ʧʦʜʛʦʪʦʚʢʫ ʜʣʷ ʨʘʙʦʪʳ ʚ 
ʟʠʤʥʠʡ ʧʝʨʠʦʜ; 

ï ʧʨʠʩʫʪʩʪʚʠʝ ʚʦʜʥʦ-ʙʦʣʦʪʥʳʭ ʫʛʦʜʠʡ ʧʦʙʣʠʟʦʩʪʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʚʢʣʁ-

ʯʝʥʠʷ ʚ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʜʝʰʝʚʣʷʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʩʦʜʝʡʩʪʚʫʝʪ ʨʘʮʠʦ-

ʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ; 
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ï ʚʳʩʰʘʷ ʚʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʣʦʢʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʝʟʦʜʦʨʘʮʠʶ ʙʠʦʧʣʘ-
ʪʦ, ʧʦʵʪʦʤʫ ʨʘʟʤʝʨ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʦʡ ʟʦʥʳ ʢʦʤʧʣʝʢʩʘ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʤʦʞʝʪ ʩʦʩʪʘʚ-
ʣʷʪʴ ʜʦ 50 ʤ [2]. 
ɹʠʦʧʣʘʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʯʠʩʪʢʫ ʩʪʦʯʥʳʭ ʚʦʜ ʜʣʷ ɹʇʂʧʦʣʥ ʥʘ 90ï95% (5ï6 ʤʛ/ʣ), ʍʇʂ ï 85ï95%, 

ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ï 95ï99% (4ï5 ʤʛ/ʣ), ʥʝʬʪʝʧʨʦʜʫʢʪʳ ï 0 ï 0,05 ʤʛ/ʣ, ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-
ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ï ʙʦʣʝʝ 85%, ʤʠʥʝʨʘʣʠʟʘʮʠʷ 20ï99%, ʘʟʦʪ ʠ ʬʦʩʬʦʨ ï 35ï60%, ʧʨʦʟʨʘʯʥʦʩʪʴ 
ʦʯʠʱʝʥʥʦʡ ʚʦʜʳ ʜʦʩʪʠʛʘʝʪ 30 ʩʤ ʚ ʮʠʣʠʥʜʨʝ ʉʥʝʣʣʝʥʘ, ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ï 98ï99%, 
ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʝʪʩʷ ʟʘʧʘʭ [2]. 
ɽʞʝʛʦʜʥʦ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʩʙʨʘʩʳʚʘʝʪʩʷ ʩʚʳʰʝ 

126 ʤʣʥ ʤ
3
 ʩʪʦʯʥʳʭ ʚʦʜ. ɺ ʨʷʜʝ ʨʘʡʦʥʦʚ ʦʙʣʘʩʪʠ ʠ ʚ ʛ. ʂʘʣʠʥʠʥʛʨʘʜʝ ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʚʝʨʭʥʦ-

ʩʪʥʳʭ ʚʦʜ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʩʪʦʢʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʧʨʝʜʧʨʠʷʪʠʡ ʢʦʤʤʫʥʘʣʴ-
ʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɺʦ ʤʥʦʛʠʭ ʤʘʣʳʭ ʛʦʨʦʜʘʭ ʠ ʩʝʣʴʩʢʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ 
ʣʠʙʦ ʦʪʩʫʪʩʪʚʫʶʪ, ʣʠʙʦ ʚʳʚʝʜʝʥʳ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʦʢʦʣʦ 70 ʩʦʦʨʫʞʝʥʠʡ). ʇʦʵʪʦʤʫ ʚ ʧʦʩʣʝʜʥʠʝ 
ʛʦʜʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ, ʷʚʣʷʶʱʠʭʩʷ ʧʨʠʝʤʥʠʢʘʤʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʥʘʙʣʶʜʘʣʦʩʴ ʚʳʩʦʢʦʝ ʩʦ-
ʜʝʨʞʘʥʠʝ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʜʨʫʛʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ɺ ʭʦʜʝ ʧʨʦ-
ʚʝʨʦʢ ʚʳʷʩʥʷʣʦʩʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩʙʨʦʩ ʩʪʦʯʥʳʭ ʚʦʜ 
ʚ ʚʦʜʦʪʦʢʠ ʙʝʟ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤʘʪʠʚʦʚ ʜʦʧʫʩʪʠʤʳʭ ʩʙʨʦʩʦʚ ʚʝʱʝʩʪʚ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʨʝʰʝʥʠʷ ʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʧʦʣʴʟʦʚʘʥʠʝ.  
ɸ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʙ ʩʪʦʯʥʳʭ ʚʦʜ ʧʦʢʘʟʳʚʘʣʠ ʧʨʝʚʳʰʝʥʠʝ ʫʩʪʘʥʦʚ-
ʣʝʥʥʳʭ ʥʦʨʤʘʪʠʚʦʚ ʧʦ ʨʷʜʫ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

ʀ ʪʦʣʴʢʦ ʚ 2013ï2014 ʛʛ. ʚ ʨʘʤʢʘʭ ʌʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʳ, ʦʙʣʘʩʪʥʦʡ ʠʥʚʝʩʪʠʮʠʦʥ-
ʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʧʨʦʛʨʘʤʤʳ ʧʨʠʛʨʘʥʠʯʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʃʠʪʚʘ-ʇʦʣʴʰʘ-ʈʦʩʩʠʷ 2007ï2013 ʛʛ., 
çʉʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʜʦ 2020 ʛʦʜʘè ʚ ʥʝʢʦʪʦʨʳʭ ʛʦʨʦ-
ʜʘʭ ʠ ʧʦʩʝʣʢʘʭ ʦʙʣʘʩʪʠ ʙʳʣʠ ʚʚʝʜʝʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʦʚʳʝ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ. ɺ ʨʷʜʝ ʜʨʫ-
ʛʠʭ ʛʦʨʦʜʦʚ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ [6]. ʅʦ 
ʥʘ ʚʩʝ ʵʪʠ ʩʪʨʦʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʠ ʧʨʠʦʙʨʝʪʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʭʥʠʢʠ ʜʣʷ ʥʠʭ ʥʘʧʨʘʚʣʝʥʳ 
ʦʛʨʦʤʥʳʝ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ. ʂ ʪʦʤʫ ʞʝ, ʪʘʢ ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʦʙʣʘʩʪʠ ʙʫ-
ʜʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ, ʘ ʚ ʥʠʭ ʚʢʣʶʯʝʥʳ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʥʦʚʳʭ ʦʯʠ-
ʩʪʥʳʭ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚ ʨʷʜʝ ʜʨʫʛʠʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʂʘʣʠʥʠʥʛʨʘʜ-
ʩʢʦʡ ʦʙʣʘʩʪʠ, ʪʦ ʦʙʲʝʤ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʩʷ. 
ʅʦ, ʜʘʞʝ ʝʩʣʠ ʥʝ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʩʪʦʠʤʦʩʪʴ, ʝʩʪʴ ʝʱʝ ʠ ʜʨʫʛʠʝ ʥʝʜʦʩʪʘʪʢʠ. ʆʯʠʩʪ-

ʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʥʝ ʚʩʝʛʜʘ ʧʨʦʩʪʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʦʪʨʝʙʣʷʶʪ ʤʥʦʛʦ 
ʵʥʝʨʛʠʠ. ɼʣʷ ʵʪʘʧʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʪʨʝʙʫʶʪʩʷ ʢʦʘʛʫʣʷʥʪʳ, ʬʣʦʢʫʣʷʥʪʳ, ʘʢʪʠʚʥʳʡ ʠʣ, 
ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʘʞʝ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʵʪʦʛʦ ʵʪʘʧʘ ʩʪʦʯʥʫʶ ʚʦʜʫ ʧʨʠʭʦʜʠʪʩʷ 
ʧʦʜʚʝʨʛʘʪʴ ʝʱʝ ʜʦʦʯʠʩʪʢʝ, ʘ ʪʘʢʞʝ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʶ. ɼʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʩʧʝʮʠʘʣʴ-
ʥʳʭ ʩʦʦʨʫʞʝʥʠʡ.  
ɺʦʟʤʦʞʥʦ, ʛʦʨʘʟʜʦ ʚʳʛʦʜʥʝʝ ʙʳʣʦ ʙʳ ʧʨʠʤʝʥʷʪʴ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʙʠʦʧʣʘʪʦ. ʉ ʵʢʦʥʦ-

ʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʤʝʥʝʝ ʟʘʪʨʘʪʥʦʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʦʯʠ-
ʩʪʥʳʤʠ ʩʪʘʥʮʠʷʤʠ, ʪʘʢ ʢʘʢ ʚ ʩʦʩʪʘʚʝ ʙʠʦʧʣʘʪʦ ʥʝʪ ʪʘʢʦʛʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʦʨʫʞʝʥʠʡ, ʠ 
ʦʥʠ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʝ. ʇʦ ʵʪʦʡ ʞʝ ʧʨʠʯʠʥʝ ʦʥʠ ʧʨʦʱʝ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʣʷ 
ʧʨʦʚʝʨʢʠ ʩʦʩʪʦʷʥʠʷ ʩʦʦʨʫʞʝʥʠʷ ʠ ʝʛʦ ʦʯʠʩʪʢʠ ʪʨʝʙʫʝʪʩʷ ʚʩʝʛʦ ʦʜʠʥ ʯʝʣʦʚʝʢ, ʠ ʵʪʦ ʪʦʞʝ ʦʯʝʥʴ 
ʚʳʛʦʜʥʦ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʧʦʩʪʨʦʠʪʴ ʙʠʦʧʣʘʪʦ ʚ ʥʝʙʦʣʴʰʦʤ ʥʘʩʝʣʝʥʥʦʤ ʧʫʥʢʪʝ, ʛʜʝ ʩʣʦʞʥʦ ʥʘʡʪʠ 
ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪʥʠʢʦʚ. 
ʅʦ ʩʘʤʦʝ ʛʣʘʚʥʦʝ ʪʦ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʙʠʦʧʣʘʪʦ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʦʮʝʩʩʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʘʤʦ-

ʦʯʠʱʝʥʠʷ ʚʦʜʳ. ʂ ʩʣʦʚʫ, ʥʝʢʦʪʦʨʳʝ ʚʦʜʦʝʤʳ ʠ ʚʦʜʦʪʦʢʠ ʚ ʦʙʣʘʩʪʠ ʫʪʨʘʪʠʣʠ ʵʪʫ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ 
ʧʨʠʯʠʥʝ ʟʘʛʨʷʟʥʝʥʠʡ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʥʠʭ. ʂʦʥʝʯʥʦ, ʩʦʦʨʫʞʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʩ ʧʨʠ-
ʤʝʥʝʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ, ʠʣʠ ʩʧʝʮʠʘʣʴʥʦ ʚʳʨʘʱʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʜʦʩʪʘʪʦʯʥʦ 
ʵʬʬʝʢʪʠʚʥʦ ʦʯʠʱʘʶʪ ʩʪʦʯʥʳʝ ʚʦʜʳ. ʅʦ ʚ ʥʘʰʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʤʳ ʪʘʢ ʘʢʪʠʚʥʦ ʙʦʨʝʤʩʷ ʟʘ ʫʣʫʯʰʝ-
ʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʝ ʣʫʯʰʝ ʣʠ ʜʝʣʘʪʴ ʵʪʦ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʩʧʦ-
ʩʦʙʘʤʠ? ʅʝ ʣʫʯʰʝ ʣʠ ʧʦʩʘʜʠʪʴ ʢʘʤʳʰ ʠʣʠ ʨʦʛʦʟ, ʯʝʤ ʟʘʛʨʫʞʘʪʴ ʚ ʚʦʜʫ ʥʝʙʝʟʦʧʘʩʥʳʝ ʭʠʤʠʢʘʪʳ? 
ɺʝʜʴ ʚʳʩʰʠʝ ʚʦʜʥʳʝ ʨʘʩʪʝʥʠʷ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʫʶ ʦʯʠʩʪʢʫ ʩʪʦʢʦʚ. ʀ, ʥʘ ʥʘʰ 
ʚʟʛʣʷʜ, ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʙʫʜʝʪ ʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʳʤ, ʧʦʪʦʤʫ ʯʪʦ ʤʳ ʧʦʣʥʦʩʪʴʶ ʤʦʞʝʤ ʙʳʪʴ ʫʚʝʨʝ-
ʥʳ ʚ ʙʝʟʚʨʝʜʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʈʘʩʪʚʦʨʠʤʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʫʜʘʣʷʶʪʩʷ 
ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ, ʘʜʩʦʨʙʮʠʠ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʨʘʟʚʠʚʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭ-
ʥʦʩʪʠ ʢʦʨʥʝʚʳʭ ʦʨʛʘʥʦʚ ʨʘʩʪʝʥʠʷ ʠ ʟʘʛʨʫʟʢʠ ʙʠʦʧʣʘʪʦ. ʇʨʠ ʧʦʣʥʦʤ ʩʦʙʣʶʜʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʙʠʦʧʣʘʪʦ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʧʦʣʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʦʨʛʘʥʠ-
ʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ [7]. 
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ʂʨʦʤʝ ʪʦʛʦ, ʚʳʩʰʘʷ ʚʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʣʦʢʦʚ ʥʝ ʦʢʘʟʳʚʘʝʪ ʭʠʤʠʯʝʩʢʦ-
ʛʦ, ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠʣʠ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʝʟʦʜʦ-

ʨʘʮʠʶ ʙʠʦʧʣʘʪʦ, ʥʝ ʦʢʘʟʳʚʘʝʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʘʩʝʣʝʥʠʝ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝ-

ʜʫ. ʇʦʵʪʦʤʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʦʦʨʫʞʝʥʠʷ, ʨʘʟʤʝʨ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʦʡ ʟʦʥʳ 
(ʉɿɿ) ʢʦʤʧʣʝʢʩʘ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 50 ʤ. ʕʪʦ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʉɿɿ 

ʜʨʫʛʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʥʘʰʝʡ ʤʘʣʝʥʴʢʦʡ ʦʙʣʘʩʪʠ ʪʦʞʝ ʚʳʛʦʜʥʦ, ʠʟ-ʟʘ ʨʘʮʠʦʥʘʣʴʥʦ-

ʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʇʦʙʣʠʟʦʩʪʠ ʤʦʞʥʦ ʨʘʟʤʝʱʘʪʴ ʞʠʣʳʝ ʜʦʤʘ, ʣʘʥʜʰʘʬʪʥʦ-
ʨʝʢʨʝʘʮʠʦʥʥʳʝ ʟʦʥʳ, ʟʦʥʳ ʦʪʜʳʭʘ, ʪʝʨʨʠʪʦʨʠʠ ʢʫʨʦʨʪʦʚ, ʩʘʥʘʪʦʨʠʝʚ ʠ ʜʦʤʦʚ ʦʪʜʳʭʘ, ʜʘʯʥʳʝ ʠ 

ʩʘʜʦʚʦ-ʦʛʦʨʦʜʥʳʝ ʫʯʘʩʪʢʠ, ʠ ʜʨ. ɸ ʪʘʢ ʢʘʢ ʚ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪ ʪʫʨʠʟʤ, ʪʦ ʨʘʟʤʝ-

ʱʝʥʠʝ ʙʠʦʧʣʘʪʦ ʥʝʜʘʣʝʢʦ ʦʪ ʢʫʨʦʨʪʦʚ ʠ ʟʦʥ ʦʪʜʳʭʘ ʙʫʜʝʪ ʥʝʧʣʦʭʠʤ ʨʝʰʝʥʠʝʤ. ɹʠʦʧʣʘʪʦ ʯʘʱʝ 

ʚʩʝʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʚʦʜʦʝʤʦʚ, ʧʦʣʥʦʩʪʴʶ ʟʘʩʘʞʝʥʥʳʭ ʚʦʜʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ, ʪʘʢ 
ʯʪʦ ʠʭ ʤʦʞʥʦ ʢʘʢ-ʪʦ ʠʥʪʝʨʝʩʥʦ ʦʬʦʨʤʠʪʴ, ʥʘʧʨʠʤʝʨ, ʧʦʩʪʨʦʠʪʴ ʨʷʜʦʤ  ʧʘʨʢ ʠʣʠ ʩʘʥʘʪʦʨʠʡ. ʆʪ-

ʜʳʭ ʚʦʟʣʝ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚʩʝʛʜʘ ʙʳʣ ʙʦʣʝʝ ʧʦʧʫʣʷʨʝʥ, ʯʝʤ ʥʘ ʜʨʫʛʠʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʘ ʝʩʣʠ ʚʦʜʘ 

ʚ ʵʪʠʭ ʚʦʜʦʝʤʘʭ ʯʠʩʪʘʷ, ʪʦ ʵʪʦ ʝʱʝ ʩʠʣʴʥʝʝ ʧʨʠʚʣʝʯʝʪ ʣʶʜʝʡ (ʦʩʦʙʝʥʥʦ ʩʝʡʯʘʩ, ʢʦʛʜʘ ʙʦʣʴʰʠʥ-
ʩʪʚʦ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʟʘʛʨʷʟʥʝʥʦ). ʊʘʢ ʯʪʦ, ʩ ʵʩʪʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʠʦʧʣʘʪʦ ʙʫʜʝʪ ʚʳʛʣʷ-

ʜʝʪʴ ʥʘʤʥʦʛʦ ʢʨʘʩʠʚʝʝ ʠ ʦʨʛʘʥʠʯʥʝʝ ʚʧʠʩʳʚʘʪʴʩʷ ʚ ʦʢʨʫʞʘʶʱʠʡ ʧʝʡʟʘʞ, ʯʝʤ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠʩ-

ʢʫʩʩʪʚʝʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʠʛʨʳʚʘʶʪ ʙʠʦʧʣʘʪʦ ʚʦ 

ʚʥʝʰʥʝʤ ʚʠʜʝ. 
ɽʱʝ ʦʜʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʙʠʦʧʣʘʪʦ ʚ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ï ʵʪʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʥʦ-ʙʦʣʦʪʥʳʭ ʫʛʦʜʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ. ʇʨʠʨʦʜʥʳʝ ʚʦʜʥʦ-ʙʦʣʦʪʥʳʝ ʫʛʦʜʴʷ ʚʳʧʦʣ-

ʥʷʶʪ ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʦʣʝʟʥʳʤʠ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʜʠʢʦʡ ʧʨʠʨʦʜʳ. ʆʜʥʦʡ 
ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʬʫʥʢʮʠʡ ʷʚʣʷʝʪʩʷ ʬʠʣʴʪʨʘʮʠʷ ʚʦʜʳ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʚʦʜʳ ʯʝʨʝʟ ʙʦʣʦʪʦ ʦʥʘ 

ʟʘʤʝʜʣʷʝʪʩʷ, ʠ ʤʥʦʛʠʝ ʠʟ ʚʟʚʝʰʝʥʥʳʭ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʟʘʩʪʨʝʚʘʶʪ ʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʦʩʝʜʘʶʪ. 

ɺʦʜʥʳʝ ʨʘʩʪʝʥʠʷ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʦʟʜʘʥʠʶ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠ ʞʠʟʥʝ-
ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʕʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʧʨʝʦʙʨʘʟʦʚʳʚʘʶʪ ʠ ʫʜʘʣʷʶʪ ʟʘʛʨʷʟʥʷʶ-

ʱʠʝ ʚʝʱʝʩʪʚʘ ʠʟ ʚʦʜʳ. 

ʂʘʢ ʙʳʣʦ ʟʘʤʝʯʝʥʦ ʚʳʰʝ, ʧʨʠʩʫʪʩʪʚʠʝ ʚʦʜʥʦ-ʙʦʣʦʪʥʳʭ ʫʛʦʜʠʡ ʧʦʙʣʠʟʦʩʪʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʚʢʣʶʯʝʥʠʷ ʚ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ. ʕʪʦ ʪʦʞʝ ʦʯʝʥʴ ʚʳʛʦʜʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʥʘ-
ʰʝʡ ʦʙʣʘʩʪʠ, ʚʝʜʴ ʥʘʣʠʯʠʝ ʙʦʣʦʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʜʝʰʝʚʣʷʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʙʠʦʧʣʘʪʦ ʠ ʩʦʜʝʡʩʪʚʫ-

ʝʪ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʝʨʨʠʪʦʨʠʠ. ɸ ʪʘʢʞʝ ʪʘʢʠʝ ʙʠʦʧʣʘʪʦ ʙʫʜʫʪ ʝʝɦ ʙʦʣʝʝ ʝʩʪʝʩʪ-

ʚʝʥʥʳʤʠ, ʠ ʠʭ ʤʦʞʥʦ ʨʘʟʤʝʩʪʠʪʴ ʚʦ ʤʥʦʛʠʭ ʨʘʡʦʥʘʭ ʦʙʣʘʩʪʠ.  
ɺ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ  ʤʥʦʛʦ ʥʝʙʦʣʴʰʠʭ ʛʦʨʦʜʦʚ ʠ ʩʝʣʴʩʢʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʛʜʝ 

ʟʝʤʣʷ ʥʝ ʦʯʝʥʴ ʜʦʨʦʛʘʷ, ʠ ʤʘʣʦ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʩʬʝʨʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ɸ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʦ ʙʠʦʧʣʘʪʦ ʙʫʜʝʪ ʦʯʝʥʴ ʚʳʛʦʜʥʳʤ ʨʝʰʝʥʠʝʤ. 
ʆʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʧʦʤʦʱʴʶ ʙʠʦʧʣʘʪʦ ʧʦʢʘ ʝʱʝ ʥʝ ʪʘʢ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʥʘʰʝʡ 

ʩʪʨʘʥʝ, ʠ ʤʳ ʤʦʞʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʩʦʦʨʫʞʝʥʠʡ ʫ ʥʘʩ ʚ ʦʙʣʘʩʪʠ, 

ʪʦʣʴʢʦ ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʟʘʨʫʙʝʞʥʦʤ ʦʧʳʪʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʠʦʧʣʘʪʦ. ɺ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʨʘʟʣʠʯʘʶʪ-

ʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʘ ʩ ʠʭ ʫʯʝʪʦʤ ʥʫʞʥʦ ʧʦʜʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʦʦʨʫʞʝʥʠʷ, 
ʩʧʦʩʦʙʳ ʦʯʠʩʪʢʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʤʝʩʪʥʦʩʪʠ. ɺʦʟʤʦʞʥʦ ʪʘʢʞʝ, ʯʪʦ ʢʘʢʠʝ-ʪʦ ʨʘʩʪʝʥʠʷ ʙʦʣʝʝ ʵʬ-

ʬʝʢʪʠʚʥʦ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʯʠʱʝʥʠʶ ʩʪʦʯʥʳʭ ʚʦʜ. ʇʦʵʪʦʤʫ ʥʫʞʥʦ ʧʨʦʜʦʣʞʘʪʴ ʠʟʫʯʘʪʴ ʠ ʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʪʴ ʵʪʦʪ ʤʝʪʦʜ ʦʯʠʩʪʢʠ ʚʦʜʳ.  
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DEVELOPMENT OF THE A LGORITHM FOR SEARCHI NG EXIT FROM  

THE LABYRINTH  

 
The existing algorithms of obstacle avoidance and exit from the labyrinth by means of robot were analyzed, 

provided that the original location of the obstacles on the map was unknown. A new algorithm will be developed 

and implemented based on this analysis. 

 
Key words: route, trace, wave algorithm, A* algorithm. 

 

 
ʄʦʙʠʣʴʥʳʝ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʨʠʤʝʥʷʶʪʩʷ ʩʝʛʦʜʥʷ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ. 

ʂʦʨʧʦʨʘʪʠʚʥʳʝ ʟʘʢʘʟʯʠʢʠ ʠʥʪʝʨʝʩʫʶʪʩʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʨʦʙʦʪʘʤʠ, 

ʤʘʩʩʦʚʳʡ ʧʦʢʫʧʘʪʝʣʴ ʘʢʪʠʚʥʦ ʧʨʠʦʙʨʝʪʘʝʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʳʣʝʩʦʩʳ ʠ ʨʦʙʦʪʳ-ʩʦʙʘʯʢʠ, 
ʩʣʫʞʙʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʧʘʩʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪ ʥʘ ʘʚʪʦʥʦʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ ʙʝʟ ʫʩʪʘ-

ʣʠ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʯʠ ʩʣʝʞʝʥʠʷ ʠ ʧʦʠʩʢʘ. ʇʨʠ ʵʪʦʤ ʚʩʝ ʧʦʜʦʙʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʠʜʝʘʣʝ ʜʦʣʞʥʳ 

ʫʚʝʨʝʥʥʦ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʥʝʟʥʘʢʦʤʦʡ ʠ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʡ ʦʙʩʪʘʥʦʚʢʝ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ. 

ʇʦʢʘ ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚʩʝʭ ʥʳʥʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʙʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʧʝʨʝʤʝʱʘʶ-
ʱʠʭʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʙʝʟ ʫʧʨʘʚʣʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʯʝʣʦʚʝʢʘ, ʦʩʪʘʝʪʩʷ ʥʘʚʠʛʘʮʠʷ. ɼʣʷ ʫʩʧʝʰʥʦʡ 

ʥʘʚʠʛʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʦʨʪʦʚʘʷ ʩʠʩʪʝʤʘ ʨʦʙʦʪʘ ʜʦʣʞʥʘ ʫʤʝʪʴ ʩʪʨʦʠʪʴ ʤʘʨʰʨʫʪ, ʫʧʨʘʚʣʷʪʴ 

http://www.gov39.ru/
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ʧʘʨʘʤʝʪʨʘʤʠ ʜʚʠʞʝʥʠʷ (ʟʘʜʘʚʘʪʴ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʢʦʣʝʩ ʠ ʩʢʦʨʦʩʪʴ ʠʭ ʚʨʘʱʝʥʠʷ), ʧʨʘʚʠʣʴʥʦ ʠʥ-
ʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩʚʝʜʝʥʠʷ ʦʙ ʦʢʨʫʞʘʶʱʝʤ ʤʠʨʝ, ʧʦʣʫʯʘʝʤʳʝ ʦʪ ʜʘʪʯʠʢʦʚ, ʠ ʧʦʩʪʦʷʥʥʦ ʦʪʩʣʝʞʠ-

ʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʩʣʦʞʥʦʩʪʠ ʤʦʙʠʣʴʥʦʡ ʥʘʚʠʛʘʮʠʠ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʠʩʪʝʤʳ ʥʘʚʠʛʘʮʠʠ ʨʦʙʦʪʦʚ 
ʚʦʟʥʠʢʘʝʪ ʥʝʤʘʣʦ ʪʝʭʥʠʯʝʩʢʠʭ ʩʣʦʞʥʦʩʪʝʡ. ʈʘʩʩʤʦʪʨʠʤ ʠʭ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

1. ʏʪʦʙʳ ʜʚʠʛʘʪʴʩʷ ʢ ʮʝʣʠ, ʨʦʙʦʪʫ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʡ ʦʙʨʘʟ ʦʢ-

ʨʫʞʘʶʱʝʛʦ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 
ʉʝʛʦʜʥʷ ʵʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʟʝʨʥʳʭ ʜʘʣʴʥʦʤʝʨʦʚ ʠ ʫʣʴʪʨʘ-

ʟʚʫʢʦʚʳʭ ʛʝʥʝʨʘʪʦʨʦʚ (ʩʦʥʘʨʦʚ). ʆʜʥʘʢʦ ʣʘʟʝʨʥʳʡ ʣʫʯ ʧʦʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʦʙʨʘʟ ʩʨʝʜʳ ʪʦʣʴʢʦ ʚ 

ʟʦʥʝ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʧʫʪʠ ʣʫʯʘ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʤʝʣʢʠʝ ʧʦʤʝʭʠ, ʚʥʦʩʷʱʠʝ 

ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʪʘʢʦʡ ʦʙʨʘʟ. ɸ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʜʘʪʯʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤ ʚʨʝʤʝʥʝʤ ʦʪ-
ʢʣʠʢʘ (ʝʩʣʠ ʨʦʙʦʪ ʥʘʭʦʜʠʪʩʷ ʥʘ ʙʦʣʴʰʦʤ ʠ ʦʪʢʨʳʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ), ʧʦʨʷʜʢʘ ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʩʝ-

ʢʫʥʜʳ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʦʙʦʪʫ ʧʝʨʝʤʝʱʘʪʴʩʷ ʙʳʩʪʨʦ. 

2. ɺ ʭʦʜʝ ʜʚʠʞʝʥʠʷ ʨʦʙʦʪ ʜʦʣʞʝʥ ʙʳʩʪʨʦ ʠ ʪʦʯʥʦ ʫʧʨʘʚʣʷʪʴ ʤʦʪʦʨʦʤ ʠ ʧʦʣʦʞʝʥʠʝʤ ʢʦʣʝʩ. 
ʅʝʢʦʪʦʨʳʝ ʟʘʜʘʯʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʚ ʧʨʠʥʮʠʧʝ ʥʝ ʜʦʧʫʩʢʘʶʪ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ (ʵʪʦ, ʥʘʧʨʠʤʝʨ, 

ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʢʨʫʪʷʱʠʤ ʤʦʤʝʥʪʦʤ ʵʣʝʢʪʨʦʤʦʪʦʨʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʨʦʙʦʪ ʥʝʫʢʦʩʥʠʪʝʣʴʥʦ 

ʩʣʝʜʦʚʘʣ ʤʘʨʰʨʫʪʫ). ɺ ʜʨʫʛʠʭ ʟʘʜʘʯʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʠʥʘʤʠʢʦʡ ʜʚʠʞʝʥʠʷ ʨʦʙʦʪʦʚ (ʦʙʣʘʩʪʴ ʪʝʦʨʝʪʠ-

ʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ), ʜʦ ʥʘʭʦʞʜʝʥʠʷ ʦʪʚʝʪʘ ʝʱʝ ʦʯʝʥʴ ʜʘʣʝʢʦ, ʘ ʧʦʠʩʢ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 
ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʳ ʜʚʠʞʝʥʠʷ, ʪʨʝʙʫʝʪ ʦʪ ʙʦʨʪʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʩʪʦʷʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʇʦʵʪʦʤʫ ʩʣʦʞʥʦʩʪʠ ʟʜʝʩʴ ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ. 

ʉʭʝʤʳ ʥʘʚʠʛʘʮʠʠ ʘʚʪʦʥʦʤʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʈʦʙʦʪʦʪʝʭʥʠʢʠ ʚʳʜʝʣʷʶʪ ʪʨʠ ʥʘʚʠʛʘʮʠʦʥʥʳʝ 
ʩʭʝʤʳ: 

- ʛʣʦʙʘʣʴʥʘʷ ï ʦʧʨʝʜʝʣʝʥʠʝ ʘʙʩʦʣʶʪʥʳʭ ʢʦʦʨʜʠʥʘʪ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʜʣʠʥʥʳʤ 

ʤʘʨʰʨʫʪʘʤ; 
- ʣʦʢʘʣʴʥʘʷ ï ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʫʩʪʨʦʡʩʪʚʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʢʦʪʦʨʦʡ (ʦʙʳʯʥʦ 

ʩʪʘʨʪʦʚʦʡ) ʪʦʯʢʝ. ʕʪʘ ʩʭʝʤʘ ʚʦʩʪʨʝʙʦʚʘʥʘ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʪʘʢʪʠʯʝʩʢʠʭ ʙʝʩʧʠʣʦʪʥʳʭ ʩʘʤʦʣʝʪʦʚ 

ʠ ʥʘʟʝʤʥʳʭ ʨʦʙʦʪʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʤʠʩʩʠʠ ʚ ʧʨʝʜʝʣʘʭ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʦʡ ʦʙʣʘʩʪʠ; 

- ʧʝʨʩʦʥʘʣʴʥʘʷ ï ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ 
ʨʦʙʦʪʦʤ ʯʘʩʪʝʡ ʩʚʦʝʛʦ ʪʝʣʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʝ ʩ ʙʣʠʟʣʝʞʘʱʠʤʠ ʧʨʝʜʤʝʪʘʤʠ, ʯʪʦ ʘʢ-

ʪʫʘʣʴʥʦ ʜʣʷ ʫʩʪʨʦʡʩʪʚ, ʩʥʘʙʞʝʥʥʳʭ ʤʘʥʠ-
ʧʫʣʷʪʦʨʘʤʠ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʯʝʤ ʢʨʫʧʥʝʝ ʘʧʧʘʨʘʪ, 

ʪʝʤ ʚʳʰʝ ʜʣʷ ʥʝʛʦ ʚʘʞʥʦʩʪʴ ʛʣʦʙʘʣʴʥʦʡ 
ʥʘʚʠʛʘʮʠʠ ʠ ʥʠʞʝ ï ʧʝʨʩʦʥʘʣʴʥʦʡ. ʋ ʨʦʙʦ-

ʪʦʚ-ʤʘʣʳʰʝʡ ʚʩʝ ʥʘʦʙʦʨʦʪ [1]. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʨʘʩ-

ʩʤʦʪʨʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʚʳʭʦʜʘ ʠʟ 
ʣʘʙʠʨʠʥʪʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦ-

ʨʠʪʤʦʚ ʦʙʭʦʜʘ ʧʨʝʧʷʪʩʪʚʠʡ ʠ ʨʝʘʣʠʟʘʮʠʷ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ. 
ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʦʛʨʘʤʤʘ ʠʤʝʝʪ ʩʣʝ-

ʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ. 

ʕʪʦʪ ʧʦʜʭʦʜ ʧʨʦʩʪ, ʪʘʢ ʢʘʢ ʦʥ ʧʨʝʜʲ-

ʷʚʣʷʝʪ ʩʦʚʩʝʤ ʥʝʤʥʦʛʦ ʪʨʝʙʦʚʘʥʠʡ: ʚʩʝ, 
ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ï ʵʪʦ ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʮʝʣʠ, ʠ ʧʨʠʟʥʘʢ 

ʙʣʦʢʠʨʦʚʘʥʠʷ ʧʨʝʧʷʪʩʪʚʠʝʤ. ɼʣʷ ʤʥʦʛʠʭ 
ʩʠʪʫʘʮʠʡ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʧʨʘʚʠʣ ʜʣʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʣʘʙʠʨʠʥʪʘ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʦ çʦʜʥʦʡ ʨʫʢʠè: ʜʚʠʛʘʷʩʴ ʧʦ ʣʘʙʠʨʠʥʪʫ, ʥʘʜʦ ʚʩʝ ʚʨʝʤʷ 
ʢʘʩʘʪʴʩʷ ʧʨʘʚʦʡ ʠʣʠ ʣʝʚʦʡ ʨʫʢʦʡ ʝʛʦ ʩʪʝʥʳ. ʕʪʦʪ ʘʣʛʦʨʠʪʤ, ʚʝʨʦʷʪʥʦ, ʙʳʣ ʠʟʚʝʩʪʝʥ ʝʱʝ ʜʨʝʚʥʠʤ 

ʛʨʝʢʘʤ [2]. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʨʦʙʦʪʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʧʦ ʧʨʘʚʠʣʫ çʧʨʘʚʦʡ ʨʫʢʠè, ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
 

ʈʠʩ. 1. ɸʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʚʳʭʦʜʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 
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ʈʠʩ. 2. ʈʝʘʣʠʟʘʮʠʷ ʧʨʘʚʠʣʘ çʧʨʘʚʦʡ ʨʫʢʠè 

 

ɼʦʩʪʦʠʥʩʪʚʘ ʤʝʪʦʜʘ: 

ï ʧʨʦʩʪʦʪʘ ʘʣʛʦʨʠʪʤʘ; 
ï ʝʩʣʠ ʫ ʣʘʙʠʨʠʥʪʘ ʥʝʪ ʟʘʤʢʥʫʪʳʭ ʤʘʨʰʨʫʪʦʚ, 

ʚʳʭʦʜ ʙʫʜʝʪ ʥʘʡʜʝʥ. 

ʅʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʘ: 

ï ʚʦʟʤʦʞʝʥ ʚʳʙʦʨ ʩʘʤʦʛʦ ʜʣʠʥʥʦʛʦ ʧʫʪʠ ʩ ʦʙ-
ʭʦʜʦʤ ʚʩʝʭ ʢʦʨʠʜʦʨʦʚ ʠ ʪʫʧʠʢʦʚ; 

ï ʚ ʤʥʦʛʦʩʚʷʟʥʳʭ ʣʘʙʠʨʠʥʪʘʭ ʚʪʦʨʦʡ ʛʨʫʧʧʳ 

ʧʨʘʚʠʣʦ ʥʝ ʨʘʙʦʪʘʝʪ. 
ʊʨʘʩʩʠʨʦʚʢʘ ʚʦʢʨʫʛ ʧʨʝʧʷʪʩʪʚʠʷ. ʊʨʘʩʩʠʨʦʚʢʘ ï ʵʪʦ ʧʨʦʮʝʩʩ ʩʣʝʜʦʚʘʥʠʷ ʠʟ ʪʦʯʢʠ A ʚ ʪʦʯʢʫ 

B ʠ ʥʘʭʦʞʜʝʥʠʷ ʥʘʜʝʞʥʦʛʦ ʠ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʠʣʫʯʰʝʛʦ ʧʫʪʠ ʤʝʞʜʫ ʪʦʯʢʘʤʠ. 

ɽʩʣʠ ʧʨʝʧʷʪʩʪʚʠʝ ʙʦʣʴʰʦʝ, ʤʦʞʥʦ ʢʦʩʥʫʪʴʩʷ ʨʫʢʦʡ ʧʨʝʧʷʪʩʪʚʠʷ ʠ ʩʣʝʜʦʚʘʪʴ ʢʦʥʪʫʨʫ ʧʨʝ-
ʧʷʪʩʪʚʠʷ, ʧʦʢʘ ʦʥʘ ʥʝ ʦʙʦʡʜʝʥʦ. ʈʠʩʫʥʦʢ 3, ʘ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʭʦʨʦʰʦ ʵʪʦʪ ʤʝʪʦʜ ʨʘʙʦʪʘʝʪ ʩ 

ʙʦʣʴʰʠʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ. ʕʪʦ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ, ʦʜʥʘʢʦ ʨʠʩʫʥʦʢ 3, ʙ ʧʦʢʘʟʳʚʘ-

ʝʪ, ʢʘʢ ʤʦʞʥʦ ʧʦʩʪʦʷʥʥʦ ʢʨʫʞʠʪʴ ʚʥʫʪʨʠ ʧʨʝʧʷʪʩʪʚʠʷ ʥʝ ʥʘʭʦʜʷ ʧʫʪʠ ʥʘʨʫʞʫ. 

 

  
ʘ ʙ 

ʈʠʩ. 3. ʊʨʘʩʩʠʨʦʚʢʘ ʚʦʢʨʫʛ ʧʨʝʧʷʪʩʪʚʠʷ ʈʠʩ. 3. ɺʦʟʥʠʢʘʶʱʘʷ ʦʰʠʙʢʘ  ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ 
ʪʨʘʩʩʠʨʦʚʢʠ ʚʦʢʨʫʛ ʧʨʝʧʷʪʩʪʚʠʷ 

 
ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʤʝʪʦʜʘ: 

ï ʫʜʦʙʩʪʚʦ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ; 

ï ʝʩʣʠ ʫ ʣʘʙʠʨʠʥʪʘ ʥʝʪ ʟʘʤʢʥʫʪʳʭ ʤʘʨʰʨʫʪʦʚ, 
ʚʳʭʦʜ ʙʫʜʝʪ ʥʘʡʜʝʥ. 

 
ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʤʝʪʦʜʘ: 

ï ʚʦʟʤʦʞʝʥ ʚʳʙʦʨ ʩʘʤʦʛʦ ʜʣʠʥʥʦʛʦ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʮʠʢʣʠʚʘʥʠʷ ʚʥʫʪʨʠ ʧʨʝʧʷʪʩʪ-
ʚʠʷ. 

ʅʘʜʝʞʥʘʷ ʪʨʘʩʩʠʨʦʚʢʘ. ɹʦʣʝʝ ʥʘʜʝʞʥʘʷ ʵʚʨʠʩʪʠʢʘ ʧʨʠʰʣʘ ʠʟ ʨʘʙʦʪ ʥʘʜ ʤʦʙʠʣʴʥʳʤʠ ʨʦʙʦ-

ʪʘʤʠ: çʇʨʠ ʙʣʦʢʠʨʦʚʘʥʠʠ, ʚʳʯʠʩʣʠʪʴ ʫʨʘʚʥʝʥʠʝ ʣʠʥʠʠ ʠʟ ʪʝʢʫʱʝʡ ʧʦʟʠʮʠʠ ʢ ʮʝʣʠ. ʊʨʘʩʩʠʨʦ-
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ʚʘʪʴ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʵʪʘ ʣʠʥʠʷ ʥʝ ʧʝʨʝʩʝʯʝʥʘ ʩʥʦʚʘ. ʇʨʝʨʚʘʪʴ ʨʘʙʦʪʫ, ʝʩʣʠ ʚʳ ʦʧʷʪʴ ʧʦʧʘʣʠ ʚ 
ʥʘʯʘʣʴʥʫʶ ʧʦʟʠʮʠʶè. ʕʪʦʪ ʤʝʪʦʜ ʛʘʨʘʥʪʠʨʫʝʪ ʥʘʭʦʞʜʝʥʠʝ ʧʫʪʠ ʚʦʢʨʫʛ ʧʨʝʧʷʪʩʪʚʠʷ, ʝʩʣʠ ʦʥ 

ʝʩʪʴ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 4, ʘ. ʈʠʩʫʥʦʢ 4, ʙ ʧʦʢʘʟʳʚʘʝʪ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ ʵʪʦʛʦ ʧʦʜʭʦʜʘ: 

ʟʘʯʘʩʪʫʶ ʪʨʝʙʫʝʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʥʘ ʪʨʘʩʩʠʨʦʚʢʫ, ʯʝʤ ʥʝʦʙʭʦʜʠʤʦ. 

  
ʘ ʙ 

ʈʠʩ. 4. ʅʘʜʝʞʥʘʷ ʪʨʘʩʩʠʨʦʚʢʘ 
ʈʠʩ. 4. ɺʦʟʤʦʞʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʥʳ ʧʫʪʠ  ʧʨʠ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʥʘʜʝʞʥʦʡ ʪʨʘʩʩʠʨʦʚʢʠ 

 
 

ɼʦʩʪʦʠʥʩʪʚʘ ʤʝʪʦʜʘ: 

ï ʤʝʪʦʜ ʛʘʨʘʥʪʠʨʫʝʪ ʥʘʭʦʞʜʝʥʠʝ ʧʫʪʠ ʚʦʢʨʫʛ 
ʧʨʝʧʷʪʩʪʚʠʷ, ʝʩʣʠ ʦʥ ʝʩʪʴ. 

 

ʅʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʘ: 

ï ʟʘʯʘʩʪʫʶ ʪʨʝʙʫʝʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ 
ʥʘ ʪʨʘʩʩʠʨʦʚʢʫ ʯʝʤ ʥʝʦʙʭʦʜʠʤʦ. 

ɺʦʣʥʦʚʦʡ ʘʣʛʦʨʠʪʤ (ɸʣʛʦʨʠʪʤ ʃʠ). ɺʦʣʥʦʚʦʡ ʘʣʛʦ-

ʨʠʪʤ ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʫʥʠʢʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʪʨʘʩʩʠʨʦʚ-

ʢʠ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʧʫʪʴ ʤʝʞʜʫ ʜʚʫʤʷ ʵʣʝʤʝʥʪʘʤʠ 
ʚ ʣʶʙʦʤ ʣʘʙʠʨʠʥʪʝ.  

1. ʀʟ ʥʘʯʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ 4-ʭ ʥʘ-

ʧʨʘʚʣʝʥʠʷʭ. ʕʣʝʤʝʥʪ, ʚ ʢʦʪʦʨʳʡ ʧʨʠʰʣʘ ʚʦʣʥʘ, ʦʙʨʘʟʫʝʪ 
ʬʨʦʥʪ ʚʦʣʥʳ. ʅʘ ʨʠʩʫʥʢʘʭ ʮʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʥʦʤʝʨʘ 

ʬʨʦʥʪʦʚ ʚʦʣʥʳ. 

ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʧʝʨʚʦʛʦ ʬʨʦʥʪʘ ʚʦʣʥʳ ʷʚʣʷʝʪʩʷ ʠʩ-
ʪʦʯʥʠʢʦʤ ʚʪʦʨʠʯʥʦʡ ʚʦʣʥʳ. ʕʣʝʤʝʥʪʳ ʚʪʦʨʦʛʦ ʬʨʦʥʪʘ ʚʦʣ-

ʥʳ ʛʝʥʝʨʠʨʫʶʪ ʚʦʣʥʫ ʪʨʝʪʴʝʛʦ ʬʨʦʥʪʘ ʠ ʪ.ʜ. ʇʨʦʮʝʩʩ ʧʨʦ-

ʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪ ʢʦʥʝʯʥʳʡ 

ʵʣʝʤʝʥʪ. ʅʫ, ʠʣʠ ʧʦʢʘ ʥʝ ʩʪʘʥʝʪ ʷʩʥʦ, ʯʪʦ ʝʛʦ ʥʝ ʜʦʩʪʠʛʥʫʪʴ. 
2. ʉʪʨʦʠʪʩʷ ʩʘʤʘ ʪʨʘʩʩʘ. ɽʝ ʧʦʩʪʨʦʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʦʪ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʥʘʯʘʣʴʥʦʤʫ [3]. 

ɼʦʩʪʦʠʥʩʪʚʘ ʤʝʪʦʜʘ: 

ï ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʧʫʪʴ ʚ ʣʶʙʦʤ ʣʘʙʠʨʠʥʪʝ 
(ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʧʫʪʴ ʩʫʱʝʩʪʚʫʝʪ). 

ʅʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʘ: 

ï ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʪʨʘʩʩʳ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʦʡ 
ʦʙʲʝʤ ʧʘʤʷʪʠ; 

ï ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʩʝʭ ʧʨʝ-

ʧʷʪʩʪʚʠʡ ʥʘ ʢʘʨʪʝ. 
ɸʣʛʦʨʠʪʤ ɸ*.  ʅʘʠʣʫʯʰʠʤ ʘʣʛʦʨʠʪʤʦʤ ʜʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʧʫʪʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘʭ ʷʚʣʷʝʪʩʷ A* (ʯʠʪʘʝʪʩʷ ʢʘʢ "ɸ-ʟʚʝʟʜʦʯʢʘ"). ʕʪʦʪ ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʧʦʠʩʢ ʩʦʨʪʠʨʫʝʪ ʚʩʝ 

ʫʟʣʳ ʧʦ ʧʨʠʙʣʠʞʝʥʠʶ ʥʘʠʣʫʯʰʝʛʦ ʤʘʨʰʨʫʪʘ, ʠʜʫʱʝʛʦ ʯʝʨʝʟ ʵʪʦʪ ʫʟʝʣ.  
A* ʧʦʰʘʛʦʚʦ ʧʨʦʩʤʘʪʨʠʚʘʝʪ ʚʩʝ ʧʫʪʠ, ʚʝʜʫʱʠʝ ʦʪ ʥʘʯʘʣʴʥʦʡ ʚʝʨʰʠʥʳ ʚ ʢʦʥʝʯʥʫʶ, ʧʦʢʘ ʥʝ 

ʥʘʡʜʝʪ ʤʠʥʠʤʘʣʴʥʳʡ. ʂʘʢ ʠ ʚʩʝ ʠʥʬʦʨʤʠʨʦʚʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ, ʦʥ ʧʨʦʩʤʘʪʨʠʚʘʝʪ ʩʥʘʯʘʣʘ 

ʪʝ ʤʘʨʰʨʫʪʳ, ʢʦʪʦʨʳʝ çʢʘʞʫʪʩʷè ʚʝʜʫʱʠʤʠ ʢ ʮʝʣʠ [4]. 

ʄʥʦʞʝʩʪʚʦ ʫʞʝ ʧʨʦʡʜʝʥʥʳʭ ʚʝʨʰʠʥ ʤʦʞʥʦ ʦʧʫʩʪʠʪʴ (ʧʨʠ ʵʪʦʤ ʘʣʛʦʨʠʪʤ ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʧʦ-
ʠʩʢ ʧʦ ʜʝʨʝʚʫ ʨʝʰʝʥʠʡ), ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʨʝʰʝʥʠʝ ʩʫʱʝʩʪʚʫʝʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʦʪ ʘʣʛʦʨʠʪʤ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʫʯʝʪ ʜʣʠʥʳ ʧʨʝʜʳʜʫʱʝʛʦ ʧʫʪʠ ʠʟ ʘʣʛʦʨʠʪʤʘ 

ɼʝʡʢʩʪʨʳ ʩ ʵʚʨʠʩʪʠʢʦʡ ʠʟ ʘʣʛʦʨʠʪʤʘ "ʣʫʯʰʠʡ-ʧʝʨʚʳʡ". ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʠʩ-
ʧʦʣʴʟʫʝʪ ʵʚʨʠʩʪʠʢʫ: ʥʠ ʦʜʠʥ ʜʨʫʛʦʡ ʘʣʛʦʨʠʪʤ ʥʝ ʨʘʩʢʨʦʝʪ ʤʝʥʴʰʝʝ ʯʠʩʣʦ ʫʟʣʦʚ, ʥʝ ʫʯʠʪʳʚʘʷ 

ʫʟʣʦʚ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʪʦʠʤʦʩʪʴʶ.  

ʅʘ ʨʠʩʫʥʢʘʭ 6, a ï6, ʚ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʢʘʢ A* ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʩʠʪʫʘʮʠʷʤʠ, ʧʨʦʙʣʝʤʥʳʤʠ ʜʣʷ 

ʜʨʫʛʠʭ ʘʣʛʦʨʠʪʤʦʚ. 

 
 

ʈʠʩ. 5. ɺʦʣʥʦʚʦʡ ʘʣʛʦʨʠʪʤ 
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ʈʠʩ. 6 

 
ɼʦʩʪʦʠʥʩʪʚʘ ʤʝʪʦʜʘ: 

ï ʧʦʠʩʢ ʩʦʨʪʠʨʫʝʪ ʚʩʝ ʫʟʣʳ ʧʦ ʧʨʠʙʣʠʞʝʥʠʶ 

ʥʘʠʣʫʯʰʝʛʦ ʤʘʨʰʨʫʪʘ ʠʜʫʱʝʛʦ ʯʝʨʝʟ ʵʪʦʪ ʫʟʝʣ. 
ï A* ʧʨʦʭʦʜʠʪ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʨʰʠʥ 

ʛʨʘʬʘ ʩʨʝʜʠ ʜʦʧʫʩʪʠʤʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʠʩʧʦʣʴ-

ʟʫʶʱʠʭ ʪʘʢʫʶ ʞʝ ʪʦʯʥʫʶ (ʠʣʠ ʤʝʥʝʝ ʪʦʯʥʫʶ) 
ʵʚʨʠʩʪʠʢʫ. 

ʅʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʘ: 

ï ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʧʘʤʷʪʠ ʠ ʧʨʦʮʝʩʩʦʨʥʦʤʫ 

ʚʨʝʤʝʥʠ ʩʦʟʜʘʶʪ ʧʨʦʙʣʝʤʳ ʜʣʷ ʭʦʨʦʰʝʡ ʨʘ-
ʙʦʪʳ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ɸ* ʜʣʷ ʦʙʭʦʜʘ ʧʨʝ-
ʧʷʪʩʪʚʠʡ, ʧʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʥ ʙʫʜʝʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ ʠ ʘʜʘʧʪʠʨʦʚʘʥ ʜʣʷ ʧʨʦʭʦʜʘ ʣʘʙʠ-

ʨʠʥʪʘ ʤʦʙʠʣʴʥʳʤ ʨʦʙʦʪʦʤ. 

ʄʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦ ʧʫʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʤ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ɸ*, ʦʩʪʘʚ-

ʣʷʪʴ ʤʝʪʢʠ. ɺ ʩʣʫʯʘʝ ʪʫʧʠʢʘ ʚʝʨʥʫʪʴʩʷ ʥʘʟʘʜ, ʧʦʩʪʘʚʠʪʴ ʚʪʦʨʫʶ ʤʝʪʢʫ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʫʶ, ʯʪʦ 
ʧʫʪʴ ʧʨʦʡʜʝʥ ʜʚʘʞʜʳ ï ʪʫʜʘ ʠ ʥʘʟʘʜ, ʠ ʠʜʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʝ ʧʨʦʡʜʝʥʥʦʤ ʥʠ ʨʘʟʫ, ʠʣʠ ʧʨʦʡ-

ʜʝʥʥʦʤ ʦʜʠʥ ʨʘʟ; ʚ ʩʣʫʯʘʝ ʧʝʨʝʢʨʝʩʪʢʘ ï ʠʜʪʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ, ʢ ʮʝʣʠ, ʦʪʤʝʯʘʷ ʢʘʞʜʳʡ ʧʝʨʝʢʨʝ-

ʩʪʦʢ ʥʘ ʚʭʦʜʝ ʠ ʥʘ ʚʳʭʦʜʝ ʦʜʥʦʡ ʤʝʪʢʦʡ; ʝʩʣʠ ʥʘ ʧʝʨʝʢʨʝʩʪʝ ʦʜʥʘ ʤʝʪʢʘ ʫʞʝ ʠʤʝʝʪʩʷ, ʪʦ ʩʣʝʜʫʝʪ 
ʠʜʪʠ ʥʦʚʳʤ ʧʫʪʝʤ, ʝʩʣʠ ʥʝʪ ï ʪʦ ʧʨʦʡʜʝʥʥʳʤ ʧʫʪʝʤ, ʦʪʤʝʪʠʚ ʝʛʦ ʚʪʦʨʦʡ ʤʝʪʢʦʡ. 
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ʧʣʦʪʥʦʩʪʠ ʩʫʩʧʝʥʟʠʠ ʥʘ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʝ ʌʕʂ-ʄ. 
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ʩʠʦʥʥʘʷ ʩʨʝʜʘ, ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ, ʠʥʪʝʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʤʝʪʦʜ ʢʘʩʘʪʝʣʴ-

ʥʳʭ, ʬʨʘʢʮʠʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ, ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ, ʩʢʦʨʦʩʪʴ ʦʩʝʜʘʥʠʷ ʯʘʩʪʠʮ, ʬʦʨʤʫʣʘ ʉʪʦʢʩʘ. 
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SEDIMENTATION ANALYSIS OF POLYDISPERSE SUSPENSIONS 

 
The article describes the main characteristics of polydisperse suspensions and methods of analysis to deter-

mine the quantitative content of the dispersed phase in the environment, as well as to separate the particles of the 

dispersed phase fractions depending on their size or density. An attempt to determine the particle size of the sus-
pension of calcite by measuring the sedimentation velocity of particles by a change in optical density of the sus-

pension on photocolorimetry ʌʕʂ-ʄ was made. 

 

Key words: polydisperse suspensions, sedimentation analysis, dispersed phase, dispersion medium, the opti-

cal density of the medium, the integral curve of optical density, tangent method, the fractions of the dispersed 

phase, the calcium carbonate, the sedimentation rate of the particles, the Stokes formula. 

 

 
ʉʫʩʧʝʥʟʠʷʤʠ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʯʘʩʪʠʮʳ ʪʚʝʨʜʦʡ ʬʘʟʳ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʞʠʜʢʦʡ 

ʩʨʝʜʝ. ʆʙʳʯʥʦ ʯʘʩʪʠʮʳ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʠ (>10
-5
ï10

-7
 ʩʤ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ 

ʠʭ ʢ ʛʨʫʙʦʜʠʩʧʝʨʩʥʳʤ ʩʠʩʪʝʤʘʤ. ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʯʘʩʪʠʮʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʦʩʝʜʘʶʪ 
(ʩʝʜʠʤʝʥʪʠʨʫʶʪ) ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʜʝʣʝʥʠʶ ʬʘʟ ʩʫʩʧʝʥʟʠʠ. 

ʉʫʩʧʝʥʟʠʠ, ʚ ʢʦʪʦʨʳʭ ʩʝʜʠʤʝʥʪʘʮʠʷ ʠʜʝʪ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ ʠʟ-ʟʘ ʤʘʣʦʡ ʨʘʟʥʠʮʳ ʚ ʧʣʦʪʥʦʩʪʠ ʜʠʩ-

ʧʝʨʩʥʦʡ ʬʘʟʳ ʠ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʚʟʚʝʩʷʤʠ. ʊʠʧʠʯʥʳʤʠ ʩʫʩʧʝʥʟʠʷʤʠ ʷʚʣʷ-

ʶʪʩʷ ʧʫʣʴʧʳ, ʙʫʨʦʚʳʝ ʧʨʦʤʳʚʦʯʥʳʝ ʞʠʜʢʦʩʪʠ, ʮʝʤʝʥʪʥʳʝ ʨʘʩʪʚʦʨʳ, ʵʤʘʣʝʚʳʝ ʢʨʘʩʢʠ ʠ ʣʶʙʦʡ 
ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʦʛʦ ʚʝʱʝʩʪʚʘ (ʤʝʣʘ, ʛʠʧʩʘ). 

ʂʘʢ ʧʨʘʚʠʣʦ, ʩʫʩʧʝʥʟʠʠ ʧʦʣʠʜʠʩʧʝʨʩʥʳ, ʠ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʚ ʥʠʭ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʚʝʩʴʤʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ï ʥʘ ʧʦʨʷʜʦʢ ʠ ʙʦʣʴʰʝ. ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʤʦʥʦʜʠʩʧʝʨʩʥʘʷ ʩʫʩʧʝʥʟʠʷ, 
ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʤʝʥʷʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʝʤʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʘʩʪʠʮ ʥʝʦʙʭʦʜʠ-

ʤʦʛʦ ʨʘʟʤʝʨʘ. 

ʉʝʜʠʤʝʥʪʘʮʠʷ ï ʵʪʦ ʥʘʧʨʘʚʣʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʚ ʧʦʣʝ ʜʝʡʩʪʚʠʷ ʩʠʣ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʠʣʠ 
ʮʝʥʪʨʦʙʝʞʥʳʭ. ʉʢʦʨʦʩʪʴ ʩʝʜʠʤʝʥʪʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʩʳ, ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ, ʨʘʟʥʠʮʳ ʚ 

ʧʣʦʪʥʦʩʪʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʠ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ, ʚʷʟʢʦʩʪʠ ʩʨʝʜʳ, ʪʝʤʧʝʨʘʪʫʨʳ (ʜʣʷ ʪʦʥʢʦʜʠʩ-

ʧʝʨʩʥʳʭ ʩʠʩʪʝʤ), ʘ ʪʘʢʞʝ ʦʪ ʫʩʢʦʨʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʯʘʩʪʠʮʳ ʮʝʥʪʨʦʙʝʞʥʳʭ 

ʩʠʣ. ɺ ʧʦʣʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ ʦʩʝʜʘʶʪ ʯʘʩʪʠʮʳ ʛʨʫʙʦʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ, ʚ ʧʦʣʝ ʮʝʥʪʨʦʙʝʞʥʳʭ 
ʩʠʣ ʚʦʟʤʦʞʥʘ ʩʝʜʠʤʝʥʪʘʮʠʷ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʠ ʜʘʞʝ ʤʘʢʨʦʤʦʣʝʢʫʣ. 

ʉʝʜʠʤʝʥʪʘʮʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, 

ʨʘʟʜʝʣʝʥʠʠ ʧʨʦʜʫʢʪʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠ ʚʦʜʦʦʯʠʩʪʢʝ [1]. 
ʉʝʜʠʤʝʥʪʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʩʢʦʨʦʩʪʠ ʩʝʜʠʤʝʥʪʘʮʠʠ, ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʤʘʩʩʝ, ʫʩʪʘʥʦʚʠʪʴ 

ʫʩʨʝʜʥʝʥʥʫʶ (ʠʥʪʝʛʨʘʣʴʥʫʶ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʠʩʧʝʨʩʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʨʘʟʜʝʣʠʪʴ ʯʘʩʪʠʮʳ ʜʠʩ-

ʧʝʨʩʥʦʡ ʬʘʟʳ ʧʦ ʬʨʘʢʮʠʷʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʨʘʟʤʝʨʘ ʠ ʤʘʩʩʳ. ʇʨʦʩʪʝʡʰʠʡ ʩʣʫʯʘʡ ʩʝʜʠʤʝʥ-
ʪʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ï ʵʪʦ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʜʠʥʘʤʠʢʦʡ ʦʩʝʜʘʥʠʷ ʯʘʩʪʠʮ ʩʫʩʧʝʥʟʠʠ, ʢʦʪʦʨʦʝ ʚʝʜʝʪʩʷ 

ʧʦ ʥʝʧʨʝʨʳʚʥʦʤʫ ʠʟʤʝʨʝʥʠʶ ʤʘʩʩʳ ʦʩʝʜʘʶʱʠʭ ʯʘʩʪʠʮ ʠʣʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦ-

ʩʪʠ ʩʫʩʧʝʥʟʠʠ. ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 
ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʡ ʢʦʣʦʨʠʤʝʪʨ, ʷʚʣʷʶʱʠʡʩʷ ʥʘʜʝʞʥʳʤ ʠ ʪʦʯʥʳʤ ʧʨʠʙʦʨʦʤ [2]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʩʝʜʠʤʝʥʪʘʮʠʠ ʙʳʣʘ ʚʟʷʪʘ ʩʫʩʧʝʥʟʠʷ ʢʘʣʴʮʠʪʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʦʜ-

ʥʠʤ ʠʟ ʤʠʥʝʨʘʣʦʚ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ ʉʘʉʆ3, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʚ ʚʦʜʝ. ʂʨʫʧʥʳʝ ʯʘʩ-
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ʪʠʮʳ ʢʘʣʴʮʠʪʘ ʚ ʬʘʨʬʦʨʦʚʦʡ ʩʪʫʧʢʝ ʨʘʩʪʠʨʘʣʠʩʴ ʧʝʩʪʠʢʦʤ ʚ ʪʝʯʝʥʠʝ 4ï5 ʤʠʥʫʪ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ 
ʧʦʣʫʯʠʪʴ ʩʫʩʧʝʥʟʠʶ ʩ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʛʨʫʙʦʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ. ʇʦʨʦʰʦʢ 

ʢʘʣʴʮʠʪʘ ʧʝʨʝʥʦʩʠʣʩʷ ʚ ʢʦʣʙʫ ʩ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʵʥʝʨʛʠʯʥʦ ʚʟʙʘʣʪʳʚʘʣʩʷ, ʠ ʠʟ ʩʨʝʜʥʝʡ 

ʯʘʩʪʠ ʨʘʩʪʚʦʨʘ ʚ ʢʶʚʝʪʫ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʘ ʙʳʩʪʨʦ ʦʪʙʠʨʘʣʘʩʴ ʧʨʦʙʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʧʨʠʩʫʪ-
ʩʪʚʠʝ ʚ ʥʝʡ ʯʘʩʪʠʮ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ. 

ʂʶʚʝʪʘ ʥʝʤʝʜʣʝʥʥʦ ʧʦʤʝʱʘʣʘʩʴ ʚ ʧʨʠʙʦʨ ʠ ʥʘʯʠʥʘʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʩʫʩʧʝʥʟʠʠ, ʧʨʠʯʝʤ ʧʝʨʚʳʝ ʦʪʩʯʝʪʳ, ʢʦʛʜʘ ʚʩʣʝʜʩʪʚʠʝ ʦʩʝʜʘʥʠʷ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʦʧʪʠʯʝʩʢʘʷ 
ʧʣʦʪʥʦʩʪʴ ʤʝʥʷʣʘʩʴ ʙʳʩʪʨʦ, ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʝʞʝʤʠʥʫʪʥʦ, ʟʘʪʝʤ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʠʟʤʝʨʝʥʠʷʤʠ 

ʫʚʝʣʠʯʠʚʘʣʩʷ ʩʥʘʯʘʣʘ ʜʦ 5, ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʦ 10 ʠ 20 ʤʠʥʫʪ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʫʪʝʤ ʧʦʜʙʦʨʘ 

ʨʘʟʥʳʭ ʬʠʣʴʪʨʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʚʦʣʥ ʜʣʷ ʜʘʥ-
ʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 540 ʥʘ-

ʥʦʤʝʪʨʘʤ. ʆʙʱʝʝ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʡ 

ʩʦʩʪʘʚʣʷʣʦ ʥʝ ʤʝʥʝʝ 2 ʯʘʩʦʚ ʠ ʧʨʦ-
ʜʦʣʞʘʣʦʩʴ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʦʩʣʝʜʥʠʝ 

ʟʘʤʝʨʳ ʥʝ ʚʳʷʚʣʷʣʠ ʣʠʥʝʡʥʫʶ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʫʩ-

ʧʝʥʟʠʠ ʦʪ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ. ʀʟʤʝ-
ʨʝʥʠʷ ʧʦʚʪʦʨʷʣʠʩʴ ʜʣʷ 5 ʧʨʦʙ, ʧʦʩʣʝ 

ʯʝʛʦ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʫʩʨʝʜʥʷ-

ʣʠʩʴ, ʠ ʧʦ ʥʠʤ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʠʥʪʝ-
ʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʯʝ-

ʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʫʩʧʝʥʟʠʠ ʦʪ ʚʨʝʤʝʥʠ 

ʚʳʜʝʨʞʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ. 
ʇʦʣʫʯʝʥʥʘʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ 

ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʣʘʩʴ ʘʥʘʣʠʟʫ ʧʦ ʤʝʪʦʜʫ 

ʢʘʩʘʪʝʣʴʥʳʭ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʚ ʭʚʦʩʪʦ-

ʚʦʡ ʯʘʩʪʠ ʛʨʘʬʠʢʘ ʦʙʫʩʣʦʚʣʝʥʘ ʦʩʝʜʘʥʠʝʤ ʯʘʩʪʠʮ ʦʜʥʦʛʦ ʨʘʟʤʝʨʘ ï ʩʘʤʦʡ ʤʝʣʢʦʡ ʬʨʘʢʮʠʠ. ʇʨʦ-
ʚʝʜʷ ʢʘʩʘʪʝʣʴʥʫʶ ʢ ʵʪʦʡ ʯʘʩʪʠ ʢʨʠʚʦʡ ʜʦ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʦʩʴʶ ʬʫʥʢʮʠʠ, ʤʳ ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʝ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʦʜʝʨʞʘʥʠʶ ʩʘʤʦʡ ʤʝʣʢʦʡ ʬʨʘʢʮʠʠ ʚ ʩʫʩʧʝʥʟʠʠ. ɺʳ-

ʯʠʪʘʷ ʜʣʷ ʢʘʞʜʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʦʪʨʝʟʢʘ ʵʪʠ ʟʥʘʯʝʥʠʷ ʠʟ ʦʙʱʠʭ ʜʘʥʥʳʭ, ʤʳ ʧʦʣʫʯʠʤ ʥʦʚʫʶ ʟʘʚʠ-
ʩʠʤʦʩʪʴ, ʫʞʝ ʙʝʟ ʤʝʣʢʦʡ ʬʨʘʢʮʠʠ. 

ʕʪʘ ʥʦʚʘʷ ʢʨʠʚʘʷ ʪʦʞʝ ʠʤʝʝʪ ʣʠʥʝʡʥʳʡ çʭʚʦʩʪè, ʪʦʣʴʢʦ ʪʝʧʝʨʴ ʦʥ ʦʙʫʩʣʦʚʣʝʥ ʦʩʝʜʘʥʠʝʤ 

ʯʘʩʪʠʮ ʩʣʝʜʫʶʱʝʡ, ʙʦʣʝʝ ʢʨʫʧʥʦʡ ʬʨʘʢʮʠʠ. ʇʨʦʚʝʜʷ ʥʦʚʫʶ ʢʘʩʘʪʝʣʴʥʫʶ, ʤʳ ʦʧʨʝʜʝʣʠʤ ʜʦʣʶ 
ʯʘʩʪʠʮ ʵʪʦʡ ʬʨʘʢʮʠʠ ʚ ʦʩʪʘʚʰʝʡʩʷ ʤʘʩʩʝ. ʀ ʪʘʢ ʢʘʞʜʳʡ ʨʘʟ, ʚʳʯʠʪʘʷ ʟʥʘʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪ-

ʥʦʩʪʠ ʯʘʩʪʠʮ ʜʘʥʥʦʡ ʬʨʘʢʮʠʠ ʠʟ ʦʙʱʝʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʤʳ ʧʨʠʙʣʠʞʘʝʤʩʷ ʢ ʧʦʩʣʝʜʥʝʤʫ ʵʪʘʧʫ, ʢʦ-

ʛʜʘ ʦʩʪʘʚʰʘʷʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʩʷ ʙʫʜʝʪ ʣʠʥʝʡʥʦʡ ʦʪ ʥʘʯʘʣʘ ʜʦ ʢʦʥʮʘ. ʕʪʦ ʧʦʢʘʞʝʪ ʥʘʤ ʜʦʣʶ ʩʘ-

ʤʳʭ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʚ ʥʘʰʝʡ ʩʫʩʧʝʥʟʠʠ. 
ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʠʥʪʝʛʨʘʣʴʥʦʡ ʢʨʠʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʫʩʧʝʥʟʠʠ ʦʪ 

ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʧʦʟʚʦʣʠʣ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʘʩʘʪʝʣʴʥʳʭ ʨʘʟʜʝʣʠʪʴ ʝʝ ʥʘ 5 ʬʨʘʢʮʠʡ, ʢʦʪʦ-

ʨʳʝ ʩʦʩʪʘʚʣʷʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ: ʤʝʣʢʘʷ ʬʨʘʢʮʠʷ ï 
14%, ʤʝʥʴʰʝ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ï 16,5%, ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ï 27,5%, ʙʦʣʴʰʝ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ï 

22% ʠ ʩʘʤʘʷ ʢʨʫʧʥʘʷ ʬʨʘʢʮʠʷ ï 20%. ɺʨʝʤʷ ʦʩʝʜʘʥʠʷ ʯʘʩʪʠʮ ʩʘʤʦʡ ʢʨʫʧʥʦʡ ʬʨʘʢʮʠʠ ʩʦʩʪʘʚʠʣʦ 

6 ʤʠʥʫʪ, ʩʘʤʦʡ ʤʝʣʢʦʡ ï 190 ʤʠʥʫʪ (ʧʦʣʫʯʝʥʦ ʧʫʪʝʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʭʚʦʩʪʦʚʦʡ ʯʘʩʪʠ ʛʨʘʬʠʢʘ), 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʦʩʝʜʘʥʠʷ ʯʘʩʪʠʮ ʚ ʢʶʚʝʪʝ. 
ʉ ʧʦʤʦʱʴʶ ʵʪʠʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʨʘʩʩʯʠʪʘʪʴ ʨʘʟʤʝʨʳ ʯʘʩ-

ʪʠʮ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʨʘʢʮʠʡ. ɼʣʷ ʵʪʦʛʦ ʧʦʥʘʜʦʙʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮ 

ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ (ʜʣʷ ʢʘʣʴʮʠʪʘ ï 2,71 ʛ/ʩʤ
3
), ʚʷʟʢʦʩʪʴ ʚʦʜʳ ʧʨʠ 20Áʉ ï 1 ʩʘʥʪʠʧʫʘʟ, ʩʢʦʨʦʩʪʴ 

ʦʩʝʜʘʥʠʷ ʯʘʩʪʠʮ ʧʨʠ ʚʳʩʦʪʝ ʩʣʦʷ ʨʘʩʪʚʦʨʘ 3 ʩʤ, ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ ʧʨʠ 20Áʉ ï 0,9982 ʛ/ʩʤ
3
, ʫʩʢʦʨʝ-

ʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ï 981 ʩʤ/ʩ
2
. 

ʇʦʜʩʪʘʚʣʷʷ ʵʪʠ ʜʘʥʥʳʝ ʚ ʬʦʨʤʫʣʫ ʉʪʦʢʩʘ [3], ʧʦʣʫʯʠʤ: 

r = 
gdd

v

Ö-

Öh

)(2

9

12

, 

 
ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʫʩʧʝʥʟʠʠ ʢʘʣʴʮʠʪʘ  

ʦʪ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʨʘʩʪʚʦʨʘ 
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ʛʜʝ, r ï ʨʘʜʠʫʩ ʯʘʩʪʠʮ ʜʘʥʥʦʡ ʬʨʘʢʮʠʠ, ʩʤ; ɖ ï ʚʷʟʢʦʩʪʴ ʩʨʝʜʳ, ʛ/ʩʤȚʩ; v ï ʩʢʦʨʦʩʪʴ ʦʩʝʜʘʥʠʷ ʯʘʩ-
ʪʠʮ ʜʘʥʥʦʡ ʬʨʘʢʮʠʠ, ʩʤ/ʩ; d2 ï ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ, ʛ/ʩʤ

3
; d1 ï ʧʣʦʪʥʦʩʪʴ ʜʠʩʧʝʨ-

ʩʠʦʥʥʦʡ ʩʨʝʜʳ, ʛ/ʩʤ
3
; g ï ʫʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʩʤ/ʩ

2
; 

ɺ ʠʪʦʛʝ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʩʘʤʦʡ ʤʝʣʢʦʡ ʬʨʘʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 8,4Ț10
ï7

 ʤ, ʪ.ʝ. ʥʝʤʥʦʛʦ ʤʝʥʴʰʝ ʦʜ-
ʥʦʛʦ ʤʠʢʨʦʥʘ, ʘ ʩʘʤʦʡ ʢʨʫʧʥʦʡ ʬʨʘʢʮʠʠ ï 4,3Ț10

ï6
 ʤ, ʪ.ʝ. ʧʨʠʤʝʨʥʦ ʚ 5 ʨʘʟ ʙʦʣʴʰʝ. 

ʇʦʜʦʙʥʳʡ ʘʥʘʣʠʟ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʪʝʭʥʠʢʝ, ʪʝʭʥʦʣʦʛʠʠ, ʧʠ-

ʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʠ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʪʘʢʠʭ ʚʝʱʝʩʪʚ, ʢʘʢ ʮʝʤʝʥʪ, 
ʛʠʧʩ, ʤʫʢʘ, ʧʫʜʨʘ, ʨʘʟʣʠʯʥʳʝ ʧʠʛʤʝʥʪʳ ʠ ʪ.ʜ. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, 

ʧʦʢʘʟʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʣʷ ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʨʝʘʢʮʠʠ ʡʦʜʠʨʦʚʘʥʠʷ ʘʮʝ-

ʪʦʥʘ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʝʛʦ ʚʝʣʠʯʠʥʘ ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ ʦʙʱʝʧʨʠʥʷʪʳʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʛʦʤʦʛʝʥʥʳʭ ʭʠʤʠ-

ʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. 
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TEMPERA TURE COEFFICIENT OF A TWO -STAGE REACTION  
 

The article describes the main characteristics of temperature coefficient of chemical reactions and shows the 

features of its changes in different temperature ranges. The results of experimental determination of temperature 

coefficient for two-phase reactions of the iodination of acetone were presented. It is shown that its value is placed 

in the generally accepted average values for homogeneous chemical reactions. 

 
Key words: temperature coefficient, a two-step reaction of the iodination of acetone, the rate constant of a 

chemical reaction, the volumetric method of analysis, tautomeric ketoenol rearrangement, the order of a chemical 

reaction, concentration of the solutions. 

 

 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʨʝ-

ʘʢʮʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ. ʆʙʳʯʥʦ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʧʨʠʥʠʤʘʶʪ 
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ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 10Ü, ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠʟʤʝʥʷʝʪʩʷ 
ʚ ʩʨʝʜʥʝʤ ʚ 2ï4 ʨʘʟʘ, ʧʨʠʯʝʤ ʵʪʦ ʧʨʘʚʠʣʦ ʜʝʡʩʪʚʫʝʪ ʚ ʦʙʝ ʩʪʦʨʦʥʳ, ʪ.ʝ. ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʠ ʧʦʥʠ-

ʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ ʜʣʷ ʜʘʥʥʦʡ ʨʝ-
ʘʢʮʠʠ ʠ ʟʘʤʝʪʥʦ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʪʝʤ-

ʧʝʨʘʪʫʨʳ. ʈʘʩʯʝʪʳ, ʩʜʝʣʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ɸʨʨʝʥʠʫʩʘ [1], ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ 

ʨʝʘʢʮʠʠ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ 80 ʢɼʞ/ʤʦʣʴ ʩʢʦʨʦʩʪʴ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝ-
ʨʘʪʫʨʳ ʦʪ 0 ʜʦ 10Üʉ ʚʳʨʦʩʣʘ ʚ 3,5 ʨʘʟʘ, ʘ ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥʷʣʘʩʴ ʦʪ 100 ʜʦ 110Üʉ, ʪʦ ʩʢʦʨʦʩʪʴ 

ʫʚʝʣʠʯʠʣʘʩʴ ʚʩʝʛʦ ʚ 1,9 ʨʘʟʘ. 

ɼʣʷ ʜʚʫʭʩʪʘʜʠʡʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʛʜʝ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʩ ʨʘʟʥʦʡ ʩʢʦ-

ʨʦʩʪʴʶ, ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʛʫʪ ʟʘʤʝʪʥʦ ʚʳʭʦʜʠʪʴ ʟʘ ʧʨʠʥʷʪʳʝ ʩʨʝʜʥʠʝ 
ʟʥʘʯʝʥʠʷ, ʧʦʵʪʦʤʫ ʜʣʷ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʝʣʠʯʠʥʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʳʯʥʦ ʦʧʨʝ-

ʜʝʣʷʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʆʜʥʦʡ ʠʟ ʜʚʫʭʩʪʘʜʠʡʥʳʭ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʘʷ ʧʨʦʪʝʢʘʝʪ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʫʜʦʙʥʦʡ ʜʣʷ ʦʧʨʝʜʝʣʝ-
ʥʠʷ ʧʨʠ ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʡʦʜʠʨʦʚʘʥʠʷ ʘʮʝʪʦʥʘ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʪʝʤ-

ʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʶ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʪʝʤ-

ʧʝʨʘʪʫʨʳ, ʦʪʩʪʦʷʱʠʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʢʘʢ ʤʠʥʠʤʫʤ ʥʘ 20Ü, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʷ ʪʨʝʭ ʚʝʣʠʯʠʥ 

ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ (ʜʚʫʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʜʣʷ ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʙʱʫʶ), ʠ ʥʘ ʵʪʦʤ ʦʩʥʦ-
ʚʘʥʠʠ ʦʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ʈʝʘʢʮʠʷ ʡʦʜʠʨʦʚʘʥʠʷ ʘʮʝʪʦʥʘ ʧʨʦʪʝʢʘʝʪ ʩ ʟʘʤʝʪʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚ ʱʝʣʦʯʥʦʡ ʠʣʠ ʢʠʩʣʦʡ ʩʨʝ-

ʜʝ. ɺ ʢʠʩʣʦʡ ʩʨʝʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ (ʠʦʥʦʚ ʛʠʜʨʦʢʩʦʥʠʷ) ʧʨʦʠʩʭʦʜʠʪ ʪʘʫʪʦʤʝʨʥʦʝ 
ʧʨʝʚʨʘʱʝʥʠʝ ʢʝʪʦʥʘ ʚ ʝʥʦʣ: 

 

O                              OH 
Ɛ            H3O             ƅ 

H3C ï C ï CH3          H3C ï C = CH2 

 

ɼʘʥʥʘʷ ʨʝʘʢʮʠʷ ʩ ʢʦʥʩʪʘʥʪʦʡ ʩʢʦʨʦʩʪʠ ʢ1 ʠʜʝʪ ʤʝʜʣʝʥʥʦ, ʟʘʪʦ ʚʪʦʨʘʷ ʩʪʘʜʠʷ, ʟʘʢʣʶʯʘʶʱʘʷ-
ʩʷ ʚ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʡʦʜʘ ʢ ʝʥʦʣʴʥʦʡ ʬʦʨʤʝ ʘʮʝʪʦʥʘ, ʧʨʦʪʝʢʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ (ʢ2 >> ʢ1): 

 

                                            OH                                                O 
                                             ƅ                                                  Ɛ 

H3C ï C = CH2 + I2 + H2O          H3C ï C ï CH2I + H3O
+
 + I

ï
 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʢʮʠʷ ʡʦʜʠʨʦʚʘʥʠʷ ʘʮʝʪʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʜʚʫʭ-

ʩʪʘʜʠʡʥʫʶ ʨʝʘʢʮʠʶ, ʦʙʱʘʷ ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʡ ʧʝʨʚʦʡ 

ʩʪʘʜʠʠ. ʇʦʜ ʩʢʦʨʦʩʪʴʶ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʝʘʛʠ-

ʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʝʝ ʧʦ ʟʘʢʦʥʫ ʜʝʡʩʪʚʠʷ ʤʘʩʩ ɻʫʣʴʜʙʝʨʛʘ ʠ 
ɺʘʘʛʝ [2]. ʆʜʥʘʢʦ ʵʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʠʤ ʠ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʧʦʵʪʦʤʫ 

ʙʦʣʝʝ ʧʨʦʩʪʳʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦ ʚʳʯʠʩʣʝʥʠʶ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʜʣʷ ʢʦʥʢʨʝʪ-

ʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 
ʄʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʣʝʜʫʶʱʝʤ: ʚ ʤʝʨʥʦʡ ʢʦʣʙʝ ʩʦʝʜʠʥʷʣʠʩʴ ʨʘʩ-

ʪʚʦʨ ʡʦʜʘ ʚ 4% ʡʦʜʠʩʪʦʤ ʢʘʣʠʠ ʠ ʩʦʣʷʥʘʷ ʢʠʩʣʦʪʘ (ʠʩʪʦʯʥʠʢ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ), ʜʦʙʘʚʣʷʣʘʩʴ ʜʠʩ-

ʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ, ʢʦʣʙʘ ʥʘʛʨʝʚʘʣʘʩʴ ʚ ʪʝʨʤʦʩʪʘʪʝ ʜʦ ʪʨʝʙʫʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʟʘʪʝʤ ʪʫʜʘ ʜʦ-

ʙʘʚʣʷʣʩʷ ʘʮʝʪʦʥ, ʠ ʧʦʩʣʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʨʘʟʫ ʦʪʙʠʨʘʣʘʩʴ ʧʨʦʙʘ ʜʣʷ ʪʠʪʨʦʚʘʥʠʷ, ʵʪʦʪ ʤʦʤʝʥʪ 
ʬʠʢʩʠʨʦʚʘʣʩʷ ʢʘʢ ʥʘʯʘʣʦ ʨʝʘʢʮʠʠ. ʉʣʝʜʫʶʱʠʝ ʧʨʦʙʳ ʦʪʙʠʨʘʣʠʩʴ ʯʝʨʝʟ ʢʘʞʜʳʝ 15 ʤʠʥ ʚ ʪʝʯʝ-

ʥʠʝ 1,5 ʯ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʧʦʣʫʯʠʪʴ 6 ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʜʣʷ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʚʳʯʠʩʣʠʪʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ. ɿʘʪʝʤ ʧʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʷʣʘʩʴ ʜʣʷ ʜʚʫʭ ʜʨʫʛʠʭ 
ʪʝʤʧʝʨʘʪʫʨ ʩ ʠʥʪʝʨʚʘʣʦʤ 10Ü, ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʣʷʣ ʦʪ 20 ʜʦ 40Üʉ. 

ʊʠʪʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʨʘʩʪʚʦʨʦʤ ʪʠʦʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ Na2S2O3 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʨʘʭʤʘʣʘ, 

ʦʢʦʥʯʘʥʠʝ ʪʠʪʨʦʚʘʥʠʷ ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʧʦ ʧʦʣʥʦʤʫ ʦʙʝʩʮʚʝʯʠʚʘʥʠʶ ʧʨʦʙʳ [3]. 
ʈʘʩʯʝʪ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʦʧʳʪʘ ʚʳʧʦʣʥʷʣʩʷ ʧʦ ʢʠʥʝʪʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝʥʠʶ 

ʜʣʷ ʨʝʘʢʮʠʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ: 
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ʛʜʝ a ʠ b ï ʥʘʯʘʣʴʥʳʝ ʯʠʩʣʘ ʤʦʣʝʡ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ; ʭ ï ʫʙʳʣʴ ʯʠʩʣʘ ʤʦʣʝʡ ʘ ʠ b ʩʦʦʪʚʝʪʩʪʚʝʥ-
ʥʦ; V ï ʦʙʝ̡ʤ ʪʠʪʨʫʝʤʦʡ ʧʨʦʙʳ, ʤʣ; Ű ï ʚʨʝʤʷ ʦʪ ʥʘʯʘʣʘ ʨʝʘʢʮʠʠ ʜʦ ʤʦʤʝʥʪʘ ʪʠʪʨʦʚʘʥʠʷ, ʩ. 

ʋʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ 20Ü,30Ü ʠ 40Ü ʩʦʩʪʘʚʠʣʠ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, 0,11, 0,26 ʠ 0,59 ʩ
-1
Țʤʦʣʴ

-1
, ʦʪʩʶʜʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚ ʜʠʘʧʘʟʦʥʝ 20ï30Üʉ 

ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ 2,36, ʚ ʜʠʘʧʘʟʦʥʝ 30ï40Ü ï 2,27, ʘ ʧʦʣʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʠʤʝʝʪ ʚʝʣʠʯʠʥʫ 2,32, ʯʪʦ ʚʧʦʣʥʝ ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ ʦʙʱʝʧʨʠʥʷʪʳʝ ʚʝʣʠʯʠʥʳ ʜʣʷ ʛʦʤʦʛʝʥ-

ʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʡʦʜʠʨʦʚʘʥʠʷ ʘʮʝʪʦʥʘ, ʥʝ ʪʨʝʙʫʶʱʝʝ 

ʩʧʝʮʠʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʜʝʬʠʮʠʪʥʳʭ ʨʝʘʢʪʠʚʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚ ʫʯʝʙʥʳʭ ʮʝʣʷʭ 

ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʘ ʧʦ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʧʨʠʯʝʤ ʨʘʙʦʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʥʩʪʘʥʪʳ 

ʩʢʦʨʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʛʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʢʘʢ ʨʘʟʜʝʣʴʥʦ, ʪʘʢ ʠ ʩʦʚʤʝʩʪʥʦ. 
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OPERATION OF CATHODIC PROTECTION SYSTEMS  

ON KAMCHATKA  FLEET SHIPS 

 
The results of ship hulls diagnostics in Kamchatka fleet, obtained by means of the available measuring 

equipment were presented. Diagnostics results allow to assess the cathodic protection ship hulls condition and to 

dock the ship promptly. 
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ʂʦʨʨʦʟʠʷ ʩʪʘʣʴʥʳʭ ʢʦʨʧʫʩʦʚ ʢʦʨʘʙʣʝʡ ʠ ʩʫʜʦʚ ï ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ ʠʟʥʦʩʘ ʩʫʜʦʚ, ʩʥʠ-
ʞʝʥʠʷ ʠʭ ʧʨʦʯʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ ʠʟʥʦʩʘ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʷʚʣʷʝʪʩʷ ʧʦʚʩʝʜʥʝʚʥʦʡ ʟʘʜʘʯʝʡ ʵʢʠʧʘʞʘ ʩʫʜʥʘ. ʅʘ 

ʩʫʜʘʭ ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʬʣʦʪʘ ʠ ʙʦʣʴʰʠʥʩʪʚʝ ʢʦʨʘʙʣʝʡ ʜʣʷ ʟʘʱʠʪʳ ʩʪʘʣʴʥʳʭ ʢʦʨʧʫʩʦʚ ʦʪ ʢʦʨ-
ʨʦʟʠʠ ʧʨʠʤʝʥʷʶʪ ʧʨʦʪʝʢʪʦʨʥʫʶ ʟʘʱʠʪʫ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʧʦʪʝʥʮʠʘʣ  

(ï0,85 ɺ) ʢʦʨʧʫʩʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 9.056-75 ʯʪʦʙʳ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ 

ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ ʢʦʨʧʫʩʘ ʠ ʦʧʨʝʜʝʣʷʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʩʨʦʢ ʜʦʢʦʚʘʥʠʷ ʩʫʜʥʘ, ʵʢʠʧʘʞʠ ʩʫʜʦʚ 
ʜʦʣʞʥʳ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʨʷʪʴ ʧʦʪʝʥʮʠʘʣ ʢʦʨʧʫʩʘ. ʆʜʥʘʢʦ ʵʪʘ ʨʘʙʦʪʘ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʥʠ ʥʘ 

ʢʦʨʘʙʣʷʭ, ʥʠ ʥʘ ʩʫʜʘʭ. ʇʨʠʯʠʥʘʤʠ ʙʝʟʜʝʡʩʪʚʠʷ ʵʢʠʧʘʞʝʡ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʩʪʦʛʦ ʠ ʥʘʜʝʞ-

ʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʧʫʩʘ ʠ ʥʝʩʦʚʝʨ-

ʰʝʥʩʪʚʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʢʦʨʧʫʩʘ ʩʫʜʥʘ. 
ʅʘ ʢʘʬʝʜʨʝ ʈʕʉ ʂʘʤʯʘʪɻʊʋ ʚʝʜʝʪʩʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʧʦ ʪʝʤʝ: çʄʦʜʝʨʥʠ-

ʟʘʮʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʠʢʠ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʩʪʘʣʴʥʳʭ 

ʢʦʨʧʫʩʦʚ ʢʦʨʘʙʣʝʡ ʠ ʩʫʜʦʚè. ɺ ʭʦʜʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʧʦʣʥʝʥʘ ʜʠʘʛʥʦʩʪʠʢʘ ʩʠʩʪʝʤ ʧʨʦʪʝʢ-
ʪʦʨʥʦʡ ʟʘʱʠʪʳ ʠ ʢʦʨʧʫʩʦʚ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ, ʛʨʫʟʦʧʘʩʩʘʞʠʨʩʢʦʛʦ ʠ ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʭ ʩʫʜʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ, ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʭ ʮʝʥʥʦʩʪʴ. 

ɽʩʣʠ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʦʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʢʦʥʪʨʦʣʷ ʩʫʜʥʘ ʦʪ ʢʦʨʨʦʟʠʠ, ʪʦ 
ʩʫʜʥʦ ʤʦʞʥʦ ʩʚʦʝʚʨʝʤʝʥʥʦ ʥʘʧʨʘʚʠʪʴ ʚ ʜʦʢ ʜʣʷ ʟʘʤʝʥʳ ʧʨʦʪʝʢʪʦʨʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʣʘʢʦʢʨʘ-

ʩʦʯʥʳʭ ʨʘʙʦʪ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʪʨʘʪʳ ʥʘ ʨʝʤʦʥʪ ʙʫʜʫʪ ʤʠʥʠʤʘʣʴʥʳʤʠ. ɽʩʣʠ ʞʝ ʦʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʩʠʩ-
ʪʝʤ ʟʘʱʠʪʳ ʩʫʜʦʚ ʦʪ ʢʦʨʨʦʟʠʠ ʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʪʦ ʩʫʜʥʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦ ʥʘ-

ʧʨʘʚʣʝʥʦ ʥʘ ʨʝʤʦʥʪ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʥʝʜʦʧʫʩʪʠʤʦʤʫ ʠʟʥʦʩʫ ʥʘʨʫʞʥʦʡ ʦʙʰʠʚʢʠ ʢʦʨʧʫʩʘ ʠ, ʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦ, ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʩʫʜʦʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ. 
ɺ ʭʦʜʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʧʦ ʪʝʤʝ: çʄʦʜʝʨʥʠʟʘʮʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ 

ʤʝʪʦʜʠʢʠ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʩʪʘʣʴʥʳʭ ʢʦʨʧʫʩʦʚ ʢʦʨʘʙʣʝʡ ʠ ʩʫ-

ʜʦʚè, ʤʳ ʧʨʠʰʣʠ ʢ ʩʣʝʜʫʶʱʝʤʫ ʟʘʢʣʶʯʝʥʠʶ: ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʫʱʝʨʙ ʦʪ ʢʦʨʨʦ-

ʟʠʠ ʢʦʨʘʙʣʝʡ ʠ ʩʫʜʦʚ ʂʘʤʯʘʪʩʢʦʛʦ ʬʣʦʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʫʶ ʩʣʫʞʙʫ, ʦʩʫ-
ʱʝʩʪʚʣʷʶʱʫʶ ʢʦʥʪʨʦʣʴ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ ʢʦʨʧʫʩʦʚ ʢʦʨʘʙʣʝʡ ʠ ʩʫʜʦʚ. 

ʊʘʙʣʠʮʘ 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ ʠ ʢʦʨʧʫʩʦʚ ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʭ ʩʫʜʦʚ,  

ʚʦʝʥʥʦʛʦ ʢʦʨʘʙʣʷ ʠ ʛʨʫʟʦʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʫʜʥʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʫʜʥʘ 
ɿʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ  

ʧʦʪʝʥʮʠʘʣʘ, -ɺ 

ɿʘʢʣʶʯʝʥʠʝ ʦ ʩʦʩʪʦʷʥʠʠ  

ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ ʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ 

ʂʠʣʝʢʪʦʨʥʦʝ ʩʫʜʥʦ (ʧʨʦʝʢʪ 141) 0,510ï0,850 
ʀʥʪʝʥʩʠʚʥʘʷ ʢʦʨʨʦʟʠʷ ʚ ʦʙʣʘʩʪʠ ʢʦʨʤʳ, 
ʥʝʦʙʭʦʜʠʤʦ ʜʦʢʦʚʘʥʠʝ ʩ ʮʝʣʴʶ  

ʟʘʤʝʥʳ ʧʨʦʪʝʢʪʦʨʦʚ 

ɻʨʫʟʦʧʘʩʩʘʞʠʨʩʢʦʝ ʩʫʜʥʦ  
çɺʘʩʠʣʠʡ ɿʘʚʦʡʢʦè 

0,840ï0,844 
ʍʦʨʦʰʝʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʪʝʢʪʦʨʥʦʡ  

ʟʘʱʠʪʳ ʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ 

ʈʉ çʏʘʨʳʤʦʚʦè 0,652ï0,710 
ʉʫʜʥʦ ʚʳʰʣʦ ʠʟ ʨʝʤʦʥʪʘ, ʨʝʤʦʥʪ  
ʚʳʧʦʣʥʝʥ ʥʝ ʢʘʯʝʩʪʚʝʥʥʦ 

ʈʉ ʠʤ. 60 ʣʝʪ  ʆʢʪʷʙʨʷè 0,46ï0,464 
ʅʝʦʙʭʦʜʠʤ ʩʨʦʯʥʳʡ ʨʝʤʦʥʪ ʢʦʨʧʫʩʘ  
ʩ ʟʘʤʝʥʦʡ ʥʘʨʫʞʥʦʡ ʦʙʰʠʚʢʠ 

ɹʄʈʊ çɹʘʡʢʦʚʩʢè 0,49ï0,68 
ʅʝʦʙʭʦʜʠʤ ʨʝʤʦʥʪ ʢʦʨʧʫʩʘ ʩ ʟʘʤʝʥʦʡ  

 ʥʘʨʫʞʥʦʡ ʦʙʰʠʚʢʠ 
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ʚʝʥʴ ʩʝʨʚʠʩʦʚ ʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʫʶ ʚʳʩʦʪʫ. 
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REVIEW OF VOD SYSTEMS.  

ADVANTAGES AND PERSPECTIVES OF DEVELOPMENT  

 
The questions of interactive (on-line) TV were discussed in the article. On-line TV provides two sides feed-

back between viewer and TV content provider allowing the viewer to influence on TV content like TV shows, 

programs and films. Interactivity is realized only on local (net) protocol TV - IPTV. Enquiry video (VoD - Video 

of demand) realizes interactive ability in full sense. VoD is considered as technology, which will allow to raise the 

level of services on new height.  
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ɺʚʝʜʝʥʠʝ 

ʉʠʩʪʝʤʳ ʚʠʜʝʦ ʧʦ ʟʘʧʨʦʩʫ ʚ ʩʝʪʷʭ ʢʘʙʝʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʧʦʷʚʠʣʠʩʴ ʚ ʈʦʩʩʠʠ ʚ 2006ï2007 ʛʛ. 
ʆʧʝʨʘʪʦʨʳ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʥʝ ʙʳʣʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʧʦʣʫʯʝʥʠʠ ʜʦʭʦʜʦʚ ʦʪ ʢʦʥʪʝʥʪ-ʫʩʣʫʛ ʚ ʫʩ-

ʣʦʚʠʷʭ ʙʫʨʥʦʛʦ ʨʦʩʪʘ ʜʦʭʦʜʦʚ ʦʪ ʛʦʣʦʩʦʚʦʛʦ ʪʨʘʬʠʢʘ ʠ SMS. ʂ 2008ï2009 ʛʛ. ʀ ʦʧʝʨʘʪʦʨʳ ʩʦʪʦ-

ʚʦʡ ʩʚʷʟʠ ʧʨʦʷʚʠʣʠ ʠʥʪʝʨʝʩ ʢ ʚʠʜʝʦʢʦʥʪʝʥʪʫ ʠ ʥʘʯʘʣʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʪʘʢʠʝ ʫʩʣʫʛʠ. ʇʦ ʠʪʦʛʘʤ 
2009 ʛ. ʦʧʝʨʘʪʦʨʳ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʧʦʣʫʯʠʣʠ 40 ʤʣʥ ʜʦʣʣ. ʟʘ ʩʯʝʪ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʚʠʜʝʦ-

ʢʦʥʪʝʥʪʫ; ʧʦʩʪʦʷʥʥʦ ʵʪʦʡ ʫʩʣʫʛʦʡ ʧʦʣʴʟʫʝʪʩʷ ʙʦʣʝʝ 11 ʤʣʥ ʘʙʦʥʝʥʪʦʚ ʩʦʪʦʚʦʡ ʩʚʷʟʠ. ʈʦʩʩʠʡʩʢʠʝ 
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ʠʥʪʝʨʥʝʪ-ʩʝʨʚʠʩʳ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ ʫʩʣʫʛʠ çʚʠʜʝʦ ʧʦ ʟʘʧʨʦʩʫè, ʪʦʣʴʢʦ ʥʘʯʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʥʘ 
ʨʳʥʢʝ ʚ ʩʝʨʝʜʠʥʝ 2009 ʛ., ʘ ʙʫʨʥʳʡ ʨʦʩʪ ʪʘʢʠʭ ʩʝʨʚʠʩʦʚ ʧʨʠʰʝʣʩʷ ʥʘ ʚʝʩʥʫ-ʣʝʪʦ 2010 ʛ.: ʙʦʣʴ-

ʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʧʨʝʜʣʘʛʘʣʠ ʧʦʣʴʟʦʚʘʪʝʣʶ ʙʝʩʧʣʘʪʥʳʡ ʢʦʥʪʝʥʪ, ʧʦʣʫʯʘʷ ʜʦʭʦʜʳ ʦʪ ʨʘʟʤʝʱʝʥʠʷ 

ʨʝʢʣʘʤʳ ʚ ʧʦʪʦʢʝ ʚʠʜʝʦ [1]. 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʟʘʧʨʦʩʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʪʫʪ. ɺʦ ʚʩʝ ʚʨʝʤʝʥʘ ʧʨʝʜ-

ʩʪʘʚʣʷʣʘ ʠʥʪʝʨʝʩ ʫʩʣʫʛʘ çʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠè. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʦʧʨʝʜʝʣʝ-

ʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ ʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʧʦʜʨʦʙʥʦʛʦ ʦʧʠʩʘʥʠʷ ʫʩʣʫʛ, ʢʦʪʦʨʳʝ  ʤʦʞʝʪ 
ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʩʚʦʠʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʵʪʘ ʩʠʩʪʝʤʘ. ʈʘʩʩʤʦʪʨʠʤ ʦʜʥʫ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʨʝʜʦʩ-

ʪʘʚʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʢʦʥʪʝʥʪʘ ï ʪʝʭʥʦʣʦʛʠʶ çʚʠʜʝʦ ʧʦ ʟʘʧʨʦʩʫè ʠʣʠ VoD. 

ʀʥʪʝʨʘʢʪʠʚʥʦʩʪʴ 

ʀʥʪʝʨʘʢʪʠʚʥʦʝ ʪʝʣʝʚʠʜʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʚʫʭʩʪʦʨʦʥʥʶʶ ʩʚʷʟʴ ʟʨʠʪʝʣʷ ʠ ʧʦʩʪʘʚʱʠʢʘ ʪʝʣʝ-
ʚʠʟʠʦʥʥʦʛʦ ʢʦʥʪʝʥʪʘ, ʧʦʟʚʦʣʷʷ ʟʨʠʪʝʣʶ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʧʨʦ-

ʛʨʘʤʤ ʠʣʠ ʚʳʙʨʘʪʴ ʧʨʦʩʤʘʪʨʠʚʘʝʤʳʡ ʬʠʣʴʤ.  

ʇʝʨʚʦʡ ʧʦʧʳʪʢʦʡ ʦʙʝʩʧʝʯʠʪʴ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʦʪ ʪʝʣʝʟʨʠʪʝʣʝʡ ʙʳʣʦ ʠʟʤʝʨʝʥʠʝ ʨʘʩʭʦʜʘ ʧʦ-
ʪʨʝʙʣʷʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʦ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʵʬʠʨʥʳʭ ʪʝʣʝʧʝʨʝʜʘʯ. ʇʦ ʧʨʦʩʴʙʝ 

ʜʠʢʪʦʨʘ ʚ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ ʪʝʣʝʟʨʠʪʝʣʠ ʚʳʢʣʶʯʘʣʠ ʩʚʝʪ, ʧʦ ʩʢʘʯʢʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʧʦʜʩʪʘʥʮʠʠ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʛʦʣʦʩʦʚ. 

ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʩʝʡʯʘʩ ʚ ʵʬʠʨʥʦʤ ʪʝʣʝʚʠʜʝʥʠʠ, ï ʵʪʦ ʚʩʝ-
ʚʦʟʤʦʞʥʳʝ ʦʧʨʦʩʳ ʠ ʦʪʢʨʳʪʳʝ ʦʙʩʫʞʜʝʥʠʷ. ʈʝʟʫʣʴʪʘʪ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʛʦʣʦʩʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝ-

ʩʢʠ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʵʢʨʘʥʝ, ʧʨʠ ʵʪʦʤ ʢʘʞʜʦʤʫ ʚʘʨʠʘʥʪʫ ʦʪʚʝʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʡ ʥʦʤʝʨ ʤʥʦ-

ʛʦʢʘʥʘʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ. ʊʘʢʦʝ ʛʦʣʦʩʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʤʥʝʥʠʷ ʠ ʨʝʡʪʠʥʛʘ ʪʝʣʝʧʝʨʝʜʘʯʠ, ʥʦ ʠ ʥʝʢʦʪʦʨʳʤʠ ʪʝʣʝʢʦʤʧʘʥʠʷʤʠ ï ʢʘʢ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʟʘʢʘʟʘʪʴ ʪʝʣʝʧʝʨʝʜʘʯʫ: ʥʘ ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʨʝʤʷ ʘʥʦʥʩʠʨʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʬʠʣʴʤʦʚ, ʢʘʞ-

ʜʦʤʫ ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʡ ʥʦʤʝʨ ʪʝʣʝʬʦʥʘ. ʌʠʣʴʤ, ʩʦʙʨʘʚʰʠʡ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 
ʛʦʣʦʩʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʚ ʚʝʯʝʨʥʝʝ ʚʨʝʤʷ [2]. 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʢʘʙʝʣʴʥʦʛʦ ʠ ʩʧʫʪʥʠʢʦʚʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ ʚʦʟʥʠʢʣʠ ʩʝʨʚʠʩʳ, ʩʪʘʚʰʠʝ ʧʝʨʚʳʤʠ 

ʰʘʛʘʤʠ ʢ ʧʦʣʥʦʡ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ: 

Pay-per-Channel (ʧʣʘʪʘ ʟʘ ʢʘʥʘʣ) ï ʫʩʣʫʛʘ, ʚʦʟʥʠʢʰʘʷ, ʢʦʛʜʘ ʨʘʩʰʠʨʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʜʦʩ-
ʪʫʧʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʶ ʢʘʥʘʣʦʚ ʠ ʫ ʪʝʣʝʟʨʠʪʝʣʷ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʠʨʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦ-

ʚʘʥʥʳʝ, ʪʘʢʠʝ ʢʘʢ ʤʫʟʳʢʘ, ʩʧʦʨʪ, ʥʦʚʦʩʪʠ, ʤʫʣʴʪʠʧʣʠʢʘʮʠʦʥʥʳʝ ʠʣʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʢʘʥʘʣʳ. 

ʈʝʡʪʠʥʛ ʪʘʢʠʭ ʪʝʣʝʢʘʥʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʜʧʠʩʯʠʢʦʚ. 
 Pay-per-View (ʧʣʘʪʘ ʟʘ ʧʨʦʩʤʦʪʨ) ï ʣʦʛʠʯʥʦʝ ʨʘʟʚʠʪʠʝ ʫʩʣʫʛʠ ʧʦʢʘʥʘʣʴʥʦʡ ʦʧʣʘʪʳ. ʆʬʦʨ-

ʤʠʚ Pay-per-View, ʪʝʣʝʟʨʠʪʝʣʴ ʦʧʣʘʯʠʚʘʝʪ ʪʦʣʴʢʦ ʧʨʦʩʤʦʪʨʝʥʥʳʝ ʪʝʣʝʧʝʨʝʜʘʯʠ, ʢʦʪʦʨʳʝ ʧʦʜ-

ʩʯʠʪʳʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʩʯʝʪʯʠʢʦʤ. 
ʀ Pay-per-Channel, ʠ Pay-per-View ʥʝ ʷʚʣʷʶʪʩʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʠʥʪʝʨʘʢʪʠʚʥʳʤʠ ʫʩʣʫʛʘʤʠ, 

ʧʦʩʢʦʣʴʢʫ ʫʯʠʪʳʚʘʶʪ ʠʥʪʝʨʝʩʳ ʥʝʢʦʪʦʨʦʛʦ ʤʘʩʩʠʚʘ ʪʝʣʝʟʨʠʪʝʣʷ, ʘ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʪʝʣʝʟʨʠ-

ʪʝʣʝʤ ʥʝ ʨʘʙʦʪʘʶʪ.  

ʀʥʪʝʨʘʢʪʠʚʥʦʩʪʴ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʝʘʣʠʟʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʪʝʣʝʚʠʜʝʥʠʠ ʩʝʪʝʚʦʛʦ ʧʨʦʪʦʢʦʣʘ ï 
IPTV. ʂ ʠʩʪʠʥʥʦ ʠʥʪʝʨʘʢʪʠʚʥʳʤ ʩʠʩʪʝʤʘʤ ʦʪʥʦʩʷʪ: 

Video-On-Demand (ʚʠʜʝʦ ʧʦ ʟʘʧʨʦʩʫ) ï (VOD, VoD) ʩʠʩʪʝʤʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʜʦʩʪʘʚʢʠ ʘʙʦ-

ʥʝʥʪʫ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʧʨʦʛʨʘʤʤ ʠʣʠ ʚʠʜʝʦʬʠʣʴʤʦʚ ʧʦ ʢʘʙʝʣʴʥʦʡ ʩʝʪʠ (ʠʣʠ ISDN) ʩ ʤʫʣʴʪʠʤʝ-
ʜʠʘ- ʠʣʠ ʚʠʜʝʦʩʝʨʚʝʨʘ, ʛʜʝ ʦʥʠ ʭʨʘʥʷʪʩʷ ʚ ʩʞʘʪʦʤ (ʦʙʳʯʥʦ ʚ ʬʦʨʤʘʪʝ MPEG) ʚʠʜʝ. ɺʦʩʧʦʣʴʟʦ-

ʚʘʚʰʠʩʴ ʫʩʣʫʛʦʡ, ʪʝʣʝʟʨʠʪʝʣʴ ʤʦʞʝʪ ʟʘʢʘʟʘʪʴ ʪʝʣʝʧʝʨʝʜʘʯʫ ʠʟ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʛʦ ʩʧʠʩʢʘ. 

ʇʨʦʛʨʘʤʤʘ ʠʟ ʚʠʜʝʦʪʝʢʠ ʧʦʩʪʘʚʱʠʢʘ ʙʫʜʝʪ ʪʨʘʥʩʣʠʨʦʚʘʪʴʩʷ ʥʘ ʪʝʣʝʚʠʟʦʨ ʟʨʠʪʝʣʷ. 

Near-Video-On-Demand (ʚʠʜʝʦ ʧʦʯʪʠ ʧʦ ʟʘʧʨʦʩʫ) ï (NVoD, ʚʠʨʪʫʘʣʴʥʳʡ ʢʠʥʦʟʘʣ) ï ʪʘʢ ʞʝ, 
ʢʘʢ ʠ ʚ ʚʠʜʝʦ ʧʦ ʟʘʧʨʦʩʫ, ʪʝʣʝʟʨʠʪʝʣʴ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʨʘʪʴ ʧʝʨʝʜʘʯʫ ʠʟ ʩʧʠʩʢʘ. ɺ ʩʧʠʩʦʢ 

ʚʭʦʜʷʪ ʝʞʝʥʝʜʝʣʴʥʳʝ ʧʝʨʝʜʘʯʠ, ʠ ʪʨʘʥʩʣʠʨʫʶʪʩʷ ʦʥʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʣʷ ʚʩʝʭ ʟʘʢʘʟʘʚʰʠʭ ʥʘ ʥʘ-

ʟʥʘʯʝʥʥʦʝ ʪʝʣʝʟʨʠʪʝʣʝʤ ʚʨʝʤʷ. ʇʝʨʝʜʘʶʪʩʷ ʧʝʨʝʜʘʯʠ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʪʝʣʝʢʘʥʘʣʘʭ ʩʦ ʩʜʚʠʛʦʤ ʚʦ 
ʚʨʝʤʝʥʠ ʚ 15ï20 ʤʠʥʫʪ.  

TVoD (ʪʝʣʝʚʠʜʝʥʠʝ ʧʦ ʪʨʝʙʦʚʘʥʠʶ) ï ʵʪʦ ʮʝʣʘʷ ʢʘʪʝʛʦʨʠʷ ʩʝʨʚʠʩʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚʦʟʤʦʞ-

ʥʦʩʪʴʶ ʫʧʨʘʚʣʷʪʴ ʧʦʩʪʫʧʘʶʱʠʤ ʚ ʧʨʷʤʦʤ ʵʬʠʨʝ ʢʦʥʪʝʥʪʦʤ. ɺ ʪʝʣʝʚʠʜʝʥʠʝ ʧʦ ʪʨʝʙʦʚʘʥʠʶ ʚʭʦ-
ʜʷʪ ʩʣʝʜʫʶʱʠʝ ʩʝʨʚʠʩʳ: 

ï PVR ï ʟʘʧʠʩʴ ʪʨʘʥʩʣʠʨʫʶʱʝʡʩʷ ʧʝʨʝʜʘʯʠ, ʧʨʠ ʵʪʦʤ ʟʘʧʠʩʳʚʘʝʪʩʷ ʥʝ ʚʠʜʝʦ ʠ ʘʫʜʠʦ, ʘ ʬʠʢ-

ʩʠʨʫʝʪʩʷ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʥʘʞʘʪʠʝʤ ʢʥʦʧʦʢ çʟʘʧʠʩʴè ʠ çʩʪʦʧè; 
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ï PLTV (Pause Live TV) ï ʧʘʫʟʘ ʧʨʷʤʦʛʦ ʵʬʠʨʘ. ʂʥʦʧʢʦʡ çʧʘʫʟʘè ʧʨʦʩʤʦʪʨ ʣʶʙʦʡ ʧʨʷʤʦʡ 
ʪʨʘʥʩʣʷʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʨʚʘʥ, ʘ ʟʘʪʝʤ ʚʦʟʦʙʥʦʚʣʝʥ ʩ ʤʝʩʪʘ ʦʩʪʘʥʦʚʢʠ; 

ï Start over (program restart) ï ʧʝʨʝʟʘʧʫʩʢ ʣʶʙʦʡ ʧʨʦʛʨʘʤʤʳ ʩ ʥʘʯʘʣʘ ʦʜʥʠʤ ʥʘʞʘʪʠʝʤ ʢʥʦʧʢʠ; 

ï TSTV (Time Shifted TV) ï ʪʝʣʝʚʠʜʝʥʠʝ ʩʦ ʩʜʚʠʛʦʤ ʚʦ ʚʨʝʤʝʥʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʤʦʤʝʥʪ ʧʨʷ-
ʤʦʡ ʪʝʣʝʪʨʘʥʩʣʷʮʠʠ ʧʝʨʝʤʦʪʘʪʴ ʬʠʣʴʤ çʚʧʝʨʝʜè ʠʣʠ çʥʘʟʘʜè. 

nPVR (network Personal Video Recorder, ʩʝʪʝʚʦʡ ʚʠʜʝʦʤʘʛʥʠʪʦʬʦʥ) ï ʫʩʣʫʛʘ, ʚʦʩʧʦʣʴʟʦʚʘʚ-

ʰʠʩʴ ʢʦʪʦʨʦʡ ʘʙʦʥʝʥʪ ʤʦʞʝʪ ʟʘʢʘʟʘʪʴ ʟʘʧʠʩʴ ʣʶʙʦʡ ʧʝʨʝʜʘʯʠ ʣʶʙʦʛʦ ʪʝʣʝʢʘʥʘʣʘ, ʘ ʧʦʪʦʤ ʚʦʟ-
ʚʨʘʱʘʪʴʩʷ ʢ ʩʧʠʩʢʫ ʩʦʭʨʘʥʝʥʥʳʭ ʟʘʧʠʩʝʡ ʠ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʧʦ ʩʚʦʝʤʫ ʪʝʣʝʚʠʟʦʨʫ. ɿʘʢʘʟ ʦʩʫʱʝʩʪ-

ʚʣʷʝʪʩʷ ʯʝʨʝʟ ʵʣʝʢʪʨʦʥʥʫʶ ʧʨʦʛʨʘʤʤʫ ʪʝʣʝʧʝʨʝʜʘʯ (EPG), ʟʘʧʠʩʴ ʜʝʣʘʝʪ ʩʝʪʝʚʦʡ ʦʧʝʨʘʪʦʨ, 

ʥʠʢʘʢʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʪʝʣʝʟʨʠʪʝʣʶ ʜʣʷ ʟʘʧʠʩʠ ʥʝ ʥʫʞʥʦ. 

Teleshopping (Homeshopping) ï ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʨʦʟʥʠʯʥʘʷ ʪʦʨʛʦʚʣʷ. ʇʨʦʩʤʘʪʨʠʚʘʷ 
ʪʝʣʝʧʝʨʝʜʘʯʫ, ʟʨʠʪʝʣʴ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʨʘʪʴ ʪʦʚʘʨ ʠ ʧʨʠʦʙʨʝʩʪʠ ʝʛʦ, ʟʘʢʘʟʘʚ ʧʦ ʪʝʣʝʬʦʥ-

ʥʦʡ ʠʣʠ ʢʘʙʝʣʴʥʦʡ ʩʝʪʠ. ʊʘʢ ʤʦʞʥʦ ʧʨʠʦʙʨʝʩʪʠ ʥʝ ʪʦʣʴʢʦ ʪʦʚʘʨʳ ʥʘʨʦʜʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ, ʥʦ ʠ 

ʥʝʜʚʠʞʠʤʦʩʪʴ, ʩʦʚʝʨʰʘʷ ʚʠʨʪʫʘʣʴʥʦʝ ʧʫʪʝʰʝʩʪʚʠʝ ʧʦ ʜʦʤʫ ʠʣʠ ʢʚʘʨʪʠʨʝ, ʠʣʠ ʚʳʙʨʘʪʴ ʪʫʨʠʩʪʠ-
ʯʝʩʢʠʡ ʢʨʫʠʟ, ʦʟʥʘʢʦʤʠʚʰʠʩʴ ʩ ʧʨʦʛʨʘʤʤʦʡ ʠ ʫʩʣʫʛʘʤʠ. 

ʉʨʝʜʠ ʩʝʨʚʠʩʦʚ ʧʦ ʪʨʝʙʦʚʘʥʠʶ: ʩʧʨʘʚʦʯʥʳʝ, ʢʘʩʩʳ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʠ ʘʵʨʦʧʦʨʪʦʚ, ʢʘʩʩʳ ʪʝ-

ʘʪʨʦʚ ʠ ʢʠʥʦʟʘʣʦʚ ʠ ʪ.ʧ. 

ʉ ʧʦʤʦʱʴʶ IPTV ʤʦʞʥʦ ʠʛʨʘʪʴ ʚ ʦʜʥʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ (ʧʨʦʪʠʚʥʠʢ ï ʩʝʨʚʝʨ) ʠ ʤʥʦʛʦʧʦʣʴ-
ʟʦʚʘʪʝʣʴʩʢʠʝ ʠʛʨʳ, ʥʘ ʢʦʤʧʴʶʪʝʨʝ, ʠʣʠ ʧʦʜʢʣʶʯʠʚ ʢ STB ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ. 

ʊʝʭʥʦʣʦʛʠʠ VoD 

ʈʘʟʣʠʯʘʶʪ ʪʨʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʘʨʠʘʥʪʘ ʨʝʘʣʠʟʘʮʠʠ ʩʝʨʚʠʩʘ VoD. 
Near video on demand (nVOD) ï ʵʪʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʘʷʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ VoD. 

ɻʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʚʝʱʘʥʠʷ ʚ ʵʪʦʤ ʨʝʞʠʤʝ ï ʵʪʦ ʪʨʘʥʩʣʷʮʠʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʨʦʛʨʘʤʤʳ, ʟʘʨʘ-

ʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʠ ʧʨʠʚʝʜʝʥʥʦʡ ʢ ʩʪʘʪʠʯʝʩʢʦʤʫ ʚʠʜʫ ʠ ʨʘʩʩʳʣʘʝʤʘʷ ʤʥʦʞʝʩʪʚʫ ʧʦʜʧʠʩʘʚ-
ʰʠʭʩʷ ʨʘʥʝʝ ʘʙʦʥʝʥʪʦʚ ʩʝʨʚʠʩʘ,  ʧʨʦʩʪʦ ʩʦ ʩʤʝʱʝʥʠʝʤ ʧʦ ʚʨʝʤʝʥʠ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ 

ʘʙʦʥʝʥʪʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʟʘʢʘʟʘʥʥʦʛʦ ʧʨʦʩʤʦʪʨʘ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ 

ʨʳʥʦʯʥʦʡ ʤʦʜʝʣʠ pay-per-view ʚ ʚʠʜʝʦ-ʜʠʩʪʨʠʙʫʮʠʠ. ʕʪʫ ʪʝʭʥʠʢʫ ʦʯʝʥʴ ʯʘʩʪʦ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ 

ʫ ʢʨʫʧʥʳʭ ʢʘʙʝʣʴʥʳʭ ʠʣʠ ʩʧʫʪʥʠʢʦʚʳʭ ʢʦʤʧʘʥʠʡ, ʥʘʧʨʠʤʝʨ ʢʨʫʧʥʝʡʰʠʡ pay-per-view-
ʧʨʦʚʘʡʜʝʨ (ʠ ʦʜʠʥ ʠʟ ʤʠʨʦʚʳʭ ʣʠʜʝʨʦʚ ʨʳʥʢʘ VoD) In Demand ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦ ʩʭʝʤʝ nVOD 

ʚʠʜʝʦʩʦʜʝʨʞʠʤʦʝ ʙʦʣʝʝ 40 ʢʘʥʘʣʦʚ. 

Push video on demand (pVOD) ï ʵʪʘ ʪʝʭʥʠʢʘ ʪʘʢʞʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʠ ʩʝʪʷʭ, ʛʜʝ 
ʩʪʝʧʝʥʴ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ ʦʛʨʘʥʠʯʝʥʘ ʣʠʙʦ ʩʣʘʙʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʝʪʠ, ʣʠʙʦ ʤʥʦʛʠʤʠ 

ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʦʛʜʘ ʪʨʘʥʩʣʷʮʠʠ ʧʨʷʤʳʤ ʧʦʪʦʢʦʤ ʥʝʚʦʟʤʦʞʥʘ ʠʣʠ ʟʘʪʨʫʜʥʝʥʘ. ɻʣʘʚʥʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʵʪʦʡ ʨʝʘʣʠʟʘʮʠʠ VoD, ʵʪʦ ʥʘʣʠʯʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʘʤʷʪʠ ʫ ʧʨʠʥʠʤʘʶʱʝʛʦ ʚʠ-
ʜʝʦʫʩʪʨʦʡʩʪʚʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʚʠʜʝʦʨʝʢʦʨʜʝʨʳ (PVR), ʭʦʪʷ ʠʭ ʧʨʠʨʦʜʘ 

ʠ ʘʨʭʠʪʝʢʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʩʘʤʦʡ ʨʘʟʥʦʦʙʨʘʟʥʦʡ. ɻʣʘʚʥʦʝ, ʯʪʦ ʦʥʠ ʩʧʦʩʦʙʥʳ ʧʨʠʥʠʤʘʪʴ ʠ ʣʦ-

ʢʘʣʴʥʦ ʩʦʭʨʘʥʷʪʴ ʧʦʪʦʢ ʪʨʘʥʩʣʠʨʫʝʤʦʛʦ ʚʠʜʝʦ ʥʘ ʣʶʙʦʡ ʜʦʩʪʫʧʥʦʡ ʘʙʦʥʝʥʪʫ ʩʢʦʨʦʩʪʠ, ʧʦʩʣʝ 

ʦʢʦʥʯʘʥʠʷ ʟʘʢʘʯʢʠ ʧʨʝʜʦʩʪʘʚʣʷʷ ʩʚʦʝʛʦ ʨʦʜʘ çʚʠʨʪʫʘʣʴʥʳʡ VoDè, ʢʦʛʜʘ ʘʙʦʥʝʥʪ ʤʦʞʝʪ ʚʳʧʦʣ-
ʥʷʪʴ ʚʩʝ ʩʪʘʥʜʘʨʪʥʳʝ ʧʨʦʮʝʜʫʨʳ (ʧʝʨʝʤʦʪʢʠ, ʧʘʫʟʳ ʠ ʪ.ʜ.) ʥʘʜ ʬʘʢʪʠʯʝʩʢʠ ʟʘʨʘʥʝʝ ʟʘʢʘʯʝʥʥʦʡ 

ʚʠʜʝʦʟʘʧʠʩʴʶ ʣʦʢʘʣʴʥʦ. ɺʠʜʝʦʧʨʦʛʨʘʤʤʳ ʦʙʳʯʥʦ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʥʘ ʪʘʢʦʤ ʨʝʢʦʨʜʝʨʝ, ʠ ʧʦ ʤʝʨʝ 

ʪʦʛʦ, ʢʘʢ ʩʚʦʙʦʜʥʦʝ ʤʝʩʪʦ ʟʘʢʘʥʯʠʚʘʝʪʩʷ, ʦʥʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʜʘʣʷʶʪʩʷ. ʅʘʧʨʠʤʝʨ, ʚ 2010 ʛ. ʚ 
ʉʐɸ 10 ʤʣʥ ʩʝʤʝʡ ʠʤʝʣʠ ʮʠʬʨʦʚʳʝ ʚʠʜʝʦʟʘʧʠʩʳʚʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ (DVR), ʠ ʙʦʣʝʝ 20 ʤʣʥ 

ʘʙʦʥʝʥʪʦʚ ʧʦʩʪʦʷʥʥʦ ʧʦʣʴʟʫʶʪʩʷ ʪʘʢʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ VoD. 

True video on demand (tVOD) ï ʵʪʦ ʩʘʤʳʡ ʨʝʩʫʨʩʦʝʤʢʠʡ ʤʝʪʦʜ ʨʝʘʣʠʟʘʮʠʠ VoD. ʅʦ ʵʪʦ ʠ 

ʝʩʪʴ ʥʘʩʪʦʷʱʠʡ ʠʥʪʝʨʘʢʪʠʚʥʳʡ VoD, ʢʦʪʦʨʳʡ ʪʝʭʥʠʯʝʩʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʧʦ-
ʪʦʢʦʚʦʡ ʪʨʘʥʩʣʷʮʠʝʡ ʟʘʢʘʟʘʥʥʦʛʦ ʠ ʩʧʝʮʠʘʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʜʣʷ ʘʙʦʥʝʥʪʘ ʚʠʜʝʦ. ʀʥʦʛʜʘ, 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʪʦʛʦ ʪʠʧʘ ʨʘʟʜʘʯʠ,  ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ P2P-ʨʝʰʝʥʠʷ [2].  

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤ VoD 

ʉʘʤʦ ʩʣʦʚʦ ñʠʥʪʝʨʘʢʪʠʚʥʦʝò ʧʨʦʠʟʦʰʣʦ ʦʪ ʩʣʠʷʥʠʷ ʜʚʫʭ ʘʥʛʣʠʡʩʢʠʭ ʩʣʦʚ: inter ï ñʤʝʞʜʫò ʠ 

active ï ñʜʝʷʪʝʣʴʥʦʩʪʴ, ʘʢʪʠʚʥʦʩʪʴò, ʪ.ʝ. ʘʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʠʩʪʦʯ-

ʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʯʠʩʪʦʤ ʚʠʜʝ ʩʠʩʪʝʤʘ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ ï ʵʪʦ ʩʠʩʪʝʤʘ ʪʝʣʝʚʠ-
ʜʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʚʠʜʘ ʪʝʣʝʧʝʨʝʜʘʯʠ ʠ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ 
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ʝʝ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʥʷʪʠʝ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ ʟʥʘʯʠʪʝʣʴ-
ʥʦ ʨʘʩʰʠʨʠʣʦʩʴ ʠ ʦʙʳʯʥʦ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʣʠʯʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʫʛ, 

ʧʦ ʘʨʭʠʪʝʢʪʫʨʝ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʠ, ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʨʘʪʥʦʛʦ ʢʘʥʘʣʘ, ʧʦ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥ-

ʥʳʭ ʚ ʦʙʨʘʪʥʦʤ ʢʘʥʘʣʝ, ʧʦ ʩʪʝʧʝʥʠ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ. 
ʇʦ ʥʘʣʠʯʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʫʛ: 

- ɹʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʫʛ. ʉʠʩʪʝʤʳ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 
ʫʩʣʫʛ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʪʦʣʴʢʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʘ ʟʘʢʘʟʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʚ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝ-

ʤʷ. ʊʘʢʘʷ ʫʩʣʫʛʘ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ çʚʠʜʝʦ ʧʦ ʪʨʝʙʦʚʘʥʠʶè. 

- ʉ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʫʩʣʫʛʘʤʠ. ʆʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʰʠʨʝʥʥʦʛʦ 
ʩʧʝʢʪʨʘ ʩʝʨʚʠʩʦʚ, ʠʥʦʛʜʘ ʥʝ ʩʚʷʟʘʥʥʦʛʦ ʩ ʩʦʙʩʪʚʝʥʥʦ ʪʝʣʝʧʝʨʝʜʘʯʘʤʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʙʘʥʢʦʚ-

ʩʢʠʝ ʦʧʝʨʘʮʠʠ ʥʘ ʜʦʤʫ, ʫʯʘʩʪʠʝ ʚ ʘʫʢʮʠʦʥʘʭ, ʫʯʘʩʪʠʝ ʚ ʛʦʣʦʩʦʚʘʥʠʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʦʙʫʯʝʥʠʝ, 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʶ ʙʠʙʣʠʦʪʝʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʦʩʪʫʧʘ ʢ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʨʝʩʫʨʩʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʢ ʨʝʩʫʨʩʘʤ ʀʥʪʝʨʥʝʪʘ (ʧʨʦʩʤʦʪʨ web-ʩʪʨʘʥʠʮ, 
ʨʘʙʦʪʘ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʦʡ). ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʜʝʣʘʪʴ ʧʦʢʫʧʢʠ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʤʘʛʘʟʠʥʘʭ, 

ʦʙʱʘʪʴʩʷ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʝ, ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʬʦʨʫʤʘʭ ʠ ʯʘʪʘʭ, ʦʪʧʨʘʚʣʷʪʴ SMS-ʩʦʦʙʱʝʥʠʷ, 

ʭʨʘʥʠʪʴ ʧʝʨʩʦʥʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʘʜʨʝʩʥʳʭ ʢʥʠʛʘʭ ʠ ʢʘʣʝʥʜʘʨʷʭ, ʩʦʟʜʘʚʘʪʴ 
ʩʝʤʝʡʥʳʝ ʬʦʪʦʘʣʴʙʦʤʳ ʠ ʪ.ʧ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʨʦʩʤʦʪʨʦʤ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʧʨʦʛʨʘʤʤ ʟʨʠʪʝʣʠ 

ʤʦʛʫʪ ʩʦʚʝʨʰʘʪʴ ʜʝʡʩʪʚʠʷ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʪʝʢʫʱʝʡ ʪʝʣʝʧʝʨʝʜʘʯʝ, ʥʘʧʨʠʤʝʨ, 

ʟʘʧʨʘʰʠʚʘʪʴ ʠ ʧʦʣʫʯʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷ: ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʛʨʘʤʤʝ, ʝʝ ʘʚʪʦʨʘʭ ʠ ʫʯʘ-

ʩʪʥʠʢʘʭ, ʘʥʦʥʩʳ ʙʫʜʫʱʠʭ ʧʝʨʝʜʘʯ, ʤʘʪʝʨʠʘʣʳ ʧʦ ʪʦʡ ʞʝ ʪʝʤʝ, ʥʝ ʚʦʰʝʜʰʠʝ ʚ ʦʩʥʦʚʥʫʶ ʪʝʣʝ-
ʧʨʦʛʨʘʤʤʫ. ʆʥʠ ʠʤʝʶʪ ʜʦʩʪʫʧ ʢ ʘʨʭʠʚʫ ʧʨʦʰʣʳʭ ʚʳʧʫʩʢʦʚ ʧʨʦʛʨʘʤʤʳ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʭʦʜʝ 

ʧʝʨʝʜʘʯʠ ʩʦʚʝʨʰʘʪʴ ʧʦʢʫʧʢʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ (ʪʝʣʝʚʠʟʠʦʥʥʘʷ ʢʦʤʤʝʨʮʠʷ). ʅʘ-

ʧʨʠʤʝʨ, ʚʦ ʚʨʝʤʷ ʧʦʢʘʟʘ ʚʠʜʝʦʢʣʠʧʘ ʤʦʞʥʦ ʫʟʥʘʪʴ ʙʠʦʛʨʘʬʠʶ ʠʩʧʦʣʥʠʪʝʣʷ, ʛʨʘʬʠʢ ʝʛʦ ʢʦʥʮʝʨ-
ʪʦʚ ʠ ʟʘʢʘʟʘʪʴ ʙʠʣʝʪʳ, ʘ ʧʨʠ ʧʨʦʩʤʦʪʨʝ ʤʘʪʯʘ ð ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʩʦʩʪʘʚʦʤ ʫʯʘʩʪʥʠʢʦʚ ʠ ʪʘʙʣʠʮʝʡ 

ʠʛʨ, ʢʫʧʠʪʴ ʙʠʣʝʪʳ ʠ ʩʫʚʝʥʠʨʳ, ʨʘʟʫʟʥʘʪʴ ʦ ʢʦʤʤʝʥʪʘʪʦʨʝ, ʧʨʦʯʠʪʘʪʴ ʩʧʦʨʪʠʚʥʳʝ ʥʦʚʦʩʪʠ ʠ ʪ.ʜ.  

ʇʦ ʘʨʭʠʪʝʢʪʫʨʝ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʠ: 

- ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ. ʇʨʠ ʪʘʢʦʤ ʚʘʨʠʘʥʪʝ ʚʩʶ ʩʝʪʴ ʦʙʩʣʫʞʠʚʘʝʪ ʦʜʠʥ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ 
ʢʦʤʧʣʝʢʪ ʫʧʨʘʚʣʝʥʠʷ. ɺʩʝ ʟʘʢʘʟʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʚ ʦʜʥʦʤ ʩʝʨʚʝʨʝ ʧʨʠʣʦʞʝʥʠʡ, ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʟʘʥʠʤʘʝʪʩʷ ʦʜʥʦ ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʦʡ ʜʘʥʥʳʭ. ʂ ʜʦʩʪʦʠʥ-

ʩʪʚʘʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʫʜʦʙʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʦʡ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ 

ï ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʢʘʯʝʩʪʚʫ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʠ ʠʭ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

- ʈʘʩʧʨʝʜʝʣʝʥʥʘʷ. ɺ ʜʘʥʥʦʤ ʚʘʨʠʘʥʪʝ ʠʥʬʦʨʤʘʮʠʷ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʙʘʟʘʤ 

ʜʘʥʥʳʭ, ʧʨʠʯʝʤ ʠʥʬʦʨʤʘʮʠʷ ʚʩʝ ʚʨʝʤʷ ʧʝʨʝʤʝʱʘʝʪʩʷ ʦʪ ʙʘʟʳ ʢ ʙʘʟʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʠʙʦʣʝʝ 

ʯʘʩʪʳʭ ʟʘʧʨʦʩʦʚ ʙʣʠʞʘʡʰʠʭ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɿʘʧʨʦʩʳ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʦʜʥʠʤ 

ʩʝʨʚʝʨʦʤ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʡ ʠ ʫʧʨʘʚʣʷʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʦʪʦʢʘʤʠ. ɽʛʦ ʚʘʞʥʝʡʰʘʷ ʟʘʜʘ-
ʯʘ ï ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʢʫʱʝʛʦ ʨʝʡʪʠʥʛʘ ʬʘʡʣʘ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʬʘʡʣʘ ʝʛʦ ʚ ʙʣʠʞʘʡ-

ʰʫʶ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʙʘʟʫ ʜʘʥʥʳʭ. ʕʪʦʪ ʤʝʪʦʜ ʥʘʟʳʚʘʝʪʩʷ ʢʵʰʠʨʦʚʘʥʠʝ. ʉʝʨʚʝʨ ʧʨʠʥʠʤʘʝʪ 

ʨʝʰʝʥʠʝ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʧʠʨʦʚʘʥʠʷ (ʨʘʟʤʥʦʞʝʥʠʷ) ʬʘʡʣʘ ʠʣʠ ʦ ʝʛʦ ʫʜʘʣʝʥʠʠ (ʩʦʢʨʘʱʝʥʠʠ). 
ʊʘʢʦʝ ʧʦʩʪʨʦʝʥʠʝ ʩʥʠʞʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʢʘʯʝʩʪʚʫ ʢʘʥʘʣʦʚ ʠ ʠʭ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʪ.ʢ. 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʢʘʥʘʣʳ ʬʠʟʠʯʝʩʢʠ ʫʤʝʥʴʰʘʶʪʩʷ ʧʦ ʜʣʠʥʝ. ʆʜʥʘʢʦ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʢʨʘʡʥʝ 

ʩʣʦʞʥʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʇʦ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʨʘʪʥʦʛʦ ʢʘʥʘʣʘ: 

- ʉ ʢʘʙʝʣʴʥʳʤ ʦʙʨʘʪʥʳʤ ʢʘʥʘʣʦʤ. ʉʠʩʪʝʤʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʠʥʠʡ ʩʫʱʝʩʪ-

ʚʫʶʱʠʭ ʩʠʩʪʝʤ ʢʘʙʝʣʴʥʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ 

(ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʂʊɺ). ɺ ʩʠʩʪʝʤʝ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʢʘʙʝʣʴʥʦʛʦ ʪʝʣʝʚʠ-

ʜʝʥʠʷ ʩʦʭʨʘʥʠʪʩʷ ʚʝʱʘʪʝʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʦʙʳʯʥʦʛʦ ʂʊɺ - 54...850 ʄɻʮ. ʇʦʣʦʩʘ ʯʘʩʪʦʪ 5-40 ʄɻʮ 
ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʠʩʭʦʜʷʱʝʡ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʚʦʩʭʦʜʷʱʠʡ ʧʦʪʦʢ). 

- ʉ ʦʙʨʘʪʥʳʤ ʨʘʜʠʦʢʘʥʘʣʦʤ. ʉʧʦʩʦʙ ʧʨʝʜʧʦʣʘʛʘʝʪ ʵʬʠʨʥʫʶ ʨʘʜʠʦʧʝʨʝʜʘʯʫ ʦʙʨʘʪʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ. 

- ʉ ʪʝʣʝʬʦʥʥʳʤ ʦʙʨʘʪʥʳʤ ʢʘʥʘʣʦʤ. ʕʪʦʪ ʩʧʦʩʦʙ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʨʛʘʥʠʟʘʮʠʶ ʦʙʨʘʪʥʳʭ ʢʘ-

ʥʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʣʝʬʦʥʥʳʭ ʩʝʪʝʡ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ. 
ʇʦ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʦʙʨʘʪʥʦʤ ʢʘʥʘʣʝ. 

- ʅʠʟʢʦʩʢʦʨʦʩʪʥʳʝ. ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʝ ʙʦʣʝʝ 150 ʙʠʪ/ʩ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʧʨʝʜʧʦ-

ʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʫʯʘʩʪʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʦʧʨʦʩʘʭ ʠ ʛʦʣʦʩʦʚʘʥʠʷʭ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʩʝʭ 

ʩʣʫʞʙ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʜʘʯʝʡ ʟʘʧʨʦʩʦʚ ʠ ʟʘʢʘʟʦʚ ʪʝʣʝʟʨʠʪʝʣʝʡ. 
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- ʉʨʝʜʥʝʩʢʦʨʦʩʪʥʳʝ. ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʦʙʨʘʪʥʦʤ ʢʘʥʘʣʝ 6-7 ʢʙʠʪ/ʩ ʩ ʧʨʠʤʝʥʝ-

ʥʠʝʤ ʟʘʱʠʪʳ ʦʪ ʦʰʠʙʦʢ. ʊʘʢʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʣʝʠʛʨ, ʘʫʢ-

ʮʠʦʥʦʚ, ʟʘʢʣʶʯʝʥʠʠ ʪʦʨʛʦʚʳʭ ʩʜʝʣʦʢ, ʨʝʘʣʠʟʘʮʠʠ ʙʘʥʢʦʚʩʢʠʭ ʦʧʝʨʘʮʠʡ. 

- ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ. ʉʦ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʙʦʣʝʝ 64 ʢʙʠʪ/ʩ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʠʜʝʦ- ʠ ʘʫʜʠʦʢʦʥʬʝʨʝʥʮʠʡ. 

ʇʦ ʩʪʝʧʝʥʠ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ: 

- ʃʦʢʘʣʴʥʘʷ. ʆʙʨʘʪʥʳʡ ʢʘʥʘʣ ʣʦʢʘʣʠʟʦʚʘʥ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʬʫʥʢʮʠʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʘ 

ʫʨʦʚʥʝ ʘʧʧʘʨʘʪʫʨʳ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

- ʆʛʨʘʥʠʯʝʥʥʘʷ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʧʦʩʳʣʘʝʪ ʧʦ ʦʙʨʘʪʥʦʤʫ ʢʘʥʘʣʫ ʩʦʦʙʱʝʥʠʷ. ʆʜʥʘʢʦ ʚʠʜʝʦ-

ʧʦʪʦʢ ʧʦʩʪʫʧʘʝʪ ʚʩʝʤ ʘʙʦʥʝʥʪʘʤ. 

- ʇʦʣʥʘʷ. ʂʘʞʜʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦʩʪʫʧʘʝʪ ʩʚʦʡ ʚʠʜʝʦʧʦʪʦʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʧʨʦʩʘʤʠ 

ʧʦ ʦʙʨʘʪʥʦʤʫ ʢʘʥʘʣʫ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʩʠʩʪʝʤ VoD. ɺʝʱʘʥʠʝ ʩʦ ʩʜʚʠʛʦʤ ʚʦ ʚʨʝʤʝʥʠ 

ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʫʩʣʫʛ IP-ʪʝʣʝʚʠʜʝʥʠʷ ï ʚʠʜʝʦ ʧʦ ʟʘʧʨʦʩʫ ʠ ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ çʧʘʫʟʘè (Time Shifting) ï ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʨʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʚʝʱʘʥʠʝ ʥʘ ʥʝʢʦʪʦ-

ʨʦʝ ʚʨʝʤʷ, ʧʦʩʤʦʪʨʝʪʴ ʧʦʥʨʘʚʠʚʰʠʡʩʷ ʬʨʘʛʤʝʥʪ, çʦʪʤʦʪʘʚ ʥʘʟʘʜè, ʠʣʠ ʧʨʦʧʫʩʢʘʪʴ ʥʝʧʨʠʷʪʥʳʝ 

ʩʮʝʥʳ. ʇʨʦʩʤʦʪʨ ʪʝʣʝʧʝʨʝʜʘʯ ʚʦʟʤʦʞʝʥ ʢʘʢ ʚ çʧʨʷʤʦʤ ʵʬʠʨʝè, ʪʘʢ ʠ ʨʝʞʠʤʝ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʦʚʪʦʨʦʚ ʩ ʧʦʤʦʱʴʶ ʫʩʣʫʛʠ ʚʠʜʝʦ ʧʦʯʪʠ ʧʦ ʟʘʧʨʦʩʫ (Near-Video-On-Demand). 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʚʝʱʘʥʠʷ ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʩʦʝʜʠʥʠʪʴʩʷ ʢ ʚʠʜʝʦʪʨʘʥʩʣʷ-

ʮʠʠ, ʢʦʪʦʨʘʷ ʟʘʧʫʱʝʥʘ ʨʘʥʝʝ. ʉʫʱʝʩʪʚʫʶʪ ʩʠʩʪʝʤʳ,  ʛʜʝ ʢʣʠʝʥʪʳ ʤʦʛʫʪ ʧʦʜʢʣʶʯʠʪʩʷ ʢ ʪʨʘʥʩʣʷ-

ʮʠʷʤ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʘʯʘʪʳ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ  t-w, ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t, ʛʜʝ ʩʤʝʱʝʥʠʝ w > 0. ʕʪʘ 

ʬʫʥʢʮʠʷ ʥʘʟʳʚʘʝʪʩʷ ʧʨʷʤʦʡ ʪʨʘʥʩʣʷʮʠʝʡ ʩʦ ʩʜʚʠʛʦʤ ʚʦ ʚʨʝʤʝʥʠ. ʎʝʣʴ ʣʶʙʦʡ ʢʨʫʧʥʦʡ ʤʝʜʠʘ-

ʢʦʤʧʘʥʠʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʜʦʚʦʣʴʥʳʭ ʢʣʠʝʥʪʦʚ ʠ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʪʨʝʙʫʝʤʳʭ ʚʝʱʘʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ. ɽʩʪʴ ʤʥʦʛʦ ʧʨʠʣʦʞʝ-

ʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʚʳʠʛʨʘʪʴ ʦʪ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʤʝʱʝʥʠʷ ʧʦ ʚʨʝʤʝʥʠ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʢʦʥʪʝʥʪʘ. ʅʘʧʨʠʤʝʨ, ʵʪʦ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʢʨʫʧʥʳʝ ʀʥʪʝʨʥʝʪ ʢʦʥʬʝ-

ʨʝʥʮʠʠ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ  ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʚʳʜʝʣʝʥʥʦʛʦ 

ʢʘʥʘʣʘ ʜʣʷ ʚʦʟʤʦʞʥʦʛʦ ʟʘʧʨʦʩʘ ʢʘʞʜʦʛʦ ʢʣʠʝʥʪʘ. ʕʪʦ ʨʝʰʝʥʠʝ ʦʯʝʥʴ ʧʨʦʩʪʦʝ ʧʦʪʦʤʫ, ʯʪʦ ʢʣʠʝʥʪ 

ʤʦʞʝʪ ʧʨʦʩʪʦ ʥʘʩʪʨʦʠʪʴʩʷ ʧʦ ʚʳʜʝʣʝʥʥʦʤʫ ʢʘʥʘʣʫ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʪʨʝʙʫʝʤʳʡ ʢʦʥʪʝʥʪ ʚ ʧʦʣʥʦʡ 

ʤʝʨʝ. ʅʦ ʵʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʨ-

ʚʝʨʘ. ʇʦʪʦʢ ʩʣʠʷʥʠʷ ï ʵʪʦ ʪʝʭʥʠʢʘ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʜʦʩʪʘʚʢʠ ʤʝʜʠʘʢʦʥʪʝʥʪʘ, ʢʦʪʦʨʳʡ ʧʦʩʪʨʦʝʥ 

ʥʘ ʚʝʨʰʠʥʝ ʤʥʦʛʦʘʜʨʝʩʥʦʡ ʨʘʩʩʳʣʢʠ. ʕʪʦ ʩʥʠʞʘʝʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʨʚʝʨʘ, ʥʝʦʙʭʦʜʠ-

ʤʫʶ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʢʣʠʝʥʪʦʚ, ʟʘʧʨʘʰʠʚʘʶʱʠʭ ʢʦʥʢʨʝʪʥʳʡ ʤʝʜʠʘʦʙʲʝʢʪ. ʕʪʦ ʜʦʩʪʠʛʥʫʪʦ ʟʘ 

ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʢʣʠʝʥʪʳ ʧʦʣʫʯʘʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ 2 ʠʣʠ ʙʦʣʝʝ ʧʦʪʦʢʦʚ ʙʝʟ ʙʫʬʝʨʠʟʘʮʠʠ ʜʘʥʥʳʭ. ʉ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʚʫʭ ʧʦʪʦʢʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʦʛʨʦʤʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʘʜʨʝʩʥʦʡ ʧʝʨʝʜʘʯʝʡ [3]. 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʝ ʤʝʜʠʘʢʦʤʧʘʥʠʠ ʧʦʩʪʨʦʠʣʠ ʩʚʦʡ ʫʩʧʝʭ ʥʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʤ ʵʢʩʢʣʶ-

ʟʠʚʥʦʤ ʢʦʥʪʝʥʪʝ. VoD ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʪʝʭʥʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʧʦʜʥʷʪʴ ʫʨʦʚʝʥʴ ʩʝʨ-

ʚʠʩʦʚ ʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʫʶ ʚʳʩʦʪʫ. ɸ ʵʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʦʥʢʫʨʝʥʪ-

ʥʦʛʦ ʤʝʜʠʘʨʳʥʢʘ.  
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ʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʝʙʦʚʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʩʨʝʜʥʠʡ ʪʦʢ ʩʪʘʪʦʨʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʩʦʠʟʤʝʨʠʤʳʡ ʩ ʥʦʤʠʥʘʣʴ-

ʥʳʤ ʪʦʢʦʤ. ʊʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʨʢʠ ʩʪʘʪʦʨʥʦʡ ʦʙʤʦʪʢʠ ʧʦʜ ʥʦʤʠʥʘʣʴ-

ʥʳʤ ʪʦʢʦʤ ʚ ʨʝʞʠʤʝ, ʠʩʢʣʶʯʘʶʱʝʤ ʤʝʭʘʥʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʚʘʣʫ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 
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ARTIFICIAL LOADING OF ELECTRIC MOTOR 4A80A4  

 
These materials contain results of artificial loading of the asynchronous electric motor 4A80A4. To confirm a 

hypothesis of three-phase asynchronous electric motors test possibility two main objectives were set. First, it was 

required to make an adequate mathematical model of the three-phase asynchronous electric motor. Secondly, by 

means of computer modeling it was required to receive the average current of the electric motor stator comparable 

with rated current. Such results can indicate the possibility to check the stator winding under rated current in the 

mode excluding mechanical loading on a shaft of the asynchronous electric motor. 

 

Key words: asynchronous engine, dynamic loading, the mode of opposition, electric current, mechanical 

power, moment, switching, network frequency. 

 

 
ʇʦ ʧʨʠʯʠʥʝ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳ-

ʭʦʜʷʪ ʠʟ ʩʪʨʦʷ 35ï40% ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʜʚʫʭ ʤʝʩʷʮʝʚ ʨʘʙʦʪʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʥʝʜʦʧʫʩʪʠʤʳʤ ʚ ʫʩʣʦʚʠʷʭ ʨʝʡʩʘ ʨʳʙʦʣʦʚʥʦʛʦ ʠʣʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʫʜʥʘ. ɼʣʷ ʦʮʝʥʢʠ ʧʨʦʚʝʜʝʥ-
ʥʦʛʦ ʨʝʤʦʥʪʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥ-

ʪʘ ʘʩʠʥʭʨʦʥʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʧʨʦʭʦʜʷʪ ʦʙʷʟʘʪʝʣʴʥʫʶ ʧʨʦʚʝʨʢʫ.  

ʈʝʘʣʴʥʳʝ ʧʨʠʝʤʦ-ʩʜʘʪʦʯʥʳʝ ʠʩʧʳʪʘʥʠʷ, ʢʦʪʦʨʳʤ ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʳʝ ɸɼ, ʢʘʢ 
ʧʨʘʚʠʣʦ, ʩʦʩʪʦʷʪ ʠʟ ʪʨʝʭ ʧʫʥʢʪʦʚ: 

ï ʠʟʤʝʨʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʤʦʪʦʢ; 

ï ʠʩʧʳʪʘʥʠʝ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʧʫʩʘ ʤʘʰʠʥʳ ʠ ʤʝʞʜʫ ʦʙʤʦʪʢʘʤʠ; 

ï ʦʙʢʘʪʢʘ ʜʚʠʛʘʪʝʣʷ ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ [1]. 
ʆʙʢʘʪʢʘ ʜʚʠʛʘʪʝʣʷ ʟʘʥʠʤʘʝʪ  ʥʝʙʦʣʴʰʦʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʜʣʷ ʧʨʦʚʝʨʢʠ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ 

ʪʦʢʘ ʠ ʚʳʷʚʣʝʥʠʷ ʷʚʥʳʭ ʜʝʬʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʧʦ ʧʦʩʪʦʨʦʥʥʠʤ ʟʚʫʢʘʤ ʨʘ-

ʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʊʘʢʦʡ ʨʝʛʣʘʤʝʥʪ ʧʨʦʚʝʨʢʠ ɸɼ ʧʦʩʣʝ ʨʝʤʦʥʪʘ ʷʚʣʷʝʪʩʷ ʥʝʧʨʠʝʤʣʝʤʳʤ. 
ɸʥʘʣʠʟ ʧʨʠʯʠʥ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʠʟʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʩʪʘʪʦʨʥʦʡ ʦʙʤʦʪʢʠ (63,2% 

ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʦʪʢʘʟʦʚ), ʯʪʦ ʥʘʧʨʷʤʫʶ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʩ-

ʧʳʪʘʥʠʡ. ɺ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʨʢʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ 

ʤʝʪʦʜʦʤ ʠʩʧʳʪʘʥʠʡ ʩʪʘʪʦʨʥʳʭ ʦʙʤʦʪʦʢ ʧʦʜ ʥʦʤʠʥʘʣʴʥʳʤ ʪʦʢʦʤ ʠ ʤʦʤʝʥʪʦʤ ʥʘ ʚʘʣʫ ʤʘʰʠʥʳ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʥʘʛʨʫʟʦʯʥʳʝ ʘʛʨʝʛʘʪʳ ʩʦ ʚʟʘʠʤ-
ʥʦʡ ʥʘʛʨʫʟʢʦʡ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʤʝʭʘʥʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʥʘʛʨʫʟʦʯʥʦʛʦ ʤʝʭʘ-

ʥʠʟʤʘ ʠ ʠʩʧʳʪʫʝʤʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʉʣʦʞʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʙʦʣʴʰʦʛʦ ʧʘʨʢʘ ʨʘʟʣʠʯʥʳʭ ʧʦ ʤʦʱʥʦʩʪʠ ʠ ʛʘʙʘʨʠ-
ʪʘʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʨʝʤʦʥʪʥʳʝ ʮʝʭʘ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʦʞʝʪ ʦʢʘ-

ʟʘʪʴʩʷ ʩʧʦʩʦʙ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʛʨʫ-

ʟʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʩʪʘʣʦ ʚʦʟʤʦʞʥʦ 
ʫʣʫʯʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʛʨʫʞʝʥʠʷ. 

ɺ ʤʘʪʝʨʠʘʣʘʭ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʇʝʨʚʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩʨʝʜʩʪʚʘʤʠ 

Simulink [2]. ɺʪʦʨʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʣʘʩʴ ʧʨʦʚʝʨʢʘ ʟʘʷʚʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʠʩʧʳʪʘʥʠʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝ-
ʣʝʡ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ɸɼ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʟʘʧʠʩʠ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ɻʦʨʝʚʘ-ʇʘʨʢʘ, ʥʝ ʫʯʠʪʳʚʘʶʪ ʧʦʪʝʨʠ ʚ ʩʪʘʣʠ, ʥʘʩʳʱʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ, ʚʳʪʝʩ-
ʥʝʥʠʝ ʪʦʢʘ ʚ ʩʪʝʨʞʥʷʭ ʨʦʪʦʨʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʪʠʧʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ɸɼ ʧʨʠʚʦ-

ʜʠʪ ʢ ʟʘʤʝʪʥʳʤ ʨʘʟʣʠʯʠʷʤ ʨʘʩʯʝʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸɼ ʦʪ ʨʝʘʣʴʥʳʭ.  

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ Simulink/Matlab ʨʘʟʨʘʙʦʪʘ-

ʥʘ ʄʄ ɸɼ, ʜʣʷ ʢʦʪʦʨʦʡ, ʩʦʛʣʘʩʥʦ, ʩʧʨʘʚʝʜʣʠʚʳ ʚ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʷʭ x-y-0 ʚʳʨʘʞʝʥʠʷ ʟʥʘʯʝʥʠʡ 
ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʡ ʠ ʪʦʢʦʚ: 
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ʛʜʝ ʚʣʠʷʥʠʝ ʤʦʱʥʦʩʪʠ ʧʦʪʝʨʴ ʚ ʩʪʘʣʠ ʫʯʪʝʥʦ ʫʚʝʣʠʯʝʥʠʝʤ ʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ i1x ʪʦʢʘ ʩʪʘ-
ʪʦʨʘ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʥʷʪʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʧʦʪʝʨʴ ʚ ʩʪʘʣʠ iʧ.ʩʪ. 
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ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʮʝʥʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʧʦʪʝʨʴ ʚ ʩʪʘʣʠ DPʩʪ º  25,0)
ʥ2ʥʥ2

/( Ö-hº ʈP  ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʝ ʝʡ ʟʥʘʯʝʥʠʝ ʪʦʢʘ iʧ.ʩʪ=  Dʈʩʪ/( 3ÖU1ʥ) ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠ ʥʦʤʠʥʘʣʴʥʳʭ ʤʦʱʥʦʩʪʠ ʈ2ʥ ʠ 

ʂʇɼ hʥ ʜʚʠʛʘʪʝʣʷ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʛʠʧʦʪʝʟʳ ʚ ʧʨʦʛʨʘʤʤʝ Simulinc ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤ-
ʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 1.  

ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 4ɸ80ɸ4. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʟʘʜʘʥʠʠ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʯʘʩʪʦʪʳ ʥʘʧʨʷʞʝʥʠʷ ʦʧʨʝʜʝ-
ʣʠʪʴ ʠʟʤʝʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 
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ʈʠʩ. 1. ʄʦʜʝʣʴ ʚ Simulink 

 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʭʘʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ [3] ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚ ʨʝʞʠʤʝ ʛʝʥʝʨʘ-
ʪʦʨʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ. 

ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʨʘʙʦʪʘʝʪ ʥʘ ʩʚʦʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʝʛʦ ʥʦʤʠʥʘʣʴʥʦʤʫ ʤʦ-

ʤʝʥʪʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʢʘ b. ɼʘʣʝʝ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʚʠʛʘʪʝʣʴ 
ʧʝʨʝʭʦʜʠʪ ʥʘ ʨʘʙʦʪʫ ʧʦ ʚʪʦʨʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʨʝʞʠʤ ʨʝʢʫʧʝ-

ʨʘʪʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ. ʅʘ ʦʪʨʝʟʢʝ cd ʧʨʦʠʩʭʦ-

ʜʠʪ ʪʦʨʤʦʞʝʥʠʝ ʜʦ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʩʢʦʨʦʩʪʠ  ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʯʘʩʪʦʪʦʡ ʩʝʪʠ. 

ʈʘʟʛʦʥ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫ-

ʪʝʤ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ 
ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ. ɼʚʠʛʘʪʝʣʴ ʧʝʨʝʭʦʜʠʪ ʚ ʪʦʯʢʫ 

a ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʥʘʯʠʥʘʝʪ ʨʘʟʛʦʥ ʜʦ ʪʦʯʢʠ b. 

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʝʞʠʤʘ ʜʠʥʘʤʠ-
ʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʮʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ. 

ʇʨʠ ʩʙʨʦʩʝ ʯʘʩʪʦʪʳ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ ʤʦʤʝʥʪʫ æʄ1 ʥʘ ʚʘʣʫ ɸɼ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʢ 

I1, ʤʦʤʝʥʪʫ æʄ2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʢ I2.  ʂʨʦʤʝ 
ʪʦʛʦ,  ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ æɤ ʟʥʘʯʝʥʠʷ I1 ʠ I2 ʥʝ 

ʧʨʝʚʳʰʘʶʪ ʟʥʘʯʝʥʠʷ Iʧʫʩʢ, ʥʘ ʢʦʪʦʨʦʝ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʦ ʨʘʩʩʯʠʪʘʥʳ ʦʙʤʦʪʢʠ ɸɼ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʨʝʜʥʝʝ ʟʥʘ-

ʯʝʥʠʝ ʪʦʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʤʠʥʘʣʴʥʦʤʫ. ʇʨʠʯʝʤ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʧʠʪʘʶʱʝʛʦ ʥʘ-

ʧʨʷʞʝʥʠʷ ɸɼ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ ʦʪ 60 ɻʮ ʜʦ ʥʫʣʷ. 

ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʢʨʦʤʝ ʥʘʛʨʫʞʝʥʠʷ ʥʦʤʠʥʘʣʴʥʳʤ ʤʦʤʝʥ-
ʪʦʤ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʦʙʤʦʪʦʢ ʧʦʜ ʥʦʤʠʥʘʣʴʥʳʤ ʪʦʢʦʤ. ʇʨʦʪʝʢʘʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʩʠʣʳ ʪʦʢʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʭʦʨʦʰʦ ʚʠʜʝʥ ʥʘ ʨʠʩʫʥʢʝ,  

ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ ʪʦʢʘ ʦʪ ʚʨʝʤʝʥʠ. 
ʈʘʥʝʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ, ʙʳʣ ʚʳʷʚʣʝʥ ʦʧʪʠʤʘʣʴʥʳʡ ʩ ʧʝʨʝʢʣʶʯʝʥʠʝʤ 

ʯʘʩʪʦʪ ʩ 50 ɻʮ ʥʘ 25 ɻʮ [4]. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʨʘʤʢʘʭ ʩʪʘʪʴʠ ʤʦʜʝʣʴ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʚʳʷʚʠʪʴ 

ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʙʦʣʝʝ ʪʦʯʥʦ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦ-
ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʪʦʢʘʤʠ, ʤʦʤʝʥʪʘʤʠ ʠ ʤʦʱʥʦʩʪʴʶ ʥʘ ʚʘʣʫ [5]. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴ-

ʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺʠʜʥʦ, ʯʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩʨʘʚ-

ʥʠʤʦ ʩ ʥʦʤʠʥʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʪʦʢʘ ʜʣʷ ʜʘʥʥʦʡ ʤʘʰʠʥʳ. ʊʨʝʙʫʝʤʳʡ ʨʝʞʠʤ ʥʘʛʨʫʞʝʥʠʷ, ʢʘʢ 

ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʧʝʨʝʢʣʶʯʝʥʠʠ ʯʘʩʪʦʪ ʧʠʪʘʶʱʝʛʦ ʥʘ-
ʧʨʷʞʝʥʠʷ ɸɼ. ɼʠʘʛʨʘʤʤʘ ʪʦʢʦʚ ʚ ʪʘʢʦʤ ʨʝʞʠʤʝ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3, ʙ. 

 
ʈʠʩ. 2. ʄʝʭʘʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɸɼ ʚ ʨʝʞʠʤʝ  
ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ 

ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ 
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ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ: 
ʘ ï ʟʥʘʯʝʥʠʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʪʦʢʘ;  ʙ ï ʪʦʢʠ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʧʝʨʝʢʣʶʯʝʥʠʠ 

 

ʆʧʳʪʥʳʤ ʧʫʪʝʤ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʡ ʧʦʥʠʞʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʥʘʛʨʫʞʝʥʠʷ ʤʘʰʠʥʳ 

ʷʚʣʷʝʪʩʷ ʯʘʩʪʦʪʘ 30-32 ɻʮ. ɺ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʩʨʝʜʥʠʡ ʪʦʢ ʜʚʠʛʘʪʝʣʷ ʩʨʘʚʥʠʤ ʩ ʥʦʤʠʥʘʣʴʥʳʤ ʪʦʢʦʤ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʦʜʝʣʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʷʚʣʝʥʠʷʤ ʤʘʰʠʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥ-
ʥʦʡ ʚʝʢʪʦʨʥʦʡ ʜʠʘʛʨʘʤʤʝ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʯʘʩʪʦʪ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʙʳʣ ʧʦʣʫʯʝʥ ʢʨʘʪʢʦ-

ʚʨʝʤʝʥʥʳʡ ʨʝʞʠʤ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ  ʪʦʨʤʦʞʝʥʠʷ, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ, ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʦʤʝʥʪʘ ʠ ʪʦʢʘ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. 
 ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʩʧʦʩʦʙ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ. ʇʨʠ ʧʦʤʦʱʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʪʦʢ, ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʥʦʤʠʥʘʣʴʥʦʤʫ. 

ʊʦʢʠ ʠ ʤʦʤʝʥʪʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʝʧʝʥʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʙʝʟ-

ʘʚʘʨʠʡʥʦʡ ʨʘʙʦʪʳ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʨʝʞʠʤ 
ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʪʜʘʯʝʡ ʟʘʧʘʩʝʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʩʝʪʴ. 
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ANALYSIS AND SOLUTIONS TO THE PROBLEM OF HARMONIC DISTORTION  

OF CURRENT AND VOLTAGE IN SHIP AND OTHER AUTONOMOUS  

POWER SYSTEMS 
 

The problems of the electrical energy quality with harmonic distortion at the network were considered. The 

positive experience of active filters application was described. The considerable disadvantages of such filtering 

systems application were presented. The possible decision to decrease disadvantages of existing systems active 
compensation of harmonics was suggested. 

 

Keywords: harmonic distortions, active filter, voltage controller, resonance of currents and voltages. 

 

 

ʅʘʣʠʯʠʝ ʥʝʣʠʥʝʡʥʳʭ ʥʘʛʨʫʟʦʢ ʠ ʨʦʩʪ ʯʠʩʣʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʟʤʝʥʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʪʣʠ-
ʯʘʶʪʩʷ ʦʪ ʯʠʩʪʳʭ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʧʦʩʪʦʷʥʥʦʡ ʘʤʧʣʠʪʫʜʦʡ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʪʦʯ-

ʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʥʝʦʙʭʦʜʠʤʳ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʘ. ɺʣʠʷʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʨʘʩʪʝʪ ʚ ʪʝʯʝʥʠʝ ʧʦ-

ʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ. 
ʊʘʢʠʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ, ʢʦʪʦʨʳʝ ʚʚʦʜʷʪ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ 

(ʛʘʨʤʦʥʠʢ) ʚ ʭʘʨʘʢʪʝʨ ʧʦʪʨʝʙʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʧʦʪʨʝʙʠʪʝʣʝʡ, ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ 

ʜʠʦʜʥʳʝ ʠʣʠ ʪʠʨʠʩʪʦʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʚ ʩʦʩʪʘʚʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʚʦʜʦʚ, ʵʣʝʢʪʨʦʥʥʳʝ 
ʧʫʩʢʦʨʝʛʫʣʷʪʦʨʳ ʜʣʷ ʛʘʟʦʨʘʟʨʷʜʥʳʭ ʣʘʤʧ, ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʠ ʜʨʫʛʠʝ ʧʨʠʙʦʨʳ, ʨʘʙʦʪʘ 

ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʘ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʵʣʝʤʝʥʪʦʚ. ɻʘʨʤʦʥʠʢʠ ʚ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʦʟʥʘʯʘʶʪ ʥʘʣʠʯʠʝ ʩʠʛʥʘʣʦʚ, ʥʘʣʦʞʝʥʥʳʭ ʥʘ ʦʩʥʦʚʥʦʡ ʩʠʛʥʘʣ, ʯʘʩʪʦʪʳ ʢʦʪʦʨʳʭ 
ʷʚʣʷʶʪʩʷ ʮʝʣʳʤʠ ʯʠʩʣʘʤʠ ʢʨʘʪʥʳʤʠ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʝ. ʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ 

ʦʙʷʟʘʥʳ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʩʚʦʠʤ ʢʣʠʝʥʪʘʤ ʧʦʩʪʘʚʢʫ ʥʘʧʨʷʞʝʥʠʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʦʡ, ʨʘʚʥʦʡ 

ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʝ 50/60 ɻʮ, ʠ ʠʤʝʶʱʫʶ ʧʦʩʪʦʷʥʥʦʝ ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ, ʠʟʤʝʥʷʶʱʝʝʩʷ ʚ ʥʝ-

ʙʦʣʴʰʠʭ ʧʨʝʜʝʣʘʭ. ʅʘʣʠʯʠʝ ʛʘʨʤʦʥʠʢ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʶ ʩʠʛʥʘʣʘ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʪʦʢʘ, ʪʝʤ 
ʩʘʤʳʤ ʩʠʛʥʘʣ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ, ʢʦʪʦʨʳʤ ʦʥ ʙʳʪʴ ʥʝ ʜʦʣʞʝʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫ-

ʯʝʥʠʝ ʛʘʨʤʦʥʠʢ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʪʝʤʦʡ ʜʣʷ ʵʥʝʨʛʝʪʠʢʦʚ. 

ʇʨʦʙʣʝʤʘ ʛʘʨʤʦʥʠʢ ʥʝ ʥʦʚʘ. ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʪʨʠʜʮʘʪʳʭ ʛʦʜʘʭ 20-ʛʦ ʚʝʢʘ, ʩ ʤʦʤʝʥʪʘ 
ʩʦʟʜʘʥʠʷ ʛʝʥʝʨʘʪʦʨʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʥʘʙʣʶʜʘʣʠʩʴ ʠʩʢʘʞʝʥʠʷ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ. 

ʆʙʝʩʧʦʢʦʝʥʥʦʩʪʴ ʠʩʢʘʞʝʥʠʷʤʠ ʩʠʛʥʘʣʘ ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʱʝʡ ʜʣʷ ʚʩʝʭ ʠʥʞʝʥʝʨʦʚ-

ʵʥʝʨʛʝʪʠʢʦʚ, ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʧʨʘʚʠʣʴʥʳʡ ʙʘʣʘʥʩ ʤʝʞʜʫ ʦʩʫʱʝʩʪʚʣʝʥʠʝʤ ʢʦʥʪʨʦʣʷ ʥʘʜ ʛʘʨʤʦ-

ʥʠʯʝʩʢʠʤʠ ʠʩʢʘʞʝʥʠʷʤʠ ʠ ʩʦʭʨʘʥʝʥʠʝʤ ʵʪʦʛʦ ʢʦʥʪʨʦʣʷ. ʉʫʱʝʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʚʦʝʚʨʝʤʝʥ-
ʥʦʤ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʤʝʞʜʫ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ ʚ ʮʝʣʷʭ ʜʦʩʪʠʞʝʥʠʷ ʧʨʠʝʤʣʝʤʳʭ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʛʦʚʦʨʝʥʥʦʩʪʴ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʛʦʩʫʜʘʨʩʪʚʦʤ [1].  
ʕʣʝʢʪʨʦʩʥʘʙʞʘʶʱʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʳʯʥʦ ʩʥʠʤʘʶʪ ʩ ʩʝʙʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʧʦ ʚʦʧʨʦʩʘʤ 

ʛʘʨʤʦʥʠʢ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʩʪʘʥʜʘʨʪʦʚ ʠʣʠ ʨʘʟʣʠʯʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʛʘʨʤʦʥʠʯʝ-

ʩʢʠʭ ʫʨʦʚʥʝʡ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʦʯʢʘʭ ʦʙʱʝʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʧʦʪʨʝʙʠʪʝʣʷʤʠ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʧʝʢʪʨʦʚ ʛʘʨʤʦʥʠʢ, ʚ ʨʘʟʣʠʯʥʦʡ 

ʩʪʝʧʝʥʠ ʚʣʠʷʶʱʠʭ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʠʡ ʫʙʳʪʦʢ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʠ ʢʦʤʤʫʪʘʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʶ ʥʘʥʦʩʷʪ ʠʤʝʥʥʦ 

ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ. 
ʅʘʧʨʠʤʝʨ, ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ  ʛʘʨʤʦʥʠʢ ʚ ʩʝʪʠ ʚ ʩʠʥʭʨʦʥʥʳʭ ʤʘʰʠʥʘʭ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ: 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʥʘʛʨʝʚ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ, ʦʧʘʩʥʳʝ ʚʠʙʨʘʮʠʠ ʠʟ-ʟʘ 
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ʥʝʩʠʤʤʝʪʨʠʠ ʪʦʢʦʚ ʚ ʦʙʤʦʪʢʘʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʧʦʚʳʰʝʥʥʘʷ 
ʦʧʘʩʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ ʷʚʣʝʥʠʡ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʝʪʷʭ. 

ɺʦʟʥʠʢʘʶʱʠʝ ʚʩʣʝʜʩʪʚʠʝ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ ʪʦʢʠ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʨʦ-

ʪʝʢʘʶʱʠʝ ʯʝʨʝʟ ʥʫʣʝʚʦʡ ʧʨʦʚʦʜʥʠʢ ʤʝʥʴʰʝʛʦ ʩʝʯʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʘʟʥʳʤ ʧʨʦʚʦʜʥʠʢʘʤ, 
ʚʳʟʳʚʘʶʪ ʝʛʦ ʩʠʣʴʥʳʡ ʥʘʛʨʝʚ. ɿʘʬʠʢʩʠʨʦʚʘʥ ʨʷʜ ʩʣʫʯʘʝʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʦʟʛʦʨʘʥʠʡ ʧʨʠ ʧʝʨʝ-

ʛʨʝʚʝ ʥʫʣʝʚʳʭ ʧʨʦʚʦʜʥʠʢʦʚ, ʩʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʣʦ 25 ʠʣʠ 50% ʬʘʟʥʦʛʦ ʧʨʦʚʦʜʘ [2]. 

ɹʦʨʴʙʘ ʩ ʚʳʩʰʠʤʠ ʛʘʨʤʦʥʠʢʘʤʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ, ʢʦʛʜʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʥʝʨʛʦ-
ʩʠʩʪʝʤʳ ʠʟʚʝʩʪʥʦ ʧʨʠʤʝʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ ʥʘʛʨʫʟʦʢ. ʅʘ ʧʨʘʢʪʠʢʝ ʞʝ ʥʘ-

ʛʨʫʟʢʘ ʠʤʝʝʪ ʧʝʨʝʤʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʦ ʝʩʪʴ ʨʘʩʪʝʪ ʯʠʩʣʦ ʥʝʣʠʥʝʡʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʫʭʫʜʰʘʶ-

ʱʠʭ ʢʘʯʝʩʪʚʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʢʘʢ ʚ ʛʦʨʦʜʩʢʠʭ ʵʥʝʨʛʦʩʝʪʷʭ ʩ ʧʦʷʚʣʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʙʳʪʦʚʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʪʘʢ ʠ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʩʫʜʦʚʳʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 
ʧʨʠ ʠʭ ʨʘʟʚʠʪʠʠ, ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʩʦʟʜʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ 

ʠʩʢʘʞʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʩ ʚʳʩʦʢʠʤ ʂʇɼ ʠ ʤʠʥʠʤʘʣʴʥʳʤʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤʠ ʧʦʢʘʟʘ-
ʪʝʣʷʤʠ. 

ʋʤʝʥʴʰʝʥʠʝ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ ʧʘʩʩʠʚʥʳʭ ʠ 

ʘʢʪʠʚʥʳʭ ʬʠʣʴʪʨʦʚ. ʇʦʩʣʝʜʥʠʝ ʩʯʠʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ, ʥʦ ʠ ʠʤʝʶʪ ʩʚʦʠ 

ʥʝʜʦʩʪʘʪʢʠ. 
ʉʦʚʨʝʤʝʥʥʳʝ ʘʢʪʠʚʥʳʝ ʬʠʣʴʪʨʳ ʤʦʛʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʬʠʣʴʪʨʘʮʠʶ ʛʘʨʤʦʥʠʢ ʜʣʷ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ, ʥʘʧʨʠʤʝʨ, ʥʘʛʨʫʟʦʢ ʩ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʤ ʧʨʠʚʦʜʦʤ, ʛʨʫʧʧʦʚʫʶ ʬʠʣʴʪʨʘ-

ʮʠʶ, ʧʨʠ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚʳʙʨʘʥʥʫʶ ʛʨʫʧʧʫ ʥʘʛʨʫʟʦʢ ʠ ʮʝʥʪʨʘʣʴʥʫʶ ʬʠʣʴʪʨʘ-
ʮʠʶ ʛʘʨʤʦʥʠʢ, ʧʨʠ ʧʦʜʩʦʝʜʠʥʝʥʠʠ ʬʠʣʴʪʨʘ ʚ ʦʙʱʝʡ ʪʦʯʢʝ ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʩʦʝʜʠʥʝʥʠʡ,  

ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʪʝʢʫʱʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩʠʩʪʝʤʳ. 

ɺ ʦʩʥʦʚʥʦʤ ʘʢʪʠʚʥʳʝ ʬʠʣʴʪʨʳ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʡ ʩʠʩʪʝʤʝ ʨʝʣʝʡʥʳʝ ʨʝʛʫʣʷʪʦʨʳ, ʠʩʧʦʣʴʟʫʶʪ 
ʚ ʩʚʦʝʡ ʩʭʝʤʝ ʧʨʠʥʮʠʧ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦ ʬʫʥʢʮʠʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠ, ʯʪʦ ʥʝ ʤʘʣʦʚʘʞʥʦ, ʦʙʣʘʜʘ-

ʶʪ ʚʳʩʦʢʠʤʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

ʆʜʥʘʢʦ ʥʝʜʦʩʪʘʪʢʘʤʠ ʩʠʩʪʝʤ ʘʢʪʠʚʥʳʭ ʬʠʣʴʪʨʦʚ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʪʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝ-

ʣʝʡʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʚ ʩʠʩʪʝʤʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʝʩʣʠ ʚʝʣʠʯʠʥʘ ʧʝʨʝʭʦʜ-
ʥʦʛʦ ʧʨʦʮʝʩʩʘ ʙʫʜʝʪ ʙʦʣʴʰʝ, ʯʝʤ ʟʘʜʝʨʞʢʘ ʚ ʠʟʤʝʥʝʥʠʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦʩʣʝ ʥʘʯʘʣʘ ʠʟʤʝ-

ʥʝʥʠʷ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ (ʪʨʘʥʩʧʦʨʪʥʦʝ ʟʘʧʘʟʜʳʚʘʥʠʝ), ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʘ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʘʢʪʠʚʥʳʤʠ ʬʠʣʴʪʨʘʤʠ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʚʢʣʶʯʝʥ ʚ ʦʜʥʫ ʠ ʪʫ 
ʞʝ ʮʝʧʴ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. ʇʨʠ ʪʘʢʦʤ ʧʦʜʢʣʶʯʝʥʠʠ ʢʘʞʜʳʡ ʘʢʪʠʚʥʳʡ ʬʠʣʴʪʨ ʧʦʧʳʪʘʝʪʩʷ ʩʢʦʤ-

ʧʝʥʩʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʥʘ ʜʨʫʛʦʤ ʬʠʣʴʪʨʝ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʣʠʥʝʡʥʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ ʚ 

ʩʝʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʯʘʱʝ ʚʩʝʛʦ ʩʥʠʞʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʘʢʪʠʚʥʦʡ 
ʬʠʣʴʪʨʘʮʠʠ ʧʘʩʩʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʠ ʙʣʦʢʠ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʙʘ-

ʪʘʨʝʡ, ʢʦʪʦʨʳʝ ʥʘ ʯʘʩʪʦʪʘʭ ʦʪʜʝʣʴʥʳʭ ʛʘʨʤʦʥʠʢ ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʚ ʨʝʟʦʥʘʥʩ ʥʘʧʨʷʞʝʥʠʡ ʠʣʠ ʨʝ-

ʟʦʥʘʥʩ ʪʦʢʦʚ, ʫʚʝʣʠʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʘʤʧʣʠʪʫʜʫ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ çʫʧʨʘʚʣʷʝʤʦʛʦ ʘʢ-
ʪʠʚʥʦ-ʨʝʟʦʥʘʥʩʥʦʛʦè ʪʠʧʘ, ʢʦʪʦʨʦʝ ʙʳ ʧʦʟʚʦʣʷʣʦ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʫʤʝʥʴʰʘʣʦ ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ 

ʥʝʣʠʥʝʡʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʪʘʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʦʣʞʥʦ ʦʙʣʘ-
ʜʘʪʴ ʥʘʠʤʝʥʴʰʠʤʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜ-

ʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʢʘʢ ʙʝʨʝʛʦʚʳʭ, ʪʘʢ ʠ ʩʫʜʦʚʳʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʯʪʦ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʢʘʞʝʪʩʷ ʥʘ ʫʣʫʯ-

ʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʫʚʝʣʠʯʠʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʠ [3]. 
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ʀʅʅʆɺɸʎʀʆʅʅʓʁ ʇʆɼʍʆɼ ʂ ʇɽʈɽʈɸɹʆʊʂɽ ɺʊʆʈʀʏʅʓʍ  

ʈʓɹʅʓʍ ʈɽʉʋʈʉʆɺ 

 
ʀʟʫʯʝʥʳ ʪʝʭʥʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʪʦʨʠʯʥʳʭ ʨʳʙʥʳʭ ʨʝʩʫʨʩʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʦʪʭʦʜʘʤʠ ʛʣʫ-

ʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʫʜʦʚʳʭ ʨʳʙ: ʙʝʣʦʛʦ ʘʤʫʨʘ, ʪʦʣʩʪʦʣʦʙʠʢʘ, ʢʘʨʧʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ  ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ 

ʩʲʝʜʦʙʥʳʝ ʠ ʥʝʩʲʝʜʦʙʥʳʝ ʯʘʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ ʚʪʦʨʠʯʥʳʭ ʨʳʙʥʳʭ ʨʝʩʫʨʩʦʚ ʩʦʩʪʘʚʣʷ-

ʝʪ ʢʦʩʪʥʘʷ ʪʢʘʥʴ (63%), ʚʢʣʶʯʘʶʱʘʷ: ʛʦʣʦʚʳ, ʧʣʘʚʥʠʢʠ, ʢʦʩʪʥʳʡ ʭʨʝʙʝʪ, ʚʥʫʪʨʝʥʥʠʝ ʦʨʛʘʥʳ ï ʜʦ 25%, 
ʢʦʞʘ ʠ ʯʝʰʫʷ ï ʜʦ 12%. ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʪʦʨʠʯʥʳʭ ʨʳʙʥʳʭ ʨʝʩʫʨʩʦʚ ʧʦʟʚʦʣʠʣʦ ʨʝʢʦ-

ʤʝʥʜʦʚʘʪʴ ʢʦʩʪʥʫʶ ʪʢʘʥʴ ʠ ʢʦʞʫ ʧʨʫʜʦʚʳʭ ʨʳʙ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʦʣʣʘʛʝʥʘ (ʜʦ 40,5% ʠ 70,8% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʜʣʷ ʧʦʣʫʯʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʧʣʘʚʘʪʝʣʴʥʳʡ ʧʫʟʳʨʴ. ʇʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʭ ʠ ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʠʟ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ 

ʪʨʘʢʪʘ ʧʨʫʜʦʚʳʭ ʨʳʙ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʬʝʨʤʝʥʪʦʚ ʢʠʰʝʯʥʠʢʘ ʨʳʙ. ʋʩʪʘʥʦʚʣʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʙʝʣʢʦʚʦ-ʤʠʥʝʨʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʠʟ ʯʝʰʫʠ, ʪʘʢ ʢʘʢ ʜʦʣʷ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʩʦ-

ʩʪʘʚʠʣʘ ʚ ʩʨʝʜʥʝʤ 51,3%. ʈʝʘʣʠʟʘʮʠʶ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʧʝʨʝʨʘʙʦʪʢʝ ʚʪʦʨʠʯʥʳʭ ʨʳʙʥʳʭ ʨʝʩʫʨ-

ʩʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ, ʪʘʢʠʭ ʢʘʢ ʬʝʨʤʝʥʪʠʨʦʚʘʥʠʝ 

(ʘʚʪʦʧʨʦʪʝʦʣʠʟ) ʠ ʩ ʧʦʤʦʱʴʶ ʤʦʣʦʯʥʦʢʠʩʣʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʨʳʙ, ʚʪʦʨʠʯʥʳʝ ʨʳʙʥʳʝ ʨʝʩʫʨʩʳ, ʙʝʣʢʦʚʳʝ ʠ ʙʝʣʢʦʚʦ-

ʤʠʥʝʨʘʣʴʥʳʝ ʜʦʙʘʚʢʠ, ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʝʤʳ. 
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INNOVATIVE APPROACH TO THE PROCESSING OF SECONDARY  

FISHERY RESOURCES 

 
Technochemical characteristics of the secondary fishery resources, which are deep-processing waste of pond 

fish such as grass carp, silver carp, carp as a result of fractionation on edible and inedible parts were studied. It 

was found that the bulk of secondary fishery resources is its bone (63%), including: the head, fins, bone ridge, 
internal organs ï up to 25%, the skin and scales ï up to 12%. Investigation of the chemical composition of the 

secondary fisheries allowed to recommend bone and skin of fish pond due to the high collagen content (to 40.5% 

and 70.8%, respectively) to make processing aids, as well as swimming bladder. The possibility of obtaining a 

complex of proteolytic and lipolytic enzymes from the digestive tract of the fish pond as evidenced by the high 

activity of fish intestinal enzymes. The possibility of obtaining protein and mineral supplements from the scales, 

as the share of minerals is in average 51.3%. Implementation of innovative approaches to the processing of sec-

ondary fishery resources is proposed to use biotechnological methods such as fermentation (avtoproteoliz) and 

with the help of lactic acid microorganisms. 
 

Key words: fish fractionation, secondary fisheries, protein and protein-mineral supplements, biotechnology 

techniques. 
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ʚʥʝʜʨʝʥʠʷ ʥʘ ʨʳʙʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʦʙʣʘʩʪʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ. 
ʊʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʜʦʣʞʥʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ, ʥʦ ʠʭ ʨʝʘʣʠʟʘ-

ʮʠʷ ʧʦʟʚʦʣʠʪ ʧʨʦʠʟʚʦʜʠʪʴ ʧʨʦʜʫʢʪʳ ʩ ʚʳʩʦʢʦʡ ʜʦʙʘʚʦʯʥʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʠʭ ʚʥʝʜʨʝʥʠʷ. ʈʝʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʛʣʫʙʦʢʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʳʙ-
ʥʦʛʦ ʩʳʨʴʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʣʫʯʝʥʠʝʤ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʧʦʪʨʝʙʠʪʝʣʷʤʠ, 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʦʪʭʦʜʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʧʨʘʚʣʷʝʤʳʭ ʥʘ ʧʦʣʫʯʝ-

ʥʠʝ ʢʦʨʤʦʚʦʡ ʤʫʢʠ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʨʤʦʚʦʡ ʧʨʦʜʫʢ-
ʮʠʠ ʥʝ ʷʚʣʷʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʦʡ, ʪʘʢ ʢʘʢ ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʢʘʢ ʠʩʪʦʯʥʠʢ  

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʙʝʣʢʦʚʳʭ ʠ ʙʝʣʢʦʚʦ-ʤʠʥʝʨʘʣʴʥʳʭ ʜʦʙʘʚʦʢ, ʦʙʣʘʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʘ.   

ʈʝʘʣʠʟʘʮʠʷ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʫʜʦʚʳʭ ʨʳʙ, ʝʞʝʛʦʜʥʳʡ ʚʳʣʦʚ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʙʦ-
ʣʝʝ 14,5 ʪʳʩ. ʪʦʥʥ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʪʦʨʠʯʥʳʭ ʨʝʩʫʨʩʦʚ (ʙʦ-

ʣʝʝ 50% ʦʪ ʤʘʩʩʳ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʨʳʙʥʦʛʦ ʩʳʨʴʷ), ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʢʦ-

ʩʪʥʘʷ ʪʢʘʥʴ (ʛʦʣʦʚʳ, ʢʦʩʪʥʳʡ ʭʨʝʙʝʪ, ʧʣʘʚʥʠʢʠ) ï ʜʦ 63% ʦʪ ʤʘʩʩʳ ʦʪʭʦʜʦʚ. ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ 
ʦʩʥʦʚʫ ʙʝʣʢʦʚʳʭ ʚʝʱʝʩʪʚ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʨʳʙ (ʦʢʦʣʦ 70%) ʩʦʩʪʘʚʣʷʶʪ ʦʩʩʝʦʘʣʴʙʫʤʦʠʜʳ, ʢʦʪʦ-

ʨʳʝ ʦʙʨʘʟʫʶʪ ʚʤʝʩʪʝ ʩ ʛʣʠʢʦʟʘʤʠʥʦʛʣʠʢʘʥʘʤʠ ʦʩʩʝʦʤʫʢʦʠʜ, ʘ ʦʩʪʘʚʰʠʝʩʷ 30% ʧʨʠʭʦʜʷʪʩʷ ʥʘ 

ʢʦʣʣʘʛʝʥ. ʇʦʵʪʦʤʫ ʦʩʪʘʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʥʝ ʪʦʣʴʢʦ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ, ʥʦ ʠ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʦʩʪʥʫʶ ʪʢʘʥʴ ʨʳʙ ʢʘʢ ʠʩʪʦʯʥʠʢ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʢʦʣʣʘʛʝ-
ʥʦʚʦʡ ʧʨʠʨʦʜʳ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʠʥʪʝʨʝʩ ʢ ʢʦʣʣʘʛʝʥʫ ʛʠʜʨʦʙʠʦʥʪʦʚ ʩʚʷʟʘʥ ʩ ʫʷʟʚʠʤʦ-

ʩʪʴʶ ʢʦʣʣʘʛʝʥʘ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʝʨʝʜ ʛʫʙʯʘʪʦʡ ʵʥʮʝʬʘʣʦʧʘʪʠʝʡ (ʙʦʣʝʟʥʠ ʙʝʰʝʥʩʪʚʘ 

ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ ʩʪʘʥʦʚʠʪʩʷ 
ʥʝʙʝʟʦʧʘʩʥʳʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʜʘʥʥʳʤ ʫʯʝʥʳʭ ʠʤʝʥʥʦ ʨʳʙʥʳʡ ʢʦʣʣʘʛʝʥ ʷʚʣʷʝʪʩʷ ʛʠʧʦʘʣʣʝʨʛʝʥʥʳʤ, ʪʘʢ ʢʘʢ 

ʥʘ 96% ʠʜʝʥʪʠʯʝʥ ʙʝʣʢʫ ʯʝʣʦʚʝʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʧʨʝʧʘʨʘʪʦʚ 
ʜʣʷ ʣʝʯʝʥʠʷ ʛʠʧʝʨʪʦʥʠʯʝʩʢʦʡ ʙʦʣʝʟʥʠ, ʦʩʪʝʦʘʨʪʨʠʪʘ, ʥʝʜʝʨʞʘʥʠʷ ʤʦʯʠ, ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥ ʝʛʦ 

ʧʨʦʪʠʚʦʨʘʢʦʚʳʡ ʵʬʬʝʢʪ. ɺ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʦʜʫʢʪʳ ʝʛʦ ʛʠʜʨʦʣʠʟʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʧʠʱʝʚʳʭ ʧʣʝʥʦʢ, ʧʦʢʨʳʪʠʡ, ʩʲʝʜʦʙʥʳʭ ʦʙʦʣʦʯʝʢ ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ, ʧʨʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ ʢʦʥʩʝʨʚʦʚ ʚ ʞʝʣʠʨʫʶʱʠʭ ʟʘʣʠʚʢʘʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʥʦʚʳʭ ʬʦʨʤ ʧʠʱʠ: ʘʥʘʣʦʛʦʚ 
ʠʢʨʳ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʵʤʫʣʴʩʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ.  

ʄʠʥʝʨʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʨʳʙ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʬʦʩʬʦʨʥʦʢʠʩʣʳʤʠ 

ʩʦʣʷʤʠ ʢʘʣʴʮʠʷ, ʘ ʪʘʢʞʝ ʢʘʨʙʦʥʘʪʘʤʠ, ʬʪʦʨʠʜʘʤʠ, ʛʠʜʨʦʢʩʠʜʘʤʠ, ʮʠʪʨʘʪʘʤʠ [1]. ʇʦʵʪʦʤʫ ʥʝ ʤʝ-
ʥʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʝʨʝʨʘʙʦʪʢʘ ʝʝ ʜʣʷ ʧʦʣʫʯʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʠ ʙʠʦʤʘʪʝʨʠʘ-

ʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʤ ʠ ʦʙʱʝʫʢʨʝʧʣʷʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʠ ʧʨʠʤʝʥʷʝʤʳʭ ʢʘʢ ʚ ʧʠ-

ʱʝʚʦʡ, ʪʘʢ ʠ ʚ ʦʙʣʘʩʪʠ ʦʨʪʦʧʝʜʠʠ ʠ ʩʪʦʤʘʪʦʣʦʛʠʠ. 
ʂʦʞʘ ʠ ʯʝʰʫʷ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 12% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʪʭʦʜʦʚ ʧʨʫʜʦʚʳʭ ʨʳʙ. ʂʦʞʘ ʧʨʫ-

ʜʦʚʳʭ ʨʳʙ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʣʣʘʛʝʥʘ ʠ ʵʣʘʩʪʠʥʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʥʘ ʷʚʣʷʝʪʩʷ 

ʩʳʨʴʝʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʞʝʣʘʪʠʥʘ. ɺ ʩʦʩʪʘʚ ʯʝʰʫʠ ʚʭʦʜʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʟʦʪʠʩʪʳʭ ʚʝ-

ʱʝʩʪʚ (25ï35% ʦʪ ʤʘʩʩʳ ʯʝʰʫʠ) ʪʘʢʞʝ ʚ ʚʠʜʝ ʢʦʣʣʘʛʝʥʘ ʠ ʦʩʦʙʦʛʦ ʙʝʣʢʦʚʦʛʦ ʚʝʱʝʩʪʚʘ ï ʠʭʪʠʣʝ-
ʧʠʜʠʥʘ. ʅʝ ʤʝʥʝʝ ʚʳʩʦʢʘ ʜʦʣʷ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ (ʜʦ 30%), ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʦʩʥʦʚʥʦʤ ʬʦʩ-

ʬʦʨʥʦʢʠʩʣʳʤʠ ʢʘʣʴʮʠʝʚʳʤʠ ʩʦʣʷʤʠ. ɺ ʧʦʢʨʳʚʘʶʱʝʤ ʯʝʰʫʶ ʵʧʠʜʝʨʤʠʩʝ ʥʘʭʦʜʷʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʛʫʘʥʠʥʘ, ʧʨʠʜʘʶʱʠʭ ʯʝʰʫʝ ʩʝʨʝʙʨʠʩʪʳʡ ʙʣʝʩʢ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʩʚʦʡʩʪʚʦ ʭʘ-
ʨʘʢʪʝʨʥʦ ʜʣʷ ʯʝʰʫʠ ʙʝʣʦʛʦ ʘʤʫʨʘ ʠ ʪʦʣʩʪʦʣʦʙʠʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʝʰʫʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʥʝ ʪʦʣʴʢʦ 

ʠʩʪʦʯʥʠʢʦʤ ʞʝʤʯʫʞʥʦʛʦ ʧʘʪʘ, ʞʠʜʢʦʛʦ ʠʣʠ ʪʚʝʨʜʦʛʦ ʢʣʝʷ, ʘ ʪʘʢʞʝ ʙʝʣʢʦʚʦ-ʤʠʥʝʨʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʠ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʝʧʪʠʜʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʅʝ ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʝʥ ʦʙʲʝʤ ʠ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ ʨʳʙ (25% ʦʪ ʤʘʩʩʳ ʦʪʭʦʜʦʚ), ʚ ʩʦʩʪʘʚʝ ʢʦ-
ʪʦʨʳʭ ʢʨʦʤʝ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ, ʧʣʘʚʘʪʝʣʴʥʦʛʦ ʧʫʟʳʨʷ ʠ ʧʝʯʝʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠ ʞʠʨʦʚʳʝ 

ʦʪʣʦʞʝʥʠʷ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚʦʢʨʫʛ ʢʠʰʦʢ ʥʘ ʙʨʳʞʝʡʢʘʭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʤʘʩʩʘ ʢʦʪʦʨʳʭ ʤʘʢʩʠ-

ʤʘʣʴʥʘ ʚ ʧʝʨʠʦʜ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʠʪʘʥʠʷ. ʇʠʱʝʚʘʨʠʪʝʣʴʥʳʡ ʪʨʘʢʪ ʧʨʫʜʦʚʳʭ ʨʳʙ ʦʪʣʠʯʘʝʪʩʷ ʨʘʟ-
ʥʦʦʙʨʘʟʠʝʤ ʚ ʩʚʷʟʠ ʩ ʭʘʨʘʢʪʝʨʦʤ ʧʠʱʠ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʝʨʝʚʘʨʠʚʘʥʠʷ. ʋʯʝʥʳʤʠ ʫʩʪʘʥʦʚʣʝʥʘ 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʠʥʳ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʦʪ ʨʦʜʘ ʧʠʱʠ: ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʣʠʥʘ 

ʢʠʰʝʯʥʠʢʘ ʫ ʨʘʩʪʠʪʝʣʴʥʦʷʜʥʦʛʦ ʪʦʣʩʪʦʣʦʙʠʢʘ ï ʦʪ 6 ʜʦ 15, ʫ ʚʩʝʷʜʥʦʛʦ ʢʘʨʧʘ ï 2-3. ʉʦʦʪʚʝʪʩʪ-
ʚʝʥʥʦ ʜʘʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʦʪʝʦʣʠʪʠ-

ʯʝʩʢʠʭ, ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ ʠ ʘʤʠʣʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʠ ʠʭ ʘʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʧʨʫʜʦʚʳʭ ʨʳʙ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʝʨʤʝʥʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʠʛʨʘʶʱʠʭ ʨʦʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ, ʠ ʦʙʣʘʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
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ʢʦʪʦʨʳʭ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʘ. ʋ ʧʨʫʜʦʚʳʭ ʨʳʙ ʤʘʩʩʘ ʧʝʯʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʩʝʟʦʥʘ: ʢ ʦʩʝʥʠ ʧʝʯʝʥʴ 
ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʤʘʩʩʳ, ʘ ʢ ʚʝʩʥʝ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʟʠʤʥʝʛʦ ʛʦʣʦʜʘʥʠʷ ʤʘʩ-

ʩʘ ʝʝ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ. 

ɾʠʨʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʚʥʫʪʨʝʥʥʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʤʝʩʴ ʛʣʠʮʝʨʠʜʦʚ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦ-
ʨʳʭ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʩʦʜʝʨʞʠʪʩʷ ʦʣʝʠʥʦʚʘʷ (ʙʦʣʝʝ 70%), ʧʘʣʴʤʠʪʠʥʦʚʘʷ (ʦʢʦʣʦ 25%) ʢʠʩʣʦʪʳ. 

ʆʥʠ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʛʨʫʧʧʳ ɤ-6, ʚ ʪʦʤ ʯʠʩʣʝ ʣʠʥʦʣʝ-

ʚʦʡ ï 2%, ʘʨʘʭʠʜʦʥʦʚʦʡ ï 3%, ʠ ɤ-3 (ʵʡʢʦʟʘʧʝʥʪʘʝʥʦʚʦʡ ï 6%, ʜʦʢʦʟʘʛʝʢʩʘʝʥʦʚʦʡ ï 10%, ʜʦʢʦ-
ʟʘʧʝʥʪʘʝʥʦʚʦʡ ï 2%). ʊʘʢʞʝ ʚ ʠʭ ʩʦʩʪʘʚ ʚʭʦʜʷʪ ʞʠʨʦʨʘʩʪʚʦʨʠʤʳʝ ʚʠʪʘʤʠʥʳ ʨʝʪʠʥʦʣ, ʭʦʣʝʢʘʣʴ-

ʮʠʬʝʨʦʣ, ʪʦʢʦʬʝʨʦʣ, ʬʠʣʣʦʭʠʥʦʥ [2]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʞʠʨʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʞʠʨʦʨʘʩʪʚʦʨʠʤʳʭ ʚʠʪʘʤʠʥʦʚ ʠ ʥʘʧʨʘʚ-

ʣʷʪʴ ʥʘ ʧʦʣʫʯʝʥʠʝ ʙʠʦʪʦʧʣʠʚʘ.  
ʇʣʘʚʘʪʝʣʴʥʳʡ ʧʫʟʳʨʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʙʝʣʢʦʚʳʭ ʚʝʱʝʩʪʚ (ʙʦʣʝʝ 30%), 

ʦʩʥʦʚʫ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʢʦʣʣʘʛʝʥ, ʠ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʠʨʘ (ʦʢʦʣʦ 2%). ʊʨʘʜʠʮʠʦʥʥʳʤ 

ʩʧʦʩʦʙʦʤ ʧʝʨʝʨʘʙʦʪʢʠ ʧʣʘʚʘʪʝʣʴʥʳʭ ʧʫʟʳʨʝʡ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʣʝʝʚ. ʅʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚ-
ʥʳʤ ʷʚʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʫʟʳʨʝʡ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʥʠʪʝʡ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʥʘʧʨʘʚʣʝʥʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚʪʦʨʠʯʥʳʭ ʨʳʙʥʳʭ ʨʝʩʫʨʩʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʣʫʙʦʢʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʫʜʦʚʳʭ ʨʳʙ, ʙʘʟʠʨʫʶʱʝʝʩʷ ʥʘ ʠʭ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʣʠ ʦʪʭʦʜʳ ʦʪ ʨʘʟʜʝʣʢʠ ʧʨʫʜʦʚʳʭ ʨʳʙ (ʪʦʣʩʪʦʣʦ-

ʙʠʢʘ, ʙʝʣʦʛʦ ʘʤʫʨʘ ʠ ʢʘʨʧʘ): ʢʦʩʪʥʘʷ ʪʢʘʥʴ (ʛʦʣʦʚʳ, ʢʦʩʪʥʳʡ ʭʨʝʙʝʪ, ʧʣʘʚʥʠʢʠ), ʚʥʫʪʨʝʥʥʠʝ ʦʨ-
ʛʘʥʳ (ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʡ ʪʨʘʢʪ, ʧʣʘʚʘʪʝʣʴʥʳʡ ʧʫʟʳʨʴ), ʢʦʞʘ ʠ ʯʝʰʫʷ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʩʤʝʩʠ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʧʨʫʜʦʚʳʭ ʨʳʙ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʣʫʙʦʢʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ 
ʙʝʣʦʛʦ ʘʤʫʨʘ, ʢʘʨʧʘ, ʪʦʣʩʪʦʣʦʙʠʢʘ, ʚʟʷʪʳʭ ʚ ʨʘʚʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1  

ʉʨʝʜʥʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʧʨʫʜʦʚʳʭ ʨʳʙ 

ʉʤʝʩʴ ʢʦʩʪʥʦʡ ʪʢʘ-
ʥʠ ʧʨʫʜʦʚʳʭ ʨʳʙ 

ʉʦʜʝʨʞʘʥʠʝ, % 

ʚʦʜʳ 
ʙʝʣʢʘ 

ʞʠʨʘ 
ʤʠʥʝʨʘʣʴʥʳʭ  
ʚʝʱʝʩʪʚ ʚʩʝʛʦ ʚ ʪ.ʯ. ʢʦʣʣʘʛʝʥʘ 

ʂʦʩʪʥʘʷ ʪʢʘʥʴ 67,8 Ñ 0,1 17,6 Ñ 0,2 7,1 Ñ 0,3 5,1 Ñ 0,1 8,8 Ñ 0,3 

 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 1, ʩʤʝʩʴ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʧʨʫʜʦʚʳʭ ʨʳʙ ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʙʝʣʢʘ (ʜʦ 17,6%), ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʣʣʘ-
ʛʝʥʘ ʜʦʩʪʠʛʘʝʪ ʜʦ 40,5% ʦʪ ʝʛʦ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚʳʰʝ, 

ʯʝʤ ʩʦʜʝʨʞʘʥʠʝ ʞʠʨʘ ʥʘ 3,7%.  

ʋʩʪʘʥʦʚʣʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʣʣʘʛʝʥʘ ʚ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʧʨʫʜʦʚʳʭ ʨʳʙ (ʛʦʣʦʚʳ, ʧʣʘʚʥʠʢʠ ʠ 

ʢʦʩʪʥʳʡ ʭʨʝʙʝʪ) ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʝ ʢʘʢ ʠʩʪʦʯʥʠʢ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʚʝʱʝʩʪʚ. ʀʟʫ-
ʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʧʨʫʜʦʚʳʭ ʨʳʙ ʪʘʢʞʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʞʠʨʘ ʚ 

ʥʠʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 10%, ʯʪʦ, ʩʦʛʣʘʩʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʪʦʨʠʯʥʳʭ ʨʳʙʥʳʭ ʨʝʩʫʨ-

ʩʦʚ ɺʦʣʞʩʢʦ-ʂʘʩʧʠʡʩʢʦʛʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʩʩʝʡʥʘ [3], ʧʦʟʚʦʣʷʝʪ ʠʭ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ  ʜʣʷ 
ʧʦʣʫʯʝʥʠ ̫ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʝʟʞʠʨʠʚʘʥʠʷ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʢʦʣʣʘʛʝʥʦʚʦʡ ʧʨʠʨʦʜʳ ʠʟ ʢʦʩʪʥʦʡ 

ʪʢʘʥʠ ʧʨʫʜʦʚʳʭ ʨʳʙ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʫʜʘʣʝʥʠʝ ʧʨʠʨʝʟʝʡ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦ-
ʣʫʯʝʥʠʝʤ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʪʝʣʷ, ʘ ʦʩʪʘʚʰʘʷʩʷ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʢʦʩʪʥʘʷ ʪʢʘʥʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʥʘʤʠ ʢʘʢ ʤʠʥʝʨʘʣʴʥʘʷ ʙʠʦʜʦʙʘʚʢʘ. 

ʀʟʫʯʝʥ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʧʨʫʜʦʚʳʭ ʨʳʙ (ʪʘʙʣ. 2).  

 
ʊʘʙʣʠʮʘ 2 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʧʨʫʜʦʚʳʭ ʨʳʙ 

ʇʠɦʝʚʘʨʠʪʝʣʴʥʳʡ 
ʪʨʘʢʪ ʧʨʫʜʦʚʳʭ ʨʳʙ 

ʉʦʜʝʨʞʘʥʠʝ, % 

ʚʦʜʳ ʙʝʣʢʘ ʞʠʨʘ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ 

ɹʝʣʳʡ ʘʤʫʨ 65,5 Ñ 0,1 27,3 Ñ 0,3 6,0 Ñ 0,1 1,2 Ñ 0,1 

ʂʘʨʧ 75,6 Ñ 0,3 18,4 Ñ 0,3 4,9 Ñ 0,2 1,1 Ñ 0,1 

ʊʦʣʩʪʦʣʦʙʠʢ 66,6 Ñ 0,2 11,4 Ñ 0,1 20,8 Ñ 0,1 1,2 Ñ 0,3 



ǨǻȎȅǻ, ȉǼȋǻȂȉǽǻȈȃȀ, ȃȈȈȉǽǻȑȃȃ: ȊȎȍȃ ȋǻȂǽȃȍȃȚ 
 

160 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ (ʪʘʙʣ. 2) ʥʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʠ-
ʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʙʝʣʦʛʦ ʘʤʫʨʘ, ʝʛʦ ʜʦʣʷ ʥʠʞʝ ʥʘ 8,9% ʫ ʢʘʨʧʘ ʠ ʚ 2,6 ʨʘʟʘ ï ʫ ʪʦʣʩʪʦʣʦʙʠ-

ʢʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʞʠʨʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʪʦʣʩʪʦʣʦʙʠʢʘ, 

ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ ʪʠʧʦʤ ʧʠʪʘʥʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʞʠʨʘ ʚ ʢʠʰʝʯʥʠʢʝ ʢʘʨʧʘ ʥʠʞʝ, ʯʝʤ ʫ ʪʦʣʩʪʦʣʦ-
ʙʠʢʘ ʥʘ 15,9% ʠ ʥʘ 1,1%,  ʯʝʤ ʫ ʙʝʣʦʛʦ ʘʤʫʨʘ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʪʘʢʞʝ ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʦʩʦʙʝʥ-

ʥʦʩʪʴʶ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠʭ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ, ʪʘʢ ʠ ʘʢʪʠʚʥʦʩʪʴʶ ʬʝʨʤʝʥʪʥʦʡ 

ʩʠʩʪʝʤʳ ʧʨʫʜʦʚʳʭ ʨʳʙ [4]. ʂʠʰʝʯʥʳʡ ʪʨʘʢʪ ʧʨʫʜʦʚʳʭ ʨʳʙ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʤʠʥʝ-
ʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʦʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 1,2% ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʨʳʙ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʦʪʥʦ-

ʰʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʤʦʨʬʦʣʦʛʠ-

ʝʡ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʧʨʫʜʦʚʳʭ ʨʳʙ.  

ɸʥʘʣʠʟ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ ʧʦʜʪʚʝʨʜʠʣ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʝʨʝ-
ʨʘʙʦʪʢʝ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʧʨʫʜʦʚʳʭ ʨʳʙ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʚʠʜʘ. ʉ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝ-

ʥʠʷ ʷʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʡ ʪʨʘʢʪ ʪʦʣʩʪʦʣʦʙʠʢʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʣʫʯʝ-

ʥʠʷ ʣʠʧʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʠ ʙʠʦʪʦʧʣʠʚʘ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʫʯʝʥʳʤʠ ʪʝʭʥʦʣʦʛʠʠ [5], ʘ 
ʢʠʰʝʯʥʠʢ ʙʝʣʦʛʦ ʘʤʫʨʘ ʠ ʢʘʨʧʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʳʨʴʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʝʨʤʝʥʪʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʦʣʷ ʧʣʘʚʘʪʝʣʴʥʦʛʦ ʧʫʟʳʨʷ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʦʪʭʦʜʦʚ ʧʨʫʜʦʚʳʭ ʨʳʙ ʥʝ-

ʟʥʘʯʠʪʝʣʴʥʘ (ʥʝ ʙʦʣʝʝ 1% ʦʪ ʤʘʩʩʳ ʦʪʭʦʜʦʚ), ʠʟʫʯʝʥ ʝʛʦ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʪʘʙʣ. 3). 
 

ʊʘʙʣʠʮʘ 3  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʣʘʚʘʪʝʣʴʥʳʭ ʧʫʟʳʨʝʡ ʧʨʫʜʦʚʳʭ ʨʳʙ 

ʇʣʘʚʘʪʝʣʴʥʳʝ ʧʫʟʳʨʠ 
ʧʨʫʜʦʚʳʭ ʨʳʙ 

ʉʦʜʝʨʞʘʥʠʝ, % 

ʚʦʜʳ ʙʝʣʢʘ ʞʠʨʘ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ 

ɹʝʣʳʡ ʘʤʫʨ 63,0 Ñ 0,1 34,9 Ñ 0,2 1,0 Ñ 0,1 1,1 Ñ 0,2 

ʂʘʨʧ 63,3 Ñ 0,2 34,8 Ñ 0,2 0,8 Ñ 0,3 1,1 Ñ 0,2 

ʊʦʣʩʪʦʣʦʙʠʢ 63,1 Ñ 0,1 34,6 Ñ 0,2 1,2 Ñ 0,3 1,1 Ñ 0,2 

 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 3, ʧʣʘʚʘʪʝʣʴʥʳʝ ʧʫʟʳʨʠ ʠʩʩʣʝʜʫʝʤʳʭ ʚʠʜʦʚ 
ʨʳʙ ʠʤʝʶʪ ʩʭʦʜʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ  

(ʜʦ 35%). ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ (ʦʢʦʣʦ 32%) ʙʝʣʢʦʚʳʭ ʚʝʱʝʩʪʚ ʩʦ-

ʩʪʘʚʣʷʝʪ ʢʦʣʣʘʛʝʥ [6]. ʇʦʵʪʦʤʫ ʠʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʳʨʴʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʣʝʷ. ʉʦʜʝʨ-
ʞʘʥʠʝ ʞʠʨʘ ʥʝʚʝʣʠʢʦ ʠ ʚʘʨʴʠʨʫʝʪ ʦʪ 0,8% ʜʦ 1,2% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʨʳʙʳ. ɼʦʣʷ ʤʠʥʝʨʘʣʴ-

ʥʳʭ ʚʝʱʝʩʪʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 1,1%.  

ɽʱʝ ʦʜʥʠʤ ʮʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʠʱʝʚʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ ʷʚʣʷʝʪʩʷ ʢʦʞʘ ʠ ʯʝ-

ʰʫʷ [7]. ʈʝʘʣʠʟʫʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʨʳʙʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʤʠ 
ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʩʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ ʪʦʣʩʪʦʣʦʙʠʢʘ ʠ ʙʝʣʦʛʦ ʘʤʫʨʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʝʜʫʩʤʘʪ-

ʨʠʚʘʶʪ ʩʲʝʤ ʯʝʰʫʠ, ʘ ʦʙʝʩʰʢʫʨʠʚʘʥʠʝ ʬʠʣʝ, ʪʦ ʝʩʪʴ ʫʜʘʣʝʥʠʝ ʢʦʞʥʦʛʦ ʧʦʢʨʦʚʘ ʚʤʝʩʪʝ ʩ ʯʝʰʫ-

ʝʡ. ʅʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʧʦʩʦʙʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʢʘʨʧʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʫʩʤʦʪʨʝʥ ʩʲʝʤ 
ʯʝʰʫʠ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʫʜʘʣʝʥʠʝ ʢʦʞʠ ʩ ʬʠʣʝ. ʇʦʵʪʦʤʫ ʠʟʫʯʝʥ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʞʠ ʠ ʯʝʰʫʠ 

ʧʨʫʜʦʚʳʭ ʨʳʙ (ʪʘʙʣ. 4). 
ʊʘʙʣʠʮʘ 4  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʞʠ ʠ ʯʝʰʫʠ ʧʨʫʜʦʚʳʭ ʨʳʙ 

ʂʦʞʥʳʡ ʧʦʢʨʦʚ ʧʨʫʜʦʚʳʭ ʨʳʙ 

ʉʦʜʝʨʞʘʥʠʝ, % 

ʚʦʜʳ 
ʙʝʣʢʘ 

ʞʠʨʘ 
ʤʠʥʝʨʘʣʴʥʳʭ 
ʚʝʱʝʩʪʚ ʚʩʝʛʦ ʚ ʪ.ʯ. ʢʦʣʣʘʛʝʥʘ 

ɹʝʣʳʡ ʘʤʫʨ 
ʏʝʰʫʷ 11,2 Ñ 0,1 39,1 Ñ 0,2 ï* 0,1 Ñ 0,1 49,6 Ñ 0,3 

ʂʦʞʘ 66,1 Ñ 0,2 28,7 Ñ 0,1 20,9Ñ0,1 3,0 Ñ 0,1 2,2 Ñ 0,1 

ʂʘʨʧ 
ʏʝʰʫʷ 10,4 Ñ 0,2 36,3 Ñ 0,2 ï* 0,2 Ñ 0,3 53,1 Ñ 0,2 

ʂʦʞʘ 64,5 Ñ 0,1 29,8 Ñ 0,1 20,7Ñ0,2 3,1 Ñ 0,1 2,6 Ñ 0,2 

ʊʦʣʩʪʦʣʦʙʠʢ 
ʏʝʰʫʷ 11,2 Ñ 0,1 37,5 Ñ 0,2 ï* 0,1 Ñ 0,3 51,2 Ñ 0,2 

ʂʦʞʘ 65,2 Ñ 0,2 29,3 Ñ 0,1 20,5Ñ0,1 3,1 Ñ 0,1 2,4 Ñ 0,1 
 

ʇʨʠʤʝʯʘʥʠʝ: *ï ʥʝ ʦʧʨʝʜʝʣʷʣʦʩʴ 

 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 4, ʥʘ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʯʝʰʫʠ ʧʨʫʜʦʚʳʭ ʨʳʙ 

ʥʝ ʚʣʠʷʝʪ ʠʭ ʚʠʜ. ɼʣʷ ʥʝʝ ʭʘʨʘʢʪʝʨʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ (ʜʦ 39,1%) ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝ-
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ʱʝʩʪʚ (ʜʦ 53,1%). ʇʦʵʪʦʤʫ ʯʝʰʫʶ ʧʦʩʣʝ ʩʥʷʪʠʷ ʛʫʘʥʠʥʘ ʠ ʠʟʚʣʝʯʝʥʠʷ ʙʝʣʢʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠ-
ʚʘʪɹ ʢʘʢ ʠʩʪʦʯʥʠʢ ʙʝʣʢʦʚʦ-ʤʠʥʝʨʘʣʴʥʳʭ ʜʦʙʘʚʦʢ. 

ʂʦʞʘ ʧʨʫʜʦʚʳʭ ʨʳʙ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʙʝʣʢʦʚʳʭ ʚʝʱʝʩʪʚ ï 29,3% (ʚ ʩʨʝʜ-

ʥʝʤ), ʧʨʠʯʝʤ ʜʦʣʷ ʢʦʣʣʘʛʝʥʘ ʩʦʩʪʘʚʣʷʝʪ 70,8% ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʘ. ʅʝʚʳʩʦʢʦ ʩʦʜʝʨʞʘ-
ʥʠʝ ʞʠʨʘ (ʚ ʩʨʝʜʥʝʤ 3,1%) ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ (ʜʦ 2,6%). ɿʥʘʯʠʪʝʣʴʥʘʷ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʢʦʣ-

ʣʘʛʝʥʘ ʨʝʢʦʤʝʥʜʫʝʪ ʥʘʧʨʘʚʣʷʪʴ ʢʦʞʫ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʦʣʫʯʝʥʠʝ ʞʝʣʘʪʠʥʘ, ʥʦ ʠ ʢʣʝʝʚ ʦʩʦʙʦʡ 

ʢʦʥʜʠʮʠʠ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʝʨʘʙʦʪʢʠ ʚʪʦʨʠʯʥʳʭ ʨʝʩʫʨʩʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʛʣʫʙʦʢʦʡ ʨʘʟʜʝʣʢʠ ʧʨʫʜʦʚʳʭ ʨʳʙ, ʧʦʜʪʚʝʨʞʜʝʥʥʳʝ ʠʟʫʯʝʥʠʝʤ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘ-

ʚʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ. 

 

 
 

ʅʘʧʨʘʚʣʝʥʠʷ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʦʪ ʛʣʫʙʦʢʦʡ ʨʘʟʜʝʣʢʠ ʧʨʫʜʦʚʳʭ ʨʳʙ 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʪʝʭʥʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʪʦʨʠʯʥʳʭ ʨʳʙʥʳʭ ʨʝʩʫʨʩʦʚ 

ʠ ʠʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ. 

ʊʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʣʫʙʦʢʦʡ ʨʘʟʜʝʣʢʠ ʧʨʫʜʦʚʳʭ ʨʳʙ, 

ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ. ʈʝʘʣʠʟʘʮʠʷ ʨʝʢʦʤʝʥʜʫʝʤʳʭ  ʥʘʧʨʘʚʣʝ-
ʥʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʧʨʫʜʦʚʳʭ ʨʳʙ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʙʠʦʘʢʪʠʚʥʳʝ ʜʦʙʘʚʢʠ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ, ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʠʱʝʚʘʷ ʧʨʦʜʫʢʮʠʷ, ʥʦ ʠ ʢʦʩʤʝ-

ʪʠʯʝʩʢʘʷ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʪʦʤʘʪʦʣʦʛʠʷ ʠ ʦʨʪʦʧʝʜʠʷ. 
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ʆʎɽʅʂɸ ʊɽʍʅʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʏɽʉʂʆʁ ʉʀʉʊɽʄʓ 

ʇʈʀ ɼʀʅɸʄʀʏɽʉʂʀʍ ɺʆɿʄʋʑɽʅʀʗʍ 

 
ɺ ʤʘʪʝʨʠʘʣʘʭ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʆʪʨʘʞʝʥʘ 

ʩʪʨʫʢʪʫʨʘ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʘʨʘʣʣʝʣʴ-

ʥʦʡ ʨʘʙʦʪʳ ʠʩʪʦʯʥʠʢʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʳʷʚʣʝʥ ʚʳʩʦʢʠʡ ʦʪʢʘʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ 

ʫʩʪʘʨʝʚʰʠʭ ʵʥʝʨʛʦʫʟʣʦʚ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʴ,  ʠʩʪʦʯʥʠʢ, ʛʝʥʝʨʘʪʦʨ, ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ. 
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ASSESSMENT OF ELECTRICAL POWER SYSTEM TECHNICAL CONDITION  

DURING DYNAMIC INDIGNATIONS  
 

The evaluation of the electric power systems technical condition was made. The structure of the synchronous 

generators parallel operation was represented. The mathematical model of AC sources parallel operation was de-

veloped. Due to this model the high failure of existing synchronization devices was detected. The conclusions 

about the feasibility of upgrading outdated separate power units power plants were made. 

 

Key words: model, source, generator, power plant. 

 

 

ʃʶʙʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʘ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ. ɺ ʮʝʣʷʭ ʦʙʝʩ-
ʧʝʯʝʥʠʷ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʧʦʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ ʨʘʟʣʠʯʥʳʝ ʵʥʝʨʛʦʦʙʲʝʢʪʳ ʵʣʝʢʪʨʦ-

ʩʪʘʥʮʠʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʝʜʠʥʫʶ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʩʦʜʝʨʞʘʱʫʶ ʙʦʣʴʰʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʘʥʠʷ. ʊʘʢʠʝ 
ʦʙʲʝʜʠʥʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʧʦʢʨʳʪʠʝ ʤʘʢʩʠʤʫʤʦʚ ʥʘʛʨʫʟʢʠ, ʤʘʥʝʚʨʠʨʦ-

ʚʘʥʠʝ ʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʛʝʥʝʨʘʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʩʠʥʭʨʦʥʥʳʭ 

ʛʝʥʝʨʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʠʭ ʥʘ ʧʘʨʘʣʣʝʣʴʥʫʶ ʨʘʙʦʪʫ, ʥʘʟʳʚʘʶʱʝʡʩʷ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ. 

ʇʨʦʮʝʩʩ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦ-
ʮʝʩʩʦʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. 

ɺʢʣʶʯʝʥʠʝ ʚ ʧʘʨʘʣʣʝʣʴ ʜʘʞʝ ʥʝʠʥʝʨʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʨʷʜʦʤ ʫʩʣʦʚʠʡ. ɼʣʷ ʙʝʟʫʜʘʨʥʦʛʦ ʚʢʣʶ-
ʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʘʞʝ ʠʥʚʝʨʪʦʨʘ, ʥʘ ʧʘʨʘʣʣʝʣʴʥʫʶ ʨʘʙʦʪʫ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣ-

ʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ: 

ï ʜʣʷ ʪʨʝʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ ʧʠʪʘʥʠʷ: 

1) ʨʘʚʝʥʩʪʚʦ ʥʘʧʨʷʞʝʥʠʷ Uʩ ʩʝʪʠ ʠ ʕɼʉ ɽ ʧʦʜʢʣʶʯʘʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʪ.ʝ. |U| = |ɽ|; 
2) ʨʘʚʝʥʩʪʚʦ ʯʘʩʪʦʪ ʩʝʪʠ fʩ ʠ ʧʦʜʢʣʶʯʘʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ f, ʪ.ʝ. fʩ = f; 

3) ʩʦʚʧʘʜʝʥʠʝ ʧʦ ʬʘʟʝ ʦʜʥʦʠʤʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʬʘʟʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦʜʢʣʶʯʘʝʤʦʛʦ ʠʩʪʦʯ-

ʥʠʢʘ ʠ ʩʝʪʠ, ʘ ʠʤʝʥʥʦ ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ ʫʛʣʘ ʩʜʚʠʛʘ ʧʦ ʬʘʟʝ ʫʢʘʟʘʥʥʳʭ ʚʝʢʪʦʨʦʚ, ʪ.ʝ. ű = 0Á; 
4) ʦʜʠʥʘʢʦʚʳʡ ʧʦʨʷʜʦʢ ʯʝʨʝʜʦʚʘʥʠʷ ʬʘʟ ʪʨʝʭʬʘʟʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʪ.ʝ. ɸ- ɺ - ʉ ʠ ɸ - ɺ- ʉ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʳʚʦʜʳ ɸ, ɺ ʠ ʉ ʢʘʞʜʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʜʦʣʞʥʳ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʥʘ 

ʰʠʥʳ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ ʰʠʥʘʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ɸ, ɺ ʠ ʉ ɻʈʑ [1]. 
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ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʪʠʭ ʫʩʣʦʚʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʨʘʟʥʦʩʪʴ ʥʘʧʨʷʞʝ-
ʥʠʡ (ʨʠʩ. 1) ʧʦʜʢʣʶʯʘʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʙʫʜʝʪ ʨʘʚʥʘ ʥʫʣʶ, ʠ ʠʩʪʦʯʥʠʢʠ 

ʫʩʧʝʰʥʦ ʚʦʡʜʫʪ ʚ ʩʠʥʭʨʦʥʠʟʤ, ʠ ʥʝ ʩʦʟʜʘʩʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʪʢʣʦʥʝʥʠʡ 

ʧʦ ʯʘʩʪʦʪʝ ʧʠʪʘʶʱʝʡ ʩʝʪʠ ʠ ʥʘʧʨʷʞʝʥʠʶ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ 
ʪʨʝʙʦʚʘʥʠʷʤʠ: 

.0
21
=-=D UUU                                          (1) 

ʋʨʘʚʥʠʪʝʣʴʥʳʡ ʪʦʢ. ɽʩʣʠ ʞʝ ʫʩʣʦʚʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʝ ʚʳʧʦʣʥʷʶʪ-

ʩʷ, ʪʦ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʚ ʧʘʨʘʣʣʝʣʴ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʫʨʘʚʥʠʪʝʣʴʥʳʡ ʪʦʢ: 
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ʇʨʦʠʟʚʝʜʝʤ ʨʘʩʯʝʪ ʫʨʘʚʥʠʪʝʣʴʥʦʛʦ ʪʦʢʘ (iʫʨ) ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʛʝʥʝʨʘʪʦʨʦʚ ʪʠʧʘ ʄʉʂ-82-4 ʥʘ 

ʧʘʨʘʣʣʝʣʴʥʫʶ ʨʘʙʦʪʫ, ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʠ ʠ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʛʣʘʭ ʬʘʟʦʚʦʛʦ 
ʩʜʚʠʛʘ, ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2: 

Ed = 395 ɺ; 

Xc = 0,0107ʆʤ; 
X''d = 0,178ʆʤ;  

ʂʫ = 1,7; 

ʇʨʠ ɗ = 180Ü ʠ ʧʨʠ ɗ = 7Ü. 
Xc ï ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʫʜʦʚʦʡ ʩʝʪʠ; 

Xd1, Xd2 ï ʩʚʝʨʭʧʝʨʝʭʦʜʥʳʝ ʠʥʜʫʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʝʥʝʨʘʪʦʨʦʚ;  

ʂʫ ï ʫʜʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʘʧʝʨʠʦʜʠʯʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʪʦʢʘ, ʜʣʷ ʩʫʜʦʚʳʭ 

ʩʠʩʪʝʤ: = 1,6 ï 1,9;  
 

  
ʘ ʙ 

ʈʠʩ. 2. ɺʢʣʶʯʝʥʠʝ ʛʝʥʝʨʘʪʦʨʦʚ ʥʘ ʧʘʨʘʣʣʝʣʴʥʫʶ ʨʘʙʦʪʫ 

ʘ ï ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ; ʙ ï ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ 
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ʅʘʡʪʠ ʥʘʧʨʷʞʝʥʠʝ ʙʠʝʥʠʷ (Us). ʄʛʥʦʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʥʦʩʪʠ ʥʘ-

ʧʨʷʞʝʥʠʡ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʛʝʥʝʨʘʪʦʨʦʚ ʥʘ ʧʘʨʘʣʣʝʣʴʥʫʶ ʨʘʙʦʪʫ, ʨʠʩ. 3. 
ʇʨʠ: Uʘ1 = Uʘ2= 380 (ɺ); 

ɗ = 7Ü. 
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ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ  
ʥʘʧʨʷʞʝʥʠʡ ʧʘʨʘʣʣʝʣʴʥʦ 

ʨʘʙʦʪʘʶʱʠʭ ʩʠʥʭʨʦʥʥʳʭ 

ʛʝʥʝʨʘʪʦʨʦʚ 

 
 

ʈʠʩ. 3. ɺʝʢʪʦʨʥʘʷ  

ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʡ 
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ʊʦʛʜʘ ʥʘʧʨʷʞʝʥʠʝ ʙʠʝʥʠʡ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʫʛʣʝ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʙʫʜʝʪ Us = 760 (ɺ). 
ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʢʣʶʯʝʥʠʝ ʥʘ ʧʘʨʘʣʣʝʣʴʥʫʶ ʨʘʙʦ-

ʪʫ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʦʣʴʰʠʤʠ ʩʢʘʯʢʘʤʠ ʫʨʘʚʥʠʪʝʣʴʥʦʛʦ ʪʦʢʘ ʠ ʚʳʩʦʢʠʤʠ ʚʩʧʣʝ-
ʩʢʘʤʠ ʥʘʧʨʷʞʝʥʠʡ ʙʠʝʥʠʡ. ɼʘʞʝ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʫʛʣʘʭ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʪʘʢʠʝ 
ʩʢʘʯʢʠ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʘʚʘʨʠʠ ʚʩʝʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʚ ʮʝʣʦʤ. 
ʅʘʨʷʜʫ ʩ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʠ ʩʠʩʪʝʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʛʝʥʝʨʘʪʦʨʦʚ ʧʝ-

ʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʦʜʥʘʢʦ ʥʝʙʝʟʳʟʚʝʩʪʥʳʤ ʬʘʢʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʫʜʦʚʘ-
ʥʠʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʨʦʩʩʠʡʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠʤʝʶʪ ʩʨʦʢ ʩʣʫʞʙʳ ʙʦʣʝʝ  
20 ʣʝʪ. ʇʨʦʚʦʜʷ ʘʥʘʣʦʛʠʶ ʤʝʞʜʫ ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʩʯʝʪʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʨʝʘʣʴʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ 
ʩʦʩʪʦʷʥʠʝʤ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʙʦʪʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ 
ʨʦʩʩʠʡʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ. ɺʳʭʦʜʦʤ ʠʟ ʩʣʦʞʠʚʰʝʡʩʷ ʧʨʦʙʣʝʤʳ 
ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʪʜʝʣʴʥʳʭ, ʥʘʠʙʦʣʝʝ ʫʩʪʘʨʝʚʰʠʭ ʵʥʝʨʛʦʫʟʣʦʚ.  

ʃʠʪʝʨʘʪʫʨʘ 
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DEVICE TESTING FOR MEASURING THE PROTECTIVE POTENTIAL  

OF SHIPS STEEL HULLS 
 

The device for measuring the protective potential of steel hulls of ships and vessels was tested. The device 
can reduce the complexity of monitoring cathodic protection of the hull from corrosion. 

 

Key words: vessel hull corrosion, electrochemical protection of vessel hull from corrosion, protection, vessel 
hull protection potential measurement. 

 
 

ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʪʘʣʠ ʚ ʚʦʜʝ ʠʩʧʦʣʴʟʫʶʪ [1, 2] ʢʘʣʦʤʝʣʴʥʳʡ, ʤʝʜ-
ʥʦ-ʩʫʣʴʬʘʪʥʳʡ ʠ ʭʣʦʨʩʝʨʝʙʨʷʥʳʡ ʵʣʝʢʪʨʦʜʳ ʩʨʘʚʥʝʥʠʷ (ʣʘʙʦʨʘʪʦʨʥʘʷ ʘʧʧʘʨʘʪʫʨʘ). 
ʉʦʛʣʘʩʥʦ ʅɼ [3] ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʨʷʪʴ ʧʦʪʝʥʮʠʘʣ ʩʪʘʣʴʥʳʭ ʢʦʨʘʙʣʝʡ ʠ ʩʫʜʦʚ 

ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʥʦʩʥʦʛʦ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨʘ ʠ ʭʣʦʨʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ. ʅʘ ʦʩʥʦʚʘ-
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ʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ  ʵʪʠʭ ʠʟʤʝʨʝʥʠʡ ʢʦʥʪʨʦʣʠʨʫʶʪ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠ-
ʪʳ ʩʪʘʣʴʥʳʭ ʢʦʨʧʫʩʦʚ ʢʦʨʘʙʣʝʡ ʠ ʩʫʜʦʚ ʦʪ ʢʦʨʨʦʟʠʠ. ʂʘʢ ʠʟʚʝʩʪʥʦ [4ï7], ʢʦʨʨʦʟʠʷ ʷʚʣʷʝʪʩʷ ʦʜ-
ʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʩʥʠʞʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ. 
ʆʜʥʘʢʦ ʚʩʝ ʩʪʘʥʜʘʨʪʥʳʝ ʵʣʝʢʪʨʦʜʳ ʩʨʘʚʥʝʥʠʷ ʙʳʩʪʨʦ ʚʳʭʦʜʷʪ ʠʟ ʩʪʨʦʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʭ 

ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ [1]. ʇʦʵʪʦʤʫ ʢʦʥʪʨʦʣʴ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʥʘ ʩʫ-
ʜʘʭ ʠ ʢʦʨʘʙʣʷʭ ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʤʫ ʨʝʤʦʥʪʫ ʢʦʨ-
ʧʫʩʦʚ ʩʫʜʦʚ ʠ ʯʨʝʟʤʝʨʥʳʤ ʟʘʪʨʘʪʘʤ ʥʘ ʩʫʜʦʨʝʤʦʥʪ [4ï7]. 
ʅʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʪʘʢʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ ʩʪʘʥʜʘʨʪʥʳʤ ʵʣʝʢʪʨʦʜʘʤ ʩʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝ-

ʯʠʪ ʥʘʜʝʞʥʳʡ ʢʦʥʪʨʦʣʴ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʩʪʘʣʴʥʳʭ ʢʦʨʧʫʩʦʚ 
ʢʦʨʘʙʣʝʡ ʠ ʩʫʜʦʚ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʵʢʠʧʘʞʝʡ ʩʫʜʦʚ ʚ ʤʦʨʝ. 
ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʦʙʦʩʥʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʜʦʚʳʭ (ʢʦʨʘʙʝʣʴʥʳʭ) 

ʵʣʝʢʪʨʦʫʛʦʣʴʥʳʭ ʠʟʜʝʣʠʡ ʚʤʝʩʪʦ ʵʣʝʢʪʨʦʜʦʚ ʩʨʘʚʥʝʥʠʷ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ ʩʪʘʣʴʥʳʭ 
ʢʦʨʧʫʩʦʚ ʢʦʨʘʙʣʝʡ ʠ ʩʫʜʦʚ. 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣ ʚʳʧʦʣʥʝʥ ʩʣʝʜʫʶʱʠʡ ʵʢʩʧʝʨʠʤʝʥʪ. ʀʟʤʝʨʷʣʠ ʧʦ-

ʪʝʥʮʠʘʣ ʩʪʘʣʴʥʦʛʦ ʢʦʨʧʫʩʘ ʩʫʜʥʘ (ʈʉ çʏʘʨʳʤʦʚʦè). ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 
ʨʘʟʣʠʯʥʳʝ ʧʦ ʤʘʨʢʘʤ ʠ ʨʘʟʤʝʨʘʤ ʱʝʪʢʠ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʫ ʢʦʪʦʨʳʭ ʟʘʢʦʥʯʠʣʩʷ ʩʨʦʢ 
ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʠʤʝʥʥʦ [8]: ʘ) ʤʝʜʥʦʛʨʘʬʠʪʥʳʝ (ʜʚʫʭ ʨʘʟʤʝʨʦʚ: 16Ĭ20Ĭ25, 8Ĭ10Ĭ25); ʙ) ʵʣʝʢʪʨʦ-
ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʝ (ʜʚʫʭ ʨʘʟʤʝʨʦʚ: 16Ĭ20Ĭ50, 8Ĭ10Ĭ25); ʚ) ʫʛʦʣʴʥʦʛʨʘʬʠʪʥʳʝ (ʜʚʫʭ ʨʘʟʤʝʨʦʚ: 
20Ĭ30Ĭ40, 9Ĭ10Ĭ39). ʂʨʦʤʝ ʪʦʛʦ ʚʳʧʦʣʥʠʣʠ ʩʪʘʥʜʘʨʪʥʳʝ [3] ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʧʫʩʘ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʣʦʨʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ. ʂʦʥʪʨʦʣʴʥʘʷ ʪʦʯʢʘ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʧʦ-
ʪʝʥʮʠʘʣʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʚ ʨʘʡʦʥʝ ʤʠʜʝʣʷ ʩʫʜʥʘ [9]. ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ [3]. ʇʨʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʱʝʪʢʠ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʘ ʪʘʢʞʝ ʭʣʦʨʩʝʨʝʙʨʷʥʦʛʦ 
ʵʣʝʢʪʨʦʜʘ ʚʳʧʦʣʥʠʣʠ ʧʦ 30 ʠʟʤʝʨʝʥʠʡ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʧʫʩʘ ʩʫʜʥʘ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʫʩʣʦ-
ʚʠʷʭ ʩʪʦʷʥʢʠ ʩʫʜʥʘ ʫ ʧʨʠʯʘʣʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʚʦʣʥʝʥʠʠ ʤʦʨʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʠ ʩʪʘʪʠ-
ʩʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ [10, 11] ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʦʪʝʥʮʠʘʣʘ ʩʪʘʣʴʥʦʛʦ ʢʦʨʧʫʩʘ ʩʫʜʥʘ  

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʱʝʪʦʢ ʠ ʭʣʦʨʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʘ 

 ̄
ʠʟʤʝʨʝʥʠʷ 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, ʤɺ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʘ 

ʝɦʪʦʢ  

ʤʝʜʥʦʛʨʘʬʠʪʥʳʭ, 
ʩ ʨʘʟʤʝʨʘʤʠ, ʤʤ 

ʝɦʪʦʢ ʵʣʝʢʪʨʦ-

ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ, 
ʩ ʨʘʟʤʝʨʘʤʠ, ʤʤ 

ʝɦʪʦʢ  

ʫʛʦʣʴʥʦʛʨʘʬʠʪʥʳʭ, 
ʩ ʨʘʟʤʝʨʘʤʠ, ʤʤ 

ʭʣʦʨ-

ʩʝʨʝʙʨʷʥʦʛʦ 
ʵʣʝʢʪʨʦʜʘ 

16Ĭ20Ĭ25, ʉ1 8Ĭ10Ĭ25, ʉ2 16Ĭ20Ĭ50, ʉ3 8Ĭ10Ĭ25, ʉ4 20Ĭ30Ĭ40, ʉ5 9Ĭ10Ĭ39, ʉ6 ʉ7 

1 650 650 647 647 647 647 780 

2 650 649 648 647 648 646 780 

3 650 649 647 648 647 646 779 

4 649 650 647 647 647 647 780 

5 650 650 646 648 648 647 781 

6 649 651 647 648 647 648 781 

7 649 649 647 649 648 648 780 

8 648 650 647 648 647 647 778 

9 649 650 648 647 646 647 780 

10 650 650 648 648 647 648 779 

11 650 651 647 648 648 647 780 

12 649 651 647 648 647 646 780 

13 650 651 648 649 647 646 780 

14 650 650 649 648 647 647 779 

15 650 650 647 648 646 647 781 

16 650 650 647 649 646 646 780 

17 650 649 648 648 647 647 780 

18 650 650 647 647 647 647 780 

19 648 650 647 647 647 647 781 

20 649 650 646 648 647 647 779 

21 650 649 647 646 647 646 780 

22 650 648 647 647 647 647 780 

23 650 650 646 647 648 647 780 

24 650 650 647 647 646 648 781 

25 649 650 648 647 648 647 781 

26 649 649 647 647 647 647 780 

27 649 650 647 648 647 647 780 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ.  
 

 ̄
ʠʟʤʝʨʝʥʠʷ 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, ʤɺ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʘ 

ʝɦʪʦʢ  
ʤʝʜʥʦʛʨʘʬʠʪʥʳʭ, 

ʩ ʨʘʟʤʝʨʘʤʠ, ʤʤ 

ʝɦʪʦʢ ʵʣʝʢʪʨʦ-
ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ, 

ʩ ʨʘʟʤʝʨʘʤʠ, ʤʤ 

ʝɦʪʦʢ  
ʫʛʦʣʴʥʦʛʨʘʬʠʪʥʳʭ, 

ʩ ʨʘʟʤʝʨʘʤʠ, ʤʤ 

ʭʣʦʨ-
ʩʝʨʝʙʨʷʥʦʛʦ 

ʵʣʝʢʪʨʦʜʘ 

16Ĭ20Ĭ25, ʉ1 8Ĭ10Ĭ25, ʉ2 16Ĭ20Ĭ50, ʉ3 8Ĭ10Ĭ25, ʉ4 20Ĭ30Ĭ40, ʉ5 9Ĭ10Ĭ39, ʉ6 ʉ7 

28 649 650 648 647 647 647 780 

29 650 649 647 648 647 647 781 

30 650 650 647 647 646 647 780 

ʉʨʝʜʥʝʝ 
ʟʥʘʯʝʥʠʝ ǖ 

649,53 649,83 647,20 647,60 647,03 646,93 780,03 

ɼʠʩʧʝʨʩʠʷ 
S2 0,39 0,48 0,44 0,52 0,34 0,34 0,51 

ʉʪʘʥʜʘʨʪʥʦʝ 
ʦʪʢʣʦʥʝʥʠʝ 

S 
0,62 0,69 0,66 0,72 0,58 0,58 0,71 

ʂʦʵʬʬʠʮʠ-
ʝʥʪ ʚʘʨʠʘ-
ʮʠʠ 

0,09 0,11 0,10 0,11 0,09 0,09 0,09 

ʂʨʠʪʝʨʠʡ 
ʌʠʰʝʨʘ 

F = 1,23 ᾽ Fʢʨ = 3,00 F = 1,18 ᾽ Fʢʨ = 3,00 F = 1,02 ᾽ Fʢʨ = 3,00 ï 

ʂʨʠʪʝʨʠʡ 

ʉʪʴʶʜʝʥʪʘ 
t = 1,76 ᾽ tʢʨ = 2,66 t = 2,25 ᾽ tʢʨ = 2,66 t = 0,67 ᾽ tʢʨ = 2,66 ï 

Ci ï C7 130,5 130,2 132,83 132,43 133,00 133,10 ï 
 

ʇʨʠʤʝʯʘʥʠʝ: ʚʩʝ ʚʳʙʦʨʦʯʥʳʝ ʜʠʩʧʝʨʩʠʠ ʦʜʥʦʨʦʜʥʳ, ʪ.ʢ. ʧʦ ʢʨʠʪʝʨʠʶ ʂʦʭʨʝʥʘ: Gmax = 0,52/(0,39 + 0,48 + 0,44 +  
+ 0,52 + 0,34 + 0,34 + 0,51) = 0,1722 ᾽ Gmax (0,05; m = 7; f = 29) = 0,2445. 

 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
ʱʝʪʦʢ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʚʤʝʩʪʦ ʭʣʦʨʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ ʧʨʝʮʠʟʠʦʥʥʦʩʪʴ 
ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʥʝ ʫʭʫʜʰʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʨʘʟʤʝʨʳ ʱʝʪʦʢ ʥʝ ʚʣʠʷʶʪ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝ-
ʨʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʧʫʩʘ ʩʫʜʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʦʪʝʥʮʠʘʣʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʠ ʱʝʪʦʢ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʣʝʛʢʦ ʧʨʠʚʝʩʪʠ ʢ ʩʪʘʥʜʘʨʪʥʦʤʫ [3] ʚʠʜʫ. ɼʣʷ ʵʪʦʛʦ ʚ ʨʝ-
ʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʦʧʨʘʚʢʫ (ʪʘʙʣʠʮʘ). 
ɺʳʚʦʜ: ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʩʪʘʣʴʥʳʭ ʢʦʨʧʫʩʦʚ ʢʦʨʘʙʣʝʡ ʠ ʩʫʜʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʙʳʚʰʠʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʦʚʳʝ (ʢʦʨʘʙʝʣʴʥʳʝ) ʵʣʝʢʪʨʦʫʛʦʣʴʥʳʝ ʠʟʜʝʣʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ 
ʥʘʜʝʞʥʳʡ ʢʦʥʪʨʦʣʴ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʢʦʨʧʫʩʦʚ ʢʦʨʘʙʣʝʡ ʠ ʩʫʜʦʚ. 
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NORMATIVE -ADMINISTRATIVE ASPECT OF ORGANIZATION TRAINING  

OF PERSONNEL MARINE SPECIALIZATION ON THE BASIS OF SYSTEMS  

SOCIAL PARTNERSHIP IN KAMCHATKA REGION ON THE EXAMPLE  

KAMCHATKA STATE TECHNICAL UNIVERSITY  

 
The author analyzes the trends of improving the system of social partnership in professional education, con-

siders organizational-administrative mechanisms of system generating of social partnership in professional educa-
tion of Kamchatka region. The trends of its reformation in human resource development in fish industry on the 
example Kamchatka State Technical University were proposed. 
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ɺ ʫʩʣʦʚʠʷʭ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʞʜʘʥʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʚ ʈʦʩʩʠʠ ʩʦʮʠʘʣʴʥʦʝ ʧʘʨʪʥʝʨʩʪʚʦ ʩʪʘʥʦʚʠʪ-
ʩʷ ʜʝʡʩʪʚʝʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʦʙʱʝʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʀʟʤʝʥʝʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʳ ʈʦʩ-
ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʩʦʮʠʘʣʴʥʦ-ʪʨʫʜʦʚʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ ʚ ʮʝʣʷʭ ʜʦʩʪʠ-
ʞʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʩʦʛʣʘʩʠʷ ʪʘʢʞʝ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʩʪʘʥʦʚʣʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʩʦʮʠʘʣʴʥʦʛʦ 
ʧʘʨʪʥʝʨʩʪʚʘ ʚ ʩʠʩʪʝʤʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʆʨʠʝʥʪʘʮʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝ-
ʥʠʡ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʩʠʩʪʝʤʝ ʦʙʫʯʝʥʠʷ, ʥʘ ʨʘʟʚʠʪʠʝ ʩʦʮʠʘʣʴʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʩ 
ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʢʨʫʧʥʦʛʦ, ʩʨʝʜʥʝʛʦ ʠ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʚ ʧʨʘʢ-
ʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. 
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ʎʝʣʝʚʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʛʦʪʦʚʢʝ 
ʩʧʝʮʠʘʣʠʩʪʦʚ  ʜʣʷ ʨʘʙʦʪʳ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʝʛʦʜʥʷ, ʚ ʫʩʣʦʚʠʷʭ ʛʣʫʙʦ-

ʢʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ, ʪʨʝʙʫʝʪʩʷ ʥʦʚʘʷ ʤʦʜʝʣʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʯʨʝʞʜʝʥʠʡ  ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʤʦʜʝʣʴ ʛʘʨʤʦʥʠʯʥʦʛʦ ʙʘʣʘʥʩʘ ʪʨʝʙʦʚʘʥʠʡ ʠ ʦʙʲʝʜʠʥʝʥʠʷ ʫʩʠʣʠʡ 
ʩʫʙʲʝʢʪʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʚ. ʀʥʩʪʠʪʫʪ ʩʦʮʠʘʣʴʥʦʛʦ 

ʧʘʨʪʥʝʨʩʪʚʘ ʧʦʟʚʦʣʷʝʪ ʥʘ ʧʨʘʢʪʠʢʝ ʨʝʘʣʠʟʦʚʘʪʴ ʵʪʫ ʮʝʣʴ, ʧʦʟʚʦʣʷʝʪ ʥʘʨʘʱʠʚʘʪʴ ʢʘʯʝʩʪʚʦ ʥʝ 

ʪʦʣʴʢʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ, ʥʦ ʠ ʩʦʮʠʘʣʴʥʦʛʦ ʢʘʧʠʪʘʣʘ.  
ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʩʪʘʚʷʪ  ʧʝʨʝʜ ʫʯʝʙʥʳʤʠ ʟʘʚʝʜʝʥʠʷʤʠ ʟʘʜʘ-

ʯʫ ï ʛʦʪʦʚʠʪʴ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʠ ʟʘʧʨʦʩʘʤʠ ʨʘʙʦʪʦʜʘʪʝʣʝʡ.  

ʇʦʥʷʪʠʝ çʩʦʮʠʘʣʴʥʦʝ ʧʘʨʪʥʝʨʩʪʚʦè ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʫʯʘʩʪʠʝ ʨʘʟʣʠʯʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʳʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʘ ʪʘʢʞʝ ʦʪʜʝʣʴʥʳʭ ʣʠʮ ʚ ʩʦʚʤʝʩʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘʧʨʘʚ-
ʣʝʥʥʦʡ ʥʘ ʨʝʰʝʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʦʪʨʘʩʣʴʶ [1, ʩ. 6]. 

ʉʦʮʠʘʣʴʥʦʝ ʧʘʨʪʥʝʨʩʪʚʦ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ï ʵʪʦ ʦʩʦʙʳʡ ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʩ ʩʫʙʲʝʢʪʘʤʠ ʠ ʠʥʩʪʠʪʫʪʘʤʠ ʨʳʥʢʘ ʪʨʫʜʘ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ 
ʠ ʤʝʩʪʥʳʤʠ ʦʨʛʘʥʘʤʠ ʚʣʘʩʪʠ, ʦʙʱʝʩʪʚʝʥʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʥʘʮʝʣʝʥʥʳʡ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦ-

ʛʣʘʩʦʚʘʥʠʝ ʠ ʫʯʝʪ ʠʥʪʝʨʝʩʦʚ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ [2, ʩ. 27]. 

ɼʣʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʮʠʘʣʴʥʦʝ ʧʘʨʪʥʝʨʩʪʚʦ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʬʦʨʤʦʡ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ. ʊʦʣʴʢʦ ʚ ʪʝʩʥʦʤ ʢʦʥʪʘʢʪʝ ʩ ʩʦʮʠʘʣʴʥʳʤʠ ʧʘʨʪ-
ʥʝʨʘʤʠ ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʠ ï ʦʙʝʩʧʝʯʝʥʠʝ ʨʳʥʢʘ ʪʨʫʜʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙ-

ʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʦʡ [3, ʩ. 9]. 

ɺ ʩʚʦʝʤ ʧʦʩʣʘʥʠʠ ʌʝʜʝʨʘʣʴʥʦʤʫ ʉʦʙʨʘʥʠʶ ʈʌ 04 ʜʝʢʘʙʨʷ 2014 ʛ. ʇʨʝʟʠʜʝʥʪ ʈʌ ɺ.ɺ. ʇʫʪʠʥ 
ʟʘʷʚʠʣ: çéʊʨʝʙʦʚʘʥʠʝ ʢʘʯʝʩʪʚʘ ʚ ʧʦʣʥʦʡ ʤʝʨʝ  ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʨʘʙʦʯʠʤ ʢʘʜʨʘʤ. ʂ 2020 ʛʦʜʫ ʢʘʢ 

ʤʠʥʠʤʫʤ ʚ ʧʦʣʦʚʠʥʝ ʢʦʣʣʝʜʞʝʡ ʈʦʩʩʠʠ ʧʦʜʛʦʪʦʚʢʘ ʧʦ 50 ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʠ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʤ ʨʘʙʦʯʠʤ ʧʨʦʬʝʩʩʠʷʤ ʜʦʣʞʥʘ ʚʝʩʪʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʫʯʰʠʤʠ ʤʠʨʦʚʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ 
ʠ ʧʝʨʝʜʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠè [4].  

ʋʯʠʪʳʚʘʷ ʦʪʜʘʣʝʥʥʦʩʪʴ ʦʪ ʮʝʥʪʨʘ ʩʪʨʘʥʳ, ʩʣʦʞʥʳʝ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʚʳ-

ʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʮʠʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʩʥʠ-

ʞʝʥʠʝ ʢʘʯʝʩʪʚʘ ʪʨʫʜʦʚʦʡ ʞʠʟʥʠ, ʦʪʩʪʘʚʘʥʠʝ ʞʠʟʥʝʥʥʦʛʦ ʫʨʦʚʥʷ ʦʪ ʩʨʝʜʥʝʨʦʩʩʠʡʩʢʠʭ ʧʦʢʘʟʘʪʝ-
ʣʝʡ, ʵʢʦʥʦʤʠʢʘ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ ʥʫʞʜʘʝʪʩʷ ʚ ʨʘʟʚʠʪʠʠ ʩʠʩʪʝʤʳ ʩʦʮʠʘʣʴʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ ʚ ʦʙ-

ʣʘʩʪʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ ʜʦ 
2025 ʛʦʜʘè ʥʘʟʳʚʘʝʪ: ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʩʦʮʠʘʣʴʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ [5, ʩ.17].   

ʈʘʟʚʠʪʠʝ ʩʦʮʠʘʣʴʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʛʠʦʥʘ, ʵʢʦʥʦʤʠʢʘ ʢʦʪʦʨʦʛʦ ʚ ʦʩʥʦʚʥʦʤ ʦʨʠ-

ʝʥʪʠʨʦʚʘʥʘ ʥʘ ʨʘʟʚʠʪʠʝ ʥʝʩʢʦʣʴʢʠʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ,  ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ 
ʜʣʷ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ. 

ɺ ʨʘʟʜʝʣʝ çʉʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷè ʉʪʨʘʪʝʛʠʠ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʠ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ ʥʘ ʧʝʨʠʦʜ ʜʦ 2025 ʛʦʜʘ ʛʦʚʦ-

ʨʠʪʩʷ: çʊʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʘ ʩʦʮʠʘʣʴʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ.  
ɺ ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʨʘʙʦʯʠʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʙʫʜʫʪ ʚʢʣʶʯʝʥʳ ʨʘʙʦʪʦʜʘʪʝ-

ʣʠ, ʩʬʦʨʤʠʨʫʝʪʩʷ ʠʥʩʪʠʪʫʪ ʜʦʛʦʚʦʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʫʯʨʝʞʜʝʥʠʷʤʠ ʩʨʝʜʥʝʛʦ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʨʘʙʦʪʦʜʘʪʝʣʷʤʠ. ɺʘʞʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʚ ʩʬʝʨʝ ʧʨʦ-
ʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʪʘʶʪʩʷ ʨʘʟʚʠʪʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʫʯʝʙʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦʚʳʰʝʥʠʝ ʦʙʲʝʤʦʚ ʦʢʘʟʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʩʣʫʛ, ʧʝʨʝʦʨʠʝʥ-

ʪʘʮʠʷ ʫʯʝʙʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡè [6, ʩ. 120].  

ʂʘʤʯʘʪʩʢʠʡ ʢʨʘʡ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʠʷ ʢʨʫʧʥʝʡʰʠʭ ʨʳʙʦʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜ-
ʧʨʠʷʪʠʡ. ʆʙʦʩʪʨʠʚʰʘʷʩʷ ʚ ʩʪʨʘʥʝ ʚ 90-ʝ ʛʦʜʳ ʍʍ ʚ. ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʦʪʨʘʟʠʣʘʩʴ ʠ ʥʘ 

ʨʘʟʚʠʪʠʠ ʵʪʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʀʤʝʣʦ ʤʝʩʪʦ ʩʦʢʨʘʱʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʠʟʢʘʷ ʦʧʣʘʪʘ ʪʨʫʜʘ, ʫʪʝʯʢʘ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʤʦʣʦʜʝʞʠ ʥʘ ʟʘʨʘʙʦʪʢʠ ʚ ʜʨʫʛʠʝ ʨʝʛʠʦʥʳ, ʢʘʜʨʦʚʦʝ çʛʦʣʦʜʘʥʠʝè ʠ, ʢʘʢ ʩʣʝʜʩʪ-
ʚʠʝ ï ʦʩʪʨʳʡ ʥʝʜʦʩʪʘʪʦʢ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʚʩʝʭ ʫʨʦʚʥʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. 

ɺ ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʨʳʙʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʂʘʤʯʘʪʩʢʦʛʦ ʂʨʘʷ ʜʦ 2025 ʛʦʜʘ ʦʪ-
ʤʝʯʘʝʪʩʷ, ʯʪʦ ʠʤʝʥʥʦ ʨʳʙʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʚʳʩʪʫʧʘʝʪ ʩʝʛʦʜʥʷ ʩʘʤʦʡ ʟʥʘʯʠʤʦʡ ʠ ʙʶʜʞʝʪʦ-

ʬʦʨʤʠʨʫʶʱʝʡ ʦʪʨʘʩʣʴʶ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʢʨʘʷ. ɺ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʨʝʭʦʟʷʡʩʪʚʝʥʥʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ, ʧʦ-ʧʨʝʞʥʝʤʫ, ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʝʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʠ ʠ 

ʵʢʦʥʦʤʠʢʠ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ [7, ʩ. 3]. 
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ɸ ʚ ʉʪʨʘʪʝʛʠʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ ʜʦ 2025 ʛʦʜʘ [8, ʩ. 130] 
ʧʨʷʤʦ ʛʦʚʦʨʠʪʩʷ: çʂʘʤʯʘʪʩʢʠʡ ʢʨʘʡ ʫʞʝ ʩʝʡʯʘʩ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚ ʢʘʜʨʦʚʦʤ 
ʦʙʝʩʧʝʯʝʥʠʠ ʜʘʞʝ ʪʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʜʦʤʠʥʠʨʫʝʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʘʣʦʚʦʛʦ ʨʝʛʠʦʥʘʣʴ-
ʥʦʛʦ ʧʨʦʜʫʢʪʘ (ɺʈʇ) ʠ ʷʚʣʷʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ ʨʝʛʠʦʥʘ ï ʣʦʚ ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʨʳ-
ʙʳ. ɹʝʟ ʨʘʜʠʢʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʠʪʫʘʮʠʠ ʢʘʜʨʦʚʘʷ ʧʨʦʙʣʝʤʘ ʤʦʞʝʪ ʧʨʠʥʷʪʴ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʡ 
ʭʘʨʘʢʪʝʨè. 
ʇʦʠʩʢ ʧʫʪʝʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʪʝʨʷʥʥʦʛʦ ʢʘʜʨʦʚʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ ʚʦʟʤʦʞʝʥ ʙʳʣ ʧʨʠ ʩʦʟʜʘ-

ʥʠʠ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʛʦʩʫʜʘʨʩʪʚʘ, ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ. 
ɺ ʥʘʯʘʣʝ 2000-ʭ ʛʦʜʦʚ ʩʠʩʪʝʤʘ ʩʦʮʠʘʣʴʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ 
ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʣʦ ʩʦʙʦʡ 
ʵʧʠʟʦʜʠʯʝʩʢʫʶ ʬʠʥʘʥʩʦʚʫʶ ʧʦʤʦʱʴ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʤʦʥʪʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯ-
ʨʝʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʬʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 
ʄʦʥʦʧʨʦʤʳʰʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʵʢʦʥʦʤʠʢʠ  ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ ʩʜʝʨʞʠʚʘʣ ʨʘʟʚʠʪʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʥʠʞʘʣ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʙʲʝʢʪʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʨʳʥʢʘ ʚ ʨʝʘʣʠʟʘʮʠʠ ʩʚʦʠʭ ʧʣʘ-
ʥʦʚ. ʕʪʦ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʥʘʙʣʶʜʘʣʘʩʴ ʩʣʘʙʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʚʫʟʘʤʠ ʠ ʨʘʙʦʪʦʜʘ-
ʪʝʣʷʤʠ, ʪʘʢ ʢʘʢ ʚʦʟʥʠʢʰʠʝ ʬʠʣʠʘʣʳ ʚʫʟʦʚ ʛ. ʇʝʪʨʦʧʘʚʣʦʚʩʢʘ-ʂʘʤʯʘʪʩʢʦʛʦ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦʜʛʦ-
ʪʦʚʢʫ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʚ ʨʳʙʥʦʡ ʦʪʨʘʩʣʠ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ. 
ʉʦʜʝʨʞʘʥʠʝ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʪʨʝʙʦʚʘʥʠʷʤ ʨʘʙʦʪʦ-
ʜʘʪʝʣʝʡ. ʆʥʠ, ʧʣʘʥʠʨʫʷ ʧʦʣʫʯʠʪʴ ʙʳʩʪʨʳʡ ʢʦʤʤʝʨʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʙʳʣʠ 
ʥʝ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚʢʣʘʜʳʚʘʪʴ ʨʝʩʫʨʩʳ ʚ ʧʦʚʳʰʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʢʦʤʧʝʪʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, 
ʙʫʜʫʱʠʭ ʨʘʙʦʪʥʠʢʦʚ ʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. 
ʆʩʥʦʚʥʳʤʠ ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʩʦʟʜʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʩʦʮʠʘʣʴʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʚ ʂʘʤʯʘʪʩʢʦʤ 

ʢʨʘʝ ʩʪʘʣʠ: 
ï ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʨʳʥʢʝ ʪʨʫʜʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ 

ʩʚʷʟʠ ʩ ʧʦʪʝʨʝʡ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ ʤʥʦʛʠʤʠ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʠ ʦʨʛʘ-
ʥʠʟʘʮʠʷʤʠ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ; 
ï ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʦʣʫʯʝʥʠʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚʟʨʦʩʣʳʤ ʥʘʩʝʣʝʥʠʝʤ (ʯʘʩʪʴ ʞʠʪʝʣʝʡ 

ʠʤʝʶʪ ʥʘʯʘʣʴʥʦʝ ʠʣʠ ʩʨʝʜʥʝʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ), ʚʳʟʚʘʥʥʘʷ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʝʡ 
ʵʢʦʥʦʤʠʢʠ; 
ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʙʫʯʝʥʠʠ ʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʚʳʟʚʘʥʥʘʷ ʧʦʜʲʝʤʦʤ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ, ʧʨʦʠʩʭʦʜʷʱʠʤ ʥʘ ʬʦʥʝ ʧʝʨʝʦʩʥʘʱʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʪʝʭʥʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ 
ʪʝʭʥʦʣʦʛʠʷʤʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 
ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʩʦʮʠʘʣʴʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʚ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʦʟʜʘʥʥʳʡ ʚ 

2009 ʛ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʩʦʚʝʪ ʧʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ ʙʘʟʝ ʌɻɹʆʋ çʂʘʤʯʘʪ-
ʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè.  
ɺ ʝʛʦ ʩʦʩʪʘʚ ʩʦ ʩʪʦʨʦʥʳ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʚʭʦʜʷʪ ʢʨʫʧʥʝʡʰʠʝ ʨʳʙʦʣʦʚʝʮʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ 

ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ, ʪʘʢʠʝ ʢʘʢ ʆɸʆ çʆʢʝʘʥʨʳʙʬʣʦʪè, ʈʳʙʦʣʦʚʝʮʢʠʡ ʢʦʣʭʦʟ ʠʤ. ɺ.ʀ. ʃʝʥʠʥʘ, ɿɸʆ 
çɸʢʨʦʩè, ɿɸʆ çʂʘʤʯʘʪʠʤʧʝʢʩè ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ.  ʉʦ ʩʪʦʨʦʥʳ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʚʩʝ 
ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʢʨʘʷ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʧʦʜʛʦʪʦʚʢʦʡ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʨʳʙʥʦʡ ʦʪʨʘʩʣʠ. ʕʪʦ 
ʌɻɹʆʋ çʂʘʤʯʘʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʂɻʇɸʋ çʂʘʤʯʘʪʩʢʠʡ ʧʦʣʠ-
ʪʝʭʥʠʯʝʩʢʠʡ ʪʝʭʥʠʢʫʤè, ʂɻɸʆʋ ʉʇʆ çʂʘʤʯʘʪʩʢʠʡ ʤʦʨʩʢʦʡ ʪʝʭʥʠʢʫʤè, ʂɻɸʆʋ ʉʇʆ çʂʘʤʯʘʪ-
ʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʪʝʭʥʠʢʫʤè.  
ʂʦʦʨʜʠʥʘʪʦʨʘʤʠ ʨʘʙʦʪʳ ʵʪʦʛʦ ʩʦʚʝʪʘ ʚʳʩʪʫʧʘʶʪ ʄʠʥʠʩʪʝʨʩʪʚʦ ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʂʘʤʯʘʪ-

ʩʢʦʛʦ ʢʨʘʷ ʠ ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ ʚ ʣʠʮʝ ʤʠʥʠʩʪʨʦʚ ʩʦʦʪʚʝʪʩʪ-
ʚʫʶʱʠʭ ʤʠʥʠʩʪʝʨʩʪʚ. ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʤʠ ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʉʦʚʝʪʘ ʷʚʣʷʶʪʩʷ: 
ï ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʪʨʘʪʝʛʠʠ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʤʦʨʩʢʠʭ ʧʨʦʬʝʩʩʠʡ ʜʣʷ ʨʳʙʥʦʡ ʦʪʨʘʩʣʠ ʨʝ-

ʛʠʦʥʘ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʭʦʜʘ ʥʘ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʩʠʩʪʝʤʫ ʧʦʜʛʦʪʦʚʢʠ (ɹʦʣʦʥʩʢʠʡ ʧʨʦʮʝʩʩ); 
ï ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʘ ʚʳʧʫʩʢʥʠʢʦʚ ʫʥʠʚʝʨʩʠʪʝʪʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷ 

ʨʳʙʥʦʡ ʦʪʨʘʩʣʠ ʠ ʥʘʣʠʯʠʝ ʚʘʢʘʥʩʠʡ ʜʣʷ ʚʳʧʫʩʢʥʠʢʦʚ ʫʥʠʚʝʨʩʠʪʝʪʘ; 
ï ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʬʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʩʨʝʜʠ ʩʪʫʜʝʥʪʦʚ ʠ ʢʫʨʩʘʥʪʦʚ, ʝʝ ʠʟʙʠ-

ʨʘʪʝʣʴʥʦʩʪʴ, ʧʨʠʚʣʝʯʝʥʠʝ ʢ ʵʪʦʤʫ ʧʨʦʮʝʩʩʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʘʙʦʪʦʜʘʪʝʣʝʡ; 
ï ʢʘʨʜʠʥʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʚʩʝʭ ʚʠʜʦʚ ʧʨʘʢʪʠʢ ʩʪʫʜʝʥʪʦʚ ʠ ʢʫʨ-

ʩʘʥʪʦʚ, ʧʦʚʳʰʝʥʠʝ ʨʦʣʠ ʚʳʧʫʩʢʘʶʱʠʭ ʢʘʬʝʜʨ, ʦʪʜʝʣʘ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʘʢʪʠʢʠ ʠ ʧʨʝʜʧʨʠʷʪʠʡ ʚ 
ʩʦʜʝʨʞʘʥʠʠ ʧʨʘʢʪʠʢ; 
ï ʦʨʛʘʥʠʟʘʮʠʷ ʩʪʘʞʠʨʦʚʦʢ (ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ) ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʥʘ ʦʪʨʘʩʣʝʚʳʭ ʧʨʝʜ-

ʧʨʠʷʪʠʷʭ; 
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ï ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʧʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ ʧʦ ʚʦʧʨʦʩʘʤ ʧʦʜʛʦʪʦʚʢʠ 
ʤʦʨʩʢʠʭ ʧʨʦʬʝʩʩʠʡ ʜʣʷ ʨʳʙʥʦʡ ʦʪʨʘʩʣʠ, ʰʠʨʦʢʦʝ ʧʨʠʚʣʝʯʝʥʠʝ ʢ ʫʯʘʩʪʠʶ ʚ ʥʝʡ ʟʘʠʥʪʝʨʝʩʦʚʘʥ-

ʥʳʭ ʩʪʦʨʦʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʨʛʘʥʦʚ ʢʨʘʝʚʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ; 

ï ʧʦʩʪʦʷʥʥʦʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʥʠʚʝʨʩʠʪʝʪʘ ʩ ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ ʦʪʨʘʩʣʝʚʳʭ 
ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʡ. 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ʧʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ ʧʨʦʪʷ-

ʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʚʫʟr ʠ ʉʇʋɿʳ, ʩʦʚʤʝʩʪʥʦ ʩ ʨʘʙʦʪʦʜʘʪʝʣʷʤʠ, ʨʝʰʘʶʪ  ʚʦʧʨʦʩʳ  ʫʣʫʯʰʝ-
ʥʠʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ, ʩʦʚʤʝʩʪʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʧʦ ʢʘʞʜʦʡ ʆʩʥʦʚʥʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ  

ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʜʣʷ ʚʚʝʜʝʥʠʷ ʠʭ ʚ ʫʯʝʙʥʳʝ ʧʣʘʥʳ, ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦ-

ʨʘʪʦʨʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʚ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ  ʜʨʫʛʠʝ.  
ʉʦʟʜʘʥʥʦʝ ʩʦʮʠʘʣʴʥʦʝ ʧʘʨʪʥʝʨʩʪʚʦ ʚ ʨʘʤʢʘʭ ʨʘʟʚʠʪʠʷ ʦʜʥʦʡ ʨʳʙʥʦʡ ʦʪʨʘʩʣʠ ʜʦʣʞʥʦ ʨʝ-

ʰʠʪʴ ʦʩʥʦʚʥʫʶ ʟʘʜʘʯʫ ï ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʨʳʥʢʘ 

ʪʨʫʜʘ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ [9, ʩ. 223].  
ʈʝʰʝʥʠʶ ʵʪʦʡ ʟʘʜʘʯʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʦʚʳʡ ʧʦʜʭʦʜ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʩʦʮʠʘʣʴʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ 

ʚ ʢʦʦʨʜʠʥʘʮʠʠ ʮʝʣʝʡ ʠ ʜʝʡʩʪʚʠʡ ʢʘʞʜʦʛʦ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʙʲʝʜʠ-

ʥʷʶʱʝʡ ʢʘʢ ʚʥʝʰʥʠʭ, ʪʘʢ ʠ ʚʥʫʪʨʝʥʥʠʭ ʧʘʨʪʥʝʨʦʚ.  

ɺ ʧʨʠʥʷʪʳʭ ʌʝʜʝʨʘʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʪʘʥʜʘʨʪʘʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 
ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ ʧʨʷʤʦ ʛʦʚʦʨʠʪʩʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʮʠʘʣʴʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʦʙʨʘ-

ʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʠ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ. 

ɺ ʩʚʦʝʤ ʧʦʩʣʘʥʠʠ ʌʝʜʝʨʘʣʴʥʦʤʫ ʉʦʙʨʘʥʠʶ ʈʌ 12 ʜʝʢʘʙʨʷ  2013 ʛ. ʧʨʝʟʠʜʝʥʪ ʈʌ ɺ.ɺ. ʇʫ-
ʪʠʥ ʟʘʷʚʠʣ, ʯʪʦ çé ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʨʦʣʴ ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ ʨʘʟʚʠʪʠʠ ʵʢʦʥʦʤʠʢʠ ʧʨʠʥʘʜʣʝʞʠʪ ʥʦ-

ʚʳʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʩʪʘʥʜʘʨʪʘʤ. ʆʥʠ ʜʦʣʞʥʳ ʟʘʜʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʚʘʣʠʬʠʢʘʮʠʠ ʢʘʞʜʦʛʦ 

ʩʧʝʮʠʘʣʠʩʪʘ. ʅʦ ʦʥʠ ʩʨʘʙʦʪʘʶʪ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʙʫʜʫʪ ʚʦʩʪʨʝʙʦʚʘʥʳ ʩʘʤʠʤ ʙʠʟʥʝʩʦʤ. 
ʇʦʵʪʦʤʫ ʠʭ ʧʦʜʛʦʪʦʚʢʘ ʜʦʣʞʥʘ ʠʜʪʠ ʩ ʫʯʘʩʪʠʝʤ ʩʘʤʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚè [10, ʩ. 6]. 

ʉʠʩʪʝʤʘ ʩʦʮʠʘʣʴʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʩʝʛʦʜʥʷʰ-

ʥʠʡ ʜʝʥʴ ʥʘ ʬʝʜʝʨʘʣʴʥʦʤ ʫʨʦʚʥʝ ʚ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʢʘʢ ʥʝ ʦʪʨʝ-

ʛʫʣʠʨʦʚʘʥʘ. ɼʘʞʝ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʟʘʢʦʥʝ çʆʙ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ʦʪ 29 ʜʝ-
ʢʘʙʨʷ 2012 ʛ. ˉ 273-ʌɿ ʩʦʮʠʘʣʴʥʦʤʫ ʧʘʨʪʥʝʨʩʪʚʫ ʦʪʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʩʪʘʪʴ ̫ 96 çʆʙʱʝʩʪʚʝʥʥʘʷ 

ʘʢʢʨʝʜʠʪʘʮʠʷ ʦʨʛʘʥʠʟʘʮʠʡ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-

ʦʙʱʝʩʪʚʝʥʥʘʷ ʘʢʢʨʝʜʠʪʘʮʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤè, ʚ ʢʦʪʦʨʦʡ ʛʦʚʦʨʠʪʩʷ ʦ  ʧʨʘʚʝ ʨʘʙʦʪʦ-
ʜʘʪʝʣʝʡ, ʠʭ ʦʙʲʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʫʧʦʣʥʦʤʦʯʝʥʥʳʭ ʠʤʠ ʦʨʛʘʥʠʟʘʮʠʡ  ʧʨʦʚʦʜʠʪʴ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʦ-ʦʙʱʝʩʪʚʝʥʥʫʶ ʘʢʢʨʝʜʠʪʘʮʠʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ, ʨʝʘʣʠʟʫʝ-

ʤʳʭ ʦʨʛʘʥʠʟʘʮʠʝʡ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ [11, ʩ. 95].  
ɺ 2014 ʛ. ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʫʥʢʪʦʤ 10 ʯʘʩʪʠ 1 ʩʪʘʪʴʠ 13 ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ çʆʙ ʦʙʲʝʜʠ-

ʥʝʥʠʷʭ ʨʘʙʦʪʦʜʘʪʝʣʝʡè ʦʪ 27 ʥʦʷʙʨʷ 2002 ʛ. ˉ 156-ʌɿ ʠʟʜʘʥʦ ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ 

ʦʪ 10 ʬʝʚʨʘʣʷ 2014 ʛ. N 92 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʧʨʘʚʠʣ ʫʯʘʩʪʠʷ ʦʙʲʝʜʠʥʝʥʠʡ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʚ ʤʦ-

ʥʠʪʦʨʠʥʛʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʵʢʦʥʦʤʠʢʠ ʚ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʘʭ, ʘ ʪʘʢʞʝ ʚ 
ʨʘʟʨʘʙʦʪʢʝ ʠ ʨʝʘʣʠʟʘʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʦʙʣʘʩʪʠ ʩʨʝʜʥʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷè [12, ʩ. 1].  

ʂʨʦʤʝ ʵʪʦʛʦ ʩʦʮʠʘʣʴʥʦʝ ʧʘʨʪʥʝʨʩʪʚʦ ʚ ʦʙʣʘʩʪʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʨʝʛʫʣʠʨʫʝʪʩʷ 
ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʦʮʠʘʣʴʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʷʚʣʷ-

ʝʪʩʷ ʦʨʠʝʥʪʘʮʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʩʪʘʥʜʘʨʪʳ ʢʘʯʝʩʪʚʘ.  

ɺ ʥʦʷʙʨʝ 2002 ʛ. ʚ ʂʦʧʝʥʛʘʛʝʥʝ ʙʳʣʘ ʧʨʠʥʷʪʘ çɼʝʢʣʘʨʘʮʠʷ ɽʚʨʦʧʝʡʩʢʦʡ ʂʦʤʠʩʩʠʠ ʠ ʤʠʥʠ-

ʩʪʨʦʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ ʧʦ ʨʘʟʚʠʪʠʶ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚ ʦʙʣʘʩʪʠ 
ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʙʫʯʝʥʠʷ ʚ ɽʚʨʦʧʝè, ʩʦʜʝʨʞʘʱʘʷ ʚʦʩʝʤʴ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝ-

ʥʠʡ, ʦʜʥʦ ʠʟ ʢʦʪʦʨʳʭ ʛʣʘʩʠʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ çʩʦʜʝʡʩʪʚʠʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʢʚʘʣʠ-

ʬʠʢʘʮʠʡ ʥʘ ʦʪʨʘʩʣʝʚʦʤ ʫʨʦʚʥʝ ʟʘ ʩʯʝʪ ʫʢʨʝʧʣʝʥʠʷ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʠ ʢʦʦʨʜʠʥʘʮʠʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ 
ʩ ʫʯʘʩʪʠʝʤ ʩʦʮʠʘʣʴʥʳʭ ʧʘʨʪʥʝʨʦʚè [13, ʩ. 3].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʩʦʮʠʘʣʴʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ 

ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ ʪʨʝʙʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʩʠʣʠʡ ʧʦ ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 
1. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʩʦʮʠʘʣʴʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ ʤʫ-

ʥʠʮʠʧʘʣʴʥʦʤ ʫʨʦʚʥʷʭ. 

2. ʉʦʟʜʘʥʠʝ ʥʘ ʙʘʟʝ ʦʜʥʦʛʦ ʠʟ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴ-

ʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ.  




