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ɸʚʪʦʨʩʢʦʝ ʨʝʟʶʤʝ 

 

ʉʦʩʪʦʷʥʠʝ ʚʦʧʨʦʩʘ: ʇʦʜʜʝʨʞʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ, ʧʦʚʳʰʘʶʱʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 
ʪʨʫʜʘ ʨʘʙʦʪʥʠʢʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩ  ̫ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ 
ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦ ʩʥʠʞʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ. ʀʟʚʝʩʪʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʠʥʘʤʠ-
ʯʝʩʢʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪ ɹʤʦʱʥʦʩʪʴ ʠ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ. ɼʘʥ-
ʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʢʘʢ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝ ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʭ ʵʢʨʘʥʦʚ ʚ ʦʢʥʘʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʥʝʨʘʙʦʯʝʝ ʚʨʝʤʷ ʩ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʩʫʰʢʦʡ ʚʦʟʜʫʭʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʧʨʝʜʝʣʝ-
ʥʠʝʤ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʭ ʵʢʨʘʥʦʚ ʚ ʦʢʥʘʭ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʩʫʰʢʠ ʚʦʟʜʫʭʘ 
ʥʘ  ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ: ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥ  rʜʘʥʥʳʝ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʢʦʥ ʩ ʪʝʧʣʦ-
ʦʪʨʘʞʘʶʱʠʤʠ ʵʢʨʘʥʘʤʠ ʚ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʯʝʨʝʟ ʦʢʥʦ. ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʘʨʫʞʥʦʛʦ 
ʚʦʟʜʫʭʘ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʈʦʩʛʠʜʨʦʤʝʪʦʤ. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʦʠʟʚʝʜʝʥʘ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ.  

ʈʝʟʫʣʴʪʘʪʳ: ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ ʧʨʦʤrh ʣʝʥʥʦʛʦ ʟʜʘʥʠʷ ʩ ʨʝʛʫ-
ʣʠʨʫʝʤʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʦʢʦʥ, ʫʯʠʪʳʚʘʶʱʘʷ ʥʝʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʧʣʦ-
ʧʝʨʝʜʘʯʝ ʩʚʝʪʦʧʨʦʟʨʘʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʚʥʝʰʥʝʛʦ ʚʦʟʜʫʭʘ ʠ ʠʟʤʝʥʷʝʤʦʡ ʚ ʪʝʯʝʥʠʝ 
ʩʫʪʦʢ ʢʦʥʩʪʨʫʢʮʠʠ ʦʢʥʘ. ʇʨʝʜʣʦʞʝʥʳ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʧʨʦʮʝʩʩʳ ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʢʦʥʜʠʮʠʦ-
ʥʝʨʝ ʜʣʷ ʧʦʤʝʱʝʥʠʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʦʢʦʥ. ʈʘʟ-
ʨʘʙʦʪʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤ rʜʣʷ ʕɺʄ. 
ʆʧʨʝʜʝʣʝʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʭ ʵʢʨʘʥʦʚ ʚ ʦʢʥʘʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ-
ʛʦ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʥʝʨʘʙʦʯʝʝ ʚʨʝʤʷ ʜʣʷ ʩʠʩʪʝʤ ʧʦ ʧʦʜʜʝʨʞʘʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 
ʤʠʢʨʦʢʣʠʤʘʪʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɺʳʚʦʜʳ: ʉʥʠʞʝʥʠʝ ʪʝʧʣʦʚʳʭ  ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʭ ʧʦʪʝʨʴ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʵʢʨʘʥʦʚ ʚ ʦʢʥʘʭ ʠ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘ-
ʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʥʝʨʘʙʦʯʝʝ ʚʨʝʤʷ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤ 
ʧʦ ʧʦʜʜʝʨʞʘʥʠʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ ʠ ʥʘ 30ï40 % ʧʦʥʠʟʠʪʴ ʛʦʜʦʚʳʝ ʟʘʪʨʘʪʳ  ʪʝʧʣʦʪʳ ʠ ʭʦʣʦʜʘ. 
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Abstract  

 

Background: Maintaining indoor microclimate, which increases productivity of industrial workers and minimizes energy 
costs, is an important tool to reduce production costs. The exisiting mathematical models of dynamic indoor microcli-
mate determine the capacity and operation mode of the air conditioning system. But these models do not account for 
energy-saving devices such as heat-reflective shields in windows and additional air temperature reduction outside work-
ing hours after preliminary air drying. That is why it is important to assess the effect of heat-reflective shields and prelim-
inary air drying on the energy efficiency of dynamic microclimate systems.  

Materials and methods: The study was based on the results of field tests of windows with heat-reflective shields in a 
certified climate chamber, as well as data obtained by using the mathematical model of heat transfer through the win-
dow. The statistical climatic data were provided by RosHydroMet. The results were processed by the methods of ma-
thematical statistics. 

Results: A mathematical model has been developed simulating the dynamic internal microclimate of an industrial build-
ing with controlled heat transfer resistance windows. The model accounts for the non-linear dependence of heat transfer 
resistence of translucent structures on the parameters of internal and external air and window configuration changing 
during the day.  It offers energy saving techniques of air processing in the central air conditioning unit for industrial build-
ings with controlled heat transfer resistance windows. The developed mathematical model of the dynamic internal mi-
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croclimate is realized in the form of a computer program. The efficiency of using heat-reflective screens and additional 
temperature reduction outside working hours for industrial buildings has been determined. 

Conclusions: Reduction of heat transmission losses through the use of window screens and lowering the indoor air 
temperature can significantly increase the energy efficiency of dynamic internal microclimate systems and gives a  
30ï40 % reduction in the annual consumption of heat and cold.  
 

Key words: mathematical model of dynamic indoor microclimate, windows with controlled heat transfer resistance, air 
processing, heat-reflective screens, heat transmission losses, dynamic microclimate. 
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ʉʦʩʪʦʷʥʠʝ ʚʦʧʨʦʩʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 
ʈʦʩʩʠʡʩʢʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʛʝʥʪʩʪʚʘ  ʠ 
ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʦʪʯʝʪʘ ʘʥʘʣʠʪʠʢʦʚ ʤʝʞʜʫʥʘ-
ʨʦʜʥʦʡ ʢʦʤʧʘʥʠʠ çBPè ʦ ʤʠʨʦʚʦʤ ʵʥʝʨʛʦʧʦ-
ʪʨʝʙʣʝʥʠʠ ʟʘ 2011 ʛʦʜ [1], ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʪʨʝʙ-
ʣʝʥʠʷ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ (ʊʕʈ) 
ʚ ʈʦʩʩʠʠ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʟʘʥʠʤʘʝʪ ʪʦʧ-
ʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ. ʅʘ ʝʛʦ ʜʦʣʶ 
ʧʨʠʭʦʜʠʪʩʷ 312,4 ʤʣʥ ʪʦʥʥ ʥʝʬʪʷʥʦʛʦ ʵʢʚʠʚʘ-
ʣʝʥʪʘ (ʤʣʥ ʪ ʥ. ʵ.), ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 45 % ʦʪ ʦʙ-
ʱʝʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʊʕʈ ʚ ʈʦʩʩʠʠ. ɿʥʘʯʠʪʝʣʴʥʦʝ 
ʧʦʪʨʝʙʣʝʥʠʝ ʊʕʈ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʢʦʤʤʫʥʘʣʴʥʦ-
ʙʳʪʦʚʦʤ ʩʝʢʪʦʨʝ (159,4 ʤʣʥ ʪ ʥ. ʵ. ʠʣʠ 23 %), ʘ 
ʪʘʢʞʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 
(138,8 ʤʣʥ ʪ ʥ. ʵ. ʠʣʠ 20 %). ʇʨʝʦʙʣʘʜʘʶʱʘʷ 
ʯʘʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ ʊʕʈ ʚ ʙr ʪʫ (ʙʦʣʝʝ 70 %) 
ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘ-
ʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ.  

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ 
çʎʅʀʀʕʇ ʞʠʣʠʱʘè ɺ.ʉ. ɹʝʣʷʝʚʘ ʠ ʉ.ʂ. ɽʩʝʥ-
ʛʘʙʫʣʦʚʘ [2], ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʪʝʧʣʦʧʦʪʝʨʴ ʚ 
ʞʠʣʳʭ ʟʜʘʥʠʷʭ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʢʥʘ (ʩʚʝʪʦʚʳʝ 
ʧʨʦʝʤ )r. ʊʘʢ, ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-
ʥʳʭ 5-ʵʪʘʞʥʳʭ ʞʠʣʳʭ ʟʜʘʥʠʡ (ʩʝʨʠʠ 1-511 ʠ  
1-447) ʪʝʧʣʦʚʳʝ ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʝ ʧʦʪʝʨʠ ʯʝ-
ʨʝʟ ʦʢʥʘ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 46 ʜʦ 54 %, ʧʨʠʯʝʤ ʚ 
ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ ʪʝʧʣʦʧʦʪʝʨʴ ʪʨʘʥʩʤʠʩʩʠʦʥ-
ʥʳʝ ʩʦʩʪʘʚʣʷʶʪ 57ï59 %. 

ɺ ʩʪʨʫʢʪʫʨʝ ʦʙʱʠʭ ʠʟʜʝʨʞʝʢ ʧʨʝʜʧʨʠʷʪʠʡ 
ʩʨʝʜʥʝʡ ʠ ʩʝʚʝʨʥʦʡ ʧʦʣʦʩʳ ʈʦʩʩʠʠ ʙʦʣɹh ʦʡ 
ʫʜʝʣʴʥʳʡ ʚʝʩ ʟʘʥʠʤʘʶʪ ʠʟʜʝʨʞʢʠ ʥʘ ʦʪʦʧʣʝ-
ʥʠʝ, ʚʝʥʪʠʣʷʮʠʶ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʦʠʟ-
ʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ [3, 4]. ʊʘʢ, ʩʨʝʜʠ 
ʟʘʪʨʘʪ ʊʕʈ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ 
ʠʟʜʝʨʞʢʠ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘ-
ʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʧʦʤʝʱʝʥʠʡ ʩʦʩʪʘʚ-
ʣʷʶʪ ʦʪ 10 % (ʧʨʝʜʧʨʠʷʪʠʷ ʥʝʬʪʝʧʝʨʝʨʘʙʘ-
ʪʳʚʘʁɦʝʡ, ʭʠʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʝʡ) ʜʦ 40ï50 % 
(ʤʘʠhʥʦʩʪʨʦʠʪʝʣʴʥʳʝ, ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ 
ʧʨʝʜʧʨʠ̫ ʪʠʷ).  

ɺ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩ ʤʦʥʦ-
ʪʦʥʥʳʤ ʠ ʥʘʧʨʷʞʝʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʙʦʪʳ 
ʩʪʘʙʠʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʣʠʤʘʪʘ ʧʦʚr-
ʰʘʶʪ ʫʪʦʤʣʷʝʤʦʩʪʴ ʧʝʨʩʦʥʘʣʘ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ 
ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ. 
ʉʠʩʪʝʤʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ (ɼʄ), 
ʧʦʚʳʰʘʶʱʘʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʟʘ ʩʯʝʪ ʚʦʟ-
ʙʫʞʜʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʧʦ-
ʜʘʝʪ ʚ ʧʦʤʝʱʝʥʠʝ ʚʦʟʜʫʭ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦ-
ʨʳʝ ʥʝʧʨʝʨʳʚʥʦ ʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ. ʅʘʠ-
ʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʧʦ ʩʥʠʞʝʥʠʶ ʫʪʦʤʣʷʝʤʦʩʪʠ ʠ 
ʧʦʚʳʝhʥʠ ʁʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʙʳʣ ʧʦʣʫʯʝʥ ʚ 
ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʠ ʧʝʨʠʦʜʘʭ ʤʝʥʝʝ 1,33 ʯ (ʧʨʠ 

ʘʤʧʣʠʪʫʜʝ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʝʥʥʝ-

ʛʦ ʚʦʟʜʫʭʘ ɸʚ = Ñ 2,5 ʉ). 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʠ ʧʦʜʜʝʨ-
ʞʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʧʨʦ-
ʤʳʰʣʝʥʥʳʭ ʟʜʘʥʠʷʭ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʩʝʙʝ-
ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʠʤʦʡ ʚ ʈʦʩʩʠʠ ʧʨʦʜʫʢʮʠʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʥʘʪʫʨʥʳʭ 
ʠʩʧʳʪʘʥʠʡ ʦʢʦʥ ʩ ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʤʠ ʵʢʨʘʥʘ-
ʤʠ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʢʣʠʤʘ-
ʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ ɸʅʆ çʀʚʘʥʦʚʦʩʪʨʦʡʠʩʧʳʪʘ-
ʥʠʷè, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʪʝʧ-
ʣʦʧʝʨʝʜʘʯʠ ʯʝʨʝʟ ʦʢʥʦ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦ-
ʮʝʩʩʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʯʝʨʝʟ ʦʢʦʥʥʳʡ ʙʣʦʢ ʧʨʦ-
ʠʟʚʦʜʠʣʦʩʴ ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ 
ʵʣʝʤʝʥʪʦʚ (ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʤʦʜʝʣʴ), ʪʘʢ ʠ 
ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ (ʩʦʩʨʝʜʦʪʦʯʝʥ-
ʥʘʷ ʤʦʜʝʣʴ). ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 
ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʈʦʩʛʠʜʨʦ-
ʤʝʪʦʤ. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʦʠʟʚʝʜʝʥʘ ʤʝʪʦ-
ʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ. ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʡ ʤʦʜʝʣʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ 
ʜʣ ̫ ʟʜʘʥʠʡ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʩʦʧʨʦʪʠʚʣʝ-
ʥʠʝʤ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʦʢʦʥ. ʊʝʦʨʠʷ ʨʘʩʯʝʪʘ 
ʧʘʨʘʤʝʪʨʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ ʠ ʦʮʝʥʢʠ ʪʝʧ-
ʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ ʩʦʟʜʘʥʘ ʪʨʫʜʘʤʠ 
ʫʯʝʥʳʭ ɺʅʀʀ ʦʭʨʘʥʳ ʪʨʫʜʘ ʃ.ɺ. ʇʘʚʣʫʭʠʥʘ, 
ɺ.ʅ. ʊʝʪʝʨʥʠʢʦʚʘ, ʖ.ʅ. ʍʦʤʫʪʝʮʢʦʛʦ, ɺ.ɺ. ʃʦʚ-
ʮʦʚʘ [6], ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ 
ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʛʠʛʠʝʥʳ ʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʟʜʦ-
ʨʦʚʴʷ ɸ.ɸ. ɼʫʜʘʨʝʚʘ, ɸ.ɻ. ʉʦʪʥʠʢʦʚʘ [7],  
ɺ.ʀ. ʇʘʥʬʝʨʦʚʘ [8] ʠ ʜʨ. ʉʨʝʜʠ ʟʘʨʫʙʝʞʥʳʭ 
ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʝʩʦʤʳʡ ʚʢʣʘʜ ʚ ʨʝʰʝʥʠʝ 
ʧʨʦʙʣʝʤ ʫʧʨʘʚʣʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʦʤ ʚʥʝʩʣʠ  
ʆ. ʌʘʥʛʝʨ [9ï11] ʠ ʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʠ [12, 13]. 

ʈʘʟʨʘʙʦʪʢʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʠ-
ʥʘʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ ʜʣʷ ʦʬʠʩʥʳʭ ʠ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ (ʠ ʝʝ ʨʝʘʣʠʟʘ-
ʮʠʝʡ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ) ʘʢʪʠʚʥʦ 
ʟʘʥʠʤʘʣʠʩʴ ʪʘʢʞʝ ʫʯʝʥʳʝ ʀɻʕʋ ɺ.ʂ. ʇʳʞʦʚ, 
ɸ.ɺ. ɻʘʨʘʥʠʥ [14]. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ

1
 ʙʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠ-
ʯʝʩʢʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʟʜʘʥʠʷ, 
ʜʘʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʯʠʪʘʪʴ ʛʨʘʬʠʢ ʥʘ-

                                                           
1
 ɻʘʨʘʥʠʥ ɸ.ɺ. ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦ-
ʢʣʠʤʘʪʘ ʠ ʩʦʟʜʘʥʠʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ 
ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʘʚʪʦʨʝʬ. ʜʠʩ. ... ʢʘʥʜ. 
ʪʝʭʥ. ʥʘʫʢ. ï ʀʚʘʥʦʚʦ, 2010. ï 21 ʩ. 
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ʛʨʫʟʢʠ ʥʘ ʩʠʩʪʝʤʫ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ 
ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʷ, 
ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʨʝʘʣʠʟʘʮʠʠ ʤʘʪʝʤʘ-
ʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ 
ʥʘ ʕɺʄ. ɺ [14] ʪʘʢʞʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠ-
ʨʦʚʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʤʝ-
ʨʦʧʨʠʷʪʠʡ, ʪʘʢʠʭ ʢʘʢ ʫʪʝʧʣʝʥʠʝ ʩʪʝʥ, ʨʝʮʠʨʢʫ-
ʣʷʮʠ̫ ʚʦʟʜʫʭʘ ʠ ʨʝʢʫʧʝʨʘʮʠ ̫ʪʝʧʣʦʪʳ ʚʳʪʞ̫-
ʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʪʝʧʣʦʫʪʠʣʠʟʘʪʦʨʘʭ.  

ʅʝʜʦʩʪʘʪʢʦʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝ-
ʩʢʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʫʯʝʪʘ ʟʘʚʠʩʠ-
ʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʦʪʜʘʯʠ ʥʘ ʥʘʨʫʞʥʦʡ 

ʥ ʠ ʚʥʫʪʨʝʥʥʠʭ ʚʥ ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʛʨʘʞʜʘʶʱʠʭ 
ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʷ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʭʘ, ʪʘ-

ʢʠʭ ʢʘʢ ʩʢʦʨʦʩʪʴ  ʠ ʪʝʤʧʝʨʘʪʫʨʘ t, ʠ ʦʪ ʩʧʦʩʦʙʘ 
ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʭʦʦʙʤʝʥʘ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥ-
ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [15] ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥ-
ʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳʤʠ 
ʜʣʷ ʩʠʩʪʝʤ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʚʝʥ-

ʪʠʣʷʮʠʠ, ʧʨʠʯʝʤ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʚʥ ʟʥʘʯʠ-
ʪʝʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ  ʚʦʟʜʫʭʘ ʥʘ ʚʥʫʪʨʝʥ-
ʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʛʨʘʞʜʝʥʠʷ.  

ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ
2
 ʥʝ ʫʯʪʝʥʦ ʠʟ-

ʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠʚʝʜʝʥʥʦʛʦ (ʠ ʪʝʨʤʠʯʝ-
ʩʢʦʛʦ) ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʥʦʚʳʭ 
ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʢʦʥ ʩ ʪʝʧʣʦʦʪʨʘ-
ʞʘʶʱʠʤʠ ʵʢʨʘʥʘʤʠ. ʉʦʪʨʫʜʥʠʢʘʤʠ ʀɻʕʋ ʠ 
INSA de Strasbourg [16, 17] ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ 
ʟʘʧʘʪʝʥʪʦʚʘʥʳ ʢʦʥʩʪʨʫʢʮʠʠ ʦʢʦʥ ʩ ʪʝʧʣʦʦʪʨʘ-
ʞʘʶʱʠʤʠ ʵʢʨʘʥʘʤʠ ʨʫʣʦʥʥʦʛʦ (ʨʠʩ. 1), ʞʘʣʁ-
ʟʠʡʥʦʛʦ (ʨʠʩ. 2) ʠ ʧʘʥʝʣʴʥʦʛʦ (ʨʠʩ. 3) ʪʠʧʘ, 
ʚʳʧʦʣʥʝʥʥʳʝ ʠʟ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴ-
ʥʦ ʩʥʠʞʘʶʪ ʪʝʧʣʦʚʳʝ ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʝ ʧʦʪʝ-
ʨʠ. ʊʝʧʣʦʦʪʨʘʞʘʶʱʠʝ ʵʢʨʘʥʳ ʤʦʛʫʪ ʨʘʩʧʦʣʘ-
ʛʘʪʴ ʚʥʫʪʨʠ, ʩʥʘʨʫʞʠ ʠ ʚ ʤʝʞʩʪʝʢʦʣʴʥʦʤ ʧʨʦ-
ʩʪʨʘʥʩʪʚʝ. ʇʨʠʤʝʥʝʥʠʝ ʵʢʨʘʥʦʚ ʮʝʣʝʩʦʦʙʨʘʟ-
ʥʦ ʚ ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʠʣʠ ʚ ʦʪʩʫʪʩʪʚʠʠ ʣʁ -
ʜʝʡ. ʕʢʨʘʥʳ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚʥʫʪʨʠ ʧʦ-
ʤʝʱʝʥʠʷ, ʩʥʘʨʫʞʠ ʠʣʠ ʚ ʤʝʞʩʪʝʢʦʣʴʥʦʤ ʧʨʦ-
ʩʪʨʘʥʩʪʚʝ. 
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ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʮʠʷ ʦʢʦʥʥʦʛʦ ʙʣʦʢʘ ʩ ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʤ 
ʥʝʧʨʦʟʨʘʯʥʳʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʩʧʣʦʰʥʳʤ ʢɻʨʘʥʦʤ: 1 ï 
ʢʦʨʧʫʩ; 2 ï ʰʢʠʚ; 3 ï ʥʘʧʨʘʚʣʷʶʱʘʷ; 4 ï ʪʝʧʣʦʦʪʨʘʞʘʶ-
ʱʠʡ ʵʢʨʘʥ; 5 ï ʧʨʫʞʠʥʘ; 6 ï ʫʧʨʘʚʣʷʶʱʠʡ ʪʨʦʩʠʢ 
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 ʊʘʤ ʞʝ. 
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ʈʠʩ. 2. ʂʦʥʩʪʨʫʢʮʠʷ ʦʢʦʥʥʦʛʦ ʙʣʦʢʘ ʩ ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʤʠ 
ʥʝʧʨʦʟʨʘʯʥʳʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʞʘʣʶʟʠ: 1 ï ʢʦʨʧʫʩ; 2 ï 
ʥʘʧʨʘʚʣʷʶʱʠʝ; 3 ï ʘʣʶʤʠʥʠʝʚʳʡ ʧʦʚʦʨʦʪʥʳʡ ʵʣʝʤʝʥʪ;  

4 ï ʢʨʝʧʣʝʥʠʝ; 5 ï ʫʧʨʘʚʣʷʶʱʠʡ ʪʨʦʩʠʢ;  ï ʫʛʦʣ ʥʘʢʣʦʥʘ 
ʧʦʚʦʨʦʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʞʘʣʶʟʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘ 

 

1
2

 
 
ʈʠʩ. 3. ʇʘʥʝʣʴ ʠʟ ʜʚʫʭ ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʭ ʵʢʨʘʥʦʚ: 1 ï 
ʘʣʶʤʠʥʠʝʚʘʷ ʬʦʣʴʛʘ; 2 ï ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʧʣʘʥʢʠ 
 

ɹr ʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ (ʦʧʳʪ ʚ ʢʣʠʤʘʪʠ-
ʯʝʩʢʦʡ ʢʘʤʝʨʝ ʠ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ) 
ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʢʥʘʭ ʩ ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʤʠ 
ʵʢʨʘʥʘʤʠ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʜʚʫʭʧʦʟʠʮʠʦʥʥʦʝ 
ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʝ 
Rʦ ʟʘ ʩʯʝʪ ʧʦʜʥʷʪʠʷ-ʦʧʫʩʢʘʥʠʷ ʵʢʨʘʥʦʚ. ɸʥʘʣʠʟ 
ʜʘʥʥʳʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʨʠʩ. 4) ʧʦʢʘʟʳʚʘʝʪ, 
ʯʪʦ ʧʨʠʚʝʜʝʥʥʦʝ (ʠ ʪʝʨʤʠʯʝʩʢʦʝ) ʩʦʧʨʦʪʠʚʣʝ-
ʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ 
ʦʪ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤ ʠ 

ʥʘʨʫʞʥʳʤ ʚʦʟʜʫʭʦʤ t, ʧʨʠʯʝʤ ʯʝʤ ʙʦʣʴʰʝ 
ʢʦʣʠʯʝʩʪʚʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʵʢʨʘʥʦʚ, ʪʝʤ ʙʦʣʝʝ 
ʷʚʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ.  

ʅʘʠʙʦʣʴʰʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘ-
ʯʝ ʧʦʣʫʯʘʝʤ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʨʘʟʥʦʩʪʠ ʪʝʤ-
ʧʝʨʘʪʫʨ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘʨʫʞʥʦʛʦ 
ʚʦʟʜʫʭʘ (ʨʠʩ. 4). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʧʨʦʪʠʚʣʝ-
ʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʜʣʷ ʦʢʦʥ ʩ ʪʝʧʣʦʦʪʨʘʞʘʶ-
ʱʠʤʠ ʵʢʨʘʥʘʤʠ ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠ-
ʤʦʩʪʴʶ.  

ʊʘʢʞʝ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
ʪʝʧʣʦʦʙʤʝʥʘ ʜʣʷ ʦʢʦʥ ʩ ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʤʠ 
ʵʢʨʘʥʘʤʠ ʜʣʷ ʫʩʣʦʚʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʧʨʦ-
ʮʝʜʫʨʝ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʠʷ ʚ ʠʩʧʳʪʘʪʝʣʥɹʳʭ 
ʣʘʙʦʨʘʪʦʨʠʷʭ [15]. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦ-
ʠʟʚʝʜʝʥʦ ʧʨʠ ʨʘʩʯʝʪʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘʨʫʞʥʦʛʦ 

ʚʦʟʜʫʭʘ vʥ = 5 ʤ/ʩ ʠ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ t 
ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤ ʠ ʥʘʨʫʞʥʳʤ ʚʦʟʜʫʭʦʤ, ʨʘʚ-

ʥʦʡ 35 ʉ (tʚ = 0 ʉ, tʥ = ï15 ʉ). 
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ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʠʚʝʜʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʧʣʦ-
ʧʝʨʝʜʘʯʝ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ ʦʢʥʘ ʧʨʠ ʠʩʧʦʣʟɹʦʚʘʥʠʠ 
ʩʪʝʢʣʦʧʘʢʝʪʘ (ʉʇ) 4ʄ1ʭ10ʭ4ʄ1ʭ10ʭ4ʄ1 ʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 
ʩʥʘʨʫʞʠ ʵʢʨʘʥʦʚ: 1 ï ʦʜʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʵʢʨʘʥʘ; 2 ï 
ʜʚʫʭ  ʵʢʨʘʥʦʚ; 3 ï ʪʨʝʭ ʵʢʨʘʥʦʚ 

 
ɼʣʷ

 
ʜʚʫʭʢʘʤʝʨʥʦʛʦ

 
ʩʪʝʢʣʦʧʘʢʝʪʘ

 
(ʉʇ)

 
ʠ

 
ʪʝʧ-

ʣʦʦʪʨʘʞʘʶʱʝʡ ʧʘʥʝʣʠ, ʩʦʩʪʦʷʱʝʡ
 
ʠʟ

 
ʪʨʝʭ

 
ʘʣʶʤʠ-

ʥʠʝʚʳʭ ʵʢʨʘʥʦʚ ʩ ʚʦʟʜʫʰʥʦʡ ʧʨʦʩʣʦʡʢʦʡ ʚ 10 ʤʤ, 
ʧʨʠʚʝʜʝʥʥʦʝ

 
ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʉʇ 

4ʄ1ʭ10ʭ4ʄ1ʭ10ʭ4ʄ1ʭ10ʭʄʕʭ10ʭʄʕʭ10ʭʄʕ 

ʩʦʩʪʘʚʠʣʦ 1,68 (ʤ
2 ʦ
ʉ)/ɺʪ. ɺ [15] ʙ ʣrʦ ʩʤʦʜʝ-

ʣʠʨʦʚʘʥʦ ʠ ʟʘʧʦʣʥʝʥʠʝ ʧʘʥʝʣʠ ʠʟ ʪʨʝʭ ʪʝʧʣʦ-
ʦʪʨʘʞʘʶʱʠʭ ʵʢʨʘʥʦʚ ʤʘʣʦʪʝʧʣʦʧʨʦʚʦʜʥʳʤʠ 
ʛʘʟʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʘʨʛʦʥ ʠ ʢʨʠʧʪʦʥ. ɺ ʩʣʫʯʘʝ 
ʟʘʧʦʣʥʝʥʠʷ ʧʨʦʩʣʦʝʢ ʤʝʞʜʫ ʵʢʨʘʥʘʤʠ ʘʨʛʦʥʦʤ 
ʧʨʠʚʝʜʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʚʝʪʦʧʨʦʟʨʘʯʥʦʡ 

ʯʘʩʪʠ ʦʢʥʘ ʧʨʠ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʟ-

ʨʘʩʪʘʣʦ ʜʦ 1,90 (ʤ
2 ʦ
ʉ)/ɺʪ (ʠʣʠ ʥʘ 13 %), ʚ ʩʣʫ-

ʯʘʝ ʩ ʢʨʠʧʪʦʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʚʝʣʠʯʠʚʘʣʦʩʴ 

ʜʦ 2,25 (ʤ
2 ʦ
ʉ)/ɺʪ (ʠʣʠ ʥʘ 34 %).  

ʇʨʠʤʝʨ ʫʩʪʘʥʦʚʢʠ ʵʢʨʘʥʦʚ ʚ ʦʢʥʘʭ ʧʨʦ-
ʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʦʤʝʱʝʥʠʷ ʪʝʢʩʪʠʣʴʥʦʛʦ ʧʨʝʜ-
ʧʨʠʷʪʠʷ, ʥʘ ʢʦʪʦʨʦʤ ʧʦʜʜʝʨʞʘʥʠʝ ʥʝʦʙʭʦʜʠ-
ʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʢʦʥʜʠʮʠʦ-
ʥʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 5 (ʧʦʟʠʮʠʷ 3). ɺ 
ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʫ-
ʶʪʩʷ ʪʘʢʠʝ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʤʝʨʦʧʨʠʪ̫ʠʷ, 
ʢʘʢ ʨʝʮʠʨʢʫʣʷʮʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʟʜʫʭʘ ʠ ʫʪʠʣʠ-
ʟʘʮʠʷ ʪʝʧʣʦʪʳ ʫʜʘʣʷʝʤʦʛʦ ʚʦʟʜʫʭʘ ʩ ʧʦʤʦʱʴʶ 
ʨʝʢʫʧʝʨʘʪʦʨʘ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
[14ï18] ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 
ʤʦʜʝʣʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ ʧʨʦʤʳʰ-
ʣʝʥʥʦʛʦ ʟʜʘʥʠʷ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠ-
ʝʤ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʦʢʦʥ ʩ ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʤʠ 
ʵʢʨʘʥʘʤʠ. ʄʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ: ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ 
ʯʝʨʝʟ ʟʘʧʦʣʥʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʧʨʦʝʤʘ Qʦʢ; ʪʝʧ-
ʣʦʚʳʝ ʧʦʪʦʢʠ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʤʥʦʛʦʩʣʦʡ-
ʥʳʝ ʩʪʝʥʳ Qʩʪʝʥ, ʧʦʣ  Qʧʦʣ, ʧʦʢʨʳʪʠʷ Qʧʦʢʨ; ʧʦʪʦ-
ʢʠ ʪʝʧʣʦʪʳ, ʚʥʦʩʠʤʳʝ ʠ ʫʥʦʩʠʤʳʝ ʠʥʬʠʣʴʪʨʘ-
ʮʠʦʥʥʳʤ Qʠʥʬ ʠ ʫʜʘʣʷʝʤʳʤ ʚʦʟʜʫʭʦʤ Qʫʜ; ʪʝʧ-
ʣʦʚʳʝ ʧʦʪʦʢʠ ʦʪ ʨʘʙʦʪʘʶʱʝʛʦ ʠ ʥʝʨʘʙʦʪʘʶʱʝ-
ʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ Qʦʙ; ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ ʦʪ ʦʩ-
ʚʝʱʝʥʠʷ Qʦʩʚ, ʦʪ ʣʶʜʝʡ Qʣ, ʦʪ ʚʥʦʩʠʤʳʭ ʚ ʧʦ-
ʤʝʱʝʥʠʝ ʥʘʛʨʝʪʳʭ (ʦʭʣʘʞʜʝʥʥʳʭ) ʧʨʝʜʤʝʪʦʚ 
Qʧʨʝʜʤ, ʦʪ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ Qʠʥʩ ʠ ʥʘ ʥʘ-
ʛʨʝʚ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʟʜʫʭʘ Qʚʥʫʪʨ.ʚʦʟʜʫʭʘ.   
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tʦ

tʚ, ʬʚ

ʘʚʘʥ

vʚvʥ

tʥ, ʬʥ

tʩ,

ʬʩ

            

2

3

4

5

6
7

8

Lʧʨ

Lʫʜ

ʟʦʥʘ 1

 
ʈʠʩ. 5. ʉʠʩʪʝʤʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ ʜʣʷ ʟʜʘʥʠʡ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʦʢʦʥ: 1 ï ʧʨʦʠʟʚʦʜ-
ʩʪʚʝʥʥʦʝ ʧʦʤʝʱʝʥʠʝ; 2 ï ʩʪʝʥʘ; 3 ï ʦʢʥʦ ʩ ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʤʠ ʵʢʨʘʥʘʤʠ; 4 ï ʢʦʥʜʠʮʠʦʥʝʨ; 5 ï ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴ; 6 ï 
ʪʝʢʩʪʠʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ; 7 ï ʧʝʨʩʦʥʘʣ; 8 ï ʦʩʚʝʪʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ  
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ʂʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʚʥʦʩʠʤʦʝ ʩʠʩʪʝʤʦʡ 
ʧʦʜʜʝʨʞʘʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ 
ʚʨʝʤʝʥʠ Qʉʂɺ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ ʩʦ-
ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ 

ʧʦʢʨʦʢ ʩʪʝʥ ʧʦʣ

ʠʥʬ ʦʙ ʦʩʚ

ʫʜʧʨʝʜʤ ʠʥʩʣ

ʚʥʫʪʨ.ʚʦʟʜʫʭʘʉʂɺ 0.

dQdQ dQ dQ

d d d d

dQ dQ dQ

d d d

dQdQ dQdQ

d d d d

dQdQ

d d

              (1) 

ʆʧʠʩʘʥʠʝ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʦʢʥʘ 

ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʪʝʧʣʦʧʝ-

ʨʝʜʘʯʝ. ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ 
ʦʢʥʘ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. 

1. ʊʝʢʫʱʠʝ ʪʝʧʣʦʧʦʩʪʫʧʣʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʧʦʛʣʦʱʘʝʤʦʡ ʟʘʧʦʣʥʝʥʠ-
ʝʤ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʥʠʢʘʶʱʝʡ ʚ ʧʦʤʝ-
ʱʝʥʠʝ, ɺʪ: 

( ) ( ) ( ) ,ʦʢ_ʩʦʣʥ ʚ ʦʙʣ ʩʟʫ ʧʨʦʧ ʦʢQ J r ʢ ʢ A (2) 

ʛʜʝ Jɺ( ) ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʡ 
ʨʘʜʠʘʮʠʠ (ʧʨʷʤʦʡ ʠ ʨʘʩʩʝʷʥʥʦʡ), ʧʘʜʘɦʁʝʡ ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ  ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ ʧʦʚʝʨʭ-
ʥʦʩʪʴ ʧʨʠ ʙʝʟʦʙʣʘʯʥʦʤ ʥʝʙʝ, ʦʧʨʝʜʝʣʷʝʤʘ ̫ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ 
ʩʪʦʨʦʥʘʤ ʩʚʝʪʘ, ɺʪ/ʤ

2
; rʦʙʣ ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʙ-

ʣʘʯʥʦʩʪʠ, ʧʨʠʥʠʤʘʝʤʳʡ ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʥʘ-

ʙʣʶʜʝʥʠʡ; ʢʉɿʋ( ) ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʧʫʩ-
ʢʘʥʠʷ ʩʦʣʥʮʝʟʘʱʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʧʨʠʥʠʤʘʝʪʩʷ 
ʧʦ ʜʘʥʥʳʤ ʉʇ 23-101-2004 çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ 
ʪʝʧʣʦʚʦʡ ʟʘʱʠʪʳ ʟʜʘʥʠʡè)

3
. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʭ ʵʢʨʘʥʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ 
ʩʥʘʨʫʞʠ, ʧʨʠʥʠʤʘʝʪʩʷ 0,10-0,15; ʢʧʨʦʧ ï ʢʦʬɻ-
ʬʠʮʠʝʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ ʩʦʣʥʝʯ-
ʥʦʡ ʨʘʜʠʘʮʠʠ ʦʢʦʥ (ʧʨʠʥʠʤʘʝʪʩʷ ʧʦ ʜʘʥʥʳʤ 
ʉʇ 23-101-2004); ɸʦʢ ï ʧʣʦʱʘʜʴ ʦʢʦʥ, ʤ

2
.  

ʉ ʫʯʝʪʦʤ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦʣʥʝʯʥʦʡ ʨʘ-
ʜʠʘʮʠʠ ɸʦʢ ʩʯʠʪʘʝʪʩʷ ʦʪʜʝʣʴʥʦ ʧʦ ʢʘʞʜʦʡ ʩʪʦ-
ʨʦʥʝ ʩʚʝʪʘ. ʌʦʨʤʫʣʘ (2) ʩʯʠʪʘʝʪʩʷ ʦʪʜʝʣʥɹʦ 
ʜʣʷ ʧʣʦʱʘʜʠ ʦʢʦʥ, ʨʘʟʤʝʱʝʥʥʳʭ ʧʦ ʢʘʞʜʦʡ 
ʩʪʦʨʦʥʝ ʩʚʝʪʘ.  

2. ʊʝʢʫʱʠʝ ʪʝʧʣʦʧʦʪʝʨʠ (ʪʝʧʣʦʧʦʩʪʫʧʣʝ-
ʥʠʷ) ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʚʥʫʪʨʝʥ-
ʥʝʛʦ ʠ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ɺʪ: 

ʥ ʚ
ʦʢ_ t ʦʢ

ʦ

( ) ( )
( ) ,

( )

t t
Q A

R
                              (3) 

ʛʜʝ tʥ( ) ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ 

ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ , ʉ; tʚ( ) ï ʜʠʥʘʤʠ-
ʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʟʜʫʭʘ ʥʘ 

ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ , ʉ. ɿʘʢʦʥ ʠʟʤʝʥʝ-
ʥʠʷ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʜʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʜʠ-
ʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʷ ʠ 
ʧʨʠʤʝʥʝʥʠʷ çʜʝʞʫʨʥʦʛʦè ʨʝʞʠʤʘ ʦʪʦʧʣʝʥʠʷ; 

                                                           
3
 ʉʇ 23-101-2004. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʦʡ ʟʘʱʠʪʳ ʟʜʘʥʠʡ. ï 

ɺʚʝʜ. 2004-06-01. ï ʉʇʙ.: ʀʟʜ-ʚʦ ɼɽɸʅ, 2007. ï 320 ʩ. 
 

ʩʪ ʨ
ʦ ʦ ʦ( ) ( ( ); ( ))R f R R  ï ʠʟʤʝʥʷʝʤʦʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʦʢʥʘ, (ʤ
2
Ā
ʦ
ʉ)/ɺʪ: 

ʦʢ
ʦ ʩʪ ʨ

ʦʢ ʦʢ
ʩʪ ʨ
ʦ ʦ

( ) ,

( ) ( )

A
R

A A

R R

                                     (4) 

ʛʜʝ ʩʪ ʩʪ
o o ʚ ʥ( ) ( ,ʢʦʥʩʪʨ,( ), ),R R t t   

ʨ ʨ
o o ʚ ʥ( ) ( ,ʢʦʥʩʪʨ,( ), )R R t t  ï ʠʟʤʝʥʷʝʤr ʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠ ̫ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʩʚʝʪʦʧʨʦʟʨʘʯ-
ʥʦʡ ʠ ʥʝʧʨʦʟʨʘʯʥʦʡ (ʨʘʤʘ ʠ ʩʪʚʦʨʢʠ) ʟʦʥʳ ʦʢʥʘ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, (ʤ

2
Ā
ʦ
ʉ)/ɺʪ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʚʠʜʘ 

ʢʦʥʩʪʨʫʢʮʠʠ ʦʢʥʘ (ʩ ʵʢʨʘʥʘʤʠ ʠʣʠ ʙʝʟ ʥʠʭ), 
ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʥʘʨʫʞʥʦʛʦ 

ʚʦʟʜʫʭʘ (tʚ ï tʥ) ʠ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʥhʳʭ ʤʘʩʩ  ʥʘ 

ʪʝʢʫɦ ʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ , (ʤ
2
Ā
ʦ
ʉ)/ɺʪ; ʩʪ

ʦʢA , 

ʨ
ʦʢA  ï ʧʣʦʱʘʜʠ ʦʩʪʝʢʣʝʥʠʷ ʠ ʥʝʧʨʦʟʨʘʯʥʦʡ 

ʯʘʩʪʠ (ʨʘʤʳ ʠ ʩʪʚʦʨʢʠ) ʦʢʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤ
2
 

(ʨʠʩ. 6).  

3
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ʈʠʩ. 6. ʂʦʥʩʪʨʫʢʮʠʷ ʦʢʥʘ ʚ ʨʘʟʨʝʟʝ: 1 ï ʨʘʤʘ ʠʟ ʇɺʍ ʧʨʦ-
ʬʠʣʷ; 2 ï ʩʪʚʦʨʢʘ; 3 ï ʜʚʫʭʢʘʤʝʨʥʳʡ ʩʪʝʢʣʦʧʘʢʝʪ (ʉʇ); 4 ï 
ʧʦʜʦʢʦʥʥʠʢ; 5 ï ʦʪʣʠʚ  

  
ʇʦʜ ʪʝʨʤʠʥʦʤ çʦʢʥʘ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝʤ ʪʝʧʣʦʧʝʨʝʜʘʯʝè ʧʦʜʨʘʟʫʤʝʚʘ-
ʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʦʢʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, 
ʧʦʤʠʤʦ ʪʨʘʜʠʮʠʦʥʥʳʭ, ʩʚʝʪʦʧʨʦʟʨʘʯʥʦʡ ʯʘʩʪʠ 
ʚ ʚʠʜʝ ʩʪʝʢʣʦʧʘʢʝʪʘ (ʩʣʦʝʚ ʦʩʪʝʢʣʝʥʠʷ) ʠ ʜʝ-
ʨʝʚʥ̫ʥʳʭ, ʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʇɺʍ ʧʝʨʝʧʣʝʪʦʚ, 
ʪʘʢʞʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʭ ʵʢʨʘ-
ʥʦʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʩʤ. ʨʠʩ. 1ï3), ʧʝ-
ʨʝʢʨʳʚʘʶʱʠʭ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʚ ʪʝʤʥʦʝ ʚʨʝʤ  ̫
ʩʫʪʦʢ ʠʣʠ ʚʦ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʠʷ ʣʶʜʝʡ. ʂʘʢ ʫʞʝ 
ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʢʨʘʥʦʚ 
ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧ-
ʣʦʧʝʨʝʜʘʯʝ ʟʘʧʦʣʥʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʨʦʝʤʘ. 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʝ 
ʟʘʧʦʣʥʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʨʦʝʤʘ ʥʝ ʚ̫ʣʷʝʪʩʷ ʧʦ-
ʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ 
ʢʦʥʩʪʨʫʢʮʠʠ ʦʢʥʘ ʚʦ ʚʨʝʤʝʥʥʳʭ ʧʨʦʤʝʞʫʪʢʘʭ  
(1 ʚʘʨʠʘʥʪ ï ʦʢʥʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʨʘʥʦʚ;  
2 ʚʘʨʠʘʥʪ ï ʦʢʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʨʘʥʦʚ). 
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ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʦʢʦʥ ʩ ʪʝʧʣʦʦʪ-
ʨʘʞʘʶʱʠʤʠ ʵʢʨʘʥʘʤʠ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʥʝʣʠ-
ʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ. 

ɼʣ ̫ʥʘʭʦʞʜʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝ-
ʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʦʢʥʘ ʦʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ 
ʙr ʣʘ ʩʦʟʜʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ [15], 
ʦʧʠʩrʚʘʶʱʘʷ ʧʨʦʮʝʩʩ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʯʝʨʝʟ 
ʦʢʥʘ ʩ ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʤʠ ʵʢʨʘʥʘʤʠ ʩ ʫʯʝʪʦʤ 
ʬʠʟʠʢʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʦʠ-
ʪʝʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʘ 
ʢʦʤʧʴʶʪʝʨʥʘʷ çʇʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʦ-
ʮʝʩʩʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʜʣʷ ʜʚʫʭʢʘʤʝʨʥʦʛʦ ʩʪʝʢ-
ʣʦʧʘʢʝʪʘ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʪʝʧʣʦʦʪʨʘʞʘʶʱʠ-
ʤʠ ʵʢʨʘʥʘʤʠè [19], ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʯʠʩʣʝʥʥʦ-
ʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 
ʧʘʨʘʤʝʪʨʘʭ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ. 
ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ [15] ʧʦʣʫ-
ʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʠʚʝʜʝʥʥʦ-
ʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʜʣʷ ʢʦʥʢʨʝʪ-
ʥʳʭ ʪʠʧʦʚ ʩʪʝʢʣʦʧʘʢʝʪʦʚ ʩ ʪʝʧʣʦʦʪʨʘʞʘʶɦ ʠʤʠ 
ʵʢʨʘʥʘʤʠ. 

ʊʘʢ, ʜʣʷ ʜʚʫʭʢʘʤʝʨʥʦʛʦ ʩʪʝʢʣʦʧʘʢʝʪʘ 
4ʄ1ʭ10ʭ4ʄ1ʭ10ʭ4ʄ1 ʠ ʪʨʝʭ ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʭ 
ʵʢʨʘʥʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩʥʘʨʫʞʠ ʥʘ ʨʘʩʩʪʦʷ-
ʥʠʠ 10 ʤʤ, ʚ ʩʣʫʯʘʝ ʚʳʥʫʞʜʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʫ 
ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ 
vʚ ʙʦʣʝʝ 0,3 ʤ/ʩ, ʝʩʣʠ ʚ ʧʦʤʝʱʝʥʠʠ ʨʘʙʦʪʘʝʪ 
ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʘʧʧʘʨʘʪ 
ʠʣʠ ʧʨʠʪʦʢ ʚ ʧʦʤʝʱʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʭʘ-
ʥʠʯʝʩʢʦʡ ʚʝʥʪʠʣʷʮʠʝʡ) ʧʨʠʚʝʜʝʥʥʦʝ ʩʦʧʨʦʪʠʚ-
ʣʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʟʦʥʳ ʩʪʝʢʣʦʧʘʢʝʪʘ ʤʦʞ-
ʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 
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         (5) 

ʛʜʝ t  ï ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʥʫʪ-

ʨʝʥʥʝʛʦ ʠ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ʉ; vʚ ï ʩʢʦʨʦʩʪʴ 
ʚʦʟʜʫʭʘ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʥʘ, ʤ/ʩ; 
vʥ ï ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʥʘ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
ʦʢʥʘ, ʤ/ʩ. ɼʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 
ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟ-

ʜʫʭʘ ʚ ʩʣʝʜʫʶʱʠʭ ʜʠʘʧʘʟʦʥʘʭ: t = 10ï70 ʉ;  
vʚ = 0,3ï1,5 ʤ/ʩ; vʥ = 1ï10 ʤ/ʩ. 

ɼʣ ̫ ʜʚʫʭʢʘʤʝʨʥʦʛʦ ʩʪʝʢʣʦʧʘʢʝʪʘ 
4ʄ1ʭ10ʭ4ʄ1ʭ10ʭ4ʄ1 ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʨʘ-
ʥʦʚ (ʢʦʥʪʨʦʣʴʥʳʡ ʚʘʨʠʘʥʪ) ʧʨʠʚʝʜʝʥʥʦʝ ʩʦ-
ʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 
ʧʦ ʬʦʨʤʫʣʝ 

ʥ

ʩʪ
ʦ ʚ ʥ

ʚ

1,910,656
ʥ

1
, 0,31

9,6 3,8

1
.

3,3 7,34 3,78 v

R v v
v

v ʝ

                   (6) 

ɺ ʩʣʫʯʘʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʥʘ ʚʥʫʪ-
ʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʩʪ
ʦR  ʦʪ ʨʘʟʥʦʩʪʠ ʪʝʤ-

ʧʝʨʘʪʫʨ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤ ʠ ʥʘʨʫʞʥʳʤ ʚʦʟʜʫ-

ʭʦʤ t ʠ ʩʢʦʨʦʩʪʠ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ vʥ  ʪʘʢʞʝ 
ʙʫʜʝʪ ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʘ ʜʣʷ ʩʣʫʯʘʷ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʝʭ ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʭ ʵʢʨʘʥʦʚ 
(ʨʠʩ. 7). ʋʜʝʣʴʥʳʝ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ q, ɺʪ/ʤ

2
, 

ʪʘʢʞʝ ʙʫʜʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʚ ʩʣʫʯʘʝ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʭ ʵʢʨʘʥʦʚ ʚ ʦʢʥʘʭ. 

ɼʣ ̫ ʥʝʧʨʦʟʨʘʯʥʦʡ ʟʦʥʳ ʦʢʥʘ (ʨʘʤʘ ʠ 

ʩʪʚʦʨʢʠ) ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨ
o ( )R  

ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʷʚʣʷʝʪʩʷ ʥʝʧʨʦʩʪʦʡ ʟʘʜʘʯʝʡ 
ʚ ʩʚʷʟʠ ʩʦ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʠʩʧʦʣʴʟʫʝ-
ʤʦʛʦ ʧʨʦʬʠʣʷ. 
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                                           ʘ)                                                                                   ʙ)                                                                            

ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʠʚʝʜʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʝ 
ʩʪ

ʦR  (ʘ) ʠ ʫʜʝʣʴʥʳʭ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ q (ʙ) ʩʚʝʪʦʧʨʦʟʨʘʯʥʦʡ  

ʟʦʥʳ ʦʢʥʘ ʦʪ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ t ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ vʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉʇ 
4ʄ1ʭ10ʭ4ʄ1ʭ10ʭ4ʄ1 ʚ ʩʣʫʯʘʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ: 1 ï ʙʝʟ ʵʢʨʘʥʦʚ (ʢʦʥʪʨʦʣʴ); 2 ï ʩʥʘʨʫʞʠ ʫʩʪʘ-
ʥʦʚʣʝʥʳ 3 ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʢʨʘʥʘ 
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ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ [20] ʛʨʫʧʧʳ ʫʯʝ-
ʥʳʭ ʅʦʨʚʝʞʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʥʘʫʢʠ ʠ ʪʝʭʥʦ-
ʣʦʛʠʠ (Norwegian University of Science and 
Technology) ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɸ. ɻʫʩʪʘʚʩʝʥʘ ʠ 
ɸʤʝʨʠʢʘʥʩʢʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 
ɹʝʨʢʣʠ (Lawrence Berkeley National Laboratory), 
ʘʢʪʠʚʥʦ ʟʘʥʠʤʘʶʱʠʭʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ 
ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʦʢʦʥ, ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ( )ʨ
oR  ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ 

ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʩʦʦʪ-
ʚʝʪʩʪʚʫʶʱʠʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝʤ ʧʨʦʛʨʘʤʤ CFD (computational fluid 
dynamics ï ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʛʠʜʨʦʜʠʥʘʤʠʢʘ) 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤ-
ʧʣʝʢʩʘ Fluent, COMSOL ʠ ʜʨ. ʊʘʢ ʢʘʢ ʚ ʩʦʚʨʝ-
ʤʝʥʥʳʭ ʦʢʥʘʭ ʧʣʦʱʘʜʴ ʥʝʧʨʦʟʨʘʯʥʦʡ ʯʘʩʪʠ 
(ʨʘʤʘ, ʩʪʚʦʨʢʠ) ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 20ï30 % ʦʪ 

ʦʙɦ ʝʡ ʧʣʦʱʘʜʠ ʦʢʥʘ [20], ʪʦ ʚʣʠʷʥʠʝ ʨ
o ( )R  ʥʘ 

ʧʨʠʚʝʜʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʝ 
ʚʩʝʡ ʦʢʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚʝʩʴʤʘ ʩʫɦ ʝʩʪʚʝʥʥʦ. 
ɹr ʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʧʣʘʩʪʠʢʦʚʳʭ ʦʢʦʥ 
ʚ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɸʅʆ çʀʚʘ-
ʥʦʚʦʩʪʨʦʡʠʩʧʳʪʘʥʠʷè ʠ ʦʧʨʝʜʝʣʝʥʳ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʠ ʇɺʍ ʧʨʦʬʠʣʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʧ-
ʣʦʦʪʨʘʞʘʶʱʠʭ ʵʢʨʘʥʦʚ. ʊʘʢ, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʷ 5-ʢʘʤʝʨʥʦʛʦ ʇɺʍ ʧʨʦʬʠʣʷ (ʥʘʧʨʠʤʝʨ, 
ʩʝʨʠʠ SOFTLINE ʬʠʨʤʳ VEKA) ʚ ʢʘʯʝʩʪʚʝ ʤʘ-
ʪʝʨʠʘʣʘ ʨʘʤʳ ʠ ʩʪʚʦʨʢʠ ʦʢʥʘ ʠ ʧʨʠ ʨʘʙʦʪʝ ʩʠʩ-
ʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʝʧʨʦʟʨʘʯʥʦʡ 
ʟʦʥʳ ʦʢʥʘ ʤʦʞʥʦ ʦʧʠʩʘʪ ɹʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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 ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʥʘʨʫʞʠ 3 ʪʝʧʣʦʦʪʨʘ-
ʞʘʶʱʠʭ ʵʢʨʘʥʦʚ  
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ʋʤʝʥʴʰʝʥʠʝ ʵʬʬʝʢʪʘ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʪʝʧ-
ʣʦʦʪʨʘʞʘʶʱʠʭ ʵʢʨʘʥʦʚ (ʧʨʠʨʘʱʝʥʠʝ ʚ ʩʦʧʨʦ-
ʪʠʚʣʝʥʠʠ) ʠ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 
ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʚʳʟʚʘʥ rʪʝʤ, ʯʪʦ ʚ ʢʨʘʝ-
ʚʳʭ (ʛʨʘʥʠʯʥʳʭ) ʟʦʥʘʭ ʪʝʧʣʦʦʪʨʘʞʘʶʱʝʛʦ ʢɻ-
ʨʘʥʘ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ 
ʨʘʤʳ ʠ ʩʪʚʦʨʦʢ, ʙʦʣʝʝ ʩʠʣʴʥʦ ʨʘʟʚʠʪʘ ʢʦʥʚʝʢ-
ʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʝʧʣʦʦʙʤʝʥʘ (ʚʩʣʝʜʩʪ-
ʚʠʝ ʥʘʣʠʯʠʷ ʠʟʤʝʥʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʣʠʥʠʡ ʪʦʢʘ 
ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ ʚʦʟʜʫʭʘ), ʧʨʠʩʫʪʩʪʚʫʝʪ 
ʜʠʩʪʘʥʮʠʦʥʥʘʷ ʨʘʤʢʘ, ʘ ʪʘʢʞʝ ʪʦʣʱʠʥʘ ʚʦʟ-
ʜʫʰʥʦʡ ʧʨʦʩʣʦʡʢʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦ-
ʩʪʴʶ ʧʨʦʬʠʣʷ ʠ ʵʢʨʘʥʦʤ, ʧʨʠʥʠʤʘʝʪ ʤʝʥʴʰʠʝ 
ʟʥʘʯʝʥʠʷ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʥʘ 
ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʥʘ vʚ ʚ ʩʣʫʯʘʝ ʧʨʠ-
ʤʝʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʚʝʥʪʠʣʷʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ 
ʟʘʚʠʩʠʪ ʦʪ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʦʪ ʧʨʠʭʦʜʷʱʝ-
ʛʦʩʷ ʥʘ ʥʝʛʦ ʨʘʩʭʦʜʘ ʧʨʠʪʦʯʥʦʛʦ ʚʦʟʜʫʭʘ. ʅʦ ʪʘʢ 
ʢʘʢ ʚ ʩʠʩʪʝʤʘʭ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 
ʥʘʛʨʫʟʢʠ, ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʨʘʩʭʦʜ 
ʚʦʟʜʫʭʘ, ʪʦ ʵʧʶʨʫ ʩʢʦʨʦʩʪʝʡ vʚ ʤʦʞʥʦ ʦʧʨʝʜʝ-
ʣʠʪʴ ʦʧʳʪʥʳʤ ʧʫʪʝʤ ʠ ʠʩʧʦʣʟɹʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ 
ʟʥʘʯʝʥʠʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʠʚʝʜʝʥʥʦʛʦ ʩʦʧʨʦ-
ʪʠʚʣʝʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʦʢʥʘ. 

ɿʘʜʘʥʠʝ ʟʘʢʦʥʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʟʜʫʭʘ. ɿʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʪʝʤ-
ʧʝʨʘʪʫʨʳ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʟʜʫʭʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʨʘʩʯʝʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ɼʄ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʫʨʦʚʥʷ ʵʥʝʨʛʦ-
ʩʙʝʨʝʞʝʥʠʷ.  

ʊʘʢ, ʠʟʤʝʥʝʥʠʝ ʪʝʢʫʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʟʜʫʭʘ tʚ( ) ʚ ʨʘʙʦʯʝʝ ʚʨʝʤ  ̫
ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩ ʧʦʤʦɦ ʴ  ʁʬʫʥʢʮʠʠ  

ɼɼʄʚ ʚ( ) t sin ,t ɸ                                    (9) 

ʛʜʝ ɼɼʄt  ï ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʝʙʘʥʠʡ 

ʚʦʟʜʫʭʘ ʧʨʠ ɼʄ, 
ʦ
ʉ; ɸʚ ï ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʟʜʫʭʘ, 
ʦ
ʉ;  ï ʯʘʩ-

ʪʦʪʘ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨ, 1/ʯ. 
ʉʨʝʜʥʶʶ ʪʝʤʧʝʨʘʪʫʨʫ  ʢʦʣʝʙʘʥʠʡ ʚʦʟʜʫʭʘ 

ʧʨʠ ɼʄ ɼɼʄt  ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ
4
 ʧʦ ʬʦʨʤʫʣʝ  

ɼɼʄ ʦʧʪ ʚt (0,2 0,5) ,t t                               (10) 

ʛʜʝ tʚ ï ʦʪʢʣʦʥʝʥʠʝ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʡ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʦʪ ʩʨʝʜʥʠʭ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘ-

ʯʝʥʠʡ, 
ʦ
ʉ; ʦʧʪt  ï ʦʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠ 

ʩʪʘʙʠʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ, 
ʦ
ʉ.  

ɺ (10) ʙ·ʣʴʰʠʡ ʤʥʦʞʠʪʝʣʴ ʫ tʚ ʧʨʠʥʠʤʘ-

ʝʪʩʷ ʧʨʠ ʙ·ʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ tʚ. 

ʏʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨ  ʠ ʘʤʧʣʠ-
ʪʫʜʫ ɸʚ  ʤʦʞʥʦ ʟʘʜʘʪʴ ʩʣʝʜʫʶʱʠʤʠ ʚʳʨʘʞʝ-
ʥʠʷʤʠ: 

ʚ
ʚ ;

2

t
ɸ                                                           (11) 

2
,

Z
                                                             (12) 

ʛʜʝ Z ï ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ, ʯ. 

ɺʦ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʠʷ ʣʶʜʝʡ (ʥʝʨʘʙʦʯʝʝ 

ʚʨʝʤʷ) ʧʨʦʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʜʝʨʞʠ-
ʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʪʝʤʧʝʨʘʪʫʨʳ 
ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʩʥʠʞʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʧʦ 
ʧʦʜʜʝʨʞʘʥʠʶ ʥʝʦʙʭʦʜʠʤʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ. 
ɺ çʜʝʞʫʨʥʳʡè ʨʝʞʠʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʢʦʥʜʠ-
ʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʤʝʱʝʥʠʷ, ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘ-
ʥʠʡ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦ-
ʜʠʪ ʟʘʜʘʯʘ ʧʦ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 
ʜʦ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ.  

ɹr ʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ [17] ʠ ʨʘʟ-
ʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʤʠʥʠ-
ʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʥʝʨʘʙʦʯʝʝ 

                                                           
4
 ɻʘʨʘʥʠʥ ɸ.ɺ. ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦ-

ʢʣʠʤʘʪʘ ʠ ʩʦʟʜʘʥʠʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ 
ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʘʚʪʦʨʝʬ. ʜʠʩ. ... ʢʘʥʜ. 
ʪʝʭʥ. ʥʘʫʢ. ï ʀʚʘʥʦʚʦ, 2010. ï 21 ʩ. 
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ʚʨʝʤʷ ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ ʥʝʜʦʧʫʱʝʥʠʷ ʚʳʧʘ-
ʜʝʥʠʷ ʢʦʥʜʝʥʩʘʪʘ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 
ʦʢʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʩʫʰʢʠ ʚʦʟʜʫʭʘ [21]. ɺ ʭʦʜʝ 
ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘ-
ʥʦʚʣʝʥʦ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚʥʫʪ-
ʨʝʥʥʝʛʦ ʚʦʟʜʫʭʘ ʧʨʠ çʜʝʞʫʨʥʦʤè ʨʝʞʠʤʝ ʤʦʞ-
ʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ 

ʨ ʚ ʦʢʥʘ ʥʚ
ʜ ʟʘʧ

ʚ ʦʢʥʘ

,
1

R t
t t

R
                           (13) 

ʛʜʝ ʨ ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʯʢʠ ʨʦʩʳ ʧʨʠ ʧʘʨʘʤʝʪ-
ʨʘʭ ʚʦʟʜʫʭʘ ʚ ʨʘʙʦʯʝʝ ʚʨʝʤʷ ʠʣʠ ʚ ʪʦʯʢʝ ʩʤʝ-

ʰʝʥʠʷ [17], 
ʦ
ʉ; tʟʘʧ ï ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʟʘʧʘʩ ʧʦ 

ʥʝʜʦʧʫʱʝʥʠʶ ʢʦʥʜʝʥʩʘʮʠʠ, 
0
ʉ; tʥ ï ʪʝʢʫʱʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, 
ʦ
ʉ; 

min
ʦʢʥʘ ʦ( )R R  ï ʧʨʠʚʝʜʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʪʝʧʣʦʧʝʨʝʜʘʯʝ, ʚʳʙʠʨʘʝʤʦʝ ʢʘʢ ʤʠʥʠʤʘʣʴʥʦʝ 
ʟʥʘʯʝʥʠʝ ʠʟ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʩʚʝʪʦʧʨʦʟʨʘʯʥʦʡ 
ʩʪ
0 ( )R  ʠʣʠ ʥʝʧʨʦʟʨʘʯʥʦʡ 

ʨ
0

( )R  ʟʦʥ ʦʢʥʘ, 

(ʤ
2 ʦ
ʉ) /ɺʪ; ʚ ï ʨʘʩʯʝʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧ-

ʣʦʦʪʜʘʯʠ ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʟʜʫʭʘ ʢ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʦʥʥʦʛʦ ʙʣʦʢʘ, ɺʪ /(ʤ
2 ʦ
ʉ). 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 
[21], ʚ ʩʣʫʯʘʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʚ ʜʣʷ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʛʦʜʘ ʜʣʷ ʩʦ-
ʚʨʝʤʝʥʥʳʭ ʦʢʦʥʥʳʭ ʙʣʦʢʦʚ ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ 

ʥʝ ʙʦʣʝʝ 7,0 ɺʪ /(ʤ
2 ʦ
ʉ), ʜʣʷ ʦʢʦʥ ʩ ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʤ ʩʦ ʩʪʦʨʦʥʳ ʧʦʤʝʱʝʥʠʷ ʪʝʧʣʦʦʪʨʘ-

ʞʘʶʱʠʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʵʢʨʘʥʦʤ ʚ ʩʣʝʜʫʝʪ 

ʧʨʠʥʠʤʘʪʴ ʚ ʧʨʝʜʝʣʘʭ 4,5  ɺʪ /(ʤ
2 ʦ
ʉ). 

ɺ ʩʣʫʯʘʝ ʚʳʥʫʞʜʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ (ʤʝʭʘʥʠ-
ʯʝʩʢʘʷ ʚʝʥʪʠʣʷʮʠʷ) ʨʘʩʯʝʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 
ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʟʜʫʭʘ ʢ ʚʥʫʪʨʝʥ-
ʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʦʥʥʦʛʦ ʙʣʦʢʘ ʩʣʝʜʫʝʪ ʨʘʩ-
ʩʯʠʪʳʚʘʪʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ: 

ʘ) ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʭ ʵʢʨʘ-
ʥʦʚ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʥʘ 

ʚ ʚ9,6 3,8 ;v                                             (14) 

ʙ) ʧʨʠ ʥʘʣʠʯʠʠ ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʭ ʵʢʨʘʥʦʚ 
ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʥʘ 

ʚ ʚ6,4 3,8 .v                                             (15) 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʟʘʧʘʩ tʟʘʧ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ, ʟʘʚʠ-
ʩʷʱʝʡ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʝʢʣʦʧʘʢʝʪʘ (ʤʘʪʝʨʠʘʣʘ 
ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʨʘʤʢʠ, ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 
çʪʝʧʣʦʛʦè ʢʨʘʷ, ʛʣʫʙʠʥʳ ʟʘʪʦʧʣʝʥʠʷ ʢʨʘʷ ʩʪʝʢ-
ʣʦʧʘʢʝʪʘ ʚ ʧʨʦʬʠʣʴ ʠ ʪ.ʜ.), ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦ-
ʧʨʦʪʠʚʣʝʥʠʷ ʢʨʘʝʚʳʭ ʟʦʥ ʩʪʝʢʣʦʧʘʢʝʪʘ, ʨʘʩ-

ʯʝʪʥʦʡ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ t ʚʥʫʪʨʝʥʥʝʛʦ ʠ 
ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 
1,5 ʜʦ 4 

ʦ
ʉ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʚʷʟʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ 
ʟʘʚʠʩʠʤʦʩʪʴʶ ʧʨʠʚʝʜʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʦʢʥʘ ʩ ʵʢʨʘʥʘʤʠ Rʦʢʥʘ ʦʪ ʨʘʟʥʦ-
ʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʥʘʨʫʞʥʦʛʦ ʚʦʟ-

ʜʫʭʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʜt  ʥʝʦʙʭʦ-

ʜʠʤʦ ʨʝʰʘʪʴ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʩʦʩʪʦʷɦ ʫ  ʁʠʟ 
ʬʦʨʤʫʣʳ (13) ʠ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶɦ ʠʭ 

ʩʪ
ʦ ʚ ʥ, ,R t v v  ʠʣʠ ʨ

ʦ ʚ ʥ, ,R t v v . ɹr ʣʘ ʩʦʩʪʘʚ-

ʣʝʥʘ ʧʨʦʛʨʘʤʤʘ ʧʦ ʥʘʭʦʞʜʝʥʠʶ  ʤʠʥʠʤʘʣʴʥʦʡ 
ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʟʜʫʭʘ ʧʨʠ çʜʝʞʫʨ-
ʥʦʤè ʨʝʞʠʤʝ ʦʪʦʧʣʝʥʠʷ ʠʩʭʦʜʷ ʠʟ ʦʧʠʩʘʥʥʳʭ 
ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, 
ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʟʜʫʭʘ ʥʝ ʤʦʞʝʪ 
ʙʳʪʴ ʤʝʥɹh ʝ 5 

ʦ
ʉ

5
. 

ʇʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ ʚ ʮʝʥ-

ʪʨʘʣʴʥʦʤ ʢʦʥʜʠʮʠʦʥʝʨʝ ʜʣ ̫ ʧʦʤʝʱʝʥʠʡ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʨʝʛʫʣʠʨʫʝ-

ʤʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʦʢʦʥ. ɼʣ ̫ʩʠʩʪʝʤ ʢʦʥ-
ʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ (ʉʂɺ), ʦʙʝʩʧʝʯʠʚʘʶ-
ʱʠʭ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʣʠʤʘʪʘ 
ʜʣʷ ʧʦʤʝʱʝʥʠʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠ̫ ʪʠʡ, 
ʛʜʝ ʨʘʟʨʝʰʘʝʪʩʷ ʨʝʮʠʨʢʫʣʷʮʠʷ ʚʦʟʜʫʭʘ, ʙr ʣʘ 
ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʣʦ-
ʞʝʥʠʷ ʪʦʯʢʠ ʉ, ʦʧʠʩʳʚʘʶʱʘ  ̫ʩʦʩʪʦʷʥʠʝ ʩʨʝʜʳ 
ʧʦʩʣʝ ʩʤʝʰʝʥʠʷ ʥʘʨʫʞʥʦʛʦ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʟ-
ʜʫʭʘ (ʨʠʩ. 8). ʎʝʥʪʨʘʣʴʥʳʡ ʢʦʥʜʠʮʠʦʥʝʨ ʩ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʘ ʩʤʝʝhʥʠʷ ʧʦʪʦʢʦʚ 
ʥʘʨʫʞʥʦʛʦ ʠ ʚʳʪʷʞʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʫʪʠʣʠʟʘʮʠʝʡ 
ʪʝʧʣʦʪʳ ʯʘʩʪʠ ʚʳʪʷʞʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʨʝʢʫʧʝʨʘ-
ʪʦʨʝ (ʧʨʦʮʝʩʩ ʅ-ʅʈ) ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 5. 
ʇʨʠ ʜʝʞʫʨʥʦʤ ʨʝʞʠʤʝ ʦʪʦʧʣʝʥʠʷ ʚ ʩʣʫʯʘʝ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 
ʚʦʟʜʫʭʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʥʫ ʁ
ʨʝʮʠʨʢʫʣʷʮʠʶ ʚʦʟʜʫʭʘ (ʧʨʦʮʝʩʩ ɺʜʝʞ1 ï ʆʜʝʞ1). 
ʅʦ ʜʣʷ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ çʜʝ-
ʞʫʨʥʦʤè ʨʝʞʠʤʝ ʤ  r ʧʨʝʜʣʘʛʘʝʤ ʝʜʠʥʦʚʨʝ-
ʤʝʥʥʦ ʧʦʜʤʝʰʘʪʴ ʥʘʨʫʞʥʳʡ ʚʦʟʜʫʭ ʩ ʥʠʟʢʠʤ 
ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝʤ dʅ. ʇʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʉʜʝʞ2 
ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʪʝʧʝʥʴ ʨʝʮʠʨʢʫʣʷʮʠʠ nʨʝʮ 
ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʤʠʥʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫ-
ʨʦʡ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʟʜʫʭʘ ʚ ʪʦʯʢʝ ɺʜʝʞ2, ʦʧʨʝʜʝ-
ʣʝʥʥʦʡ ʧʦ ʬʦʨʤʫʣʝ (13), ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ 
ʥʝʜʦʧʫʱʝʥʠʷ ʚʳʧʘʜʝʥʠʷ ʢʦʥʜʝʥʩʘʪʘ ʥʘ ʦʢʥʘʭ. 
ʇʦʩʣʝ ʩʥʠʞʝʥʠʷ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʠ ʪʝʤʧʝʨʘ-
ʪʫʨʳ ʚʦʟʜʫʭʘ ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʷʪʴ 
ʧʦʣʥʫʶ ʨʝʮʠʨʢʫʣʷʮʠʶ (ʧʨʦʮʝʩʩ ɺʜʝʞ2 ï ʆʜʝʞ2). 
ʈʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ (ʨʠʩ. 8) ʤʝʞʜʫ ʧʨʠʪʦʯʥʳʤ 
(ʪʦʯʢʘ ʆ) ʠ ʚʥʫʪʨʝʥʥʠʤ (ʪʦʯʢʘ ɺ) ʚʦʟʜʫʭʦʤ ʧʨʠ 

ʧʦʥʠʞʝʥʠʠ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ t2 ʙʫʜʝʪ ʤʝʥʴʰʝ, 

ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ ( t1), ʯʪʦ ʦʙʲʩ̫ʥʷʝʪʩʷ ʤʝʥʴʰʠʤ 
ʢʦʣʠʯʝʩʪʚʦʤ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ 
ʚ ʧʦʜʦʛʨʝʚʘʪʝʣʝ ʢʦʥʜʠʮʠʦʥʝʨʘ ʥʘ ʢʦʤʧʝʥʩʘ-
ʮʠ ʁʧʦʪʝʨʴ ʯʝʨʝʟ ʦʙʦʣʦʯʢʫ ʟʜʘʥʠʷ.  

                                                           
5
  ʉʇ 60.13330.2012 ʆʪʦʧʣʝʥʠʝ, ʚʝʥʪʠʣʷʮʠʷ ʠ ʢʦʥʜʠʮʠʦ-
ʥʠʨʦʚʘʥʠʝ ʚʦʟʜʫʭʘ. ï ɺʚʝʜ. 2013-01-01. 
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ʈʠʩ. 8. ʇʨʦʮʝʩʩ ʩʥʠʞʝʥʠʷ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ d ʠ ʪʝʤʧʝʨʘ-
ʪʫʨʳ ʚʦʟʜʫʭʘ t ʧʨʠ çʜʝʞʫʨʥʦʤè ʨʝʞʠʤʝ ʦʪʦʧʣʝʥʠʷ ʩ ʧʦ-
ʤʦʱʴʶ ʩʠʩʪʝʤʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ 
ʛʦʜʘ (h ï ʵʥʪʘʣʴʧʠʷ ʚʦʟʜʫʭʘ) ʜʣʷ ʧʦʤʝʱʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ 
ʨʘʟʨʝʰʝʥʘ ʨʝʮʠʨʢʫʣʷʮʠʷ (ʩʣʫʯʘʡ ʥʝʜʦʩʪʘʪʢʘ ʪʝʧʣʦʪʳ) 

 
ɽʩʣʠ ʨʝʮʠʨʢʫʣʷʮʠʷ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ 
(ʨʠʩ. 9), ʪʦ ʟʘʪʨʘʪʳ ʪʝʧʣʦʪʳ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ 
ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʟʜʫ-
ʭʘ (ʪʦʯʢʘ ɺʜʝʞ ) ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ çʜʝʞʫʨʥʦ-
ʛʦè ʨʝʞʠʤʘ ʦʪʦʧʣʝʥʠʷ ʙʫʜʫʪ ʥʠʞʝ ʧʨʠ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʠ ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʭ ʵʢʨʘʥʦʚ ʚ ʦʢʥʘʭ, ʪʘʢ 
ʢʘʢ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʚʦʟʜʫʭʦʤ ʧʦʩʣʝ 
ʧʦʜʦʛʨʝʚʘʪʝʣʷ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ (ʪʦʯʢʘ ʆʜʝʞ) ʠ 
ʧʦʩʣʝ ʨʝʢʫʧʝʨʘʪʦʨʘ (ʪʦʯʢʘ ʅʈ) ʧʨʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʵʢʨʘʥʦʚ *
2t  ʤʝʥʴʰʝ, ʯʝʤ *

1t  (ʢʦʥʪʨʦʣʴ). 

ʊʦʯʢʘ ʆʜʝʞ1 ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʘʨʘʤʝʪʨʳ ʧʨʠʪʦʯ-
ʥʦʛʦ ʚʦʟʜʫʭʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʵʢʨʘʥʦʚ ʚ ʦʢʥʘʭ, 
ʪʦʯʢʘ ʆʜʝʞ2 ï ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʨʘʥʦʚ. 
ʊʦʯʢʘ ʆʜʝʞ2 ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʠʞʝ ʪʦʯʢʠ ʆʜʝʞ1 ʚ 
ʩʚʷʟʠ ʩ ʤʝʥʴʰʠʤʠ ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʤʠ ʧʦʪʝʨʷ-
ʤʠ ʪʝʧʣʦʪʳ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʟɹʦʚʘʥʠʷ ʵʢʨʘʥʦʚ. 
ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʉʂɺ ʚ ʥʝʨʘʙʦʯʝʝ ʚʨʝʤʷ ʥʝ-
ʦʙʭʦʜʠʤʦ ʚ ʧʨʷʤʦʪʦʯʥʦʤ ʨʝʞʠʤʝ, ʝʩʣʠ ʚ ʧʦʤʝ-
ʱʝʥʠʠ ʥʝʠʟʙʝʞʥʳ ʚʳʜʝʣʝʥʠʷ ʪʦʢʩʠʯʥʳʭ ʧʘʨʦʚ ʠ 
ʛʘʟʦʚ 1 ʠ 2 ʢʘʪʝʛʦʨʠʡ ʦʧʘʩʥʦʩʪʠ, ʙʦʣʝʟʥʝʪʚʦʨ-
ʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʥʝʧʨʠʷʪʥʳʭ ʟʘʧʘʭʦʚ.   

ɽʩʣʠ ʚ çʜʝʞʫʨʥʦʤè ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʉʂɺ 
ʨʘʟʨʝʰʘʝʪʩʷ ʧʦʣʥʘʷ ʨʝʮʠʨʢʫʣʷʮʠʷ, ʪʦ ʚʦʟʜʫʭ 
ʙʫʜʝʪ ʪʦʣʴʢʦ ʥʘʛʨʝʚʘʪʴʩʷ ʚ ʧʦʜʦʛʨʝʚʘʪʝʣʝ 
(ʧʨʦʮʝʩʩ ɺʜʝʞ- ʆʜʝʞ) ʜʦ ʧʘʨʘʤʝʪʨʦʚ ʪʦʯʢʠ ʆʜʝʞ1 
ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʵʢʨʘʥʦʚ ʠ ʜʦ ʪʦʯʢʠ ʆʜʝʞ2 ʚ 
ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʵʢʨʘʥʦʚ, ʧʨʠʯʝʤ ʨʘʟʥʦʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨ t2 ʤʝʥʴʰʝ, ʯʝʤ t1 (ʙʝʟ ʵʢʨʘʥʦʚ). 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢʞʝ ʙʫʜʫʪ ʤʝʥʴʰʝ ʟʘʪʨʘʪʳ 
ʪʝʧʣʦʪʳ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʨʘʥʦʚ ʚ 
ʦʢʥʘʭ. 
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ʈʠʩ. 9. ʇʨʦʮʝʩʩ ʩʥʠʞʝʥʠʷ  ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ t ʧʨʠ 
çʜʝʞʫʨʥʦʤè ʨʝʞʠʤʝ ʦʪʦʧʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʢʦʥ-
ʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ ʛʦʜʘ (h ï ʵʥʪʘʣʴʧʠʷ 
ʚʦʟʜʫʭʘ) ʜʣʷ ʧʦʤʝʱʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʟʘʧʨʝʱʝʥʘ ʨʝʮʠʨʢʫ-
ʣʷʮʠʷ (ʩʣʫʯʘʡ ʥʝʜʦʩʪʘʪʢʘ ʪʝʧʣʦʪʳ) 
 

ʈʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ɼʄ ʥʘ ʕɺʄ. ʈʘʟʨʘ-
ʙʦʪʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʯʝ-
ʩʢʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ ʜʣʷ ʧʦʤʝʱʝʥʠʡ ʧʨʦʤʳʰ-
ʣʝʥʥʦʛʦ ʟʜʘʥʠʷ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠ-
ʝʤ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʦʢʦʥ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ 
ʕɺʄ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʳ, ʩʦʟʜʘʥʥʦʡ  
ɸ.ɺ. ɻʘʨʘʥʠʥʳʤ ʠ ɺ.ʂ. ʇʳʞʦʚʳʤ [14] ʚ ʩʨʝʜʝ 
ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ MS Visual Basic 6.0. ɺ ʜʘʥ-
ʥʫ ʁʧʨʦʛʨʘʤʤʫ ʙʳʣʠ ʚʥʝʩʝʥʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 
ʙʣʦʢʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʨʠʚʝʜʝʥʥʦʝ ʩʦʧʨʦʪʠʚ-
ʣʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʦʢʥʘ ʠ ʤʠʥʠʤʘʣʴʥʫʶ 
ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʧʨʠ çʜʝʞʫʨʥʦʤè ʨʝʞʠʤʝ 
ʦʪʦʧʣʝʥʠʷ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʦʪʨʘ-
ʞʘʶʠɦʭ ʵʢʨʘʥʦʚ. ɹʣʦʢ-ʩʭʝʤʘ ʤʦʜʝʣʠ ʜʠʥʘʤʠ-
ʯʝʩʢʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ ʜʣʷ ʉʂɺ ʩ ʟʘʜʘʥʥʦʡ 
ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʟʜʫʭʘ ʧʨʝʜʩʪʘʚ-
ʣʝʥʘ ʥʘ ʨʠʩ. 10. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝ-
ʜʝʣʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʳʭ ʵʥʝʨʛʦ-
ʩʙʝʨʝʛʘʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ: ʨʝʮʠʨʢʫʣʷʮʠʠ 
ʚʦʟʜʫʭʘ ʠʟ ʨʘʙʦʯʝʡ ʟʦʥʳ, ʫʩʪʘʥʦʚʢʠ ʧʣʘʩʪʠʥ-
ʯʘʪʦʛʦ ʨʝʢʫʧʝʨʘʪʦʨʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʦʪ-
ʨʘʞʘʶʱʠʭ ʵʢʨʘʥʦʚ ʚ ʦʢʥʘʭ, ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜ-
ʚʘʨʠʪʝʣʴʥʦʡ ʦʩʫʰʢʠ ʚʦʟʜʫʭʘ ʜʣʷ ʜʦʧʦʣʥʠ-
ʪʝʣʴʥʦʛʦ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʧʨʠ 
ʜʝʞʫʨʥʦʤ ʨʝʞʠʤʝ ʦʪʦʧʣʝʥʠʷ, ʠʟʤʝʥʝʥʠʷ ʪʦʣ-
ʱʠʥʳ ʠ ʪʠʧʘ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘ-
ʥʠʷ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʮʝʜʫʨʘ ʨʘʩʯʝʪʘ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚʥʫʪʨʠ ʦʛʨʘʞʜʘʶ-
ʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʨʠʩ. 10) ʩ ʫʯʝʪʦʤ ʪʝʧʣʦʧʨʦ-

ʚʦʜʥʦʩʪʠ , ʪʝʧʣʦʝʤʢʦʩʪʠ ʩʨ, ʧʣʦʪʥʦʩʪʠ  ʤʘ-
ʪʝʨʠʘʣʘ ʩʣʦʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʪʝʥ, ʧʦʢʨʳ-
ʪʠʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʠʥʝʨʮʠʦʥ-
ʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʟʜʘʥʠʷ. 
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ɿʘʜʘʥʠʝ ʠʟʤʝʥʝʥʠ̫ ʩʦʧʨʦʪʠʚʣʝʥʠ̫ ʦʢʥʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨr  ʚʦʟʜʫʭʘ ʚʦ ʚʨʝʤʝʥʠ 

ɹʣʦʢ ʦʧʨʝʜʝʣʝʥʠ̫ 

ʪʝʧʣʦʚrʭ ʧʦʪʦʢʦʚ

ʇʨʦʮʝʜʫʨʘ ʨʘʩʯʝʪʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠ̫ ʪʝʤʧʝʨʘʪʫʨ ʚʥʫʪʨʠ 

ʦʛʨʘʞʜʘʁ ʝɦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

(6-ʪʦʯʝʯʥʘ̫ ʩʭʝʤʘ ʩ ʚʝʩʦʚrʤ 
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ʈʠʩ. 10. ɹʣʦʢïʩʭʝʤʘ ʤʦʜʝʣʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ ʉʂɺ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʟʜʘʥʠʷ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 
ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʦʢʦʥ 

  

ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʧʨʠ ʨʝ-

ʛʫʣʠʨʫʝʤʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʪʝʧʣʦʧʝʨʝʜʘʯʝ 

ʦʢʦʥ ʧʨʠ ʠʟʤʝʥʷʶʱʝʡʩʷ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ-

ʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ ʛʦʜʘ ʚ 
ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ ʤʝʥʷʝʪʩʷ 
(ʨʠʩ. 11), ʧʨʠʯʝʤ ʚ ʪʝʤʥʦʝ ʚʨʝʤʷ ʦʥʘ ʧʨʠʥʠ-
ʤʘʝʪ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ɹr ʣ ʧʨʦʚʝʜʝʥ 
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ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʚʝʪ-
ʣʦʛʦ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ 
ʚʦʟʜʫʭʘ ʧʦ ʤʝʩʷʮʘʤ ʜʣʷ ʫʩʣʦʚʠʡ ʛ. ʄʦʩʢʚʳ 
(ʨʠʩ. 12). ʅʘʠʙʦʣʴʰʘʷ ʘʤʧʣʠʪʫʜʘ ʪʝʤʧʝʨʘʪʫʨ 
ʜʥʷ ʠ ʥʦʯʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʫʩʣʦʚʠʡ ʠʶʥʷ ʠ 
ʠʶʣʷ (10 

ʦ
ʉ). ʅʦ ʜʣʷ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʛʦʜʘ 

ʘʤʧʣʠʪʫʜʘ ʪʝʤʧʝʨʘʪʫʨ ʪʦʞʝ ʚʝʩʴʤʘ ʩʫʱʝʩʪ-
ʚʝʥʥʘ, ʧʨʠʯʝʤ ʚ ʟʠʤʥʠʝ ʤʝʩʷʮ r ʤ  r ʤʦʞʝʤ 
ʥʘʙʣʶʜʘʪʴ ʢʦʨʦʪʢʠʡ ʩʚʝʪʦʚʦʡ ʜʝʥʴ. ʊʘʢ, ʜʣʷ 
ʫʩʣʦʚʠʡ ʷʥʚʘʨʷ ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 
ʚʦʟʜʫʭʘ ʠʟʤʝʥʝ̫ʪʩʷ ʦʪ ï12 

ʦ
ʉ ʥʦʯʴʶ ʜʦ ï6 

ʦ
ʉ 

ʜʥʝʤ (ʘʤʧʣʠʪʫʜʘ ʚ 6 
ʦ
ʉ), ʘ ʧʨʦʜʦʣʞʠʪʝʣʴ-

ʥʦʩʪʴ ʩʚʝʪʣʦʛʦ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝ-
ʛʦ 7,2 ʯʘʩʘ. ʉʣʝʜʦʚʘʪʝʣʥɹʦ, ʚ ʪʝʤʥʦʝ ʚʨʝʤʷ, 
ʢʦʪʦʨʦʝ ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʫʪʦʢ ʚ ʟʠʤ-
ʥʠʡ ʧʝʨʠʦʜ, ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʯʝʨʝʟ ʦʢʥʘ ʙʦʣɹ-
ʰʝ, ʯʝʤ ʜʥʝʤ, ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦ-
ʦʪʨʘʞʘʶʱʠʭ ʵʢʨʘʥʦʚ ʚ ʦʢʥʘʭ ʚ ʪʝʤʥʦʝ ʚʨʝʤʷ 
ʩʫʪʦʢ ʝ ʝɦ ʙʦʣʴʰʝ ʩʥʠʞʘʝʪ ʩʫʪʦʯʥʳʝ ʪʨʘʥʩ-
ʤʠʩʩʠʦʥʥʳʝ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ 
ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʝ 
ʦʢʦʥ ʩ ʵʢʨʘʥʘʤʠ ʪʘʢʞʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝ-
ʥʠ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨ ʥʘʨʫʞʥʦʛʦ ʠ ʚʥʫʪ-
ʨʝʥʥʝʛʦ ʚʦʟʜʫʭʘ (ʩʤ. ʬʦʨʤʫʣʳ (5) ʠ(8)). 

 
ʈʠʩ. 11. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʟʠʤʥʠʭ ʩʫʪʦʢ   

 

 
ʈʠʩ. 12. ʀʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʫʪʦʢ ʜʣʷ ʛ. ʄʦʩʢʚʳ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ: 1, 2 ï ʪʝʤʧʝʨʘʪʫʨʘ 
ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʜʣʷ ʩʚʝʪʣʦʛʦ ʠ ʪʝʤʥʦʛʦ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 3, 4 ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʚʝʪʣʦʛʦ ʠ ʪʝʤʥʦʛʦ ʚʨʝ-
ʤʝʥʠ ʩʫʪʦʢ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

-15

-10

-5

0

5

10

15

20

25

�y�g�\ �� �n�_�\ �� �f�Z�j�l �Z�i�j�� �f�Z�c �b�x�g�v�b�x�e�v �Z�\ �]�� �k�_�g�l ���h�d�l �� �g�h�y�� � �̂_�d��

t �g���\��, 
0�K

0
2
4
6
8
10
12
14
16
18
20
22
24

�����q�Z�k

1 2 

3 

4 


