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BIOLOGICAL SCIENCES 

 

SOME ASPECTS OF THE REMOTE EFFECT OF ETHANOL ON THE BEHAVĶORAL REACTĶONS 
OF THE OFFSPRĶNG OG FEMALE RATS 

 

Aslanova U. 

Doctoral Biological Sciences 

Lecturer in the Department of Human and Animal Physiology at 

 Azerbaijan State Pedagogical University. Baku 

 

ʅɽʂʆʊʆʈʓɽ ɸʉʇɽʂʊʓ ʆʊɼɸʃɽʅʅʆɻʆ ɺʃʀʗʅʀɽ ʕʊɸʅʆʃɸ ʅɸ ʇʆɺɽɼɽʅʏɽʉʂʀɽ 

ʈɽɸʂʎʀʀ ʇʆʊʆʄʉʊɺɸ ʉɸʄʆʂ ʂʈʓʉ 

 

ɸʩʣʘʥʦʚʘ ʋ.ʏ. 

ɼʦʢʪʦʨʘʥʪ ʧʦ ʥʘʫʢ ʙʠʦʣʦʛʠʠ  

ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʚ ʢʘʬʝʜʨʘ ʌʠʟʠʦʣʦʛʠʠ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ  

ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʛʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʇʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ. ʛ,ɹʘʢʫ 

 

Abstract 

The present article is devoted to finding out what negative effect the ethanol solution can have as a source of 

fluid in pregnant females for prenatal development of the fetus , as well as its effect on the behavorial responses 

of their progeny. In the article one task is put : to analyze dynamics and to reveal features of behavioral reactions 

on open field models in 30-day-old rats. In the article the results of the analyses of behavorial reactions (on the 

open field model) of the offspring of female rats receivedin the second (prefetal period) stages of pregnancy of a 

12% ethanol solution instead of the usual drinking water. 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʥʘ ʪʦ, ʯʪʦʙʳ ʚʳʷʩʥʠʪʴ, ʢʘʢʦʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴ 

ʨʘʩʪʚʦʨ ʵʪʘʥʦʣʘ ʠʩʧʦʣʴʟʦʚʘʥʥʦʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʞʠʜʢʦʩʪʠ ʫ ʙʝʨʝʤʝʥʥʳʭ ʩʘʤʦʢ ʢʨʳʩ ʥʘ ʧʨʝʥʘʪʘʣʴ-

ʥʦʝ ʨʘʟʚʠʪʠʝ ʧʣʦʜʘ, ʘ ʪʘʢ ʞʝ ʚʣʠʷʥʠʝ ʝʛʦ ʥʘ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʠʭ ʧʦʪʦʤʩʪʚ. ɺ ʩʪʘʪʴʝ ʩʪʘʚʷʪʩʷ ʦʜʥʘ 

ʟʘʜʘʯʘ: ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʠ ʚʳʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʨʝʘʢʮʠʠ ʥʘ ʤʦʜʝʣʠ ʦʪʢʨʳʪʦʛʦ ʧʦʣʝ 

ʫ 30-ʜʥʝʚʥʳʭ ʢʨʳʩʷʪ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʨʝʘʢʮʠʠ (ʥʘ ʤʦʜʝʣʠ çʦʪ-

ʢʨʳʪʦʝ ʧʦʣʝè) ʧʦʪʦʤʩʪʚʘ ʩʘʤʦʢ ʢʨʳʩ ʧʦʣʫʯʠʚʰʠʝ ʚʦ ʚʪʦʨʦʡ (ʧʨʝʜʧʣʦʜʥʳʡ ʧʝʨʠʦʜ) ʩʪʘʜʠʠ ʙʝʨʝʤʝʥʥʦʩʪʠ 

12%-ʡ ʨʘʩʪʚʦʨʘ ʵʪʘʥʦʣʘ ʚʟʘʤʝʥ ʦʙʳʯʥʦʡ ʧʠʪʴʝʚʦʡ ʚʦʜʳ.  

 

Keywords: ontogeny, prefetal period, ethanol, fitus, behavorial 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʥʪʦʛʝʥʝʟ, ʧʨʝʜʧʣʦʜʥʳʡ ʧʝʨʠʦʜ, ʵʪʘʥʦʣ, ʧʣʦʜ, ʧʦʚʝʜʝʥʠʷ 

 

ɺʚʝʜʝʥʠʝ  
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʣʢʦʛʦʣʴʥʘʷ ʠʥʪʦʢʩʠʢʘʮʠʷ ʟʘʚʠ-

ʩʠʪ ʦʪ ʩʪʘʜʠʠ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʤʘʢʩʠ-

ʤʘʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʥʝʤʫ ʫ ʵʤʙʨʠʦʥʘ ʯʝʣʦ-

ʚʝʢʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʝʨʠʦʜ ʠʥʪʝʥʩʠʚʥʦʡ ʢʣʝʪʦʯʥʦ-

ʪʢʘʥʝʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠ ʦʨʛʘʥʦʛʝʥʝʟʘ. ʉʫʱʝ-

ʩʪʚʫʶʪ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʦ-

ʚʨʝʞʜʝʥʠʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʙʣʘʩʪʦʤʝʨʦʚ ʟʘʨʦʜʳʰ 

ʛʠʙʥʝʪ, ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴ-

ʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʣʘʩʪʦʤʝʨʦʚ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ 

ʥʝ ʥʘʨʫʰʘʝʪʩʷ (ʇʦʧʦʚʘ ʕ.ʅ. 1988). ʇʦ ʦʢʦʥʯʘʥʠʠ 

ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʦʙʳʯʥʦ ʧʨʠʚʦʜʷʪ ʥʝ ʢ ʧʦʨʦʢʘʤ ʨʘʟʚʠʪʠʷ, ʘ ʢ ʥʝʜʦ-

ʨʘʟʚʠʪʠʶ ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʝʟʨʝʣʦʩʪʠ ʦʨʛʘʥʦʚ 

ʧʣʦʜʘ (ʂʠʨʶʱʝʥʢʦʚ ɸ.ʇ. 1987, ɹʘʨʜʠʰʘ ʃ. ʈ., ʉʘ-

ʪʘʥʦʚʩʢʘʷ ɺ. ʀ. 1999, ʇʝʨʤʷʢʦʚ, ɸ.ɺ. ɺʠʪʝʨ ɺ.ʀ. 

2002).  

ʇʦ ʤʥʝʥʠʶ ʠʟʚʝʩʪʥʦʛʦ ʚʨʘʯʘ ʀ. ɹʣʦʭ ʪʦʣʴʢʦ 

ʦʯʝʥʴ ʥʝʤʥʦʛʦ (ʦʪ 7 ʜʦ 17 ʧʨʦʮʝʥʪʦʚ) ʧʦʪʦʤʢʦʚ ʘʣ-

ʢʦʛʦʣʠʢʦʚ ʷʚʣʷʶʪʩʷ ʬʠʟʠʯʝʩʢʠ ʠ ʧʩʠʭʠʯʝʩʢʠ ʥʦʨ-

ʤʘʣʴʥʳʤʠ, ʙʦʣʴʰʠʥʩʪʚʦ ʞʝ ʧʨʦʷʚʣʷʝʪ ʙʳʩʪʨʦ ʧʨʦ-

ʛʨʝʩʩʠʨʫʶʱʝʝ ʚʳʨʦʞʜʝʥʠʝ, ʚʳʨʘʞʘʶʱʝʝʩʷ ʛʣʘʚ-

ʥʳʤ ʦʙʨʘʟʦʤ ʚ ʬʠʟʠʯʝʩʢʦʤ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʠʠ ʢ 

ʪʫʙʝʨʢʫʣʝʟʫ ʠ ʵʧʠʣʝʧʩʠʠ, ʘ ʧʩʠʭʠʯʝʩʢʠ ʚ ʧʨʝʜʨʘʩ-

ʧʦʣʦʞʝʥʠʠ ʢ ʧʴʷʥʩʪʚʫ, ʧʨʝʩʪʫʧʣʝʥʠʷʤ ʠ ʩʣʘʙʦ-

ʫʤʠʶ (ɻʝʥʢʠʥʘ ʆ.ʅ., ʂʫʨʝʣʣʘ ɹ. 1989, Adams N., 

Oldham T.D., et all.,2001). 

ʂʣʠʥʠʯʝʩʢʠʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥ, ʯʪʦ ʵʪʘʥʦʣ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʙʳʩʪʨʦ ʧʨʦʥʠʢʘʝʪ ʢʘʢ ʯʝʨʝʟ ʧʣʘʮʝʥʪʫ, ʪʘʢ ʠ ʯʝʨʝʟ 

ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʧʣʦʜʘ, ʧʦʩʢʦʣʴʢʫ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʣʠʧʠʜʘʭ, ʘ ʦʙʘ 

ʵʪʠ ʙʘʨʴʝʨʘ ʣʠʧʠʜʥʳʝ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ ʵʪʘʥʦʣʘ ʚ ʢʨʦʚʠ ʠ ʩʧʠʥʥʦʤʦʟʛʦʚʦʡ ʞʠʜʢʦ-

ʩʪʠ ʧʣʦʜʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʳʩʪʨʦ ʧʦʚʳʰʘʝʪʩʷ ʠ ʩʪʘ-

ʥʦʚʠʪʩʷ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʚ ʢʨʦʚʠ ʙʝʨʝʤʝʥʥʦʡ. ɸʤʥʠʦ-

ʪʠʯʝʩʢʘʷ ʞʠʜʢʦʩʪʴ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʵʪʘʥʦʣ, 

ʩʦʟʜʘʚʘʷ ʪʝʤ ʩʘʤʳʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʧʦ-

ʩʪʫʧʣʝʥʠʷ ʝʛʦ ʚ ʦʨʛʘʥʠʟʤ ʧʣʦʜʘ.  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠ-

ʯʝʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫ-

ʶʱʠʝ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʦʪʠʚʘʮʠʦʛʝʥ-

ʥʳʭ ʩʪʨʫʢʪʫʨ ʤʦʟʛʘ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʦʚʝʜʝʥʠʝ (ʧʠ-

ʱʝʚʦʝ, ʧʦʣʦʚʦʝ, ʦʙʦʨʦʥʠʪʝʣʴʥʦʝ ʠ ʜʨ.), ʢ ʜʝʡʩʪʚʠʶ 

ʘʣʢʦʛʦʣʷ (ʈʘʝʚʩʢʠʡ ʂ.ʉ., ɸʡʨʘʢʩʠʥʝʥ ʄ.ʄ., ʄʘʡ-

ʩʢʠʡ ɸ.ʀ. 1990., ʏʠʨʢʦʚʘ ʉ.ʂ., ɺʦʡʪ ʀ.ʉ. 1990, ɹʫ-

ʨʝʰ, ʗ. ɹʫʨʝʰʦʚʘ ʆ., ʍʴʶʩʪʦʥ ɼʞ. 1991). ʆʜʥʘʢʦ 

ʚʦʟʨʘʩʪʘʶʱʘʷ ʪʝʥʜʝʥʮʠʷ ʘʣʢʦʛʦʣʴʥʦʛʦ ʚʣʝʯʝʥʠʷ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʦʩʪʘʝʪʩʷ ʫʛʨʦʞʘʶʱʠʤ, ʠʥʳʤʠ 
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ʩʣʦʚʘʤʠ, ʚʦʧʨʦʩ ʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʣʝʯʝʥʠʷ ʢ ʘʣʢʦʛʦʣʶ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʩʥʦʚʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʙʠʦʣʦʛʠʯʝ-

ʩʢʠʭ ʤʦʪʠʚʘʮʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. ʇʨʠ ʵʪʦʤ 

ʧʨʦʙʣʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʣʝʯʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ 

ʥʦʨʤʳ ʠ ʧʘʪʦʣʦʛʠʠ ʧʦʚʝʜʝʥʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʝʜʚʘ ʣʠ 

ʥʝ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʩʧʦʩʦʙʠʪʝʣʴ-

ʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʮʝʣʝʥʘ-

ʧʨʘʚʣʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʚ ʪʘʢʠʭ ʩʣʫ-

ʯʘʷʭ ʦʢʘʟʳʚʘʝʪʩʷ ʩʦʤʥʠʪʝʣʴʥʳʤ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʨʠʩʢ ʚʥʫʪʨʠʫʪʨʦʙʥʦʛʦ ʧʦʨʘʞʝ-

ʥʠʷ ʧʣʦʜʘ ʧʨʠ ʘʣʢʦʛʦʣʠʟʤʝ ʤʘʪʝʨʠ ʧʨʷʤʦ ʟʘʚʠʩʠʪ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠ ʨʝʛʫʣʷʨʥʦʩʪʴ ʧʨʠʝʤʘ ʩʧʠʨʪʥʳʭ 

ʥʘʧʠʪʢʦʚ. ɺ ʧʝʨʠʦʜʝ ʨʘʟʚʠʪʠʷ ʧʣʦʜʘ ʚʳʜʝʣʷʶʪʩʷ 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʢʨʠʪʠʯʝʩʢʠʝ ʧʝʨʠʦʜʳ, ʚ ʪʝʯʝʥʠʝ 

ʢʦʪʦʨʳʭ ʧʣʦʜ ʦʩʦʙʝʥʥʦ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʚʦʟʜʝʡ-

ʩʪʚʠʶ ʨʘʟʣʠʯʥʳʭ ʚʨʝʜʥʳʭ ʬʘʢʪʦʨʦʚ. ɺ ʥʘʰʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣ ʚʳʙʨʘʥ 2-ʘʷ ʥʝʜʝʣʷ ʙʝʨʝʤʝʥʥʦʩʪʠ 

(ʧʨʝʜʧʣʦʜʥʳʝ ʧʝʨʠʦʜʳ) ʩʘʤʦʢ ʢʨʳʩ, ʢʦʛʜʘ ʟʘʢʣʘ-

ʜʳʚʘʶʪʩʷ ʠ ʬʦʨʤʠʨʫʶʪʩʷ ʚʩʝ ʦʩʥʦʚʥʳʝ ʦʨʛʘʥʳ ʠ 

ʩʠʩʪʝʤʳ ʵʤʙʨʠʦʥʘ.  

ʍʘʨʘʢʪʝʨ ʠ ʩʢʦʨʦʩʪʴ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʦʧʨʝʜʝʣʷ-

ʶʪʩʷ ʠ ʨʝʛʫʣʠʨʫʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ 

ʤʘʪʴ-ʧʣʘʮʝʥʪʘ ï ʧʣʦʜ. ʇʦʩʢʦʣʴʢʫ ʚ ʥʘʯʘʣʝ ʵʪʦʛʦ ʧʝ-

ʨʠʦʜʘ ʧʨʦʜʦʣʞʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʨʛʘʥʦʚ ʠ ʩʠ-

ʩʪʝʤ ʧʣʦʜʘ, ʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʚʨʝʜʥʳʭ ʬʘʢʪʦʨʦʚ ʚ 

ʵʪʦʪ ʧʝʨʠʦʜ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʧʦʨʦʢ ʚ ʪʝʭ ʦʨʛʘʥʘʭ, ʛʜʝ 

ʦʨʛʘʥʦʛʝʥʝʟ ʝʱʝ ʥʝ ʟʘʢʦʥʯʠʣʩʷ. ʇʨʠ ʭʨʦʥʠʯʝʩʢʦʤ 

ʘʣʢʦʛʦʣʠʟʤʝ, ʘʣʢʦʛʦʣʴ ʠ ʝʛʦ ʤʝʪʘʙʦʣʠʪʳ, ʚʨʝʜʥʦ 

ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚ-

ʥʦʡ ʩʠʩʪʝʤʳ ʠ ʦʩʦʙʝʥʥʦ ʥʘ ʝʝ ʨʝʛʫʣʷʪʦʨʥʳʝ ʤʝʭʘ-

ʥʠʟʤʳ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪʴ ʢ ʛʣʫʙʦʢʠʤ ʥʝʜʫʛʘʤ ʧʨʠ-

ʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʦʨʛʘ-

ʥʠʟʤʘ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʫʧʦʪʨʝʙʣʝʥʠʝ ʘʣʢʦʛʦʣʷ ʚʦ ʚʨʝʤʷ 

ʙʝʨʝʤʝʥʥʦʩʪʠ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʵʤʙʨʠʦ-ʬʝʪʦʛʝʥʝʟʫ, 

ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟ-

ʚʠʪʠʷ ʧʦʪʦʤʩʪʚʘ (Hansen L. F., Rehfeld J. F. 2000, 

Devaud L.L., Chadda R., 2001). 

ʇʦʵʪʦʤʫ ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʦʩʪ-

ʥʘʪʘʣʴʥʳʭ ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʧʦʚʝʜʝʥ-

ʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʘʣʢʦʛʦʣʠʟʠʨʦʚʘʥʥʳʭ ʦʩʦʙʝʡ ʚ ʧʝ-

ʨʠʦʜ ʵʤʙʨʠʦʛʝʥʝʟʘ.  

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʙʝʣʳʝ ʢʨʳʩʳ-

ʩʘʤʮʳ ʧʦʨʦʜʳ ɺʠʩʪʘʨ. ɺʩʝ ʨʘʙʦʪʳ ʩ ʞʠʚʦʪʥʳʤʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʛʣʘʩʥʦ ʵʪʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ɽʚ-

ʨʦʧʝʡʩʢʦʡ ʢʦʥʚʝʥʮʠʠ ʟʘʱʠʪʳ ʧʨʘʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʞʠʚʦʪʥʳʭ. . ʌʦʨʤʠʨʦʚʘʣʠ 2 ʛʨʫʧʧʳ ʞʠʚʦʪʥʳʭ: ʧʝʨ-

ʚʘʷ ʛʨʫʧʧʘ ʷʚʠ-ʣʘʩʴ ʢʦʥʪʨʦʣʴʥʦʡ, ʚʪʦʨʘʷ ʛʨʫʧʧʘ - 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ. ʇʦʜʦʧʳʪʥʳʝ ʞʠʚʦʪʥʳʝ ʝʞʝ-

ʜʥʝʚʥʦ ʧʦʣʫʯʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʞʠʜʢʦʩʪʠ 

12% ʨʘʩʪʚʦʨ ʵʪʘʥʦʣʘ. ʂʦʥʪʨʦʣʝʤ ʩʣʫʞʠʣʠ ʞʠʚʦʪ-

ʥʳʝ, ʧʦʣʫʯʘʚʰʠʝ ʜʣʷ ʧʠʪʴʷ ʯʠʩʪʫʶ ʚʦʜʫ. ʀʩʩʣʝʜʦ-

ʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ 30-ʝ ʩʫʪʢʠ ʞʠʟʥʠ ʞʠʚʦʪʥʳʭ.  

ʇʨʦʚʦʜʠʣʠ ʥʘʙʣʶʜʘʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʨʝ-

ʛʠʩʪʨʠʨʦʚʘʣʠ ʜʠʥʘʤʠʢʠ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʨʝʘʢʮʠʡ 

ʞʠʚʦʪʥʳʭ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʩʦʦʨʫʞʝʥʥʦʤ ʜʣʷ ʵʪʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʦʙʦʨʫʜʦʚʘʥʠʠ ï çʦʪʢʨʳʪʦʝ ʧʦʣʝè. ɹʳʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚʨʝʤʷ ʚʳʭʦʜʘ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʝʙʳ-

ʚʘʥʠʝ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʢʚʘʜʨʘʪʝ, ʧʝʨʝʩʝʯʝʥʠʷ ʮʝʥ-

ʪʨʘʣʴʥʦʛʦ ʢʚʘʜʨʘʪʘ, ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʪʦʡʢʘ, ʯʘ-

ʩʪʦʪʘ ʛʨʫʤʠʥʛʘ ʠ ʘʢʪʘ ʜʝʬʝʢʘʮʠʡ. ʈʝʛʠʩʪʨʘʮʠʠ ʫʢʘ-

ʟʘʥʥʳʭ ʩʦʙʳʪʠʡ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 3-5 ʤʠʥʫʪ.  

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ 

Statistica 6.0 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ t-ʪʝʩʪʘ ʉʪʴʶʜʝʥʪʘ. 

ʈʘʟʣʠʯʠʷ ʩʯʠʪʘʣʠʩʴ ʜʦʩʪʦʚʝʨʥʳʤʠ ʧʨʠ ʚʝʨʦʷʪʥʦ-

ʩʪʠ ʦʰʠʙʢʠ p<0,05.  

 ɺʩʝʛʦ ʚ ʨʘʙʦʪʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 65 ʛʦʣʦʚ 

30-ʪʠʜʥʝʚʥʳʭ ʢʨʳʩʷʪ (30 ʛʦʣʦʚ ʢʦʥʪʨʦʣʴʥʳʝ ʠ 35 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ), ʧʦʣʫʯʝʥʥʳʝ ʦʪ 15-ʪʠ ʩʘʤʦʢ 

ʢʨʳʩ (5 ʢʦʥʪʨʦʣʴʥʳʝ, 10 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ). 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʦʩʪʦʨʦʥʥʝʝ ʘʢʪʠʚʥʦʝ ʠʟʫʯʝ-

ʥʠʝ ʧʨʦʙʣʝʤ ʘʣʢʦʛʦʣʠʟʤʘ, ʤʝʭʘʥʠʟʤʳ ʤʥʦʛʠʭ ʥʘʨʫ-

ʰʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʵʪʦʤ, ʦʩʪʘʶʪʩʷ ʤʘʣʦ ʠʟʫ-

ʯʝʥʥʳʤ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ, ʚʦʟʥʠʢʘ-

ʶʱʠʭ ʫ ʧʦʪʦʤʩʪʚʘ ʘʣʢʦʛʦʣʠʢʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ, ʯʪʦ ʭʨʦʥʠʯʝʩʢʦʝ ʧʦʪʨʝʙʣʝ-

ʥʠʝ ʘʣʢʦʛʦʣʷ ʤʘʪʝʨʴʶ ʚʦ ʚʨʝʤʷ ʙʝʨʝʤʝʥʥʦʩʪʠ ʧʘ-

ʛʫʙʥʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʚʩʝʭ ʩʠʩʪʝʤʘʭ ʦʨʛʘʥʠʟʤʘ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʧʦʚʝʜʝʥʯʝʩʢʦ-ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ 

ʨʝʘʢʮʠʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʚ 

ʪʝʩʪʝ çʦʪʢʨʳʪʦʝ ʧʦʣʝè ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʜʠʥʘʤʠʢʫ 

ʠʭ ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʠ ʙʳʩʪʨʦʝ ʨʝʰʝʥʠʝ 

ʚʳʭʦʜʘ ʠʟ ʜʠʩʢʦʤʬʦʨʪʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʥʝʰʥʠʤʠ 

ʨʘʟʜʨʘʞʠʪʝʣʷʤʠ. ʂʘʢ ʠʟʚʝʩʪʥʦ ʧʨʠ ʪʘʢʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷʭ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʷʨʢʦʝ ʦʩʚʝʱʝʥʠʷ 

ʮʝʥʪʨʘʣʴʥʳʭ ʢʚʘʜʨʘʪʦʚ çʧʦʣʝè, ʚ ʢʦʪʦʨʦʤ ʨʘʟʤʝ-

ʰʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʲʝʢʪ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʢʦʥʪʨʦʣʴʥʳʭ (ʧʨʝʥʘʪʘʣʴʥʦ ʨʘʟʚʠʚʰʠʭʩʷ ʚ ʥʦʨʤʘʣʴ-

ʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʜʝʨʞʘʥʠʷ ʤʘʪʝʨʝʡ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 

ʧʝʨʚʦʡ ʤʠʥʫʪʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚ çʦʪʢʨʳʪʦʝ ʧʦʣʝè 

ʢʨʳʩʷʪʘ ʚʝʣʠ ʩʝʙʷ ʘʢʪʠʚʥʦ ʠ ʧʝʨʝʩʝʢʘʣʠ ʚ ʩʨʝʜʥʝʤ 

16 ʢʚʘʜʨʘʪʦʚ.  
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ʈʠʩ.1. ɼʠʘʛʨʘʤʤʳ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʥʘ 

çʦʪʢʨʳʪʦʤ ʧʦʣʝè 30-ʪʠʜʥʝʚʥʳʭ ʢʨʳʩʷʪ ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʤʘʪʝʨʝʡ ʩʦʜʝʨʞʘʚʱʠʭʩʷ ʚ ʥʦʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ (ʢʦʥʪʨʦʣʴʥʳʝ). 

 

ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʤʠʥʫʪʳ ʥʘʙʣʶʜʝʥʠʷ ʵʪʦʪ ʘʢ-

ʪʠʚʥʦʩʪʴ ʨʝʟʢʦ ʩʥʠʟʠʣʘʩʴ ʠ ʚ ʪʨʝʪʴʝʡ ʤʠʥʫʪʝ ʦʧʫ-

ʩʪʠʣʘʩʴ ʜʦ 3-4 ʢʚʘʜʨʘʪʦʚ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʱʘʣ ʥʘ ʩʝʙʷ 

ʚʥʠʤʘʥʠʝ ʪʦ, ʯʪʦ ʥʠ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʥʝ ʙʳʣʘ ʨʝʛʠ-

ʩʪʨʠʨʦʚʘʥʦ ʧʝʨʝʩʝʯʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʚʘʜʨʘʪʘ 

çʧʦʣʝè (ʨʠʩ.1).  

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʩʪʦʡʢʝ ʥʘ ʟʘʜ-

ʥʠʭ ʢʦʥʝʯʥʦʩʪʷʭ, ʪʘʢ ʞʝ ʙʳʣʘ ʧʨʦʷʚʣʝʥʘ ʚ ʥʘʯʘʣʴ-

ʥʳʝ ʤʠʥʫʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʢʨʳʩʷʪ, ʧʦʯʪʠ ʠʩʯʝʟʘʚ-

ʰʠʝ ʢ ʢʦʥʮʫ ʥʘʙʣʶʜʝʥʠʝ. ʇʦʚʝʜʝʥʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʚ 

ʚʠʜʝ ʛʨʫʤʠʥʛʘ ʠ ʘʢʪʘ ʜʝʬʝʢʘʮʠʠ ʩʦʭʨʘʥʷʣʠʩʴ, ʧʨʠ-

ʙʣʠʟʠʪʝʣʴʥʦ ʚ ʦʜʠʥʘʢʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʝʦʙʣʘ-

ʜʘʷ ʥʝʩʢʦʣʴʢʦ ʚ ʩʨʝʜʠʥʝ ʚʨʝʤʝʥʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʞʠ-

ʚʦʪʥʳʭ. 

ʋʧʦʪʨʝʙʣʝʥʠʝ ʘʣʢʦʛʦʣʷ ʚʤʝʩʪʦ ʦʙʳʯʥʦʡ ʧʠʪʴ-

ʝʚʦʡ ʚʦʜʳ ʙʝʨʝʤʝʥʥʳʭ ʢʨʳʩ ʩʘʤʦʢ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʣ ʥʘ ʠʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʚʳʞʠʚʘʝʤʦʩʪʴ 

ʧʦʪʦʤʩʪʚʘ. ʊʘʢ ʧʦ ʥʘʰʠʤ ʥʘʙʣʶʜʝʥʠʷʤ ʦʢʦʣʦ 30% 

ʧʦʪʦʤʩʪʚʘ ʙʳʣʠ ʫʙʠʪʳ ʩʘʤʠʤʠ ʞʝ ʤʘʪʝʨʷʤʠ ʠʣʠ ʧʦ-

ʛʠʙʘʣʠ ʩʨʘʟʫ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ. ʕʪʠ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫ-

ʶʪʩʷ ʩ ʠʟʚʝʩʪʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʢʘʟʳʚʘʶʱʠʝ ʦ 

ʪʦʤ, ʯʪʦ ʘʣʢʦʛʦʣʴ ʧʘʛʫʙʥʦ ʚʣʠʷʝʪ ʥʘ ʚʩʝ ʧʨʦʮʝʩʩʳ 

ʦʨʛʘʥʠʟʤʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʤʝʨʪʥʦʩʪʴ ʩʨʝʜʠ ʣʶʜʝʡ, 

ʩʚʷʟʘʥʥʘʷ ʩ ʫʧʦʪʨʝʙʣʝʥʠʝʤ ʘʣʢʦʛʦʣʷ, ʩʦʩʪʘʚʣʷʝʪ ʧʦ 

ʜʘʥʥʳʤ ɺʆɿ ʚ ʩʨʝʜʥʝʤ 6-7 %.  

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʭʨʦʥʠʯʝʩʢʦʝ (ʚ ʧʨʝʜʧʣʦʜʥʳʡ ʧʝʨʠʦʜ ʙʝʨʝʤʝʥʥʦ-

ʩʪʠ) ʫʧʦʪʨʝʙʣʝʥʠʝ ʘʣʢʦʛʦʣʷ ʚʤʝʩʪʦ ʚʦʜʳ ʧʨʠʚʝʣʦ ʢ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʠʭ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʨʝʘʢ-

ʮʠʡ ʚ ʪʝʩʪʝ ʦʪʢʨʳʪʦʝ ʧʦʣʝ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʩʨʘʚʥʝ-

ʥʠʠ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ, ʫ ʞʠʚʦʪʥʳʭ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʜʚʠʛʘ-

ʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʢʘʞʜʦʡ ʤʠʥʫʪʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʷʚʣʷʶʱʝʝʩʷ ʚ ʫʤʝʥʴʰʝʥʠʠ ʢʦʣʠ-

ʯʝʩʪʚʘ ʧʝʨʝʩʝʯⱪʥʥʳʭ ʢʚʘʜʨʘʪʦʚ (ʨʠʩ.2). ʇʨʠ ʵʪʦʤ 

ʧʦ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʢʨʳʩʷʪʘʤʠ ʧʨʝʥʘ-

ʪʘʣʴʥʦ ʧʦʜʚʝʨʞʝʥʥʳʝ ʢ ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʩʪʚʦʨʘ ʵʪʘ-

ʥʦʣʘ ʥʘʙʣʶʜʘʣʠʩʴ ʩʣʫʯʘʠ ʧʝʨʝʩʝʯʝʥʠʷ ʮʝʥʪʨʘʣʴ-

ʥʦʛʦ ʢʚʘʜʨʘʪʘ (ʩʫʱʝʩʪʚʝʥʥʦ ʯʘʩʪʦ ʚ ʩʨʝʜʠʥʝ ʧʝʨʠ-

ʦʜʘ ʥʘʙʣʶʜʝʥʠʷ).  
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ʈʠʩ.2. ɼʠʘʛʨʘʤʤʳ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʥʘ 

çʦʪʢʨʳʪʦʤ ʧʦʣʝè 30-ʪʠʜʥʝʚʥʳʭ ʢʨʳʩʷʪ ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʤʘʪʝʨʝʡ ʫʧʦʪʨʝʙʣʷʶʰʠʝ ʨʘʩʪʚʦʨ ʵʪʘʥʦʣʘ ʚ 

ʤʝʩʪʦ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʚ ʧʨʝʜʧʣʦʜʥʳʡ ʧʝʨʠʦʜ ʙʝʨʝʤʝʥʥʦʩʪʠ. 

 

ʋʧʦʪʨʝʙʣʝʥʠʝ ʙʝʨʝʤʝʥʥʳʤʠ ʞʠʚʦʪʥʳʤʠ ʵʪʘ-

ʥʦʣʘ, ʚʠʜʠʤʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʨʫʰʝʥʠʶ ʧʨʦʮʝʩʩʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʥʦʚ 

ʤʝʭʘʥʠʟʤʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʨʝʛʫʣʷʮʠʶ ʧʩʠʭʦ-

ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʪʘʪʫʩʘ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʦʨʛʘ-

ʥʠʟʤʘ. ʆʙ ʵʪʦʤ ʫʪʚʝʨʞʜʘʝʪ ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʦʣʠʯʝ-

ʩʪʚʦ ʛʨʫʤʠʥʛʦʚʳʭ ʨʝʘʢʮʠʡ ʚʥʫʪʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʦʡ ʛʨʫʧʧʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʩʪʦʚʝʨʥʦ ʧʦʚʳʰʘʣʦʩʴ. 

ʏʪʦ ʧʦ ʥʝʢʦʪʦʨʳʤ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ (ɻʝʥʛʠʥ 

ʄ.ʊ.,2002) ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʘʥʥʘʷ ʧʦʚʝ-

ʜʝʥʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʝʡ ʟʘʤʝʱʝʥʠʷ 

ʜʚʠʛʘʪʝʣʴʥʳʭ ʘʢʪʦʚ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʷʚʣʝ-

ʥʠʠ ʪʨʝʚʦʞʥʦʩʪʠ.  

ʂʨʦʤʝ ʪʦʛʦ, ʫ ʞʠʚʦʪʥʳʭ, ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʚʦʟ-

ʜʝʡʩʪʚʠʶ ʵʪʘʥʦʣʘ, ʦʪʤʝʯʝʥʦ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʦ 

ʜʝʬʝʢʘʮʠʡ. ʕʪʠ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʤ 

ʫʨʦʚʥʝ ʪʨʝʚʦʛʠ. ʊʘʢ ʞʝ ʚ ʧʦʚʝʜʝʥʠʠ ʫ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʥʘʙʣʶʜʘʣʠʩʴ ʯʘʩʪʳʝ ʟʘʤʠʨʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʚʝʨʦʷʪʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʦʷʚʣʝʥʠʠ 

ʪʨʝʚʦʞʥʦʩʪʠ. ɺʝʨʦʷʪʥʦ, ʪʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʜʝʥ-

ʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʞʠʚʦʪʥʳʭ ʩʚʷʟʘʥʳ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʵʪʘʥʦʣʘ ʥʘ ʚʩʝ ʥʝʡʨʦ-ʨʝʛʫʣʴʷʪʦʨʥʳʝ ʩʠʩʪʝʤʳ 

ʤʦʟʛʘ.  

ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚʚʝʜʝʥʠʝ ʵʪʘʥʦʣʘ ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʠʚʘʮʠʠ ɻɸʄʂ-

ʝʨʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʤʦʟʛʘ. ɺʝʨʦʷʪʥʦ, ʧʨʝʦʙʣʘʜʘ-

ʥʠʝ ʪʦʨʤʦʟʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ ʧʦ 

ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʠ ʦʙʲʷʩʥʷʝʪ ʩʥʠʞʝʥʠʝ ʜʚʠʛʘʪʝʣʴ-

ʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʘʢʪʠʚʥʦʛʦ ʙʦʜʨ-

ʩʪʚʦʚʘʥʠʷ (ɺʝʨʥʠʛʦʨʘ ɸ.ʅ., ɻʝʥʛʠʥ ʄ.ʊ. 1993. ,ɻʝʥ-

ʛʠʥ ʄ.ʊ.2002).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʨʦʥʠʯʝʩʢʦʝ ʫʧʦʪʨʝʙʣʝʥʠʷ 

ʵʪʘʥʦʣʘ ʙʝʨʝʤʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠ-

ʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʧʦʚʝʜʝʥʠʷ ʠʭ ʧʦʪʦʤʩʪʚ. ʇʦ-

ʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʚ ʵʪʦʤ ʘʩʧʝʢʪʝ ʧʦʟʚʦʣʷʶʪ 

ʧʨʠʡʪʠ ʢ ʩʣʝʜʫʶʰʝʤʫ ʟʘʢʣʶʯʝʥʠʶ ʦ ʪʦʤ, ʯʪʦ ʧʨʝʜ-

ʧʣʦʜʥʳʝ ʧʝʨʠʦʜʳ ʙʝʨʝʤʝʥʥʦʩʪʠ ʩʘʤʦʢ ʢʨʳʩ ʷʚʣʷ-

ʶʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʘʣʢʦʛʦʣʷ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʩʪʘʪʫʩʘ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠʭ 

ʧʦʪʦʤʩʪʚʘ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʠʤʝʥʥʦ ʚ ʵʪʠ ʧʝʨʠʦʜʳ 

ʧʨʝʥʘʪʘʣʴʥʦʛʦ ʦʥʪʦʛʝʥʝʟʘ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝ ʚʘʞʥʝʡʰʠʭ ʦʨʛʘʥʦʚ ʠ ʩʠʩʪʝʤ. 
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Introduction 

It was repeatedly noted that with a complete re-

placement of the medium with a fresh one in a mono-

layer culture, the growth of cells is retarded. At the 

same time, it is not possible to prevent the marked in-

hibition by substrate enrichment or the introduction of 

specific stimulants (growth factors) into the medium. 

At present, there is no uniform algorithm for changing 

the environment, many researchers rely on their expe-

rience in carrying out these manipulations. For stu-

dents, it is important to know the peculiarities of the 

ratio of replaceable and conditioned media for proper 

culture management, taking into account the character-

istics of the cell line. 

The purpose of the study is to develop an algo-

rithm for changing the medium in cell culture to opti-

mize cell growth. 

Materials and methods 

The studies were performed on human fibroblastic 

cells. Primary culture was obtained by the original 

method [2]. For the study was used explant skin 50-

year-old male donor. The source was a fragment of the 

tissue of the anterior abdominal wall, removed during 

the excision of the hernia and to be disposed of. 

Cultivation was carried out under conditions of 37 

Á C, CO2 concentration of 5% and humidity of 95% in 

DMEM / Ham F-12 with the addition of 10% fetal bo-

vine serum in an incubator (Sanyo, Japan). 

Growth characteristics were determined by the 

method of constructing growth curves and determining 

the doubling period of the cell population. Separate 

time points are not always sufficient to monitor culture 

growth, however, growth curves remain the most im-

portant approach for assessing cell growth. To con-

struct the growth curve, cells were plated in Petri cul-

ture plates (35 mm). Five experimental groups were 

identified in which the medium was changed to a dif-

ferent volume depending on the confluence of the cul-

ture. Group No. 1 is designated as control, the medium 

was changed in it according to the generally accepted 
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method (the volume of the medium replaced in percent 

is equal to the confluence of the culture) [3]. In groups 

No. 2 and No. 3, the percentage of changeable medium 

was increased by 10% and 20% compared with the con-

trol group. In groups No. 4 and 5, the volume of the 

changeable medium was reduced by 10% and 20% as 

compared with the control. Every 2 days microscopic 

monitoring of the state of the culture and counting of 

cells in the Fuchs-Rosenthal chamber in 10-fold repeti-

tion were carried out. 

The doubling time of the population was calcu-

lated by the formula [1]: 

 
where td is the population doubling time, is the 

number of cells at the beginning of the time interval, x 

is the number of cells at the end of the time interval, is 

the time interval. 

Statistical processing of the data was carried out 

using Excel. To assess the significance of differences 

between groups, the Mann-Whitney test was used. 

When the error probability was p <0.05, the differences 

between the mean values were considered significant. 

Results and discussion 

In the course of cell culture management, several 

trends were observed: as the volume of medium in-

tended for a change (increase or decrease) changed, the 

proliferative activity of the cells changed. With an in-

crease in the volume of the medium to be replaced, with 

subsequent viewing of the culture, the confluence was 

higher than with a decrease in volume.  

Thus, the doubling time of the population per log 

phase for group No. 1 takes 70 hours, for groups No. 2 

and 3, 59 and 60 hours, for groups No. 4 and 5, 112 and 

114 hours. This confirms that an increase in the volume 

of the medium replaced to 75% contributes to the acti-

vation of cell division. 

As cell cultures grow, the environment is depleted 

and various cellular metabolites accumulate in it. When 

replacing the medium with a higher percentage, a 

greater amount of cellular ñdebrisò is removed, which 

may affect the increase the rate of cell division, as with 

the daily renewal of the medium, the cells will continue 

to divide, despite the high concentration of cells per 

unit area [3]. At the same time, the change in the total 

volume of the medium will not contribute to an increase 

in proliferative activity, since some substances formed 

as a result of cellular metabolism (fibronectin protein) 

promote the growth of cultures and cell adhesion to the 

surface of the substrate [3]. 

On the basis of the data obtained, an algorithm for 

changing the medium was derived depending on the 

confluence of the cell culture (Fig. 2). The medium 

change according to the average curve is recommended 

when the cell culture is planned. At the same time, the 

volume of the replaceable medium will be equal to the 

confluence of the cell culture. 

It is recommended to use the upper curve for 

changing the medium when overclocking a culture, for 

example, when receiving a primary cell culture. At high 

cell density, the volume of conditioned medium must 

be reduced, since a large number of metabolites are 

formed, which must be removed, replacing the new me-

dium with growth factors that contribute to the activa-

tion of cell division. 

If there is a need for inhibition of cell culture, for 

example, when preparing for cryopreservation of cells, 

it is possible to use the third curve of the proposed al-

gorithm. It is recommended to start the medium change 

with 50% confluence, in which the medium will be sig-

nificantly depleted and the proliferative activity of the 

cells will be reduced. The volume of the medium to be 

replaced should be less than the volume of the condi-

tioned medium with a low confluence of the cell popu-

lation. 

 
Fig.1. Growth curves of fibroblast cultures when changing the medium to a different volume 
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Fig. 2. Dependence of the volume of the medium change being replaced on the culture confluence 

 

1. An algorithm has been developed for changing 

the medium depending on the confluence of the cell 

culture, which can be used both in the ordinary man-

agement of the cell culture and in various studies. 

2. The ratio of substrate / metabolites has a signif-

icant impact on the activity of cell division. The accu-

mulation of metabolites negatively affects the prolifer-

ative cellôs activity; however, their complete exclusion 

also gives a negative result. To disperse the culture, it 

is necessary to increase the amount of substrate, i.e. in-

crease the number of new environments. The volume of 

the medium to be replaced should be minimized when 

braking and planned maintenance of cell culture. 
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Introduction  
Modern approaches in the treatment of cancer 

cause the need to create methods that would provide 
targeted destruction of transformed cells without harm-
ing the neighboring tissues and the body as a whole. 
This effect is achieved by borne-neutron capture ther-
apy (BNCT), which is already used in medical centers 
in Sweden, the Czech Republic and the United States, 
research is continuing in Japan, Argentina, England, It-
aly, Israel and starting in Russia. The uniqueness of the 
technique lies in the selective death of tumor cells, 
while normal cells that are in close proximity remain 
intact. 

As a result of neutron irradiation, stable B-10 cap-
tures thermal neutrons, forming the nucleus B-11 in an 
excited state. Removal of the excitation of the nucleus 
formed occurs almost immediately through its disinte-
gration into particles with a short linear run, which 
leads to an explosion-like destruction of cells. 

Preparations for BNCT should have low toxicity, 
selective penetration and accumulation in tumor cells. 
Since the selection of such substances requires the anal-
ysis of a large number of boron-containing molecules, 
it is necessary to use the fastest methods, which allow 
determining the amount of a substance that accumu-
lates in normal and transformed cells, as well as con-
centrations that have a minimal toxic effect. In this re-
gard, the most effective are the studies on cultured hu-
man cells. 

The purpose of the study is to work out an algo-
rithm for determining the minimum toxic dose of po-
tential drugs for BNCT. 

Materials and methods 
We used the culture of human dermal fibroblasts 

(7-12 passage). The culture of dermal fibroblasts was 

obtained from the explant of the skin of a healthy 58-
year-old male donor after signing voluntary informed 
consent. Tissue disaggregation was performed by an 
enzymatic method according to the original method [1]. 
Cells were cultured at 37 Á C, 5% CO2, 95% in an 

incubator (Sanyo, Japan) humidity with daily macro- 
and microscopic control using an inverted Olympus 
CX41 microscope at x40, x200. The change of medium 
was carried out every 3 days at 60% of the total volume. 

To determine the cytotoxic effect, cultured cells of 
the fibroblastic differen were planted in Petri dishes 
with an adhesive coating (Sarstedt). The determination 
of the minimum toxic dose was carried out in 3 phase 
with a wide range of concentrations and the gradual 
identification of the border between the toxic and sub-
toxic doses. To obtain reliable data in each group used 
3 replicates. The control group was represented by in-
tact fibroblasts. In accordance with the recommenda-
tions of the International Nomenclature Committee on 
the classification of cell death [3], the assessment of the 
cytotoxic effect was based on morphological criteria. 
After 24 and 48 hours, the cultured cells were stained 
according to the Romanovsky method. Object visuali-
zation was performed using an Olympus CX41 micro-
scope with x100, x400, x1000 

The samples of GL-63 and GL-57 provided for 
evaluation were transferred to the Department of Or-
ganic and Biomolecular Chemistry of the Chemical 
Technological Institute of Ural Federal University. For 
the introduction of substances into the culture, they 
were previously dissolved in the culture medium used 
when working with the cell line under study.  

Results and discussion 
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Fig. 1. Culture of human fibroblasts 24 hours after the introduction of the sample GL-63. A - concentra-

tion of 1 Õg / ml, B - concentration of 10 Õg / ml. x 100. 

 

Cytograms of cultures of the control group are rep-

resented by fibroblasts of different degrees of differen-

tiation. There is a predominance of process cells with 

pronounced cellular contacts and a well-contoured nu-

cleus. 

Sample GL-63 had a pronounced toxic effect on 

the culture of human fibroblasts using concentrations 

above 1 ɛg / ml. Deterioration in cell adhesion, an in-

crease in the number of cells with signs of cell death: 

vacuolization of the cytoplasm, impaired cell mem-

brane structure, pycnosis of the nucleus was noted. An 

increase in the concentration of the substance was ac-

companied by a predominance of mature cells of the 

fibroblastic differen. Thus, the test substance can be 

used at a maximum concentration of 1 Õg / ml with an 

exposure of no more than 48 h. 

 
Fig. 2. Culture of human fibroblasts 24 hours after the introduction of the sample GL-57. A - concentration 15 

Õg / ml, B - concentration 20 Õg / ml. x 100. 

 

The study made it possible to work out the algo-

rithm for the primary assessment of the cytotoxicity of 

the ingested substances, including morphological anal-

ysis of samples, the establishment of a barrier between 

the subtoxic and toxic concentrations and the allowable 

time range for each concentration. 

The results indicate a low toxic effect of the GL-

57 sample compared with the GL-63 sample, which 

may be due to the different structure of the molecules 

under study, including the spatial arrangement of the 

chemical groups relative to each other. Probably the rel-

atively high toxicity of substances associated with the 

use of cesium in the synthesis of samples to increase 

the water solubility of substances. 

Conclusion 

1. The algorithm determined in the course of the 

work allows to obtain reliable data in a relatively short 

time, to identify the degree of toxicity of the studied 

substances and to identify areas for further research. 

2. The use of sample GL-63 at a concentration of 

1 ɛg / ml and sample GL-57 at a concentration of 15 ɛg 
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/ ml with an exposure of not more than 48 hours is per-

missible on human cell lines. The data obtained will re-

duce the duration of detection of LD50 in a series of 

experiments on animals, as well as establish the accu-

mulation of test substances in normal and tumor cells. 
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Abstract 

Bioinformatic studies of the relationship between the incidence (IPC / 100 thousand) of pancreatic cancer, 

the frequency of occurrence (FO) of various polymorphic alleles of genes I, II of xenobiotic metabolism and cell 

receptors, as well as the daily consumption rates of various products were carried out. The general and specific 

features of these bonds are revealed. Genetic and environmental risk factors and resistance to the incidence of 

pancreatic cancer were determined. 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʚʝʜʝʥʳ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴʶ (ʂɿ/100 ʪʳʩ.) ʨʘ-

ʢʦʤ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ, ʯʘʩʪʦʪʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ (ʏɺ) ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʤʦʨʬʥʳʭ ʘʣʣʝʣʝʡ ʛʝʥʦʚ I, II ʬʘʟ 

ʤʝʪʘʙʦʣʠʟʤʘ ʢʩʝʥʦʙʠʦʪʠʢʦʚ ʠ ʨʝʮʝʧʪʦʨʦʚ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʩ ʝʞʝʜʥʝʚʥʳʤʠ ʥʦʨʤʘʤʠ ʧʦʪʨʝʙʣʝʥʠʷ ʨʘʟʣʠʯ-

ʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɺʳʷʚʣʝʥʳ ʦʙʱʠʝ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʠʭ ʩʚʷʟʝʡ. ʆʧʨʝʜʝʣʝʥʳ ʛʝʥʝʪʠʯʝʩʢʠʝ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʨʠʩʢʘ ʠ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʨʘʢʦʤ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ. 

 

Keywords: pancreatic cancer, incidence rates per person / 100 thousand, population frequencies of gene 

alleles, genetic factors, environmental factors, daily population standards of products and nutrients. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʢ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʯʝʣ/100 ʪʳʩ., ʧʦʧʫʣʷ-

ʮʠʦʥʥʳʝ ʯʘʩʪʦʪʳ ʘʣʣʝʣʝʡ ʛʝʥʦʚ, ʛʝʥʝʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʝʞʝʜʥʝʚʥʳʝ ʧʦʧʫʣʷʮʠ-

ʦʥʥʳʝ ʥʦʨʤʳ ʧʨʦʜʫʢʪʦʚ ʠ ʥʫʪʨʠʝʥʪʦʚ 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʨʷʜʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʟʚʠ-

ʪʳʭ ʩʪʨʘʥ ʥʘʤʝʪʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʩʥʠʞʝʥʠʷ ʟʘʙʦʣʝ-

ʚʘʝʤʦʩʪʠ ʠ ʩʤʝʨʪʥʦʩʪʠ ʦʪ ʨʘʢʘ, ʩʨʝʜʥʷʷ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ ʨʘʩʪʝʪ. ɺ ʵʪʠʭ ʩʪʨʘʥʘʭ 

ʘʢʪʠʚʥʦ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥ-

ʥʳʝ ʤʝʨʳ ʧʨʦʬʠʣʘʢʪʠʢʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦ-

ʣʝʡ [1]. 

ʈʦʩʩʠʷ ʚʭʦʜʠʪ ʚ ʙʦʣʴʰʠʥʩʪʚʦ ʩʪʨʘʥ, ʛʜʝ ʧʨʦ-

ʬʠʣʘʢʪʠʢʘ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʥʘʭʦʜʠʪʩʷ 

ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʠ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʚ ʈʦʩʩʠʠ ʧʦʩʪʦ-

ʷʥʥʦ ʨʘʩʪʝʪ. ʇʦ ʩʪʘʪʠʩʪʠʢʝ, 1 ʠʟ 5 ʥʳʥʝ ʞʠʚʫʱʠʭ 

ʨʦʩʩʠʷʥ ʟʘʙʦʣʝʝʪ ʨʘʢʦʤ. ɺ 2006 ʛʦʜʫ ʟʘʨʝʛʠʩʪʨʠʨʦ-

ʚʘʥʦ 475432 ʥʦʚʳʭ ʩʣʫʯʘʝʚ ʨʘʢʘ (333,7/ ʥʘ 100 ʪʳ-

ʩʷʯ ʥʘʩʝʣʝʥʠʷ), ʧʨʠʨʦʩʪ ʟʘ 10-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ð 

15,9%. ɺ 2006 ʛʦʜʫ ʚ ʈʦʩʩʠʠ ʦʪ ʨʘʢʘ ʫʤʝʨʣʠ 283722 

ʯʝʣʦʚʝʢʘ (199,1/100000 ʥʘʩʝʣʝʥʠʷ). 

ʉʪʘʜʠʷ ʠʥʠʮʠʘʮʠʠ ʦʧʫʭʦʣʝʚʦʛʦ ʧʨʦʮʝʩʩʘ, ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʧʦʚʨʝʞʜʝʥʠʠ ʛʝʥʦʤʘ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝ-

ʪʦʢ ʨʘʟʣʠʯʥʳʤʠ ʢʘʥʮʝʨʦʛʝʥʘʤʠ (ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝ-

ʩʪʚʘ, ʬʠʟʠʯʝʩʢʠʝ ʠʟʣʫʯʝʥʠʷ, ʚʠʨʫʩʳ). ɽʩʣʠ ʢʣʝʪʢʠ 

ʥʝ ʣʠʢʚʠʜʠʨʫʶʪ ʧʦʚʨʝʞʜʝʥʠʷ ʛʝʥʦʤʘ, ʪʦ ʥʘʯʠʥʘ-

ʝʪʩʷ ʩʪʘʜʠʷ ʧʨʦʤʦʮʠʠ ʦʧʫʭʦʣʝʚʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʪʦ-

ʨʘʷ ʫ ʯʝʣʦʚʝʢʘ ʤʦʞʝʪ ʜʣʠʪʴʩʷ ʛʦʜʘʤʠ. ʇʨʦʤʦʪʦʨʳ 
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ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʦʩʪʘ ʘʢʪʠʚʠʨʫʶʪ ʦʥʢʦʛʝʥʳ 

ʠ/ʠʣʠ ʦʪʢʣʶʯʝʥʠʝ ʛʝʥʦʚ - ʩʫʧʨʝʩʩʦʨʦʚ. ɺ ʩʣʫʯʘʝ ʥʝ-

ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʟʘʱʠʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʢʣʝʪʢʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ 

ʢʣʝʪʢʠ ʧʝʨʝʨʦʞʜʘʝʪʩʷ ʚ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ, ʧʦʩʣʝ 

ʯʝʛʦ ʥʘʯʠʥʘʝʪʩʷ ʩʪʘʜʠʷ ʧʨʦʛʨʝʩʩʠʠ ʦʧʫʭʦʣʝʚʦʛʦ 

ʧʨʦʮʝʩʩʘ. 

ɸʥʛʣʠʡʩʢʠʝ ʫʯʝʥʳʝ ʈ. ɼʦʣʣ ʠ ʈ. ʇʠʪʦ [2] ʩʯʠ-

ʪʘʶʪ, ʯʪʦ ʛʣʘʚʥʘʷ ʨʦʣʴ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʨʘʢʘ ʧʨʠ-

ʥʘʜʣʝʞʠʪ ʧʠʪʘʥʠʶ: ʬʘʢʪʦʨʳ ʧʠʪʘʥʠʷ ʩʨʝʜʠ ʧʨʠʯʠʥ 

ʨʘʢʘ ʩʦʩʪʘʚʣʷʶʪ 35%. ʅʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʥʘʭʦʜʠʪʩʷ 

ʢʫʨʝʥʠʝ: 30% ʩʣʫʯʘʝʚ ʨʘʢʘ ʦʙʫʩʣʦʚʣʝʥʦ ʫʧʦʪʨʝʙʣʝ-

ʥʠʝʤ ʪʘʙʘʢʘ. ʋʜʝʣʴʥʳʡ ʚʝʩ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʧʨʠʯʠʥ 

ʨʘʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʀʩʪʦʯʥʠʢʦʤ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʧʦ ʚʦʟʨʘʩʪʫ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ (ʂɿ) ʨʘʢʦʤ ʧʦʜʞʝ-

ʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʚ ʵʪʥʠʯʝʩʢʠʭ ʧʦʧʫʣʷʮʠʷʭ ʩʣʫ-

ʞʠʣʠ ʜʘʥʥʳʝ ɺʩʝʤʠʨʥʦʡ ʆʨʛʘʥʠʟʘʮʠʠ ɿʜʨʘʚʦʦʭʨʘ-

ʥʝʥʠʷ [GLOBOCAN, WHO 4, 19]. ʉʚʝʜʝʥʠʷ ʦ ʏɺ 

ʧʦʣʠʤʦʨʬʥʳʭ ʘʣʣʝʣʝʡ ʛʝʥʦʚ ʚ ʧʦʧʫʣʷʮʠʷʭ ʧʦʣʫ-

ʯʘʣʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞ-

ʥʦʡ ʣʠʪʝʨʘʪʫʨʳ [5-18]. ɼʘʥʥʳʝ ʦ ʧʦʪʨʝʙʣʝʥʠʠ ʥʘ 

ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʥʫʪʨʠʝʥ-

ʪʦʚ ʚ ʵʪʥʠʯʝʩʢʠʭ ʧʦʧʫʣʷʮʠʷʭ ʧʦʣʫʯʘʣʠ ʠʟ FAO [3]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʩʢʣʶʯʠ-

ʪʝʣʴʥʦ ʂɿ ʨʘʢʦʤ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʚ 50 ʜʦ 

160 ʵʪʥʠʯʝʩʢʠʭ ʧʦʧʫʣʷʮʠʡ (4, 19), ʪʘʢ ʢʘʢ ʢʦʨʨʝʣʷ-

ʮʠʠ ʤʝʞʜʫ ʂɿ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʩʤʝʨʪʥʦʩʪʠ (ʂʉ) 

ʟʘ ʨʘʟʥʳʝ ʛʦʜʳ ʜʣʷ ʨʘʟʥʳʭ ʩʪʨʘʥ ʙʳʣʠ ʚʳʩʦʢʠʝ (r = 

0,76 - 0,98). ʉʨʝʜʥʠʝ ʝʞʝʛʦʜʥʳʝ ʜʘʥʥʳʝ ʂɿ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ, ʚ ʪʦʤ ʯʠʩʣʝ, ʯʠʩʣʦ ʩʤʝʨʪʝʡ ʥʘ 100000 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦ ʚʦʟʨʘʩʪʫ ʥʘʩʝʣʝʥʠʷ. ʂʦʨ-

ʨʝʣʷʮʠʠ ʥʦʨʤ ʧʦʪʨʝʙʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ 

ʥʫʪʨʠʝʥʪʦʚ ʩʪʨʘʥ ʟʘ ʨʘʟʥʳʝ ʛʦʜʳ ʪʘʢʞʝ ʙʳʣʠ ʚʳʩʦ-

ʢʠʝ (r=0,92), ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʨʝʜʥʠʡ ʧʦʢʘ-

ʟʘʪʝʣʴ ʟʘ 3 ʛʦʜʘ (1990-2005) [3]. 

ʇʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʚʳʯʠʩ-

ʣʷʣʠ ʧʘʨʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʝʥʘ (Spearman) ʚ 

ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʥʝ ʚʩʝʛʜʘ ʧʦʜʯʠʥʷʣʠʩʴ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘ-

ʢʦʥʫ. ɺʦ ʚʥʠʤʘʥʠʝ ʧʨʠʥʠʤʘʣʠ ʟʥʘʯʠʤʳʝ ʢʦʵʬʬʠ-

ʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ r, ʥʝ ʥʠʞʝ 0,50 (p<0,05). ʉ ʧʦ-

ʤʦʱʴʶ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʥʳʭ ʧʨʠʟʥʘʢʦʚ (ʏɺ ʘʣ-

ʣʝʣʝʡ, ʜʠʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ) ʥʘ ʨʝʟʫʣʴʪʘʪʠʚ-

ʥʳʝ ʧʨʠʟʥʘʢʠ ï ʂɿ ʠ ʂʉ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʳʷʚʠʪʴ 

ʟʥʘʯʠʤʳʝ ʚʣʠʷʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʝʨʝʤʝʥʥʳʭ ʥʘ ʫʨʦʚʥʠ ʂɿ ʨʘʟʥʳʭ ʩʪʨʘʥ, ʠʩʧʦʣʴʟʦ-

ʚʘʣʠ ʧʦʰʘʛʦʚʫʶ ʧʨʦʮʝʜʫʨʫ ʚʢʣʶʯʝʥʠʷ ʚ ʨʝʛʨʝʩʩʠ-

ʦʥʥʫʶ ʤʦʜʝʣʴ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ (ʬʘʢʪʦʨ-

ʥʳʭ ʧʨʠʟʥʘʢʦʚ). ɺʢʣʶʯʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʚ ʤʦʜʝʣʴ 

ʙʳʣʦ ʦʛʨʘʥʠʯʝʥʦ ʫʨʦʚʥʝʤ ʟʥʘʯʠʤʦʩʪʠ ʤʥʦʞʝʩʪʚʝʥ-

ʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʦʜʝʣʠ (p<0,05). 

ʂʨʠʪʝʨʠʝʤ ʚʢʣʶʯʝʥʠʷ ʚ ʤʦʜʝʣʴ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝ-

ʤʝʥʥʦʡ ʙʳʣʦ ʟʥʘʯʝʥʠʝ p<0,15 ʠ ʚʦʟʨʘʩʪʘʥʠʝ ʤʥʦʞʝ-

ʩʪʚʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʨʝʛʨʝʩʩʠʦʥ-

ʥʦʡ ʤʦʜʝʣʠ, ʯʝʤ ʦʧʨʝʜʝʣʷʣʩʷ ʚʢʣʘʜ ʢʘʞʜʦʡ ʥʝʟʘʚʠ-

ʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚ ʦʙʲʷʩʥʝʥʥʫʶ ʜʠʩʧʝʨʩʠʶ 

ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʂɿ ʨʘʟʥʳʭ ʩʪʨʘʥ [20]. ʆʙ-

ʨʘʪʥʳʝ ʧʨʦʮʝʜʫʨʳ ʧʦʰʘʛʦʚʦʛʦ ʠʩʢʣʶʯʝʥʠʷ ʥʝʟʘʚʠ-

ʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠʟ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʧʨʦʚʝʨʢʠ ʚʘʞʥʦʩʪʠ ʜʣʷ ʤʦʜʝʣʠ 

ʢʘʞʜʦʡ ʧʝʨʝʤʝʥʥʦʡ. ʀʩʩʣʝʜʦʚʘʣʠ ʛʝʥʝʪʠʯʝʩʢʠʝ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 50-160 ʵʪʥʠʯʝʩʢʠʭ ʧʦʧʫ-

ʣʷʮʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʯʠʪʘʣʠ ʟʥʘʯʠ-

ʤʳʤʠ ʧʨʠ p<0,05. ʅʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʷʚʥʦʡ ʢʦʣʣʠ-

ʥʝʘʨʥʦʩʪʠ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ, ʚ ʩʣʫʯʘʝ ʝʝ ʥʘʣʠ-

ʯʠʷ, ʧʝʨʝʤʝʥʥʳʝ ʠʩʢʣʶʯʘʣʠʩʴ ʠʟ ʘʥʘʣʠʟʘ. ʅʘ 

ʦʩʥʦʚʝ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʦʮʝʥʠʚʘʣʠ ʚʢʣʘʜ ʦʪ-

ʜʝʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʦʙʲʷʩʥʝʥʥʫʶ ʨʝʛʨʝʩʩʠʝʡ 

ʯʘʩʪʴ ʠʟʤʝʥʯʠʚʦʩʪʠ ʂɿ ʨʘʟʥʳʭ ʩʪʨʘʥ. ʆʩʪʘʪʢʠ 

(residuals) ʜʣʷ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʥʝ ʠʤʝʣʠ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺʩʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʜʫʨʳ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ STATISTICA 

6.1[21]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

1. ɺ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʫʩʪʘʥʦʚʣʝʥʳ ʟʥʘʯʠ-

ʤʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ çʟʘʤʝʪʥʦʡè 

ʩʠʣʳ (r - ʦʪ 0,5 ʜʦ 0,7) ʩʚʷʟʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʙʦʣʝ-

ʚʘʝʤʦʩʪʠ (ʂɿ) ʨʘʢʦʤ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʩ ʯʘ-

ʩʪʦʪʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ (ʏɺ) ʘʣʣʝʣʝʡ CYP2C9*2, 

MTHFR+665 ʠ ʨ53 (rs1042522Arg), ʠ ʦʪʨʠʮʘʪʝʣʴ-

ʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ çʟʘʤʝʪʥʳʝè ʩʚʷʟʠ ʩ ʘʣʣʝʣʷʤʠ 

CYP3A5 13-327 ʠ ʨ53 (rs1042522Pro) (ʪʘʙʣʠʮʘ 1) ʉ 

ʦʩʪʘʣʴʥʦʡ ʏɺ ʘʣʣʝʣʝʡ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʙʳʣʠ 

ʣʠʙʦ çʫʤʝʨʝʥʥʦʡè ʩʠʣʳ, ʣʠʙʦ ʦʥʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. 
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ʊʘʙʣʠʮʘ 1 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʉʧʠʨʤʝʥʘ (r) ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʨʘʢʦʤ ʧʦʜ-

ʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʠ ʯʘʩʪʦʪʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʘʣʣʝʣʝʡ ʛʝʥʦʚ ʚ ʧʦʧʫʣʷʮʠʷʭ 

ʧʦʣʠʤʦʨʬʠʟʤ ʘʣʣʝʣʝʡ n r t(N-2) p < 

ʘʣʣʝʣʠ 1-ʦʡ ʬʘʟʳ ʤʝʪʘʙʦʣʠʟʤʘ ʢʩʝʥʦʙʠʦʪʠʢʦʚ     

 CYP1A2I1+154 17 -0,13 -0,49 0,628432 

 CYP2C19*3 33 -0,31 -1,83 0,076909 

 CYP2C9*2 26 0,50 2,80 0,009897 

 CYP2D6*t 23 0,29 1,40 0,175383 

 CYP2E1*5B 19 -0,21 -0,88 0,391535 

 rs2031920 ʉ/T 64 0,29 2,40 0,019464 

 rs3813867 G/C 62 0,16 1,27 0,208845 

 CYP3A5 13-327 33 -0,63 -4,52 0,000084 

ʘʣʣʝʣʠ 2-ʦʡ ʬʘʟʳ ʤʝʪʘʙʦʣʠʟʤʘ ʢʩʝʥʦʙʠʦʪʠʢʦʚ     

 %NAT2 ʬʝʥʦʪʠʧ 52 -0,37 -2,78 0,007772 

 NAT2*4  26 -0,10 -0,48 0,634372 

 NAT2*5b 30 0,30 1,66 0,107642 

 NAT2*6c 26 0,12 0,61 0,546547 

 NAT2*7d 29 0,00 0,01 0,991383 

 COMT+472 20 0,32 1,44 0,165818 

 GSTM1*0 41 -0,35 -2,31 0,026567 

 GSTT1*0 20 -0,19 -0,83 0,415704 

 GSTP1 43 0,28 1,83 0,073947 

 MTHFR+665 35 -0,22 3,78 0,000525 

 UGT1A1*28 41 0,52 -1,29 0,205239 

ʘʣʣʝʣʠ ʛʝʥʦʚ ʨʝʮʝʧʪʦʨʦʚ      

 ADRB2+79 28 0,39 2,19 0,037505 

HTR2A     

 rs6313 ʉ/T 163 0,21 0,72 0,476207 

 CRTC3     

 rs3862432 ʉ/T 184 0,39 5,68 0,000000 

 FTO     

 rs1075440 ɸ/G 162 0,57 6,24 0,000000 

 DRD3     

 rs6280 ʉ/ɽ 184 0,48 -0,15 0,878426 

 VDR     

 BsmI b rs1544410 A/G 110 0,07 0,08 0,791383 

 rs3890733 T 110 0,65 2,74 0,008141 

 MTNR1A     

 B rs4601728 ɸ/G 162 -0,39 -5,33 0,000000 

 A rs2165666 ʉ/T 162 0,46 6,60 0,000000 

 P53     

 rs1042522 Arg/ʈro 33 -0,55 -3,77 0,000669 

 rs8073498 ʉ/T 184 0,02 0,21 0,830929 

n- ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʘʥ, r- ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʉʧʠʨʤʝʥʘ, p ï ʢʨʠʪʝʨʠʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʤ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʨʘʢʦʤ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝ-

ʣʝʟʳ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʧʫʣʷʮʠʦʥʥʳʤʠ ʬʘʢʪʦ-

ʨʘʤʠ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ (r= ʦʪ 0,50 ʜʦ 

0,67; p<0,05) ʤʝʞʜʫ ʂɿ ʨʘʢʦʤ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝ-

ʣʝʟʳ ʠ ʥʦʨʤʘʤʠ ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʠ ʥʫʪʨʠʝʥ-

ʪʦʚ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʵʥʝʨʛʠʷ, ʧʨʦʪʝʠʥ, ʢʘʨʪʦʬʝʣʴ, 

ʮʠʪʨʫʩʳ, ʚʠʥʦ, ʧʠʚʦ, ʢʦʬʝ, ʤʷʩʦ ʩʚʠʥʴʠ, ʩʳʨ, ʤʝʜ, 

ʚʠʪʘʤʠʥ ɸ, ʞʝʣʝʟʦ ʞʠʚʦʪʥʦʝ, ʤʘʩʣʦ ʩʣʠʚʦʯʥʦʝ, ʘ 

ʪʘʢʞʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʚʷʟʠ (r= ʦʪ - 0,59 ʜʦ - 0,64; 

p<0,05) - ʨʠʩ, ʷʡʮʦ ʠ ʜʝʬʠʮʠʪʳ ʵʥʝʨʛʠʠ. ʅʝʟʥʘʯʠ-

ʤʳʝ ʩʚʷʟʠ (ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ) (r= 

0,03 ʜʦ 0,49) ï ʞʠʨ, ʤʷʩʦ ʧʪʠʮʳ, ʤʷʩʦ ʢʨ. ʨ. ʩʢ., ʢʫ-

ʢʫʨʫʟʘ, ʧʰʝʥʠʮʘ, ʪʦʤʘʪʳ, ʷʙʣʦʢʠ, ʨʳʙʘ ʧʨʝʩʥʦʚʦʜ-

ʥʘʷ ʠ ʤʦʨʩʢʘʷ, ʘʣʢʦʛʦʣʴ, ʤʘʩʣʦ ʩʦʠ, ʧʦʜʩʦʣʥʝʯʥʦʝ 
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ʤʘʩʣʦ, ʤʷʩʦ ʙʘʨʘʥʘ, ʤʦʣʦʢʦ ʮʝʣʴʥʦʝ ʠ ʦʙʝʟʞʠʨʝʥ-

ʥʦʝ, ʤʦʨʝʧʨʦʜʫʢʪʳ, ʩʘʭʘʨ, ʤʘʩʣʦ ʦʣʠʚʢʦʚʦʝ, ʧʨʦʯʠʝ 

ʦʚʦʱʠ, ʣʫʢ, ʯʝʩʥʦʢ, ʷʯʤʝʥʴ, ʨʝʪʠʥʦʣ, ʞʝʣʝʟʦ ʨʘʩʪʠ-

ʪʝʣʴʥʦʝ, ʙʦʙʦʚʳʝ (ʪʘʙʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ 2 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʉʧʠʨʤʝʥʘ (r) ʤʝʞʜʫ ʂɿ ʧʨʠ ʨʘʢʝ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʩ ʵʢʦʣʦ-

ʛʠʯʝʩʢʠʤʠ ʧʦʧʫʣʷʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ 

 ʚʠʜʳ ʧʨʦʜʫʢʪʦʚ ʠ ʥʫʪʨʠʝʥʪʦʚ n r t(N-2) p < 

 ʵʥʝʨʛʠʷ % 160 0,65 12,89 0,0000 

 ʞʠʨ % 160 0,45 10,44 0,0000 

 ʧʨʦʪʝʠʥ % 160 0,60 11,43 0,0000 

 ʤʷʩʦ ʧʪʠʮʳ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,32 8,16 0,0000 

 ʤʷʩʦ ʢʨ.ʨ.ʩʢ. ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,41 8,99 0,0000 

 ʢʫʢʫʨʫʟʘ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 -0,36 -2,84 0,0050 

 ʨʠʩ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 161 -0,59 -5,40 0,0000 

 ʧʰʝʥʠʮʘ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,39 8,55 0,0000 

 ʢʘʨʪʦʬʝʣʴ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,65 11,95 0,0000 

 ʪʦʤʘʪʳ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,45 8,44 0,0000 

 ʮʠʪʨʫʩʳ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,60 7,27 0,0000 

 ʷʙʣʦʢʠ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,32 13,16 0,0000 

 ʨʳʙʘ ʧʨʝʩʥʦʚʦʜʥʘʷ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,41 0,75 0,4554 

 ʨʳʙʘ ʤʦʨʩʢʘʷ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 -0,36 5,89 0,0000 

 ʷʡʮʦ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 -0,59 14,10 0,0000 

 ʘʣʢʦʛʦʣʴ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,38 9,43 0,0000 

 ʚʠʥʦ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,57 10,04 0,0000 

 ʧʠʚʦ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,58 9,56 0,0000 

 ʤʘʩʣʦ ʩʦʠ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,16 5,79 0,0000 

 ʢʦʬʝ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,67 9,77 0,0000 

 ʤʘʩʣʦ ʧʦʜʩʦʣʥʝʯʥʦʝ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,38 7,77 0,0000 

 ʤʷʩʦ ʙʘʨʘʥʘ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,03 0,36 0,7176 

 ʤʷʩʦ ʩʚʠʥʴʠ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,59 10,79 0,0000 

 ʤʦʣʦʢʦ ʮʝʣʴʥʦʝ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,25 9,20 0,0000 

 ʤʦʣʦʢʦ ʦʙʝʟʞʠʨʝʥʥʦʝ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,40 7,24 0,0000 

 ʩʳʨ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,65 12,77 0,0000 

 ʤʦʨʝʧʨʦʜʫʢʪʳ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 161 0,27 4,43 0,0000 

 ʤʝʜ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,59 9,31 0,0000 

 ʩʘʭʘʨ (ʵʢʚʠʚʘʣʝʥʪ) ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,45 7,51 0,0000 

 ʤʘʩʣʦ ʦʣʠʚʢʦʚʦʝ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,44 5,18 0,0000 

 ʦʚʦʱʠ ʧʨʦʯʠʝ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,41 9,29 0,0000 

 ʣʫʢ,ʯʝʩʥʦʢ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,20 7,78 0,0000 

 ʷʯʤʝʥʴ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,26 6,19 0,0000 

 ʚʠʪ.A ʤʢʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 162 0,58 7,53 0,0000 

 ʨʝʪʠʥʦʣ ʤʢʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 162 0,28 4,92 0,0000 

 ʞʝʣʝʟʦ ʞʠʚʦʪʥʳʭ ʧʨʦʜʫʢʪʦʚ ʤʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 162 0,54 10,73 0,0000 

 ʞʝʣʝʟʦ ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʤʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 162 0,06 -1,64 0,1025 

 ʜʝʬʠʮʠʪʳ ʵʥʝʨʛʠʠ % 160 -0,64 6,93 0,0000 

 ʤʘʩʣʦ ʩʣʠʚʦʯʥʦʝ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 0,60 7,94 0,0000 

 ʙʦʙʦʚʳʝ ʛ/ʧʝʨʩʦʥʘ/ʜʝʥʴ 160 -0,26 -0,25 0,8003 

ʆʙʦʟʥʘʯʝʥʠʷ ʢʘʢ ʚ ʪʘʙʣʠʮʝ 1. 

 

 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʂɿ ʨʘʢʦʤ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʦʪ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ʂɿ ʨʘʢʦʤ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝ-

ʣʝʟʳ ʦʪ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʥʦʨʤ ʧʦʪʨʝʙʣʝ-

ʥʠʷ çʘʣʢʦʛʦʣʴʥʳʝ ʥʘʧʠʪʢʠè R2 ʩʦʩʪʘʚʠʣ 0,34 

(34%), ʚ ʤʦʜʝʣʠ çʤʷʩʥʳʝ ʧʨʦʜʫʢʪʳè - 0,43 (43%), ʚ 

ʤʦʜʝʣʠ çʚʩʝ ʧʨʦʜʫʢʪʳ ʠ ʥʫʪʨʠʝʥʪʳè - 0,77 (77%) ʠ 

ʚ ʧʦʣʥʦʡ ʤʦʜʝʣʠ çʏɺ ʬʝʥʦʪʠʧʘ NAT2, ʰʠʨʦʪʘ, 

ʧʨʦʜʫʢʪʳ ʠ ʥʫʪʨʠʝʥʪʳè - 0,79 (79%).  
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ʈʝʛʨʝʩʩʠʦʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ R2 ʚ ʤʦʜʝʣʷʭ ʨʘʢʘ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʨʫʧʧ 

ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

(ʤʦʜʝʣʠ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʄʅʂ) 

  F, p ʤʦʜʝʣʠ ʄʅʂ 

R2= ,34 (34%) F(3,46)=7,8724 p<,00024 ʘʣʢʦʛʦʣʴʥʳʝ ʥʘʧʠʪʢʠ 

R2= ,43 (43%) F(4,45)=8,5345 p<,00003 ʤʷʩʥʳʝ ʧʨʦʜʫʢʪʳ 

R2= ,77 (77%) F(11,37)=11,106 p<,00000 ʧʨʦʜʫʢʪʳ ʠ ʥʫʪʨʠʝʥʪʳ 

R2= ,79 (79%) F(12,34)=10,854 p<,00000 ʏɺ ʬʝʥʦʪʠʧʘ NAT2, ʰʠʨʦʪʘ, ʧʨʦʜʫʢʪʳ ʠ ʥʫʪʨʠʝʥʪʳ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʥʝʟʘʚʠ-

ʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʤʦʜʝʣʠ ʄʅʂ ʨʘʢʘ ʧʦʜʞʝʣʫʜʦʯ-

ʥʦʡ ʞʝʣʝʟʳ ʠʟʤʝʥʷʝʪ ʧʨʦʮʝʥʪ ʠʟʤʝʥʯʠʚʦʩʪʠ ʂɿ. 

ʉʘʤʳʡ ʥʠʟʢʠʡ ʧʨʦʮʝʥʪ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚ ʤʦʜʝʣʠ çʘʣ-

ʢʦʛʦʣʴʥʳʝ ʥʘʧʠʪʢʠè, ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ ʠʟ-

ʤʝʥʯʠʚʦʩʪʠ ʂɿ ʚ ʧʦʣʥʦʡ ʤʦʜʝʣʠ ʄʅʂ. 

ʅʘ ʬʠʛʫʨʘʭ 1 ʠ 2 ʚʠʜʥʦ, ʯʪʦ ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ 

ʂɿ ʨʘʢʘ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʙʦʣʝʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʥʘʙʣʶʜʘʝʤʳʤ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʚ ʤʦʜʝ-

ʣʷʭ ʠʩʩʣʝʜʫʝʤʳʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

 

 
ʌʀɻ.1 ʇʦʧʫʣʷʮʠʦʥʥʳʝ ʥʘʙʣʶʜʘʝʤʳʝ ʂɿ ʨʘʢʦʤ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʂɿ ʚ 

ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ çʚʩʝ ʧʨʦʜʫʢʪʳ ʠ ʥʫʪʨʠʝʥʪʳè. ʇʨʠʤʝʯʘʥʠʷ: Observed and Predicted Values ï 

ʥʘʙʣʶʜʘʝʤʳʝ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʫʨʦʚʥʠ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ï ʂɿ 
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ʌʀɻ.2 ʅʘʙʣʶʜʘʝʤʳʝ ʧʦʧʫʣʷʮʠʦʥʥʳʝ ʂɿ ʨʘʢʦʤ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʂɿ ʚ 

ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ çʤʷʩʥʳʝ ʧʨʦʜʫʢʪʳè. ʇʨʠʤʝʯʘʥʠʷ: Observed and Predicted Values ï ʥʘʙʣʶʜʘʝʤʳʝ ʠ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʫʨʦʚʥʠ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʂɿ 

 

ʂʫʨʝʥʠʝ ʠ ʭʨʦʥʠʯʝʩʢʠʡ ʩʪʨʝʩʩ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ 

ʬʘʢʪʦʨʘʤʠ ʨʠʩʢʘ ʨʘʢʘ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ, ʩʚʷ-

ʟʘʥʥʳʤʠ ʩ ɓ-ʘʜʨʝʥʦʨʝʮʝʧʪʦʨʘʤʠ [22]. ʉʪʠʤʫʣʠʨʦ-

ʚʘʥʠʝ ɓ-ʘʜʨʝʥʦʨʝʮʝʧʪʦʨʦʚ ʤʦʞʝʪ ʘʢʪʠʚʠʨʦʚʘʪʴ 

ʫʨʦʚʝʥʴ ʮɸʄʌ ʧʘʥʢʨʝʘʪʠʯʝʩʢʠʭ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ. 

ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʥʪʘʛʦʥʠʩʪʳ ɓ-ʘʜʨʝʥʦʨʝʮʝʧ-

ʪʦʨʦʚ ʧʨʝʧʷʪʩʪʚʫʶʪ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʶ ʠ ʨʘʟʨʘʩʪʘ-

ʥʠʶ ʦʧʫʭʦʣʠ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ. 

ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʢʘ ʧʦʜʞʝ-

ʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʫʩʪʘʥʦʚʣʝʥʳ ʟʥʘʯʠʤʳʝ ʢʦʨʨʝʣʷ-

ʮʠʦʥʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ çʟʘʤʝʪʥʦʡè ʩʠʣʳ (r - ʦʪ 

0,5 ʜʦ 0,7) ʩʚʷʟʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ 

(ʂɿ) ʩ ʯʘʩʪʦʪʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ (ʏɺ) ʘʣʣʝʣʝʡ 

CYP2C9*2, MTHFR+665 ʠ ʨ53 (rs1042522Arg), ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ çʟʘʤʝʪʥʳʝè ʩʚʷʟʠ 

ʩ ʘʣʣʝʣʷʤʠ CYP3A5 13-327 ʠ ʨ53 (rs1042522Pro). 

ʋʩʪʘʥʦʚʣʝʥʳ ʪʘʢʞʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥ-

ʥʳʝ ʩʚʷʟʠ (r= ʦʪ 0,50 ʜʦ 0,67; p<0,05) ʤʝʞʜʫ ʂɿ ʨʘ-

ʢʦʤ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʠ ʥʦʨʤʘʤʠ ʧʦʪʨʝʙʣʝ-

ʥʠʷ ʧʨʦʜʫʢʪʦʚ ʠ ʥʫʪʨʠʝʥʪʦʚ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

ʵʥʝʨʛʠʷ, ʧʨʦʪʝʠʥ, ʢʘʨʪʦʬʝʣʴ, ʮʠʪʨʫʩʳ, ʚʠʥʦ, ʧʠʚʦ, 

ʢʦʬʝ, ʤʷʩʦ ʩʚʠʥʴʠ, ʩʳʨ, ʤʝʜ, ʚʠʪʘʤʠʥ ɸ, ʞʝʣʝʟʦ ʞʠ-

ʚʦʪʥʦʝ, ʤʘʩʣʦ ʩʣʠʚʦʯʥʦʝ, ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʚʷʟʠ 

(r= ʦʪ - 0,59 ʜʦ - 0,64; p<0,05) - ʨʠʩ, ʷʡʮʦ ʠ ʜʝʬʠʮʠʪʳ 

ʵʥʝʨʛʠʠ. ɺ ʤʦʜʝʣʠ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ (ʄʅʂ) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠ-

ʯʝʩʪʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʤʦʜʝʣʠ ʄʅʂ 
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ʨʘʢʘ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʠʟʤʝʥʷʝʪ ʧʨʦʮʝʥʪ ʠʟ-

ʤʝʥʯʠʚʦʩʪʠ ʂɿ. ʉʘʤʳʡ ʥʠʟʢʠʡ ʧʨʦʮʝʥʪ ʠʟʤʝʥʯʠʚʦ-

ʩʪʠ ʚ ʤʦʜʝʣʠ çʘʣʢʦʛʦʣʴʥʳʝ ʥʘʧʠʪʢʠè, ʩʘʤʳʡ ʚʳʩʦ-

ʢʠʡ ʧʨʦʮʝʥʪ ʠʟʤʝʥʯʠʚʦʩʪʠ ʂɿ ʚ ʧʦʣʥʦʡ ʤʦʜʝʣʠ 

ʄʅʂ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ʟʘ-

ʙʦʣʝʚʘʥʠʶ ʨʘʢʦʤ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʫʯʘʩʪ-

ʚʫʶʪ ʢʘʢ ʛʝʥʝʪʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢ-

ʪʦʨʳ 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. ɹʝʩʧʘʣʦʚ ɹ.ɻ. ʇʠʪʘʥʠʝ ʠ ʨʘʢ ɼʠʝʪʠʯʝʩʢʘʷ 
ʧʨʦʬʠʣʘʢʪʠʢʘ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ 

ʄʦʩʢʚʘ 2008, 170 ʩ. 

2. ɼʦʣʣ ʈ., ʇʠʪʦ ʈ. ʇʨʠʯʠʥʳ ʨʘʢʘ. - ʂʠʝʚ: ʅʘ-

ʫʢʦʚʘ ʜʫʤʢʘ, 1984. - 284 ʩ. 

3. FAO Food Balance Sheets, FAOSTAT (2004) 

Software. http://faostat.fao.org. 

4. GLOBOCAN 2008, globocan.iarc.fr 

5. 87 McLeod HL, PGENI Project 

//http://pgeni.im.wustl.edu/gene.asp.gid=573 

6. Olesen OF, Bennike B, Dam H, Mellerup 

E.Association of the 5-HT2A receptor gene polymor-

phism 102T/C with ischemic stroke. J Mol Neurosci. 

2006;30(3):323-8. 

7. ALFRED- http: //pgeni.unc.edu/; 

http://pgeni.im.wustl.edu/. 

8. Gsur A, Haidinger G, Hollaus P, Herbacek I, 

Madersbacher S, Trieb K, Pridun N, Mohn-Staudner A, 

Vetter N, Vutuc C, Micksche M. Genetic polymor-

phisms of CYP1A1 and GSTM1 and lung cancer risk. 

//Anticancer Res. 2001 May-Jun;21(3C):2237-42. 

9. Pagliuso RG, Abbud-Filho M, Alvarenga MP, 

Ferreira-Baptista MA, Biselli JM, Biselli PM, Goloni-

Bertollo EM, Pavarino-Bertelli EC. //Transplant Proc. 

2008 Apr;40(3):743-5. 

10. Xu YF, Pan QH, Cui C, Chen LZ, Feng QS, 

Zeng YX, Jia WH. [Association of nasopharyngeal car-

cinoma risk with cytochrome P450 CYP1A1 gene pol-

ymorphisms] //Zhonghua Yu Fang Yi Xue Za Zhi. 

2009 Jul;43(7):586-90. 

11. Li M, Guan TY, Li Y, Na YQ. Polymorphisms 

of GSTM1 and CYP1A1 genes and their genetic sus-

ceptibility to prostate cancer in Chinese men. //Chin 

Med J (Engl). 2008 Feb 20;121(4):305-8. 

12. Anttila S, Tuominen P, Hirvonen A, Nur-

minen M, Karjalainen A, Hankinson O, Elovaara E. 

CYP1A1 levels in lung tissue of tobacco smokers and 

polymorphisms of CYP1A1 and aromatic hydrocarbon 

receptor. //Pharmacogenetics. 2001 Aug;11(6):501-9. 

13. Oyama T, Mitsudomi T, Kawamoto T, Ogami 

A, Osaki T, Kodama Y, Yasumoto K. 

14. Detection of CYP1A1 gene polymorphism us-

ing designed RFLP and distributions of CYP1A1 gen-

otypes in Japanese. //Int Arch Occup Environ Health. 

1995;67(4):253-6. 

15. Chevrier C, Bahuau M, Perret C, Iovannisci 

DM, Nelva A, Herman C, Vazquez MP, Francannet C, 

Robert-Gnansia E, Lammer EJ, Cordier S.Genetic sus-

ceptibilities in the association between maternal expo-

sure to tobacco smoke and the risk of nonsyndromic 

oral cleft. //Am J Med Genet A. 2008 Sep 

15;146A(18):2396-406. 

16. Breuer MA, Schmidt B, Schuphan I. Utility of 

Nicotiana tabacum cell suspension cultures expressing 

human CYP1A1, CYP1A2 and CYP3A4 to study the 

oxidative metabolism of the herbicide 14C-fluome-

turon. //Drug Metab Lett. 2009 Jan;3(1):18-27. 

17. Polymorphisms of drug-metabolizing en-

zymes CYP2C9, CYP2C19, CYP2D6, CYP1A1, 

NAT2 and of P-glycoprotein in a Russian population. 

//Eur J Clin Pharmacol. 2003 Aug;59(4):303-12. 

18. ʇʠʨʫʟʷʥ ʃ. ɸ., ɻʶʣʴʘʟʠʟʦʚʘ ʂ. ʉ., ʅʠʢʦʣʘ-
ʝʚʘ ʀ. ʉ., ʂʘʙʘʥʢʠʥ ɸ. ʉ., ʉʫʭʠʥʠʥʘ ɻ. ʇ., ʇʳʥʴʢʦ 

ʅ. ʕ., ʈʘʜʢʝʚʠʯ ɸ. ɼ., ʂʫʟʥʝʮʦʚʘ ɸ. ʈ., ʈʘʜʢʝʚʠʯ ʃ. 

ɸ. ɻʝʥʝʪʠʯʝʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʨʠʩʢʘ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʨʘʢʫ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ.//ɾ. ɾʠʚʳʝ 

ʩʠʩʪʝʤʳ, 2010 ˉ 5, 3-14. 

19. WHO ɽʞʝʛʦʜʥʠʢ ɺʆɿ ; WHO Statistics, 

Mortality Database, Select country/year, Table 1. 

http://www.who.int/whosis/. 

20. ʄʥʦʞʝʩʪʚʝʥʥʳʡ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ. 

ʄʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ http://eco-

cyb.narod.ru/513/MSM/msm3_1.htm 

21. StatSoft STATISTICA 6.1.478 Russian Enter-

prise http://www.cwer.ru/node/61110/ 

22. Zhang D, Ma QY, Hu HT, Zhang M. ɓ2-ad-

renergic antagonists suppress pancreatic cancer cell in-

vasion by inhibiting CREB, NFəB and AP-1.//Cancer 

Biol Ther. 2010 Jul;10(1):19-29. 

  

http://faostat.fao.org/
http://www.who.int/whosis/
http://www.cwer.ru/node/61110/


Norwegian Journal of development of the International Science No 24/2018 19 

MATHEMATICAL SCIENCES 
 

THE CONNECTION OF THE EULER ï LAGRANGE EQUATIONS OF CLASSICAL DYNAMICS 
AND DIFFERENTIAL EQUATIONS OF HYPERGEOMETRIC TYPE 

 

Fimin N. 

D.Ph., senior researcher, department of computational physics, 

Keldysh Institute of Applied Mathematics of RAS, Moscow 

 

ʉɺʗɿʔ ʋʈɸɺʅɽʅʀʁ ʕʁʃɽʈɸïʃɸɻʈɸʅɾɸ ʂʃɸʉʉʀʏɽʉʂʆʁ ɼʀʅɸʄʀʂʀ ʀ 

ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ ɻʀʇɽʈɻɽʆʄɽʊʈʀʏɽʉʂʆɻʆ ʊʀʇɸ 

 

ʌʠʤʠʥ ʅ.ʅ. 

ʂʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, 

ʦʪʜʝʣ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʬʠʟʠʢʠ ʀʇʄ ʠʤ. ʄ.ɺ. ʂʝʣʜʳʰʘ ʈɸʅ, ʄʦʩʢʚʘ 

 

Abstract 

The possibility of establishing a connection of second-order ordinary differential equations, whose solutions 

are special functions of mathematical physics, and the Euler-Lagrange evolution equations for some model 

dynamical systems with the desired Lagrange kinetic potential, is considered. 

ɸʥʥʦʪʘʮʠʷ 
ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 2ï

ʛʦ ʧʦʨʷʜʢʘ, ʨʝʰʝʥʠʷʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʠ 

ʵʚʦʣʶʮʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʕʡʣʝʨʘïʃʘʛʨʘʥʞʘ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʤʦʜʝʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʠʩʢʦʤʳʤ 

ʢʠʥʝʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʃʘʛʨʘʥʞʘ. 

 

Keywords: kinetic Lagrange potential, hypergeometric type equations, complex extension, self-adjoint 

equation. 

ʂʣʁ ʯʝʚʳʝ ʩʣʦʚʘ: ʢʠʥʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʃʘʛʨʘʥʞʘ, ʫʨʘʚʥʝʥʠʷ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʧʘ, 

ʢʦʤʧʣʝʢʩʥʦʝ ʨʘʩʰʠʨʝʥʠʝ, ʩʘʤʦʩʦʧʨʷʞʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ. 

 

1. ɺʚʝʜʝʥʠʝ 
ɺ ʨʘʙʦʪʘʭ [1]ï[2] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʴ-

ʰʠʥʩʪʚʦ ʥʘʠʙʦʣʝʝ ʫʧʦʪʨʝʙʠʪʝʣʴʥʳʭ ʩʧʝʮʠʘʣʴʥʳʭ 

ʬʫʥʢʮʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ (ʛʠʧʝʨʛʝʦʤʝʪʨʠ-

ʯʝʩʢʠʝ, ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʠ ʩʬʝʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, 

ʧʦʣʠʥʦʤʳ ɻʝʛʝʥʙʘʫʵʨʘ, ʃʝʞʘʥʜʨʘ, ʏʝʙʳʰʝʚʘ ʠ ʜʨ.) 

ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʝʜʠʥʦʦʙʨʘʟʥʦ ʢʘʢ ʨʝʰʝʥʠʷ 

ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

(ʆɼʋ) 2ïʛʦ ʧʦʨʷʜʢʘ ñʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʧʘò 

c ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʣʘʩʩʘ ʌʫʢʩʘ ʩ 

ʪʨʝʤʷ ʦʩʦʙʳʤʠ ʪʦʯʢʘʤʠ. ɹʦʣʝʝ ʪʦʛʦ, ʜʘʥʥʳʡ ʧʦʜ-

ʭʦʜ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʝʪʦʜʠʢʠ 

(ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʝʪʦʯʥʳʭ 

ʫʨʘʚʥʝʥʠʡ) ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʪʘʢʞʝ ʥʘ ʫʨʘʚʥʝ-

ʥʠʝ ɻʦʡʥʘ (ʢʦʥʬʣʶʵʥʪʥʦʝ, ʙʠʢʦʥʬʣʶʵʥʪʥʦʝ ʠ ʪ. ʜ.) 

[3] ʠ ʨʘʟʥʦʩʪʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʦʨʪʦ-

ʛʦʥʘʣʴʥʳʭ ʧʦʣʠʥʦʤʦʚ ʜʠʩʢʨʝʪʥʦʡ ʧʝʨʝʤʝʥʥʦʡ [4]. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʨʝʰʝʥʠʝ ʤʥʦʛʠʭ ʟʘʜʘʯ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʤʝʭʘʥʠʢʠ (ʨʘʚʥʦ ʢʘʢ ʠ ʢʚʘʥʪʦʚʦʡ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦ-

ʜʠʥʘʤʠʢʠ, ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʧʨ.) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʚʷʟʘʥʦ ʩ ʠʟʫʯʝʥʠʝʤ ʩʚʦʡʩʪʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʪʠʧʦʚ (ʘ ʪʘʢʞʝ ʩʚʦʡʩʪʚ 

ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ ʥʠʭ) [5]. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʘʚʦ-

ʤʝʨʥʳʤ ʠʟʫʯʠʪʴ ʚʦʧʨʦʩ ʦ ʷʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʢʠ-

ʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʃʘʛʨʘʥʞʘ (ʣʠʙʦ, ʚ ʠʥʳʭ 

ʪʝʨʤʠʥʘʭ, ʙʠʨʢʛʦʬʬʠʘʥʘ) ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʜʘʥʥʳʡ ʚʠʜ ʫʨʘʚʥʝʥʠʷ ʕʡʣʝʨʘï

ʃʘʛʨʘʥʞʘ, ʩʦʚʧʘʜʘʶʱʝʛʦ ʧʦ ʬʦʨʤʝ ʩ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ, ʨʝʰʝʥʠʷʤʠ ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ ʥʝ-

ʢʦʪʦʨʳʝ ʩʧʝʮʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, 

ʥʘʩ ʙʫʜʝʪ ʠʥʪʝʨʝʩʦʚʘʪʴ, ʤʦʞʥʦ ʣʠ ʫʩʪʘʥʦʚʠʪʴ ʦʜʥʦ-

ʟʥʘʯʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʚʥʝʰ-

ʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʛʣʦʙʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ (ʪʘʢʠʭ, ʢʘʢ 

ʪʠʧ ʤʝʞʯʘʩʪʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʩʢʦʨʦʩʪʥʦʡ ʧʝʨʝʤʝʥʥʦʡ) 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʭ ñʚ ʦʙʱʝʤò 

ʝʝ ʜʠʥʘʤʠʢʫ ʠ ʩʚʦʡʩʪʚʘʤʠ ʣʦʢʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʝʝ 

ʩʦʩʪʘʚʣʷʶʱʠʭ, ʦʧʠʩʳʚʘʝʤʳʭ ʩʧʝʮʠʘʣʴʥʳʤʠ ʬʫʥʢ-

ʮʠʷʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʷʱʠʤ ʷʚʣʷʝʪʩʷ ʫʨʘʚ-

ʥʝʥʠʝ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʧʘ. 

2. ɺʳʷʚʣʝʥʠʝ ʩʚʷʟʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʠ ʬʦʨʤʳ ʆɼʋ 

ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʧʘ ʚ ʧʨʦʩʪʝʡʰʝʤ 

ʩʣʫʯʘʝ 

ɼʠʥʘʤʠʢʘ ʢʣʘʩʩʠʯʝʩʢʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʩ ʢʠʥʝʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʃʘʛʨʘʥʞʘ 

),,( tvxL  ʥʘʜ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ 

xRn'  

( 1²n ) ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʕʡʣʝʨʘï

ʃʘʛʨʘʥʞʘ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʠʭ ʩʠʣ ʠ 

ʥʘʣʦʞʝʥʥʳʭ ʥʘ ʩʠʩʪʝʤʫ ʩʚʷʟʝʡ): 

 

  



20 Norwegian Journal of development of the International Science No 24/2018 

(1)0,=0=
),,(),,(

kk

j

kj

j

kjkk
DCxBxA

x

tvxL

v

tvxL

dt

d
+++

µ

µ
-

µ

µ
###  

   ,),,(   ,),,(
22

jkkjjkkj
xv

L
tvxB

vv

L
tvxA

µµ

µ
¹

µµ

µ
¹  

.   ,    ,),,(   ,),,(
2

n

v

n

xkkkk RvxRx
x

L
tvxD

tv

L
tvxC Í¹Í

µ

µ
-¹

µµ

µ
¹

 

ʅʘʰʝʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʷʚʥʦʛʦ 

ʚʠʜʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ),,(= tvxLL  

ʯʝʨʝʟ ʧʦʩʨʝʜʩʪʚʦ ʟʘʜʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʘʧʨʠʦʨʠ ʚʚʝʜʝʥʥʦʛʦ (ʙʘʟʠʩʥʦʛʦ) ʫʨʘʚʥʝʥʠʷ, 

ʧʨʠʚʦʜʠʤʦʛʦ ʢ ʚʠʜʫ ʫʨʘʚʥʝʥʠʷ (1). 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʠʩʥʦʛʦ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩ ʥʝʟʘʚʠʩʠʤʦʡ 

ʚʝʱʝʩʪʚʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ: 
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ʛʜʝ 
1

0,1=0,1,2= ,, Rm Ílts ? . ʋʨʘʚʥʝʥʠʝ (2) ʷʚ-

ʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʜʣʷ ʥʝʢʦʪʦʨʦʡ ʜʠʥʘ-

ʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʡ ʢʠʥʝʪʠʯʝʩʢʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʃʘʛʨʘʥʞʘ ),,( tvxL  ( 1=n ), ʷʚʥʳʡ 

ʚʠʜ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟ-

ʥʳʤ ʥʘʣʦʞʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʣʦʚʠʝ ʥʘ ʫʨʘʚʥʝ-

ʥʠʝ ʕʡʣʝʨʘïʃʘʛʨʘʥʞʘ, ʧʦʪʨʝʙʦʚʘʚ ʥʘʣʠʯʠʷ ʝʛʦ ʩʘ-

ʤʦʩʦʧʨʷʞʝʥʥʦʩʪʠ (ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʩʨʝʜʠ ʧʨʦʯʝʛʦ, 

ʚʚʝʜʝʥʠʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʟʘʜʘʯʠ ʐʪʫʨʤʘïʃʠ-

ʫʚʠʣʣʷ ʧʨʠ ʚʦʟʤʦʞʥʦʤ ʨʘʩʰʠʨʝʥʠʠ ʦʙʣʘʩʪʠ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʙʘʟʠʩʥʦʛʦ ʫʨʘʚ-

ʥʝʥʠʷ). ɼʣʷ ʵʪʦʛʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [6], ʫʤʥʦʞʠʤ (2) 

ʥʘ ʚʝʣʠʯʠʥʫ td
t

t
tt ¡

¡

¡
¹ ñ

- )
)(

)(
(exp))(()( 1

s

t
sz :  

    0,=)()(')(
2

2

tx
dt

dx
t

dt

xd
t lzz ++  

-
-

-

+

+-

2

120

2

120

21
0

2

11

4

4

2
arctan2

))((ln

2

1
(exp))((=)(

sss

sss

ss
t

s

st
sz

t

t
tt  

ttt

t

1021
2

1202

2

120

21
11

2=)(    ),
4

4

2
arctan

ttssz
ssss

sss

ss
st

++--¡
-

-

+

-

 

ʊʦʛʜʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʷʤʠ ʩʦʚʤʝʩʪʥʦ-

ʩʪʠ, ʧʦʣʫʯʘʝʤʳʤʠ ʧʨʠ ʧʦʜʩʪʘʥʦʚʢʝ ʣʘʛʨʘʥʞʠʘʥʘ 

ʥʘʠʙʦʣʝʝ ʦʙʱʝʛʦ ʚʠʜʘ 

),(),(),,(= (2)(1)(0) txLvtxLtvxLL ++  [7], ʷʚʣʷ-

ʶʱʝʛʦʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʷʤʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʫʨʘʚʥʝʥʠʷ LAkj hess=  (ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʥʘʰʝʤʫ 

ʩʣʫʯʘʶ):  

,=   0,rot   ,=
(0)2(0)(2)(1)
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2
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µ

µ
+
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µ
-

µ

µ
¹

µ

µ
lz

ʧʦʣʫʯʘʝʤ ʦʢʦʥʯʘʪʝʣʴʥʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʪʝʥʮʠʘʣʘ 

ʃʘʛʨʘʥʞʘ: 
2(0)

2

1
= vL z , 0(1)¹L , 

2(2)

2

1
= xL l- . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʠʥʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

))((
2

1
= 22 xvtLhs lz -  ʛʝʥʝʨʠʨʫʝʪ ʫʨʘʚʥʝʥʠʷ ʜʠ-

ʥʘʤʠʢʠ ʕʡʣʝʨʘïʃʘʛʨʘʥʞʘ, ʩʦʚʧʘʜʘʶʱʠʝ ʧʦ ʬʦʨʤʝ 

ʩ ʆɼʋ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʧʘ ʧʨʠ 1ïʤʝʨʥʦʡ 

ʧʝʨʝʤʝʥʥʦʡ t  (oʯʝʚʠʜʥʳʤ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝ ʥʘ 

ʚʝʢʪʦʨʥʳʡ ʩʣʫʯʘʡ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ x , 

1>=d nxim : )(
2

1
=),,( 22 xvtvxLhs lz - ). ʇʨʠ 

ʵʪʦʤ ʣʘʛʨʘʥʞʠʘʥ L  ʦʧʨʝʜʝʣʝʥ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʢʘ-

ʣʠʙʨʦʚʦʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ: 

),(),,(=),,(),,( txMtvxLtvxLtvxL hshshs
#+ , 0/)//( ¹µµ-µµ xMdtxMd ### ( )/(/=),( xMxtMtxM µµ+µµ ## ) 

 

Cʦʚʝʨʰʝʥʥʦ ʪʘʢ ʞʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʛʝʥʝʨʠʨʫʶʱʠʡ ʣʘʛʨʘʥʞʠʘʥ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ɻʦʡʥʘ (ʠ 

ʝʛʦ ʢʦʥʬʣʶʵʥʪʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ). 

3. ʋʨʘʚʥʝʥʠʝ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʧʘ ʥʘ 

ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʦʙʦʙʱʝʥʠʝ ʫʨʘʚʥʝʥʠʡ 

ʕʡʣʝʨʘïʃʘʛʨʘʥʞʘ  

ʋʨʘʚʥʝʥʠʝ (2) ʦʧʨʝʜʝʣʝʥʦ ʪʦʣʴʢʦ ʜʣʷ ʚʝʱʝ-

ʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ t . 

ʇʦʜʦʙʥʦʛʦ ʨʦʜʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʙʝʜʥʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʠʷ ʩʦʙ-

ʩʪʚʝʥʥʦ ʫʨʘʚʥʝʥʠʷ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʧʘ ʠ 

ʝʛʦ ʨʝʰʝʥʠʡ ʨʝʰʝʥʠʡ. ʉʦʙʩʪʚʝʥʥʦ, ʜʘʞʝ ʧʦʥʷʪʠʝ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʢʣʘʩʩʫ ʌʫʢʩʘ 
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ʝʩʪʴ ʥʝʢʦʪʦʨʘʷ ʫʩʣʦʚʥʦʩʪʴ. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʨʦʠʟʚʝʩʪʠ ʥʝʢʦʪʦʨʳʝ ʦʙʦʙ-

ʱʝʥʠʷ ʚ ʦʧʨʝʜʝʣʝʥʠʷʭ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʰʠʨʠʪʴ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʨʘʚʥʝʥʠʷ. ɼʣʷ 

ʵʪʦʛʦ ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʩʝ ʧʝʨʝʤʝʥʥʳʝ, ʚʭʦʜʷ-

ʱʠʝ ʚ ʫʨʘʚʥʝʥʠʝ, ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤʠ  

( )C,,, ,,, LvxtLvxt Í :  
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(
21 /=/ txtx µµµµ , 

12 /=/ txtx µ-µµµ  ʠ ʪ. ʜ.)[8]. ʊʦʛʜʘ ʣʘʛʨʘʥʞʠʘʥ hsL  ʧʨʠʚʦʜʠʪʩʷ ʢ ʬʦʨʤʝ  
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 a ʫʨʘʚʥʝʥʠʝ ʕʡʣʝʨʘïʃʘʛʨʘʥʞʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʚʝʜʝʥʦ ʢ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʝ:  
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ʛʜʝ )],,([),=(

1,2= tvxLN IIIj

i  ð cʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝ-

ʱʝʩʪʚʝʥʥʘʷ (ʠʥʜʝʢʩ 1) ʠ ʤʥʠʤʘʷ (ʠʥʜʝʢʩ 2) ʯʘʩʪʠ 
ʬʫʥʢʮʠʦʥʘʣʘ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʩ 1ïr ʤ (ʚʝʨʭʥʠʡ 

ʠʥʜʝʢʩ I ) ʠ 2ïr ʤ (II ) ʫʨʘʚʥʝʥʠʷʤʠ ʩʠʩʪʝʤʳ (3)ï

(4), 
III ,a  ð ʧʦʩʪʦʷʥʥʳʝ ʨʘʟʜʝʣʝʥʠʷ, )( 1,2

)( tj

ib  ð 

ʥʝʢʦʪʦʨʳʝ ʜʦʧʫʩʪʠʤʳʝ ʬʫʥʢʮʠʠ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝ-

ʨʝʤʝʥʥʦʡ 
1t  ( )( 1

)( tj

ib ), ʣʠʙʦ )( 2

)( tj

ig  (
)(

5

)(

5 , jj gb  

ð ʧʦʩʪʦʷʥʥʳʝ). ʈʝʰʘʷ ʧʦʩʣʝʜʥʶʶ ʩʠʩʪʝʤʫ, ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʠʥʚʘʨʠʘʥʪʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʧʨʝʜʩʪʘʚʣʷʱʠʝ 

ʩʦʙʦʡ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʕʡʣʝʨʘïʃʘʛʨʘʥʞʘ, ʟʘʚʠʩʷ-

ʱʠʝ ʪʦʣʴʢʦ ʦʪ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʚʠʜʘ: 0=)(/)/( 22 txdtdxdtxdt l++   

( 1== 01 ts , 0== 10,2 ts ). ɽʤʫ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʣʘʛʨʘʥʞʠʘʥ )(
2

1
= 22 xxtL l-#  

4. ɿʘʢʣʶʯʝʥʠʝ  

ʋʩʪʘʥʦʚʣʝʥʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʢʠʥʝʪʠʯʝ-

ʩʢʠʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ ʠ ʫʨʘʚʥʝʥʠʷʤʠ ʛʠʧʝʨʛʝʦʤʝʪ-

ʨʠʯʝʩʢʦʛʦ ʪʠʧʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʢʘʢ ʥʦ-

ʚʳʝ ʢʣʘʩʩʳ ʩʧʝʮʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʧʦʥʠʤʘʝʤʳʭ 

ʢʘʢ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʝʥʝʨʠʨʫʶʱʠʭ 

ʫʨʘʚʥʝʥʠʡ ʕʡʣʝʨʘïʃʘʛʨʘʥʞʘ ʜʣʷ ʫʧʦʤʷʥʫʪʳʭ ʧʦ-

ʪʝʥʮʠʘʣʦʚ, ʪʘʢ ʠ ʠʟʫʯʘʪʴ ʜʠʥʘʤʠʢʫ ʙʣʠʟʢʠʭ ʚ ʥʝʢʦ-

ʪʦʨʦʤ ʩʤʳʩʣʝ (ʧʦ ʬʦʨʤʝ ʣʘʛʨʘʥʞʠʘʥʘ) ʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤ ʯʝʨʝʟ ʧʦʩʨʝʜʩʪʚʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘ-

ʟʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴ-

ʥʳʭ ʬʫʥʢʮʠʡ. 
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Abstract 

Based on the conducted studies, reliable conclusions were made about the negative effect of regional oxygen 

deficiency, especially in pathologies. The mechanisms of compensation for hypoxia in congenital heart diseases 

are described. The mechanism of cutaneous respiration and the order of its inclusion during the hypoxia of the 

organism are correctly described. 

ɸʥʥʦʪʘʮʠʷ 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʩʜʝʣʘʥʳ ʜʦʩʪʦʚʝʨʥʳʝ ʚʳʚʦʜʳ ʦ ʥʝʛʘʪʠʚʥʦʤ ʚʣʠʷʥʠʠ ʨʝ-

ʛʠʦʥʘʨʥʦʡ ʢʠʩʣʦʨʦʜʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʧʘʪʦʣʦʛʠʷʭ. ʆʧʠʩʘʥʳ ʤʝʭʘʥʠʟʤʳ ʢʦʤʧʝʥʩʘʮʠʠ 

ʦʨʛʘʥʠʟʤʦʤ ʛʠʧʦʢʩʠʠ ʧʨʠ ʚʨʦʞʜʝʥʥʳʭ ʧʦʨʦʢʘʭ ʩʝʨʜʮʘ. ɼʦʩʪʦʚʝʨʥʦ ʦʧʠʩʘʥ ʤʝʭʘʥʠʟʤ ʢʦʞʥʦʛʦ ʜʳʭʘʥʠʷ ʠ 

ʧʦʨʷʜʦʢ ʝʛʦ ʚʢʣʶʯʝʥʠʷ ʧʨʠ ʛʠʧʦʢʩʠʠ ʦʨʛʘʥʠʟʤʘ.  

 

Keywords: regional supply of oxygen, coronary artery, Botallov duct, tetralogy of Fallot, Fick principles, 

skin respiration, diffusion of oxygen. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʛʠʦʥʘʨʥʦʝ ʩʥʘʙʞʝʥʠʝ ʢʠʩʣʦʨʦʜʦʤ, ʢʦʨʦʥʘʨʥʘʷ ʘʨʪʝʨʠʷ, ɹʦʪʘʣʣʦʚ ʧʨʦʪʦʢ, ʪʝʪ-

ʨʘʜʘ ʌʘʣʣʦ, ʧʨʠʥʮʠʳ ʌʠʢʘ, ʢʦʞʥʦʝ ʜʳʭʘʥʠʝ, ʜʠʬʬʫʟʠʷ ʢʠʩʣʦʨʦʜʘ. 

 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʚʝʣʠʯʠʥʳ ʥʘʩʳʱʝʥʠʷ ʘʨʪʝʨʠ-

ʘʣʴʥʦʡ ʢʨʦʚʠ ʢʠʩʣʦʨʦʜʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʝʷʪʝʣʴʥʦ-

ʩʪʴʶ ʚʝʩʴʤʘ ʪʦʥʢʠʭ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʨʝʛʫʣʷʪʦʨ-

ʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʫʧʨʘʚʣʷʶʱʠʭ ʜʳʭʘʥʠʝʤ ʠ ʢʨʦʚʦ-

ʦʙʨʘʱʝʥʠʝʤ: ʵʪʘ ʚʝʣʠʯʘʚʘ ʝʩʪʴ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ 

ʬʫʥʢʮʠʡ ʜʳʭʘʥʠʷ ʠ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ. 

ɺʝʜʫʱʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʫʨʦʚʥʷ ʥʘʩʳʱʝʥʠʷ ʘʨʪʝʨʠʘʣʴʥʦʡ ʢʨʦʚʠ ʢʠʩʣʦʨʦ-

ʜʦʤ ʠʛʨʘʝʪ ʨʝʛʫʣʷʮʠʷ ʚʥʝʰʥʝʛʦ ʜʳʭʘʥʠʷ, ʠʟʫʯʝʥʠʶ 

ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʢʦʪʦʨʦʡ ʧʦʩʚʷʱʝʥʳ ʤʥʦʛʦ-

ʯʠʩʣʝʥʥʳʝ ʥʘʫʯʥʳʝ ʨʘʙʦʪʳ. 

ʈʝʛʫʣʷʮʠʷ ʜʳʭʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʢʘʢ ʠʟ-

ʚʝʩʪʥʦ, ʜʚʫʤʷ ʧʫʪʷʤʠ: ʨʝʬʣʝʢʪʦʨʥʦ ʠ ʧʫʪʝʤ ʛʫʤʦ-

ʨʘʣʴʥʦʛʦ (ʭʠʤʠʯʝʩʢʦʛʦ) ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʜʳʭʘʪʝʣʴ-

ʥʳʡ ʮʝʥʪʨ, ʪ. ʝ. ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʤʝʭʘʥʠʟʤʦʤ, ʢʘʢ 

ʝʛʦ ʥʘʟʚʘʣ ʀ. ʇ. ʇʘʚʣʦʚ. ɺ ʢʦʥʮʝ ʍIʍ ʚʝʢʘ ʜʦʢʪʦʨ 

ʤʝʜʠʮʠʥʳ ʅ.ɸ. ʄʠʩʣʘʚʩʢʠʡ ʧʨʝʜʩʪʘʚʠʣ ʜʳʭʘʪʝʣʴ-

ʥʳʡ ʮʝʥʪʨ ʢʘʢ ʩʨʘʚʥʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʝʥʥʫʶ ʦʙʣʘʩʪʴ 
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ʧʨʦʜʦʣʛʦʚʘʪʦʛʦ ʤʦʟʛʘ, ʨʘʟʨʫʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʝʠʟ-

ʙʝʞʥʦ ʚʝʜʝʪ ʢ ʥʝʦʙʨʘʪʠʤʦʤʫ ʧʨʝʢʨʘʱʝʥʠʶ ʜʳʭʘ-

ʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ. 

ʇʦ ʤʥʝʥʠʶ ʄ.ɺ. ʉʝʨʛʠʝʚʩʢʦʛʦ, ʚ ʥʦʨʤʝ ʜʳʭʘ-

ʥʠʝ ʨʝʛʫʣʠʨʫʝʪʩʷ ʨʝʬʣʝʢʪʦʨʥʦ, ʥʦ ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ 

ʛʠʧʦʢʩʠʠ ʨʝʬʣʝʢʪʦʨʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʛʫʣʷʮʠʠ ʜʳʭʘ-

ʥʠʷ ʫʪʨʘʯʠʚʘʝʪ ʩʚʦʝ ʟʥʘʯʝʥʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʨʘʟʜʨʘ-

ʞʠʪʝʣʠ ʥʘʯʠʥʘʶʪ ʜʝʡʩʪʚʦʚʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʮʝʥʪʨʦʛʝʥʥʦ. 

ʉʨʝʜʠ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʢʘʢ ʥʘ ʨʝʬʣʝʢʪʦʨ-

ʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʛʫʣʷʮʠʠ ʜʳʭʘʥʠʷ, ʪʘʢ ʠ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʥʘ ʜʳʭʘʪʝʣʴʥʳʡ ʮʝʥʪʨ, ʛʣʘʚʥʦʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʶʪ ʛʫʤʦʨʘʣʴʥʳʝ, ʪ. ʝ. ʭʠʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 , ʢʘʢ ʠ ʧʦʚʳʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʅ-ʠʦʥʦʚ, ʤʦʞʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʚʦʟʙʫʞ-

ʜʘʶʱʝ ʥʘ ʢʣʝʪʢʠ ʜʳʭʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ. ɼʦ ʥʘʩʪʦʷ-

ʱʝʛʦ ʚʨʝʤʝʥʠ ʝʱʝ ʥʝ ʷʩʥʦ, ʦʢʘʟʳʚʘʝʪ ʣʠ ʉʆ2 ʩʧʝ-

ʮʠʬʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʜʳʭʘʪʝʣʴʥʳʡ ʮʝʥʪʨ, ʠʣʠ 

ʠʟʤʝʥʝʥʠʝ ʜʳʭʘʥʠʷ ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝ-

ʥʠʷ ʨʅ ʚ ʟʦʥʝ ʜʳʭʘ-ʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ. 

ɽʱʝ ʚ ʩʝʨʝʜʠʥʝ ʍʍ ʚʝʢʘ ʛʨʫʧʧʦʡ ʫʯʝʥʳʭ ʚʧʝʨ-

ʚʳʝ ʙʳʣʘ ʚʳʩʢʘʟʘʥʘ ʤʳʩʣʴ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʜʳʭʘʪʝʣʴ-

ʥʦʛʦ ʮʝʥʪʨʘ ʠʤʝʶʪʩʷ ʢʣʝʪʢʠ, ʦʜʥʠ ʠʟ ʢʦʪʦʨʳʭ ʨʝʘ-

ʛʠʨʫʶʪ ʥʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʉʆ2, ʘ ʜʨʫ-

ʛʠʝ ï ʥʘ ʨʝʬʣʝʢʪʦʨʥʳʝ ʠʤʧʫʣʴʩʳ. ʅʘʧʨʠʤʝʨ, ʕʡʣʝʨ 

ʠ ʉʝʜʝʨʙʝʨʛ (Euler, Sºderberg) ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, 

ʯʪʦ ʉʆ2 ʜʝʡʩʪʚʫʝʪ ʥʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʜʳʭʘ-

ʪʝʣʴʥʳʡ ʮʝʥʪʨ, ʘ ʥʘ ʭʝʤʦʨʝʮʝʧʪʦʨʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ 

ʨʝʪʠʢʫʣʷʨʥʦʡ ʬʦʨʤʘʮʠʠ ʧʨʦʜʦʣʛʦʚʘʪʦʛʦ ʤʦʟʛʘ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʃʝʰʢʝ ( Loeschcke) 

ʪʘʢʞʝ ʩʜʝʣʘʣ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʨʅ ʚ ʟʦʥʝ 

ʜʳʭʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ʚʣʠʷʝʪ ʥʘ ʜʳʭʘʥʠʝ ʥʝ ʧʨʷʤʦ, 

ʜʝʡʩʪʚʫʷ ʥʘ ʮʝʥʪʨ, ʘ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʯʝʨʝʟ ʭʝʤʦʨʝ-

ʮʝʧʪʦʨʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ recessus 

lateralis IV ʞʝʣʫʜʦʯʢʘ. 

ʇʨʠ ʛʠʧʦʢʩʠʠ ʩʪʠʤʫʣʷʪʦʨʘʤʠ ʜʳʭʘʪʝʣʴʥʦʛʦ 

ʮʝʥʪʨʘ ʚʤʝʩʪʦ ʫʛʣʝʢʠʩʣʦʪʳ ʩʪʘʥʦʚʷʪʩʷ ʧʨʦʤʝʞʫ-

ʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʦʙʤʝʥʘ ï ʤʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ ʠ ʜʨ. 

ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʳʭʘʪʝʣʴʥʳʡ ʮʝʥʪʨ ʯʫʚ-

ʩʪʚʠʪʝʣʝʥ ʪʘʢʞʝ ʠ ʢ ʥʝʜʦʩʪʘʪʢʫ ʢʠʩʣʦʨʦʜʘ ʚ ʢʨʦʚʠ, 

ʭʦʪʷ ʚ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʢ ʉʆ2 ʠ ʢ ʅ-

ʠʦʥʘʤ. ʆʜʥʘʢʦ ʄ. ɺ. ʉʝʨʛʠʝʚʩʢʠʡ ʧʦʣʘʛʘʣ, ʯʪʦ ʚ 

ʥʦʨʤʝ ʢʣʝʪʢʠ ʜʳʭʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳ 

ʢ ʥʝʜʦʩʪʘʪʢʫ ʢʠʩʣʦʨʦʜʘ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʢʣʝʪʢʠ ʜʨʫʛʠʭ 

ʦʪʜʝʣʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. [1] 

ʕʬʬʝʢʪ ʜʝʡʩʪʚʠʷ ʛʫʤʦʨʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ (ʘ 

ʪʘʢʞʝ ʨʝʬʣʝʢʪʦʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ) ʥʘ ʜʳʭʘʥʠʝ ʟʘ-

ʚʠʩʷʪ ʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʩʘʤʦʛʦ ʜʳʭʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ, 

ʦʪ ʩʪʝʧʝʥʠ ʝʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʨʘʟʜʨʘʞʠʪʝʣʷʤ, 

ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʨʷʜʦʤ ʧʨʠʯʠʥ, 

ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʥʘʙʞʝʥʠʝʤ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʢʠʩʣʦ-

ʨʦʜʦʤ. ʅʝ ʠʩʢʣʶʯʝʥʦ ʪʘʢʞʝ ʠ ʚʣʠʷʥʠʝ ʛʦʨʤʦʥʦʚ 

ʞʝʣʝʟ ʚʥʫʪʨʝʥʥʝʡ ʩʝʢʨʝʮʠʠ, ʧʨʦʜʫʢʪʦʚ ʦʙʤʝʥʘ, ʩʦ-

ʣʝʡ ʥʘʪʨʠʷ, ʢʘʣʴʮʠʷ, ʢʘʣʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʙʫʜʠ-

ʤʦʩʪʴ ʜʳʭʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴ ʧ ʨʘʟ-

ʣʠʯʥʳʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʚ ʨʝʬʣʝʢʪʦʨʥʦʤ ʤʝʭʘ-

ʥʠʟʤʝ ʨʝʛʫʣʷʮʠʠ ʜʳʭʘʥʠʷ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝ-

ʥʠʝ ʦʪʚʦʜʠʪʩʷ ʛʫʤʦʨʘʣʴʥʳʤ ʬʘʢʪʦʨʘʤ ï ʆ2, ʉʆ2 ʠ 

ʅ-ʠʦʥʘʤ. ʕʪʠ ʛʫʤʦʨʘʣʴʥʳʝ ʬʘʢʪʦʨʳ ʜʝʡʩʪʚʫʶʪ ʥʘ 

ʜʳʭʘʥʠʝ ʨʝʬʣʝʢʪʦʨʥʳʤ ʧʫʪʝʤ ʯʝʨʝʟ ʭʝʤʦʨʝʮʝʧ-

ʪʦʨʳ ʩʦʩʫʜʦʚ, ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʯʝʨʝʟ ʭʝʤʦʨʝʮʝʧ-

ʪʦʨʳ ʢʘʨʦʪʠʜʥʳʭ ʩʠʥʫʩʦʚ ʠ ʜʫʛʠ ʘʦʨʪʳ. ɻʝʡʤʘʥʩ 

(ʅʝʫmʘns) ʚʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʣ, ʯʪʦ 

ʜʫʛʘ ʘʦʨʪʳ ʷʚʣʷʝʪʩʷ ʤʝʩʪʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʳʭʘ-

ʪʝʣʴʥʳʭ ʨʝʬʣʝʢʩʦʚ, ʚʳʟʳʚʘʝʤʳʭ ʭʠʤʠʯʝʩʢʠʤʠ ʠʟ-

ʤʝʥʝʥʠʷʤʠ ʩʦʩʪʘʚʘ ʢʨʦʚʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ɿʘʪʝʤ ʦʥ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʝʨʬʫʟʠʷ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʘʨʦʪʠʜʥʳʭ 

ʩʠʥʫʩʦʚ ʛʠʧʝʨʢʘʧʥʠʯʝʩʢʦʡ ʠʣʠ ʛʠʧʦʢʩʝʤʠʯʝʩʢʦʡ 

ʢʨʦʚʴʶ ʪʘʢʞʝ ʚʳʟʳʚʘʝʪ ʨʝʬʣʝʢʪʦʨʥʫʶ ʦʜʳʰʢʫ, ʘ 

ʧʝʨʬʫʟʠʷ ʘʢʘʧʥʠʯʝʩʢʦʡ ʢʨʦʚʴʶ ï ʨʝʬʣʝʢʪʦʨʥʦʝ 

ʪʦʨʤʦʞʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʳʭʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʘʨʦʪʠʜʥʳʭ ʩʠʥʫʩʦʚ ʢ ʬʠʟʠʦʣʦ-

ʛʠʯʝʩʢʠʤ ʛʫʤʦʨʘʣʴʥʳʤ ʨʘʟʜʨʘʞʠʪʝʣʷʤ ï ʥʘʧʨʷʞʝ-

ʥʠʶ ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʠ ʨʅ ʢʨʦʚʠ ï 

ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʪʘʢʞʝ ʨʷʜʦʤ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ, 

ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪ, ʯʪʦ ʚʝʜʫʱʝʝ ʟʥʘʯʝʥʠʝ ʚ ʨʝʛʫʣʷ-

ʮʠʠ ʢʠʩʣʦʨʦʜʥʦʛʦ ʨʝʞʠʤʘ ʦʨʛʘʥʠʟʤʘ ʧʨʠʥʘʜʣʝʞʠʪ 

ʭʝʤʦʨʝʮʝʧʪʦʨʘʤ ʢʘʨʦʪʠʜʥʦʛʦ ʩʠʥʫʩʘ ʠ ʜʫʛʠ ʘʦʨʪʳ. 

ʆʩʦʙʝʥʥʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʨʝʬʣʝʢʩʳ ʩ 

ʭʝʤʦʨʝʮʝʧʪʦʨʦʚ ʧʨʠ ʛʠʧʦʢʩʝʤʠʠ, ʪ. ʝ. ʧʨʠ ʫʤʝʥʴ-

ʰʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʢʨʦʚʠ. ɼʝʥʝʨʚʘʮʠʷ 

ʢʘʨʦʪʠʜʥʳʭ ʩʠʥʫʩʦʚ ʠ ʜʫʛʠ ʘʦʨʪʳ ʫʤʝʥʴʰʘʝʪ, ʘ 

ʠʥʦʛʜʘ ʠ ʧʦʣʥʦʩʪʴʶ ʩʥʠʤʘʝʪ ʨʝʘʢʮʠʶ ʥʘ ʛʠʧʦʢʩʝ-

ʤʠʶ, ʪ. ʝ. ʥʝ ʠʟʤʝʥʷʝʪ ʜʳʭʘʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʜʦʩʪʘʪʦʢ ʢʠʩʣʦʨʦʜʘ ʚ ʢʨʦʚʠ 

ʚʦʟʙʫʞʜʘʝʪ ʜʳʭʘʪʝʣʴʥʳʡ ʮʝʥʪʨ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʨʝʬʣʝʢʪʦʨʥʦ ʯʝʨʝʟ ʘʦʨʪʘʣʴʥʫʶ ʠ ʩʠʥʦʢʘʨʦʪʠʜʥʳʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʟʦʥʳ, ʯʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʨʝʘʢʮʠʷ ʜʳ-

ʭʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ʥʘ ʉʆ2 ʠ ʠʟʤʝʥʝʥʠʝ ʨʅ ʢʨʦʚʠ, ʪʦ 

ʦʥʘ ʠʤʝʝʪ ʤʝʩʪʦ ʠ ʧʨʠ ʛʫʤʦʨʘʣʴʥʦʤ, ʠ ʨʝʬʣʝʢʪʦʨ-

ʥʦʤ ʜʝʡʩʪʚʠʠ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʜʳʭʘʪʝʣʴʥʳʡ 

ʮʝʥʪʨ, ʥʦ ʚʝʜʫʱʘʷ ʨʦʣʴ ʚʩʝ ʪʘʢʠ ʙʫʜʝʪ ʧʨʠʥʘʜʣʝ-

ʞʘʪʴ ʨʝʬʣʝʢʪʦʨʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. 

ʅʘʨʷʜʫ ʩ ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʦ ʠʟʫʯʝʥʠʶ 

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʫ ʯʝʣʦʚʝʢʘ ʠ ʚʳʩʰʠʭ 

ʞʠʚʦʪʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʛʠʧʦʢʩʠʠ (ʭʨʦʥʠʯʝʩʢʦʡ ʛʠʧʦ-

ʢʩʠʠ), ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʥʘʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʘʥ-

ʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ ʢʠʩʣʦ-

ʨʦʜʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʫ ʙʦʣʴʥʳʭ ʩ ʚʨʦʞʜʝʥʥʳʤ 

ʧʦʨʦʢʦʤ ʩʝʨʜʮʘ. ʅʘʤʠ ʙʳʣʠ ʠʟʙʨʘʥʳ ʥʘʠʙʦʣʝʝ ʯʘ-

ʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʧʦʨʦʢʠ ʙʣʝʜʥʦʛʦ (ʥʝʟʘʨʦʱʝʥ-

ʥʳʡ ɹʦʪʘʣʣʦʚ ʧʨʦʪʦʢ, ʜʝʬʝʢʪ ʤʝʞʞʝʣʫʜʦʯʢʦʚʦʡ 

ʧʝʨʝʛʦʨʦʜʢʠ) ʠ ʩʠʥʝʛʦ (ʪʝʪʨʘʜʘ ʌʘʣʣʦ, ʪ. ʝ. ʩʦʯʝʪʘ-

ʥʠʝ ʜʝʬʝʢʪʘ ʤʝʞʞʝʣʫʜʦʯʢʦʚʦʡ ʧʝʨʝʛʦʨʦʜʢʠ ʩʦ ʩʪʝ-

ʥʦʟʦʤ ʚʳʭʦʜʥʦʛʦ ʪʨʘʢʪʘ ʧʨʘʚʦʛʦ ʞʝʣʫʜʦʯʢʘ) ʪʠʧʦʚ. 

ʇʨʠ ʚʩʝʭ ʵʪʠʭ ʧʦʨʦʢʘʭ ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ ʦʩ-

ʥʦʚʥʦʡ ʩʭʝʤʳ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʯʝʣʦʚʝʢʘ ʠ ʚʳʩʰʠʭ 

ʞʠʚʦʪʥʳʭ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʢʦʤʧʝʥ-

ʩʘʮʠʠ ʧʨʠ ʨʘʟʥʳʭ ʬʦʨʤʘʭ ʜʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ. ʀ 

ʦʧʠʩʘʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ ʮʝʥʥʳʤʠ ʩʚʝʜʝ-

ʥʠʷʤʠ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ʈʝʜʢʦ ʢʪʦ ʟʘʜʫʤʳʚʘʝʪʩʷ ʦ ʨʦʣʠ ʢʦʞʥʦʛʦ ʜʳʭʘ-

ʥʠʷ ʯʝʣʦʚʝʢʘ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʟʘʙʦ-

ʣʝʚʘʥʠʷʭ ʠ ʪʨʘʚʤʘʭ. ʆʜʥʘʢʦ, ʵʪʦ ʠ ʧʦ ʩʝʡ ʜʝʥʴ ʚʘʞ-

ʥʳʡ ʚʦʧʨʦʩ, ʦʪ ʢʦʪʦʨʦʛʦ ʠʥʦʛʜʘ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ 

ʜʘʞʝ ʞʠʟʥʴ ʯʝʣʦʚʝʢʘ. ʇʨʦʚʝʜʝʥʥʳʝ ʠ ʦʧʠʩʘʥʥʳʝ 

ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʛʣʷʜʥʦ ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʳ-

ʭʘʥʠʷ ʯʝʨʝʟ ʢʦʞʫ, ʧʨʠ ʢʦʤʧʝʥʩʘʮʠʠ ʥʘʨʫʰʝʥʥʦʛʦ 

ʛʘʟʦʚʦʛʦ ʦʙʤʝʥʘ ʫ ʯʝʣʦʚʝʢʘ ʧʨʠ ʟʘʙʦʣʝʚʘʥʠʷʭ ʠ 

ʪʨʘʚʤʘʭ, ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʯʝʣʦʚʝʢʘ ʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ 

ʢʠʩʣʦʨʦʜʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʷʭ. ɺʩʝ ʠʩʩʣʝʜʦʚʘ-
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ʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʘʟʝ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʤʝʜʠʮʠʥ-

ʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ ʛ. ʅʦʚʦʩʠʙʠʨʩʢʘ, ʘ ʪʘʢʞʝ ʣʘʙʦʨʘ-

ʪʦʨʠʡ ʖʞʥʦ-ʋʨʘʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʘʨ-

ʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. ʊʨʦʠʮʢ, ʏʝʣʷʙʠʥʩʢʦʡ 

ʦʙʣʘʩʪʠ. 

ʈʝʛʠʦʥʘʨʥʘʷ ʢʠʩʣʦʨʦʜʥʘʷ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ 

ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʢʠʩʣʦ-

ʨʦʜʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ (ʢʠʩʣʦʨʦʜʥʦʛʦ ʛʦʣʦʜʘ-

ʥʠʷ), ʥʘʙʣʶʜʘʝʤʦʡ ʫ ʣʶʜʝʡ ʧʨʠ ʛʠʧʦʢʩʠʠ, ʢʦʣʠʯʝ-

ʩʪʚʦ ʢʠʩʣʦʨʦʜʘ, ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʦʨʛʘʥʠʟʤʦʤ, ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʝ, ʥʦ ʵʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʢʣʶʯʝʥʠʷ ʨʷʜʘ ʨʝʛʫʣʷʪʦʨʥʳʭ ʤʝʭʘʥʠʟ-

ʤʦʚ. ʉʧʦʩʦʙ ʦʙʝʩʧʝʯʝʥʠʷ ʢʠʩʣʦʨʦʜʦʤ ʨʘʟʥʳʭ ʦʨʛʘ-

ʥʦʚ ʧʨʠ ʵʪʦʤ ʨʘʟʣʠʯʝʥ. ʊʘʢ, ʧʨʦʚʝʜʝʥʥʘʷ ʚ ʥʘʤʠ ʨʝ-

ʛʠʩʪʨʘʮʠʷ ʩʪʝʧʝʥʠ ʥʘʩʳʱʝʥʠʷ ʢʠʩʣʦʨʦʜʦʤ ʘʨʪʝʨʠ-

ʘʣʴʥʦʡ ʢʨʦʚʠ ʠ ʢʨʦʚʠ ʷʨʝʤʥʦʡ ʠ ʙʝʜʨʝʥʥʦʡ ʚʝʥ ʧʨʠ 

ʩʥʠʞʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚʦ ʚʜʳʭʘʝʤʦʤ 

ʚʦʟʜʫʭʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ 

ʢʠʩʣʦʨʦʜʘ ʚ ʘʨʪʝʨʠʘʣʴʥʦʡ ʢʨʦʚʠ ʠ ʢʨʦʚʠ ʷʨʝʤʥʦʡ 

ʚʝʥʳ, ʧʨʠ ʛʠʧʦʢʩʠʠ, ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʘʨʪʝʨʠʦ-ʚʝʥʦʟ-

ʚʘʷ ʨʘʟʥʦʩʪʴ ʚ ʢʨʦʚʠ ʢʦʥʝʯʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʥʦʨʤʘʣʠʟʘʮʠʷ ʢʠʩʣʦ-

ʨʦʜʥʦʛʦ ʩʥʘʙʞʝʥʠʷ ʤʳʰʮ ʢʦʥʝʯʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘ-

ʝʪʩʷ ʧʨʠ ʛʠʧʦʢʩʠʠ, ʚ ʠʟʚʝʩʪʥʦʡ ʤʝʨʝ, ʟʘ ʩʯʝʪ ʙʦʣʴ-

ʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠʟ ʘʨʪʝʨʠʘʣʴʥʦʡ 

ʢʨʦʚʠ, ʘ ʚ ʜʨʫʛʦʤ ʩʣʫʯʘʝ ï ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʢʨʦ-

ʚʦʩʥʘʙʞʝʥʠʷ. 

ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʥʠʞʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩ-

ʣʦʨʦʜʘ ʚʦ ʚʜʳʭʘʝʤʦʤ ʚʦʟʜʫʭʝ, ʚ ʩʣʫʯʘʷʭ ʦʩʪʨʦʡ ʛʠ-

ʧʦʢʩʠʠ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ ʚ ʥʘʰʠʭ ʣʘʙʦ-

ʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʣʶʜʷʭ ʠ ʞʠʚʦʪʥʳʭ, ʧʦ-

ʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʦʨʛʘʥʠʟʤʦʤ ʙʦʣʴʰʝ, ʯʝʤ ʝʛʦ 

ʥʘʣʠʯʠʝ ʚ ʢʨʦʚʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʢʠʩʣʦ-

ʨʦʜʥʳʡ ʜʝʬʠʮʠʪ, ʢʦʪʦʨʳʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ 

ʧʨʦʜʦʣʞʝʥʠʷ ʛʠʧʦʢʩʠʠ. ʃʠʰʴ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ 

ʧʝʨʠʦʜʝ, ʧʦʩʣʝ ʧʝʨʝʢʣʶʯʝʥʠʷ ʥʘ ʜʳʭʘʥʠʝ ʘʪʤʦ-

ʩʬʝʨʥʳʤ ʚʦʟʜʫʭʦʤ, ʵʪʦʪ ʜʝʬʠʮʠʪ ʣʠʢʚʠʜʠʨʫʝʪʩʷ. 

ɺʝʣʠʯʠʥʘ ʜʝʬʠʮʠʪʘ ʢʠʩʣʦʨʦʜʘ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʷʚʣʷ-

ʝʪʩʷ ʩʫʤʤʘʨʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʠʩʣʦʨʦʜʥʦʡ ʥʝʜʦ-

ʩʪʘʪʦʯʥʦʩʪʠ, ʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʥʝʣʴʟʷ 

ʩʫʜʠʪʴ ʦ ʪʦʤ, ʢʘʢ ʧʨʠ ʦʩʪʨʦʡ ʛʠʧʦʢʩʠʠ ʤʝʥʷʝʪʩʷ ʨʝ-

ʛʠʦʥʘʨʥʦʝ ʩʥʘʙʞʝʥʠʝ ʢʠʩʣʦʨʦʜʦʤ. 

ʄʝʞʜʫ ʪʝʤ ʥʝʦʜʥʦʟʥʘʯʥʘʷ ʩʪʝʧʝʥʴ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʢʠʩʣʦʨʦʜʦʤ ʨʘʟʥʳʭ ʦʨʛʘʥʦʚ, ʥʝʦʜʠʥʘʢʦʚʳʡ ʨʝ-

ʛʠʦʥʘʨʥʳʡ ʢʠʩʣʦʨʦʜʥʳʡ ʜʝʬʠʮʠʪ ʧʨʠ ʦʩʪʨʦʡ ʛʠʧʦ-

ʢʩʠʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʨʷʜʘ ʨʝʛʫʣʷ-

ʪʦʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʧʦʚʳʰʘʶʱʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʦʨʛʘʥʠʟʤʘ ʢ ʛʠʧʦʢʩʠʠ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʣʘʙʦʨʘʪʦʨ-

ʥʳʝ ʧʦʣʷʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ 

ʥʘʧʨʷʞʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ ʠ ʚ ʤʳʰ-

ʮʘʭ ʢʦʥʝʯʥʦʩʪʝʡ ʧʨʠ ʦʩʪʨʦʡ ʛʠʧʦʢʩʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʢʠʩʣʦ-

ʨʦʜʘ ʚ ʤʳʰʮʘʭ ʢʦʥʝʯʥʦʩʪʝʡ ʥʘʧʨʷʞʝʥʠʝ ʢʠʩʣʦʨʦʜʘ 

ʚ ʤʦʟʛʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦ ʠʟʤʝʥʷʝʪʩʷ. 

ʅʘʛʣʷʜʥʳʤ ʧʨʠʤʝʨʦʤ ʨʝʛʠʦʥʘʨʥʦʡ ʢʠʩʣʦʨʦʜ-

ʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʣʫʯʘʷ, ʢʦʛʜʘ 

ʧʨʝʢʨʘʱʘʝʪʩʷ ʧʨʠʪʦʢ ʢʨʦʚʠ ʢ ʦʨʛʘʥʫ ʠʣʠ ʢ ʯʘʩʪʠ 

ʦʨʛʘʥʘ. ʕʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʪʨʦʤʙʦʟʝ ʩʦʩʫʜʦʚ ʠʣʠ 

ʧʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʧʨʝʛʨʘʞʜʝʥʠʠ ʪʦʢʘ ʢʨʦʚʠ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʞʛʫʪʘ ʥʘ ʢʦʥʝʯʥʦʩʪʠ. 

ɼʠʩʪʘʣʴʥʝʝ ʤʝʩʪʘ ʟʘʢʫʧʦʨʢʠ ʠʣʠ ʟʘʞʘʪʠʷ ʘʨʪʝʨʠʠ 

ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʝʪʩʷ ʨʝʛʠʦʥʘʨʥʘʷ ʠʰʝʤʠʷ. ʇʦʣʷʨʦ-

ʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ 

ʢʠʩʣʦʨʦʜʘ ʚ ʤʳʰʮʘʭ ʛʦʣʝʥʠ ʧʦʩʣʝ ʥʘʣʦʞʝʥʠʷ 

ʞʛʫʪʘ ʥʘ ʙʝʜʨʦ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʤʠʥʫʪ ʥʘʧʨʷʞʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʧʘʜʘʝʪ ʜʦ ʥʫʣʷ. ʇʨʝ-

ʢʨʘʱʝʥʠʝ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʚ ʢʦʥʝʯʥʦʩʪʠ ʚʣʝʯʝʪ ʟʘ 

ʩʦʙʦʡ ʪʘʢʞʝ ʧʦʩʪʝʧʝʥʥʦʝ ʧʘʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʢʦʞʝ ʠ ʤʳʰʮʘʭ. ʉʨʘʟʫ ʧʦʩʣʝ ʩʥʷʪʠʷ ʞʛʫʪʘ ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʤʳʰʮʳ ʢʦʥʝʯʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʫʶ ʙʳʣ ʥʘʣʦʞʝʥ 

ʞʛʫʪ, ʧʦʚʳʰʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʧʦʜʥʠʤʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʠʩʭʦʜʥʦʡ ï 

ʥʘʩʪʫʧʘʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʨʝʘʢʪʠʚʥʘʷ ʛʠʧʝʨʝʤʠʷ, 

ʦʪʨʘʞʘʶʱʘʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʝʥʥʳʡ ʧʨʠʪʦʢ ʢʨʦʚʠ. 

ʇʦʩʣʝʜʥʝʝ ʦʙʳʯʥʦ ʦʙʲʷʩʥʷʝʪ ʧʦʥʠʞʝʥʠʝ ʪʦʥʫʩʘ ʩʦ-

ʩʫʜʦʚ, ʚʳʟʚʘʥʥʦʝ ʜʝʡʩʪʚʠʝʤ ʥʘ ʩʦʩʫʜʠʩʪʫʶ ʩʪʝʥʢʫ 

ʧʨʦʜʫʢʪʦʚ ʦʙʤʝʥʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʠʰʝʤʠʟʠʨʦʚʘʥ-

ʥʦʡ ʢʦʥʝʯʥʦʩʪʠ. 

 
ʈʠʩ.1. ʊʝʤʧʝʨʘʪʫʨʘ ʤʳʰʮ ʛʦʣʝʥʠ ʧʦʩʣʝ ʩʥʷʪʠʷ ʞʛʫʪʘ, 

ʥʘʣʦʞʝʥʥʦʛʦ ʥʘ ʙʝʜʨʦ 

 

ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʧʦʚʪʦʨʥʦʛʦ ʥʘʣʦ-

ʞʝʥʠʷ ʞʛʫʪʘ ʥʘ ʢʦʥʝʯʥʦʩʪʴ ʚ ʪʝʯʝʥʠʝ 15 - 30 ʤʠʥʫʪ 

ʝʞʝʜʥʝʚʥʦ ʠʣʠ ʯʝʨʝʟ ʜʝʥʴ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ - ʯʝʪʳʨʝʭ 

ʥʝʜʝʣʴ ʨʝʘʢʪʠʚʥʘʷ ʛʠʧʝʨʝʤʠʷ ʧʦʩʣʝ ʩʥʷʪʠʷ ʞʛʫʪʘ 

ʧʦʩʪʝʧʝʥʥʦ ʠʩʯʝʟʘʝʪ (ʨʠʩ. 1). ʏʝʨʝʟ ʥʝʢʦʪʦʨʦʝ 

ʚʨʝʤʷ, ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʧʦʚʪʦʨʥʳʭ ʥʘʣʦʞʝʥʠʡ 
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ʞʛʫʪʘ, ʨʝʘʢʪʠʚʥʘʷ ʛʠʧʝʨʝʤʠʷ ʧʦʩʣʝ ʚʨʝʤʝʥʥʦʡ 

ʠʰʝʤʠʠ ʢʦʥʝʯʥʦʩʪʠ ʚʦʟʥʠʢʘʝʪ ʩʥʦʚʘ. 

ʇʦʵʪʦʤʫ, ʟʜʝʩʴ ʜʦʧʫʩʪʠʤʦ ʚʳʩʢʘʟʘʪʴ ʧʨʝʜʧʦ-

ʣʦʞʝʥʠʝ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʨʝʘʢʪʠʚʥʦʡ ʛʠʧʝʨʝʤʠʠ ʧʦ-

ʩʣʝ ʧʦʚʪʦʨʥʦʡ ʚʨʝʤʝʥʥʦʡ ʠʰʝʤʠʠ ʩʚʷʟʘʥʦ ʩ ʥʘʩʪʫ-

ʧʘʶʱʠʤʠ ʧʨʠ ʵʪʦʤ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ ʚ 

ʪʢʘʥʷʭ ʠʰʝʤʠʟʠʨʦʚʘʥʥʦʡ ʢʦʥʝʯʥʦʩʪʠ. 

ɺ ʵʪʠʭ ʦʧʳʪʘʭ, ʧʨʦʚʝʨʝʥʥʳʭ ʥʘ ʢʨʦʣʠʢʘʭ ʙʝʟ 

ʥʘʨʢʦʟʘ, ʤʳ ʠʤʝʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʧʨʠ ʧʦʚʪʦʨʥʦʡ ʠʰʝʤʠʠ ʢʦʥʝʯʥʦʩʪʠ ʚ ʧʝʨʚʳʝ 

ʤʠʥʫʪʳ ʧʦʩʣʝ ʥʘʣʦʞʝʥʠʷ ʞʛʫʪʘ ʦʪʤʝʯʘʝʪʩʷ ʧʘʜʝ-

ʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʳʰʮ ʵʪʦʡ ʢʦʥʝʯʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ 

ʚʩʣʝʜʩʪʚʠʝ ʧʨʝʢʨʘʱʝʥʠʷ ʧʨʠʪʦʢʘ ʢʨʦʚʠ, ʥʦ ʠ ʚ 

ʩʚʷʟʠ ʩ ʫʩʣʦʚʥʦ-ʨʝʬʣʝʢʪʦʨʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʪʦ-

ʥʫʩʘ ʠ ʩʫʞʝʥʠʝʤ ʩʦʩʫʜʦʚ ʤʳʰʮ. 

 
ʈʠʩ. 2. ʊʝʤʧʝʨʘʪʫʨʘ ʤʳʰʮ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʛʦʣʝʥʠ 

ʧʦʩʣʝ ʥʘʣʦʞʝʥʠʷ ʞʛʫʪʘ ʥʘ ʣʝʚʦʝ ʙʝʜʨʦ: 

1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʳʰʮ ʣʝʚʦʡ ʛʦʣʝʥʠ;  

2 ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʳʰʮ ʧʨʘʚʦʡ ʛʦʣʝʥʠ. 

 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʘ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʤʳʰʮ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʢʦʥʝʯʥʦʩʪʝʡ, ʢʦʛʜʘ 

ʞʛʫʪ ʙʳʣ ʥʘʣʦʞʝʥ ʥʘ ʣʝʚʫʶ ʢʦʥʝʯʥʦʩʪʴ ʧʦʩʣʝ ʪʦʛʦ, 

ʢʘʢ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʥʝʜʝʣʴ ʞʛʫʪ ʝʞʝʜʥʝʚʥʦ ʥʘ 20 ʤʠ-

ʥʫʪ ʥʘʢʣʘʜʳʚʘʣʩʷ ʥʘ ʦʙʝ ʢʦʥʝʯʥʦʩʪʠ. ʂʘʢ ʚʠʜʥʦ ʥʘ 

ʨʠʩ. 2, ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʤʠʥʫʪ ʧʦʩʣʝ ʥʘʣʦʞʝʥʠʷ ʞʛʫʪʘ 

ʪʦʣʴʢʦ ʥʘ ʣʝʚʦʝ ʙʝʜʨʦ ʪʝʤʧʝʨʘʪʫʨʘ ʤʳʰʮ ʩʥʠʞʘ-

ʣʘʩʴ ʦʜʠʥʘʢʦʚʦ ʚ ʤʳʰʮʘʭ ʦʙʝʠʭ ʢʦʥʝʯʥʦʩʪʝʡ, ʠ 

ʣʠʰʴ ʧʦʩʣʝ ʪʨʝʭ ʤʠʥʫʪ ʪʝʤʧʝʨʘʪʫʨʘ ʤʳʰʮ ʣʝʚʦʡ 

ʢʦʥʝʯʥʦʩʪʠ (ʩ ʥʘʣʦʞʝʥʥʳʤ ʞʛʫʪʦʤ) ʧʨʦʜʦʣʞʘʣʘ 

ʩʥʠʞʘʪʴʩʷ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʳʰʮ ʧʨʘʚʦʡ ʢʦʥʝʯʥʦʩʪʠ 

ʥʘʯʠʥʘʣʘ ʧʦʚʳʰʘʪʴʩʷ (ʦʜʥʦʢʨʘʪʥʦʝ ʥʘʣʦʞʝʥʠʝ 

ʞʛʫʪʘ ʥʘ ʦʜʥʫ ʢʦʥʝʯʥʦʩʪʴ ʚʳʟʳʚʘʝʪ ʣʠʰʴ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʳʰʮ ʜʨʫʛʦʡ ʢʦ-

ʥʝʯʥʦʩʪʠ). 

ʕʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʝʱʝ ʦʜʥʦʡ ʠʣʣʶ-

ʩʪʨʘʮʠʝʡ ʟʥʘʯʝʥʠʷ ʫʩʣʦʚʥʦʨʝʬʣʝʢʪʦʨʥʳʭ ʷʚʣʝʥʠʡ, 

ʩʢʘʟʳʚʘʶʱʠʭʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʦʙʱʝʡ, ʥʦ ʠ ʧʨʠ ʨʝ-

ʛʠʦʥʘʨʥʦʡ ʧʦʚʪʦʨʥʦʡ ʢʠʩʣʦʨʦʜʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦ-

ʩʪʠ. ʇʨʠʤʝʨʦʤ ʨʝʛʠʦʥʘʨʥʦʡ ʢʠʩʣʦʨʦʜʥʦʡ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦʩʪʠ, ʦʭʚʘʪʳʚʘʶʱʝʡ ʣʠʰʴ ʯʘʩʪʴ ʦʨʛʘʥʘ, ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʠʥʬʘʨʢʪ ʤʠʦʢʘʨʜʘ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠʥʬʘʨʢʪ ʤʠʦʢʘʨʜʘ ʚʳʟʳʚʘʝʪʩʷ ʧʝʨʝʚʷʟ-

ʢʦʡ ʚʝʪʚʠ ʢʦʨʦʥʘʨʥʦʡ ʘʨʪʝʨʠʠ. 

ʅʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʣʘʙʦʨʘʪʦʨʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʣʦʢʘʣʴʥʦʡ ʠʰʝʤʠʠ ʤʠʦ-

ʢʘʨʜʘ ʥʘ ʥʘʧʨʷʞʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ 

ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʢʠʩ-

ʣʦʨʦʜʘ ʚ ʤʠʦʢʘʨʜʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦʣʷʨʦʛʨʘʬʠʯʝ-

ʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʳʭ ʵʣʝʢʪʨʦ-

ʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʯʥʫʶ ʬʠʢʩʘʮʠʶ ʵʣʝʢʪʨʦ-

ʜʦʚ ʚ ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʝ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʦʩʣʝ ʧʝʨʝʚʷʟʢʠ (ʠʣʠ ʧʝʨʝʞʘʪʠʷ) ʚʝʪʚʠ ʢʦʨʦʥʘʨʥʦʡ 

ʘʨʪʝʨʠʠ ʦʯʝʥʴ ʨʝʟʢʦ ʧʘʜʘʝʪ ʥʘʧʨʷʞʝʥʠʝ ʢʠʩʣʦʨʦʜʘ 

ʚ ʠʰʝʤʠʟʠʨʦʚʘʥʥʦʡ ʟʦʥʝ ʤʠʦʢʘʨʜʘ. ʂ ʵʪʦʡ ʟʦʥʝ 

ʧʨʠʣʝʛʘʝʪ ʫʯʘʩʪʦʢ ʤʠʦʢʘʨʜʘ, ʥʘʟʚʘʥʥʳʡ ʥʘʤʠ ʧʦ-

ʛʨʘʥʠʯʥʦʡ ʟʦʥʦʡ (ʦʥ ʥʝ ʦʜʠʥʘʢʦʚ ʫ ʨʘʟʥʳʭ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ), ʛʜʝ ʧʦʩʣʝ ʧʝʨʝʚʷʟʢʠ ʚʝʪʚʠ 

ʢʦʨʦʥʘʨʥʦʡ ʘʨʪʝʨʠʠ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʢʦʪʦʨʦʝ 

ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. ʅʘ ʦʪʜʘʣʝʥʥʳʭ ʦʪ 

ʠʰʝʤʠʯʝʩʢʦʡ ʟʦʥʳ ʫʯʘʩʪʢʘʭ ʤʠʦʢʘʨʜʘ ʥʘʧʨʷʞʝʥʠʝ 

ʢʠʩʣʦʨʦʜʘ ʣʠʙʦ ʥʝ ʠʟʤʝʥʷʣʦʩʴ ʩʦʚʩʝʤ, ʣʠʙʦ ʥʝʟʥʘ-

ʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʠʣʠ ʫʤʝʥʴʰʘʣʦʩʴ. 

ʋʤʝʥʴʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʧʦʛʨʘ-

ʥʠʯʥʦʡ ʟʦʥʝ ʤʠʦʢʘʨʜʘ, ʥʘʜʦ ʜʫʤʘʪʴ, ʦʙʫʩʣʦʚʣʠʚʘ-

ʝʪʩʷ ʪʝʤ, ʯʪʦ ʠ ʵʪʦʪ ʫʯʘʩʪʦʢ ʤʠʦʢʘʨʜʘ ʯʘʩʪʠʯʥʦ ʧʠ-

ʪʘʝʪʩʷ ʢʨʦʚʴʶ ʯʝʨʝʟ ʨʘʟʚʝʪʚʣʝʥʠʷ ʧʝʨʝʚʷʟʘʥʥʦʡ 

ʚʝʪʚʠ. ʇʨʘʚʠʣʴʥʦʩʪʴ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʧʦʜ-

ʪʚʝʨʜʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʦ ʠʩ-

ʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʚʜʳʭʘʥʠʷ ʯʠʩʪʦʛʦ ʢʠʩʣʦʨʦʜʘ ʥʘ 

ʝʛʦ ʥʘʧʨʷʞʝʥʠʝ ʚ ʨʘʟʥʳʭ ʟʦʥʘʭ ʤʠʦʢʘʨʜʘ ʧʦʩʣʝ ʧʝ-

ʨʝʚʷʟʢʘ ʚʝʪʚʠ ʢʦʨʦʥʘʨʥʦʡ ʘʨʪʝʨʠʠ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʚʜʳʭʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʟʦʥʝ ʧʦʣʥʦʡ ʠʰʝ-

ʤʠʠ ʤʠʦʢʘʨʜʘ. ɺ ʫʯʘʩʪʢʘʭ, ʦʪʜʘʣʝʥʥʳʭ ʦʪ ʵʪʦʡ 

ʟʦʥʳ, ʚʜʳʭʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚʳʟʳʚʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʦʚʳʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʤʠʦʢʘʨʜʝ, ʪʘ-

ʢʦʝ ʞʝ, ʢʘʢʦʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʧʝʨʝʚʷʟʢʝ ʚʝʪʚʠ ʢʦ-

ʨʦʥʘʨʥʦʡ ʘʨʪʝʨʠʠ, ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʦʪʯʝʪʣʠʚʦʝ 

ʧʦʚʳʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠ ʜʘʞʝ ʚ ʧʦʛʨʘ-

ʥʠʯʥʦʡ ʟʦʥʝ. ʕʪʦʪ ʬʘʢʪ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʥʝ 

ʪʦʣʴʢʦ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʥʦ ʠ ʜʣʷ ʢʣʠ-

ʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ. 
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ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʢʩʠʛʝʥʦʪʝʨʘʧʠʠ ʧʨʠ ʠʥ-

ʬʘʨʢʪʝ ʤʠʦʢʘʨʜʘ ʩʦʩʪʦʠʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʣʠʢʚʠ-

ʜʘʮʠʠ ʢʠʩʣʦʨʦʜʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʤʠʦʢʘʨʜʘ ʚ 

ʟʦʥʝ, ʧʦʛʨʘʥʠʯʥʦʡ ʩ ʟʦʥʦʡ ʧʦʣʥʦʡ ʠʰʝʤʠʠ. ʊʝʤ ʩʘ-

ʤʳʤ ʩʦʢʨʘʱʘʝʪʩʷ ʫʯʘʩʪʦʢ ʤʠʦʢʘʨʜʘ ʩ ʙʦʣʝʝ ʠʣʠ ʤʝ-

ʥʝʝ ʚʳʨʘʞʝʥʥʦʡ ʢʠʩʣʦʨʦʜʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ, 

ʢʦʪʦʨʘʷ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦʩʣʝ ʧʝʨʝʚʷʟʢʠ (ʠʣʠ ʟʘʢʫ-

ʧʦʨʢʠ) ʚʝʪʚʠ ʢʦʨʦʥʘʨʥʦʡ ʘʨʪʝʨʠʠ. 

ɼʘʥʥʳʝ ʨʘʥʥʝʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦ ʚʣʠʷʥʠʠ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚʦ ʚʜʳʭʘʝʤʦʤ ʚʦʟʜʫʭʝ 

ʥʘ ʨʝʛʠʦʥʘʨʥʦʝ ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ ʧʦʩʪʘʚʠʣʠ ʧʝʨʝʜ 

ʥʘʤʠ ʚʦʧʨʦʩ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ, ʚ ʫʩʣʦʚʠʷʭ ʣʦ-

ʢʘʣʴʥʦʡ ʠʰʝʤʠʠ ʤʠʦʢʘʨʜʘ, ʧʨʠʙʘʚʣʝʥʠʷ ʢ ʚʜʳʭʘʝ-

ʤʦʤʫ ʢʠʩʣʦʨʦʜʫ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʢʠʩ-

ʣʦʛʦ ʛʘʟʘ. [2] 

ʕʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʥʘʤʠ ʚ ʩʝʨʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʞʠʚʦʪʥʳʭ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʦʩʣʝ 

ʧʝʨʝʚʷʟʢʠ ʚʝʪʚʠ ʢʦʨʦʥʘʨʥʦʡ ʘʨʪʝʨʠʠ ʚʜʳʭʘʥʠʝ 

ʩʤʝʩʠ ʢʠʩʣʦʨʦʜʘ ʠ 3 - 5% ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚʳʟʳ-

ʚʘʝʪ ʙʦʣʴʰʝʝ ʧʦʚʳʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʢʠʩʣʦʨʦʜʘ 

ʢʘʢ ʚ ʦʪʜʘʣʝʥʥʳʭ ʦʪ ʠʰʝʤʠʯʝʩʢʦʡ ʟʦʥʳ ʫʯʘʩʪʢʘʭ 

ʤʠʦʢʘʨʜʘ, ʪʘʢ ʠ ʚ ʧʦʛʨʘʥʠʯʥʦʡ ʟʦʥʝ, ʯʪʦ ʠʤʝʝʪ ʦʩʦ-

ʙʝʥʥʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ. ʄʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ 

ʧʦʚʳʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʢʘʢʦʡ-

ʪʦ ʤʝʨʝ ʥʝʡʪʨʘʣʠʟʫʝʪ ʤʝʩʪʥʦʝ ʩʦʩʫʜʦʩʫʞʠʚʘʶʱʝʝ 

ʚʣʠʷʥʠʝ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʘʨʪʝʨʠ-

ʘʣʴʥʦʡ ʢʨʦʚʠ. ʇʦʚʳʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ ʚ ʢʨʦʚʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʘʨʪʝʨʠ-

ʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʥʝʨʝʜʢʦ ʚʳʟʳʚʘʝʪ ʚʜʳ-

ʭʘʥʠʝ ʢʠʩʣʦʨʦʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʚʳʰʝʥʠʝ ʧʘʨʮʠ-

ʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʉʆ2 ʚ ʘʨʪʝʨʠʘʣʴʥʦʡ ʢʨʦʚʠ, 

ʫʤʝʥʴʰʘʷ ʩʨʦʜʩʪʚʦ ʛʝʤʦʛʣʦʙʠʥʘ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʦʙ-

ʣʝʛʯʘʝʪ ʧʝʨʝʭʦʜ ʢʠʩʣʦʨʦʜʘ ʠʟ ʢʨʦʚʠ ʚ ʪʢʘʥʠ. 

ʄʝʭʘʥʠʟʤʳ ʢʦʤʧʝʥʩʘʮʠʠ ʢʠʩʣʦʨʦʜʥʦʛʦ ʛʦ-

ʣʦʜʘʥʠʷ ʧʨʠ ʚʨʦʞʜʝʥʥʳʭ ʧʦʨʦʢʘʭ ʩʝʨʜʮʘ 

ɼʣʷ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʟʫʯʝʥʠʷ ʧʨʦʙʣʝʤʳ ʢʠʩʣʦ-

ʨʦʜʥʦʛʦ ʛʦʣʦʜʘʥʠʷ ʚʝʩʴʤʘ ʚʘʞʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ 

ʢʦʤʧʝʥʩʘʮʠʠ ʧʨʠ ʨʘʟʥʳʭ ʬʦʨʤʘʭ ʧʘʪʦʣʦʛʠʠ. 

ʕʪʦ ʧʦʤʦʛʘʝʪ ʚʳʷʚʣʷʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥ-

ʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʛʠʧʦʢʩʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʠ 

ʧʨʦʚʝʨʷʪʴ ʧʨʠʤʝʥʠʤʦʩʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʫʩʪʘ-

ʥʦʚʣʝʥʥʳʭ ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʜʥʠʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʥʦʛʦ 

ʛʦʣʦʜʘʥʠʷ, ʜʣʷ ʜʨʫʛʠʭ. ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʩʦʦʙʨʘʞʝʥʠʡ, 

ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʚʦʧʨʦʩ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠ ʢʦʤʧʝʥ-

ʩʘʮʠʠ ʢʠʩʣʦʨʦʜʥʦʛʦ ʛʦʣʦʜʘʥʠʷ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʚʠ-

ʜʘʭ ʚʨʦʞʜʝʥʥʳʭ ʧʦʨʦʢʦʚ ʩʝʨʜʮʘ. 

ʀʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠ ʧʦʨʘʟʠʪʝʣʴʥʳʭ ʧʦ ʨʘʟ-

ʥʦʦʙʨʘʟʠʶ ʚʨʦʞʜʝʥʥʳʭ ʧʦʨʦʢʦʚ ʩʝʨʜʮʘ ʥʘʤʠ ʙʳʣʠ 

ʠʟʙʨʘʥʳ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʧʦʨʦʢʠ 

ʙʣʝʜʥʦʛʦ (ʥʝʟʘʨʦʱʝʥʥʳʡ ɹʦʪʘʣʣʦʚ ʧʨʦʪʦʢ, ʜʝʬʝʢʪ 

ʤʝʞʞʝʣʫʜʦʯʢʦʚʦʡ ʧʝʨʝʛʦʨʦʜʢʠ) ʠ ʩʠʥʝʛʦ (ʪʝʪʨʘʜʘ 

ʌʘʣʣʦ, ʪ. ʝ. ʩʦʯʝʪʘʥʠʝ ʜʝʬʝʢʪʘ ʤʝʞʞʝʣʫʜʦʯʢʦʚʦʡ 

ʧʝʨʝʛʦʨʦʜʢʠ ʩʦ ʩʪʝʥʦʟʦʤ ʚʳʭʦʜʥʦʛʦ ʪʨʘʢʪʘ ʧʨʘʚʦʛʦ 

ʞʝʣʫʜʦʯʢʘ) ʪʠʧʦʚ. ʇʨʠ ʚʩʝʭ ʵʪʠʭ ʧʦʨʦʢʘʭ ʧʨʦʠʩʭʦ-

ʜʠʪ ʥʘʨʫʰʝʥʠʝ ʦʩʥʦʚʥʦʡ ʩʭʝʤʳ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ 

ʯʝʣʦʚʝʢʘ ʠ ʚʳʩʰʠʭ ʞʠʚʦʪʥʳʭ. 

ʇʨʠ ʧʦʨʦʢʘʭ ʙʣʝʜʥʦʛʦ ʪʠʧʘ ʘʨʪʝʨʠʘʣʴʥʘʷ 

ʢʨʦʚʴ ʠʟ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ (ʘʦʨʪʳ 

ʣʠʙʦ ʣʝʚʳʭ ʦʪʜʝʣʦʚ ʩʝʨʜʮʘ) ʯʝʨʝʟ ʧʦʨʦʯʥʦʝ ʦʪʚʝʨ-

ʩʪʠʝ (ʩʦʦʙʱʝʥʠʝ) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʪʫʧʘʝʪ ʚ ʤʘ-

ʣʳʡ ʢʨʫʛ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ (ʚ ʣʝʛʦʯʥʫʶ ʘʨʪʝʨʠʶ 

ʣʠʙʦ ʧʨʘʚʳʝ ʦʪʜʝʣʳ ʩʝʨʜʮʘ), ʛʜʝ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʚʝ-

ʥʦʟʥʦʡ ʢʨʦʚʴʶ. ʊʘʢʦʡ ʩʙʨʦʩ ʢʨʦʚʠ ʩʣʝʚʘ ʥʘʧʨʘʚʦ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʪʦ, ʯʪʦ ʤʠʥʫʪʥʳʡ ʦʙʲʝʤ ʢʨʦʚʠ, ʧʨʦ-

ʪʝʢʘʶʱʠʡ ʯʝʨʝʟ ʢʘʧʠʣʣʷʨʳ ʤʘʣʦʛʦ ʢʨʫʛʘ, ʧʨʝʚʦʩ-

ʭʦʜʠʪ (ʠʥʦʛʜʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ) ʤʠʥʫʪʥʳʡ ʦʙʲʝʤ 

ʢʨʦʚʠ, ʧʨʦʪʝʢʘʶʱʠʡ ʯʝʨʝʟ ʢʘʧʠʣʣʷʨʳ ʙʦʣʴʰʦʛʦ 

ʢʨʫʛʘ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ. ʆʙʨʘʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʧʦʨʦʢʘʭ ʩʝʨʜʮʘ ʩʠʥʝʛʦ ʪʠʧʘ: ʪʘʢ, 

ʧʨʠ ʪʝʪʨʘʜʝ ʌʘʣʣʦ ʯʘʩʪʴ ʢʨʦʚʠ ʠʟ ʧʨʘʚʦʛʦ ʞʝʣʫ-

ʜʦʯʢʘ ʧʦʩʪʫʧʘʝʪ ʠʟ-ʟʘ ʩʪʝʥʦʟʘ ʝʛʦ ʚʳʭʦʜʥʦʛʦ ʪʨʘʢʪʘ 

ʯʝʨʝʟ ʜʝʬʝʢʪ ʚ ʚʳʭʦʜʥʦʡ ʪʨʘʢʪ ʣʝʚʦʛʦ ʞʝʣʫʜʦʯʢʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʘʦʨʪʫ ʧʦʩʪʫʧʘʝʪ ʩʤʝʰʘʥʥʘʷ (ʢʘʢ ʚʝ-

ʥʦʟʥʘʷ, ʪʘʢ ʠ ʘʨʪʝʨʠʘʣʴʥʘʷ ʧʦ ʩʦʩʪʘʚʫ) ʢʨʦʚʴ ʠ ʚ 

ʙ·ʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ, ʯʝʤ ʚ ʣʝʛʦʯʥʫʶ ʘʨʪʝʨʠʶ. ʄʠ-

ʥʫʪʥʳʡ ʦʙʲʝʤ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ (ʄʆɹ) ʢʨʦʚʦʦʙʨʘ-

ʱʝʥʠʷ ʧʨʠ ʪʘʢʠʭ ʧʦʨʦʢʘʭ ʧʨʝʚʳʰʘʝʪ ʤʠʥʫʪʥʳʡ 

ʦʙʲʝʤ ʤʘʣʦʛʦ ʢʨʫʛʘ (ʄʆʄ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʙʦʠʭ ʪʠʧʘʭ ʚʨʦʞʜʝʥʥʳʭ 

ʧʦʨʦʢʦʚ ʩʝʨʜʮʘ ʄʆɹ ʥʝ ʨʘʚʝʥ ʄʆʄ. ʇʨʠ ʧʦʨʦʢʘʭ 

ʙʝʣʦʛʦ ʪʠʧʘ ʩʯʠʪʘʝʪʩʷ ʦʙʱʝʧʨʠʥʷʪʳʤ, ʯʪʦ ʚʩʝ 

ʪʢʘʥʠ ʠ ʦʨʛʘʥʳ ʩʪʨʘʜʘʶʪ ʦʪ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʩʥʘʙ-

ʞʝʥʠʷ ʢʨʦʚʴʶ ʚ ʢʠʩʣʦʨʦʜʦʤ ʚʩʣʝʜʩʪʚʠʝ ʩʙʨʦʩʘ 

ʢʨʦʚʠ ʠʟ ʄʆɹ ʚ Mʆʄ. ʇʨʠ ʧʦʨʦʢʘʭ ʩʠʥʝʛʦ ʪʠʧʘ ʧʦ-

ʩʪʫʧʘʶʱʘʷ ʢ ʪʢʘʥʷʤ ʧʦ ʘʨʪʝʨʠʷʤ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ 

ʢʨʦʚʴ ʷʚʣʷʝʪʩʷ ʩʤʝʰʘʥʥʦʡ, ʪ. ʝ. ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝ-

ʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʥʝʡ ʧʦʥʠʞʝʥʦ. ʇʦʵʪʦʤʫ, ʭʦʪʷ ʬʦʨ-

ʤʘʣʴʥʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʛʠʧʦʢʩʠʷ ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜ-

ʩʪʚʠʝ ʥʘʨʫʰʝʥʠʡ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʪʦʣʴʢʦ ʧʨʠ ʧʦ-

ʨʦʢʘʭ ʙʣʝʜʥʦʛʦ ʪʠʧʘ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʢʘʢ ʮʠʨʢʫʣʷʪʦʨʥʘʷ ʛʠʧʦʢʩʠʷ. 

ʇʨʠ ʧʦʨʦʢʘʭ ʩʠʥʝʛʦ ʪʠʧʘ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʙʫ-

ʩʣʦʚʣʠʚʘʶʱʠʤ ʛʠʧʦʢʩʠʶ, ʷʚʣʷʝʪʩʷ ʧʦʥʠʞʝʥʥʦʝ 

ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʢʨʦʚʠ ʘʨʪʝʨʠʡ 

ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʪ. ʝ. ʪʦʪ ʩʜʚʠʛ, ʢʦ-

ʪʦʨʳʡ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʜʳʭʘʪʝʣʴʥʦʡ ʛʠʧʦʢʩʠʠ. ʇʦ-

ʵʪʦʤʫ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʙʫʜʝʤ ʩʨʘʚʥʠʚʘʪʴ ʨʝʟʫʣʴ-

ʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʦʣʴʥʳʭ ʩ ʧʦ-

ʨʦʢʘʤʠ ʩʠʥʝʛʦ ʪʠʧʘ, ʩ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʧʨʠ ʜʳʭʘ-

ʪʝʣʴʥʦʡ ʛʠʧʦʢʩʠʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʨʝ-

ʙʳʚʘʥʠʠ ʚ ʛʦʨʘʭ ʠʣʠ ʙʘʨʦʢʘʤʝʨʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʥʝʰʥʝʛʦ ʜʳʭʘʥʠʷ, ʧʨʦʚʝʜʝʥ-

ʥʳʝ ʨʘʥʝʝ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʀʥʩʪʠ-

ʪʫʪʘ ʭʠʨʫʨʛʠʠ ʠʤ. ɸ. ɺ. ɺʠʰʥʝʚʩʢʦʛʦ ʫ ʙʦʣʴʥʳʭ ʩ 

ʧʦʨʦʢʘʤʠ ʙʝʣʦʛʦ ʠ ʩʠʥʝʛʦ ʪʠʧʦʚ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʠ-

ʥʫʪʥʳʡ ʦʙʲʝʤ ʜʳʭʘʥʠʷ (ʄʆɼ) ʠ ʘʣʴʚʝʦʣʷʨʥʘʷ ʚʝʥ-

ʪʠʣʷʮʠʷ ʫ ʚʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʧʝʨʚʳʭ. 

ʋʩʠʣʝʥʠʝ ʚʝʥʪʠʣʷʮʠʠ ʣʝʛʢʠʭ ʫ ʙʦʣʴʥʳʭ ʩ ʪʝʪʨʘʜʦʡ 

ʌʘʣʣʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʄʆɼ ʧʨʝʚʳʰʘʝʪ 

ʜʦʣʞʥʳʝ ʚʝʣʠʯʠʥʳ, ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʆ2 (ʦʪʥʦʰʝʥʠʝ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʆ2 ʢ ʄʆɼ) ʧʦʥʠʞʝʥ, 

ʘʣʴʚʝʦʣʷʨʥʦʝ ʜʘʚʣʝʥʠʝ ʉʆ2 ʪʘʢʞʝ ʧʦʥʠʞʝʥʦ. ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʨʝʙʳʚʘʥʠʠ ʚ ʛʦʨʘʭ 

ʥʘʙʣʶʜʘʶʪʩʷ ʪʘʢʠʝ ʞʝ ʠʟʤʝʥʝʥʠʷ ʜʳʭʘʥʠʷ. 

ɻʠʧʝʨʚʝʥʪʠʣʷʮʠʷ ʫ ʙʦʣʴʥʳʭ ʩ ʧʦʨʦʢʘʤʠ ʩʠ-

ʥʝʛʦ ʪʠʧʘ ʠ ʫ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʚ ʛʦʨʘʭ, ʧʦ-ʚʠʜʠ-

ʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥʘ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʨʠʯʠʥʦʡ (ʧʦʥʠ-

ʞʝʥʥʳʤ ʧʘʨʮʠʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ ʆ2 ʚ ʘʣʴʚʝʦʣʷʨ-

ʥʦʤ ʚʦʟʜʫʭʝ) ʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʝʤ ʞʝ ʩʘʤʳʤ 

ʤʝʭʘʥʠʟʤʦʤ (ʨʝʬʣʝʢʪʦʨʥʦʝ ʫʩʠʣʝʥʠʝ ʜʳʭʘʥʠʷ, ʚʳ-
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ʟʚʘʥʥʦʝ ʨʘʟʜʨʘʞʝʥʠʝʤ ʭʝʤʦʨʝʮʝʧʪʦʨʦʚ ʩʠʥʦʢʘʨʦ-

ʪʠʜʥʳʭ ʠ ʢʘʨʜʠʦʘʦʨʪʘʣʴʥʦʡ ʦʙʣʘʩʪʝʡ). ʆʪʤʝʪʠʤ, 

ʯʪʦ ʧʦʩʣʝ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʦʢʩʝʤʠʠ, ʄʆɼ ʠ 

ʘʣʴʚʝʦʣʷʨʥʦʝ ʜʘʚʣʝʥʠʝ ʉʆ2 ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʥʦʨ-

ʤʘʣʴʥʳʤ ʚʝʣʠʯʠʥʘʤ. ʆʜʥʘʢʦ, ʟʥʘʯʝʥʠʝ ʦʜʠʥʘʢʦʚʳʭ 

ʠʟʤʝʥʝʥʠʡ ʜʳʭʘʥʠʷ ʚ ʜʚʫʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʣʫ-

ʯʘʷʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʦ. ɺ ʛʦʨʘʭ ʛʠʧʝʨʚʝʥʪʠ-

ʣʷʮʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʝʡ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʝʡ ʫʤʝʥʴʰʝʥʠʝ ʩʪʝʧʝʥʠ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠ-

ʧʦʢʩʝʤʠʠ (ʧʨʘʚʜʘ, ʟʘ ʩʯʝʪ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʧʨʠ ʵʪʦʤ 

ʛʠʧʦʢʘʧʥʠʠ). ʋ ʙʦʣʴʥʳʭ ʩ ʧʦʨʦʢʘʤʠ ʩʠʥʝʛʦ ʪʠʧʘ 

ʢʦʤʧʝʥʩʘʪʦʨʥʦʝ ʟʥʘʯʝʥʠʝ ʛʠʧʝʨʚʝʥʪʠʣʷʮʠʠ ʟʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʧʨʝʜʫʧʨʝʞʜʝʥʠʠ ʛʠʧʝʨʢʘʧʥʠʠ, ʥʦ ʦʪʥʶʜʴ 

ʥʝ ʚ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʩʫʱʝʩʪʚʝʥʥʦʤ ʫʤʝʥʴʰʝʥʠʠ 

ʩʪʝʧʝʥʠ ʛʠʧʦʢʩʝʤʠʠ. ʉʪʦʣʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ 

ʤʦʞʝʪ ʷʚʠʪʴʩʷ ʭʦʨʦʰʠʤ ʧʨʠʤʝʨʦʤ, ʠʣʣʶʩʪʨʠʨʫʶ-

ʱʠʤ ʦʙʱʝʝ ʧʦʣʦʞʝʥʠʝ: ʢʦʤʧʝʥʩʘʪʦʨʥʳʝ ʨʝʘʢʮʠʠ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʫʩʣʦʚʠʷʭ ʧʘʪʦʣʦʛʠʠ ʙʣʘʛʦʜʘʨʷ ʩʣʦ-

ʞʠʚʰʠʤʩʷ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʨʝʬʣʝʢʪʦʨʥʳʤ ʤʝ-

ʭʘʥʠʟʤʘʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʨʝʘʢ-

ʮʠʠ ʟʜʦʨʦʚʦʛʦ ʦʨʛʘʥʠʟʤʘ, ʤʦʛʫʪ ʧʨʠʦʙʨʝʪʘʪʴ ʥʦʚʦʝ 

ʟʥʘʯʝʥʠʝ. [3] 

ʕʪʦ ʯʘʩʪʠʯʥʦ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʧʦʩʪʦʷʥʥʦ ʥʘʙʣʶ-

ʜʘʝʤʦʤʫ ʫ ʙʦʣʴʥʳʭ ʪʝʪʨʘʜʦʡ ʌʘʣʣʦ ʧʦʚʳʰʝʥʠʶ 

ʢʠʩʣʦʨʦʜʥʦʡ ʝʤʢʦʩʪʠ ʢʨʦʚʠ, ʩʚʷʟʘʥʥʦʤʫ ʩ ʫʚʝʣʠ-

ʯʝʥʥʳʤ ʯʠʩʣʦʤ ʵʨʠʪʨʦʮʠʪʦʚ (ʜʦ 9 000 000 ʚ ʤʤ3 

ʢʨʦʚʠ) ʠ ʛʝʤʦʛʣʦʙʠʥʘ (20 - 25 ʛ ʥʘ 10 ʤʣ ʢʨʦʚʠ). 

ʇʨʠʩʧʦʩʦʙʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʪʠʭ ʩʜʚʠʛʦʚ ʟʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʫʤʝʥʴʰʝʥʠʠ ʩʪʝʧʝʥʠ ʚʝʥʦʟʥʦʡ ʛʠʧʦʢʩʝ-

ʤʠʠ, ʢʘʢ ʠ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʥʘ 

ʚʳʩʦʪʘʭ. ʆʜʥʘʢʦ, ʧʨʠ ʪʝʪʨʘʜʝ ʌʘʣʣʦ ʵʪʦ ʧʨʠʚʦʜʠʪ 

ʠ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ ʢʠʩ-

ʣʦʨʦʜʘ ʚ ʘʨʪʝʨʠʘʣʴʥʦʡ ʢʨʦʚʠ, ʪʘʢ ʢʘʢ ʙʣʘʛʦʜʘʨʷ 

ʵʨʠʪʨʝʤʠʠ ʚʝʥʦʟʥʘʷ ʢʨʦʚʴ, ʧʨʠʤʝʰʠʚʘʶʱʘʷʩʷ ʩ ʘʨ-

ʪʝʨʠʘʣʴʥʦʡ, ʙʦʛʘʯʝ ʢʠʩʣʦʨʦʜʦʤ. ʕʪʦ ʢʦʤʧʝʥʩʘʪʦʨ-

ʥʦʝ ʜʝʡʩʪʚʠʝ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤ, ʚ ʛʦʨʘʭ ʦʥʦ 

ʥʝ ʦʪʤʝʯʘʝʪʩʷ. 

ʄʳ ʦʧʨʝʜʝʣʷʣʠ ʪʘʢʞʝ, ʧʦ ʧʨʠʥʮʠʧʫ ʌʠʢʘ, ʤʠ-

ʥʫʪʥʳʡ ʦʙʲʝʤ ʙʦʣʴʰʦʛʦ (ʄʆɹ) ʠ ʤʘʣʦʛʦ ʢʨʫʛʘ ʢʨʦ-

ʚʦʦʙʨʘʱʝʥʠʷ (ʄʆʄ) ʧʫʪʝʤ ʟʦʥʜʠʨʦʚʘʥʠʷ ʩʝʨʜʮʘ ʠ 

ʩʪʝʧʝʥʠ ʥʘʩʳʱʝʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʘʨ-

ʪʝʨʠʘʣʴʥʦʡ ʠ ʩʤʝʰʘʥʥʦʡ ʚʝʥʦʟʥʦʡ ʢʨʦʚʠ. ʄʆʄ, 

ʢʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʦʢʘʟʘʣʩʷ ʧʦʥʠʞʝʥʥʳʤ, ʘ 

ʄʆɹ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʙʨʦʩ ʚʝʥʦʟʥʦʡ ʢʨʦʚʠ ʚ ʘʦʨʪʫ, ʫ 

ʙʦʣʴʰʠʥʩʪʚʘ ʙʦʣʴʥʳʭ (ʫ 20 ʠʟ 32) ï ʚ ʧʨʝʜʝʣʘʭ 

ʥʦʨʤʳ, ʫ ʦʩʪʘʣʴʥʳʭ ï ʫʤʝʨʝʥʥʦ ʧʦʥʠʞʝʥʥʳʤ (7) 

ʠʣʠ ʧʦʚʳʰʝʥʥʳʤ (8). 

ɺ ʩʨʝʜʥʝʤ ʄʆɹ ʩʦʩʪʘʚʣʷʣ 102 % ʦʪ ʥʦʨʤʘʣʴ-

ʥʦʡ ʚʝʣʠʯʠʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʝʥʩʘʪʦʨʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʤʠʥʫʪʥʦʛʦ ʦʙʲʝʤʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʤʫ, ʯʪʦ ʚ ʛʦʨʘʭ 

ʵʪʦ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʥʦʝ ʠ ʭʘʨʘʢʪʝʨʥʦ ʪʦʣʴʢʦ ʜʣʷ 

ʧʝʨʚʳʭ ʜʥʝʡ ʧʨʝʙʳʚʘʥʠʷ ʠ ʠʩʯʝʟʘʝʪ ʧʨʠ ʥʘʩʪʫʧʣʝ-

ʥʠʠ ʘʢʢʣʠʤʘʪʠʟʘʮʠʠ. 

ʋ ʙʦʣʴʥʳʭ ʩ ʧʦʨʦʢʘʤʠ ʩʝʨʜʮʘ ʩʠʥʝʛʦ ʪʠʧʘ ʩʪʝ-

ʧʝʥʴ ʥʘʩʳʱʝʥʠʷ ʘʨʪʝʨʠʘʣʴʥʦʡ ʢʨʦʚʠ ʢʠʩʣʦʨʦʜʦʤ 

ʢʦʣʝʙʣʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪ ʩʪʝʧʝʥʠ ʩʪʝ-

ʥʦʟʘ ʚʳʭʦʜʥʦʛʦ ʪʨʘʢʪʘ ʧʨʘʚʦʛʦ ʞʝʣʫʜʦʯʢʘ, ʯʪʦ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʫ ʧʨʠʤʝʩʠ 

ʚʝʥʦʟʥʦʡ ʢʨʦʚʠ ʢ ʘʨʪʝʨʠʘʣʴʥʦʡ. 

ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, ʩʪʝʧʝʥʴ ʥʘʩʳʱʝʥʠʷ ʚ ʩʨʝʜ-

ʥʝʤ ʙʣʠʟʢʘ ʢ 80 %, ʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘʭʦ-

ʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 73 ʜʦ 92 %. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʫ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ, ʧʦʩʪʦʷʥʥʦ 

ʞʠʚʫʱʠʭ ʥʘ ʙʦʣʴʰʠʭ ʚʳʩʦʪʘʭ, ʥʝʨʝʜʢʦ ʥʘʙʣʶʜʘ-

ʣʘʩʴ ʜʘʞʝ ʙʦʣʝʝ ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ ʥʘʩʳʱʝʥʠʷ ʢʨʦʚʠ 

ʢʠʩʣʦʨʦʜʦʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʦʙʱʝʝ ʩʦʩʪʦʷʥʠʝ ʠ ʝʛʦ 

ʧʨʦʛʥʦʟ ʧʨʠ ʪʝʪʨʘʜʝ ʌʘʣʣʦ ʚʝʩʴʤʘ ʪʷʞʝʣʳʝ. ʇʦ-ʚʠ-

ʜʠʤʦʤʫ, ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʩʪʝʧʝʥʠ ʦʢʩʠʛʝʥʘʮʠʠ 

ʢʨʦʚʠ ʠ ʵʨʠʪʨʝʤʠʠ, ʢʦʤʧʝʥʩʘʮʠʷ ʢʠʩʣʦʨʦʜʥʦʛʦ ʛʦ-

ʣʦʜʘʥʠʷ ʚʳʨʘʞʝʥʘ ʚ ʛʦʨʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʝ, ʯʝʤ 

ʫ ʙʦʣʴʥʳʭ ʩ ʧʦʨʦʢʘʤʠ ʩʝʨʜʮʘ ʩʠʥʝʛʦ ʪʠʧʘ. 

ʅʝ ʠʤʝʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʨʘʩ-

ʩʤʦʪʨʝʪʴ ʵʪʦʪ ʚʦʧʨʦʩ, ʤʳ ʭʦʪʝʣʠ ʙʳ ʪʦʣʴʢʦ ʦʙʨʘ-

ʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʦʪʥʦʰʝʥʠʷ, ʩʢʣʘʜʳʚʘʶʱʝʡʩʷ ʚ 

ʦʨʛʘʥʠʟʤʝ ʧʨʠ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ, ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ, ʯʘʩʪʠʯʥʦ ʦʙʲʷʩʥʷʶʱʠʝ ʦʪʤʝʯʝʥʥʦʝ ʚʳʰʝ 

ʨʘʟʣʠʯʠʝ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʫ ʘʢʢʣʠʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʣʶ-

ʜʝʡ ʚ ʛʦʨʘʭ ʚʳʧʦʣʥʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʫʤʝ-

ʨʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʝ ʚʳʟʳʚʘʝʪ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʘʣʴʚʝʦʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʆ2 ʠ ʩʪʝʧʝʥʠ ʦʢʩʠʛʝʥʘʮʠʠ ʘʨʪʝʨʠʘʣʴʥʦʡ ʢʨʦʚʠ ʟʘ 

ʩʯʝʪ ʙʦʣʴʰʝʛʦ, ʯʝʤ ʥʘ ʫʨʦʚʥʝ ʤʦʨʷ, ʫʚʝʣʠʯʝʥʠʷ ʣʝ-

ʛʦʯʥʦʡ ʚʝʥʪʠʣʷʮʠʠ. 

ʉʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʚʝʥʦʟʥʦʡ ʢʨʦʚʠ ʠ ʤʠ-

ʥʫʪʥʳʡ ʦʙʲʝʤ, ʙʣʘʛʦʜʘʨʷ ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʦʤʫ ʫʚʝ-

ʣʠʯʝʥʠʶ ʢʠʩʣʦʨʦʜʥʦʡ ʝʤʢʦʩʪʠ ʢʨʦʚʠ, ʠʟʤʝʥʷʶʪʩʷ 

ʧʨʠ ʵʪʦʤ ʧʦʯʪʠ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʥʘ ʫʨʦʚʥʝ ʤʦʨʷ. ɺ ʦʪ-

ʣʠʯʠʝ ʦʪ ʵʪʦʛʦ ʫ ʙʦʣʴʥʳʭ ʩ ʧʦʨʦʢʘʤʠ ʩʝʨʜʮʘ ʩʠʥʝʛʦ 

ʪʠʧʘ ʬʠʟʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʚʳʟʳʚʘʝʪ ʚʝʩʴʤʘ ʨʝʟʢʦ 

ʚʳʨʘʞʝʥʥʦʝ ʧʘʜʝʥʠʝ ʩʪʝʧʝʥʠ ʥʘʩʳʱʝʥʠʷ ʘʨʪʝʨʠ-

ʘʣʴʥʦʡ ʢʨʦʚʠ ʢʠʩʣʦʨʦʜʦʤ. ʇʨʠʯʠʥʘ ʵʪʦʛʦ ʩʥʠʞʝ-

ʥʠʷ ʩʧʝʮʠʬʠʯʥʘ ʜʣʷ ʵʪʦʡ ʬʦʨʤʳ ʛʠʧʦʢʩʠʠ ʠ ʥʝ ʤʦ-

ʞʝʪ ʙʳʪʴ ʢʦʤʧʝʥʩʠʨʦʚʘʥʘ ʫʚʝʣʠʯʝʥʠʝʤ ʣʝʛʦʯʥʦʡ 

ʚʝʥʪʠʣʷʮʠʠ ʠ ʢʠʩʣʦʨʦʜʥʦʡ ʝʤʢʦʩʪʠ ʢʨʦʚʠ. ɼʝʡ-

ʩʪʚʠʪʝʣʴʥʦ, ʩʪʝʧʝʥʴ ʩʙʨʦʩʘ ʚʝʥʦʟʥʦʡ ʢʨʦʚʠ ʚ ʘʨʪʝ-

ʨʠʘʣʴʥʦʝ ʨʫʩʣʦ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝʤ ʪʦʢʫ ʢʨʦʚʠ ʩʪʝʥʦʟʠʨʦʚʘʥʥʦʛʦ ʚʳʭʦʜ-

ʥʦʛʦ ʪʨʘʢʪʘ ʧʨʘʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ʠ ʩʦʩʫʜʠʩʪʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ. 

ʇʨʠ ʬʠʟʠʯʝʩʢʦʡ ʨʘʙʦʪʝ ʧʦʩʣʝʜʥʝʝ, ʢʘʢ ʠʟʚʝʩʪʥʦ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʠ ʧʦʵʪʦʤʫ ʩʙʨʦʩ ʚʝʥʦʟʥʦʡ 

ʢʨʦʚʠ ʠʟ ʧʨʘʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ʚ ʘʦʨʪʫ ʨʝʟʢʦ ʚʦʟʨʘʩ-

ʪʘʝʪ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʫʯʝʩʪʴ, ʯʪʦ ʧʨʠ ʤʳʰʝʯʥʦʡ ʜʝ-

ʷʪʝʣʴʥʦʩʪʠ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʚʝʥʦʟʥʦʡ 

ʢʨʦʚʠ ʩʥʠʞʘʝʪʩʷ. ʉʦʚʦʢʫʧʥʦʝ ʚʣʠʷʥʠʝ ʦʙʦʠʭ ʬʘʢ-

ʪʦʨʦʚ ï ʫʚʝʣʠʯʝʥʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʚʝʥʦʟʥʦʡ ʢʨʦʚʠ 

ʚ ʘʦʨʪʫ ʠ ʧʦʥʠʞʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʝʡ ʢʠʩʣʦʨʦʜʘ 

ï ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʦʯʝʥʴ ʩʠʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʩʪʝʧʝʥʠ 

ʦʢʩʠʛʝʥʘʮʠʠ ʩʤʝʰʘʥʥʦʡ ʘʨʪʝʨʠʘʣʴʥʦʡ ʢʨʦʚʠ ʢʠʩ-

ʣʦʨʦʜʦʤ. ʆʥʦ, ʢʘʢ ʧʦʢʘʟʘʣʦ ʩʧʝʮʠʘʣʴʥʦ ʧʨʦʚʝʜʝʥ-

ʥʦʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚ ʦʩʥʦʚʥʦʤ ʩʦʭʨʘʥʷʝʪʩʷ 

ʜʘʞʝ ʧʨʠ ʜʳʭʘʥʠʠ ʯʠʩʪʳʤ ʢʠʩʣʦʨʦʜʦʤ ʚʦ ʚʨʝʤʷ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʘʢ ʢʘʢ ʦʜʠʥʘ-

ʢʦʚʘʷ ʩʪʝʧʝʥʴ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʦʢʩʝʤʠʠ ʚʦʟʥʠʢʘʝʪ 

ʚ ʛʦʨʘʭ ʠ ʧʨʠ ʧʦʨʦʢʘʭ ʩʝʨʜʮʘ ʩʠʥʝʛʦ ʪʠʧʘ ʚʩʣʝʜ-

ʩʪʚʠʝ ʨʘʟʥʳʭ ʧʨʠʯʠʥ, ʪʦ ʝʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʬʠʟʠʯʝ-

ʩʢʦʡ ʥʘʛʨʫʟʢʝ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʣʠʯʥʳ: ʚ ʛʦʨʘʭ ʧʨʠ-

ʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʧʨʝʜʦʭʨʘʥʷʶʪ ʦʨʛʘʥʠʟʤ 

ʦʪ ʜʘʣʴʥʝʡʰʝʛʦ ʫʛʣʫʙʣʝʥʠʷ ʛʠʧʦʢʩʠʠ ʚʦ ʚʨʝʤʷ ʨʘ-

ʙʦʪʳ; ʧʨʠ ʧʦʨʦʢʘʭ ʩʝʨʜʮʘ, ʥʘʧʨʦʪʠʚ, ʧʨʠ ʵʪʦʤ ʚʦʟ-
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ʥʠʢʘʝʪ ʨʝʟʢʦʝ ʫʩʠʣʝʥʠʝ ʩʪʝʧʝʥʠ ʢʠʩʣʦʨʦʜʥʦʛʦ ʛʦ-

ʣʦʜʘʥʠʷ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʥʝʜʦʩʪʘʪʦʯʥʳʝ ʚ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʢʦʤʧʝʥʩʘʪʦʨʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ. 

ʇʨʠ ʧʦʨʦʢʘʭ ʩʝʨʜʮʘ ʙʣʝʜʥʦʛʦ ʪʠʧʘ, ʦʩʥʦʚʥʳʝ 

ʢʦʤʧʝʥʩʘʪʦʨʥʳʝ ʨʝʘʢʮʠʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʭʨʘʥʝ-

ʥʠʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʦʨʛʘʥʦʚ ʠ ʪʢʘ-

ʥʝʡ, ʪ. ʝ. ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʜʦʣʞʥʦʛʦ ʤʠʥʫʪʥʦʛʦ ʦʙʲ-

ʝʤʘ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʩʙʨʦʩ ʢʨʦʚʠ ʠʟ ʥʝʛʦ ʚ ʤʘʣʳʡ ʢʨʫʛ. ɿʥʘʯʠʪʝʣʴʥʳʭ 

ʢʦʤʧʝʥʩʘʪʦʨʥʳʭ ʨʝʘʢʮʠʡ ʩʦ ʩʪʦʨʦʥʳ ʚʥʝʰʥʝʛʦ ʜʳ-

ʭʘʥʠʷ ʠ ʩʠʩʪʝʤʳ ʢʨʦʚʠ ʧʨʠ ʵʪʦʤ ʥʝ ʚʦʟʥʠʢʘʝʪ. 

ʀʟʤʝʨʝʥʠʷ ʄʆʄ ʠ ʄʆɹ ʧʦʢʘʟʘʣʠ, ʯʪʦ, ʥʝ-

ʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʡ ʩʙʨʦʩ ʢʨʦʚʠ ʠʟ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ 

ʚ ʤʘʣʳʡ, ʄOɹ ʣʠʰʴ ʦʯʝʥʴ ʨʝʜʢʦ ʙʳʚʘʝʪ ʥʠʞʝ 

ʥʦʨʤʳ. ʊʘʢ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʄʆɹ ʙʳʣʦ ʚʳ-

ʷʚʣʝʥʦ ʧʨʠ ʥʝʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ ɹʦʪʘʣʣʦʚʦʤ ʧʨʦ-

ʪʦʢʝ ʪʦʣʴʢʦ ʫ ʜʚʫʭ ʙʦʣʴʥʳʭ ʠʟ 31, ʧʨʠ ʜʝʬʝʢʪʝ ʤʝʞ-

ʧʨʝʜʩʝʨʜʥʦʡ ʧʝʨʝʛʦʨʦʜʢʠ ï ʫ ʩʝʤʠ ʠʟ 30 ʠ ʧʨʠ ʜʝ-

ʬʝʢʪʝ ʤʝʞʞʝʣʫʜʦʯʢʦʚʦʡ ʧʝʨʝʛʦʨʦʜʢʠ ï ʫ ʜʚʫʭ ʠʟ 28 

(ʠʪʦʛʦ ʫ 11 ʙʦʣʴʥʳʭ ʠʟ 89). ʋ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴ-

ʰʠʥʩʪʚʘ ʙʦʣʴʥʳʭ ʄʆɹ ʙʳʣ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʘʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʠʣʠ ʜʘʞʝ ʧʦʚʳʰʝʥ (ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʣ 

115 % ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʦʨʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʝ). ʉʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ ʩʪʝʧʝʥʴ ʥʘʩʳʱʝʥʠʷ ʢʠʩʣʦʨʦʜʦʤ ʚʝ-

ʥʦʟʥʦʡ ʢʨʦʚʠ ʙʳʣʘ ʥʦʨʤʘʣʴʥʘ ʠʣʠ ʜʘʞʝ ʥʝʩʢʦʣʴʢʦ 

ʧʦʚʳʰʝʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʢʠʩ-

ʣʦʨʦʜʥʦʛʦ ʛʦʣʦʜʘʥʠʷ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʙʦʣʴʥʳʭ ʧʦ-

ʯʪʠ ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʫʧʨʝʞʜʘʝʪʩʷ ʟʘ ʩʯʝʪ ʢʦʤʧʝʥʩʘ-

ʪʦʨʥʳʭ ʨʝʘʢʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʦʨʤʘʣʠʟʘʮʠʶ 

ʄʆɹ. ʕʪʠ ʨʝʘʢʮʠʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʧʦʥʠʞʝʥʠʠ ʧʝ-

ʨʠʬʝʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʩʫʜʦʚ ʙʦʣʴʰʦʛʦ 

ʢʨʫʛʘ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʠ ʚ ʫʩʠʣʝʥʠʠ ʨʘʙʦʪʳ ʩʝʨʜʮʘ. 

ʇʝʨʚʘʷ ʠʟ ʥʠʭ, ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʦʥʠʞʝʥʠʠ ʩʨʝʜʥʝʛʦ 

(ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ) ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʯʪʦ 

ʠʥʦʛʜʘ ʥʝʧʨʘʚʠʣʴʥʦ ʦʙʲʷʩʥʷʶʪ ʩʥʠʞʝʥʠʝʤ ʄʆɹ. ɺ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʵʪʦ ʩʥʠʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʠʣʠ ʜʘʞʝ ʫʚʝʣʠʯʝʥʥʦʤ ʄʆɹ ʙʣʘʛʦʜʘʨʷ 

ʫʤʝʥʴʰʝʥʠʶ ʧʝʨʠʬʝʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʯʪʦ 

ʧʨʠ ʥʝʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ ɹʦʪʘʣʣʦʚʦʤ ʧʨʦʪʦʢʝ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʩʙʨʦʩʘ ʢʨʦʚʘ ʠʟ ʘʦʨʪʳ ʚ ʣʝ-

ʛʦʯʥʫʶ ʘʨʪʝʨʠʶ. 

ʆʩʥʦʚʥʦʝ ʢʦʤʧʝʥʩʘʪʦʨʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʥʘʜʣʝ-

ʞʠʪ ʫʩʠʣʝʥʠʶ ʨʘʙʦʪʳ ʩʝʨʜʮʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦʜ-

ʜʝʨʞʘʥʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʄʆɹ, ʚ ʫʩʣʦʚʠʷʭ ʩʙʨʦʩʘ 

ʢʨʦʚʠ ʠʟ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ ʚ ʤʘʣʳʡ, ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ 

ʧʨʠ ʫʩʣʦʚʠʠ ʫʚʝʣʠʯʝʥʠʷ ʄʆʄ, ʯʘʩʪʦ ʜʦ ʦʯʝʥʴ 

ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ. ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ ʄʆʄ ʩʦ-

ʩʪʘʚʣʷʣ ʫ ʙʦʣʴʥʳʭ ʩ ʥʝʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ ɹʦʪʘʣʣʦ-

ʚʳʤ ʧʨʦʪʦʢʦʤ 255 % ʦʪ ʠʩʭʦʜʥʦʡ ʚʝʣʠʯʠʥʳ, ʩ ʜʝ-

ʬʝʢʪʦʤ ʤʝʞʧʨʝʜʩʝʨʜʥʦʡ ʧʝʨʝʛʦʨʦʜʢʠ ï 264 % ʠ ʩ 

ʜʝʬʝʢʪʦʤ ʤʝʞʞʝʣʫʜʦʯʢʦʚʦʡ ï 199 %. ʋ ʯʘʩʪʠ ʙʦʣʴ-

ʥʳʭ ʄʆʄ ʧʨʝʚʳʰʘʣ ʜʦʣʞʥʳʝ ʚʝʣʠʯʠʥʳ ʚ ʪʨʠ - 

ʧʷʪʴ ʨʘʟ. ʇʨʠ ʵʪʦʤ, ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʜʘʚʣʝʥʠʷ ʚ ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ, ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʥʝ 

ʪʦʣʴʢʦ ʦʪ ʫʚʝʣʠʯʝʥʠʷ MOʄ, ʥʦ ʠ ʦʪ ʚʪʦʨʠʯʥʳʭ ʠʟ-

ʤʝʥʝʥʠʡ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʩʢʣʝʨʦʟʘ ʣʝʛʦʯʥʳʭ ʩʦʩʫ-

ʜʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʝʥʩʘʮʠʷ 

ʧʨʠ ʧʦʨʦʢʘʭ ʙʣʝʜʥʦʛʦ ʪʠʧʘ ʧʨʠʚʦʜʠʪ ʢ ʟʘʢʣʶʯʝ-

ʥʠʶ, ʯʪʦ ʦʨʛʘʥʠʟʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʪʨʘʜʘʝʪ 

ʥʝ ʩʪʦʣʴʢʦ ʦʪ ʢʠʩʣʦʨʦʜʥʦʛʦ ʛʦʣʦʜʘʥʠʷ, ʩʢʦʣʴʢʦ ʦʪ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʠʩʪʝʤ, ʧʨʝʜʦʭʨʘʥʷʶ-

ʱʠʭ ʦʪ ʛʠʧʦʢʩʠʠ. ʕʪʦ ʟʘʢʣʶʯʝʥʠʝ ʩʦʛʣʘʩʫʝʪʩʷ ʠ ʩ 

ʦʩʥʦʚʥʳʤʠ ʢʣʠʥʠʯʝʩʢʠʤʠ ʬʘʢʪʘʤʠ ï ʩʘʤʳʤʠ ʪʷʞʝ-

ʣʳʤʠ ʠ ʥʝʨʝʜʢʦ ʧʨʠʚʦʜʷʱʠʤʠ ʢ ʛʠʙʝʣʠ: ʜʝʢʦʤʧʝʥ-

ʩʘʮʠʝʡ ʛʠʧʝʨʪʨʦʬʠʨʦʚʘʥʥʦʛʦ ʤʠʦʢʘʨʜʘ ʠ ʛʠʧʝʨʪʝʥ-

ʟʠʝʡ ʤʘʣʦʛʦ ʢʨʫʛʘ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ. ʂʘʢ ʧʝʨʚʦʝ, ʪʘʢ 

ʠ ʚʪʦʨʦʝ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʭʨʦʥʠʯʝʩʢʦʛʦ ʥʝ-

ʧʨʝʨʳʚʥʦʛʦ ʨʝʟʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʨʘʙʦʪʳ ʩʝʨʜʮʘ ʠ 

ʄʆM, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʨʷʜʘ ʣʝʪ ʧʨʝʜʦʭʨʘʥʷʝʪ ʦʨʛʘ-

ʥʠʟʤ ʦʪ ʮʠʨʢʫʣʷʪʦʨʥʦʡ ʛʠʧʦʢʩʠʠ. 

ʈʦʣʴ ʜʳʭʘʥʠʷ ʯʝʨʝʟ ʢʦʞʫ ʧʨʠ ʢʦʤʧʝʥʩʘʮʠʠ 

ʥʘʨʫʰʝʥʥʦʛʦ ʛʘʟʦʚʦʛʦ ʦʙʤʝʥʘ ʫ ʯʝʣʦʚʝʢʘ ʧʨʠ ʟʘ-

ʙʦʣʝʚʘʥʠʷʭ ʠ ʪʨʘʚʤʘʭ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʫ ʥʠʟʰʠʭ ʞʠʚʦʪʥʳʭ ʢʦʞʥʦʝ ʜʳ-

ʭʘʥʠʝ ʠʛʨʘʝʪ ʦʯʝʥʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʦʨ-

ʛʘʥʠʟʤʘ ʢʠʩʣʦʨʦʜʦʤ ʠ ʫʜʘʣʝʥʠʠ ʥʘʨʫʞʫ ʫʛʣʝʢʠʩ-

ʣʦʛʦ ʛʘʟʘ. ɺ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ, ʧʦ ʤʝʨʝ ʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ ʠ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ 

ʢʦʞʥʦʝ ʜʳʭʘʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʜʦʩʪʘʪʦʯʥʳʤ ʠ ʧʦ-

ʩʪʝʧʝʥʥʦ ʟʘʤʝʥʷʝʪʩʷ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʣʝʛʦʯʥʳʤ 

ʜʳʭʘʥʠʝʤ. ʋ ʯʝʣʦʚʝʢʘ, ʚ ʦʙʳʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʛʘʟʦʚʳʡ ʦʙʤʝʥ ʦʨʛʘʥʠʟʤʘ 

ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘ 98 - 99 % ʟʘ 

ʩʯʝʪ ʣʝʛʦʯʥʦʛʦ ʜʳʭʘʥʠʷ ʠ ʪʦʣʴʢʦ ʥʘ 1-2% ʟʘ ʩʯʝʪ 

ʜʳʭʘʥʠʷ ʯʝʨʝʟ ʢʦʞʫ. 

ʅʘʯʠʥʘʷ ʩ ʩʝʨʝʜʠʥʳ ʍVIII  ʠ ʧʦʟʜʥʝʝ, ʨʷʜʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʃʘʚʫʘʟʴʝ, 1777; ʌʦʡʪ, 1878; ɸ. ɸ. 

ʄʠʪʪʝʣʴʰʪʝʜʪ, 1934; ʅ. ʂ. ɺʠʪʪʝ, 1943) ʙʳʣʦ ʧʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʯʝʣʦʚʝʢʘ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʣʝʛʦʯ-

ʥʳʡ ʛʘʟʦʦʙʤʝʥ ʦʨʛʘʥʠʟʤʘ ʥʝʩʢʦʣʴʢʦ ʧʦʥʠʞʘʝʪʩʷ, ʘ 

ʢʦʞʥʳʡ ʫʚʝʣʠʯʠʚʘʣʩʷ. 

ʊʘʢ, ʅ. ʂ. ɺʠʪʪʝ, ʝʱʝ ʚ 1943 ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʚʦ-

ʧʨʦʩʘ ʦʙ ʠʟʤʝʥʝʥʠʠ ʪʝʧʣʦʧʨʦʜʫʢʮʠʠ ʯʝʣʦʚʝʢʘ, ʚʳ-

ʧʦʣʥʷʶʱʝʛʦ ʬʠʟʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʦʪ 

10 ʜʦ 45Á ʉ, ʧʨʦʚʝʣ ʩʧʝʮʠʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ʬʠʟʠʯʝʩʢʦʡ (ʩʨʝʜʥʝʡ ʧʦ ʪʷʞʝʩʪʠ ʠʣʠ ʪʷʞʝ-

ʣʦʡ) ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ ʜʦ 35Á ʉ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʘʝʪʩʷ ʪʝʧʣʦʧʨʦ-

ʜʫʢʮʠʷ. ʆʜʥʘʢʦ, ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʦʟʜʫʭʘ (45Áʉ) ʪʝʧʣʦʧʨʦʜʫʢʮʠʷ ʧʦʥʠʞʘʝʪʩʷ ʠ ʪʝʤ 

ʙʦʣʴʰʝ, ʯʝʤ ʠʥʪʝʥʩʠʚʥʝʝ ʬʠʟʠʯʝʩʢʘʷ ʨʘʙʦʪʘ: ʧʨʠ 

ʨʘʙʦʪʝ ʩʨʝʜʥʝʡ ʪʷʞʝʩʪʠ ʪʝʧʣʦʧʨʦʜʫʢʮʠʷ ʧʦʥʠʞʘ-

ʝʪʩʷ ʥʘ 2 %, ʘ ʧʨʠ ʪʷʞʝʣʦʡ ʨʘʙʦʪʝ - ʥʘ 14 - 18 % ʦʪ 

ʠʩʭʦʜʥʳʭ ʚʝʣʠʯʠʥ. [4] 

ʊʨʫʜʥʦ ʩʝʙʝ ʧʨʝʜʩʪʘʚʠʪʴ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʠ ʚʳʧʦʣʥʝʥʠʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʬʠʟʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʤʝʥʘ ʚ ʦʨʛʘ-

ʥʠʟʤʝ ʫʤʝʥʴʰʘʝʪʩʷ, ʪ. ʝ. ʦʨʛʘʥʠʟʤ ʧʨʠ ʵʪʦʤ ʨʘʙʦ-

ʪʘʝʪ ʢʘʢ ʙʳ ʩ ʤʝʥʴʰʝʡ ʟʘʪʨʘʪʦʡ ʵʥʝʨʛʠʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʚʦʟʥʠʢʣʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, 

ʯʪʦ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ, ʚʦʟʤʦʞʥʦ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʦʣʴ ʜʳʭʘʥʠʷ ʯʝʨʝʟ ʢʦʞʫ ʠ ʧʦʵʪʦʤʫ, 

ʥʝ ʚʩʷ ʧʨʦʜʫʮʠʨʦʚʘʥʥʘʷ ʚ ʦʨʛʘʥʠʟʤʝ ʫʛʣʝʢʠʩʣʦʪʘ 

ʚʜrʝʣʷʝʪʩʷ ʠ ʥʝ ʚʝʩʴ ʢʠʩʣʦʨʦʜ ʧʦʛʣʦʱʘʝʪʩʷ ʣʝʛ-

ʢʠʤʠ ʠ ʫʣʘʚʣʠʚʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʨʝʩʧʠʨʘʪʦʨʥʦʛʦ 

ʛʘʟʦʦʙʤʝʥʘ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʥʘʰʣʦ ʩʚʦʝ ʧʦʜ-

ʪʚʝʨʞʜʝʥʠʝ ʚ ʩʧʝʮʠʘʣʴʥʦ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʤʠ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷʭ ʧʦ ʠʟʫʯʝʥʠʶ ʜʳʭʘʥʠʷ ʯʝʨʝʟ ʢʦʞʫ ʫ ʯʝʣʦ-

ʚʝʢʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, 
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ʯʪʦ ʝʩʣʠ ʚ ʧʦʢʦʝ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟ-

ʜʫʭʘ ʜʦ 40Áʉ, ʧʦʛʣʦʱʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠ ʚʳʜʝʣʝʥʠʝ 

ʫʛʣʝʢʠʩʣʦʪʳ ʯʝʨʝʟ ʢʦʞʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2 - 2,2 

ʨʘʟʘ, ʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʬʠʟʠʯʝʩʢʦʡ ʨʘʙʦʪʳ, ʵʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʜʳʭʘʥʠʷ ʯʝʨʝʟ ʢʦʞʫ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʠ-

ʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥ, ʦʪ 1,5 ʜʦ 8 ʠ ʜʘʞʝ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʜʦ 10 % ʣʝʛʦʯʥʦʛʦ ʛʘʟʦʦʙʤʝʥʘ, ʪ. ʝ. ʫʚʝʣʠ-

ʯʠʚʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ ʰʝʩʪʴ ʨʘʟ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʦ ʜʳʭʘʥʠʠ ʯʝʨʝʟ 

ʢʦʞʫ ʩʦʯʝʪʘʪʴ ʩ ʜʘʥʥʳʤʠ ʅ. ʂ. ɺʠʪʪʝ ʦ ʛʘʟʦʦʙʤʝʥʝ 

ʯʝʨʝʟ ʣʝʛʢʠʝ ʫ ʯʝʣʦʚʝʢʘ ʚ ʧʦʢʦʝ ʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʬʠʟʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʦʟʜʫʭʘ, ʪʦ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʥʠʢʘʢʦʛʦ ʫʤʝʥʴʰʝʥʠʷ 

ʪʝʧʣʦʧʨʦʜʫʢʮʠʠ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ 

ʫ ʣʠʮ, ʚʳʧʦʣʥʷʶʱʠʭ ʬʠʟʠʯʝʩʢʫʶ ʨʘʙʦʪʫ, ʪʘʢ ʞʝ 

ʢʘʢ ʠ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ, ʥʝ ʧʨʦʠʩʭʦʜʠʪ (ʪʘʙʣʠʮʘ 1) 

ʊʘʙʣʠʮʘ 1 

ɼʘʥʥʳʝ ʦ ʪʝʧʣʦʧʨʦʜʫʢʮʠʠ ʯʝʣʦʚʝʢʘ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ (ʚ %), ʧʦʣʫʯʝʥʥʳʭ ʩ ʫʯʝ-

ʪʦʤ ʧʦʛʣʦʱʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʯʝʨʝʟ ʢʦʞʫ 

ʋʩʣʦʚʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ (ʚ ÁC) 

18 24 28 35 45 

ʇʦʢʦʡ 101.3 102.5 105.4 112.6 116.1 

ʃʸʛʢʘʷ ʨʘʙʦʪʘ 101.3 102.9 106.2 110.6 106.4 

ʈʘʙʦʪʘ ʩʨʝʜʥʝʡ ʪʷʞʝʩʪʠ 101.3 103.3 108.6 110.9 107.6 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʬʠʟʠʯʝʩʢʦʡ ʨʘʙʦʪʝ ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʢʘʞʫʱʝʝʩʷ ʩʥʠʞʝʥʠʝ ʪʝʧʣʦʧʨʦʜʫʢʮʠʠ ʠ ʪʝʤ 

ʙʦʣʴʰʝ, ʯʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ. ʕʪʦ ʷʚʣʝ-

ʥʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʦʣʴʢʦ ʫʩʠʣʝʥʠʝʤ ʛʘʟʦʦʙʤʝʥʘ 

ʯʝʨʝʟ ʢʦʞʫ ʠ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʜʦʫʯʝʪʘ ʧʦ-

ʩʣʝʜʥʝʛʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʧʣʦʧʨʦʜʫʢʮʠʠ ʧʫʪʝʤ 

ʨʝʩʧʠʨʘʪʦʨʥʦʛʦ ʛʘʟʦʦʙʤʝʥʘ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, 

ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʧʨʦʠʩʭʦʜʠʪ ʪʘ-

ʢʦʝ ʞʝ ʧʦʚʳʰʝʥʠʝ ʪʝʧʣʦʧʨʦʜʫʢʮʠʠ (ʧʨʠ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ʬʠʟʠʯʝʩʢʦʡ ʨʘʙʦʪʝ), ʢʘʢ ʠ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦ-

ʢʦʷ. 

ʅʝʤʥʦʛʦ ʧʦʟʜʥʝʝ, ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʧʝ-

ʮʠʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʧʦ-

ʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʠʩʣʦʨʦʜʘ ʚ ʦʢʨʫʞʘʶ-

ʱʝʤ ʢʦʞʫ ʚʦʟʜʫʭʝ ʥʘ ʩʢʦʨʦʩʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʝʛʦ 

ʯʝʨʝʟ ʢʦʞʫ ʠ ʥʘ ʚʝʣʠʯʠʥʫ ʣʝʛʦʯʥʦʛʦ ʛʘʟʦʦʙʤʝʥʘ. 

ʅʘʤʠ ʙʳʣʠ ʦʪʦʙʨʘʥʳ, ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʦ, 27 ʯʝʣʦ-

ʚʝʢ ʨʘʟʣʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʨʘʟʣʠʯʥʦʡ ʬʠʟʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʦʡ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʠ 

ʵʪʦʤ, 12 ʯʝʣʦʚʝʢ ʙʳʣʠ ʢʦʥʪʨʦʣʴʥʳʤʠ. ɺʩʝ ʪʝʣʦ 15 

ʠʩʩʣʝʜʫʝʤʳʭ, ʢʨʦʤʝ ʛʦʣʦʚʳ, ʥʘʭʦʜʠʣʦʩʴ ʚ ʣʝʛʢʦʤ 

ʚʦʜʦʣʘʟʥʦʤ ʢʦʩʪʶʤʝ, ʚ ʢʦʪʦʨʦʤ ʩʦʟʜʘʚʘʣʘʩʴ ʧʦʚʳ-

ʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ (70 - 80 % ). ʈʝ-

ʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʛʣʦ-

ʱʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʯʝʨʝʟ ʚʩʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʞʠ ʚ ʩʦ-

ʩʪʦʷʥʠʠ ʧʦʢʦʷ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʣʦ 5620 Ñ 217 

ʩʤ3/ʯʘʩ, ʘ ʚʳʜʝʣʝʥʠʝ ʫʛʣʝʢʠʩʣʦʪʳ ï ʚʩʝʛʦ 97,2 Ñ 5,4 

ʩʤ3/ʯʘʩ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʜʘʥʥʳʭ ʩ 

ʚʝʣʠʯʠʥʘʤʠ ʛʘʟʦʦʙʤʝʥʘ ʯʝʨʝʟ ʢʦʞʫ ʫ ʣʶʜʝʡ ʢʦʥ-

ʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦ-

ʚʠʷʭ ʩʨʝʜʳ, ʪʦ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʫ ʠʩʧʳʪʫʝʤʳʭ ʢʦʣʠ-

ʯʝʩʪʚʦ ʧʦʛʣʦʱʝʥʥʦʛʦ ʢʦʞʝʡ ʢʠʩʣʦʨʦʜʘ ʚ 33 ʨʘʟʘ 

ʙʦʣʴʰʝ, ʘ ʚʳʜʝʣʝʥʠʝ ʫʛʣʝʢʠʩʣʦʪʳ, ʥʘʦʙʦʨʦʪ, ʥʘ 45 

% ʤʝʥʴʰʝ ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʦʜʥʦʯʘʩʦʚʦʝ ʧʨʝʙʳʚʘʥʠʝ ʠʩʩʣʝ-

ʜʫʝʤʳʭ ʣʠʮ ʚ ʚʦʜʦʣʘʟʥʦʤ ʢʦʩʪʶʤʝ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʝʤ ʢʠʩʣʦʨʦʜʘ ʦʢʘʟʘʣʦ ʩʫʱʝʩʪʚʝʥ-

ʥʦʝ ʚʣʠʷʥʠʝ ʠ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʣʝʛʢʠʤʠ. 

ʇʦʛʣʦʱʝʥʠʝ ʝʛʦ ʣʝʛʢʠʤʠ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʣʦʩʴ ʠ 

ʫʞʝ ʯʝʨʝʟ 30 ʤʠʥ. ʧʦʩʣʝ ʥʘʯʘʣʘ ʦʧʳʪʘ ʫʤʝʥʴʰʠʣʦʩʴ 

ʥʘ 27 % , ʘ ʯʝʨʝʟ ʯʘʩ ï ʥʘ 33 %, ʦʪ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ɺʳʜʝʣʝʥʠʝ ʣʝʛʢʠʤʠ ʉʆ2 ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ 

ʠʟʤʝʥʠʣʦʩʴ. ʅʘʩʳʱʝʥʠʝ ʘʨʪʝʨʠʘʣʴʥʦʡ ʢʨʦʚʠ ʢʠʩ-

ʣʦʨʦʜʦʤ ʪʘʢʞʝ ʧʦʯʪʷ ʥʝ ʠʟʤʝʥʠʣʦʩʴ, ʘ ʩʦʜʝʨʞʘʥʠʝ 

ʢʠʩʣʦʨʦʜʘ ʚ ʚʝʥʦʟʥʦʡ ʢʨʦʚʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʦ. 

ɽʩʣʠ ʫʯʝʩʪʴ ʨʦʩʪ ʜʠʬʬʫʟʠʠ ʢʠʩʣʦʨʦʜʘ ʯʝʨʝʟ 

ʢʦʞʫ ʠ ʫʤʝʥʴʰʝʥʠʝ ʝʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʣʝʛʢʠʤʠ, ʪʦ 

ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʧʦʯʪʠ ʥʠʢʘʢʦʛʦ ʠʟ-

ʤʝʥʝʥʠʷ ʚ ʧʦʪʨʝʙʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ ʦʨʛʘʥʠʟʤʦʤ ʯʝ-

ʣʦʚʝʢʘ ʚ ʫʢʘʟʘʥʥʳʭ ʨʘʥʝʝ ʫʩʣʦʚʠʷʭ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʰʠʨʦʢʦʡ 

ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʝʥʩʘʮʠʠ ʟʘ ʩʯʝʪ ʛʘʟʦʦʙʤʝʥʘ ʯʝ-

ʨʝʟ ʢʦʞʫ ʥʝʜʦʩʪʘʶʱʝʛʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʣʝʛʦʯʥʦʛʦ 

ʜʳʭʘʥʠʷ. 

ɺʩʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚ 

ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʥʝʦʙʳʯʥʳʭ 

ʜʣʷ ʥʝʛʦ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʠʣʠʚʘʝʪʩʷ ʜʳʭʘʥʠʝ ʯʝʨʝʟ ʢʦʞʫ, ʢʦʪʦʨʦʝ ʢʦʤʧʝʥ-

ʩʠʨʫʝʪ ʟʘʪʨʫʜʥʝʥʥʳʡ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʣʝʛʦʯ-

ʥʳʡ ʛʘʟʦʦʙʤʝʥ. ʕʪʦʪ ʧʫʪʴ ʜʦʩʪʘʚʢʠ ʚ ʦʨʛʘʥʠʟʤ ʢʠʩ-

ʣʦʨʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʠ ʪʘʢʠʭ 

ʩʦʩʪʦʷʥʠʷʭ ʦʨʛʘʥʠʟʤʘ, ʢʘʢ ʘʩʬʠʢʩʠʷ, ʛʠʧʦʢʩʠʷ ʠ 

ʧʨʠ ʨʷʜʝ ʠʥʳʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʢʦʞʥʳʝ 

ʟʘʙʦʣʝʚʘʥʠʷ, ʪʫʙʝʨʢʫʣʝʟ ʣʝʛʢʠʭ, ʩʝʨʜʝʯʥʘʷ ʥʝʜʦ-

ʩʪʘʪʦʯʥʦʩʪʴ, ʦʞʦʛʠ ʠ ʜʨ .. ). 

ɽʱʝ ʚ ʥʘʯʘʣʝ ʧʷʪʠʜʝʩʷʪʳʭ ʛʦʜʦʚ ʍʍ ʩʪʦʣʝʪʠʷ 

ɸ. ɻ. ɾʠʨʦʚʢʠʥ ʠ ɽ. ɻ. ɿʳʢʠʥʘ ʚ ʩʚʦʠʭ ʥʘʙʣʶʜʝ-

ʥʠʷʭ ʧʦ ʠʟʫʯʝʥʠʶ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʠ ʜʠʬʬʫʟʠʠ ʫʛ-

ʣʝʢʠʩʣʦʪʳ ʠ ʢʠʩʣʦʨʦʜʘ ʯʝʨʝʟ ʢʦʞʫ ʚʝʨʭʥʠʭ ʢʦʥʝʯ-

ʥʦʩʪʝʡ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʟʘʪʨʫʜ-

ʥʝʥʠʠ ʮʠʨʢʫʣʷʮʠʠ ʢʨʦʚʠ ʧʦ ʢʨʦʚʝʥʦʩʥʳʤ ʩʦʩʫʜʘʤ 

ʨʫʢ, ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʠʬʬʫ-

ʟʠʠ ʢʠʩʣʦʨʦʜʘ ʯʝʨʝʟ ʢʦʞʫ ʚ ʪʢʘʥʠ. ɽʩʣʠ ʞʝ ʥʘʨʫʰʘ-

ʶʱʠʡ ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ ʬʘʢʪʦʨ ʧʨʦʜʦʣʞʘʝʪ ʜʝʡ-

ʩʪʚʦʚʘʪʴ, ʪʦ ʢʠʩʣʦʨʦʜ, ʧʦʛʣʦʱʘʝʤʳʡ ʚ ʫʚʝʣʠʯʝʥ-

ʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʯʝʨʝʟ ʢʦʞʫ, ʦʢʘʟʳʚʘʝʪʩʷ ʚʩʝ ʞʝ ʥʝ 

ʚ ʩʦʩʪʦʷʥʠʠ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʘʨʘʩʪʘʶʱʫʶ ʛʠʧʦ-

ʢʩʠʶ ʪʢʘʥʝʡ ʨʫʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʨʠ ʠʟʚʝʩʪʥʦʡ 

ʩʪʝʧʝʥʠ ʛʠʧʦʢʩʠʠ ʠʟʚʨʘʱʘʝʪʩʷ ʤʝʪʘʙʦʣʠʟʤ ʪʢʘʥʝʡ. 

ʇʦʩʣʝʜʥʠʡ ʧʨʠʦʙʨʝʪʘʝʪ ʜʝʟʦʢʩʠʜʘʪʠʚʥʳʡ ʭʘʨʘʢ-

ʪʝʨ, ʯʪʦ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʳʜʝʣʝ-

ʥʠʷ ʫʛʣʝʢʠʩʣʦʪʳ. [5] 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʜʳʭʘʥʠʷ ʯʝʨʝʟ ʢʦʞʫ ʫ ʣʠʮ, ʩʪʨʘ-

ʜʘʶʱʠʭ ʥʝʢʦʪʦʨʳʤʠ ʜʝʨʤʘʪʦʟʘʤʠ (ʩʦʣʥʝʯʥʘʷ ʵʢ-

ʟʝʤʘ, ʜʠʩʢʦʠʜʥʘʷ ʬʦʨʤʘ ʢʨʘʩʥʦʡ ʚʦʣʯʘʥʢʠ, ʵʧʠʜʝʨ-
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ʤʦʬʠʪʠʷ ʩʪʦʧ), ʥʘʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʫ ʵʪʠʭ ʙʦʣʴ-

ʥʳʭ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʜʳʭʘʥʠʷ ʯʝʨʝʟ ʢʦʞʫ 

(ʚ ʪʨʠ - ʰʝʩʪʴ ʨʘʟ), ʜʦʩʪʠʛʘʶʱʝʝ ʦʪ 6 ʜʦ 11 % ʣʝ-

ʛʦʯʥʦʛʦ, ʧʨʠʯʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʘʟʦʦʙʤʝʥʘ ʯʝʨʝʟ 

ʢʦʞʫ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʝʝ ʧʦʨʘʞʝʥʠʷ, ʊʘʢʦʝ ʫʚʝ-

ʣʠʯʝʥʠʝ ʜʳʭʘʥʠʷ ʯʝʨʝʟ ʢʦʞʫ ʫ ʣʠʮ, ʩʪʨʘʜʘʶʱʠʭ 

ʫʢʘʟʘʥʥʳʤʠ ʜʝʨʤʘʪʦʟʘʤʠ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʨʫ-

ʰʝʥʠʝʤ ʧʝʨʠʬʝʨʠʯʝʩʢʦʛʦ ʢʨʦʚʦʪʦʢʘ ʥʘ ʫʯʘʩʪʢʘʭ 

ʧʦʨʘʞʝʥʠʷ. 

ɽʱʝ ʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʦʙʥʘʨʫ-

ʞʝʥʳ ʥʘʤʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʦʞʥʦʛʦ ʜʳʭʘʥʠʷ ʫ ʪʫʙʝʨ-

ʢʫʣʝʟʥʳʭ ʙʦʣʴʥʳʭ, ʢʘʢ ʜʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʤʝʰʘ-

ʪʝʣʴʩʪʚʘ, ʪʘʢ ʠ ʧʦʩʣʝ ʨʝʟʝʢʮʠʠ ʦʜʥʦʛʦ ʣʝʛʢʦʛʦ ʠʣʠ 

ʝʛʦ ʜʦʣʠ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʣʝʛʦʯʥʳʡ ʛʘʟʦʦʙʤʝʥ ʫ ʵʪʠʭ 

ʙʦʣʴʥʳʭ ʟʘʤʝʪʥʦ ʧʦʥʠʞʘʣʩʷ, ʜʳʭʘʥʠʝ ʯʝʨʝʟ ʢʦʞʫ, 

ʥʘʦʙʦʨʦʪ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʣʦ, ʢʦʤʧʝʥʩʠʨʫʷ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʨʝ ʥʝʜʦʩʪʘʶʱʠʡ ʣʝʛʦʯʥʳʡ ʛʘʟʦʦʙ-

ʤʝʥ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʩʚʝʜʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʤʠ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʣʠʮʘʤʠ, ʩʪʨʘʜʘʶ-

ʱʠʤʠ ʙʘʟʝʜʦʚʦʡ ʙʦʣʝʟʥʴʶ, ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯ-

ʥʦʩʪʴʶ, ʘʥʝʤʠʝʡ, ʧʦʣʠʮʠʪʝʤʠʝʡ, ʛʠʧʝʨʪʠʨʝʦʟʦʤ ʠ 

ʛʠʧʦʪʠʨʝʦʟʦʤ. 

ɿʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʳʭʘʥʠʷ ʯʝʨʝʟ ʢʦʞʫ 

ʦʙʥʘʨʫʞʝʥʳ ʫ ʜʝʪʝʡ ʧʦʩʣʝ ʦʞʦʛʦʚ ʚʝʨʭʥʠʭ ʠ ʥʠʞ-

ʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ. ʅʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʝ-

ʨʝʟ ʨʫʙʮʦʚʫʶ ʪʢʘʥʴ, ʦʙʠʣʴʥʦ ʩʥʘʙʞʝʥʥʫʶ ʢʨʦʚʝ-

ʥʦʩʥʳʤʠ ʩʦʩʫʜʘʤʠ, ʢʦʪʦʨʳʝ ʦʯʝʥʴ ʙʣʠʟʢʦ ʧʦʜʭʦʜʷʪ 

ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ, ʛʘʟʦʦʙʤʝʥ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳ-

ʰʝʥ (ʚ ʪʨʠ ï ʧʷʪʴ ʨʘʟ). ʅʦ ʝʩʣʠ ʨʫʙʮʦʚʘʷ ʪʢʘʥʴ, ʚʦʟ-

ʥʠʢʰʘʷ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʟʘʞʠʚʣʝʥʠʷ ʦʞʦʛʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʠʤʝʶʱʘʷ ʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʠʥʬʠʣʴ-

ʪʨʘʮʠʶ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʨʫʙʮʳ ʩʪʘʥʦʚʠʣʠʩʴ ʙʦʣʝʝ 

ʛʨʫʙʳʤʠ, ʙʦʣʝʟʥʝʥʥʳʤʠ, ʮʠʘʥʦʪʠʯʥʦʛʦ ʦʪʪʝʥʢʘ, 

ʤʘʣʦʧʦʜʚʠʞʥʳʤʠ, ʪʦ ʦʪʤʝʯʘʣʘʩʴ ʥʝʩʢʦʣʴʢʦ ʜʨʫʛʘʷ 

ʢʘʨʪʠʥʘ ʛʘʟʦʦʙʤʝʥʘ. ʂʘʢ ʧʦʛʣʦʱʝʥʠʝ ʢʠʩʣʦʨʦʜʘ, 

ʪʘʢ ʠ ʚʳʜʝʣʝʥʠʝ ʫʛʣʝʢʠʩʣʦʪʳ ʯʝʨʝʟ ʨʫʙʮʦʚʫʶ ʪʢʘʥʴ 

ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʯʝʨʝʟ 

ʟʜʦʨʦʚʫʶ ʢʦʞʫ ʥʘ ʩʠʤʤʝʪʨʠʯʥʦʤ ʫʯʘʩʪʢʝ ʪʝʣʘ. 

ʋʩʠʣʝʥʥʳʡ ʛʘʟʦʦʙʤʝʥ ʯʝʨʝʟ ʢʦʞʫ ʫʢʘʟʘʥʥʳʭ 

ʙʦʣʴʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʠʭ ʢʦʞʝ ʦʙ-

ʨʘʟʫʝʪʩʷ ʜʝʬʠʮʠʪ ʢʠʩʣʦʨʦʜʘ. ʕʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ 

ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʦʤʝʱʝʥʠʝ ʪʘʢʠʭ ʙʦʣʴʥʳʭ ʚ ʘʪ-

ʤʦʩʬʝʨʫ, ʩʦʜʝʨʞʘʱʫʶ ʧʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʠʩʣʦʨʦʜʘ, ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʵʬʬʝʢʪʠʚʥʳʤ, ʪʘʢ ʢʘʢ 

ʵʪʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʨʝ ʤʦʞʝʪ ʚʦʩʧʦʣʥʠʪʴ ʚʦʟʥʠʢ-

ʰʠʡ ʥʝʜʦʩʪʘʪʦʢ ʚ ʢʠʩʣʦʨʦʜʝ. ʊʘʢʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 

ʧʦʜʢʨʝʧʣʷʝʪʩʷ ʝʱʝ ʠ ʪʝʤ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ 

ʯʝʣʦʚʝʢʘ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʠʩʣʦʨʦʜʘ ʧʦʩʣʝʜʥʠʡ ʧʦʛʣʦʱʘʝʪʩʷ ʢʦʞʝʡ ʚ 20-30 

ʨʘʟ ʠʥʪʝʥʩʠʚʥʝʝ, ʯʝʤ ʚ ʥʦʨʤʝ. [6] 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘ ʢʘʬʝʜʨʝ ʛʦʩʧʠʪʘʣʴʥʦʡ ʠ 

ʜʝʪʩʢʦʡ ʭʠʨʫʨʛʠʠ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʦʣʫʯʝʥʳ ʜʘʥ-

ʥʳʝ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʥʘʰʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ. ʉʦ-

ʪʨʫʜʥʠʢʠ ʢʣʠʥʠʢʠ ʚʦ ʛʣʘʚʝ ʩ ʧʨʦʬʝʩʩʦʨʦʤ ʀ.ʆ. ʄʘ-

ʨʠʥʢʠʥʳʤ ʧʨʠʤʝʥʠʣʠ ʩʧʦʩʦʙ ʥʘʩʳʱʝʥʠʷ ʦʨʛʘ-

ʥʠʟʤʘ ʢʠʩʣʦʨʦʜʦʤ ʥʝ ʪʦʣʴʢʦ ʯʝʨʝʟ ʣʝʛʢʠʝ, ʥʦ ʠ 

ʯʝʨʝʟ ʢʦʞʫ ʫ ʙʦʣʴʥʳʭ ʜʝʪʝʡ, ʧʝʨʝʥʝʩʰʠʭ ʪʷʞʝʣʳʝ 

ʧʥʝʚʤʦʥʠʠ ʩ ʥʘʛʥʦʠʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʣʝʛʢʠʭ ʠ 

ʧʣʝʚʨʳ, ʘ ʪʘʢʞʝ ʫ ʪʷʞʝʣʳʭ ʙʦʣʴʥʳʭ ʩ ʦʙʰʠʨʥʳʤʠ 

ʦʞʦʛʘʤʠ ʢʦʞʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʫ ʵʪʠʭ ʙʦʣʴʥʳʭ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʝʬʠʮʠʪ ʚ ʦʨʛʘʥʠʟʤʝ ʢʠʩʣʦʨʦʜʘ ʟʘ 

ʩʯʝʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʝʛʦ ʯʝʨʝʟ 

ʢʦʞʫ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʩʝʛʦ ʩʢʘʟʘʥʥʦʛʦ ʩʪʘʥʦʚʠʪʩʷ 

ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʜʳʭʘʥʠʝ ʯʝʨʝʟ ʢʦʞʫ ʩʧʦʩʦʙʥʦ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʝʜʦʩʪʘʯʫ ʣʝ-

ʛʦʯʥʦʛʦ ʛʘʟʦʦʙʤʝʥʘ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ ʚ ʦʨʛʘʥʠʟʤʝ 

ʚʦ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʝʛʦ ʚ ʥʝʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʩʫ-

ʱʝʩʪʚʦʚʘʥʠʷ (ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʷʞʝʣʘʷ ʬʠʟʠ-

ʯʝʩʢʘʷ ʨʘʙʦʪʘ ʠ ʜʨ.). 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʞʥʦʛʦ ʧʫʪʠ ʜʣʷ ʜʦʩʪʘʚʢʠ ʦʨʛʘʥʠʟʤʫ ʢʠʩʣʦʨʦʜʘ ʚ 

ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʙʦʣʴʥʦʛʦ. 

ʆʯʝʚʠʜʥʦ, ʙʳʣʦ ʙʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ ʣʝʯʝʥʠʠ 

ʨʷʜʘ ʙʦʣʴʥʳʭ ʥʘʨʷʜʫ ʩ ʚʚʝʜʝʥʠʝʤ ʧʦʚʳʰʝʥʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʠʩʣʦʨʦʜʘ ʯʝʨʝʟ ʣʝʛʢʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠ ʢʦʞʥʳʡ ʧʫʪʴ ʜʦʩʪʘʚʢʠ ʦʨʛʘʥʠʟʤʫ ʢʠʩʣʦʨʦʜʘ. 

ʕʪʦʪ ʧʫʪʴ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʙʦʣʝʝ ʵʬ-

ʬʝʢʪʠʚʥʳʤ, ʯʝʤ ʧʦʜʢʦʞʥʦʝ ʚʚʝʜʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ 

ʦʨʛʘʥʠʟʤ, ʢʦʪʦʨʦʝ ʪʘʢ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʣʠ-

ʥʠʢʘʭ ʢʦʞʥʳʭ ʙʦʣʝʟʥʝʡ. 
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Abstract 

The modern development of diagnostics, the principles of conducting the intraoperative and early postopera-

tive period allowed to significantly reduce the mortality and expand the indications for surgery on the thoraco-

abdominal aorta. Despite the application of various methods of protection, the risk of perioperative complications 

remains high. The methods of intraoperative protection of the patient for avoidance of neurovascular, hemorrhagic, 

respiratory and nephrological complications are presented. 

ɸʥʦʪʘʮʽʷ 

ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʜʽʘʛʥʦʩʪʠʢʠ, ʘʥʝʩʪʝʟʽʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʽʥʪʝʥʩʠʚʥʦʾ ʪʝʨʘʧʽʾ ʧʝʨʠʧʝʨʘʮʽʡʥʦʛʦ 

ʧʝʨʽʦʜʫ ʜʦʟʚʦʣʠʚ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʣʝʪʘʣʴʥʽʩʪʴ ʪʘ ʨʦʟʰʠʨʠʪʠ ʧʦʢʘʟʠ ʜʣʷ ʦʧʝʨʘʮʽʾ ʥʘ ʪʦʨʘʢʦ-ʘʙʜʦʤʽʥʘʣʴʥʦʤʫ ʚʽʜ-

ʜʽʣʽ ʘʦʨʪʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ, ʨʠʟʠʢ ʧʝʨʠʦʧʝʨʘʮʽʡʥʠʭ ʫʩʢʣʘʜʥʝʥʴ ʟʘʣʠʰʘ-

ʻʪʴʩʷ ʚʠʩʦʢʠʤ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʤʝʪʦʜʠ ʽʥʪʨʘʦʧʝʨʘʮʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʧʘʮʽʻʥʪʘ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʥʝʡʨʦʚʘʩʢʫʣʷʨʥʠʭ, ʛʝ-

ʤʦʨʨʘʛʽʯʥʠʭ, ʜʠʭʘʣʴʥʠʭ ʪʘ ʥʝʬʨʦʣʦʛʽʯʥʠʭ ʫʩʢʣʘʜʥʝʥʴ. 

 

Keywords: aneurysm, aortic surgery, perioperative complications, intraoperative protection. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʥʝʚʨʠʟʤʘ, ʭʽʨʫʨʛʽʷ ʘʦʨʪʠ, ʧʝʨʠʦʧʝʨʘʮʽʡʥʽ ʫʩʢʣʘʜʥʝʥʥʷ, ̔ ʥʪʨʘʦʧʝʨʘʮʽʡʥʠʡ ʟʘʭʠʩʪ. 

 

ɸʥʝʚʨʠʟʤʘ ð ʮʝ ʨʦʟʰʠʨʝʥʥʷ ʩʫʜʠʥʠ ʘʙʦ 

ʚʠʧôʷʯʫʚʘʥʥʷ ʾʾ ʩʪʽʥʦʢ ʥʘʟʦʚʥʽ. ɺʦʥʘ ʟʥʠʞʫʻ ʤʽʮ-

ʥʽʩʪʴ ʪʘ ʝʣʘʩʪʠʯʥʽʩʪʴ ʩʪʽʥʦʢ ʩʫʜʠʥ ʽ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽ-

ʜʦʢ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʫʨʘʞʝʥʴ. ʇʨʠʯʠʥʦʶ ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʨʠʚ (ʥʘʜʨʠʚ) ʦʜʥʦʛʦ ʟʽ ʰʘʨʽʚ ʩʫʜʠʥʠ. ʈʦʟʨʠʚ 

ʘʥʝʚʨʠʟʤʠ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʜʣʷ ʧʘʮʽʻʥʪʘ ʻ ʬʘ-

ʪʘʣʴʥʠʤ. ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʜʽʘʛʥʦʩʪʠʢʠ, ʧʨʠʥʮʠʧʽʚ 

ʚʝʜʝʥʥʷ ʽʥʪʨʘʦʧʝʨʘʮʽʡʥʦʛʦ ʪʘ ʨʘʥʥʴʦʛʦ ʧʽʩʣʷʦʧʝʨʘ-

ʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʜʦʟʚʦʣʠʚ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʣʝʪʘʣʴʥʽʩʪʴ 

ʪʘ ʨʦʟʰʠʨʠʪʠ ʧʦʢʘʟʠ ʜʣʷ ʦʧʝʨʘʮʽʾ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ, ʨʠʟʠʢ ʧʝʨʠʦʧʝʨʘ-

ʮʽʡʥʠʭ ʫʩʢʣʘʜʥʝʥʴ ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʩʦʢʠʤ [5]. M. E. 

DeBakey ʪʘ ʩʦʘʚʪʦʨʠ, ʧʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʨʝʟʫʣʴʪʘʪʠ 

659 ʦʧʝʨʘʮʽʡ, ʚʠʷʚʠʣʠ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʚʠʧʘʜʢʽʚ ʽʥʪʨʘʦ-

ʧʝʨʘʮʽʡʥʠʭ ʫʩʢʣʘʜʥʝʥʴ ʽ ʣʝʪʘʣʴʥʽʩʪʴ ʧʨʠ ʨʝʟʝʢʮʽʾ ʘʥʝ-

ʚʨʠʟʤ ʥʠʟʭʽʜʥʦʛʦ ʚʽʜʜʽʣʫ ʛʨʫʜʥʦʾ ʘʦʨʪʠ ʙʫʣʠ ʦʙʫʤʦʚ-

ʣʝʥʽ ʢʘʨʜʽʘʣʴʥʠʤʠ ʫʩʢʣʘʜʥʝʥʥʷʤʠ (48%), ʽʥʪʨʘʦʧʝʨʘ-

ʮʽʡʥʦʶ ʢʨʦʚʦʪʝʯʝʶ (14,4%), ʣʝʛʝʥʝʚʠʤʠ 

ʫʩʢʣʘʜʥʝʥʥʷʤʠ (14,4%) ʽ ʨʦʟʨʠʚʘʤʠ ʽʥʰʠʭ ʯʘʩʪʠʥ ʘʦ-

ʨʪʠ (16,3%) 

ʅʝʡʨʦʚʘʩʢʫʣʷʨʥʽ ʫʩʢʣʘʜʥʝʥʥʷ. ʇʝʨʰʽ ʧʦʚʽ-

ʜʦʤʣʝʥʥʷ ʧʨʦ ʥʝʚʨʦʣʦʛʽʯʥʽ ʜʠʩʬʫʥʢʮʽʾ ʚ ʢʘʨʜʽʦʭʽ-

ʨʫʨʛʽʾ ʟ'ʷʚʠʣʠʩʷ ʦʜʥʦʯʘʩʥʦ ʟ ʧʦʯʘʪʢʦʤ ʧʨʦʚʝʜʝʥʥʷ 

ʦʧʝʨʘʮʽʡ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʩʝʨʮʽ [3]. ɺ ʪʦʡ ʯʘʩ ʦʩʥʦʚʥʫ 

ʫʚʘʛʫ ʟʚʝʨʪʘʣʠ ʥʘ ʧʩʠʭʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ: ʪʨʠʚʦʞ-

ʥʽʩʪʴ, ʩʪʨʝʩ, ʜʝʧʨʝʩʽʶ, ʱʦ ʦʙʫʤʦʚʣʝʥʽ ʝʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʦʧʝʨʘʮʽʡ, ʥʠʟʴʢʠʤ ʰʘʥʩʦʤ ʧʦ-

ʚʥʦʛʦ ʦʜʫʞʘʥʥʷ ʽ ʚʠʩʦʢʦʶ ʯʘʩʪʦʪʦʶ ʣʝʪʘʣʴʥʠʭ ʥʘ-

ʩʣʽʜʢʽʚ. ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʜʦʩʚʽʜʫ ʧʨʦʚʝʜʝʥʥʷ 

ʦʧʝʨʘʮʽʡ ʥʘ ʩʝʨʮʽ, ʧʦʢʨʘʱʝʥʥʷʤ ʭʽʨʫʨʛʽʯʥʦʾ ʪʘ ʘʥʝ-

ʩʪʝʟʽʦʣʦʛʽʯʥʦʾ ʪʝʭʥʽʢʠ ʨʽʚʝʥʴ ʧʝʨʠʦʧʝʨʘʮʽʡʥʦʾ ʪʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦʩʧʽʪʘʣʴʥʦʾ ʣʝʪʘʣʴʥʦʩʪʽ ʟʥʠʟʠʚʩʷ ʜʦ 1-

3% [9]. ʊʠʤ ʥʝ ʤʝʥʰʝ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʟʥʠʞʝʥʥʷ 

ʮʽʣʦʛʦ ʨʷʜʫ ʫʩʢʣʘʜʥʝʥʴ, ʯʘʩʪʦʪʘ ʥʝʚʨʦʣʦʛʽʯʥʠʭ ʜʠ-

ʩʬʫʥʢʮʽʡ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ [1]. ʅʘ ʦʩ-

ʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠ-

ʚʯʝʥʥʷ ʫʨʘʞʝʥʥʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ ʧʽʜ ʯʘʩ ʢʘʨʜʽʦʭʽ-

ʨʫʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʚ ʫʤʦʚʘʭ ʰʪʫʯʥʦʛʦ ʢʨʦʚʦʦʙʽʛʫ 

ʧʨʦʚʝʜʝʥʘ ʢʦʤʧʣʝʢʩʥʘ ʣʘʙʦʨʘʪʦʨʥʘ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘ-

ʣʴʥʘ ʦʮʽʥʢʘ ʩʪʘʥʫ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ, ʩʪʚʦʨʝʥʘ ʢʦʥʮʝ-

ʧʮʽʷ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʫʨʘʞʝʥʥʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ 

ʧʽʜ ʯʘʩ ʢʘʨʜʽʦʭʽʨʫʨʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʚ ʫʤʦʚʘʭ ʰʪʫʯ-

ʥʦʛʦ ʢʨʦʚʦʦʙʽʛʫ. ɺʠʷʚʣʝʥʽ ʧʝʨʝʜʦʧʝʨʘʮʽʡʥʽ ʬʘʢ-

ʪʦʨʠ, ʱʦ ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʤʦʟʢʦʚʦʾ ʜʠʩʬʫʥʢʮʽʾ. 

ɺʠʟʥʘʯʝʥʽ ʘʥʝʩʪʝʟʽʦʣʦʛʽʯʥʽ, ʢʘʨʜʽʦʥʝʚʨʦʣʦʛʽʯʥʽ, ʭʽ-

ʨʫʨʛʽʯʥʽ, ʧʝʨʬʫʟʽʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʟʘʭʠʩʪʫ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʢʫ ʪʘ ʧʨʦʬʽʣʘʢʪʠʢʠ ʥʝʡʨʦʚʘʩʢʫʣʷʨʥʠʭ ʫʩʢʣʘʜ-

ʥʝʥʴ. ɺʠʚʯʝʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʙʝʟʧʝʯʥʽʩʪʴ ʬʘʨʤʘ-

ʢʦʣʦʛʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʨʦʬʽʣʘʢʪʠʢʠ ʪʘ ʽʥʪʨʘʦ-

ʧʝʨʘʮʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ ʜʣʷ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʢʘʨʜʽʦʭʽʨʫʨʛʽʯʥʠʭ ʚʪʨʫʯʘʥʴ ʫ ʧʘʮʽʻʥʪʽʚ ʟ ʥʘ-

ʙʫʪʠʤʠ ʚʘʜʘʤʠ ʩʝʨʮʷ ʚ ʫʤʦʚʘʭ ʐʂ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʽʥʪʨʘʦʧʝʨʘʮʽʡʥʦʛʦ ʟʘʭʠ-

ʩʪʫ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʠʤʦ ʟʤʝʥʰʫʻ 

ʢʽʣʴʢʽʩʪʴ ʥʝʡʨʦʚʘʩʢʫʣʷʨʥʠʭ ʫʩʢʣʘʜʥʝʥʴ ʚ ʧʦʩʪʦʧʝ-

ʨʘʮʽʡʥʦʤʫ ʧʝʨʽʦʜʽ ʥʘ 13,2% [2]. 

ɻʝʤʦʨʘʛʽʯʥʽ ʫʩʢʣʘʜʥʝʥʥʷ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘ-

ʜʢʽʚ ʧʽʜ ʯʘʩ ʘʙʦ ʧʽʩʣʷ ʦʧʝʨʘʮʽʾ ʧʨʠ ʘʥʝʚʨʠʟʤʽ ʪʦ-

ʨʘʢʦ-ʘʙʜʦʤʽʥʘʣʴʥʦʛʦ ʚʽʜʜʽʣʫ ʘʦʨʪʠ ʨʦʟʚʠʚʘʻʪʴʩʷ 

ʢʦʘʛʫʣʦʧʘʪʽʷ. ʇʨʠʯʠʥʘʤʠ ʮʴʦʛʦ ʻ ʜʠʣʶʮʽʡʥʘ ʢʦʘʛʫ-
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ʣʦʧʘʪʽʷ, ʷʢʽʩʥʘ ʜʠʩʬʫʥʢʮʽʷ ʪʨʦʤʙʦʮʠʪʽʚ, ʜʽʷ ʛʝʧʘ-

ʨʠʥʫ ʪʘ ʬʽʙʨʠʥʦʣʽʟ. ʗʢʽʩʥʠʡ ʪʘ ʢʽʣʴʢʽʩʥʠʡ ʜʝʬʽʮʠʪ 

ʪʨʦʤʙʦʮʠʪʽʚ ʻ ʥʘʡʯʘʩʪʽʰʦʶ ʧʨʠʯʠʥʦʶ ʧʝʨʠʦʧʝʨʘ-

ʮʽʡʥʦʾ ʢʨʦʚʦʪʝʯʽ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʝʢʩʪʨʘʢʦʨʦʧʦʨʘ-

ʣʴʥʠʤ ʢʨʦʚʦʦʙʽʛʦʤ ʪʘ ʛʽʧʦʪʝʨʤʽʻʶ. 

ʏʘʩʪʦʪʘ ʨʝʦʧʝʨʘʮʽʡ ʟ ʧʨʠʚʦʜʫ ʢʨʦʚʦʪʝʯ ʩʢʣʘ-

ʜʘʻ 8%. ʉʝʨʡʦʟʥʫ ʧʨʦʙʣʝʤʫ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʣʝʛʝ-

ʥʝʚʽ ʢʨʦʚʦʪʝʯʽ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʚʥʘʩʣʽʜʦʢ ʚʽʜ-

ʰʘʨʫʚʘʥʥʷ ʩʧʘʡʦʢ ʣʝʛʝʥʽ [7]. 

ʂʦʨʝʢʮʽʶ ʧʦʨʫʰʝʥʴ ʟʛʦʨʪʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʧʨʦ-

ʪʷʛʦʤ ʫʩʽʭ ʝʪʘʧʽʚ ʦʧʝʨʘʮʽʾ. 

ɸʜʝʢʚʘʪʥʽʩʪʴ ʘʥʪʠʢʦʘʛʫʣʷʮʽʾ ʧʽʜ ʯʘʩ ʐʂ ʥʝʦʙ-

ʭʽʜʥʦ ʦʮʽʥʶʚʘʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦ, ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘ-

ʯʝʥʥʷ ɸʉʊ (activated coagulation time). ɺʽʜʦʤʦ, ʱʦ 

ʧʨʠ ɸʉʊ ʙʽʣʴʰʝ 400 ʩ ʟʘʧʦʙʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʬʽʙ-

ʨʠʥ-ʤʦʥʦʤʝʨʽʚ ʧʽʜ ʯʘʩ ʐʂ, ʪʦʤʫ ʨʝʬʝʨʝʥʪʽ ʟʥʘ-

ʯʝʥʥʷ ɸʉʊ ʜʦʩʷʛʘʶʪʴ 460-480 ʩ. ɺʠʟʥʘʯʝʥʥʷ ʇʊɯ 

(ʧʨʦʪʨʦʤʙʽʥʦʚʠʡ ʽʥʜʝʢʩ), ɸʏʊʏ (ʘʢʪʠʚʦʚʘʥʠʡ ʯʘʩʪ-

ʢʦʚʠʡ ʪʨʦʤʙʦʧʣʘʩʪʠʥʦʚʠʡ ʯʘʩ), ʬʽʙʨʽʥʦʛʝʥʘ ʪʘ ʪʨʦ-

ʤʙʦʮʠʪʽʚ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʞʥʽ 30-40 ʭʚ., 

ʷʢʱʦ ʥʝʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʢʦʥʪʨʦʣʶʚʘʪʠ ɸʉʊ [1]. 

ʇʽʜ ʯʘʩ ʛʝʤʦʩʪʘʟʫ ʟ ʤʝʪʦʶ ʧʨʠʛʥʽʯʝʥʥʷ ʬʽʙʨʠ-

ʥʦʣʽʟʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʨʘʥʝʢʩʘʤʦʚʘ ʢʠʩʣʦʪʘ, ʪʘ-

ʢʦʞ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘʤʽʩʥʘ ʪʝʨʘʧʽʷ ʧʨʝʧʘʨʘʪʘʤʠ 

ʢʨʦʚʽ. 

ʃʝʛʝʥʝʚʽ ʫʩʢʣʘʜʥʝʥʥʷ. ʌʘʢʪʦʨʠ ʨʠʟʠʢʫ ʣʝʛʝ-

ʥʝʚʠʭ ʫʩʢʣʘʜʥʝʥʴ ʻ ʥʘʩʪʫʧʥʽ: ʢʨʦʚʦʪʝʯʘ ʽʟ ʪʨʘʚʤʦ-

ʚʘʥʦʾ ʣʽʚʦʾ ʣʝʛʝʥʽ, ʙʘʨʦʪʨʘʚʤʘ, ʤʘʥʽʧʫʣʷʮʽʡʥʘ ʪʨʘ-

ʚʤʘ, ʜʦʚʛʦʪʨʠʚʘʣʘ ʐɺʃ. ʆʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ 

ʣʝʛʝʥʴ ʻ ʨʦʟʜʽʣʴʥʘ ʽʥʪʫʙʘʮʽʷ. ɼʚʦʭʧʨʦʩʚʽʪʥʽ ʝʥʜʦʙ-

ʨʦʥʭʝʘʣʴʥʽ ʪʨʫʙʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʦʛʣʷʜʫ ʚ ʦʧʝʨʘʮʽʡʥʦʤʫ ʧʦʣʽ, ʘʣʝ ʡ ʜʣʷ 

ʙʝʟʧʝʢʠ ʭʚʦʨʦʛʦ. ʂʦʣʘʧʩ ʣʽʚʦʾ ʣʝʛʝʥʽ ʩʧʨʠʷʻ ʟʥʠ-

ʞʝʥʥʶ ʪʨʘʚʤʘʪʠʟʘʮʽʾ ʣʝʛʝʥʝʚʦʾ ʧʘʨʝʥʭʽʤʠ. Etz C.D. 

ʽ ʩʦʘʚʪ. ʧʨʦʚʝʣʠ ʧʦʪʦʯʥʝ ʨʝʪʨʦʩʧʝʢʪʠʚʥʝ ʜʦʩʣʽ-

ʜʞʝʥʥʷ, ʤʝʪʦʶ ʷʢʦʛʦ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʧʨʝʜʠʢʪʦʨʽʚ 

ʧʽʩʣʷʦʧʝʨʘʮʽʡʥʠʭ ʣʝʛʝʥʝʚʠʭ ʫʩʢʣʘʜʥʝʥʴ ʪʘ ʪʨʠʚʘ-

ʣʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʣʽʢʘʨʥʽ. ʎʝʡ ʩʫʯʘʩʥʠʡ ʜʦʩʚʽʜ 

ʧʦʢʘʟʘʚ, ʱʦ ʧʝʨʝʜʦʧʝʨʘʮʽʡʥʘ ʥʠʨʢʦʚʘ ʥʝʜʦʩʪʘʪ-

ʥʽʩʪʴ ʪʘ ʚʝʣʠʢʘ ʘʥʝʚʨʠʟʤʘ ʻ ʚʘʞʣʠʚʠʤʠ ʧʨʝʜʠʢʪʦ-

ʨʘʤʠ ʜʠʭʘʣʴʥʠʭ ʫʩʢʣʘʜʥʝʥʴ ʧʽʩʣʷ ʭʽʨʫʨʛʽʯʥʦʾ ʢʦʨʝ-

ʢʮʽʾ ʘʥʝʚʨʠʟʤʠ ʘʦʨʪʠ . 

ʅʝʬʨʦʣʦʛʽʯʥʽ ʫʩʢʣʘʜʥʝʥʥʷ. ʏʘʩʪʦʪʘ ʨʦʟʚʠʪʢʫ 

ʥʠʨʢʦʚʦʾ ʥʝʜʦʩʪʘʪʥʦʩʪʽ ʧʽʩʣʷ ʧʨʦʪʝʟʫʚʘʥʥʷ ʪʦʨʘʢʦ-

ʘʙʜʦʤʽʥʘʣʴʥʦʛʦ ʚʽʜʜʽʣʫ ʘʦʨʪʠ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 25%, 

8% ʟ ʥʠʭ ʧʦʪʨʝʙʫʶʪʴ ʛʝʤʦʜʽʘʣʽʟʫ. ɼʦ ʬʘʢʪʦʨʽʚ ʨʠ-

ʟʠʢʫ ʧʽʩʣʷʦʧʝʨʘʮʽʡʥʦʾ ʥʠʨʢʦʚʦʾ ʥʝʜʦʩʪʘʪʥʦʩʪʽ ʚʽʜ-

ʥʦʩʷʪʴʩʷ: ʚʽʢ ʩʪʘʨʰʫ 50 ʨʦʢʽʚ, ʥʘʷʚʥʘ ʥʠʨʢʦʚʘ ʜʠʩ-

ʬʫʥʢʮʽʷ, ʪʨʠʚʘʣʘ ʥʠʨʢʦʚʘ ʽʰʝʤʽʷ, ʤʘʩʠʚʥʘ ʛʝʤʦʪʨʘ-

ʥʩʬʫʟʽʷ, ʥʝʩʪʘʙʽʣʴʥʘ ʛʝʤʦʜʠʥʘʤʽʢʘ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʭʘʨʘʢʪʝʨ ʧʦʰʢʦʜʞʝʥʥʷ ʧʦʪʨʝʙʫʻ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʟʘʭʠʩʪʫ ʥʠʨʦʢ. 

¶ ʆʙʤʝʞʝʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʬʨʦʪʦʢʩʠʯʥʠʭ 
ʢʦʥʪʨʘʩʪʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʚ ʧʝʨʝʜʦʧʝʨʘʮʽʡʥʦʤʫ ʧʝʨʽ-

ʦʜʽ. 

¶ ʋʩʫʥʝʥʥʷ ʩʪʝʥʦʟʫ ʥʠʨʢʦʚʦʾ ʘʨʪʝʨʽʾ ʧʽʜ ʯʘʩ 
ʦʧʝʨʘʮʽʾ. 

¶ ɯʥʬʫʟʽʡʥʘ ʪʝʨʘʧʽʷ ʧʨʠ ʘʥʝʚʨʠʟʤʽ ʘʦʨʪʠ, 
ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʫ ʚʥʫʪʨʽʰʥʴʦʩʫ-

ʜʠʥʥʦʾ ʨʽʜʠʥʠ ʚ ʜʦʦʧʝʨʘʮʽʡʥʦʤʫ ʧʝʨʽʦʜʽ ʟ ʧʦʜʘʣʴ-

ʰʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʥʽʪʦʣʫ ʧʽʜ ʯʘʩ ʦʧʝʨʘʮʽʾ. 

¶ ʄʽʥʽʤʽʟʘʮʽʷ ʯʘʩʫ ʽʰʝʤʽʾ. 

ɯʩʥʫʶʪʴ ʩʫʧʝʨʝʯʣʠʚʽ ʜʫʤʢʠ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʝʨʬʫʟʽʾ ʜʠʩʪʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʘʦʨʪʠ ʟ ʩʝʣʝʢʪʠʚʥʦʶ 

ʧʝʨʬʫʟʽʻʶ ʥʠʨʦʢ. ɿʘʭʠʩʥʫ ʜʽʶ ʤʦʞʝ ʥʘʜʘʪʠ ʧʝʨʬʫ-

ʟʽʷ ʥʠʨʦʢ ʦʭʦʣʦʜʞʝʥʠʤʠ ʨʦʟʯʠʥʘʤʠ, ʘ ʪʘʢʦʞ ʣʝʛʢʘ 

ʩʠʩʪʝʤʥʘ ʛʽʧʦʪʝʨʤʽʷ. 

ʉʧʽʥʘʣʴʥʽ ʫʩʢʣʘʜʥʝʥʥʷ. ɺʘʞʢʽ ʥʝʚʨʦʣʦʛʽʯʥʽ 

ʧʦʨʫʰʝʥʥʷ ʧʽʩʣʷ ʦʧʝʨʘʮʽʡ ʥʘ ʘʦʨʪʽ ʦʜʥʝ ʽʟ ʟʘʛʨʦʟʣʠ-

ʚʠʭ ʫʩʢʣʘʜʥʝʥʴ . ʏʘʩʪʦʪʘ ʽʰʝʤʽʾ ʩʧʠʥʥʦʛʦ ʤʦʟʢʫ ʧʨʠ 

ʦʧʝʨʘʮʽʷʭ ʥʘ ʪʦʨʘʢʦ-ʘʙʜʦʤʽʥʘʣʴʥʦʤʫ ʚʽʜʜʽʣʽ ʘʦʨʪʠ ʜʦ-

ʩʷʛʘʻ ʜʦ 13% [7]. ɼʦ ʬʘʢʪʦʨʽʚ ʨʠʟʠʢʫ ʧʝʨʠʦʧʝʨʘʮʽʡ-

ʥʦʛʦ ʫʨʘʞʝʥʥʷ ʩʧʠʥʥʦʛʦ ʤʦʟʢʫ ʚʽʜʥʦʩʷʪʴ: ʝʢʩʪʨʝʥʫ 

ʦʧʝʨʘʮʽʶ, ʨʦʟʰʘʨʫʚʘʥʥʷ, ʨʦʟʧʦʚʩʶʜʞʝʥʽʩʪʴ ʧʘʪʦʣʦʛʽ-

ʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʪʨʠʚʘʣʠʡ ʯʘʩ ʧʝʨʝʪʠʩʥʝʥʥʷ ʘʦʨʪʠ, ʨʦ-

ʟʨʠʚ ʘʦʨʪʠ, ʨʽʚʝʥʴ ʧʝʨʝʪʠʩʥʝʥʥʷ ʘʦʨʪʠ, ʚʽʢ ʧʘʮʽʻʥʪʘ ʪʘ 

ʥʘʷʚʥʽʩʪʴ ʩʫʧʫʪʥʽʭ ʟʘʭʚʦʨʶʚʘʥʴ [8]. ɺʠʩʦʢʘ ʯʘʩʪʦʪʘ 

ʩʧʽʥʘʣʴʥʠʭ ʫʩʢʣʘʜʥʝʥʴ ʧʦʷʩʥʶʻʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʢʨʦʚʦʧʦʩʪʘʯʘʥʥʷ ʉʄ, ʛʝʤʦʜʠʥʘʤʽʯʥʠʤʠ ʧʦʨʫʰʝʥ-

ʥʷʤʠ ʪʘ ʛʝʤʦʨʘʛʽʯʥʠʤʠ ʫʩʢʣʘʜʥʝʥʥʷʤʠ ʧʽʜ ʯʘʩ ʦʧʝʨʘ-

ʮʽʾ. ʄʝʪʦʜʠ ʟʘʭʠʩʪʫ ʩʧʠʥʥʦʛʦ ʤʦʟʢʫ: 

1. ʇʽʜʪʨʠʤʢʘ ʩʧʠʥʥʦʛʦ ʢʨʦʚʦʪʦʢʫ. 

2. ɼʨʝʥʫʚʘʥʥʷ ʮʝʨʝʙʨʦʩʧʽʥʘʣʴʥʦʾ ʨʽʜʠʥʠ. 

3. ɿʘʭʠʩʪ ʩʧʠʥʥʦʛʦ ʤʦʟʢʫ ʚʽʜ ʽʰʝʤʽʾ. 

ʇʽʜʚʠʱʝʥʥʷ ʢʨʦʚʦʧʣʠʥʫ ʜʦ ʩʧʠʥʥʦʛʦ ʤʦʟʢʫ 

ʧʽʜ ʯʘʩ ʪʘ ʧʽʩʣʷ ʦʧʝʨʘʮʽʾ ʟʥʠʞʫʻʪʴʩʷ ʨʠʟʠʢ ʪʨʚʘʤʘ-

ʪʠʟʘʮʽʾ ʩʧʠʥʥʦʤʦʟʢʦʚʦʛʦ ʢʘʥʘʣʫ ʟ 2,3-10% ʜʦ 10-

20%. ʊʠʤ ʥʝ ʤʝʥʰʝ, ʚʩʝ ʱʝ ʪʨʘʧʣʷʶʪʴʩʷ ʩʝʨʡʦʟʥʽ 

ʫʩʢʣʘʜʥʝʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʯʝʨʝʧʥʦ-ʩʫʜʠʥʥʽ ʛʝʤʘ-

ʪʦʤʠ [6]. 

ɼʦʮʽʣʴʥʽʩʪʴ ʤʦʥʽʪʦʨʠʥʛʫ ʪʠʩʢʫ ʪʘ ʜʨʝʥʫʚʘʥʥʷ 

ʮʝʨʝʙʨʦʩʧʽʥʘʣʴʥʦʾ ʨʽʜʠʥʠ (ʎʉʈ) ʦʙˇʨʫʥʪʦʚʘʥʘ ʪʠʤ, 

ʱʦ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʪʠʩʢʫ ʎʉʈ ʥʘʜ ʚʝʥʦʟʥʠʤ ʜʦʩʷʛʘ-

ʻʪʴʩʷ ʢʨʠʪʠʯʥʠʡ ʪʠʩʢ ʟʘʢʨʠʪʪʷ, ʱʦ ʚʝʜʝ ʜʦ ʚʝʥʦʟʥʦʛʦ 

ʢʦʣʘʧʩʫ. 

ʉʧʽʥʘʣʴʥʠʡ ʢʘʪʝʪʝʨ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʜʘʪʯʠʢʘ 

ʽʥʚʘʟʠʚʥʦʛʦ ʪʠʩʢʫ ʟ ʤʝʪʦʶ ʧʦʩʪʽʡʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʠʩʢʫ ʮʝʨʝʙʨʦʩʧʽʥʘʣʴʥʦʾ ʨʽʜʠʥʠ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʧʘ-

ʩʠʚʥʦʛʦ ʜʨʝʥʫʚʘʥʥʷ ʮʝʨʝʙʨʦʩʧʽʥʘʣʴʥʦʾ ʨʽʜʠʥʠ ʧʨʦ-

ʪʷʛʦʤ ʦʧʝʨʘʮʽʾ. ʎʉʈ ʧʘʩʠʚʥʦ ʜʨʝʥʫʻʪʴʩʷ ʚ ʧʝʚʥʠʭ 

ʜʽʘʧʘʟʦʥʘʭ ʪʠʩʢʫ: ʧʨʦʪʷʛʦʤ ʧʝʨʝʪʠʩʥʝʥʥʷ ɸʦ ï < 

10-12 mmHg, ʨʘʥʥʽʡ ʧʽʩʣʷʦʧʝʨʘʮʽʡʥʠʡ ʧʝʨʽʦʜ ï < 

12-15 mmHg . 

ʄʝʜʠʢʘʤʝʥʪʦʟʥʽ ʟʘʩʦʙʠ. ɼʣʷ ʙʘʛʘʪʴʦʭ ʬʘʨʘʤʘ-

ʢʦʣʦʛʽʯʥʠʭ ʟʘʩʦʙʽʚ ʧʨʦʚʦʜʠʣʘʩʴ ʦʮʽʥʢʘ ʟʘʭʠʩʥʦʾ ʜʽʾ 

ʧʨʠ ʽʰʝʤʽʯʥʦʤʫ ʘʙʦ ʨʝʧʝʨʬʫʟʽʡʥʦʤʫ ʫʰʢʦʜʞʝʥʥʽ 

ʩʧʠʥʥʦʛʦ ʤʦʟʢʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʠʣʧʨʝʜʥʠʟʦʣʦʥʫ 

ʜʦʟʚʦʣʷʻ ʟʘʭʠʩʪʠʪʠ ʩʧʠʥʥʠʡ ʤʦʟʦʢ ʜʦ ʪʘ ʧʽʩʣʷ ʧʝʨʝʪʠ-

ʩʥʝʥʥʷ ʘʦʨʪʠ. ʄʝʭʘʥʽʟʤ ʮʽʻʾ ʟʘʭʠʩʥʦʾ ʜʽʾ ʦʩʪʘʪʦʯʥʦ ʥʝ-

ʷʩʥʠʡ, ʘʣʝ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʥʘ-

ʙʨʷʢʫ ʩʧʠʥʥʦʛʦ ʤʦʟʢʫ ʽ ʟʤʝʥʰʝʥʥʷʤ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘ-

ʣʽʚ. 

ɺʠʩʥʦʚʢʠ. ʍʽʨʫʨʛʽʷ ʘʥʝʚʨʠʟʤʠ ʪʦʨʘʢʦ-ʘʙʜʦʤʽʥʘ-

ʣʴʥʦʛʦ ʚʽʜʜʽʣʫ ʘʦʨʪʠ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʯʠʭ ʪʘ ʥʝʚʠʨʽ-

ʰʝʥʠʭ ʨʦʟʜʽʣʽʚ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʭʽʨʫʨʛʽʾ, ʦʩʢʽʣʴʢʠ 

ʧʦʚ'ʷʟʘʥʘ ʟ ʚʠʩʦʢʦʶ ʯʘʩʪʦʪʦʶ ʫʩʢʣʘʜʥʝʥʴ, ʧʦʚ'ʷʟʘʥʠʭ 

ʽʟ ʽʰʝʤʽʯʥʠʤ ʧʦʰʢʦʜʞʝʥʥʷʤ ʦʨʛʘʥʽʚ ʧʽʜ ʯʘʩ ʧʝʨʝʪʠʩ-

ʥʝʥʥʷ ʘʦʨʪʠ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʧʝ-

ʨʘʮʽʷʭ ʥʘ ʪʦʨʘʢʦ-ʘʙʜʦʤʽʥʘʣʴʥʦʤʫ ʚʽʜʜʽʣʽ ʘʦʨʪʠ ʨʦʟʨʦ-

ʙʣʝʥʽ ʨʽʟʥʽ ʤʝʪʦʜʠ ʟʘʭʠʩʪʫ ʚʥʫʪʨʽʰʥʽʭ ʦʨʛʘʥʽʚ, ʟʘʩʪʦ-

ʩʫʚʘʥʥʷ ʷʢʠʭ ʜʦʟʚʦʣʠʣʦ ʽʩʪʦʪʥʦ ʟʥʠʟʠʪʠ ʯʘʩʪʦʪʫ 

ʫʩʢʣʘʜʥʝʥʴ ʪʘ ʣʝʪʘʣʴʥʽʩʪʴ ʧʨʠ ʦʧʝʨʘʮʽʷʭ. 

 

  



Norwegian Journal of development of the International Science No 24/2018 33 

ʉʇʀʉʆʂ ʃɯʊɽʈɸʊʋʈʀ: 

1. ɼʴʦʛʪʷʨ ɺ. ɺ., ɹʦʡʯʝʥʢʦ ʆ. ʄ., ɾʦʚʥʽʨ ɺ. 
ɸ., ʏʘʥʛʣʽ ʅ. ʆ. ʇʝʨʰʠʡ ʜʦʩʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʥ-

ʪʝʪʠʯʥʦʛʦ ʘʥʪʠʪʨʦʤʙʽʥʫ-ɯɯɯ (ɸʪʝʥʘʪʠʚ) ʫ 

ʢʘʨʜʽʦʭʽʨʫʨʛʽʯʥʽʡ ʧʨʘʢʪʠʮʽ // ɺʽʩʥʠʢ ʩʝʨʮʝʚʦ-ʩʫ-

ʜʠʥʥʦʾ ʭʽʨʫʨʛʽʾ. - 2017. - ˉ 3. - ʉ. 100-102 

2.  ɼʴʦʛʪʷʨ ɺ. ɺ., ʏʘʥʛʣʽ ʅ. ʆ. ʇʨʦʬʽʣʘʢʪʠʢʘ 

ʥʝʚʨʦʣʦʛʽʯʥʠʭ ʫʩʢʣʘʜʥʝʥʴ ʧʨʠ ʭʽʨʫʨʛʽʾ ʪʦʨʘʢʦ-ʘʙ-

ʜʦʤʽʥʘʣʴʥʦʛʦ ʚʽʜʜʽʣʫ ʘʦʨʪʠ. // ɺʽʩʥʠʢ ʩʝʨʮʝʚʦ-ʩʫ-

ʜʠʥʥʦʾ ʭʽʨʫʨʛʽʾ. - 2018. - ˉ 3. - ʉ. 68-70 

3. Boshes B, Priest WS, Yacorzynski GK, Zaks 

MS. The neurologic, psychiatric and psychologic as-

pects of cardiac surgery. Med Clin North 

Am. 1957 Jan;41(1):155-69. 

4. Knipp SC, Weimar C, Schlamann M, 

Schweter S, Wendt D, Thielmann M, Benedik J, Jakob 

H. Early and long-term cognitive outcome after con-

ventional cardiac valve surgery.Interact Cardiovasc 

Thorac Surg. 2017 Apr 1;24(4):534-540 

5. Kuzmik GA, Sang AX, Elefteriades JA. Natu-

ral history of thoracic aortic aneurysms. J Vasc Surg. 

2012 Aug;56(2):565-71 

6. Nancy E. EpsteinPerioperative cerebrospinal 

fluid drainage for the prevention of spinal ischemia af-

ter endovascular aortic repaiPerioperative cerebrospi-

nal fluid drainage for the prevention of spinal ischemia 

after endovascular aor. Cerebrospinal fluid drains re-

duce risk of spinal cord injury for thoracic/thoracoab-

dominal aneurysm surgery: A review Surg Neurol Int. 

2018; 9: 48. 

7. Moulakakis KG, Karaolanis G, Antonopoulos 

CN, Kakisis J, Klonaris C, Preventza O, Coselli JS, 

Geroulakos G. Open repair of thoracoabdominal aortic 

aneurysms in experienced centers. J Vasc Surg. 2018 

Aug;68(2):634-645 

8. Patel HJ, Williams DM, Upchurch GR Jr, 

Dasika NL, Deeb GM. A comparative analysis of open 

and endovascular repair for the ruptured descending 

thoracic aorta. J Vasc Surg. 2009 Dec;50(6):1265-70. 

9. Shroyer AL, Hattler B, Grover FL. Five-Year 

Outcomes after On-Pump and Off-Pump Coronary-Ar-

tery Bypass. N Engl J Med. 2017 Nov 9;377(19):1898-

1899. 

  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Epstein%20NE%5BAuthor%5D&cauthor=true&cauthor_uid=29541489


34 Norwegian Journal of development of the International Science No 24/2018 

PHYSICAL SCIENCES 
 

INVESTIGATION OF ACCELERATION CURVES OF INDUSTRIAL CONTROL FACILITIES FOR 
THEIR IDENTIFICATION 

 

Adambaev M., 

Ph.D., Associate Professor, Department of Electronics and Robotics,  

Almaty University of Power Engineering and Telecommunications (AUPET), Almaty 

Turtaeva A., 

Master, lecturer, Department of Electronics and Robotics,  

Almaty University of Power Engineering and Telecommunications (AUPET), Almaty 

Tasmurat A. 

Master, lecturer, Department of Electronics and Robotics,  

Almaty University of Power Engineering and Telecommunications (AUPET), Almaty 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʈʀɺʓʍ ʈɸɿɻʆʅɸ ʇʈʆʄʓʐʃɽʅʅʓʍ ʆɹʒɽʂʊʆɺ ʋʇʈɸɺʃɽʅʀʗ ɼʃʗ 

ʀʍ ʀɼɽʅʊʀʌʀʂɸʎʀʀ 

 

ɸʜʘʤʙʘʝʚ ʄ.ɼ. 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ çʕʣʝʢʪʨʦʥʠʢʘ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʘè,  

ɸʣʤʘʪʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʥʝʨʛʝʪʠʢʠ ʠ ʩʚʷʟʠ (ɸʋʕʉ), ɸʣʤʘʪʳ 

ʊʫʨʪʘʝʚʘ ɸ.ʉ. 

ʤʘʛʠʩʪʨ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʢʘʬʝʜʨʘ çʕʣʝʢʪʨʦʥʠʢʘ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʘè,  

ɸʣʤʘʪʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʥʝʨʛʝʪʠʢʠ ʠ ʩʚʷʟʠ (ɸʋʕʉ), ɸʣʤʘʪʳ 

ʊʘʩʤʫʨʘʪ ɸ.ɿ. 

ʤʘʛʠʩʪʨ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʢʘʬʝʜʨʘ çʕʣʝʢʪʨʦʥʠʢʘ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʘè,  

ɸʣʤʘʪʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʥʝʨʛʝʪʠʢʠ ʠ ʩʚʷʟʠ (ɸʋʕʉ), ɸʣʤʘʪ r

 

Abstract 

It is confirmed that the acceleration curves of inertial first and second order ICFs are, respectively, exponential 

and S-shaped. 

The possibility of identifying such ICF by their experimental acceleration curves is substantiated. 

ɸʥʥʦʪʘʮʠʷ  

ʇʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʢʨʠʚʳʝ ʨʘʟʛʦʥʘ ʠʥʝʨʮʠʦʥʥʳʭ ʇʆʋ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʠʤʝʶʪ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʠ S-ʦʙʨʘʟʥʫʶ ʬʦʨʤʫ. 

ʆʙʦʩʥʦʚʘʥʦ ʚʦʟʤʦʞʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʘʢʠʭ ʇʆʋ ʧʦ ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʢʨʠʚʳʤ ʨʘʟʛʦʥʘ. 

 

Keywords: Acceleration Curve, industrial control facilities, Carson-Heaviside Expansion Theorem 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʨʠʚʘʷ ʨʘʟʛʦʥʘ, ʧʨʦʤʳʰʣʝʥʥʳʡ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ, ʪʝʦʨʝʤʘ ʨʘʟʣʦʞʝʥʠʷ ʂʘʨʩʦʥʘ-

ʍʝʚʠʩʘʡʜʘ.  

 

ʈʝʘʢʮʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ 

(ʇʆʋ) ʧʦ ʠʩʩʣʝʜʫʝʤʦʤʫ ʢʘʥʘʣʫ ʥʘ ʩʪʫʧʝʥʯʘʪʦʝ 

ʚʭʦʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘʟʳʚʘʝʪʩʷ ʨʘʟʛʦʥʥʦʡ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʦʡ (ʢʨʠʚʦʡ ʨʘʟʛʦʥʘ). ʕʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʛʨʘʬʠʯʝʩʢʠ ʦʪʨʘʞʘʝʪ ʩʪʨʫʢʪʫʨʫ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʇʆʋ [1]. 

ʄʥʦʛʠʝ ʇʆʋ ʠʤʝʶʪ ʨʘʟʛʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʠʣʠ S-ʦʙʨʘʟʥʳʭ ʚʠʜʦʚ 

[1].  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʠʚʳʭ ʨʘʟʛʦʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫ-

ʝʤʦʛʦ ʇʆʋ (ʠʜʝʥʪʠʬʠʢʘʮʠʠ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʦʧʠʩʘʥʠʶ. ʇʦʩʣʝʜʥʝʝ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʝʨʘʪʦʨ-

ʥʦʛʦ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ 

(ʢʨʠʚʦʡ ʨʘʟʛʦʥʘ) ʇʆʋ.  

ɽʩʣʠ ʠʟʚʝʩʪʥʦ ʦʧʝʨʘʪʦʨʥʦʝ ʚʳʨʘʞʝʥʠʝ ʩʠ-

ʩʪʝʤʳ ʚ ʚʠʜʝ  
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ʪʦʛʜʘ ʠʩʢʦʤʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʢʨʠ-

ʚʦʡ ʨʘʟʛʦʥʘ y(t) ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʥʘ ʦʩʥʦʚʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʚʪʦʨʦʡ ʪʝʦʨʝʤʳ ʨʘʟʣʦʞʝʥʠʷ ʂʘʨʩʦʥʘ-

ʍʝʚʠʩʘʡʜʘ [2]: 
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ʛʜʝ: pk ï ʢʦʨʥʠ F2(p)=0, ʘ 
dp

pdF
pF

)(
)( 2'

2 = . 

ʇʨʠʤʝʥʠʤ ʵʪʦʪ ʤʝʪʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ (ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ) ʧʦ 

ʢʨʠʚʳʤ ʨʘʟʛʦʥʘ ʜʣʷ ʪʠʧʦʚʳʭ ʇʆʋ (ʠʥʝʨʮʠʦʥʥʦʛʦ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʠʥʝʨʮʠʦʥʥʦʛʦ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

(ʢʦʨʥʠ F2(p)=0 ïʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴ-

ʥʳʝ)).  

ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʦʛʦ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ ʠʤʝʝʪ ʚʠʜ:  
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ʂʦʨʝʥʴ F2(p)=Tp+1=0 ʨʘʚʝʥ p1=-1/T , ʘ 

Fô2(p)=(Tp+1)ô=T , ʪʦʛʜʘ ʠʩʢʦʤʦʝ ʨʝʰʝʥʠʝ ʧʨʠʥʠ-

ʤʘʝʪ ʚʠʜ: 
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ɻʨʘʬʠʢ ʵʪʦʡ ʬʫʥʢʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʢʩ-

ʧʦʥʝʥʪʫ. 

ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʠʥʝʨʮʠʦʥʥʦʛʦ ʇʆʋ 

(ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ) ʩ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʦʪʨʠʮʘʪʝʣʴ-

ʥʳʤʠ ʢʦʨʥʷʤʠ ʠʤʝʝʪ ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ ʚʠʜʘ: 
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ʂʦʨʥʠ F2(p)=(T1p+1)(T2p+1)=0 ʨʘʚʥʳ: 
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ʘ ʧʨʦʠʟʚʦʜʥʘʷ F2(p) ʙʫʜʝʪ ʨʘʚʥʘ:  
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ʪʦʛʜʘ ʠʩʢʦʤʦʝ ʨʝʰʝʥʠʝ ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ 

ʚʠʜ: 
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ʛʜʝ ὅ ὯȠ  ὅ Ƞ ὅ  

 

ɻʨʘʬʠʢ y(t) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ 

ʵʢʩʧʦʥʝʥʪ ʠ ʠʤʝʝʪ S-ʦʙʨʘʟʥʫʶ ʬʦʨʤʫ.  

ʇʦʜʪʚʝʨʜʠʤ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʯʠʩ-

ʣʝʥʥʳʭ ʧʨʠʤʝʨʘʭ. 

ʇʦʩʪʨʦʠʤ ʢʨʠʚʫʶ ʨʘʟʛʦʥʘ ʠʥʝʨʮʠʦʥʥʦʛʦ ʟʚʝʥʘ 

ʩ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ ʚʠʜʘ: 

ὡ ὴ
χȢυ

σȢυὴ ρ
 ȟ 

 

ʛʜʝ ὴ
Ȣ
 ȟ ʘ Fô2(p)=3.5 

ɼʘʣʝʝ ʠʩʧʦʣʴʟʫʝʤ ʬʦʨʤʫʣʫ ʂʘʨʩʦʥʘ-ʍʝʚʠ-

ʩʘʡʜʘ, ʧʦʜʩʪʘʚʠʚ ʜʘʥʥʳʝ (ὴ ὴ
Ȣ
 ȟ ʘ 

Fô2(p)=3.5) ʧʦʣʫʯʠʤ: 

 

ώὸ
Ȣ Ȣ

Ȣ
ᶻȢ

ὩzȢ χȢυρ Ὡ Ȣ . 

 

ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ y(t) ʧʨʠ t=var ʩʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʫ 1: 

ʊʘʙʣʠʮʘ 1 

ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʨʠʚʦʡ ʨʘʟʛʦʥʘ ʠʥʝʨʮʠʦʥʥʦʛʦ ʟʚʝʥʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

t 0 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5 5,5 6 6,5 7 

ʋ  0,00  1,00 1,86 2,61 3,26 3,83 4,32 4,74 5,11 5,43 5,70 5,94 6,15 6,33 6,48 

ʇʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʪʦʯʢʘʤ 

ʜʘʥ ʥʘ ʨʠʩʫʥʢʝ 1, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʦʡ ʵʢʩ-

ʧʦʥʝʥʪʦʡ. 
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ʈʠʩʫʥʦʢ 1 ï ʇʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʠʥʝʨʮʠʦʥʥʦʛʦ ʟʚʝʥʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

 

ʇʦʩʪʨʦʠʤ ʢʨʠʚʫ  ʁʨʘʟʛʦʥʘ ʠʥʝʨʮʠʦʥʥʦʛʦ ʟʚʝʥʘ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ ʚʠʜʘ: 

 

ὡ ὴ
χȢυ

σȢυὴ ρ ςȢυὴ ρ

χȢυ

ψȢχυὴ φὴ ρ
ȟ 

 

ʛʜʝ: Ὂ ὴ ρχȢυὴ φȟ p1= ï 0,2857; p2= ï 0,4.  

ɼʘʣʝʝ ʠʩʧʦʣʴʟʫʷ ʪʝʦʨʝʤʫ ʨʘʟʣʦʞʝʥʠʷ ʂʘʨʩʦʥʘ-

ʍʝʚʠʩʘʡʜʘ ʧʦʣʫʯʠʤ: 

 

ώὸ
χȢυ

ρ

χȢυ

πȢςψυχϽρχȢυϽ πȢςψυχφ
ϽὩ Ȣ

χȢυ

πȢτϽρχȢυϽ πȢτ φ
ϽὩ Ȣ  

 

ʠʣʠ  

ώὸ χȟυ ςφȟςτυϽὩ ȟ ρψȟχυϽὩ ȟȢ 
ʀʟʤʝʥʷ ̫ʟʥʘʯʝʥʠʷ t ʟʘʧʠʰʝʤ ʨʝʟʫʣʴʪʘʪʳ ʚ ʪʘʙ-

ʣʠʮʫ 2: 

 

ʊʘʙʣʠʮʘ 2 

ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠʥʝʨʮʠʦʥʥʦʛʦ ʟʚʝʥʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

t 0 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5 5,5 6 6,5 7 

ʋ  0,00  0,10  0,35 0,69 1,10 1,55 2,01 2,47 2,92 3,34 3,75 4,12 4,47 4,79 5,09 

  

ʂʨʠʚʘʷ ʨʘʟʛʦʥʘ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʪʦʯʢʘʤ 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʦʢʝ 2. 

 



Norwegian Journal of development of the International Science No 24/2018 37 

 
ʈʠʩʫʥʦʢ 2 ï ʂʨʠʚʘʷ ʨʘʟʛʦʥʘ ʠʥʝʨʮʠʦʥʥʦʛʦ ʟʚʝʥʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ  

 

y(t) ʜʣʷ ʠʥʝʨʮʠʦʥʥʦʛʦ ʟʚʝʥʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

ʠʤʝʝʪ S-ʦʙʨʘʟʥʫʶ ʬʦʨʤʫ. ʀʟ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ɽʩʣʠ ʠʩʩʣʝʜʫʝʤʳʡ ʇʆʋ (ʧʦ ʜʘʥʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘ) ʠʤʝʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʢʨʠʚʫʶ 

ʨʘʟʛʦʥʘ, ʪʦ ʝʛʦ ʩʪʨʫʢʪʫʨʫ ʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʢʘʢ ʠʥʝʨʮʠʦʥʥʦʝ ʟʚʝʥʦ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ.  

2. ɽʩʣʠ ʠʩʩʣʝʜʫʝʤʳʡ ʇʆʋ (ʧʦ ʜʘʥʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘ) ʠʤʝʝʪ S-ʦʙʨʘʟʥʫʶ ʢʨʠʚʫʶ ʨʘʟʛʦʥʘ, 

ʪʦ ʝʛʦ ʩʪʨʫʢʪʫʨʫ ʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ 

ʠʥʝʨʮʠʦʥʥʦʝ ʟʚʝʥʦ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

3. ɼʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʂ,ʊ) 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʦʪʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʨʠʚʳʭ 

ʨʘʟʛʦʥʘ [2]. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. ɸʜʘʤʙʘʝʚ ʄ.ɼ. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ (ʧʨʠʢʣʘʜʥʘʷ 

ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ). ï ɸʣʤʘʪʳ: ʂʘʟʅʊʋ 

ʠʤʝʥʠ ʂ.ʀ.ʉʘʪʧʘʝʚʘ, 2015-322 ʩ. 

2. ɸʜʘʤʙʘʝʚ ʄ.ɼ. ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ: 

ʋʯʝʙʥʠʢ. ï ɸʣʤʘʪʳ: ʂʘʟʅʊʋ, 2013-237. 

  



38 Norwegian Journal of development of the International Science No 24/2018 

TECHNICAL SCIENCES 
 

INFLUENCE OF RESIDUAL STRESSES ON THE THERMAL STRENGTH OF NRE FUEL 
ELEMENTS 

 

Deryavko I., 

Candidate of technical science, chief specialist in reactor materials science 

Institute of Atomic Energy of the National Nuclear Center of the Republic of Kazakhstan, Kurchatov 

Lanin A.  

Doctor of technical science, professor, head of strength testing laboratory 

Scientific Research Institute of SIA çLuchè, Podolsk, Russia 

 

Abstract 

The results of tests of fuel elements of a nuclear rocket engine (NRE) in the IVG-1 research reactor in modes 

simulating the natural conditions of the NRE reactor operation are considered. Both positive and negative effects 

of thermal loading of fuel elements on their integrity have been established. The favorable role of the occurrence 

of compressive macrostresses on the surfaces of fuel cells is shown. 
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Introduction  

Soviet version fuel elements of the space NRE reac-

tor (NRE fuel elements) are casing-free ceramic rods of 

100 mm long, made of carbides and of carbides-graphites 

of the uranium, zirconium and niobium: (Zr,U)C, 

(Zr,Nb,U)C, (Zr,U)C+C [1, 2]. These fuel elements 

have a two-blade profile and twisted in the longitudinal 

direction with a step of 35 mm (diameter of the circum-

scribed circle of a fuel element is 2.2 mm). They will be 

used in fuel assemblies (FA), containing several sections 

of the heating (HS) 100 mm long inserted into the flow-

ing gas-cooled technological channels of NRE reactor 

core. 

During the working out of NRE fuel elements in 

IVG-1 reactor 30 technological channels with 8-cell or 

6-cell fuel assemblies were installed. Each HS in the 8-

cell assemblies contains 379 fuel elements, and each HS 

in the 6-cell assemblies ï 151 fuel elements (beam diam-

eters of fuel elements in the 8-cell and 6-cell assemblies 

were respectively 47.0 and 29.7 mm). In the 8-cell as-

semblies the first five HS contain fuel elements of 

(Zr,U)C, and the last three are fuel elements of 

(Zr,Nb,U)C; in 6-cell assemblies the first four HS contain 

fuel elements of (Zr,U)C+C, and the last two are fuel el-

ements of (Zr,Nb,U)C. 

During the ground test of NRE fuel elements each 

IVG-1 reactor start-up (of about 5-6 minutes duration) 

corresponded to one of the reactor activation of space 

NRE. In the trial tests of the IVG-1 reactor first core only 

3 start-ups were performed ï power start-up (PS) and two 

working start-ups (WS). And in the life cycle tests of the 

second core the regulated number of the start-ups was 

made (that is, one PS and eleven WS). At that the modes 

of WS start-ups in the life cycle tests corresponded well 

to operating conditions of the reactor activations of space 

NRE. In particular, the hydrogen temperature at FA outlet 

reached 3100 K, hydrogen pressure at the inlet and outlet 

of FA was ~10 and ~5 MPa, respectively, the maximum 

temperature drop along the radial cross section of fuel 

element reached 250 K. 

 

Operating conditions of NRE fuel elements 
Operating conditions of fuel elements in NRE reac-

tor (and test conditions of NRE fuel elements in IVG-1 

reactor) are associated with essential presence of thermal 

stresses in them, because all the fuel element heat from 

the internal energy is selected by the hydrogen flow 

pumped through the fuel assembly. The most intense heat 

removal from the surface of the fuel element (creating a 

radial temperature drop ȹT over its cross section) takes 

place in the inlet HS, operating in the temperature range 

of fragile state, that means the first and second HS in the 

6-cell FA or the first, second and third HS in the 8-cell 

FA. 

In the course of the reactor steady-state operation the 

temperature drop in each fuel element increases from zero 

to maximum and remains at that value during the start-up 

(the parabolic form of the temperature distribution in 

cross-section of fuel element is shown in Fig. 1). Temper-

ature drop value is determined by the heat flux qS from 

the surface of a fuel element, thermal conductivity ɚ of 

fuel element material and the radius r. This tempera-

ture drop ȹT creates dangerous thermal macrostresses 

ůT with tensile component at the fuel element surface (see 

the diagram of axial ůT in Fig. 1). The values of the axial 

and tangential tensile stresses ůT can be found [3, 4] from 

the formula: 

ůT = ŬEȹT/[2(1ïv)] = ŬEqSr/[4ɚ(1ïv)], 

where Ŭ ï coefficient of thermal expansion; E ï 

Young's modulus; v ï Poisson's constant. 

Thermal stresses ůT pose a real danger for fuel ele-

ments operating only at temperatures up to 1600 K, be-

cause in these conditions the fragile refractory carbides 

will not have relaxation capability of these time elastic 

macrostresses. If the stress ůT exceeds the tensile strength 

of fuel element material there will be cracks on its surface. 

Cracks in themselves do not affect the operation of the 

fuel elements, but their appearance leads to very negative 

consequences, as in the future the breakage of fuel rods 

weakened by cracks by bending, bandage and vibration 

loads (bending loads occur in the fuel elements in the 

event of the longitudinal beams twisting in HS, and 
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bandage ï under the influence of radiation thickening of 

fuel elements). 

 

 
Fig. 1. The radial distribution of temperature T, the 

axial thermal stresses ůT and axial residual radiation 

stress ůR resulting in NRE fuel element at various 

stages of its operation in flowing technological 

channels. 

 

Along with the negative aspect of hazardous thermal 

stresses presence in the fuel elements there is a positive 

sign consisting of fuel elements hardening due to the ap-

pearance of compressive residual radiation macrostresses 

on their surfaces ůR (see diagram of axial ůR in Fig. 1). 

Residual stresses ůR arise again because of the presence 

of radial temperature drop ȹT in the irradiated fuel ele-

ment, which provides radiation swelling heterogeneity of 

the fuel element material. Due to different rates of an-

nealing of resulting radiation defects volume of periph-

eral (cooler) regions of the fuel element will increase 

stronger than the internal volume of (hotter) regions. This 

will ensure the appearance of compressive residual 

stresses on the fuel element surface and tensile stresses 

inside, as the internal regions preventing excessive ex-

pansion of the surface regions, will create an elastic com-

pression in them, and themselves time will be stretched 

elastically at the same. 

Trial tests of NRE fuel elements 
Trial and life cycle tests of NRE fuel elements in a 

flowing gas-cooled channels of IVG-1 research reactor 

showed that the state of the irradiated fuel elements to a 

great extent depends on the specific modes of reactor 

tests [5]. Thus, the fuel elements of (Zr,U)C and 

(Zr,Nb,U)C after the trial tests in the channels with 8-cell 

fuel assemblies in the modes, significantly reduced com-

pared to the nominal mode for NRE reactor, was discov-

ered in a quite satisfactory condition: surface cracks and 

breakage of the fuel rods were few events, the longitudi-

nal beams twisting of fuel elements in HS were small, the 

increase in the coefficient of gas-dynamic resistance of 

the cooling duct of fuel assemblies were also small. At 

the same time a significant post-irradiation increase of 

strength ůS and thermal strength of fuel elements, as well 

as the presence of compressive residual stresses ůR on 

their surfaces was recorded. 

Hardening of fuel elements ȹůS/ůS in three inlet 

(low-temperature) sections (HS-1, HS-2, HS-3) reached 

almost 100 %, in four outlet (high-temperature) sections 

it was small (Fig. 2). The nature of fuel elements thermal 

strength increase was the same as the character of their 

hardening. Measurements of fuel elements thermal 

strength by time-dependent thermal loading (destructive 

temperature drop ȹTF or the first criterion of thermal 

strength was determined by rapid immersion of the pre-

heated fuel rods in water) showed the more than twofold 

increase in thermal strength of fuel elements of (Zr,U)C 

in the first three inlet HS and the almost complete no 

change of the characteristics of fuel elements of (Zr,U)C 

and (Zr,Nb,U)C in high-temperature HS. The coinci-

dence of the change of the strength and thermal strength 

of fuel elements on FA length is due to the fact that the 

thermal strength of brittle materials products is linearly 

related to their strength. 

The results of X-ray measurements of the magnitude 

and sign of axial residual stresses ůR in fuel elements of 

two channels exposed to different uranium burn-up ND 

(ND burn-up ï the number of uranium fission per a vol-

ume unit) are shown in Fig. 3. In the measurements we 

used the developed nondestructive method [6] with photo-

recording of the stresses in a special X-ray camera. The 

measurements were made on the fuel elements which had 

no surface cracks. When comparing the data in Fig. 3 and 

Fig. 2 we can see the satisfactory correlation of the 

change in hardening levels of fuel elements along the FA 

length and the levels of compressive residual stresses in 

them: the maximal hardening ȹůS/ůS and maximum 

stresses ůR occur in the fuel elements of the first three HS 

of both channels. 

Further, using only the fuel elements from HS-1 sec-

tions of six channels, X-ray study of the uranium burn-up 

effect on the level of occurred stresses ůR was conducted 

out. It turned out that ND increase on an order (from 

~2.1Ŀ1016 to ~2.1Ŀ1017 div./cm3) leads to the more than two-

fold increase of stresses level ůR. This has led to express 

concern for the integrity of the fuel rods involved in a 

longer-state life tests at IVG-1 reactor with the second 

core. Indeed, a further significant increase of ND burn-up 

the positive effect of increasing compressive stresses at 

the surfaces of fuel elements may be replaced by the 

negative: a significant increase of the tensile axial 

stresses ůR inside of fuel elements could lead to their 

damage into fragments at the time of cooling after start-

up (at the time of temporary stresses disappearance ůT). 

 

 

ʅS-1 ʅS-2 ʅS-3 ʅS-4 ʅS-5 ʅS-6 ʅS-7 ʅS-8 
0 

20 

40 

60 

80 

100 

ʅʦʤʝʨ ʥʘʛʨʝʚʥʦʡ ʩʝʢʮʠʠ 

D
s

S
/s

S
, 
%

 

 
Number of heating section 

Fig. 2. The nature of fuel elements strength 

change ȹůS/ůS on FA length after trial tests in three 

start-ups PS+2WS of IVG-1 reactor with the first 

core. 
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Fig. 3. Residual stresses ůR on the surfaces of fuel 

elements of (Zr,U)C in the first five HS of 8-cell FA 

after tests in one start-up WS (1) to ND burn-up 

~0,9Ā1017 div./cm3 and three start-ups PS+2WS (2) up 

to ND burn-up ~2,3Ā1017 div./cm3. 

 

The question on the danger of expected excessive 

growth of stresses ůR in the fuel elements was resolved 

only after the completion of their life cycle tests in the 

second IVG-1 reactor core, when the opportunity to X-ray 

measurements of stresses ůR in fuel elements with ND 

burn-up in a wide (from ~2Ŀ1016 to ~2Ŀ1018 div./cm3) 

range. To do this, in addition to data on the fuel elements 

of (Zr,U)C tested in the six channels of IVG-1 reactor first 

core, X-ray diffractometric parameter measurements of 

the magnitudes and signs of axial residual stresses ůR at 

the surfaces of fuel elements of (Zr,U)C+C tested in low-

temperature HS of eleven channels of IVG-1 reactor sec-

ond core, were performed (Fig. 4). The measurements 

were carried out on the selected integer fuel elements con-

taining no surface cracks. 

 

-250 

-200 

-150 

-100 

-50 
16,5 16,0 17,0 17,5 18,0 18,5 

lg (ND, div./ʩm-3) 

ů
R
,
 
ʄ

P
ʘ 

19,0 

 
Fig. 4. The levels of residual stresses ůR on the 

surfaces of fuel elements of (Zr,U)C+C and (Zr,U)C 

depending on ND burn-up in the range of ~2Ā1016 to 

~2Ā1018 div./cm3. 

 

The results of measurements ůR (in Fig. 4 data for the 

first core fuel elements are marked with blue dots) indi-

cated that the continuous growth of the radiation dose up 

to uranium burn-up about 2Ŀ1018 div./cm3 was not ac-

companied by continuous growth of compressive 

stresses ůR on the surface of a fuel element (and tensile ůR 

inside) to excessively high values. The increase of stresses 

ůR (fuel element material swelling heterogeneity in-

crease), as seen from the figure, was stopped after burning 

of about 3Ŀ1017 div./cm3 (indicated by dotted line) before 

reaching 200 MPa, that eliminates the risk of failure of 

fuel elements from the tensile residual stresses operating 

in their internal regions. 
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Fig. 4. The levels of residual stresses ůR on the 

surfaces of fuel elements of (Zr,U)C+C and (Zr,U)C 

depending on ND burn-up in the range of ~2Ā1016 to 

~2Ā1018 div./cm3. 

 

Life cycle tests of NRE fuel elements 
In contrast to the first core of IVG-1 reactor the sec-

ond core fuel elements tested in modes close to the nom-

inal operation of NRE reactor, there was a significant 

degradation of the initial state, especially noticeable in 

low-temperature HS-1 and HS-2. In particular, the fuel 

elements in these sections had numerous cracks and dam-

age, and the longitudinal beams twisting in HS and the 

number of failures of fuel elements were increased with 

increasing the number of reactor start-ups. For example, 

after 6 start-ups the angles of beams twisting of fuel el-

ements reached about ~20Á, and the number of broken 

fuel elements was approximately 80 %. Destroyed fuel 

elements in HS-1 and HS-2 were small (3-15 mm in 

length) and slightly mixed fragments of rods that signifi-

cantly ï hundreds of percent ï increased the coefficient 

of gas-dynamic resistance at the entrance of FA cooling 

duct. The fuel elements in the remaining four high-tem-

perature HS remained intact, or were damaged only to 

large (30 mm length) fragments without mutual displace-

ment, their strength decreased with increasing tempera-

ture and duration of exposure due to the degradation of 

the surface material by erosion and hydration. 

It is obvious that the original cause of the negative 

situation in the inlet HS is the lack of thermal strength of 

carbide-graphite fuel elements at the temperature of the 

fragile state. Indeed, the level of thermal strength of these 

fuel elements is such that the cracks appear in them even 

at heat loads qS higher 5 MW/m2 (see shaded dangerous 

region in Fig. 5). That is why the fuel elements of the first 

two sections of 6-cell FA were damaged by cracks and de-

stroyed during tests in IVG-1 reactor second core, and the 

fuel elements in the first three sections of 8-cell assem-

blies remained intact during the tests in the first core. 
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Fig. 5. Distribution of heat fluxes from the surface of 

fuel elements qS along the length of 8-cell (a) and 6-

cell (b) FA, respectively, in trial and life cycle tests 

of fuel elements in IVG-1 reactor. 
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Consequently, for the elimination of a failure of fuel 

elements in the first two sections of 6-cell assemblies and 

prevent processes of grinding and mixing of the frag-

ments it is necessary, as seen in Fig. 5, to increase the in-

itial thermal strength of the fuel elements of (U,Zr)C+C 

approximately doubly. As the level of thermal strength of 

brittle carbide material can be increased by increasing its 

strength, in [7] the possible ways of pre-hardening of fuel 

elements by thermal, radiation and combination methods 

were analyzed. Among the possible radiation methods the 

way of fuel elements strengthening by residual radiation 

stresses ůR in which the fuel elements of 6-cell FA were 

previously irradiated to ND burn-up about 3Ŀ1017 div./cm3 

in a mode of decreased power (at average heat load on FA 

length qS about 4 MW/m2), was pointed to. Pre-irradiation 

is carried out in the shape of the first start-up (FS) of NRE 

space facility located in orbit. Double hardening of car-

bide-graphite fuel elements of low-temperature HS 

achieved during FS start-ups must ensure absence of 

cracks and breakage in the subsequent reactor activations. 

A comparison of the change of fuel elements 

strength after reactor tests in only a few (n) working start-

ups (nWS) and after the tests in the n working start-ups 

with prior power start-up (PS+nWS) [5] can serve as an 

experimental substantiation of the proposed method (see 

Fig. 6). Start-up PS of IVG-1 reactor regarded here as the 

start-up FS of NRE reactor, but instead of the proposed 

double-hardening of fuel elements of inlet HS (as in FS 

start-up) only one and a half hardenings occurs in PS 

start-up. The comparison showed that the hardening of 

fuel elements in HS-1 and HS-2, achieved in a relatively 

soft mode of PS start (with its medium heat load on FA 

length qS less than 1.6 MW/m2), with the increase of start-

ups number, is reduced and replaced by a softening due to 

the insufficient level of pre-hardening (50 % instead of 

the required 100 %). However, it is noticeable that there 

is the positive impact of PS start-up on the strength of 

fuel elements in HS-1 and HS-2: after PS+5WS tests 

their hardening is ~25 %, and after 5WS tests ï only 

about 10 %; after the life cycle tests in PS+11WS start-

ups the softening of fuel elements was about 30 %, while 

after 9WS tests (not even 11WS) it reached 40 %. 
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Fig. 6. Change of fuel elements strength ȹůS/ůS on 

FA length of six channels tested in the second core  

of IVG-1 reactor. 

Such positive effect of PS start-up was recorded 

among the fuel elements tested in the IVG-1 reactor 

fourth core (Fig. 7): hardening of fuel elements in HS-

1 and HS-2 after the tests in PS+2WS and 2WS 

amounted to ~35 % and ~20 %, correspondingly. 
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Abstract 
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Introduction  

Soviet version fuel elements of nuclear rocket en-

gine (NRE) must have a high level of radiation re-

sistance because they should keep their operability for 

about 30 000 hours while running a bimodal NRE un-

der energetic mode. Under the radiation resistance of 

NRE fuel elements it is commonly understood the abil-

ity of these products to maintain the original dimen-

sions, integrity and strength [1] for a long time (in terms 

of low-level reactor irradiation in an inert coolant under 

the temperature of about 1200 K). Therefore, the NRE 

fuel elements were being tested in RA reactor helium 

ampoules for about 5000 hours in order to identify their 

levels of radiation resistance. In these tests, fuel ele-

ments (FE) were simultaneously both subject of re-

search and fuel for RA research ampoule reactor. 

The tested NRE FEs, made by powder metallurgy 

technique, looked like longitudinally-twisted plates of 

100 mm long, with diameter of 2.2 mm and a twist pitch 

of 30 mm (Fig. 1a). Each heating section (HS) in each 

resource reactor ampoule was equipped with 151 rods 

respectively. Bundle of fuel elements inserted into the 

HS graphite holder is tightened with 12 semi-cylindri-

cal carbide sealing ZrC inserts around the periphery 

(Fig. 1b). Wherein all inserts are inserted into a holder 

so that their semi-cylindrical surfaces were in contact 

with fuel elements and flat surface contacted with the 

holder (Fig. 2). 

 

 
ʘ 
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Fig. 1. External view of NRE fuel elements (a) and 

sealing inserts (b). 

 

 
Fig. 2. Layout of fuel elements and sealing inserts in 

each of seven HSs from each of thirty seven RA  

reactor ampoules. 

 

Life tests for fuel elements are performed in the 

ampoules filled with helium to a pressure of ~0.45 

MPa. In the tests, the reactor power was maintained at 

a level close to 300 kW providing intensive exposure 

of fuel elements by thermal and fast neutrons ~1Ö1012 

and ~3,4Ö1012 cm-2Ös-1, respectively. The temperature of 

FEs irradiation was in the range from ~750 to ~1600 ʂ 

herewith (depending on placing a particular of the re-

actor core). 

During the tests, comprising 114 different-in-

length reactor start-ups, it was periodically monitored 

degree of keeping the initial FEs dimensions, their in-

tegrity and strength which are periodically discharged 

from the reactor fuel elements separate, for which pur-

pose the fuel elements of some ampoules were occa-

sionally unloaded in order to identify the radiation 

changes in their length L, diameter D and strength sS. 

In addition, changes in such FEs parameters as mass m, 

density ɔ, electrical resistance R, Young's modulus E, 

microhardness HV, lattice period ao, and state of micro-

structure were monitored under irradiation to clarify the 

reasons for the proposed decrease in FEs durability.  

Totally 19 resource ampoules with operating time 

Ű from 1 till 4803 h were unloaded from the reactor 

while the tests were being realized. Research findings 

of FEs irradiated justified a high radiation resistance of 

NRE FEs under conditions simulating their use on the 

power mode of the bimodal NRE. 

Neither cracks nor color and structure changes 

were found on the surface of the fuel elements, as well 

as FEs warps and breaks were hardly available regard-

less of the fact that the FEs bundles were longitudinally 

twisted in the angles in the HSs reaching 30 degrees 



Norwegian Journal of development of the International Science No 24/2018 43 

through in places. (Twisting forms were attributed to 

the periodic crimping and mitigating of the FEs bundles 

affected by periodic thermal cycles occurred in HSs.) 

While running through about ~5000 h, relatively low 

radiation changes were stated in all the FEs parameters 

when their changes were traced.  

In this case, the overall positive nature of the 

changes in separate FEs parameters was consisted in 

the fact that almost every dose dependence of these 

changes (at the irradiation temperature close to 1200 K) 

were getting or have already reached the saturation. In 

particular, isotropic radiation swelling of the fuel ele-

ments has already stabilized at ~1.4 %. Thus, these re-

sults indicated that NRE FEs would keep their opera-

bility even in case of running at full capacity on the 

power mode of bimodal NRE. 

Convincing proof of what was said became results 

of FEs life tests where FEs radiation hardening by up to 

~ 40 % [2, 3] was found instead of their softening ex-

pected. In connection with determining positive influ-

ence of the hardening on the radiation resistance of the 

fuel elements it was attempted to experimentally state 

the causes and mechanisms of this phenomenon. 

 

Materials and methods 

Materials being tested were sintered refractory zir-

conium carbides, niobium, uranium, sintered refractory 

uranium and zirconium carbide-graphite and sintered 

refractory zirconium carbide. These fuel and construc-

tion (uranium-free) materials related to interstitial al-

loys and have therefore high brittleness (the tempera-

ture of transition from brittle state to ductile one ex-

ceeds 1700 K). Content of graphite phase in (Zr,U)C+C 

FEs was 3-5 wt%. Uranium content in (Zr,Nb,U)C and 

(Zr,U)C+C FEs was in the range from about 9 to ~19 

wt%. This difference was due to the obligatory pres-

ence of the three zones of radial profiling of uranium 

concentration in every NRE reactor core HS (these 

three concentration areas can be easily discerned in fig. 

2, where FEs locations in middle zone are blackened 

and locations in central and peripheral zones are white). 

Used in the paper method of determining the radi-

ation changes in FEs included in the measurements of 

such FEs parameters as L, D, m, ɔ, R, E, HV, ao, sS be-

fore and after the test. It is obvious that the results ob-

tained are more reliable by using nondestructive meas-

uring methods (when each separate fuel element could 

be individually certified before and after the test) rather 

than by using destructive methods (when only separate 

manufactured FE batch could be certified). Unfortu-

nately, only the first six from listed above parameters 

could be measured by non-destructive method, so sS of 

interest to us was certified as average strength ratio of 

the FEs from some manufacturing batches. 

To this end, average ratios of initial hardening 

while FEôs twisting was determined for every FEôs 

batch being used in in-pile tests (FEôs twisting was 

made on the basis of 15 mm that made it possible to 

obtain from 4 to 6 sS measurement values per one FE). 

FEs from different batches had various levels of initial 

strength ranged from ~100 to ~200 MPa by carbide-

graphite FEs and from ~150 to ~300 MPa by carbide 

FEs). 

Radiation changes in initial values of FEôs 

strength were considered depending on the uranium 

burnup NF and FEôs irradiation temperature ʊirr . The 

burnup (number of uranium fissions per unit volume of 

FE) was determined by the formula 

NF = jt.n.tSF,  (1) 

where jt.n. is intensity of thermal neutron flux, t ï 

operating time and SF ï macroscopic fission crosses 

section amounting from ~0.8 to ~1.0 cm-1 for fuel com-

positions of NRE FEs. The temperature ʊirr  was deter-

mined by calculation based on the known data regard-

ing material composition of fuel elements and energy 

release distribution in fuel assembly of the ampoule 

(taking into account the thermocouples mounted inside 

of the fuel assembly and ampoules on the outer wall of 

ampoule housing).  

Results and discussion 

While studying the irradiated FEs it was found in-

creasing strength (hardening ȹůS/ůS) by all carbide and 

carbide-graphite FEs with a depth of burnup NF ex-

ceeded ~2Ŀ1016 cm-3 and the magnitudes ȹůS/ůS were 

equal to 20-40 % herewith. 

The two fundamental points were attended to. 

Firstly, hardening levels of (U, Zr, Nb)C and (U, 

Zr)C+C fuel elements, being tested under identical con-

ditions of one ampoule up to the values close to NF, 

were always the same, despite the more higher initial 

strength of carbide FEs compared to carbide-graphite 

ones. Secondly, FEsô hardening levels did not depend 

on ʊirr  temperature and dependences ȹůS/ůS = f(ʊirr ) al-

ways looked like horizontal lines for the FEs from each 

ampoule as shown in Fig. 3 for FEs from ampoule #11.  

Lack of ʊirr  temperature effect on the FEsô harden-

ing levels means that for the level of this athermal FEôs 

hardening in each ampoule can take hardening value 

average for all the FEs from this ampoule, which can 

then be used to construct the dose dependence of FEsô 

hardening ȹůS/ůS = f(NF). The results of such a con-

struction are shown in Fig. 4. It is clearly seen that the 

maximum FEôs hardening is reached at the beginning 

of life tests: at a depth of burnup ~6Ŀ1016 cm-3 after 

about 20 hours of the test (reference information con-

cerning FEôs operating time achieved in each of 19 re-

source ampoules is shown in Fig. 4 on your right). 
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Fig. 3. Hardening levels of carbide and carbide-

graphite FEs after irradiation in ampoule #11 up to 

the depth of burnup ~5.3Ā1017 cm-3 (numbers near the 

points denote amount of single measurements of 

hardening for irradiated fuel elements). 

 




