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ʈʘʮʠʦʥʘʣʴʥʦʝ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʝ: ʦʧʪʠʤʠʟʘʮʠʷ ʟʝʤʣʝʜʝʣʠʷ ʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ. ʉʙʦʨʥʠʢ ʜʦʢʣʘ-

ʜʦʚ V ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 80-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝ-

ʥʠʷ ʘʢʘʜʝʤʠʢʘ ʈɸʉʍʅ ɸ.ʇ. ʑʝʨʙʘʢʦʚʘ, ʂʫʨʩʢ, 28-30 ʩʝʥʪʷʙʨʷ 2021 ʛ. ï ʂʫʨʩʢ: ʌɻɹʅʋ çʂʫʨʩʢʠʡ 

ʬʝʜʝʨʘʣʴʥʳʡ ʘʛʨʘʨʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨè, 2021. ï 289 ʩ. 
  

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʩʙʦʨʥʠʢʝ ʜʦʢʣʘʜʳ ʧʦʩʚʷʱʝʥʳ ʧʨʦʙʣʝʤʘʤ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʟʝʤʣʝʧʦʣʴʟʦʚʘ-

ʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʠ ʟʝʤʣʝʜʝʣʠʷ, ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ 80-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʘʢʘʜʝʤʠʢʘ ʈɸʉʍʅ ɸ.ʇ. 

ʑʝʨʙʘʢʦʚʘ. ʉʙʦʨʥʠʢ ʚʢʣʶʯʘʝʪ 67 ʜʦʢʣʘʜʦʚ ʠʟ ʦʩʥʦʚʥʳʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʩʪʨʘʥ 

ʙʣʠʞʥʝʛʦ ʟʘʨʫʙʝʞʴʷ: ɹʝʣʘʨʫʩʠ, ʄʦʣʜʦʚʳ ʠ ʂʘʟʘʭʩʪʘʥʘ. ɺʘʞʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʦʧʨʦʩʘʤ ʧʝʨʝ-

ʭʦʜʘ ʢ ʧʝʨʝʜʦʚʳʤ ʮʠʬʨʦʚʳʤ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʚ ʟʝʤʣʝʜʝʣʠʠ. ʈʘʩ-

ʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʚ ʟʝʤʣʝʜʝʣʠʠ. ʇʨʝʜʣʦʞʝʥʳ ʠʥʥʦʚʘʮʠ-

ʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʇʦʢʘʟʘʥʳ ʚʣʠʷʥʠʝ ʦʩʥʦʚʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʧʦʯʚʳ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʟʝʨʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʧʨʦʙʣʝʤʳ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ. ʈʘʩʩʤʦʪ-

ʨʝʥʳ ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʩʦʭʨʘʥʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ, ʙʠʦʜʠʘʛʥʦʩʪʠʢʘ ʵʢʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ, ʘʛʨʦʛʝʥʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʧʦʯʚ ʠ ʟʝʤʝʣʴ ʠ ʝʸ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ, ʟʘʱʠʪʘ ʧʦʯʚ ʦʪ 

ʵʨʦʟʠʠ, ʦʮʝʥʢʠ ʧʦʩʣʝʜʩʪʚʠʡ ʵʨʦʟʠʠ. ʆʩʚʝʱʝʥʘ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʘʢʘʜʝʤʠʢʘ ɸ.ʇ. 

ʑʝʨʙʘʢʦʚʘ ʚ ʛʦʜʳ ʨʘʙʦʪʳ ʚʦ ɺʅʀʀ ʟʝʤʣʝʜʝʣʠʷ ʠ ʟʘʱʠʪʳ ʧʦʯʚ ʦʪ ʵʨʦʟʠʠ ʠ ɺʦʨʦʥʝʞʩʢʦʤ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ. ʇʦʢʘʟʘʥʘ ʝʛʦ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʙʣʝʤ ʘʛʨʦ-

ʭʠʤʠʠ, ʣʘʥʜʰʘʬʪʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʠ ʘʛʨʦʵʢʦʣʦʛʠʠ. 

ʉʙʦʨʥʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʥʘʫʯʥʳʭ ʨʘʙʦʪʥʠʢʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʘʩʧʠʨʘʥʪʦʚ, ʩʪʫʜʝʥ-

ʪʦʚ ɺʋɿʦʚ, ʉʉʋɿʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ, ʨʘʙʦʪʥʠʢʦʚ ɸʇʂ ʠ ʩʧʝʮʠʘ-

ʣʠʩʪʦʚ ʘʛʨʦʭʦʟʷʡʩʪʚ ʚʩʝʭ ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʦʩʪʠ.  
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Rational land use: optimization of arable farming and crop production. Proceedings of V Interna-

tional Scientific and Practical Conference, devoted to the 80th Anniversary of Academician A.P. 

Shcherbakovôs Birth, Kursk, September 28-30, 2021. ï Kursk: FSBSI çKursk Federal Agricultural Re-

search Centerè, 2021. ï 289 p. 
The reports presented in the volume are devoted to the issues of rational land use, optimization 

of arable farming, crop production and the 80th anniversary of RAS Academician A.P. Shcherbakovôs 

birth. The volume includes 67 papers from major regions of the Russian Federation and neighboring 

countries: Belarus, Moldova and Kazakhstan. Great attention is payed to the issues of transition to 

digital, intellectual production technologies in agriculture. The problems of resource saving and inten-

sification in arable farming are discussed. Innovational technologies of crop cultivation are proposed. 

The influence of primary tillage on crop yield and quality of agricultural product, innovational resources 

of improving crop grain quality, problems of plant protection are shown. Problems and prospects of 

conservation and increase of soil fertility, biodiagnostics of ecological soil condition, agrogenic degra-

dation of soils and lands and its prevention, soil erosion control, assessment of erosion consequences 

are considered. Scientific and practical activities of Academician A.P. Shcherbakov in the years of his 

work in All-Russia Research Institute of Arable Farming and Soil Erosion Control and Voronezh State 

University is highlighted. His role in the development of theoretical and applied issues of agrochemis-

try, landscape farming and agroecology is shown.   

The volume is of interest to researchers, teachers, postgraduates, students of universities, ag-

ricultural and biological colleges, agricultural workers and specialists of agricultural enterprises 

and farms of all forms of ownership.  
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ʋɼʂ 63(092.2) 

ʅɸʋʏʅʆ-ʇʈɸʂʊʀʏɽʉʂɸʗ ɼɽʗʊɽʃʔʅʆʉʊʔ 

ɸʂɸɼɽʄʀʂɸ ɸ.ʇ. ʑɽʈɹɸʂʆɺɸ ɺ ɻʆɼʓ ʈɸɹʆʊʓ  

ɺʆ ɺʅʀʀ ɿɽʄʃɽɼɽʃʀʗ ʀ ɿɸʑʀʊʓ ʇʆʏɺ ʆʊ ʕʈʆɿʀʀ 

ɻʦʩʪʝʚ ɸ.ɺ., ʄʘʩʶʪʝʥʢʦ ʅ.ʇ. 

ʌɻɹʅʋ çʂʫʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʘʛʨʘʨʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨè ï  

ɺʅʀʀ ʟʝʤʣʝʜʝʣʠʷ ʠ ʟʘʱʠʪʳ ʧʦʯʚ ʦʪ ʵʨʦʟʠʠ, ʛ. ʂʫʨʩʢ 
 

ʑʝʨʙʘʢʦʚ ɸʥʜʨʝʡ ʇʘʚʣʦʚʠʯ ï ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʯʣʝʥ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʣʘʫʨʝʘʪ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʝʤʠʠ ʈʦʩʩʠʠ, ʜʦʢʪʦʨ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʦʩʚʷʪʠʚʰʠʡ ʩʚʦʶ ʞʠʟʥʴ ʠʟʫʯʝʥʠʶ ʠ ʩʧʘʩʝ-

ʥʠʶ ʟʥʘʤʝʥʠʪʦʛʦ ʨʫʩʩʢʦʛʦ ʯʝʨʥʦʟʝʤʘ.  

ʉ 1988 ʧʦ 1997 ʛʦʜ ɸʥʜʨʝʡ ʇʘʚʣʦʚʠʯ ʚʦʟʛʣʘʚʣʷʣ ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʟʝʤʣʝʜʝʣʠʷ ʠ ʟʘʱʠʪʳ ʧʦʯʚ ʦʪ ʵʨʦʟʠʠ.  ɺ 1988 ʛʦʜʫ 

ɸ.ʇ. ʑʝʨʙʘʢʦʚ ʙʳʣ ʠʟʙʨʘʥ ʯʣʝʥʦʤ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʦʤ, ʚ ʬʝʚʨʘʣʝ 1991 ï ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʳʤ ʯʣʝʥʦʤ ʈɸʉʍʅ. ʇʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʠʥʩʪʠʪʫʪ ʧʦʣʫʯʠʣ ʜʘʣʴ-

ʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʚ ʦʙʣʘʩʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ ʟʝʤʣʝʜʝʣʠʷ, ʢʘʢ ʚ ʥʘʫʯ-

ʥʦʤ, ʪʘʢ ʠ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ʋʞʝ ʚ ʧʝʨʚʳʡ ʛʦʜ ʨʘʙʦʪʳ ʙʳʣʠ ʩʦʟʜʘʥʳ ʜʚʝ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʠ-

ʩʪʝʤʳ (ʅʇʉ) ʧʦ ʦʩʚʦʝʥʠʶ ʧʦʯʚʦʟʘʱʠʪʥʳʭ ʩʠʩʪʝʤ ʟʝʤʣʝʜʝʣʠʷ ʚ ʜʚʫʭ ʨʘʡʦʥʘʭ 

ʂʫʨʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʩʦʪʨʫʜʥʠʢʦʚ ʠʥʩʪʠʪʫʪʘ ʚ ʭʦ-

ʟʷʡʩʪʚʘʭ ʨʘʡʦʥʦʚ ʩʦʟʜʘʚʘʣʠʩʴ ʩʠʩʪʝʤʳ ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ, ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʩʪʨʫʢʪʫʨʳ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ ʠ ʩʝʚʦʦʙʦʨʦʪʦʚ, ʚʥʝʜʨʷʣʠʩʴ 

ʧʦʯʚʦʟʘʱʠʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʤʝ-

ʨʦʧʨʠʷʪʠʷ ʧʦ ʫʣʫʯʰʝʥʠʶ ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʦʨʤʦʚʳʭ ʫʛʦʜʠʡ. ʊʘʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʩʚʦʝʥʠʷ ʧʦʯʚʦʟʘʱʠʪʥʦʡ ʩʠʩʪʝʤʳ ʟʝʤʣʝʜʝʣʠʷ ʚ ʢʦʣʭʦʟʝ çʈʘʩʩʚʝʪè ʄʘʥʪʫʨʦʚ-

ʩʢʦʛʦ ʨʘʡʦʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 28% ʩ 26,5 ʜʦ 33,8 

ʮ/ʛʘ. 

ɸ.ʇ. ʑʝʨʙʘʢʦʚ ʧʨʠʥʠʤʘʣ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʦʜʛʦʪʦʚʢʝ ʚʳʝʟʜʥʦʡ ʥʘʫʯ-

ʥʦʡ ʩʝʩʩʠʠ ɺɸʉʍʅʀʃ ʧʦ ʚʦʧʨʦʩʘʤ ʟʝʤʝʣʴʥʦʡ ʨʝʬʦʨʤʳ ʠ ʧʨʦʙʣʝʤ ʨʘʟʚʠʪʠʷ 

ʟʝʤʣʝʜʝʣʠʷ ʉʉʉʈ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʷʣʘʩʴ 16-18 ʷʥʚʘʨʷ 1991ʛ. ʚ ʛ. ʂʫʨʩʢʝ ʥʘ ʙʘʟʝ 

ɺʩʝʩʦʶʟʥʦʛʦ ʅʀʀ ʟʝʤʣʝʜʝʣʠʷ ʠ ʟʘʱʠʪʳ ʧʦʯʚ ʦʪ ʵʨʦʟʠʠ. ʅʘ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʝʩ-

ʩʠʠ ʙʳʣʠ ʚʳʥʝʩʝʥʳ ʧʨʦʙʣʝʤʳ ʟʝʤʝʣʴʥʦʡ ʨʝʬʦʨʤʳ ʠ ʨʘʟʚʠʪʠʷ ʟʝʤʣʝʜʝʣʠʷ ʚ 

ʨʳʥʦʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʉ ʜʦʢʣʘʜʦʤ ʧʦ ʧʨʦʙʣʝʤʘʤ ʩʦʭʨʘʥʝʥʠʷ ʨʫʩʩʢʦʛʦ ʯʝʨʥʦ-

ʟʝʤʘ ʚʳʩʪʫʧʠʣ ɸ.ʇ. ʑʝʨʙʘʢʦʚ. ʈʝʰʝʥʠʝʤ ʥʘʫʯʥʦʡ ʩʝʩʩʠʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʦʩʴ 

ʜʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʟʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʟʝʤʣʝʜʝʣʠʷ ʥʘ ʣʘʥʜ-

ʰʘʬʪʥʦʡ ʦʩʥʦʚʝ. ʀ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʥʘʫʯʥʦʡ ʩʝʩʩʠʠ ɺɸʉʍʅʀʃ ʢʦʣʣʝʢʪʠʚ ʠʥ-

ʩʪʠʪʫʪʘ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʩʠʩʪʝʤ ʟʝʤʣʝʜʝʣʠʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʥʘ 

ʣʘʥʜʰʘʬʪʥʦʡ ʦʩʥʦʚʝ. 

ɺ ʜʝʚʷʥʦʩʪʳʭ ʛʦʜʘʭ ʨʝʟʢʦ ʩʦʢʨʘʪʠʣʦʩʴ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʥʝ ʧʨʝʚʳʰʘʣʦ 15-30% ʦʪ ʧʦʪʨʝʙʥʦʩʪʠ. ʈʫʢʦʚʦʜʠʪʴ ʢʨʫʧʥʳʤʠ ʢʦʣʣʝʢʪʠʚʘʤʠ ʚ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʪʘʣʦ ʩʣʦʞʥʝʝ, ʪʘʢ ʢʘʢ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʙʳʣʘ ʩʘʤʦʡ ʥʠʟʢʦʡ ʟʘ 

ʚʩʶ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʘʛʨʘʨʥʦʡ ʥʘʫʢʠ ʈʦʩʩʠʠ. ʄʥʦʛʠʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ʥʘʫʯʥʳʭ 

ʫʯʨʝʞʜʝʥʠʡ ʜʨʦʛʥʫʣʠ ʠ ʥʝ ʫʩʪʦʷʣʠ ʧʝʨʝʜ ʪʨʫʜʥʦʩʪʷʤʠ ʚ ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ. 
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ɸʥʜʨʝʡ ʇʘʚʣʦʚʠʯ ʑʝʨʙʘʢʦʚ ʚʳʜʝʨʞʘʣ ʵʪʦ ʠʩʧʳʪʘʥʠʝ, ʩʦʭʨʘʥʠʣ ʠʥʩʪʠʪʫʪ ʦʪ 

ʨʘʟʚʘʣʘ (ʠʟ ʚʦʩʧʦʤʠʥʘʥʠʡ ʘʢʘʜʝʤʠʢʘ ʈɸʅ ɸ.ʅ. ʂʘʰʪʘʥʦʚʘ). 

ʇʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʠ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ɸ.ʇ. ʑʝʨʙʘʢʦʚʘ ʚ 

1992 ʛʦʜʫ ʚʧʝʨʚʳʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ çʂʦʥʮʝʧʮʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʧʨʦ-

ʜʫʢʪʠʚʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʭ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʩʠʩʪʝʤ ʟʝʤʣʝʜʝʣʠʷ ʥʘ ʣʘʥʜʰʘʬʪʥʦʡ ʦʩʥʦʚʝè, ʂʫʨʩʢ, 1992. ï 138 ʩ. ʆʩʥʦʚʥʳʝ 

ʧʦʣʦʞʝʥʠʷ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ ʙʳʣʠ ʠʟʣʦʞʝʥʳ ʚ ʜʦʢʣʘʜʝ ʠ ʦʜʦʙʨʝʥʳ ʩʝʩʩʠʝʡ, ʧʦ-

ʩʚʷʱʝʥʥʦʡ 100-ʣʝʪʠʶ ʆʩʦʙʦʡ ʵʢʩʧʝʜʠʮʠʠ ɺ.ɺ. ɼʦʢʫʯʘʝʚʘ. ɺ 1993ʛ. ʨʘʟʨʘʙʦ-

ʪʘʥʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ çʄʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʣʘʥʜ-

ʰʘʬʪʥʳʭ ʩʠʩʪʝʤ ʟʝʤʣʝʜʝʣʠʷ ʚ ʤʥʦʛʦʫʢʣʘʜʥʦʤ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝè, ʃʘʥʜ-

ʰʘʬʪʥʦʝ ʟʝʤʣʝʜʝʣʠʝ. ʏʘʩʪʴ 2. ʂʫʨʩʢ, 1993. ï 54ʩ. 

ʆʙʱʠʝ ʧʨʠʥʮʠʧʳ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡ-

ʯʠʚʳʭ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚʦ ɺʅʀʀ ʟʝʤʣʝʜʝʣʠʷ ʠ ʟʘʱʠʪʳ ʧʦʯʚ 

ʦʪ ʵʨʦʟʠʠ ʠ ʠʟʣʦʞʝʥʥʳʝ ʚ ʢʦʥʮʝʧʮʠʠ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʷʭ, ʠʟʜʘʥ-

ʥʳʭ ʚ 1992-1993 ʛʦʜʘʭ, ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʠ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʤ ʦʙʝʩʧʝʯʝ-

ʥʠʠ ɺʅʀʀɿʠɿʇʕ ʈʦʩʢʦʤʟʝʤʦʤ ʠ ʈɸʉʍʅ ʩʦʚʤʝʩʪʥʦ ʩ ʅʀʋ ʈʦʩʩʠʠ ʚ 1994 ʛʦʜʫ 

ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʦʚ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʥʘ ʣʘʥʜʰʘʬʪʥʦʡ ʦʩʥʦʚʝ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ ʥʘ ʧʨʠʤʝʨʝ ʙʘʟʦʚʳʭ ʭʦʟʷʡʩʪʚ 9-ʪʠ ʦʙʣʘʩʪʝʡ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʢʨʫʧʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠ-

ʷʪʠʷʭ ʠ ʬʝʨʤʝʨʩʢʠʭ (ʢʨʝʩʪʴʷʥʩʢʠʭ) ʭʦʟʷʡʩʪʚʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʦʯʚʝʥʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʧʨʠʨʦʜʥʦ-ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʦʥʘʭ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ɹʝʣʛʦʨʦʜʩʢʘʷ, ɹʨʷʥʩʢʘʷ, ɺʦʣʛʦʛʨʘʜʩʢʘʷ, ʂʫʨʩʢʘʷ, ʉʘʨʘʪʦʚ-

ʩʢʘʷ, ʊʫʣʴʩʢʘʷ, ʏʝʣʷʙʠʥʩʢʘʷ ʦʙʣʘʩʪʠ, ʂʨʘʩʥʦʜʘʨʩʢʠʡ ʢʨʘʡ). 

ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʧʨʦʝʢʪʥʦ-ʠʟʳʩʢʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʚ ʢʘʯʝʩʪʚʝ ʥʘʫʯʥʦ-ʪʝʭʥʠ-

ʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦ ʢʘʞʜʦʤʫ ʭʦʟʷʡʩʪʚʫ çʉʠʩʪʝʤʳ ʟʝʤʣʝʜʝʣʠʷ 

ʠ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʥʘ ʣʘʥʜʰʘʬʪʥʦʡ ʦʩʥʦʚʝè, ʩʦʩʪʦʷʱʠʝ ʠʟ ʪʝʢʩʪʘ ʧʦʷʩʥʠʪʝʣʴ-

ʥʦʡ ʟʘʧʠʩʢʠ, ʩʭʝʤ, ʢʘʨʪʦʛʨʘʤʤ ʠ ʜʨʫʛʠʭ ʛʨʘʬʠʯʝʩʢʠʭ ʠ ʪʘʙʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʟʝʤʣʝʜʝʣʠʷ ʠ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʙʘ-

ʟʦʚʳʭ ʭʦʟʷʡʩʪʚ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ ʧʦʢʘʟʘʣ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʫʯʝʥʳʭ 

ʠ ʧʨʘʢʪʠʢʦʚ ʥʘ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ, ʩʚʦʡʩʪʚʝʥʥʳʭ ʢʘʞʜʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʨʝʛʠ-

ʦʥʫ. ʊʘʢ, ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ɸʣʪʘʡ-

ʩʢʦʤ ʢʨʘʝ, ɹʝʣʛʦʨʦʜʩʢʦʡ, ʉʘʨʘʪʦʚʩʢʦʡ, ʊʫʣʴʩʢʦʡ ʦʙʣʘʩʪʷʭ ʚ ʦʩʥʦʚʫ ʨʘʟʨʘʙʦʪʢʠ 

ʩʠʩʪʝʤ ʟʝʤʣʝʜʝʣʠʷ ʠ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʧʦʣʦʞʝʥʘ ʩʪʘʙʠʣʠʟʘʮʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝ-

ʥʠʝ ʚʦʜʥʦʡ ʵʨʦʟʠʠ ʧʦʯʚ, ʚ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʠ ʏʝʣʷʙʠʥʩʢʠʭ ʦʙʣʘʩʪʷʭ ï ʨʘʟʨʘʙʦʪʢʘ 

ʧʨʦʪʠʚʦʵʨʦʟʠʦʥʥʦʡ ʠ ʧʨʦʪʠʚʦʜʝʬʣʷʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʘʛʨʦʣʘʥʜʰʘʬʪʘ, 

ʚ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ ï ʧʨʦʪʠʚʦʜʝʬʣʷʮʠʦʥʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʝ ʧʣʦʜʦʨʦʜʠʷ ʟʝʤʝʣʴ ʧʫʪʝʤ ʠʭ ʢʦʥʩʝʨʚʘʮʠʠ.  

ɺ ʦʩʥʦʚʫ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʟʝʤʣʝʜʝʣʠʷ ʠ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ɹʨʷʥʩʢʦʡ ʦʙ-

ʣʘʩʪʠ ʧʦʣʦʞʝʥʳ ʧʨʠʥʮʠʧʳ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴ ʩ ʨʘʟʣʠʯʥʳʤ 

ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ. ɺ ʮʝʣʦʤ, ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʟʝʤʣʝʜʝʣʠʷ ʠ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʚ ʵʪʠʭ ʨʝʛʠʦʥʘʭ ʦʩʫʱʝʩʪʚʣʷ-

ʣʘʩʴ ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʱʝʨʙʘ ʦʪ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʥʝʛʘʪʠʚʥʳʭ ʧʦ-

ʩʣʝʜʩʪʚʠʡ, ʯʪʦ ʥʝʩʦʤʥʝʥʥʦ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʰʘʛʦʤ ʚ ʩʦʟʜʘʥʠʠ 
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ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʭ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ, ʠ ʜʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʟʘʩʣʫʞʠ-

ʚʘʝʪ ʚʥʠʤʘʥʠʷ ʠ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʟʫʯʝʥʠʷ. 

ɹʦʣʝʝ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʦʩʫʱʝʩʪʚʣʝʥ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʟʝʤʣʝ-

ʜʝʣʠʷ ʠ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʥʘ ʣʘʥʜʰʘʬʪʥʦʡ ʦʩʥʦʚʝ ʚ ʙʘʟʦʚʳʭ ʭʦʟʷʡʩʪʚʘʭ ʂʫʨ-

ʩʢʦʡ ʦʙʣʘʩʪʠ (ɸʆ çʈʦʩʩʠʷè, ʆʇʇʍ ɺʅʀʀɿʠɿʇʕ, ʬʝʨʤʝʨʩʢʦʝ ʭʦʟʷʡʩʪʚʦ 

çʃʘʥʜʰʘʬʪè ʠ ʜʨ.), ʛʜʝ ʚ ʦʩʥʦʚʫ ʪʠʧʠʟʘʮʠʠ ʟʝʤʝʣʴ ʙʳʣʠ ʧʦʣʦʞʝʥʳ ʧʨʠʥʮʠʧʳ 

ʘʥʘʣʠʟʘ ʧʦʪʝʥʮʠʘʣʘ ʦʩʥʦʚʥʳʭ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʦʩʪʫʧʘʶʱʝʡ ʩʫʤʤʘʨʥʦʡ 

ʨʘʜʠʘʮʠʠ, ʧʣʦʜʦʨʦʜʠʷ ʠ ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʧʦʯʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʣʴʝʬʘ 

ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʪʠʚʦʵʨʦʟʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʊʦ ʝʩʪʴ, ʧʨʦʠʟʚʝʜʝʥʘ 

ʦʮʝʥʢʘ ʧʨʠʨʦʜʥʦʛʦ, ʘ ʪʘʢʞʝ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʨʘʟʨʘ-

ʙʦʪʘʥʳ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʦʨʛʘʥʠʟʘʮʠʷ ʪʝʨʨʠʪʦʨʠʠ ʠ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʟʝʤʝʣʴ ʠ ʦʭʨʘʥʫ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. 

ʈʘʟʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʩʠʩʪʝʤ ʟʝʤʣʝʜʝʣʠʷ ʠ ʟʝʤʣʝ-

ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʣʘʥʜʰʘʬʪʥʦʡ ʦʩʥʦʚʝ ʚ ʦʩʥʦʚʥʳʭ ʨʝʛʠʦʥʘʭ ʟʝʤʣʝʜʝʣʠʷ ʩʪʨʘʥʳ 

ʷʚʠʣʘʩʴ ʚʘʞʥʳʤ ʰʘʛʦʤ ʚʧʝʨʝʜ ʥʘ ʧʫʪʠ ʩʦʟʜʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʣʘʥʜ-

ʰʘʬʪʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʪʝʨʨʠʪʦʨʠʠ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʟʝʤʝʣʴ ʩ ʫʯʝʪʦʤ ʨʘʟʥʦʦʙʨʘʟʠʷ ʫʩʣʦʚʠʡ ʦʩʥʦʚʥʳʭ ʨʝʛʠʦʥʦʚ ʟʝʤʣʝʜʝʣʠʷ 

ʩʪʨʘʥʳ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʪʨʝʪʴʝʛʦ, ʟʘʚʝʨʰʘʶʱʝʛʦ ʵʪʘʧʘ ʚ ʨʘʟʚʠʪʠʠ ʘʜʘʧʪʠʚʥʦ- ʣʘʥʜ-

ʰʘʬʪʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ, ʷʚʠʣʘʩʴ çʄʝʪʦʜʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʟʝʤʣʝʜʝʣʠʷ ʥʘ 

ʣʘʥʜʰʘʬʪʥʦʡ ʦʩʥʦʚʝè (ʂʫʨʩʢ, 1996). ɺ ʥʝʡ ʧʦʣʫʯʠʣʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠ 

ʨʝʘʣʠʟʘʮʠʶ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʩʦʜʝʨʞʘ-

ʱʠʝʩʷ ʚ ʜʚʫʭ ʧʝʨʚʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ ʘʚʪʦʨʩʢʦʛʦ ʢʦʣʣʝʢʪʠʚʘ, ʚʦʟʛʣʘʚʣʷ-

ʝʤʦʛʦ ʘʢʘʜʝʤʠʢʘʤʠ ʈɸʉʍʅ ɸ.ʅ. ʂʘʰʪʘʥʦʚʳʤ ʠ ɸ.ʇ. ʑʝʨʙʘʢʦʚʳʤ. ɺ ʦʧʨʝʜʝ-

ʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʙʳʣ ʫʯʪʝʥ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʨʘʟʨʘʙʦʪʢʠ ʣʘʥʜʰʘʬʪʥʳʭ ʩʠ-

ʩʪʝʤ ʟʝʤʣʝʜʝʣʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ, ʥʘʢʦʧʣʝʥʥʳʡ ʟʦ-

ʥʘʣʴʥʳʤʠ ʠʥʩʪʠʪʫʪʘʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʰʠʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ. 

ɿʘ ʮʠʢʣ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʫʶ ʨʝʘʣʠʟʘʮʠʶ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʯʝʨʥʦʟʸʤʥʦʡ ʟʦʥʳ ʈʦʩʩʠʠ ʪʚʦʨʯʝʩʢʠʡ ʢʦʣʣʝʢʪʠʚ, ʚʦʟʛʣʘʚʣʷ-

ʝʤʳʡ ʘʢʘʜʝʤʠʢʘʤʠ ʈɸʉʍʅ ɸ.ʅ. ʂʘʰʪʘʥʦʚʳʤ ʠ ɸ.ʇ. ʑʝʨʙʘʢʦʚʳʤ, ʙʳʣ ʫʜʦ-

ʩʪʦʝʥ ʚ 2000 ʛ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʝʤʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʦʙʣʘʩʪʠ 

ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ.  

ʅʘʨʷʜʫ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʩʠʩʪʝʤ ʟʝʤʣʝʜʝʣʠʷ ʥʘ ʣʘʥʜʰʘʬʪʥʦʡ ʦʩʥʦʚʝ ɸʥʜʨʝʡ 

ʇʘʚʣʦʚʠʯ ʫʜʝʣʷʣ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʙʣʝʤʘʤ ʎʝʥʪʨʘʣʴʥʦʛʦ 

ʏʝʨʥʦʟʝʤʴʷ, ʠ ʦʩʦʙʝʥʥʦ ʚʦʣʥʦʚʘʣʘ ʝʛʦ ʩʫʜʴʙʘ ʯʝʨʥʦʟʸʤʦʚ. ʀʤ ʙʳʣʘ ʦʨʛʘʥʠʟʦ-

ʚʘʥʘ ʠ ʧʨʦʚʝʜʝʥʘ ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʘʷ ʵʢʩʧʝʜʠʮʠʷ çʈʫʩʩʢʠʡ ʯʝʨʥʦʟʸʤ, 100 ʣʝʪ 

ʨʘʙʦʪ ɺ.ɺ. ɼʦʢʫʯʘʝʚʘ, ʢʦʪʦʨʘʷ ʧʨʦʰʣʘ ʟʘ 2 ʧʦʣʝʚʳʭ ʩʝʟʦʥʘ,1991 ʠ 1992 ʛʦʜʦʚ 

ʤʘʨʰʨʫʪʘʤʠ ɺ.ɺ. ɼʦʢʫʯʘʝʚʘ ʠ ʝʛʦ ʫʯʝʥʠʢʦʚ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʜʝʚʷʪʠ ʯʝʨʥʦʟʸʤ-

ʥʳʭ ʦʙʣʘʩʪʝʡ ʮʝʥʪʨʘ ʈʦʩʩʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʧʘʭʦʪʥʳʭ 

ʠ ʧʦʜʧʘʭʦʪʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʯʝʨʥʦʟʸʤʦʚ, ʜʝʛʨʘʜʘʮʠʶ ʠʭ ʩʪʨʫʢʪʫʨʳ ʩ ʨʝʟʢʠʤ 

ʩʥʠʞʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʘʛʨʦʥʦʤʠʯʝʩʢʠ ʮʝʥʥʳʭ ʚʦʜʦʧʨʦʯʥʳʭ ʘʛʨʝʛʘʪʦʚ. 
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ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʧʘʭʦʪʥʳʭ ʯʝʨʥʦʟʸʤʦʚ ʎʏʈ ʫʩʪʘʥʦʚʣʝʥʘ ʩʠʣʴʥʘʷ ʘʢʪʠʚʠʟʘ-

ʮʠʷ ʧʨʦʮʝʩʩʦʚ ʜʝʛʫʤʠʬʠʢʘʮʠʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʦ 2-2,5% ʛʫʤʫʩʘ ʟʘ ʧʦʩʣʝʜʥʠʝ 

ʪʨʠ-ʯʝʪʳʨʝ ʜʝʩʷʪʠʣʝʪʠʷ. ʆʪʤʝʯʝʥʦ ʧʦʜʢʠʩʣʝʥʠʝ ʚ ʦʧʦʜʟʦʣʝʥʥʳʭ ʠ ʚʳʱʝʣʦʯʝʥ-

ʥʳʭ ʯʝʨʥʦʟʸʤʘʭ, ʧʝʨʝʧʘʜ ʩ ʢʦʥʪʨʦʣʝʤ ʧʦ ʟʥʘʯʝʥʠʷʤ pH ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 2,0 

ʝʜʠʥʠʮ. ʆʯʝʥʴ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʜʪʠʧʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʯʝʨʥʦʟʸʤʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ ʠ 

ʦʙʤʝʥʥʦʛʦ ʢʘʣʠʷ. 

ɺ ʨʘʙʦʪʝ çɸʛʨʦʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʯʝʨʥʦʟʸʤʦʚ ʎʏʆè ʫʢʘʟʳʚʘʝʪʩʷ, 

ʯʪʦ ʧʝʜʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʧʨʦʮʝʩʩʥʦ-ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʦʣʞʥʳ ʩʣʫʞʠʪʴ 

ʥʘʜʝʞʥʦʡ ʥʘʫʯʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʣʦʜʦʨʦʜʠʝʤ ʯʝʨ-

ʥʦʟʸʤʦʚ, ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʟʝʤʣʝʜʝʣʠʷ ʥʘ ʣʘʥʜʰʘʬʪʥʦʡ ʦʩʥʦʚʝ. ʀ ʧʦʥʷʪʥʦ, 

ʯʪʦ ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʟʝʤʝʣʴ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʘʜʘʧʪʠʚʥʦ-ʣʘʥʜʰʘʬʪʥʳʭ ʩʠʩʪʝʤ ʟʝʤʣʝʜʝʣʠʷ. 

ʑʝʨʙʘʢʦʚʳʤ ɸ.ʇ. ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʙʦʣʝʝ 400 ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ, ʠʟ ʥʠʭ 

ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʟʘ ʚʨʝʤʷ ʨʘʙʦʪʳ ʚ ʠʥʩʪʠʪʫʪʝ. ʉʨʝʜʠ ʥʠʭ 17 ʢʦʣʣʝʢʪʠʚʥʳʭ ʤʦ-

ʥʦʛʨʘʬʠʡ, ʪʘʢʠʭ ʢʘʢ: çʂʦʥʮʝʧʮʠʷ ʨʘʟʚʠʪʠʷ ʟʝʤʣʝʜʝʣʠʷ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʭʦʜʘ ʢ 

ʨʳʥʦʯʥʳʤ ʦʪʥʦʰʝʥʠʷʤ ʠ ʤʥʦʛʦʫʢʣʘʜʥʦʤʫ ʩʝʣʴʩʢʦʤʫ ʭʦʟʷʡʩʪʚʫè (1991), 

çʅʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʚʝʜʝʥʠʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʂʫʨʩʢʦʡ ʦʙʣʘʩʪʠè (1991), çʇʦʚʳʰʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʟʝʨʥʘè (1992), çʃʘʥʜʰʘʬʪʥʦʝ ʟʝʤʣʝʜʝʣʠʝ: ʏ1. ʂʦʥʮʝʧʮʠʷ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʭ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ ʠ ʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ ʟʝʤʣʝʜʝʣʠʷ ʥʘ ʣʘʥʜʰʘʬʪʥʦʡ ʦʩʥʦʚʝè (1993), çʃʘʥʜ-

ʰʘʬʪʥʦʝ ʟʝʤʣʝʜʝʣʠʝ: (ʚʦʧʨʦʩʳ ʪʝʦʨʠʠ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ ʠ ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʣʘʥʜʰʘʬʪʥʳʭ ʩʠʩʪʝʤ ʟʝʤʣʝʜʝʣʠʷ)è 

(1994), çɸʛʨʦʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʯʝʨʥʦʟʸʤʦʚ ʎʏʆè (1996), çɺʝʢʦʚʘʷ ʜʠ-

ʥʘʤʠʢʘ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʝʨʥʦʟʸʤʦʚè 

(1996), çʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʣʦʜʦʨʦʜʠʝʤ ʧʦʯʚ ʚ ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʸʤʥʦʡ 

ʟʦʥʝè (1996), çʂʦʥʮʝʧʮʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʙʢʠʭ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ ʚ ʣʘʥʜ-

ʰʘʬʪʥʦʤ ʟʝʤʣʝʜʝʣʠʠè (1998), çʄʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʘʛʨʦ-

ʣʘʥʜʰʘʬʪʘè (1998), çɸʥʪʨʦʧʦʛʝʥʥʘʷ ʵʚʦʣʶʮʠʷ ʯʝʨʥʦʟʸʤʦʚè (2000) ʠ ʜʨ. 

ʉ 1997 ʛʦʜʘ ɸʥʜʨʝʡ ʇʘʚʣʦʚʠʯ ʑʝʨʙʘʢʦʚ ʨʘʙʦʪʘʣ ʛʣʘʚʥʳʤ ʥʘʫʯʥʳʤ ʩʦ-

ʪʨʫʜʥʠʢʦʤ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦ-

ʥʠʪʦʨʠʥʛʘ ɺʅʀʀɿʠɿʇʕ.  

ɸʥʜʨʝʡ ʇʘʚʣʦʚʠʯ ʥʝʦʜʥʦʢʨʘʪʥʦ ʚʳʩʪʫʧʘʣ ʩ ʣʝʢʮʠʷʤʠ ʠ ʜʦʢʣʘʜʘʤʠ ʚʦ 

ʤʥʦʛʠʭ ʚʝʜʫʱʠʭ ʟʘʨʫʙʝʞʥʳʭ ʫʥʠʚʝʨʩʠʪʝʪʘʭ (ɻʘʣʣʝ ʠ ʃʝʡʧʮʠʛ, ɻʝʨʤʘʥʠʷ, 

1988; ʃʝʦʥ, ʀʩʧʘʥʠʷ, 1988; ʋʧʩʘʣʘ, ʐʚʝʮʠʷ, 1989; ɸʡʦʚʘ, ʄʠʥʥʝʩʦʪʘ, ʆʛʘʡʦ, 

ʄʠʯʠʛʘʥ ʠ ʜʨ., ʉʐɸ, 1989, 1991; ʏʘʧʠʥʛʦ, ʄʝʢʩʠʢʘ, 1994; ʅʘʥʢʠʥ, ʂʠʪʘʡ, 

1997; ɹʨʘʫʥʰʚʝʡʛ ʠ ʆʩʥʘʙʨʶʢ, 1996, 1998, 2000 ʠ ʜʨ.). 

ɸ.ʇ. ʑʝʨʙʘʢʦʚ ʧʨʦʷʚʠʣ ʩʝʙʷ ʪʘʣʘʥʪʣʠʚʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʦʨʛʘʥʠʟʘʪʦ-

ʨʦʤ, ʧʨʠʣʦʞʠʚ ʥʝʤʘʣʦ ʵʥʝʨʛʠʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʥ-

ʩʪʠʪʫʪʦʚ ʘʢʘʜʝʤʠʠ ʚ ʦʙʣʘʩʪʠ ʟʝʤʣʝʜʝʣʠʷ, ʧʦʯʚʦʚʝʜʝʥʠʷ, ʘʛʨʦʭʠʤʠʠ ʠ ʩʤʝʞʥʳʭ 

ʥʘʫʯʥʳʭ ʜʠʩʮʠʧʣʠʥ. ʇʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʢʦʣʣʝʢʪʠʚ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʅʀʀ 

ʟʝʤʣʝʜʝʣʠʷ ʠ ʟʘʱʠʪʳ ʧʦʯʚ ʦʪ ʵʨʦʟʠʠ ʩʫʤʝʣ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʩʚʦʠ ʫʩʠʣʠʷ ʥʘ 
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ʚʘʞʥʝʡʰʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʘʛʨʘʨʥʦʡ ʥʘʫʢʠ, ʚʳʡʜʷ ʥʘ ʧʝʨʝʜʦʚʳʝ ʨʫʙʝʞʠ ʚ ʦʙʣʘ-

ʩʪʠ ʣʘʥʜʰʘʬʪʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʠ ʘʛʨʦʵʢʦʣʦʛʠʠ. 

 

ʋɼʂ 631.512:631.58.03 

ɺʃʀʗʅʀɽ ʊɽʍʅʆʃʆɻʀʁ ɺʆɿɼɽʃʓɺɸʅʀʗ ʅɸ 

ʇʈʆɼʋʂʊʀɺʅʆʉʊʔ ʇʆʃɽɺʓʍ ʉɽɺʆʆɹʆʈʆʊʆɺ ʀ ʀʍ 

ʕʂʆʅʆʄʀʏɽʉʂɸʗ ʆʎɽʅʂɸ ɺ ʖɾʅʆʄ ɿɸʋʈɸʃʔɽ 

ɸʛʝʝʚ ɸ.ɸ., ɸʥʠʩʠʤʦʚ ʖ.ɹ., ʂʘʣʶʞʠʥʘ ɽ.ʃ. 

ʌɻɹʅʋ çʏʝʣʷʙʠʥʩʢʠʡ ʅʀʀʉʍè, ʛ. ʏʝʣʷʙʠʥʩʢ 

E-mail: ageev.aa62@mail.ru 
 

ʈʝʟʶʤʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʣʘʙʦʨʘʪʦʨʠʠ ʘʛʨʦʣʘʥʜʰʘʬʪʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʌɻɹʅʋ çʏʝʣʷʙʠʥʩʢʠʡ 

ʅʀʀʉʍè ʟʘ ʧʝʨʠʦʜ 2017-2019 ʛʛ. ʥʘ ʙʘʟʝ ʦʧʳʪʥʦʛʦ ʧʦʣʷ ʌɻʋʇ çʊʨʦʠʮʢʦʝè ʶʞʥʦʛʦ ʣʝʩʦ-

ʩʪʝʧʥʦʛʦ ʘʛʨʦʣʘʥʜʰʘʬʪʘ ʖʞʥʦʛʦ ɿʘʫʨʘʣʴʷ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʨʘʙʦʪʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʮʝʥʢʝ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʚʢʣʶʯʘʷ ʩʠʩʪʝʤʫ ʧʨʷʤʦʛʦ ʧʦʩʝʚʘ, ʥʘ ʧʦʢʘʟʘ-

ʪʝʣʠ ʧʣʦʜʦʨʦʜʠʷ ʚʳʱʝʣʦʯʝʥʥʦʛʦ ʯʝʨʥʦʟʝʤʘ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʘʰʥʠ. ɼʘʥʘ ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʝʨʥʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʚʦʟʜʝʣʳʚʘʥʠʷ ʦʩ-

ʥʦʚʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʠʷ, ʟʝʨʥʦʚʳʝ ʢʫʣʴʪʫʨʳ, ʩʝʚʦʦʙʦʨʦʪ, ʤʠʥʠʤʠʟʘʮʠʷ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ, ʧʨʷʤʦʡ ʧʦʩʝʚ, ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ, ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ, ʫʨʦʞʘʡʥʦʩʪʴ, ʨʝʥʪʘʙʝʣʴ-

ʥʦʩʪʴ. 

 

ɺ ʖʞʥʦʤ ɿʘʫʨʘʣʴʝ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʟʝʨʥʘ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʦʙʱʝʧʨʠʥʷʪʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ 

ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘ ʦʩʥʦʚʝ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʠ ʧʦʯʚʦʟʘʱʠʪʥʳʭ ʩʠʩʪʝʤ ʦʙ-

ʨʘʙʦʪʢʠ ʧʦʯʚʳ ʚ ʧʦʣʝʚʳʭ ʩʝʚʦʦʙʦʨʦʪʘʭ.  

ɿʘʜʘʯʘ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʷʚʣʝʥʠʠ ʟʘʢʦʥʦʤʝʨ-

ʥʦʩʪʝʡ ʚʣʠʷʥʠʷ ʤʠʥʠʤʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʦʜ ʨʘʟʣʠʯʥʳʝ ʢʫʣʴʪʫʨʳ ʠ ʦʪ-

ʢʘʟʘ ʦʪ ʥʝʝ ʥʘ ʩʚʦʡʩʪʚʘ ʠ ʨʝʞʠʤʳ ʧʦʯʚ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʘʛʨʦʮʝʥʦʟʦʚ ʠ ʦʙʦʩ-

ʥʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʟʣʠʯ-

ʥʳʤ ʫʩʣʦʚʠʷʤ ʚʝʜʝʥʠʷ ʟʝʤʣʝʜʝʣʠʷ. ʄʫʣʴʯʠʨʫʶʱʠʝ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʦʩʦ-

ʙʝʥʥʦ ʥʫʣʝʚʘʷ, ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʧʦʩʢʦʣʴʢʫ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚ [1].  

ʎʝʣʴ ʥʘʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʮʝʥʢʝ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʚ ʧʦʣʝʚʳʭ ʩʝʚʦʦʙʦʨʦʪʘʭ ʥʘ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʡ ʦʩʥʦʚʝ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʧʦʯʚʦʟʘʱʠʪʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʨʘ-

ʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʶʞʥʦʛʦ ʣʝʩʦʩʪʝʧʥʦʛʦ 

ʘʛʨʦʣʘʥʜʰʘʬʪʘ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɺ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʭʦʜʠʣʦ: 

1. ʀʟʫʯʠʪʴ ʘʛʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʘʛʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ ʠ ʠʭ ʠʟʤʝʥʝʥʠʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ; 

2. ʀʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ ʥʘ ʚʦʜʥʳʡ ʨʝʞʠʤ ʧʦʯʚʳ; 

3. ʆʮʝʥʠʪʴ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʟʝʨʥʘ ʷʨʦʚʦʡ ʧʰʝ-

ʥʠʮʳ; 
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4. ʇʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʘʛʨʦʵʢʦʥʦʤʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ; 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 2017-2019 ʛʛ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʘʛʨʦʣʘʥʜ-

ʰʘʬʪʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʌɻɹʅʋ çʏʝʣʷʙʠʥʩʢʠʡ ʅʀʀʉʍè ʚ ʥʘʫʯʥʦ- ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʦʤ ʧʦʣʝʚʦʤ ʦʧʳʪʝ, ʟʘʣʦʞʝʥʥʦʤ ʚ ʫʩʣʦʚʠʷʭ ʶʞʥʦʛʦ ʣʝʩʦʩʪʝʧʥʦʛʦ ʘʛʨʦ-

ʣʘʥʜʰʘʬʪʘ ʥʘ ʚʳʱʝʣʦʯʝʥʥʦʤ ʯʝʨʥʦʟʝʤʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ 

ʌɻʋʇ çʊʨʦʠʮʢʦʝè ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʇʦʯʚʘ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ʯʝʨʥʦʟʸʤ ʚʳʱʝʣʦʯʝʥʥʳʡ, ʠʤʝʶʱʠʡ ʩʣʝʜʫʶʱʠʝ 

ʥʘ ʤʦʤʝʥʪ ʟʘʢʣʘʜʢʠ ʦʧʳʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʨʝʘʢʮʠʶ ʩʨʝʜʳ, ʙʣʠʟʢʫʶ ʢ 

ʥʝʡʪʨʘʣʴʥʦʡ ï ʨʅ=5,86, ʧʦʚʳʰʝʥʥʫʶ ʩʪʝʧʝʥʴ ʥʘʩʳʱʝʥʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷʤʠ, ʧʦ-

ʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʙʤʝʥʥʦʛʦ ʢʘʣʠʷ, ʩʨʝʜʥʠʝ ʟʘʧʘʩʳ ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ 

ʠ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ 6,5 % (ʪʘʙʣ. 1). 
 

ʊʘʙʣʠʮʘ 1 ï ʀʩʭʦʜʥʳʝ ʘʛʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʯʚʳ ʦʧʳʪʥʦʛʦ 

ʫʯʘʩʪʢʘ 
 

ɻʫʤʫʩ, % ʨʅʥ2ʦ ʨʅʢʩl 
ʈ205, 

ʤʛ/ʢʛ 

ʂ20, 

ʤʛ/100 ʛ. 
ʄg ʉʘ 

ɸʟʦʪ ʣʝʛ.-

ʛʠʜʨ., ʤʛ/100 

ʛ 

6,5 6,52 5,86 75,4 20,0 6,9 22,9 66,6 
 

ʊʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʙʘʟʠʨʦʚʘʣʠʩʴ 

ʥʘ ʩʣʝʜʫʶʱʠʭ ʩʠʩʪʝʤʘʭ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʂʠʨʶʰʠʥʘ ɺ.ʀ., 

[2] ʠ ʚʢʣʶʯʘʣʠ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ:  

1 ï ʦʪʚʘʣʴʥʘʷ (ʤʝʣʢʘʷ), ʦʙʨʘʙʦʪʢʘ ʜʠʩʢʘʪʦʨʦʤ ʩ ʦʙʦʨʦʪʦʤ ʧʦʯʚʳ ʝʞʝ-

ʛʦʜʥʦ ʥʘ ʛʣʫʙʠʥʫ 12-14 ʩʤ ʧʦʜ ʚʩʝ ʢʫʣʴʪʫʨʳ ʠ ʚ ʧʘʨʦʚʦʤ ʧʦʣʝ ʧʦ ʪʠʧʫ ʨʘʥʥʝʛʦ, 

ʧʨʝʜʧʦʩʝʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʜ ʚʩʝ ʢʫʣʴʪʫʨʳ ʩʝʚʦʦʙʦʨʦʪʘ ʢʫʣʴʪʠʚʘʪʦʨʦʤ ɸʇʂ ï 

7,2; 

2 ï ʤʫʣʴʯʠʨʫʶʱʘʷ (ʤʠʥʠʤʘʣʴʥʘʷ), ʧʣʦʩʢʦʨʝʟʥʘʷ ʤʝʣʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʧʦʯʚʳ, ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʩʪʝʨʥʠ, ʥʘ ʛʣʫʙʠʥʫ 12-14 ʩʤ ʚ ʧʘʨʦʚʦʤ ʧʦʣʝ ʠ ʧʦʜ ʚʩʝ 

ʢʫʣʴʪʫʨʳ ʩʝʚʦʦʙʦʨʦʪʘ ʢʫʣʴʪʠʚʘʪʦʨʦʤ ɸʇʂ ï 7,2;  

3 ï ʥʫʣʝʚʘʷ (ʙʝʟ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ), ʜʦ ʧʦʩʝʚʘ ʥʘ ʚʩʝʭ ʢʫʣʴʪʫʨʘʭ 

ʩʝʚʦʦʙʦʨʦʪʘ ʠ ʚ ʧʘʨʫ ʧʨʠʤʝʥʷʣʩʷ ʛʝʨʙʠʮʠʜ ʩʧʣʦʰʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʛʣʠʬʦʩʘʪ) ʚ 

ʜʦʟʝ 3-4 ʣ/ʛʘ;  

ʊʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʠʟʫʯʘʣʠʩʴ ʚ ʜʚʫʭ ʧʦʣʝʚʳʭ ʩʝʚʦʦʙʦʨʦʪʘʭ ʩʦ ʩʣʝ-

ʜʫʶʱʠʤ ʯʝʨʝʜʦʚʘʥʠʝʤ ʢʫʣʴʪʫʨ: ʟʝʨʥʦʧʘʨʦʚʦʤ ï ʧʘʨ-ʧʰʝʥʠʮʘ-ʛʦʨʦʭ+ʦʚʝʩ-ʷʯ-

ʤʝʥʴ ʠ ʧʣʦʜʦʩʤʝʥʥʦʤ ï ʨʘʧʩ-ʧʰʝʥʠʮʘ-ʛʦʨʦʭ+ʦʚʝʩ-ʧʰʝʥʠʮʘ ʩ ʥʘʩʳʱʝʥʠʝʤ ʟʝʨ-

ʥʦʚʳʤʠ ʢʫʣʴʪʫʨʘʤʠ ʦʪ 75% ʜʦ 100%.  

ɺ ʩʝʚʦʦʙʦʨʦʪʘʭ ʚʥʦʩʠʣʠ N20-30 ʢʛ ʜ.ʚ. ʥʘ 1 ʛʘ ʧʘʰʥʠ, ʢʦʪʦʨʳʝ ʜʠʬʬʝʨʝʥʮʠ-

ʨʦʚʘʣʠʩʴ ʧʦʜ ʦʪʜʝʣʴʥʳʝ ʢʫʣʴʪʫʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʚʦʟʜʝʣʳʚʘ-

ʥʠʷ ʠ ʨʘʟʤʝʱʝʥʠʷ ʚ ʩʝʚʦʦʙʦʨʦʪʝ. ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʜʝʣʷʥʦʢ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

3600 ʤ2, ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ï 1200 ʤ2, ʫʯʝʪʥʘʷ ï 105 ʤ2, ʧʦʚʪʦʨʥʦʩʪʴ ʪʨʝʭʢʨʘʪʥʘʷ, 

ʨʘʟʤʝʱʝʥʠʝ ʚʘʨʠʘʥʪʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ. ʇʦʩʝʚ ʢʫʣʴʪʫʨ ʧʨʦʚʦʜʠʣʩʷ ʩʝʷʣʢʦʡ 

ʉʉ-6, ʦʙʦʨʫʜʦʚʘʥʥʦʡ ʜʠʩʢʦʚʳʤʠ ʩʦʰʥʠʢʘʤʠ ʠ ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʤ 

(ʪʫʨʙʦʜʠʩʢʠ) ʜʣʷ ʧʨʷʤʦʛʦ ʧʦʩʝʚʘ. ɺ ʩʠʩʪʝʤʝ ʧʨʷʤʦʛʦ ʧʦʩʝʚʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘ-

ʣʦʩʴ ʚʥʝʩʝʥʠʝ ʛʣʠʬʦʩʘʪʘ ʟʘ 7-8 ʜʥʝʡ ʜʦ ʧʦʩʝʚʘ. ʉʠʩʪʝʤʘ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ ʦʧʨʳʩʢʠʚʘʥʠʝ ʧʦʩʝʚʦʚ ʧʦʣʝʚʳʭ ʢʫʣʴʪʫʨ ʙʘʢʦʚʦʡ ʩʤʝʩʴʶ 
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ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʛʝʨʙʠʮʠʜʦʚ ʩ ʬʫʥʛʠʮʠʜʦʤ ʠ ʠʥʩʝʢʪʠʮʠʜʦʤ ʚ ʦʧʪʠʤʘʣʴʥʳʝ 

ʬʘʟʳ ʨʘʟʚʠʪʠʷ. 

ʂʣʠʤʘʪ ʟʦʥʳ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʴʶ. 

ʉʫʤʤʘ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ʙʦʣʝʝ 10 ʦʉ ʩʦʩʪʘʚʣʷʝʪ 2000-2200 ʦ. ɿʘ 

ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ (ʤʘʡ-ʩʝʥʪʷʙʨʴ) ʚʳʧʘʜʘʝʪ 175-225 ʤʤ, ɻʊʂ ʩʦʩʪʘʚʣʷʝʪ 

1,2. ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʚ ʛʦʜʳ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʨʘʟʣʠʯʥʳʤʠ. 

ɻʊʂ ʩʦʩʪʘʚʠʣ ʚ 2017, 2018 ʠ 2019 ʛʦʜʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1,1; 1,3 ʠ 1,3. ɺ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʱʝʧʨʠʥʷʪʳʝ ʤʝʪʦʜʠʢʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʘʛʨʦʬʠʟʠ-

ʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʯʚʳ, ʟʘʩʦʨʝʥʥʦʩʪʠ ʧʦʩʝʚʦʚ ʠ 

ʫʯʝʪʘ ʫʨʦʞʘʡʥʦʩʪʠ ʢʫʣʴʪʫʨ [3, 4, 5]. ʕʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʫʯʘʝ-

ʤʳʭ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʦʧʨʝʜʝʣʷʣʠ ʨʘʩʯʝʪʥʦ-ʥʦʨʤʘʪʠʚʥʳʤ ʤʝʪʦ-

ʜʦʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʘʷ ʠ ʥʫʣʝʚʘʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ 

ʚʦʟʜʝʣʳʚʘʥʠʠ ʷʨʦʚʳʭ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʦʙʣʘʜʘʷ ʚʣʘʛʦʥʘʢʦʧʠʪʝʣʴʥʦʡ ʬʫʥʢ-

ʮʠʝʡ ʟʘ ʩʯʸʪ ʩʪʝʨʥʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ, ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʠʝ ʟʘʧʘʩʳ ʧʨʦʜʫʢʪʠʚ-

ʥʦʡ ʚʣʘʛʠ ʚ ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʧʦʯʚʳ. ɺ ʩʨʝʜʥʝʤ ʟʘ 2017-2019 ʛʛ. ʩʦʜʝʨʞʘʥʠʝ ʧʨʦ-

ʜʫʢʪʠʚʥʦʡ ʚʣʘʛʠ ʢ ʧʝʨʠʦʜʫ ʧʦʩʝʚʘ ʢʫʣʴʪʫʨ ʙʳʣʦ ʚʳʰʝ ʧʨʠ ʥʫʣʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʠ ʩʦʩʪʘʚʠʣʦ 142 ʤʤ. ʆʙʫʩʣʦʚʣʝʥʦ ʵʪʦ ʪʝʤ, ʯʪʦ ʚ ʪʝʭʥʦʣʦʛʠʠ ʩ ʦʩʪʘʚʣʝʥʠʝʤ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʨʘʩʪʝʥʠʡ ʙʦʣʴʰʝ ʥʘʢʘʧ-

ʣʠʚʘʝʪʩʷ ʠ ʣʫʯʰʝ ʩʦʭʨʘʥʷʝʪʩʷ ʚʣʘʛʘ ʚ ʧʦʯʚʝ [6]. ʆʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʧʨʝʠʤʫʱʝ-

ʩʪʚʦ ʧʨʷʤʦʛʦ ʧʦʩʝʚʘ ʧʦ ʥʘʢʦʧʣʝʥʠʶ ʠ ʩʦʭʨʘʥʝʥʠʶ ʚʣʘʛʠ ʚ ʧʦʯʚʝ ʧʨʦʷʚʣʷʝʪʩʷ 

ʚ ʟʘʩʫʰʣʠʚʳʝ ʛʦʜʳ [7]. 

ɸʥʘʣʠʟ ʧʣʦʪʥʦʩʪʠ ʩʣʦʞʝʥʠʷ ʧʦʯʚʳ ʧʦ ʧʣʦʜʦʩʤʝʥʥʦʤʫ ʩʝʚʦʦʙʦʨʦʪʫ ʚ ʧʝ-

ʨʠʦʜ, ʢʦʛʜʘ ʦʥʘ ʧʨʠʦʙʨʝʣʘ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʘ ʥʘʭʦʜʠʣʘʩʴ 

ʚ ʦʧʪʠʤʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʧʦ ʚʩʝʤ ʪʝʭ-

ʥʦʣʦʛʠʷʤ ʚʦʟʜʝʣʳʚʘʥʠʷ ʠ ʩʦʩʪʘʚʠʣʘ ʜʣʷ ʧʘʭʦʪʥʦʛʦ ʩʣʦʷ ʚ ʩʨʝʜʥʝʤ 1,15-1,20 

ʛ/ʩʤ3.  

ʅʫʣʝʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ ʚ 

ʥʘʯʘʣʝ ʚʝʛʝʪʘʮʠʠ ʜʣʷ ʩʣʦʷ ʧʦʯʚʳ 0-20 ʩʤ ʫʩʪʫʧʘʣʘ ʤʠʥʠʤʘʣʴʥʦʡ ʠ ʦʪʚʘʣʴʥʦʡ ʚ 

ʩʨʝʜʥʝʤ ʥʘ 2,8-3,4 ʤʛ/ʢʛ. ʋʤʝʥʴʰʝʥʠʝ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʩʧʦʩʦʙʩʪʚʦ-

ʚʘʣʦ ʧʦʩʪʝʧʝʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ ʧʦ ʛʦʨʠʟʦʥ-

ʪʘʤ, ʩʦʩʨʝʜʦʪʘʯʠʚʘʷ ʠʭ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʧʦʯʚʳ.  

ʋʨʦʚʝʥʴ ʟʘʩʦʨʝʥʥʦʩʪʠ ʧʦʩʝʚʦʚ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʠʥʠʤʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ ʥʝ ʠʤʝʣ ʪʝʥʜʝʥʮʠʠ ʢ ʝʝ ʫʚʝʣʠʯʝʥʠʶ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝ ʧʨʝʚʳ-

ʰʘʣ ʧʦʨʦʛʘ ʚʨʝʜʦʥʦʩʥʦʩʪʠ ʚ 10%. ʕʪʦ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʬ-

ʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ, ʥʦ ʠ ʩ ʙʦʣʝʝ ʧʦʟʜʥʠʤ ʩʨʦ-

ʢʦʤ ʧʦʩʝʚʘ, ʢʦʛʜʘ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʩʦʨʥʷʢʦʚ ʧʨʦʨʘʩʪʘʝʪ ʠ ʫʥʠʯʪʦʞʘʝʪʩʷ ʜʦ ʧʦ-

ʩʝʚʘ ʢʫʣʴʪʫʨ.  

ʅʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʢʣʝʡʢʦʚʠʥʳ ʚ ʷʨʦʚʦʡ ʧʰʝ-

ʥʠʮʝ ʦʢʘʟʳʚʘʝʪ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ. ʃʫʯʰʠʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ ʚ ʜʘʥʥʦʤ ʦʧʳʪʝ 

ʷʚʣʷʣʩʷ ʯʠʩʪʳʡ ʧʘʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʣʢʦʡ ʦʪʚʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʥʘ 

ʚʪʦʨʦʤ ʤʝʩʪʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʙʠʥʘʨʥʳʡ ʧʦʩʝʚ ʛʦʨʦʭʘ ʩ ʦʚʩʦʤ. 

ʄʠʥʠʤʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʙʳʣʘ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʡ. ʉʘʤʘʷ ʚʳʩʦʢʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʦʣʝʚʳʭ ʩʝʚʦʦʙʦʨʦʪʦʚ ʙʳʣʘ ʧʨʠ 
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ʤʠʥʠʤʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʥʦ ʨʘʟʣʠʯʠʷ ʙʳʣʠ ʥʝ ʩʫʱʝʩʪʚʝʥʥʳʤʠ 

(ʪʘʙʣ. 2). 
 

ʊʘʙʣʠʮʘ 2 ï ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʦʣʝʚʳʭ ʩʝʚʦʦʙʦʨʦʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭ-

ʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ, ʟ.ʝʜ. ʚ ʪ ʩ 1 ʛʘ, ʩʨʝʜʥʝʝ ʟʘ 2017-2019 ʛʛ. 

ʉʝʚʦʦʙʦʨʦʪ 
ʊʝʭʥʦʣʦʛʠʷ 

ʦʪʚʘʣʴʥʘʷ ʤʠʥʠʤʘʣʴʥʘʷ ʥʫʣʝʚʘʷ ʩʨʝʜʥʝʝ 

ʈʘʧʩ-ʧʰʝʥʠʮʘ-ʛʦʨʦʭ+ʦʚʸʩ-ʧʰʝʥʠʮʘ 1,73 1,84 1,74 1,77 

ʇʘʨ- ʧʰʝʥʠʮʘ-ʛʦʨʦʭ+ʦʚʸʩ-ʧʰʝʥʠʮʘ-ʷʯ-

ʤʝʥʴ 
1,61 1,66 1,71 1,68 

ɺ ʩʨʝʜʥʝʤ ʧʦ ʦʙʨʘʙʦʪʢʘʤ 1,67 1,75 1,72 1,72 

ʅʉʈ05 ʩʝʚʦʦʙʦʨʦʪ 0,23 ʪ/ʛʘ; ʪʝʭʥʦʣʦʛʠʷ 0,28 ʪ/ʛʘ; Sʭ% = 3,78 
 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʝʨʥʘ ʥʘ ʫʨʦʚʥʝ 125% ʧʦʣʫ-

ʯʝʥʘ ʥʘ ʚʘʨʠʘʥʪʝ ʤʠʥʠʤʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʚ 4-ʭ ʧʦʣʴʥʦʤ ʧʣʦ-

ʜʦʩʤʝʥʥʦʤ ʩʝʚʦʦʙʦʨʦʪʝ. ʉʥʠʞʝʥʠʝ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʠ ʥʫʣʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʜʦ 58% ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦʜʠʤʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ʭʠ-

ʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ, ʠʤʝʶʱʠʭ ʚʳʩʦʢʠʝ ʩʪʦʠʤʦʩʪʴ ʠ ʟʘʪʨʘʪʳ ʥʘ 

ʚʥʝʩʝʥʠʝ ʧʨʝʧʘʨʘʪʦʚ. ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʨʦʷʚʣʷʣʘʩʴ ʠ ʚ 4-ʭ ʧʦʣʴ-

ʥʦʤ ʟʝʨʥʦʧʘʨʦʚʦʤ ʩʝʚʦʦʙʦʨʦʪʝ (ʪʘʙʣ. 3). 
 

ʊʘʙʣʠʮʘ 3 ï ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ  

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʠ  

ʚʦʟʜʝʣʳʚʘʥʠʷ, ʩʨʝʜʥʝʝ ʟʘ 2017-2019 ʛʛ. 

ʊʝʭʥʦʣʦʛʠʷ 

ʇʦʢʘʟʘʪʝʣʠ 

ʟʘʪʨʘʪʳ,  

ʨʫʙ./ ʛʘ 

ʯʠʩʪʳʡ ʜʦʭʦʜ,  

ʨʫʙ./ ʛʘ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ,  

% 

ʇʣʦʜʦʩʤʝʥʥʳʡ ʩʝʚʦʦʙʦʨʦʪ 

ʆʪʚʘʣʴʥʘʷ 9138 7973 87 

ʄʠʥʠʤʘʣʴ-

ʥʘʷ 
8315 10452 125 

ʅʫʣʝʚʘʷ 10864 6275 58 

ɿʝʨʥʦʧʘʨʦʚʦʡ ʩʝʚʦʦʙʦʨʦʪ 

ʆʪʚʘʣʴʥʘʷ 8083 6485 80 

ʄʠʥʠʤʘʣʴ-

ʥʘʷ 
7275 7476 102 

ʅʫʣʝʚʘʷ 9806 6229 63 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʧʨʦʚʝʜʝʥʥʳʤʠ ʥʘ ʙʘʟʝ ʦʧʳʪʥʦʛʦ ʧʦʣʷ 

ʌɻʋʇ çʊʨʦʠʮʢʦʝè ʶʞʥʦʛʦ ʣʝʩʦʩʪʝʧʥʦʛʦ ʘʛʨʦʣʘʥʜʰʘʬʪʘ ʖʞʥʦʛʦ ɿʘʫʨʘʣʴʷ 

ʦʧʨʝʜʝʣʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ ʦʩ-

ʥʦʚʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʧʣʦʜʦʨʦʜʠʷ ʚʳʱʝʣʦʯʝʥʥʦʛʦ ʯʝʨʥʦʟʝʤʘ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʣʝʚʳʭ ʩʝʚʦʦʙʦʨʦʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʥʘʩʳʱʝʥʠʝʤ ʟʝʨʥʦʚʳʤʠ 

ʢʫʣʴʪʫʨʘʤʠ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʡ (ʤʫʣʴʯʠʨʫʶʱʝʡ) 

ʪʝʭʥʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʦʨʫʜʠʡ 
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ʧʣʦʩʢʦʨʝʞʫʱʝʛʦ ʪʠʧʘ ʠ ʧʨʷʤʦʛʦ ʧʦʩʝʚʘ ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʝʷʣʢʘʤʠ ʙʝʟ ʩʫʱʝ-

ʩʪʚʝʥʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʩʪʝʨʥʠ. 
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ʤʝʪʦʜʦʤ ʚʦʜʥʦʡ ʢʫʣʴʪʫʨʳ ʨʘʩʪʝʥʠʡ ʥʘ ʧʨʠʤʝʨʝ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ ʧʦʯʚʳ ʣʝʛʢʦʛʦ ʛʨʘʥʫ-

ʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʩ ʠʟʚʝʩʪʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʨʦʜʥʦʛʦ (ʩʪʘʙʠʣʴʥʦʛʦ) Zn ʠ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʦ ʚʥʝʩʝʥʥʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʨʘʜʠʦʘʢʪʠʚʥʦʡ ʤʝʪʢʠ 65Zn.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʎʠʥʢ, ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʦʧʳʪ, ʨʘʜʠʦʠʟʦʪʦʧ, ʧʦʯʚʝʥʥʳʡ ʨʘʩʪʚʦʨ, ʬʦʨʤʳ.  

 

ʎʝʣʷʤʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʠʩʴ: 1) ʠʟʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʥʝʩʝʥ-

ʥʦʛʦ ʚ ʧʦʯʚʫ ʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʡ ʬʦʨʤʝ 65Zn ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʬʦʨʤʘʤʠ 

ʥʘʭʦʞʜʝʥʠʷ ʠ ʩʨʘʚʥʝʥʠʝ ʩ ʬʦʨʤʘʤʠ ʥʘʭʦʞʜʝʥʠʷ ʥʘʪʠʚʥʦʛʦ ʩʪʘʙʠʣʴʥʦʛʦ Zn; 2) 

ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʤʠʛʨʘʮʠʠ 65Zn (Zn) ʚ ʩʠʩʪʝʤʝ ʧʦʯʚʘ ï ʧʦʯʚʝʥʥʳʡ ʨʘʩʪʚʦʨ ï 

ʨʘʩʪʝʥʠʝ.  

ɺʝʛʝʪʘʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʚʦʜʥʦʡ ʢʫʣʴʪʫʨʦʡ ʷʯʤʝʥʷ, ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʪʝʥʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʧʨʦʪʦʯʥʫʶ ʣʠʟʠʤʝʪʨʠʯʝ-

ʩʢʫʶ ʫʩʪʘʥʦʚʢʫ ʮʠʢʣʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ 

ʩʪʦʢ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʦʯʚʳ ʚʢʣʶʯʘʣʘ ʚʥʝʩʝʥʠʝ 

ʨʘʜʠʦʥʫʢʣʠʜʘ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʘ 65Zn(NO3)2 ʧʝʨʝʜ ʚʥʝʩʝʥʠʝʤ ʫʜʦʙʨʝʥʠʡ. ɿʘʪʝʤ 

ʜʦʙʘʚʣʷʣʠ ʧʠʪʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʚʠʜʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ (NH4NO3, ʠ 

K2SO4) ʠʟ ʨʘʩʯʝʪʘ N100, ʠ K100. ʋʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʯʚʳ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ 
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ʧʨʠʩʫʪʩʪʚʠʝʤ ʨʘʜʠʦʠʟʦʪʦʧʘ 65Zn, (Am
65Znʧʦʯʚʘ) ʥʘ ʥʘʯʘʣʦ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʦʧʳʪʘ 

ʩʦʩʪʘʚʠʣʘ 68700°2800 ɹʢ/ʢʛ.  

ɺ ʭʦʜʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʦʧʳʪʘ ʦʧʨʝʜʝʣʷʣʠʩʴ ʟʥʘʯʝʥʠʷ ʚʦʜʥʦ-ʤʠʛʨʘʮʠʦʥ-

ʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʦʪʥʦʰʝʥʠʠ Zn (65Zn), ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ Kd(Zn) = [Zn]ʧʦʯʚʘ/[Zn]ʧʦʯʚ.ʨʘʩʪʚʦʨ, Kd(
65Zn) = Am

65Znʧʦʯʚʘ/Av
65Znʧʦʯʚ.ʨʘʩʪʚʦʨ, ʘ 

ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʝʡ ʜʦʩʪʫʧʥʦʩʪʠ ʮʠʥʢʘ ʨʘʩʪʝʥʠʷʤ ï ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʥʮʝʥʪʨʠ-

ʨʦʚʘʥʠʷ: ʂʂ(Zn) = [Zn]ʨʘʩʪʝʥʠʝ/[Zn]ʧʦʯʚ.ʨʘʩʪʚʦʨ, Kʂ(65Zn) = 

Am
65Znʨʘʩʪʝʥʠʝ/Av

65Znʧʦʯʚ.ʨʘʩʪʚʦʨ. ɿʜʝʩʴ Am
65Znʧʦʯʚʘ, Am

65Znʨʘʩʪʝʥʠʝ ï ʤʘʩʩʦʚʘʷ ʫʜʝʣʴ-

ʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʘʜʠʦʥʫʢʣʠʜʘ 65Zn ʚ ʧʦʯʚʝ, ʨʘʩʪʝʥʠʠ, ɹʢ/ʢʛ; Av
65Znʧʦʯʚ.ʨʘʩʪʚʦʨ ï 

ʦʙʲʝʤʥʘʷ ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʘʜʠʦʥʫʢʣʠʜʘ 65Zn ʚ ʬʘʟʝ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, 

ɹʢ/ʜʤ3.  

ɿʥʘʯʝʥʠʷ ʢʣʶʯʝʚʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʫʩʣʦʚʥʦ ʥʘʟʚʘʥʥʦʛʦ ʥʘʤʠ ñʫʜʝʣʴʥʘʷ ʘʢ-

ʪʠʚʥʦʩʪʴ 65Znò ʚ ʧʦʯʚʝʥʥʦʤ ʨʘʩʪʚʦʨʝ (ʣʠʟʠʤʝʪʨʠʯʝʩʢʠʭ ʚʦʜʘʭ) ʠ ʚ ʦʪʜʝʣʴʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʬʨʘʢʮʠʷʭ (ʬʦʨʤʘʭ) ʮʠʥʢʘ ʚ ʧʦʯʚʝ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʩʪʘ-

ʙʠʣʴʥʦʛʦ Zn, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʵʪʦʤ ʨʘʩʪʚʦʨʝ: Aʫʜ,Zn(
65Zn)ʧʦʯʚ.ʨʘʩʪʚʦʨ = 

Av(
65Zn)/[Zn]ʧʦʯʚ.ʨʘʩʪʚʦʨ, ɹʢ/ʤʛ, ʘ ʪʘʢʞʝ ʚ ʦʪʜʝʣʴʥʳʭ ʬʨʘʢʮʠʷʭ (ʬʦʨʤʘʭ ʥʘʭʦʞʜʝ-

ʥʠʷ) ʮʠʥʢʘ ʚ ʧʦʯʚʝ: Aʫʜ(
65Zn)ʬʨ.ˉ = Am(65Zn) ʬʨ.ˉ/C(Zn) ʬʨ..̄ ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥ-

ʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʙʦʛʘʱʝʥʠʷ (ʂʆ) 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ Zn ʨʘʜʠʦʘʢʪʠʚʥʦʡ ʤʝʪʢʦʡ 
65Zn ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʣʘʚʥʦʤʫ ʢʦʤʧʦʥʝʥʪʫ ʥʘʰʝʡ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ï ʧʦʯ-

ʚʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ: ʂʆʬʨ.# 
65Zn = Aʫʜ(

65Zn)ʬʨ.ˉ/ Aʫʜ(
65Zn)ʧʦʯʚ.ʨʘʩʪʚʦʨ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʷ Zn ʚ ʧʦʯʚʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʩʦ 

ʚʨʝʤʝʥʝʤ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʝʡ ʩ ʦʪʨʠʮʘʪʝʣʴ-

ʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʚʠʜʘ [Zn]ʧʦʯʚ.ʨʘʩʪʚʦʨ = a³tb, ʛʜʝ a ʠ b ï ʧʘʨʘʤʝʪʨʳ, t ï ʚʨʝʤʷ, ʩʫʪ 

(ʨʠʩ. 1ʘ). ɼʠʥʘʤʠʢʫ ʦʙʲʝʤʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 65Zn ʚ ʧʦʯʚʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ (ʨʠʩ. 

1ʙ), ʪʘʢʞʝ ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ Zn, ʤʦʞʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʘʪʴ ʩʪʝʧʝʥʥʳʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ ʚʠʜʘ: Av(
65Zn)ʧʦʯʚ.ʨʘʩʪʚʦʨ = c³td, ( a ʠ b ï ʧʘʨʘʤʝʪʨʳ, t ï ʚʨʝʤʷ, ʩʫʪ ).  

 

  
ʈʠʩʫʥʦʢ 1 ï ɼʠʥʘʤʠʢʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʘʙʠʣʴʥʦʛʦ ʮʠʥʢʘ (ʘ) ʠ ʦʙʲʝʤʥʦʡ  

ʘʢʪʠʚʥʦʩʪʠ 65Zn (ʙ) ʚ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʦʤ ʧʦʯʚʝʥʥʦʤ ʨʘʩʪʚʦʨʝ 
 

ɺ ʭʦʜʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʦʧʳʪʘ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʢʘʢ ʩʪʘʙʠʣʴʥʦʛʦ (ʧʨʠʨʦʜʥʦʛʦ), ʪʘʢ ʠ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʦʪʦʧʦʚ 

(ʨʠʩ. 2). ʆʥʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʶʪʩʷ ʩʪʝʧʝʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʪʠʧʘ 

Kd = a³tb, ʛʜʝ a (ʜʤ3³ʢʛï1³ʩʫʪïb) ʠ b ï ʧʘʨʘʤʝʪʨʳ, t ï ʚʨʝʤʷ, ʩʫʪ. ʋʜʝʣʴʥʘʷ ʘʢʪʠʚ-

ʥʦʩʪʴ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʡ ʬʨʘʢʮʠʠ Zn (ʧʝʨʝʰʝʜʰʝʡ ʚ ʧʦʯʚʝʥʥʳʡ ʨʘʩʪʚʦʨ) 



17 

Asp.(
65Zn)soils solution ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ (ʥʝʜʦʩʪʦʚʝʨʥʦ) ʩʦʩʪʘʚʣʷʝʪ, ʚ ʩʨʝʜ-

ʥʝʤ, 2560°460 ɹʢ/ʤʛ (ʨʠʩ. 2 ʚ). 
 

  

 

 

ʈʠʩʫʥʦʢ 2 ï ʂʦʵʬʬʠʮʠʝʥʪʳ 

 ʨʘʩʧʨʝʜʝʣʝʥʠʷ (Kd) ʤʝʞʜʫ ʪʚʝʨʜʦʡ 

 ʠ ʞʠʜʢʦʡ ʬʘʟʘʤʠ Zn (ʘ), 65Zn (ʙ) ʠ  

ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 65Zn (ʚ) ʚ  

ʧʦʯʚʝʥʥʦʤ ʨʘʩʪʚʦʨʝ 

ɼʣʷ ʦʮʝʥʢʠ ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʧʦʯʚʘ ï ʧʦʯʚʝʥʥʳʡ ʨʘʩʪʚʦʨ ʠ ʧʦʪʝʥ-

ʮʠʘʣʴʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʨʘʩʪʝʥʠʷʤ 65Zn (Zn) ʧʨʦʠʟʚʝʜʝʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦ ʩʭʝʤʝ Tessier ʚ ʤʦʜʠʬʠʢʘʮʠʠ 

Fºrstner [1,2]. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ ʩʣʝʜʫ-

ʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ (ʬʨʘʢʮʠʡ) Zn (65Zn) ʚ ʠʩ-

ʩʣʝʜʫʝʤʦʡ ʧʦʯʚʝ:  

ʘ) ʦʙʤʝʥʥʘʷ ʬʦʨʤʘ (ʬʨʘʢʮʠʷ I) ï 2.1 (7.1) %% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

ʙ) ʩʚʷʟʘʥʥʘʷ ʩ ʢʘʨʙʦʥʘʪʘʤʠ (ʬʨʘʢʮʠʷ II) ï 2.5 (13.6) %%; 

ʚ) ʩʚʷʟʘʥʥʘʷ ʩ ʣʝʛʢʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʤʠ ʦʢʩʠʜʘʤʠ Mn (ʯʘʩʪʠʯʥʦ Fe), (ʬʨʘʢ-

ʮʠʷ III ) ï 8.7 (36.2) %%; 

ʛ) ʩʚʷʟʘʥʥʘʷ ʩ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʤʠ ʦʢʩʠʜʘʤʠ Fe-Mn (ʬʨʘʢʮʠʷ IV) ï 10.5 (21.3) 

%%; 

ʜ) ʩʚʷʟʘʥʥʘʷ ʩ ʦʢʠʩʣʷʝʤʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʠ ʩʫʣʴʬʠʜʘʤʠ (V) ï 30.6 

(10.2) %%; 

ʝ) ʦʩʪʘʪʦʯʥʘʷ (ʩʚʷʟʘʥʥʘʷ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯ-

ʥʳʭ ʧʦʯʚʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ) (VI) ï 45.7 (13.0) %%. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʦʛʘʱʝʥʠʝ ʧʦʜʚʠʞʥʳʭ ʠ ʫʩʣʦʚʥʦ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ 

ʧʨʠʨʦʜʥʦʛʦ Zn ʨʘʜʠʦʘʢʪʠʚʥʳʤ 65Zn (Aʫʜ(
65Zn)ʬʨ.)̄ ʚ 1.42-4.21 ʨʘʟʘ ʧʨʝʚʳʰʘʣʦ 

ʘʥʘʣʦʛʠʯʥʫʶ ʚʝʣʠʯʠʥʫ ʜʣʷ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ: Aʫʜ(
65Zn)ʧʦʯʚ.ʨʘʩʪʚʦʨ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʦʙʦʛʘʱʝʥʠʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ (ʥʝʧʦʜʚʠʞʥʳʭ) ʬʦʨʤ Zn ʚ ʧʦʯʚʝ ʨʘʜʠʦ-

ʥʫʢʣʠʜʦʤ 65Zn (ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʦ ʤʝʪʦʜʫ Tessier-Fºrstner) ʙʳʣʦ ʚ 0.19-0.37 ʨʘʟʘ 

ʥʠʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ (Aʫʜ(
65Zn)ʧʦʯʚ.ʨʘʩʪʚʦʨ 

= 2560°460 ɹʢ/ʤʛ. ɸʥʘʣʠʟ ʩʦʦʪʥʦʰʝʥʠʡ Aʫʜ(
65Zn)ʬʨ.ˉ/ Aʫʜ(

65Zn)ʧʦʯʚ.ʨʘʩʪʚʦʨ 
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ʧʦʟʚʦʣʠʣ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʦʘʢʪʠʚʥʦʡ ʤʝʪʢʠ 65Zn ʨʘʩʩʯʠʪʘʪʴ ʚʝʣʠʯʠʥʳ ʧʫʣʘ ʧʦ-

ʜʚʠʞʥʳʭ ñE-valueò (EZn) ʠ ʜʦʩʪʫʧʥʳʭ ʨʘʩʪʝʥʠʷʤ ñL-valueò (LZn): EZn @ 

Sʉ(Zn)ʧʦʯʚʘ,ʬʨ.I-IV, LZn @ Sʉ(Zn)ʧʦʯʚʘ,ʬʨ.I-V.  

ɼʠʥʘʤʠʢʘ ʢʦʥʮʝʥʪʨʘʮʠʠ Zn (ʨʠʩ. 3 ɸ), ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 65Zn (ʨʠʩ. 3 

ɹ) ʚ ʚʝʛʝʪʘʪʠʚʥʦʡ ʤʘʩʩʝ ʷʯʤʝʥʷ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ 

ɺʫʜʘ [3,4]. ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʘ (ʤʛĬʢʛï1Ĭʩʫʪïb), b ʠ c (ʩʫʪï1), ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʩʪʦʷʱʝʛʦ ʤʦʜʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʚʦʜʥʦʡ ʢʫʣʴʪʫʨʦʡ ʷʯ-

ʤʝʥʷ, ʩʦʩʪʘʚʠʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 0.090, 2.829 ʠ 0.086. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘ-

ʪʝʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʫʨʘʚʥʝʥʠʝʤ ɺʫʜʘ ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: h = 0.86; sh = 0.29; th = 2.94 > t0.1 

= 2.35 (n = 5, n = 3). ʇʘʨʘʤʝʪʨʳ ʢʨʠʚʦʡ ɺʫʜʘ ʘ (ʤʛĬʢʛï1Ĭʩʫʪïb), b ʠ c (ʩʫʪï1), 

ʦʧʠʩʳʚʘʶʱʝʡ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Zn ʚ ʢʦʨʥʷʭ ʚ ʭʦʜʝ ʦʥʪʦʛʝʥʝʟʘ ʚ ʫʩʣʦ-

ʚʠʷʭ ʦʧʳʪʘ ʩʦʩʪʘʚʠʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 1.242, 1.473 ʠ 0. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘ-

ʟʘʪʝʣʠ, ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: h = 0.88; sh = 0.27; th = 3.27 > t0.05 = 3.18 (n = 5, n = 

3). 
 

  
ʈʠʩʫʥʦʢ 3 ï ɼʠʥʘʤʠʢʘ ʢʦʥʮʝʥʪʨʘʮʠʠ Zn (ɸ), ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 65Zn (ɹ) 

 ʚ ʚʝʛʝʪʘʪʠʚʥʦʡ ʤʘʩʩʝ ʷʯʤʝʥʷ 
 

ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʷʣʩʷ ʠ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʜʠʥʘ-

ʤʠʢʠ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 65Zn ʚ ʚʝʛʝʪʘʪʠʚʥʦʡ ʤʘʩʩʝ ʷʯʤʝʥʷ. ɿʥʘʯʝʥʠʷ ʧʘʨʘ-

ʤʝʪʨʦʚ ʘ (ʢɹʢĬʢʛï1Ĭʩʫʪïb), b ʠ c (ʩʫʪï1), ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʩʪʦʷ-

ʱʝʛʦ ʤʦʜʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʚʦʜʥʦʡ ʢʫʣʴʪʫʨʦʡ ʷʯʤʝʥʷ, ʩʦʩʪʘʚʠʣʠ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ: 0.615, 1.862 ʠ 0.003. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʫʨʘʚʥʝʥʠʝʤ ɺʫʜʘ 

ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: h = 0.92; sh = 0.23; th = 4.00 > t0.05 = 3.18 (n = 5, n = 3). ɼʣʷ 

ʢʦʨʥʝʡ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʘʚʠʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, a = 8.29³10ï9, b = 

10.28, c = 0.340 (h = 0.84; sh = 0.31; th = 2.68 > t0.1 = 2.35). 

ɼʠʥʘʤʠʢʘ ʚʳʥʦʩʘ Zn ʩ ʥʘʜʟʝʤʥʦʡ ʙʠʦʤʘʩʩʦʡ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ 1 ʨʘʩʪʝʥʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4 (A). ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʯʝʥʥʦʡ ʣʦʛʠʩʪʠʯʝ-

ʩʢʦʡ ʢʨʠʚʦʡ Wmax (ʤʢʛ) W0 (ʤʢʛ), u (ʩʫʪï1) ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʩʪʦ-

ʷʱʝʛʦ ʤʦʜʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʚʦʜʥʦʡ ʢʫʣʴʪʫʨʦʡ ʷʯʤʝʥʷ, ʩʦʩʪʘʚʠʣʠ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ: 5.148, 0.015 ʠ 0.283. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʫʨʘʚʥʝʥʠʝʤ ɺʫʜʘ 

ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: h = 0.96; sh = 0.15; th = 6.26 > t0.01 = 5.84 (n = 5, n = 3). ɼʣʷ 
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ʢʦʨʥʝʡ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʘʚʠʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, Wmax = 4.05 ʤʢʛ, W0 = 

0.081 ʤʢʛ, u = 0.171 ʩʫʪï1 (h = 0.89; sh = 0.26; th = 3.38 > t0.05 = 3.18). 
 

  
ʈʠʩʫʥʦʢ 4 ï ɼʠʥʘʤʠʢʘ ʚʳʥʦʩʘ Zn (ɸ) ʠ 65Zn (ɹ) ʚʝʛʝʪʘʪʠʚʥʦʡ ʤʘʩʩʦʡ ʷʯʤʝʥʷ 

 

ɼʣʷ ʜʠʥʘʤʠʢʘ ʚʳʥʦʩʘ 65Zn ʩ ʥʘʜʟʝʤʥʦʡ ʙʠʦʤʘʩʩʦʡ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ 1 ʨʘʩʪʝ-

ʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4 (ɹ). ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫ-

ʯʝʥʥʦʡ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ Wmax (ɹʢ) W0 (ɹʢ), u (ʩʫʪï1) ʩʦʩʪʘʚʠʣʠ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ: 34.2, 0.143 ʠ 0.173. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʜʦ-

ʩʪʦʚʝʨʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʫʨʘʚʥʝʥʠʝʤ ɺʫʜʘ 

ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: h = 0.88; sh = 0.28; th = 3.19 > t0.05 = 3.18 (n = 5, n = 3). ɼʣʷ 

ʢʦʨʥʝʡ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʘʚʠʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, Wmax = 10.49 ɹʢ, W0 = 

0.020 ɹʢ, u = 0.267 ʩʫʪï1 (h = 0.81; sh = 0.34; th = 2.43 > t0.01 = 2.35). 

ɺʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʦʮʝʥʢʠ ʚʢʣʘʜʘ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ 65Zn ʚ ʤʠʛʨʘ-

ʮʠʦʥʥʫʶ ʮʝʧʦʯʢʫ ʧʦʯʚʘ ï ʧʦʯʚʝʥʥʳʡ ʨʘʩʪʚʦʨ ï ʨʘʩʪʝʥʠʝ ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ 

ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 65Zn: Aʫʜ.ʨʘʩʪ.
65Zn = Aʨʘʩʪ. (65Zn)/Cʨʘʩʪ.(Zn), ɹʢ/ʤʛ. ʋʩʨʝʜʥʝʥ-

ʥʳʝ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʦʧʳʪʘ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʢʘʟʘ-

ʪʝʣʷ ʩʦʩʪʘʚʠʣʠ: ʜʣʷ ʚʝʛʝʪʘʪʠʚʥʳʭ ʯʘʩʪʝʡ ʨʘʩʪʝʥʠʡ ʷʯʤʝʥʷ (ɺʏʈ) = 2420°840 

ɹʢ/ʤʛ, ʜʣʷ ʢʦʨʥʝʡ Aʫʜ.ʢʦʨʥʠ
65Zn = 2190°530 ɹʢ/ʤʛ. ʊʨʝʥʜʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʛʦ 

ʦ ʜʦʩʪʦʚʝʨʥʦʤ ʫʤʝʥʴʰʝʥʠʠ (ʫʚʝʣʠʯʝʥʠʠ) ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ ʭʦʜʝ ʦʥʪʦʛʝ-

ʥʝʟʘ ʷʯʤʝʥʷ, ʚ ʫʩʣʦʚʠʷʭ ʥʘʩʪʦʷʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʳʷʚʠʪʴ ʥʝ ʫʜʘʣʦʩʴ. 
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2014 ʧʦ 2020 ʛʛ. ɺʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʳ ʚ ʟʝʨʥʦʧʘʨʦʚʦʤ ʩʝʚʦʦʙʦ-

ʨʦʪʝ ʧʘʨ ï ʦʟ. ʨʦʞʴ ï ʛʦʨʦʭ+ʦʚʸʩ ï ʧʰʝʥʠʮʘ. ʉ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ 2,07 ʪ/ʛʘ ʟʝ. ʝʜ. ʥʘ ʬʦʥʝ 

ʙʝʟ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ 2,67 ʪ/ʛʘ ʩ ʚʥʝʩʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʩʩʤʝʥʥʘʷ ʢʫʣʴʪʫʨʘ, ʧʨʷʤʦʡ ʧʦʩʝʚ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʝʚʦʦʙʦʨʦʪʘ, ʤʠʥʝ-

ʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʢʣʝʡʢʦʚʠʥʘ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

 

ʊʨʝʙʦʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨʳ ʢ ʫʩʣʦʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ, ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ. ʇʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʡ 

ʩʝʚʦʦʙʦʨʦʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʣʝʡ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʦʢʘʟʳʚʘʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ. ʆʧʪʠ-

ʤʘʣʴʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʢʫʣʴʪʫʨ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʦʪʥʦʰʝ-

ʥʠʠ ʠ ʚ ʥʘʠʙʦʣʴʰʝʡ ʤʝʨʝ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʛʨʦ-

ʣʘʥʜʰʘʬʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʫʯʠʪʳʚʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʢʫʣʴʪʫʨ ʠ ʪʝʭʥʦ-

ʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ.  

ʉʝʚʦʦʙʦʨʦʪ ʠʤʝʝʪ ʧʨʠʟʥʘʢʠ ʝʜʠʥʦʛʦ ʮʝʣʦʛʦ, ʠ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʢʘʢ ʘʛʨʦʵʢʦʩʠʩʪʝʤʫ, ʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʘʛʨʦʵʢʦ-

ʩʠʩʪʝʤ ï ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʵʢʦ-

ʣʦʛʠʯʝʩʢʠʤʠ ʙʝʟʦʧʘʩʥʳʤʠ ʤʝʨʘʤʠ [1]. ʇʨʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʟʝʤʣʝʜʝʣʠʷ ʧʦʣʦ-

ʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʯʝʨʝʜʦʚʘʥʠʷ ʢʫʣʴʪʫʨ ʥʝ ʩʥʠʞʘʝʪʩʷ, 

ʘ ʚʥʦʩʠʪ ʥʦʚʳʝ ʵʣʝʤʝʥʪʳ ʚ ʪʝʦʨʠʶ ʠ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʩʝʚʦʦʙʦʨʦʪʦʚ [2]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʧʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʦʣʝʚʳʭ ʩʝʚʦʦʙʦʨʦʪʦʚ ʠ ʙʝʩʩʤʝʥʥʦʡ 

ʢʫʣʴʪʫʨʳ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʥʘ ʬʦʥʝ ʩʠʩʪʝʤʘ ʧʨʷʤʦʛʦ ʧʦʩʝʚʘ. 
ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʧʦʣʝʚʦʤ ʦʧʳʪʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʢʫʣʴ-

ʪʫʨ ʚʦʟʜʝʣʳʚʘʣʠʩʴ ʩ 2014 ʛʦʜʘ ʚ ʩʠʩʪʝʤʝ ʧʨʷʤʦʛʦ ʧʦʩʝʚʘ. ɸʟʦʪʥʳʝ ʫʜʦʙʨʝʥʠʷ 

ʚʥʦʩʠʣʠʩʴ ʧʝʨʝʜ ʧʦʩʝʚʦʤ ʩʝʷʣʢʦʡ ʩ ʜʠʩʢʦʚʳʤʠ ʩʦʰʥʠʢʘʤʠ. ɿʘ 7 ʜʥʝʡ ʜʦ ʧʦʩʝʚʘ 

ʧʨʦʚʦʜʠʣʠ ʦʙʨʘʙʦʪʢʫ ʛʝʨʙʠʮʠʜʘʤʠ ʩʧʣʦʰʥʦʛʦ ʜʝʡʩʪʚʠʷ ʦʪ ʩʦʨʥʷʢʦʚ ʠ ʧʨʦʨʦʩ-

ʰʝʡ ʧʘʜʘʣʠʮʳ. ɺ ʪʨʝʙʫʝʤʳʝ ʩʨʦʢʠ ʧʦʩʝʚʳ ʦʧʨʳʩʢʠʚʘʣʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʤʠ 

ʧʝʩʪʠʮʠʜʘʤʠ ʦʪ ʩʦʨʥʷʢʦʚ ʠ ʚʨʝʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʇʦʩʝʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʪʨʝ-

ʪʴʝʡ ʜʝʢʘʜʝ ʤʘʷ ʩʝʷʣʢʦʡ ʉʉ ï 6 ʩ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʤ ʜʣʷ ʧʨʷʤʦʛʦ ʧʦʩʝʚʘ (ʪʫʨʙʦ-

ʜʠʩʢʠ). 

ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʢʫʣʴʪʫʨʳ ʨʘʟʤʝʱʘʣʠʩʴ ʥʘ ʜʚʫʭ ʬʦʥʘʭ ʤʠʥʝʨʘʣʴ-

ʥʦʛʦ ʧʠʪʘʥʠʷ ʙʝʟ ʫʜʦʙʨʝʥʠʡ ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ. ɺ ʟʝʨʥʦʧʘ-

ʨʦʚʦʤ ʩʝʚʦʦʙʦʨʦʪʝ ʚʥʦʩʠʣʦʩʴ N17,5, ʟʝʨʥʦʚʦʤ N30 ʠ ʙʝʩʩʤʝʥʥʦʡ ʢʫʣʴʪʫʨʝ N40 ʥʘ 

ʛʝʢʪʘʨ ʩʝʚʦʦʙʦʨʦʪʥʦʡ ʧʣʦʱʘʜʠ. 
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ʇʦʯʚʘ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʝʨʥʦʟʝʤʦʤ ʚʳʱʝʣʦʯʝʥʥʳʤ ʤʘʣʦ-

ʤʦʱʥʳʤ. ʈʝʘʢʮʠʷ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ ʩʣʘʙʦʢʠʩʣʘʷ ʨʅ = 5,1; ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʧʦ-

ʜʚʠʞʥʳʤ ʬʦʩʬʦʨʦʤ ʩʨʝʜʥʷʷ ʠ ʧʦʚʳʰʝʥʥʘʷ 9,6-12 ʤʛ/100 ʛ ʧʦʯʚʳ; ʧʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʦʙʤʝʥʥʦʛʦ ʢʘʣʠʷ 12,0 ʤʛ/100 ʛ ʧʦʯʚʳ; ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʛʫʤʫʩʘ 

ï 6,0-6,5 %; ʩʫʤʤʘ ʧʦʛʣʦʱʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ 28-30 ʤʛ-ʵʢʚ./100 ʛ ʧʦʯʚʳ; ʛʨʘʥʫ-

ʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʦʤʫ. ʈʘʟʤʝʨ ʜʝʣʷʥʦʢ 154 

ʤ2 (5,5ʤ X 28ʤ). ʋʯʝʪʥʘʷ ʧʣʦʱʘʜʴ 64,4 ʤ2 (2,3ʤ ʭ 28ʤ). ʇʦʚʪʦʨʥʦʩʪʴ ʚ ʦʧʳʪʝ 

ʯʝʪʳʨʝʭʢʨʘʪʥʘʷ, ʜʝʣʷʥʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʜʚʘ ʷʨʫʩʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʩ ʩʝʚʝʨʘ ʥʘ 

ʶʛ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʝʥʜʦʤʠʟʘʮʠʝʡ. ʋʯʝʪ ʫʨʦʞʘʷ ʧʨʦʚʦʜʠʣʩʷ ʢʦʤʙʘʡʥʦʤ Sampo-

500.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʚʘʨʠʘʥʪʦʚ ʦʧʳʪʘ 

ʫʨʦʞʘʡʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʧʝʨʝʩʯʠʪʘʥʘ ʚ ʟʝʨʥʦʚʳʝ ʝʜʠʥʠʮʳ 

ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʘ 1.  
 

ʊʘʙʣʠʮʘ 1 ï ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʦʣʝʚʳʭ ʩʝʚʦʦʙʦʨʦʪʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʬʦʥʘʭ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ, ʪ/ʛʘ, ʚ ʩʨʝʜʥʝʤ ʟʘ 2014 ï 2020 ʛʛ. 

ʉʝʚʦʦʙʦʨʦʪ, ʢʫʣʴʪʫʨʘ 

ʌʦʥ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʧʠʪʘʥʠʷ 

ʇʨʠʙʘʚʢʘ 

ʆʢʫʧʘʝʤʦʩʪʴ 

ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ, 

ʢʛ ʟ.ʝ/ʢʛ 

 

ʙʝʟ ʫʜʦʙ-

ʨʝʥʠʡ 
N 

ʇʰʝʥʠʮʘ (ʙʝʩʩʤʝʥʥʘʷ)  1,59 2,01 0,42 10,5 

ʇʘʨ-ʦʟ.ʨʦʞʴ-ʛʦʨʦʭ+ʦʚʸʩ-ʧʰʝʥʠʮʘ,  2,07 2,67 0,60 34,3 

ʈʘʧʩ-ʧʰʝʥʠʮʘ-ʛʦʨʦʭ+ʦʚʸʩ-ʧʰʝʥʠʮʘ  1,97 2,48 0,51 17,0 

ʅʉʈ05ʩʝʚ-ʪʳ 0,273 ʪ/ʛʘ; ʅʉʈ05 ʫʜʦʙʨʝʥʠʷ 0,224 ʪ/ʛʘ; Sʭ= 2,99 % 
 

ɿʘ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʝʚʦʦʙʦʨʦʪʳ ʠʤʝʣʠ ʜʦʩʪʦʚʝʨʥʦ ʚʳʩʦʢʫʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʥʘ ʨʘʟʣʠʯʥʳʭ ʬʦʥʘʭ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʙʝʩʩʤʝʥʥʦʡ ʢʫʣʴʪʫʨʦʡ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʦʚʳʩʠʣʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʜʦ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩʚʳʰʝ 2,0 ʪ/ʛʘ ʥʘ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ. ʇʨʠ ʚʥʝʩʝʥʠʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʚʘʨʠʘʥʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 0,42 ï 0,6 ʪ/ʛʘ ʟ.ʝ. ɺʳʩʦʢʠʡ ʨʦʩʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʠʤʝʥʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʫʜʦʙʨʝʥʠʷ ʧʦʣʫʯʝʥ ʚ ʟʝʨʥʦʧʘʨʦʚʦʤ ʩʝʚʦʦʙʦʨʦʪʝ ʠ 

ʩʦʩʪʘʚʠʣ ʩ 2,07 ʪ/ʛʘ ʜʦ 2,67 ʪ/ʛʘ. 

ɺ ʩʨʝʜʥʝʤ ʟʘ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʢʫʧʘʝʤʦʩʪʴ 1 ʢʛ ʜ. ʚ.  ʫʜʦʙʨʝʥʠʡ 

ʟʝʨʥʦʚʳʤʠ ʝʜʠʥʠʮʘʤʠ ʩʦʩʪʘʚʠʣʘ: ʧʨʠ ʙʝʩʩʤʝʥʥʦʡ ʧʰʝʥʠʮʝ 10,5 ʢʛ/ʢʛ, ʚ 

ʟʝʨʥʦʧʘʨʦʚʦʤ 34,2 ʢʛ/ʢʛ ʠ ʟʝʨʥʦʚʦʤ 17,0 ʢʛ/ʢʛ. 

ʉʘʤʘʷ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʦʣʫʯʝʥʘ ʚ 

ʟʝʨʥʦʧʘʨʦʚʦʤ ʯʝʪʳʨʸʭʧʦʣʴʥʦʤ ʩʝʚʦʦʙʦʨʦʪʝ ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʢʫʣʴʪʫʨ ʧʘʨ ï 

ʦʟ.ʨʦʞʴ ï ʛʦʨʦʭ+ʦʚʸʩ ï ʧʰʝʥʠʮʘ, ʛʜʝ ʦʢʫʧʘʝʤʦʩʪʴ ʫʜʦʙʨʝʥʠʷ ʙʳʣʘ ʚʳʰʝ 

ʢʦʥʪʨʦʣʷ ʥʘ 23,8 ʢʛ ʠ ʟʝʨʥʦʚʦʛʦ ʩʝʚʦʦʙʦʨʦʪʘ ʥʘ 17,3 ʢʛ. 

ɹʝʩʩʤʝʥʥʦʝ ʚʦʟʜʝʣʳʚʘʥʠʝ ʧʰʝʥʠʮʳ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʠʤʝʣʦ ʩʘʤʫʶ ʥʠʟʢʫʶ ʦʢʫʧʘʝʤʦʩʪʴ, ʚ ʩʨʝʜʥʝʤ 10,5 ʢʛ/ʢʛ. 

ɺ ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʟʝʨʥʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʘʟʦʪʥʳʤ ʧʠʪʘʥʠʝʤ, ʧʦʟʚʦʣʷʶʱʝʝ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ 
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ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ ʩʦʨʪʘ. ʗʨʦʚʘʷ ʧʰʝʥʠʮʘ, ʧʦʩʝʷʥʥʘʷ ʧʦʩʣʝ ʙʦʙʦʚʳʭ 

ʢʫʣʴʪʫʨ, ʠʤʝʝʪ ʣʫʯʰʫʶ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʘʟʦʪʥʳʤ ʧʠʪʘʥʠʝʤ, ʯʝʤ ʢʫʣʴʪʫʨʳ, 

ʨʘʟʤʝʱʸʥʥʳʝ ʧʦ ʟʝʨʥʦʚʳʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤ. ʇʦʩʣʝʜʝʡʩʪʚʠʝ ʚʦʟʜʝʣʳʚʘʥʠʷ 

ʙʦʙʦʚʳʭ ʢʫʣʴʪʫʨ ʢʘʢ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ, ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 2 ï 3 ʣʝʪ [3]. ʇʨʠʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʧʨʝʜʝʣʘʭ ʧʦʚʳʰʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʨʦʞʘʷ ʠ ʢʦʤʧʝʥʩʠʨʫʝʪ ʪʦ ʩʥʠʞʝʥʠʝ ʙʝʣʢʘ, 

ʢʦʪʦʨʦʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʜʦʩʪʘʪʦʯʥʦʡ ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ [4; 5]. 

ɺ ʩʨʝʜʥʝʤ ʟʘ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʬʦʥʝ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ, ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʟʝʨʥʘ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʢʣʝʡʢʦʚʠʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊʘ ʪʨʝʪʴʝʤʫ ʠ ʯʝʪʚʸʨʪʦʤʫ ʢʣʘʩʩʫ 

(ʪʘʙʣ. 2). 
 

ʊʘʙʣʠʮʘ 2 ï ʉʦʜʝʨʞʘʥʠʝ ʢʣʝʡʢʦʚʠʥʳ (%) ʚ ʟʝʨʥʝ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʚ  

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʠ ʬʦʥʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ, ʚ 

ʩʨʝʜʥʝʤ  

ʟʘ 2014 ï 2020 ʛʛ. 

ʇʨʝʜʰʝʩʪʚʝʥʥʠʢ, 

 (  ̄ʩʝʚʦʦʙʦʨʦʪʘ) 

ʌʦʥ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʈʘʟʣʠʯʠʷ,    

+ 
ɹʝʟ ʫʜʦʙʨʝʥʠʡ N 

ʇʰʝʥʠʮʘ (ʙ/ʢ) 22,8 26,1 3,3 

ɻʦʨʦʭ+ʦʚʸʩ ( ˉ1) 18,6 24,4 5,8 

ɻʦʨʦʭ+ʦʚʸʩ (ˉ2) 22,4 26,4 4,0 

ʈʘʧʩ (ˉ2) 22,7 25,6 2,9 

ʉʨʝʜʥʝʝ 21,8 26,1 4,3 

ʅʉʈ05ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ 2,197 %; ʅʉʈ05 ʫʜʦʙʨʝʥʠʷ 1,389 %; Sʭ= 3,34 % 

ʇʨʠʤʝʯʘʥʠʝ: 1. ʧʘʨ-ʦʟ.ʨʦʞʴ- ʛʦʨʦʭ+ʦʚʸʩ-ʧʰʝʥʠʮʘ; 2. ʨʘʧʩ-ʧʰʝʥʠʮʘ-ʛʦʨʦʭ+ʦʚʸʩ-ʧʰʝʥʠʮʘ; 

3. ʧʰʝʥʠʮʘ ʙʝʩʩʤʝʥʥʦ (ʙ/ʢ) 
 

ɺʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʜʦʩʪʦʚʝʨʥʦ 

ʫʚʝʣʠʯʠʣʦ ʩʦʜʝʨʞʘʥʠʝ ʢʣʝʡʢʦʚʠʥʳ ʚ ʟʝʨʥʝ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ, ʧʨʠ ʵʪʦʤ 

ʧʦʣʫʯʝʥʦ ʟʝʨʥʦ ʥʝ ʥʠʞʝ ʪʨʝʪʴʝʛʦ ʢʣʘʩʩʘ. ʅʘ ʬʦʥʝ ʣʫʯʰʝʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ 

ʛʦʨʦʭʘ, ʚʥʝʩʝʥʠʝ ʘʟʦʪʥʦʛʦ ʫʜʦʙʨʝʥʠʷ ʜʘʸʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʨʠʙʘʚʢʫ ʧʦʢʘʟʘʪʝʣʷ 

ʢʣʝʡʢʦʚʠʥʳ ʚ ʟʝʨʥʝ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ. ɺ ʟʝʨʥʦʧʘʨʦʚʦʤ ʩʝʚʦʦʙʦʨʦʪʝ ʩ ʩʘʤʳʤ 

ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʚʥʝʩʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ, ʧʦʩʣʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ 

ʛʦʨʦʭʘ+ʦʚʸʩ ʧʦʣʫʯʝʥʘ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʣʝʡʢʦʚʠʥʳ ʥʘ 5,8 %. 

ɺʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ, ʯʠʩʪʦʛʦ ʜʦʭʦʜʘ ʠ ʥʠʟʢʠʤʠ ʟʘʪʨʘʪʘʤʠ 

ʥʘ ʛʝʢʪʘʨ ʩʝʚʦʦʙʦʨʦʪʥʦʡ ʧʣʦʱʘʜʠ ʩʨʝʜʠ ʚʘʨʠʘʥʪʦʚ ʦʧʳʪʘ ʜʦʩʪʠʛʥʫʪ ʚ 

ʯʝʪʳʨʸʭʧʦʣʴʥʦʤ ʟʝʨʥʦʧʘʨʦʚʦʤ ʩʝʚʦʦʙʦʨʦʪʝ ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʢʫʣʴʪʫʨ ʧʘʨ ï 

ʦʟ.ʨʦʞʴ ï ʛʦʨʦʭ+ʦʚʸʩ ï ʧʰʝʥʠʮʘ (ʪʘʙʣ. 3). 

ɺ ʵʪʦʤ ʩʝʚʦʦʙʦʨʦʪʝ ʧʦʣʫʯʝʥʘ ʩʘʤʘʷ ʥʠʟʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʠ 

ʥʠʟʢʠʝ ʟʘʪʨʘʪʳ ʩʨʝʜʩʪʚ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ 

ʛʝʢʪʘʨ ʩʝʚʦʦʙʦʨʦʪʥʦʡ ʧʣʦʱʘʜʠ ʥʘ ʬʦʥʘʭ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʟʘ ʩʯʸʪ 

ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʭʠʤʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʠ ʫʜʦʙʨʝʥʠʷ ʚ ʟʚʝʥʝ 

ʩʝʚʦʦʙʦʨʦʪʘ ʧʘʨ ï ʦʟ.ʨʦʞʴ ï ʛʦʨʦʭ+ʦʚʸʩ. 
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ʊʘʙʣʠʮʘ 3 ï ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ  

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʧʦʣʝʚʳʭ ʩʝʚʦʦʙʦʨʦʪʘʭ ʥʘ ʨʘʟʣʠʯʥʳʭ  

ʬʦʥʘʭ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ, ʩʨʝʜʥʝʝ ʟʘ 2014 ï 2020 ʛʛ. 

ʉʝʚʦʦʙʦʨʦʪ ʌʦʥ 

ʇʦʢʘʟʘʪʝʣʠ 

ʧʨʠʙʳʣʴ, 

ʨʫʙ./ʛʘ 

ʟʘʪʨʘʪʳ 

ʨʫʙ./ʛʘ 

ʨʝʥʪʘʙʝʣʴ-

ʥʦʩʪʴ, % 

ʇʰʝʥʠʮʘ (ʙʝʩʩʤʝʥʥʦ) 
N0 5573 9226 60 

N40 10304 11895 86 

ʇʘʨ-ʦʟ.ʨʦʞʴ+ʛʦʨʦʭ +ʦʚʸʩ-ʧʰʝʥʠʮʘ 
N0 11546 6631 174 

N17,5  16104 8189 196 

ʈʘʧʩ-ʧʰʝʥʠʮʘ-ʛʦʨʦʭ +ʦʚʸʩ-ʧʰʝʥʠʮʘ 
N0  10185 8983 113 

N30  14526 11535 126 
 

ʋʨʦʚʝʥʴ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʩʝʚʦʦʙʦʨʦʪʦʚ ʠʟʤʝʥʷʣʩʷ ʧʦ ʛʦʜʘʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚʝʛʝʪʘʮʠʠ ʠ ʠʟʤʝʥʝʥʠʷ ʮʝʥ ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ 

ʨʳʥʢʝ ʨʝʛʠʦʥʘ. ɿʘ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʘ ̫ ʠ ʩʪʘʙʠʣʴʥʘ ̫

ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʙʳʣʘ ʚ ʟʝʨʥʦʧʘʨʦʚʦʤ ʩʝʚʦʦʙʦʨʦʪʝ ï ʧʘʨ ï ʦʟ. ʨʦʞʴ ï ʛʦʨʦʭ+ʦʚʸʩ 

ï ʧʰʝʥʠʮʘ. ɺ ʩʨʝʜʥʝʤ ʟʘ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʥʘ ʩʦʩʪʘʚʠʣʘ 174% ʥʘ ʬʦʥʝ ʙʝʟ 

ʫʜʦʙʨʝʥʠʡ ʠ 196% ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ.  

ʇʨʠ ʙʝʩʩʤʝʥʥʦʤ ʚʦʟʜʝʣʳʚʘʥʠʠ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʧʦʣʫʯʝʥʘ ʚʳʩʦʢʠʝ ʟʘ-

ʪʨʘʪʳ ʥʘ ʛʝʢʪʘʨ ʠ ʩʘʤʘʷ ʥʠʟʢʘʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʩʝʚʝʨʥʦʛʦ ʣʝʩʦʩʪʝʧʥʦʛʦ ʘʛʨʦʣʘʥʜʰʘʬʪʘ ʏʝʣʷ-

ʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʝ ʚʦʟʜʝʣʳʚʘʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ ʚʦʟʤʦʞʥʦ ʚ ʟʝʨʥʦʧʘʨʦʚʦʤ ʠ ʟʝʨʥʦʚʦʤ ʯʝʪʳʨʸʭʧʦʣʴʥʳʭ ʩʝʚʦʦʙʦʨʦʪʘʭ 

ʩʦ ʩʨʝʜʥʝʡ ʧʦ ʛʦʜʘʤ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴʶ ʙʦʣʝʝ 100%. 
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ʋɼʂ 631.41 (470.32) 

ɺɸʈʔʀʈʆɺɸʅʀɽ ɸɻʈʆʍʀʄʀʏɽʉʂʀʍ ʇʆʂɸɿɸʊɽʃɽʁ ʇʆʏɺʓ ɺ 

ʉʂʃʆʅʆɺʆʄ ɸɻʈʆʃɸʅɼʐɸʌʊɽ ʎʏʈ 

ɸʬʦʥʯʝʥʢʦ ʅ.ɺ. 

ʌɻɹʅʋ çʂʫʨʩʢʠʡ ʌɸʅʎè, ʛ. ʂʫʨʩʢ 

E-mail: afonchienko53@mail.ru 
 

ʈʝʟʶʤʝ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʘʨʴʠʨʦʚʘʥʠʶ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʦʯʚʳ ʥʘ ʧʦʣʠʛʦʥʝ ʢʫʧʦʣʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 2011-2013 ʛʦʜʘʭ ʠ 2019-

2021 ʛʦʜʘʭ. ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠ-

ʘʮʠʠ ʦʢʘʟʘʣʩʷ ʜʣʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ï 45,9 % ʠ ʩʦʜʝʨʞʘʥʠʷ ʘʤʤʦʥʠʡʥʦʛʦ ʠ 

ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ ï 35,3 ʠ 79,1 %, ʩʨʝʜʥʠʤ ï ʜʣʷ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ 14,6 ʠ 

24,9 % ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ï ʜʣʷ ʛʫʤʫʩʘ ï ʨʅKCl,; N ʱʛ, ʩʦʜʝʨʞʘʥʠʷ ʦʙʤʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ 

(Ca2+ ʠ Mg2+). 

ʂʣʁʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʯʚʘ, ʘʛʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʚʘʨʴʠʨʦʚʘʥʠʝ, ʩʢʣʦʥʦʚʳʡ ʘʛʨʦʣʘʥʜ-

ʰʘʬʪ. 

 

ʆʭʨʘʥʘ ʠ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʯʚʳ, ʚʦʜʳ, ʚʦʟʜʫʭʘ, ʬʣʦʨʳ ʠ ʬʘ-

ʫʥʳ ï ʚʘʞʥʝʡʰʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʪʨʘʪʝʛʠʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʘʛʨʦ-

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʪʨʘʥʳ. ʇʦʯʚʳ ʩʢʣʦʥʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʫʩʣʦ-

ʚʠʷʭ ʧʝʨʝʩʝʯʝʥʥʦʛʦ ʨʝʣʴʝʬʘ ʠ ʧʦʜʚʝʨʞʝʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʶ ʚʦʜʥʦʡ ʵʨʦʟʠʠ, 

ʠʤʝʶʪ ʧʦʥʠʞʝʥʥʦʝ ʧʣʦʜʦʨʦʜʠʝ ʠ ʥʝʨʝʜʢʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʘʛʨʦʵʢʦʣʦʛʠʯʝ-

ʩʢʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ [1]. 

ʅʘ ʩʢʣʦʥʦʚʳʭ ʟʝʤʣʷʭ ʧʨʦʷʚʣʷʝʪʩʷ ʚʘʨʴʠʨʦʚʘʥʠʝ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘ-

ʪʝʣʝʡ, ʪʦ ʝʩʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʘʩʪʝʥʠʡ, 

ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʣʘʛʠ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʩʪʫʧʘʶʱʝʛʦ 

ʪʝʧʣʘ. ʉʢʣʦʥʳ ʧʦʣʷʨʥʳʭ ʵʢʩʧʦʟʠʮʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʢʦʣʠʯʝʩʪʚʫ 

ʧʦʩʪʫʧʘʶʱʝʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʚʦʜʥʦʤʫ, ʧʠʪʘʪʝʣʴʥʦʤʫ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ 

ʨʝʞʠʤʘʤ [2]. ʈʘʩʪʝʥʠʷ ʨʘʥʴʰʝ ʥʘʯʠʥʘʶʪ ʨʘʟʚʠʚʘʪʴʩʷ ʥʘ ʶʞʥʳʭ ʩʢʣʦʥʘʭ, ʠ ʚ 

ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʩʪʫʧʘʶʱʝʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʨʘʥʴʰʝ ʧʨʦ-

ʠʩʭʦʜʠʪ ʠʭ ʩʦʟʨʝʚʘʥʠʝ. ʅʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʢʣʦʥʘʭ ʧʦ-ʨʘʟʥʦʤʫ ʩʢʣʘʜʳʚʘ-

ʶʪʩʷ ʫʩʣʦʚʠʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʢʨʫʪʠʟʥʝ. ʉʝʚʝʨ-

ʥʳʝ ʩʢʣʦʥʳ ʧʦʣʫʯʘʶʪ ʥʘ 10 % ʤʝʥʴʰʝ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʘ ʶʞʥʳʝ ʩʢʣʦʥʳ, 

ʥʘʦʙʦʨʦʪ, ʧʦʣʫʯʘʶʪ ʥʘ 5% ʙʦʣʴʰʝ, ʯʝʤ ʧʦʯʚʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʧʣʘʢʦʨʝ. ʅʘ 

ʩʢʣʦʥʘʭ ʧʦʣʷʨʥʳʭ ʵʢʩʧʦʟʠʮʠʡ ʨʘʟʥʠʮʘ ʚ ʢʦʣʠʯʝʩʪʚʝ ʚʳʧʘʜʘʶʱʠʭ ʦʩʘʜʢʦʚ ʤʦ-

ʞʝʪ ʜʦʩʪʠʛʘʪʴ 11-26 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʘʢʦʨʦʤ [3,4,5]. ʇʨʦʷʚʣʝʥʠʝ ʪʘʢʠʭ ʧʨʠ-

ʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠʚʝʣʦ ʢ ʚʘʨʴʠʨʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʧʦʯʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ɽ.ɺ. ɼʫʙʦʚʠʢ ʠ ɼ.ɺ. ɼʫʙʦʚʠʢ ʧʦʪʝʨʠ ʛʫʤʫʩʘ ʥʘ ʩʢʣʦ-

ʥʘʭ ʶʞʥʳʭ ʵʢʩʧʦʟʠʮʠʡ ʧʨʠ ʫʢʣʦʥʝ 50 ʧʨʝʚʳʰʘʣʠ ʚ 2 ʨʘʟʘ ʧʦʪʝʨʠ ʥʘ ʩʢʣʦʥʘʭ 

ʩʝʚʝʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ, ʅʘ ʩʢʣʦʥʘʭ ʧʦʣʷʨʥʳʭ ʵʢʩʧʦʟʠʮʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʜʦ-

ʨʘʟʜʝʣʴʥʳʤ ʧʣʘʪʦ ʚ ʚʝʨʭʥʠʭ ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ ɸʧʘʭ. ʠ ɸ1 ʦʪʤʝʯʝʥʦ ʫʤʝʥʴ-

ʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʨʤ ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷʭ [6]. ʇʦʵʪʦʤʫ ʚʘʨʴʠʨʦʚʘʥʠʝ ʘʛʨʦʭʠ-

ʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʩʢʣʦʥʦʚʳʭ ʟʝʤʣʷʭ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʚʦʟʜʝ-

ʣʳʚʘʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʝʶʱʠʝʩʷ ʨʝʩʫʨʩʳ ʠ ʨʘʮʠʦʥʘʣʴʥʝʝ ʨʘʟʤʝʱʘʪʴ ʢʫʣʴʪʫʨʳ ʚ ʘʛʨʦ-

ʣʘʥʜʰʘʬʪʝ.  
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ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʠʟʫʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʘʛʨʦʭʠ-

ʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʯʚʳ ʚ ʩʢʣʦʥʦʚʦʤ ʘʛʨʦʣʘʥʜʰʘʬʪʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʠ-

ʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠʨʦʜʥʦ-ʨʝʩʫʨʩʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʚ ʘʛʨʦʣʘʥʜʰʘʬʪʘʭ ʎʏʈ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʧʳʪ ʥʘ ʧʦʣʝ ʩ 

ʢʫʧʦʣʦʦʙʨʘʟʥʦʡ ʬʦʨʤʦʡ ʨʝʣʴʝʬʘ ʧʣʦʱʘʜʴʶ 86 ʛʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘʯʘʣʠ ʧʨʦ-

ʚʦʜʠʪʴ ʚ 2011-2013 ʛʦʜʘʭ ʥʘ ʫʯʘʩʪʢʝ ʧʘʰʥʠ ʥʘ ʚʦʜʦʨʘʟʜʝʣʝ ʠ ʩʢʣʦʥʘʭ ʩʝʚʝʨʥʦʡ 

ʵʢʩʧʦʟʠʮʠʠ ʥʘ ʧʣʦʱʘʜʠ 18.8 ʛʘ ʥʘ ʦʧʳʪʥʦʤ ʧʦʣʝ ʌɻɹʅʋ çʂʫʨʩʢʠʡ ʌɸʅʎè ʚ 

ʄʝʜʚʝʥʩʢʦʤ ʨʘʡʦʥʝ ʂʫʨʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʦʚʝʨʭʥʦʩʪʴ ʩʢʣʦʥʘ ʦʪʣʠʯʘʣʘʩʴ ʷʚʥʦ 

ʚʳʨʘʞʝʥʥʦʡ ʚʦʣʥʠʩʪʦʩʪʴʶ. ɺʳʩʦʪʘ ʪʝʨʨʠʪʦʨʠʠ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʩʦʩʪʘʚʣʷʣʘ 

170-220 ʤ. ɹʳʣʠ ʚʳʙʨʘʥʳ 5 ʤʠʢʨʦʧʨʦʬʠʣʝʡ. ʇʦʯʚʳ ï ʯʝʨʥʦʟʸʤ ʪʠʧʠʯʥʳʡ ʠ 

ʚʳʱʝʣʦʯʝʥʥʳʡ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʩʤʳʪʦʩʪʠ ʠ ʥʘʤʳʪʦʩʪʠ ʥʘ ʣʝʩʩʦʚʠʜʥʳʭ ʩʫ-

ʛʣʠʥʢʘʭ. ʍʘʨʘʢʪʝʨ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʤʝʥʷʝʪʩʷ ʦʪ ʚʝʨʰʠʥʳ 

ʚʥʠʟ ʧʦ ʩʢʣʦʥʫ. ɺ ʪʦʯʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʦʤʦʱʴʶ GPS-ʧʨʠʝʤʥʠʢʘ ʙʳʣʠ ʦʧʨʝ-

ʜʝʣʝʥʳ ʢʦʦʨʜʠʥʘʪʳ, ʧʨʦʚʝʜʝʥʘ ʪʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʩʲʸʤʢʘ ʠ ʢʘʨʪʠʨʦʚʘʥʠʝ ʧʦʯʚ 

(ʨʠʩʫʥʦʢ 1) 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʂʘʨʪʦʩʭʝʤʘ ʨʝʣʴʝʬʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʣʷ 

ʩ ʪʦʯʢʘʤʠ ʦʪʙʦʨʘ ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʛʦʨʠʟʦʥʪʘʣʷʤʠ, 2011 ʛ. 
 

ʉʨʝʜʥʠʡ ʫʢʣʦʥ ʥʘ ʩʢʣʦʥʘʭ ʩʝʚʝʨʥʳʭ ʵʢʩʧʦʟʠʮʠʡ ʩʦʩʪʘʚʠʣ ʙʦʣʝʝ 6Á. ɺ 

2018-2021 ʛʦʜʘʭ ʙʳʣʠ ʧʨʦʜʦʣʞʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʦ ʫʞʝ ʥʘ ʚʩʝʭ ʵʢʩʧʦʟʠʮʠʷʭ 

(ʚʦʜʦʨʘʟʜʝʣʴʥʦʝ ʧʣʘʪʦ, ʩʝʚʝʨʥʘʷ, ʶʞʥʘʷ, ʚʦʩʪʦʯʥʘʷ, ʟʘʧʘʜʥʘʷ, ʩʝʚʝʨʦ-ʚʦʩʪʦʯ-

ʥʘʷ, ʩʝʚʝʨʦ-ʟʘʧʘʜʥʘʷ, ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ʠ ʶʛʦ-ʟʘʧʘʜʥʘʷ) (ʨʠʩʫʥʦʢ 2). ʇʦʯʚʝʥʥʳʝ 
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ʦʙʨʘʟʮʳ ʜʣʷ ʘʛʨʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʧʦʯʚʳ ʠʟ 0-20 ʩʤ ʩʣʦʷ ʧʦʯʚʳ ʦʪʙʠʨʘ-

ʣʠʩʴ ʤʝʪʦʜʦʤ ʢʦʥʚʝʨʪʘ.  
 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʧʣʘʥ ʧʦʣʠʛʦʥʘ, 2019 ʛ. 

 

ʉʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʫ ʀ.ɺ. ʊʶʨʠʥʘ ʚ ʤʦʜʠʬʠʢʘʮʠʠ 

ɹ.ɸ. ʅʠʢʠʪʠʥʘ ʩʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʦʢʦʥʯʘʥʠʝʤ ʧʦ ɼ.ʉ. ʆʨʣʦʚʫ ʠ ʅ.ʄ. 

ɻʨʠʥʜʝʣʴ; ʩʦʜʝʨʞʘʥʠʝ ʱʝʣʦʯʥʦʛʠʜʨʦʣʠʟʫʝʤʦʛʦ ʘʟʦʪʘ ï ʧʦ ʤʝʪʦʜʫ ʂʦʨʥ-

ʬʠʣʴʜʘ, ʥʠʪʨʘʪʥʳʡ ʘʟʦʪ (N-NO3) ï ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʜʠʩʫʣʴʬʦʬʝ-

ʥʦʣʦʚʦʡ ʢʠʩʣʦʪʦʡ (ʧʦ ɻʨʘʥʜʚʘʣʴ-ʃʷʞʫ), ʘʤʤʦʥʠʡʥʳʡ ʘʟʦʪ (N-NH4) ï ʢʦʣʦʨʠ-

ʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʨʝʘʢʪʠʚʦʤ ʅʝʩʩʣʝʨʘ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʎʀʅɸʆ (ɻʆʉʊ 

26489-85), ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ ï ʧʦ ʏʠʨʠʢʦʚʫ (ɻʆʉʊ 26204-91); 

ʢʠʩʣʦʪʥʦʩʪʴ (ʨʅ) ʩʦʣʝʚʦʡ ʚʳʪʷʞʢʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝ-

ʪʦʜʦʤ (ɻʆʉʊ 26483-85)); ʩʫʤʤʘ ʧʦʛʣʦʱʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ (Ca2+ + Mg2+) ï ʧʦ 

ʂʘʧʧʝʥʫ-ɻʠʣʴʢʦʚʠʮʫ (ɻʆʉʊ 27821-88) [6]. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʧʨʠʤʝʥʷʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ [7] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ Microsoft office EXCEL, STATISTICA.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʛʨʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦʣʠʛʦʥʘ ʚ 2011 ʛʦʜʫ, ʩʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʧʣʘ-

ʢʦʨʝ ʠ ʩʢʣʦʥʘʭ ʩʝʚʝʨʥʳʭ ʵʢʩʧʦʟʠʮʠʡ (ʩʝʚʝʨʥʘʷ, ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʘʷ ʠ ʩʝʚʝʨʦ-ʟʘ-

ʧʘʜʥʘʷ). ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʛʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʠʟʤʝʥʷʣʠʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʨʝʣʴʝʬʝ. ʉʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ,  
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ʊʘʙʣʠʮʘ 1 ï ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʦʣʠʛʦʥʘ 2011ʛ. 

ʕʢʩʧʦʟʠʮʠʷ 
ɻʫʤʫʩ, 

% 

Nʱʛ, 

ʤʛ/100ʛ 

ʇʦʜʚʠʞʥʳʝ ʆʙʤʝʥʥʳʝ 

pHKCl P2O5 K2O Ca2+ Mg2+ 

ʤʛ/100 ʛ ʤʛ*ʵʢʚ/100 ʛ 

ʇʣʘʢʦʨ 5,39 17,83 18,27 13,68 23,08 3,25 5,8 

ʉʢʣʦʥʳ ʩʝʚʝʨʥʦʡ 

ʵʢʩʧʦʟʠʮʠʠ 
5,04 16,47 16,14 11,43 23,41 3,08 6,1 

ʉʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ (S) 
0,31 0,84 1,94 5,82 0,23 0,09 0,16 

V,% 8.3 29,9 16,2 22,3 5,4 11,9 10,3 

V,% ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʴʠʨʦʚʘʥʠʷ 
 

ʱʝʣʦʯʥʦʛʠʜʨʦʣʠʟʫʝʤʦʛʦ ʘʟʦʪʘ, ʧʦʜʚʠʞʥʳʝ ʵʣʝʤʝʥʪʳ ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ ʚ ʩʨʝʜ-

ʥʝʤ ʥʘ ʧʣʘʢʦʨʝ ʙʳʣʠ ʚʳʰʝ, ʯʝʤ ʥʘ ʩʢʣʦʥʘʭ ʩʝʚʝʨʥʳʭ ʵʢʩʧʦʟʠʮʠʡ. 
 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦ-

ʢʘʟʘʪʝʣʝʡ ʧʦʯʚʳ ʧʦʣʠʛʦʥʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ (%) ʚ 

ʧʦʯʚʝ ʩʥʠʞʘʣʦʩʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʘ ʩʢʣʦʥʘ (Ŭ) ʠ ʚʦʟʨʘʩʪʘʥʠʠ ʩʪʝʧʝʥʠ ʧʨʦ-

ʛʨʝʚʘʝʤʦʩʪʠ (KP) ʩʢʣʦʥʦʚ:  
 

Y = 10,6-0,11ĀŬ -4,71ĀKP, F= 19,4, RMH = 0,75, P̓  10-4 
 

ʊʘʙʣʠʮʘ 2 ï ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʦʣʠʛʦʥʘ, 2018 ʛ. 

ʇʦʢʘʟʘʪʝʣʠ ʉʨʝʜʥʝʝ ʄʠʥʠʤʫʤ ʄʘʢʩʠʤʫʤ ʉʪ.ʦʪʢʣ. V,% 

pHʅ2ʆ 7,0 6,3 8,0 0,5 7,2 

pHKCl 6,0 5,3 7,2 0,5 8,8 

Hʛ, ʤʛ-ʵʢʚ/100ʛ 2,7 0,7 5,1 1,2 45,9 

ɻʫʤʫʩ, % 5,59 5,03 6,12 0,33 6,0 

N-NH4, ʤʛ/100ʛ 0,83 0,30 1,43 0,29 35,3 

N-NO3, ʤʛ/100ʛ 0,82 0,23 3,54 0,65 79,1 

ʈ2ʆ5, ʤʛ/100ʛ 12,6 8,8 16,9 1,8 14,6 

ʂ2ʆ, ʤʛ/100ʛ 14,0 9,9 25,2 3,5 24,9 

ʉʘ2+, ʤʛ-ʵʢʚ/100ʛ 25,1 22,5 27,9 1,7 6,6 

Mg2+, ʤʛ-ʵʢʚ/100ʛ 4,1 3,3 5,0 0,6 13,9 
 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʘʨʴʠʨʦʚʘʥʠʠ ʘʛʨʦʭʠ-

ʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʪʘʙʣʠʮʘ 2). ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 

ʵʪʦʪ ʧʨʦʮʝʩʩ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʦʥ ʦʢʘʟʘʣʩʷ ʜʣʷ ʛʠʜ-

ʨʦʣʠʪʠʯʝʩʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ï 45,9 %, ʩʦʜʝʨʞʘʥʠʷ ʘʤʤʦʥʠʡʥʦʛʦ ʠ ʥʠʪʨʘʪʥʦʛʦ 

ʘʟʦʪʘ ï 35,3 ʠ 79,1 %, ʩʨʝʜʥʠʤ ï ʜʣʷ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ 14,6 ʠ 

24,9 %; Mg2+ ï 13,9. ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ï ʜʣʷ ʛʫʤʫʩʘ 6,0; ʨʅKCl ï 8,8; ʩʦʜʝʨʞʘʥʠʷ 

Ca2+ ï 6,6. 
ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʂʘʰʪʘʥʦʚ, ɸ.ʅ. ɸʛʨʦʵʢʦʣʦʛʠʷ ʧʦʯʚ / ɸ.ʅ. ʂʘʰʪʘʥʦʚ, ɺ.ɽ ʗʚʪʫʰʝʥʢʦ. ï ʄ.: ʂʦʣʦʩ, 

1997. ï 240 ʩ. 
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ʌɻɹʅʋ çʂʫʨʩʢʠʡ ʌɸʅʎè, ʛ. ʂʫʨʩʢ 
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ʈʝʟʶʤʝ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʧʦʣʠʛʦʥʝ ʢʫʧʦʣʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ 2011-2013 ʛʦʜʘʭ ʠ 2019-2021 ʛʦʜʘʭ. ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚ ʩʨʝʜʥʝʤ ʧʦ ʵʢʩʧʦʟʠʮʠʷʤ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʛʨʝʛʘʪʦʚ ʦʪ 0,25 ʜʦ 10 ʤʤ, ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʩʪʨʫʢʪʫʨʥʦʩʪʠ ʠ ʩʫʤʤʘ ʚʦʜʦʫʩʪʦʡʯʠʚʳʭ ʘʛʨʝʛʘʪʦʚ ʦʪʤʝʯʘʣʦʩʴ ʥʘ ʧʣʘʢʦʨʝ ʠ ʩʢʣʦʥʘʭ 

ʩʝʚʝʨʥʳʭ ʵʢʩʧʦʟʠʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʫʢʪʫʨʘ ʧʦʯʚʳ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ, ʩʢʣʦʥʦʚʳʡ ʘʛʨʦʣʘʥʜ-

ʰʘʬʪ. 

 

ɹʣʘʛʦʧʨʠʷʪʥʳʝ ʘʛʨʦʬʠʟʠʯʝʩʢʠʝ, ʘʛʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡ-

ʩʪʚʘ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚ ʠ ʧʦ-

ʣʫʯʝʥʠʝ ʚʳʩʦʢʠʭ ʠ ʩʪʘʙʠʣʴʥʳʭ ʫʨʦʞʘʝʚ. ɺ ʧʨʦʮʝʩʩʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʧʣʦʜʦʨʦʜʠʝ ʩʢʣʦʥʦʚʳʭ ʟʝʤʝʣʴ ʧʨʝʪʝʨʧʝʚʘʝʪ ʠʟʤʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʟʘʚʠʩʷʪ ʦʪ ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʣʘʥʜʰʘʬʪʘ [1,2]. ʊʘʢ, ʥʘ ʵʨʦʜʠʨʦʚʘʥʥʳʭ 

ʟʝʤʣʷʭ ʎʝʥʪʨʘʣʴʥʦʡ ʣʝʩʦʩʪʝʧʠ ʥʝʜʦʙʦʨ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʝʞʝʛʦʜʥʦ 

ʩʦʩʪʘʚʣʷʝʪ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʟʝʨʥʦ 12,2 ʤʣʥ. ʮ [3]. ʅʘʣʠʯʠʝ ʵʨʦʜʠʨʦʚʘʥʥʳʭ ʧʦʯʚ ï 

ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʥʝʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʨʝʩʫʨ-

ʩʦʚ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦʜʥʦʡ ʵʨʦʟʠʠ ʧʨʦʠʩʭʦʜʠʪ ʫʭʫʜʰʝʥʠʝ ʘʛʨʦʬʠʟʠʯʝʩʢʠʭ, 

ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚʳ [4,5]. ʆʩʥʦʚʫ ʧʦʯʚʝʥʥʦʛʦ ʧʣʦ-

ʜʦʨʦʜʠʷ ʩʦʩʪʘʚʣʷʝʪ ʛʫʤʫʩ. ɺ ʧʨʦʮʝʩʩʝ ʵʨʦʟʠʠ ʧʦʯʚʘ ʪʝʨʷʝʪ ʩʘʤʳʡ ʧʣʦʜʦʨʦʜʥʳʡ, 
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ʛʫʤʫʩʠʨʦʚʘʥʥʳʡ ʚʝʨʭʥʠʡ ʩʣʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʫʭʫʜʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚʳ. ɺʦʜʦʧʨʦʯʥʦʩʪʴ ʧʦʯʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʞʝʪ ʠʟ-

ʤʝʥʷʪʴʩʷ ʢʘʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʘʢ ʠ ʚʦ ʚʨʝʤʝʥʠ. ʉʪʨʫʢʪʫʨʘ ʧʦʯʚʳ ʜʠʥʘʤʠʯʥʘ, ʝʸ 

ʨʘʟʨʫʰʝʥʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʧʨʘʚʠʣʴʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʳʤʠ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʦʯʚʫ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʩʪʨʫʢʪʫʨ-

ʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʋʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʦʧʨʦʯʥʳʭ ʘʛʨʝʛʘʪʦʚ ʩʦʟʜʘʝʪ ʫʩʣʦ-

ʚʠʷ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʚ ʵʨʦʟʠʠ ʧʦʯʚ. ɸʛʨʝʛʘʪʳ, ʥʘʭʦʜʷʱʠ-

ʝʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ, ʙʦʣʴʰʝ ʧʦʜʚʝʨʞʝʥʳ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ (ʤʝʭʘ-

ʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ) ʠ ʧʦʵʪʦʤʫ ʙʳʩʪʨʝʝ ʨʘʟʨʫʰʘʶʪʩʷ. ʈʘʟ-

ʨʫʰʝʥʠʝ ʧʦʯʚʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʟʘʧʣʳʚʘʥʠʝ ʧʦʯʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʦʩʦʙʝʥʥʦ ʚʦ ʚʣʘʞʥʦʝ ʚʨʝʤʷ. ɺ ʩʫʭʦʝ ʚʨʝʤʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚ ʦʙʨʘʟʫʶʪʩʷ 

ʧʣʦʪʥʳʝ ʢʦʨʢʠ. ɺʩʝ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʪʦʣʴʢʦ ʧʦʯʚʳ, ʦʙʣʘʜʘʶʱʠʝ ʭʦʨʦ-

ʰʝʡ ʩʪʨʫʢʪʫʨʦʡ, ʦʙʣʘʜʘʶʪ ʠ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʙʝʩʩʪʨʫʢʪʫʨʥʳʤʠ ʧʦʯʚʘʤʠ) ʜʣʷ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ. ʕʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʣʝʜʫʶ-

ʱʝʤ: 

1. ʉʪʨʫʢʪʫʨʥʳʝ ʧʦʯʚʳ ʤʝʥʴʰʝ ʠʩʧʘʨʷʶʪ ʚʣʘʛʠ, ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʚʦʜʦ-

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠ ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʆʥʠ ʙʦʣʴʰʝ ʥʘʢʘʧʣʠ-

ʚʘʶʪ ʚʣʘʛʠ ʠ ʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʦ ʝʸ ʠʩʧʦʣʴʟʫʶʪ. 

2. ɺ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʯʚʘʭ ʩʦʟʜʘʶʪʩʷ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʤʠʢ-

ʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʝʨʝʚʦʜ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʥʝʜʦʩʪʫʧʥʦʡ 

ʬʦʨʤʳ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʫʩʚʦʷʝʤʫʶ (ʪ.ʝ. ʜʦʩʪʫʧʥʫʶ ʜʣʷ ʨʘʩʪʝʥʠʡ) 

ʬʦʨʤʫ. 

 3. ʉʪʨʫʢʪʫʨʥʳʝ ʧʦʯʚʳ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʵʨʦʟʠʠ ʠ 

ʜʝʬʣʷʮʠʠ ʧʦʯʚ. 

4. ʉʪʨʫʢʪʫʨʥʳʝ ʧʦʯʚʳ ʪʨʝʙʫʶʪ ʤʝʥʴʰʝ ʟʘʪʨʘʪ ʪʨʫʜʘ ʠ ʩʨʝʜʩʪʚ ʥʘ ʤʝʭʘʥʠ-

ʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ. 

5. ɺ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʯʚʘʭ ʩʦʟʜʘʶʪʩʷ ʣʫʯʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝ-

ʤʷʥ.  

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘ ʜʝʩʷʪʠʣʝʪʥʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦ-

ʬʠʣʝ ʚ ʫʩʣʦʚʠʷʭ ʩʢʣʦʥʘ 1-30 ʧʨʦʠʩʭʦʜʠʪ ʜʝʛʨʘʜʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚʳ ʜʦ ʛʣʫ-

ʙʠʥʳ 40ʩʤ [7]. ʇʨʠ ʧʨʦʷʚʣʝʥʠʠ ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʞʝ ʠ 

ʫʧʣʦʪʥʝʥʠʝ ʧʦʯʚʝʥʥʦʡ ʤʘʩʩʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʪʝʨʠ ʛʫʤʫʩʘ ʠ ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʠ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ï ʚʦʟʨʘʩʪʘʝʪ ʛʣʳʙʠʩʪʦʩʪʴ, ʚ ʮʝʣʦʤ ʩʥʠʞʘʝʪʩʷ ʩʦ-

ʜʝʨʞʘʥʠʝ ʚʦʜʦʧʨʦʯʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʚʦʟʨʘʩʪʘʝʪ ʧʣʦʪʥʦʩʪʴ ʩʣʦʞʝʥʠʷ, ʩʥʠʞʘʝʪʩʷ 

ʧʦʨʠʩʪʦʩʪʴ ʘʛʨʝʛʘʪʦʚ [8]. ʃ.ɻ. ʉʤʠʨʥʦʚʦʡ ʠ ʉ.ʀ. ʊʶʪʶʥʦʚʳʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚ ʩʣʦʝ ʧʦʯʚʳ 0-10ʩʤ ʥʘ ʩʢʣʦʥʝ 1-30 ʧʣʦʪʥʦʩʪʴ ʩʣʦʞʝʥʠʷ ʧʦʯʚʳ ʠʟʤʝʥʷʣʘʩʴ 

ʦʪ 0,95 ʜʦ 1,28ʛ/ʩʤ3 , ʘ ʥʘ ʩʢʣʦʥʝ 3-50 ʠʟʤʝʥʷʣʘʩʴ ʦʪ 1,07 ʜʦ 1,300 ʛ/ʩʤ3 [9].  

ʉʦʟʜʘʥʠʝ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ 

ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʦʯʝʨʝʜʥʳʤ ʚʦʧʨʦʩʦʤ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ ʧʦʚʳʰʝʥʠʷ ʠʭ ʧʨʦʜʫʢ-

ʪʠʚʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ, ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚʳ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʚ ʟʝʤʣʝʜʝʣʠʠ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʮʝʥʢʝ ʨʝ-

ʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠʨʦʜʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ, ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
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ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʚʘʨʴʠʨʦ-

ʚʘʥʠʷ ʘʛʨʦʬʠʟʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʩʢʣʦʥʦʚʳʭ ʘʛʨʦʣʘʥʜʰʘʬʪʘʭ ʎʏʈ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʠʟʫʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʪʨʫʢ-

ʪʫʨʳ ʧʦʯʚʳ ʚ ʩʢʣʦʥʦʚʦʤ ʘʛʨʦʣʘʥʜʰʘʬʪʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠʨʦʜʥʦ-ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʘʛ-

ʨʦʣʧʥʰʘʬʪʘʭ ʎʏʈ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʤʝʥʝʥʠʶ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚʳ (ʢʦʣʠʯʝʩʪʚʦ ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʪʨʫʢʪʫʨʥʦʩʪʠ, ʚʦʜʦʧʨʦʯʥʦʩʪʴ ʠ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʜʠʘʤʝʪʨ ʚʦʜʦʧʨʦʯʥʳʭ ʘʛ-

ʨʝʛʘʪʦʚ) ʚ ʩʢʣʦʥʦʚʦʤ ʘʛʨʦʣʘʥʜʰʘʬʪʝ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʧʳʪ ʥʘ ʧʦʣʝ ʩ 

ʢʫʧʦʣʦʦʙʨʘʟʥʦʡ ʬʦʨʤʦʡ ʨʝʣʴʝʬʘ ʧʣʦʱʘʜʴʶ 86 ʛʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘʯʘʣʠ ʧʨʦ-

ʚʦʜʠʪʴ ʚ 2011-2013 ʛʦʜʘʭ ʥʘ ʫʯʘʩʪʢʝ ʧʘʰʥʠ ʥʘ ʚʦʜʦʨʘʟʜʝʣʝ ʠ ʩʢʣʦʥʘʭ ʩʝʚʝʨʥʦʡ 

ʵʢʩʧʦʟʠʮʠʠ ʥʘ ʧʣʦʱʘʜʠ 18.8 ʛʘ ʥʘ ʦʧʳʪʥʦʤ ʧʦʣʝ ʌɻɹʅʋ çʂʫʨʩʢʠʡ ʌɸʅʎè ʚ 

ʄʝʜʚʝʥʩʢʦʤ ʨʘʡʦʥʝ ʂʫʨʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʦʚʝʨʭʥʦʩʪʴ ʩʢʣʦʥʘ ʦʪʣʠʯʘʣʘʩʴ ʷʚʥʦ 

ʚʳʨʘʞʝʥʥʦʡ ʚʦʣʥʠʩʪʦʩʪʴʶ. ɺʳʩʦʪʘ ʪʝʨʨʠʪʦʨʠʠ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʩʦʩʪʘʚʣʷʣʘ 

170-220 ʤ. ɹʳʣʠ ʚʳʙʨʘʥʳ 5 ʤʠʢʨʦʧʨʦʬʠʣʝʡ. ʇʦʯʚʳ ï ʯʝʨʥʦʟʸʤ ʪʠʧʠʯʥʳʡ ʠ 

ʚʳʱʝʣʦʯʝʥʥʳʡ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʩʤʳʪʦʩʪʠ ʠ ʥʘʤʳʪʦʩʪʠ ʥʘ ʣʝʩʩʦʚʠʜʥʳʭ ʩʫ-

ʛʣʠʥʢʘʭ. ʍʘʨʘʢʪʝʨ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʤʝʥʷʝʪʩʷ ʦʪ ʚʝʨʰʠʥʳ 

ʚʥʠʟ ʧʦ ʩʢʣʦʥʫ. ɺ ʪʦʯʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʦʤʦʱʴʶ GPS-ʧʨʠʝʤʥʠʢʘ ʙʳʣʠ ʦʧʨʝ-

ʜʝʣʝʥʳ ʢʦʦʨʜʠʥʘʪʳ, ʧʨʦʚʝʜʝʥʘ ʪʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʩʲʸʤʢʘ ʠ ʢʘʨʪʠʨʦʚʘʥʠʝ ʧʦʯʚ 

(ʨʠʩʫʥʦʢ 1). ʉʨʝʜʥʠʡ ʫʢʣʦʥ ʥʘ ʩʢʣʦʥʘʭ ʩʝʚʝʨʥʳʭ ʵʢʩʧʦʟʠʮʠʡ ʩʦʩʪʘʚʠʣ ʙʦʣʝʝ 

6Á. ɺ 2018-2021 ʛʦʜʘʭ ʙʳʣʠ ʧʨʦʜʦʣʞʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʦ ʫʞʝ ʥʘ ʚʩʝʭ ʵʢʩʧʦ-

ʟʠʮʠʷʭ (ʚʦʜʦʨʘʟʜʝʣʴʥʦʝ ʧʣʘʪʦ, ʩʝʚʝʨʥʘʷ, ʶʞʥʘʷ, ʚʦʩʪʦʯʥʘʷ, ʟʘʧʘʜʥʘʷ, ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʘʷ, ʩʝʚʝʨʦ-ʟʘʧʘʜʥʘʷ, ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ʠ ʶʛʦ-ʟʘʧʘʜʥʘʷ). ʇʦʯʚʝʥʥʳʝ ʦʙ-

ʨʘʟʮʳ ʜʣʷ ʘʛʨʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚʳ 

ʠʟ 0-20 ʩʤ ʩʣʦʷ ʧʦʯʚʳ ʦʪʙʠʨʘʣʠʩʴ ʤʝʪʦʜʦʤ ʢʦʥʚʝʨʪʘ. ʉʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʦʧʨʝ-

ʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʫ ʀ.ɺ. ʊʶʨʠʥʘ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ɹ.ɸ. ʅʠʢʠʪʠʥʘ ʩʦ ʩʧʝʢʪʨʦʬʦʪʦ-

ʤʝʪʨʠʯʝʩʢʠʤ ʦʢʦʥʯʘʥʠʝʤ ʧʦ ɼ.ʉ. ʆʨʣʦʚʫ ʠ ʅ.ʄ. ɻʨʠʥʜʝʣʴ. ʉʪʨʫʢʪʫʨʥʦ-ʘʛʨʝ-

ʛʘʪʥʳʡ ʩʦʩʪʘʚ ʧʦʯʚʳ (ʩʫʭʦʝ ʠ ʤʦʢʨʦʝ ʧʨʦʩʝʠʚʘʥʠʝ) ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʫ ʅ.ʀ. 

ʉʘʚʚʠʥʦʚʘ. ʇʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ʦʧʨʝʜʝʣʷʣʠ ʙʫʨʦʚʳʤ ʤʝʪʦʜʦʤ ʧʦ ʅ.ɸ. ʂʘʯʠʥ-

ʩʢʦʤʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʪʨʫʢʪʫʨʥʦ-ʘʛʨʝʛʘʪʥʦʛʦ ʩʦ-

ʩʪʘʚʘ ʧʦʯʚʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ (ʪʘʙʣʠʮʘ 1) ʢʦʣʠʯʝʩʪʚʦ 

ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ (ʨʘʟʤʝʨ ʦʪ 0,25 ʜʦ 10,0 ʤʤ), ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʨʫʢ-

ʪʫʨʥʦʩʪʠ ʧʦʯʚʳ, ʩʫʤʤʘ ʚʦʜʦʫʩʪʦʡʯʠʚʳʭ ʘʛʨʝʛʘʪʦʚ (ʨʘʟʤʝʨ ʘʛʨʝʛʘʪʦʚ > 0,25 

ʤʤ), ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʜʠʘʤʝʪʨ ʚʦʜʦʫʩʪʦʡʯʠʚʳʭ ʘʛʨʝʛʘʪʦʚ ʚ ʤʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʴʠʨʦʚʘʥʠʷ ʠʤʝʣ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʜʣʷ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ, 

ʩʫʤʤʘ ʚʦʜʦʫʩʪʦʡʯʠʚʳʭ ʘʛʨʝʛʘʪʦʚ ʠ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʜʠʘʤʝʪʨ ʚʦʜʦʫʩʪʦʡʯʠ-

ʚʳʭ ʘʛʨʝʛʘʪʦʚ.  

ʅʘʠʙʦʣʴʰʠʡ ʧʨʦʮʝʥʪ ʚʘʨʴʠʨʦʚʘʥʠʷ ʦʪʤʝʯʘʣʩʷ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʪʨʫʢ-

ʪʫʨʥʦʩʪʠ ʧʦʯʚʳ ʠ ʩʦʩʪʘʚʣʷʣ 28,5 %. 
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ʊʘʙʣʠʮʘ 1 ï ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʛʨʦʬʠʟʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ 2011 ʛ. 
ʇʦʢʘʟʘʪʝʣʠ ʂʦʣʠʯʝʩʪʚʦ 

ʥʘʠʙʦʣʝʝ 

ʮʝʥʥʳʭ ʘʛʨʝʛʘ-

ʪʦʚ,% 

(0,25-10 ʤʤ) 

ʂʦʵʬʬʠ- 

ʮʠʝʥʪ  

ʩʪʨʫʢʪʫʨ- 

ʥʦʩʪʠ 

 

ʉʫʤʤʘ ʚʦʜʦ-

ʫʩʪʦʡ- 

ʯʠʚʳʭ ʘʛʨʝʛʘ-

ʪʦʚ 

> 0,25 ʤʤ, % 

ʉʨʝʜʥʝʚʟʚʝʰʝʥ-

ʥʳʡ ʜʠʘʤʝʪʨ ʚʦʜʦ-

ʫʩʪʦʡʯʠʚʳʭ ʘʛʨʝ-

ʛʘʪʦʚ, ʤʤ 

Max 84,5 5,6 62,4 0,430 

Min 66,7 2,0 45,0 0,256 

Cʨʝʜʥʝʝ 76,6 3,4 55,1 0,354 

V, % 13,7 28,5 11,3 13,8 

V, % ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʴʠʨʦʚʘʥʠʷ. 
 

ɺ 2019-2021 ʛʦʜʳ ʙʳʣʠ ʧʨʦʜʦʣʞʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʧʦʣʠʛʦʥʝ. ʀʩʩʣʝʜʦ-

ʚʘʥʠʷʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʧʦ ʵʢʩʧʦʟʠʮʠʷʤ (ʪʘʙʣʠʮʘ 2) ʥʘʠʙʦʣʴ-

ʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʛʨʝʛʘʪʦʚ ʨʘʟʤʝʨʦʤ ʦʪ 0,25 ʜʦ 10 ʤʤ (ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʝ ʘʛʨʝ-

ʛʘʪʳ), ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʨʫʢʪʫʨʥʦʩʪʠ ʧʦʯʚʳ ʠ ʩʫʤʤʘ ʚʦʜʦʫʩʪʦʡʯʠʚʳʭ ʘʛʨʝʛʘʪʦʚ 

ʙʳʣʦ ʥʘ ʧʣʘʢʦʨʝ ʠ ʩʢʣʦʥʘʭ ʩʝʚʝʨʥʳʭ ʵʢʩʧʦʟʠʮʠʡ. ʂʦʵʬʬʠʮʠʝʥʪ ʩʪʨʫʢʪʫʨʥʦʩʪʠ 

ʥʘʠʤʝʥʴʰʠʤ ʙʳʣ ʥʘ ʩʢʣʦʥʝ ʶʞʥʦʡ, ʟʘʧʘʜʥʦʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʵʢʩʧʦʟʠʮʠʷʭ. 

ʅʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʫʩʪʦʡʯʠʚʳʭ ʘʛʨʝʛʘʪʦʚ ʦʪʤʝʯʘʣʦʩʴ ʥʘ ʩʢʣʦʥʝ ʶʛʦ-

ʚʦʩʪʦʯʥʦʡ, ʶʞʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʵʢʩʧʦʟʠʮʠʷʭ ʠ ʙʳʣʦ ʥʠʞʝ, ʯʝʤ ʥʘ ʧʣʘʢʦʨʝ ʥʘ 

12,3; 8,7 ʠ 7,8 %. ʉʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʜʠʘʤʝʪʨ ʚʦʜʦʫʩʪʦʡʯʠʚʳʭ ʘʛʨʝʛʘʪʦʚ ʚ 

ʩʨʝʜʥʝʤ ʥʘʠʙʦʣʴʰʠʤ ʙʳʣ ʥʘ ʩʣʦʥʝ ʩʝʚʝʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʠ ʩʦʩʪʘʚʣʷʣ 0.457 ʤʤ 

ʠ ʙʳʣ ʚʳʰʝ, ʯʝʤ ʥʘ ʧʣʘʢʦʨʝ ʥʘ 0.030 ʤʤ. ɺ ʩʨʝʜʥʝʤ ʟʘ 2019-2021 ʛʦʜʳ ʥʘʠʙʦʣʴ-

ʰʝʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʦʪʤʝʯʘʣʦʩʴ ʧʦ ʪʘʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʨʫʢ-

ʪʫʨʥʦʩʪʠ ʧʦʯʚʳ ʠ ʩʫʤʤʘ ʚʦʜʦʫʩʪʦʡʯʠʚʳʭ ʘʛʨʝʛʘʪʦʚ. 
 

 ʊʘʙʣʠʮʘ 2 ï ɸʛʨʦʬʠʟʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʯʚʳ ʟʘ 2019-2021 ʛʦʜʳ 
ʕʢʩʧʦʟʠʮʠʷ  ʂʦʣʠʯʝʩʪʚʦ 

ʥʘʠʙʦʣʝʝ 

ʮʝʥʥʳʭ ʘʛʨʝʛʘ-

ʪʦʚ, % 

(0,25-10 ʤʤ) 

ʂʦʵʬʬʠ- 

ʮʠʝʥʪ 

ʩʪʨʫʢʪʫʨ- 

ʥʦʩʪʠ 

ʉʫʤʤʘ ʚʦʜʦ-

ʫʩʪʦʡ- 

ʯʠʚʳʭ ʘʛʨʝʛʘʪʦʚ 

>0,25 ʤʤ, % 

ʉʨʝʜʥʝʚʟʚʝ- 

ʰʝʥʥʳʡ ʜʠʘʤʝʪʨ 

ʚʦʜʦʫʩʪʦʡʯʠʚʳʭ 

ʘʛʨʝʛʘʪʦʚ, ʤʤ 

ʇʣʘʢʦʨ 73,7 3,1 57,7 0,427 

ʉʝʚʝʨʥʘʷ 72,2 2,7 57,6 0,457 

ʖʞʥʘʷ 66,9 2,2 49,0 0,441 

ɺʦʩʪʦʯʥʘʷ 69,6 2,4 49,9 0,428 

ɿʘʧʘʜʥʘʷ 67,4 2,2 51,2 0,413 

ʉʝʚ.-ʚʦʩʪʦʯ. 69,8 2,5 57,6 0,453 

ʉʝʚ.-ʟʘʧʘʜ. 69,4 2,5 52,7 0,421 

ʖʛʦ-ʚʦʩʪʦʯ. 67,2 2,3 45,4 0,422 

ʖʛʦ-ʟʘʧʘʜ 69,5 2,4 53,5 0,443 

Max 81,6 4,3 70,3 0,681 

Min 66,2 1,8 47,7 0,298 

Cʨʝʜʥʝʝ 69,5 2,5 52,7 0,434 

V, % 11,1 18,9 17,4 8,3 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʂʘʰʪʘʥʦʚ, ɸ.ʅ. ɸʛʨʦʵʢʦʣʦʛʠʷ ʧʦʯʚ ʩʢʣʦʥʦʚ /ɸ.ʅ. ʂʘʰʪʘʥʦʚ, ɺ.ʗ. ʗʚʪʫʰʝʥʢʦ. ï ʄ. 

ʂʦʣʦʩ: 1997. ï 240 ʩ. 
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ʈʝʟʶʤʝ. ɺ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʦʧʳʪʘʭ ʩ ʧʝʩʯʘʥʦʡ ʢʫʣʴʪʫʨʦʡ ʥʘ ʧʦʣʥʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʤʝʩʠ ʠʟʫ-

ʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʛʫʤʠʥʦʚʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʨʦʩʪ ʧʨʦʨʦʩʪʢʦʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʠ ʛʦʨʦʭʘ ʧʦʩʝʚ-

ʥʦʛʦ. ʋʩʪʘʥʦʚʣʝʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʛʫʤʘʪʦʚ ʥʘ ʦʙʱʠʡ 

ʨʦʩʪ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʨʘʩʪʝʥʠʡ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʥʝʚʳʭ ʚʦʣʦʩʢʦʚ ʠ ʠʭ ʜʣʠʥʫ. 

Abstract. In vegetation experiments with a sandy crop on a complete nutrient mixture, the effect of 
humic fertilizers on the growth of seedlings of winter wheat and seed peas was studied. A statisti-

cally significant positive effect of humates on the overall growth of the root system of plants, the 

number of root hairs and their length has been established. 

 

ɺʚʝʜʝʥʠʝ. ɻʫʤʠʥʦʚʳʝ ʫʜʦʙʨʝʥʠʷ ʧʨʠ ʚʥʝʩʝʥʠʠ ʠʭ ʚ ʧʦʯʚʫ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ 

ʩʪʠʤʫʣʠʨʫʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʧʦʯʚʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ [1, 10-12]. ʆʜ-

ʥʦʚʨʝʤʝʥʥʦ ʩ ʨʦʩʪʦʤ ʯʠʩʣʝʥʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʫʩʠʣʠʚʘʝʪʩʷ ʬʝʨʤʝʥʪʘ-

ʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʯʚʳ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʜʦʩʪʫʧʥʦʩʪʴ ʧʠʪʘʪʝʣʴʥʳʭ 
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ʵʣʝʤʝʥʪʦʚ ʧʦʯʚʳ ʨʘʩʪʝʥʠʷʤ [7, 8]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʨʘʩʪʝʥʠʡ ʛʫʤʠʥʦʚʳʝ 

ʚʝʱʝʩʪʚʘ ʷʚʣʷʶʪʩʷ ʩʪʠʤʫʣʷʪʦʨʘʤʠ ʨʦʩʪʘ [3, 6]. ʆʙʣʘʜʘʷ ʩʪʠʤʫʣʠʨʫʶʱʠʤ ʠ 

ʘʜʘʧʪʦʛʝʥʥʳʤ ʜʝʡʩʪʚʠʝʤ ʥʘ ʢʣʝʪʦʯʥʦʤ ʠ ʩʫʙʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʷʭ, ʦʥʠ ʚʣʠʷʶʪ 

ʥʘ ʨʦʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ ʨʘʩʪʝʥʠʡ, ʪʝʤ ʩʘʤʳʤ ʧʦʙʫʞʜʘʷ ʠʭ ʢ ʙʦʣʝʝ ʘʢʪʠʚʥʦʤʫ 

ʧʦʪʨʝʙʣʝʥʠʶ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʵʪʦʤʫ 

ʧʦʣʫʯʝʥʦ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʦʣʝʚʳʭ ʦʧʳʪʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʛʫʤʠʥʦʚʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʥʘ ʨʘʟʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨʘʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʛʫʤʘʪʦʚ ʥʘ ʧʦʯʚʝʥʥʦʝ ʧʣʦʜʦʨʦʜʠʝ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʥʦʤ ʬʦʣʠʘʨʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʧʨʝʧʷʪʩʪʚʫʝʪ ʙʦʣʝʝ ʘʢʪʠʚʥʦʤʫ ʚʥʝʜʨʝʥʠʶ 

ʵʪʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʠʝʤʘ ʚ ʧʨʘʢʪʠʢʫ ʨʘʩʪʝʥʠʝ-

ʚʦʜʩʪʚʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʦʣʠʘʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʩʝʚʦʚ ʦʟʠʤʦʡ 

ʧʰʝʥʠʮʳ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʦ-

ʩʪʦʤ ʘʢʪʠʚʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʨʠʟʦʩʬʝʨʥʦʡ ʟʦʥʳ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠ-

ʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʦʩʪʫʧʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ. ʅʘ ʯʝʨʥʦʟʝʤʘʭ ʦʙʳʢʥʦ-

ʚʝʥʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʵʪʦ ʢʘʩʘʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ, ʥʘʭʦ-

ʜʷʱʝʛʦʩʷ ʚ ʵʪʠʭ ʧʦʯʚʘʭ ʚ ʧʝʨʚʦʤ ʤʠʥʠʤʫʤʝ. ʆʜʥʘʢʦ ʧʦʜ ʢʫʣʴʪʫʨʘʤʠ ʩ ʚʳʩʦʢʦʡ 

ʧʦʪʨʝʙʥʦʩʪʴʶ ʢʘʣʠʷ (ʧʦʜʩʦʣʥʝʯʥʠʢ, ʢʘʨʪʦʬʝʣʴ) ʧʦʜʦʙʥʦʝ ʜʝʡʩʪʚʠʝ ʙʳʣʦ ʦʪʤʝ-

ʯʝʥʦ ʠ ʜʣʷ ʦʙʤʝʥʥʦʛʦ ʢʘʣʠʷ, ʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʦʯʝʪʘʥʠʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ 

ʥʘʙʣʶʜʘʣʦʩʴ ʠ ʚ ʦʪʥʦʰʝʥʠʠ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʘʟʦʪʘ [2].  

ʂʦʨʥʝʚʳʝ ʩʠʩʪʝʤʳ ʨʘʩʪʝʥʠʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʪ ʥʘ ʦʙʩʪʘ-

ʥʦʚʢʫ ʚ ʢʦʨʥʝʦʙʠʪʘʝʤʦʤ ʩʣʦʝ ʧʦʯʚʳ. ɺ ʭʦʜʝ ʩʚʦʝʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʩʪʝ-

ʥʠʷ ʧʦʩʪʦʷʥʥʦ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʧʦʯʚʫ, ʘʢʪʠʚʥʦ ʠʟʤʝʥʷʷ ʝʝ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʯʝʨʝʟ ʢʦʨʥʝʚʳʝ ʚʳʜʝʣʝʥʠʷ ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʯʝʨʝʟ ʦʙʠʪʘʶ-

ʱʫʶ ʚ ʨʠʟʦʩʬʝʨʝ ʤʠʢʨʦʬʣʦʨʫ, ʠʟʤʝʥʷʷ ʪʝʤ ʩʘʤʳʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʙʠʦʭʠʤʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʥʝʡ [5]. ʉʦʩʪʘʚ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʨʥʝʚʳʭ ʚʳʜʝʣʝʥʠʡ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʚʠʜʦʚʦʡ ʠ ʩʦʨʪʦʚʦʡ ʩʧʝʮʠʬʠʢʦʡ ʨʘʩʪʝʥʠʡ, ʠʭ ʬʘʟʦʡ ʨʘʟʚʠʪʠʷ, ʩʦʩʪʘ-

ʚʦʤ ʠ ʩʚʦʡʩʪʚʘʤʠ ʢʦʨʥʝʦʙʠʪʘʝʤʦʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʷʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰ-

ʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʨʘʩʪʝʥʠʷ, ʚʣʠʷʶʱʠʭ ʥʘ ʝʛʦ ʬʠʟʠʦʣʦʛʠʶ [9]. ʇʦʜ ʚʣʠʷʥʠʝʤ 

ʦʙʨʘʙʦʪʦʢ ʛʫʤʠʥʦʚʳʤ ʧʨʝʧʘʨʘʪʦʤ ʨʘʩʪʝʥʠʷ, ʚʝʨʦʷʪʥʦ, ʙʦʣʝʝ ʘʢʪʠʚʥʦ, ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʚʦʟʨʦʩʰʠʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʚ ʵʣʝʤʝʥʪʘʭ ʧʠʪʘʥʠʷ ʨʝʛʫʣʠʨʫʶʪ ʧʨʦ-

ʮʝʩʩʳ ʠʭ ʤʦʙʠʣʠʟʘʮʠʠ. ʆʜʥʘʢʦ ʧʨʷʤʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʵʪʦʛʦ ʬʘʢʪʘ ʜʦ ʥʘʩʪʦʷ-

ʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʦʙʥʘʨʦʜʦʚʘʥʦ.  

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʣʘ ʚ ʠʟʫʯʝʥʠʠ ʨʝʘʢʮʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ʥʘ ʦʙʨʘʙʦʪʢʫ ʛʫʤʠʥʦʚʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʛʫʤʠʥʦʚʳʭ 

ʫʜʦʙʨʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ: 

ï ʃʠʛʥʦʛʫʤʘʪ ʤʘʨʢʠ çɸʄè ʢʘʣʠʡʥʳʡ ī ʛʫʤʠʥʦʚʳʡ ʧʨʝʧʘʨʘʪ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʨʦʩʩʠʡʩʢʦʡ ʢʦʤʧʘʥʠʠ ʆʆʆ çʃʠʛʥʦʛʫʤʘʪè, ʧʦʣʫʯʘʝʤʳʡ ʧʫʪʸʤ ʧʝʨʝʨʘʙʦʪʢʠ 

ʣʠʛʥʦʩʦʜʝʨʞʘʱʝʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ī ʣʠʛʥʦʩʫʣʴʬʦʥʘʪʘ ī ʧʦʙʦʯʥʦʛʦ ʧʨʦ-

ʜʫʢʪʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʮʝʣʣʶʣʦʟʳ; 
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ï Life Force Humate Balance ī ʛʫʤʠʥʦʚʦʝ ʫʜʦʙʨʝʥʠʝ, ʧʨʦʠʟʚʦʜʠʤʦʝ ʤʝʞ-

ʜʫʥʘʨʦʜʥʦʡ ʢʦʤʧʘʥʠʝʡ ʆʆʆ çʃʘʡʬ ʌʦʨʩ ɻʨʫʧʧè, ʧʦʣʫʯʘʝʤʦʝ ʠʟ ʣʝʦʥʘʨʜʠʪʘ 

(ʙʫʨʦʛʦ ʫʛʣʷ). 

ʋʜʦʙʨʝʥʠʷ ʚʥʦʩʠʣʠ ʚʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʠ ʩ 

ʫʯʝʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʥʠʭ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ, ʯʪʦ ʩʦʩʪʘʚʠʣʦ ʥʘ ʢʦʥʪʝʡ-

ʥʝʨ ʩ 800 ʛ ʧʦʯʚʳ 0,12 ʛ ʜʣʷ ʣʠʛʥʦʛʫʤʘʪʘ ʠ 0,23 ʛ ʜʣʷ Humate Balance. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʝʣʠ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʫʣʴʪʫʨʘʭ: 

- ʧʰʝʥʠʮʘ ʦʙʳʢʥʦʚʝʥʥʘʷ (Triticum aestivum, L.) ʩʦʨʪʘ çɼʦʥʵʢʦè ī ʦʟʠʤʳʡ, 

ʧʦʣʫʠʥʪʝʥʩʠʚʥʳʡ, ʩʨʝʜʥʝʨʘʥʥʠʡ, ʫʤʝʨʝʥʥʦ ʨʦʩʣʳʡ ʩʦʨʪ, ʧʦʣʫʯʝʥʥʳʡ ʚ 

ʌɻɹʅʋ çɼɿʅʀʀʉʍè ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʡ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʚ ʈʦʩʪʦʚʩʢʦʡ ʠ 

ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʷʭ, ʈʝʩʧʫʙʣʠʢʝ ʂʘʣʤʳʢʠʷ. ɻʦʜ ʚʢʣʶʯʝʥʠʷ ʚ ʨʝʝʩʪʨ ï 

2010; 

- ʛʦʨʦʭ ʧʦʩʝʚʥʦʡ (Pisum sativum L.) ʩʦʨʪʘ çʇʝʨʚʝʥʝʮè, ʧʦʣʫʯʝʥʥʦʛʦ ʚ 

ʌɻɹʅʋ ɺʀʈ ʠʤ. ʅ.ʀ. ɺʘʚʠʣʦʚʘ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʛʦ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʥʘ ʪʝʨ-

ʨʠʪʦʨʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ɻʦʜ ʚʢʣʶʯʝʥʠʷ ʚ ʨʝ-

ʝʩʪʨ ï 2002. 

ɹʳʣ ʚʳʙʨʘʥ ʛʠʜʨʦʧʦʥʥʳʡ ʤʝʪʦʜ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ, ʚ ʢʘʯʝʩʪʚʝ ʩʫʙ-

ʩʪʨʘʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʤʳʪʳʡ ʦʪ ʠʣʘ ʠ ʧʨʦʢʘʣʸʥʥʳʡ ʨʝʯʥʦʡ ʧʝʩʦʢ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʠʪʘʪʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʠʪʘʪʝʣʴʥʘʷ ʩʤʝʩʴ ʇʨʷʥʠʰʥʠʢʦʚʘ. 

ʉʭʝʤʘ ʦʧʳʪʘ ʚʢʣʶʯʘʣʘ ʧʦ 3 ʚʘʨʠʘʥʪʘ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʨʘʩʪʝʥʠʡ: 1. ʂʦʥʪʨʦʣʴ 

(ʙʝʟ ʫʜʦʙʨʝʥʠʡ), 2. ʃʠʛʥʦʛʫʤʘʪ ɸʄ, 3. Life Force Humate Balance. ʆʧʳʪ ʧʨʦʚʦ-

ʜʠʣʠ ʚ 3-ʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 

ʏʝʨʝʟ 2 ʥʝʜʝʣʠ (14 ʩʫʪʦʢ) ʧʨʦʚʦʜʠʣʠ ʟʘʤʝʨ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ, ʪʘʢʠʭ ʢʘʢ: ʜʣʠʥʘ ʢʦʨʥʝʡ ʠ ʧʦʙʝʛʦʚ; ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʠʣʠ ʦʪʙʦʨ ʬʨʘʛʤʝʥʪʦʚ 

ʢʦʨʥʝʡ ʚ ʟʦʥʝ ʚʩʘʩʳʚʘʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʨʥʝ-

ʚʳʭ ʚʦʣʦʩʢʦʚ ʠ ʧʦʜʩʯʸʪʘ ʠʭ ʜʣʠʥʳ ʠ ʢʦʣʠʯʝʩʪʚʘ. ɼʣʷ ʩʚʝʪʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʠʢʨʦʩʢʦʧ ʄʠʢʤʝʜ-6 ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ ʃʆʄʆ (ʈʦʩʩʠʷ). 

ʉʲʸʤʢʘ ʬʦʪʦʛʨʘʬʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 40 ʢʨʘʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʤʝʪʦʜʘʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ [4].  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʛʫʤʠʥʦʚʳʝ ʫʜʦʙʨʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʧʨʦ-

ʨʦʩʪʢʦʚ ʦʙʝʠʭ ʢʫʣʴʪʫʨ (ʪʘʙʣʠʮʘ 1).  

ʇʨʠʯʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ Humate Balance ʙʳʣʘ ʚʳʰʝ ʥʘ ʧʨʦʨʦʩʪʢʘʭ ʧʰʝ-

ʥʠʮʳ, ʘ ʣʠʛʥʦʛʫʤʘʪʘ ï ʥʘ ʛʦʨʦʭʝ. ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʧʦ ʚʳʨʘʞʝʥʥʦʩʪʠ ʨʝʘʢʮʠʠ, 

ʪʦ ʟʘʤʝʪʥʦ ʘʢʪʠʚʥʝʝ ʨʝʘʛʠʨʦʚʘʣʘ ʢʦʨʥʝʚʘʷ ʩʠʩʪʝʤʘ, ʯʝʤ ʥʘʜʟʝʤʥʘʷ ʯʘʩʪʴ, ʯʪʦ 

ʚʦʟʤʦʞʥʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʪʘʜʠʝʡ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʨʘʟʥʠʮʘ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʢʦʥʪʨʦʣʝʤ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʘ: ʚʝʣʠʯʠʥʘ ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ ʢʦʣʝʙʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 

2,2-6,7, ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤ ʢʨʠʪʠʯʝʩʢʦʤ ʟʥʘʯʝʥʠʠ ʨʘʚʥʦʤ 2,01(ʜʣʷ ʜʘʥʥʦʡ ʚʳ-

ʙʦʨʢʠ ʠ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʨ < 0,05). 
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ʊʘʙʣʠʮʘ 1 ï ɺʣʠʷʥʠʝ ʛʫʤʠʥʦʚʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘ-

ʤʝʪʨʳ ʧʨʦʨʦʩʪʢʦʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ (Triticum aestivum, L.) ʩʦʨʪʘ çɼʦʥʵʢʦè 

ʠ ʛʦʨʦʭʘ ʧʦʩʝʚʥʦʛʦ (Pisum sativum L.) ʩʦʨʪʘ çʇʝʨʚʝʥʝʮè 

ɺʘʨʠʘʥʪ 

ʂʦʨʥʠ ʇʦʙʝʛ 

ʉʨʝʜʥʝʝ ʠʟ ʧʦʢʘʟʘ-

ʪʝʣʝʡ (ʢʦʨʝʥʴ + ʧʦ-

ʙʝʛ), % 

ʄ (ʩʨʝʜ-

ʥʝʝ ʧʦ ʚʘ-

ʨʠʘʥʪʫ), 

ʩʤ 

ɺ ʩʨʘʚʥʝ-

ʥʠʠ ʩ ʢʦʥ-

ʪʨʦʣʝʤ, % 

ʄ (ʩʨʝʜ-

ʥʝʝ ʧʦ ʚʘ-

ʨʠʘʥʪʫ), 

ʩʤ 

ɺ ʩʨʘʚʥʝ-

ʥʠʠ ʩ ʢʦʥ-

ʪʨʦʣʝʤ, % 

ʆʟʠʤʘʷ ʧʰʝʥʠʮʘ 

ʂʦʥʪʨʦʣʴ 12.0 100.0 22.6 100.0 100.0 

ʃʠʛʥʦʛʫʤʘʪ ɸʄ 15.2 126.7 28.4 125.7 126.0 

Humate Balance 17.1 142.5 30.4 134.5 137.3 

ɻʦʨʦʭ ʧʦʩʝʚʥʦʡ 

ʂʦʥʪʨʦʣʴ 7.8 100.0 15.0 100.0 100.0 

ʃʠʛʥʦʛʫʤʘʪ ɸʄ 9.6 123.1 17.9 119.3 120.6 

Humate Balance 8.8 112.8 17.1 114.0 113.6 
 

ɻʫʤʠʥʦʚʳʝ ʫʜʦʙʨʝʥʠʷ ʚʣʠʷʣʠ ʠ ʥʘ ʨʘʟʚʠʪʠʝ ʢʦʨʥʝʚʳʭ ʚʦʣʦʩʢʦʚ. ɺ ʪʘʙ-

ʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʢʦʨʥʝʡ ʦʟʠ-

ʤʦʡ ʧʰʝʥʠʮʳ ʠ ʛʦʨʦʭʘ ʧʦʩʝʚʥʦʛʦ ʚ ʟʦʥʝ ʚʩʘʩʳʚʘʥʠʷ. 
 

ʊʘʙʣʠʮʘ 2 ï ɺʣʠʷʥʠʝ ʛʫʤʠʥʦʚʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘ-

ʤʝʪʨʳ ʢʦʨʥʝʚʳʭ ʚʦʣʦʩʢʦʚ ʧʨʦʨʦʩʪʢʦʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ (Triticum 

aestivum, L.) ʩʦʨʪʘ çɼʦʥʵʢʦè ʠ ʛʦʨʦʭʘ ʧʦʩʝʚʥʦʛʦ (Pisum sativum L.) ʩʦʨʪʘ 

çʇʝʨʚʝʥʝʮè 

 ̄ ɺʘʨʠʘʥʪ 

ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʢʦʨʥʝ-

ʚʳʭ ʚʦʣʦʩʢʦʚ ʆʪʥʦʰʝʥʠʝ 

ʜʣʠʥʳ ʢʦʨʥʝ-

ʚʳʭ ʚʦʣʦʩʢʦʚ ʢ 

ʪʦʣʱʠʥʝ ʢʦʨʥʷ 

ʂʦʣʠʯʝʩʪʚʦ ʢʦʨʥʝʚʳʭ 

ʚʦʣʦʩʢʦʚ 

ɸʙʩʦʣ. 

ʟʥʘʯʝʥʠʝ, 

ʤʢʤ 

% ʦʪ ʢʦʥ-

ʪʨʦʣʷ 

ɸʙʩʦʣ. 

ʟʥʘʯʝʥʠʝ, 

ʝʜ/ʤʤ2 

% ʦʪ ʢʦʥ-

ʪʨʦʣʷ 

ʆʟʠʤʘʷ ʧʰʝʥʠʮʘ 

1 ʂʦʥʪʨʦʣʴ 479 100.00 1.03 75 100.00 

2 ʃʠʛʥʦʛʫʤʘʪ ɸʄ 636 132.78 1.04 80 106.67 

3 Humate Balance 614.7 128.33 1.26 107 142.67 

ɻʦʨʦʭ ʧʦʩʝʚʥʦʡ 

4 ʂʦʥʪʨʦʣʴ 255.6 100.00 0.21 28 100.00 

5 ʃʠʛʥʦʛʫʤʘʪ ɸʄ 355.4 139.05 0.51 57 203.57 

6 Humate Balance 336.4 131.61 0.28 40 142.86 
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ɺʥʝʩʝʥʠʝ ʚ ʧʠʪʘʪʝʣʴʥʫʶ ʩʤʝʩʴ ʛʫʤʠʥʦʚʳʭ ʫʜʦʙʨʝʥʠʡ, ʢʘʢ ʫ ʧʰʝʥʠʮʳ, ʪʘʢ 

ʠ ʫ ʛʦʨʦʭʘ ʩʪʠʤʫʣʠʨʫʝʪ ʨʦʩʪ ʥʦʚʳʭ ʢʦʨʥʝʚʳʭ ʚʦʣʦʩʢʦʚ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʭ ʩʨʝʜ-

ʥʷʷ ʜʣʠʥʘ ʠ ʦʪʥʦʰʝʥʠʝ ʜʣʠʥʳ ʢ ʪʦʣʱʠʥʝ ʢʦʨʥʷ. ʂʦʨʥʝʚʳʝ ʚʦʣʦʩʢʠ, ʷʚʣʷʷʩʴ 

ʚʳʨʦʩʪʘʤʠ ʥʘʨʫʞʥʦʡ ʪʢʘʥʠ ʢʦʨʥʷ ī ʵʧʠʙʣʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦ-

ʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʥʷ ʚ ʩʦʪʥʠ ʨʘʟ ʠ ʬʦʨʤʠʨʫʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʟʦʥʫ ʚʩʘ-

ʩʳʚʘʥʠʷ. ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣ ʃʠʛʥʦʛʫʤʘʪ ʤʘʨʢʠ ɸʄ, ʦʙʝʩʧʝʯʠʚ-

ʰʠʡ ʙʦʣʝʝ, ʯʝʤ ʜʚʫʢʨʘʪʥʫʶ ʧʨʠʙʘʚʢʫ ʢʦʣʠʯʝʩʪʚʘ ʢʦʨʥʝʚʳʭ ʚʦʣʦʩʢʦʚ ʥʘ ʛʦʨʦʭʝ 

(203,7 % ʦʪ ʢʦʥʪʨʦʣʷ). ʈʝʟʫʣʴʪʘʪʳ ʧʦ ʚʘʨʠʘʥʪʘʤ ʩ ʦʟʠʤʦʡ ʧʰʝʥʠʮʝʡ ʙʳʣʠ ʥʝ 

ʪʘʢʠʤʠ ʷʨʢʠʤʠ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʠ ʵʪʘ ʢʫʣʴʪʫʨʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʪʟʳʚʘʣʘʩʴ ʥʘ ʚʥʝ-

ʩʝʥʠʝ ʛʫʤʠʥʦʚʳʭ ʫʜʦʙʨʝʥʠʡ, ʦʜʥʘʢʦ Humate Balance ʦʙʝʩʧʝʯʠʣ ʙʦʣʴʰʠʡ ʧʨʠ-

ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʢʦʨʥʝʚʳʭ ʚʦʣʦʩʢʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʠʭ ʙʳʣʘ 

ʥʠʞʝ. 

ɿʘʢʣʶʯʝʥʠʝ. ɻʫʤʠʥʦʚʳʝ ʫʜʦʙʨʝʥʠʷ ʦʢʘʟʘʣʠ ʟʘʤʝʪʥʦʝ ʩʪʠʤʫʣʠʨʫʶʱʝʝ 

ʜʝʡʩʪʚʠʝ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʘ ʪʘʢʞʝ ʥʘ ʨʦʩʪ ʠ ʢʦ-

ʣʠʯʝʩʪʚʦ ʢʦʨʥʝʚʳʭ ʚʦʣʦʩʢʦʚ ʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʝ ʠ ʛʦʨʦʭʝ ʧʦʩʝʚʥʦʤ. ʊʘʢ ʢʘʢ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʝʣʠ ʥʘ ʧʦʣʥʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʤʝʩʠ, ʧʨʠʨʦʩʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥ-

ʪʨʦʣʝʤ ʢʦʨʥʝʚʳʭ ʚʦʣʦʩʢʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʨʦʩʰʠʭ ʧʦʪʨʝʙʥʦʩʪʷʭ ʨʘʩʪʝ-

ʥʠʡ ʠ ʩʪʠʤʫʣʷʮʠʠ ʠʤʠ ʚʩʘʩʳʚʘʶʱʝʛʦ ʤʝʭʘʥʠʟʤʘ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʫʤʠʥʦʚʦʛʦ ʧʨʝʧʘʨʘʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʝʛʦ ʧʨʠʨʦʜʦʡ, ʪʘʢ ʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʳ.  
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ɺʃʀʗʅʀɽ ɿɸɻʈʗɿʅɽʅʀʗ ʄɽɼʔʖ ʅɸ ʈʆʉʊʆɺʓɽ ʇʈʆʎɽʉʉʓ 

ʈɸʉʊɽʅʀʁ ʀ ʈʆʃʔ ɻʋʄɸʊʆɺ ɺ ʅɽʁʊʈɸʃʀɿɸʎʀʀ ʉʊʈɽʉʉɸ 
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ʈʝʟʶʤʝ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʛʫʤʠʥʦʚʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʪʢʘʥʠ ʢʦʨʥʝʡ ʠ ʣʠʩʪʦʚʳʭ ʧʣʘʩʪʠʥ 

ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʠ ʛʦʨʦʭʘ ʧʦʩʝʚʥʦʛʦ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ. ɻʫʤʠʥʦʚʳʝ 

ʫʜʦʙʨʝʥʠʷ ʩʥʠʟʠʣʠ ʩʪʨʝʩʩ ʦʪ ʧʦʣʣʶʪʘʥʪʘ ʠ ʫʣʫʯʰʠʣʠ ʦʙʱʠʝ ʮʠʪʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦ-

ʢʘʟʘʪʝʣʠ ʢʦʨʥʷ ʠ ʣʠʩʪʦʚʦʡ ʧʣʘʩʪʠʥʳ. 

Summary. The effect of humic fertilizers on the tissues of roots and leaf blades of winter wheat and 

pea in conditions of high copper content has been studied. Humic fertilizers reduced the stress from 

the pollutant and improved the overall cytomorphometric parameters of the root and leaf blade. 

 

ʄʝʜʴ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʤ ʜʣʷ ʨʘʩʪʝʥʠʡ [1]. ɽʸ ʠʦʥʳ 

ʩʦʜʝʨʞʘʪʩʷ ʚ ʩʦʩʪʘʚʝ ʚʩʝʭ ʪʢʘʥʝʡ ʨʘʩʪʝʥʠʡ ʠ ʫʯʘʩʪʚʫʶʪ ʚʦ ʤʥʦʞʝʩʪʚʝ ʚʘʞʥʳʭ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ: ʬʦʪʦʩʠʥʪʝʟ, ʜʳʭʘʥʠʝ, ʩʠʥʪʝʟ ʨʘʟʣʠʯ-

ʥʳʭ ʙʝʣʢʦʚ ʠ ʫʛʣʝʚʦʜʦʚ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʜʳ, ʦʙʤʝʥ ʘʟʦʪʘ ʠ ʪ.ʜ. 

ʆʜʥʘʢʦ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʪʷʞʸʣʳʝ ʤʝʪʘʣʣʳ (ʊʄ), ʤʝʜʴ ʚ ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘ-

ʮʠʷʭ ʩʧʦʩʦʙʥʘ ʚʳʟʳʚʘʪʴ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ ʠ ʦʢʘʟʳʚʘʪʴ ʩʝʨʴʸʟʥʦʝ ʮʠʪʦʪʦʢ-

ʩʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ [9], ʢʦʪʦʨʦʝ ʦʙʳʯʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʥʘʨʫʰʝʥʠʠ ʨʦʩʪʘ ʠ 

ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ [7].  

ɺʝʨʦʷʪʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʧʦʜʦʙʥʦʛʦ ʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʨʘʩʪʝʥʠʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʘʣʣʘ ʠ ʝʛʦ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ, ʚʦʟʨʘʩʪʘʶʱʠʝ ʚʳʙʨʦʩʳ ʝʛʦ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʨʝʰʝʥʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʜʠ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʩʪʨʝʩʩʘ 

ʦʪ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʨʝʜʝ ʊʄ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʜʠ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʠ-

ʤʝʥʝʥʠʝ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ. 

ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʧʨʠʨʦʜʝ [8] ʠ ʩʧʦʩʦʙʥʳ 

ʦʢʘʟʳʚʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʪʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʝʩʩʦʚʳʭ ʫʩʣʦ-

ʚʠʷʭ [2, 3, 6], ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʧʦʯʚ ʊʄ [4, 10]. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʤʝʭʘʥʠʟʤʳ ʚʦʟʜʝʡʩʪʚʠʷ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʥʘ ʨʘʩʪʝʥʠʷ ʚ ʩʪʨʝʩʩʦʚʳʭ 
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ʫʩʣʦʚʠʷʭ ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ, ʦʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʠʟʫʯʝʥʠʷ ʠʭ ʚʣʠ-

ʷʥʠʷ ʥʘ ʨʘʟʚʠʪʠʝ ʪʢʘʥʝʡ ʦʨʛʘʥʦʚ ʨʘʩʪʝʥʠʡ.  

ʎʝʣʴ ï ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʛʫʤʠʥʦʚʳʭ ʫʜʦʙʨʝʥʠʡ ʃʠʛʥʦʛʫʤʘʪ ɸʄ ʠ Life 

Force Humate Balance ʥʘ ʨʘʟʚʠʪʠʝ ʪʢʘʥʝʡ ʢʦʨʥʝʡ ʠ ʣʠʩʪʴʝʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʠ 

ʛʦʨʦʭʘ ʧʦʩʝʚʥʦʛʦ ʚ ʩʪʨʝʩʩʦʚʳʭ ʫʩʣʦʚʠʷʭ ʟʘʛʨʷʟʥʝʥʠʷ ʩʨʝʜʳ ʤʝʜʴʶ. 

ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʟʘʣʦʞʝʥ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʦʧʳʪ ʥʘ ʧʝʩʯʘʥʦʡ ʢʫʣʴʪʫʨʝ ʩ ʧʨʠ-

ʤʝʥʝʥʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʤʝʩʠ ʇʨʷʥʠʰʥʠʢʦʚʘ. ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪ-ʦʙʲʝʢʪʦʚ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʦʨʦʱʝʥʥʳʝ ʩʝʤʝʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ (Triticum aestivum, 

L.) ʩʦʨʪʘ çɼʦʥʵʢʦè ʠ ʛʦʨʦʭʘ ʧʦʩʝʚʥʦʛʦ (Pisum sativum L.) ʩʦʨʪʘ çʇʝʨʚʝʥʝʮè ʚ 

ʢʦʣʠʯʝʩʪʚʝ 8 ʰʪ/ʢʦʥʪʝʡʥʝʨ. ʇʝʨʝʜ ʚʳʩʝʚʦʤ ʩʝʤʷʥ ʚ ʩʫʙʩʪʨʘʪ ʚʥʦʩʠʣʠ ʛʫʤʠʥʦ-

ʚʳʝ ʫʜʦʙʨʝʥʠʷ ʃʠʛʥʦʛʫʤʘʪ ʤʘʨʢʠ ɸʄ ʠ Life Force Humate Balance ʚ ʜʦʟʝ 0,12 

ʠ 0,23 ʛ/ʢʦʥʪʝʡʥʝʨ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ɼʣʷ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʤʝʜʴʶ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʫʣʴʬʘʪ ʤʝʜʠ ʚ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ 100 ʤʛ/ʢʛ ʚ ʧʝʨʝʩʯʸʪʝ ʥʘ ʤʝʜʴ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ 33-ʢʨʘʪʥʦʤʫ ʧʨʝʚʳʰʝʥʠʶ 

ʧʦʜʚʠʞʥʦʡ ʤʝʜʠ ʚ ʧʦʯʚʝ [5]. ʀʪʦʛʦʚʘʷ ʩʭʝʤʘ ʦʧʳʪʘ ʚʢʣʶʯʘʣʘ 4 ʚʘʨʠʘʥʪʘ: 1. 

ʂʦʥʪʨʦʣʴ (ʙʝʟ ʫʜʦʙʨʝʥʠʡ); 2. ʉu 100 ʤʛ/ʢʛ; 3. ʃʠʛʥʦʛʫʤʘʪ ɸʄ + Cu100 ʤʛ/ʢʛ; 

4. Humate Balance + Cu 100 ʤʛ/ʢʛ. ʆʧʳʪ ʧʨʦʚʦʜʠʣʠ ʚ 3-ʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʧʳʪʘ (14 ʩʫʪʦʢ) ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʬʨʘʛʤʝʥʪʳ ʢʦʨʥʝʡ ʚ 

ʟʦʥʝ ʚʩʘʩʳʚʘʥʠʷ ʠ ʣʠʩʪʦʚʳʭ ʧʣʘʩʪʠʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʘʥʘ-

ʣʠʟʘ. ʌʠʢʩʘʮʠʷ ʧʦʩʪʤʦʨʪʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʨʘʩʪʚʦʨʘʤʠ ʛʣʫʪʘʨʦ-

ʚʦʛʦ ʘʣʴʜʝʛʠʜʘ (2,5%) ʠ ʪʝʪʨʘʦʢʩʠʜʘ ʦʩʤʠʷ (1%) ʚ ʥʘʪʨʠʡ-ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ 

(ʨʅ=7,3), ʜʣʷ ʟʘʣʠʚʢʠ ʚ ʙʣʦʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʧʦʢʩʠʜʥʫʶ ʩʤʦʣʫ ʕʧʦʥ-812. ʇʦʜ-

ʛʦʪʦʚʢʫ ʧʦʣʫʪʦʥʢʠʭ ʩʨʝʟʦʚ (300-700 ʥʤ) ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʫʣʴʪʨʘʤʠʢʨʦʪʦʤʝ 

EM UC6 ʬʠʨʤʳ Leica (ɻʝʨʤʘʥʠʷ), ʚ ʢʘʯʝʩʪʚʝ ʩʚʝʪʦʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʤʠʢʨʦʩʢʦʧ ʄʠʢʤʝʜ-6 ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ ʃʆʄʆ (ʈʦʩʩʠʷ). ʆʢʨʘ-

ʰʠʚʘʥʠʝ ʩʨʝʟʦʚ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʤʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʝʛʦ ʠ ʪʦ-

ʣʫʠʜʠʥʦʚʦʛʦ ʩʠʥʝʛʦ. ʉʲʸʤʢʘ ʬʦʪʦʛʨʘʬʠʡ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 400 

ʢʨʘʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʦʨʝʥʴ ʨʘʩʪʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʙʘʨʴʝʨʦʤ 

ʥʘ ʧʫʪʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʦʣʣʶʪʘʥʪʦʚ ʠʟ ʩʫʙʩʪʨʘʪʘ ʚ ʨʘʩʪʝʥʠʷ. ʆʜʥʠʤʠ ʠʟ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ 

ʊʄ ʷʚʣʷʶʪʩʷ ʜʝʬʦʨʤʘʮʠʷ ʪʢʘʥʝʡ ʢʦʨʥʷ ʠ ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʝʛʦ ʢʦʨʳ. ʇʦ-

ʜʦʙʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʥʘʰʝʤ ʦʧʳʪʝ (ʨʠʩʫʥʦʢ 1). ʆʙʨʘʟʝʮ ʢʦʨʥʷ ʧʰʝ-

ʥʠʮʳ, ʦʪʦʙʨʘʥʥʳʡ ʩ ʚʘʨʠʘʥʪʘ ʩ ʚʥʝʩʝʥʠʝʤ ʤʝʜʠ, ʦʙʣʘʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʜʝ-

ʬʦʨʤʘʮʠʷʤʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ ʠ ʢʦʨʳ, ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʚ ʩʝʨʴʸʟʥʦʤ 

ʠʩʢʘʞʝʥʠʠ ʠʭ ʬʦʨʤʳ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʱʘʜʠ. ɺ ʢʦʨʥʝ ʛʦʨʦʭʘ ʜʝʬʦʨʤʘʮʠʠ ʚ 

ʦʩʥʦʚʥʦʤ ʦʢʘʟʘʣʩʷ ʧʦʜʚʝʨʞʝʥ ʮʝʥʪʨʘʣʴʥʳʡ ʮʠʣʠʥʜʨ ʠ ʧʨʠʣʝʛʘʶʱʠʝ ʢ ʥʝʤʫ 

ʢʣʝʪʢʠ ʵʥʜʦʜʝʨʤʳ. ʊʘʢʞʝ ʢʘʢ ʜʣʷ ʨʘʩʪʝʥʠʡ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ, ʪʘʢ ʠ ʜʣʷ ʛʦʨʦʭʘ 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʜʝʬʦʨʤʘʮʠʠ ʩʣʦʷ ʢʣʝʪʦʢ ʵʧʠʙʣʝʤʳ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʬʦʨʤʠʨʦ-

ʚʘʥʠʝ ʢʦʨʥʝʚʳʭ ʚʦʣʦʩʢʦʚ. 

ʂʦʨʥʠ ʨʘʩʪʝʥʠʡ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʥʘ ʢʦʥʪʨʦʣʝ ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ Humate 

Balance, ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʘʩʠʤʤʝʪʨʠʝʡ ʢʦʨʦʚʦʛʦ ʩʣʦʷ, ʦʜʥʘʢʦ ʢʣʝʪʢʠ ʢʦʨʳ ʥʘ 

ʜʘʥʥʳʭ ʚʘʨʠʘʥʪʘʭ ʠʤʝʶʪ ʧʨʘʚʠʣʴʥʫʶ, ʦʢʨʫʛʣʫʶ ʬʦʨʤʫ ʠ ʠʤʝʶʪ ʩʭʦʞʠʡ ʨʘʟ-

ʤʝʨ. ʂʣʝʪʢʠ ʵʧʠʙʣʝʤʳ ʭʦʨʦʰʦ ʨʘʟʣʠʯʠʤʳ, ʧʣʦʪʥʦ ʧʨʠʣʝʛʘʶʪ ʜʨʫʛ ʢ ʜʨʫʛʫ ʠ ʥʝ 
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ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ. ʅʘʠʣʫʯʰʘʷ ʨʘʜʠʘʣʴʥʘʷ ʩʠʤʤʝʪʨʠʷ ʢʦʨʥʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʚʥʝʩʝʥʠʠ ʃʠʛʥʦʛʫʤʘʪʘ ɸʄ. ʂʣʝʪʢʠ ʵʧʠʙʣʝʤʳ, ʢʦʨʳ, ʘ ʪʘʢʞʝ 

ʪʢʘʥʝʡ ʮʝʥʪʨʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ ʭʦʨʦʰʦ ʨʘʟʣʠʯʠʤʳ, ʚ ʩʚʦʸʤ ʙʦʣʴʰʠʥʩʪʚʝ ʦʙʣʘ-

ʜʘʶʪ ʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʦʡ ʠ ʧʣʦʪʥʦ ʧʨʠʣʝʛʘʶʪ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʆʜʥʘʢʦ, ʥʘ ʜʘʥʥʦʤ 

ʚʘʨʠʘʥʪʝ ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʮʠʣʠʥʜʨʘ ʢ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʢʦʨʦʚʦʛʦ ʩʣʦʷ (8.75). 
 

 
ʈʠʩʫʥʦʢ 1 ï ʇʦʧʝʨʝʯʥʳʝ ʩʨʝʟʳ ʢʦʨʥʷ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʠ ʛʦʨʦʭʘ ʧʦʩʝʚʥʦʛʦ. 

Rh ï ʢʦʨʥʝʚʳʝ ʚʦʣʦʩʢʠ; Ep ī ʵʧʠʙʣʝʤʘ; Ctx ï ʢʦʨʘ (ʢʦʨʪʝʢʩ); Ed ï ʵʥʜʦʜʝʨʤʘ; 

St ï ʮʝʥʪʨʘʣʴʥʳʡ ʮʠʣʠʥʜʨ (ʩʪʝʣʘ); Lr  ï ʙʦʢʦʚʦʡ ʢʦʨʝʥʴ. ʄʘʩʰʪʘʙʥʳʝ ʦʪʨʝʟʢʠ: 

ʧʰʝʥʠʮʘ ī 100 ʤʢʤ, ʛʦʨʦʭ ï 300 ʤʢʤ. 
 

ʇʨʝʦʜʦʣʝʚ ʙʘʨʴʝʨ çʧʦʯʚʘ-ʢʦʨʝʥʴè ʠ ʧʦʧʘʚ ʚʥʫʪʨʴ ʨʘʩʪʝʥʠʷ, ʪʷʞʸʣʳʝ ʤʝ-

ʪʘʣʣʳ ʩʧʦʩʦʙʥʳ ʧʝʨʝʤʝʱʘʪʴʩʷ ʩ ʚʦʩʭʦʜʷʱʠʤ ʪʦʢʦʤ ʚʦʜʳ ʚʚʝʨʭ ʧʦ ʨʘʩʪʝʥʠʷʤ 

ʢ ʣʠʩʪʴʷʤ. ʂʘʢ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʨʘʥʝʝ, ʤʝʜʴ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʪʦʩʠʥʪʝʟʝ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʫʛʣʝʨʦʜʘ ʠ ʵʥʝʨʛʠʠ ʜʣʷ ʨʘʩʪʝʥʠʡ. ʇʦ 

ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʣʠʷʥʠʝ ʝʸ ʠʟʙʳʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʚ ʩʫʙʩʪʨʘʪʝ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʦʨʛʘʥʠʟʘʮʠʶ ʣʠʩʪʴʝʚ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʨʝʟʦʚ ʣʠʩʪʦʚʳʭ ʧʣʘʩʪʠʥ 

ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʠ ʛʦʨʦʭʘ ʧʦʩʝʚʥʦʛʦ ʩʝʨʴʸʟʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʪʢʘʥʝʡ ʠ ʠʟʤʝʥʝ-

ʥʠʡ ʩʪʨʦʝʥʠʷ ʜʣʷ ʦʙʦʠʭ ʨʘʩʪʝʥʠʡ ʥʘ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ 

(ʨʠʩʫʥʦʢ 2). ʊʢʘʥʠ ʭʦʨʦʰʦ ʜʠʬʬʝʨʝʥʮʠʨʫʶʪʩʷ, ʫ ʛʦʨʦʭʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʜʝʣʝ-

ʥʠʝ ʤʝʟʦʬʠʣʣʘ ʥʘ ʧʘʣʠʩʘʜʥʫʶ ʠ ʛʫʙʯʘʪʫʶ ʧʘʨʝʥʭʠʤʫ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʜʚʫ-

ʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ. ʂʣʝʪʢʠ ʵʧʠʪʝʣʠʷ ʥʘ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʥʝ ʠʤʝʶʪ ʧʦʚʨʝʞʜʝʥʠʡ 

ʠ ʩʣʦʞʝʥʳ ʧʣʦʪʥʳʤ ʨʷʜʦʤ. ʆʜʥʘʢʦ ʫ ʠʟʫʯʝʥʥʳʭ ʣʠʩʪʴʝʚ ʥʘʙʣʶʜʘʶʪʩʷ ʨʘʟʣʠ-

ʯʠʷ ʚ ʨʘʟʤʝʨʘʭ ʠ ʢʦʣʠʯʝʩʪʚʝ ʢʣʝʪʦʢ ʭʣʦʨʝʥʭʠʤʳ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʨʝʜʠ ʣʠʩʪʴʝʚ ʧʰʝʥʠʮʳ ʥʘʠʙʦʣʴʰʘʷ ʧʣʦʪʥʦʩʪʴ ʭʣʦʨʝʥ-

ʭʠʤʳ ʧʨʠ ʥʘʠʤʝʥʴʰʝʡ ʩʨʝʜʥʝʡ ʧʣʦʱʘʜʠ ʢʣʝʪʦʢ ʦʪʤʝʯʝʥʘ ʜʣʷ ʢʦʥʪʨʦʣʷ, ʛʜʝ 

ʜʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʩʪʘʚʠʣʠ 453,8 ʤʢʤ2 ʠ 2203,6 ʢʣʝʪʢʠ/ʤʤ2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺʥʝʩʝʥʠʝ ʤʝʜʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʨʝʜʥʝʡ ʧʣʦʱʘʜʠ ʢʣʝʪʦʢ (543,8 ʤʢʤ2) 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʝʥʠʶ ʠʭ ʧʣʦʪʥʦʩʪʠ (1838,8 ʢʣʝʪʦʢ/ʤʤ2). ʅʘʠʤʝʥʴʰʝʝ ʞʝ 


