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2
, Zazhivikhina E.I .

3
, Smirnova S.N.
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3Zazhivikhina Ekaterina Iosifovna - Doctor of Philosophy in Biology, Associate Professor, 

DEPARTMENT OF GENERAL, INORGANIC AND ANALYTICAL CHEMISTRY; 
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Abstract: the stimulating effect of ultraviolet range light is great; the ultraviolet part of sunlight 

has a huge effect on the organism. A certain level of activity of physiological and biochemical 

processes depending on the influence of natural factors, especially solar radiation formed in the 

process of phylogenetic growth of the poultry. Therefore, it is very important to keep normal 

physiological functions of the poultry organism and resistance to various external factors in 

production. Exclusion of even one factor leads to disruption of normal activity of systems and 

functions of the organism. Metabolism and resistance change and as a result the productivity and 

viability of the poultry are reduced. Ultraviolet rays strengthen the organism, regulate metabolism 

and stimulate the activity of individual organs. Irradiation contributes to the vitamin D generation, 

which regulates mineral metabolism. The synergy of physical factors intensifies biochemical and 

metabolic processes, increase the level of oxidative-restorative reactions, reactivity of the 

organism, which ultimately provides better viability of the poultry. 

The complex influence of electromagnetic factors on the chicksô organism starting from the first 

days of life leads to the stimulating effect of metabolic processes; it has a positive effect on the 

body weight dynamics and viability of the replacement chicks. And this effect has a distant positive 

effect, which will be manifested in the further increase of their productivity. This effect was studied 

at the breeding poultry farm "Lapsarskaya" in Chuvash Republic with the chickens of the parent 

herd of the "Lohmann Brown" cross. 

Keywords: ʨoultry farm, chickens, exposure to electromagnetic factors, influence of 

electromagnetic factors, a picture of body weight, viability, distant positive effect. 
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ʌʀɿʀʆʃʆɻʀʏɽʉʂʆɽ ʈɸɿɺʀʊʀɽ ʇʊʀʎʓ  

ʀ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓɽ ʀɿʃʋʏɽʅʀʗ ʈɸɿʅʓʍ ɼʀɸʇɸɿʆʅʆɺ 

ɼʦʙʨʦʩʤʳʩʣʦʚʘ ʀ.ɸ.
1
, ʂʘʨʷʛʠʥ ʌ.ɸ.

2
, ɿʘʞʠʚʠʭʠʥʘ ɽ.ʀ.

3
, ʉʤʠʨʥʦʚʘ ʉ.ʅ.

4
  

(ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ) 
 

1ɼʦʙʨʦʩʤʳʩʣʦʚʘ ʀʨʠʥʘ ɸʥʘʪʦʣʴʝʚʥʘ - ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ,  

ʢʘʬʝʜʨʘ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; 
2ʂʘʨʷʛʠʥ ʌʝʜʦʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ - ʢʘʥʜʠʜʘʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ,  

ʢʘʬʝʜʨʘ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʛʝʦʵʢʦʣʦʛʠʠ; 
3ɿʘʞʠʚʠʭʠʥʘ ɽʢʘʪʝʨʠʥʘ ʀʦʩʠʬʦʚʥʘ - ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ,  

ʢʘʬʝʜʨʘ ʦʙʱʝʡ, ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ; 
4ʉʤʠʨʥʦʚʘ ʉʚʝʪʣʘʥʘ ʅʠʢʦʣʘʝʚʥʘ - ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ,  

ʢʘʬʝʜʨʘ ʦʙʱʝʡ, ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ, 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

ʏʫʚʘʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʅ. ʋʣʴʷʥʦʚʘ,  

ʛ. ʏʝʙʦʢʩʘʨʳ 

 

ɸʥʥʦʪʘʮʠʷ: ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʩʚʝʪʘ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʝʣʠʢʦ, 

ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʥʘ ʦʨʛʘʥʠʟʤ ʦʢʘʟʳʚʘʝʪ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʘʷ ʯʘʩʪʴ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ. ɺ 

ʧʨʦʮʝʩʩʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʧʪʠʮʳ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʦʧʨʝʜʝʣʸʥʥʳʡ ʫʨʦʚʝʥʴ 

ʘʢʪʠʚʥʦʩʪʠ ʬʠʟʠʦʣʦʛʦ-ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʨʦʜʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʦʩʦʙʝʥʥʦ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʯʝʥʴ ʚʘʞʥʦ ʩʦʭʨʘʥʠʪʴ ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʨʤʘʣʴʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʧʪʠʮʳ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʨʘʟʣʠʯʥʳʤ ʚʥʝʰʥʠʤ ʬʘʢʪʦʨʘʤ. ɺʳʢʣʶʯʝʥʠʝ ʜʘʞʝ ʦʜʥʦʛʦ ʬʘʢʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ 

ʥʦʨʤʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤ ʠ ʬʫʥʢʮʠʡ ʦʨʛʘʥʠʟʤʘ, ʧʦʷʚʣʷʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʚ ʦʙʤʝʥʝ 

ʚʝʱʝʩʪʚ, ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʘʶʪʩʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʧʪʠʮʳ. ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ ʣʫʯʠ ʫʢʨʝʧʣʷʶʪ ʦʨʛʘʥʠʟʤ, ʨʝʛʫʣʠʨʫʶʪ 

ʦʙʤʝʥ ʚʝʱʝʩʪʚ ʠ ʩʪʠʤʫʣʠʨʫʶʪ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʦʨʛʘʥʦʚ. ʆʙʣʫʯʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʶ  ʚʠʪʘʤʠʥʘ D, ʢʦʪʦʨʳʡ ʨʝʛʫʣʠʨʫʝʪ ʤʠʥʝʨʘʣʴʥʳʡ ʦʙʤʝʥ. ʉʠʥʝʨʛʠʟʤ ʬʠʟʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʠ ʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʦʚʳʰʘʶʪ ʫʨʦʚʝʥʴ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ, ʨʝʘʢʪʠʚʥʦʩʪʴ ʦʨʛʘʥʠʟʤʘ, ʯʪʦ, ʚ ʢʦʥʝʯʥʦʤ 

ʠʪʦʛʝ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʫʶ ʩʦʭʨʘʥʥʦʩʪʴ ʧʪʠʮʳ. 

 ʂʦʤʧʣʝʢʩʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʦʨʛʘʥʠʟʤ ʮʳʧʣʷʪ ʩ ʧʝʨʚʳʭ ʜʥʝʡ 

ʞʠʟʥʠ ʧʨʠʚʦʜʠʪ ʢ ʩʪʠʤʫʣʠʨʫʶʱʝʤʫ ʵʬʬʝʢʪʫ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʢʘʟʳʚʘʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʞʠʚʦʡ ʤʘʩʩʳ ʠ ʩʦʭʨʘʥʥʦʩʪʴ ʨʝʤʦʥʪʥʦʛʦ ʤʦʣʦʜʥʷʢʘ 

ʢʫʨ. ʀ ʵʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʠʤʝʝʪ ʦʪʜʘʣʝʥʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʠʪʩʷ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʕʪʦʪ ʵʬʬʝʢʪ ʙʳʣ ʠʟʫʯʝʥ ʥʘ 

ʧʣʝʤʧʪʠʮʝʬʘʙʨʠʢʝ çʃʘʧʩʘʨʩʢʘʷè ʏʫʚʘʰʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʥʘ ʤʦʣʦʜʥʷʢʝ ʢʫʨ ʨʦʜʠʪʝʣʴʩʢʦʛʦ 

ʩʪʘʜʘ ʢʨʦʩʩʘ çʃʦʤʘʥʥ ʙʨʘʫʥè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʪʠʮʝʬʘʙʨʠʢʘ, ʮʳʧʣʷʪʘ, ʚʦʟʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʘʨʪʠʥʘ ʞʠʚʦʡ ʤʘʩʩʳ, ʩʦʭʨʘʥʥʦʩʪʴ, ʦʪʜʘʣʝʥʥʳʡ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ. 

 

ɺʚʝʜʝʥʠʝ. 

ʈʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʧʪʠʮʝʚʦʜʩʪʚʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʜʦʩʪʠʛʥʫʪʴ ʟʘ ʩʯʝʪ 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʪʠʮ, ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʫʩʣʦʚʠʡ ʩʦʜʝʨʞʘʥʠʷ ʠ ʜʨ. 

ʇʝʨʝʚʦʜ ʧʪʠʮʝʚʦʜʩʪʚʘ ʥʘ ʧʨʦʤʳʰʣʝʥʥʫʶ ʦʩʥʦʚʫ, ʩʦʟʜʘʥʠʝ ʢʨʫʧʥʳʭ ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʦʛʦʣʦʚʴʷ ʧʪʠʮ ʚ ʧʦʤʝʱʝʥʠʠ. ʕʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʠ ʧʦʷʚʣʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʥʘʨʫʰʝʥʠʡ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʦʨʛʘʥʠʟʤʝ ʧʪʠʮʳ.  

ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ ʣʫʯʠ ð ʵʪʦ ʥʝʚʠʜʠʤʦʝ ʛʣʘʟʦʤ ʯʝʣʦʚʝʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʦʪ 295 ʜʦ 400 ʥʤ, ʩʦʩʪʘʚʣʷʝʪ 3-5% ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. ɺʩʝ ʣʫʯʠ 

ʦʙʣʘʜʘʶʪ ʢʘʢ ʪʝʧʣʦʚʳʤ, ʪʘʢ ʠ ʭʠʤʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ. ɻʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʨʘʟʥʳʭ 
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ʣʫʯʝʡ ʚ ʪʝʣʦ ʞʠʚʦʪʥʦʛʦ ʥʝʦʜʠʥʘʢʦʚʘ: ʠʥʬʨʘʢʨʘʩʥʳʝ ʣʫʯʠ ʧʨʦʥʠʢʘʶʪ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʩʘʥʪʠʤʝʪʨʦʚ, ʚʠʜʠʤʳʝ (ʩʚʝʪʦʚʳʝ) ð ʥʘ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʤʝʪʨʦʚ, ʘ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ ð 

ʪʦʣʴʢʦ ʥʘ 0,7-0,9 ʤʠʣʣʠʤʝʪʨʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʨʠʨʦʜʳ ʤʝʭʘʥʠʟʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ 

ʦʩʥʦʚʘʪʝʣʴʥʦ ʦʙʦʩʥʦʚʘʥʳ ɼ. ʄʘʢʩʚʝʣʣʦʤ, ʄ. ʇʣʘʥʢʦʤ ʠ ɸ. ʕʥʰʪʝʡʥʦʤ. ɼʦʩʪʘʪʦʯʥʦ 

ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʘʩʧʝʢʪʳ, ʢʘʩʘʶʱʠʝʩʷ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʤʠʢʨʦ- ʠ ʤʘʢʨʦʦʨʛʘʥʠʟʤʳ. 

ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʚʫʤ ̫ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ. ʊʚʸʨʜʳʝ ʪʝʣʘ, ʥʘʛʨʝʪʳʝ ʜʦ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʘʨʷʜʫ ʩ ʠʥʬʨʘʢʨʘʩʥʳʤ 

ʠ ʚʠʜʠʤʳʤ ʠʟʣʫʯʝʥʠʝʤ ʠʩʧʫʩʢʘʶʪ ʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ. ʊʘʢʠʝ ʠʩʪʦʯʥʠʢʠ ʥʘʟʳʚʘʶʪ 

ʪʝʧʣʦʚʳʤʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʣʘʤʧʳ ʥʘʢʘʣʠʚʘʥʠʷ, ʚ ʩʧʝʢʪʨʝ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪʩʷ ʦʯʝʥʴ 

ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ [1]. 

ɺʪʦʨʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʙʫʞʜʝʥʠʝ ʧʘʨʦʚ 

ʤʝʪʘʣʣʦʚ ʠʣʠ ʛʘʟʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʨʘʟʨʷʜʦʤ. ʊʠʧʠʯʥʳʡ ʛʘʟʦʨʘʟʨʷʜʥʳʡ ʠʟʣʫʯʘʪʝʣʴ ð ʨʪʫʪʥʘʷ 

ʣʘʤʧʘ. ʉʧʝʢʪʨ ʛʘʟʦʨʘʟʨʷʜʥʳʭ ʣʘʤʧ ʩʦʩʪʦʠʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʣʠʥʠʡ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ 

ʠʟʣʫʯʝʥʠʷ ʫ ʛʘʟʦʨʘʟʨʷʜʥʳʭ ʣʘʤʧ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʫʶ ʦʙʣʘʩʪʴ. ʕʪʠ ʣʘʤʧʳ ʠʤʝʶʪ 

ʥʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʠ ʚʦʜ,r ʧʨʦʜʫʢʪʦʚ, 

ʚʦʟʜʫʭʘ ʠ ʧʦʩʫʜʳ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʠʩʧʦʣʴʟʫʶʪ ʨʪʫʪʥʦ-ʢʚʘʨʮʝʚʳʝ ʣʘʤʧʳ ʇʈʂ-2, ʇʈʂ-4, 

ʇʈʂ-7; ʵʨʠʪʝʤʥʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ð ʕʋɺ-30 ʠ ʕʋɺ-15; ʙʘʢʪʝʨʠʮʠʜʥʳʝ ð ɹʋɺ-15, ɹʋɺ-

30, ɹʋɺ-30ʇ, ɹʋɺ-60ʇ ʠ ʪ.ʜ.[2] 

ʉʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʩʚʝʪʘ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʝʣʠʢʦ, ʫʯʸʥʳʝ ʜʦʢʘʟʘʣʠ, ʯʪʦ 

ʦʛʨʦʤʥʫ ʁʨʦʣʴ ʥʘ ʦʨʛʘʥʠʟʤ ʦʢʘʟʳʚʘʝʪ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʘʷ ʯʘʩʪʴ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ. ɺ ʧʨʦʮʝʩʩʝ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʧʪʠʮʳ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʦʧʨʝʜʝʣʸʥʥʳʡ ʫʨʦʚʝʥʴ ʘʢʪʠʚʥʦʩʪʠ 

ʬʠʟʠʦʣʦʛʦ-ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʦʩʦʙʝʥʥʦ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʯʝʥʴ ʚʘʞʥʦ ʩʦʭʨʘʥʠʪʴ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʥʦʨʤʘʣʴʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʧʪʠʮʳ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʚʥʝʰʥʠʤ 

ʬʘʢʪʦʨʘʤ. ʇʦ ʤʥʝʥʠʶ ʧʨʦʬʝʩʩʦʨʦʚ ɹ. ɹʝʩʩʘʨʘʙʦʚʘ (1981), ɸ.ʂ. ɼʘʥʠʣʦʚʦʡ (1984) ʠ ʜʨ., 

ʚʳʢʣʶʯʝʥʠʝ ʜʘʞʝ ʦʜʥʦʛʦ ʬʘʢʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʥʦʨʤʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤ ʠ 

ʬʫʥʢʮʠʡ ʦʨʛʘʥʠʟʤʘ, ʧʦʷʚʣʷʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʚ ʦʙʤʝʥʝ ʚʝʱʝʩʪʚ, ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʩʥʠʞʘʶʪʩʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʧʪʠʮʳ. 

ʂʨʦʤʝ ʣʝʯʝʙʥʦʛʦ ʠ ʜʝʟʠʥʬʠʮʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ ʣʫʯʠ ʫʢʨʝʧʣʷʶʪ 

ʦʨʛʘʥʠʟʤ, ʨʝʛʫʣʠʨʫʶʪ ʦʙʤʝʥ ʚʝʱʝʩʪʚ ʠ ʩʪʠʤʫʣʠʨʫʶʪ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʦʨʛʘʥʦʚ. 

ʆʙʣʫʯʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʚʠʪʘʤʠʥʘ D, ʢʦʪʦʨʳʡ ʨʝʛʫʣʠʨʫʝʪ ʤʠʥʝʨʘʣʴʥʳʡ ʦʙʤʝʥ

. ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ ʣʫʯʠ ʠʥʪʝʥʩʠʬʠʮʠʨʫʶʪ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʠ ʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʧʦʚʳʰʘʶʪ ʫʨʦʚʝʥʴ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ, ʨʝʘʢʪʠʚʥʦʩʪʴ ʦʨʛʘʥʠʟʤʘ, ʯʪʦ 

ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʫʶ ʩʦʭʨʘʥʥʦʩʪʴ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʦʛʦʣʦʚʴʷ. 

ʇʦ ʜʘʥʥʳʤ ʊʘʨʫʩʦʚʘ ɹ.ʅ., ʇʦʣʠʚʦʜʳ ɸ.ʀ ʠ ɾʫʨʘʚʣʸʚʘ ɸ.ʀ., (1961) ʢ ʯʠʩʣʫ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʤʝʤʙʨʘʥʘʭ ʢʣʝʪʦʢ ʥʘ ʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʥʝʦʙʳʯʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ, ʦʪʥʦʩʠʪʩʷ ʦʢʠʩʣʝʥʠʝ ʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠʟ 

ʩʦʩʪʘʚʘ ʬʦʩʬʦʣʠʧʠʜʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʠʧʠʜʥʳʭ ʧʝʨʝʢʠʩʝʡ. ʉʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʝ 

ʦʢʠʩʣʝʥʠʝ ʪʢʘʥʝʚʳʭ ʣʠʧʠʜʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʠʦʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʝʡ, ʢʦʪʦʨʘʷ ʥʝʩʸʪ 

ʢʘʯʝʩʪʚʝʥʥʫʶ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʵʪʦʤ ʘʫʪʦʦʢʠʩʣʝʥʠʠ. 

ʂʦʥʦʚʘʣʦʚ ɺ.ɺ., ʈʝʟʥʠʢ ʅ.ʂ., ʆʨʣʦʚʘ ɸ.ɺ. (1984) ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʦʙʣʫʯʝʥʠʝ ʮʳʧʣʷʪ 

ʧʦʨʦʜʳ ʙʝʣʳʡ ʣʝʛʛʦʨʥ ʣʘʤʧʦʡ ʕʋɺ-30 ʩ ʧʝʨʚʦʛʦ ʜʥʷ ʞʠʟʥʠ (2 5-30 ʤʵʨ/ʯ ʚ ʩʫʪʢʠ) ʫʩʠʣʠʚʘʣʦ 

ʛʘʟʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʦʙʤʝʥ, ʦ ʯʸʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʧʦʪʨʝʙʣʝʥʠʷ 

ʢʠʩʣʦʨʦʜʘ ʥʘ 10,3-25,4%, ʚʳʜʝʣʝʥʠʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʥʘ 12,0-18,5% ʠ ʪʝʧʣʦʧʨʦʜʫʢʮʠʠ ð ʥʘ 

10,8-23,8 ʧʨʦʮʝʥʪʘ. ɸʚʪʦʨʳ ʚʳʷʚʠʣʠ ʜʚʝ ʜʦʩʪʦʚʝʨʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ð ʥʘʠʙʦʣʴʰʫʶ 

ʘʢʪʠʚʠʟʘʮʠʶ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʧʪʠʮʳ, ʢʦʪʦʨʘʷ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʝʨʚʳʝ 10-20 ʜʥʝʡ ʦʙʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʫ ʮʳʧʣʷʪ ʦʩʝʥʥʝʝ-ʟʠʤʥʝʛʦ ʚʳʚʦʜʘ. ʇʦ 

ʜʠʥʘʤʠʢʝ ʜʳʭʘʪʝʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʫʩʠʣʝʥʠʝ ʦʙʤʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʸʪ ʦʢʠʩʣʝʥʠʷ ʙʝʣʢʦʚ, ʪʘʢ ʢʘʢ ʜʳʭʘʪʝʣʴʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʥʠʞʘʣʩʷ ʩ 1 ʜʦ 0,82-0,85 [3]. 



 

7 

 

ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ ʪʢʘʥʝʡ ʛʦʣʦʚʥʦʛʦ ʠ 

ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʢʫʨ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʙʠʦʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ ʣʫʯʝʡ ʠ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ. 

ʆʜʥʦʢʨʘʪʥʦʝ ʦʙʣʫʯʝʥʠʝ ʣʘʤʧʦʡ ɼʈɺʕɼ-220-160 ʚ ʜʦʟʝ 10 ʤʵʨ/ʯ ʫʩʠʣʠʚʘʝʪ ʥʘ 17% 

ʧʨʦʮʝʩʩʳ ʧʝʨʝʢʠʩʥʦʛʦ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤ ʩʚʝʯʝʥʠʷ ʚ 

ʪʢʘʥʷʭ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ɼʝʩʷʪʠʜʥʝʚʥʦʝ ʦʙʣʫʯʝʥʠʝ ʧʦ 60 ʤʵʨ/ʯ ʧʨʦʷʚʣʷʝʪ ʪʦʣʴʢʦ ʪʝʥʜʝʥʮʠʶ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʚʝʯʝʥʠʷ. ʉʧʠʥʥʦʡ ʤʦʟʛ ʚ ʤʝʥʴʰʝʡ ʤʝʨʝ ʦʪʚʝʯʘʝʪ ʠʟʤʝʥʝʥʠʝʤ ʥʘ ʨʝʘʢʮʠʶ 

ʩʚʝʯʝʥʠʷ, ʭʦʪʷ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʙʣʫʯʝʥʠʷ ʦʪʤʝʯʘʝʪʩ ̫ʘʢʪʠʚʠʟʘʮʠʷ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ. 

ʆʜʥʦʨʘʟʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʣʘʤʧʦʡ ʇʈʂ-2 ʚ ʜʦʟʝ 40 ʤʵʨ/ʯ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪ 

ʩʚʝʯʝʥʠʝ ʠʟʣʫʯʘʝʤʳʭ ʪʢʘʥʝʡ, ʘ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʦʙʣʫʯʝʥʠʝ ʚ 66 ʤʵʨ/ʯ ʧʦʚʳʰʘʝʪ ʝʛʦ ʥʘ 

19 ʧʨʦʮʝʥʪʦʚ. ʋʚʝʣʠʯʝʥʠʝ ʜʦʟʳ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ ʜʦ 132 ʤʵʨ/ʯ ʚʳʟʳʚʘʝʪ ʨʝʟʢʦʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʩʥʠʞʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʪʢʘʥʝʚʳʭ ʣʠʧʠʜʦʚ 

ʢʘʢ ʚ ʛʦʣʦʚʥʦʤ, ʪʘʢ ʠ ʩʧʠʥʥʦʤ ʤʦʟʛʝ. 

ʇʨʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʦʙʣʫʯʝʥʠʠ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʜʦʟʘʭ ʫʩʠʣʠʚʘʝʪʩʷ ʬʫʥʢʮʠʷ ʦʨʛʘʥʦʚ 

ʢʨʦʚʝʪʚʦʨʝʥʠʷ: ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʥʦʨʤʳ ʢʦʣʠʯʝʩʪʚʦ ʬʦʨʤʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʘʢʪʠʚʠʟʠʨʫʶʪʩʷ ʠʭ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ð ʩʦʜʝʨʞʘʥʠʝ ʠ 

ʢʠʩʣʦʨʦʜʦʩʚʷʟʳʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʝʤʦʛʣʦʙʠʥʘ, ʫʨʦʚʝʥʴ ʦʙʱʝʛʦ ʙʝʣʢʘ ʠ ʩʦʦʪʥʦʰʝʥʠʝ 

ʦʪʜʝʣʴʥʳʭ ʬʨʘʢʮʠʡ. ʂʦʣʠʯʝʩʪʚʦ ʵʨʠʪʨʦʮʠʪʦʚ ʚ ʤʝʩʷʯʥʦʤ ʚʦʟʨʘʩʪʝ ʮʳʧʣʷʪ ʧʦʚʳʩʠʣʦʩʴ ʜʦ 

30%, ʘ ʦʙʱʝʛʦ ʙʝʣʢʘ ð ʥʘ 36,2 ʧʨʦʮʝʥʪʘ. ʇʦʜʦʙʥʘʷ ʪʝʥʜʝʥʮʠʷ ʩʦʭʨʘʥʷʣʘʩʴ ʠ ʚ 60-ʜʥʝʚʥʦʤ 

ʚʦʟʨʘʩʪʝ. ʋʚʝʣʠʯʝʥʠʝ ʛʝʤʦʛʣʦʙʠʥʘ ʠ ʵʨʠʪʨʦʮʠʪʦʚ ʚ ʢʨʦʚʠ ʫ ʦʙʣʫʯʸʥʥʦʡ ʧʪʠʮʳ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʩʪʠʤʫʣʷʮʠʶ ʢʨʦʚʝʪʚʦʨʥʳʭ ʦʨʛʘʥʦʚ ʠ ʫʣʫʯʰʝʥʠʝ ʪʢʘʥʝʚʦʛʦ ʜʳʭʘʥʠʷ, ʧʦʚʳʰʝʥʠʝ 

ʢʠʩʣʦʨʦʜʦʩʚʷʟʳʚʘʶʱʝʡ ʬʫʥʢʮʠʠ ʛʝʤʦʛʣʦʙʠʥʘ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʠ ʫʨʦʚʝʥʴ ʦʩʥʦʚʥʦʛʦ ʦʙʤʝʥʘ. 

ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʬʦʨʤʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʨʦʚʠ ʠ ʦʙʱʝʛʦ ʙʝʣʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʘʢʞʝ 

ʧʦʚʳʰʝʥʠʝ ʠʤʤʫʥʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʚ ʮʝʣʦʤ. ɸʢʪʠʚʠʟʘʮʠʷ ʦʙʤʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʫʣʫʯʰʝʥʠʝ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʧʪʠʮʳ ʧʦʚʳʰʘʣʠ ʝʸ ʩʦʭʨʘʥʥʦʩʪʴ ʥʘ 4-5%, 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʣʠʩʴ ʥʘ ʙʘʣʘʥʩʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʟʦʪʘ ʢʦʨʤʘ, ʦʪʣʦʞʝʥʠʠ ʝʛʦ ʚ ʪʢʘʥʷʭ

, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ, ʩʝʟʦʥʘ ʛʦʜʘ ʠ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʚʝʣʠʯʝʥʠʶ 

ʧʨʠʨʦʩʪʦʚ ʥʘ 1-14 ʧʨʦʮʝʥʪʦʚ [4]. 

ʄʝʣʸʭʠʥ ɻ.ʇ. ʠ ʉʚʝʥʪʠʮʢʠʡ ʀ.ʀ. (1965) ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʋʌ-ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʨʛʘʥʠʟʤ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʪʠʮʳ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʜ ʚʣʠʷʥʠʝʤ ʦʙʣʫʯʝʥʠʷ ʚ ʟʠʤʥʠʡ 

ʧʝʨʠʦʜ ʫ ʢʫʨ ʧʦʚʳʰʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʚʘʨʠʤʦʛʦ ʧʨʦʪʝʠʥʘ ʥʘ 18%, ʫʛʣʝʚʦʜʦʚ ð ʥʘ 32, 

ʫʩʚʦʷʝʤʦʩʪʴ ʢʘʣʴʮʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 26, ʬʦʩʬʦʨʘ ð ʥʘ 28 ʧʨʦʮʝʥʪʦʚ. ʆʪʣʦʞʝʥʠʝ 

ʬʦʩʬʦʨʥʦ-ʢʘʣʴʮʠʝʚʳʭ ʩʦʣʝʡ ʚ ʢʦʩʪʷʭ ʢʫʨ-ʥʝʩʫʰʝʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 20-28 ʧʨʦʮʝʥʪʦʚ. 

ʆʙʣʫʯʝʥʠʝ ʧʦʚʳʰʘʝʪ ʫ ʢʫʨ ʩʝʢʨʝʮʠʶ ʞʝʣʫʜʦʯʥʦʛʦ ʩʦʢʘ ʚ 1,5-2,4 ʨʘʟʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʣʫʯʰʝʡ ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʠ ʫʩʚʦʷʝʤʦʩʪʠ ʢʦʨʤʘ. ʋ ʦʙʣʫʯʸʥʥʳʭ ʢʫʨ ʧʝʨʝʚʘʨʠʤʦʩʪʴ ʢʣʝʪʯʘʪʢʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ [5]. 

ʇʦʚʳʰʝʥʠʝ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ, ʥʘʙʣʶʜʘʚʰʝʝʩʷ ʫ ʧʪʠʮʳ 

ʧʦʩʣʝ ʦʙʣʫʯʝʥʠ,̫ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʩʨʦʢʦʚ ʣʠʥʴʢʠ, ʨʘʥʥʝʤʫ ʥʘʩʪʫʧʣʝʥʠʶ ʷʡʮʝʢʣʘʜʢʠ 

ʠ ʙʦʣʴʰʝʡ ʝʸ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʦʙʣʫʯʸʥʥʦʡ ʥʝʩʫʰʢʦʡ. 

ʋʚʝʣʠʯʝʥʠʝ ʷʡʮʝʥʦʩʢʦʩʪʠ ʧʪʠʮʳ ʦʙʲʷʩʥʷʝʪʩʷ ʩʪʠʤʫʣʠʨʫʶʱʠʤ ʚʣʠʷʥʠʝʤ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʞʝʣʝʟʳ ʚʥʫʪʨʝʥʥʝʡ ʩʝʢʨʝʮʠʠ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʘ ʛʠʧʦʬʠʟ. 

ʈʝʬʣʝʢʪʦʨʥʦʝ ʫʩʠʣʝʥʠʝ ʬʫʥʢʮʠʠ ʛʠʧʦʬʠʟʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʚʳʰʝʥʠʠ ʚʳʜʝʣʝʥʠʷ ʛʦʥʘʜʦ-

ʪʨʦʧʥʳʭ ʛʦʨʤʦʥʦʚ, ʢʦʪʦʨʳʝ ʩʪʠʤʫʣʠʨʫʶʪ ʬʫʥʢʮʠʶ ʷʠʯʥʠʢʦʚ ʫ ʧʪʠʮʳ. 

ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʦʙʣʫʯʝʥʠʝ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʨʦʩʪʫ ʠ ʨʘʟʚʠʪʠʶ ʮʳʧʣʷʪ, ʩʥʠʞʘʝʪ 

ʦʪʙʨʘʢʦʚʢʫ ʤʦʣʦʜʥʷʢʘ ʠ ʧʘʜʸʞ ʝʛʦ ʦʪ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʋ ʦʙʣʫʯʸʥʥʳʭ ʮʳʧʣʷʪ 

ʧʦʚʳʰʘʝʪʩʷ ʦʙʤʝʥ ʚʝʱʝʩʪʚ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʩʠʣʝʥʠʠ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʚ ʢʨʦʚʠ 

ʚʦʟʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʵʨʠʪʨʦʮʠʪʦʚ ʠ ʛʝʤʦʛʣʦʙʠʥʘ [6]. ʋ ʧʝʪʫʰʢʦʚ ʚ ʚʦʟʨʘʩʪʝ ʦʜʥʦʛʦ ʤʝʩʷʮʘ 

ʩʝʤʝʥʥʠʢʠ ʣʫʯʰʝ ʨʘʟʚʠʪʳ, ʯʝʤ ʫ ʥʝʦʙʣʫʯʸʥʥʳʭ. ʆʙʣʫʯʸʥʥʳʝ ʮʳʧʣʷʪʘ ʙʳʩʪʨʝʝ ʦʧʝʨʷʶʪʩʷ, ʫ 

ʥʠʭ ʣʫʯʰʝ ʨʘʩʪʫʪ ʩʝʨʜʮʝ, ʧʝʯʝʥʴ ʠ ʣʸʛʢʠʝ. 

ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʤʦʣʦʜʥʷʢʘ ʘʥʪʠʨʘʭʠʪʠʯʥʦʝ ʜʝʡʩʪʚʠʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʇʨʠ ʥʝʜʦʩʪʘʪʢʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ ʚ ʨʘʮʠʦʥʝ ʚʠʪʘʤʠʥʘ D ʫ ʮʳʧʣʷʪ ʥʘʨʫʰʘʝʪʩʷ ʬʦʩʬʦʨʥʦ-

ʢʘʣʴʮʠʝʚʳʡ ʦʙʤʝʥ. ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʦʙʣʫʯʝʥʠʝ ʩ ʫʩʧʝʭʦʤ ʟʘʤʝʥʷʝʪ ʠʤ ʩʢʘʨʤʣʠʚʘʥʠʝ 
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ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʧʨʝʧʘʨʘʪʦʚ ʩ ʚʠʪʘʤʠʥʦʤ D ʠ ʧʦʚʳʰʘʝʪ ʠʭ ʞʠʟʥʝʩʪʦʡʢʦʩʪʴ, ʘ ʜʣʷ ʮʳʧʣʷʪ ʠ 

ʫʪʷʪ, ʥʘʯʠʥʘʷ ʩ ʩʫʪʦʯʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʩʦʭʨʘʥʥʦʩʪʠ ʠ 

ʩʥʠʞʝʥʠʶ ʦʪʙʨʘʢʦʚʢʠ. 

ʆʣʝʥʮʦʚ ɸ.ɸ. (1990) ʧʨʦʚʦʜʠʣ ʦʧʳʪʳ ʥʘ ʙʨʦʡʣʝʨʘʭ ʢʨʦʩʩʘ çɹʨʦʡʣʝʨ-6è ʥʘ ʧʪʠʮʝʬʘʙʨʠʢʝ 

çɸʤʫʨʩʢʘʷè. ʎʳʧʣʷʪ ʩʦʜʝʨʞʘʣʠ ʚ ʢʣʝʪʦʯʥʳʭ ʙʘʪʘʨʝʷʭ ʂɹʋ-3 ʠ ʦʙʣʫʯʘʣʠ ʚ ʜʦʟʘʭ 20, 40 ʠ 60 

ʤʵʨ/ʯ/ʤ2. ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʙʳʣ ʦʪʤʝʯʝʥ ʧʨʠ ʜʦʟʝ 40 ʤʵʨ/ʯ/ʤ2. ʆʙʣʫʯʝʥʠʝ ʤʷʩʥʳʭ 

ʮʳʧʣʷʪ ʜʦʟʘʤʠ 20-60 ʤʵʨ/ʯ/ʤ
2
 ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʘʣʦʩʴ ʥʘ ʨʦʩʪʝ ʠ ʨʘʟʚʠʪʠʠ ʠʭ ʚʥʫʪʨʝʥʥʠʭ 

ʦʨʛʘʥʦʚ ʠ ʥʘ ʩʦʜʝʨʞʘʥʠʠ ʚ ʢʨʦʚʠ ʦʙʱʝʛʦ ʙʝʣʢʘ, ʛʝʤʦʛʣʦʙʠʥʘ ʠ ʢʘʣʴʮʠʷ. ɾʠʚʘʷ ʤʘʩʩʘ ʮʳʧʣʷʪ 

ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 3,5-9,0 ʧʨʦʮʝʥʪʘ [7]. 

ʉʠʤʦʥʦʚʘ ʅ.ʇ. (1997) ʧʨʦʚʦʜʠʣʘ ʦʙʣʫʯʝʥʠʝ ʮʳʧʣʷʪ ʨʪʫʪʥʦ-ʢʚʘʨʮʝʚʦʡ ʛʦʨʝʣʢʦʡ ɼʈʊ-1000 

ʧʨʠ ʜʦʟʝ ʦʪ 16 ʜʦ 53 ʤʵʨ/ʯ/ʤ
2
 ʩ ɻʢʩʧʦʟʠʮʠʝʡ ʦʪ 3 ʜʦ 10 ʤʠʥʫʪ ʠ ʫʩʪʘʥʦʚʠʣʘ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʦʢʘʟʘʣʘʩʴ ʜʦʟʘ 42 ʤʵʨ/ʯ/ʤ
2
 ʧʨʠ ʵʢʩʧʦʟʠʮʠʠ 8 ʤʠʥʫʪ. ʇʨʠ ɻʪʦʤ ʩʦʜʝʨʞʘʥʠʝ 

ʛʝʤʦʛʣʦʙʠʥʘ ʙʳʣʦ ʚʳʰʝ ʥʘ 6,8% ʚ 30-ʜʥʝʚʥʦʤ ʠ ʥʘ 7,3% ð ʚ 1 20-ʜʥʝʚʥʦʤ ʚʦʟʨʘʩʪʝ, 

ʢʦʣʠʯʝʩʪʚʦ ʵʨʠʪʨʦʮʠʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ 6,6 ʠ 7,7% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʈ>0,001). 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʣʝʡʢʦʮʠʪʦʚ ʙʳʣʘ ʥʘ 8,9Ñ0,41%, ʬʘʛʦʮʠʪʘʨʥʳʡ ʠʥʜʝʢʩ ð ʥʘ 

145,5Ñ3,9%, ʘ ʣʠʟʦʮʠʤʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ð ʥʘ 9,4Ñ1,2% ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ [8]. 

ʅʘ ʫʩʠʣʝʥʠʝ ʙʝʣʢʦʚʦʛʦ ʦʙʤʝʥʘ ʫʢʘʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ 

ʮʳʧʣʷʪ ʦʙʱʝʛʦ ʙʝʣʢʘ, ʚ 30-ʜʥʝʚʥʦʤ ʚʦʟʨʘʩʪʝ ʥʘ 5,8Ñ0,02% ʠ ʚ 120-ʜʥʝʚʥʦʤ ð ʥʘ 9,6Ñ0,05%. 

ʇʨʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʦʙʣʫʯʝʥʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʠʥʝʨʘʣʴʥʳʡ ʦʙʤʝʥ. ʅʘ ʵʪʦ ʫʢʘʟʳʚʘʝʪ 

ʚʦʟʨʘʩʪʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʢʘʣʴʮʠʷ ʜʦ 11,2Ñ0,21 ʤʛ% ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʬʦʩʬʦʨʘ ʜʦ 6,65Ñ0,61 ʤʛ% ʚ 36-ʜʥʝʚʥʦʤ ʚʦʟʨʘʩʪʝ, ʯʪʦ ʧʨʝʚʳʰʘʣʦ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ. 

ʇʨʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʤ ʦʙʣʫʯʝʥʠʠ ʮʳʧʣʷʪ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʟʦʡ ʚ ʧʝʨʚʳʡ 

ʜʝʥʴ ʦʙʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ 14 ʤʵʨ/ʯ/ʤ
2
, ʚʦ ʚʪʦʨʦʡ ð 21 ʤʵʨ/ʯ/ʤ

2
 ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʦʜʠʥ ʨʘʟ ʚ 

ʜʝʥʴ, ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʜʥʠ ð 42 ʤʵʨ/ʯ/ʤ
2
 ʧʦ 8 ʤʠʥʫʪ ʚ ʪʝʯʝʥʠʝ 10 ʜʥʝʡ ʩ ʠʥʪʝʨʚʘʣʦʤ 10 ʜʥʝʡ 

ʜʦ 4-ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʚʳʩʦʪʘ ʧʦʜʚʝʩʘ ʣʘʤʧ 1 ʤ ʥʘʜ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʪʠʮʳ. ʇʨʠʤʝʥʝʥʠʝ 

ʪʘʢʦʛʦ ʨʝʞʠʤʘ ʦʙʣʫʯʝʥʠʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʚʳʰʝʥʠʶ ʝ y ʩʦʭʨʘʥʥʦʩʪʠ ʥʘ 6%, 

ʩʨʝʜʥʝʩʫʪʦʯʥʦʛʦ ʧʨʠʨʦʩʪʘ ʥʘ 16% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 

ɺʣʠʷʥʠʝ ʦʙʣʫʯʝʥʠʷ ʨʪʫʪʥʦ-ʢʚʘʨʮʝʚʦʡ ʛʦʨʝʣʢʦʡ ɼʈʊ-1000 ʙʳʣʦ ʠʟʫʯʝʥʦ ʥʘ ʢʫʨʘʭ-

ʥʝʩʫʰʢʘʭ ʢʨʦʩʩʘ çɹʝʣʘʨʫʩʴ-9è. ʆʙʣʫʯʝʥʠʝ ʤʦʣʦʜʢʠ ʩ 5-ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʜʦʟʦʡ 58 ʤʵʨ/ʯ

/ʤ
2
 ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 10 ʜʥʝʡ ʩ 10-ʜʥʝʚʥʳʤ ʧʝʨʝʨʳʚʦʤ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʧʦʣʫʯʝʥʠʶ (ʚ ʨʘʩʯʸʪʝ ʥʘ 1 ʛʦʣʦʚʫ) ʥʘ 39 ʷʠʮ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʷʡʮʝʢʣʘʜʢʠ, ʷʡʮʝʥʦʩʢʦʩʪʴ ʠ ʩʦʭʨʘʥʥʦʩʪʴ ʙʳʣʠ ʥʘ 12,7; 10,8; 1,6% ʚʳʰʝ ʢʦʥʪʨʦʣʷ. ʋ ʢʫʨ 

ʦʧʳʪʥʦʡ ʛʨʫʧʧʳ ʜʦʩʪʠʞʝʥʠʝ 50%-ʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʷʡʮʝʢʣʘʜʢʠ ʥʘʩʪʫʧʠʣʦ ʥʘ 9 ʜʥʝʡ, ʘ 

70%-ʥʦʡ ð ʥʘ 70 ʜʥʝʡ ʨʘʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 

ʆʙʣʫʯʝʥʠʝ ʮʳʧʣʷʪ ʧʨʦʚʦʜʠʣʠ ʜʚʘʞʜʳ ʚ ʠʥʢʫʙʘʪʦʨʝ: ʧʝʨʚʳʡ ʨʘʟ ʩʨʘʟʫ ʧʦʩʣʝ ʚʳʚʦʜʘ 

ʣʘʤʧʦʡ ʇʈʂ-2 ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1,5 ʤ ʦʪ ʦʙʲʝʢʪʘ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ; ʚʪʦʨʦʡ ð ʧʦʩʣʝ 

ʩʦʨʪʠʨʦʚʢʠ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʪʦʜʠʢʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʦʙʣʫʯʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʩʨʝʜʥʝʡ ʞʠʚʦʡ 

ʤʘʩʩʳ ʮʳʧʣʷʪ ʥʘ 9,4% ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʩʦʭʨʘʥʥʦʩʪʠ ʧʦʛʦʣʦʚʴʷ ʥʘ 4 ʧʨʦʮʝʥʪʘ. ɺ ʢʨʦʚʠ 

ʮʳʧʣʷʪ ʦʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʢʦʣʠʯʝʩʪʚʦ ʵʨʠʪʨʦʮʠʪʦʚ, ʛʝ-

ʤʦʛʣʦʙʠʥʘ, ʛʣʶʪʘʪʠʦʥʘ ʠ ʥʝʩʢʦʣʴʢʦ ʫʤʝʥʴʰʠʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʢʘʪʘʣʘʟʳ. 

ɺʣʠʷʥʠʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ ʣʫʯʝʡ ʥʘ ʦʨʛʘʥʠʟʤ ʢʫʨ ʠʟʫʯʘʣʠ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʧʨʠ 

ʢʣʝʪʦʯʥʦʤ ʩʦʜʝʨʞʘʥʠʠ. ʆʙʣʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʠ 10 ʤʠʥʫʪ 7 ʜʥʝʡ ʧʦʜʨʷʜ, ʟʘʪʝʤ ʜʝʣʘʣʠ 

ʧʝʨʝʨʳʚ ʥʘ ʥʝʜʝʣʶ, ʩʥʦʚʘ ʧʦʚʪʦʨʷʣʠ ʦʙʣʫʯʝʥʠʝ 7 ʜʥʝʡ, ʚʝʩʴ ʧʝʨʠʦʜ ð ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ. ɺ 

ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʠʣʠ, ʯʪʦ ʫ ʢʫʨ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ 

ʦʙʣʫʯʝʥʠʷ, ʚ ʧʝʨʚʳʡ ʤʝʩʷʮ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩʨʝʜʥʷʷ ʷʡʮʝʥʦʩʢʦʩʪʴ ʥʘ 9,6 ʧʨʦʮʝʥʪʘ. ɺ ʦʧʳʪʥʦʡ 

ʛʨʫʧʧʝ ʥʝ ʙʳʣʦ ʦʪʭʦʜʘ ʠ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʦʚʘʣ ʨʘʩʢʣʸʚ. ɺ ʢʨʦʚʠ ʢʫʨ ʦʧʳʪʥʦʡ ʛʨʫʧʧʳ ʪʘʢ 

ʞʝ, ʢʘʢ ʠ ʫ ʮʳʧʣʷʪ, ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʢʦʣʠʯʝʩʪʚʘ ʵʨʠʪ-

ʨʦʮʠʪʦʚ, ʛʝʤʦʛʣʦʙʠʥʘ, ʛʣʶʪʘʪʠʦʥʘ ʠ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʘʪʘʣʘʟʳ. ʇʨʦʠʟʦʰʣʦ 

ʜʦʩʪʦʚʝʨʥʦʝ (ʈ>0,05) ʫʚʝʣʠʯʝʥʠʝ ʢʘʣʴʮʠʷ, ʬʦʩʬʦʨʘ ʠ ʫʤʝʥʴʰʝʥʠʝ ʫʨʦʚʥʷ ʱʝʣʦʯʥʦʡ 

ʬʦʩʬʦʪʘʟʳ. ʂʨʦʤʝ ʪʦʛʦ, ʫ ʧʦʜʦʧʳʪʥʦʡ ʧʪʠʮʳ ʦʪʤʝʯʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʱʝʛʦ 

ʙʝʣʢʘ ʠ ʛʣʦʙʫʣʠʥʦʚ. 
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ʗ.ɻ. ɻʝʟʘʣʦʚ (2010) ʠʟʫʯʘʣ ʚʣʠʷʥʠʝ ʋʌ-ʦʙʣʫʯʝʥʠʷ ʥʘ ʷʠʯʥʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʫʨ, 

ʠʥʢʫʙʘʮʠʦʥʥʳʝ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʥʠʭ ʷʠʮ, ʘ ʪʘʢʞʝ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʧʦʪʦʤʩʪʚʘ. 

ɸʚʪʦʨ ʦʙʣʫʯʘʣ ʢʫʨ ʧʦʨʦʜʳ çɸʜʣʝʨʩʢʠʝ ʩʝʨʝʙʨʠʩʪʳʝè ʣʘʤʧʘʤʠ ɼʈʊ-375, ʜʦʟʘ ð ʦʪ 57 ʜʦ 1 

90 ʤʵʨ/ʯ/ʤ
2
 ʚ ʪʝʯʝʥʥʠʝ 3-1 0 ʤʠʥʫʪ. ʃʫʯʰʝʡ ʦʢʘʟʘʣʘʩʴ ʦʧʳʪʥʘʷ ʛʨʫʧʧʘ ʧʨʠ ʜʦʟʝ 1 90 ʤʵʨ/ʯ/ʤ

2
 

ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ. ʗʡʮʝʥʦʩʢʦʩʪʴ ʚ ʥʝʡ ʙʳʣʘ ʥʘ 13,17%, ʘ ʤʘʩʩʘ ʷʠʮ ʥʘ 3,98% ʚʳʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ɺʳʚʦʜʠʤʦʩʪʴ ʮʳʧʣʷʪ ʧʦʚʳʩʠʣʘʩʴ ʥʘ 7% ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʦʭʨʘʥʥʦʩʪʠ ʚ 150-ʜʥʝʚʥʦʤ ʚʦʟʨʘʩʪʝ ʥʘ 6,7% ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʝʤ [9]. 

ɻʠʨʠʣʠʥʘ ɺ., ʐʝʧʝʣʝʚʘ ʊ., ʇʦʟʠʥʘ ɸ. (2007) ʦʮʝʥʠʚʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ ʧʨʠ ʨʘʭʠʪʝ ʢʫʨ ʚ ʆʆʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ 

ʧʪʠʮʝʚʦʜʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩè. ʅʝʩʫʰʢʘʤ ʦʧʳʪʥʦʡ ʛʨʫʧʧʳ ʩ ʢʦʨʤʦʤ ʚ ʚʠʜʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ 

ʨʘʩʯʸʪʝ ʥʘ 1 ʢʛ ʞʠʚʦʡ ʤʘʩʩʳ ʜʘʚʘʣʠ ʢʦʙʘʣʴʪʘ ʭʣʦʨʠʜ (0,03 ʤʛ), ʤʘʨʛʘʥʮʘ ʩʫʣʴʬʘʪ (0,5 ʤʛ), 

ʮʠʥʢʘ ʩʫʣʴʬʘʪ (0,5 ʤʛ), ʢʘʣʠʷ ʡʦʜʠʜ (0,1 ʤʛ) ʦʜʠʥ ʨʘʟ ʚ ʩʫʪʢʠ ʚ ʪʝʯʝʥʠʝ 30 ʜʥʝʡ, ʘ ʪʘʢʞʝ 10 

ʜʥʝʡ ʧʦ 0,5 ʤʛ ʤʝʜʠ ʩʫʣʴʬʘʪʘ. ɼʣʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʘʤʦʭʦʜʥʫʶ 

ʫʩʪʘʥʦʚʢʫ ʋʆʂ-1, ʢʦʪʦʨʘʷ ʧʝʨʝʜʚʠʛʘʝʪʩʷ ʚ ʧʨʦʭʦʜʘʭ ʤʝʞʜʫ ʢʣʝʪʦʯʥʳʤʠ ʙʘʪʘʨʝʷʤʠ. ɼʦʟʘ 

ʦʙʣʫʯʝʥʠʷ ð 40 ʤʵʨ/ʯ/ʤ
2
, ʜʣʠʪʝʣʴʥʦʩʪʴ ð 5-10 ʤʠʥʫʪ ʪʨʠ ʨʘʟʘ ʚ ʩʫʪʢʠ ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ ʩ 

ʧʝʨʝʨʳʚʦʤ 10 ʜʥʝʡ. 

ʂʣʠʥʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʘʚʪʦʨʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʩʣʝ ʣʝʯʝʥʠʷ ʫ ʧʪʠʮʳ 

ʦʧʳʪʥʦʡ ʛʨʫʧʧʳ ʚʠʜʠʤʳʝ ʩʣʠʟʠʩʪʳʝ ʦʙʦʣʦʯʢʠ ʧʨʠʦʙʨʝʣʠ ʨʦʟʦʚʳʡ ʮʚʝʪ, ʧʝʨʴʷ ʩʪʘʣʠ ʙʣʝ-

ʩʪʷʱʠʤʠ, ʩʥʠʟʠʣʘʩʴ ʙʦʣʝʚʘʷ ʨʝʘʢʮʠʷ ʢʦʩʪʥʦʡ ʪʢʘʥʠ. ʇʦ ʠʪʦʛʘʤ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʫ ʥʝʩʫʰʝʢ ʦʧʳʪʥʦʡ ʛʨʫʧʧʳ ʦʙʥʘʨʫʞʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʙʱʝʛʦ 

ʙʝʣʢʘ, ʢʘʣʴʮʠʷ, ʬʦʩʬʦʨʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʦʪʣʦʞʝʥʠʝʤ ʵʪʠʭ ʚʝʱʝʩʪʚ ʚ ʢʦʩʪʥʦʡ ʠ ʤʳh ʝʯʥʦʡ 

ʪʢʘʥʷʭ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ 

ʦʙʣʫʯʝʥʠʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʣʝʡ ʢʦʙʘʣʴʪʘ, ʤʘʨʛʘʥʮʘ, ʮʠʥʢʘ, ʡʦʜʘ ʠ ʤʝʜʠ 

ʥʦʨʤʘʣʠʟʦʚʘʣʦ ʢʣʠʥʠʯʝʩʢʠʡ ʩʪʘʪʫʩ ʤʦʣʦʜʥʷʢʘ. ʆʧʪʠʤʠʟʠʨʦʚʘʣʩʷ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʠ 

ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʨʦʚʠ, ʩʨʝʜʥʝʩʫʪʦʯʥʳʡ ʧʨʠʨʦʩʪ ʞʠʚʦʡ ʤʘʩʩʳ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 13,2%, 

ʧʦʚʳʩʠʣʘʩʴ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʇʦʵʪʦʤʫ ʘʧʨʦʙʘʮʠʷ ʠ ʚʥʝʜʨʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʦʨʤʘʣʴʥʳʡ 

ʦʙʤʝʥ ʠ ʚʳʩʦʢʫʶ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʦʨʛʘʥʠʟʤʘ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʨʝʟʝʨʚʦʤ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʝʜʝʥʠʷ ʧʪʠʮʝʚʦʜʩʪʚʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʪʠʮʝʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʧʨʠʤʝʥʝʥʠʷ  ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʀʂ ʠ ʋʌ-ʣʫʯʝʡ, ʕʄʇʅʊʏ ʥʘ ʨʦʩʪ ʠ ʩʦʭʨʘʥʥʦʩʪʴ ʤʦʣʦʜʥʷʢʘ. 

ɺʳʙʦʨʢʘ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʈʝʤʦʥʪʥʳʡ ʤʦʣʦʜʥʷʢ ʩ ʩʫʪʦʯʥʦʛʦ ʜʦ 90-ʜʥʝʚʥʦʛʦ ʚʦʟʨʘʩʪʘ ʩʦʜʝʨʞʘʣʩʷ ʚ ʧʪʠʯʥʠʢʝ, 

ʦʙʦʨʫʜʦʚʘʥʥʦʤ ʢʣʝʪʦʯʥʦʡ ʙʘʪʘʨʝʝʡ ʂɹʋ-3, ʩ 90-ʜʥʝʚʥʦʛʦ ʚʦʟʨʘʩʪʘ ï ʚ ʢʣʝʪʦʯʥʦʡ ʙʘʪʘʨʝʝ 

ʂɹʈ-2. ʇʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʣʠʤʘʪʘ ʧʦʜʜʝʨʞʠʚʘʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ. 

ʂʦʨʤʣʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦʣʥʦʨʘʮʠʦʥʥʳʤʠ ʢʦʤʙʠʢʦʨʤʘʤʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʅʘ ʧʣʝʤʧʪʠʮʝʬʘʙʨʠʢʝ çʃʘʧʩʘʨʩʢʘʷè ʏʫʚʰʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʋʌ-ʣʫʯʝʡ ʠ ʕʄʇ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʦʩʪʘ ʠ 

ʩʦʭʨʘʥʥʦʩʪʴ ʨʝʤʦʥʪʥʦʛʦ ʤʦʣʦʜʥʷʢʘ ʢʫʨ ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʩʪʘʜʘ ʢʨʦʩʩʘ çʃʦʤʘʥʥ ʙʨʘʫʥè. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʨʦʩʪʘ ʨʝʤʦʥʪʥʦʛʦ ʤʦʣʦʜʥʷʢʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʢʣʠʥʠʯʝʩʢʠ ʟʜʦʨʦʚʳʝ ʮʳʧʣʷʪʘ ʩʫʪʦʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʙʳʣʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʧʨʠʥʮʠʧʫ 

ʘʥʘʣʦʛʦʚ ʥʘ  6 ʛʨʫʧʧ (ʦʜʥʘ ʢʦʥʪʨʦʣʴʥʘʷ ʠ ʧʷʪʴ - ʦʧʳʪʥʳʭ) ʧʦ 80 ʛʦʣʦʚ ʚ ʢʘʞʜʦʡ[10]. 

ʈʝʤʦʥʪʥʳʡ ʤʦʣʦʜʥʷʢ ʦʧʳʪʥʳʭ ʛʨʫʧʧ 1- ʦʙʣʫʯʘʣʠ ʋʌïʣʫʯʘʤʠ, ʦʙʣʘʩʪʠ çɺè, 2-ʋʌ-

ʣʫʯʘʤʠ ʚʩʝʭ ʪʨʝʭ ʦʙʣʘʩʪʝʡ çɸè, çɺè, çʉè, 3-ʚʦʟʜʝʡʩʪʚʦʚʘʣʠ ʫʩʪʘʥʦʚʢʦʡ ʀʂʋʌ, ʛʜʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʀʂ ʠ ʋʌ-ʣʫʯʝʡ, 4 ï ʧʨʠʙʦʨʦʤ ɼʘʨʩʦʥʚʘʣʴ (ʋʌ-

ʣʫʯʠ, ʦʟʦʥ, ʤʠʢʨʦʤʘʩʩʘʞ), ʥʘ 5 ï ʧʨʠʙʦʨʦʤ ʋʣʴʪʨʘʪʦʥ (ʋʌ-ʣʫʯʠ, ʦʟʦʥ, ʤʠʢʨʦʤʘʩʩʘʞ, 

ʵʥʜʦʛʝʥʥʦʝ ʪʝʧʣʦ). ʄʦʣʦʜʥʷʢ ʚʩʝʭ ʛʨʫʧʧ ʦʙʣʫʯʘʣʩʷ ʩ 21 ʧʦ 80-ʜʥʝʚʥʳʡ ʚʦʟʨʘʩʪ. ʇʨʦʚʦʜʠʣʠ 

ʪʨʠ ʢʫʨʩʘ ʜʝʩʷʪʠʜʥʝʚʥʦʛʦ ʦʙʣʫʯʝʥʠʷ, ʧʝʨʝʨʳʚʳ ʤʝʞʜʫ ʥʠʤʠ ʩʦʩʪʘʚʠʣʠ 10 ʠ 20 ʜʥʝʡ. 

ɺ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʢʘʞʜʦʛʦ ʢʫʨʩʘ ʦʙʣʫʯʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʚʟʚʝʰʠʚʘʥʠʷ 

ʚʩʝʛʦ ʧʦʛʦʣʦʚʴʷ ʮʳʧʣʷʪ ʚ ʫʪʨʝʥʥʠʝ ʯʘʩʳ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 1 ʛ. ʠ ʦʧʨʝʜʝʣʷʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʨʦʩʪʘ ʨʝʤʦʥʪʥʦʛʦ ʤʦʣʦʜʥʷʢʘ ʩ 21 ʜʦ 120-ʜʥʝʚʥʦʛʦ ʚʦʟʨʘʩʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1. ɼʠʥʘʤʠʢʘ ʞʠʚʦʡ ʤʘʩʩʳ, ʛ 
 

ɺʦʟ-

ʨʘʩʪ, 

ʜʥʝʡ 

ʂʦʥʪʨʦʣʴ ʆʧʳʪ 1 ʆʧʳʪ 2 ʆʧʳʪ 3 ʆʧʳʪ 4 ʆʧʳʪ 5 

20 132,00°1,52 130,83°1,27 132,69°1,36 132,71°1,47 133,20°1,66 133,12°1,65 

35 294,93°3,16 293,20°2,70 292,00°2,89 298,18°3,48 298,06°3,14 296,72°3,27 

45 414,61°4,05 399,78°4,29 409,21°4,38 416,21°4,48 418,17°4,42 417,38°4,15 

55 532,44°6,62 558,35°6,25* 574,48°5,90***  598,9°6,34***  556,16°5,27* 548°5,11 

70 714,47°6,58 739,26°7,51* 751,60°8,45** 752,00°6,24** 756,20°7,62** 756,44°7,39** 

90 942,47°6,71 967,20°7,24* 978,28°9,04** 981,06°6,46** 983,77°7,78** 984,31°7,45** 

120 1209,55°7,65 1209,68°10,11 1212,82°9,28 1213,01°7,78 1238,39°9,48* 1239,44°8,54* 

 

*P<0,05;  **P<0 01;  *** P<0, 001. 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʚ ʜʠʥʘʤʠʢʝ ʞʠʚʦʡ ʤʘʩʩʳ ʤʦʣʦʜʥʷʢʘ ʦʧʳʪʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʦʡ 

ʛʨʫʧʧ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʢʫʨʩʘ ʦʙʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʥʝ ʥʘʙʣʶʜʘʣʠ. ʊʘʢ, ʞʠʚʘʷ 

ʤʘʩʩʘ ʤʦʣʦʜʥʷʢʘ ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʩʦʩʪʘʚʠʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ - 293,2°2,7; 292,0°2,9; 298,2°3,5; 

298,0° 3,1; 276,7° 3,3 ʛ., ʘ ʢʦʥʪʨʦʣʴʥʦʡ - 294,9°3,2 ʛ. ʇʦʩʣʝ 2-ʭ ʢʫʨʩʦʚ ʜʝʩʷʪʠʜʥʝʚʥʦʛʦ 

ʦʙʣʫʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʠ ʙʳʣʠ ʥʝʨʘʚʥʦʟʥʘʯʥʳ. ɾʠʚʘʷ ʤʘʩʩʘ ʤʦʣʦʜʥʷʢʘ ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʙʳʣʘ 

ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʥʘ 3,0 - 12,5%, ʘ ʧʦʩʣʝ 3- ʛʦ - ʥʘ 2,6-4,4%. ʇʦʩʣʝʜʫʶʱʠʝ 

ʥʘʙʣʶʜʝʥʠʷ (ʜʦ 120-ʜʥʝʚʥʦʛʦ ʚʦʟʨʘʩʪʘ) ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʦ ʚʩʝʭ ʦʧʳʪʥʳʭ ʛʨʫʧʧʘʭ 

ʦʪʤʝʯʘʶʪʩʷ ʩʪʘʙʠʣʴʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʦ ʚ ʦʧʳʪʥʳʭ ʛʨʫʧʧʘʭ  4 ʠ 5 ʦʩʪʘʶʪʩʷ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʦʧʳʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʠ ʩ ʢʦʥʪʨʦʣʴʥʦʡ. 

ɼʦʩʪʦʚʝʨʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʧʦʢʘʟʘʪʝʣʠ ʚ 120-ʜʥʝʚʥʦʤ ʚʦʟʨʘʩʪʝ ʦʧʳʪʥʳʭ ʛʨʫʧʧ 4 ʠ 5 ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ (ʈ<0,05). 

ɽʞʝʜʥʝʚʥʦ ʦʧʨʝʜʝʣʷʣʠ ʩʦʭʨʘʥʥʦʩʪʴ ʤʦʣʦʜʥʷʢʘ ʩ ʫʯʝʪʦʤ ʚʳʥʫʞʜʝʥʥʦʡ ʙʨʘʢʦʚʢʠ ʠ 

ʧʘʜʝʞʘ ʦʪʜʝʣʴʥʦ ʧʦ ʦʧʳʪʥʳʤ ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʘʤ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.  
 

ʊʘʙʣʠʮʘ 2. ʉʦʭʨʘʥʥʦʩʪʴ ʤʦʣʦʜʥʷʢʘ, % 
 

ɺʦʟʨʘʩʪ, 

ʜʥʝʡ 
ʂʦʥʪʨʦʣʴ ʆʧʳʪ 1 ʆʧʳʪ 2 ʆʧʳʪ 3 ʆʧʳʪ 4 ʆʧʳʪ 5 

20 100 100 100 100 100 100 

35 98,75 98,75 100 100 100 100 

45 96,25 98,75 100 100 100 98,75 

55 96,25 98,75 100 100 100 98,75 

70 96,25 87,5 93,75 100 100 98,75 

90 87,5 77,5 80,0 98,75 100 97,5 

120 87,5 77,5 80,0 98,75 100 97,5 

 

ɺʳʚʦʜʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʭʨʘʥʥʦʩʪʴ ʤʦʣʦʜʥʷʢʘ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʀʂ ʠ ʋʌ-ʣʫʯʝʡ, ʕʄʇʅʊʏ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʚ 
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ʦʧʳʪʥʳʭ ʛʨʫʧʧʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ. ʊʘʢ ʚ 120-ʜʥʝʚʥʦʤ ʚʦʟʨʘʩʪʝ ʚ ʦʧʳʪʥʳʭ 

ʛʨʫʧʧʘʭ 3, 4, 5 ʩʦʭʨʘʥʥʦʩʪʴ ʦʢʘʟʘʣʘʩʴ ʚʳʰʝ ʥʘ 11,3%; 12,5%; 10%. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ 

ʦʙʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʢʘʟʘʣʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʜʠʥʘʤʠʢʫ 

ʞʠʚʦʡ ʤʘʩʩʳ ʠ ʩʦʭʨʘʥʥʦʩʪʴ ʨʝʤʦʥʪʥʦʛʦ ʤʦʣʦʜʥʷʢʘ ʢʫʨ. 

ɺʥʝʜʨʝʥʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʉʚʝʜʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʥʦʚʰʝʩʪʚʘ, ʩʦʜʝʨʞʘʪʩʷ ʚ ʦʧʫʙʣʠʢʦʚʘʥʥʦʤ 

ʤʘʪʝʨʠʘʣʝ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʝ ʪʨʝʙʫʝʪʩʷ. ʉʧʨʘʚʢʠ ʚ ʏʫʚʘʰʩʢʦʤ 

ʎʅʊʀ ʧʦ ʪʝʣ. 62-31-31. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ / References 

 

1. ɹʝʩʩʘʨʘʙʦʚ ɹ.ʌ. ʂʣʝʪʠʢʦʚʘ ʃ.ɺ., ɸʣʝʢʩʝʝʚʘ ʉ.ɸ., ʉʫʰʢʦʚʘ ʅ.ʂ. ʂʣʠʥʠʯʝʩʢʠʝ ʠ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʪʠʮʳ ʧʨʠ ʥʝʟʘʨʘʟʥʳʭ 

ʙʦʣʝʟʥʷʭ [ʊʝʢʩʪ]. ʄ.: ɿʦʦɺʝʪʂʥʠʛʘ, 2014. C. 112.  

2. ɹʝʩʩʘʨʘʙʦʚ ɹ.ʌ., ʂʦʯʠʰ ʀʀ., ʂʠʩʝʣʝʚ ɸ.ʃ., ʂʣʝʪʠʢʦʚʘ ʃ.ɺ., ʇʨʦʥʠʥ ɺ.ɺ., ʉʫʰʢʦʚʘ ʅ.ʂ. 

ʌʝʨʤʝʨʩʢʦʝ ʠ ʧʨʠʫʩʘʜʝʙʥʦʝ ʧʪʠʮʝʚʦʜʩʪʚʦ [ʊʝʢʩʪ] / ʄ.: ɿʦʦɺʝʪʂʥʠʛʘ, 2015. ʉ. 32-34.  

3. ʂʦʥʦʚʘʣʦʚ ɺ.ɺ., ʈʝʟʥʠʢ ʅ.ʂ., ʆʨʣʦʚʘ ɸ.ɺ. ʆʙʦʩʥʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʦʢʦʚ ʠ ʜʦʟ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ ʧʪʠʮʳ // ɺʝʪʝʨʠʥʘʨʠʷ, 1984. ʊ. 11. ʉ. 23-25. 

4. ʂʣʝʪʠʢʦʚʘ ʃ.ɺ. ɺʳʨʘʱʠʚʘʥʠʝ ʷʠʯʥʦʡ ʧʪʠʮʳ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʪʠʮʝʚʦʜʩʪʚʘ: 

ʧʨʦʙʣʝʤʳ ʘʜʘʧʪʘʮʠʠ [ʊʝʢʩʪ] / ʐʫ:̫ ʌɻɹʆʋ ɺʇʆ çʐɻʇʋè, 2012. ʉ. 13.  

5. ʄʝʣʸʭʠʥ ɻ.ʇ., ʉʚʝʥʪʠʮʢʠʡ ʀ.ʀ. ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʦʙʣʫʯʝʥʠʝ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ / 

ʉʧʨʘʚʦʯʥʳʡ ʤʘʪʝʨʠʘʣ. ʄʠʥʩʢ. ʋʨʦʞʘʡ, 1965. ʉ. 68. 

6. ɼʦʙʨʦʩʤʳʩʣʦʚʘ ʀ.ɸ., ʉʝʤʸʥʦʚ ɺ.ɻ., ʉʘʟʘʥʦʚʘ ɸ.ɸ. ɼʠʥʘʤʠʢʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ 

ʢʨʦʚʠ ʧʪʠʮ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ// ʅʘʫʢʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʩʝʛʦʜʥʷ, 2018. 

 ̄3 (26). ʉ. 8-12.  

7. ʆʣʝʥʮʦʚ ɸ.ɸ. ɺʣʠʷʥʠʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʙʨʦʡʣʝʨʦʚ // 

ʇʪʠʮʝʚʦʜʩʪʚʦ, 1990. ˉ 7. ʉ. 13. 

8. ʉʠʤʦʥʦʚʘ ʅ.ʇ. ʆʙʦʩʥʦʚʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʤʳʰʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ: 

ʘʚʪʦʨʝʬ. ʜʠʩ.... ʜ-ʨʘ ʩ. ʭ. ʥʘʫʢ. ʅʦʚʦʩʠʙʠʨʩʢ, 1997. ʉ.8. 

9. ɻʝʟʘʣʦʚ ʗ.ɻ. ɺʣʠʷʥʠʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʫʨ ʚ ʫʩʣʦʚʠʷʭ 

ɸʟʝʨʙʘʡʜʞʘʥʘ // ɿʦʦʪʝʭʥʠʷ, 2010. ˉ 10. ʉ. 25. 

10. ʇʦʥʦʤʘʨʝʚ ɺ.ɸ., ʇʨʦʥʠʥ ɺ.ɺ., ʂʣʝʪʠʢʦʚʘ ʃ.ɺ., ʄʘʣʦʚʠʯʢʦ ʃ.ɺ., ʗʢʠʤʝʥʢʦ ʅ.ʅ. 

ʂʣʠʥʠʯʝʩʢʠʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʨʦʚʠ ʧʪʠʮ [ʊʝʢʩʪ] / ʀʚʘʥʦʚʦ: ʇʨʝʩʉʪʦ, 2014. 

ʉ. 117. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

12 

 

THE GROWTH  CHARACTERISTICS  OF STEREUM HIRSUTUM 

IN VITRO ENRICHMENT  OF THE MEDIUM   

WITH  MANGANESE 
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Abstract: manganese is microelement for living organisms, its lack or excess supply is 

accompanied by impairment of vital activity or even death of the organism. In this paper, it is 

shown that a nutritious potato-sucrose medium is a good available substrate for the cultivation of 

Stereum hirsutum in vitro. The addition of manganese chloride to concentrations of 0,025 mg/L, 

0,1 mg/L, 0,5 mg/L, 2,5 mg/L,10,0 mg/L, 20,0 mg/L, 30,0 mg/L, 40,0 mg/L influences the growth 

and development of this fungus in a given nutrient medium.  

Keywords: basidiomycetes, subsurface cultivation, mycelium, nutrient medium, manganese 

(II)  chloride. 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʈʆʉʊɸ STEREUM HIRSUTUM IN VITRO   

ʇʈʀ ʆɹʆɻɸʑɽʅʀʀ ʉʈɽɼʓ ʄɸʈɻɸʅʎɽʄ 

ʂʘʣʴʢʦ ɽ.ʀ. (ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ) 
 

ʂʘʣʴʢʦ ɽʣʝʥʘ ʀʚʘʥʦʚʥʘ ï ʘʩʧʠʨʘʥʪ, 

ʢʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, 

ʇʦʣʝʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 
 

ɸʥʥʦʪʘʮʠʷ: ʤʘʨʛʘʥʝʮ ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʤ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʝʛʦ 

ʥʝʜʦʩʪʘʪʦʢ ʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʨʫʰʝʥʠʝʤ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʠʣʠ ʜʘʞʝ ʛʠʙʝʣʴʶ ʦʨʛʘʥʠʟʤʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʠʪʘʪʝʣʴʥʘʷ ʢʘʨʪʦʬʝʣʴʥʦ-ʩʘʭʘʨʦʟʥʘʷ ʩʨʝʜʘ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʜʦʩʪʫʧʥʳʤ 

ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ Stereum hirsutum in vitro. ɼʦʙʘʚʣʝʥʠʝ ʚ ʜʘʥʥʫʶ 

ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ MnCl2 ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 0,025 ʤʛ/ʣ, 0,1 ʤʛ/ʣ, 0,5 ʤʛ/ʣ, 2,5 ʤʛ/ʣ, 10,0 

ʤʛ/ʣ, 20,0 ʤʛ/ʣ, 30,0 ʤʛ/ʣ, 40,0 ʤʛ/ʣ ʚʣʠʷʝʪ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʜʘʥʥʦʛʦ ʛʨʠʙʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʟʠʜʠʦʤʠʮʝʪʳ, ʛʣʫʙʠʥʥʦʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ, ʤʠʮʝʣʠʡ, ʧʠʪʘʪʝʣʴʥʳʝ 

ʩʨʝʜʳ, ʭʣʦʨʠʜ ʤʘʨʛʘʥʮʘ (II ). 
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ɺʚʝʜʝʥʠʝ. ʋʩʪʦʡʯʠʚʳʡ ʠʥʪʝʨʝʩ ʢ ʙʘʟʠʜʠʦʤʠʮʝʪʘʤ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ 

ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ [1, ʩ. 

45]. ɻʨʠʙ S. hirsutum ʩʠʥʪʝʟʠʨʫʝʪ ʤʝʪʘʙʦʣʠʪʳ ʩ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ, ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʠ ʜʨʫʛʠʤʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʘʢʪʠʚʥʦʩʪʷʤʠ. ʕʪʦʪ ʪʠʧʠʯʥʳʡ ʜʝʨʝʚʦʨʘʟʨʫʰʠʪʝʣʴ ʠʤʝʝʪ ʥʝʙʦʣʴʰʠʝ 

ʨʘʟʤʝʨʳ ʠ ʚʳʜʝʣʝʥʠʝ ʘʢʪʠʚʥʳʭ ʩʫʙʩʪʘʥʮʠʡ ʛʨʠʙʘ ʠʟ ʧʨʠʨʦʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. 

ɹʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʝʤʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʝʛʦ in vitro ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʤʘʩʩʳ [2, ʩ. 15; 3, ʩ. 20], ʪʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʨʘʟʨʘʙʦʪʢʘ 

ʩʧʦʩʦʙʘ ʜʦʙʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ. ʆʜʥʠʤ ʠʟ ʚʝʨʦʷʪʥʳʭ ʩʪʠʤʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʤʦʞʝʪ 

ʚʳʩʪʫʧʠʪʴ ʤʘʨʛʘʥʝʮ. ɺ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʤʘʨʛʘʥʝʮ, ʢʘʢ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʤʝʜʴ, ʮʠʥʢ, 

ʞʝʣʝʟʦ, ʥʠʢʝʣʴ, ʩʝʣʝʥ, ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʥʦʨʤʘʣʴʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ, 

ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʝʪʩʷ ʢʦʬʘʢʪʦʨʦʤ ʬʝʨʤʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠʣʠ ʚʭʦʜʠʪ ʚ 

ʩʦʩʪʘʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ [4, c. 49]. ʆʜʥʘʢʦ ʩʚʝʜʝʥʠʷ ʦ ʚʣʠʷʥʠʠ ʤʘʨʛʘʥʮʘ ʥʘ ʨʦʩʪ 

ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ ʬʨʘʛʤʝʥʪʘʨʥʳ, ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʦʪʥʦʰʝʥʠʠ S. hirsutum.  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʦʩʪʘ S. hirsutum in vitro ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ 

ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ MnCl2 ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 
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ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. S. hirsutum ʚʳʨʘʱʠʚʘʣʠ ʚ ʛʣʫʙʠʥʥʦʡ ʢʫʣʴʪʫʨʝ ʥʘ 

ʢʘʨʪʦʬʝʣʴʥʦ-ʩʘʭʘʨʦʟʥʦʡ ʩʨʝʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 27Ñ1Áʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʘ ʢʘʯʘʣʢʝ ʧʨʠ 70 ʦʙ/ʤʠʥ, ʚ ʪʝʯʝʥʠʝ 21 ʜʥʷ ʧʦ ʤʝʪʦʜʠʢʝ [3, ʩ. 18; 5, ʩ. 97]. 

ɼʦʙʘʚʣʷʣʠ ʚ ʜʘʥʥʫʶ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ MnCl2 ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 0,025 ʤʛ/ʣ, 0,1 ʤʛ/ʣ, 

0,5 ʤʛ/ʣ, 2,5 ʤʛ/ʣ, 10,0 ʤʛ/ʣ, 20,0 ʤʛ/ʣ, 30,0 ʤʛ/ʣ, 40,0 ʤʛ/ʣ. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʚ 

ʯʝʪʳʨʝʭʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠ ʚʠʟʫʘʣʴʥʫʶ 

ʦʮʝʥʢʫ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʠʮʝʣʠʷ S. hirsutum ʦʪʜʝʣʠʚ ʝʛʦ ʙʠʦʤʘʩʩʫ ʠʟ ʢʘʞʜʦʡ 

ʧʦʚʪʦʨʥʦʩʪʠ ʦʪ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʧʦʜʩʯʠʪʳʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʤʠʮʝʣʠʘʣʴʥʳʭ 

ʢʣʫʙʦʯʢʦʚ ʠ ʟʘʤʝʨʷʣʠ ʠʭ ʜʠʘʤʝʪʨ [3, ʩ. 19; 6, ʩ. 522; 7, c. 230].  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʢʦʣʠʯʝʩʪʚʝ 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʤʠʮʝʣʠʘʣʴʥʳʭ ʢʣʫʙʦʯʢʦʚ, ʠʭ ʨʘʟʤʝʨʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

MnCl2 ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ.  
 

ʊʘʙʣʠʮʘ 1. ʍʘʨʘʢʪʝʨ ʨʦʩʪʘ ʛʣʫʙʠʥʥʦʡ ʢʫʣʴʪʫʨʳ S. hirsutum ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ MnCl2
  

ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ 
 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

MnCl 2 

ʤʛ/ʣ 

ʂʦʣʠʯʝʩʪʚʦ ʢʣʫʙʦʯʢʦʚ ʤʠʮʝʣʠʷ S. hirsutum 

ʧʦ ʢʣʘʩʩʘʤ ʜʠʘʤʝʪʨʘ (ʩʤ) 

0,3-0,5 0,6-2,0 2,1-3,0 3,1-7,5 

0 (ʢʦʥʪʨʦʣʴ) 6-50 1-10 1 2 

0,025 3-12 2-9 1 2 

0,1 10-69 1-10 0 2 

0,5 3-20 1-10 1 4 

2,5 4-30 1-10 2 3 

10,0 1-100 1 0 2 

20,0 10-28 2-20 1 1 

30,0 1-100 1 1 1 

40,0 1-45 2-16 0 1 

 

ɺʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʟ ʠʥʦʢʫʣʶʤʘ ʨʘʟʚʠʚʘʣʠʩʴ ʢʣʫʙʦʯʢʠ ʨʘʟʥʦʛʦ ʜʠʘʤʝʪʨʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʪʘʢʞʝ ʚʪʦʨʠʯʥʳʝ, ʤʝʣʢʠʝ ʢʣʫʙʦʯʢʠ. ʇʨʠ ʨʦʩʪʝ 

ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ MnCl2, ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʢʣʫʙʦʯʢʦʚ ʫʢʨʫʧʥʝʥʥʦʛʦ ʨʘʟʤʝʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʣʠʷʥʠʠ 

MnCl2 ʥʘ ʨʦʩʪ S. hirsutum in vitro. 

ɺʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʣʫʙʦʯʢʠ ʛʣʘʜʢʠʝ ʠ ʩʣʠʟʠʩʪʳʝ, ʥʝ ʧʫʰʠʩʪʳʝ. ʃʫʯʠʩʪʳʭ 

ʚʦʨʩʠʥʦʢ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ P. ʦstreatus [2, ʩ. 15], ʥʝ ʥʘʙʣʶʜʘʣʠ. ʂʣʫʙʦʯʢʠ S. hirsutum ʚ 

ʢʦʥʪʨʦʣʝ, ʘ ʪʘʢʞʝ ʚ ʢʦʣʙʘʭ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ MnCl2 0,025 ʤʛ/ʣ, 0,1 ʤʛ/ʣ, 0,5 ʤʛ/ʣ, 2,5 ʤʛ/ʣ 

ʙʳʣʠ ʨʳʭʣʳʝ, ʚ ʢʦʣʙʘʭ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ MnCl2 10,0 ʤʛ/ʣ, 20,0 ʤʛ/ʣ, 30,0 ʤʛ/ʣ, 40,0 ʤʛ/ʣ ʙʦʣʝʝ 

ʧʣʦʪʥʳʝ ʢʣʫʙʦʯʢʠ. ʉʘʤʳʝ ʢʨʫʧʥʳʝ ʢʣʫʙʦʯʢʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʚ ʢʦʣʙʘʭ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

MnCl2 0,5 ʤʛ/ʣ. ʄʥʦʞʝʩʪʚʦ ʤʝʣʢʠʭ ʢʣʫʙʦʯʢʦʚ ʥʘʙʣʶʜʘʣʠ ʚ ʢʦʣʙʘʭ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ MnCl2 

10,0 ʤʛ/ʣ, 30,0 ʤʛ/ʣ. ʎʚʝʪ ʢʣʫʙʦʯʢʦʚ S. hirsutum ʠʟʤʝʥʷʣʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

MnCl2, ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ. ɺ ʢʦʥʪʨʦʣʝ ʠ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ MnCl2 0,025 ʤʛ/ʣ ʢʣʫʙʦʯʢʠ 

ʙʳʣʠ ʙʣʝʜʥʦ-ʞʝʣʪʳʝ, ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,1 ʤʛ/ʣ 0,5 ʤʛ/ʣ ʠ 2,5 ʤʛ/ʣ ï ʩʚʝʪʣʦ-ʞʝʣʪʳʝ, ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 10,0 ʤʛ/ʣ, 20,0 ʤʛ/ʣ, 30,0 ʤʛ/ʣ, 40,0 ʤʛ/ʣ ï ʪʝʤʥʦ-ʞʝʣʪʳʝ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʣʫʙʦʯʢʦʚ, ʢʦʪʦʨʳʝ ʨʦʩʣʠ ʚ ʩʨʝʜʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ MnCl2 10,0 ʤʛ/ʣ, 20,0 ʤʛ/ʣ, 30,0 ʤʛ/ʣ 

ʥʘʙʣʶʜʘʣʠʩʴ ʥʝʙʦʣʴʰʠʝ ʧʦʪʝʤʥʝʥʠʷ, ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʝ ʧʷʪʥʘ, 40,0 ʤʛ/ʣ MnCl2 ï ʪʝʤʥʦ-

ʢʦʨʠʯʥʝʚʳʝ ʧʷʪʥʘ.  

ɺʳʚʦʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ ʚ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ MnCl2 ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ 

ʢʦʣʠʯʝʩʪʚʘ ʠ ʨʘʟʤʝʨʘ ʢʣʫʙʦʯʢʦʚ ʤʠʮʝʣʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʆʧʪʠʤʘʣʴʥʦʡ 

ʦʢʘʟʘʣʘʩʴ ʢʦʥʮʝʥʪʨʘʮʠʷ MnCl2 0,5 ʤʛ/ʣ, ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʝʚʳʰʘʶʱʝʡ 10,0 ʤʛ/ʣ ʠʜʝʪ 

ʠʥʪʝʥʩʠʚʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʣʢʠʭ ʢʣʫʙʦʯʢʦʚ. ɼʣʷ ʫʷʩʥʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʣʠʷʥʠʷ 

ʤʘʨʛʘʥʮʘ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʤʠʮʝʣʠʷ S. hirsutum ʚ ʛʣʫʙʠʥʥʦʡ ʢʫʣʴʪʫʨʝ ʪʨʝʙʫʶʪʩʷ 

ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 



 

14 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ / References 

 

1. ɹʘʙʠʮʢʘʷ ɺ.ɻ., ʇʫʯʢʦʚʘ ʊ.ɸ., ʑʝʨʙʘ ɺ.ɺ., ʆʩʘʜʯʘʷ ʆ.ɺ. ʂʩʠʣʦʪʨʦʬʥʳʡ ʙʘʟʠʜʠʦʤʠʮʝʪ 

Pleurotus ostreatus (Jacq.: Fr.) Kumm. ʇʨʦʜʫʮʝʥʪ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ // 

ɺʝʩʪʥʠʢ ʌʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʄʠʥʩʢ), 2005. ˉ 4 (34). ʉ. 40ï49. 

2. ʂʘʣʴʢʦ ɽ.ʀ., ɾʫʢ ʆ.ʅ. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʳʨʘʱʠʚʘʥʠʷ Stereum hirsutum ʠ 

Pleurotus ostreatus in vitro // ɹʠʦʪʝʭʥʦʣʦʛʠʷ: ʜʦʩʪʠʞʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ: 

ʩʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ II ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦïʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ʋʆ 

çʇʦʣʝʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè ʛ. ʇʠʥʩʢ, 7-8 ʜʝʢʘʙʨʷ 2017. / ʄʠʥʠʩʪʝʨʩʪʚʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ [ʠ ʜʨ.]; ʨʝʜʢʦʣ.: ʂ.ʂ. ʐʝʙʝʢʦ [ʠ ʜʨ.]. ʇʠʥʩʢ: ʇʦʣʝʩɻʋ, 

2017. C. 15ï16. 

3. ʂʘʣʴʢʦ ɽ.ʀ. ʕʢʦʣʦʛʠʷ ʠ ʛʨʠʙʥʘʷ ʙʠʦʪʝʭʥʦʣʦʛʠʷ / Ecology and fungal biotechnology // 

International scientific review of problems and prospects of modern Science and education: 

XLII International scientific and practical conference: collection of scientific articles, Boston, 

USA, 25-26 February 2018. Boston: Massachusetts printed in the United States of Amerika, 

2018. Vol. 2 (44). P. 16ï22. 

4. ɹʝʢʢʝʨ ɿ.ʕ. ʌʠʟʠʦʣʦʛʠʷ ʠ ʙʠʦʭʠʤʠʷ ʛʨʠʙʦʚ: ʤʦʥʦʛʨʘʬʠʷ. ʄ.: ʀʟʜ-ʚʦ ʄʦʩʢ. ʫʥ-ʪʘ, 1988. 

230 ʩ.  

5. ɹʫʭʘʣʦ ɸ.ʉ. ɺʳʩʰʠʝ ʩʲʝʜʦʙʥʳʝ ʙʘʟʠʜʠʦʤʠʮʝʪʳ ʚ ʯʠʩʪʦʡ ʢʫʣʴʪʫʨʝ. ʂʠʝʚ: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 

1988. 144 ʩ. 

6. ʏʫʛʘʡ ɸ.ʉ., ɻʨʠʰʘʥ ɽ.ʉ., ʂʦʣʦʤʘʮʢʘʷ ʅ.ʉ.; ʥʘʫʯ. ʨʫʢʦʚ. ɽ.ʆ. ʖʨʯʝʥʢʦ. ɸʧʨʦʙʘʮʠʷ 

ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜ ʥʘ ʦʩʥʦʚʝ ʢʦʨʥʝʧʣʦʜʦʚ ʜʣʷ ʛʣʫʙʠʥʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚʝʰʝʥʢʠ 

ʦʙʳʢʥʦʚʝʥʥʦʡ // ʅʘʫʯʥʳʡ ʧʦʪʝʥʮʠʘʣ ʤʦʣʦʜʝʞʠ ï ʙʫʜʫʱʝʤʫ ɹʝʣʘʨʫʩʠ: ʤʘʪʝʨʠʘʣʳ 

X ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦïʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʋʆ çʇʦʣʝʩʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè ʛ. ʇʠʥʩʢ, 15 ʘʧʨʝʣʷ 2016 ʛ. ʏ.1 / ʄʠʥʠʩʪʝʨʩʪʚʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ [ʠ ʜʨ.]; ʨʝʜʢʦʣ.: ʂ.ʂ. ʐʝʙʝʢʦ [ʠ ʜʨ.], ʇʠʥʩʢ: ʇʦʣʝʩɻʋ, 

2016. ʉ. 520ï522. 

7. ɹʠʩʴʢʦ ʅ.ɸ., ɹʫʭʘʣʦ ɸ.ʉ., ɺʘʩʩʝʨ ʉ.ʇ. ʠ ʜʨ. ʇʦʜ ʨʝʜ. ɼʫʜʢʠ ʀ.ɸ. ɺʳʩʰʠʝ ʩʲʝʜʦʙʥʳʝ 

ʙʘʟʠʜʠʦʤʠʮʝʪʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʠ ʛʣʫʙʠʥʥʦʡ ʢʫʣʴʪʫʨʝ. ʂʠʝʚ: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 1983. 

312 ʩ. 

  



 

15 

 

AGRONOMY   

ECONOMIC EFFICIENCY EFFECTIVENESS OF ARGO HERBICIDE  

IN THE CONDITIONS OF THE KURGAN REGION  

Gorbunov M.Yu.
1
, Mrachkovskaya A.N.

2
 (Russian Federation)  

Email: Gorbunov51@scientifictext.ru  
Gorbunov M.Yu., Mrachkovskaya A.N. (Russian Federation) ECONOMIC EFFICIENCY EFFECTIVENESS OF ARGO HERBICIDE IN THE CONDITIONS OF THE KURGAN REGION / ɻʦʨʙʫʥʦʚ ʄ.ʖ., ʄʨʘʯʢʦʚʩʢʘʷ ɸ.ʅ. (ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ) ʕʂʆʅʆʄʀʏɽʉʂɸʗ ʕʌʌɽʂʊʀɺʅʆʉʊʔ ɻɽʈɹʀʎʀɼɸ ɸʈɻʆ ɺ 

ʋʉʃʆɺʀʗʍ ʂʋʈɻɸʅʉʂʆʁ ʆɹʃɸʉʊʀ 

1Gorbunov Mikhail Yurievich - Candidate of Agricultural Sciences, Associate Professor, 

DEPARTMENT OF ECOLOGY AND PROTECTION OF PLANTS; 
2Mrachkovskaya Anna Nikolaevna - Candidate of Agricultural Sciences, 

DEPARTMENT OF AGRONOMICS AND GARDENING, 

FEDERAL STATE BUDGETARY EDUCATIONAL INSTITUTION OF HIGHER PROFESSIONAL 

EDUCATION KURGAN STATE AGRICULTURAL ACADEMY BY T.S. MALTSEV,  

LESNIKOVO, KETOVSKIY DISTRICT, KURGAN REGION 

 

Abstract: in the conditions of field small allotment experiment on the basis of the skilled field of 

Kurgan SAA various consumption rates of herbicide of the Argo, in the context of comparison with 

other graminicide have been tested. Researches were conducted against the background of 

processing by herbicides against two-submultiple weed plants. A set of various doses of herbicide 

in experience has been directed to establishment of high level of economic and economic efficiency. 

Generalization and the analysis of the received material have allowed to draw valid conclusions on 

the substance of the studied questions. 

Keywords: herbicides, graminicides, spring soft wheat, field experience, yield, crop structure, 

economic efficiency. 

 

ʕʂʆʅʆʄʀʏɽʉʂɸʗ ʕʌʌɽʂʊʀɺʅʆʉʊʔ ɻɽʈɹʀʎʀɼɸ ɸʈɻʆ  

ɺ ʋʉʃʆɺʀʗʍ ʂʋʈɻɸʅʉʂʆʁ ʆɹʃɸʉʊʀ 

ɻʦʨʙʫʥʦʚ ʄ.ʖ.
1
, ʄʨʘʯʢʦʚʩʢʘʷ ɸ.ʅ.

2
 (ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ) 

 
1ɻʦʨʙʫʥʦʚ ʄʠʭʘʠʣ ʖʨʴʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʜʦʮʝʥʪ,  

ʢʘʬʝʜʨʘ ʵʢʦʣʦʛʠʠ ʠ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ; 
2ʄʨʘʯʢʦʚʩʢʘʷ ɸʥʥʘ ʅʠʢʦʣʘʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ,  

ʢʘʬʝʜʨʘ ʘʛʨʦʥʦʤʠʠ ʠ ʩʘʜʦʚʦʜʩʪʚʘ, 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

ʂʫʨʛʘʥʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʠʤ. ʊ.ʉ. ʄʘʣʴʮʝʚʘ, 

ʩ. ʃʝʩʥʠʢʦʚʦ, ʂʝʪʦʚʩʢʠʡ ʨʘʡʦʥ, ʂʫʨʛʘʥʩʢʘʷ ʦʙʣʘʩʪʴ 
 

ɸʥʥʦʪʘʮʠʷ: ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʝʚʦʛʦ ʤʝʣʢʦʜʝʣʷʥʦʯʥʦʛʦ ʦʧʳʪʘ ʥʘ ʙʘʟʝ ʦʧʳʪʥʦʛʦ ʧʦʣʷ 

ʂʫʨʛʘʥʩʢʦʡ ɻʉʍɸ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʥʦʨʤʳ ʨʘʩʭʦʜʘ ʛʝʨʙʠʮʠʜʘ ɸʨʛʦ, ʚ ʢʦʥʪʝʢʩʪʝ 

ʩʨʘʚʥʝʥʠʷ ʩ ʜʨʫʛʠʤ ʛʨʘʤʠʥʠʮʠʜʦʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʬʦʥʝ ʦʙʨʘʙʦʪʢʠ 

ʛʝʨʙʠʮʠʜʘʤʠ ʧʨʦʪʠʚ ʜʚʫʜʦʣʴʥʳʭ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ. ʅʘʙʦʨ ʨʘʟʣʠʯʥʳʭ ʜʦʟ ʛʝʨʙʠʮʠʜʘ ʚ ʦʧʳʪʝ 

ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʆʙʦʙʱʝʥʠʝ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ 

ʦʙʦʩʥʦʚʘʥʥʳʝ ʚʳʚʦʜʳ ʧʦ ʩʫʱʝʩʪʚʫ ʠʟʫʯʘʝʤʳʭ ʚʦʧʨʦʩʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʨʙʠʮʠʜʳ, ʛʨʘʤʠʥʠʮʠʜʳ, ʷʨʦʚʘʷ ʤʷʛʢʘʷ ʧʰʝʥʠʮʘ, ʧʦʣʝʚʦʡ ʦʧʳʪ, 

ʫʨʦʞʘʡʥʦʩʪʴ, ʩʪʨʫʢʪʫʨʘ ʫʨʦʞʘʷ, ʭʦʟʷʡʩʪʚʝʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 
 

ʋɼʂ 631.5 
 

ɻʝʨʙʠʮʠʜ ɸʨʛʦ, ʄʕ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʢʦʥʪʨʦʣʷ ʯʠʩʣʝʥʥʦʩʪʠ ʦʜʥʦʣʝʪʥʠʭ 

ʟʣʘʢʦʚʳʭ ʩʦʨʥʷʢʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʱʝʪʠʥʥʠʢʘ, ʧʨʦʩʦ ʢʫʨʠʥʦʛʦ, ʦʚʩʶʛʘ, 

ʤʝʪʣʠʮʳ ʧʦʣʝʚʦʡ). ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʧʘʨʘʪʘ ʚ ʦʪʥʦʰʝʥʠʠ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʠʜʦʚ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʥʠʞʝʥʥʳʭ ʜʦʟ ʩ 

ʚʳʷʚʣʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʛʝʨʙʠʮʠʜʘ ʚ ʫʩʣʦʚʠʷʭ ʂʫʨʛʘʥʩʢʦʡ ʦʙʣʘʩʪʠ.  
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ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʩʷ ʘʛʨʦʮʝʥʦʟ ʷʨʦʚʦʡ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ ʩʦʨʪʘ ɸʨʠʷ. 

ʎʝʣʝʚʳʤ ʦʙʲʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʩʦʨʥʳʡ ʢʦʤʧʦʥʝʥʪ ʮʝʥʦʟʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʘʣʦʣʝʪʥʠʝ 

ʦʜʥʦʜʦʣʴʥʳʝ ʩʦʨʥʳʝ ʨʘʩʪʝʥʠʷ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʧʳʪ ʟʘʢʣʘʜʳʚʘʣʩʷ ʥʘ ʦʧʳʪʥʦʤ ʧʦʣʝ ʌɻɹʆʋ ɺʆ ʂʫʨʛʘʥʩʢʘʷ 

ɻʉʍɸ. ɺʠʜ ʦʧʳʪʘ ð ʧʦʣʝʚʦʡ ʤʝʣʢʦʜʝʣʷʥʦʯʥʳʡ, ʦʜʥʦʬʘʢʪʦʨʥʳʡ. ʇʦʚʪʦʨʥʦʩʪʴ ʯʝʪʳʨʸʭʢʨʘʪʥʘʷ. 

ʈʘʟʤʝʱʝʥʠʝ ʜʝʣʷʥʦʢ ʚ ʧʦʚʪʦʨʥʦʩʪʠ ʨʝʥʜʦʤʠʟʠʨʦʚʘʥʥʦʝ. ʇʣʦʱʘʜʴ ʜʝʣʷʥʢʠ ï 25 ʤ
2
. 

ʉʭʝʤʘ ʦʧʳʪʘ: 

1 ʂʦʥʪʨʦʣʴ (ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʛʨʘʤʠʥʠʮʠʜʘ) 

2 ʃʘʩʪʠʢ ʊʦʧ, ʄʂʕ, 0,5 ʣ/ʛʘ 

3 ɸʨʛʦ, ʄʕ, 0,6 ʣ/ʛʘ 

4 ɸʨʛʦ, ʄʕ, 0,7 ʣ/ʛʘ 

5 ɸʨʛʦ, ʄʕ, 0,8 ʣ/ʛʘ 

6 ɸʨʛʦ, ʄʕ, 0,9 ʣ/ʛʘ 

ʇʦ ʚʩʝʤ ʚʘʨʠʘʥʪʘʤ ï ʬʦʥʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʝʧʘʨʘʪʦʤ ɻʨʘʥʘʪ, ɺɼɻ ʚ ʜʦʟʝ 0,01 ʢʛ/ʛʘ + 

ɼʨʦʪʠʢ, ʂʂʈ ʚ ʜʦʟʝ 0,4 ʣ/ʛʘ.  

ʉʧʦʩʦʙ ʧʨʠʤʝʥʝʥʠʷ ɸʨʛʦ, ʄʕ ð ʦʧʨʳʩʢʠʚʘʥʠʝ ʚʝʛʝʪʠʨʫʶʱʠʭ ʨʘʩʪʝʥʠʡ ʚ ʨʘʥʥʠʝ ʬʘʟʳ 

ʨʦʩʪʘ ʩʦʨʥʷʢʦʚ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʬʘʟʳ ʨʘʟʚʠʪʠʷ ʢʫʣʴʪʫʨʳ.  

ʊʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ: ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ ʧʦʤʧʦʚʳʡ ʦʧʨʳʩʢʠʚʘʪʝʣʴ ɾʫʢ Cicle ʆʇ-207 8 ʣ ʩ 

ʨʘʩʧʳʣʠʪʝʣʝʤ ʬʠʨʤʳ Lechler. ʈʘʩʧʳʣʠʪʝʣʴ ʱʝʣʝʚʦʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ð Lechler LU 120-01 

90-01 (80 M) (LU120-01 C). 
 

ʊʘʙʣʠʮʘ 1. ʉʨʦʢʠ ʦʙʨʘʙʦʪʦʢ ʛʝʨʙʠʮʠʜʘʤʠ ʚ ʦʧʳʪʝ  

(ʆʧʳʪʥʦʝ ʧʦʣʝ ʌɻɹʆʋ ɺʆ ʂʫʨʛʘʥʩʢʘʷ ɻʉʍɸ, 2017 ʛ.) 
 

ɻʝʨʙʠʮʠʜʳ 
ɼʘʪʘ 

ʦʙʨʘʙʦʪʢʠ 

ʌʘʟʘ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʉʪʝʧʝʥʴ 

ʟʘʩʦʨʝʥʠʷ
**

 ʢʫʣʴʪʫʨʥʳʭ ʩʦʨʥʳʭ 

ɻʨʘʥʘʪ, ɺɼɻ + 

ɼʨʦʪʠʢ, ʂʂʈ 
06.06.2017 

ʥʘʯʘʣʦ ʢʫʱʝʥʠʷ 

(21)
*
 

ʨʦʟʝʪʢʘ (ʦʩʦʪ 

ʧʦʣʝʚʦʡ), ʦʜʥʦʛʦ-

ʯʝʪʳʨʝʭ ʥʘʩʪʦʷʱʠʭ 

ʣʠʩʪʴʝʚ (ʤʘʣʦʣʝʪʥʠʝ 

ʜʚʫʜʦʣʴʥʳʝ) 

ʄʥʦʛʦʣʝʪʥʠʤʠ 

ʜʚʫʜʦʣʴʥʳʤʠ 

ð ʩʨʝʜʥʷʷ. 

ʄʘʣʦʣʝʪʥʠʤʠ 

ʜʚʫʜʦʣʴʥʳʤʠ 

ð ʩʣʘʙʘʷ. 

ʃʘʩʪʠʢ ʊʦʧ, ʄʂʕ; 

ɸʨʛʦ, ʄʕ 
11.06.2017 

ʩʝʨʝʜʠʥʘ ʢʫʱʝʥʠʷ 

(25)
*
 

2-3 ʣʠʩʪ 

(ʤʘʣʦʣʝʪʥʠʝ 

ʦʜʥʦʜʦʣʴʥʳʝ) 

ʄʘʣʦʣʝʪʥʠʤʠ 

ʦʜʥʦʜʦʣʴʥʳʤʠ 

ð ʩʠʣʴʥʘʷ. 
 

* ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʬʘʟ ʨʘʟʚʠʪʠʷ ʧʰʝʥʠʮʳ ʧʦ ɿʘʜʦʢʩʫ. 

** ʇʦ ʰʢʘʣʝ ʃʠʙʝʨʰʪʝʡʥ ʀ.ʀ. ʠ ʊʫʣʠʢʦʚʘ ɸ.ʄ. [5]. 

 

ʈʘʩʭʦʜ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ 250 ʣ/ʛʘ. ʈʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʦʧʨʳʩʢʠʚʘʪʝʣʷ ð 2,0 ʘʪʤ. ʉʢʦʨʦʩʪʴ 

ʨʘʩʭʦʜʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ð 0,32 ʣ/ʤʠʥ. ʈʘʩʭʦʜ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʥʘ ʜʝʣʷʥʢʫ (25 ʤ
2
) ð 

0,625 ʣ. ʈʘʩʯʝʪʥʦʝ ʚʨʝʤʷ ʥʘ ʜʝʣʷʥʢʫ (25 ʤ
2
) ð 117 ʩʝʢ. 

ɺ ʦʧʳʪʝ ʧʨʦʚʦʜʠʣʘʩʴ ʦʜʥʦʢʨʘʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʛʨʘʤʠʥʠʮʠʜʘʤʠ ʧʦ ʬʦʥʫ (ʧʦ ʚʩʝʤ 

ʚʘʨʠʘʥʪʘʤ) ʙʘʢʦʚʦʡ ʩʤʝʩʴʶ ɻʨʘʥʘʪ, ɺɼɻ ʚ ʜʦʟʝ 0,01 ʢʛ/ʛʘ + ɼʨʦʪʠʢ, ʂʂʈ ʚ ʜʦʟʝ 0,4 ʣ/ʛʘ ʜʣʷ 

ʩʥʷʪʠʷ ʟʘʩʦʨʝʥʥʦʩʪʠ ʤʥʦʛʦʣʝʪʥʠʤʠ ʠ ʤʘʣʦʣʝʪʥʠʤʠ ʜʚʫʜʦʣʴʥʳʤʠ ʩʦʨʥʷʢʘʤʠ. 

ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ 2017 ʛʦʜʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʨʝʛʠʦʥʘ [1, 2].  

ʉʪʝʧʝʥʴ ʟʘʩʦʨʝʥʥʦʩʪʠ ʚ ʦʧʳʪʝ ʧʦ ʰʢʘʣʝ ʃʠʙʝʨʰʪʝʡʥ ʀ.ʀ. ʠ ʊʫʣʠʢʦʚʘ ɸ.ʄ. 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ  ʤʘʣʦʣʝʪʥʠʤʠ ʦʜʥʦʜʦʣʴʥʳʤʠ ʢʘʢ ʩʠʣʴʥʘʷ ʤʥʦʛʦʣʝʪʥʠʤʠ ʜʚʫʜʦʣʴʥʳʤʠ ð 

ʩʨʝʜʥʷʷ, ʤʘʣʦʣʝʪʥʠʤʠ ʜʚʫʜʦʣʴʥʳʤʠ ð ʩʣʘʙʘʷ. ʉʦʩʪʘʚ ʤʘʣʦʣʝʪʥʠʭ ʦʜʥʦʜʦʣʴʥʳʭ ð ʧʨʦʩʦ 

ʢʫʨʠʥʦʝ (Panicum crus galli), ʱʝʪʠʥʥʠʢʠ ʟʝʣʝʥʳʡ ʠ ʩʠʟʳʡ (Setaria viridis ʠ S. glauca); 

ʤʥʦʛʦʣʝʪʥʠʭ ʜʚʫʜʦʣʴʥʳʭ ð ʦʩʦʪ ʧʦʣʝʚʦʡ (ʞʸʣʪʳʡ) (Sonchus arvensis); ʤʘʣʦʣʝʪʥʠʭ ʜʚʫʜʦʣʴʥʳʭ 

ð ʤʘʨʴ ʙʝʣʘʷ (Chenopodium album),  ʛʨʝʯʠʰʢʘ ʚʴʶʥʢʦʚʘʷ (Fallopia convolvulus), ʛʨʝʯʠʭʘ 

ʪʘʪʘʨʩʢʘʷ (Fagopyrum tataricum), ʱʠʨʠʮʘ ʟʘʧʨʦʢʠʥʫʪʘʷ (Amaranthus retroflexus), ʱʠʨʠʮʘ ʙʝʣʘʷ 

(Amaranthus albus).  
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ʋʯʸʪ ʚʦʟʜʝʡʩʪʚʠʷ ʦʙʨʘʙʦʪʦʢ ʥʘ ʯʠʩʣʝʥʥʦʩʪʴ ʩʦʨʥʷʢʦʚ ʧʨʦʚʦʜʠʣʩʷ ʚ ʜʚʘ ʵʪʘʧʘ: ʧʝʨʚʳʡ ð 

ʯʝʨʝʟ 20 - 30 ʜʥʝʡ ʧʦʩʣʝ ʦʧʨʳʩʢʠʚʘʥʠʷ, ʚʪʦʨʦʡ ʧʝʨʝʜ ʫʙʦʨʢʦʡ ʢʫʣʴʪʫʨʳ. ɼʘʥʥʳʝ ʫʯʝʪʘ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩʦʛʣʘʩʥʦ çʄʝʪʦʜʠʯʝʩʢʠʤ ʫʢʘʟʘʥʠʷʤ ʧʦ ʧʦʣʝʚʦʤʫ ʠʩʧʳʪʘʥʠʶ ʛʝʨʙʠʮʠʜʦʚ ʚ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝè. 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝʨʙʠʮʠʜʦʚ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʜʚʫʜʦʣʴʥʳʭ ʧʨʠ ʚʪʦʨʦʤ ʠ 

ʪʨʝʪʴʝʤ ʫʯʝʪʝ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ, ʢʘʢ ʩʥʠʞʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʚʦʤʫ ʫʯʝʪʫ 

ʚʳʨʘʞʝʥʥʦʝ ʚ ʧʨʦʮʝʥʪʘʭ.  

ʋʯʸʪ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʳ ʫʨʦʞʘʷ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʘʥʘʣʠʟʘ 

ʩʥʦʧʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʋʯʝʪ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʫʨʦʞʘʡʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʧʦʜʝʣʷʥʦʯʥʳʤ ʦʙʤʦʣʦʪʦʤ ʩʝʣʝʢʮʠʦʥʥʳʤ 

ʢʦʤʙʘʡʥʦʤ Terrion SR 2010. 

 ʇʨʠ ʫʯʝʪʝ ʫʨʦʞʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʣʘʞʥʦʩʪʴ ʠ ʟʘʩʦʨʝʥʥʦʩʪʴ ʟʝʨʥʘ ʩ ʜʘʣʴʥʝʡʰʠʤ 

ʧʝʨʝʩʯʝʪʦʤ ʫʨʦʞʘʡʥʦʩʪʠ ʥʘ 100% ʯʠʩʪʦʪʫ ʠ 14% ʚʣʘʞʥʦʩʪʴ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʣʠ ʥʘ ʕɺʄ ʪʠʧʘ IBM PC ʚ ʩʨʝʜʝ Microsoft 

Office ʚ ʧʨʦʛʨʘʤʤʝ Microsoft Excel ʧʦ ʘʣʛʦʨʠʪʤʘʤ, ʧʨʝʜʣʦʞʝʥʥʳʤ ɹ.ɸ. ɼʦʩʧʝʭʦʚʳʤ [3].  

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʨʘʤʠʥʠʮʠʜʦʚ ʧʦ ʚʘʨʠʘʥʪʘʤ 

ʦʧʳʪʘ (ʪʘʙʣʠʮʘ 2). 

ʋʨʦʞʘʡʥʦʩʪʴ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʩʦʨʪʘ ɸʨʠʷ ʥʘ ʢʦʥʪʨʦʣʝ ʦʧʳʪʘ ʩʦʩʪʘʚʠʣʘ 1,31 ʪ/ʛʘ. 

ʇʨʠʤʝʥʝʥʠʝ ɸʨʛʦ, ʄʕ ʧʦʟʚʦʣʠʣʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʫʨʦʞʘʷ ʚʩʣʝʜʩʪʚʠʝ 

ʚʨʝʜʦʥʦʩʥʦʩʪʠ ʤʘʣʦʣʝʪʥʠʭ ʦʜʥʦʜʦʣʴʥʳʭ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ. ʇʨʠʙʘʚʢʘ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

0,25-0,42 ʪ/ʛʘ (ʅʉʈ05=0,18 ʪ/ʛʘ). 
 

ʊʘʙʣʠʮʘ 2. ʍʦʟʷʡʩʪʚʝʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʥʦʨʤ ʨʘʩʭʦʜʘ ʛʝʨʙʠʮʠʜʘ ɸʨʛʦ, ʄʕ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʥʘ ʷʨʦʚʦʡ ʧʰʝʥʠʮʝ ʩʦʨʪʘ ɸʨʠʷ (ʆʧʳʪʥʦʝ ʧʦʣʝ ʌɻɹʆʋ ɺʆ ʂʫʨʛʘʥʩʢʘʷ ɻʉʍɸ, 2017 ʛ.) 
 

ɺʘʨʠʘʥʪ 
ʋʨʦʞʘʡʥʦʩʪʴ, 

ʪ/ʛʘ 

ʆʪʢʣʦʥʝʥʠʝ ʦʪ 

ʢʦʥʪʨʦʣʷ, ʪ/ʛʘ 

ʍʦʟʷʡʩʪʚʝʥʥʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, % 

1 
ʂʦʥʪʨʦʣʴ (ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʛʨʘʤʠʥʠʮʠʜʘ) 
1,31 0,00 0,0 

2 ʃʘʩʪʠʢ ʊʦʧ, ʄʂʕ, 0,5 ʣ/ʛʘ 1,73 0,42 32,1 

3 ɸʨʛʦ, ʄʕ, 0,6 ʣ/ʛʘ 1,57 0,20 15,3 

4 ɸʨʛʦ, ʄʕ, 0,7 ʣ/ʛʘ 1,59 0,28 21,4 

5 ɸʨʛʦ, ʄʕ, 0,8 ʣ/ʛʘ 1,71 0,40 30,5 

6 ɸʨʛʦ, ʄʕ, 0,9 ʣ/ʛʘ 1,73 0,42 32,1 

 ʅʉʈ05 0,18 0,18 13,9 

 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʫʨʦʞʘʡʥʦʩʪʠ ʧʦʣʫʯʝʥ ʚ ʚʘʨʠʘʥʪʝ ɸʨʛʦ, ʄʕ, 0,9 ʣ/ʛʘ ð 

1,73 ʪ/ʛʘ, ʛʜʝ ʧʨʠʙʘʚʢʘ ʩʦʩʪʘʚʠʣʘ 0,42 ʪ/ʛʘ. ɸʥʘʣʠʟ ʫʨʦʞʘʡʥʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, 

ʯʪʦ ʨʘʟʤʝʨ ʧʨʠʙʘʚʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʦʨʤʦʡ ʨʘʩʭʦʜʘ ʧʨʝʧʘʨʘʪʘ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʦʧʨʝʜʝʣʷʝʪ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʱʠʪʥʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ. ʆʜʥʘʢʦ, 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʦʨʤʘ ʛʝʨʙʠʮʠʜʘ ɸʨʛʦ, ʄʕ 0,9 ʣ/ʛʘ ʥʝ ʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝ ʦʙʝʩʧʝʯʠʣʘ ʦʞʠʜʘʝʤʫʶ ʧʨʠʙʘʚʢʫ ʫʨʦʞʘʷ ʟʘʱʠʱʘʝʤʦʡ  

ʢʫʣʴʪʫʨʳ, ʯʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʩ ʫʩʠʣʝʥʠʝʤ ʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʷʨʦʚʦʡ ʧʰʝʥʠʮʝ. ʅʦʨʤʳ ʛʝʨʙʠʮʠʜʘ ɸʨʛʦ, ʄʕ 0,8 ʠ 0,9 ʣ/ʛʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʫʶ ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 30,5-32,1% (ʦʪʢʣʦʥʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ 

ʦʰʠʙʢʠ ʦʧʳʪʘ ʅʉʈ05=13,9). ʋʨʦʞʘʡʥʦʩʪʴ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʵʪʠʭ 

ʚʘʨʠʘʥʪʘʭ, ʙʳʣʘ ʵʢʚʠʚʘʣʝʥʪʥʘ ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʧʨʠʤʝʥʝʥʠʶ ʛʝʨʙʠʮʠʜʘ ʃʘʩʪʠʢ ʊʦʧ, 

ʄʂʕ ʩ ʥʦʨʤʦʡ 0,5 ʣ/ʛʘ. 

ɸʥʘʣʠʟ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʛʝʨʙʠʮʠʜʘ ɸʨʛʦ, ʄʕ ʧʨʠʚʝʜʝʥ ʚ 

ʪʘʙʣʠʮʝ 3. 
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ʊʘʙʣʠʮʘ 3. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʛʝʨʙʠʮʠʜʘ ɸʨʛʦ, ʄʕ ʥʘ ʷʨʦʚʦʡ ʧʰʝʥʠʮʝ ʩʦʨʪʘ 

ɸʨʠʷ(ʆʧʳʪʥʦʝ ʧʦʣʝ ʌɻɹʆʋ ɺʆ ʂʫʨʛʘʥʩʢʘʷ ɻʉʍɸ, 2017 ʛ.) 
 

ɺʘʨʠʘʥʪ 
ʋʨʦʞʘʡ-

ʥʦʩʪʴ, ʪ/ʛʘ 

ɹʘʟʦʚʳʝ 

ʟʘʪʨʘʪʳ ʥʘ 

1 ʛʘ. ʨʫʙ.* 

ʎʝʥʘ 

ʨʝʘʣʠʟʘʮʠʠ 

ʷʨʦʚʦʡ 

ʧʰʝʥʠʮʳ, 

ʨʫʙ./ʪ* 

ʉʪʦʠʤʦʩʪʴ 

ʧʨʦʜʫʢʮʠʠ ʩ 

1 ʛʘ ʧʦʩʝʚʘ, 

ʨʫʙ. 

ʏʠʩʪʘʷ 

ʧʨʠʙʳʣʴ ʩ 

1 ʛʘ, ʨʫʙ. 

ʈʝʥʪʘʙʝ

ʣʥɹʦʩʪʴ 

ʂʦʥʪʨʦʣʴ 1,31 8000 6300 8253 253,00 1,03 

ʃʘʩʪʠʢ ʊʦʧ, 

ʄʂʕ, 0,5 ʣ/ʛʘ 
1,73 8000 6300 10899 1522,00 1,19 

ɸʨʛʦ, ʄʕ, 0,6 

ʣ/ʛʘ 
1,57 8000 6300 9891 951,14 1,13 

ɸʨʛʦ, ʄʕ, 0,7 

ʣ/ʛʘ 
1,59 8000 6300 10017 953,83 1,13 

ɸʨʛʦ, ʄʕ, 0,8 

ʣ/ʛʘ 
1,71 8000 6300 10773 1586,52 1,20 

ɸʨʛʦ, ʄʕ, 0,9 

ʣ/ʛʘ 
1,73 8000 6300 10899 1589,21 1,20 

 

* - ʥʘ 28 ʘʚʛʫʩʪʘ 2017 ʛ. 

 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʥʦʨʤʘ ʛʝʨʙʠʮʠʜʘ ɸʨʛʦ, ʄʕ 0,9 ʣ/ʛʘ ʥʝ ʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝ ʦʙʝʩʧʝʯʠʣʘ ʩʪʦʣʴ ʞʝ ʚʳʩʦʢʫʶ ʧʨʠʙʘʚʢʫ ʫʨʦʞʘʷ 

ʟʘʱʠʱʘʝʤʦʡ  ʢʫʣʴʪʫʨʳ, ʯʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʩ ʫʩʠʣʝʥʠʝʤ ʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʷʨʦʚʦʡ ʧʰʝʥʠʮʝ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʩʯʠʪʘʥʳ ʚ ʮʝʥʘʭ ʥʘ 28.08.2017 ʛ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʦʨʤʳ ʨʘʩʭʦʜʘ ɸʛʨʦ, ʄʕ 0,8 ʠ 

0,9 ʣ/ʛʘ, ʛʜʝ ʯʠʩʪʘʷ ʧʨʠʙʳʣʴ ʩʦʩʪʘʚʠʣʘ 1586,52 ʠ 1589,21 ʨʫʙ. ʥʘ 1 ʛʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʠ ʞʝ 

ʚʘʨʠʘʥʪʳ ʦʙʝʩʧʝʯʠʣʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ (ʦʢʫʧʘʝʤʦʩʪʠ ʚʣʦʞʝʥʥʳʭ 

ʩʨʝʜʩʪʚ) 1,20 ʨʫʙ. ʯʠʩʪʦʡ ʧʨʠʙʳʣʠ ʥʘ 1 ʨʫʙ. ʟʘʪʨʘʪ. ʇʨʝʧʘʨʘʪ ʃʘʩʪʠʢ ʊʦʧ, ʄʂʕ, 0,5 ʣ/ʛʘ 

ʙʦʣʝʝ ʯʝʤ ʥʘ 80 ʨʫʙ. ʫʩʪʫʧʘʣ ʜʘʥʥʳʤ ʚʘʨʠʘʥʪʘʤ. 

ɺʳʚʦʜʳ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʝʚʦʛʦ ʦʧʳʪʘ ʧʦ 

ʠʟʫʯʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʛʝʨʙʠʮʠʜʘ ɸʨʛʦ, ʄʕ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʅʦʨʤʳ ʛʝʨʙʠʮʠʜʘ ɸʨʛʦ, ʄʕ 0,8 ʠ 0,9 ʣ/ʛʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʫʶ 
ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 30,5-32,1 % (ʦʪʢʣʦʥʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʦʰʠʙʢʠ ʦʧʳʪʘ 

ʅʉʈ05=13,9). 

2. ʋʨʦʞʘʡʥʦʩʪʴ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʵʪʠʭ ʚʘʨʠʘʥʪʘʭ, ʙʳʣʘ ʵʢʚʠʚʘʣʝʥʪʥʘ ʧʦ 
ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʧʨʠʤʝʥʝʥʠʶ ʛʝʨʙʠʮʠʜʘ ʃʘʩʪʠʢ ʊʦʧ, ʄʂʕ ʩ ʥʦʨʤʦʡ 0,5 ʣ/ʛʘ. 

3. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʦʨʤʳ 
ʨʘʩʭʦʜʘ ɸʛʨʦ, ʄʕ 0,8 ʠ 0,9 ʣ/ʛʘ, ʛʜʝ ʯʠʩʪʘʷ ʧʨʠʙʳʣʴ ʩʦʩʪʘʚʠʣʘ 1586,52 ʠ 1589,21 ʨʫʙ. ʥʘ 1 ʛʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʠ ʞʝ ʚʘʨʠʘʥʪʳ ʦʙʝʩʧʝʯʠʣʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ 

(ʦʢʫʧʘʝʤʦʩʪʠ ʚʣʦʞʝʥʥʳʭ ʩʨʝʜʩʪʚ) 1,20 ʨʫʙ. ʯʠʩʪʦʡ ʧʨʠʙʳʣʠ ʥʘ 1 ʨʫʙ. ʟʘʪʨʘʪ. 
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Abstract: the article investigates efficiency of healthcare services, particularly urgent medical 

care. The research objective is analyzing the essence of the effective implementation of all core 

functions of the management in Healthcare industry. The following recommendations are issued: 

protocols, guidelines, mandatory training programs, should be standardized, etc. 

Keywords: healthcare management, efficiency, Emergency Medical Care. 

 

ʕʌʌɽʂʊʀɺʅʆʉʊʔ ɺ ʋʇʈɸɺʃɽʅʀʀ ɿɼʈɸɺʆʆʍʈɸʅɽʅʀʗ:  

ʂɽʁʉ ʅɽʆʊʃʆɾʅʆʁ ʄɽɼʀʎʀʅʉʂʆʁ ʇʆʄʆʑʀ 

ʄʘʨʠʜʘʰʚʠʣʠ ʄ.ɻ.
1
 ʄʝʧʘʨʠʰʚʠʣʠ ɼ.ɼ.

2
 (ɻʨʫʟʠʷ) 

 
1ʄʘʨʠʜʘʰʚʠʣʠ ʄʘʥʘʥʘ ɻʝʦʨʛʠʝʚʥʘ - ʜʦʢʪʦʨ ʙʠʟʥʝʩ-ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ, ʧʨʦʬʝʩʩʦʨ; 

2ʄʝʧʘʨʠʰʚʠʣʠ ɼʘʚʠʜ ɼʘʚʠʜʦʚʠʯ - ʤʘʛʠʩʪʨ ʙʠʟʥʝʩ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ, 

ʤʝʜʠʮʠʥʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, 

ʂʘʚʢʘʟʩʢʠʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʛ. ʊʙʠʣʠʩʠ, ɻʨʫʟʠʷ 

 

ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʥʝʦʪʣʦʞʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʫʪʴ 

ʬɻʬʝʢʪʠʚʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ ʤʝʥʝʜʞʤʝʥʪʘ ʚ ʦʪʨʘʩʣʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ; 

ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ: ʧʨʦʪʦʢʦʣʳ, ʨʫʢʦʚʦʜʷʱʠʝ ʧʨʠʥʮʠʧʳ, ʦʙʷʟʘʪʝʣʴʥʳʝ ʫʯʝʙʥʳʝ ʧʨʦʛʨʘʤʤʳ 

ʜʦʣʞʥʳ ʙʳʪʴ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʳ ʠ ʪ.ʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʋʧʨʘʚʣʝʥʠʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠ,̫ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʝʦʪʣʦʞʥʘʷ ʤʝʜʠʮʠʥʩʢʘʷ 

ʧʦʤʦʱʴ. 

 

In the 21st century, the most important management value is the efficiency indicator. Primary 

health care includes prevention of disease, health promotion and improvement. Primary health care 

is a condition that promotes the need for urgent medical care. That is the requirement of the high 

number so called of low-priority calls that can be brought to the minimum level in case of effective 

health care. To reduce the number of urgent calls, the most important factor is to raise public 

awareness. Efficiency audit, together with financial and conformance audit, is one of the type of 

audit defined by the International Organization of Supreme Audit Institutions. Standards 

differentiate three types of audit: financial, compliance and efficiency audits. Simply put, the 

financial audit assesses the financial statements in accordance with applicable rules and regulations 

and the audit of the compliance audit-legitimacy. As for the effectiveness audit, this includes an 

assessment of the activity of Economy, Effiviency and Effectiveness (so-called "E 3") [1. P. 89].  

In Georgia in 2015 reforms have been implemented in the field of emergency medical care. 

The LEPL "112" was created, which responds to the calls of the population and provides the 

operative delivery of information to the relevant emergency brigade. In Tbilisi, specially 

equipped new vehicles were purchased .improved the quality of medical personnel and quality 

of services rendered.The main goal of the emergency medical care system and the system is to 
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reduce complications and mortality during emergency situations. The prerequisite for this 

achievement is timely reaction to the call and high quality of primary care is provided. From 

2000 to 2017, the number of beneficiaries with urgent medical assistance has increased 

dramatically over the years [2. ʈ. 76]. 

There were many questions in the society in relation to the quality and quality of the 

services provided by this increase in number of calls.  Despite positive changes, significant 

problems remain in the timely response to emergency medical services and the quality of 

service is reflected emergency medical assistance would have been to a patient in a difficult 

situation. The emergency medical assistance in the regions is inaccurate, which is often the 

number of calls left without response. In addition, different rates of brigade loads in the 

regions proves unopposed distribution of the brigades which reduces the productivity of the 

employees and the effectiveness of the service [3. P. 50]. 

There are not regular trainings for all doctors that work in emergency care. The level of 

preparation in Tbilisi and regions is different, the doctors are trained by different training programs. 

The system is not standardized, there is no established protocols and standards throughout the 

country. Often the principle of transferring the patient to the nearest clinic does not work properly. 

In addition, the number of clinics refusal to receive a patient is quite high, because of the patient's 

social status or limitations of stationary places that may have a negative effect on the health 

condition of the patient in a particular situation and increase the mortality rate. 

In 2016, As a result of involvement in the insurance companies program in the emergency 

program of Tbilisi emergency services, 1,420,200 GEL was saved. At the same time, the number of 

insured people is increasing. In many cases, the program implementers do not plan the ongoing 

activities within the program in terms of economics and productivity. For example The Tbilisi City 

Hall has successfully renovated the Ambulance Vehicle Park in 2013 with specially equipped 

automobiles with new minibus type, while such type of vehicles are used for patient's 

hospitalization, which is 13% of the total number of calls in the current reality. Proportion of 

priority system, in case of purchasing partially light vehicles, was significantly saving. 

Recommendations issued for enhancing efficiency of emergency medical care: The program, 

protocols / guidelines should be  standardized throughout the whole country, taking into 

consideration international standards and best practices; The optimal distribution of the brigades 

and its proportional funding in accordance with the self-governing units, as well as the number of 

population and geographical principles; To standardize qualification data, mandatory training 

programs and their periodicity in accordance with the ambulance medical models.  

 

References / ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

1. Ammons David N. ñPerformance Measurementò. Chapel Hill, 2013. 

2. Hatry Harry P. ñMethods of Gathering Data, DC ICMA, 2008. 

3. Maridashvili M. Innovation Management Modelôs Applications in Georgia. Journal. 

ñAmerican Science Reviewò. USA, 2016. ˉ 4. 

 

 

 

 

 

 

 

 

 

 

 



 

21 

 

ANALYSIS OF APPLICATION OF LASE R RADIATION  

IN THE PROCESS OF ORTHODONTIC MOVEMENT  

OF TEETH AND SUGGESTIONS REGARDING  

THE TECHNOLOGY IMPROVEMENT  

Savchenko E.V. (Ukraine) Email: Savchenko51@scientifictext.ru  
Savchenko E.V. (Ukraine) ANALYSIS OF APPLICATION OF LASER RADIATION IN THE PROCESS OF ORTHODONTIC MOVEMENT OF TEETH AND SUGGESTIONS REGARDING THE TECHNOLOGY IMPROVEMENT / ʉʘʚʯʝʥʢʦ ɽ.ɺ. (ʋʢʨʘʠʥʘ) ɸʅɸʃʀɿ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʃɸɿɽʈʅʆɻʆ ʀɿʃʋʏɽʅʀʗ ɺ 

ʇʈʆʎɽʉʉɽ ʆʈʊʆɼʆʅʊʀʏɽʉʂʆɻʆ ʇɽʈɽʄɽʑɽʅʀʗ ɿʋɹʆɺ ʀ ʇʈɽɼʃʆɾɽʅʀʗ ʇʆ ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀʖ ʊɽʍʅʆʃʆɻʀʀ 

Savchenko Elena Vasilevna - Corresponding Member of the Ukrainian Academy of Sciences,  

Master of Dentistry, Head, 

BOGOMOLETS NATIONAL MEDICAL UNIVERSITY,  

COMPANY "DENTAL CLINIC AKVARELI", KIEV, UKRAINE 

 

Abstract: an analysis of published studies dedicated to the feasibility of using low-intensity laser 

irradiation during orthodontic tooth movement allowed to confirm the positive effect of the laser on 

the processes of bone remodeling, minimization of inflammation signs in the area of the teeth that 

are going through disposition, and reduction of treatment time. The suggestions given by the 

author regarding the improvement of the laser apparatus can be the basis for future development of 

more clinically efficient and constructively mobile system that will expand the range of laser 

irradiation use in different clinical situations. 

Keywords: laser radiation, orthodontic movement of teeth, improvement of system. 

 

ɸʅɸʃʀɿ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʃɸɿɽʈʅʆɻʆ ʀɿʃʋʏɽʅʀʗ  

ɺ ʇʈʆʎɽʉʉɽ ʆʈʊʆɼʆʅʊʀʏɽʉʂʆɻʆ ʇɽʈɽʄɽʑɽʅʀʗ ɿʋɹʆɺ  

ʀ ʇʈɽɼʃʆɾɽʅʀʗ ʇʆ ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀʖ ʊɽʍʅʆʃʆɻʀʀ 

ʉʘʚʯʝʥʢʦ ɽ.ɺ. (ʋʢʨʘʠʥʘ) 
 

ʉʘʚʯʝʥʢʦ ɽʣʝʥʘ ɺʘʩʠʣʴʝʚʥʘ - ʏʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʋʢʨʘʠʥʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ,  

ʤʘʛʠʩʪʨ ʩʪʦʤʘʪʦʣʦʛʠʠ,  

ʨʫʢʦʚʦʜʠʪʝʣʴ, 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ɸ. ɹʦʛʦʤʦʣʴʮʘ,  

ʆʆʆ çʉʪʦʤʘʪʦʣʦʛʠʯʝʩʢʘʷ ʢʣʠʥʠʢʘ ɸʂɺɸʈɽʃʀè, ʛ. ʂʠʝʚ, ʋʢʨʘʠʥʘ 

 

ɸʥʥʦʪʘʮʠʷ: ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʚʦʧʨʦʩʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʭʦʜʝ 

ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʟʫʙʦʚ, ʧʦʟʚʦʣʠʣ ʧʦʜʪʚʝʨʜʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʣʘʟʝʨʘ ʥʘ ʧʨʦʮʝʩʩʳ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʩʪʥʦʡ ʪʢʘʥʠ, ʤʠʥʠʤʠʟʘʮʠʶ ʧʨʠʟʥʘʢʦʚ ʚʦʩʧʘʣʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʟʫʙʦʚ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʜʠʩʧʦʟʠʮʠʠ, ʠ ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʣʝʯʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʠʷ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʘʚʪʦʨʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʣʘʟʝʨʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʤʦʛʫʪ ʩʪʘʪʴ 

ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʢʣʠʥʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʤʦʙʠʣʴʥʦʡ 

ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʩʧʝʢʪʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʟʫʙʦʚ, 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʘʧʧʘʨʘʪʘ. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʂʦʤʧʣʝʢʩʥʦʝ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʝ ʣʝʯʝʥʠʝ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʮʠʝʥʪʦʚ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʦʚʨʝʤʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʘʢʪʦʨʦʚ: ʢʦʣʠʯʝʩʪʚʘ ʵʪʘʧʦʚ ʚ 

ʩʪʨʫʢʪʫʨʝ ʘʣʛʦʨʠʪʤʘ ʣʝʯʝʥʠʷ, ʩʣʦʞʥʦʩʪʠ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʡ ʧʘʪʦʣʦʛʠʠ, ʚʦʟʨʘʩʪʘ ʧʘʮʠʝʥʪʘ, 

ʠʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʫʙʦʯʝʣʶʩʪʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʨʝʘʢʮʠʠ ʪʢʘʥʝʡ ʨʦʪʦʚʦʡ ʧʦʣʦʩʪʠ ʥʘ ʪʦʪ 

ʠʣʠ ʠʥʦʡ ʚʠʜ ʷʪʨʦʛʝʥʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ [1, 3, 7, 9]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ ʬʦʨʤʠʨʫʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʚʦʟʤʦʞʥʳʭ ʧʦʙʦʯʥʳʭ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʣʝʯʝʥʠʷ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʛʠʥʛʠʚʠʪʘ, 

ʢʘʨʠʦʟʥʳʭ ʧʦʨʘʞʝʥʠʡ ʧʨʠ ʫʩʣʦʞʥʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʘʜʝʢʚʘʪʥʦʛʦ 
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ʛʠʛʠʝʥʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ, ʨʝʟʦʨʙʮʠʠ ʢʦʨʥʝʡ ʟʫʙʦʚ, ʯʨʝʟʤʝʨʥʦʡ ʨʝʜʫʢʮʠʠ ʫʨʦʚʥʷ ʢʦʩʪʥʦʡ 

ʪʢʘʥʠ ʯʝʣʶʩʪʝʡ ʚʩʣʝʜʩʪʚʠʝ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ [10, 13, 14]. ʅʘʢʦʥʝʮ, ʜʣʷ ʠʟʙʝʞʘʥʠʷ ʨʠʩʢʦʚ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʷʪʨʦʛʝʥʥʳʭ ʚʤʝʰʘʪʝʣʴʩʪʚ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʣʷ 

ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʦʨʪʦʜʦʥʪʠʯʝʩʢʠʤʠ ʤʘʥʠʧʫʣʷʮʠʷʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʚʣʠʷʥʠʷ, 

ʢʦʪʦʨʳʝ ʚ ʠʪʦʛʝ ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʢʦʥʝʯʥʦʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʤʠʥʠʤʠʟʘʮʠʠ ʚʳʨʘʞʝʥʠʷ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʠ ʚ ʮʝʣʦʤ 

ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʩʠʩʪʝʤʥʦ ʧʦʜʭʦʜʠʪʴ ʢ ʧʨʦʮʝʩʩʫ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ, ʥʦ ʠ 

ʜʝʣʘʶʪ ʝʛʦ ʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ʠ ʤʝʥʝʝ ʜʠʩʢʦʤʬʦʨʪʥʳʤ ʜʣʷ ʩʘʤʦʛʦ ʧʘʮʠʝʥʪʘ. 

ʇʦʪʝʥʮʠʨʦʚʘʥʥʳʡ ʠʣʠ ʩʫʤʤʠʨʦʚʘʥʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʣʝʯʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʩʦʙʩʪʚʝʥʥʦ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʡ ʬʘʟʳ ʠ ʩʤʝʞʥʳʭ ʢ ʥʝʡ ʧʦʜʭʦʜʦʚ, ʚʨʦʜʝ 

ʦʨʪʦʜʦʥʪʠʯʥʦ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʢʦʨʪʠʢʦʪʦʤʠʠ, ʣʦʢʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ ʠ 

ʦʩʪʝʦʢʘʣʴʮʠʥʘ, ʚʦʟʜʝʡʩʪʚʠʷ ʫʣʴʪʨʘʟʚʫʢʘ, ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʣʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. 

ʆʜʥʠʤʠ ʠʟ ʧʝʨʚʳʭ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʣʘʟʝʨʘ ʥʘ ʧʨʦʮʝʩʩ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʟʫʙʦʚ ʠʩʩʣʝʜʦʚʘʣʠ Kawasaki ʠ Shimizu, ʢʦʪʦʨʳʝ ʦʙʲʷʩʥʠʣʠ ʵʪʦ 

ʘʢʩʝʣʝʨʘʪʠʚʥʠʤ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʘʣʴʚʝʦʣʷʨʥʦʡ ʢʦʩʪʠ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʦʩʪʝ ʢʦʣʠʯʝʩʪʚʘ 

ʦʩʪʝʦʢʣʘʩʪʦʚ, ʧʦʚʳʰʝʥʠʠ ʫʨʦʚʥʝʡ ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʧʝʨʠʦʜʦʥʪʘʣʴʥʦʡ 

ʩʚʷʟʢʠ, ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʢʦʩʪʥʦʡ ʪʢʘʥʠ [8]. ʂʨʦʤʝ ʵʪʦʛʦ, ʘʚʪʦʨʳ ʩʤʦʛʣʠ 

ʜʦʢʘʟʘʪʴ ʠ ʜʨʫʛʦʡ ʥʝ ʤʝʥʝʝ ʟʥʘʯʠʤʳʡ ʬʘʢʪ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʢʦʥʪʨʦʣʷ ʝʛʦ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʢʦʥʢʨʝʪʥʦʤʫ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʥʝ ʚʳʟʳʚʘʝʪ ʥʠʢʘʢʠʭ ʥʝʛʘʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʣʘʟʝʨʘ, ʥʠ ʚ ʦʨʛʘʥʠʟʤʝ ʠʩʩʣʝʜʫʝʤʳʭ ʞʠʚʦʪʥʳʭ ʚ ʮʝʣʦʤ. ʆʜʥʘʢʦ, ʚʦʧʨʦʩ ʧʦʜʙʦʨʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʩ ʮʝʣʴʶ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʤ ʘʩʧʝʢʪʦʤ ʜʘʥʥʦʡ 

ʦʪʨʘʩʣʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʘʟʝʨʘ ʚ ʧʨʦʮʝʩʩʝ 

ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʟʫʙʦʚ ʠ ʚʳʜʝʣʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʘʩʧʝʢʪʳ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʢʣʠʥʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦ-ʤʦʙʠʣʴʥʦʛʦ ʘʥʘʣʦʛʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʚʦʧʨʦʩʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʡ, ʘ ʢʦʥʢʨʝʪʥʦ ï ʚ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʡ 

ʧʨʘʢʪʠʢʝ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʟʫʙʦʚ. ʇʦʠʩʢ 

ʤʘʪʝʨʠʘʣʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʩʠʩʪʝʤʝ ʧʦʠʩʢʘ Google ʧʦ ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ 

ʢʦʥʪʝʥʪ-ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʝ ʥʘʫʯʥʳʝ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʨʘʩʢʨʳʚʘʣʠ 

ʘʩʧʝʢʪʳ, ʢʘʩʘʶʱʠʝʩʷ ʦʩʥʦʚʥʦʡ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʦ ʝʩʪʴ, ʚʦʧʨʦʩ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʣʘʟʝʨʘ ʜʣʷ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ, ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʤʘʨʢʝʨʳ, ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʢʦʥʢʨʝʪʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʠ ʘʩʧʝʢʪʳ ʧʝʨʩʧʝʢʪʠʚʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʈʝʛʠʩʪʨʘʮʠʷ ʚʳʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʪʝ ʠʟ ʥʠʭ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʘʠʙʦʣʝʝ ʧʝʨʝʤʝʥʥʳʤʠ, ʘ ʧʦʪʦʤʫ ʤʦʛʣʠ ʧʦʚʣʠʷʪʴ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʪʦʛʦ ʠʣʠ 

ʠʥʦʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʨʷʜ 

ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʢʣʠʥʠʯʝʩʢʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʢʦʥʪʨʫʢʪʠʚʥʦ-ʤʦʙʠʣʴʥʦʛʦ ʘʥʘʣʦʛʘ. ʂʘʪʝʛʦʨʠʟʘʮʠʷ ʠ ʛʨʫʧʧʠʨʦʚʢʘ 

ʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ ʧʨʝʜʳʜʫʱʠʭ ʧʫʙʣʠʢʘʮʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʚ 

ʪʘʙʣʠʯʥʦʤ ʨʝʜʘʢʪʦʨʝ Microsoft Excel 2016 (Microsoft Office 2016). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ɼʠʥʘʤʠʯʥʦʩʪʴ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʟʫʙʦʚ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʩʪʥʦʡ ʪʢʘʥʠ [1, 4, 5, 8, 10]. ɸʢʪʠʚʘʮʠʷ ʜʘʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʥʝ ʥʘʩʪʫʧʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʝʨʚʳʡ ʞʝ ʜʝʥʴ ʧʨʠʣʦʞʝʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 
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ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʟʫʙ, ʘ ʩʚʷʟʘʥʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩ ʬʘʟʘʤʠ ʘʢʪʠʚʘʮʠʠ ʢʣʝʪʦʢ 

ʦʩʪʝʦʢʣʘʩʪʦʚ ʠ ʦʩʪʝʦʙʣʘʩʪʦʚ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʦ ʤʥʝʥʠʶ Kawasaki ʠ Shimizu ʣʘʟʝʨʥʦʝ 

ʠʟʣʫʯʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʮʝʩʩʫ ʧʝʨʝʤʝʱʝʥʠʷ ʟʫʙʦʚ ʙʦʣʴʰʝ ʚʩʝʛʦ ʚ ʨʘʥʥʠʡ ʧʝʨʠʦʜ 

ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ. ʊʘʢʦʡ ʵʬʬʝʢʪ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʪʦʤʫ, 

ʯʪʦ ʜʝʡʩʪʚʠʝ ʣʘʟʝʨʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʣʠʷʥʠʶ ʤʦʥʦʥʫʢʣʝʘʨʥʳʭ ʤʘʢʨʦʬʘʛʦʚ ʜʣʷ ʩʦʟʨʝʚʘʥʠʷ 

ʢʣʝʪʦʢ ʦʩʪʝʦʢʣʘʩʪʦʚ [8]. ɸʥʘʣʦʛʠʯʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʚʠʪʘʤʠʥʘ 

1.25-(OH)2D3, ʯʪʦ ʪʘʢʞʝ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʤʥʦʛʦʷʜʝʨʥʳʭ ʢʣʝʪʦʢ 

ʢʦʩʪʥʦʡ ʪʢʘʥʠ. ʄʝʞʜʫ ʪʝʤ, Kawasaki ʠ Shimizu ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʙʦʣʝʝ ʙʳʩʪʨʦʡ ʘʢʪʠʚʘʮʠʠ ʦʩʪʝʦʢʣʘʩʪʦʚ, ʥʦ ʠ ʚʳʟʳʚʘʝʪ ʚ 1,7 ʨʘʟʘ ʙʦʣʝʝ 

ʙʳʩʪʨʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʚ ʟʦʥʝ ʨʘʩʪʷʞʝʥʠʷ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ 

ʚʳʟʚʘʥ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʥʘ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʙʦʣʝʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ 

ʦʩʪʝʦʙʣʘʩʪʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʝʥʪʨʦʚ ʢʦʩʪʝʦʙʨʘʟʦʚʘʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫ ʤʥʦʛʠʭ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʚʦʧʨʦʩʫ ʚʣʠʷʥʠʷ ʣʘʟʝʨʘ ʥʘ 

ʧʨʦʮʝʩʩʳ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʦʨʪʦʜʦʥʪʠʯʝʩʢʠʤ ʧʝʨʝʤʝʱʝʥʠʝʤ ʟʫʙʦʚ ʧʨʦʪʦʢʦʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʤʠʪʠʨʦʚʘʣ ʪʘʢʦʡ, ʧʝʨʚʠʯʥʦ ʦʧʠʩʘʥ ʚ Kawasaki ʠ Shimizu, ʯʪʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʢʦʥʪʘʢʪʥʫʶ 

ʘʧʧʣʠʢʘʮʠʶ ʩʚʝʪʦʚʦʜʘ ʥʘ ʦʙʣʘʩʪʴ ʤʷʛʢʠʭ ʪʢʘʥʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦʢʨʫʛ ʟʫʙʦʚ, 

ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʜʠʩʧʦʟʠʮʠʠ [2, 5, 10, 12]. ʆʪʜʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʦʩʚʷʱʝʥʥʳʝ ʧʨʠʤʝʥʝʥʠʶ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʠʟʢʦʡ ʤʦʱʥʦʩʪʠ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ 

ʜʘʥʥʳʡ ʤʝʪʦʜ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʫʩʢʦʨʝʥʠʶ ʧʨʦʮʝʩʩʘ ʨʝʛʝʥʝʨʘʮʠʠ ʢʦʩʪʥʦʡ ʪʢʘʥʠ, ʥʦ ʠ 

ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʩʠʥʪʝʟʘ ʢʦʣʣʘʛʝʥʘ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʤʘʪʨʠʯʥʳʤ ʧʨʦʪʝʠʥʦʤ ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʘʥʥʦʝ ʚʣʠʷʥʠʝ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʘʟʝʨʘ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʠ ʧʘʣʘʪʠʥʘʣʴʥʦʛʦ ʰʚʘ. Fujita S. (2008) 

ʩʦ ʩʚʦʝʡ ʩʪʦʨʦʥʳ ʧʦʷʩʥʠʣ ʵʬʬʝʢʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʩʢʦʨʦʩʪʴ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʯʝʨʝʟ ʠʥʜʫʢʮʠʶ ʠʤ RANK ʠ RANKL, ʯʪʦ ʙʳʣʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʤʫʥʦʨʝʘʢʮʽʡ [5]. Yamaguchi 

M., ʜʦʧʦʣʥʠʣ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ Fujita S. (2008), ʦʙʥʘʨʫʞʠʚ, ʯʪʦ ʣʘʟʝʨ ʥʠʟʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʘʢʞʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʤʝʪʘʣʧʨʦʪʝʾʥʘʟʠ-9, ʢʘʪʝʧʩʠʥʘ ʂ ʠ 

ʘʣʴʬʘ(v)ʙʝʪʘ(3) ʽʥʪʝʛʨʠʥʫ. ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʦʨʳ ʷʚʣʷʶʪʩʷ ʦʙʭʦʜʥʳʤʠ ʜʣʷ 

ʧʨʦʮʝʩʩʘ ʦʩʪʝʦʢʣʘʩʪʦʛʝʥʝʟʫ [13]. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʷʧʦʥʩʢʠʤʠ ʫʯʝʥʳʤʠ, 

ʫʜʘʣʦʩʴ ʧʦʜʪʚʝʨʜʠʪʴ ʥʝ ʪʦʣʴʢʦ ʩʪʠʤʫʣʷʮʠʶ ʵʢʩʧʨʝʩʩʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʩʪʥʳʭ ʤʘʨʢʝʨʦʚ ʩ 

ʧʦʤʦʱʴʶ ʣʘʟʝʨʘ, ʥʦ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʠʩʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʚ ʭʦʜʝ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ. ʀʩʧʦʣʴʟʫʷ 

ʣʘʟʝʨ ʩ ʚʳʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 780 ʥʤ, 20 ʤɺ, 10 ʩʝʢʫʥʜ ʜʝʡʩʪʚʠʷ, 5 ɼʞ/ʩʤ2 da Sousa Silva 

M.V ʠ ʢʦʣʣʝʛʠ (2012) ʦʙʥʘʨʫʞʠʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʫʶ ʨʘʟʥʠʮʫ ʚ ʜʠʥʘʤʠʢʝ ʧʝʨʝʤʝʱʝʥʠʷ 

ʢʣʳʢʦʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 4 ʤʝʩʷʮʝʚ ʥʘʙʣʶʜʝʥʠʷ [3]. ʇʨʠ ʵʪʦʤ ʫʨʦʚʥʝ ʨʝʟʦʨʙʮʠʠ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʠ 

ʢʦʨʥʷ ʟʫʙʦʚ, ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʣ, ʧʦʯʪʠ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʢʪʘ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʘʟʝʨʘ. 

ʆʜʥʘʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʜʚʦʡʥʦʛʦ ʩʣʝʧʦʛʦ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʦʛʦ ʧʣʘʮʝʙʦ-

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʘʨʥʦʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ Limpanichkul W. ʠ ʢʦʣʣʝʛʠ (2006) ʥʝ 

ʩʤʦʛʣʠ ʜʦʚʝʩʪʠ ʚʣʠʷʥʠʷ ʥʠʟʢʦ-ʫʨʦʚʥʝʚʦʡ ʣʘʟʝʨʥʦʡ ʪʝʨʘʧʠʠ ʥʘ ʧʨʦʮʝʩʩ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʟʫʙʦʚ, ʥʦ ʧʨʠ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʤʝʪʠʣʠ, ʯʪʦ ʦʯʝʚʠʜʥʦ ʧʦʢʘʟʘʪʝʣʴ ʧʣʦʪʥʦʩʪʠ 

ʵʥʝʨʛʠʠ ʚ 25ɼʞ/ʩʤ2, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʢʘʟʘʣʩʷ ʩʣʠʰʢʦʤ ʤʘʣʳʤ, 

ʯʪʦʙʳ ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʽʥʛʽʙʽʪʦʨʥʦʛʦ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʦʞʠʜʘʝʤʦʛʦ 

ʩʪʠʤʫʣʷʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ [10]. ɼʣʷ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʢʣʳʢʘ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ GaAlAs-ʣʘʟʝʨʝ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 860 ʥʤ, ʧʨʠ ʠʩʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 

100 ʤɺ, ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʱʘʜʠ 0.09 ʩʤ2, ʤʦʱʥʦʩʪʠ 1,11/ʩʤ2, ʜʦʟʝ ʵʥʝʨʛʠʠ 2,3 ɼʞ/ʪʦʯʢʫ ʠ 

ʧʣʦʪʥʦʩʪʴʶ ʵʥʝʨʛʠʠ 25 ɼʞ/ʩʤ2 /ʦʙʣʘʩʪʴ. Marquezan M. (2010) ʪʘʢʞʝ ʦʪʤʝʪʠʣ ʦʪʩʫʪʩʪʚʠʝ 

ʟʥʘʯʠʤʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʘʟʝʨʘ ʚ ʧʨʦʮʝʩʩʝ 

ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʟʫʙʦʚ. ɺ ʭʦʜʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʚʫʭ ʧʨʦʪʦʢʦʣʦʚ ʧʨʦʮʝʜʫʨʳ (ʧʨʠ 

ʝʞʝʜʥʝʚʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʠ ʪʦʣʴʢʦ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ) ʘʚʪʦʨʳ ʦʪʤʝʪʠʣʠ ʧʨʦʛʨʝʩʩʠʚʥʳʡ ʨʦʩʪ 

ʢʦʣʠʯʝʩʪʚʘ ʦʩʪʝʦʢʣʘʩʪʦʚ ʠ ʥʝʟʨʝʣʦʛʦ ʢʦʣʣʘʛʝʥʘ ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ, 

ʦʜʥʘʢʦ ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʥʠʚʝʣʠʨʦʚʘʣʩʷ ʚ ʭʦʜʝ ʜʘʣʴʥʝʡʰʝʛʦ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʯʝʪ ʪʦʛʦ, 

ʯʪʦ ʧʨʦʮʝʩʩ ʨʝʧʘʨʘʮʠʠ ʚ ʟʦʥʝ ʥʘʪʷʞʝʥʠʷ ʟʫʙʘ ʩʪʘʥʦʚʠʣʩʷ ʤʝʜʣʝʥʥʝʝ [11]. 
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ɺ ʦʪʣʠʯʠʝ ʦʪ Limpanichkul W. ʠ ʢʦʣʣʝʛ, Cruz ʠ ʩʦʘʚʪʦʨʳ (2004) ʧʦʜʪʚʝʨʜʠʣʠ ʚʣʠʷʥʠʝ 

ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʨʦʮʝʩʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʟʫʙʦʚ, ʚʳʨʘʞʘʚʰʠʡʩʷ ʚ ʘʢʩʝʣʝʨʘʮʠʠ ʪʘʢʦʡ ʜʠʩʧʦʟʠʮʠʠ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʩʦʢʨʘʱʝʥʠʶ ʩʨʦʢʦʚ ʣʝʯʝʥʠʷ [2]. ʇʨʠ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʧʧʘʨʘʪ 

ʜʘʞʝ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʠʩʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʦ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʩʘʤʦʡ 

ʧʨʦʮʝʜʫʨʳ ʚʦʟʜʝʡʩʪʚʠʷ. Genc ʠ ʢʦʣʣʝʛʠ (2012) ʦʪʤʝʪʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʟʫʙʦʚ ʚ ʛʨʫʧʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 7, 14, 21, 28 ʠ 35 ʜʥʠ ʤʦʥʠʪʦʨʠʥʛʘ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʛʨʫʧʧʦʡ ʢʦʥʪʨʦʣʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʜʘʣʦʩʴ ʧʦʜʪʚʝʨʜʠʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ Saito ʠ Shimizu, Youssef ʠ ʢʦʣʣʝʛ, Kawasaki ʠ Shimizu, ʚ ʢʦʪʦʨʳʭ ʩʨʝʜʥʠʡ ʜʠʘʧʘʟʦʥ 

ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʟʫʙʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʣ ʚ ʭʦʜʝ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ 

ʣʝʯʝʥʠʷ ʜʦʩʪʠʛʘʣ 20-40%. ɺʘʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ Genc ʠ ʢʦʣʣʝʛʠ (2012) ʦʪʤʝʪʠʣʠ ʪʘʢʞʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ Limpanichkul W., ʢʦʪʦʨʳʝ ʫʢʘʟʳʚʘʣʠ ʥʘ 

ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʵʬʬʝʢʪ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ. ʊʘʢʫʶ 

ʨʘʟʥʠʮʫ ʚ ʨʝʛʠʩʪʨʘʮʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʘʚʪʦʨʳ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʠ ʯʝʨʝʟ 

ʟʘʚʠʩʠʤʦʩʪʴ ʞʝʣʘʝʤʦʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʜʦʟʳ ʠʟʣʫʯʝʥʠʷ ʠ ʚʨʝʤʝʥʠ ʜʝʡʩʪʚʠʷ 

ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ [7]. ʄʝʞʜʫ ʪʝʤ Genc ʪʘʢʞʝ ʦʪʤʝʪʠʣ ʟʥʘʯʠʤʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʫʨʦʚʥʷ ʦʢʩʠʜʘ 

ʘʟʦʪʘ, ʢʘʢ ʤʘʨʢʝʨʘ ʨʝʘʢʮʠʠ ʧʘʨʦʜʦʥʪʘʣʴʥʳʭ ʪʢʘʥʝʡ ʥʘ ʜʝʡʩʪʚʠʝ ʦʨʪʦʜʦʥʪʠʯʝʩʢʠʭ ʩʠʣ. ɺ 

ʘʚʪʦʨʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʠʢʘʢʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʫʨʦʚʥʷ ʥʠʪʨʠʪʘ 

ʚ ʛʨʫʧʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʦʙʥʘʨʫʞʠʪʴ ʥʝ ʫʜʘʣʦʩʴ. ɼʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʫʞʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʜʦʢʘʟʘʥʥʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʧʘʨʘʮʠʠ ʢʦʩʪʥʦʡ 

ʪʢʘʥʠ ʚ ʦʙʣʘʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ, ʜʦ ʩʠʭ ʧʦʨ ʥʝʨʝʰʝʥʥʳʤ ʦʩʪʘʝʪʩʷ ʘʩʧʝʢʪ ʥʝʦʙʭʦʜʠʤʦʡ ʜʦʟʳ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʠ ʢʦʪʦʨʘʷ ʠʟ ʥʠʭ ʥʘʠʙʦʣʝʝ ʚʣʠʷʝʪ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʠʥʝʡʢʠ 

ʢʣʝʪʦʢ, ʩʪʠʤʫʣʠʨʫʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʵʬʬʝʢʪ ʟʘʞʠʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʪʘʢʞʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʚʝʨʠʪʴ, ʫʩʪʘʥʦʚʣʝʥʳ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʣʘʟʝʨʘ ʥʝ ʤʦʛʫʪ ʧʨʦʚʦʮʠʨʦʚʘʪʴ 

ʧʦʨʘʞʝʥʠʷ ʦʢʨʫʞʘʶʱʠʭ ʪʢʘʥʝʡ ʠ ʨʘʟʚʠʪʠʝ ʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. 

Abi-Ramia L. (2012) ʧʦʜʪʚʝʨʜʠʣʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʟʫʙʦʚ 

ʧʨʦʚʦʮʠʨʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʙʨʘʪʥʦʡ ʛʠʧʝʨʝʤʠʠ ʧʫʣʴʧʳ ʚʩʣʝʜʩʪʚʠʝ ʜʝʡʩʪʚʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʠʣ, ʦʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʮʝʩʩʫ 

ʙʳʩʪʨʦʡ ʨʝʧʘʨʘʮʠʠ ʪʢʘʥʝʡ ʧʫʣʴʧʳ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʠʥʠʤʠʟʠʨʫʝʪ ʨʠʩʢ ʨʘʟʚʠʪʠʷ 

ʥʝʦʙʨʘʪʠʤʳʭ ʦʩʣʦʞʥʝʥʠʡ [1]. ɺ ʛʨʫʧʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʜʠʩʧʦʟʠʮʠʠ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʘʟʝʨʘ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʦʜʦʥʪʦʙʣʘʩʪʠʯʥʳʡ ʩʣʦʡ 

ʚʥʫʪʨʠ ʩʪʨʫʢʪʫʨʳ ʟʫʙʦʚ ʙʳʣ ʙʦʣʝʝ ʜʝʟʦʨʛʘʥʠʟʦʚʘʥ, ʧʨʠ ʵʪʦʤ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ 

ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ ʠ ʧʝʨʝʧʦʣʥʝʥʥʦʩʪʴ ʢʘʧʠʣʣʷʨʦʚ ʢʨʦʚʴʶ. Doshi-Mehta G. ʠ 

Bhad-Patil W.A. (2013) ʩʤʦʛʣʠ ʥʝ ʪʦʣʴʢʦ ʧʦʜʪʚʝʨʜʠʪʴ ʧʦʚʳʰʝʥʠʝ ʜʠʥʘʤʠʯʥʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʟʫʙʦʚ ʚ ʩʨʝʜʥʝʤ ʥʘ 30% (29% ʥʘ ʚʝʨʭʥʝʡ ʯʝʣʶʩʪʠ ʠ 31% ʥʘ ʥʠʞʥʝʡ), ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʙʦʣʝʚʳʭ ʦʱʫʱʝʥʠʡ ʧʦ ʚʠʟʫʘʣʴʥʦʡ ʘʥʘʣʦʛʦʚʦʡ ʰʢʘʣʝ ʥʘ ʪʨʝʪʠʡ ʜʝʥʴ ʜʝʡʩʪʚʠʷ 

ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ [4]. ʇʨʠ ʵʪʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 3 ʠ 30 ʜʥʷʤʠ ʥʘʙʣʶʜʝʥʠʷ 

ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʙʦʣʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʝ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʣʘʟʝʨʘ ʩʥʠʟʠʣʠʩʴ ʩ 

2,15 ʜʦ 1,5, ʘ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʠʟʤʝʥʠʣʠʩʴ ʦʪ 0,25 ʜʦ 0,5. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ 

ʦʙʟʦʨ ʠ ʤʝʪʘ-ʘʥʘʣʠʟʘ, ʧʨʦʚʝʜʝʥʥʦʛʦ Ge M.K. ʠ ʢʦʣʣʝʛʘʤʠ (2014), ʚ ʢʦʪʦʨʦʤ ʫʜʘʣʦʩʴ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 173 ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʩʫʤʤʘʨʥʳʤ ʫʯʘʩʪʠʝʤ 211 ʧʘʮʠʝʥʪʦʚ, ʫʜʘʣʦʩʴ 

ʦʙʥʘʨʫʞʠʪʴ, ʯʪʦ ʫʩʢʦʨʝʥʠʝ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʟʫʙʦʚ ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʘʟʝʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʝʨʠʦʜ 7 ʜʥʝʡ ʠ 2 ʤʝʩʷʮʝʚ, ʧʨʠ ʵʪʦʤ ʘʚʪʦʨʳ ʦʪʤʝʪʠʣʠ 

ʚʳʩʦʢʫʶ ʢʣʠʥʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʦʣʝʝ ʥʠʟʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤʠ, ʯʪʦ ʧʨʝʚʳʰʘʣʠ 20 ɼʞ/ʩʤ2 [6]. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʪʝʤʘʪʠʢʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʠ ʯʘʩʪʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʣʠʯʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʘ, ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʘʩʧʝʢʪʳ, ʫʯʝʪ 

ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʩʪʘʪʴ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʳʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʡ ʤʦʜʝʣʠ ʣʘʟʝʨʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʅʝʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʞʝʪ 

ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ ʝʛʦ ʪʨʘʚʤʘʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʠʝ ʪʢʘʥʠ. ʇʨʦʬʠʣʘʢʪʠʢʘ ʜʘʥʥʦʛʦ 

ʵʬʬʝʢʪʘ ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʶʤʠʥʦʬʦʨʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʣʘʟʝʨʘ ï 
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ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʝʥʦʤʝʥ ʠʟʣʫʯʝʥʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʚʪʦʨʠʯʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʫʶʪʩʷ 

ʫʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ ʚʨʘʯ ʤʦʞʝʪ ʣʝʛʢʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʢʘʢ ʩʧʝʢʪʨ, ʪʘʢ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʣʫʯʝʥʠʷ. ʊʘʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʩʪʨʦʡʢʠ ʘʧʧʘʨʘʪʘ, ʘ ʚʝʨʥʝʝ ï ʧʦʜʙʦʨ ʨʘʙʦʯʠʭ ʥʘʢʦʥʝʯʥʠʢʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʚʳʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʤʙʠʥʘʮʠʠ ʠ ʩʦʩʪʘʚ ʣʶʤʠʥʦʬʦʨʦʚ, 

ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʷʭ. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʦʚʦʡ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʘʢʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʧʦʪʨʝʙʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ɼʣʷ ʪʘʢʦʡ ʮʝʣʠ ʧʨʝʜʣʦʞʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʭʥʦʣʦʛʠʶ ʚʳʙʦʨʦʯʥʦʛʦ ʨʘʟʤʝʨʥʦʛʦ ʧʨʦʪʨʘʚʣʠʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʘʪ, ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʭ ʪʠʧʦʣʦʛʠʠ ʠ ʥʫʞʥʦʡ ʠʝʨʘʨʭʠʠ. ʂʦʤʙʠʥʘʮʠʠ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʤʝʪʦʜʘʤʠ 

ʫʩʢʦʨʝʥʥʦʡ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʤʝʪʘʣʣʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʙʱʫʶ ʪʦʣʱʠʥʫ 

ʧʣʘʪʳ ʜʦ 200 ʤʠʢʨʦʥ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʝʩʧʝʯʠʚ ʤʘʢʩʠʤʘʣʴʥʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ 

ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʵʥʝʨʛʠʠ. ʋʯʠʪʳʚʘʷ ʜʠʥʘʤʠʯʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʘ ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʘʧʧʘʨʘʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʚ ʯʘʩʪʥʦʩʪʠ, ʣʦʛʠʯʥʳʤ ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʣʘʟʝʨʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʙʳ ʥʦʩʠʣʠ ʭʘʨʘʢʪʝʨ ʨʘʟʙʦʨʥʳʭ. ʊʦ ʝʩʪʴ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʥʳ ʵʣʝʤʝʥʪʦʚ ʣʘʟʝʨʥʦʛʦ ʘʧʧʘʨʘʪʘ ï ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ, ʩʠʩʪʝʤʳ 

ʣʶʤʠʥʦʬʦʨʦʚ, ʦʩʥʦʚʥʦʛʦ ʨʘʙʦʯʝʛʦ ʙʣʦʢʘ ʩʠʩʪʝʤʳ ï ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʝʪ ʟʘʜʘʯʫ ʘʜʘʧʪʘʮʠʠ 

ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʷʭ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʜʝʣʘʝʪ 

ʘʧʧʘʨʘʪ ʛʦʪʦʚʳʤ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʣʶʤʠʥʦʬʦʨʦʚ, ʧʨʦʚʦʜʥʠʢʦʚʦʡ ʚʝʪʚʠ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ. ʂʨʦʤʝ 

ʪʦʛʦ, ʠʤʝʥʥʦ ʪʘʢʦʡ ʜʠʟʘʡʥ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʤʝʥʳ 

ʫʩʪʘʨʝʚʰʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʷ ʢʨʦʤʝ ʪʦʛʦ ʨʝʘʣʠʟʦʚʘʪʴ ʤʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʞʜʦʛʦ ʠʟ 

ʥʠʭ. ʀʩʭʦʜʷ ʠʟ ʠʤʝʶʱʝʛʦʩʷ ʦʧʳʪʘ, ʜʣʠʥʘ ʚʦʣʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʣʘʟʝʨʘ ʜʦʣʞʥʘ 

ʩʦʩʪʘʚʣʷʪʴ 810 ʥʤ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʩʠʩʪʝʤʳ ʩ ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʢ ʪʘʢʦʡ ʜʣʠʥʝ ʚʦʣʥʳ, 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʚʳʩʦʢʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʥʝʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʊʦ ʝʩʪʴ, ʫʯʝʪ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʦʪʘʪʴ 

ʣʘʟʝʨʥʳʡ ʘʧʧʘʨʘʪ ʜʣʷ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʤʦʙʠʣʴʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʧʨʠ 

ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʷ ʨʝʰʝʥʠʝ ʪʨʝʭ ʚʘʞʥʳʭ ʘʩʧʝʢʪʦʚ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ:  

1) ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʘ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʟʫʙʦʚ ʟʘ ʩʯʝʪ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʮʝʩʩ 

ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʩʪʥʦʡ ʪʢʘʥʠ;  

2) ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ ʟʘ ʩʯʝʪ ʘʢʩʝʣʝʨʘʮʠʦʥʥʦʡ ʜʠʩʧʦʟʠʮʠʠ 

ʟʫʙʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʯʝʣʶʩʪʝʡ;  

3) ʫʤʝʥʴʰʝʥʠʝ ʚʳʨʘʞʝʥʥʦʩʪʠ ʧʨʠʟʥʘʢʦʚ ʚʦʩʧʘʣʝʥʠʷ ʠ ʙʦʣʝʚʳʭ ʦʱʫʱʝʥʠʡ ʟʘ ʩʯʝʪ 

ʙʠʦʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʠʝ ʪʢʘʥʠ ʨʦʪʦʚʦʡ ʧʦʣʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠʟʣʫʯʝʥʠʷ. 

ɺʳʚʦʜ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʚʦʧʨʦʩʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʭʦʜʝ 

ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʟʫʙʦʚ ʧʦʟʚʦʣʠʣ ʧʦʜʪʚʝʨʜʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʣʘʟʝʨʘ 

ʥʘ ʧʨʦʮʝʩʩʳ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʩʪʥʦʡ ʪʢʘʥʠ, ʤʠʥʠʤʠʟʘʮʠʶ ʧʨʠʟʥʘʢʦʚ ʚʦʩʧʘʣʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʟʫʙʦʚ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʜʠʩʧʦʟʠʮʠʠ, ʠ ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʣʝʯʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʠʷ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʘʚʪʦʨʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʣʘʟʝʨʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʤʦʛʫʪ ʩʪʘʪʴ 

ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʢʣʠʥʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʤʦʙʠʣʴʥʦʡ 

ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʩʧʝʢʪʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʥʳ ʠ ʤʦʜʠʬʠʢʘʮʠʠ 

ʩʠʩʪʝʤʳ ʣʶʤʠʥʦʬʦʨʦʚ ʥʘ ʢʦʥʮʝ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤʳ ʙʫʜʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʝʘʣʠʟʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʩʪʦʷʥʥʦ ʤʦʜʠʬʠʢʘʮʠʠ ʘʧʧʘʨʘʪʘ ʧʘʨʘʣʣʝʣʴʥʦ 

ʥʦʚrʤ ʚʥʝʜʨʝʥʠʝʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ, ʢʘʩʘʶʱʠʭʩʷ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʡ 

ʧʨʘʢʪʠʢʠ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʚʣʠʷʥʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʵʬʬʝʢʪ 

ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʟʫʙʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ, ʨʝʥʪʛʝʥʦʣʦʛʠʯʝʩʢʠʭ, ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʪ ʚʳʜʝʣʠʪʴ ʘʩʧʝʢʪʳ ʩʧʝʮʠʬʠʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʘ ʥʘ ʢʣʝʪʢʠ 

ʦʙʣʘʩʪʠ ʧʝʨʠʦʜʦʥʪʘʣʴʥʦʡ ʩʚʷʟʢʠ ʧʨʠ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʡ ʜʠʩʧʦʟʠʮʠʠ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 
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ʫʨʦʚʝʥʴ ʠʟʤʝʥʝʥʠʷ ʘʨʭʠʪʝʢʪʦʥʠʢʠ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʣʦʪʥʦʩʪʠ ʢʦʩʪʥʦʡ ʪʢʘʥʠ, ʫʨʦʚʝʥʴ ʧʦʪʝʨʠ 

ʘʣʴʚʝʦʣʷʨʥʦʛʦ ʛʨʝʙʥʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʣ, ʠ ʥʘʩʢʦʣʴʢʦ ʜʘʥʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʧʦʜʣʝʞʠʪ ʧʨʦʛʥʦʟʫ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʚʦʟʜʝʡʩʪʚʠʝ ʣʘʟʝʨʘ ʥʘ ʧʨʦʮʝʩʩ ʚʦʩʧʘʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʠʩʭʦʜʷ ʠʟ 

ʠʟʤʝʥʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʣʝʪʦʯʥʳʭ ʤʘʨʢʝʨʦʚ ʠ ʚʥʝʰʥʠʭ ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ. 
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