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ɸʂɸɼɽʄʀʂ ʆʃɽɻ ʌɽɼʆʈʆɺʀʏ ɺɸʉʀʃʔɽɺ:  

ʅɸʋʏʅɸʗ ɹʀʆɻʈɸʌʀʗ 

 
ɺ ʩʝʥʪʷʙʨʝ 2015 ʛ. ʚ ɹʘʨʥʘʫʣʝ ʧʨʦʚʝʜʝʥʘ ʥʘʫʯʥʘʷ ʢʦʥʬʝ-

ʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ 90-ʣʝʪʠʶ ʘʢʘʜʝʤʠʢʘ ʆʣʝʛʘ ʌʝʜʦʨʦʚʠʯʘ 
ɺʘʩʠʣʴʝʚʘ. ɽʛʦ ʠʤʷ ʟʥʘʶʪ ʠ ʚ ʈʦʩʩʠʠ, ʠ ʟʘ ʨʫʙʝʞʦʤ. ʊʨʫʜʥʦ 
ʧʝʨʝʯʠʩʣʠʪʴ ʚʩʝ, ʯʪʦ ʩʜʝʣʘʥʦ ʆ.ʌ. ɺʘʩʠʣʴʝʚʳʤ ʟʘ ʧʦʯʪʠ 
ʩʝʤʴ ʜʝʩʷʪʠʣʝʪʠʡ ʜʣʷ ʥʘʫʢʠ. ʆʥ ʠʟʚʝʩʪʝʥ ʢʘʢ ʢʨʫʧʥʳʡ ʫʯʝ-
ʥr ʡ, ʩʧʝʮʠʘʣʠʩʪ ʚ ʦʙʣʘʩʪʠ ʧʨʠʢʣʘʜʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ 
ʛʠʜʨʘʚʣʠʢʠ, ʛʠʜʨʦʬʠʟʠʢʠ ʠ ʵʢʦʣʦʛʠʠ ʨʝʢ ʠ ʚʦʜʦʝʤʦʚ, ʚʦʜʦ-
ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʦʙʣʝʤ. ɺ 1959 ʛ. ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʙʳʣ ʚ ʯʠʩ-
ʣʝ ʧʝʨʚʳʭ ʵʥʪʫʟʠʘʩʪʦʚ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʚʘʣʠ ʉʠʙʠʨʩʢʦʝ ʦʪʜʝ-
ʣʝʥʠʝ ɸʅ ʉʉʉʈ. ɺ 1985 ʛ. ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʩʪʘʣ ʜʠʨʝʢʪʦʨʦʤ-
ʦʨʛʘʥʠʟʘʪʦʨʦʤ ʀʥʩʪʠʪʫʪʘ ʚʦʜʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ 
ʉʆ ʈɸʅ ʚ ɹʘʨʥʘʫʣʝ, ʢʦʪʦʨʳʤ ʨʫʢʦʚʦʜʠʣ ʜʦ 1995 ʛ.  
ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʨʦʜʠʣʩʷ 1 ʘʚʛʫʩʪʘ 1925 ʛ. ʚ ʄʦʩʢʚʝ, ʛʜʝ 

ʧʨʦʞʠʚʘʣ ʚʤʝʩʪʝ ʩ ʨʦʜʠʪʝʣʷʤʠ, ʢʦʛʜʘ ʥʘʯʘʣʘʩʴ ɺʝʣʠʢʘʷ 
ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʚʦʡʥʘ. ɺ ʠʶʣʝ ʠ ʘʚʛʫʩʪʝ 1941 ʛ. ʆʣʝʛ ʌʝʜʦ-
ʨʦʚʠʯ, ʪʦʛʜʘ ʝʱʝ ʰʢʦʣʴʥʠʢ, ʚ ʩʦʩʪʘʚʝ ʤʝʩʪʥʦʡ ʢʦʤʘʥʜʳ 
ʇɺʆ ʜʝʞʫʨʠʣ ʚʦʟʣʝ ʷʱʠʢʦʚ ʩ ʧʝʩʢʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ 
ʯʝʨʜʘʢʝ ʜʦʤʘ ʧʦ ʫʣʠʮʝ ɹʘʫʤʘʥʘ, ʚ ʢʦʪʦʨʦʤ ʦʥ ʪʦʛʜʘ ʞʠʣ. ɺ 

ʩʝʥʪʷʙʨʝ ʆʣʝʛ ʚʤʝʩʪʝ ʩʦ ʰʢʦʣʦʡ ʫʯʘʩʪʚʦʚʘʣ ʚ ʫʙʦʨʢʝ ʫʨʦʞʘʷ ʧʦʜ ɺʦʣʦʢʦʣʘʤʩʢʦʤ, ʚ ʦʢʪʷʙʨʝ 
ï ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ ʦʜʥʦʡ ʠʟ ʦʚʦʱʥʳʭ ʙʘʟ ʄʦʩʢʚʳ. ɺʩʢʦʨʝ 
ʦʥ ʙʳʣ ʤʦʙʠʣʠʟʦʚʘʥ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʙʦʨʦʥʠʪʝʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʜʦ ʢʦʥʮʘ ʥʦʷʙʨʷ ʪʨʫ-
ʜʠʣʩʷ ʟʝʤʣʝʢʦʧʦʤ ʥʘ ʶʞʥʦʡ ʦʢʨʘʠʥʝ ʄʦʩʢʚʳ, ʥʘ ʚʦʟʚʦʜʠʤʦʤ ʟʜʝʩʴ ʫʯʘʩʪʢʝ 3-ʡ ʣʠʥʠʠ ʦʙʦ-
ʨʦʥʳ. ɺʝʩʥʦʡ 1942 ʛ. ʚʥʦʚʴ ʫʯʘʩʪʚʦʚʘʣ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʙʦʨʦʥʠʪʝʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ï ʥʘ 
ʵʪʦʪ ʨʘʟ ʚ ʨʘʡʦʥʝ ʛ. ʂʨʘʩʥʦʛʦʨʩʢʘ. 
ʕʢʩʪʝʨʥʦʤ ʟʘʢʦʥʯʠʚ ʰʢʦʣʫ, ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʚ 1942 ʛ. ʧʦʩʪʫʧʠʣ ʥʘ ʠʥʞʝʥʝʨʥʳʡ ʬʘʢʫʣʴʪʝʪ 

ʊʠʤʠʨʷʟʝʚʩʢʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʘʢʘʜʝʤʠʠ (ʊʉʍɸ), ʥʦ ʫʞʝ ʚ ʥʘʯʘʣʝ ʟʠʤʳ ʩʪʫʜʝʥʪʳ 
ʊʉʍɸ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʚʘʣʢʫ ʣʝʩʘ ʠ ʟʘʛʦʪʦʚʢʫ ʜʨʦʚ ʚ ʨʘʡʦʥʝ ʜ. ʏʝʨʥʳʝ ɻʨʷʟʠ, ʥʝʧʦʜʘʣʝ-
ʢʫ ʦʪ ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ ʰʦʩʩʝ. 
1 ʬʝʚʨʘʣʷ 1943 ʛ. ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʧʦʩʣʝ ʚʝʩʴʤʘ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʫʯʝʙʳ ʚ ʊʉʍɸ ʙʳʣ 

ʤʦʙʠʣʠʟʦʚʘʥ ʚ ʘʨʤʠʶ ʠ ʥʘʧʨʘʚʣʝʥ ʚʦ 2-ʝ ʄʦʩʢʦʚʩʢʦʝ ʚʦʝʥʥʦ-ʧʝʭʦʪʥʦʝ ʫʯʠʣʠʱʝ ʚ ʌʠʣʷʭ, ʛʜʝ 
ʧʦ ʫʩʢʦʨʝʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʛʦʪʦʚʠʣʠ ʢʦʤʘʥʜʠʨʦʚ ʚʟʚʦʜʦʚ, ʤʣʘʜʰʠʭ ʣʝʡʪʝʥʘʥʪʦʚ. ɺ ʘʚʛʫʩʪʝ 
1943 ʛ. ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʚ ʩʦʩʪʘʚʝ ʙʦʣʴʰʦʡ ʛʨʫʧʧʳ ʢʫʨʩʘʥʪʦʚ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʥʘ ʬʨʦʥʪ ʚ ʨʘʡʦʥ 
ʛ. ʈʞʝʚʘ, ʚʦ ʚʟʚʦʜ ʩʚʷʟʠ 3-ʛʦ ʩʪʨʝʣʢʦʚʦʛʦ ʙʘʪʘʣʴʦʥʘ 69-ʛʦ ʩʪʨʝʣʢʦʚʦʛʦ ʧʦʣʢʘ 97-ʡ ʩʪʨʝʣʢʦʚʦʡ 
ʜʠʚʠʟʠʠ, ʚʭʦʜʠʚʰʝʡ ʚ ʩʦʩʪʘʚ 39-ʡ ʘʨʤʠʠ ʂʘʣʠʥʠʥʩʢʦʛʦ, ʟʘʪʝʤ 3-ʛʦ ɹʝʣʦʨʫʩʩʢʦʛʦ ʬʨʦʥʪʘ.  
ʈʷʜʦʚʦʡ ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʚʧʝʨʚʳʝ ʧʨʠʥʷʣ ʫʯʘʩʪʠʝ ʚ ʙʦʶ ʧʦʜ ʉʤʦʣʝʥʩʢʦʤ. ʋʞʝ ʥʘ ʚʪʦʨʦʡ 

ʜʝʥʴ ʙʦʝʚ ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʙʳʣ ʥʘʟʥʘʯʝʥ ʢʦʤʘʥʜʠʨʦʤ ʚʟʚʦʜʘ, ʘ ʚʩʢʦʨʝ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʢ 
ʥʘʛʨʘʜʝ ʤʝʜʘʣʴʶ çɿʘ ʦʪʚʘʛʫè. ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʝʚʦʛʦ ʪʝʣʝʬʦʥʠʩʪʘ ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʦʙʝʩʧʝʯʠʚʘʣ 
ʧʨʦʚʦʜʥʫʶ ʪʝʣʝʬʦʥʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʤʘʥʜʠʨʘʤʠ ʨʘʟʣʠʯʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʜʠʚʠʟʠʠ. ɽʤʫ 
ʧʨʠʭʦʜʠʣʦʩʴ ʜʝʡʩʪʚʦʚʘʪʴ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʧʨʦʪʠʚʥʠʢʘ, ʥʝʨʝʜʢʦ ʥʘ ʚʠʜʫ ʫ ʥʝ-
ʛʦ. ʆʩʦʙʝʥʥʦ ʦʧʘʩʥʳʤ ʙʳʣ ʧʦʠʩʢ ʤʝʩʪ ʧʦʚʨʝʞʜʝʥʠʡ ʣʠʥʠʡ ʧʨʠ ʦʙʩʪʨʝʣʝ. 23 ʜʝʢʘʙʨʷ 1943 ʛ. 
ʚ ʙʦʶ ʫ ʩʪ. ʂʨʳʥʢʠ ʧʦʜ ɺʠʪʝʙʩʢʦʤ ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʧʦʣʫʯʠʣ ʨʘʥʝʥʠʝ ʚ ʥʦʛʫ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʦʪ-
ʥʝʩʝʥʦ ʚʨʘʯʘʤʠ ʢ ʢʘʪʝʛʦʨʠʠ ʪʷʞʝʣʳʭ. ʆʥ ʙʳʣ ʵʚʘʢʫʠʨʦʚʘʥ ʚ ʤʦʩʢʦʚʩʢʠʡ ʛʦʩʧʠʪʘʣʴ, ʛʜʝ ʣʝ-
ʯʠʣʩʷ ʚʧʣʦʪʴ ʜʦ ʘʧʨʝʣʷ 1944 ʛ., ʧʦʩʣʝ ʯʝʛʦ ʙʳʣ ʜʝʤʦʙʠʣʠʟʦʚʘʥ ʧʦ ʠʥʚʘʣʠʜʥʦʩʪʠ. 
ʆʩʝʥʴʶ 1944 ʛ. ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʩʪʘʣ ʩʪʫʜʝʥʪʦʤ ʄʦʩʢʦʚʩʢʦʛʦ ʛʠʜʨʦʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʠʥʩʪʠ-

ʪʫʪʘ ʠʤ. ɺ.ʈ. ɺʠʣʴʷʤʩʘ (ʥʳʥʝ ʄʦʩʢʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʥʞʝʥʝʨʦʚ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ). ɺ 1948 ʛ. 
ʦʥ ʦʢʦʥʯʠʣ ʩ ʦʪʣʠʯʠʝʤ ʛʠʜʨʦʤʝʣʠʦʨʘʪʠʚʥʳʡ ʬʘʢʫʣʴʪʝʪ ʵʪʦʛʦ ʠʥʩʪʠʪʫʪʘ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 
çʛʠʜʨʦʪʝʭʥʠʢʘ ʠ ʤʝʣʠʦʨʘʮʠʷè, ʧʦʣʫʯʠʚ ʩʧʝʮʠʘʣʴʥʦʩʪʴ ʠʥʞʝʥʝʨʘ-ʛʠʜʨʦʪʝʭʥʠʢʘ, ʠ ʧʦʩʪʫʧʠʣ ʚ 
ʘʩʧʠʨʘʥʪʫʨʫ ʢʘʬʝʜʨʳ ʛʠʜʨʘʚʣʠʢʠ ʵʪʦʛʦ ʠʥʩʪʠʪʫʪʘ. 
ɺ ʘʩʧʠʨʘʥʪʫʨʝ ʆ.ʌ. ɺʘʩʠʣʴʝʚ, ʨʘʟʚʠʚʘʷ ʠʜʝʠ ʢʘʟʘʥʩʢʦʛʦ ʛʠʜʨʦʤʝʭʘʥʠʢʘ ʀ.ʉ. ɻʨʦʤʝʢʠ, 

ʚʳʧʦʣʥʠʣ ʦʨʠʛʠʥʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʦʨʠʠ ʤʘʣʦʠʟʫʯʝʥʥʦʛʦ ʢʣʘʩʩʘ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ 
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ʞʠʜʢʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʠʥʪʝʨʝʩ ʜʣʷ ʨʝʰʝʥʠʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʦ ʨʫʩʣʦʚʳʭ ʪʝʯʝ-
ʥʠʷʭ ʩ ʧʦʧʝʨʝʯʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ. ɺ 1951 ʛ. ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʦʢʦʥʯʠʣ ʘʩʧʠʨʘʥʪʫʨʫ ʠ ʫʩʧʝʰʥʦ 
ʟʘʱʠʪʠʣ ʜʠʩʩʝʨʪʘʮʠʶ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʧʦ ʪʝʤʝ 
çʄʝʭʘʥʠʢʘ ʚʠʥʪʦʚʳʭ ʧʦʪʦʢʦʚ ʠ ʧʦʪʦʢʦʚ ʩ ʧʦʧʝʨʝʯʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡè.  
ʇʦʩʣʝ ʵʪʦʛʦ ʜʦ 1959 ʛ. ʦʥ ʨʘʙʦʪʘʣ ʘʩʩʠʩʪʝʥʪʦʤ, ʘ ʟʘʪʝʤ ʜʦʮʝʥʪʦʤ ʥʘ ʢʘʬʝʜʨʝ ʛʠʜʨʘʚʣʠʢʠ 

ʄʦʩʢʦʚʩʢʦʛʦ ʠʥʞʝʥʝʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʄʀʉʀ) ʠʤʝʥʠ ɺ.ɺ. ʂʫʡʙʳʰʝʚʘ. ɺ ʜʘʣʴ-
ʥʝʡʰʝʤ ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʫʶ ʨʘʙʦʪʫ ʚ ʄʀʉʀ ʆʣʝʛ ʌʝʜʦʨʦʚʠʯ ʫʩʧʝʰʥʦ ʩʦʚʤʝʱʘʣ ʩ ʥʘʫʯʥʦ-
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʦʡ. ʊʘʢ, ʚ 1956 ʛ. ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʚʦʟʛʣʘʚʠʣ ʥʘʫʯʥʫʶ ʵʢʩʧʝʜʠʮʠʶ 
ʄʀʉʀ ʥʘ ʇʘʤʠʨ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʋʩʦʡʩʢʦʛʦ ʟʘʚʘʣʘ, ʚʦʟʥʠʢʰʝʛʦ 18 ʬʝʚʨʘʣʷ 1911 ʛ. 
ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʱʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʀʟʫʯʝʥʠʝ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʘʩʩʝʡʥʘ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʉʘʨʝʟʩʢʦʛʦ ʦʟʝʨʘ, ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝ-
ʨʝʢʨʳʪʠʷ ʨ. ʄʫʨʛʘʙ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʣʦʪʠʥʦʡ, ʩʪʘʣʦ ʧʨʦʙʣʝʤʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ. 
ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʜʘʣ ʜʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʝʤ 
ʋʩʦʡʩʢʦʛʦ ʟʘʚʘʣʘ, ʫʩʪʘʥʦʚʠʣ ʦʪʩʫʪʩʪʚʠʝ ʤʝʩʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʛʦ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʛʦ ʚʭʦʜʘ ʚʦ-
ʜʳ ʚ ʪʝʣʦ ʟʘʚʘʣʘ, ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʚ 1926 ʠ ʚ 1934 ʛʛ., ʠ ʦʙʲʷʩʥʠʣ ʵʪʦ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʪʝʣʝ ʟʘ-
ʚʘʣʘ ʠ ʥʘ ʝʛʦ ʥʘʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʳʟʚʘʚʰʠʤʠ ʫʚʝʣʠʯʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-
ʥʠʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʵʢʩʧʝʜʠʮʠʷ ʆ.ʌ. ɺʘʩʠʣʴʝʚʘ ʦʙʥʘʨʫʞʠʣʘ ʪʨʠ ʫʯʘʩʪʢʘ, ʛʜʝ ʚʦʜʘ ʧʣʘʚʥʦ ʚʭʦ-
ʜʠʪ ʚ ʟʘʚʘʣ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 0,5 ʤ/ʩ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ ʫʯʘʩʪʢʦʚ ʩʦʩʪʘʚʣʷʣʘ ʥʝ-
ʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ. 
ɺ 1973 ʛ. ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʩ ʛʨʫʧʧʦʡ ʩʦʪʨʫʜʥʠʢʦʚ ʀʥʩʪʠʪʫʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʉʆ ɸʅ ʉʉʉʈ 

ʩʥʦʚʘ ʚʝʨʥʫʣʩʷ ʢ ʧʨʦʙʣʝʤʘʤ ʋʩʦʡʩʢʦʛʦ ʟʘʚʘʣʘ ʠ ʉʘʨʝʟʩʢʦʛʦ ʦʟʝʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥ-
ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʤʠ ʙʳʣʘ ʚʧʝʨʚʳʝ ʩʦʟʜʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʦʚ ʚ ʉʘʨʝʟʩʢʦʤ 
ʦʟʝʨʝ ʧʨʠ ʚʦʟʤʦʞʥʦʤ ʩʭʦʜʝ ʢʨʫʧʥʦʛʦ ʙʝʨʝʛʦʚʦʛʦ ʦʧʦʣʟʥʷ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʋʩʦʡʩʢʠʤ 
ʟʘʚʘʣʦʤ. 
ɺ ʄʀʉʀ ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʥʘʯʘʣ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʦʛʦ ʪʠʧʘ 

ʩʫʜʦʧʨʦʧʫʩʢʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ï ʥʘʢʣʦʥʥʦʛʦ ʩʫʜʦʧʦʜʲʝʤʥʠʢʘ, ʚʥʘʯʘʣʝ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʜʣʷ 
ɹʨʘʪʩʢʦʡ ɻʕʉ. ɺ 1960 ʛ. ʫʞʝ ʚ ʉʆ ɸʅ ʉʉʉʈ ʆʣʝʛ ʌʝʜʦʨʦʚʠʯ ʟʘʱʠʪʠʣ ʜʠʩʩʝʨʪʘʮʠʶ ʥʘ ʩʦʠʩ-
ʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʧʦ ʪʝʤʝ çɺʦʧʨʦʩʳ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʩʫʜʦʭʦʜ-
ʥʳʭ ʩʦʦʨʫʞʝʥʠʡè. ɺʩʢʦʨʝ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʜʦʣʞʝʥʳ ʪʚʦʨʯʝʩʢʠʤ ʢʦʣʣʝʢʪʠʚʦʤ, ʩʦ-
ʟʜʘʥʥʳʤ ʆʣʝʛʦʤ ʌʝʜʦʨʦʚʠʯʝʤ ʠʟ ʤʦʣʦʜʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʀʥʩʪʠʪʫʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʉʆ ɸʅ 
ʉʉʉʈ ʠ ʚʝʜʫʱʠʭ ɺʋɿʦʚ ʛʦʨʦʜʘ ʅʦʚʦʩʠʙʠʨʩʢʘ (ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ 
ʠʥʩʪʠʪʫʪ ï ʅʀʉʀ, ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʥʞʝʥʝʨʦʚ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ï ʅʀʀɺʊ, ʅʦ-
ʚʦʩʠʙʠʨʩʢʠʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ï ʅʕʊʀ) ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʦʛʜʘ ʧʨʦʝʢʪʠʨʫʝʤʦ-
ʤʫ, ʘ ʟʘʪʝʤ ʠ ʚʦʧʣʦʱʝʥʥʦʤʫ ʚ ʞʠʟʥʴ ʫʥʠʢʘʣʴʥʦʤʫ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʤʫ ʩʦʦʨʫʞʝʥʠʶ ï 
ʥʘʢʣʦʥʥʦʤʫ ʩʫʜʦʧʦʜʲʝʤʥʠʢʫ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʛʠʜʨʦʫʟʣʘ. ʇʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʙʳʣ ʧʨʦʚʝʜʝʥ 
ʙʦʣʴʰʦʡ ʮʠʢʣ ʢʦʤʧʣʝʢʩʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʟʘʪʝʤ ʠ 
ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʩʫʜʦʧʦʜʲʝʤʥʠʢʘ, ʜʘʚʰʠʡ ʥʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʩʦʟʜʘ-
ʥʠʷ ʵʪʦʛʦ ʫʥʠʢʘʣʴʥʦʛʦ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʦʨʫʞʝʥʠʷ, ʘʥʘʣʦʛʦʚ ʢʦʪʦʨʦʛʦ ʥʝʪ ʠ ʧʦ ʥʘʩʪʦʷ-
ʱʝʝ ʚʨʝʤʷ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʯʝʪʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 
ʤʝʪʦʜʳ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʦʨʠʠ ʩʫʜʦʭʦʜʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʨʝʯʥʳʭ ʛʠʜʨʦʫʟʣʦʚ, ʦʙʦʩʥʦʚʘ-
ʥʠʠ ʠʭ ʛʘʙʘʨʠʪʦʚ, ʧʦʟʚʦʣʠʣʠ ʚʥʝʩʪʠ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʤʫ ʧʦʜʭʦʜʫ ʢ ʫʚʝ-
ʣʠʯʝʥʠʶ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʰʣʶʟʦʚ. 
ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʙʳʣ ʦʜʥʠʤ ʠʟ ʘʢʪʠʚʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʩʦʟʜʘʥʠʷ ʉʆ ɸʅ ʉʉʉʈ. ɺ 1959 ʛ. ʧʦ 

ʧʨʠʛʣʘʰʝʥʠʶ ʘʢʘʜʝʤʠʢʘ ʇ.ʗ. ʂʦʯʠʥʦʡ ʦʥ ʧʝʨʝʝʭʘʣ ʚ ʅʦʚʦʩʠʙʠʨʩʢ, ʠ ʚʩʷ ʝʛʦ ʜʘʣʴʥʝʡʰʘʷ 
ʞʠʟʥʴ ʠ ʨʘʙʦʪʘ ʦʢʘʟʘʣʠʩʴ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʉʠʙʠʨʴʶ. ʉʦʚʤʝʩʪʥʦ ʩ ʇ.ʗ. ʂʦʯʠʥʦʡ ʦʥ ʦʨʛʘʥʠʟʦ-
ʚʘʣ ʚ ʀʥʩʪʠʪʫʪʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʉʆ ɸʅ ʉʉʉʈ ʦʪʜʝʣ ʧʨʠʢʣʘʜʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʚ ʢʦʪʦʨʦʤ 
ʩʥʘʯʘʣʘ ʨʘʙʦʪʘʣ ʟʘʚʝʜʫʶʱʠʤ ʣʘʙʦʨʘʪʦʨʠʝʡ ʧʨʠʢʣʘʜʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʘ ʧʦʩʣʝ ʦʪʲʝʟʜʘ 
ʇ.ʗ. ʂʦʯʠʥʦʡ ʚ 1970 ʛ. ʚ ʄʦʩʢʚʫ ï ʟʘʚʝʜʫʶʱʠʤ ʦʪʜʝʣʦʤ ʧʨʠʢʣʘʜʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ. 
ɿʜʝʩʴ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʨʦʷʚʠʣʩʷ ʝʛʦ ʪʘʣʘʥʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʠ ʦʨʛʘʥʠʟʘʪʦʨʘ. ʍʘʨʘʢʪʝʨʥʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʆ.ʌ. ɺʘʩʠʣʴʝʚʘ ð ʪʝʩʥʘʷ ʩʚʷʟʴ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ 
ʩ ʨʝʰʝʥʠʝʤ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʘʜʘʯʠ ʨʝʰʘʣʠʩʴ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 
ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʫʞʜ. 
ɺʦʟʛʣʘʚʣʷʝʤʳʤ ʠʤ ʢʦʣʣʝʢʪʠʚʦʤ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʚʦʣʥ ʧʘʚʦʜʢʦʚ 

ʠ ʧʦʧʫʩʢʦʚ ʚ ʨʝʢʘʭ, ʚʦʣʥ ʧʨʦʨʳʚʘ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʧʣʦʪʠʥ, ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʧʨʠ ʧʨʦʝʢʪʠ-
ʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 
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ʥʘʚʦʜʥʝʥʠʡ ʚ ʃʝʥʠʥʛʨʘʜʝ ʚ ʩʚʷʟʠ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʪʘʤ ʟʘʱʠʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʨʘʟʨʘʙʦʪʘ-
ʥʳ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʪʝʯʝʥʠʡ ʨʝʘʣʴʥʦʛʦ ʛʘʟʘ ʚ ʛʘʟʦʧʨʦʚʦʜʘʭ ʠ ʠʭ ʩʠʩʪʝʤʘʭ, ʧʝʨʝʭʦʜʥʳʭ ʧʨʦ-
ʮʝʩʩʦʚ ʚ ʥʘʧʦʨʥʳʭ ʚʦʜʦʚʦʜʘʭ. ʅʘ ʙʘʟʝ ʠʟʫʯʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʪʨʘʪʠʬʠ-
ʮʠʨʦʚʘʥʥʳʭ ʧʦ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʘʭ ʩʦʟʜʘʥʳ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʜʦʝ-
ʤʦʚ-ʦʭʣʘʜʠʪʝʣʝʡ ʊʕʉ ʠ ɸʕʉ, ʨʝʰʝʥʳ ʤʥʦʛʠʝ ʘʢʪʫʘʣʴʥʳʝ ʟʘʜʘʯʠ ʧʦ ʧʨʦʙʣʝʤʘʤ ʦʙʥʘʨʫʞʝʥʠʷ 
ʧʦʜʚʦʜʥʳʭ ʩʫʜʦʚ. ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʙʳʣ ʦʜʥʠʤ ʠʟ ʠʥʠʮʠʘʪʦʨʦʚ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʙʦʪ 
ʧʦ ʠʟʫʯʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ð ʟʘʜʘʯʠ, ʠʤʝʶʱʝʡ ʚʘʞʥʦʝ 
ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʆʥ ʩʪʠʤʫʣʠʨʦʚʘʣ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʵʚʦʣʶʮʠʦʥʥʳʭ ʢʚʘʟʠʣʠʥʝʡʥʳʭ 
ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʘ ʛʨʘʬʘʭ (ʵʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʧʨʦʮʝʩʩʳ 
ʚ ʨʝʯʥʳʭ, ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ). ʄʥʦʛʠʝ ʟʘʜʘʯʠ ʙʳʣʠ ʨʝʰʝʥʳ 
ʚʧʝʨʚʳʝ ʚ ʤʠʨʝ.  
ɺ 1970 ʛ. ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʠʟʙʨʘʥ ʯʣʝʥʦʤ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʦʤ ɸʅ ʉʉʉʈ ʧʦ ʆʪʜʝʣʝʥʠʶ ʤʝʭʘ-

ʥʠʢʠ ʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ (ʤʝʭʘʥʠʢʘ). ɺ 1977-1980 ʛʛ. ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʨʘʙʦʪʘʣ ʟʘʤʝʩʪʠʪʝ-
ʣʝʤ ʜʠʨʝʢʪʦʨʘ ʠ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʦʪʜʝʣʘ çʇʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘè ʄʝʞʜʫ-
ʥʘʨʦʜʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʧʨʠʢʣʘʜʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ (International Institute for Applied Sys-
tem Analisis ï IIASA), ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ɸʚʩʪʨʠʠ ʥʝʜʘʣʝʢʦ ʦʪ ɺʝʥʳ. ɿʘ ʚʨʝʤʷ ʨʘʙʦʪʳ ʚ 
IIASA ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʫʯʘʩʪʚʦʚʘʣ ʚ ʨʷʜʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʥʘʫʯʥʳʭ ʧʨʦʝʢʪʦʚ ʤʝʞʜʠʩʮʠ-
ʧʣʠʥʘʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʧʦʟʥʘʢʦʤʠʣʩʷ ʩ ʪʝʥʜʝʥʮʠʷʤʠ ʠ ʧʦʜʭʦʜʘʤʠ ʢ ʠʟʫʯʝʥʠʶ ʠ ʨʝʰʝʥʠʶ 
ʤʥʦʛʠʭ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ 
ʠ ʧʨʠʢʣʘʜʥʦʡ ʵʢʦʣʦʛʠʠ, ʦʩʚʦʠʣ ʤʝʪʦʜʳ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ. 
ɿʥʘʥʠʷ ʠ ʦʧʳʪ, ʧʨʠʦʙʨʝʪʝʥʥʳʝ ʆ.ʌ. ɺʘʩʠʣʴʝʚʳʤ ʚ ʵʪʠ ʛʦʜʳ, ʧʦʚʣʠʷʣʠ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ 

ʝʛʦ ʜʘʣʴʥʝʡʰʝʡ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʦʩʣʝ ʚʦʟʚʨʘʱʝʥʠʷ ʚ ʅʦʚʦʩʠʙʠʨʩʢ ʦʥ ʦʨʛʘʥʠʟʦʚʘʣ ʚ 
ʀʥʩʪʠʪʫʪʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʉʆ ɸʅ ʉʉʉʈ ʣʘʙʦʨʘʪʦʨʠʶ ʛʠʜʨʦʬʠʟʠʢʠ ʠ ʵʢʦʣʦʛʠʠ ʚʦʜʦʝʤʦʚ ʠ 
ʙʳʣ ʝʝ ʟʘʚʝʜʫʶʱʠʤ ʚ 1980-1987 ʛʛ. ɽʤʫ ʙʳʣʦ ʧʦʨʫʯʝʥʦ ʚʦʟʛʣʘʚʠʪʴ ʥʘʫʯʥʳʝ ʩʦʚʝʪʳ ʉʠʙʠʨ-
ʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ɸʅ ʧʦ ʧʨʦʙʣʝʤʘʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʦ ʧʨʦʙʣʝʤʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʉʠʙʠʨʠ. 
ɺ ʩʝʨʝʜʠʥʝ 1980-ʭ ʛʛ. ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʚʳʩʪʫʧʠʣ ʩ ʠʥʠʮʠʘʪʠʚʦʡ ʩʦʟʜʘʥʠʷ ʚ ʉʠʙʠʨʩʢʦʤ ʦʪ-

ʜʝʣʝʥʠʠ ɸʅ ʉʉʉʈ ʀʥʩʪʠʪʫʪʘ ʚʦʜʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ (ʀɺʕʇ ʉʆ ʈɸʅ). ʆʨʛʘʥʠʟʘ-
ʮʠʶ ʠʥʩʪʠʪʫʪʘ ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʦʙʦʩʥʦʚʳʚʘʣ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʨʝʰʝʥʠʷ ʨʷʜʘ ʧʨʠ-
ʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʮʝʥʢʦʡ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʦʙʝʩʧʝʯʝʥʠʝʤ ʩʙʘʣʘʥʩʠʨʦ-
ʚʘʥʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ 1985 ʛ. ʦʥ ʙʳʣ ʥʘʟʥʘʯʝʥ ʜʠ-
ʨʝʢʪʦʨʦʤ-ʦʨʛʘʥʠʟʘʪʦʨʦʤ ʚʥʦʚʴ ʩʦʟʜʘʚʘʝʤʦʛʦ ʠʥʩʪʠʪʫʪʘ. ʀɺʕʇ ʉʆ ʈɸʅ ʙʳʣ ʦʪʢʨʳʪ ʚ ɹʘʨ-
ʥʘʫʣʝ 1 ʩʝʥʪʷʙʨʷ 1987 ʛ. ʥʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʡ ʨʷʜʘ ʠʥʩʪʠʪʫʪʦʚ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ 
ɸʅ ʉʉʉʈ, ʧʨʦʚʦʜʠʚʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʨʦʙʣʝʤ ʵʢʦʣʦʛʠʠ. 
ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʩʪʘʣ ʧʝʨʚʳʤ ʜʠʨʝʢʪʦʨʦʤ ʀɺʕʇ ʉʆ ʈɸʅ ʠ ʦʩʪʘʚʘʣʩʷ ʥʘ ʵʪʦʤ ʧʦʩʪʫ ʜʦ 1995 ʛ. 
ɿʘ ʵʪʠ ʛʦʜʳ ʚ ʀɺʕʇ ʉʆ ʈɸʅ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʧʨʠ ʵʢʩ-
ʧʝʨʪʠʟʝ ʧʨʦʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʂʘʪʫʥʩʢʦʡ ɻʕʉ ʠ ʂʨʘʧʠʚʠʥʩʢʦʛʦ ʛʠʜʨʦʫʟʣʘ ʥʘ ʨ. ʊʦʤʴ. ɺ 
1994-1995 ʛʛ. ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʧʨʦʝʢʪʫ çʆʮʝʥʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʪʫʪʠ ʠ ʝʝ ʨʦʣʠ ʚ ʵʢʦ-
ʩʠʩʪʝʤʘʭè ʅʘʫʯʥʳʤ ʢʦʤʠʪʝʪʦʤ ʧʦ ʧʨʦʙʣʝʤʘʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (Sʉʆʈɽ) ʧʦʜ ʨʫʢʦʚʦʜ-
ʩʪʚʦʤ ʆ.ʌ. ɺʘʩʠʣʴʝʚʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʙʘʣʘʥʩʘ ʨʪʫʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʠʙʠʨʠ ʚ ʮʝʣʦʤ ʠ 
ʨʦʣʠ ʵʪʦʛʦ ʨʝʛʠʦʥʘ ʚ ʛʣʦʙʘʣʴʥʦʤ ʢʨʫʛʦʚʦʨʦʪʝ ʨʪʫʪʠ, ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʚʢʣʘʜ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥ-
ʪʨʦʧʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʪʫʪʠ. ʇʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʚʝʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʵʢʩʪʨʝ-
ʤʘʣʴʥʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʥʘ ʨʝʢʘʭ ʠ ʚʦʜʦʝʤʘʭ ʉʠʙʠʨʠ, ʙʳʣʠ ʨʘʟʚʝʨʥʫʪʳ ʣʠʤʥʦ-
ʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʟʝʨʥʳʭ ʩʠʩʪʝʤ ʉʠʙʠʨʠ (ʊʝʣʝʮʢʦʝ ʦʟʝʨʦ, ʏʘʥʦʚʩʢʘʷ ʦʟʝʨʥʘʷ ʩʠ-
ʩʪʝʤʘ). ʉʦʚʤʝʩʪʥʦ ʩ ʫʯʝʥʳʤʠ ʠʟ ʋʟʙʝʢʠʩʪʘʥʘ ʦʥ ʦʨʛʘʥʠʟʦʚʘʣ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 
ʧʨʦʮʝʩʩʦʚ ʚʦʜʦʦʙʤʝʥʘ ʚ ʫʩʳʭʘʶʱʝʤ ɸʨʘʣʴʩʢʦʤ ʤʦʨʝ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʪʳʩʢʘʥʠʝ ʧʫʪʝʡ 
ʩʦʭʨʘʥʝʥʠʷ ʵʢʦʩʠʩʪʝʤ, ʩʚʦʡʩʪʚʝʥʥʳʭ ʵʪʦʤʫ ʫʥʠʢʘʣʴʥʦʤʫ ʚʦʜʦʝʤʫ. 
ʊʘʢ ʙʳʣʘ ʩʦʟʜʘʥʘ ʰʢʦʣʘ ʘʢʘʜʝʤʠʢʘ ʆ.ʌ. ɺʘʩʠʣʴʝʚʘ ʧʦ ʧʨʦʙʣʝʤʘʤ ʧʨʠʢʣʘʜʥʦʡ ʛʠʜʨʦʜʠ-

ʥʘʤʠʢʠ, ʛʠʜʨʘʚʣʠʢʠ, ʛʠʜʨʦʣʦʛʠʠ (ʚʢʣʶʯʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʛʠʜʨʦʜʠ-
ʥʘʤʠʢʫ). ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʣʣʝʢʪʠʚʘ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʧʦʜ ʨʫʢʦʚʦʜ-
ʩʪʚʦʤ ʘʢʘʜʝʤʠʢʘ ʆ.ʌ. ɺʘʩʠʣʴʝʚʘ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʧʨʦʙʣʝʤ ʛʠʜʨʦʣʦʛʠʠ, ʛʠʜʨʘʚʣʠʢʠ, ʛʠʜ-
ʨʦʬʠʟʠʢʠ, ʛʠʜʨʦʭʠʤʠʠ ʠ ʵʢʦʣʦʛʠʠ ʨʝʢ, ʦʟʝʨ, ʚʦʜʦʭʨʘʥʠʣʠʱ ʠ ʠʭ ʚʦʜʦʩʙʦʨʥʳʭ ʙʘʩʩʝʡʥʦʚ ʚ 
ʮʝʣʷʭ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝ-
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ʣʦʚʝʢʘ (ʵʥʝʨʛʝʪʠʢʘ, ʪʨʘʥʩʧʦʨʪ, ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʠ ʜʨ.), ʩʦʭʨʘʥʝʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ (ʨʘʟʨʘ-
ʙʦʪʢʘ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ), ʘ ʪʘʢʞʝ ʦʙʦʩʥʦʚʘʥʠʝ ʤʝʨ ʟʘʱʠʪʳ ʦʪ 
ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʢʘʪʘʩʪʨʦʬ, ʩʪʠʭʠʡʥʳʭ ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʚʦʜ-
ʥʦʡ ʩʨʝʜʝ (ʥʘʚʦʜʥʝʥʠʷ ʠ ʜʨʫʛʠʝ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ). ʆʩʦʙʝʥʥʦʩʪʴʶ 
ʩʘʤʦʡ ʰʢʦʣʳ ʷʚʣʷʝʪʩʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʭʘʨʘʢʪʝʨ ʝʝ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦ-
ʚʘʥʠʡ ʥʘ çʩʪʳʢʘʭè ʥʘʫʢ. 
ɺ 1994 ʛ. ʆʣʝʛ ʌʝʜʦʨʦʚʠʯ ɺʘʩʠʣʴʝʚ ʙʳʣ ʠʟʙʨʘʥ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʯʣʝʥʦʤ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘ-

ʜʝʤʠʠ ʥʘʫʢ ʧʦ ʦʪʜʝʣʝʥʠʶ ʦʢʝʘʥʦʣʦʛʠʠ, ʬʠʟʠʢʠ ʘʪʤʦʩʬʝʨʳ ʠ ʛʝʦʛʨʘʬʠʠ (ʵʢʦʣʦʛʠʷ). ʇʦ ʝʛʦ 
ʠʥʠʮʠʘʪʠʚʝ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚʘʞʥʳʝ ʥʘʫʯʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ ʠ ʩʦʚʝʱʘʥʠʷ: ʄʝʞʜʫ-
ʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ ʧʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʤ ʪʝʯʝʥʠʷʤ (1972), ʩʠʤʧʦʟʠʫʤʳ, ʧʨʦʚʝʜʝʥʥʳʝ 
ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʅɸʊʆ ï çʈʝʛʠʦʥʘʣʴʥʳʡ ʠ ʛʣʦʙʘʣʴʥʳʡ ʢʨʫʛʦʚʦʨʦʪ ʨʪʫʪʠ: ʠʩʪʦʯʥʠʢʠ, ʧʦʪʦʢʠ 
ʠ ʙʘʣʘʥʩʳè (1995), çʕʢʩʪʨʝʤʘʣʴʥʳʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ: ʥʦʚʳʝ ʢʦʥʮʝʧʮʠʠ ʦʙʝʩʧʝʯʝ-
ʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠè (2005). ɺ ʢʘʯʝʩʪʚʝ ʩʦʧʨʝʜʩʝʜʘʪʝʣʷ ʦʨʛʢʦʤʠʪʝʪʘ ʦʥ ʫʩʧʝʰʥʦ ʧʨʦʚʝʣ ʈʦʩ-
ʩʠʡʩʢʦ-ʙʨʠʪʘʥʩʢʫʶ ʢʦʥʬʝʨʝʥʮʠʶ çɻʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘè 
(2007) ʠ 3-ʶ ɺʩʝʨʦʩʩʠʡʩʢʫʶ ʢʦʥʬʝʨʝʥʮʠʶ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 
ʧʨʦʙʣʝʤʳ ʚʦʜʳ ʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚè (2010).  
ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʚʩʝʛʜʘ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣ ʥʘʫʯʥʦ-ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʆʥ ʷʚʣʷʣʩʷ ʧʨʝʜʩʝʜʘʪʝʣʝʤ ʥʘʫʯʥʳʭ ʩʦʚʝʪʦʚ ʉʆ ɸʅ ʉʉʉʈ ʧʦ ʧʨʦʙʣʝʤʘʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 
ʠ ʧʨʦʙʣʝʤʘʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʉʠʙʠʨʠ (ʧʦʟʞʝ ï ʧʦ ʧʨʦʙʣʝʤʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʉʠʙʠʨʠ). ʉ 1963 ʛ. ʦʥ ʙʳʣ ʯʣʝʥʦʤ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʩʩʦʮʠʘ-
ʮʠʠ ʧʦ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ (ʄɸɻʀ), ʚ 1994-1997 ʛʛ. ï ʯʣʝʥʦʤ ʉʦʚʝʪʘ ʄɸɻʀ, ʟʘ-
ʤʝʩʪʠʪʝʣʝʤ ʧʨʝʜʩʝʜʘʪʝʣʷ ʉʦʚʝʪʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʢʦʤʠʪʝʪʘ ʄɸɻʀ, ʩ 2001 ʛ. ï ʧʦʯʝʪʥʳʤ 
ʯʣʝʥʦʤ ʵʪʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʷʚʣʷʣʩʷ ʯʣʝʥʦʤ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʢʦʤʠʪʝʪʘ ʉʉʉʈ ʧʦ 
ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʝ, ʯʣʝʥʦʤ ʙʶʨʦ ʆʪʜʝʣʝʥʠʷ ʦʢʝʘʥʦʣʦʛʠʠ, ʬʠʟʠʢʠ ʘʪʤʦ-
ʩʬʝʨʳ ʠ ʛʝʦʛʨʘʬʠʠ ʈɸʅ, ʟʘʤʝʩʪʠʪʝʣʝʤ ʧʨʝʜʩʝʜʘʪʝʣʷ ʥʘʫʯʥʦʛʦ ʩʦʚʝʪʘ ʈɸʅ ʧʦ ʚʦʜʥʳʤ ʧʨʦ-
ʙʣʝʤʘʤ, ʯʣʝʥʦʤ ʂʦʤʠʪʝʪʘ ʈɸʅ ʧʦ ʩʠʩʪʝʤʥʦʤʫ ʘʥʘʣʠʟʫ, ʯʣʝʥʦʤ ʥʘʫʯʥʦʛʦ ʩʦʚʝʪʘ ʈɸʅ ʧʦ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʧʨʦʙʣʝʤʘʤ, ʯʣʝʥʦʤ ʙʶʨʦ ʥʘʫʯʥʦʛʦ ʩʦʚʝʪʘ ʉʆ ʈɸʅ ʧʦ 
ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʝ çʉʠʙʠʨʴè, ʯʣʝʥʦʤ ʢʦʥʩʫʣʴʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʠʩ-
ʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠ ʫʯʝʙʥʦʛʦ ʮʝʥʪʨʘ ʖʅɽʉʂʆ ʧʦ ʵʨʦʟʠʠ ʠ ʩʝʜʠʤʝʥʪʘʮʠʠ (1988-1991), ʯʣʝ-
ʥʦʤ ʥʘʫʯʥʦʛʦ ʩʦʚʝʪʘ ʖʅɽʉʂʆ ʧʦ ʧʨʦʙʣʝʤʝ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ (1998). ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʠʟʙʨʘʥ 
ʧʦʯʝʪʥʳʤ ʯʣʝʥʦʤ ɺʝʥʛʝʨʩʢʦʛʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ (1980), ʧʦʯʝʪʥʳʤ ʜʦʢʪʦʨʦʤ ʠʥ-
ʞʝʥʝʨʥʳʭ ʥʘʫʢ ʊʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʂʘʨʣʩʨʫʵ, ʌʈɻ (1988), ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʯʣʝʥʦʤ 
ɺʩʝʩʦʶʟʥʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ (1958). ɺ 1967-1970 ʛʛ. ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʙʳʣ ʧʨʝʜʩʝ-
ʜʘʪʝʣʝʤ ʩʦʚʝʪʘ ɼʦʤʘ ʫʯʝʥʳʭ ʉʆ ɸʅ ʉʉʉʈ. 
ɺʩʷ ʪʚʦʨʯʝʩʢʘʷ ʞʠʟʥʴ ʆʣʝʛʘ ʌʝʜʦʨʦʚʠʯʘ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʧʦʜʛʦʪʦʚʢʦʡ ʤʦʣʦʜʳʭ ʥʘʫʯʥʳʭ 

ʠ ʠʥʞʝʥʝʨʥʳʭ ʢʘʜʨʦʚ, ʢʘʢ ʚ ʠʥʩʪʠʪʫʪʘʭ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ɸʅ (ʚ ʀɻʠʃ ʠ ʀɺʕʇ), ʪʘʢ ʠ ʚ 
ʩʠʩʪʝʤʝ ʚʫʟʦʚʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ʚ ʄʀʉʀ ʠ ʄɻʄʀ, ʅɻʋ, ʅɻɸʉʋ (ʉʠʙʩʪʨʠʥ), ɸʣʪɻʋ). ɺ 
1989 ʛ. ʦʥ ʦʨʛʘʥʠʟʦʚʘʣ ʠ ʚʦʟʛʣʘʚʠʣ ʢʘʬʝʜʨʫ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʛʝʦʵʢʦʣʦʛʠʠ ʚ ɸʣʪɻʋ, ʘ ʚ 
2001 ʛ. ï ʬʠʣʠʘʣ ʢʘʬʝʜʨʳ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʛʠʜʨʘʚʣʠʢʠ ʅɻɸʉʋ ʧʨʠ ʀɺʕʇ 
ʉʆ ʈɸʅ. ʉʨʝʜʠ ʝʛʦ ʫʯʝʥʠʢʦʚ ï 37 ʢʘʥʜʠʜʘʪʦʚ ʠ 13 ʜʦʢʪʦʨʦʚ ʥʘʫʢ. 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʆ.ʌ. ɺʘʩʠʣʴʝʚʘ ʠʟʣʦʞʝʥʳ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ, ʜʦ-

ʣʦʞʝʥʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʠʤʧʦʟʠʫʤʘʭ ʠ ʢʦʥʬʝʨʝʥʮʠʷʭ. ʀʤ ʦʧʫʙʣʠʢʦʚʘʥʦ ʙʦʣʝʝ 350 ʥʘʫʯʥʳʭ 
ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 7 ʤʦʥʦʛʨʘʬʠʡ ʠ 4 ʢʨʫʧʥʳʭ ʤʦʥʦʛʨʘʬʠʯʝʩʢʠʭ ʦʙʟʦʨʘ, ʙʦʣʝʝ 70 ʨʘʙʦʪ ʧʦ-
ʷʚʠʣʠʩʴ ʥʘ ʩʪʨʘʥʠʮʘʭ ʟʘʨʫʙʝʞʥʳʭ ʠʟʜʘʥʠʡ. ʆʥ ʷʚʣʷʣʩʷ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʨʝʜʘʢʪʦʨʦʤ ʨʷʜʘ ʢʦʣ-
ʣʝʢʪʠʚʥʳʭ ʤʦʥʦʛʨʘʬʠʡ. 
ɿʘ ʫʯʘʩʪʠʝ ʚ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʝ ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʥʘʛʨʘʞʜʝʥ ʤʝʜʘʣʷʤʠ çɿʘ ʦʪʚʘ-

ʛʫè (1943), çɿʘ ʦʙʦʨʦʥʫ ʄʦʩʢʚʳè (1944), çɿʘ ʧʦʙʝʜʫ ʥʘʜ ɻʝʨʤʘʥʠʝʡ ʚ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥ-
ʥʦʡ ʚʦʡʥʝ 1941-1945 ʛʛ.è (1945), ʶʙʠʣʝʡʥʳʤʠ ʤʝʜʘʣʷʤʠ 20, 30, 40, 50, 60, 65 ʠ 70 ʣʝʪ ʧʦʙʝʜʳ 
ʚ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʝ, ʦʨʜʝʥʦʤ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ I ʩʪʝʧʝʥʠ (1985), ʤʝʜʘʣʴʶ 
ɻ.ʂ. ɾʫʢʦʚʘ (1996), ʶʙʠʣʝʡʥʦʡ ʤʝʜʘʣʴʶ ʟʘ ʦʩʚʦʙʦʞʜʝʥʠʝ ɹʝʣʦʨʫʩʩʠʠ (2005). 
ʄʠʨʥʳʝ ʟʘʩʣʫʛʠ ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʦʪʤʝʯʝʥʳ ʦʨʜʝʥʘʤʠ çɿʥʘʢ ʧʦʯʝʪʘè (1967, 1975), ʦʨʜʝʥʦʤ 

çɿʘ ʟʘʩʣʫʛʠ ʧʝʨʝʜ ʆʪʝʯʝʩʪʚʦʤè IV ʩʪʝʧʝʥʠ (1998), ʙʣʘʛʦʜʘʨʥʦʩʪʴʶ ʧʨʝʟʠʜʝʥʪʘ ʈɸʅ (1999), 
ʧʦʯʝʪʥʳʤʠ ʛʨʘʤʦʪʘʤʠ ʈɸʅ ʠ ʧʨʦʬʩʦʶʟʘ ʨʘʙʦʪʥʠʢʦʚ ʈɸʅ. 
ʋʤʝʨ ʆʣʝʛ ʌʝʜʦʨʦʚʠʯ ɺʘʩʠʣʴʝʚ 7 ʤʘʨʪʘ 2017 ʛ. 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ 
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ʊʈʀ ʂʆʅʌɽʈɽʅʎʀʀ ς ʊʈʀ ɿʅɸʂɸ ʇɸʄʗʊʀ 

ɸ.ɸ. ɸʪʘʚʠʥ, ʅ.ʅ. ɹʦʨʦʜʠʥʘ, ɺ.ɺ. ʇʫʭʥʘʯʸʚ 

 

ʆʜʥʦʡ ʠʟ ʩʠʣʴʥʝʡʰʠʭ ʯʝʨʪ ʄ.ɸ. ʃʘʚʨʝʥʪʴʝʚʘ ʢʘʢ ʦʨʛʘʥʠʟʘʪʦʨʘ ʩʠʙʠʨʩʢʦʡ ʥʘʫʢʠ ʙʳʣʦ 

ʫʤʝʥʠʝ ʧʨʠʚʣʝʢʘʪʴ ʢ ʨʘʙʦʪʝ ʩʘʤʳʭ ʣʫʯʰʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʢʦʪʦʨʳʝ ʪʦʞʝ ʫʤʝʣʠ ʧʦʜʙʠʨʘʪʴ 

ʩʝʙʝ ʦʪʣʠʯʥʳʝ ʢʦʣʣʝʢʪʠʚʳ. ʊʘʢ ʚ ʉʆ ɸʅ ʉʉʉʈ ʧʦʷʚʠʣʩʷ ʆʣʝʛ ʌʝʜʦʨʦʚʠʯ ɺʘʩʠʣʴʝʚ. ʕʪʦ ʝʤʫ 

ʘʢʘʜʝʤʠʢ ʇ.ʗ. ʂʦʯʠʥʘ ʩʢʘʟʘʣʘ ʚ ʪʝʣʝʬʦʥʥʦʤ ʨʘʟʛʦʚʦʨʝ: çʆʣʝʛ ʌʝʜʦʨʦʚʠʯ, ʘ ʤʦʞʝʪ ʙʳʪʴ, ʠ 

ɺʳ ʩʦ ʤʥʦʶ ʧʦʝʜʝʪʝ ʚ ʉʠʙʠʨʴ?è. ʉʣʝʜʩʪʚʠʝʤ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ 

ʩʪʘʣʘ, ʚ ʠʪʦʛʝ, ʟʘʤʝʯʘʪʝʣʴʥʘʷ ʪʚʦʨʯʝʩʢʘʷ ʙʠʦʛʨʘʬʠʷ ʦʯʝʥʴ ʨʘʟʥʦʩʪʦʨʦʥʥʝʛʦ ʫʯʝʥʦʛʦ, ʟʘ-

ʣʦʞʠʚʰʝʛʦ ʚ ʉʠʙʠʨʠ ʤʥʦʞʝʩʪʚʦ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʣʠʩʴ ʤʦʱʥʦʡ ʧʨʠ-

ʢʣʘʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʆ ʥʠʭ, ʦ ʨʘʙʦʪʝ ʩ ʆʣʝʛʦʤ ʌʝʜʦʨʦʚʠʯʝʤ ʛʦʚʦʨʠʣʠ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ 

çʅʘʫʯʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʛʠʜʨʦʬʠʟʠʢʠ ʠ ʵʢʦʣʦʛʠʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚè, 

ʧʦʩʚʷʱʝʥʥʦʡ 90-ʣʝʪʠʶ ʫʯʝʥʦʛʦ. 

ɸʣʪʘʡʩʢʠʡ ʧʨʦʩʪʦʨ ʜʣʷ ʬʦʨʤʫʣ ʠ ʩʣʦʚ 

ɺʳʙʦʨ ʤʝʩʪʘ ʥʝ ʩʣʫʯʘʝʥ ï ʠʤʝʥʥʦ ʚ ɹʘʨʥʘʫʣʝ ʩ 1987 ʛʦʜʘ ʨʘʙʦʪʘʝʪ ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ (ʀɺʕʇ) ʉʆ ʈɸʅ, ʦʨʛʘʥʠʟʘʪʦʨʦʤ ʢʦʪʦʨʦʛʦ ʙʳʣ ʆ.ʌ. ɺʘʩʠʣʴʝʚ.  

ɼʦʢʣʘʜʳ ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ ʤʥʦʛʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʫʩʧʝʰʥʦ ʨʘʟʚʠ-

ʚʘʣ ʆʣʝʛ ʌʝʜʦʨʦʚʠʯ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʟ ʥʠʭ ʩʚʷʟʘʥʘ ʩ ʚʦʜʦʝʤʘʤʠ ʠ ʛʠʜʨʦʩʦʦʨʫʞʝʥʠʷʤʠ 

ʉʠʙʠʨʠ. ʆʙʩʫʞʜʘʣʠʩʴ ʧʨʦʙʣʝʤʳ ʚʦʜʦʭʨʘʥʠʣʠʱ ʥʘ ʂʘʪʫʥʠ, ʊʦʤʠ ʠ ʜʨʫʛʠʭ ʨʝʢʘʭ (ʩʦʦʙʱʝʥʠʷ 

ʩʦʪʨʫʜʥʠʢʦʚ ʀɺʕʇ ʉʆ ʈɸʅ ʜ.ʛ.ʥ. ɺ.ʄ. ʉʘʚʢʠʥʘ, ʜ.ʪ.ʥ. ɸ.ʊ. ɿʠʥʦʚʴʝʚʘ, ʛʣʘʚʥʦʛʦ ʵʢʩʧʝʨʪʘ 

ʤʦʩʢʦʚʩʢʦʛʦ ʆʆʆ çʀɻ ʍʦʣʜʠʥʛ ʈʋʉè ɸ.ʉ. ʇʠʛʘʣʸʚʘ), ʠʩʪʦʨʠʷ ʩʦʟʜʘʥʠʷ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʩʫ-

ʜʦʧʦʜʲʝʤʥʠʢʘ (ʦʙ ʵʪʦʤ ʨʘʩʩʢʘʟʳʚʘʣʠ ʜʦʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ɸ.ʇ. ʗʥʝʥʢʦ ʠ ɺ.ɺ. ɼʝʛʪʷʨʸʚ 

ʠʟ ʅɻɸʉʋ (ʉʠʙʩʪʨʠʥ), ʘ ʪʘʢʞʝ ʄ.ɸ. ʂʦʣʦʩʦʚ ʠʟ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ). ʈʘʩʩʢʘʟʳʚʘʣʦʩʴ ʦ ʩʦʩʪʦ-

ʷʥʠʠ ɹʘʡʢʘʣʘ (ʜʦʢʣʘʜ ʢ.ʬ.-ʤ.ʥ. ʊ.ʕ. ʆʚʯʠʥʥʠʢʦʚʦʡ ʠʟ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʬʠʣʠʘʣʘ ʀɺʕʇ ʉʆ 

ʈɸʅ) ʠ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ (ʢ.ʙ.ʥ. ɺ.ɺ. ʂʠʨʠʣʣʦʚ, ʀɺʕʇ ʉʆ ʈɸʅ). ɼ.ʪ.ʥ. ʄ.ɺ. ɹʦʣʛʦʚ ʠʟ ʀɺʇ 

ʈɸʅ (ʄʦʩʢʚʘ) ʧʨʝʜʩʪʘʚʠʣ çʉʪʦʭʘʩʪʠʯʝʩʢʠʝ ʥʘʙʨʦʩʢʠ ʢ ʚʦʜʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʧʦʨʪʨʝʪʫ ʦʟ. 

ʏʘʥʳè. ɺ ʧʦʜʛʦʪʦʚʢʝ ʵʪʦʛʦ ʩʦʦʙʱʝʥʠʷ ʧʨʠʥʠʤʘʣʘ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʢ.ʪ.ʥ. ɽ.ɸ. ʂʦʨʦʙʢʠʥʘ, ʚ 

ʥʝʜʘʚʥʝʤ ʧʨʦʰʣʦʤ ï ʩʦʪʨʫʜʥʠʮʘ ʀɺʕʇ ʉʆ ʈɸʅ, ʢʦʣʣʝʛʘ ʠ ʧʦʤʦʱʥʠʮʘ ʘʢʘʜʝʤʠʢʘ ʆ.ʌ. ɺʘ-

ʩʠʣʴʝʚʘ. 

ʉʦʪʨʫʜʥʠʢʠ ɸʣʪʘʡʩʢʦʛʦ ʠ ʖʛʦʨʩʢʦʛʦ (ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢ) ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʫʥʠʚʝʨʩʠʪʝ-

ʪʦʚ ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʙʘʩʩʝʡʥʝ ʂʫʣʫʥʜʠʥʩʢʦʛʦ ʦʟʝʨʘ (ʩʦʦʙʱʝʥʠʝ ʦʙ ʵʪʦʤ ʩʜʝʣʘʣʘ 

ʢ.ʛ.ʥ. ʀ.ɺ. ʈʦʪʘʥʦʚʘ, ɸʣʪɻʋ). ɸ ʜ.ʙ.ʥ. ʇ.ɸ. ʇʦʧʦʚ (ʅʌ ʀɺʕʇ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ) ʧʦʜʝ-

ʣʠʣʩʷ ʠʥʪʝʨʝʩʥʦʡ ʠ ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʪʦʤ, ʢʘʢ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʧʦʛʣʦʱʝʥʥʳʝ ʨʳʙʘ-

ʤʠ, ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʠʥʜʠʢʘʪʦʨʘʤʠ ʯʠʩʪʦʪʳ ʨʝʯʥʳʭ ʚʦʜ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʦʥʝʯʥʦ, ʙʳʣʦ ʤʥʦʛʦ ʩʦʦʙʱʝʥʠʡ ʦ ʤʝʪʦʜʠʢʘʭ ʨʘʩʯʝʪʘ ʩʣʦʞʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ 

ʨʫʢʦʪʚʦʨʥʳʭ ʩʠʩʪʝʤ ï ʵʪʦ ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʶʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʷʨʢʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʦʚʦʩʠʙʠʨ-

ʩʢʫʶ ʰʢʦʣʫ ʛʠʜʨʘʚʣʠʢʦʚ, ʩʦʟʜʘʥʥʫʶ ʆ.ʌ. ɺʘʩʠʣʴʝʚʳʤ. ɼʦʢʣʘʜʳʚʘʣʠ ʧʨʠʟʥʘʥʥʳʝ ʩʧʝʮʠʘʣʠ-

ʩʪʳ ʵʪʦʡ ʰʢʦʣʳ. ɼʦʢʪʦʨʘ ʥʘʫʢ ɸ.ʌ. ɺʦʝʚʦʜʠʥ (ʀɻʠʃ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ) ʠ ʕ.ɸ. ɹʦʥʜʘʨʴ 

(ʀʇʅɻ ʉʆ ʈɸʅ, ʗʢʫʪʩʢ) ʤʥʦʛʦ ʣʝʪ ʫʩʧʝʰʥʦ ʚʝʜʫʪ ʩʦʚʤʝʩʪʥʳʝ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʠ-

ʩʪʝʤ ʜʦʙʳʯʠ ʠ ʪʨʘʥʩʧʦʨʪʘ ʛʘʟʘ, ʥʘʯʘʪʳʝ ʝʱʝ ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʠ ʧʨʠ ʫʯʘʩʪʠʠ ʆ.ʌ. ɺʘʩʠʣʴʝʚʘ. 

ʆʙ ʵʪʦʤ ʠ ʨʘʩʩʢʘʟʘʣ ʧʝʨʚʳʡ ʠʟ ʫʧʦʤʷʥʫʪʳʭ ʩʦʘʚʪʦʨʦʚ. ɺ ʜʨʫʛʦʤ ʜʦʢʣʘʜʝ ʦʥ ʨʘʩʩʤʘʪʨʠʚʘʣ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʪʘʢʠʭ ʷʚʣʝʥʠʡ, ʢʘʢ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʪʝʯʝʥʠʷ ʚ ʦʪʢʨʳʪʳʭ ʨʫʩʣʘʭ, ʧʘʚʦʜ-

ʢʠ, ʦʨʦʩʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʧʝʨʝʥʦʩ ʧʨʠʤʝʩʝʡ ʠ ʪ.ʜ. ʉʦʪʨʫʜʥʠʢ ʀɻʠʃ ʜ.ʬ.-

ʤ.ʥ. ɺ.ɺ. ʆʩʪʘʧʝʥʢʦ ʨʘʩʩʢʘʟʘʣ ʦ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʪʝʯʝʥʠʡ ʚ ʦʪʢʨʳʪʳʭ ʨʫʩʣʘʭ ʠ ʨʘʩʯʝʪʘʭ ʧʨʝ-

ʨʳʚʥʳʭ ʚʦʣʥ. 

ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʠ ʧʨʦʙʣʝʤʳ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʝʡ. ʆ ʟʘʜʘʯʘʭ 

ʜʚʠʞʝʥʠʷ ʪʝʣ ʚ ʪʘʢʠʭ ʞʠʜʢʦʩʪʷʭ ʨʘʩʩʢʘʟʘʣʠ ʜ.ʬ.-ʤ.ʥ. ʀ.ɺ. ʉʪʫʨʦʚʘ (ʀɻʠʃ ʉʆ ʈɸʅ) ʠ ʢ.ʬ.-

ʤ.ʥ. ʉ.ʉ. ʂʫʟʠʢʦʚ (ɸʣʪɻʋ), ʦ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʘʭ ʧʨʠ ʪʝʨʤʦʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ï 
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ʜ.ʬ.-ʤ.ʥ. B.C. ɹʝʨʜʥʠʢʦʚ (ʀʊ ʉʆ ʈɸʅ), ʦ ʚʠʭʨʝʚʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʫʩʪʦʡʯʠʚʦ ʩʪʨʘʪʠʬʠʮʠ-

ʨʦʚʘʥʥʳʭ ʪʝʯʝʥʠʡ ï ʜ.ʬ.-ʤ.ʥ. ɸ.ʌ. ʂʫʨʙʘʮʢʠʡ (ʀʊʇʄ ʉʆ ʈɸʅ). 

ʋʯʘʩʪʥʠʢʠ ʢʦʥʬʝʨʝʥʮʠʠ ʚʳʩʣʫʰʘʣʠ ʠ ʩʦʦʙʱʝʥʠʷ ʦ ʨʝʰʝʥʠʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʥʘ ʦʩʥʦ-

ʚʝ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʪʝʦʨʠʠ ʤʝʣʢʦʡ ʚʦʜʳ (ʫʯʝʥʠʢ ʆ.ʌ. ɺʘʩʠʣʴʝʚʘ ʜ.ʪ.ʥ. 

ɺ.ʄ. ʐʘʭʠʥ, ʆʆʆ çɻʠʜʨʦʪʝʭʥʠʢʘè, ʉʦʯʠ), ʦʙ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʝʯʝʥʠʡ 

ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ (ʢ.ʪ.ʥ. ɸ.ɺ. ʏʝʙʦʪʥʠʢʦʚ, ʀɻʠʃ ʉʆ ʈɸʅ). ʕʪʠ ʧʨʦʙʣʝʤʳ ʠ ʧʦʜʭʦʜʳ 

ʪʘʢʞʝ ʥʘʯʠʥʘʣ ʨʘʟʚʠʚʘʪʴ ʚ ʉʠʙʠʨʩʢʦʤ ʦʪʜʝʣʝʥʠʠ ʆ.ʌ. ɺʘʩʠʣʴʝʚ. ʉ ʙʦʣʴʰʠʤ ʠʥʪʝʨʝʩʦʤ ʙʳʣʠ 

ʚʦʩʧʨʠʥʷʪʳ ʜʦʢʣʘʜʳ X. ɹʘʫʤʝʨʪʘ (ɻʝʨʤʘʥʠʷ) ʠ ʉ.ʅ. ɸʥʪʦʥʮʝʚʘ (ʃʠʩʩʘʙʦʥ-ʅʦʚʦʩʠʙʠʨʩʢ). 

ɼʦʢʪʦʨ ɹʘʫʤʝʨʪ ʨʘʩʩʤʘʪʨʠʚʘʣ ʟʘʜʘʯʠ ʨʘʩʯʝʪʘ ʧʨʦʮʝʩʩʦʚ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʦʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ SALMO-LQ1D, ʘ ʧʨʦʬʝʩʩʦʨ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʚ ʃʠʩʩʘ-

ʙʦʥʝ ʠ ʅʦʚʦʩʠʙʠʨʩʢʝ ʉ.ʅ. ɸʥʪʦʥʮʝʚ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

ɺʩʝ ʵʪʠ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʪʝʤʘʪʠʯʝʩʢʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʟʘʜʘʯʠ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʚʭʦʜʷʪ ʚ ʦʯʝʥʴ 

ʰʠʨʦʢʠʡ ʢʨʫʛ ʥʘʫʯʥʳʭ ʠʥʪʝʨʝʩʦʚ ʆʣʝʛʘ ʌʝʜʦʨʦʚʠʯʘ. ʅʘʧʨʷʞʝʥʥʘʷ ʨʘʙʦʪʘ ʢʦʥʬʝʨʝʥʮʠʠ ʙʳ-

ʣʘ ʧʨʝʢʨʘʩʥʦ ʦʨʛʘʥʠʟʦʚʘʥʘ, ʧʨʦʭʦʜʠʣʘ ʚ ʪʚʦʨʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ ʩʧʦʨʦʚ ʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ 

ʦʙʩʫʞʜʝʥʠʡ. ʅʘʰʣʦʩʴ ʚʨʝʤʷ ʠ ʜʣʷ ʧʦʝʟʜʢʠ ʧʦ ɻʦʨʥʦʤʫ ɸʣʪʘʶ. ʀ ʢʦʥʝʯʥʦ, ʜʣʷ ʚʦʩʧʦʤʠʥʘ-

ʥʠʡ ʦ ʨʘʙʦʪʝ ʩ ʆ.ʌ. ɺʘʩʠʣʴʝʚʳʤ. 

ʇʨʠʥʠʤʘʷ ʵʩʪʘʬʝʪʫ 

ʉʣʝʜ, ʦʩʪʘʚʣʝʥʥʳʡ ʆʣʝʛʦʤ ʌʝʜʦʨʦʚʠʯʝʤ ʚ ʧʘʤʷʪʠ ʣʶʜʝʡ, ʪʘʢ ʛʣʫʙʦʢ, ʯʪʦ ʤʥʦʛʠʤ ʝʛʦ 

ʫʯʝʥʠʢʘʤ ʠ ʢʦʣʣʝʛʘʤ ʭʦʪʝʣʦʩʴ ʧʨʦʜʦʣʞʠʪʴ ʨʘʟʛʦʚʦʨ ʦ ʥʝʤ. ʅʝ ʪʘʢ ʜʘʚʥʦ ʚ ʀʥʩʪʠʪʫʪʝ ʛʠʜʨʦ-

ʜʠʥʘʤʠʢʠ ʩʦʩʪʦʷʣʩʷ ʨʘʩʰʠʨʝʥʥʳʡ ʩʝʤʠʥʘʨ, ʥʘ ʢʦʪʦʨʦʤ ʚʩʧʦʤʠʥʘʣʠ ʦ ʨʘʙʦʪʝ ʩ ʆʣʝʛʦʤ ʌʝ-

ʜʦʨʦʚʠʯʝʤ ɺʘʩʠʣʴʝʚʳʤ. 

ʄʝʨʦʧʨʠʷʪʠʝ ʙʳʣʦ ʦʨʛʘʥʠʟʦʚʘʥʦ ʆʪʜʝʣʦʤ ʧʨʠʢʣʘʜʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ (ʆʇɻ) ʧʦ ʠʥʠʮʠʘ-

ʪʠʚʝ ʯʣ.-ʢʦʨʨ. ʈɸʅ ɺ.ɺ. ʇʫʭʥʘʯʚyʘ. ɺ ʵʪʦʤ ʦʪʜʝʣʝ ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʩʦʟʜʘʣ ʣʘʙʦʨʘʪʦʨʠʶ ʧʨʠ-

ʢʣʘʜʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʨʫʢʦʚʦʜʠʣ ʝʶ ʩ 1959 ʛ. ʚ ʪʝʯʝʥʠʝ 20 ʣʝʪ. ʆ ʩʪʘʚʰʠʭ ʣʝʛʝʥʜʦʡ ʧʝʨ-

ʚʳʭ ʛʦʜʘʭ ʨʘʙʦʪʘʭ ʚ ʉʠʙʠʨʩʢʦʤ ʦʪʜʝʣʝʥʠʠ ʞʠʚʦ ʠ ʪʨʦʛʘʪʝʣʴʥʦ ʨʘʩʩʢʘʟʘʣʘ ʚ ʩʘʤʦʤ ʝʛʦ ʥʘʯʘʣʝ 

ʢ.ʪ.ʥ. ʅ.ɸ. ʇʨʠʪʚʠʮ, ʫʯʝʥʠʮʘ ʆʣʝʛʘ ʌʝʜʦʨʦʚʠʯʘ ʠ ʦʜʥʘ ʠʟ ʧʝʨʚʳʭ ʩʦʪʨʫʜʥʠʮ ʆʇɻ. 

ɺʩʝ ʚʳʩʪʫʧʘʚʰʠʝ ʟʘʪʝʤ ʧʦʜʯʝʨʢʠʚʘʣʠ, ʯʪʦ ʜʣʷ ʆ.ʌ. ɺʘʩʠʣʴʝʚʘ ʙʳʣ ʭʘʨʘʢʪʝʨʝʥ ʩʪʠʣʴ ʨʫ-

ʢʦʚʦʜʩʪʚʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʟʘʜʘʯʘ ʢʘʞʜʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʩʪʘʚʠʣʘʩʴ ʩ ʫʯʝʪʦʤ ʝʛʦ ʟʥʘʥʠʡ, ʠʥʪʝʨʝ-

ʩʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʆʥ ʛʣʫʙʦʢʦ ʧʦʥʠʤʘʣ ʩʫʪʴ ʠʟʫʯʘʝʤʳʭ ʷʚʣʝʥʠʡ ʠ ʦʙʣʘʜʘʣ ʜʘʨʦʤ ʚʠʜʝʪʴ 

ʧʝʨʩʧʝʢʪʠʚʫ ʨʘʙʦʪʳ. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʢʘʯʝʩʪʚʘʤ ʚ ʦʪʜʝʣʝ ʙʳʣʦ ʨʝʰʝʥʦ ʤʥʦʞʝʩʪʚʦ ʟʘʜʘʯ, 

ʠʤʝʚʰʠʭ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠ ʜʘʚʰʠʭ ʪʦʣʯʦʢ ʨʘʟʚʠʪʠʶ ʥʦʚʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝ-

ʪʦʜʦʚ. 

ʕʪʠʤ ʟʘʜʘʯʘʤ ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ ʜʦʢʣʘʜʳ ʜ.ʬ.-ʤ.ʥ. ɻ.ɻ. ʏʝʨʥʳʭ (ʀɺʊ ʉʆ ʈɸʅ) ʠ ʘʢʘʜʝʤʠ-

ʢʘ ʉ.ʂ. ɻʦʜʫʥʦʚʘ (ʀʄ ʉʆ ʈɸʅ). ʆʥʠ ʜʘʚʥʦ ʠ ʪʚʦʨʯʝʩʢʠ ʩʦʪʨʫʜʥʠʯʘʶʪ ʩ ʛʠʜʨʦʜʠʥʘʤʠʢʘʤʠ, ʠ 

ʦʩʥʦʚʫ ʵʪʦʛʦ ʩʦʶʟʘ ʟʘʣʦʞʠʣ ʠʤʝʥʥʦ ʆ.ʌ. ɺʘʩʠʣʴʝʚ. ʇʝʨʚʘʷ ʚʩʪʨʝʯʘ ʜʚʫʭ ʙʫʜʫʱʠʭ ʘʢʘʜʝʤʠ-

ʢʦʚ ʧʨʦʠʟʦʰʣʘ ʚ 1963 ʛ. ʉ.ʂ. ɻʦʜʫʥʦʚ, ʪʦʛʜʘ ʩʦʪʨʫʜʥʠʢ ʀʥʩʪʠʪʫʪʘ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ 

ɸʅ ʉʉʉʈ (ʥʳʥʝ ï ʀʇʄ ʈɸʅ ʠʤ. ʄ.ɺ. ʂʝʣʜʳʰʘ), ʙʳʣ ʧʨʠʛʣʘʰʝʥ ʘʢʘʜʝʤʠʢʦʤ 

ʉ.ʃ. ʉʦʙʦʣʝʚʳʤ ʜʣʷ ʯʪʝʥʠʷ ʣʝʢʮʠʡ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʦʙʣʝʤʘʤ ʪʝʦʨʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʠ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʘʤ ʠʭ ʨʝʰʝʥʠʷ. ʉʨʝʜʠ ʩʣʫʰʘʪʝʣʝʡ ʙʳʣʠ ʠ ʤʦʣʦʜʳʝ ʨʝʙʷʪʘ ʠʟ 

ʆʇɻ. ɺʩʢʦʨʝ ʦʥʠ ʥʘʯʘʣʠ ʫʩʧʝʰʥʦ ʨʝʰʘʪʴ ʩʣʦʞʥʝʡʰʠʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ ʧʝʨʝʯʠʩʣʠʪʴ 

ï ʪʘʢ ʠʭ ʤʥʦʛʦ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʦʥʠ ʩʦʭʨʘʥʷʶʪ ʠ ʩʝʛʦʜʥʷ ï ʥʘʧʨʠʤʝʨ, ʤʦʜʝʣʠ ʨʘʩʯʝʪʦʚ ʧʘʚʦʜ-

ʢʦʚ ʥʘ ʨʝʢʘʭ ʥʘʚʝʨʥʷʢʘ ʤʦʛʣʠ ʙʳ ʧʦʤʦʯʴ ʠʟʙʝʞʘʪʴ ʪʷʞʝʣʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ 

ʥʘʚʦʜʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ. 

ʆʣʝʛ ʌʝʜʦʨʦʚʠʯ ʧʨʠʚʣʝʢ ʢ ʨʘʙʦʪʘʤ ʟʘʤʝʯʘʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʚ ʀɻʠʃ ʜ.ʬ.-ʤ.ʥ. 

ɺ.ʀ. ɹʫʢʨʝʝʚʘ, ʢ.ʬ.-ʤ.ʥ. ɺ.ɸ. ʂʦʩʪʦʤʘʭʫ ʠ ʢ.ʬ.-ʤ.ʥ. ʅ.ɺ. ɻʘʚʨʠʣʦʚʘ. ʀʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʫʥʠʢʘʣʴʥʳʝ ʦʧʳʪʳ, ʜʦʢʘʟʘʚʰʠʝ ʧʨʘʚʠʣʴʥʦʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʠʭ ʢʦʣʣʝʛ. ɸ ʩʝʡʯʘʩ 

ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʆʇɻ ɸ.ɺ. ʏʝʙʦʪʥʠʢʦʚ ʫʯʘʩʪʚʫʝʪ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʚʳʧʦʣʥʷʝ-

ʤʳʭ ʩʦʚʤʝʩʪʥʦ ʩ ʅɻɸʉʋ. ʆʙ ʵʪʠʭ ʨʘʙʦʪʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘ-

ʮʠʡ ʥʘ ʧʦʜʚʦʜʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʨʘʩʩʢʘʟʳʚʘʣʠ ʧʨʦʨʝʢʪʦʨ ʅɻɸʉʋ ʜ.ʪ.ʥ. ɺ.ɺ. ɼʝʛʪʷʨʝʚ ʠ 

ʢ.ʪ.ʥ. ɽ.ɽ. ɽʨʰʦʚʘ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ, ʧʨʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʪʨʘʥʩʧʦʨʪʠʨʦʚ-

ʢʝ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʷʩʥʘ. ɸ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʛʠʜʨʦʜʠʥʘʤʠʢʦʚ ʩ ʦʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ ʚʫʟʦʚ ʅʦʚʦʩʠ-



9 

ʙʠʨʩʢʘ ʟʘʨʦʜʠʣʦʩʴ ʝʱʝ ʚ ʥʘʯʘʣʝ 1970-ʭ ʛʛ., ʢʦʛʜʘ ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʧʨʠʚʣʝʢ ʩʪʨʦʠʪʝʣʝʡ ʢ ʩʦʟʜʘ-

ʥʠʶ ʫʜʠʚʠʪʝʣʴʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ï ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʩʫʜʦʧʦʜʲʝʤʥʠʢʘ, ʥʝ ʠʤʝʶʱʝʛʦ ʘʥʘʣʦʛʦʚ ʚ 

ʤʠʨʝ. ʆ ʥʝʤ ʤʦʞʥʦ ï ʠ ʥʫʞʥʦ ï ʧʠʩʘʪʴ ʦʪʜʝʣʴʥʳʝ ʩʪʘʪʴʠ ʠ, ʥʘʚʝʨʥʦʝ, ʜʘʞʝ ʢʥʠʛʠ. ʇʦʢʘ ʞʝ 

ʦʙ ʫʥʠʢʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʠʜʝʝ, ʫʩʧʝʰʥʦ ʚʥʝʜʨʝʥʥʦʡ ʚ ʧʨʘʢʪʠʢʫ, ʥʘʧʦʤʥʠʣ ʚ ʢʨʘʪʢʦʤ, ʯʝʪʢʦʤ 

ʩʦʦʙʱʝʥʠʠ ʦʜʠʥ ʠʟ ʫʯʘʩʪʥʠʢʦʚ ʨʘʙʦʪʳ ʜ.ʪ.ʥ. ɸ.ʇ. ʗʥʝʥʢʦ, ʚ ʥʝʜʘʚʥʝʤ ʧʨʦʰʣʦʤ ï ʨʝʢʪʦʨ 

ʅɻɸʉʋ. 

ʇʦʟʚʦʣʠʤ ʩʝʙʝ ʜʚʝ ʮʠʪʘʪʳ ʠʟ ʩʪʘʪʴʠ çʉʫʜʦʧʦʜʲʝʤʥʠʢ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʛʠʜʨʦʫʟʣʘè 

(ʆ.ʌ. ɺʘʩʠʣʴʝʚ, ɸ.ɸ. ɸʪʘʚʠʥ, ɺ.ʄ. ɹʦʷʨʩʢʠʡ, ʖ.ʌ. ɽʢʠʤʦʚ, ʞʫʨʥʘʣ çɻʠʜʨʦʪʝʭʥʠʯʝʩʢʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦè, ˉ 12, 2002). 

çʆʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʫʯʝʥʠʝʤ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ ʚ ʢʘʤʝʨʝ ʠ ʛʠʜʨʦʩʠʩʪʝʤʘʭ ʩʫʜʦʧʦʜʲʝʤʥʠʢʘ, ʧʨʦʚʦʜʠʣʠʩʴ ʀʥ-

ʩʪʠʪʫʪʦʤ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ɸʅ ʉʉʉʈ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʪʨʝʤʷ ʥʦ-

ʚʦʩʠʙʠʨʩʢʠʤʠ ʚʫʟʘʤʠ: ʅʀʉʀ, ʅʀʀɺʊ ʠ ʅʕʊʀè. 

çʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘʢʣʦʥʥʳʡ ʩʫʜʦʧʦʜʲʝʤʥʠʢ, ʩʘʤʘ ʠʜʝʷ ʩʦʟʜʘʥʠʷ ʢʦʪʦʨʦʛʦ ʚ ʩʚʦʝ 

ʚʨʝʤʷ ʙʳʣʘ ʧʨʝʜʤʝʪʦʤ ʩʝʨʴʝʟʥʳʭ ʩʧʦʨʦʚ ʚ ʠʥʞʝʥʝʨʥʳʭ ʠ ʥʘʫʯʥʳʭ ʢʨʫʛʘʭ, ʫʞʝ ʙʦʣʝʝ 20 ʣʝʪ 

ʥʘʜʝʞʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʧʫʩʢ ʩʫʜʦʚ ʯʝʨʝʟ ʩʪʚʦʨ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʛʠʜʨʦʫʟʣʘ. ɹʦʣʝʝ ʪʦʛʦ, ʚ 

ʧʝʨʠʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʉʘʷʥʦ-ʐʫʰʝʥʩʢʦʡ ɻʕʉ ʩʫʜʦʧʦʜʲʝʤʥʠʢ ʧʦʟʚʦʣʠʣ ʦʩʫʱʝʩʪʚʠʪʴ ʜʦ-

ʩʪʘʚʢʫ ʢ ʤʝʩʪʫ ʥʘʟʥʘʯʝʥʠʷ ʨʘʙʦʯʠʭ ʢʦʣʝʩ ʝʝ ʛʠʜʨʦʪʫʨʙʠʥ (ʜʠʘʤʝʪʨʦʤ 6,5 ʤ) ʚ ʧʦʣʥʦʡ ʟʘʚʦʜ-

ʩʢʦʡ ʩʙʦʨʢʝ ʩ ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʟʘʚʦʜʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʣʦ ʚʚʦʜ ʉʘʷʥʦ-

ʐʫʰʝʥʩʢʦʡ ɻʕʉ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʦʢʫʧʠʣʦ ʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʪʨʦ-

ʠʪʝʣʴʩʪʚʦʤ ʩʫʜʦʧʦʜʲʝʤʥʠʢʘè. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʥʝ ʦʙʦʰʣʦʩʴ ʙʝʟ ʧʦʤʦʱʠ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʩʫʜʦʧʦʜʲʝʤʥʠʢʘ ʠ ʧʨʠ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʠ ʉʘʷʥʦ-ʐʫʰʝʥʩʢʦʡ ɻʕʉ ʧʦʩʣʝ ʘʚʘʨʠʠ 2009 ʛ. 

ʆʜʥʠʤ ʠʟ ʫʯʘʩʪʥʠʢʦʚ ʩʝʤʠʥʘʨʘ ʚ ʀɻʠʃ ʙʳʣ ʠ ʉ.ʅ. ɸʥʪʦʥʮʝʚ, ʚ ʜʘʣʝʢʦʤ ʧʨʦʰʣʦʤ ʜʠ-

ʧʣʦʤʥʠʢ ʆ.ʌ. ɺʘʩʠʣʴʝʚʘ, ʘ ʥʳʥʝ ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʀɻʠʃ ʠ ʅɻʋ. ʆʣʝʛ ʌʝʜʦʨʦʚʠʯ, 

ʚʩʝʛʜʘ ʦʪʣʠʯʘʚʰʠʡʩʷ ʚʠʜʝʥʠʝʤ ʥʘʫʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʳ, ʧʨʝʜʣʦʞʠʣ ʝʤʫ ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʦʨʠʶ 

ʩʦʚʤʝʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʛʨʫʥʪʦʚʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. ʊʘʢʘʷ ʪʝʦʨʠʷ ʙʳʣʘ ʩʦʟʜʘʥʘ ʉ.ʅ. ɸʥ-

ʪʦʥʮʝʚʳʤ ʠ ʝʛʦ ʫʯʝʥʠʢʦʤ ʜ.ʬ.-ʤ.ʥ. ɸ.ɸ. ʂʘʰʝʚʘʨʦʚʳʤ. ɺ ʪʝ ʞʝ ʛʦʜʳ ʫʩʠʣʠʷʤʠ ʫʯʝʥʠʢʦʚ 

ʆʣʝʛʘ ʌʝʜʦʨʦʚʠʯʘ ʜ.ʬ.-ʤ.ʥ. ɸ.ʌ. ɺʦʝʚʦʜʠʥʘ ʠ ʢ.ʪ.ʥ. ʉ.ʄ. ʐʫʛʨʠʥʘ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʪʝʦʨʠʷ 

ʵʚʦʣʶʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʛʨʘʬʘʭ. ʂʘʢ ʠ ʧʦʣʦʞʝʥʦ ʥʘʩʪʦʷʱʠʤ ʜʦʩʪʠʞʝʥʠʷʤ ʧʨʠʢʣʘʜʥʦʡ ʤʘ-

ʪʝʤʘʪʠʢʠ, ʦʙʝ ʪʝʦʨʠʠ ʥʘʰʣʠ ʮʝʣʳʡ ʨʷʜ ʧʨʠʣʦʞʝʥʠʡ ï ʦʪ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜ-

ʥʳʭ ʨʝʩʫʨʩʦʚ ʂʫʣʫʥʜʳ ʜʦ ʘʥʘʣʠʟʘ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʩʠʩʪʝʤʘʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

ɺ 1985 ʛ. ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʙʳʣ ʥʘʟʥʘʯʝʥ ʜʠʨʝʢʪʦʨʦʤ-ʦʨʛʘʥʠʟʘʪʦʨʦʤ, ʘ ʚ 1987 ʛ. ʠʟʙʨʘʥ ʜʠ-

ʨʝʢʪʦʨʦʤ ʀʥʩʪʠʪʫʪʘ ʚʦʜʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʆ ɸʅ ʉʉʉʈ, ʢʦʪʦʨʳʡ ʦʥ ʚʦʟʛʣʘʚʣʷʣ 

ʜʦ 1995 ʛ. ʇʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʥʦʚʳʡ ʠʥʩʪʠʪʫʪ ʘʢʪʠʚʥʦ ʚʢʣʶʯʠʣʩʷ ʚ ʠʟʫʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝ-

ʩʢʠʭ ʘʩʧʝʢʪʦʚ ʧʨʦʙʣʝʤ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʉʠʙʠʨʠ. ʆ ʥʝʢʦʪʦʨʳʭ ʘʩʧʝʢʪʘʭ 

ʵʪʦʡ ʦʛʨʦʤʥʦʡ ʨʘʙʦʪʳ ʨʘʩʩʢʘʟʳʚʘʣ ʚ ʩʚʦʝʤ ʜʦʢʣʘʜʝ ɸ.ʊ. ɿʠʥʦʚʴʝʚ, ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠ-

ʝʡ ʀɺʕʇ ʉʆ ʈɸʅ. ʊʝʧʝʨʴ ʧʦʯʪʠ ʥʝ ʚʩʧʦʤʠʥʘʶʪ ʦ ʞʘʨʢʠʭ ʙʘʪʘʣʠʷʭ, ʚʩʧʳʭʥʫʚʰʠʭ ʚ ɸʢʘʜʝ-

ʤʛʦʨʦʜʢʝ ʚ ʢʦʥʮʝ 1980-ʭ ʛʛ. ʧʦ ʧʦʚʦʜʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʠʜʨʦʩʪʘʥʮʠʡ ʥʘ ʩʠʙʠʨʩʢʠʭ ʨʝʢʘʭ. ʀʭ 

ʧʨʦʪʠʚʥʠʢʠ, ʦʧʝʨʠʨʫʷ ʥʘʩʪʦʷʱʠʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ çʩʪʨʘʰʠʣʢʘʤʠè, ʜʦʙʠʣʠʩʴ ʪʦʛʜʘ ʧʨʝ-

ʢʨʘʱʝʥʠʷ ʨʘʙʦʪ ʠ ʧʦ ʂʘʪʫʥʩʢʦʡ ɻʕʉ, ʠ ʧʦ ʂʨʘʧʠʚʠʥʩʢʦʤʫ ʛʠʜʨʦʫʟʣʫ ʥʘ ʊʦʤʠ. ɸ ʆʣʝʛ ʌʝʜʦ-

ʨʦʚʠʯ ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʚ ʪʝʯʝʥʠʝ ʪʨʫʜʥʳʭ 1990-ʭ ʠ ʧʦʩʣʝʜʫʶʱʠʭ çʥʫʣʝʚʳʭè ʛʦʜʦʚ ʚʳʧʦʣʥʠʣʠ 

ʢʦʤʧʣʝʢʩ ʨʘʟʥʦʩʪʦʨʦʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʢʘʟʘʚʰʠʭ, ʯʪʦ ʵʢʦʣʦʛʠʶ ʨʘʡʦʥʦʚ, ʛʜʝ ʧʨʝʜʧʦʣʘ-

ʛʘʣʦʩʴ ʧʦʩʪʨʦʠʪʴ ɻʕʉ, ʵʪʠ ʩʦʦʨʫʞʝʥʠʷ ʥʝ ʫʭʫʜʰʠʣʠ ʙʳ, ʘ ʧʦ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ ʫʣʫʯʰʠʣʠ. ʂ 

ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʠʚʣʝʯʝʥʳ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ, ʧʦʜʪʚʝʨʜʠʚʰʠʝ ʚʳʚʦʜʳ ʨʦʩʩʠʡʩʢʠʭ 

ʫʯʝʥʳʭ. ʉʪʨʦʠʪʴ ʙʳʣʦ ʤʦʞʥʦ! ʊʝʧʝʨʴ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʛʨʫʩʪʥʦ ʩʤʦʪʨʝʪʴ ʥʘ ʨʘʟʨʫʰʘʶʱʠʝʩʷ 

ʦʩʪʘʪʢʠ ʪʦʛʦ, ʯʪʦ ʪʦʛʜʘ ʥʘʯʠʥʘʣʦʩʴ, ʠ ʥʘʜʝʷʪʴʩʷ ʥʘ ʚʦʟʨʦʞʜʝʥʠʝ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʉʠʙʠʨʠ. 

ɸ ʝʱʝ ʥʘʜʦ ʥʘʜʝʷʪʴʩʷ ʥʘ ʧʨʠʜʘʥʠʝ ʩʠʙʠʨʩʢʦʡ ʥʘʫʢʝ ʥʦʚʦʛʦ (ʭʦʨʦʰʦ ʟʘʙʳʪʦʛʦ ʩʪʘʨʦʛʦ) 

ʠʤʧʫʣʴʩʘ, ʜʘʚʰʝʛʦ ʙʳ ʥʘʯʘʣʦ ʨʝʰʝʥʠʶ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ɺʩʷ ʠʩʪʦʨʠʷ ʀʥʩʪʠʪʫʪʘ ʛʠʜʨʦʜʠ-

ʥʘʤʠʢʠ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʚʦʟʤʦʞʥʦ, ʥʦ ʠ ʚʘʞʥʦ ʜʣʷ ʩʘʤʦʡ ʥʘʫʢʠ. ʆʙ ʫʤʝʥʠʠ 

ʦʩʥʦʚʘʪʝʣʝʡ ʉʆ ɸʅ ʉʉʉʈ ʨʘʙʦʪʘʪʴ ʠʤʝʥʥʦ ʪʘʢ ʛʦʚʦʨʠʣ ʚ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʩʣʦʚʝ 

ɺ.ɺ. ʇʫʭʥʘʯʚy, ʠ ʦʙ ʵʪʦʤ ʩʢʘʟʘʣ, ʦʪʢʨʳʚʘʷ ʩʝʤʠʥʘʨ, ʜʠʨʝʢʪʦʨ ʀɻʠʃ ʜ.ʬ.-ʤ.ʥ. ʉ.ɺ. ɻʦʣʦʚʠʥ. 
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ʆʥ ʧʦʜʯʝʨʢʥʫʣ ʧʣʦʜʦʪʚʦʨʥʦʩʪʴ ʥʘʫʯʥʦʛʦ ʧʦʠʩʢʘ ʧʨʠ ʥʘʮʝʣʝʥʥʦʩʪʠ ʝʛʦ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠʡ ʨʝ-

ʟʫʣʴʪʘʪ ʠ ʚʳʩʢʘʟʘʣ ʥʘʜʝʞʜʫ, ʯʪʦ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʚʥʦʚʴ ʩʪʘʥʫʪ ʜʚʠʛʘʪʝʣʷʤʠ ʧʨʦʛʨʝʩʩʘ ʆʪ-

ʜʝʣʘ ʧʨʠʢʣʘʜʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʚʩʝʛʦ ʠʥʩʪʠʪʫʪʘ. 

ɺ ʩʚʦʝʤ ʥʘʫʯʥʦʤ ʜʦʢʣʘʜʝ ɻ.ɻ. ʏʝʨʥʳʭ ʧʦʜʯʝʨʢʥʫʣ ʦʜʥʫ ʠʥʪʝʨʝʩʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʛʠʜʨʦ-

ʜʠʥʘʤʠʯʝʩʢʠʭ ʪʝʯʝʥʠʡ. ʆʥʠ ʚ ʪʝʯʝʥʠʝ ʜʦʣʛʦʛʦ ʚʨʝʤʝʥʠ ʩʧʦʩʦʙʥʳ çʧʦʤʥʠʪʴè ʦ ʚʦʟʤʫʱʝʥʠʷʭ, 

ʠʟʤʝʥʠʚʰʠʭ ʠʭ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʕʪʦ ʧʦʢʘʟʘʣʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʠ ʨʘʩʯʝʪʳ. ɺʦʟ-

ʤʦʞʥʦ, ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʪʦʞʝ ʦʙʣʘʜʘʝʪ ʪʘʢʠʤ ʩʚʦʡʩʪʚʦʤ ʧʘʤʷʪʠ. ʇʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʣʶʜʠ 

ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʥʘʣʠʯʠʝ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʩʚʦʡʩʪʚʘ ï ʧʦʤʥʠʪʴ ʦ ʪʝʭ, 

ʢʪʦ ʚʥʝʩ ʥʦʚʦʝ ʚ ʥʘʫʢʫ ʠ ʧʨʘʢʪʠʢʫ. 

ʅʘʫʢʘ ʨʘʙʦʪʘʝʪ ʚ ʚʫʟʘʭ 

ʂʦʥʬʝʨʝʥʮʠʷ ʚ ʅɻɸʉʋ (ʉʠʙʩʪʨʠʥʝ) ʙʳʣʘ ʪʨʝʪʴʝʡ, ʧʦʩʚʷʱʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʢʘʜʝʤʠʢʘ 

ɺʘʩʠʣʴʝʚʘ. ɽʛʦ ʨʘʙʦʪʘ ʩ ʚʫʟʘʤʠ ʅʦʚʦʩʠʙʠʨʩʢʘ ʥʘʯʘʣʘʩʴ ʩʦ ʚʨʝʤʝʥ ʩʦʦʨʫʞʝʥʠʷ ʩʫʜʦʧʦʜʲʝʤ-

ʥʠʢʘ ʂʨʘʩʥʦʷʨʩʢʦʡ ɻʕʉ (1970-ʝ ʛʛ.) ʠ ʧʨʠʚʝʣʘ ʚ ʠʪʦʛʝ ʢ ʪʝʩʥʦʤʫ ʠ ʫʩʧʝʰʥʦʤʫ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʶ ʨʷʜʘ ʢʘʬʝʜʨ ʅɻɸʉʋ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ. ʆʥʦ ʙʳʣʦ ʧʨʦʜʝ-

ʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ ʠʥʪʝʨʝʩʥʳʤʠ ʜʦʢʣʘʜʘʤʠ, ʩʜʝʣʘʥʥʳʤʠ ʚʳʧʫʩʢʥʠʢʘʤʠ ʅɻɸ-

ʉʋ, ʪʝʧʝʨʴ ʢʘʥʜʠʜʘʪʘʤʠ ʥʘʫʢ ʆ.ʈ. ʂʘʣʠʥʠʯʝʥʢʦ ʠ ʉ.ɺ. ʇʠʯʫʛʠʥʦʡ. ʈʘʙʦʪʘʶʪ ʦʥʠ ʧʦ ʨʘʟʥʦʡ 

ʪʝʤʘʪʠʢʝ, ʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʚʳʫʯʢʘ ʫ ʥʠʭ ʥʘ ʦʜʥʦʤ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. 

ʕʪʦ ʙʳʣʦ ʚʘʞʥʦ ʫʚʠʜʝʪʴ ʠ ʫʩʣʳʰʘʪʴ ï ʚʝʜʴ ʙʫʜʫʱʠʤ ʛʠʜʨʦʪʝʭʥʠʢʘʤ ʧʨʠʜʝʪʩʷ, ʥʝʩʦ-

ʤʥʝʥʥʦ, ʨʝʰʘʪʴ ʦʯʝʥʴ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʠ ʩʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʠ ʩ 

ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʝʡ. ʆ ʪʦʤ, ʢʘʢʠʝ ʚʦʧʨʦʩʳ ʚ ʜʘʥʥʳʭ ʦʙʣʘʩʪʷʭ ʩʪʦʷʪ ʧʝʨʝʜ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝ-

ʩʪʚʦʤ, ʨʘʩʩʢʘʟʘʣʠ ʚ ʩʚʦʠʭ ʜʦʢʣʘʜʘʭ ʩʦʪʨʫʜʥʠʢʠ ʀʥʩʪʠʪʫʪʘ ʚʦʜʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ 

ʠʟ ɹʘʨʥʘʫʣʘ ʠ ʅʦʚʦʩʠʙʠʨʩʢʘ ï ɸ.ʊ ɿʠʥʦʚʴʝʚ, ʊ.ʕ. ʆʚʯʠʥʥʠʢʦʚʘ, ɸ.ʅ. ʉʝʤʯʫʢʦʚ. ɺʝʪʝʨʘʥ 

ʀɺʕʇ ʉʆ ʈɸʅ ɺ.ʄ. ʉʘʚʢʠʥ ʩʜʝʣʘʣ ʠʥʪʝʨʝʩʥʦʝ ʩʦʦʙʱʝʥʠʝ ʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ ʉʠʙʠʨʠ, ʠʭ 

ʩʝʛʦʜʥʷʰʥʝʤ ʩʦʩʪʦʷʥʠʠ ʠ ʟʘʜʘʯʘʭ, ʢʦʪʦʨʳʝ ʧʨʠʜʝʪʩʷ ʨʝʰʘʪʴ ʚ ʙʫʜʫʱʝʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʦʚʳʩʠʪʴ ʟʘʨʝʛʫʣʠʨʦʚʘʥʥʦʩʪʴ ʩʪʦʢʦʚ, ʪ.ʝ. ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʚʦʜʥʳʝ 

ʨʝʩʫʨʩʳ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʧʣʦʪʠʥʳ, ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ. ʕʪʦ ʚʘʞʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʶ. ɸ ʩʝʡʯʘʩ ʚ ʈʦʩʩʠʠ, ʢ ʩʦʞʘʣʝʥʠʶ, ʜʘʞʝ ʥʘ ʛʠʜʨʦʣʦ-

ʛʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʵʪʠ ʚʦʧʨʦʩʳ ʥʝ ʦʙʩʫʞʜʘʶʪʩʷ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʬʠʣʠʘʣʘ ʀɺʕʇ ʉʆ ʈɸʅ ɸ.ɸ. ɸʪʘʚʠʥ ʨʘʩʩʢʘʟʘʣ ʩʦʙʨʘʚ-

ʰʠʤʩʷ ʦ ʞʠʟʥʝʥʥʦʤ ʠ ʥʘʫʯʥʦʤ ʧʫʪʠ ʆ.ʌ. ɺʘʩʠʣʴʝʚʘ ʦ ʪʦʤ, ʢʘʢʠʤ ʠʥʪʝʨʝʩʥʳʤ, ʨʘʟʥʦʩʪʦʨʦʥ-

ʥʠʤ, ʢʘʢʠʤ ʫʚʣʝʯʝʥʥʳʤ ʩʚʦʠʤ ʜʝʣʦʤ ʙʳʣ ʵʪʦʪ ʯʝʣʦʚʝʢ. ʈʘʩʩʢʘʟʘʣ ʦ ʝʛʦ ʰʢʦʣʝ, ʦ ʝʝ ʚʣʠʷʥʠʠ 

ʥʘ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ʠ ʧʨʠʢʣʘʜʥʳʭ ʜʠʩʮʠʧʣʠʥ. ɺʳʩʪʫʧʘʚʰʠʝ ʟʘʪʝʤ ʜʦʢʪʦʨʘ ʥʘʫʢ ɸ.ʇ. ʗʥʝʥʢʦ 

ʠ ɺ.ɺ. ɼʝʛʪʷʨʝʚ ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʘʚʦʪʫ ʩʚʦʝʛʦ ʜʘʚʥʝʛʦ ʜʨʫʛʘ ʠ ʢʦʣʣʝʛʠ, ʥʘʧʦʤʥʠʚ ʦ ʭʦʜʝ ʩʪʨʦ-

ʠʪʝʣʴʩʪʚʝ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʩʫʜʦʧʦʜʲʝʤʥʠʢʘ ʠ ʩʣʦʞʥʳʭ ʨʘʩʯʝʪʘʭ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʪʨʫʙʦʧʨʦʚʦ-

ʜʦʚ ʧʦʜ ʚʦʜʦʡ, ʦʙ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʝʝ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʶ. ʀʭ ʜʦʧʦʣʥʠʣʠ ʩʦʦʙʱʝʥʠʷ ʩʦʪʨʫʜ-

ʥʠʢʘ ʀɻʠʃ ɸ.ɺ. ʏʝʙʦʪʥʠʢʦʚʘ ʠ ɽ.ɽ. ɽʨʰʦʚʦʡ (ʅɻɸʉʋ). 

ʆ ʙʦʣʴʰʦʤ ʥʘʙʦʨʝ ʩʘʤʳʭ ʨʘʟʥʳʭ ʠ ʚʘʞʥʳʭ ʟʘʜʘʯ ʠʥʪʝʨʝʩʥʦ ʨʘʩʩʢʘʟʘʣ ʢ.ʪ.ʥ. 

ɺ.ʃ ʃʘʚʨʝʥʪʴʝʚ (ʅɻɸʉʋ). ʆʥ ʩʜʝʣʘʣ ʦʙʟʦʨ ʵʪʠ ʟʘʜʘʯ, ʚ ʪʝʯʝʥʠʝ 45 ʣʝʪ ʨʝʰʘʚʰʠʭʩʷ ʚ ʉʠʙ-

ʩʪʨʠʥʝ ʩ ʧʦʜʘʯʠ ʆ.ʌ. ɺʘʩʠʣʴʝʚʘ. ʉʦʦʙʱʝʥʠʝ ʧʦʣʫʯʠʣʦʩʴ ʚʳʥʫʞʜʝʥʥʦ ʣʘʢʦʥʠʯʥʳʤ ï ʚʝʜʴ 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʫʧʦʤʷʥʫʪʴ ʨʘʩʯʝʪʳ ʠ ʵʢʩʧʝʨʠʤʝʥʪʳ (ʚ ʪ.ʯ. ʥʘʪʫʨʥʳʝ), ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʪʝʧ-

ʣʦʚʳʤ ʩʝʪʷʤ, ʤʘʰʠʥʘʤ ʜʣʷ ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʛʠʜʨʦʧʨʦʚʦʜʘʤ ʜʣʷ ʘʚʠʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘ-

ʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ, ʢ ʨʘʟʥʳʤ ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʠ ʤʥʦʛʠʤ ʜʨʫʛʠʤ ʦʙʣʘʩʪʷʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʢʪʫ-

ʘʣʴʥʳʤ ʩʝʛʦʜʥʷ. ɺʩʝʤ ʠʤ ʜʘʣ ʪʦʣʯʦʢ ʆʣʝʛ ʌʝʜʦʨʦʚʠʯ ɺʘʩʠʣʴʝʚ. 

ʈʘʟʤʘʭ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʝʱʝ ʧʨʝʜʩʪʦʠʪ ʦʩʦʟʥʘʪʴ ï ʪʘʢʦʡ ʠʪʦʛ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦʜʚʝʣ 

ɸ.ɸ. ɸʪʘʚʠʥ. ɸ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʩʪʫʜʝʥʯʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʧʫʩʪʴ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʥʦ ʧʨʠ-

ʩʫʪʩʪʚʦʚʘʣʦ ʚ ʘʫʜʠʪʦʨʠʠ, ʩʢʘʟʘʣ ʠʩʢʨʝʥʥʠʝ ʩʣʦʚʘ ʙʣʘʛʦʜʘʨʥʦʩʪʠ ʦʨʛʘʥʠʟʘʪʦʨʘʤ. ʇʦʪʦʤʫ ʯʪʦ 

ʤʦʣʦʜʳʝ ʧʦʥʠʤʘʶʪ ï ʥʘʜʦ ʟʥʘʪʴ, çʜʝʣʘʪʴ ʞʠʟʥʴ ʩ ʢʦʛʦè. ʀ ʪʘʢʠʝ ʣʶʜʠ, ʢʘʢ ʆʣʝʛ ʌʝʜʦʨʦʚʠʯ 

ɺʘʩʠʣʴʝʚ ï ʧʨʝʢʨʘʩʥʳʡ ʧʨʠʤʝʨ ʜʣʷ ʧʦʜʨʘʞʘʥʠʷ. ɹʫʜʝʤ ʥʘʜʝʷʪʴʩʷ, ʯʪʦ ʫʨʦʢʠ ʝʛʦ ʞʠʟʥʠ ʠ ʨʘ-

ʙʦʪʳ ʙʫʜʫʪ ʚʦʩʧʨʠʥʷʪʳ ʪʝʤʠ, ʢʪʦ ʧʨʠʭʦʜʠʪ ʥʘ ʩʤʝʥʫ ʩʪʘʨʰʝʤʫ ʧʦʢʦʣʝʥʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. 

çʅʘʫʢʘ ʚ ʉʠʙʠʨʠè, ˉ 26, 24.12.2015. 
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ʆ ʅɸʋʏʅʆ-ʆʈɻɸʅʀɿɸʎʀʆʅʅʆʁ ʈɸɹʆʊɽ  

ʆ.ʌ. ɺɸʉʀʃʔɽɺɸ ɺ ʀɺʕʇ ʉʆ ʈɸʅ 

ʖ.ʀ. ɺʠʥʦʢʫʨʦʚ 
ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʆ ʈɸʅ, ɹʘʨʥʘʫʣ, E-mail: iwep@iwep.ru 

 

ʃʠʯʥʦʩʪʴ ʆʣʝʛʘ ʌʝʜʦʨʦʚʠʯʘ ʤʥʦʛʦʛʨʘʥʥʘ ʠ ʥʝʦʨʜʠʥʘʨʥʘ. ɽʛʦ ʦʩʥʦʚʥʳʤ ʢʘʯʝʩʪʚʦʤ ʙʳʣʦ 

ʩʪʨʝʤʣʝʥʠʝ ʢ ʛʣʫʙʦʢʦʤʫ ʧʦʟʥʘʥʠʶ ʚʝʱʝʡ, ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʠʨʦʜʝ, ʢ ʘʥʘʣʠʟʫ ʚʟʘʠʤʦʩʚʷʟʝʡ ʰʠ-

ʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʷʚʣʝʥʠʡ, ʠʭ ʪʦʯʥʦʤʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʚʳʨʘʞʝʥʠʶ. ʏʝʣʦʚʝʢ ʦʛʨʦʤʥʦʡ ʞʘʞ-

ʜʳ ʩʜʝʣʘʪʴ ʙʦʣʴʰʝ, ʛʣʫʙʞʝ, ʧʦʣʝʟʥʝʝ.  

ɹʫʜʫʯʠ 1925 ʛʦʜʘ ʨʦʞʜʝʥʠʷ, ʦʥ ʧʨʠʥʷʣ ʫʯʘʩʪʠʝ ʚ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʝ, ʙʳʣ ʨʘ-

ʥʝʥ. ɺ 1944 ʛ. ʦʥ ʧʦʩʪʫʧʠʣ ʚ ʄʦʩʢʦʚʩʢʠʡ ʛʠʜʨʦʤʝʣʠʦʨʘʪʠʚʥʳʡ ʠʥʩʪʠʪʫʪ ʠ ʟʘʢʦʥʯʠʣ ʝʛʦ ʩ ʦʪ-

ʣʠʯʠʝʤ. ɿʥʘʥʠʝ ʧʨʠʨʦʜʳ, ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʦʙʣʝʤ ʧʦʟʚʦʣʠʣʦ ʝʤʫ ʧʨʦʥʝʩʪʠ ʯʝʨʝʟ ʚʩʶ 

ʞʠʟʥʝʥʥʫʶ ʤʥʦʛʦʛʨʘʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʥʳʡ ʚʟʛʣʷʜ ʥʘ ʠʟʫʯʝʥʠʝ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ ʚ 

ʰʠʨʦʢʦʤ ʠʭ ʧʦʥʠʤʘʥʠʠ.  

ɺ ʉʠʙʠʨʩʢʦʝ ʦʪʜʝʣʝʥʠʝ ɸʅ ʉʉʉʈ ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʧʨʠʝʭʘʣ ʚ 1959 ʛ. ʠ ʨʘʙʦʪʘʣ ʚ ʀʥʩʪʠʪʫʪʝ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ (ʅʦʚʦʩʠʙʠʨʩʢ) ʚ ʜʦʣʞʥʦʩʪʠ ʟʘʚʝʜʫʶʱʝʛʦ ʣʘʙʦʨʘʪʦʨʠʝʡ, ʘ ʟʘʪʝʤ ʦʪʜʝʣʦʤ ʧʨʠ-

ʢʣʘʜʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ. ɺ 1977 ʛ. ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʘʙʦʪʫ ʚ ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʠʥʩʪʠʪʫʪ ʧʨʠ-

ʢʣʘʜʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ (ɸʚʩʪʨʠʷ) ʥʘ ʜʦʣʞʥʦʩʪʴ ʟʘʤʝʩʪʠʪʝʣʷ ʜʠʨʝʢʪʦʨʘ ʠ ʨʫʢʦʚʦʜʠʪʝʣʷ 

ʧʨʦʝʢʪʘ çʇʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘè. ɺ 1980 ʛ. ʧʦ ʚʦʟʚʨʘʱʝʥʠʠ ʠʟ ɸʚʩʪʨʠʠ ʚ 

ʀʥʩʪʠʪʫʪ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʦʨʛʘʥʠʟʦʚʘʣ ʠ ʚʦʟʛʣʘʚʠʣ ʣʘʙʦʨʘʪʦʨʠʶ ʛʠʜʨʦʬʠʟʠʢʠ ʠ ʵʢʦʣʦʛʠʠ 

ʚʦʜʦʝʤʦʚ. ɺ 1985 ʛ. ʆ.ʌ. ɺʘʩʠʣʴʝʚʫ ʙʳʣʘ ʧʦʨʫʯʝʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʥʦʚʦʛʦ ʠʥʩʪʠʪʫʪʘ ʚ ʉʠʙʠʨʩʢʦʤ 

ʦʪʜʝʣʝʥʠʠ ɸʅ, ʧʨʠʟʚʘʥʥʦʛʦ ʦʙʝʩʧʝʯʠʪʴ ʢʦʥʩʦʣʠʜʘʮʠʶ ʠ ʫʩʠʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʦʙʣʝʤʘʤ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʉʠʙʠʨʠ. ʆʥ ʙʳʣ ʥʘʟʥʘʯʝʥ ʜʠʨʝʢʪʦʨʦʤ-

ʦʨʛʘʥʠʟʘʪʦʨʦʤ, ʘ ʚ 1987 ʛ. ï ʜʠʨʝʢʪʦʨʦʤ ʀʥʩʪʠʪʫʪʘ ʚʦʜʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ (ɹʘʨʥʘ-

ʫʣ), ʧʝʨʚʦʛʦ ʠʥʩʪʠʪʫʪʘ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ. 

ɺ 1995 ʛ. ʧʦ ʜʦʩʪʠʞʝʥʠʠ 70-ʣʝʪʥʝʛʦ ʚʦʟʨʘʩʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʋʩʪʘʚʦʤ ʈɸʅ ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʧʝ-

ʨʝʜʘʣ ʨʫʢʦʚʦʜʩʪʚʦ ʠʥʩʪʠʪʫʪʦʤ ʩʚʦʝʤʫ ʧʨʝʝʤʥʠʢʫ, ʜ.ʛ.ʥ. ʖ.ʀ. ɺʠʥʦʢʫʨʦʚʫ, ʠ ʧʨʦʜʦʣʞʠʣ ʘʢ-

ʪʠʚʥʦ ʪʨʫʜʠʪʴʩʷ ʚ ʠʥʩʪʠʪʫʪʝ, ʙʫʜʫʯʠ ʥʘʟʥʘʯʝʥʥʳʤ ʇʨʝʟʠʜʠʫʤʦʤ ʈɸʅ ʥʘ ʜʦʣʞʥʦʩʪʴ ʩʦʚʝʪʥʠʢʘ 

ʈɸʅ. 

ʆʩʥʦʚʥʳʤʠ ʶʨʠʜʠʯʝʩʢʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʦʧʨʝʜʝʣʠʚʰʠʤʠ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʠʥʩʪʠʪʫʪʘ, 

ʙʳʣʠ:  

- ʨʘʩʧʦʨʷʞʝʥʠʝ ʉʄ ʉʉʉʈ ʦʪ 17 ʷʥʚʘʨʷ 1987 ʛ. ˉ 92ʨ; 

- ʧʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʝʟʠʜʠʫʤʘ ɸʅ ʉʉʉʈ ʦʪ 31 ʤʘʨʪʘ 1987 ʛ. ˉ 126; 

- ʧʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʝʟʠʜʠʫʤʘ ʉʆ ɸʅ ʉʉʉʈ ʦʪ 20 ʠʶʣʷ 1987 ʛ. ˉ 428; 

- ʧʨʠʢʘʟ ʜʠʨʝʢʪʦʨʘ ï ʦʨʛʘʥʠʟʘʪʦʨʘ ʆ.ʌ.ɺʘʩʠʣʴʝʚʘ ʦʪ 1 ʩʝʥʪʷʙʨʷ 1987 ʛ. ˉ 1-ʂ. 

ɺ ʩʦʩʪʘʚ ʀʥʩʪʠʪʫʪʘ ʚʦʰʣʠ ʩʣʝʜʫʶʱʠʝ ʣʘʙʦʨʘʪʦʨʠʠ ʉʆ ʈɸʅ:  

- ʵʢʦʣʦʛʠʠ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʀʥʩʪʠʪʫʪʘ ʛʝʦʛʨʘʬʠʠ; 

- ʛʠʜʨʦʬʠʟʠʢʠ ʠ ʵʢʦʣʦʛʠʠ ʚʦʜʦʝʤʦʚ ʀʥʩʪʠʪʫʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ; 

- ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ ʆʙʲʝʜʠʥʝʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ; 

- ʤʝʪʦʜʦʚ ʘʜʘʧʪʘʮʠʠ ɸʉʋ ɺʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ; 

- ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʦʙʣʝʤ ʉʠʙʠʨʩʢʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ. 

ʆʩʥʦʚʥʳʤʠ ʥʘʫʯʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʀʥʩʪʠʪʫʪʘ ʧʨʠ ʝʛʦ ʩʦʟʜʘʥʠʠ ʙʳʣʠ:  

- ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ, ʤʝʣʠʦʨʘʪʠʚʥʦʡ ʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʠʙʠʨʠ; 

- ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʠʟʤʝʥʝʥʠʡ ʛʠʜ-

ʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚʦʜʦʝʤʦʚ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ; 
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- ʨʘʟʚʠʪʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʠʜʨʦʬʠʟʠ-

ʯʝʩʢʠʭ, ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʚʦʜʦʝʤʘʭ ʠ ʜʨʫʛʠʭ ʧʨʠʨʦʜʥʳʭ ʩʠ-

ʩʪʝʤʘʭ; 

- ʠʟʫʯʝʥʠʝ ʦʙʱʠʭ ʚʦʧʨʦʩʦʚ ʠ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ 

ʧʨʦʙʣʝʤ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʆ.ʌ. ɺʘʩʠʣʴʝʚ ï ʠʟʚʝʩʪʥʳʡ ʫʯʝʥʳʡ, ʢʨʫʧʥʳʡ ʩʧʝʮʠʘʣʠʩʪ ʚ ʦʙʣʘʩʪʠ ʧʨʠʢʣʘʜʥʦʡ ʛʠʜʨʦʜʠ-

ʥʘʤʠʢʠ, ʛʠʜʨʘʚʣʠʢʠ, ʛʠʜʨʦʣʦʛʠʠ, ʛʠʜʨʦʬʠʟʠʢʠ ʠ ʵʢʦʣʦʛʠʠ ʚʦʜʦʝʤʦʚ, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ 

ɸʅ ʉʉʉʈ (1970), ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʯʣʝʥ ʈɸʅ (1994). ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʝʛʦ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʷʚʣʷʣʠʩʴ ʪʝʦʨʠʷ ʚʠʭʨʝʚʳʭ, ʪʫʨʙʫʣʝʥʪʥʳʭ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʪʝʯʝʥʠʡ ʞʠʜʢʦʩʪʠ, ʛʠʜ-

ʨʘʚʣʠʢʘ ʦʪʢʨʳʪʳʭ ʨʫʩʝʣ ʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʟʘʜʘʯʠ ʛʠʜʨʦʣʦʛʠʠ, ʛʠʜʨʦʬʠʟʠʢʠ ʠ 

ʵʢʦʣʦʛʠʠ ʨʝʢ ʠ ʚʦʜʦʝʤʦʚ. ʈʷʜ ʝʛʦ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ 

ʥʘʫʯʥʦʝ ʟʥʘʯʝʥʠʝ. 

ɺ 1980-ʭ ʛʛ. ʥʘʫʯʥʘʷ ʠ ʥʘʫʯʥʦ-ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʆ.ʌ. ɺʘʩʠʣʴʝʚʘ ʩʤʝʩʪʠʣʘʩʴ 

ʚ ʦʙʣʘʩʪʴ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʝʰʝʥʠʝ ʚʘʞʥʳʭ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. ɺ ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʥʝʦʜʥʦʢʨʘʪʥʦ ʫʯʘʩʪʚʦʚʘʣ ʚ ʨʘʙʦ-

ʪʝ ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʭ ʢʦʤʠʩʩʠʡ ʧʦ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʘʞʥʳʭ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʦʙʣʝʤ ʉʠ-

ʙʠʨʠ ʠ ʩʪʨʘʥʳ. ɺ ʨʘʙʦʪʘʭ, ʧʨʦʚʦʜʠʚʰʠʭʩʷ ʉʆ ʈɸʅ ʚ ʩʚʷʟʠ ʩ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʦʡ ʩʦʩʪʦʷ-

ʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʉʠʙʠʨʠ ʠ ʵʢʩʧʝʨʪʠʟʦʡ ʢʨʫʧʥʳʭ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʭ ʧʨʦʝʢʪʦʚ, ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʧʨʠʥʠʤʘʝʪ ʦʨʛʘʥʠʟʦʚʘʥʥʳʡ ʠʤ ʠʥʩʪʠʪʫʪ. ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʤ ʚʦʧʨʦʩʘʤ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʚʦʜʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʧʨʦʝʢʪʦʚ. ɺ 1987-1993 ʛʛ. ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʷʚʣʷʣʩʷ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʙʦʣʴʰʠʭ ʤʝʞʠʥ-

ʩʪʠʪʫʪʩʢʠʭ ʢʦʣʣʝʢʪʠʚʦʚ ʉʆ ʈɸʅ ʧʦ ʦʮʝʥʢʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʂʘ-

ʪʫʥʩʢʦʡ ɻʕʉ ʠ ʂʨʘʧʠʚʠʥʩʢʦʛʦ ʛʠʜʨʦʫʟʣʘ ʥʘ ʨ. ʊʦʤʴ. ʆʥ ʦʩʫʱʝʩʪʚʣʷʣ ʥʘʫʯʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ 

ʨʘʙʦʪʘʤʠ ʧʦ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤ ʧʨʦʛʨʘʤʤʘʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ, 

ʚʢʣʶʯʘʶʱʠʤ ʚ ʩʝʙʷ ʥʝʢʦʪʦʨʳʝ ʩʧʝʮʠʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʛʠʜʨʦʣʦʛʠʠ ʠ ʛʠʜʨʦʭʠʤʠʠ, ʥʘʧʨʠʤʝʨ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʘʥʩʧʦʨʪʦʤ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʨʪʫʪʠ ʠ ʜʨʫʛʠʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʚʦʜʥʳʭ ʦʙʲ-

ʝʢʪʘʭ ʠ ʘʢʢʫʤʫʣʷʮʠʝʡ ʠʭ ʚ ʛʠʜʨʦʙʠʦʥʪʘʭ. 

ʉ 1990-ʭ ʛʛ. ʥʘʫʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʆ.ʌ. ɺʘʩʠʣʴʝʚʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ ʠʟʫʯʝʥʠʝʤ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ, ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ, ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʚʦʜʦʩʙʦʨʘʭ ʨʝʢ ʠ ʦʟʝʨ ʉʠʙʠʨʠ. ʉ 2003 ʛ. ʦʥ ʷʚʣʷʣʩʷ ʥʘʫʯ-

ʥʳʤ ʢʦʦʨʜʠʥʘʪʦʨʦʤ ʧʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ 24.2. çʇʨʦʮʝʩʩʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʜʨʦʩʬʝʨʳ, ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʣʠʤʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʉʠʙʠʨʠè, ʚ ʢʦʪʦʨʦʡ 

ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʚʝʜʫʱʠʝ ʀʥʩʪʠʪʫʪʳ ʉʆ ʈɸʅ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ: ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʃʠʤʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠ ʀʥʩʪʠʪʫʪ ʛʝʦʛʨʘʬʠʠ. ʉ ʵʪʦʛʦ ʞʝ ʛʦʜʘ 

ʦʥ ʷʚʣʷʣʩʷ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʧʨʦʝʢʪʘ çɸʥʘʣʠʟ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʛʠʜ-

ʨʦʣʦʛʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʮʝʣʷʭ ʨʘʟʨʘʙʦʪʢʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʥʝʙʣʘʛʦʧʨʠʷʪ-

ʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʫʱʝʨʙʘ ʥʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʉʠʙʠʨʠè ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ 

ˉ 13 ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ çʀʟʤʝʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʢʣʠʤʘʪʘ: ʧʨʠʨʦʜʥʳʝ ʢʘʪʘʩʪʨʦʬʳè. 

ʆ.ʌ. ɺʘʩʠʣʴʝʚʳʤ ʩʦʟʜʘʥʘ ʚʝʜʫʱʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ ʧʦ ʠʟʫʯʝʥʠʶ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ, ʛʠʜʨʦ-

ʭʠʤʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʉʠʙʠʨʠ ʠ ʥʘ ʠʭ ʚʦʜʦʩʙʦʨ-

ʥʳʭ ʙʘʩʩʝʡʥʘʭ. ɽʛʦ ʟʘʩʣʫʛʠ ʚ ʦʙʣʘʩʪʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʩʦʢʦ ʦʮʝʥʝʥʳ ʥʘ 

ʫʨʦʚʥʝ ʈɸʅ ʠ ʉʆ ʈɸʅ. ɺ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ ʦʥ ʷʚʣʷʣʩʷ ʟʘʤʝʩʪʠʪʝʣʝʤ ʨʫʢʦʚʦʜʠʪʝʣʷ ʅʘʫʯ-

ʥʦʛʦ ʩʦʚʝʪʘ ʈɸʅ ʧʦ ʚʦʜʥʳʤ ʧʨʦʙʣʝʤʘʤ ʠ ʆʙʲʝʜʠʥʝʥʥʦʛʦ ʫʯʝʥʦʛʦ ʩʦʚʝʪʘ ʉʆ ʈɸʅ ʧʦ ʥʘʫʢʘʤ 

ʦ ɿʝʤʣʝ, ʠʤʝʶʱʠʭ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʨʘʩʩʤʦʪʨʝʥʠʠ ʦʩʪʨʳʭ ʚʦʜʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦ-

ʙʣʝʤ ʉʠʙʠʨʠ. ɺ 2004 ʛ. ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʧʨʠʥʷʣ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ 

VI ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʩʲʝʟʜʘ, ʚʭʦʜʠʣ ʚ ʩʦʩʪʘʚ ʆʨʛʢʦʤʠʪʝʪʘ. 

ʈʘʙʦʪʳ ʆ.ʌ. ɺʘʩʠʣʴʝʚʘ ʠʤʝʶʪ ʥʝ ʪʦʣʴʢʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ, ʥʦ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʟʥʘʯʝ-

ʥʠʝ. ʇʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ 
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ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʥʦʩʪʠ ʧʨʠʪʦʢʘ ʢ ʚʦʜʦʭʨʘʥʠʣʠʱʫ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʛʠʜʨʦʫʟʣʘ ʠ ʛʠʜʨʦʤʝʪʝʦ-

ʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʥʘ ʨʝʞʠʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʠʜʨʦʫʟʣʘ ʠ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʧʨʦʧʫʩʢʦʚ ʚ ʥʠʞʥʠʡ ʙʴʝʬ. 

ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚʥʝʩ ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʚ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʠʦʧʨʦʜʫʢʪʠʚ-

ʥʦʩʪʠ ʵʢʦʩʠʩʪʝʤʳ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ ʚʦʜʳ, ʚʦʟʛʣʘʚʠʚ ʨʘʙʦʯʫʶ ʛʨʫʧʧʫ 

ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ, ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ɸʨʘʣʴʩʢʦʤ ʤʦʨʝ, ʢʦʪʦʨʘʷ ʨʘʙʦʪʘʣʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ INTAS-01-0511. 

ɺ ʘʚʛʫʩʪʝ 2003 ʛ. ʚ ʅʦʚʦʩʠʙʠʨʩʢʦʤ ʥʘʫʯʥʦʤ ʮʝʥʪʨʝ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʦʪʜʝʣʦʤ ʅɸʊʆ 

ʙʳʣ ʫʩʧʝʰʥʦ ʧʨʦʚʝʜʝʥ ʨʦʩʩʠʡʩʢʦ-ʘʤʝʨʠʢʘʥʩʢʠʡ ʩʝʤʠʥʘʨ çʊʨʘʥʩʛʨʘʥʠʯʥʳʝ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ: 

ʩʪʨʘʪʝʛʠʠ ʚ ʮʝʣʷʭ ʨʝʛʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠè, ʦʨʛʘʥʠʟʦʚʘʥ-

ʥʳʡ ʧʨʠ ʫʯʘʩʪʠʠ ʆ.ʌ. ɺʘʩʠʣʴʝʚʘ. 

ɺʳʩʦʢ ʘʚʪʦʨʠʪʝʪ ʆ.ʌ. ɺʘʩʠʣʴʝʚʘ ʠ ʚ ʟʘʨʫʙʝʞʥʳʭ ʥʘʫʯʥʳʭ ʢʨʫʛʘʭ. ʆʥ ʷʚʣʷʣʩʷ ʯʣʝʥʦʤ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʄɸɻʀ) ʠ ʝʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʮʠ-

ʦʥʘʣʴʥʦʛʦ ʢʦʤʠʪʝʪʘ ʩ ʥʘʯʘʣʘ 1960-ʭ ʛʛ., ʘ ʩ 1994 ʛ. ï ʯʣʝʥʦʤ ʉʦʚʝʪʘ ʵʪʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨ-

ʛʘʥʠʟʘʮʠʠ. ʉ 1986 ʛ. ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʫʯʘʩʪʚʦʚʘʣ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʩʩʦʮʠʘʮʠʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ (ʄɸɻʅ). 

ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʙʳʣ ʯʣʝʥʦʤ ʨʝʜʢʦʣʣʝʛʠʡ ʨʷʜʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʥʘʫʯʥʳʭ 

ʞʫʨʥʘʣʦʚ: çɺʦʜʥʳʝ ʨʝʩʫʨʩʳè, çʉʠʙʠʨʩʢʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʞʫʨʥʘʣè, Ecological Modeling 

(Elsevier), Stochastic Hydrology and Hydraulics (Springer Int.). 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʦʝ ʚʠʜʠʪʩʷ ʠʟʜʘʣʝʢʘ. ʊʘʢ ʠ ʬʠʛʫʨʘ ʆʣʝʛʘ ʌʝ-

ʜʦʨʦʚʠʯʘ ʩ ʫʯʝʪʦʤ ʝʛʦ ʩʚʝʨʰʝʥʠʡ, ʧʨʦʡʜʝʥʥʦʛʦ ʧʫʪʠ ʚʠʜʠʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚʝʣʠʯʠʥʦʡ 

ʥʘʠʚʳʩʰʝʛʦ ʫʨʦʚʥʷ, ʤʥʦʛʦʛʨʘʥʥʦʡ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʥʘʫʯʥʦʛʦ ʜʨʝʚʘ ʩ ʤʦʱʥʳʤʠ 

ʢʦʨʥʷʤʠ ʠ ʚʝʪʚʠʩʪʦʡ ʢʨʦʥʦʡ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʢʨʫʧʥʦʡ ʬʠʛʫʨʦʡ ʪʠʧʠʯʥʦʛʦ ʨʫʩʩʢʦʛʦ ʠʥ-

ʪʝʣʣʠʛʝʥʪʘ. ʊʘʢʠʤ ʦʥ ʠ ʦʩʪʘʝʪʩʷ ʚ ʥʘʰʝʡ ʧʘʤʷʪʠ.  
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ɺʂʃɸɼ ʆʃɽɻɸ ʌɽɼʆʈʆɺʀʏɸ ɺɸʉʀʃʔɽɺɸ ɺ ʈɸɿɺʀʊʀɽ 

ɻʀɼʈʆʄɽʍɸʅʀʂʀ ʉʈɽɼʅɽɸɿʀɸʊʉʂʀʍ ɻʆʉʋɼɸʈʉʊɺ 

ʄ.ɸ. ʉʘʪʪʘʨʦʚ 
ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ, ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʵʢʦʣʦʛʠʠ ɸʅ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ 

E-mail: msattarov@mail.ru 

 

ɺ 1960-ʝ ʛʛ. ʚ ʦʪʜʝʣʝ ʧʨʠʢʣʘʜʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʀʥʩʪʠʪʫʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʉʆ ɸʅ ʉʉʉʈ, 

ʛʜʝ ʷ ʧʨʦʭʦʜʠʣ ʥʘʫʯʥʫʶ ʩʪʘʞʠʨʦʚʢʫ ʠ ʟʘʪʝʤ ʦʙʫʯʘʣʩʷ ʚ ʮʝʣʝʚʦʡ ʘʩʧʠʨʘʥʪʫʨʝ ʧʦʜ ʨʫʢʦʚʦʜ-

ʩʪʚʦʤ ʘʢʘʜʝʤʠʢʘ ʇ.ʗ. ʂʦʯʠʥʦʡ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʠ ʜʚʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʥʘʫʯʥʳʭ ʧʦʜʨʘʟʜʝʣʝ-

ʥʠʷ. ʄʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʣʘ ʣʘʙʦʨʘʪʦʨʠʷ ʧʨʠʢʣʘʜʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦ-

ʜʠʣʠ ʤʦʣʦʜʳʝ ʚʳʧʫʩʢʥʠʢʠ ʤʦʩʢʦʚʩʢʠʭ, ʣʝʥʠʥʛʨʘʜʩʢʠʭ ʠ ʪʦʤʩʢʠʭ ʚʫʟʦʚ ʠ ʩʪʘʞʝʨʳ ï ʩʪʫʜʝʥʪʳ 

ʚʥʦʚʴ ʩʦʟʜʘʥʥʦʛʦ ʅɻʋ. ʆʥʠ ʙʳʣʠ ʵʥʝʨʛʠʯʥʳʤʠ, ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʳʤʠ ʠ ʞʠʟʥʝʨʘʜʦʩʪʥʳʤʠ, ʘʙ-

ʩʦʣʶʪʥʦʝ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʩʪʘʣʠ ʚʝʜʫʱʠʤʠ ʫʯʝʥʳʤʠ ʚ ʦʙʣʘʩʪʠ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ 

ʤʝʭʘʥʠʢʠ. ʈʫʢʦʚʦʜʠʪʝʣʝʤ ʵʪʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣ ʤʦʣʦʜʦʡ ʜʦʢʪʦʨ ʥʘʫʢ ʆ.ʌ. ɺʘʩʠʣʴʝʚ, ʢʦʪʦʨʦ-

ʛʦ ʷ ʯʘʩʪʦ ʚʠʜʝʣ ʪʘʢʞʝ ʥʘ ʢʫʨʩʘʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ, ʢʫʜʘ ʠ ʤʳ ʭʦʜʠʣʠ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʢ ʩʜʘʯʝ ʢʘʥʜʠʜʘʪʩʢʠʭ ʵʢʟʘʤʝʥʦʚ ʧʦ ʠʥʦʩʪʨʘʥʥʦʤʫ ʷʟʳʢʫ. 

ʇʦʩʣʝʜʫʶʱʠʝ ʤʦʠ ʚʩʪʨʝʯʠ ʩ ʆ.ʌ. ɺʘʩʠʣʴʝʚʳʤ ʙʳʣʠ ʯʠʩʪʦ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, 

ʢʦʛʜʘ ʷ ʥʘʨʷʜʫ ʩʦ ʩʪʫʜʝʥʪʘʤʠ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʩʣʫʰʘʣ ʝʛʦ 

ʣʝʢʮʠʠ ʧʦ ʧʨʠʢʣʘʜʥʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʝ, ʘ ʪʘʢʞʝ ʧʦʩʝʱʘʣ ʝʛʦ ʩʝʤʠʥʘʨʳ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʨʝʰʝʥʠʠ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʧʨʠʢʣʘʜʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ. ɽʛʦ ʣʝʢ-

ʮʠʠ ʧʨʠʚʣʝʢʘʣʠ ʤʝʥʷ ʩʚʦʝʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ, ʥʘʩʳʱʝʥʥʦʩʪʴʶ ʢʦʥʢʨʝʪʥʳʤʠ 

ʟʘʜʘʯʘʤʠ ʠ ʧʨʠʤʝʨʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʢʦʥʦʚ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚ ʦʙʣʘʩʪʠ ʧʨʠʢʣʘʜʥʦʡ ʛʠʜʨʦ-

ʤʝʭʘʥʠʢʠ, ʦʥʠ ʩʫʱʝʩʪʚʝʥʥʦ ʜʦʧʦʣʥʷʣʠ ʤʦʠ ʩʢʫʜʥʳʝ ʟʥʘʥʠʷ ʧʦ ʛʠʜʨʘʚʣʠʢʝ, ʧʦʣʫʯʝʥʥʳʝ ʚʦ 

ʚʨʝʤʷ ʫʯʝʙʳ ʚ ʉʘʤʘʨʢʘʥʜʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ.  

ʇʦʩʣʝ ʟʘʱʠʪʳ ʢʘʥʜʠʜʘʪʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʚʦʟʚʨʘʱʝʥʠʷ ʚ ɼʫʰʘʥʙʝ ʚ 1967 ʛ. ʷ, ʥʘʨʷʜʫ ʩ 

ʚʦʧʨʦʩʘʤʠ ʧʦʜʟʝʤʥʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʠ ʝʝ ʧʨʠʣʦʞʝʥʠʡ, ʟʘʠʥʪʝʨʝʩʦʚʘʣʩʷ ʪʘʢʞʝ ʚʦʧʨʦʩʘʤʠ 

ʚʣʠʷʥʠʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ʨ. ɺʘʭʰ ʚʦʜʦʭʨʘʥʠʣʠʱʝʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʅʫʨʝʢʩʢʦʡ ʚʳʩʦʪʥʦʡ 

ʧʣʦʪʠʥʦʡ, ʥʘ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺʘʭʰʩʢʦʡ ʜʦʣʠʥʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʪʘʣ ʠʟʫʯʘʪʴ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʩʩʝʡʥʘ ʚʳʩʦʢʦʛʦʨʥʦʛʦ 

ʉʘʨʝʟʩʢʦʛʦ ʦʟʝʨʘ ʥʘ ʇʘʤʠʨʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʷ ʧʦʟʥʘʢʦʤʠʣʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʝʨʚʦʡ ʧʦʩʣʝ ɺʝ-

ʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ ʥʘʫʯʥʦʡ ʵʢʩʧʝʜʠʮʠʠ ʚ ʋʩʦʡʩʢʠʡ ʟʘʚʘʣ 1956 ʛ., ʨʫʢʦʚʦʜʠʪʝʣʝʤ 

ʢʦʪʦʨʦʡ ʙʳʣ ʤʦʣʦʜʦʡ ʫʯʝʥʳʡ ʆʣʝʛ ɺʘʩʠʣʴʝʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʡ ʵʢʩʧʝʜʠʮʠʠ ʙʳ-

ʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 1961 ʛ. ʚ ʞʫʨʥʘʣʝ çʀʟʚʝʩʪʠʷ ɺʩʝʩʦʶʟʥʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘè, 

ʛʜʝ ʆʣʝʛ ʌʝʜʦʨʦʚʠʯ ʜʘʣ ʜʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʦʙʨʘʟʦ-

ʚʘʥʠʝʤ ʋʩʦʡʩʢʦʛʦ ʟʘʚʘʣʘ ʩ ʦʙʲʝʤʦʤ 2,2 ʢʤ
3
, ʚʦʟʥʠʢʰʝʛʦ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʚ ʬʝʚ-

ʨʘʣʝ 1911 ʛ. ʚ ʨʫʩʣʝ ʨ. ʄʫʨʛʘʙ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʣʴʥʝʡʰʝʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ɺ ʧʦʩʣʝʜʫʶʱʝʤ 

ʟʜʝʩʴ ʥʘ ʇʘʤʠʨʝ ʥʘ ʚʳʩʦʪʝ ʙʦʣʝʝ 3000 ʤ ʦʙʨʘʟʦʚʘʣʦʩʴ ʢʨʫʧʥʦʝ ʉʘʨʝʟʩʢʦʝ ʦʟʝʨʦ ʩ ʤʘʢʩʠʤʘʣʴ-

ʥʦʡ ʛʣʫʙʠʥʦʡ 500 ʤ, ʜʣʠʥʦʡ 56 ʢʤ, ʧʣʦʱʘʜʴʶ ʟʝʨʢʘʣʘ 80 ʢʤ
2
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3
. ɺ ʯʘʩʪ-

ʥʦʩʪʠ, ʥʘ ʦʩʥʦʚʝ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣʠ ʠʟʫʯʝʥʳ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠ-

ʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʪʝʣʝ ʩʘʤʦʛʦ ʋʩʦʡʩʢʦʛʦ ʟʘʚʘʣʘ ʠ ʠʭ ʨʦʣʴ ʚ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʠ.  

ʍʦʪʷ ʧʨʦʙʣʝʤʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʋʩʦʡʩʢʦʛʦ ʟʘʚʘʣʘ ʠ ʧʨʠʚʝʜʝʥʠʷ ʉʘʨʝʟʩʢʦʛʦ ʦʟʝʨʘ ʚ ʙʝʟ-

ʦʧʘʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʪʘʣʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʙʣʝʤʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʜʦʩʪʘʪʦʯ-

ʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠʤ ʚʦʧʨʦʩʘʤ ʧʦʩʚʷʱʝʥʦ ʙʦʣʝʝ 150 ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ, ʢʥʠʛ ʠ ʛʘʟʝʪʥʳʭ ʩʦ-

ʦʙʱʝʥʠʡ), ʧʦʩʪʘʚʣʝʥʥʳʝ ʆ.ʌ. ɺʘʩʠʣʴʝʚʳʤ ʚʦʧʨʦʩʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʠʯʫʪʴ 

ʥʝ ʧʦʪʝʨʷʣʠ ʩʚʦʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. ɺ 1973 ʛ. ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʠ ʝʛʦ ʩʦʪʨʫʜʥʠʢʠ ʫʞʝ ʚ ʀʥʩʪʠʪʫʪʝ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʩʥʦʚʘ ʚʝʨʥʫʣʠʩʴ ʢ ʧʨʦʙʣʝʤʝ ʩʠʩʪʝʤʳ çʋʩʦʡʩʢʠʡ ʟʘʚʘʣ + ʉʘʨʝʟʩʢʦʝ ʦʟʝʨʦè. 

ʀʤʠ ʚʧʝʨʚʳʝ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʧʦ ʨʘʩʯʝʪʫ ʠ ʧʨʦʛʥʦʟʫ ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥʦʚʳʭ ʚʦʣʥʝʥʠʡ 

ʚ ʉʘʨʝʟʩʢʦʤ ʦʟʝʨʝ ʧʨʠ ʚʦʟʤʦʞʥʦʤ ʩʭʦʜʝ ʢʨʫʧʥʦʛʦ ʙʝʨʝʛʦʚʦʛʦ ʦʧʦʣʟʥʷ ʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
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ʩ ʋʩʦʡʩʢʠʤ ʟʘʚʘʣʦʤ ʠ ʧʨʝʜʣʦʞʝʥʦ ʝʝ ʨʝʰʝʥʠʝ. ɿʘʪʝʤ ʠʤʝʥʥʦ ʩʦʪʨʫʜʥʠʢʦʤ ʦʪʜʝʣʘ ʧʨʠʢʣʘʜ-

ʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ɺ.ɺ. ʆʩʪʘʧʝʥʢʦ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥ-

ʥʦ ʨʘʟʚʠʪʘ ʠ ʨʝʰʝʥʘ ʚ ʙʦʣʝʝ ʪʦʯʥʦʡ ʜʚʫʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ.  

ʇʦʩʣʝ ʚʦʟʚʨʘʱʝʥʠʷ ʘʢʘʜʝʤʠʢʘ ʇ.ʗ. ʂʦʯʠʥʦʡ ʚ ʄʦʩʢʚʫ ʚ 1970 ʛ. ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʆʪʜʝʣʘ 

ʧʨʠʢʣʘʜʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʀʥʩʪʠʪʫʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʩʪʘʣ ʆ.ʌ. ɺʘʩʠʣʴʝʚ. ʆʙʱʝʧʨʠʟʥʘʥʥʦ, 

ʯʪʦ ʚ ʵʪʦ ʚʨʝʤʷ ʚ ʦʪʜʝʣʝ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʜʚʝ ʥʦʚʳʝ ʚ ʉʠʙʠʨʠ ʥʘʫʯʥʳʝ ʰʢʦʣʳ: ʰʢʦʣʘ ʘʢʘʜʝ-

ʤʠʢʘ ʇ.ʗ. ʂʦʯʠʥʦʡ, ʠʟʫʯʘʚʰʘʷ ʧʨʦʙʣʝʤʳ ʧʦʜʟʝʤʥʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʠ ʝʝ ʧʨʠʣʦʞʝʥʠʡ, ʠ 

ʰʢʦʣʘ ʘʢʘʜʝʤʠʢʘ ʆ.ʌ. ɺʘʩʠʣʴʝʚʘ, ʟʘʥʠʤʘʚʰʘʷʩʷ ʟʘʜʘʯʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʛʠʜʨʘʚʣʠʢʠ. ʋʯʠʪʳʚʘʷ ʵʪʦ ʠ ʚ ʩʚʷʟʠ ʩ ʚʦʟʥʠʢʰʠʤʠ ʛʠʜʨʦʣʦʛʠʯʝ-

ʩʢʠʤʠ, ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʤʝʣʠʦʨʘʪʠʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʚʦʟʥʠʢʰʠʤʠ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ, 

ʨʫʢʦʚʦʜʩʪʚʦ ɸʅ ʊʘʜʞʠʢʠʩʪʘʥʘ ʦʙʨʘʪʠʣʦʩʴ ʢ ʘʢʘʜʝʤʠʢʫ ʄ.ɸ. ʃʘʚʨʝʥʪʴʝʚʫ ʩ ʧʨʦʩʴʙʦʡ ʢʦ-

ʤʘʥʜʠʨʦʚʘʪʴ ʆ.ʌ. ɺʘʩʠʣʴʝʚʘ ʚ ɼʫʰʘʥʙʝ ʜʣʷ ʦʢʘʟʘʥʠʷ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʦʤʦʱʠ ʚ ʠʟʫ-

ʯʝʥʠʠ ʨʷʜʘ ʢʦʥʢʨʝʪʥʳʭ ʥʘʫʯʥʦ-ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ʕʪʠ ʟʘʜʘʯʠ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩʦ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʦʤ ʢʘʩʢʘʜʘ ʧʣʦʪʠʥ ʥʘ ʨʫʩʣʝ ʨ. ɺʘʭʰ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʩʪʦʢʘ ʨʝʢʠ ʚʦʜʦʭʨʘ-

ʥʠʣʠʱʝʤ ʅʫʨʝʢʩʢʦʡ ɻʕʉ ʠ ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʠʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ ʅʫʨʝʢʩʢʦʡ ʚʳʩʦʪʥʦʡ ʧʣʦʪʠʥʳ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʪʦʨʘʷ ʨʘʙʦʯʘʷ ʧʦʝʟʜʢʘ ʆʣʝʛʘ ʌʝʜʦʨʦʚʠʯʘ ʚ ʊʘʜʞʠʢʠʩʪʘʥ ʩʦʩʪʦʷʣʘʩʴ ʦʩʝ-

ʥʴʶ 1973 ʛ. ʆʥ ʚʩʪʨʝʪʠʣʩʷ ʩ ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʨʝʩʧʫʙʣʠʢʠ ʠ ʨʷʜʘ ʦʪʨʘʩʣʝʚʳʭ 

ʤʠʥʠʩʪʝʨʩʪʚ, ʘ ʪʘʢʞʝ ʧʦʩʝʪʠʣ ʨʘʡʦʥ ʅʫʨʝʢʩʢʦʡ ɻʕʉ. ɽʛʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʩʳʛʨʘʣʠ ʦʧʨʝʜʝʣʷ-

ʶʱʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʦʛʦ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʘʢʘʜʝʤʠʠ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦ-

ʮʝʩʩʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʢʦʥʢʨʝʪʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ. ɹʣʘʛʦʜʘʨʷ ʪʝʩʥʦʤʫ ʩʦʪʨʫʜ-

ʥʠʯʝʩʪʚʫ ʀʥʩʪʠʪʫʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʉʆ ɸʅ ʉʉʉʈ ʩ ɸʢʘʜʝʤʠʝʡ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘ ʚ ʨʝʩ-

ʧʫʙʣʠʢʝ ʧʦʜʛʦʪʦʚʣʝʥ ʨʷʜ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʧʦʜʟʝʤʥʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʝ, ʨʫʩʣʦʚʳʤ ʧʨʦʮʝʩʩʘʤ, 

ʟʘʱʠʱʝʥʦ ʙʦʣʝʝ ʜʝʩʷʪʠ ʜʠʩʩʝʨʪʘʮʠʡ ʧʦ ʨʘʟʣʠʯʥʳʤ ʚʦʧʨʦʩʘʤ ʧʨʠʢʣʘʜʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ 

ʝʝ ʧʨʠʣʦʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʛʠʜʨʦʣʦʛʠʠ ʛʦʨʥʳʭ ʨʝʢ ʠ ʚʦʜʦʭʨʘʥʠʣʠʱ, ʪʝʦʨʠʠ ʜʨʝʥʘʞʘ ʠ ʧʦʣʠʚ-

ʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 1988 ʠ 1991 ʛʛ. ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʠʥʩʪʠʪʫʪʦʚ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝ-

ʣʝʥʠʷ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚʩʝʩʦʶʟʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʶ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʦʧʨʝʜʩʝʜʘʪʝʣʝʤ ʢʦʪʦʨʳʭ ʷʚʣʷʣʩʷ ʆ.ʌ. ɺʘʩʠʣʴʝʚ.  

ʉ ʦʙʨʘʟʦʚʘʥʠʝʤ ʀʥʩʪʠʪʫʪʘ ʚʦʜʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʚ 

1987 ʛ. ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʠʩʴ ʥʘʫʯʥʳʝ ʩʚʷʟʠ ʫʯʝʥʳʭ ʊʘʜʞʠʢʠʩʪʘʥʘ ʩ ʠʥʩʪʠʪʫʪʘʤʠ ʉʠʙʠ-

ʨʠ ʢʘʢ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʠʠ ʬʠʣʴʪʨʘʮʠʠ, ʪʘʢ ʠ ʚ ʩʬʝʨʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʣʦʛʦ-

ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʦʨʥʳʭ ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ ʠ ʦʟʝʨʘʭ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ ʪʝʩʥʳʝ ʩʚʷʟʠ ʆ.ʌ. ɺʘʩʠʣʴʝʚʘ ʩ ʥʘʫʯʥʦ-ʠʥʞʝʥʝʨʥʳʤʠ ʢʨʫʛʘʤʠ ʠ 

ʚ ʜʨʫʛʠʭ ʨʝʩʧʫʙʣʠʢʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʚ ʦʙʣʘʩʪʷʭ ʛʠʜʨʦʣʦʛʠʠ, ʛʠʜʨʘʚʣʠʢʠ, ʛʠʜʨʦʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʚ ʨʝʰʝʥʠʠ ʥʘʫʯʥʳʭ ʧʨʦʙʣʝʤ ʨʘʟʚʠʪʠʷ ʛʘ-

ʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʂʘʢ ʤʥʝ ʠʟʚʝʩʪʥʦ, ʚ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʊʘʰ-

ʢʝʥʪʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʨʘʙʦʪʢʠ ʆʣʝʛʘ ʌʝʜʦʨʦʚʠʯʘ ʠ ʝʛʦ ʢʦʣʣʝʛ ʠʟ ʨʷʜʘ ʩʠʙʠʨʩʢʠʭ 

ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ ʧʦ ʤʝʪʦʜʘʤ ʛʘʟʦʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʩʠʩʪʝʤ ʤʘʛʠ-

ʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʚ ʋʟʙʝʢʠʩʪʘʥʝ.  

ʆʣʝʛ ʌʝʜʦʨʦʚʠʯ ʧʦ ʧʦʨʫʯʝʥʠʶ ɻʕʂ ɻʦʩʧʣʘʥʘ ʉʉʉʈ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘ-

ʩʪʠʝ ʚ ʵʢʩʧʝʨʪʠʟʝ ʊʕʆ ʧʝʨʝʙʨʦʩʢʠ ʯʘʩʪʠ ʩʪʦʢʘ ʩʠʙʠʨʩʢʠʭ ʨʝʢ ʚ ʉʨʝʜʥʶʶ ɸʟʠʠ ʠ ʂʘʟʘʭʩʪʘʥ ʚ 

1980-ʭ ʛʛ., ʫʯʘʩʪʚʦʚʘʣ ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʪʘ ʚ ʨʘʩʩʤʦʪʨʝʥʠʠ ʠʥʞʝʥʝʨʥʦ-ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʤʝ-

ʨʦʧʨʠʷʪʠʡ ʧʦ ʧʨʦʪʠʚʦʩʝʣʝʚʦʡ ʟʘʱʠʪʝ ʚ ʂʘʟʘʭʩʪʘʥʝ ʚ 1963 ʠ 1972 ʛʛ.  

ɺ ʥʘʯʘʣʝ 1998 ʛ. ʧʦ ʭʦʜʘʪʘʡʩʪʚʫ ʧʨʘʚʠʪʝʣʴʩʪʚ ʧʷʪʠ ʛʦʩʫʜʘʨʩʪʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʧʨʠ 

ʦʪʜʝʣʝ ʚʦʜʥʳʭ ʥʘʫʢ ʖʅɽʉʂʆ ʦʙʨʘʟʦʚʘʥ ʅʘʫʯʥʦ-ʢʦʥʩʫʣʴʪʘʪʠʚʥʳʡ ʩʦʚʝʪ ʧʦ ʧʨʦʙʣʝʤʘʤ ʙʘʩ-

ʩʝʡʥʘ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ. ɺ ʩʦʩʪʘʚ ʉʦʚʝʪʘ ʥʘʨʷʜʫ ʩ ʚʝʜʫʱʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ɽʚʨʦʧʳ ʠ ʮʝʥ-

ʪʨʘʣʴʥʦʘʟʠʘʪʩʢʠʭ ʨʝʩʧʫʙʣʠʢ, ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʖʅɽʉʂʆ ʦʪ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚʢʣʶʯʝʥ 

ʪʘʢʞʝ ʘʢʘʜʝʤʠʢ ʆ.ʌ. ɺʘʩʠʣʴʝʚ. ɺʤʝʩʪʝ ʩ ʜʨʫʛʠʤʠ ʯʣʝʥʘʤʠ ʉʦʚʝʪʘ ʆ.ʌ. ɺʘʩʠʣʴʝʚ ʧʨʠʥʠʤʘʣ 

ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʜʦʢʫʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʤʦʛ ʙʳ ʧʦʩʣʫʞʠʪʴ 



16 

ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ ʢʦʤʧʣʝʢʩʘ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʠʥʞʝʥʝʨʥʦ-

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʫʣʫʯʰʝʥʠʶ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʚʦʜʥʦ-

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʙʘʩʩʝʡʥʝ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ. ʕʪʦʪ ʜʦʢʫʤʝʥʪ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ 

çɺʦʜʥʦʝ ʚʠʜʝʥʠʝ ʙʘʩʩʝʡʥʘ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ ʥʘ 2025 ʛ.è ɺ ʥʝʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʫʪʠ ʨʝʰʝ-

ʥʠʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, 

ʚʦʟʥʠʢʰʠʭ ʚ ʩʚʷʟʠ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʨʝʛʠʦʥʘ ʚ ʩʬʝʨʝ ʧʦʣʠʚ-

ʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʠ ʧʨʠʚʝʜʰʠʭ ʢ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʤʫ ʦʙʤʝʣʝʥʠʶ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ. ʈʝʟʫʣʴʪʘ-

ʪʳ ʜʚʫʭʣʝʪʥʝʡ ʨʘʙʦʪʳ ʯʣʝʥʦʚ ʵʪʦʛʦ ʅʘʫʯʥʦ-ʢʦʥʩʫʣʴʪʘʪʠʚʥʦʛʦ ʩʦʚʝʪʘ ʚ ʚʠʜʝ ʥʘʫʯʥʦʛʦ ʦʪʯʝʪʘ 

ʙʳʣʠ ʠʟʜʘʥʳ ʖʅɽʉʂʆ ʚ ʇʘʨʠʞʝ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʥʘ ɺʪʦʨʦʤ ʚʩʝʤʠʨʥʦʤ ʬʦʨʫʤʝ 

ʧʦ ʚʦʜʝ ʚ ɻʘʘʛʝ. 

ɺ ʣʠʮʝ ʘʢʘʜʝʤʠʢʘ ʆʣʝʛʘ ʌʝʜʦʨʦʚʠʯʘ ɺʘʩʠʣʴʝʚʘ ʷ ʚʩʝʛʜʘ ʚʠʞʫ ʜʦʙʨʦʛʦ, ʥʝʫʪʦʤʠʤʦʛʦ ʠ 

ʪʨʝʙʦʚʘʪʝʣʴʥʦʛʦ ʢ ʩʝʙʝ ʙʦʣʴʰʦʛʦ ʫʯʝʥʦʛʦ, ʦʙʣʘʜʘʶʱʝʛʦ ʥʝʠʩʩʷʢʘʝʤʳʤ ʥʘʫʯʥʳʤ ʙʘʛʘʞʦʤ ʠ 

ʩʦʟʠʜʘʪʝʣʴʥʳʤ ʦʨʛʘʥʠʟʘʪʦʨʩʢʠʤ ʪʘʣʘʥʪʦʤ. 
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1. ʇʈʀʂʃɸɼʅɸʗ   ɻʀɼʈʆɼʀʅɸʄʀʂɸ 

ʋɼʂ 532.543:533.6.2:551.556.54(282.343.7) 

ʅɽʉʊɸʎʀʆʅɸʈʅʓɽ ʊɽʏɽʅʀʗ ɺ ʆʊʂʈʓʊʓʍ ʈʋʉʃɸʍ  

(ʇɸɺʆɼʂʀ, ʇʈɽʈʓɺʅʓɽ ɺʆʃʅʓ, ʋʉʊʔɽɺʓɽ ʋʏɸʉʊʂʀ ʈɽʂ,  

ʇɽʈɽʅʆʉ ʇʈʀʄɽʉɽʁ, ʂɸʏɽʉʊɺʆ ʈɽʏʅʓʍ ɺʆɼ,  

ʆʈʆʉʀʊɽʃʔʅʓɽ ʉʀʉʊɽʄʓ) 

ʆ.ʌ. ɺʘʩʠʣʴʝʚ
1
, ɸ.ʌ.ɺʦʝʚʦʜʠʥ

2
, ɺ.ʉ. ʅʠʢʠʬʦʨʦʚʩʢʘʷ

2
, ɸ.ɸ. ɸʪʘʚʠʥ

1
, 

 
ʅ.ɸ. ʇʨʠʪʚʠʮ

3
 

1
ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʆ ʈɸʅ, ɹʘʨʥʘʫʣ, E-mail: atavin@iwep.nsc.ru 

2
ʀʥʩʪʠʪʫʪ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠʤ. ʄ.ɸ. ʃʘʚʨʝʥʪʴʝʚʘ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, E-mail: voevodin@hydro.nsc.ru 

3
ɻʇʅʊɹ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ 

 

ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʠʢʣʘʜʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʀʥʩʪʠʪʫʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʉʆ ɸʅ ʉʉʉʈ, ʩʦ-

ʟʜʘʥʥʦʡ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʆʣʝʛʘ ʌʝʜʦʨʦʚʠʯʘ ɺʘʩʠʣʴʝʚʘ ʚ 1959 ʛ., ʜʘʥʥʘʷ ʪʝʤʘʪʠʢʘ ʷʚʣʷʣʘʩʴ 

ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. ʉ 1960 ʧʦ 1975 ʛʛ. ʚʳʧʦʣʥʷʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʧʨʠʤʝ-

ʥʝʥʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʢ ʨʘʩʯʝʪʫ ʥʝʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʜʚʠʞʝʥʠʡ ʚ ʦʜʥʦʤʝʨʥʦʡ ʧʦʩʪʘ-

ʥʦʚʢʝ ʚ ʩʣʝʜʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: 

- ʜʚʠʞʝʥʠʝ ʚʦʣʥ ʧʘʚʦʜʢʘ ʠ ʧʦʧʫʩʢʘ ʧʦ ʨʝʯʥʦʤʫ ʨʫʩʣʫ; 

- ʨʝʞʠʤ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ ɻʕʉ ʧʨʠ ʩʫʪʦʯʥʦʤ ʠ ʥʝʜʝʣʴʥʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ; 

- ʜʚʠʞʝʥʠʝ ʧʨʦʨʳʚʥʦʡ ʚʦʣʥʳ;  

- ʥʝʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʜʚʠʞʝʥʠʷ ʚ ʢʘʥʘʣʘʭ. 

ʅʝʩʢʦʣʴʢʦ ʧʦʟʞʝ, ʩ ʩʝʨʝʜʠʥʳ 1970-ʭ ʧʦ 1980-ʝ ʛʛ., ʪʝʤʘʪʠʢʘ ʣʘʙʦʨʘʪʦʨʠʠ ʨʘʩʰʠʨʠʣʘʩʴ, 

ʜʦʙʘʚʠʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

- ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʝʧʣʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʫʜʦʚ-ʦʭʣʘʜʠʪʝʣʝʡ ɸʕʉ, ʥʠʞʥʠʭ 

ʙʴʝʬʦʚ ʚʳʩʦʢʦʥʘʧʦʨʥʳʭ ɻʕʉ; 

- ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʚʫʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʚʦʜʥʳʭ ʦʙ̡ -

ʝʢʪʘʭ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʘʤʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʩʪʨʘʥ ï ʯʣʝʥʦʚ ʉʕɺ ʧʦ ʪʝʤʝ 

1ɸ-2.06 ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ 

ʚʦʜʦʝʤʦʚ ʧʨʠ ʩʙʨʦʩʝ ʚ ʥʠʭ ʩʪʦʯʥʳʭ ʚʦʜ [1].  

ɺ ʧʝʨʠʦʜ ʩ 1977 ʧʦ 1983 ʛʛ. ʧʦ ʭʦʟʜʦʛʦʚʦʨʘʤ, ʟʘʢʣʶʯʝʥʥʳʤ ʩ ʅʀʀ ɸʨʢʪʠʢʠ ʠ ɸʥʪʘʨʢʪʠ-

ʢʠ (ʃʝʥʠʥʛʨʘʜ), ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʘʢʪʠʚʥʦ ʚʝʣʠʩʴ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʯʠʩʣʝʥ-

ʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʝʪʘ ʩʛʦʥʥʦ-ʥʘʛʦʥʥʳʭ ʪʝʯʝʥʠʡ ʚʦʜʳ ʩ ʫʯʝʪʦʤ ʝʝ ʢʘʯʝʩʪʚʘ ʚ 

ʫʩʪʴʝʚʳʭ ʫʯʘʩʪʢʘʭ ʩʝʚʝʨʥʳʭ ʨʝʢ ʩʪʨʘʥʳ [2]. ʅʘ ʙʘʟʝ ʥʦʚʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʩʦʟʜʘʥ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʥʘ ʕɺʄ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤʫ ʦʙʦʩʥʦʚʘʥʠʶ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʦʝʢʪʦʚ, 

ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʳʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠʭ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʨʘʟʨʘʙʦʪʢʠ ʵʬ-

ʬʝʢʪʠʚʥʳʭ ʟʘʱʠʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʷʚʣʝʥʠʷʭ ʥʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ. ʅʘ 

ʢʦʥʢʫʨʩʝ ʧʨʠʢʣʘʜʥʳʭ ʨʘʙʦʪ ʉʆ ɸʅ ʉʉʉʈ ʚ 1991 ʛ. ʚ ʥʦʤʠʥʘʮʠʠ çʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠ-

ʢʘè ʵʪʘ ʨʘʙʦʪʘ ʙʳʣʘ ʥʘʛʨʘʞʜʝʥʘ ʧʨʝʤʠʝʡ ʠ ʜʠʧʣʦʤʦʤ 3-ʡ ʩʪʝʧʝʥʠ (çʅʘʫʢʘ ʚ ʉʠʙʠʨʠè, 1991, 

 ̄49-50, ʜʝʢʘʙʨʴ).  

ʈʝʰʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚ ʜʚʫʤʝʨʥʦʡ ʧʣʘʥʦʚʦʡ ʧʦʩʪʘʥʦʚʢʝ ʚʧʝʨʚʳʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʙʳʣʦ ʧʨʝʜʧʨʠʥʷʪʦ ʉ.ʄ. ʐʫʛʨʠʥʳʤ [3]. ʀʤ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʠ ʘʣʛʦʨʠʪʤ 

ʨʘʩʯʝʪʘ, ʫʩʧʝʰʥʦ ʟʘʪʝʤ ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʥʘ ʕɺʄ ʕ.ɺ. ʐʫʛʨʠʥʦʡ. ʇʦ ʩʦʩʪʘʚʣʝʥʥʦʡ ʧʨʦʛʨʘʤʤʝ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʥʘʚʦʜʥʝʥʠʡ ʚ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ ʠ ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ.  

ʈʝʰʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚ ʜʚʫʤʝʨʥʦʡ ʧʨʦʜʦʣʴʥʦ-ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʚʧʝʨ-

ʚʳʝ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʚ 1970-ʝ ʛʛ. ʆ.ʌ. ɺʘʩʠʣʴʝʚʳʤ, ɺ.ʀ. ʂʚʦʥʦʤ ʚ ʩʚʷʟʠ ʩ 
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ʠʟʫʯʝʥʠʝʤ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʪʝʯʝʥʠʡ ʚ ʚʦʜʦʝʤʘʭ ʚʳʪʷʥʫʪʦʡ ʬʦʨʤʳ [4-5]. ɺ 2003-2005 ʛʛ. 

ʆ.ʌ. ɺʘʩʠʣʴʝʚʳʤ, ɸ.ʌ. ɺʦʝʚʦʜʠʥʳʤ ʠ ɺ.ʉ. ʅʠʢʠʬʦʨʦʚʩʢʦʡ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʫʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʧʦ ʨʘʩʯʝʪʘʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ (ʢʨʫʛʣʦʛʦʜʠʯʥʳʡ ʮʠʢʣ) ʚ ɸʨʘʣʴʩʢʦʤ ʤʦʨʝ ʩ ʫʯʝʪʦʤ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʥʝʤ ʧʨʦʮʝʩʩʦʚ 

ʤʘʩʩʦʧʝʨʝʥʦʩʘ [6]. 

ʇʝʨʚʳʡ ʦʧʳʪ ʧʦ ʨʝʰʝʥʠʶ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʟʘʜʘʯ ʥʘ ʕɺʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʙʠʥʠʨʦ-

ʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʠʥʘʜʣʝʞʠʪ ʉ.ʄ. ʐʫʛʨʠʥʫ ʠ ʕ.ɺ. ʐʫʛʨʠʥʦʡ [7]. ʈʘʟʨʘʙʦ-

ʪʘʥʥʳʡ ʚ 1970-ʭ ʛʛ. ʉ.ʄ. ʐʫʛʨʠʥʳʤ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʠ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʩʦʝʜʠʥʝʥʠʷ ʦʜʥʦ-

ʤʝʨʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ ʜʚʫʤʝʨʥʦʡ ʧʣʘʥʦʚʦʡ ʤʦʜʝʣʴʶ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ 

ʕ.ɺ. ʐʫʛʨʠʥʦʡ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʳ ʥʘ ʕɺʄ. ʕʪʘ ʨʘʟʨʘʙʦʪʢʘ ʙʳʣʘ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ 

ʨʘʩʯʝʪʘʭ ʰʪʦʨʤʦʚʳʭ ʥʘʛʦʥʦʚ ʚ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ ʠ ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘ 

ʨʫʙʝʞʦʤ ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʠʟʚʝʩʪʥʳ ʣʠʰʴ ʜʚʝ ʨʘʙʦʪʳ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʘʥʘʣʦʛʠʯʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ [8-9].  

ɺ 2010 ʛ. ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʚʧʝʨʚʳʝ ʢʘʢ ʫ ʥʘʩ ʚ ʩʪʨʘʥʝ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ ɸ.ʌ. ɺʦʝʚʦʜʠʥʳʤ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʕɺʄ ɺ.ʉ. ʅʠʢʠʬʦʨʦʚʩʢʦʡ ʩʦʧʨʷʞʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʘʷ ʩʦʝʜʠʥʝʥʠʝ ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ ʩ ʜʚʫʤʝʨʥʦʡ ʧʨʦʜʦʣʴʥʦ-

ʚʝʨʪʠʢʘʣʴʥʦʡ ʚ ʣʶʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ [10]. ɹʳʣʠ ʧʦʩʪʨʦʝʥʳ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʠ ʘʣʛʦ-

ʨʠʪʤ ʨʘʩʯʝʪʘ ʥʘ ʕɺʄ, ʧʦʣʥʦʩʪʴʶ ʦʙʣʘʜʘʶʱʠʝ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʦʜʥʦʤʝʨ-

ʥʳʭ ʠ ʜʚʫʤʝʨʥʳʭ ʤʦʜʝʣʝʡ. ʕʪʘ ʨʘʟʨʘʙʦʪʢʘ ʙʳʣʘ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʨʘʩʯʝʪʦʚ ʛʠʜʨʦʜʠ-

ʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʚ ʧʨʦʪʦʯʥʦʡ ʩʠʩʪʝʤʝ ʦʟ. ʃʘʤʘ ï ʨ. ʃʘʤʘ (ʬʨʘʛʤʝʥʪ ʦʟʝʨʥʦ-ʨʝʯʥʦʡ ʩʠ-

ʩʪʝʤʳ ʚ ʇʫʪʦʨʘʥʩʢʦʡ ʦʟʝʨʥʦʡ ʧʨʦʚʠʥʮʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʉʨʝʜʥʝʩʠʙʠʨʩʢʦ-

ʛʦ ʧʣʦʩʢʦʛʦʨʴʷ ʚ ʂʨʘʩʥʦʷʨʩʢʦʤ ʢʨʘʝ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʳʪ ʧʦʩʪʨʦʝʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥ-

ʥʦʡ ʤʦʜʝʣʠ (ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ ʩ ʜʚʫʤʝʨʥʦʡ ʧʨʦʜʦʣʴʥʦ-ʚʝʨʪʠʢʘʣʴʥʦʡ ʤʦʜʝʣʴʶ) ʷʚʣʷʝʪʩʷ 

ʫʥʠʢʘʣʴʥʳʤ ʠ ʦʩʪʘʝʪʩʷ ʧʦʢʘ ʝʜʠʥʩʪʚʝʥʥʳʤ, ʢʘʢ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠʥʞʝʥʝʨ-

ʥʦʡ ʛʠʜʨʘʚʣʠʢʠ ʦʪʢʨʳʪʳʭ ʨʫʩʝʣ ʚʧʦʣʥʝ ʦʧʨʘʚʜʘʥʥʦ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʧʨʠ-

ʨʦʜʥʳʝ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʧʨʦʪʦʯʥʳʝ ʚʦʜʦʪʦʢʠ ʠ ʚʦʜʦʝ-

ʤʳ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ: ʫʟʢʠʝ ʠ ʰʠʨʦʢʠʝ, ʤʝʣʢʦʚʦʜʥʳʝ ʠ ʛʣʫʙʦʢʠʝ. ʀʟʫʯʝʥʠʝ ʚʦʣʥʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʚʦʜʥʳʭ ʩʠ-

ʩʪʝʤʘʭ ʧʦ ʢʘʢʦʡ-ʣʠʙʦ ʦʜʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʭʦʪʴ ʠ ʚʦʟʤʦʞʥʦ, ʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ï ʥʝʵʬʬʝʢʪʠʚʥʦ ʠ ʥʝʵʢʦʥʦʤʠʯʥʦ.  

ʆʜʥʦʤʝʨʥʳʝ ʤʦʜʝʣʠ 

ʅʝʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʤʝʜʣʝʥʥʦ ʠʟʤʝʥʷʶʱʠʝʩʷ ʜʚʠʞʝʥʠʷ ʚ ʦʪʢʨʳʪʳʭ ʨʫʩʣʘʭ 

ʈʘʙʦʪʳ ʧʦ ʨʘʩʯʝʪʘʤ ʧʨʦʭʦʞʜʝʥʠʷ ʧʘʚʦʜʢʦʚ (ʧʦʧʫʩʢʦʚ) ʚ ʨʝʯʥʳʭ ʩʠʩʪʝʤʘʭ ʙʳʣʠ ʥʘʯʘʪʳ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʠʢʣʘʜʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʀʥʩʪʠʪʫʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʉʆ ɸʅ ʉʉʉʈ ʧʦʜ ʨʫʢʦ-

ʚʦʜʩʪʚʦʤ ʆ.ʌ. ɺʘʩʠʣʴʝʚʘ ʚ 1961-1962 ʛʛ. ʧʦ ʭʦʟʜʦʛʦʚʦʨʫ ʩ ʃʝʥʠʥʛʨʘʜʩʢʠʤ ʦʪʜʝʣʝʥʠʝʤ ʀʥ-

ʩʪʠʪʫʪʘ çɻʠʜʨʦʧʨʦʝʢʪè (çʃʝʥʛʠʜʨʦʧʨʦʝʢʪè). ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʞʠʤʘ ʨʘ-

ʙʦʪʳ ʪʦʛʜʘ ʝʱʝ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ɿʝʡʩʢʦʡ ɻʕʉ, ʢʦʪʦʨʘʷ ʧʨʝʜʥʘʟʥʘʯʘʣʘʩʴ ʜʣʷ ʟʘʱʠʪʳ ʧʣʦʜʦ-

ʨʦʜʥʳʭ ʧʦʡʤʝʥʥʳʭ ʟʝʤʝʣʴ ʜʦʣʠʥʳ ʨ. ɿʝʠ, ʷʚʣʷʶʱʝʡʩʷ ʚʘʞʥʦʡ ʚʦʜʥʦʡ ʘʨʪʝʨʠʝʡ ɼʘʣʴʥʝʛʦ 

ɺʦʩʪʦʢʘ, ʦʪ ʟʘʪʦʧʣʝʥʠʷ ʚ ʧʝʨʠʦʜ ʧʘʚʦʜʢʦʚ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʧʨʦʜʚʠʞʝ-

ʥʠʷ ʧʘʚʦʜʢʦʚʳʭ ʚʦʣʥ ʧʦ ʨ. ɿʝʝ ʙʳʣʦ ʚʳʷʚʣʝʥʠʝ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɿʝʡʩʢʦʡ ɻʕʉ 

ʧʦ ʙʦʨʴʙʝ ʩ ʥʘʚʦʜʥʝʥʠʷʤʠ, ʚʳʟʚʘʥʥʳʤʠ ʚʝʩʝʥʥʝ-ʦʩʝʥʥʠʤʠ ʜʦʞʜʷʤʠ ʠ ʣʠʚʥʷʤʠ.  

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʨʘʙʦʪʳ ʆ.ʌ. ɺʘʩʠʣʴʝʚ, ʙʫʜʫʯʠ ʟʘʚʝʜʫʶʱʠʤ ʣʘʙʦʨʘʪʦʨʠʝʡ, ʩʦʟʜʘʣ 

(ʩʦʚʤʝʩʪʥʦ ʩ ɺʎ) ʢʦʣʣʝʢʪʠʚ ʠʟ ʜʚʫʭ ʛʨʫʧʧ: ʛʨʫʧʧʫ ʚʳʯʠʩʣʠʪʝʣʝʡ-ʧʨʦʛʨʘʤʤʠʩʪʦʚ (ʉ.ʄ. ʐʫʛ-

ʨʠʥ, ʊ.ɸ. ʊʝʤʥʦʝʚʘ (ɺʎ), ɸ.ɸ. ɸʪʘʚʠʥ, ʄ.ʊ. ɻʣʘʜʳʰʝʚ, ɸ.ʌ. ɺʦʝʚʦʜʠʥ) ʠ ʛʨʫʧʧʫ ʛʠʜʨʦʣʦ-

ʛʦʚ-ʧʨʦʛʨʘʤʤʠʩʪʦʚ (ʅ.ɸ. ʇʨʠʪʚʠʮ ï ʨʫʢʦʚʦʜʠʪʝʣʴ, ɺ.ʉ. ʅʠʢʠʬʦʨʦʚʩʢʘʷ, ʕ.ɺ. ʐʫʛʨʠʥʘ, 

ʅ.ɹ. ʉʦʙʩʪʝʣʴ, ɿ.ɺ. ɼʘʥʠʣʦʚʘ). ɹʦʣʴʰʫʶ ʧʦʤʦʱʴ ʚ ʨʘʙʦʪʝ ʦʢʘʟʘʣ ʉ.ʂ. ɻʦʜʫʥʦʚ ʩʚʦʠʤʠ ʢʦʥ-

ʩʫʣʴʪʘʮʠʷʤʠ ʠ ʧʨʷʤʳʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ʚ ʨʝʰʝʥʠʠ ʚʘʞʥʝʡʰʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ. ʇʝʨ-

ʚʳʡ ʚʘʨʠʘʥʪ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʘʩʯʝʪʘ ʥʝʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʦʚ ʚ ʩʠʩʪʝʤʝ ʦʪʢʨʳʪʳʭ ʨʫʩʝʣ 

ʪʠʧʘ çʪʨʦʡʥʠʢè (ʨ. ɿʝʷ ʩ ʧʨʠʪʦʢʦʤ ʨ. ʉʝʣʝʤʜʞʘ) ʙʳʣ ʩʦʟʜʘʥ ʉ.ʄ. ʐʫʛʨʠʥʳʤ ʠ 

ʊ.ɸ. ʊʝʤʥʦʝʚʦʡ. 
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ʅʦʚʳʡ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʧʨʦʛʨʘʤʤʳ ʙʳʣ ʩʦʟʜʘʥ ɸ.ʌ. ɺʦʝʚʦʜʠʥʳʤ ʠ ʩʚʷʟʘʥ 
ʩʦ ʩʧʦʩʦʙʦʤ ʟʘʜʘʥʠʷ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ: ʤʦʨʬʦʤʝʪʨʠʷ, ʙʦʢʦʚʘʷ ʧʨʠʪʦʯʥʦʩʪʴ ʠ ʪ.ʜ. ɼʣʷ 
ʦʙʨʘʙʦʪʢʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ: ɺ.ʉ. ʅʠʢʠʬʦʨʦʚʩʢʦʡ ï 
ʢʦʤʧʣʝʢʩ çʆʧʨʝʜʝʣʝʥʠʝ ʤʦʨʬʦʤʝʪʨʠʠ ʨʫʩʣʘè, ʚʢʣʶʯʘʶʱʠʡ ʧʨʦʛʨʘʤʤʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʣʠ-
ʥʠʠ çʬʠʢʪʠʚʥʦʛʦè ʜʥʘ ʨʫʩʣʘ, ʧʦ ʦʙʨʘʙʦʪʢʝ ʧʦʧʝʨʝʯʥʠʢʦʚ, ʧʦ ʤʦʨʬʦʤʝʪʨʠʠ ʫʯʘʩʪʢʘ (ʨʠʩ. 1), 
ʠ ʕ.ɺ. ʐʫʛʨʠʥʦʡ ï ʢʦʤʧʣʝʢʩ çɺʳʯʠʩʣʝʥʠʝ ʙʦʢʦʚʦʛʦ ʧʨʠʪʦʢʘ ʧʦ ʤʝʪʦʜʫ ʝʜʠʥʠʯʥʦʛʦ ʛʠʜʨʦ-
ʛʨʘʬʘè, ʚʢʣʶʯʘʶʱʠʡ ʧʨʦʛʨʘʤʤʳ ʚʳʯʠʩʣʝʥʠʷ ʦʩʨʝʜʥʝʥʥʳʭ ʦʩʘʜʢʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʬʦʨʤʳ 
ʝʜʠʥʠʯʥʦʛʦ ʛʠʜʨʦʛʨʘʬʘ ʠ ʧʦʜʩʯʝʪ ʩʪʦʢʘ ʧʦ ʦʩʘʜʢʘʤ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʧʘʚʦʜʢʦʚʳʭ ʚʦʣʥ ʧʦ ʨ. ɿʝʷ ʚ ʧʫʥʢʪʝ ʂʫʭʪʝʨʠʥ ʃʫʛ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2 [11]. 

ʏʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʠ ʧʨʦʛʨʘʤʤʘ ʨʘʩʯʝʪʘ ʥʝʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʚʦʜʥʳʭ ʧʦʪʦʢʦʚ ʚ ʦʪʢʨʳʪʳʭ 

ʨʫʩʣʘʭ ʙʳʣʠ ʦʬʦʨʤʣʝʥʳ ʚ ʚʠʜʝ ʨʫʢʦʚʦʜʩʪʚʘ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʨʘʟʦʩʣʘʥʦ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʠ ʧʨʦʝʢʪʥʳʤ ʦʨʛʘʥʠʟʘʮʠʷʤ ʄʠʥʚʦʜʭʦʟʘ ʠ ʄʠʥʵʥʝʨʛʦ ʉʉʉʈ [12]. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʛʨʫʧʧʝ ʨʘʩʯʝʪʯʠʢʦʚ ï ʛʠʜʨʦʣʦʛʦʚ ʧʨʠʭʦʜʠʣʦʩʴ ʫʜʝʣʷʪʴ ʙʦʣʴʰʦʝ ʚʥʠ-

ʤʘʥʠʝ ʦʢʘʟʘʥʠʶ ʧʦʤʦʱʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʵʪʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʧʦ ʦʩʚʦʝʥʠʶ ʠ ʧʨʘʢʪʠʯʝʩʢʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ (ʘʜʘʧʪʘʮʠʠ) ʨʘʟʨʘʙʦʪʦʢ ʀʥʩʪʠʪʫʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʝʰʝ-

ʥʠʶ ʠʭ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ (ʂʘʟɻʫ, ʂʘʟʅʀʀʕ, ɸʣʤʘ-ɸʪʘ; ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ɻʠʜʨʦʤʝʪʮʝʥʪʨ, 

ʛ. ʍʘʙʘʨʦʚʩʢ; ʉʦʶʟɼʘʣʴɻʠʧʨʦʨʠʩ ʠ ʜʨ.).  

ɺ 1964 ʛ. ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 

(ɻɻʀ, ʃʝʥʠʥʛʨʘʜ) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʥʝʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʜʚʠʞʝʥʠʷ ʚ ʨ. ʊʚʝʨʮʘ [13]. ɺ 

1965-1966 ʛʛ. ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʥʩʪʠʪʫʪʘ çɻʠʧʨʦʚʦʜʭʦʟè (ʧʝʨʝʠʤʝʥʦʚʘʥʥʦʛʦ ʚʧʦ-

ʩʣʝʜʩʪʚʠʠ ʚ çʉʦʶʟʛʠʧʨʦʚʦʜʭʦʟè) ʄʠʥʠʩʪʝʨʩʪʚʘ ʤʝʣʠʦʨʘʮʠʠ ʠ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʉʉʉʈ 

(ʄʦʩʢʚʘ) ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦʣʥ ʧʘʚʦʜʢʦʚ ʠ ʧʦ-

ʧʫʩʢʦʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʚʘʣʦʚʘʥʠʷ ʨ. ʇʨʫʪ ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ ʈʫʤʳ-

ʥʠʷ ï ʉʉʉʈ.  

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʧʨʦʝʢʪʘ ʧʦʪʨʝʙʦʚʘʣʘʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʴʥʳʭ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʤʝʪʦʜʠʢ ʠ ʧʨʦʛʨʘʤʤ ʥʘ ʕɺʄ ʧʦ ʦʙʨʘʙʦʪʢʝ ʠ ʟʘʜʘʥʠʶ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʫʩʣʘ ʩ ʧʦʡʤʦʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʯʠʪʳʚʘʪʴ ʠʟʚʠʣʠʩʪʦʩʪʴ ʨʫʩʣʘ, ʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʙʣʠʞʝʥʥʳʭ ʤʝʪʦʜʠʢ ʩʭʝʤʘʪʠʟʘʮʠʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʨʫʩʣʘ (ʨʠʩ. 3) [12]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʧʦʤʷʥʫʪʳʭ ʨʘʟʨʘʙʦʪʦʢ ʧʦʟʚʦʣʠʣʦ ʀʥʩʪʠʪʫʪʫ çɻʠʧʨʦʚʦʜʭʦʟè ʩʫʱʝʩʪʚʝʥ-

ʥʦ ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤ ʠ ʩʨʦʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʘʤʙ ʦʙʚʘʣʦʚʘʥʠʷ ʥʘ ʨ. ʇʨʫʪ, ʘ ʪʘʢʞʝ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʵʪʠʭ ʨʘʙʦʪ. ɺʩʝ ʵʪʦ ʠʤʝʣʦ ʙʦʣʴʰʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʦʙʚʘʣʦʚʘʥʠʷ, ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʘʤʙ ʦʙʚʘʣʦʚʘʥʠʷ ʜʣʷ ʟʘʱʠʪʳ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʩʝʣʴʭʦʟʫʛʦʜʠʡ ʠ ʧʦʡ-

ʤʝʥʥʳʭ ʟʝʤʝʣʴ ʦʪ ʟʘʪʦʧʣʝʥʠʷ ʥʘ ʚʩʝʤ 578-ʢʠʣʦʤʝʪʨʦʚʦʤ ʧʦʛʨʘʥʠʯʥʦʤ ʫʯʘʩʪʢʝ ʨ. ʇʨʫʪ.  
 

 
 

ʈʠʩ. 1. ʉʭʝʤʘʪʠʟʘʮʠʷ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʦʜʥʦʤʝʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʉʝʥ-ɺʝʥʘʥʘ 
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ɺ 1968-1969 ʛʛ. ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʉʠʙʅʀʀʕ (ʅʦʚʦʩʠʙʠʨʩʢ) ʚʳʧʦʣʥʷʣʘʩʴ ʩʝʨʠʷ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩʫʪʦʯʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʂʨʘʩʥʦʷʨʩʢʦʡ ɻʕʉ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ 

ʤʝʪʦʜʠʢʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɻʕʉ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ɻʕʉ ʚ ʆʙʲʝʜʠʥʝʥʥʦʡ ʵʥʝʨ-

ʛʦʩʠʩʪʝʤʝ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤʘʭ [14].  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʩʝʨʝʜʠʥʳ 1960-ʭ ʜʦ ʩʝʨʝʜʠʥʳ 1970-ʭ ʛʛ. ʦʩʦʙʝʥʥʦ ʧʣʦʜʦʪʚʦʨʥʳʤ 

ʧʨʦʜʦʣʞʝʥʠʝʤ ʜʣʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʢʘʟʘʣʦʩʴ ʩʦʪʨʫʜʥʠ-

ʯʝʩʪʚʦ ʩ ʛʨʫʧʧʦʡ ʩʦʪʨʫʜʥʠʢʦʚ ɻɻʀ, ʨʫʢʦʚʦʜʠʤʦʡ ʄ.ʉ. ɻʨʫʰʝʚʩʢʠʤ. ʕʪʦʡ ʛʨʫʧʧʦʡ, ʚ ʩʦʩʪʘʚʝ 

ɸ.ɸ. ʀʚʘʥʦʚʦʡ, ʃ.ʀ. ʈʦʟʝʥʙʝʨʛ, ʅ.ʅ. ʌʝʜʦʨʦʚʘ, ɺ.ɸ. ʌʝʜʦʩʝʝʚʘ, ʚ ʦʪʜʝʣʝ ʨʫʩʣʦʚʳʭ ʧʨʦʮʝʩ-

ʩʦʚ ʠ ʦʪʜʝʣʝ ʛʠʜʨʦʤʝʪʨʠʠ ɻɻʀ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʄ.ʉ. ɻʨʫʰʝʚʩʢʦʛʦ ʙʳʣʦ ʧʨʦ-

ʚʝʜʝʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ ʥʝʫʩʪʘʥʦʚʠʚʰʝʛʦ-

ʩʷ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʚ ʨʝʯʥʳʭ ʨʫʩʣʘʭ. ʉ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʠ ʧʨʦʛʨʘʤʤ ʥʘ ʕɺʄ ʀʥ-

ʩʪʠʪʫʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʉʆ ɸʅ ʉʉʉʈ ʙʳʣ ʨʝʰʝʥ ʰʠʨʦʯʘʡʰʠʡ ʢʨʫʛ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʟʘʜʘʯ 

ʠʥʞʝʥʝʨʥʦʡ ʛʠʜʨʘʚʣʠʢʠ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʰʣʠ ʦʪʨʘʞʝʥʠʝ 

ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʝʯʘʪʠ, ʘ ʪʘʢʞʝ ʚ ʤʦʥʦʛʨʘʬʠʷʭ [15-16]. 

 

 
 

ʈʠʩ. 2. ʈʘʩʯʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʘʚʦʜʢʦʚʳʭ ʚʦʣʥ ʧʦ ʨ. ɿʝʷ ʠ ʨ. ʉʝʣʝʤʜʞʘ: 
ʘ ï 1956 ʛ.; ʙ ï 1963 ʛ.  
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ʅʘ ʙʘʟʝ ʨʘʟ-
ʨʘʙʦʪʘʥʥʳʭ ʚ ʣʘ-
ʙʦʨʘʪʦʨʠʠ ʚ ʢʦʥ-
ʮʝ 1970-ʭ ʛʛ. ʤʘ-
ʪʝʤʘʪʠʯʝʩʢʠʭ 
ʤʝʪʦʜʦʚ ʙʳʣʠ 
ʩʦʟʜʘʥʳ ʦʨʠʛʠ-
ʥʘʣʴʥʳʝ ʘʣʛʦ-
ʨʠʪʤʳ ʨʝʰʝʥʠʷ 
ʩ ʘʙʩʦʣʶʪʥʦ ʫʩ-
ʪʦʡʯʠʚʳʤʠ ʥʝ-
ʷʚʥʳʤʠ ʢʦʥʝʯ-
ʥʦ-ʨʘʟʥʦʩʪʥʳʤʠ 
ʩʭʝʤʘʤʠ, ʧʦʟʚʦ-
ʣʷʶʱʠʤʠ ʚʳ-
ʧʦʣʥʷʪʴ ʨʘʩʯʝʪʳ 
ʚʦʣʥʦʚʳʭ ʧʨʦ-
ʮʝʩʩʦʚ ʩ ʙʦʣʴ-
ʰʠʤʠ ʰʘʛʘʤʠ ʧʦ 
ʚʨʝʤʝʥʠ; ʨʝʘʣʠ-
ʟʦʚʘʪʴ ʠʭ ʥʘ 
ʕɺʄ ʧʨʠʤʝʥʠ-
ʪʝʣʴʥʦ ʢ ʨʘʟʣʠʯ-
ʥʳʤ ʪʠʧʘʤ ʦʪ-
ʢʨʳʪʳʭ ʨʫʩʝʣ 
(ʢʘʥʘʣʦʚ) ï ʦʜʠ-
ʥʦʯʥʦʤʫ ʨʫʩʣʫ 
ʨʝʢʠ (ʢʘʥʘʣʘ), 
ʨʘʟʚʝʪʚʣʝʥʥʦʡ 
ʩʠʩʪʝʤʝ ʨʫʩʝʣ 
(ʢʘʥʘʣʦʚ) ʪʠʧʘ 
çʜʝʨʝʚʦè, ʨʘʟ-
ʚʝʪʚʣʝʥʥʦʡ ʩʠ-
ʩʪʝʤʝ ʨʫʩʝʣ ʩ 
ʧʝʪʣʝʦʙʨʘʟʥʳʤʠ 
ʫʯʘʩʪʢʘʤʠ ʨʫʩʝʣ 
ʪʠʧʘ çʮʠʢʣè [17-
19]. ʕʪʠ ʨʘʟʨʘ-
ʙʦʪʢʠ ʟʥʘʯʠ-
ʪʝʣʴʥʦ ʨʘʩʰʠʨʠ-
ʣʠ ʢʨʫʛ ʨʝʰʘʝ-
ʤʳʭ ʛʠʜʨʘʚʣʠʯʝ-
ʩʢʠʭ ʟʘʜʘʯ.  

 

ʈʠʩ. 3. ʉʭʝʤʘ ʙʘʩʩʝʡʥʘ ʨ. ʇʨʫʪ 

ʉʦʟʜʘʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʘʢʝʪʳ ʧʨʦʛʨʘʤʤ ʥʘ ʕɺʄ ʚ ʦʜʥʦʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ (ɻʀɼʈ1, 

ɻʀɼʈ2, ɻʀɼʈ3) ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʨʷʜʘ ʚʘʞʥʳʭ ʚʦʜʦ-

ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʦʝʢʪʦʚ: 

ï ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʰʪʦʨʤʦʚʳʭ ʥʘʛʦʥʦʚ ʚ ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ ʠ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ 

ï ʚ ʩʚʷʟʠ ʩ ʦʙʦʩʥʦʚʘʥʠʝʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʘʤʙʳ ʜʣʷ ʟʘʱʠʪʳ ʛ. ʃʝʥʠʥʛʨʘʜʘ ʦʪ ʥʘʚʦʜʥʝʥʠʡ ʧʦ 

ʭʦʟʜʦʛʦʚʦʨʫ ʩ ʀʥʩʪʠʪʫʪʦʤ çʃʝʥʛʠʜʨʦʧʨʦʝʢʪè (ʨʠʩ. 4); 

ï ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʘʚʦʜʢʦʚʳʭ ʚʦʣʥ ʨ. ʀʨʪʳʰ ʥʘ ʫʯʘʩʪʢʝ ʊʦʙʦʣʴʩʢ ï 

ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢ ʟʘ ʧʝʨʠʦʜ 1936-1960 ʛʛ. ï ʚ ʩʚʷʟʠ ʩ ʩʦʩʪʘʚʣʝʥʠʝʤ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʦʙʦʩʥʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʩʪʨʘʥʳ (ʧʦ ʭʦʟʜʦʛʦʚʦʨʫ 

ʩ ʀʥʩʪʠʪʫʪʦʤ çʀʥʪʝʨʚʦʜè ï ʙʳʚʰʠʡ çʉʦʶʟʛʠʧʨʦʚʦʜʭʦʟè, ʄʦʩʢʚʘ). 
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ʈʠʩ. 4. ʈʘʩʯʝʪ ʰʪʦʨʤʦʚʦʛʦ ʥʘʛʦʥʘ:  
ʘ ï ʚ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ; ʙ ï ʚ ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ; I ï ʛ. ʂʨʦʥʰʪʘʜʪ; II  ï ɻʦʨʥʳʡ ʠʥʩʪʠʪʫʪ; 

1 ï ʜʘʥʥʳʝ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ; 2 ï ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ. 
 

ɿʘʜʘʯʘ ʦ ʨʘʟʨʫʰʝʥʠʠ ʧʣʦʪʠʥʳ ʠ ʪʝʯʝʥʠʷ ʩ ʧʨʝʨʳʚʥʳʤʠ ʚʦʣʥʘʤʠ 

ɺ 1965-1975 ʛʛ. ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ 

ʨʘʟʨʫʰʝʥʠʠ ʧʣʦʪʠʥʳ. ɹʳʣʠ ʩʦʟʜʘʥʳ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ, ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʠ ʧʨʦʛʨʘʤʤʘ ʥʘ 

ʕɺʄ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʦ ʜʚʠʞʝʥʠʠ ʧʨʝʨʳʚʥʦʡ ʚʦʣʥʳ ʢʘʢ ʩ ʚʳʜʝʣʝʥʠʝʤ ʜʚʠʞʫ-

ʱʝʛʦʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʳʞʢʘ ʧʨʠ ʧʦʜʚʠʞʥʦʡ ʩʝʪʢʝ, ʪʘʢ ʠ ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʨʘʟʨʳʚʘ ʧʨʠ ʥʝ-

ʧʦʜʚʠʞʥʦʡ ʩʝʪʢʝ (ʩʢʚʦʟʥʦʡ ʩʯʝʪ) [11, 20-21].  

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʉʝʥ-ɺʝʥʘʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ 

ʚ ʚʠʜʝ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ [21-23]: 

ή. (1) 

ὖ Ç‫ Ὥ
ȿȿ

Ὑ ,  

ὖὼȟὬ Ç᷿ Ὤ ‚ὦὼȟ‚Ὠ‚, Ὑ̖ ὼȟὬ Ç᷿ Ὤ ‚
ȟ
Ὠ‚. (2) 

ɿʜʝʩʴ t ï ʚʨʝʤʷ; x ï ʢʦʦʨʜʠʥʘʪʘ, ʦʪʩʯʠʪʳʚʘʝʤʘʷ ʚʜʦʣʴ ʦʩʠ ʨʫʩʣʘ; ɤ(x, t) ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯ-

ʥʦʛʦ ʩʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ; Q(x, t) ï ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ; h(x, t) ï ʛʣʫʙʠʥʘ ʧʦʪʦʢʘ; q(x,t,h) ï ʨʘʩʭʦʜ 

ʙʦʢʦʚʦʛʦ ʧʨʠʪʦʢʘ; g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ; i ï ʫʢʣʦʥ ʨʫʩʣʘ; ὑὼȟὬ) ï ʤʦʜʫʣʴ ʨʘʩ-

ʭʦʜʘ; b(x,ɝ) ï ʰʠʨʠʥʘ ʨʫʩʣʘ ʚ ʩʪʚʦʨʝ ʩ ʢʦʦʨʜʠʥʘʪʦʡ x ʥʘ ʦʪʤʝʪʢʝ ɝ. 

II  I 

II  I 
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ʆʜʥʠʤ ʠʟ ʜʦʩʪʦʠʥʩʪʚ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʯʝʪʘ ʪʝʯʝʥʠʡ ʚ 

ʨʝʘʣʴʥʳʭ ʨʝʯʥʳʭ ʨʫʩʣʘʭ, ʥʝʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʧʦ ʜʣʠʥʝ, ʧʨʠ ʥʘʣʠʯʠʠ ʨʝʟʢʠʭ ʩʫʞʝʥʠʡ ʠ ʨʘʩ-

ʰʠʨʝʥʠʡ. ʇʨʠ ʨʘʩʯʝʪʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʦ ʢʘʢ ʧʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʩʦʦʨʫʞʝʥʠʷ ʧʦ ʚʩʝʤʫ 

ʬʨʦʥʪʫ, ʪʘʢ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʨʘʥʘ ʚ ʪʝʣʝ ʩʦʦʨʫʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʨʘʟʤʝʨʳ ʧʨʦʨʘʥʘ ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʣʠʚʘ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ. ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚʧʝʨʚʳʝ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠ-

ʢʝ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʜʝʞʥʦ ʦʮʝʥʠʪʴ ʟʥʘʯʝʥʠʷ ʪʘʢʠʭ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥ ʧʨʦʨʳ-

ʚʘ, ʢʘʢ ʚʳʩʦʪʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʫʨʦʚʥʝʡ ʠ ʨʘʟʤʝʨ ʟʘʪʦʧʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʥʠʞʝ ʧʣʦʪʠʥʳ, ʚʨʝʤʷ 

ʜʦʙʝʛʘʥʠʷ ʚʦʣʥʳ ʜʦ ʦʪʜʝʣʴʥʳʭ ʧʫʥʢʪʦʚ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʟʣʠʚʘ ʠʟ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠ ʟʘ-

ʪʦʧʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʠ ʪ.ʧ. 

ʉʦʩʪʘʚʣʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʧʨʦʨʳʚʘ ʚ ʥʠʞʥʠʭ ʙʴʝʬʘʭ ɻʕʉ (ʨʠʩ. 5) ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʧʦʣʥʦʛʦ ʣʠʙʦ ʯʘ-

ʩʪʠʯʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ (ʵʪʘʧ ʜʦʢʨʠʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʠʩʪʝʯʝʥʠʷ): ʂʨʘʩʥʦʷʨʩʢʦʡ ɻʕʉ (ʭʦʟʜʦʛʦ-

ʚʦʨ ʩ ʀʥʩʪʠʪʫʪʦʤ çɻʠʜʨʦʧʨʦʝʢʪè), ʈʠʦʥ-ɻʕʉ (ʭʦʟʜʦʛʦʚʦʨ ʩ ʀʥʩʪʠʪʫʪʦʤ çʊʙʠʣʛʠʜʨʦʧʨʦ-

ʝʢʪè), ʢʘʩʢʘʜʘ ʧʣʦʪʠʥ ʪʨʝʭ ʚʦʜʦʭʨʘʥʠʣʠʱ ʋʩʪʴ-ʄʘʥʳʯʩʢʦʡ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʨ. ɽʛʦʨʣʳʢ (ʂʨʘʩʥʦʜʘʨʩʢʠʡ ʢʨʘʡ, ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʖʞʅʀʀɻʠʄ). ʈʘʙʦʪʳ ʚʝʣʠʩʴ ʚ 

ʩʚʷʟʠ ʩ ʦʙʦʩʥʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʟʘʱʠʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʚʦʟ-

ʤʦʞʥʦʛʦ ʫʱʝʨʙʘ ʥʘʨʦʜʥʦʤʫ ʭʦʟʷʡʩʪʚʫ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʚʦʟʤʦʞʥʳʭ ʨʘʟʨʫʰʝʥʠʡ 

ʛʠʜʨʦʩʦʦʨʫʞʝʥʠʡ [21, 24-26]. 

ʅʝʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʜʚʠʞʝʥʠʷ ʚ ʢʘʥʘʣʘʭ 

ɺ ʩʝʨʝʜʠʥʝ 1970-ʭ ʛʛ. ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʧʨʦʛʨʘʤʤʘ 

ʨʘʩʯʝʪʘ ʥʝʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʪʝʯʝʥʠʷ ʚʦʜʳ ʚ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʢʘʥʘʣʦʚ ʠ ʨʝʯʥʳʭ ʨʫʩʝʣ 

ï çSTREAMè, ʩʦʜʝʨʞʘʱʘʷ ʙʣʦʢʠ, ʠʤʠʪʠʨʫʶʱʠʝ ʨʘʙʦʪʫ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦ-

ʦʨʫʞʝʥʠʡ (ʜʶʢʝʨʦʚ, ʛʠʜʨʦʘʚʪʦʤʘʪʦʚ ʧʦʜʜʝʨʞʠʚʘʥʠʷ ʫʨʦʚʥʷ, ʧʝʨʝʛʦʨʘʞʠʚʘʶʱʠʭ ʩʦʦʨʫʞʝ-

ʥʠʡ, ʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʡ) [17-18, 27]. ɼʣʷ ʪʦʯʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʟʘʜʘʯʠ ʥʘ ʢʦʤʧʣʝʢʩʝ ʪʠʧʘ 

çʜʝʨʝʚʦè, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ï çʧʨʦʛʦʥʢʘ ʧʦ ʜʝʨʝʚʫè.  

 

 
 

ʈʠʩ. 5. ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʚʦʣʥʳ ʧʨʦʨʳʚʘ ʜʣʷ ʢʘʩʢʘʜʘ ʚʦʜʦʭʨʘʥʠʣʠʱ 
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ʇʨʦʛʨʘʤʤʘ çSTREAMè ʙʳʣʘ ʧʝʨʝʜʘʥʘ ʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʨʷʜʝ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʩʪʨʘʥʳ (ɺ/ʆ çʉʦʶʟʚʦʜʧʨʦʝʢʪè, çʉʦʶʟʛʠʧʨʦʚʦʜʭʦʟè, 

çʈʦʩʛʠʧʨʦʚʦʜʭʦʟè, çʉʝʚʢʘʚʛʠʧʨʦʚʦʜʭʦʟè, ʅʇʆ çʉʦʶʟʚʦʜʘʚʪʦʤʘʪʠʢʘè, ʉɸʅʀʀʈʀ, ʈʦʩʅʀ-

ʀɺʍ ʠ ʜʨ.). ʆʥʘ ʧʨʠʤʝʥʷʣʘʩʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʧʦ ʛʠʜʨʦʩʦʦʨʫʞʝʥʠʷʤ ʅʠʞʥʝʡ ɺʦʣʛʠ ʠ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘʤ ɺʦʣʞʩʢʦ-ʂʘʤʩʢʦʛʦ ʢʘʩʢʘʜʘ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʉʘʨʘʪʦʚʩʢʦʡ, ʂʦʤʩʦʤʦʣʴ-

ʩʢʦʡ, ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʡ ʠ ʜʨʫʛʠʭ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʷʜʘ ʟʘʨʫʙʝʞ-

ʥʳʭ ʦʙʲʝʢʪʦʚ (ɺʴʝʪʥʘʤ, ɺʝʥʛʨʠʷ, ʀʨʘʢ) [28]. ʅʘ ʨʠʩʫʥʢʝ 6 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʧʝʨʝ-

ʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʝʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʪʝʯʝʥʠʡ ʚʦʜʳ ʩ ʫʯʝʪʦʤ ʝʝ ʢʘʯʝʩʪʚʘ 

ɺ 1970-ʭ ʛʛ. ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʦʜʥʦʤʝʨʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʝʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʪʝʯʝʥʠʡ ʚʦʜʳ ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʦʪʦʢʦʚ ʠ ʚʦ-

ʜʦʝʤʦʚ ʩ ʫʯʝʪʦʤ ʝʝ ʢʘʯʝʩʪʚʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʨʘʟʣʠʯʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ 

(ʩʪʨʦʠʪʝʣʴʩʪʚʦ ɻʕʉ, ʘʚʘʨʠʡʥʳʝ ʩʙʨʦʩʳ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʪʦʯʥʳʭ 

ʚʦʜ ʠ ʜʨ.). ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʚ ʚʦʜʦʪʦʢʘʭ ʠ ʚʦʜʦʝʤʘʭ ʠʤʝʝʪ ʤʝʩʪʦ ʠʥʪʝʥʩʠʚʥʦʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʝ ʨʘʩʩʣʦʝʥʠʶ ʪʝʯʝʥʠʷ ʧʦ ʧʣʦʪʥʦʩʪʠ [29-33]. 

 

 
 

ʉʭʝʤʘ ʬʨʘʛʤʝʥʪʘ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ: I ï ʚʦʜʦʟʘʙʦʨ; II  ï ʟʘʪʚʦʨ-ʘʚʪʦʤʘʪ. 

 

 
ʀʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʯʝʥʠʷ 

 

ʈʠʩ. 6. ʈʘʩʯʝʪ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ 
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ɺ ʤʦʜʝʣʠ ʨʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʉʝʥ-

ɺʝʥʘʥʘ (1)-(2). ʈʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʦʜʥʦʪʠʧʥʳʤ ʫʨʘʚʥʝ-

ʥʠʷʤ ʧʝʨʝʥʦʩʘ ʩʫʙʩʪʘʥʮʠʡ (Y): ʪʝʧʣʘ (T), ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʢʠʩʣʦʨʦʜʝ (L ), 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ( )ʩ, ʩʦʣʝʥʦʩʪʠ ʠʣʠ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʝ ʢʦʥʩʝʨʚʘ-

ʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ (S): 

‫ὣ ὗὣ ‫Ὁ ήẗώ Ὂ, (3) 

Ὂ

ὯὄὝ Ὕ ȟ                     ̆̒̌ὣ̉ Ὕ
Ὧ‫ὒȟ          ̆̒̌ὣ̉ ὒ

Ὧ‫ὧ ὧ Ὧ‫ὒȟ̆̒̌ὣ̉ ὧ
 πȟ             ̆̒̌ὣ̉ ὛȢ

. 

ɿʜʝʩʴ ),( txy ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʧʦʩʪʫʧʘʶʱʝʡ ʚʤʝʩʪʝ ʩ ʙʦʢʦʚʳʤ ʧʨʠʪʦʢʦʤ (ʦʪ-

ʪʦʢʦʤ) q(x, t, h); 
Tk  ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʙʤʝʥʘ; 

eT  ï ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʨʘʚʥʦʚʝʩʥʘʷ ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; E(x, h) ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʜʦʣʴʥʦʡ ʜʠʩʧʝʨʩʠʠ (ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩ-

ʣʝʥ ʧʦ ʬʦʨʤʫʣʝ ʍʘʨʣʝʤʘʥʘ [34]: CRvgE /2.20 ÖÖÖ= , ʛʜʝ  ’  ï ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ, Ὑ ï 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʜʠʫʩ, C  ï ʢʦʵʬʬʠʮʠʝʥʪ ʐʝʟʠ).  

ʀʩʢʦʤʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚ ʵʪʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʨʘʩʭʦʜ ),( txQ ʠ ʫʨʦʚʝʥʴ 

ʚʦʜʳ z(x, t), ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʙʩʪʘʥʮʠʡ ( , )Y x t . 

ʅʘ ʙʘʟʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çɻʀɼʈ1è ʙʳʣ ʩʦʩʪʘʚʣʝʥ 

ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ çʉʀɻʄɸè ʜʣʷ ʨʘʩʯʝʪʘ ʥʝʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʜʚʠʞʝʥʠʡ ʚʦʜʳ ʚ ʨʘʟʚʝʪʚʣʝʥ-

ʥʳʭ ʩʠʩʪʝʤʘʭ ʨʫʩʝʣ ʠ ʢʘʥʘʣʦʚ ʩ ʫʯʝʪʦʤ ʝʝ ʢʘʯʝʩʪʚʘ. ʇʨʦʛʨʘʤʤʳ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨ-

ʩʘʣʴʥʳʤʠ, ʠʤʝʶʪ ʛʠʙʢʫʶ ʤʦʜʫʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʫ 

ʙʣʦʢʦʚ ʣʠʙʦ ʟʘʤʝʥʫ ʦʜʥʠʭ ʙʣʦʢʦʚ ʜʨʫʛʠʤʠ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʧʦʣʥʷʪʴ ʥʝʜʦʩʪʘʶʱʠʤʠ. 

ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ ʢʦʤʧʣʝʢʩʘ ʤʦʞʥʦ ʨʝʰʘʪʴ ʰʠʨʦʢʠʡ ʢʨʫʛ ʦʜʥʦʤʝʨʥʳʭ ʟʘʜʘʯ ʛʠʜʨʘʚʣʠʢʠ 

ʦʪʨʳʪʳʭ ʨʫʩʝʣ (ʢʘʥʘʣʦʚ), ʥʘʧʨʠʤʝʨ [33, 35]: 

- ʦ ʧʘʚʦʜʢʘʭ ʠ ʧʦʧʫʩʢʘʭ, ʧʦʣʦʚʦʜʴʷʭ, ʩʫʪʦʯʥʦʤ ʠ ʥʝʜʝʣʴʥʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʚ ʙʴʝʬʘʭ 
ɻʕʉ;  

- ʦ ʪʝʧʣʦʚʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʚʦʜʳ, ʚʳʟʚʘʥʥʦʤ ʘʚʘʨʠʡʥʳʤʠ ʩʙʨʦʩʘʤʠ ʚ ʥʠʭ ʛʦʨʷʯʠʭ ʚʦʜ 
ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʊʕʎ, ɸʕʉ;  

- ʦ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʢʠʩʣʦʨʦʜʝ (ɹʇʂ) ʚʦʜʳ;  

- ʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʚʦʜʝ ʚʦʜʦʪʦʢʦʚ ʠ ʚʦʜʦʝʤʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ 
ʬʣʦʨʝ ʠ ʬʘʫʥʝ ʜʣʷ ʠʭ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʦʙʠʪʘʥʠʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ;  

- ʦ ʟʘʛʨʷʟʥʝʥʠʠ ʚʦʜʳ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʤʝʩʷʤʠ (ʩʦʣʝʥʦʩʪʴ ʚʦʜʳ ʠʣʠ ʣʶʙʦʝ ʜʨʫʛʦʝ ʨʘʩ-

ʪʚʦʨʝʥʥʦʝ ʚ ʚʦʜʝ ʢʦʥʩʝʨʚʘʪʠʚʥʦʝ ʚʝʱʝʩʪʚʦ).  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣ ʚʳʧʦʣʥʝʥ ʮʠʢʣ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʧʨʦʙʣʝʤʝ 

ʪʝʧʣʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʦʝʤʦʚ-ʦʭʣʘʜʠʪʝʣʝʡ ʈʦʩʪʦʚʩʢʦʡ ʠ ʂʘʣʠʥʠʥʩʢʦʡ ɸʕʉ ʧʨʠ ʩʙʨʦʩʝ ʚ 

ʥʠʭ ʩʪʦʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʚʦʜ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʦʪʦʢʦʚ ʠ ʚʦʜʦʝʤʦʚ 

ʅʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ ɻʀɼʈ3 ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ɼʉʀɻʄɸ ʠ ʂʉʀɻʄɸ. ʆʙʘ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʳ ʜʣʷ ʨʘʩʯʝʪʘ ʩʛʦʥʥʦ-ʥʘʛʦʥʥʳʭ ʠ ʩʛʦʥʥʳʭ ʪʝʯʝʥʠʡ ʚʦʜʳ ʚ ʨʘʟʚʝʪʚʣʝʥʥʳʭ (ʪʠʧ çʜʝʨʝ-

ʚʦè) ʠ ʚ ʩʣʦʞʥʦ ʨʘʟʚʝʪʚʣʝʥʥʳʭ (ʩ ʥʘʣʠʯʠʝʤ çʢʦʣʝʮè) ʫʩʪʴʝʚʳʭ ʫʯʘʩʪʢʘʭ ʩʝʚʝʨʥʳʭ ʨʝʢ ʩʪʨʘ-

ʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝ-

ʥʦʩʘ (ʫʯʝʪ ʢʣʠʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ): ʰʪʦʨʤʦʚʳʝ ʥʘʛʦʥʳ, 

ʚʪʦʨʞʝʥʠʝ ʤʦʨʩʢʠʭ ʩʦʣʝʥʳʭ ʚʦʜ ʚ ʧʨʝʩʥʳʝ ʨʝʯʥʳʝ [2].  

ʈʘʩʯʝʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʥʦʡ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʉʝʥ-ɺʝʥʘʥʘ 

ή;  ‡ὗ Ὣ‫ Ὣ‫
ȿȿ

  ‚ὄὡȿὡȿ 
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ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ),( STrr= . ʈʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʯʝʩʪʚʘ ʚʦʜʳ: ʝʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ),( txT  ʠ ʩʦʣʝʥʦʩʪʠ ),( txS  ï ʧʦ ʫʨʘʚʥʝʥʠʷʤ ʙʘʣʘʥʩʘ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʧʨʠʤʝʩʠ ʠ 

ʪʝʧʣʘ (ʫʨʘʚʥʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʜʠʩʧʝʨʩʠʠ):  

‫Ὕ ὗὝ ‫Ὁ ὑὄὝ Ὕ ; 

‫Ὓ ὗὛ ‫Ὁ . 

ɿʜʝʩʴ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝ ʞʝ ʦʙʦʟʥʘʯʝʥʠʷ, ʯʪʦ ʠ ʚ ʫʨʘʚʥʝʥʠʷʭ (3), ʘ ʪʘʢʞʝ Pʘ(x, t) ï ʘʪʤʦʩʬʝʨʥʦʝ 

ʜʘʚʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ; B(x, t)=b(x, h(x, t)) ï ʰʠʨʠʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʫʩʣʘ; 

Wl(x, t) ï ʧʨʦʝʢʮʠʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ W(x, t) ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ x; ɝ ï ʵʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠ-

ʝʥʪ. 

ʀʩʢʦʤʳʝ ʬʫʥʢʮʠʠ ʚ ʵʪʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ: ʨʘʩʭʦʜ ),( txQ , ʫʨʦʚʝʥɹ ʚʦʜʳ z(x, t), ʝʝ 

ʧʣʦʪʥʦʩʪʴ ),( txr  ʠ ʪʝʤʧʝʨʘʪʫʨʘ ),( txT , ʘ ʪʘʢʞʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʚʦʜʥʦʤ ʧʦ-

ʪʦʢʝ ʧʨʠʤʝʩʝʡ (ʩʫʙʩʪʘʥʮʠʡ) ),( txS . 

ʉ ʧʦʤʦʱʴʶ ʩʦʟʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʛʦʥʥʦ-ʥʘʛʦʥʥʳʭ ʷʚʣʝ-

ʥʠʡ ʠ ʰʪʦʨʤʦʚʳʭ ʥʘʛʦʥʦʚ ʚ ʫʩʪʴʝʚʳʭ ʦʙʣʘʩʪʷʭ ʨʝʢ ɽʥʠʩʝʷ ʠ ʍʘʪʘʥʛʠ, ʜʘʣʴʥʦʩʪʠ ʧʨʦʥʠʢʥʦ-

ʚʝʥʠʷ ʩʦʣʝʥʳʭ ʤʦʨʩʢʠʭ ʚʦʜ ʚ ʧʨʝʩʥʳʝ ʨʝʯʥʳʝ ʚʦʜʳ ʨ. ʂʦʣʳʤʘ ʠ ʆʙʴ-ʊʘʟʦʚʩʢʦʡ ʛʫʙʳ ʩʦʚ-

ʤʝʩʪʥʦ ʩ ʀʥʩʪʠʪʫʪʦʤ ɸʨʢʪʠʢʠ ʠ ɸʥʪʘʨʢʪʠʢʠ (ʨʠʩ. 7). ʊʘʢʞʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʠʝ ʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʨ. ʊʦʤʴ (ʩʦʚʤʝʩʪʥʦ ʩ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ 

ʠʥʩʪʠʪʫʪʦʤ), ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ (ʩʦʚʤʝʩʪʥʦ ʩ ʀɺʕʇ ʉʆ ʈɸʅ) ʠ ʜʨ. [2, 6, 36-37]. 

ʇʨʦʛʨʘʤʤʥʳʝ ʧʘʢʝʪʳ ʧʨʦʛʨʘʤʤ ɼʉʀɻʄɸ ʠ ʂʉʀɻʄɸ ʙʳʣʠ ʧʝʨʝʜʘʥʳ ʚ ʨʷʜ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʧʨʦʝʢʪʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʄʠʥʚʦʜʭʦʟʘ ʠ ʄʠʥʵʥʝʨʛʦ ʉʉʉʈ. ʇʨʦʛʨʘʤʤʥʳʡ 

ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ ɼʉʀɻʄɸ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʀʥʩʪʠʪʫʪʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ 

ʉʆ ʈɸʅ ʢʦʤʧʣʝʢʩʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʡ ʧʦʩʣʝ ʚʩʝʩʪʦʨʦʥʥʝʡ ʘʧʨʦʙʘʮʠʠ ʠ 

ʫʩʧʝʰʥʦʡ ʘʜʘʧʪʘʮʠʠ ʢ ʫʩʣʦʚʠʷʤ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʙʳʣ ʧʨʠʥʷʪ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʬʦʥʜ 

ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʛʨʘʤʤ. 

ɼʚʫʤʝʨʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ɼʚʫʤʝʨʥʘʷ ʧʣʘʥʦʚʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʉʝʥ-ɺʝʥʘʥʘ 

ʕʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʠ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʚ 

1969 ʛ. ʉ.ʄ. ʐʫʛʨʠʥʳʤ (ʭʦʟʜʦʛʦʚʦʨ ʩ ʅʀʉ ʀʥʩʪʠʪʫʪʘ çɻʠʜʨʦʧʨʦʝʢʪè) [3]. ɺ 1970-ʭ ʛʛ. ʦʥʠ 

ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʕ.ɺ. ʐʫʛʨʠʥʦʡ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʳ ʥʘ ʕɺʄ ʚ ʨʘʤʢʘʭ ʭʦʟʜʦʛʦʚʦʨʥʳʭ ʨʘʙʦʪ 

ʩ ʃʝʥʠʥʛʨʘʜʩʢʠʤ ʦʪʜʝʣʝʥʠʝʤ ʀʥʩʪʠʪʫʪʘ çɻʠʜʨʦʧʨʦʝʢʪè.  

 

 
ʈʠʩ. 7. ʉʭʝʤʘ ʫʩʪʴʝʚʦʡ ʦʙʣʘʩʪʠ ʨ. ʂʦʣʳʤʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʣʝʥʳʭ ʚʦʜ  

ʧʦ ʜʣʠʥʝ ʧʨʦʪʦʢʠ ʉʝʣʠʚʘʥʦʚʩʢʘʷ 
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ʇʨʦʛʨʘʤʤʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʘʩʯʝʪʦʚ ʩʛʦʥʥʦ-ʥʘʛʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ɹʘʣʪʠʡʩʢʦʤ 

ʤʦʨʝ, ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ ʠ ʜʝʣʴʪʝ ʨ. ʅʝʚʳ [11] (ʨʠʩ. 4). ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʥʘ ʕɺʄ (ʚ 

ʧʦʩʪʘʥʦʚʢʘʭ 1D ʠ 2D) ʙʳʣʠ ʧʝʨʝʜʘʥʳ ʚ çʃʝʥʛʠʜʨʦʧʨʦʝʢʪè ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʳʷʚʣʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʝʱʝ ʪʦʣʴʢʦ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʪʦʛʜʘ 

ʜʘʤʙʳ ʜʣʷ ʟʘʱʠʪʳ ʛ. ʃʝʥʠʥʛʨʘʜʘ ʦʪ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʥʘʚʦʜʥʝʥʠʡ.  

ʆʙʣʘʩʪʴ ʨʝʰʝʥʠʷ: ὸ π, π ὼ ὒȟ Ὥ ρȟς.  
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ʅʝʠʟʚʝʩʪʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʷʚʣʷʶʪʩʷ: Ὤὼȟὼȟὸ ï ʛʣʫʙʠʥʘ ʚʦʜʳ; ὺὼȟὼȟὸ ï ʚʝʢʪʦʨ ʩʢʦ-

ʨʦʩʪʠ ʚʦʜʳ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ὺ ʠ ὺ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʝʡ  ʠ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ȿὺȿ

ὺ ὺ ϳ ; ᾀ ᾀ ὼȟὸ ï ʦʪʤʝʪʢʘ ʜʥʘ; ὅ ὅὼȟὬ ï ʢʦʵʬʬʠʮʠʝʥʪ ʐʝʟʠ; ɱ ς•‫ίὭὲ  ï 

ʧʘʨʘʤʝʪʨ ʂʦʨʠʦʣʠʩʘ; ‫  ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ; •  ï ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʰʠʨʦʪʘ; 

ή ή ὼȟὸȟὬ ï ʧʨʠʪʦʢ ʚʦʜʳ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ (ʠʣʠ ʦʪʪʦʢ, ʥʘʧʨʠʤʝʨ ʬʠʣʴʪʨʘʮʠʦʥʥʳʡ, 

ʚʟʷʪʳʡ ʩʦ ʟʥʘʢʦʤ ʤʠʥʫʩ); ὖ ὖ ὼȟὸï ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ; 
ὡ ὡ ὼȟὸ ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ  ʠ  ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʝʡ  ʠ  ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʜʝ ȿὡȿ ὡ ὡ Ⱦ; ï ʵʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ; ï ʫʩʢʦʨʝʥʠʝ ʩʠ-

ʣʳ ʪʷʞʝʩʪʠ; ï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ; ὼ ὼȟὼ.  

ɼʚʫʤʝʨʥʘʷ (ʧʨʦʜʦʣʴʥʦ-ʚʝʨʪʠʢʘʣʴʥʘʷ) ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ  

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʪʝʯʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ ʛʣʫʙʦʢʠʭ ʚʦʜʦʝʤʦʚ 

ʆʙʣʘʩʪʴ ʨʝʰʝʥʠʷ: 0t² , 0 ,x L¢ ¢  0 ( , )z x tV¢ ¢ .  

ʆʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ (ʚ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ) [6, 38-40]: 
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t= , ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ: ),( STrr= .  

ɿʜʝʩʴ t  ï ʚʨʝʤʷ; zx, ï ʧʨʦʜʦʣʴʥʘʷ (ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ) ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ ʜʝʢʘʨʪʦʚʳ ʢʦʦʨʜʠʥʘ-

ʪʳ; ),,( tzxu , ),,( tzxw ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʢʦʨʦʩʪʠ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ; ),( txV  ï ʫʨʦʚʝʥʴ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; ()xzµ  ï ʦʪʤʝʪʢʘ ʜʥʘ; 
21 bbb +=  ï ʰʠʨʠʥʘ 

ʨʫʩʣʘ, ( )zxb ,1
 ʠ ( )zxb ,2

 ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʧʦʣʦʞʝʥʠʝ ʠ ʢʦʥʪʫʨ ʩʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʥʘʣʘ; 

),( STr  ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ; 
0r ï ʭʘʨʘʢʪʝʨʥʦʝ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ; 

tn ï ʢʦʵʬʬʠʮʠʝʥʪ, 

ʨʘʚʥʳʡ ʩʫʤʤʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʝʡ; t ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ (ʢʘʩʘ-

ʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ) ʥʘ ʙʦʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ; l ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ; g  ï ʫʩʢʦʨʝʥʠʝ 

ʩʠʣʳ ʪʷʞʝʩʪʠ.  

ʋʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ Ὕὼȟᾀȟὸ ʠ ʩʦʣʝʥʦʩʪʠ Ὓὼȟᾀȟὸ: 

ό ύ ὦὑ ὗ ή , 

1x 2x

1W 1x 2x

z rg
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ό ύ ὦẗὑ , 

ʛʜʝ ,T SK K  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʫʨʙʫʣʝʥʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʜʠʬʬʫʟʠʠ, 
0 0ʩr ï ʧʨʦ-

ʠʟʚʝʜʝʥʠʝ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, 
nq ï ʧʦʪʦʢ ʪʝʧʣʘ ʯʝʨʝʟ ʙʦ-

ʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, 
TQ  ï ʧʦʩʪʫʧʣʝʥʠʝ ʪʝʧʣʘ ʦʪ ʠʩʪʦʯʥʠʢʘ, ʠʣʠ ʦʙʲʝʤʥʳʡ ʧʨʠʪʦʢ 

ʣʘ. Ὕὼȟᾀȟὸ ï ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʦʣʝʥʦʩʪʴ ʚʦʜʳ Ὓὼȟᾀȟὸ.  

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʦʙʳʯʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʧʦ ʛʣʫʙʠʥʝ ʩ ʫʯʝʪʦʤ ʢʠʥʝʤʘʪʠʯʝ-

ʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʥʝʨʘʟ-

ʨʳʚʥʦʩʪʠ 

ὄ πȟ   ὗ ᷿ ὦ ό Ὠᾀȟ   ‒ ᾀ Ὤ, 

ʛʜʝ ( )zxbB ,=  ï ʰʠʨʠʥʘ ʨʫʩʣʘ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, Q  ï ʨʘʩʭʦʜ, h  ï ʛʣʫʙʠʥʘ ʧʦʪʦʢʘ. 

ʅʝʠʟʚʝʩʪʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʷʚʣʷʶʪʩʷ: ),( txV , ),,( tzxu , ),,( tzxw ,  Ὕὼȟᾀȟὸ ʠ  Ὓὼȟᾀȟὸ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʥʝʫʩʪʘʥʦʚʠʚʰʠʭʩʷ 

ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʘʭ ʩʣʘʙʦʧʨʦʪʦʯʥʳʭ, ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦ ʧʣʦʪʥʦʩʪʠ ʫʟʢʠʭ ʛʣʫʙʦʢʠʭ 

ʚʦʜʦʝʤʦʚ. ʆʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʫʤʝʨʥʦ-ʚʝʨʪʠʢʘʣʴʥʦʡ ʤʦʜʝʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʙʘʟʝ ʪʨʝʭʤʝʨ-

ʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʫʪʝʤ ʦʩʨʝʜʥʝʥʠʷ ʝʝ ʧʦ ʰʠʨʠʥʝ ʨʫʩʣʘ ʠ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ 

ʛʠʜʨʦʩʪʘʪʠʯʥʦʩʪʠ ʜʘʚʣʝʥʠʷ. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʢ ʩʠʩʪʝʤʘʤ ʛʣʫʙʦʢʠʭ ʧʨʦʪʦʯʥʳʭ ʠ 

ʩʣʘʙʦʧʨʦʪʦʯʥʳʭ ʚʦʜʦʝʤʦʚ ʚʳʪʷʥʫʪʦʡ ʬʦʨʤʳ (ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʛʦʨʥʳʝ ʦʟʝʨʘ) ʠ ʚʦʜʦʪʦʢʦʚ [6, 

38-40]. ʄʦʜʝʣʴ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʠ ʧʨʦʮʝʩ-

ʩʦʚ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʦʟʝʨʝ ʅʷʢʰʠʥʛʜʘ (ʇʫʪʦʨʘʥʩʢʘʷ ʦʟʝʨʥʘʷ ʧʨʦʚʠʥʮʠʷ, ʂʨʘʩʥʦʷʨʩʢʠʡ 

ʢʨʘʡ) ʠ ɸʨʘʣʴʩʢʦʤ ʤʦʨʝ [6] (ʨʠʩ. 8).  

 
ʈʠʩ. 8. ʈʘʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʚʦʜʳ ʚ ɸʨʘʣʴʩʢʦʤ ʤʦʨʝ, 2004-2005 ʛʛ. 
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ʉʦʧʨʷʞʝʥʥʳʝ (ʢʦʤʧʣʝʢʩʥʳʝ) ʤʦʜʝʣʠ 

ʊʦʣʯʢʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʦʧʨʷʞʝʥʥʳʭ ʤʦʜʝʣʝʡ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʠʢʣʘʜʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ 

ʧʦʩʣʫʞʠʣʠ ʨʘʙʦʪʳ ʧʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ ʩʛʦʥʥʦ-ʥʘʛʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʚʦʜʳ 

ʠ ʪʝʯʝʥʠʡ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʠ ʜʝʣʴʪʝ ʨ. ʅʝʚʳ. ʈʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʤʢʘʭ 

ʭʦʟʜʦʛʦʚʦʨʘ ˉ 28/72, ʟʘʢʣʶʯʝʥʥʦʛʦ ʩ ʃʝʥʠʥʛʨʘʜʩʢʠʤ ʦʪʜʝʣʝʥʠʝʤ ʀʥʩʪʠʪʫʪʘ çɻʠʜʨʦʧʨʦʝʢʪè. 

ɼʣʷ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʥʝʚʩʢʠʭ ʥʘʚʦʜʥʝʥʠʡ ʜʣʷ ʚʩʝʛʦ ʦʙʲʝʢʪʘ ʚ ʮʝʣʦʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʘʢ 

ʦʜʥʦʤʝʨʥʘʷ, ʪʘʢ ʠ ʩʦʟʜʘʥʥʘʷ ʉ.ʄ. ʐʫʛʨʠʥʳʤʠ ʜʚʫʤʝʨʥʘʷ (ʧʣʘʥʦʚʘʷ) ʤʦʜʝʣʴ [7].  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʷʚʠʣ, ʯʪʦ ʜʣʷ ʣʫʯʰʝʛʦ ʦʧʠʩʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ (ʩʛʦʥʥʦ-

ʥʘʛʦʥʥʳʭ) ʧʨʦʮʝʩʩʦʚ ʚ ʜʘʥʥʦʤ ʦʙʲʝʢʪʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʨʘʟʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʉ.ʄ. ʐʫʛʨʠʥʳʤ ʙʳʣ ʧʦʩʪʨʦʝʥ ʘʣʛʦʨʠʪʤ ʩʪʳʢʦʚʢʠ (ʩʦʝʜʠ-

ʥʝʥʠʷ) ʜʚʫʭ ʨʘʟʥʦʨʘʟʤʝʨʥʳʭ ʤʦʜʝʣʝʡ (1D+2D), ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʕ.ɺ. ʐʫʛʨʠʥʦʡ ʚ ʚʠʜʝ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʥʘ ʕɺʄ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʤʦʜʝʣʠ ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ ʦʧʠʩʳʚʘʣʦʩʴ ʦʜ-

ʥʦʤʝʨʥʦʡ ʤʦʜʝʣʴʶ, ʌʠʥʩʢʠʡ ʟʘʣʠʚ ʩ ʜʝʣʴʪʦʡ ʨ. ʅʝʚʳ ï ʜʚʫʤʝʨʥʦʡ (ʧʣʘʥʦʚʦʡ). ʕʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʝ ʨʘʩʯʝʪʳ ʧʨʦʰʣʠ ʫʩʧʝʰʥʦ. ʕʪʦ ʙʳʣʘ ʧʝʨʚʘʷ (ʜʦ ʩʠʭ ʧʦʨ ʥʠʢʝʤ ʥʝʧʨʝʚʟʦʡʜʝʥʥʘʷ) ʩʨʝʜʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʚʪʦʨʘʷ ʩʨʝʜʠ ʟʘʨʫʙʝʞʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ [8-9]. 

ɺ 2010 ʛ. ɸ.ʌ. ɺʦʝʚʦʜʠʥʳʤ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ɺ.ʉ. ʅʠʢʠʬʦʨʦʚʩʢʦʡ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʚʠʜʝ 

ʧʨʦʛʨʘʤʤ ʥʘ ʕɺʄ ʢʦʤʧʣʝʢʩʥʘʷ ʜʚʫʤʝʨʥʦ-ʦʜʥʦʤʝʨʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʯʠʩʣʝʥʥʳʡ 

ʤʝʪʦʜ ʜʣʷ ʨʘʩʯʝʪʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʪʦʯʥʳʭ (ʣʠʙʦ ʩʣʘ-

ʙʦʧʨʦʪʦʯʥʳʭ) ʩʠʩʪʝʤʘʭ ʦʪʢʨʳʪʳʭ ʨʘʟʥʦʚʝʣʠʢʠʭ ʚʦʜʦʪʦʢʦʚ ʠ ʚʦʜʦʝʤʦʚ: ʫʟʢʠʭ ʠ ʰʠʨʦʢʠʭ, 

ʤʝʣʢʦʚʦʜʥʳʭ ʠ ʛʣʫʙʦʢʠʭ [10]. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʙʘʟʝ ʦʜʥʦʤʝʨʥʳʭ, ʦʩʨʝʜ-

ʥʝʥʥʳʭ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ, ʫʨʘʚʥʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ (ʫʨʘʚʥʝʥʠʡ ʉʝʥ-ɺʝʥʘʥʘ ʚ 

ʦʙʦʙʱʝʥʥʦʡ ʬʦʨʤʝ [2]), ʠ ʜʚʫʤʝʨʥʳʭ (ʧʨʦʜʦʣʴʥʦ-ʚʝʨʪʠʢʘʣʴʥʳʭ) ʤʦʜʝʣʝʡ, ʩʬʦʨʤʫʣʠʨʦʚʘʥ-

ʥʳʭ ʥʘ ʙʘʟʝ ʪʨʝʭʤʝʨʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʦʩʨʝʜʥʝʥʥʦʡ ʧʦ ʰʠʨʠʥʝ ʨʫʩʣʘ ʠʣʠ ʚʦ-

ʜʦʪʦʢʘ [6]. ʏʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʨʘʟʨʘʙʦʪʘʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʷʚʥʳʭ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ.  

ʕʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʙʘʟʝ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʦʜʥʦʤʝʨʥʦʡ ʠ 

ʜʚʫʤʝʨʥʦʡ (ʧʨʦʜʦʣʴʥʦ-ʚʝʨʪʠʢʘʣʴʥʦʡ) ʤʦʜʝʣʝʡ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʭ ʢʦʤʙʠʥʘʮʠʶ (ʚ ʣʶʙʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ). ʄʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʨʘʟʥʳʝ ʧʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʨʘʟʤʝʨʘʤ (ʤʘʩʰʪʘʙʘʤ) ʨʫʩʣʘ ʨʝʢ ʠ ʚʦʜʦʝʤʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʠʤ ʤʦʨ-

ʬʦʤʝʪʨʠʯʝʩʢʠʤʠ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʨʠʩ. 9).  

 

 
ʈʠʩ. 9. ʌʨʘʛʤʝʥʪ ʦʟʝʨʥʦ-ʨʝʯʥʦʡ ʩʠʩʪʝʤʳ (ʦʟ. ʃʘʤʘ) 
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ʈʠʩ. 10. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʦʟʝʨʥʦ-ʨʝʯʥʦʡ ʩʠʩʪʝʤʝ 

 

ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʩʯʝʪʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʚ ʦʟʝʨʥʦ-ʨʝʯʥʦʡ 

ʩʠʩʪʝʤʝ (ʦʟ. ʃʘʤʘ ï ʨ. ʃʘʤʘ) ʚ ʇʫʪʦʨʘʥʩʢʦʡ ʦʟʝʨʥʦʡ ʧʨʦʚʠʥʮʠʠ (ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ) ʧʦ ʤʦ-

ʜʝʣʷʤ ʨʘʟʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ (ʨʠʩ. 9-10). ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʚ ʨʝʘʣʴʥʦʤ ʦʙʲʝʢʪʝ ʧʦʢʘʟʘʣʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʤʦʜʝʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʭʤʝʨʥʦʡ ʤʦʜʝʣʴʶ ʧʨʠ ʧʨʦʯʠʭ ʦʜʠ-

ʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ [10]. ʈʘʟʨʘʙʦʪʢʘ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʦʡ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʥʘ ʦʩʪʘʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʦʡ, ʥʝ ʠʤʝʶʱʝʡ ʧʦʢʘ ʘʥʘʣʦʛʦʚ ʥʠ ʫ ʥʘʩ ʚ ʩʪʨʘʥʝ, ʥʠ 

ʟʘ ʨʫʙʝʞʦʤ. 
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ɼʘʥʥʳʡ ʦʙʟʦʨ ʧʦʩʚʷʱʝʥ ʦʧʠʩʘʥʠʶ ʤʝʪʦʜʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ, ʯʠʩʣʝʥʥʦʛʦ ʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʧʣʦ-

ʪʠʥ ʛʠʜʨʦʩʦʦʨʫʞʝʥʠʡ ʥʘʜ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʝʣʴʝʬʘ ʜʥʘ ʠ ʨʫʩʣʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʚʳʭʦʜʝ ʥʘ ʙʝʨʝʛ 

ʢʨʫʧʥʳʭ ʤʦʨʩʢʠʭ ʚʦʣʥ ʪʠʧʘ ʮʫʥʘʤʠ.  

ʀʩʪʦʨʠʯʝʩʢʠʡ ʦʙʟʦʨ 

ʋ ʠʩʪʦʢʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʣʥʦʚʳʭ ʪʝʯʝʥʠʡ ʚ ʦʪʢʨʳʪʳʭ ʨʫʩʣʘʭ ʥʘ ʦʩʥʦ-

ʚʝ ʫʨʘʚʥʝʥʠʡ ʤʝʣʢʦʡ ʚʦʜʳ ʩʪʦʷʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ B. ʉʝʥ-ɺʝʥʘʥʘ [1] ʠ ɼʞ. ɹʫʩʩʠʥʝʩʢʘ [2]. ʊʦʯ-

ʥʳʝ ʨʝʰʝʥʠʷ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʜʘʯʝʡ ʦ ʨʘʟʨʫʰʝʥʠʠ ʧʣʦʪʠʥʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʩʫ-

ʭʦʛʦ ʨʫʩʣʘ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ), ʧʦʣʫʯʝʥʳ A. ʈʠʪʪʝʨʦʤ [3]. ɺʳʚʦʜ ʫʨʘʚʥʝʥʠʡ ʤʝʣʢʦʡ ʚʦʜʳ ʠʟ 

ʫʨʘʚʥʝʥʠʡ ʕʡʣʝʨʘ ʚ ʨʘʤʢʘʭ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʧʨʝʜʣʦʞʝʥ K.O. ʌʨʠʜʨʠʭʩʦʤ [4]. 

ʆʙʦʩʥʦʚʘʥʠʝ ʵʪʦʛʦ ʚʳʚʦʜʘ ʜʘʥʦ ʃ.ɺ. ʆʚʩʷʥʥʠʢʦʚʳʤ [5], ʘ ʪʘʢʞʝ ɸ.ɸ. ɸʪʘʚʠʥʳʤ ʠ ʉ.ʄ. ʐʫʛ-

ʨʠʥʳʤ [6]. ɺʳʚʦʜ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʝʣʢʦʡ ʚʦʜʳ ʠʟ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʩ 

ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ ʚ ʧʝʨʝʭʦʜʥʳʭ ʦʙʣʘʩʪʷʭ, ʦʧʠʩʳʚʘʝʤʳʭ ʧʨʝʨʳʚʥʳʤʠ 

ʚʦʣʥʘʤʠ, ʧʦʣʫʯʝʥ ɺ.ɺ. ʆʩʪʘʧʝʥʢʦ [7]. 

ʈʦʜʦʥʘʯʘʣʴʥʠʢʘʤʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʣʥʦʚʳʭ ʪʝʯʝʥʠʡ ʚ ʦʪʢʨʳʪʳʭ ʨʫʩ-

ʣʘʭ ʷʚʣʷʶʪʩʷ ʉ.ɸ. ʍʨʠʩʪʠʘʥʦʚʠʯ [8] ʠ ɺ.ɸ. ɸʨʭʘʥʛʝʣʴʩʢʠʡ [9], ʢʦʪʦʨʳʝ ʨʘʟʨʘʙʦʪʘʣʠ ʤʝʪʦʜ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʠ ʤʝʪʦʜ ʤʛʥʦʚʝʥʥʳʭ ʨʝʞʠʤʦʚ, ʢʦʪʦʨʳʝ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ 

ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʤʥʦʛʠʭ ʯʠʩʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ [10-11]. ʇʦʜ ʚʣʠʷʥʠʝʤ ʙʫʨʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩʪʘʣʠ ʧʨʠʤʝʥʷʪʴʩʷ ʤʝʪʦʜʳ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʢ ʷʚʥʳʭ [12], ʪʘʢ ʠ ʥʝʷʚʥʳʭ [13] ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ. ʇʦʩʣʝʜʥʠʝ ʧʦʟʚʦʣʷʶʪ ʚʝ-

ʩʪʠ ʨʘʩʯʝʪʳ ʩ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤʠ ʰʘʛʘʤʠ ʧʦ ʚʨʝʤʝʥʠ, ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʭʘʨʘʢʪʝʨʥʳʤʠ ʚʨʝ-

ʤʝʥʘʤʠ ʤʝʜʣʝʥʥʦ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʅʘʯʠʥʘʷ ʩ 1960-ʭ ʛʛ., ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʟʘʜʘʯ ʛʠʜʨʘʚʣʠʢʠ 

ʚʥʦʩʷʪ ʨʘʙʦʪʳ ʢʦʣʣʝʢʪʠʚʘ ʀʥʩʪʠʪʫʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʉʆ ʈɸʅ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʆ.ʌ. ɺʘ-

ʩʠʣʴʝʚʘ. ʕʪʠʤ ʢʦʣʣʝʢʪʠʚʦʤ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʝʷʚʥʳʝ ʨʘʟʥʦʩʪʥʳʝ ʩʭʝʤʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʱʠʭʩʷ ʧʘʚʦʜʢʦʚʳʭ ʪʝʯʝʥʠʡ [14-15], ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʝʨʳʚʥʳʭ ʚʦʣʥ [16-17], ʘ ʪʘʢʞʝ ʯʠʩʣʝʥʥʳʝ 

ʤʦʜʝʣʠ ʥʝʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʚ ʩʠʩʪʝʤʘʭ ʨʫʩʝʣ [18-20]. ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʘʥʘ-

ʣʠʟʘ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʨʳʚʥʳʝ ʚʦʣʥʳ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʠʭ 

ʬʨʦʥʪʦʚ, ʙʳʣʘ ʨʘʟʚʠʪʘ ʪʝʦʨʠʷ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ ʠ ʨʝʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ ʩʢʚʦʟ-

ʥʦʛʦ ʩʯʝʪʘ [21-24]. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘ-

ʨʫʙʝʞʥʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠ ʨʝʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʵʥʝʨ-

ʛʝʪʠʯʝʩʢʠʭ ʟʘʜʘʯ [11, 14, 25-29]. 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʦ ʨʘʟʨʫʰʝʥʠʠ ʧʣʦʪʠʥʳ 

ɺ ʪʝʦʨʠʠ ʤʝʣʢʦʡ ʚʦʜʳ ʟʘʜʘʯʝʡ ʦ ʨʘʟʨʫʰʝʥʠʠ ʧʣʦʪʠʥʳ ʥʘʟʳʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦ ʨʘʩʧʘʜʝ 

ʥʘʯʘʣʴʥʦʛʦ ʨʘʟʨʳʚʘ ʫʨʦʚʥʝʡ ʥʝʧʦʜʚʠʞʥʦʡ ʞʠʜʢʦʩʪʠ ʥʘʜ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʜʥʦʤ [12, 30]: 
Ὤ ή π

ό ό ςϳ ὫὬ πȠ
ρ

Ὤ ή π

ή ήό ὫὬ ςϳ πȢ
ς 

ɿʜʝʩʴ huq=  ï ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ; h  ï ʛʣʫʙʠʥʘ ʧʦʪʦʢʘ; u  ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ. 
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ʊʦʯʥʦʝ ʘʚʪʦʤʦʜʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ (ʨʠʩ. 1) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʝʨʳʚʥʫʶ ʚʦʣ-

ʥʫ 
1BB, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʫʶʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ D, ʠ ʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʚʦʣʥʫ ʧʦʥʠʞʝ-

ʥʠʷ CE, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪʩʷ ʦʙʣʘʩʪʴʶ ʧʦʩʪʦʷʥʥʦʛʦ ʪʝʯʝʥʠʷ BC. ʕʪʦ ʨʝʰʝʥʠʝ ʦʜʥʦʟʥʘʯʥʦ 

ʩʪʨʦʠʪʩʷ ʤʝʪʦʜʦʤ ʘʜʠʘʙʘʪ ʢʘʢ ʥʘ ʦʩʥʦʚʝ ʙʘʟʠʩʥʦʡ ʩʠʩʪʝʤʳ (1), ʩʦʩʪʦʷʱʝʡ ʠʟ ʟʘʢʦʥʦʚ ʩʦʭʨʘ-

ʥʝʥʠʷ ʤʘʩʩʳ ʠ ʣʦʢʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʪʘʢ ʠ ʥʘ ʦʩʥʦʚʝ ʙʘʟʠʩʥʦʡ ʩʠʩʪʝʤʳ (2), ʩʦʩʪʦʷʱʝʡ ʠʟ ʟʘ-

ʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʠ ʧʦʣʥʦʛʦ ʠʤʧʫʣʴʩʘ. ʉʠʩʪʝʤʳ (1) ʠ (2), ʙʫʜʫʯʠ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʥʘ 

ʛʣʘʜʢʠʭ ʨʝʰʝʥʠʷʭ, ʥʘ ʧʨʝʨʳʚʥʳʭ ʚʦʣʥʘʭ ʥʝʩʦʚʤʝʩʪʥʳ [30], ʚ ʩʠʣʫ ʯʝʛʦ ʦʥʠ ʜʘʶʪ ʨʘʟʣʠʯʥʳʝ 

ʟʥʘʯʝʥʠʷ ʜʣʷ ʩʢʦʨʦʩʪʠ ʠ ʘʤʧʣʠʪʫʜʳ ʧʨʝʨʳʚʥʦʡ ʚʦʣʥʳ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦ ʨʘʟʨʫʰʝʥʠʠ 

ʧʣʦʪʠʥʳ. ʉʨʘʚʥʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʣʦʪʢʝ 

ʧʦʢʘʟʘʣʦ [12], ʯʪʦ ʚ ʩʣʫʯʘʝ ʢʦʥʝʯʥʦʡ ʛʣʫʙʠʥʳ ʞʠʜʢʦʩʪʠ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ ʩʠʩʪʝʤʘ (2) ʙʦʣʝʝ 

ʪʦʯʥʦ ʧʝʨʝʜʘʝʪ ʧʘʨʘʤʝʪʨʳ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʝʨʳʚʥʳʭ ʚʦʣʥ. ʇʦʵʪʦʤʫ ʩʠʩʪʝʤʘ (2) ʩʯʠʪʘʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʙʘʟʠʩʥʦʡ ʩʠʩʪʝʤʦʡ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠ ʤʝʣʢʦʡ ʚʦʜʳ.  

ɺ ʩʣʫʯʘʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʨʫʩʣʘ ʦʜʥʦʟʥʘʯʥʘʷ ʨʘʟʨʝʰʠʤʦʩʪʴ ʟʘʜʘʯʠ ʦ ʨʘʩʧʘʜʝ ʧʨʦʠʟʚʦʣʴ-

ʥʦʛʦ ʨʘʟʨʳʚʘ ʜʣʷ ʩʠʩʪʝʤ (1) ʠ (2) ʧʦʢʘʟʘʥʘ ʚ [30], ʛʜʝ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫ-

ʯʘʝʤʳʭ ʧʨʠ ʵʪʦʤ ʪʦʯʥʳʭ ʨʝʰʝʥʠʡ. ɺ ʩʣʫʯʘʝ ʙʦʣʝʝ ʦʙʱʠʭ ʨʝʛʫʣʷʨʥʳʭ ʨʫʩʝʣ ʦʜʥʦʟʥʘʯʥʘʷ 

ʨʘʟʨʝʰʠʤʦʩʪʴ ʟʘʜʘʯ ʦ ʨʘʩʧʘʜʝ ʥʘʯʘʣʴʥʦʛʦ ʠ ʛʨʘʥʠʯʥʦʛʦ ʨʘʟʨʳʚʦʚ ʜʣʷ ʦʩʥʦʚʥʦʡ ʩʠʩʪʝʤʳ (2) 

ʧʦʢʘʟʘʥʘ ʚ [31]. 

ɿʘʜʘʯʘ ʦ ʨʘʟʨʫʰʝʥʠʠ ʧʣʦʪʠʥʳ ʥʘʜ ʫʩʪʫʧʦʤ ʜʥʘ 

ɺ 1994 ʛ. ʥʘ ʇʝʨʤʩʢʦʤ ʰʣʶʟʝ ʧʨʦʠʟʦʰʣʘ ʘʚʘʨʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʨʘʟʨʫʰʠʣʩʷ ʟʘ-

ʪʚʦʨ ʦʜʥʦʡ ʠʟ ʝʛʦ ʢʘʤʝʨ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʙʦʣʴʰʦʡ ʚʦʣʥʳ, 

ʩʦʫʜʘʨʝʥʠʝ ʢʦʪʦʨʦʡ ʩ ʟʘʪʚʦʨʘʤʠ ʩʣʝʜʫʶʱʠʭ ʢʘʤʝʨ ʧʨʠʚʝʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʨʘʟʨʫʰʝʥʠʷʤ 

ʢʦʥʩʪʨʫʢʮʠʡ ʰʣʶʟʘ. ʕʪʘ ʘʚʘʨʠʷ ʠʥʠʮʠʠʨʦʚʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ [32-33] ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ [34] ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚʦʣʥʦʚʳʭ ʪʝʯʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ 

ʧʣʦʪʠʥʳ ʥʘʜ ʫʩʪʫʧʦʤ ʜʥʘ. ɺ ʨʘʤʢʘʭ ʫʨʘʚʥʝʥʠʡ ʤʝʣʢʦʡ ʚʦʜʳ ʪʘʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘ-

ʛʘʝʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʨʘʟʨʫʰʝʥʠʠ ʧʣʦʪʠʥʳ ʥʘʜ ʨʘʟʨʳʚʦʤ ʦʪʤʝʪʢʠ ʜʥʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʨʦʚʝʥʴ 

ʜʥʘ ʚ ʚʝʨʭʥʝʤ ʙʴʝʬʝ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʥʠʞʥʝʤ (ʨʠʩ. 2-3).  

ɺ ʩʪʘʪʴʝ [33] ʨʘʟʨʘʙʦʪʘʥ ʦʙʦʙʱʝʥʥʳʡ ʤʝʪʦʜ ʘʜʠʘʙʘʪ, ʧʦʟʚʦʣʠʚʰʠʡ ʠʩʩʣʝʜʦʚʘʪʴ ʦʜʥʦ-

ʟʥʘʯʥʫʶ ʨʘʟʨʝʰʠʤʦʩʪʴ ʵʪʦʡ ʟʘʜʘʯʠ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʧʦʪʦʢʘ ʩʦʭʨʘʥʷʝʪ-

ʩʷ ʥʘ ʫʩʪʫʧʝ ʜʥʘ, ʝʩʣʠ ʥʘ ʥʝʛʦ ʧʨʠʭʦʜʷʪ ʜʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʨʘʚʥʝʥʠʡ ʤʝʣʢʦʡ ʚʦʜʳ, ʠ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʥʘ ʫʩʪʫʧʝ ʜʥʘ ʪʝʨʷʝʪʩʷ, ʝʩʣʠ ʥʘ ʥʝʛʦ ʧʨʠʭʦʜʷʪ ʪʨʠ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʥʘ ʫʩʪʫʧʝ ʜʥʘ ʧʦʣʥʦʡ 

ʵʥʝʨʛʠʠ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʠʤʝʝʪ ʪʨʠ ʢʘʯʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʘ ʨʝʰʝ-

ʥʠʡ. ɺ ʧʝʨʚʦʤ ʠʟ ʥʠʭ, ʧʨʠʚʝʜʝʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 2 ʘ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʪʦʧʣʝʥʥʳʡ ʨʝʞʠʤ 

ʪʝʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʪʝʯʝʥʠʝ ʚ 

ʚʝʨʭʥʝʤ ʙʴʝʬʝ. 

ɺ ʦʩʪʘʚʰʠʭʩʷ ʜʚʫʭ ʢʣʘʩʩʘʭ ʨʝʰʝʥʠʡ, ʧʦʢʘʟʘʥʥʳʭ ʣʠʥʠʷʤʠ 1 ʠ 3 ʥʘ ʨʠʩʫʥʢʝ 2ʙ, ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʥʝʧʦʜʪʦʧʣʝʥʥʳʡ ʨʝʞʠʤ ʪʝʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʪʝʯʝʥʠʝ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ ʥʝ ʦʢʘ-

ʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʪʝʯʝʥʠʝ ʚ ʚʝʨʭʥʝʤ ʙʴʝʬʝ. ʇʨʠ ʵʪʦʤ ʣʠʥʠʠ 1 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʰʝʥʠʷ ʩ ʧʨʝ- 

 

 

ʨʳʚʥʦʡ ʚʦʣʥʦʡ ʠ ʚʦʣʥʦʡ ʧʦʥʠ-

ʞʝʥʠʷ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ, ʘ ʣʠʥʠʠ 

3 ï ʨʝʰʝʥʠʷ ʩ ʜʚʫʤʷ ʧʨʝʨʳʚʥʳ-

ʤʠ ʚʦʣʥʘʤʠ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ. ɺ 

ʩʣʫʯʘʝ ʧʦʪʝʨʠ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ 

ʥʘ ʫʩʪʫʧʝ ʜʥʘ ʟʘʜʘʯʘ ʦ ʨʘʟʨʫʰʝ-

ʥʠʠ ʧʣʦʪʠʥʳ ʠʤʝʝʪ ʜʚʘ ʢʘʯʝ-

ʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʘ ʨʝʰʝ-

ʥʠʡ, ʠʟʦʙʨʘʞʝʥʥʳʭ ʣʠʥʠʷʤʠ 1 ʠ 

3 ʥʘ ʨʠʩʫʥʢʝ 3. ʇʫʥʢʪʠʨʥʳʤʠ 

ʣʠʥʠʷʤʠ 2 ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3 ʧʦ-

ʢʘʟʘʥʳ ʧʝʨʝʭʦʜʥʳʝ ʨʝʞʠʤʳ ʪʝ-

ʯʝʥʠʷ. 

 

ʈʠʩ. 1. ɻʣʫʙʠʥʘ ʞʠʜʢʦʩʪʠ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ  

ʦ ʨʘʟʨʫʰʝʥʠʠ ʧʣʦʪʠʥʳ 
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ʉʨʘʚʥʝʥʠʝ ʧʦʩʪʨʦ-

ʝʥʥʳʭ ʪʦʯʥʳʭ ʨʝʰʝ-

ʥʠʡ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝ-

ʨʠʤʝʥʪʦʚ, ʧʨʠʚʝʜʝʥ-

ʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 4, ʧʦ-

ʢʘʟʘʣʦ [34] ʭʦʨʦʰʝʝ 

ʩʦʛʣʘʩʦʚʘʥʠʝ ʧʦ ʧʨʦ-

ʬʠʣʷʤ ʚʦʣʥ ʚ ʥʠʞʥʝʤ 

ʙʴʝʬʝ (ʨʠʩ. 4a), ʧʦ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ ʛʣʫ-

ʙʠʥʘʤ ʟʘ ʬʨʦʥʪʦʤ ʛʦ-

ʣʦʚʥʦʡ ʧʨʝʨʳʚʥʦʡ 

ʚʦʣʥʳ (ʨʠʩ. 4ʙ) ʠ ʧʦ 

ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʷ ʵʪʦʡ ʚʦʣʥʳ 

(ʨʠʩ. 4ʚ). ʇʨʠ ʵʪʦʤ ʦʥ-

ʜʫʣʷʮʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ 

ʥʘ ʬʨʦʥʪʘʭ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʧʨʝʨʳʚ-

ʥʳʭ ʚʦʣʥ, ʧʦʢʘʟʘʥʥʳʭ 

ʪʦʯʢʘʤʠ ʥʘ ʨʠʩʫʥʢʝ 4a, 

ʚ ʨʘʤʢʘʭ ʧʝʨʚʦʛʦ ʧʨʠ-

ʙʣʠʞʝʥʠʷ ʪʝʦʨʠʠ ʤʝʣ-

ʢʦʡ ʚʦʜʳ ʥʝ ʚʦʩʧʨʦʠʟ-

ʚʦʜʷʪʩʷ. 

ɿʘʜʘʯʘ ʦ ʨʘʟʨʫʰʝʥʠʠ 

ʧʣʦʪʠʥʳ ʥʘʜ  

ʩʪʫʧʝʥʴʢʦʡ ʜʥʘ 

ɿʘʜʘʯʝʡ ʦ ʨʘʟʨʫ-

ʰʝʥʠʠ ʧʣʦʪʠʥʳ ʥʘʜ 

ʩʪʫʧʝʥʴʢʦʡ ʜʥʘ ʥʘʟʦ-

ʚʝʤ ʟʘʜʘʯʫ ʦ ʨʘʟʨʫʰʝ-

ʥʠʠ ʧʣʦʪʠʥʳ ʥʘʜ ʪʘ-

ʢʠʤ ʨʘʟʨʳʚʦʤ ʦʪʤʝʪʢʠ 

ʜʥʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʫʨʦ-

ʚʝʥʴ ʜʥʘ ʚ ʚʝʨʭʥʝʤ 

ʙʴʝʬʝ ʤʝʥʴʰʝ, ʯʝʤ ʚ 

ʥʠʞʥʝʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʟʘʜʘʯʠ ʦ ʨʘʟʨʫʰʝʥʠʠ 

ʧʣʦʪʠʥʳ ʥʘʜ ʫʩʪʫʧʦʤ 

ʜʥʘ, ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʚ 

ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʤʝʣʢʦʡ 

ʚʦʜʳ ʚʩʝʛʜʘ ʦʜʥʦʟʥʘʯ-

ʥʦ ʨʘʟʨʝʰʠʤʘ ʚ ʧʨʝʜ-

ʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʧʦʣʥʘʷ 

ʵʥʝʨʛʠʷ ʥʘʙʝʛʘʶʱʝʛʦ 

ʧʦʪʦʢʘ ʥʘ ʩʪʫʧʝʥʴʢʝ 

ʜʥʘ ʩʦʭʨʘʥʷʝʪʩʷ [35].  

ʘ 

 
ʙ 

ʈʠʩ. 2. ʈʝʰʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ  

ʥʘ ʫʩʪʫʧʝ ʩʦʭʨʘʥʷʝʪʩʷ 
ʘ ï ʧʦʜʪʦʧʣʝʥʥʳʡ ʫʩʪʫʧ; ʙ ï ʥʝʧʦʜʪʦʧʣʝʥʥʳʡ ʫʩʪʫʧ. 

 
ʈʠʩ. 3. ʈʝʰʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ  

ʥʘ ʫʩʪʫʧʝ ʪʝʨʷʝʪʩʷ 

 
ʈʠʩ. 4. ʉʨʘʚʥʝʥʠʝ ʪʝʦʨʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʟʘʜʘʯʝ  

ʦ ʨʘʟʨʫʰʝʥʠʠ ʧʣʦʪʠʥʳ ʥʘʜ ʫʩʪʫʧʦʤ ʜʥʘ: 
ʘ ï ʧʨʦʬʠʣʠ ʚʦʣʥ; ʙ ï ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʛʣʫʙʠʥʳ;  

ʚ ï ʩʢʦʨʦʩʪʴ ʛʦʣʦʚʥʦʡ ʚʦʣʥʳ. 
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ʆʙʦʙʱʝʥʥʳʤ ʤʝʪʦʜʦʤ ʘʜʠʘʙʘʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʘ ʟʘʜʘʯʘ ʠʤʝʝʪ ʜʚʘ ʢʘʯʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʭ 

ʢʣʘʩʩʘ ʨʝʰʝʥʠʡ, ʛʨʘʬʠʢʠ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5ʘ ʚʥʫʪʨʠ ʦʙʣʘʩʪʝʡ ʩʚʦʝʛʦ ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʷ ʥʘ ʧʣʦʩʢʦʩʪʠ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʩʠʣʴʥʳʤ ʨʘʟʨʳʚʘʤ ʚ ʫʨʘʚʥʝʥʠʷʭ ʤʝʣʢʦʡ ʚʦʜʳ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʜʣʠʥʥʦ-

ʚʦʣʥʦʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʮʝʣʳʝ ʧʝʨʝʭʦʜʥʳʝ ʦʙʣʘʩʪʠ ʙʳʩʪʨʦʛʦ, ʥʦ ʥʝʧʨʝʨʳʚ-

ʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ, ʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʙʦʣʝʝ ʭʦʨʦʰʝʛʦ ʩʦʛʣʘʩʦ-

ʚʘʥʠʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ (ʨʠʩ. 5ʙ) ʩʪʫʧʝʥʴʢʘ ʜʥʘ ʙʳʣʘ 

ʟʘʤʝʥʝʥʘ ʥʘ ʫʯʘʩʪʦʢ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʜʥʘ ʜʣʠʥʳ l (ʚ ʛʠʜʨʘʚʣʠʢʝ ʪʘʢʠʝ 

ʫʯʘʩʪʢʠ ʜʥʘ ʥʘʟʳʚʘʶʪ ʙʝʨʝʛʦʚʳʤʠ ʰʝʣʴʬʘʤʠ).  

ʇʨʠ ʪʘʢʦʤ ʣʘʙʦʨʘʪʦʨʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʝʜ-

ʧʦʣʦʞʝʥʠʝ ʦ ʩʦʭʨʘʥʝʥʠʠ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʜʥʘ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ [36] ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʦʚʘʥʠʝ c ʪʝʦʨʠʝʡ ʧʦ 

ʧʨʦʬʠʣʷʤ ʧʨʝʨʳʚʥʳʭ ʚʦʣʥ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ (ʨʠʩ. 5ʚ), ʧʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ ʛʣʫʙʠʥʘʤ ʟʘ ʠʭ 

ʬʨʦʥʪʘʤʠ (ʨʠʩ. 5ʛ) ʠ ʧʦ ʩʢʦʨʦʩʪʷʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʝʨʳʚʥʳʭ ʚʦʣʥ (ʨʠʩ.  5ʜ).  

ɿʘʜʘʯʘ ʦ ʨʘʟʨʫʰʝʥʠʠ ʧʣʦʪʠʥʳ ʥʘ ʩʢʘʯʢʝ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʢʘʥʘʣʘ 

ɿʘʜʘʯʘ ʦ ʨʘʟʨʫʰʝʥʠʠ ʧʣʦʪʠʥʳ ʥʘ ʩʢʘʯʢʝ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ (ʰʠʨʠʥʳ) ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʢʘ-

ʥʘʣʘ ʤʝʪʦʜʠʯʝʩʢʠ ʙʣʠʟʢʘ ʟʘʜʘʯʘʤ ʦ ʨʘʟʨʫʰʝʥʠʠ ʧʣʦʪʠʥʳ ʥʘ ʩʪʫʧʝʥʴʢʝ ʠ ʫʩʪʫʧʝ ʜʥʘ. ɺ ʨʘʙʦʪʝ 

[37] ʵʪʘ ʟʘʜʘʯʘ ʨʝʰʝʥʘ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʰʠʨʠʥʘ ʢʘʥʘʣʘ ʚ ʚʝʨʭʥʝʤ ʙʴʝʬʝ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʥʠʞ-

ʥʝʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʦʜʥʦʟʥʘʯʥʦ ʨʘʟʨʝʰʠʤʘ ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʥʦʡ 

ʵʥʝʨʛʠʠ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʥʘ ʩʢʘʯʢʝ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ.  

 

 

 
ʙ 

 
ʘ ʚ 

  
ʛ ʜ 

ʈʠʩ. 5. ʉʨʘʚʥʝʥʠʝ ʪʝʦʨʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʟʘʜʘʯʝ ʦ ʨʘʟʨʫʰʝʥʠʠ ʧʣʦʪʠʥʳ  

ʥʘʜ ʩʪʫʧʝʥʴʢʦʡ ʜʥʘ: 
ʘ ï ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ; ʙ ï ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ; ʚ ï ʛʣʫʙʠʥʘ ʢʘʢ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ;  

ʛ ï ʛʣʫʙʠʥʘ ʟʘ ʬʨʦʥʪʦʤ ʧʨʝʨʳʚʥʦʡ ʚʦʣʥʳ; ʜ ï ʩʢʦʨʦʩʪʴ ʬʨʦʥʪʘ ʧʨʝʨʳʚʥʦʡ ʚʦʣʥʳ. 
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ʈʝʰʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʩʦʩʪʦʠʪ ʠʟ ʧʨʝʨʳʚʥʦʡ ʚʦʣʥʳ S, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦ ʥʠʞʥʝʤʫ ʙʴʝʬʫ, ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʚʦʣʥʳ ʧʦʥʠʞʝʥʠʷ R, ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʶʱʝʡʩʷ ʚ ʚʝʨʭʥʝʤ ʙʴʝʬʝ, ʠ ʥʝʧʦʜʚʠʞʥʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʳʞʢʘ L, ʨʘʩʧʦʣʦʞʝʥʥʦ-

ʛʦ ʥʘ ʩʢʘʯʢʝ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ (ʨʠʩ. 6 ʘ-ʙ). ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʳ ʜʚʘ ʢʘʯʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʭ 

ʩʣʫʯʘʷ: ʢʦʛʜʘ ʧʦʩʪʦʷʥʥʦʝ ʪʝʯʝʥʠʝ ʟʘ ʬʨʦʥʪʦʤ ʧʨʝʨʳʚʥʦʡ ʚʦʣʥʳ S ʷʚʣʷʝʪʩʷ ʜʦʢʨʠʪʠʯʝʩʢʠʤ 

(a) ʠ ʢʦʛʜʘ ʵʪʦʪ ʪʝʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʤ (ʙ). ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʤʝʞʜʫ ʛʠʜʨʘʚʣʠ-

ʯʝʩʢʠʤ ʧʨʳʞʢʦʤ L  ʠ ʧʦʩʪʦʷʥʥʳʤ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʤ ʪʝʯʝʥʠʝʤ ʬʦʨʤʠʨʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʚʦʣʥʘ ʧʦʥʠʞʝʥʠʷ 
1R . ʅʘ ʨʠʩʫʥʢʝ 6ʚ ʧʨʠʚʝʜʝʥʘ ʜʠʘʛʨʘʤʤʘ ʘʜʠʘʙʘʪ, ʧʨʠ ʧʦ-

ʤʦʱʠ ʢʦʪʦʨʦʡ ʜʦʢʘʟʳʚʘʝʪʩʷ ʦʜʥʦʟʥʘʯʥʘʷ ʨʘʟʨʝʰʠʤʦʩʪʴ ʵʪʦʡ ʟʘʜʘʯʠ ʚ ʨʘʤʢʘʭ ʘʚʪʦʤʦʜʝʣʴʥʳʭ 

ʨʝʰʝʥʠʡ. 

ɺ ʨʘʙʦʪʝ [38] ʟʘʜʘʯʘ ʦ ʨʘʟʨʫʰʝʥʠʠ ʧʣʦʪʠʥʳ ʥʘ ʩʢʘʯʢʝ ʰʠʨʠʥʳ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʢʘʥʘʣʘ 

ʨʝʰʝʥʘ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʰʠʨʠʥʘ ʢʘʥʘʣʘ ʚ ʚʝʨʭʥʝʤ ʙʴʝʬʝ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʥʠʞʥʝʤ. ɼʘʥʥʘʷ ʟʘ-

ʜʘʯʘ ʠʤʝʝʪ ʯʝʪʳʨʝ ʢʘʯʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʘ ʨʝʰʝʥʠʡ. ɼʣʷ ʧʝʨʚʦʛʦ ʠʟ ʥʠʭ, ʧʦʢʘʟʘʥʥʦʛʦ 

ʣʠʥʠʝʡ 1 ʥʘ ʨʠʩʫʥʢʝ 7ʘ, ʪʝʯʝʥʠʝ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʦʪ ʥʝʧʦʜʚʠʞʥʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʳʞʢʘ L  

ʷʚʣʷʝʪʩʷ ʜʦʢʨʠʪʠʯʝʩʢʠʤ. ɼʣʷ ʨʝʰʝʥʠʡ ʚʪʦʨʦʛʦ ʢʣʘʩʩʘ, ʠʟʦʙʨʘʞʝʥʥʳʭ ʣʠʥʠʝʡ 2 ʥʘ ʨʠʩʫʥ-

ʢʝ 7ʘ, ʪʝʯʝʥʠʝ ʩʣʝʚʘ ʦʪ ʨʘʟʨʳʚʘ L  ʦʩʪʘʝʪʩʷ ʜʦʢʨʠʪʠʯʝʩʢʠʤ, ʘ ʩʧʨʘʚʘ ʦʪ ʵʪʦʛʦ ʨʘʟʨʳʚʘ ʩʪʘʥʦ-

ʚʠʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ. ɼʣʷ ʨʝʰʝʥʠʡ ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ ʢʣʘʩʩʦʚ, ʧʦʢʘʟʘʥʥʳʭ ʣʠʥʠʷʤʠ 1 ʠ 3 

ʥʘ ʨʠʩʫʥʢʝ 7ʙ, ʪʝʯʝʥʠʝ ʩʣʝʚʘ ʦʪ ʨʘʟʨʳʚʘ L  ʷʚʣʷʝʪʩʷ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʤ, ʘ ʩʧʨʘʚʘ ʦʪ ʵʪʦʛʦ ʨʘʟ-

ʨʳʚʘ ï ʢʨʠʪʠʯʝʩʢʠʤ. ʈʝʰʝʥʠʷ ʧʝʨʚʦʛʦ, ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ ʢʣʘʩʩʦʚ ʧʦʩʪʨʦʝʥʳ ʧʨʠ ʫʩʣʦ-

ʚʠʠ ʩʦʭʨʘʥʝʥʠʠ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ ʥʘ ʨʘʟʨʳʚʝ L, ʘ ʨʝʰʝʥʠʷ ʚʪʦʨʦʛʦ ʢʣʘʩʩʘ ʧʨʠ ʫʩʣʦʚʠʠ, 

ʯʪʦ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʧʦʪʦʢʘ ʥʘ ʵʪʦʤ ʨʘʟʨʳʚʝ ʪʝʨʷʝʪʩʷ. 

 

 

 

ʘ 

 
ʙ ʚ 

 

ʈʠʩ. 6. ʇʨʦʬʠʣʠ ʛʣʫʙʠʥʳ ʠ ʜʠʘʛʨʘʤʤʘ ʘʜʠʘʙʘʪ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʰʠʨʠʥʘ ʢʘʥʘʣʘ  

ʚ ʚʝʨʭʥʝʤ ʙʴʝʬʝ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʥʠʞʥʝʤ: 
ʘ-ʙ ï ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ; ʚ ï ʜʠʘʛʨʘʤʤʘ ʘʜʠʘʙʘʪ. 

 

  
ʘ ʙ 

 

ʈʠʩ. 7. ʇʨʦʬʠʣʠ ʛʣʫʙʠʥʳ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʰʠʨʠʥʘ ʢʘʥʘʣʘ  

ʚ ʚʝʨʭʥʝʤ ʙʴʝʬʝ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʥʠʞʥʝʤ: 
ʘ ï ʜʦʢʨʠʪʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ ʩʣʝʚʘ ʦʪ ʨʘʟʨʳʚʘ; ʙ ï ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ ʩʣʝʚʘ ʦʪ ʨʘʟʨʳʚʘ. 
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ɺ ʨʘʙʦʪʝ [39] ʜʦʢʘʟʘʥʘ ʦʜʥʦʟʥʘʯʥʘʷ ʨʘʟʨʝʰʠʤʦʩʪʴ ʟʘʜʘʯʠ ʦ ʨʘʟʨʫʰʝʥʠʠ ʧʣʦʪʠʥʳ ʥʘ 

ʩʢʘʯʢʝ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʢʘʥʘʣʘ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʰʠʨʠʥʘ ʢʘʥʘʣʘ ʚ ʚʝʨʭʥʝʤ 

ʙʴʝʬʝ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʥʠʞʥʝʤ, ʠ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʥʘ ʨʘʟʨʳʚʝ L, ʚʦʟʥʠʢʘʶʱʝʤ ʥʘ ʩʢʘʯʢʝ 
ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ, ʚʳʧʦʣʥʷʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʚ ʢʦʪʦʨʦʝ ʚʭʦʜʠʪ ʵʚʨʠʩʪʠʯʝ-

ʩʢʠʡ ʧʘʨʘʤʝʪʨ s, ʟʘʜʘʶʱʠʡ ʪʫ ʯʘʩʪʴ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ, ʢʦʪʦʨʘʷ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ ʧʝʨʝ-

ʭʦʜʝ ʯʝʨʝʟ ʨʘʟʨʳʚ L. ʆʜʥʦʟʥʘʯʥʘʷ ʨʘʟʨʝʰʠʤʦʩʪʴ ʜʦʢʘʟʘʥʘ ʧʨʠ ʣʶʙʦʤ ʟʥʘʯʝʥʠʠ (0,1]sÍ . 

ʂʦʥʢʨʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ s ʚʳʙʠʨʘʣʦʩʴ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʦʜʥʦʤʝʨʥʳʭ ʨʝʰʝʥʠʡ 

(ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ʥʘ ʨʠʩ. 8) ʩ ʦʩʨʝʜʥʝʥʥʳʤʠ ʧʦ ʰʠʨʠʥʝ ʢʘʥʘʣʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʥʘ ʦʩʥʦʚʝ ʧʣʘʥʦʚʳʭ ʫʨʘʚʥʝʥʠʡ ʪʝʦʨʠʠ ʤʝʣʢʦʡ ʚʦʜʳ (ʢʨʫʞʢʠ ʥʘ 

ʵʪʠʭ ʛʨʘʬʠʢʘʭ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʯʥʳʝ ʘʚʪʦʤʦʜʝʣʴʥʳʝ ʨʝʰʝʥʠʷ ʧʦʣʫʯʠʣʠ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦ-

ʰʝʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʚʫʤʝʨʥʳʭ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ. ʅʘ ʨʠʩʫʥʢʝ 9 ʧʨʠʚʝʜʝʥ 

ʭʘʨʘʢʪʝʨʥʳʡ ʧʨʦʬʠʣʴ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʧʦʣʫʯʘʝʤʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʚʫʤʝʨ-

ʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ  

ʧʨʝʨʳʚʥʳʭ ʚʦʣʥ ʧʦ ʩʫʭʦʤʫ ʨʫʩʣʫ 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ (2) ʙʘʟʠʩʥʳʭ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʪʝʦʨʠʠ ʤʝʣʢʦʡ ʚʦʜʳ, ʩʦʩʪʦʷʱʘʷ 

ʠʟ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʠ ʧʦʣʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʧʨʘʚʠʣʴʥʦ ʧʝʨʝʜʘʚʘʷ ʧʘʨʘʤʝʪʨʳ ʧʨʝʨʳʚ-

ʥʳʭ ʚʦʣʥ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʧʦ ʞʠʜʢʦʩʪʠ ʢʦʥʝʯʥʦʡ ʛʣʫʙʠʥʳ [12], ʥʝ ʜʦʧʫʩʢʘʝʪ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ ʧʨʝʨʳʚʥʳʭ ʚʦʣʥ ʧʦ ʩʫʭʦʤʫ ʨʫʩʣʫ. ʊʦʯʥʳʝ ʨʝʰʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʚ ʨʘʤʢʘʭ ʵʪʦʡ 

ʩʠʩʪʝʤʳ ʧʨʦʮʝʩʩ ʪʝʯʝʥʠʷ ʚʦʜʳ ʧʦ ʩʫʭʦʤʫ ʨʫʩʣʫ, ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤʠ ʚʦʣʥʘʤʠ ʧʦʥʠʞʝ-

ʥʠʷ (ʧʨʦʩʪʝʡʰʠʡ ʧʨʠʤʝʨ ʪʘʢʦʡ ʚʦʣʥʳ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦ ʨʘʟʨʫʰʝʥʠʠ ʧʣʦ-

ʪʠʥʳ ʩ ʩʫʭʠʤ ʨʫʩʣʦʤ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ, ʙʳʣ ʧʦʩʪʨʦʝʥ ʚ [3]). ʋʯʝʪ ʜʦʥʥʦʛʦ ʪʨʝʥʠʷ, ʢʦʪʦʨʦʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʠʩʪʦʯʥʠʢʦʚʳʡ ʯʣʝʥ, ʥʝ ʜʘʶʱʠʡ ʚʢʣʘʜʘ ʚ ʫʩʣʦʚʠʷ ɻʶʛʦ-

ʥʠʦ ʥʘ ʬʨʦʥʪʝ ʧʨʝʨʳʚʥʦʡ ʚʦʣʥʳ, ʥʠʢʘʢ ʥʝ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʵʪʫ ʩʠʪʫʘʮʠʶ [40-41]. 

 

 
ʈʠʩ. 8. ʉʨʘʚʥʝʥʠʝ ʪʝʦʨʠʠ ʠ ʜʚʫʤʝʨʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ:  

D = b1/b2; b1 ï ʰʠʨʠʥʘ ʢʘʥʘʣʘ ʚ ʚʝʨʭʥʝʤ ʙʴʝʬʝ; b2 ï ʰʠʨʠʥʘ ʢʘʥʘʣʘ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ. 

s=1, D=2 s=1.6, D=2 

s=1, D=3/2 s=1, D=3 
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ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʣʘʙʦʨʘʪʦʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥ-

ʪʳ [42-44] ʠ ʨʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ [45] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʠ ʥʝ-

ʧʨʝʨʳʚʥʳʝ ʨʝʰʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʳ-

ʰʘʶʪ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʝʨʝʜ-

ʥʝʡ ʢʨʦʤʢʠ ʚʦʣʥʳ ʠ ʟʘʤʝʪʥʦ ʠʩʢʘʞʘʶʪ 

ʧʨʦʬʠʣʴ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʦʧʳʪʘʭ ʬʨʦʥʪ 

ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʧʦ ʩʫʭʦʤʫ 

ʨʫʩʣʫ, ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʢʨʫ-

ʪʳʤ ʠ ʥʘ ʥʝʤ ʧʨʦʠʩʭʦʜʷʪ ʦʙʨʫʰʝʥʠʷ, ʭʘ-

ʨʘʢʪʝʨʥʳʝ ʜʣʷ ʧʨʝʨʳʚʥʳʭ ʚʦʣʥ. 

 

ʈʠʩ. 9. ɼʚʫʤʝʨʥʦʝ ʯʠʩʣʝʥʥʦʝ  

ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʅʘ ʨʠʩʫʥʢʝ 10ʘ ʠʟʦʙʨʘʞʝʥʘ ʚʦʣʥʘ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʣʘʙʦʨʘʪʦʨʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʟʘʜʘʯʠ 

ʦ ʨʘʟʨʫʰʝʥʠʠ ʧʣʦʪʠʥʳ ʩ ʩʫʭʠʤ ʨʫʩʣʦʤ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ [44]. ʕʪʦ ʚʦʣʥʦʚʦʝ ʪʝʯʝʥʠʝ ʚʦʟʥʠʢʣʦ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʟʢʦʛʦ ʫʜʘʣʝʥʠʷ ʧʣʦʩʢʦʛʦ ʱʠʪʘ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ 1 ʥʘ ʚʝʨʭʥʝʡ ʬʦʪʦʛʨʘʬʠʠ), 

ʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʥʝʧʦʜʚʠʞʥʫʶ ʞʠʜʢʦʩʪʴ ʚ ʚʝʨʭʥʝʤ ʙʴʝʬʝ. ʆʧʳʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʬʠʣʴ 

ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ ʚʦʣʥʳ (ʦʙʣʘʩʪʴ 2 ʥʘ ʚʝʨʭʥʝʡ ʬʦʪʦʛʨʘʬʠʠ, ʧʦʢʘʟʘʥʥʘʷ ʚ ʙʦʣʝʝ ʢʨʫʧʥʦʤ ʤʘʩ-

ʰʪʘʙʝ ʥʘ ʥʠʞʥʝʡ ʬʦʪʦʛʨʘʬʠʠ) ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʚʦʣʥʳ ʷʚʣʷʝʪʩʷ ʧʫʣʴʩʠʨʫʶʱʠʤ ʠ ʢʚʘʟʠ-

ʩʪʘʮʠʦʥʘʨʥʳʤ. ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʧʨʳʞʦʢ ɺʉ, ʥʘʙʝʛʘʷ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʚʧʝʨʝʜʠ ʥʝʛʦ 

ʪʦʥʢʠʡ ʩʣʦʡ ʚʦʜʳ AB, ʧʦʩʪʝʧʝʥʥʦ ʧʦʛʣʦʱʘʝʪ ʥʝʢʦʪʦʨʫʶ ʝʛʦ ʯʘʩʪʴ. ʇʨʠ ʵʪʦʤ ʢʨʫʪʠʟʥʘ ʧʝ-

ʨʝʜʥʝʛʦ ʬʨʦʥʪʘ ʧʨʳʞʢʘ BC ʫʤʝʥʴʰʘʝʪʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʳʞʦʢ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʚʳ-

ʨʦʞʜʘʝʪʩʷ ʠ ʧʨʦʬʠʣʴ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ ʚʦʣʥʳ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʧʦʣʦʛʠʤ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩ ʥʘʯʠʥʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ: ʧʨʦʬʠʣʴ ʩʚʦ-

ʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ ʚʦʣʥʳ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʝʝ ʢʨʦʤʢʠ ʧʦʩʪʝ-

ʧʝʥʥʦ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʢʨʫʪʳʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʧʨʳʞʢʘ ʚʠʜʘ BC. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʣʦʩʘ ʚʦʜʳ AB ʧʝʨʝʜ ʝʛʦ ʬʨʦʥʪʦʤ ʫʜʣʠʥʷʝʪʩʷ ʠ ʩʪʘʥʦʚʠʪʩʷ 

ʙʦʣʝʝ ʪʦʥʢʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʬʠʣʴ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʚʦʣʥʳ ʚʥʦʚʴ ʧʨʠʥʠʤʘʝʪ ʚʠʜ, ʧʦʢʘʟʘʥʥʳʡ 

ʥʘ ʥʠʞʥʝʡ ʬʦʪʦʛʨʘʬʠʠ ʨʠʩʫʥʢʝ 10ʘ. ɼʘʣʝʝ ʵʪʦʪ ʧʨʦʮʝʩʩ ʮʠʢʣʠʯʝʩʢʠ ʧʦʚʪʦʨʷʝʪʩʷ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʘʢʠʝ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ ʚʦʣʥʳ, ʩʢʦʨʦʩʪʴ ʝʝ 

ʜʚʠʞʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʧʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ ʧʣʦʪʠʥʳ (ʫʜʘʣʝʥʠʷ ʱʠʪʘ) ʚʳʭʦʜʠʪ ʥʘ ʧʦʩʪʦ-

ʷʥʥʫʶ ʠ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʥʝʝ ʪʦʣʴʢʦ ʧʦ ʠʩʪʝʯʝʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʥʘʯʠʥʘʝʪ ʩʢʘʟʳ-

ʚʘʪʴʩʷ ʜʝʡʩʪʚʠʝ ʜʦʥʥʦʛʦ ʪʨʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʚʝʨʭʥʦʩʪʴ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʣʦʪ-

ʢʘ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ ʛʣʘʜʢʦʡ, ʪʦ ʟʘʤʝʜʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʦʣʥʳ, ʩʚʷʟʘʥʥʦʝ ʩ ʜʝʡʩʪʚʠʝʤ ʪʨʝʥʠʷ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ. ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʠʩʫʥʢʝ 10ʙ ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ, ʧʝʨʝʭʦʜʷʱʝʡ ʚ ʧʫʥʢʪʠʨʥʫʶ, 

ʠʟʦʙʨʘʞʝʥʦ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ, ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

(2), ʘ ʪʦʯʢʘʤʠ ï ʧʨʦʬʠʣʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʦʣʥʳ. ʀʟ ʵʪʦʛʦ ʨʠʩʫʥʢʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʣʘʩʩʠʯʝ-

ʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦʯʪʠ ʥʘ ʪʨʝʪʴ ʟʘʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʠ ʚʦʣʥʳ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʛʣʘʞʠʚʘʝʪ ʝʝ ʧʨʦʬʠʣʴ. 

ɺ ʨʘʙʦʪʘʭ [46-47] ʧʨʝʜʣʦʞʝʥʘ ʩʣʝʜʫʶʱʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤʳ (2): 
Ὤ ή π

ή ήό ÇὬ ςϳ ‐ῷό ό ςϳ ὫὬ πȟ
 (3) 

ʚ ʢʦʪʦʨʦʡ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʦʩʪʘʣʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ, ʘ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʥʦʛʦ ʠʤ-

ʧʫʣʴʩʘ 0=Q  ʟʘʤʝʥʝʥ ʥʘ ʣʠʥʝʡʥʫʶ ʢʦʤʙʠʥʘʮʠʶ 0=e+ VHQ , ʚ ʢʦʪʦʨʦʡ 0=V  ï ʟʘʢʦʥ ʩʦ-

ʭʨʘʥʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ, H  ï ʭʘʨʘʢʪʝʨʥʘʷ ʛʣʫʙʠʥʘ ʧʦʪʦʢʘ, e ï ʤʘʣʳʡ ʵʚʨʠʩʪʠʯʝʩʢʠʡ 

ʧʘʨʘʤʝʪʨ, ʚʳʙʠʨʘʝʤʳʡ ʧʫʪʝʤ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ʉʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ʥʘ ʨʠʩʫʥ-

ʢʝ 10ʙ ʧʦʢʘʟʘʥʦ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ (3) ʟʘ-

ʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʪʝʦʨʠʠ ʤʝʣʢʦʡ ʚʦʜʳ [46]. ɺ ʨʘʙʦʪʝ [47] ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ (3) ʧʦ-

ʣʫʯʝʥʘ ʧʫʪʝʤ ʚʳʚʦʜʘ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʪʝʦʨʠʠ ʤʝʣʢʦʡ ʚʦʜʳ ʠʟ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʩ 

ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ ʚ ʧʝʨʝʭʦʜʥʳʭ ʦʙʣʘʩʪʷʭ, ʦʧʠʩʳʚʘʝʤʳʭ ʧʨʝʨʳʚʥʳʤʠ 

ʚʦʣʥʘʤʠ (ʥʘ ʨʠʩ. 11 ʵʪʦ ʦʙʣʘʩʪʴ, ʧʦʢʘʟʘʥʥʘʷ ʦʪʨʝʟʢʦʤ [ab] ʜʣʠʥʳ l). 

ɺ ʨʘʙʦʪʝ [48] ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ (3) ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʪʝʦʨʠʠ ʤʝʣ-

ʢʦʡ ʚʦʜʳ ʧʦʩʪʨʦʝʥʘ ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʯʠʩʣʝʥʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ ʧʨʝʨʳʚʥʳʭ ʚʦʣʥ ʧʦ ʩʫʭʦʤʫ ʨʫʩʣʫ. ʅʘ ʨʠʩʫʥʢʝ 12 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ 
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ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʦʜʥʦʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʚʦʣʥʳ ʧʨʦʨʳʚʘ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ 

ʧʦʣʥʦʤ ʨʘʟʨʫʰʝʥʠʠ ʧʣʦʪʠʥʳ ʛʠʜʨʦʩʦʦʨʫʞʝʥʠʷ, ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ ʢʦʪʦʨʦʛʦ ʨʫʩʣʦ ʷʚʣʷʝʪʩʷ 

ʩʫʭʠʤ, ʥʘʢʣʦʥʥʳʤ ʠ ʥʘ ʥʝʤ ʨʘʩʧʦʣʦʞʝʥʦ ʣʦʢʘʣʴʥʦʝ ʧʨʝʧʷʪʩʪʚʠʝ. ʅʘ ʨʠʩʫʥʢʝ 13 ʧʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʜʚʫʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʚʦʣʥʳ ʧʨʦʨʳʚʘ, ʚʦʟʥʠʢʘʶ-

ʱʝʡ ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʨʘʟʨʫʰʝʥʠʠ ʧʣʦʪʠʥʳ ʛʠʜʨʦʩʦʦʨʫʞʝʥʠʷ, ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ ʢʦʪʦʨʦʛʦ ʨʫʩʣʦ 

ʷʚʣʷʝʪʩʷ ʩʫʭʠʤ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʠ ʥʘ ʥʝʤ ʨʘʩʧʦʣʦʞʝʥʦ ʣʦʢʘʣʴʥʦʝ ʧʨʝʧʷʪʩʪʚʠʝ. ʅʘ ʨʠʩʫʥʢʘʭ 

12 ʠ 13 ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʳ ʧʨʦʬʠʣʠ ʧʨʝʨʳʚʥʳʭ ʚʦʣʥ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʧʦ ʩʫʭʦʤʫ ʨʫʩʣʫ. 
 

 
ʘ ʙ 

ʈʠʩ. 10. ɿʘʜʘʯʘ ʦ ʨʘʟʨʫʰʝʥʠʠ ʧʣʦʪʠʥʳ ʩ ʩʫʭʠʤ ʨʫʩʣʦʤ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ: 
ʘ ï ʬʦʪʦʛʨʘʬʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ; ʙ ï ʩʨʘʚʥʝʥʠʝ ʪʝʦʨʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 

 
ʈʠʩ. 11. ɼʠʘʛʨʘʤʤʘ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʪʝʯʝʥʠʷ ʩ ʫʯʝʪʦʤ ʧʝʨʝʭʦʜʥʦʡ ʦʙʣʘʩʪʠ  

ʥʘ ʬʨʦʥʪʝ ʧʨʝʨʳʚʥʦʡ ʚʦʣʥʳ 

 
ʘ ʙ 

 

ʈʠʩ. 12. ʆʜʥʦʤʝʨʥʘʷ ʤʦʜʝʣʴ: 
ʘ ï ʥʘʯʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʞʠʜʢʦʩʪʠ; ʙ ï ʧʨʦʬʠʣʴ ʧʨʦʨʳʚʘ ʚʦʣʥʳ. 
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ʈʠʩ. 13. ɼʚʫʤʝʨʥʘʷ ʤʦʜʝʣʴ: 
ʘ ï ʥʘʯʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʞʠʜʢʦʩʪʠ; ʙ ï ʧʨʦʬʠʣʴ ʚʦʣʥʳ ʧʨʦʨʳʚʘ. 

 

ɿʘʜʘʯʘ ʦ ʧʨʦʭʦʞʜʝʥʠʝ ʧʨʝʨʳʚʥʦʡ ʚʦʣʥʳ ʥʘʜ ʩʪʫʧʝʥʴʢʦʡ ʜʥʘ 

ɺ ʨʘʙʦʪʝ [47] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ (3) ʫʩʣʦʚʠʷ ɻʶ-

ʛʦʥʠʦ ʩ ʨʦʩʪʦʤ ʛʣʫʙʠʥʳ ʞʠʜʢʦʩʪʠ ʧʝʨʝʜ ʬʨʦʥʪʦʤ ʧʨʝʨʳʚʥʦʡ ʚʦʣʥʳ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʧʝʨʝʭʦ-

ʜʷʪ ʚ ʫʩʣʦʚʠʷ ɻʶʛʦʥʠʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ (2). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ 

ʧʦʜʭʦʜʷʱʝʤ ʚʳʙʦʨʝ ʧʘʨʘʤʝʪʨʘ ‐ ʩʠʩʪʝʤʘ (3) ʙʫʜʝʪ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʝʨʝʜʘ-

ʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʨʝʨʳʚʥʳʭ ʚʦʣʥ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʢʘʢ ʧʦ ʩʫʭʦʤʫ ʨʫʩʣʫ, ʪʘʢ ʠ ʧʦ ʨʫʩʣʫ 

ʢʦʥʝʯʥʦʡ ʛʣʫʙʠʥʳ. ʇʨʠ ʵʪʦʤ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʣʫʯʘʡ, ʩʚʷʟʘʥʥʳʡ 

ʩ ʘʥʘʣʠʟʦʤ ʪʦʯʥʦʩʪʠ, ʩ ʢʦʪʦʨʦʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʝʨʝʜʘʝʪ ʧʘʨʘʤʝʪʨʳ ʧʨʝʨʳʚʥʳʭ 

ʚʦʣʥ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʧʦ ʨʫʩʣʘʤ, ʛʣʫʙʠʥʘ ʢʦʪʦʨʳʭ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʦʪ ʥʫʣʝʚʦʛʦ ʜʦ 

ʥʝʢʦʪʦʨʦʛʦ ʢʦʥʝʯʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʚ ʨʘʙʦʪʘʭ [49-50] ʚʳʧʦʣʥʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʝ ʟʘʜʘʯʠ ʦ ʧʨʦʭʦʞʜʝʥʠʝ ʧʨʝʨʳʚʥʦʡ ʚʦʣʥʳ ʥʘʜ ʩʪʫʧʝʥʴʢʦʡ ʜʥʘ. ʅʘ ʨʠʩʫʥʢʝ 14 ʧʨʠ-

ʚʝʜʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʵʪʦʡ ʟʘʜʘʯʠ, ʘʚʪʦʤʦʜʝʣʴʥʳʝ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʚ ʨʘʤʢʘʭ 

ʪʝʦʨʠʠ ʤʝʣʢʦʡ ʚʦʜʳ ʧʦʩʪʨʦʝʥʳ ʚ [49]. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ [50] ʥʘʯʘʣʴʥʘʷ ʧʨʝʨʳʚʥʘʷ ʚʦʣʥʘ ʬʦʨʤʠʨʦʚʘʣʘʩʴ (ʨʠʩ. 15) ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʟʨʫʰʝʥʠʷ ʧʣʦʪʠʥʳ (ʫʜʘʣʝʥʠʷ ʧʣʦʩʢʦʛʦ ʱʠʪʘ) ʥʘ ʨʘʩʩʪʦʷʥʠʠ ὰ ʦʪ ʩʪʫʧʝʥʴʢʠ ʜʥʘ. ʅʘʯʘʣʴ-

ʥʘʷ ʛʣʫʙʠʥʘ H  ʚʦʜʳ ʚ ʚʝʨʭʥʝʤ ʙʴʝʬʝ ʙʳʣʘ ʧʦʩʪʦʷʥʥʦʡ, ʘ ʥʘʯʘʣʴʥʳʝ ʫʨʦʚʥʠ 
0z  ʚʦʜʳ ʚ ʥʠʞ-

ʥʝʤ ʙʴʝʬʝ ʠʟʤʝʥʷʣʠʩʴ ʦʪ ʟʥʘʯʝʥʠʷ, ʙʦʣʴʰʝʛʦ ʚʳʩʦʪʳ ʩʪʫʧʝʥʴʢʠ d (ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʫʧʝʥʴʢʘ 

ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘʭʦʜʠʣʘʩʴ ʧʦʜ ʚʦʜʦʡ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ ʚʦʣʥʳ ʙʫʜʝʤ 

ʦʙʦʟʥʘʯʘʪʴ ʙʫʢʚʦʡ A), ʜʦ ʟʥʘʯʝʥʠʷ, ʤʝʥʴʰʝʛʦ ʚʳʩʦʪʳ ʩʪʫʧʝʥʴʢʠ (ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʜʘ ʥʘ ʩʪʫ-

ʧʝʥʴʢʝ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ ʚʦʣʥʳ ʙʫʜʝʤ ʦʙʦ-

ʟʥʘʯʘʪʴ ʙʫʢʚʦʡ B ).  

ʉʨʘʚʥʝʥʠʝ ʪʝʦʨʠʠ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ʥʘ ʛʨʘʬʠʢʘʭ) c ʵʢʩʧʝʨʠʤʝʥʪʦʤ (ʪʦʯʢʠ ʠ ʢʨʫʞʢʠ ʥʘ 

ʛʨʘʬʠʢʘʭ) ʧʦʢʘʟʘʣʦ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʧʦ ʧʨʦʬʠʣʷʤ ʧʨʝʨʳʚʥʳʭ ʚʦʣʥ (ʨʠʩ. 16) ʠ ʘʩʠʤʧ-

ʪʦʪʠʯʝʩʢʠʤ ʛʣʫʙʠʥʘʤ ʟʘ ʠʭ ʬʨʦʥʪʘʤʠ (ʨʠʩ. 17). ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ ʚʳʩʦʢʫʶ ʪʦʯ-

ʥʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʝʨʝʜʘʶʪ ʧʝʨʝʭʦʜ ʦʪ ʚʦʣʥ ʪʠʧʘ ɸ, ʚ ʢʦʪʦʨʳʭ ʛʣʫʙʠ-

ʥʘ ʚʦʜʳ ʧʝʨʝʜ ʬʨʦʥʪʦʤ ʧʨʝʨʳʚʥʦʡ ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʧʦ ʩʪʫʧʝʥʴʢʝ, ʷʚʣʷʝʪʩʷ ʢʦ-

ʥʝʯʥʦʡ, ʢ ʚʦʣʥʘʤ ʪʠʧʘ ɺ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʨʳʚʥʘʷ ʚʦʣʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ çʩʫʭʦʡ ʩʪʫʧʝʥʴʢʝè 

(ʨʠʩ. 17). 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʭʦʜʘ ʚʦʣʥʳ ʮʫʥʘʤʠ ʥʘ ʥʘʢʣʦʥʥʳʡ ʙʝʨʝʛ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʤʝʣʢʦʡ ʚʦʜʳ, ʰʠʨʦ-

ʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ, ʩʚʷʟʘʥ-

ʥʳʭ ʩ ʚʳʭʦʜʦʤ ʢʨʫʧʥʳʭ ʤʦʨʩʢʠʭ ʚʦʣʥ ʪʠʧʘ ʮʫʥʘʤʠ ʥʘ ʤʝʣʢʦʚʦʜʴʝ ʠ ʠʭ ʟʘʧʣʝʩʢʦʤ ʥʘ ʙʝʨʝʛ 

[45]. ɺ ʦʩʥʦʚʥʦʤ ʵʪʠ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʪ ʢʣʘʩʩʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ (2) ʙʘʟʠʩʥʳʭ ʟʘʢʦʥʦʚ ʩʦʭʨʘ-

ʥʝʥʠʷ ʪʝʦʨʠʠ ʤʝʣʢʦʡ ʚʦʜʳ, ʯʪʦ (ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ) ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʩʢʘʞʝʥʠʶ 

ʧʨʦʬʠʣʷ ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʧʦ ʩʫʭʦʤʫ ʨʫʩʣʫ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʥʝ-
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ʪʦʯʥʦʩʪʷʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʜʘʣʴʥʦʩʪʠ ʠ ʚʳʩʦʪʳ ʟʘʧʣʝʩʢʘ ʚʦʣʥʳ ʮʫʥʘʤʠ ʥʘ ʙʝʨʝʛ. ʉʨʘʚʥʝʥʠʝ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʧʳʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [51], ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʥʦʩʪʥʘʷ 

ʩʭʝʤʘ [48], ʧʦʩʪʨʦʝʥʥʘʷ ʧʫʪʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝ-

ʤʳ (3), ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʝʨʝʜʘʝʪ ʧʘʨʘʤʝʪʨʳ ʟʘʧʣʝʩʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʦʣʥʳ ʥʘ 

ʥʘʢʣʦʥʥʳʡ ʙʝʨʝʛ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʧʦʩʪʨʦʝʥʥʳʤʠ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ (2).  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʨʘʙʦʪʘʭ [52-53] ʩʭʝʤʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʚ [48], ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʯʠʩ-

ʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʭʦʜʘ ʚʦʣʥʳ ʮʫʥʘʤʠ ʥʘ ʤʝʣʢʦʚʦʜʴʝ ʠ ʝʝ ʟʘʧʣʝʩʢʘ ʥʘ ʥʘʢʣʦʥʥʳʡ 

ʙʝʨʝʛ. ʅʘ ʨʠʩʫʥʢʘʭ 18 ʠ 19 ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ 

ʚʦʣʥʘ ʮʫʥʘʤʠ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʛʥʦʚʝʥʥʦʛʦ ʧʦʜʲʝʤʘ ʩʬʝʨʠʯʝʩʢʦʛʦ ʫʯʘʩʪʢʘ ʜʥʘ 

ʚʙʣʠʟʠ ʥʘʢʣʦʥʥʦʛʦ ʙʝʨʝʛʘ. 

ʅʘ ʨʠʩʫʥʢʝ 18 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʦʜʥʦʤʝʨʥʦʡ ʧʦʩʪʘ-

ʥʦʚʢʝ, ʘ ʥʘ ʨʠʩʫʥʢʝ 19 ï ʚ ʜʚʫʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. ʅʘ ʵʪʠʭ ʨʠʩʫʥʢʘʭ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʳ ʧʨʦʬʠ-

ʣʠ ʧʨʝʨʳʚʥʳʭ ʚʦʣʥ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʧʦ ʥʘʢʣʦʥʥʦʤʫ ʙʝʨʝʛʫ. 

 

 

 
ʈʠʩ. 14. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʈʠʩ. 15. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

  

ʈʠʩ. 16. ʇʨʦʬʠʣʠ ʛʣʫʙʠʥʳ:  
ʘ ï ʦʩʥʦʚʥʘʷ ʚʦʣʥʘ; ʙ ï ʦʪʨʘʞʝʥʥʘʷ ʚʦʣʥʘ. 

ʈʠʩ. 17. ʋʨʦʚʝʥʴ ʚʦʜʳ ʟʘ ʬʨʦʥʪʦʤ ʚʦʣʥʳ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʧʦ ʩʪʫʧʝʥʴʢʝ:  
ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ï ʪʝʦʨʠʷ, ʢʨʫʞʢʠ ï ʵʢʩʧʝʨʠʤʝʥʪ. 

 

 
 

ʈʠʩ. 18. ɺʳʭʦʜ ʚʦʣʥʳ ʮʫʥʘʤʠ ʥʘ ʥʘʢʣʦʥʥʳʡ ʙʝʨʝʛ (ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʝ ʪʝʯʝʥʠʝ) 
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ʈʠʩ. 19. ɺʳʭʦʜ ʚʦʣʥʳ ʮʫʥʘʤʠ ʥʘ ʥʘʢʣʦʥʥʳʡ ʙʝʨʝʛ,  

ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥʦ ʣʦʢʘʣʴʥʦʝ ʧʨʝʧʷʪʩʪʚʠʝ 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʢʦʜ ʧʨʦʝʢʪʘ 13-01-00249), ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʦʝʢʪʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʅɸʅ ʋʢʨʘʠʥʳ ʠ ʉʆ ʈɸʅ ˉ 8, ʧʨʦʝʢʪʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʨʝʟʠʜʠʫʤʘ 

ʈɸʅ ˉ 4.8 ʠ ʀʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʉʆ ʈɸʅ ˉ 132. 
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ʄʥʦʛʠʝ ʧʠʦʥʝʨʥʳʝ ʨʘʙʦʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʝʰʝʥʠʝ ʚʘʞʥʝʡʰʠʭ ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʯʥʳʤʠ ʧʘʚʦʜʢʘʤʠ, ʥʘʛʦʥʘʤʠ, ʚʦʣʥʘʤʠ ʧʨʦʨʳʚʘ, ʟʘʱʠʪʥʳʤʠ ʩʦʦʨʫ-

ʞʝʥʠʷʤʠ ʜʣʷ ʃʝʥʠʥʛʨʘʜʘ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʩʫʜʦʧʦʜʲʝʤʥʠʢʘ ʠ ʜʨʫʛʠʝ, ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʆ.ʌ. ɺʘʩʠʣʴʝʚʘ. ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʧʦʜʭʦʜʳ, ʯʠʩʣʝʥʥʳʝ ʘʣ-

ʛʦʨʠʪʤʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʱʝʧʨʠʟʥʘʥʘ ʧʨʘʚʦʤʝʨʥʦʩʪʴ ʧʨʠʤʝ-

ʥʝʥʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʪʝʦʨʠʠ ʤʝʣʢʦʡ ʚʦʜʳ ʜʣʷ ʧʨʦʛʥʦʟʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʝʢʘʭ ʠʣʠ 

ʚʦʜʦʝʤʘʭ. ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʪʜʝʣʴʥʳʝ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʝʰʝʥʳ ʠʣʠ ʤʦ-

ʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʥʘ ʙʘʟʝ ʫʨʘʚʥʝʥʠʡ ʪʝʦʨʠʠ ʤʝʣʢʦʡ ʚʦʜʳ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. 

1. ʋʨʘʚʥʝʥʠʷ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʣʘʥʦʚʳʭ ʪʝʯʝʥʠʡ ʩʦ ʩʣʘʙʳʤ ʠʟʤʝʥʝʥʠʝʤ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦ ʛʣʫʙʠʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ ʉʝʥ-ɺʝʥʘʥʘ 

Ὗ ὠ Ç
ȿ ȿ

ὪϽὠ Ƞ (1) 

Ὗ ὠ Ç
ȿ ȿ

ὪϽὟ Ƞ  (2) 

Ὠ –Ὗ Ὠ –ὠ πȢ (3) 

ɺ ʵʪʠʭ ʫʨʘʚʥʝʥʠʷʭ yx,  ï ʧʣʘʥʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ, ʦʩʴ x  ʥʘʧʨʘʚʣʝʥʘ ʧʦʧʝʨʝʢ ʦʩʥʦʚʥʦʛʦ ʪʝ-

ʯʝʥʠʷ, ʦʩʴ y  ï ʚʜʦʣʴ ʪʝʯʝʥʠʷ; g  ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ; VUW ,,  ï ʚʝʢʪʦʨ ʦʩʨʝʜ-

ʥʝʥʥʦʡ ʧʦ ʛʣʫʙʠʥʝ ʩʢʦʨʦʩʪʠ ʠ ʝʛʦ ʢʦʤʧʦʥʝʥʪʳ ʧʦ ʦʩʷʤ yx, ; d, h ï ʦʪʤʝʪʢʠ ʜʥʘ ʠ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʦʛʦ ʫʨʦʚʥʷ; fW ï ʢʦʵʬʬʠʮʠʝʥʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ; 
WYWX FF ,  ï ʢʦʤʧʦʥʝʥʪʳ ʚʝʪʨʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʦʩʷʤ yx, ; jsin2W=f  ï ʧʘʨʘʤʝʪʨ ʂʦ-

ʨʠʦʣʠʩʘ; 51029.7 -Ö=W  1/ʩ ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ; j ï ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʰʠʨʦʪʘ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʝʨʪʠʢʘʣʴʥʳʤ ʫʩʢʦʨʝʥʠʝʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʫʩʢʦʨʝʥʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʦ ʛʣʫʙʠʥʝ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʩʪʘ-

ʪʠʯʝʩʢʠʤ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1)-(3) ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ. ɽʩʣʠ ʨʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʠʤʝʝʪ ʚʠʜ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ʩ ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʙʦʢʦʚʳʤʠ 

ʩʪʝʥʢʘʤʠ, ʪʦ ʵʪʠ ʫʩʣʦʚʠʷ ʤʦʞʥʦ ʟʘʜʘʪʴ ʚ ʚʠʜʝ: 

ʧʨʠ  t = 0 : Ὗ ὠ π, – Ὢὼȟώ; 

ʧʨʠ  x = 0, x = M : Ὗ π, π; (4) 

ʧʨʠ  y = 0 : Ὗ π, – Ὢὼȟώ; 

ʧʨʠ  y = N : Ὗ π, – Ὢὼȟώ. 

ɿʜʝʩʴ x = 0 ʠ x = M ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʣʝʚʘʷ ʠ ʧʨʘʚʘʷ ʛʨʘʥʠʮʳ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ; y = 0 ï 

ʚʭʦʜʥʦʡ ʩʪʚʦʨ; y = N ï ʚʳʭʦʜʥʦʡ ʩʪʚʦʨ; f1, f2,, f3 ï ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ. ɽʩʣʠ ʚʥʫʪʨʠ ʨʘʩʯʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʝʩʪʴ ʥʝʧʨʦʥʠʮʘʝʤʳʝ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʠʣʠ ʩʦʦʨʫʞʝʥʠʷ, ʪʦ ʥʘ ʠʭ ʛʨʘʥʠʮʘʭ ʟʘʜʘʶʪʩʷ 

ʫʩʣʦʚʠʷ ʥʝʧʨʦʪʝʢʘʥʠʷ. 

ɺ ʧʨʠʚʝʜʝʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʨʝʰʝʥ ʨʷʜ ʟʘʜʘʯ ʧʦ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ ʫʨʦʚʝʥʥʳʡ ʨʝʞʠʤ ʠ ʪʝʯʝʥʠʷ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠ-

ʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʫʨʦʚʥʝʡ ʠ ʧʦʣʷ ʪʝʯʝʥʠʡ ʥʘ ʧʦʡʤʝ ʨ. ʆʙʴ ʧʦʩʣʝ ʨʝʘʣʠ-
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ʟʘʮʠʠ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʦʙʫʩʪʨʦʡʩʪʚʫ ʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʚʝʪʨʦʚʦʛʦ ʥʘʛʦʥʘ ʠ ʧʦʣʷ ʪʝʯʝʥʠʡ ʚ ʂʝʨʯʝʥʩʢʦʤ ʧʨʦʣʠʚʝ 

ʜʣʷ ʩʣʫʯʘʷ ʧʦʣʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʩʳ ʊʫʟʣʘ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʟʘʱʠʪʳ ʪʝʨʨʠʪʦʨʠʡ ʦʪ ʢʘʪʘ-

ʩʪʨʦʬʠʯʝʩʢʠʭ ʣʠʚʥʝʚʳʭ ʧʘʚʦʜʢʦʚ. ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʟʘʱʠʪʳ ʤʦʞʝʪ ʩʪʘʪʴ ʩʦ-

ʦʨʫʞʝʥʠʝ ʧʣʦʪʠʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ ʚʳʩʦʪʳ, ʦʙʨʘʟʫʶʱʠʭ ʚʨʝʤʝʥʥʳʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʪʦʣʴʢʦ 

ʚ ʧʝʨʠʦʜ ʧʘʚʦʜʢʦʚ [1]. ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʠʚʝʜʝʥʦ ʨʘʩʯʝʪʥʦʝ ʧʦʣʝ ʚʝʪʨʦʚʳʭ ʪʝʯʝʥʠʡ ʚ ʧʨʠʙʨʝʞ-

ʥʦʡ ʟʦʥʝ ʩʦʯʠʥʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʚ ʨʘʡʦʥʝ ʤʳʩʘ ɺʠʜʥʳʡ. 

 

 

ʇʣʦʪʠʥʳ ʪʘʢʠʭ 
ʚʦʜʦʭʨʘʥʠʣʠʱ ʜʦʣ-
ʞʥʳ ʙʝʩʧʨʝʧʷʪʩʪ-
ʚʝʥʥʦ ʧʨʦʧʫʩʢʘʪʴ 
ʙʳʪʦʚʦʡ ʨʘʩʭʦʜ ʠ 
ʟʘʜʝʨʞʠʚʘʪʴ ʦʩʥʦʚ-
ʥʦʡ ʦʙʲʝʤ ʧʘʚʦʜʢʦ-
ʚʳʭ ʚʦʜ. çʀʟʣʠʰʥʷʷè 
ʚʦʜʘ ʙʫʜʝʪ ʥʘʢʘʧʣʠ-
ʚʘʪʴʩʷ ʚʳʰʝ ʧʣʦʪʠʥ 
ʚʦʚʨʝʤʝʥʥʳʭ ʚʦʜʦ-
ʭʨʘʥʠʣʠʱʘʭ. ʇʦʩʣʝ 
ʧʘʚʦʜʢʦʚ ʣʦʞʘ ʚʦʜʦ-
ʭʨʘʥʠʣʠʱ ʦʩʫʰʘʶʪ-
ʩʷ, ʠ ʪʝʨʨʠʪʦʨʠʷ ʠʭ 
ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ-
ʩʷ ʚ ʭʦʟʷʡʩʪʚʝʥʥʳʭ 
ʮʝʣʷʭ. ʇʣʦʪʠʥʳ ʪʘ-
ʢʠʭ ʩʘʤʦʨʝʛʫʣʠʨʫʝ-
ʤʳʭ ʚʦʜʦʭʨʘʥʠʣʠʱ 
ʤʦʛʫʪ ʚʦʟʚʦʜʠʪʴʩʷ 
ʢʘʢ ʚ ʦʩʥʦʚʥʳʭ ʨʫʩ-
ʣʘʭ ʨʝʢ, ʪʘʢ ʠ ʥʘ ʧʨʠ-
ʪʦʢʘʭ, ʠ ʚ ʩʫʭʠʭ 
ʦʚʨʘʛʘʭ, ʢʦʪʦʨʳʝ ʧʨʠ 
ʠʥʪʝʥʩʠʚʥʳʭ ʣʠʚʥʷʭ 
ʩʪʘʥʫʪ ʚʦʜʦʪʦʢʘʤʠ. 
ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦ-
ʪʳ ʚʨʝʤʝʥʥʳʭ ʚʦʜʦ-
ʭʨʘʥʠʣʠʱ ʚ ʨʘʤʢʘʭ 
ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ 
[2] ʚʳʧʦʣʥʝʥʦ ʤʘʪʝ-
ʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠ-
ʨʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘ-
ʥʝʥʠʷ ʚʦʣʥʳ ʧʘʚʦʜʢʘ 
ʚ ʨʫʩʣʝ ʨʝʢʠ. ʄʦʜʝ-
ʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚ-
ʣʷʣʦʩʴ ʜʣʷ ʧʨʷʤʦʣʠ-
ʥʝʡʥʦʛʦ ʫʯʘʩʪʢʘ ʨʝʢʠ 
ʜʣʠʥʦʡ l=7,7 ʢʤ. 

ʈʠʩ. 1. ʈʘʩʯʝʪ ʚʣʠʷʥʠʷ ʩʝʪʠ ʘʚʪʦʜʦʨʦʛ ʠ ʢʫʩʪʦʚʳʭ ʧʣʦʱʘʜʦʢ  

ʥʘ ʨʝʞʠʤ ʪʝʯʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʧʦʡʤʳ ʨ. ʆʙʴ 

 
 

ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʝʡ ʚ ʂʝʨʯʝʥʩʢʦʤ ʧʨʦʣʠʚʝ  

ʧʨʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʚʝʪʨʝ 
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ʋʢʣʦʥ ʨʫʩʣʘ 

ʧʨʠʥʷʪ ʧʦʩʪʦʷʥʥʳʤ 

ʠ ʨʘʚʥʳʤ i=0,01. 

ʂʦʵʬʬʠʮʠʝʥʪ ʰʝ-

ʨʦʭʦʚʘʪʦʩʪʠ ʨʫʩʣʘ 

ʟʘʜʘʥ ʨʘʚʥʳʤ n= 

0,04. ʇʨʠ ʨʘʩʯʝʪʘʭ 

[3] ʧʦʩʣʝ ʫʩʪʘʥʦʚ-

ʣʝʥʠʷ ʙʳʪʦʚʦʛʦ 

ʨʘʩʭʦʜʘ ʯʝʨʝʟ ʚʭʦʜ-

ʥʦʡ ʩʪʚʦʨ çʧʨʦʧʫʩ-

ʢʘʣʘʩʴè ʚʦʣʥʘ ʧʘ-

ʚʦʜʢʘ ʩ ʤʘʢʩʠʤʘʣʴ-

ʥʳʤ ʨʘʩʭʦʜʦʤ ʦʢʦ-

ʣʦ 2500ʤ
3
/ʩ. ʇʣʘ-

ʥʦʚʘʷ ʢʘʨʪʠʥʘ ʚʦʣ-

ʥʳ ʧʘʚʦʜʢʘ ʧʦʢʘʟʘ-

ʥʘ ʥʘ ʨʠʩʫʥʢʝ 5. 

ʇʦʣʫʯʝʥʦ, ʯʪʦ ʤʘʢ-

ʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ 

ʚʦʜʳ dmax ʨʘʚʥʘ 

6,1 ʤ, ʚʦʣʥʘ ʧʘʚʦʜ-

ʢʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪ-

ʩʷ ʧʦ ʚʩʝʡ ʰʠʨʠʥʝ 

ʧʦʡʤʳ ɺº1000 ʤ, 

ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ ʧʘʚʦʜʢʦ-

ʚʦʡ ʚʦʣʥʳ ʩʦʩʪʘʚ-

ʣʷʝʪ ʦʢʦʣʦ 7 ʤ/ʩ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ 

ʪʘʢʦʤ ʧʘʚʦʜʢʝ ʢʘ-

ʪʘʩʪʨʦʬʠʯʝʩʢʠʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʥʝʠʟ-

ʙʝʞʥʳ. 

ʍʘʨʘʢʪʝʨ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʧʘ-

ʚʦʜʢʦʚʦʡ ʚʦʣʥʳ 

ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝ-

ʥʠʪʩʷ, ʝʩʣʠ ʚ ʚʝʨʭ-

ʥʝʡ ʯʘʩʪʠ ʨʫʩʣʘ, 

ʥʘʧʨʠʤʝʨ ʥʘ ʝʩʪʝ-

ʩʪʚʝʥʥʦʡ ʪʝʨʨʘʩʝ, ʩ 

ʧʦʤʦʱʴʶ ʧʣʦʪʠʥʳ, 

ʧʨʦʧʫʩʢʘʶʱʝʡ ʦʛ-

ʨʘʥʠʯʝʥʥʳʡ ʨʘʩʭʦʜ 

ʚʦʜʳ, ʦʨʛʘʥʠʟʦʚʘʪʴ  

ʈʠʩ. 3. ʇʦʣʝ ʪʝʯʝʥʠʡ ʚ ʂʝʨʯʝʥʩʢʦʤ ʧʨʦʣʠʚʝ  

ʧʨʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʚʝʪʨʝ 

 
ʈʠʩ. 4. ʇʦʣʝ ʚʝʪʨʦʚʳʭ ʪʝʯʝʥʠʡ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʤʦʨʷ 

 

ʚʨʝʤʝʥʥʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ. ʂʘʨʪʠʥʘ ʪʝʯʝʥʠʷ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʘʚʦʜʢʦʚʦʡ ʚʦʣʥʳ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 6.ʇʨʠ ʨʘʩʯʝʪʘʭ ʧʨʠʥʷʪʦ, ʯʪʦ ʚʳʩʦʪʘ ʧʣʦʪʠʥʳ ʨʘʚ-

ʥʘ 6 ʤ ʠ ʯʪʦ ʚʦʜʘ ʠʟ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʩʙʨʘʩʳʚʘʝʪʩʷ ʯʝʨʝʟ ʧʦʜʪʦʧʣʝʥʥʳʡ ʚʦʜʦʩʣʠʚ ʧʨʷ-

ʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʰʠʨʠʥʦʡ ɺb= 10 ʤ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ 

ʥʘʣʠʯʠʠ ʧʣʦʪʠʥʳ ʩ ʜʦʟʠʨʦʚʘʥʥʳʤ ʨʘʩʭʦʜʦʤ ʠ ʚʨʝʤʝʥʥʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʘʚʦʜʢʦʚʘʷ 

ʚʦʣʥʘ çʨʘʟʤʘʞʝʪʩʷè ʠ ʢʘʢʠʭ-ʣʠʙʦ ʨʘʟʨʫʰʝʥʠʡ ʥʘ ʧʨʠʨʫʩʣʦʚʦʤ ʫʯʘʩʪʢʝ ʧʦʡʤʳ ʥʝ ʙʫʜʝʪ. 
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ʈʠʩ. 5. ʊʝʯʝʥʠʝ ʚ ʨʫʩʣʝ ʠ ʥʘ ʧʦʡʤʝ  

ʨʝʢʠ ʧʨʠ ʧʘʚʦʜʢʝ 

ʈʠʩ. 6. ʊʝʯʝʥʠʝ ʚ ʨʫʩʣʝ ʨʝʢʠ  

ʩ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝʤ 

ʧʨʠ ʧʘʚʦʜʢʝ 

2. ʋʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 

ʊʝʦʨʠʷ ʤʝʣʢʦʡ ʚʦʜʳ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʚ ʯʘʩʪʥʦ-

ʩʪʠ, ʦʥʘ ʥʝ ʦʧʠʩʳʚʘʝʪ ʫʝʜʠʥʝʥʥʳʝ ʠʣʠ ʚʝʪʨʦʚʳʝ ʚʦʣʥʳ. ɼʣʠʥʥʦʚʦʣʥʦʚʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʪʝʦʨʠʷ ʤʝʣʢʦʡ ʚʦʜʳ ʚʪʦʨʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʫʯʠʪʳʚʘ-

ʶʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʝ ʫʩʢʦʨʝʥʠʷ ʞʠʜʢʦʩʪʠ. ʆʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ ʵʪʦʡ ʪʝʦʨʠʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠ-

ʩʘʥʳ ʚ ʚʠʜʝ [4] 
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ɺ ʫʨʘʚʥʝʥʠʷʭ (5)-(7) d ï ʛʣʫʙʠʥʘ; ɖ ï ʦʪʢʣʦʥʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʥʝʚʦʟʤʫʱʝʥ-

ʥʦʛʦ ʫʨʦʚʥʷ; ʦʩʪʘʣʴʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ  ʪʝ ʞʝ, ʯʪʦ ʠ ʚ ʫʨʘʚʥʝʥʠʷʭ (1)-(3). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʝʣʠʥʝʡʥʦ-ʜʠʩʧʝʨʩʠʦʥʥʘʷ ʤʦʜʝʣʴ (5)-(7) ʥʝ ʦʧʠʩʳʚʘʝʪ ʦʙʨʫʰʝʥʠʝ ʚʦʣʥ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʨʘʩʯʝʪʦʚ ʚ ʧʨʠʙʦʡʥʦʡ ʟʦʥʝ ʪʨʝʙʫʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʤʦʜʝʣʠ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʢʨʠʪʠʯʝʩʢʦʡ ʚʳʩʦʪʳ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʫʰʝʥʠʝ ʚʦʣʥ, ʠ ʯʘʩʪʴ ʦʙʲʝʤʘ ʚʦʜʳ ʩʙʨʘʩʳʚʘʝʪʩʷ ʥʘ ʧʝ-

ʨʝʜʥʠʡ ʩʢʣʦʥ ʛʨʝʙʥʝʡ ʚʦʣʥ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʚ ʩʪʚʦʨʝ ʦʙ-

ʨʫʰʝʥʠʷ. 

ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʵʬʬʝʢʪ ʦʙʨʫʰʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʫʯʪʝʥ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʚ ʧʨʘʚʳʝ 

ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ (5), (6) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʯʣʝʥʦʚ [5] 

||)(

)||)(( 2

2

Wd

UWdgk

h+

Ö-h+
; (8) 

||)(

)||)(( 2

2

Wd

VWdgk

h+

Ö-h+
. (9) 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʧʨʠʥʷʪʦ 

2k = 0,       ʝʩʣʠ   d4,0<h , 

2k = 0,025, ʝʩʣʠ   d4,0²h . 
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ʅʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʣʫʯʘʷ, ʝʩʣʠ ʨʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʠʤʝʝʪ ʚʠʜ ʧʨʷʤʦ-
ʫʛʦʣʴʥʠʢʘ ʩ ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʙʦʢʦʚʳʤʠ ʩʪʝʥʢʘʤʠ ʠ ʙʝʨʝʛʦʚʦʡ ʛʨʘʥʠʮʝʡ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ 
ʚʠʜʝ: 

.0,0:ʧʨʠ

;),(,0:0ʧʨʠ

;0/,0:,0ʧʨʠ

;0),(,0),(),(:0ʧʨʠ

0

===

=h==

=µµ===

=h===

VUNy

xtfUy

xVUMxx

yxyxVyxUt

 (10) 

ɿʜʝʩʴ ʄ ï ʧʨʘʚʘʷ ʛʨʘʥʠʮʘ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ, N ï ʙʝʨʝʛʦʚʘʷ ʛʨʘʥʠʮʘ, f0(t, x) ï ʟʘʜʘʥʥʘʷ ʬʫʥʢ-

ʮʠʷ. ʇʨʠ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʘʭ ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ ῳὸ ʠ ʰʘʛʠ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ 
xD , yD  ʟʘʜʘʚʘʣʠʩʴ ʠʟ ʫʩʣʦʚʠʡ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʧʧʨʦʢʩʠʤʘ-

ʮʠʠ ʩʭʝʤʳ [6]. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʥʝʣʠʥʝʡʥʦ-ʜʠʩʧʝʨʩʠʦʥʥʘʷ ʤʦʜʝʣʴ (5)-(10) ʧʦʟʚʦʣʷʝʪ ʨʝ-
ʰʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʜʘʯ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʥʘʫʯʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘ-
ʜʘʯ. 

ɼʠʩʧʝʨʩʠʦʥʥʦʝ ʫʩʠʣʝʥʠʝ ʚʦʣʥ 

ɽʩʣʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʮʫʛ ʚʦʣʥ, ʚ ʥʘʯʘʣʝ ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʝ ʚʦʣʥʳ, ʘ ʟʘ 
ʥʠʤʠ ʚʦʣʥʳ ʩ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʜʣʠʥʦʡ, ʪʦ ʧʦ ʤʝʨʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʣʠʥʥʳʝ ʚʦʣʥʳ ʜʦʛʦ-
ʥʷʶʪ ʢʦʨʦʪʢʠʝ ʠ ʚ ʢʘʢʦʡ-ʪʦ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢ-
ʩʠʤʫʤʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʦʣʥʳ ʩ ʘʤʧʣʠʪʫʜʦʡ, ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʘʤʧʣʠʪʫʜʳ 
ʠʩʭʦʜʥʳʭ ʚʦʣʥ. ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ, ʠʣʣʶʩʪʨʠʨʫʶʱʝʛʦ ʵʪʦʪ ʵʬʬʝʢʪ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 7. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʚʦʣʥ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʘ ʢʦʥʮʝʥʪʨʘ-
ʮʠʷ ʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʘʥʦʤʘʣʴʥʦ ʙʦʣʴʰʠʭ ʚʦʣʥ. ʀ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʵʬʬʝʢʪ ʜʠʩ-
ʧʝʨʩʠʦʥʥʦʛʦ ʫʩʠʣʝʥʠʷ ʚʦʣʥ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʧʦʷʚʣʝʥʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 
ʚʦʣʥ çʫʙʠʡʮè. 

ʈʝʟʦʥʘʥʩ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʚʦʣʥ ʚ ʧʦʨʪʦʚʳʭ ʘʢʚʘʪʦʨʠʷʭ 

ʅʠʟʢʦʯʘʩʪʦʪʥʳʝ ʚʦʣʥʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʷʛʫʥʘ ʚ ʤʦʨʩʢʠʭ 
ʧʦʨʪʘʭ, ʪʘʢ ʢʘʢ ʦʥʠ ʬʦʨʤʠʨʫʶʪ ʩʠʩʪʝʤʳ ʩʝʡʰ, ʢʦʪʦʨʳʝ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘ-
ʩʪʦʪʘʭ ʤʦʛʫʪ ʫʩʠʣʠʚʘʪʴʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʗʚʣʝʥʠʝ ʪʷʛʫʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ 
ʜʣʷ ʩʫʜʦʚ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʤʝʩʪʘʭ. 
ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʳ ʚʦʣʥ ʥʘ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ ʚ ʧʦʨʪʦʚʦʡ ʘʢʚʘ-

ʪʦʨʠʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 8ʘ. ʇʦʣʫʯʝʥʦ, ʯʪʦ ʧʨʠ ʨʝʟʦʥʘʥʩʝ 
ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʦʥʘʭ ʘʢʚʘʪʦʨʠʠ ʚʳʩʦʪʘ ʚʦʣʥ ʤʦʞʝʪ ʧʦʯʪʠ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʪʴ ʚʳʩʦʪʫ 
ʧʦʜʭʦʜʷʱʠʭ ʚʦʣʥ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʥʘʭʦʜʠʪʴ ʨʝʰʝʥʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʨʝʟʦ-
ʥʘʥʩʥʦʡ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʚʦʜʥʦʡ ʤʘʩʩʳ ʚ ʧʦʨʪʘʭ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 
ʩʣʫʯʘʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ 
ʦʙʝʩʧʝʯʝʥʦ ʧʫʪʝʤ ʚʳʜʚʠʞʝʥʠʷ ʣʠʥʠʠ ʙʝʨʝʛʘ ʩʧʨʘʚʘ ʦʪ ʧʦʨʪʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 
(ʨʠʩ. 8ʙ). 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʣʥʝʥʠʷ ʠ ʪʝʯʝʥʠʡ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʠ ʤʦʨʩʢʠʭ ʧʦʨʪʘʭ 

ɹʦʣʴʰʦʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʘʜʘʯʠ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʦʣʥ, ʚ ʪʦʤ ʯʠʩʣʝ 
ʦʙʨʫʰʘʶʱʠʭʩʷ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʝʣʴʝʬʦʤ ʜʥʘ ʠ ʩʦʦʨʫʞʝʥʠʷʤʠ. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʪʘʢʠʭ 
ʟʘʜʘʯ ʥʘ ʙʘʟʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʥʝʣʠʥʝʡʥʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥ-
ʢʘʭ 9-11.  

 

 
 

 

ʈʠʩ. 7. ɼʠʩʧʝʨʩʠʦʥʥʦʝ ʫʩʠʣʝʥʠʝ ʚʦʣʥ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʦʨʠʷ ʤʝʣʢʦʡ ʚʦʜʳ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʦʩʪʦ-
ʚʝʨʥʦʩʪʠ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ, ʧʨʝʜ-
ʩʪʘʚʣʷʶʱʠʭ ʙʦʣʴʰʦʡ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ; ʦʮʝʥʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʣʘʥʠʨʫ-
ʝʤʳʭ ʠʥʞʝʥʝʨʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʥʘʭʦʜʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝ-
ʰʝʥʠʷ. ʀʛʥʦʨʠʨʦʚʘʥʠʝ ʵʪʘʧʘ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʨʝʜʢʦ ʧʨʠʚʦʜʠʪ ʢ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ 
ʧʦʩʣʝʜʩʪʚʠʷʤ. ʅʘ ʨʠʩʫʥʢʝ 12 ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʰʪʦʨʤ, ʨʘʟʨʫʰʠʚʰʠʡ ʩʪʨʦʷʱʠʡʩʷ ʤʦʨʩʢʦʡ 
ʧʦʨʪ ʚ ʀʤʝʨʝʪʠʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ.  
ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʪʦʛʦ ʧʦʨʪʘ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʦʙʲʝʤʝ ʧʨʦʚʝʜʝ-

ʥʳ ʥʝ ʙʳʣʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝ ʙʳʣ ʫʯʪʝʥ ʵʬʬʝʢʪ ʫʚʝʣʠʯʝʥʠʷ ʚʳʩʦʪʳ ʚʦʣʥ ʚ ʟʦʥʘʭ ʧʦʚʳʰʝʥʠʷ 
ʨʝʣʴʝʬʘ ʜʥʘ ʤʝʞʜʫ ʧʦʜʚʦʜʥʳʤʠ ʢʘʥʴʦʥʘʤʠ, ʛʜʝ ʠ ʧʨʦʠʟʦʰʣʠ ʥʘʠʙʦʣʴʰʠʝ ʨʘʟʨʫʰʝʥʠʷ. 
ɺ ʟʘʢʣʶʯʝʥʠʝ ʘʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʆ.ʌ. ɺʘʩʠʣʴʝʚʫ ʠ ɸ.ɸ. ɸʪʘʚʠʥʫ ʟʘ 

ʧʦʩʪʦʷʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʠ ʧʦʤʦʱʴ ʚ ʧʦʩʪʘʥʦʚʢʝ ʠ ʨʝʰʝʥʠʠ ʨʷʜʘ ʟʘʜʘʯ. 
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ʋɼʂ 519.6 

ʏʀʉʃɽʅʅʓʁ ʈɸʉʏɽʊ ʊɽʏɽʅʀʁ 

ʉʊʈɸʊʀʌʀʎʀʈʆɺɸʅʅʆʁ ɾʀɼʂʆʉʊʀ 

ʉ.ʉ. ʂʫʟʠʢʦʚ 
ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʘʨʥʘʫʣ 

 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʯʝʥʠʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʢʘʢ ʚ ʪʝʦʨʝʪʠʯʝ-

ʩʢʦʤ ʦʪʥʦʰʝʥʠʠ, ʪʘʢ ʠ ʜʣʷ ʨʝʰʝʥʠʡ ʤʥʦʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ, ʛʠʜʨʦʣʦ-
ʛʠʠ, ʤʝʪʝʦʨʦʣʦʛʠʠ ʠ ʪ.ʜ. ʅʘʣʠʯʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʧʣʦʪʥʦʩʪʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 
ʧʦʚʣʠʷʪʴ ʥʘ ʭʘʨʘʢʪʝʨ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʧʨʦʷʚʣʝʥʠʡ ʫʢʘʟʘʥʥʦʛʦ ʬʘʢʪʦʨʘ ʷʚʣʷʝʪʩʷ 
ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʦʯʥʦʛʦ ʠʟʲʷʪʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʣʦʝʚ ʚʦʜʥʦʡ ʤʘʩʩʳ ʠʟ ʫʩʪʦʡʯʠʚʦ ʩʪʨʘʪʠ-
ʬʠʮʠʨʦʚʘʥʥʦʛʦ ʚʦʜʦʝʤʘ. ʆʙʟʦʨʳ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʠ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʘʤ ʠʩ-
ʩʣʝʜʦʚʘʥʠʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʪʝʯʝʥʠʡ ʧʨʠʚʦʜʷʪʩʷ ʚ [1-4]. ɺ ʨʘʙʦʪʘʭ [1, 4] ʧʦʩʪʨʦʝʥʳ ʨʝ-
ʰʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʦʪ ʬʫʥʢʮʠʠ ʪʦʢʘ, 
ʥʦ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʣʠʰʴ ʢʘʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʢʘʨʪʠʥʫ ʪʝʯʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʣʦʪʥʦʩʪ-

ʥʳʭ ʯʠʩʣʘʭ ʌʨʫʜʘ 
p
>

1
Fr  ʦʙʣʘʩʪʝʡ ʩ ʚʦʟʚʨʘʪʥʳʤ ʪʝʯʝʥʠʝʤ ʥʝʪ, ʘ ʧʨʠ 

p

1
<Fr  ʥʘʯʠʥʘʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢʠʭ ʪʝʯʝʥʠʡ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ [5] ʘʥʘʣʦʛʠʯʥʫʶ ʟʘʜʘʯʫ ʨʝʰʠʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦ-
ʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʫʪʦʯʥʝʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʦʙʣʘʩʪʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʪʙʦʨʘ ʠ ʦʙʣʘʩʪʠ çʚʦʟ-
ʚʨʘʪʥʦʛʦè ʪʝʯʝʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʦʪʩʫʪʩʪʚʠʝ ʪʝʯʝʥʠʷ. 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨ ʧʨʝʜʣʘʛʘʝʪ ʤʝʪʦʜ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʧʣʦʩʢʦʛʦ ʪʝʯʝʥʠʷ ʠʜʝʘʣʴʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʬʫʥʢʮʠʠ 
ʚʠʭʨʷ. ʋʢʘʟʘʥʥʳʝ ʪʝʯʝʥʠʷ ʚ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʦʧʠʩʳʚʘʶʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ: 
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ʛʜʝ WÍ),( yx , W ï ʦʛʨʘʥʠʯʝʥʥʘʷ ʦʙʣʘʩʪʴ ʚ 
2R , -),(),,( yxvyxu ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʢʦʨʦ-

ʩʪʠ ),( vuu= , ( )yx,r  ï ʧʣʦʪʥʦʩʪʴ, -),( yxp  ʜʘʚʣʝʥʠʝ, -g ʚʝʣʠʯʠʥʘ ʫʩʢʦʨʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ. 

ʇʫʩʪʴ -0r ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʜʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʧʣʦʪʥʦʩʪʴ. ɺʚʝʜʝʤ ʥʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ: 
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ʠ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʬʫʥʢʮʠʝʡ ʪʦʢʘ ʠ ʚʠʭʨʝʤ. 
ʉ ʧʦʤʦʱʴʶ ʠʟʚʝʩʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ ʧʨʠʚʝʜʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʚʝʣʠʯʠʥ ʢ ʙʝʟʨʘʟʤʝʨ-

ʥʦʤʫ ʚʠʜʫ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1)-(4) ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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;w-=yD  (7) 
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ʛʜʝ Ὂὶ
Ç ϳ

 ï ʧʣʦʪʥʦʩʪʥʦʝ ʯʠʩʣʦ ʌʨʫʜʘ, -0V ʭʘʨʘʢʪʝʨʥʘʷ ʩʢʦʨʦʩʪʴ, -H ʭʘʨʘʢʪʝʨʥʳʡ 

ʨʘʟʤʝʨ ʦʙʣʘʩʪʠ ʪʝʯʝʥʠʷ, ɝ” ” ”  (ʰʪʨʠʭʠ ʫ ʧʝʨʝʤʝʥʥʳʭ ʦʧʫʱʝʥʳ). 
ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʩʠʩʪʝʤʳ (5)-(8) ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʦʙʣʘʩʪʠ   ὼȟώᶰὙȾπ ὼ

ρȟπ ώ ρ, ʛʨʘʥʠʮʘ ʢʦʪʦʨʦʡ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʫʯʘʩʪʢʦʚ: 0Gï ʥʝʧʨʦʥʠʮʘʝʤʘʷ ʯʘʩʪʴ, 1Gï 

ʫʯʘʩʪʦʢ ʚʪʝʢʘʥʠʷ, 
2Gï ʫʯʘʩʪʦʢ ʚʳʪʝʢʘʥʠʷ, ʧʨʠʯʝʤ 

}1;0;1{}10;1{}10;0{ 21

0 ¢¢¢¢=Ç¢¢=Ç¢¢==G yyyyxxyxy ; 

}10;0{1 ¢¢==G yx ; 

.10},;1{ 2121

2 ¢<¢¢¢==G yyyyyx  

ɼʣʷ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (5)-(8) ʟʘʜʘʜʠʤ ʩʣʝʜʫʶʱʠʝ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ: 

ʅʘ 
0G :  };0;1{}10;0{,0 1yyxxy ¢¢=Ç¢¢==y   

const=y=y 0 ; }1;1{}10;1{ 2 ¢¢=Ç¢¢= yyxxy . 

ʅʘ 
1G: ;)1(,0)0(),0(),( 011
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y   );(1 yw=w  )10(),( 11 ¢r¢r=r y . 

ʅʘ 
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2 )(),0()(),0(),( y=yy=y>
µ

yµ
y=y yy

y
y . 

ɺ ʪʝʨʤʠʥʘʭ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʦʟʥʘʯʘʶʪ, ʯʪʦ ʚʩʶʜʫ ʥʘ ʛʨʘʥʠʮʝ ʦʙʣʘ-
ʩʪʠ W ʟʘʜʘʥʘ ʥʦʨʤʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʥʘ ʫʯʘʩʪʢʝ ʚʪʝʢʘʥʠʷ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʚʝʩʪʥʳ ʟʥʘʯʝʥʠʷ ʚʠʭʨʷ w ʠ ʧʣʦʪʥʦʩʪʠ r. 

ʇʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʛʣʘʜʢʠʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ (5)-(8), ʠʩʧʦʣʴʟʫʝ-
ʤʳʭ ʧʨʠ ʝʝ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ. ʀʟ ʫʨʘʚʥʝʥʠʷ (6) ʩʣʝʜʫʝʪ, ʯʪʦ ),( yxr  ʩʦʭʨʘʥʷʝʪ ʧʦʩʪʦʷʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʥʘ ʣʠʥʠʠ ʪʦʢʘ const=y , ʪ.ʝ. )(yr=r . ʋʤʥʦʞʘʷ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʥʘ ky, ʛʜʝ -k ʧʨʦ-

ʠʟʚʦʣʴʥʦʝ ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ, ʠ ʠʥʪʝʛʨʠʨʫʷ ʨʝʟʫʣʴʪʘʪ ʧʦ W ʩ ʫʯʝʪʦʤ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ, ʧʦʣʫ-
ʯʠʤ, ʯʪʦ 
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ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʥʘ ʣʠʥʠʷʭ ʪʦʢʘ ʚ ʩʠʣʫ ʨʘʚʝʥʩʪʚ ,,
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ʀʥʪʝʛʨʠʨʫʷ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʚʜʦʣʴ ʣʠʥʠʠ ʪʦʢʘ, ʧʦʣʫʯʠʤ 
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ʛʜʝ )(1 yw  ʠ 
0y  ï ʟʥʘʯʝʥʠʷ ʚʠʭʨʷ ʠ ʦʨʜʠʥʘʪʳ y  ʚ ʪʦʯʢʝ ʚʭʦʜʘ ʜʘʥʥʦʡ ʣʠʥʠʠ ʪʦʢʘ const=y  ʚ 

ʦʙʣʘʩʪʴ W. ʉʚʦʡʩʪʚʦ ʧʣʦʪʥʦʩʪʠ )(yr=r  ʠ ʬʦʨʤʫʣʫ (10) ʠʩʧʦʣʴʟʫʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪ-

ʥʦʩʪʠ ʠ ʚʠʭʨʷ ʥʘ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ.  ʌʫʥʢʮʠʶ )(yr=r  ʜʦʦʧʨʝʜʝʣʠʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʉʠʩʪʝʤʫ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (11) ʟʘʤʳʢʘʝʤ ʟʘʜʘʥʠʝʤ mn,y  ʥʘ 
hG ʩʦʛʣʘʩʥʦ ʢʨʘʝʚʳʤ 

ʫʩʣʦʚʠʷʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʟʘʜʘʯʠ. ʋʨʘʚʥʝʥʠʷ (5)-(6) ʘʧʧʨʦʢʩʠʤʠʨʫʝʤ ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʨʘʟ-
ʥʦʩʪʷʤʠ (ʧʨʦʪʠʚ ʧʦʪʦʢʘ). ʇʦʣʫʯʝʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʨʝʰʘʝʪ-

ʩʷ ʠʪʝʨʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ, ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ mn,w  ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (11) ʙʝʨʝʪʩʷ ʩ 

ʧʨʝʜʳʜʫʱʝʡ ʠʪʝʨʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʨʠ 0)(1 ¹w y  ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʥʝʝ 

ʧʨʦʜʝʣʘʥʥʳʤʠ ʨʘʩʯʝʪʘʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʨʘʙʦʪʘʭ [5, 7]. 
 

 

ʅʘ ʨʠʩʫʥʢʘʭ 1, 3 ʠ 5 ʧʨʠʚʝʜʝʥʳ 

ʣʠʥʠʠ ʪʦʢʘ, ʥʘ ʨʠʩʫʥʢʘʭ 2, 4 ʠ 6 ʣʠ-

ʥʠʠ ʫʨʦʚʥʷ ʧʣʦʪʥʦʩʪʠ. ʇʣʦʪʥʦʩʪʥʦʝ 

ʯʠʩʣʦ ʌʨʫʜʘ ʥʘ ʫʢʘʟʘʥʥʳʭ ʨʠʩʫʥʢʘʭ 

ʨʘʚʥʦ 0,32. ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʣʠʷʥʠʝ ʭʘʨʘʢʪʝʨʘ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʞʠʜʢʦʩʪʠ, ʚʪʝʢʘʶ-

ʱʝʡ ʚ ʦʙʣʘʩʪʴ, ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʝʯʝʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʘʭ 7 ʠ 8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠ-

ʥʠʠ ʪʦʢʘ ʠ ʣʠʥʠʠ ʫʨʦʚʥʷ ʧʣʦʪʥʦʩʪʠ 

ʧʨʠ ʯʠʩʣʝ ʌʨʫʜʘ ʨʘʚʥʦʤ 0,22. ʈʠʩʫ-

ʥʦʢ 9 ʧʦʣʫʯʝʥ ʧʨʠ ʯʠʩʣʝ ʌʨʫʜʘ, ʨʘʚ-

ʥʦʤ 0,25 ʠ ʚʝʨʭʥʝʤ ʨʘʩʧʦʣʦʞʝʥʠʠ 

ʩʣʠʚʥʦʛʦ ʦʪʚʝʨʩʪʠʷ. 

 

ʈʠʩ. 1. ʃʠʥʠʠ ʪʦʢʘ  

ʧʨʠ ( ) yy =r ,0  
 

 
 

ʈʠʩ. 2. ʃʠʥʠʠ ʫʨʦʚʥʷ ʧʣʦʪʥʦʩʪʠ  
ʧʨʠ ( ) yy =r ,0  

ʈʠʩ. 3. ʃʠʥʠʠ ʪʦʢʘ  

ʧʨʠ ( ) yy -=r 1,0  
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ʈʠʩ. 4. ʃʠʥʠʠ ʫʨʦʚʥʷ ʧʣʦʪʥʦʩʪʠ 

ʧʨʠ ( ) yy -=r 1,0  

ʈʠʩ. 5. ʃʠʥʠʠ ʪʦʢʘ  

ʧʨʠ ( ) ( )yyy -=r 14,0  

  

ʈʠʩ. 6. ʃʠʥʠʠ ʫʨʦʚʥʷ ʧʣʦʪʥʦʩʪʠ 

ʧʨʠ ( ) ( )yyy -=r 14,0  

ʈʠʩ. 7. ʃʠʥʠʠ ʪʦʢʘ  

ʧʨʠ ( ) ( )yyy -=r 14,0 , 22,0=Fr  

  
ʈʠʩ. 8. ʃʠʥʠʠ ʫʨʦʚʥʷ ʧʣʦʪʥʦʩʪʠ  

ʧʨʠ ( ) ( )yyy -=r 14,0 , 22,0=Fr  

ʈʠʩ. 9. ʃʠʥʠʠ ʪʦʢʘ  

ʧʨʠ ( ) ( )yyy -=r 14,0 , 25,0=Fr  
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1. Introduction  

I got acquainted with Academician O.F. Vasiliev (at that time a professor) in 1964 at the Com-

puting Center of the Siberian Branch of Russian Academy of Sciences. In that period the central 

press was delivering an abundant information on the Novosibirsk Akademgorodok, the city of sci-

ence created by Academician M.A. Lavrentyev. That was the place where new scientific directions 

and novel forms of interaction between the university and the research institutes were forming. In 

the autumn of 1964 a group of senior students from the Kazan State University arrived at Akade-

mgorodok for training and preparing the diploma. I was destined to the Computing Center at the 

department of Academician N.N. Yanenko (at that time a professor). This was the period when the 

Computing Center of the Siberian Branch of Academy of Sciences in collaboration with the de-

partment of applied hydrodynamics at the Lavrentyev Institute of hydrodynamics (IGIL) started an 

active work on the numerical solving of the problems of mechanics and hydrodynamics with free 

boundaries, including applied problems of hydraulics and hydrology. At the seminars at the depart-

ment of N.N. Yanenko active scientific discussions were carrying on on the creation of numerical 

methods for solving the freeboundary problems. The directors of my diploma, which was devoted to 

numerical solving of the problem of spillway, were the future Academicians N.N. Yanenko and 

O.F. Vasiliev, and the associated professor B.G. Kuznetsov. N.N. Yanenko was prone to use the 

hydrodynamics mathematical models which were more suitable for a detailed consideration of the 

processes under study. Professor O.F. Vasiliev, the head of the laboratory of applied hydrodynamics 

at the Lavrentyev Institute of Hydrodynamics was supporting application of hydraulics models, 

which enable one to describe the objects of higher dimension (rivers, channels, lakes, river basins). 

Later on, the department of applied hydrodynamics at IGIL became a leading scientific group of the 

whole country in the topics related to numerical solving of applied problems in hydraulics. The 

seminars of N.N. Yanenko were always creative and with ardent discussions. A very active partici-

pant of these discussion was the member of the department of applied hydrodynamics of IGIL 

S.M. Shugrin, who later became a reviewer of my diploma. The results of numerical calculation of 

the spillway problem were presented at the Soviet-American Simposium (Novosibirsk, 1965) and 

published in [1]. The second stage of my collaborationwith O.F. Vasiliev started at 1976 when I 

joined the department of applied hydrodynamics at IGIL as the head of the laboratory of filtration. 

Oleg Fedorovich proposed me to engage in construction of the mathematical models and the algo-

rithms of numerical solving of the problems of joint flows of the surface and underground waters. 

This direction was actively supported by O.F. Vasiliev, including in the period of his work at the 

International Institute of System Analysis (Vienna, Austria), as well as by Academician 

P.Ya. Kochina and Academician N.N. Moiseev at the Computing Center of the URSS Academy of 

Sciences, Moscow. 

A rapid development of research in this direction started in IGIL, especially after coming of 

A.A. Kashevarov in 1981. He started developing the mathematical models of interaction between 

the filtration and watercourse flows and creating the algorithms for their numerical simulation. In 

1986 A.A. Kashevarov successfully defended his thesis for the degree of Candidate of Physical and 

Mathematical Sciences. This very year in the Siberian division of the editorial Nauka the mono-

graph [6] was published. The monograph contained a novel ï at those times - approach to the math-

ematical modeling of interconnected processes of filtration and hydraulics, which was based on the 

method of decomposition of boundary-value problems. The field of research was extended to the 

models of quality of underground and surface waters, which allowed one to describe the transport of 
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salt taking into account physical and chemical processes in the solution-soil system. In 2000 

A.A. Kashevarov was invited by Prof. S.N. Antontsev to visit Portugal, where his results rose inter-

est at the National Laboratory of Civil Engineering, Lisbon, and the Center for Mathematics and 

Fundamental Applications at the University of Lisbon. It is worth mentioning that both institutions 

keep warm memories of the visit of O.F. Vasiliev to Lisbon and his presentations. In 2001 

A.A. Kashevarov successfully defended the thesis for the degree of Doctor of Physical and Mathe-

matical Sciences. Kashevarovôs works on this subject have gained popularity in Russia and abroad 

and possess a high potential for the further development. The mathematical models proposed in 

IGIL have led to qualitatively new mathematical problems in the field of differential equations. Be-

low we briefly illustrate some aspects of these problems. It is well known that one of the central is-

sues of the Mathematical Environment is the study of general mathematical models for the hydro-

logical cycle (MMHC) obtained trough the consideration of mass transport balances with other 

connected physical processes arising in the coupling of the different type of water flows: surface, 

soil and ground waters. The water exchange models (MMHC) take into account many different fac-

tors as, for instance: water flows in confined and unconfined aquifers, vertical moisture migration 

with allowing earth surface evaporation, open-channel flow simulated by one-dimensional hydrau-

lic equations, transport of contamination, etc. These models may have different levels of sophistica-

tion leading, in any case, to different systems of nonlinear partial differential equations. Some illus-

tration of the hydrological cycle and a possible grid used in numerical simulation are presented in 

the Fig. 1. Some example of the vertical and horizontal sections of the spatial modelling area are 

presented in the Fig. 2-4.  
 

 
Fig. 1 

 
Fig. 2 

 



60 

 
 

Fig. 3 Fig. 4 

 

The mathematical treatment of such type of models (of a great diversity) started in the second 

half of the past century (see, for instance, [2-3, 6, 10-12], [15-26], [28-30], [33-35] and their refer-

ences). The study of these mathematical models and their numerical approximation has lead to im-

portant theoretical advances in the study of nonlinear partial differential equations (very often of 

mixed and degenerate type). The mathematical results can be of a very different nature: questions 

concerning the mathematical well-possedness of the models (such as the existence and uniqueness 

of some suitable notion of solution), the study of the qualitative properties of such solutions (as, for 

instance, the asymptotic behavior with respect to time and spatial variables), the stability and con-

tinuous dependence with respect to initial data and physical parameters, etc. 

In the paper we shall illustrate the type of mathematical singularities which may appear by con-

sidering a simple model on the coupling of a surface flow of surface and ground waters with the 

flow of a line channel or river. After some comments on the modelling, we present some results on 

the mathematical treatment of this simple model. This type of considerations seem of relevance in 

the study of propagation of desert.  

2. A collection of mathematical models for the hydrological cycle 

2.1. Basic equations 

To fix ideas, we start by making some comments on the spatial domain in study. We consider a 

bounded multiply connected region 
2RËW of exterior boundary  ɜ ‬ɱ В ɜ (see Fig. 4). 

We assume that at the interior of W there is a system of channels or rivers described by a set of 

curves ɩ В ɩȢ The interior of W may also contain some basins or lakes of boundaries given 

by some closed curves  ɜ В ɜ . We can assume also that some curves 
iP  may have some 

points of intersection with P (which we denote as ὔ В ὔ ), with the boundary G (which we 

denote as ὖ Вὖ), or with the lakes boundaries 
0G (which we denote as ὖ Вὖ ). 

The different mathematical models on the hydrological cycle are based on the consideration of 

some of the following local subsystems.  

1. Vertical filtration in a porous ground. By applying the Darcy law, it is well known that [2, 

31, 35] if we denote by J to the volumetric moisture content and by y to the pressure of the soil 

moisture then we arrive to the so called Richards equation 

ὑ‪ ρ ὪὌȟ(1) ,ὸȟὼȟὼȟ‮ 

where K is the hydraulic conductivity, ὪὌȟdna mret noitprosba/ecruos a si ὸȟὼȟὼȟ‮ 
3x  is the ver-

tical coordinate directed upward. The nonlinear parabolic equation takes place on the set 

Ὄὼȟὸ ὼ Ὄ ὼȟὼ ὼȟὼ ᶰɱṒὙ , 

where Ὄὼȟὸ is the level of the ground water (elevation of the ground free surface) and Ὄ ὼ is 

the given surface of the earth. A typical constitutive law used to transform the equation in a self-

contained equation for is the one given in the following terms 
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2. Horizontal plane filtration equations for the levels of ground waters. By using the so called 

Boussinesq and Shchelkachev equations, it is well known ([28, 30, 32, 35]) that if we denote by 

( )txH ,  and ( )txH ,1
; respectively, to the elevation of the groundwater free surface in the upper 

layer and the piezometric head in the lower layer, then we arrive to the coupled system 

( ) ( ) ( ) ( )TtxxxfHH
T

k
HMdiv

t

H
,0,,,

'

'
211 ÍWÍ=+--Ð=

µ

µ
m W ; (2) 

( ) ( ) ( )TtxfHH
T

k
HTkdiv

t

H
,0,,

'

'
111

1
1 ÍWÍ+-+Ð=
µ

µ
m W , (3) 

where ()( ) ( )txHffHHxkM ,,,,1 J=-= WW
, m is the yield coefficient (the deficiency of satura-

tion), 
1m is the storage coefficient 

1, kk  and 'k  are the hydraulic conductivity (percolation) coeffi-

cients for the corresponding layers (see Fig. 3), f is a source function (see [6, 35]). Here the div op-

erator must be understood only in the spatial variable. The last term in (3) characterize the rate of 

vertical flow from the upper layer to the one through the semipermeable intermediate layer. 

3. Water level flow in open channels. By applying a diffusion wave approximation to the Saint 

Venant equations, it is well known ([6, 17, 25, 28, 35] and its references) that if we denote by u(s, t) 

to the water level in the channel stream, by w to the cross sectional area ( Bu =w  is the width) and 

to s to the channel curvilinear length variable measured along its axial cross-section, then we arrive 

to the nonlinear parabolic equation 

[ ]TtsfQ
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÷
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wµ
P ,  (4) 

under the constitutive laws 
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÷
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where ( ) 3/2, RCus w=y  is the discharge modulus, C is the coefficient Chezy, R is the hydraulic ra-

dius, 
Pf  is a source function, 

[ ]( )
-+ PP

+= nnn HMHMMH  

is the total filtration inflow of ground water from the right 
+P  and left 

-P  banks of the channel, and 

nHHn µµ=  is the outer normal derivative to the boundary of P. We point out that in many other 

references the Saint Venant equations are applied to other constitutive laws leading to first order 

hyperbolic equations (see, e.g., [26]).  

4. Water level balance in reservoirs. It is well known ([6]) that denoting by z(t) to the level on 

the boundaries of reservoirs we arrive to the equation 

( ) ( )Ttds
n

H
M

dt

dz
,0,

0

0

Íyf-
µ

µ
-=l G

G

ñ . (5) 

To obtain other models describing the quality of ground and surface water flows we need to 

coupled the above equation with some other equations expressing the mass transfer between the dif-

ferent chemical components (see, e.g., [27]): 

a. Solute transport equation. For instance, in the case of a confined aquifer we must add the dif-

fusion equation 
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( )
( ) ( ) fNCvCCDdiv

t

mC
+F+-Ð=

µ

µ
, , (6) 

where HMv Ð-= , vDD l+= 0  and ( )pHHmm -m+= 0 . 

b. Dynamics of a reactive solid medium. In some cases, there is a chemical reaction modifying 

the skeleton of the porous medium and we must add then a kinetic equation of the form 

( )NC
t

N
,F=

µ

µ
. (7) 

c. Solute transport phenomena in open-channels. In many cases, as for instance in rivers we 

must add a transport equation of the form 

( )
fCqSv

s

S
D

st

S
+-ö

÷

õ
æ
ç

å
-

µ

µ

µ

µ
=

µ

vµ
111 , (8) 

under some constitutive law of the type 

( ) ()ss usignuusvvDD
2/1

111

1

01 ,, y-=l+= . 

2.2. Elaboration of a coupled model 

The case of simultaneous surface ground water and open channel flows. Usually the mathemat-

ical models for the hydrological cycle take into account several simultaneous processes and the 

modelling is carried out by coupling some of the above mentioned equations involved in the phe-

nomena under consideration completed with the corresponding initial and boundary conditions. 

To illustrate this we consider now, for instance, the interplay process between surface (lake 

channel) and ground waters (on which, for the sake of simplicity in the formulation, we neglect the 

unsaturate zone and assume that there is only one nonpressure layer). A simplified representation 

can be found in the Fig. 3 and 4. Then the mathematical model equations collects of the equations 

(2)-(5) which here we reduce to the following ones: 

( ) ( ) ( )TtxxxfHdiv
t

H
,0,,, 21 ÍWÍ=+Ðm=

µ

µ
m W , (9) 

( )TtsfQ
s

u

st
.0,, ÍPÍ+-ù

ú

ø
é
ê

è
ö
÷

õ
æ
ç

å

µ

µ
yf

µ

µ
=

µ

wµ
, (10) 

( ) ( )Ttxds
n

H
M

dt

dz
,0,, 00

0

ÍGÍyf-
µ

µ
-=l G

G

ñ  (11) 

for the unknown ( ) ( )( )()( )tztsutxHtx ,,,,, =W . 

Obviously, the above system of parabolic partial differential equations must be completed by 

adding a set of initial and boundary conditions: 

( ) () WÍ= xxx ,0, 0WW ; (12) 

( ) ( )TtxgY
n

H
M T ,0,,21 ³G=GÍ=s+
µ

µ
s ; (13) 

( ) ( ) ( )TPPtxgu
s

u
us T ,0,,, 21 ³=Í=k+ö

÷

õ
æ
ç

å

µ

µ
fyk ; (14) 

( ) ( )( ) ( )TtxHHHu
n

H
M T ,0,,0 ³P=PÍ-a+-a=
µ

µ
-+°

P°

; (15) 

( ) ( ) ( )TNNts
s

u
usuu T

i

i
iji ,0,,0,,

1

³=Í=ö
÷

õ
æ
ç

å

µ

µ
fy= ä

=

; (16) 

( ) ( ) ( )TtxtxztxH ,0,,,, 0 ÍGÍ= . (17) 

The complete mathematical model is then described by the equations (9)-(11), (12)-(17) and, as 

we shall develop in the following Section, its mathematical treatment is far to be obvious. We shall 

require the analysis of a combined-type of nonlinear partial differential equations which are defined 
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on different sets of space variables: equation (9) is defined in the two dimensional domain , equation 

(10) on the curve and although equation (11) is a time ordinary differential equation its right hand side 

is given by a nonlocal operator depending on H and nH µµ . Moreover, the parabolic equations may 

degenerate changing type or order at certain values of the solution that is sought (case of (9)) or/and 

its derivatives (case of (10)). Finally, notice that all these equations contain numerous physical pa-

rameters which may leads to completely different behavior of its solutions. We point out that the in-

teraction between the different physical processes is given by the coupling source functions included 

into differential equations, as well as by the common boundary conditions. Due to the presence of 

nonlinear terms, the solutions of such equations may exhibit many different behaviors that cannot oc-

cur in the (more or less well-known) case of linear models. The list of peculiar effects of this kind in-

cludes properties as the finite time of localization (or extinction in finite time), finite speed of propa-

gation of disturbances from the initial data, waiting time effect, etc. 

A previous study to the questions of the mathematical well-possedness of the above system (ex-

istence, uniqueness and some qualitative properties of solutions) was carried out in [9]. In the fol-

lowing section we shall recall a part of those results, adding some new ones and developing other 

qualitative properties which explain the mathematical peculiarities of such model. 

3. Mathematical treatment of a simplified model coupling the channel level and surface ground 

water flows 

In this section we shall give an idea of the mathematical analysis of the model coupling the 

channel level and surface ground water flows mentioned before (see Fig. 5-6). As a matter of fact, 

for the sake of the exposition, we shall limit ourselves to the consideration of a simplified case in 

which the ground is assumed to be homogeneous and isotropic, the impermeable base is assumed to 

be horizontal 

HM = , (18) 

the flow cross-section of the channel is assumed by uniform and with area given by 

( ) uus =w , , (19) 

and we assume the constitutive relation ( )
a

=y uus, , where the parameter a is defined by the ge-

ometry of channel. 

We shall assume also coefficients 011 =k=s  and the coincidence among the levels of the 

ground waters on the left and right banks and the level of the channel water. Last condition corre-

sponds, formally, to assume that (15) holds for ¤=a  and 00 =aa . 

3.1. Statement of the mathematical problem 

3.1.1. System of Equations 

Under the above simplifications, the stated equations the model reduce to the system 

( ) ( ) PW=W=WÍ+ÐÐ=
µ

µ PP

W TtxfHH
t

H
,, ; (20) 

 

  
Fig. 5 Fig. 6 
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( ) Ttsf
n

H
H

s

u

s

u
u

st

u
PÍ+ö

÷

õ
æ
ç

å

µ

µ
+
ö
ö

÷

õ

æ
æ

ç

å

µ

µ

µ

µ

µ

µ
=

µ

µ
P

P

-
a

,,

2/1

. (21) 

3.1.2. Initial and boundary conditions 

Under the above simplifications, the set of initial and boundary conditions takes the form 

( ) () ( ) ()susuxHxH 00 0,,0, == ; (22) 

( ) TtsuHH PÍ== -+ ,, ; (23) 

( ) ( ) TTT NPtxgutxgH ÇÍ=GÍ= ,,,,, . (24) 

An illustration of the cross-section and planar view of the modelling domain is presented in the 

Fig. 5, 6. We shall assume (for simplicity) that there exist some functions ( )txH ,0
, ( )txu ,0

 defined 

on ( )T,0³W  and such that 

( ) () ( ) () PÍ=WÍ===
PG

ssusuxxHxHgugH 0
TT

,0,and,0,;, 00000
; (25) 

¤<¢+Ð
PW

CuHHuH
TT

st ,20,20000 ,, . (26) 

We assume also 

( ) ( )( ) ¤<¢+ñ PW Cdttsftxf

T

sx
0

,max,max . (27) 

The above conditions can be weakened in some of the results which follow but we are not try-

ing to state the more general statements of our results. 

Remark 3.1. Notice that due to the boundary coupling given by (23) the partial differential for u 

can be understood as a boundary condition (on 
TP ) for H. So that, it is a dynamic boundary condi-

tion involving a diffusion term. This type of "boundary conditions" also arises in the study of some 

systems which appears when coupling the surface Earth temperature with the ones of a deep ocean 

(see [22, 23]). 

Remark 3.2. As mentioned before, the equation (21) become degenerate on the set of points 

where u = 0 and singular on the set of points where 0=µµ su . This type of equations arises, main-

ly, in the study of suitable non-Newtonian flows (see, e. g. [5]). Here, by the contrary, no assump-

tion about the Newtonian type of the fluid is made (for other contexts leading to doubly nonlinear 

parabolic equations quite similar to equation (21) see the paper [24]).  

3.2. Existence and uniqueness theorems 

Definition 3.1. A non negative pair of bounded functions (H; u) =W such that 

( )( ) ¤<¢¢ CtsutxH ,,,0  (28) 

and 

¤<¢ù
ú

ø
é
ê

è
+Ðñ ññ
P

a

W°

CdtdsudxHH

T

0

2/32
 (29) 

is called a weak solution of the model (20) - (24) if for every test function h such that 

( ) ( ) ( ) TTT txWW GÍ=hPÆWÍh ,,0,1,1

2/3

1,1

2  

and for every [ ]Tt ,0Í  the following identity holds 

( ) ( )( )

()( ) ( )( ) .,,

,,

0000

00

th+th=tht+thyj+h-+

+tht+thÐÖÐ+h-

ñññññññ

ñññ

P

P

W

W

=t

=tPP

=t

=tWW

ddsfddxfdsssuddsuu

dxxxHddxHHH

tt
t

t

sst

t
t

t

 (30) 

Theorem 3.1. Let us assume that (26); (27) hold and 

¤<¢¢ PW 000,,,0 CuHff , ¤<a<0  (31) 
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Then the above model has at least one weak solution W(x; t) = (H; u). If we assume that 
1LtÍW then the weak solution is unique. Moreover, if we assume additionally that 

¤<¢¢d< 000 ,,0 CgHu ; ¤<a<0 ; (32) 

( ) ¤<¢µµ+µµñ PW Cdttftf

T

sx
0

maxmax ; (33) 

( ) ()( ) ( )TostosTttxt LuLTLuLYH PÍPÍWÍ ¤° 22/32

00 ,;,0,, ; (34) 

then there exists a small 00 >T such that this weak solution is unique and the following estimates 

are valid 

¤<¢
ö
ö

÷

õ

æ
æ

ç

å
+Ð ññ
PW

¢¢ °

CdsudxH s
Tt

2/32

0 0

sup ; (35) 

( ) ( ) ¤<¢+++ ññññ
P

-

W

CdtdxuuudtdxHH

T

ssst

T

xxt

00

0

22/12

0

22 . (36) 

Proof. 3.1. First we assume that (32) holds. Then it follows from the definition of weak solution 

that uH,0 ¢d< . The weak solution can be constructed, for instance, as the limit of a sequence of 

Galerkinôs approximations. From the assumptions on the domain we know that there exists a com-

plete system of the functions ()WÍF 1

2Wk  with () 0=F Gxk
 which are dense in ()W1

2W . Respec-

tively, we can assume that the set of curves P admits also a complete system of functions 

()PÍY 1

2/3Wk  with () 0=Y PÇGsk
, which is dense in ()P1

2/3W . Moreover, without loss of the gen-

erality we can assume that the functions 
kF  and 

kY  are orthogonal in ()W2L  and ()P2L  respective-

ly. Then, we can construct a sequence of approximate solutions of the form  

( ) () () () () ö
÷

õ
æ
ç

å
+Y+F== ää

==

0

1

,0

1

, uxtuHxtHuH
N

k

kk

N

k

kk

NNN
W , (37) 

where the functions 
0H  and 

0u satisfy the corresponding boundary conditions. 

We substitute last expression into the corresponding partial differential equations, multiply by 

()xj

°F  and ()sjy  respectively, and integrate over 
°W  and P. 

This leads us to a suitable Cauchy problem 

( ) () ( )NN

NNNN
N

uuHHtF
dt

d
KK ,,,,,0,, 110 === YYYY

Y
; (38) 

for some given smooth (with respect to Y) vectorial function F(t;Y). Multiplying equations (38) 

by the vector 
NY and summing, we arrive at the estimate (35): To prove the estimates (36) we dif-

ferentiate (38) with respect to t and multiply by dtd NY Obtained estimates permit us to pass to the 

limit when ¤­N and 0>d  and next to pass to the limit when 0­d . 

To prove the uniqueness of weak solutions under the additional information that 1LtÍW  we 

apply the following continuous dependence formula 

( ) ( )[ ] ( ) ( )[ ]

( ) ( )[ ] ( ) ( )[ ]

( ) ( )[ ] ( ) ( )[ ] ,,,,,

,0,0,0,0

,,,,

0

,2,1

0

,2,1

2121

2121

tt-t+tt-t+

+-+-¢

¢-+-

ññññ

ññ

ññ

P

+PP

W

+WW

P

+

W

+

P

+

W

+

°

°

°

dsdsfsfdxdxfxf

dssusudxxHxH

dsstustudxxtHxtH

tt

 

which holds when we work for two couples of solutions ( )( )iii uHtx ,, =W associated to two set of 

data ( ) ( ) ( ) ( )stfxtfsuxH iiii ,and,,,0,,0 ,, PW  (but satisfying the same Dirichlet boundary conditions 
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( ) ( ) 2,1for,,;,, =PµÍ=GÍ= itsgutxgH TiTi
. This formula is obtained by multiplying the 

difference of the associate equations (20) by a regularized approximation of the function  

( ) ( )[ ]
( ) ( )

( ) ( )í
ì
ë

¢-

>-
=-+

0,,if0

0,,if1
,,sign

21

21

21
xtHxtH

xtHxtH
xtHxtH . 

Calling, for instance ( )21 HHp - to this approximation, using the weak formulation (i.e. the in-

tegration by parts formula) and using that (thanks to the assumption (23) we get that 

( ) ( )2121 uupHHp -=- on 
TP  we end by using the equation (21) and passing to the limit as in 

[24]. 

Remark 3.3. Notice that presentation (37) may be used as an approximative solutions if the 

functions jj YF ,  may be constructed effectively. 

Remark 3.4. The continuous dependence formula implies the comparison principle for 
iW in the 

sense that if ( ) ( ) ( ) ( )stfxtfsuxH i ,and,,,0,,0 PW
 are nonnegative in their respective domains, and 

if we assume 0²g  then the associated solutions satisfy that 0, ²uH  (take one of the pair identi-

cally zero and apply the formula). We also point out that it seems possible to get this formula with-

out the technical condition 1LtÍW  by using the notion of renormalized solutions (see references in 

the monograph [5]). 

3.3. Splitting with respect to physical process 

For numerical proposes it can be useful to take separately into account the two different pro-

cesses appearing in the model. 

3.3.1. Iterative process for differential equations 

We propose here an algorithm which uses the splitting of the initial problem into the two fol-

lowing independent problems.  

I. Plane filtration in the domain ( ) 2,1,,0, =ÍPWÍ kTtx . 

( ) PWÍ+ÐÐ=
µ

µ
W xfHH

t

H kk
k

, ; (39) 

( ) () WÍ= xxHxH k ,0, 0 ; (40) 

( ) PÍ-s=
µ

µ
°

-

°

xHu
n

H
H kk

k
k ,1 ; (41) 

Wµ=GÍ=s+
µ

µ
s xgH

n

HH
H k

kk
k ,21 . (42) 

II. Level flow in the channel P. 

PÍ+ù
ú

ø
é
ê

è

µ

µ
+
ö
ö

÷

õ

æ
æ

ç

å

µ

µ

µ

µ

µ

µ
=

µ

µ
P

P

-
a

xf
n

H
H

s

u

s

u
u

st

u k
k

kk
k

k

,

2/1

; (43) 

( ) GÆPÍ=k+öö
÷

õ
ææ
ç

å

µ

µ
fyk xgu

s

u
us k

k
k ,, 21

; (44) 

( ) () WÍ= xxuxuk ,`0, 0 . (45) 

Let us introduce the notation 11, -- -=-= kkkkkk uuzHHh . 

Theorem 3.2. Let us assume the conditions (32)ï(34) of the existence theorem. Then the "global 

error iterated energy" ()
2/3

,2/3

2

,2

2

,2

2

,2 TT

k

s

kkk

k uuhhty
PPWW

++Ð+=  satisfies the estimate 

()
()
( )

() Ttkty
k

Ct
ty

k

k ¢¤­­
-

¢

-

,as,0
!1

0

1

. 
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Remark 3.5. The numerical simulation of the independent problems I and II  can now be ob-

tained by well-known finite-difference or finite elements schemes. 

4. Localization Properties of Solutions 

Now we use the same philosophy than some of the localization properties of solutions presented 

in [5]. Their proofs can be carried out with the techniques presented there. We start with the initial-

boundary value problem for the uncoupled equation (equation (10) with Q = 0). 

4.1. Pure diffusion channel level equation 

Let us consider the following initial boundary value problem 

[ ] [ ]Ttxf
s

u

s

u
u

st

u
,0,1,1,

2/1

Í-=PÍ+
ö
ö

÷

õ

æ
æ

ç

å

µ

µ

µ

µ

µ

µ
=

µ

µ
P

-
a

; (46) 

() ()
( )

ö
÷

õ
æ
ç

å
=

µ

µ
-== 0

,1
or,1,1,, 0

s

tu
itutiu ; (47) 

( ) () [ ]Ttsusu ,0,0, 0 Í= ; (48) 

() ()( ) 00,0 Csutui ¢¢d< . (49) 

4.1.1. Finite time stabilization to a non zero state 

Theorem 4.1. Let conditions (49); (32) be fulfilled and ( ) 0, ¹P tsf . Then the solution of prob-

lem (46)-(48) becomes identically constant after a finite time t* , i.e. 

( ) [] *,1,0for, 0 ttsutsu ²Í¹ . 

Morover if 0̧Pf  but 

()
()

( )42/3
1., 2

+PP -e¢ fL
tttf , (50) 

for some *tt f > , and for some suitable small constant e, then the following estimate holds: 

()
()

( )4
2

0 1.,
2 +P

-¢- f
L

ttCutu  

In particular, 

( ) [ ] fttsutsu ²-Í¹ ,1,1,, 0
. 

In physical terms, the first assertion of the theorem means that the water level in the channel 

becomes constant in a finite time provided that the external source 
Pf  is absent (see Fig. 7). If 

0̧f  and condition (50) is fulfilled, one can find a small source intensity 0>e , such that the wa-

ter level in the channel stabilizes at the same instant ft  when the source disappears. 

4.1.2. Wetting finite speed of propagation and formation of a wetting front. Waiting time phe-

nomenon 

 

 
Fig. 7 

We consider now local prop-
erties of weak solution of (46) 
with zero initial data on some sub-
interval [ ]rr- ,  (see Fig. 8-9). 

Theorem 4.2. (Finite speed of 
wetting of a dry bottom). Let 

( ) 0, ²tsu  be a weak solution of 

equation (46) with 21>a  and let 
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() ( ) 00,,0 0 ===P susuf   for  ( )Tts ,0,0 Ír¢ .      (51) 

Then 

( ) 0, =tsu  for () ( )Ttts ,0, Ír¢ , (52) 

where ()tr  is defined by the formula () 01

0

1 Ctt -r=r s+s+ with constants 

( ) () ()as=saq=qa= ,,,0CCC . If, additionally to (51) we assume that 

() ( )( )

ñññ r¢rr-re¢+

r

r-

r-

+P

r

r-

T

dsdtfdssu
0

0

1/1

0

22

0 , , 

then there exists [ )Tt ,0*Í  such that ( ) 0, =tsu  for [ ]00,rr-Ís  and [ ]*,0 ttÍ . 

4.2. Coupled channel level and surface ground water flows 

Let us return to the system of equations (15), (20), (21), with 00 =a , describing the mentioned 

coupled flows. We consider the domain ( ) { }r<-WÍ=³ rr 0,,0 xxxBTB . 

4.2.1. Wetting Finite Speed of Propagation. Waiting Time Phenomenon 

Theorem 4.3. Let ( )uHW ,= be a local weak solution of equations (15), (20); (21) under the as-

sumptions 

() ( ) [ )TBtxfxH ,0,,0,0 00 ³Í== rW , 

() ( ) [ )Ttsfsu ,0,,0,0 00 ³PÍ== rP . 

Then there exist ( )Tt ,0*Í and ()tr  such that 

( ) () ( ) () [ ]*,0,,0,,,0, ttstsuBxtxH tt ÍPÍ=Í= rr , 

where ()tr  is defined by the formula () 01

0

1 Ctt -r=r s+s+  with some constants C . If moreover, 

( ) ( ) ( ) ( )( ) ( ) () ,0,, 00

0

222

0

2

0 2222 >aJr>rr-re¢t+++
J

+PPWP ñ rrrr

dffuH

T

LBLLBL
 

then there exists ( )Tt ,0*Í  such that 

( ) () ( ) ()tt stsuBxtxH rr PÍ=Í= ,0,,,0,  for any [ ]*,0 ttÍ . 

 

 
 

Fig. 8 

 
 

Fig. 9 
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Fig. 10 

 

In terms of the original physical problem we can understand the results as follows: if the do-

main 
0rB was dry at the initial time i.e. the levels of the surface and ground water were zero therein, 

then the first assertion of the theorem gives some estimates on the location of the free boundaries 

(the curves and points where they are zero) generated by H(x; t) and u(s; t) (see Fig. 10). The sec-

ond assertion states that whatever the flux is outside 0rB  this domain can only be swamped not in-

stantaneously but after a positive finite time. 
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ʉʦʚʨʝʤʝʥʥʘʷ ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʨʘʩʧʦʣʘʛʘʝʪ ʙʦʛʘʪʳʤ ʥʘʙʦʨʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ʇʦʣʥʳʡ ʦʙʟʦʨ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʩ ʘʥʘʣʠʟʦʤ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʠʭ 

ʜʦʧʫʱʝʥʠʡ ʧʨʠʚʝʜʝʥ ʚ [1]. ɺ ʦʙʟʦʨ ʚʢʣʶʯʝʥʦ 12 ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʅʘʠʙʦʣʝʝ ʦʙʱʘʷ 

ʠʟ ʥʠʭ ʧʦʣʫʯʝʥʘ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʩʨʝʜʘ ʷʚʣʷʝʪʩʷ 

ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ [2]. ɺ ʵʪʦʡ ʤʦʜʝʣʠ ʪʨʝʙʫʝʪʩʷ ʟʘʜʘʪʴ ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʷʟ-

ʢʦʩʪʠ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. ɹʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʥʘ 

ʧʨʠʛʦʜʥʘ ʪʦʣʴʢʦ ʧʨʠ ʣʘʤʠʥʘʨʥʦʤ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪ-

ʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʄʥʦʛʦ ʵʤʧʠʨʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʜʚʠʞʝʥʠʷ ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ.  

ʈʦʣʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ʆʜʥʘ ʠʟ ʟʘʜʘʯ ʵʢʩʧʝʨʠʤʝʥʪʘ ï ʧʨʦʚʝʨʢʘ ʜʠʘʧʘʟʦʥʘ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ɼʠʘʧʘʟʦʥ ʧʨʠʤʝʥʠʤʦʩʪʠ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʧʨʦ-

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʩʯʝʪʘ ʥʘ ʦʩʥʦʚʝ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʤʦʜʝʣʠ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʥʝ ʚʩʝ-

ʛʜʘ. ɺ ʧʨʠʤʝʨʝ, ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʚ ʨʘʙʦʪʝ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʦʪʨʳʚ ʧʦʪʦʢʘ 

ʦʪ ʪʝʣʘ. ʇʨʠʤʝʨ ʦʧʨʝʜʝʣʷʶʱʝʡ ʨʦʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥ ʚ ʨʘʟʜʝʣʝ 4. 

1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ  

ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ 

ʇʨʦʚʝʨʢʘ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

ɼʠʩʧʝʨʩʠʦʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ ʛʝʥʝʨʘʮʠʠ ʚʦʣʥ. 

ɿʜʝʩʴ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ [3], ʚ ʢʦʪʦʨʦʡ ʚʦʣʥʳ ʛʝʥʝʨʠʨʦʚʘʣʠʩʴ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʢʨʫʛʣʦʛʦ ʮʠʣʠʥʜʨʘ ʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʨʳʣʘ. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʦʙʦʟʥʘʯʝʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ʅʘ ʩʭʝʤʝ ʧʦʢʘʟʘʥʘ ʜʚʫʭʩʣʦʡʥʘʷ ʞʠʜʢʦʩʪʴ ʩ ʯʝʪʢʦʡ ʛʨʘʥʠʮʝʡ ʨʘʟʜʝ-

ʣʘ ʤʝʞʜʫ ʩʣʦʷʤʠ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʠ. ɺ ʦʧʳʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʝʩʤʝʰʠʚʘʶʱʠʝʩʷ ʞʠʜʢʦʩʪʠ ï 

ʚʦʜʘ ʚ ʥʠʞʥʝʤ ʩʣʦʝ ʠ ʢʝʨʦʩʠʥ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ.  

ʇʦ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʙʝʟ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʚʷʟʢʦʩʪʠ ʧʦʨʦʞʜʘʝʤʳʝ ʪʝʣʦʤ ʚʦʣʥʳ ʩʪʘʥʦʚʷʪʩʷ 

ʤʦʥʦʛʘʨʤʦʥʠʯʝʩʢʠʤʠ ʫʞʝ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʟʘ ʮʠʣʠʥʜʨʦʤ, ʪʘʢ ʯʪʦ ʦʪ-

ʢʣʦʥʝʥʠʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ [4] 

( )j+h=h kxmsin , (1) 

ʛʜʝ 
mh  ï ʘʤʧʣʠʪʫʜʘ, k  ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ, x  ï ʧʨʦʜʦʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʩʚʷ-

ʟʘʥʥʦʡ ʩ ʮʠʣʠʥʜʨʦʤ, j ï ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ.  

ɺʦʣʥʦʚʦʝ ʯʠʩʣʦ k  ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʪʝʣʘ, ʘ ʪʘʢʞʝ ʦʪ ʩʫʤʤʘʨʥʦʡ ʛʣʫʙʠʥʳ 

ʞʠʜʢʦʩʪʠ H =h1 + h2 (ʨʠʩ. 1). ɻʨʘʬʠʯʝʩʢʠ ʦʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʯʢʦʡ ʧʝʨʝʩʝʯʝʥʠʷ ʛʨʘʬʠʢʦʚ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ()kw  ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʚʦʟʤʫʱʝʥʠʷ ()k*w  [4]. 
 

 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʪʝʣʘ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ U  ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʟʤʫʱʝ-

ʥʠʷ ʝʩʪʴ ʧʨʷʤʘʷ Uk=w*
. ʆʥʘ ʧʝʨʝʩʝʢʘ-

ʝʪʩʷ ʪʦʣʴʢʦ ʩ ʦʜʥʦʡ ʚʝʪʚʴʶ ʜʠʩʧʝʨʩʠ-

ʦʥʥʦʡ ʢʨʠʚʦʡ, ʢʦʪʦʨʘʷ ʚ ʩʣʫʯʘʝ ʧʦʢʦʷ-

ʱʠʭʩʷ ʚ ʥʝʚʦʟʤʫʱʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʣʦ-

ʝʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ gke=w2 .  

ʈʠʩ. 1. ʂ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʦ  
ʩʪʘʮʠʦʥʘʨʥʦʤ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ  
ʮʠʣʠʥʜʨʘ ʚ ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ 
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ʇʨʠ ʵʪʦʤ ʦʥʘ ʧʝʨʝʩʝʢʘʝʪ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣʴʥʫʶ 

ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʣʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʣʠʥʝʡʥʳʝ 

ʚʦʣʥʳ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʫʶʪ ʪʦʣʴʢʦ ʧʦʟʘʜʠ ʪʝʣʘ. 

ɽʩʣʠ ʧʝʨʝʡʪʠ ʢ ʙʝʟʨʘʟʤʝʨʥʳʤ ʚʝʣʠʯʠʥʘʤ, ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʥʦʨʤʠʨʦʚʢʠ ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜ-

ʥʦʛʦ ʧʘʜʝʥʠʷ g  ʠ ʨʘʜʠʫʩ ʮʠʣʠʥʜʨʘ R, ʪʦ ʜʣʷ ʠʜʝʘʣʴʥʦʡ ʙʝʟʛʨʘʥʠʯʥʦʡ ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦ-

ʩʪʠ ʠʤʝʝʪ ʤʝʩʪʦ 

Fr20 p=l=l R , (2) 

ʛʜʝ kp=l 2  ï ʜʣʠʥʘ ʚʦʣʥʳ, ( ) gRU ee+= 22Fr , ( )121 -rr=e . 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʬʦʨʤʫʣʳ (2), ʢʦʪʦʨʘʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. ʅʘʨʷʜʫ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʳʪʦʚ ʩ 

ʜʚʠʞʝʥʠʝʤ ʢʨʫʛʦʚʦʛʦ ʮʠʣʠʥʜʨʘ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʘʥʘʣʦʛʠʯʥʦʤ ʜʚʠ-

ʞʝʥʠʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʨʳʣʘ ʪʦʣʱʠʥʦʡ 2R ʠ ʜʣʠʥʦʡ 12R. ɿʥʘʯʝʥʠʝ Rh  (ʩʤ. ʨʠʩ. 1) ʠʟʤʝ-

ʥʷʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 102 ¢¢ Rh .  

ʇʨʝʜʩʢʘʟʳʚʘʝʤʘʷ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʝʡ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ ʦʪ ʧʘʨʘʤʝʪʨʘ Rh  ʠ 

ʦʪ ʬʦʨʤʳ ʪʝʣʘ ʭʦʨʦʰʦ ʧʦʜʪʚʝʨʜʠʣʘʩʴ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʫʯʝʪʝ ʚ ʪʝʦʨʠʠ ʤʝʞʬʘʟʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. 

ʇʦʜʪʚʝʨʜʠʣʘʩʴ ʪʘʢʞʝ ʧʨʝʜʩʢʘʟʳʚʘʝʤʘʷ ʪʝʦʨʠʝʡ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

ʦʪ ʬʦʨʤʳ ʪʝʣʘ. ɺʣʠʷʥʠʝ ʚʷʟʢʦʩʪʠ, ʥʝ ʫʯʠʪʳʚʘʝʤʦʝ ʚ ʪʝʦʨʠʠ, ʚ ʦʧʳʪʘʭ ʧʨʦʷʚʠʣʦʩʴ ʪʦʣʴʢʦ ʥʘ 

ʢʦʨʦʪʢʠʭ ʚʦʣʥʘʭ. 

ɼʠʩʧʝʨʩʠʦʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʜʣʷ ʫʩʪʦʡʯʠʚʳʭ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʧʦʜ-

ʪʚʝʨʜʠʣʦʩʴ ʪʘʢʞʝ ʚ ʦʧʳʪʘʭ ʩ ʯʠʩʪʦ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʮʠʣʠʥʜʨʘ [5] ʠ ʚ ʦʧʳʪʘʭ ʩʦ 

ʩʜʚʠʛʦʤ ʩʢʦʨʦʩʪʠ ʤʝʞʜʫ ʩʣʦʷʤʠ [6]. 

ɺ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʷ ʩʯʠʪʘʶʪʩʷ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʤʠ, ʘ ʚ ʦʧʳʪʘʭ ʦʥʠ ʙʳʣʠ ʢʦ-

ʥʝʯʥʳʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʜʪʚʝʨʜʠʣʦʩʴ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʨʝʜʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ ʥʘ ʨʠʩʫʥʢʝ 2 ʝʩʪʴ ʠ ʪʘʢʠʝ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳʡ ʧʘʨʘʤʝʪʨ ʢʨʫ-

ʪʠʟʥʳ ʚʦʣʥʳ 08,0=lhm
. ɺ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʠʤʝʥʥʦ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʩʯʠʪʘʝʪʩʷ ʙʝʩʢʦʥʝʯʥʦ 

ʤʘʣʳʤ. 

ɸʤʧʣʠʪʫʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʥ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʩʪʘʮʠʦʥʘʨʥʳʤ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʮʠʣʠʥʜʨʘ ʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʨʳʣʘ 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʬʨʘʛʤʝʥʪʦʚ: 

ʦʩʥʦʚʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʛʨʘʥʠʯʥʳʭ ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʩʧʦʩʦ-

ʙʳ ʚʥʝʩʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ. ʏʘʱʝ ʚʩʝʛʦ ʠʤʝʥʥʦ 

ʩʧʦʩʦʙ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʩʣʘʙʳʤ ʬʨʘʛʤʝʥʪʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ. ʕʪʦ ʠ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʦʙʩʫʞʜʘʝʤʳʭ ʟʜʝʩʴ ʦʧʳʪʘʭ [3-4]. 
 

 

ɺ ʫʩʣʦʚʠʷʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʦʩʪʘʥʦʚʢʠ 

ʟʘʜʘʯʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ 

ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʘʤʧʣʠʪʫʜʳ 
mh  ʚʦʣʥ, ʛʝ-

ʥʝʨʠʨʫʝʤʳʭ ʧʣʦʭʦʦʙʪʝʢʘʝʤʳʤ ʮʠʣʠʥʜʨʦʤ ʠ 

ʫʜʦʙʦʦʙʪʝʢʘʝʤʳʤ ʩʠʤʤʝʪʨʠʯʥʳʤ ʢʨʳʣʦʤ. 

ʇʨʦʬʠʣʴ ʢʨʳʣʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. ʉʫʱʝ-

ʩʪʚʝʥʥʦ, ʯʪʦ ʧʨʠ ʨʘʩʯʝʪʘʭ ʮʠʣʠʥʜʨ ʠʤʠʪʠʨʦ-

ʚʘʣʩʷ ʜʠʧʦʣʝʤ ʦʙʠʣʴʥʦʩʪʠ URq p=2 , ʘ ʢʨʳʣʦ 

ï ʢʦʤʙʠʥʘʮʠʝʡ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʦʙʠʣʴʥʦ-

ʩʪʠ q, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ, ʠ 

ʩʪʦʢʘ ʪʦʡ ʞʝ ʦʙʠʣʴʥʦʩʪʠ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝ-

ʜʝʣʝʥʥʦʛʦ ʤʝʞʜʫ ʪʦʯʢʘʤʠ 
1a  ʠ 

2a  [7] (ʨʠʩ. 3). 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚ-

ʥʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʧʦ ʘʤʧʣʠʪʫʜʝ ʫʩʪʦʡʯʠʚʳʭ ʚʦʣʥ ʟʘ ʮʠʣʠʥʜʨʦʤ.  

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ  

ʧʨʦʚʝʨʢʠ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ: 
1 ʠ 2 ï ʨʘʩʯʝʪ ʩ ʫʯʝʪʦʤ ʠ ʙʝʟ ʫʯʝʪʘ ʚʷʟʢʦʩʪʠ ʠ  

ʤʝʞʬʘʟʥʦʛʦ ʥʘʪʷʞʝʥʠʷ; 3 ï ʵʢʩʧʝʨʠʤʝʥʪ 

 ʩ ʮʠʣʠʥʜʨʦʤ; 4 ï ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʢʨʳʣʦʤ. 
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ʇʦ ʧʨʦʚʝʨʷʝʤʦʡ ʪʝʦʨʠʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʜʠʧʦʣʷ, ʠʤʠʪʠʨʫʶʱʝʛʦ ʮʠʣʠʥʜʨ, ʘʤʧʣʠʪʫʜʘ ʛʝʥʝʨʠ-

ʨʫʝʤʳʭ ʚʦʣʥ 
mh  ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

( )kh
kR

R

m -
e+

p
=

h
exp

2

4
. (3) 

ʉ ʟʘʤʝʥʦʡ ʧʝʨʝʤʝʥʥʳʭ 

( )
24

2

R

hm

p

he+
=b ,    khF=  

ʬʦʨʤʫʣʘ (3) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

( )FF -=b exp . (4) 

ʀʟ ʬʦʨʤʫʣʳ (4) ʩʣʝʜʫʝʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ h, ʜʦʣʞʥʳ ʛʨʫʧʧʠʨʦʚʘʪʴʩʷ ʦʢʦʣʦ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ (4). ʂʘ-

ʯʝʩʪʚʝʥʥʦ ʪʘʢʘʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʦʜʪʚʝʨʜʠʣʘʩʴ ʚ ʦʧʳʪʘʭ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ ʥʘ ʨʠ-

ʩʫʥʢʝ 4, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ h  ʠʟ ʜʠʘʧʘʟʦʥʘ 52 ¢¢ Rh , ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʛʨʫʧʧʠʨʫʶʪʩʷ ʦʢʦʣʦ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʰʪʨʠʭʦʚʦʡ ʢʨʠʚʦʡ. ʆʜʥʘʢʦ ʵʪʘ ʢʨʠʚʘʷ ʨʘʩʧʦʣʦʞʝʥʘ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʨʘʩʯʝʪʥʦʡ ʢʨʠʚʦʡ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ). ɺ ʜʠʘʧʘʟʦʥʝ 0,5<<F 1 ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ b ʧʨʝʚʳʰʘʶʪ ʨʘʩʯʝʪʥʳʝ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ. 

ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʪʘʢʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʟʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʘʤʧʣʠʪʫʜ ʚʦʣʥ ʠʤʠʪʘʮʠʷ ʮʠʣʠʥʜʨʘ ʜʠʧʦʣʝʤ ʥʝʘʜʝʢʚʘʪʥʘ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʦʙʪʝʢʘʥʠʝ ʜʠʧʦʣʷ ʷʚʣʷʝʪʩʷ ʙʝʟʦʪʨʳʚʥʳʤ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ 250

¢=¢ nRU02Re 1000, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʤʝʩʪʦ ʚ ʦʧʳʪʘʭ, ʧʦʪʦʢ ʦʪʨʳʚʘʝʪʩʷ ʦʪ ʮʠʣʠʥʜʨʘ. 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʠʚʝʜʝʥʳ ʜʚʘ ʢʘʜʨʘ ʢʠʥʦʩʲʝʤʢʠ ʨʝʘʣʴʥʦʡ ʢʘʨʪʠʥʳ ʦʙʪʝʢʘʥʠʷ ʮʠʣʠʥʜʨʘ, 

ʜʚʠʞʫʱʝʛʦʩʷ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ (ʚʦʜʳ ʠ 

ʢʝʨʦʩʠʥʘ). ɼʠʘʤʝʪʨ ʮʠʣʠʥʜʨʘ 2 ʩʤ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 12 ʩʤ/ʩ. ʅʠʞʥʠʡ ʩʣʦʡ (ʚʦʜʘ) ʦʢʨʘʰʝʥ 

ʯʝʨʥʠʣʘʤʠ. ɺ ʢʝʨʦʩʠʥ ʜʦʙʘʚʣʝʥʳ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ ʤʘʛʥʠʝʚʦʡ ʧʫʜʨʳ. ʉʲʝʤʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʚ ʪʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ. ʊʦʣʴʢʦ ʧʦʣʦʩʘ ʞʠʜʢʦʩʪʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʨʦʜʦʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʠʤ-

ʤʝʪʨʠʠ ʢʘʥʘʣʘ ʦʩʚʝʱʘʣʘʩʴ ʩʚʝʨʭʫ ʩʚʝʪʦʚʳʤ ʥʦʞʦʤ ʰʠʨʠʥʦʡ ʦʢʦʣʦ 3 ʩʤ. ʆʪʨʘʞʘʷ ʧʘʜʘʶʱʠʡ 

ʩʚʝʪ, ʯʘʩʪʠʮʳ-ʤʝʪʢʠ ʜʘʶʪ ʥʘ ʢʠʥʦʢʘʜʨʝ ʩʚʝʪʣʳʝ ʪʨʝʢʠ. ʉʥʠʤʢʠ ʧʦʣʫʯʝʥʳ ʢʠʥʦʢʘʤʝʨʦʡ, 

ʜʚʠʞʫʱʝʡʩʷ ʚʤʝʩʪʝ ʩ ʮʠʣʠʥʜʨʦʤ, ʪʘʢ ʯʪʦ ʯʘʩʪʠʮʳ ʧʫʜʨʳ, ʥʝʧʦʜʚʠʞʥʳʝ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠ-

ʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʦʩʪʘʚʣʷʣʠ ʥʘ ʢʠʥʦʢʘʜʨʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʪʨʝʢʠ. ɺ ʦʙʣʘʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʪʨʝʢʠ ʦʪʩʣʝʞʠʚʘʶʪ ʣʠʥʠʠ ʪʦʢʘ. ɺ ʦʢʨʝʩʪʥʦʩʪʠ ʮʠʣʠʥʜʨʘ ʣʠʥʠʠ ʪʦʢʘ ʦʪʢʣʦʥʷʶʪʩʷ 

ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʠ ʠʤʝʥʥʦ ʵʪʦ ʦʪʢʣʦʥʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʛʝʥʝʨʘʮʠʠ ʚʦʣʥ. ɹʝʣʘʷ 

ʧʦʣʦʩʘ ʥʘ ʢʠʥʦʢʘʜʨʘʭ ï ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ ʚʦʜʳ ʠ ʢʝʨʦʩʠʥʘ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʘʷ ʚ ʧʝʨ-

ʩʧʝʢʪʠʚʝ ʧʦʜ ʥʝʢʦʪʦʨʳʤ ʫʛʣʦʤ ʟʨʝʥʠʷ. ʂʠʥʦʢʘʜʨʳ ʥʘ ʨʠʩʫʥʢʝ 5 ʧʦʣʫʯʝʥʳ ʚ ʜʚʘ ʤʦʤʝʥʪʘ 

ʚʨʝʤʝʥʠ ʦʪ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ, ʢʦʛʜʘ ʮʠʣʠʥʜʨ ʫʞʝ ʚʳʰʝʣ ʥʘ ʨʘʚʥʦʤʝʨʥʫʶ ʩʢʦʨʦʩʪʴ, ʦʜʥʘʢʦ 

ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʚʦʣʥ ʝʱʝ ʥʝ ʟʘʚʝʨʰʠʣʩʷ.  

 

 

 
ʈʠʩ. 3. ʇʨʦʬʠʣʴ ʢʨʳʣʘ:  

1 ï ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʩʪʦʢ;  

2 ï ʪʦʯʝʯʥʳʡ ʠʩʪʦʯʥʠʢ. 

ʈʠʩ. 4. ɹʝʟʨʘʟʤʝʨʥʘʷ ʘʤʧʣʠʪʫʜʘ 

ʚʦʣʥ ʟʘ ʮʠʣʠʥʜʨʦʤ 
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ʈʠʩ. 5. ʃʠʥʠʠ ʪʦʢʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʮʠʣʠʥʜʨʘ ʚ ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ:  
ʪʝʤʥʘʷ ʥʠʞʥʷʷ ʧʦʣʦʩʘ ï ʚʦʜʘ, ʚʳʰʝ ʥʝʝ ï ʢʝʨʦʩʠʥ. 

 

ʅʘ ʨʠʩʫʥʢʝ 5 ʚʠʜʥʦ, ʯʪʦ ʟʘ ʢʦʨʤʦʡ ʮʠʣʠʥʜʨʘ ʦʙʨʘʟʦʚʘʣʠʩʴ ʜʚʘ ʚʠʭʨʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʪ-

ʢʣʦʥʝʥʠʝ ʪʨʘʝʢʪʦʨʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʋʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʘʤʧʣʠʪʫʜʘ ʚʦʣʥ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʘʤʧʣʠʪʫʜʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʚʦʣʥ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʢʨʳʣʦʤ ʚ 

ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ [4]: 

( )
( ) RU

khBAq
m

0

22

2

exp2

e+

-+
=h ,   ( )ABarctg=j , (5) 

ʛʜʝ 
( ) ( )
( )12

12 sinsin
1

aak

kaka
A

-

-
-= ,   

( ) ( )
( )12

12 coscos
1

aak

kaka
B

-

-
-= . 

ʉʧʣʦʰʥʳʝ ʣʠʥʠʠ ï ʨʘʩʯʝʪ ʧʦ ʬʦʨʤʫʣʝ (5), ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ ï ʨʘʩʯʝʪ ʩ ʫʯʝʪʦʤ ʚʷʟʢʦʩʪʠ 

ʞʠʜʢʦʩʪʠ.  

1 ï Rh =6, 2 ï Rh =8. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʘʤʧʣʠʪʫʜ ʚʦʣʥ, ʛʝʥʝʨʠʨʫʝʤʳʭ 

ʢʨʳʣʦʤ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6. ʂʨʳʣʦ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ 

ʦʙʪʝʢʘʣʦʩʴ ʙʝʟ ʦʪʨʳʚʘ ʧʦʪʦʢʘ, ʧʦʵʪʦʤʫ ʝʛʦ ʠʤʠʪʘʮʠʷ ʢʦʤʙʠʥʘʮʠʝʡ ʠʩʪʦʯʥʠʢʘ ʠ ʩʪʦʢʘ ʜʘʣʘ 

ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʥʝ ʪʦʣʴʢʦ ʧʦ ʜʣʠʥʝ, ʥʦ ʠ ʧʦ ʘʤʧʣʠʪʫʜʝ ʚʦʣʥ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤ ʨʝʩʫʨʩʘʤʠ ʧʘʤʷʪʠ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʢʦʤʧʴʶʪʝ-

ʨʦʚ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʷʤʦʝ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʷ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ (ʚ ʤʦʜʝʣʠ 

ʠʜʝʘʣʴʥʦʩʪʠ ʞʠʜʢʦʩʪʠ) ʠʣʠ ʫʩʣʦʚʠʷ ʧʨʠʣʠʧʘʥʠʷ (ʚ ʤʦʜʝʣʠ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ) [7]. ʆʜʥʘʢʦ ʚ 

[7] ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʦʪʨʳʚ ʧʦʪʦʢʘ ʦʪ ʪʝʣʘ (ʩʤ. ʨʠʩ. 5). 

ɺʥʫʪʨʝʥʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʦʣʥʳ ʧʨʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦ-ʢʦʣʝʙʘʪʝʣʴʥʦʤ  

ʜʚʠʞʝʥʠʠ ʮʠʣʠʥʜʨʘ 

ɿʜʝʩʴ ʧʨʠʚʦʜʠʪʩʷ ʦʜʠʥ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ [7]. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʠʥʪʝʨʝʩʝʥ ʪʝʤ, ʯʪʦ ʣʠ-

ʥʝʡʥʘʷ ʪʝʦʨʠʷ ʚʦʣʥ ʧʦʣʫʯʠʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ ʚʦʣʥ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʷʩʥʷʶʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 7. ʎʠʣʠʥʜʨ 

ʜʠʘʤʝʪʨʦʤ D  ʜʚʠʞʝʪʩʷ ʚ ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ, ʟʘʢʣʶʯʝʥʥʦʡ ʤʝʞʜʫ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʜʥʦʤ 

ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ çʢʨʳʰʢʦʡè. ɺ ʥʝʚʦʟʤʫʱʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʞʠʜʢʦʩʪʴ ʧʦʢʦʠʪʩʷ. ɺ ʥʝʧʦ-

ʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ( )11,zx  (ʨʠʩ. 7) ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʮʠʣʠʥʜʨʘ ʦʧʠʩʳʚʘʝʪʩʷ 

ʬʦʨʤʫʣʘʤʠ 

( )0*0* cos        , j+W+=+= tahzUtxx , (6) 

ʛʜʝ 
**  , zx  ï ʢʦʦʨʜʠʥʘʪʳ ʦʩʠ ʮʠʣʠʥʜʨʘ, t  ï ʚʨʝʤʷ, ʦʪʩʯʠʪʳʚʘʝʤʦʝ ʦʪ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ ʮʠʣʠʥ-

ʜʨʘ, 
00   ,  ,  ,  ,  , jWahUx  ï ʟʘʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ.  

ʃʠʥʝʡʥʘʷ ʪʝʦʨʠʷ ʧʨʝʜʩʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʙʝʟʛʨʘʥʠʯʥʦʡ ʥʝʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʩʦʯʝ-

ʪʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʤ ʫʩʣʦʚʠʶ  

( )
4

11
=

e

We+

g

U
, (7) 
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ʠʤʝʝʪ ʤʝʩʪʦ ʨʝʟʦʥʘʥʩʥʦʝ ʫʩʠʣʝʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ [7].  

ʇʦʣʝʟʥʘ ʩʣʝʜʫʶʱʘʷ ʛʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʵʪʦʛʦ ʨʝʞʠʤʘ ʛʝʥʝʨʘʮʠʠ ʚʦʣʥ. ʅʘ ʨʠ-

ʩʫʥʢʝ 8 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʚ ʜʚʫʭ ʩʠʩʪʝʤʘʭ 

ʢʦʦʨʜʠʥʘʪ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 7: ʥʝʧʦʜʚʠʞʥʦʡ z,x  (ʨʠʩ. 8 ʘ) ʠ ʧʦʜʚʠʞʥʦʡ 11 z,x  

(ʨʠʩ. 8 ʙ). ʅʘ ʧʣʦʩʢʦʩʪʠ ( )w,k  ʥʘʥʦʩʠʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʥʦʩʠʤʦʛʦ ʚ ʩʠʩʪʝʤʫ ʚʦʟʤʫʱʝʥʠʷ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʠ ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʨʷʤʳʝ 

kU=w1
,   W+=w kU2

,   W-=w kU3
. (8) 

ɺ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʫʛʦʣ ʥʘʢʣʦʥʘ ʵʪʠʭ ʧʨʷʤʳʭ ʢ ʦʩʠ k  ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨ-

ʤʫʣʦʡ Uarctg=a . ɺ ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʵʪʦʪ ʫʛʦʣ ʨʘʚʝʥ ʥʫʣʶ. ʈʝʟʫʣʴʪʠʨʫʶʱʝʝ ʚʦʣʥʦʚʦʝ 

ʜʚʠʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʪʨʝʭ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʚʦʣʥ, ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ, ʯʘʩʪʦʪʘ ʠ ʬʘʟʦ-

ʚʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʦʯʢʘʤʠ ʧʝʨʝʩʝʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʦʟʤʫʱʝʥʠʷ ʩ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʢʨʠʚʦʡ. ɻʨʫʧʧʦʚʳʝ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʚʦʣʥ ʦʧʨʝ-

ʜʝʣʷʶʪʩʷ ʪʘʥʛʝʥʩʦʤ ʫʛʣʘ ʥʘʢʣʦʥʘ ʢʘʩʘʪʝʣʴʥʳʭ ʢ ʵʪʠʤ ʪʦʯʢʘʤ. 

ɹʝʟ ʫʯʝʪʘ ʤʝʞʬʘʟʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʛʫʪ ʠʤʝʪʴ ʤʝʩʪʦ ʰʝʩʪʴ ʪʦʯʝʢ ʧʝʨʝ-

ʩʝʯʝʥʠʷ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʦʜʥʘ ʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʟʤʫʱʝʥʠʷ 

(1 ʥʘ ʨʠʩ. 8) ʢʘʩʘʝʪʩʷ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʢʨʠʚʦʡ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʦʯʢʝ ʢʘʩʘʥʠʷ ʧʦʩʪʫʧʘʪʝʣʴ-

ʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʮʠʣʠʥʜʨʘ U, ʯʘʩʪʦʪʘ ʝʛʦ ʢʦʣʝʙʘʥʠʡ W ʠ ʧʘʨʘʤʝʪʨ ʩʪʨʘʪʠʬʠʢʘʮʠʠ 

( )121 -rr=e  ʨʘʚʥʳ ʠʭ ʟʥʘʯʝʥʠʷʤ ʚ ʦʙʩʫʞʜʘʝʤʦʤ ʨʝʟʦʥʘʥʩʥʦʤ ʨʝʞʠʤʝ. ʇʦʩʢʦʣʴʢʫ ʚ ʪʦʯʢʝ 

ʢʘʩʘʥʠʷ ʜʚʝ ʚʦʣʥʳ ʩʣʠʚʘʶʪʩʷ ʚ ʦʜʥʫ, ʫʤʝʩʪʝʥ ʪʘʢʞʝ ʪʝʨʤʠʥ çʨʝʞʠʤ ʫʧʣʦʪʥʝʥʠʷ ʵʥʝʨʛʠʠ 

ʜʚʫʭ ʚʦʣʥè.  

 

 

 

ʈʠʩ. 6. ɸʤʧʣʠʪʫʜʳ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ  

ʟʘ ʢʨʳʣʦʤ 

ʈʠʩ. 7. ʉʭʝʤʘ ʧʦʩʪʫʧʘʪʝʣʴʥʦ-

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʮʠʣʠʥʜʨʘ  

ʚ ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ 

 

 
ʘ ʙ 

 

ʈʠʩ. 8. ɻʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʫʩʣʦʚʠʡ ʨʝʟʦʥʘʥʩʥʦʛʦ ʨʝʞʠʤʘ  

ʚ ʥʝʧʦʜʚʠʞʥʦʡ (ʘ) ʠ ʚ ʧʦʜʚʠʞʥʦʡ (ʙ) ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ:  
ʢʨʠʚʳʝ 1, 2, 3 ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʟʤʫʱʝʥʠʷ; D.c. ï ʜʠʩʧʝʨʩʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ. 
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ɺ ʩʠʩʪʝʤʝ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʥʘʪʷʞʝʥʠʝʤ ʦʜʥʘ ʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʟʤʫʱʝʥʠʷ ʤʦʞʝʪ ʢʘʩʘʪʴ-

ʩʷ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʢʨʠʚʦʡ ʥʝ ʩ ʥʘʨʫʞʥʦʡ ʩʪʦʨʦʥʳ, ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 8, ʘ ʩ ʚʥʫʪʨʝʥʥʝʡ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʬʘʟʳ ʢʘʧʠʣʣʷʨʥʳʭ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʪʘʢʠʝ, ʯʪʦ ʵʪʠ ʚʦʣʥʳ ʛʘʩʷʪ ʜʨʫʛ ʜʨʫʛʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʦʙʩʫʞʜʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʚʳʧʦʣʥʷʣʘʩʴ ʚ 

ʦʧʳʪʘʭ ʩ ʚʦʜʦʡ (ʥʠʞʥʠʡ ʩʣʦʡ) ʠ ʢʝʨʦʩʠʥʦʤ (ʧʘʨʘʤʝʪʨ =e 0,25). ɼʝʪʘʣʴʥʦ, ʤʝʪʦʜʠʢʘ ʵʪʠʭ 
ʦʧʳʪʦʚ ʠʟʣʦʞʝʥʘ ʚ [7]. ɿʜʝʩʴ ʦʪʤʝʪʠʤ ʜʚʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ [7]. ɺʦ-ʧʝʨʚʳʭ, 

ʚ ʝʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʫʯʠʪʳʚʘʣʘʩʴ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʝʡ, ʧʦʩʢʦʣʴʢʫ ʙʝʟ ʫʯʝʪʘ ʚʷʟʢʦʩʪʠ ʨʝ-

ʟʦʥʘʥʩʥʦʝ ʫʩʠʣʝʥʠʝ ʙʝʩʢʦʥʝʯʥʦ. ɺʦ-ʚʪʦʨʳʭ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʪʦʯʢʘ ʢʘʩʘʥʠʷ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʚ 

ʪʦʡ ʯʘʩʪʠ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʛʜʝ ʤʝʞʬʘʟʥʳʤ ʥʘʪʷʞʝʥʠʝʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʚ ʨʝʟʦʥʘʥʩʥʦʤ ʠ ʦʢʦʣʦʨʝ-

ʟʦʥʘʥʩʥʦʤ ʨʝʞʠʤʘʭ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 9 ʠ 10, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʎʠʣʠʥʜʨ ʜʠʘʤʝʪʨʦʤ 1 ʩʤ 

ʜʚʠʛʘʣʩʷ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3 ʩʤ ʦʪ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʚʦʜʳ ʠ ʢʝʨʦʩʠʥʘ. ɸʤʧʣʠʪʫʜʘ 

ʝʛʦ ʢʦʣʝʙʘʥʠʡ ʨʘʚʥʷʣʘʩʴ 0,5 ʩʤ. ʅʝʧʦʜʚʠʞʥʳʤ ʚʦʣʥʦʤʝʨʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

150 ʩʤ ʦʪ ʪʦʯʢʠ ʩʪʘʨʪʘ ʮʠʣʠʥʜʨʘ, ʠʟʤʝʨʷʣʦʩʴ ʦʪʢʣʦʥʝʥʠʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʦʪ ʧʦʣʦʞʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ ()th  ʢʘʢ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ t  (ʚʨʝʤʷ ʦʪʩʯʠʪʳʚʘʣʦʩʴ ʦʪ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ ʮʠʣʠʥ-

ʜʨʘ). ʆʩʴ h ʧʨʦʚʝʜʝʥʘ ʯʝʨʝʟ ʪʘʢʦʝ ʟʥʘʯʝʥʠʝ t, ʧʨʠ ʢʦʪʦʨʦʤ ʦʩʴ ʮʠʣʠʥʜʨʘ ʧʨʦʭʦʜʠʣʘ ʪʦʯʥʦ 

ʥʘʜ ʚʦʣʥʦʤʝʨʦʤ. ʇʦʵʪʦʤʫ ʥʘ ʧʨʠʚʝʜʝʥʥʳʭ ʛʨʘʬʠʢʘʭ ʢʦʣʝʙʘʥʠʷʤ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩʣʝʚʘ ʦʪ 

ʦʩʠ h ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʦʟʤʫʱʝʥʠʷʤ ʚʧʝʨʝʜʠ ʮʠʣʠʥʜʨʘ, ʘ ʩʧʨʘʚʘ ï ʚʦʟʤʫʱʝʥʠʷʤ ʟʘ ʮʠʣʠʥ-

ʜʨʦʤ. 

ɺ ʨʝʟʦʥʘʥʩʥʦʤ ʨʝʞʠʤʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʮʠʣʠʥʜʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʡ ʚʦʣʥʦʚʦʡ 

ʧʘʢʝʪ, ʦʛʠʙʘʶʱʘʷ ʢʦʪʦʨʦʛʦ ʧʦʭʦʞʘ ʥʘ ʫʝʜʠʥʝʥʥʫʶ ʚʦʣʥʫ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʮʠʣʠʥʜʨʦʤ 

ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʠʤʝʣʦ ʤʝʩʪʦ ʤʥʦʛʦʢʨʘʪʥʦʝ ʫʩʠ-

ʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʚʦʟʤʫʱʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʷʤʠ ʯʠʩʪʦ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ (0=W ) ʠʣʠ 

ʯʠʩʪʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ (0=U ) ʜʚʠʞʝʥʠʡ ʮʠʣʠʥʜʨʘ ʩ ʪʝʤʠ ʞʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʧʘʨʘʤʝʪʨʦʚ U  ʠʣʠ W. 

ɺ ʦʢʦʣʦʨʝʟʦʥʘʥʩʥʦʤ ʨʝʞʠʤʝ (ʨʠʩ. 10) ʩʦʯʝʪʘʥʠʝ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʦ ʪʘʢʠʤ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʟʤʫʱʝʥʠʷ 1 ʥʘ ʨʠʩʫʥʢʝ 8 ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʪʦʣʴʢʦ ʥʘ 3 % ʚʳʰʝ ʪʦʯʢʠ ʢʘʩʘ-

ʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʤʝʣʦ ʤʝʩʪʦ ʤʥʦʛʦʢʨʘʪʥʦʝ ʫʩʠʣʝʥʠʝ ʚʦʣʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʷʤʠ ʧʦ-

ʩʪʫʧʘʪʝʣʴʥʦʛʦ ʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʥʦ ʪʦʣʴʢʦ ʚʧʝʨʝʜʠ ʪʝʣʘ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʝʟʦʥʘʥʩʥʦʤ ʨʝʞʠʤʝ ʠ ʚ ʥʝʢʦʪʦʨʦʡ ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʠ ʚʘʞʥʫʶ 

ʨʦʣʴ ʠʛʨʘʝʪ ʧʘʨʘʤʝʪʨ 
0j  ʚ ʟʘʢʦʥʝ ʜʚʠʞʝʥʠʷ ʮʠʣʠʥʜʨʘ. ʇʨʠ ʚʘʨʠʘʮʠʠ 

0j  ʚ ʨʝʟʦʥʘʥʩʥʦʤ ʨʝ-

ʞʠʤʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʮʠʣʠʥʜʨʦʤ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʣʠʙʦ ʛʨʝʙʝʥʴ, ʣʠʙʦ ʚʧʘʜʠʥʘ, ʣʠʙʦ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ h. ɺ ʦʢʦʣʦʨʝʟʦʥʘʥʩʥʳʭ ʨʝʞʠʤʘʭ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʚʣʠʷʣ ʥʘ ʪʦ, ʚ ʢʘ-

ʢʦʤ ʤʝʩʪʝ ʧʨʦʠʩʭʦʜʠʣʦ ʫʩʠʣʝʥʠʝ ʚʦʣʥ: ʧʝʨʝʜ ʮʠʣʠʥʜʨʦʤ ʠʣʠ ʟʘ ʥʠʤ. 

 

  
ʈʠʩ. 9. ʈʝʟʦʥʘʥʩʥʳʡ ʨʝʞʠʤ: 

1 ï ʵʢʩʧʝʨʠʤʝʥʪ; 2 ï ʨʘʩʯʝʪ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ 

ʚʷʟʢʦʩʪʠ; =U ï8,44 ʩʤ/c, pW2 =0,51 ɻʮ. 

ʈʠʩ. 10. ʆʢʦʣʦʨʝʟʦʥʘʥʩʥʳʡ ʨʝʞʠʤ: 
1 ï ʵʢʩʧʝʨʠʤʝʥʪ; 2 ï ʨʘʩʯʝʪ;  

4,28 ʩʤ/ʩ, = 1,03 ɻʮ. 
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ʇʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 9 ʜʘʥʥʳʝ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʩʣʝʜʫʶʱʝʛʦ ʚʦʧʨʦʩʘ: 

ʢʘʢʦʡ ʠʟ ʜʚʫʭ ʧʫʪʝʡ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʘʨʘʜʦʢʩʘʣʴʥʦʛʦ ʙʝʩʢʦʥʝʯʥʦʛʦ ʫʩʠʣʝ-

ʥʠʷ ʚʦʣʥ: ʫʯʝʪ ʚ ʤʦʜʝʣʠ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʷʟʢʦʩʪʠ) ʠʣʠ ʫʯʝʪ ʥʝʣʠʥʝʡ-

ʥʦʩʪʠ?  

ʃʠʥʝʡʥʘʷ ʪʝʦʨʠʷ ʙʝʟ ʫʯʝʪʘ ʚʷʟʢʦʩʪʠ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ ʬʘʟʦʚʫʶ ʢʘʨʪʠʥʫ ʚʦʣʥ, ʥʦ ʧʨʝʜ-

ʩʢʘʟʳʚʘʝʪ ʥʝʦʛʨʘʥʠʯʝʥʥʳʡ ʨʦʩʪ ʠʭ ʘʤʧʣʠʪʫʜʳ. ʋʯʝʪ ʚʷʟʢʦʩʪʠ ʚ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ ʧʨʠʚʝʣ ʢ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤʫ ʩʦʛʣʘʩʦʚʘʥʠʶ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʠ ʧʦ ʘʤʧʣʠʪʫʜʘʤ ʚʦʣʥ. 

2. ʋʝʜʠʥʝʥʥʳʝ ʚʦʣʥʳ 

ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʪʝʦʨʠʠ 

ɼʣʷ ʥʝʣʠʥʝʡʥʳʭ ʚʦʣʥ ʭʘʨʘʢʪʝʨʥʦ ʪʦ, ʯʪʦ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʚʙʣʠʟʠ ʛʨʝʙʥʷ ʚʦʣʥʳ 

ʙʦʣʴʰʝ, ʯʝʤ ʫ ʧʦʜʦʰʚʳ. ʕʪʦ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʦʙʨʫʰʝʥʠʷ ʚʦʣʥʳ. ʆʜʥʘʢʦ ʜʠʩʧʝʨʩʠʷ 

ʚʦʣʥ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʪʝʥʜʝʥʮʠʝʡ. ʕʪʠ ʜʚʘ ʧʨʦʪʠʚʦʙʦʨʩʪʚʫʶʱʠʭ ʤʝʭʘ-

ʥʠʟʤʘ ʧʦʣʥʦʩʪʴʶ ʢʦʤʧʝʥʩʠʨʫʶʪ ʜʨʫʛ ʜʨʫʛʘ ʚ ʫʝʜʠʥʝʥʥʳʭ ʚʦʣʥʘʭ. ʋʝʜʠʥʝʥʥʳʝ ʚʦʣʥʳ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʈʘʩʝʣʦʤ ʉʢʦʪʪʦʤ [8]. ʄʥʦʛʠʝ ʚʳʜʘʶʱʠʝʩʷ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚʥʝʩʣʠ ʩʚʦʡ ʚʢʣʘʜ ʚ 

ʩʦʟʜʘʥʠʝ ʪʝʦʨʠʠ ʵʪʠʭ ʚʦʣʥ. ʊʘʢʠʝ ʚʦʣʥʳ ʥʝ ʦʧʠʩʳʚʘʶʪʩʷ ʥʠ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʝʡ, ʥʠ ʧʝʨʚʳʤ 

ʧʨʠʙʣʠʞʝʥʠʝʤ ʪʝʦʨʠʠ ʤʝʣʢʦʡ ʚʦʜʳ.  

ɼʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʝʪ ʚʪʦʨʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʪʝʦʨʠʠ ʤʝʣʢʦʡ ʚʦʜʳ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʫʜʘʝʪʩʷ ʚʳʚʝʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʧʨʦʬʠʣʷ, ʘʤʧʣʠʪʫʜʳ ʠ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʝʜʠʥʝʥʥʦʡ ʚʦʣʥʳ. ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʪʘʢʦʤ ʧʫʪʠ ʨʘʟʥʳʤʠ 

ʘʚʪʦʨʘʤʠ, ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʧʦʤʠʤʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʜʦʧʫʱʝʥʠʷ ʪʝʦʨʠʠ ʤʝʣʢʦʡ ʚʦʜʳ ʦ ʤʘʣʦʩʪʠ ʦʪʥʦʰʝʥʠʷ ʛʣʫʙʠ-

ʥʳ ʞʠʜʢʦʩʪʠ ʢ ʜʣʠʥʝ ʚʦʣʥʳ ʧʨʠʭʦʜʠʪʩʷ ʚʚʦʜʠʪʴ ʝʱʝ ʠ ʜʦʧʫʱʝʥʠʝ ʦ ʤʘʣʦʩʪʠ ʘʤʧʣʠʪʫʜʳ 

ʚʦʣʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʝ ʜʣʠʥʦʡ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ ʤʘʣʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʥʠʢʘʝʪ ʚʦ-

ʧʨʦʩ ʦ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʞʜʫ ʥʠʤʠ. ʋʥʠʚʝʨʩʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʜʘ-

ʯʠ ʥʝʪ. ɸʚʪʦʨʳ ʨʘʟʣʠʯʥʳʭ ʪʝʦʨʠʡ ʨʝʰʘʣʠ ʝʝ ʧʦ-ʨʘʟʥʦʤʫ.  

ʅʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʘʥʘʣʠʟ ʫʝʜʠʥʝʥʥʳʭ ʚʦʣʥ ʚʳʧʦʣʥʝʥ ʚ ʨʘʤʢʘʭ ʧʦʣʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦʪʝʥ-

ʮʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʚʷʟʢʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʙʝʛʘʪʴ ʢ ʯʠʩʣʝʥʥʳʤ ʨʘʩʯʝ-

ʪʘʤ [9]. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʫʝʜʠʥʝʥʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ, ʨʘʩʩʤʦʪʨʝʥ-

ʥʳʡ ʚ [4].  

ʈʝʘʣʴʥʳʝ ʚʦʣʥʳ ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ ʚʷʟʢʦʩʪʠ. ʀʟ-ʟʘ ʝʝ ʚʣʠʷʥʠʷ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʚ ʯʘʩʪ-

ʥʦʩʪʠ, ʦʜʥʦ ʠʟ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʫʝʜʠʥʝʥʥʳʭ ʚʦʣʥ ï ʠʭ 

ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ. ɺʦʣʥʳ ʩʯʠʪʘʶʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤʠ, ʝʩʣʠ ʦʥʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʠ ʥʝ ʠʟʤʝʥʷʶʪ ʩʚʦʶ ʬʦʨʤʫ. ɿʜʝʩʴ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ [10], ʧʦʩʚʷʱʝʥʥʦʡ 

ʘʥʘʣʠʟʫ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʫʝʜʠʥʝʥʥʳʤʠ ʚʦʣʥʘʤʠ. ɺ 

ʫʢʘʟʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʫʝʜʠʥʝʥʥʳʝ ʚʦʣʥʳ ʚ ʦʜʥʦʨʦʜʥʦʡ ʧʦ ʧʣʦʪ-

ʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪʩʷ ʙʦʣʝʝ ʧʦʣʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʠ ʧʦ ʠʭ ʪʝʦʨʠʠ.  
 

 

ʘ 

ɺ ʫʩʪʦʡʯʠʚʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥ-

ʥʦʡ ʧʦ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʩʫʱʝ-

ʩʪʚʫʶʪ ʚʥʫʪʨʝʥʥʠʝ ʫʝʜʠʥʝʥʥʳʝ 

ʚʦʣʥʳ. ɿʜʝʩʴ ʧʨʠʚʦʜʷʪʩʷ ʪʦʣʴʢʦ ʜʚʘ 

ʬʦʪʦʩʥʠʤʢʘ ʪʘʢʠʭ ʚʦʣʥ (ʨʠʩ. 11). 

ʌʦʪʦʩʥʠʤʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʥʫʪ-

ʨʝʥʥʠʝ ʫʝʜʠʥʝʥʥʳʝ ʚʦʣʥʳ ʤʦʛʫʪ 

ʠʤʝʪʴ ʢʘʢ ʬʦʨʤʫ ʙʫʛʨʘ, ʪʘʢ ʠ ʬʦʨʤʫ 

ʚʧʘʜʠʥʳ. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʫʝʜʠʥʝʥ-

ʥʳʝ ʚʦʣʥʳ ʚ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ 

ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʚ ʬʦʨʤʝ 

ʙʫʛʨʘ. ɹʦʣʝʝ ʧʦʣʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʚʥʫʪʨʝʥʥʠʭ ʫʝʜʠʥʝʥʥʳʭ ʚʦʣʥʘʭ ʩʦ-

ʜʝʨʞʠʪʩʷ ʚ [4].   

ʙ 

ʈʠʩ. 11. ɺʥʫʪʨʝʥʥʠʝ ʫʝʜʠʥʝʥʥʳʝ ʚʦʣʥʳ  

ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʚʦʜʳ ʠ ʢʝʨʦʩʠʥʘ:  
ʘ ï ʚ ʚʠʜʝ ʙʫʛʨʘ; ʙ ï ʚ ʚʠʜʝ ʚʧʘʜʠʥʳ.  



78 

ɺ ʥʘʠʙʦʣʝʝ ʫʟʢʦʤ ʩʤʳʩʣʝ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʩʚʦʙʦʜʥʘʷ ʫʝʜʠʥʝʥʥʘʷ ʚʦʣʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʨʝʰʝʥʠʝ ʧʦʣʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʩʪʘʥʜʘʨʪ-

ʥʳʤ ʜʣʷ ʵʪʦʡ ʤʦʜʝʣʠ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʥʘ ʞʝʩʪʢʦʡ ʛʨʘʥʠʮʝ ʠ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʫʩʣʦʚʠʷʤ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ, ʩʠʤʤʝʪʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʰʠʥʳ ʚʦʣʥʳ 

(ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ) ʠ ʤʦʥʦʪʦʥʥʦʩʪʠ ʧʦʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ 

ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʚʝʨʰʠʥʳ. ɺʦʣʥʘ ʥʘʟʳʚʘʝʪʩʷ ʩʚʦʙʦʜʥʦʡ, ʝʩʣʠ ʦʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʙʝʟ ʧʦʜʧʠʪ-

ʢʠ ʤʘʩʩʦʡ, ʢʦʣʠʯʝʩʪʚʦʤ ʜʚʠʞʝʥʠʷ, ʟʘʚʠʭʨʝʥʥʦʩʪʴʶ ʠ ʵʥʝʨʛʠʝʡ. ɹʦʣʝʝ ʧʦʣʥʳʡ ʦʙʟʦʨ ʪʝʦʨʝʪʠ-

ʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʜʝʨʞʠʪʩʷ ʚ [9, 11]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʘ ʪʝʤ ʙʦʣʝʝ ʚ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʘʭ ʥʠ ʦʜʥʦ ʠʟ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠʜʝʘʣʴʥʦʡ ʫʝʜʠʥʝʥʥʦʡ ʚʦʣʥʳ [10] ʩʪʨʦʛʦ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ. ʈʝʘʣʴʥʘʷ ʚʦʣʥʘ 

ʚʩʝʛʜʘ ʥʝʩʪʘʮʠʦʥʘʨʥʘ, ʧʦʨʦʞʜʝʥʥʦʝ ʝʡ ʪʝʯʝʥʠʝ ʥʝʧʦʪʝʥʮʠʘʣʴʥʦ, ʥʝʠʟʙʝʞʥʳ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʫʩʣʦʚʠʡ ʩʠʤʤʝʪʨʠʠ ʧʝʨʝʜ ʚʦʣʥʦʡ ʠ ʟʘ ʥʝʡ. ɿʜʝʩʴ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ [10], ʧʦʩʚʷ-

ʱʝʥʥʦʡ ʘʥʘʣʠʟʫ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʫʝʜʠʥʝʥʥʳʤʠ 

ʚʦʣʥʘʤʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʫʝʜʠʥʝʥʥʳʝ ʚʦʣʥʳ ʚ ʦʜʥʦʨʦʜʥʦʡ ʧʦ ʧʣʦʪʥʦʩʪʠ 

ʞʠʜʢʦʩʪʠ. 

ʅʘ ʨʠʩʫʥʢʝ 12 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʝʜʠʥʝʥʥʳʭ ʚʦʣʥ 

ghcc =0
 ʧʦ ʧʦʢʦʷʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʧʦʩʪʦʷʥʥʦʡ ʛʣʫʙʠʥʳ h  ʦʪ ʠʭ ʘʤʧʣʠʪʫʜʳ haa =0 . ʇʨʠ 

0c <1 ʚʦʣʥʳ ʦʧʠʩʳʚʘʶʪʩʷ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʝʡ. ʋʝʜʠʥʝʥʥʳʝ ʚʦʣʥʳ ʥʝ ʣʠʥʝʡʥʳʝ. ʆʥʠ ʩʫʱʝ-

ʩʪʚʫʶʪ ʪʦʣʴʢʦ ʧʨʠ 0c >1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ 1-4, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 12, ʧʦʣʫʯʝ-

ʥʳ ʚ [10] ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ ʛʝʥʝʨʘʮʠʠ ʚʦʣʥ, ʪʦʯʢʠ 5, 6, 7 ï ʚ ʨʘʙʦʪʘʭ [11-13] ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ʂʨʠʚʘʷ 8 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʦʨʠʷʤ [14-15], ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝ ʧʦ 

ʜʚʫʤ ʤʘʣʳʤ ʧʘʨʘʤʝʪʨʘʤ. ʂʨʠʚʘʷ 9 ʧʦʣʫʯʝʥʘ ʨʘʩʯʝʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦʪʝʥ-

ʮʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ [9]. ʂʨʠʚʘʷ 10 ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʧʨʘʚʘ ʦʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʛʣʘʜʢʠʭ ʥʝʣʠʥʝʡʥʳʭ ʚʦʣʥ ʥʘ ʚʦʜʝ ʢʦʥʝʯʥʦʡ ʛʣʫʙʠʥʳ ʧʦ ʪʝʦʨʠʠ [16]. ʂʨʠʚʳʝ 11, 12 ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʧʨʠʙʣʠʞʝʥʥʳʤ ʪʝʦʨʠʷʤ [16] ʠ [17], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ 8, 11, 12 

ʧʦʣʫʯʝʥʳ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʚʦʣʥ ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʜʣʠʥʦʡ.  

ɼʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 12 ʧʦʢʘʟʳʚʘʶʪ ʩʣʝʜʫʶʱʝʝ. ʃʫʯʰʝ ʚʩʝʛʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥ-

ʪʦʤ ʨʝʟʫʣʴʪʘʪ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʞʠʜʢʦʩʪʠ [9]. ʀʟ ʯʠʩʣʘ ʧʨʠʙʣʠʞʝʥʥʳʭ ʪʝʦʨʠʡ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʶʪ ʪʝʦʨʠʠ [14-15]. 

ʆʥʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʪʦʣʴʢʦ ʚ ʜʠʘʧʘʟʦʥʝ 5,02,0 0 <<a .  

ɺ ʜʠʘʧʘʟʦʥʝ 2,00 <a  ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʪʝʦʨʝ-

ʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ [14-15] ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʕʢʩ-

ʧʝʨʠʤʝʥʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʦʬʠʣʴ ʚʦʣʥʳ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ. ʕʪʦ ʨʝʟʫʣʴʪʘʪ ʚʣʠʷʥʠʷ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ. 

 
ʈʠʩ. 12. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʘʤʧʣʠʪʫʜʘʤ ʠ ʩʢʦʨʦʩʪʷʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʝʜʠʥʝʥʥʳʭ ʚʦʣʥ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ ʠʭ ʛʝʥʝʨʘʮʠʠ 
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ʈʘʩʯʝʪʳ [9] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʰʝʥʠʝ ʪʠʧʘ ʫʝʜʠʥʝʥʥʦʡ ʚʦʣʥʳ ʤʦʞʝʪ ʙʳʪʴ ʥʝʝʜʠʥʩʪʚʝʥʥʳʤ, 

ʧʦʩʢʦʣʴʢʫ ʬʫʥʢʮʠʷ ()00 hc  ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ (ʨʠʩ. 12), ʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʵʪʦʛʦ ʤʘʢʩʠʤʫʤʘ ʦʜ-

ʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʟʥʘʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʘ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫ-
ʜʳ. ʅʝʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʨʝʰʝʥʠʷ ʪʠʧʘ ʫʝʜʠʥʝʥʥʦʡ ʚʦʣʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠ ʜʦʢʘʟʘʥʘ ʚ [18]. 
ʇʦ ʧʨʠʙʣʠʞʝʥʥʳʤ ʪʝʦʨʠʷʤ [14-15] ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʫʝʜʠʥʝʥʥʦʡ ʚʦʣʥʳ ʨʘʚʥʘ 

ʥʘʯʘʣʴʥʦʡ ʛʣʫʙʠʥʝ ʞʠʜʢʦʩʪʠ (10

max =a ), ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ghc 2max =  ( 20

max =c ). ʇʦ ʨʘʩʯʝʪʘʤ [9] 827,00

max =a  ʠ 294,10

max =c . ʕʢʩʧʝʨʠʤʝʥʪ ʧʦʜʪʚʝʨ-

ʞʜʘʝʪ ʠʤʝʥʥʦ ʵʪʦ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʇʨʠ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʠ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʝʜʠʥʝʥʥʳʝ ʠ ʜʨʫʛʠʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʚʦʣʥʳ ʥʘ ʚʦʜʝ ʢʦʥʝʯʥʦʡ ʛʣʫʙʠʥʳ ʦʙʨʫ-

ʰʠʚʘʶʪʩʷ [12]. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʩʢʦʨʦʩʪʴ ghc 3,1max @  ʙʳʣʘ ʥʘʟʚʘʥʘ ʚ [12] ʚʪʦʨʦʡ ʢʨʠʪʠʯʝ-

ʩʢʦʡ ʩʢʦʨʦʩʪʴʶ. ɼʘʣʝʝ ʜʣʷ ʥʝʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʦʟʥʘʯʝʥʠʝ 
**c . 

ʇʝʨʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʪʝʦʨʠʠ ʤʝʣʢʦʡ ʚʦʜʳ ʜʘʝʪ ʤʝʥʴʰʝʝ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʣʘʜʢʠʭ ʚʦʣʥ ʥʘ ʚʦʜʝ ʢʦʥʝʯʥʦʡ ʛʣʫʙʠʥʳ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʬʦʨʤʫʣʦʡ ghc =* . 

ɺ ʵʪʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʛʣʘʜʢʠʝ ʚʦʣʥʳ ʦʙʨʫʰʠʚʘʶʪʩʷ ʥʝ ʧʨʠ ʟʥʘʯʝʥʠʠ 
**cc> , ʘ ʧʨʠ ʟʥʘʯʝʥʠʠ 

*cc> . ʀ ʙʦʣʝʝ ʪʦʯʥʳʝ ʪʝʦʨʠʠ, ʠ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ *** ccc <<  ʚʦʣ-

ʥʳ ʥʘ ʤʝʣʢʦʡ ʚʦʜʝ ʩʦʭʨʘʥʷʶʪ ʛʣʘʜʢʦʩʪʴ. ʅʘ ʥʠʭ ʧʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʢʦʩʳʝ ʚʦʣʥʳ. ʉʢʦʨʦʩʪʴ 

ghc =*  ʫʤʝʩʪʥʦ ʥʘʟʳʚʘʪʴ ʧʝʨʚʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʚ ʝʝ ʦʢʨʝʩʪʥʦʩʪʠ ʚʦʣ-

ʥʳ ʭʦʪʷ ʠ ʥʝ ʦʙʨʫʰʠʚʘʶʪʩʷ, ʥʦ ʠʭ ʢʘʨʪʠʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ. 
ʂʨʠʪʠʯʝʩʢʠʝ ʩʢʦʨʦʩʪʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ. ʉʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

c  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʦʤ, ʯʪʦ ʚ ʩʠʩʪʝʤʫ ʚʥʝʩʝʥʦ ʢʘʢʦʝ-ʪʦ ʚʦʟ-
ʤʫʱʝʥʠʝ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʤʘʩʩʘ ʠ ʵʥʝʨʛʠʷ ʧʝʨʝʥʦʩʷʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʞʠʜʢʦ-
ʩʪʠ u. ɽʩʣʠ ʭʦʪʷ ʙʳ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʧʦʪʦʢʘ ʜʦʩʪʠʛʘʝʪʩʷ ʨʘʚʝʥʩʪʚʦ cu= , ʩʠʩʪʝʤʘ ʚʳʭʦʜʠʪ ʥʘ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʟʘʧʨʝʪ: ʩʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ ʤʘʩʩʳ ʠ ʵʥʝʨʛʠʠ ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʩʢʦʨʦ-
ʩʪʠ ʧʝʨʝʥʦʩʘ ʠʥʬʦʨʤʘʮʠʠ. ʈʘʟʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʘʶʪ ʨʘʟʥʳʝ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦ-
ʚʝʥʠʷ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ. ɺ ʫʝʜʠʥʝʥʥʦʡ ʚʦʣʥʝ ʧʨʝʜʝʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʦʥʘ ʚʦʟʥʠʢʘʝʪ ʚ ʦʜʥʦʡ 
ʪʦʯʢʝ ʥʘ ʚʝʨʰʠʥʝ ʚʦʣʥʳ. ʕʪʘ ʢʨʠʪʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʭʦʨʦʰʦ ʧʨʝʜʩʢʘʟʳʚʘʝʪʩʷ ʪʦʯʥʦʡ ʪʝʦʨʠʝʡ 
ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʪʝʦʨʠʠ ʤʝʣʢʦʡ ʚʦʜʳ ʢʨʠʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 
ʩʦʟʜʘʶʪʩʷ ʧʨʠ ʤʝʥʴʰʝʤ ʟʥʘʯʝʥʠʠ c. ɺʪʦʨʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʪʝʦʨʠʠ ʤʝʣʢʦʡ ʚʦʜʳ ʟʘʚʳʰʘʝʪ 

ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ghc 21** =  (ʩʤ. ʪʦʯʢʫ ʧʝʨʝʩʝʯʝʥʠʷ ʣʠʥʠʡ 8 ʠ 10 ʥʘ ʨʠʩ. 12). 

ʇʨʠ ʚʳʭʦʜʝ ʥʘ ʫʧʦʤʷʥʫʪʳʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʟʘʧʨʝʪ ʩʠʩʪʝʤʘ ʩʥʘʯʘʣʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪ 
ʵʥʝʨʛʠʶ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʪʘʢ ʯʪʦ ʦʜʥʦʤʝʨ-
ʥʦʝ ʪʝʯʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʪʨʝʭʤʝʨʥʳʤ (ʥʘʧʨʠʤʝʨ, ʧʦʷʚʣʷʶʪʩʷ ʢʦʩʳʝ ʚʦʣʥʳ), ʘ ʝʩʣʠ ʠ ʵʪʦʛʦ ʥʝ-
ʜʦʩʪʘʪʦʯʥʦ, ʪʦ ʜʚʠʞʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʭʘʦʪʠʯʝʩʢʠʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʦʣʥʳ ʥʘ 
ʚʦʜʝ ʢʦʥʝʯʥʦʡ ʛʣʫʙʠʥʳ ʦʙʨʫʰʠʚʘʶʪʩʷ.  
ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʫʝʜʠʥʝʥʥʦʡ ʚʦʣʥʳ ʠ ʪʨʝʭ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 13. ʀʩʧʦʣʴʟʫʝʪʩʷ ʩʚʷʟʘʥʥʘʷ ʩ ʚʝʨʰʠʥʦʡ ʚʦʣʥʳ ʧʦ-
ʜʚʠʞʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ( )hx, . ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ x ʥʦʨʤʠʨʦʚʘʥʘ ʥʘ ʟʥʘʯʝʥʠʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ x, ʧʨʠ ʢʦʪʦʨʦʤ 2a=h  (ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʧʦʣʫʰʠʨʠʥʫ ʧʨʦʬʠ-

ʣʷ). ɺʝʨʪʠʢʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʥʦʨʤʠʨʦʚʘʥʘ ʥʘ ʥʘʯʘʣʴʥʫʶ ʛʣʫʙʠʥʫ h. ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ 
ʩʧʦʩʦʙʦʤ ʙʝʟʨʘʟʤʝʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʦʙʦʟʥʘʯʝʥʳ ʚʝʨʭʥʠʤ ʠʥʜʝʢʩʦʤ çʥʫʣʴè. ʉʧʣʦʰʥʘʷ ʣʠʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʦʨʠʠ [14]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʚʦʣʥʳ ʠʤʝʣʠ ʘʤʧʣʠʪʫʜʳ haa =0 , ʨʘʚʥʳʝ 

0,55°0,03. ʇʨʠ ʪʘʢʠʭ ʠ ʤʝʥʴʰʠʭ ʘʤʧʣʠʪʫʜʘʭ ʪʝʦʨʠʠ [9, 14-15] ʜʘʶʪ ʤʘʣʦ ʨʘʟʣʠʯʘʶʱʠʝʩʷ 
ʨʝʟʫʣʴʪʘʪʳ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʫʝʜʠʥʝʥʥʘʷ ʚʦʣʥʘ ʩʠʤʤʝʪʨʠʯʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʰʠʥʳ. ɺ ʵʢʩʧʝ-
ʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠʤʝʝʪʩʷ ʥʝʙʦʣʴʰʘʷ ʘʩʠʤʤʝʪʨʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʣʠʷʥʠʝʤ ʚʷʟʢʦʩʪʠ. 
ʊʝʦʨʠʠ [9, 12], ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʪʨʦʛʠʭ ʫʨʘʚʥʝʥʠʷʭ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ 

[12], ʠ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʣʶʙʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʥʝʣʠʥʝʡ-

ʥʳʭ ʛʣʘʜʢʠʭ ʚʦʣʥ ʥʘ ʚʦʜʝ ʢʦʥʝʯʥʦʡ ʛʣʫʙʠʥʳ ʦʛʨʘʥʠʯʝʥʘ ʣʠʥʠʷʤʠ 10 =c , ʣʠʥʠʝʡ 9 ʠ ʣʠʥʠʝʡ 
10 ʥʘ ʨʠʩʫʥʢʝ 12. ʆʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʫʝʜʠʥʝʥʥʳʭ ʚʦʣʥ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦ ʪʝʦʨʠʠ ʤʥʦʞʝ-
ʩʪʚʦʤ ʪʦʯʝʢ ʣʠʥʠʠ 9, ʘ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʫ ï ʪʦʣʴʢʦ ʯʘʩʪʴʶ ʵʪʦʡ ʣʠʥʠʠ. 
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ʕʪʦ ʤʥʦʞʝʩʪʚʦ ʧʨʝʥʝ-
ʙʨʝʞʠʤʦ ʤʘʣʦ ʧʦ ʩʨʘʚʥʝ-
ʥʠʶ ʩ ʤʥʦʞʝʩʪʚʦʤ ʚʩʝʭ ʪʦ-

ʯʝʢ ʧʣʦʩʢʦʩʪʠ ( )00,ca . ʇʦ-

ʵʪʦʤʫ, ʢʘʟʘʣʦʩʴ ʙʳ, ʚʝʨʦʷʪ-
ʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʫʝʜʠ-
ʥʝʥʥʳʭ ʚʦʣʥ ʚ ʵʢʩʧʝʨʠʤʝʥ-
ʪʝ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʘ. ʊʝʤ 
ʥʝ ʤʝʥʝʝ, ʦʥʠ ʙʳʣʠ ʚʧʝʨʚʳʝ 
ʦʙʥʘʨʫʞʝʥʳ ʠʤʝʥʥʦ ʚ ʥʘ-
ʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʜʦʩʪʘ-
ʪʦʯʥʦ ʣʝʛʢʦ ʚʦʩʧʨʦʠʟʚʦʜʷʪ-
ʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʕʪʦ 
ʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʣʠʥʠʷ 9 
ʧʨʠʪʷʛʠʚʘʝʪ ʢ ʩʝʙʝ ʪʨʘʝʢʪʦ-
ʨʠʠ ʨʝʘʣʴʥʳʭ ʩʚʦʙʦʜʥʳʭ 
ʚʦʣʥ ʥʘ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ 

( )00,ca . ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʠʣʣʶʩʪʨʘʮʠʷ ʧʨʠʚʝʜʝʥʘ ʥʘ 
ʨʠʩʫʥʢʝ 14 [10]. 

ʊʨʘʝʢʪʦʨʠʷ ABC ʥʘ 
ʨʠʩʫʥʢʝ 14 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, 
ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʥʩʠʚ-
ʥʦʤ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʥʘ-
ʯʘʣʴʥʦʤ ʚʦʟʤʫʱʝʥʠʠ, ʚʦʣ-
ʥʳ ʚ ʧʨʦʮʝʩʩʝ ʩʚʦʝʡ ʵʚʦʣʶ-
ʮʠʠ ʧʝʨʝʩʝʢʘʶʪ ʩʥʠʟʫ ʢʨʠ-
ʚʫʶ 7, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 
ʫʝʜʠʥʝʥʥʳʤ ʚʦʣʥʘʤ, ʠ ʦʙ-
ʨʫʰʠʚʘʶʪʩʷ. ɽʩʣʠ ʦʥʠ ʩʪʘ-
ʥʦʚʷʪʩʷ ʩʚʦʙʦʜʥʳʤʠ, ʪ.ʝ. ʥʝ 
ʧʦʜʧʠʪʳʚʘʶʪʩʷ ʵʥʝʨʛʠʝʡ, ʘ 
ʪʦʣʴʢʦ ʪʝʨʷʶʪ ʝʝ, ʪʦ ʩʦʦʪ-
ʚʝʪʩʪʚʫʶʱʘʷ ʪʨʘʝʢʪʦʨʠʷ 
ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʩʫ-
ʱʝʩʪʚʦʚʘʥʠʷ ʛʣʘʜʢʠʭ ʚʦʣʥ. 
ʇʨʠ ʵʪʦʤ ʦʥʘ ʜʦʣʛʦ ʦʩʪʘʝʪʩʷ 
ʥʘ ʣʠʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 
ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 
ʫʝʜʠʥʝʥʥʳʭ ʚʦʣʥ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʩʪʘ-

ʪʦʯʥʦ ʠʥʪʝʥʩʠʚʥʳʝ ʩʚʦʙʦʜ-
ʥʳʝ ʚʦʣʥʳ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝ-
ʤʝʥʠ ʨʘʩʧʘʜʘʶʪʩʷ ʥʘ ʫʝʜʠ-
ʥʝʥʥʳʝ ʚʦʣʥʳ, ʟʘʪʝʤ ʩʪʘʥʦ-
ʚʷʪʩʷ ʣʠʥʝʡʥʳʤʠ ʠ ʚʳ-
ʨʦʞʜʘʶʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ 
ʚʷʟʢʦʩʪʠ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 
ʧʨʠʤʝʨ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 
15 [10], ʛʜʝ ʠʟʦʙʨʘʞʝʥʳ 
ʧʨʦʬʠʣʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 
ʚʦʣʥʳ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ 
ʚʨʝʤʝʥʠ.  

ʈʠʩ. 13. ʇʨʦʬʠʣʴ ʫʝʜʠʥʝʥʥʦʡ ʚʦʣʥʳ  

ʧʨʠ ʨʘʟʥʳʭ ʩʧʦʩʦʙʘʭ ʛʝʥʝʨʘʮʠʠ: 
ʦʙʦʟʥʘʯʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ  

ʩʤ. ʥʘ ʨʠʩʫʥʢʝ 12. 

 
ʈʠʩ. 14. ʇʨʠʤʝʨʳ ʪʨʘʝʢʪʦʨʠʡ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ  

ʥʘ ʧʣʦʩʢʦʩʪʠ (00,ca ): 
1, 3 ï ʚʳʥʫʞʜʝʥʥʳʝ ʛʣʘʜʢʠʝ ʚʦʣʥʳ; 2, 4 ï ʩʚʦʙʦʜʥʳʝ ʛʣʘʜʢʠʝ  

ʚʦʣʥʳ; 5 ï ʩʚʦʙʦʜʥʳʝ ʦʙʨʫʰʠʚʘʶʱʠʝʩʷ ʚʦʣʥʳ;  

6 ï ʧʦ ʪʝʦʨʠʷʤ [14-15]; 7 ï ʧʦ ʪʝʦʨʠʠ [9]; 8 ï ʧʦ ʪʝʦʨʠʠ [16]. 

 
ʈʠʩ. 15. ʇʨʠʤʝʨ ʨʘʩʧʘʜʘ ʩʣʦʞʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ  

ʥʘ ʫʝʜʠʥʝʥʥʳʝ ʚʦʣʥʳ:  
ʚʦʣʥʳ ɸ, ɺ, ʉ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʦʯʢʘʤ ʪʨʘʝʢʪʦʨʠʡ ɸ, ɺ, ʉ  

ʥʘ ʨʠʩʫʥʢʝ 14. 

 
ʈʠʩ. 16. ɺʳʥʫʞʜʝʥʥʘʷ ʫʝʜʠʥʝʥʥʘʷ ʚʦʣʥʘ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʢʨʳʣʘ ʩʦ ʚʪʦʨʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ: 
1 ï ʥʝʚʦʟʤʫʱʝʥʥʘʷ ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ;  

2 ï ʢʨʳʣʦ; 3 ï ʜʥʦ ʙʘʩʩʝʡʥʘ. 
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ʇʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʣʦʞʝʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʝʨ-

ʚʳʤ ʛʨʝʙʥʝʤ ʚʦʣʥʳ, ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ï ʦʪʢʣʦʥʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚ-

ʥʦʚʝʩʠʷ. ʂʦʦʨʜʠʥʘʪʳ ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ ʥʘʯʘʣʴʥʫʶ ʛʣʫʙʠʥʫ h . 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʚʦʣʥʳ, ʤʘʣʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʫʝʜʠʥʝʥʥʳʭ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʘʢʞʝ ʚ 

ʢʣʘʩʩʝ ʚʳʥʫʞʜʝʥʥʳʭ ʚʦʣʥ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʠʤʝʨ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 16. ɺʦʣʥʘ ʥʘ ʵʪʦʤ 

ʨʠʩʫʥʢʝ ʧʦʣʫʯʝʥʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʢʨʳʣʘ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ U. ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʚʠʞʥʘʷ 

ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʦʡ ʢʨʳʣʘ. ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚʦʣʥʘ 

ʩʪʘʮʠʦʥʘʨʥʘʷ. ʂʦʦʨʜʠʥʘʪʳ ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ ʛʣʫʙʠʥʫ h. ʌʦʨʤʘ ʢʨʳʣʘ ʠʩʢʘʞʝʥʘ ʠʟ-ʟʘ ʨʘʟʣʠ-

ʯʠʷ ʤʘʩʰʪʘʙʦʚ ʧʦ ʦʩʷʤ ʢʦʦʨʜʠʥʘʪ. 

ɺʦʣʥʘ ʥʘ ʨʠʩʫʥʢʝ 16 ʠʥʪʝʨʝʩʥʘ ʚ ʪʨʝʭ ʘʩʧʝʢʪʘʭ. ɺʦ-ʧʝʨʚʳʭ, ʦʥʘ ʦʙʨʘʟʫʝʪʩʷ ʣʠʰʴ ʧʨʠ ʩʪʨʦ-

ʛʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʯʝʪʘʥʠʷʭ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʠʤʝʥʥʦ, ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʢʨʳʣʘ 

**cU = , ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ ʢʨʳʣʘ ʧʦʜ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘ ʚʝʣʠʯʠʥʫ 31 hh =  ʠ ʧʨʠ ʪʦʣ-

ʱʠʥʝ ʢʨʳʣʘ 3hD= . ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʘʢʘʷ ʬʦʨʤʘ ʚʦʣʥʳ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ ʥʝʫʩʪʦʡʯʠʚʘ.  

ʄʘʣʳʝ ʚʘʨʠʘʮʠʠ U , 1h  ʠʣʠ D  ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʩʠʣʴʥʳʤ ʢʘʯʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ 

ʢʘʨʪʠʥʳ ʚʦʣʥ. ɺ ʦʧʳʪʘʭ ʧʨʠ 97,0** =cU  ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʜʘʣʝʢʦ ʚʚʝʨʭ ʧʦ ʧʦʪʦʢʫ ʨʘʩʧʨʦʩʪʨʘ-

ʥʷʝʪʩʷ ʮʫʛ ʛʣʘʜʢʠʭ ʚʦʣʥ, ʧʦʭʦʞʠʭ ʥʘ ʫʝʜʠʥʝʥʥʳʝ, ʧʨʠʯʝʤ ʯʠʩʣʦ ʦʪʜʝʣʴʥʳʭ ʚʦʣʥ ʚ ʮʫʛʝ 

ʥʝʧʨʝʨʳʚʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʠʭ ʘʤʧʣʠʪʫʜʳ ʜʦʩʪʠʛʘʶʪ ʟʥʘʯʝʥʠʷ 0,6
ma . ʇʨʠ 1** >cU  ʚʦʟʤʫʱʝ-

ʥʠʷ ʚʧʝʨʝʜʠ ʪʝʣʘ ʣʠʙʦ ʦʪʩʫʪʩʪʚʫʶʪ, ʣʠʙʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʚʠʜʝ ʦʙʨʫʰʠʚʘʶʱʠʭʩʷ ʚʦʣʥ.  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʪʨʫʜʥʦ ʧʦʣʫʯʠʪʴ ʩʚʦʙʦʜʥʫʶ ʫʝʜʠʥʝʥʥʫʶ ʚʦʣʥʫ ʧʨʝʜʝʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ. 

ɼʣʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʚʦʣʥ ʥʫʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʨʘʝʢʪʦ-

ʨʠʷ ʥʘ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ( )00,ca  ʪʦʯʥʦ ʚʳʰʣʘ ʚ ʪʦʯʢʫ ( )0

max

0

max,ca . ʅʝʜʘʨʦʤ ʪʦʯʢʠ ʥʘ ʨʠʩʫʥ-

ʢʝ 12 ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʚ ʜʠʘʧʘʟʦʥʝ <0a 0,65. ɺʪʦʨʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʚʳʥʫʞʜʝʥʥʦʡ 

ʫʝʜʠʥʝʥʥʦʡ ʚʦʣʥʳ ʥʘ ʨʠʩʫʥʢʝ 16 ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʠʤʝʝʪ ʧʦʯʪʠ ʧʨʝʜʝʣʴʥʫʶ ʘʤ-

ʧʣʠʪʫʜʫ. ʅʘ ʨʠʩʫʥʢʝ 12 ʝʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʪʦʯʢʘ 7. 

ʊʨʝʪʴʷ ʦʩʦʙʝʥʥʦʩʪʴ ʦʙʩʫʞʜʘʝʤʦʡ ʚʦʣʥʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʘ ʥʝʡ ʦʙʨʘʟʫʶʪʩʷ ʩʣʘ-

ʙʳʝ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ. ʕʪʠ ʢʦʣʝʙʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʣʝʜʦʤ ʟʘ 

ʢʨʳʣʦʤ.  

3. ʇʨʠʤʝʨʳ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ. 

ʅʝʢʦʪʦʨʳʝ ʩʚʝʜʝʥʠʷ ʠʟ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ɺ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʥʦʩʠʤʦʝ ʚ ʩʠʩʪʝʤʫ ʤʘʣʦʝ ʚʦʟʤʫʱʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ-

ʩʷ ʬʫʥʢʮʠʝʡ ʪʦʢʘ 

() ( )[ ]tkxiz w-Y=y exp ,  1-=i . (9) 

J. W. S. Rayleigh, ʘʥʘʣʠʟʠʨʫʷ ʚ ʣʠʥʝʡʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʩʣʫʯʘʡ ʩʜʚʠʛʦʚʦʛʦ ʪʝʯʝʥʠʷ ʠʜʝ-

ʘʣʴʥʦʡ ʦʜʥʦʨʦʜʥʦʡ ʧʦ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ( 0=n=c , const=r ), ʧʦʣʫʯʠʣ ʩʣʝʜʫʶʱʝʝ 

ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʘʤʧʣʠʪʫʜʳ ʚʦʟʤʫʱʝʥʠʷ [19]: 

( ) 0
2

2
2

2

2

=Y-öö
÷

õ
ææ
ç

å
Y-

Y
-

dz

ud
k

dz

d
cu . (10) 

ɺ ʵʪʦʤ ʠ ʥʠʞʝʩʣʝʜʫʶʱʠʭ ʫʨʘʚʥʝʥʠʷʭ c  ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʤʫʱʝʥʠʷ, u  ï 

ʟʘʜʘʥʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʪʝʯʝʥʠʷ. ʇʨʠ ʥʝʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʠ z ʤʦʞʝʪ ʠʤʝʪʴ 

ʤʝʩʪʦ uc= . ʊʘʢʦʝ ʟʥʘʯʝʥʠʝ z ʥʘʟʳʚʘʶʪ ʢʨʠʪʠʯʝʩʢʠʤ ʩʣʦʝʤ ʠʣʠ ʢʨʠʪʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ [20], 

ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ. ɺ ʢʨʠʪʠʯʝʩʢʦʤ ʩʣʦʝ ʫʨʘʚʥʝʥʠʝ ʈʝʣʝʷ (10) ʠʤʝʝʪ ʣʠʰʴ 

ʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ 0=Y . ʉʪʨʝʤʣʝʥʠʝ ʚʳʷʩʥʠʪʴ, ʯʪʦ ʞʝ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʵʪʦʤ 

ʩʣʦʝ, ʧʨʦʭʦʜʠʪ ʢʨʘʩʥʦʡ ʥʠʪʴʶ ʯʝʨʝʟ ʪʝʦʨʠʶ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɸʥʘʣʦʛʠʯʥʘʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʧʦ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʤʫʱʝʥʠʷ 

(ʩʤ. ʥʠʞʝ).  

ʇʨʠ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʧʨʠ ʟʥʘʯʝʥʠʠ uc=  ʫʩʪʨʘʥʷʣʘʩʴ ʜʚʫʤʷ 

ʩʧʦʩʦʙʘʤʠ: ʫʯʝʪʦʤ ʥʝʣʠʥʝʡʥʦʩʪʠ ʚʦʟʤʫʱʝʥʠʷ ʠ ʫʯʝʪʦʤ ʨʝʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʞʠʜ-
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ʢʦʩʪʠ ʚ ʨʘʤʢʘʭ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ. ʉ ʫʯʝʪʦʤ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ W. M. F. Orr [21] ʠ 

A. Sommerfeld [22] ʧʦʣʫʯʠʣʠ ʫʨʘʚʥʝʥʠʝ 
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ɺ ʩʣʫʯʘʝ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʫʨʘʚʥʝʥʠʝ ʆʨʨʘ ï ɿʦʤʤʝʨʬʝʣʴʜʘ (11) ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ʧʦ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ. ɽʛʦ ʘʥʘʣʠʟ ʧʨʠʚʝʣ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʦʙʥʘʨʫʞʝʥʠʶ 

ʚʦʣʥ ʊʦʣʤʠʥʘ-ʐʣʠʭʪʠʥʛʘ [23], ʢʦʪʦʨʳʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʘʥʦʚʷʪʩʷ ʥʝʫʩʪʦʡʯʠ-

ʚʳʤʠ ʠ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʧʝʨʝʭʦʜ ʦʪ ʣʘʤʠʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ ʢ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʝʞʠʤʫ. 

ɺʷʟʢʦʩʪʴ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʜʚʠʞʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʝʤ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʥʦ ʪʦʣʴʢʦ 

ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ. ɸʥʘʣʦʛʠʯʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʩʪʦʡ-

ʯʠʚʦʩʪʴ ʜʚʠʞʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʠ ʜʨʫʛʠʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʞʠʜʢʦʩʪʠ. 

ɼʣʷ ʠʜʝʘʣʴʥʦʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ G.I. Taylor [24] ʠ 

S.Goldstein [25] ʧʦʣʫʯʠʣʠ ʫʨʘʚʥʝʥʠʝ 
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 (12) 

ʇʨʠ ʟʥʘʯʝʥʠʠ uc=  ʫʨʘʚʥʝʥʠʝ ʊʝʡʣʦʨʘ-ɻʦʣʴʜʰʪʝʡʥʘ (12) ʠʤʝʝʪ ʢʚʘʜʨʘʪʠʯʥʫʶ ʦʩʦʙʝʥ-

ʥʦʩʪʴ. P. G. Drazin ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʯʝʣ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ ʠ ʧʦʣʫʯʠʣ ʫʨʘʚʥʝʥʠʝ [26] 
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ɺ ʫʨʘʚʥʝʥʠʠ (13) ʦʩʦʙʝʥʥʦʩʪʴ ʧʨʠ ʟʥʘʯʝʥʠʠ uc=  ʩʦʭʨʘʥʠʣʘʩʴ. ʊʦʣʴʢʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʫʯʝʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ ʫʩʪʨʘʥʠʣ ʵʪʫ ʦʩʦʙʝʥʥʦʩʪʴ. 

ʇʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʫʯʝʪʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ P. Hazel ʧʦʣʫʯʠʣ ʫʨʘʚʥʝʥʠʝ [27] 

() 0=YL , (14) 

( )( ) ( )[ ]

( ) ( )( )( ),
2223222
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22222

kdbacukdabN
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kdacukdcuL

-+---++

+-+----=
 

ʛʜʝ dzdd= ,  kia c= ,  kib n= . ɺʩʝ ʧʨʝʜʳʜʫʱʠʝ ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʯʘʩʪʥʳʤʠ ʩʣʫʯʘʷʤʠ 

ʫʨʘʚʥʝʥʠʷ (14). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʣʠʷʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʜʚʠ-

ʛʦʚʦʛʦ ʪʝʯʝʥʠʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʠʟʫʯʘʣʦʩʴ ʚ [29] (ʩʤ. ʥʠʞʝ). 

ʋʨʘʚʥʝʥʠʝ, ʠʤʝʶʱʝʝ ʦʩʦʙʝʥʥʦʩʪʴ ʚ ʢʨʠʪʠʯʝʩʢʦʤ ʩʣʦʝ ʧʦ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠ ʟʥʘʯʝ-

ʥʠʠ ucg = , ʧʦʣʫʯʠʣʠ A.K. Lin ʠ D.J. Benney [30], ʨʘʩʩʤʘʪʨʠʚʘʷ ʨʝʘʢʮʠʶ ʠʜʝʘʣʴʥʦʡ ʜʚʫ-

ʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ ʥʘ ʥʝʣʠʥʝʡʥʦʝ ʚʦʟʤʫʱʝʥʠʝ. ʆʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʣʦʞʝʥʠʝ ʚʦʟʤʫʱʝʥʠʷ ʚ 

ʩʪʝʧʝʥʥʦʡ ʨʷʜ ʧʦ ʘʤʧʣʠʪʫʜʝ ʠ ʦʛʨʘʥʠʯʠʣʠʩʴ ʜʚʫʤʷ ʧʝʨʚʳʤʠ ʯʣʝʥʘʤʠ ʨʷʜʘ. ʕʪʦ ʫʨʘʚʥʝʥʠʝ 

ʠʤʝʝʪ ʚʠʜ: 
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ʛʜʝ Y ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ (10), 
1Y  ï ʬʫʥʢʮʠʷ ʪʦʢʘ ʜʨʝʡʬʦʚʦʛʦ ʪʝʯʝʥʠʷ, ʧʦʨʦʞʜʝʥʥʦʛʦ 

ʩʣʘʙʦ ʥʝʣʠʥʝʡʥʦʡ ʚʦʣʥʦʡ, 
0f  ï ʥʝʢʦʪʦʨʘʷ ʬʫʥʢʮʠʷ ʘʨʛʫʤʝʥʪʦʚ z, u , N , c , ( )gcc- , ʷʚʥʦʝ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʦ ʚ [28]. ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʛʨʦʤʦʟʜʢʦʝ ʠ ʟʜʝʩʴ ʥʝ ʧʨʠʚʦʜʠʪʩʷ. 

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʪʦʣʴʢʦ, ʯʪʦ ʧʨʠ gcu=  

( )2
2

1
cu

cc g

-

-
Y=Y . 
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ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʨʝʡʬʦʚʦʝ ʪʝʯʝʥʠʝ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʦʙʫʩʣʦʚʣʝʥʦ 

ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʚʦʟʤʫʱʝʥʠʷ. ʋʤʝʩʪʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʜʨʝʡʬʦʚʦʝ ʪʝʯʝʥʠʝ 

ʚʦʟʥʠʢʘʝʪ ʠ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʣʠʥʝʡʥʦʡ ʚʦʣʥʳ [29]. 

ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚ ʢʨʠʪʠʯʝʩʢʦʤ ʩʣʦʝ ʧʦ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ (ʵʢʩʧʝʨʠʤʝʥʪ) 

ɿʜʝʩʴ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ [31]. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥ-

ʢʝ 17. ɺ ʦʧʳʪʘʭ ʥʠʞʥʠʡ ʩʣʦʡ (ʩʣʘʙʳʡ ʨʘʩʪʚʦʨ ʛʣʠʮʝʨʠʥʘ ʚ ʚʦʜʝ) ʧʦʢʦʠʣʩʷ, ʘ ʚʝʨʭʥʠʡ ʩʣʦʡ 

ʜʚʠʛʘʣʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ u. ʇʣʦʪʥʦʩʪʴ ʠʟʤʝʥʷʣʘʩʴ ʩ ʛʣʫʙʠʥʦʡ ʧʦ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʤʫ ʪʘʥʛʝʥʩʫ. 

ʊʦʣʱʠʥʘ ʨʘʟʤʳʪʦʡ ʟʦʥʳ ʤʝʞʜʫ ʩʣʦʷʤʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʙʳʣʘ ʤʘʣʘ, ʪʘʢ ʯʪʦ ʜʠʩʧʝʨ-

ʩʠʦʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʧʝʨʚʦʡ ʚʥʫʪʨʝʥʥʝʡ ʤʦʜʳ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʧʠʩʳʚʘʣʦʩʴ ʬʦʨʤʫ-

ʣʦʡ ʜʣʷ ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʨʘʟʤʳʪʘʷ ʟʦʥʘ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʘ ʟʘʜʘʥʥʦʝ ʪʝʯʝ-

ʥʠʝ ʚ ʥʝʢʦʪʦʨʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʟʥʦʩʪʠ ʩʢʦʨʦʩʪʝʡ ʤʝʞʜʫ ʩʣʦʷʤʠ, ʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʘʣʝʝ 

ʧʨʠʤʝʨʘʭ ʟʘʜʘʥʥʦʝ ʪʝʯʝʥʠʝ ʙʳʣʦ ʫʩʪʦʡʯʠʚʳʤ. ɺʦʟʤʫʱʝʥʠʝ ʚʥʦʩʠʣʦʩʴ ʮʠʣʠʥʜʨʦʤ ʜʠʘʤʝʪ-

ʨʦʤ D, ʜʚʠʞʫʱʠʤʩʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ U  ʠʣʠ ʢʦʣʝʙʣʶʱʠʤʩʷ ʩ ʧʦʩʪʦ-

ʷʥʥʦʡ ʯʘʩʪʦʪʦʡ W. 

ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʦʧʳʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʜʚʫʩʣʦʡʥʦʡ 

ʞʠʜʢʦʩʪʠ, ʛʨʘʬʠʢ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 18. ɺʦʣʥʦʚʦʝ ʯʠʩʣʦ ʥʦʨʤʠʨʦʚʘʥʦ ʥʘ ʛʣʫʙʠ-

ʥʫ ʚʝʨʭʥʝʛʦ ʩʣʦʷ 
2h , ʯʘʩʪʦʪʘ ï ʥʘ 2hge . ɺ ʙʦʣʝʝ ʢʨʫʧʥʦʤ ʤʘʩʰʪʘʙʝ ʧʦʢʘʟʘʥ ʜʠʘʧʘʟʦʥ ʤʘ-

ʣʳʭ ʟʥʘʯʝʥʠʡ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ (ʬʨʘʛʤʝʥʪ ʙ). 

ʅʘ ʛʨʘʬʠʢʝ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʚʳʜʝʣʝʥʳ ʚʦʩʝʤʴ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ. ɺ ʪʦʯʢʝ 

0 (ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ) ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʦʚʧʘʜʘʝʪ ʩ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʨʘʚʥʘ ʧʨʝʜʝʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʡ. ɺ ʪʦʯʢʘʭ 1 ʠ 5 ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʘʚʥʘ ʩʢʦ-

ʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʝʨʭʥʝʛʦ ʩʣʦʷ. ɺ ʪʦʯʢʘʭ 2 ʠ 6 ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʘʚʥʘ ʩʢʦʨʦʩʪʷʤ ʜʚʠʞʝʥʠʷ 

ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʩʣʦʝʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʪʦʯʢʘʭ 3 ʠ 7 ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʘʚʥʘ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʥʠʞʥʝʛʦ ʩʣʦʷ. ɺ ʪʦʯʢʝ 4 ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ ʦʙʨʘʱʘʝʪʩʷ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ. ʕʪʦ 

ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ ʚʦʟʤʫʱʝʥʠʡ, ʥʝʫʩʪʦʡʯʠʚʳʭ ʧʦ ʤʝʭʘʥʠʟʤʫ ʂʝʣʴʚʠʥʘ-

ɻʝʣʴʤʛʦʣʴʮʘ. 

 

ɺʦ ʚʩʝʭ ʨʘʙʦʪʘʭ, ʧʦʩʚʷ-
ʱʝʥʥʳʭ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ 
ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠ-
ʚʦʩʪʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʙʦʪʳ 
[29], ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ 
ʢʨʠʪʠʯʝʩʢʠʝ ʩʠʪʫʘʮʠʠ ʧʦ ʬʘ-
ʟʦʚʦʡ ʩʢʦʨʦʩʪʠ. ɿʜʝʩʴ ʧʨʠʚʦ-
ʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥ-
ʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʨʠ-
ʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʷʭ ʧʦ ʛʨʫʧ-
ʧʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫ-
ʶʱʠʭ ʪʦʯʢʘʤ 1 ʠ 7 ʥʘ ʨʠʩʫʥ-
ʢʝ 18 [31].  
ʐʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ ʥʘ 

ʨʠʩʫʥʢʝ 18 ʧʦʢʘʟʘʥʳ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʠ ʚʦʟʤʫʱʝʥʠʡ. ʉʠʤʚʦ-
ʣʘʤʠ m , n , p  ʦʙʦʟʥʘʯʝʥʳ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʁ-
ʱʠʝ ʯʠʩʪʦ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤʫ 
ʜʚʠʞʝʥʠʶ ʮʠʣʠʥʜʨʘ. ʆʥʠ 
ʦʧʠʩʳʚʘʶʪʩʷ ʬʦʨʤʫʣʦʡ 

000

* Uk=w , 2

0 ghUU e=

. 

 

ʈʠʩ. 17. ʉʭʝʤʘ ʦʩʥʦʚʥʦʛʦ ʪʝʯʝʥʠʷ ʠ ʩʧʦʩʦʙʘ ʚʥʝʩʝʥʠʷ 

ʚʦʟʤʫʱʝʥʠʡ 

 
 

ʈʠʩ. 18. ɼʠʩʧʝʨʩʠʦʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʥʦʩʠʤʦʛʦ ʚʦʟʤʫʱʝʥʠʷ 
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ʉʠʤʚʦʣʦʤ q  ʦʙʦʟʥʘʯʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʯʠʩʪʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʦʧʠʩʳʚʘʝʤʘʷ 

ʬʦʨʤʫʣʦʡ 
00 W=w ,  2

0 hgeW=W . 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ m  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʢʦʤʫ ʟʥʘʯʝʥʠʶ U, ʧʨʠ ʢʦʪʦʨʦʤ ʪʦʯʢʘ ʝʝ ʧʝʨʝʩʝʯʝʥʠʷ 
ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚʦʟʤʫʱʝʥʠʷ ʥʝ ʩʦʚʧʘʜʘʝʪ ʥʠ ʩ ʦʜʥʦʡ ʠʟ ʦʩʦʙʳʭ ʪʦʯʝʢ ʜʠʩʧʝʨʩʠʦʥʥʦʡ 
ʢʨʠʚʦʡ. ʌʦʪʦʩʥʠʤʦʢ ʛʝʥʝʨʠʨʫʝʤʳʭ ʮʠʣʠʥʜʨʦʤ ʚʦʣʥ ʜʣʷ ʪʘʢʦʛʦ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʧʨʠʚʝʜʝʥ 
ʥʘ ʨʠʩʫʥʢʝ 19ʘ. ʎʠʣʠʥʜʨ ʜʚʠʞʝʪʩʷ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʥʘʚʩʪʨʝʯʫ ʦʩʥʦʚʥʦʤʫ ʪʝʯʝʥʠʶ. ɺ ʵʪʦʤ 
ʧʨʠʤʝʨʝ ʛʝʥʝʨʠʨʫʝʤʳʝ ʮʠʣʠʥʜʨʦʤ ʚʦʣʥʳ ʷʚʣʷʶʪʩʷ ʫʩʪʦʡʯʠʚʳʤʠ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʟʤʫʱʝʥʠʷ n  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʢʦʤʫ ʟʥʘʯʝʥʠʶ U, ʧʨʠ ʢʦʪʦʨʦʤ ʪʦʯʢʘ ʝʝ 
ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʢʨʠʚʦʡ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʦʙʦʡ ʪʦʯʢʦʡ 7. ʎʠʣʠʥʜʨ ʪʘʢʞʝ ʜʚʠʞʝʪʩʷ 
ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʥʘʚʩʪʨʝʯʫ ʦʩʥʦʚʥʦʤʫ ʪʝʯʝʥʠʶ. ʇʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 
ʮʠʣʠʥʜʨʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʨʠʤʝʨʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʦʟʤʫʱʝʥʠʝ ʥʝʫʩʪʦʡʯʠʚʦʝ (ʩʤ. 
ʨʠʩ. 19ʙ). ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʚʝʨʭʥʝʛʦ 
ʩʣʦʷ, ʪʘʢ ʯʪʦ ʢʨʠʪʠʯʝʩʢʠʤ ʩʣʦʝʤ ʦʢʘʟʳʚʘʝʪʩʷ ʚʝʩʴ ʚʝʨʭʥʠʡ ʩʣʦʡ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʟʤʫʱʝʥʠʷ p  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʢʦʤʫ ʟʥʘʯʝʥʠʶ U, ʧʨʠ ʢʦʪʦʨʦʤ ʪʦʯʢʘ 

ʧʝʨʝʩʝʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʢʨʠʚʦʡ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʦʙʦʡ ʪʦʯʢʦʡ 7. ʎʠʣʠʥʜʨ 
ʜʚʠʞʝʪʩʷ ʚ ʧʦʢʦʷʱʝʤʩʷ ʥʠʞʥʝʤ ʩʣʦʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʚʝʨʭʥʝʛʦ ʩʣʦʷ. ɺʦʟʤʫʱʝʥʠʝ 
ʪʘʢʞʝ ʥʝʫʩʪʦʡʯʠʚʦʝ (ʨʠʩ. 19ʚ). ɻʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʥʠʞ-
ʥʝʛʦ ʩʣʦʷ, ʠ ʢʨʠʪʠʯʝʩʢʠʤ ʩʣʦʝʤ ʷʚʣʷʝʪʩʷ ʚʝʩʴ ʥʠʞʥʠʡ ʩʣʦʡ. 
ʅʘ ʨʠʩʫʥʢʝ 19 ʛ ʧʨʠʚʝʜʝʥʘ ʢʘʨʪʠʥʘ ʚʦʟʤʫʱʝʥʠʡ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʢʦʣʝʙʣʶʱʠʤʩʷ ʧʦ ʚʝʨʪʠ-

ʢʘʣʠ ʮʠʣʠʥʜʨʦʤ ʚ ʦʩʦʙʦʤ ʨʝʞʠʤʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʪʦʯʢʝ 7 ʥʘ ʨʠʩʫʥʢʝ 18. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʟʤʫʱʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʤʷ ʧʨʷʤʳʤʠ, ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʦʩʠ 0k . ʆʜʥʘ ʠʟ 

ʥʠʭ (ʧʨʷʤʘʷ q) ʢʘʩʘʝʪʩʷ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʢʨʠʚʦʡ. ʕʪʘ ʩʠʪʫʘʮʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʨʤʠʥʦʤ 

çʨʝʞʠʤ ʫʧʣʦʪʥʝʥʠʷ ʵʥʝʨʛʠʠ ʜʚʫʭ ʚʦʣʥè [32]. ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʚʦʟʤʫʱʝʥʠʷ ʙʝʩʬʦʨʤʝʥʥʳʝ 
ʠ ʩʣʘʙʳʝ ï ʜʘʞʝ ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʮʠʣʠʥʜʨʘ ʦʯʝʥʴ ʙʣʠʟʢʦ ʢ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʣʦʝʚ. 
ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʚ ʨʘʟʜʝʣʝ 1 ʨʝʟʦʥʘʥʩʥʳʡ ʨʝʞʠʤ ʛʝʥʝʨʘʮʠʠ ʚʦʣʥ 

ʧʨʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦ-ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʮʠʣʠʥʜʨʘ ʚ ʧʦʢʦʷʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʪʘʢʞʝ ʤʦʞʥʦ 
ʩʯʠʪʘʪʴ ʦʩʦʙʳʤ ʨʝʞʠʤʦʤ ʧʦ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ (ʩʤ. ʨʠʩ. 8). 
ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʨʠʪʠʯʝʩʢʠʤ ʩʣʦʝʤ ʷʚʣʷʝʪʩʷ ʚʩʷ ʪʦʣʱʘ ʞʠʜʢʦʩʪʠ. 

ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦ ʤʝʭʘʥʠʟʤʘʤ ʈʝʣʝʷ-ʊʝʡʣʦʨʘ ʠ ʂʝʣʴʚʠʥʘ-ɻʝʣʴʤʛʦʣʴʮʘ 

ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʈʝʣʝʷ-ʊʝʡʣʦʨʘ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʦ ʢʘʢʠʤ-ʣʠʙʦ ʧʨʠʯʠʥʘʤ 
ʙʦʣʝʝ ʧʣʦʪʥʘʷ ʞʠʜʢʦʩʪʴ ʦʢʘʟʳʚʘʝʪʩʷ ʚʳʰʝ ʤʝʥʝʝ ʧʣʦʪʥʦʡ ʞʠʜʢʦʩʪʠ [20]. ɺ ʧʨʠʨʦʜʝ ʪʘʢʘʷ ʩʠ-
ʪʫʘʮʠʷ ʚʩʪʨʝʯʘʝʪʩʷ ʯʘʩʪʦ. ʅʘʧʨʠʤʝʨ, ʥʦʯʴʶ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʦʭʣʘʞʜʝʥʠʝ ʪʦʥʢʦʛʦ 
ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʚʦʜʦʝʤʘ, ʠ ʵʪʦʪ ʩʣʦʡ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʪʷʞʝʣʳʤ. ʈʷʜ ʧʨʠʤʝʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 
ʥʝʤʦʥʦʪʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠʚʝʜʝʥ ʚ [33-34]. ʇʣʦʪʥʦʩʪʴ 
ʧʨʝʩʥʦʡ ʚʦʜʳ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 4 Áʉ.  

 

  
ʘ ʙ 

  
ʚ ʛ 

 

ʈʠʩ. 19. ʌʦʪʦʩʥʠʤʢʠ ʫʩʪʦʡʯʠʚʦʛʦ (ʘ) ʠ ʥʝʫʩʪʦʡʯʠʚʳʭ (ʙ-ʛ) ʚʦʟʤʫʱʝʥʠʡ 
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ɽʩʣʠ ʚ ʢʦʥʪʘʢʪ ʚʩʪʫʧʘʶʪ ʤʘʩʩʳ ʚʦʜʳ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʳʰʝ ʠ ʥʠʞʝ 4 Áʉ, ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʪʝʧʣʦʦʙʤʝʥʘ ʦʙʨʘʟʫʝʪʩʷ ʩʣʦʡ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 4 Áʉ ʠ ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʝ-

ʫʩʪʦʡʯʠʚʦʩʪʠ ʈʝʣʝʷ-ʊʝʡʣʦʨʘ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʠʛʨʘʝʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʧʝʨʝ-

ʥʦʩʘ ʢʠʩʣʦʨʦʜʘ ʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʝʩʥʳʭ ʚʦʜʦʝʤʘʭ ʩʨʝʜʥʠʭ ʰʠʨʦʪ. 

ʇʨʠʤʝʨ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʈʝʣʝʷ-ʊʝʡʣʦʨʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 20. ʆʥ ʧʦʣʫʯʝʥ ʚ ʦʧʳʪʘʭ ʩ 

ʚʳʧʫʩʢʦʤ ʧʣʦʩʢʦʡ ʩʪʨʫʠ ʚʦʜʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʳʰʝ 4 Áʉ ʚ ʪʦʣʱʫ ʚʦʜʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʠʞʝ 

4 Áʉ. ʉʥʘʯʘʣʘ ʙʦʣʝʝ ʪʝʧʣʘʷ ʠ ʙʦʣʝʝ ʣʝʛʢʘʷ ʚʦʜʘ ʧʦʜʥʠʤʘʝʪʩʷ ʚʚʝʨʭ ʠ ʦʙʨʘʟʫʝʪ ʩʣʦʡ ʫ ʩʚʦʙʦʜ-

ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʙʦʣʝʝ ʪʝʤʥʳʡ ʥʘ ʨʠʩ. 20). ɺ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʩ ʙʦʣʝʝ ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ ʩʦʟʜʘʝʪ-

ʩʷ ʧʨʦʩʣʦʡʢʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʢʦʣʦ 4 Áʉ, ʠ ʚʦʜʘ ʠʟ ʵʪʦʡ ʧʨʦʩʣʦʡʢʠ ʦʧʫʩʢʘʝʪʩʷ ʥʘ ʜʥʦ. 

ʇʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʂʝʣʴʚʠʥʘ-ɻʝʣʴʤʛʦʣʴʮʘ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʩʢʦʣʴ 

ʫʛʦʜʥʦ ʤʘʣʦʤ ʩʜʚʠʛʝ ʩʢʦʨʦʩʪʠ ʢʘʢ ʚ ʦʜʥʦʨʦʜʥʦʡ, ʪʘʢ ʠ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʫʩʪʦʡʯʠʚʦʡ ʧʦ ʤʝʭʘ-

ʥʠʟʤʫ ʈʝʣʝʷ-ʊʝʡʣʦʨʘ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, 

ʯʪʦ ʧʨʠ ʩʢʦʣʴ ʫʛʦʜʥʦ ʤʘʣʦʤ ʣʦʢʘʣʴʥʦʤ çʚʩʧʫʯʠʚʘʥʠʠè ʠʣʠ çʧʨʦʛʠʙʝè ʣʠʥʠʠ ʨʘʚʥʦʡ ʧʣʦʪʥʦ-

ʩʪʠ (ʚ ʯʘʩʪʥʦʩʪʠ, ʣʠʥʠʠ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ) ʪʘʢʘʷ ʣʦʢʘʣʴʥʘʷ ʥʝʦʜʥʦʨʦʜ-

ʥʦʩʪʴ ʦʙʪʝʢʘʝʪʩʷ ʧʦʜʦʙʥʦ ʢʨʳʣʫ, ʪʘʢ ʯʪʦ ʧʦʷʚʣʷʝʪʩʷ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ, ʩʪʨʝʤʷʱʠʡʩʷ ʫʚʝʣʠ-

ʯʠʪʴ ʦʪʢʣʦʥʝʥʠʝ ʣʠʥʠʠ ʨʘʚʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ʏʝʤ ʢʦʨʦʯʝ ʚ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʣʦʢʘʣʴʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʯʝʤ ʙʦʣʴʰʝ ʛʨʘʜʠʝʥʪ ʩʢʦʨʦʩʪʠ, ʪʝʤ ʙʦʣʴ-

ʰʝ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ. 
ʈʘʟʚʠʪʠʶ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʂʝʣʴʚʠʥʘ-ɻʝʣʴʤʛʦʣʴʮʘ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʝʪ ʤʝʞʬʘʟʥʦʝ ʥʘʪʷʞʝ-

ʥʠʝ ʚ ʩʣʫʯʘʝ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʚʷʟʢʦʩʪʴ ʠ ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʬʬʫʟʠʷ ʧʨʠ-
ʤʝʩʠ ʚ ʩʣʫʯʘʝ ʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ. ɺʷʟʢʦʩʪʴ ʠ ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʬʬʫʟʠʷ ʧʨʠʤʝʩʠ 
ʫʤʝʥʴʰʘʶʪ ʛʨʘʜʠʝʥʪ ʩʢʦʨʦʩʪʠ ʠ ʪʘʢʞʝ ʜʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʜʝʣʦʚ ʧʦʜʘʚʣʷʶʪ ʨʘʟʚʠʪʠʝ ʥʝ-
ʫʩʪʦʡʯʠʚʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʤʝʞʬʘʟʥʦʝ 
ʥʘʪʷʞʝʥʠʝ, ʠ ʚʷʟʢʦʩʪʴ, ʠ ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʬʬʫʟʠʷ ʧʨʠʤʝʩʠ ʤʦʛʫʪ ʜʝʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʪʝʯʝʥʠʝ. 
ʇʨʠʤʝʨ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʂʝʣʴʚʠʥʘ-ɻʝʣʴʤʛʦʣʴʮʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 21. ʇʨʠʤʝʨ ʧʦʣʫʯʝʥ 

ʚ ʦʧʳʪʘʭ ʩʦ ʩʪʝʢʘʥʠʝʤ ʧʦ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʙʦʣʝʝ ʧʣʦʪʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʤʝʥʝʝ ʧʣʦʪʥʫʶ 
ʞʠʜʢʦʩʪʴ. ɺʝʨʭʥʠʡ ʩʣʦʡ ï ʚʦʜʦʧʨʦʚʦʜʥʘʷ ʚʦʜʘ, ʥʠʞʥʠʡ ʩʣʦʡ ï ʩʣʘʙʳʡ ʨʘʩʪʚʦʨ ʛʣʠʮʝʨʠʥʘ  

 

 

ʚ ʚʦʜʝ, ʦʢʨʘʰʝʥʥʳʡ 

ʯʝʨʥʠʣʘʤʠ. ʈʘʟʥʦʩʪʴ 

ʧʣʦʪʥʦʩʪʝʡ ʨʘʚʥʘ 

0,5 %. ʅʘ ʨʠʩʫʥʢʝ 22 

ʧʨʦʠʣʣʶʩʪʨʦʚʘʥʦ ʛʨʘ-

ʚʠʪʘʮʠʦʥʥʦʝ ʪʝʯʝʥʠʝ 

ʧʦ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦ-

ʩʪʠ.  
 

ʈʠʩ. 20. ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʈʝʣʝʷ-ʊʝʡʣʦʨʘ 
 

  
 

ʈʠʩ. 21. ɼʚʝ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʂʝʣʴʚʠʥʘ-ɻʝʣʴʤʛʦʣʴʮʘ 
 

  

ʈʠʩ. 22. ɼʚʝ ʩʪʘʜʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ  

ʈʝʣʝʷ-ʊʝʡʣʦʨʘ ʠ ʂʝʣʴʚʠʥʘ-ɻʝʣʴʤʛʦʣʴʮʘ 



86 

 

ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪ-

ʣʠʯʠʝ ʦʪ ʧʨʠʤʝʨʘ, ʧʨʠʚʝ-

ʜʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 21, 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʥʘʯʘʣʴ-

ʥʘʷ ʨʘʟʥʦʩʪʴ ʧʣʦʪʥʦʩʪʝʡ 

ʧʦʣʫʯʝʥʘ ʩ ʧʦʤʦʱʴʶ ʙʦ-

ʣʝʝ ʪʝʧʣʦʡ ʠ ʙʦʣʝʝ ʭʦʣʦʜ-

ʥʦʡ ʚʦʜʳ, ʧʨʠʯʝʤ ʚʦʜʘ ʚ 

ʙʘʩʩʝʡʥʝ ʠʤʝʣʘ ʪʝʤʧʝʨʘ-

ʪʫʨʫ ʦʢʦʣʦ 0,5 ʉ̄, ʘ ʥʘ 

ʥʘʢʣʦʥʥʫʶ ʧʣʦʩʢʦʩʪʴ ʚʳ-

ʧʫʩʢʘʣʘʩʴ ʚʦʜʘ ʩ ʪʝʤʧʝʨʘ-

ʪʫʨʦʡ 6,7 ʉ̄.  

 

ʈʠʩ. 23. ʉʭʝʤʘ ʚʦʜʦʟʘʙʦʨʘ 

 

ʇʣʦʪʥʦʩʪʴ ʚʦʜʳ ʧʨʠ ʪʘʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʘ ʠ ʤʝʥʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʚʩʝʛʦ ʥʘ 0,01 %. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚʪʝʢʘʶʱʘʷ ʚʦʜʘ ʧʨʠʦʙʨʝʣʘ ʪʝʤʧʝ-

ʨʘʪʫʨʫ 4,5 ʉ̄ ʠ ʠʟ-ʟʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʈʝʣʝʷ-ʊʝʡʣʦʨʘ ʚʩʷ ʦʧʫʩʪʠʣʘʩʴ ʥʘ ʜʥʦ. ʇʨʠ ʵʪʦʤ ʠʤʝʣʘ 

ʤʝʩʪʦ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʂʝʣʴʚʠʥʘ-ɻʝʣʴʤʛʦʣʴʮʘ. 

ɺʣʠʷʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʜʚʠʛʦʚʦʛʦ ʪʝʯʝʥʠʷ  

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ, ʧʦʩʪʘʥʦʚʢʘ ʢʦʪʦʨʦʡ ʧʦʷʩʥʷʝʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 23. ʀʟ ʫʩʪʦʡʯʠʚʦ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʧʦ ʛʠʧʝʨʙʦʣʠʯʝ-

ʩʢʦʤʫ ʪʘʥʛʝʥʩʫ ʟʘʙʠʨʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ Q  ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʚʳʩʦʪʦʡ h . 

ɼʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʝ ʠ ʧʣʦʩʢʦʝ. ɼʘʣʝʢʦ ʚʚʝʨʭ ʧʦ ʧʦʪʦʢʫ ʪʦʣʱʠʥʳ ʥʠʞʥʝʛʦ ʠ 

ʚʝʨʭʥʝʛʦ ʩʣʦʝʚ ʨʘʚʥʳ 
1h  ʠ 

2h  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʪʦʷʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚ ʥʠʞʥʝʤ ʩʣʦʝ ʨʘʚʥʘ 
1r

, ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ 
2r. ɺʷʟʢʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 1n ʠ 

2n, ʘ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʬʬʫʟʠʷ ʪʦʡ ʩʫʙʩʪʘʥʮʠʠ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʦʡ ʠʟʤʝʥʷʝʪʩʷ ʧʣʦʪʥʦʩʪʴ, ï ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʤ ʜʠʬʬʫʟʠʠ k. ʆʩʥʦʚʥʦʡ ʠʩʢʦʤʦʡ ʚʝʣʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʨʘʩʭʦʜʘ 

QQ2=b , ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʦʪʚʝʨʩʪʠʝ ʠʟ ʚʝʨʭʥʝʛʦ ʩʣʦʷ. ɺ ʜʝʪʘʣʷʭ ʤʝʪʦʜʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʧʳʪʦʚ ʠʟʣʦʞʝʥʳ ʚ [28]. ɿʜʝʩʴ ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢ ʚʣʠʷʝʪ ʥʘ ʟʥʘ-

ʯʝʥʠʝ b ʧʘʨʘʤʝʪʨ k. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʣʦʪʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ, 

ʥʘʧʨʠʤʝʨ, ʩʦʣʠ ʚ ʦʢʝʘʥʝ ʠ ʧʘʨʦʚ ʚʦʜʳ ʚ ʘʪʤʦʩʬʝʨʝ. ɿʜʝʩʴ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʫʩʣʦʚʠʷ, ʭʘʨʘʢ-

ʪʝʨʥʳʝ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʤʝʣʢʦʛʦ ʚʦʜʦʝʤʘ, ʢʦʛʜʘ ʟʘʚʠʩʠʤʦʩʪʴʶ ʧʣʦʪʥʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ. ʉʣʫʯʘʠ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʟʘ ʩʯʝʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʟʘ ʩʯʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ-

ʤʝʩʠ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʘ 

ʵʪʠʭ ʚʝʣʠʯʠʥ. ɺ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚʦʜʳ ʨʘʚʝʥ 

ʧʨʠʤʝʨʥʦ 1,4Ö10
ï3

 ʩʤ
2
/ʩ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ ʚ ʚʦʜʝ ʨʘʚʝʥ ʧʨʠʤʝʨʥʦ 

1,4Ö10
ï5

 ʩʤ
2
/ʩ, ʪ.ʝ. ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ. ɺ ʦʧʳʪʘʭ [28] ʧʣʦʪʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʟʘ ʩʯʝʪ 

ʨʘʩʪʚʦʨʝʥʠʷ ʛʣʠʮʝʨʠʥʘ ʚ ʚʦʜʝ, ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ ʢʦʪʦʨʦʛʦ ʧʨʠʤʝʨʥʦ ʚ 

360 ʨʘʟ ʤʝʥʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʠʥʝʤʘʪʠʯʝ-

ʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ n ʧʦ ʬʠʟʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ ʠ ʧʦ ʨʘʟʤʝʨʥʦʩʪʠ ʪʘʢʞʝ ʪʨʘʢʪʫʝʪʩʷ 

ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ. ɼʣʷ ʚʦʜʳ ʵʪʦʪ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʧʨʠʤʝʨʥʦ ʚ 7 ʨʘʟ ʙʦʣʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʝʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʝʣʠʯʠʥʘ b, ʟʘʚʠʩʷʪ ʦʪ ʩʣʝʜʫʶ-

ʱʠʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: 
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ʛʜʝ B  ï ʰʠʨʠʥʘ ʢʘʥʘʣʘ (ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ y ), RF  ï ʢʦʤʙʠʥʘʮʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʯʠʩʝʣ ʈʝʡ-

ʥʦʣʴʜʩʘ ʠ ʌʨʫʜʘ. ɺ ʦʧʳʪʘʭ ʧʘʨʘʤʝʪʨʳ 
2122 ,, hhhhhB  ʠ 

21 nn  ʥʝ ʠʟʤʝʥʷʣʠʩʴ. ɿʥʘʯʝʥʠʷ 

ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʪʨʝʭ ʩʝʨʠʷʭ ʦʧʳʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. ɺ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ ʩʝʨʠʠ ʚʘ-

ʨʴʠʨʦʚʘʣʦʩʴ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ Fr . 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 24. ʉʝʨʠʠ ʦʧʳʪʦʚ 1 ʠ 2 ʨʘʟʣʠʯʘʶʪʩʷ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ Sm, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʚʣʠʷʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫ-

ʟʠʠ. ɺ ʜʠʘʧʘʟʦʥʝ Fr<2 ʨʘʟʣʠʯʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦʝ. ʇʨʠ Fr=1,35 ʵʪʦ ʨʘʟʣʠʯʠʝ ʩʦ-

ʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 90 %. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ 1) ʚʝʣʠ-

ʯʠʥʘ b ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ Fr  ʤʦʥʦʪʦʥʥʦ. ʇʨʠ ʩʪʨʘʪʠʬʠʢʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʨʠʤʝʩʴʶ 

(ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ 2 ʠ 3), ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʝʶʪʩʷ ʜʚʝ çʧʦʣʦʯʢʠè. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʩʫʙʩʪʘʥʮʠʠ, ʠʟʤʝʥʷʶʱʝʡ ʧʣʦʪʥʦʩʪʴ, ʚʝʣʠʯʠʥʘ b ʩ ʨʦʩʪʦʤ Fr  ʚʳʭʦʜʠʪ ʥʘ ʧʦ-

ʩʪʦʷʥʥʦʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

( )212 hhhas +=b , 

ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʨʘʩʭʦʜ ʠʟ ʢʘʞʜʦʛʦ ʩʣʦʷ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ 

ʪʦʣʱʠʥʝ ʵʪʦʛʦ ʩʣʦʷ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʘʷ ʧʦ 

ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʴ ʧʦʩʪʫʧʘʝʪ ʚ ʦʪʚʝʨʩʪʠʝ ʪʘʢ ʞʝ, ʢʘʢ ʦʜʥʦʨʦʜʥʘʷ ʞʠʜʢʦʩʪʴ. ɺ ʩʣʫʯʘʝ ʪʝʨ-

ʤʠʯʝʩʢʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘ-

ʨʘʤʝʪʨʘ Fr . 

ɺ ʩʝʨʠʷʭ ʦʧʳʪʦʚ 2 ʠ 3 ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ Sm ʦʜʥʦ ʠ ʪʦ ʞʝ, ʘ ʧʦ ʧʘʨʘʤʝʪʨʘʤ RF  ʠ e 

ʠʤʝʝʪ ʤʝʩʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ (ʩʤ. ʪʘʙʣ.). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʵʪʠʭ ʩʝʨʠʷʭ, ʭʦʨʦʰʦ ʛʨʫʧʧʠʨʫʶʪʩʷ ʦʢʦʣʦ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʢʨʠʚʦʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʘʩʭʦʞ-

ʜʝʥʠʝ ʢʨʠʚʳʭ ʘ ʠ ʙ ʥʘ ʨʠʩʫʥʢʝ 24 ʦʙʫʩʣʦʚʣʝʥʦ ʪʦʣʴʢʦ ʨʘʟʣʠʯʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʣʝʢʫʣʷʨ-

ʥʦʡ ʜʠʬʬʫʟʠʠ ʪʝʧʣʘ ʠ ʧʨʠʤʝʩʠ. 

ʈʘʟʣʠʯʠʝ ʚ ʢʦʣʠʯʝʩʪʚʝ ʞʠʜʢʦʩʪʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʦʪʚʝʨʩʪʠʝ ʠʟ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʨʠ ʠʟʤʝ-

ʥʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʟʘ ʩʯʝʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʟʘ ʩʯʝʪ ʧʨʠʤʝʩʠ, ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʩʣʫ-

ʯʘʝ ʪʝʯʝʥʠʝ ʙʳʣʦ ʫʩʪʦʡʯʠʚʳʤ, ʘ ʚʦ ʚʪʦʨʦʤ ï ʥʝʫʩʪʦʡʯʠʚʳʤ ʧʦ ʤʝʭʘʥʠʟʤʫ ʂʝʣʴʚʠʥʘ-

ɻʝʣʴʤʛʦʣʴʮʘ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʣʣʶʩʪʨʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 25, ʛʜʝ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʩʫʙʩʪʘʥʮʠʠ, ʠʟʤʝʥʷʶʱʝʡ ʧʣʦʪʥʦʩʪʴ, ʪʝʤ ʫʩʪʦʡʯʠʚʝʝ 

ʜʚʠʞʝʥʠʝ. 

ʇʝʨʝʭʦʜ ʦʪ ʣʘʤʠʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ ʢ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʝʞʠʤʫ 

ʇʦʣʫʯʝʥ ʨʷʜ ʪʦʯʥʳʭ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳ ʪʝʯʝʥʠʝ ʂʫ-

ʵʪʪʘ, ʤʝʞʜʫ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ, ʪʝʯʝʥʠʝ ʇʫʘʟʝʡʣʷ ʚ ʢʨʫʛʣʦʡ ʪʨʫʙʝ ʠ ʪʝʯʝʥʠʝ ʊʵʡʣʦ-

ʨʘ ʤʝʞʜʫ ʜʚʫʤʷ ʚʨʘʱʘʶʱʠʤʠʩʷ ʮʠʣʠʥʜʨʘʤʠ [23]. ʕʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʦ ʚʩʝʭ ʵʪʠʭ 

ʠ ʜʨʫʛʠʭ ʧʨʠʤʝʨʘʭ ʜʚʠʞʝʥʠʷ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʛʦ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʝ ʣʘʤʠʥʘʨʥʦʝ ʪʝʯʝʥʠʝ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʠ ʥʘʯʠʥʘʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʜʚʠʞʝʥʠʶ. ɺʧʝʨʚʳʝ ʵʪʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ 

ʆ. ʈʝʡʥʦʣʴʜʩ ʥʘ ʧʨʠʤʝʨʝ ʪʝʯʝʥʠʷ ʚ ʢʨʫʛʣʦʡ ʪʨʫʙʝ (ʩʤ. ʤʦʥʦʛʨʘʬʠʠ [23, 35-36]).  

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ [37], ʚ ʢʦʪʦʨʳʭ ʧʝʨʝʭʦʜ ʦʪ ʣʘʤʠʥʘʨʥʦʛʦ 

ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʢ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʝʞʠʤʫ ʠʟʫʯʘʣʩʷ ʥʘ ʧʨʠʤʝʨʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ʚʪʦʨʦʡ ʟʘʜʘʯʠ ʉʪʦʢʩʘ [23]. ɺ [23] ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʧʣʦʩʢʦʝ ʜʚʠʞʝʥʠʝ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦ-

ʩʪʠ, ʚʳʟʚʘʥʥʦʝ ʧʨʦʜʦʣʴʥʳʤ ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʢʦʣʝʙʘʥʠʝʤ ʧʣʘʩʪʠʥʳ (ʨʠʩ. 26).  

ʊʘʙʣʠʮʘ 

ɿʥʘʯʝʥʠʷ ʠʟʤʝʥʷʚʰʠʭʩʷ ʧʘʨʘʤʝʪʨʦʚ 
 

ʅʦʤʝʨ ʩʝʨʠʠ Fr  RF  Sm e 

1 0,30-1,82 4080 7 0,0012 

2 0,33-2,26 3910 2500 0,0011 

3 0,22-1,34 8330 2500 0,0050 
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ɾʠʜʢʦʩʪʴ ʙʝʟʛʨʘʥʠʯʥʘʷ ʠ ʥʝʩʞʠ-

ʤʘʝʤʘʷ. ɺ ʥʝʧʦʜʚʠʞʥʦʡ ʧʨʷʤʦʫʛʦʣʴ-

ʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ x, y, z ʙʝʟʛʨʘ-

ʥʠʯʥʘʷ ʠ ʙʝʩʢʦʥʝʯʥʦ ʪʦʥʢʘʷ ʧʣʘʩʪʠʥʘ 

ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧʣʦʩʢʦʩʪʠ ( )zx, . ɿʘʢʦʥ 

ʝʝ ʜʚʠʞʝʥʠʷ ʟʘʜʘʝʪʩʷ ʬʦʨʤʫʣʘʤʠ 

tax w= sin*
,  

0* =y ,  const* =z , 

ʛʜʝ 
*** ,, zyx  ï ʢʦʦʨʜʠʥʘʪʳ ʧʨʦʠʟʚʦʣʴ-

ʥʦʡ ʪʦʯʢʠ ʧʣʘʩʪʠʥʳ, t  ï ʚʨʝʤʷ, aï 
ʘʤʧʣʠʪʫʜʘ, w ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ ʢʦ-

ʣʝʙʘʥʠʡ. 

 

ʈʠʩ. 24. ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ, ʧʦʩʪʫʧʘʶʱʠʡ  

ʚ ʦʪʚʝʨʩʪʠʝ ʠʟ ʚʝʨʭʥʝʛʦ ʩʣʦʷ: 
ʘ ï ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ; ʙ ï ʩʪʨʘʪʠʬʠʢʘʮʠʷ  

ʟʘ ʩʯʝʪ ʧʨʠʤʝʩʠ; 1, 2, 3 ï ʩʝʨʠʠ ʦʧʳʪʦʚ 1, 2, 3. 

 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʩ ʛʨʘʥʠʯʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʧʨʠʣʠʧʘʥʠʷ ʥʘ ʧʣʘʩʪʠʥʝ ʠ ʧʦʢʦʷ ʧʨʠ ¤­y  ʠʤʝʝʪ ʚʠʜ [23] 

( )h-ww= h- tau cose ,  0==wv ,  
1const=p , (16) 

ʛʜʝ u  ï ʧʨʦʜʦʣʴʥʘʷ, v  ï ʚʝʨʪʠʢʘʣʴʥʘʷ, w ï ʧʦʧʝʨʝʯʥʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦ-

ʩʪʠ, p  ï ʜʠʥʘʤʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ, nw=h 2y , n ï ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ 

ʞʠʜʢʦʩʪʠ. ɺ ʧʨʝʜʝʣʝ ( ) ¤­w,a  ʧʨʦʠʟʚʦʜʥʳʝ tu µµ  ʠ yu µµ  ʩʪʨʝʤʷʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ɺ 

ʬʠʟʠʢʝ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʨʤʠʥʦʤ çʛʨʘʜʠʝʥʪʥʘʷ ʢʘʪʘʩʪʨʦʬʘè. 

ʇʨʦʬʠʣʠ ʙʝʟʨʘʟʤʝʨʥʦʡ ʩʢʦʨʦʩʪʠ w= auu0 , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʶ (16) ʧʨʠ ʯʝʪʳ-

ʨʝʭ ʟʥʘʯʝʥʠʷʭ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʚʨʝʤʝʥʠ tw=t , ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 27 [23]. ʇʨʦʬʠʣʠ ʧʦʢʘ-

ʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʣʘʤʠʥʘʨʥʦʤ ʪʝʯʝʥʠʠ ʩʢʦʨʦʩʪʴ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʚʝʨʪʠʢʘʣʴ-

ʥʦʡ ʢʦʦʨʜʠʥʘʪʝ, ʪʘʢ ʯʪʦ ʜʚʠʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʬʘʢʪʠʯʝʩʢʠ ʪʦʣʴʢʦ ʚ ʪʦʥʢʦʤ ʧʦʛʨʘʥʠʯʥʦʤ 

ʩʣʦʝ ʥʘ ʧʣʘʩʪʠʥʝ. 

 

 ʘ 

 ʙ 

 

ʈʠʩ. 25. ʂʘʨʪʠʥʘ ʪʝʯʝʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ 

(ʘ) ʠ ʧʨʠ ʩʪʨʘʪʠʬʠʢʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʨʠʤʝʩʴʶ (ʙ). Fr =0,55 
 

 

 
ʈʠʩ. 26. ɺʪʦʨʘʷ ʟʘʜʘʯʘ ʉʪʦʢʩʘ ʈʠʩ. 27. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ ʩʢʦʨʦʩʪʠ 
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ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʚ [37] ʨʘʩʩʤʘʪʨʠ-

ʚʘʣʩʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʡ ʘʥʘʣʦʛ ʟʘʜʘʯʠ ʉʪʦʢʩʘ. 

ɺʤʝʩʪʦ ʢʦʣʝʙʘʥʠʡ ʧʣʘʩʪʠʥʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʧʨʦʜʦʣʴʥʦ ʢʦʣʝʙʣʶʱʠʡʩʷ ʢʨʫʛʣʳʡ ʮʠʣʠʥʜʨ 

ʨʘʜʠʫʩʦʤ R  (ʨʠʩ. 28). ɺ ʥʝʧʦʜʚʠʞʥʦʡ ʮʠʣʠʥ-

ʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ j,,rx  ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʝ ʨʝʰʝʥʠʝ ʠʤʝʝʪ ʚʠʜ 

ʈʠʩ. 28. ʉʭʝʤʘ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʦʛʘ 
ʚʪʦʨʦʡ ʟʘʜʘʯʠ ʉʪʦʢʩʘ 

( ) ( )[ ]iKiKau i

000eRe xxw= t
,  0==wv ,  

3const=p , 

tw=t ,  nw=x r ,  nw=x R0 ,  
0x²x ,  1-=i , 

ʛʜʝ wvu ,,  ï ʧʨʦʜʦʣʴʥʘʷ, ʨʘʜʠʘʣʴʥʘʷ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʩʪʠ, 0K  ï 

ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ ʚʪʦʨʦʛʦ ʨʦʜʘ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ (ʬʫʥʢʮʠʷ ʄʘʢʜʦʥʘʣʴʜʘ). 
ɺ ʨʝʰʝʥʠʠ ʜʣʷ ʧʣʘʩʪʠʥʳ (8.8) ʩʦʜʝʨʞʠʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ ʉʪʦʢʩʘ 

nw= 2aA , ʘ ʚ ʨʝʰʝʥʠʠ ʜʣʷ ʮʠʣʠʥʜʨʘ ʥʝʟʘʚʠʩʠʤʳʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʚʘ, ʥʘʧʨʠ-

ʤʝʨ 

nw= 2aA  ʠ 
0x. (17) 

ʕʪʦ ʚʨʦʜʝ ʙʳ ʫʩʣʦʞʥʷʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ. ʆʜʥʘʢʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʭʥʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 
ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʡ ʘʥʘʣʦʛ ʟʘʜʘʯʠ ʉʪʦʢʘ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʳʤ [37].  
ʆʧʳʪʳ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʦʜʷʪʩʷ ʚ ʙʘʩʩʝʡʥʝ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʘʟʤʝʨʦʚ. ɺ ʩʣʫʯʘʝ ʧʣʘ-

ʩʪʠʥʳ ʩʣʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʦʜʥʦʨʦʜʥʦʩʪʴ ʪʝʯʝʥʠʷ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ x  ʠ z. ɺʦʟʤʦʞʥʦ, ʧʦ ʵʪʦʡ 
ʧʨʠʯʠʥʝ ʨʘʙʦʪʘ [37] ʧʦʷʚʠʣʘʩʴ ʣʠʰʴ ʯʝʨʝʟ ʩʪʦ ʣʝʪ ʧʦʩʣʝ ʧʠʦʥʝʨʩʢʠʭ ʦʧʳʪʦʚ ʆ. ʈʝʡʥʦʣʴʜʩʘ 
ʧʦ ʧʝʨʝʭʦʜʫ ʦʪ ʣʘʤʠʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʢ ʪʫʨʙʫʣʝʥʪʥʦʤʫ. ɸʥʘʣʠʟ ʨʝʰʝʥʠʷ (16) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 
ʚʦʟʤʫʱʝʥʠʷ ʙʳʩʪʨʦ ʫʙʳʚʘʶʪ ʧʦ ʢʦʦʨʜʠʥʘʪʝ r, ʪʘʢ ʯʪʦ ʜʣʷ ʩʦʙʣʶʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʛʨʘ-
ʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ ʧʦ ʵʪʦʡ ʢʦʦʨʜʠʥʘʪʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʳʪʦʚ ʚ ʚʦʜʝ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʧʦʧʝ-
ʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʙʘʢʘ ʧʨʝʚʳʰʘʣʠ 10 ʩʤ. ʆʩʪʘʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʪʦʣʴʢʦ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʧʦ 

ʧʨʦʜʦʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʝ x .  
ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 29. ɹʘʢ ʠʟ ʦʨʛʩʪʝʢʣʘ, ʠʤʝʶ-

ʱʠʡ ʜʣʠʥʫ L=100 ʩʤ ʠ ʰʠʨʠʥʫ B=30 ʩʤ, ʟʘʧʦʣʥʷʣʩʷ ʥʘ ʛʣʫʙʠʥʫ H=30 ʩʤ ʜʠʩʪʠʣʣʠʨʦʚʘʥ-

ʥʦʡ ʚʦʜʦʡ. ɺ ʧʨʦʜʦʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ ʙʘʢʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ h=20 ʩʤ ʦʪ ʜʥʘ ʨʘʩʧʦʣʘ-
ʛʘʣʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʮʠʣʠʥʜʨ ʨʘʜʠʫʩʘ R .  
ʂʫʣʠʩʥʳʡ ʤʝʭʘʥʠʟʤ 4 ʥʘ ʨʠʩʫʥʢʝ 29 ʦʙʝʩʧʝʯʠʚʘʣ ʩʪʨʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʢʦʣʝ-

ʙʘʥʠʡ ʮʠʣʠʥʜʨʘ. ɼʠʘʬʨʘʛʤʳ 7 ʦʙʝʩʧʝʯʠʚʘʣʠ ʥʝʦʙʭʦʜʠʤʦʝ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʧʦ ʢʦʦʨʜʠʥʘʪʝ 
x. ɸʤʧʣʠʪʫʜʘ a  ʟʘʜʘʚʘʣʘʩʴ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 0,5 %. ʏʘʩʪʦʪʘ w ʠʟʤʝʨʷʣʘʩʴ ʬʦʪʦ-
ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʯʝʪʯʠʢʦʤ ʠ ʟʘʜʘʚʘʣʘʩʴ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 0,5 %. ʇʨʠʤʝʥʷʣʠʩʴ ʜʚʘ ʤʝ-
ʪʦʜʘ ʚʠʟʫʘʣʠʟʘʮʠʠ: ʯʘʩʪʠʮʘʤʠ ʘʣʶʤʠʥʠʝʚʦʡ ʧʫʜʨʳ ʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʫʨʘʥʠʥʦʤ. ʉ ʧʦ-
ʤʦʱʴʶ ʱʝʣʝʚʦʡ ʜʠʘʬʨʘʛʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʮʠʣʠʥʜʨʘ, ʚ ʞʠʜʢʦʩʪʴ ʥʘʧʨʘʚ-
ʣʷʣʩʷ ʩʚʝʪʦʚʦʡ çʥʦʞè ʪʦʣʱʠʥʦʡ 2-3 ʩʤ. ɼʣʷ ʦʩʣʘʙʣʝʥʠʷ ʥʘʛʨʝʚʘ ʞʠʜʢʦʩʪʠ ʩʚʝʪʦʚʳʤ çʥʦ-
ʞʦʤè, ʧʦʨʦʞʜʘʶʱʠʤ ʢʦʥʚʝʢʪʠʚʥʳʝ ʜʚʠʞʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʟʨʘʯʥʳʡ ʪʝʧʣʦʚʦʡ ʬʠʣʴʪʨ. 
ʈʝʛʠʩʪʨʘʮʠʷ ʭʘʨʘʢʪʝʨʘ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ-ʤʝʪʦʢ ʠʣʠ ʫʨʘʥʠʥʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʬʦʪʦʩʲʝʤʢʦʡ. 
ʅʘ ʨʠʩʫʥʢʘʭ 30 ʘ-ʙ ʧʨʠʚʝʜʝʥʳ ʬʦʪʦʩʥʠʤʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʝʯʝʥʠʷ ʘʣʶ-

ʤʠʥʠʝʚʦʡ ʧʫʜʨʦʡ. ɺʨʝʤʷ ʚʳʜʝʨʞʢʠ ʧʨʠ ʩʲʝʤʢʝ ʨʘʚʥʦ 1 ʩ. ɽʩʣʠ ʯʘʩʪʠʮʳ-ʤʝʪʢʠ ʜʚʠʞʫʪʩʷ, ʦʥʠ 
ʦʩʪʘʚʣʷʶʪ ʥʘ ʩʥʠʤʢʝ ʩʚʝʪʣʳʝ ʪʨʝʢʠ, ʜʣʠʥʘ ʢʦʪʦʨʳʭ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 
ʯʘʩʪʠʮ ʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ. ʅʝʧʦʜʚʠʞʥʳʝ ʯʘʩʪʠʮʳ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʢʘʢ ʩʚʝʪʣʳʝ ʪʦʯʢʠ. ɺ 
ʩʣʫʯʘʝ ʣʘʤʠʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ (ʨʠʩ. 30ʘ) ʪʨʝʢʠ ʟʘʤʝʪʥʳ ʣʠʰʴ ʚ ʦʯʝʥʴ ʪʦʥʢʦʤ ʧʦʛʨʘ-
ʥʠʯʥʦʤ ʩʣʦʝ ʥʘ ʮʠʣʠʥʜʨʝ. ʇʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʜʚʠʞʝʥʠʠ ʪʦʣʱʠʥʘ ʟʦʥʳ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠ-
ʞʝʥʠʷ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ (ʨʠʩ. 30ʙ).  
ʉʥʠʤʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʫʨʘʥʠʥʦʤ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 30 ʚ-ʛ. ʋʨʘ-

ʥʠʥ, ʚʳʧʫʱʝʥʥʳʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʮʠʣʠʥʜʨʘ ʧʨʠ ʣʘʤʠʥʘʨʥʦʤ ʜʚʠʞʝʥʠʠ, ʦʩʪʘʚʘʣʩʷ ʣʠʰʴ ʚ 
ʪʦʥʢʦʤ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ (ʩʚʝʪʣʘʷ ʧʦʣʦʩʘ ʥʘ ʨʠʩ. 30ʚ). ʇʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʜʚʠʞʝʥʠʠ ʦʢʨʘ-
ʰʝʥʥʘʷ ʫʨʘʥʠʥʦʤ ʦʙʣʘʩʪʴ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ (ʨʠʩ. 30ʛ). 

ɽʩʣʠ ʚ ʦʧʳʪʘʭ ʫʚʝʣʠʯʠʚʘʪʴ ʪʦʣʴʢʦ ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ  ʮʠʣʠʥʜʨʘ w, ʘ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ 
ʦʩʪʘʚʠʪʴ ʥʝʠʟʤʝʥʥʳʤʠ, ʪʦ ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ w ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʧʦʣʥʦʩʪʴʶ 
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ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʰʝʥʠʶ (16). ʉʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʦʪʩʣʝʞʠʚʘʝʪ ʢʦʣʝʙʘʥʠʷ ʮʠʣʠʥʜʨʘ ʩ 

ʧʨʝʜʩʢʘʟʳʚʘʝʤʳʤ ʪʝʦʨʠʝʡ ʩʜʚʠʛʦʤ ʧʦ ʬʘʟʝ ʠ ʙʳʩʪʨʦ ʫʙʳʚʘʝʪ ʧʦ ʢʦʦʨʜʠʥʘʪʝ r. ʉ ʨʦʩʪʦʤ w 

ʪʦʣʱʠʥʘ ʩʣʦʷ d, ʚ ʢʦʪʦʨʦʤ ʠʤʝʝʪ ʤʝʩʪʦ ʟʘʤʝʪʥʦʝ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ, ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʦ 21-w . ʇʨʠ ʥʝʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷʭ w ʚ ʣʘʤʠʥʘʨʥʦʤ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʷʚʣʷʶʪʩʷ ʨʝʜʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʠʭʨʠ, ʩʣʘʙʦ ʠʩʢʘʞʘʶʱʠʝ ʦʩʥʦʚʥʦʝ 

ʪʝʯʝʥʠʝ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ, ʩ ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ ʧʦʚʪʦʨʷʶʱʝʤʩʷ ʟʥʘʯʝʥʠʠ 
*ww= , 

ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʚʟʨʳʚʦʦʙʨʘʟʥʦ ʫʪʦʣʱʘʝʪʩʷ. ɼʚʠʞʝʥʠʝ ʚ ʥʝʤ ʩʪʘʥʦʚʠʪʩʷ ʪʫʨʙʫʣʝʥʪʥʳʤ.  

ʆʧʨʝʜʝʣʠʤ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʉʪʦʢʩʘ ʬʦʨʤʫʣʦʡ nw= 2** aA . 

 

 
 

ʈʠʩ. 29. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ: 
1 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ; 2 ï ʰʢʠʚ; 3 ï ʤʘʭʦʚʠʢ; 

4 ï ʢʫʣʠʩʘ; 5 ï ʙʘʢ; 6 ï ʮʠʣʠʥʜʨ; 7 ï ʜʠʘʬʨʘʛʤʘ. 
 

  

  

 
 

ʈʠʩ. 30. ʃʘʤʠʥʘʨʥʳʡ (ʘ, ʚ) ʠ ʪʫʨʙʫʣʝʥʪʥʳʡ (ʙ, ʛ) ʨʝʞʠʤʳ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ  

ʥʘ ʮʠʣʠʥʜʨʝ, ʩʦʚʝʨʰʘʶʱʝʤ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ 
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ɺ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʤ ʚʘʨʠʘʥʪʝ ʟʘʜʘʯʠ ʉʪʦʢʩʘ ʟʥʘʯʝʥʠʝ 
*A  ʟʘʚʠʩʠʪ ʦʪ ʙʝʟʨʘʟʤʝʨʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ 
0x. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʛʨʘʬʠʢ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 31. ʊʦʯʢʠ ʧʣʦʩʢʦʩʪʠ ( )0,xA  

ʨʘʩʧʦʣʦʞʝʥʳ ʥʠʞʝ ʵʪʦʛʦ ʛʨʘʬʠʢʘ, ʪʝʯʝʥʠʝ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʥʘ ʮʠʣʠʥʜʨʝ ʣʘʤʠʥʘʨʥʦʝ, ʜʣʷ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʳʰʝ ʪʦʯʝʢ ï ʪʫʨʙʫʣʝʥʪʥʦʝ. ʇʨʠ >x0
10 ʬʫʥʢʮʠʷ ()0* xA  ʧʨʠʥʠʤʘʝʪ 

ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʨʘʚʥʦʝ asA*
=390°4. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ >x0

10 ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ 

ʥʘ ʮʠʣʠʥʜʨʝ ʠ ʥʘ ʧʣʘʩʪʠʥʝ ʠʜʝʥʪʠʯʥʳ. 

ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʩʚʦʙʦʜʥʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʰʘʨʘ 

ɺ ʦʜʥʦʨʦʜʥʦʡ ʙʝʟʛʨʘʥʠʯʥʦʡ ʧʦʢʦʷʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʧʦʜʚʝʰʝʥ ʪʚʝʨʜʳʡ ʰʘʨ ï ʠʜʝʘʣʴʥʦ 

ʩʠʤʤʝʪʨʠʯʥʦʝ ʪʝʣʦ ʩ ʦʜʥʠʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ: ʜʠʘʤʝʪʨʦʤ D (ʨʠʩ. 32). ɼʨʫʛʠʝ ʩʫ-

ʱʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʯʠ ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ r, ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟ-

ʢʦʩʪʠ ʞʠʜʢʦʩʪʠ n, ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʰʘʨʘ 
1r ʠ ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ g. ʈʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ r>r1
. ɺ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʰʘʨ ʥʘʯʠʥʘʝʪ ʜʚʠʞʝʥʠʝ ʙʝʟ 

ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. ɹʦʣʝʝ ʩʣʦʞʥʳʡ ʩʣʫʯʘʡ ʜʚʠʞʝʥʠʷ ʩ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʥʘʧʨʠʤʝʨ 

ʩʧʦʨʪʠʚʥʦʛʦ ʤʷʯʘ [38], ʟʜʝʩʴ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. ʀʟʫʯʘʶʪʩʷ ʪʨʘʝʢʪʦʨʠʷ ()tx  ʠ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʰʘʨʘ ( )t,xv . ʀʩʧʦʣʴʟʫʝʪʩʷ ʥʝʧʦʜʚʠʞʥʘʷ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 

( )zyx ,,x , ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 32. ɽʝ ʥʘʯʘʣʦ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʮʝʥʪʨʝ ʰʘʨʘ ʚ ʝʛʦ ʠʩʭʦʜʥʦʤ 

ʧʦʣʦʞʝʥʠʠ, ʦʩʴ z ʥʘʧʨʘʚʣʝʥʘ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ. 

ɺ ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʥʝʰʥʷʷ ʤʘʩʩʦʚʘʷ ʩʠʣʘ ʠ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣʳ ʜʘʚʣʝʥʠʷ 

ʞʠʜʢʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʰʘʨʘ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʦʜʥʫ ʪʦʯʢʫ ï ʮʝʥʪʨ ʰʘʨʘ. ʇʨʠ ʵʪʦʤ ʤʝʪʘʮʝʥ-

ʪʨʠʯʝʩʢʘʷ ʚʳʩʦʪʘ ʨʘʚʥʘ ʥʫʣʶ, ʠ ʰʘʨ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. ɺ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʚʣʠʷʥʠʝ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʡ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦ. ʉʠʪʫʘʮʠʷ ʦʩʦʙʝʥʥʦ ʥʝʦʧʨʝʜʝʣʝʥʥʘʷ, 

ʝʩʣʠ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʠ ʰʘʨʘ ʩʦʚʧʘʜʘʶʪ. ɿʜʝʩʴ ʵʪʦʪ ʩʣʫʯʘʡ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ.  

ʇʨʠ ʜʚʠʞʝʥʠʠ ʰʘʨʘ ʤʘʩʩʦʚʘʷ ʩʠʣʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʝʛʦ ʮʝʥʪʨ, ʘ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝ ʜʘʚʣʝʥʠʷ ʧʦ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʷʚʣʷʶʪʩʷ ʩʠʣʳ ʠʥʝʨʮʠʠ ʠ 

ʪʨʝʥʠʷ. ʇʨʠ ʫʩʢʦʨʝʥʥʦʤ ʜʚʠʞʝʥʠʠ, ʘ ʠʤʝʥʥʦ ʪʘʢ ʦʙʩʪʦʠʪ ʜʝʣʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʦʛʨʫʞʝ-

ʥʠʷ ʰʘʨʘ, ʩʠʣʘ ʠʥʝʨʮʠʠ ʦʢʘʟʳʚʘʝʪ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ. ʉʠʣʘ ʪʨʝʥʠʷ ʤʦʞʝʪ ʠ ʩʪʘʙʠʣʠ-

ʟʠʨʦʚʘʪʴ, ʠ ʜʝʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ.  

ɺ ʟʘʜʘʯʝ ʠʤʝʝʪʩʷ ʧʷʪʴ ʥʝʟʘʚʠʩʠʤʳʭ ʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: 
1,,,, rrngD . ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ p-ʪʝʦʨʝʤʦʡ ʪʝʦʨʠʠ ʨʘʟʤʝʨʥʦʩʪʠ ʯʠʩʣʦ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʜʚʫʭ. 

ɼʘʣʝʝ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʥʠʤʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʨʘʟʥʦʩʪʴ ʧʣʦʪʥʦʩʪʝʡ ʰʘʨʘ ʠ 

ʞʠʜʢʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʢʦʤʙʠʥʘʮʠʷ ʢʨʠʪʝʨʠʝʚ ʈʝʡʥʦʣʴʜʩʘ ʠ ʕʡʣʝʨʘ: 

( )11 -rr=e , 
2

3

n

e
=

gD
Ar . (18) 

 

 

 

ʈʠʩ. 31. ɻʨʘʥʠʮʘ, ʨʘʟʜʝʣʷʶʱʘʷ  

ʣʘʤʠʥʘʨʥʳʡ (ʥʠʞʝ ʢʨʠʚʦʡ) ʠ  

ʪʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤʳ ʜʚʠʞʝʥʠʷ  

ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ  

ʥʘ ʢʦʣʝʙʣʶʱʝʤʩʷ ʮʠʣʠʥʜʨʝ 

ʈʠʩ. 32. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ  

ʠ ʦʙʦʟʥʘʯʝʥʠʷ 
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ɽʩʣʠ >e 0, ʰʘʨ ʧʦʛʨʫʞʘʝʪʩʷ, ʝʩʣʠ <e 0, ʰʘʨ ʚʩʧʣʳʚʘʝʪ. ɺʪʦʨʦʡ ʧʘʨʘʤʝʪʨ ʩʦʜʝʨʞʠʪ e ʚ 

ʢʘʯʝʩʪʚʝ ʩʦʤʥʦʞʠʪʝʣʷ. ʅʦ ʵʪʦ ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʦʣʴʶ e 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʚʠʞʝʥʠʝ ʰʘʨʘ ʤʦʞʝʪ ʨʘʟʣʠʯʘʪʴʩʷ ʧʨʠ ʝʛʦ ʧʦʛʨʫʞʝʥʠʠ ʠ 

ʚʩʧʣʳʚʘʥʠʠ. ʇʨʠ ʚʳʙʦʨʝ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʥʳʝ 

ʤʘʩʰʪʘʙʳ ʜʣʠʥʳ ʠ ʚʨʝʤʝʥʠ: 

( )5,0
  , gDTDL e== . 

ʕʪʠ ʤʘʩʰʪʘʙʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʣʝʝ ʜʣʷ ʥʦʨʤʠʨʦʚʢʠ ʚʨʝʤʝʥʠ, ʢʦʦʨʜʠʥʘʪ ʠ ʩʢʦʨʦʩʪʝʡ. 

ʄʥʦʛʦ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʣʦʩʴ ʠʟʫʯʝʥʠʶ ʦʙʪʝʢʘʥʠʷ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʰʘʨʘ ʩʪʘʮʠʦʥʘʨʥʳʤ ʧʦ-

ʪʦʢʦʤ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 
¤U . ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʣʦʪʥʦʩʪʴ ʰʘʨʘ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ, ʠ 

ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʜʥʠʤ ʙʝʟʨʘʟʤʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ï ʧʘʨʘʤʝʪʨʦʤ ʈʝʡʥʦʣʴʜʩʘ 

n
= ¤DU

sRe . (19) 

ɿʘʢʨʝʧʣʝʥʥʳʡ ʰʘʨ ʥʝ ʠʤʝʝʪ ʥʠ ʦʜʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ, ʪʦʛʜʘ ʢʘʢ ʧʦʛʨʫʞʘʶʱʠʡʩʷ (ʠʣʠ 

ʚʩʧʣʳʚʘʶʱʠʡ) ʰʘʨ ʠʤʝʝʪ ʰʝʩʪʴ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. ɺ ʟʘʜʘʯʝ ʦʙʪʝʢʘʥʠʷ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʰʘʨʘ 

ʟʘʜʘʥʘ ʩʢʦʨʦʩʪʴ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ 
¤U , ʘ ʩʠʣʘ zF , ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʰʘʨ, ʩʣʫʞʠʪ ʦʜʥʦʡ ʠʟ 

ʠʩʢʦʤʳʭ ʬʫʥʢʮʠʡ. ɼʣʷ ʩʚʦʙʦʜʥʦ ʧʦʛʨʫʞʘʶʱʝʛʦʩʷ ʰʘʨʘ ʟʘʜʘʥʘ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ 

ʥʝʛʦ ʩʠʣʘ ʧʣʘʚʫʯʝʩʪʠ  

( )
6

3

1

D
gFz

p
r-r= , (20) 

ʘ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʰʘʨʘ v  ï ʦʜʥʘ ʠʟ ʠʩʢʦʤʳʭ ʬʫʥʢʮʠʡ. 

ɺ ʟʘʜʘʯʫ ʦ ʜʚʠʞʝʥʠʠ ʩʚʦʙʦʜʥʦʛʦ ʰʘʨʘ ʪʘʢʞʝ ʤʦʞʥʦ ʚʚʝʩʪʠ ʧʦʥʷʪʠʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʯʠʩʣʘ 

ʈʝʡʥʦʣʴʜʩʘ  

n=uDRe1
, (21) 

ʛʜʝ u  ï ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʰʘʨʘ. ʆʜʥʘʢʦ ʚ ʵʪʦʪ ʢʦʤʧʣʝʢʩ 

ʚʭʦʜʠʪ ʠʩʢʦʤʘʷ ʚʝʣʠʯʠʥʘ u, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʨʘʟʣʠʯʠʠ ʪʝʨʤʠʥʦʚ çʧʘʨʘʤʝʪʨè ʠ çʯʠʩʣʦè. 
ɹʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ ʩʦʩʪʘʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʠʟ ʚʝʣʠʯʠʥ, ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʤʠ ʟʘʜʘʯʠ. ɺ ʜʘʥ-

ʥʦʤ ʩʣʫʯʘʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ 
1Re  ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʚʨʝʤʝʥʠ 

ʠ ʧʘʨʘʤʝʪʨʦʚ e ʠ Ar . 

ɼʣʷ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʰʘʨʘ ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʥʝʛʦ ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

24

22

¤p
r=

UD
CF zzs , 

ʛʜʝ 
zC  ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʟʘʚʠʩʷʱʠʡ ʪʦʣʴʢʦ ʦʪ ʧʘʨʘʤʝʪʨʘ Re. ɺ ʷʚʥʦʤ ʚʠʜʝ 

22

8

¤rp
=

UD

F
C zs

z , ( )ReCC zz = . (22) 

ɽʩʣʠ ʧʦ ʘʥʘʣʦʛʠʠ ʩʦ ʩʣʫʯʘʝʤ ʩʚʦʙʦʜʥʦʛʦ ʰʘʨʘ ʧʨʝʜʩʪʘʚʠʪʴ ʩʠʣʫ ʚ ʚʠʜʝ:  

24

22

1

uD
CF zz

p
r= , (23) 

ʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʢʦʵʬʬʠʮʠʝʥʪ 
zC1
 ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʥʝ ʪʦʣʴʢʦ ʦʪ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ e ʠ Ar, ʥʦ 

ʠ ʦʪ ʢʦʦʨʜʠʥʘʪ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ, ʪʘʢ ʯʪʦ  

( )tzyxArCC zz ,,,,,11 e= . 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ [39, 40], ʯʪʦ ʧʨʠ ʩʚʦʙʦʜʥʦʤ ʧʦʛʨʫʞʝʥʠʠ ʰʘʨʘ ʩʫʱʝʩʪʚʫʝʪ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʚ ʢʦʪʦʨʦʤ ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʦʨ-

ʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ: const== ¤uu  ʧʨʠ *tt> . ɺ ʵʪʦʤ ʨʝʞʠʤʝ ( )ArCC asz ,1 e= . ʇʦʩʢʦʣʴʢʫ ʩʠʣʘ 

ʧʣʘʚʫʯʝʩʪʠ ʟʘʜʘʥʘ, ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ 

23

4
*
1

¤

e
=

u

gD
C

zas
, ( )ArCC asas ,e= . (24) 
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ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ɺ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʠʤʝʝʪ ʤʝʩʪʦ ʧʘʨʘʜʦʢʩ ɼʘʣʘʤʙʝʨʘ: ʰʘʨ ʥʝ ʠʩʧʳʪʳʚʘ-
ʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʫʩʢʦʨʷʝʪʩʷ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ 
ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʰʘʨ ʜʚʠʞʝʪʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦ 
ʚʜʦʣʴ ʦʩʠ z ʠ ʢʘʨʪʠʥʘ ʝʛʦ ʦʙʪʝʢʘʥʠʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʘʷ, ʧʦʣʫʯʠʣ ʉʪʦʢʩ [41, 42]. ɺ ʵʪʦʤ ʨʝʰʝ-
ʥʠʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʩʚʦʙʦʜʥʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʰʘʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ 

n

e
=¤

2

18

1 gD
u  (25) 

ʠʣʠ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ 

Ar
18

1
Reas= , 

n
= ¤Du

Reas . (26) 

ɺ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ 
ʬʦʨʤʫʣʝ 

as

24432

ReAr
Cas == . (27) 

ɺ ʨʝʰʝʥʠʠ ʉʪʦʢʩʘ ʚʣʠʷʥʠʝ ʨʘʟʥʦʩʪʠ ʧʣʦʪʥʦʩʪʝʡ ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʪʦʤ, ʯʪʦ ‐ ʚʭʦʜʠʪ 
ʩʦʤʥʦʞʠʪʝʣʝʤ ʚ ʧʘʨʘʤʝʪʨ Ar, ʧʦʵʪʦʤʫ ʧʨʠʚʝʜʝʥʥʳʝ ʬʦʨʤʫʣʳ ʷʚʣʷʶʪʩʷ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝ-
ʩʢʠʤʠ. 
ɼʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʰʘʨʘ ʠʟ ʨʝʰʝʥʠʷ ʉʪʦʢʩʘ ʧʦʣʫʯʘʝʪʩʷ 

ʬʦʨʤʫʣʘ 

Re
Cz

24
= . (28) 

ʇʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʬʦʨʤʫʣʳ (27) ʠ (28) ʦʜʠʥʘʢʦʚʳʝ. ʆʜʥʘʢʦ ʚ (28) ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʤ-
ʧʣʝʢʩ Re ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ, ʧʦʩʢʦʣʴʢʫ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʦʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʜʘʥʥʳʤʠ 
ʚʝʣʠʯʠʥʘʤʠ, ʘ ʢʦʤʧʣʝʢʩ Reas ʚ (27) ʩʣʝʜʫʝʪ ʥʘʟʳʚʘʪʴ ʯʠʩʣʦʤ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʤ ʩʦʜʝʨʞʠʪʩʷ 
ʠʩʢʦʤʘʷ ʚʝʣʠʯʠʥʘ uÐ. 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʬʦʨʤʫʣʳ (28) ʜʣʷ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʰʘʨʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʥʘ 

ʩʧʨʘʚʝʜʣʠʚʘ ʣʠʰʴ ʧʨʠ ʦʯʝʥʴ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ <Re 1. ʀʩʧʦʣʴʟʫʷ ʨʘʟʣʦʞʝʥʠʝ ʚ ʨʷʜ ʧʦ ʩʪʝʧʝ-
ʥʷʤ Re, ʆʟʝʝʥ ʠ ɻʦʣʴʜʰʪʝʡʥ ʧʦʣʫʯʠʣʠ ʬʦʨʤʫʣʫ [41, 42] 

ö
÷

õ
æ
ç

å
+-+= ...2

1280

19

16

3
1

24
ReRe

z
C

Re
. (29) 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠ ʵʪʘ ʬʦʨʤʫʣʘ (ʩ ʪʨʝʤʷ ʯʣʝʥʘʤʠ ʨʷʜʘ) ʧʨʠʤʝʥʠʤʘ ʣʠʰʴ ʧʨʠ 
ʟʥʘʯʝʥʠʷʭ Re<10. ʇʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ ʈʝʡʥʦʣʴʜʩʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʰʘʨʘ ʦʪ Re ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ɽʱʝ ʚ XVII  ʚ. ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʚʦʙʦʜʥʦ ʧʘʜʘʶʱʠʡ ʰʘʨ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʚʝʨʪʠʢʘʣʴ-
ʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʕʪʦ ʦʪʤʝʯʘʣ, ʚ ʯʘʩʪʥʦʩʪʠ, ʀ. ʅʴʶʪʦʥ [43]. ʆʙʟʦʨ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʩʦʜʝʨʞʠʪʩʷ ʚ [39-40, 43]. ɿʜʝʩʴ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ [39], ʢʦʪʦʨʳʝ ʦʙʲʷʩʥʠʣʠ ʧʨʠ-
ʯʠʥʫ ʦʪʢʣʦʥʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʰʘʨʘ ʦʪ ʚʝʨʪʠʢʘʣʠ. 

 

 

ʆʧʳʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʙʘʢʝ ʚʳʩʦʪʦʡ 
1,05 ʤ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 
ʨʘʟʤʝʨʦʤ 45³45 ʩʤ (ʨʠʩ. 33). ʐʘʨʳ ʧʦʜʚʝ-
ʰʠʚʘʣʠʩʴ ʥʘ ʨʳʙʦʣʦʚʥʦʡ ʣʝʩʢʝ ʪʦʣʱʠ-ʥʦʡ 
0,1 ʤʤ. ʃʝʩʢʘ ʟʘʢʨʝʧʣʷʣʘʩʴ ʟʘʞʠʤʦʤ, ʢʦʪʦ-
ʨʳʡ ʦʩʚʦʙʦʞʜʘʣʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʨʝʣʝ. 
ɺ ʤʦʤʝʥʪ ʦʩʚʦʙʦʞʜʝʥʠʷ ʟʘʛʦʨʘʣʘʩʴ ʩʠʛ-
ʥʘʣʴʥʘʷ ʣʘʤʧʦʯʢʘ. ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ 
ʰʘʨʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʚʠʜʝʦʢʘʤʝʨʦʡ. ɼʣʷ 
ʧʦʣʫʯʝʥʠʷ ʚʩʝʭ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ 
ʜʚʠʞʝʥʠʷ ʰʘʨʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʟʝʨʢʘʣʦ. ʈʠʩ. 33. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʩʤ 
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ɺ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʦʧʳʪʘʭ ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʩʪʝʥʦʢ ʙʘʢʘ, ʥʘʯʘʣʴʥʦʛʦ ʟʘʛʣʫʙʣʝʥʠʷ ʰʘʨʘ 

ʧʦʜ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʰʘʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʙʨʘʥʳ 

ʪʘʢʠʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʦʩʥʦʚʥʳʭ ʦʧʳʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʳ D , r, 
1r, g  ʠ n ʙʳʣʠ ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʶʱʠʤʠ, ʘ ʚʩʝ ʦʩʪʘʣʴʥʦʝ ʤʦʛʣʦ ʙʳʪʴ ʦʪʥʝʩʝʥʦ ʢ ʤʘʣʳʤ ʦʪʢʣʦʥʝʥʠʷʤ, ʢʦ-

ʪʦʨʳʝ ʥʝʠʟʙʝʞʥʦ ʠʤʝʶʪ ʤʝʩʪʦ ʥʘ ʧʨʘʢʪʠʢʝ. ɺʘʨʴʠʨʦʚʘʣʠʩʴ ʜʠʘʤʝʪʨ ʠ ʧʣʦʪʥʦʩʪʴ ʰʘʨʘ. ɼʠʘ-

ʤʝʪʨ ʧʨʠʥʠʤʘʣ ʟʥʘʯʝʥʠʷ 2, 3 ʠ 5 ʩʤ, ʘ ʧʣʦʪʥʦʩʪʴ ʰʘʨʘ ʧʨʝʚʳʰʘʣʘ ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ ʥʘ 20-176 %.  

ʅʘ ʨʠʩʫʥʢʝ 34 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʪʨʝʭ ʧʨʦʝʢʮʠʡ ʪʨʘʝʢʪʦʨʠʠ ʮʝʥʪʨʘ ʰʘʨʘ ʩ ʜʠʘʤʝʪʨʦʤ 3 ʩʤ 

ʠ ʧʣʦʪʥʦʩʪʴʶ 1,205 ʛ/ʩʤ3. ɼʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 34 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘ ʥʝʢʦʪʦʨʦʤ ʥʘʯʘʣʴʥʦʤ 

ʫʯʘʩʪʢʝ ʪʨʘʝʢʪʦʨʠʠ ʜʣʠʥʦʡ DL , ʟʘʚʠʩʷʱʝʡ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ, ʰʘʨ ʧʦʛʨʫʞʘʣʩʷ ʚʝʨʪʠ-

ʢʘʣʴʥʦ. ɿʘʪʝʤ ʦʥ ʨʝʟʢʦ ʦʪʢʣʦʥʠʣʩʷ ʦʪ ʦʩʠ z ʠ ʜʚʠʛʘʣʩʷ ʧʦ ʪʨʘʝʢʪʦʨʠʠ, ʢʦʪʦʨʘʷ ʧʨʠ ʧʦʚʪʦʨʝ-

ʥʠʠ ʦʧʳʪʦʚ ʚʳʛʣʷʜʠʪ ʩʣʫʯʘʡʥʦʡ. ʆʜʥʘʢʦ ʧʨʦʝʢʮʠʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ (ʨʠʩ. 34ʚ) 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʩʣʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʚʝʨʪʠʢʘʣʠ ʪʨʘʝʢʪʦʨʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʥʪʦʚʦʡ ʭʘʨʘʢʪʝʨ. 

ʉʣʫʯʘʡʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ. ʀ ʚ ʧʨʠʚʝʜʝʥʥʦʤ ʥʘ 

ʨʠʩʫʥʢʝ 34 ʧʨʠʤʝʨʝ, ʠ ʧʨʠ ʚʩʝʭ ʜʨʫʛʠʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ [39] ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʢʩʠ-

ʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʚʝʨʪʠʢʘʣʠ ʙʳʣʦ ʧʦʨʷʜʢʘ ʜʚʫʭ ʜʠʘʤʝʪʨʦʚ ʰʘʨʘ. 

ʅʘ ʨʠʩʫʥʢʝ 35 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʚʩʝʭ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪ 

ʩʢʦʨʦʩʪʠ ʰʘʨʘ ʧʨʠ ʪʦʤ ʞʝ ʩʦʯʝʪʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʠ ʥʘ ʨʠʩʫʥʢʝ 34. ɺʝʨʪʠʢʘʣʴʥʘʷ ʢʦʤʧʦ-

ʥʝʥʪʘ ʩʢʦʨʦʩʪʠ ʚʳʭʦʜʠʪ ʥʘ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ 
¤u , ʘ ʚ ʧʦʚʝʜʝʥʠʠ ʜʚʫʭ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪ, 

ʢʦʪʦʨʳʝ ʩʨʘʚʥʠʤʳ ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ, ʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥ-

ʪʳ, ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ. ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ 
xu  

ʠ yu  ʠʤʝʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʟʥʘʢʠ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʠʥʪʦʚʦʛʦ ʜʚʠʞʝʥʠʷ. 

 

 
 

 
 

ʘ ʙ ʚ 

 

ʈʠʩ. 34. ʇʨʦʝʢʮʠʠ ʪʨʘʝʢʪʦʨʠʠ ʮʝʥʪʨʘ ʰʘʨʘ. Ar =5,46Ö10
7

, e=0,206 
 

 
ʈʠʩ. 35. ʂʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ 
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ʅʘ ʨʠʩʫʥʢʝ 36 ʧʨʠʚʝʜʝʥ ʬʦʪʦʩʥʠʤʦʢ, ʦʙʲʷʩʥʷʶʱʠʡ ʧʨʠʯʠʥʫ ʦʪʢʣʦʥʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʦʪ 

ʚʝʨʪʠʢʘʣʠ. ʇʨʠʯʠʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʦʙʪʝʢʘʥʠʷ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʰʘʨʘ, 

ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʦʪʨʳʚ ʧʦʪʦʢʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʦʙʦʜʥʦ-

ʛʦ ʰʘʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʣʴʮʝʚʦʛʦ ʚʠʭʨʷ. ʆʪʨʳʚ ʢʦʣʴʮʝʚʦʛʦ ʚʠʭʨʷ ʠʟʤʝʥʷʝʪ ʩʢʦʨʦʩʪʴ ʜʚʠ-

ʞʝʥʠʷ ʰʘʨʘ, ʧʨʠʯʝʤ ʥʝ ʪʦʣʴʢʦ ʧʦ ʚʝʣʠʯʠʥʝ, ʥʦ ʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ. ʅʘʧʨʘʚʣʝʥʠʝ ʦʪʨʳʚʘ ʚʠʭ-

ʨʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʨʝʘʢʮʠʷ ʰʘʨʘ ʟʘʚʠʩʷʪ ʦʪ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʦʙʫ-

ʩʣʦʚʣʝʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʰʘʨʘ ʠʣʠ ʝʛʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʦ 

ʧʣʦʪʥʦʩʪʠ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʜʚʠʞʝʥʠʠ ʧʨʦʮʝʩʩ ʦʪʨʳʚʘ ʚʠʭʨʷ ʧʦʚʪʦʨʷʝʪʩʷ, ʧʨʠʯʝʤ ʩ ʦʧʨʝʜʝ-

ʣʝʥʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ. ɼʦ ʦʪʢʣʦʥʝʥʠʷ ʰʘʨ ʜʚʠʛʘʣʩʷ ʧʦ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʧʨʦ-

ʭʦʜʷʱʝʡ ʯʝʨʝʟ ʩʝʨʝʜʠʥʫ ʢʘʜʨʘ. ʌʦʪʦʩʥʠʤʦʢ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʫʯʘʩʪʢʝ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʪʨʘ-

ʝʢʪʦʨʠʠ (ʜʦ ʦʪʨʳʚʘ ʧʝʨʚʦʛʦ ʚʠʭʨʷ) ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʩʣʝʜ ʟʘ ʰʘʨʦʤ ʦʯʝʥʴ ʫʟʢʠʡ. 

ʅʘ ʨʠʩʫʥʢʝ 37 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʰʘʨʘ 

ʦʪ ʧʘʨʘʤʝʪʨʘ ʈʝʡʥʦʣʴʜʩʘ (ʩʤ., ʥʘʧʨʠʤʝʨ, [23]). ʃʠʥʠʷ 2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʫʣʝ ʉʪʦʢʩʘ, ʣʠ-

ʥʠʷ 3 ï ʬʦʨʤʫʣʝ ʆʟʝʝʥʘ-ɻʦʣʴʜʰʪʝʡʥʘ. ɺ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ 2000<<Re 300000 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʯʪʠ ʧʦʩʪʦʷʥʥʳʡ. ʅʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʘʨʘʤʝʪʨʘ 

ʟʘʜʘʯʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʝʨʤʠʥʦʤ çʘʚʪʦʤʦʜʝʣʴʥʦʩʪʴè. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʤʝʩʪʦ ʘʚʪʦʤʦ-

ʜʝʣʴʥʦʩʪʴ ʧʦ ʧʘʨʘʤʝʪʨʫ ʈʝʡʥʦʣʴʜʩʘ. ʇʦ ʜʘʥʥʳʤ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ, ʥʘ ʠʥʪʝʨʚʘʣʝ ʘʚʪʦʤʦʜʝʣʴ-

ʥʦʩʪʠ 
zC = 0,4ï0,45. 

ʅʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʠʥʪʝʨʚʘʣʘ ʘʚʪʦʤʦʜʝʣʴʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʟʢʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʷ 0,09. ʕʪʫ ʩʠʪʫʘʮʠʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʝʨʤʠʥʦʤ çʢʨʠʟʠʩ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷè. ʇʨʠʯʠʥʫ ʢʨʠʟʠʩʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʰʘʨʘ ʦʙʲʷʩʥʠʣ ʚ ʩʚʦʠʭ ʵʣʝʛʘʥʪʥʳʭ ʦʧʳʪʘʭ 

ʃ. ʇʨʘʥʜʣʴ [36]. ʆʥ ʟʘʢʨʝʧʠʣ ʥʘ ʰʘʨʝ ʥʝʤʥʦʛʦ ʚʧʝʨʝʜʠ ʝʛʦ ʵʢʚʘʪʦʨʘ ʪʦʥʢʦʝ ʧʨʦʚʦʣʦʯʥʦʝ 

ʢʦʣʴʮʦ. ʇʨʠ ʵʪʦʤ, ʢʘʟʘʣʦʩʴ ʙʳ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʰʘʨʘ ʜʦʣʞʥʦ ʚʦʟʨʘʩʪʠ. ʆʜʥʘʢʦ ʦʥʦ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʫʤʝʥʴʰʠʣʦʩʴ, ʧʨʠʯʝʤ ʢʨʠʟʠʩ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʤʝʣ ʤʝʩʪʦ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʤ 

ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ʈʝʡʥʦʣʴʜʩʘ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʰʘʨʘ ʙʝʟ ʢʦʣʴʮʘ.  

ʃ. ʇʨʘʥʜʪʣʴ ʜʘʣ ʩʣʝʜʫʶʱʝʝ ʦʙʲʷʩʥʝʥʠʝ ʵʪʦʤʫ ʵʬʬʝʢʪʫ. ʉʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʰʘʨʘ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʩʣʘʛʘʝʤʳʤʠ: ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʪʨʝʥʠʷ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʬʦʨʤʳ ʪʝʣʘ. ʂʦʣʴʮʦ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʙʦʣʝʝ ʨʘʥʥʝʤʫ ʧʝʨʝʭʦʜʫ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʥʘ ʰʘʨʝ ʦʪ ʣʘʤʠʥʘʨʥʦʛʦ ʨʝʞʠ-

ʤʘ ʪʝʯʝʥʠʷ ʢ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʝʞʠʤʫ ʠ ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʣʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ. ʆʜʥʘʢʦ 

ʚ ʪʫʨʙʫʣʝʥʪʥʦʤ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʪʦʯʢʘ ʦʪʨʳʚʘ ʧʦʪʦʢʘ ʩʤʝʱʘʝʪʩʷ ʚʥʠʟ ʧʦ ʧʦʪʦʢʫ. ʕʪʦ ʧʨʠ-

ʚʝʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʬʦʨʤʳ ʠ ʩʫʤʤʘʨʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

 

 

 

ʈʠʩ. 36. ʆʪʢʣʦʥʝʥʠʝ ʰʘʨʘ ʦʪ 

ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ  

ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʨʳʚʘ  

ʢʦʣʴʮʝʚʦʛʦ ʚʠʭʨʷ 

ʈʠʩ. 37. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʰʘʨʘ ʦʪ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ: 
1 ï ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ;  

2 ï ʧʦ ʬʦʨʤʫʣʝ (28); 3 ï ʧʦ ʬʦʨʤʫʣʝ (29). 
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ʅʘ ʨʠʩʫʥʢʝ 37 ʧʨʠʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʦʧʳʪʘʭ ʩʦ 

ʩʚʦʙʦʜʥʦ ʧʦʛʨʫʞʘʶʱʠʤʩʷ ʰʘʨʦʤ [39]. ɼʣʷ ʵʪʠʭ ʪʦʯʝʢ ʧʦ ʦʩʠ ʦʪʣʦʞʝʥʳ ʟʥʘʯʝʥʠʷ 
aslgRe , ʘ 

ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ï ʟʥʘʯʝʥʠʷ 
asClg . ʕʪʠ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʰʘʨʘ ʚ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʦʢʘʟʘʣʦʩʴ ʙʦʣʴʰʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʰʘʨʘ ʧʨʠ 

ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ Re ʠ ʯʠʩʣʘ 
asRe . ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʣʫʯʘʝ ʩʚʦʙʦʜʥʦ ʧʦʛʨʫʞʘ-

ʶʱʝʛʦʩʷ ʰʘʨʘ ʠʤʝʝʪ ʤʝʩʪʦ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʩʚʦʡʩʪʚʘ ʘʚʪʦʤʦʜʝʣʴʥʦʩʪʠ. ʕʪʦ ʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, 

ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʰʘʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, 

ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʥʝ ʦʜʥʦʛʦ, ʘ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʉʦ ʩʚʦʙʦʜʥʦ ʧʦʛʨʫʞʘʶʱʠʤʩʷ ʰʘʨʦʤ ʚ [39] ʧʦʚʪʦʨʝʥ ʦʧʳʪ ʃ. ʇʨʘʥʜʪʣʷ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʜʚʘ ʰʘʨʘ ʜʠʘʤʝʪʨʦʤ 3 ʩʤ ʦʜʠʥʘʢʦʚʦʡ ʧʣʦʪʥʦʩʪʠ 1,205 ʛ/ʩʤ3. ʆʜʠʥ ʰʘʨ ʙʳʣ ʛʣʘʜʢʠʤ, ʘ ʥʘ 

ʜʨʫʛʦʤ ʠʤʝʣʦʩʴ ʢʦʣʴʮʦ ʚʳʩʦʪʦʡ 0,5 ʤʤ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʥʘ 3 ʤʤ ʚʧʝʨʝʜʠ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ 

ʩʝʯʝʥʠʷ. ʕʪʦʪ ʦʧʳʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʣʫʯʘʷ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʰʘʨʘ ʢʦʣʴʮʦ ʫʚʝʣʠʯʠʣʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʋʤʝʥʴʰʠʣʦʩʴ ʪʘʢʞʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʚʝʨʪʠʢʘʣʴ-

ʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʫʩʣʦʞʥʠʣʘʩʴ ʩʠʤʤʝʪʨʠʷ ʜʚʠʞʝʥʠʷ. ʇʦʩʣʝ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʥʘʨʷʜʫ ʩ ʜʚʠʞʝʥʠʝʤ ʧʦ ʚʠʥʪʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ ʰʘʨ ʩ ʢʦʣʴʮʦʤ ʩʦʚʝʨʰʘʣ ʥʝʙʦʣʴʰʠʝ ʢʦʣʝʙʘʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʣʦʩʴ ʢʦʣʴʮʦ. ɸʥʘʣʦʛʠʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʦʚʝʨʰʘ-

ʝʪ ʩʚʦʙʦʜʥʦ ʧʦʛʨʫʞʘʶʱʘʷʩʷ ʧʣʘʩʪʠʥʘ.  

ɺʳʧʦʣʥʝʥʳ ʪʘʢʞʝ ʦʧʳʪʳ, ʚ ʢʦʪʦʨʳʭ ʰʘʨ ʩʚʦʙʦʜʥʦ ʧʦʛʨʫʞʘʣʩʷ ʠʟ ʢʝʨʦʩʠʥʘ ʚ ʚʦʜʫ. ʆʥ 

ʪʘʢʞʝ ʦʪʢʣʦʥʷʣʩʷ ʦʪ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʢʝʨʦ-

ʩʠʥʘ ʠ ʚʦʜʳ ʢʝʨʦʩʠʥ ʫʚʣʝʢʘʣʩʷ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʩʣʝʜ ʟʘ ʰʘʨʦʤ, ʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʳʩʪʨʦ 

ʚʩʧʣʳʚʘʣ. ʆʜʥʘʢʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʩʣʝʜʝ ʦʩʪʘʚʘʣʘʩʴ ʢʘʧʣʷ ʢʝʨʦʩʠʥʘ, ʢʦʪʦʨʘʷ 

ʫʚʣʝʢʘʣʘʩʴ ʥʘ ʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 38. 

ʐʘʨ ʜʠʘʤʝʪʨʦʤ D=2 ʩʤ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʵʙʦʥʠʪʘ (e=1,2). ʉʥʠʤʢʠ ʧʦʣʫʯʝʥʳ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 
ʦʧʳʪʝ ʚ ʪʨʠ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ. ʇʨʠ ʧʦʚʪʦʨʝʥʠʠ ʦʧʳʪʘ ʵʬʬʝʢʪ ʧʦʚʪʦʨʷʝʪʩʷ. 

4. ɺʣʠʷʥʠʝ ʬʦʨʤʳ ʪʝʣʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʚʪʦʤʦʜʝʣʴʥʦʛʦ  

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʣʝʜʘ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʣʝʜʳ ʟʘ ʪʝʣʘʤʠ 

ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʥʝʚʦʟʤʦʞʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʧʠʩʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʟʘ-

ʚʠʩʠʤʦʩʪʷʤʠ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ, ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ, ʤʦʤʝʥʪʘ 

ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʠ ʵʥʝʨʛʠʠ ʜʣʷ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʅʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ. ʕʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʪʝʣ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʥʝ ʫʥʠʚʝʨ-

ʩʘʣʴʥʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʩʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ [44-45], ʪʝʯʝʥʠʝ ʚ 

ʧʣʦʩʢʦʤ ʘʚʪʦʤʦʜʝʣʴʥʦʤ ʩʣʝʜʝ ʥʝ ʟʘʚʠʩʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ ʬʦʨʤʳ ʪʝʣʘ.  
 

 

 
ʙ 

 
ʘ ʚ 

 

ʈʠʩ. 38. ʂʘʧʣʷ ʢʝʨʦʩʠʥʘ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʩʣʝʜʝ ʟʘ ʰʘʨʦʤ, ʧʦʛʨʫʞʘʶʱʠʤʩʷ ʚ ʚʦʜʝ: 
ʘ ï Dx =8; ʙ ï Dx =20; ʚ ï Dx =40.  
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ʅʠʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʫʨʙʫʣʝʥʪʥʳʡ ʩʣʝʜ ʟʘ ʫʜʦʙʦʦʙʪʝʢʘʝʤʳʤ ʪʝʣʦʤ ʩʠʛʘʨʦʦʙʨʘʟʥʦʡ 

ʬʦʨʤʳ ʠ ʧʣʦʭʦʦʙʪʝʢʘʝʤʦʡ ʩʬʝʨʦʡ, ʦʙʪʝʢʘʝʤʳʤʠ ʧʦʪʦʢʦʤ ʙʝʟʛʨʘʥʠʯʥʦʡ ʦʜʥʦʨʦʜʥʦʡ ʥʝʩʞʠ-

ʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 
¤U , ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʪʝʣʘ. ʀʩʧʦʣʴ-

ʟʫʝʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ x , r , j, ʚ ʢʦʪʦʨʦʡ ʦʩʴ x  ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ ʩʠʤ-

ʤʝʪʨʠʠ ʪʝʣʘ ʠ ʥʘʧʨʘʚʣʝʥʘ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ, ʘ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʥʘʭʦʜʠʪʩʷ ʥʘ ʟʘʜʥʝʡ ʢʨʦʤʢʝ 

ʪʝʣʘ. ɽʩʣʠ u= ¤DURe  ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ, ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ [44], ʯʪʦ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ 

ʨʘʩʩʪʦʷʥʠʷʭ Dx  ʦʪ ʪʝʣʘ ʚʨʘʱʝʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʘʚʪʦʤʦʜʝʣʴʥʳʡ ʨʝʞʠʤ ʪʝʯʝʥʠʷ (D  ï 

ʜʠʘʤʝʪʨ ʤʠʜʝʣʝʚʦʛʦ ʩʝʯʝʥʠʷ ʪʝʣʘ; u ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ). ʕʪʦ ʦʟʥʘʯʘ-

ʝʪ, ʯʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʨʫʧʥʦʤʘʩ-

ʰʪʘʙʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

( )cc lrfUU 11= , ( )cc lrfUu 11

22 =- , ( )cc lrfUuv 12

2=-  (30) 

ʠ ʪ. ʜ. ɿʜʝʩʴ UUU -= ¤1
 ï ʜʝʬʠʮʠʪ ʦʩʨʝʜʥʝʥʥʦʡ ʧʨʦʜʦʣʴʥʦʡ ʩʢʦʨʦʩʪʠ U  ʚ ʩʣʝʜʝ; u , v  ï 

ʦʩʝʚʘʷ ʠ ʨʘʜʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ; 2u- , uv-  ï ʥʘʧʨʷʞʝʥʠʷ ʈʝʡ-

ʥʦʣʴʜʩʘ (ʦʪʥʝʩʝʥʥʳʝ ʢ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ). 

ʍʘʨʘʢʪʝʨʥʳʝ ʤʘʩʰʪʘʙʳ ʩʢʦʨʦʩʪʠ 
cU  ʠ ʜʣʠʥʳ 

cl  ʚ (30) ʟʘʚʠʩʷʪ ʣʠʰʴ ʦʪ ʢʦʦʨʜʠʥʘʪʳ x  ʠ 

ʟʘʜʘʶʪʩʷ ʨʘʚʝʥʩʪʚʘʤʠ  

( ) 32

0 ]/[ --= ScxxUU xc , , 

ʛʜʝ const0 =x , 
xc  ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʣʘ, ʥʘʡʜʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʘʨʘʢ-

ʪʝʨʥʦʡ ʧʣʦʱʘʜʠ ʪʝʣʘ S  (ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʡ ʥʠʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʦʱʘʜʴ ʤʠʜʝʣʝʚʘ ʩʝʯʝʥʠʷ). 

ʉʫʱʝʩʪʚʫʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ (ʩʤ., ʥʘʧʨʠʤʝʨ, [44]), ʯʪʦ ʚ ʦʙʣʘʩʪʠ, ʛʜʝ ʪʝʯʝʥʠʝ ʚ ʩʣʝʜʝ ʩʪʘ-

ʥʦʚʠʪʩʷ ʘʚʪʦʤʦʜʝʣʴʥʳʤ, ʫʢʘʟʘʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʪ-

ʩʷ ʟʘʜʘʥʠʝʤ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʣʘ, ʩʢʦʨʦʩʪʠ 
¤U  ʠ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʧʦʣʦʞʝʥʠʷ ʚʠʨʪʫʘʣʴ-

ʥʦʛʦ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ 
0x  (ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ x  ʟʥʘʯʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ 

0x  ʤʦʞʥʦ ʧʨʠ-

ʨʘʚʥʷʪʴ ʥʫʣʶ). ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʯʪʦ ʬʫʥʢʮʠʠ 
1f , 

11f , 
12f  ʠ ʪ. ʜ. ʚ ʨʘʚʝʥʩʪʚʘʭ 

(30) ʜʦʣʞʥʳ ʙʳʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʜʣʷ ʪʝʣ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʜʦʩʪʘʪʦʯʥʦ 

ʙʳʣʦ ʙʳ ʠʟʫʯʠʪʴ ʘʚʪʦʤʦʜʝʣʴʥʳʡ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʡ ʩʣʝʜ ʟʘ ʢʘʢʠʤ-ʣʠʙʦ ʦʜʥʠʤ ʪʝʣʦʤ ʚʨʘʱʝ-

ʥʠʷ, ʥʘʧʨʠʤʝʨ ʟʘ ʩʬʝʨʦʡ, ʠ ʟʘʪʝʤ ʙʳʣʦ ʙʳ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʣʷ ʩʧʫʪʥʳʭ ʩʪʨʫʡ ʟʘ ʪʝʣʘʤʠ ʣʶʙʦʡ ʬʦʨʤʳ. 

ʆʜʥʘʢʦ ʠʤʝʶʱʠʝʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʙ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʩʣʝʜʘʭ ʟʘ ʪʝʣʘʤʠ 

ʟʘʩʪʘʚʣʷʶʪ ʩʦʤʥʝʚʘʪʴʩʷ ʚ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʪʘʢʦʡ ʛʠʧʦʪʝʟʳ. ʅʘʧʨʠʤʝʨ, ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʚ ʩʣʝʜʝ ʟʘ ʫʜʦʙʦʦʙʪʝʢʘʝʤʦʤ ʪʝʣʦʤ ʚʨʘʱʝʥʠʷ [45] ʠ ʚ ʩʣʝʜʝ ʟʘ ʧʣʦʭʦ ʦʙʪʝʢʘʝʤʦʡ 

ʩʬʝʨʦʡ [47] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʦʨʦʞʜʘʝʤʘʷ ʧʣʦʭʦ ʦʙʪʝʢʘʝʤʳʤ ʪʝʣʦʤ ʦʪʥʦʩʠ-

ʪʝʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʭʘʨʘʢʪʝʨʥʘʷ ʰʠʨʠʥʘ 

ʩʣʝʜʘ, ʦʪʥʝʩʝʥʥʘʷ ʢ Scx , ʟʘ ʩʬʝʨʦʡ ʦʢʘʟʳʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ (ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘ-

ʯʝʥʠʝ 
¤UU1

 ʤʝʥʴʰʝ), ʯʝʤ ʟʘ ʫʜʦʙʦʦʙʪʝʢʘʝʤʳʤ ʪʝʣʦʤ ʧʨʠ ʪʝʭ ʞʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠ-

ʷʭ Scx x . ʀ ʭʦʪʷ ʠʟʤʝʨʝʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ [46] ʥʘ ʥʝʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʟʘ ʪʝʣʦʤ 

(ʧʨʠ ¢Scx x 120), ʛʜʝ ʨʝʞʠʤ ʪʝʯʝʥʠʷ ʝʱʝ ʥʝ ʙʳʣ ʘʚʪʦʤʦʜʝʣʴʥʳʤ, ʫʢʘʟʘʥʥʳʝ ʨʘʟʣʠʯʠʷ ʙʳ-

ʣʠ ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢʠ, ʯʪʦ ʪʨʫʜʥʦ ʦʞʠʜʘʪʴ ʦʪʩʫʪʩʪʚʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʬʦʨʤʳ ʪʝ-

ʣʘ ʥʘ ʘʚʪʦʤʦʜʝʣʴʥʳʝ ʪʫʨʙʫʣʝʥʪʥʳʡ ʩʣʝʜ ʠ ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʪʝʣʘ. ʂ ʘʥʘʣʦʛʠʯʥʦʤʫ 

ʟʘʢʣʶʯʝʥʠʶ ʧʨʠʰʣʠ ʈʝʡʭʘʨʜʪ ʠ ʕʨʤʩʭʘʫʩ [48] ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʡ ʧʨʦʬʠʣʝʡ ʦʩʨʝʜʥʝʥʥʦʡ 

ʩʢʦʨʦʩʪʠ ʚ ʩʣʝʜʘʭ ʟʘ ʨʘʟʣʠʯʥʳʤʠ ʪʝʣʘʤʠ ʚʨʘʱʝʥʠʷ ʧʨʠ <Scx x 80. 

ʇʨʠʚʦʜʠʤʳʝ ʥʠʞʝ ʨʝʟʫʣʴʪʘʪʳ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘ-

ʟʳʚʘʶʪ, ʯʪʦ ʪʝʯʝʥʠʝ ʚ ʘʚʪʦʤʦʜʝʣʴʥʦʤ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʤ ʩʣʝʜʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʟʘʚʠʩʠʪ ʥʝ 

ʪʦʣʴʢʦ ʦʪ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ, ʥʦ ʠ ʦʪ ʬʦʨʤʳ ʪʝʣʘ. 

ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʥʝʟʘʤʢʥʫʪʦʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ ʩ ʟʘʢʨʳʪʦʡ ʨʘʙʦʯʝʡ ʯʘʩʪʴʶ, 

ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʚʘʜʨʘʪ 40³40 ʩʤ2
 ʩʦ ʩʢʦʰʝʥʥʳʤʠ ʫʛʣʘʤʠ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʩʚʦʙʦʜʥʦʛʦ ʧʦʪʦʢʘ ʚ ʪʨʫʙʝ ʩʦʩʪʘʚʣʷʣʘ ʤʝʥʝʝ 0,1 %. ɻʨʘʜʠʝʥʪ 

( ) 31
0 ][ ScxxScl xxc -=
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ʜʘʚʣʝʥʠʷ ʚʜʦʣʴ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʙʳʣ ʨʘʚʝʥ ʥʫʣʶ. ɺ ʦʜʥʦʡ ʩʝʨʠʠ ʦʧʳʪʦʚ ʧʦʜʚʝʰʠʚʘʣʘʩʴ ʩʬʝʨʘ 

ʜʠʘʤʝʪʨʦʤ =D 1 ʩʤ ʥʘ ʯʝʪʳʨʝʭ ʧʨʦʚʦʣʦʯʢʘʭ ʜʠʘʤʝʪʨʦʤ 0,05 ʤʤ. ɺ ʜʨʫʛʦʡ ʩʝʨʠʠ ʥʘ ʚʦʩʴʤʠ 

ʧʨʦʚʦʣʦʯʢʘʭ ʪʦʛʦ ʞʝ ʜʠʘʤʝʪʨʘ ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ ʧʦʜ ʥʫʣʝʚʳʤ ʫʛʣʦʤ ʘʪʘʢʠ ʩʠʛʘʨʦʦʙʨʘʟʥʦʝ 

ʪʝʣʦ ʚʨʘʱʝʥʠʷ, ʜʣʠʥʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʣʘ 8 ʩʤ, ʘ ʜʠʘʤʝʪʨ ʤʠʜʝʣʝʚʦʛʦ ʩʝʯʝʥʠʷ D  ʨʘʚʥʷʣʩʷ 

1 ʩʤ. ʊʝʣʦ ʚʨʘʱʝʥʠʷ ʠʤʝʣʦ ʫʜʦʙʦʦʙʪʝʢʘʝʤʫʶ ʬʦʨʤʫ. ʆʜʥʘʢʦ ʫ ʝʛʦ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʠ ʙʳʣʦ 

ʧʨʠʢʣʝʝʥʦ ʢʦʣʴʮʦ ʠʟ ʧʨʦʚʦʣʦʯʢʠ ʜʠʘʤʝʪʨʦʤ 0,25 ʤʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ ʪʝʣʘ xc  ʦʢʘʟʘʣʩʷ ʨʘʚʥʳʤ 0,39, ʪ.ʝ. ʥʝ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʱʠʤʩʷ ʧʦ ʚʝʣʠʯʠʥʝ ʦʪ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʬʝʨʳ (cx=0,48). ʆʙʝ ʩʝʨʠʠ ʦʧʳʪʦʚ ʚʳʧʦʣʥʷʣʠʩʴ ʧʨʠ =Re 1Ö10
4
, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʩʢʦʨʦʩʪʠ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʧʨʠʤʝʨʥʦ 15 ʤ/ʩ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 

ʪʝʨʤʦʘʥʝʤʦʤʝʪʨʦʤ ʬʠʨʤʳ çDISA Elektronikè. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 39-42. ɺʝʣʠʯʠʥʘ 
0x  ʚ ʚʳʨʘʞʝʥʠʷʭ ʜʣʷ 

cU  

ʠ 
cl  ʦʧʨʝʜʝʣʷʣʘʩʴ ʟʜʝʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ 

1U  ʥʘ ʦʩʠ ʩʣʝʜʘ ʚ ʠʥʪʝʨʚʘʣʝ 10¢¢ Dx 250. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩʬʝʨʳ ʠ ʚ ʩʣʫʯʘʝ ʫʜʣʠʥʝʥʥʦʛʦ ʪʝʣʘ ʚʨʘʱʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ =0x 0. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ 39 ʠ 40, ʧʨʦʬʠʣʠ 
1U  ʠ 2u ʩʪʘʥʦʚʷʪʩʷ ʘʚʪʦʤʦʜʝʣʴʥʳʤʠ ʚ ʦʙʦʠʭ ʩʣʫʯʘ-

ʷʭ ʫʞʝ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ =Dx 100. ʀʟʤʝʨʝʥʠʷ ʜʚʫʭ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʫʨʙʫ-

ʣʝʥʪʥʦʩʪʠ ʠ ʢʦʨʨʝʣʷʮʠʠ uv (ʨʠʩ. 41 ʠ 42) ʧʨʦʚʦʜʠʣʠʩʴ ʣʠʰʴ ʧʨʠ =Dx 100. 

 
 

1 ï 10; 2 ï 50; 3 ï 100; 4 ï 150; 5 ï 200. 

 

ʈʠʩ. 39. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʝʬʠʮʠʪʘ  

ʦʩʨʝʜʥʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʩʣʝʜʝ ʟʘ  

ʫʜʣʠʥʝʥʥʳʤ ʪʝʣʦʤ ʚʨʘʱʝʥʠʷ (ʘ) ʠ ʩʬʝʨʦʡ 

(ʙ) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ x/D  

ʈʠʩ. 40. ʇʨʦʬʠʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʢʪʫʘ-

ʮʠʡ ʧʨʦʜʦʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʚ 

ʩʣʝʜʘʭ ʟʘ ʫʜʣʠʥʝʥʥʳʤ ʪʝʣʦʤ ʚʨʘʱʝʥʠʷ (ʘ) 

ʠ ʩʬʝʨʦʡ (ʙ); 6 ï x/D = 250 

 

 
 

ʘ (1) ï ʫʜʣʠʥʝʥʥʦʝ ʪʝʣʦ ʚʨʘʱʝʥʠʷ; ʙ (2) ï ʩʬʝʨʘ. 

 
ʈʠʩ. 41. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪ  

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ,  

ʠʟʤʝʨʝʥʥʳʭ ʧʨʠ x/D = 100 

ʈʠʩ. 42. ʇʨʦʬʠʣʠ ʪʫʨʙʫʣʝʥʪʥʳʭ  

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ,  

ʠʟʤʝʨʝʥʥʳʭ ʧʨʠ x/D = 100 
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ɿʘʤʝʪʠʤ, ʯʪʦ ʠʟ ʫʨʘʚʥʝʥʠʷ ʦʩʨʝʜʥʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʩʣʝʜʝ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦʙ ʘʚʪʦʤʦ-

ʜʝʣʴʥʦʩʪʠ ʪʝʯʝʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ 
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ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ uv ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʧʨʦʬʠ-

ʣʶ 
1U . ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 42 ʩʧʣʦʰʥʳʤʠ ʢʨʠʚʳʤʠ, ʢʦʪʦʨʳʝ 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ uv, ʯʪʦ ʩʣʫʞʠʪ ʝʱʝ ʦʜʥʠʤ ʧʦʜ-

ʪʚʝʨʞʜʝʥʠʝʤ ʘʚʪʦʤʦʜʝʣʴʥʦʩʪʠ ʪʝʯʝʥʠʷ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʦʚ 39-42, ʬʫʥʢʮʠʠ 
1f , 

11f , 
12f , 

22f  ʠ 
33f  ʚ ʩʦʦʪʥʦʰʝʥʠʷʭ (30) ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʬʦʨʤʳ ʪʝʣʘ. ɽʩʪʝʩʪʚʝʥʥʦ, ʵʪʦ ʫʩʣʦʞʥʷʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʦʩʝ-

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʣʝʜʘ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʜʝʩʴ ʩʣʫʯʘʷʭ ʠʟ-

ʚʝʩʪʥʳʭ ʬʦʨʤʫʣ ʇʨʘʥʜʪʣʷ ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠʭʦʜʠʪʩʷ ʙʨʘʪʴ ʵʤ-

ʧʠʨʠʯʝʩʢʠʝ ʧʦʩʪʦʷʥʥʳʝ ʜʣʷ ʩʬʝʨʳ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʠʤʠ, ʯʝʤ ʟʘ ʫʜʣʠʥʝʥʥʳʤʠ ʪʝʣʘʤʠ 

ʚʨʘʱʝʥʠʷ. ɸʥʘʣʦʛʠʯʥʘʷ ʧʨʦʙʣʝʤʘ ʚʳʙʦʨʘ ʵʤʧʠʨʠʯʝʩʢʠʭ ʧʦʩʪʦʷʥʥʳʭ ʜʣʷ ʪʝʣ ʨʘʟʣʠʯʥʦʡ 

ʬʦʨʤʳ ʚʦʟʥʠʢʘʝʪ ʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʩʣʝʜʘ, ʥʘʧʨʠʤʝʨ 

ʤʦʜʝʣʝʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʫʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ ʵʥʝʨʛʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʯʝʥʠʝ ʚ ʧʣʦʩʢʦʤ ʘʚʪʦʤʦʜʝʣʴʥʦʤ ʩʣʝʜʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝ ʟʘʚʠʩʠʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ ʬʦʨʤʳ ʪʝʣʘ. ɺʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ, ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʚ ʩʣʝʜʘʭ ʟʘ ʢʨʫʛ-

ʣʳʤʠ [44] ʠ ʵʣʣʠʧʪʠʯʝʩʢʠʤʠ [45] ʮʠʣʠʥʜʨʘʤʠ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʵʪʦʤʫ ʧʨʝʜʧʦʣʦʞʝʥʠʶ. 
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ʂʈɸʉʅʆʗʈʉʂʀʁ ʉʋɼʆʇʆɼʒɽʄʅʀʂ  

(ʅɸʋʏʅʆɽ ʆɹʆʉʅʆɺɸʅʀɽ, ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ, 

ʇɽʈʉʇɽʂʊʀɺʓ ʅɸʂʃʆʅʅʓʍ ʉʋɼʆʇʆɼʒɽʄʅʀʂʆɺ) 

ʆ.ʌ. ɺʘʩʠʣʴʝʚ
1
, ɸ.ɸ. ɸʪʘʚʠʥ

1
, ʖ.ʌ. ɽʢʠʤʦʚ

2
, ʄ.ɸ. ʂʦʣʦʩʦʚ

3
, ɸ.ʇ. ʗʥʝʥʢʦ

4
 

1
ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʆ ʈɸʅ, ɹʘʨʥʘʫʣ, E-mail:atavin@iwep.nsc.ru 

2
ɸʆ çʃʝʥʛʠʜʨʦʧʨʦʝʢʪè, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

3
ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʤʦʨʩʢʦʛʦ ʠ ʨʝʯʥʦʛʦ ʬʣʦʪʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, E-mail: kolosov_34@mail.ru 

4
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʩʠʙʠʨʩʢ, E-mail: prezident@sibstrin.ru 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʩʚʷʟʠ ʩ ʚʦʟʚʝʜʝʥʠʝʤ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʛʠʜʨʦʫʟʣʘ (ʨʠʩ. 1) ʜʦʣʞʥʦ ʙʳʣʦ 

ʥʘʨʫʰʠʪʴʩʷ ʩʢʚʦʟʥʦʝ ʩʫʜʦʭʦʜʩʪʚʦ ʧʦ ʨ. ɽʥʠʩʝʡ. ʏʪʦʙʳ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ, ʙʳʣʦ 

ʨʝʰʝʥʦ ʟʘʧʨʦʝʢʪʠʨʦʚʘʪʴ ʚ ʩʦʩʪʘʚʝ ʵʪʦʛʦ ʛʠʜʨʦʫʟʣʘ ʩʫʜʦʧʨʦʧʫʩʢʥʦʝ ʩʦʦʨʫʞʝʥʠʝ ʪʠʧʘ ʰʣʶʟʘ 

ʠʣʠ ʩʫʜʦʧʦʜʲʝʤʥʠʢʘ. ʇʦʩʣʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʙʦʣʝʝ ʜʝʩʷʪʢʘ ʚʘʨʠʘʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʩʫʜʦʧʨʦʧʫʩʢ-

ʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʙʳʣ ʚʳʙʨʘʥ ʚʘʨʠʘʥʪ ʧʨʦʜʦʣʴʥʦʛʦ ʥʘʢʣʦʥʥʦʛʦ ʩʫʜʦʧʦʜʲʝʤʥʠʢʘ ʩ ʩʘʤʦʭʦʜ-

ʥʦʡ ʢʘʤʝʨʦʡ. ɽʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʟʘʥʠʤʘʣʩʷ ʠʥʩʪʠʪʫʪ çʃʝʥʛʠʜʨʦʧʨʦʝʢʪè. 

ʉʫʜʦʧʦʜʲʝʤʥʠʢ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʛʠʜʨʦʫʟʣʘ (ʝʜʠʥʩʪʚʝʥʥʳʡ ʚ ʈʦʩʩʠʠ ʩʫʜʦʧʦʜʲʝʤʥʠʢ, ʩʦ-

ʦʨʫʞʝʥʥʳʡ ʚ 1976 ʛ.) ʦʬʠʮʠʘʣʴʥʦ ʙʳʣ ʟʘʧʫʱʝʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 1982 ʛ. ʉʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ 

ʝʛʦ ʥʘ ʂʨʘʩʥʦʷʨʩʢʦʤ ʛʠʜʨʦʫʟʣʝ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. ʉʫʜʦʧʦʜʲʝʤʥʠʢ ʩʦʩʪʦʠʪ ʠʟ ʘʚʘʥʧʦʨʪʘ, 

ʥʠʞʥʝʛʦ ʧʦʜʭʦʜʥʦʛʦ ʢʘʥʘʣʘ, ʥʠʟʦʚʦʛʦ ʩʫʜʦʚʦʟʥʦʛʦ ʧʫʪʠ, ʩʫʜʦʚʦʟʥʦʡ ʢʘʤʝʨʳ ʠ ʧʦʚʦʨʦʪʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʚʝʨʭʦʚʦʛʦ ʩʫʜʦʚʦʟʥʦʛʦ ʧʫʪʠ.  

ʊʨʘʩʩʘ ʩʫʜʦʧʦʜʲʝʤʥʠʢʘ ʧʨʦʭʦʜʠʪ ʧʦ ʣʝʚʦʤʫ ʙʝʨʝʛʫ ʨ. ɽʥʠʩʝʡ. ɼʣʷ çʦʙʭʦʜʘè ʧʣʦʪʠʥʳ 

ʛʠʜʨʦʫʟʣʘ ʠ ʩʦʧʨʷʞʝʥʠʷ ʥʠʟʦʚʦʛʦ ʠ ʚʝʨʭʦʚʦʛʦ ʨʝʣʴʩʦʚʳʭ ʩʫʜʦʚʦʟʥʳʭ ʧʫʪʝʡ ʪʨʘʩʩʘ ʧʫʪʝʡ 

ʠʤʝʝʪ ʧʦʚʦʨʦʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʚ ʩʪʚʦʨʝ ʧʣʦʪʠʥʳ. ʂʘʢ ʥʠʟʦʚʦʡ, ʪʘʢ ʠ ʚʝʨʭʦʚʦʡ ʨʝʣʴʩʦʚʳʝ ʧʫʪʠ 

(ʨʠʩ. 3) ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʧʦʛʨʫʞʝʥʠʝ ʢʘʤʝʨʳ ʚ ʚʦʜʫ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʚʚʦʜʘ (ʚʳ-

ʚʦʜʘ) ʚ ʥʝʝ ʩʫʜʥʘ.  

 

 
 

ʈʠʩ. 1. ʂʨʘʩʥʦʷʨʩʢʠʡ ʛʠʜʨʦʫʟʝʣ 

mailto:atavin@iwep.nsc.ru
mailto:kolosov_34@mail.ru
mailto:prezident@sibstrin.ru
https://ru.wikipedia.org/wiki/%D0%A1%D1%83%D0%B4%D0%BE%D0%BF%D0%BE%D0%B4%D1%8A%D1%91%D0%BC%D0%BD%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/1976_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/1982_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%90%D0%B2%D0%B0%D0%BD%D0%BF%D0%BE%D1%80%D1%82
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B2%D0%BE%D1%80%D0%BE%D1%82%D0%BD%D1%8B%D0%B9_%D0%BA%D1%80%D1%83%D0%B3
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B2%D0%BE%D1%80%D0%BE%D1%82%D0%BD%D1%8B%D0%B9_%D0%BA%D1%80%D1%83%D0%B3
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ʈʠʩ. 2. ʈʘʟʤʝʱʝʥʠʝ ʩʫʜʦʧʦʜʲʝʤʥʠʢʘ ʥʘ ʂʨʘʩʥʦʷʨʩʢʦʤ ʛʠʜʨʦʫʟʣʝ: 
1 ï ʧʣʦʪʠʥʘ; 2 ï ʚʝʨʭʦʚʦʡ ʩʫʜʦʚʦʟʥʳʡ ʧʫʪʴ; 3 ï ʧʦʚʦʨʦʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ;  

4 ï ʥʠʟʦʚʦʡ ʩʫʜʦʚʦʟʥʳʡ ʧʫʪʴ. 

 

 
 

ʈʠʩ. 3. ʅʠʟʦʚʦʡ ʨʝʣʴʩʦʚʳʡ ʩʫʜʦʚʦʟʥʳʡ ʧʫʪʴ ʩʫʜʦʧʦʜʲʝʤʥʠʢʘ 

 

ʉʫʜʦʚʦʟʥʘʷ ʢʘʤʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʘʪʬʦʨʤʫ, ʧʝʨʝʤʝʱʘʶʱʫʶʩʷ ʧʦ ʨʝʣʴʩʦʚʦʤʫ ʧʫ-

ʪʠ, ʩ hʠʨʠʥʦʡ ʢʦʣʝʠ 9 ʤ (ʨʠʩ. 4). ɼʚʠʞʝʥʠʝ ʢʘʤʝʨʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʛʠʜʨʦʧʨʠ-

ʚʦʜʘ (ʨʠʩ. 5).  

 

https://ru.wikipedia.org/wiki/%D0%A8%D0%B8%D1%80%D0%B8%D0%BD%D0%B0_%D0%BA%D0%BE%D0%BB%D0%B5%D0%B8
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ʈʠʩ. 4. ʉʫʜʦʚʦʟʥʘʷ ʢʘʤʝʨʘ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʩʫʜʦʧʦʜʲʝʤʥʠʢʘ 

 

 
 

ʈʠʩ. 5. ɻʠʜʨʦʧʨʠʚʦʜ ʧʝʨʝʜʚʠʞʝʥʠʷ ʩʫʜʦʚʦʟʥʦʡ ʢʘʤʝʨʳ 

 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʫʜʦʧʦʜʴʝʤʥʠʢʘ:  

- ʨʘʩʯʝʪʥʘʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ï ʜʦ 1500 ʪ; 

- ʧʦʣʝʟʥʳʝ ʛʘʙʘʨʠʪʳ ʩʫʜʦʚʦʟʥʦʡ ʢʘʤʝʨʳ: ʜʣʠʥʘ ï 90 ʤ, ʰʠʨʠʥʘ ï 18 ʤ, ʛʣʫʙʠʥʘ ʚʦʜʳ ï 2,2 ʤ; 

- ʦʙʱʠʝ ʛʘʙʘʨʠʪʳ ʩʫʜʦʚʦʟʥʦʡ ʢʘʤʝʨʳ: ʜʣʠʥʘ ï 113 ʤ, ʰʠʨʠʥʘ ï 26 ʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳ-

ʩʦʪʘ ï 20 ʤ; 

- ʤʘʩʩʘ ʢʘʤʝʨʳ: ʙʝʟ ʚʦʜʳ ï 4 500 ʪ, ʩ ʚʦʜʦʡ ʠ ʩʫʜʥʦʤ ï 8 100 ʪ; 

- ʧʝʨʝʧʘʜ ʫʨʦʚʥʝʡ ʤʝʞʜʫ ʥʠʞʥʠʤ ʠ ʚʝʨʭʥʠʤ ʙʴʝʬʦʤ ï 104 ʤ; 

https://ru.wikipedia.org/wiki/%D0%93%D1%80%D1%83%D0%B7%D0%BE%D0%BF%D0%BE%D0%B4%D1%8A%D1%91%D0%BC%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D1%81%D1%83%D0%B4%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D0%BD%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%91%D1%8C%D0%B5%D1%84
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- ʯʠʩʣʦ ʛʠʜʨʦʤʦʪʦʨʦʚ ʠ ʦʧʦʨʥʳʭ ʢʦʣʝʩ ï 156; 

- ʜʠʘʤʝʪʨ ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ï 106 ʤ; 

- ʧʨʝʜʝʣʴʥʳʝ ʨʘʟʤʝʨʳ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʩʫʜʥʘ ï ʜʣʠʥʘ 80 ʤ, ʰʠʨʠʥʘ 17 ʤ, ʦʩʘʜʢʘ ï 1,86 ʤ. 

ʆʙʱʘʷ ʢʦʤʧʦʥʦʚʢʘ ʩʦʦʨʫʞʝʥʠʡ ʩʫʜʦʧʦʜʲʝʤʥʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 6. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʪʦʛʦ ʫʥʠʢʘʣʴʥʦʛʦ ʩʫʜʦʧʨʦʧʫʩʢʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʚʦʟʥʠʢʘʣʦ ʤʥʦʛʦ ʚʦ-

ʧʨʦʩʦʚ ʠ ʧʨʦʙʣʝʤ. ɽʱʝ ʚ ʥʘʯʘʣʝ 1950-ʭ ʛʛ. ʚ ʄʦʩʢʦʚʩʢʦʤ ʠʥʞʝʥʝʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʤ ʠʥʩʪʠʪʫ-

ʪʝ ʠʤ. ɺ.ɺ. ʂʫʡʙʳʰʝʚʘ (ʄʀʉʀ) ʥʘʯʘʣʠʩʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʫʜʦʧʨʦʧʫʩʢʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʥʦʚʦʛʦ ʪʠʧʘ ï ʥʘʢʣʦʥʥʦʛʦ ʩʫʜʦʧʦʜʲʝʤʥʠʢʘ ï ʚ ʩʚʷʟʠ ʩ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʝʤ ʩʫʜʦʭʦʜʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ɹʨʘʪʩʢʦʛʦ ʛʠʜʨʦʫʟʣʘ (ʢʦʪʦʨʳʝ ʚ ʩʠʣʫ ʨʘʟʣʠʯʥʳʭ ʧʨʠʯʠʥ 

ʥʝ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ). ʆʩʥʦʚʥʳʤ ʠʩʧʦʣʥʠʪʝʣʝʤ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʆ.ʌ. ɺʘʩʠʣʴʝʚ. 

ʇʦʩʣʝ ʧʝʨʝʝʟʜʘ ʆʣʝʛʘ ʌʝʜʦʨʦʚʠʯʘ ʚ ʅʦʚʦʩʠʙʠʨʩʢ ʠʤ ʙʳʣ ʩʦʟʜʘʥ ʢʦʣʣʝʢʪʠʚ ʫʯʝʥʳʭ ʠʟ 

ʀʥʩʪʠʪʫʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʉʆ ɸʅ ʉʉʉʈ ʠ ʨʷʜʘ ʚʝʜʫʱʠʭ ʚʫʟʦʚ ʛ. ʅʦʚʦʩʠʙʠʨʩʢʘ, ʢʦʪʦʨʳʡ 

ʧʨʦʚʝʣ ʙʦʣʴʰʦʡ ʮʠʢʣ ʢʦʤʧʣʝʢʩʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʘʢʣʦʥʥʦʛʦ ʩʫʜʦʧʦʜʲʝʤʥʠʢʘ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ 

ʚʦʧʨʦʩʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʩʫʜʦʚ ʚ ʧʦʜʚʠʞʥʦʡ ʢʘʤʝʨʝ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʩʫʜʦ-

ʧʦʜʲʝʤʥʠʢʘ: ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʪʦʛʦ ʩʦʦʨʫʞʝʥʠʷ (ʩʫʜʦʚʦʟʥʦʡ ʢʘʤʝʨʳ ʠ ʛʠʜ-

ʨʦʧʨʠʚʦʜʘ ʧʝʨʝʜʚʠʞʝʥʠʷ), ʦʙʦʩʥʦʚʘʪʴ ʨʝʞʠʤʳ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʮʝʥʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʫ-

ʜʦʧʦʜʲʝʤʥʠʢʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʰʣʶʟʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʥʘʧʦʨʥʳʭ ʛʠʜʨʦ-

ʫʟʣʦʚ, ʪ. ʝ. ʜʘʪʴ ʧʦʣʥʦʝ ʥʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʵʪʦʛʦ ʫʥʠʢʘʣʴʥʦʛʦ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʦʨʫ-

ʞʝʥʠʷ, ʘʥʘʣʦʛʦʚ ʢʦʪʦʨʦʤʫ ʥʝʪ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʯʝʪʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʦʨʠʠ ʩʫʜʦʭʦʜʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʨʝʯʥʳʭ ʛʠʜʨʦʫʟʣʦʚ, ʦʙʦʩ-

ʥʦʚʘʥʠʠ ʠʭ ʛʘʙʘʨʠʪʦʚ ʠ ʧʦʟʚʦʣʠʣʠ ʜʘʪʴ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʤʫ ʧʦʜʭʦʜʫ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʰʣʶʟʦʚ. 

ɺʩʝ ʵʪʠ ʚʦʧʨʦʩʳ ʪʨʝʙʦʚʘʣʠ ʪʱʘʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʢʨʝʪʥʳʭ, ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʨʝʜʣʦʞʝʥʠʡ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ. ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʘʩʯʝʪʳ ʛʠʜʨʦ-

ʧʨʠʚʦʜʘ ʚʥʝʩ ɸ.ɸ. ɸʪʘʚʠʥ, ʢʦʪʦʨʳʡ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʆ.ʌ. ɺʘʩʠʣʴʝʚʘ ʨʘʟʨʘʙʦʪʘʣ ʩʠʩʪʝʤʫ 

ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʩʚʷʟʘʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʦʜʳ ʠ ʩʫʜʥʘ ʚ 

ʢʘʤʝʨʝ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʠʣ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʜʚʠʞʝʥʠʝ ʩʫʜʦʚʦʟʥʦʡ ʢʘʤʝʨʳ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʛʠʜʨʦʧʨʠʚʦʜʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ ʧʦʣʫʯʠʣʠ ʦʪʚʝʪʳ ʥʘ ʤʥʦʛʠʝ ʠʥʪʝʨʝ-

ʩʫʶʱʠʝ ʠʭ ʚʦʧʨʦʩʳ.  

 

 
ʈʠʩ. 6. ʂʨʘʩʥʦʷʨʩʢʠʡ ʩʫʜʦʧʦʜʲʝʤʥʠʢ ʚ ʧʣʘʥʝ: 

1 ï ʧʣʦʪʠʥʘ; 2 ï ʧʨʠʯʘʣʳ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ; 4 ï ʚʝʨʭʦʚʳʝ ʧʫʪʠ; 5 ï ʚʦʣʥʦʟʘʱʠʪʥʘʷ ʩʪʝʥʢʘ;  

8 ï ʧʦʚʦʨʦʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ; 9 ï ʵʩʪʘʢʘʜʘ ʥʠʟʦʚʦʛʦ ʧʫʪʠ; 10 ï ʥʠʟʦʚʳʝ ʧʫʪʠ. 

https://ru.wikipedia.org/wiki/%D0%A1%D1%83%D0%B4%D0%BE%D0%BF%D0%BE%D0%B4%D1%8A%D1%91%D0%BC%D0%BD%D0%B8%D0%BA_%D0%9A%D1%80%D0%B0%D1%81%D0%BD%D0%BE%D1%8F%D1%80%D1%81%D0%BA%D0%BE%D0%B9_%D0%93%D0%AD%D0%A1#cite_note-.D0.9B.D0.B5.D0.BD.D0.B3.D0.B8.D0.B4.D1.80.D0.BE.D0.BF.D1.80.D0.BE.D0.B5.D0.BA.D1.82-1
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D1%80
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ʇʦʚʦʨʦʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʝʨʝʚʦʜʘ ʩʫʜʦʚʦʟʥʦʡ ʢʘʤʝʨʳ ʠʟ ʦʜʥʦʛʦ ʙʴʝʬʘ 

ʚ ʜʨʫʛʦʡ ʠʣʠ ʥʘ ʨʝʤʦʥʪʥʦ-ʤʦʥʪʘʞʥʫʶ ʧʣʦʱʘʜʢʫ. ʆʥʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʝʪʦʥʥʳʝ ʩʪʝʥʳ ʩ 

ʢʨʫʛʦʚʳʤʠ ʨʝʣʴʩʦʚʳʤʠ ʧʫʪʷʤʠ ʠ ʮʝʥʪʨʘʣʴʥʫʶ ʦʧʦʨʫ, ʥʘ ʢʦʪʦʨʫʶ ʦʧʠʨʘʝʪʩʷ ʧʦʚʦʨʦʪʥʘʷ 

ʙʘʣʢʘ ʩ ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʥʝʡ ʚ ʧʨʦʮʝʩʩʝ ʩʫʜʦʧʨʦʧʫʩʢʘ ʩʫʜʦʚʦʟʥʦʡ ʢʘʤʝʨʦʡ ʩ ʮʝʣʴʶ ʠʟʤʝʥʝ-

ʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʝʝ ʜʚʠʞʝʥʠʷ ʦʪ ʦʜʥʦʛʦ ʙʴʝʬʘ ʢ ʜʨʫʛʦʤʫ (ʨʠʩ. 7-8).  

ɼʣʷ ʚʳʷʩʥʝʥʠʷ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʙʫʜʝʪ ʚʝʩʪʠ ʩʝʙʷ ʩʫʜʦʚʦʟʥʘʷ ʢʘʤʝʨʘ ʥʘ ʧʦʚʦʨʦʪʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ ʚʤʝʩʪʝ ʩ ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʥʝʡ ʩʫʜʥʦʤ, ʚ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʅʦʚʦʩʠ-

ʙʠʨʩʢʦʛʦ ʠʥʞʝʥʝʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ɺ.ɺ. ʂʫʡʙʳʰʝʚʘ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʤʦʜʝʣʠ ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʨʦʚʝʜʝʥʳ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʆ.ʌ. ɺʘʩʠʣʴʝʚʘ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʧʦʚʦʨʦʪʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ ʠ ʚ ʩʫʜʦʚʦʟʥʦʡ ʢʘʤʝʨʝ, ʚʤʝʩʪʝ ʩ ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʥʝʡ ʩʫʜʥʦʤ ʠʣʠ ʙʝʟ ʥʝʛʦ. ʕʪʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʜʘʪʴ ʦʪʚʝʪʳ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ ʥʘ ʚʦʧʨʦʩʳ, ʢʦʪʦʨʳʝ ʠʭ ʠʥʪʝʨʝʩʦʚʘʣʠ.  
 

 
 

ʈʠʩ. 7. ʉʭʝʤʘ ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 
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