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DEVELOPMENT AN INFORMATION SYSTEM FOR DIFFERENTIATION A FEVER CAUSED BY 

INFECTIOUS DISEASES FROM A FAVOR OF UNCERTAIN GENESIS  

 

ɸʥʥʦʪʘʮʠʷ:  

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʦ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʣʠʭʦʨʘʜʢʠ ʥʝʷʩʥʦʛʦ ʛʝʥʝʟʘ ʦʪ ʣʠʭʦʨʘʜʢʠ, 

ʚʳʟʚʘʥʥʦʡ ʠʥʬʝʢʮʠʦʥʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʵʢʩʧʝʨʪʦʚ ʠʥʬʝʢʮʠʦ-

ʥʠʩʪʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʩʪʦʷʱʝʡ ʧʨʦʙʣʝʤʳ ʨʘʟʨʘʙʦʪʘʥʘ ʥʝʡʨʦʩʝʪʝʚʘʷ ʤʦʜʝʣʴ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʮʝʧʪʨʦʥʘ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʫʧʘʶʱʠʭ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ 

ʪʘʢʞʝ, ʩʦʟʜʘʥ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʦʙʫʯʝʥʥʦʡ ʤʦʜʝʣʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʦʟʚʦʣʷʝʪ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʦʚʘʪʴ ʩ ʩʠʩʪʝʤʦʡ ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʤʬʦʨʪʥʳʤ ʩʧʦʩʦʙʦʤ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʬʨʘʛʤʝʥʪʳ ʢʦʜʘ ʚʝʙ-ʠʥʪʝʨ-

ʬʝʡʩʘ, ʘ ʪʘʢʞʝ ʩʩʳʣʢʠ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ. 

Abstract:  

The article provides a solution to the problem of differentiating fever of unknown origin from fever caused 

by infectious diseases. This task is relevant for infectious disease experts. To solve this problem, a neural network 

model of a multilayer perceptron was developed, which allows classifying diseases depending on incoming input 

parameters, and a web interface for a trained model has been created. The developed interface allows you to 

interact with the system in the most comfortable way. The web-interface code fragments are presented, as well as 

links to the developed information system. 
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ʶʱʝʡ ʪʝʥʜʝʥʮʠʠ ʟʘʜʘʯʠ ʠʥʬʝʢʮʠʦʥʥʳʭ ʧʘʪʦʣʦʛʠʡ 

ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳ. 

ʀʥʬʝʢʮʠʦʥʥʳʝ ʙʦʣʝʟʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʝʨʴʸʟʥʫʶ ʧʨʦʙʣʝʤʫ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʯʝʣʦʚʝʯʝ-

ʩʪʚʘ, ʚʝʜʴ ʠʤʝʥʥʦ ʜʘʥʥʳʝ ʧʘʪʦʣʦʛʠʠ ʩʦʩʪʘʚʣʷʶʪ 

ʪʨʝʪʴ ʩʤʝʨʪʝʡ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʚ ʤʠʨʝ. ʏʘʱʝ ʚʩʝʛʦ 

ʜʘʥʥʳʝ ʧʘʪʦʣʦʛʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʜʝʪʩʢʦʡ ʚʦʟ-

ʨʘʩʪʥʦʡ ʛʨʫʧʧʝ ʜʦ 6 ʣʝʪ.  

ʇʦʢʘʟʘʪʝʣʴ ʩʤʝʨʪʥʦʩʪʠ ʠʟ-ʟʘ ʠʥʬʝʢʮʠʦʥʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʩʪʦʠʪ ʥʘ ʚʪʦʨʦʤ ʤʝ-

ʩʪʝ ʚ ʩʪʨʫʢʪʫʨʝ ʦʙʱʝʡ ʩʤʝʨʪʥʦʩʪʠ. 

ʀʥʬʝʢʮʠʦʥʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ 

ʀʥʬʝʢʮʠʦʥʥʳʝ ʙʦʣʝʟʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʛʨʫʧʧʫ ʟʘʙʦʣʝʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪʩʷ ʠʟ-ʟʘ ʧʦ-

ʧʘʜʘʥʠʷ ʚ ʦʨʛʘʥʠʟʤ ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʄʠʢʨʦʦʨʛʘʥʠʟʤ, ʢʦʪʦʨʳʡ ʧʦʧʘʜʸʪ ʚ ʦʨʛʘʥʠʟʤ, ʤʦ-

ʞʝʪ ʚʳʟʳʚʘʪʴ ʠʥʬʝʢʮʠʦʥʥʳʝ ʙʦʣʝʟʥʠ, ʢʦʛʜʘ ʦʥ 

ʩʧʦʩʦʙʝʥ ʬʦʨʩʠʨʦʚʘʪʴ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʩʨʝʜʳ ʚ 

ʢʦʪʦʨʦʡ ʦʢʘʟʘʣʩʷ ʠ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʦʢʨʫʞʝʥʠʝ 

ʪʦʢʩʠʯʥʦ. ʕʪʫ ʩʧʦʩʦʙʥʦʩʪʴ ʚʨʘʯʠ ʠʥʬʝʢʮʠʦʥʠʩʪʳ 

ʥʘʟʳʚʘʶʪ ʚʠʨʫʣʝʥʪʥʦʩʪʴʶ. ʆʧʨʝʜʝʣʸʥʥʳʝ ʠʥʬʝʢ-

ʮʠʦʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʩʧʦʩʦʙʥʳ ʠʩʧʫʩʢʘʪʴ ʵʥ-

ʜʦʪʦʢʩʠʥʳ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʩʘʤʦʨʘʟʨʫʰʝʥʠʷ. 

ɼʨʫʛʠʝ ʧʘʪʦʛʝʥʥʳʝ ʚʦʟʙʫʜʠʪʝʣʠ ʩʧʦʩʦʙʥʳ ʚʳʜʝ-

ʣʷʪʴ ʵʢʟʦʪʦʢʩʠʥʳ ʚ ʧʨʦʮʝʩʩʝ ʩʚʦʝʡ ʞʠʟʥʝʜʝʷʪʝʣʴ-

ʥʦʩʪʠ. 
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ɿʘʙʦʣʝʚʘʥʠʷ ʥʝʷʩʥʦʛʦ ʛʝʥʝʟʘ 

ʃʠʭʦʨʘʜʢʘ ʥʝʷʩʥʦʛʦ ʛʝʥʝʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ, ʚʦʟʥʠʢʘʶʱʫʶ ʚ ʭʦʜʝ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ 

ʧʘʪʦʣʦʛʠʶ, ʢʦʛʜʘ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ ʨʘʟʥʳʭ ʟʘʙʦ-

ʣʝʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʣʘ. 

ɼʠʘʛʥʦʟ ʧʨʠ ʵʪʦʤ ʦʩʪʘʝʪʩʷ ʥʝʠʟʚʝʩʪʥʳʤ ʜʘʞʝ ʧʦʩʣʝ 

ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɿʘʙʦʣʝʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ 

ʥʝʜʫʛʘ, ʚʝʩʴʤʘ ʨʘʟʣʠʯʥʳ. ʆʥʠ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʚ 

ʩʝʙʷ ʠʥʬʝʢʮʠʦʥʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ 

ʦʧʫʭʦʣʠ ʠ ʜʨʫʛʠʝ ʧʘʪʦʣʦʛʠʠ. ʋ ʥʝʢʦʪʦʨʳʭ ʧʘʮʠʝʥ-

ʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʣʠʭʦʨʘʜʢʦʡ ʥʝʷʩʥʦʛʦ ʛʝʥʝʟʘ, ʧʨʠ-

ʯʠʥʘ ʪʘʢ ʠ ʦʩʪʘʝʪʩʷ ʥʝʦʧʦʟʥʘʥʥʦʡ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɺ ʩʚʷʟʠ ʩ ʪʨʫʜʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʯʠʥ ʣʠ-

ʭʦʨʘʜʢʠ ʥʝʷʩʥʦʛʦ ʛʝʥʝʟʘ, ʜʘʞʝ ʧʦʩʣʝ ʨʷʜʘ ʦʙʩʣʝʜʦ-

ʚʘʥʠʡ ʧʘʮʠʝʥʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ 

ʣʠʭʦʨʘʜʢʫ, ʚʳʟʚʘʥʥʫʶ ʠʥʬʝʢʮʠʦʥʥʳʤʠ ʟʘʙʦʣʝʚʘ-

ʥʠʷʤʠ ʦʪ ʣʠʭʦʨʘʜʢʠ ʥʝʷʩʥʦʛʦ ʛʝʥʝʟʘ, ʢʦʪʦʨʘʷ ʦʙʫ-

ʩʣʦʚʣʝʥʘ ʜʨʫʛʦʡ ʧʘʪʦʣʦʛʠʝʡ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠ-

ʩʪʝʤʘ ʜʦʣʞʥʘ ʜʘʚʘʪʴ ʦʪʚʝʪ, ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦ-

ʰʝʥʠʠ, ʥʘ ʚʦʧʨʦʩ ʦ ʥʘʣʠʯʠʠ ʫ ʦʙʩʣʝʜʫʝʤʦʛʦ 

ʧʘʮʠʝʥʪʘ ʣʠʭʦʨʘʜʢʠ, ʚʳʟʚʘʥʥʦʡ ʠʥʬʝʢʮʠʦʥʥʳʤ ʟʘ-

ʙʦʣʝʚʘʥʠʝʤ, ʠʣʠ ʣʠʭʦʨʘʜʢʠ ʥʝʷʩʥʦʛʦ ʛʝʥʝʟʘ. ʊʘʢʞʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʫʜʦʙ-

ʥʳʤ ʠ ʧʦʥʷʪʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ. 

ʎʝʣʴ ʨʘʙʦʪʳ 

ʎʝʣʴʶ ʪʝʢʫʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʮʝʧʪʨʦʥʘ 

ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʠʧʘ ʣʠʭʦʨʘʜʢʠ ʫ ʧʘʮʠʝʥʪʘ ʧʦ 

ʨʷʜʫ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʆʧʠʩʘʥʥʳʡ ʚʳʰʝ ʚʠʜ 

ʥʝʡʨʦʩʝʪʝʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ 

ʜʣʷ ʘʥʘʣʠʟʘ, ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʧʨʦʩʪʳʭ ʪʠʧʦʚ ʜʘʥʥʳʭ. ɹʫʜʝʪ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʙʦ-

ʪʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʧʘʮʠʝʥʪʘʭ, ʧʨʠʚʝʩʪʠ ʠʭ 

ʢ ʦʜʥʦʡ ʨʘʥʛʦʚʦʡ ʰʢʘʣʝ. ʊʘʢʞʝ ʧʦʪʨʝʙʫʝʪʩʷ, ʚʝʨʥʦ, 

ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʜʣʷ ʤʦ-

ʜʝʣʠ, ʯʪʦʙʳ ʦʥʘ ʦʙʣʘʜʘʣʘ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʠ 

ʚʝʨʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʣʘ ʚʭʦʜʷʱʠʝ ʜʘʥʥʳʝ. ʇʦ-

ʤʠʤʦ ʵʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʛʦʪʦʚʦʡ ʠ ʦʙʫʯʝʥʥʦʡ ʤʦ-

ʜʝʣʠ ʧʝʨʮʝʧʪʨʦʥʘ ʧʨʠʜʘʪʴ ʧʦʥʷʪʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ-

ʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʙʫʜʝʪ ʧʨʦʠʩʭʦ-

ʜʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

Python ʚʝʨʩʠʠ 3.6.6. ɹʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʘʢʠʝ ʙʠʙ-

ʣʠʦʪʝʢʠ ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʢʘʢ Keras, ʘ ʚ ʢʘ-

ʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʥʘʠʙʦʣʝʝ ʛʣʘʚʥʳʭ ʦʧʝʨʘʮʠʡ ʙʫ-

ʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʙʠʙʣʠʦʪʝʢʘ ʦʪ Google ʧʦʜ 

ʥʘʟʚʘʥʠʝʤ TensorFlow. ɺʝʙ-ʠʥʪʝʨʬʝʡʩ ʙʫʜʝʪ ʨʘʟʨʘ-

ʙʦʪʘʥ ʥʘ ʬʨʝʡʤʚʦʨʢʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ 

Flask. 

ʈʘʟʨʘʙʦʪʢʘ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ 
ʉʝʛʦʜʥʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʨʭʠʪʝʢʪʫʨ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʚʳ-

ʧʦʣʥʷʪʴ ʨʘʟʥʳʝ ʟʘʜʘʯʠ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʦ-

ʦʙʨʘʟʥʳʝ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʝʡ, ʥʘʧʨʠʤʝʨ, 

ʩ ʫʯʠʪʝʣʝʤ ʠ ʙʝʟ. ɺ ʦʙʫʯʝʥʠʠ ʩ ʫʯʠʪʝʣʝʤ ʤʥʦʞʝʩʪʚʦ 

ʜʘʥʥʳʭ, ʥʘʜ ʢʦʪʦʨʳʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʙʦʪʘ ʤʦʜʝʣʠ, 

ʟʘʨʘʥʝʝ ʩʦʜʝʨʞʠʪ ʦʪʚʝʪ, ʢʦʪʦʨʳʡ ʜʦʣʞʥʘ ʚʳʜʘʚʘʪʴ 

ʩʠʩʪʝʤʘ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ, ʥʦ 

ʫʞʝ ʥʘ ʥʦʚʳʭ ʜʘʥʥʳʭ. ʇʨʠ ʦʙʫʯʝʥʠʠ ʙʝʟ ʫʯʠʪʝʣʷ 

ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʧʨʠʡʪʠ ʢ ʙʘʣʘʥʩʫ ʤʥʦʛʦʢʨʘʪʥʳʤ 

ʧʦʚʪʦʨʝʥʠʝʤ, ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ ʦʜʥʦʟʥʘʯʥʦʤʫ ʚʳʷʚ-

ʣʝʥʠʶ ʩ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʝʡ ʨʘʟʣʠʯʥʳʭ ʟʘʚʠʩʠʤʦ-

ʩʪʝʡ. ɼʣʷ ʪʝʢʫʱʝʡ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʜʠʬʬʝʨʝʥ-

ʮʠʨʦʚʘʥʠʝʤ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ, ʦʧʪʠʤʘʣʴʥʦ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʤʥʦʛʦʣʦʩʣʦʡʥʦʛʦ ʧʝʨ-

ʮʝʧʪʨʦʥʘ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʬʨʝʡʤʚʦʨʢ Keras, ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ 

ʬʨʝʡʤʚʦʨʢ ʜʣʷ TensorFlow. ʌʨʝʡʤʚʦʨʢ Keras ʩʦ-

ʜʝʨʞʠʪ ʚ ʩʝʙʝ ʤʥʦʞʝʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʦʯʝʥʴ 

ʫʜʦʙʥʦ ʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʫʶ ʤʦʜʝʣʴ. 

ɹʣʘʛʦʜʘʨʷ ʘʙʩʪʨʘʢʮʠʠ, ʢʦʪʦʨʫʶ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʬʨʝʡʤʚʦʨʢ ʨʘʟʨʘʙʦʪʢʘ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʙʫʜʝʪ 

ʧʨʦʭʦʜʠʪʴ ʙʝʟʙʦʣʝʟʥʝʥʥʦ.  

ʇʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 
ɺ ʤʝʩʪʥʦʡ ʙʦʣʴʥʠʮʝ ʙʳʣʠ ʩʦʙʨʘʥʳ ʠ ʦʙʨʘʙʦ-

ʪʘʥʳ ʜʘʥʥʳʝ ʦ ʧʘʮʠʝʥʪʘʭ, ʩʪʨʘʜʘʶʱʠʭ ʣʠʭʦʨʘʜʢʦʡ. 

ʋ ʦʜʥʦʡ ʛʨʫʧʧʳ ʧʘʮʠʝʥʪʦʚ ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ 

ʧʨʠʯʠʥʫ ʧʘʪʦʣʦʛʠʠ. ɺʦʟʙʫʜʠʪʝʣʝʤ ʦʢʘʟʘʣʠʩʴ ʠʥ-

ʬʝʢʮʠʦʥʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ. ʋ ʜʨʫʛʦʡ ʛʨʫʧʧʳ ʧʘʮʠʝʥ-

ʪʦʚ ʧʦʩʣʝ ʨʷʜʘ ʦʙʩʣʝʜʦʚʘʥʠʡ ʥʝ ʫʜʘʣʦʩʴ ʚʳʷʚʠʪʴ 

ʧʨʠʯʠʥʫ ʧʘʪʦʣʦʛʠʠ. ʕʪʦ ʛʨʫʧʧʘ ʧʘʮʠʝʥʪʦʚ ʦʪʥʦ-

ʩʠʪʩʷ ʢ ʙʦʣʴʥʳʤ, ʩʪʨʘʜʘʶʱʠʤ ʣʠʭʦʨʘʜʢʦʡ ʥʝʷʩ-

ʥʦʛʦ ʛʝʥʝʟʘ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ ʜʘʥʥʳʤʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʜʦʩʪʘʪʦʯʥʦ 

ʪʦʯʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʪʠʧʳ ʣʠʭʦʨʘʜʦʢ: 

¶ ɺʦʟʨʘʩʪ ʠ ʧʦʣ ʧʘʮʠʝʥʪʘ; 

¶ ʇʦʣ ʧʘʮʠʝʥʪʘ; 

¶ ʊʝʤʧʝʨʘʪʫʨʘ ʪʝʣʘ ʧʘʮʠʝʥʪʘ; 

¶ ʅʘʣʠʯʠʝ ʠʥʩʫʣʴʪʘ ʚ ʘʥʘʤʥʝʟʝ; 

¶ ʅʘʣʠʯʠʝ ʩʠʥʜʨʦʤʘ ʭʨʦʥʠʯʝʩʢʦʡ ʫʩʪʘʣʦʩʪʠ; 

¶ ʄʘʩʩʘ ʪʝʣʘ ʠ ʨʦʩʪ ʧʘʮʠʝʥʪʘ; 

¶ ʅʘʣʠʯʠʝ ʛʠʧʦʪʘʣʘʤʠʯʝʩʢʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦ-
ʩʪʠ; 

¶ ʅʘʣʠʯʠʝ ʥʘʨʫʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʠ-
ʨʦʛʝʥʥʳʭ ʨʝʮʝʧʪʦʨʦʚ; 

¶ ʂʦʣʠʯʝʩʪʚʦ ʪʨʦʤʙʦʮʠʪʦʚ; 

¶ ɿʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʩʝʜʘʥʠʷ ʵʨʠʪʨʦʮʠʪʦʚ; 

¶ ʂʦʣʠʯʝʩʪʚʦ ʥʝʡʪʨʦʬʠʣʦʚ; 

¶ ʂʦʣʠʯʝʩʪʚʦ ʣʠʤʬʦʮʠʪʦʚ; 

¶ ɿʥʘʯʝʥʠʝ ʛʝʤʦʛʣʦʙʠʥʘ; 

¶ ʇʦʢʘʟʘʪʝʣʴ ʱʝʣʦʯʥʦʡ ʬʦʩʬʦʪʘʟʳ; 

¶ ʋʨʦʚʝʥʴ ʢʨʝʘʪʠʥʠʥʘ. 

ʂʦʣʠʯʝʩʪʚʦ ʟʘʧʠʩʝʡ ʦ ʧʘʮʠʝʥʪʘʭ, ʢʦʪʦʨʳʝ ʫʜʘ-

ʣʦʩʴ ʢʦʨʨʝʢʪʥʦ ʦʙʨʘʙʦʪʘʪʴ, ʨʘʚʥʷʝʪʩʷ 1000. ʕʪʦʛʦ 

ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʦʙʫʯʠʪʴ ʤʦʜʝʣʴ, ʩ ʜʦʩʪʘ-

ʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʠ-

ʯʠʥʳ ʣʠʭʦʨʘʜʦʢ. ʌʦʨʤʘʪ ʚ ʢʦʪʦʨʦʤ ʭʨʘʥʷʪʩʷ ʧʦʣʫ-

ʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʧʘʮʠʝʥʪʘʭ ï csv ʬʘʡʣ. ɺʩʝ ʟʘʧʠʩʠ 

ʩʦʜʝʨʞʘʪ ʤʝʪʢʫ ʢʣʘʩʩʘ, ʪʦ ʝʩʪʴ ʦʙʫʯʝʥʠʝ ʤʦʜʝʣʠ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʫʯʠʪʝʣʝʤ, ʦʪʚʝʪʳ ʙʫʜʫʪ ʦʧʪʠʤʠʟʠʨʦ-

ʚʘʪʴ ʚʝʩʘ ʥʝʡʨʦʩʝʪʠ. 

ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦ-

ʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʜʝʣʠʪʴ ʠʤʝʶʱʠʡʩʷ ʥʘʙʦʨ ʜʘʥ-

ʥʳʭ ʥʘ 3 ʚʳʙʦʨʢʠ ʧʦ ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ 

ʜʘʣʴʥʝʡʰʝʝ ʦʙʫʯʝʥʠʝ ʠ ʧʨʦʚʝʨʢʘ. ɹʳʣ ʥʘʧʠʩʘʥ 

ʩʢʨʠʧʪ, ʢʦʪʦʨʳʡ ʨʘʟʤʝʱʘʝʪ ʚ ʩʣʫʯʘʡʥʦʤ ʧʦʨʷʜʢʝ 

ʟʘʧʠʩʠ ʦ ʧʘʮʠʝʥʪʘʭ ʧʦ 3 ʬʘʡʣʘʤ: ʬʘʡʣ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʤʦʜʝʣʠ, ʬʘʡʣ ʜʣʷ ʚʘʣʠʜʘʮʠʠ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʬʘʡʣ 

ʧʨʦʚʝʨʢʠ ʤʦʜʝʣʠ ʥʘ ʷʚʣʝʥʠʝ ʧʝʨʝʦʙʫʯʝʥʠʷ. ʇʦʩʣʝ 

ʠʩʧʦʣʥʝʥʠʷ ʩʢʨʠʧʪʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʧʠʩʝʡ ʧʦ 

ʬʘʡʣʘʤ ʚ ʬʘʡʣʝ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʦʢʘʟʘʣʦʩʴ 772 
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ʟʘʧʠʩʠ, ʚ ʚʘʣʠʜʘʮʠʦʥʥʦʤ ʬʘʡʣʝ ʥʘʭʦʜʠʪʩʷ 126 ʟʘ-

ʧʠʩʝʡ ʦ ʧʘʮʠʝʥʪʘʭ, ʠ ʚ ʬʘʡʣʝ ʜʣʷ ʧʨʦʚʝʨʢʠ 102 

ʩʪʨʦʢʠ ʩʦ ʩʚʝʜʝʥʠʷʤʠ ʦ ʟʘʙʦʣʝʚʘʥʠʷʭ ʧʘʮʠʝʥʪʦʚ. 

ʆʙʫʯʝʥʠʝ ʤʦʜʝʣʠ 

ʇʦʩʣʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʧʠʩʝʡ ʥʝʦʙʭʦʜʠʤʦ ʟʘ-

ʥʷʪʴʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʤʦʜʝʣʠ. ʇʝʨʚʳʤ ʜʝʣʦʤ ʩʣʝʜʫʝʪ 

ʚʝʨʥʦ ʜʦʙʘʚʠʪʴ ʩʣʦʠ ʠ ʘʢʪʠʚʘʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ. 

ɹʣʘʛʦʜʘʨʷ ʬʨʝʡʤʚʦʨʢʫ Keras ʩʜʝʣʘʪʴ ʵʪʦ ʦʯʝʥʴ ʧʨʦ-

ʩʪʦ. ɹʳʣʦ ʜʦʙʘʚʣʝʥʦ 2 ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʣʦʷ. ʇʝʨ-

ʮʝʧʪʨʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʞʘʶʱʫʶʩʷ ʤʦʜʝʣʴ 

ʦʪ ʚʭʦʜʥʦʛʦ ʩʣʦʷ ʩ ʦʧʠʩʘʥʥʳʤʠ ʚʳʰʝ ʧʘʨʘʤʝʪʨʘʤʠ 

ʜʦ 1 ʥʝʡʨʦʥʘ, ʩ ʧʨʝʜʩʢʘʟʘʥʠʝʤ ʧʦ ʧʦʚʦʜʫ ʪʠʧʘ ʣʠ-

ʭʦʨʘʜʢʠ, ʥʘ ʚʳʭʦʜʥʦʤ ʩʣʦʝ. ʆʙʫʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ 

ʤʠʥʠʙʘʪʯʘʤʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʙʫʯʘʶʱʝʝ ʤʥʦʞʝ-

ʩʪʚʦ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʥʝʙʦʣʴʰʠʝ ʢʦʨʪʝʞʠ ʧʦ 20 

ʩʪʨʦʢ, ʘ ʦʙʱʠʝ ʜʣʷ ʚʩʝʡ ʤʦʜʝʣʠ ʚʝʩʘ ʢʦʨʨʝʢʪʠʨʫ-

ʶʪʩʷ ʚ ʢʦʥʮʝ ʠʪʝʨʘʮʠʠ. ɺʩʝʛʦ ʪʘʢʠʭ ʠʪʝʨʘʮʠʡ ʦʙʫ-

ʯʝʥʠʷ 400.  

ʆʙʫʯʝʥʠʝ ʤʦʜʝʣʠ ʥʘ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ ʩ ʧʨʦ-

ʮʝʩʩʦʨʦʤ Intel Core i7-6700HQ, 16 GB RAM, ʚʠʜʝʦ-

ʘʜʘʧʪʝʨʦʤ NVIDIA  GeForce GTX 960M ʟʘʥʷʣʦ 15 

ʤʠʥʫʪ. ʇʦʩʣʝ ʵʪʦʛʦ ʤʦʜʝʣʴ ʙʳʣʘ ʩʦʭʨʘʥʝʥʘ ʚ ʬʦʨ-

ʤʘʪʝ h5 ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʅʘ ʦʙʫʯʘ-

ʶʱʝʤ ʤʥʦʞʝʩʪʚʝ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʪʦʯʥʦʩʪʴ 97%. 

ʅʘ ʪʝʩʪʦʚʦʤ ʤʥʦʞʝʩʪʚʝ ʪʦʯʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 92%. 

ʆʯʝʥʴ ʭʦʨʦʰʠʡ ʨʝʟʫʣʴʪʘʪ! ʊʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʩʦ-

ʟʜʘʪʴ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʯʪʦʙʳ ʤʦ-

ʜʝʣʴ ʙʳʣʦ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ.  

ʈʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘ 

ɼʣʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦ-

ʟʜʘʪʴ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ ʚ ʚʠʜʫ ʝʛʦ ʯʨʝʟʤʝʨʥʦʛʦ ʫʜʦʙ-

ʩʪʚʘ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʀʥʪʝʨʬʝʡʩ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʩʣʝʜʫʶʱʠʤ ʤʠ-

ʥʠʤʘʣʴʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ: ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʩʪʠ 

ʜʘʥʥʳʝ ʦ ʧʘʮʠʝʥʪʝ (ʧʦʩʣʝ ʦʙʩʣʝʜʦʚʘʥʠʷ), ʧʦʣʫʯʠʪʴ 

ʨʝʟʫʣʴʪʘʪ ʩ ʧʨʦʮʝʥʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʦ ʪʠʧʝ ʣʠ-

ʭʦʨʘʜʢʠ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣ ʚʳʙʨʘʥ ʬʨʝʡʤʚʦʨʢ Flask. 

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, 

ʥʘʧʨʠʤʝʨ, ʫʜʦʙʥʝʡʰʠʡ ʰʘʙʣʦʥʠʟʘʪʦʨ Jinja 2, ʘ 

ʪʘʢʞʝ ʟʘʤʝʯʘʪʝʣʴʥʳʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ Werkzeug. 

ɺʩʝ ʵʪʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦʟʚʦʣʷʪ ʙʳʩʪʨʦ ʠ ʢʘʯʝ-

ʩʪʚʝʥʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ.  

ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʬʫʥʢʮʠʶ, ʢʦʪʦʨʘʷ 

ʙʫʜʝʪ ʧʨʠʥʠʤʘʪʴ, ʧʦʩʪʫʧʠʚʰʠʝ ʜʘʥʥʳʝ ʦʪ ʚʝʙ-

ʬʦʨʤʳ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʨʝʟʫʣʴʪʘʪ ʩ ʧʦʤʦʱʴʶ 

ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ. ʇʦʪʨʝʙʫʝʪʩʷ ʚʳʜʝʣʠʪʴ ʦʪ-

ʜʝʣʴʥʳʡ ʧʦʪʦʢ ʜʣʷ ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ, ʪʘʢ ʢʘʢ ʜʝʡ-

ʩʪʚʠʝ ʧʦ ʦʙʨʘʙʦʪʢʝ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʦʤʦʛʨʘʤʤʳ 

ʜʦʣʞʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʩ HTTP-

ʟʘʧʨʦʩʦʤ. ʅʘ ʃʠʩʪʠʥʛʝ 1 ʧʦʢʘʟʘʥʘ ʪʘʢʘʷ ʬʫʥʢʮʠʷ: 

 
ʃʠʩʪʠʥʛ 1.  

ʌʫʥʢʮʠʷ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʦʙʨʘʙʦʪʢʫ ʚʝʙ-ʬʦʨʤʳ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʧʨʠʯʠʥ ʣʠʭʦʨʘʜʦʢ 
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ʇʦʩʣʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚʝʩʴ ʠʩʭʦʜʥʳʡ 

ʢʦʜ ʙʳʣ ʟʘʛʨʫʞʝʥ ʥʘ ʦʙʣʘʯʥʳʡ ʭʦʩʪʠʥʛ Heroku. ʅʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʠʩʪʝʤʘ ʜʦʩʪʫʧʥʘ ʧʦ ʘʜʨʝʩʫ: 

https://infection-classifier.herokuapp.com/ 

ʅʘ ʈʠʩʫʥʢʝ 1, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʠʞʝ, 

ʠʟʦʙʨʘʞʸʥ ʠʥʪʝʨʬʝʡʩ ʛʦʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠ-

ʩʪʝʤʳ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʥʘ ʭʦʩʪʠʥʛʝ Heroku: 

 
ʈʠʩʫʥʦʢ 1. ɺʝʙ-ʠʥʪʝʨʬʝʡʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ  

ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠʯʠʥ ʣʠʭʦʨʘʜʦʢ  

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʝʡʨʦʩʝʪʝʚʘʷ 

ʤʦʜʝʣʴ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʮʝʧʪʨʦʥʘ, ʚʳʧʦʣʥʷʶʱʘʷ 

ʬʫʥʢʮʠʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʣʠʭʦʨʘʜʢʠ, ʚʳʟʚʘʥ-

ʥʦʡ ʠʥʬʝʢʮʠʦʥʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʦʪ ʣʠʭʦʨʘʜʢʠ 

ʥʝʷʩʥʦʛʦ ʛʝʥʝʟʘ. ʂ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣ ʩʦ-

ʟʜʘʥ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʚʨʘʯʘʤʠ ʠʥʬʝʢʮʠʦʥʠʩʪʘʤʠ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʝʡ ʠ ʪʨʫʜʥʦʩʪʝʡ ʧʨʠ ʜʠʘʛʥʦʩʪʠʨʦ-

ʚʘʥʠʠ ʧʨʠʯʠʥ ʣʠʭʦʨʘʜʢʠ. 
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ANALYSIS OF TRANSFORMER OIL BASED ON ITS PHYSICAL AND CHEMICAL PROPERTIES  

 

Abstract:  

Based on the physicochemical properties of transformer oil, analytical tests were conducted to establish its 

quality. The main periods of ñagingò of transformer oil and methods for its regeneration are also noted. 

ɸʥʥʦʪʘʮʠʷ:  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʤʘʩʣʘ ʧʨʦʚʝʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩ-

ʧʳʪʘʥʠʷ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʝʛʦ ʢʘʯʝʩʪʚʘ. ʊʘʢʞʝ ʦʪʤʝʯʝʥʳ ʦʩʥʦʚʥʳʝ ʧʝʨʠʦʜʳ çʩʪʘʨʝʥʠʷè ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʥʦʛʦ ʤʘʩʣʘ ʠ ʤʝʪʦʜʳ ʝʛʦ ʨʝʛʝʥʝʨʘʮʠʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʣʦʚʦʡ ʤʘʩʣʷʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʝ ʤʘʩʣʦ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʠʩʧʳʪʘʥʠʷ, çʩʪʘʨʝʥʠʝè, ʨʝʛʝʥʝʨʘʮʠʷ. 

Key words: power oil transformer, transformer oil, physical and chemical tests, "aging", regeneration. 

 

ʊʨʘʥʩʬʦʨʤʘʪʦʨʥʦʝ ʤʘʩʣʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʯʠʱʝʥʥʫʶ ʬʨʘʢʮʠʶ ʥʝʬʪʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʨʪʘ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʩʚʦʡʩʪʚʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨ-

ʥʳʭ ʤʘʩʝʣ ʧʦʣʫʯʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ. ʄʘʩʣʦ ʦʪʣʠʯʘ-

ʝʪʩʷ ʩʣʦʞʥʳʤ ʫʛʣʝʚʦʜʦʨʦʜʥʳʤ ʩʦʩʪʘʚʦʤ, ʛʜʝ ʩʨʝʜ-

ʥʠʡ ʚʝʩ ʤʦʣʝʢʫʣ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 220 ʜʦ 340 ʘ.ʝ.ʤ. 

 ʊʨʘʥʩʬʦʨʤʘʪʦʨʥʦʝ ʤʘʩʣʦ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ 

ʠʟʦʣʷʮʠʠ ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ ʯʘʩʪʝʡ ʠ 

ʫʟʣʦʚ ʩʠʣʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʦʪʚʦʜʘ ʪʝʧʣʘ ʦʪ 

ʥʘʛʨʝʚʘʶʱʠʭʩʷ ʧʨʠ ʨʘʙʦʪʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʯʘʩʪʝʡ, 

ʘ ʪʘʢʞʝ ʧʨʝʜʦʭʨʘʥʝʥʠʷ ʠʟʦʣʷʮʠʠ ʦʪ ʫʚʣʘʞʥʝʥʠʷ. 

ʊʨʘʥʩʬʦʨʤʘʪʦʨʥʳʝ ʤʘʩʣʘ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʠ ʜʫ-

ʛʦʛʘʩʷʱʝʡ ʩʨʝʜʳ.[1]  

ʉʦʩʪʦʷʥʠʶ ʤʘʩʣʘ ʫʜʝʣʷʝʪʩʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ, 

ʪʘʢ ʢʘʢ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪ-

ʥʳʭ ʧʦʣʝʡ ʧʨʦʠʩʭʦʜʠʪ çʩʪʘʨʝʥʠʝè, ʚʢʣʶʯʘʶʱʝʝ 

ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʩʦʩʪʘʚʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ, ʘʛʨʝʛʘʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ. ʏʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʦʧʘʩʥʦʩʪʴ ʢʘʢ ʜʣʷ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʧʦʜ-

ʩʪʘʥʮʠʠ, ʪʘʢ ʠ ʜʣʷ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. 

ʉʪʘʨʝʥʠʝ ʤʘʩʣʘ ʧʨʦʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦ, ʧʨʠ 

ʵʪʦʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 4 ʦʩʥʦʚʥʳʭ ʧʝʨʠʦʜʘ ʩʪʘʨʝ-

ʥʠʷ: 

1) ʀʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʠʦʜ. ʇʨʦʭʦʜʠʪ ʥʘ ʩʚʝʞʠʭ 

ʤʘʩʣʘʭ ʧʨʠ ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʦʠʩʭʦʜʷ-

ʱʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʤʘʩʣʝ ʥʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʦʙʳʯ-

ʥʳʤʠ ʤʝʪʦʜʘʤʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

2) ʇʝʨʠʦʜ ʩʘʤʦʫʩʢʦʨʝʥʠʷ ʨʝʘʢʮʠʠ. ɺʳʟʳʚʘ-

ʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʧʘʜʦʤ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʛʠʜʨʦ-

ʧʝʨʝʢʠʩʝʡ ʥʘ ʨʘʜʠʢʘʣʳ. 

3) ʇʝʨʠʦʜ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʫʩʪʦʡʯʠʚʳʭ ʧʨʦʜʫʢ-

ʪʦʚ ʦʢʠʩʣʝʥʠʷ: ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʠʩʣʦʪ, ʚʦʜʳ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʝʨʝʢʠʩʝʡ. ʇʨʦʮʝʩʩ 

ʠʜʝʪ ʥʝʧʨʝʨʳʚʥʦ ʩ ʥʘʨʘʩʪʘʥʠʝʤ ʠ ʫʩʠʣʝʥʠʝʤ. ɺʩʝ 

ʩʚʦʡʩʪʚʘ ʤʘʩʣʘ ʫʭʫʜʰʘʶʪʩʷ. 

4) ʇʝʨʠʦʜ ʩʘʤʦʪʦʨʤʦʞʝʥʠʷ. ʇʨʦʪʝʢʘʝʪ ʚ ʟʘ-

ʢʣʶʯʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʦʢʠʩʣʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʨʦ-

ʜʫʢʪʦʚ ʬʝʥʦʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʦʢʠʩʣʝʥʠʠ ʩʤʦʣ, ʢʦʪʦʨʳʝ ʥʘʯʠʥʘʶʪ ʠʛʨʘʪʴ ʨʦʣʴ ʦʪ-

ʨʠʮʘʪʝʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʪʦʨʤʦʟʷʱʠʭ ʧʨʦʮʝʩʩ 

ʦʢʠʩʣʝʥʠʷ. 

ʇʨʦʮʝʩʩʳ çʩʪʘʨʝʥʠʷè ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʤʝʜʣʷʶʪ 

ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʳʝ ʧʨʠʩʘʜʢʠ ï ʠʥʛʠʙʠʪʦʨʳ ʦʢʠʩ-

ʣʝʥʠʷ. 

ʊʘʢʞʝ ʚ ʤʘʩʣʝ ʩʦʜʝʨʞʠʪʩʷ ʦʢʦʣʦ 70% ʠʥʬʦʨ-

ʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ.[2] 

ʇʦʵʪʦʤʫ ʧʨʘʚʠʣʴʥʘʷ ʠ ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʜʠʘʛʥʦ-

ʩʪʠʢʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʤʘʩʣʘ ï ʟʘʣʦʛ ʥʘʜʝʞʥʦʡ 

ʨʘʙʦʪʳ ʤʘʩʣʦʥʘʧʦʣʥʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨ-

ʥʦʛʦ ʤʘʩʣʘ ʧʨʦʚʝʨʷʶʪ ʧʦ ʝʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʇʨʦʚʦʜʠʤʳʡ ʦʙʲʝʤ ʢʦʥʪʨʦʣʷ ʠ 

ʠʩʧʳʪʘʥʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʤʘʩʝʣ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ: 

- ʦʪʙʦʨ ʧʨʦʙ ʤʘʩʣʘ (ɻʆʉʊ 2517-85, ɻʆʉʊ 

6433.5-84); 

- ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ (ɻʆʉʊ 6370-83); 

- ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʚ ʤʘʩʣʝ (ɻʆʉʊ 

1547-84, ɻʆʉʊ ʈ ʄʕʂ 60814-2013); 

-ʦʧʨʝʜʝʣʝʥʠʝ ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʣʘ (ɻʆʉʊ 5985-

79); 
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- ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʧʳʰʢʠ (ɻʆʉʊ 

6356-75); 

-ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠ-

ʤʝʩʝʡ (ɻʆʉʊ 6370-83) (ʢʣʘʩʩ ʯʠʩʪʦʪʳ ʞʠʜʢʦʩʪʠ 

(ɻʆʉʊ 17216-2001));  

- ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʛʘʟʦʚ, ʨʘʩʪʚʦ-

ʨʝʥʥʳʭ ʚ ʤʘʩʣʝ (ʈɼ 34.46.303-98). 

ʊʘʢ ʞʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʯʝʩʪʚʘ ʤʘʩʣʘ ʠ ʩʦ-

ʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʧʨʦʚʝʜʝʥʠʝ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ.  

ʅʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ, 

ʦʙʲʸʤʳ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʠʩʧʳʪʘʥʠʡ ʨʝʛʣʘʤʝʥʪʠʨʫ-

ʶʪʩʷ ʥʦʨʤʘʤʠ ʠʩʧʳʪʘʥʠʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ [3], 

ʟʘʚʦʜʩʢʠʤʠ ʠʥʩʪʨʫʢʮʠʷʤʠ ʥʘ ʘʧʧʘʨʘʪʳ ʠ ʤʝʪʦʜʠʯʝ-

ʩʢʠʤʠ ʫʢʘʟʘʥʠʷʤʠ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʥʳʭ ʤʘʩʝʣ [4].  

ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʦ ʦʪʦʙʨʘʥʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʝ 

ʤʘʩʣʦ ʩ ʩʠʣʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʤʘʨʢʠ ʊ-750 ʩ ʦʜ-

ʥʦʛʦ ʠʟ ʧʨʝʜʧʨʠʷʪʠʡ ʇɸʆ çʈʫʩɻʠʜʨʦè. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʦʙʨʘʞʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʇʦʣʫʯʝʥ-

ʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝ-

ʙʦʚʘʥʠʷʤ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʤʘʩʣʦ ʥʘʭʦʜʠʪʩʷ ʚ ʭʦʨʦ-

ʰʝʤ ʩʦʩʪʦʷʥʠʠ. 

ʊʘʙʣʠʮʘ 1. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʧʳʪʘʥʠʝ  ʈʝʟʫʣʴʪʘʪ 
ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝ-

ʥʠʝ 

ɺʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ 

ʤʘʩʣʦ ʧʨʦʟʨʘʯʥʦʝ ʩ ʩʚʝʪʣʦ-

ʞʝʣʪʳʤ ʦʪʪʝʥʢʦʤ, ʥʘʣʠʯʠʝ 

ʰʣʘʤʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʘʣʠʯʠʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝ-

ʩʪʚʘ ʟʘʛʨʷʟʥʝʥʠʡ, ʥʝʟʥʘʯʠʪʝʣʴ-

ʥʦʝ ʧʦʪʝʤʥʝʥʠʝ 

ʂʠʩʣʦʪʥʦʝ ʯʠʩʣʦ, ʤʛ ʂʆʅ/ʛ ʤʘʩʣʘ 0,01 ʥʝ ʚʳʰʝ 0,25 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ ʚ ʟʘʢʨʳʪʦʤ 

ʪʠʛʣʝ, Áʉ  
138 Áʉ ʥʝ ʥʠʞʝ 125 Áʉ 

ʉʦʜʝʨʞʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝ-

ʩʝʡ, % (ʢʣʘʩʩ ʯʠʩʪʦʪʳ) 
0,1 (9)  

ɺʣʘʛʦʩʦʜʝʨʞʘʥʠʝ, % ʤʘʩʩʳ (ʛ/ʪ) ʦʪʩʫʪʩʪʚʠʝ  ʥʝ ʙʦʣʝʝ 0,0030 (30) 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʤʘʩʣʝ ʨʘʩʪʚʦʨʝʥʥʳʭ 

ʛʘʟʦʚ, ppm: 

H2 

CH4 

C2H4 

C2H6 

C2H2 

CO2 

CO 

 

 

1,6 

37,2 

6,1 

14,3 

0,11 

1669,2 

444,5 

 

ʥʝ ʙʦʣʝʝ: 

100,0 

100,0 

100,0 

50,0 

10,0 

4000,0 

500,0 

ʂʦʛʜʘ ʤʘʩʣʦ ʧʨʠʭʦʜʠʪ ʚ ʥʝʛʦʜʥʦʩʪʴ ʧʦ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʦʥʦ ʩʯʠʪʘʝʪʩʷ ʦʪʨʘʙʦʪʘʥʥʳʤ. ʆʪʨʘ-

ʙʦʪʘʥʥʦʝ ʤʘʩʣʦ ʫʪʠʣʠʟʠʨʫʶʪ, ʣʠʙʦ ʧʦʜʚʝʨʛʘʶʪ ʨʝ-

ʛʝʥʝʨʘʮʠʠ. 

ʈʝʛʝʥʝʨʘʮʠʷ ʩʯʠʪʘʝʪʩʷ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʡ ʤʝ-

ʨʦʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʂʇɼ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨʘ ʠ ʦʙʱʠʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʆʩʥʦʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʨʝʛʝʥʝʨʘʮʠʠ ʠ ʦʯʠʩʪʢʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʤʘʩʝʣ ʷʚʣʷʶʪʩʷ: 

- ʆʪʩʪʘʠʚʘʥʠʝ. ʇʨʦʮʝʩʩ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʩʝʜʘ-

ʥʠʠ ʠʟ ʤʘʩʣʘ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʚʣʘʛʠ ʧʦʜ ʚʦʟ-

ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ. 

- ʆʙʨʘʙʦʪʢʘ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. ʇʨʦʮʝʩʩ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʫʜʘʣʝʥʠʠ ʠʟ ʤʘʩʣʘ ʚʣʘʛʠ ʠ ʚʟʚʝʰʝʥʥʳʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʮʝʥ-

ʪʨʦʙʝʞʥʦʡ ʩʠʣʳ. 

- ʆʙʨʘʙʦʪʢʘ ʬʠʣʴʪʨʦʚʘʥʠʝʤ. ʇʨʦʮʝʩʩ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʧʨʦʧʫʩʢʘʥʠʠ ʝʛʦ ʯʝʨʝʟ ʧʦʨʠʩʪʳʝ ʧʝʨʝʛʦ-

ʨʦʜʢʠ, ʥʘ ʢʦʪʦʨʳʭ ʟʘʜʝʨʞʠʚʘʶʪʩʷ ʠʤʝʶʱʠʝʩʷ ʚ 

ʥʝʤ ʧʨʠʤʝʩʠ. 

- ɸʜʩʦʨʙʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ. ʇʨʦʮʝʩʩ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʧʦʛʣʦʱʝʥʠʠ ʚʦʜʳ ʠ ʜʨʫʛʠʭ ʧʨʠʤʝʩʝʡ ʨʘʟʣʠʯ-

ʥʳʤʠ ʘʜʩʦʨʙʝʥʪʘʤʠ. 

- ʆʙʨʘʙʦʪʢʘ ʚ ʚʘʢʫʫʤʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. ʆʩʥʦʚ-

ʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʨʠ ʵʪʦʤ ʩʧʦʩʦʙʝ ʦʙʨʘʙʦʪʢʝ ʷʚʣʷ-

ʝʪʩʷ ʜʝʛʘʟʘʪʦʨ. ɺ ʧʨʦʮʝʩʩʝ ʚʘʢʫʫʤʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʳʨʦʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʝ ʤʘʩʣʦ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤ-

ʧʝʨʘʪʫʨʳ 50-60 Áʉ ʠ ʧʨʦʭʦʜʠʪ ʚʩʝ ʩʪʫʧʝʥʠ ʜʝʛʘʟʘ-

ʪʦʨʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʩʪʫʧʘʝʪ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʠʣʠ 

ʝʤʢʦʩʪʴ.[5] 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ 

ʪʘʢʞʝ ʟʘʜʘʯʘ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʷʜʘ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʤʘʩʣʘ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʦ ʧʦʩʣʝ ʧʨʦʮʝʩʩʘ ʨʝʛʝʥʝʨʘʮʠʠ ʚ ʚʘ-

ʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʝ. 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʤʘʩʣʘ ʜʦ ʠ 

ʧʦʩʣʝ ʨʝʛʝʥʝʨʘʮʠʠ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʧʦʢʘʟʘʥʠʡ, ʯʪʦ ʤʘʩʣʦ, ʧʨʠʰʝʜʰʝʝ ʚ ʥʝʛʦʜʥʦʩʪʴ ʧʦ-

ʩʣʝ ʨʝʛʝʥʝʨʘʮʠʠ ʩʪʘʣʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʦʨʤʘʪʠʚ-

ʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʠ ʤʦʞʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʵʢʩʧʣʫ-

ʘʪʠʨʦʚʘʪʴʩʷ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ. 
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ʊʘʙʣʠʮʘ 2. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʤʘʩʣʘ ʜʦ ʠ ʧʦʩʣʝ ʨʝʛʝʥʝʨʘʮʠʠ 

ʉʦʩʪʦʷʥʠʝ ʤʘʩʣʘ ʂʣʘʩʩ ʯʠʩʪʦʪʳ ɺʣʘʛʦʩʦʜʝʨʞʘʥʠʝ 
ʂʦʥʮʝʥʪʨʘʮʠʷ ʛʘʟʦʚ, % 

ʉʆ2 ʉʅ4 ʉ2ʅ2 ʉ2ʅ4 ʉ2ʅ6 

ɼʦ ʨʝʛʝʥʝʨʘʮʠʠ 15 0,0053 2290,0 110,7 109,0 1235,6 475,1 

ʇʦʩʣʝ ʨʝʛʝʥʝʨʘʮʠʠ 9 0,0017 1500,4 20,8 8,2 80,0 45,0 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

1. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʠʢʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝ-
ʩʪʚʘ ʤʘʩʣʘ ʧʦʟʚʦʣʷʶʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʠʪʴ ʢʘ-

ʯʝʩʪʚʦ ʠ ʧʨʠʛʦʜʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʥʦʛʦ ʤʘʩʣʘ.  

2. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʦʙ-
ʨʘʟʮʦʚ ʤʘʩʣʘ ʩ ʩʠʣʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ˉ1 ʥʘ 
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ANALYSIS OF THE MAIN MECHANISMS AND REGULARITIES OF THE SYNERGISTIC EFFECT 

IN HYBRID LASER -ARC PROCESSES 

 

ɸʥʥʦʪʘʮʠʷ.  

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, 

ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʣʘʟʝʨʥʦʛʦ ʠ ʜʫʛʦʚʦʛʦ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʫʩʣʦʚʠʷʭ ʛʠʙʨʠʜʥʦʡ ʦʙʨʘʙʦʪʢʠ 

(ʩʚʘʨʢʠ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦʪ ʵʬʬʝʢʪ ʚʳʨʘʞʘʝʪʩʷ ʚ ʥʘʨʫʰʝʥʠʠ ʘʜʜʠʪʠʚʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʵʪʠʭ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ (ʩʚʘʨʠʚʘʝʤʳʡ) ʤʝʪʘʣʣ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʵʥʝʨʛʠʷ, ʠʩʧʦʣʴʟʫʝʤʘʷ 

ʥʘ ʧʣʘʚʣʝʥʠʝ ʤʝʪʘʣʣʘ ʚ ʛʠʙʨʠʜʥʦʤ ʧʨʦʮʝʩʩʝ, ʤʦʞʝʪ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ʧʨʝʚʳʰʘʪʴ ʩʫʤʤʫ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʭ ʵʥʝʨʛʠʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ (ʩʚʘʨʢʝ) ʢʘʞʜʳʤ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ. 

Abstract.  

The article is devoted to the analysis of the main mechanisms and regularities of the synergetic effect that 

occurs when combining laser and arc energy sources in a hybrid processing (welding). It is shown that this effect 

is expressed in the violation of the additivity of the thermal effect of these two sources on the processed (welded) 

metal, so that the energy used to melt the metal in the hybrid process can be more than twice the amount of the 

corresponding energies in the processing (welding) of each individual heat source. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʙʨʠʜ, ʩʚʘʨʢʘ, ʣʘʟʝʨ-TIG, ʣʘʟʝʨ-ʧʣʘʟʤʘ, ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʣʘʟʝʨʥʳʡ ʧʫʯʦʢ, 

ʧʣʘʟʤʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 
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ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʘʢʪʠʚʥʦʝ ʨʘʟ-

ʚʠʪʠʝ ʧʨʦʮʝʩʩʦʚ ʛʠʙʨʠʜʥʦʡ ʣʘʟʝʨʥʦ-ʜʫʛʦʚʦʡ (ʣʘ-

ʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʦʡ) ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ [1, 2]. 

ʀʥʪʝʨʝʩ ʢ ʵʪʠʤ ʧʨʦʮʝʩʩʘʤ ʚʳʟʚʘʥ, ʚ ʧʝʨʚʫʶ ʦʯʝ-

ʨʝʜʴ, ʧʦʷʚʣʝʥʠʝʤ ʦʪʢʨʳʚʘʝʤʳʭ ʠʤʠ ʥʦʚʳʭ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʷʚʣʝ-

ʥʠʝʤ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ (ʠʥʦʛʜʘ ʥʘʟʳʚʘʝ-

ʤʦʛʦ ʛʠʙʨʠʜʥʳʤ ʵʬʬʝʢʪʦʤ), ʢʦʪʦʨʳʡ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʥʘʨʫʰʝʥʠʠ ʘʜʜʠʪʠʚʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʠʟʣʫʯʝʥʠʷ ʠ ʜʫʛʠ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ (ʩʚʘʨʠʚʘʝ-

ʤʳʡ) ʤʝʪʘʣʣ, ʘ ʪʘʢʞʝ ʚ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝ-

ʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʥʘ ʚʘʥʥʫ ʨʘʩ-

ʧʣʘʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʳʰʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʡ ʂʇɼ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ (ʩʚʘʨʢʠ) ʠ ʵʥʝʨʛʠʷ, ʠʩʧʦʣʴʟʫʝ-

ʤʘʷ ʥʘ ʧʣʘʚʣʝʥʠʝ ʤʝʪʘʣʣʘ, ʤʦʞʝʪ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ 

ʨʘʟʘ ʧʨʝʚʳʰʘʪʴ ʩʫʤʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʥʝʨʛʠʡ, 

ʚʳʜʝʣʷʶʱʠʭʩʷ ʚ ʤʝʪʘʣʣʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʞ-

ʜʦʛʦ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ [3]. ʆʜʥʘʢʦ, 

ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʥʘʧʨʠʤʝʨ, [4]), 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʛʠʙʨʠʜʥʳʭ ʣʘʟʝʨʥʦ-ʜʫ-

ʛʦʚʳʭ ʧʨʦʮʝʩʩʘʭ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʤʦʞʝʪ ʧʨʦʷʚ-

ʣʷʪʴʩʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʠ ʜʘʚʘʪʴ ʦʞʠʜʘʝʤʳʡ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʡ ʵʬʬʝʢʪ. ʕʪʦ ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʳʤ ʠʟʫʯʝʥʠʝ 

ʤʝʭʘʥʠʟʤʦʚ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʘ-

ʢʦʛʦ ʵʬʬʝʢʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʤʝʪʦʜʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʩʦʚ-

ʤʝʩʪʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʤʝʪʘʣʣ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʘʨʛʦʥʦʚʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʜʫʛʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʥʝʧʣʘʚʷʱʠʤʩʷ ʵʣʝʢ-

ʪʨʦʜʦʤ (TIG). 

ʇʦʩʢʦʣʴʢʫ ʦʙʲʝʢʪ, ʷʚʣʷʶʱʠʡʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʦʙʲʝʜʠʥʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʜʫʛʠ, ʥʝ ʦʙʣʘʜʘʝʪ ʦʩʝʚʦʡ ʩʠʤʤʝʪʨʠʝʡ (ʨʠʩ.1), ʜʣʷ 

ʫʧʨʦʱʝʥʠʷ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʠʤʝʤ 

ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ, ʥʘʯʠ-

ʥʘʷ ʩ ʥʝʢʦʪʦʨʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʘʥʦʜʘ (z = z0), ʩʪʦʣʙ 

ʜʫʛʠ ʷʚʣʷʝʪʩʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤ, ʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʫʛʦʚʦʡ ʧʣʘʟʤʳ ʙʣʠʟʢʠ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘʤ ʜʣʷ ʜʫʛʠ ʩ ʪʫʛʦʧʣʘʚʢʠʤ ʢʘʪʦʜʦʤ, ʨʘʩʧʦ-

ʣʦʞʝʥʥʳʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʘ. 

ʉʯʠʪʘʝʤ ʪʘʢʞʝ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʘʟʝʨʥʦʛʦ 

ʧʫʯʢʘ ʩ ʧʣʘʟʤʦʡ ʜʫʛʠ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʨʠ z > z0. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʚʚʝʜʝʤ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʩʠ-

ʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ (r, z) ʠ ʚʳʙʝʨʝʤ ʨʘʩʯʝʪʥʳʝ ʦʙʣʘʩʪʠ 

ʜʣʷ ʜʫʛʦʚʦʡ ʧʣʘʟʤʳ ɋp = {0 Ò r Ò Rp , 0 Ò z Ò L} ʠ 

ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ɋp = {0Ò r Ò Rb , z0 Ò z Ò L}  (ʨʠʩ.1). 

ʘ)  ʙ)  

ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ (ʘ) ʠ ʩʭʝʤʘ ʩ ʠʟʦʣʠʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʙ) ʦʙʲʝʜʠʥʝʥʠʷ ʚ ʛʠʙʨʠʜʥʦʤ ʧʨʦʮʝʩʩʝ ʩʬʦʢʫ-

ʩʠʨʦʚʘʥʥʦʛʦ ʧʫʯʢʘ ʉʆ2-ʣʘʟʝʨʘ ʤʦʱʥʦʩʪʴʶ 1500 ɺʪ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 150-ʘʤʧʝʨʥʦʡ TIG-ʜʫʛʠ: 1 ï ʣʘʟʝʨ-

ʥʳʡ ʧʫʯʦʢ; 2 ï ʩʪʦʣʙ ʜʫʛʠ; 3 ï ʩʚʘʨʠʚʘʝʤʳʡ ʤʝʪʘʣʣ (ʘʥʦʜ); 4 ï ʪʫʛʦʧʣʘʚʢʠʡ ʢʘʪʦʜ. 

 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʵʥʝʨʛʦ-, ʤʘʩʩʦ- ʠ ʵʣʝʢʪʨʦʧʝʨʝʥʦʩʘ ʚ ʪʘʢʦʡ ʦʩʝʩʠʤ-

ʤʝʪʨʠʯʥʦʡ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʝʤ ʫʨʘʚʥʝʥʠʷ ʦʜʥʦ-

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʦʜʝʣʠ ʜʫʛʦʚʦʡ ʧʣʘʟʤʳ [5, 6]. ʉʦʦʪ-

ʚʝʪʩʪʚʫʶʱʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʦʣʞʥʘ ʙʳʪʴ ʫʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʲʝʢʪʘ ʠ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʦ-

ʮʝʩʩʦʚ. ʇʨʠ ʵʪʦʤ ʫʨʘʚʥʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʠ ʜʚʠ-

ʞʝʥʠʷ ʧʣʘʟʤʳ, ʘ ʪʘʢʞʝ ʫʨʘʚʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ ʪʦʢʘ ʜʫʛʠ ʩʦʭʨʘʥʷʶʪ ʩʚʦʡ ʚʠʜ [5], ʪʦʛʜʘ 

ʢʘʢ ʫʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ ʩ ʫʯʝʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʥʘʛʨʝʚʘ ʜʫʛʦʚʦʡ ʧʣʘʟʤʳ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ ʣʘʟʝʨ-

ʥʳʤ ʧʫʯʢʦʤ ʩʣʝʜʫʝʪ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ [3] 

”˞ ὺ ό ὶ… … Ὦ Ὦ ‖Ὓ ɰ (1) 

ʛʜʝ ɟ ï ʤʘʩʩʦʚʘʷ ʧʣʦʪʥʦʩʪʴ ʧʣʘʟʤʳ; ʉʈ ï ʫʜʝʣʴ-

ʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʣʘʟʤʳ ʩ ʫʯʝʪʦʤ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘ-

ʮʠʠ; v, u ï ʨʘʜʠʘʣʴʥʘʷ ʠ ʘʢʩʠʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʳ 

ʩʢʦʨʦʩʪʠ ʧʣʘʟʤʳ; ʊʈ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʟʤʳ; ɢ ï ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʣʘʟʤʳ; kB ï ʧʦʩʪʦ-

ʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ; ʝ ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ; j r, jz ï ʨʘʜʠ-

ʘʣʴʥʘʷ ʠ ʘʢʩʠʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʳ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʧʣʘʟʤʝ; ŭ ï ʧʦʩʪʦʷʥʥʘʷ ʪʝʨʤʦ-

ʜʠʬʬʫʟʠʠ ʵʣʝʢʪʨʦʥʦʚ; ů ï ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜ-

ʥʦʩʪʴ ʧʣʘʟʤʳ; ɣ ï ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʥʘ ʩʦʙʩʪʚʝʥʥʦʝ 

ʠʟʣʫʯʝʥʠʝ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʦʧʪʠʯʝʩʢʠ ʪʦʥʢʦʡ 

ʧʣʘʟʤʳ. ɺ ʫʨʘʚʥʝʥʠʠ (1) ʚʳʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ 

ʧʣʘʟʤʝ ʩʪʦʣʙʘ ʜʫʛʠ ʟʘ ʩʯʝʪ ʧʦʛʣʦʱʝʥʠʷ ʣʘʟʝʨʥʦʛʦ 
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ʠʟʣʫʯʝʥʠʷ ʫʯʠʪʳʚʘʝʪʩʷ ʯʣʝʥʦʤ əɤS ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ, 

ʛʜʝ əɤ ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʲʝʤʥʦʛʦ (ʦʙʨʘʪʥʦ-ʪʦʨʤʦʟ-

ʥʦʛʦ) ʧʦʛʣʦʱʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʫʛʦʚʦʡ 

ʧʣʘʟʤʦʡ; S ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚ ʣʘʟʝʨʥʦʤ ʧʫʯʢʝ, ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʶʱʝʤ ʩ ʧʣʘʟʤʦʡ.  

ʈʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ S(r, z) ʚ ʣʘʟʝʨʥʦʤ 

ʧʫʯʢʝ ʩ ʫʯʝʪʦʤ ʝʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠ ʨʝʬʨʘʢʮʠʠ ʚ ʥʝ-

ʦʜʥʦʨʦʜʥʦʡ ʜʫʛʦʚʦʡ ʧʣʘʟʤʝ. ʇʦʣʘʛʘʷ, ʯʪʦ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ ʥʘ ʨʘʩʩʪʦʷ-

ʥʠʷʭ ʧʦʨʷʜʢʘ ʜʣʠʥʳ ʚʦʣʥʳ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʤʘʣʦ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʫʝʪ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʦʪ-

ʨʘʞʝʥʥʦʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʘ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʧʫʯʢʘ ʚ ʜʫʛʦʚʦʡ ʧʣʘʟʤʝ ʠʩʧʦʣʴʟʫʝʤ 

ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʨʘʚ-

ʥʝʥʠʝ ʜʣʷ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ, ʧʨʝʜ-

ʧʦʣʘʛʘʝʤʦʛʦ ʛʘʫʩʩʦʚʳʤ (ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤ), 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ [3] 

ςὭὯ ὶ Ὧ ‐ ρὃ  (2) 

ʛʜʝ k ſ kz = 2 /́ɚ ï ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ; ɸɤ ï ʢʦʤʧʣʝʢʩʥʘʷ ʘʤʧʣʠʪʫʜʘ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ; Ůɤ = Ůȭɤ + iŮȭȭɤ ï ʢʦʤ-

ʧʣʝʢʩʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʫʛʦʚʦʡ 

ʧʣʘʟʤʳ ʥʘ ʯʘʩʪʦʪʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ɤ. ʀʩʢʦʤʘʷ 

ʚʝʣʠʯʠʥʘ S ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʥʝʝ ʧʦ ʚʨʝʤʝʥʠ 

ʟʥʘʯʝʥʠʝ ʘʢʩʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʣʦʪʥʦʩʪʠ ʧʦ-

ʪʦʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʧʫʯʢʘ ʠ ʩʚʷʟʘʥʘ ʩ 

ʢʦʤʧʣʝʢʩʥʦʡ ʘʤʧʣʠʪʫʜʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɸɤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ [3] 

Ὓὶȟᾀ ȿὃȿ , (3) 

ʛʜʝ Ů0 ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʘʢʫ-

ʫʤʘ; ɛ0 ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. ɼʣʷ 

ʟʘʜʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɸɤ(r,z0) ʧʨʠʤʝʤ, 

ʯʪʦ ʧʨʠ z = z0 ʚ ʜʫʛʦʚʫʶ ʧʣʘʟʤʫ ʚʚʦʜʠʪʩʷ ʩʬʦʢʫʩʠ-

ʨʦʚʘʥʥʳʡ ʛʘʫʩʩʦʚ ʧʫʯʦʢ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʦ-

ʪʦʨʳʡ ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʣʘʟʤʳ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘ-

ʜʠʫʩ rF ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʘ (ʨʠʩ.1). ʇʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʘʤʧʣʠʪʫʜʳ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʪʘʢʦʛʦ ʧʫʯʢʘ ʧʨʠ z Ò z0 ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ [3] 

ὃ ὃ Ὡὼὴ ὭὯ •  , (4) 

ʛʜʝ 

ὶ ὶ ρ  ; Ὑ ᾀ ὒ ρ  ; 

• ὥὶὧὸὫ . (5) 

ʇʦʩʪʦʷʥʥʘʷ ɸɤF ʚ (4) ʥʘʭʦʜʠʪʩʷ ʠʟ ʠʥʪʝʛʨʘʣʴ-

ʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʧʫʯʢʘ 

ὗᾀ ς“᷿ ὛὶȟᾀὶὨὶ , (6) 

ʯʪʦ ʧʨʠ ʫʯʝʪʝ (3) ʜʘʝʪ 

ὃ
Ⱦ

 , (7) 

ʛʜʝ Q0 = Q(z0) ï ʤʦʱʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʧʫʯʢʘ. 

ʇʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʧʝ-

ʨʝʥʦʩʘ ʵʥʝʨʛʠʠ, ʠʤʧʫʣʴʩʘ, ʤʘʩʩʳ ʠ ʟʘʨʷʜʘ ʚ ʠʩʩʣʝ-

ʜʫʝʤʦʡ ʩʠʩʪʝʤʝ ʨʘʩʩʤʦʪʨʠʤ ʜʚʘ ʭʘʨʘʢʪʝʨʥʳʭ ʚʘʨʠ-

ʘʥʪʘ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʥʦʜʘ, ʘ ʠʤʝʥʥʦ: ʚʦʜʦ-

ʦʭʣʘʞʜʘʝʤʳʡ (ʥʝʠʩʧʘʨʷʶʱʠʡʩʷ) ʘʥʦʜ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ TS = 500 K ʠ ʜʠʬʬʫʟʠ-

ʦʥʥʦ-ʠʩʧʘʨʷʶʱʠʡʩʷ ʘʥʦʜ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʧʨʠ-

ʤʝʤ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʦʙʣʘʩʪʠ ʘʥʦʜʥʦʡ ʧʨʠʚʷʟʢʠ ʜʫʛʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʘ TS = TS(r) ʠʟʤʝʥʷ-

ʝʪʩʷ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ [6] ʠ ʜʦʩʪʠʛʘʝʪ 

ʚ ʮʝʥʪʨʝ ʵʪʦʡ ʦʙʣʘʩʪʠ 3000 K, ʪ.ʝ. ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʞʝʣʝʟʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʠʩʧʘʨʝ-

ʥʠʝ ʧʝʨʝʭʦʜʠʪ ʚ ʢʦʥʚʝʢʪʠʚʥʳʡ ʨʝʞʠʤ. ɿʘʜʘʚ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʥʦʜʘ, ʜʣʷ ʫʯʝʪʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʩʪʠ ʜʫʛʦʚʦʡ 

ʧʣʘʟʤʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʜʠʬʬʫʟʠʦʥʥʳʤ ʠʩʧʘʨʝʥʠʝʤ 

ʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʤʦʜʝʣʴ ʩʣʝʜʫʝʪ 

ʜʦʧʦʣʥʠʪʴ ʫʨʘʚʥʝʥʠʝʤ ʢʦʥʚʝʢʪʠʚʥʦʡ ʜʠʬʬʫʟʠʠ 

ʠʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʘʨʘ, ʦʧʠʩʳʚʘʶ-

ʱʠʤ ʪʨʘʥʩʧʦʨʪ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ, ʦʜʥʦ- ʠ ʜʚʫʭ-

ʟʘʨʷʜʥʳʭ ʠʦʥʦʚ ʤʝʪʘʣʣʘ ʚ ʧʣʘʟʤʝ ʩʪʦʣʙʘ ʜʫʛʠ [6]: 

ὶὲὺ ὲό ὶὋ Ὃ Ὃ ὦὑ ὦὑ ὲ

Ὃ Ὃ Ὃ ὦὑ ὦὑ ὲ  . (8) 

ɿʜʝʩʴ nm = nm0 + nm1 + nm2 ï ʩʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ ʯʘʩʪʠʮ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʘʨʘ ʚ ʜʫʛʦʚʦʡ 

ʧʣʘʟʤʝ; Ὃ Ὃ Ὃ ; Ὃ Ὃ Ὃ ; ὑ  ; 

ὑ  ; Ὃ ρ ὲ  ; ὓ

 (z = 0, 1, 2); Dz ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ 

ʘʪʦʤʦʚ (z = 0), ʦʜʥʦ- (z = 1) ʠ ʜʚʫʭʟʘʨʷʜʥʳʭ (z = 2) 

ʠʦʥʦʚ ʤʝʪʘʣʣʘ ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʧʣʘʟʤʝ; Mm ï 

ʤʘʩʩʘ ʘʪʦʤʘ ʤʝʪʘʣʣʘ; n0 ï ʩʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʯʘʩʪʠʮ ʚ ʧʣʘʟʤʝ ʩʪʦʣʙʘ ʜʫʛʠ; ὦ ὩὤȾὯ Ὃ ï ʧʦ-

ʜʚʠʞʥʦʩʪʠ ʠʦʥʦʚ ʤʝʪʘʣʣʘ (z = 1, 2) ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ 

ʧʦʣʝ; ű ï ʩʢʘʣʷʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʚ ʩʪʦʣʙʝ ʜʫʛʠ. ʋʨʘʚʥʝʥʠʝ (8) ʦʧʠʩʳʚʘʝʪ ʩʣʝʜʫ-

ʶʱʠʝ ʚʠʜʳ ʧʝʨʝʥʦʩʘ ʯʘʩʪʠʮ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʘʨʘ ʚ 

ʜʫʛʦʚʦʡ ʧʣʘʟʤʝ: ʢʦʥʚʝʢʪʠʚʥʳʡ ʧʝʨʝʥʦʩ, ʢʦʥʮʝʥʪʨʘ-

ʮʠʦʥʥʫʶ ʜʠʬʬʫʟʠʶ, ʪʝʨʤʦʜʠʬʬʫʟʠʶ, ʘ ʪʘʢʞʝ 

ʜʨʝʡʬ ʠʦʥʦʚ ʧʘʨʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ. 

ʇʨʠ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʧʠʩʘʥʥʦʡ ʤʦʜʝʣʠ 

ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ, ʠʤʧʫʣʴʩʘ, ʤʘʩʩʳ ʠ ʟʘ-

ʨʷʜʘ ʪʨʝʙʫʝʪʩʷ ʟʘʜʘʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ, ʪʨʘʥʩ-

ʧʦʨʪʥʳʝ ʠ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪ-

ʥʦʡ ʜʫʛʦʚʦʡ ʧʣʘʟʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ, ʩʦʩʪʘʚʘ ʠ ʜʘʚʣʝʥʠʷ. ɼʣʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʘʨʛʦʥʦʚʦʡ ʧʣʘʟʤʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴ-

ʟʦʚʘʣʠ ʜʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ [7]. ɿʘʚʠʩʠʤʦʩʪʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʚʦʡʩʪʚ ArïFe 

ʧʣʘʟʤʳ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʝʪʦ-

ʜʠʢʝ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [8]. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʥʘ ʩʦʙʩʪʚʝʥʥʦʝ ʠʟʣʫ-

ʯʝʥʠʝ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʲʝʤʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʫ-

ʛʦʚʦʡ ʧʣʘʟʤʳ ʚʳʯʠʩʣʷʣʠ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ [3]. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ 

ʧʣʘʟʤʳ Vľ= {v, 0, u}, ʝʝ ʪʝʤʧʝʨʘʪʫʨʳ Tp, ʧʦʪʝʥʮʠʘʣʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ű, ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʤʝ-

ʪʘʣʣʠʯʝʩʢʦʛʦ ʧʘʨʘ nm ʠ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ ʣʘʟʝʨʥʦʛʦ 
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ʧʫʯʢʘ Aɤ ʩʬʦʨʤʫʣʠʨʫʝʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ 

ʥʘʯʘʣʴʥʦʤ ʩʝʯʝʥʠʠ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʧʣʘʟʤʳ 

ʩʪʦʣʙʘ ʜʫʛʠ (ʧʣʦʩʢʦʩʪʴ z = 0) ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʜʣʷ ʚʝʣʠʯʠʥ v, u, Tp, ű ʠ nm ʟʘʜʘʜʠʤ ʘʥʘʣʦʛʠʯʥʦ 

ʪʦʤʫ, ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ ʚ ʨʘʙʦʪʘʭ [5, 6] ʜʣʷ ʜʫʛʠ ʩ ʪʫ-

ʛʦʧʣʘʚʢʠʤ ʢʘʪʦʜʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʧʝʨʧʝʥʜʠʢʫ-

ʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʢʦʤʧʦ-

ʥʝʥʪ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʧʨʠʤʝʤ 

ὺ π ; ό ό ,   (9) 

ʛʜʝ ʚʝʣʠʯʠʥʘ u0 ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʭʦʜʦʤ ʟʘʱʠʪ-

ʥʦʛʦ ʛʘʟʘ ʠ ʜʠʘʤʝʪʨʦʤ ʩʦʧʣʘ ʝʛʦ ʧʦʜʘʯʠ. 

ɼʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠ-

ʘʣʘ ʚ ʧʨʠʢʘʪʦʜʥʦʡ ʟʦʥʝ ʩʪʦʣʙʘ ʜʫʛʠ ʟʘʜʘʜʠʤ ʫʩʣʦ-

ʚʠʷ: 

Ὕ Ὕ ὶ ; „ Ὦὶ , (10) 

ʛʜʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʟʤʳ Tc(r) ʠ 

ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚʙʣʠʟʠ ʢʘʪʦʜʘ jc(r) 

ʚʳʙʠʨʘʶʪʩʷ ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ [9]. ɺ ʟʦʥʝ 

ʧʦʜʘʯʠ ʟʘʱʠʪʥʦʛʦ ʛʘʟʘ ʩʯʠʪʘʝʤ, ʯʪʦ  

Ὕ Ὕ ; π ,  (10) 

ʛʜʝ ʊ0 ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʩʜʝʣʘʥʥʦʝ ʨʘʥʝʝ ʜʦʧʫ-

ʱʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʩ 

ʜʫʛʦʚʦʡ ʧʣʘʟʤʦʡ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ z = z0, ʚ ʫʨʘʚʥʝʥʠʠ 

(1) ʚ ʦʙʣʘʩʪʠ z < z0 ʧʦʣʦʞʠʤ S = 0, ʘ ʥʘʯʘʣʴʥʦʝ ʫʩʣʦ-

ʚʠʝ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (2) ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʨʘʩʯʝʪ-

ʥʦʡ ʦʙʣʘʩʪʠ ɋb, ʪ.ʝ. ʧʨʠ z = z0 (ʨʠʩ.1), ʟʘʜʘʜʠʤ, ʢʘʢ 

ʦʧʠʩʘʥʦ ʚʳʰʝ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷ (8), ʪʦ ʩ ʫʯʝʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʟʘʱʠʪʥʦʛʦ ʛʘʟʘ ʠ ʧʣʘʟʤʳ ʚ 

ʧʨʠʢʘʪʦʜʥʦʡ ʟʦʥʝ ʩʪʦʣʙʘ ʜʫʛʠ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʯʘ-

ʩʪʠʮʳ ʠʩʧʘʨʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʘʥʦʜʘ ʥʝ ʜʦʩʪʠʛʘʶʪ 

ʧʣʦʩʢʦʩʪʠ z = 0, ʪ.ʝ. ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʨʘʩʯʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ɋʨ (ʨʠʩ.1) ʧʨʠʤʝʤ 

ὲ π .   (12) 

ɼʣʷ ʚʦʜʦʦʭʣʘʞʜʘʝʤʦʛʦ (ʥʝʠʩʧʘʨʷʶʱʝʛʦʩʷ) 

ʘʥʦʜʘ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ (ʧʣʦʩʢʦʩʪʴ z = L) ʟʘʜʘ-

ʶʪʩʷ ʫʩʣʦʚʠʷ çʧʨʠʣʠʧʘʥʠʷè, ʪ.ʝ. ʨʘʜʠʘʣʴʥʘʷ ʠ ʘʢ-

ʩʠʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʧʣʘʟʤʳ ʧʦ-

ʣʘʛʘʶʪʩʷ ʨʘʚʥʳʤʠ ʥʫʣʶ. ɼʣʷ ʠʩʧʘʨʷʶʱʝʛʦʩʷ ʘʥʦʜʘ 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʪʝʯʝʥʠʝ ʧʨʠʘʥʦʜʥʦʡ ʧʣʘʟʤʳ, 

ʚʦʟʥʠʢʘʶʱʝʝ ʚʩʣʝʜʩʪʚʠʝ ʠʩʧʘʨʝʥʠʷ ʘʪʦʤʦʚ ʤʝ-

ʪʘʣʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʘ ʠ ʜʠʬʬʫʟʠʠ ʠʦʥʠʟʠʨʦ-

ʚʘʥʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʘʨʘ ʚ ʩʪʦʣʙ ʜʫʛʠ. ʈʝʟʫʣʴ-

ʪʘʪʳ ʨʘʩʯʝʪʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ [4], ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʧʨʠ Ts(0) = 3000 ʂ ʘʢʩʠʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʜʫʛʦʚʦʡ ʧʣʘʟʤʳ 

ʚʙʣʠʟʠ ʘʥʦʜʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʜʠʬʬʫʟʠʦʥʥʳʤ ʠʩʧʘ-

ʨʝʥʠʝʤ ʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʝʥʠʷ 

ʧʦʨʷʜʢʘ 10 ʤ/c. ʕʪʦ ʪʨʝʙʫʝʪ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʛʨʘʥʠʯ-

ʥʦʛʦ ʫʩʣʦʚʠʷ ʜʣʷ ʥʦʨʤʘʣʴʥʦʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʘ 

ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʧʣʘʟʤʳ ʥʘ ʛʨʘʥʠʮʝ 

ʘʥʦʜʥʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʦʝ ʚ ʩʣʫʯʘʝ ʜʠʬʬʫʟʠʦʥʥʦ-ʩʧʘ-

ʨʷʶʱʝʛʦʩʷ ʘʥʦʜʘ ʧʨʠʥʠʤʘʝʪ ʚʠʜ [6] 

ό
ȟ ȟ ȟ

ȟ ȟ ȟ ȟ
 . (13) 

ɿʜʝʩʴ YmZz(r,L) ï ʨʘʜʠʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʢ-

ʩʠʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʣʦʪʥʦʩʪʝʡ ʜʠʬʬʫʟʠʦʥʥʳʭ 

ʧʦʪʦʢʦʚ ʘʪʦʤʦʚ ʠ ʠʦʥʦʚ ʤʝʪʘʣʣʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʘ-

ʨʷʜʦʚʦʤ ʩʦʩʪʦʷʥʠʠ Z, ʥʘ ʛʨʘʥʠʮʝ ʩʪʦʣʙʘ ʩ ʘʥʦʜʥʦʡ 

ʦʙʣʘʩʪʴʶ ʜʫʛʠ. 

ʇʨʝʜʧʦʣʘʛʘʷ ʙʝʩʢʦʥʝʯʥʦ ʪʦʥʢʠʤ ʛʨʘʥʠʯʥʳʡ 

ʩʣʦʡ ʧʣʘʟʤʳ ʩʪʦʣʙʘ ʜʫʛʠ ʩ ʘʥʦʜʥʳʤ ʩʣʦʝʤ [10], 

ʩʤʦʞʝʤ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʝʝ ʫʩʣʦʚʠʝ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʛʦ ʙʘʣʘʥʩʘ: 

… ϳ Ὦ Ὕ ɝ•Ὦ

ή Ὦ• , (14) 

ʛʜʝ Ὦ ȿὮȿ  ï ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʧʣʦʪ-

ʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʥʘ ʘʥʦʜʝ; Ὕ Ὕ  

ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʟʤʳ ʩʪʦʣʙʘ ʜʫʛʠ ʥʘ ʛʨʘʥʠʮʝ ʩ 

ʘʥʦʜʥʦʡ ʦʙʣʘʩʪʴʶ; ȹűʘ ï ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʘ ʜʫ-

ʛʦʚʦʡ ʧʣʘʟʤʳ ʥʘ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝ ʘʥʦʜʥʦʛʦ ʩʣʦʷ ʠ 

ʧʦʪʝʥʮʠʘʣʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʘ; qa ï ʪʝʧʣʦʚʦʡ ʧʦ-

ʪʦʢ, ʚʚʦʜʠʤʳʡ ʜʫʛʦʡ ʚ ʘʥʦʜ; űľ ï ʨʘʙʦʪʘ ʚʳʭʦʜʘ ʤʝ-

ʪʘʣʣʘ ʘʥʦʜʘ. ʉ ʭʦʨʦʰʠʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʧʦʩʪʦʷʥʥʳʤ ʠ ʚʳʙʨʘʪʴ ʨʘʚʥʳʤ ʥʫʣʶ, ʪʦʛʜʘ ʛʨʘʥʠʯ-

ʥʦʝ ʫʩʣʦʚʠʝ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʧʣʘʟʤʳ ʥʘ ʛʨʘʥʠʮʝ 

ʩʪʦʣʙʘ ʜʫʛʠ ʩ ʘʥʦʜʥʳʤ ʩʣʦʝʤ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ 

ʚʠʜʝ [5] 

• ɝ•  .   (15) 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʝʣʠʯʠʥ ȹűa ʠ qa, ʚʭʦʜʷʱʠʭ ʚ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (14), (15), ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʦʜʝ-

ʣʴʶ ʘʥʦʜʥʦʡ ʦʙʣʘʩʪʠ ʜʫʛʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ [10]. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʷʪʴ ʨʘʜʠʘʣʴʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ qa, ʚʚʦʜʠʤʦʛʦ ʜʫ-

ʛʦʡ ʚ ʘʥʦʜ, ʘ ʪʘʢʞʝ ʘʥʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ 

Ua =  -ȹűa ʚ ʦʙʣʘʩʪʠ ʘʥʦʜʥʦʡ ʧʨʠʚʷʟʢʠ ʜʫʛʠ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʧʦʜʣʝʞʘʱʠʭ ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʜʠʘʣʴʥʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʥʘ 

ʘʥʦʜʝ ja ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʟʤʳ ʥʘ ʛʨʘʥʠʮʝ ʘʥʦʜʥʦʛʦ 

ʩʣʦʷ Tpa. 

ʅʘ ʛʨʘʥʠʮʝ ʧʣʘʟʤʳ ʩʪʦʣʙʘ ʜʫʛʠ ʩ ʘʥʦʜʥʳʤ 

ʩʣʦʝʤ (ʧʨʠ z = L) ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʜʣʷ nm = nm0 + 

nm1 + nm2 ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʩʦʛʣʘʩʥʦ 

ʤʦʜʝʣʠ ʘʥʦʜʥʦʡ ʦʙʣʘʩʪʠ ʜʫʛʠ ʩ ʠʩʧʘʨʷʶʱʠʤʩʷ ʘʥʦ-

ʜʦʤ [10] ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʦʢʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʧʨʠʘʥʦʜʥʦʡ ʧʣʘʟʤʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʘʥʦʜʘ ʠ ʨʝʞʠʤʘ ʝʛʦ ʠʩʧʘʨʝʥʠʷ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʜʠʬʬʫʟʠʦʥʥʦʤ ʨʝʞʠʤʝ ʠʩ-

ʧʘʨʝʥʠʷ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, 

ʯʪʦ ʣʦʢʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʘʪʦʤʦʚ ʠ ʠʦʥʦʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ ʧʣʘʟʤʳ 

pm ʥʘ ʫʢʘʟʘʥʥʦʡ ʛʨʘʥʠʮʝ ʨʘʚʥʳ ʜʘʚʣʝʥʠʶ ʥʘʩʳʱʝʥ-

ʥʦʛʦ ʧʘʨʘ ʤʝʪʘʣʣʘ ʘʥʦʜʘ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʟʥʘ-

ʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ TS: 

ὴ ὴὩὼὴ  , (16) 

ʛʜʝ ʨ0 ï ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ; ɚv ï ɻ ʥʝʨʛʠʷ, ʟʘ-

ʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʧʝʨʝʭʦʜ ʦʜʥʦʛʦ ʘʪʦʤʘ ʤʝʪʘʣʣʘ ʠʟ 

ʞʠʜʢʦʡ ʬʘʟʳ ʚ ʧʘʨʦʚʫʶ; ʊɺ ï ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ 

ʤʝʪʘʣʣʘ ʘʥʦʜʘ.  

ʅʘ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʩʠʩʪʝʤʳ (ʧʨʠ r = 0) ʛʨʘʥʠʯ-

ʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʢʦʨʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ, ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʣʘʟʤʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʘʨʘ, ʘ ʪʘʢʞʝ ʘʤʧʣʠʪʫʜʳ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʛʦ ʧʦʣʷ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ, ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ 

ʛʘʫʩʩʦʚʳʤ, ʟʘʜʘʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʦʤ (ʩʤ., 

ʥʘʧʨʠʤʝʨ, [3, 5, 6]) 

ὺ π ; π ; π ; 

π ; π . (17) 
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ʅʘ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ 

ʧʣʘʟʤʳ (ʧʨʠ r = Rp) ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʢʦʨʦ-

ʩʪʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ 

[5] 

π ; ό π ; π . (18) 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʘʨʘ ʧʨʠ r = Rp 

ʦʧʨʝʜʝʣʠʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ʧʦʪʦʢʘ ʧʣʘʟʤʳ [5, 6] 

 Ὕ Ὕ ; ὲ π ʧʨʠ ὺ π ;  

π ʧʨʠ ὺ π. (19) 

ʅʘʢʦʥʝʮ, ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ 

ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʨʘʜʠʫʩʘ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ Rb, ʟʘʧʠʰʝʤ 

 ὃ π .   (20) 

ʉʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦ-

ʨʳʝ ʦʧʠʩʳʚʘʶʪ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ, ʠʤʧʫʣʴʩʘ, ʤʘʩʩʳ 

ʠ ʟʘʨʷʜʘ ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʜʫʛʦʚʦʡ ʧʣʘʟʤʝ, 

ʥʘʭʦʜʷʱʝʡʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ, ʩ ʧʨʠʚʝʜʝʥʥʳʤʠ ʚʳʰʝ ʛʨʘʥʠʯ-

ʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʨʝʰʘʣʘʩʴ ʯʠʩʣʝʥʥʦ ʩ ʧʦʤʦʱʴʶ 

ʩʦʚʤʝʩʪʥʦʛʦ ʣʘʛʨʘʥʞʝʚʦ-ʵʡʣʝʨʦʚʦʛʦ ʤʝʪʦʜʘ [11, 

12], ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʢ ʫʩʣʦʚʠʷʤ ʩʞʠʤʘʝʤʦʡ 

ʩʨʝʜʳ. ʇʨʠ ʨʝʰʝʥʠʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 

(2) ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ ʣʘʟʝʨʥʦʛʦ 

ʧʫʯʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʥʳʡ ʚ 

[3]. 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʣʘʟʤʳ ʩʪʦʣʙʘ ʠ ʘʥʦʜʥʦʡ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʜʫʛʠ ʩ ʚʦʣʴʬʨʘʤʦʚʳʤ ʢʘʪʦʜʦʤ ʠ ʩʪʘʣʴʥʳʤ ʘʥʦʜʦʤ, 

ʥʘ ʢʦʪʦʨʫʶ ʚʦʟʜʝʡʩʪʚʫʝʪ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʡ ʧʫʯʦʢ 

ʠʟʣʫʯʝʥʠʷ ʉʆ2-ʣʘʟʝʨʘ, ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʩʣʝʜʫʶʱʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʩʠʩʪʝʤʳ: ʜʣʠʥʘ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦ-

ʤʝʞʫʪʢʘ L = 4 ʤʤ; ʪʦʢ ʜʫʛʠ I = 150 ɸ; ʟʘʱʠʪʥʳʡ ʛʘʟ 

ʘʨʛʦʥ, ʜʘʚʣʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʝ; ʤʦʱʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ Q0 ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 

500é1500 ɺʪ, ʨʘʜʠʫʩ ʧʫʯʢʘ ʚ ʧʣʦʩʢʦʩʪʠ ʬʦʢʫʩʠ-

ʨʦʚʢʠ (z = L) rF = 0,2 ʤʤ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʢʘʪʦʜʘ ʜʦ 

ʧʣʦʩʢʦʩʪʠ, ʛʜʝ ʥʘʯʠʥʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʘʟʝʨ-

ʥʦʛʦ ʧʫʯʢʘ ʩ ʜʫʛʦʚʦʡ ʧʣʘʟʤʦʡ z0, ʚʳʙʠʨʘʣʦʩʴ ʨʘʚ-

ʥʳʤ 1 ʤʤ. 

 
ʈʠʩ.2. ʈʘʜʠʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʟʤʳ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ z = 2,5 ʤʤ ʩʪʦʣʙʘ ʜʫʛʠ 

ʧʨʠ Ts = 500 K: 1 ï Q0 = 0; 2 ï 500; 3 ï 1500 ɺʪ. 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʫʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ 

ʧʫʯʢʘ ʠʟʣʫʯʝʥʠʷ ʉO2-ʣʘʟʝʨʘ ʚ ʩʪʦʣʙʝ ʜʫʛʠ ʚʦʟʥʠ-

ʢʘʝʪ ʣʦʢʘʣʠʟʦʚʘʥʥʘʷ ʚʙʣʠʟʠ ʦʩʠ ʧʫʯʢʘ ʚʳʩʦʢʦʪʝʤ-

ʧʝʨʘʪʫʨʥʘʷ ʦʙʣʘʩʪʴ (ʨʠʩ.2), ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʧʣʘʟʤʳ ʚ ʢʦʪʦʨʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʚʳʰʝ-

ʥʠʝʤ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʠ ʵʪʦʤ 

ʨʘʜʠʫʩ ʫʢʘʟʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ ʧʦ-

ʨʷʜʢʘ 0,5 ʤʤ. ʊʘʢ, ʥʘ ʦʩʠ ʩʪʦʣʙʘ 150-ʘʤʧʝʨʥʦʡ ʜʫʛʠ 

(ʧʨʠ z = 2,5 ʤʤ) ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʟʤʳ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʩʪʘʚʣʷʝʪ 20700 K, ʪʦʛʜʘ 

ʢʘʢ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʤʦʱʥʦʩʪʴʶ 

Q0 = 500 ʠ 1500 ɺʪ ʦʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʜʦ 25100 ʠ 32800 K. 

ʕʬʬʝʢʪ ʣʦʢʘʣʴʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʥʘʛʨʝʚʘ ʜʫʛʦʚʦʡ 

ʧʣʘʟʤʳ ʧʨʦʷʚʣʷʝʪʩʷ ʚʧʣʦʪʴ ʜʦ ʛʨʘʥʠʮʳ ʩʪʦʣʙʘ ʩ 

ʘʥʦʜʥʦʡ ʦʙʣʘʩʪʴʶ ʜʫʛʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʦʩʝʚʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʘ-

ʥʦʜʥʦʡ ʧʣʘʟʤʳ. ɺʣʠʷʥʠʝ ʥʘʛʨʝʚʘ ʜʫʛʦʚʦʡ ʧʣʘʟʤʳ 

ʣʘʟʝʨʥʳʤ ʧʫʯʢʦʤ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʝʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʜʦʣʴ ʦʩʠ ʩʪʦʣʙʘ ʜʫʛʠ (ʦʩʠ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ) ʧʦʢʘ-

ʟʘʥʦ ʥʘ ʨʠʩ.3. ʆʪʤʝʪʠʤ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʘʥʦʜʘ (ʠʩʧʘʨʝʥʠʝ ʝʛʦ ʤʘʪʝʨʠʘʣʘ) ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʧʣʘʟʤʳ ʚ ʩʪʦʣʙʝ ʜʫʛʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʳʚʦʜʘʤ ʨʘʙʦʪʳ [6]. 

ʀʟʤʝʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʫʛʦʚʦʡ ʧʣʘʟʤʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʳʟʳʚʘʝʪ 

ʟʘʤʝʪʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʪʦʢʘ ʚ ʨʘʟʨʷʜʝ. ʅʘ ʨʠʩ.4 ʧʨʠʚʝʜʝʥʳ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʘʢʩʠʘʣʴʥʦʡ ʢʦʤʧʦ-

ʥʝʥʪʳ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚʜʦʣʴ ʦʩʠ ʜʫʛʠ, ʥʘ ʢʦʪʦʨʫʶ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʧʫʯʦʢ ʠʟʣʫʯʝʥʠʷ ʉʆ2-ʣʘʟʝʨʘ ʨʘʟʣʠʯ-

ʥʦʡ ʤʦʱʥʦʩʪʠ (ʢʨʠʚʘʷ 1 ï Q0 = 1500 ɺʪ; 2 ï 500), ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ƅjz(0,z)ƅ ʜʣʷ ʦʙʳʯʥʦʡ ʜʫʛʠ (ʢʨʠʚʘʷ 3). 
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ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨ-

ʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʟʤʳ ʚ ʦʩʝʚʦʡ ʟʦʥʝ 

ʩʪʦʣʙʘ ʜʫʛʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ (ʨʠʩ. 2, 3), 

ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʥʘ ʦʩʠ ʨʘʟʨʷʜʘ ʚ 

ʥʘʯʘʣʴʥʳʭ ʩʝʯʝʥʠʷʭ ʦʙʣʘʩʪʠ ʣʘʟʝʨʥʦ-ʜʫʛʦʚʦʛʦ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ (0 < z < 3 ʤʤ) ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʦʙʳʯʥʦʡ ʜʫʛʠ. ɺʣʠʷʥʠʝ ʣʘ-

ʟʝʨʥʦʛʦ ʥʘʛʨʝʚʘ ʜʫʛʦʚʦʡ ʧʣʘʟʤʳ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʩʪʦʣʙʝ ʜʫʛʠ ʥʘʯʠʥʘʝʪ ʩʢʘʟʳʚʘʪʴʩʷ 

ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʘʥʦʜʫ. ɺ ʧʨʠʘʥʦʜʥʦʡ ʟʦʥʝ 

ʩʪʦʣʙʘ ʚʝʣʠʯʠʥʘ ƅjz(0,z)ƅ ʜʣʷ ʜʫʛʠ, ʥʘʭʦʜʷʱʝʡʩʷ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʧʨʠʯʝʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʥʘ ʦʩʠ ʜʫʛʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ 

ʤʦʱʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʧʫʯʢʘ (ʨʠʩ. 4). ɺʨʝʟʫʣʴʪʘʪʝ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 150-ʘʤʧʝʨʥʫʶ ʜʫʛʫ 

ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʤʦʱʥʦʩʪʴʶ 1500 ɺʪ, ʧʣʦʪʥʦʩʪʴ 

ʪʦʢʘ ʚ ʮʝʥʪʨʝ ʦʙʣʘʩʪʠ ʘʥʦʜʥʦʡ ʧʨʠʚʷʟʢʠ ʜʫʛʠ ʤʦ-

ʞʝʪ ʙʦʣʝʝ ʯʝʤ ʚ ʪʨʠ ʨʘʟʘ ʧʨʝʚʦʩʭʦʜʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʳʯʥʦʡ ʜʫʛʠ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚ-

ʥʳʭ ʫʩʣʦʚʠʷʭ (ʨʠʩ. 5). 

 
ʈʠʩ.3. ɸʢʩʠʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʟʤʳ ʥʘ ʦʩʠ ʩʪʦʣʙʘ ʜʫʛʠ ʧʨʠ Ts = 500 K: 1 ï Q0 = 0; 2 

ï 500; 3 ï 1500 ɺʪ. 

 
ʈʠʩ.4. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʘʢʩʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ 

ʥʘ ʦʩʠ ʜʫʛʠ ʚʜʦʣʴ ʝʝ ʩʪʦʣʙʘ ʧʨʠ Ts = 500 K: 1ï3 ï ʩʤ. ʚ ʪʝʢʩʪʝ. 

 

ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ qa, ʚʚʦʜʠʤʳʡ ʜʫʛʦʡ ʚ ʘʥʦʜ, ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʪʦʢʘ ʥʘ ʘʥʦʜʝ [5, 6], ʧʦʵʪʦʤʫ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ qa(r), ʧʨʠʚʝʜʝʥʥʦʛʦ ʥʘ ʨʠʩ. 6, ʘʥʘʣʦʛʠʯʝʥ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʥʘ ʘʥʦʜʝ (ʨʠʩ. 5). ʊʘʢ, 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 150-ʘʤʧʝʨʥʫʶ ʜʫʛʫ ʣʘʟʝʨʥʳʤ 

ʧʫʯʢʦʤ ʤʦʱʥʦʩʪʴʶ 1500 ɺʪ ʦʩʝʚʦʝ ʟʥʘʯʝʥʠʝ ʧʣʦʪ-

ʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʚʚʦʜʠʤʦʛʦ ʜʫʛʦʡ ʚ ʘʥʦʜ, 

ʚʦʟʨʘʩʪʘʝʪ ʧʦʯʪʠ ʚ ʯʝʪʳʨʝ ʨʘʟʘ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʘʥʦʜʘ (ʫʯʝʪʝ ʝʛʦ ʠʩʧʘʨʝʥʠʷ) ʵʬʬʝʢʪ 

ʢʦʥʪʨʘʛʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʘʥʦʜʝ ʥʝ-

ʩʢʦʣʴʢʦ ʦʩʣʘʙʝʚʘʝʪ, ʦʜʥʘʢʦ ʦʩʪʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʫʛʦʡ, ʥʝ ʧʦʜʚʝʨʛʘʶʱʝʡʩʷ ʚʦʟʜʝʡ-

ʩʪʚʠʶ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʨʠʩ. 5, 6). 

 



16 TECHNICAL SCIENCE / ζColloquium - journal Ȼ# 18(42),2019 

 
ʈʠʩ.5. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʥʘ ʘʥʦʜʝ: 1 ï Q0 = 1500 ɺʪ, Ts = 500 K; 2 ï Q0 = 

1500 ɺʪ, Ts(0) = 3000 K; 3 ï Q0 = 0, Ts = 500 K; 4 ï Q0 = 0, Ts(0) = 3000 K. 

 

ʀʟʫʯʝʥʠʝ ʨʘʜʠʘʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʧʨʠʘʥʦʜʥʦʡ ʧʣʘʟʤʳ Tpa (ʨʠʩ.7) ʠ ʧʘʜʝʥʠʷ ʧʦ-

ʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ȹűa ʥʘ ʘʥʦʜʥʦʤ ʩʣʦʝ 

(ʨʠʩ. 8) ʜʣʷ ʜʫʛʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʤʦʱʥʦʩʪʴʶ Q0 = 1500 ɺʪ (ʢʨʠʚʳʝ 

1) ʠ ʜʣʷ ʦʙʳʯʥʦʡ ʜʫʛʠ (ʢʨʠʚʳʝ 2) ʜʣʷ ʩʣʫʯʘʷ ʢʨʠ-

ʚʳʭ 1 ʧʦʢʘʟʘʣʦ ʦʱʫʪʠʤʳʡ ʧʨʠʨʦʩʪ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ (~15% ʠ ~25%, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ). 

 
ʈʠʩ.6. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʚʚʦʜʠʤʦʛʦ ʜʫʛʦʡ ʚ ʘʥʦʜ, ʧʦ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ: 1 ï Q0 = 1500 ɺʪ, 

Ts = 500 K; 2 ï Q0 = 1500 ɺʪ, Ts(0) = 3000 K; 3 ï Q0 = 0, Ts = 500 K; 4 ï Q0 = 0, Ts(0) = 3000 K. 

 
ʈʠʩ.7. ʈʘʜʠʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʟʤʳ ʥʘ ʛʨʘʥʠʮʝ ʘʥʦʜʥʦʛʦ ʩʣʦʷ ʧʨʠ Ts = 500 K: 1, 2 ð 

ʩʤ. ʚ ʪʝʢʩʪʝ. 
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ʈʠʩ.8. ʈʘʜʠʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʜʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʘʥʦʜʥʦʤ ʩʣʦʝ ʜʫʛʠ ʧʨʠ Ts = 500 

K: 1, 2 ð ʩʤ. ʚ ʪʝʢʩʪʝ. 

 

ʇʨʠ Q0 = 1500 ɺʪ ʦʩʝʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʟʤʳ 

ʥʘ ʛʨʘʥʠʮʝ ʘʥʦʜʥʦʛʦ ʩʣʦʷ ʜʣʷ ʜʫʛʠ ʩ ʥʝʠʩʧʘʨʷʶ-

ʱʠʤʩʷ ʘʥʦʜʦʤ ʚʦʟʨʘʩʪʘʝʪ ʧʦʯʪʠ ʥʘ 1200 ʂ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʦʙʳʯʥʦʡ ʜʫʛʦʡ (ʨʠʩ.7). ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʫʚʝʣʠʯʝʥʠʝ ʦʩʝʚʳʭ ʟʥʘʯʝʥʠʡ ʧʦʪʝʥʮʠʘʣʘ ʧʣʘʟʤʳ ʥʘ 

ʫʢʘʟʘʥʥʦʡ ʛʨʘʥʠʮʝ ʠ ʧʦʷʚʣʝʥʠʝ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ȹűa(r) ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʚʙʣʠʟʠ ʦʩʠ 

ʜʫʛʠ (ʨʠʩ.8, ʢʨʠʚʘʷ 1). ʈʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ȹűa ʚʜʦʣʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʜʝʬʦʨʤʘʮʠʠ ʣʠʥʠʡ 

ʨʘʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʧʨʠʦʩʝʚʦʡ ʟʦʥʝ ʧʨʠʘʥʦʜʥʦʡ 

ʧʣʘʟʤʳ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʦʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʨʘʜʠʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʨʘʜʠʘʣʴ-

ʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ. ʅʘʨʷʜʫ ʩ ʚʦʟʨʘʩʪʘ-

ʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ (ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʣʘʟʤʳ), ʘ 

ʪʘʢʞʝ ʘʢʩʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʫʢʘʟʘʥʥʦʡ ʟʦʥʝ, ʵʪʦ ʧʨʠʚʦ-

ʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʢʦʥʪʨʘʛʠʨʦʚʘʥʠʶ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʪʦʢʘ ʚ ʦʙʣʘʩʪʠ ʘʥʦʜʥʦʡ ʧʨʠʚʷʟʢʠ ʜʫʛʠ, ʥʘʭʦ-

ʜʷʱʝʡʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ (ʨʠʩ.5) 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʦʡ ʜʫʛʦʡ. ɺ ʩʣʫʯʘʝ ʜʠʬʬʫʟʠ-

ʦʥʥʦ ʠʩʧʘʨʷʶʱʝʛʦʩʷ ʘʥʦʜʘ (Ts(0) = 3000 K) ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʧʣʘʟʤʳ ʥʘ ʛʨʘʥʠʮʝ ʩ ʘʥʦʜʥʦʡ ʦʙʣʘʩʪʴʶ ʜʫʛʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʤ 

(ʥʝʠʩʧʘʨʷʶʱʠʤʩʷ) ʘʥʦʜʦʤ (Ts = 500 K) ʢʘʢ ʧʨʠ 

ʥʘʣʠʯʠʠ, ʪʘʢ ʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʵʬʬʝʢʪ ʢʦʥʪʨʘʛʠʨʦʚʘʥʠʷ 

ʪʦʢʘ ʜʫʛʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʩʪʘʥʦ-

ʚʠʪʩʷ ʤʝʥʝʝ ʟʘʤʝʪʥʳʤ (ʨʠʩ.5). 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʛʠʙʨʠʜʥʦʤ ʧʨʦʮʝʩʩʝ 

ʧʫʯʢʘ ʉʆ2-ʣʘʟʝʨʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʜʫʛʦʚʫʶ 

ʧʣʘʟʤʫ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʦʩʣʘʙʣʝʥʠʝ. ʇʫʩʪʴ 

ɠ(z)=Q(z)/Q0 ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʧʫʯʢʘ ʟʘ 

ʩʯʝʪ ʝʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʜʫʛʦʚʦʡ ʧʣʘʟʤʝ, ʛʜʝ Q(z) ï 

ʤʦʱʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʚ ʩʝʯʝʥʠʠ ʜʫʛʠ ʩ ʘʢʩʠ-

ʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʦʡ z, ʚʳʯʠʩʣʷʝʤʘʷ ʧʦ ʬʦʨʤʫʣʝ (6). 

ɺʩʣʝʜʩʪʚʠʝ ʧʦʛʣʦʱʝʥʠʷ ʧʫʯʢʘ ʚ ʩʪʦʣʙʝ ʜʫʛʠ ʜʦ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʘʥʦʜʘ ʜʦʭʦʜʠʪ ʦʢʦʣʦ 74% ʤʦʱʥʦʩʪʠ ʣʘ-

ʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʨʠʩ.9). ʇʨʠʯʝʤ ʜʣʷ ʚʳʙʨʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʠ ʜʫʛʠ ʵʪʘ ʚʝʣʠʯʠʥʘ 

ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʤʦʱʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʧʫʯʢʘ ʠ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʘ. 

 
ʈʠʩ.9. ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʣʘʙʣʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʚ ʜʫʛʦʚʦʡ ʧʣʘʟʤʝ ʧʦ ʜʣʠʥʝ ʜʫʛʠ. 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ 

ʚʜʦʣʴ ʦʩʠ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ, ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʜʫʛʦʚʦʡ ʧʣʘʟʤʦʡ, ʚ ʩʨʘʚʥʝʥʠʠ 

ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʜʣʷ ʠʩʭʦʜʥʦʛʦ 

ʧʫʯʢʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.10. ɺ ʦʪʣʠʯʠʝ ʦʪ ʣʘʟʝʨʥʦʛʦ 

ʧʫʯʢʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚ ʚʦʟʜʫʭʝ (ʚ ʦʪʩʫʪ-

ʩʪʚʠʝ ʜʫʛʠ), ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʜʫʛʦʚʦʡ ʧʣʘʟʤʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʩʠ ʧʫʯʢʘ 

S0=S(0,z) ʩʥʠʞʘʝʪʩʷ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʘʥʦʜʘ. 
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ʈʠʩ.10. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʩʠ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʤʦʱʥʦʩʪʴʶ 

1500 ɺʪ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚ ʜʫʛʦʚʦʡ ʧʣʘʟʤʝ (ʩʧʣʦʰʥʘʷ ʢʨʠʚʘʷ), ʠ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʧʫʯʢʘ (ʰʪʨʠʭʦʚʘʷ). 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʘʩʯʝʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʨʠ-

ʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ.9 ʠ 10, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʬʦʢʫʩʠʨʦ-

ʚʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʩ ʜʫʛʦʚʦʡ ʧʣʘʟʤʦʡ ʚ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʳʭ ʫʩʣʦʚʠʷʭ ʚ ʦʩʥʦʚʥʦʤ ʩʚʦʜʠʪʩʷ ʢ ʧʦ-

ʛʣʦʱʝʥʠʶ ʵʥʝʨʛʠʠ ʧʫʯʢʘ ʧʣʘʟʤʦʡ, ʧʨʠ ʵʪʦʤ ʨʦʣʴ 

ʝʛʦ ʨʝʬʨʘʢʮʠʠ ʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʜʫʛʦʚʦʡ ʧʣʘʟʤʝ ʦʢʘ-

ʟʳʚʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʜʠʫʩʘ ʧʫʯʢʘ 

rb(z) (ʨʠʩ.11), ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʢʘʢ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʝʛʦ 

ʦʩʠ, ʥʘ ʢʦʪʦʨʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʩʦʩʪʘʚ-

ʣʷʝʪ 1% ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ S(0,z). ʕʬʬʝʢ-

ʪʠʚʥʳʡ ʨʘʜʠʫʩ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶ-

ʱʝʛʦ ʩ ʧʣʘʟʤʦʡ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘ-

ʜʠʫʩʘ ʠʩʭʦʜʥʦʛʦ ʧʫʯʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʩʝʯʝʥʠʠ 

ʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʫʩʣʦʚʠʡ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʤʦʱʥʦʩʪʠ. 

ɺʳʧʦʣʥʝʥʥʦʝ ʨʘʩʯʝʪʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦ-

ʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 150-ʘʤʧʝʨʥʫʶ 

ʜʫʛʫ ʧʫʯʢʦʤ ʉʆ2-ʣʘʟʝʨʘ ʤʦʱʥʦʩʪʴʶ 1500 ɺʪ, ʦʩʝ-

ʚʳʝ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʘ ʢʦʥʪʨʘʛʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʪʦʢʘ ʥʘ ʘʥʦʜʝ ʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʘʥʦʜ ʚʦʟ-

ʨʘʩʪʘʶʪ ʙʦʣʝʝ ʯʝʤ ʚ ʪʨʠ ʨʘʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʘ-

ʟʝʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʜʫʛʫ 

ʜʝʣʘʝʪ ʝʝ ʙʦʣʝʝ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʠʩʪʦʯ-

ʥʠʢʦʤ ʪʝʧʣʦʚʦʛʦ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʤʝʪʘʣʣ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʣʘʟʝʨʥʳʡ ʥʘʛʨʝʚ ʜʫʛʦʚʦʡ ʧʣʘʟʤʳ ʚʳʟʳʚʘʝʪ ʪʘʢʞʝ 

ʟʘʤʝʪʥʦʝ ʧʦʚʳʰʝʥʠʝ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ, ʚʢʣʘʜʳʚʘ-

ʝʤʦʡ ʜʫʛʦʡ ʚ ʘʥʦʜ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʣʦ-

ʢʦʥʥʦʛʦ, ʜʠʩʢʦʚʦʛʦ ʠʣʠ Nd:YAG-ʣʘʟʝʨʘ ʠʟʣʫʯʝʥʠʝ 

ʧʦʯʪʠ ʥʝ ʧʦʛʣʦʱʘʝʪʩʷ ʜʫʛʦʡ, ʘ ʘʥʘʣʦʛʠʯʥʳʝ ʦʧʠ-

ʩʘʥʥʳʤ ʵʬʬʝʢʪʳ ʧʨʦʠʩʭʦʜʷʪ ʟʘ ʩʯʝʪ ʩʞʘʪʠʷ ʩʪʦʣʙʘ 

ʜʫʛʠ ʚ ʨʘʟʤʝʨ ʢʘʥʘʣʘ ʠʦʥʠʟʠʨʦʚʘʥʥʳʭ ʧʘʨʦʚ, ʚʦʟ-

ʥʠʢʘʶʱʝʛʦ ʧʨʠ ʣʘʟʝʨʥʦʤ ʠʩʧʘʨʝʥʠʠ ʤʘʪʝʨʠʘʣʘ 

ʘʥʦʜʘ (ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ).  

 
ʈʠʩ.11. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʜʠʫʩʘ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʧʦ ʝʛʦ ʜʣʠʥʝ. 

 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʤʝʭʘʥʠʟʤ ʩʠʥʝʨʛʝʪʠʯʝ-

ʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʣʘ-

ʟʝʨʥʦʛʦ ʠ ʜʫʛʦʚʦʛʦ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ ʚ ʫʩʣʦʚʠʷʭ ʛʠ-

ʙʨʠʜʥʦʡ (ʉʆ2-ʣʘʟʝʨ+ʊʀɻ) ʩʚʘʨʢʠ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʥʘʨʫʰʝʥʠʠ ʘʜʜʠʪʠʚʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʠ ʜʫʛʦʚʦʡ ʧʣʘʟʤʳ ʥʘ 

ʩʚʘʨʠʚʘʝʤʳʡ ʤʝʪʘʣʣ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʵʥʝʨʛʠʷ, ʠʩ-

ʧʦʣʴʟʫʝʤʘʷ ʥʘ ʧʣʘʚʣʝʥʠʝ ʤʝʪʘʣʣʘ ʧʨʠ ʛʠʙʨʠʜʥʦʡ 

ʩʚʘʨʢʝ, ʤʦʞʝʪ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ʧʨʝʚʳʰʘʪʴ 

ʩʫʤʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʥʝʨʛʠʡ ʧʨʠ ʩʚʘʨʢʝ ʢʘʞ-

ʜʳʤ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ [3]. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʤ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ ʪʦʢʘ ʜʫʛʠ ʜʚʠʞʝʥʠʝ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʃʦʨʝʥʮʘ ʚʦʟʙʫʞʜʘʝʪʩʷ ʝʝ ʚʠʭ-

ʨʝʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ Ὂᴆ , ʠʤʝʶʱʝʡ ʮʝʥʪʨʦʩʪʨʝʤʠ-
ʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. ɿʥʘʯʝʥʠʝ ʵʪʦʡ ʩʠʣʳ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ ʠ ʫʙʳʚʘʝʪ 

ʧʨʠ ʨʘʩʪʝʢʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʦʙʲʝʤʝ ʩʚʘ-

ʨʠʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ. ɺʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʵʪʦʤ ʧʝʨʝ-

ʧʘʜ ʜʘʚʣʝʥʠʡ ʚʳʟʳʚʘʝʪ ʥʠʩʭʦʜʷʱʝʝ ʪʝʯʝʥʠʝ ʨʘʩ-

ʧʣʘʚʘ, ʧʝʨʝʥʦʩʷʱʝʝ ʧʝʨʝʛʨʝʪʳʡ ʤʝʪʘʣʣ ʦʪ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʚʘʥʥʳ ʢ ʬʨʦʥʪʫ ʧʣʘʚʣʝʥʠʷ. ʇʨʠ ʠʥʪʝʥʩʠʚʥʦʤ 

ʪʝʯʝʥʠʠ ʨʘʩʧʣʘʚʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʜʦʥʥʦʡ ʯʘʩʪʠ 

ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ ʧʦʚʳʰʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʚʦ-

ʝʥʠʷ (ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʣʘʚʣʝʥʠʝ ʤʝʪʘʣʣʘ) ʪʝʧʣʦ-

ʚʦʡ ʤʦʱʥʦʩʪʠ, ʚʚʦʜʠʤʦʡ ʚ ʘʥʦʜ ʦʙʦʠʤʠ ʠʩʪʦʯʥʠ-

ʢʘʤʠ ʪʝʧʣʘ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʪʦʤʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 
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ʦʙʲʝʤ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ. ʇʨʠʙʣʠʞʝʥʥʦ ʦʮʝ-

ʥʠʤ ʚʣʠʷʥʠʝ ʣʘʟʝʨʥʦ-ʜʫʛʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʠʭʨʝʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʦʡ ʩʠʣʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ 

ʤʝʪʘʣʣʘ ʘʥʦʜʘ, ʧʦʣʘʛʘʷ ʝʝ ʥʝʜʝʬʦʨʤʠʨʫʝʤʦʡ. 

ʂʦʥʪʨʘʛʠʨʦʚʘʥʠʝ ʜʫʛʠ, ʢʦʪʦʨʦʝ ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʫʱʝ-

ʩʪʚʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʪʦʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʚʙʣʠʟʠ ʮʝʥʪʨʘ ʦʙʣʘ-

ʩʪʠ ʘʥʦʜʥʦʡ ʧʨʠʚʷʟʢʠ ʜʫʛʠ (ʨʠʩ.5), ʧʨʠʚʦʜʠʪ ʢ ʨʝʟ-

ʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʡ ʩʦʩʪʘʚʣʷ-

ʶʱʝʡ ʩʠʣʳ ʃʦʨʝʥʮʘ ʚ ʫʢʘʟʘʥʥʦʡ ʟʦʥʝ (ʨʠʩ.12). 

ʇʨʠʯʝʤ ʜʠʥʘʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ 

ʢʦʥʪʨʘʛʠʨʦʚʘʥʠʝʤ ʪʦʢʘ ʜʫʛʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʘ, 

ʦʢʘʟʳʚʘʝʪʩʷ ʪʝʤ ʚʳʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʤʦʱʥʦʩʪʴ ʣʘ-

ʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

 
ʈʠʩ.12. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʚʠʭʨʝʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ ʃʦʨʝʥʮʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʘ ʧʨʠ Ts = 500 ʂ: 1 ï 

Q0 = 1500; 2 ï 500 ɺʪ; 3 ï ʦʙʳʯʥʘʷ ʜʫʛʘ. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʜʝ-

ʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʉʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ 

ʦʙʲʝʜʠʥʝʥʠʠ ʣʘʟʝʨʥʦʛʦ ʠ ʜʫʛʦʚʦʛʦ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ ʚ ʫʩʣʦʚʠʷʭ ʛʠʙʨʠʜʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʩʚʘʨʢʠ), 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʥʘʨʫʰʝʥʠʠ ʘʜʜʠʪʠʚʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʵʪʠʭ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝ-

ʤʳʡ (ʩʚʘʨʠʚʘʝʤʳʡ) ʤʝʪʘʣʣ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʵʥʝʨ-

ʛʠʷ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʥʘ ʧʣʘʚʣʝʥʠʝ ʤʝʪʘʣʣʘ ʚ ʛʠʙʨʠʜ-

ʥʦʤ ʧʨʦʮʝʩʩʝ, ʤʦʞʝʪ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ʧʨʝʚʳ-

ʰʘʪʴ ʩʫʤʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʥʝʨʛʠʡ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ (ʩʚʘʨʢʝ) ʢʘʞʜʳʤ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʤ ʠʩʪʦʯ-

ʥʠʢʦʤ ʪʝʧʣʘ. 

2. ʆʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉʆ2-ʣʘʟʝʨʘ ʷʚʣʷʝʪʩʷ 

ʣʦʢʘʣʴʥʳʡ ʥʘʛʨʝʚ ʜʫʛʦʚʦʡ ʧʣʘʟʤʳ ʩʬʦʢʫʩʠʨʦʚʘʥ-

ʥʳʤ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ 

ʩʪʦʣʙʝ ʜʫʛʠ ʚʦʟʥʠʢʘʝʪ ʣʦʢʘʣʠʟʦʚʘʥʥʘʷ ʚʙʣʠʟʠ ʦʩʠ 

ʧʫʯʢʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʣʘʩʪʴ, ʤʘʢʩʠʤʘʣʴ-

ʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʟʤʳ ʚ ʢʦʪʦʨʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺʦʟ-

ʥʠʢʥʦʚʝʥʠʝ ʪʘʢʦʡ, ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʦʡ ʩ ʦʩʴʶ ʣʘʟʝʨ-

ʥʦʛʦ ʧʫʯʢʘ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʜʫʛʦʚʦʡ 

ʧʣʘʟʤʳ ʧʦʚʳʰʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʜʫʛʠ ʚ ʫʩʣʦʚʠʷʭ ʛʠʙʨʠʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʦ ʧʨʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʦʙʨʘʙʦʪʢʠ (ʩʚʘʨʢʠ). 

3. ʆʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʦʙʦʜʥʦ ʧʨʦʭʦʜʷʱʝʛʦ 

ʩʢʚʦʟʴ ʜʫʛʦʚʫʶ ʧʣʘʟʤʫ ʠʟʣʫʯʝʥʠʷ ʚʦʣʦʢʦʥʥʦʛʦ, 

ʜʠʩʢʦʚʦʛʦ ʠʣʠ Nd:YAG-ʣʘʟʝʨʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ ʧʫʯʢʦʤ ʢʘʥʘʣʘ ʠʦʥʠʟʠʨʦʚʘʥʥʳʭ 

ʧʘʨʦʚ ʩ ʥʠʟʢʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, 

ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʣʘʟʝʨʥʦʤ ʠʩʧʘʨʝʥʠʠ ʤʘʪʝʨʠʘʣʘ 

ʘʥʦʜʘ (ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ), ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʞʘʪʠʶ ʩʪʦʣʙʘ ʜʫʛʠ ʚ ʨʘʟʤʝʨ ʵʪʦʛʦ ʢʘʥʘʣʘ ʠ ʧʦʚʳ-

ʰʝʥʠʶ ʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʚ ʪ.ʯ. 

ʧʨʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʦʙʨʘʙʦʪʢʠ (ʩʚʘʨʢʠ). 

4. ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥ-

ʮʠʘʣʘ ʚ ʜʫʛʦʚʦʡ ʧʣʘʟʤʝ, ʧʨʦʠʩʭʦʜʷʱʝʝ ʟʘ ʩʯʝʪ ʠʟ-

ʤʝʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʝʝ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʣʘ-

ʟʝʨʥʦʛʦ ʧʫʯʢʘ, ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʧʦʚʳʰʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʧʨʠʘʥʦʜʥʦʡ ʧʣʘʟʤʝ, 

ʘ ʪʘʢʞʝ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʚʚʦʜʠʤʦʛʦ ʜʫ-

ʛʦʡ ʚ ʘʥʦʜ, ʜʝʣʘʷ ʪʘʢʫʶ ʜʫʛʫ ʙʦʣʝʝ ʚʳʩʦʢʦʢʦʥʮʝʥ-

ʪʨʠʨʦʚʘʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʦʚʦʛʦ ʠ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʚʘʨʠʚʘʝʤʳʡ ʤʝʪʘʣʣ. ʇʦʣ-

ʥʘʷ ʤʦʱʥʦʩʪʴ, ʚʢʣʘʜʳʚʘʝʤʘʷ ʜʫʛʦʡ ʚ ʤʝʪʘʣʣ ʧʨʠ 

ʛʠʙʨʠʜʥʦʡ ʩʚʘʨʢʝ ʉʆ2-ʣʘʟʝʨ+ʊʀɻ, ʧʨʝʚʳʰʘʝʪ 

ʤʦʱʥʦʩʪʴ, ʚʢʣʘʜʳʚʘʝʤʫʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʫʛʦʡ 

ʚ ʫʩʣʦʚʠʷʭ ʦʙʳʯʥʦʡ ʊʀɻ ʩʚʘʨʢʠ. ʇʨʦʛʥʦʟʠʨʫʝʤʳʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʵʬʬʝʢʪ ʢʦʥʪʨʘʛʠ-

ʨʦʚʘʥʠʷ ʪʦʢʘ ʜʫʛʠ ʧʨʠ ʛʠʙʨʠʜʥʦʡ ʩʚʘʨʢʝ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʠʣʳ ʃʦ-

ʨʝʥʮʘ, ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʝʡ ʧʝʨʝʛʨʝʪʳʡ ʤʝʪʘʣʣ ʠʟ 

ʮʝʥʪʨʘ ʦʙʣʘʩʪʠ ʘʥʦʜʥʦʡ ʧʨʠʚʷʟʢʠ ʜʫʛʠ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ ʢ ʝʝ ʜʥʫ, ʯʪʦ ʜʦʣʞʥʦ ʧʨʠʚʦ-

ʜʠʪʴ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ ʤʦʱʥʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ, ʨʘʩʭʦʜʫʝʤʦʡ ʥʘ 

ʧʣʘʚʣʝʥʠʝ ʩʚʘʨʠʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ. 

5. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʧʫʯʢʘ 

ʠʟʣʫʯʝʥʠʷ CO2-ʣʘʟʝʨʘ ʩ ʧʣʘʟʤʦʡ ʘʨʛʦʥʦʚʦʡ ʜʫʛʠ ʩ 

ʪʫʛʦʧʣʘʚʢʠʤ ʢʘʪʦʜʦʤ ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʪʦʨʦʤʫ 

ʫʤʝʥʴʰʝʥʠʶ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ, ʜʦʭʦʜʷʱʝʡ ʜʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʘʩʪʠʯʥʦʛʦ ʧʦʛʣʦ-

ʱʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʧʣʘʟʤʝ ʩʪʦʣʙʘ ʜʫʛʠ. 

ʇʨʠ ʵʪʦʤ ʨʝʬʨʘʢʮʠʷ ʧʫʯʢʘ ʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʜʫʛʦʚʦʡ 

ʧʣʘʟʤʝ ʦʢʘʟʳʚʘʝʪʩʷ ʤʘʣʦʩʫʱʝʩʪʚʝʥʥʦʡ. ʄʦʱʥʦʩʪʴ, 

ʚʢʣʘʜʳʚʘʝʤʘʷ ʚ ʩʚʘʨʠʚʘʝʤʳʡ ʤʝʪʘʣʣ ʣʘʟʝʨʥʳʤ ʧʫʯ-

ʢʦʤ ʧʨʠ ʛʠʙʨʠʜʥʦʡ ʩʚʘʨʢʝ ʉʆ2-ʣʘʟʝʨ+ʊʀɻ, ʤʦʞʝʪ 

ʙʳʪʴ ʢʘʢ ʙʦʣʴʰʝ, ʪʘʢ ʠ ʤʝʥʴʰʝ ʤʦʱʥʦʩʪʠ, ʚʚʦʜʠ-

ʤʦʡ ʚ ʤʝʪʘʣʣ ʧʨʠ ʣʘʟʝʨʥʦʡ ʩʚʘʨʢʝ ï ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʫʩʣʦʚʠʡ ʧʦʛʣʦʱʝʥʠʷ, ʜʦʰʝʜʰʝʛʦ ʜʦ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʤʝʪʘʣʣʘ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʭ, 
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ʥʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʩʚʘʨʦʯ-

ʥʦʡ ʚʘʥʥʝ ʧʘʨʦʛʘʟʦʚʦʛʦ ʢʘʥʘʣʘ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʧʦʛʣʦʱʘʶʱʝʛʦ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʯʝʤ ʧʣʦʩʢʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʩʧʣʘʚʘ. 

ʇʨʠʤʝʯʘʥʠʝ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʨʘʤʢʘʭ 
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ʧʣʘʟʤʳ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʝʪʘʣʣʦʚ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʪʝʭʥʦʣʦʛʠʠ ʚʦʜʦ-ʚʦʟʜʫʰʥʦʡ ʧʣʘʟ-
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STUDY OF METHODS FOR ASSESSING THE RELIABILITY OF TECHNOLOGICAL PROCESSES 

IN WINTER CONCRETING  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʦʙʟʦʨ ʧʦʥʷʪʠʷ çʥʘʜʝʞʥʦʩʪʴè ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʨʘʩʩʤʘʪʨʠ-

ʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʙʝʪʦʥʠʨʦʚʘʥʠʠ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʮʝʥʪʘ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʪ 

ʧʦʣʥʦʪʳ ʩʦʙʣʶʜʝʥʠʷ ʩʦʩʪʘʚʘ ʦʧʝʨʘʮʠʡ.  

Abstract 

The article reviews the concept of ñreliabilityò and its components, discusses the issues of methods for as-

sessing the reliability of technological processes during the concreting of structures in winter. Analysis of the 

dependence of the percentage of reliability of the technological process from the completeness of the compliance 

operation. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʥʷʪʠʝ ʥʘʜʝʞʥʦʩʪʠ, ʤʦʥʦʣʠʪʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʥʦʨʤʘʪʠʚʥʘʷ ʣʠʪʝʨʘʪʫʨʘ, ʞʝ-

ʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʧʦʩʦʙʳ ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ.  

Key words: the concept of reliability, monolithic construction, normative literature, reinforced concrete 

structures, methods for assessing reliability. 

 

ʄʦʥʦʣʠʪʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʘʙʠʨʘʝʪ ʚʩʝ ʙʦʣʴ-

ʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫ-

ʞʝʥʠʡ, ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʊʘʢ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʤʦʥʦʣʠʪʥʦʛʦ ʞʝ-

ʣʝʟʦʙʝʪʦʥʘ ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʧʨʦʯ-

ʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ [1]. 

ɺ ʝʚʨʦʧʝʡʩʢʦʡ ʠ ʤʠʨʦʚʦʡ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫ-

ʤʝʥʪʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʰʠʨʦʢʦ ʧʨʠʤʝ-

ʥʷʶʪʩʷ ʧʦʥʷʪʠʷ ʧʨʦʯʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠʟʛʦʪʦʚ-

ʣʝʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʪʘʢʠʤ ʞʝ ʚʘʞʥʳʤ ʩʯʠʪʘ-

ʝʪʩʷ ʧʦʥʷʪʠʝ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʡ [2].  

ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʥʘʫʯʥʦʡ ʠ ʥʦʨʤʘʪʠʚʥʦʡ ʣʠʪʝ-

ʨʘʪʫʨʝ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦʥʷʪʠʝ ʥʘʜʝʞʥʦ-

ʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʝʚʨʦʧʝʡʩʢʠʭ ʥʦʨʤ ʚ ʧʨʘʢʪʠʢʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʩʪʨʦ-

ʠʪʝʣʴʩʪʚʘ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʪʨʦʠʪʝʣʝʡ ʟʘ ʨʫʙʝʞʦʤ. 

ɼʣʷ ʮʝʣʠ ʛʘʨʤʦʥʠʟʘʮʠʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʝʚʨʦʧʝʡ-

ʩʢʠʭ ʥʦʨʤ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʧʨʝʜʣʦʞʝʥʠʡ 

ʢʘʢ ʧʨʠʤʝʨ, ʧʦ ʦʮʝʥʢʝ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟ-

ʛʦʪʦʚʣʝʥʠʷ ʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ.  

ɺʦʧʨʦʩ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʦʣʞʝʥ ʩʪʦʷʪʴ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʃʶʙʦʝ ʟʜʘʥʠʝ ʠʣʠ ʩʦʦʨʫʞʝʥʠʝ 

ʜʦʣʞʥʦ ʦʪʚʝʯʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ (ʪʝʭ-

ʥʠʯʝʩʢʠʤ, ʵʢʦʥʦʤʠʯʝʩʢʠʤ, ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʠ ʪ.ʧ.). 

ʇʦʵʪʦʤʫ ʦ ʩʦʩʪʦʷʥʠʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʦʙʲʝʢʪʘ 

ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʪʦʤʫ, ʥʘʩʢʦʣʴʢʦ ʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʥʝʤʫ ʪʨʝʙʦʚʘʥʠʷʤ. ɺ ʦʩʥʦʚʝ ʪʘ-

ʢʦʡ ʦʮʝʥʢʠ ʣʝʞʠʪ ʪʝʦʨʠʷ ʥʘʜʝʞʥʦʩʪʠ.  

ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʥʘʜʝʞ-

ʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚʥʝʩʣʠ ʪʘʢʠʝ ʦʪʝ-

ʯʝʩʪʚʝʥʥʳʝ ʫʯʝʥʳʝ ʢʘʢ: ɺ.ɺ. ɹʦʣʦʪʠʥ, ɸ.ʇ. ɹʫʣʳ-

ʯʝʚ, ɹ.ɺ. ɻʥʝʜʝʥʢʦ, ɸ.ʇ. ʂʫʜʟʠʩ, ɺ.ɼ. ʈʘʡʟʝʨ, ɸ.ʈ. 

ʈʞʘʥʠʮʳʥ, ɸ.ɻ. ʈʦʡʪʤʘʥ ʠ ʜʨ. ʂ ʩʦʞʘʣʝʥʠʶ, ʠʭ ʨʘʟ-

ʨʘʙʦʪʢʠ ʥʝ ʥʘʰʣʠ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʧʨʘʢ-

ʪʠʢʝ, ʘ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʟʘ ʨʫʙʝʞʦʤ ʜʘʥʥʳʡ ʚʦʧʨʦʩ 

ʙʝʩʧʨʝʩʪʘʥʥʦ ʠʟʫʯʘʝʪʩʷ, ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ ʠ ʚ ʪʝʦ-

ʨʝʪʠʯʝʩʢʦʤ, ʠ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʦʧʨʦʩʘ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʜʝʞʥʦ-

ʩʪʠ ʚʳʪʝʢʘʝʪ ʠʟ ɽʅ-206. ʊʘʢ ʚ ɽʚʨʦʧʝʡʩʢʠʭ ʥʦʨʤʘʭ 

ʥʘʜʝʞʥʦʩʪʴ ʧʨʠʨʘʚʥʠʚʘʝʪʩʷ ʧʦ ʟʥʘʯʠʤʦʩʪʠ ʢ ʧʨʦʯ-

ʥʦʩʪʠ. ʀ ʧʦʩʢʦʣʴʢʫ ʫ ʥʘʩ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦ ʥʘʜʝʞ-

ʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʝʯʠ ʥʠʢʦʛʜʘ ʥʝ 

ʙʳʣʦ, ʘ ʦʧʝʨʠʨʦʚʘʪʴ ʵʪʠʤ ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ ʧʨʠ-

ʜʸʪʩʷ, ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʦʙʨʘʪʴʩʷ, ʯʪʦ ʞʝ ʪʘ-

ʢʦʝ ʥʘʜʝʞʥʦʩʪʴ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʘʷ 

ʥʘʫʯʥʘʷ ʠʥʞʝʥʝʨʥʘʷ ʤʳʩʣʴ ʚʢʣʘʜʳʚʘʝʪ ʚ ʧʦʥʷʪʠʝ 

ʥʘʜʝʞʥʦʩʪʴ. 

ʅʘʜʝʞʥʦʩʪʴ - ʚʘʞʥʝʡʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ 

ʣʶʙʦʛʦ ʠʟʜʝʣʠʷ. ʅʘʜʝʞʥʦʩʪʴ - ʩʚʦʡʩʪʚʦ ʦʙʲʝʢʪʘ ʩʦ-

ʭʨʘʥʷʪʴ ʚʦ ʚʨʝʤʝʥʠ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʪʨʝʙʫ-

ʝʤʳʝ ʬʫʥʢʮʠʠ ʚ ʟʘʜʘʥʥʳʭ ʨʝʞʠʤʘʭ ʠ ʫʩʣʦʚʠʷʭ ʧʨʠ-

ʤʝʥʝʥʠʷ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʭʨʘʥʝʥʠʷ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ [3]. 
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ʅʘʜʝʞʥʦʩʪʴ ʟʜʘʥʠʡ ʦʮʝʥʠʚʘʝʪʩʷ ʪʨʝʤʷ ʦʩʥʦʚ-

ʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʝʟʦʪʢʘʟ-

ʥʦʡ ʨʘʙʦʪʳ, ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ ʠ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦ-

ʩʪʴʶ [4].  

ɹʝʟʦʪʢʘʟʥʦʩʪʴ ð ʩʚʦʡʩʪʚʦ ʠʟʜʝʣʠʷ ʩʦʭʨʘʥʷʪʴ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʧʨʦʤʝ-

ʞʫʪʢʘ ʚʨʝʤʝʥʠ ʠʣʠ ʚʧʣʦʪʴ ʜʦ ʚʳʧʦʣʥʝʥʠʷ ʦʧʨʝʜʝ-

ʣʝʥʥʦʛʦ ʦʙʲʝʤʘ ʨʘʙʦʪʳ ʙʝʟ ʚʳʥʫʞʜʝʥʥʳʭ ʧʝʨʝʨʳ-

ʚʦʚ.  

ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʟʜʘʥʠʡ ʠʣʠ ʩʦʦʨʫʞʝʥʠʡ ð 

ʚʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʥʠʭ ʩʦʭʨʘʥʷʶʪʩʷ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʝ ʢʘʯʝʩʪʚʘ ʚ ʟʘʜʘʥʥʳʭ ʧʨʝʜʝʣʘʭ, ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʥʦ ʩʨʦʢʦʤ ʩʣʫʞʙʳ ʥʝʩʤʝʥʷʝʤʳʭ ʯʘ-

ʩʪʝʡ (ʢʘʨʢʘʩʘ, ʩʪʝʥ, ʬʫʥʜʘʤʝʥʪʦʚ).  

ʈʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ ð ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʢʦʪʦ-

ʨʘʷ ʧʦʢʘʟʳʚʘʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʦʚ ʩʪʨʦʠʪʝʣʴ-

ʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚʩʝʛʦ ʟʜʘʥʠʷ ʠʣʠ ʩʦʦʨʫʞʝʥʠʷ ʢ 

ʦʙʲʝʤʘʤ ʢʦʥʩʪʨʫʢʮʠʡ, ʟʘʤʝʥʷʝʤʳʭ ʧʨʠ ʢʘʧʠʪʘʣʴ-

ʥʦʤ ʨʝʤʦʥʪʝ.  

ʆʜʥʘʢʦ ʧʨʦʩʣʝʜʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʝʱʝ ʪʦʣʴʢʦ 

ʩʪʨʦʷʱʝʛʦʩʷ ʟʜʘʥʠʷ ʜʦʚʦʣʴʥʦ ʥʝʧʨʦʩʪʦ ʚ ʩʚʷʟʠ ʩ ʦʪ-

ʩʫʪʩʪʚʠʝʤ ʦʙʱʝʧʨʠʟʥʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ ʢ 

ʝʸ ʦʧʨʝʜʝʣʝʥʠʶ. ʅʝʪ ʯʝʪʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠʣʠ ʠʥ-

ʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳ ʫʞʝ ʥʘ ʵʪʘʧʝ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ ʧʦʤʦʯʴ ʧʨʦʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʘʜʝʞʥʦʩʪʴ 

ʦʪʜʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʝʜʴ 

ʠʤʝʥʥʦ ʥʘʜʝʞʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʘʜʝʞʥʦʩʪʴ ʚʩʝʛʦ ʟʜʘʥʠʷ ʚ ʮʝʣʦʤ. ʉʫʱʝʩʪʚʫʶʱʠʝ 

ɻʆʉʊʳ ʧʦ ʙʝʪʦʥʘʤ ʥʝ ʤʦʛʫʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʝʰʠʪʴ 

ʵʪʦʪ ʚʦʧʨʦʩ [5-8], ʜʘ ʦʥ ʠ ʥʝ ʩʪʘʚʠʣʩʷ ʨʘʥʝʝ.  

ʂʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʦʥʷʪʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʷʚ-

ʣʷʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʩʘʤʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʵʪʦʤʫ ʤʳ 

ʙʫʜʝʤ ʠʜʪʠ ʧʫʪʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʯʝʨʝʟ 

ʩʦʙʣʶʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʠ ʯʝʤ ʪʦʯʥʝʝ ʤʳ ʩʦʙʣʶ-

ʜʘʝʤ ʪʝʭʥʦʣʦʛʠʶ, ʪʝʤ ʥʘʜʝʞʥʝʝ ʙʫʜʝʪ ʥʘʰʘ ʢʦʥ-

ʩʪʨʫʢʮʠʷ, ʟʘʙʝʪʦʥʠʨʦʚʘʥʥʘʷ ʚ ʟʠʤʥʠʭ ʫʩʣʦʚʠʷʭ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʦʩʪʦʠʪ ʠʟ ʦʧʨʝʜʝ-

ʣy ʥʥʦʛʦ ʩʦʩʪʘʚʘ ʦʧʝʨʘʮʠʡ, ʨʝʘʣʠʟʫʶʱʠʭ ʢʘʢʦʡ-

ʣʠʙʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʟʘʢʦʥ ʧʨʠʨʦʜʳ (ʌɿʇ). 

ɽʩʣʠ ʥʝ ʚʳʧʦʣʥʠʪʴ ʢʘʢʫʶ-ʣʠʙʦ ʥʫʞʥʫʶ ʦʧʝʨʘ-

ʮʠʶ ʠʣʠ ʩʜʝʣʘʣʠ ʣʠʰʥʶʶ, ʤʳ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʤʦ-

ʞʝʤ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʦʮʝʥʪ ʥʘʜʝʞʥʦʩʪʠ ʩʨʘʟʫ ʞʝ 

ʥʘʯʥʝʪ ʩʥʠʞʘʪʴʩʷ. ɸ ʝʩʣʠ ʥʝ ʚʳʧʦʣʥʠʪʴ ʩʘʤʦʛʦ 

ʚʘʞʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʪʦ ʦ ʥʘʜʝʞʥʦ-

ʩʪʠ ʥʠʢʘʢʦʡ ʨʝʯʠ ʠʜʪʠ ʥʝ ʤʦʞʝʪ, ʠ ʩʢʦʨʝʝ ʚʩʝʛʦ ʚ 

ʩʢʦʨʦʤ ʚʨʝʤʝʥʠ ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʚʦʚʩʝ ʨʘʟʚʘʣʠʪʩʷ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʜʦʣʞʝʥ ʢʘʢ ʤʦʞʥʦ 

ʧʦʣʥʝʝ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʴ, ʣʝʞʘʱʫʶ ʚ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʧʝʨʝʜʝʣʘ. ɺʳ-

ʧʦʣʥʝʥʠʝ ʵʪʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʦʩʪʘʚʦʤ ʦʧʝʨʘʮʠʡ, ʠ ʦʮʝʥʠʚʘʪʴ 

ʢʘʯʝʩʪʚʦ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦ ʪʦʤʫ, 

ʥʘʩʢʦʣʴʢʦ ʧʦʣʥʦ ʵʪʘ ʦʧʝʨʘʮʠʷ ʨʝʘʣʠʟʫʝʪ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ. ʃʫʯʰʝ, ʯʝʤ ʨʘʙʦʪʘʝʪ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʟʘʢʦʥ, ʚʳʧʦʣʥʠʪʴ ʦʧʝʨʘʮʠʶ ʥʝ-

ʚʦʟʤʦʞʥʦ. ʅʫʞʥʦ ʩʣʝʜʦʚʘʪʴ ʵʪʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ 

ʧʦ ʧʨʦʮʝʥʪʫ ʩʦʦʪʚʝʪʩʪʚʠʷ ʵʪʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʠ ʩʫʤ-

ʤʘʨʥʳʡ ʧʨʦʮʝʥʪ ʥʘʜʝʞʥʦʩʪʠ ʚʩʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɻʠʧʦʪʝʟʘ: ʥʘʜʝʞʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʘ ʩ ʪʦʯʥʦʩʪʴʶ ʠ ʧʦʣʥʦ-

ʪʦʡ ʩʣʝʜʦʚʘʥʠʷ ʌɿʇ ʚ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ ʧʫʪʝʤ ʩʦ-

ʙʣʶʜʝʥʠʷ ʧʦʣʦʞʝʥʥʦʛʦ (ʧʨʝʜʣʦʞʝʥʥʦʛʦ) ʩʦʩʪʘʚʘ 

ʦʧʝʨʘʮʠʡ. 

ɿʘʜʘʯʘ: ʩʚʷʟʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦ (ʪ.ʝ. ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦ) ʩʦʙʣʶʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ 

ʧʨʦʮʝʥʪʦʤ ʥʘʜʝʞʥʦʩʪʠ. 

ʅʘ ʛʨʘʬʠʢʝ (ʈʠʩʫʥʦʢ 1) ʧʦʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʠ-

ʪʝʣʴʥʦ, ʢʘʢ ʧʨʠ ʥʝʚʝʨʥʦʤ ʚʳʧʦʣʥʝʥʠʠ ʫʞʝ ʦʜʥʦʡ 

ʦʧʝʨʘʮʠʠ, ʥʘʜʝʞʥʦʩʪʴ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʟʜʘʥʠʷ ʚ 

ʮʝʣʦʤ ʧʘʜʘʝʪ, ʠ ʜʦʩʪʠʛʥʫʪʴ 100% ʫʞʝ ʥʝ ʩʤʦʞʝʪ.  

 
ʈʠʩʫʥʦʢ 1 - ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʮʝʥʪʘ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (ɸ) ʦʪ ʧʦʣʥʦʪʳ ʩʦ-

ʙʣʶʜʝʥʠʷ ʩʦʩʪʘʚʘ ʦʧʝʨʘʮʠʡ (ɺ) 

 

ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʘʜʝʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ 

ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ ʦʧʝʨʘʮʠʠ ʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ 

ʙʝʪʦʥʠʨʦʚʘʥʠʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʮʝʥʪʘ ʚʳ-

ʧʦʣʥʝʥʠʷ ʩʦʩʪʘʚʘ ʪʨʝʙʫʝʤʳʭ ʦʧʝʨʘʮʠʡ. ʏʝʤ 

ʙʦʣʴʰʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʠʡ ʚ ʪʝʭʥʦʣʦʛʠʠ ʚʳʧʦʣʥʝʥʠʷ 

ʙʝʪʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʠʜʝʘʣʴʥʦʤ ʚʳʧʦʣʥʝʥʠʠ ʚʩʝʭ 

ʦʧʝʨʘʮʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʚʳʧʦʣʥʝʥʠʠ, ʪʝʤ ʥʠʞʝ 

ʧʦʣʫʯʠʪʩʷ ʠʪʦʛʦʚʳʡ ʧʨʦʮʝʥʪ ʥʘʜʝʞʥʦʩʪʠ.  

ʇʨʦʮʝʥʪ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ (R) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʥʝʢʦʝ ʩʨʝʜʥʝʝ ʟʥʘ-

ʯʝʥʠʝ ʠʟ ʥʘʜʝʞʥʦʩʪʠ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ. ʀʟ ʚʩʝʭ ʠʟ-
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ʚʝʩʪʥʳʭ ʥʘ ʩʝʛʦʜʥʷ 33 ʩʨʝʜʥʠʭ ʚʝʣʠʯʠʥ [9] ʥʘʠʙʦ-

ʣʝʝ ʥʘʛʣʷʜʥʦ ʤʦʞʝʪ ʙʳʪʴ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʘʷ ʚʝʣʠ-

ʯʠʥʘ: 

 
 

ʛʜʝ Pi ï ʫʩʨʝʜʥʝʥʥʘʷ ʵʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ ʫʜʝʣʴ-

ʥʦʛʦ ʚʝʩʘ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ ʦʧʝʨʘʮʠʠ, ʜ.ʝ; 

ɺ ï ʧʦʣʥʦʪʘ ʩʦʙʣʶʜʝʥʠʷ ʩʦʩʪʘʚʘ ʦʧʝʨʘʮʠʠ, %. 

 

 
 

ʇʨʦʮʝʥʪ ʥʘʜʝʞʥʦʩʪʠ ʚʩʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʙʝʪʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʥʝ ʩʪʦʧʨʦʮʝʥʪʥʦʤ ʚʳ-

ʧʦʣʥʝʥʠʠ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ ʩʦʩʪʘʚʠʣ ʙʳ 63,59%. 

ʇʨʦʙʣʝʤʘ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦ-

ʮʝʩʩʦʚ ʦʭʚʘʪʳʚʘʝʪ ʰʠʨʦʢʠʡ ʢʨʫʛ ʚʦʧʨʦʩʦʚ, ʢʦʪʦ-

ʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʥʘʫʢʦʡ. ʅʦ ʜʘ-

ʣʝʢʦ ʥʝ ʚʩʝ ʚʦʧʨʦʩʳ ʥʘʜʝʞʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦ-

ʣʦʛʠʠ ʠʟʫʯʝʥʳ ʠ ʨʘʩʢʨʳʪʳ ʚ ʜʦʣʞʥʦʡ ʤʝʨʝ.  

ʊʘʢ, ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʢʘʟʳʚʘʝʪ 

ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ɺ ʉʠ-

ʙʠʨʠ, ʛʜʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘ-

ʶʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 7 ʤʝʩʷʮʝʚ ʚ ʛʦʜʫ, ʥʝʦʙʭʦʜʠʤ 

ʩʚʦʡ ʦʩʦʙʳʡ ʧʦʜʭʦʜ ʚ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʟʘʙʝʪʦʥʠʨʦʚʘʥʥʳʭ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ. 

ɼʣʷ ʨʘʟʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʤʦʥʦʣʠʪʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦʩʪʘʚ-

ʣʝʥʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʦʮʝʥʢʠ, ʫʧʨʘʚʣʝ-

ʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʤʦ-

ʥʦʣʠʪʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʟʠʤʥʠʭ ʫʩʣʦʚʠʷʭ. ʈʘʟʨʘ-

ʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʷʪʴ 

ʥʘʜʝʞʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, ʢʘʢ ʥʘ ʵʪʘʧʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʪʘʢ ʠ ʧʦ ʟʘʚʝʨʰʝʥʠʶ ʚʩʝʭ ʩʪʨʦʠ-

ʪʝʣʴʥʳʭ ʨʘʙʦʪ.  
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 PRODUCTION OF DUMPLINGS USING NATURAL DYES  

 

 ɸʥʥʦʪʘʮʠʷ 

 ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʝʣʴʤʝʥʝʡ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʨʝʮʝʧʪʫʨʘ ʨʘʟʥʦʮʚʝʪʥʦʛʦ ʪʝʩʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʪʫʨʘʣʴʥʳʭ ʢʨʘʩʠʪʝʣʝʡ, ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ 

ʦʧʨʝʜʝʣʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʜʦʟʘ ʚʥʝʩʝʥʠʷ ʦʚʦʱʥʦʛʦ ʧʶʨʝ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʤʦʨʢʦʚʠ, ʩʚʸʢʣʳ ʠ ʰʧʠʥʘʪʘ. 

ɼʣʷ ʵʪʦʛʦ ʘʜʘʧʪʠʨʦʚʘʣʠ ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʥʦʮʚʝʪʥʳʭ ʧʝʣʴʤʝʥʝʡ ʢ ʣʘʙʦʨʘʪʦʨʥʳʤ ʫʩʣʦʚʠʷʤ 

ʥʘ ʙʘʟʝ ʙʠʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ɸʣʪʘʡʩʢʦʛʦ ɻɸʋ, ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ. 

ʇʨʦʚʝʜʝʥʘ ʜʝʛʫʩʪʘʮʠʷ ʛʦʪʦʚʳʭ ʦʙʨʘʟʮʦʚ. 

Abstract 

 The article discusses the expansion of the range of dumplings. For this purpose, a recipe for multi-colored 

dough using natural dyes from plant materials was developed. Studies of the organoleptic characteristics of the 

finished product were conducted, on the basis of this, the optimal dose of vegetable puree prepared from carrots, 

beets and spinach was determined. To do this, we adapted the production technology of multi-colored dumplings 
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to laboratory conditions on the basis of the biological and technological faculty of the Altai State Agrarian Uni-

versity, and prototypes were produced. Tasting of finished samples.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʷʩʥʳʝ ʧʦʣʫʬʘʙʨʠʢʘʪʳ, ʧʝʣʴʤʝʥʠ ʮʚʝʪʥʳʝ, ʥʘʪʫʨʘʣʴʥʳʝ ʢʨʘʩʠʪʝʣʠ, ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʝ ʧʨʦʜʫʢʪʳ, ʤʦʨʢʦʚʴ, ʩʚʝʢʣʘ, ʰʧʠʥʘʪ, ʨʝʮʝʧʪʫʨʘ, ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

Key words: semi-finished meat products, colored dumplings, natural dyes, functional products, carrots, beets, 

spinach, recipe, production technology. 

  

 ʉʝʛʤʝʥʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʷʩʥʳʭ ʠʟʜʝʣʠʡ 

ʩʯʠʪʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʟʚʠʪʳʤ ʢʘʢ ʚ ɽʚʨʦʧʝ, ʪʘʢ 

ʠ ʈʦʩʩʠʠ. ɽʛʦ ʨʳʥʦʯʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʨʝʜʧʨʠʷʪʠʷʤ 

ʤʷʩʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʝʱʝ ʧʨʝʜʩʪʦʠʪ ʦʩʚʘʠʚʘʪʴ. 

ʅʦ ʫʞʝ ʩʝʛʦʜʥʷ ʧʦʷʚʣʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝ ʤʷʩʥʳʭ ʠʟ-

ʜʝʣʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʟʜʦʨʦʚʦʛʦ 

ʧʠʪʘʥʠʷ [4]  

 ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʠʥʛʨʝʜʠʝʥʪʘʤʠ 

ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʷʩʥʳʭ ʧʨʦʜʫʢʪʦʚ ʷʚʣʷʶʪʩʷ 

ʧʠʱʝʚʳʝ ʚʦʣʦʢʥʘ, ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ 

ʢʠʩʣʦʪʳ, ʚʠʪʘʤʠʥʳ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ [3]. 

 ɼʣʷ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʧʨʦʩʘ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝ-

ʨʝʩ ʥʘʩʝʣʝʥʠʷ ʢ ʧʨʦʜʫʢʮʠʠ, ʠʤʝʶʱʝʡ ʷʚʥʳʝ ʦʪʣʠ-

ʯʠʷ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʤʘʩʩʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

 ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʥʝʦʙʳʯʥʳʡ ʮʚʝʪ ʧʝʣʴʤʝʥʝʡ ʷʚ-

ʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ ʫʩʧʝʰʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ 

ʥʘ ʨʳʥʢʝ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʠʚʣʝʯʴ ʚʥʠʤʘʥʠʝ ʠ ʠʥʪʝ-

ʨʝʩ ʧʦʢʫʧʘʪʝʣʝʡ.  

 ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ, ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ 

ʟʘʜʘʯʘ - ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʮʝʧʪʫʨʫ ʪʝʩʪʘ ʜʣʷ ʧʝʣʴʤʝʥʝʡ 

ʩ ʚʥʝʩʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, ʧʦʟʚʦʣʷʶʱʫʶ 

ʨʘʩʰʠʨʠʪʴ ʘʩʩʦʨʪʠʤʝʥʪ ʠʟʫʯʘʝʤʦʛʦ ʩʝʛʤʝʥʪʘ ʠ ʪʝʤ 

ʩʘʤʳʤ ʧʨʠʚʣʝʯʴ ʚʥʠʤʘʥʠʝ ʧʦʢʫʧʘʪʝʣʷ. 

 ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʄʘʪʝʨʠ-

ʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʘʚʣʷʶʪ 12 ʦʙʨʘʟʮʦʚ ʧʝʣʴʤʝ-

ʥʝʡ ʩ ʚʥʝʩʝʥʠʝʤ ʧʶʨʝ ʠʟ ʤʦʨʢʦʚʠ, ʩʚʸʢʣʳ ʠ ʰʧʠ-

ʥʘʪʘ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʟʳ ʧʶʨʝ, ʝʛʦ 

ʚʥʦʩʠʣʠ ʚ ʨʘʟʥʦʤ ʦʙʲʸʤʝ ï 10, 20, 30 ʠ 40 %. ʆʧʪʠ-

ʤʘʣʴʥʫʶ ʜʦʟʫ ʦʧʨʝʜʝʣʷʣʠ ʩ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʚʝʜʝʥʥʳʭ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ɻʆʉʊ 33394-2015 ʇʝʣʴʤʝʥʠ ʟʘʤʦʨʦʞʝʥ-

ʥʳʝ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. 

 ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʇʝʣʴʤʝʥʠ ʠʟʛʦ-

ʪʦʚʣʷʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦ-

ʛʠʝʡ. 

ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠ ʤʫʢʫ ʠʟ ʪʚʝʨʜʳʭ ʩʦʨʪʦʚ ʧʰʝʥʠʮʳ, ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 31463-2012 çʄʫʢʘ ʠʟ 

ʪʚʝʨʜʦʡ ʧʰʝʥʠʮʳ ʜʣʷ ʤʘʢʘʨʦʥʥʳʭ ʠʟʜʝʣʠʡ. ʊʝʭ-

ʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷè. 

 ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʣʴʤʝʥʝʡ ʙʳʣʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʪʝʩʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʠʪʝʣʴ-

ʥʦʛʦ ʩʳʨʴʷ. ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʠʣʠ 

ʧʶʨʝ ʠʟ ʤʦʨʢʦʚʠ, ʩʚʸʢʣʳ ʠ ʰʧʠʥʘʪʘ.  

 ɿʘʤʝʰʘʣʠ ʪʝʩʪʦ, ʥʘʢʨʳʣʠ ʝʛʦ ʯʠʩʪʦʡ ʧʠʱʝʚʦʡ 

ʧʣʝʥʢʦʡ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʨʫʞʘʶ-

ʱʝʡ ʩʨʝʜʳ ʠ ʚʳʜʝʨʞʘʣʠ ʚ ʪʝʯʝʥʠʝ15-20 ʤʠʥ. ɼʣʷ 

ʥʘʙʫʭʘʥʠʷ ʢʣʝʡʢʦʚʠʥʳ ʤʫʢʠ ʠ ʧʨʠʜʘʥʠʷ ʪʝʩʪʫ ʵʣʘ-

ʩʪʠʯʥʦʩʪʠ.  

 ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʬʘʨʰʘ ʙʨʘʣʠ ʩʚʠʥʠʥʫ ʠ 

ʛʦʚʷʜʠʥʫ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. ʇʝʣʴʤʝʥʠ ʬʦʨʤʦʚʘʣʠ 

ʨʫʯʥʳʤ ʩʧʦʩʦʙʦʤ. ʇʦʣʫʯʝʥʥʦʝ ʪʝʩʪʦ ʠ ʧʝʣʴʤʝʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

  
ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʪʝʩʪʘ ʠ ʧʝʣʴʤʝʥʝʡ 

 


