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ɸʥʥʦʪʘʮʠʷ 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʨʝʜʳ, ʢʦʛʜʘ ʦʜʥʘ ʠʟ ʢʦʤʧʦʥʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʩʣʝʜʩʪʚʝʥʥʦ-

ʫʧʨʫʛʫʶ ʩʨʝʜʫ, ʘ ʜʨʫʛʘʷ ï ʩʞʠʤʘʝʤʫʶ ʞʠʜʢʦʩʪʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʨʝʜʘ, ʧʦʨʠʩʪʦʩʪʴ, ʢʦʤʧʦʥʝʥʪʘ, ʚʦʣʥʘ, ʞʠʜʢʦʩʪʴ, ʥʘʧʨʷʞʝʥʠʝ, 

ʧʝʨʝʤʝʱʝʥʠʝ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʥʘʩʳʱʝʥʥʦʡ ʥʘʩʣʝʜʩʪʚʝʥʥʦ-ʫʧʨʫʛʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʩʦʟʜʘʥʠʶ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʨʝʜ, 

ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʦʙʣʘʩʪʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ, 

ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ. 

ʇʦʨʠʩʪʦʩʪʴ ʥʘʩʣʝʜʩʪʚʝʥʥʦ-ʫʧʨʫʛʦʡ ʩʨʝʜʳ, ʥʘʩʳʱʝʥʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʥʝʦʙʭʦʜʠʤʦ 

ʪʘʢ ʞʝ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʛʨʫʥʪʳ, ʧʝʥʦʤʘʪʝʨʠʘʣʳ, ʨʘʟʣʠʯʥʳʝ 

ʮʝʤʝʥʪʥʳʝ ʨʘʩʪʚʦʨʳ, ʧʝʩʦʢ, ʧʦʨʠʩʪʘʷ ʢʝʨʘʤʠʢʘ). 

ʆʜʥʘʢʦ ʩʣʦʞʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʵʬʬʝʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪ, ʪʝʧʣʦʦʙʤʝʥʘ 
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ʦʙʱʝʧʨʠʥʷʪʳʝ ʤʦʜʝʣʠ (ʥʘʩʣʝʜʩʪʚʝʥʥʦ-ʫʧʨʫʛʘʷ ʩʨʝʜʘ ï ʞʠʜʢʦʩʪʴ) ʧʦʣʥʦʩʪʴʶ ʥʝ 
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ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ [1-6], ʚ ʢʦʪʦʨʳʭ ʠʟʫʯʘʶʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʝ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʚʦʣʥʳ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 
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ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʶʪʩʷ ʷʜʨʦʤ ʧʦʩʣʝʜʝʡʩʪʚʠʷ ɸʙʝʣʷ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ɹʦʣʴʮʤʘʥʘ - ɺʦʣʴʪʝʨʘ, ʘ ʚʪʦʨʘʷïʩʞʠʤʘʝʤʘʷ ʞʠʜʢʦʩʪʴ. 
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ʅʘ ʨʠʩ. 1 ʠ 2 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʦʪ 

ʣʦʛʘʨʠʬʤʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷ: 1=¤J , 1=mn , 1=w , 

05.012=s , 25.022=s , 95.011=g , 001.012 -=g , 05.022=g . 

ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʜʨʦʙʥʦʩʪʠ g ʫʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ. 

ʅʘ ʨʠʩ.1 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʦʪ ʣʦʛʘʨʠʬʤʘ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʪʘʢ ʢʘʢ wt ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʯʘʩʪʦʪʳ w, ʥʦ ʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʊ, 

ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʟʘʢʦʥʦʤ ɸʨʨʝʥʠʫʩʘ [10]. ʀʟ ʨʠʩ.1 ʩʣʝʜʫʝʪ, ʯʪʦ ʛʨʘʬʠʢʠ ʬʫʥʢʮʠʠ 

tln/ =Gc  ʧʨʠ  -¤t  ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʥʫʣʶ, ʘ ʧʨʠ +¤t  ʤʝʜʣʝʥʥʦ ʚʦʟʨʘʩʪʘʶʪ ʠ 

ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɺʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʘ ʜʨʦʙʥʦʩʪʠ g ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ʢʨʠʚʳʝ ʥʘ  ʛʨʘʬʠʢʝ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʧʦʣʦʛʠʤʠ. 

 
ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʦʪ ʣʦʛʘʨʠʬʤʘ ʚʨʝʤʝʥʠ ʨʝʪʘʨʜʘʮʠʠ 

 
ʈʠʩʫʥʦʢ 2.  ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʦʪ ʣʦʛʘʨʠʬʤʘ ʚʨʝʤʝʥʠ ʨʝʪʘʨʜʘʮʠʠ 
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ʀʟ ʨʠʩ. 2. ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ °¤tln  ʢʨʠʚʳʝ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʥʫʣʶ ʠ ʧʨʠ 

0ln =t  ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʇʘʨʘʤʝʪʨ ʜʨʦʙʥʦʩʪʠ g ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʝʪ ʥʘ ʬʦʨʤʫ ʢʨʠʚʳʭ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ʢʨʠʚʳʝ ʩʪʘʥʦʚʷʪʩʷ ʧʠʢʦʦʙʨʘʟʥʝʝ ʠ 

ʣʠʰʴ ʥʘ ʥʝʙʦʣʴʰʦʤ ʫʯʘʩʪʢʝ ʧʦʜʥʠʤʘʶʪʩʷ ʥʘʜ ʦʩʴʶ ʘʙʩʮʠʩʩ. ʉ ʫʤʝʥʴʰʝʥʠʝʤ 

ʧʘʨʘʤʝʪʨʘ ʜʨʦʙʥʦʩʪʠ ʢʨʠʚʳʝ ʤʝʜʣʝʥʥʦ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʦʩʠ ʘʙʩʮʠʩʩ ʠ ʧʠʢʠ ʛʨʘʬʠʢʘ 

ʠʩʯʝʟʘʶʪ. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ʚʦʣʥ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʳʤ. 
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ʇʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʩʪʨʫʢʪʫʨʘ 

ʚʥʫʪʨʝʥʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʪʦʨʦʠʜʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʩ ʧʦʣʦʠʜʘʣʴʥʳʤ 

ʪʦʢʦʤ. 

ɺʧʝʨʚʳʝ ʚ ʥʘʫʢʝ ʧʨʦʠʟʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

(ʄʇ)  ʪʦʨʦʠʜʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʧʦʣʦʠʜʘʣʴʥʳʤ ʪʦʢʦʤ (ʈʠʩ.1). ʉʪʨʝʣʢʘʤʠ, 

ʦʙʦʟʥʘʯʝʥʥʳʤʠ i, ʧʦʢʘʟʘʥʳ ʚʝʢʪʦʨʳ ʵʣʝʤʝʥʪʦʚ ʪʦʢʘ. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʪʦʨʳ ʩ ʦʪʥʦʰʝʥʠʝʤ R / r º 1 ʠ R / r º 2. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚʳʚʝʜʝʥʳ ʚ 

ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʂʘʥʪʦʨʘ. ʃʠʥʠʠ ʥʘ ʛʨʘʬʠʢʘʭ ʧʦʢʘʟʳʚʘʶʪ ʩʝʯʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʫʨʦʚʥʷ ʨʘʚʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʄʇ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʄʇ ï ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ 

ʧʣʦʩʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʪʘʢ ʢʘʢ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʄʇ ʠʤʝʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʘʟʠʤʫʪʘʣʴʥʫʶ (ʠʣʠ ʪʘʥʛʝʥʮʠʘʣʴʥʫʶ ʠʣʠ ʢʘʩʘʪʝʣʴʥʫʶ ʢ ʦʢʨʫʞʥʦʩʪʠ, 

ʢʦʪʦʨʘʷ ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ XY ʠ ʩ ʮʝʥʪʨʦʤ ʥʘ ʦʩʠ Z) ʩʦʩʪʘʚʣʷʶʱʫʶ.  

ɺʥʘʯʘʣʝ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʄʇ ʚʥʫʪʨʠ ʪʦʨʘ.  

ʊʦʨ ʩ ʦʪʥʦʰʝʥʠʝʤ R / r º 1 (ʈʠʩ.1). 
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ʈʠʩ.1 ʈʠʩ.2 

 

ʊʦʨ ʩ ʦʪʥʦʰʝʥʠʝʤ R / r º 2  (ʈʠʩ.3). 
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ʈʠʩ. 3 ʈʠʩ. 4 
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ʅʘ ʛʨʘʬʠʢʘʭ (ʈʠʩ.2, ʈʠʩ.4) ʚʠʜʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʄʇ ʚʥʫʪʨʠ ʪʦʨʘ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʨʫʢʪʫʨʝ ʄʇ ʙʝʩʢʦʥʝʯʥʦʛʦ ʧʨʷʤʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʩ ʪʦʢʦʤ, 

ʢʘʢ ʩʯʠʪʘʣʦʩʴ ʜʦ ʩʠʭ ʧʦʨ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ. ʕʪʘ 

ʩʪʨʫʢʪʫʨʘ ʄʇ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʶ, ʩʦʟʜʘʚʘʝʤʦʤʫ ʦʪʜʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʪʦʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʮʝʥʪʨʝ ʪʦʨʘ ʥʘ ʝʛʦ ʛʣʘʚʥʦʡ ʦʩʠ ʠ ʥʘʧʨʘʚʣʝʥʥʳʤ 

ʚʜʦʣʴ ʵʪʦʡ ʦʩʠ. ɻʨʘʬʠʢ ʵʪʦʛʦ ʄʇ ʧʦʢʘʟʘʥ ʥʘ ʈʠʩ. 5. 
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ʈʠʩ. 5 

 

ɿʘʪʝʤ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʄʇ ʚʥʝ ʪʦʨʘ ʚ ʧʣʦʩʢʦʩʪʠ XZ ʚ ʝʝ ʯʘʩʪʠ 

Y`(ʩʤ. ʈʠʩ.3). 

 
ʈʠʩ. 6 

 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʄʇ ʚ ʧʣʦʩʢʦʩʪʠ Y' (y = 0) ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʂʘʥʪʦʨʘ. 

 
ʈʠʩ. 7 

 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʄʇ ʚʜʦʣʴ ʧʨʷʤʦʡ L - L; [ ʫ = 0,  x = const, B = f(z) ]. 

ʅʘ ʛʨʘʬʠʢʝ (ʈʠʩ.6) ʚʠʜʥʦ, ʯʪʦ ʚʥʝʰʥʝʝ ʄʇ ʪʦʨʘ ʩʫʱʝʩʪʚʫʝʪ. ɻʨʘʬʠʢ ʥʘ ʈʠʩ.7 

ʚʳʷʚʣʷʝʪ ʦʩʦʙʝʥʥʦʩʪʴ ʵʪʦʛʦ ʄʇ - ʪʨʠ ʤʘʢʩʠʤʫʤʘ ʠ ʜʚʘ ʥʫʣʷ. ʀʟ ʈʠʩ.7 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ 
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ʦʩʝʚʦʤ ʩʙʣʠʞʝʥʠʠ ʜʚʫʭ ʪʦʨʦʚ ʚʥʘʯʘʣʝ ʚʦʟʥʠʢʘʝʪ ʠʭ ʦʪʪʘʣʢʠʚʘʥʠʝ, ʘ ʧʦʩʣʝ ʧʨʝʦʜʦʣʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ - ʧʨʠʪʷʞʝʥʠʝ. ʉʠʩʪʝʤʘ ʚʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ (ʤʠʥʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ) ʠ ʩʪʘʥʦʚʠʪʩʷ ʫʩʪʦʡʯʠʚʦʡ. ʃʶʙʦʧʳʪʥʦ 

ʩʦʦʪʥʦʰʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʚʥʝʰʥʝʛʦ ʄʇ - ʧʨʠʤʝʨʥʦ 137 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʈʘʩʯʝʪ ʄʇ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʩʠʩʪʝʤʦʡ ʠʟ ʜʚʫʭ ʩʦʦʩʥʳʭ ʪʦʨʦʚ ʠ ʤʝʞʜʫ ʥʠʤʠ (ʈʠʩ.8, 

ʇʨʠʣʦʞʝʥʠʝ 8) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʦ ʠʤʝʝʪ ʤʠʥʠʤʫʤ ʧʦ ʪʨʝʤ ʢʦʦʨʜʠʥʘʪʘʤ ʚ ʮʝʥʪʨʝ 

ʩʠʩʪʝʤʳ (ʈʠʩ.9). ɺʩʝ ʵʪʦ ʧʦʢʘʟʳʚʘʝʪ ʙʝʩʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʫʜʝʨʞʘʥʠʷ ʧʣʘʟʤʳ 

ʚʥʫʪʨʝʥʥʠʤ ʄʇ ʚ ʟʘʤʢʥʫʪʳʭ ʣʦʚʫʰʢʘʭ ʩ ʪʦʨʦʠʜʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʄʇ ʪʠʧʘ 

ñʊʦʢʘʤʘʢò ʠ ñʉʪʝʣʣʘʨʘʪʦʨò - ʫʜʝʨʞʘʥʠʝ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚʥʝʰʥʠʤ ʄʇ ʩʠʩʪʝʤʳ ʪʦʨʦʚ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ.  

 
 

ʈʠʩ. 8 ʈʠʩ. 9 

 

ʇʨʝʜʳʜʫʱʠʝ ʨʘʩʯʝʪʳ ʙʳʣʠ ʩʜʝʣʘʥʳ ʜʣʷ ʩʧʣʦʰʥʳʭ ʪʦʢʦʚʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. ʊʝʧʝʨʴ ʩʜʝʣʘʝʤ ʨʘʩʯʝʪ ʜʣʷ ʪʦʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʦʪʜʝʣʴʥʳʭ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʚʠʪʢʦʚ ʩ ʪʦʢʦʤ (ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʡ ʪʦʨ) ʈʠʩ.10, ʈʠʩ.11. 

ʕʪʦ ʜʝʣʘʝʪʩʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʄʇ ʩʧʣʦʰʥʦʛʦ 

ʪʦʨʘ ʧʦʣʝʤ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʭ  (ʨʝʘʣʴʥʳʭ) ʪʦʨʦʚ.   ɻʨʘʬʠʢʠ ï ʚ 

ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ 

 
ʈʠʩ. 10 
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ʉʪʨʫʢʪʫʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʪʦʨʘ ʚ ʧʣʦʩʢʦʩʪʠ Y' (XZ) ʚ 

ʚʠʜʝ ʛʨʘʬʠʢʘ ʂʘʥʪʦʨʘ. ʇʦʢʘʟʘʥʳ ʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʫʨʦʚʥʷ ʨʘʚʥʦʡ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʄʇ. ɺʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ 

ʨʠʩʫʥʢʘ. 

 
ʈʠʩ. 11 

  

  
 

ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʄʇ ʅ ʧʦ ʢʦʥʪʫʨʫ L (Z=0.1) ʦʪ ʫʛʣʘ f. 
ʏʠʩʣʦ ʚʠʪʢʦʚ NW ʨʘʚʥʦ 4, 6, 8 ʠ 12 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʤʧʝʨʚʠʪʢʠ ʧʦʩʪʦʷʥʥʳ. 

 

  

  
 

ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʄʇ ʅ ʧʦ ʢʦʥʪʫʨʫ L (Z=0.05) ʦʪ ʫʛʣʘ f. 
ʏʠʩʣʦ ʚʠʪʢʦʚ NW ʨʘʚʥʦ 4, 6, 8 ʠ 16 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʤʧʝʨʚʠʪʢʠ ʧʦʩʪʦʷʥʥʳ. 

 

ʀʟ ʵʪʠʭ ʜʚʫʭ ʩʝʨʠʡ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʩʠʣʦʚʘʷ ʣʠʥʠʷ ʄʇ ʥʘʜ 

ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʳʤ ʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʦʢʨʫʞʥʦʩʪʴʶ ʩ ʚʦʣʥʦʦʙʨʘʟʥʦʡ 

ʦʩʝʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʚʠʪʢʦʚ ʠ ʦʪʜʘʣʝʥʠʷ ʦʪ ʪʦʨʘ ʦʥʘ ʚʩʝ 

ʙʦʣʝʝ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʬʦʨʤʝ ʩʠʣʦʚʦʡ ʣʠʥʠʠ ʄʇ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʩʧʣʦʰʥʦʡ 

ʪʦʨʦʠʜʘʣʴʥʦʡ ʪʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ - ʠʜʝʘʣʴʥʦʡ ʦʢʨʫʞʥʦʩʪʠ. 
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ɺʠʪʦʢ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʚʦʜʥʠʢʦʚ, ʙʳʪʴ ʤʥʦʛʦʨʷʜʥʳʤ ʠ 

ʤʥʦʛʦʩʣʦʡʥʳʤ. 

ɻʨʘʬʠʢʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʚʦʩʴʤʠʚʠʪʢʦʚʦʤʫ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʦʤʫ ʪʦʨʫ, ʥʘ 85% 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ! ï ʦʩʪʘʣʴʥʳʝ 15% - ʤʦʸ ʥʦʫ-ʭʘʫ, 

ʨʘʩʢʨʳʪʦʝ ʥʘ ʩʘʡʪʝ http://thermonuclear.ru. 

ʕʪʠ ʠʟʤʝʨʝʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʜʦʙʥʦʛʦ ʨʘʩʯʝʪʥʦʤʫ ʚʥʝʰʥʝʛʦ ʠ 

ʨʘʩʯʝʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚʥʫʪʨʝʥʥʝʛʦ ʄʇ.  

ʕʢʩʧʝʨʠʤʝʥʪ ʧʦʜʪʚʝʨʜʠʣ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʠ ʪʝʦʨʝʤʫ ʦ ʮʠʨʢʫʣʷʮʠʠ. 

ɼʦʙʨʦʩʦʚʝʩʪʥʦʝ ʥʘʫʯʥʦʝ ʟʘʙʣʫʞʜʝʥʠʝ ʙʳʣʦ ʚʳʟʚʘʥʦ ʥʝʪʦʯʥʦʩʪʴʶ ʦʧʠʩʘʥʠʷ 

ʤʘʪʝʤʘʪʠʢʦʡ ʩʚʦʡʩʪʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ɺʅɽʐʅɽɻʆ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʪʦʨʦʠʜʘʣʴʥʳʭ ʪʦʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʩ ʧʦʣʦʠʜʘʣʴʥʳʤ ʪʦʢʦʤ ʙʳʣʦ 

ʜʦʢʘʟʘʥʦ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆ (!!!).  

ʈʘʩʯʸʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʦʩʥʳʤʠ ʪʦʨʘʤʠ ʩ ʧʦʣʦʠʜʘʣʴʥʳʤ ʪʦʢʦʤ. 

 

 

 

H1
x z, 

0

2pÖ

q

0

2pÖ

f

sin f( )- cosq( )Ö

sin f( )- sin q( )Ö

cosf( )

å
æ
æ
ç

õ
ö
ö
÷

1

R r cosf( )Ö+( )

è
é
ê

ø
ù
ú

Ö

R r cosf( )Ö+( ) cosq( )Ö b x( )-

R r cosf( )Ö+( ) sin q( )Ö

r sin f( )Ö
d

2
+ zm z( )-

èé
é
é
é
ê

øù
ù
ù
ù
ú

³

èé
é
é
é
ê

øù
ù
ù
ù
ú1

R r cosf( )Ö+( ) cosq( )Ö b x( )-

R r cosf( )Ö+( ) sin q( )Ö

r sin f( )Ö
d

2
+ zm z( )-

èé
é
é
é
ê

øù
ù
ù
ù
ú

èé
é
é
é
ê

øù
ù
ù
ù
ú

3

ò
ó
ó
ó
ó
ó
ó
ó
ó
ó
ó
ó
ó
ô

d

ò
ó
ó
ó
ó
ó
ó
ó
ó
ó
ó
ó
ó
ô

d=

H2
x z, 

0

2pÖ

q

0

2pÖ

f

sin f( )- cosq( )Ö

sin f( )- sin q( )Ö

cosf( )

å
æ
æ
ç

õ
ö
ö
÷

1

R r cosf( )Ö+( )

è
é
ê

ø
ù
ú

Ö

R r cosf( )Ö+( ) cosq( )Ö b x( )-

R r cosf( )Ö+( ) sin q( )Ö

r sin f( )Ö
d

2
- zm z( )-

èé
é
é
é
ê

øù
ù
ù
ù
ú

³

èé
é
é
é
ê

øù
ù
ù
ù
ú1

R r cosf( )Ö+( ) cosq( )Ö b x( )-

R r cosf( )Ö+( ) sin q( )Ö

r sin f( )Ö
d

2
- zm z( )-

èé
é
é
é
ê

øù
ù
ù
ù
ú

èé
é
é
é
ê

øù
ù
ù
ù
ú

3

ò
ó
ó
ó
ó
ó
ó
ó
ó
ó
ó
ó
ó
ô

d

ò
ó
ó
ó
ó
ó
ó
ó
ó
ó
ó
ó
ó
ô

d=



ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  15 ð 

 

 

 
ʃʠʥʠʠ ʫʨʦʚʥʝʡ ʨʘʚʥʦʡ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʉʠʣʦʚʳʝ ʣʠʥʠʠ ʥʘʧʨʘʚʣʝʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʨʠʩʫʥʢʘ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʚʳʰʝʧʨʠʚʝʜʸʥʥʦʛʦ, ʙʝʟ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʵʪʦ ʚʩʸ ʩ 

ʙʦʣʴʰʦʡ, ʧʨʘʚʜʘ, ʩʪʝʧʝʥʴʶ ʚʝʨʦʷʪʥʦʩʪʠ, ʥʦ ʪʦʣʴʢʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʚʩʸ ʪʨʝʙʫʝʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʧʦ ʚʩʝʤ ʫʢʘʟʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ï ʚʩʸ, ʢʨʦʤʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ (!!!) ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘʣʠʯʠʷ ɺʅɽʐʅɽɻʆ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʪʦʨʦʠʜʘʣʴʥʳʭ ʧʨʦʚʦʜʷʱʠʭ ʩʪʨʫʢʪʫʨ ʩ ʧʦʣʦʠʜʘʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʩʦ 

ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʚ ʨʘʤʢʘʭ ʧʩʠʭʦʩʪʘʮʠʦʥʘʨʘ ʧʨʦʚʝʜʝʥʳ ʙʳʪʴ ʥʝ ʤʦʛʫʪ ï ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʳ ï ʩʦʟʜʘʥʥʦʛʦ ʤʥʦʶ ʩʧʝʮʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʂʘʩʘʷʩʴ ʈʘʟʫʤʘ ʠ ʥʝʚʝʞʝʩʪʚʘ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʝʨʘ ʚ ʩʚʝʨʭʲʝʩʪʝʩʪʚʝʥʥʳʝ 

ʩʠʣʳ ʵʪʦ ʥʠʢʘʢʘʷ ʥʝ ʦʧʦʨʘ ʚ ʞʠʟʥʠ ï ʦʧʦʨʦʡ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʪʦʣʴʢʦ ʪʚʸʨʜʳʝ ʟʥʘʥʠʷ ʠ 

ʥʘʚʳʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ. 

ɼʘʣʝʝ, ʷ, ʢʦʥʝʯʥʦ, ʤʦʛʫ ʨʘʩʢʨʳʪʴ ʩʚʦʸ ʥʦʫ-ʭʘʫ ʯʝʣʦʚʝʯʝʩʪʚʫ, ʥʦ ʙʦʶʩʴ, ʯʪʦ ʦʥʦ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʝʚʝʞʝʩʪʚʦʤ ʜʣʷ ʫʥʠʯʪʦʞʝʥʠʷ ʈʘʟʫʤʘ (ʩʨʝʜʩʪʚʘ 

ʜʦʩʪʘʚʢʠ ʚʦʡʩʢ ʠ ʦʨʫʞʠʷ ʤʘʩʩʦʚʦʛʦ ʧʦʨʘʞʝʥʠʷ) (ʧʨʦʪʠʚ ʈʦʩʩʠʠ ʚ ʪʦʤ ʯʠʩʣʝ). ɻʦʪʦʚʦ ʣʠ 

ʢ ʵʪʦʤʫ ʯʝʣʦʚʝʯʝʩʪʚʦ? ï ʷ, ʢʦʥʝʯʥʦ, ʛʦʪʦʚ ʨʘʙʦʪʘʪʴ ʥʘ ʝʛʦ ʙʣʘʛʦ (ʧʨʠʯʸʤ, ʠ ʥʝ ʚ 

ʈʦʩʩʠʠ), ʥʦ ʪʦʣʴʢʦ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʤʠʨʦʚʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʛʦ ʙʘʟʠʩʘ 

ʧʨʠʥʮʠʧʘ ï çʅʘ ʙʣʘʛʦ ʈʘʟʫʤʘ ʠ ʜʣʷ ʝʛʦ ʨʘʟʚʠʪʠʷè ʠ ʵʪʦ ʦʙʩʫʞʜʝʥʠʶ ʥʝ ʧʦʜʣʝʞʠʪ ï ʵʪʦ 

ʞʸʩʪʢʦ ʚʟʘʠʤʦʩʚʷʟʘʥʦ.  

ɸ ʧʦʢʘ ʤʦʸ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʩʠʭʫʰʢʝ, ʟʘ ʩʜʝʣʘʥʥʦʝ ʤʥʦʶ ʦʪʢʨʳʪʠʝ, ʢʦʪʦʨʦʝ 

ʜʝʣʘʝʪ ʥʝʥʫʞʥʳʤʠ ʨʦʩʩʠʡʩʢʠʝ ʛʘʟ, ʥʝʬʪʴ, ʫʛʦʣʴ, ʘʪʦʤ ʠ ʤʦʸ ʙʝʟʜʝʡʩʪʚʠʝ ʦʙʭʦʜʠʪʩʷ 

ʯʝʣʦʚʝʯʝʩʪʚʫ ʚ 1 ʤʣʨʜ ʤ
3
 ʛʘʟʘ, 1 ʤʣʥ ʪʦʥʥ ʥʝʬʪʠ, 2 ʤʣʥ ʪʦʥʥ ʫʛʣʷ ʠ EUR 5 ʤʣʨʜ 

ʝʞʝʜʥʝʚʥʦ. ʊʘʢ ʯʪʦ ʯʝʣʦʚʝʯʝʩʪʚʫ ʠ ʤʠʨʦʚʦʡ ʥʘʫʯʥʦʡ ʵʣʠʪʝ ʩʪʦʠʪ ʟʘʜʫʤʘʪʴʩʷ ï ʥʫʞʥʦ 

ʣʠ ʠʤ ʤʦʸ ʩʦʜʝʨʞʘʥʠʝ ʟʜʝʩʴ ʠ ʚʳʥʫʞʜʝʥʥʦʝ ʙʝʟʜʝʡʩʪʚʠʝ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʢ, ʦʟʝʨ ʠ 

ʚʦʜʦʭʨʘʥʠʣʠʱ, ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ 

ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ. ʀʟʫʯʝʥ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʪʦʯʥʠʢʦʚ ʠ 

ʤʠʥʝʨʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʦʜʳ ʚ ʨʘʟʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʯʘʩʪʷʭ 

ʨʝʛʠʦʥʘ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʘ ʜʠʘʛʥʦʩʪʠʢʘ ʠʭ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʥʳʡ ʙʘʣʘʥʩ, ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ, ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʤʘʢʨʦʵʣʝʤʝʥʪʳ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. 

 

Abstract 

A comparative analysis of the forming conditions of rivers, lakes and reservoirs, 

hydrochemical and ecological features of the hydrologic balance of the Nakhchivan 

Autonomous Republic are given in the paper. The chemical composition of springs and the 

mineral content of the main water components in different geographic parts of the region have 

been studied, and the diagnostics of their resource potential has been determined. 

Keywords: hydrologic balance, hydrochemical and ecological processes, 

componential composition, mineralization, macroelements, climatic conditions. 

 

ʂʨʫʧʥʳʝ ʨʝʢʠ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ ï ɸʨʧʘʯʘʡ, ʅʘʭʯʳʚʘʥʯʘʡ, 

ɸʣʠʥʜʞʘʯʘʡ, ɻʠʣʘʥʯʘʡ, ɺʘʥʘʥʜʯʘʡ, ʆʨʜʫʙʘʜʯʘʡ, ɻʷʥʟʘʯʘʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ 

ʣʝʚʳʝ ʧʨʠʪʦʢʠ ɸʨʘʟʘ, ʦʧʨʝʜʝʣʷʶʪ ʦʙʱʫʶ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʫʶ ʩʝʪʴ ʨʝʛʠʦʥʘ. ɺ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʩ ʮʝʣʴʶ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʦʚʦʜʠʪʩʷ 

ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʢʨʫʧʥʳʭ ʚʦʜʥʳʭ ʫʟʣʦʚ ʥʘ ʨʫʩʣʘʭ ʦʩʥʦʚʥʳʭ ʨʝʢ, ʠ ʵʪʦ 

ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʯʠʥʦʡ ʠʟʤʝʥʝʥʠʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʩʝʪʠ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʦʚʩʝʤ ʥʦʚʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʛʠʜʨʦʩʠʩʪʝʤʝ [1]. ʈʝʯʥʘʷ ʩʝʪʴ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ 

ʈʝʩʧʫʙʣʠʢʠ ʥʘʠʙʦʣʴʰʝʛʦ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ ʜʦʩʪʠʛʘʝʪ ʚ ʛʦʨʘʭ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ 

ʛʫʩʪʦʪʘ ʨʝʯʥʦʡ ʩʝʪʠ ʚʦʟʨʘʩʪʘʝʪ. ʆʜʥʘʢʦ ʵʪʦ ʚʦʟʨʘʩʪʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʚʳʩʦʪʳ, ʧʦʩʣʝ ʯʝʛʦ ʛʫʩʪʦʪʘ ʨʝʯʥʦʡ ʩʝʪʠ ʚʥʦʚʴ ʩʥʠʞʘʝʪʩʷ. ʅʘʠʙʦʣʝʝ ʨʘʟʚʠʪʘʷ ʨʝʯʥʘʷ 

ʩʝʪʴ ʚ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʝ ʧʨʠʫʨʦʯʝʥʘ ʢ ʚʳʩʦʪʝ 2000-2500 ʤ. 

ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ ʚ ʨʝʢʘʭ ʘʚʪʦʥʦʤʥʦʡ ʨʝʩʧʫʙʣʠʢʠ (ɸʨʧʘʯʘʡ, 

ʅʘʭʯʳʚʘʥʯʘʡ, ɸʣʠʥʜʞʘʯʘʡ, ɻʠʣʘʥʯʘʡ, ʇʘʨʘʛʘʯʘʡ ʠ ʪ.ʜ.) ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦʤ ʩʥʝʛʘ ʚ ʛʦʨʘʭ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʩʥʝʛʦʪʘʷʥʠʷ ʠ ʭʦʜʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʥʝʛʦʪʘʷʥʠʷ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ [3]. ɺʩʝ ʨʝʢʠ ʘʚʪʦʥʦʤʥʦʡ ʨʝʩʧʫʙʣʠʢʠ (ʢʨʦʤʝ ʨʝʢ ɸʨʘʟ ʠ 

ɸʨʧʘʯʘʡ), ʙʝʨʫʪ ʩʚʦʝ ʥʘʯʘʣʦ ʠʟ ʩʪʦʢʘ ʪʘʣʳʭ ʚʦʜ, ʩʪʝʢʘʶʱʠʭ ʩ ʚʝʨʰʠʥ ɼʘʨʘʣʘʷʟʢʦʛʦ ʠ 

ɿʘʥʛʝʟʫʨʩʢʦʛʦ ʚʳʩʦʢʦʛʦʨʠʡ (2400-3817 ʤ). ɿʜʝʩʴ ʦʢʦʣʦ 40 ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʨʝʢ, 

ʙʝʨʫʱʠʭ ʥʘʯʘʣʦ ʚ ʛʦʨʘʭ ï ʩ ʚʦʜʦʨʘʟʜʝʣʦʚ ɿʘʥʛʝʟʫʨʩʢʦʛʦ, ɼʘʨʘʣʘʷʟʩʢʦʛʦ ʭʨʝʙʪʦʚ. ʇʨʠ 

ʵʪʦʤ ʤʛʥʦʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ (ʩʢʦʨʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʝʡ) ʢʦʣʝʙʣʶʪʩʷ ʚʦʢʨʫʛ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ [2]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʫʯʘʩʪʠʝʤ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ ʪʘʣʳʭ ʠ ʜʦʞʜʝʚʳʭ ʚʦʜ, ʘ ʪʘʢʞʝ 

ʭʘʨʘʢʪʝʨʘ ʚʥʫʪʨʠʛʦʜʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʪʦʢʘ, ʨʝʢʠ ʘʚʪʦʥʦʤʥʦʡ ʨʝʩʧʫʙʣʠʢʠ ʧʦ 



ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  17 ð 

 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʡʦʥʠʨʦʚʘʥʠʶ ʦʪʥʦʩʷʪʩʷ ʢ ʨʝʢʘʤ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʝʩʝʥʥʠʤ 

ʧʦʣʦʚʦʜʴʝʤ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ɼʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʚʦʜʳ ʦʧʨʝʜʝʣʝʥʘ ʩʪʝʧʝʥʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʞʝʩʪʢʦʩʪʴ, 

ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ ʤʘʛʥʠʷ, ʢʘʣʴʮʠʷ, ʩʫʤʤʘ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ, ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ, ʭʣʦʨʠʜʦʚ, 

ʩʫʣʴʬʘʪʦʚ ʠ ʨʅ ʩʨʝʜʳ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʫʢʘʟʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʚʦʜʝ ʚʳʨʘʞʝʥʘ ʚ ʤʛ-

ʵʢʚ/ʣ ʠ ʤʛ/ʣ. ʆʙʱʘʷ ʞʝʩʪʢʦʩʪʴ ʚʦʜʳ ʦʧʨʝʜʝʣʝʥʘ ʪʠʪʨʦʚʘʥʠʝʤ ʧʨʦʙʳ ʠʩʩʣʝʜʫʝʤʦʡ ʚʦʜʳ 

ʨʘʩʪʚʦʨʦʤ ʪʨʠʣʦʥʘ ɹ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ ʢʠʩʣʦʪʥʦʛʦ ʭʨʦʤʘ ʪʝʤʥʦ-

ʩʠʥʝʛʦ ʚ ʩʨʝʜʝ ʘʤʤʠʘʯʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ [4]. ʆʙʱʘʷ ʞʝʩʪʢʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ 

ʧʦ ʬʦʨʤʫʣʝ C = NtrĀB ĀʂĀ1000/VH2O(ʤʛ-ʵʢʚ/ʣ), ʛʜʝ NtrĀB ʠ VtrĀB ï ʥʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʪʚʦʨʘ 

ʪʨʠʣʦʥʘ ɹ ʠ ʦʙʲʝʤ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʳʡ ʥʘ ʪʠʪʨʦʚʘʥʠʝ (ʤʣ), ʂ ï ʧʦʧʨʘʚʦʯʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ, VH2O ï ʦʙʲʝʤ ʚʦʜʳ (ʘʣʠʢʚʦʪʳ), ʚʟʷʪʦʡ ʜʣʷ ʘʥʘʣʠʟʘ (ʤʣ). ʂʘʣʴʮʠʡ ʠ 

ʤʘʛʥʠʡ ʦʧʨʝʜʝʣʝʥʳ ʪʠʪʨʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʦʤ ʪʨʠʣʦʥʘ ɹ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʜʠʢʘʪʦʨʘ ʤʫʨʝʢʩʠʜʘ (ʜʣʷ Ca
2+
) ʠ ʵʨʠʦʭʨʦʤʘ ʯʝʨʥʦʛʦ ʊ (ʜʣʷ Mg

2+
) ʚ ʩʨʝʜʝ ʘʤʤʠʘʯʥʦʛʦ 

ʙʫʬʝʨʥʦʛʦ  ʨʘʩʪʚʦʨʘ. ʂʦʣʠʯʝʩʪʚʦ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʬʦʨʤʫʣʝ: 

XCa = V1 Ā M Ā 40,08 Ā1000/V, 

XMg = V1 Ā M Ā 24,32 Ā1000/V, 

ʛʜʝ ʄ ï ʤʦʣʷʨʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ʪʨʠʣʦʥʘ ɹ, V1 ï ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ʪʨʠʣʦʥʘ ɹ 

ʠʟʨʘʩʭʦʜʦʚʘʥʥʳʡ ʥʘ ʪʠʪʨʦʚʘʥʠʝ (ʤʣ), V ï ʦʙʲʝʤ ʚʦʜʳ, ʚʟʷʪʦʡ ʜʣʷ ʘʥʘʣʠʟʘ (ʤʣ). 

ʂʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ ʭʣʦʨʠʜʘ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʘʨʘʣʣʝʣʴʥʦ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ ï 

ʨʘʩʪʚʦʨʘʤʠ Hg2(NO3)2 ʠ AgNO3 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʝʥʠʣʢʘʨʙʘʟʦʥʘ ʠ ʭʨʦʤʘʪʘ ʢʘʣʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʦʚ, ʘ ʢʦʣʠʯʝʩʪʚʦ HCO3
-
-ʠʦʥʦʚ ʦʧʨʝʜʝʣʝʥʦ ʪʠʪʨʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʳʤ ʨʘʩʪʚʦʨʦʤ 0,1 N HCl ʧʨʦʙʳ ʚʦʜʳ. ʂʦʣʠʯʝʩʪʚʦ ʩʫʣʴʬʘʪ-ʠʦʥʦʚ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʘ) ʊʠʪʨʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʧʨʠ ʨʅ ʧʨʠʤʝʨʥʦ 3,5 ʚ ʩʤʝʩʠ 

ʚʦʜʳ ʠ ʤʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (50:50). ʉʫʣʴʬʘʪ ʙʘʨʠʷ ʦʩʘʞʜʘʝʪʩʷ ʚ ʚʠʜʝ ʭʣʦʧʴʝʚʠʜʥʦʛʦ 

ʦʩʘʜʢʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʚʳʩʦʢʦʡ ʘʜʩʦʨʙʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʘʣʠʟʘʨʠʥʦʚʳʡ ʢʨʘʩʥʳʡ S. ɺ ʨʘʩʪʚʦʨʝ ʵʪʦʪ ʠʥʜʠʢʘʪʦʨ ʠʤʝʝʪ ʞʝʣʪʫʶ 

ʦʢʨʘʩʢʫ, ʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʘʜʢʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʝʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ ʙʘʨʠʷ ʦʙʨʘʟʫʝʪ 

ʨʦʟʦʚʳʡ ʢʦʤʧʣʝʢʩ. ʀʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʨʝʟʢʦʝ ʠ ʦʪʯʝʪʣʠʚʦʝ [5]; ʙ) ɺ ʙʦʣʝʝ ʣʝʛʢʦʤ 
ʡʦʜʦʤʝʪʨʠʯʝʩʢʦʤ ʩʧʦʩʦʙʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʣʴʬʘʪ-ʠʦʥʦʚ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʭʨʦʤʦʚʦʢʠʩʣʦʛʦ ʙʘʨʠʷ ʚ ʘʥʘʣʠʟʠʨʫʝʤʫʶ ʚʦʜʫ, ʚʳʜʝʣʷʶʪ ʭʨʦʤʦʚʫʶ ʢʠʩʣʦʪʫ ʚ 

ʵʢʚʠʚʘʣʝʥʪʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢ ʩʫʣʴʬʘʪʫ-ʠʦʥʫ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪʩʷ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʚʦʜʝ. 

ʆʙʨʘʟʦʚʘʚʰʫʶʩʷ ʭʨʦʤʦʚʫʶ ʢʠʩʣʦʪʫ ʦʧʨʝʜʝʣʷʶʪ ʡʦʜʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʪʠʪʨʦʚʘʥʠʷ ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʡʦʜʘ ʨʘʩʪʚʦʨʦʤ ʛʠʧʦʩʫʣʴʬʠʪʘ. ʇʨʠ  ʵʪʦʤ 96 ʛ SO4
2-
 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʤ ʥʦʨʤʘʣʴʥʦʩʪʷʤ Na2S2O3 ʠʣʠ 32 ʛ SO4
2-

 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʜʥʦʡ 

ʥʦʨʤʘʣʴʥʦʩʪʠ Na2S2O3 [6]. ʂʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ Cl-
, HCO3

-
 ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʬʦʨʤʫʣʝ X = 

NĀVĀEA /1000VA. ɺ ʵʪʦʡ ʬʦʨʤʫʣʝ N ʠ V ï ʥʦʨʤʘʣʴʥʦʩʪʴ ʪʠʪʨʘʥʪʘ ʠ ʦʙʲʝʤ, 

ʠʟʨʘʩʭʦʜʦʚʘʥʥʳʡ ʥʘ ʪʠʪʨʦʚʘʥʠʝ (ʤʣ), EA ʠ VA ï ʵʢʚʠʚʘʣʝʥʪ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʠ ʦʙʲʝʤ, ʚʟʷʪʳʡ ʜʣʷ ʘʥʘʣʠʟʘ (ʤʣ), Vïʦʙʲʝʤ ʨʘʩʪʚʦʨʘ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʡ ʜʣʷ ʘʥʘʣʠʟʘ 

(ʤʣ) [7]. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ Na
+
 ʠ K

+
 ʚ ʥʝʩʢʦʣʴʢʠʭ ʦʙʨʘʟʮʘʭ ʥʘʡʜʝʥʦ ʤʝʪʦʜʦʤ 

ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ʤʘʨʢʠ Thermo Scientific iCE 

3500, ʘ ʚ ʦʩʪʘʣʴʥʳʭ  ʤʝʪʦʜʦʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ. pH ʚʦʜʳ ʧʨʦʚʝʨʝʥʦ ʩ ʧʦʤʦʱʴʶ 

ʠʦʥʦʤʝʪʨʘ EV-74. ʆʙʱʘʷ ʩʪʝʧʝʥʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʚʟʚʝʰʠʚʘʥʠʷ 

ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ʩʫʭʦʡ ʤʘʩʩʳ, ʧʦʣʫʯʝʥʥʦʡ ʧʦʩʣʝ ʠʩʧʘʨʝʥʠʷ ʧʨʦʙʳ ʚʦʜʳ 

ʦʙʲʝʤʦʤ 100 ʤʣ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺʦ ʚʨʝʤʷ ʣʠʚʥʝʚʳʭ ʜʦʞʜʝʡ ʠ ʪʘʷʥʠʷ ʩʥʝʛʘ ʧʦʯʚʘ ʥʘ ʩʢʣʦʥʘʭ ʛʦʨ ʪʝʨʷʝʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ, ʧʨʠʭʦʜʠʪ ʚ ʜʚʠʞʝʥʠʝ ʠ ʚʤʝʩʪʝ ʩʦ ʩʢʦʧʠʚʰʠʤʠʩʷ ʚ ʨʝʯʥʳʭ ʙʘʩʩʝʡʥʘʭ 

ʚʳʚʝʪʨʠʚʰʠʤʠʩʷ ʤʘʪʝʨʠʘʣʘʤʠ ʚʳʟʳʚʘʝʪ ʩʠʣʴʥʳʝ ʩʝʣʝʚʳʝ ʷʚʣʝʥʠʷ. ʇʨʝʜʦʪʚʨʘʪʠʪʴ 

ʩʝʣʝʚʳʝ ʧʦʪʦʢʠ ʤʦʞʥʦ ʟʘ ʩʯʝʪ ʩʦʦʨʫʞʝʥʠʷ ʟʘʱʠʪʥʳʭ ʧʣʦʪʠʥ ʠ ʫʤʝʥʴʰʝʥʠʷ ʫʩʪʴʷ ʨʝʢʠ 

[8]. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʤʝʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ 

ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʣʝʜʥʠʢʦʚ ʚ ʛʦʨʘʭ ʅʘʭʯʳʚʘʥʩʢʦʡ 



ð 18 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ, ʘ ʪʘʢʞʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ ʚ ʨʫʩʣʘʭ ʨʝʢ. ʆʜʥʘ ʠʟ 

ʨʝʰʘʶʱʠʭ ʧʨʦʙʣʝʤ ʵʪʠʭ ʧʨʦʛʥʦʟʦʚ ï  ʨʘʩʯʝʪ ʩʢʦʨʦʩʪʠ ʪʘʷʥʠʷ ʩʥʝʛʘ ʚ ʛʦʨʘʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʪʘʷʥʠʷ 

ʩʥʝʛʘ ʚ ʛʦʨʘʭ ʪʝʨʨʠʪʦʨʠʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 4-5 ʤʤ/ʯʘʩ. ɺʦ ʚʨʝʤʷ ʚʝʩʝʥʥʝʛʦ 

ʧʦʣʦʚʦʜʴʷ, ʚ ʨʝʢʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʘʚʪʦʥʦʤʥʦʡ ʨʝʩʧʫʙʣʠʢʠ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʪʘʷʥʠʷ ʩʥʝʛʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʠʟʤʝʥʷʝʪʩʷ 

ʚ ʧʨʝʜʝʣʘʭ 7-12 ʤʤ/ʯʘʩ. ɺ ʪʝʧʣʳʡ ʧʝʨʠʦʜ, ʢʦʣʠʯʝʩʪʚʦ ʪʘʣʦʡ ʚʦʜʳ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʥʘʧʨʘʚʣʝʥʠʷ 

ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʪʫʧʘʶʱʝʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʢʦʣʠʯʝʩʪʚʘ 

ʦʩʘʜʢʦʚ. ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʯʥʳʭ ʙʘʩʩʝʡʥʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʤʝʝʪ ʛʦʨʥʳʡ 

ʨʝʣʴʝʬ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʯʠʥʦʡ 

ʧʦʚʳʰʝʥʠʷ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʠ ʚ ʚʦʜʝ [9]. ʀʥʪʝʥʩʠʚʥʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʣʠʷʥʠʷ ʨʝʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʫ. ɿʜʝʩʴ ʪʘʢʞʝ ʠʛʨʘʶʪ ʨʦʣʴ ʠ ʩʚʦʡʩʪʚʘ 

ʵʣʝʤʝʥʪʦʚ, ʠ ʬʦʨʤʘ ʠʭ ʥʘʭʦʞʜʝʥʠʷ ʚ ʧʦʨʦʜʘʭ, ʩʦʩʪʘʚ ʚʦʜ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʣʠʪʦʩʬʝʨʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʤʥʦʛʠʭ 

ʵʣʝʤʝʥʪʦʚ. 

ɺ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʨʝʯʥʦʡ ʚʦʜʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʘʭʯʳʚʘʥʩʢʦʡ 

ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ. ʀʤʝʝʪʩʷ ʦʙʱʘʷ 

ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜʳ ʥʘ  ʪʝʨʨʠʪʦʨʠʠ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ ʠ ʩ ʟʘʧʘʜʘ 

ʥʘ ʚʦʩʪʦʢ. ɿʦʥʘʣʴʥʦʩʪʴ ʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʨʝʯʥʳʭ ʚʦʜ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʝʡʩʪʚʠʝʤ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʪʝʢʫʱʝʛʦ ʚʨʝʤʝʥʠ, ʥʦ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʢʣʠʤʘʪʦʤ 

ʧʨʦʰʣʦʛʦ. ʉʪʝʧʝʥʴ ʚʳʩʦʢʦʡ ʱʝʣʦʯʥʦʩʪʠ ʧʦʯʚʳ ʠ ʧʦʨʦʜ, ʥʘʣʠʯʠʝ ʚ ʥʠʭ 

ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʠʣʠ ʟʘʩʦʣʝʥʥʦʩʪʴ ʧʦʯʚ ï ʵʪʦ ʝʩʪʝʩʪʚʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ 

ʤʥʦʛʦʚʝʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ɺ ʪʘʙʣʠʮʝ 1 

ʧʦʢʘʟʘʥʳ ʦʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʢʦʪʦʨʳʭ ʨʝʢ ʘʚʪʦʥʦʤʥʦʡ ʨʝʩʧʫʙʣʠʢʠ. 

ʊʘʙʣʠʮʘ 1 

ʆʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʢʦʪʦʨʳʭ ʨʝʢ ʘʚʪʦʥʦʤʥʦʡ ʨʝʩʧʫʙʣʠʢʠ 

ʅʘʠʤʝʥʦʚʘ- 

ʥʠʝ ʨʝʢ 

ʇʣʦʱʘʜʴ 

ɹʘʩʩʝʡʥʘ, 

ʢʤ
2 

 

ʇʨʦʪʷʞʝʥ- 

ʥʦʩʪʴ 

ʧʨʠʪʦʢʦʚ, 

ʢʤ 

ʅʘʯʘʣʦ 

ʨʝʢʠ 

ʥ.ʫ.ʤ. 

ʤ 

ɻʦʜʦʚʦʡ 

ʨʘʩʭʦʜ, 

ʤ
3
/ʩ 

ʋʢʣʦʥ, 

% 

 

ʄʠʥʝʨʘʣʠʟ

ʘʮʠʷ, 

ʤʛ/ʣ 

ɸʨʘʟʯʘʡ 102000 2540 2020 262 12,90 240 

ɸʨʧʘʯʘʡ 2630 1242 3045 25,7 172,00 220 

ʅʘʭʯʳʚʘʥʯʘʡ 1630 617 2720 3,5 27,80 250 

ɸʣʠʥʜʞʘʯʘʡ 758 178 2800 2,0 29,30 210 

ɻʠʣʷʥʯʘʡ 432 196 3500 3,3 38,20 300 

ɼʶʡʣʫʥʯʘʡ 143 43 2650 2,7 33,60 210 

ɸʡʣʠʩʯʘʡ 58 16 3450 3,2 34,20 200 

ɺʘʥʘʥʜʯʘʡ 94 18 3110 3,1 36,40 200 

ʆʨʜʫʙʘʜʯʘʡ 54 13 2900 4,3 31,80 190 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʦʩʥʦʚʥʳʝ ʨʝʢʠ ʘʚʪʦʥʦʤʥʦʡ ʨʝʩʧʫʙʣʠʢʠ ʧʨʠʥʘʜʣʝʞʘʪ ʢ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦʤʫ ʢʣʘʩʩʫ, ʧʦ ʩʦʩʪʘʚʫ ʢʘʪʠʦʥʦʚ ʵʪʠ ʚʦʜʳ ʠʤʝʶʪ ʧʦʯʪʠ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʠʦʥʦʚ ʢʘʣʴʮʠʷ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʨʝʯʥʳʭ ʚʦʜ 

ʚ ʫʩʪʴʝ ʠʟʤʝʥʷʝʪʩʷ ʠʭ ʠʦʥʥʳʡ ʩʦʩʪʘʚ ʠ ʩʠʣʘ ʵʥʝʨʛʠʠ, ʠ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʳ ʥʘ ʚʩʝʭ ʨʝʯʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʦʟʝʨʘʭ ʘʚʪʦʥʦʤʥʦʡ ʨʝʩʧʫʙʣʠʢʠ ʠ ʠʭ 

ʦʢʨʝʩʪʥʦʩʪʷʭ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʟʝʨʥʦ-ʨʝʯʥʘʷ ʩʠʩʪʝʤʘ ʚ ʦʩʥʦʚʥʦʤ ʧʠʪʘʝʪʩʷ ʨʝʯʥʳʤʠ 

ʚʦʜʘʤʠ, ʩʪʝʢʘʶʱʠʤʠ ʩʦ ʩʢʣʦʥʦʚ ɿʘʥʛʝʟʫʨʩʢʦʛʦ ʭʨʝʙʪʘ, ʘ ʪʘʢʞʝ ʪʘʣʳʤʠ, ʜʦʞʜʝʚʳʤʠ ʠ 

ʧʦʜʟʝʤʥʳʤʠ ʚʦʜʘʤʠ. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʟʝʨ, ʠʤʝʶʱʠʭʩʷ ʚ ʘʚʪʦʥʦʤʥʦʡ 

ʨʝʩʧʫʙʣʠʢʝ, ʜʘʥʘ ʚ ʪʘʙʣʠʮʝ 2. 

  



ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  19 ð 

 

ʊʘʙʣʠʮʘ 2 

ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʟʝʨ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ 

ʅʘʟʚʘʥʠʝ 

ʦʟʝʨʘ 

ɺʳʩʦʪʘ ʥ ʫ. 

ʤ., (ʤ) 

ɽʤʢʦʩʪʴ, 

(ʤʣʥ/ʤ
3
) 

ʇʣʦʰʘʜʴ, 

ʛʘ 

ʊʝʤʧʝʨʘʪʫʨʘ,
 

0
C 

ʄʠʥʝʨʘʣʠʟʘʮʠʷ, 

ʤʛ/ʣ ʠ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ 

ɻʸʡʛʝʣʴ 3065 9,75 15 1-10 90; HCO3-Na 

ʉʘʣʚʘʨʪʳ 2843 1,0 11 5-10,5 50-95; HCO3-Ca 

ɻʘʥʣʳʛʝʣʴ 2424 1,2 10,2 10-12,5 
75-136,6; HCO3-Ca-

Na 

ɹʘʪʘʙʘʪ I 2113 1,8 10,0 8-12 100-146; HCO3-Ca 

ɹʘʪʘʙʘʪ II 2110 1,0 18 8-11 150, HCO3-Ca 

ɹʘʪʘʙʘʪ III 2110 1,0 18 8-12 200; HCO3-Ca-Na 

ʂʘʨʘʯʫʢʛʝʣʴ 1200 2,0 22,6 20 
400; HCO3-SO4-Ca-

Na 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʠʟʤʝʥʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʦʟʝʨʥʳʭ ʚʦʜ. ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳ ʠʦʥʳ HCO3
-
 ʠ Ca

2+
. 

ʋʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʚ ʦʟʝʨʘʭ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʟʘʩʦʣʝʥʥʦʩʪʠ, ʧʦʚʳʰʝʥʠʶ 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ, ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ. 

ʅʝʢʦʪʦʨʳʝ ʦʟʝʨʘ ʧʦʷʚʠʣʠʩʴ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʨʫʰʝʥʠʷ 

ʯʝʣʦʚʝʢʦʤ ʧʨʠʨʦʜʥʦʛʦ ʨʝʞʠʤʘ. ʕʪʦ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ ʥʘ ʧʨʠʤʝʨʝ ʦʟʝʨʘ ʂʘʨʘʯʫʢ. 

ʅʘʨʷʜʫ ʩ ʦʟʝʨʘʤʠ, ʚ ʨʝʛʠʦʥʝ ʙʳʣʠ ʩʦʟʜʘʥʳ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʦʟʝʨʘ ʠ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʘ ʢʨʫʧʥʳʝ ʤʝʣʠʦʨʘʮʠʦʥʥʳʝ ʠ 

ʠʨʨʠʛʘʮʠʦʥʥʳʝ ʨʘʙʦʪʳ ʫʣʫʯʰʠʣʠ ʦʨʦʩʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠ ʩʥʘʙʞʝʥʠʝ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ (ʊʘʙʣʠʮʘ 3). 

ʊʘʙʣʠʮʘ 3 

ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʟʝʨ ʠ ʚʦʜʦʭʨʘʥʠʣʠʱ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ 
ʅʘʟʚʘʥʠʝ 

ʚʦʜʦʭʨʘʥʠ- 

ʣʠʱʘ 

ɺʳʩʦʪʘ ʥ ʫ.ʤ., 

(ʤ) 

ɽʤʢʦʩʪʴ, 

(ʤʣʥ/ʤ
3
) 

ʇʣʦʱʘʜʴ, ʛʘ 
ʊʝʤʧʝʨʘʪʫʨʘ, 

ÜC 

ʄʠʥʝʨʘʣʠʟʘʮʠʷ, 

ʤʛ/ʣ ʠ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ 

ɸʨʘʟ 777 1254 135 20-25 210, HCO3-Ca-Na 

ɸʨʧʘʯʘʡ 959 150 26,3 18 200, HCO3-Ca-Na 

ɺʦʜʦʭ. 

ɺʘʡʭʳʨ 
1147 100 63 17-18 180, HCO3-Ca 

ɹʘʥʘʥʠʷʨ 1200 19 60 19-20 200, HCO3-Ca 

ʋʟʫʥʦʙʘ 1000 8,5 12 22-25 220, HCO3-Ca-Na 

ʉʠʨʘʙ 1077 11 15 22-23 190, HCO3-Ca- 

ʅʝʛʨʘʤ 988 6 8,5 26-28 300, HCO3-Ca-Na 

ʍʦʢ-I 800 3 35 20-25 210, HCO3-Ca-Na 

ʄʘʟʨʘ 1675 1 8,8 20-22 210, HCO3-Ca-Na 

ɻʘʭʘʙ 1043 1 1,8 20-22 120, HCO3-Ca 

ʇʘʡʳʟ 900 6 2,0 16-18 105, HCO3-Ca 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʣʠʯʥʳʝ ʫʨʦʚʥʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ, ʘʪʤʦʩʬʝʨʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜ ʢʦʥʮʝʥʪʨʠʨʫʷʩʴ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ, ʦʟʝʨ ʠ ʚʦʜʦʝʤʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʦʙʱʠʡ ʚʦʜʥʳʡ 

ʙʘʣʘʥʩ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ, ʬʦʨʤʠʨʫʶʪ ʦʙʱʫʶ ʚʥʫʪʨʝʥʥʶʶ 

ʚʦʜʥʫʶ ʤʘʩʩʫ. ʅʘ ʩʪʨʫʢʪʫʨʫ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʘʚʪʦʥʦʤʥʦʡ ʨʝʩʧʫʙʣʠʢʠ ʚʣʠʷʶʪ ʤʥʦʛʠʝ 

ʬʘʢʪʦʨʳ (ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʦʙʲʝʤ ʚʦʜʥʳʭ ʤʘʩʩ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʨʝʢʠ ʠ 

ʦʟʝʨʘ, ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ 

ʠʟʤʝʨʝʥʠʷ ʙʘʩʩʝʡʥʦʚ ʠ ʢʦʪʣʦʚʠʥ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘ ʩʯʝʪ ʚʦʜʦʭʨʘʥʠʣʠʱ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʨʝʢʝ ɸʨʘʟ, ʅʘʭʯʳʚʘʥʯʘʡ, ɸʨʧʘʯʘʡ, ʠ ʠʭ ʚʝʪʚʝʡ, ʘ ʪʘʢʞʝ ʚʦʜʦʝʤʦʚ, 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʝʚʨʘʪʠʚʰʠʭʩʷ ʠʟ ʦʟʝʨ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʠ ʜʨʫʛʠʭ ʛʠʜʨʦʫʟʣʦʚ ʚʩʝ 

ʙʦʣʴʰʝ ʨʝʛʫʣʠʨʫʝʪʩʷ ʨʝʯʥʘʷ ʚʦʜʘ ʠ ʵʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʩʣʘʙʣʷʝʪʩʷ ʧʠʪʘʥʠʝ ʦʟʝʨ 

ʨʝʯʥʳʤʠ ʚʦʜʘʤʠ. ɺʦʜʦʩʥʘʙʞʝʥʠʝ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʚʷʟʠ ʩ ʰʠʨʦʢʠʤ 



ð 20 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʨʘʟʚʠʪʠʝʤ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ ʚ ʨʝʛʠʦʥʝ. ɸ ʵʪʦ ʪʨʝʙʫʝʪ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʘ ʠʟʫʯʝʥʠʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʜ ʘʚʪʦʥʦʤʥʦʡ ʨʝʩʧʫʙʣʠʢʠ, ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʝʛʦ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. 
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ʍʘʣʴʢʦʩʪʘʥʥʘʪʳ ʩʝʨʝʙʨʘ ʠ ʤʝʜʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʣʠ ʞʝ ʷʚʣʷʶʪʩʷ ʰʠʨʦʢʦ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ  ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʦʙʣʘʜʘʶʰʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ, 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ[1-4].   

ʉʦʝʜʠʥʝʥʠʷ Cu2SnS3 ʠʤʝʝʪ ʤʦʥʦʢʣʠʥʥʫʶ ʩʨʫʢʪʫʨʫ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʰʝʪʢʠ 

ʘ=6,653, b=11,537, ʩ=6,665¡, ʧʨ.ʛʨʫʧʧʘ ʉʩ, z=4, =109.39Á[ 5,6] 

ʉʦʝʜʠʥʝʥʠʝ Ag2SnS3 ʦʙʨʘʟʫʝʪʩʷ ʚ ʢʚʘʟʠʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʝ Ag2S-SnS2 [7] ʠ 

ʧʣʘʚʠʪʴcʷ ʙʝʟ ʨʘʟʣʦʞʝʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠ 663Áʉ [7]. ʇʦ ʜʘʥʥʳʤ [7] Ag2SnS3 

ʠʟʦʩʪʨʫʢʪʫʨʥʦ Cu2SnS3 ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʤʦʥʦʢʣʠʥʥʳʡ ʩʪʨʫʢʪʫʨʝ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʰʝʪʢʠ 

a=6,270, b=5,796, c=13,179¡, z=2, ɓ=93,27Á 

ɺ ʩʚʷʟʠ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʩʝʨʝʙʨʘ 

ʠ ʤʝʜʠ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʪʦʚʠʣʠʩʴ ʩʧʣʘʚʣʝʥʠʝʤ ʚ ʟʘʧʘʷʥʥʳʭ  

ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʭ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ ʠʟ ʣʠʛʘʪʫʨʳ Cu2SnS3 ʠ Ag2SnS3, 

ʧʨʝʜʚʘʨʠʪʠʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʠʟ ʵʣʝʤʝʥʪʦʚ, ʯʠʩʪʦʪʦʡ ʥʝ ʤʝʥʝʝ 99,99%. 

ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ Cu2SnS3-Ag2SnS3 ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʘʤʠ                ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ: ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʩʥʠʤʘʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ D2 Phaser ʬʠʨʤʳ Bruker 

(CuKŬ- ʠʟʣʫʯʝʥʠʝ, Ni-ʬʠʣʴʪʨ). ɼʊɸ ʚʳʧʦʣʥʷʣʠ ʥʘ ʥʠʟʢʦʯʠʩʪʦʪʥʦʡ ʪʝʨʤʦʛʨʘʬʝ ʅʊʈ-70 

ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 25-900Áʉ. ʉʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 10Á/ʤʠʥ. ʊʝʨʤʦʧʘʨ-ʭʨʦʤʝʣʴ-

ʘʣʶʤʝʣʦʚʦʡ, ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʠʩʧʦʣʟʦʚʘʣʠ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ. ʄʉɸ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʤʠʢʨʦʩʢʦʧʝ   ʄʀʄ-8, ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʠʟʤʝʨʷʣʠ ʥʘ ʤʠʢʨʦʪʚʦʨʜʦʤʝʨʝ ʇʄʊ-3 ʧʨʠ 

ʥʘʛʨʫʟʢʘʭ, ʚʳʙʨʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʢʘʞʜʦʡ ʬʘʟʳ. 



ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  21 ð 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʨʘʟʨʝʟʘ Cu2SnS3-Ag2SnS3 ʩʠʥʪʝʟʠʨʦʚʘʣʠ 11 

ʦʙʨʘʟʮʦʚ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ (ʪʘʙʣ.). ʉʧʣʘʚʳ ʨʘʟʨʝʟʘ ʫʩʪʦʡʯʠʚʳ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʦʟʜʫʭʘ 

ʠ ʚʦʜʳ, ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪʘʭ (H2SO4, HNO3, HCl), ʥʝ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ.  

ʇʦ ʜʘʥʥʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ, ɼʊɸ, ʄʉɸ) ʧʦʩʪʨʦʝʥʘ ʬʘʟʦʚʘʷ 

ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ Cu2SnS3-Ag2SnS3.  
ʊʘʙʣʠʮʘ 

ʈʝʟʫʣʴʪʘʪʳ ɼʊɸ ʠ ʧʣʦʪʥʦʩʪʴ ʩʧʣʘʚʦʚ ʨʘʟʨʝʟʘ Cu2SnS3-Ag2SnS3 

ˉ 
ʉʦʩʪʘʚ ʩʧʣʘʚʦʚ, ʤʦʣʴ% 

ʊʝʨʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, 

ʥʘʛʨʝʚʘʥʠʝ ʂ 
ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ

3
 

Cu2SnS3 Ag2SnS3 

1 100 0,0 855 4,86 

2 90 10 725,800 4,91 

3 80 20 635,730 4,96 

4 70 30 565,630 5,03 

5 60 40 500,510 5,09 

6 50 50 525,550 5,17 

7 40 60 530,580 5,25 

8 30 70 550,600 5,32 

9 20 80 580,620 5,40 

10 10 90 615,645 5,47 

11 0,0 100 662 5,55 

 

ʉʠʩʪʝʤʘ Cu2SnS3-Ag2SnS3 ʷʚʣʷʝʪʩʷ ʢʚʘʟʠʙʠʥʘʨʥʳʤ ʩʝʯʝʥʠʝʤ ʢʚʘʟʠʪʨʦʡʥʦʡ 

ʩʠʩʪʝʤʳ  Ag2S-Cu2S-SnS2 ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʧʨʝʨʳʚʥʳʭ ʨʷʜʦʚ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Cu2SnS3-Ag2SnS3 ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʜʣʷ ʚʳʙʦʨʘ ʩʦʩʪʘʚʦʚ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Ŭ-ʬʘʟ 

ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʦʜʦʤ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʠʤ, ʚʧʝʨʚʳʝ ʠʟʫʯʝʥʘ ʠ ʧʦʩʪʨʦʝʥʘ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ 

Cu2SnS3-Ag2SnS3 ʠ ʫʩʪʘʥʦʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʧʨʝʨʘʚʥʳʝ ʨʷʜʳ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʧʦ  

ʚʪʦʨʦʤʫ ʪʠʧʫ ʈʦʟʝʙʦʤʘ. 

***  
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ɸʥʥʦʪʘʮʠʷ 

ɺʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʪʨʘʜʠʮʠʦʥʥʦ ʙʳʣʘ ʜʦʤʠʥʠʨʫʶʱʝʡ 

ʪʝʭʥʦʣʦʛʠʝʡ ʦʪʦʙʨʘʞʝʥʠʷ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ ʥʘ ʫʨʦʚʥʝ ʧʦʪʨʝʙʠʪʝʣʷ. ɺ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʩʪʝʨʝʦʩʢʦʧʠʷ ʠ ʜʠʩʧʣʝʠ, 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʥʘ ʛʦʣʦʚʝ, ʩʪʘʣʠ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʦʣʴʰʠʥʩʪʚʦ 3D-

ʧʨʦʛʨʘʤʤ ʧʦ-ʧʨʝʞʥʝʤʫ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʥʘʩʪʦʣʴʥʳʭ VR, ʠ 

ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʤʝʥʝʥʳ, ʯʪʦʙʳ ʪʝʭʥʠʯʝʩʢʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʵʪʠ ʜʠʩʧʣʝʠ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ 

ʦʮʝʥʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʪʨʝʭʤʝʨʥʳʝ ʠʛʨʦʚʳʝ/ʛʨʘʬʠʯʝʩʢʠʝ ʜʚʠʞʢʠ, ʯʪʦʙʳ 

ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ ʧʨʠʩʧʦʩʘʙʣʠʚʘʶʪʩʷ ʢ ʚʳʚʦʜʫ ʥʘ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʜʦʩʪʫʧʥʳʭ VR-ʜʠʩʧʣʝʝʚ. 

 

ɺʚʝʜʝʥʠʝ 

ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪ ʢʦʥʮʝʧʮʠʠ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (VR), ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʳʯʥʳʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʢʘʢʫʶ-ʪʦ ʪʨʝʭʤʝʨʥʫʶ ʚʠʨʪʫʘʣʴʥʫʶ ʩʨʝʜʫ. ʊʠʧʠʯʥʳʤʠ 

ʧʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʷʚʣʷʶʪʩʷ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ (CAD), ʚʠʜʝʦʠʛʨʳ, ʚʠʟʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ, ʪʝʣʝʚʠʜʝʥʠʝ ʠ ʬʠʣʴʤʳ. 

ʅʝʜʘʚʥʠʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ VR ʥʘ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʤ ʫʨʦʚʥʝ ʧʨʠʚʝʣʠ 

ʢ ʪʦʤʫ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʪʠʧʳ ʪʝʭʥʦʣʦʛʠʡ VR ʩʪʘʣʠ ʜʝʰʝʚʳʤʠ ʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʛʦ 

ʢʘʯʝʩʪʚʘ, ʯʪʦʙʳ ʥʘʯʘʪʴ ʚʳʪʝʩʥʷʪʴ ʫʢʦʨʝʥʠʚʰʠʝʩʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʅʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʵʪʠ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʚʢʣʶʯʘʶʪ ʪʘʢʪʠʣʴʥʳʝ ʤʝʪʦʜʳ ʚʚʦʜʘ, ʪʘʢʠʝ ʢʘʢ Nintendo Wii 

Remote, Microsoft Kinect ʠ Leap Motion Controller; ʜʠʩʧʣʝʠ ʥʘ ʛʦʣʦʚʝ, ʪʘʢʠʝ ʢʘʢ Sony 

Personal 3D Viewer ʠ Oculus Rift; ʠ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠʝ ʪʝʣʝʚʠʟʦʨʳ, ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʜʠʩʧʣʝʠ ʠ ʧʨʦʝʢʪʦʨʳ, ʢʦʪʦʨʳʭ ʩʣʠʰʢʦʤ ʤʥʦʛʦ ʜʣʷ ʧʝʨʝʯʠʩʣʝʥʠʷ. ʍʦʪʷ ʚʥʠʤʘʥʠʝ ʠ 

ʠʥʪʝʨʝʩ ʢ ʵʪʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʧʦʩʪʝʧʝʥʥʦ ʨʘʩʪʫʪ, ʠʭ ʧʦʜʜʝʨʞʢʘ ʧʨʠʣʦʞʝʥʠʷʤʠ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚʩʝ ʝʱʝ ʦʛʨʘʥʠʯʝʥʘ. 

ɺ ʨʘʙʦʪʝ ʊʨʝʥʭʦʣʴʤʘ ʠ ʉʤʠʪʘ [1] ʩʧʝʮʠʘʣʴʥʦ ʦʮʝʥʠʚʘʣʠʩʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ 

ʠʛʨʦʚʳʝ ʜʚʠʞʢʠ ʜʣʷ ʚʠʨʪʫʘʣʴʥʳʭ ʩʨʝʜ ʦʪ ʧʝʨʚʦʛʦ ʣʠʮʘ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʜʘʝʪʩʷ ʦʙʱʝʝ 

ʦʧʠʩʘʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ 6 ʜʦʩʪʘʪʦʯʥʦ ʩʦʚʨʝʤʝʥʥʳʭ ʠʛʨʦʚʳʭ ʜʚʠʞʢʦʚ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʤʫʣʷʮʠʠ ʚʠʨʪʫʘʣʴʥʳʭ ʩʨʝʜ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʦ ʩʨʘʚʥʝʥʠʝ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʜʚʠʞʢʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ VR, ʧʦʵʪʦʤʫ ʦʥʦ ʫʧʫʩʢʘʝʪ ʠʟ ʚʠʜʫ ʧʦʩʣʝʜʥʠʝ 

ʪʝʥʜʝʥʮʠʠ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʦʤʫ, ʚʦʟʤʦʞʥʦʩʪʠ ʠʛʨʦʚʳʭ ʜʚʠʞʢʦʚ ʨʘʟʚʠʚʘʶʪʩʷ 

ʯʨʝʟʚʳʯʘʡʥʦ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ, ʠ ʩʨʘʚʥʝʥʠʷ ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʨʝʜʳʜʫʱʝʛʦ 

ʧʦʢʦʣʝʥʠʷ ʥʝ ʷʚʣʷʶʪʩʷ ʪʦʯʥʳʤʠ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʨʦʚʥʷ ʪʝʭʥʠʢʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʪʠʧʦʚ ʪʝʭʥʦʣʦʛʠʡ ʦʪʦʙʨʘʞʝʥʠʷ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʠʛʨʦʚʳʤʠ ʜʚʠʞʢʘʤʠ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʆʧʠʩʘʥʠʝ ʪʠʧʳ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʛʨʦʚʳʭ ʜʚʠʞʢʦʚ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʦʪʦʙʨʘʞʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. 
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¶ ɺʳʷʚʠʪʴ ʤʝʪʦʜʦʣʦʛʠʶ ʦʮʝʥʢʠ ʠʛʨʦʚʦʛʦ ʜʚʠʞʢʘ. 

¶ ʇʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʫʨʦʚʥʠ ʧʦʜʜʝʨʞʢʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʦʪʦʙʨʘʞʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. 

ʆʙʟʦʨ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʀʛʨʦʚʳʝ ʜʚʠʞʢʠ 

ʀʛʨʦʚʦʡ ʜʚʠʞʦʢ - ʵʪʦ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʦʥʝʥʪ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʨʝʭʤʝʨʥʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʳ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʧʨʠʥʷʪʠʝ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʨʝʜʳ ʚ ʢʘʯʝʩʪʚʝ -ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ 

ʨʝʥʜʝʨʠʥʛ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʚʝʱʝʥʠʷ ʠ ʟʘʪʝʥʝʥʠʷ. 

ʀʛʨʦʚʳʝ ʜʚʠʞʢʠ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ῐ ʵʪʦ ʪʝ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʠʪʴ ʵʪʦʪ 

ʧʨʦʮʝʩʩ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ, ʯʪʦʙʳ ʢʘʟʘʪʴʩʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʟʘʤʝʪʥʳʤ (ʦʙʳʯʥʦ ʦʢʦʣʦ 

30ï60 ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ). ʜʚʠʞʢʠ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦʟʚʦʣʷʶʪ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʙʳʪʴ ʠʥʪʝʨʘʢʪʠʚʥʳʤ ʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʦʪ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ; ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʩʠʩʪʝʤ VR. 

ʉʨʘʚʥʝʥʠʝ ʘʥʘʣʦʛʦʚ 

ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʛʨʦʚʳʝ ʜʚʠʞʢʠ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʨʝʭʤʝʨʥʳʭ ʩʨʝʜ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ, ʢʦʤʤʝʨʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʧʨʠʣʦʞʝʥʠʡ ʠ, ʚʝʨʦʷʪʥʦ, ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ. 

Unity  

ʀʛʨʦʚʦʡ ʜʚʠʞʦʢ Unity ʧʨʝʜʣʘʛʘʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʫʥʢʮʠʡ ʠ ʧʦʥʷʪʥʳʡ 

ʠʥʪʝʨʬʝʡʩ. ʆʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʢʨʦʩʩ- ʧʣʘʪʬʦʨʤʝʥʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʛʨʘ ʤʦʞʝʪ ʙʳʪʴ ʙʳʩʪʨʦ ʠ ʣʝʛʢʦ ʧʦʨʪʠʨʦʚʘʥʘ ʥʘ 

Android, IOS, WindowsPhone ʠ ʜʨʫʛʠʭ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʦʪʣʠʯʥʳʤ ʠʛʨʦʚʳʤ ʜʚʠʞʢʦʤ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʪʝʣʝʬʦʥʳ. ʆʥ ʪʘʢʞʝ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʜʣʷ 

ʢʦʥʩʦʣʝʡ. 

Unreal 

ʕʪʦ ʜʚʠʞʦʢ ʦʪ ʢʦʤʧʘʥʠʠ EpicGames. ʆʥ ʠʤʝʝʪ ʤʥʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʛʨʘʬʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʚʢʣʶʯʘʷ ʪʘʢʠʝ ʚʝʱʠ, ʢʘʢ ʨʘʩʰʠʨʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʩʚʝʱʝʥʠʷ ʠ ʥʦʚʘʷ ʩʠʩʪʝʤʘ ʯʘʩʪʠʮ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʦ ʤʠʣʣʠʦʥʘ ʯʘʩʪʠʮ ʚ ʩʮʝʥʝ. 

CryEngine 

ʗʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʤʦʱʥʳʤ ʛʨʘʬʠʯʝʩʢʠʤ ʜʚʠʞʢʦʤ. ʈʘʟʨʘʙʦʪʘʥ ʢʦʤʧʘʥʠʝʡ 

Crytek ʚ 2002 ʛʦʜʫ. ʆʥ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʣʘʪʬʦʨʤʘʭ ʇʂ ʠ ʠʛʨʦʚʳʭ 

ʢʦʥʩʦʣʝʡ. ɻʨʘʬʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ CryEngine ʧʨʝʚʦʩʭʦʜʷʪ Unity, ʥʦ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ 

ʩ UnrealEngine. ʆʙʣʘʜʘʝʪ ʩʘʤʳʤ ʨʝʘʣʠʩʪʠʯʥʦʡ ʬʠʟʠʢʦʡ, ʧʝʨʝʜʦʚʳʤʠ ʘʥʠʤʘʮʠʦʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʠ ʤʥʦʛʠʤ ʜʨʫʛʠʤ. 

Ogre 

ʕʪʦ ʩʮʝʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ, ʛʨʘʬʠʯʝʩʢʠʡ 3D ʜʚʠʞʦʢ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ORGE 

ʢʨʦʩʩ-ʧʣʘʪʬʦʨʤʝʥʥʳʡ, ʠ ʩʚʷʟʘʥ ʩ ʩʠʩʪʝʤʥʳʤʠ ʙʠʙʣʠʦʪʝʢʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ Direct3D ʠʣʠ 

OpenGL ʯʝʨʝʟ ʫʨʦʚʝʥʴ ʘʙʩʪʨʘʢʮʠʠ. 

Torque 

ʕʪʦ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ 3D-ʜʚʠʞʦʢ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʟʘʭʚʘʪʳʚʘʶʱʠʝ ʩʨʝʜʳ, ʩʠʤʫʣʷʮʠʠ, ʠʛʨʳ ʠ ʚʠʟʫʘʣʠʟʘʮʠʶ. ʆʥ ʧʦʩʪʘʚʣʷʝʪʩʷ ʩ 

ʤʦʱʥʳʤʠ ʚʩʪʨʦʝʥʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʫʨʦʚʥʝʡ ʠ ʠʛʨʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʧʦʩʪʨʦʝʥ ʥʘ ʧʨʦʚʝʨʝʥʥʦʤ ʩʝʪʝʚʦʤ ʢʦʜʝ. 

ʂʨʠʪʝʨʠʠ ʩʨʘʚʥʝʥʠʷ ʘʥʘʣʦʛʦʚ 

ʃʠʮʝʥʟʠʷ 

ʃʠʮʝʥʟʠʠ ʥʘ ʠʛʨʦʚʳʝ ʜʚʠʞʢʠ ʤʦʛʫʪ ʙʳʪʴ ʙʝʩʧʣʘʪʥʳʤʠ(free), ʩ ʦʪʢʨʳʪʳʤ 

ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ (open source) ʠ ʢʦʤʤʝʨʯʝʩʢʠʤʠ(commercial). ʫ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠʛʨʦʚʳʭ 

ʜʚʠʞʢʦʚ ʝʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʬʫʥʢʮʠʡ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʥʦ ʤʝʭʘʥʠʟʤʳ ʩ 



ð 24 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʣʝʛʢʠʡ ʜʦʩʪʫʧ ʢ ʨʝʩʫʨʩʘʤ ʨʘʟʨʘʙʦʪʢʠ, 

ʪʘʢʠʤ ʢʘʢ ʬʦʨʫʤʳ, ʜʦʢʫʤʝʥʪʘʮʠʷ, ʫʯʝʙʥʳʝ ʧʦʩʦʙʠʷ, ʧʦʜʜʝʨʞʢʘ ʩʦʦʙʱʝʩʪʚʘ. 

ʇʦʜʜʝʨʞʠʚʘʝʤʳʝ ʧʣʘʪʬʦʨʤʳ 

ʀʛʨʦʚʳʝ ʜʚʠʞʢʠ ʜʦʣʞʥʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʣʝʛʢʦʝ ʢʨʦʩʩ-ʧʣʘʪʬʦʨʤʝʥʥʦʝ 

ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʥʘ ʪʘʢʠʭ ʧʣʘʪʬʦʨʤʘʭ, ʢʘʢ ʇʂ, ʤʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ, ʠʛʨʦʚʳʝ ʢʦʥʩʦʣʠ. 

ʗʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʀʛʨʦʚʳʝ ʜʚʠʞʢʠ ʜʦʣʞʥʳ ʧʨʝʜʦʩʪʘʚʠʪʴ ʨʘʟʨʘʙʦʪʯʠʢʫ ʧʦʣʥʫʶ ʧʦʜʜʝʨʞʢʫ 

ʩʢʨʠʧʪʦʚ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʩʣʦʞʥʦʛʦ ʢʦʜʘ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʤʷʪʠ. 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʘʥʘʣʦʛʦʚ ʧʦ ʢʨʠʪʝʨʠʷʤ 
 Unity3D UnReal CryEngine Ogre3D Torque3D\ 

ʃʠʮʝʥʟʠʷ 

ɹʝʩʧʣʘʪʥʦ ʜʣʷ 

ʥʝʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʆʪʢʨʳʪʳʡ 

ʠʩʭʦʜʥʳʡ 

ʢʦʜ 

ɹʝʩʧʣʘʪʥʦ ʜʣʷ 

ʥʝʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʆʪʢʨʳʪʳʡ 

ʠʩʭʦʜʥʳʡ 

ʢʦʜ 

ʆʪʢʨʳʪʳʡ 

ʠʩʭʦʜʥʳʡ 

ʢʦʜ 

ʇʦʜʜʝʨʞʠʚʘʝʤʳʝ 

ʧʣʘʪʬʦʨʤʳ 

ʇʂ, ʄʦʙʠʣʴʥʳʡ, 

ʀʛʨʦʚʘʷ ʢʦʥʩʦʣʴ 

ʇʂ, 

ʄʦʙʠʣʴʥʳʡ, 

ʀʛʨʦʚʘʷ 

ʢʦʥʩʦʣʴ 

ʇʂ, ʀʛʨʦʚʘʷ 

ʢʦʥʩʦʣʴ 

ʇʂ, 

ʄʦʙʠʣʴʥʳʡ 
ʇʂ 

ʗʟʳʢʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 
C#, JavaScript C++ C++, Lua C++ 

C++, 

TorqueScript 

 

ɺʳʙʦʨ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ 

ʈʝʰʝʥʠʝ ʜʦʣʞʥʦ ʦʙʣʘʜʘʪʴ ʩʣʝʜʫʶʱʠʤʠ ʢʘʯʝʩʪʚʘʤʠ: 1. ɼʚʠʞʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʚ 

ʘʢʪʠʚʥʦʤ ʨʘʟʚʠʪʠʠ. 2. ɼʚʠʞʢʠ ʜʦʣʞʥʳ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʨʝʘʣʠʩʪʠʯʥʦʡ ʠ 

ʟʘʭʚʘʪʳʚʘʶʱʝʡ ʛʨʘʬʠʢʝ ʠ ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʷʭ. 3. ɼʦʣʞʥʦ ʙʳʪʴ ʣʝʛʢʦ ʚ ʦʙʫʯʠʝʥʠʠ ʠ 

ʚʢʣʶʯʘʪʴ ʫʯʝʙʥʳʝ ʧʦʩʦʙʠʷ, ʧʨʠʤʝʨʳ ʠ ʪʝʭʥʠʯʝʩʢʫʶ ʧʦʜʜʝʨʞʢʫ. 4. ɼʦʣʞʥʳ ʠʤʝʪʴ 

ʠʥʩʪʨʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ 

ʫʤʝʥʴʰʠʪʴ ʯʘʩʪʦʪʫ ʦʰʠʙʦʢ. 5. ʆʥ ʜʦʣʞʝʥ ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʧʨʠʣʦʞʝʥʠʡ ʥʘ 

ʨʘʟʥʳʭ ʧʣʘʪʬʦʨʤʘʭ. 6. ʆʥ ʜʦʣʞʝʥ ʙʳʪʴ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ. 

ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ 

ʊʝʭʥʦʣʦʛʠʠ ʦʪʦʙʨʘʞʝʥʠʷ VR 

ʊʝʭʥʦʣʦʛʠʠ ʦʪʦʙʨʘʞʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʝ ʢʘʢ 3D-

ʜʠʩʧʣʝʠ) - ʵʪʦ ʪʝʭʥʦʣʦʛʠʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʩʧʝʮʠʘʣʴʥʦ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʳ ʧʦʣʴʟʦʚʘʪʝʣʶ. ʆʥʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʜʨʫʛʠʤ ʪʝʭʥʦʣʦʛʠʷʤ VR, ʪʘʢʠʤ ʢʘʢ ʩʠʩʪʝʤʳ ʚʚʦʜʘ ʠ 

ʚʳʚʦʜʘ ʟʚʫʢʘ, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʠʤʠʪʠʨʫʶʱʝʝ ʚʠʨʪʫʘʣʴʥʫʶ ʩʨʝʜʫ. 

ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʪʝʭʥʦʣʦʛʠʷʤ ʚʠʨʪʫʘʣʴʥʦʛʦ 

ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʧʦʪʨʝʙʠʪʝʣʷ; ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʩʪʦʣʴʥʳʝ VR, ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠʝ, 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʠ ʛʦʣʦʚʥʳʝ ʜʠʩʧʣʝʠ. ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʦʪʦʙʨʘʞʝʥʠʷ. 

DesktopVR 

ɹʳʣʘ ʜʦʤʠʥʠʨʫʶʱʝʡ ʬʦʨʤʦʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 3D ʚʠʨʪʫʘʣʴʥʳʭ ʩʨʝʜ ʩʚʦʠʤ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩ ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ. Desktop VR ʚ ʥʘʩʪʦʷʱʠʡ 

ʤʦʤʝʥʪ ʨʘʙʦʪʘʝʪ ʥʘ ʙʘʟʝ ʤʦʜʝʣʠ ʢʘʤʝʨʳ ʩ ʪʦʯʝʯʥʳʤ ʦʪʚʝʨʩʪʠʝʤ, ʚʠʨʪʫʘʣʴʥʦʡ ʢʘʤʝʨʦʡ 

ʧʦʣʥʦʩʪʴʶ ʫʧʨʘʚʣʷʶʱʡ ʩʠʤʫʣʷʮʠʝʡ ʠ ʜʠʩʧʣʝʝʤ, ʩʧʦʩʦʙʥʳʤ ʦʪʦʙʨʘʞʘʪʴ ʪʦʣʴʢʦ ʦʜʥʦ 

ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʵʪʦʡ ʢʘʤʝʨʳ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɹʫʜʫʯʠ ʩʘʤʦʡ ʧʨʦʩʪʦʡ ʬʦʨʤʦʡ ʚʠʨʪʫʘʣʴʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ, ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʤʥʦʛʠʭ ʧʨʦʙʣʝʤ, ʪʘʢʠʭ ʢʘʢ ʫʪʦʤʣʝʥʠʝ ʛʣʘʟ, 

ʫʚʝʣʠʯʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʠ ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʦʩʢʦʣʴʢʫ ʥʘʩʪʦʣʴʥʳʝ VR ʧʦʚʩʝʤʝʩʪʥʦ 

ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʞʠʤʘ ʚʳʚʦʜʘ ʧʦ ʫʤʦʣʯʘʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ 

ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ, ʜʦʩʪʫʧʥʳʭ ʩʝʛʦʜʥʷ, ʵʪʦ ʥʝ ʙʫʜʝʪ ʦʙʩʫʞʜʘʪʴʩʷ ʜʘʣʝʝ ʚ ʵʪʦʡ 

ʩʪʘʪʴʝ. 



ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  25 ð 

 

ʉʪʝʨʝʦʩʢʦʧʠʷ 

ʕʪʦ ʨʘʩʰʠʨʝʥʠʝ ʧʘʨʘʜʠʛʤʳ ʥʘʩʪʦʣʴʥʦʛʦ VR, ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʜʣʷ 

ʙʠʥʦʢʫʣʷʨʥʦʛʦ ʟʨʝʥʠʷ. ʉʪʝʨʝʦʩʢʦʧʠʷ ʜʦʩʪʠʛʘʝʪ ʵʪʦʛʦ, ʚʠʟʫʘʣʠʟʠʨʫʷ ʩʮʝʥʫ ʜʚʘʞʜʳ, 

ʦʜʠʥ ʨʘʟ ʜʣʷ ʢʘʞʜʦʛʦ ʛʣʘʟʘ, ʟʘʪʝʤ ʢʦʜʠʨʫʷ ʠ ʬʠʣʴʪʨʫʷ ʠʟʦʙʨʘʞʝʥʠʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʢʘʞʜʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʙʳʣʦ ʚʠʜʥʦ ʪʦʣʴʢʦ ʦʜʥʠʤ ʛʣʘʟʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʕʪʘ 

ʬʠʣʴʪʨʘʮʠʷ ʣʝʛʯʝ ʚʩʝʛʦ ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʦʯʢʦʚ, ʣʠʥʟʳ ʢʦʪʦʨʳʭ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʚʳʙʦʨʦʯʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʜʚʫʭ ʢʦʜʠʨʦʚʦʢ, ʩʦʟʜʘʚʘʝʤʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʠʩʧʣʝʝʤ. ʊʝʢʫʱʠʝ ʤʝʪʦʜʳ ʢʦʜʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʮʚʝʪʦʚʳʤ 

ʩʧʝʢʪʨʦʤ, ʧʦʣʷʨʠʟʘʮʠʝʡ, ʚʦ ʚʨʝʤʝʥʠ ʠʣʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʦʪʨʝʙʠʪʝʣʴʩʢʠʝ 

ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠʝ ʜʠʩʧʣʝʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʢʦʤʧʴʶʪʝʨʘʤʠ ʪʘʢ ʞʝ, ʢʘʢ ʥʘʩʪʦʣʴʥʳʝ 

VR-ʜʠʩʧʣʝʠ (ʯʝʨʝʟ ʚʠʜʝʦʠʥʪʝʨʬʝʡʩʳ, ʪʘʢʠʝ ʢʘʢ VGA ʠʣʠ DVI). 

ʇʝʨʩʧʝʢʪʠʚʥʘʷ ʩʚʷʟʢʘ (HCP) 

ʈʘʙʦʪʘʝʪ ʧʦ ʥʝʩʢʦʣʴʢʦ ʠʥʦʤʫ ʧʨʠʥʮʠʧʫ, ʯʝʤ ʥʘʩʪʦʣʴʥʳʡ VR ʠ ʩʪʝʨʝʦʩʢʦʧʠʷ. 

ɺʠʨʪʫʘʣʴʥʦʝ ʦʢʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʤʝʩʪʦ ʚʠʨʪʫʘʣʴʥʦʡ ʢʘʤʝʨʳ, ʧʨʠʯʝʤ ʛʨʘʥʠʮʘ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʦʢʥʘ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʢʨʘʷʭ ʵʢʨʘʥʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʜʠʩʧʣʝʝ ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʛʦʣʦʚʳ ʧʦʣʴʟʦʚʘʪʝʣʷ, 

ʧʦʩʢʦʣʴʢʫ ʦʙʲʝʢʪʳ ʠʟ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʳ ʧʨʦʝʮʠʨʫʶʪʩʷ ʥʘ ʜʠʩʧʣʝʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʛʣʘʟ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. ʕʪʘ ʧʨʦʝʢʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʝʦʩʝʚʦʡ ʚʝʨʩʠʠ 

ʤʘʪʝʤʘʪʠʢʠ ʧʨʦʝʢʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʥʘʩʪʦʣʴʥʳʭ VR. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʪʦʯʥʦ 

ʦʪʩʣʝʞʠʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʛʦʣʦʚʳ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʩʧʣʝʷ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ɼʠʩʧʣʝʠ ʥʘ ʛʦʣʦʚʝ (HMD) 

ʕʪʦ ʝʱʝ ʦʜʠʥ ʪʠʧ ʪʝʭʥʦʣʦʛʠʠ VR ʜʣʷ ʦʜʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. HMD ʦʙʲʝʜʠ- 

ʥʷʶʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʪʝʨʝʦʩʢʦʧʠʠ ʩ ʙʦʣʴʰʠʤ ʧʦʣʝʤ ʟʨʝʥʠʷ ʠ 

ʩʦʧʨʷʞʝʥʠʝʤ ʛʦʣʦʚʳ, ʘʥʘʣʦʛʠʯʥʦ HCP. ʄʦʜʝʣʴ ʚʦʩʧʨʠʷʪʠʷ, ʣʝʞʘʱʘʷ ʚ ʦʩʥʦʚʝ HMD, 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʢʨʳʚʘʪʴ ʚʠʟʫʘʣʴʥʳʡ ʚʚʦʜ ʜʣʷ ʛʣʘʟ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʟʘʤʝʥʷʪʴ ʝʛʦ ʚʩʝʦʙʲʝʤʣʶʱʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʳ. ʕʪʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʦʜʥʦʛʦ ʠʣʠ ʜʚʫʭ ʤʘʣʝʥʴʢʠʭ ʜʠʩʧʣʝʝʚ ʦʯʝʥʴ ʙʣʠʟʢʦ ʧʝʨʝʜ 

ʛʣʘʟʘʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʣʠʥʟ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʫʶ 

ʬʦʢʫʩʠʨʦʚʢʫ. ʇʦʩʢʦʣʴʢʫ ʜʠʩʧʣʝʠ ʨʘʩʧʦʣʦʞʝʥʳ ʪʘʢ ʙʣʠʟʢʦ ʢ ʛʣʘʟʘʤ ʧʦʣʴʟʦʚʘʪʝʣʷ, 

ʣʶʙʘʷ ʯʘʩʪʴ ʜʠʩʧʣʝʷ ʚʠʜʥʘ ʪʦʣʴʢʦ ʦʜʥʦʤʫ ʛʣʘʟʫ, ʯʪʦ ʜʝʣʘʝʪ ʩʠʩʪʝʤʫ 

ʘʚʪʦʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʡ. ɺ ʛʦʣʦʚʥʦʡ ʫʙʦʨ ʪʘʢʞʝ ʚʩʪʨʦʝʥ ʪʨʝʢʝʨ ʦʨʠʝʥʪʘʮʠʠ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʪʩʣʝʞʠʚʘʪʴ ʚʨʘʱʝʥʠʝ ʛʦʣʦʚʳ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʚʠʨʪʫʘʣʴʥʫʶ ʩʨʝʜʫ, ʠʩʧʦʣʴʟʫʷ ʝʩʪʝʩʪʚʝʥʥʦʝ ʜʚʠʞʝʥʠʝ 

ʛʦʣʦʚʳ, ʩʚʷʟʳʚʘʷ ʦʨʠʝʥʪʘʮʠʶ ʚʠʨʪʫʘʣʴʥʦʡ ʢʘʤʝʨʳ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʛʦʣʦʚʳ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʕʪʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ HCP, ʛʜʝ ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʧʦʟʠʮʠʷ, ʘ ʥʝ ʦʨʠʝʥʪʘʮʠʷ. 

ʋʨʦʚʝʥʴ ʧʦʜʜʝʨʞʢʠ 

ʋʨʦʚʝʥʴ ʧʦʜʜʝʨʞʢʠ ʠʛʨʦʚʳʭ ʜʚʠʞʢʦʚ ʠʟʤʝʨʷʝʪʩʷ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʛʦ, ʢʘʢʠʝ 

ʤʝʭʘʥʠʟʤʳ ʨʘʩʰʠʨʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʞʝʣʘʝʤʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʦʪʦʙʨʘʞʝʥʠʷ VR. ʇʦʣʫʯʝʥʥʳʝ ʫʨʦʚʥʠ ʧʦʜʜʝʨʞʢʠ ʠ ʠʭ ʫʧʦʨʷʜʦʯʝʥʠʝ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 1. ʅʘʪʠʚʥʦ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 2. ʏʝʨʝʟ ʢʦʜʠʨʦʚʘʥʠʝ ʚ ʜʚʠʞʢʝ 

(ʩʢʨʠʧʪʠʥʛ ʠʣʠ ʧʣʘʛʠʥʳ) 3. ʏʝʨʝʟ ʤʦʜʠʬʠʢʘʮʠʶ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʜʚʠʛʘʪʝʣʷ 

ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʚʝʜʝʥʦ ʥʠʞʝ. 

ʈʦʜʥʘʷ ʧʦʜʜʝʨʞʢʘ 

ɺ ʤʝʭʘʥʠʟʤʘʭ, ʢʦʪʦʨʳʝ ʠʟʥʘʯʘʣʴʥʦ ʧʦʜʜʝʨʞʠʚʘʶʪ ʪʝʭʥʦʣʦʛʠʶ VR, 

ʨʘʟʨʘʙʦʪʯʠʢʠ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩʧʝʮʠʘʣʴʥʦ ʥʘʧʠʩʘʣʠ ʢʦʥʚʝʡʝʨ ʨʝʥʜʝʨʠʥʛʘ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦʪʨʝʙʦʚʘʣʠʩʴ ʤʠʥʠʤʘʣʴʥʳʝ ʫʩʠʣʠʷ ʜʣʷ ʚʢʣʶʯʝʥʠʷ 

ʨʝʥʜʝʨʠʥʛʘ VR. ɺʩʝ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ, ʵʪʦ ʧʨʦʚʝʨʠʪʴ ʧʘʨʘʤʝʪʨ ʚ ʠʥʩʪʨʫʤʝʥʪʘʭ 

ʨʘʟʨʘʙʦʪʯʠʢʘ ʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʧʝʨʝʤʝʥʥʫʶ ʚ ʩʨʝʜʝ ʩʮʝʥʘʨʠʝʚ ʜʚʠʞʢʘ. 

  



ð 26 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʂʦʜʠʨʦʚʢʘ ʜʚʠʞʢʘ 

ʇʨʘʢʪʠʯʝʩʢʠ ʢʘʞʜʳʡ ʜʚʠʞʦʢ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʢʦʜʘ, ʠʩʧʦʣʴʟʫʷ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʳʝ, ʥʦ ʦʛʨʘʥʠʯʝʥʥʳʝ ʪʦʯʢʠ ʨʘʩʰʠʨʝʥʠʷ. ɼʚʫʤʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʬʦʨʤʘʤʠ ʵʪʦʛʦ ʷʚʣʷʶʪʩʷ ʩʮʝʥʘʨʠʠ, ʢʦʛʜʘ ʤʝʭʘʥʠʟʤ ʟʘʧʫʩʢʘʝʪ 

ʥʝʙʦʣʴʰʠʝ ʧʨʦʛʨʘʤʤʳ/ʩʮʝʥʘʨʠʠ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʨʝʜʝ, ʠ ʧʣʘʛʠʥʳ, ʛʜʝ ʤʝʭʘʥʠʟʤ 

ʟʘʛʨʫʞʘʝʪ ʠ ʟʘʧʫʩʢʘʝʪ ʚʥʝʰʥʝ ʩʢʦʤʧʠʣʠʨʦʚʘʥʥʳʡ ʢʦʜ. ʆʙʝ ʬʦʨʤʳ ʠʤʝʶʪ ʜʦʩʪʫʧ ʢ 

ʧʦʜʤʥʦʞʝʩʪʚʫ ʬʫʥʢʮʠʡ ʜʚʠʞʢʘ; ʦʜʥʘʢʦ ʧʣʘʛʠʥʳ ʪʘʢʞʝ ʠʤʝʶʪ ʜʦʩʪʫʧ ʢ ʚʥʝʰʥʠʤ API, ʘ 

ʩʢʨʠʧʪʳ - ʥʝʪ. 

ʄʦʜʠʬʠʢʘʮʠʷ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʜʚʠʞʢʘ 

ʇʦʤʠʤʦ ʙʝʩʧʣʘʪʥʳʭ ʜʚʠʞʢʦʚ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʥʝʢʦʪʦʨʳʝ 

ʢʦʤʤʝʨʯʝʩʢʠʝ ʜʚʠʞʢʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʧʦʣʥʳʡ ʠʩʭʦʜʥʳʡ ʢʦʜ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʣʠʮʝʥʟʠʦʥʥʳʤ ʩʦʛʣʘʰʝʥʠʝʤ. ʉ ʜʦʩʪʫʧʦʤ ʢ ʧʦʣʥʦʤʫ ʠʩʭʦʜʥʦʤʫ ʢʦʜʫ 

ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʣʶʙʘʷ ʪʝʭʥʦʣʦʛʠʷ VR, ʭʦʪʷ ʦʙʲʝʤ ʪʨʝʙʫʝʤʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ 

ʊʘʙʣʠʮʘ 2 

ʋʨʦʚʥʠ ʧʦʜʜʝʨʞʢʠ ʛʨʘʬʠʯʝʩʢʠʭ ʜʚʠʞʢʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʪʦʙʨʘʞʝʥʠʷ VR. 
ʊʝʭʥʦʣʦʛʠʷ 

VR 
ʉʪʝʨʝʦʩʢʦʧʠʷ 

ʇʝʨʩʧʝʢʪʠʚʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʛʦʣʦʚʦʡ (HCP) 

ɻʦʣʦʚʥʦʡ ʜʠʩʧʣʝʡ 

(HMD) 

CryEngine 
ʅʘʪʠʚʥʦ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 
ʂʦʜʠʨʦʚʢʘ ʜʚʠʞʢʘ ʂʦʜʠʨʦʚʢʘ ʜʚʠʞʢʘ 

Ogre ʂʦʜʠʨʦʚʢʘ ʜʚʠʞʢʘ ʂʦʜʠʨʦʚʢʘ ʜʚʠʞʢʘ ʂʦʜʠʨʦʚʢʘ ʜʚʠʞʢʘ 

Unity ʂʦʜʠʨʦʚʢʘ ʜʚʠʞʢʘ ʂʦʜʠʨʦʚʢʘ ʜʚʠʞʢʘ 
ʅʘʪʠʚʥʦ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

UnReal ʂʦʜʠʨʦʚʢʘ ʜʚʠʞʢʘ ʂʦʜʠʨʦʚʢʘ ʜʚʠʞʢʘ ʂʦʜʠʨʦʚʢʘ ʜʚʠʛʘʪʝʣʷ 

Torque3D ʂʦʜʠʨʦʚʢʘ ʜʚʠʞʢʘ 
ʄʦʜʠʬʠʢʘʮʠʷ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ 

ʜʚʠʞʢʘ 
ʂʦʜʠʨʦʚʢʘ ʜʚʠʛʘʪʝʣʷ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʩʪʨʦʝʥʥʦʡ 

ʧʦʜʜʝʨʞʢʠ ʜʣʷ ʢʘʢʠʭ-ʣʠʙʦ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʪʦʙʨʘʞʝʥʠʷ, ʠ ʩʪʝʨʝʦʩʢʦʧʠʷ ʠ 

HMD ʷʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʢʘʢʫʶ-ʣʠʙʦ ʚʩʪʨʦʝʥʥʫʶ 

ʧʦʜʜʝʨʞʢʫ ʚ ʪʝʢʫʱʠʭ ʚʝʨʩʠʷʭ ʵʪʠʭ ʤʝʭʘʥʠʟʤʦʚ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʜʚʠʞʦʢ ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʩʪʨʦʝʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʪʝʭʥʦʣʦʛʠʠ ʦʪʦʙʨʘʞʝʥʠʷ, ʧʦʜʜʝʨʞʢʫ ʦʙʳʯʥʦ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʨʘʟʨʘʙʦʪʘʚ ʩʮʝʥʘʨʠʡ ʠʣʠ ʧʣʘʛʠʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʬʬʝʢʪʘ.  ɼʣʷ ʵʪʦʡ 

ʩʪʘʪʴʠ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʦʯʝʥʴ ʥʝʙʦʣʴʰʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʜʦʩʪʫʧʥʳʭ ʢʣʘʩʩʦʚ 

ʪʝʭʥʦʣʦʛʠʡ ʦʪʦʙʨʘʞʝʥʠʷ VR. ʈʘʩʰʠʨʝʥʠʝ ʵʪʦʡ ʦʮʝʥʢʠ ʥʘ ʜʨʫʛʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ 

CAVE, ʦʙʲʝʤʥʳʝ ʜʠʩʧʣʝʠ, ʜʠʩʧʣʝʠ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʚʠʜʘʤʠ ʠ ʧʦʣʝ ʦʙʟʦʨʘ, ʟʘʚʠʩʷʱʝʝ ʦʪ 

ʚʟʛʣʷʜʘ, ʫʚʝʣʠʯʠʪ ʯʠʩʣʦ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʚʳʠʛʨʘʶʪ, ʘ ʪʘʢʞʝ ʧʦʢʘʞʝʪ, ʢʘʢ ʜʚʠʞʢʠ 

ʤʦʛʫʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʦʪ 

ʥʘʩʪʦʣʴʥʳʭ VR. 

***  

1. Trenholme D., Smith S. P. Computer game engines for developing first-person virtual environments 
//Virtual reality. ï 2008. ï ʊ. 12. ï ˉ. 3. ï ʉ. 181-187. 

2. Lewis M., Jacobson J. Game engines //Communications of the ACM. ï 2002. ï ʊ. 45. ï ˉ. 1. ï ʉ. 27. 
3. Malfatti S. M. et al. The design of a graphics engine for the development of virtual reality applications 

//Revista de Inform§tica Te·rica e Aplicada. ï 2008. ï ʊ. 15. ï ˉ. 3. ï ʉ. 25-46. 
4. ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ ʠʛʨʦʚʦʛʦ ʜʚʠʞʢʘ Unity ï [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: https://unity3d.com (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 30.11.2018). 
5. ʆʬʠʮʠʘʣʴʥʳ ʩʘ ʪ ʠʛʨʦʚʦʛʦ ʜʚʠʞʢʘ Unreal Engine ï ʕʣʝʢʪʨʦʥʥʳ ʨʝʩʫʨʩ]. URL: 

https://www.unrealengine.com /ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 30.11.2018) 
6. ʆʬʠʮʠʘʣʴʥʳ ʩʘ ʪ ʠʛʨʦʚʦʛʦ ʜʚʠʞʢʘ CryEngine ï ʕʣʝʢʪʨʦʥʥʳ ʨʝʩʫʨʩ]. URL: 

https://www.cryengine.com /ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 30.11.2018) 

  



ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  27 ð 

 

ʉʝʥʯʝʥʢʦ ɼ.ɸ. 

ʆʙʦʩʥʦʚʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʚʝʙ-ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʧʨʘʚʣʝʥʠʠ ʫʩʣʫʛʘʤʠ ʢʘʬʝ 

ɺʦʣʦʛʦʜʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ 

(ʈʦʩʩʠʷ, ɺʦʣʦʛʜʘ) 

doi:10.18411/spc-12-03-2019-06 

idsp: sciencepublic-12-03-2019-06 

 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʳʙʨʘʪʴ ʠ ʦʙʦʩʥʦʚʘʪʴ ʚʘʨʠʘʥʪ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʫʩʣʫʛʘʤʠ ʢʘʬʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʙ-ʪʝʭʥʦʣʦʛʠʡ 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ:  

1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʫʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

2. ʆʙʦʩʥʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

3. ʇʦʢʘʟʘʪʴ, ʯʪʦ ʜʘʥʥʦʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʚʦʟʤʦʞʥʦ  ʨʝʘʣʠʟʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚ ʩʪʘʪʴʝ ʪʝʭʥʦʣʦʛʠʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʮʝʥʘʨʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʟʜʘʚʘʝʤʦʛʦ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʷ. ɾʠʪʝʣʶ ʛʦʨʦʜʘ, ʪʠʧʠʯʥʦʤʫ ʨʘʙʦʪʥʠʢʫ ʦʬʠʩʘ ʥʫʞʥʦ ʟʘʨʘʥʝʝ ʩʧʣʘʥʠʨʦʚʘʪʴ 

ʩʚʦʡ ʦʙʝʜ. ʆʥ ʩʢʘʯʠʚʘʝʪ ʥʘʰʝ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠʟ ʘʢʪʫʘʣʴʥʦʛʦ ʤʘʛʘʟʠʥʘ 

ʧʨʠʣʦʞʝʥʠʡ ʧʣʘʪʬʦʨʤʳ Android (ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʥʘʯʘʣʦ 2019 ʛʦʜʘ ʵʪʦ Google Play). 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʧʨʠʣʦʞʝʥʠʷ ʦʥ ʚʳʙʠʨʘʝʪ ʧʦʜʭʦʜʷʱʠʝ ʧʦʜ ʝʛʦ ʪʨʝʙʦʚʘʥʠʷ ʢʘʬʝ. 

ʇʨʠʣʦʞʝʥʠʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʘʣʝʥʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʤʝʥʶ ʠ ʦʩʫʱʝʩʪʚʠʪʴ ʟʘʢʘʟ ʥʘ 

ʢʦʥʢʨʝʪʥʦʝ ʚʨʝʤʷ, ʩʵʢʦʥʦʤʠʚ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ (ʥʘ ʚʳʙʦʨ ʟʘʚʝʜʝʥʠʷ ʧʦʠʩʢ 

ʩʚʦʙʦʜʥʦʛʦ ʩʪʦʣʠʢʘ, ʦʞʠʜʘʥʠʝ ʟʘʢʘʟʘ ʠ ʪ.ʜ.). 

ʈʘʥʝʝ, ʚ [1] ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʜʦʙʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʙʫʜʝʪ ʚʦʩʪʨʝʙʦʚʘʥʘ, ʪʘʢ 

ʢʘʢ ʧʦʤʦʞʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʦʙʝʜʝʥʥʦʝ ʚʨʝʤʷ ʫ ʦʬʠʩʥʳʭ ʨʘʙʦʪʥʠʢʦʚ.  

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʜʦʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʪʝʭʥʠʯʝʩʢʠ 

ʨʝʘʣʠʟʦʚʘʥʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʤʳ ʨʘʟʙʝʨʝʤ ʩʪʨʫʢʪʫʨʫ ʧʨʠʣʦʞʝʥʠʷ ʠ ʦʙʦʩʥʫʝʤ, ʧʦʯʝʤʫ 

ʠʩʧʦʣʴʟʫʝʤ ʪʝ ʠʣʠ ʠʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ɺʝʙ- ʧʨʠʣʦʞʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʢʘʬʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ: 

1. ɺʝʙ-ʩʝʨʚʝʨ ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥʳ: ʢʦʥʪʝʡʥʝʨ ʩʝʨʚʣʝʪʦʚ ʠ ʙʘʟʘ ʜʘʥʥʳʭ. 

ʏʝʨʝʟ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ ʩʝʨʚʝʨ ʦʙʩʣʫʞʠʚʘʝʪ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʘ ʪʘʢʞʝ ʚʝʙ-ʩʘʡʪ. 

ɺʝʙ-ʩʝʨʚʝʨ ʩʦʩʪʦʠʪ ʠʟ ʢʦʥʪʝʡʥʝʨʘ ʩʝʨʚʣʝʪʦʚ (ʚ ʥʘʰʝʤ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʠ ʤʳ ʠʩʧʦʣʴʟʫʝʤ 

Apache Tomcat), ʙʘʟʳ ʜʘʥʥʳʭ (MySQL ʧʦʩʣʝʜʥʝʡ ʚʝʨʩʠʠ), ʘ ʪʘʢʞʝ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʩʘʤʠ 

ʩʝʨʚʝʣʝʪʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʬʨʝʡʤʚʦʨʢʝ Spring(ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʝʪ ʙʠʟʥʝʩ ʣʦʛʠʢʫ ʠ 

ʩʫʱʥʦʩʪʠ). ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʝʨʚʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʩʪʠʣʴ MVC( Model-

View-Controller).  

2. ʂʣʠʝʥʪ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʦʚʘʥ ʢʘʢ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʧʣʘʪʬʦʨʤʝ 

Android. ʏʝʨʝʟ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ, ʧʦ ʩʨʝʜʩʪʚʫ HTTP ʟʘʧʨʦʩʦʚ ʜʘʥʥʦʡ ʧʨʠʣʦʞʝʥʠʝ 

ʦʪʧʨʘʚʣʷʝʪ ʟʘʧʨʦʩʳ ʩʝʨʚʝʨʫ ʠ ʧʦʣʫʯʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ. 

ʇʨʠʣʦʞʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʥʘʙʦʨʘ ʘʢʪʠʚʠʪʠ ʠ ʦʙʳʯʥʳʭ java-ʢʣʘʩʩʦʚ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʙʘʪʳʚʘʶʪ ʙʠʟʥʝʩ-ʣʦʛʠʢʫ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʥʘʩʪʦʷʱʝʛʦ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʩʪʠʣʴ MVP(Model-View-Presenter). 

3. ɺʝʙ-ʩʘʡʪ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʷʶʱʝʡ ʧʘʥʝʣʴʶ ʩʝʨʚʝʨʘ ʠ ʙʘʟʳ 

ʜʘʥʥʳʭ. ʇʦʜʢʣʶʯʝʥ ʧʦ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʫ ʢ ʚʝʙ-ʩʝʨʚʝʨʫ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʘʡʪʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʩʪʠʣʴ MVP(Model-View-Presenter). 



ð 28 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 
ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʚʝʙ-ʩʝʨʚʝʨʘ. 

 

ʈʘʟʨʘʙʦʪʢʘ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ  ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʜʫʢʪʘ ʤʦʞʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʨʘʤʢʘʭ ʨʘʟʣʠʯʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʦʚʝʜʸʥʥʳʡ ʘʚʪʦʨʦʤ 

ʘʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʚʘʨʠʘʥʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʠʣ ʚʳʧʦʣʥʠʪʴ 

ʦʪʙʦʨ ʧʦ ʢʨʠʪʝʨʠʷʤ ʜʦʩʪʫʧʥʦʩʪʠ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʘ, ʩʣʦʞʥʦʩʪʠ ʦʩʚʦʝʥʠʷ ʠ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʝʨʝʯʝʥʴ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʜʣʷ ʧʨʦʝʢʪʘ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʨʝʰʝʥʠʡ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʣʦʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʪʝʢ 

ʪʝʭʥʦʣʦʛʠʡ: 

4. Android. Android ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʤʦʙʠʣʴʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ. ʂʦʤʘʥʜʦʡ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ Android, 

ʪʘʢ ʢʘʢ ʵʪʦ ʩʘʤʘʷ ʧʦʧʫʣʷʨʥʘʷ ʚ ʤʠʨʝ ʤʦʙʠʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʥʘ 87,5% 

ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ.[4] 

5. ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Java Standard Edition. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʧʣʘʪʬʦʨʤʝ Android. ʊʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʚʝʙ-

ʩʝʨʚʝʨʘ. Java ï ʵʪʦ ʘʢʪʫʘʣʴʥʳʡ ʷʟʳʢ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ. ʆʥ ʧʦʟʚʦʣʷʝʪ 

ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ ʠ ʟʘ ʩʯʝʪ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʷʟʳʢʘ, 

ʝʛʦ ʧʨʠʣʦʞʝʥʠʷ ʤʦʛʫʪ ʟʘʧʫʩʢʘʪʴʩʷ ʥʘ ʣʶʙʦʤ ʫʩʪʨʦʡʩʪʚʝ. 

6. ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Java Platform, Enterprise Edition. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʩʝʨʚʝʨʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘ ʤʝʞʜʫ ʩʝʨʚʝʨʦʤ ʠ 

ʧʨʠʣʦʞʝʥʠʝʤ. ʅʘʰʘ ʢʦʤʘʥʜʘ ʠʩʧʦʣʴʟʦʚʘʣʘ ʦʪʪʫʜʘ ʩʧʝʮʠʬʠʢʘʮʠʠ ʠ ʜʦʢʫʤʝʥʪʘʮʠʶ, ʘ 

ʪʘʢʞʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ. 

7. ʌʨʝʡʤʚʦʨʢ Spring ï ɿʜʝʩʴ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʨʘʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ Spring ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʩʝʨʚʝʨʘ. ʀʟ ʥʘʩʪʦʷʱʝʛʦ ʌʨʝʡʤʚʦʨʢʘ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʩʝʨʚʝʣʝʪʳ, ʩʦʢʝʪʳ, 

ʙʠʥʳ-ʩʫʱʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʩʪʠʣʴ Spring MVC. ɻʣʘʚʥʳʤ ʦʙʦʩʥʦʚʘʥʠʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʪʦ ʯʪʦ, ʵʪʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʘʤʘʷ 

ʧʦʧʫʣʷʨʥʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. ʉʨʝʜʠ ʝʝ ʜʦʩʪʦʠʥʩʪʚ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʥʘʣʠʯʠʝ ʠʟʦʙʠʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʩʝʪʠ ʚ ʠʥʪʝʨʥʝʪ-ʩʝʪʠ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 



ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  29 ð 

 

ʛʦʪʦʚʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʝʨʚʣʝʪʦʚ ʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʧʣʘʪʬʦʨʤʳ. 

8. Java script ï ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʚʝʙ-ʩʪʨʘʥʠʮʳ ʩ ʢʦʪʦʨʦʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝʤ ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʝʥʠʝʤ ʙʘʟʳ ʜʘʥʥʳʭ. 

ʗʚʣʷʝʪʩʷ ʩʘʤʳʤ ʧʦʧʫʣʷʨʥʳʤ Front-end ʷʟʳʢʦʤ, ʭʦʪʷ ʥʝʢʦʪʦʨʳʝ ʝʛʦ ʬʨʝʡʤʚʦʨʢʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʜʣʷ ʩʝʨʚʝʨʥʳʭ ʨʝʰʝʥʠʡ. ʊʘʢʞʝ, ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʨʠʩʦʚʳʚʘʪʴ ʵʣʝʤʝʥʪʳ 

ʩʪʨʘʥʠʮʳ ʙʝʟ ʝʝ ʧʦʣʥʦʡ ʧʝʨʝʛʨʫʟʢʠ. 

9. Hibernate ï ORM ʪʝʭʥʦʣʦʛʠʷ, ʢʦʪʦʨʫʶ ʤʳ ʧʨʠʤʝʥʷʝʤ ʚ ʥʘʰʝʤ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʠ.  ʄʳ ʝʝ ʚʳʙʨʘʣʠ, ʪʘʢ ʢʘʢ ʦʥʘ ʦʪʣʠʯʥʦ ʨʘʙʦʪʘʝʪ ʩ ʬʨʝʡʤʚʦʨʢʦʤ Spring, 

ʩʦʚʤʝʩʪʠʤʘ ʩʦ ʚʩʝʤʠ ʧʦʧʫʣʷʨʥʳʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʚ ʪʦʤ ʯʠʩʣʝ ʩ MySQL, ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʜʘʥʥʦʤ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʠ. 

10. Rest API ï ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʨʝʰʝʥʠʝ ʧʦʩʪʨʦʝʥʥʦʝ ʥʘ HTML ʟʘʧʨʦʩʘʭ ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʦʙʱʘʝʪʩʷ ʚʝʙ-ʩʝʨʚʝʨ ʠ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʘ ʪʘʢʞʝ ʚʝʙ-ʩʘʡʪ. 

ʀʩʧʦʣʴʟʫʝʤ ʝʛʦ, ʪʘʢ ʢʘʢ ʦʥ ʧʨʝʢʨʘʩʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʢʘʢ ʠ ʩ ʤʦʙʠʣʴʥʦʡ ʧʣʘʪʬʦʨʤʦʡ 

Android, ʪʘʢ ʠ ʩ ʚʝʙ-ʩʝʨʚʝʨʦʤ ʥʘʰʝʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

11. MySQL - ʙʘʟʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʘʰʝʤ ʧʨʠʣʦʞʝʥʠʝ. 

ɻʣʘʚʥʳʤ ʝʝ ʜʦʩʪʦʠʥʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʙʝʩʧʣʘʪʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʜʨʫʛʠʭ 

ʜʦʩʪʦʠʥʩʪʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: ʧʨʦʩʪʦʪʫ ʥʘʩʪʨʦʡʢʠ; ʦʙʰʠʨʥʦʝ ʢʦʤʤʴʶʥʠʪʠ ʠ 

ʜʦʢʫʤʝʥʪʘʮʠʷ, ʘ ʪʘʢʞʝ ʧʦʜʜʝʨʞʢʘ Oracle. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʣʝʜʫʝʪ ʩʪʦʠʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʘʤ ʫʜʘʣʦʩʴ ʦʙʦʩʥʦʚʘʪʴ ʧʨʠʤʝʥʝʥʥʳʡ 

ʩʪʝʢ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ʄʳ ʚʠʜʠʤ, ʯʪʦ ʜʘʥʥʦʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ 

ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʠʚʝʜʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʩʘʤʘ ʠʜʝʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʢʘʬʝ ʥʝ ʷʚʣʷʝʪʩʷ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʠʜʝʝʡ, ʘ ʚʧʦʣʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʨʝʘʣʴʥʦʡ 

ʞʠʟʥʠ.  

***  

1. "ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʙʦʪʳ ʢʘʬʝ ʥʘ ʙʘʟʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ" - XII ɽʞʝʛʦʜʥʘʷ ʥʘʫʯʥʘʷ ʩʝʩʩʠʷ ʘʩʧʠʨʘʥʪʦʚ 
ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ : ʤʘʪʝʨʠʘʣʳ ʤʝʞʨʝʛʠʦʥʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ : ʚ 2 ʪ. / ʄ-ʚʦ ʥʘʫʢʠ ʠ 
ʚʳʩʰ. ʦʙʨʘʟ. ʈʌ ; ɺʦʣʦʛʦʜ. ʛʦʩ. ʫʥ-ʪ ; [ʧʨʝʜ. ɸ. ɸ. ʉʠʥʠʮʳʥ]. ï ɺʦʣʦʛʜʘ : ɺʦɻʋ, 2018. ï ʊ. 1 : 
ɽʩʪʝʩʪʚʝʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. ï ʉ 161-163.  

2. "Cʦʟʜʘʥʠʝ ʢʘʨʢʘʩʘ Spring-ʧʨʠʣʦʞʝʥʠʷ" - http://spring-projects.ru 
3. "ʉʧʨʘʚʦʯʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ MySQL" - http://mysql.ru 
4. "ɼʦʣʷ ʆʉ Android ʜʦʩʪʠʛʣʘ 87,5% ʨʳʥʢʘ ʤʦʙʠʣʴʥʳʭ ʆʉ" - https://mobile-review.com 
5. "ʇʦʩʪʨʦʝʥʠʝ Android ʧʨʠʣʦʞʝʥʠʡ ʰʘʛ ʟʘ ʰʘʛʦʤ, ʯʘʩʪʴ ʧʝʨʚʘʷ" - https://habr.com/ 

 

  



ð 30 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʠʤʠʪʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʜʣʷ ʦʪʨʘʙʦʪʢʠ 

ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɻʝʥʝʨʘʮʠʷ ʩʠʛʥʘʣʦʚ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʣʫʯʘʡʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʝʪʦʤ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʠʧʦʚʳʭ ʜʘʥʥʳʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʠʤʠʪʘʮʠʠ, ʩʦʜʝʨʞʘʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʧʝʢʪʨʦʚ ʠʟ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ 

ʚ ʜʨʫʛʫʶ ʠ ʜʘʶʱʠʝ ʩʥʠʞʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ 

ʩʠʛʥʘʣʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʣʫʯʘʡʥʳʝ ʩʠʛʥʘʣʳ ʩ 

ʟʘʜʘʚʘʝʤʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩʦʟʜʘʚʘʪʴ ʤʦʜʝʣʴ 

ʧʦʤʝʭʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʨʝʘʣʴʥʦʡ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʜʦʩʪʠʛʘʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʪʣʘʜʢʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤ ʚ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʘʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʧʦʚʳʰʘʝʪʩʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʭ 

ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʉ ʧʦʤʦʱʴʶ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠʤʠʪʘʮʠʠ ʚʦʟʤʦʞʥʘ ʛʝʥʝʨʘʮʠʷ 

ʧʦʣʝʟʥʳʭ, ʧʦʤʝʭʦʚʳʭ ʩʠʛʥʘʣʦʚ ʠ ʠʭ ʘʜʜʠʪʠʚʥʳʭ ʩʤʝʩʝʡ ʙʝʟʦʪʥʦʩʠʪʝʣʴʥʦ ʚʠʜʘ 

ʬʫʥʢʮʠʡ, ʟʘʜʘʶʱʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʩʣʫʯʘʡʥʳʝ ʩʠʛʥʘʣʳ, 

ʧʦʤʝʭʦʚʘʷ ʦʙʩʪʘʥʦʚʢʘ, ʠʤʠʪʘʮʠʷ ʩʠʛʥʘʣʦʚ, ʩʧʝʢʪʨʘʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʩʧʝʢʪʨʘ. 

 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ (ʀʀʉ) ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʪʨʘʙʦʪʢʫ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʦʚ ʧʦʣʫʯʝʥʠʷ ʠ 

ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ  ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʜʥʠʤ ʠʟ 

ʚʠʜʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʀʀʉ ʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ï ʜʘʪʯʠʢʦʚ [1]. ʇʨʠ ʘʥʘʣʠʟʝ ʠ ʩʠʥʪʝʟʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʀʀʉ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚ ʮʠʬʨʦʚʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʪʨʝʙʫʝʪʩʷ ʛʝʥʝʨʘʮʠʷ 

ʩʠʛʥʘʣʦʚ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ, ʠʤʠʪʠʨʫʶʱʠʭ ʨʝʘʣʴʥʳʝ ʩʠʛʥʘʣʳ ʦʪ ʜʘʪʯʠʢʦʚ, ʚʢʣʶʯʘʷ 

ʧʦʣʝʟʥʳʝ, ʧʦʤʝʭʦʚʳʝ ʩʠʛʥʘʣʳ ʠ ʠʭ ʘʜʜʠʪʠʚʥʳʝ ʩʤʝʩʠ.  

ʂʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʠʷ ʀʀʉ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʨʨʝʢʪʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʝʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʇʨʠ ʵʪʦʤ ʢ ʩʠʩʪʝʤʘʤ, 

ʨʘʙʦʪʘʶʱʠʤ ʚ ʨʝʞʠʤʝ ʞʝʩʪʢʦʛʦ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʠ ʪʦʯʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʦʪʨʘʙʦʪʢʝ 

ʨʝʞʠʤʦʚ ʀʀʉ ʤʦʜʝʣʠ ʩʠʛʥʘʣʦʚ ʜʦʣʞʥʳ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʝʘʣʴʥʳʤ. 

ʕʪʦ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʨʘʟʥʦʛʦ ʨʦʜʘ ʧʦʤʝʭʘʤ ʠ ʰʫʤʘʤ, ʠʩʢʘʞʘʶʱʠʤ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ, 

ʩʥʠʞʘʶʱʠʤ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʀʀʉ [2]. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʀʀʉ ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ 

ʧʨʦʪʦʢʦʣʦʤ ʠʩʧʳʪʘʥʠʡ. ʇʨʘʢʪʠʢʘ ʦʪʨʘʙʦʪʢʠ ʨʝʞʠʤʦʚ ʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 



ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  31 ð 

 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʢʘʞʜʦʛʦ ʨʝʞʠʤʘ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʤʠʪʘʮʠʦʥʥʳʭ 

ʩʠʛʥʘʣʦʚ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʘʥʘʣʠʟʘ 

ʘʧʨʠʦʨʥʦʡ ʠ ʘʧʦʩʪʝʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʤʝʭʦʚʘʷ ʞʝ 

ʦʙʩʪʘʥʦʚʢʘ ʬʦʨʤʠʨʫʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʫʪʝʤ ʛʝʥʝʨʘʮʠʠ ʮʚʝʪʥʳʭ ʰʫʤʦʚ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʥʘʣʦʞʝʥʠʝʤ ʨʦʟʦʚʦʛʦ ʰʫʤʘ. ɸʣʛʦʨʠʪʤʠʯʝʩʢʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʘʜʜʠʪʠʚʥʦʛʦ ʩʠʛʥʘʣʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʌʫʨʴʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʥʝʢʦʪʦʨʦʤʫ 

ʢʣʘʩʩʫ ʬʫʥʢʮʠʡ, ʥʘʧʨʠʤʝʨ, ʜʠʩʢʨʝʪʥʳʤ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʬʫʥʢʮʠʷʤ. ʆʜʥʘʢʦ ʪʘʢʘʷ 

ʤʦʜʝʣʴ ʥʝ ʚʧʦʣʥʝ ʦʪʚʝʯʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʀʀʉ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʩʢʦʣʴʢʫ 

ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʭ ʫʧʨʦʱʝʥʠʝʤ ï ʢʘʢ ʧʦ ʚʠʜʫ ʠʤʠʪʠʨʫʝʤʳʭ ʩʠʛʥʘʣʦʚ, ʪʘʢ ʠ ʧʦ 

ʩʢʦʨʦʩʪʠ ʦʙʥʦʚʣʝʥʠʷ ʦʙʱʝʡ ʢʘʨʪʠʥʳ ʧʦʤʝʭ.  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʤʝʭʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ 

ʨʝʘʣʴʥʦʡ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʠʭ ʧʦʤʝʭʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʪʘʢ ʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʯʘʩʪʦʪʳ ʝʝ ʦʙʥʦʚʣʝʥʠʷ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ ʵʬʬʝʢʪʠʚʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʠʤʠʪʘʮʠʠ ʩʣʫʯʘʡʥʳʭ ʩʠʛʥʘʣʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ 

ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʙʘʟʠʩʳ, ʩʠʩʪʝʤʳ 

ʬʫʥʢʮʠʡ ʋʦʣʰʘ ʠ ʍʘʨʪʣʠ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʠ ʦʙʦʙʱʝʥʥʦʤ ʚʠʜʘʭ [3-5] ʠ ʨʷʜ 

ʜʨʫʛʠʭ. 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʠʤʠʪʘʮʠʠ ʩʠʛʥʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʘʤʢʘʭ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʪʝʦʨʠʠ [6] ʠ ʩʦʩʪʦʠʪ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʩʠʛʥʘʣʘ ʠʟ ʩʧʝʢʪʨʘ, 

ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʚ ʚʳʙʨʘʥʥʦʤ ʙʘʟʠʩʝ 

ʧʦ ʟʘʜʘʚʘʝʤʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʠʛʥʘʣʘ. ʂ ʪʘʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʦʪʥʦʩʷʪʩʷ, ʥʘʧʨʠʤʝʨ, ʬʫʥʢʮʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʠʣʠ ʜʠʩʧʝʨʩʠʠ 

(ʌʉʇʄ, ʌʉʇɼ) ʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ (ɸʂʌ). ʇʨʠ ʵʪʦʤ ʦʜʥʦʡ ʠʟ ʨʝʰʘʝʤʳʭ 

ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʧʝʢʪʨʦʚ ʠʟ ʦʜʥʦʡ ʙʘʟʠʩʥʦʡ ʩʠʩʪʝʤʳ ʚ ʜʨʫʛʫʶ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠʤʠʪʘʮʠʠ [3-5] ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʚʳʧʦʣʥʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ: 

½ ʚʳʯʠʩʣʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʅX
 ʚ ʦʜʥʦʤ ʠʟ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʙʘʟʠʩʦʚ (ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʤ, ʢʦʤʧʣʝʢʩʥʦʤ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤ ʠʣʠ ʍʘʨʪʣʠ) ʥʘ ʦʩʥʦʚʝ ʟʘʜʘʥʥʦʡ ʌʉʇʄ 
()S w

; 

½ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʧʝʢʪʨʘ ʠʟ ʦʜʥʦʡ ʙʘʟʠʩʥʦʡ ʩʠʩʪʝʤʳ ʚ ʜʨʫʛʫʶ, ʥʘʧʨʠʤʝʨ, 
ʚ ʙʘʟʠʩ ʦʙʦʙʱʝʥʥʳʭ ʬʫʥʢʮʠʡ ʍʘʨʪʣʠ ʩ ʟʘʜʘʥʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ  ʠ 

ʧʦʣʫʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʎX
. ʇʝʨʝʭʦʜ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʪʦʨʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ [7] ï 

ʟʘʨʘʥʝʝ ʨʘʩʩʯʠʪʳʚʘʝʤʦʛʦ ʷʜʨʘ ʌʫʨʴʝ, ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʭʦʜʘ ʦʪ ʦʜʥʦʡ ʙʘʟʠʩʥʦʡ ʩʠʩʪʝʤʳ ʢ ʜʨʫʛʦʡ; 

½ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʫʯʘʡʥʦʛʦ ʩʧʝʢʪʨʘ ʎY
 ʠʟ ʎ

X
; 

½ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʮʝʣʝʚʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʩʠʛʥʘʣʘ 
()y i

 ʠʟ ʝʛʦ ʩʧʝʢʪʨʘ ʎY
. 

ʇʨʠ ʵʪʦʤ ʧʝʨʚʳʝ ʜʚʘ ʵʪʘʧʘ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʡ ʬʘʟʝ (ʥʘʩʪʨʦʡʢʝ) 

ʘʣʛʦʨʠʪʤʘ, ʘ ʩʣʝʜʫʶʱʠʝ ʜʚʘ ʨʝʘʣʠʟʫʶʪ ʩʦʙʩʪʚʝʥʥʦ ʠʤʠʪʘʮʠʶ ʩʠʛʥʘʣʦʚ. ɽʩʣʠ ʧʝʨʚʘʷ 

ʬʘʟʘ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʘʷ, ʪʦ ʥʘ ʩʪʘʜʠʠ ʠʤʠʪʘʮʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʙʳʩʪʨʦʝ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʣʶʙʦʡ ʩʝʨʠʠ ʩʣʫʯʘʡʥʳʭ ʩʠʛʥʘʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʜʘʥʥʳʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʀʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʚʪʦʨʦʡ ʬʘʟʝ ʘʣʛʦʨʠʪʤʦʚ ʚʦʟʤʦʞʥʘ 

ʵʬʬʝʢʪʠʚʥʘʷ ʛʝʥʝʨʘʮʠʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʘʥʩʘʤʙʣʷ ʩʠʛʥʘʣʦʚ, ʦʪʚʝʯʘʶʱʝʛʦ ʨʝʞʠʤʫ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʢʘʞʜʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠʤʠʪʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ɸʂʌ [8]. 

ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠʤʠʪʘʮʠʠ ʩʣʫʯʘʡʥʳʭ ʩʠʛʥʘʣʦʚ 

ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʦʪʣʘʜʢʫ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʀʀʉ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ 



ð 32 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʠʭ ʢʦʨʨʝʢʪʥʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʘʭ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʤʝʭʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʨʝʘʣʴʥʳʤ ʚʥʝʰʥʠʤ 

ʚʦʟʤʫʱʝʥʠʷʤ. ʇʨʠ ʵʪʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʚʳʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʀʀʉ ʠ ʫʣʫʯʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʪʨʘʢʪʦʚ ʧʨʦʭʦʞʜʝʥʠʷ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʠʭ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʩʷ ʜʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ 

ʣʶʙʳʭ ʩʣʫʯʘʡʥʳʭ ʩʠʛʥʘʣʦʚ, ʚʢʣʶʯʘʷ ʧʦʣʝʟʥʳʝ ʠ ʩ ʥʘʣʦʞʝʥʥʳʤ ʰʫʤʦʚʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ, ʙʝʟʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʌʉʇʄ, ʌʉʇɼ: ʵʪʠ ʬʫʥʢʮʠʠ 

ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʧʠʢʦʚʳʝ ʚʳʙʨʦʩʳ ʠ ʨʘʟʨʳʚʳ I ʨʦʜʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʶ ʩʠʛʥʘʣʦʚ ʵʪʦ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ [9]. ʋʢʘʟʘʥʥʦʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ 2.7782.2017/ɹʏ çʄʝʪʦʜʳ ʠʤʠʪʘʮʠʠ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʠ ʩʣʫʯʘʡʥʳʭ ʦʜʥʦʤʝʨʥʳʭ ʠ ʤʥʦʛʦʤʝʨʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʥʘʫʯʥʳʭ 

ʟʘʜʘʯʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠè, 

ʦʩʫʱʝʩʪʚʣʷʝʤʦʛʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 
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1. ʉ ʧʦʟʠʮʠʠ ʢʣʘʩʩʠʯʝʩʢʦʡ-ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ çʊʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠè 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʪʝʣ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ  ʜʣʷ  ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʦʜʥʦʛʦ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ ʪʝʣ ʚ ʪʨʝʙʫʝʤʳʝ ʜʚʠʞʝʥʠʷ ʜʨʫʛʠʭ ʪʝʣ,  ʥʘʟʳʚʘʝʪʩʷ ʤʝʭʘʥʠʟʤʦʤ  [1 ï 21.].  

ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ, ʩʪʨʫʢʪʫʨʥʘʷ, ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ, 

ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʦʙʱʘʷ ʤʦʜʝʣʴ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʛʠʙʢʦʛʦ 



ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  33 ð 

 

ʰʘʨʥʠʨʥʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ  ʤʝʭʘʥʠʟʤʘ  ʜʚʦʡʥʦʛʦ  ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ  III
ʛʦ

 ʢʣʘʩʩʘ,  1
ʛʦ

 

ï ʩʝʤʝʡʩʪʚʘ  (ʨʠʩ. 1).  

 
ʈʠʩ.1.  ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ, ʩʪʨʫʢʪʫʨʥʘʷ, ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ, ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ, ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʦʙʱʘʷ ʤʦʜʝʣʴ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʛʠʙʢʦʛʦ ʰʘʨʥʠʨʥʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʜʚʦʡʥʦʛʦ 

ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ  III
ʛʦ

 ʢʣʘʩʩʘ,  1
ʛʦ

 ï ʩʝʤʝʡʩʪʚʘ. 

 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʪʝʣ (1, 2, 3) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚʨʘʱʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ 

ʚʝʜʫʱʝʛʦ ʟʚʝʥʘ 1 ʚ ʪʨʝʙʫʝʤʦʝ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚʝʜʦʤʦʛʦ ʟʚʝʥʘ 2.  

ʇʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ï ʩʪʨʫʢʪʫʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʦʜʥʦʟʚʝʥʥʳʭ  ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ  ʮʝʧʝʡ  ʟʘʤʢʥʫʪʦʛʦ  ʪʠʧʘ  ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ  ʩ  ʛʠʙʢʠʤʠ  ʩʚʷʟʷʤʠ  ʚ  ʟʘʤʢʥʫʪʦʤ  ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʤ  ʢʦʥʪʫʨʝ  

ï ʥʫʣʝʚʦʛʦ, ʧʝʨʚʦʛʦ, ʚʪʦʨʦʛʦ  ʩʝʤʝʡʩʪʚʘ  ʅʘʫʨʳʟʙʘʝʚʘ ʈ.ʂ.  ʥʘʫʯʥʦ ï ʤʝʪʦʜʠʯʝʩʢʦʡ ï 

ʫʯʝʙʥʦʡ  ʙʘʟʦʡ  ʪʘʢʦʡ  ʩʠʩʪʝʤʘʪʠʟʘʮʠʝʡ   ʷʚʣʷʝʪʩʷ  ʫʥʠʚʝʨʩʘʣʴʥʘʷ  ʬʦʨʤʫʣʘ  (14
ʷ
  ʅʈʂ)  

ʩʣʝʜʫʶʱʝʛʦ  ʚʠʜʘ ʟʘʧʠʩʠ  [1 ï 21.]:  

W = m*(n+▪+▪ï1)  В □ ▓▓ □
▓ *╟▓;   (14

ʷ
 ʅʈʂ,  ʅʘʫʨʳʟʙʘʝʚ  ʈʘʭʠʤʞʘʥ 

ʂʘʞʝʢʝʝʚʠʯ,  ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʥʘʫʢʠ ʤʘʰʠʥʦʚʝʜʝʥʠʷ, 1991ʛ. - 2001ʛ.),         (1
*
) 

ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ï ʩʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʩʘʤʦ-

ʫʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ  ʛʠʙʢʦʛʦ  ʰʘʨʥʠʨʥʦʛʦ ʠʥʦʚʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʜʚʦʡʥʦʛʦ  

ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ  III
ʛʦ

 ʢʣʘʩʩʘ,  1
ʛʦ

 ï ʩʝʤʝʡʩʪʚʘ  (ʨʠʩ. 1):  

I  (1,3)    III  (2),                                              (2
*
) 

ʛʜʝ: I (1,3) ï ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ, ʩʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ 

ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʜʚʫʭʟʚʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ  1
ʛʦ

 ʢʣʘʩʩʘ ï ʦʜʥʦʰʘʨʥʠʨʥʳʡ  (ʈ1) 

ʜʚʫʭʢʦʥʪʘʢʪʥʳʡ  ʚʝʜʫʱʝʡ ʤʝʭʘʥʠʟʤ  ʥʘ ʦʩʥʦʚʝ ʩʣʦʞʥʦʡ  ʥʝʟʘʤʢʥʫʪʦʡ  ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ  

ʮʝʧʠ  ʦʙʱʝʛʦ  ʚʠʜʘ; 

 III (2) ï ʥʦʚʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʛʨʫʧʧʘ  ʅʘʫʨʳʟʙʘʝʚʘ  ʈʘʭʠʤʞʘʥʘ ʂʘʞʝʢʝʝʚʠʯʘ (ʅʈʂ)     

III
ʛʦ

 ʢʣʘʩʩʘ,  1
ʛʦ

 ï ʩʝʤʝʡʩʪʚʘ   ʛʠʙʢʦʡ  ʢʦʥʩʪʨʫʢʮʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʥʘ  ʨʠʩ.1  ʵʪʦ ʪʨʝʭʟʚʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʥʝʘʩʩʫʨʦʚʦʡ ʛʠʙʢʦʡ  

ʩʪʨʫʢʪʫʨʳ  ʢʦʥʩʪʨʫʢʮʠʠ.  

ɺʦ ï ʧʝʨʚʳʭ,  ʚ ʢʦʥʩʪʨʫʢʮʠʠ  ʤʝʭʘʥʠʟʤʘ (ʨʠʩ.1) ʥʝʪ ʩʪʨʫʢʪʫʨʥʳʭ ʛʨʫʧʧ 

ʃ.ɺ.ɸʩʩʫʨʘ ʠ ʀ.ʀ.ɸʨʪʦʙʦʣʝʚʩʢʦʛʦ ʠʟʚʝʩʪʥʳʭ ʠʟ ʦʩʥʦʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ï 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ  çʊʝʦʨʠʠ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥè.  

ɺʦïʚʪʦʨʳʭ, ʥʝ ʩʫʱʝʩʪʚʫʶʪ ʢʦʥʩʪʨʫʢʮʠʠ ʪʨʝʭʟʚʝʥʥʳʭ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʩ ʞʝʩʪʢʠʤʠ ʟʚʝʥʴʷʤʠ ʠ ʪʚʝʨʜʳʤʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʠ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  ʠʩʩʣʝʜʫʝʤʳʡ  ʪʨʝʭʟʚʝʥʥʳʡ ʧʘʨʘʣʣʝʣʦʛʨʘʤʥʳʡ ʤʝʭʘʥʠʟʤ ʩ 

ʛʠʙʢʠʤʠ ʩʚʷʟʷʤʠ ʚ ʟʘʤʢʥʫʪʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʤ ʢʦʥʪʫʨʝ  ʷʚʣʷʝʪʩʷ  ʥʦʚʳʤ  

ʠ  ʠʥʥʦʚʘʮʠʦʥʥʳʤ  (ʨʠʩ. 1).  



ð 34 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʄʝʭʘʥʠʟʤ ʠʤʝʝʪ ʧʨʦʩʪʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʚʨʘʱʘʪʝʣʴʥʦʛʦ  

ʜʚʠʞʝʥʠʷ  ʤʝʞʜʫ  ʧʘʨʘʣʣʝʣʴʥʳʤʠ  ʚʘʣʘʤʠ, ʙʝʟʰʫʤʝʥ ʚ ʨʘʙʦʪʝ  ʢʦʥʩʪʨʫʢʮʠʷ  

ʙʝʟʟʘʟʦʨʥʘʷ  ʠ  ʥʝʤʝʪʘʣʣʦʝʤʢʘʷ [1 ï 21.]. 

1.1. ʆʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʩʪʨʫʢʪʫʨʥʳʝ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ, 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʱʝʡ ʤʦʜʝʣʠ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ 

ʛʠʙʢʦʛʦ ʰʘʨʥʠʨʥʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʜʚʦʡʥʦʛʦ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ  III
ʛʦ

 

ʢʣʘʩʩʘ,  1
ʛʦ

 ï ʩʝʤʝʡʩʪʚʘ:  

•ȟ •  ï  ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʢʨʠʚʦʰʠʧʦʚ 1 ʠ 2 ʧʨʠʥʷʪʳ ʚ ʢʘʯʝʩʪʚʝ ʦʙʦʙʱʝʥʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, [ʨʘʜ]; 

ὐ ï  ʧʨʠʚʝʜʝʥʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʤʝʭʘʥʠʟʤʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ 

ʚʝʜʫʱʝʛʦ ʢʨʠʚʦʰʠʧʘ 1, ̋ Ͻ̄̍ ; 

ὐ  ï ʧʨʠʚʝʜʝʥʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʤʝʭʘʥʠʟʤʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ 
ʚʝʜʦʤʦʛʦ ʢʨʠʚʦʰʠʧʘ 2, ̋ Ͻ̄̍ ; 

Ὑ ï ʨʘʟʤʝʨ ʨʘʜʠʫʩʘ ʢʨʠʚʦʰʠʧʘ 1, ʢʨʠʚʦʰʠʧʳ 1 ʠ 2 ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʘʟʤʝʨʳ, ̍ ; 

d  ï  ʨʘʟʤʝʨ ʩʪʦʡʢʠ ʤʝʭʘʥʠʟʤʘ, ̍; 

ὰ  ï ʥʘʯʘʣʴʥʘʷ ʜʣʠʥʘ ʛʠʙʢʠʭ ʩʚʷʟʝʡ ʚʠʜʘ ”    ʧʨʠ   • πȟ   • π. 
ὰȟ ὰ ï ʜʣʠʥʘ ʜʝʬʝʨʤʠʨʦʚʘʥʥʳʭ ʛʠʙʢʠʭ ʩʚʷʟʝʡ, ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ 

ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ  •   ̉   •  ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʝʭʘʥʠʟʤʘ, ̍; 

” ï  ʦʜʥʦʧʦʜʚʠʞʥʘʷ, ʚʨʘʱʘʪʝʣʴʥʘʷ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʧʘʨʘ  V
ʛʦ

 ʢʣʘʩʩʘ ʧʦ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʧʨʦʬʝʩʩʦʨʘ ɸ.ʇ.ʄʘʣʳʰʝʚʘ. 

” ï ʛʠʙʢʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʝ ʩʚʷʟʠ.  ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʥʠʝ 

ʛʠʙʢʠʭ ʩʚʷʟʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʥʘʯʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʮʝʧʠ 

ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʦʥʦ ʤʝʭʘʥʠʟʤʘ ʧʨʠ • πȟ   • π. 
1.2.  ʌʫʥʢʮʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʝʭʘʥʠʟʤʘ ʛʠʙʢʦʛʦ 

ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ (ʨʠʩ. 1)  ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʬʦʨʤʫʣʦʡ ʚʠʜʘ: 

Ὕ ὐ• ὐ•                                                  ρ 

1.3. ʌʫʥʢʮʠʷ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʟʘʤʢʥʫʪʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʢʦʥʪʫʨʘ  ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʮʝʧʠ 

ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʤʝʭʘʥʠʟʤʘ ʛʠʙʢʦʛʦ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ: 

ʇ ᶫ Ўὰ Ўὰ Ўὰ Ўὰ                                ς 

1.3.1. ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʜʦʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ ʛʠʙʢʠʭ ʩʚʷʟʝʡ ʥʘ ʜʝʬʦʨʤʘʮʠʶ 

ʨʘʩʪʷʞʝʥʠʝ:  

ᶫ ȟ   
̍

                                                                   σ 

ʛʜʝ:  E  ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʛʠʙʢʦʡ ʩʚʷʟʠ,    ̊ ϳ̍ = ʇʘ;  

F ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ  ʩʝʯʝʥʠʷ ʛʠʙʢʦʡ ʩʚʷʟʠ,  ̍ ; 

ὰ Ὠ ï ʥʘʯʘʣʴʥʘʷ ʜʣʠʥʘ ʛʠʙʢʦʡ ʩʚʷʟʠ, ʨʘʚʥʘʷ ʨʘʟʤʝʨʫ ʩʪʦʡʢʠ ʤʝʭʘʥʠʟʤʘ ʛʠʙʢʦʛʦ 

ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ,  ̍ . 

1.3.2. ɼʝʬʦʨʤʘʮʠʠ Ўὰ  ̉   Ўὰ ʚ ʣʶʙʦʤ ʧʦʣʦʞʝʥʠʠ ʤʝʭʘʥʠʟʤʘ ʛʠʙʢʦʛʦ 

ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ  ʤʦʛʫʪ ʙʳʪʴ  ʦʧʨʝʜʝʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʚʠʜʘ:  

Ўὰ =  ὰ ὰ                                                      τ 

Ўὰ ὰ ὰ 

ʅʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʥʘʡʪʠ, ʯʪʦ (ʩʤ. ʨʠʩ. 1): 

ὰ Ὠ ὙίὭὲ• ὙίὭὲ• Ὑὧέί• Ὑὧέί•                   (5) 

ὰ Ὠ ὙίὭὲ• ὙίὭὲ• Ὑὧέί• Ὑὧέί•  



ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  35 ð 

 

1.3.3.  ʅʘʯʘʣʴʥʘʷ  ʜʣʠʥʘ ʛʠʙʢʠʭ  ʩʚʷʟʝʡ  ʨʘʚʥʘ:    

ὰ ὰ ὰ Ὠ,    ʧʨʠ     • • π.                           φ 

ʉ ʫʯʝʪʦʤ τȟυȟφ ʜʝʬʦʨʤʘʮʠʠ Ўὰ  ̉  Ўὰ ʛʠʙʢʠʭ ʩʚʷʟʝʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʦʣʦʞʝʥʠʷʭ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʮʝʧʠ ʜʚʠʞʫʱʝʛʦʩʷ ʤʝʭʘʥʠʟʤʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ: 

                  Ўὰ
ὨὙίὭὲ• ὨὙίὭὲ• Ὑ ὧέί• • Ὑ 

Ὠ
             χ 

Ўὰ
ὨὙίὭὲ• ὨὙίὭὲ• Ὑ ὧέί• • Ὑ 

Ὠ
 

1.3.4. ʅʘʯʘʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʛʠʙʢʠʭ ʩʚʷʟʝʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

Ўὰ ‐Ὠ ,    ὰ Ὠ                                                    ψ 

ʛʜʝ ‐
Ў

 
 ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʛʠʙʢʠʭ ʩʚʷʟʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ Ўὰ ȟ    Ўὰ ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʝʬʦʨʤʘʮʠʠ ʛʠʙʢʠʭ ʩʚʷʟʝʡ, 

ʚʳʟʳʚʘʝʤʳʝ ʢʦʣʝʙʘʥʠʷʤʠ ʚʝʜʫʱʝʛʦ ʠ ʚʝʜʦʤʦʛʦ ʢʨʠʚʦʰʠʧʦʚ ʤʝʭʘʥʠʟʤʘ 

ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ (ʨʠʩ.1). 

2.  ʀʩʧʦʣʴʟʫʝʤ ʢʣʘʩʩʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʃʘʛʨʘʥʞʘ ʚʪʦʨʦʛʦ ʨʦʜʘ: 

Ὠ

Ὠὸ

Ὕ

ή

“

ή
πȟ

Ὕ

ή
πȟ ί ρȟςȟȣ                       ω 

ʆʧʨʝʜʝʣʠʤ: 

Ὠ

Ὠὸ

Ὕ

ή
ὐ•                                            ρπ 

ʅʘʡʜʝʤ:  

̃

•
ςʟὙ ÓÉÎ• • ςʟ‐Ὑ2ÓÉÎ• • Ὠὧέί• ȟ ρρ 

̃

•
ςʟὙ ÓÉÎ• • ςʟ‐Ὑ2ÓÉÎ• • Ὠὧέί• ȟ   

2.1. ʉʠʩʪʝʤʘ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ 

ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʛʠʙʢʦʛʦ ʰʘʨʥʠʨʥʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʜʚʦʡʥʦʛʦ 

ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ  III -ʛʦ ʢʣʘʩʩʘ,  1-ʛʦ ʩʝʤʝʡʩʪʚʘ:  

 ὐ• ςʟὙ ÓÉÎ• • ςʟ‐Ὑ2ÓÉÎ• • Ὠὧέί• π

ὐ• ςʟὙ ÓÉÎ• • ςʟ‐Ὑ2ÓÉÎ• • Ὠὧέί• π 
      (12) 

ɺʳʚʦʜʳ: 

1. ʀʩʩʣʝʜʫʝʤʳʡ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʝʨʝʜʘʪʦʯʥʳʡ ʤʝʭʘʥʠʟʤ ʵʪʦ ʪʨʸʭʟʚʝʥʥʳʡ 

ʤʝʭʘʥʠʟʤ ʥʝʘʩʩʫʨʦʚʦʡ ʛʠʙʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʥʩʪʨʫʢʮʠʠ III -ʛʦ ʢʣʘʩʩʘ, 1-ʛʦ ʩʝʤʝʡʩʪʚʘ.  ɺ 

ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ, ʩʪʨʫʢʪʫʨʥʘʷ, ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ, 

ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʦʙʱʘʷ ʤʦʜʝʣʴ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʛʠʙʢʦʛʦ 

ʰʘʨʥʠʨʥʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʜʚʘʡʥʦʛʦ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ III -ʛʦ ʢʣʘʩʩʘ, 1-ʛʦ 

ʩʝʤʝʡʩʪʚʘ, ʤʝʭʘʥʠʟʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ   (ʨʠʩ.1). 

2. ʆʧʨʝʜʝʣʝʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ï ʩʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ 

ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʛʠʙʢʦʛʦ  ʰʘʨʥʠʨʥʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʜʚʘʡʥʦʛʦ 

ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ III -ʛʦ ʢʣʘʩʩʘ, 1-ʛʦ ʩʝʤʝʡʩʪʚʘ ʚ ʚʠʜʝ ʟʘʧʠʩʠ: 

I (1,3) O III (2) 



ð 36 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

3. ɺ ʩʪʘʪʴʝ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, 

ʩʪʨʫʢʪʫʨʥʳʝ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ, ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʦʙʱʝʡ ʤʦʜʝʣʠ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʛʠʙʢʦʛʦ ʰʘʨʥʠʨʥʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʜʚʦʡʥʦʛʦ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ III -ʛʦ ʢʣʘʩʩʘ, 1-ʛʦ ʩʝʤʝʡʩʪʚʘ. 

4. ʉʠʩʪʝʤʘ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ 

ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʛʠʙʢʦʛʦ ʰʘʨʥʠʨʥʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʜʚʦʡʥʦʛʦ 

ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ III -ʛʦ ʢʣʘʩʩʘ, 1-ʛʦ ʩʝʤʝʡʩʪʚʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ ʟʘʧʠʩʠ: 

 ὐ• ςʟὙ ÓÉÎ• • ςʟ‐Ὑ2ÓÉÎ• • Ὠὧέί• π

ὐ• ςʟὙ ÓÉÎ• • ςʟ‐Ὑ2ÓÉÎ• • Ὠὧέί• π 
      (12) 

5. ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʪʨyʭʟʚʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʥʝʘʩʩʫʨʦʚʦʡ ʛʠʙʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʢʦʥʩʪʨʫʢʮʠʠ.  ʉ ʪʦʯʢʦʡ ʟʨʝʥʠʷ çʉʦʚʨʝʤʝʥʥʳʡ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠè [1 ï 

21.]   ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʤ.   ʀʤʝʝʪ ʚʝʩʴʤʘ ʧʨʦʩʪʫʶ ʠ ʚ ʪʦʞʝ ʚʨʝʤʷ 

ʛʠʙʢʫʶ ʢʦʥʩʪʨʫʢʮʠʶ.   ʆʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʝʞʜʫ 

ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʚʷʣʘʤʠ, ʙʝʩʰʫʤʝʥ ʚ ʨʘʙʦʪʝ, ʢʦʥʩʪʨʫʢʮʠʷ ʤʝʭʘʥʠʟʤ ʙʝʟʟʘʟʦʨʥʘʷ ʠ 

ʥʝʤʝʪʘʣʣʦʤyʥʘʷ [1 ï 21.].   ʄʝʭʘʥʠʟʤ ʦʙʱʝʛʦ ʬʫʥʢʮʠʷʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

6. ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʩʪʨʫʢʪʫʨʥʳʭ, 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ, ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢ ʞʝ ʠʩʪʠʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʛʠʙʢʦʛʦ  ʰʘʨʥʠʨʥʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʜʚʦʡʥʦʛʦ 

ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ III -ʛʦ ʢʣʘʩʩʘ, 1-ʛʦ ʩʝʤʝʡʩʪʚʘ ʧʦʪʨʝʙʦʚʘʣʦ ʨʘʟʨʘʙʦʪʢʠ ʝʸ ʦʙʱʝʡ 

ʤʦʜʝʣʠ  (ʨʠʩ.1)  ʠ  ʝ yʥʝʣʠʥʝʡʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (12). 

***  

1. ʅʘʫʨʳʟʙʘʝʚ ʈ.ʂ. ʠ ʜʨ.  çʉʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝʩʷ ʤʝʭʘʥʠʟʤʳ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʦʚ ʩ ʛʠʙʢʦʡ 
ʩʪʨʫʢʪʫʨʦʡè:  ʄʦʥʦʛʨʘʬʠʷ,  ɸʣʤʘʪʳ:  ʅʀʎ çנʳʣʳʤè,  ï 2002. ï 244ʩ. 

2. ʅʘʫʨʳʟʙʘʝʚ ʈ.ʂ. ʠ ʜʨ. çʂ ʦʙʦʩʥʦʚʘʥʠʶ ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʭʩʷ  
ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʥʳʭ  ʛʠʙʢʠʭ  ʤʝʭʘʥʠʟʤʦʚè: ɸʣʤʘʪʳ.: ʀʟʜʘʪʝʣʴʩʪʚʦ: çʊʘʫʘʨè  ï 2001. ï 135ʩ. 
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ʆʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʜʥʘʢʦ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ ʵʪʠʭ 

ʩʪʘʣʝʡ ʩ ʧʦʚʳʰʝʥʠʝʤ ʣʝʛʠʨʦʚʘʥʥʦʩʪʠ ʨʝʟʢʦ ʫʭʫʜʰʘʝʪʩʷ. ʇʨʠʤʝʥʝʥʠʝ ʞʝ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʤʘʨʦʢ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʧʣʦʩʪʦʡʢʦʩʪʠ, 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʚʘʥʘʜʠʝʤ, ʢʦʙʘʣʴʪʦʤ, ʤʦʣʠʙʜʝʥʦʤ ʠ ʜʨʫʛʠʤʠ  ʤʝʪʘʣʣʘʤʠ ʤʦʞʝʪ ʙʳʪʴ 

ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʵʣʴʙʦʨʦʚʳʤʠ ʢʨʫʛʘʤʠ. ʆʜʥʘʢʦ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 

ʦʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʪʦʯʥʳʭ ʩʪʘʥʢʦʚ ʥʝ ʦʩʥʘʱʝʥʦ ʫʩʪʨʦʡʩʪʚʘʤʠ ʜʣʷ ʧʦʜʘʯʠ 

ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ (ʉʆɾ), ʦʙʨʘʙʦʪʢʘ ʵʪʠʭ ʩʪʘʣʝʡ ʧʨʠʚʦʜʠʪ ʢ 

ʯʨʝʟʤʝʨʥʦʤʫ ʥʘʛʨʝʚʫ ʠ ʧʦʷʚʣʝʥʠʶ ʧʨʠʞʦʛʦʚ ʥʘ ʟʘʪʘʯʠʚʘʝʤʦʤ ʠʥʩʪʨʫʤʝʥʪʝ, ʘ ʪʘʢʞʝ ʢ 

ʙʦʣʴʰʦʤʫ ʨʘʩʭʦʜʫ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʵʣʴʙʦʨʘ.  ɺ ʨʘʙʦʪʝ ʠʟʫʯʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʵʣʴʙʦʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʫʩʣʦʚʠʷʭ ʟʘʤʝʥʳ ʉʆɾ 

ʪʚʝʨʜʳʤʠ ʩʤʘʟʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ (ʊʉʄ) ʜʣʷ  ʠʟʫʯʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʦʙʣʘʩʪʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʟʘʪʦʯʢʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ ʚʳʙʦʨʘ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʤ ʟʘʪʦʯʥʦʤ 

ʩʪʘʥʢʝ ʤʦʜʝʣʠ 3ɸ64ɼ, ʦʩʥʘʱʝʥʥʦʤ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʤ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʪʚʝʨʜʦʛʦ 

ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʟʘʜʘʥʥʳʤ ʨʘʩʭʦʜʦʤ ʩʤʘʟʢʠ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʣʴʙʦʨʦʚʳʝ ʰʣʠʬʦʚʘʣʴʥʳʝ ʢʨʫʛʠ ʃʏʂ 

125ʭ45ʭ32ʭ10ʭ5 ʠʟ ʵʣʴʙʦʨʘ ʤʘʨʢʠ ʃʆ, ʟʝʨʥʠʩʪʦʩʪʴʶ 8, ʪʚʝʨʜʦʩʪʴʶ ʉ1, 100% 

ʩʪʨʫʢʪʫʨʳ ʥʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʚʷʟʢʝ ʉ10. 

ʐʣʠʬʦʚʘʣʠ ʦʙʨʘʟʮʳ ʠʟ ʟʘʢʘʣʝʥʥʦʡ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ ʨʘʟʣʠʯʥʳʭ 

ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʠ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʤʘʨʦʢ ʚʳʩʦʪʦʡ 7 ʤʤ ( ʩʤ. ʪʘʙʣʠʮʫ 1). ɺ 

ʢʘʯʝʩʪʚʝ ʪʚʝʨʜʦʡ ʩʤʘʟʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʨʫʩʢʠ ʩʝʯʝʥʠʝʤ 10ʭ10 ʤʤ ʠʟ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʥʠʪʨʠʜʘ ʙʦʨʘ. ʇʨʝʜʣʦʞʝʥʥʫʶ ʢʦʤʧʦʟʠʮʠʶ 



ð 38 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʊʉʄ ʩʦʩʪʘʚʣʷʣʠ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʣʘʚʣʝʥʠʷ. ʉʤʘʟʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘʥʦʩʠʣʠ ʪʦʥʢʠʤ ʩʣʦʝʤ ʥʘ ʨʘʙʦʯʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʘʙʨʘʟʠʚʥʦʛʦ ʢʨʫʛʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʰʣʠʬʦʚʘʥʠʷ. ɼʣʷ ʵʪʦʛʦ 

ʙʨʫʩʦʢ ʊʉʄ ʟʘʢʨʝʧʣʷʣʠ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʧʨʠʩʧʦʩʦʙʣʝʥʠʠ ʠ ʧʨʠʞʠʤʘʣʠ ʝʛʦ ʢ ʨʝʞʫʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʫʛʘ. ʂʦʥʩʪʨʫʢʮʠʷ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʯʘʩʪʦʪʫ 

ʥʘʥʝʩʝʥʠʷ ʩʤʘʟʦʯʥʦʡ ʩʤʝʩʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʫʛʘ, ʘ ʪʘʢʞʝ ʝʝ ʨʘʩʭʦʜ [ 1]. 

ʄʠʢʨʦʨʝʣʴʝʬ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʠ ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʙʳʩʪʨʦʨʝʞʫʱʠʭ ʩʪʘʣʝʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʪ ʥʘ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʣʝʟʚʠʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ɺ ʨʘʙʦʪʝ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: ʰʝʨʦʭʦʚʘʪʦʩʪʴ  ʧʦʚʝʨʭʥʦʩʪʠ, 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ( ʚʝʣʠʯʠʥʫ ʥʘʢʣʝʧʘ) ʢʘʢ ʥʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ,  ʪʘʢ ʠ ʝʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʛʣʫʙʠʥʝ  ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʘ ʪʘʢʞʝ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʪʘʣʠ 

ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʥʷʪʦ ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʨʦʬʠʣʷ Rʘ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʬʠʣʦʛʨʘʬʘ-ʧʨʦʬʠʣʦʤʝʪʨʘ ʤʦʜʝʣʠ 201 ʟʘʚʦʜʘ "ʂʘʣʠʙʨ"[2]. ʀʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ ʤʦʜʝʣʠ ʇʄɻ-3 ʩ ʥʘʛʨʫʟʢʦʡ 2 ʅ. ʇʦʚʝʨʭʥʦʩʪʥʦʝ 

ʫʧʨʦʯʥʝʥʠʝ ʰʣʠʬʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ʛʣʫʙʠʥʝ 

ʰʣʠʬʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʩʪʨʦʨʝʞʫʱʠʭ ʩʪʘʣʝʡ ʠʟʫʯʘʣʠ ʤʠʢʨʦʜʶʨʦʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ, ʜʣʷ ʯʝʛʦ ʧʨʠʛʦʪʦʚʣʷʣʠ ʢʦʩʳʝ ʰʣʠʬʳ . ʇʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʠʩʩʣʝʜʦʚʘʣʠ  

ʧʫʪʝʤ ʚʜʘʚʣʠʚʘʥʠʷ ʘʣʤʘʟʥʦʡ ʧʠʨʘʤʠʜʳ ʥʘ ʧʨʠʙʦʨʝ ʇʄʊ-3[3]. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʙʳʩʪʨʦʨʝʞʫʱʠʭ ʩʪʘʣʝʡ ʧʦʩʣʝ ʰʣʠʬʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʉʲʝʤʢʫ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʨʝ ʤʦʜʝʣʠ ɼʈʆʅ-I ʚ ʞʝʣʝʟʥʦʤ ʠʟʣʫʯʝʥʠʠ ʩ ʟʘʧʠʩʴʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʠʥʠʡ. ʆʧʨʝʜʝʣʷʣʠ ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʦʯʥʦʛʦ ʘʫʩʪʝʥʠʪʘ [4,5]. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʇʦʢʘʟʘʪʝʣʠ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʙʳʩʪʨʦʨʝʞʫʱʝʡ  ʩʪʘʣʠ ʧʦʩʣʝ 

ʰʣʠʬʦʚʘʥʠʷ ʵʣʴʙʦʨʦʚʳʤ ʢʨʫʛʦʤ  ʃʆ8 ʉ1 100% ʉ10. ʈʝʞʠʤ ʨʝʟʘʥʠʷ: V = 19 ʤ/ʩ;  S = 1 

ʤ/ʤʠʥ.;  t = 0,02 ʤʤ/ ʜʚ. ʭʦʜ. 

ʄʘʨʢʘ 

ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ Rʘ, ʤʢʤ 

ʉʪʝʧʝʥʴ 

ʥʘʢʣʝʧʘ,  

ʢʛʩ/ʤʤ2 

ɻʣʫʙʠʥʘ 

ʥʘʢʣʝʧʘ, ʤʢʤ 

ʉʦʜʝʨʞʘʥʠʝ 

ʘʫʩʪʝʥʠʪʘ, % 

ʈ18 0,17 / 0,25 140 /190 180 /220 7 / 10 

ʈ6ʄ5 0,17 / 0,24 145 /200 175 /218 - 

ʈ9ʌ5 0,14 / 0,19 200/325 115 /195 8 / 12 

ʈ9ʂ10 0,12 / 0,16 240 /340 75 /125 4 /    6 

ʈ12ʌ3ʂ10ʄ3 0,09 / 0,13 205 /290 45 /  70 3 /  5 

 

ʇʨʠʤʝʯʘʥʠʝ. ɺ ʯʠʩʣʠʪʝʣʝ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʩ 

ʊʉʄ, ʚ ʟʥʘʤʝʥʘʪʝʣʝ ï ʙʝʟ ʊʉʄ. 

ʉʤʘʟʳʚʘʥʠʝ ʨʝʞʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʫʛʘ ʧʨʠʚʦʜʠʪ ʢ ʩʛʣʘʞʠʚʘʥʠʶ 

ʤʠʢʨʦʨʝʣʴʝʬʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢ, ʧʘʨʘʤʝʪʨ Rʘ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʩʪʘʣʠ 

ʈ6ʄ5 ʩ ʊʉʄ ʫʤʝʥʴʰʘʝʪʩʷ  ʚ 1,5 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʰʣʠʬʦʚʘʥʠʝʤ ʙʝʟ ʊʉʄ ( ʩʤ. 

ʪʘʙʣʠʮʫ 1). ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʣʝʛʠʨʦʚʘʥʥʦʩʪʠ ʙʳʩʪʨʦʨʝʞʫʱʝʡ  ʩʪʘʣʠ ʧʘʨʘʤʝʪʨ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʢʘʢ ʚ ʫʩʣʦʚʠʷʭ ʥʘʥʝʩʝʥʠʷ ʩʤʘʟʢʠ, ʪʘʢ ʠ ʙʝʟ ʝʝ 

ʧʨʠʤʝʥʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ Rʘ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ. ʋʣʫʯʰʘʝʪʩʷ ʠ 

ʤʠʢʨʦʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ. [6] ʅʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʊʉʄ ʜʦ 1,3 ʨʘʟʘ, ʦʜʥʘʢʦ ʢʣʘʩʩ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ  ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʣʝʟʚʠʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ [ 

7].  



ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  39 ð 

 

ʉʪʝʧʝʥʴ  ʠ ʛʣʫʙʠʥʘ ʥʘʢʣʝʧʘ ʚʣʠʷʶʪ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ  ʣʝʟʚʠʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʶ ʝʛʦ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ [3]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʚʝʨʜʦʡ ʩʤʘʟʢʠ ʩʥʠʞʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʛʣʫʙʠʥʳ ʠ ʩʪʝʧʝʥʠ ʥʘʢʣʝʧʘ ʠ 

ʜʦʩʪʠʞʝʥʠʶ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʆʜʥʘʢʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ  ʧʨʦʠʩʭʦʜʷʪ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʬʘʟʦʚʳʝ 

ʧʨʝʚʨʘʱʝʥʠʷ ʤʘʨʪʝʥʩʠʪʘ ʚ ʦʩʪʘʪʦʯʥʳʡ ʘʫʩʪʝʥʠʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʝʱʝ ʙʦʣʴʰʝʤʫ  

ʫʚʝʣʠʯʝʥʠʶ ʪʚʝʨʜʦʩʪʠ ʠ ʭʨʫʧʢʦʩʪʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ[4]. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʥʝʩʝʥʠʝ ʩʤʘʟʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʫʛʘ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ 

ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ[8], ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ ʠ 

ʛʣʫʙʠʥʳ ʥʘʢʣʝʧʘ, ʘ ʪʘʢʞʝ ʢ ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʦʩʪʘʪʦʯʥʦʛʦ ʘʫʩʪʝʥʠʪʘ ʚ 1,5 ʨʘʟʘ. 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ʜʘʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ   

ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʊʉʄ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ  ʠ 

ʟʘʪʦʯʢʝ ʣʝʟʚʠʡʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʣʫʯʰʘʶʪʩʷ: ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ ʰʝʨʦʭʦʚʘʪʦʩʪʠ,  ʩʥʠʞʘʶʪʩʷ ʚʝʣʠʯʠʥʳ 

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʘ ʠ ʫʤʝʥʴʰʘʶʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʝ  ʬʘʟʦʚʳʝ 

ʧʨʝʚʨʘʱʝʥʠʷ.  ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ  ʰʣʠʬʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʚʝʨʜʳʭ ʩʤʘʟʦʢ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʊʉʄ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ  ʚʩʝʭ ʤʘʨʦʢ 

ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʚʳʙʦʨʘ  ʝʝ ʤʘʨʢʠ ʜʣʷ 

ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʟʘʪʦʯʢʠ ʠ ʰʣʠʬʦʚʘʥʠʷ ʣʝʟʚʠʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʣʠʷʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʴʙʦʨʦʚʦʛʦ ʢʨʫʛʘ  ʚ ʜʘʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ, ʥʦ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ  ʧʦʟʚʦʣʷʶʪ 

ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʪʴ ʠʭ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʧʨʘʢʪʠʯʝʩʢʠʭ  ʨʝʢʦʤʝʥʜʘʮʠʡ  ʜʣʷ 

ʚʳʙʦʨʘ ʟʝʨʥʠʩʪʦʩʪʠ  ʪʚʝʨʜʦʩʪʠ ʠ ʟʝʨʥʠʩʪʦʩʪʠ ʵʣʴʙʦʨʦʚʳʭ ʢʨʫʛʦʚ [9,10,11]. 

ʊʝʦʨʝʪʠʯʝʩʢʠʤ ʦʙʦʩʥʦʚʘʥʠʝʤ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʫʣʫʯʰʝʥʠʝ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʊʉʄ ʷʚʣʷʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʶ ʩʠʣ ʪʨʝʥʠʷ ʧʨʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʳʤ 

ʤʘʪʝʨʠʘʣʦʤ [12]. 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʚʳʙʦʨʝ 

ʤʘʪʝʨʠʘʣʘ ʣʝʟʚʠʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʠ, ʫʯʠʪʳʚʘʷ ʢʣʘʩʩʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ 

ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʴʙʦʨʦʚʳʭ ʢʨʫʛʦʚ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʭ ʥʘʟʥʘʯʝʥʠʝ  ʢʘʢ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ ʪʚʝʨʜʦʡ 

ʩʤʘʟʢʠ, ʪʘʢ ʠ ʙʝʟ ʝʝ ʥʘʥʝʩʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ 

ʆʧʠʩʳʚʘʶʪʩʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʷʚʣʝʥʠʷ 

ʥʘʙʣʶʜʘʝʤʦʩʪʠ ʦʙʣʘʩʪʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʧʦʜʚʦʜʥʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ 

ʦʙʲʝʢʪʘ, ʚʢʣʶʯʘʷ ʝʝ ʚʳʭʦʜ ʥʘ ʤʦʨʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʦʙʣʘʩʪʠ ʚ ʪʦʣʱʝ 

ʚʦʜʳ ʣʫʯʦʤ ʣʘʟʝʨʘ ʠ ʦʙʣʫʯʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʥʘʜ ʦʙʲʝʢʪʦʤ ʩʠʛʥʘʣʦʤ ʈʃʉ.  ʃʫʯ 

ʣʘʟʝʨʘ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʤʦʨʩʢʦʡ ʩʨʝʜʝ ʩʦʟʜʘʝʪ ʩʠʛʥʘʣ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ 

ʫʨʦʚʥʷ. ɺ ʦʙʣʘʩʪʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʧʦʜʚʦʜʥʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ 

ʦʙʲʝʢʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʛʥʘʣ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ʷʨʢʦʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʨʫʢʪʫʨʝ ʠ ʫʨʦʚʥʶ ʚʦʟʤʫʱʝʥʠʡ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ 

ʘʥʘʣʦʛʠʯʥʦʝ ʷʚʣʝʥʠʝ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʈʃʉ, 

ʬʦʨʤʠʨʫʶʱʝʛʦ ʚ ʟʦʥʝ ʚʳʭʦʜʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʙʣʠʢʦʚʳʝ ʵʬʬʝʢʪʳ ʥʘ ʵʢʨʘʥʝ ʈʃʉ. ʇʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʵʪʠ ʷʚʣʝʥʠʷ ʠʤʝʶʪ ʝʜʠʥʫʶ 

ʧʨʠʨʦʜʫ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʠʟʤʝʥʝʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʜʠʧʦʣʝʡ ʤʦʣʝʢʫʣ 

ʠ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ-ʢʣʘʩʪʝʨʦʚ ʚʦʜʳ ʚ ʦʙʣʘʩʪʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʜʚʠʞʝʥʠʝ ʧʦʜʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʵʪʦʛʦ ʩʚʦʡʩʪʚʘ, ʚ 

ʩʣʫʯʘʝ ʝʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦʧʳʪʥʳʤʠ ʜʘʥʥʳʤʠ, ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʦʪʢʨʳʪʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʧʦʣʠ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ɿʝʤʣʠ, ʧʦʜʚʦʜʥʳʡ 

ʜʚʠʞʫʱʠʡʩʷ ʦʙʲʝʢʪ, ʞʠʜʢʠʝ ʢʨʠʩʪʘʣʣʳ-ʢʣʘʩʪʝʨʳ, ʣʫʯ ʣʘʟʝʨʘ, ʣʶʤʠʥʝʩʮʝʥʮʠʷ, 

ʠʟʣʫʯʝʥʠʝ ʈʃʉ.   

 

Abstract 

The relationships of cause and effect which are the cornerstone of the phenomenon of 

observability of area of hydrophysical indignations from an underwater moving object, 

including its exit to a sea surface when lighting the area in the thickness of water are 

described by a laser beam and radiation of a surface of the sea over an object a signal of radar 

station. The laser beam in the stationary marine environment creates a signal of a 

backscattering of a fixed level. In the field of hydrodynamic indignations from an underwater 

moving object the signal of a backscattering of variable brightness, to the relevant structure 

and level of indignations is observed. On a water surface the similar phenomenon of a 

backscattering of the electromagnetic radiation of radar station forming in a zone of an exit of 

hydrodynamic indignations to a surface glare effects on the screen of radar station is 



ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  41 ð 

 

observed. Is shown that these phenomena have the uniform nature caused by change of 

dimensional orientation of dipoles of molecules and liquid crystals clusters of water in the 

field of the hydrodynamic indignations accompanying driving of an underwater object. 

Establishment of this property, in case of its confirmation by test data, meets the requirements 

of qualification of opening. 

Keywords: dipoles of molecules of water, magnetic field of Earth, underwater moving 

object, liquid crystals clusters, laser beam, luminescence, radiation of radar station. 

 

çʏʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥʦ ʥʘ ʦʩʥʦʚʝ ʤʝʥʴʰʝʛʦ ʯʠʩʣʘ ʧʨʝʜʧʦʣʦʞʝʥʠʡ, ʥʝ 

ʩʣʝʜʫʝʪ ʜʝʣʘʪʴ, ʠʩʭʦʜʷ ʠʟ ʙʦʣʴʰʝʛʦè ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ çɹʨʠʪʚʘ ʆʢʢʘʤʘè 

 

1. ʉʦʚʨʝʤʝʥʥʦʝ ʧʦʥʠʤʘʥʠʝ ʧʨʠʯʠʥʥʦʩʪʠ ʥʘʙʣʶʜʘʝʤʦʩʪʠ ʦʙʣʘʩʪʠ 

ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʧʦʜʚʦʜʥʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʣʫʯʦʤ ʣʘʟʝʨʘ ʠ 

ʩʠʛʥʘʣʦʤ ʈʃʉ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʟʚʝʩʪʥʦʝ ʷʚʣʝʥʠʝ ʥʘʙʣʶʜʘʝʤʦʩʪʠ ʦʙʣʘʩʪʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ 

ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʧʦʜʚʦʜʥʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ: 

½ ʚ ʧʦʜʚʦʜʥʦʡ ʩʨʝʜʝ  ʣʠʜʘʨʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʫʪʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʚ ʩʠʥʝ-ʟʝʣʝʥʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʠ ʧʦʣʫʯʝʥʠʷ ʩʠʛʥʘʣʘ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʧʨʠʝʤʥʠʢʦʤ, ʚʢʣʶʯʘʶʱʠʤ ʦʙʲʝʢʪʠʚ ʠ ʬʦʪʦʜʝʪʝʢʪʦʨ; 

½ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ  ʣʠʜʘʨʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʦʜʚʦʜʥʦʡ ʩʨʝʜʳ ʠ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʫʯʦʤ ʈʃʉ.  

ʅʘʙʣʶʜʘʝʤʦʩʪʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʚʦʜʥʦʡ ʩʨʝʜʳ, ʚʳʟʚʘʥʥʳʭ 

ʜʚʠʞʝʥʠʝʤ ʦʙʲʝʢʪʘ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʣʠʜʘʨʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʷʜʦʤ ʧʫʙʣʠʢʘʮʠʡ: 

1. çé ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʝ ʚʦʟʤʫʱʝʥʠʷ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʣʠʜʘʨʦʚ 

ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʧʦʜ ʠʭ ʚʣʠʷʥʠʝʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʦʧʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠé ʇʨʦʚʝʜʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʜʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚè [19, ʩ. 4.].  

2. çʉʦʚʨʝʤʝʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʣʘʟʝʨʥʳʝ ʤʝʪʦʜʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʚʳʯʠʩʣʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚ ʞʠʜʢʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷé 

ʚʦʟʤʫʱʝʥʠʡ ʧʦʣʷ ʩʢʦʨʦʩʪʠ, ʚʳʟʚʘʥʥʳʝ ʜʚʠʞʝʥʠʝʤ ʩʬʝʨʳ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝè [17].  

3. çʇʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ɻʆʀ ʤʦʱʥʦʛʦ ʣʘʟʝʨʘ ʥʘ ʧʝʨʝʭʦʜʘʭ ʘʪʦʤʦʚ 

ʤʝʜʠ (530 ʥʤ) ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʩʠʩʪʝʤʫ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

(ʃɿ), ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʠʜʨʦʦʧʪʠʯʝʩʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ ʩ ʛʣʫʙʠʥ ʜʦ 100 

ʤé ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʃɿ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʦʧʝʨʘʪʠʚʥʳʡ ʧʦʠʩʢ ʤʝʩʪ ʟʘʣʝʛʘʥʠʷ 

ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʦʣʝʡè [3]. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʥʝʰʥʝʛʦ ʣʠʜʘʨʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʠ ʧʦʜʚʦʜʥʦʡ ʩʨʝʜʳ, ʪʦ ʦʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʧʫʙʣʠʢʘʮʠʷʤʠ: 

1. ɺ ʨʘʙʦʪʝ [19, ʩ. 4]: çéʧʨʠʤʝʥʝʥʠʝ ʣʠʜʘʨʥʳʭ ʩʠʩʪʝʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʘʚʠʘ- 

ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʥʦʩʠʪʝʣʷʭ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʘʢʚʘʪʦʨʠʡè.  

2. ɸʚʠʘʮʠʦʥʥʳʝ çʣʠʜʘʨʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷé ʜʣʷ ʠʟʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʨʩʢʦʛʦ 

ʚʦʣʥʝʥʠʷ, ʧʨʦʷʚʣʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʛʣʫʙʠʥʝ ʦʢʝʘʥʘè 

[22].  

ɼʘʣʝʝ, ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʥʘʙʣʶʜʘʝʤʦʩʪʠ ʦʙʣʘʩʪʠ 

ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʧʦʜʚʦʜʥʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʦʨʷ:  

1. çʋ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʚʦʜʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʜʘʨʘ ʜʦʣʛʘʷ 

ʠʩʪʦʨʠʷ. ɹʝʨʥʫʣʣʠʝʚʳʡ çʤʘʢʩʠʤʫʤè  ʧʨʠʤʝʨ ʚʦʟʤʫʱʝʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʩʫʙʤʘʨʠʥʦʡ, 



ð 42 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʧʦ ʚʝʨʪʠʢʘʣʠ. ʇʦʪʦʢ ʚʦʢʨʫʛ ʢʦʨʧʫʩʘ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʢ ʩʣʝʜ ʂʝʣʚʠʥʘè [30]. 

2. çʂʣʘʩʪʝʨʳ ʚʦʜʳ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʬʘʟ (ʞʠʜʢʦʩʪʴ-ʚʦʟʜʫʭ) ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʨʷʜʢʝ, ʧʨʠ ʵʪʦʤ ʚʩʝ ʢʣʘʩʪʝʨʳ ʢʦʣʝʙʣʶʪʩʷ ʩ ʦʜʠʥʘʢʦʚʦʡ ʯʘʩʪʦʪʦʡ, 

ʧʨʠʦʙʨʝʪʘʷ ʦʜʥʫ ʦʙʱʫʶ ʯʘʩʪʦʪʫ. ʇʨʠ ʪʘʢʦʤ ʜʚʠʞʝʥʠʠ ʢʣʘʩʪʝʨʦʚ, ʫʯʠʪʳʚʘʷ, ʯʪʦ 

ʚʭʦʜʷʱʠʝ ʚ ʢʣʘʩʪʝʨ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʷʚʣʷʶʪʩʷ ʧʦʣʷʨʥʳʤʠ, ʪʦ ʝʩʪʴ, ʠʤʝʶʪ ʙʦʣʴʰʦʡ 

ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ, ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʧʦʷʚʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷè [12]. 

ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʢʣʘʩʪʝʨʦʚ ʚʦʜʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʯʘʩʪʦʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʦʪʘʤ ʠʟʣʫʯʝʥʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ 

ʜʣʷ ʈʃʉ.  

3. ʀʟʚʝʩʪʥʳ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦʙ ʠʤʝʚʰʝʡʩʷ ʧʨʘʢʪʠʢʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ 

ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ ʚ ʧʦʜʚʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʧʦ ʦʙʨʘʟʫʝʤʳʤ ʠʤʠ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʚʦʟʤʫʱʝʥʠʷʤ ʥʘʜʚʦʜʥʦʡ ʩʨʝʜʳ [21, 25]. 

4. ɺ ʧʫʙʣʠʢʘʮʠʠ [29] çʇʨʝʜʩʪʘʚʣʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʣʝʜʦʚ, ʚʦʟʙʫʞʜʘʝʤʳʭ 

ʧʦʛʨʫʞʝʥʥʳʤ ʪʝʣʦʤ, ʚ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ 

ʨʘʜʘʨʘ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ (SAR)è. 

ʀʪʘʢ, ʥʘʙʣʶʜʘʝʤʦʩʪʴ ʦʙʣʘʩʪʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʧʦʜʚʦʜʥʦʛʦ 

ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʣʠʜʘʨʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʫʯʦʤ ʈʃʉ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʷʜʦʤ ʧʫʙʣʠʢʘʮʠʡ.  

ʇʦ ʧʦʚʦʜʫ ʬʠʟʠʢʠ ʷʚʣʝʥʠʷ ʥʘʙʣʶʜʘʝʤʦʩʪʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʚ 

ʧʫʙʣʠʢʘʮʠʷʭ ʧʨʠʚʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʪʚʝʨʞʜʝʥʠʷ:  

½ çʭʘʨʘʢʪʝʨ ʚʦʟʤʫʱʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ (ʧʣʦʪʥʦʩʪʴ, 
ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ)è [17]; 

½ çʟʘʜʘʯʘ ʦ ʚʦʟʤʦʞʥʦʡ ʩʚʷʟʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʬʠʣʝʡ ʧʦʢʘʟʘʪʝʣʷ ʦʩʣʘʙʣʝʥʠʷ 
ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʨʩʢʦʡ ʚʦʜʳ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚʦ 

ʤʥʦʛʠʭ ʨʘʙʦʪʘʭé ʠ ʚʩʝ ʞʝ ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʪʘʢʦʡ 

ʩʚʷʟʠ ʜʦ ʩʠʭ ʧʦʨ ʥʝʪè [19, ʩ. 7]; 

½ çéʆʙʨʘʟʫʶʪʩʷ ʪʫʨʙʫʣʝʥʪʥʳʝ ʧʣʘʚʫʯʠʝ ʷʯʝʡʢʠ, ʢʦʪʦʨʳʝ ʧʦʜʥʠʤʘʶʪʩʷ ʠ 
ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʨʘʜʘʨʦʤé ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ ʧʦʜʦʙʥʳ ʥʘʙʣʶʜʝʥʠʷʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʦʪʨʘʞʝʥʠʷʤʠ ʦʪ 

ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʷʯʝʝʢ é ʍʦʪʷ ʩʥʠʤʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʩʦ 

ʩʧʫʪʥʠʢʘ Seasat, ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʜʘʨ ʩ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ ʤʦʞʝʪ ʦʙʥʘʨʫʞʠʪʴ ʤʦʜʫʣʷʮʠʶ ʨʷʙʠ ʥʘ 

ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʝʭʘʥʠʟʤ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥè 

[26]; 

½ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʩʣʝʜʘ ʧʦʜʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʚʳʟʚʘʥʳ çʦʙʥʘʨʫʞʝʥʠʝʤ ʪʦʨʦʠʜʥʦʡ ʚʦʣʥʦʚʦʡ 

ʩʪʨʫʢʪʫʨʳ,é ʢʦʪʦʨʘʷé ʧʦʨʦʞʜʘʝʪʩʷ çʛʦʨʙʦʤ ɹʝʨʥʫʣʣʠè,  ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʩʣʝʜʘ ʂʝʣʴʚʠʥʘ [21, 30] (ʨʠʩ. 1).   

 
ʈʠʩʫʥʦʢ 1. ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʚʦʟʤʫʱʝʥʠʷ ʧʨʠ ʧʨʦʭʦʜʝ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ [21] 



ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  43 ð 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʚʟʛʣʷʜʳ ʥʘ ʧʨʠʨʦʜʫ ʥʘʙʣʶʜʘʝʤʦʩʪʠ ʦʙʣʘʩʪʠ 

ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʧʦʜʚʦʜʥʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʩʚʦʜʷʪʩʷ: 

 ʘ) ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ  ʢ ʚʣʠʷʥʠʶ ʛʠʜʨʦʦʧʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʩʝʷʥʠʷ, ʙʝʟ 

ʫʢʘʟʘʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʯʠʥʳ ʥʘʙʣʶʜʘʝʤʦʩʪʠ ʦʙʣʘʩʪʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʚʦʟʤʫʱʝʥʠʡ, ʥʦ ʩ ʢʦʥʩʪʘʪʘʮʠʝʡ ʪʦʛʦ, ʯʪʦ çʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʪʘʢʦʡ 

ʩʚʷʟʠ ʜʦ ʩʠʭ ʧʦʨ ʥʝʪè; 

ʙ) ʩʠʛʥʘʣʦʤ ʈʃʉ  ʢ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, çʛʦʨʙʫ ɹʝʨʥʫʣʣʠè, ʩʣʝʜʫ ʂʝʣʴʚʠʥʘ ʠ 

ʤʦʜʫʣʷʮʠʠ ʨʷʙʠ ʥʘ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʩ ʘʢʮʝʥʪʦʤ ʥʘ  ʧʨʦʬʠʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠʭ 

ʧʨʦʷʚʣʝʥʠʷ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʢʘʢ ʥʝʨʦʚʥʦʩʪʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. 

ʅʘʠʙʦʣʝʝ ʦʙʱʠʡ ʚʳʚʦʜ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ: çɺ ʠʥʩʪʠʪʫʪʘʭ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʠ 

ʦʨʛʘʥʠʟʘʮʠʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʳʣ ʨʘʟʚʝʨʥʫʪ ʢʦʤʧʣʝʢʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ, 

ʧʨʠʢʣʘʜʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʢ ʧʦ ʬʠʟʠʯʝʩʢʦʤʫ ʦʙʦʩʥʦʚʘʥʠʶ 

ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʘʧʧʘʨʘʪʫʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ 

ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʜʚʠʞʫʱʝʛʦʩʷ ʧʦʜʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘé ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʦʡ ʦʢʘʟʘʣʘʩʴ 

ʧʨʦʙʣʝʤʘ ʨʘʩʢʨʳʪʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ 

ʧʦʣʝʡ ʦʪ ʧʦʜʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʢʘʢ ʚ ʪʦʣʱʝ ʚʦʜ, ʪʘʢ ʠ ʥʘ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠè [7]. 

ʅʝ ʦʪʨʠʮʘʷ ʧʨʘʚʦʤʝʨʥʦʩʪʴ ʵʪʠʭ ʚʳʚʦʜʦʚ ʠ ʟʘʢʣʶʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ 

ʟʘʢʣʶʯʝʥʠʡ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʯʠʥʳ ʥʘʙʣʶʜʘʝʤʦʩʪʠ ʦʙʣʘʩʪʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʚʦʟʤʫʱʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʣʠʜʘʨʦʚ ʠ ʈʃʉ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ, ʚ ʩʪʘʪʴʝ 

ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʦʙʦʩʥʦʚʘʪʴ ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ 

ʥʘʙʣʶʜʘʝʤʦʩʪʠ ʦʙʣʘʩʪʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʧʦʜʚʦʜʥʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ 

ʦʙʲʝʢʪʘ ʣʫʯʦʤ ʣʘʟʝʨʘ ʠ ʩʠʛʥʘʣʦʤ ʈʃʉ ʷʚʣʷʝʪʩʷ ʜʠʧʦʣʴʥʘʷ ʧʨʠʨʦʜʘ  ʷʚʣʝʥʠʷ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ, ʝʜʠʥʘʷ ʜʣʷ ʦʙʦʠʭ ʩʨʝʜʩʪʚ ʠ ʩʧʦʩʦʙʦʚ ʥʘʙʣʶʜʝʥʠʷ.  ʕʪʦ ʟʥʘʥʠʝ ʷʚʣʷʝʪʩʷ 

ʥʦʚʳʤ ʠ ʚ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ. 

2. ʗʚʣʝʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʤʦʨʩʢʦʡ ʩʨʝʜʳ 

ʌʘʢʪ 1. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʣʘʟʝʨʥʳʡ ʣʫʯ ʩʚʝʪʦʚʳʭ ʚʦʣʥ ʥʝʙʦʣʴʰʦʛʦ ʯʘʩʪʦʪʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ (ʦʪ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʦ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ) ʩʦʟʜʘʝʪ ʚ ʚʦʜʝ ʷʚʣʝʥʠʝ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ [10, ʩ. 14-22], ʚʳʟʚʘʥʥʦʛʦ ʵʬʬʝʢʪʦʤ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ.  

ʉʦʚʨʝʤʝʥʥʳʡ ʚʟʛʣʷʜ, ʩʚʷʟʘʥʥʳʡ ʩ ʜʠʧʦʣʴʥʦʡ ʧʨʠʨʦʜʦʡ ʤʦʣʝʢʫʣ ʚʦʜʳ, 

ʦʙʲʷʩʥʷʝʪ ʵʪʦ ʷʚʣʝʥʠʝ ʪʝʤ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʜʠʧʦʣʷʤʠ, 

ʢʦʪʦʨʳʝ  ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩʚʝʪʘ ʣʘʟʝʨʘ ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʦ 

ʧʦʛʣʦʱʝʥʠʷ-ʠʟʣʫʯʝʥʠʷ [11, 12, 14, 15] (ʨʠʩ. 2).  

         
ʈʠʩʫʥʦʢ 2. ʄʦʣʝʢʫʣʘ ʚʦʜʳ ⱷ ʜʠʧʦʣʴ 

 

ɺʦʜʳ ʦʢʝʘʥʦʚ ʠ ʤʦʨʝʡ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʜʚʠʞʝʥʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʤ 

ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʦʢʝʘʥʠʯʝʩʢʠʤʠ ʠ ʤʦʨʩʢʠʤʠ, ʚʝʪʨʦʚʳʤʠ ʠ ʧʨʠʣʠʚʦ-ʦʪʣʠʚʥʳʤʠ 

ʪʝʯʝʥʠʷʤʠ [4, 6]. 

ʇʦʩʢʦʣʴʢʫ ʜʠʧʦʣʴ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʥʘʭʦʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʤ 

ʤʦʨʩʢʠʤ (ʦʢʝʘʥʩʢʠʤ) ʪʝʯʝʥʠʝʤ, ʪʦ ʧʦʜ ʚʣʠʷʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʥʘ ʦʙʘ ʟʘʨʷʜʘ 

ʜʠʧʦʣʷ (ʅ  ʧʦʣʦʞʠʪʝʣʴʥʳʡ, ʆ  ʦʪʨʠʮʘʪʝʣʴʥʳʡ) ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʃʦʨʝʥʮʘ   ʩʠʣʘ 

ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʜʚʠʞʫʱʫʶʩʷ ʚ ʥʝʤ ʪʦʯʝʯʥʫʶ ʟʘʨʷʞʝʥʥʫʶ ʯʘʩʪʠʮʫ [5, 

8, 14, 20] (ʨʠʩ. 3).  
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ð 44 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 
ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʡʩʪʚʠʷ 

ʩʠʣʳ ʃʦʨʝʥʮʘ ʧʦ ʧʨʘʚʠʣʫ ʣʝʚʦʡ ʨʫʢʠ 

 
ʈʠʩʫʥʦʢ 3. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʜʠʧʦʣʷ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ɿʝʤʣʠ ʚ 

ʫʩʣʦʚʠʷʭ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ, ʧʝʨʝʩʝʢʘʶʱʝʛʦ ʣʠʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

 

ʅʘʧʨʘʚʣʝʥʠʷ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʃʦʨʝʥʮʘ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʟʘʨʷʜʳ ʜʠʧʦʣʷ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ. ʇʦʵʪʦʤʫ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ɿʝʤʣʠ ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʥʦ ʫʩʪʦʡʯʠʚʦʝ ʧʦʣʦʞʝʥʠʝ 

(ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ) ʜʠʧʦʣʷ, ʦʙʲʷʩʥʷʝʤʦʝ ʜʝʡʩʪʚʠʝʤ ʵʪʦʡ ʩʠʣʳ ʚ ʜʘʥʥʦʡ 

ʪʦʯʢʝ.  

ʌʘʢʪ 2. ʉʦʚʨʝʤʝʥʥʘʷ ʤʦʜʝʣʴ ʚʦʜʳ, ʥʘʟʚʘʥʥʘʷ ʢʣʘʩʪʝʨʥʦ-ʬʨʘʢʪʘʣʴʥʦʡ ʤʦʜʝʣʴʶ 

[13], ʚʢʣʶʯʘʝʪ ʩʚʦʙʦʜʥʳʝ ʤʦʣʝʢʫʣʳ-ʜʠʧʦʣʠ ʠ ʠʭ ʘʩʩʦʮʠʘʪʳ (ʦʢʦʣʦ 60% ʦʙʲʝʤʘ ʚʦʜʳ), 

ʘ ʪʘʢʞʝ ʞʠʜʢʠʝ ʢʨʠʩʪʘʣʣʳ-ʢʣʘʩʪʝʨʳ (ʦʢʦʣʦ 40% ʦʙʲʝʤʘ ʚʦʜʳ).  

ʉʚʦʙʦʜʥʳʝ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʚ ʘʩʩʦʮʠʘʪʳ, ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʚʦʜʝ 

ʣʠʰʴ ʚ ʦʯʝʥʴ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ. ɺ ʦʩʥʦʚʥʦʤ ʞʝ ʚʦʜʘ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʙʝʩʧʦʨʷʜʦʯʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʠ çʚʦʜʷʥʳʭ ʢʨʠʩʪʘʣʣʦʚè, ʛʜʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʘʥʥʳʭ ʚ 

ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʤʦʣʝʢʫʣ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʩʦʪʝʥ ʠ ʜʘʞʝ ʪʳʩʷʯ ʝʜʠʥʠʮ (ʨʠʩ. 4). 

 
ʈʠʩʫʥʦʢ 4. ʄʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ ʚʦʜʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʩʤʝʩʴ ʩʚʦʙʦʜʥʳʭ ʤʦʣʝʢʫʣ ʠ ʘʩʩʦʮʠʘʪ 

ʢʣʘʩʪʝʨʦʚ (ʦʙʲʝʜʠʥʝʥʳ ʢʦʥʪʫʨʥʳʤʠ ʣʠʥʠʷʤʠ) [28] 

 

ɺ ʫʩʣʦʚʠʷʭ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʪʝʯʝʥʠʷ ʚʝʢʪʦʨʳ ʩʪʘʪʠʯʝʩʢʠʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚʩʝʭ ʩʚʦʙʦʜʥʳʭ ʤʦʣʝʢʫʣ-ʜʠʧʦʣʝʡ, ʠʭ ʘʩʩʦʮʠʘʪ ʠ ʞʠʜʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ-ʢʣʘʩʪʝʨʦʚ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ [11, 16]. ɽʱʝ 

ʅʘʧʨʘʚʣʝʥʠʝ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ

ʪʝʯʝʥʠ̫
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ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  45 ð 

 

ʌʘʨʘʜʝʡ ʧʨʝʜʩʢʘʟʘʣ ʥʘʣʠʯʠʝ ʚ ʦʢʝʘʥʝ ʪʦʢʦʚ, ʚʳʟʚʘʥʥʳʭ ʧʨʦʩʪʦʡ ʠʥʜʫʢʮʠʝʡ, ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʤʦʨʩʢʦʡ ʚʦʜʳ ʚ ʪʝʯʝʥʠʷʭ ʧʦʧʝʨʝʢ ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʟʝʤʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ (ʚ ʨʘʡʦʥʝ ʵʢʚʘʪʦʨʘ) ʚʝʢʪʦʨʳ ʩʪʘʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ 

ʜʠʧʦʣʝʡ ʤʦʨʩʢʦʡ ʚʦʜʳ ʙʫʜʫʪ ʥʘʧʨʘʚʣʝʥʳ ʚʝʨʪʠʢʘʣʴʥʦ: ʜʣʷ ʚʦʩʪʦʯʥʦʛʦ ʪʝʯʝʥʠʷ  ʚʚʝʨʭ 

(ʨʠʩ. 5), ʜʣʷ ʟʘʧʘʜʥʦʛʦ ʪʝʯʝʥʠʷ  ʚʥʠʟ.  

 
ʈʠʩʫʥʦʢ 5. ʆʜʠʥʘʢʦʚʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʜʠʧʦʣʝʡ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʪʦʣʱʝ ʚʦʜʥʦʡ ʩʨʝʜʳ ʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʪʝʯʝʥʠʷ ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

 

ʌʘʢʪ 3. ʄʦʣʝʢʫʣʳ ʚʦʜʳ ʢʘʢ ʣʶʤʠʥʝʩʮʠʨʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʦʧʪʠʯʝʩʢʠ 

ʘʥʠʟʦʪʨʦʧʥʳ, ʪ. ʝ. ʧʦ ʨʘʟʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʦʥʠ ʦʙʣʘʜʘʶʪ ʨʘʟʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʠ ʥʘ ʥʠʭ ʧʦ-ʨʘʟʥʦʤʫ ʜʝʡʩʪʚʫʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʚʝʢʪʦʨ ʚʦʟʙʫʞʜʘʶʱʝʛʦ 

ʩʚʝʪʘ ʣʘʟʝʨʘ. ʅʘʧʨʘʚʣʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʷʚʣʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ-ʠʟʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣʳ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʥʘʟʳʚʘʶʪ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʛʣʦʱʘʶʱʠʭ ʠ 

ʠʟʣʫʯʘʶʱʠʭ ʦʩʮʠʣʣʷʪʦʨʦʚ [10, ʩ. 332]. 

ʇʦʩʢʦʣʴʢʫ ʧʦʜ ʚʣʠʷʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʚʝʢʪʦʨʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʜʠʧʦʣʷɽ
 ʚʩʝʭ ʩʚʦʙʦʜʥʳʭ ʤʦʣʝʢʫʣ-ʜʠʧʦʣʝʡ, ʠʭ ʘʩʩʦʮʠʘʪ ʠ ʞʠʜʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ-ʢʣʘʩʪʝʨʦʚ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ, ʪʦ ʚʜʦʣʴ 

ʣʫʯʘ ʣʘʟʝʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ-ʠʟʣʫʯʝʥʠʷ, ʪ. ʝ. ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʙʫʜʝʪ 

ʥʝʠʟʤʝʥʥʦʡ [18]. ɺ ʥʝʢʦʪʦʨʦʤ ʧʨʦʠʟʚʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʵʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʠʘʛʨʘʤʤʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʥʠʮʠʠʨʫʝʤʦʛʦ ʧʦʛʣʦʱʝʥʠʷ-ʠʟʣʫʯʝʥʠʷ 

(ʨʠʩ. 6).  

  
ʈʠʩʫʥʦʢ 6. ʀʥʜʠʢʘʪʨʠʩʩʘ ʠʟʣʫʯʝʥʠʷ ʠ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʥʠʮʠʠʨʫʝʤʦʛʦ ʧʦʛʣʦʱʝʥʠʷ-ʠʟʣʫʯʝʥʠʷ 

ʜʠʧʦʣʷ ʤʦʣʝʢʫʣʳ ʚʦʜʳ 
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Vʪʝʯʝʥʠ̫

ɼʠʧʦʣʠ ʤʦʣʝʢʫʣ 
ʚʦʜr

ʅʘʧʨʘʚʣʝʥʠʝ 
ʩʪʘʮʠʦʥʘʨʥʦʛʦ
ʪʝʯʝʥʠ̫

ʃʠʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣ̫ ɿʝʤʣʠ 

S-N ʥʘʧʨʘʚʣʝʥr  ʢ ʥʘʤ

ʀʥʜʠʢʘʪʨʠʩʩʘ ʠʟʣʫʯʝʥʠ̫ 

ʜʠʧʦʣ̫

ƈ ɊɎɕɔɑɥ

ʀʥʪʝʥʩʠʚʥʦʩʪɹ
 

ʧʦʛʣʦɦ
ʝʥʠ̫

-ʠʟʣʫʯʝʥʠ̫
 

ʦʩʮʠʣʣ̫
ʪʦʨʘ

ɼʠʘʛʨʘʤʤʘ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʠʥʠʮʠʠʨʫʝʤʦʛʦ 

ʧʦʛʣʦɦ ʝʥʠ̫-

ʠʟʣʫʯʝʥʠ̫ 

ƈ ɊɎɕɔɑɥ

ʅʘʧʨʘʚʣʝʥʠʝ ʠʥʠʮʠʘʮʠʠ 

ʧʦʛʣʦɦ ʝʥʠ̫ -ʠʟʣʫʯʝʥʠ̫ (ʩʣʝʜ 

ʧʣʦʩʢʦʩʪʠ ʧʦʣ̫ʨʠʟʘʮʠʠ ʣʫʯʘ ʣʘʟʝʨʘ)

Ŭ

ʀʥʪʝʥʩʠʚʥʦʩʪɹ
 

ʧʦʛʣʦɦ
ʝʥʠ̫

-ʠʟʣʫʯʝʥʠ̫
 

ʦʩʮʠʣʣ̫
ʪʦʨʘ

ʃʘʟʝʨʥr ʡ ʣʫʯ ʥʘʧʨʘʚʣʝʥ ʦʪ ʥʘʩ

ƈ ɣɑ. ɕɔɑɥ ɑɆɍɋɖɆ



ð 46 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʅʘʧʨʘʚʣʝʥʠʝ ʠʥʠʮʠʠʨʫʝʤʦʛʦ ʧʦʛʣʦʱʝʥʠʷ-ʠʟʣʫʯʝʥʠʷ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʚʝʢʪʦʨʘ ʣʣʘʟʝʨʘʧʦʣʷʟʣɽ  .  ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʣʫʯʘ ʣʘʟʝʨʘ, ʣʝʞʘʱʝʛʦ ʚ 

ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʨʠʩ. 7). 

 
ʈʠʩʫʥʦʢ 7. ʉʭʝʤʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚʝʢʪʦʨʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʜʠʧʦʣʷ 

ʠ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʣʫʯʘ ʣʘʟʝʨʘ 

 

ʉʣʝʜʩʪʚʠʝ. ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʧʨʠʥʠʤʘʝʤʳʡ ʬʦʪʦʜʘʪʯʠʢʦʤ 

ʣʘʟʝʨʘ, ʙʫʜʝʪ ʠʤʝʪʴ ʧʦ ʪʨʘʩʩʝ ʣʫʯʘ ʭʘʨʘʢʪʝʨ ʤʘʣʳʭ ʩʣʫʯʘʡʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠ 

ʟʘʢʦʥʦʤʝʨʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʘʤʧʣʠʪʫʜʳ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʟʘ ʩʯʝʪ 

ʨʘʩʩʝʷʥʠʷ ʠʟʣʫʯʝʥʠʷ (ʨʠʩ. 8). 

 
ʈʠʩʫʥʦʢ 8. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʦ ʜʘʣʴʥʦʩʪʠ, ʧʨʠʥʠʤʘʝʤʦʛʦ 

ʬʦʪʦʜʘʪʯʠʢʦʤ ʣʘʟʝʨʘ ʚʜʦʣʴ ʪʨʘʩʩʳ ʣʫʯʘ ʧʨʠ ʥʝʠʟʤʝʥʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ 

 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʦʛʣʦʱʝʥʠʷ ʦʢʝʘʥʩʢʦʡ ʚʦʜʳ, ʪʦ ʝʛʦ ʧʨʠʥʷʪʦ 

ʩʯʠʪʘʪʴ ʪʝʤ ʞʝ, ʯʪʦ ʠ ʫ ʯʠʩʪʦʡ ʚʦʜʳ [24]. 

3. ʗʚʣʝʥʠʝ ʜʠʧʦʣʴʥʦʡ ʧʨʠʨʦʜʳ ʥʘʙʣʶʜʘʝʤʦʩʪʠ ʦʙʣʘʩʪʠ 

ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʧʦʜʚʦʜʥʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʠ ʧʦ ʝʛʦ ʩʣʝʜʫ  

ʌʘʢʪ 4. ɺ ʫʩʣʦʚʠʷʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʦʙʣʘʩʪʠ 

ʦʙʪʝʢʘʥʠʷ ʧʦʜʚʦʜʥʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ, ʦʨʠʝʥʪʘʮʠʷ ʩʚʦʙʦʜʥʳʭ ʤʦʣʝʢʫʣ-ʜʠʧʦʣʝʡ, 

ʠʭ ʘʩʩʦʮʠʘʪ ʠ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ-ʢʣʘʩʪʝʨʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʟʤʝʥʷʝʪʩʷ. 

ʇʨʠʨʦʜʘ ʦʙʪʝʢʘʥʠʷ ʧʦʜʚʦʜʥʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʪʘʢʦʚʘ, ʯʪʦ ʚʦʢʨʫʛ ʥʝʛʦ 

ʩʣʦʠ ʚʦʜʳ ʠʟʤʝʥʷʶʪ ʩʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʣʠ ʦʨʠʝʥʪʘʮʠʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʚʩʣʝʜ ʟʘ 

ʦʙʲʝʢʪʦʤ ʦʙʨʘʟʫʶʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʠʭʨʠ [23, 25] (ʨʠʩ. 9).   

ɼʠʧʦʣɹ
/́2-Ŭ

ʇʣʦʩʢʦʩʪɹ

ʧʦʣ̫
ʨʠʟʘʮʠʠ

+ + + +

+ + + +

+ + + +

ʃʠʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣ̫ ɿʝʤʣʠ 

S-N ʥʘʧʨʘʚʣʝʥr  ʦʪ ʥʘʩ

ʜʠʧʦʣʷɽ

ʘʧʦʣʷʣʣʘʟʝʨʟʣɽ .
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ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  47 ð 

 

  
ɺʝʢʪʦʨʥʦʝ ʮʚʝʪʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʚʦʜʳ 

ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʮʠʣʠʥʜʨʘ 

ʅʘʧʨʘʚʣʝʥʠʷ ʩʣʦʝʚ ʞʠʜʢʦʩʪʠ ʠ ʩʠʤʤʝʪʨʠʯʥʳʝ ʚʠʭʨʠ ʧʨʠ 

ʦʙʪʝʢʘʥʠʠ ʧʦʜʚʦʜʥʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ 

ʈʠʩʫʥʦʢ 9. ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʧʦʜʚʦʜʥʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ  

 

ʇʦ ʤʝʨʝ ʧʦʦʯʝʨʝʜʥʦʛʦ ʦʪʨʳʚʘ ʚʠʭʨʝʡ ʦʥʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʟʘʜʠ ʧʦ ʩʣʝʜʫ 

ʧʦʜʚʦʜʥʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʠ ʧʦʩʪʝʧʝʥʥʦ ʦʩʣʘʙʝʚʘʶʪ ʧʦ ʧʨʠʯʠʥʝ ʧʦʪʝʨʴ ʠʟ-ʟʘ 

ʚʷʟʢʦʩʪʠ ʚʦʜʳ. 

ɺ ʫʢʘʟʘʥʥʳʭ ʦʙʣʘʩʪʷʭ ʦʙʪʝʢʘʥʠʷ ʧʦʜʚʦʜʥʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʠʤʝʝʪ ʤʝʩʪʦ 

ʧʦʩʣʦʡʥʦʝ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʦʚʪʦʨʷʶʱʝʝ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩʣʦʝʚ, ʠʟʤʝʥʝʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʜʠʧʦʣʝʡ ʚʦʜʳ (ʨʠʩ. 10).  

 
ʈʠʩʫʥʦʢ 10. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʜʠʧʦʣʝʡ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʤʦʨʩʢʦʛʦ 

ʪʝʯʝʥʠʷ ʠ ʚ ʦʙʣʘʩʪʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʧʦʜʚʦʜʥʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ  

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʩʣʝ ʩʥʷʪʠʷ ʚʦʟʤʫʱʝʥʠʡ ʩʚʦʙʦʜʥʳʝ ʜʠʧʦʣʠ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ ʠʭ 

ʘʩʩʦʮʠʘʪʳ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘʨʫʰʝʥʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ (ʨʝʣʘʢʩʘʮʠʠ) ʧʦʨʷʜʢʘ 10-12 ʩʝʢʫʥʜ. ɸ ʚʦʪ 

ʜʠʧʦʣʠ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ-ʢʣʘʩʪʝʨʦʚ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʚʦʟʤʫʱʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʚʥʦʚʴ ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ɿʝʤʣʠ ʣʠʰʴ ʯʝʨʝʟ 30-40 ʤʠʥ [9, 13], ʯʪʦ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʷʚʣʝʥʠʡ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʧʦʜʚʦʜʥʦʛʦ 

ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ.  

ʉʣʝʜʩʪʚʠʷ:  

1) ʚ ʦʙʣʘʩʪʠ ʚʦʜʥʦʡ ʩʨʝʜʳ, ʧʨʠʣʝʞʘʱʝʡ ʢ ʧʦʜʚʦʜʥʦʤʫ ʜʚʠʞʫʱʝʤʫʩʷ ʦʙʲʝʢʪʫ, 

ʚʝʢʪʦʨʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʜʠʧʦʣʝʡ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ ʞʠʜʢʠʭ 

+

ī

+

ī

+

ī

+

ī

+

ī

+

ī

+

ī

+

ī

+

ī

+

ī

+

ī

+

ī

+

ī

+

ī

+

ī

+

ī

+

ī

+

ī

+

ī

+

ī

+

ī

+

ī

ʃʫ
ʯ ʣ
ʘʟ
ʝʨ
ʘ

Vʪʝʯʝʥʠ̫

ɼʚʠʞʫɦ ʠʡʩ̫ ʦʙ̡ʝʢʪ

ʃʠʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣ̫ ɿʝʤʣʠ 

S-N ʥʘʧʨʘʚʣʝʥr  ʢ ʥʘʤ

ʆʙʣʘʩʪɹ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʤʦʨʩʢʦʛʦ ʪʝʯʝʥʠ̫ 

ʆʙʣʘʩʪɹ ʚʦʟʤʫɦ ʝʥʠʡ

ʚ ʦʢʨʝʩʪʥʦʩʪ̫ʭ ʦʙ̡ʝʢʪʘ



ð 48 ð    ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʢʨʠʩʪʘʣʣʦʚ-ʢʣʘʩʪʝʨʦʚ ʙʫʜʫʪ ʠʟʤʝʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʚ  ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʩʣʦʝʚ ʠ ʚʠʭʨʝʡ, ʩʦʟʜʘʚʘʝʤʦʡ ʧʦʜʚʦʜʥʳʤ ʜʚʠʞʫʱʠʤʩʷ 

ʦʙʲʝʢʪʦʤ; 

2) ʚʳʟʚʘʥʥʳʝ ʚʥʝʰʥʠʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʚʝʢʪʦʨʦʚ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʜʠʧʦʣʝʡ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ-ʢʣʘʩʪʝʨʦʚ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʚʳʰʝ 40% ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʚʦʜʳ, ʩʦʭʨʘʥʷʪʩʷ ʚ ʢʘʞʜʦʤ ʩʝʯʝʥʠʠ ʦʙʣʘʩʪʠ 

ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʪʝʯʝʥʠʝ 30-40 ʤʠʥʫʪ ʩ ʤʦʤʝʥʪʘ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ; 

3) ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʣʫʯʦʤ ʣʘʟʝʨʘ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʧʦʜʚʦʜʥʦʛʦ 

ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʠ ʧʦ ʩʣʝʜʫ ʦʙʲʝʢʪʘ, ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʬʣʫʢʪʫʘʮʠʷ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʩʣʦʝʚ ʠ ʚʠʭʨʝʡ ʚ ʦʙʣʘʩʪʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ 

ʚʦʟʤʫʱʝʥʠʡ.  

ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ, ʧʨʠʥʠʤʘʝʤʳʡ ʬʦʪʦʜʘʪʯʠʢʦʤ ʣʘʟʝʨʘ, ʧʦ ʪʨʘʩʩʝ ʣʫʯʘ ʚ ʧʨʝʜʝʣʘʭ 

ʦʙʣʘʩʪʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʧʦʜʚʦʜʥʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʠ ʧʦ ʝʛʦ 

ʩʣʝʜʫ ʧʨʠʦʙʨʝʪʝʪ ʭʘʨʘʢʪʝʨ ʩʣʫʯʘʡʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʦʨʠʝʥʪʘʮʠʝʡ ʩʣʦʝʚ ʠ ʚʠʭʨʝʡ (ʨʠʩ. 11). 

 
ʈʠʩʫʥʦʢ 11. ʀʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʦ ʜʘʣʴʥʦʩʪʠ, ʧʨʠʥʠʤʘʝʤʦʛʦ 

ʬʦʪʦʜʘʪʯʠʢʦʤ ʣʘʟʝʨʘ ʚʜʦʣʴ ʪʨʘʩʩʳ ʣʫʯʘ, ʧʝʨʝʩʝʯʝʥʠʠ ʣʫʯʦʤ ʣʘʟʝʨʘ  ʦʙʣʘʩʪʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ 

ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʧʦʜʚʦʜʥʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ 

 

ʅʦʚʦʝ ʟʥʘʥʠʝ 1: ʋʩʪʘʥʦʚʣʝʥʠʝ ʷʚʣʝʥʠʷ ʜʠʧʦʣʴʥʦʡ ʧʨʠʨʦʜʳ ʥʘʙʣʶʜʘʝʤʦʩʪʠ 

ʦʙʣʘʩʪʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʧʦʜʚʦʜʥʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ, ʧʨʠ 

ʦʩʚʝʱʝʥʠʠ ʦʙʣʘʩʪʠ ʚ ʪʦʣʱʝ ʚʦʜʳ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʩʪʦʡʯʠʚʳʤ ʚʦ 

ʚʨʝʤʝʥʠ ʠʟʤʝʥʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʜʠʧʦʣʝʡ ʞʠʜʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ-ʢʣʘʩʪʝʨʦʚ, ʚʳʟʚʘʥʥʳʤ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ.  

4. ʗʚʣʝʥʠʝ ʜʠʧʦʣʴʥʦʡ ʧʨʠʨʦʜʳ ʥʘʙʣʶʜʘʝʤʦʩʪʠ ʦʙʣʘʩʪʠ 

ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʧʦʜʚʦʜʥʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʠ ʧʦ ʝʛʦ ʩʣʝʜʫ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ 
 

ʌʘʢʪ 5. ʅʘʠʙʦʣʝʝ ʛʣʫʙʦʢʦ ʷʚʣʝʥʠʝ ʚʦʟʙʫʞʜʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʧʦʜʚʦʜʥʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ 

(ʰʘʨʘ) ʠʩʩʣʝʜʦʚʘʥʦ ʚ ʨʘʙʦʪʝ  [2]. ʇʨʝʜʣʦʞʝʥʦ ʥʦʚʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʚʦʟʚʳʰʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ (ʢʦʨʘʙʝʣʴʥʦʡ 

ʚʦʣʥʳ), ʘ ʥʝ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʆʙʣʠʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ ʚʦʟʤʫʱʝʥʠʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʨʝʘʣʠʩʪʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʯʠʩʣʘ ʌʨʫʜʘ 
/F V gh=

, 

ʛʜʝ V  ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, h ï ʛʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ ʰʘʨʘ,  ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 12. 
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ʅʘʫʯʥʳʝ ʪʝʥʜʝʥʮʠʠ: ɺʦʧʨʦʩʳ ʪʦʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ð  49 ð 

 

  

  
ʆʩʠ: x ⱷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ, y ⱷ ʧʦʧʝʨʝʢ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ, z ⱷ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ; a ⱷ  ʨʘʜʠʫʩ ʰʘʨʘ; ɕ ⱷ 

ʛʣʫʙʠʥʘ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʈʠʩʫʥʦʢ 12. ʇʨʦʬʠʣʴ ʧʦʜʚʦʜʥʳʭ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʨʘʙʝʣʴʥʦʡ ʚʦʣʥʳ ʚ 

ʦʙʣʘʩʪʠ ʧʦʜʚʦʜʥʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʠ ʧʦ ʝʛʦ ʩʣʝʜʫ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ ʌʨʫʜʘ  

 

ʇʦʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʪʘʪʴʝ [27] (ʨʠʩ. 13).  

  

ʆʩʠ: x ⱷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ, y ⱷ ʧʦʧʝʨʝʢ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ, z ⱷ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ; D ⱷ  ʨʘʜʠʫʩ 

ʰʘʨʘ; ʰʢʘʣʘ ʩʧʨʘʚʘ ⱷ ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʠ ʭ 

ʈʠʩʫʥʦʢ 13. ʇʨʦʬʠʣʴ ʧʦʜʚʦʜʥʳʭ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʨʘʙʝʣʴʥʦʡ ʚʦʣʥʳ ʚ 

ʦʙʣʘʩʪʠ ʧʦʜʚʦʜʥʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʠ ʧʦ ʝʛʦ ʩʣʝʜʫ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ ʌʨʫʜʘ  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʚʦʜʦʡ ʧʦʜʚʦʜʥʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ, ʟʦʥʳ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʚʦʟʥʠʢʘʶʪ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʚʦʜʳ ʚ ʵʪʠʭ ʟʦʥʘʭ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʞʠʜʢʠʝ 

ʢʨʠʩʪʘʣʣʳ-ʢʣʘʩʪʝʨʳ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʜʠʧʦʣʝʡ, ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʜʦʩʪʠʛʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ çʢʣʘʩʪʝʨʳ ʚʦʜʳ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʬʘʟ (ʞʠʜʢʦʩʪʴ-ʚʦʟʜʫʭ) 

ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʨʷʜʢʝ, ʧʨʠ ʵʪʦʤ ʚʩʝ ʢʣʘʩʪʝʨʳ ʢʦʣʝʙʣʶʪʩʷ ʩ 

ʦʜʠʥʘʢʦʚʦʡ ʯʘʩʪʦʪʦʡ, ʧʨʠʦʙʨʝʪʘʷ ʦʜʥʫ ʦʙʱʫʶ ʯʘʩʪʦʪʫ, ʙʦʣʝʝ ʚʳʩʦʢʫʶ, ʯʝʤ ʭʘʨʘʢʪʝʨʥʘ 

ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʜʠʧʦʣʝʡé ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʢʣʘʩʪʝʨʘ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʘʩʪʦʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡé ʨʘʚʥʘ 6,79Ŀ109 ɻʮ, ʪʦ ʝʩʪʴ 

ʜʣʠʥʘ ʚʦʣʥʳ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ɚ = 4,4 ʤʤè [12]. ɺ [9] 

ʦʰʠʙʦʯʥʦ ʫʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʜʣʠʥʳ ʚʦʣʥʳ ɚ = 14,18 ʤʤ. 

 

F=0.45
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