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ʅɸʋʏʅʓʁ ɾʋʈʅɸʃ 
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ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ "ʊʨʫʜʳ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ɼʅʎ ʈɸʅ" ʠʟʜʘʝʪʩʷ ʀʥʩʪʠʪʫʪʦʤ ʛʝʦʣʦʛʠʠ 

ɼʅʎ ʈɸʅ ʩ 1956 ʛ. 

ʈʝʮʝʥʟʠʨʫʝʤʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ (ʚʢʣʶʯʝʥ ʚ ʩʠʩʪʝʤʫ ʈʦʩʩʠʡʩʢʦʛʦ ʠʥʜʝʢʩʘ ʥʘʫʯʥʦʛʦ ʮʠ-

ʪʠʨʦʚʘʥʠʷ - ʈʀʅʎ) ʧʦʩʚʷʱʝʥ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʚʦʧʨʦʩʦʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ 

ʛʝʦʣʦʛʠʠ. ɽʛʦ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʘʥʘʣʦʛʠʯʥʳʭ ʞʫʨʥʘʣʦʚ - ʚ ʥʘʠʙʦʣʴʰʝʤ ʦʭʚʘʪʝ ʪʝʤʘʪʠʢ ʚ ʦʙ-

ʣʘʩʪʠ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ. ʆʙʩʫʞʜʘʶʪʩʷ ʧʨʦʙʣʝʤʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʩʪʳʢʝ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠ-

ʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢ ʦ ɿʝʤʣʝ. 
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ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ɼʅʎ ʈɸʅ 

 
ʆʩʚʦʝʥʠʝ ʠ ʠʟʫʯʝʥʠʝ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʉʝʚʝʨʥʦʤ ʂʘʚʢʘʟʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ʪʨʠʜʮʘʪʳʤ ʛʦʜʘʤ ʧʨʦʰʣʦ-

ʛʦ ʩʪʦʣʝʪʠʷ. ʀʤʝʥʥʦ ʚ ʵʪʦ ʚʨʝʤʷ ʚ ʨʝʛʠʦʥʝ ʥʘʯʘʣʠʩʴ ʧʦʠʩʢʠ ʠ ʩʪʘʨʘʪʝʣʴʩʢʘʷ ʨʘʟʨʘʙʦʪʢʘ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʚ ʜʦ-

ʣʠʥʘʭ ʨʝʢ ɹʦʣʴʰʦʡ ʠ ʄʘʣʦʡ ʃʘʙʳ, ʂʫʙʘʥʠ, ʋʨʫʧʘ, ɹʝʩʢʝʩʘ, ɹʘʢʩʘʥʘ.  ɿʦʣʦʪʦ ʜʦʙʳʚʘʣʦʩʴ ʥʘ ʧʨʠʠʩʢʘʭ ɸʟʠʘʪʩʢʦʤ, 

ʈʦʞʢʘʦ, ʋʨʫʧʩʢʦʤ   ʠʟ ʨʦʩʩʳʧʝʡ ʜʦʣʠʥ ʨʝʢ ʋʨʫʧ, ɹʦʣʴʰʘʷ ʠ ʄʘʣʘʷ ʃʘʙʘ, ɺʣʘʩʝʥʯʠʭʘ, ʘ ʪʘʢʞʝ ʠʟ çʞʝʣʝʟʥʳʭ 

ʰʣʷʧè ɻʣʘʚʥʦʡ ʋʨʫʧʩʢʦʡ ʠ ɺʣʘʩʝʥʯʠʭʠʥʩʢʦʡʤʝʜʥʦʢʦʣʯʝʜʘʥʥʳʭ ʟʘʣʝʞʝʡ. ʇʦʠʩʢʠ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʧʨʠʚʝʣʠ ʚ 

50 ʛʦʜʘʭ ʢ ʦʪʢʨʳʪʠʶ ʢʨʫʧʥʳʭ ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋʨʫʧʩʢʦʛʦ, ɺʣʘʩʝʥʯʠʭʠʥʩʢʦʛʦ ʠ ʍʫʜʝʩʩʢʦʛʦ. 

ʉʪʘʨʘʪʝʣʴʩʢʘʷ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʜʦʙʳʯʘ ʰʣʠʭʦʚʦʛʦ ʟʦʣʦʪʘ ʚ ʋʨʫʧʩʢʦʤ ʨʘʡʦʥʝ ʟʘʢʦʥʯʝʥʘ ʚ 1951 ʛʦʜʫ ʧʦ ʧʨʠʯʠʥʝ 

ʦʪʨʘʙʦʪʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʦʩʩʳʧʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʦʩʩʳʧʠ, ʟʦʣʦʪʦ, ʂʘʚʢʘʟ, ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʜʦʙʳʯʘ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣ-

ʣʦʚ. 
 

MORPHOLOGY AND SOURCES OF THE PLACER GOLD OF THE NORTH CAUCASUS. 

Bogush A. I., Yusupov R. A. 

Institute of Geology Dagestan scientific center of RAS 

 
The development and study of precious metals in the Northern Caucasus dated to the thirties of the last century. It 

was at this time in the region began the search, and mining development of placer gold in the valleys of the rivers Bol-

shaya and Malaya Laba, Kuban, Urup, Beskese Baksan. Gold was mined on the Goldfields Asian, Rozhkoa, urupskiy from 

placers in the valleys of the rivers Urup, Bolshaya and Malaya Laba, Vlasenica, as well as from the "iron hat" of the Main 

Lastcynicstanding and Urupsky deposits. The finding of placer gold led 50 years to the discovery of large massive sulfide 

deposits Urup, Vlasenica and Hedeskoga. Mining and government mining of placer gold in the area of Urup completed in 

1951 by reason of the mining of industrial mineral deposits. 

Key words: placer, gold, Caucasus, chalcopyrite deposits, production of precious metals. 

 

ʈʦʩʩʳʧʥʦʝ ʟʦʣʦʪʦ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ ʩʦʛʣʘʩʥʦ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʇ.ɺ. ʇʨʦʢʫ-

ʨʦʥʦʚʘ [1,] ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʘʚʪʦʭʪʦʥʥʳʡ ʠ ʘʣʣʦʭʪʦʥʥʳʡ ʧʦʜʪʠʧʳ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʚʢʣʶ-

ʯʘʝʪ ʨʫʩʣʦʚʳʝ, ʜʦʣʠʥʥʳʝ ʠ ʪʝʨʨʘʩʦʚʳʝ ʪʠʧʳ. ɺ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʟʦʥʝ ʇʝʨʝʜʦʚʦʛʦ ʭʨʝʙʪʘ ʥʘʩ 

ʠʥʪʝʨʝʩʦʚʘʣʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʘʚʪʦʭʪʦʥʥʳʝ ʨʦʩʩʳʧʠ, ʦʙʥʘʨʫʞʠʚʘʶʱʠʝ ʯʝʪʢʫʶ ʩʚʷʟʴ ʩ ʠʩʪʦʯ-

ʥʠʢʘʤʠ ʟʦʣʦʪʘ. ʕʪʦʪ ʪʠʧ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʤʦʨ-

ʬʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʟʦʣʦʪʘ. ɸʚʪʦʭʪʦʥʥʦʝ ʟʦʣʦʪʦ ʦʪʙʠʨʘʣʦʩʴ ʠʟ ʯʝʨʥʳʭ ʰʣʠʭʦʚ ʢʦʩʦʚʦʛʦ ʘʣ-

ʣʶʚʠʷ ʧʦ ʨʫʩʣʘʤ ʨʝʢ ɹʦʣʴʰʘʷ ʃʘʙʘ ʋʨʫʧ, ɺʣʘʩʝʥʯʠʭʘ, ɹʝʩʢʝʩ. ʈʦʩʩʳʧʥʦʝ ʟʦʣʦʪʦ ʘʣʣʶʚʠʷ ʵʪʠʭ 

ʨʝʢ ʠʤʝʝʪ ʧʨʷʤʫʶ ʩʚʷʟʴ ʩ ʫʣʴʪʨʘʙʘʟʠʪʘʤʠ, ʟʦʣʦʪʦʥʦʩʥʳʤʠ ʯʝʨʥʳʤʠ ʩʣʘʥʮʘʤʠ, çʞʝʣʝʟʥʳʤʠ 

ʰʣʷʧʘʤʠ ʢʦʣʯʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʩʘʤʠʤʠ ʢʦʣʯʝʜʘʥʥʳʤʠ ʨʫʜʘʤʠ [1]. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʦʣʦʪʘ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʙʠʥʦʢʫʣʷʨʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ. ʂʦʨʝʥʥʦʝ ʟʦʣʦʪʦ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠ ʚ ʘʥʰʣʠʬʘʭ ʠ ʠʩʢʫʩ-

ʩʪʚʝʥʥʳʭ ʰʣʠʭʘʭ ʢʦʣʯʝʜʘʥʥʳʭ ʨʫʜ, ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʠ ʟʦʥ ʩʫʣʴʬʠʜʠʟʘʮʠʠ, ʦʙʦʛʘʱʝʥʥʳʭ ʚ ʣʘʙʦ-

ʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʨʝʥʥʦʛʦ ʠ ʨʘʟʥʳʭ 

ʬʦʨʤ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʙʠʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʦʩʩʳʧʠ ʨʝʢ ɹʦʣʴʰʦʡ ʃʘʙʳ, ʋʨʫʧʘ. ɺʣʘʩʝʥʯʠʭʠ, 

ʙʘʩʩʝʡʥʘ ʂʫʙʘʥʠ. ʂʦʨʝʥʥʦʝ ʟʦʣʦʪʦ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚ ʯʝʨʥʳʭ ʩʣʘʥʮʘʭ ɹ.ʃʘʙʳ ʠ ʋʨʫʧʘ ʠ ʶʨʩʢʠʭ 

ʤʘʛʤʘʪʠʪʦʚ ʙʘʩʩʝʡʥʘ ʂʫʙʘʥʠ. ɺ ʵʪʠʭ ʨʘʡʦʥʘʭ ʨʦʩʩʳʧʥʦʝ ʟʦʣʦʪʦ ʤʦʞʥʦ ʫʚʷʟʘʪʴ ʩ ʵʥʜʦʛʝʥʥʳʤʠ 

ʧʨʦʷʚʣʝʥʠʷʤʠ ʵʪʦʛʦ ʤʝʪʘʣʣʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʦʣʦʪʦ, ʢʘʢ ʧʦʧʫʪʥʳʡ ʢʦʤʧʦʥʝʥʪ, ʠʟʚʣʝʢʘʝʪʩʷ ʠʟ ʨʫʜ ʋʨʫʧʩʢʦʛʦ ʤʝʜ-

ʥʦʢʦʣʯʝʜʘʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʦʪʦʨʦʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʦʪʥʦʩʠʪʩʷ ʢ ʟʦʣʦʪʦʨʫʜ-

ʥʳʤ. ɿʦʣʦʪʦ ʦʙʥʘʨʫʞʝʥʦ ʚ çʞʝʣʝʟʥʳʭ ʰʣʷʧʘʭè ʋʨʫʧʩʢʦʛʦ, ɺʣʘʩʝʥʯʠʭʠʥʩʢʦʛʦ ʠ ʍʫʜʝʩʩʢʦʛʦ 

ʢʦʣʯʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʆʪʢʨʳʪʠʝ ʋʨʫʧʩʢʦʛʦ ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʚʷʟʘ-

ʥʦ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʟʦʣʦʪʦʥʦʩʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʢʦʣʯʝʜʘʥʥʳʭ ʨʫʜ (çʞʝʣʝʟʥʘʷ ʰʣʷʧʘè). 



ɹʦʛʫʰ ʀ.ɸ., ʖʩʫʧʦʚ ɸ.ʈ.  

ʄʆʈʌʆʃʆɻʀʗ ʀ ʀʉʊʆʏʅʀʂʀ ʈʆʉʉʓʇʅʆɻʆ ɿʆʃʆʊɸ ʉɽɺɽʈʅʆɻʆ ʂɸɺʂɸɿɸ. 

 

5 

ʇʦʤʠʤʦ çʢʦʣʯʝʜʘʥʥʦʛʦè ʟʦʣʦʪʘ ʢʦʨʝʥʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʵʪʦʛʦ ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʥʘ ʉʝʚʝʨ-

ʥʦʤ ʂʘʚʢʘʟʝ ʦʙʥʘʨʫʞʝʥʳ ʚʫʣʴʪʨʘʙʘʟʠʪʘʭ ʇʝʨʝʜʦʚʦʛʦ ʭʨʝʙʪʘ ʠ ʧʨʦʜʫʢʪʘʭ ʠʭ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʚ  

ʯʝʨʥʦʩʣʘʥʮʝʚʦʡ ʪʦʣʱʝ ʘʨʪʳʢʯʘʪʩʢʦʡ ʩʚʠʪʳ ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ, ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʧʝʨʤʩʢʠʭ ʢʦʥʛʣʦ-

ʤʝʨʘʪʘʭ ʠ ʛʨʘʥʠʪʘʭ ɹʝʜʝʥʩʢʦʛʦ ʤʘʩʩʠʚʘ[1, 2, 3 ]. ʕʥʜʦʛʝʥʥʦʝ ʟʦʣʦʪʦ ʫʣʴʪʨʘʙʘʟʠʪʦʚʦʨʜʦʚʠʢʘ ʠ 

ʢʦʣʯʝʜʘʥʦʚ ʩʧʠʣʠʪʦ-ʢʝʨʘʪʦʬʠʨʦʚʦʡ ʬʦʨʤʘʮʠʠ ʧʦʩʣʫʞʠʣʠ ʧʝʨʚʠʯʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠ ʜʦʥʦʨʘʤʠ 

ʜʣʷ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʧʨʦʷʚʣʝʥʠʡ ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʚ ʠʩʪʦʨʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʉʝʚʝʨʥʦ-

ʛʦ ʂʘʚʢʘʟʘ. 

ɺ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ɹʦʣʴʰʘʷ ʃʘʙʘ ʨʦʩʩʳʧʥʦʝ ʟʦʣʦʪʦ ʜʦʙʳʚʘʣʦʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟ ʩʦʚʨʝ-

ʤʝʥʥʦʛʦ ʠ ʧʦʛʨʝʙʝʥʥʦʛʦ ʘʣʣʶʚʠʷ ʨʝʢ ɹʦʣʴʰʦʡ ʃʘʙʳ, ɹʝʩʢʝʩʘ, ʙʘʣʢʠ ɻʦʨʝʣʦʡ. ɿʦʣʦʪʦ ʚʩʪʨʝʯʘ-

ʝʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʨʫʩʣʦʚʳʭ ʠ ʧʦʡʤʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ 1-ʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨ-

ʨʘʩʝ, ʘʣʣʶʚʠʘʣʴʥʦ-ʜʝʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʤʝʣʢʠʭ ʧʨʠʪʦʢʦʚ. ɸʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ 

ɹʦʣʴʰʦʡ ʃʘʙʳ ʟʦʣʦʪʦʥʦʩʥʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 20-22 ʢʤ, ʦʪ ʧʦʩʝʣʢʘ ʈʦʞʢʘʦ ʜʦ ʂʫʨʜʞʠʥʦʚʦ. ʈʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʟʦʣʦʪʘ ʥʝʨʘʚʥʦʤʝʨʥʦʝ (ʢʫʩʪʦʚʦʝ, ʛʥʝʟʜʦʚʦʝ, ʩʪʨʫʡʥʦʝ). ʈʫʩʣʦ ʨʝʢʠ ɹ.ʃʘʙʘ ʨʘʟʙʠʪʦ 

ʥʘ ʧʨʦʪʦʢʠ ʩ ʢʦʩʘʤʠ, ʦʪʤʝʣʷʤʠ, ʧʝʨʝʢʘʪʘʤʠ. ʄʦʱʥʦʩʪʴ ʘʣʣʶʚʠʷ ʜʦʩʪʠʛʘʝʪ 30 ʤ, ʧʨʠʠʩʢʦʚʳʝ 

ʨʘʟʨʘʙʦʪʢʠ ʥʝ ʜʦʩʪʠʛʣʠ ʧʣʦʪʠʢʘ. 

ɼʦʙʳʯʘ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʠ ʨʝʜʢʠʝ ʥʘʭʦʜʢʠ ʤʠʥʝʨʘʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ [1] ʚʳʟʚʘʣʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʪʠʭ ʤʝʪʘʣʣʦʚ. ʄʥʦʛʦʣʝʪʥʠʝ (1999-2016 ʛʛ.) 

ʢʦʨʝʥʥʦʛʦ ʟʦʣʦʪʘ ʠ ʘʣʣʶʚʠʷ ʠ ʜʝʣʶʚʠʷ ʨʝʢ ʋʨʫʧ, ɺʣʘʩʝʥʯʠʭʘ, ɹʦʣʴʰʘʷ ʃʘʙʘ, ɹʝʩʢʝʩ, ʙʘʩʩʝʡʥʘ 

ʨʝʢʠ ʂʫʙʘʥʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʧʦʟʚʦʣʠʣʠ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʤʦʨʬʦʤʝʪ-

ʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʟʦʣʦʪʘ ʚ ʇʝʨʝʜʦʚʦʤ ʭʨʝʙʪʝ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ [1]. 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠ ʨʝʟʢʦ ʚʳʜʝʣʷʝʪʩʷ ʨʫʩʣʦʚʦʝ ʟʦʣʦʪʦ ʨʝʢ ɹʦʣʴʰʦʡ ʃʘʙʳ ʠ ʋʨʫʧʘ. ɿʦʣʦʪʦ-

ʥʦʩʥʳʡ ʨʫʩʣʦʚʳʡ ʘʣʣʶʚʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʛʘʣʝʯʥʠʢʦʚʦ-ʧʝʩʯʘʥʦʡ ʩʤʝʩʴʶ. ʄʦʬʦʣʦʛʠʷ ʟʦʣʦʪʠʥ 

ʵʪʦʛʦ ʘʣʣʶʚʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʣʦʩʢʠʤʠ ʠ ʧʣʘʩʪʠʥʯʘʪʳʤʠ ʟʝʨʥʘʤʠ. ʌʘʢʪʠʯʝʩʢʠ ʧʘʨʘʤʝʪʨʳ ʟʝʨʝʥ 

ʵʪʦʛʦ ʟʦʣʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʫʤʷ ʧʦʢʘʟʘʪʝʣʷʤʠ ï ʜʣʠʥʥʦʡ ʠ ʰʠʨʠʥʦʡ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʦʣ-

ʱʠʥʝ ʟʝʨʝʥ 0,1-0,15 ʤʤ. (ʨʠʩ.1). ɿʦʣʦʪʦ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʦʢʘʪʘʥʥʦʩʪʠ, ʥʘ ʥʝʢʦʪʦ-

ʨʳʭ ʟʝʨʥʘʭ ʟʦʣʦʪʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʚʝʨʥʦʟʥʘʷ ʩ ʧʨʠʟʥʘʢʘʤʠ ʚʦʣʦʯʝʥʠʷ (ʮʘʨʘʧʠʥʳ), ʠʥʦʛʜʘ ʟʘʛʠ-

ʙʳ ʧʦ ʢʨʘʷʤ, ʠʤʝʶʪʩʷ ʩʣʝʜʳ ʚʜʘʚʣʠʚʘʥʠʷ ʠ ʩʨʘʩʪʘʥʠʷ ʩ ʢʚʘʨʮʝʤ. ɺʩʪʨʝʯʘʶʪʩʷ ʢʘʢ ʠʟʦʤʝʪʨʠʯ-

ʥʳʝ, ʣʠʥʟʦʚʠʜʥʳʝ, ʪʘʢ ʠ ʥʝʧʨʘʚʠʣʴʥʳʝ ʧʦ ʬʦʨʤʝ (ʩʝʨʧʦʚʠʜʥʳʝ) ʟʝʨʥʘ. 

 
ʈʠʩ. 1. ʐʣʠʭ ʨʫʩʣʦʚʦʛʦ ʟʦʣʦʪʘ ʨʝʢʠ ɹʦʣʴʰʘʷ ʃʘʙʘ. ʋʚʝʣʠʯʝʥʠʝ 10 

ʭ 
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ɹʳʣʦ ʩʜʝʣʘʥʦ 517 ʟʘʤʝʨʦʚ ʨʘʟʤʝʨʥʦʩʪʠ ʟʝʨʝʥ ʘʣʣʦʪʠʛʝʥʥʦʛʦ ʟʦʣʦʪʘ ʯʝʨʥʦʛʦ ʰʣʠʭʘ. ɺʳ-

ʙʦʨʢʘ ʩʣʫʯʘʡʥʘʷ. ʀʟ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ 117 ʟʝʨʝʥʠʟʦʤʝʪʨʠʯʥʳ. ʇʦʢʘʟʘʪʝʣʠ ʧʦ ʜʣʠʥʝ ʦʪ 0,2 ʜʦ 

2 ʤʤ, ʧʦ ʰʠʨʠʥʝ ï ʦʪ 0,1 ʜʦ 1,2 ʤʤ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʣʠʥʳ ʠ ʰʠʨʠʥʳ ʧʣʦʩʢʠʭ ʟʝʨʝʥ 

ʟʦʣʦʪʘ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʜʠʘʛʨʘʤʤʦʡ (ʨʠʩ.2). ɺ ʩʨʝʜʥʝʤ ʦʪʥʦʰʝʥʠʷ ʧʦ ʜʣʠʥʝ ʠ ʰʠʨʠʥʝ ʟʝʨʝʥ ʩʦ-

ʩʪʘʚʣʷʶʪ 5:4. ʇʦ ʪʦʣʱʠʥʝ ï 1:5-1:21, ʧʨʠ ʪʦʣʱʠʥʝ 0,1 ʤʤ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʥʘʰʠʭ ʠʟʤʝ-

ʨʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʨʠ ʦʪʙʦʨʝ ʰʣʠʭʦʚʳʭ ʧʨʦʙ ʧʨʠʤʝʥʷʪʴ ʩʠʪʦ ʩ ʷʯʝʡʢʦʡ ʥʝ ʤʝ-

ʥʝʝ 2 ʤʤ ʜʣʷ ʦʪʙʨʘʢʦʚʢʠ ʥʝʨʫʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦ-

ʤʳʚʢʠ ʟʦʣʦʪʘ.ʄʦʞʥʦ ʩʫʜʠʪʴ: ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʷʤʘʷ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʝʨʝʥ ʟʦʣʦʪʘ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʤʝʨʘʤ 0,3-0,5 ʤʤ. 

 
ʈʠʩ. 2. ɻʠʩʪʦʛʨʘʤʤʘ ʜʣʠʥʳ ʧʣʦʩʢʠʭ ʟʝʨʝʥ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ, ʨʝʢʘ ʋʨʫʧ. 

 
ʈʠʩ. 3. ɻʠʩʪʦʛʨʘʤʤʘ ʰʠʨʠʥʳ ʧʣʦʩʢʠʭ ʟʝʨʝʥ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ, ʨʝʢʘ ʋʨʫʧ. 



ɹʦʛʫʰ ʀ.ɸ., ʖʩʫʧʦʚ ɸ.ʈ.  
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ʈʠʩ 4. ʈʫʩʣʦʚʦʝ ʟʦʣʦʪʦ ʘʣʣʶʚʠʷ ʨʝʢʠ ɹʦʣʴʰʘʷ ʃʘʙʘ. ɻʠʩʪʦʛʨʘʤʤʘ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʨʘʟʤʝʨʥʦʩʪʝʡ ʟʦʣʦʪʠʥ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ ʦʩʴ ʘʙʩʮʠʩʩ ʦʙʦʟʥʘʯʘʝʪʩʷ ʯʝʨʝʟ n (ʨʘʟʤʝʨ ʜʣʠʥ-

ʥʦʡ ʦʩʠ ʟʦʣʦʪʠʥʳ), ʦʩʴ ʦʨʜʠʥʘʪ ς ʯʝʨʝʟ m (ʨʘʟʤʝʨ ʢʦʨʦʪʢʦʡ ʦʩʠ ʟʦʣʦʪʠʥʳ). ɺʩʝ ʨʘʟʤʝʨʳ ʫʢʘʟʳʚʘʶʪʩʷ ʚ 

ʤʠʣʣʠʤʝʪʨʘʭ. ʆʢʨʫʞʥʦʩʪʠ ʦʟʥʘʯʘʶʪ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʂʘʞʜʦʡ ʦʢʨʫʞʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʝʨʚʘʣ ʯʠʩʣʘ 

ʚʘʨʠʘʥʪʦʚ (ʟʦʣʦʪʠʥ), ʫʢʘʟʘʥʥʳʡ ʚ ʩʢʦʙʢʘʭ. 

 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʤʘʩʩʦʚʦʝ ʥʘʣʠʯʠʝ ʧʣʘʩʪʠʥ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʦʙʲʷʩʥʷʣʦʩʴ ʨʘʟʚʘʣʴʮʝʚʘ-

ʥʠʝʤ ʠ ʨʘʩʧʣʶʱʠʚʘʥʠʝʤ ʛʘʣʴʢʦʡ ʧʝʨʚʠʯʥʳʭ ʟʝʨʝʥ ʧʨʠ ʝʛʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ [1]. ɸʥʘʣʠʟ ʛʝʦʣʦ-

ʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʨʠʯʠʥʫ ʧʣʦʩʢʦʡ ʬʦʨʤʳ ʟʦʣʦʪʘ. 

ʋʯʘʩʪʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʦʣʦʪʘ ʧʦ ʨʝʢʘʤ ɹʦʣʴʰʦʡ ʃʘʙʝ ʠ ʋʨʫʧʫ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʩʚʷʟʘʥʳ ʩ 

ʟʦʣʦʪʦʥʦʩʥʳʤʠ ʯʝʨʥʳʤʠ ʩʣʘʥʮʘʤʠ ʜʝʚʦʥʘ ʚ ʢʘʯʝʩʪʚʝ ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʅʘʙʣʶʜʝʥʠʷ ʟʘ ʘʚ-

ʪʦʭʪʦʥʥʳʤ ʟʦʣʦʪʦʤ ʚ ʯʝʨʥʳʭ ʩʣʘʥʮʘʭ ʧʦʢʘʟʘʣʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʫʶ ʧʦʜʯʠʥʝʥʥʦʩʪʴ ʟʦʣʦʪʘ ʵʣʝ-

ʤʝʥʪʘʤ ʩʣʘʥʮʝʚʘʪʦʩʪʠ. ʉʣʦʞʥʳʝ, ʠʥʦʛʜʘ ʜʝʥʜʨʠʪʦʚʠʜʥʳʝ ʩ ʘʧʦʬʠʟʘʤʠ, ʩʦ ʩʣʝʜʘʤʠ ʩʨʘʩʪʘʥʠʷ ʠ 

ʦʪʧʝʯʘʪʢʘʤʠ ʢʚʘʨʮʘ ʠ ʥʝʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʟʝʨʥʘ ʟʦʣʦʪʘ ʠʤʝʶʪ ʫʧʣʦʱʝʥʥʫʶ ʬʦʨʤʫ ʧʦʜʯʠʥʝʥ-

ʥʫʶ ʩʣʘʥʮʝʚʘʪʦʩʪʠ (ʨʠʩ.1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʣʘʩʪʠʥʯʘʪʘʷ ʬʦʨʤʘ ʟʦʣʦʪʘ ʢʨʫʧʥʳʭ ʨʝʢ ʂʘʚʢʘʟʘ ʩ 

ʘʢʪʠʚʥʳʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ ʠʤʝʝʪ ʜʚʦʡʩʪʚʝʥʥʫʶ ʤʦʨʬʦʣʦʛʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʢʘʢ 

ʵʥʜʦʛʝʥʥʫʶ, ʪʘʢ ʠ ʵʢʟʦʛʝʥʥʫʶ. 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʥʘ ʉʝʚʝʨʥʦʤ ʂʘʚʢʘʟʝ ʷʚʣʷʶʪʩʷ ʤʝʜʥʦʢʦʣ-

ʯʝʜʘʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʠʤ ʩʫʣʴʬʠʜʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʠ ʠʭ ʧʨʦʜʫʢʪʳ ʚʳ-

ʚʝʪʨʠʚʘʥʠʷ. ɿʦʣʦʪʦ-ʢʦʣʯʝʜʘʥʥʳʡ ʪʠʧ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʦʤʳʰ-

ʣʝʥʥʳʤ ʪʠʧʦʤ ʵʥʜʦʛʝʥʥʦʛʦ ʟʦʣʦʪʘ. ɿʦʣʦʪʦ ʜʦʙʳʚʘʝʪʩʷ ʧʦʧʫʪʥʦ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʢʦʣʯʝʜʘʥʥʳʭ 

ʨʫʜ ʋʨʫʧʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ ʧʨʦʜʫʢʪʘʭ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ ʵʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʜʝʨ-

ʞʘʪʩʷ ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ ʟʦʣʦʪʦ, ʩʝʨʝʙʨʦ, ʧʣʘʪʠʥʘ: 1 - ʤʝʜʥʳʡ ʢʦʥʮʝʥʪʨʘʪ Au - 6-10 ʛ/ʪ, 

Ag -141-178 ʛ/ʪ, ; 2 - ʧʠʨʠʪʥʳʡ ʢʦʥʮʝʥʪʨʘʪ  Au - 0,3-1,8 ʛ/ʪ, Ag - 10-25 ʛ/ʪ;  3 - ʭʚʦʩʪʳ ʦʙʦ-

ʛʘʱʝʥʠʷ Au - 0,6-0,9 ʛ/ʪ, Ag - 6-12 ʛ/ʪ;  4 - ʤʝʜʥʳʡ ʧʨʦʜʫʢʪ  Au - 16-80 ʛ/ʪ,  Ag - 25-90 ʛ/ʪ, 

ʧʣʘʪʠʥʘ - 0,2-0,3 ʛ/ʪ. ɺ ʢʦʣʯʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʟʦʣʦʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʠ ʪʝʩʥʦ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʦʩʘʜʦʯʥʳʤ ʛʝʥʝʪʠʯʝʩʢʠʤ ʪʠʧʦʤ ʨʫʜʘ. ʇʦ-

ʩʣʝʜʥʠʝ ʢʘʢ ʧʨʘʚʠʣʦ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʥʘʠʙʦʣʝʝ ʙʦʛʘʪʳʤ ʤʝʜʠʩʪʳʤ ʠ ʤʝʜʥʦ-ʮʠʥʢʦʚʳʤ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʤ ʩʦʨʪʘʤ ʨʫʜ. ɺ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʦʩʘʜʦʯʥʳʭ ʨʫʜʘʭ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʟʦʣʦʪʘ ʢʦʥʮʝʥ-

ʪʨʠʨʫʝʪʩʷ ʚ ʭʘʣʴʢʦʧʠʨʠʪʝ ʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʤ ʦʩʘʜʦʯʥʦ-ʜʠʘʛʝʥʝʪʠʯʝʩʢʦʤ ʧʠʨʠʪʝ.  ɺ ʩʝʨʥʦ-



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 4(71), 2017 
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ʢʦʣʯʝʜʘʥʥʳʭʘʚʪʦʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʨʫʜʘʭ ʨʫʜʘʭ ʟʦʣʦʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ɹʦʣʴʰʘʷ 

ʯʘʩʪʴ ʟʦʣʦʪʘ (60%) ʚ ʨʫʜʘʭ ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʤ ʩʦʩʪʦʷʥʠʠ [1]. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ 

ʩʚʦʙʦʜʥʦʝ ʟʦʣʦʪʦ, ʚʩʪʨʝʯʝʥʥʦʝ ʚ ʨʫʜʘʭ ʋʨʫʧʩʢʦʛʦ, ɺʣʘʩʝʥʯʠʭʠʥʩʢʦʛʦ, ʍʫʜʝʩʩʢʦʛʦ ʠ ɹʳʢʦʚ-

ʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʠʤʝʝʪ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʍʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥ-

ʥʦʝ (ʪʝʣʣʫʨʠʜʳ) ʠ ʩʚʦʙʦʜʥʦʝ ʟʦʣʦʪʦ ʠ ʩʝʨʝʙʨʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʠʧʠʯʥʦʡ, ʜʣʷ ʵʪʦʛʦ ʢʣʘʩʩʘ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʡ, ʪʝʣʣʫʨʠʜʦʚʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʝʡ. ɿʦʣʦʪʦ ʠ ʩʝʨʝʙʨʦ ʘʩʩʦʮʠʠʨʫʶʪ ʩ 

ʵʣʝʢʪʨʫʤʦʤ, ʧʝʪʮʠʪʦʤ, ʛʝʩʩʠʪʦʤ, ʘʣʪʘʠʪʦʤ ʠ ʩʠʣʴʚʘʥʠʪʦʤ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʩʚʷʟʴ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʩ ʧʨʦʜʫʢʪʘʤʠ ʨʘʟʨʫʰʝʥʠʷ ʢʦʣʯʝʜʘʥʥʳʭ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʘ ʧʨʠʤʝʨʝ ʨʘʩʩʝʠʚʘʥʠʷ ʟʦʣʦʪʘ ʧʦ ʨʝʢʝ ɺʣʘ-

ʩʝʥʯʠʭʝ ʠʟ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʦʜʥʦʠʤʝʥʥʦʛʦ ʢʦʣʯʝʜʘʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɿʦʣʦʪʦʥʦʩʥʘʷ 

ɿʦʥʘ ʦʢʠʩʣʝʥʠʷ ʢʦʣʯʝʜʘʥʥʳʭ ʨʫʜ ʜʘʣʘ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʩʪʘʨʘʪʝʣʷʤʠ, ʟʜʝʩʴ ʙʳʣʠ 

ʚʩʪʨʝʯʝʥʳ ʢʨʫʧʥʳʝ ʥʘ ʂʘʚʢʘʟʝ ʩʘʤʦʨʦʜʢʠ ʟʦʣʦʪʘ. [1]. ɿʦʣʦʪʦ ʯʘʩʪʦ ʟʘʢʣʶʯʝʥʦ ʚ çʨʫʙʘʰʢʫè 

ʛʠʜʨʦʦʢʩʠʜʦʚ ʞʝʣʝʟʘ. ʇʦ ʨʝʢʝ ɺʣʘʩʝʥʯʠʭʝ, ʜʦ ʚʧʘʜʝʥʠʷ ʝʝ ʚ ʨʝʢʫ ʋʨʫʧ ʦʪʯʝʪʣʠʚʦ ʨʘʟʚʠʪ 

ʰʣʝʡʬ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ (8-10 ʢʤ). ʄʦʨʬʦʣʦʛʠʯʝʩʢʠ ʵʪʦ ʨʦʩʩʳʧʥʦʝ ʟʦʣʦʪʦ ʦʙʲʝʤʥʦ ʠʟʦʤʝʪ-

ʨʠʯʥʦ ʩʣʘʙʦ ʦʢʘʪʘʥʦ, ʈʘʟʤʝʨʥʦʩʪʴ ʟʝʨʝʥ ʟʦʣʦʪʘ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʫʙʳʚʘʝʪ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ 

ʢʦʣʯʝʜʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠ ʧʦ ʨʝʢʝ ʋʨʫʧ ʦʥʦ ʫʞʝ ʥʝ ʚʳʜʝʣʷʝʪʩʷ ʢʘʢ ʪʠʧ. ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʨʦʩ-

ʩʳʧʥʦʝ ʟʦʣʦʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʣʦʤʢʘʤʠ ʠ ʢʨʠʩʪʘʣʣʘʤʠ ʧʠʨʠʪʘ, ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʥʦ-

ʩʪʠ, ʦʪ ʩʚʝʞʠʭ ʢʨʠʩʪʘʣʣʦʚ ʜʦ ʧʦʣʥʳʭ ʧʩʝʚʜʦʤʦʨʬʦʟ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʧʦ ʧʠʨʠʪʫ. 

ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʝ ʢ ʘʫʪʠʛʝʥʦʤʫ ʩʫʣʴʬʠʜʥʦʤʫ ʟʦʣʦʪʫ ʧʨʠʥʘʜʣʝʞʠʪ ʵʣʶʚʠʘʣʴʥʦ ʟʦʣʦʪʦ 

ʶʨʩʢʠʭ ʧʠʨʠʪʠʟʠʨʦʚʘʥʥʳʭʤʝʪʘʩʦʤʘʪʠʪʦʚ (ʢʦʣʯʝʜʘʥʥʳʭ ʟʦʥ) ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʂʫʙʘʥʠ. ɺ ʫʩʣʦ-

ʚʠʷʭ ʘʨʠʜʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ʵʪʦʪ ʪʠʧ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥ ʩ ʵʥʦʜʦ-

ʛʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ [1] ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ.  ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʟʦʣʦʪʦ ʦʪʙʠʨʘʣʦʩʴ ʚ ʟʦʥʝ ʩʫʣʴʬʠʜʦʥʦʩʥʳʭʤʝʪʘʩʦʤʘʪʠʪʦʚ, ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ. ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʶʚʠʘʣʴʥʦʛʦ ʟʦʣʦʪʘ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʝʛʦ ʚ ʪʨʝʭ ʠʟʤʝʨʝʥʠʷʭ: ʜʣʠʥʝ, ʰʠʨʠʥʝ, ʠ 

ʪʦʣʱʠʥʝ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʵʪʠʭ ʚʝʣʠʯʠʥ ʟʝʨʝʥ ʟʦʣʦʪʘ ʜʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʝʛʦ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʠ (ʨʠʩ. 6).   

 
ʈʠʩ 5. ʈʦʩʩʳʧʥʦʝ ʵʣʶʚʠʘʣʴʥʦʝ ʟʦʣʦʪʦ. ɹʘʩʩʝʡʥ ʨʝʢʠ ʂʫʙʘʥʴ. ʈʘʟʤʝʨʥʦʩʪʴ ʟʝʨʝʥ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ 

ʥʘ ʬʦʥʝ ʤʠʣʣʠʤʝʪʨʦʚʳʭ ʢʚʘʜʨʘʪʦʚ. 



ɹʦʛʫʰ ʀ.ɸ., ʖʩʫʧʦʚ ɸ.ʈ.  

ʄʆʈʌʆʃʆɻʀʗ ʀ ʀʉʊʆʏʅʀʂʀ ʈʆʉʉʓʇʅʆɻʆ ɿʆʃʆʊɸ ʉɽɺɽʈʅʆɻʆ ʂɸɺʂɸɿɸ. 
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ɻʠʩʪʦʛʨʘʤʤʳ (ʨʠʩ. 6) ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʨʘʟʤʝʨʥʦʩʪʴ ʵʣʶʚʠʘʣʴʥʦʛʦ ʟʦʣʦʪʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʨʦʩʩʳʧʥʦʛʦ ʨʫʩʣʦʚʦʛʦ ʟʦʣʦʪʘ ʛʦʨʥʦʡ ʯʘʩʪʠ 

ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ. ʇʦʢʘʟʘʪʝʣʠ ʜʣʠʥʳ ʠ ʰʠʨʠʥʳ ʟʝʨʝʥ ʵʣʶʚʠʘʣʴʥʦʛʦ ʟʦʣʦʪʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʟʥʷʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʠʟʦʤʝʪʨʠʯʥʦʩʪʴ ʟʝʨʝʥ ʚ ʧʣʦʩʢʦʩʪʠ ʩʝʯʝʥʠʡ ʜʣʠʥʘ-

ʰʠʨʠʥʘ. ʊʨʝʪʠʡ ʧʦʢʘʟʘʪʝʣʴ ï ʪʦʣʱʠʥʘ ʧʦ ʨʘʟʤʝʨʥʦʩʪʠ ʟʘʤʝʪʥʦ ʫʩʪʫʧʘʝʪ ʚ ʨʘʟʤʝʨʘʭ ʜʣʠʥʝ ʠ 

ʰʠʨʠʥʝ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʢʦʪʦʨʫʶ ʧʝʨʚʠʯʥʫʶ ʫʧʣʦʱʝʥʥʦʩʪʴ ʟʝʨʝʥ. ʄʠʢʨʦʨʝʣʴʝʬ ʵʣʶʚʠ-

ʘʣʴʥʦʛʦ ʟʦʣʦʪʘ ʩʣʦʞʥʳʡ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʡ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʝʥ ʚʳʩʪʫʧʘʶʪ ʦʪʜʝʣʴʥʳʝ ʢʫʧʦ-

ʣʦʦʙʨʘʟʥʳʝ ʚʳʩʪʫʧʳ ʠ ʩʪʫʧʝʥʯʘʪʳʝ ʵʣʝʤʝʥʪʳ, ʨʘʟʚʠʪʳ ʦʪʜʝʣʴʥʳʝ ʚʧʘʜʠʥʳ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

(ʨʠʩ 5). ɻʨʘʥʠʮʳ ʟʝʨʝʥ ʥʝʨʝʜʢʦ ʦʩʣʦʞʥʝʥʳ ʙʫʭʪʦʦʙʨʘʟʥʳʤʠ ʠ ʱʝʣʝʚʠʜʥʳʤʠ ʚʧʘʜʠʥʘʤʠ. ʅʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʝʥ ʥʝ ʟʘʤʝʪʥʳ ʮʘʨʘʧʠʥʳ ʠ ʰʪʨʠʭʦʚʳʝ ʙʦʨʦʟʜʳ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʫʶ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ. ɺ ʵʣʶʚʠʘʣʴʥʦʤ ʟʦʣʦʪʝ ʥʝʨʝʜʢʦ ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʧʝʯʘʪʢʠ ʠ ʚʧʘʜʠʥʳ 

ʥʘ ʤʝʩʪʝ ʩʨʘʩʪʘʥʠʷ ʩ ʥʝʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ (ʢʚʘʨʮ). 

 
ʈʠʩ 6. ɻʠʩʪʦʛʨʘʤʤʳ ʨʘʟʤʝʨʥʦʩʪʠ ʵʣʶʚʠʘʣʴʥʦʛʦ ʟʦʣʦʪʘ. 

 

ʆʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʝ ʩʫʣʴʬʠʜʥʦʝ ʟʦʣʦʪʦ, ʢʦʪʦʨʦʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʦ ʚ ʩʢʨʳʪʦʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʬʦʨʤʝ ʚ ʧʠʨʠʪʝ, ʘʨʩʝʥʦʧʠʨʠʪʝ, ʭʘʣʴʢʦʧʠʨʠʪʝ. ʄʘʩʩʦʚʳʝ 

ʧʣʦʱʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʨʝʢ ʠ ʚʦʜʥʳʭ ʧʦʪʦʢʦʚ ʛʦʨʥʦʡ ʯʘʩʪʠ ʉʝʚʝʨʥʦʛʦ 



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 4(71), 2017 
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ʂʘʚʢʘʟʘ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ 80-90ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʨʫʜ-

ʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʣʠʭʦʫʩʪʦʡʯʠʚʳʭ, ʚʳʥʝʩʝʥʦ ʚ ʧʨʝʜʛʦʨʴʝ ʠ ʨʘʩʩʝʷʥʦ ʪʘʤ ʚ ʚʠ-

ʜʝ ʵʢʟʦʛʝʥʥʳʭ ʰʣʝʡʬʦʚ. ʕʪʠ ʰʣʝʡʬʳ ʜʣʷ ʟʦʣʦʪʘ ʩʚʷʟʘʥʳ ʢʘʢ ʩ ʨʫʩʣʦʚʳʤ ʘʣʣʶʚʠʝʤ ʛʦʨʥʳʭ ʨʝʢ 

ʪʘʢ ʠ ʠʭ ʧʦʡʤʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʧʨʝʜʛʦʨʠʡ.  

ʊʠʧʠʯʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʪʘʢʠʭ ʰʣʝʡʬʦʚ ʷʚʣʷʝʪʩʷ ʨʦʩʩʳʧʥʦʝ ʟʦʣʦʪʦ ʧʨʝʜʛʦʨʥʦʡ ʯʘ-

ʩʪʠ ɼʘʛʝʩʪʘʥʘ ʩʚʷʟʘʥʥʦʝ ʩ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʥʝʦʛʝʥʘ [6,8,9]. ʀʟʫʯʝʥʠʝ 

ʪʝʨʨʠʛʝʥʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʩʨʝʜʥʝʤʠʦʮʝʥʦʚʳʭ (ʯʦʢʨʘʢ-ʢʘʨʘʛʘʥʩʢʠʭ) ʧʝʩ-

ʯʘʥʠʢʦʚ ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʚ ʥʠʭ ʤʠʥʝʨʘʣʦʚ ʪʠʪʘʥʦ-ʮʠʨʢʦʥʠʝʚʦʛʦ ʩʳʨʴʷ ï ʮʠʨʢʦʥʘ, ʠʣʴʤʝ-

ʥʠʪʘ, ʨʫʪʠʣʘ, ʣʝʡʢʦʢʩʝʥʘ, ʜʦʤʠʥʠʨʫʶʱʠʭ ʚ ʬʨʘʢʮʠʠ ʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʦ 80%. ʅʘʨʷʜʫ ʩ ʥʠ-

ʤʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʟʝʨʥʘ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʪʦʨʳʭ, ʥʘʤʠ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʨʦʤʳʚʢʝ ʵʪʠʭ ʧʝʩʢʦʚ ʥʘ ʎɺʂ ʠ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 4 ʛ/ʤ. ʢʫʙ. ʊʷʞʝʣʘʷ ʬʨʘʢʮʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʝʩʯʘʥʠʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʤʝʨʥʦʩʪʴʶ 0,05-3,0 ʤʤ. ʇʨʠ ʵʪʦʤ ʨʘʟʤʝʨʳ 

ʟʦʣʦʪʠʥ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 0,1 ʜʦ 4,0 ʤʤ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʰʣʠʭʦʚʦʛʦ ʟʦʣʦʪʘ ʯʦʢʨʘʢ-ʢʘʨʘʛʘʥʩʢʠʭ ʧʝʩʯʘʥʠʢʦʚ ʧʦʜ ʙʠʥʦʢʫʣʷʨʦʤ ʫʩʪʘ-

ʥʦʚʣʝʥʳ ʠʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʆʪʤʝʯʝʥʳ ʧʨʦʚʦʣʦʯʢʦʚʠʜʥʳʝ, ʣʝʧʝʰʢʦʚʠʜʥʳʝ, 

ʠʟʦʤʝʪʨʠʯʥʳʝ ʩʣʝʛʢʘ ʫʜʣʠʥʝʥʥʦʡ ʬʦʨʤʳ. ʇʦ ʦʧʨʝʜʝʣʝʥʠʷʤ ʣʘʙʦʨʘʪʦʨʠʠ ʎʅʀɻʈʀ ʟʦʣʦʪʠʥʳ 

ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʮʚʝʪʫ, ʭʘʨʘʢʪʝʨʫ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʦʢʘʪʘʥʥʦʩʪʠ. ʇʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʠʟʥʘʢʘʤ ʚʳʜʝʣʝʥʳ ʜʚʝ ʛʨʫʧʧʳ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʦʪʣʠʯʘʝʪʩʷ ʩʝʨʝʙʨʠʩʪʦ-

ʩʝʨʳʤ ʮʚʝʪʦʤ, ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʙʣʝʩʢʦʤ, ʦʪʩʫʪʩʪʚʠʝʤ ʢʦʨʨʦʟʠʠ ʠʦʢʘʪʘʥʥʦʩʪʠ. 

ɿʦʣʦʪʦ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʦʪʣʠʯʘʝʪʩʷ ʪʫʩʢʣʦʡ, ʢʦʨʨʦʟʠʦʥʥʦʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʚʝʪʨʝʣʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ, ʠʤʝʝʪ ʦʢʨʫʛʣʳʝ ʢʦʥʪʫʨʳ, ʧʦʢʨʳʪʘ ʧʣʝʥʢʘʤʠ ʛʠʜʨʦʦʢʠʩʣʦʚ ʞʝʣʝʟʘ. ʆʥʦ ʧʨʝʜʩʪʘʚ-

ʣʝʥʦ ʥʝʩʦʚʝʨʰʝʥʥʳʤʠ, ʠʟʦʤʝʪʨʠʯʥʳʤʠ, ʧʣʘʩʪʠʥʯʘʪʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʠ ʩʣʦʞʥʳʤʠ ʛʨʦʟʜʴʝʚʠʜ-

ʥʳʤʠ ʩʨʦʩʪʢʘʤʠ, ʘ ʪʘʢʞʝ ʜʝʥʜʨʠʪʦʚʠʜʥʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʟʦʣʦʪʠʥʥʝʦʢʘʪʘʥʘ 

ʠʣʠ ʠʤʝʝʪ ʩʣʘʙʫʶ ʦʢʘʪʘʥʥʦʩʪʴ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʬʦʨʤ ʟʦʣʦʪʠʥ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.7 ʠ 8. ʈʘʟʥʦ-

ʦʙʨʘʟʠʝ ʬʦʨʤ ʟʦʣʦʪʠʥ ʚ ʩʨʝʜʥʝʤʠʦʮʝʥʦʚʳʭ ʧʝʩʯʘʥʠʢʘʭ ɼʘʛʝʩʪʘʥʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʣʠʯʥʳʝ ʢʦ-

ʨʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ. ʇʦ ʨʘʟʨʝʟʫ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʬʦʨʤ ʟʦʣʦʪʠʥ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦ ʚʦʟʨʘʩʪʫ ʧʘʯʢʘʭ ʧʝʩʯʘʠʢʦʚ ʯʦʢʨʘʢ-ʢʘʨʘʛʘʥʘ. 

 
 ʈʠʩ. 7. ʐʣʠʭʦʚʦʝ ʟʦʣʦʪʦ (ʢʚʘʨʮʝʚʳʝ ʧʝʩʯʘʥʠʢʠ, ʯʦʢʨʘʢ). ɼʦʣʠʥʘ ʨʝʢʠ ʐʫʨʘ-ʆʟʝʥʴ. 

 



ɹʦʛʫʰ ʀ.ɸ., ʖʩʫʧʦʚ ɸ.ʈ.  

ʄʆʈʌʆʃʆɻʀʗ ʀ ʀʉʊʆʏʅʀʂʀ ʈʆʉʉʓʇʅʆɻʆ ɿʆʃʆʊɸ ʉɽɺɽʈʅʆɻʆ ʂɸɺʂɸɿɸ. 

 

11 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʤʠʥʝʨʘʣʦʛʠʠ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʯʦʢʨʘʢ-ʢʘʨʘʛʘʥʩʢʠʭ ʧʝʩʯʘʥʠʢʦʚ, 

ʦʥʘ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʚʳʜʝʣʷʝʪ ʠʩʪʦʯʥʠʢʠ ʨʦʩʩʳʧʝʦʙʨʘʟʫʶʱʠʭ ʬʦʨʤʘʮʠʡ. ʂ ʪʘʢʦʚʳʤ ʦʪʥʝ-

ʩʝʥʳ: ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʨʷʜʘ ʨʘʟʣʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʩʪʝʧʝʥʠ ʫʜʘʣʝʥʥʦʩʪʠ ʠ 

ʠʭ ʘʧʠʢʘʣʴʥʳʝ ʯʘʩʪʠ,  ʘ ʪʘʢʞʝ ʩʦʧʨʷʞʝʥʥʳʝ ʩ ʥʠʤʠ ʛʨʝʡʟʝʥʳ ʠ ʧʝʛʤʘʪʠʪʳ; ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ 

ʧʦʨʦʜʳ ʨʘʟʣʠʯʥʳʭ ʬʘʮʠʡ ʠ ʛʝʥʝʟʠʩʘ, ʦʪ ʛʥʝʡʩʦʚ ʜʦ ʯʘʨʥʦʢʠʪʦʚ ʠ ʛʨʘʥʫʣʠʪʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ 

ʢʘʢ ʧʦ ʤʘʛʤʘʪʠʯʝʩʢʠʤ, ʪʘʢ ʠ ʧʦ ʦʩʘʜʦʯʥʳʤ (ʧʝʩʯʘʥʠʢʠ) ʧʦʨʦʜʘʤ; ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʦʩ-

ʥʦʚʥʦʛʦ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʨʷʜʘ ʨʘʟʣʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʩʪʝʧʝʥʠ ʫʜʘʣʝʥʥʦʩʪʠ; ʧʦʨʦʜʳ ʵʢʣʦʛʠ-

ʪʦʚʦʡ ʬʘʮʠʠ ʛʣʫʙʠʥʥʦʩʪʠ; ʢʠʤʙʝʨʣʠʪʳ; ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʠʧʦʚ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʢʦʣʣʝʢʪʦʨʘ ʨʘʟʣʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʩʪʝʧʝʥʠ ʫʜʘʣʝʥʥʦʩʪʠ.  

 
ʈʠʩ.8. ʐʣʠʭʦʚʦʝ ʟʦʣʦʪʦ (ʢʘʨʘʛʘʥʩʢʠʝ ʧʝʩʯʘʥʠʢʠ) ɹʫʡʥʘʢʩʢʠʡ ʨʘʡʦʥ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʳ ʚʠʜʠʤ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʩʥʦʩʘ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʯʦʢʨʘʢ-

ʢʘʨʘʛʘʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɼʘʛʝʩʪʘʥʘ ʤʦʛʣʘ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʪʝʨʨʠʪʦʨʠʷ  ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ, ʥʦ ʠ 

ʠʩʪʦʯʥʠʢʠ ʙʦʣʝʝ ʜʘʣʴʥʦʛʦ ʩʥʦʩʘ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪ-

ʬʦʨʤʳ. 

ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʉʝʚʝʨʥʦʛʦ ʠ ɺʦʩʪʦʯʥʦʛʦ ʂʘʚʢʘʟʘ ʜʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʪʠʧʠʟʠʨʦʚʘʪʴ ʝʛʦ ʧʦ ʨʘʟʤʝʨʥʦʩʪʠ, ʬʦʨʤʝ ʠ ʨʝʣʴʝʬʝ ʟʝʨʝʥ ʟʦʣʦʪʘ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʪʨʝʭ ʪʠʧʦʚ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷ ʦ ʝʛʦ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠ ʩʧʦʩʦʙʘʭ ʨʘʩʩʝʠʚʘʥʠʷ ʟʦʣʦʪʘ ʚ ʵʢʟʦʛʝʥʥʦʡ ʦʙʩʪʘʥʦʚ-

ʢʝ. ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʧʦʣʫʯʝ-

ʥʠʷ ʟʦʣʦʪʦʥʦʩʥʳʭ ʰʣʠʭʦʚ ʧʨʠ ʧʦʠʩʢʘʭ ʨʘʩʩʝʷʥʥʦʛʦ ʟʦʣʦʪʘ. 
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ʋɼʂ 551.311.31 (470.67) 

 

ʅɽʂʆʊʆʈʓɽ ʅʆɺʓɽ ɼɸʅʅʓɽ ʆ ʐʃʀʍʆɺʆʁ ʄʀʅɽʈɸʃʆɻʀʀ ʆʊʃʆɾɽʅʀʁ ɹɸʃʂʀ 

ɹʃʀɿ ʉɽʃɽʅʀʗ ʂʋɹɸʏʀ 

ʄʘʮʘʧʫʣʠʥ1 ɺ.ʋ., ɻʫʩʝʡʥʦʚ2 ʄ.ʄ., ʂʦʨʞʦʚ3 ɺ.ʅ., ʊʫʣʳʰʝʚʘ1 ɽ.ɺ., ʀʩʘʢʦʚ1 ʉ.ʀ. 

1ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ɼʅʎ ʈɸʅ, 2ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ɼʅʎ ʈɸʅ 

 
ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʠʟʫʯʝʥʠʷ ʰʣʠʬʦʚʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ʨʳʭʣʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʫʭʦʡ ʙʘʣʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ 

ʚʙʣʠʟʠ ʩʝʣʝʥʠʷ ʂʫʙʘʯʠ, ʜʨʝʥʠʨʫʶʱʝʡ ʦʪʭʦʜʳ ʶʚʝʣʠʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʥʥʠʤ ʠʟʫʯʝʥʠʝʤ ʤʠ-

ʥʝʨʘʣʦʛʠʠ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʟʜʝʩʴ ʫʩʪʘʥʦʚʣʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ. ʂʨʫʧʥʳʡ ʢʨʠʩʪʘʣʣ ʛʨʘʥʘʪʘ ʠ ʚ ʤʘʛʥʠʪʥʦʡ ʤʝʣʢʦʟʝʨʥʠ-

ʩʪʦʡ ʬʨʘʢʮʠʠ (0,5+0,1 ʤʤ) ʤʝʪʦʜʦʤ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʫʩʪʘʥʦʚʣʝʥʦ Ŭ-Fe (ʘʣʴʬʘ-ʞʝʣʝʟʦ) ʤʠʥʝʨʘʣʦʚ 

ʤʝʪʝʦʨʠʪʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ 85 % ʦʪ ʬʨʘʢʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʰʣʠʭʦʚʘʷ ʤʠʥʝʨʘʣʦʛʠʷ, ʢʨʠʩʪʘʣʣʳ, ʛʨʘʥʘʪ, ʤʸʩʩʙʘʫʵʨʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʘʣʴʬʘ-ʞʝʣʝʟʦ, 

ʤʠʥʝʨʘʣ ʤʝʪʝʦʨʠʪʦʚ.  

 

SOME NEW DATA ON THE GRINDING MINERALOGY OF DEPOSITS OF THE BEAM NEAR 

THE SETTLEMENT OF THE KUBACHI 

Macauly1 V.U., Huseynov2 M.M., Corjov3 V.N., Telysheva1E.V., Isakov1 S.I. 
1Institute of Geology, Dagestan scientific center of RAS, 2Institute of physics of the Dagestan scientific 

center of RAS 

 
These studying of the grinding  mineralogy of friable material of the dry beam located near the settlement Kubachi, 

draining waste of jewelry production are given. In comparison with early studying of mineralogy of this site new data are 

established here. Large crystal of pomegranate and in magnetic fine-grained fraction (0,5+0,1 mm) by method of myoss-

bauerovsky spectroscopy it is established Ŭ-Fe (alpha iron) of minerals of meteorites, the making 85% of fraction. 

Key words:  schlich mineralogy, crystals, garnet, Mossbauer spectroscopy, alpha-iron, meteorite mineral. 

 

ʅʘʤʠ ʨʘʥʝʝ (2006) ʦʩʚʝʱʘʣʘʩʴ ʤʠʥʝʨʘʣʦʛʠʷ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʰʣʠʭʦʚ ʥʘʤʳʪʳʭ ʚ ʙʘʣʢʝ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʶʛʦ-ʚʦʩʪʦʯʥʝʝ ʩʝʣʝʥʠʷ ʂʫʙʘʯʠ, ʜʨʝʥʠʨʫʶʱʝʡ ʦʪʚʘʣʳ ʶʚʝʣʠʨʥʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʩʝʣʘ [4]. ʇʨʠʚʝʜʝʤ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʨʘʥʥʝʝ ʤʠʥʝʨʘʣʳ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ. 

ʅʘ ʂʫʙʘʯʠʥʩʢʦʤ ʫʯʘʩʪʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʩʨʝʜʠ ʩʨʝʜʥʝʶʨʩʢʠʭ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʫʩʪʘ-

ʥʦʚʣʝʥʳ (ʚ %% ʦʪ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ) ʤʘʛʥʝʪʠʪ 16,86-98, ʠʣʴʤʝʥʠʪ 0,43-7,07, ʣʠʤʦʥʠʪ+ʛʝʤʘʪʠʪ 

0,29-26,72, ʣʝʡʢʦʢʩʝʥ ʟʥ ï 0,32, ʩʬʝʥ 0,02-0,23, ʨʫʪʠʣ 0,016-2,18, ʪʫʨʤʘʣʠʥ ʚ ʦʪʜʝʣʴʥʳʭ ʧʨʦʙʘʭ 

(ʟʥ ï 0,03), ʧʠʨʦʢʩʝʥ (ʟʥʘʢʠ ʚ ʦʪʜʝʣʴʥʳʭ ʧʨʦʙʘʭ), ʦʢʩʠʜʳ ʤʘʨʛʘʥʮʘ ï ʟʥ. ï 2,11, ʢʦʨʫʥʜ ʟʥ ï 

0,92; ʤʠʥʝʨʘʣʳ: ʙʠʦʪʠʪ, ʛʣʘʫʢʦʥʠʪ, ʘʤʬʠʙʦʣ, ʢʘʨʙʦʥʘʪ, ʤʦʥʘʮʠʪ ï ʦʪʤʝʯʝʥʳ ʚ ʟʥʘʢʦʚʦʤ ʩʦʜʝʨ-

ʞʘʥʠʠ ʚ ʦʪʜʝʣʴʥʳʭ ʧʨʦʙʘʭ. ɺʳʜʝʣʝʥʳ ʚʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʮʝʨʫʩʩʠʪ, ʧʠʨʦ-

ʤʦʨʬʠʪ, ʢʫʧʨʠʪ, ʤʘʣʘʭʠʪ, ʭʘʣʴʢʦʟʠʥ, ʩʢʦʨʦʜʠʪ) ʠ ʪʝʭʥʦʛʝʥʥʳʝ. ʂ ʧʦʩʣʝʜʥʠʤ ʤʠʥʝʨʘʣʦʛ ɸ.ɻ. 

ɺʘʩʠʣʴʝʚʘ (ʇʆ çʉʝʚʢʘʚʛʝʦʣʦʛʠʷè) ʦʪʥʦʩʠʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʦʢʘʣʠʥʳ, ʩʝʨʝʙʨʦ, ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʩʧʣʘʚʳ ï ʤʝʜʴ+ʮʠʥʢ, ʞʝʣʝʟʦ, ʩʚʠʥʝʮ+ʩʪʝʢʣʦ, ʯʘʩʪʠʯʥʦ ʢʦʨʫʥʜ, ʧʨʦʟʨʘʯʥʳʝ ʩʪʝʢʣʦʚʠʜʥʳʝ ʰʘ-

ʨʠʢʠ. ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʦʪʤʝʯʘʝʪʩʷ ʚ ʟʥʘʢʦʚʦʤ ʩʦʜʝʨʞʘʥʠʠ, ʩʝʨʝʙʨʦ ï ʚʝʩʦʚʳʝ ʟʥʘʢʠ. ɿʜʝʩʴ 

ʞʝ ʥʘ ʫʯʘʩʪʢʝ ʚ ʜʝʣʶʚʠʘʣʴʥʦ-ʘʣʣʶʚʠʘʣʴʥʦʤ ʰʣʝʡʬʝ, ʧʨʠʤʳʢʘʶʱʠʤ ʢ ʘʣʣʶʚʠʘʣʴʥʳʤ ʦʪʣʦʞʝ-

ʥʠʷʤ, ʪʘʢʞʝ ʦʪʤʝʯʝʥʳ ʟʥʘʢʠ ʟʦʣʦʪʘ, ʩʝʨʝʙʨʘ. ʅʘ ʫʯʘʩʪʢʝ ɺʘʯʠ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ 

ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʰʣʠʭʦʚ ʷʚʣʷʶʪʩʷ ʣʠʤʦʥʠʪ+ʛʝʪʠʪ, ʫʩʪʘʥʦʚʣʝʥʳ ʤʝʣʢʠʝ ʟʥʘʢʠ ʟʦʣʦʪʘ, ʚʠʜʠ-

ʤʳʝ ʪʦʣʴʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ; ʥʘ ʫʯʘʩʪʢʝ ʂʫʣʠ ʧʨʝʦʙʣʘʜʘʝʪ ʧʠʨʠʪ, ʫʩʪʘʥʦʚʣʝʥʳ ʝʜʠʥʠʯʥʳʝ ʟʥʘ-

ʢʠ ʟʦʣʦʪʘ, ʩʝʨʝʙʨʘ. 

ʇʦ ʦʙʠʣʴʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʤʘʛʥʝʪʠʪʘ ʂʫʙʘʯʠʥʩʢʠʡ ʫʯʘʩʪʦʢ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʩʨʝʜʠ 

ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʜʘʛʝʩʪʘʥʩʢʦʡ ʯʘʩʪʠ ɺʦʩʪʦʯʥʦʛʦ ʂʘʚʢʘʟʘ. ʆʥ ʚʳʜʝʣʷʝʪʩʷ ʚ ʪʨʝʭ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ï ʤʘʩʩʠʚʥʳʡ, ʧʣʘʩʪʠʥʯʘʪʳʡ ʠ ʚ ʚʠʜʝ ʠʜʝʘʣʴʥʳʭ ʩʬʝʨʠʯʝ-

ʩʢʠʭ ʛʣʦʙʫʣʝʡ, ʰʘʨʠʢʦʚ. ʃ.ɻ. ɺʘʩʠʣʴʝʚʘ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʤʘʩʩʠʚʥʳʝ ʠ ʧʣʘʩʪʠʥʯʘʪʳʝ ʬʦʨʤʳ 

ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ, ʩʬʝʨʠʯʝʩʢʠʝ ʬʦʨʤʳ ʦʪʤʝʯʝʥʳ ʚʧʝʨʚʳʝ ʥʘ 

ʂʫʙʘʯʠʥʩʢʦʤ ʫʯʘʩʪʢʝ ʠ ʷʚʣʷʶʪʩʷ ʵʢʟʦʪʠʯʝʩʢʠʤʠ ʜʣʷ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ. ʅʦ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʉʝ-

ʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʌ ʦʥʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ; ʠʭ ʚ ʵʪʦʡ ʟʦʥʝ ʚʳʜʝʣʷʶʪ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʗʥʠ-
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ʪʳè [1]. ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʛʣʦʙʫʣʝʡ ʩʚʷʟʳʚʘʶʪ ʩ ʢʦʩʤʦʛʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʇʦ ʦʧʠʩʘʥʠʶ ʦʥʠ 

ʦʯʝʥʴ ʩʭʦʞʠ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘʤʠ.  

ɽʜʠʥʠʯʥʳʝ ʰʘʨʠʢʠ, ʧʦʤʠʤʦ ʂʫʙʘʯʠʥʩʢʦʛʦ ʫʯʘʩʪʢʘ ʦʪʤʝʯʝʥʳ ʚ ʘʣʣʶʚʠʠ ʠ ʜʨʫʛʠʭ ʚʦʜʦ-

ʪʦʢʦʚ ï ʂʘʟʠʢʫʤʫʭʩʢʦʝ ʂʦʡʩʫ, ʂʘʨʘʢʦʡʩʫ. ʅʘʭʦʜʢʠ ʰʘʨʠʢʦʚ ʤʘʛʥʝʪʠʪʘ ʚ ʵʣʶʚʠʘʣʴʥʦ-

ʜʝʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠ ʧʨʦʪʦʣʦʯʢʘʭ ʠʟ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʂʫʙʘʯʠʥʩʢʦʛʦ ʫʯʘʩʪʢʘ, ʘ ʪʘʢʞʝ ʚ 

ʘʣʣʶʚʠʠ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩ ʂʘʟʠʢʫʤʫʭʩʢʦʛʦ ʂʦʡʩʫ ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʦʪʥʦ-

ʩʠʪʴ ʠʭ ʢ ʪʝʨʨʠʛʝʥʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʷʤ ʥʠʞʥʝ-ʩʨʝʜʥʝʶʨʩʢʠʭ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝ-

ʥʠʡ. ʉʬʝʨʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʛʥʝʪʠʪʘ ʠ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ ï ʪʠʧʠʯʥʦʝ ʢʦʩʤʦʛʝʥʥʦʝ 

ʚʝʱʝʩʪʚʦ ʚ ʨʦʩʩʳʧʷʭ [1].  

ʅʘ ʂʫʙʘʯʠʥʩʢʦʤ ʫʯʘʩʪʢʝ ʚ ʰʣʠʭʝ ʫʩʪʘʥʦʚʣʝʥʦ: ʧʣʘʩʪʠʥʯʘʪʦʝ ʟʦʣʦʪʦ, ʧʨʦʚʦʣʦʯʢʦʚʠʜʥʳʝ, 

ʫʜʣʠʥʝʥʥʳʝ, ʠʟʦʤʝʪʨʠʯʥʳʝ, ʩʦʛʥʫʪʳʝ ʧʣʘʩʪʠʥʢʠ ʟʦʣʦʪʘ, ʢʦʤʢʦʚʘʪʳʝ ʬʦʨʤʳ, ʫʜʣʠʥʝʥʥʳʝ ʬʦʨ-

ʤʳ ʩʝʨʝʙʨʘ, ʩʝʨʝʙʨʷʥʘʷ ʩʪʨʫʞʢʘ ʠ ʜʨ. ʉʝʨʝʙʨʦ ʚ ʰʣʠʭʘʭ, ʢʦʥʝʯʥʦ, ʪʝʭʥʦʛʝʥʥʦʝ. ʇʦ ʟʦʣʦʪʫ ʷʚ-

ʥʳʭ ʧʨʠʟʥʘʢʦʚ ʪʝʭʥʦʛʝʥʥʦʩʪʠ ʥʝ ʚʳʷʚʣʝʥʦ. ʇʦ ʥʘʣʠʯʠʝ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʝʨʝʙʨʘ, ʧʨʝʜʤʝʪʦʚ ʜʦ-

ʤʘʰʥʝʛʦ ʦʙʠʭʦʜʘ ʩʢʣʦʥʷʝʪ ʢ ʦʪʥʝʩʝʥʠʶ ʠ ʟʦʣʦʪʘ ʢ ʪʝʭʥʦʛʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʷʤ. ɽʩʣʠ ʩʨʘʚʥʠʪʴ 

ʟʦʣʦʪʦ ʂʫʙʘʯʠʥʩʢʦʛʦ ʫʯʘʩʪʢʘ ʩ ʟʦʣʦʪʦʤ ʥʘʤʳʪʦʤ ʠʟ ʩʨʝʜʥʝʤʠʦʮʝʥʦʚʳʭ (ʯʦʢʨʘʢ-ʢʘʨʘʛʘʥ) ʧʝʩ-

ʯʘʥʠʢʦʚ, ʪʦ ʤʳ ʫʚʠʜʠʤ, ʯʪʦ ʵʪʦ ʨʘʟʣʠʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʧʝʩʯʘʥʠʢʘʭ ʵʪʦ ʟʦʣʦʪʦ ʙʦʣʝʝ ʤʝʣʢʠʭ 

ʬʨʘʢʮʠʡ ʠ ʧʨʠʥʘʜʣʝʞʠʪ ʦʥʦ ʩʨʝʜʥʝʤʠʦʮʝʥʦʚʳʤ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʤ ʨʦʩʩʳʧʷʤ. 

ʄʳ ʚʝʨʥʫʣʠʩʴ ʢ ʵʪʠʤ ʤʘʪʝʨʠʘʣʘʤ, ʧʦʚʪʦʨʫ ʰʣʠʭʦʚʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʂʫʙʘʯʠʥʩʢʦʡ ʙʘʣʢʠ ʚ 

ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʦʷʚʠʣʠʩʴ ʩʚʝʜʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʚ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʦʙʲʝʢʪʘ ʠʤʝʝʪʩʷ ʚʶʩʪʠʪ, 

FeO ï ʜʦʚʦʣʴʥʦ ʨʝʜʢʠʡ ʤʠʥʝʨʘʣ ʞʝʣʝʟʘ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʤʝʪʝʦʨʠʪʦʚ. 

ɺ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʂʫʙʘʯʠʥʩʢʦʡ ʙʘʣʢʠ ʥʘʤʠ ʥʘ ʩʝʡ ʨʘʟ ʫʩʪʘʥʦʚʣʝʥʳ ʝʜʠʥʠʯʥʳʝ ʟʥʘʢʠ 

ʟʦʣʦʪʘ (0,2-0,3 ʤʤ), ʥʘʧʦʤʠʥʘʶʱʫʶ ʩʪʨʫʞʢʫ, ʤʘʛʥʠʪʥʳʡ ʤʠʥʝʨʘʣ ʤʘʩʩʠʚʥʦʡ ʠʟʦʤʝʪʨʠʯʥʦʡ 

ʬʦʨʤʳ ʠ ʚ ʚʠʜʝ ʰʘʨʠʢʦʚ (0,2-0,3 ʤʤ), ʢʦʪʦʨʳʡ ʤʳ ʦʪʥʝʩʣʠ ʢ ʤʘʛʥʝʪʠʪʫ, ʫʩʪʘʥʦʚʣʝʥ ʝʜʠʥʠʯʥʳʡ 

ʤʠʥʝʨʘʣ ʛʨʘʥʘʪʘ, ʦʙʣʦʤʦʯʢʠ ʢʘʨʙʦʥʘʪʘ, ʩʪʝʢʣʷʥʥʳʝ ʰʘʨʠʢʠ. ɺ ʦʪʥʦʰʝʥʠʠ ʤʘʛʥʝʪʠʪʘ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʥʝ ʦʪʤʝʯʝʥʳ ʪʦʣʴʢʦ ʧʣʘʩʪʠʥʯʘʪʳʝ ʬʦʨʤʳ, ʦʥʠ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʨʘʟʚʠʪʳ ʚ ʤʝʣʢʦʡ (-0,5+0,1 ʤʤ) ʬʨʘʢʮʠʠ. ʉʨʝʜʠ ʤʘʩʩʠʚʥʳʭ ʟʝʨʝʥ ʚʩʪʨʝʯʘʶʪʩʷ ʘʛʨʝʛʘʪʳ, 

ʚ ʢʦʪʦʨʳʭ ʚʠʜʥʳ ʦʩʪʘʪʢʠ ʰʘʨʠʢʦʚ, ʥʦʟʜʨʝʚʘʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪ ʚʳʧʘʚʰʠʭ ʰʘʨʠʢʦʚ. ɺ ʢʨʫʧʥʦʡ 

ʬʨʘʢʮʠʠ > 0,5-1 ʤʤ ʫʩʪʘʥʦʚʣʝʥʳ ʦʙʣʦʤʢʠ ʩʠʣʠʮʠʪʦʚ, ʪʝʭʥʦʛʝʥʥʳʝ ʧʨʦʚʦʣʦʯʢʦʚʠʜʥʳʝ ʦʢʠʩ-

ʣʝʥʥʳʝ ʬʦʨʤʳ. ʇʦ ʤʘʛʥʠʪʥʦʡ ʬʨʘʢʮʠʠ ʧʨʦʚʝʜʝʥʘ ʤʸʩʩʙʘʫʵʨʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʄʉ). 

ʀʥʪʝʨʝʩ ʚʳʟʳʚʘʣʠ ʜʚʘ ʤʦʤʝʥʪʘ ï ʵʪʦ ʥʘʭʦʜʢʠ ʢʨʠʩʪʘʣʣʘ ʛʨʘʥʘʪʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʄʉ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ. ʇʦ ʚʠʟʫʘʣʴʥʳʤ ʜʘʥʥʳʤ ʟʝʨʥʦ ʛʨʘʥʘʪʘ, ʨʘʟʤʝʨʦʤ 1Ĭ1,5 ʩʤ, ʙʫʨʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʘʪʦʛʦ 

ʮʚʝʪʘ, ʥʘ ʦʜʥʦʡ ʛʨʘʥʠ ʠʤʝʝʪʩʷ ʩʢʦʣ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʩʚʝʯʠʚʘʝʪ ʤʠʥʝʨʘʣ ʟʝʣʝʥʦʚʘʪʦʛʦ ʮʚʝʪʘ. ɺʦʟ-

ʤʦʞʥʦ, ʵʪʦ ʘʣʴʤʘʥʜʠʥ-ʛʨʦʩʩʫʣʷʨʦʚʘʷ ʬʦʨʤʘ ʛʨʘʥʘʪʘ. ɻʨʘʥʘʪ ʥʝ ʦʢʘʪʘʥ, ʥʝ ʠʤʝʝʪ ʶʚʝʣʠʨʥʦʡ 

ʮʝʥʥʦʩʪʠ (ʨʠʩ. 1).  

 
1 ï ʦʙʣʦʤʦʢ ʩʠʣʠʮʠʪʦʚ; 2 ï ʢʨʠʩʪʘʣʣ ʛʨʘʥʘʪʘ; 3 ï ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʘʷ ʜʨʝʚʝʩʠʥʘ; 4 ï ʨʘʩʧʣʘʚ ʧʦʨʦʜʳ ʩʝʨʦʛʦ 

ʮʚʝʪʘ. ʉʝʣʦ ʂʫʙʘʯʠ, ʙʘʣʢʘ 

ʈʠʩ. 1. ʂʨʫʧʥʘʷ ʬʨʘʢʮʠʷ ʰʣʠʭʦʚ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʩʫʭʦʡ ʙʘʣʢʠ.  

 

ʄʝʣʢʠʡ ʛʨʘʥʘʪ ʚ ʪʝʨʨʠʛʝʥʥʳʭ ʶʨʩʢʠʭ, ʩʨʝʜʥʝʤʠʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠʤʝʝʪ ʭʦʨʦʰʦ 

ʦʢʘʪʘʥʥʳʝ, ʦʪʰʣʠʬʦʚʘʥʥʳʝ ʬʦʨʤʳ. ʀ ʝʩʣʠ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʢʨʠʩʪʘʣʣ ʛʨʘʥʘʪʘ ʠʟ ʪʝʨʨʠʛʝʥʥʳʭ 

ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʠʭ ʛʨʘʚʝʣʠʪʦʚ, ʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʪʦ ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʭʦʨʦʰʦ ʦʢʘʪʘʥ, ʜʘʞʝ ʣʫʯʰʝ 



ʄʘʮʘʧʫʣʠʥ ɺ.ʋ., ɻʫʩʝʡʥʦʚ ʄ.ʄ., ʂʦʨʞʦʚ ɺ.ʅ., ʊʫʣʳʰʝʚʘ ɽ.ɺ., ʀʩʘʢʦʚ ʉ.ʀ. 

ʅɽʂʆʊʆʈʓɽ ʅʆɺʓɽ ɼɸʅʅʓɽ ʆ ʐʃʀʍʆɺʆʁ ʄʀʅɽʈɸʃʆɻʀʀ ʆʊʃʆɾɽʅʀʁ ɹɸʃʂʀ ɹʃʀɿ ʉɽʃɽʅʀʗ ʂʋɹɸʏʀ 

 

15 

ʯʝʤ ʟʝʨʥʘ ʧʝʩʯʘʥʥʳʭ ʬʨʘʢʮʠʡ. ɺʟʷʪʴ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʭʦʪʷ ʙʳ ʢʚʘʨʮʝʚʫʶ ʛʘʣʴʢʫ ʠʟ ʚʝʨʭʥʝʛʦ 

ʪʦʘʨʘ ʥʘ ʂʫʨʫʰʩʢʦʤ ʨʫʜʥʦʤ ʧʦʣʝ ï ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʝʝ ʠʜʝʘʣʴʥʦ ʦʢʘʪʘʥʘ ʠ ʦʪʰʣʠʬʦʚʘʥʘ. ɿʥʘʯʠʪ, 

ʵʪʦʪ ʢʨʠʩʪʘʣʣ ʛʨʘʥʘʪʘ ʠʤʝʝʪ ʙʦʣʝʝ ʙʣʠʟʢʦʝ ʤʝʩʪʦʦʙʨʘʟʦʚʘʥʠʝ ʠʟ ʧʦʨʦʜ ʥʝ ʠʟʚʝʩʪʥʳʭ ʚ ʨʘʡʦʥʝ 

ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ï ʩʢʘʨʥʳ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ ʠ ʪ.ʧ. ʀʣʠ ʞʝ ʵʪʦ ʧʨʠʚʥʝʩʝʥʥʳʡ 

ʪʝʭʥʦʛʝʥ, ʯʪʦ ʪʦʞʝ ʤʘʣʦʚʝʨʦʷʪʥʦ, ʯʪʦʙʳ ʢʫʙʘʯʠʥʝʮ ʟʘʠʥʪʝʨʝʩʦʚʘʣʩʷ ʥʝ ʶʚʝʣʠʨʥʦʡ ʬʦʨʤʦʡ 

ʛʨʘʥʘʪʘ ʠ ʧʨʠʚʝʟ ʝʛʦ ʩ ʜʘʣʴʥʠʭ ʤʝʩʪ. ɸ ʤʦʞʝʪ ʙʳʪʴ ʢʫʙʘʯʠʥʮʳ ʟʘʥʠʤʘʣʠʩʴ ʰʣʠʬʦʚʢʦʡ ʤʠʥʝʨʘ-

ʣʦʚ. ɼʦʚʦʜʷ ʠʭ ʜʦ ʶʚʝʣʠʨʥʳʭ ʧʦʜʝʣʦʢ?  

ɼʘʥʥʳʝ ʤʸʩʩʙʘʫʵʨʦʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2 ʠ ʪʘʙʣʠʮʝ 1, 2. 

ʄʸʩʩʙʘʫʵʨʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʤʠʥʝʨʘʣ çɺʶʩʪʠʪè. 

 
(ʉʧʝʢʪʨʦʤʝʪʨ MS-1104ɽʤ. ʇʨʛʨʘʤʤʘ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʘ UnivemMS 

ʈʠʩ. ʄʦʜʝʣʴʥʘʷ ʨʘʩʰʠʬʨʦʚʢʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʷʜʝʨ 57Fe ʚ ʤʠʥʝʨʘʣʝ FeO 

ʉʧʝʢʪʨ:  ʄʠʥʝʨʘʣ ɺʶʩʪʠʪ-FeO.28.07.2017.RT.1S.1s2a.t30.CoCr2-13.spc 

ʂʘʣʠʙʨʦʚʘʥ ʦʪʥʦʩʠʪʝʣʴʥʦ: Fe (KC: Fe.05.06.2017.) 

ɸʙʩ.ʧʣʦʱʘʜʴ ʵʢʩʧ.ʩʧʝʢʪʨʘ, ʙ/ʨ: 0.97890 

ɸʙʩ.ʧʣʦʱʘʜʴ ʨʘʩʯ.ʩʧʝʢʪʨʘ, ʙ/ʨ: 1.02430 (104.64 % ʦʪ ʵʢʩʧ.) 

ʄʘʢʩ.ʵʢʩʧ.ʩʧʝʢʪʨʘ (ʵʬʬʝʢʪ),%: 1.991 +/- 0.259 (13.00 % ʦʪ Max) 

ɢ2 =  1.072 

ɹʘʟʠʩ (ʬʦʥ), ʠʤʧ. = 149250 (ʧʨʷʤʘʷ) 

ʂʘʯʝʩʪʚʦ ʵʢʩʧ.ʩʧʝʢʪʨʘ = 8 (0.130 - ʧʦʛʨʝʰ.ʵʬʬʝʢʪʘ) 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʥʘʙʦʨʘ: 30:27:42 ʯʘʩʦʚ 
ʊʘʙʣʠʮʘ 1 

ɼʘʥʥʳʝ ʤʸʩʩʙʘʫʵʨʦʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 
ˉ ʀʤ ̫ Is, ʤʤ/ʩ Qs, ʤʤ/ʩ H, ʢʕ S, ʦʪʥ.,% G, ʤʤ/ʩ 

1 S Sextet_1 -0.6877 0.1446 457.20 25.24 0.2575 

2 S  Sextet_2 -0.3933 0.1161 512.95 14.01 0.3447 

3 S  Sextet_3 -0.3375 -0.0728 479.01 13.58 0.3857 

4 D Doublet_1 -0.8644 0.6799  47.18 0.6601 

 

ʊʘʙʣʠʮʘ 2 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ Fe ʧʦ  ʬʘʟʘʤ (ʦʙʨʘʙʦʪʢʘ ʧʦ ʜʚʫʤ ʩʪʘʪ.ʵʢʚʠʚʘʣ.ʤʦʜʝʣʷʤ) 
ʌʘʟʘ ɼʦʣʷ ʚ ʩʧʝʢʪʨʝ,% 

FeOOH+FeOnH (ʛʝʪʠʪ) 0.0 +/- 0.0 

Fe2O3 (ʛʝʤʘʪʠʪ) 14.3 +/-14.3 

Fe3O4 (ʤʘʛʥʝʪʠʪ) 0.0 +/- 0.0 

Fe (ʘʣʴʬʘ-ʞʝʣʝʟʦ) 85.7 +/-14.3 

FeO (ʚʶʩʪʠʪ) 0.0 +/- 0.0 

FeO (ʚʶʩʪʠʪ) 0.0 +/- 0.0 

 

 

 



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 4(71), 2017 
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ʆʙʦʟʥʘʯʝʥʠʷ: 

Is, ʤʤ/ʩ ï ʠʟʦʤʝʨʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ ʩʧʝʢʪʨʘ. 

Qs, ʤʤ/ʩ ï ʂʚʘʜʨʫʧʦʣʴʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʩʧʝʢʪʨʘ. 

H, ʢʕ ï ʩʚʝʨʭʪʦʥʢʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʷʜʨʘ. 

S, ʦʪʥ.,% ïʧʣʦʱʘʜʴ  ʧʦʜ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʝʡ. 

G, ʤʤ/ʩ ï ʰʠʨʠʥʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʠ. 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʤʘʛʥʠʪʥʦʡ ʬʨʘʢʮʠʠ ʰʣʠʭʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʦʣʴʰʘʷ ʠʭ ʯʘʩʪʴ (85 %) 

ʧʨʝʜʩʪʘʚʣʝʥʘ  ʘʣʴʬʘ ʞʝʣʝʟʦʤ (Ŭ-Fe) ʤʠʥʝʨʘʣʦʤ ʤʝʪʝʦʨʠʪʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʰʠ ʨʘʥʥʠʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʦ ʢʦʩʤʦʛʝʥʥʦʡ ʧʨʠʨʦʜʝ ʤʘʛʥʠʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʙʳʣʠ ʚʝʨʥʳ. ʅʘʤʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʸʩʩʙʘʫʵʨʦʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦ ʦʢʠʩʥʦʤʫ ʞʝʣʝʟʫ, ʩʚʷʟʘʥʥʦʤʫ ʩ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʵʢʩʧʣʦʟʠʚʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ɼʘʛʝʩʪʘʥʘ: ʐʘʣʙʫʟʜʘʛ, 

ʊʘʣʛʠ, ɹʫʛʣʝʥʩʢʠʝ ʧʝʩʯʘʥʳʝ ʢʘʨʴʝʨʳ, ʎʫʜʘʭʘʨ, ʄʠʘʪʣʠʥʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʀʩʪʠʩʫʚ, ʕʨʧʝ-

ʣʠ-ʆʟʝʥʴ [2]. ʇʦ ʥʠʤ ʦʪʤʝʯʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʛʝʤʘʪʠʪʦʚʳʝ (ʥʝʤʘʛʥʠʪʥʳʝ) ʬʦʨʤʳ ʞʝʣʝʟʘ ʠ ʫʩʪʘ-

ʥʦʚʣʝʥʳ ʛʝʪʠʪ, ʛʝʤʘʪʠʪ, ʤʘʛʥʝʪʠʪ, Ŭ-ʞʝʣʝʟʦ ʠ ʚʶʩʪʠʪ ʚ ʧʨʝʜʝʣʘʭ ʧʝʨʚʳʭ ʧʨʦʮʝʥʪʦʚ. ɸ ʪʘʢʦʝ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ (Ŭ-Fe) ï 85% ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚʧʝʨʚʳʝ.  

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʘʣʴʬʘ-ʞʝʣʝʟʘ ʠ ʤʘʛʥʝʪʠʪʘ ʧʨʠʚʝʜʝʤ ʦʧʠʩʘʥʠʝ ʧʝʨʚʦʛʦ ʧʦ ɻʝʦʣʦʛʠʯʝʩʢʦʤʫ 

ʩʣʦʚʘʨʶ [4], ʢʫʙʠʯʝʩʢʘʷ ʩʠʥʛʦʥʠʷ, ʚʩʝʛʜʘ ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʩʴ ʥʠʢʝʣʷ ʠ ʯʘʩʪʦ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠ-

ʯʝʩʪʚʘ Co, Cu, S, C. ʈʝʜʢʦ ʚ ʚʠʜʝ ʢʫʙʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ; ʩʧʣʦʰʥʳʝ ʤʘʩʩʳ, ʟʝʨʥʘ, ʜʝʥʜʨʠʪʳ; 

ʧʳʣʝʚʠʜʥʳʝ ʯʘʩʪʠʮʳ, ʩʘʤʦʨʦʜʢʠ; ʚ ʤʝʪʝʦʨʠʪʘʭ ʦʙʨʘʟʫʶʪ ʧʣʘʩʪʠʥʢʠ ʠ ʠʭ ʪʦʥʢʦʩʜʚʦʡʥʠʢʦʚʳʝ 

ʘʛʨʝʛʘʪʳ. ʉʪʘʣʴʥʦ-ʩʝʨʳʡ ʜʦ ʯʝʨʥʦʛʦ ʮʚʝʪ. ɹʣʝʩʢ ʤʝʪʘʣʣʠʯʝʩʢʠʡ. ʏʝʨʪʘ ʩʪʘʣʴʥʦ-ʩʝʨʘʷ ʙʣʝʩʪʷ-

ʱʘʷ. ʊʚʝʨʜʦʩʪʴ 4-5, ʧʣʦʪʥʦʩʪʴ 7,3-7,9. ʂʦʚʢʦʝ, ʤʘʛʥʠʪʥʦʝ. ʂʨʘʡʥʝ ʥʝʫʩʪʦʡʯʠʚʦʝ ʚ ʦʢʠʩʣʠʪʝʣʴ-

ʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʜʢʦ. ʀʥʦʛʜʘ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʙʘʟʘʣʴʪʘʭ, ʜʠʦ-

ʨʠʪʘʭ, ʦʙʳʯʥʦ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʞʝʣʝʟʥʳʭ ʤʝʪʝʦʨʠʪʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠ-

ʷʭ ʰʣʠʭʦʚʦʡ ʩʲʝʤʢʠ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ.  
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4. ʏʝʨʢʘʰʠʥ ɺ.ʀ., ʄʘʮʘʧʫʣʠʥ ɺ.ʋ., ʖʩʫʧʦʚ ɸ.ʈ.. ʊʝʨʨʠʛʝʥʥʘʷ ʤʠʥʝʨʘʣʦʛʠʷ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʧʦʨʦʜ 

ʤʝʟʦ-ʢʘʡʥʦʟʦʷ ɺʦʩʪʦʯʥʦʛʦ ʂʘʚʢʘʟʘ ʠ ʧʝʨʩʧʝʢʪʠʚʳ (Ti-Zr) ʨʦʩʩʳʧʝʦʙʨʘʟʦʚʘʥʠʷ. ʊʨʫʜʳ ʀʥʩʪʠʪʫʪʘ 

ʛʝʦʣʦʛʠʠ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ. ɺʳʧ. 59. ʄʘʭʘʯʢʘʣʘ, 2006. ʉ.73-84 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɹɽʅʊʆʅʀʊʆɺʓʍ ɻʃʀʅ ɼʃʗ ʇʆʃʋʏɽʅʀʗ 

ʊɽʇʃʆʀɿʆʃʗʎʀʆʅʅʆɻʆ ʇɽʅʆɹɽʊʆʅɸ 

ʊʦʪʫʨʙʠʝʚ1 ɹ.ɼ., ʖʩʫʧʦʚ1 ɸ.ʈ., ʈʘʙʘʜʘʥʦʚ2 ɻ. ɸ., ɸʙʜʫʣʛʘʥʠʝʚʘ1 ʊ.ʀ. 
1ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ɼʅʎ ʈɸʅ 

2ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʛʝʦʪʝʨʤʠʠ ɼʅʎ ʈɸʅ 

 
ɺ ʩʪʘʪʴʝ ʜʘʝʪʩʷ ʘʥʘʣʠʟ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʟʘʧʘʩʦʚ ʠ ʧʨʠʤʝʥʝʥʠʝ ʙʝʥʪʦʥʠʪʦʚʳʭ ʛʣʠʥ, ʠ ʠʭ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʠʟʢʠʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʠ ʜʨʫʛʠʤʠ 

ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ.  

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʭʠʤʠʯʝʩʢʦʛʦ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʨʠʚʦʜʷʪʩʷ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʨʘʟʨʘ-

ʙʦʪʢʠ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʙʝʥʪʦʥʠʪʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ ʠ ʧʦʨʪʣʘʜʮʝʤʝʥʪʥʦʛʦ 

ʢʣʠʥʢʝʨʘ  ʧʦʣʫʯʝʥʥʦʛʦ ʧʫʪʝʤ ʠʭ ʩʦʚʤʝʩʪʥʦʛʦ ʧʦʤʦʣʘ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʜʦ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 2500-

3000ʛ/ʩʤ2; ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʝʩʪʘ ʠ ʢʘʤʥʷ ʠʟ ʵʪʦʡ ʢʦʤʧʦʟʠʮʠʠ ʚ ʪʦʤ ʯʠʩʣʝ, ʩʨʦʢʠ 

ʩʭʚʘʪʳʚʘʥʠʷ ʠ ʪʚʝʨʜʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʪʝʩʪʘ; ʧʣʘʩʪʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʧʦʜʚʠʞʥʦʩʪʴ; ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ, 

ʠʟʛʠʙʝ ʠ ʫʩʘʜʢʘ ʢʦʤʧʦʟʠʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʪʚʝʨʜʝʥʠʷ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʟ ʙʝʥʪʦʥʠʪʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʝʥʦʙʝʪʦʥʘ ʪʚʝʨʜʝʶʱʝʛʦ ʢʘʢ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʘʢ ʧʨʠ ʪʝʧʣʦʚʣʘʞʥʦʩʪʦʡ ʦʙʨʘʙʦʪʢʝ 

ʧʨʠ ʊ=85-90ʦʉ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʨʫʜʥʦʝ ʩʳʨʴʝ, ʙʝʥʪʦʥʠʪʦʚʳʝ ʛʣʠʥʳ, ʧʦʨʪʣʘʜʮʝʤʝʥʪʥʳʡ ʢʣʠʥʢʝʨ, ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʢʦʤʧʦʟʠʮʠʠ, ʧʝʥʦʙʝʪʦʥ. 

 

THE USE OF BENTONITE CLAYS FOR PRODUCTION OF THERMAL INSULATION FOAM 

CONCRETE 
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In article is given the analysis of a source of raw materials of stocks and use of bentonite clays, and their economic 

feasibility in use for receiving construction materials with low power and other material inputs. 

Results of laboratory researches of chemical, mineralogical composition and the thermal analysis of bentonite clay 

of the Dagestan field are given. 

Also results of researches are given: developments of optimum structures of bentonite composition on the basis of 

bentonite clay and the portladtsementny clinker received by their joint grinding in a spherical mill to a specific surface 

2500-3000¼/cm2; technological, physicomechanical properties of the test and a stone from this composition including, 

terms of a skhvatyvaniye and curing of the composite test; plastic durability and mobility; durability at compression, a 

bend and shrinkage of composition in the course of curing. 

Experimental studies have established a possibility of receiving from bentonite composition of the heat-insulating 

foam concrete hardening as under natural conditions so at a heat and moisture treatment at T =85-90oC. 

Keywords: non-metallic raw materials, bentonite clays, portland cement clinker, heat-insulating materials, composi-

tions, foam concrete. 

 

ʀʤʝʶʱʠʝʩʷ ʚ ʈʦʩʩʠʠ ʥʝʦʛʨʘʥʠʯʝʥʥʳʝ ʟʘʧʘʩʳ ʥʝʨʫʜʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʩʧʦʩʦʙ-

ʩʪʚʫʶʪ ʤʦʱʥʦʤʫ ʨʘʟʚʠʪʠʶ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ. ʀʟ ʤʥʦʛʠʭ ʚʠʜʦʚ ʥʝʨʫʜʥʦʛʦ ʩʳʨʴʷ ʧʦʣʫ-

ʯʘʶʪ ʩʘʤʳʝ ʨʘʟʣʠʯʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʘʢ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʚʠʜʝ, ʪʘʢ ʠ ʧʦʩʣʝ ʤʝʭʘʥʠ-

ʯʝʩʢʦʡ, ʪʝʨʤʠʯʝʩʢʦʡ, ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʝʨʫʜʥʳʤ ʩʳʨʴʝʤ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʙʝʥʪʦʥʠʪʦʚʳʝ ʛʣʠʥʳ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʙʝʥʪʦʥʠʪʦʚʳʝ ʛʣʠʥʳ ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ ʚʘʞʥʝʡʰʠʭ ʥʝʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ï 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ, ʣʠʪʝʡʥʘʷ, ʙʫʨʦʚʘʷ, ʭʠʤʠʯʝʩʢʘʷ, ʥʝʬʪʝʭʠʤʠʯʝʩʢʘʷ, ʩʪʨʦʠʪʝʣʴʥʘʷ, ʢʝʨʘʤʠʯʝ-

ʩʢʘʷ, ʧʠʱʝʚʘʷ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʘʷ, ʪʝʭʥʠʯʝʩʢʘʷ ʵʢʦʣʦʛʠʷ ʠ ʜʨ. 
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 ʆʙʲʝʤ ʜʦʙʳʯʠ ʙʝʥʪʦʥʠʪʦʚʳʭ ʛʣʠʥ ʚ ʤʠʨʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʙʠʣʴʥʦ ʩʦʩʪʘʚʣʷʝʪ ʝʞʝ-

ʛʦʜʥʦ ʙʦʣʝʝ 15 ʤʣʥ. ʪ. ʇʨʠ ʵʪʦʤ ʝʞʝʛʦʜʥʳʡ ʧʨʠʨʦʩʪ ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʥʪʦʧʨʦʜʫʢʪʦʚ (ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʪʨʝʙʣʝʥʠʝ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʣ 5,5 % [1]. 

ʅʘʠʙʦʣʝʝ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʝʥʪʦʧʨʦʜʫʢʪʦʚ ʚ ʂʅʈ, ʇʦʣʴʰʝ, 

ʀʥʜʠʠ, ʈʝʩʧʫʙʣʠʢʝ ʂʦʨʝʷ, ʛʜʝ ʝʞʝʛʦʜʥʳʡ ʧʨʠʨʦʩʪ ʚ 2003-2007 ʛʛ. ʩʦʩʪʘʚʠʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 56; 

47; 24 ʠ 22 % [1-3]. 

ʀʟ ʥʠʭ ʜʦ 25 % ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʬʦʨʤʦʚʦʯʥʳʭ ʩʤʝʩʝʡ, ʜʦ 60% ï ʚ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ ʘʜʩʦʨʙʝʥʪʦʚ, ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ, ʞʝʣʝʟʦʨʫʜʥʳʭ ʦʢʘʪʳʰʝʡ. 

ɺ ʈʦʩʩʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʙʳʯʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʝʥʪʦʥʠʪʦʚʳʭ ʛʣʠʥ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪ-

ʩʪʘʸʪ ʦʪ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʙʝʥʪʦʧʨʦʜʫʢʪʳ ʚ ʈʦʩʩʠʠ ʦʪʥʦʩʷʪʩʷ ʢ ʜʝʬʠ-

ʮʠʪʥʳʤ ʚʠʜʘʤ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ.  

ʆʩʦʙʝʥʥʦ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʱʝʣʦʯʥʳʝ ʙʝʥʪʦʥʠʪʳ, ʟʘʧʘʩʳ ʢʦʪʦʨʳʭ ʦʛʨʘʥʠʯʝʥʳ ʜʘʞʝ ʚ 

ʤʠʨʝ: ʠʟ 6,3 ʤʣʨʜ. ʪ. ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ ʪʦʣʴʢʦ 906 ʤʣʥ.ʪ. (14%) ʩʦʩʪʘʚʣʷʶʪ ʱʝʣʦʯʥʳʝ ʙʝʥʪʦʥʠ-

ʪʳ. ʕʢʩʧʦʨʪ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʀʤʧʦʨʪ ʙʝʥʪʦʧʨʦʜʫʢʪʦʚ ʚ ʈʦʩʩʠʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟ 14 

ʩʪʨʘʥ ɽʚʨʦʧʳ, ɸʟʠʠ ʠ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʧʦ ʮʝʥʝ ʦʪ 52 ʜʦ 1500 ʜʦʣʣ/ʪ. ʅʘʠʙʦʣʴʰʠʡ ʦʙʲʝʤ ʠʤ-

ʧʦʨʪʘ ʙʝʥʪʦʧʨʦʜʫʢʪʦʚ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʠʟ ɻʨʝʮʠʠ, ɸʟʝʨʙʘʡʜʞʘʥʘ, ʋʢʨʘʠʥʳ. ɿʥʘʯʠ-

ʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʙʝʥʪʦʧʨʦʜʫʢʪʦʚ ʚʚʦʟʠʪʩʷ ʠʟ ɻʝʨʤʘ-

ʥʠʠ, ʉʐɸ, ʀʥʜʠʠ ʠ ɹʦʣʛʘʨʠʠ. ʉʘʤʳʡ ʜʦʨʦʛʦʡ ʙʝʥʪʦʧʨʦʜʫʢʪ ʧʦʩʪʘʚʣʷʝʪ ɼʘʥʠʷ ï 1500 ʜʦʣʣ/ʪ (~ 

4 ʪ). ʀʤʧʦʨʪ ʠʟ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ ʩʦʩʪʘʚʣʷʝʪ 250-300 ʪʳʩ. ʪ ʚ ʛʦʜ. ʍʦʪʷ ʦʙʱʠʝ ʟʘʧʘʩʳ ʙʝʥʪʦ-

ʥʠʪʦʚ ʚ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 93,3 ʤʣʥ. ʪ (ʦʢʦʣʦ 2% ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ). 

ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʙʝʥʪʦʥʠʪʦʚʦʛʦ ʩʳʨʴʷ ʈʦʩʩʠʠ ʧʨʠʚʝʜʝʥʘ ʚ 

ʩʪʘʪʴʝ [4], ʛʜʝ ʧʦʢʘʟʘʥʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʥʪʦʧʨʦʜʫʢʪʦʚ, ʦʙʲʝʤ ʠʤʧʦʨʪʘ ʠ ʵʢʩʧʦʨʪʘ, ʪʝʢʫʱʠʝ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ, ʜʝʬʠʮʠʪ ʟʘʧʘʩʦʚ ʱʝʣʦʯʥʳʭ ʙʝʥʪʦʥʠʪʦʚ. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʙʝʥʪʦʧʨʦʜʫʢʪʘʤʠ ʧʫʪʝʤ 

ʚʳʷʚʣʝʥʠʷ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʛʠʦʥʘʭ ʠ ʚʥʝʜʨʝʥʠʷ ʚʳ-

ʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ (ʊʘʙʣʠʮʳ 1,2,3,4). 

ʆʙʦʙʱʝʥʥʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʧʘʩʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʝʥʪʦʥʠʪʦʚʦʛʦ ʩʳ-

ʨʴʷ ʧʦ ʚʳʜʝʣʝʥʥʳʤ ɻʇʊ ʧʨʠʚʝʜʝʥʘ ʪʘʙʣ. 1. 
 

ʊʘʙʣʠʮʘ 1.   

ʄʉɹ ʙʝʥʪʦʥʠʪʦʚʦʛʦ ʩʳʨʴʷ ʈʦʩʩʠʠ 

ɻʝʦʣʦʛʦ-ʧʨʦʤʳʰʣʝʥʥʳʡ ʪʠʧ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʆʙʱʝʝ ʯʠʩʣʦ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʡ 

ɺ ʪʦʤ ʯʠʩʣʝ ʙʝʥ-

ʪʦʥʠʪʦʚ 

ɿʘʧʘʩʳ ʥʘ 01.01.2009 ʛ., ʪʳʩ. 

ʪ 

ɼʦʙʳʯʘ ʚ 2008 ʛ. 

A+B+C2 C2 ʪʳʩ.ʪ % 

ʑʝʣʦʯʥʦʡ 1 

1 

8179 6862 - - 

ʑʝʣʦʯʥʦ-ʱʝʣʦʯʥʦ-ʟʝʤʝʣʴʥʳʡ 5 

5 

15867 4606 276 47 

ʑʝʣʦʯʥʦ-ʟʝʤʝʣʴʥʳʡ 23 

1 

120542 84707 309 53 

ɺʩʝʛʦ 29 

7 

144578 96175 585 100 

 

ʆʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʟʘʧʘʩʦʚ ʧʦ 29 ʨʘʟʚʝʜʘʥʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʧʦ 

ʢʘʪʝʛʦʨʠʷʤ A+B+C1+ʉ2 ʩʦʩʪʘʚʣʷʝʪ 240,9 ʤʣʥ ʪ, ʠʟ ʥʠʭ ʧʦ ʢʘʪʝʛʦʨʠʠ ʉ2 - 96,2 ʤʣʥ ʪ. ʇʨʠ ʵʪʦʤ 

ʟʘʧʘʩʳ ʢʘʪʝʛʦʨʠʡ ɸ+ɺ+ C1+C2 ʫʯʪʝʥʳ ʚ "ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʘʣʘʥʩʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ" ʧʦ 

7 ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ (ʥʘ 01.01.2009 ʛ.) ʚ ʦʙʲʝʤʝ 37,2 ʤʣʥ ʪ, ʠʟ ʥʠʭ ʧʦ ʢʘʪʝʛʦ-

ʨʠʠ ʉ2 - 0,72 ʤʣʥ ʪ (ʪʘʙʣ. 2). 



ʊʦʪʫʨʙʠʝʚ ɹ.ɼ., ʖʩʫʧʦʚ ɸ.ʈ., ʈʘʙʘʜʘʥʦʚ ɻ. ɸ., ɸʙʜʫʣʛʘʥʠʝʚʘ ʊ.ʀ. 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɹɽʅʊʆʅʀʊʆɺʓʍ ɻʃʀʅ ɼʃʗ ʇʆʃʋʏɽʅʀʗ ʊɽʇʃʆʀɿʆʃʗʎʀʆʅʅʆɻʆ ʇɽʅʆɹɽʊʆʅɸ 
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ʊʘʙʣʠʮʘ 2.  

ɹʘʣʘʥʩʦʚʳʝ ʟʘʧʘʩʳ, ʜʦʙʳʯʘ ʙʝʥʪʦʥʠʪʦʚʦʛʦ ʩʳʨʴʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʥʪʦʧʨʦʜʫʢʪʦʚ ʥʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʈʦʩʩʠʠ ʚ 2008 ʛ. (ʧʦ ʜʘʥʥʳʤ ʥʘ 01.01.2009 ʛ.) 
ʄʝʩʪʦʨʦʞ-

ʜʝʥʠʝ 

(ʩʫʙʲʝʢʪ 

ʈʌ) 

ʇʨʦʠʟ-

ʚʦʜʠʪʝʣʴ  

ɹʘʣʘʥʩʦ-

ʚʳʝ ʟʘʧʘʩʳ 

ʥʘ 

01.01.2009 

ʛ., ʪʳʩ.ʪ 

ɺʠʜ 

ʩʳʨʴʷ 

ɼʦ-

ʙ -r

ʯʘ 

ʩʳ-

ʨʴʷ 

ʟʘ 

2008 

ʛ., 

ʪʳʩ.ʪ 

ɺʠʜʳ ʠ ʤʘʨʢʠ 

ʧʨʦʠʟʚʦʜʠʤʦʡ 

ʧʨʦʜʫʢʮʠʠ 

ʆʙʲʝʤ 

ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ 

ʚ 2008 ʛ. 

ʧʦ ʚʠʜʘʤ 

ʙʝʥʪʦ-

ʧʨʦʜʫʢ-

ʪʦʚ, 

ʪʳʩ.ʪ 

ʆʪ-

ʧʫʩʢ

ʥʘʷ 

ʮʝʥʘ, 

ʨ. 

ʆʙʝʩʧʝ-

ʯʝʥʥʦʩʪʴ 

ʧʨʦʤʳʰ-

ʣʝʥʥʳʤʠ 

ʟʘʧʘʩʘʤʠ, 

ʣʝʪ 

ɼʝʩʷʠʳʡ 

ʍʫʪʦʨ (ʧʣʘ-

ʩʪʳ 7, 8) 

(ʈʝʩʧʫʙʣʠʢʘ 

ʍʘʢʘʩʠʷ)  

ʆʆʆ 

çɸʨʛʠʠ-

ʣʠʪè 

A+B+C1-

1291; 

C1-1291 

ʑʝ-

ʣʦʯʥʦ-

ʱʝ-

ʣʦʯʥʦ-

ʟʝ-

ʤʝʣʴ-

ʥʳʡ 

ʙʝʥʪʦ-

ʥʠʪ 

157 ɸʢʪʠʚʠʨʦʚʘʥʥʘʷ 

ʙʝʥʪʦʥʠʪʦʚʘʷ ʛʣʠ-

ʥʘ 

179,4 855 4,6 

ɻʣʠʥʦʧʦʨʦʰʦʢ 

ʜʣʷ ʙʫʨʦʚʳʭ ʨʘʩ-

ʪʚʦʨʦʚ 

ʅʝʪ 

ʩʚʝʜ. 

ɼʝʩʷʠʳʡ 

ʍʫʪʦʨ (ʧʣʘ-

ʩʪʳ 2, 4, 5, 

6) (ʈʝʩʧʫʙ-

ʣʠʢʘ ʍʘʢʘ-

ʩʠʷ)  

ʆɸʆ 

çʍʘʢʘʩ-

ʩʢʠʡ 

ʙʝʥʪʦ-

ʥʠʪè 

A+B+C1-

4883, ʚ ʪʦʤ 

ʯʠʩʣʝ A -

847; B-

1169;  

 

C1- 2867  

ʑʝ-

ʣʦʯʥʦ-

ʱʝ-

ʣʦʯʥʦ-

ʟʝ-

ʤʝʣʴ-

ʥʳʡ 

ʙʝʥʪʦ-

ʥʠʪ 

93 ʌʦʨʤʦʚʦʯʥʳʝ 

ʙʝʥʪʦʧʦʨʦʰʢʠ ʤʘ-

ʨʦʢ ʇ1ʊ1ɸ ʇ2ʊ1ɸ 

(ʩʦʛʣʘʩʥʦ ɻʆʉʊ 

28-177-89) 

49,1 2500 32 

ɹʫʨʦʚʳʝ ʙʝʥʪʦʧʦ-

ʨʦʰʢʠ ʤʘʨʦʢ 

ʇɹʄɸ ʇɹʄɹ (ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʊʋ 

39-202-86 ʠ ʊʋ39-

0147001-105-93 

ɹʝʥʪʦʥʠʪ ʢʦʤʦʚʳʡ 2,7 400 

ʖʞʥʳʡ 

ʫʯʘʩʪʦʢ ɿʳ-

ʨʷʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʷ (ʂʫʨ-

ʛʘʥʩʢʘʷ ʦʙ-

ʣʘʩʪʴ) 

ʆɸʆ 

çɹʝʥʪʦ-

ʥʠʪè 

A+B+C1-

12214, ʚ ʪʦʤ 

ʯʠʩʣʝ B-

4496; C1- 

7718 

ɹʝʥʪʦ-

ʥʠʪʦ-

ʧʦʜʦʙ-

ʥʘʷ 

ʛʣʠʥʘ 

131 ʌʦʨʤʦʚʦʯʥʘʷ ʛʣʠ-

ʥʘ 

55,533 265,2

3 

66 

ɹʫʨʦʚʦʡ ʛʣʠʥʦʧʦ-

ʨʦʰʦʢ 

ʅʝʪ 

ʩʚʝʜ. 

ɸʢʪʠʚʠʨʦʚʘʥʥʘʷ 

ʛʣʠʥʘ 

ɹʠʢʣʷʥʩʢʦʝ 

ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʝ 

(ʖʛʦ-

ʚʦʩʪʦʯʥʳʡ 

ʫʯʘʩʪʦʢ) 

(ʈʝʩʧʫʙʣʠʢʘ 

ʊʘʪʘʨʩʪʘʥ) 

ʆɸʆ 

çɸʣʴʤʝ-

ʪʴʝʚʩʢʠʡ 

ʟʘʚʦʜ 

ʛʣʠʥʦ-

ʧʦʨʦʰʢʘ 

A+B+C1-

13580, ʚ ʪʦʤ 

ʯʠʩʣʝ B-

10442; C1- 

3138 

ɹʝʥʪʦ-

ʥʠʪʦ-

ʧʦʜʦʙ-

ʥʘʷ 

ʛʣʠʥʘ 

93 ɻʣʠʥʦʧʦʨʦʰʦʢ 

ʜʣʷ ʙʫʨʦʚʳʭ ʨʘʩ-

ʪʚʦʨʦʚ ʤʘʨʦʢ 

ʇɹʄɺ, ʇɹʄɻ, 

ʇɹʅ (ʩʦʛʣʘʩʥʦ ʊʋ 

39-0147001-105-

93) 

ʅʝʪ 

ʩʚʝʜ. 

 93 

ɻʣʠʥʳ ʚ ʢʦʤʦʚʦʤ 

ʚʠʜʝ 

93,0 112 

ʂʘʣʠʥʦʚʦ-

ɼʘʰʢʦʚʩʢʦʝ 

(ʄʦʩʢʦʚ-

ʩʢʘʷ ʦʙ-

ʣʘʩʪʴ) 

ɿɸʆ 

çʂʝʨʘʤ-

ʟʠʪè 

 ɹʝʥʪʦ-

ʥʠʪʦ-

ʧʦʜʦʙ-

ʥʘʷ 

ʛʣʠʥʘ, 

ʙʝʥʪʦ-

ʥʠʪ 

68 ʌʦʨʤʦʚʦʯʥʳʝ 

ʛʣʠʥʦʧʦʨʦʰʢʠ ʤʘ-

ʨʦʢ ʇ4ʊ1ʂ ï 

ʉ4ʊ1ʂ ʠ ʇ2ʊ1ɸ ï 

ʉ2ʊ1ɸ (ɻʆʉʊ 

28177-89 

53 1860 18 

ɹʫʨʦʚʳʝ ʛʣʠʥʦʧʦ-

ʨʦʰʢʠ ʤʘʨʦʢ 

ʇɹʄɸ, ʇɹʄɹ, 

ʇɹʄɺ, ʇɹʄɻ 



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 4(71), 2017 
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(ʊʋ-39-0147001-

105-93) 

ʌʦʨʤʦʚʦʯʥʘʷ ʛʣʠ-

ʥʘ 

68 

ʅʠʢʦʣʴʩʢʠʡ 

ʫʯʘʩʪʦʢ 

(ɺʦʨʦʥʝʞ-

ʩʢʘʷ ʦʙ-

ʣʘʩʪʴ) 

ʆʆʆ 

çʅʝʜʨʘè 

 ɹʝʥʪʦ-

ʥʠʪʦ-

ʧʦʜʦʙ-

ʥʘʷ 

ʛʣʠʥʘ 

10 ʌʦʨʤʦʚʦʯʥʘʷ ʛʣʠ-

ʥʘ ʤʘʨʦʢ ʇ4ʊ2-

ʉ4ʊ2 ʧʦ ɻʆʉʊ 

28177-89 

10  54 

ʄʘʡʜʘʥ-

ɹʝʥʪʦʥʠʪʦ-

ʚʳʡ ʫʯʘʩʪʦʢ 

(ʚʦʨʦʥʝʞ-

ʩʢʘʷ ʦʙ-

ʣʘʩʪʴ) 

ʆɸʆ 

çɾʫʨʘʚ-

ʩʢʠʡ ʦʭ-

ʨʦʚʳʡ 

ʟʘʚʦʜè 

A+B+C1-

420, ʚ ʪʦʤ 

ʯʠʩʣʝ C1- 

420, C2-158 

ɹʝʥʪʦ-

ʥʠʪʦ-

ʧʦʜʦʙ-

ʥʘʷ 

ʛʣʠʥʘ 

7 ʌʦʨʤʦʚʦʯʥʘʷ ʛʣʠ-

ʥʘ 

7  40 

ʀʞʙʝʨʜʠʥ-

ʩʢʦʝ (ʆʨʝʥ-

ʙʫʨʛʩʢʘʷ 

ʦʙʣʘʩʪʴ) 

ʆɸʆ 

çʍʘʣʠ-

ʣʦʚʦè 

A+B+C1-

1334, ʚ ʪʦʤ 

ʯʠʩʣʝ B -

213 C1- 

1121 

ʑʝ-

ʣʦʯʥʦ-

ʱʝ-

ʣʦʯʥʦ-

ʟʝ-

ʤʝʣʴ-

ʥʳʡ 

ʙʝʥʪʦ-

ʥʠʪ 

26 ɻʣʠʥʘ ʢʦʤʦʚʘʷ ʜʣʷ 

ʙʫʨʦʚʳʭ ʨʘʩʪʚʦ-

ʨʦʚ 

26  34 

ɺʩʝʛʦ ʜʦʙʳʪʦ ʙʝʥʪʦʥʠʪʦʚʦʛʦ ʩʳʨʴʷ: 585     

ɺ ʪʦʤ ʯʩʠʣʝ: 

ʙʝʥʪʦʥʠʦʚ 276     

ʙʝʥʪʦʥʠʪʦʧʦʜʦʙʥʳʭ ʛʣʠʥ 309     

ɺʩʝʛʦ ʧʨʦ-

ʠʟʚʝʜʝʥʦ 

ʙʝʥʪʦʧʨʦ-

ʜʫʢʪʦʚ, 

ʪʳʩ.ʪ 

ɻʣʠʥʦʧʦʨʦʰʢʠ ʜʣʷ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʬʦʨʤʦʚʦʯʥʳʭ ʩʤʝʩʝʡ 102,1   

ɸʢʪʠʚʠʨʦʚʘʥʥʘʷ ʛʣʠʥʘ ʜʣʷ ʦʢʦʤʢʦʚʘʥʠʷ ʞʝʣʝʟʦʨʫʜʥʳʭ ʢʦʥ-

ʮʝʥʪʨʘʪʦʚ 

179,4   

ʂʦʤʦʚʘʷ ʛʣʠʥʘ ʜʣʷ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ 26,0   

ʂʦʤʦʚʘʷ ʛʣʠʥʘ ʜʣʷ ʬʦʨʤʦʚʦʯʥʳʭ ʩʤʝʩʝʡ 140,5   

ɹʝʥʪʦʥʠʪ ʢʦʤʦʚʳʡ (ʙʝʟ ʫʢʘʟʘʥʠʷ ʥʘʟʥʘʯʝʥʠʷ) 2,7   

ɻʣʠʥʘ ʢʦʤʦʚʘʷ (ʙʝʟ ʫʢʘʟʘʥʠʷ ʥʘʟʥʘʯʝʥʠʷ) 93,0   

ʀʪʦʛʦ  543,7   

 

ʆʙʱʠʡ ʦʙʲʝʤ ʧʨʦʛʥʦʟʥʳʭ ʨʝʩʫʨʩʦʚ ʧʦ ʢʘʪʝʛʦʨʠʷʤ ʈ1+ʈ2+ʈʟ. ʚʳʷʚʣʝʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ 15 

ʦʙʲʝʢʪʦʚ, ʩʦʩʪʘʚʣʷʝʪ 325,5 ʤʣʥ ʪ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʦ ʢʘʪʝʛʦʨʠʠ ʈ2 -187,0 ʤʣʥ ʪ.(ʪʘʙʣ. 3). 
 

ʊʘʙʣʠʮʘ 3.  

ʇʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ ʙʝʥʪʦʥʠʚʦʛʦ ʩʳʨʴʷ ʈʦʩʩʠʠ 

ɹʝʥʪʦʥʠʪʦʥʦʩʥʳʝ ʧʨʦʚʠʥ-

ʮʠʷ, ʟʦʥʘ, ʨʘʡʦʥ 

ʏʠʩʣʦ ʦʙʲ-

ʝʢʪʦʚ 

ʇʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ, ʤʣʥ. ʪ ɻʝʦʣʦʛʦ-ʧʨʦʤʳʰʣʝʥʥʳʡ 

ʪʠʧ ʦʞʠʜʘʝʤʳʭ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ 

P1 P2 P3 

ʉʝʚʝʨʦ-ʢʘʚʢʘʟʩʢʘʷ ʧʨʦʚʠʥʮʠʷ 

ɺ ʪʦʤ ʯʠʩʣʝ ʇʨʝʜʚʢʘʚʢʘʟ-

ʩʢʘʷ ʟʦʥʘ 

3 55,7 114,0 - ʑʝʣʦʯʥʦʡ ʠ ʱʝʣʦʯʥʦ-

ʱʝʣʦʯʥʦ-ʟʝʤʝʣʴʥʳʡ  

ʋʨʘʣʴʩʢʘʷ ʧʨʦʚʠʥʮʠʷ 

ɺ ʪʦʤ ʯʠʩʣʝ: 

ʋʩʪʴ-ʄʘʥʴʠʥʩʢʘʷ ʟʦʥʘ 1 11,7 - - ʑʝʣʦʯʥʦ-ʟʝʤʝʣʴʥʳʡ 

ʖʞʥʦ-ʋʨʘʣʴʩʢʘʷ ʟʦʥʘ 1 16,0 45,0 - ʑʝʣʦʯʥʦ-ʱʝʣʦʯʥʦ-

ʟʝʤʝʣʴʥʳʡ 

ɸʣʪʘʝ-ʉʘʷʥʩʢʘʷ ʧʨʦʚʠʥʮʠʷ 

ɺ ʪʦʤ ʯʠʩʣʝ: 

ʂʫʟʥʝʮʢʠʡ ʨʘʡʦʥ 2 6,0 20,0 - ʑʝʣʦʯʥʦʡ 



ʊʦʪʫʨʙʠʝʚ ɹ.ɼ., ʖʩʫʧʦʚ ɸ.ʈ., ʈʘʙʘʜʘʥʦʚ ɻ. ɸ., ɸʙʜʫʣʛʘʥʠʝʚʘ ʊ.ʀ. 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɹɽʅʊʆʅʀʊʆɺʓʍ ɻʃʀʅ ɼʃʗ ʇʆʃʋʏɽʅʀʗ ʊɽʇʃʆʀɿʆʃʗʎʀʆʅʅʆɻʆ ʇɽʅʆɹɽʊʆʅɸ 
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ʇʨʠʝʥʠʩʝʡʩʢʠʡ ʨʘʡʦʥ 2 - 5,0 15 ʑʝʣʦʯʥʦ-ʱʝʣʦʯʥʦ-

ʟʝʤʝʣʴʥʳʡ 

ʉʘʭʘʣʠʥʩʢʘʷ ʧʨʦʚʠʥʮʠʷ 

ɺ ʪʦʤ ʯʠʩʣʝ: 

ɿʘʧʘʜʥʦ-ʉʘʭʘʣʠʥʩʢʘʷ ʟʦʥʘ 4 3,6 2,7 - ʑʝʣʦʯʥʦʡ ʠ ʱʝʣʦʯʥʦ-

ʱʝʣʦʯʥʦ-ʟʝʤʝʣʴʥʳʡ  

ʊʦʥʠʥʦ-ɸʥʠʚʩʢʘʷ ʟʦʥʘ 1 0,5 0,3 -  

ʇʨʠʧʷʪʩʢʦ-ɼʥʝʧʨʦʚʦ-ɼʦʥʝʮʢʘʷ ʧʨʦʚʠʥʮʠʷ 

ɺ ʪʦʤ ʯʠʩʣʝ ɼʥʝʧʨʦʚʦ-

ɼʦʥʝʮʢʠʡ ʨʘʡʦʥ 

1 - - 30 ʑʝʣʦʯʥʦ-ʱʝʣʦʯʥʦ-

ʟʝʤʝʣʴʥʳʡ 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʨʷʜʫ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʩʰʠʨʝʥʠʷ ʨʦʩʩʠʡʩʢʦʡ ʄʉɹ ʙʝʥʪʦʥʠʪʦʚʦ-

ʛʦ ʩʳʨʴʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʙʝʥʪʦʥʠʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠ 

ʙʦʣʴʰʠʤʠ ʟʘʧʘʩʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ɺ ʵʪʦʤ ʧʣʘʥʝ, ʙʦʣʴʰʠʤ ʧʦʜʩʧʦʨʴʝʤ ʷʚʣʷʝʪʩʷ ʥʝʫʯʪʝʥʥʳʝ ʟʘʧʘʩʳ ʙʝʥʪʦʥʠʪʦʚʳʭ ʛʣʠʥ ɼʘ-

ʛʝʩʪʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʜʘʥʥʳʤ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 30 ʤʣʥ.ʪ 

[8]. ʍʠʤʠʯʝʩʢʠʡ  ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʵʪʠʭ ʛʣʠʥ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4 ʠ 5. 
 

ʊʘʙʣʠʮʘ 4.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ ɼʘʝʩʪʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

 ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ɹʝʥʪʦʥʠʪʦʚʘʷ ʛʣʠʥʘ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ, % 

SiO2 

Al 2O3 

Fe2O3 

FeO 

CaO 

MgO 

Na2O 

K2O 

ʧ.ʧ.ʧ. 

 

51,00 

23,25 

7,20 

7,41 

0,99 

3,31 

2,75 

4,06 

10,0 

 

ʊʘʙʣʠʮʘ 5.  

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ˉˉ 

ʧ.ʧ. 

ˉˉ 

ʧʨʦʙ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʨʦ-

ʜ  r

ʉʦʜʝʨʞʘʥʠʷ ʤʠʥʝʨʘʣʦʚ, % 

ʢʚʘʨ

ʮ 

ʛʣʠ-

ʥ  r

ʄʦʥʪʤʦʨʠʣʣʦ-

ʥʠʪ  

ɼʨʫʛʠʝ. ʤʠʥʝʨʘ-

ʣ r

 1  724/1  ʘʨʛʠʣʣʠʪ 2Ñ1 23Ñ4 75Ñ7   

 2  724/2  ʘʨʛʠʣʣʠʪ 7Ñ2 23Ñ4 67Ñ7 ɻʧ 3Ñ1 

 3  724/3  ʘʨʛʠʣʣʠʪ 3Ñ1 15Ñ3 82Ñ7   

 4  724/4 

 ʘʨʛʠʣʣʠʪʦʧʦ-  

ʜʦʙʥʳʝ ʛʣʠʥʳ 2Ñ1 20Ñ4 70Ñ7 

ɻʧ 10Ñ2 ʅʘʪʨʦ-

ʷʨʦʟʠʪ 3Ñ1 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ 3,5 20,25 73,5  

 

ʆʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʛʣʘʚʥʝʡʰʠʤʠ  ʩʣʘʛʘʶʱʠʤʠ  ʤʠʥʝʨʘʣʘʤʠ  ʷʚʣʷʶʪʩʷ  ʤʦʥʪʤʦʨʠʣʣʦ-

ʥʠʪ,  ʢʚʘʨʮ,  ʛʣʠʥʳ,  ʠ  ʥʝʢʦʪʦʨʳʝ  ʜʨʫʛʠʝ. ɿʜʝʩʴ ʚʝʜʫʱʝʝ  ʤʝʩʪʦ  ʟʘʥʠʤʘʝʪ  ʤʦʥʪʤʦʨʠʣʣʦ-

ʥʠʪ.  ʇʦʵʪʦʤʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʙʝʥʪʦʥʠʪʦʚʳʝ  ʛʣʠʥʳ  ʤʦʞʥʦ  ʥʘʟʳʚʘʪʴ  ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʳ-

ʤʠ,  ʘ  ʩʣʘʛʘʶʱʠʝ  ʠʭ  ʤʠʥʝʨʘʣʳ  ï  ʤʠʥʝʨʘʣʘʤʠ  ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʦʡ  ʛʨʫʧʧʳ. ʏʝʤ ʙʦʣʴʰʝ ʚ 

ʩʤʝʩʠ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ, ʪʝʤ ʚʳʰʝ ʝʝ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ, ʛʣʘʚʥʦʝ ʩʚʦʡʩʪʚʦ ʵʪʦʛʦ ʩʦʨʪʘ ʛʣʠʥʳ. 

ɹʝʥʪʦʥʠʪ ʨʘʟʙʫʭʘʝʪ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʥʝʛʦ ʚʦʜʳ, ʛʠʜʨʘʪʘʮʠʠ. ʊʘʢʞʝ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʥʝʪʦʢʩʠʯʝʥ ʠ 



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 4(71), 2017 
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ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʝʛʦ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɹʳʣ ʪʘʢʞʝ  ʧʨʦʚʝʜʝʥ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘ 

ʜʝʨʠʚʘʪʦʛʨʘʬʝ ʪʠʧʘ, Netzsch STA 449 Pʉ ʥʘ ʦʙʨʘʟʮʝ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʡ ʥʘʚʝʩʢʠ ʛʣʠʥʠʩʪʦʡ ʬʨʘʢ-

ʮʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʩʪʨʦʝʥʘ ʪʝʨʤʦʛʨʘʤʤʘ (ʨʠʩ.), ʥʘ ʢʦʪʦʨʦʡ ʦʪʤʝʯʝ-

ʥʳ ʪʝʨʤʦʵʬʬʝʢʪʳ ʠ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ. ʊʝʨʤʠʯʝ-

ʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʫ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠ-

ʥʳ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ  ʚʦʟʥʠʢʘʝʪ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 50-200 Áʉ  ʩ ʤʘʢʩʠʤʫʤʦʤ 

ʧʨʠ 110-120 Áʉ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʜʘʣʝʥʠʝʤ ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʝ ʠ ʛʠʜʨʦʩʣʶʜʝ 

ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʠ ʤʝʞʧʘʢʝʪʥʦʡ ʚʦʜʳ.  ʇʨʠʩʫʪʩʪʚʠʝ ʧʦʩʣʝʜʥʝʡ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ ʯʘʩʪʠʮ, ʥʘʭʦʜʷʱʝʡʩʷ ʦʙʳʯʥʦ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʪʨʫʢ-

ʪʫʨʳ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ. ʇʦʪʝʨʷ ʩʪʨʫʢʪʫʨʥʦʡ ʚʦʜʳ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʤ ʠ ʧʦʯʪʠ ʧʦʣʥʦʝ ʨʘʟʨʫ-

ʰʝʥʠʝ ʨʝʰʝʪʢʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 500 ʜʦ 650 Áʉ. ʕʪʦ ʪʘʢʞʝ ʩʚʷʟʘʥʦ ʩ ʚʳʜʝʣʝʥʠʝʤ ʢʦʥ-

ʩʪʠʪʫʮʠʦʥʥʦʡ ʚʦʜʳ ʫ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʛʠʜʨʦʩʣʶʜʳ. ʅʘ ʢʨʠʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʝʨʤʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʘʙʣʶʜʘʶʪʩʷ ʦʯʝʥʴ ʩʣʘʙʳʝ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʝ ʤʘʢʩʠʤʫʤʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʫʜʘʣʝ-

ʥʠʝʤ ʦʩʪʘʚʰʝʡʩʷ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʚʦʜʳ ʠ ʧʦʣʥʳʤ ʨʘʟʨʫʰʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʛʠʜʨʦʩʣʶʜʳ.  

 
ʈʠʩ. ʂʨʠʚʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ɼʊɸ) ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ɼʊɻ), ʩʥʷʪʳʝ ʩ ʦʙʨʘʟʮʘ ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ ʙʝʥʪʦʥʠʪʘ 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʳʭʦʜ 

ʛʣʠʥʠʩʪʦʛʦ ʨʘʩʪʚʦʨʘ ʚʷʟʢʦʩʪʴʶ 25 ʩʝʢ. - 13-14 ʤ. ʢʫʙ./ʤ. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʚʣʘʛʠ - 12-14 %. ʇʣʦʪ-

ʥʦʩʪʴ ʩʫʩʧʝʥʟʠʠ - 1,062 - 1,058 ʛ/ʩʤ. ʢʫʙ. ʄʦʢʨʳʡ ʩʠʪʦʚʦʡ ʘʥʘʣʠʟ ʩʫʩʧʝʥʟʠʠ, ʦʩʪʘʪʦʢ ʥʘ ʩʠʪʝ: 

ʥʦʤʝʨ 05 - 0 %, ʥʦʤʝʨ 0071 - 2 - 3 %. ʇʦʢʘʟʘʪʝʣʴ ʬʠʣʴʪʨʘʮʠʠ - 14 ʩʤ. ʢʫʙ. ʄʦʜʠʬʠʢʘʪʦʨ - 

Na2CO3. ʇʦʢʘʟʘʪʝʣʴ ʩʝʜʠʤʝʥʪʘʮʠʠ - 0 %. ʆʙʲʝʤʥʳʡ ʚʝʩ - 0,85 - 0,9 ʛ/ʩʤ. ʢʫʙ.  

ʇʦʩʢʦʣʴʢʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʥʘʤʠ ʙʝʥʪʦʥʠʪʦʚʳʝ ʛʣʠʥʳ ʦʪʥʦʩʷʪʩʷ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʦʡ 

ʛʨʫʧʧʝ (ʩʤʝʢʪʠʪʳ), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥʠ ʦʙʣʘʜʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠʨʦʜʥʳʭ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ. 



ʊʦʪʫʨʙʠʝʚ ɹ.ɼ., ʖʩʫʧʦʚ ɸ.ʈ., ʈʘʙʘʜʘʥʦʚ ɻ. ɸ., ɸʙʜʫʣʛʘʥʠʝʚʘ ʊ.ʀ. 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɹɽʅʊʆʅʀʊʆɺʓʍ ɻʃʀʅ ɼʃʗ ʇʆʃʋʏɽʅʀʗ ʊɽʇʃʆʀɿʆʃʗʎʀʆʅʅʆɻʆ ʇɽʅʆɹɽʊʆʅɸ 
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 ʂʦʩʚʝʥʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʪʦʤʫ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʚʳʰʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʦʢʨʦʛʦ ʩʠ-

ʪʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩʫʩʧʝʥʟʠʠ, ʘ ʪʘʢʞʝ ʯʨʝʟʤʝʨʥʦʝ ʨʘʟʙʫʭʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʙʝʥʪʦʥʠʪʘ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʚʦʜʳ. 

ʋʯʠʪʳʚʘʷ ʚʳʩʦʢʫʶ ʜʠʩʧʝʨʩʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ ʥʘʥʦʯʘʩʪʠʮ ʠ ʥʠʟʢʫʶ ʧʣʦʪʥʦʩʪʴ ʩʫʩʧʝʥʟʠʠ 

(1,062 - 1,058 ʛ/ʩʤ3), ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʙʝʟʦʙʞʠʛʦʚʦʛʦ ʪʝʧʣʦʠʟʦʣʷʮʠ-

ʦʥʥʦʛʦ ʧʝʥʦʙʝʪʦʥʘ ʠʟ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ ʠ ʧʦʨʪʣʘʜʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʚʷʞʫʱʝ-

ʛʦ.  

ɸʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʦʠʟʦ-

ʣʷʮʠʦʥʥʳʭ  ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʫʛʠʭ ʚʠʜʦʚ  ʥʝʨʫʜʥʦʛʦ ʩʳʨʴʷ ʨʘʥʝʝ ʙʳʣʠ ʧʨʦʚʝʜʝ-

ʥ  rʚ ʀʥʩʪʠʪʫʪʝ ʛʝʦʣʦʛʠʠ ɼʅʎ ʈɸʅ [5,6,7]. 

ʉʝʡʯʘʩ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʙʝʟ-

ʦʙʞʠʛʦʚʳʭ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʘʪʝʨʠʘʣ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʜʦʩʪʫʧʥʳʤ ʧʦ ʮʝʥʝ ʠ ʦʪʚʝʯʘʣ ʙʳ ʧʦ ʩʚʦʠʤ 

ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʦʩʣʝ ʩʫʰʢʠ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ ʩʦʚʤʝʩʪʥʦ ʩ ʧʦʨʪ-

ʣʘʜʮʝʤʝʥʪʥʳʤ ʢʣʠʥʢʝʨʦʤ ʨʘʟʤʘʣʳʚʘʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʜʦ ʫʜʝʣʴʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ 2500-3000 ʛ/ʩʤ2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʫʶ ʪʦʥʢʦʤʦʣʦʪʫʶ ʢʦʤʧʦʟʠʮʠʶ ʨʘʩʪʚʦʨʷ-

ʣʠ ʚʦʜʦʡ ɻʆʉʊ 23732-80 ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʤʝʰʘʣʢʝ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʚʚʝʜʝʥʠʝʤ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʩ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʘʛʨʝʛʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʚ ʨʘʩʪʚʦʨʝ. ɿʘʪʝʤ, ʚ ʧʦʣʫʯʝʥʥʫʶ 

ʨʘʩʪʚʦʨʥʫʶ ʩʤʝʩʴ ʚʚʦʜʠʣʠ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʴ-ʇʆ ʇɹ-1 (ʊʋ 2481-001-31820565-97) ʜʣʷ ʧʨʠʛʦ-

ʪʦʚʣʝʥʠʷ ʧʝʥʦʤʘʩʩʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʣʦʪʥʦʩʪʠ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʙʝʥʪʦʥʠʪʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʤ 

ʢʣʠʥʢʝʨʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʝʩʪʘ ʠ 

ʢʘʤʥʷ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʚʷʞʫʱʝʛʦ: ʩʨʦʢʠ ʩʭʚʘʪʳʚʘʥʠʷ ʠ ʪʚʝʨʜʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʪʝʩʪʘ; 

ʧʣʘʩʪʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʧʦʜʚʠʞʥʦʩʪʴ; ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ, ʠʟʛʠʙʝ ʠ ʫʩʘʜʢʘ ʢʦʤʧʦʟʠʮʠʠ ʚ 

ʧʨʦʮʝʩʩʝ ʪʚʝʨʜʝʥʠʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʧʨʠʥʷʪ ʩʣʝʜʫʶʱʠʝ ʩʦʩʪʘʚʳ ʪʦʥʢʦʤʦʣʦʪʦʡ ʢʦʤʧʦ-

ʟʠʮʠʠ, % ʧʦ ʤʘʩʩʝ: ʙʝʥʪʦʥʠʪ ï 60.70: ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʳʡ ʢʣʠʥʢʝʨ ï 40 30 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʝʥʳ ʥʘ ʧʝʥʦʦʙʨʘʟʦ-

ʚʘʥʠʝ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʝʥʦʤʘʩʩʳ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʝʥʳ ʥʘ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ 

ʧʝʥʦʙʝʪʦʥʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʧʝʥʳ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʮʠʠ ʝʛʦ ʩʨʝʜʥʷʷ 

ʧʣʦʪʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʦʜʝʨʞʘʥʠʷ ʧʝʥʳ, ʠ, ʥʘʦʙʦʨʦʪ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʚʝʨ-

ʜʦʛʦ ʩʦʩʪʘʚʣʷʶʱʝʛʦ (ʧʝʥʦʤʘʩʩʳ) ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʝʥʦʙʝʪʦʥʘ ʨʘʩʪʝʪ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʣʥʦʩʪʴʶ ʨʝʛʫʣʠʨʫʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʝʥʳ ʚʚʝʜʝʥʥʦʛʦ ʚ ʩʦʩʪʘʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʤʘʩʩʳ. ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʪʝʣʠ ʧʦʨʠʩʪʦ-

ʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʧʨʠ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʝʥʦʙʝʪʦʥʘ 

ʟʘʚʠʩʷʪ ʦʪ ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʆʧʪʠʤʘʣʴʥʳʝ ʩʦʩʪʘʚʳ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʝʥʦʙʝʪʦʥʘ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 6. 
ʊʘʙʣʠʮʘ 6.  

ʆʧʪʠʤʘʣʴʥʳʝ ʩʦʩʪʘʚʳ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʝʥʦʙʝʪʦʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ 
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ɹʝʥʪʦʥʠʪʦʚʘʷ ʢʦʤʧʦʟʠʮʠʷ ʩʦ-

ʩʪʘʚʘ- ʙʝʥʪʦʥʠʪ: ʧʦʨʪʣʘʥʜʮʝ-

ʤʝʥʪʥʳʡ ʢʣʠʥʢʝʨ ʤʘʩʩ % 60:40  
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ 

ʧʝʥʦʙʝʪʦʥʘ ʠʟ ʙʝʥʪʦʥʠʪʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʳ ʝʝ ʨʘʮʠʦʥʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘ-

ʨʘʤʝʪʨʳ (ʪʘʙʣ.7). 
ʊʘʙʣʠʮʘ 7.  

ʇʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʝʥʦʙʝʪʦʥʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʆʧʪʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʧʣʦʪ-

ʥʦʩʪʠ ʧʝʥʦʙʝʪʦʥʘ, ʢʛ/ʤ3 

300 400 500 600 

ɺ/ʊ 0,50 0,53 0,5 0,45 

ʇʆ-ʇɹ1 1,35 1,30 1,25 1,20 

ʂʨʘʪʥʦʩʪʴ ʧʝʥʳ ʢ ʤʦʤʝʥʪʫ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 4,5 4 ï 4,5 4 3 

ʂʨʘʪʥʦʩʪʴ ʧʝʥʦʤʘʩʩʳ 4 3,2 3 2,7 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ, ʦʉ 20 20 20 20 

ɺʨʝʤʷ ʩʤʝʰʠʚʘʥʠʷ, ʤʠʥ 6 5 5 4 

ɺʳʟʨʝʚʘʥʠʝ ʤʘʩʩʠʚʘ, ʤʠʥ 100 35 30 80 

ɺʨʝʤʷ ʪʝʧʣʦʚʣʘʞʥʦʩʪʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ 

ʊ=85-90 ʦʉ 
5 6 7 8 

 

ʇʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʧʝʥʦʙʝʪʦʥʥʳʝ ʠʟ-

ʜʝʣʠʷ ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʦ ʩʚʦʡʩʪʚʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 5. ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ 5 

ʦʪʨʘʞʘʶʪ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʧʝʥʦʙʝʪʦʥʦʚ, ʧʦ ʧʨʦʯʥʦʩʪʠ  ʠ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 25485-82. 
ʊʘʙʣʠʮʘ 8.  

ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʝʥʦʙʝʪʦʥʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʩʚʦʡʩʪʚ 
ʅʦʨʤʘ ʤʘʨʦʢ 

300 400 500 

ʇʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3 300 Ñ 25 400 Ñ 25-50 500 Ñ 25-50 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ɺʪ/(ʤ Ŀ ʂ), ʥʝ ʙʦʣʝʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ (25Ñ3) ʦʉ 
0,086 0,098 0,105 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ, ʄʇʘ, ʥʝ ʤʝ-

ʥʝʝ 
1,2 1,8 2,2 

ʋʩʘʜʢʘ ʧʦʩʣʝ ʩʫʰʢʠ, %, ʥʝ ʙʦʣʝʝ 0.63 0.38 0.26 

 

ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ 5 ʦʪʨʘʞʘʶʪ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʧʝʥʦʙʝ-

ʪʦʥʦʚ, ʧʦ ʧʨʦʯʥʦʩʪʠ  ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 25485-82. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝ-

ʥʠʷ ʠʟ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ ʠ ʧʦʨʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʝʥʦʙʝʪʦʥʘ 

ʪʚʝʨʜʝʶʱʝʛʦ ʢʘʢ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʘʢ ʧʨʠ ʪʝʧʣʦʚʣʘʞʥʦʩʪʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʊ = 85-90 
ʦʉ.  

ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʥʦʙʝʪʦʥʘ ʠʟ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʵʥʝʨʛʦ- ʠ ʪʨʫʜʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʢʘʢ ʘʚʪʦʢʣʘʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʦʙʞʠʛ ʧʦ ʩʧʝ-

ʮʠʘʣʴʥʦʤʫ ʨʝʞʠʤʫ, ʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʝ: ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʦʤʧʦʟʠʮʠʠ;  ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʧʝʥʦʤʘʩʩʳ; 

ʨʘʟʣʠʚʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʦʨʤʳ ʠʟʜʝʣʠʡ; ʧʨʦʧʘʨʢʘ ʠʣʠ ʝʩʪʝʩʪʚʝʥʥʦʝ  ʪʚʝʨʜʝʥʠʝ ʠʟʜʝʣʠʡ. 
 

  



ʊʦʪʫʨʙʠʝʚ ɹ.ɼ., ʖʩʫʧʦʚ ɸ.ʈ., ʈʘʙʘʜʘʥʦʚ ɻ. ɸ., ɸʙʜʫʣʛʘʥʠʝʚʘ ʊ.ʀ. 
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ʋɼʂ 666.974.2.  

 

ʄɸʃʆʂʃʀʅʂɽʈʅʓɽ ɺʗɾʋʑʀɽ ɺɽʑɽʉʊɺɸ ʀɿ ɻʃʀʅʀʉʊʓʍ ʉʃɸʅʎɽɺ 

ʊʦʪʫʨʙʠʝʚ1 ɹ.ɼ., ʊʦʪʫʨʙʠʝʚʘ2 ʋ.ɼ. 
1ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ɼʅʎ ʈɸʅ,  

 2ɼʘʛʝʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʨʫʜʥʳʭ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʣʦʢʣʠʥʢʝʨʥʳʭ ʚʷʞʫʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʵʥʝʨʛʦ-ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʤ ʪʝʭ-

ʥʦʣʦʛʠʷʤ.  

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʠʷ ʙʝʟʢʣʠʥʢʝʨʥʦʛʦ ʠʟʚʝʩʪʢʦʚʦ-

ʧʫʮʮʦʣʘʥʦʚʦʛʦ  ʚʷʞʫʱʝʛʦ, ʘ ʪʘʢʞʝ  ʤʘʣʦʢʣʠʥʢʝʨʥʳʭ ʚʷʞʫʱʠʭ ʚ ʚʠʜʝ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʤʘʨʢʠ 400-500 ʠ ʚʷʞʫʱʝʛʦ 

ʥʠʟʢʦʡ ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʠ (ɺʅɺ) ʧʦʣʫʯʘʝʤʳʝ ʟʘ ʩʯʝʪ ʟʘʤʝʱʝʥʠʷ ʙʦʣʝʝ ʜʦʨʦʛʦʡ ʢʣʠʥʢʝʨʥʦʡ ʯʘʩʪʠ ʜʦ 50% ʤʘʩʩ. ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʜʝʰʝʚʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʜʦʙʘʚʢʘʤʠ - ʥʠʟʢʦʦʙʞʠʛʦʚʳʤʠ ʩʣʘʥʮʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʨʫʜʥʦʝ ʩʳʨʴʝ, ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ, ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʤʘʣʦʢʣʠʥʢʝʨʥʦʝ ʚʷʞʫʱʝʝ, 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ, ʚʷʞʫʱʝʝ ʥʠʟʢʦʡ ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʠ,  ʧʦʨʪʣʘʜʮʝʤʝʥʪʥʳʡ ʢʣʠʥʢʝʨ, ʮʝʤʝʥʪʥʳʡ ʢʘʤʝʥʴ. 

 

MALOTONNAZHNYE BINDERS FROM SHALES 

Toturbiev1 B.D., Toturbievʘ2 U.D. 
1Institute of Geology of Dagestan scientific center of RAS, 

2Dagestan state technical University 

 
This article shows the relevance of scientific research aimed at the use of non-metallic minerals to obtain malecen-

tric binders on energy-saving technologies.  

The results of integrated scientific studies of production of clinkerless lime-pozzolanic binder, as well as malecen-

tric binders in the form of cement 400-500 and the binder with low water demand (VNV) obtained by substitution of the 

more expensive clinker part to 50 mass%. much cheap mineral supplements - nishibiwajima slates. 

Keywords: non-metallic raw materials, shale, building materials, malaconotinae binder, Portland cement, a binder 

with low water demand, portlandtsementnyj clinker, cement stone. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟ ʤʥʦʛʠʭ ʚʠʜʦʚ ʥʝʨʫʜʥʦʛʦ ʩʳʨʴʷ ʧʦʣʫʯʘʶʪ ʩʘʤʳʝ ʨʘʟʣʠʯʥʳʝ ʩʪʨʦʠ-

ʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʅʝʨʫʜʥʳʝ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʚʠʜʝ ʠʣʠ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ, ʪʝʨʤʠʯʝʩʢʦʡ, ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʠ  

ʈʘʟʥʦʦʙʨʘʟʠʝ ʚʝʱʝʩʪʚ, ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʨʝʩʫʨʩʦʚ ʥʝʨʫʜʥʦʛʦ ʩʳʨʴʷ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʢʦʤ-

ʧʣʝʢʩʥʳʡ ʭʘʨʘʢʪʝʨ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʚ ʀʥʩʪʠʪʫʪʝ ɻʝʦʣʦʛʠʠ ɼʅʎ ʈɸʅ  ʧʨʦʚʦʜʷʪʩʷ ʥʘʫʯʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʥʝʨʫʜʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʥʘʫʢʦʝʤ-

ʢʠʤ, ʵʥʝʨʛʦ-ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʤ ʠ ʚʳʩʦʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ[1ï3].  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ  

ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʝʟʢʣʠʥʢʝʨʥʳʭ ʠ ʤʘʣʦʢʣʠʥʢʝʨʥʳʭ ʚʷʞʫʱʠʭ ʚʝʱʝʩʪʚ.  

ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʚʦʜʷʪʩʷ ʚ ʪʨʫʜʘʭ 

[4ï8] ʆɸʆ çʄʦʩʢʦʚʩʢʠʡ ʀʄʕʊè, ʦʩʦʙʝʥʥʦ ʤʘʣʦʢʣʠʥʢʝʨʥʳʭ ʥʘʥʦʮʝʤʝʥʪʦʚ, ʚʘʞʥʳʭ ʚ ʧʣʘʥʝ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʮʝʤʝʥʪʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʙʝʪʦʥʘ. ʇʨʦʠʟ-

ʚʦʜʩʪʚʘ ʤʘʣʦʢʣʠʥʢʝʨʥʳʭ ʥʘʥʦʮʝʤʝʥʪʦʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʜʠʢʘʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʫʜʝʣʴʥʳʝ 

ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʪʦʥʥʫ ʮʝʤʝʥʪʘ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ 

ʜʦ 30ï35% ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʚʳʩʦʢʠʭ ʩʪʨʦʠʪʝʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ [9,10].  

 ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʘʣʦʢʣʠʥʢʝʨʥʳʝ ʥʘʥʦʮʝʤʝʥʪʳ, ʧʦʣʫʯʘʝʤʳʝ ʟʘ ʩʯʝʪ 

ʟʘʤʝʱʝʥʠʷ ʙʦʣʝʝ ʜʦʨʦʛʦʡ ʢʣʠʥʢʝʨʥʦʡ ʯʘʩʪʠ ʜʦ 70% ʤʘʩʩ. ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʜʝʰʝʚʳʤʠ ʤʠʥʝ-

ʨʘʣʴʥʳʤʠ ʜʦʙʘʚʢʘʤʠ (ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʢʦʚ, ʢʘʤʝʥʥʳʭ ʧʦʨʦʜ, ʰʣʘʢʦʚ, ʟʦʣ ʠ ʪ. ʜ.) ʩ ʩʦʭʨʘʥʝ-

ʥʠʝʤ ʚʳʩʦʢʠʭ ʩʪʨʦʠʪʝʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʮʝʤʝʥʪʦʚ [4ï8].  



ʊʦʪʫʨʙʠʝʚ ɹ.ɼ., ʊʦʪʫʨʙʠʝʚʘ ʋ.ɼ. 
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ʀʩʩʣʝʜʫʝʤʳʡ ʛʣʠʥʠʩʪʳʡ ʩʣʘʥʝʮ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ 

ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ: ʭʣʦʨʠʪʘ, ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ ï ʛʠʜʨʦʩʣʶʜʠʩʪʦʛʦ ʩʤʝʰʘʥʦ-ʩʣʦʡʥʦʛʦ ʦʙʨʘ-

ʟʦʚʘʥʠʷ, ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʛʠʜʨʦʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʚʘʨʮʘ. ʍʠʤʠʯʝʩʢʠʡ ʩʦ-

ʩʪʘʚ ʛʣʠʥʠʩʪʦʛʦ ʩʣʘʥʮʘ ʧʨʠʚʝʜʸʥ ʚ ʪʘʙʣʠʮʝ 1, ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʦʩʥʦʚ-

ʥʦʤ ʩʦʜʝʨʞʠʪ ʦʢʩʠʜʳ ʢʨʝʤʥʠʷ, ʘʣʶʤʠʥʠʷ ʠ ʞʝʣʝʟʘ, ʘ ʦʢʩʠʜʳ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʇʦʪʝʨʠ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ (9,6%), ʚʠʜʠʤʦ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʝʛʠʜʨʘ-

ʪʘʮʠʝʡ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʘ ʪʘʢʞʝ ʚʳʛʦʨʘʥʠʝʤ ʦʨʛʘʥʠʢʠ.  
ʊʘʙʣʠʮʘ1. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʣʠʥʠʩʪʦʛʦ ʩʣʘʥʮʘ 

ɸʥʘʣʠʟʠʨʫʝ-

ʤʳʡ 

ʤʘʪʝʨʠʘʣ 

                            ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʧ.ʧ.ʧ. SiO2 Ai 2O3 Fe2O3 CaO MgO SO3 Na2O K2O TiO2 

ʀʩʭʦʜʥʳʡ 

ʩʣʘʥʝʮ 

9.67 52.8 20.18 9.60 0.69 2.98 1.68 0.32 1.62 0.8 

  ʇʨʠʤʝʯʘʥʠʝ: ʧ.ʧ.ʧ.- ʧʦʪʝʨʠ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ 

ɼʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʘʢʪʠʚʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʦʙʞʠʛʦʚ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ 5000ʉ, 8000ʉ ʠ 12500ʉ. ʆʙʞʠʛ ʥʠʞʝ 5000ʉ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ, ʪʘʢ ʢʘʢ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʫʚʣʘʞʥʝʥʠʠ ʛʣʠʥʠʩʪʳʡ ʩʣʘʥʝʮ ʥʝ ʦʙʣʘʜʘʣ ʧʨʦʯʥʦʡ ʩʚʷʟʴʶ ʤʝʞʜʫ ʤʠʥʝʨʘʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, 

ʧʦʜʚʝʨʛʘʣʩʷ ʢ ʥʘʤʦʢʘʥʠʶ ʠ ʨʘʟʤʷʛʯʝʥʠʶ. ɺʳʜʝʨʞʢʘ ʤʠʥʝʨʘʣʘ ʚ ʦʙʞʠʛʦʚʦʡ ʧʝʯʠ ʧʨʠ ʟʘʜʘʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʳʣʘ ʧʨʠʥʷʪʘ ʚʦ ʚʩʝʭ ʨʝʞʠʤʘʭ 1 ʯʘʩ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʦʥʢʦʤʦʣʦʪʦʛʦ ʧʨʦʜʫʢʪʘ (ʚʷʞʫʱʝʛʦ ʠʟ ʩʦʚʤʝʩʪʥʦ ʤʦʣʦʪʦʛʦ ʛʣʠʥʠʩʪʦ-

ʛʦ ʩʣʘʥʮʘ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʢʘʞʜʦʤ ʠʟ ʦʙʞʠʛʦʚ ʠ ʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ) ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʙ-

ʨʘʟʮʳ ʚ ʚʠʜʝ ʢʫʙʠʢʦʚ 1ʭ1ʭ1 ʩʤ. ʉʦʩʪʘʚʳ, ʠʟ ʢʦʪʦʨʳʭ  ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ, ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʩʦ-

ʦʪʥʦʰʝʥʠʶ ʮʝʤʝʥʪʘ ʠ ʜʦʙʘʚʢʠ 1:4 ʠ 1:1(ʩʤ. ʪʘʙʣ. 2). 
ʊʘʙʣʠʮʘ 2. 

ʉʦʩʪʘʚʳ ʩʫʭʠʭ ʩʤʝʩʝʡ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ 

 ̄

ʩʤʝʩʠ 

ʉʦʜʝʨʞʘʥʠʝ     ʢʦʤʧʦʥʝʥʪʦʚ, % 

ʧ/ʮʝʤʝʥʪ 
ʩʣʘʥʝʮ 

5500ʉ 

ʩʣʘʥʝʮ 

8000ʉ 

ʩʣʘʥʝʮ 

12500ʉ 

1 100 _ _ _ 

2 80 _ _ 20 

3 50 _ _ 50 

4 80 _ 20 _ 

5 50 _ 50 _ 

6 80 20 _ _ 

7 50 50 _ _ 

ʆʙʨʘʟʮʳ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ  ʠʟ ʮʝʤʝʥʪʥʦʛʦ ʪʝʩʪʘ (ʙʝʟ ʧʝʩʢʘ). ʌʦʨʤʳ ʩ ʦʙʨʘʟʮʘʤʠ ʚʳʜʝʨʞʠ-

ʚʘʣʠʩʴ ʩʫʪʢʠ ʚʦ ʚʣʘʞʥʦʡ ʩʨʝʜʝ, ʘ ʟʘʪʝʤ ʨʘʩʬʦʨʤʦʚʳʚʘʣʠʩʴ ʠ ʧʦʤʝʱʘʣʠʩʴ ʚ ʚʘʥʥʫ ʩ ʚʦʜʦʡ. ʀʩ-

ʧʳʪʘʥʠʷ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʫʯʥʦʤ ʧʨʝʩʩʝ ʯʝʨʝʟ 3, 7, 14, 21 ʠ 28 ʩʫʪʦʢ. ɺ 

ʢʘʞʜʦʤ ʦʧʨʝʜʝʣʝʥʠʠ, ʨʘʟʨʫʰʝʥʠʶ ʧʦʜʚʝʨʛʘʣʠʩʴ ʨʘʟʨʫʰʝʥʠʶ ʰʝʩʪʴ ʢʫʙʠʢʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʩ-

ʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3.  
                                                                                            ʊʘʙʣʠʮʘ 3. 

ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ 

 ̄

ʩʦʩʪʘʚʘ 
ɺ/ʎ,% 

ʇʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ, ʄʇʘ, ʚ ʚʦʟʨʘʩʪʝ, ʩʫʪ. 

3 7 14 21 28 

1 31 13.4 38.4 53.8 62.5 67.0 

2 32 12.1 20.9 37.5 42.5 54.4 

3 35 5.9 11.5 17.5 22.5 25.1 
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4 31 12.7 28.8 53.1 59.3 66.3 

5 39 5.2 12.9 26.3 27.1 32.5 

6 31 11.7 28.7 43.9 51.3  

7 37 6.4 15.8 22.8 26.9  

 

ʆʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʧʨʦʯʥʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ ʦʙʨʘʟʮʳ, ʠʟʛʦʪʦʚ-

ʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʜʦʙʘʚʢʠ, ʦʙʦʞʞʸʥʥʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 8000ʉ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʜʦʙʘʚʢʠ ʮʝ-

ʤʝʥʪʘ 1:4. 

ɹʣʠʟʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʝʪ ʜʦʙʘʚʢʘ, ʦʙʦʞʞʸʥʥʘʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 5000ʉ. ʆʙʞʠʛ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 12500ʉ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝ-

ʜʸʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʘʢ-

ʪʠʚʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʠ ʥʘ ʙʘʟʝ ʛʣʠʥʠʩʪʦʛʦ ʩʣʘʥʮʘ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʫʪʸʤ 

ʦʙʞʠʛʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500-8000ʉ. ʋʢʘʟʘʥʥʘʷ ʜʦʙʘʚʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʩʦʚʤʝʩʪ-

ʥʦʤ ʧʦʤʦʣʝ ʩ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ ʠʣʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʳʤ ʢʣʠʥʢʝʨʦʤ, ʚ ʢʦʣʠʯʝʩʪʚʝ ʥʝ ʤʝʥʝʝ 

20% ʧʦ ʤʘʩʩʝ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʙʨʘʟʮʘʭ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʩ ʚʚʝʜʝʥʠʝʤ 

ʦʙʦʞʞʸʥʥʦʛʦ (8000ʉ) ʛʣʠʥʠʩʪʦʛʦ ʩʣʘʥʮʘ, ʙʳʣʠ ʫʪʦʯʥʝʥʳ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʚʷ-

ʞʫʱʠʭ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʥʦʨʤʘʣʴʥʦʡ ʛʫʩʪʦʪʳ, ʩʨʦʢʦʚ 

ʩʭʚʘʪʳʚʘʥʠʷ, ʥʦʨʤʘʣʴʥʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʩʪʘʚʘ 1:3 ʠ ʠʭ ʘʢʪʠʚʥʦʩʪʠ 

ʢʘʢ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʪʚʝʨʜʝʥʠʠ, ʪʘʢ ʠ ʧʨʠ ʪʝʧʣʦʚʣʘʞʥʦʡ ʦʙʨʘʙʦʪʢʝ (ʊɺʆ) ʧʦ ʨʝʞʠʤʫ 2+3+6+2 

ʯ. (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʳʜʝʨʞʠʚʘʥʠʷ, ʧʦʜʲʸʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʦʩʪʳʚʘʥʠʝ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʚʘ 85-900ʉ (ʤʝʪʦʜʠʢʠ ɻʆʉʊ 310.1-

76é310.3-76, 310.4-81). 

ʀʟʛʦʪʦʚʣʝʥʠʶ ʚʷʞʫʱʠʭ ʧʨʝʜʰʝʩʪʚʦʚʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʦʜʛʦʪʦʚʢʘ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠ-

ʘʣʦʚ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʠʟʚʝʩʪʠ ʠ ʛʠʧʩʦʚʦʛʦ ʢʘʤʥʷ ʚ ʱʝʢʦʚʦʡ ʜʨʦʙʠʣʢʝ ʠ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʳʡ ʧʦʤʦʣ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ ʠ ʦʙʦʞʞʸʥʥʦʛʦ ʩʣʘʥʮʘ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ. 

ɼʠʩʧʝʨʩʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʡ ʧʦʩʣʝ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʦʤʦʣʘ ʢʨʫʧʢʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝ-

ʨʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʦʣʦ 2500 ʩʤ.2/ʛ, ʦʙʦʞʞʸʥʥʦʛʦ ʩʣʘʥʮʘ ï 4500-5000 

ʤ 2/ʛ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʦʢʫʶ ʪʦʥʢʦʩʪʴ ʧʦʤʦʣʘ. 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʚʷʞʫʱʠʭ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʤʝʣʴʥʠʮʝ ʩʦʚʤʝʩʪʥʳʤ ʧʦʤʦʣʦʤ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʤʦʣʘ ʚʷʞʫʱʠʭ ʢʦʨʨʝʢʪʠʨʦʚʘʣʦʩʴ ʩ ʫʯʸʪʦʤ ʠʥʪʝʥʩʠʬʠʮʠ-

ʨʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʦʙʘʚʢʠ ʉ-3 ʠ ʧʦʚʳʰʝʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ  ʪʦʥʢʦʩʪʠ ʧʦʤʦʣʘ ʦʙʦʞʞʸʥʥʦʛʦ 

ʩʣʘʥʮʘ ʠ ʠʟʚʝʩʪʠ. 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʠʪʦʚʦʛʦ ʢʣʠʥʢʝʨʘ ʩʨʝʜʥʝʛʦ ʤʠʥʝʨʘʣʦʛʠʯʝ-

ʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʛʠʧʩʦʚʦʛʦ ʢʘʤʥʷ (ʜʚʫʚʦʜʥʳʡ ʩʫʣʴʬʘʪ ʢʘʣʴʮʠʷ), ʧʦʣʫʚʦʜʥʦʛʦ (ʩʪʨʦʠʪʝʣʴʥʦʛʦ) 

ʛʠʧʩʘ ʠ ʠʟʚʝʩʪʠ. 

ɼʘʥʥʳʝ ʧʦ ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʚʷʞʫʱʠʭ, ʟʥʘʯʝʥʠʷ ʠʭ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʢʘ-

ʟʘʪʝʣʠ ʧʣʦʪʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʠʤʝʥʴʰʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʣʦʪʥʦʩʪʠ ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪʩʷ ʠʟʚʝʩʪʢʦʚʦʝ ʚʷʞʫʱʝʝ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʝʝ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ï 

ʠʟʚʝʩʪʠ ʠ ʩʣʘʥʮʘ. 

 ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥʥʳʭ ʚʷʞʫʱʠʭ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 5. ʆʥʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ  ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʠ ʚʷʞʫʱʠʭ, ʩʦʜʝʨʞʘʱʠʭ 

ʦʙʦʞʞʝʥʥʳʡ ʩʣʘʥʝʮ, ʥʦʨʤʘʣʴʥʘʷ ʛʫʩʪʦʪʘ ʢʦʪʦʨʳʭ (28.5-36%) ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʚʦʜʦʧʦ-

ʪʨʝʙʥʦʩʪʴ   ʢʦʥʪʨʦʣʴʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ (24.3%).                                                                                                       

  



ʊʦʪʫʨʙʠʝʚ ɹ.ɼ., ʊʦʪʫʨʙʠʝʚʘ ʋ.ɼ. 
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ʊʘʙʣʠʮʘ 4. 

ɺʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ, ʧʘʨʘʤʝʪʨʳ ʧʦʣʫʯʝʥʠʷ ʠ ʧʣʦʪʥʦʩʪʴ ʚʷʞʫʱʠʭ ʥʘ ʦʩʥʦʚʝ ʦʙʦʞʞʸʥʥʦʛʦ ʩʣʘʥ-

ʮʘ (700-8000ʉ). 

ɺʠʜ ʚʷʞʫʱʝʛʦ 

ʉʦʩʪʘʚ ʚʷʞʫʱʝʛʦ  

(ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ), ʤʘʩʩ. % 
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ʇʦʨʪʣʘʥʜʮʝ-

ʤʝʥʪ 

(ʢʦʥʪʨʦʣʴ) 

100.0 5.0 
_ 

_ 
_ _ _ 2450 1030 3.06 

ʇʇʎ-50 50.0 2.5 _ _ 50.0 _ 7660 906 2.83 

ɺʅɺ-50 50.0 2.5 _ _ 50.0 1.0 8450 940 2.86 

ʀʟʚʝʩʪʢʦʚʦʝ 

(ʙʝʩʢʣʠʥʢʝʨ-

ʥʦʝ) ʚʷʞʫʰʝʝ 

_ _ 25.0 5.0 75.0 2.0 9980 810 2.58 

   

   
                                                                                                   ʊʘʙʣʠʮʘ 5 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʷʞʫʱʠʭ ʥʘ ʦʩʥʦʚʝ ʦʙʦʞʞʝʥʥʦʛʦ (700-8000ʉ) ʛʣʠʥʠʩʪʦʛʦ ʩʣʘʥʮʘ ʧʨʠ ʠʩʧʳʪʘʥʠʠ 

ʧʦ ɻʆʉʊ 311-76 éɻʆʉʊ 310.3-76, ɻʆʉʊ  310.4-81 

ɺʠʜ ʚʷʞʫʱʝʛʦ 
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ʉʨʦʢʠ ʩʭʚʘʪʳʚʘʥʠʷ, 

ʯ-ʤʠʥ. 
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ʇʦʨʪʣʘʥʜʮʝʤʝʥʪ 

(ʢʦʥʪʨʦʣʴ) 

2450 

 
24.3 4-45 7-20 0.40 105 2.4/6.7 5.1/26.5 

ʇʇʎ-50 7660 36.0 2-35 3-15 0.49 105 -/6.8 5.5/22.6 

ɺʅɺ-50 8450 28.5 2-20 2-55 0.41 110 1.7/89 6.4/34.5 

ʀʟʚʝʩʪʢʦʚʦʝ (ʙʝʩ-
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ʢʝʨʥʦʝ) ʚʷʞʫʱʝʝ 

9980 33.0 2-45 5-05 0.45 107 -/1.8 5.0/19.7 
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ʅʘʠʙʦʣʴʰʝʡ ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʴʶ ʦʪʣʠʯʘʝʪʩʷ ʚʷʞʫʱʝʝ ʇʇʎ-50 (36%), ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝʡ 

(33%)- ʠʟʚʝʩʪʢʦʚʦʝ ʚʷʞʫʱʝʝ. ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʥʦʨʤʘʣʴʥʦʡ ʛʫʩʪʦʪʳ (28.5%) ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ɺʅɺ-50. ʆʥʦ ʞʝ ʦʪʣʠʯʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʩʦʢʨʘʱʸʥʥʳʤʠ ʩʨʦʢʘʤʠ ʩʭʚʘʪʳʚʘʥʠʷ, ʧʨʠʯʸʤ ʫʩʢʦ-



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 4(71), 2017 
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ʨʝʥʥʦʝ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝ ʪʝʩʪʘ  ʥʘ ɺʅɺ-50 ʷʚʣʷʝʪʩʷ ʢʦʩʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʠ ʪʚʝʨʜʝʥʠʷ ʚʷʞʫʱʝʛʦ. ʅʘʠʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʤʠ ʩʨʦʢʘʤʠ ʩʭʚʘʪʳʚʘʥʠʷ ʦʙʣʘʜʘʝʪ ʙʝʩʢʣʠʥʢʝʨ-

ʥʦʝ ʠʟʚʝʩʪʢʦʚʦʝ ʚʷʞʫʱʝʝ, ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʠʜʨʘʪʘʮʠʝʡ ʧʦʣʫʚʦʜʥʦʛʦ ʛʠʧʩʘ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝ-

ʚʝʣʠʢʦ.  

ɺʦʜʦʧʦʪʨʝʙʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʥʦʨʤʘʣʴʥʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ ʚ ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʜʦʧʦ-

ʪʨʝʙʥʦʩʪʠ ʪʝʩʪʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʷʞʫʱʠʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʫʶ 

ʧʦʪʨʝʙʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʥʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʝ ʠ ɺʅɺ-50  ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥʥʫʶ 

ʥʦʨʤʘʣʴʥʫʶ ʛʫʩʪʦʪʫ ʧʦʩʣʝʜʥʝʛʦ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʝʪʦʥ-

ʥʳʭ ʠ ʨʘʩʪʚʦʨʥʳʭ ʩʤʝʩʝʡ ʥʘ ʦʩʥʦʚʝ ʚʷʞʫʱʠʭ ʥʠʟʢʦʡ ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʠ,  ʘ ʠʤʝʥʥʦ, ʠʭ ʧʦʚʳ-

ʰʝʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʪʠʢʩʦʪʨʦʧʥʦʤʫ ʨʘʟʞʠʞʝʥʠʶ ʚ ʫʩʣʦʚʠʷʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ɺ ʚʦʟʨʘʩʪʝ ʦʜʥʠʭ ʩʫʪʦʢ, ʢʘʢ ʥʦʨʤʘʣʴʥʦʛʦ ʪʚʝʨʜʝʥʠʷ, ʪʘʢ ʠ ʧʦʩʣʝ ʊɺʆ, ʥʘʠʙʦʣʴʰʠʤʠ 

ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʪʣʠʯʘʶʪʩʷ ʨʘʩʪʚʦʨʳ ʥʘ ɺʅɺ-50. ʇʨʠ ʥʦʨʤʘʣʴʥʦʤ ʪʚʝʨʜʝ-

ʥʠʠ ʠʭ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ ʩʦʩʪʘʚʠʣʘ 8.9 ʄʇʘ ʧʦʩʣʝ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ï 34.5 

ʄʇʘ, ʯʪʦ ʥʘ 33 ʠ 30% ʚʳʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʭ ʟʥʘʯʝʥʠʡ ʧʨʦʯʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ 

ʥʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʝ. ʇʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ ʦʙʨʘʟʮʦʚ ʥʦʨʤʘʣʴʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʥʘ ʇʇʎ-50 ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʦʯʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʚʝʩʪʢʦʚʦʛʦ 

ʚʷʞʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʧʦʯʪʠ ʚ 4 ʨʘʟʘ ʥʠʞʝ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʮʳ ʥʦʨʤʘʣʴʥʦʛʦ ʪʚʝʨʜʝʥʠʷ 

ʢʘʢ ʥʘ ʇʇʎ-50, ʪʘʢ ʠ ʥʘ ʠʟʚʝʩʪʢʦʚʦʤ ʚʷʞʫʱʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʣʠ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ. 

ɺ ʫʩʣʦʚʠʷʭ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʛʠʜʨʘʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʠʟʚʝʩʪʢʦʚʦʤ ʚʷ-

ʞʫʱʝʤ ʟʥʘʯʠʪʝʣʴʥʦ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪʩʷ, ʘ ʧʨʦʯʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 19.7 ʄʇʘ, ʫʩʪʫʧʘʷ ʧʨʦʯʥʦʩʪʠ 

ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 26%. ʇʨʦʯʥʦʩʪʴ ʧʨʦʧʘʨʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʇʇʎ ï 50 

ʙʳʣʘ ʥʠʞʝ ʢʦʥʪʨʦʣʴʥʳʭ ʥʘ 15%. 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʷʞʫʱʠʭ ʥʘ ʦʩʥʦʚʝ ʩʣʘʥʮʝʚ ʧʨʦʧʘʨʝʥʥʳʝ ʦʙʨʘʟʮʳ ʥʝ 

ʠʤʝʣʠ ʧʨʠʟʥʘʢʦʚ ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ (ʪʨʝʱʠʥ, ʚʩʧʫʯʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ), ʯʪʦ ʧʦʜʪʚʝʨ-

ʞʜʘʝʪ ʚʳʨʘʞʘʝʤʳʝ ʩʨʦʢʘʤʠ ʩʭʚʘʪʳʚʘʥʠʷ ʜʘʥʥʳʝ ʦʙ ʠʭ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʥʩʠʚʥʦʤ ʩʪʨʫʢʪʫʨʦʦʙ-

ʨʘʟʦʚʘʥʠʠ ʚ ʧʝʨʚʳʝ ʯʘʩʳ ʧʦʩʣʝ ʟʘʪʚʦʨʝʥʠʷ. 

ɼʘʥʥʳʝ ʧʦ ʩʚʦʡʩʪʚʘʤ ʚʷʞʫʱʠʭ ʧʦʜʪʚʝʨʞʜʝʥʳ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʭ ʠʩʧʳʪʘʥʠʡ ʚ ʙʝʪʦʥʘʭ, 

ʪʘʙʣʠʮʘ 6. 
ʊʘʙʣʠʮʘ 6. 

ʉʦʩʪʘʚʳ ʠ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʚʷʞʫʱʠʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʞʞʸʥʥʦʛʦ ʛʣʠʥʠʩʪʦʛʦ 

ʩʣʘʥʮʘ. 

ɺʷʞʫʱʝʝ 

ʉʦʩʪʘʚ   ʙʝʪʦʥ, ʢʛ/ʤ3 
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ɺʷʞʫʱʝʝ ʧʝʩʦʢ ʱʝʙʝʥʴ ʚʦʜʘ 

ʇʦʨʪʣʘʥʜʮʝʤʝʥʪ 353 750 1106 186 4.5 2395 22.5 

ʇʇʎ-50 355 724 1096 210 2.5 2385 14.8 

ɺʅɺ-50 355 745 1118 188 5.0 2406 25.6 

ʀʟʚʝʩʪʢʦʚʦʝ 

ʚʷʞʫʱʝʝ 
354 723 1103 199 3.0 2380 13.3 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʨʘʟʨʘʙʦʪʘʥʦ ʙʝʟʢʣʠʥʢʝʨʥʦʝ ʠʟʚʝʩʪʢʦʚʦ-ʧʫʮʮʦʣʘʥʦʚʦʝ  ʚʷʞʫʱʝʝ, ʘ ʪʘʢʞʝ  

ʤʘʣʦʢʣʠʥʢʝʨʥʳʝ ʮʝʤʝʥʪʳ ʚ ʚʠʜʝ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʤʘʨʢʠ 400-500 ʠ ʚʷʞʫʱʝʛʦ ʥʠʟʢʦʡ ʚʦʜʦʧʦ-



ʊʦʪʫʨʙʠʝʚ ɹ.ɼ., ʊʦʪʫʨʙʠʝʚʘ ʋ.ɼ. 

ʄɸʃʆʂʃʀʅʂɽʈʅʓɽ ɺʗɾʋʑʀɽ ɺɽʑɽʉʊɺɸ ʀɿ ɻʃʀʅʀʉʊʓʍ ʉʃɸʅʎɽɺ 

 

31 

ʪʨʝʙʥʦʩʪʠ (ɺʅɺ) ʧʦʣʫʯʘʝʤʳʝ ʟʘ ʩʯʝʪ ʟʘʤʝʱʝʥʠʷ ʙʦʣʝʝ ʜʦʨʦʛʦʡ ʢʣʠʥʢʝʨʥʦʡ ʯʘʩʪʠ ʜʦ 50% ʤʘʩʩ. 

ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʰʝʚʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʜʦʙʘʚʢʘʤʠ- ʥʠʟʢʦʦʙʞʠʛʦʚʳʤʠ ʩʣʘʥʮʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʝʱʝ ʨʘʟ ʧʦʢʘʟʳʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʣʦʢʣʠʥʢʝʨ-

ʥʳʭ ʮʝʤʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʜʠʢʘʣʴʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ 

ʪʦʥʥʫ ʮʝʤʝʥʪʘ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʚʳ-

ʩʦʢʠʭ ʩʪʨʦʠʪʝʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ (ʪʘʙʣ.). 
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ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ ʤʦʜʠʬʠʢʘʪʦʨ çɼʉï35è, ʨʘʟʨʘʙʦʪʘʥʥʳʡ  ʩ ʫʯʝʪʦʤ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʜʦʨʦʞʥʦʤ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʝ  ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʘʪʴ ʧʨʦʯʥʳʝ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʝ ʚʦ ʚʨʝʤʝʥʠ ʦʩʥʦʚʘʥʠʷ, ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʠ ʨʘʚʥʦʤʝʨʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʦʜʠʬʠʢʘʪʦʨ çɼʉï35è; ʛʣʠʥʠʩʪʳʝ ʛʨʫʥʪʳ; ʫʢʨʝʧʣʝʥʠʝ ʛʨʫʥʪʦʚ; ʩʝʣʴʩʢʠʝ ʜʦʨʦʛʠ. 

 

GROUND CONSOLIDATION WITH MODIFYING AGENT ñDS-35ò IN RURAL ROAD 

BUILDING  
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In the paper is presented the modifying agent ñDS-35ò developed taking into consideration the technologies and 

materials used in road building allowing to obtain the strong in time structure forming foundations having increased uni-

form stability of road bed during the maintenance. 

Keywords: Modifying agent ñDS-35ò, clay grounds, ground consolidation, rural roads. 

 

ɺ ʈʦʩʩʠʠ ʧʨʦʙʣʝʤʳ ʩ ʜʦʨʦʛʘʤʠ ʠ ʢʘʯʝʩʪʚʦʤ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘʩʪʦʣʴʢʦ ʦʯʝʚʠʜʥʳ, 

ʯʪʦ ʫʞʝ ʥʝ ʫʜʠʚʣʷʶʪ ʥʠʢʦʛʦ. ʀ ʵʪʦ ʢʘʩʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʛʦʨʦʜʩʢʠʭ ʜʦʨʦʛ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʜʚʠʞʝ-

ʥʠʝʤ, ʥʦ ʠ ʩʝʣʴʩʢʠʭ. ɸʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠ ʚ ʩʝʣʴʩʢʠʭ ʨʘʡʦʥʘʭ, ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʝʡ ʩʦʩʪʘʚ-

ʥʦʡ ʯʘʩʪʴʶ ʦʙʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʠ ʠʭ ʦʪʩʫʪʩʪʚʠʝ ʠʣʠ ʥʝ-

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦ-

ʜʫʢʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪ ʩʦʩʪʦʷʥʠʷ ʜʦʨʦʛ ʚ ʩʝʣʴʩʢʠʭ ʨʘʡʦʥʘʭ  ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʥʘ ʩʝʣʝ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚʥʫʪʨʠʭʦʟʷʡʩʪʚʝʥʥʳʝ ʜʦʨʦʛʠ, ʢʦʪʦʨʳʝ ʪʘʢ ʥʝʦʙʭʦʜʠʤʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ 

ʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʷʤ, ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ  ʧʦʣʥʦʡ ʨʘʟʨʫʭʠ. ʇʝʨʝʚʦʟʢʘ ʩʝʣʴʭʦʟʧʨʦʜʫʢʮʠʠ 

ʥʘ ʵʪʠʭ ʜʦʨʦʛʘʭ ʩʝʨʴʝʟʥʦ ʚʣʠʷʝʪ ʥʘ ʝʸ ʩʝʙʝʩʪʦʠʤʦʩʪʴ, ʢʘʯʝʩʪʚʦ ʠ ʪʦʚʘʨʥʳʡ ʚʠʜ. ʇʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʨʝʰʘʶʪʩʷ ʩʦʮʠʘʣʴʥʳʝ ʚʦʧʨʦʩʳ, ʯʪʦ ʜʝʣʘʝʪ ʪʨʫʜ ʩʝʣʴʩʢʦʛʦ ʨʘʙʦʪʥʠʢʘ ʥʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ, 

ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʦʤʫ ʦʪʪʦʢʫ ʥʘʩʝʣʝʥʠʷ ʩʸʣ ʚ ʛʦʨʦʜʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝ-

ʥʠʝʤ ʚ ʜʦʨʦʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʥʦ-

ʚʘʥʥʳʭ  ʥʘ ʤʝʪʦʜʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʨʫʥʪʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʦʚ 

ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʦʩʥʦʚʘʥʠʷ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʥʘ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛʘʭ IVïV ʪʝʭʥʠʯʝʩʢʦʡ ʢʘʪʝʛʦʨʠʠ, ʠʩʢʣʶʯʠʚ ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʱʝʙʝʥʴ, ʦʪʝ-

ʯʝʩʪʚʝʥʥʳʝ ʠ ʟʘʨʫʙʝʞʥʳʝ ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʛʨʫʥʪʦʚ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʚʥʝʜʨʷʶʪʩʷ ʚ ʦʪ-

ʜʝʣʴʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ  ʜʚʘ ʢʣʘʩʩʘ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ 

ʛʨʫʥʪʦʚ. ʉʨʝʜʠ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʠʦʥʥʳʝ ʟʘʢʨʝʧʠʪʝʣʠ 

ʛʨʫʥʪʘ:Perma-Zyme, Roadbond, Gonsolid, RoadpakerPlus, T-RRP, RRP-235-Special, çʉʪʘʪʫʩè, 

çʉʪʘʪʫʩ-2è, çɼʦʨʟʠʥè, çɸʅʊè ʠ ʜʨʫʛʠʝ, ʢʦ ʚʪʦʨʦʤʫ ʢʣʘʩʩʫ ʦʪʥʦʩʷʪʩʷ: çʄ10+50è, çʅʘʥʦʩʪʘʙè, 

çNikoflokè ʠ ʪ.ʜ.  

ʄʥʦʛʦʣʝʪʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʧʦʢʘʟʳʚʘʝʪ[5], ʯʪʦ ʥʝ ʚʩʝ 

ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʥʦʛʠʝ  ʠʟ ʥʠʭ ʪʦʢʩʠʯʥʳ, ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜ-

ʥʘʟʥʘʯʝʥʳ ʜʣʷ ʢʠʩʣʳʭ ʛʨʫʥʪʦʚ, ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʠ ʙʦʣʴʰʘʷ ʠʭ ʯʘʩʪʴ ʚʳʧʫʩʢʘʝʪʩʷ ʟʘ 

ʨʫʙʝʞʦʤ ʠ  ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ. ʇʦʜʦʙʥʳʝ ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʚ ʚʠʜʫ ʩʚʦʝʡ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʚʦ-

ʜʦʩʪʦʡʢʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʚ ʚʦʜʦʥʘʩʳʱʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʘ ʥʝ-

ʦʙʭʦʜʠʤʦʝ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʫʩʣʦʞʥʝʥʠʝ ʜʦʨʦʞʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʫʚʝʣʠʯʝʥʠʠ ʚʦʜʦʩʪʦʡʢʦʩʪʠ ʩʚʷʟʥʳʭ ʛʨʫʥʪʦʚ, ʦʙʨʘʙʦʪʘʥ-

ʥʳʭ ʩʪʘʙʠʣʠʟʘʪʦʨʦʤ ʚ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ ʩʭʦʞʠʭ ʩ ʈʝʩʧʫʙʣʠʢʦʡ ɼʘʛʝʩʪʘʥ. ʀʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 
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ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʨʘʙʦʪ, ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʝʣʴ-

ʩʢʠʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʘʚʪʦʨʘʤʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʦʜʠʬʠʢʘʪʦʨ çɼʉ-35è . 

ʄʦʜʠʬʠʢʘʪʦʨçɼʉ-35è ʧʨʝʜʩʪʘʚʣʷʝʪ  ʩʦʙʦʡ ʚʦʜʥʫʶ ʜʠʩʧʝʨʩʠʶ ʚʠʥʠʣʘʮʝʪʘʪ ʘʢʨʠʣʦʚʦʛʦ 

ʩʦʧʦʣʠʤʝʨʘ ʩ ʥʠʟʢʦʚʷʟʢʦʡ ʩʨʝʜʦʡ ʙʝʟ ʩʦʜʝʨʞʘʥʠʷ  ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ,  ʧʦʣʫ-

ʯʝʥʥʳʡ ʧʫʪʝʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ  ʤʦʥʦʤʝʨʦʚ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʨʝʮʝʧʪʫʨʦʡ. ʌʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. ˉ1. 
ʊʘʙʣʠʮʘˉ1 

ʌʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʠʬʠʢʘʪʦʨʘ çɼʉ-35è 

ɺʥʝʰʥʠʡ ʚʠʜ ʄʦʣʦʯʥʦ-ʙʝʣʘʷ ʞʠʜʢʦʩʪʴ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ, % 47 

ʨʅ 10,7 

ʎʚʝʪ ɹʝʣʳʡ/ʢʨʝʤʦʚʳʡ ʮʚʝʪ 

ʈʘʟʤʝʨ ʯʘʩʪʠʮ, ʤʢʤ 0,04-0,1 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ3 1,04 

ʄʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ ʩʤʝʩʴ 

ʊʦʯʢʘ ʢʠʧʝʥʠʷ 1000ʉ 

ʊʦʯʢʘ ʧʣʘʚʣʝʥʠʷ/ʦʙʣʘʩʪʴ ʇʨʠʙʣʠʟʠʪʝʣʴʥʦ 00ʉ 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ʉʤʝʰʠʚʘʝʪʩʷ 

ɺʷʟʢʦʩʪʴ ʧʨʠ 250ʉ, ʤʇʘĿʩ 1,200-2.000 ʤʇʘĿʩ 

ʄʠʥʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʝʥʢʦʦʙʨʘʟʦʚʘ-

ʥʠʷ, 0ʉ 

-50ʉ 

ʍʠʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʇʨʦʜʫʢʪ ʭʠʤʠʯʝʩʢʠ ʩʪʘʙʠʣʝʥ. 

 

ʉ ʚʚʝʜʝʥʠʝʤ ʤʦʜʠʬʠʢʘʪʦʨʘ çɼʉ-35è  ʚ ʛʣʠʥʠʩʪʳʡ ʛʨʫʥʪ ʚ ʦʧʪʠʤʘʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʧʦ-

ʜʦʙʨʘʥʥʳʡ ʧʫʪʝʤ ʧʦʜʙʦʨʘ ʩʦʩʪʘʚʘ ʩʤʝʩʝʡ ʩʦʚʤʝʩʪʥʦ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʚʷʞʫʱʠʤ. ʉʦʧʦʣʠʤʝʨ-

ʥʳʡ ʤʦʜʠʬʠʢʘʪʦʨ, ʚʩʪʫʧʘʷ ʚ ʨʝʘʢʮʠʶ ʩ ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʦʡ ʚʦʜʦʡ ʚ ʛʣʠʥʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝ-

ʨʘʣʘʭ, ʦʙʨʘʟʫʝʪ  ʭʠʤʠʯʝʩʢʠ ʩʪʦʡʢʠʝ ʠ ʧʨʦʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʠʜʘʶʱʠʝ ʛʨʫʥʪʫ ʙʦʣʝʝ  ʚʳʩʦʢʫʶ 

ʧʣʦʪʥʦʩʪʴ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ  ʧʝʨʚʠʯʥʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʢʘʨʢʘʩʘ ʠʟ ʜʚʦʡʥʳʭ ʩʦʣʝʡ ʠ ʛʠʜʨʘʪʦʚ ʠ 

ʛʠʜʨʦʢʩʠʩʦʣʝʡ, ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʛʠʜʨʦʩʠʣʠʢʘʪʘʤʠ ʢʘʣʴʮʠʷ, ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʩʦʟʜʘʚʘʷ ʢʘʤʥʝ-

ʧʦʜʦʙʥʳʡ ʤʘʪʝʨʠʘʣ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʠ ʦʯʝʥʴ ʥʠʟʢʦʡ ʚʦʜʦʧʦʛʣʦʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ɼʣʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʤʦʜʠʬʠʢʘʪʦʨʘ çɼʉ-35è  ʥʘ ʩʚʦʡʩʪʚʘ ʛʣʠʥʠʩʪʳʭ ʛʨʫʥ-

ʪʦʚ, ʙʳʣʠ  ʚʟʷʪʳ ʧʨʦʙʳ ʩ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ IVʢʘʪʝʛʦʨʠʠ ʘʚʪʦʜʦʨʦʛʠ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʅʦʛʘʡ-

ʩʢʦʤ ʨʘʡʦʥʝ ʈʝʩʧʫʙʣʠʢʠɼʘʛʝʩʪʘʥ. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʮʝʣʴʶ ʧʨʠʤʝʥʝʥʠʷ ʛʨʫʥʪʦʚ ʢ 

ʫʢʨʝʧʣʝʥʠʶ, ʧʨʦʚʝʜʝʥ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ  ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʪʘʙʣ. ˉ 2 
ʊʘʙʣʠʮʘˉ2 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʙ. ˉ 

1 2 3 4 

ʇʣʦʪʥʦʩʪʴ 

ɻʨʫʥʪʘ, 

ʛ/ʩʤ3 

ɺʣʘʞʥʦʛʦ, ʈ 1,59 1,87 1,83 1,76 

ʉʫʭʦʛʦ, ʈd 1,32 1,59 1,40 1,58 

ʏʘʩʪʠʮ, s 2,67 2,75 2,80 2,69 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʫʭʦʛʦ ʛʨʫʥʪʘ, 

Pdmax, ʛ/ʩʤ3 

1,71 1,70 1,54 1,88 

ʆʧʪʠʤʘʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ, Wʦʧʪ, % 15,72 20,31 27,40 13,88 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ, E 1,02 0,72 1 0,7 

ʇʦʨʠʩʪʦʩʪʴ, n 0,5 0,42 0,5 0,41 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʦʜʦʥʘʩʳʱʝʥʠʷ, Sr 0,53 0,67 0,84 0,43 



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 4(71), 2017 

 

 

34 

ʇʨʠʨʦʜʥʘʷ ʚʣʘʞʥʦʩʪʴ ʛʨʫʥʪʘ, We 20,32 17,58 30,25 11,32 

ɺʣʘʞʥʦʩʪʴ, 

% 

ʅʘ ʛʨʘʥʠʮʝ ʪʝʢʫʯʝʩʪʠ, WL 23,66 31,56 45,79 24,51 

ʅʘ ʛʨʘʥʠʮʝ ʨʘʩʢʘʪʳʚʘʥʠʷ,Wp 19,91 18,67 24,24 12,5 

ʏʠʩʣʦ ʧʣʘʩʪʠʯʥʦʩʪʠ, Ip 3,75 12,89 21,55 12,01 

ʇʦʢʘʟʘʪʝʣʴ ʪʝʢʫʯʝʩʪʠ, I i 0,11 -0,08 0,27 -0,09 

ʉʦʜʝʨʞʘʥʠʝ ʧʝʩʯʘʥʳʭ ʯʘʩʪʠʮ(2-0,05ʤʤ), 

ʄʘʩʩ, % 

45,54 12,00 

 

0,76 

 

38,8 

 

ʨʅ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ 6,9 7,0 7,0 7,1 

ʉʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ 100ʛʨʘʤʤ ʛʨʫʥʪʘ 0,68 0,68 0,73 0,99 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦ ɻʆʉʊ 25100-2011 

 

ʉʫʧʝʩʴ 

ʧʳʣʝʚʘʪʘʷ 

 

ʉʫʛʣʠʥʦʢ 

ʊʷʞʝʣʳʡ 

ʧʳʣʝʚʘ-

ʪʳʡ 

ɻʣʠʥʘ ʣʝʛ-

ʢʘʷ ʧʳʣʝ-

ʚʘʪʘʷ 

ʉʫʛʣʠʥʦʢ ʣʝʛ-

ʢʠʡ ʧʳʣʝʚʘʪʳʡ 

 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʰʝ ʩʢʘʟʘʥʥʳʭ ʛʨʫʥʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʳ ʩʦ-

ʩʪʘʚʳ ʧʫʪʝʤ ʧʦʜʙʦʨʘ ʩʤʝʩʝʡ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʭʦʜʘ (ʢʦʥʮʝʥʪʨʘʮʠʠ) ʤʦʜʠʬʠʢʘʪʦʨʘ 

çɼʉ-35è ʩʦʩʪʘʚʠʣʦ ʦʪ 0,42-0,49% ʦʪ ʤʘʩʩʳ ʛʨʫʥʪʘ, ʠʩʧʳʪʘʥʠʷ ʢʦʪʦʨʳʭ ʧʨʦʭʦʜʠʣʦ ʠʟ ʦʧʪʠʤʘʣʴʥʦ-

ʛʦ ʨʘʩʭʦʜʘ  ʧʦ  ʥʘʠʙʦʣʴʰʝʡ  ʧʣʦʪʥʦʩʪʠ  ʩʫʭʦʛʦ ʛʨʫʥʪʘ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤ ʫʧʣʦʪʥʝʥʠʠ ʩʦʛʣʘʩʥʦ 

ɻʆʉʊ 22733-2002[8]. ɺ ʢʘʯʝʩʪʚʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʚʷʞʫʱʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʝʤʝʥʪʘ  ʢʦʣʝʙʣʝʪʩʷ ʦʪ 4-8%, ʦʪ ʤʘʩʩʳ ʛʨʫʥʪʘ. ʇʦʩʣʝ ʯʝʛʦ ʚ ʣʘʙʦʨʘʪʦʨ-

ʥʳʭ ʫʩʣʦʚʠʷʭ ʬʦʨʤʦʚʘʣʠʩʴ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʧʫʪʝʤ ʧʦʜʙʦʨʘ ʩʦʩʪʘʚʦʚ 

ʩʤʝʩʝʡ ʚ ʬʦʨʤʘʭ, ʩ ʜʠʘʤʝʪʨʦʤ ʠ ʚʳʩʦʪʦʡ 50,5ʤʤ, ʤʝʪʦʜʦʤ ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʜ ʥʘʛʨʫʟʢʦʡ 15ʄʇʘ ʚ ʪʝ-

ʯʝʥʠʝ 3 ʤʠʥʫʪ, ʜʘʣʝʝ ʦʙʨʘʟʮʳ  ʠʟʚʣʝʢʘʣʠʩʴ, ʭʨʘʥʠʣʠʩʴ ʠ ʚ ʫʩʣʦʚʠʷʭ ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʧʨʠ 

20-250ʉ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʦ ʠʩʧʳʪʘʥʠʷ ʚʨʝʤʝʥʠ. ʀʩʧʳʪʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʤʦʜʠʬʠʢʘʪʦʨʦʤ çɼʉ-35è ʚ ʚʦʟʨʘʩʪʝ 7, 14, 28 ʩʫʪʦʢ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.ˉ3 
ʊʘʙʣʠʮʘˉ3 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʫʢʨʝʧʣʝʥʥʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʤ çɼʉ ï 35è 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʨʦʢʠ ʪʚʝʨʜʝʥʠʷ, ʩʫʪ. 

7 14 28 

ʂʦʤʧʦʥʝʥʪʳ ʚ ʩʤʝʩʠ: ʩʫʧʝʩʴ ʧʳʣʝʚʘʪʘʷ, ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ, çɼʉ ï 35è, ʚʦʜʘ. 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ, ʄʇʘ 6,31 7,67 8,92 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʠ ʧʨʠ ʠʟʛʠʙʝ, 

ʄʇʘ 

1,1 1,55 1,66 

ʂʘʧʠʣʣʷʨʥʦʝ ʚʦʜʦʥʘʩʳʱʝʥʠʝ, W % 1,57 1,21 1,08 

ʄʘʨʢʘ ʧʦ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʄ60 ʄ75 ʄ75 

ʄʘʨʢʘ ʧʦ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʠʟʛʠʙʝ ʄ60 ʄ75 ʄ75 

ʂʦʤʧʦʥʝʥʪʳ ʚ ʩʤʝʩʠ: ʩʫʛʣʠʥʦʢ ʪʷʞʝʣʳʡ ʧʳʣʝʚʘʪʳʡ, ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ,  

çɼʉ ï 35è, ʚʦʜʘ 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ, ʄʇʘ 10,08 11,22 12,04 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʠ ʧʨʠ ʠʟʛʠʙʝ, 

ʄʇʘ 

2,06 2,33 2,14 

ʂʘʧʠʣʣʷʨʥʦʝ ʚʦʜʦʥʘʩʳʱʝʥʠʝ, W % 0,20 0,1 0,07 

ʄʘʨʢʘ ʧʦ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʄ100 ʄ100 ʄ100 

ʄʘʨʢʘ ʧʦ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʠʟʛʠʙʝ ʄ100 ʄ100 ʄ100 

ʂʦʤʧʦʥʝʥʪʳ ʚ ʩʤʝʩʠ: ʛʣʠʥʘ ʣʝʛʢʘʷ  ʧʳʣʝʚʘʪʳʡ, ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ, çɼʉ ï 35è, ʚʦʜʘ 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ, ʄʇʘ 12,06 12,58 13,24 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʠ ʧʨʠ ʠʟʛʠʙʝ, 

ʄʇʘ 

2,31 2,06 2,34 

ʂʘʧʠʣʣʷʨʥʦʝ ʚʦʜʦʥʘʩʳʱʝʥʠʝ, W % 0,12 0,09 0,05 

ʄʘʨʢʘ ʧʦ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʄ100 ʄ100 ʄ100 

ʄʘʨʢʘ ʧʦ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʠʟʛʠʙʝ ʄ100 ʄ100 ʄ100 



ʖʩʫʧʦʚ ɸ.ʈ., ʏʝʨʢʘʰʠʥ ɺ.ʀ., ɸʪʝʤʦʚ ʄ.ʉ., ʄʘʤʘʝʚ ʉ.ɸ. 

ʋʂʈɽʇʃɽʅʀɽ ɻʈʋʅʊʆɺ ʄʆɼʀʌʀʎʀʈʋʖʑɽʁ ɼʆɹɸɺʂʆʁ çɼʉ -35è ʇʈʀ ʉʊʈʆʀʊɽʃʔʉʊɺɽ ʉɽʃʔʉʂʀʍ ɼʆʈʆɻ 
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 ɸʥʘʣʠʟ ʥʘ ʧʨʠʤʝʨʝ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚ ʪʘʙʣʠʮʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʙʨʘʟʮʳ ʠʟ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʛʨʫʥʪʘ ʩʫʧʝʩʠ ʧʳʣʝʚʘʪʦʡ, ʫʢʨʝʧʣʝʥʥʦʡ 4% ʮʝʤʝʥʪʘ ʠ 0,49% ʤʦʜʠʬʠʢʘʪʦʨʘ çɼʉ-35è ʚ 7-ʤʠ ʩʫ-

ʪʦʯʥʦʤ ʚʦʟʨʘʩʪʝ, ʩʦʛʣʘʩʥʦ ɻʆʉʊ 23558-94 [3] ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʨʢʝ ʧʦ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ 

ʄ60, ʚ 14-ʪʠ ʠ 28-ʦʤ ʩʫʪʦʯʥʦʤ ʚʦʟʨʘʩʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʨʢʝ ʄ75. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʤʦʜʠʬʠʢʘʪʦʨ çɼʉ-35è, ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʣʦʷ ʦʩʥʦʚʘʥʠʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ 

ʩʤʝʩʴ 4 - 8% ʮʝʤʝʥʪʘ, ʠ ʤʦʜʠʬʠʢʘʪʦʨʘ çɼʉ- 35è ʚ ʢʦʣʠʯʝʩʪʚʝ 0,42 ï 0,49% ʦʪ ʤʘʩʩʳ ʩʤʝʩʠ.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʠ ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʟʘʪʨʘʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʠʬʠʢʘʪʦʨ çɼʉï35èʚ ʢʘʯʝʩʪʚʝ ʩʣʦʷ ʦʩʥʦʚʘʥʠʷ ʥʘ ʘʚʪʦ-

ʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛʘʭ IV ï V ʪʝʭʥʠʯʝʩʢʠʭ ʢʘʪʝʛʦʨʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʧʦʢʘ-

ʟʘʪʝʣʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʨʢʘʤ ʧʦ ʧʨʦʯʥʦʩʪʠ ʄ60-

ʄ100. 
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ɼʃʀʅʅʆɹɸɿʆɺɸʗ ɼɽʌʆʈʄɸʎʀʆʅʅɸʗ ʉʊɸʅʎʀʗ ɼʃʗ ʉɽʁʉʄʆʇʈʆɻʅʆʉʊʀʏɽʉʂʀʍ 

ʅɸɹʃʖɼɽʅʀʁ  
ʊʘʡʤʘʟʦʚ ɼ.ɻ.1,2 

1ɽʜʠʥʘʷ ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʩʣʫʞʙʘ ʈɸʅ, 2ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ɼʅʎ ʈɸʅ 

 
ʆʧʠʩʳʚʘʝʪʩʷ ʜʣʠʥʥʦʙʘʟʦʚʘʷ ʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʩʪʘʥʮʠʷ, ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʘʧʧʘʨʘʪʫʨʥʳʭ ʨʘʟʨʘʙʦʪʢʘʭ ʘʚʪʦ-

ʨʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʘ ʧʦ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ï ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ, ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʵʢʦʥʦʤʠʯʥʦʩʪʠ ï ʥʘʤʥʦʛʦ ʧʨʝʚʦʩʭʦʜʠʪ ʠʟʚʝʩʪʥʳʝ ʰʪʦʣʴʥʝʚʳʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʪʘʥʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʩʪʝʥʟʦʤʝʪʨ, ʛʠʜʨʦʥʠʚʝʣʠʨ, ʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʩʪʘʥʮʠʷ, ʤʝʪʝʦʬʘʢʪʦʨʳ, ʛʝʦʜʝʟʠʯʝ-

ʩʢʠʡ ʨʝʧʝʨ. 

 

LONG-BASE DEFORMATION STATION FOR SEISMOPROGNOSTIC OBSERVATIONS 
D.G. Taimazov1,2 

 
1Unified Geophysical Service of RAS, 2Institute of Geology Dagestan scientific center of RAS 
A long-base deformation station based on the author's hardware development is described. It is shown that 

it is based on the main parameters - noise immunity, accuracy of measurements, long-time stability of characteris-

tics, economy - far exceeds the known tunnel strain stations. 

Keywords:  extensometer, hydraulic leveler, deformation station, meteofactors, geodetic reference. 

 

ɺʚʝʜʝʥʠʝ 
ʀʟʚʝʩʪʥʳʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʩʪʘʥʮʠʠ (ɼʉ) ʰʪʦʣʴʥʝʚʦʛʦ ʪʠʧʘ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʝʧʷʪʩʪʚʫʶʪ ʠʭ ʰʠʨʦʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʧʨʘʢʪʠʢʝ ʩʝʡʩʤʦʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. ʂʦʩʥʦʚ-

ʥʳʤ ʠʟ ʥʠʭ ʦʪʥʦʩʷʪʩʷ ʜʦʨʦʛʦʚʠʟʥʘ ɼʉ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʦʭʦʞʜʝʥʠʷ ʰʪʦʣʝʥ ʜʣʷ ʧʘʩ-

ʩʠʚʥʦʡ ʟʘʱʠʪʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠʙʦʨʦʚ (ʵʢʩʪʝʥʟʦʤʝʪʨʦʚ, ʠ ʛʠʜʨʦʥʠʚʝʣʠʨʦʚ) ʦʪ ʤʝʪʝʦʬʘʢʪʦʨʦʚ (ʘʪʤʦ-

ʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʚʣʘʞʥʦʩʪʴ, ʦʩʘʜʢʠ, ʪʝʤʧʝʨʘʪʫʨʘ), ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʦʩʪʘʪʦʯʥʳʭ ʧʦʤʝʭ, ʩʚʷʟʘʥʥʳʡ ʩ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʥʦʡ ʠʟʦʣʷʮʠʠ ʰʪʦʣʝʥ, ʠ ʠʩʢʘʞʝʥʠʷ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʘʤʦʡ ʰʪʦʣʴʥʝʡ (ʵʬʬʝʢʪ ʧʦʣʦʩʪʠ). ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʧʦʢʘʟʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʘ ʙʘʟʝ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʚʪʦʨʦʤ ʧʨʦʚʦʣʦʯʥʦʛʦ ʵʢʩʪʝʥʟʦʤʝʪʨʘ (ʇʕ), ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʥʠʚʝʣʠʨʘ (ɻʅ) ʠ ʛʣʫʙʠʥ-

ʥʦʛʦ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʨʝʧʝʨʘ (ɻɻʈ), ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʥʠʞʝ, ʜʣʠʥʥʦʙʘʟʦʚʦʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʪʘʥʮʠʠ (ɼɼʉ), ʩʚʦʙʦʜʥʦʡ ʦʪ ʫʧʦʤʷʥʫʪʳʭ ʥʝʜʦʩʪʘʪʢʦʚ.  

 

ʇʨʦʚʦʣʦʯʥʳʡ ʵʢʩʪʝʥʟʦʤʝʪʨ 
ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʧʨʠʚʝʜʝʥʥʳʡ ʧʝʨʝʯʝʥʴ ʥʝʜʦʩʪʘʪʢʦʚ ʠʟʚʝʩʪʥʳʭ ɼʉ ʚʥʦʩʷʪ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʥʠʭ ʧʦʚʩʝʤʝʩʪʥʦ ʰʪʘʥʛʦʚʳʝ ʵʢʩʪʝʥʟʦʤʝʪʨʳ: ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʚʣʠʷʶʪ ʣʠʥʝʡʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʠ 

ʠʟʛʠʙʳ ʰʪʘʥʛʠ, ʚʳʟʚʘʥʥʳʝ ʢʦʣʝʙʘʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʠʣ, ʧʨʝʧʷʪʩʪʚʫ-

ʶʱʠʭ ʜʚʠʞʝʥʠʶ ʩʚʦʙʦʜʥʦʛʦ ʢʦʥʮʘ ʰʪʘʥʛʠ (ʨʦʣʠʢʦʚʳʝ ʦʧʦʨʳ ʠʣʠ ʢʘʯʝʣʠ). ɹʦʣʝʝ ʧʨʦʩʪʳ ʚ ʫʩʪʘʥʦʚʢʝ, 

ʧʦʨʪʘʪʠʚʥʳ ʠ ʜʝʰʝʚʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʰʪʘʥʛʦʚʳʤʠ, ʧʨʦʚʦʣʦʯʥʳʝ ʵʢʩʪʝʥʟʦʤʝʪʨʳ[1]. ɺ ʥʠʭ ʧʨʦʚʦʣʦʢʘ, 

ʦʜʠʥ ʢʦʥʝʮ ʢʦʪʦʨʦʡ ʟʘʢʨʝʧʣʝʥ ʥʘ ʧʦʩʪʘʤʝʥʪʝ, ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʧʦʩʪʦʷʥʥʳʤ ʥʘʪʷʞʝʥʠʝʤ, ʩʦʟʜʘʥʥʳʤ ʛʨʫ-

ʟʦʤ, ʧʝʨʝʢʠʥʫʪʳʤ ʯʝʨʝʟ ʙʣʦʢ ʥʘ ʜʨʫʛʦʤ ʧʦʩʪʘʤʝʥʪʝ. ʈʝʛʠʩʪʨʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʠʟʤʝʨʷʝʪ ʧʝʨʝʤʝʱʝ-

ʥʠʝ ʥʘʛʨʫʞʝʥʥʦʛʦ ʢʦʥʮʘ ʧʨʦʚʦʣʦʢʠ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʜʝʬʦʨʤʘʮʠʠ ʥʘʙʣʶʜʘʝʤʦʛʦ ʦʙʲʝʢ-

ʪʘ. ʆʜʥʘʢʦ, ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʜʦʣʛʦʚʨʝ-

ʤʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʦʛʨʘʥʠʯʝʥʘ ʚ ʇʕ ʢʨʠ-

ʧʦʤ ʧʨʦʚʦʣʦʢʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʠʟʤʝʥʝ-

ʥʠʷʤʠ ʝʝ ʜʣʠʥʳ. ʕʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʫʩʪʨʘʥʝ-

ʥʳ ʚ ʧʨʝʜʣʦʞʝʥʥʦʤ ʥʘʤʠ ʚʘʨʠʘʥʪʝ ʇʕ 

[2,3], ʩʦʩʪʦʷʱʝʤ ʠʟ ʜʚʫʭ ʠʜʝʥʪʠʯʥʳʭ ʠʟʤʝ-

ʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʠʥʚʘʨʥʦʡ ʠ ʛʨʘʬʠʪʦʚʦʡ 

ʧʨʦʚʦʣʦʢʘʤʠ.ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʦʜʥʦʡ 

ʠʟ ʥʠʭ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1.  
˝̉̒Ȣ ρȢ  l ̗̝̠̔̎̋̉̏̎́̌̎́ ̖̒̆̍́ ˜˪ 



ʊʘʡʤʘʟʦʚ ɼ.ɻ. 

ɼʃʀʅʅʆɹɸɿʆɺɸʗ ɼɽʌʆʈʄɸʎʀʆʅʅɸʗ ʉʊɸʅʎʀʗ ɼʃʗ ʉɽʁʉʄʆʇʈʆɻʅʆʉʊʀʏɽʉʂʀʍ ʅɸɹʃʖɼɽʅʀʁ  
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ʄʝʞʜʫ ʜʚʫʤʷ ʧʦʩʪʘʤʝʥʪʘʤʠ (ʥʝ ʧʦʢʘʟʘʥʳ) ʧʘʨʘʣʣʝʣʴʥʦ ʥʘʪʷʥʫʪʳ ʪʨʠ ʠʜʝʥʪʠʯʥʳʝ ʧʨʦʚʦʣʦʢʠ 1, 2 

ʠ 3, ʥʘʧʨʠʤʝʨ ʠʥʚʘʨʥʳʝ. ʉʤʝʞʥʳʝ ʢʦʥʮʳ ʧʨʦʚʦʣʦʢ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1-2 ʠ 2-3 ʩʢʨʝʧʣʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, 

ʘ ʩʚʦʙʦʜʥʳʝ ʢʦʥʮʳ ʧʨʦʚʦʣʦʢ ʚʤʝʩʪʝ ʩ ʧʨʠʢʨʝʧʣʝʥʥʳʤʠ ʢ ʥʠʤ ʛʨʫʟʘʤʠ 1Q , 2Q , 3Q  ʧʝʨʝʢʠʥʫʪʳ ʯʝʨʝʟ 

ʙʣʦʢʠ 4, 5 ʠ 6. ʇʨʦʚʦʣʦʢʘ 3 ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʝʤʢʦʩʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ɽʇ) [4]ʝʝ ʧʨʦʜʦʣʴʥʳʭ ʧʝʨʝʤʝ-

ʱʝʥʠʡ 7.ɻʨʫʟʳ ʧʦʜʦʙʨʘʥʳ ʪʘʢ, ʯʪʦʙʳ ʥʘʪʷʞʝʥʠʝ ʧʨʦʚʦʣʦʢʠ 2 ʙʳʣʦ ʨʘʚʥʦ ʩʫʤʤʝ ʥʘʪʷʞʝʥʠʡ ʧʨʦʚʦʣʦʢ 1 

ʠ 3. ʕʪʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 1Q = 3 ʢʛ, 2Q = 3 ʢʛ ʠ 3Q = 1 ʢʛ. ʂʘʢ ʥʝʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ, ʧʨʠ 

ʵʪʦʤ ʥʘʪʷʞʝʥʠʷ ʧʨʦʚʦʣʦʢ 1 ʠ 3 ʙʫʜʫʪ ʨʘʚʥʳ 1 ʢʛ, ʘ ʥʘʪʷʞʝʥʠʝ ʧʨʦʚʦʣʦʢʠ 2 ï 2 ʢʛ. ʇʦʩʢʦʣʴʢʫ ʩʢʦʨʦʩʪʴ 

ʢʨʠʧʘ ʧʨʦʚʦʣʦʢʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʝʝ ʫʜʝʣʴʥʦʤʫ ʥʘʪʷʞʝʥʠʶ, ʪʦ ʩʫʤʤʘʨʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʦʚʦʣʦʢ 1 ʠ 3 ʟʘ 

ʩʯʝʪ ʢʨʠʧʘ ʙʫʜʝʪ ʨʘʚʥʦ ʧʨʦʪʠʚʦʥʘʧʨʘʚʣʝʥʥʦʤʫ ʫʜʣʠʥʝʥʠʶ ʧʨʦʚʦʣʦʢʠ 2, ʠ ʨʘʩʩʪʦʷʥʠʝ 0L  ʤʝʞʜʫ ʟʘʢʨʝʧ-

ʣʝʥʥʳʤ ʢʦʥʮʦʤ ʧʨʦʚʦʣʦʢʠ 1 ʠ ʠʥʜʝʢʩʦʤ ʥʘ ʧʨʦʚʦʣʦʢʝ 3, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʨʝʛʠʩʪʨʠʨʫʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ 

(ʵʪʘʣʦʥ), ʦʩʪʘʸʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. ʋʩʣʦʚʠʝ ʧʦʩʪʦʷʥʩʪʚʘ 0L  ʚʳʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ [3] 

032 321 =+- QQQ .      (1) 

ʇʨʠ ʵʪʦʤ ʧʦʛʨʝʰʥʦʩʪʴ ʢʦʤʧʝʥʩʘʮʠʠ ʢʨʠʧʘ ʧʨʦʚʦʣʦʢʠ ʩʦʩʪʘʚʠʪ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʷʭ 

2Ö10-4Ö10-6 = 2Ö10-10 ʚ ʛʦʜ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʫʯʪʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠ. ɿʜʝʩʴ 10-6 ï ʛʦʜʦʚʘʷ ʧʦ-

ʛʨʝʰʥʦʩʪʴ ʠʟʚʝʩʪʥʳʭ ʧʨʦʚʦʣʦʯʥʳʭ ʵʢʩʪʝʥʟʦʤʝʪʨʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʢʨʠʧʦʤ [1]. ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʫʯʝʪ ʚʝʩʘ ʧʨʦʚʦʣʦʢʠ ʥʝ ʚʥʦʩʠʪ ʚ ʥʝʛʦ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ, ʥʦ ʚʘʨʠʘʮʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ 

PD ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʦʚʦʣʦʢʠ 1,2,3, ʢʘʢ ʠ ʚʩʝ 

ʪʝʣʘ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʚʩʝʩʪʦʨʦʥʥʝʤʫ ʩʞʘʪʠʶ. ʕʪʦ ʧʨʠʚʝʜʝʪ ʢ ʫʢʦʨʦʯʝʥʠʶ ʵʪʘʣʦʥʘ. ʇʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʩʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘʦʙʦʨʦʪ. ɺ ʧʨʝʜʣʘʛʘʝʤʦʤʇʕ ʦʙʲʝʤʳ ʛʨʫʟʦʚ1V , 2V  

ʠ 3V ʧʦʜʦʙʨʘʥʳ ʪʘʢ, ʯʪʦʙʳ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʢʦʤʧʝʥʩʠʨʦʚʘʣʠʩʴ ʧʨʦʪʠʚʦʥʘʧʨʘʚʣʝʥʥʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ 0L , 

ʚʳʟʚʘʥʥʳʤʠ ʙʘʨʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʛʨʫʟʳ ʘʨʭʠʤʝʜʦʚʳʭ ʩʠʣ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʥʝ-

ʩʣʦʞʥʳʝ ʚʳʢʣʘʜʢʠ, ʫʩʣʦʚʠʝʤ ʥʝʟʘʚʠʩʠʤʦʩʪʠ 0L ʦʪPD ʷʚʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 
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ʛʜʝ 0P  ʠ -0r ʥʦʨʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʤʝʩʪʝ ʫʩʪʘʥʦʚ-

ʢʠ ʵʢʩʪʝʥʟʦʤʝʪʨʘ, -s  ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʧʨʦʚʦʣʦʢʠ, -g  ʫʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ, -n ʢʦʵʬʬʠʮʠʝʥʪ 

ʇʫʘʩʩʦʥʘ (kE 3/21 =-n ), -E ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʦʚʦʣʦʢʠ. ʉʦʦʪʥʦʰʝʥʠʝ (2) ʤʦʞʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʴ 

ʫʚʝʣʠʯʠʚ 2V  ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ 1V  ʠ 3V . ɼʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʧʦʣʥʠʪʴ ʛʨʫʟ 2Q  ʚ ʚʠʜʝ ʛʝʨʤʝʪʠʯʥʦʛʦ 

ʧʦʣʦʛʦ ʩʦʩʫʜʘ, ʚʝʩ ʠ ʦʙʲʝʤ ʢʦʪʦʨʦʛʦ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʦʦʪʥʦʰʝʥʠʷ (1) ʠ (2). ɼʣʷ ʠʥʚʘʨʥʦʡ ʧʨʦʚʦʣʦʢʠ (ºn

0,25) ʩ ʩʝʯʝʥʠʝʤ1 ʤʤ2 ʩʦʦʪʥʦʰʝʥʠʝ (2) ʜʘʝʪ ʦʙʲʝʤʳ ʛʨʫʟʦʚ @1V  390 cʤ3, @2V  2300 cʤ3, @3V  130 ʩʤ3 

(ʛʨʫʟʳ 1V  ʠ 3V  ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʞʝʣʝʟʘ).  

ʇʦʩʢʦʣʴʢʫ ʠʟʤʝʨʷʝʤʳʝ ɽʇ ʧʝʨʝʤʝʱʝʥʠʷ l  ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʢʘʢ ʠʟʤʝʥʝʥʠʝʤ ʪʝʢʫʱʝʡ ʙʘʟʳ 

ʵʢʩʪʝʥʟʦʤʝʪʨʘL  ʚ  ʨʝʟʫʣʴʪʘʪʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦʨʦʜ, ʪʘʢ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʜʣʠʥ ʧʨʦʚʦʣʦʢ, 

ʪʦ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʥʘ ʪʝʭ ʞʝ ʧʦʩʪʘʤʝʥʪʘʭ ʧʘʨʘʣʣʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʪʦʨʘʷ ʠʟʤʝʨʠʪʝʣʴ-

ʥʘʷ ʩʠʩʪʝʤʘ ʩ ʧʨʦʚʦʣʦʢʦʡ ʠʟ ʜʨʫʛʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘʧʨʠʤʝʨ ʛʨʘʬʠʪʘ, ʢʦʪʦʨʘʷ ʫʩʪʨʦʝʥʘ ʠ ʨʘʙʦʪʘʝʪ ʘʥʘʣʦ-

ʛʠʯʥʦ (ʥʝ ʧʦʢʘʟʘʥʘ). ʀʩʢʦʤʘʷ ʜʝʬʦʨʤʘʮʠʷ ʙʘʟʳ ʇʕ e ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʘʙʦʯʝʡ ʬʦʨʤʫʣʝ ʵʢʩʪʝʥʟʦʤʝʪ-

ʨʘ[3] 
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ʛʜʝ 2a  ʠ -2a ʧʨʦʜʦʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʨʦʚʦʣʦʢ, 1l  ʠ -2l ʦʪʩʯʝʪʳ ʧʦ 

ɽʇ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʠʩʪʦʯʥʠʢʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚ ʧʨʝʜʣʦʞʝʥʥʦʤ ʇʕ ʤʦʛʫʪ ʙʳʪʴʩʢʦʤʧʝʥʩʠʨʦʚʘʥʳ ʠʣʠ 

ʫʯʪʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠ, ʯʪʦ ʚ ʰʪʘʥʛʦʚʳʭ ʵʢʩʪʝʥʟʦʤʝʪʨʘʭ ʥʝʚʦʟʤʦʞʥʦ ʚ ʧʨʠʥʮʠʧʝ.ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʧʦʟʚʦʣʷʝʪ ʨʘʟʤʝʱʘʪʴ ʇʕ ʚ ʥʝʛʣʫʙʦʢʠʭ ʪʨʘʥʰʝʷʭ, ʯʪʦ ʤʥʦʛʦʢʨʘʪʥʦ ʫʤʝʥʴʰʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʠʭ ʫʩʪʘʥʦʚʢʫ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʠ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʙʘʟʫ ʵʢʩʪʝʥʟʦʤʝʪʨʘ. 

 

ɻʠʜʨʦʩʪʘʪʠʯʝʩʢʠʡ ʥʠʚʝʣʠʨ 

ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʦʰʠʙʦʢ ʩʪʘʮʠʦʥʘʨʥʳʭ ɻʅ ʷʚʣʷʶʪʩʷ ʛʨʘʜʠʝʥʪʳ ʪʝʤʧʝʨʘʪʫʨʳ ʚʜʦʣʴ 

ʪʨʘʩʩʳ ʥʠʚʝʣʠʨʦʚʘʥʠʷ, ʢʦʣʝʙʘʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʝʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʣʦʢʘʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʦʩʫʜʦʚ (ɻʉ), ʧʝʨʝʧʘʜʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ 



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 4(71), 2017 
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ʩʤʝʞʥʳʤʠ ʥʘʙʣʶʜʘʪʝʣʴʥʳʤʠ ʩʪʘʥʮʠʷʤʠ, ʜʚʠʞʝʥʠʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, 

ʥʘʢʣʦʥʳ ɻʉ ʠ ʧʦʛʨʝʰʥʦʩʪʴ ʠʥʜʠʢʘʮʠʠ ʫʨʦʚʥʝʡ ʚ ɻʉ [5]. ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʥʘʤʠ ɻʅ [6,7] (ʨʠʩ.2) ʦʰʠʙʢʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʵʪʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʩʚʝʜʝʥʳ ʢ ʤʠʥʠʤʫʤʫ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʤʢʥʫʪʫʶ ʛʝʨʤʝʪʠʟʠ-

ʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ɻʉ 1, 2 ʠ ʜʚʫʭ ʵʣʘʩʪʠʯʥʳʭ ʪʨʫʙʦʢ 3, 4, ʩʦʝʜʠ-

ʥʷʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʠʞʥʠʝ ʠ ʚʝʨʭʥʠʝ ʯʘʩʪʠ ɻʉ. ʅʠʞʥʷʷ ʪʨʫʙʢʘ 3 ʠ ʥʠʞʥʠʝ ʯʘʩʪʠ ɻʉ ʟʘʧʦʣʥʝʥʳ 

ʪʷʞʝʣʦʡ ʞʠʜʢʦʩʪʴʶ, ʘ ʚʝʨʭʥʷʷ ʪʨʫʙʢʘ 4 ʠ ʚʝʨʭʥʠʝ ʯʘʩʪʠ ɻʉ ï ʙʦʣʝʝ ʣʝʛʢʦʡ ʥʝʧʨʦʚʦʜʷʱʝʡ ʞʠʜʢʦʩʪʴʶ, ʥʝ 

ʩʤʝʰʠʚʘʶʱʝʡʩʷ ʩ ʪʷʞʝʣʦʡ. 

ɼʣʷ ʠʥʜʠʢʘʮʠʠ ʫʨʦʚʥʝʡ ʞʠʜʢʦʩʪʝʡ ʥʘ ʛʨʘʥʠʮʘʭ ʠʭ ʨʘʟʜʝʣʘ ʚ ɻʉ ʨʘʟʤʝʱʝʥʳ ʧʦʧʣʘʚʢʠ 5 ʠ 6 ʚ ʚʠʜʝ 

ʩʦʦʩʥʳʭ ʧʦʩʣʝʜʥʠʤ ʰʠʨʦʢʠʭ ʪʦʥʢʦʩʪʝʥʥʳʭ ʢʦʣʝʮ ʠʟ ʜʠʵʣʝʢʪʨʠʢʘ, ʨʘʟʜʝʣʝʥʥʳʭ ʞʝʩʪʢʠʤʠ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʳʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ 7 ʠ 8, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʙʣʠʞʝ ʢ ʥʠʞʥʠʤ ʢʨʦʤʢʘʤ ʢʦʣʝʮ, ʥʘ ʚʝʨʭʥʠʝ ʠ ʥʠʞʥʠʝ ʦʪʩʝ-

ʢʠ. ɺʝʨʭʥʠʝ ʦʪʩʝʢʠ ʟʘʧʦʣʥʝʥʳ ʣʝʛʢʦʡ ʥʝʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʡ ʞʠʜʢʦʩʪʴʶ, ʘ ʥʠʞʥʠʝ ʦʪʩʝʢʠ ʯʘʩʪʠʯʥʦ ʟʘ-

ʧʦʣʥʝʥʳ ʣʝʛʢʦʡ ʞʠʜʢʦʩʪʴʶ, ʯʘʩʪʠʯʥʦ ï ʪʷʞʝʣʦʡ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʧʣʘʚʢʦʚ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʝʥʩʠʨʦ-

ʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʠʭ ʘʨʭʠʤʝʜʦʚʳʭ ʩʠʣ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʣʠʷʥʠʷ ʢʦʣʝʙʘʥʠʡ ʣʦʢʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ɻʉ ʥʠʞʥʷʷ 3 ʠ ʚʝʨʭʥʷʷ 4 ʩʦʝʜʠʥʠʪʝʣʴ-

ʥʳʝ ʪʨʫʙʢʠ ʦʙʝʠʭ ɻʉ ʩʢʨʝʧʣʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʥʘ ʫʨʦʚʥʝ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ, ʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝ-

ʥʠʷ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʝʡ ʚ ʪʨʫʙʢʘʭ ʧʦʣʦ-

ʞʝʥʠʷ ʵʪʠʭ ʛʨʘʥʠʮ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʜʝʨ-

ʞʠʚʘʶʪʩʷ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʤʝʪʢʘʭ ʟʘ ʩʯʝʪ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʦʜʥʦʛʦ ʠʟ ɻʉ ʩ 

ʧʦʤʦʱʴʶ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 9, 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʰʠʨʦʢʦʜʠʘʧʘʟʦʥʥʳʤ ʝʤʢʦʩʪ-

ʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʝʨʝ-

ʤʝʱʝʥʠʡ ʧʦʧʣʘʚʢʦʚ[4]. ʈʦʪʦʨʥʳʝ ʦʙʢʣʘʜʢʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʥʝʩʝʥʳ ʚ ʚʠʜʝ ʤʥʦʞʝ-

ʩʪʚʘ ʫʟʢʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʨʦʚʦʜʷʱʠʭ ʢʦ-

ʣʝʮ ʩ ʧʨʦʤʝʞʫʪʢʘʤʠ ʥʘ ʚʥʫʪʨʝʥʥʠʝ ʙʦʢʦ-

ʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʧʣʘʚʢʦʚ 5, 6, ʘ ʘʥʘʣʦ-

ʛʠʯʥʳʝ ʩʪʘʪʦʨʥʳʝ ʦʙʢʣʘʜʢʠ ï ʥʘ ʚʥʝʰʥʠʝ 

ʙʦʢʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʘʢʩʠʘʣʴʥʳʭ ʧʦ-

ʧʣʘʚʢʘʤ ʢʦʣʝʮ 10, 11 ʠʟ ʜʠʵʣʝʢʪʨʠʢʘ, ʧʦʜʚʝʰʝʥʥʳʭ ʢ ʢʦʨʧʫʩʘʤ ɻʉ ʥʘ ʛʠʙʢʠʭ ʪʷʛʘʭ 12, 13. ʊʘʢʘʷ ʧʦʜʚʝʩʢʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʥʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʦʪ ʤʘʣʳʭ ʥʘʢʣʦʥʦʚ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʤʧʝʥʩʘ-

ʮʠʠ ʚʣʠʷʥʠʷ ʛʨʘʜʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʚʜʦʣʴ ʪʨʘʩʩʳ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʞʠʜʢʦʩʪʠ ʧʦʜʦʙʨʘʥʳ ʪʘʢ, ʯʪʦʙʳ ʚʳ-

ʧʦʣʥʷʣʦʩʴ ʩʦʦʪʥʦʰʝʥʠʝ 

,                                                                (4) 

ʛʜʝ  ʠ ʧʣʦʪʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʷʞʝʣʦʡ ʠ ʣʝʛʢʦʡ ʞʠʜʢʦʩʪʝʡ,  ʠ  ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʦʙʲʝʤʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. ʆʥʦ ʩʣʝʜʫʝʪ ʠʟ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʠʨʘʱʝʥʠʡ ʜʘʚʣʝʥʠʡ ʩʪʦʣ-

ʙʠʢʦʚ ʞʠʜʢʦʩʪʠ ʚ ʪʨʫʙʢʘʭ 3 ʠ 4, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʥʘ ʪʨʘʩʩʝ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘʜʝʞʥʳʡ 

ʪʝʧʣʦʚʦʡ ʢʦʥʪʘʢʪ. ʂʦʤʧʝʥʩʘʮʠʷ ʠʟʤʝʥʝʥʠʡ ʘʨʭʠʤʝʜʦʚʳʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʪʝʥʢʠ ʧʦʧʣʘʚʢʘ ʧʨʠ ʠʟ-

ʤʝʥʝʥʠʷʭ ʣʦʢʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ɻʉ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʨʦʪʠʚʦʥʘʧʨʘʚʣʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʘʨʭʠʤʝʜʦ-

ʚʳʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʣʝʛʢʫʶ ʞʠʜʢʦʩʪʴ, ʠʟʦʣʠʨʦʚʘʥʥʫʶ ʚ ʥʠʞʥʝʤ ʦʪʩʝʢʝ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʛʦʨʦʜʦʢ 7 ʠ 

8. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʦʞʝʥʠʝ ʧʦʧʣʘʚʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʨʝʟʶʤʠʨʦʚʘʪʴ, ʯʪʦ ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ɻʅ ʧʨʘʢʪʠʯʝʩʢʠ ʫʩʪʨʘʥʝʥʳ ʚʣʠʷʥʠʷ 

ʛʨʘʜʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʪʨʘʩʩʝ ʥʠʚʝʣʠʨʦʚʘʥʠʷ (ʟʘ ʩʯʝʪ ʧʦʜʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʞʠʜʢʦʩʪʝʡ), ʢʦʣʝʙʘʥʠʡ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʠ ʧʝʨʝʧʘʜʦʚ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ ʩʪʘʥʮʠ-

ʷʤʠ (ʟʘ ʩʯʝʪ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʩʠʩʪʝʤʳ ʠ ʦʪʩʫʪʩʪʚʠʷ ʚ ʥʝʡ ʩʚʦʙʦʜʥʳʭ ʦʙʲʝʤʦʚ), ʣʦʢʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ɻʉ ʠ ʠʭ ʥʘʢʣʦʥʦʚ (ʟʘ ʩʯʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʪʨʫʙʦʢ ʚʙʣʠʟʠ ɻʉ, 

ʧʦʜʚʝʰʠʚʘʥʠʷ ʩʪʘʪʦʨʥʳʭ ʦʙʢʣʘʜʦʢʢ ʢʦʨʧʫʩʫ ʠ ʥʘʣʠʯʠʶ ʩʠʩʪʝʤʳ ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʠʠ ʧʦʧʣʘʚʢʘ), ʛʠʜʨʦ-

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʤʝʭ (ʟʘ ʩʯʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʫʨʦʚʥʝʡ) ʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʥʜʠʢʘʮʠʠ ʫʨʦʚʥʝʡ 

(ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʰʠʨʦʢʦʜʠʘʧʘʟʦʥʥʦʛʦ ʝʤʢʦʩʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʝʨʝʤʝʱʝ-

ʥʠʡ). ʇʦʢʘʟʘʥʥʘʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ ʢʘʢ ɻʅ, ʪʘʢ ʠ ʇʕ ʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ɼɼʉ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʦʧʠʩʘʥʘ ʥʠʞʝ. 
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ʊʘʡʤʘʟʦʚ ɼ.ɻ. 

ɼʃʀʅʅʆɹɸɿʆɺɸʗ ɼɽʌʆʈʄɸʎʀʆʅʅɸʗ ʉʊɸʅʎʀʗ ɼʃʗ ʉɽʁʉʄʆʇʈʆɻʅʆʉʊʀʏɽʉʂʀʍ ʅɸɹʃʖɼɽʅʀʁ  

 

39 

ɼʃʀʅʅʆɹɸɿʆɺɸʗ ɼɽʌʆʈʄɸʎʀʆʅʅɸʗ ʉʊɸʅʎʀʗ 

 

ʇʨʝʜʣʘʛʘʝʤʘʷ ɼɼʉ [8] (ʨʠʩ.3) ʧʨʝʜʩʪʘʚʣʷ-

ʝʪ ʩʦʙʦʡ ʧʨʦʣʦʞʝʥʥʳʝ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʉ-ʖ ʠ ɺ-

ɿ ʜʚʝ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʪʨʘʥ-

ʰʝʠ ʩ ʧʝʨʝʢʨʳʪʠʝʤ ʜʣʠʥʦʡ ʧʦʨʷʜʢʘ 50-200 ʤ ʠ 

ʩʝʯʝʥʠʝʤ ʦʢʦʣʦ 3³1 ʤ 2, ʚ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ 

ʇʕ ʠ ɻʅ. ʅʘ ʧʝʨʝʩʝʯʝʥʠʷʭ ʪʨʘʥʰʝʡ ʧʨʦʙʫʨʝʥʳ 

ʪʨʠ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʝ ʩʢʚʘʞʠʥʳ ʛʣʫʙʠʥʦʡ 100-

200 ʤ (ʜʦ ʢʦʤʧʝʪʝʥʪʥʳʭ ʧʦʨʦʜ), ʚ ʢʦʪʦʨʳʭ ʫʩʪʘ-

ʥʘʚʣʠʚʘʶʪʩʷ ʛʣʫʙʠʥʥʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʨʝʧʝʨʘ 

(ɻɻʈ) [9],ʚʝʨʭʥʠʝ ʢʦʥʮʳ ʢʦʪʦʨʳʭ ʚʳʚʦʜʷʪʩʷ ʚ 

ʪʨʘʥʰʝʶ ʢ ʵʢʩʪʝʥʟʦʤʝʪʨʘʤ ʠ ʛʠʜʨʦʥʠʚʝʣʠʨʘʤ. 

ɻɻʈ ʧʨʘʢʪʠʯʝʩʢʠ ʫʩʪʨʘʥʷʶʪ ʩʚʦʡʩʪʚʝʥʥʦʝ ɼʉ 

ʰʪʦʣʴʥʝʚʦʛʦ ʪʠʧʘ ʚʣʠʷʥʠʝ ʤʝʪʝʦʬʘʢʪʦʨʦʚ ʥʘ ʙʘ-

ʟʳ ʠ ʧʦʩʪʘʤʝʥʪʳ ʧʨʠʙʦʨʦʚ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʠʥ-

ʬʦʨʤʘʪʠʚʥʦʩʪʠ ʚ ʩʢʚʘʞʠʥʳ ʫʩʪʘʥʦʚʣʝʥʳ ʪʘʢʞʝ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʩʢʚʘʞʠʥʥʳʡ ʜʝʬʦʨʤʦʛʨʘʬ 

(ʄʉɼ) [10], ʥʘʢʣʦʥʦʤʝʨ-ʩʝʡʩʤʦʛʨʘʬ (ʅ-ʉ) [11] 

ʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʡ ʧʨʠʝʤʥʠʢ [12,13]. ʆʜʠʥ 

ʠʟ ɻɻʈ ʚʳʚʦʜʠʪʩʷ ʥʘ ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ GPS ʠ 

ɻʃʆʅɸʉʉ.ʅʘ ʧʝʨʝʩʝʯʝʥʠʠ ʪʨʘʥʰʝʡ ʨʘʩʧʦʣʘʛʘ-

ʝʪʩʷ ʣʘʙʦʨʘʪʦʨʥʦʝ ʧʦʤʝʱʝʥʠʝ ʩʪʘʥʮʠʠ, ʛʜʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ(ɻʂ), ʚʢʣʶʯʘʶ-

ʱʠʡ ʛʘʟʦʞʠʜʢʦʩʪʥʳʡ ʛʨʘʚʠʤʝʪʨ [14 , ʚʝʨʪʠʢʘʣʴʥʳʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʛʨʘʜʠʝʥʪʦʤʝʪʨ [15] ʠ ʛʨʘʚʠʪʘʮʠʦʥ-

ʥʳʡ ʚʘʨʠʦʤʝʪʨ [16], ʘ ʪʘʢʞʝ ʪʝʣʝʤʝʪʨʠʯʝʩʢʘʷ ʘʧʧʘʨʘʪʫʨʘ. 

ʇʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʮʝʥʢʘʤ ɼɼʉ ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʜʝʰʝʚʣʝ ɼʉ ʰʪʦʣʴʥʝʚʦʛʦ ʪʠʧʘ, ʯʪʦ ʜʝʣʘʝʪ ʨʝ-

ʘʣʴʥʳʤ ʩʦʟʜʘʥʠʝ ʚ ʩʝʡʩʤʦʦʧʘʩʥʳʭ ʨʘʡʦʥʘʭ ʩʝʪʠ ɼɼʉ ʩ ʠʥʪʝʨʚʘʣʘʤʠ ʧʦʨʷʜʢʘ 15-30 ʢʤ. ʕʪʦ ʩʫʱʝʩʪʚʝʥ-

ʥʦ ʨʘʩʰʠʨʠʪ ʢʨʫʛ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʝʤʥʦʡ ʢʦʨʳ, ʚ ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʚʦʡʜʫʪ: 1) ʜʣʠʥʥʦʙʘʟʦ-

ʚʳʝ (100 ʤ ʠ ʙʦʣʝʝ) ʣʠʥʝʡʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʪʨʝʤ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ (ʇʕ); 2) ʩʨʝʜʥʝʤʘʩ-

ʰʪʘʙʥʳʝ ʥʘʢʣʦʥʳ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʜʚʫʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʘʟʠʤʫʪʘʭ (ɻʅ); 3) ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʳʝ ʜʚʠʞʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ (ʧʦ ʛʝʦʜʝʟʠʯʝʩʢʠʤ ʠʟʤʝʨʝʥʠʷʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʣʫʙʠʥʥʳʭ ʨʝʧʝʨʦʚ ʠ ʩʧʫʪ-

ʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ GPS ï ɻʃʆʅɸʉʉ); 4) ʚʝʨʪʠʢʘʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ (ʧʦ ʛʨʘ-

ʚʠʤʝʪʨʠʯʝʩʢʠʤ ʥʘʙʣʶʜʝʥʠʷʤ ʠ ʧʦ GPS ï ɻʃʆʅɸʉʉ); 5) ʣʦʢʘʣʴʥʳʝ ʦʙʲʝʤʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦʨʦʜ 

(ʄʉɼ); 6) ʣʦʢʘʣʴʥʳʝ ʣʠʥʝʡʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʜʚʫʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ (ʄʉɼ); 7) ʣʦʢʘʣʴ-

ʥʳʝ ʩʜʚʠʛʦʚʳʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʪʨʝʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ (ʄʉɼ); 3) ʣʦʢʘʣʴʥʳʝ ʥʘʢʣʦʥʳ ʧʦ ʜʚʫʤ 

ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʘʟʠʤʫʪʘʤ (ʅ-ʉ); 8) ʩʝʡʩʤʦʘʢʩʝʣʝʨʦʛʨʘʤʤʳ ʧʦ ʪʨʝʤ ʢʦʦʨʜʠʥʘʪʘʤ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ 

ʜʠʘʧʘʟʦʥʝ 100 ʜʝʮʠʙʝʣ (ʅ-ʉ);9) ʥʝʧʨʠʣʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ(ɻʂ); 10) ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ 

ʧʨʠʣʠʚʥʳʭ ʛʘʨʤʦʥʠʢ ʚʦ ʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʜʝʬʦʨʤʘʮʠʡ, ʥʘʢʣʦʥʦʚ ʠ ʩʠʣʳ ʪʷʞʝʩʪʠ; 11) ʩʝʡʩʤʦʘʢʫ-

ʩʪʠʯʝʩʢʠʡ ʰʫʤ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 1õ1000 ɻʮ. ʉʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʨʝʛʫʣʷʨʥʦʝ ʨʘʟʥʦʤʘʩʰʪʘʙʥʦʝ ʢʘʨʪʠ-

ʨʦʚʘʥʠʝ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʢʦʥʪʨʦʣʷ ʟʘ ʜʠʥʘʤʠ-

ʢʦʡ ʟʝʤʥʦʡ  ʢʦʨʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʨʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʥʘʤʠ ʚ [17-20] ʤʝʪʦʜʦʚ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʧʣʦʱʘʜʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ. 

ʈʝʟʶʤʠʨʫʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʜʣʠʥʥʦʙʘʟʦʚʘʷ ʜʝʬʦʨʤʘ-

ʮʠʦʥʥʘʷʩʪʘʥʮʠʷ (ɼɼʉ) ʧʦ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ï ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ, ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, ʜʦʣʛʦ-

ʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʵʢʦʥʦʤʠʯʥʦʩʪʠ ï ʥʘʤʥʦʛʦ ʧʨʝʚʦʩʭʦʜʠʪ ʠʟʚʝʩʪʥʳʝ ʰʪʦʣʴʥʝʚʳʝ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʩʪʘʥʮʠʠ.   

 

  

ʈʠʩ.3. ɼɼʉ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʟʨʝʟʝ ʠ ʚ ʧʣʘʥʝ: ɻʂ ï ʛʨʘ-

ʚʠʤʝʪʨʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ; ɻɻʈ ï ʛʣʫʙʠʥʥʳʡ ʛʝʦʜʝʟʠʯʝ-

ʩʢʠʡ ʨʝʧʝʨ; ʉɸʇ ï ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʡ ʧʨʠʝʤʥʠʢ; ʅ-ʉ 

ï ʥʘʢʣʦʥʦʤʝʨ-ʩʝʡʩʤʦʛʨʘʬ; ʄʉɼ ï ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ 

ʩʢʚʘʞʠʥʥʳʡ ʜʝʬʦʨʤʦʛʨʘʬ. 
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ʉʂɺɸɾʀʅʅɸʗ ʉʀʉʊɽʄɸ ʉɽʁʉʄʆɼɽʌʆʈʄɸʎʀʆʅʅʆɻʆ  

ʄʆʅʀʊʆʈʀʅɻɸ ɻɽʆɼʀʅɸʄʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ 
ʊʘʡʤʘʟʦʚ ɼ.ɻ.1,2, ʊʘʡʤʘʟʦʚ ʄ.ɼ.2 

1ɽʜʠʥʘʷ ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʩʣʫʞʙʘ ʈɸʅ, 2ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ɼʅʎ ʈɸʅ 

 
ʆʧʠʩʳʚʘʝʪʩʷ ʩʢʚʘʞʠʥʥʘʷ ʩʠʩʪʝʤʘ ʩʝʡʩʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʚʢʣʶʯʘʶʱʘʷ ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʘʚʪʦʨʘʤʠ ʥʘʢʣʦʥʦʤʝʨ-ʩʝʡʩʤʦʛʨʘʬ, ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʩʢʚʘʞʠʥʥʳʡ ʜʝʬʦʨʤʦʛʨʘʬ ʠ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʩʝʡ-

ʩʤʦʘʢʫʩʪʠʯʝʩʢʠʡ ʧʨʠʝʤʥʠʢ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚ ʛʝʦʬʠʟʠʢʝ ʠ ʜʣʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘʜ ʢʨʫʧʥʳʤʠ ʠʥʞʝʥʝʨʥʳʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʢʣʦʥʦʤʝʨ-ʩʝʡʩʤʦʛʨʘʬ, ʩʢʚʘʞʠʥʥʳʡ ʜʝʬʦʨʤʦʛʨʘʬ, ʨʝʟʦʥʘʥʩʥʳʡ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʡ 

ʧʨʠʝʤʥʠʢ, ʧʨʦʛʥʦʟ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʩʪʘʥʮʠʷ. 

 

BOREHOLE SYSTEM OF SEISMODEFORMATION 

MONITORING OF THE GEODYNAMIC PROCESSES 
Taimazov D.G.1,2, Taimazov M.D.2 

1Unified Geophysical Service of RAS, 2Geology Institute of DSC RAS 
 

A borehole seismic-deformation monitoring system is described, including developed by the authorstiltmeter-

seismograph, a multicomponent borehole deformograph and a broadband seismoacoustic receiver. The possibility of effec-

tive use of the system in geophysics and for engineering control over large engineering structures is shown. 

Keywords: tiltmeter-seismograph, borehole deformograph, resonant seismoacoustic receiver, earthquake prediction, 

deformation station. 

 

ɺʚʝʜʝʥʠʝ 

ʉʢʚʘʞʠʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʥʘʢʣʦʥʦʚ ʠ ʜʝʬʦʨʤʘʮʠʡ ʟʝʤʥʦʡ ʢʦʨʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʜʦʩʪʘʪʦʯ-

ʥʫʶ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʴ, ʩʚʷʟʘʥʥʫʶ ʩ ʤʘʣʦʡ ʙʘʟʦʡ ʧʨʠʙʦʨʦʚ, ʠʤʝʶʪ ʨʷʜ ʥʝʦʩʧʦʨʠʤʳʭ ʧʨʝ-

ʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʰʪʦʣʴʥʝʚʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ: ʦʥʠ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʳ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤ ʧʦ-

ʤʝʭʘʤ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʱʝ ʚ ʨʝʘʣʠʟʘʮʠʠ ʠ ʤʝʥʝʝ ʨʝʩʫʨʩʦʝʤʢʠ. ʇʨʠ ʥʘʙʣʶʜʝʥʠʷʭ ʟʘ ʪʝʢʪʦʥʠʯʝ-

ʩʢʠʤʠ ʥʘʢʣʦʥʘʤʠ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʩʪʫʧʘʝʪ ʪʨʝʙʦʚʘʥʠʝ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʫʣʷ ʠ 

ʮʝʥʳ ʜʝʣʝʥʠʷ ʧʨʠʙʦʨʦʚ. ʉʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʧʨʘʢʪʠʢʝ ʥʘʢʣʦʥʦʤʝʨʳ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʤʘʷʪʥʠʢʦʤ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ï ʅʘʢʣʦʥʦʤʝʨʳ ʆʩʪʨʦʚʩʢʦʛʦ ɸ.ɽ. [1] ï ʥʝ ʫʜʦ-

ʚʣʝʪʚʦʨʷʶʪ ʙʦʣʴʰʠʥʩʪʚʫ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʩʢʚʘʞʠʥʥʳʤ ʧʨʠʙʦʨʘʤ, ʘ ʥʘʠʙʦʣʝʝ 

ʙʣʠʟʢʠʡ ʢ ʧʨʝʜʣʘʛʘʝʤʦʤʫ ï ʩʢʚʘʞʠʥʥʳʡ ʜʝʬʦʨʤʦʛʨʘʬ ʉʘʢʩʘ-ʕʚʝʨʪʩʦʥʘ[2]ʠʟʤʝʨʷʝʪ ʪʦʣʴʢʦ 

ʦʙʲʝʤʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦʨʦʜ, ʘ ʣʠʥʝʡʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ ʦʩʪʘʶʪʩʷ ʥʝʠʟ-

ʚʝʩʪʥʳʤʠ. ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠ ʟʘʪʨʫʜʥʷʝʪ ʠʥʪʝʨʧʨʝʪʘʮʠʶ 

ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʘʷ ʩʢʚʘʞʠʥʥʘʷʩʠʩʪʝʤʘ ʩʝʡʩʤʦʜʝ-

ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ (ʉʉʉɼʄ), ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʘʟʨʘʙʦʪʢʘʭ ʘʚʪʦʨʦʚ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʡ ʩʪʨʫʥʥʳʡ ʥʘʢʣʦʥʦʤʝʨ [3,4], ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʶʱʠʡ ʪʘʢʞʝ ʬʫʥʢ-

ʮʠʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʝʡʩʤʦʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʩʢʚʘʞʠʥʥʳʡ ʜʝʬʦʨʤʦʛʨʘʬ 

[5,6].ɺ ʥʠʭ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʝʨʝʤʝʱʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʨʫʛʘʷ ʥʘʰʘ ʨʘʟʨʘʙʦʪʢʘï 

ɽʤʢʦʩʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʝʨʝʤʝʱʝʥʠʡ[7,8]. ɺ ʉʉʉɼʄ ʚʢʣʶʯʝʥ ʪʘʢʞʝ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ 

ʨʝʟʦʥʘʥʩʥʳʡ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʡ ʧʨʠʝʤʥʠʢ[9, 10], ʧʦ ʢʦʪʦʨʦʤʫ ʚ ʈʦʩʧʘʪʝʥʪ ʚ 2016 

ʛ.ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʚʝ ʟʘʷʚʢʠ ʥʘ ʠʟʦʙʨʝʪʝʥʠʷ ˉˉ 2016119719, 2016146872.  

 

ɼʚʫʭʢʦʦʨʜʠʥʘʪʥʳʡ ʩʪʨʫʥʥʳʡ ʥʘʢʣʦʥʦʤʝʨ 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʫʧʦʤʷʥʫʪʦʛʦ ʥʘʢʣʦʥʦʤʝʨʘ[1] ʦʪʥʦʩʷʪʩʷ ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʨʫʜʦʝʤ-

ʢʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʪʦʯʥʦʩʪʴ ʠ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ, ʤʘʣʘʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ (ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʪʦʣʴʢʦ ʚ ʦʜ-



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 4(71), 2017 
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ʥʦʤ ʘʟʠʤʫʪʝ) ʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʥʫʣʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʫʧʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʫʞʠʥʳ ʠ ʟʘʪʨʫʜʥʷʶʱʘʷ ʚʳʷʚʣʝʥʠʝ ʤʝʜʣʝʥʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʢʣʦʥʦʚ ʟʝʤʥʦʡ ʢʦʨʳ.  

ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʦʤ ʩʪʨʫʥʥʦʤ ʥʘʢʣʦʥʦʤʝʨʝ (ɼʉʅ) ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʜʚʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ï ʩʪʨʫʥʥʘʷ ʠ ʝʤʢʦʩʪʥʘʷ, ʥʘʩʪʨʦʝʥʥʳʝ ʥʘ ʨʘʟʥʳʝ, ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳ-

ʚʘʶʱʠʝʩʷ ʜʠʥʘʤʠʯʝʩʢʠʝ ʜʠʘʧʘʟʦʥʳ [3,4]. ʉʪʨʫʥʥʘʷ ʩʠʩʪʝʤʘ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʨʝʛʠʩʪʨʘʮʠʶ ʤʘʣʳʭ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʢʣʦʥʦʚ (ʨʝʞʠʤ ɼʉʅ), ʘ ʝʤʢʦʩʪʥʘʷ ï ʥʘ ʨʝʛʠʩʪʨʘʮʠʶ ʩʝʡʩʤʦʘʢʩʝʣʝʨʦʛʨʘʤʤ 

(ʨʝʞʠʤ ʪʨʝʭʢʦʦʨʜʠʥʘʪʥʦʛʦʩʝʡʩʤʦʘʢʩʝʣʝʨʦʤʝʪʨʘ ï ʊʉɸ). ʇʨʦʙʥʦʝ ʪʝʣʦ ʚʳʧʦʣʥʝʥʦ ʚ ʚʠʜʝ ʨʝ-

ʟʝʨʚʫʘʨʘ ʩ ʨʪʫʪʴʶ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʪʫʪʠ, ʚ ʥʝʛʦ ʢʦʥʬʦʨʤʥʦ ʧʦʤʝʱʝʥ 

ʙʝʟ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʥʠʤ ʞʝʩʪʢʠʡ ʚʥʫʪʨʝʥʥʠʡ ʨʝʟʝʨʚʫʘʨ, ʧʨʠʢʨʝʧʣʝʥʥʳʡ ʢ ʝʤʢʦʩʪʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ. ɻʠʙʢʘʷ ʦʩʝʚʘʷ ʪʷʛʘ, ʧʨʠʢʨʝʧʣʝʥʥʘʷ ʢ ʚʝʨʭʥʝʤʫ ʢʦʥʮʫ ʦʩʝʚʦʛʦ ʩʪʝʨʞ-

ʥʷ, ʧʨʠʥʠʤʘʝʪ ʥʘ ʩʝʙʷ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʩʠʣʳ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʨʪʫʪʠ ʥʘ ʚʥʝʰʥʠʡ ʨʝ-

ʟʝʨʚʫʘʨ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʨʘʟʛʨʫʞʘʶʪʩʷ ʪʝʥʟʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʠʭ ʥʘʪʷʞʝʥʠʷ ʧʨʠ ʥʘʢʣʦʥʘʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʫʩʢʦʨʝʥʠʷʭ, ʪ.ʝ. ʧʦʚʳʰʘʝʪʩʷ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʴ ʥʘʢʣʦʥʦʤʝʨʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ 

ʟʘʢʨʝʧʣʝʥʠʝʤ ʩʪʝʨʞʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʨʘʩʪʷʞʢʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ ʪʦʯʢʫ ʦʧʦʨʳ ʜʣʷ ʢʦʨʦ-

ʤʳʩʣʘ, ʢ ʜʣʠʥʥʦʤʫ ʧʣʝʯʫ ʢʦʪʦʨʦʛʦ ʧʨʠʢʨʝʧʣʝʥ ʚʥʝʰʥʠʡ ʨʝʟʝʨʚʫʘʨ, ʘ ʢ ʢʦʨʦʪʢʦʤʫ ʧʣʝʯʫ ï ʪʝʥ-

ʟʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦʜ ʦʩʪʨʳʤ ʫʛʣʦʤ ʢ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʥʘʢʣʦʥʦʤʝʨʘ. ɼʣʷ 

ʥʘʜʝʞʥʦʡ ʟʘʱʠʪʳ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪ ʩʝʡʩʤʠʯʝʩʢʠʭ ʫʜʘʨʦʚ ʠ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʚ 

ɼʉʅ ʧʨʝʜʫʩʤʦʪʨʝʥ ʘʨʨʝʪʠʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʧʘʨ ʧʴʝʟʦʵʣʝʤʝʥʪʦʚ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʟʘʞʘʪʦ 

ʧʨʦʙʥʦʝ ʪʝʣʦ. ʇʨʠ ʧʨʠʣʦʞʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʢ ʙʦʢʦʚʳʤ ʛʨʘʥʷʤ ʧʴʝʟʦʵʣʝʤʝʥʪʦʚ 

ʧʦʩʣʝʜʥʠʝ ʫʢʦʨʘʯʠʚʘʶʪʩʷ, ʦʩʚʦʙʦʞʜʘʷ ʧʨʦʙʥʦʝ ʪʝʣʦ (ʧʦʧʝʨʝʯʥʳʡ ʦʙʨʘʪʥʳʡ ʧʴʝʟʦʵʬʬʝʢʪ). ʇʦ-

ʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʥʘʧʨʷʞʝʥʠʝ ʚʳʢʣʶʯʘʝʪʩʷ, ʠ 

ʧʨʦʙʥʦʝ ʪʝʣʦ ʚʥʦʚʴ ʬʠʢʩʠʨʫʝʪʩʷ ʤʝʞʜʫ ʧʴʝʟʦʵʣʝʤʝʥʪʘʤʠ. 

ʅʘ ʨʠʩ.1 ʠʟʦʙʨʘʞʝʥ ʩʭʝʤʘʪʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ɼʉʅ. 

ɺ ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʤ ʢʦʨʧʫʩʝ 1 ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʘ 

ʞʝʩʪʢʠʭ ʢʦʥʬʦʨʤʥʳʭ ʨʝʟʝʨʚʫʘʨʘ 2 ʠ 3, ʟʘʟʦʨ ʤʝʞʜʫ ʢʦʪʦ-

ʨʳʤʠ ʟʘʧʦʣʥʝʥ ʨʪʫʪʴʶ 4. ʈʝʟʝʨʚʫʘʨ 2 ʯʝʨʝʟ ʞʝʩʪʢʦ ʧʨʠ-

ʢʨʝʧʣʝʥʥʳʡ ʢ ʥʝʤʫ ʩʪʝʨʞʝʥʴ 5 ʠ ʛʠʙʢʫʶ ʪʷʛʫ 6 ʩʦʝʜʠʥʝʥ 

ʩ ʚʝʨʭʥʠʤ ʦʩʥʦʚʘʥʠʝʤ ʢʦʨʧʫʩʘ. ʉʪʝʨʞʝʥʴ 5 ʟʘʬʠʢʩʠʨʦʚʘʥ 

ʥʘ ʦʩʠ ʧʨʠʙʦʨʘ ʜʚʫʤʷ ʧʘʨʘʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʨʘʩʪʷʞʝʢ 7. 

ʂ ʚʝʨʭʥʝʤʫ ʢʦʥʮʫ ʩʪʝʨʞʥʷ ʧʨʠʢʨʝʧʣʝʥʳ ʪʝʥʟʦʧʨʝʦʙʨʘʟʦ-

ʚʘʪʝʣʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʚʠʜʝ ʩʪʨʫʥ 8, ʧʨʦʭʦʜʷʱʠʭ ʤʝʞʜʫ 

ʧʦʣʶʩʘʤʠ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ 9. ʂʦʥʮʳ ʩʪʨʫʥ ʧʨʠʩʦ-

ʝʜʠʥʝʥʳ ʢ ʠʟʤʝʨʠʪʝʣʶ ʯʘʩʪʦʪ ʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

(ʥʘ ʨʠʩʫʥʢʝ ʥʝ ʧʦʢʘʟʘʥ). ʇʦʣʳʡ ʨʝʟʝʨʚʫʘʨ 3 ʯʝʨʝʟ ʞʝʩʪ-

ʢʫʶ ʨʘʤʢʫ 10, ʩʪʝʨʞʝʥʴ 11, ʞʝʩʪʢʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʜʠʩʢ 

12 ʠ ʜʚʫʭ ʧʘʨ ʞʝʩʪʢʠʭ ʧʨʫʞʠʥ 13, ʨʘʟʥʝʩʝʥʥʳʭ ʧʦ ʜʚʫʤ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ, ʧʨʠʢʨʝʧʣʝʥ ʢ ʢʦʨʧʫʩʫ 1. 

ʇʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʜʠʩʢʘ 12 ʫʩʪʘʥʦʚʣʝʥʳ 4 ʧʘʨʳ ʦʙʢʣʘʜʦʢ 

14, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʝʤʢʦʩʪʥʦʤʫ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʶ.  

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʫʛʣʘ ʥʘʢʣʦʥʘ ʢʦʨʧʫʩʘ ʥʘ ʪʘʢʫʶ ʞʝ 

ʚʝʣʠʯʠʥʫ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʠ ʧʨʠʙʦʨʘ ʠʟʤʝʥʷʶʪʩʷ ʠ ʫʛ-

ʣʳ ʥʘʢʣʦʥʘ ʩʠʣʳ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʜʝʡʩʪʚʫʶ-

ʱʝʡ ʩʦ ʩʪʦʨʦʥʳ ʨʪʫʪʠ 4 ʥʘ ʨʝʟʝʨʚʫʘʨ 2, ʠ ʚʳʪʘʣʢʠʚʘʶʱʝʡ 

ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʧʦʣʳʡ ʨʝʟʝʨʚʫʘʨ 3. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʵʪʦʛʦ ʠʟʤʝʥʷʶʪʩʷ ʧʦʧʝʨʝʯʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʵʪʠʭ ʩʠʣ, 

ʢʦʪʦʨʳʝ ʯʝʨʝʟ ʩʪʝʨʞʥʠ 5 ʠ 11 ʧʝʨʝʜʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
ʈʠʩ.1. ɺʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟʨʝʟ ɼʉʅ 



ʊʘʡʤʘʟʦʚ ɼ.ɻ., ʊʘʡʤʘʟʦʚ ʄ.ɼ. 

ʉʂɺɸɾʀʅʅɸʗ ʉʀʉʊɽʄɸ ʉɽʁʉʄʆɼɽʌʆʈʄɸʎʀʆʅʅʆɻʆ ʄʆʅʀʊʆʈʀʅɻɸ ɻɽʆɼʀʅɸʄʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ 
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ʩʪʨʫʥʘʤ 8, ʦʙʨʘʟʫʶʱʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʯʘʩʪʦʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʠ ʜʠʩʢʫ 12, ʷʚʣʷʶ-

ʱʝʡʩʷ ʨʦʪʦʨʥʦʡ ʦʙʢʣʘʜʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʝʤʢʦʩʪʥʦʛʦ ʜʘʪʯʠʢʘ 14. 

ɼʣʷ ʘʨʨʝʪʠʨʦʚʘʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʢ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʝʟʝʨʚʫʘʨʘ 2 ʧʨʠʚʘʨʝʥʘ 4-

ʭʛʨʘʥʥʘʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʨʠʟʤʘ 15, ʟʘʞʘʪʘʷ ʤʝʞʜʫ ʜʚʫʤʷ ʧʘʨʘʤʠ ʧʴʝʟʦʵʣʝʤʝʥʪʦʚ 16, ʥʘ ʙʦʢʦ-

ʚʳʝ ʛʨʘʥʠ ʢʦʪʦʨʳʭ ʥʘʢʣʝʝʥʳ ʨʘʟʥʦʠʤʝʥʥʳʝ ʵʣʝʢʪʨʦʜʳ 17 ʠ 18. 

ʉʫʤʤʘʨʥʦʝ ʠʟʤʝʥʝʥʠʝ ʥʘʪʷʞʝʥʠʷ ʧʨʦʪʠʚʦʣʝʞʘʱʠʭ ʩʪʨʫʥ 8 ʧʨʠ ʥʘʢʣʦʥʝ ʢʦʨʧʫʩʘ ʥʘ ʤʘ-

ʣʳʡ ʫʛʦʣ j ʚ ʧʣʦʩʢʦʩʪʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝʤ 
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ʛʜʝ d  ʠ -L ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ ʨʘʩʪʷʞʝʢ ʢ ʩʪʝʨʞʥʶ 5 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦ ʝʛʦ 

ʚʝʨʭʥʝʛʦ ʢʦʥʮʘ ʠ ʜʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʩʦʩʫʜʦʚ 2 ʠ 3, -w  ʫʛʦʣ ʤʝʞʜʫ ʩʪʨʫʥʘʤʠ ʠ ʚʝʨʪʠ-

ʢʘʣʴʥʦʡ ʦʩʴʶ ʧʨʠʙʦʨʘ, -V ʦʙʲʝʤ ʩʦʩʫʜʘ 3, -r ʧʣʦʪʥʦʩʪʴ ʨʪʫʪʠ, -g ʥʦʨʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʩʢʦ-

ʨʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ fD  ʠʟʤʝʥʝʥʠʝ ʨʘʟʥʦʩʪʥʦʡ ʯʘʩʪʦʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝ-

ʙʘʥʠʡ ʵʪʠʭ ʩʪʨʫʥ ʩʦʩʪʘʚʠʪ 
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ʛʜʝ -n ʯʘʩʪʦʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʪʨʫʥ 8 ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʤ ʥʘʪʷʞʝʥʠʠ f .  

ʇʨʠ =V 1500 ʩʤ3, 5=dL , 6,13=r  ʛ/ʩʤ3 (ʨʪʫʪʴ), =f 100 ɻ, 1,0sin =w  ( 06ºw ) ʠ ʜʦʩʪʠʛ-

ʥʫʪʦʡ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ nn/D ° 710-, ʨʘʩʯʝʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ j, ʚʳʯʠʩʣʝʥʥʘʷ 

ʧʦ ʬʦʨʤʫʣʝ (14), ʩʦʩʪʘʚʣʷʝʪ ° 6104 -Ö  ʫʛʣ. ʩʝʢ., ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʫʩʢʦʨʝʥʠʷʤ 

~2Ö10-11g. ɽʩʣʠ ʚʚʝʩʪʠ ʦʛʨʘʥʠʯʝʥʠʝ ff 01,0¢D , ʧʨʠ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʢʚʘʜʨʘʪʠʯʥʳʤʠ 

ʯʣʝʥʘʤʠ ʚ ʫʨʘʚʥʝʥʠʠ ʢʦʣʝʙʘʥʠʷ ʩʪʨʫʥʳ, ʪʦ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʠʪ °0,4 ʫʛʣ. ʩʝʢ. (~2Ö10-6 

g), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʜʠʘʧʘʟʦʥʫ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘʢʣʦʥʦʚ ʚ 100 ʜɹ. ɺ ʨʝʞʠʤʝ 

ɼʉʅ, ʚʚʠʜʫ ʤʘʣʦʡ ʥʦʤʠʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʩʪʨʫʥʳ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʡ 

ʠʭ ʯʘʩʪʦʪ, ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʜʨʝʡʬʘ ʥʫʣʷ ʩʪʨʫʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʠʯʪʦʞʥʦ ʤʘʣʦ. 

ʊʘʢ, ʝʩʣʠ ʜʨʝʡʬ ʥʫʣʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʠʥʷʪʴ ʨʘʚʥʳʤ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ 10-7 ʚ ʩʫʪʢʠ 

(ʢʘʢ ʚ ʩʪʨʫʥʥʳʭ ʛʨʘʚʠʤʝʪʨʘʭ), ʪʦ ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ ʜʨʝʡʬʫ ʥʫʣʷ ʥʘʢʣʦʥʦʤʝʨʘ ʤʝʥʝʝ 0±,3 ʚ ʛʦʜ. 

ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʠ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɼʉʅ ʚ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʘ ʚ ʦʧʠ-

ʩʘʥʥʦʤ ʚʳʰʝ ʚʘʨʠʦʤʝʪʨʝ. 

ɺʪʦʨʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩ ʝʤʢʦʩʪʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʩʠʣʴʥʦ ʟʘʛʨʫʙʣʝʥʘ ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʝʡʩʤʦʘʢʩʝʣʝʨʦʛʨʘʤʤ ʚ ʠʥʪʝʨʚʘʣʝ ʘʤʧʣʠʪʫʜ ʦʪ 1Ö10-6gʜʦ 2g, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʜʠʘʧʘʟʦʥʫ 120 ʜɹ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʠʡ ʜʠʥʘʤʠʯʝʩʢʠʡ 

ʜʠʘʧʘʟʦʥ ʥʘʢʣʦʥʦʤʝʨʘ ï ʩʝʡʩʤʦʛʨʘʬʘ ʩʦʩʪʘʚʠʪ 220 ʜɹ. ʇʨʠ ʨʘʙʦʪʝ ʚ ʨʝʞʠʤʝ ʊʉɸ ʩʪʨʫʥʥʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʘʨʨʝʪʠʨʦʚʘʥʘ: ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʥʷʪʠʝ ʘʨʨʝʪʠʨʦʚʢʠ ʧʨʝʜʫʩʤʦʪʨʝʥʦ 

ʪʦʣʴʢʦ ʥʘ ʚʨʝʤʷ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘʢʣʦʥʦʚ. ʕʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʦʜʘʯʠ ʥʘ ʵʣʝʢʪʨʦʜʳ 17 ʠ 18 

ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʪʘʢʦʡ ʚʝʣʠʯʠʥʳ ʠ ʧʦʣʷʨʥʦʩʪʠ, ʯʪʦʙʳ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʝʨʞʥʠ 16 

ʫʢʦʨʦʪʠʣʠʩʴ ʠ ʦʩʚʦʙʦʜʠʣʠ ʧʨʦʙʥʦʝ ʪʝʣʦ (ʨʝʟʝʨʚʫʘʨ 2). ɾʝʩʪʢʦʩʪʴ ʧʨʫʞʠʥ 13 ʧʦʜʦʙʨʘʥʘ ʪʘʢ, 

ʯʪʦʙʳ ʩʤʝʱʝʥʠʷ ʨʝʟʝʨʚʫʘʨʘ 3 ʧʨʠ ʙʦʢʦʚʳʭ ʫʩʢʦʨʝʥʠʷʭ ʚ 2g ʥʝ ʧʨʝʚʳʰʘʣʠ ~1 ʤʤ ʧʨʠ ʟʘʟʦʨʝ 

ʤʝʞʜʫ ʩʪʝʥʢʘʤʠ ʨʝʟʝʨʚʫʘʨʦʚ ʚ 2 ʤʤ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ, ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷ-

ʶʱʠʭ ʫʩʢʦʨʝʥʠʡ, ʚ ʧʣʝʯʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʝʤʢʦʩʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚʢʣʶʯʘʶʪʩʷ ʧʨʦ-

ʪʠʚʦʣʝʞʘʱʠʝ ʚ ʜʘʥʥʦʤ ʘʟʠʤʫʪʝ ʦʙʢʣʘʜʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʧʦ ʦʜʥʫ ʩʪʦʨʦʥʫ ʦʪ ʧʣʘʩʪʠʥʳ 12 (ʚʝʨʭ-

ʥʷʷ ʠʣʠ ʥʠʞʥʷʷ ʧʘʨʘ), ʘ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ï ʣʶʙʦʝ ʯʠʩʣʦ ʠʟ 4-ʭ ʧʘʨ 

ʧʨʦʪʠʚʦʣʝʞʘʱʠʭ ʦʙʢʣʘʜʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʪ ʧʣʘʩʪʠʥʳ 12. ɺʦʟʤʦʞʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʩʚʝʨʭʫ ʨʘʙʦʯʝʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʜʝʤʧʬʠʨʦʚʘʥʠʝʤ ʢʦʣʝʙʘʥʠʡ ʨʘʙʦ-

ʯʝʡ ʞʠʜʢʦʩʪʴʶ, ʤʦʛʫʪ ʙʳʪʴ ʚʳʷʚʣʝʥʳ ʪʦʣʴʢʦ ʥʘ ʵʪʘʧʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʟʮʘ 

ʧʨʠʙʦʨʘ. 
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ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʩʢʚʘʞʠʥʥʳʡ ʜʝʬʦʨʤʦʛʨʘʬ  

ʀʟʚʝʩʪʥʳʡ ʩʢʚʘʞʠʥʥʳʡ ʜʝʬʦʨʤʦʛʨʘʬ ʉʘʢʩʘ-ʕʚʝʨʪʩʦʥʘ[2] ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʫʩʠʣʠʪʝ-

ʣʝʤ ʠʟʤʝʨʷʝʤʳʭ ʜʝʬʦʨʤʘʮʠʡ ʦʧʨʝʜʝʣʷʝʪ ʪʦʣʴʢʦ ʦʙʲʝʤʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ 

ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʧʦʨʷʜʢʘ °10-10. ɺ ʨʘʙʦʪʘʭ [5,6] ʥʘʤʠ ʙʳʣʦ ʧʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʚʧʨʝʜʣʦʞʝʥʥʦʤ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʤ ʩʢʚʘʞʠʥʥʦʤʜʝʬʦʨʤʦʛʨʘʬʝ (ʄʉɼ) ʫʤʝʥʴʰʠʚ ʟʘ 

ʩʯʝʪ ʦʪʢʘʟʘ ʦʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʩʠʣʝʥʠʷ ʨʘʩʯʝʪʥʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ, 

ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ (ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ) ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʦʤʝʭʦ-

ʟʘʱʠʱʝʥʥʦʩʪʴ ʧʨʠʙʦʨʘ, ʨʘʩʰʠʨʠʚ ʪʝʤ ʩʘʤʳʤ ʦʙʣʘʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʫʧʨʦʩʪʠʪʴ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʶ. ɼʘʣʝʝ ʢʨʘʪʢʦ ʦʧʠʩʳʚʘʶʪʩʷ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠ ʨʘʩʯʝʪ-

ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄʉɼ. ʅʘ ʨʠʩ.2 ʧʦʢʘʟʘʥ ʝʛʦ ʚʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟʨʝʟ. 

ɺ ʛʝʨʤʝʪʠʟʠʨʦʚʘʥʥʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʢʦʨʧʫʩʝ 1 

ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ  ʩ ʨʘʟʥʦʩʦʤ ʚʜʦʣʴ ʝʛʦ ʦʩʠ ʧʝʨ-

ʧʝʥʜʠʢʫʣʷʨʥʦ ʝʡ ʨʘʟʤʝʱʝʥʳ ʪʨʠ ʪʨʝʭʘʟʠʤʫʪʘʣʴʥʳʭ 

ʠʟʤʝʨʠʪʝʣʷ ʜʝʬʦʨʤʘʮʠʡ (ʊʀɼ) ʩ ʝʤʢʦʩʪʥʳʤʠ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʷʤʠ ʧʝʨʝʤʝʱʝʥʠʡ (ɽʇʇ) [7,8], ʨʘʩʧʦʣʦʞʝʥʥʳ-

ʤʠ ʧʦʜ ʫʛʣʦʤ 1200ʜʨʫʛ ʢ ʜʨʫʛʫ, ʘ ʫ ʜʥʘ ʢʦʨʧʫʩʘ, ʚʳ-

ʧʦʣʥʝʥʥʦʛʦ ʚ ʚʠʜʝ ʚʳʧʫʢʣʦʡ ʧʦʣʫʩʬʝʨʳ 2, ʫʩʪʘʥʦʚʣʝʥ 

ʠʟʤʝʨʠʪʝʣʴ ʝʛʦ ʦʩʝʚʳʭ ʜʝʬʦʨʤʘʮʠʡ, ʪʘʢʞʝ ʩʥʘʙʞʝʥʥʳʡ 

ɽʇʇ. ʈʦʪʦʨʥʳʝ ʦʙʢʣʘʜʢʠ ɽʇʇ ʚʩʝʭ ʪʨʝʭ ʊʀɼ ʚ ʢʘʞ-

ʜʦʤ ʘʟʠʤʫʪʝ ʥʘʥʝʩʝʥʳ ʥʘ ʦʙʱʫʶ ʧʣʦʩʢʫʶ ʜʠʵʣʝʢ-

ʪʨʠʯʝʩʢʫʶ ʧʦʜʣʦʞʢʫ 3, ʧʨʠʢʨʝʧʣʝʥʥʫʶ ʢ ʦʜʥʦʡ ʠʟ ʪʦ-

ʯʝʢ ʚʥʫʪʨʝʥʥʝʡ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ ʚ ʝʛʦ 

ʩʨʝʜʥʝʡ ʯʘʩʪʠ. ʂ ʜʠʘʤʝʪʨʘʣʴʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʪʦʯ-

ʢʝ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ ʧʨʠʢʨʝʧʣʝʥʳ ʧʦʜ-

ʣʦʞʢʠ ʩʪʘʪʦʨʥʳʭ ʦʙʢʣʘʜʦʢ ɽʇʇ 4 ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ 

ʊʀɼ (ʩʯʠʪʘʷ ʦʪ ʢʨʳʰʢʠ ʢʦʨʧʫʩʘ). ʉʪʘʪʦʨʥʳʝ ʦʙʢʣʘʜʢʠ 

5 ɽʇʇ ʪʨʝʪʴʝʛʦ ʊʀɼ  ʟʘʢʨʝʧʣʝʥʳ ʚ ʢʘʞʜʦʤ ʘʟʠʤʫʪʝ ʥʘ 

ʦʜʥʦʡ ʦʙʨʘʟʫʶʱʝʡ ʩ ʨʦʪʦʨʥʦʡ ʦʙʢʣʘʜʢʦʡ ʩ ʨʘʟʥʦʩʦʤ 

ʚʜʦʣʴ ʦʩʠ ʮʠʣʠʥʜʨʘ, ʘ ʚ ʠʟʤʝʨʠʪʝʣʝ ʦʩʝʚʳʭ ʜʝʬʦʨʤʘ-

ʮʠʡ ʨʦʪʦʨʥʘʷ ʦʙʢʣʘʜʢʘ 6 ʧʨʠʢʨʝʧʣʝʥʘ ʢ ʩʝʨʝʜʠʥʝ ʧʦʣʫ-

ʩʬʝʨʳ 2, ʘ ʩʪʘʪʦʨʥʘʷ 7 ï ʢ ʙʦʢʦʚʦʡ ʩʪʝʥʢʝ ʮʠʣʠʥʜʨʘ 1. 

ʅʘ ʢʘʞʜʫʶ ʨʦʪʦʨʥʫʶ ʦʙʢʣʘʜʢʫ ʧʨʠʭʦʜʠʪʩʷ ʧʦ ʜʚʝ ʩʪʘ-

ʪʦʨʥʳʝ ʦʙʢʣʘʜʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ 

ʦʪ ʥʝʝ. ʂʘʞʜʘʷ ʠʟ ʥʠʭ ʩʦʩʪʦʠʪ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʟ ʜʚʫʭ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʧʘʢʝʪʦʚ 8-9, 10-11, 12-13 ʠ 14-15 (ʥʘ 

ʨʠʩ.2 ʧʦʢʘʟʘʥʳ ʪʦʣʴʢʦ ʙʣʠʞʥʠʝ ʠʟ ʥʠʭ) ʵʣʝʢʪʨʠʯʝʩʢʠ 

ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʠʟʤʝʨʷ-

ʝʤʳʤ ʧʝʨʝʤʝʱʝʥʠʷʤ ʫʟʢʠʭ ʧʦʣʦʩʦʢ ʩ ʪʝʤʠ ʞʝ ʰʠʨʠ-

ʥʘʤʠ ʠ ʧʨʦʤʝʞʫʪʢʘʤʠ, ʯʪʦ ʠ ʚ ʨʦʪʦʨʥʦʡ ʦʙʢʣʘʜʢʝ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʠʟʣʦʞʝʥʠʷ, ʥʝ ʧʦʢʘʟʘʥʥʳʝ ʥʘ 

ʨʠʩ.2 ʧʘʢʝʪʳ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ 8/-9/, 10/-11/, 12/-13/ ʠ 14/-15/. ʇʨʦʪʠʚʦʣʝʞʘʱʠʝ ʜʨʫʛ ʜʨʫʛʫ ʧʘʢʝʪʳ 

8-8/, 9-9/, 10-10/, 11-11/, 12-12/, 13-13/, 14-14/ ʠ 15-15/ ʟʝʨʢʘʣʴʥʦ ʠʜʝʥʪʠʯʥʳ, ʪ.ʝ. ʥʝ ʩʜʚʠʥʫʪʳ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʩʤʝʞʥʳʝ ʧʘʢʝʪʳ ʩʜʚʠʥʫʪʳ ʚ ʧʣʦʩʢʦʩʪʠ ʦʙʢʣʘʜʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ 

ʜʨʫʛʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʧʦʣʦʩʢʘʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʟʤʝʨʷʝʤʳʭ ʧʝʨʝʤʝʱʝʥʠʡ) ʥʘ ʰʠ-

ʨʠʥʫ ʧʦʣʦʩʢʠ, ʠ ʦʙʝ ʚʤʝʩʪʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʜʚʠʥʫʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʩʦʢ ʨʦʪʦʨʥʦʡ ʦʙʢʣʘʜʢʠ 

ʥʘ ʧʦʣʦʚʠʥʫ ʰʠʨʠʥʳ ʧʦʣʦʩʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʠʩʭʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʚʩʝ ʧʦʣʦʩʢʠ ʩʪʘʪʦʨʥʳʭ 

ʦʙʢʣʘʜʦʢ ʧʝʨʝʢʨʳʚʘʶʪ ʧʦʣʦʩʢʠ ʨʦʪʦʨʥʳʭ ʦʙʢʣʘʜʦʢ ʥʘ ʧʦʣʦʚʠʥʫ ʠʭ ʰʠʨʠʥʳ. 

ʈʠʩ. 2. ʚʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟʨʝʟ ʄʉɼ 



ʊʘʡʤʘʟʦʚ ɼ.ɻ., ʊʘʡʤʘʟʦʚ ʄ.ɼ. 
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ʂʘʞʜʘʷ ʧʘʨʘ ʩʪʘʪʦʨʥʳʭ ʦʙʢʣʘʜʦʢ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʊʀɼ ʚʤʝʩʪʝ ʩ ʦʙʱʝʡ ʨʦʪʦʨʥʦʡ ʦʙ-

ʢʣʘʜʢʦʡ ʧʦʜʩʦʝʜʠʥʝʥʳ ʢ ʜʚʫʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʠʟʤʝʨʠʪʝʣʷʤ ʝʤʢʦʩʪʝʡ ʨʘʟʥʦʛʦ ʪʠʧʘ (ʥʝ ʧʦ-

ʢʘʟʘʥʳ), ʧʝʨʚʳʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʩ ʠʟʤʝʥʷʝʤʦʡ ʧʣʦʱʘʜʴʶ ʧʝʨʝʢʨʳʪʠʷ 

ʦʙʢʣʘʜʦʢ, ʘ ʚʪʦʨʦʡ ï ʩ ʠʟʤʝʥʷʝʤʳʤ ʟʘʟʦʨʦʤ ʤʝʞʜʫ ʦʙʢʣʘʜʢʘʤʠ.  

ʂ ʢʘʞʜʦʤʫ ʧʣʝʯʫ ʧʝʨʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʜʢʣʶʯʝʥʳ ʚʤʝʩʪʝ ʦʜʠʥʘʢʦʚʦ ʩʜʚʠʥʫʪʳʝ 

ʧʨʦʪʠʚʦʣʝʞʘʱʠʝ ʧʘʨʳ ʧʘʢʝʪʦʚ ʩʪʘʪʦʨʥʳʭ ʦʙʢʣʘʜʦʢ (10-10/, 11-11/, 12-12/, 13-13/), ʘ ʢ ʢʘʞʜʦʤʫ 

ʧʣʝʯʫ ʚʪʦʨʦʛʦ ï ʧʘʨʳ ʩʤʝʞʥʳʭ ʧʘʢʝʪʦʚ 10-11, 12-13, 10/-11/, 12/-13/. ʂʘʞʜʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

(ʠʭ ʚʩʝʛʦ 16) ʠʤʝʝʪ ʦʪʜʝʣʴʥʫʶ ʧʣʘʪʫ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʦʪʩʝʢʝ, ʧʦʜʢʣʶʯʝʥʥʫʶ ʢ ʦʙʱʝʤʫ ʩʪʘʙʠʣʠ-

ʟʠʨʦʚʘʥʥʦʤʫ ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ. ʇʦʜʟʘʨʷʜʢʘ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʠ ʧʝʨʝʜʘʯʘ ʮʠʬʨʦʚʦʡ ʚʳʭʦʜʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʥʘʟʝʤʥʫʶ ʩʪʘʥʮʠʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʢʘʙʝʣʴ 16. ʄʉɼ, ʢʘʢ ʠ ʠʟʚʝʩʪʥʳʡ ʘʥʘ-

ʣʦʛ [2], ʟʘʮʝʤʝʥʪʠʨʦʚʘʥ ʚ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʚ ʜʥʦ ʩʢʚʘʞʠʥʳ, ʚ ʪʝʣʦ ʧʣʦʪʠʥʳ, ʚ ʩʪʝʥʫ ʩʦʦʨʫ-

ʞʝʥʠʷ ʠ ʪ.ʧ.) ʩ ʧʦʤʦʱʴʶ ʨʘʩʰʠʨʷʶʱʝʛʦʩʷ ʧʨʠ ʟʘʩʪʳʚʘʥʠʠ ʮʝʤʝʥʪʘ.  

ʄʉɼ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ.  

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʣʠʥʝʡʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʪʨʝʭ ʢʦʦʨʜʠʥʘʪʘʭ ʠ/ʠʣʠ ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ 

ʚ ʪʨʝʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ ʦʙʲʝʢʪʘ ʥʘʙʣʶʜʝʥʠʷ (ʟʝʤʥʦʡ ʢʦʨʳ ʠʣʠ ʠʥʞʝʥʝʨʥʦʛʦ ʩʦʦʨʫ-

ʞʝʥʠʷ) ʙʦʢʦʚʳʝ ʩʪʝʥʢʠ ʩʪʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ 1 ʠ ʧʦʣʫʩʬʝʨʘ 2 ʜʝʬʦʨʤʠʨʫʶʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠʟʤʝʥʝʥʠʷʤ ʝʤʢʦʩʪʝʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʨʘʟʥʳʤʠ ʧʘʨʘʤʠ ʩʪʘʪʦʨʥʳʭ ʦʙʢʣʘʜʦʢ ʩ 

ʨʦʪʦʨʥʦʡ ʦʙʢʣʘʜʢʦʡ ʠ ʠʟʤʝʨʷʝʤʳʭ ʫʧʦʤʷʥʫʪʳʤʠ 16-ʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ-

ʤʠ. ɺʝʣʠʯʠʥʘ ʠ ʟʥʘʢ ʠʟʤʝʥʝʥʠʡ ʧʦʢʘʟʘʥʠʡ ɽʇʇ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʝʣʠʯʠʥʝ, ʟʥʘʢʝ, 

ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʭʘʨʘʢʪʝʨʝ ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʩʠʣ. ɿʥʘʷ ʦʨʠʝʥʪʘʮʠʶ ʄʉɼ ʚ ʩʢʚʘʞʠʥʝ ʠ ʧʦʢʘʟʘʥʠʷ 

ʚʩʝʭ ɽʇʇ ʤʦʞʥʦ ʨʝʰʠʪʴ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ ï ʦʧʨʝʜʝʣʠʪʴ ʜʚʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠ ʚʝʨʪʠʢʘʣʴʥʫʶ 

ʣʠʥʝʡʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʠʟʤʝʨʷʝʤʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʦʙʲʝʤʥʫʶ ʜʝʬʦʨʤʘʮʠʶ, ʩʜʚʠʛʦʚʫʶ ʜʝʬʦʨ-

ʤʘʮʠʶ ʚ ʪʨʝʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ, ʘ ʪʘʢʞʝ ʜʝʬʦʨʤʘʮʠʶ ʢʨʫʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʮʠ-

ʣʠʥʜʨʘ. 

ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʣʠʥʝʡʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ɽʇʇ ʨʘʙʦʪʘʶʪ ʚ ʨʝʞʠʤʝ ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩ ʠʟʤʝʥʷʝʤʦʡ ʧʣʦʱʘʜʴʶ ʧʝʨʝʢʨʳʪʠʷ ʦʙʢʣʘʜʦʢ (ʨʝʞʠʤ ʀʇ), ʚ ʢʦʪʦʨʦʤ ʚʤʝʩʪʝ ʩ 

ʨʦʪʦʨʥʦʡ ʦʙʢʣʘʜʢʦʡ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʧʘʢʝʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 10-10/, 11-11/, 14-14/ ʠ 15-15/ (ʧʘʢʝ-

ʪʳ 14/ ʠ15/ ʥʝ ʧʦʢʘʟʘʥʳ), ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʚʢʣʶʯʝʥʥʳʝ ʚ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʳʝ ʧʣʝʯʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʦʧʝʨʝʯʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʨʦʪʦʨʥʳʭ ʦʙʢʣʘʜʦʢ 

ʤʝʞʜʫ ʵʪʠʤʠ ʧʘʨʘʤʠ ʩʪʘʪʦʨʥʳʭ ʦʙʢʣʘʜʦʢ (ʧʘʢʝʪʦʚ) ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ ʠʭ ʩʫʤʤʘʨʥʳʭ 

ʝʤʢʦʩʪʝʡ, ʪ.ʝ. ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʨʝʛʠʩʪʨʠʨʫʶʪ ʪʦʣʴʢʦ ʧʨʦʜʦʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʚʜʦʣʴ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʘʟʠʤʫʪʦʚ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʧʝʨʝʯʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʦʪʠʚʦʣʝʞʘʱʠʭ ʪʦʯʝʢ ʢʨʝʧʣʝʥʠʷ ʨʦʪʦʨʥʳʭ 3 ʠ ʩʪʘʪʦʨʥʳʭ 4 ʦʙʢʣʘʜʦʢ (ʈʠʩ. 

ʈʠʩ. 3. ʉʭʝʤʘ ʜʝʡʩʪʚʠʷ ʥʘ ʄʉɼ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʣʠʥʝʡʥʳʭ ʜʝʬʦʨʤʘʮʠʡ 

ʈʠʩ. 4. ʉʭʝʤʘ ʜʝʡʩʪʚʠʷ ʥʘ ʄʉɼ  

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ 
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2), ʦʙʫʩʣʦʚʣʠʚʘʝʤʳʭ ʩʜʚʠʛʦʚʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʧʦʨʦʜ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, 

ʚ ʧʣʝʯʠ ɽʇʇ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʨʝʞʠʤʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʠʟʤʝʥʷʝʤʳʤ ʟʘʟʦʨʦʤ (ʨʝʞʠʤ ʀɿ), 

ʚʢʣʶʯʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ʧʘʢʝʪʳ 10-11 ʠ 10/-11/. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʨʘʜʠʘʣʴʥʳʭ ʦʪ-

ʥʦʩʠʪʝʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʣʝʞʘʱʠʭ ʥʘ ʦʜʥʦʡ ʦʙʨʘʟʫʶʱʝʡ ʪʦʯʝʢ 

ʢʨʝʧʣʝʥʠʷ ʨʦʪʦʨʥʳʭ 3 ʠ ʩʪʘʪʦʨʥʳʭ 5 ʦʙʢʣʘʜʦʢ, ʦʙʫʩʣʦʚʣʠʚʘʝʤʳʭ ʩʜʚʠʛʦʚʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ 

ʧʦʨʦʜ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʚ ʧʣʝʯʠ ɽʇʇ ʚʢʣʶʯʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠ-

ʥʝʥʥʳʝ ʧʘʢʝʪʳ 12-12/ ʠ 13-13/ (ʚ ʨʝʞʠʤʝ ʀʇ), ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ʧʘʢʝʪʳ 12-13 ʠ 

12/-13/ (ʚ ʨʝʞʠʤʝ ʀɿ). ʂʨʦʤʝ ʪʦʛʦ, ʚʢʣʶʯʠʚ ʚ ʧʣʝʯʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʪʨʝʪʴʝʛʦ ʊʀɼ ʚ ʨʝʞʠʤʝ 

ʀɿʚʩʝ ʪʨʠ ʧʘʨʳ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʧʘʢʝʪʦʚ 12-13, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ 12/-13/ ï ʩ ʜʨʫʛʦʡ, 

ʚʤʝʩʪʝ ʩ ʦʙʱʝʡ ʨʦʪʦʨʥʦʡ ʦʙʢʣʘʜʢʦʡ 3, ʤʦʞʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʜʝʬʦʨʤʘʮʠʶ ʢʨʫʯʝʥʠʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʄʉɼ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʦʩʝʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʜʚʠʛʦʚʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ 

ʜʘʥʥʦʤ ʘʟʠʤʫʪʝ, ʪ.ʝ. ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʦʩʴ ʮʠʣʠʥʜʨʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨ-

ʥʦ ʘʟʠʤʫʪʫ, ʚ ʧʣʝʯʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʨʝʞʠʤʝ ʀʇ ʚʢʣʶʯʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ʧʘ-

ʢʝʪʳ 8-8/ ʠ 9-9/ (ʧʘʢʝʪʳ 8/ ʠ 9/ʥʝ ʧʦʢʘʟʘʥʳ). 

ɺʝʣʠʯʠʥʘ leʠ ʘʟʠʤʫʪ ʧʨʦʩʪʠʨʘʥʠʷ jʤʘʢʩʠʤʘʣʴʥʳʭ ʣʠʥʝʡʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʦ ʩʦʦʪʥʦʰʝʥʠʷʤ [6] 
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ʛʜʝ -321 ,, eee  ʠʟʤʝʨʝʥʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦ 3 ʘʟʠʤʫʪʘʤ, -n ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʜʣʷ ʮʠ-

ʣʠʥʜʨʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʠʣʠ ʧʨʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʘʢʝʪʘ ʄʉɼ ʠʣʠ 

ʧʦ ʘʥʘʣʠʟʫ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʠʤ ʚ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠʣʠʚʥʳʭ ʜʝʬʦʨʤʘʮʠʡ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩʨʝʜʳ Ve, ʚ ʢʦʪʦʨʫʶ ʫʩʪʘʥʦʚʣʝʥ ʄʉɼ (ʤʘʩʩʠʚ 

ʛʦʨʥʳʭ ʧʦʨʦʜ, ʪʝʣʦ ʧʣʦʪʠʥʳ ʠ ʪ.ʧ.), ʥʝʦʙʭʦʜʠʤʦ ʝʱʝ ʟʥʘʪʴ ʚʝʣʠʯʠʥʫ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʣʠʥʝʡʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʮʠʣʠʥʜʨʘ Rzz D=e , ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʤʝʨʠʪʝʣʝʤ ʦʩʝ-

ʚʳʭ ʜʝʬʦʨʤʘʮʠʡ. ɿʜʝʩʴ -Dz ʠʟʤʝʨʷʝʤʳʝ ɽʇʇ ʦʩʝʚʳʝ ʧʝʨʝʤʝʱʝʥʠʷ, -R ʨʘʜʠʫʩ ʧʦʣʫʩʬʝʨʳ, 

ʩʦʚʧʘʜʘʶʱʠʡ ʩ ʨʘʜʠʫʩʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʄʉɼ (ʙʘʟʘ ʠʟʤʝʨʠʪʝʣʷ ʜʝʬʦʨʤʘʮʠʡ). ɺ ʥʘʰʝʤ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʦʧʝʨʝʯʥʘʷ ʞʝʩʪʢʦʩʪʴ ʙʦʢʦʚʳʭ ʩʪʝʥʦʢ ʮʠʣʠʥʜʨʘ ʠ ʧʨʦʜʦʣʴʥʘʷ (ʚʜʦʣʴ ʦʩʠ) ʞʝʩʪ-

ʢʦʩʪʴ ʧʦʣʫʩʬʝʨʳ ʧʦʜʦʙʨʘʥʳ ʨʘʚʥʳʤʠ ʞʝʩʪʢʦʩʪʠ ʚʤʝʱʘʶʱʝʡ ʩʨʝʜʳ, ʜʣʷ ʠʟʤʝʨʷʝʤʳʭ ʦʙʲʝʤ-

ʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʩʨʝʜʳ, ʢʦʪʦʨʳʝ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʥʝ ʧʨʝʚʳʰʘʶʪ 10-4, ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ 

=+= zSV eee
zeeee -++- )(

3

2
321 .  (6) 

(ʃʠʥʝʡʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʩʞʘʪʠʷ ʧʨʠʥʷʪʳ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ). 

ʃʠʥʝʡʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ, ʦʯʝʚʠʜʥʦ, ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʩʦ-

ʦʪʥʦʰʝʥʠʡ jee cosÖ= lx  ʠ jee sinÖ= ly  (ʩʤ. ʨʠʩ.3). 

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʧʝʨʧʝʥ-

ʜʠʢʫʣʷʨʥʳʭ ʦʙʢʣʘʜʢʘʤ ɽʇʇ, ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʨʝʥʳ ʩ ʧʦʤʦʱʴʶ ʪʝʭ ʞʝ ɽʇʇ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝ-

ʞʠʤʝ ʀɿ. ɺʝʣʠʯʠʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʜʚʠʛʦʚʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ^

te, ʘ ʪʘʢʞʝ a2sin  ʠ a2cos , ʧʦ ʢʦʪʦʨʳʤ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʘʟʠʤʫʪ ʧʨʦʩʪʠʨʘʥʠʷ ʧʣʦʩʢʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʜʚʠʛʦʚʦʡ ʜʝʬʦʨʤʘʮʠʠ a, ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ 

 



ʊʘʡʤʘʟʦʚ ɼ.ɻ., ʊʘʡʤʘʟʦʚ ʄ.ɼ. 

ʉʂɺɸɾʀʅʅɸʗ ʉʀʉʊɽʄɸ ʉɽʁʉʄʆɼɽʌʆʈʄɸʎʀʆʅʅʆɻʆ ʄʆʅʀʊʆʈʀʅɻɸ ɻɽʆɼʀʅɸʄʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ 
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ʛʜʝ 1dD , 2dD  ʠ -D 3d ʠʟʤʝʨʝʥʥʳʝ ʧʦ ʪʨʝʤ ʘʟʠʤʫʪʘʤ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʩʜʚʠʛʦʚʳʭ ʜʝ-

ʬʦʨʤʘʮʠʡ. ɼʝʬʦʨʤʘʮʠʠ ʩʜʚʠʛʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ -

te  ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝ-

ʨʝʥʳ, ʚʢʣʶʯʠʚ ʚ ʧʣʝʯʠ ɽʇʇ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ʧʘʢʝʪʳ 12-12/ ʠ 13-13/(ʚ ʨʝʞʠʤʝ ʀʇ), 

ʠʣʠ 12-13 ʠ 12/-13/ (ʚ ʨʝʞʠʤʝ ʀɿ).ʆʙʦʟʥʘʯʠʚ ʚʳʟʚʘʥʥʳʝ -

te  ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʨʦʜʦʣʴʥʳʝ ʧʝʨʝ-

ʤʝʱʝʥʠʷ ʩʪʘʪʦʨʥʳʭ ʠ ʨʦʪʦʨʥʳʭ ʦʙʢʣʘʜʦʢ ʢʘʞʜʦʛʦ ʠʟ ʪʨʝʭ ɽʇʇ, ʠʟʤʝʨʷʝʤʳʝ ʚ ʨʝʞʠʤʝ ʀʇ, ʯʝ-

ʨʝʟ 
1lD , 2lD , 3lD ,ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦʘʟʠʤʫʪ ʧʝʨʝʤʝʱʝʥʠʡ a, ʠʟʚʝʩʪʝʥʳʡ ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ 

(8,9),ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʘʟʠʤʫʪʫ ʧʨʦʩʪʠʨʘʥʠʷ ʧʣʦʩʢʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘ-

ʮʠʡ ʠ ʥʘʧʨʘʚʣʝʥ ʧʦʜ ʫʛʣʦʤ ap -2  ʢ ʦʩʠ x,ʧʦʣʫʯʠʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ -

te  ʪʨʠ ʩʦʦʪʥʦʰʝʥʠʷ[6], 

ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʶʙʦʡ, ʥʘʧʨʠʤʝʨ  
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ɸʥʘʣʦʛʠʯʥʦ,ʧʦ ʦʜʥʦʤʫ ʠʟ ʠʟʤʝʨʝʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʤʝʱʝʥʠʡ 1zD , 2zD , 

3zD , ʚʳʟʚʘʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ 
I
te, ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʝ ʚʝʣʠ-
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ʇʦ ʥʘʡʜʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ -

te  ʠ Ite ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʘʥʛʝʥʩ ʫʛʣʘ ʧʘʜʝʥʠʷ bʧʣʦʩʢʦʩʪʠ 

ʥʘʠʙʦʣʴʰʠʭ ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ. ʇʨʠRl 2= , ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ (10,11) ʧʦʣʫʯʘʝʤ 
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ʈʘʟʫʤʝʝʪʩʷ, btg  ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠ ʧʦ ʜʘʥʥʳʤ ʜʨʫʛʠʭ ʧʘʨ ɽʇʇ, ʣʝʞʘʱʠʭ ʚ ʦʜʥʦʤ ʘʟʠ-

ʤʫʪʝ: 11 lztg DD=b , 33 lztg DD=b . 

ɿʥʘʷ ^

te , -

te  ʠ Ite, ʦʯʝʚʠʜʥʦ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ te. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʄʉɼ ʤʦʞʝʪ ʠʟʤʝʨʷʪʴ ʣʠʥʝʡʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʪʨʝʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʢʦʦʨ-

ʜʠʥʘʪʘʭ xe , ye , ze, ʦʙʲʝʤʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʚʤʝʱʘʶʱʝʡ ʩʨʝʜʳ Ve , ʚʝʣʠʯʠʥʫ ʠ ʥʘʧʨʘʚʣʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ te, ʘʟʠʤʫʪ ʧʨʦʩʪʠʨʘʥʠʷ a ʠ ʫʛʦʣ ʧʘʜʝʥʠʷ b ʧʣʦʩʢʦʩʪʠ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ (b ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ), ʘ ʪʘʢ-

ʞʝ ʜʝʬʦʨʤʘʮʠʶ ʢʨʫʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʄʉɼ. 

 

ʐʠʨʦʢʦʧʦʣʦʩʥʳʡ ʨʝʟʦʥʘʥʩʥʳʡ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʡ ʧʨʠʝʤʥʠʢ 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ [11,12], ʬʦʥʦʚʳʝ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʝ ʰʫʤʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʳʩʦʢʦ-

ʯʘʩʪʦʪʥʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʰʫʤʳ (ɺʉʐ), ʥʝʩʫʪ ʚ ʩʝʙʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʨʝʜʳ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʢʦʩʚʝʥ-

ʥʦʡ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʡ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʧʨʠ ʦʮʝʥʢʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʊʘʢ, ʚ ʨʘʙʦʪʘʭ [13,14] ʤʳ ʧʨʝʜʣʦʞʠʣʠ 
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ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʣʦʱʘʜʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨ-

ʥʦʩʪʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʠ ʦʮʝʥʢʠ ʧʦ ʥʠʤ ʧʘʨʘʤʝʪ-

ʨʦʚ ʛʦʪʦʚʷʱʠʭʩʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʅʘʰ ʦʧʳʪ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɼʘʛʝ-

ʩʪʘʥʘ ʧʦʢʘʟʘʣ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʦʙʳʯʥʳʭ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʝʡ-

ʩʤʦʧʨʠʝʤʥʠʢʦʚ ʪʠʧʘ ʉʄ-3. ʎʝʣʝʩʦʦʙʨʘʟʥʝʝ ʙʳʣʦ ʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʨʝʟʦ-

ʥʘʥʩʥʳʝ ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʠ, ʥʦ ʠʟʚʝʩʪʥʳʝ ʧʨʠʙʦʨʳ ʪʘʢʦʛʦ ʪʠʧʘ ʠʤʝʶʪ ʩʣʠʰʢʦʤ ʫʟʢʫʶ ʧʦʣʦʩʫ 

ʧʨʦʧʫʩʢʘʥʠʷ ʯʘʩʪʦʪ (ʤʝʥʝʝ 1 ɻʮ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʧʦʠʩʢ ʚʦʟʤʦʞʥʦ-

ʩʪʝʡ ʩʦʟʜʘʥʠʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʘʪʯʠʢʘ ʩʚʝʨʭʤʘʣʳʭ ʢʦʣʝʙʘʥʠʡ. ʊʘʢʦʡ ʩʝʡʩʤʦʧʨʠʝʤʥʠʢ ʩʧʦ-

ʩʦʙʥʳʡ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ɺʉʐ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 5-100 ɻʮ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʥʘʤʠ ʚ [9]. ʆʥ ʩʦʜʝʨʞʠʪ 

ʢʦʨʧʫʩ ʠ ʫʧʨʫʛʠʡ ʵʣʝʤʝʥʪ ʚ ʚʠʜʝ ʢʦʥʩʦʣʴʥʦʡ ʧʣʘʩʪʠʥʳ. ʆʜʠʥ ʢʦʥʝʮ ʧʣʘʩʪʠʥʳ ʟʘʢʨʝʧʣʝʥ ʚ 

ʢʦʨʧʫʩʝ, ʘ ʥʘ ʜʨʫʛʦʤ ʫʢʨʝʧʣʝʥʘ ʠʥʝʨʮʠʦʥʥʘʷ ʤʘʩʩʘ ʚ ʚʠʜʝ ʢʘʪʫʰʢʠ ʠʟ ʧʨʦʯʥʦʛʦ ʣʝʛʢʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ, ʥʘʧʨʠʤʝʨ ʫʛʣʝʧʣʘʩʪʠʢʘ, ʩ ʥʘʤʦʪʘʥʥʦʡ ʥʘ ʥʝʝ ʧʨʦʚʦʣʦʢʦʡ ʠʟ ʪʷʞʝʣʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʥʘʧʨʠʤʝʨ ʚʦʣʴʬʨʘʤʘ. ɺ ʢʦʨʧʫʩʝ ʫʩʪʘʥʦʚʣʝʥʘ ʚʪʦʨʘʷ ʢʘʪʫʰʢʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʤʘʪʳʚʘʥʠʷ 

ʧʨʦʚʦʣʦʢʠ ʤʝʞʜʫ ʢʘʪʫʰʢʘʤʠ. ɺʨʘʱʝʥʠʝ ʥʘ ʢʘʪʫʰʢʠ ʧʝʨʝʜʘʝʪʩʷ ʛʠʙʢʠʤʠ ʧʨʠʚʦʜʘʤʠ ʦʪ ʜʚʫʭ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʢʦʨʧʫʩʝ ʨʝʚʝʨʩʠʚʥʳʭ ʤʦʪʦʨ-ʛʝʥʝʨʘʪʦʨʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʚ ʦʙʱʫʶ ʵʣʝʢʪʨʠʯʝ-

ʩʢʫʶ ʮʝʧʴ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʠʭ ʠʟ ʨʝʞʠʤʘ ʜʚʠʛʘʪʝʣʷ ʚ ʨʝʞʠʤ ʛʝ-

ʥʝʨʘʪʦʨʘ ʠ ʦʙʨʘʪʥʦ. ʇʨʠ ʵʪʦʤ, ʢʦʛʜʘ ʧʝʨʚʳʡ ʠʟ ʥʠʭ ʥʘʭʦʜʠʪʩʷ ʚ ʨʝʞʠʤʝ ʜʚʠʛʘʪʝʣʷ (ʨʝʞʠʤ ʧʝ-

ʨʝʤʘʪʳʚʘʥʠʷ ʧʨʦʚʦʣʦʢʠ ʩʦ ʚʪʦʨʦʡ ʢʘʪʫʰʢʠ ʥʘ ʧʝʨʚʫʶ), ʚʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʚ ʨʝʞʠʤʝ ʛʝʥʝʨʘʪʦʨʘ 

ʠ, ʥʘʦʙʦʨʦʪ. ʕʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʨʦʚʠʩʘʥʠʝ ʧʨʦʚʦʣʦʢʠ ʧʨʠ ʩʤʝʥʝ ʥʘʧʨʘʚʣʝʥʠʷ ʝʝ ʧʝʨʝʤʘʪʳʚʘ-

ʥʠʷ. ʇʝʨʝʤʘʪʳʚʘʥʠʝ ʧʨʦʚʦʣʦʢʠ ʤʝʞʜʫ ʢʘʪʫʰʢʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʠʥʝʨʮʠʦʥʥʦʡ ʤʘʩʩʳ 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʠʟʤʝʥʝʥʠʶ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʩʠʩʪʝʤʳ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʨʘʙʦʯʝʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ.  

ɺ ʧʨʝʜʣʦʞʝʥʥʦʤ ʥʘʤʠ ʧʦʟʜʥʝʝ ʰʠʨʦʢʦʧʦʣʦʩʥʦʤ ʨʝʟʦʥʘʥʩʥʦʤ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʤ ʧʨʠ-

ʝʤʥʠʢʝ (ʐʈʉɸʇ) [10], ʷʚʣʷʶʱʝʤʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʦʧʠʩʘʥʥʦʛʦ ʩʝʡʩʤʦʧʨʠ-

ʝʤʥʠʢʘ, ʚ ʢʦʨʧʫʩʝ ʫʩʪʘʥʦʚʣʝʥʘ ʚʪʦʨʘʷ ʫʧʨʫʛʘʷ ʧʣʘʩʪʠʥʘ ʢʦʥʩʦʣʴʥʦʛʦ ʪʠʧʘ ʩ ʙʠʤʦʨʬʥʳʤ ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʝʤ, ʘ ʚʪʦʨʘʷ ʢʘʪʫʰʢʘ ʩ ʧʨʦʚʦʣʦʢʦʡ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʝʝ ʩʚʦʙʦʜʥʦʤ ʢʦʥʮʝ. ʇʨʠ ʵʪʦʤ 

ʤʘʪʝʨʠʘʣ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʫʧʨʫʛʠʭ ʧʣʘʩʪʠʥ ʧʦʜʦʙʨʘʥʳ ʪʘʢ, ʯʪʦʙʳ ʧʨʠ ʧʝʨʝʤʘʪʳʚʘ-

ʥʠʠ ʧʨʦʚʦʣʦʢʠ ʤʝʞʜʫ ʢʘʪʫʰʢʘʤʠ ʠʭ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʠʟʤʝʥʷʣʠʩʴ ʚ ʩʤʝʞʥʳʭ, ʯʘʩʪʠʯʥʦ 

ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʦʪ ʘʤʧʣʠʪʫ-

ʜʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʧʣʘʩʪʠʥʳ ʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʧʦʜʦʙʨʘʥʳ ʪʘʢ, ʯʪʦʙʳ ʨʘʜʠ-

ʫʩ ʢʨʠʚʠʟʥʳ ” (ʠʣʠ ʢʨʠʚʠʟʥʘ ρ”ϳ ) ʧʣʘʩʪʠʥʳ ʧʨʠ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʙʳʣʘ ʦʜʠʥʘʢʦʚʘ ʧʦ 

ʚʩʝʡ ʜʣʠʥʝ ʙʠʤʦʨʬʥʦʛʦ ʵʣʝʤʝʥʪʘ. ɺʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʪʨʝʙʦʚʘʥʠʡ ʚʳʪʝʢʘʝʪ ʠʟ ʠʟ-

ʚʝʩʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ [15] 

 ,                        (13) 

ʛʜʝ ὓ Ὂὰ  ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ὰ (ʚʜʦʣʴ ʦʩʠ ʢʦʥʩʦʣʠ ὼ) ʦʪ ʪʦʯʢʠ 
ʧʨʠʣʦʞʝʥʠʷ ʠʟʛʠʙʘʶʱʝʡ ʩʠʣʳὊ, Ὁ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʢʦʥʩʦʣʠ ʥʘ ʠʟʛʠʙ, ὐ  ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʡ ὓ  ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʝʯʝʥʠʷ. ʇʦʩʣʝ ʥʝʩʣʦʞʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʦʥʦ ʧʨʠʚʦʜʠʪ ʢ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ 

ὧέὲίὸ,                        (14) 

ʢʦʪʦʨʦʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʝʩʣʠ ʢʦʥʩʦʣʴʥʘʷ ʧʣʘʩʪʠʥʘ ʠʤʝʝʪ ʬʦʨʤʫ ʨʘʚʥʦʙʝʜʨʝʥʥʦʛʦ ʪʨʝʫʛʦʣʴ-

ʥʠʢʘ ʩ ʚʝʨʰʠʥʦʡ ʚ ʪʦʯʢʝ ʢʨʝʧʣʝʥʠʷ ʠʥʝʨʮʠʦʥʥʦʡ ʤʘʩʩʳ. ɿʜʝʩʴ ὧ  ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ὰ ʣʦ-

ʢʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʰʠʨʠʥʳ ʧʣʘʩʪʠʥʳ. 

ʅʘ ʨʠʩ.5 ʧʨʝʜʩʪʘʚʣʝʥ ʚʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟʨʝʟ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʨʠʝʤʥʠ-

ʢʘ, ʘ ʥʘ ʨʠʩ.6 ï ʝʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʨʘʟʨʝʟ. 

ɺ ʦʧʦʨʫ ʢʦʨʧʫʩʘ 1 ʟʘʞʘʪʳ ʫʧʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʚ ʚʠʜʝ ʢʦʥʩʦʣʴʥʳʭ ʧʣʘʩʪʠʥ 2 ʠ 2/, ʥʘ ʩʚʦ-

ʙʦʜʥʳʭ ʢʦʥʮʘʭ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ ʠʥʝʨʮʠʦʥʥʳʝ ʤʘʩʩʳ ʚ ʚʠʜʝ ʢʘʪʫʰʝʢ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ 3 ʠ 

3/, ʥʘ ʢʦʪʦʨʳʭ ʥʘʤʦʪʘʥʘ ʦʜʥʘ ʦʙʱʘʷ ʚʦʣʴʬʨʘʤʦʚʘʷ ʧʨʦʚʦʣʦʢʘ 4 ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʝʝ ʧʝʨʝʤʘʪʳ-



ʊʘʡʤʘʟʦʚ ɼ.ɻ., ʊʘʡʤʘʟʦʚ ʄ.ɼ. 
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ʚʘʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. ɺʨʘʱʝʥʠʝ ʥʘ ʢʘʪʫʰʢʠ ʧʝʨʝʜʘʝʪʩʷ ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʢʦʨʧʫʩʝ ʤʦʪʦʨ-

ʛʝʥʝʨʘʪʦʨʦʚ 5 ʠ 5/, ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʢʘʪʫʰʢʘʤʠ ʛʠʙʢʠʤʠ ʧʨʠʚʦʜʘʤʠ ï ʧʘʩʩʠʢʘʤʠ (ʧʦʢʘʟʘʥʳ 

ʰʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ). ɺʙʣʠʟʠ ʦʧʦʨ ʥʘ ʫʧʨʫʛʠʝ ʧʣʘʩʪʠʥʳ ʥʘʢʣʝʝʥʳ ʧʣʦʩʢʠʝ ʙʠʤʦʨʬʥʳʝ ʧʴʝ-

ʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ6 ʠ 6/. ʋʧʨʫʛʠʝ ʧʣʘʩʪʠʥʳ ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝ-

ʥʠʷ ʙʠʤʦʨʬʘ ʚʳʧʦʣʥʝʥʳ ʚ ʬʦʨʤʝ ʨʘʚʥʦʙʝʜʨʝʥʥʳʭ ʪʨʘʧʝʮʠʡ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ, 

ʫʢʘʟʘʥʥʳʤʠ ʥʘ ʨʠʩ.6. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ (14) ʧʨʦʜʦʣʞʝʥʠʷ ʙʦʢʦʚʳʭ ʩʪʦʨʦʥ ʪʨʘʧʝʮʠʡ 

ʜʦʣʞʥʳ ʧʝʨʝʩʝʢʘʪʴʩʷ ʚ ʪʦʯʢʘʭ ʢʨʝʧʣʝʥʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʤʘʩʩ 3 ʠ 3/. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʡ ʧʨʠʝʤʥʠʢ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʂʦʣʝʙʘʥʠʷ 

ʦʪ ʠʩʩʣʝʜʫʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ (ʟʝʤʥʘʷ ʢʦʨʘ, ʪʝʭʥʦʛʝʥʥʳʡ ʦʙʲʝʢʪ ʠʣʠ ʫʟʣʳ ʠ ʘʛʨʝʛʘʪʳ ʤʘʰʠʥ ʠ 

ʤʝʭʘʥʠʟʤʦʚ) ʧʝʨʝʜʘʶʪʩʷ ʯʝʨʝʟ ʢʦʨʧʫʩ 1 ʥʘ 

ʫʧʨʫʛʠʝ ʧʣʘʩʪʠʥʳ 2 ʠ 2/ ʩ ʙʠʤʦʨʬʥʳʤʠ ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʷʤʠ 6 ʠ 6/. ɺʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʦʪ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʘʤ-

ʧʣʠʪʫʜʘʤ ʢʦʣʝʙʘʥʠʡ ʧʣʘʩʪʠʥ, ʧʦʜʘʶʪʩʷ ʥʘ 

ʨʝʛʠʩʪʨʘʪʦʨ (ʥʝ ʧʦʢʘʟʘʥ) ʠ ʥʘ ʚʭʦʜ ʫʩʪʨʦʡ-

ʩʪʚʘ (ʥʝ ʧʦʢʘʟʘʥʦ), ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʩʪʝʤʦʡ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 3,3/, 4, 5,5/. ʋʧʨʘʚʣʝʥʠʝ ʩʢʘʥʠ-

ʨʦʚʘʥʠʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚʨʝʛʫʣʠʨʦʚʘʥʠʠ ʩʢʦ-

ʨʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠ-

ʯʠʥʳ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ï 

ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʚʝʣʠʯʠʥʳ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦ-

ʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʤ ʦ 

ʧʨʠʙʣʠʞʝʥʠʠ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘ-

ʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢ ʯʘʩʪʦʪʘʤ, ʧʨʠʩʫʪʩʪʚʫʶ-

ʱʠʤ ʚ ʩʧʝʢʪʨʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʩʢʦ-

ʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. ɹʣʘʛʦʜʘʨʷ 

ʵʪʦʤʫ ʧʦʚʳʰʘʝʪʩʷ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʘʤʧʣʠʪʫʜ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʧʠʢʦʚ ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʠʤ ʯʘʩʪʦʪ. ɺ ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ ʧʠʢʘʤʠ ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, 

ʫʤʝʥʴʰʘʷ ʪʝʤ ʩʘʤʳʤ ʦʙʱʝʝ ʚʨʝʤʷ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ɽʩʣʠ ʥʘʯʘʣʴʥʘʷ ʠʥʝʨʮʠʦʥʥʘʷ ʤʘʩʩʘ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʩʝʡʩʤʦ-

ʧʨʠʝʤʥʠʢʘ [9] ʩʦʩʪʘʚʣʷʝʪ 5 ʛʨʘʤʤʦʚ (ʤʘʩʩʘ ʢʘʪʫʰʢʠ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ + ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʤʘʩʩʘ 

ʫʧʨʫʛʦʡ ʧʣʘʩʪʠʥʳ), ʥʘʠʤʝʥʴʰʘʷ ʯʘʩʪʦʪʘ ʩʢʘʥʠʨʫʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʩʦʩʪʘʚʣʷʝʪ 5 ɻʮ, ʘ 

ʥʘʠʙʦʣʴʰʘʷ ï 100 ɻʮ, ʪʦ ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʬʦʨʤʫʣʝ (3) ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʠʥʝʨʮʠʦʥʥʦʡ ʤʘʩ-

ʩʳ (ʤʘʩʩʘ ʧʝʨʝʤʘʪʳʚʘʝʤʦʡ ʧʨʦʚʦʣʦʢʠ) ʩʦʩʪʘʚʣʷʝʪ 2000 ʛ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʢʘ-

ʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʠʪ – ЎὪЎάϳ  95/2000 å 0,05 ɻʮ/ʛ. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʤ ʧʨʠʝʤʥʠʢʝ[10], ʧʨʠ ʪʝʭ ʞʝ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʷʭ 

ʠʥʝʨʮʠʦʥʥʦʡ ʤʘʩʩʳ (5 ʛ) ʠ ʯʘʩʪʦʪʳ (5 ɻʮ), ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʝ 100 ɻʮ ʜʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦ-

ʚʘʥʠʷ ʜʝʣʠʪʩʷ ʥʘ 2 ʧʦʜʜʠʘʧʘʟʦʥʘ ï ʦʪ 5 ʜʦ ~22 ɻʮ ʠ ʦʪ 22 ʜʦ 100 ɻʮ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʘʷ 

ʤʘʩʩʘ ʧʨʦʚʦʣʦʢʠЎά ʩʦʩʪʘʚʣʷʝʪ ~100 ʛ, ʪ.ʝ. ʚ 20 ʨʘʟ! ʤʝʥʴʰʝ, ʯʝʤ ʚ ʧʨʦʪʦʪʠʧʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʫʪʝʤ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʨʠʝʤʥʠʢʘ ʜʦʙʠʚʘʪʴʩʷ ʥʫʞʥʦʛʦ ʯʘʩʪʦʪ-

ʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʤʘʩʩʳ ʠ ʛʘʙʘʨʠʪʦʚ ʧʨʠʝʤʥʠʢʘ. 

ʊʘʢ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʝ 5õ200 ɻʮ  ʚʝʩ ʧʨʦʚʦʣʦʢʠ Ўά ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ 

~250 ʛ, ʯʪʦ ʜʣʷ ʚʦʣʴʬʨʘʤʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʲʝʤʫ ʚ ~13 ʩʤ3. ʇʨʠ ʵʪʦʤ ʩʦʙʩʪʚʝʥ-

ʥʳʝ ʯʘʩʪʦʪʳ ʢʦʥʩʦʣʝʡ ʙʫʜʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʧʦʜʜʠʘʧʘʟʦ-

ʥʦʚ 5õ35 ɻʮ (ʥʘ ʨʠʩ.5 ï ʧʨʘʚʘʷ ʢʦʥʩʦʣʴ) ʠ 30õ210 ɻʮ (ʣʝʚʘʷ ʢʦʥʩʦʣʴ). ɼʣʷ ʵʪʦʛʦ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ 

ʨʘʩʯʝʪʦʚ [10], ʚʳʧʦʣʥʝʥʥʳʭ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʩʦʦʪʥʦʰʝʥʠʷʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ[15], ʧʨʠ ʦʜʠʥʘ-

ʢʦʚʳʭ ʧʨʦʯʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʘʭ ʫʧʨʫʛʠʭ ʧʣʘʩʪʠʥ, ʪʦʣʱʠʥʘ ʣʝʚʦʡ ʢʦʥʩʦʣʴʥʦʡ ʧʣʘʩʪʠʥʳ 

ʥʘ ʨʠʩ.5. ʜʦʣʞʥʘ ʙʳʪʴ ʚ ~3,7 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʘʚʦʡ. ʂʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʢʘʥʠʨʦ-

ʈʠʩ.6. ɻʦʨʠʟʦʥʪʘʣʴʥʳʡ ʨʘʟʨʝʟ ʐʈʉɸʇ  

ʈʠʩ.5. ɺʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟʨʝʟ ʐʈʉɸʇ  
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ʚʘʥʠʷ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʠʪ –  210/250 = 0,84 ɻʮ/ʛ, ʯʪʦ ʚ ~17 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʧʨʦʪʦʪʠʧʝ. ɺ ʵʪʦʤ 

ʚʘʨʠʘʥʪʝ ʠʩʧʦʣʥʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʢʘʢ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ 

ʟʘ ɺʉʐ, ʪʘʢ ʠ ʜʣʷ ʠʥʞʝʥʝʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘʜ ʢʨʫʧʥʳʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ: ʟʜʘʥʠʷʤʠ, ɻʕʉ, ɸʕʉ ʠ 

ʪ.ʜ. 

ʅʘʟʚʘʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ çʉʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʡ ʧʨʠʝʤʥʠʢè ʦʧʨʘʚʜʘʥʦ ʪʝʤ, ʯʪʦ 

ʚ ʥʝʤ ʩʢʘʥʠʨʫʝʤʳʡ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʧʫ-

ʪʝʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚ ʢʦʨʧʫʩʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʨʠʝʤʥʠʢʦʚ, ʘʥʘʣʦʛʠʯ-

ʥʳʭ ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ, ʩ ʧʨʠʤʳʢʘʶʱʠʤʠ ʜʨʫʛ ʢ ʜʨʫʛʫ ʯʘʩʪʦʪʥʳʤʠ ʜʠʘʧʘʟʦʥʘʤʠ, ʚʢʣʶʯʘʷ ʠ 

ʟʚʫʢʦʚʦʡ ʜʠʘʧʘʟʦʥ. ʊʘʢ, ʧʨʠ ʜʚʫʭ ʧʘʨʘʭ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʨʠʝʤʥʠʢʦʚ ʦʙʱʠʡ ʯʘʩʪʦʪʥʳʡ 

ʜʠʘʧʘʟʦʥ, ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʧʦ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʤ ʬʦʨʤʫʣʘʤ, ʤʦʞʝʪ, ʢ ʧʨʠʤʝʨʫ, ʩʦʩʪʘʚʠʪʴ 

1õ1020 ɻʮ ʠ ʩʦʩʪʦʷʪʴ ʠʟ 4-ʭ ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʧʦʜʜʠʘʧʘʟʦʥʦʚ: 1õ6 ɻʮ; 5,5õ33 ɻʮ; 

30õ180 ɻʮ; 170õ1020 ɻʮ. ʇʨʠ ʵʪʦʤ ʚʳʙʦʨʞʝʩʪʢʦʩʪʠ ʫʧʨʫʛʦʡ ʧʣʘʩʪʠʥʳʜʣʷ ʢʘʞʜʦʛʦ ʧʦʜʜʠʘʧʘ-

ʟʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʢʘʢ ʧʫʪʝʤ ʧʦʜʙʦʨʘ ʝʝ ʪʦʣʱʠʥʳ, ʪʘʢ ʠ ʠʟʤʝʥʝʥʠʝʤ ʝʝ ʰʠʨʠʥʳ ʠ 

ʜʣʠʥʳ. ʆʙʱʘʷ ʤʘʩʩʘ ʧʨʦʚʦʣʦʢʠ ʚ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʩʦʩʪʘʚʣʷʝʪ 2ʭ180 ʛ = 360 ʛ, ʯʪʦ ʜʣʷ ʚʦʣʴʬʨʘ-

ʤʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʲʝʤʫ ʚ ~20 ʩʤ3. ʉʨʘʚʥʠʚʘʷ ʵʪʠ ʜʘʥʥʳʝ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ ʦʜʥʦʡ 

ʧʘʨʳ ʫʧʨʫʛʠʭ ʢʦʥʩʦʣʴʥʳʭ ʧʣʘʩʪʠʥ, ʢʦʥʩʪʘʪʠʨʫʝʤ ʫʚʝʣʠʯʝʥʠʝ ʚ 5 ʨʘʟ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʤʘʩʩʳ ʠ ʛʘʙʘʨʠʪʦʚ. ʇʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʠʪ –  1020/360 = 2,83 ɻʮ/ʛ ʠ ʙʦʣʝʝ ʯʝʤ ʚ 3 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ 

ʚ ʩʣʫʯʘʝ ʦʜʥʦʡ ʧʘʨʳ ʢʦʥʩʦʣʴʥʳʭ ʧʣʘʩʪʠʥ. ʈʘʩʰʠʨʷʝʪʩʷ ʪʘʢʞʝ ʦʙʣʘʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʝʤ-

ʥʠʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʐʈʉɸʇ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤ ʚʘʨʠʘʥʪʦʤ [9] 

ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʪʴ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʤʘʩʩʳ ʠ ʛʘʙʘʨʠ-

ʪʦʚ ʫʩʪʨʦʡʩʪʚʘ. ʇʦʤʠʤʦ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʘʥʝʝ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ (ʥʘʙʣʶʜʝʥʠʷ ɺʉʐ, ʠʥʞʝ-

ʥʝʨʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʢʨʫʧʥʳʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ: ʟʜʘʥʠʷʤʠ, ɻʕʉ, ɸʕʉ), ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʥ ʪʘʢʞʝ ʜʣʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʤʘʰʠʥ, ʜʣʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʨʦʪʘʞʘ 

ʩʢʚʘʞʠʥ, ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʚʝʨʭʩʣʘʙʳʭ (ʜʦρπ ʤ ʧʦ ʩʤʝʱʝʥʠʶ) ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛ-
ʥʘʣʦʚ ʚ ʪʚʝʨʜʳʭ ʠ ʞʠʜʢʠʭ ʩʨʝʜʘʭ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʉʉʉɼʄ ʧʦ ʦʞʠʜʘʝʤʳʤ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘʤ, ʘ ʪʘʢʞʝ ʧʦ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʠʟʚʝʩʪʥʳʝ ʘʥʘʣʦʛʠ. ʂ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʅ-ʉ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ: 1) ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ  ʥʘʢʣʦʥʦʚ ʚ ʜʚʫʭ ʦʨ-

ʪʦʛʦʥʘʣʴʥʳʭ ʘʟʠʤʫʪʘʭ ʠ ʩʝʡʩʤʦʘʢʩʝʣʝʨʦʛʨʘʤʤ ʚ ʪʨʝʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ; 2) ʤʘʣʳʝ 

ʛʘʙʘʨʠʪʳ ʠ ʚʳʩʦʢʘʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ; 3) ʥʘʜʝʞʥʘʷ ʜʠʩʪʘʥʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʘʨʨʝʪʠʨʦʚ-

ʢʠ. ʄʉɼ ʧʨʝʚʦʩʭʦʜʠʪ ʠʟʚʝʩʪʥʳʡ ʩʢʚʘʞʠʥʥʳʡ ʜʝʬʦʨʤʦʛʨʘʬ ʉʘʢʩʘ ï ʕʚʝʨʪʩʦʥʘ: ʚ ʠʥʬʦʨʤʘ-

ʪʠʚʥʦʩʪʠ ï ʚ 10 ʨʘʟ, ʧʦ ʜʠʘʧʘʟʦʥʫ ʠʟʤʝʨʝʥʠʡ ï ʚ 100 ʨʘʟ, ʧʦ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ ʢʦʤʧʘʢʪʥʦʩʪʠ 

ï ʚ 7 ʨʘʟ. ʂʨʦʤʝ ʪʦʛʦ, ʙʣʘʛʦʜʘʨʷ ʦʪʢʘʟʫ ʦʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʩʠʣʝʥʠʷ ʠʟʤʝʨʷʝʤʳʭ ʜʝʬʦʨʤʘ-

ʮʠʡ, ʚ ʄʉɼ ʦʪʩʫʪʩʪʚʫʝʪ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ.ɽʛʦ ʦʞʠʜʘʝʤʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʩʦ-

ʩʪʘʚʠʪ Ñ10-9ʚ ʜʠʘʧʘʟʦʥʝ °10-3,ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʜʠʘʧʘʟʦʥʫ ʚ 120 ʜɹ. 

ʐʈʉɸʇ ʧʦʟʚʦʣʠʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʚʝʨʭʩʣʘʙʳʝ (ʜʦρπ ʤ ʧʦ ʩʤʝʱʝʥʠʶ) ʩʝʡʩʤʦʘʢʫʩʪʠʯʝ-
ʩʢʠʝ ʰʫʤʳ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʜʝʬʦʨʤʘʮʠʷʤʠ ʚ ʦʙʲʝʢʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʰʠʨʦ-

ʢʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 1õ1000 ɻʮ. ʀʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʤʥʦʛʦʢʨʘʪʥʦ ʫʚʝʣʠ-

ʯʝʥʘ ʧʫʪʝʤ ʝʝ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʩ ʜʨʫʛʠʤʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʘʢʞʝ ʙʘʟʠʨʫʶ-

ʱʠʤʠʩʷ ʥʘ ʥʘʰʠʭ ʨʘʟʨʘʙʦʪʢʘʭ. ʂ ʥʠʤ ʦʪʥʦʩʠʪʩʷ ʛʨʘʚʠʠʥʝʨʮʠʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʚʢʣʶʯʘʶ-

ʱʠʡ ʛʘʟʦʞʠʜʢʦʩʪʥʳʡ ʛʨʘʚʠʤʝʪʨ [16], ʚʝʨʪʠʢʘʣʴʥʳʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʛʨʘʜʠʝʥʪʦʤʝʪʨ [17], 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʚʘʨʠʦʤʝʪʨ [18], ʠ ʜʣʠʥʥʦʙʘʟʦʚʘʷ ʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʩʪʘʥʮʠʷ, ʚʢʣʶʯʘʶʱʘʷ 

ʧʨʦʚʦʣʦʯʥʳʡ ʵʢʩʪʝʥʟʦʤʝʪʨ [19]ʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʡ ʥʠʚʝʣʠʨ [20]. ɺʩʝ ʵʪʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʢʦʤ-

ʧʣʝʢʩʝ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʘʭ [21-23].ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʨʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʛ ʙʳ ʧʦʜ-

ʥʷʪʴ ʩʝʡʩʤʦʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ. 
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ʀʜʨʠʩʦʚ ʀ.ɸ.1, ɹʦʨʠʩʦʚ ɸ.ɺ.2 

1 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ɼʅʎ ʈɸʅ, 2 ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʧʦʯ-

ʚʦʚʝʜʝʥʠʷ ʈɸʅ 

 
ʅʘ ʦʩʥʦʚʝ ʦʙʱʝʡ ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʥʘ ʶʛʝ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʠ ʧʨʠʣʝʛʘʶʱʠʭ 

ʫʯʘʩʪʢʘʭ ʚʳʜʝʣʷʝʪʩʷ 15 ʨʘʡʦʥʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʙʱʠʤʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ʇʨʠʚʦʜʠʪʩʷ ʢʘʨ-

ʪʦʩʭʝʤʘ ʨʘʡʦʥʦʚ ʠ ʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʭ ʨʝʣʴʝʬʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʣʴʝʬ, ʧʘʣʝʦʛʝʦʛʨʘʬʠʷ, ʧʣʝʡʩʪʦʮʝʥ, ʛʦʣʦʮʝʥ, ʇʨʠʢʘʩʧʠʡʩʢʘʷ ʥʠʟʤʝʥʥʦʩʪʴ 

 

GEOMORPHOLOGICAL AREAS OF THE SOUTH OF CASPIAN LOWLAND 

Idrisov I.A.1, Borisov A.V. 2 

1 Institute of Geology, Dagestan Scientific Center of the Russian Academy of Sciences, 2 Institute of 

Physicochemical and Biological Problems of Soil Science, RAS 

 
On the basis of the general history of formation and development in the south of the Caspian lowland and adjacent 

areas, 15 regions are distinguished, which are distinguished by common geomorphological features. The map of the dis-

tricts is given and the characteristics of their relief are given. 

Key words: relief, paleogeography, Pleistocene, Holocene, Caspian lowland, 

 

ʇʨʠʢʘʩʧʠʡʩʢʘʷ ʥʠʟʤʝʥʥʦʩʪʴ ʦʪʣʠʯʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦ-

ʩʪʴʶ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʵʢʟʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ (ʤʦʨʩʢʠʭ, ʘʣʣʶʚʠʘʣʴʥʳʭ, ʵʦ-

ʣʦʚʳʭ). ɼʣʷ ʢʨʘʡʥʝʛʦ ʶʛʘ ʥʠʟʤʝʥʥʦʩʪʠ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʝʥ ʩʣʦʞʥʳʡ ʧʝʨʝʭʦʜ ʢ ʛʦʨʥʳʤ ʩʦʦʨʫʞʝ-

ʥʠʷʤ ʂʘʚʢʘʟʘ, ʟʜʝʩʴ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʪʝʢʪʦʥʠʯʝ-

ʩʢʠʭ ʜʚʠʞʝʥʠʡ.  

ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʫʩʣʦʚʠʣʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʨʘʡʦ-

ʥʳ, ʢʦʪʦʨʳʝ ʚʳʜʝʣʷʶʪʩʷ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʚʧʝʨʚʳʝ. ʈʘʡʦʥʳ ʚʳʜʝʣʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ ʜʦʤʠʥʠʨʫʶʱʠʭ ʬʦʨʤ ʨʝʣʴʝʬʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʵʪʠʭ ʬʦʨʤ ʧʨʷʤʦ ʦʪʨʘʞʘʝʪ ʩʧʝʮʠʬʠʢʫ 

ʨʘʟʚʠʪʠʷ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʜʝʣʝʥʥʳʝ ʨʘʡʦʥʳ ʦʙʫʩʣʦʚʣʝʥʳ ʝʜʠʥʩʪʚʦʤ ʛʝ-

ʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚʘʞʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʧʨʠʨʦʜʳ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʢʘʨʪʘ-ʩʭʝʤʘ ʨʘʡʦʥʘ ʨʘʙʦʪ ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʨʘʡʦʥʳ. ɺʳʜʝʣʝ-

ʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʡʦʥʳ, ʥʦʤʝʨʘ ʨʘʡʦʥʦʚ ʩʦʚʧʘʜʘʶʪ ʩ ʮʠʬʨʘʤʠ ʥʘ ʨʠʩʫʥʢʘʭ. 

 

ʈʘʡʦʥ 1. ɼʝʣʴʪʳ ʚʳʜʚʠʞʝʥʠʷ ʨʝʢ ʊʝʨʝʢ ʠ ʉʫʣʘʢ. 

ɹʝʨʝʛʦʚʳʝ ʚʘʣʳ ʠ ʣʘʛʫʥʳ 20-21ʚ. ʍʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʳʩʪʨʦʡ ʜʠʥʘʤʠʢʦʡ ʠʟʤʝʥʝʥʠʡ ʢʘʢ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʪʘʢ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʜʝʣʴʪʘ ʨʝʢʠ ʊʝʨʝʢ ʚʳʜʚʠʥʫʣʘʩʴ ʚ ʤʦʨʝ, 

ʧʦʩʣʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʧʨʦʨʝʟʠ ɸʛʨʘʭʘʥʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʩ 1970-ʭ ʛʦʜʦʚ ʙʦʣʝʝ ʯʝʤ ʥʘ 5ʢʤ ʚ 

ʜʣʠʥʫ ʠ ʦʢʦʣʦ 10ʢʤ ʚ ʰʠʨʠʥʫ. ɼʣʷ ʣʘʛʫʥ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʭʘʨʘʢʪʝʨʥʘ ʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝ-

ʥʝʥʠʡ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʣʘʛʫʥ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʧʝʨʠʦʜ 

ʧʦʜʲʝʤʘ ʫʨʦʚʥʷ ʤʦʨʷ 1978-1995 ʛʦʜʦʚ, ʜʘʣʝʝ ʦʥʠ ʙʳʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳ. ʇʦʩʣʝ 2010ʛ 

ʦʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʘʜʝʥʠʝ ʧʨʠʤʝʨʥʦ ʥʘ 1ʤʝʪʨ ʫʨʦʚʥʷ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ (ʜʦ-28ʤ) ʠ ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ ʫʨʦʚʥʷ ʚʦʜʳ ʚʦ ʤʥʦʛʠʭ ʣʘʛʫʥʘʭ (ʀʜʨʠʩʦʚ, 2013 ʙ). ʕʪʦ ʧʨʠʚʝʣʦ ʟʘ ʧʝʨʠʦʜ 2010-

2015ʛʛ ʢ ʙʳʩʪʨʦʤʫ ʚʳʩʳʭʘʥʠʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʝʝ ʩʛʦʨʘʥʠʶ ʠ ʧʨʝʚʨʘʱʝʥʠʶ ʣʘʛʫʥ ʚ ʘʥʘʣʦʛʠ 

ʩʦʨʦʚʳʭ ʩʦʣʦʥʯʘʢʦʚ (ʀʜʨʠʩʦʚ, 2016 ʘ). 

 

ʈʘʡʦʥ 2. ɸʛʨʘʭʘʥʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚ, ʙʝʨʝʛʦʚʦʡ ʚʘʣ ʥʦʚʦʢʘʩʧʠʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ.  

ɺ ʧʨʠʢʦʨʥʝʚʦʡ (ʶʞʥʦʡ) ʯʘʩʪʠ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʧʝʩʯʘʥʦ-ʛʘʣʝʯʥʠʢʦʚʳʝ ʦʪʣʦʞʝ-

ʥʠʷ ʨ.ʐʫʨʘ-ʦʟʝʥʴ (ʀʜʨʠʩʦʚ, 2016 ʙ). ʇʨʠ ʧʨʦʜʚʠʞʝʥʠʠ ʥʘ ʩʝʚʝʨ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʩʣʦ-
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ʞʝʥ ʙʝʨʝʛʦʚʳʤʠ ʧʝʩʢʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʪʝʥʩʠʚʥʦ ʧʝʨʝʚʝʷʥʥʳʤʠ. ɺʳʩʦʪʘ ʵʦʣʦʚʳʭ ʬʦʨʤ ʜʦʩʪʠ-

ʛʘʝʪ 10ʤ. ʕʪʘ ʯʘʩʪʴ ʙʦʣʝʝ ʯʝʤ ʥʘ 50ʢʤ ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ɸʛʨʘʭʘʥʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚ, 

ʪʘʢʞʝ ʠʟʚʝʩʪʥʦ ʥʘʟʚʘʥʠʝ ʋʯ-ʢʦʩʘ. ʉʝʚʝʨʥʘʷ ʯʘʩʪʴ ʧʝʨʝʭʦʜʠʪ ʚ ʩʠʩʪʝʤʫ ʦʩʪʨʦʚʦʚ, ʩʘʤʳʡ ʢʨʫʧ-

ʥʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦ.ʏʝʯʝʥʴ. ʏʘʩʪʴ ʦʩʪʨʦʚʦʚ ʚʝʨʦʷʪʥʦ ʧʨʠʯʣʝʥʝʥʘ ʢ ʩʝʚʝʨʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʧʦʣʫ-

ʦʩʪʨʦʚʘ. ɺ ʮʝʣʦʤ ʧʦʣʫʦʩʪʨʦʚ ʠʤʝʝʪ ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ (ʂʘʨʧʳʯʝʚ, 1986). 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʧʦʪʦʢ ʥʘʥʦʩʦʚ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ, ʚʜʦʣʴ ʚʦʩʪʦʯʥʦʡ ʦʢʦʥʝʯʥʦ-

ʩʪʠ ʢʦʩʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʝ ʨʦʩʪ ʚ ʩʝʚʝʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ɻʝʦʤʦʨʬʦʣʦʛʠʷ ʙʝʨʝʛʦʚ ʠ ʜʥʘé, 

1977). ʂ ʟʘʧʘʜʫ ʦʪ ɸʛʨʘʭʘʥʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ɸʛʨʘʭʘʥʩʢʠʡ ʟʘʣʠʚ. ʈʘʟʤʝʨʳ ʟʘʣʠ-

ʚʘ ʙʳʩʪʨʦ ʫʤʝʥʴʰʘʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʛʦʣʦʮʝʥʘ (ʀʜʨʠʩʦʚ, 2013 ʘ). ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʨʘʟʜʝʣʝʥ 

ʥʘ ʜʚʝ ʯʘʩʪʠ. ʖʞʥʘʷ ʧʦʣʦʚʠʥʘ ʟʘʣʠʚʘ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʢʘʯʝʩʪʚʝ ʦʟʝʨʘ ï ʖʞʥʳʡ ɸʛʨʘʭʘʥ 

(ʆʟʝʨʦ ʖʞʥʳʡ ɸʛʨʘʭʘʥ, 2014). ʉʝʚʝʨʥʘʷ ʧʦʣʦʚʠʥʘ ʩʠʣʴʥʦ ʦʙʤʝʣʝʣʘ ʠ ʯʘʩʪʠʯʥʦ ʨʘʟʜʝʣʠʣʘʩʴ ʥʘ 

ʨʷʜ ʚʦʜʦʝʤʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʧʨʦʪʦʢʘʤʠ ʨ.ʊʝʨʝʢ. 

 
ʈʠʩ. 1 ʂʘʨʪʘ-ʩʭʝʤʘ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ ʶʛʘ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʠ ʧʨʠʣʝ-

ʛʘʶʱʠʭ ʫʯʘʩʪʢʦʚ 

 

 

ʈʘʡʦʥ 3. ʅʦʚʦʢʘʩʧʠʡʩʢʠʝ ʤʦʨʩʢʠʝ ʪʝʨʨʘʩʳ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʚʦʢʘʩʧʠʡʩʢʠʭ ʤʦʨʩʢʠʭ ʪʝʨʨʘʩ. ʆʪʣʠʯʘʶʪʩʷ ʜʠʬʬʝ-

ʨʝʥʮʠʨʦʚʘʥʥʳʤ ʤʠʢʨʦʨʝʣʴʝʬʦʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʦʙʦʡ ʨʝʣʠʢʪʦʚʳʝ ʬʦʨʤʳ ʦʪ ʧʨʠʙʨʝʞʥʦʡ ʠ 

ʤʦʨʩʢʦʡ ʩʪʘʜʠʡ ʨʘʟʚʠʪʠʷ. ɺʦʟʨʘʩʪ ʪʝʨʨʘʩ ʤʝʥʝʝ 7 ʪʳʩʷʯ ʣʝʪ, ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʛʦʣʦʮʝʥʦʤ. ɺʳʜʝʣʷ-

ʝʪʩʷ ʪʨʠ ʵʪʘʧʘ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʦʢʦʣʦ 5 ʪʳʩ.ʣ.ʥ. (ʊʫʨʘʣʠʥʩʢʘʷ ʩʪʘʜʠʷ), 2,5 ʪʳʩ.ʣ.ʥ. (ʋʣʣʫʯʘʡʩʢʘʷ 

ʩʪʘʜʠʷ), ʚ ʥʘʯʘʣʝ 19ʚ (ʊʶʣʝʥʝʚʩʢʘʷ ʩʪʘʜʠʷ) (ʈʳʯʘʛʦʚ, 2015; ʀʜʨʠʩʦʚ, 2016 ʙ). ʋʨʦʚʝʥʴ ʤʦʨʷ ʚ 

ʵʪʠ ʩʪʘʜʠʠ ʜʦʩʪʠʛʘʣ -20 ʠ -23ʤ. ʇʝʩʯʘʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʠʣʴʥʦ ʧʝʨʝʨʘʙʦʪʘʥʳ ʵʦʣʦʚʳʤʠ ʧʨʦʮʝʩ-

ʩʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʫʛʨʠʩʪʳʭ ʧʝʩʢʦʚ. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʚʳʭʦʜʳ ʧʣʦʪʥʳʭ ʜʨʝʚʥʠʭ 

ʧʦʨʦʜ, ʧʨʦʩʚʝʯʠʚʘʶʱʠʭ ʩʢʚʦʟʴ ʤʘʣʦʤʦʱʥʳʡ ʯʝʭʦʣ ʛʦʣʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ. ʕʪʠ ʦʪʣʦʞʝʥʠʷ 

ʦʙʨʘʟʫʶʪ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʊʫʨʘʣʠ, ʉʠʥ-ʘʨʢʘ ʠ ʜʨ. 
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ʈʘʡʦʥ 4. ʍʚʘʣʳʥʩʢʠʝ ʤʦʨʩʢʠʝ ʪʝʨʨʘʩʳ. 

ʇʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʝʨʝʛʦʚʳʝ ʬʦʨʤʳ ʵʨʦʟʠʦʥʥʦʛʦ ʠ ʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ ʨʝʣʴʝʬʘ. ʉ ʶʛʦ-

ʟʘʧʘʜʥʦʡ ʩʪʦʨʦʥʳ (ʩʦ ʩʪʦʨʦʥʳ ʂʘʚʢʘʟʘ) ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʯʝʪʢʦ ʦʢʦʥʪʫʨʝʥʳ ʫʩʪʫʧʦʤ (ʪʳ-

ʣʦʚʳʤ ʰʚʦʤ) ʪʝʨʨʘʩʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʘʜʠʠ ʭʚʘʣʳʥʩʢʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ ʚʳʩʦʪʦʡ +50ʤ. ʊʳʣʦʚʳʝ 

ʰʚʳ ʣʝʞʘʱʠʭ ʥʠʞʝ ʪʝʨʨʘʩʳ ʚʳʨʘʞʝʥʳ ʬʨʘʛʤʝʥʪʘʨʥʦ, ʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʙʝʨʝʛʦʚʳʝ ʚʘʣʳ 

ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʡ, ʧʨʠ ʵʪʦʤ ʚ ʦʜʥʦʤ ʧʨʦʬʠʣʝ ʙʝʨʝʛʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʩʝʭ ʩʪʘʜʠʡ ʦʙʥʘʨʫʞʠʪʴ 

ʩʣʦʞʥʦ. ʄʘʢʩʠʤʘʣʴʥʦ ʨʘʟʚʠʪʳ ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʬʦʨʤʳ ʙʝʨʝʛʦʚʳʭ ʚʘʣʦʚ ʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ ʜʦ-

ʣʠʥʳ ʨ.ʐʫʨʘ-ʦʟʝʥʴ (ʀʜʨʠʩʦʚ, 2011). ɺʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ ʭʚʘʣʳʥʩʢʦʛʦ ʵʪʘʧʘ ʩ 

ʫʨʦʚʥʷʤʠ ʧʦʜʲʝʤʘ ʤʦʨʷ: +50, +35, +22, +16, +9, 0, -12, -16ʤ (ʌʝʜʦʨʦʚ, 1978). ʅʘ ʜʘʥʥʦʤ ʫʯʘʩʪ-

ʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʘʣʳ ʙʦʣʴʰʠʥʩʪʚʘ ʵʪʠʭ ʩʪʘʜʠʡ. ʊʝʨʨʘʩʳ ʚʳʰʝ 0ʤ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʨʘʥʥʝʭʚʘ-

ʣʳʥʩʢʠʝ, ʘ 0ʤ ʠ ʥʠʞʝ ʚ ʧʦʟʜʥʝʭʚʘʣʳʥʩʢʠʝ. ɺʨʝʤʷ ʬʦʨʤʠʨʚʦʘʥʠʷ ʪʝʨʨʘʩ ʚ ʦʩʥʦʚʥʦʤ 20-10 ʪʳ-

ʩʷʯ ʣʝʪ, ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʢʦʥʮʦʤ ʧʦʟʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ, ʧʝʨʠʦʜʫ ʜʝʛʨʘʜʘʮʠʠ ʧʦʩʣʝʜʥʝʛʦ ʧʦʢʨʦʚ-

ʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ.  ɺ ʩʪʨʦʝʥʠʠ ʙʝʨʝʛʦʚʳʭ ʚʘʣʦʚ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʢʘʢ ʭʚʘʣʳʥʩʢʠʝ ʦʪʣʦʞʝʥʠʷ, 

ʪʘʢ ʠ ʨʘʟʤʳʚʘʝʤʳʝ ʧʦʜʩʪʠʣʘʶʱʠʝ ʧʦʨʦʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʛʘʣʝʯʥʠʢʠ ʠʟ ʭʘʟʘʨʩʢʠʭ ʪʝʨʨʘʩ. ɺ ʨʘʡ-

ʦʥʝ ʄʘʭʘʯʢʘʣʳ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʝʝ ʩʝʣ.ʊʝʤʠʨʛʦʝ ʪʝʨʨʘʩʳ ʦʩʣʦʞʥʷʶʪ ʚʳʭʦʜʳ ʥʝʦʛʝʥʦʚʳʭ ʧʦʨʦʜ. 

ɼʣʷ ʨʘʥʥʠʭ ʩʪʘʜʠʡ ʭʚʘʣʳʥʩʢʦʛʦ ʵʪʘʧʘ ʵʪʠ ʚʳʭʦʜʳ ʦʙʨʘʟʦʚʳʚʘʣʠ ʦʩʪʨʦʚʘ, ʩʦʝʜʠʥʝʥʥʳʝ ʩ ʩʫʰʝʡ 

ʧʝʩʯʘʥʳʤʠ ʢʦʩʘʤʠ ï ʪʦʤʙʦʣʦ (ʧʝʨʝʡʤʘ). ɺ ʯʘʩʪʥʦʩʪʠ ʦʪ ʦʩʪʨʦʚʘ ʥʘ ʤʝʩʪʝ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ɸʥ-

ʞʠ-ʘʨʢʘ ʜʦ ʛ.ʊʘʨʢʠ-ʊʘʫ. ʇʦʚʝʨʭʥʦʩʪʠ ʚʘʣʦʚ ʯʘʩʪʦ ʦʩʣʦʞʥʝʥʳ ʵʦʣʦʚʳʤʠ ʬʦʨʤʘʤʠ ʨʝʣʴʝʬʘ. ʇʦ-

ʥʠʞʝʥʠʷ ʤʝʞʜʫ ʚʘʣʘʤʠ ʩʣʘʙʦ ʜʨʝʥʠʨʦʚʘʥʳ ʠ ʟʘʥʷʪʳ ʙʦʣʦʪʘʤʠ ʠ ʩʦʣʦʥʯʘʢʘʤʠ. ɿʘʧʘʜʥʘʷ ʯʘʩʪʴ 

ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʣʦʩʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʩʦʙʩʪʚʝʥʥʦ ʤʦʨʩʢʠʭ ʪʝʨʨʘʩ ʭʚʘʣʳʥ-

ʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʤʠʢʨʦʨʝʣʴʝʬʦʤ, ʩʭʦʞʠʤ ʩ ʫʯʘʩʪʢʘʤʠ ʩʝʚʝʨʘ ʇʨʠʢʘʩʧʠʡʩʢʦʡ 

ʥʠʟʤʝʥʥʦʩʪʠ. 

 

ʈʘʡʦʥ 5. ʍʘʟʘʨʩʢʠʝ ʤʦʨʩʢʠʝ ʪʝʨʨʘʩʳ. 

ʄʦʨʩʢʠʝ ʪʝʨʨʘʩʳ ʵʪʦʛʦ ʨʘʡʦʥʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʪʝʢʪʦʥʠʯʝʩʢʠ ʜʠʩʣʦʮʠʨʦʚʘʥʳ, 

ʪʦ ʝʩʪʴ ʧʦʜʥʷʪʳ ʚʚʝʨʭ ʦʪ ʩʚʦʝʛʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʟʘʣʝʛʘʥʠʷ ʥʘ 100 ʠ ʙʦʣʝʝ ʤʝʪʨʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʙʦʣʴʰʦʡ ʜʨʝʚʥʦʩʪʴʶ ʵʪʠʭ ʪʝʨʨʘʩ, ʠʭ ʚʦʟʨʘʩʪ ʧʨʠʤʝʨʥʦ ʦʪ 100 ʜʦ 400 ʪʳʩʷʯ ʣʝʪ. ɼʝʣʷʪʩʷ ʥʘ 

ʧʦʟʜʥʝʭʘʟʘʨʩʢʠʝ ʠ ʨʘʥʥʝʭʘʟʘʨʩʢʠʝ. ʇʦʟʜʥʝʭʘʟʘʨʩʢʘʷ ʪʝʨʨʘʩʘ ʠʤʝʝʪ ʚʳʩʦʪʫ ʪʳʣʦʚʦʛʦ ʰʚʘ +80ʤ, 

ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʧʨʝʜʳʜʫʱʝʝ ʤʠʢʫʣʠʥʩʢʦʝ ʤʝʞʣʝʜʥʠʢʦʚʴʝ ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʯʘʣʫ ʧʦʟʜʥʝʛʦ 

ʧʣʝʡʩʪʦʮʝʥʘ. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʪʝʨʨʘʩʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʨʘʟʣʠʯʥʳʝ ʣʝʜʥʠʢʦʚʴʷ ʠ ʤʝʞʣʝʜʥʠʢʦʚʴʷ 

ʩʨʝʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ ï ʩʨʝʜʥʝʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ (ʗʥʠʥʘ, 2012). ʇʦʚʝʨʭʥʦʩʪʠ ʪʝʨʨʘʩ ʩʠʣʴʥʦ 

ʨʘʩʯʣʝʥʝʥʳ ʵʨʦʟʠʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʫʭʠʝ ʙʘʣʢʠ ʛʣʫʙʠʥʦʡ ʜʦ 20ʤ ʨʘʩʯʣʝʥʷʶʪ 

ʙʨʦʚʢʫ ʩʘʤʦʡ ʥʠʞʥʝʡ ʠʟ ʭʘʟʘʨʩʢʠʭ ʪʝʨʨʘʩ. ʇʣʦʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʭʨʘʥʠʣʠʩʴ ʬʨʘʛʤʝʥʪʘʨʥʦ. 

ɺʳʜʝʣʷʶʪʩʷ ʪʝʨʨʘʩʳ ʚʳʩʦʪʦʡ +80, +100, +130, +150, +170ʤ (ʈʳʯʘʛʦʚ, ʗʥʠʥʘ, 2011). ʂ ʟʘʧʘʜʫ 

ʦʪ ʩʝʣ.ʅʦʚʳʡ ʏʠʨʢʝʡ ʠ ʶʞʥʝʝ ʧʦʩʝʣʝʥʠʷ ʅʦʚʳʡ ʇʘʨʘʫʣ ʙʨʦʚʢʘ ʪʝʨʨʘʩʳ ʧʦʟʜʥʝʛʦ ʭʘʟʘʨʘ 

ʦʩʣʦʞʥʝʥʘ ʪʝʨʨʘʩʦʚʦʡ ʩʪʫʧʝʥʴʶ ʚʳʩʦʪʦʡ ʦʢʦʣʦ +60ʤ, ʚʝʨʦʷʪʥʦ ʵʪʦ ʩʣʝʜʳ ʪʨʘʥʩʛʨʝʩʩʠʠ ɻʠʨ-

ʢʘʥʩʢʦʛʦ ʵʪʘʧʘ (ʗʥʠʥʘ ʠ ʜʨ., 2014). ʕʪʫ ʩʪʫʧʝʥʴ ʠʥʦʛʜʘ ʦʧʠʩʳʚʘʶʪ ʢʘʢ ʪʝʢʪʦʥʠʯʝʩʢʠ ʜʠʩʣʦʮʠ-

ʨʦʚʘʥʥʫʶ ʪʝʨʨʘʩʫ ʤʘʢʩʠʤʫʤʘ ʭʚʘʣʳʥʩʢʦʛʦ ʵʪʘʧʘ. ʍʘʟʘʨʩʢʠʝ ʪʝʨʨʘʩʳ ʧʦʢʨʳʪʳ ʤʘʣʦʤʦʱʥʳʤ 

ʩʠʣʴʥʦ ʩʤʳʪʳʤ ʯʝʭʣʦʤ ʣʝʩʩʦʚʳʭ ʧʦʨʦʜ (ʀʜʨʠʩʦʚ, 2006). ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʭʘʟʘʨʩʢʠʭ 

ʪʝʨʨʘʩ ʨʘʡʦʥʘ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʰʠʨʦʢʦʝ ʫʯʘʩʪʠʝ ʚ ʠʭ ʩʪʨʦʝʥʠʝ ʛʘʣʝʯʥʠʢʦʚ ʠʟ ʦʙʣʦʤʢʦʚ 

ʚʝʨʭʥʝʤʝʣʦʚʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʠʜʝʥʪʠʯʥʳʭ ʩʦʚʨʝʤʝʥʥʦʤʫ ʘʣʣʶʚʠʶ ʨ.ʐʫʨʘ-ʦʟʝʥʴ. ʉʭʦʞʝʝ ʩʪʨʦʝ-

ʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʠ ʜʣʷ ʵʪʠʭ ʪʝʨʨʘʩ ʣʝʞʘʱʠʭ ʶʛʦ-ʚʦʩʪʦʯʥʝʝ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʪʘʤ ʚʣʠʷʥʠʝ 

ʦʢʘʟʳʚʘʝʪ ʩʭʦʞʠʡ ʘʣʣʶʚʠʡ ʨ.ʄʘʥʘʩ-ʦʟʝʥʴ.  

 

ʈʘʡʦʥ 6. ɹʘʢʠʥʩʢʠʝ ʤʦʨʩʢʠʝ ʪʝʨʨʘʩʳ. 

ɿʘʥʠʤʘʶʪ ʥʝʙʦʣʴʰʦʡ ʬʨʘʛʤʝʥʪ ʶʛʦ-ʚʦʩʪʦʯʥʝʝ ʨʘʡʦʥʘ ʚʳʭʦʜʘ ʨ.ʉʫʣʘʢ ʥʘ ʨʘʚʥʠʥʫ. ʏʝʪʢʦ 

ʚʠʜʥʳ ʚ ʚʠʜʝ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʭʦʣʤʘ-ʦʩʪʘʥʮʘ ʶʞʥʝʝ ʘʚʪʦʜʦʨʦʛʠ ʄʘʭʘʯʢʘʣʘ-ʂʠʟʠʣʶʨʪ. ɺʳʩʦʪʘ 

ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʪʘʥʮʘ ʦʢʦʣʦ +200ʤ. ʅʘ ʦʩʪʘʣʴʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʙʘʢʠʥʩʢʠʝ ʪʝʨʨʘʩʳ ʚʝʨʦ-

ʷʪʥʦ ʨʘʟʤʳʪʳ ʠ ʜʘʣʝʝ ʥʘ ʶʛ ʚʩʪʨʝʯʘʶʪʩʷ ʣʠʰʴ ʶʞʥʝʝ ʛ.ʀʟʙʝʨʙʘʰ (ʌʝʜʦʨʦʚ, 1957). ɺʦʟʨʘʩʪ 
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ʵʪʦʛʦ ʵʪʘʧʘ 400-800 ʪʳʩ.ʣʝʪ, ʦʪʥʦʩʷʪʩʷ ʢ ʥʠʞʥʝʤʫ (ʨʘʥʥʝʤʫ) ʧʣʝʡʩʪʦʮʝʥʫ ʧʦ ʩʪʘʨʦʡ ʰʢʘʣʝ ʧʝ-

ʨʠʦʜʠʟʘʮʠʠ ʠʣʠ ʢ ʨʘʥʥʝʤʫ ʥʝʦʧʣʝʡʩʪʦʮʝʥʫ ʧʦ ʥʦʚʦʡ ʰʢʘʣʝ. 

 

ʈʘʡʦʥ 7. ɸʧʰʝʨʦʥʩʢʠʝ ʠ ʘʢʯʘʛʳʣʴʩʢʠʝ ʦʪʣʦʞʝʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʠʩʣʦʮʠʨʦʚʘʥʥʳʤʠ ʠ ʩʠʣʴʥʦ ʨʘʟʤʳʪʳʤʠ ʧʦʨʦʜʘʤʠ, ʩʣʘʛʘʶʱʠʤʠ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʧʨʝʜʛʦʨʥʦʡ (ʥʠʟʢʦʛʦʨʥʦʡ) ʯʘʩʪʠ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʝʛʠʦʥʘ. ɺʩʢʨʳʚʘʶʪʩʷ ʚ ʥʠʞʥʠʭ ʯʘ-

ʩʪʷʭ ʛʣʫʙʦʢʦ ʚʨʝʟʘʥʥʳʭ ʜʦʣʠʥ ʨʝʢ ɸʢʪʘʰ-ɸʢʩʘʡʩʢʦʡ ʩʠʩʪʝʤʳ. ɺʦʩʪʦʯʥʝʝ ʬʦʨʤʠʨʫʶʪ ʩʝʚʝʨ-

ʥʫʶ ʛʨʷʜʫ ɹʘʚʪʫʛʘʡʩʢʦʛʦ ʭʨʝʙʪʘ ʚʧʣʦʪʴ ʜʦ ʛ.ʏʘʧʯʘʢ. ʇʝʨʝʩʝʢʘʷ ʨ.ʉʫʣʘʢ ʨʝʟʢʦ ʩʦʢʨʘʱʘʶʪʩʷ ʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʠ ʬʦʨʤʠʨʫʶʪ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʫʶ ʧʝʨʠʬʝʨʠʶ ɻʝʣʴʙʘʭʩʢʦʛʦ ʭʨʝʙʪʘ. ʅʘ ʚʩʝʤ 

ʧʨʦʪʷʞʝʥʠʠ ʧʦʣʦʛʦ ʧʘʜʘʶʪ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ  ʠ ʩʝʚʝʨ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʯʝʨʝʜʦʚʘʥʠʝʤ ʛʘʣʝʯʥʠʢʦʚ, 

ʛʣʠʥ, ʧʝʩʢʦʚ. ʆʪʥʦʩʷʪʩʷ ʢ ʢʘʣʘʙʨʠʶ ï ʵʦʧʣʝʡʩʪʦʮʝʥʫ (ʘʧʰʝʨʦʥ) ʚʦʟʨʘʩʪ 0,8-1,6 ʤʣʥ.ʣʝʪ ʠ ʛʝʣʘ-

ʟʠʶ ï ʧʘʣʝʦʧʣʝʡʩʪʦʮʝʥʫ (ʚʝʨʭʠ ʘʢʯʘʛʳʣʘ) ʚʦʟʨʘʩʪ 1,6-2,6 ʤʣʥ.ʣʝʪ. 

 

ʈʘʡʦʥ 8. ɼʦʧʣʝʡʩʪʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ.  

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ: ʧʝʩʯʘʥʠʢʘʤʠ, ʛʣʠʥʘʤʠ, ʠʟʚʝʩʪʥʷ-

ʢʘʤʠ ʬʦʨʤʠʨʫʶʪ ʛʦʨʥʫʶ ʯʘʩʪʴ ʂʘʚʢʘʟʘ. 

 

ʈʘʡʦʥ 9. ʄʘʩʩʠʚ ʉʘʨʳʢʫʤ. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʷʨʢʠʡ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʦʙʲʝʢʪ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʂʘʚʢʘʟʘ ʠ ʇʨʠʢʘ-

ʩʧʠʡʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʩʧʝʮʠʬʠʯʥʘʷ ʯʘʩʪʴ ʉʘʨʳʢʫʤʘ ʦʭʨʘʥʷʝʪʩʷ ʟʘʧʦʚʝʜʥʠʢʦʤ çɼʘ-

ʛʝʩʪʘʥʩʢʠʡè. ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʰʠʨʦʢʠʤ ʨʘʟʚʠʪʠʝʤ ʦʪʢʨʳʪʳʭ ʧʝʩʢʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʟʥʦ-

ʦʙʨʘʟʥʳʭ ʵʦʣʦʚʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ. ʈʘʟʜʝʣʝʥ ʜʦʣʠʥʦʡ ʨ.ʐʫʨʘ-ʦʟʝʥʴ ʥʘ ʙʦʣʴʰʫʶ ʟʘʧʘʜʥʫʶ ʠ 

ʤʝʥʴʰʫʶ ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʠ. ʅʘ ʟʘʧʘʜʥʦʤ ʉʘʨʳʢʫʤʝ ʨʘʩʧʦʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʦʧʝʨʝʯʥʳʭ ʜʶʥ, 

ʜʣʠʥʘ ʛʨʝʙʥʷ ʩʘʤʦʡ ʙʦʣʴʰʦʡ ʠʟ ʢʦʪʦʨʦʡ 1200ʤ. ɼʶʥʳ ʦʙʨʘʟʦʚʘʥʳ ʟʘ ʩʯʝʪ ʨʘʟʚʝʠʚʘʥʠʷ ʦʪʣʦʞʝ-

ʥʠʡ ʤʘʩʩʠʚʘ ʉʘʨʳʢʫʤ, ʩʦʩʪʦʷʱʝʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʠʟ ʤʝʣʢʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ (ʊʫ-

ʣʳʰʝʚʘ, 2002; ɻʫʩʘʨʦʚ, 2016). ʃʦʢʘʣʴʥʦ ʚ ʦʪʣʦʞʝʥʠʷʭ ʤʘʩʩʠʚʘ ʠʤʝʶʪʩʷ ʵʨʦʟʠʦʥʥʳʝ ʚʨʝʟʳ ʟʘ-

ʧʦʣʥʝʥʥʳʝ ʱʝʙʥʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʇʦ ʧʝʨʠʬʝʨʠʠ ʨʘʟʚʠʪʳ ʙʫʛʨʠʩʪʳʝ ʧʝʩʢʠ (ʪʦʤʦʢʠ, ʯʦʢʦʣʘ-

ʢʠ), ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚʦʢʨʫʛ ʢʫʩʪʦʚ ʚʳʩʦʪʦʡ ʙʫʛʨʦʚ ʜʦ 5ʤ., ʜʠʘʤʝʪʨʦʤ ʜʦ 20ʤ ʈʘʟʚʠʪʠʝ ʤʘʩʩʠ-

ʚʘ ʉʘʨʳʢʫʤ ʙʳʣʦ ʩʣʦʞʥʳʤ ʠ ʚʢʣʶʯʘʣʦ ʪʨʠ ʵʪʘʧʘ (ʀʜʨʠʩʦʚ, 2010). ʇʝʨʚʳʡ ʵʪʘʧ: ʥʘʢʦʧʣʝʥʠʝ 

ʦʪʣʦʞʝʥʠʡ ʤʘʩʩʠʚʘ. ʈʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʤʝʭʘʥʠʟʤʳ ʵʪʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʩʣʦʞʥʦ. ʅʘʤʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʦ ʤʥʦʛʦʤ ʦʥ ʙʳʣ ʩʭʦʞ ʩ ʬʦʨʤʠʨʦʚʘʥʠʷʤʠ "ʩʫʭʠʭ ʜʝʣʴʪ" ʚ 

ʟʦʥʘʭ ʚʳʭʦʜʘ ʨʝʢ ʥʘ ʨʘʚʥʠʥʳ ʚ ʘʨʠʜʥʳʭ ʨʝʛʠʦʥʘʭ. ʆʜʥʦʟʥʘʯʥʦʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʩʫʙ-

ʩʪʨʘʪʘ ʥʘ ʤʘʩʩʠʚʝ ʧʨʝʢʨʘʪʠʣʦʩʴ ʤʥʦʛʦ ʪʳʩʷʯ ʣʝʪ ʥʘʟʘʜ. ɺʪʦʨʦʡ ʵʪʘʧ: ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʤʘʩʩʠʚʘ. ɺ ʵʪʦ ʚʨʝʤʷ ʟʜʝʩʴ ʨʘʟʚʠʣʩʷ ʤʦʱʥʳʡ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ, ʵʦʣʦʚʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʚ 

ʵʪʦʪ ʵʪʘʧ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ʇʨʝʢʨʘʪʠʣʩʷ ʵʪʘʧ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʫʰʝʥʠʷ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʦʢʨʦʚʘ ʠ ʧʦʛʨʝʙʝʥʠʷ ʧʦʯʚ ʧʦʜ ʵʦʣʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʊʘʢʠʝ ʧʦʯʚʳ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʥʘ ʚʦ-

ʩʪʦʯʥʦʤ ʠ ʚʜʦʣʴ ʧʝʨʠʬʝʨʠʠ ʟʘʧʘʜʥʦʛʦ ʉʘʨʳʢʫʤʘ. ɺʦʟʨʘʩʪ ʦʢʦʣʦ 2,0 ʪʳʩʷʯ ʣʝʪ (ɻʫʩʘʨʦʚ, ɻʠʣʷ-

ʟʦʚ, 2015). ʊʨʝʪʠʡ ʵʪʘʧ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʦʣʦʚʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ. ʆʪʣʠʯʘʝʪʩʷ ʙʳʩʪʨʳʤʠ ʠʟʤʝʥʝ-

ʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʬʦʨʤ. ɺ ʯʘʩʪʥʦʩʪʠ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳʝ ʥʘ ʟʘʧʘʜʥʦʤ ʉʘʨʳʢʫ-

ʤʝ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʍʍ ʚʝʢʘ ʧʦʜʚʠʞʥʳʝ ʬʦʨʤʳ ï ʙʘʨʭʘʥʳ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʟʘʢʨʝʧʠ-

ʣʠʩʴ ʠ ʠʩʯʝʟʣʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʚʳʩʦʪʳ ʜʶʥ ʠ ʧʦʚʳʰʝʥʠʝ ʦʪ-

ʤʝʪʦʢ ʢʦʪʣʦʚʠʥ ʚʳʜʫʚʘʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. ɺ 2016ʛ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʤʘʩʩʠʚʘ ʟʘʤʝʨʝʥʥʘʷ 

ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʦʩʪʘʚʠʣʘ 245,8ʤ (ɻʫʩʘʨʦʚ, ʐʘʨʠʬʫʣʣʠʥ, 2016). ʅʠʞʥʠʝ ʯʘʩʪʠ ʜʶʥ ʥʘ 

ʙʦʣʴʰʠʭ ʫʯʘʩʪʢʘʭ ʟʘʨʘʩʪʘʶʪ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʠ ʟʘʢʨʝʧʣʷʶʪʩʷ. 

 

ʈʘʡʦʥ 10. ʂʦʥʫʩ ʚʳʥʦʩʘ ʠ ʜʦʣʠʥʘ ʨ.ʐʫʨʘ-ʦʟʝʥʴ. 

ɼʦʣʠʥʘ ʨʝʢʠ ʚ ʟʦʥʝ ʧʨʦʨʝʟʳʚʘʥʠʷ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʤʦʨʩʢʠʭ ʪʝʨʨʘʩ ʦʪʣʠʯʘʝʪʩʷ ʢʨʫʪʳʤʠ 

ʙʦʨʪʘʤʠ ʛʣʫʙʠʥʦʡ ʚ 20-40ʤ, ʰʠʨʠʥʦʡ ʦʢʦʣʦ 400ʤ. ʅʘ ʜʥʝ ʭʦʨʦʰʦ ʚʳʜʝʣʷʝʪʩʷ ʛʘʣʝʯʥʠʢʦʚʘʷ 

ʧʦʡʤʘ ʠ ʜʚʝ ʪʝʨʨʘʩʳ ʚʳʩʦʪʦʡ ʦʢʦʣʦ 1-3 ʠ 5-6ʤ. ʇʝʨʚʘʷ ʥʘʜʧʦʡʤʝʥʥʘʷ ʪʝʨʨʘʩʘ ʠʤʝʝʪ ʚʦʟʨʘʩʪ 
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ʦʢʦʣʦ 3,0 ʪʳʩ.ʣʝʪ. ɺʪʦʨʘʷ ʥʘʜʧʦʡʤʝʥʥʘʷ ï ʦʢʦʣʦ 5,0 ʪʳʩ.ʣʝʪ (ɻʫʩʘʨʦʚ, ɻʠʣʷʟʦʚ, 2015). ʇʦ 

ʥʘʰʠʤ ʜʘʥʥʳʤ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʠʞʥʠʭ ʯʘʩʪʝʡ ʜʦʣʠʥ ʨʝʢ ʙʘʩʩʝʡʥʘ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ 

ʭʘʨʘʢʪʝʨʥʦ ʩʭʦʞʝʝ ʩʪʨʦʝʥʠʝ ʚʢʣʶʯʘʶʱʝʝ ʧʦʡʤʫ (ʯʘʩʪʦ ʜʚʫʭ ʫʨʦʚʥʝʡ) ʠ ʜʚʝ ʪʝʨʨʘʩʳ ʛʦʣʦʮʝʥʦ-

ʚʦʛʦ ʚʦʟʨʘʩʪʘ (ʂʦʨʦʪʘʝʚ, 2011; ʀʜʨʠʩʦʚ, 2012, 2013ʘ; Olivier et al., 2015). ʂʦʥʫʩ ʚʳʥʦʩʘ ʨʝʢʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʜʦʣʞʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʚʪʦʨʦʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ ʠ ʧʦʣʦʛʦ ʧʦʥʠʞʘʝʪʩʷ 

ʚ ʮʝʣʦʤ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ. ʂʦʥʫʩ ʚʳʥʦʩʘ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʢʨʳʚʘʝʪ ʙʝʨʝʛʦʚʳʝ ʚʘʣʳ ʨʘʟʣʠʯʥʳʭ 

ʩʪʘʜʠʡ ʭʚʘʣʳʥʩʢʦʛʦ ʵʪʘʧʘ (ʀʜʨʠʩʦʚ, 2011) ʠ ʨʘʥʝʝ ʜʘʪʠʨʦʚʘʣʩʷ ʭʚʘʣʳʥʩʢʠʤ ʚʦʟʨʘʩʪʦʤ (ɻʝʦ-

ʤʦʨʬʦʣʦʛʠʷ ʙʝʨʝʛʦʚ ʠ ʜʥʘé, 1977. ʉ.180). ʉ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʦʪʤʝʪʦʢ ʧʦʨʷʜʢʘ 

-23ʤ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʙʝʨʝʛʦʚʳʤʠ ʚʘʣʘʤʠ ʦʜʥʦʛʦ ʠʟ ʧʘʣʝʦʨʫʩʝʣ ʨ.ʉʫʣʘʢ. 

 

ʈʘʡʦʥ 11. ʂʦʥʫʩ ʚʳʥʦʩʘ ʠ ʜʦʣʠʥʘ ʨ.ʉʫʣʘʢ. 

ɿʦʥʘ ʚʳʭʦʜʘ ʨʝʢʠ ʉʫʣʘʢ ʥʘ ʥʠʟʤʝʥʥʦʩʪʴ ʩʣʘʙʦ ʠʩʩʣʝʜʦʚʘʥʦ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʦʞʥʦ ʩʜʝ-

ʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʟʜʝʩʴ ʠʤʝʝʪʩʷ ʤʠʥʠʤʫʤ ʪʨʠ ʚʣʦʞʝʥʥʳʭ ʜʨʫʛ ʚ ʜʨʫʛʘ ʛʘʣʝʯʥʠʢʦʚʳʭ ʢʦʥʫ-

ʩʘ ʚʳʥʦʩʘ. ɻʘʣʝʯʥʠʢʠ ʢʨʫʧʥʳʝ, ʭʦʨʦʰʦ ʦʢʘʪʘʥʥʳʝ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʢʘʨʴʝ-

ʨʘʤʠ. ɺʩʢʨʳʪʘʷ ʤʦʱʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 20ʤ. ʇʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚ ʦʩʥʦʚʥʦʤ ʦʙʣʦʤʢʠ ʧʝʩʯʘʥʠʢʦʚ 

ʠ ʩʣʘʥʮʝʚ ʶʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʉʚʝʨʭʫ ʧʝʨʝʢʨʳʪʳ ʯʝʭʣʦʤ ʩʫʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʤʦʱʥʦʩʪʴʶ 1-5ʤ. 

ʇʦʚʝʨʭʥʦʩʪʠ ʢʦʥʫʩʦʚ ʧʦʜ ʫʛʣʘʤʠ 2-70 ʧʦʛʨʫʞʘʶʪʩʷ ʚ ʩʝʚʝʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɼʣʷ ʨʝʢʠ ʦʪʤʝʯʘ-

ʶʪʩʷ çʥʦʞʥʠʮʳè ʪʝʨʨʘʩ ʠ ʧʦʛʨʫʞʝʥʠʝ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʪʝʨʨʘʩ ʚ ʙʳʩʪʨʦ ʧʦʛʨʫʞʘʶʱʠʝʩʷ ʟʦʥʳ 

ʊʝʨʩʢʦ-ʂʘʩʧʠʡʩʢʦʛʦ ʧʨʦʛʠʙʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʦʣʦʜʳʝ ʦʪʣʦʞʝʥʠʡ ʢ ʧʝʨʠʬʝʨʠʠ ʢʦʥʫʩʘ ʚʳʥʦʩʘ 

ʙʳʩʪʨʦ ʧʝʨʝʢʨʳʚʘʶʪ ʜʨʝʚʥʠʝ. ʊʘʢʞʝ ʙʳʩʪʨʦ ʫʪʦʥʯʘʝʪʩʷ ʩʦʩʪʘʚ ʦʪʣʦʞʝʥʠʷ ʠ ʥʘʯʠʥʘʶʪ ʜʦʤʠ-

ʥʠʨʦʚʘʪʴ (ʚʧʣʦʪʴ ʜʦ ʫʩʪʴʷ) ʩʝʨʳʝ ʧʝʩʢʠ ʠ ʩʫʧʝʩʠ ʠʟ ʦʙʣʦʤʢʦʚ ʶʨʩʢʠʭ ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ. 

 

ʈʘʡʦʥ 12. ʊʝʨʩʢʠʡ ʧʝʩʯʘʥʳʡ ʤʘʩʩʠʚ. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʚʝʷʥʥʳʝ ʨʝʯʥʳʝ ʪʝʨʨʘʩʳ ʨ.ʊʝʨʝʢ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʠʟʦ-

ʚʴʷ ʠ ʩʨʝʜʥʝʝ ʪʝʯʝʥʠʝ ʨʝʢʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʣʘʙʦ. ʉʫʱʝʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ ʤʘʩʩʠʚ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʪʚʝʨʪʫʶ ʪʝʨʨʘʩʫ ʨʝʢʠ. ʇʨʠ ʵʪʦʤ ʜʘʥʥʳʝ ʧʦ ʚʦʟʨʘʩʪʫ ʵʪʦʡ ʪʝʨʨʘʩʳ ʧʨʦʪʠʚʦʨʝ-

ʯʠʚʳ. ɺ ʯʘʩʪʥʦʩʪʠ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ, ʯʪʦ: çʬʦʨʤʠʨʦʚʘʥʠʝ IV ʪʝʨʨʘʩʳ ʠ ʜʨʝʚʥʝʡ ʜʝʣʴʪʦʚʦʡ 

ʨʘʚʥʠʥʳ ʢ ʩʝʚʝʨʫ ʦʪ ʥʝʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʭʘʟʘʨʩʢʦʝ ʚʨʝʤʷè (ɻʝʦʤʦʨʬʦʣʦʛʠʷ ʙʝʨʝʛʦʚ ʠ ʜʥʘé, 

1977. ʉ.37). ɼʘʥʥʳʡ ʚʳʚʦʜ ʩʜʝʣʘʥ ʥʘ ʘʥʘʣʠʟʝ ʦʪʣʦʞʝʥʠʡ ʚʳʰʝ ʛ.ʄʦʟʜʦʢ, ʪʦ ʝʩʪʴ ʚ 180ʢʤ ʚʳʰʝ 

ʧʦ ʪʝʯʝʥʠʶ ʚ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʊʘʤ ʞʝ ʚʪʦʨʘʷ ʥʘʜʧʦʡʤʝʥʥʘʷ ʪʝʨ-

ʨʘʩʘ ʩʠʥʭʨʦʥʠʟʠʨʫʝʪʩʷ ʩ ʭʚʘʣʳʥʩʢʦʡ ʪʨʘʥʩʛʨʝʩʩʠʝʡ. ʇʨʠ ʵʪʦʤ ʝʝ ʚʳʩʦʪʘ ʠ ʦʙʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʦʝʥʠʷ ʠʜʝʥʪʠʯʥʳ ʚʪʦʨʳʤ ʥʘʜʧʦʡʤʝʥʥʳʤ ʪʝʨʨʘʩʘʤ ʦʩʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʝʢ ʨʝʛʠʦʥʘ, 

ʪʦ ʝʩʪʴ ʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʝʨʝʜʠʥʝ ʛʦʣʦʮʝʥʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʊʝʨʩʢʦʛʦ ʧʝʩ-

ʯʘʥʦʛʦ ʤʘʩʩʠʚʘ ʪʨʝʪʴʷ ʨʝʯʥʘʷ ʪʝʨʨʘʩʘ ʚʳʩʦʪʦʡ ʦʢʦʣʦ 8-10ʤ ʠ ʯʝʪʚʝʨʪʘʷ ʨʝʯʥʘʷ ʪʝʨʨʘʩʘ ʚʳʩʦʪʦʡ 

ʤʝʥʝʝ 20ʤ (ʩʦʙʩʪʚʝʥʥʦ ʤʘʩʩʠʚ) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʝ ʧʦʟʜʥʝʤʫ ʠ ʨʘʥʥʝʤʫ ʭʘʟʘʨʫ (ɻʝʦʤʦʨʬʦʣʦʛʠʷ 

ʙʝʨʝʛʦʚ ʠ ʜʥʘé, 1977. ʉ.37), ʘ ʤʦʛʫʪ ʙʳʪʴ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʭʚʘʣʳʥʩʢʠʤ ʚʨʝʤʝʥʝʤ. ʉʣʝʜʫʝʪ ʦʪ-

ʤʝʪʠʪʴ ʭʘʨʘʢʪʝʨʥʳʡ ʩʦʩʪʘʚ ʘʣʣʶʚʠʷ ʨʝʢ ʊʝʨʝʢ ʠ ʉʫʣʘʢ, ʨʝʢ ʩʠʩʪʝʤʳ ɸʢʪʘʰ-ɸʢʩʘʡ, ʨʝʢʠ ʐʫʨʘ-

ʦʟʝʥʴ, ʨʝʢʠ ʂʫʤʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʨʝʥʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʦʪʣʦʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʝʢ. ɺ ʯʘʩʪ-

ʥʦʩʪʠ ʧʝʩʯʘʥʳʡ ʘʣʣʶʚʠʡ ʨʝʢʠ ʂʫʤʘ ʩʦʩʪʦʠʪ ʠʟ ʢʚʘʨʮʝʚʳʭ ʧʝʩʢʘ ʞʝʣʪʦʛʦ ʮʚʝʪʘ, ʘ ʘʣʣʶʚʠʡ ʊʝ-

ʨʝʢʘ ʠʟ ʧʝʩʢʘ ʩʝʨʦʛʦ ʮʚʝʪʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʧʝʩʯʘʥʳʝ ʤʘʩʩʠʚʳ (ʂʫʤʩʢʠʡ ʠ ʊʝʨʩʢʠʡ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ) ʩʬʦʨʤʠʨʦʚʘʥʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʝʩʢʘʭ ʠ ʯʝʪʢʦ ʦʢʦʥʪʫʨʠʚʘʶʪ ʜʨʝʚʥʠʝ ʘʣʣʶʚʠʘʣʴʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʵʪʠʭ ʨʝʢ. 

 

ʈʘʡʦʥ 13. ʍʘʩʘʚʶʨʪʦʚʩʢʘʷ ʥʘʢʣʦʥʥʘʷ ʨʘʚʥʠʥʘ. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʢʣʦʥʥʫʶ ʨʘʚʥʠʥʫ ʚ ʨʷʜʫ: ʂʫʩʘʨʩʢʘʷ, ʍʘʩʘʚʶʨʪʦʚʩʢʘʷ, ʏʝʯʝʥʩʢʘʷ, 

ʆʩʝʪʠʥʩʢʘʷ, ʂʘʙʘʨʜʠʥʩʢʘʷ, ʂʫʙʘʥʩʢʘʷ. ʌʦʨʤʠʨʫʶʪʩʷ ʟʘ ʩʯʝʪ ʦʪʢʣʘʜʳʚʘʥʠʷ ʙʦʣʴʰʠʭ ʤʘʩʩ ʘʣ-

ʣʶʚʠʷ ʚ ʟʦʥʘʭ ʧʝʨʝʭʦʜʘ ʨʝʢ ʩ ʂʘʚʢʘʟʘ ʥʘ ʣʝʞʘʱʠʝ ʩʝʚʝʨʥʝʝ ʨʘʚʥʠʥʳ. ʍʘʩʘʚʶʨʪʦʚʩʢʘʷ ʨʘʚʥʠʥʘ 

ʟʘʥʠʤʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʨʝʢʘʤʠ ʉʫʣʘʢ ʠ ʊʝʨʝʢ ʠ ʦʪʣʠʯʘʝʪʩʷ ʧʣʦʩʢʠʤʠ ʚʦʜʦʨʘʟʜʝʣʘʤʠ 

ʥʘʢʣʦʥʝʥʥʳʤʠ ʥʘ ʩʝʚʝʨ ʧʦʜ ʫʛʣʦʤ 2-100. ʇʨʦʨʝʟʘʝʪʩʷ ʩ ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ ʜʦʣʠʥʘʤʠ ʨʝʢ ɸʢʪʘʰ, 



ʀʜʨʠʩʦʚ ʀ.ɸ., ɹʦʨʠʩʦʚ ɸ.ɺ 
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ʗʤʘʥʩʫ, ʗʨʳʢʩʫ, ɸʢʩʘʡ, ʢʦʪʦʨʳʝ ʩʪʝʢʘʶʪ ʩ ʣʝʞʘʱʠʭ ʶʞʥʝʝ  ʭʨʝʙʪʦʚ ʉʘʣʘʪʘʫ ʠ ɸʥʜʠʡʩʢʦʛʦ. 

ɻʣʫʙʠʥʘ ʚʨʝʟʘ ʨʝʢ 5-30ʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʚ ʦʙʣʘʩʪʠ ʧʨʦʨʝʟʳʚʘʥʠʷ ʣʝʩʩʦʚʳʭ ʧʦʨʦʜ ʚ ʶʞʥʦʡ ʯʘ-

ʩʪʠ (ʀʜʨʠʩʦʚ, 2013 ʘ). ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ (ʩʝʚʝʨʥʝʝ ʛ.ʍʘʩʘʚʶʨʪ) ʛʣʫʙʠʥʘ ʚʨʝʟʘ ʩʥʠʞʘʝʪʩʷ ʜʦ 

5ʤ, ʟʜʝʩʴ ʨʝʢʠ ʧʨʦʨʝʟʘʶʪ ʧʣʝʡʩʪʦʮʝʥʦʚʳʝ ʛʘʣʝʯʥʠʢʦʚʳʝ ʢʦʥʫʩʳ ʚʳʥʦʩʘ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʨʝʟ-

ʢʦ ʧʦʚʳʰʘʝʪʩʷ ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʧʨʦʠʟʨʘʩʪʘʶʪ ʙʦʛʘʪʳʝ ʣʝʩʘ. ɼʘʣʝʝ ʥʘ ʩʝʚʝʨ ʨʝʢʠ ʧʨʦ-

ʨʝʟʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʦʨʩʢʠʝ ʠ ʙʝʨʝʛʦʚʳʝ ʧʝʩʢʠ, ʩʫʧʝʩʠ ʠ ʩʫʛʣʠʥʢʠ ʠ ʛʣʫʙʠʥʘ ʚʨʝʟʘ ʚʦʟ-

ʨʘʩʪʘʝʪ ʜʦ 15ʤ. ɼʘʣʝʝ ʥʘ ʩʝʚʝʨ ʩʥʠʞʘʝʪʩʷ ʜʦ 0ʤ. ɼʦʣʠʥʳ ʨʝʢ ʦʪʣʠʯʘʶʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʙʦʨ-

ʪʘʤʠ. ɺ ʜʦʣʠʥʘʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʫʶ ʪʝʨʨʘʩʫ ʚʳʩʦʪʦʡ 15-20ʤ, ʦʥʘ ʩʣʦʞʝʥʘ 

ʱʝʙʥʠʩʪʳʤʠ ʦʙʣʦʤʢʘʤʠ ʠʟʚʝʩʪʥʷʢʦʚ. ʊʘʢʞʝ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʳ ʜʚʝ ʛʦʣʦʮʝʥʦʚʳʝ ʪʝʨʨʘʩʳ, ʦʥʠ 

ʩʣʦʞʝʥʳ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʩʣʦʷʤʠ ʛʘʣʝʯʥʠʢʦʚ, ʛʣʠʥ ʠ ʩʫʧʝʩʠ, ʪʘʢʞʝ ʚʢʣʶʯʘʶʪ ʠ ʧʦʛʨʝʙʝʥʥʳʝ 

ʧʦʯʚʳ (ʨʠʩ.2). ɺʳʩʦʪʳ ʨʘʟʣʠʯʥʳʭ ʪʝʨʨʘʩ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʶʪ ʧʦ ʪʝʯʝʥʠʶ ʨʝʢ. ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ʨʘʚʥʠʥʳ ʵʪʠ ʪʝʨʨʘʩʳ ʦʙʨʘʟʫʶʪ ʩʣʠʚʰʠʝʩʷ ʢʦʥʫʩʳ ʚʳʥʦʩʳ, ʢʦʪʦʨʳʝ ʛʣʫʙʦʢʦ ʧʨʦʨʝʟʘʥʳ ʜʦʣʠ-

ʥʘʤʠ. ʈʘʥʥʝʝ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʩʝʚʝʨʥʘʷ ʧʦʣʦʚʠʥʘ ʨʘʚʥʠʥʳ (ʚʢʣʶʯʘʷ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳʝ 

ʩʣʠʚʰʠʝʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʨʨʘʩ ʚʳʩʦʪʦʡ ʜʦ 10ʤ) ʠʤʝʝʪ ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʡ ʚʦʟʨʘʩʪ (ɻʝʦ-

ʤʦʨʬʦʣʦʛʠʷ ʙʝʨʝʛʦʚ ʠ ʜʥʘé, 1977). ʅʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦ-

ʣʝʝ ʤʦʣʦʜʦʤ ʚʦʟʨʘʩʪʝ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʭʚʘʪʳʚʘʶʱʝʤ ʩʨʝʜʥʠʡ ʠ ʥʘʯʘʣʦ ʧʦʟʜʥʝʛʦ ʛʦʣʦʮʝʥʘ 

(ʀʜʨʠʩʦʚ ʠ ʜʨ., 2017). ʋʯʘʩʪʦʢ ʦʪʣʠʯʘʝʪʩʷ ʙʳʩʪʨʦʡ ʧʝʨʝʩʪʨʦʡʢʦʡ ʨʝʣʴʝʬʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʤʘʩ-

ʰʪʘʙʥʳʤʠ ʧʝʨʝʩʪʨʦʡʢʘʤʠ ʨʝʯʥʦʡ ʩʝʪʠ ʚ ʪʝʯʝʥʠʝ ʛʦʣʦʮʝʥʘ (ʀʜʨʠʩʦʚ, 2013 ʘ). 

 

ʈʘʡʦʥ 14. ɻʦʣʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʥʘ ʤʦʨʩʢʠʭ ʭʚʘʣʳʥʩʢʠʭ ʪʝʨʨʘʩʘʭ. 

ɼʘʥʥʳʡ ʨʘʡʦʥ ʩʬʦʨʤʠʨʦʚʘʥ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʘʣʝʦʨʫʩʣʘʤʠ ʨʝʢ ʊʝʨʝʢ, ɸʢʩʘʡ, ʗʨʳʢʩʫ, 

ʗʤʘʥʩʫ, ʉʫʣʘʢ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʩʣʘʙʦ ʚʨʝʟʘʥʥʳʭ ʚ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʚʥʠʥʳ 

ʨʫʩʝʣ, ʛʣʫʙʠʥʘ ʚʨʝʟʘ ʤʝʥʝʝ 2ʤ. ɺ ʥʠʞʥʝʡ (ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ) ʨʫʩʣʘ ʨʝʢ ʧʨʦʪʝʢʘʶʪ ʚʳʰʝ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʨʘʚʥʠʥʳ ʠ ʦʢʦʥʪʫʨʝʥʳ ʙʝʨʝʛʦʚʳʤʠ ʚʘʣʘʤʠ. ɺ ʨʫʩʣʘʭ ʠ ʥʘ ʚʘʣʘʭ ʧʨʠ ʝʞʝʛʦʜʥʳʭ ʧʘʚʦʜʢʘʭ 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʘʣʣʶʚʠʡ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʨʦʩʪ ʦʪʤʝʪʦʢ ʚʚʝʨʭ. ʕʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʨʦʩʪ ʧʨʦʨʳʚʘ 

ʚʘʣʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʰʠʨʥʦʛʦ ʨʘʟʣʠʚʘ. ɼʘʣʝʝ ʨʝʢʘ ʬʦʨʤʠʨʫʝʪ ʤʥʦʛʦʨʫʢʘʚʥʦʝ ʨʫʩʣʦ, ʜʘʣʝʝ 

ʥʘʯʠʥʘʝʪ ʜʦʤʠʥʠʨʦʚʘʪʴ ʦʜʥʦ ʤʘʛʠʩʪʨʘʣʴʥʦʝ ʨʫʩʣʦ, ʚʜʦʣʴ ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʶʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ 

ʙʝʨʝʛʦʚʳʝ ʚʘʣʳ. ʊʘʢʘʷ ʮʠʢʣʠʯʥʦʩʪʴ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʘ ʜʣʷ ʜʝʣʴʪʳ ʨʝʢʠ ʊʝʨʝʢ, ʦʭʚʘʪʳʚʘʶʱʫʶ 

ʩʝʚʝʨʥʫʶ ʯʘʩʪʴ ʨʘʡʦʥʘ (ɸʣʝʢʩʝʝʚʩʢʠʡ ʠ ʜʨ., 1987). ɿʜʝʩʴ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ 

ʨʫʩʝʣ ʦʢʦʣʦ 70-100ʣʝʪ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ 

ʨʫʩʣʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 60ʣʝʪ. ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʜʠʥʘʤʠʢʘ ʫʨʦʚʥʷ ʙʘʟʠʩʘ ʵʨʦʟʠʠ ï 

ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ. ɼʣʷ ʨʝʢʠ ʉʫʣʘʢ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʝʢ ʩʠʩʪʝʤʳ ɸʢʩʘʡ-ɸʢʪʘʰ ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʧʣʦʰʥʳʤ ʧʝʨʝʢʨʳʪʠʝʤ ʭʚʘʣʳʥʩʢʠʭ ʪʝʨʨʘʩ ʛʦʣʦʮʝʥʦʚʳʤʠ 

ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 10-20ʤ. ʄʝʞʜʫ ʙʝʨʝʛʦʚʳ-

ʤʠ ʚʘʣʘʤʠ ʨʫʩʝʣ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʦʟʝʨʘ ï ʩʪʘʨʠʮʳ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʚʳʩʳʭʘʶʪ, ʥʝʢʦʪʦ-

ʨʳʝ ʩʫʱʝʩʪʚʫʶʪ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. ɺʜʦʣʴ ʚʘʣʦʚ ʯʘʩʪʦ ʟʘʣʦʞʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʦʨʦʩʠʪʝʣʴ-

ʥʳʝ ʢʘʥʘʣʳ. ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʨʘʡʦʥʘʤʠ 14 ʠ 15 ʚʦ ʤʥʦʛʦʤ ʧʨʦʚʝʜʝʥʘ ʫʩʣʦʚʥʦ. 

 

ʈʘʡʦʥ 15. ɻʦʣʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʥʘ ʥʦʚʦʢʘʩʧʠʡʩʢʠʭ ʤʦʨʩʢʠʭ ʪʝʨʨʘʩʘʭ. 

ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʠʤ ʨʘʟʚʠʪʠʝʤ ʧʣʦʩʢʠʭ ʛʦʣʦʮʝʥʦʚʳʭ (ʥʦʚʦ-

ʢʘʩʧʠʡʩʢʠʭ) ʤʦʨʩʢʠʭ ʪʝʨʨʘʩ, ʦʩʦʙʝʥʥʦ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʳʭ ʨʘʟʙʨʦ-

ʩʘʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʠʣʴʥʦ ʤʝʘʥʜʨʠʨʫʶʱʠʝ ʧʘʣʝʦʨʫʩʣʘ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʨʫʩʣʘ ʨʝʢ. ʈʘʟ-

ʣʠʯʥʳʝ ʛʝʥʝʨʘʮʠʠ ʨʫʩʝʣ ʩʦʦʪʥʦʩʷʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦ ʨʘʟʥʦʤʫ ʠ ʯʘʩʪʦ ʩʨʝʟʘʶʪ ʜʨʫʛ ʜʨʫʛʘ ʚ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ. ɹʝʨʝʛʦʚʳʝ ʚʘʣʳ ʵʪʠʭ ʨʫʩʝʣ ʦʙʦʩʦʙʣʷʶʪ ʧʨʘʢʪʠʯʝʩʢʠʝ ʙʝʩʩʪʦʯʥʳʝ 

ʫʯʘʩʪʢʠ. ʕʪʠ ʫʯʘʩʪʢʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʥʷʪʳ ʦʟʝʨʘʤʠ (ʚ ʨʘʡʦʥʝ ʨʫʩʝʣ ʨ.ʊʝʨʝʢ), ʪʘʢʞʝ ʤʦʛʫʪ 

ʙʳʪʴ ʟʘʥʷʪʳ ʙʦʣʦʪʘʤʠ ʠʣʠ ʩʦʣʦʥʯʘʢʘʤʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʜʥʝ ʪʘʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʵʦʣʦʚʳʝ, ʦʟʝʨʥʳʝ, ʙʦʣʦʪʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʦʪʣʦʞʝʥʠʷ ʩʦʙ-

ʩʪʚʝʥʥʦ ʤʦʨʩʢʠʭ ʵʪʘʧʦʚ ʨʘʟʚʠʪʠʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʚʨʝʤʝʥʥʳʝ ʦʪʤʝʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʤʝʪʨʦʚ ʚʳʰʝ ʪʝʭ, ʦʪʤʝʪʦʢ, ʯʪʦ ʙʳʣʠ ʚ ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦ ʤʦʨʩʢʠʭ 
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ʪʝʨʨʘʩ. ɿʥʘʯʝʥʠʝ ʧʘʣʝʦʨʫʩʝʣ ʧʦʩʪʝʧʝʥʥʦ ʧʘʜʘʝʪ ʚ ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪʘʢʞʝ ʫʤʝʥʴʰʘ-

ʶʪʩʷ ʠ ʠʭ ʨʘʟʤʝʨʳ, ʚʢʣʶʯʘʷ ʚʳʩʦʪʫ ʚʘʣʦʚ, ʰʠʨʠʥʫ ʨʫʩʝʣ ʠ ʪ.ʜ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦʣʷ ʧʣʦʩ-

ʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʦʨʩʢʠʭ ʪʝʨʨʘʩ ʚʦʟʨʘʩʪʘʝʪ. ʅʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʚ ʚʦʩʪʦʯʥʦʡ ʟʦʥʝ ʨʘʟ-

ʚʠʪʳ ʵʦʣʦʚʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ ï ʙʫʛʨʠʩʪʳʝ ʧʝʩʢʠ. 

 

 
ʈʠʩ. 2 ɺʪʦʨʘʷ ʥʘʜʧʦʡʤʝʥʥʘʷ (ʛʦʣʦʮʝʥʦʚʘʷ) ʪʝʨʨʘʩʘ ʨ.ɸʢʪʘʰ. 

 

ʈʘʡʦʥ 16. ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ, ʧʨʦʝʢʪ 17-
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ʆ ʊɽʍʅʆɻɽʅʅʆʁ ʉɽʁʉʄʀʏɽʉʂʆʁ ɸʂʊʀɺʅʆʉʊʀ ʊɽʈʈʀʊʆʈʀʀ ʏʀʈʂɽʁʉʂʆ-

ʀʈɻɸʅɸʁʉʂʆɻʆ  ʋɿʃɸ ʉʋʃɸʂʉʂʆɻʆ ʂɸʉʂɸɼɸ ɻʕʉ 

ʉʘʠʜʦʚ ʆ.ɸ. 

ɽʜʠʥʘʷ ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʩʣʫʞʙʘ ʈɸʅ 

 
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʧʦʣʥʝʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʀʨʛʘʥʘʡʩʢʦʡ ɻʕʉ ʩʫʱʝʩʪʚʝʥʥʦ  ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʝʡ-

ʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʏʠʨʢʝʡʩʢʦʡ 

ɻʕʉ (ʙʦʣʝʝ 40ʣʝʪ) ʠʟʤʝʥʠʣʠʩʴ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʝ-

ʞʠʤ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʚʦʜʦʭʨʘʥʠʣʠʱʫ ʪʝʨʨʠʪʦʨʠʠ, ʯʪʦ ʦʪʨʘʟʠʣʘʩʴ ʥʘ ʚʝʣʠʯʠʥʝ ʫʛʣʘ ʥʘʢʣʦʥʘ  ʛʨʘʬʠʢʘ ʧʦʚʪʦʨʷʝʤʦ-

ʩʪʠ.   
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ABOUT MAN-MADE SEISMIC ACTIVITY OF THE TERRITORY CHIRKEY-IRGANAYSKAYA 

NODE SULAK CASCADE OF HYDROELECTRIC POWER STATIONS 

Saidov O. A. 

United geophysical service RAS 

 
It is shown that the filling and operation of reservoirs Irganayskaya HPP does not significantly affect the seismic re-

gime of the study area. As a result of prolonged operation of the reservoir chirkeisk HPS (over 40 years) changed the rheo-

logical properties of the geological environment and, consequently, the seismic regime adjacent to the reservoir site, which 

is reflected in the angle of the slope of the recurrence graph.  

Key words: seismicity, seismic events, histogram, energy class distribution, filling in, exploitation, deformation.                       

 

ɺʚʝʜʝʥʠʝ 

ɿʝʤʣʝʪʨʷʩʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʢʨʫʧʥʳʭ ʚʦʜʦʭʨʘʥʠʣʠʱ, ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʝʢʪʦ-

ʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʨʝʞʠʤʫ ʚʳʜʝʣʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʦ ʚʨʝ-

ʤʝʥʠ ʬʦʨʰʦʢʦʚ ʠ ʘʬʪʝʨʰʦʢʦʚ, ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʧʦʚʪʦʨʷʝʤʦʩʪʴ - ʤʘʛʥʠʪʫʜʘ[1]. ɺ ʨʘʙʦʪʝ[2] ʦʪ-

ʤʝʯʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʦʯʘʛʦʚ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʟʘʧʦʣʥʝʥʠʠ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʅʫʨʝʢʩʢʦʡ ɻʕʉ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟʤʝʥʝʥʠʝ ʦʩʝʡ ʩʞʘʪʠʷ ʚ ʦʯʘʛʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʢ ʶʛʦ-ʟʘʧʘʜʫ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʦʪ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʯʪʦ ʚʳʟʳʚʘʝʪʩʷ ʫʧʨʫ-

ʛʠʤ ʧʨʦʛʠʙʘʥʠʝʤ  ʜʥʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘ.  

ʅʘʤʠ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʦʮʝʥʝʥʳ ʚʝʣʠʯʠʥʳ ʜʝʬʦʨʤʘʮʠʡ ʧʨʦʛʠʙʘʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʫ ʦʩʥʦ-

ʚʘʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʏʠʨʢʝʡʩʢʦʡ ɻʕʉ (ʦʙʲʝʤ 3ʭ109 ʤ3)[3]. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʛʠʙʘ-

ʥʠʷ (8ʩʤ) ʦʪʤʝʯʘʝʪʩʷ ʧʦʜ ʣʦʞʝʤ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʥʘ ʛʣʫʙʠʥʝ 1 ʢʤ. ʇʦʛʨʫʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʭʚʘʪʠʣʦ ʧʣʦʱʘʜʴ ʥʝ ʤʝʥʝʝ 1000 ʢʤ2, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʧʣʦʱʘʜʴ ʟʝʨʢʘʣʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ ʧʨʠ-

ʤʝʨʥʦ 40 ʨʘʟ ʠ ʦʭʚʘʪʳʚʘʝʪ ʟʦʥʫ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʀʨʛʘʥʘʡʩʢʦʡ ɻʕʉ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʟʘʧʦʣʥʝʥʠʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʏʠʨʢʝʡʩʢʦʡ ɻʕʉ, ʦʩʦʙʝʥʥʦ ʝʛʦ ʧʝʨʚʳʡ ʵʪʘʧ,  

ʚʳʟʚʘʣʦ ʫʩʠʣʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠʣʝʛʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ[4]. ʊʘʢʠʝ ʟʥʘʯʠʤʳʝ ʩʝʡ-

ʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ, ʢʘʢ ɺʝʨʭʥʝʢʘʨʘʥʘʡʩʢʠʡ ʨʦʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 9-11 ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ ʚ 

ʦʢʪʷʙʨʝ 1974 ʛʦʜʘ,ʉʘʣʘʪʘʫʩʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 13 ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ 23 ʜʝʢʘʙʨʷ 1974 ʛʦʜʘ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʟʦʥʘʤ, ʛʜʝ ʦʪʤʝʯʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʛʨʘʜʠʝʥʪʘ ʜʝʬʦʨʤʘʮʠʡ 

ʧʨʦʛʠʙʘʥʠʷ [ 3].               

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʧʦʣʥʝʥʠʝ ʢʨʫʧʥʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʤ ʨʝʛʠʦʥʝ, 

ʢʘʢʦʚʳʤ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʢʣʠʥʘ, ʛʜʝ ʠ ʨʘʩʧʦʣʦʞʝʥʦ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʏʠʨʢʝʡʩʢʦʡ 

ɻʕʉ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʧʦʣʥʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʛʠ-

ʙʘʥʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʪʝʭʥʦʛʝʥʥʦʡ ʧʨʠʨʦʜʳ ʠ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʨʘʟʚʠʪʠʶ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 

ʨʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥʠʷ ʀʨʛʘʥʘʡʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʦʜʧʘʜʘʝʪ ʚ ʟʦʥʫ ʜʝʬʦʨʤʘʮʠʡ ʧʨʦʛʠʙʘʥʠʷ 

ʏʠʨʢʝʡʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ, ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʚʝʩʘ ʚʦʜʳ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʀʨʛʘʥʘʡʩʢʦʡ ɻʕʉ ʧʦʚʣʠʷʣ ʥʘ ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʫʢʘʟʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 



ʉʘʠʜʦʚ ʆ.ɸ. 
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ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʈʘʩʩʤʦʪʨʠʤ ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʏʠʨʢʝʡʩʢʦ- ʀʨʛʘʥʘʡʩʢʦʛʦ 

ʫʟʣʫ ʉʫʣʘʢʩʢʦʛʦ ʢʘʩʢʘʜʘ ɻʕʉ, ʟʘ 2005- 2010 ʛʦʜʳ ʚ ʨʘʜʠʫʩʝ ʜʦ 40 ʢʤ ʦʪ ʀʨʛʘʥʘʡʩʢʦʛʦ ʚʦʜʦʭʨʘ-

ʥʠʣʠʱʘ,  ʚ ʧʝʨʠʦʜʳ ʝʛʦ ʟʘʧʦʣʥʝʥʠʷ ʠ  ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʧʦʣʥʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʀʨʛʘʥʘʡʩʢʦʡ 

ɻʕʉ.  ʇʝʨʚʳʡ ʵʪʘʧ ʟʘʧʦʣʥʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʥʘʯʘʣʦʩʴ ʝʱʝ ʚ 1997 ʛʦʜʫ, ʠ ʚʦʜʦʭʨʘʥʠʣʠʱʝ 

ʙʳʣʦ ʟʘʧʦʣʥʝʥʦ ʪʦʣʴʢʦ ʥʘ 1/3 ʝʛʦ ʦʙʲʝʤʘ. ɺʪʦʨʦʡ ʵʪʘʧ ʟʘʧʦʣʥʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʥʘʯʘʣʦʩʴ ʚ 

ʠʶʣʝ 2006 ʛʦʜʘ ʧʦ ʘʧʨʝʣʴ 2008 ʛʦʜʘ, ʫʨʦʚʝʥʴ ʚʦʜʳ ʧʦʚʳʩʠʣʩʷ ʥʘ 20 ʤ., ʘ ʪʨʝʪʠʡ ʵʪʘʧ  ʠʥʪʝʥ-

ʩʠʚʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʚ ʘʧʨʝʣʝ 2008 ʛʦʜʘ ʧʦ ʦʢʪʷʙʨʴ 2008 ʛʦʜʘ, ʢʦʛʜʘ ʫʨʦʚʝʥʴ ʚʦʜʳ ʧʦʜʥʷʣʩʷ ʝʱʝ 

ʥʘ 27 ʤ.(ʜʦ ʧʨʦʝʢʪʥʦʡ ʘʙʩʦʣʶʪʥʦʡ ʦʪʤʝʪʢʠ 547 ʤ.). ɺʦʜʦʭʨʘʥʠʣʠʱʝ ʀʨʛʘʥʘʡʩʢʦʡ ɻʕʉ ʥʝ ʷʚʣʷ-

ʝʪʩʷ ʢʨʫʧʥʳʤ (6,20ʭ108 ʤ3). ʇʦ ʦʙʲʝʤʫ ʚʦʜʳ ʦʥʦ, ʧʦʯʪʠ ʚ 5 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ 

ʏʠʨʢʝʡʩʢʦʡ ɻʕʉ(3ʭ109 ʤ3). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʤʠ ʧʨʝʜʧʦʣʘʛʘʣʘʩʴ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ 

ʥʘ ʛʦʨʥʳʡ ʤʘʩʩʠʚ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʜʝʬʦʨʤʘʮʠʡ ʧʨʦʛʠʙʘʥʠʷ ʏʠʨʢʝʡʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠ-

ʣʠʱʘ, ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

 
ʈʠʩ.1. ʋʨʦʚʝʥʴ ʠ ʦʙʲʝʤ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʀʨʛʘʥʘʡʩʢʦʡ  ɻʕʉ (2006-2011 ʛʛ.) 

      

ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ 6-12 ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ(ʚʩʝʛʦ ʠʭ 440)  

ʚ ʨʘʜʠʫʩʝ ʜʦ 40 ʢʤ., ʦʪ ʀʨʛʘʥʘʡʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʟʘ ʧʝʨʠʦʜ 01.2005-12.2010 ʛʦʜʳ, ʧʦ ʜʘʥ-

ʥʳʤ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʬʠʣʠʘʣʘ ɻʉ ʈɸʅ. ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʳ ʢʦʥʪʫʨʳ ʚʦʜʦʭʨʘʥʠʣʠʱ ʏʠʨʢʝʡ-

ʩʢʦʡ ʠ ʀʨʛʘʥʘʡʩʢʦʡ ɻʕʉ, ʘ ʪʘʢʞʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ ɼʌ ɻʉ ʈɸʅ, ʢʦʪʦʨʳʝ  ʨʘʩʧʦʣʦʞʝʥʳ  

ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ.  ʋʢʘʟʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʦʭʚʘʪʳʚʘʝʪ ʧʝʨʠʦʜ, ʢʘʢ ʜʦ ʚʪʦʨʦʛʦ 

ʵʪʘʧʘ ʟʘʧʦʣʥʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʪʘʢ ʠ ʧʝʨʠʦʜʳ ʠʥʪʝʥʩʠʚʥʦʛʦ ʝʛʦ ʟʘʧʦʣʥʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ, ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʃʠʥʠʝʡ ɸɹ ʠʭ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 2 ʫʯʘʩʪʢʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚʦʢʨʫʛ ʏʠʨ-

ʢʝʡʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʪʦʛʜʘ ʢʘʢ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʀʨʛʘʥʘʡʩʢʦʡ 

ɻʕʉ ʠʭ ʦʯʝʥʴ ʤʘʣʦ. ʅʝʢʦʪʦʨʦʝ ʩʢʦʧʣʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʢ ʶʛʦ-

ʚʦʩʪʦʢʫ ʦʪ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. 
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H-ʫʨʦʚʝʥʴ

V-ʦʙʲʝʤ

2 - ʵʪʘʧ ʟʘʧʦʣʥʝʥʠʷ

3 - ʵʪʘʧ ʟʘʧ-ʥʠʷʕʢʩʧʣʫʘʪʘʮʠʦʦʥʳʡ ʨʝʞʠʤ
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 ʈʠʩ.2. ʉʝʡʩʤʠʯʥʦʩʪʴ ʏʠʨʢʝʡʩʢʦ-ʀʨʛʘʥʘʡʩʢʦʛʦ ʫʟʣʘ ʉʫʣʘʢʩʢʦʛʦ ʢʘʩʢʘʜʘ ɻʕʉ ʟʘ ʧʝʨʠʦʜ 

2005-2010 ʛʦʜʳ 

        

ɼʝʪʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʘʤ  ʠ ʧʦ ʛʣʫ-

ʙʠʥʝ  ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʪʘʙʣʠʮʝ 1. 
                                                                                                                             ʊʘʙʣʠʮʘ 1 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʛʣʫʙʠʥʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʘʤ, ʪʝʨʨʠʪʦʨʠʠ ʏʠʨʢʝʡʩʢʦ-

ʀʨʛʘʥʘʡʩʢʦʛʦ ʫʟʣʘ ʉʫʣʘʢʩʢʦʛʦ ʢʘʩʢʘʜʘ ɻʕʉ, ʟʘ ʧʝʨʠʦʜ 2005-2010 ʛ.  
       ʂʣʘʩʩ 

        ʟʝʤ-ʡ 

 

ɻʣʫʙʠʥʘ 

ʦʯʘʛʦʚ, ʢʤ 
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12 

ʂʦʣ-ʚʦ 

ʟʝʤʣ-ʡ 

ʂʦʣ-ʚʦ 

ʟʝʤʣ-ʡ 

ʂʦʣ-ʚʦ 

ʟʝʤʣ-ʡ 

ʂʦʣ-ʚʦ 

ʟʝʤʣ-ʡ 

ʂʦʣ-ʚʦ 

ʟʝʤʣ-ʡ 

ʂʦʣ-ʚʦ 

ʟʝʤʣ-ʡ 

ʂʦʣ-ʚʦ 

ʟʝʤʣ-ʡ 

2-6 89 83 15 5 1 1 2 

6-10 58 31 6 6 0 0 0 

10-15 38 17 4 1 4 0 0 

15-20 18 9 7 2 0 0 0 

20-25 7 9 2 0 0 0 0 

25-30 2 4 0 1 0 1 0 

30 ʠ ʙʦʣʝʝ 6 6 4 1 2 0 0 

ɺʩʝʛʦ ʟʝʤ-ʡ 218 159 38 16 6 2 2 

 

ʈʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʀʨʛʘʥʘʡʩʢʦʡ ɻʕʉ ʥʘʭʦʜʠʪʩʷ ʶʞʥʝʝ ʉʫʣʘʢʩʢʦʛʦ ʚʳ-

ʩʪʫʧʘ, ʦʪʥʦʩʠʪʩʷ ʢ ʀʟʚʝʩʪʥʷʢʦʚʦʤʫ ɼʘʛʝʩʪʘʥʫ.   ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʘʨʪʦʡ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʘʡʦ-

ʥʠʨʦʚʘʥʠʷ ʧʦʧʘʜʘʝʪ ʚ ʦʙʣʘʩʪʴ ʚʦʟʤʦʞʥʳʭ ʩʦʪʨʷʩʝʥʠʡ ʩ ʤʘʛʥʠʪʫʜʦʡ 5.5 ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʛ-

ʥʫʪ ʩʝʡʩʤʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʙʣʘʛʦʜʘʨʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʩʦʪʨʷʩʝʥʠʡ ʥʘ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʊʝʨ-

ʩʢʦ-ʂʘʩʧʠʡʩʢʦʛʦ ʧʨʦʛʠʙʘ ʚ ʦʙʣʘʩʪʠ ʝʛʦ ʩʦʯʣʝʥʝʥʠʷ ʩ ʦʪʨʦʛʘʤʠ ʀʟʚʝʩʪʥʷʢʦʚʦʛʦ ɼʘʛʝʩʪʘʥʘ, 

ʚʢʣʶʯʘʷ ʉʫʣʘʢʩʢʠʡ ʚʳʩʪʫʧ.       

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʨʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥʠʷ ʏʠʨʢʝʡʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʦʞ-

ʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʩ ʰʠʨʦʢʦ ʨʘʟʚʠʪʦʡ ʩʝʪʴʶ  ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ ʠ ʚʳʩʦʢʦʡ ʩʝʡ-

ʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ  [4].       
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʛʝʦʣʦʛʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʨʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥʠʷ ʏʠʨʢʝʡʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʀʨʛʘʥʘʡʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʯʪʦ, ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʠ ʦʪʨʘ-

ʞʘʝʪʩʷ ʥʘ ʩʝʡʩʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʊʝʨʨʠʪʦʨʠʷ ʧʨʠʤʳʢʘʶʱʝʡ ʢ ʚʦʜʦʭʨʘʥʠʣʠʱʫ ʀʨʛʘʥʘʡʩʢʦʡ 

ɻʕʉ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʘʩʝʡʩʤʠʯʥʦʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ ʦʙʩʪʦʷ-

ʪʝʣʴʩʪʚʦ, ʯʪʦ ʟʘʧʦʣʥʝʥʠʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʀʨʛʘʥʘʡʩʢʦʡ ɻʕʉ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʵʪʘʧʥʦ ʚ ʪʝʯʝʥʠʝ 

ʧʨʘʢʪʠʯʝʩʢʠ 12 ʣʝʪ ʩ ʧʝʨʝʨʳʚʘʤʠ ʠ ʥʝʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʚʦʜʳ, ʢʨʦʤʝ  ʪʨʝʪʴʝʛʦ ʝʛʦ ʠʥʪʝʥʩʠʚ-

ʥʦʛʦ ʵʪʘʧʘ ʟʘʧʦʣʥʝʥʠʷ. ʊʘʢʦʡ ʨʝʞʠʤ ʟʘʧʦʣʥʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʥʝ ʧʦ-

ʚʣʠʷʣ ʥʘ ʥʘʢʦʧʣʝʥʠʝ  ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ. ʕʥʝʨʛʠʷ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʭ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʝʜʣʝʥʥʦ ʜʠʩʩʠʧʠʨʦʚʘʣʘʩʴ ʚ ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥ-

ʩʪʚʦ, ʥʝ ʫʩʧʝʚʘʷ ʥʘʢʦʧʠʪʴʩʷ.      

ʅʘ ʨʠʩ.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʢʣʘʩʩʘʤ ʟʘ ʧʝʨʠʦʜ 2005- 2010 ʛʦʜʳ ʚ ʨʘʜʠʫʩʝ ʜʦ 40 ʢʤ ʦʪ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʀʨʛʘʥʘʡʩʢʦʡ ɻʕʉ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʡʦʥʘ ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ 6 ʠ 7. ʀʭ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 85% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ, ʘ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ 8-12 ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ ʤʝʥʝʝ 15%.  

 
 ʈʠʩ.3. ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʘʤ ʟʘ ʧʝʨʠʦʜ 

01. 2005- 12.2010 ʛʦʜʳ. 

           

ʈʘʩʩʤʦʪʨʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʘʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʵʪʘʧʘʤʠ ʟʘʧʦʣʥʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʀʨʛʘʥʘʡʩʢʦʡ ɻʕʉ ʠ ʚʳʧʦʣʥʠʤ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, 

ʧʦʩʢʦʣʴʢʫ ʪʘʢʦʡ ʘʥʘʣʠʟ ʜʦʣʞʝʥ ʧʦʢʘʟʘʪʴ ʦʪʩʫʪʩʪʚʠʝ ʠʣʠ ʥʘʣʠʯʠʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʩʚʷʟʠ  

ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʠ ʠʟʤʝʥʝʥʠʝʤ ʫʨʦʚʝʥʥʦʛʦ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʙʲʝʤ-

ʥʦʛʦ ʨʝʞʠʤʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. 

ʅʘ ʨʠʩ.4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʢʣʘʩʩʘʤ ʟʘ ʧʝʨʠʦʜ 01.2005 ï 07.2006 ʛʦʜʳ. ɼʘʥʥʳʡ ʧʝʨʠʦʜ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘ-

ʣʘ ʙʦʣʝʝ ʧʦʣʫʪʦʨʘ ʣʝʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʪʘʙʠʣʴʥʳʤ ʫʨʦʚʥʝʤ ʠ ʦʙʲʝʤʦʤ ʚʦʜʳ ʚ ʚʦʜʦʭʨʘʥʠʣʠ-

ʱʝ.  ʆʪ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʟʘʧʦʣʥʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʨʦʰʣʦ ʫʞʝ 8 ʣʝʪ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʚʦʜʳ ʥʘ ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʧʨʠʣʝʛʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠ-

ʚʝʣʠʨʦʚʘʥʥʦʡ. 
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ʈʠʩ.4. ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʘʤ ʟʘ ʧʝʨʠʦʜ 

01.2005 ï 07.2006 ʛʦʜʳ  

 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʩʦʩʪʘʚʣʷʝʪ 174, ʧʨʠʯʝʤ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʤʠ ʷʚ-

ʣʷʶʪʩʷ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ 6 ʠ 7 ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ, ʠʭ ʢʦʣʠʯʝʩʪʚʦ 151, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ  

ʧʨʠʤʝʨʥʦ 86 % ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʝ-

ʨʠʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ  ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʩʦʙʳʪʠʷʤʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ 10,11 ʠ 12  ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʢʣʘʩʩʘ.  

ʅʘ ʨʠʩ.5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʵʥʝʨʛʝʪʠʯʝʢʠʤ ʢʣʘʩ-

ʩʘʤ ʚ ʧʝʨʠʦʜ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʟʘʧʦʣʥʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʀʨʛʘʥʘʡʩʢʦʡ ɻʕʉ (08.2006 -04. 2008 

ʛʦʜʳ).  

 
ʈʠʩ.5. ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʘʤ ʚ ʧʝʨʠʦʜ 

ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʟʘʧʦʣʥʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ (08.2006-04.2008 ʛ.) 

 

ɼʘʥʥʳʡ ʧʝʨʠʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʝʡʩʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʥʠʟʠʣʘʩʴ, ʭʦʪʷ ʚʨʝ-

ʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʯʫʪʴ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʝʜʳʜʫʱʝʛʦ ʵʪʘʧʘ ʠ ʫʨʦʚʝʥʴ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʧʦʚʳʩʠʣʘʩʴ ʥʘ 20 ʤʝʪʨʦʚ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʩʦʩʪʘʚʣʷʝʪ 82, ʯʪʦ  2 ʨʘʟʘ 

ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʧʝʨʠʦʜʦʤ. 
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ʉʘʠʜʦʚ ʆ.ɸ. 

ʆ ʊɽʍʅʆɻɽʅʅʆʁ ʉɽʁʉʄʀʏɽʉʂʆʁ ɸʂʊʀɺʅʆʉʊʀ ʊɽʈʈʀʊʆʈʀʀ ʏʀʈʂɽʁʉʂʆ-ʀʈɻɸʅɸʁʉʂʆɻʆ ʋɿʃɸé 

65 

ʇʨʝʜʩʪʘʚʠʪʝʣʴʥʳʤʠ ʦʩʪʘʶʪʩʷ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ 6 ʠ 7 ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ, ʠʭ ʢʦ-

ʣʠʯʝʩʪʚʦ 70, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 85 % ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʟʘ 

ʵʪʦʪ ʧʝʨʠʦʜ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʝʨʠʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʥʠʞʝʥʠʝʤ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚ-

ʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʵʪʘʧʦʤ, ʥʦ ʠ ʩʥʠʞʝʥʠʝʤ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʙʦʣʝʝ ʚʳ-

ʩʦʢʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ (ʪʦʣʴʢʦ 1 ʩʦʙʳʪʠʝ 10 ʢʣʘʩʩʘ). ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʚʦʜʳ ʚ  ʚʦʜʦ-

ʭʨʘʥʠʣʠʱʝ ʀʨʛʘʥʘʡʩʢʦʡ ɻʕʉ ʥʘ 20 ʤʝʪʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʝʛʦ ʦʙʲʝʤʘ ʚ ʧʝʨʠʦʜ ʚʪʦʨʦʛʦ ʵʪʘ-

ʧʘ ʟʘʧʦʣʥʝʥʠʷ, ʥʝ ʧʦʚʣʠʷʣ ʥʘ ʧʦʚʳʰʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʘʡʦʥʘ. 

ʅʘ ʨʠʩ. 6  ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʢʣʘʩʩʘʤ ʚ ʧʝʨʠʦʜ ʪʨʝʪʴʝʛʦ ʵʪʘʧʘ ʠʥʪʝʥʩʠʚʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦ-

ʭʨʘʥʠʣʠʱʘ ʀʨʛʘʥʘʡʩʢʦʡ ɻʕʉ(04.2008-04.2009 ʛ.ʛ.) 

 
 ʈʠʩ.6. ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʘʤ ʚ ʧʝʨʠʦʜ 

ʪʨʝʪʴʝʛʦ ʵʪʘʧʘ ʟʘʧʦʣʥʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ (04.2008-04.2009ʛ.ʛ.) 

 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʩʦʩʪʘʚʣʷʝʪ 61, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ  ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʪʦʨʳʤ ʵʪʘʧʦʤ ʟʘʧʦʣʥʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʭʦʪʷ ʫʨʦʚʝʥʴ ʚʦʜʳ ʧʦʜʥʷʣʩʷ ʝʱʝ ʥʘ 

27 ʤʝʪʨʦʚ. ʇʨʝʜʩʪʘʚʠʪʝʣʴʥʳʤʠ ʦʩʪʘʶʪʩʷ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ 6 ʠ 7 ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ, 

ʠʭ ʢʦʣʠʯʝʩʪʚʦ 52, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ  ʧʨʠʤʝʨʥʦ 83% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ 

ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ. ʀʥʪʝʥʩʠʚʥʦʝ ʧʦʜʥʷʪʠʝ ʫʨʦʚʥʷ  ʚʦʜʳ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʥʘ 27 ʤʝʪʨʦʚ ʠ ʝʛʦ ʩʥʠ-

ʞʝʥʠʝ ʧʨʠʤʝʨʥʦ ʥʘ ʪʫ ʞʝ ʚʝʣʠʯʠʥʫ ʥʝ ʧʦʚʣʠʷʣ ʥʘ ʧʦʚʳʰʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʅʘ ʨʠʩ.7 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʢʣʘʩʩʘʤ ʚ ʧʝʨʠʦʜʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ 2009-2010 ʛʦʜʳ. ɺʨʝʤʝʥʥʦʡ 

ʠʥʪʝʨʚʘʣ ʦʭʚʘʪʳʚʘʝʪ 2  ʧʝʨʠʦʜʘ ʥʘʛʨʫʟʢʠ ʠ ʨʘʟʛʨʫʟʢʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ ʚʦʜʦʭʨʘʥʠ-

ʣʠʱʘ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʩʦʩʪʘʚʣʷʝʪ 121, ʠʟ ʥʠʭ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ 

6 ʠ 7 ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ - 102, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ  ʧʨʠʤʝʨʥʦ 84 % ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʝʡ-

ʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ. ɼʘʥʥʳʡ ʧʝʨʠʦʜ ʧʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʩʦ-

ʧʦʩʪʘʚʠʤ ʩ ʧʝʨʠʦʜʦʤ 2005-2006 ʛʦʜʦʚ, ʢʦʛʜʘ ʫʨʦʚʝʥʴ ʠ ʦʙʲʝʤ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʩʦʭʨʘʥʷʣʩʷ ʩʪʘ-

ʙʠʣʴʥʳʤ. ʉʨʘʚʥʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʦʙʝʠʭ ʧʝʨʠʦʜʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ  ʢʦʣʠʯʝʩʪʚʦ ʩʝʡ-

ʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʢʦʣʠʯʝʩʪʚʦ ʩʝʡʩʤʠ-

ʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʩʪʘʙʠʣʴʥʦʛʦ ʧʝʨʠʦʜʘ (ʩʤ. ʛʠʩʪʦʛʨʘʤʤʳ 4 ʠ7).  
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ʈʠʩ.7. ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʘʤ ʚ ʧʝʨʠʦʜʳ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ  ʚʦʜʦʭʨʘʥʠʣʠʱʘ(05.2009-12.2010 ʛ.) 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʘʤ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʵʪʘʧʘʤʠ ʟʘʧʦʣʥʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʀʨʛʘʥʘʡʩʢʦʡ ɻʕʉ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʝʪʝʨʤʠʥʠ-

ʨʦʚʘʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ  ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʠʟʤʝʥʝʥʠʝʤ ʫʨʦ-

ʚʝʥʥʦʛʦ ʠ ʦʙʲʝʤʥʦʛʦ ʨʝʞʠʤʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʢʦʥʢʨʝʪʥʦ ʥʝ ʚʳʨʘʞʝʥʘ. ʊʘʢʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʧʝʨʠʦʜʘ 2005-

2006 ʛʦʜʦʚ, ʢʦʛʜʘ ʫʨʦʚʝʥʴ ʠ ʦʙʲʝʤ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʩʦʭʨʘʥʷʣʩʷ ʩʪʘʙʠʣʴʥʳʤ, ʩ ʩʝʡʩʤʠʯʝʩʢʠʤ 

ʨʝʞʠʤʦʤ  ʚʪʦʨʦʛʦ, ʪʨʝʪʴʝʛʦ ʵʪʘʧʘ ʟʘʧʦʣʥʝʥʠʷ  ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ (08.2006-04.2009 ʛ.ʛ.), ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ  ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʪʝʨʨʠʪʦʨʠʠ ʏʠʨʢʝʡʩʢʦ-

ʀʨʛʘʥʘʡʩʢʦʛʦ ʫʟʣʘ ʉʫʣʘʢʩʢʦʛʦ ʢʘʩʢʘʜʘ ɻʕʉ, ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥ-

ʥʳʡ ʨʝʞʠʤ ʏʠʨʢʝʡʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ʆʥ  ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʝʞʝʛʦʜʥʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʟ-

ʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʥʘ 40 ʤʝʪʨʦʚ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʦʣʦʚʠʥʫ ʦʙʲʝʤʘ ʚʦʜʳ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ (1,5 

ʤʣʨʜ. ʤ3.). ʇʦʩʢʦʣʴʢʫ ʟʝʤʥʘʷ ʢʦʨʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦʜʥʦʡ ʥʘʛʨʫʟʢʠ  ʚ ʨʘʡʦʥʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʏʠʨʢʝʡʩʢʦʡ ɻʕʉ  ʫʧʨʫʛʦ ʜʝʬʦʨʤʠʨʫʝʪʩʷ [3], ʪʦ ʮʠʢʣʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʠ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, ʝʛʦ ʦʙʲʝʤʘ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʚʳʟʳʚʘʶʪ ʚʳʥʫʞʜʝʥʥʳʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ  

ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʤʫ ʨʝʞʠʤʫ. ʇʨʠ ʵʪʦʤ ʛʦʨʥʘʷ ʧʦʨʦʜʘ ʠʩʧʳʪʳ-

ʚʘʝʪ ʧʝʨʠʦʜʠʯʝʩʢʠ, ʪʦ ʩʞʘʪʠʝ, ʪʦ ʨʘʩʪʷʞʝʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʟʤʝʥʷʝʪʩʷ ʝʛʦ ʧʦʨʦʚʦ-

ʪʨʝʱʠʥʥʳʡ ʦʙʲʝʤ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʧʦʨʦʜ ʠ, ʢʘʢ ʩʣʝʜ-

ʩʪʚʠʝ, ʠʟʤʝʥʝʥʠʶ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʯʘʛʦʚ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʚʝʨʜʳʝ ʪʝʣʘ ʨʘʟ-

ʨʫʰʘʶʪʩʷ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʥʘʛʨʫʟʢʝ, ʯʝʤ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ, ʧʨʠʯʝʤ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʮʠʢʣʦʚ ʨʘʟʨʫʰʘʶʱʘʷ ʥʘʛʨʫʟʢʘ ʫʤʝʥʴʰʘʝʪʩʷ. ʕʪʦ ʷʚʣʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʥʦʝ 

ʫʩʪʘʣʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ ʧʨʦʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʨʝʟʢʦ [5] ʠ ʠʛʨʘʝʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʝʡ-

ʩʤʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʅʘ ʨʠʩʫʥʢʝ 8, ʧʦʢʘʟʘʥ ʛʨʘʬʠʢ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʏʠʨʢʝʡʩʢʦ-

ʀʨʛʘʥʘʡʩʢʦʤʫ ʫʟʣʫ ʉʫʣʘʢʩʢʦʛʦ ʢʘʩʢʘʜʘ ɻʕʉ ʚ ʨʘʜʠʫʩʝ ʜʦ 40 ʢʤ, ʧʦ ʩʝʡʩʤʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʟʘ 

ʧʝʨʠʦʜ 2005-2010 ʛʦʜʳ. ʋʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʛʨʘʬʠʢʘ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʦʢʘʟʘʣʩʷ ʨʘʚʥʳʤ ɔ= 

0,37. 
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ʉʘʠʜʦʚ ʆ.ɸ. 

ʆ ʊɽʍʅʆɻɽʅʅʆʁ ʉɽʁʉʄʀʏɽʉʂʆʁ ɸʂʊʀɺʅʆʉʊʀ ʊɽʈʈʀʊʆʈʀʀ ʏʀʈʂɽʁʉʂʆ-ʀʈɻɸʅɸʁʉʂʆɻʆ ʋɿʃɸé 

67 

 
 ʈʠʩ.8. ɻʨʘʬʠʢ ʧʦʚʪʦʨʷʝʤʦʩʪʠ  ʪʝʨʨʠʪʦʨʠʠ ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʏʠʨʢʝʡʩʢʦ ï ʀʨʛʘʥʘʡʩʢʦʤʫ ʫʟʣʫ ʉʫ-

ʣʘʢʩʢʦʛʦ ʢʘʩʢʘʜʘ ɻʕʉ  

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʛʨʘʬʠʢʘ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʣʦʪʥʦʩʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ (ʫʩʣʦʚʥʘʷ ʚʷʟʢʦʩʪʴ), ʝʝ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ, ʨʘʟʜʨʦʙʣʝʥʥʦʩʪʴ ʠʣʠ 

ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʩʪʴ. ʏʝʤ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʝʝ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʨʝʜʘ, ʪʝʤ ʚʳʰʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʢʣʘʩʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [6], ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ɔ ʜʦ ʟʘʧʦʣʥʝʥʠʷ ʚʦʜʦ-

ʭʨʘʥʠʣʠʱʘ ʏʠʨʢʝʡʩʢʦʡ ɻʕʉ ʨʘʚʝʥ 0,49, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ ɔ ʜʣʷ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ɼʘ-

ʛʝʩʪʘʥʘ. ʇʦʩʣʝ ʥʘʯʘʣʘ ʟʘʧʦʣʥʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠʟʤʝʥʠʣʩʷ ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʧʨʠʣʝʛʘʶ-

ʱʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʚʝʣʠʯʠʥʘ ʫʛʣʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʥʠʟʠʣʘʩʴ  ʜʦ ʚʝʣʠʯʠʥʳ ɔ = 0,36, ʯʪʦ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ  ʩ  ʚʝʣʠʯʠʥʦʡ ʧʦʣʫʯʝʥʥʦʡ ʥʘʤʠ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʏʠʨʢʝʡʩʢʦ-

ʀʨʛʘʥʘʡʩʢʦʤʫ ʫʟʣʫ ʉʫʣʘʢʩʢʦʛʦ ʢʘʩʢʘʜʘ ɻʕʉ.    

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

1. ɿʘʧʦʣʥʝʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʀʨʛʘʥʘʡʩʢʦʡ ɻʕʉ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʚʣʠʷʝʪ 

ʥʘ ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʏʠʨʢʝʡʩʢʦʡ ɻʕʉ (ʙʦʣʝʝ 40 ʣʝʪ) 

ʠʟʤʝʥʠʣʠʩʴ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʝ-

ʞʠʤ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʚʦʜʦʭʨʘʥʠʣʠʱʫ ʪʝʨʨʠʪʦʨʠʠ, ʯʪʦ ʦʪʨʘʟʠʣʘʩʴ ʥʘ ʚʝʣʠʯʠʥʝ ʫʛʣʘ ʥʘʢʣʦʥʘ  

ʛʨʘʬʠʢʘ ʧʦʚʪʦʨʷʝʤʦʩʪʠ.   
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ʂ ɺʆʇʈʆʉʋ ʇɽʈɽɺʆɼɸ ʇʈʆɻʅʆɿɸ ɿɽʄʃɽʊʈʗʉɽʅʀʁ ʅɸ ʂʆʃʀʏɽʉʊɺɽʅʅʋʖ 

ʆʉʅʆɺʋ 

ʄʘʤʘʝʚ ʉ.ɸ., ʀʙʘʝʚ ɾ.ɻ., ʄʘʤʘʝʚ ɸ.ʉ., ʄʘʤʤʘʝʚʘ ɾ.ɸ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ɼʅʎ ʈɸʅ, ɼʘʛʝʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
  

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʠʭ ʞʝʨʪʚ, ʦʙʝʩ-

ʧʝʯʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʦ ʤʝʩʪʝ, ʚʨʝʤʝʥʠ ʠ ʩʠʣʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʊʘʢʦʡ ʧʨʦʛʥʦʟ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʪʦʛʜʘ, 

ʢʦʛʜʘ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʙʫʜʫʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʠ ʬʠʟʠʯʝʩʢʠ ʩʚʝʜʝʥʳ ʚ ʝʜʠʥʫʶ ʙʘʟʫ ʟʥʘ-

ʥʠʡ ʩ ʚʳʜʘʯʝʡ ʝʞʝʜʥʝʚʥʳʭ ʙʶʣʣʝʪʝʥʝʡ ʦ ʧʦʚʝʜʝʥʠʠ ʢʘʞʜʦʛʦ ʧʨʝʜʚʝʩʪʥʠʢʘ ʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ʠʩʩʣʝʜʫʝ-

ʤʦʤ ʨʝʛʠʦʥʝ. ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥ ʦʜʠʥ ʠʟ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʵʣʝʢʪʨʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʷʭ ʜʘʪʯʠʢʦʚ ʚ ʩʢʚʘʞʠʥʘʭ, ʢʦʪʦʨʳʡ ʚʧʝʨʚʳʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʠʟʚʝʩʪʥʳʤ ʫʯʝʥʳʤ-

ʩʝʡʩʤʦʣʦʛʦʤ ʄʫʩʘʝʚʳʤ ʀʩʤʘʠʣʦʤ ɸʣʠʣʦʚʠʯʝʤ.  

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʥʠʪʫʜʘ, ʧʨʦʛʥʦʟ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʘʤʧʣʠʪʫʜʘ, ʯʘʩʪʦʪʘ, ʜʘʪʯʠʢʠ ʠʟʤʝʨʝʥʠʡ. 
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Forecasting of earthquakes is necessary first of all for the exclusion of human victims, provision of state bodies 

about the place, time and strength of the earthquake. Such a forecast is possible only when all the parameters of earthquake 

precursors are mathematically and physically combined into a single knowledge base with the issuance of daily bulletins 

on the behavior of each precursor and the seismic situation in general in the region under study. The article describes one 

of the geophysical methods of earthquake prediction, based on the electrometric measurements of sensors in the wells, 

which was first proposed by the well-known seismologist Musaev Ismail Alievich. 

Key words: magnitude, earthquake forecast, amplitude, frequency, measurement sensors. 

 

ʇʨʦʛʥʦʟ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚʩʝ ʝʱʝ ʦʩʪʘʝʪʩʷ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʧʦʧʳ-

ʪʦʢ ʧʨʠʤʝʥʷʝʤʳʭ ʨʘʟʣʠʯʥʳʤʠ ʫʯʝʥʳʤʠ ʥʘ ʨʝʰʝʥʠʝ ʵʪʦʛʦ ʚʦʧʨʦʩʘ. ʇʨʦʛʥʦʟʦʤ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ 

ʯʘʩʪʥʦʩʪʠ ʟʘʥʠʤʘʣʠʩʴ ʛʝʦʬʠʟʠʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʢʦʣʦʩʩʘʣʴʥʳʤ ʦʧʳʪʦʤ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʥʘ 

ʩʢʚʘʞʠʥʘʭ. ʇʦʩʢʦʣʴʢʫ ʚʩʝ ʦʥʠ ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʣʝʥʫ ʠʜʝʡ ʛʝʦʣʦʛʠʠ ʦ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʷʭ 

ʠ ʪʦ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʨʘʥʝʝ ʙʳʣʠ ʦʙʨʝʯʝʥʳ ʥʘ ʥʝʫʜʘʯʫ. ɺ.ɺ. ɹʝʣʦʫʩʦʚ  ʚ ʩʚʦʝʤ ʢʣʘʩʩʠʯʝʩʢʦʤ 

ʪʨʫʜʝ [11] ʜʘʝʪ ʦʢʦʣʦ 25-ʪʠ ʧʨʠʯʠʥ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ. ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ -  ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʝ ʵʪʦ ʩʣʝʜʩʪʚʠʝ ʤʝʜʣʝʥʥʳʭ ʜʚʠʞʝʥʠʡ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʜʜʘʶʱʠʭʩʷ ʠʟʤʝʨʝʥʠʶ. ɼʘ-

ʞʝ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʨʝʜʚʝʩʪʥʠʢʠ ʥʝʧʦʜʜʘʶʱʠʝʩʷ ʦʙʲʷʩʥʝʥʠʶ ʩ ʪʦʯʢʠ ʟʨʝ-

ʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ ʧʨʦʜʦʣʞʘʣʠ ʩʣʝʜʦʚʘʪʴ ʛʦʩʧʦʜʩʪʚʫʶʱʝʡ ʧʘʨʘʜʠʛʤʝ: "ɺʦʪ 

ʷ ʟʝʤʣʝʪʨʷʩʝʥʠʝ - ʧʨʦʛʥʦʟʠʨʫʡʪʝ!". 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʛ-

ʥʠʪʫʜʳ (ʄ), ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʵʧʠʮʝʥʪʨʘ (æ) ʠ ʚʨʝʤʝʥʠ ʦʩʪʘʚʰʝʛʦʩʷ ʜʦ ʤʦʤʝʥʪʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

(tʦʧʝʨ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟʤʝʨʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʜʦʣʞʥʳ ʟʘʚʠʩʝʪʴ ʦʪ ʄ, æ ʠ tʦʧʝʨ. 

ɼʣʷ ʵʪʦʛʦ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ  ʜʘʥʥʳʝ ʵʣʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʠʟʚʝʩʪ-

ʥʳʭ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʧʦʪʝʥʮʠʘʣʳ ʩʦʙʩʪʚʝʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (ʇʉ), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʪʘʥʜʘʨʪ-

ʥʳʤʠ ʠ ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʚʠʜʘʤʠ ʠʟʤʝʨʝʥʠʡ, ʚʭʦʜʷʱʠʤʠ ʚ ʢʦʤʧʣʝʢʩ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʚ 

ʩʢʚʘʞʠʥʘʭ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʧʨʦʚʦʜʠʤʳʭ ʧʨʦʪʷʛʠʚʘʥʠʝʤ ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʚʜʦʣʴ 

ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ (ʚʪʦʨʦʡ ʚ ʵʪʦ ʚʨʝʤʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ), ʧʦʣʫʯʘʶʪ ʢʨʠʚʫʶ ʇʉ ʧʦ ʢʦ-

ʪʦʨʦʡ ʙʝʟʦʰʠʙʦʯʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʨʦʥʠʮʘʝʤʳʝ ʠ ʥʝ ʧʨʦʥʠʮʘʝʤʳʝ ʧʣʘʩʪʳ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʦʣʫʯʠʪ ɹʨʘʟʨʝʟ ʦʩʘʜʦʯʥʳʭ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʟʝʤʥʦʡ ʢʦʨʳ ʧʦ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʠʟʥʘʢʘʤ [1]. ʋ ʘʚʪʦʨʦʚ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʚʦʟʥʠʢʣʘ ʠʜʝʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʦʡ ʫʩʪʦʡʯʠʚʳʡ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ʢʘʢ ʢʨʠʚʘʷ ʇʉ ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 



ʄʘʤʘʝʚ ʉ.ɸ., ʀʙʘʝʚ ɾ.ɻ., ʄʘʤʘʝʚ ɸ.ʉ., ʄʘʤʤʘʝʚʘ ɾ.ɸ. 
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 ʈʝʛʠʩʪʨʠʨʫʝʤʳʡ ʧʦ ʵʪʠʤ ʠʟʤʝʨʝʥʠʷʤ ʧʘʨʘʤʝʪʨ ʘʜʝʢʚʘʪʥʦ ʨʝʘʛʠʨʫʝʪ ʥʘ ʄ, æ ʠ tʦʧʝʨ. ʕʪʦʪ 

ʬʘʢʪ ʧʨʠʜʘʝʪ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʪʦʤ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʝ ʠʟʤʝʨʝʥʠʷ ʠ ʧʦʣʫʯʘʝʤʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʦʮʝʥʢʠ ʄ, æ ʠ tʦʧʝʨ ʦʢʘʞʫʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʥʘʤʠ ʩʧʦʩʦʙ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʈʝʛʠʩʪʨʠʨʫʝʤʳʡ ʩʦ ʩʢʚʘʞʠʥʥʳʭ ʜʘʪʯʠʢʦʚ ʩʫʪʦʯʥʳʡ ʩʠʛʥʘʣ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʦ-

ʤʫ ʘʥʘʣʠʟʫ [2-5].  ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʟʥʘʯʝʥʠʷ 47 ʘʤʧʣʠʪʫʜ ɸi ʠ 47 ʯʘʩʪʦʪ. 

2. ʂʘʞʜʘʷ ʘʤʧʣʠʪʫʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʘʢ ʩʘʤʦʛʦ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʷ, ʪʘʢ ʠ ʜʨʫʛʠʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ [1]. 

ʕʤʧʠʨʠʯʝʩʢʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ɸi = a11 æ + a12 K + a13 tonep + aʜʠʥ, 

ʛʜʝ K ï ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʣʘʩʩ,  ʘ11, ʘ12, ʘ13 - ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ,  ʘʜʠʥ - ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. 

ɽʩʣʠ ʚʙʣʠʟʠ ʧʝʨʚʦʛʦ ʜʘʪʯʠʢʘ ʨʘʩʧʦʣʦʞʠʪʴ ʚʪʦʨʦʡ, ʪʦ ʧʦ ʘʥʘʣʦʛʠʠ ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ:  

Bi = b11 æ + b12 K + b13 tonep  + bʜʠʥ. 
ʇʨʝʜʧʦʣʘʛʘʷ ʯʪʦ aʜʠʥåbʜʠʥ ʤʦʞʥʦ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʝʤ ʚʳʯʠʩʣʷʷ  ʨʘʟʥʦʩʪʴ ɸi - Bi  = (a11- b11) æ + (a12 - b12) K+ (a13  - b13) tonep.. 

ʆʙʦʟʥʘʯʘʷ ɸi-Bi = di; (a11- b11) = C11;   (a12 - b12) = ʉ12; (a13  - b13) = ʉ13  , ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʠʟ 47 
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ʛʜʝ ʚʝʨʭʥʠʡ ʠʥʜʝʢʩ ʧʨʠ ʉ ʦʟʥʘʯʘʝʪ ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʨʘʟʥʳʭ ʘʤʧʣʠʪʫʜ. 

3. ʅʘ ʦʩʥʦʚʝ ʥʘʢʦʧʠʚʰʝʡʩʷ ʚʳʙʦʨʢʠ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʦʧʨʝʜʝʣʷʝʤ ʟʥʘʯʝ-

ʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʉ11, ʉ12, ʉ13 (ʚʩʝʛʦ ï 141 ʟʥʘʯʝʥʠʝ) 

ɼʣʷ ʵʪʦʛʦ ʤʠʥʠʤʠʟʠʨʫʝʤ ʩʫʤʤʫ: 
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i  ) tK -Cȹ - C - C(d
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131211 min  

ʛʜʝ N ï ʢʦʣʠʯʝʩʪʚʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʜʘʥʥʦʡ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʚʳʙʦʨʢʝ ʜʣʷ ʢʘʞʜʦʛʦ ʥʦʤʝʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ  di ʤʳ ʧʦʣʫʯʘʝʤ ʧʦʩʪʦʷʥʥʳʝ ʯʠʩʣʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥ-

ʪʳ ʉij, ʦʧʨʝʜʝʣʷʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ: 
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ʛʜʝ mi,  ʈi, qi ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʜʘʥʥʦʡ ʚʳʙʦʨʢʠ. 

4. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʛʥʦʟʘ, ʧʦ ʝʞʝʜʥʝʚʥʦ ʠʟʤʝʨʷʝʤʳʤ ʟʥʘʯʝʥʠʷʤ di  ʠ ʨʘʩʩʯʠʪʘʥʥʳʤ  

mi,  Pi, qi  ʦʧʨʝʜʝʣʷʝʤ æ, K, tonep ʨʝʰʘʷ ʩʠʩʪʝʤʫ ʪʨʝʭ ʫʨʘʚʥʝʥʠʡ: 
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ʇʦʩʢʦʣʴʢʫ ʥʘʰʝ ʧʝʨʚʠʯʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʠʙʣʠʞʝʥʥʦʝ ʠ ʦʧʨʝʜʝʣʷʝʤʳʝ ʟʥʘʯʝʥʠʷ æ, K, tonep  

ʙʫʜʫʪ ʧʨʠʙʣʠʞʝʥʥʳʤʠ. 



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 4(71), 2017 
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5. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʳʭ ʟʥʘʯʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʕɺʄ ʨʝʰʠʪʴ 583740 ʫʨʘʚʥʝʥʠʡ 

ʦʧʨʝʜʝʣʷʶʱʠʭ 
k

ijC 1ʠ ʚʟʷʪʴ ʩʨʝʜʥʝʝ ʠʟ ʥʠʭ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʣʫʯʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ 

ʯʘʩʪʝʡ: 1) ʣʫʥʥʘʷ ʜʣʠʥʥʦʧʝʨʠʦʜʥʘʷ, 2) ʩʦʣʥʝʯʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠ 3) ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥʦʚʳʭ ʚʦʟ-

ʤʫʱʝʥʠʡ. ʇʦʵʪʦʤʫ ʩʧʝʢʪʨ ʨʘʟʙʠʚʘʝʤ  ʥʘ ʪʨʠ ʯʘʩʪʠ: 

ʘ. ʜʣʷ ʧʝʨʚʦʡ ʯʘʩʪʠ ʙʫʜʝʤ ʠʤʝʪʴ 20160 ʟʥʘʯʝʥʠʡ æ, K, tonep 

ʙ. ʜʣʷ ʚʪʦʨʦʡ 13104 

ʩ. ʜʣʷ ʪʨʝʪʴʝʡ ʯʘʩʪʠ 41040 ʟʥʘʯʝʥʠʡ æ, K, tonep 

6. ɼʣʷ ʢʘʞʜʦʡ ʯʘʩʪʠ ʢʦʤʧʴʶʪʝʨ ʩʪʨʦʠʪ ʧʨʦʛʥʦʟʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʛʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ K, æ, tonep. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʙʫʜʝʪ K = 12, æ = 500 ʠ ʯʝʨʝʟ t=10 ʪʦ ʢʦʤʧʴʶʪʝʨ ʤʦʞʥʦ ʜʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʛʨʘʬʠʢʠ. 

 
 

                
 

                 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʝʯʥʘʷ ʧʨʦʛʥʦʟʥʘʷ ʠʥʬʦʨʤʘʮʠʷ   ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʛʨʘʬʠʢʦʚ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ æ, K, tonep. ʂʘʢʘʷ ʯʘʩʪʴ ʩʧʝʢʪʨʘ ʣʫʯʰʝ ʦʧʨʝʜʝʣʷʝʪ ʪʦ ʠʣʠ ʠʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʫʩʪʘʥʘʚʣʠʚʘ-

ʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ. 

 ʇʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ, ʧʨʦʚʝʜʝʥʥʳʤ ʥʘʤʠ ʥʘ ʧʨʘʢʪʠʢʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ 

ʩʣʝʜʫʶʱʝʝ: 

1. ɹʣʠʟʢʦʝ ʩʠʣʴʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʙʫʜʝʪ ʜʘʚʘʪʴ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ æ, K, tonep, ʥʘ 

ʚʩʝʭ ʯʘʩʪʷʭ ʩʧʝʢʪʨʘ. 

2. ɼʘʣʝʢʦʝ ʩʠʣʴʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ, ʥʘʠʙʦʣʝʝ ʧʨʘʚʠʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʙʫʜʫʪ ʜʘʚʘʪʴ ʧʝʨʚʘʷ 

ʯʘʩʪʴ ʩʧʝʢʪʨʘ. 
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       t ς 1-н ͔͚͒ͤ -    % 

            2-р ͔͚͒ͤ -    %  

            5-мл ͔͚͒ͤ -  %  

          10-нл ͔͚͒ͤ -  %  

          20-ол ͔͚͒ͤ -  %  

            > ол ͔͚͒ͤ -  %  

 

=D 0-мллͣ͟ -    % 

       100-200 -    % 

       200-500 -    % 

       500-700 -    % 

       700-1000 -  % 

> 1000 -   % 

 

                   

˴Ґ10-11-% 

      11-12-% 

       12-13% 

       13-14% 

           >14% 

 



ʄʘʤʘʝʚ ʉ.ɸ., ʀʙʘʝʚ ɾ.ɻ., ʄʘʤʘʝʚ ɸ.ʉ., ʄʘʤʤʘʝʚʘ ɾ.ɸ. 

ʂ ɺʆʇʈʆʉʋ ʇɽʈɽɺʆɼɸ ʇʈʆɻʅʆɿɸ ɿɽʄʃɽʊʈʗʉɽʅʀʁ ʅɸ ʂʆʃʀʏɽʉʊɺɽʅʅʋʖ ʆʉʅʆɺʋ 
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ɿʘʢʣʶʯʝʥʠʝ: 

ʇʨʦʛʥʦʟ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʢʦʪʦʨʦʝ 

ʥʝ ʠʤʝʝʪ ʪʦʯʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʦʟʚʦʣʠʣʦ ʙʳ ʩʦʭʨʘʥʠʪʴ 

ʤʠʣʣʠʦʥʳ ʯʝʣʦʚʝʯʝʩʢʠʭ ʞʠʟʥʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝʥʥʳʭ ʵʪʦʤʫ ʚʦʧʨʦʩʫ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʘʢʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʩʧʦʩʦʙʦʚ, ʠ ʚʠʜʦʚ 

ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʨʠʭʦʜʠʪʩʷ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʟʘʜʘʯʘ ʙʫ-

ʜʝʪ ʘʢʪʫʘʣʴʥʘ ʠ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʥʘʤʠ ʧʨʝʜʣʦʞʝʥ ʦʜʠʥ 

ʠʟ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʙʨʘʙʦʪʢʝ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʧʦʣʫʯʘʝʤʳʭ ʩʦ ʩʢʚʘʞʠʥʥʳʭ ʜʘʪʯʠʢʦʚ. ʍʦʪʷ ʥʘʰ ʤʝʪʦʜ ʥʝ ʧʨʝʪʝʥʜʫʝʪ ʥʘ ʧʦʣʥʫʶ ʩʪʨʦ-

ʛʦʩʪʴ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʥʘʜʝʝʤʩʷ, ʯʪʦ ʦʥ ʧʦʤʦʞʝʪ  ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʠ ʫʪʦʯʥʝʥʠʷ 

ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʄʀʅɽʈɸʃʀɿɸʎʀʀ ɺʆɼʓ ɺ ʏʀʈʂɽʁʉʂʆʄ 

ɺʆɼʆʍʈɸʅʀʃʀʑɽ ʅɸ ʈɽɿʋʃʔʊɸʊʓ ʀɿʄɽʈɽʅʀʁ ʂɸɾʋʑɽɻʆʉʗ ʉʆʇʈʆʊʀɺʃɽʅʀʗ 

ʇʆʈʆɼ ɺ ʉʂɺɸɾʀʅɽ 

ʀʜʘʨʤʘʯʝʚ ʀ.ʐ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ɼʅʎ ʈɸʅ 

 
ʈʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʢʘʞʫʱʝʛʦʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʨʦʜ ʚ ʩʢʚʘʞʠʥʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʨʘʡʦʥʝ 

ʏʠʨʢʝʡʩʢʦʡ ɻʕʉ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩʚʷʟʴ, ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʝʟʦʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜʳ ʚ ʚʦ-

ʜʦʭʨʘʥʠʣʠʱʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜʳ ʚ ʚʦʜʦ-

ʭʨʘʥʠʣʠʱʝ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʢʘʞʫʱʝʝʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʨʦʜ ʚ ʩʢʚʘʞʠʥʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʢʘʞʫʱʝʝʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʚʦʜʦʭʨʘʥʠʣʠʱʝ. 

 

A STUDY OF THE INFLUENCE OF WATER MINERALIZATION IN CHIRKEY RESERVOIR 

ON THE RESULTS OF MEASUREMENTS OF APPARENT RESISTIVITY OF ROCKS IN THE 

WELL 

Idormachev I. Sh. 

Institute of Geology Dagestan scientific center of RAS 

 
The results of measurements of apparent resistivity of rocks in the borehole, is Noi in the area of Chirkey hydro-

power station. Analyze the correlation of received data with changing seasonal mi-neralization of water in the reservoir. 

The data obtained allow to conclude that the change in salinity of water in the reservoir has no effect on the apparent resis-

tivity of rocks in the well. 

Ke words: salinity, the apparent resistivity of rocks reservoir. 

 

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʋʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʚʦʜʳ (ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʠ ʢʘʧʠʣʣʷʨʥʦʡ) 

ʤʝʥʷʝʪʩʷ ʦʪ ʜʦʣʝʡ ʆʤÖʤ ʧʨʠ ʚʳʩʦʢʦʡ ʦʙʱʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ʄ > 10 ʛ / ʣ) ʜʦ 1000 ʆʤÖʤ ʧʨʠ 

ʥʠʟʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (M < 0.01 ʛ / ʣ). ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʚʦʜʝ ʩʦʣʝʡ ʥʝ ʠʛʨʘ-

ʝʪ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ, ʧʦʵʪʦʤʫ ʧʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ʤʦʞʥʦ ʩʫʜʠʪʴ ʣʠʰʴ ʦʙ ʦʙʱʝʡ ʤʠ-

ʥʝʨʘʣʠʟʘʮʠʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʅʘ ʨʠʩ. 1. ʧʦʢʘʟʘʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʚʦʜʳ ʦʪ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚʦʜʘ ʚ ʏʠʨʢʝʡʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʦʪʥʦʩʠʪʩʷ ʢ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-

ʥʦʤʫ ʢʣʘʩʩʫ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʠʦʥʘ ʅʉʆ3, ʧʦ ʩʪʝʧʝʥʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ï ʢ ʢʘʪʝʛʦʨʠʠ ʧʨʝʩʥʦʡ 

(368ï601 ʤʛ/ʣ). ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʢ ɼʘʛʝʩʪʘʥʘ ʠʤʝʝʪ ʚʦʜʫ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʪ 200 

ʜʦ 500 ʤʛ/ʣ. ɺʦʜʳ ʨʝʢ ʚʳʩʦʢʦʛʦʨʥʳʭ ʨʘʡʦʥʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ 

ʦʙʣʘʩʪʝʡ ʧʠʪʘʥʠʷ (ʣʝʜʥʠʢʠ, ʩʥʝʞʥʠʢʠ) ʦʪʣʠʯʘʶʪʩʷ ʥʠʟʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (120 ʤʛ/ʣ). ɺ ʏʠʨ-

ʢʝʡʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʚʧʘʜʘʶʪ ʪʘʢʠʝ ʨʝʢʠ ʢʘʢ ɸʚʘʨʩʢʦʝ ʂʦʡʩʫ, ɸʥʜʠʡʩʢʦʝ ʂʦʡʩʫ, ʂʘʨʘ ʂʦʡ-

ʩʫ ʠ ʂʘʟʠʢʫʤʫʭʩʢʦʝ ʂʦʡʩʫ, ʬʦʨʤʠʨʫʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʢʫ ʉʫʣʘʢ. ɺʩʝ ʦʥʠ ʙʝʨʫʪ ʩʚʦʝ ʥʘʯʘʣʦ 

ʥʘ ɻʣʘʚʥʦʤ ʂʘʚʢʘʟʩʢʦʤ ʭʨʝʙʪʝ. ʉʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʪʝʧʝʥʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʳ ʢʦʣʝʙʘʥʠʷʤ ʨʘʩʭʦʜʦʚ ʨʝʢ ï ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʩʥʝʛʦʚʦʛʦ ʧʠʪʘʥʠʷ ʤʠ-

ʥʝʨʘʣʠʟʘʮʠʷ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʚ ʭʦʣʦʜʥʳʝ ʤʝʩʷʮʳ ʚ ʩʚʷʟʠ ʩ ʧʝʨʝʭʦʜʦʤ ʥʘ ʧʦʜʟʝʤʥʦʝ ʧʠʪʘʥʠʝ ï 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ [ʐʝʡʭʦʚ ʠ ʜʨ.,1978]. ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʪʤʝʯʘʶʪʩʷ ʚ 

ʠʶʥʝ ï ʠʶʣʝ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ï ʚ ʜʝʢʘʙʨʝ ï ʷʥʚʘʨʝ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜʳ ʚ ʏʠʨʢʝʡʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʙʳ-

ʣʠ ʚʟʷʪʳ ʧʨʦʙʳ ʚʦʜʳ ʚ ʨʘʡʦʥʝ ʧʣʦʪʠʥʳ ɻʕʉ ʯʝʨʝʟ ʢʘʞʜʳʝ ʩʝʤʴ ʩʫʪʦʢ. ʇʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʩʦ-

ʩʪʘʚʠʣ 7 ʤʝʩʷʮʝʚ. ɺ ʢʦʥʮʝ ʥʘʙʣʶʜʝʥʠʡ ʜʣʷ ʚʩʝʭ ʧʨʦʙ ʙʳʣʠ ʩʜʝʣʘʥʳ ʟʘʤʝʨʳ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʚʦʜʳ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʭʦʜ ʛʨʘʬʠʢʘ. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝ-

ʥʠʡ Rʚʦʜʳ ʥʝ ʧʨʝʚʳʰʘʝʪ 3%. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. 

 



ʀʜʘʨʤʘʯʝʚ ʀ.ʐ. 
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ʈʠʩ. 1. ɻʨʘʬʠʢ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʳ ʦʪ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

 

 
ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʢʘʞʫʱʝʛʦʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʨʦʜ ʚ ʩʢʚʘʞʠʥʝ ʠ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʳ 

ʚ ʏʠʨʢʝʡʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʚʦʟʣʝ ʧʣʦʪʠʥʳ ɻʕʉ 

 

ʅʘ ʛʨʘʬʠʢʝ ʚ ʟʠʤʥʠʡ ʠ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜʳ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʜʳ ʚ ʚʦʜʦʭʨʘʥʠʣʠ-

ʱʝ ʤʝʜʣʝʥʥʦ ʧʦʥʠʞʘʝʪʩʷ, ʘ ʟʘʪʝʤ ʩ ʩʝʨʝʜʠʥʳ ʘʧʨʝʣʷ ʥʘʯʠʥʘʝʪʩʷ ʧʦʜʲʝʤ. ɺ ʠʶʥʝ ʤʝʩʷʮʝ, ʚ ʧʝ-

ʨʠʦʜ ʣʝʪʥʠʭ ʜʦʞʜʝʡ ʠ ʪʘʷʥʠʷ ʩʥʝʛʘ ʚ ʛʦʨʘʭ, ʘʤʧʣʠʪʫʜʘ ʧʦʜʲʝʤʘ Rʚʦʜʳ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ.  

ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʨʦʜʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ ɸʨʯʠ [2]:                                                   


