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Abstract 

This paper describes the use of laser-heterodyne method PDV (Photon Doppler Velocimetry) 

for registration of fast dynamic processes involving the movement of the dispersed phase. The 

PDV method is based on the Doppler effect on reflection of radiation from moving 

environments. Beating between biased and unbiased wave allow to register the velocity of the 

medium, reflects the radiation. The report describes the study of the motion of metal particles on 

the surface of the plate, that is run with on an explosive. The scheme of the experiment and the 

principles of the registration system based on the PDV. In the article describes the main results 

ï registration of the signal from free surface (a) and of the dispersed phase (b).  

 

 

a) free surface PDV spectrogram b) dispersed phase PDV spectrogram 

The results of free face movement registration are compared with numerical simulation results. 

The comparison confirm the correction of mathematic model that describe the qualitative 

dynamic of free face movement. Initial differences in numerical dynamics can be described by 

the features of explosive kinetics. Numerical agreement between numerical and experimental 

results is possible to be achieved if to take into account additional specific energy of aluminum 

powder burning. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʥʦ-ʛʝʪʝʨʦʜʠʥʥʦʛʦ ʤʝʪʦʜʘ PDV (Photon 

Doppler Velocimetry) ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʜʚʠʞʝʥʠʝʤ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ. ʄʝʪʦʜ PDV ʦʩʥʦʚʘʥ ʥʘ ʵʬʬʝʢʪʝ 

ɼʦʧʣʝʨʘ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʠʟʣʫʯʝʥʠʷ ʦʪ ʜʚʠʞʫʱʠʭʩʷ ʩʨʝʜ. ɹʠʝʥʠʷ ʤʝʞʜʫ ʩʤʝʱʸʥʥʦʡ ʠ 

ʥʝʩʤʝʱʸʥʥʦʡ ʚʦʣʥʦʡ ʧʦʟʚʦʣʷʶʪ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʨʝʜʳ, ʦʪʨʘʞʘʶ-

ʱʝʡ ʠʟʣʫʯʝʥʠʝ. ɺ ʜʦʢʣʘʜʝ ʦʧʠʩʳʚʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʤʝ-

ʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ, ʨʘʟʛʦʥʷʝʤʦʡ ʩ ʧʦʤʦʱʴʶ 

ʰʘʰʢʠ ɺɺ. ʇʨʠʚʦʜʠʪʩʷ ʩʭʝʤʘ ʧʦʩʪʘʥʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʦʩʥʦʚʝ PDV. ʆʧʠʩʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ï ʨʝʛʠʩʪʨʘʮʠʷ ʩʠʛʥʘʣʘ 

ʦʪ ʤʝʪʘʝʤʦʡ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʪ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʸʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʜʝʣʘʶʪ-

ʩʷ ʚʳʚʦʜʳ ʦ ʢʦʨʨʝʢʪʥʦʩʪʠ ʨʘʩʯʸʪʥʳʭ ʤʦʜʝʣʝʡ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: PDV, ʜʠʩʧʝʨʩʥʘʷ ʬʘʟʘ, ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ 

1. ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘ-

ʣʳ, ʥʘʙʣʶʜʘʝʪʩʷ ʵʬʬʝʢʪ, ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʧʳʣʝʥʠʝ [1]. ʉʫʪʴ ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʦʙʣʘʢʘ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʧʨʠ ʚʳʭʦʜʝ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʥʘ ʩʚʦʙʦʜʥʫʶ ʧʦ-

ʚʝʨʭʥʦʩʪʴ. ʈʝʛʠʩʪʨʘʮʠʷ ʜʠʥʘʤʠʢʠ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʚʝʱʝʩʪʚʘ ʚ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʫʶ ʟʘʜʘʯʫ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʸʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤ, ʘ ʪʝʭʥʠʢʘ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ï ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʩʦʚʝʨʰʝʥʥʦʡ [2]. ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʚ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʘʭ ʷʚʣʷʝʪʩʷ ʨʝʛʠʩʪʨʘʮʠʷ 

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ, ʜʣʷ ʢʦʪʦʨʳʭ ʨʘʟʤʝʨ, ʤʘʩʩʘ ʠ ʬʦʨʤ-ʬʘʢʪʦʨ ʠʟʚʝʩʪʥʳ [3]. ɺ ʪʘʢʠʭ ʦʧʳʪʘʭ ʥʘ 

ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʝʤʦʡ ʧʣʘʩʪʠʥʳ ʥʘʥʦʩʠʪʩʷ ʩʣʦʡ ʢʘʣʠʙʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ, ʧʦʩʣʝ 

ʯʝʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʝ ʥʘʛʨʫʞʝʥʠʝ ʧʣʘʩʪʠʥʳ ʠ ʨʘʟʛʦʥ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ. 

ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʸʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʨʠʪʴ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʨʘʩʯʸʪʥʳʭ ʤʦʜʝʣʝʡ ʠ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʦ ʜʠʥʘʤʠʢʝ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʩ 
ʠʟʚʝʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʕʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʛʠʩʪʨʘʮʠʠ 

ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʚ ʧʨʦʮʝʩʩʘʭ ʧʳʣʝʥʠʷ, ʛʜʝ ʧʘʨʘʤʝʪʨʳ ʯʘʩʪʠʮ ʠʟʥʘʯʘʣʴʥʦ ʥʝ ʠʟʚʝʩʪʥʳ. 
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2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

2.1. ʇʦʩʪʘʥʦʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʉʭʝʤʘ ʧʦʩʪʘʥʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʪʨʠ 

ʦʩʥʦʚʥʳʭ ʫʟʣʘ: ʧʨʠʙʦʨʥʳʡ ʢʦʤʧʣʝʢʩ ʊʂʇʌ268 (1), ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʩʙʦʨʢʘ (2) ʠ ʧʦʜʨʳʚ-

ʥʘʷ ʫʩʪʘʥʦʚʢʘ (3). 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʧʦʩʪʘʥʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʇʦʜʨʳʚʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩʚʷʟʘʥʘ ʩʦ ʩʙʦʨʢʦʡ ʩ ʧʦʤʦʱʴʶ ʧʦʜʨʳʚʥʦʡ ʤʘʛʠʩʪʨʘʣʠ (4). ʉʠʛ-

ʥʘʣ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʣʷ ʟʘʧʫʩʢʘ ʧʨʠʙʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʝʨʝʜʘʸʪʩʷ ʩ ʧʦʤʦʱʴʶ ʣʠʥʠʠ ʩʠʥʭʨʦ-

ʥʠʟʘʮʠʠ (5). ʇʨʠʙʦʨʥʳʡ ʢʦʤʧʣʝʢʩ ʧʝʨʝʜʘʸʪ ʥʘ ʩʙʦʨʢʫ ʟʦʥʜʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ, ʠ ʧʨʠʥʠʤʘʝʪ 

ʦʪʨʘʞʸʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʣʠʥʠʠ (6). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʩʙʦʨʢʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʟʘʱʠʱʸʥʥʦʡ ʙʨʦʥʝʢʘʤʝʨʝ, ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ï ʚ ʩʧʝʮʠʘʣʴ-

ʥʦʤ ʧʦʤʝʱʝʥʠʠ, ʩʤʝʞʥʦʤ ʩʦ ʩʪʝʥʦʡ ʙʨʦʥʝʢʘʤʝʨʳ, ʟʘʧʫʩʢ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʧʨʠ-

ʙʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʵʣʝʢʪʨʦʜʝʪʦʥʘʪʦʨʘ ʩʙʦʨʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦ ʩ ʧʦʤʦʱʴʶ 

ʩʠʛʥʘʣʦʚ ʦʪ ʧʦʜʨʳʚʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

2.2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʩʙʦʨʢʘ 

ʅʘ ʨʠʩ. 2 ʠʟʦʙʨʘʞʸʥ ʵʩʢʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʙʦʨʢʠ. ɺ ʦʧʳʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʘ 

ʪʠʧʘ ʩʙʦʨʦʢ. 

ʉ ʧʦʤʦʱʴʶ ʧʝʨʚʦʛʦ ʪʠʧʘ ʩʙʦʨʦʢ ʠʟʫʯʘʣʩʷ ʧʨʦʮʝʩʩ ʨʘʟʣʝʪʘ ʰʣʠʬʦʚʘʥʥʦʡ ʧʣʘʩʪʠʥʳ (5) 

ʠʟ ʩʪʘʣʠ 12ʍ18ʅ10ʊ, ʜʠʘʤʝʪʨʦʤ 20 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 2 ʤʤ. 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʚʟʨʳʚʥʦʡ ʩʙʦʨʢʠ 



ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʢʠʥʝʪʠʢʘ ʚ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʝ 2015 ʊ.16 (4)      http://chemphys.edu.ru/issues/2015-16-4/articles/550/ 

4 

ʇʣʘʩʪʠʥʘ (5) ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʚ ʚʳʝʤʢʫ ʚ ʩʪʘʢʘʥʝ (3), ʚʳʧʦʣʥʝʥʥʦʤ ʠʟ ʩʪʘʣʠ 12ʍ18ʅ10ʊ, 

ʠ ʨʘʟʛʦʥʷʣʘʩʴ ʧʨʦʜʫʢʪʘʤʠ ʚʟʨʳʚʘ ʰʘʰʢʠ (4) Ï14x19 ʤʤ ʠʟ ʚʟʨʳʚʯʘʪʦʛʦ ʩʦʩʪʘʚʘ A-IX-2. 

ʀʥʠʮʠʠʨʦʚʘʥʠʝ ʰʘʰʢʠ ʧʨʦʠʩʭʦʜʠʣʦ ʦʪ ʵʣʝʢʪʨʦʜʝʪʦʥʘʪʦʨʘ (1) ʯʝʨʝʟ ʚʦʟʜʫʰʥʳʡ ʟʘʟʦʨ 

ʚʝʣʠʯʠʥʦʡ 1.5 ʤʤ. 

ʕʣʝʢʪʨʦʜʝʪʦʥʘʪʦʨ (1) ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʚ ʧʘʥʝʣʴ (2). ɼʣʷ ʬʠʢʩʘʮʠʠ ʢʦʣʣʠʤʘʪʦʨʘ (8) 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʨʧʫʩ (6) ʠ ʧʘʥʝʣʴ (7). ʇʘʥʝʣʴ (2), ʢʦʨʧʫʩ (6) ʠ ʧʘʥʝʣʴ (7) ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʠʟ ʣʘʪʫʥʠ ʤʘʨʢʠ ʃʉ59. 

ʈʘʟʤʝʨʳ ʠ ʤʘʪʝʨʠʘʣʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʙʦʨʢʠ ʚʳʙʠʨʘʣʠʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʨʷʤʣʝʥʠʝ ʬʨʦʥʪʘ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʧʨʠ ʧʦʜʭʦʜʝ ʢ ʧʣʘʩʪʠʥʝ ʯʪʦ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʧʦʟʚʦʣʷʣʦ ʫʤʝʥʴʰʠʪʴ ʵʬʬʝʢʪ ʚʳʛʠʙʘʥʠʷ ʧʣʘʩʪʠʥʳ ʧʨʠ ʤʝʪʘʥʠʠ. 

ʉ ʧʦʤʦʱʴʶ ʚʪʦʨʦʛʦ ʪʠʧʘ ʩʙʦʨʦʢ ʠʟʫʯʘʣʩʷ ʨʘʟʣʝʪ ʧʳʣʝʚʦʛʦ ʦʙʣʘʢʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩ-

ʪʠʥʳ (5). ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʘʩʳʧʢʘ ʘʣʶʤʠʥʠʝʚʦʡ ʧʫʜʨʳ ʇɸʇ-2 ʪʦʣʱʠʥʦʡ ʜʦ 100 ʤʢʤ, ʢʦʪʦ-

ʨʘʷ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʥʘ ʰʣʠʬʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ (5) ʩʦ ʩʪʦʨʦʥʳ ʢʦʣʣʠʤʘʪʦʨʘ (8). 

ʈʘʟʤʝʨʳ ʠ ʤʘʪʝʨʠʘʣʳ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʙʦʨʢʠ ʚʪʦʨʦʛʦ ʪʠʧʘ ʙʳʣʠ 

ʘʥʘʣʦʛʠʯʥʳ ʧʝʨʚʦʤʫ. 

ʀʥʠʮʠʠʨʦʚʘʥʠʝ ʕɼ ʜʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʩʙʦʨʦʢ ʧʨʦʠʩʭʦʜʠʣʦ ʦʪ ʧʦʜʨʳʚʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

ɿʘʧʫʩʢ ʩʠʩʪʝʤʳ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʥʭʨʦʠʤʧʫʣʴʩʘ ʦʪ 

ʧʦʜʨʳʚʥʦʡ ʫʩʪʘʥʦʚʢʠ ʘʤʧʣʠʪʫʜʦʡ ʦʪ 220 ʜʦ 500 ɺ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 0.8 ʤʢʩ ʠ 

ʚʨʝʤʝʥʝʤ ʥʘʨʘʩʪʘʥʠʷ ʥʝ ʙʦʣʝʝ 0.3 ʤʢʩ. 

2.3. ʄʝʪʦʜ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʠʩʧʦʣʴʟʫʝʤʘʷ ʘʧʧʘʨʘʪʫʨʘ 

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʜʚʠʞʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʘʟʝʨʥʦ-ʛʝʪʝʨʦʜʠʥ-

ʥʳʡ ʤʝʪʦʜ PDV [4], ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʵʬʬʝʢʪʝ ɼʦʧʣʝʨʘ. ʇʨʠʥʮʠʧ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ 

ʩʭʝʤʝ PDV ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 3, ʘ. ʅʝʧʨʝʨʳʚʥʳʡ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʣʘʟʝʨ (1) ʛʝʥʝʨʠʨʫʝʪ 

ʠʟʣʫʯʝʥʠʝ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 1550l= ʥʤ ʩ ʤʦʱʥʦʩʪʴʶ ʠʟʣʫʯʝʥʠʷ ʜʦ 2 ɺʪ ʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʰʠʨʠ-

ʥʦʡ ʣʠʥʠʠ 10 õ 25 ʢɻʮ. ʀʟʣʫʯʝʥʠʝ ʧʦʩʪʫʧʘʝʪ ʥʘ ʨʘʟʚʝʪʚʠʪʝʣʴ (2), ʛʜʝ ʜʝʣʠʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ ï 

ʩʠʛʥʘʣʴʥʫʶ ʠ ʦʧʦʨʥʫʶ. ʉʠʛʥʘʣʴʥʘʷ ʯʘʩʪʴ ʠʟʣʫʯʝʥʠʷ ʧʝʨʝʜʘʸʪʩʷ ʥʘ ʮʠʨʢʫʣʷʪʦʨ (3), ʯʝʨʝʟ 

ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ (4). ʉʠʛʥʘʣ, ʦʪʨʘʞʸʥʥʳʡ ʦʪ ʦʙʲʝʢʪʘ, ʩʥʦʚʘ 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʮʠʨʢʫʣʷʪʦʨ ʠ ʦʙʲʝʜʠʥʷʝʪʩʷ ʩ ʦʧʦʨʥʳʤ ʩʠʛʥʘʣʦʤ ʥʘ ʩʫʤʤʘʪʦʨʝ (5). ɽʩʣʠ ʦʪʨʘ-

ʞʘʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʜʚʠʞʝʪʩʷ, ʪʦ ʦʪʨʘʞʸʥʥʦʝ ʦʪ ʦʙʲʝʢʪʘ ʠʟʣʫʯʝʥʠʝ ʠʩʧʳʪʳʚʘʝʪ ʜʦʧʣʝʨʦʚ-

ʩʢʠʡ ʩʜʚʠʛ ʯʘʩʪʦʪʳ. ʇʨʠ ʵʪʦʤ ʦʧʦʨʥʳʡ ʩʠʛʥʘʣ ʦʩʪʘʸʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. ʉʣʦʞʝʥʠʝ ʩʠʛʥʘʣʴʥʦʡ 

ʠ ʦʧʦʨʥʦʡ ʚʦʣʥʳ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʥʘ ʤʘʣʳʡ ʯʘʩʪʦʪʥʳʡ ʩʜʚʠʛ, ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʵʬʬʝʢʪʘ ʙʠʝʥʠʡ. ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚʟʨʳʚʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʭʘʨʘʢʪʝʨʥʳʝ 

ʩʢʦʨʦʩʪʠ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 4 õ 5 ʢʤ/ʩ. ʀʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʜʚʠʛ ʯʘʩʪʦʪʳ ʜʦ 6.45 ɻɻʮ. ɼʘʥʥʘʷ 

ʦʙʣʘʩʪʴ ʯʘʩʪʦʪ ʜʦʩʪʫʧʥʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʛʦ ʬʦʪʦʜʝʪʝʢʪʦʨʘ 

(6) ʠ ʦʩʮʠʣʣʦʛʨʘʬʘ (7). 

ʉʭʝʤʘ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3, ʙ-3, ʛ. ʅʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ 

ʦʩʮʠʣʣʦʛʨʘʤʤʝ ʙʠʝʥʠʡ (ʨʠʩ. 3, ʙ) ʚʳʜʝʣʷʝʪʩʷ ʫʯʘʩʪʦʢ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 1 ʜʦ 100 ʥʩ ʠ ʦʩʫ-

ʝɦʩʪʚʣʷʝʪʩʷ ʝʛʦ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ. ʇʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʌʫʨʴʝ-ʩʧʝʢʪʨ ʩʦʭʨʘʥʷ-

ʝʪʩʷ, ʠ ʘʥʘʣʦʛʠʯʥʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʦʩʝʜʥʠʡ ʫʯʘʩʪʦʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʠʩ-

ʭʦʜʠʪ ʦʙʨʘʙʦʪʢʘ ʚʩʝʡ ʦʩʮʠʣʣʦʛʨʘʤʤʳ, ʘ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʩʦʩʪʘʚʣʷʝʪʩʷ ʩʧʝʢʪʨʦʛʨʘʤ-

ʤʘ (ʨʠʩ. 3, ʚ), ʛʜʝ ʧʦ ʦʩʠ x  ʦʪʣʦʞʝʥʦ ʚʨʝʤʷ, ʧʦ ʦʩʠ y  - ʯʘʩʪʦʪʘ, ʘ ʢʦʜ ʷʨʢʦʩʪʠ ʧʨʦʧʦʨʮʠʦʥʘ-

ʣʝʥ ʘʤʧʣʠʪʫʜʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʯʘʩʪʦʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʇʦʩʢʦʣʴʢʫ ʯʘʩʪʦʪʘ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʜʚʠʛʘ ʣʠʥʝʡʥʦ ʩʚʷʟʘʥʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ, ʪʦ 

ʟʥʘʯʝʥʠʷ ʥʘ ʦʩʠ y ʥʘ ʩʧʝʢʪʨʦʛʨʘʤʤʝ ʤʦʞʥʦ ʧʝʨʝʩʯʠʪʘʪʴ ʚ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ (ʨʠʩ. 3, ʛ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʘʷ ʩʧʝʢʪʨʦʛʨʘʤʤʘ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʝ 

ʩʢʦʨʦʩʪʝʡ ʦʙʲʝʢʪʦʚ, ʟʦʥʜʠʨʫʝʤʳʭ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ.  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʤʧʣʝʢʩ ʧʨʠʙʦʨʥʳʡ ʊʂʇʌ268, ʩʦʜʝʨʞʘʱʠʡ 16 ʢʘʥʘʣʦʚ ʨʝʛʠʩ-

ʪʨʘʮʠʠ ʧʦ ʩʭʝʤʝ PDV ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʠ ʚʨʝʤʝʥʥʳʤ ʫʧʣʦʪʥʝʥʠʝʤ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝ-

ʥʠʷ ʧʦʜʩʚʝʪʢʠ ʥʘ ʦʜʥʦʤ ʢʘʥʘʣʝ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 250 ʤɺʪ. ʂʦʤʧʣʝʢʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʛʠʩʪʨʘʮʠʶ 

ʦʪʨʘʞʸʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ - 40 ʜɹʤ ʩ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʜʦ 80 ɻɺʳʙ/ʩ. 



ɹʘʥʜʫʨʢʠʥ ʂ.ɺ., ʂʘʤʝʥʝʚ ɺ.ɻ. ʠ ʜʨ.    ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ (ʣʘʟʝʨʥʦ-ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ PVD)é 
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ʈʠʩ. 3. ʆʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʘ PDV 

ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʚʨʝ-

ʤʝʥʥʦʝ ʠ ʯʘʩʪʦʪʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. ʇʨʠ 

ʚʨʝʤʝʥʥʦʤ ʨʘʟʨʝʰʝʥʠʠ 1 ʥʩ, ʯʘʩʪʦʪʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 80 ʄɻʮ (60 ʤ/ʩ), ʧʨʠ ʚʨʝʤʝʥ-

ʥʦʤ ʨʘʟʨʝʰʝʥʠʠ 10 ʥʩ, ʯʘʩʪʦʪʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 8 ʄɻʮ (6 ʤ/ʩ). ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʨʝʛʠʩʪʨʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʤʝʥʝʤ ʟʘʧʠʩʠ ʦʩʮʠʣʣʦʛʨʘʬʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 500 ʤʢʩ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. 

2.4. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ɺ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʝʤʦʡ ʧʣʘʩʪʠʥʳ (5) ʥʘ ʩʙʦʨʢʘʭ (ʨʠʩ. 2) ʙʳʣʘ 

ʧʦʜʚʝʨʛʥʫʪʘ ʧʦʣʠʨʦʚʢʝ ʜʦ ʟʝʨʢʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʚʘ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘ. ɺ ʧʝʨʚʦʤ ï ʩʠʛʥʘʣ ʧʦʣʫʯʘʣʠ ʦʪ ʯʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ. ɺʦ ʚʪʦʨʦʤ ʯʘʝ ʥʘ-

ʥʦʩʠʣʩʷ ʩʣʦʡ ʤʠʢʨʦʥʥʳʭ ʯʘʩʪʠʮ. ɺ ʩʝʨʠʠ ʦʧʳʪʦʚ ʫʩʧʝʰʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʜʚʠʞʝʥʠʝ ʫʜʘʨ-

ʥʦ-ʥʘʛʨʫʞʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʣʘʢʘ ʙʘʣʣʠʩʪʠʯʝʩʢʦʡ ʧʳʣʠ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩ. 4-5. 

 

a) ʙ) 

ʈʠʩ. 4. ʉʧʝʢʪʨʦʛʨʘʤʤʳ ʜʚʠʞʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʘ) ʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ (ʙ) 

ɺ ʧʝʨʚʦʤ ʦʧʳʪʝ (ʨʠʩ. 4, ʘ) ʠʪʦʛʦʚʦʡ ʩʝʨʠʠ ʤʝʪʘʣʘʩʴ ʟʝʨʢʘʣʴʥʦ ʧʦʣʠʨʦʚʘʥʥʘʷ ʧʣʘʩʪʠʥʘ. 

ʄʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ ʙʳʣʘ ʥʘ ʫʨʦʚʥʝ - 5 ɼɹʤ. ɿʘʬʠʢʩʠʨʦʚʘʥʦ ʜʚʠʞʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭ-
ʥʦʩʪʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ï 8 ʤʢʩ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʨʘʟʚʠʚʘʝʤʘʷ ʩʢʦʨʦʩʪʴ ʧʦʣʸʪʘ ʧʣʘʩʪʠʥʳ ï 1350 ʤ/c. 



ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʢʠʥʝʪʠʢʘ ʚ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʝ 2015 ʊ.16 (4)      http://chemphys.edu.ru/issues/2015-16-4/articles/550/ 

6 

ɺʦ ʚʪʦʨʦʤ ʦʧʳʪʝ (ʨʠʩ. 4, ʙ) ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʤʝʪʘʥʠʝ ʧʣʘʩʪʠʥʳ ʩ ʥʘʥʝʩʸʥʥʳʤ ʥʘ ʥʝʡ 

ʩʣʦʝʤ ʤʠʢʨʦʥʥʳʭ ʯʘʩʪʠʮ (ʇɸʇ-2). ʅʘʙʣʶʜʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʣʘʢʘ 

ʧʳʣʠ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ï 4 ʤʢʩ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʨʘʟʚʠʚʘʝʤʘʷ ʩʢʦʨʦʩʪʴ ï 1300 ʤ/c. ʈʘʟ-

ʙʨʦʩ ʧʳʣʠ ʧʦ ʩʢʦʨʦʩʪʷʤ ï 200 ʤ/c. 

 

ʈʠʩ. 5 ʉʧʝʢʪʨʦʛʨʘʤʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʩʧʨʘʚʘ) ʠ ʩʨʘʚʥʝʥʠʝ ʧʨʦʬʠʣʝʡ ʩʢʦʨʦʩʪʠ ʧʣʘʩʪʠʥʳ ʠ ʬʨʦʥʪʘ 

ʦʙʣʘʢʘ ʯʘʩʪʠʮ ʘʣʶʤʠʥʠʝʚʦʡ ʧʫʜʨʳ (ʩʣʝʚʘ) 

3. ʈʘʩʯʝʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ  

3.1. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʊʀʉ 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʜʚʠʞʝʥʠʷ ʧʳʣʝʚʦʛʦ ʦʙʣʘʢʘ ʚ ʟʘʧʦʣʥʝʥʥʦʤ ʛʘʟʦʤ 

ʢʘʥʘʣʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʊʀʉ-2D [6,15]. ʂʦʤʧ-

ʣʝʢʩ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʜʘʯ ʜʠʥʘʤʠʢʠ ʜʚʫʭʬʘʟʥʦʡ ʩʨʝʜʳ, ʧʝʨʚʘʷ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʪʚʝʨʜʫʶ ʬʘʟʫ (S) ʧʦʨʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʨʘʚʥʦʤʝʨʥʦ ʟʘʥʠʤʘʶʱʝʛʦ ʯʘʩʪʴ ʦʙʲʝʤʘ 

ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʧʘʨʘʤʝʪʨʦʤ ʦʙʲʝʤʥʦʡ ʜʦʣʠ (0 1Sf¢ ¢), ʚʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʛʘʟʦʦʙʨʘʟʥʫʶ ʬʘʟʫ (G), ʟʘʥʠʤʘʶʱʫʶ ʦʩʪʘʚʰʫʶʩʷ ʯʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ (1G Sf f+ =). ɼʚʠʞʝ-

ʥʠʝ ʜʚʫʭʬʘʟʥʦʡ ʩʨʝʜʳ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʪʦ ʝʩʪʴ ʩʦʩʪʦʷʥʠʝ 

ʩʨʝʜʳ ʧʦʤʠʤʦ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʪʠʥʥʦʡ (ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ) ʧʣʦʪʥʦ-

ʩʪʴʶ ʬʘʟ 0 0,S Gr r, ʩʢʦʨʦʩʪʴʶ ,S Gu u , ʜʘʚʣʝʥʠʝʤ ,S GP P  ʠ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʝʡ ,S Gx x. ɻʠʜʨʦ-

ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʞʜʦʡ ʬʘʟʳ ʩʚʷʟʘʥʳ ʩʦʙʩʪʚʝʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ 

( ) ( )0 0, , ,S S S G G GS GP Px x r x x r= = . ʄʝʞʜʫ ʬʘʟʘʤʠ ʚʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

- ʤʝʞʬʘʟʥʦʝ ʪʨʝʥʠʝ ʚʩʣʝʜʩʪʚʠʝ ʥʝʨʘʚʝʥʩʪʚʘ ʩʢʦʨʦʩʪʝʡ, ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʩʨʝʜʳ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʥʠʮʳ ʥʘʧʨʷʞʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ (ʩʫʞʝʥʠʝ ʠʣʠ ʨʘʩʰʠʨʝʥʠʝ ʧʦʨ ʠʣʠ ʛʨʘ-

ʥʫʣ ʪʚʝʨʜʦʡ ʬʘʟʳ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ʦʙʲʝʤʥʦʡ ʜʦʣʠ). ɺ ʢʦʤʧʣʝʢʩʝ 

ʨʝʘʣʠʟʦʚʘʥʳ ʠ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʘʧʨʠʤʝʨ, ʪʝʧʣʦʦʙʤʝʥ, ʥʦ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ 

ʟʘʜʘʯʠ ʠʤʠ ʧʨʝʥʝʙʨʝʞʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 
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ɺ ʫʧʨʦʱʝʥʥʦʡ ʟʘʧʠʩʠ 
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ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩʦʩʪʦʠʪ ʠʟ ʣʝʚʦʡ ʯʘʩʪʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʢʦʥ-

ʩʝʨʚʘʪʠʚʥʦʝ ʪʝʯʝʥʠʝ ʬʘʟ ʠ ʧʨʘʚʦʡ, ʛʜʝ ʩʦʙʨʘʥʳ ʯʣʝʥʳ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʵʬʬʝʢʪʳ ʩʚʷʟʘʥʥʳʝ ʩ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʥʦʡ ʜʦʣʠ (ʩʦʧʣʦʚʳʝ ʵʬʬʝʢʪʳ) nH , ʪʨʝʥʠʷ DH  ʠ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ EH . ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ dC  ʙʝʨʝʪʩʷ ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ [7] 

ʧʦ ʧʨʦʜʫʚʢʝ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʩʨʝʜ. ɼʝʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʟʘ ʩʯʝʪ ʨʘʟʥʠʮʳ ʚʦ 

ʚʥʫʪʨʠʬʘʟʦʚʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʧʦʜʯʠʥʷʝʪʩʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʤʦʜʝʣʴʶ  
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710 ʇʘ ʩSh
-= Ö - ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʪʚʝʨʜʦʡ ʬʘʟʳ; fP  - ʤʝʞʛʨʘʥʫʣʷʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʚ 

ʪʝʢʫʱʝʡ ʨʘʙʦʪʝ ʤʦʜʝʣʠʨʫʝʪʩʷ ʢʘʢ 
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j
jr , ( )00.37S S Gc c K j*= + - ; 

420Sc*= ʤ/ʩ; 5450K=  ʤ/ʩ. ɽʩʣʠ ʥʘʯʘʣʴʥʘʷ ʧʦʨʠʩʪʦʩʪʴ ʤʝʥʴʰʝ 0.37, 0 0.37Gj = , 0 01G Sf f= - , 

( )
2 3

3 G SS rj r=  - ʜʠʩʧʝʨʩʥʦʩʪʴ, ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ ( )
1 3

0 0S Sr r l r r= , Sl  - ʤʘʩʩʦʚʘʷ ʜʦʣʷ 

ʪʚʝʨʜʦʡ ʬʘʟʳ ʚ ʷʯʝʡʢʝ. 

ʉ ʧʦʤʦʱʴʶ ʧʘʨʘʤʝʪʨʘ *
SP  ʤʳ ʤʦʜʝʣʠʨʫʝʤ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ. 

ɽʩʣʠ ʪʚʝʨʜʘʷ ʬʘʟʘ ʠʤʝʝʪ ʚʠʜ ʪʚʝʨʜʦʛʦ ʩʢʝʣʝʪʦʥʘ, ʪ.ʝ. ʚ ʥʝʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʥʫʪʨʝʥʥʠʝ ʩʚʷʟʠ, 

ʪʦ *S GP P= , ʪ.ʝ. ʤʦʜʝʣʠʨʫʝʪʩʷ ʧʨʦʮʝʩʩ ʚʳʨʘʚʥʠʚʘʥʠʷ ʜʘʚʣʝʥʠʡ (ʧʘʨʘʤʝʪʨ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟ-

ʢʦʩʪʠ ʥʘʨʦʯʠʪʦ ʙʝʨʝʪʩʷ ʤʘʣʳʤ, ʧʦʨʷʜʢʘ ʚʝʣʠʯʠʥʳ ʦʜʥʦʛʦ ʰʘʛʘ ʧʦ ʚʨʝʤʝʥʠ). ɽʩʣʠ ʞʝ, ʢʘʢ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝ, ʪʚʝʨʜʘʷ ʩʨʝʜʘ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ ʥʝʩʚʷʟʘʥʥʳʭ ʧʨʠ 0G Gf f>  ʤʝʞʜʫ 

ʩʦʙʦʡ ʛʨʘʥʫʣ, ʪʦ* 510 ʇʘSP = . ʏʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʩʚʦʙʦʜʥʳʭ  ʯʘʩʪʠʮ ʚʩʣʝʜʩʪʚʠʝ 

ʦʪʩʫʪʩʪʚʠʷ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʘʚʣʝʥʠʝʤ ʛʘʟʘ ʟʘ ʩʯʝʪ ʩʦʧʣʦʚʳʭ 

ʵʬʬʝʢʪʦʚ ʠ ʪʨʝʥʠʝʤ ʤʝʞʜʫ ʬʘʟʘʤʠ. 
ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʠʩʢʨʝʪʠʟʠʨʫʝʪʩʷ ʥʘ ʧʦʜʚʠʞʥʦʡ ʵʡʣʝʨʦʚʦʡ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʝ ʤʝʪʦ-

ʜʦʤ ʢʦʥʝʯʥʦʛʦ ʦʙʲʝʤʘ. ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ ʨʘʟʙʠʚʘ-

ʝʪʩʷ ʥʘ ʜʚʘ ʵʪʘʧʘ, ʥʘ ʧʝʨʚʦʤ ʨʝʰʘʝʪʩʷ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ 

ʩʧʣʦʰʥʦʡ ʜʚʫʭʬʘʟʥʦʡ ʩʨʝʜʳ.  

 G
nq F H

t x x

fµµ µ
+ =

µ µ µ
 (4) 

ɼʣʷ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʉ.ʂ. ɻʦʜʫʥʦʚʘ ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʥʘ 

ʧʦʜʚʠʞʥʳʭ ʵʡʣʝʨʦʚʳʭ ʩʝʪʢʘʭ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʨʝʰʝʥʠʝ ʩ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚʳʭ ʯʣʝʥʦʚ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ 

 
SD E defq H H

t
f

µ
= +

µ
 (5) 

ʇʦʩʢʦʣʴʢʫ ʚʩʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʧʨʦʮʝʩʩʳ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʩʫʪʴ ʣʘʛʨʘʥʞʝʚʳ, ʨʝʰʝʥʠʝ 

ʩʪʨʦʠʪʩʷ ʚ ʢʦʥʢʨʝʪʥʦʡ ʣʘʛʨʘʥʞʝʚʦʡ ʪʦʯʢʝ ʩʨʝʜʳ (ʬʘʢʪʠʯʝʩʢʠ ʩʝʪʢʘ ʟʘʤʦʨʘʞʠʚʘʝʪʩʷ ʠ ʨʝʰʝ-

ʥʠʝ ʩʪʨʦʠʪʩʷ ʚ ʷʯʝʡʢʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʩʝʜʝʡ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʯʝʪʥʳʡ ʧʨʦʮʝʩʩ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʜʚʫʭ ʦʧʝʨʘʪʦʨʦʚ 
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  (6) 

ɿʜʝʩʴ 1L  ʦʧʝʨʘʪʦʨ ʤʝʪʦʜʘ ʉ.ʂ. ɻʦʜʫʥʦʚʘ ʜʣʷ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʩʠʩʪʝʤ. ɼʠʩʢʨʝʪʠʟʘʮʠʷ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʚʦʜʠʪ ʝʝ ʢ ʩʠʩʪʝʤʝ ʧʦʣʫʜʠʩʢʨʝʪʥʳʭ ʫʨʘʚʥʝʥʠʡ 

 ( )
d

d

ci i
k k k n n

V q
n qU qv S

t
s

s

dè ø=- F +G - -
ê úä  (7) 

ʀʟʤʝʥʝʥʠʝ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʚ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʝ ʨʘʚʥʷʝʪʩʷ ʩʫʤʤʝ ʯʠʩʣʝʥʥʳʭ ʧʦʪʦʢʦʚ 

ʯʝʨʝʟ ʛʨʘʥʠ. ʌʫʥʢʮʠʷ ʯʠʩʣʝʥʥʦʛʦ ʧʦʪʦʢʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʤʝʪʦʜʫ ʪʠʧʘ ʈʫʩʘʥʦʚʘ ʩ ʫʯʝʪʦʤ 

ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʳʚʘ ʧʦʨʠʩʪʦʩʪʠ [8]. 2L  - ʦʧʝʨʘʪʦʨ ʨʝʰʝʥʠʷ 

ʩʠʩʪʝʤʳ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʇʦʩʢʦʣʴʢʫ ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʡ (ʚ 

ʪʨʠ ʧʦʨʷʜʢʘ) ʨʘʟʥʠʮʳ ʚ ʧʣʦʪʥʦʩʪʷʭ ʬʘʟ ʠ ʙʦʣʴʰʠʭ ʛʨʘʜʠʝʥʪʦʚ ʚʝʣʠʯʠʥ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʞʝʩʪʢʦʡ, ʜʣʷ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʥʝʰʥʷʷ ʙʠʙʣʠʦʪʝʢʘ DLSODE, ʩ ʨʝʘʣʠʟʦʚʘʥ-

ʥʳʤ ʤʝʪʦʜʦʤ ɻʠʨʘ ʜʣʷ ʞʝʩʪʢʠʭ ʩʠʩʪʝʤ.  

ʐʘʛ ʧʦ ʚʨʝʤʝʥʠ ʚʳʙʠʨʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʝʤ ʂʫʨʘʥʪʘ - ʌʨʠʜʨʠʭʩʘ - ʃʝʚʠ. 

3.2. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʅʘ ʨʠʩ. 6 ʧʨʠʚʝʜʝʥʘ ʥʘʯʘʣʴʥʘʷ ʨʘʩʯʸʪʥʘʷ ʤʦʜʝʣʴ. ɺ ʩʠʣʫ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ 

ʨʘʩʯʸʪ ʧʨʦʚʦʜʠʣʩʷ ʚ ʜʚʫʤʝʨʥʦʡ ʵʡʣʝʨʦʚʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ ʨʘʟʤʝʨʦʤ ʷʯʝʡʢʠ 0.1 ʤʤ ʠ ʠʭ ʦʙʱʠʤ 

ʯʠʩʣʦʤ 101.7 ʪʳʩ. 

 

ʈʠʩ. 6. ʈʘʩʯʸʪʥʘʷ ʛʝʦʤʝʪʨʠʷ 

ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʜʝʪʦʥʘʮʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʣʫʯʘʤ ʠʟ ʦʙʣʘʩʪʠ, ʦʙʦʟʥʘʯʝʥʥʦʡ 

ʢʨʘʩʥʳʤ. 

ʃʝʚʘʷ ʛʨʘʥʠʮʘ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʩʜʝʣʘʥʘ ʦʪʢʨʳʪʦʡ (ʦʙʦʟʥʘʯʝʥʘ ʙʝʞʝʚʳʤ ʮʚʝʪʦʤ). 

ɼʣʷ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ ʫʧʨʫʛʦʧʣʘʩʪʠʢʠ ɼʞʦʥʩʦʥʘ - ʂʫʢʘ. ɺ 
ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʨʘʟʨʫʰʝʥʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʪʢʦʣʘ ʩ 

ʦʪʢʦʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ 5 ɻʇʘ. 

ʆʪʝʯʝʩʪʚʝʥʥʦ ʚʟʨʳʚʯʘʪʦʝ ʚʝʱʝʩʪʚʦ A-IX-2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʠʟ 73 % ʛʝʢʩʦʛʝʥʘ, 

23 % ʘʣʶʤʠʥʠʷ ʠ 4 % ʠʥʝʨʪʥʳʭ ʩʚʷʟʫʶʱʠʭ. ʇʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʩʥʘʨʷʞʝʥʠʷ ʙʨʠʟʘʥʪʥʦ-

ʬʫʛʘʩʥʳʭ ʩʥʘʨʷʜʦʚ.  

ʉʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ 8000 ʤ/ʩ. ʧʨʠ ʧʣʦʪʥʦʩʪʠ 1.76 ʛ/ʩʤ
3
. ʊʝʧʣʦʪʘ ʚʟʨʳʚʘ 6.48 ʄɼʞ/ʢʛ. 

ɹʨʠʟʘʥʪʥʦʩʪʴ 22 ʤʤ (ʊʨʦʪʠʣ -13 ʤʤ). ʌʫʛʘʩʥʦʩʪʴ 530 ʤʣ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʣʷ ɺɺ ʠʩ-

ʧʦʣʟɹʦʚʘʣʩʷ ʋʈʉ ʚ ʬʦʨʤʝ JWL [9] 
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 (8) 

ʗʚʣʷʷʩʴ ʰʠʨʦʢʦʜʠʘʧʘʟʦʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ, ʋʈʉ JWL ʚ ʩʦʩʪʦʷʥʠʠ ʭʦʨʦʰʦ 

ʦʧʠʩʳʚʘʪʴ ʢʘʢ ʚʦʟʜʝʡʩʪʚʠʷ ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʚʦʣʥ ʥʘ ʧʨʝʛʨʘʜʳ, ʪʘʢ ʠ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʇɺ. 

( ) ( )* 1 *

1 2,  ;              ,n nq L t q q L t q+= D = D
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3.3. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʠ ʩʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ 

3.3.1 ʕʢʩʧʝʨʠʤʝʥʪ ˉ 1 

ʅʘ ʨʠʩ. 7 ʧʨʠʚʝʜʝʥ ʨʝʟʫʣʴʪʘʪ ʨʘʩʯʸʪʘ ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 8 ʤʢʩ ʧʦʩʣʝ ʠʥʠʮʠʠʨʦʚʘʥʠʷ 

ʰʘʰʢʠ ɺɺ ʠ ʩʨʘʚʥʝʥʠʝ ʨʘʩʯʸʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʧʣʘʩʪʠʥʳ. ʅʘʙʣʶʜʘʝʪʩʷ 

ʩʦʭʨʘʥʝʥʠʝ "ʧʣʦʩʢʦʩʪʠ" ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʣʘʩʪʠʥʳ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 10 ʤʤ. 

 

ʈʠʩ. 7. ʈʘʩʯʸʪʥʘʷ ʤʦʜʝʣʴ ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 8 ʤʢʩ ʦʪ ʥʘʯʘʣʘ ʜʝʪʦʥʘʮʠʠ ʰʘʰʢʠ ɺɺ (ʩʣʝʚʘ), ʠ 

ʩʨʘʚʥʝʥʠʝ ʨʘʩʯʸʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʩʢʦʨʦʩʪʠ ʤʝʪʘʝʤʦʡ ʧʣʘʩʪʠʥʳ (ʩʧʨʘʚʘ) 

ʉʨʘʚʥʠʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʭʦʨʦʰʝʤ ʩʦʛʣʘ-

ʩʠʠ (ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ PDV) ʢʦʥʝʯʥʳʭ ʨʘʩʯʸʪʥʦʡ ʠ ʠʟʤʝʨʝʥʥʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩʢʦʨʦʩʪʝʡ ʧʣʘʩʪʠʥʳ. ʆʪʣʠʯʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʪ ʨʘʩʯʸʪ-

ʥʳʭ ʥʘ ʵʪʦʤ ʵʪʘʧʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʠʝʤ ʢʠʥʝʪʠʢʠ ʛʦʨʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʠ ʤʦ-

ʜʝʣʴʥʦʛʦ ʩʦʩʪʘʚʦʚ A-IX-2. 

ʂʘʢ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʚʳʰʝ, A-IX-2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʩʤʝʩʴ ʛʝʢʩʦʛʝʥʘ ʩ ʘʣʶʤʠʥʠʝʤ. 

ʉʦʛʣʘʩʥʦ [10], [11], [12] ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʘʣʶʤʠʥʠʷ ʚ ʜʘʥʥʦʤ ɺɺ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10 õ 20 

ʜʦ 160 ʤʢʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʜʦʙʘʚʢʠ ʘʣʶʤʠʥʠʷ ʢ ɺɺ ʧʦʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ. ʀʭ ʰʠʨʦ-

ʢʠʡ ʦʙʟʦʨ ʩʦʜʝʨʞʠʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʤʦʥʦʛʨʘʬʠʠ [13]. ʉʩʳʣʘʷʩʴ ʥʘ ʜʘʥʥʳʡ ʠʩʪʦʯʥʠʢ, ʦʪʤʝʪʠʤ 

ʩʣʝʜʫʶʱʠʡ ʚʘʞʥʳʡ ʜʣʷ ʥʘʩ ʬʘʢʪ: "ʆʙʱʠʤ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʵʥʝʨʛʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʦʢʠʩʣʝʥʠʝʤ ʘʣʶʤʠʥʠʷ, ʥʘʯʠʥʘʝʪ ʚʳʜʝʣʷʪʴʩʷ ʠ ʫʩʢʦʨʷʪʴ 

ʤʝʪʘʝʤʫʶ ʦʙʦʣʦʯʢʫ ʠʣʠ ʧʣʘʩʪʠʥʫ, ʪʦʣʴʢʦ ʥʘʯʠʥʘʷ ʩ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ ( ~ 3 õ 4 ʤʢʩ) ʠʣʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʤʫ ʙʘʟʳ ʨʘʟʛʦʥʘ (ʩʪʝʧʝʥʠ ʨʘʩʰʠʨʝʥʠʷ ʇɼ). ʇʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʪʝʤ ʩʠʣʴʥʝʝ ʠ ʨʘʥʴʰʝ, ʯʝʤ ʤʝʣʴʯʝ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʘʣʶʤʠʥʠʷ ʠ ʟʝʨʝʥ ɺɺ, 

ʠ ʯʝʤ ʚʳʰʝ ʢʠʩʣʦʨʦʜʥʳʡ ʙʘʣʘʥʩ ɺɺ-ʦʩʥʦʚʳ". ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, 

ʯʪʦ ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʠʛʨʘʝʪ ʛʣʘʚʥʫʶ ʨʦʣʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʭʦʞʜʝʥʠʠ ʨʘʩʯʸʪʥʳʭ ʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘ ʤʘʣʳʭ ʚʨʝʤʝʥʘʭ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʜʘʥʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʳ, 

ʫʯʠʪʳʚʘʶʱʠʝ "ʟʘʬʨʦʥʪʦʚʦʝ ʜʦʛʦʨʘʥʠʝ". ʇʨʠ ʵʪʦʤ ʩʯʠʪʘʝʤ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ ʬʨʦʥʪʦʤ 

ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʚʳʜʝʣʷʝʪʩʷ ʧʦʣʦʚʠʥʘ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʨʝʘʢʮʠʠ, ʘ ʦʩʪʘʚʰʘʷʩʷ ʧʦʣʦ-

ʚʠʥʘ ʚʳʜʝʣʷʝʪʩʷ ʟʘ 2 ʤʩ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ. ʅʘ ʨʠʩ. 8 ʧʨʠʚʝʜʝʥʳ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ ʙʝʟ ʫʯʸʪʘ ʟʘʬʨʦʥʪʦʚʦʛʦ ʜʦʛʦʨʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ 

ʜʣʷ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʚʳʛʦʨʘʥʠʷ ʘʣʶʤʠʥʠʷ. 
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ʈʠʩ. 8. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʩ "ʟʘʬʨʦʥʪʦʚʳʤ ʜʦʛʦʨʘʥʠʝʤ" ʘʣʶʤʠʥʠʷ 

3.3.2. ʕʢʩʧʝʨʠʤʝʥʪ ˉ 2 

ɼʠʟʘʡʥ ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʘʥʘʣʦʛʠʯʝʥ ʜʠʟʘʡʥʫ ʵʢʩʧʝʨʠʤʝʥʪʘ  ̄1 ʩ ʪʝʤ ʣʠʰʴ ʦʪʣʠ-

ʯʠʝʤ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʝʤʦʡ ʧʣʘʩʪʠʥʳ ʙʳʣʘ ʥʘʥʝʩʸʥʘ ʩʤʝʩʴ ʘʣʶʤʠʥʠʝʚʳʭ ʧʫʜʨ ʇɸʇ-

1 ʠ ʇɸʇ-2 ʪʦʣʱʠʥʦʡ 50 õ 100 ʤʢʤ. 

ɸʣʶʤʠʥʠʝʚʘʷ ʧʫʜʨʘ ʇɸʇ-2 ʠ ʇɸʇ-1 - ʣʝʛʢʦ ʤʘʞʫʱʠʡʩʷ ʚʟʨʳʚʦʦʧʘʩʥʳʡ ʤʘʪʝʨʠʘʣ, 

ʩʦʜʝʨʞʘʱʠʡ ʜʦ 93% ʘʢʪʠʚʥʦʛʦ ʘʣʶʤʠʥʠʷ, ʧʣʦʪʥʦʩʪʴʶ ʦʢʦʣʦ 0.3 ʛ/ʩʤ
3
. ɺʳʧʫʩʢʘʝʪʩʷ ʚ ʩʝʨʝʙ-

ʨʠʩʪʦ-ʩʝʨʦʤ ʮʚʝʪʝ ʙʝʟ ʠʥʦʨʦʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʠ ʧʨʠʤʝʩʝʡ. ʄʝʣʢʠʝ ʘʣʶʤʠʥʠʝʚʳʝ ʯʘʩʪʠʮʳ 

ʧʣʘʩʪʠʥʯʘʪʦʡ ʬʦʨʤʳ ʩʦ ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʦʡ ʜʦ 0.5 ʤʢʤ ʠ ʣʠʥʝʡʥʳʤ ʨʘʟʤʝʨʦʤ ʜʦ 30 ʤʢʤ ʚ 

ʧʫʜʨʝ ʟʘʢʣʶʯʝʥʳ ʚ ʞʠʨʦʚʫʶ ʠ ʪʦʥʢʫʶ ʦʢʩʠʜʥʫʶ ʧʣʸʥʢʫ. 

ʅʘ ʨʠʩ. 9 ʠʟʦʙʨʘʞʝʥʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʯʘʩʪʠʮ ʘʣʶʤʠʥʠʝʚʦʡ ʧʫʜʨʳ ʇɸʇ-2. 

 

ʈʠʩ. 9. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʯʘʩʪʠʮ ʘʣʶʤʠʥʠʝʚʦʡ ʧʫʜʨʳ ʇɸʇ-2 

ʏʠʩʣʝʥʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʈʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʷʤʦʫʛʦʣʴʥʠʢ 41 12 10-³ Ö ʩʤ, ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʘʥʘʣ, ʨʘʟʜʝʣʝʥʥʳʡ ʠʟʥʘʯʘʣʴʥʦ 

ʥʘ ʜʚʝ ʯʘʩʪʠ - ʣʝʚʫʶ 4 475 10 12 10- -Ö ³ Ö ʟʘʧʦʣʥʝʥʥʫʶ ʩʤʝʩʴʶ ʚʦʟʜʫʭʘ ʠ ʘʣʶʤʠʥʠʝʚʦʡ ʧʳʣʠ ʩ 

ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʳʣʠ 0 0.1107Sf= , ʧʨʘʚʘʷ ʟʘʧʦʣʥʝʥʘ ʯʠʩʪʳʤ ʚʦʟʜʫʭʦʤ. ɺ ʣʝʚʦʡ 

ʟʘʜʘʥʘ ʨʘʚʥʦʤʝʨʥʘʷ ʩʝʪʢʘ 50 3³  ʷʯʝʡʢʠ, ʚ ʧʨʘʚʦʡ 20 3³  ʩʦ ʩʛʫʱʝʥʠʝʤ ʷʯʝʝʢ ʚʣʝʚʦ. ʊʘʢʦʡ 

ʚʳʙʦʨ ʩʝʪʢʠ ʦʙʫʩʣʦʚʣʝʥ ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʢʦʨʨʝʢʪʥʦ ʫʯʝʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʞʜʫ ʜʚʫʤʷ ʦʙʣʘʩʪʷʤʠ, ʧʦʩʢʦʣʴʢʫ ʝʝ ʩʤʝʱʝʥʠʝ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ 



ɹʘʥʜʫʨʢʠʥ ʂ.ɺ., ʂʘʤʝʥʝʚ ɺ.ɻ. ʠ ʜʨ.    ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ (ʣʘʟʝʨʥʦ-ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ PVD)é 

11 

ʧʨʘʚʫʶ ʛʨʘʥʠʮʫ ʧʳʣʝʚʦʛʦ ʦʙʣʘʢʘ. ʂʘʢ ʫʞʝ ʩʪʘʣʦ ʷʩʥʦ, ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʙʣʦʢʘʤʠ ʧʦʩʪʘʚʣʝʥʦ 

ʣʘʛʨʘʥʞʝʚʦ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʢʦʥʪʘʢʪʘ. ʅʘ ʦʩʪʘʣʴʥʳʭ ʛʨʘʥʠʮʘʭ ʩʪʦʠʪ ʫʩʣʦʚʠʝ ʞʝʩʪʢʦʡ 

ʩʪʝʥʢʠ, ʠʣʠ ʥʝʧʨʦʪʝʢʘʥʠʷ. ʃʝʚʘʷ ʛʨʘʥʠʮʘ ʚʩʝʡ ʦʙʣʘʩʪʠ ʩʤʝʱʘʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʣʘʩʪʠʥʳ, 

ʦʩʪʘʣʴʥʳʝ ʥʝʧʦʜʚʠʞʥʳ, ʬʘʢʪʠʯʝʩʢʠ ʣʝʚʘʷ ʛʨʘʥʠʮʘ ʜʝʡʩʪʚʫʝʪ ʚ ʢʘʯʝʩʪʚʝ ʧʦʨʰʥʷ ʜʚʠʞʫʱʝ-

ʛʦʩʷ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʟʘʢʦʥʫ. 

ʉʦʩʪʦʷʥʠʝ ʤʘʪʝʨʠʘʣʘ ʯʘʩʪʠʮ ʧʳʣʠ ʧʦʜʯʠʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʄʠ - ɻʨʶʥʘʡʟʝʥʘ 
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ɿʥʘʯʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʥʘʙʦʨ ʢʦʥʩʪʘʥʪ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʣʝʜʫʶʱʠʝ:  
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ʩ= ,   3.5n= ,   2.13G=  

ʉʦʩʪʦʷʥʠʝ ʚʦʟʜʫʭʘ ʧʦʜʯʠʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ 0
G GGP gr x=  ʩ 

ʧʦʢʘʟʘʪʝʣʝʤ ʘʜʠʘʙʘʪʳ 1.4g= . 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʣʦʞʥʷʣʦʩʴ ʩʣʦʞʥʦʡ ʬʦʨʤʦʡ ʯʘʩʪʠʮ ʧʳʣʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ 

ʪʝʦʨʠʷ ʩʪʨʦʠʣʘʩʴ ʜʣʷ ʯʘʩʪʠʮ ʙʣʠʟʢʠʭ ʧʦ ʬʦʨʤʝ ʢ ʩʬʝʨʠʯʝʩʢʠʤ, ʘ ʚ ʧʦʩʪʘʥʦʚʢʝ ʨʝʯʴ ʠʜʝʪ ʦ 

ʯʘʩʪʠʮʘʭ ʠʤʝʶʱʠʭ ʬʦʨʤʫ ʧʣʦʩʢʦʛʦ ʜʠʩʢʘ ʦʩʝʚʳʤ ʩʝʯʝʥʠʝʤ 6 620 10 2 10- -Ö ³ Ö ʤ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʚ ʤʦʜʝʣʠ ʚʦʟʥʠʢʘʝʪ ʝʱʝ ʜʚʘ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʘ - ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʛʘʟʘ ʚ ʧʣʦʪʥʦʡ 

ʫʧʘʢʦʚʢʝ ʯʘʩʪʠʮ 00.63 0.9Sf< <  ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ dC , ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʬʦʨʤʘ ʯʘʩʪʠʮ 

ʚʣʠʷʝʪ ʣʠʥʝʡʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ *
d dC nC= , 1 100n¢ ¢ .  

ʇʨʠʚʝʜʝʤ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 0 0.63Sf =  ʠ 1n=  (ʨʠʩ. 10-11). 

 

ʈʠʩ. 10. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʧʳʣʠ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʌʠʟʠʢʘ ʧʨʦʮʝʩʩʘ ʯʠʪʘʝʪʩʷ ʢʘʢ ʥʘʯʘʣʴʥʦʝ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʝ ʯʘʩʪʠʮ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʨʳʚʦʤ ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʩʣʦʷ ʧʳʣʠ ʦʪ ʛʨʘʥʠʮʳ 

ʚʩʣʝʜʩʪʚʠʝ ʧʘʜʝʥʠʷ ʝʝ ʩʢʦʨʦʩʪʠ. ɼʘʣʝʝ ʛʨʘʥʠʮʘ ʫʩʢʦʨʷʝʪʩʷ ʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0.002 ʤʩ 

ʜʦʛʦʥʷʝʪ ʩʣʦʡ ʧʳʣʠ ʠ ʪʦʣʢʘʝʪ ʝʛʦ ʜʘʣʴʰʝ, ʠ ʵʪʦ ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ. ʆ ʢʦʨʨʝʢʪʥʦʩʪʠ 

ʦʙʲʷʩʥʝʥʠʷ ʛʦʚʦʨʠʪ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ ʦʙʣʘʩʪʠ ʧʳʣʝʚʦʛʦ ʦʙʣʘʢʘ ʠ ʭʘʨʘʢʪʝʨ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʚ ʥʝʢʦʪʦʨʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʥʘ ʨʠʩ. 10-11. 



ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʢʠʥʝʪʠʢʘ ʚ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʝ 2015 ʊ.16 (4)      http://chemphys.edu.ru/issues/2015-16-4/articles/550/ 

12 

 

ʈʠʩ. 11. ʇʦʣʦʞʝʥʠʝ ʣʝʚʦʡ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ (ʯʝʨʥʘʷ ʢʨʠʚʘʷ) 

ʠ ʧʨʘʚʦʡ ʛʨʘʥʠʮʳ ʧʳʣʝʚʦʛʦ ʦʙʣʘʢʘ (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ) 

ʍʘʨʘʢʪʝʨ ʜʠʥʘʤʠʢʠ ʧʨʘʚʦʡ ʛʨʘʥʠʮʳ ʧʳʣʝʚʦʛʦ ʦʙʣʘʢʘ ʩʦʚʧʘʜʘʝʪ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʥʘʙʣʶʜʝʥʠʝʤ, ʦʜʥʘʢʦ ʭʘʨʘʢʪʝʨʥʳʝ ʚʝʣʠʯʠʥʳ (ʥʘʯʘʣʴʥʳʡ ʧʠʢ ʩʢʦʨʦʩʪʠ ʠ ʩʢʦʨʦʩʪʴ ʪʦʨʤʦʞʝ-

ʥʠʷ) ʦʪʣʠʯʘʶʪʩʷ. ɺʘʨʴʠʨʦʚʘʥʠʝ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʛʘʟʘ ʚ ʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʝ ʯʘʩʪʠʮ ʠ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʪʨʝʥʠʷ ʜʘʝʪ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ. 12. 

 

ʈʠʩ. 12. ʉʢʦʨʦʩʪʠ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʛʨʘʥʠʮʳ ʧʳʣʝʚʦʛʦ ʦʙʣʘʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʣʳ ʪʨʝʥʠʷ ʠ 

ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʧʳʣʠ ʚ ʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʝ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠ ʢ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʟʥʘʯʝʥʠʷ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 0 0.9Sf =  ʠ 30=n . ʉʢʦʨʦʩʪʴ 

ʧʨʘʚʦʡ ʛʨʘʥʠʮʳ ʧʳʣʝʚʦʛʦ ʦʙʣʘʢʘ ʧʦʩʣʝ ʨʝʟʢʠʭ ʩʢʘʯʢʦʚ ʫʙʳʚʘʝʪ ʠʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ ʩʦʧʣʦʚʳʭ 

ʵʬʬʝʢʪʦʚ ʠ ʩʠʣʳ ʪʨʝʥʠʷ. ʆʪʤʝʪʠʤ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʠʣʳ ʪʨʝʥʠʷ ʚʣʝʯʝʪ ʫʚʝʣʠʯʝʥʠʝ ʧʝʨʚʦʛʦ 

ʧʠʢʘ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠʮʳ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚʳʪʝʩʥʷʝʤʳʡ ʧʨʠ ʧʝʨʚʦʤ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʠ 

ʯʘʩʪʠʮ ʛʘʟ ʩʠʣʴʥʝʝ ʨʘʟʛʦʥʷʝʪ ʢʨʘʡʥʠʝ ʧʨʘʚʳʝ ʯʘʩʪʠʮʳ ʧʳʣʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʧʨʘʚʦʡ ʛʨʘʥʠʮʝ 

ʧʳʣʝʚʦʛʦ ʦʙʣʘʢʘ ʦʙʨʘʟʫʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʝ ʨʘʟʤʳʪʠʝ (ʨʠʩ. 13), ʪ.ʝ. ʯʘʩʪʠʮʳ, ʠʟʥʘʯʘʣʴʥʦ ʥʘʭʦ-

ʜʠʚʰʠʝʩʷ ʫ ʧʨʘʚʦʡ ʛʨʘʥʠʮʳ, ʦʪʨʳʚʘʶʪʩʷ ʦʪ ʦʩʥʦʚʥʦʛʦ ʦʙʣʘʢʘ ʠ ʦʙʨʘʟʫʶʪ ʩʚʦʝʦʙʨʘʟʥʳʡ 

"ʧʨʝʜʚʝʩʪʥʠʢ". ɼʘʥʥʳʡ "ʧʨʝʜʚʝʩʪʥʠʢ" ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʟʨʝʞʝʥʥʫʶ ʚʟʚʝʩʴ ʯʘʩʪʠʮ ʧʳʣʠ ʚ ʛʘʟʝ, 

ʝʛʦ ʧʨʠʩʫʪʩʪʚʠʝ ʤʦʞʝʪ ʧʨʠʚʥʦʩʠʪʴ ʠʩʢʘʞʝʥʠʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʥʝʯʝʪʢʦ 

ʬʠʢʩʠʨʫʝʤʦʛʦ ʬʨʦʥʪʘ, ʜʚʠʞʫʱʝʛʦʩʷ ʚʧʝʨʝʜʠ ʦʩʥʦʚʥʦʛʦ ʩ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ. ʊʘʢ 

ʞʝ ʫʚʝʣʠʯʝʥʠʝ ʩʠʣʳ ʪʨʝʥʠʷ ʧʨʝʜʩʢʘʟʫʝʤʦ ʩʛʣʘʞʠʚʘʝʪ ʨʝʰʝʥʠʝ ʥʘ ʚʪʦʨʦʤ ʧʠʢʝ, ʧʦʩʢʦʣʴʢʫ 

ʧʨʠʚʦʜʠʪ ʩ ʙʦʣʝʝ ʩʠʣʴʥʦʤʫ ʨʘʟʤʳʪʠʶ ʛʨʘʥʠʮ ʧʳʣʝʚʦʛʦ ʦʙʣʘʢʘ, ʪʝʤ ʩʘʤʳʤ ʧʨʠʙʣʠʞʘʝʪ 

ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ, ʛʜʝ ʚʪʦʨʦʡ ʧʠʢ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʟʘʤʝʪʝʥ. 



ɹʘʥʜʫʨʢʠʥ ʂ.ɺ., ʂʘʤʝʥʝʚ ɺ.ɻ. ʠ ʜʨ.    ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ (ʣʘʟʝʨʥʦ-ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ PVD)é 

13 

 

ʈʠʩ. 13. ʇʨʘʚʳʡ ʬʨʦʥʪ ʦʙʣʘʢʘ ʜʣʷ 0 0.9Sf =  ʠ 20n=  ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 2t= ʤʢʩ 

ʉʪʨʦʷ ʠʥʪʝʛʨʘʣʴʥʳʝ ʢʨʠʚʳʝ, ʚʠʜʠʤ, ʯʪʦ ʧʝʨʝʜʥʷʷ ʛʨʘʥʠʮʘ ʦʙʣʘʢʘ ʯʘʩʪʠʮ ʧʫʜʨʳ ʥʘ 

ʚʨʝʤʝʥʘʭ, ʙʣʠʟʢʠʭ ʢ ʦʢʦʥʯʘʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʪʩʪʦʠʪ ʦʪ ʧʣʘʩʪʠʥʢʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 

0.5 ʤʤ (ʨʠʩ. 14). 

 

ʈʠʩ. 14. ʂʦʦʨʜʠʥʘʪʳ ʧʣʘʩʪʠʥʳ ʠ ʧʝʨʝʜʥʝʡ ʛʨʘʥʠʮʳ 

ʦʙʣʘʢʘ ʯʘʩʪʠʮ ʧʫʜʨʳ 

4. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʳ ʜʚʘ ʚʟʨʳʚʥʳʭ ʦʧʳʪʘ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʤʝʪʦʜʦʤ PDV ʩʢʦʨʦʩʪʠ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʩ ʠʟʚʝʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ɺ ʧʝʨʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʨʘʟʛʦʥʷʣʘʩʴ ʞʝʣʝʟʥʘʷ ʧʣʘʩʪʠʥʘ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʡ ʙʳʣʘ ʦʪ-

ʧʦʣʠʨʦʚʘʥʘ ʜʦ ʟʝʨʢʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʨʝʛʠʩʪʨʘʮʠʠ ʜʚʠʞʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʴʶ. ʇʦʜʪʚʝʨʞʜʝʥʘ ʢʦʨʨʝʢʪʥʦʩʪʴ ʤʦʜʝʣʠ, ʜʦʩʪʦʚʝʨʥʦ 

ʦʧʠʩʳʚʘʶʱʝʡ ʢʘʯʝʩʪʚʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʜʚʠʞʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʝʨʚʦʥʘʯʘʣʴʥʳʝ 

ʨʘʟʣʠʯʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʜʠʥʘʤʠʢʝ ʦʙʲʷʩʥʷʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʠʥʝʪʠʢʠ ʛʦʨʝʥʠʷ ʠʩʧʦʣʴ-

ʟʫʝʤʦʛʦ ɺɺ. ʇʨʠ ʢʦʨʨʝʢʪʥʦʤ ʫʯʝʪʝ ʟʘʬʨʦʥʪʦʚʦʛʦ ʜʦʛʦʨʘʥʠʷ ʘʣʶʤʠʥʠʝʚʳʭ ʯʘʩʪʠʮ ʫʜʘʝʪʩʷ 

ʜʦʩʪʠʯʴ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʛʣʘʩʠʷ.  

ɺʪʦʨʦʡ ʵʢʩʧʝʨʠʤʝʥʪ ʘʥʘʣʦʛʠʯʝʥ ʧʝʨʚʦʤʫ ʩ ʪʝʤ ʣʠʰʴ ʦʪʣʠʯʠʝʤ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʤʝʪʘʝʤʦʡ ʧʣʘʩʪʠʥʳ ʙʳʣʘ ʥʘʥʝʩʸʥʘ ʩʤʝʩʴ ʘʣʶʤʠʥʠʝʚʳʭ ʧʫʜʨ ʪʦʣʱʠʥʦʡ 100 ʤʢʤ. ʈʝʟʫʣʴʪʘʪʳ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʘʣʶʤʠʥʠʝʚʦʡ ʧʳʣʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʬʦʨʤʠʨʦ-

ʚʘʥʠʝ ʜʚʫʭ ʬʨʘʢʮʠʡ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʫʶ ʜʠʥʘʤʠʢʫ. ʇʝʨʚʫʶ ʬʨʘʢʮʠʶ ʧʨʝʜʩʪʘʚʣʷʶʪ ʯʘʩʪʠ-


