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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʵʬʬʝʢʪʠʚʥʦʤʫ 

ʩʧʦʩʦʙʫ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ ʢʣʘʩʩʘ 

ʦʢʩʠʜʦʨʝʜʫʢʪʘʟ: ʛʣʶʢʦʦʢʩʠʜʘʟʳ (ʂʌ 1.1.3.4) ʠ ʧʝʨʦʢʩʠʜʘʟʳ (ʂʌ 1.11.1.7). ʇʨʠʚʝʜʝʥʳ 

ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʧʝʨʦʢʩʠʜʘʟʳ, ʨʘʟʣʘʛʘʶʱʝʡ 

ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʙʠʦʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʂʦʤʧʣʝʢʩ ʬʝʨʤʝʥʪʦʚ ʙʳʣ ʚʢʣʶʯʝʥ ʚ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʮʳ ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ ʠ 

ʘʮʝʪʠʣʮʝʣʣʶʣʦʟʳ, ʦʙʣʘʜʘʶʱʠʝ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʪʘʢʠʭ ʢʘʢ 

ʘʤʠʜʥʳʝ, ʛʠʜʨʦʢʩʠʣʴʥʳʝ, ʢʘʨʙʦʢʩʠʣʴʥʳʝ, ʩʧʦʩʦʙʥʳʝ ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʨʦʯʥʳʝ ʢʦʚʘʣʝʥʪʥʳʝ 

ʩʚʷʟʠ ʩ ʬʝʨʤʝʥʪʘʤʠ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʴʶ ʢ ʙʝʣʢʘʤ.  ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʘ 

ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʢʪʠʚʥʦʩʪʝʡ ʙʠʦʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɼʘʥʥʳʝ ʀʂ-ʌʫʨʴʝ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʦʢʘʟʳʚʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʯʥʳʭ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʬʝʨʤʝʥʪʦʚ ʠ ʧʨʠʤʝʥʷʝʤʦʡ ʤʘʪʨʠʮʝʡ. 

 

Abstract. The paper presents experimental results on an effective method of using a complex 

of redox enzymes of the oxidoreductase class: glucooxidase (CF 1.1.3.4) and peroxidase 
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(CF 1.11.1.7). Literature data confirming an increase in the potential of the redox reaction with the 

additional introduction of peroxidase, which decomposes hydrogen peroxide during the reaction 

used in the production of biofuel elements, are presented. The enzyme complex was included in 

polymer matrices of polyvinylpyrrolidone and acetylcellulose, which have a large number of 

functional groups, such as amide, hydroxyl, and carboxyl, capable of forming strong covalent bonds 

with enzymes, as well as a high sorption capacity to proteins. The paper presents a comparative 

characteristic of the activities of biopolymer complexes. The data of the Fourier-IR spectroscopy 

prove the formation of strong covalent bonds between the functional groups of enzymes and the 

matrix used. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʬʝʨʤʝʥʪʳ, ʧʦʣʠʤʝʨʥʘʷ ʤʘʪʨʠʮʘ, 

ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʙʠʦʧʨʦʚʦʜʷʱʠʝ ʤʘʪʝʨʠʘʣʳ. 

 

Keywords: redox enzymes, polymer matrix, Fourier-IR spectroscopy, bio-conducting 

materials. 

 

ɺʚʝʜʝʥʠʝ 

ʉʦʟʜʘʥʠʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʠ ʩʪʘʙʠʣʴʥʳʭ ʬʝʨʤʝʥʪʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʢʘʪʘʣʠʟʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʙʠʦʧʨʦʚʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʂ ʪʘʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʦʪʥʦʩʷʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʥʳʝ 

ʤʘʪʝʨʠʘʣʳ. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʭʠʤʠʯʝʩʢʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʤʦʥʦʤʝʨʦʚ. ʂʘʢ ʩʚʦʝʛʦ ʨʦʜʘ ʚʘʞʥʳʡ ʥʦʩʠʪʝʣʴ, ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʧʨʦʷʚʣʷʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʭʦʨʦʰʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ, ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʣʝʛʢʦ ʤʝʥʷʶʪ ʩʚʦʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʠʭ ʧʦʪʝʥʮʠʘʣ ʜʣʷ 

ʧʨʠʚʝʜʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʨʝʘʣʴʥʳʤʠ 

ʧʦʪʨʝʙʥʦʩʪʷʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥʠ ʙʳʣʠ ʰʠʨʦʢʦ ʠʩʩʣʝʜʦʚʘʥʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥʪʦʚ. ʅʦʩʠʪʝʣʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʚʩʝʛʜʘ ʧʦʤʦʛʘʶʪ ʧʨʦʚʝʩʪʠ ʫʩʧʝʰʥʫʶ ʠʤʤʦʙʠʣʠʟʘʮʠʶ ʬʝʨʤʝʥʪʘ. ʅʘʧʨʠʤʝʨ, ʤʘʢʨʦʧʦʨʠʩʪʳʝ 

ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʳʝ (PAM) ʤʠʢʨʦʩʬʝʨʳ, ʠʤʝʶʱʠʝ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ Lei ʠ Jiang ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʪʥʦʡ ʩʫʩʧʝʥʟʠʦʥʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ [1]. 

ɺʢʣʶʯʝʥʠʝ ʬʝʨʤʝʥʪʘ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʠʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʫʶ ʢʘʧʩʫʣʫ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʫʧʨʦʥʠʮʘʝʤʫʶ ʤʝʤʙʨʘʥʫ (ʈʠʩʫʥʦʢ 1). 

ʇʨʠ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʚʘʣʝʥʪʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʤʦʣʝʢʫʣʘ 

ʬʝʨʤʝʥʪʘ ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʥʝʨʘʩʪʚʦʨʠʤʳʤ ʧʦʣʠʤʝʨʦʤ. ʇʦʣʠʤʝʨ ʤʦʞʝʪ ʙʳʪʴ ʚ ʚʠʜʝ 

ʧʦʨʦʰʢʘ ʠʣʠ ʚ ʬʦʨʤʝ ʧʣʝʥʢʠ. ʀʥʦʛʜʘ ʤʦʣʝʢʫʣʳ ʬʝʨʤʝʥʪʘ ʩʦʝʜʠʥʷʶʪʩʷ ʢʦʚʘʣʝʥʪʥʳʤʠ 

ʩʚʷʟʷʤʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠʣʠ ʩ ʢʘʢʠʤ-ʣʠʙʦ ʠʥʝʨʪʥʳʤ ʙʝʣʢʦʤ; ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ 

ʥʝʨʘʩʪʚʦʨʠʤʳʡ, ʥʦ ʘʢʪʠʚʥʳʡ ʧʦʣʠʤʝʨʥʳʡ ʬʝʨʤʝʥʪ (ʈʠʩʫʥʦʢ 2). 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʤʤʦʙʠʣʠʟʘʮʠʶ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʦʪʦʤʫ ʯʪʦ ʠʥʪʝʥʩʠʚʥʳʝ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʤʦʛʫʪ 

ʨʘʟʨʫʰʠʪʴ ʘʢʪʠʚʥʫʶ ʢʦʥʬʦʨʤʘʮʠʶ ʬʝʨʤʝʥʪʘ. ɸʚʪʦʨʳ ʨʘʙʦʪ [2] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʨʷʜ 

ʤʝʟʦʧʦʨʠʩʪʳʭ ʠ ʛʠʜʨʦʬʠʣʴʥʳʭ ʙʠʩʝʨʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʵʧʦʢʩʠʜʥʳʝ ʛʨʫʧʧʳ. ʀʭ 

ʧʨʠʤʝʥʷʣʠ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʛʣʶʢʦʘʤʠʣʘʟʳ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʵʧʦʢʩʠʜʥʳʤʠ ʛʨʫʧʧʘʤʠ ʠ ʬʝʨʤʝʥʪʘʤʠ. ʋʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʜʦʩʪʠʛʘʣʘ 86%, 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ ʛʣʶʢʦʘʤʠʣʘʟʳ ʧʦʢʘʟʘʣʠ ʣʫʯʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʤʥʦʛʦʨʘʟʦʚʦʩʪʴ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʯʝʤ ʫ ʩʚʦʙʦʜʥʳʭ. ʆʙʝʟʜʚʠʞʠʚʘʥʠʝʤ ʵʥʟʠʤʘ ʤʝʪʦʜʦʤ ʢʦʚʘʣʝʥʪʥʦʛʦ 

ʩʚʷʟʳʚʘʥʠʷ ʤʦʞʥʦ ʧʨʦʯʥʦ ʩʦʝʜʠʥʠʪʴ ʬʝʨʤʝʥʪ ʩ ʥʦʩʠʪʝʣʝʤ ʠ ʠʟʙʝʞʘʪʴ ʝʛʦ ʧʦʪʝʨʠ ʚ ʧʨʦʮʝʩʩʝ 
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ʨʝʘʢʮʠʠ. ʆʜʥʘʢʦ, ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʘʢʪʠʚʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ 

ʬʝʨʤʝʥʪʘ ʚʦ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʠʤʤʦʙʠʣʠʟʘʮʠʠ, ʤʥʦʛʦʪʦʯʝʯʥʦʛʦ ʧʨʠʢʨʝʧʣʝʥʠʷ ʢ ʦʧʦʨʘʤ 

ʧʨʠʚʦʜʠʪ ʢ  ʩʪʝʨʠʯʝʩʢʠʤ ʟʘʪʨʫʜʥʝʥʠʷʤ ʬʝʨʤʝʥʪʘ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʩ ʩʫʙʩʪʨʘʪʦʤ, ʘ ʪʘʢʞʝ ʢ 

ʧʝʨʝʢʨʝʩʪʥʦʡ ʩʰʠʚʢʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʬʝʨʤʝʥʪʘ. 

 

 

 
ʈʠʩʫʥʦʢ 1. ʇʦʣʫʯʝʥʠʝ ʤʠʢʨʦʢʘʧʩʫʣ. ʈʠʩʫʥʦʢ 2. ʂʦʚʘʣʝʥʪʥʦʝ ʩʚʷʟʳʚʘʥʠʝ. 

 

ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʬʝʨʤʝʥʪʘ ʥʘ ʥʦʩʠʪʝʣʷʭ ʩ ʧʦʤʦʱʴʶ ʧʦʧʝʨʝʯʥʦʡ ʩʰʠʚʢʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʩʧʦʩʦʙʦʤ ʠʟʙʝʞʘʪʴ ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ ʠ 

ʧʦʚʳʩʠʪʴ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ. ʕʪʦʪ ʪʠʧ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʦʙʨʘʟʫʝʪ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʬʨʘʛʤʝʥʪ 

ʤʝʞʜʫ ʬʝʨʤʝʥʪʦʤ ʠ ʥʦʩʠʪʝʣʝʤ ʩ ʧʦʤʦʱʴʶ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʝʘʛʝʥʪʘ, ʪʘʢʦʛʦ ʢʘʢ 

ʛʣʫʪʘʨʦʚʳʡ ʜʠʘʣʴʜʝʛʠʜ ʠʣʠ ʠʟʦʮʠʘʥʘʪ. ʉ ʚʚʝʜʝʥʠʝʤ ʛʠʙʢʦʡ ʨʘʩʧʦʨʥʦʡ ʨʫʢʦʷʪʢʠ ʥʘ ʦʧʦʨʘʭ, 

ʵʥʟʠʤ ʤʦʞʝʪ ʨʘʩʪʷʛʠʚʘʪʴʩʷ ʠ ʫʣʘʚʣʠʚʘʪʴ ʩʫʙʩʪʨʘʪ ʙʦʣʝʝ ʣʝʛʢʦ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ [3] ʩʦʦʙʱʠʣʠ, 

ʯʪʦ ɓ-ʛʣʶʢʦʟʠʜʘʟʘ ʠ ʪʨʠʧʩʠʥ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ ʥʘ ʥʦʩʠʪʝʣʷʭ ʯʝʨʝʟ ʧʦʣʠʵʪʠʣʝʥʠʤʠʥ, 

ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʧʦʨʥʦʛʦ ʨʳʯʘʛʘ, ʧʨʦʷʚʣʷʶʪ ʧʦʚʳʰʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʥʦʩʠʪʝʣʷʤʠ ʙʝʟ ʧʦʧʝʨʝʯʥʦʡ ʩʰʠʚʢʠ. ɺ ʵʪʦʤ ʩʧʦʩʦʙʝ 

ʥʝʦʙʭʦʜʠʤʦ ʠʟʙʝʛʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʘʛʝʥʪʘ ʩ ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʦʤ ʬʝʨʤʝʥʪʘ ʠ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʥʝʛʦ (ʈʠʩʫʥʦʢ 3). 

ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʬʨʘʛʤʝʥʪ ʤʝʞʜʫ ʬʝʨʤʝʥʪʦʤ ʠ 

ʥʦʩʠʪʝʣʝʤ ʧʦʤʦʛʘʝʪ ʫʜʘʣʷʪʴ ʬʝʨʤʝʥʪ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ 

ʥʝʞʝʣʘʪʝʣʴʥʦʝ ʙʦʢʦʚʦʝ ʧʨʠʢʨʝʧʣʝʥʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʬʝʨʤʝʥʪʘ ʠ ʤʦʜʠʬʠʮʠʨʫʶʱʠʤ 

ʘʛʝʥʪʦʤ. ʕʪʦʪ ʤʝʪʦʜ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ ʠ ʫʣʫʯʰʘʝʪ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ.  

ɸʚʪʦʨʳ ʨʘʙʦʪ [4ï5] ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʬʝʨʤʝʥʪʘ ʧʫʪʝʤ ʚʢʣʶʯʝʥʠʷ ʚ ʧʦʣʠʤʝʨ. ɺ ʵʪʦʤ ʩʧʦʩʦʙʝ ʬʝʨʤʝʥʪ ʥʝ ʧʨʠʢʨʝʧʣʝʥ ʢ ʧʦʣʠʤʝʨʫ, 

ʥʦ ʫʜʝʨʞʠʚʘʝʪʩʷ ʚʥʫʪʨʠ ʥʝʛʦ, ʧʦʩʢʦʣʴʢʫ ʧʦʩʣʝʜʥʠʡ ʦʙʨʘʟʫʝʪ ʚʦʢʨʫʛ ʬʝʨʤʝʥʪʘ ʩʝʪʝʦʙʨʘʟʥʫʶ 

ʤʘʪʨʠʮʫ (ʈʠʩʫʥʦʢ 4).  

ʗʯʝʡʢʠ ʵʪʦʡ ʤʘʪʨʠʮʳ ʥʘʩʪʦʣʴʢʦ ʤʘʣʳ, ʯʪʦ ʤʦʣʝʢʫʣʘ ʬʝʨʤʝʥʪʘ ʥʝ ʤʦʞʝʪ ʦʩʚʦʙʦʜʠʪʴʩʷ 

ʠʟ ʩʝʪʠ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʠ ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʫʙʩʪʨʘʪʦʚ. ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʬʝʨʤʝʥʪʦʚ ʚ ʧʦʣʠʤʝʨʥʳʭ ʛʝʣʷʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʟʠʤʘ ʚ ʦʙʲʝʤʝ ʥʦʩʠʪʝʣʷ. ɺʩʝ ʛʝʣʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ, 

ʭʠʤʠʯʝʩʢʦʡ, ʪʝʧʣʦʚʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʝʨʤʝʥʪʘ, ʚʢʣʶʯʝʥʥʦʛʦ ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʫ [6]. 
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ʈʠʩʫʥʦʢ 3. ʇʦʧʝʨʝʯʥʦʝ ʩʰʠʚʘʥʠʝ ʤʦʣʝʢʫʣ 

ʬʝʨʤʝʥʪʘ. 

ʈʠʩʫʥʦʢ 4. ɺʢʣʶʯʝʥʠʝ ʚ ʧʦʣʠʤʝʨ. 

 

ɸʤʧʝʨʦʤʝʪʨʠʯʝʩʢʘʷ ʜʝʪʝʢʮʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʧʨʦʩʪʦʪʝ, ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʰʠʨʦʢʦʤʫ ʣʠʥʝʡʥʦʤʫ ʜʠʘʧʘʟʦʥʫ ʦʧʨʝʜʝʣʝʥʠʷ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʝʨʚʳʭ ʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʭ ʙʠʦʩʝʥʩʦʨʦʚ ʙʳʣ ʦʩʥʦʚʘʥ ʥʘ ʜʝʪʝʢʮʠʠ 

ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʙʩʪʨʘʪʦʚ ʠʣʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʜʫʢʪʦʚ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʨʝʘʢʮʠʠ (çʙʠʦʩʝʥʩʦʨʳ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷè). ʇʨʠʤʝʨʦʤ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʙʠʦʩʝʥʩʦʨʦʚ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʝʥʩʦʨ ʥʘ ʦʩʥʦʚʝ ʛʣʶʢʦʟʦʢʩʠʜʘʟʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʫʙʩʪʨʘʪʦʤ 

ʷʚʣʷʝʪʩʷ O2, ʘ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ð H2O2. ɼʝʪʝʢʮʠʷ ʧʨʠ ʵʪʦʤ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʪʦʢʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʝ ʦʙʨʘʟʫʶʱʝʛʦʩʷ H2O2. ʉʫʱʝʩʪʚʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʦʛʦ 

ʙʠʦʩʝʥʩʦʨʘ ʷʚʣʷʶʪʩʷ: 

ïʥʠʟʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ O2, 

ïʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ ʜʠʬʬʫʟʠʦʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, 

ïʧʣʦʭʘʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ, 

ïʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʢʣʘʜʳʚʘʪʴ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ (ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʪʝʢʘʥʠʶ 

ʨʘʟʣʠʯʥʳʭ ʧʦʙʦʯʥʳʭ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ) [4]. 

ɺʚʝʜʝʥʠʝ ʚ ʘʥʘʣʠʟʠʨʫʝʤʫʶ ʩʤʝʩʴ ʨʘʟʣʠʯʥʳʭ ʤʦʣʝʢʫʣ-ʤʝʜʠʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ 

ʧʝʨʝʥʦʩʝ ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʦʤ ʬʝʨʤʝʥʪʘ ʠ ʵʣʝʢʪʨʦʜʦʤ, ʧʦʟʚʦʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʟʥʘʯʝʥʠʝ ʨʘʙʦʯʝʛʦ ʧʦʪʝʥʮʠʘʣʘ. ɹʠʦʩʝʥʩʦʨʳ, ʚ ʨʘʙʦʪʝ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʜʠʘʪʦʨʥʳʡ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ çʙʠʦʩʝʥʩʦʨʦʚ ʚʪʦʨʦʛʦ 

ʧʦʢʦʣʝʥʠʷè. ʉʦʝʜʠʥʝʥʠʷ, ʚʳʧʦʣʥʷʶʱʠʝ ʨʦʣʴ ʤʝʜʠʘʪʦʨʦʚ, ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʨʷʜʫ 

ʫʩʣʦʚʠʡ: ʠʭ ʦʢʠʩʣʝʥʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʦʙʨʘʪʠʤʳʤ, ʦʢʠʩʣʝʥʥʘʷ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʬʦʨʤʳ ʜʦʣʞʥʳ ʙʳʪʴ ʩʪʘʙʠʣʴʥʳ, ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʜʦʣʞʝʥ ʙʳʪʴ ʩʦʧʦʩʪʘʚʠʤ ʩ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʨʝʘʢʮʠʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʜʠʘʪʦʨ ʥʝ 

ʜʦʣʞʝʥ ʙʳʪʴ ʪʦʢʩʠʯʥʳʤ.  

ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʜʠʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʠʭ çʚʳʤʳʚʘʥʠʝè ʠʟ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʠʦʩʝʥʩʦʨʘ ʠʣʠ ʧʨʠ ʭʨʘʥʝʥʠʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʠʦʩʝʥʩʦʨʘ [5].  

 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʉʠʥʪʝʟ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ ʠ ʘʮʝʪʠʣʮʝʣʣʶʣʦʟʳ, ʘ ʪʘʢʞʝ 

ʜʘʣʴʥʝʡʰʫʶ ʠʤʤʦʙʠʣʠʟʘʮʠʶ ʢʦʤʧʣʝʢʩʘ ʬʝʨʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʚ ʨʘʙʦʪʝ [7]. 

ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʦʜʝʨʞʘʣʘ 0,36 ʤʄ ABTS ʠ 5 ʤʄ D-ʛʣʶʢʦʟʳ ʚ ʩʣʫʯʘʝ ʠʟʫʯʝʥʠʷ 
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ʬʝʨʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ)  ʚ 0,1 ʄ Na-ʘʮʝʪʘʪʥʦʤ ʙʫʬʝʨʝ. ʉʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʣʠ ʧʦ 

ʠʟʤʝʥʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 405 ʥʤ, ʠʩʧʦʣʴʟʫʷ ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʪʠʥʢʮʠʠ ʦʢʠʩʣʝʥʥʦʛʦ ABTS 

36,8 ʤʄī1ʩʤī1. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ UV/VIS Excellence.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ ABTS ʧʨʠ 

ʚʘʨʴʠʨʦʚʘʥʠʠ ʨʅ ʦʪ 3,05 ʜʦ 8,45 ʧʨʦʚʦʜʠʣʠ ʨʘʟʙʘʚʣʝʥʠʝ ABTS ʚ ʧʨʝʜʝʣʘʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

0,87ï3,47Ĭ10ī3 ʤʦʣʴ/ʣ. ɼʣʷ ʵʪʦʛʦ ʦʪʙʠʨʘʣʠ 1 ʤʣ ʨʘʩʪʚʦʨʘ ABTS ʠ ʜʦʙʘʚʣʷʶʪ 2 ʤʣ ʘʮʝʪʘʪʥʦʛʦ 

ʙʫʬʝʨʘ. ɿʘʪʝʤ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ ʛʦʪʦʚʠʣʠ ʨʘʟʚʝʜʝʥʠʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʚ 

ʢʘʞʜʫʶ ʧʨʦʙʠʨʢʫ ʜʦʙʘʚʣʷʣʠ 1 ʤʣ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʬʝʨʤʝʥʪʦʚ GOX:HRP. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚʥʦʩʠʣʠ ʚ ʢʶʚʝʪʫ 

(ʪʦʣʱʠʥʘ ʢʶʚʝʪʳ 1 ʩʤ) 1 ʤʣ ʨʘʩʪʚʦʨʘ D-ʛʣʶʢʦʟʳ 0,026 ʤʦʣʴ/ʣ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʚʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ UV/VIS Excellence ð ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʨʠʙʦʨ ʩ ʧʨʝʚʦʩʭʦʜʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʥ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʠ ʧʨʦʧʫʩʢʘʥʠʷ ʚ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ (UV) ʠ ʚʠʜʠʤʦʤ (VIS) ʜʠʘʧʘʟʦʥʘʭ (ʦʪ 190 ʜʦ 1100 ʥʤ). ɺ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ FastTrack ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʜʠʦʜʥʦ-ʤʘʪʨʠʯʥʳʡ ʜʝʪʝʢʪʦʨ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʪʠʚʥʦʩʪʠ (ʚʳʨʘʞʝʥʥʫʶ ʯʝʨʝʟ ʢʦʥʩʪʘʥʪʫ ʄʠʭʘʵʣʠʩʘ (ʂʤ) 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʧʝʨʦʢʩʠʜʘʟʳ ʠ ʛʣʶʢʦʦʢʩʠʜʘʟʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʨʘʟʮʳ: 

1) ʥʘʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʝʨʦʢʩʠʜʘʟʳ ʠ ʛʣʶʢʦʦʢʩʠʜʘʟʳ (HRP/GOx), 

2) ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʢʦʤʧʣʝʢʩ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʡ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʭʠʪʦʟʘʥʦʤ 

ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ c ʧʦʤʦʱʴʶ ʛʣʫʪʘʨʦʚʦʛʦ ʜʠʘʣʴʜʝʛʠʜʘ  

(ʇɺʇ/ʍʠʪ/Glu/HRP/GOx), 

3) ʢʦʤʧʣʝʢʩ ʧʝʨʦʢʩʠʜʘʟʳ ʠ ʛʣʶʢʦʦʢʩʠʜʘʟʳ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ 

ʭʠʪʦʟʘʥʦʤ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʘʮʝʪʠʣʮʝʣʣʶʣʦʟʳ c ʧʦʤʦʱʴʶ ʛʣʫʪʘʨʦʚʦʛʦ ʜʠʘʣʴʜʝʛʠʜʘ  

(ɸʎʊ/ʍʠʪ/Glu/HRP/GOx). 

ɼʣʷ ʘʥʘʣʠʟʘ  ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʦʙʨʘʟʮʦʚ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʘ: ʠʥʪʝʨʬʝʨʦʤʝʪʨ ð ʠʥʪʝʨʬʝʨʦʤʝʪʨ ʄʘʡʢʝʣʴʩʦʥʘ ʩʦ 

ʩʤʝʞʥʳʤ ʫʛʣʦʤ ʚ 30 ʛʨʘʜ. ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʨʠʚʦʜʦʤ ʠ ʮʠʬʨʦʚʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʶʩʪʠʨʦʚʢʦʡ, ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ð ʦʜʥʦʣʫʯʝʚʘʷ, ʩʚʝʪʦʜʝʣʠʪʝʣʠ ð ʛʝʨʤʘʥʠʝʚʦʝ ʧʦʢʨʳʪʠʝ 

KBr ʧʣʘʩʪʠʥ ʚ ʩʨʝʜʥʝʡ ʦʙʣʘʩʪʠ ʀʂ-ʩʧʝʢʪʨʘ, ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ ð ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʡ 

ʢʝʨʘʤʠʯʝʩʢʠʡ ʜʣʷ Middle/Far IR, ʛʘʣʦʛʝʥʦʚʘʷ ʣʘʤʧʘ. ɺ ʢʘʯʝʩʪʚʝ ʬʦʥʦʚʦʛʦ ʩʧʝʢʪʨʘ ʧʨʠʤʝʥʷʣʠ 

ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ ʚ ʚʠʜʝ ʧʦʨʦʰʢʘ Kɺr (ʤʘʨʢʠ çʯʠʩʪʳʡ ʜʣʷ ʘʥʘʣʠʟʘè, ʏɼɸ). 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʆʛʨʦʤʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʜʦʩʪʫʧʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʦʙʝʩʧʝʯʠʣʦ ʠʭ ʰʠʨʦʢʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥʪʦʚ. ɺʚʦʜʷ ʚ ʧʦʣʠʤʝʨʥʳʝ 

ʤʦʣʝʢʫʣʳ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʤʦʞʥʦ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʚʘʨʴʠʨʦʚʘʪʴ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʦʩʠʪʝʣʷ ʠ ʩʦʟʜʘʚʘʝʤʦʝ ʠʤ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ ʜʣʷ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ 

ʤʦʣʝʢʫʣ ʬʝʨʤʝʥʪʘ. ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ ʜʣʷ ʢʦʚʘʣʝʥʪʥʦʡ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥʪʦʚ, ʪʘʢ ʠ ʜʣʷ ʩʦʨʙʮʠʦʥʥʦʡ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʝʣʝʡ, ʤʠʢʨʦʢʘʧʩʫʣ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʜʚʘ ʪʠʧʘ ʧʦʣʠʤʝʨʥʳʭ ʥʦʩʠʪʝʣʝʡ: ʛʠʜʨʦʛʝʣʷ 

ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ, ʨʘʩʪʚʦʨʝʥʥʦʡ ʚ ʘʮʝʪʦʥʝ ʘʮʝʪʠʣʮʝʣʣʶʣʦʟʳ. ʆʙʘ ʥʦʩʠʪʝʣʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʣʠʩʴ ʨʘʩʪʚʦʨʦʤ ʭʠʪʦʟʘʥʘ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʤʝʨʥʦʡ ʩʝʪʢʝ 

ʥʦʩʠʪʝʣʝʡ ʘʤʠʥʦʛʨʫʧʧ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʠʤʝʨʥʳʭ ʥʦʩʠʪʝʣʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʘʟʤʝʨʦʚ ʧʦʨ, ʜʦʩʪʫʧʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 
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ʬʝʨʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ HRP/GOx ʙʳʣʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʯʥʳʭ ʢʦʚʘʣʝʥʪʥʳʭ 

ʩʚʷʟʝʡ ʬʝʨʤʝʥʪʦʚ ʩ ʥʦʩʠʪʝʣʝʤ. ɺ ʊʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʂʤ, 

ʢʦʨʨʝʣʠʨʫʶʱʠʝ ʩʦ ʩʪʝʧʝʥʴʶ ʬʠʢʩʘʮʠʠ ʬʝʨʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʇɺʇ ʠ ɸʎʊ. 

 

ʊʘʙʣʠʮʘ.  

ʀɿʋʏɽʅʀɽ ɿɸɺʀʉʀʄʆʉʊʀ ɸʂʊʀɺʅʆʉʊɽʁ ɹʀʆʇʆʃʀʄɽʈʆɺ ʆʊ ʀʍ ʉʊʈʋʂʊʋʈʓ ʀ 

ʉʊɽʇɽʅʀ ʀʄʄʆɹʀʃʀɿɸʎʀʀ ʌɽʈʄɽʅʊʅʆɻʆ ʂʆʄʇʃɽʂʉɸ 

 

ɺʠʜ ʬʝʨʤʝʥʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ 

 

ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʧʦʣʠʤʝʨʥʦʛʦ 

ʥʦʩʠʪʝʣʷ 

ʂʤ, 

ʤʤʦʣʴ/ʣ 

ʉʪʝʧʝʥʴ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʬʝʨʤʝʥʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, % 

HRP/GOx ð 12,1 ð 
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n

N
O

CH CH

n

O

(CH2)4 CH

OH

O

CH2

O

O

N H

E

OH

 

10,3 64,2 
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ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʊʘʙʣʠʮʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʛʦ ʥʦʩʠʪʝʣʷ ʛʠʜʨʦʛʝʣʷ 

ʇɺʇ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʭʠʪʦʟʘʥʘ. ʕʪʦʪ ʬʘʢʪ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʦʩʪʫʧʥʳʭ ʘʤʠʥʦʛʨʫʧʧ ʜʣʷ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʩ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʬʝʨʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʅʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʠ ʘʜʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ, 

ʧʦʣʦʞʠʪʝʣʴʥʳ ʟʘʨʷʜ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʜʨʦʛʝʣʷ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʧʨʠ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʬʝʨʤʝʥʪʦʚ. ʆʜʥʘʢʦ, ʧʦʜʦʙʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʣʘʜʘʝʪ ʠ ʤʘʪʨʠʮʳ ʘʮʝʪʠʣʮʝʣʣʶʣʦʟʳ. 

ʅʘʠʤʝʥʴʰʘʷ ʩʪʝʧʝʥʴ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʘʮʝʪʠʣʮʝʣʣʶʣʦʟʝ ʤʦʞʝʪ 
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ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʢʦʣʠʯʝʩʪʚʦʤ ʜʦʩʪʫʧʥʳʭ ʤʝʟʦʧʦʨ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʬʠʢʩʘʮʠʠ ʬʝʨʤʝʥʪʥʳʭ 

ʛʣʦʙʫʣ. ʉʰʠʚʘʶʱʠʡ ʘʛʝʥʪ ʛʣʫʪʘʨʦʚʳʡ ʜʠʘʣʴʜʝʛʠʜ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʪʘʢ 

ʢʘʢ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʧʨʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

ʉʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʚʳʤʳʚʘʥʠʝʤ ʬʝʨʤʝʥʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʦʩʠʪʝʣʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʯʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ 

ʬʝʨʤʝʥʪʥʳʭ ʛʣʦʙʫʣ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʧʦʣʠʤʝʨʥʳʤ ʥʦʩʠʪʝʣʝʤ, ʥʘʪʠʚʥʘʷ ʢʦʥʬʦʨʤʘʮʠʷ 

ʬʝʨʤʝʥʪʦʚ ʥʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʠʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʜʝʥʘʪʫʨʘʮʠʷ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ 

ʟʘʪʨʫʜʥʷʝʪʩʷ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʥʦʩʠʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ, 

ʧʦʤʠʤʦ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʛʨʫʧʧ, ʙʦʣʴʰʫʶ ʚʤʝʩʪʠʤʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʙʝʣʢʘʤ. 

ɼʘʥʥʳʝ ʊʘʙʣʠʮʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʛʣʫʪʘʨʦʚʦʛʦ ʜʠʘʣʴʜʝʛʠʜʘ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʬʝʨʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʥʦ, ʚ ʪʦʞʝ ʚʨʝʤʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʪʝʧʝʥʴ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥʪʦʚ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ, ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʪʘʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʬʝʨʤʝʥʪʦʚ ʥʘ 

ʙʠʦʵʣʝʢʪʨʦʜʳ, ʵʪʦ ʷʚʣʝʥʠʝ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʧʦʚʳʰʝʥʠʶ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʬʝʨʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʥʦʩʠʪʝʣʷʤʠ 

ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʜʠʬʬʫʟʥʦʛʦ 

ʦʪʨʘʞʝʥʠʷ. ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʙʠʦʧʦʣʠʤʝʨʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʦʩʴ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ IR Prestige 21, ʩʥʘʙʞʝʥʥʦʛʦ ʧʨʠʩʪʘʚʢʦʡ 

ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʝʦʜʥʦʨʦʜʥʳʝ ʦʙʨʘʟʮʳ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 7800ï350 ʩʤī1. ɺ ʢʘʯʝʩʪʚʝ ʬʦʥʦʚʦʛʦ ʩʧʝʢʪʨʘ ʧʨʠʤʝʥʷʣʠ 

ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ ʚ ʚʠʜʝ ʧʦʨʦʰʢʘ Kɺr, ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʜʦ ʬʨʘʢʮʠʠ ʤʝʥʝʝ 2 ʤʢʤ. ʇʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ IR Solution ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʧʦʟʥʘʝʪ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠʩʪʘʚʢʠ ʩ ʚʢʣʶʯʝʥʠʝʤ 

ʤʝʥʶ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʨʝʥʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ GLP/ GMP, FDA 21 ʉɸʂ Part 11 ʠ 

ISO 9000. ʇʨʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʤ ʠʟʫʯʝʥʠʠ ʭʘʨʘʢʪʝʨʘ ʩʚʷʟʠ ʬʝʨʤʝʥʪʦʚ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʥʦʩʠʪʝʣʝʤ ʙʳʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʩʪʨʦʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʛʨʘʬʠʢʠ ʥʘ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʝʛʦ 

ʤʦʜʠʬʠʢʘʮʠʠ (ʈʠʩʫʥʢʠ 5ï6). 

ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ (ʈʠʩʫʥʦʢ 1) ʩʦʜʝʨʞʘʪ 

ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʠʥʜʦʣʴʥʦʛʦ ʢʦʣʴʮʘ NH ʠʥʜʦʣʘ ʠ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʩʣʦʞʥʦʵʬʠʨʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ï(ʉʆʆ)ī ʚ ʦʙʣʘʩʪʠ 2400 ʩʤī1 ʠ ʚ ʦʙʣʘʩʪʠ 1350 ʩʤī1. ʊʘʢʞʝ 

ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʶʪʩʷ ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʉïʆïʉ ʘʮʝʪʦʢʩʠʛʨʫʧʧ ʚ ʦʙʣʘʩʪʠ 1240 ʠ 1032 

ʩʤī1, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ ʇɺʇ ʠ ʭʠʪʦʟʘʥʘ. 

ʀʂ-ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ ʙʠʦʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʇɺʇ/ʍʠʪ/Glu/HRP/GOx ʩʦʜʝʨʞʠʪ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 1600ï1550 ʩʤī1, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ 

ʘʟʦʤʝʪʠʥʦʚʦʡ ʩʚʷʟʠ CH=N ʤʝʞʜʫ ʬʝʨʤʝʥʪʦʤ ʠ ʩʰʠʚʘʶʱʠʤ ʘʛʝʥʪʦʤ ð ʛʣʫʪʘʨʦʚʳʤ 

ʜʠʘʣʴʜʝʛʠʜʦʤ.  ʀʂ-ʩʧʝʢʪʨ ʙʠʦʧʦʣʠʤʝʨʥʦʛʦ ʦʙʨʘʟʮʘ ʜʦ ʦʙʨʘʙʦʪʢʠ ʬʝʨʤʝʥʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ 

HRP/GOx (ʇɺʇ/ʍʠʪ/Glu)  ʩʦʜʝʨʞʠʪ ʢʦʣʝʙʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 1360ï1260 ʩʤī1, 1700ï1740 ʩʤī1 ʠ 

2800ï3000 ʩʤī1. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʩʚʦʙʦʜʥʦʡ ʘʣʴʜʝʛʠʜʥʦʡ ʛʨʫʧʧʳ ʛʣʫʪʘʨʦʚʦʛʦ 

ʜʠʘʣʴʜʝʛʠʜʘ, ʘ ʚ ʦʙʨʘʟʮʝ, ʩʦʜʝʨʞʘʱʝʤ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ ʬʝʨʤʝʥʪʳ 

(ʇɺʇ/ʍʠʪ/Glu/HRP/GOx) ʪʘʢʠʝ ʧʠʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. ʊʘʢʞʝ, ʥʘʙʣʶʜʘʝʪʩʷ ʠʩʯʝʟʥʦʚʝʥʠʝ 

ʜʫʙʣʝʪʥʦʛʦ ʧʠʢʘ ʚ ʦʙʣʘʩʪʠ 2900ï2860 ʩʤī1, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʧʨʠʩʫʪʩʪʚʠʝ ʘʣʴʜʝʛʠʜʥʦʡ 

ʛʨʫʧʧʳ ʛʣʫʪʘʨʦʚʦʛʦ ʜʠʘʣʴʜʝʛʠʜʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʘʣʴʜʝʛʠʜʥʦʡ 

ʛʨʫʧʧʦʡ ʛʣʫʪʘʨʦʚʦʛʦ ʜʠʘʣʴʜʝʛʠʜʘ ʠ ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʬʝʨʤʝʥʪʘ. 
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ʈʠʩʫʥʦʢ 5. ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʙʠʦʧʣʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʚʠʥʠʣʧʠʨʦʣʠʜʦʥʘ. 

 

 
 

ʈʠʩʫʥʦʢ 6. ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʙʠʦʧʣʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ 

ʘʮʝʪʠʣʮʝʣʣʶʣʦʟʳ. 

 

ʅʘ ʈʠʩʫʥʢʝ 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʀʂ-ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ ʘʮʝʪʠʣʮʝʣʣʶʣʦʟʳ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʭʠʪʦʟʘʥʦʤ ʠ ʛʣʫʪʘʨʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ ʩʦʜʝʨʞʘʪ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʘʮʝʪʠʣʮʝʣʣʶʣʦʟʥʦʛʦ ʢʦʣʴʮʘ: 1150ï1030 cʤī1 
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ʢʦʣʝʙʘʥʠʷ ʉïʆïʉ, ʧʦʣʦʩʘ ʪʠʧʘ 2 ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʧʝʢʪʨʝ ʮʝʣʣʶʣʦʟʥʦʛʦ ʢʦʣʴʮʘ, ʠʤʝʶʱʝʛʦ ɓ-

1,4 ʩʚʷʟʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʧʦʣʦʩʳ ʩʤʝʱʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʠ ʘʮʝʪʘʣʴʜʝʛʠʜʥʦʡ ʛʨʫʧʧʳ ʩʣʦʞʥʦʵʬʠʨʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʩ 

ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʬʝʨʤʝʥʪʦʚ ʠ ʤʦʜʠʬʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ. 

ʅʘ ʥʘʣʠʯʠʝ ʩʚʦʙʦʜʥʳʭ ʆʅ-ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɸʎʊ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ: ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʷʭ 3400ï3200 ʩʤī1, 3600-3500 ʩʤī1 ʠ 1200ï

1040 ʩʤī1, ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ïʉ=ʆ, ʥʘʙʣʶʜʘʝʤʳʝ ʧʨʠ 1650ï

1600 ʩʤī1 ʠ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʢʘʨʙʦʢʩʠʣʘʪ-ʠʦʥʘ ʧʨʠ 1450ï1380 ʩʤī1, ʘ ʢʦʣʝʙʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

1500ï1400 ʩʤī1 ʠ 1100ï1045 ʩʤī1  ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʛʨʫʧʧ ïʉʅ2ï,
  ʜʣʷ ʘʣʴʜʝʛʠʜʥʦʡ ʛʨʫʧʧʳ ʚ 

ʦʙʣʘʩʪʷʭ 1740ï1720 ʩʤ-1 ʠ 3000ï2800 ʩʤī1, ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʦʝ ʜʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ 

ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʘʣʴʜʝʛʠʜʥʳʤʠ ʛʨʫʧʧʘʤʠ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʆʅï

ʛʨʫʧʧʘʤʠ ʧʦʣʠʤʝʨʥʦʡ ʧʦʜʣʦʞʢʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɸʎʊ. 

ʀʂ-ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ ɸʎʊ/ʍʠʪ/Glu/HRP/GOx ʩʦʜʝʨʞʠʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʷʭ 

3500ï3300 ʩʤī1, 1150ï1050 ʩʤī1, ʚʳʟʚʘʥʥʳʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʘʣʝʥʪʥʳʤʠ ʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ïNH2 ʛʨʫʧʧ ʢʦʤʧʣʝʢʩʘ ʬʝʨʤʝʥʪʦʚ. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ 1670ï1650 ʩʤī1 ʠ 3300ï3080 ʩʤī1 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʝʧʪʠʜʥʳʭ ʩʚʷʟʷʭ ïNHïCOï 

ʬʝʨʤʝʥʪʘ ʣʠʧʘʟʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. 

ʇʦʷʚʣʝʥʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 1650ï1550 ʩʤī1 ʜʦʢʘʟʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʘʟʦʤʝʪʠʥʦʚʦʡ ʩʚʷʟʠ CH=N ʤʝʞʜʫ ʬʝʨʤʝʥʪʦʤ ʠ ʩʰʠʚʘʶʱʠʤ ʘʛʝʥʪʦʤ ð ʛʣʫʪʘʨʦʚʳʤ 

ʜʠʘʣʴʜʝʛʠʜʦʤ. ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʩʯʝʟʥʦʚʝʥʠʝ ʜʫʙʣʝʪʥʦʛʦ ʧʠʢʘ ʚ ʦʙʣʘʩʪʠ 3000ï2870 ʩʤī1, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʧʨʠʩʫʪʩʪʚʠʝ ʘʣʴʜʝʛʠʜʥʦʡ ʛʨʫʧʧʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʚʘʣʝʥʪʥʦʡ 

ʘʟʦʤʝʪʠʥʦʚʦʡ ʩʚʷʟʠ ʛʣʫʪʘʨʦʚʦʛʦ ʜʠʘʣʴʜʝʛʠʜʘ ʩ ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʬʝʨʤʝʥʪʘ. 

 

ɺʳʚʦʜʳ 

ɸʢʪʠʚʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʬʝʨʤʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚʳʨʘʞʝʥʥʘʷ ʢʦʥʩʪʘʥʪʦʡ ʄʠʭʘʵʣʠʩʘ 

Kʤ, ʜʦʩʪʘʪʦʯʥʘ ʚʳʩʦʢʘ ʫ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʙʠʦʧʦʣʠʤʝʨʦʚ. ɼʘʥʥʳʡ ʬʘʢʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʘʣʠʯʠʠ ʜʦʩʪʫʧʥʳʭ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʬʝʨʤʝʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤ ʩʨʦʜʩʪʚʦʤ ʢ 

ʤʦʣʝʢʫʣʘʤ ʩʫʙʩʪʨʘʪʦʚ D-ʛʣʶʢʦʟʳ ʠ ʅ2ʆ2 ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʥʦʩʠʪʝʣʠ, 

ʇɺʇ/ʍʠʪ/Glu/HRP/GOx ʠ ɸʎʊ/ʍʠʪ/Glu/HRP/GOx ʩʦʜʝʨʞʘʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

2800ï3000 ʩʤī1 ʟʘ ʩʯʝʪ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ CïH-ʩʚʷʟʠ; ʧʠʢ ʧʨʠ 1092 ʩʤī1, ʦʙʫʩʣʦʚʣʝʥʥʳʡ 

ʚʠʙʨʘʮʠʝʡ ʨʘʩʪʷʞʝʥʠʷ CïNï ʩʚʷʟʠ; ʢʦʣʝʙʘʥʠʝ ʚʙʣʠʟʠ 1045 ʩʤī1 ʦʪʚʝʯʘʝʪ ʚʘʣʝʥʪʥʳʤ 

ʢʦʣʝʙʘʥʠʷʤ SiïO-ʩʚʷʟʠ; ʢʦʣʝʙʘʥʠʷ ʧʨʠ 850ï780 ʩʤī1, 1600ï1540 ʩʤī1, 3200ï3000 ʩʤī1 

ʦʙʫʩʣʦʚʣʝʥʳ ʥʘʣʠʯʠʝʤ ïNH2 ʛʨʫʧʧʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʬʝʨʤʝʥʪ ʙʳʣ ʢʦʚʘʣʝʥʪʥʦ ʠʤʤʦʙʠʣʠʟʦʚʘʥ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ɸʎʊ, ʦʜʥʘʢʦ ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʩʠʪʝʣʝʤ ʥʘ ʦʩʥʦʚʝ ʇɺʇ, 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʧʦ ʢʠʥʝʪʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʧʨʦʝʢʪ ˉ19-08-00186). 
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ɸʥʥʦʪʘʮʠʷ. ʄʝʪʦʜ t-ʛʨʘʬʠʢʘ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤ ʩʧʦʩʦʙʦʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʙʲʝʤʘ ʤʠʢʨʦ- ʠ/ʠʣʠ ʤʝʟʦʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 

ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩ ʵʪʘʣʦʥʥʦʡ ʠʟʦʪʝʨʤʦʡ ʘʜʩʦʨʙʮʠʠ ʥʝʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʤʝʶʱʝʛʦ 

ʩʭʦʜʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʝʪʦʜʘ t-ʛʨʘʬʠʢʘ 

ʢ ʘʥʘʣʠʟʫ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʥʢ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʮʝʦʣʠʪʘ H-ZSM-5 ʜʦ ʠ 

ʧʦʩʣʝ ʧʨʦʪʝʢʘʥʠʷ ʥʘ ʥʠʭ ʨʝʘʢʮʠʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ. ʎʝʦʣʠʪʳ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʠ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʩʦʜʝʨʞʘʪ ʘʢʪʠʚʥʳʝ ɹʨʝʥʩʪʝʜʦʚʩʢʠʝ ʢʠʩʣʦʪʥʳʝ ʮʝʥʪʨʳ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʚʥʫʪʨʠ ʤʠʢʨʦʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʮʝʦʣʠʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʙʠʨʘʪʝʣʴʥʦʤʫ 

ʢʘʪʘʣʠʟʫ ʟʘ ʩʯʝʪ ʨʘʟʥʠʮʳ ʬʦʨʤʳ ʧʦʨ ʠʩʧʦʣʴʟʫʝʤʳʭ ʮʝʦʣʠʪʦʚ. ʈʘʟʤʝʨ, ʬʦʨʤʘ ʮʝʦʣʠʪʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʧʨʝʜʝʣʷʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʚ ʦʪʥʦʰʝʥʠʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʜʫʢʪʘ, ʪʘʢ ʠ ʚ ʦʪʥʦʰʝʥʠʠ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʘʢʮʠʡ 

ʧʨʝʚʨʘʱʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʮʝʦʣʠʪʘʤʠ, ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʘʢʪʠʚʥʦʩʪʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʟ-ʟʘ ʦʪʣʦʞʝʥʠʷ ʫʛʣʝʨʦʜʘ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ 

ʮʝʦʣʠʪʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʨʘʩʢʨʳʪʠʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ 

ʩʫʱʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʝʟʘʢʪʠʚʘʮʠʠ ʮʝʦʣʠʪʦʚ. ʇʝʨʝʩʯʝʪ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ t-ʛʨʘʬʠʢʘ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʦʙʲʝʤ ʤʠʢʨʦ- ʠ ʤʝʟʦʧʦʨ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ t-ʛʨʘʬʠʢʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʤʝʪʘʥʦʣʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʦʣʠʪʘ. ʇʨʠ ʵʪʦʤ 
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ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʦʞʝʥʠʝ ʫʛʣʝʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʟʦʧʦʨ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ 

ʧʨʦʮʝʩʩʝ ʜʝʟʘʢʪʠʚʘʮʠʠ ʪʝʨʷʝʪʩʷ ʦʪ 61% ʜʦ 73% ʦʙʲʝʤʘ ʤʝʟʦʧʦʨ. ʂʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʧʦʨ ʪʘʢʞʝ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʥʦ ʜʦʣʷ ʧʦʪʝʨʴ ʩʦʩʪʘʚʣʷʝʪ 42ï54%, ʯʪʦ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʪʝʨʷʤʠ ʦʙʲʝʤʘ 

ʤʝʟʦʧʦʨ ʥʘ 10ï15%. 

 

Abstract. The t-plot method is a well-known method for determining the volumes of micro- 

and/or mesoporous materials and the specific surface area of a sample by comparison with 

a reference adsorption isotherm of a non-porous material having a similar surface chemical 

composition. The article describes the applicability of the t-graph method to the analysis of 

the surface properties of zinc modified samples of zeolite H-ZSM-5 before and after the reactions of 

methanol transformation into hydrocarbons occur on them. Zeolites are widely used as catalysts in 

the petrochemical and refining industries. These materials contain active Bronsted acid sites, 

distributed within the microporous structure of zeolites, which leads to selective catalysis due to 

the difference in the pore shape of the zeolites used. The size, shape of the zeolite catalyst 

determines the catalytic performance in terms of both product selectivity and catalyst deactivation. 

In most zeolite catalyzed hydrocarbon conversion reactions, catalyst activity is lost due to carbon 

deposition. In this connection, the determination of the surface properties of zeolites is an important 

task that contributes to the disclosure of the physicochemical essence of the process of deactivation 

of zeolites. The recalculation of nitrogen adsorption isotherms using the t-plot model made it 

possible to determine the volume of micro and mesopores. Based on the t-graph data, it can be 

concluded that during the transformation of methanol into hydrocarbons, carbon accumulates on 

the surface of the zeolite. In this case, the predominant deposition of carbon on the surface of 

mesopores, due to the fact that in the process of decontamination, from 61 to 73% of the volume of 

mesopores is lost. The number of micropores also decreases, but the share of losses is 42ï54%, 

which is 10ï15% lower compared to the loss of mesopore volume. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʝʦʣʠʪ, H-ZSM-5, ʠʟʦʪʝʨʤʘ ʘʜʩʦʨʙʮʠʠ, ʤʦʜʝʣʴ ʘʜʩʦʨʙʮʠʠ, t-ʛʨʘʬʠʢ. 

 

Keywords: zeolite, H-ZSM-5, adsorption isotherm, adsorption model, t-plot.  

 

ɺʚʝʜʝʥʠʝ 

ʎʝʦʣʠʪʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʠ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [1ï3]. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʩʦʜʝʨʞʘʪ ʘʢʪʠʚʥʳʝ 

ɹʨʝʥʩʪʝʜʦʚʩʢʠʝ ʢʠʩʣʦʪʥʳʝ ʮʝʥʪʨʳ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʚʥʫʪʨʠ ʤʠʢʨʦʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ 

ʮʝʦʣʠʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʙʠʨʘʪʝʣʴʥʦʤʫ ʢʘʪʘʣʠʟʫ ʟʘ ʩʯʝʪ ʨʘʟʥʠʮʳ ʬʦʨʤʳ ʧʦʨ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʮʝʦʣʠʪʦʚ [2]. ʈʘʟʤʝʨ, ʬʦʨʤʘ ʮʝʦʣʠʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʧʨʝʜʝʣʷʶʪ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʚ ʦʪʥʦʰʝʥʠʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʜʫʢʪʘ, ʪʘʢ ʠ ʚ 

ʦʪʥʦʰʝʥʠʠ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨ [3]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʘʢʮʠʡ ʧʨʝʚʨʘʱʝʥʠʷ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʮʝʦʣʠʪʘʤʠ, ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʟ-

ʟʘ ʦʪʣʦʞʝʥʠʷ ʫʛʣʝʨʦʜʘ [2ï3]. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʮʝʦʣʠʪʦʚ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʨʘʩʢʨʳʪʠʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʜʝʟʘʢʪʠʚʘʮʠʠ ʮʝʦʣʠʪʦʚ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʫʶ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʫʶ ʟʘʜʘʯʫ, ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʝʰʝʥʥʫʶ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. 

ʆʙʳʯʥʦ ʟʘʧʦʣʥʝʥʠʝ ʤʠʢʨʦʧʦʨ (d<2 ʥʤ) ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʣʘʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʘʚʣʝʥʠʡ 

p/p0<0.01 [4]. ʉʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʜʩʦʨʙʝʥʪïʘʜʩʦʨʙʘʪ ʦʧʨʝʜʝʣʷʶʪ ʟʘʧʦʣʥʝʥʠʝ ʤʠʢʨʦʧʦʨ 
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ʤʦʣʝʢʫʣʘʤʠ ʘʜʩʦʨʙʘʪʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʤʠʢʨʦʧʦʨ ʠʟʦʪʝʨʤʘ ʘʜʩʦʨʙʮʠʠ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʢ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʛʦ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʦʙʲʝʤʘ ʘʜʩʦʨʙʘʪʘ ʦʪ ʪʦʣʱʠʥʳ 

ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʩʣʦʷ ð t (ʤʦʜʝʣʴ ʊ-ʛʨʘʬʠʢʘ) [5]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʟʦʪʘ ʚ ʢʘʯʝʩʪʚʝ 

ʤʦʣʝʢʫʣʳ ʘʜʩʦʨʙʘʪʘ ʧʝʨʝʩʯʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʌʦʨʤʫʣʘ 1, 

ʜʣʷ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ SiO2. 
 

t=
Ȣ

Ȣ
  

(1) 

 

ʛʜʝ t ð ʪʦʣʱʠʥʘ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʩʣʦʷ, ʤ; p ð ʠʟʤʝʨʝʥʥʦʝ ʜʘʚʣʝʥʠʝ, ʇʘ; p0 ð ʜʘʚʣʝʥʠʝ 

ʢʦʥʜʝʥʩʘʮʠʠ ʘʟʦʪʘ, ʇʘ 

 

ʂʨʦʤʝ ʪʨʘʜʠʮʠʦʥʥʦʡ ʌʦʨʤʫʣʳ 1 ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʦʣʝʝ ʪʦʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʣʱʠʥʳ 

ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʩʣʦʷ ʦʪ ʜʘʚʣʝʥʠʷ 0,009<p/p0<0,12 (ʌʦʨʤʫʣʘ 2) ʜʣʷ ʣʠʭʨʦʩʬʝʨʘ 1000 [6]. 
 

t = 1,62973+76,4748(p/p0)ī2171,7914(p/p0)
2+41734,77357(p/p0)

3ï

465290,41181(p/p0)
4+2,72432Ĭ106(p/p0)

5ī6,43708Ĭ106(p/p0)
6 

(2) 

 

ɺ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ 0,13<p/p0<0,60 ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʧʨʦʩʪʦʛʦ 

ʫʨʘʚʥʝʥʠʷ (ʌʦʨʤʫʣʘ 3) ʜʣʷ ʘʵʨʦʩʠʣʘ 200. 
 

t = 3,07721 + 5,64019(p/p0)  (3) 
 

ʂʦʪʦʨʦʝ ʧʨʠ ʜʘʚʣʝʥʠʷʭ p/p0 < 0,6 ʧʨʠʥʠʤʘʝʪ ʚʠʜ (ʌʦʨʤʫʣʘ 4): 
 

t = 4592,05803ī38117,31548(p/p0)+131602,19741(p/p0)
2ï

241680,40239(p/p0)
3 +249079,8569(p/p0)

4ï

136632,44762(p/p0)
5+31182,4149(p/p0)

6 

(4) 

 

ʇʨʠ ʵʪʦʤ ʦʪʩʝʢʘʝʤʳʡ ʦʙʲʝʤ ʧʦʨ ʥʘ ʦʩʠ ʦʨʜʠʥʘʪ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʫʤʤʝ ʚʥʝʰʥʝʛʦ 

ʦʙʲʝʤʘ ʧʦʨ ʠ ʤʠʢʨʦʧʦʨ. ɼʣʷ ʧʝʨʝʩʯʝʪʘ ʦʙʲʝʤʘ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʜʩʦʨʙʪʠʚʘ ʚ ʞʠʜʢʠʡ ʘʜʩʦʨʙʪʠʚ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʧʝʨʝʩʯʝʪ ʦʙʲʝʤʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʛʘʟʘ ʚ ʧʣʦʱʘʜʴ ʧʦ ʌʦʨʤʫʣʝ 5 [7]. 
 

Vʞʠʜ = Vʛʘʟ/(ɟ(ʛʘʟ)/ɟ(ʞʠʜ)) (5) 
 

ɻʜʝ S ð ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨ, ʤ2/ʛ; Vʛʘʟʘ ð ʦʙʲʝʤ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʜʩʦʨʙʪʠʚʘ, ʤ3; 

Vʞʠʜ  ð ʦʙʲʝʤ ʞʠʜʢʦʛʦ ʘʜʩʦʨʙʪʠʚʘ, ʤ3; ɟ(ʛʘʟ) ð ʧʣʦʪʥʦʩʪʴ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʜʩʦʨʙʪʠʚʘ ʥʘ 

ʣʠʥʠʠ ʨʘʚʥʦʚʝʩʠʷ, ʢʛ/ʤ3; ɟ(ʞʠʜ) ð ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʛʦ ʘʜʩʦʨʙʪʠʚʘ ʥʘ ʣʠʥʠʠ ʨʘʚʥʦʚʝʩʠʷ, 

ʢʛ/ʤ3 

 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʟʦʪʘ ʚ ʢʘʯʝʩʪʚʝ ʘʜʩʦʨʙʪʠʚʘ ʬʦʨʤʫʣʘ 5 ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʌʦʨʤʫʣʝ 6 [8]: 
 

Vʞʠʜ=Vʛʘʟʘ/(646) (6) 
 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʠ t-ʛʨʘʬʠʢʘ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʝʝ ʜʦʣʞʥʳʤ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʦʙʦʩʥʦʚʘʥʠʝʤ, ʪʘʢ ʠ ʩ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʡ ʢʦʨʨʝʣʷʮʠʡ ʧʦʣʫʯʝʥʥʳʭ ʩ ʝʝ 

ʧʦʤʦʱʴʶ ʟʥʘʯʝʥʠʡ ʦʙʲʝʤʦʚ ʠ ʧʣʦʱʘʜʝʡ ʧʦʨ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ɺ 

ʩʚʷʟʠ ʩ ʯʝʤ ʚ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʮʠʥʢʦʤ 

ʮʝʦʣʠʪʘ H-ZSM-5 ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʪʦʡ ʤʦʜʝʣʠ. 
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ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʮʝʦʣʠʪ ʪʠʧʘ H-ZSM-5 (HKC, Hong-Kong) ʚ ʥʘʪʨʠʝʚʦʡ 

ʬʦʨʤʝ. ɼʣʷ ʧʝʨʝʚʦʜʘ ʮʝʦʣʠʪʘ ʚ ʢʠʩʣʦʪʥʫʶ ʬʦʨʤʫ 20 ʛ ʮʝʦʣʠʪʘ ʧʦʤʝʱʘʣʠʩʴ ʚ 250 ʤʣ 1ʄ 

ʨʘʩʪʚʦʨʘ NH4Cl ʠ ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʦʩʴ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʧʨʠ 4000 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ. ʆʩʘʜʦʢ ʧʨʦʤʳʚʘʣʩʷ ʪʨʠ ʨʘʟʘ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʩʫʰʠʣʩʷ ʧʨʠ 105 Áʉ ʠ ʢʘʣʴʮʠʥʠʨʦʚʘʣʠ ʧʨʠ 700 Áʉ ʚ ʪʝʯʝʥʠʝ 

6 ʯʘʩʦʚ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʠʬʠʢʘʮʠʠ 10 ʛ ʚʳʩʫʰʝʥʥʦʛʦ ʮʝʦʣʠʪʘ H-ZSM-5 

ʩʫʩʧʝʥʜʠʨʦʚʘʣʦʩʴ ʚ 250 ʤʣ ʨʘʩʪʚʦʨʘ ʘʮʝʪʘʪʘ ʮʠʥʢʘ (ʤʘʩʩʘ ʘʮʝʪʘʪʘ ʮʠʥʢʘ 1,5 ʛ, 3 ʛ, 6 ʛ). ʇʦʩʣʝ 

ʯʝʛʦ ʨʘʩʪʚʦʨ ʦʪʜʝʣʷʣʩʷ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʦʩʘʜʦʢ ʪʨʦʝʢʨʘʪʥʦ ʧʨʦʤʳʚʘʣʩʷ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʟʘʪʝʤ ʦʩʘʜʦʢ ʚʳʩʫʰʠʚʘʣʩʷ ʧʨʠ 105 Áʉ ʠ ʢʘʣʴʮʠʥʠʨʦʚʘʣʩʷ ʧʨʠ 

700 Áʉ. ʂʘʪʘʣʠʟʘʪʦʨʳ ʦʙʦʟʥʘʯʘʣʠʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚʥʦʩʠʤʦʛʦ ʘʮʝʪʘʪʘ ʮʠʥʢʘ: 

ZSM-5-Zn-1,5, ZSM-5-Zn-3, ZSM-5-Zn-6.  

ʆʧʨʝʜʝʣʝʥʠʝ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʨʠʩʪʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʧʨʠʙʦʨʘʭ: 

ʘʥʘʣʠʟʘʪʦʨ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ: Becmancoultersa 3100 

(Coultercorporation, Miami, Florida), ʧʨʠʙʦʨʧʦʜʛʦʪʦʚʢʠʦʙʨʘʟʮʦʚ: Becmancoultersa-prep 

(Coultercorporation, Miami, Florida).  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʦʙʨʘʟʝʮ ʧʦʤʝʱʘʝʪʩʷ ʚ ʢʚʘʨʮʝʚʫʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʟʚʝʰʝʥʥʫʶ 

ʢʶʚʝʪʫ, ʢʦʪʦʨʘʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʧʨʠʙʦʨ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʘ SA-PREPTM. ʇʘʨʘʤʝʪʨʳ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ: ʪʝʤʧʝʨʘʪʫʨʘ ð 120 Áʉ; ʛʘʟ ð ʘʟʦʪ; ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʢʠ ð 60 ʤʠʥ. ʇʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʢʶʚʝʪʘ ʦʭʣʘʞʜʘʝʪʩʷ ʠ ʚʟʚʝʰʠʚʘʝʪʩʷ, ʘ ʟʘʪʝʤ ʧʝʨʝʥʦʩʠʪʩʷ ʚ 

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʧʦʨʪ ʧʨʠʙʦʨʘ BECMANCOULTERTMSA 3100TM. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʧʨʦʚʦʜʠʣʘʩʴ ʧʦʜʘʯʘ ʛʘʟʘ ʚ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʢʶʚʝʪʫ ʠ ʦʧʨʝʜʝʣʷʣʦʩʴ ʨʘʚʥʦʚʝʩʥʦʝ ʜʘʚʣʝʥʠʝ ʚ 

ʩʠʩʪʝʤʝ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʀʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ ʜʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʮʝʦʣʠʪʘ H-

ZSM-5 ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʮʠʥʢʦʤ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʧʦ 

ʜʘʥʥʳʤ ʘʥʘʣʠʟʘʪʦʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 1.  

ʆʙʱʠʡ ʚʠʜ ʠʟʦʪʝʨʤ ʜʣʷ ʠʩʭʦʜʥʳʭ ʮʠʥʢ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʟʚʦʣʷʝʪ 

ʦʪʥʝʩʪʠ ʠʭ ʢ ʯʝʪʚʝʨʪʦʤʫ ʪʠʧʫ ʠʟʦʪʝʨʤ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʤʠʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʞʝ ʠʟʦʪʝʨʤʳ ʠʩʭʦʜʥʳʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʮʝʦʣʠʪʦʚ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʘʚʣʝʥʠʡ 

p/p0>0,8, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʢʨʫʧʥʳʭ ʤʝʟʦʧʦʨ ʚ ʩʪʨʫʢʪʫʨʝ ʦʙʨʘʟʮʦʚ. ɼʣʷ ʦʙʨʘʟʮʦʚ 

ʮʠʥʢ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ, ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ 

ʫʛʣʝʚʦʜʦʨʦʜʳ, ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʢʘʢ ʦʙʲʝʤʘ ʤʠʢʨʦ, ʪʘʢ ʠ ʤʝʟʦʧʦʨ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʛʣʝʨʦʜʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʧʦʨʘʭ ʮʝʦʣʠʪʘ. 

ʀʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʜʣʷ ʠʩʭʦʜʥʳʭ, ʪʘʢ ʠ ʜʣʷ ʦʪʨʘʙʦʪʘʥʥʳʭ ʮʠʥʢ ʟʘʤʝʱʝʥʥʳʭ 

ʮʝʦʣʠʪʦʚ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʚ ʢʦʦʨʜʠʥʘʪʳ t-ʛʨʘʬʠʢʘ (ʈʠʩʫʥʦʢ 2) ʩ ʫʯʝʪʦʤ ʪʦʣʱʠʥʳ 

ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʩʣʦʷ t, ʜʣʷ ʯʝʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʌʦʨʤʫʣʳ 2ï4. 
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ʈʠʩʫʥʦʢ 1. ʀʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʦʣʠʪʦʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʮʠʥʢʦʤ 

ʘ) ʠʩʭʦʜʥʳʡ ZSM-5-Zn-1,5, ʙ) ZSM-5-Zn-3, ʚ) ZSM-5-Zn-6. 

 

  

 

ʈʠʩʫʥʦʢ 2. ʀʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʦʣʠʪʦʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʮʠʥʢʦʤ ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ t-ʛʨʘʬʠʢʘ ʘ) ZSM-5-Zn-1,5, ʙ) ZSM-5-Zn-3, ʚ) ZSM-5-Zn-6. 
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ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ ʥʘʣʠʯʠʝ 

ʤʠʢʨʦʧʦʨ ʚ ʦʙʣʘʩʪʠ ʪʦʣʱʠʥ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʩʣʦʷ ʤʝʥʝʝ 0,5 ʥʤ ʠ ʤʝʟʦʧʦʨ ʚ ʦʙʣʘʩʪʠ ʪʦʣʱʠʥ 

ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʩʣʦʷ ʙʦʣʝʝ 0,5 ʥʤ.  

ʇʝʨʝʩʯʝʪ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʙʲʝʤʦʚ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʚ ʦʙʲʝʤ ʧʦʨ ʙʳʣ 

ʧʨʦʠʟʚʝʜʝʥ ʩ ʫʯʝʪʦʤ ʧʣʦʪʥʦʩʪʠ ʘʟʦʪʘ 0,001251 ʛ/ʩʤ3 ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ 0,808 ʛ/ʩʤ3 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ (ī195,8 Áʉ), ʘ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ. 

ʅʘ ʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʊʘʙʣʠʮʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ ʦʪʣʦʞʝʥʠʠ ʫʛʣʝʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʟʦʧʦʨ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ 

ʧʨʦʮʝʩʩʝ ʜʝʟʘʢʪʠʚʘʮʠʠ ʪʝʨʷʝʪʩʷ ʦʪ 61 ʜʦ 73% ʦʙʲʝʤʘ ʤʝʟʦʧʦʨ. ʂʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʧʦʨ ʪʘʢʞʝ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʥʦ ʜʦʣʷ ʧʦʪʝʨʴ ʩʦʩʪʘʚʣʷʝʪ 42ï54%, ʯʪʦ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʪʝʨʷʤʠ ʦʙʲʝʤʘ 

ʤʝʟʦʧʦʨ ʥʘ 10ï15%. 

 

ʊʘʙʣʠʮʘ.  

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʇʆɺɽʈʍʅʆʉʊʀ ʎɽʆʃʀʊʆɺ H-ZSM-5 ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓʍ ʎʀʅʂʆʄ 

ɼʆ ʀ ʇʆʉʃɽ ʇʈʆɺɽɼɽʅʀʗ ʇʈʆʎɽʉʉɸ ʊʈɸʅʉʌʆʈʄɸʎʀʀ ʄɽʊɸʅʆʃɸ ɺ ʋɻʃɽɺʆɼʆʈʆɼʓ 

 
ʆʙʨʘʟʝʮ ʤʣ/ʛ ʤʣ/ʛ % ʤʣ/ʛ ʤʣ/ʛ % 

ZSM-5-Zn-1,5 0,130 0,074 43 0,056 0,015 73 

ZSM-5-Zn-3 0,139 0,063 54 0,046 0,017 63 

ZSM-5-Zn-6 0,116 0,067 42 0,039 0,015 61 

 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʩʩʯʠʪʘʥʳ ʤʦʜʝʣʠ t-ʛʨʘʬʠʢʘ ʠʩʭʦʜʥʦʛʦ ʠ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʮʝʦʣʠʪʘ ʪʠʧʘ ʅ-ZSM-5 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʮʠʥʢʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ. 

ʇʝʨʝʩʯʝʪ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ t-ʛʨʘʬʠʢʘ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ 

ʦʙʲʝʤ ʤʠʢʨʦ ʠ ʤʝʟʦʧʦʨ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʧʨʠ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʦʣʠʪʘ. ʇʨʠ ʵʪʦʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʦʞʝʥʠʝ ʫʛʣʝʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʟʦʧʦʨ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʜʝʟʘʢʪʠʚʘʮʠʠ ʪʝʨʷʝʪʩʷ ʦʪ 61% ʜʦ 73% ʦʙʲʝʤʘ ʤʝʟʦʧʦʨ. 

ʂʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʧʦʨ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ, ʥʦ ʜʦʣʷ ʧʦʪʝʨʴ ʩʦʩʪʘʚʣʷʝʪ 42ï54%, ʯʪʦ ʥʠʞʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʪʝʨʷʤʠ ʦʙʲʝʤʘ ʤʝʟʦʧʦʨ ʥʘ 10ï15%. 

 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʌʌʀ 20-08-00433. 
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ɸʥʥʦʪʘʮʠʷ. ɼʝʟʘʢʪʠʚʘʮʠʷ ʮʝʦʣʠʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ 

ʫʛʣʝʚʦʜʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ 

ʦʙʨʘʪʠʤʫʶ ʠ ʥʝʦʙʨʘʪʠʤʫʶ ʜʝʛʨʘʜʘʮʠʶ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ. ʅʝʦʙʨʘʪʠʤʘʷ ʜʝʟʘʢʪʠʚʘʮʠʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʚʷʟʘʥʘ ʩ ʜʝʛʨʘʜʘʮʠʝʡ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ 

ʧʦʩʣʝʜʥʠʭ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʦʪʣʦʞʝʥʠʡ ʫʛʣʝʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʦʙʨʘʪʠʤʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʫʛʣʝʨʦʜʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ 

ʚ ʧʦʣʦʩʪʷʭ ʢʘʥʘʣʦʚ ʮʝʦʣʠʪʦʚ, ʯʪʦ ʦʙʳʯʥʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʦ 

ʣʝʛʢʠʤ ʫʛʣʝʚʦʜʦʨʦʜʘʤ, ʪʘʢ ʠ ʚ ʤʝʩʪʘʭ ʩʦʝʜʠʥʝʥʠʷ ʢʘʥʘʣʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʣʦʢʠʨʦʚʢʝ ʧʦʨ ʠ 

ʫʤʝʥʴʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʩʘʞʜʝʥʠʝ ʫʛʣʝʨʦʜʘ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʮʝʦʣʠʪʘ, ʯʪʦ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʜʝʟʘʢʪʠʚʘʮʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʪ ʚʨʝʤʝʥʠ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʪʨʫʙʯʘʪʦʡ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʨʝʘʢʪʦʨʘ ʧʦʣʫʯʝʥʠʷ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʠ ʨʝʘʢʪʦʨʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ 

ʫʛʣʝʚʦʜʦʨʦʜʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʜʝʟʘʢʪʠʚʘʮʠʠ ʮʝʦʣʠʪʘ 

H-ZSM-5 ʧʦʟʚʦʣʷʝʪ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʘʪʴ ʨʝʘʣʴʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʠ 

ʵʥʝʨʛʠʡ ʘʢʪʠʚʘʮʠʡ. ʅʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʤʥʦʞʠʪʝʣʝʡ ʠ ʵʥʝʨʛʠʡ 

ʘʢʪʠʚʘʮʠʠ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʦʙʣʘʩʪʴ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʤʠʥʠʤʘʣʴʥʫʶ 

ʩʢʦʨʦʩʪʴ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, Pʦʙ ɦ= 1 ʘʪʤ., W (ʤʝʪʘʥʦʣʘ) = 2,3 ʢʛ (ʤʝʪʘʥʦʣʘ) / (ʢʛ (ʢʘʪ) 

Ĭ ʯ), t=330ï360 ÁC, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʤʝʪʘʥʦʣʘ ʥʘ ʮʝʦʣʠʪʝ ʪʠʧʘ H-ZSM-5. 
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Abstract. Zeolite deactivation during the methanol transformation into hydrocarbons is a 

complex chemical process that includes reversible and irreversible degradation of active sites. The 

irreversible deactivation of the catalyst is associated with the degradation of active sites during 

long-term functioning of the zeolite under high-temperature exposure conditions of to water vapor 

as one of the main reaction products. The carbon deposits formation on the catalyst surface is the 

main cause of reversible deactivation. The formation of carbon can occur both in the cavities of the 

zeolites channels, which usually leads to a change in the selectivity of the process for light 

hydrocarbons, and at the junctions of the channels, which leads to pores blockage and a decrease in 

the activity of the catalyst. In addition, carbon deposition can occur directly on the active site of the 

zeolite, which also reduces the activity of the catalyst. The study of the synthesized catalytic 

systems deactivation rate to process time correlation was carried out in a tubular reactor installation 

of continuous operation, consisting of a reactor for producing dimethyl ether and a reactor for 

transformation of dimethyl ether into hydrocarbons. Determination of the kinetic regularities of the 

deactivation process of zeolite H-ZSM-5 makes it possible to adequately describe the actual course 

of the catalytic transformation of methanol into hydrocarbons. As a result of solving the differential 

equations of catalyst deactivation by numerical methods, the values of the preexponential factors 

and activation energies were obtained. Base on the values of the preexponential factors and 

activation energies, the methanol into hydrocarbons conditions range optimal for the catalytic 

transformation was determined, providing the minimum rate of catalyst deactivation, Ptotal = 1 Bar, 

W (methanol) = 2.3 kg (methanol) / (kg (cat) Ĭ h), t = 330ï360 ÁC, which correlates with the results 

of the literature data on the transformation of methanol into zeolite of the H-ZSM-5 type. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʘʥʦʣ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʢʘʪʘʣʠʟʘʪʦʨ, ʮʝʦʣʠʪ, H-ZSM-5. 

 

Keywords: methanol, transformation, catalyst, zeolite, H-ZSM-5. 

 

ɺʚʝʜʝʥʠʝ 

ɼʝʟʘʢʪʠʚʘʮʠʷ ʮʝʦʣʠʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʦʩʪʨʳʭ ʧʨʦʙʣʝʤ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɼʝʟʘʢʪʠʚʘʮʠʶ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʘ) ʥʝʦʙʨʘʪʠʤʫʶ ʜʝʟʘʢʪʠʚʘʮʠʶ ʮʝʦʣʠʪʘ, ʩʚʷʟʘʥʥʫʶ ʩ 

ʜʝʛʨʘʜʘʮʠʝʡ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʮʝʦʣʠʪʘ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ, 

ʙ) ʦʙʨʘʪʠʤʫʶ ʜʝʟʘʢʪʠʚʘʮʠʶ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʦʪʣʦʞʝʥʠʝʤ ʫʛʣʝʨʦʜʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ. 

ʘ) ʅʝʦʙʨʘʪʠʤʘʷ ʜʝʟʘʢʪʠʚʘʮʠʷ 

ʅʝʦʙʨʘʪʠʤʘʷ ʜʝʟʘʢʪʠʚʘʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʚʷʟʘʥʘ ʩ ʜʝʛʨʘʜʘʮʠʝʡ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʧʦʩʣʝʜʥʠʭ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʚʦʜʷʥʦʛʦ ʧʘʨʘ, ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ 

ʚʳʤʳʚʘʥʠʶ ʢʨʝʤʥʠʷ ʠ ʘʣʶʤʠʥʠʷ [1ï4] ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʦʣʠʪʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʟʤʝʥʷʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʠ ʩʠʣʘ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ [5]. ʂʨʦʤʝ ʪʦʛʦ, ʦʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ gentq 

ʜʝʟʘʢʪʠʚʘʮʠʠ ʮʝʦʣʠʪʘ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʠʜʦʚ ʢʨʝʤʥʠʷ ʠ ʘʣʶʤʠʥʠʷ ʥʝ 

ʘʢʪʠʚʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʦʠʩʭʦʜʠʪ 

ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʠ ʩʠʣʳ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ [5]. 

ʙ) ʆʙʨʘʪʠʤʘʷ ʜʝʟʘʢʪʠʚʘʮʠʷ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʦʪʣʦʞʝʥʠʡ ʫʛʣʝʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ 

ʧʨʠʯʠʥʦʡ ʦʙʨʘʪʠʤʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʮʝʦʣʠʪʦʚ [6ï7]. ʆʙʨʘʟʦʚʘʥʠʝ ʫʛʣʝʨʦʜʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʢʘʢ ʚ ʧʦʣʦʩʪʷʭ ʢʘʥʘʣʦʚ ʮʝʦʣʠʪʦʚ, ʯʪʦ ʦʙʳʯʥʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 
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ʧʦ ʣʝʛʢʠʤ ʫʛʣʝʚʦʜʦʨʦʜʘʤ, ʪʘʢ ʠ ʚ ʤʝʩʪʘʭ ʩʦʝʜʠʥʝʥʠʷ ʢʘʥʘʣʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʣʦʢʠʨʦʚʢʝ ʧʦʨ 

ʠ ʫʤʝʥʴʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ [8ï9]. ʂʨʦʤʝ ʪʦʛʦ, ʦʩʘʞʜʝʥʠʝ ʫʛʣʝʨʦʜʘ ʤʦʞʝʪ 

ʧʨʦʠʟʦʡʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʮʝʦʣʠʪʘ, ʯʪʦ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʘʢʪʠʚʥʦʩʪʴ 

ʢʘʪʘʣʠʟʘʪʦʨʘ [9ï11].  

ʋʯʝʪ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʢʠʥʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʫʯʝʪʘ ʤʝʭʘʥʠʟʤʘ ʜʝʟʘʢʪʠʚʘʮʠʠ. 

ʊʘʢ ʚ ʨʘʙʦʪʝ [12], ʜʣʷ ʫʯʝʪʘ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʙʳʣ ʚʚʝʜʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ɓ ʥʘ 

ʢʦʪʦʨʳʡ ʧʦʤʥʦʞʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʡ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ (1). 
 

ὶ ὶ‍ (1) 
 

ʛʜʝ ὶ ð ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ, ὶ ð ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʜʣʷ ʠʩʭʦʜʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ɓ ð ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʟʘʢʪʠʚʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

Ŭ ʠ ä. ʂʦʵʬʬʠʮʠʝʥʪ Ŭ ð ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʝʦʙʨʘʪʠʤʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʜʝʛʨʘʜʘʮʠʝʡ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ ʦʩʥʦʚʥʦʤ ʧʦʪʝʨʝʡ ʘʣʶʤʠʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʪʘʥʦʣʘ. ʂʦʵʬʬʠʮʠʝʥʪ ä ð ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʦʙʨʘʪʠʤʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʪʣʦʞʝʥʠʡ ʫʛʣʝʨʦʜʘ 

ʚ ʧʦʨʘʭ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʘʢʪʠʚʥʦʩʪʴ ʥʘʫʛʣʝʨʦʞʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʘ ʧʫʪʝʤ ʝʛʦ ʦʪʞʠʛʘ ʚ ʪʦʢʝ ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʚʦʟʜʫʭʘ (2). 
 

ɼ ɻ (2) 
 

ʛʜʝ ɓ ð ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, Ŭ ð ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʦʙʨʘʪʠʤʦʡ 

ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ä ð ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʙʨʘʪʠʤʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 

 

ɼʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʦʙʨʘʪʠʤʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʙʳʣʦ ʚʳʚʝʜʝʥʦ ʫʨʘʚʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʝʛʦ ʠʟʤʝʥʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (3). 
 

Ὠ‌

Ὠὸ
ὑ Ὡ ‌ Ƞά ρ 

(3) 

 

ʛʜʝ  ð ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʦʙʨʘʪʠʤʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʦʪ ʚʨʝʤʝʥʠ, Ὁ  ð 

ʢʘʞʫʱʘʷʩʷ ʵʥʝʨʛʠʷ ʥʝʦʙʨʘʪʠʤʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ὑ  ð ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ 

ʤʥʦʞʠʪʝʣʴ, R ð ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, T ð ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ, m ð ʧʦʨʷʜʦʢ 

ʨʝʘʢʮʠʠ ʥʝʦʙʨʘʪʠʤʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ.  

ʇʦʪʝʨʷ ʘʢʪʠʚʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʦʷ ʫʛʣʝʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʌʦʨʤʫʣʦʡ 4. 
 

Ὠ

Ὠὸ
ὑɼȠὲ ρ 

(4) 

 

ʛʜʝ ï ð ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʨʘʪʠʤʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʦʪ ʚʨʝʤʝʥʠ, ὑ ð 

ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʫʛʣʝʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ɓ ð ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, n ð ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʫʛʣʝʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʆʙʲʝʜʠʥʷʷ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʙʨʘʪʠʤʦʡ ʠ ʥʝʦʙʨʘʪʠʤʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʡ ʩʢʦʨʦʩʪʠ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ (5).  
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Ὠɼ

Ὠὸ
‌ ὑɼ ὑ ɼ 

(5) 

 

ʛʜʝ Ŭ ð ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʝʦʙʨʘʪʠʤʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ὑ ð ʢʦʥʩʪʘʥʪʘ 

ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʫʛʣʝʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ὑ  ð ʢʦʥʩʪʘʥʪʘ ʥʝʦʙʨʘʪʠʤʦʡ 

ʜʝʟʘʢʪʠʚʘʮʠʠ ʮʝʦʣʠʪʘ, m ð ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʥʝʦʙʨʘʪʠʤʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʧʦʩʦʙʳ ʫʯʝʪʘ ʜʝʟʘʢʪʠʚʘʮʠʠ ʷʚʣʷʶʪʩʷ ʯʘʩʪʥʳʤʠ ʠ ʥʝ ʫʯʠʪʳʚʘʶʪ 

ʤʝʭʘʥʠʟʤ ʧʨʦʪʝʢʘʥʠʷ ʜʝʟʘʢʪʠʚʘʮʠʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʨʘʟʨʘʙʦʪʢʘ ʙʦʣʝʝ ʪʦʯʥʳʭ ʤʦʜʝʣʝʡ 

ʜʝʟʘʢʪʠʚʘʮʠʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʮʝʦʣʠʪ ʪʠʧʘ H-ZSM-5 (HKC, Hong-Kong) ʚ ʥʘʪʨʠʝʚʦʡ 

ʬʦʨʤʝ. ɼʣʷ ʧʝʨʝʚʦʜʘ ʮʝʦʣʠʪʘ ʚ ʢʠʩʣʦʪʥʫʶ ʬʦʨʤʫ 20 ʛ ʮʝʦʣʠʪʘ ʧʦʤʝʱʘʣʠʩʴ ʚ 250 ʤʣ 1ʄ 

ʨʘʩʪʚʦʨʘ NH4Cl ʠ ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʦʩʴ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʧʨʠ 4000 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ. ʆʩʘʜʦʢ ʧʨʦʤʳʚʘʣʩʷ ʪʨʠ ʨʘʟʘ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʩʫʰʠʣʩʷ ʧʨʠ 105 Áʉ ʠ ʢʘʣʴʮʠʥʠʨʦʚʘʣʠ ʧʨʠ 700 Áʉ ʚ ʪʝʯʝʥʠʝ 

6 ʯʘʩʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʜʝʟʘʢʪʠʚʘʮʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʪʨʫʙʯʘʪʦʡ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʩʦʩʪʦʷʱʝʡ 

ʨʝʘʢʪʦʨʘ ʧʦʣʫʯʝʥʠʷ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʠ ʨʝʘʢʪʦʨʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ 

ʫʛʣʝʚʦʜʦʨʦʜʳ. ɺ ʨʝʘʢʪʦʨʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ ʜʠʤʝʪʠʣʦʚʳʡ ʵʬʠʨ ʧʦʤʝʱʘʣʦʩʴ 10,2 ʛ 

ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʚ ʨʝʘʢʪʦʨ ʩʠʥʪʝʟʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʦʤʝʱʘʣʦʩʴ 6,3 ʛ 

ʠʩʩʣʝʜʫʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʈʝʘʢʪʦʨ rʜʦʛʨʝʚʘʣʠʩʴ ʜʦ 320ï370 Áʉ ʉʢʦʨʦʩʪʴ ʧʦʜʘʯʠ 

ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ (ɼʄʕ) ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʥʘ ʫʨʦʚʥʝ 0,1ï4,2 ʛ (ɼʄʕ) / (ʛ (ʂʘʪ)Ĭʯ). ɸʥʘʣʠʟ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʟʦʚʦʛʦ 

ʭʨʦʤʘʪʦʛʨʘʬʘ ʂʨʠʩʪʘʣʣ-2000 (ʈʦʩʩʠʷ, ʍʨʦʤʘʪʵʢ), ʦʩʥʘʱʝʥʥʦʛʦ ʧʣʘʤʝʥʥʦ ʠʦʥʠʟʘʮʠʦʥʥʳʤ 

ʜʝʪʝʢʪʦʨʦʤ ʠ ʜʝʪʝʢʪʦʨʦʤ ʧʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʂʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʠʭʩʷ ʞʠʜʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʣʦʩʴ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɼʝʛʨʘʜʘʮʠʷ ɹʨʝʥʩʪʝʜʦʚʩʢʠʭ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ ʧʨʠ ʧʘʨʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʨʘʞʝʥʘ ʌʨʤʫʣʘʤʠ 6ï8, ʛʜʝ ʧʝʨʚʳʝ ʜʚʝ ʩʪʘʜʠʠ ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ ʦʙʨʘʪʠʤʳʤʠ. ʇʨʠ ʵʪʦʤ 

ʢʘʣʴʮʠʥʠʨʦʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʜʝʛʠʜʨʘʪʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʚ ʩʚʷʟʠ ʩ 

ʯʝʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ. 
 

Si O

Si O

Al OH

Si O

Al

O Si

O

Si

+ H2O HO Si O+

Si O

Si O

Al OH H2O+

HO

Si O

Al OH HO Si O+

HO

Si O

Al OH H2O+

HO

HO

Al OH HO Si O+

(6)

(7)

(8)
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ʇʦʩʣʝʜʥʷʷ ʩʪʘʜʠʷ ʜʝʟʘʢʪʠʚʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʨʘʪʠʤʦʤʫ ʛʠʜʨʦʣʠʟʫ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʘʤʦʨʬʥʦʛʦ ʛʠʜʨʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʢʦʪʦʨʳʡ ʚʳʤʳʚʘʝʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ ʠʣʠ ʦʙʨʘʟʫʝʪ ʦʪʜʝʣʴʥʫʶ ʬʘʟʫ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ. ɺ 

ʣʶʙʦʤ ʩʣʫʯʘʝ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʧʨʦʪʝʢʘʥʠʠ ʚʩʝʭ ʪʨʝʭ ʩʪʘʜʠʡ ʩʪʫʧʝʥʯʘʪʦʛʦ ʛʠʜʨʦʣʠʟʘ 

ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ 

ʫʤʝʥʴʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʆʙʨʘʪʠʤʘʷ ʜʝʟʘʢʪʠʚʘʮʠʷ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʘʜʩʦʨʙʮʠʠ ʪʷʞʝʣʳʭ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʠʣʠ ʚ ʢʘʥʘʣʝ ʮʝʦʣʠʪʘ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʩʪʠ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ, ʘ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ 

ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʩʪʠ ʮʝʣʦʡ ʛʨʫʧʧʳ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ (ʈʠʩʫʥʦʢ). 

 

 
 

ʈʠʩʫʥʦʢ. ɸʜʩʦʨʙʮʠʷ ʘʥʪʨʘʮʝʥʘ ʠ ʬʝʥʘʥʪʨʝʥʘ ʚ ʢʘʥʘʣʘʭ ʮʝʦʣʠʪʘ ʅ-ZSM-5 ʘ) ʘʜʩʦʨʙʮʠʷ ʚ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʢʘʥʘʣʘʭ, ʙ) ʘʜʩʦʨʙʮʠʷ ʚ ʧʨʷʤʳʭ ʢʘʥʘʣʘʭ, ʚ) ʘʜʩʦʨʙʮʠʷ ʥʘ ʤʝʩʪʘʭ ʩʪʳʢʘ ʧʨʷʤʳʭ ʠ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʢʘʥʘʣʦʚ. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʭʠʤʠʟʤʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʭʝʤʫ ʧʘʨʦʚʦʡ 

ʜʝʟʘʢʪʠʚʘʮʠʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʮʝʦʣʠʪʘ (9ï11). 

 

[Aʮ]+H2OP ˍ ³̗H2O (9) 

 

ˍ ³̗H2O +H2OP ˍ ³̗2H2O (10) 

 

ˍ ³̗2H2O +H2OO ˍ ³̗3H2O (11) 

 

ʛʜʝ [Aʮ] ð ʜʦʣʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʥʠʤʘʝʤʘʷ ʩʚʦʙʦʜʥʳʤʠ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ; ̱ ³̗H2O 

ð ʜʦʣʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʥʠʤʘʝʤʘʷ ʤʦʥʦʛʠʜʨʘʪʠʨʦʚʘʥʥʳʤʠ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ; ̱ ³̗2H2O 

ð ʜʦʣʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʥʠʤʘʝʤʘʷ ʜʠʛʠʜʨʘʪʠʨʦʚʘʥʥʳʤʠ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ; ̱ ³̗3H2O ð 

ʜʦʣʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʥʠʤʘʝʤʘʷ ʪʨʠʛʠʜʨʘʪʠʨʦʚʘʥʥʳʤʠ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ; 

 

ɸ ʩʭʝʤʘ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʜʩʦʨʙʮʠʠ ʪʷʞʝʣʳʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʌʦʨʤʫʣʦʡ 12. 

 

[Aʮ]+˞ ᴾ[ɸʮ] ³ʉ (12) 

 

ʛʜʝ [Aʮ] ð ʜʦʣʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʥʠʤʘʝʤʘʷ ʩʚʦʙʦʜʥʳʤʠ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ; ̱ ³̗ʉ ð 

ʜʦʣʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʥʠʤʘʝʤʘʷ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ ʩ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤʠ 

ʧʦʣʠʘʨʦʤʪʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. 
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ʉ ʫʯʝʪʦʤ ʨʘʚʥʦʚʝʩʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʨʝʘʢʮʠʡ 9ï10, ʩʢʦʨʦʩʪʴ ʜʝʟʘʢʪʠʚʘʮʠʠ ʮʝʦʣʠʪʘ ʧʦ 

ʜʘʥʥʦʤʫ ʧʫʪʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ 13ï14. 

 

Ὠὃ̗

Ὠὸ
Ὸ̱̗ὯὴὌὕ Ὧὴὅ  

(13) 

 

Ὠὃ̗ ̐̏̌Ȣ̎

Ὠὸ

Ὧὑὑὴ ρ Ὸ̱ ̗ Ὸ̱ ̗ Ὸ̱ ̗

ρ ὑὴὌὕ
 

(14) 

 

ʛʜʝ Ὸ̱  ̗ð ʜʦʣʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʥʠʤʘʝʤʘʷ ʩʚʦʙʦʜʥʳʤʠ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ; k1, k2, k3, 

k4 ð ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ (9ï12), 1/ʩ; K1, K2 ð ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʨʝʘʢʮʠʠ (9ï10); 

ὴὌὕ ð ʜʘʚʣʝʥʠʝ ʚʦʜʷʥʳʭ ʧʘʨʦʚ ʚ ʨʝʘʢʮʠʠ, ʘʪʤ; ὴὅ  ð ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ 

ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘʪʤ. 

ʂʦʪʦʨʳʝ ʩ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ ɸʨʨʝʥʠʫʩʘ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʫʨʘʚʥʝʥʠʷʤʠ 15ï16. 

 

Ὠὃ̗

Ὠὸ
Ὸ̱ ̗ὯὩ

˒ ́̋̓

ὴὌὕ ὯὯὩ
˒ ́̋̓

ὴὅ  
(15) 

 

Ὠὃ̗ ̐̏̌Ȣ̎

Ὠὸ

ὯὩ
˒ ́̋̓

ὑὩ ὑὩ ὴ ρ Ὸ̱ ̗ Ὸ̱ ̗ Ὸ̱ ̗

ρ ὑὩ ὴὌὕ

 

(16) 

 

ʛʜʝ k01 ð ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ (9), 1/(ʘʪʤ ʩ), 

k02 ð ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ (10), 1/(ʘʪʤ ʩ), k03 ð 

ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ (11), 1/(ʘʪʤ ʩ), k04 ð 

ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ (11), 1/(ʘʪʤ ʩ), ὑ ð 

ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ ʢʦʥʩʪʘʥʪʳ ʘʜʩʦʨʙʮʠʠ ʚʦʜʳ ʧʦ ʨʝʘʢʮʠʠ 9, ʢʛ (ʂʘʪ) / ʢʛ 

(H2O), ὑ ð ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ ʢʦʥʩʪʘʥʪʳ ʘʜʩʦʨʙʮʠʠ ʚʦʜʳ ʧʦ ʨʝʘʢʮʠʠ 10, 

ʢʛ (ʂʘʪ) / ʢʛ (H2O), Ὁ ð ɻ ʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ ʘʜʩʦʨʙʮʠʠ ʚʦʜʳ ʧʦ ʨʝʘʢʮʠʠ 9, ʢɼʞ/(ʢʛ 

ʂ), Ὁ ð ɻ ʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ ʘʜʩʦʨʙʮʠʠ ʚʦʜʳ ʧʦ ʨʝʘʢʮʠʠ 10, ʢɼʞ/(ʘʪʤ ʂ), E3ʘʢʪ ð 

ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ (11), ʢɼʞ/(ʢʛ ʂ), 

ʌʦʨʤʫʣʳ 15ï16 ʙʳʣʠ ʨʝʰʝʥ rʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʚ ʩʨʝʜʝ Matlab ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ, ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʠ ʵʥʝʨʛʠʡ ʘʢʪʠʚʘʮʠʡ 

ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ.  

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʤʥʦʞʠʪʝʣʝʡ ʠ ʵʥʝʨʛʠʡ 

ʘʢʪʠʚʘʮʠʠ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʦʙʣʘʩʪʴ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ Pʦʙ=ɦ1 ʘʪʤ, W (ʄʝʪʘʥʦʣʘ) = 2,3 ʢʛ 

(ʄʝʪʘʥʦʣʘ) / (ʢʛ (ʂʘʪ)Ĭʯ), t=330ï360 ÁC, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʤʠʥʠʤʘʣʴʥʫʶ ʜʝʟʘʢʪʠʚʘʮʠ ʁ

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʤʝʪʘʥʦʣʘ ʥʘ ʮʝʦʣʠʪʘ ʪʠʧʘ H-ZSM-5 [11ï12].  
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ʊʘʙʣʠʮʘ.  

ɿʅɸʏɽʅʀʗ ʇʈɽɼʕʂʉʇʆʅɽʅʎʀɸʃʔʅʓʍ ʄʅʆɾʀʊɽʃɽʁ ʀ ʕʅɽʈɻʀʁ ɸʂʊʀɺɸʎʀʀ 

ʇʈʆʎɽʉʉɸ ɼɽɿɸʂʊʀɺɸʎʀʀ ʎɽʆʃʀʊɸ H-ZSM-5 ɺʆ ɺʈɽʄʗ ʂɸʊɸʃʀʊʀʏɽʉʂʆʁ 

ʊʈɸʅʉʌʆʈʄɸʎʀʀ ʄɽʊɸʅʆʃɸ ɺ ʋɻʃɽɺʆɼʆʈʆɼʓ 

 

ʂʦʥʩʪʘʥʪʳ ɽʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ɿʥʘʯʝʥʠʝ ů95% 

k0
1 1/ʩ 24597 1230 

k0
2 1/ʩ 18942 950 

k0
3 1/ʩ 11312 550 

k0
4 1/ʩ 15472 770 

E1ʘʢʪ ʢɼʞ/(ʢʛ ʂ) 23 1 

E2ʘʢʪ ʢɼʞ/(ʢʛ ʂ) 18 1 

E3ʘʢʪ ʢɼʞ/(ʢʛ ʂ) 25 1 

E4ʘʢʪ ʢɼʞ/(ʢʛ ʂ) 73 4 

Ὁ  ʢɼʞ/(ʢʛ ʂ) 13 1 

Ὁ  ʢɼʞ/(ʘʪʤ ʂ) 15 1 

Ὁ  ʢɼʞ/(ʘʪʤ ʂ) 12 1 

ὑ  ʢʛ(ʂʘʪ)/ʢʛ(ʅ2O) 3259 163 

ὑ  ʢʛ(ʂʘʪ)/ʢʛ(ʅ2O) 3195 160 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɼʝʟʘʢʪʠʚʘʮʠʷ ʮʝʦʣʠʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʦʙʨʘʪʠʤʫʶ ʠ 

ʥʝʦʙʨʘʪʠʤʫʶ ʜʝʛʨʘʜʘʮʠʶ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʮʝʦʣʠʪʘ ʩ ʧʝʨʝʛʨʝʪʳʤ ʚʦʜʷʥʳʤ ʧʘʨʦʤ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʜʝʟʘʢʪʠʚʘʮʠʠ ʮʝʦʣʠʪʘ H-ZSM-5 ʧʦʟʚʦʣʷʝʪ 

ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʘʪʴ ʨʝʘʣʴʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ 

ʫʛʣʝʚʦʜʦʨʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʝʟʘʢʪʠʚʘʮʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʠ ʵʥʝʨʛʠʡ ʘʢʪʠʚʘʮʠʡ. ʅʘ 

ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʤʥʦʞʠʪʝʣʝʡ ʠ ʵʥʝʨʛʠʡ ʘʢʪʠʚʘʮʠʠ ʙʳʣʘ 

ʦʧʨʝʜʝʣʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʦʙʣʘʩʪʴ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ Pʦʙ ɦ= 1 ʘʪʤ, W (ʄʝʪʘʥʦʣʘ) = 2,3 ʢʛ (ʄʝʪʘʥʦʣʘ) / (ʢʛ 

(ʂʘʪ)Ĭʯ), t=330ï360 ÁC ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʤʠʥʠʤʘʣʴʥʫʶ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʯʪʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʪʘʥʦʣʘ ʥʘ ʮʝʦʣʠʪʘ 

ʪʠʧʘ H-ZSM-5. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʌʌʀ 20-08-00191. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. Asadi A. A., Alavi S. M., Royaee S. J., Bazmi M. Dependency of acidic and surficial 

characteristics of steamed Y zeolite on potentially effective synthesis parameters: screening, 

prioritizing and model development // Microporous and Mesoporous Materials. 2018. V. 259. P. 

142-154. https://doi.org/10.1016/j.micromeso.2017.09.028 

2. Ji Y., Birmingham J., Deimund M. A., Brand S. K., Davis M. E. Steam-dealuminated, 

OSDA-free RHO and KFI-type zeolites as catalysts for the methanol-to-olefins reaction // 

Microporous and Mesoporous Materials. 2016. V. 232, 126-137. 

https://doi.org/10.1016/j.micromeso.2016.06.012 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.com 

ʊ. 6. ˉ11. 2020 

https://doi.org/10.33619/2414-2948/60 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 38 

 

3. Almutairi S. M. T., Mezari B., Pidko E. A., Magusin P. C. M. M., Hensen E. J. M. Influence 

of steaming on the acidity and the methanol conversion reaction of HZSM-5 zeolite // Journal of 

Catalysis. 2013. V. 307. P. 194-203. https://doi.org/10.1016/j.jcat.2013.07.021 

4. Wei Z., Chen L., Cao Q., Wen Z., Zhou Z., Xu Y., Zhu X. Steamed Zn/ZSM-5 catalysts for 

improved methanol aromatization with high stability // Fuel Processing Technology. 2017. V. 162. P. 

66-77. https://doi.org/10.1016/j.fuproc.2017.03.026 

5. Wan Z., Li G. K., Wang C., Yang H., Zhang D. Relating coke formation and characteristics 

to deactivation of ZSM-5 zeolite in methanol to gasoline conversion // Applied Catalysis A: 

General. 2018. V. 549. P. 141-151. https://doi.org/10.1016/j.apcata.2017.09.035 

6. Aguayo A. T. et al. Deactivation by coke of a catalyst based on a SAPOȤ34 in the 

transformation of methanol into olefins // Journal of Chemical Technology & Biotechnology: 

International Research in Process, Environmental & Clean Technology. 1999. V. 74. ˉ4. P. 315-

321. https://doi.org/10.1002/(SICI)1097-4660(199904)74:4<315::AID-JCTB34>3.0.CO;2-G 

7. Chen D., Moljord K., Holmen A. A methanol to olefins review: Diffusion, coke formation 

and deactivation on SAPO type catalysts // Microporous and mesoporous materials. 2012. V. 164. P. 

239-250. https://doi.org/10.1016/j.micromeso.2012.06.046 

8. Froment G. F., Dehertog W. J. H., Marchi A. J. Zeolite catalysis in the conversion of 

methanol into olefins // Catalysis. n.d. P. 1-64. https://doi.org/10.1039/9781847553218-00001 

9. Beeckman J. W., Froment G. F. Catalyst deactivation by site coverage and pore blockage: 

Finite rate of growth of the carbonaceous deposit // Chemical Engineering Science. 1980. V. 35. 

ˉ4. P. 805-815. https://doi.org/10.1016/0009-2509(80)85064-0 

10. Beeckman J. W., Froment G. F. Catalyst deactivation by active site coverage and pore 

blockage // Industrial & Engineering Chemistry Fundamentals. 1979. V. 18. ˉ3. P. 245-256. 

https://doi.org/10.1021/i160071a009 

11. Derouane E. G. Factors Affecting The Deactivation Of Zeolites By Coking // Studies in 

Surface Science and Catalysis. 1985. P. 221-240. https://doi.org/10.1016/s0167-2991(09)60173-7 

12. Schipper P. H., Krambeck F. J. A reactor design simulation with reversible and irreversible 

catalyst deactivation // Chemical engineering science. 1986. V. 41. ˉ4. P. 1013-1019. 

https://doi.org/10.1016/0009-2509(86)87187-1 

 

References: 

1. Asadi, A. A., Alavi, S. M., Royaee, S. J., & Bazmi, M. (2018). Dependency of acidic and 

surficial characteristics of steamed Y zeolite on potentially effective synthesis parameters: 

screening, prioritizing and model development. Microporous and Mesoporous Materials, 259, 142-

154. https://doi.org/10.1016/j.micromeso.2017.09.028 

2. Ji, Y., Birmingham, J., Deimund, M. A., Brand, S. K., & Davis, M. E. (2016). Steam-

dealuminated, OSDA-free RHO and KFI-type zeolites as catalysts for the methanol-to-olefins 

reaction. Microporous and Mesoporous Materials, 232, 126-137. 

https://doi.org/10.1016/j.micromeso.2016.06.012 

3. Almutairi, S. M. T., Mezari, B., Pidko, E. A., Magusin, P. C. M. M., & Hensen, E. J. M. 

(2013). Influence of steaming on the acidity and the methanol conversion reaction of HZSM-5 

zeolite. Journal of Catalysis, 307, 194-203. https://doi.org/10.1016/j.jcat.2013.07.021 

4. Wei, Z., Chen, L., Cao, Q., Wen, Z., Zhou, Z., Xu, Y., & Zhu, X. (2017). Steamed 

Zn/ZSM-5 catalysts for improved methanol aromatization with high stability. Fuel Processing 

Technology, 162, 66-77. https://doi.org/10.1016/j.fuproc.2017.03.026 

5. Wan, Z., Li, G. K., Wang, C., Yang, H., & Zhang, D. (2018). Relating coke formation and 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.com 

ʊ. 6. ˉ11. 2020 

https://doi.org/10.33619/2414-2948/60 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 39 

 

characteristics to deactivation of ZSM-5 zeolite in methanol to gasoline conversion. Applied 

Catalysis A: General, 549, 141-151. https://doi.org/10.1016/j.apcata.2017.09.035 

6. Aguayo, A. T., Campo, A. E. S. D., Gayubo, A. G., Tarr²o, A., & Bilbao, J. (1999). 

Deactivation by coke of a catalyst based on a SAPOȤ34 in the transformation of methanol into 

olefins. Journal of Chemical Technology & Biotechnology: International Research in Process, 

Environmental & Clean Technology, 74(4), 315-321. https://doi.org/10.1002/(SICI)1097-

4660(199904)74:4<315::AID-JCTB34>3.0.CO;2-G 

7. Chen, D., Moljord, K., & Holmen, A. (2012). A methanol to olefins review: Diffusion, 

coke formation and deactivation on SAPO type catalysts. Microporous and mesoporous materials, 

164, 239-250. https://doi.org/10.1016/j.micromeso.2012.06.046 

8. Froment, G. F., Dehertog, W. J. H., & Marchi, A. J. (n.d.). Zeolite catalysis in the 

conversion of methanol into olefins. In Catalysis, 1-64. https://doi.org/10.1039/9781847553218-

00001 

9. Beeckman, J. W., & Froment, G. F. (1980). Catalyst deactivation by site coverage and pore 

blockage: Finite rate of growth of the carbonaceous deposit. Chemical Engineering Science, 35(4), 

805-815. https://doi.org/10.1016/0009-2509(80)85064-0 

10. Beeckman, J. W., & Froment, G. F. (1979). Catalyst deactivation by active site coverage 

and pore blockage. Industrial & Engineering Chemistry Fundamentals, 18(3), 245-256. 

https://doi.org/10.1021/i160071a009 

11. Derouane, E. G. (1985). Factors Affecting The Deactivation Of Zeolites By Coking. In 

Studies in Surface Science and Catalysis, 221-240. https://doi.org/10.1016/s0167-2991(09)60173-7 

12. Schipper, P. H., & Krambeck, F. J. (1986). A reactor design simulation with reversible 

and irreversible catalyst deactivation. Chemical engineering science, 41(4), 1013-1019. 

https://doi.org/10.1016/0009-2509(86)87187-1 

 

 

ʈʘʙʦʪʘ ʧʦʩʪʫʧʠʣʘ 

ʚ ʨʝʜʘʢʮʠʶ 16.10.2020 ʛ. 

 ʇʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ 

21.10.2020 ʛ. 

________________________________________________________________________________ 

 

 

ʉʩʳʣʢʘ ʜʣ ̫ʮʠʪʠʨʦʚʘʥʠʷ: 

ɹʨʦʚʢʦ ʈ. ɺ., ʄʫʰʠʥʩʢʠʡ ʃ. ʉ., ɼʦʣʫʜʘ ɺ. ʖ. ʄʝʭʘʥʠʟʤʳ ʜʝʟʘʢʪʠʚʘʮʠʠ ʮʝʦʣʠʪʘ H-

ZSM-5 ʚ ʧʨʦʮʝʩʩʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ // ɹʶʣʣʝʪʝʥʴ 

ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. 2020. ʊ. 6. ˉ11. ʉ. 31-39. https://doi.org/10.33619/2414-2948/60/03 

 

Cite as (APA): 

Brovko, R., Mushinskii, L., & Doluda, V. (2020). H-ZSM-5 Zeolites Deactivation 

Mechanisms in Catalytic Transformation of Methanol to Hydrocarbons. Bulletin of Science and 

Practice, 6(11), 31-39. (in Russian). https://doi.org/10.33619/2414-2948/60/03 
  

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.com 

ʊ. 6. ˉ11. 2020 

https://doi.org/10.33619/2414-2948/60 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 40 

 

ʋɼʂ 544.47 

AGRIS P33 

https://doi.org/10.33619/2414-2948/60/04 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʈɽɸʂʎʀʀ 

ʇʆʃʋʏɽʅʀʗ N-ʄɽʊʀʃ-D-ɻʃʖʂʆɿʀʄʀʅɸ 

 

Éʄʠʭʘʡʣʦʚ ʉ. ʇ., SPIN-ʢʦʜ: 4383-5846, ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʊʚʝʨʴ, ʈʦʩʩʠʷ, stefan.oblivion@mail.ru 

Éɹʨʦʚʢʦ ʈ. ɺ., ORCID: 0000-0001-9945-566X, SPIN-ʢʦʜ: 1638-1220, ʊʚʝʨʩʢʦʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ, ʈʦʩʩʠʷ, romanvictorovich69@mail.ru 

Éʄʫʰʠʥʩʢʠʡ ʃ. ʉ., ORCID: 0000-0002-0819-6664, SPIN-ʢʦʜ: 5679-1478, ʊʚʝʨʩʢʦʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ, ʈʦʩʩʠʷ, l18071998@rambler.ru  

Éʉʫʣʴʤʘʥ ʄ. ɻ., ORCID: 0000-0001-7980-800X, SPIN-ʢʦʜ: 7354-8329, ʜ-ʨ ʭʠʤ. ʥʘʫʢ, 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʊʚʝʨʴ, ʈʦʩʩʠʷ, science@science.tver.ru 

 

N-METHYL-D-GLUCOSEIMINE SYNTHESIS REACTION THERMODYNAMIC 

PROPERTIES CALCULATION  

 

ÉMikhailov S., SPIN-code: 4383-5846, Tver State University, 

Tver, Russia, stefan.oblivion@mail.ru 

ÉBrovko R., ORCID: 0000-0001-9945-566X, SPIN-code: 1638-1220, Tver State Technical 

University, Tver, Russia, romanvictorovich69@mail.ru 

ÉMushinskii L., ORCID: 0000-0002-0819-6664, SPIN-code: 5679-1478, 

Tver State Technical University, Tver, Russia, l18071998@rambler.ru 

ÉSulman M., ORCID: 0000-0001-7980-800X, SPIN-code: 7354-8329, Dr. habil., 

Tver State Technical University, Tver, Russia, science@science.tver.ru 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ 

ʦʙʨʘʪʠʤʦʡ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ N-ʤʝʪʠʣ-D-ʛʣʶʢʦʟʠʤʠʥʘ, ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʧʦʣʫʯʝʥʠʷ N-ʤʝʪʠʣ-D-ʛʣʶʢʦʟʘʤʠʥʘ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʚ 

ʢʘʯʝʩʪʚʝ ʙʘʣʣʘʩʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠʣʠ ʧʨʦʪʠʚʦʠʦʥʘ, ʫʣʫʯʰʘʶʱʝʛʦ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʦʩʥʦʚʥʦʛʦ 

ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ. N-ʤʝʪʠʣ-D-ʛʣʶʢʦʟʠʤʠʥ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

D-ʛʣʶʢʦʟʳ ʩ ʤʝʪʠʣʘʤʠʥʦʤ ʚ ʩʨʝʜʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʨʝʘʢʮʠʷ ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʪʠʤʦʡ, ʘ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʚʩʝʮʝʣʦ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʚʳʭʦʜ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦʤʫ ʧʦʥʠʤʘʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʇʨʠ ʭʠʤʠʯʝʩʢʦʤ 

ʨʘʚʥʦʚʝʩʠʠ ʧʨʷʤʘʷ ʠ ʦʙʨʘʪʥʘʷ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʩ ʨʘʚʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʨʦʜʫʢʪʦʚ ʠ ʨʝʘʛʝʥʪʦʚ ʦʩʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ. ʇʨʠ ʧʨʦʪʝʢʘʥʠʠ ʨʝʘʢʮʠʠ ʚ ʟʘʤʢʥʫʪʦʡ 

ʩʠʩʪʝʤʝ, ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʥʘʩʪʫʧʘʝʪ ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ, ʧʨʠ ʵʪʦʤ ʨʝʘʢʮʠʷ ʥʝ 

ʧʨʦʪʝʢʘʝʪ ʩ ʧʦʣʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʨʝʘʛʝʥʪʦʚ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ N-ʤʝʪʠʣ-D-ʛʣʶʢʦʟʠʤʠʥʘ ʤʝʪʦʜʦʤ 

ɺʘʥ-ʂʨʘʚʣʝʥʘïʏʝʨʝʤʥʦʚʘ. ʈʘʩʩʯʠʪʘʥʳ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ, ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ ʠ ʢʦʥʚʝʨʩʠʷ 

ʛʣʶʢʦʟʳ ʧʨʠ ʝʜʠʥʠʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ. ʇʦʢʘʟʘʥʦ ʯʪʦ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʩ 20 ʜʦ 160 Áʉ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʚʝʨʩʠʠ ʛʣʶʢʦʟʳ ʩ 3 ʜʦ 32%, 

ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʨʦʚʝʜʝʥʠʝ ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 
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Abstract. The presented article is devoted to thermodynamic calculations of the N-methyl-D-

glucosimine reversible formation reaction, an intermediate product for N-methyl-D-glucosamine 

synthesis, which is widely used in pharmaceutical practice as a ballast or counterion that improves 

the bioavailability of the main active substance. N-methyl-D-glucosimine is synthesized as a result 

of the interaction of D-glucose with methylamine in organic solvents, the reaction is reversible, and 

the yield of the target product depends entirely on the reaction conditions. The use of 

thermodynamic calculations makes it possible to evaluate the influence of the chemical process 

conditions on the yield of target products, which in turn contributes to a deeper understanding of the 

chemical reactions mechanisms. In chemical equilibrium, direct and reverse reactions proceed at 

equal rates, while the concentrations of products and reagents remain constant. When the reaction 

proceeds in a closed system, after a certain time, a state of equilibrium occurs, while the reaction 

does not proceed with a complete transformation of the reagents. This article presents the results of 

thermodynamic calculations of the reaction for the synthesis of N-methyl-D-glucosimine by the Van 

Kravlen ï Cheremnov method. The Gibbs energy, equilibrium constants, and D-glucose conversion 

were calculated as activity function of reacting substances. It was shown that an increase in the 

temperature of the reaction mixture from 20 to 160 ÁC promotes an increase in the conversion of D-

glucose from 3 to 32%, and therefore it is possible to recommend carrying out this reaction at 

elevated temperatures. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: D-ʛʣʶʢʦʟʘ, N-ʤʝʪʠʣ-D-ʛʣʶʢʦʟʠʤʠʥ, ʦʩʥʦʚʘʥʠʝ ʐʠʬʬʘ, 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʨʘʚʥʦʚʝʩʠʝ, ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ. 

 

Keywords: D-glucose, N-methyl-D-glucoseimine, Schiff base, thermodynamic calculations, 

equilibrium, Gibbs energy. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ 

ʧʨʦʚʝʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʚʳʭʦʜ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʧʦʥʠʤʘʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ.  

ʊʝʨʤʦʜʠʥʘʤʠʢʘ ð ɻ ʪʦ ʥʘʫʢʘ ʦ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʤ, ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʩʦʩʪʦʷʥʠʷʭ ʧʨʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ [1ï

2]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʦʙʤʝʥ ʪʝʧʣʦʪʦʡ [3], ʨʘʙʦʪʦʡ ʠ ʤʘʩʩʳ ʤʝʞʜʫ ʩʠʩʪʝʤʦʡ ʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ [4]. ʊʠʧʠʯʥʘʷ ʨʘʙʦʪʘ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʚʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ [5], ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ [6]. ʇʝʨʚʳʡ 

ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʦʧʠʩʳʚʘʝʪ ʵʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʫʪʚʝʨʞʜʘʷ, ʯʪʦ ʯʠʩʪʦʝ ʠʟʤʝʥʝʥʠʝ 

ʵʥʝʨʛʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʦʣʞʥʦ ʫʨʘʚʥʦʚʝʰʠʚʘʪʴʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʠʟʤʝʥʝʥʠʝʤ 

ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʪʦʨʦʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʫʧʨʘʚʣʷʝʪ 

ʵʚʦʣʶʮʠʝʡ ʩʦʩʪʦʷʥʠʷ ʚʥʫʪʨʠ ʩʠʩʪʝʤʳ ʧʨʠ ʟʘʜʘʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʤʝʞʜʫ ʩʠʩʪʝʤʦʡ ʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ɺʪʦʨʦʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʟʘʷʚʣʷʝʪ, ʯʪʦ ʣʶʙʳʝ ʚʥʫʪʨʝʥʥʠʝ 

ʧʨʦʮʝʩʩʳ, ʝʩʣʠ ʦʥʠ ʧʨʦʠʩʭʦʜʷʪ ʩʧʦʥʪʘʥʥʦ, ʪʦ ʝʩʪʴ ʥʝʦʙʨʘʪʠʤʦ, ʜʦʣʞʥʳ ʧʨʠʚʦʜʠʪʴ ʢ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʵʥʪʨʦʧʠʠ. ʂʦʤʙʠʥʘʮʠʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʟʘʢʦʥʦʚ ʪʝʨʤʦʜʠʥʘʤʠʢʠ 

ʙʳʣʘ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʘ ɻʠʙʙʩʦʤ ʠ ʥʘʟʚʘʥʘ ʠʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʫʨʘʚʥʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʚʜʦʭʥʦʚʠʣʦ ʄʘʢʩʚʝʣʣʘ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ [1]. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʛʨʘʮʠʶ ʚʥʝʰʥʠʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʧʝʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʳ ʠ, ʦʯʝʚʠʜʥʦ, ʚʢʣʶʯʘʝʪ ʢʘʢ ʨʘʚʥʦʚʝʩʥʳʝ, ʪʘʢ ʠ 

ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ [2], ʭʦʪʷ ɻʠʙʙʩ ʩʦʩʨʝʜʦʪʦʯʠʣʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 
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ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʟʘʢʦʥʘ ʢ ʩʦʩʪʦʷʥʠʷʤ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ [1]. ʏʝʨʝʟ ʩʝʨʠʶ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʧʫʙʣʠʢʘʮʠʡ ɻʠʙʙʩ [1] ʨʘʟʨʘʙʦʪʘʣ ʦʩʥʦʚʫ ʜʣʷ ʨʘʚʥʦʚʝʩʠʷ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʚʝʱʝʩʪʚ ʧʦʩʨʝʜʩʪʚʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚʢʣʶʯʘʷ 

ʩʚʷʟʫʶʱʠʝ ʣʠʥʠʠ, ʪʨʝʫʛʦʣʴʥʠʢʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʢʨʠʪʝʨʠʠ 

ʨʘʚʥʦʚʝʩʠʷ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ.  

ʇʦʣʫʯʝʥʠʝ N-ʤʝʪʠʣ-D-ʛʣʶʢʦʟʠʤʠʥʘ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʵʪʘʧʦʤ ʩʠʥʪʝʟʘ N-ʤʝʪʠʣ-D-

ʛʣʶʢʦʟʘʤʠʥʘ, ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʚ ʢʘʯʝʩʪʚʝ 

ʙʘʣʣʘʩʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʧʨʦʪʠʚʦʠʦʥʘ, ʫʣʫʯʰʘʶʱʝʛʦ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʦʩʥʦʚʥʦʛʦ 

ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ. N-ʤʝʪʠʣ-D-ʛʣʶʢʦʟʠʤʠʥ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

D-ʛʣʶʢʦʟʳ ʩ ʤʝʪʠʣʘʤʠʥʦʤ ʚ ʩʨʝʜʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʨʝʘʢʮʠʷ ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʪʠʤʦʡ, ʘ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʚʩʝʮʝʣʦ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ. ɺ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ 

N-ʤʝʪʠʣ-D-ʛʣʶʢʦʟʠʤʠʥʘ ʤʝʪʦʜʦʤ ɺʘʥ-ʂʨʘʚʣʝʥʘïʏʝʨʝʤʥʦʚʘ. 

 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʘʩʯʝʪ DGʪ
ʦ ʦʙʨ ʤʝʪʦʜʦʤ ɺʘʥ-ʂʨʘʚʣʝʥʘïʏʝʨʝʤʥʦʚʘ 

ʕʤʧʠʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ DGʪ
ʦ ʦʙʨ ɺʘʥ-ʂʨʘʚʣʝʥʘïʏʝʨʝʤʥʦʚʘ ʦʩʥʦʚʘʥ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʌʦʨʤʫʣʳ 1 [7ï8], 
 

DGʪ
ʦ ʦʙʨ = Sɸ+SBT (1) 

 

ʛʜʝ Sɸ, Sɺ ð ʩʫʤʤʳ ʵʤʧʠʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʛʨʫʧʧʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʥʘ 

ʢʦʪʦʨʳʝ ʨʘʟʙʠʚʘʝʪʩʷ ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. 

ʕʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʷʚʣʷʶʪʩʷ ʩʧʨʘʚʦʯʥʳʤʠ ʠ/ʠʣʠ ʚʳʯʠʩʣʷʶʪʩʷ ʤʝʪʦʜʘʤʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʨʝʪʠʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʚ 

ʧʨʠʣʦʞʝʥʠʠ ʢ ʦʙʨʘʪʠʤʳʤ ʭʠʤʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ (2): 
 

DGʪ
ʦ ʦʙʨ=īRTĬln(Ka) (2) 

 

ʛʜʝ DGʪ
ʦ ʦʙʨ ð ɻ ʥʝʨʛʠʷ ɻʠʙʙʩʘ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʝʘʢʮʠʠ, ɼʞ/(ʤʦʣʴĬʂ); R ð 

ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, 8,314 ɼʞ/(ʤʦʣʴĬʂ); T ð ʪʝʤʧʝʨʘʪʫʨʘ, K; Ka ð ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ 

ʨʝʘʢʮʠʠ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʨʝʘʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʢʦʥʚʝʨʩʠʠ ʮʝʣʝʚʳʭ ʚʝʱʝʩʪʚ ʠʣʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʌʦʨʤʫʣʦʡ 3. 
 

Ka=
ː̟̌ ˙̆ˍ̍

ː̟̌ ˙̆ˍ̍ ː̟̌  
(3) 

 

ʛʜʝ Áː̟̌ ð ʘʢʪʠʚʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʛʣʶʢʦʟʳ, ʤʦʣʴ/ʣ; Á˙̆ˍ̍ ð ʘʢʪʠʚʥʦʩʪʴ 

ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʤʝʪʠʣʘʤʠʥʘ, ʤʦʣʴ/ʣ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɼʣʷ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ N-ʤʝʪʠʣ-D-ʛʣʶʢʦʟʠʤʠʥʘ (4) ʛʨʫʧʧʦʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʫʨʘʚʥʝʥʠʷ 

ɺʘʥ-ʂʨʘʚʣʝʥʘïʏʝʨʝʤʥʦʚʘ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ. 
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D-ʛʣʁʢʦʟʘ ʤʝʪʠʣʘʤʠʥ N-ʤʝʪʠʣ-D-ʛʣʁʢʦʟʠʤʠʥ  

(4) 

 

ʊʘʙʣʠʮʘ.  

ʈɽɿʋʃʔʊɸʊʓ ɺʓʏʀʉʃɽʅʀʗ ɻʈʋʇʇʆɺʓʍ ʂʆʕʌʌʀʎʀɽʅʊʆɺ ʉʆɽɼʀʅɽʅʀʁ  

ʇʆ ʄɽʊʆɼʋ ɺɸʅ-ʂʈɸɺʃɽʅɸïʏɽʈɽʄʅʆɺɸ 
 

ɻʨʫʧʧʘ ɻʨʫʧʧʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʈʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʩʦʝʜʠʥʝʥʠʝ 

A, ʢʢʘʣ/ʤʦʣʴ ɺĬ10ī2, 

ʢʢʘʣ/ʤʦʣʴ 

A, ʢʢʘʣ/ʤʦʣʴ ɺĬ10ī2, 

ʢʢʘʣ/ʤʦʣʴ 

H2O 

H2O ī58,076 1,154 ī58,076 1,154 

ɻʣʶʢʦʟʘ (ʉ6H12O6) 

ïCH2ï ī5,283 2,443 ī5,283 2,443 

ïCHï ī0,756 2,942 ī3,024 11,768 

ïC=OH ī29,16 0,663 ī29,16 0,663 

ïʆʅ 

(ʧʝʨʚʠʯʥʘʷ) 

ī42,959 1,134 ī42,959 1,134 

ïʆʅ 

(ʚʪʦʨʠʯʥʘʷ) 

ī44,538 1,18 ī178,152 4,72 

ʀʊʆɻʆ ī258,578 20,728 

ʄʝʪʠʣʘʤʠʥ (ʉʅ3NH2) 

ïCH3 ī10,833 2,176 ī10,833 2,176 

ïNH2 2,82 2,71 2,82 2,71 

ʀʊʆɻʆ ī8,013 4,886 

N-ʤʝʪʠʣ-D-ʛʣʶʢʦʟʠʤʠʥ (ʉ7ʅ15N) 

ïCH2ï ī5,283 2,443 ī5,283 2,443 

ïCHï| ī0,756 2,942 ī3,024 11,768 

ïN=Cï| 46,32 ī0,89 46,32 ī0,89 

ïʆʅ 

(ʧʝʨʚʠʯʥʘʷ) 

ī42,959 1,134 ī42,959 1,134 

ïʆʅ 

(ʚʪʦʨʠʯʥʘʷ) 

ī44,538 1,18 ī178,152 4,72 

ïCH3 ī10,833 2,176 ī10,833 2,176 

ʀʊʆɻʆ ī193,931 21,351 

 

ʉ ʫʯʝʪʦʤ ʦʙʱʝʛʦ ʚʠʜʘ ʫʨʘʚʥʝʥʠʷ ɺʘʥ-ʂʨʘʚʣʝʥʘïʏʝʨʝʤʥʦʚʘ (1) ʠ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ N-

ʤʝʪʠʣ-D-ʛʣʶʢʦʟʠʤʠʥʘ (2), DGʪ
ʦ ʨʝʘʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʦ ʌʦʨʤʫʣʦʡ 5. 

 

DGʪ
ʦ ʨʝʘʢʮʠʠ=SDὋ̐ ̑̏Ȣ̅

 ̏̂Ȣ̑
ī=SDὋ̉ ̒Ȣ̖

 ̏̂Ȣ̑=14,585ī3,109Ĭ10ī2T (5) 
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ɻʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ DGʪ
ʦ ʨʝʘʢʮʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 20ï

150 Áʉ ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ N-ʤʝʪʠʣ-D-

ʛʣʶʢʦʟʠʤʠʥʘ. 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʨʝʘʢʮʠʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʦʙʣʘʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪ ɹʦ ʩʤʝʱʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʧʨʦʮʝʩʩʘ ʚʣʝʚʦ. ʆʜʥʘʢʦ, ʪʝʥʜʝʥʮʠʷ 

ʫʤʝʥʴʰʝʥʠʷ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩ 20 ʜʦ 160 Áʉ, ʩ 23 ʢɼʞ/(ʤʦʣʴĬʢ) 

ʜʦ 6 ʢɼʞ/(ʤʦʣʴĬʣ) ʧʦʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʝʱʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʨʝʘʢʮʠʠ ʚʧʨʘʚʦ ʧʨʠ 

ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʌʦʨʤʫʣʝ 2 ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ ʙʳʣʠ 

ʩʚʝʜʝʥʳ ʛʨʘʬʠʢ (ʈʠʩʫʥʦʢ 2) ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʵʪʦʤ 

ʫʚʝʣʠʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 20 ʜʦ 160 Áʉ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʩʪʘʥʪʳ 

ʨʘʚʥʦʚʝʩʠʷ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ N-ʤʝʪʠʣ-D-ʛʣʶʢʦʟʠʤʠʥʘ ʩ 0,001 ʜʦ 0,18. 

 

 
 

ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ N-

ʤʝʪʠʣ-D-ʛʣʶʢʦʟʠʤʠʥʘ. 
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ɺ ʩʣʫʯʘʝ ʝʜʠʥʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʯʘʣʴʥʳʭ ʘʢʪʠʚʥʦʩʪʝʡ D-ʛʣʶʢʦʟʳ ʠ ʤʝʪʠʣʘʤʠʥʘ 

ʚʦʟʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʢʦʥʚʝʨʩʠʠ ʨʝʘʛʝʥʪʦʚ (ʈʠʩʫʥʦʢ 3). ʇʨʠ ʵʪʦʤ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʩ 20 ʜʦ 160 Áʉ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʚʝʨʩʠʠ ʛʣʶʢʦʟʳ ʩ 3 ʜʦ 32%, 

ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʨʦʚʝʜʝʥʠʝ ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 
ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʚʝʨʩʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ N-

ʤʝʪʠʣ-D-ʛʣʶʢʦʟʠʤʠʥʘ ʧʨʠ ʝʜʠʥʠʯʥʳʭ ʥʘʯʘʣʴʥʳʭ ʘʢʪʠʚʥʦʩʪʷʭ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

N-ʤʝʪʠʣ-D-ʛʣʶʢʦʟʠʤʠʥ ̫ ʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʦʣʫʯʝʥʠʷ N-ʤʝʪʠʣ-D-

ʛʣʶʢʦʟʘʤʠʥʘ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ 

ʚ ʢʘʯʝʩʪʚʝ ʙʘʣʣʘʩʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠʣʠ ʧʨʦʪʠʚʦʠʦʥʘ, ʫʣʫʯʰʘʶʱʝʛʦ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʦʩʥʦʚʥʦʛʦ 

ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ. ʇʨʦʚʝʜʝʥʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ N-

ʤʝʪʠʣ-D-ʛʣʶʢʦʟʠʤʠʥʘ ʤʝʪʦʜʦʤ ɺʘʥ-ʂʨʘʚʣʝʥʘïʏʝʨʝʤʥʦʚʘ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʷ 

ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ, ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ ʠ ʢʦʥʚʝʨʩʠʠ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʝʜʠʥʠʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ. ʇʦʢʘʟʘʥʦ ʯʪʦ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʩ 

20 ʜʦ 160 Áʉ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʚʝʨʩʠʠ ʛʣʶʢʦʟʳ ʩ 3% ʜʦ 32%, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʤʦʞʥʦ 

ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʨʦʚʝʜʝʥʠʝ ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʌʌʀ 18-08-00489. 
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ʄɽɿʆʌʀʃʃɸ ʀ ʆɹʂʃɸɼʂɽ ʉʆʉʋɼʀʉʊʓʍ ʇʋʏʂʆɺ ʂʋʂʋʈʋɿʓ (ZEA MAYS L.) 

ʇʆɼ ɺʆɿɼɽʁʉʊɺʀɽʄ ʉʆʃɽɺʆɻʆ ʉʊʈɽʉʉɸ 
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Abstract. Antioxidant defense systems have been studied in the mesophyll (MC) and bundle 

sheath cell (BSC) chloroplasts of maize (Zea mays L.) leaves cultivated in an artificial climate 

chamber under various concentrations (0%, 1%, 2%, 3%) of NaCl. The amounts of some of the 

main products of lipid peroxidation malondialdehyde (MDA) and reactive oxygen species hydrogen 

peroxide (H2O2) as well as activities of superoxide dismutase (SOD) and ascorbate peroxidase 

(APO) were determined in MC and BSC chloroplasts. BSC chloroplasts were found to be more 

tolerant to salt stress compared with MC chloroplasts. The MDA amount increased in both 

chloroplasts. H2O2 was found to be localized mainly in MC chloroplasts at various NaCl 

concentrations. The SOD and APO activities increased in both chloroplasts of the plants exposed to 

salt stress.  

 

ɸʥʥʦʪʘʮʠʷ. ʀʟʫʯʝʥʳ ʩʠʩʪʝʤʳ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ ʚ ʭʣʦʨʦʧʣʘʩʪʘʭ ʤʝʟʦʬʠʣʣʘ ʠ 

ʦʙʢʣʘʜʢʠ ʩʦʩʫʜʠʩʪʳʭ ʧʫʯʢʦʚ ʣʠʩʪʴʝʚ ʢʫʢʫʨʫʟʳ (Zea mays L.), ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʚ ʢʘʤʝʨʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʣʠʤʘʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (0%, 1%, 2%, 3%) NaCl. ɺ 

ʭʣʦʨʦʧʣʘʩʪʘʭ ʤʝʟʦʬʠʣʣʘ ʠ ʦʙʢʣʘʜʢʠ ʦʧʨʝʜʝʣʷʣʠ ʢʦʣʠʯʝʩʪʚʦ ʥʝʢʦʪʦʨʳʭ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ ʤʘʣʦʥʜʠʘʣʴʜʝʛʠʜʘ ʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ 

(H2O2) ʠ ʘʢʪʠʚʥʦʩʪ ɹʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʳ ʠ ʘʩʢʦʨʙʘʪʧʝʨʦʢʩʠʜʘʟʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʭʣʦʨʦʧʣʘʩʪʳ ʦʙʢʣʘʜʢʠ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʢ ʩʦʣʝʚʦʤʫ ʩʪʨʝʩʩʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʣʦʨʦʧʣʘʩʪʘʤʠ 

ʤʝʟʦʬʠʣʣʘ. ʂʦʣʠʯʝʩʪʚʦ ʤʘʣʦʥʜʠʘʣʴʜʝʛʠʜʘ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʚ ʭʣʦʨʦʧʣʘʩʪʘʭ ʢʘʢ ʤʝʟʦʬʠʣʣʘ, ʪʘʢ 

ʠ ʦʙʢʣʘʜʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ H2O2 ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʭʣʦʨʦʧʣʘʩʪʘʭ ʤʝʟʦʬʠʣʣʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ NaCl. ɸʢʪʠʚʥʦʩʪʴ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʳ ʠ ʘʩʢʦʨʙʘʪʧʝʨʦʢʩʠʜʘʟʳ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚ ʭʣʦʨʦʧʣʘʩʪʘʭ ʤʝʟʦʬʠʣʣʘ ʠ ʦʙʢʣʘʜʢʠ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʩʦʣʝʚʦʤʫ ʩʪʨʝʩʩʫ. 

 

Keywords: maize, mesophyll chloroplasts, bundle sheath chloroplasts, malondialdehyde, 

hydrogen peroxide, superoxide dismutase, ascorbate peroxidase. 
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Salt stress is one of the ecological hazards sharply limiting plant growth and productivity. 

High salinity impedes plant growth and development mostly due to osmotic stress and toxicity [1]. 

In arid and semi-arid regions, plants are more exposed to salt stress because of the high degree of 

evaporation leading to water loss. The cessation of growth of many plants under salt stress is 

closely related to the decrease in photosynthesis [2]. High salinity decreases the photosynthetic 

activity of plants and due to the chlorophyll degradation, chloroplast substrate is damaged leading 

to the destruction of membranes and enzymatic proteins [3]. Moreover, secondary stresses, such as 

oxidative stress, are frequently accompanied by osmotic stress and ion toxicity that are harmful to 

plant cells due to the accumulation of reactive oxygen species (ROS). ROS can significantly 

damage membrane lipids, proteins, nucleic acids, and photosynthetic pigments. Therefore, 

antioxidant and photosynthetic abilities of plants are very important for the normal growth and 

development under salt stress [4]. 

Plants possess enzymatic antioxidant mechanisms having the ability to confront the negative 

effects of salt stress. Enzymatic antioxidants include superoxide dismutase (SOD) and ascorbate 

peroxidase (APO) [5]. Usually, the inconsistency between the formation of radical species and cell 

antioxidant defense systems results in the emergence of oxidative stress [6]. 

Superoxide dismutase (SOD) converts O2ī anion into less reactive species O2 and H2O2.  

Based on metal cofactors located at the enzyme active site SODs are classified into 3 members: Fe-

SOD, Mn-SOD, and Cu/ZnSOD [7]. As a result of the SOD enzymatic reactions, H2O2 and O2 are 

formed [8]. To avoid the harmful effect of H2O2, it should be removed from the cell at once. 

Because H2O2 forms the highly reactive OH radical in the presence of certain metal ions and 

chelates. The regulation of superoxide dismutases plays a vital role in combating oxidative stress 

caused by biotic and abiotic factors, and the ability of plants to survive under environmental 

stress [9]. 

Ascorbate peroxidase (APO) plays an important role in the antioxidant system of plants by 

breaking down H2O2. The APO family consists of at least five different isoforms in the soluble 

form, including stromal, cytosolic, and apoplastic enzymes that bind to the thylakoid and 

microsomal membranes [5]. 

The maize plant (Zea mays L.) is the third most important cereal after rice and wheat and 

grows in a wide range of soils and climates. It is a C4 plant of the Poaceae family and is moderately 

sensitive to salt stress [10]. The salt level over 0.25 M damages the maize plant, impedes its growth 

leading to weakened development [11]. The carbon assimilation process in maize (Zea mays L.) 

leaves consists of two cycles. These cycles are carried out through two photosynthetic cells 

separated and specialized inside the leaf: bundle sheath cells (BSC) compactly located around 

conductive vessels and mesophyll cells (MC) surrounding them. BSC and MC perform different 

metabolic functions in maize plants: PEP-carboxylase and C4-carbon fixation pathway operate in 

MC and RBP-carboxylase and the Calvin cycle operate in BSC [12]. Electron microscopy studies 

revealed differences in the structure of mesophyll and bundle sheath cells. Thus, mesophyll cells are 

characterized by a granular structure, stromal thylakoids, and a small number of starch grains, while 

bundle sheath cells are characterized by an agranal structure and more starch grains. Sodium is a 

major toxic ion that affects potassium uptake and therefore disrupts the stroma fluctuations that 

cause water loss and necrosis in maize [13]. Besides, salt stress causes oxidative damage to plant 

cells by excessive production of active oxygen species [14]. 

The present study investigated the cellular localization H2O2, in MC and BSC in maize plants 

exposed to salinity.  
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Materials and methods 

Plant material and growth conditions: Seedlings of the maize plant (Zea mays L.), which is a 

cereal crop, were cultivated in soil under controlled phytotron conditions (photoperiod ð 14 h/10 h, 

t ð 26 ÁC, light intensity ð 600 Õmol mī2 sī1 and relative humidity of about 70%) based on the 

method presented by Hasan et al. [15]. Salinity treatment was started after the second leaf blades of 

the plants were fully developed by supplying 50 ml of 0 (control), 1%, 2% and, 3% NaCl stock 

solutions every day. Distilled water served as control. The soil was kept moist by the addition of 

respective stock salt solutions at regular intervals. Each treatment was replicated five times in which 

a pot was considered as one replicate. After salt treatment for 5 days, the plant samples were taken. 

Chloroplast and thylakoid isolation: The mesophyll (M) and bundle sheath (BS) chloroplasts 

were isolated mechanically according to Edwards and colleagues [16]. The differential 

centrifugation method was used to isolate subcellular fractions (chloroplasts, etc.) from mesophyll 

and bundle sheath cells of leaf samples. To obtain assimilating tissues, leaves were detached from 

stems, washed with distilled water, and cut into small segments with a width of 2ï3 mm. These 

segments were homogenized in 25 mʄ HEPES buffer (pH 7.8) containing 0.3 M sucrose, 1 mM 

EDTA, 15ï20 mM 2-mercaptoethanol (buffer A) using MPW-302 (Poland) mechanical 

disintegrator for 4 sec at 7,000 rev/min. 

Hydrogen peroxide (H2O2) content: The amount of hydrogen peroxide was determined 

spectrophotometrically using the Bellinkampi method [17]. Optical density was determined at 

560 nm in Thermo Scientific Evolution 350 UV-Vis Spectrophotometer. Standards were prepared 

using 30% H2O2. 

Determination of the malondialdehyde (MDA) content. The main product of the lipid 

peroxidation in plant tissues-MDA was determined based on the reaction with thiobarbituric acid 

(TBT) [18]. 50 Õl of the plant material was homogenized after adding 650 Õl of TBA reagent. Then 

supernatant and the obtained mixture were kept in the water bath for 30 min, at 95 Áʉ and cooled 

using ice. The optical density of the supernatant was determined by the spectrophotometer 

(ɚ=532 and 600 nm) after the repeat centrifugation for 10 min, at 15,000g. The MDA content was 

calculated using an extinction coefficient of 155 (nmol/gī1 fresh weight) with the subtraction of 

non-specific absorption at 600 nm. 

Superoxide dismutase (SOD, EC 1.15.1.1) assay: The enzyme activity was determined at 

450 nm using SOD Assay Kit (Sigma, Aldrich). 

Ascorbate peroxidase (APX, EC 1.11.1.11) assay: The activity of the enzyme was determined 

spectrophotometrically based on the decomposition of H2O2 by the ascorbate peroxidase enzyme for 

1 min, at 290 nm [19]. The reaction medium consisted of 0.1 mM EDTA (pH 8.0), 0.05 mM 

ascorbic acid, 0.1 mM H2O2, 50 mM Na-Phosphate (pH 7.6) buffer and 100 Õl of the enzymatic 

extract. The APO activity was estimated based on the decline in the optic density during the first 

30 sec of the reaction and was expressed in mmol ascorbate/(mg protein min) at the extinction 

coefficient (ὑ) of 2.8 mMī1cmī1 

Statistical analysis: The paper presents data of three experiments carried out in three 

replicates. Calculations, graphs, and their descriptions were performed using the applications 

Microsoft Office Word 7 and Excel 7 for Windows XP. 

 

Results and discussion 

H2O2 plays a dual role in plants. At low concentrations, it acts as a secondary signal molecule 

that participates in the stimulus signal and raises the level of tolerance to various stresses. On 
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the other hand, H2O2 accumulation causes membrane lipid peroxidation when it reaches a high 

concentration [5].  Hydrogen peroxide a form of reactive oxygen species, was not found in the MC 

and BSC chloroplasts of the control plant in maize leaves during our experiments. H2O2 was found 

in MC chloroplasts under the influence of salt stress. Whereas it was not found in the chloroplasts 

of BSC (Figure 1). 

 
Figure 1. Changes in the H2O2 content in mesophyll and bundle sheath chloroplasts of the maize plants 

exposed to salt stress. ND, not detectable. 
 

As seen, H2O2 is formed in the mesophyll and bundle sheath chloroplasts exposed to salt 

stress. In chloroplasts, H2O2 is assumed to be formed around photosystem II (FS II), which is 

located mainly in the granular structure [20]. In NADP-ME-type C4 plants, the granular structure of 

BSC chloroplasts is generally less common and therefore, FS II activity is less or absent in BSC 

chloroplasts [21]. Thus, H2O2 is less formed in BSC and these cells are more tolerant to salt stress 

than MC. Less H2O2 amounts in BSC compared with MC were observed also in the maize plants 

exposed to low temperatures [22]. These results can be attributed to both structural and 

physiological differences between MC and BSC chloroplasts. 

Malondialdehyde is distributed differently in the chloroplasts of mesophyll and bundle sheath 

cells of maize leaves. Thus, its amount was greater in MC chloroplasts compared with BSC 

chloroplasts in control plants. Under salt stress, the MDA amount increased in both of BSC and MC 

chloroplasts (Figure 2). 
 

 
Figure 2. Changes in the MDA content in mesophyll (M) and bundle sheath (BS) chloroplasts of the 

maize plants exposed to salt stress. 
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MDA is an effective indicator of cell oxidative damage [23]. NaCl causes an increase in the 

MDA amount in MC and BSC chloroplasts of the maize plant [24]. Among organelles, chloroplasts 

of mesophyll cell are considered the most sensitive to salt stress because they are the strongest 

source of ROS production. Thylakoid membranes contain high amounts of unsaturated fatty acids, 

and membrane damage is partially associated with a decrease in unsaturated lipids, which leads to a 

decrease in the stability of membrane proteins [25]. Malondialdehyde is a product of peroxidation 

of unsaturated fatty acids with phospholipids, and lipid peroxidation levels have been used as an 

indicator of damage caused by free radicals to cell membranes under stress. The malonaldehyde 

content was also expected to be low in BSC chloroplasts under salt stress, as ROS was significantly 

lower. Thus, the disruption of thylakoid membranes observed in MC chloroplasts of salt-exposed 

plants may be attributed to lipid peroxidation (Figure 1). Despite the similar lipid oxidation levels in 

both tissue types of stressed plants, the BSC chloroplast structure was better preserved. The results 

show that lipid peroxidation does not necessarily lead to structural damage. Halliwell [26] also 

suggested that lipid peroxidation would not be the primary mechanism of tissue damage under 

oxidative stress. 

The activities of superoxide dismutase and ascorbate peroxidase increased in both mesophyll 

and bundle sheath cells of maize plants exposed to 1%, 2%, 3% NaCl (after the emergence of the 

2th leaf) compared with the control plants. The activity of SOD and APO reaches a maximum in 

plants exposed to 2% NaCl, and a significant decrease was observed at 3% NaCl. 

Spectrophotometric analysis of the activity of antioxidant enzymes in mesophyll and bundle sheath 

cells showed higher activity of enzymes in bundle sheath cells than in mesophyll cells (Figure 3). 

 

 
 

 

Figure 3. Activities of SOD and APO in mesophilic (M) and bundle sheath (BS) chloroplasts of maize 

leaves under various NaCl concentrations. 

 

As can be seen from the Figure 3, the activity of SOD is equally increased in the mesophyll 

and bundle sheath chloroplasts of the leaves of the maize plant exposed to salt stress. APO activity 

was more common in bundle sheath chloroplasts than in mesophyll. Similar results were obtained 

by Omoto et al. [24]. According to the authors, in maize seedlings watered with 3% NaCl for 5 

days, the activity of superoxide dismutase (after emerging of the 4th leaf) increased compared with 

the control in both mesophyll and bundle sheath cells. The ascorbate peroxidase activity was higher 

in BSC exposed to salt stress. Studies have shown that the structure of mesophyll cells in NADP-

type (NADP-ME) C4 plants is more sensitive to salt stress than that of BSC [15].  

The activities of the SOD and APO enzymes, the main components of antioxidant defense 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.com 

ʊ. 6. ˉ11. 2020 

https://doi.org/10.33619/2414-2948/60 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 52 

 

systems in MC and BSC, isolated from maize leaves, increase compared with the control at low salt 

concentrations and were partially inhibited at high salt concentrations. Based on the results of the 

experiments, the SOD and APO enzymes localized in BSC play a major role in salt tolerance of the 

maize plant [27]. The same results were obtained in the experiments performed with chloroplasts of 

the maize leaves exposed to short-term water stress. The increased SOD and APO activities under 

the influence of light, causing oxidative stress, were also observed [28]. Thus, according to the 

results of the study, the SOD and APO enzymes localized in BSC play a key role in the adaptation 

of the maize plant to stress.  

 

Conclusion 

Our results showed that the content of H2O2 in MC was higher than in BSC. The differential 

response of MC and BSC chloroplasts to salt stress in maize may be related to the amount of 

hydrogen peroxide formed in these cells. M cells are more sensitive to salt stress, and hydrogen 

peroxide is mainly accumulated in these cells leading to oxidative damage. More tolerance of BSC 

chloroplasts to salt stress compared with Mʉ chloroplasts is not attributed to the amount of salt 

accumulated in these cells. 
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ɸʥʥʦʪʘʮʠʷ. ʈʦʜ Tamarix ʚʢʣʶʯʘʝʪ ʦʢʦʣʦ ʩʝʤʠʜʝʩʷʪʠ ʚʠʜʦʚ, ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʭ ʢ ʞʘʨʢʠʤ 

ʩʫʭʠʤ ʫʩʣʦʚʠʷʤ ʧʨʦʠʟʨʘʩʪʘʥʠʷ, ʥʦ ʩʧʦʩʦʙʥʳʭ ʚʳʜʝʨʞʠʚʘʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʟʘʪʦʧʣʝʥʠʝ ʠ 

ʟʘʩʦʣʝʥʠʝ ʧʦʯʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ Tamarix ̫ ʚʣʷʶʪʩʷ ʦʙʳʯʥʳʤʠ ʦʙʠʪʘʪʝʣʷʤʠ 

ʘʨʠʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʧʨʠ ʵʪʦʤ, ʤʝʩʪʘʤʠ ʧʨʦʠʟʨʘʩʪʘʥʠʷ Tamarix ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʙʝʨʝʛʘ 

ʤʦʨʝʡ, ʨʝʢ ʠ ʦʟʝʨ. ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʫʩʧʝʭ ʨʦʜʘ Tamarix ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʮʠʢʣʘ 

ʝʛʦ ʨʘʟʚʠʪʠʷ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʘʜʘʧʪʘʮʠʦʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʷʚʣʷʝʪʩʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʝʥʠʷ ʩʦʭʨʘʥʷʪʴ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʢʘʨʜʠʥʘʣʴʥʦʡ ʩʤʝʥʝ ʧʨʠʨʦʜʥʳʭ 

ʫʩʣʦʚʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʝʣʴʝʬʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʦʙʣʘʜʘʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʥʠʞʘʪʴ 

ʧʦʜʚʠʞʥʦʩʪʴ ʨʳʭʣʳʭ ʩʫʙʩʪʨʘʪʦʚ, Tamarix ʩʧʦʩʦʙʝʥ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ ʠʟʤʝʥʠʪʴ 

ʨʝʣʴʝʬ. ɼʣʷ ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʤʦʨʩʢʠʭ ʙʝʨʝʛʦʚ ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ ʜʠʥʘʤʠʯʥʦʩʪʴ ʨʝʣʴʝʬʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʠʙʨʝʞʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ, ʠʩʧʦʣʴʟʫʷ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ 

ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ Tamarix, ʪʘʢ ʠ ʝʛʦ ʧʦʧʫʣʷʮʠʠ ʚ ʧʨʝʜʝʣʘʭ ʢʨʫʧʥʳʭ ʤʦʨʩʢʠʭ 

ʙʝʨʝʛʦʚʳʭ ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʬʦʨʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʷʜ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʦʜʘ Tamarix ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʢʘʢ ʠʥʜʠʢʘʪʦʨ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʠʤʝʶʱʠʭʩʷ ʠʣʠ ʠʤʝʚʰʠʭʩʷ ʨʘʥʝʝ ʚ ʤʝʩʪʘʭ ʝʛʦ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʧʨʦʠʟʨʘʩʪʘʥʠʷ. 

 

Abstract. Genus Tamarix includes about seventy species that are adapted to hot, dry growing 

conditions, but are able to withstand prolonged flooding and soil salinity. As a result, species of 

the genus Tamarix are common inhabitants of arid territories, while the sea, river and lake coasts are 

also an inhabitation of Tamarix. The ecological success of the Tamarix genus is ensured by 

the peculiarities of its life cycle and various adaptive functions. The ability of a plant to maintain its 

viability during a change in environmental conditions, including when the relief changes is the most 

important. In addition, Tamarix, having the ability to reduce the mobility of loose substrates, is able 
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to change the relief in a relatively short time. The accumulative seacoasts are characterized by high 

dynamics of the relief. This paper discusses the possibility of determining the age of the formation 

of coastal landforms using information on the spatial location of both individual Tamarix specimens 

and its population within large marine coastal accumulative forms. It is shown that several 

physiological and ecological traits of the Tamarix genus make it possible to use it as an indicator of 

certain environmental conditions, existing or existed earlier in the places of its modern growth. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʨʩʢʦʡ ʙʝʨʝʛ, Tamarix ramosissima, ʨʝʣʴʝʬ, ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

Keywords: marine coast, Tamarix ramosissima, relief, methods. 

 

ɺʚʝʜʝʥʠʝ 

ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʜʘʥʥʳʤ ʨʦʜ Tamarix ʚʢʣʶʯʘʝʪ ʦʢʦʣʦ 70 ʚʠʜʦʚ [1]. ʈʦʜ Tamarix ʠʤʝʝʪ 

ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʥʘʠʙʦʣʴʰʝʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʜʦʩʪʠʛʘʝʪ ʚ 

ʉʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʡ ʠ ʀʨʘʥʦ-ʊʫʨʘʥʩʢʦʡ ʬʣʦʨʠʩʪʠʯʝʩʢʠʭ ʦʙʣʘʩʪʷʭ. ɺ ʜʠʢʦʡ ʧʨʠʨʦʜʝ ʚʠʜʳ 

ʨʦʜʘ ʪʘʤʘʨʠʢʩ ʙʳʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʪ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʌʨʘʥʮʠʠ ʜʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ 

ʂʠʪʘʷ. ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʦʪʦʨʚʘʥʥʳʭ ʦʪ ʦʩʥʦʚʥʦʛʦ ʘʨʝʘʣʘ ʚʠʜʦʚ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ɸʬʨʠʢʠ [1]. 

ɺ ʮʝʣʦʤ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ Tamarix ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʢ ʞʘʨʢʠʤ ʩʫʭʠʤ ʫʩʣʦʚʠʷʤ 

ʧʨʦʠʟʨʘʩʪʘʥʠʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʤʦʛʫʪ ʨʘʩʪʠ ʥʘ ʚʣʘʞʥʳʭ ʧʦʯʚʘʭ, ʘ ʪʘʢʞʝ ʚʳʜʝʨʞʠʚʘʪʴ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʟʘʪʦʧʣʝʥʠʝ ʠ ʩʠʣʴʥʦʝ ʟʘʩʦʣʝʥʠʝ ʧʦʯʚ. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ Tamarix 

ʧʨʝʜʧʦʯʠʪʘʶʪ ʧʝʩʯʘʥʳʝ ʠʣʠ ʛʣʠʥʠʩʪʳʝ ʧʦʯʚʳ. ʂʦʨʥʠ Tamarix ʩʧʦʩʦʙʥʳ ʧʨʦʥʠʢʘʪʴ ʥʘ 

ʛʣʫʙʠʥʫ ʜʦ 30 ʤ, ʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʥʘ 50 ʤ. ʇʨʠ ʦʙʥʘʞʝʥʠʠ 

ʢʦʨʥʝʡ ʠʣʠ ʧʨʠ ʟʘʩʳʧʘʥʠʠ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ʨʘʩʪʝʥʠʷ ʵʪʠ ʨʘʩʪʝʥʠʷ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʧʨʠʜʘʪʦʯʥʳʝ ʧʦʯʢʠ. ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʚʦʡʩʪʚ, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ Tamarix 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʤ ʦʙʠʪʘʪʝʣʝʤ ʘʨʠʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ð ʧʫʩʪʳʥʴ, ʧʦʣʫʧʫʩʪʳʥʴ, 

ʩʪʝʧʝʡ. ʂʨʦʤʝ ʪʦʛʦ, Tamarix ʧʨʦʠʟʨʘʩʪʘʝʪ ʚ ʤʝʩʪʘʭ ʙʣʠʟʢʦʛʦ ʟʘʣʝʛʘʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ: 

ʩʦʣʦʥʮʘʭ ʠ ʩʦʣʦʥʯʘʢʘʭ. ʆʙʳʯʥʳʤʠ ʤʝʩʪʘʤʠ ʧʨʦʠʟʨʘʩʪʘʥʠʷ Tamarix ̫ ʚʣʷʶʪʩʷ ʙʝʨʝʛʘ ʤʦʨʝʡ, 

ʨʝʢ ʠ ʦʟʝʨ. ʄʥʦʛʠʝ ʚʠʜʳ Tamarix ʘʢʪʠʚʥʦ ʨʘʩʧʨʦʩʪʨʘʥʠʣʠʩʴ ʯʝʣʦʚʝʢʦʤ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʚ 

ʢʘʯʝʩʪʚʝ ʜʝʢʦʨʘʪʠʚʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʜʣʷ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʮʝʣʝʡ. ɺ ʧʦʜʭʦʜʷʱʠʭ ʧʦ ʫʩʣʦʚʠʷʤ 

ʤʝʩʪʥʦʩʪʷʭ ʚ ɸʚʩʪʨʘʣʠʠ, ʉʝʚʝʨʥʦʡ ʠ ʖʞʥʦʡ ɸʤʝʨʠʢʘʭ [2ï4] ʧʨʦʠʟʦʰʣʘ ʤʘʩʰʪʘʙʥʘʷ 

ʠʥʚʘʟʠʷ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ Tamarix ʚ ʤʝʩʪʥʳʝ ʙʠʦʮʝʥʦʟʳ. 

ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʫʩʧʝʭʘ ʨʦʜʘ Tamarix ̫ ʚʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ 

ʮʠʢʣʘ ʨʘʟʚʠʪʠʷ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʝʥʠʷ ʩʦʭʨʘʥʷʪʴ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʢʘʨʜʠʥʘʣʴʥʦʡ ʩʤʝʥʳ 

ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ð ʠʟʤʝʥʝʥʠʠ ʨʝʣʴʝʬʘ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʦʩʦʙʠ 

Tamarix, ʪʘʢ ʠ ʧʦʧʫʣʷʮʠʷ ʚ ʮʝʣʦʤ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʣʴʝʬʘ. 

ʆʙʣʘʜʘʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʥʠʞʘʪʴ ʧʦʜʚʠʞʥʦʩʪʴ ʨʳʭʣʳʭ ʩʫʙʩʪʨʘʪʦʚ, Tamarix ʩʧʦʩʦʙʝʥ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ ʠʟʤʝʥʠʪʴ ʨʝʣʴʝʬ. 

ɼʣʷ ʤʦʨʩʢʠʭ ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʙʝʨʝʛʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʝʩʯʘʥʳʤʠ ʢʦʩʘʤʠ ʠʣʠ 

ʧʝʨʝʩʳʧʷʤʠ, ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ ʜʠʥʘʤʠʯʥʦʩʪʴ ʨʝʣʴʝʬʘ. ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʭʘʨʘʢʪʝʨʘ ʨʝʣʴʝʬʘ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 

ʢʦʩʤʠʯʝʩʢʠʤ ʩʥʠʤʢʘʤ [5]. ʆʜʥʘʢʦ, ʥʘʜʝʞʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʜʦʩʪʦʚʝʨʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ ʩʤʝʱʝʥʠʷ ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʬʦʨʤ ʟʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʡ ʚʨʝʤʝʥʥʦʡ 

ʧʝʨʠʦʜ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʄʝʭʘʥʠʯʝʩʢʠʡ ʠ ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʜʨʝʚʥʠʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʣʷʞʝʚʳʭ ʠ ʵʦʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʥʝ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʦʪʣʠʯʠʡ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 
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ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʩʭʦʞʠʭ ʣʠʪʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʆʧʨʝʜʝʣʝʥʠʝ ʚʦʟʨʘʩʪʘ ʧʦ ʨʘʢʦʚʠʥʘʤ 

ʤʦʣʣʶʩʢʦʚ ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʤʘʪʝʨʠʘʣ, ʩʣʘʛʘʶʱʠʡ ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʬʦʨʤʳ, ʤʦʞʝʪ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʝʨʝʦʪʣʘʛʘʪʴʩʷ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʠʙʨʝʞʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ (ʚ ʯʘʩʪʥʦʩʪʠ ʜʶʥ ʠ ʜʶʥʥʳʭ ʛʨʷʜ), ʠʩʧʦʣʴʟʫʷ ʠʥʬʦʨʤʘʮʠʶ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ Tamarix, ʪʘʢ ʠ ʝʛʦ ʧʦʧʫʣʷʮʠʠ 

ʚ ʧʨʝʜʝʣʘʭ ʢʨʫʧʥʳʭ ʤʦʨʩʢʠʭ ʙʝʨʝʛʦʚʳʭ ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʬʦʨʤ.  

 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʣʠʤʠʪʠʨʫʶʱʠʝ ʧʨʦʨʘʩʪʘʥʠʝ ʠ ʧʨʦʠʟʨʘʩʪʘʥʠʝ Tamarix 

ʇʣʦʜ Tamarix ð ʤʥʦʛʦʩʝʤʷʥʥʘʷ ʢʦʨʦʙʦʯʢʘ, ʨʘʩʢʨʳʚʘʶʱʘʷʩʷ ʪʨʝʤʷ ʩʪʚʦʨʢʘʤʠ. ʉʝʤʝʥʘ 

Tamarix ʠʤʝʶʪ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 0,17 ʤʤ ʠ ʜʣʠʥʦʡ ʦʢʦʣʦ 0,45 ʤʤ. 

ʉʝʤʝʥʘ Tamarix ʘʥʝʤʦʭʦʨʥʳʝ ð ʚʝʨʰʠʥʘ ʩʝʤʝʥʥʦʡ ʦʙʦʣʦʯʢʠ ʠʤʝʝʪ ʣʝʪʘʪʝʣʴʥʳʝ ʚʦʣʦʩʢʠ 

(ʈʠʩʫʥʦʢ 1), ʚʝʩ ʩʝʤʝʥʠ ʦʯʝʥʴ ʤʘʣ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʨʦʰʫʶ ʣʝʪʫʯʝʩʪʴ [6]. ʇʣʦʜʦʥʦʩʠʪʴ 

Tamarix ʥʘʯʠʥʘʝʪ ʥʘ 3ï5 ʛʦʜ ʧʦʩʣʝ ʧʨʦʨʘʩʪʘʥʠʷ [7]. ʈʘʩʪʝʥʠʝ ʵʥʪʦʤʦʬʠʣʴʥʦʝ, ʥʦ ʪʘʢʞʝ 

ʩʧʦʩʦʙʥʦ ʢ ʩʘʤʦʦʧʳʣʝʥʠʶ ʠ ʦʧʳʣʝʥʠʶ ʚʝʪʨʦʤ. ʎʚʝʪʝʥʠʝ ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ ʜʣʠʪʩʷ ʚʝʩʴ 

ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ, ʩʝʤʝʥʘ ʪʘʢʞʝ ʩʦʟʨʝʚʘʶʪ ʚʝʩʴ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ (ʈʠʩʫʥʦʢ 1). 

ʏʘʩʪʦ ʨʘʩʪʝʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜʜʝʨʞʠʚʘʶʪ ʚʩʝ ʩʪʘʜʠʠ ʦʪ ʙʫʪʦʥʦʚ ʜʦ ʩʦʟʨʝʚʰʠʭ ʩʝʤʷʥ [6]. 

ʆʜʥʦ ʚʟʨʦʩʣʦʝ ʨʘʩʪʝʥʠʝ Tamarix ʤʦʞʝʪ ʜʘʪʴ ʜʦ 500 000 ʩʝʤʷʥ ʟʘ ʩʝʟʦʥ [8]. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ 

ʧʨʦʨʘʩʪʘʥʠʝ ʩʝʤʷʥ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ [9]. 

 

  
 

ʈʠʩʫʥʦʢ 1. ʎʚʝʪʳ ʠ ʩʝʤʝʥʘ Tamarix ramosissima Ledeb. 

 

ɼʣʷ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ Tamarix ʥʝʦʙʭʦʜʠʤʳ ʩʧʝʮʠʬʠʯʥʳʝ ʫʩʣʦʚʠʷ. ʉʝʤʝʥʘ, ʧʦʧʘʜʘʷ ʥʘ 

ʚʣʘʞʥʫʶ ʧʦʯʚʫ, ʪʝʨʷʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʦʣʝʪʫ ʠ ʦʩʝʜʘʶʪ. ʉʝʤʝʥʘ ʧʦʢʨʳʪʳ ʪʦʥʢʦʡ ʩʝʤʝʥʥʦʡ 

ʦʙʦʣʦʯʢʦʡ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʟʘʱʠʪʳ ʦʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʩʝʤʝʥʘ ʦʩʪʘʶʪʩʷ ʞʠʟʥʝʩʧʦʩʦʙʥʳʤʠ ʚʩʝʛʦ ʦʢʦʣʦ 5 ʥʝʜʝʣʴ [10]. ɺʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʦʧʨʝʜʝʣʷʪʩʷ 

ʚʣʘʞʥʦʩʪʴʶ ʠ ʦʩʚʝʱʝʥʠʝʤ ʤʝʩʪʘ ʧʨʦʨʘʩʪʘʥʠʷ. ʇʦʯʚʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʩʪʦʷʥʥʦ ʚʣʘʞʥʦʡ, 

ʪʘʢʞʝ ʚʳʩʦʢʘʷ ʚʣʘʞʥʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʫ ʧʨʠʟʝʤʥʦʛʦ ʩʣʦʷ ʚʦʟʜʫʭʘ. ʅʘʠʙʦʣʝʝ ʢʨʠʪʠʯʥʳʤ 

ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʫʩʧʝʰʥʦʤʫ ʧʨʦʨʘʩʪʘʥʠʶ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʧʨʦʨʦʩʪʢʠ 

ʩʨʘʟʫ ʥʘʯʠʥʘʶʪ ʬʦʪʦʩʠʥʪʝʟʠʨʦʚʘʪʴ ʠ ʤʦʛʫʪ ʙʳʩʪʨʦ ʧʦʛʠʙʥʫʪʴ ʚ ʟʘʪʝʥʝʥʠʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʦʧʪʠʤʘʣʴʥʳʤʠ ʤʝʩʪʘʤʠ ʜʣʷ ʧʨʦʨʘʩʪʘʥʠʷ ʷʚʣʷʶʪʩʷ ʙʝʨʝʛʦʚʳʝ ʦʪʤʝʣʠ ʨʝʢ ʚ ʧʝʨʠʦʜ ʧʘʜʝʥʠʷ 

ʫʨʦʚʥʷ; ʩʝʟʦʥʥʦ ʦʙʩʳʭʘʶʱʘʷ ʣʠʪʦʨʘʣʴ ʦʟʝʨ ʠʣʠ ʣʘʛʫʥ ʠ ʜʨʫʛʠʝ ʤʝʩʪʘ ʩ ʦʪʩʫʪʩʪʚʫʶʱʠʤ 

ʨʘʩʪʠʪʝʣʴʥʳʤ ʧʦʢʨʦʚʦʤ ʠ ʙʣʠʟʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ [11].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʤʦʣʦʜʳʝ ʦʩʦʙʠ Tamarix ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ 
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ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ, ʢʦʪʦʨʳʝ ʦʯʝʥʴ ʞʝʩʪʢʦ ʦʧʨʝʜʝʣʷʶʪ ʤʝʩʪʘ ʝʛʦ ʚʦʟʤʦʞʥʦʛʦ 

ʫʩʧʝʰʥʦʛʦ ʧʨʦʨʘʩʪʘʥʠʷ.  

ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ Tamarix ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʪʦʣʝʨʘʥʪʥʳʤ ʢ 

ʚʥʝʰʥʠʤ ʫʩʣʦʚʠʷʤ. ʈʷʜ ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʵʪʦʛʦ ʨʦʜʘ ʧʝʨʝʞʠʪʴ ʢʘʨʜʠʥʘʣʴʥʫʶ ʩʤʝʥʫ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʧʨʦʨʘʩʪʘʥʠʷ Tamarix ʥʫʞʜʘʝʪʩʷ ʚ ʭʦʨʦʰʝʤ 

ʫʚʣʘʞʥʝʥʠʠ, ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʦʥ ʩʧʦʩʦʙʝʥ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʣʫʯʘʪʴ ʚʣʘʛʫ 

ʠʟ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʟʨʦʩʣʳʡ Tamarix ʩʧʦʩʦʙʝʥ 

ʚʳʜʝʨʞʠʚʘʪʴ ʜʣʠʪʝʣʴʥʳʝ ʧʝʨʠʦʜʳ ʟʘʪʦʧʣʝʥʠʷ: 70 ʜʥʝʡ ʧʨʠ ʧʦʣʥʦʤ ʧʦʛʨʫʞʝʥʠʠ ʠ 98 ʜʥʝʡ 

ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʧʦʛʨʫʞʝʥʠʠ [12], ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ ʟʘʪʦʧʣʝʥʠʝ ʦʙʳʯʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʛʠʙʝʣʴʶ ʨʘʩʪʝʥʠʡ [13]. ʕʪʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ, ʥʦ ʜʝʡʩʪʚʝʥʥʳʝ ʨʝʘʢʮʠʠ ʥʘ ʧʘʜʝʥʠʝ ʫʨʦʚʥʷ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʟʘʪʦʧʣʝʥʠʝ ʧʦʤʦʛʘʶʪ ʦʙʲʷʩʥʠʪʴ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʤʝʩʪʦʦʙʠʪʘʥʠʡ, ʛʜʝ 

ʧʨʦʠʟʨʘʩʪʘʝʪ ʪʘʤʘʨʠʢʩ ʠ ʝʛʦ ʧʦʧʫʣʷʮʠʠ ʥʘ ʙʝʨʝʛʘʭ ʚʦʜʦʝʤʦʚ. 

ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ Tamarix ʯʘʩʪʦ ʧʨʦʠʟʨʘʩʪʘʶʪ ʥʘ ʫʯʘʩʪʢʘʭ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʙʳʩʪʨʦʡ 

ʩʤʝʥʦʡ ʫʩʣʦʚʠʡ ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʷ ð ʘʢʢʫʤʫʣʷʮʠʷ ʤʦʞʝʪ ʩʤʝʥʷʪʴʩʷ ʜʝʬʣʷʮʠʝʡ, ʠ 

ʥʘʦʙʦʨʦʪ. ʇʨʠ ʘʢʢʫʤʫʣʷʮʠʠ ʨʘʩʪʝʥʠʝ ʤʦʞʝʪ ʮʝʣʠʢʦʤ ʟʘʩʳʧʘʪʴ ʦʩʘʜʦʯʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʨʠ 

ʵʨʦʟʠʠ, ʥʘʧʨʦʪʠʚ, ʦʙʥʘʞʘʶʪʩʷ ʢʦʨʥʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʚʠʜʦʚ Tamarix ʠʤʝʶʪ ʩʧʷʱʠʝ 

ʚʝʛʝʪʘʪʠʚʥʳʝ ʧʦʯʢʠ ʥʘ ʢʦʨʥʷʭ ʠ ʥʘʜʟʝʤʥʳʭ ʧʦʙʝʛʘʭ. ɿʘʩʳʧʘʥʥʳʝ ʚʝʪʚʠ ʙʳʩʪʨʦ ʘʢʪʠʚʠʨʫʶʪ 

ʚʝʛʝʪʘʪʠʚʥʳʝ ʧʦʯʢʠ ʠ ʧʦʜʥʠʤʘʶʪ ʥʦʚʳʝ ʚʝʪʚʠ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʫʙʩʪʨʘʪʘ, ʘ ʪʘʢʞʝ 

ʩʧʦʩʦʙʥʳ ʜʘʚʘʪʴ ʧʨʠʜʘʪʦʯʥʳʝ ʢʦʨʥʠ ʠʟ ʣʶʙʦʡ ʯʘʩʪʠ ʩʪʝʙʣʷ. ʏʘʩʪʠʯʥʦ ʦʙʥʘʞʝʥʠʝ ʢʦʨʥʝʡ ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʛʠʙʝʣʠ, ʦʥʠ ʜʘʶʪ ʧʨʠʜʘʪʦʯʥʳʝ ʢʦʨʥʠ ʚ ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʩ ʚʣʘʞʥʦʡ ʧʦʯʚʦʡ 

ʯʘʩʪʠ, ʘ ʪʘʢʞʝ ʘʢʪʠʚʠʨʫʝʪ ʚʝʛʝʪʘʪʠʚʥʳʝ ʧʦʯʢʠ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʧʦʙʝʛʦʚ. ʆʙʘ ʵʪʠ ʩʚʦʡʩʪʚʘ 

Tamarix ʧʦʟʚʦʣʷʶʪ ʝʤʫ ʩʦʭʨʘʥʷʪʴ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ 

ʵʦʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʛʜʝ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʢʘʢ ʘʢʢʫʤʫʣʷʮʠʷ ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʠ ʜʝʬʣʷʮʠʷ. 

 

ɺʣʠʷʥʠʝ Tamarix ʥʘ ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʝ 

ʉ ʨʘʟʚʠʪʠʝʤ ʢʫʩʪʘ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʩʪʘʥʦʚʠʪʩʷ ʭʦʨʦʰʦ ʟʘʤʝʪʥʳʤ. 

ɺʟʨʦʩʣʳʝ ʦʩʦʙʠ Tamarix ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʫʜʝʨʞʘʥʠʶ ʨʳʭʣʦʛʦ ʩʫʙʩʪʨʘʪʘ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ. ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʤʝʨʳ ʬʦʨʤ 

ʨʝʣʴʝʬʘ, ʚʠʜʦʠʟʤʝʥʷʶʱʠʭʩʷ ʠʣʠ ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʠʪʠʷ ʦʪʜʝʣʴʥʦʡ ʦʩʦʙʠ ʠʣʠ 

ʧʦʧʫʣʷʮʠʠ Tamarix. 

ʊʘʤʘʨʠʢʩʦʚʳʝ ʢʦʥʫʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʦʙʫʶ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʥʝʙʭʦʚ [14ï15] ð 

ʟʘʢʨʝʧʣʝʥʥʳʭ ʜʶʥ, ʠʤʝʶʱʠʭ ʚʥʫʪʨʠ ʩʝʙʷ ʨʘʩʪʠʪʝʣʴʥʳʡ ʢʘʨʢʘʩ.  

ʅʝʙʭʘ (nabkha) ð ɻ ʪʦ ʩʣʦʚʦ ʘʨʘʙʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚ ʜʦʩʣʦʚʥʦʤ ʧʝʨʝʚʦʜʝ 

ʦʙʦʟʥʘʯʘʶʱʝʝ ʥʝʙʦʣʴʰʦʡ ʧʝʩʯʘʥʳʡ ʭʦʣʤ [16]. ɺ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʥ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʭʦʣʤʠʩʪʦʛʦ ʩʢʦʧʣʝʥʠʷ ʥʘʥʦʩʠʤʳʭ ʚʝʪʨʦʤ ʦʪʣʦʞʝʥʠʡ ʚʦʢʨʫʛ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ [17]. ʇʦʟʞʝ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʵʪʦʡ ʵʦʣʦʚʦʡ ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʪʝʨʤʠʥʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʫʩʪʘʨʥʠʢʦʚʳʝ ʥʘʩʳʧʠ, ʢʫʩʪʘʨʥʠʢʦʚʦ-ʧʦʨʦʩʰʠʝ 

ʜʶʥʳ, ʙʫʛʦʨʢʦʚʳʝ ʜʶʥʳ, ʬʠʪʦʛʝʥʝʪʠʯʝʩʢʠʝ ʭʦʣʤʳ, ʜʶʥʥʳʝ ʢʫʨʛʘʥʳ, ʨʝʙʜʫ, ʥʝʙʙʝ, ʪʘʢʫʠʪ ʠ 

çʢʨʫʛʣʳʝ ʜʶʥʳè [18] ʢʦʪʦʨʳʝ, ʧʦ ʩʫʪʠ, ʷʚʣʷʶʪʩʷ ʩʠʥʦʥʠʤʘʤʠ ʥʝʙʭʠ. 

ʊʘʤʘʨʠʢʩʦʚʳʝ ʢʦʥʫʩʳ (tamarix cone) ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʦʡ ʬʦʨʤʦʡ ʨʝʣʴʝʬʘ, ʦʙʨʘʟʫʝʤʦʡ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʠʜʘʤʠ ʨʦʜʘ Tamarix: T. tamarix ramosissima Ledeb. ʠ T. chinensis Lour. ʕʪʦ 

ʥʝʧʦʜʚʠʞʥʳʝ ʜʶʥʳ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʫʪʝʤ ʥʘʢʦʧʣʝʥʠʷ ʧʝʩʢʘ ʚʦʢʨʫʛ ʦʩʦʙʝʡ Tamarix spp. 

ʊʘʤʘʨʠʢʩʦʚʳʝ ʢʦʥʫʩʳ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʘʨʠʜʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʯʝʪʢʠʤ ʯʝʨʝʜʦʚʘʥʠʝʤ ʩʝʟʦʥʦʚ 

ʚʝʪʨʦʚ ʠ ʦʩʘʜʢʦʚ; ʦʙʠʣʠʝʤ ʧʝʨʝʥʦʩʠʤʦʛʦ ʚʝʪʨʦʤ ʤʘʪʝʨʠʘʣʘ. ɺ ʉʨʝʜʥʝʡ ɸʟʠʠ ʥʘ ʧʨʝʜʛʦʨʥʳʭ 

ʢʦʥʫʩʘʭ ʚʳʥʦʩʘ ʨʝʢ, ʥʝʚʳʩʦʢʠʭ ʨʝʯʥʳʭ ʪʝʨʨʘʩʘʭ ʦʥʠ ʟʘʥʠʤʘʶʪ ʦʛʨʦʤʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, 
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ʬʦʨʤʠʨʫʷ ʦʩʦʙʳʡ ʣʘʥʜʰʘʬʪ. ʊʘʤʘʨʠʢʩʦʚʳʝ ʢʦʥʫʩʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ ʬʦʨʤ 

ʨʝʣʴʝʬʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ: ʚʳʩʦʪʦʡ ʦʪ 3 ʜʦ 15 ʤ ʠ ʚʳʩʦʢʠʤʠ ʫʢʣʦʥʘʤʠ 

ʩʢʣʦʥʦʚ, ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʳʭ ʦʢʦʣʦ 30Á, ʘ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʢʣʦʥ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 45Á. ʂʨʦʤʝ ʪʦʛʦ, 

ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʦʡ [14ï15]. 

ɹʝʨʝʛʘ ʠ ʧʦʡʤʳ ʨʝʢ ̫ ʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʩʪ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʪʘʤʘʨʠʢʩʘ, ʥʘ 

ʬʦʨʤʫ ʢʦʪʦʨʳʭ ʦʥ ʩʧʦʩʦʙʝʥ ʚʣʠʷʪʴ. ɺʣʠʷʥʠʝ ʧʦʧʫʣʷʮʠʠ ʪʘʤʘʨʠʢʩʘ ʥʘ ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʝ ʚ 

ʧʨʝʜʝʣʘʭ ʧʦʡʤ ʨʝʢ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʦ ʚ ʉʐɸ. ʅʘ ʪʝʨʨʠʪʦʨʠʶ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʪʘʤʘʨʠʢʩ 

ʙʳʣ ʟʘʚʝʟʝʥ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʧʨʦʩʣʝʜʠʪʴ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ 

ʤʝʩʪʥʳʝ ʛʝʦʩʠʩʪʝʤʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʦʢʘʟʘʥʘ ʨʦʣʴ ʪʘʤʘʨʠʢʩʘ ʚ ʟʘʢʨʝʧʣʝʥʠʠ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ 

ʥʦʚʳʭ ʦʪʤʝʣʝʡ ʚ ʧʦʡʤʝ ʨʝʢʠ. ʇʦʨʦʩʣʴ ʪʘʤʘʨʠʢʩʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʢʦʧʣʝʥʠʶ ʘʣʣʶʚʠʷ ʟʘ ʩʯʝʪ 

ʣʦʢʘʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ. ʇʦʜ ʟʘʨʦʩʣʷʤʠ Tamarix ʤʦʞʝʪ ʥʘʢʦʧʠʪʴʩʷ ʜʦ 2 ʤ 

ʘʣʣʶʚʠʷ. ʇʦʩʣʝ ʢʦʣʦʥʠʟʘʮʠʠ ʪʘʤʘʨʠʢʩʦʤ ʦʪʤʝʣʠ ʧʦʩʪʝʧʝʥʥʦ ʨʘʩʰʠʨʷʶʪʩʷ ʚ ʩʪʦʨʦʥʳ, ʯʘʩʪʦ 

ʩʣʠʚʘʷʩʴ ʤʝʞʜʫ ʩʦʙʦʡ ʠʣʠ ʧʨʠʤʳʢʘʷ ʢ ʙʝʨʝʛʫ [17ï18]. ʅʘ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʨʘʩʰʠʨʝʥʠʝ 

ʦʪʤʝʣʝʡ, ʧʦʨʦʩʰʠʭ ʪʘʤʘʨʠʢʩʦʤ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʤʝʪʥʦʤʫ ʩʫʞʝʥʠʶ ʨʫʩʣʘ. ʉʧʦʩʦʙʥʦʩʪʴ 

ʥʘʩʘʞʜʝʥʠʡ Tamarix ʩʥʠʞʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʤʳʚʘ ʙʝʨʝʛʦʚ ʨʝʢ ʜʝʣʘʶʪ ʝʛʦ ʮʝʥʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʙʦʨʴʙʳ ʩ ʵʨʦʟʠʝʡ [19ï20]. 

ʄʦʨʩʢʠʝ ʙʝʨʝʛʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠʙʨʝʞʥʳʝ ʜʶʥʳ ʠ ʙʝʨʝʛʘ ʣʘʛʫʥ, ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ 

ʤʝʩʪ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʨʘʩʪʘʥʠʷ Tamarix. ʉʨʘʚʥʝʥʠʝ ʛʘʙʠʪʫʩʘ ʨʘʩʪʝʥʠʡ ʠ ʛʦʜʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʨʦʩʪʘ ʤʝʞʜʫ ʨʘʩʪʝʥʠʷʤʠ ʩ ʧʨʠʙʨʝʞʥʳʭ ʤʦʨʩʢʠʭ ʤʝʩʪʦʦʙʠʪʘʥʠʡ ʠ ʨʝʯʥʳʭ ʧʦʢʘʟʘʣʦ, ʯʪʦ, 

ʤʦʨʩʢʦʝ ʧʦʙʝʨʝʞʴʝ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʩʫʨʦʚʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʠʟʨʘʩʪʘʥʠʷ. ʈʘʩʪʝʥʠʷ Tamarix ʥʘ 

ʤʦʨʩʢʦʤ ʧʦʙʝʨʝʞʴʝ ʦʙʳʯʥʦ ʢʫʩʪʘʨʥʠʢʦʚʳʝ, ʩ ʤʝʥʴʰʠʤʠ ʜʠʘʤʝʪʨʦʤ ʩʪʚʦʣʦʚ, ʚʳʩʦʪʦʡ ʠ 

ʧʣʦʱʘʜʴʶ ʫ ʦʩʥʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʪʝʥʠʷʤʠ ʚ ʫʩʪʴʷʭ ʨʝʢ ʠ ʥʘ ʙʝʨʝʛʘʭ ʨʝʢ. ʅʘ ʤʦʨʩʢʠʭ 

ʙʝʨʝʛʘʭ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʯʘʩʪʦʪʘ ʦʙʥʦʚʣʝʥʠʷ ʚʝʪʚʝʡ Tamarix ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʪʨʝʩʩʦʚʳʭ 

ʫʩʣʦʚʠʡ [21]. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʢʨʘʡʥʝ ʤʘʣʦ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʠʟʫʯʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ Tamarix ʠ ʧʨʠʙʨʝʞʥʳʭ ʤʦʨʩʢʠʭ ʜʶʥ. ʇʦʵʪʦʤʫ, ʦʮʝʥʢʘ ʚʘʞʥʦʩʪʠ 

ʨʝʣʴʝʬʦʦʙʨʘʟʫʶʱʝʡ ʬʫʥʢʮʠʠ Tamarix ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʘ. 

 

ʉʢʦʨʦʩʪʴ ʨʦʩʪʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ Tamarix 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʢʦʨʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ 

ʧʨʠʤʝʨʝ Tamarix ramosissima ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ɸʥʘʧʩʢʦʡ ʧʝʨʝʩʳʧʠ (ʏʝʨʥʦʝ ʤʦʨʝ). ɺ 

2013 ʛ. ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɸʥʘʧʩʢʦʡ ʧʝʨʝʩʳʧʠ ʥʘ ʦʩʪʘʥʮʝ ʢʦʨʝʥʥʦʛʦ ʙʝʨʝʛʘ ʚʙʣʠʟʠ ʦʪ ʤʦʨʷ 

ʙʳʣ ʚʳʨʳʪ ʢʦʪʣʦʚʘʥ (ʈʠʩʫʥʦʢ 2). ʋʞʝ ʚ 2015 ʛʦʜʫ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʤʘʩʩʦʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʪʘʤʘʨʠʢʩʘ ʚ ʧʨʝʜʝʣʘʭ ʥʦʚʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʣʘʥʜʰʘʬʪʘ. ɺ 2016 ʛ. ʥʘ ʜʥʝ ʢʦʪʣʦʚʘʥʘ ʠ ʦʪʚʘʣʝ 

ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʩʦʪʥʠ ʤʦʣʦʜʳʭ ʠ ʫʞʝ ʮʚʝʪʫʱʠʭ ʵʢʟʝʤʧʣʷʨʦʚ Tamarix ramosissima Ledeb. [22]. 

ʂ 2020 ʛʦʜʫ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʜʦʩʪʠʛʣʠ 2ï3 ʤʝʪʨʦʚ ʚʳʩʦʪʳ, ʘ ʦʪʜʝʣʴʥʳʝ ʢʫʩʪʳ ʩʣʠʣʠʩʴ ʚ 

ʦʙʰʠʨʥʳʝ ʢʫʨʪʠʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʥʝʝ ʯʝʤ ʟʘ 3 ʛʦʜʘ Tamarix ʤʦʞʝʪ ʜʦʩʪʠʯʴ ʩʪʘʜʠʠ 

ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘ ʢʦʪʦʨʦʡ ʦʥ ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʠʟʤʝʥʝʥʠʷʤ 

ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ. 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Tamarix ʢʘʢ ʠʥʜʠʢʘʪʦʨʘ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʰʝʩʪʚʦʚʘʚʰʠʭ ʩʦʩʪʦʷʥʠʡ ʨʝʣʴʝʬʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʳʝ ʚʨʝʤʝʥʥʝr ʨʘʤʢʠ ʪʘʢʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʦʮʝʥʠʪʴ ʢʘʢ ʩʢʦʨʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʩʪʘʜʠʠ, ʚ ʢʦʪʦʨʦʡ ʤʦʣʦʜʳʝ Tamarix ʫʞʝ ʤʦʛʫʪ ʫʩʧʝʰʥʦ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʩʤʝʥʝ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ, ʪʘʢ ʠ ʧʨʝʜʝʣʴʥʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ 

ʦʪʜʝʣʴʥʳʭ ʦʩʦʙʝʡ Tamarix. 
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ʈʠʩʫʥʦʢ 2. ʆʩʚʦʝʥʠʝ Tamarix ramosissima Ledeb. ʥʦʚʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ʚʙʣʠʟʠ 

ɸʥʘʧʩʢʦʡ ʧʝʨʝʩʳʧʠ, 2016 ʛ. ʌʦʪʦ ɺ. ɺ. ʂʨʳʣʝʥʢʦ. 

 

ʊʘʤʘʨʠʢʩʦʚʳʝ ʢʦʥʫʩʳ ʷʚʣʷʶʪʩʷ ʦʥʦʡ ʠʟ ʩʘʤʳʭ ʠʟʫʯʝʥʥʳʭ ʬʦʨʤ ʥʝʙʭʦʚ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʚʳʩʦʢʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴʶ ʠ ʥʝʦʙʳʯʥʦʩʪʴʶ. ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦʡ 

ʯʝʨʪʦʡ ʜʘʥʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ ʷʚʣʷʝʪʩʷ ʠʭ ʩʣʦʠʩʪʦʩʪʴ, ʧʦ ʢʦʪʦʨʦʡ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʨʘʩʪ ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦ ʠʭ ʨʘʩʪʝʥʠʷ. ʇʦʩʣʝ 

ʧʨʦʨʘʩʪʘʥʠʷ, ʧʦʜ ʤʦʣʦʜʳʤʠ ʦʩʦʙʷʤʠ Tamarix ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʧʝʩʢʘ, 

ʧʨʠʥʦʩʠʤʦʛʦ ʚʝʪʨʦʤ. ʕʪʦ ʚʳʟʳʚʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʢʫʩʪʦʤ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʫʤʝʥʴʰʝʥʠʝʤ ʝʛʦ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʘʩʪʠʮʳ ʦʩʝʜʘʶʪ ʠʟ ʚʦʟʜʫʰʥʦʛʦ 

ʧʦʪʦʢʘ ʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚʦʢʨʫʛ ʢʫʩʪʘ. ʆʙʳʯʥʦ ʧʝʩʯʘʥʳʝ ʯʘʩʪʠʮʳ ʢʦʥʫʩʦʚ Tamarix ʠʤʝʶʪ 

ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 0,125ï0,4 ʤʤ (ʦʢʦʣʦ 70%) [23]. ɺ ʨʘʡʦʥʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʤʘʨʠʢʩʦʚʳʭ 

ʢʦʥʫʩʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʦʣʦʚʦʛʦ ʧʝʨʝʥʦʩʘ ʠʤʝʝʪ ʩʝʟʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʘʧʨʠʤʝʨ, ʚ ʧʫʩʪʳʥʝ 

ʊʘʢʣʘ-ʄʘʢʘʥ ʥʘʠʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʦʣʦʚʦʛʦ ʧʝʨʝʥʦʩʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʨʦʤʝʞʫʪʦʢ ʩ 

ʤʘʨʪʘ ʧʦ ʠʶʥʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʝʩʦʢ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʥʘ ʧʣʦʪʥʦʤ ʛʣʠʥʠʩʪʦʤ ʛʨʫʥʪʝ ʧʦʜ 

ʦʩʦʙʷʤʠ Tamarix spp. ʩʣʦʷʤʠ [24]. ʇʨʦʤʝʞʫʪʦʯʥʳʤʠ ʦʪʜʝʣʷʶʱʠʤʠ ʠ ʟʘʢʨʝʧʣʷʶʱʠʤʠ ʩʣʦʷʤʠ 

ʤʝʞʜʫ ʩʣʦʷʤʠ ʧʝʩʢʘ ʩʪʘʥʦʚʷʪʩʷ ʣʠʩʪʴʷ Tamarix. ʉ ʦʢʪʷʙʨʷ ʧʦ ʥʦʷʙʨʴ ʨʘʩʪʝʥʠʷ ʩʙʨʘʩʳʚʘʶʪ 

ʣʠʩʪʴʷ ʠ ʥʝʙʦʣʴʰʠʝ ʚʝʪʢʠ, ʦʙʨʘʟʫʷ ʪʦʥʢʠʡ ʩʧʣʦʰʥʦʡ ʩʣʦʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʣʦʞʠʚʰʝʛʦʩʷ ʧʝʩʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʟʘ ʛʦʜ ʦʙʨʘʟʫʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʤʦʣʦʜʦʡ 

ʭʦʣʤʠʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʠʞʥʝʛʦ ʩʣʦʷ ʧʝʩʢʘ ʠ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʦʜʩʪʠʣʢʠ. ʇʨʠ ʧʦʚʪʦʨʝʥʠʠ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ, ʢʦʥʫʩ ʪʘʤʘʨʠʢʩʘ ʧʦʩʪʝʧʝʥʥʦ ʨʘʟʚʠʚʘʝʪʩʷ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʣʦʞʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚ ʩʣʦʠ ʦʩʣʘʙʝʚʘʝʪ ʢ ʧʝʨʠʬʝʨʠʠ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʚʦʢʨʫʛ ʩʪʚʦʣʘ ʢʫʩʪʘ ʪʘʤʘʨʠʢʩʘ ʩʣʦʠ ʪʦʣʱʝ, ʯʝʤ ʚʦ ʚʥʝʰʥʝʡ ʝʛʦ ʯʘʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʭʘʨʘʢʪʝʨʥʦʡ ʢʦʥʫʩʦʚʠʜʥʦʡ ʬʦʨʤʳ ʨʝʣʴʝʬʘ [24]. ʂʘʢ ʚʠʜʥʦ, ʧʨʦʮʝʩʩ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʤʘʨʠʢʩʦʚʦʛʦ ʢʦʥʫʩʘ ʠʤʝʝʪ ʦʯʝʥʴ ʯʝʪʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʦʪʨʘʞʘʶʱʠʝʩʷ ʚ 

ʝʛʦ ʚʥʫʪʨʝʥʥʝʤ ʩʪʨʦʝʥʠʠ. 

ʋ ʪʘʤʘʨʠʢʩʦʚʳʭ ʢʦʥʫʩʦʚ ʠʤʝʝʪʩʷ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʡ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ, ʨʘʟʥʳʝ ʩʪʘʜʠʠ 

ʢʦʪʦʨʦʛʦ ʨʘʟʣʠʯʘʶʪʩʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʥʫʩʘ. ʕʚʦʣʶʮʠʷ ʪʘʤʘʨʠʢʩʦʚʳʭ 

ʢʦʥʫʩʦʚ ʚʢʣʶʯʘʝʪ ʪʨʠ ʩʪʘʜʠʠ: ʩʪʘʜʠʷ ʨʦʩʪʘ, ʩʪʘʜʠʷ ʟʨʝʣʦʩʪʠ (ʩʪʘʙʠʣʴʥʦʩʪʠ) ʠ ʩʪʘʜʠʷ 

ʫʚʷʜʘʥʠʷ. ʅʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʘ ʢʦʥʫʩʘʭ ʨʘʟʣʠʯʥʳ. ɺ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʘʜʠʠ ʪʘʤʘʨʠʢʩʦʚʳʡ ʢʦʥʫʩ ʤʦʞʝʪ ʦʩʪʘʚʘʪʴʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦ ʙʦʣʴʰʦʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. 
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ʅʘ ʩʪʘʜʠʠ ʨʦʩʪʘ ʢʦʥʫʩʘ ʤʦʣʦʜʳʝ ʦʩʦʙʠ Tamarix ʠʥʪʝʥʩʠʚʥʦ ʨʘʩʪʫʪ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʩʦʩʪʘʚʣʷʝʪ 50ï80 ʩʤ ʚ ʛʦʜ, ʚʳʩʦʪʘ Tamarix ʜʦʩʪʠʛʘʝʪ 2ï

3 ʤ ʟʘ 4ï5 ʣʝʪ, ʘ ʯʝʨʝʟ 10 ʣʝʪ ʜʦʩʪʠʛʘʝʪ 4ï5 ʤ. ʄʦʣʦʜʦʡ Tamarix ʠʤʝʝʪ ʤʝʥʴʰʝ ʙʦʢʦʚʳʭ 

ʚʝʪʚʝʡ ʠ ʢʦʨʥʝʡ. ɺ ʫʩʣʦʚʠʷʭ ʧʦʜʭʦʜʷʱʝʡ ʩʠʣʳ ʚʝʪʨʘ ʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʟʘʧʘʩʘ ʧʝʩʢʘ ʚ ʨʝʛʠʦʥʝ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʡʩʷ ʧʦʜ ʨʘʩʪʝʥʠʝʤ ʟʘʨʦʜʳʰʝʚʳʡ ʢʦʥʫʩ ʚʳʩʦʪʦʡ 0,20ï0,30 ʤ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʧʝʩʢʘ ʧʦ ʚʝʨʪʠʢʘʣʠ. ʕʪʦ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʦʬʠʣʷ ʚʝʪʨʘ 

ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ, ʢʦʛʜʘ ʦʥʘ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʨʰʠʥʳ 

ʢʦʥʫʩʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫ ʚʝʨʰʠʥʳ ʢʦʥʫʩʘ ʚʝʪʝʨ ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʧʦʜʲʝʤʥʦʡ ʩʠʣʦʡ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʧʝʩʢʘ ʥʘ ʚʝʨʰʠʥʝ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ 

ʚʝʨʪʠʢʘʣʴʥʦ-ʩʢʣʦʥʦʚʦʡ ʤʠʛʨʘʮʠʠ ʯʘʩʪʠʮ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʥʫʩʦʚʠʜʥʘʷ 

ʬʦʨʤʘ ʨʝʣʴʝʬʘ (ʈʠʩʫʥʦʢ 3a) ʚʳʩʦʪʦʡ ʜʦ 5ï6 ʤ, ʫʢʣʦʥʦʤ 16ï35Á (ʥʘʠʙʦʣʴʰʠʡ ʫʢʣʦʥ ʙʣʠʟʦʢ ʢ 

ʫʛʣʫ ʧʦʢʦʷ ʩʫʭʦʛʦ ʧʝʩʢʘ). ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʢʦʥʫʩʘ ʠ ʟʘʭʦʨʦʥʝʥʠʷ ʧʦʙʝʛʦʚ ʦʥʠ ʧʦʩʪʦʷʥʥʦ 

ʫʜʣʠʥʷʶʪʩʷ ʚʚʝʨʭ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜ ʢʦʥʫʩʦʤ ʨʘʟʚʠʚʘʝʪʩʷ ʢʦʨʥʝʚʘʷ ʩʠʩʪʝʤʘ Tamarix spp., ʠ 

ʦʥʘ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʚʩʝʛʜʘ ʜʦʩʪʠʛʘʝʪ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ɽʩʣʠ ʢʦʥʫʩʳ ʥʘʯʠʥʘʶʪ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚʦʢʨʫʛ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʨʷʜʦʤ ʢʫʩʪʦʚ, ʪʦ ʧʦ ʤʝʨʝ ʠʭ ʨʘʟʚʠʪʠʷ ʦʥʠ ʤʦʛʫʪ 

ʩʣʠʪʴʩʷ ʚ ʦʜʠʥ ʝʜʠʥʳʡ ʢʦʥʫʩ [15, 24]. ʉʦʛʣʘʩʥʦ ʜʘʪʠʨʦʚʢʘʤ [15, 24], ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʩʪʘʜʠʠ ʨʦʩʪʘ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 10ï100 ʣʝʪ (ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 300ï500 ʣʝʪ ʠ ʙʦʣʝʝ). 

ʂʦʛʜʘ ʚʳʩʦʪʘ ʢʦʥʫʩʘ ʜʦʩʪʠʛʘʝʪ ʠʣʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 6ï13 ʤ, Tamarix ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪ 

ʨʦʩʪ ʙʦʢʦʚʳʭ ʚʝʪʚʝʡ, ʧʦʩʪʝʧʝʥʥʦ ʟʘʢʨʝʧʣʷʷ ʙʦʢʦʚʳʝ ʩʢʣʦʥʳ ʨʘʩʰʠʨʷʶʱʝʛʦʩʷ ʢʦʥʫʩʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʦʥʫʩʳ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʫʶ ʬʘʟʫ (ʟʨʝʣʦʩʪʠ) (ʈʠʩʫʥʦʢ 3b), ʜʣʷ ʢʦʪʦʨʦʡ 

ʭʘʨʘʢʪʝʨʥʘ ʧʦʣʫʩʬʝʨʠʯʝʩʢʘʷ ʬʦʨʤʘ, ʙʦʣʴʰʠʡ ʨʘʟʤʝʨ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʙʦʣʝʝ ʢʨʫʪʳʝ ʩʢʣʦʥʳ. 

ʅʘ ʵʪʦʡ ʬʘʟʝ ʦʜʨʝʚʝʩʥʝʚʰʠʝ ʚʝʪʚʠ Tamarix ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʢʣʦʥʦʚ ʢ ʚʝʪʨʦʚʦʡ ʵʨʦʟʠʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʦʧʘʜʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʟʘʢʨʝʧʣʝʥʠʶ ʦʪʣʦʞʠʚʰʝʛʦʩʷ ʧʝʩʢʘ. ʋʛʦʣ ʥʘʢʣʦʥʘ ʩʢʣʦʥʦʚ ʜʘʥʥʦʡ ʬʘʟʳ ʦʙʳʯʥʦ ʧʨʝʚʳʰʘʝʪ 

ʫʛʦʣ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʢʦʩʘ ʩʫʭʦʛʦ ʧʝʩʢʘ ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 40ï45Á. ɻʫʩʪʦ ʨʘʟʚʠʪʘʷ ʢʦʨʥʝʚʘʷ 

ʩʠʩʪʝʤʘ ʧʦʛʣʦʱʘʝʪ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʣʘʞʥʦʩʪʴ ʚʥʫʪʨʠ ʢʦʥʫʩʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʢʦʨʝʥʠʪʴʩʷ ʠ 

ʜʨʫʛʠʤ ʚʠʜʘʤ ʨʘʩʪʝʥʠʡ, ʠ ʝʱʝ ʙʦʣʝʝ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʦʪʣʦʞʝʥʠʷ ʧʝʩʢʘ. ʇʘʨʘʣʣʝʣʴʥʦ 

ʠʜʝʪ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʣʦʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʩʦʨʪʠʨʦʚʢʘ, ʚ ʮʝʥʪʨʝ 

ʢʦʥʫʩʘ ʦʪʢʣʘʜʳʚʘʶʪʩʷ ʙʦʣʝʝ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ. ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʦʭʨʘʥʝʥʠʶ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʘʤʘʨʠʢʩʦʚʦʛʦ ʢʦʥʫʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʥʘ ʜʘʥʥʦʡ ʩʪʘʜʠʠ 

ʪʘʤʘʨʠʢʩʦʚʳʝ ʢʦʥʫʩ rʩʧʦʩʦʙʥʳ ʩʫʱʝʩʪʚʦʚʘʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʧʦʩʪʝʧʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʷ ʩʚʦʠ ʛʘʙʘʨʠʪʳ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʪʘʜʠʠ ʟʨʝʣʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʢʦʥʫʩʦʚ ʤʦʞʝʪ 

ʩʦʩʪʘʚʣʷʪʴ 1000ï2000 ʣʝʪ. ʉʘʤʳʝ ʩʪʘʨʳʝ ʢʦʥʫʩʳ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʮʝʥʪʨʝ 

ʤʝʞʜʫʨʝʯʥʳʭ ʧʦʡʤ, ʜʘʪʠʨʫʶʪʩʷ 4200Ñ310 ʣʝʪ ʥʘʟʘʜ [24ï26]. 

ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʦʢʨʫʞʘʶʱʝʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠʣʠ ʦʩʣʘʙʣʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʨʘʩʪʝʥʠʷ 

ʪʘʤʘʨʠʢʩʦʚʳʝ ʢʦʥʫʩʳ ʤʦʛʫʪ ʧʝʨʝʭʦʜʠʪʴ ʚ ʩʪʘʜʠʶ ʨʘʩʧʘʜʘ. ʇʦ ʤʝʨʝ ʫʩʳʭʘʥʠʷ ʦʩʦʙʠ Tamarix 

ʥʘʨʫʰʘʝʪʩʷ ʚʦʜʥʳʡ ʙʘʣʘʥʩ ʢʦʥʫʩʘ. ʉʧʦʩʦʙʥʦʩʪʴ ʢʦʥʫʩʘ ʥʘʢʘʧʣʠʚʘʪʴ ʠ ʫʜʝʨʞʠʚʘʪʴ ʧʝʩʦʢ 

ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʪʘ ʢʦʥʫʩʘ ʧʦʩʪʝʧʝʥʥʦ ʩʦʢʨʘʱʘʝʪʩʷ ʠʟ-ʟʘ ʜʝʬʣʷʮʠʠ. 

ʀʟ-ʟʘ ʧʦʩʪʝʧʝʥʥʦʡ ʫʪʨʘʪʳ ʦʧʦʨʥʳʭ ʚʝʪʚʝʡ, ʣʠʩʪʴʝʚ ʠ ʢʦʨʥʝʡ ʨʘʩʪʝʥʠʡ ʫʢʣʦʥ ʩʢʣʦʥʦʚ ʢʦʥʫʩʘ 

ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʀʥʜʠʢʘʪʦʨʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʜʘʥʥʦʡ ʩʪʘʜʠʠ ʷʚʣʷʝʪʩʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʥʫʩʘ ʚ ʜʫʛʦʚʠʜʥʫʶ ʜʶʥʫ, ʜʚʘ ʢʨʳʣʘ ʢʦʪʦʨʦʡ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʜʚʝʪʨʝʥʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ (ʈʠʩʫʥʦʢ 3c). ɽʱʝ ʦʜʥʠʤ ʧʨʠʟʥʘʢʦʤ ʜʘʥʥʦʡ ʩʪʘʜʠʠ ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʥʘ 

ʚʝʨʰʠʥʝ ʢʦʥʫʩʘ ʭʘʨʘʢʪʝʨʥʦʛʦ ʫʛʣʫʙʣʝʥʠʷ (ʈʠʩʫʥʦʢ 3d). ʇʦʩʪʝʧʝʥʥʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʜʝʬʣʷʮʠʠ ʢʦʥʫʩ ʦʢʦʥʯʘʪʝʣʴʥʦ ʨʘʟʨʫʰʘʝʪʩʷ [15]. 
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ʈʠʩʫʥʦʢ 3. ʉʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʪʘʤʘʨʠʢʩʦʚʳʭ ʢʦʥʫʩʦʚ: a ð ʩʪʘʜʠʷ ʨʦʩʪʘ, b ð ʩʪʘʜʠʷ ʟʨʝʣʦʩʪʠ, c, d 

ð ʩʪʘʜʠʷ ʨʘʩʧʘʜʘ [15]. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʤʘʨʠʢʩʦʚʳʭ ʢʦʥʫʩʦʚ ʠ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭ ʠʭ ʨʘʩʪʝʥʠʡ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʝʩʣʠ ʦʩʦʙʴ Tamarix ʚ ʩʦʩʪʦʷʥʠʠ ʥʝʧʨʝʨʳʚʥʦ ʦʪʨʘʱʠʚʘʪʴ ʥʦʚʳʝ ʢʦʨʥʠ ʠ ʚʝʪʚʠ, 

ʚʦʟʨʘʩʪ ʪʘʤʘʨʠʢʩʦʚʳʭ ʢʦʥʫʩʦʚ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʣʝʪ. ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʨʫʧʥʳʭ ʤʦʨʩʢʠʭ ʙʝʨʝʛʦʚʳʭ ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʬʦʨʤ ʚ ɸʟʦʚʦ-

ʏʝʨʥʦʤʦʨʩʢʦʤ ʨʝʛʠʦʥʝ ʥʘʯʘʣʦʩʴ ʧʨʠʤʝʨʥʦ 5ï6 ʪʳʩ ʣʝʪ ʥʘʟʘʜ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʣʠʯʠʷ ʚ ʠʭ ʧʨʝʜʝʣʘʭ ʚʝʩʴʤʘ ʜʨʝʚʥʠʭ ʵʢʟʝʤʧʣʷʨʦʚ Tamarix. ʆʜʥʦʚʨʝʤʝʥʥʦ, 

ʚʣʠʷʥʠʝ Tamarix ʥʘ ʨʝʣʴʝʬ ʧʨʠʙʨʝʞʥʳʭ ʤʦʨʩʢʠʭ ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʬʦʨʤ ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ 

ʜʣʠʪʝʣʴʥʳʤ. 

 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʷʜ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʦʜʘ Tamarix 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʢʘʢ ʠʥʜʠʢʘʪʦʨ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʠʤʝʶʱʠʭʩʷ 

ʠʣʠ ʠʤʝʚʰʠʭʩʷ ʨʘʥʝʝ ʚ ʤʝʩʪʘʭ ʝʛʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʨʘʩʪʘʥʠʷ. 

ʅʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʤʦʣʦʜʳʝ ʦʩʦʙʠ Tamarix ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ, ʢʦʪʦʨʳʝ ʦʯʝʥʴ ʞʝʩʪʢʦ ʦʧʨʝʜʝʣʷʶʪ ʤʝʩʪʘ ʝʛʦ ʚʦʟʤʦʞʥʦʛʦ ʫʩʧʝʰʥʦʛʦ 

ʧʨʦʨʘʩʪʘʥʠʷ. ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ Tamarix ʩʪʘʥʦʚʠʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ 

ʪʦʣʝʨʘʥʪʥʳʤ ʢ ʚʥʝʰʥʠʤ ʫʩʣʦʚʠʷʤ. ʈʷʜ ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʵʪʦʛʦ ʨʦʜʘ ʧʝʨʝʞʠʪʴ ʢʘʨʜʠʥʘʣʴʥʫʶ ʩʤʝʥʫ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ Tamarix ̫ ʚʣʷʝʪʩʷ ʩʚʦʡʩʪʚʦ ʩʦʭʨʘʥʷʪʴ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ 

ʘʢʪʠʚʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʵʦʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʛʜʝ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʢʘʢ ʘʢʢʫʤʫʣʷʮʠʷ 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.com 

ʊ. 6. ˉ11. 2020 

https://doi.org/10.33619/2414-2948/60 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 65 

 

ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʠ ʜʝʬʣʷʮʠʷ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ, ʩ ʫʯʝʪʦʤ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʡ ʝʛʦ ʧʨʦʨʘʩʪʘʥʠʷ, ʧʦ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ Tamarix ʠʣʠ ʧʦʧʫʣʷʮʠʠ 

ʚ ʮʝʣʦʤ, ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʨʝʣʴʝʬʘ ʠ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ 

ʤʦʨʩʢʦʛʦ ʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ ʙʝʨʝʛʘ ʟʘ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ. 

ɺ ʣʘʥʜʰʘʬʪʥʦʤ ʤʘʩʰʪʘʙʝ ʪʘʤʘʨʠʢʩ rʩʧʦʩʦʙʥʳ ʬʦʨʤʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʣʘʥʜʰʘʬʪʥʳʝ 

çʫʟʦʨʳè. ʅʘʧʨʠʤʝʨ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʫʟʦʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʫʩʦʚ ʤʦʞʝʪ ʙʳʪʴ ʤʦʟʘʠʯʥʳʤ 

ʠʣʠ ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʪʷʞʝʥʥʳʝ ʮʝʧʠ ʠʟ ʢʦʥʫʩʦʚ ʧʦ ʦʩʥʦʚʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʪʨʘ. ʇʨʠʯʠʥʳ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʣʘʥʜʰʘʬʪʥʳʭ ʩʪʨʫʢʪʫʨ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʪʘʤʘʨʠʢʩʦʚʳʤʠ 

ʢʦʥʫʩʘʤʠ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ [27ï29].  

ʅʘ ɸʥʘʧʩʢʦʡ ʧʝʨʝʩʳʧʠ ʚʦʟʨʘʩʪ ʥʘʠʙʦʣʝʝ ʜʨʝʚʥʠʭ ʫʯʘʩʪʢʦʚ ʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ ʪʝʣʘ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 5 ʪʳʩ ʣʝʪ. ʇʨʠ ʵʪʦʤ, ʥʘ ʧʝʨʝʩʳʧʠ ʠʤʝʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʝʣʠʢʪʦʚʳʭ ʜʶʥʥʳʭ 

ʛʨʷʜ, ʛʝʥʝʟʠʩ ʠ ʚʦʟʨʘʩʪ ʢʦʪʦʨʳʭ ʧʦʢʘ ʥʝ ʫʜʘʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ. ɺ ʜʶʥʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʢʨʫʧʥʳʝ 

ʘʢʪʠʚʥʦ ʚʝʛʝʪʠʨʫʶʱʠʝ ʵʢʟʝʤʧʣʷʨʳ Tamarix ramosissima Ledeb. (ʈʠʩʫʥʦʢ 4). ʂʘʢ ʧʦʢʘʟʘʣʠ 

ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʵʪʦʪ ʚʠʜ ʤʦʞʝʪ ʧʨʦʨʘʩʪʘʪʴ ʣʠʰʴ ʚʙʣʠʟʠ ʚʦʜʳ, ʪʦ ʝʩʪʴ, ʚʩʝ ʫʢʘʟʘʥʥʳʝ 

ʵʢʟʝʤʧʣʷʨʳ T. ramosissima ʧʨʦʠʟʨʘʩʪʘʣʠ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʝʱʝ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʜʶʥʥʳʭ 

ʛʨʷʜ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʶʥʥʳʝ ʛʨʷʜʳ ʣʠʙʦ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦ ʣʠʥʠʠ ʤʘʩʩʦʚʦʛʦ 

ʧʨʦʠʟʨʘʩʪʘʥʠʷ T. ramosissima (ʚʝʨʦʷʪʥʦ, ʙʝʨʝʛ ʣʘʛʫʥʳ), ʣʠʙʦ ʙʳʣʠ ʥʘʜʚʠʥʫʪʳ ʥʘ ʥʠʭ ʚʝʪʨʦʤ. 

 

  
 

ʈʠʩʫʥʦʢ 4. ɺʝʛʝʪʠʨʫʶʱʠʝ ʵʢʟʝʤʧʣʷʨʳ Tamarix ramosissima Ledeb. (ʩʣʝʚʘ ð ʚʙʣʠʟʠ ʤʦʨʷ, 

ʩʧʨʘʚʘ ʥʘ ʚʝʨʰʠʥʝ ʨʝʣʠʢʪʦʚʳʭ ʜʶʥ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʣʠʷʥʠʝ ʪʘʤʘʨʠʢʩʘ ʥʘ ʜʠʥʘʤʠʢʫ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʜʶʥ ʧʦʯʪʠ ʥʝ 

ʠʩʩʣʝʜʦʚʘʥʦ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʢʘʢ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʪʘʤʘʨʠʢʩʘ ʚ ʧʨʠʙʨʝʞʥʳʭ ʣʘʥʜʰʘʬʪʘʭ, ʢʘʢ ʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʜʚʠʞʥʳʤʠ ʬʦʨʤʘʤʠ 

ʵʦʣʦʚʦʛʦ ʨʝʣʴʝʬʘ. ʇʦʜʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʜʘʪʴ ʜʘʥʥʳʝ ʜʣʷ ʫʪʦʯʥʝʥʠʷ 

ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ. 

 

ʇʦʣʝʚʳʝ ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ɸʥʘʧʩʢʦʡ ʧʝʨʝʩʳʧʠ ʧʨʦʚʝʜʝʥʳ ʧʨʠ 

ʧʦʜʜʝʨʞʢʝ ʈʅʌ (20-17-00060). ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʫʢʮʝʩʩʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʝʜʝʣʘʭ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʠʙʨʝʞʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ɸʥʘʧʩʢʦʡ ʧʝʨʝʩʳʧʠ ʠ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪʳ 19-45-230004 ʠ 18-55-

34002). ʉʙʦʨ ʠ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ɻʦʩʟʘʜʘʥʠʷ ˉ0149-2019-

0014. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʞʠʟʥʝʥʥʳʝ ʬʦʨʤʳ, ʩʧʝʢʪʨ ʨʘʟʤʝʨʦʚ ʣʠʩʪʘ, 

ʵʪʥʦʙʦʪʘʥʠʢʘ ʠ ʦʧʠʩʘʥʠʝ ʬʣʦʨʠʩʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʪʝʥʠʡ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʭ ʣʝʩʘʭ ʄʘʣʦʛʦ ʂʘʚʢʘʟʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʱʝʧʨʠʥʷʪʳʭ ʤʝʪʦʜʦʚ ʚ 2018ï2020 ʛʦʜʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʣʝʩʦʚ ɼʘʰʢʝʩʘʥʩʢʦʛʦ ʠ 

ɻʝʡʛʝʣʴʩʢʦʛʦ ʨʘʡʦʥʦʚ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ, ʠʟʫʯʝʥʦ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ 

ʧʨʦʚʝʜʝʥ rʠʥʪʝʨʚʴʶ ʩ ʥʘʩʝʣʝʥʠʝʤ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʘʟʣʠʯʥʳʭ ʞʠʟʥʝʥʥʳʭ 

ʬʦʨʤʘʭ ʤʝʩʪʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʩʧʝʢʪʨʘʭ ʨʘʟʤʝʨʦʚ ʠʭ ʣʠʩʪʴʝʚ. ɺʳʷʚʣʝʥʦ 125 ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ 40 ʩʝʤʝʡʩʪʚʘʤ, ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʩʝʤʝʡʩʪʚʦ  Rosaceae 

(48 ʚʠʜʦʚ) ʠ Poaceae (20 ʚʠʜʦʚ). ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʨʘʩʪʝʥʠʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʝʢʘʨʩʪʚ, ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʢʦʨʤʦʚ, ʪʦʧʣʠʚʘ, ʤʝʙʝʣʠ ʠ ʚ 

ʩʦʦʨʫʞʝʥʠʠ ʞʠʣʳʭ ʧʦʩʪʨʦʝʢ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʣʝʩʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʥʦ, ʘ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʙʳʩʪʨʦ ʩʦʢʨʘʱʘʝʪʩʷ ʠʟ-ʟʘ ʦʙʝʟʣʝʩʝʥʠʷ. ɼʘʥʥʳʝ ʜʣʷ ʟʘʱʠʪʳ ʙʦʛʘʪʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʧʝʨʚʦʠʩʪʦʯʥʠʢʦʚ. ɺ ʥʘʟʝʤʥʦʡ ʬʣʦʨʝ 

ʧʨʝʦʙʣʘʜʘʶʪ ʤʝʛʘʬʘʥʝʨʦʬʠʪʳ, ʟʘ ʥʠʤʠ ʩʣʝʜʫʶʪ ʪʝʨʦʬʠʪʳ. ɺ ʤʝʩʪʥʳʭ ʣʝʩʘʭ ʨʝʞʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʛʝʤʠʢʨʠʧʪʦʬʠʪʳ, ʥʘʥʦʬʘʥʝʨʦʬʠʪʳ ʠ ʛʝʦʬʠʪʳ. ʈʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʣʠʯʠʷ ʜʝʨʝʚʴʝʚ. ɺ ʩʧʝʢʪʨʘʭ ʨʘʟʤʝʨʦʚ ʣʠʩʪʴʝʚ ʜʦʤʠʥʠʨʫʶʪ 

ʤʠʢʨʦʬʠʣʣr  ʠ ʤʝʛʘʬʠʣʣʳ. 

 

Abstract. Life forms, a range of leaf sizes, ethnobotany and a description of the floristic 

features of plants common in the North-Western forests of the Lesser Caucasus are presented in the 

paper. The studies were carried out in 2018ï2020 on the territory of the forests of the Dashkesan 

and Goygol districts of the Azerbaijan Republic, which are part of the Lesser Caucasus, biodiversity 

was studied and the population was interviewed using generally accepted methods. Data about 

various life forms of local plants and their leaf size spectra are presented. 125 plant species 

belonging to 40 families have been identified, of which the Rosaceae family (48 species) and 

Poaceae (20 species) are predominant. Some plants are used to make medicines, food, feed, fuel, 

furniture, and housing as shown results. For this reason, forests are used in an integrated manner 

and vegetation is rapidly declining due to deforestation. The data for the protection of the rich 

vegetation in this area was taken from primary sources. The terrestrial flora is dominated by 

megaphanerophytes, followed by therophytes. Hemicryptophytes, nanophanerophytes and 

geophytes are less common in local forests respectively. The vegetation cover is formed depending 

on the availability of trees. Microphylls and megaphylls dominate in the spectra of leaf sizes.  
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ɻʝʡʛʝʣʴʩʢʠʡ ʠ ɼʘʰʢʝʩʘʥʩʢʠʡ ʨʘʡʦʥʳ ð ʚʭʦʜʷʪ ʚ ʯʠʩʣʦ ʢʨʘʩʠʚʝʡʰʠʭ ʫʛʦʣʢʦʚ ʄʘʣʦʛʦ 

ʂʘʚʢʘʟʘ. ɾʠʚʦʧʠʩʥʳʡ ʍʦʰʙʫʣʘʛʩʢʠʡ ʣʝʩ ɼʘʰʢʝʩʘʥʘ ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʣʝʩʘ ɻʝʡʛʝʣʷ ʩʦ ʚʩʝʭ 

ʩʪʦʨʦʥ ʦʢʨʫʞʝʥʳ ʚʳʩʦʢʠʤʠ ʛʦʨʘʤʠ, ʦʪʢʨʳʚʘʶʪ ʜʣʷ ʧʦʩʝʪʠʪʝʣʝʡ ʟʘʭʚʘʪʳʚʘʶʱʠʝ ʜʫʭ 

ʫʜʠʚʠʪʝʣʴʥʳʝ ʧʨʠʨʦʜʥʳʝ ʧʝʡʟʘʞʠ, ʘ ʧʨʝʩʥʘʷ ʚʦʜʘ ʧʦʩʪʫʧʘʝʪ ʩʦ ʩʢʣʦʥʦʚ ʛʦʨ. ɼʝʨʝʚʴʷ, 

ʦʙʨʘʟʫʶʪ ʛʫʩʪʳʝ ʟʘʨʦʩʣʠ, ʧʨʠʜʘʚʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʯʘʨʦʚʘʥʠʝ ʚʩʝʤʫ ʣʘʥʜʰʘʬʪʫ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʫʨʛʘʥʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʭʦʜʝ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʢʦʧʦʢ ʜʘʥʥʦʡ 

ʤʝʩʪʥʦʩʪʠ ʥʘ ʚʳʩʦʪʝ 2000 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʠ ʨʘʡʦʥʳ 

ʠʟʜʨʝʚʣʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʩʪʥʳʤʠ ʞʠʪʝʣʷʤʠ ʚ ʢʘʯʝʩʪʚʝ ʧʘʩʪʙʠʱ. ʂ ʪʦʤʫ ʞʝ ɼʘʰʢʝʩʘʥʩʢʠʡ 

ʨʘʡʦʥ ʙʦʛʘʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʯʪʦ ʚʩʝʛʜʘ ʧʨʝʜʩʪʘʚʣʷʣʦ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʜʣʷ ʥʘʩʝʣʝʥʠʷ. ʕʢʩʧʣʫʘʪʘʮʠʷ ʥʝʜʨ ʧʨʦʜʦʣʞʘʝʪʩʷ ʠ ʩʝʛʦʜʥʷ. ɿʜʝʩʴ ʞʝ ʨʘʟʤʝʱʝʥʳ 

ʧʘʩʪʙʠʱʘ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʙʦʛʘʪʳ ʮʝʣʝʙʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ.  

ʊʝʨʨʠʪʦʨʠʷ ɻʝʡʛʝʣʴʩʢʦʛʦ ʠ ɼʘʰʢʝʩʘʥʩʢʦʛʦ ʨʘʡʦʥʦʚ ʦʪʣʠʯʘʝʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʤ 

ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʳʤ ʧʦʢʨʦʚʦʤ ʠ ʬʘʫʥʦʡ. ʊʘʢ ʢʘʢ ʪʝʨʨʠʪʦʨʠʷ ɻʝʡʛʝʣʴʩʢʦʛʦ ʨʘʡʦʥʘ 

ʦʢʨʫʞʝʥʘ ʛʦʨʘʤʠ, ʵʪʦ ʧʨʠʜʘʝʪ ʨʝʛʠʦʥʫ ʦʩʦʙʫʶ ʢʨʘʩʦʪʫ. ɻʫʩʪʳʝ ʣʝʩʘ, ʪʷʥʫʱʠʝʩʷ ʚʜʦʣʴ ʜʦʨʦʛ 

ʠʤʝʶʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ. ʆʟʝʨʘ ʠ ʨʝʢʠ, ʪʘʢʠʝ ʢʘʢ ɸʭʩʫ, ɻʦʰʛʘʨ, 

ɻʷʥʜʞʘ, ʐʝʤʢʠʨ ʠ ɹʘʣʣʳ, ʙʦʛʘʪʳ ʬʦʨʝʣʴʶ. ɺ ʵʪʦʤ ʨʘʡʦʥʝ ʤʥʦʛʦ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, 

ʠʤʝʶʱʠʭ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ, ʩʨʝʜʠ ʥʠʭ: ʪʠʤʴʷʥ (ʯʘʙʨʝʮ), ʘʣʪʝʡ, 

ʪʳʩʷʯʝʣʠʩʪʥʠʢ, ʨʦʤʘʰʢʘ, ʜʝʚʷʩʠʣ, ʥʠʛʝʣʣʘ (ʯʝʨʥʫʰʢʘ), ʤʷʪʘ, ʤʘʪʴ-ʠ-ʤʘʯʝʭʘ, ʙʝʩʩʤʝʨʪʥʠʢ, 

ʛʦʨʝʮ (ʛʨʝʯʠʰʥʠʢ), ʥʘʨʮʠʩʩ, ʤʘʨʴ, ʢʨʘʧʠʚʘ, ʢʘʣʫʞʥʠʮʘ, ʟʚʝʟʜʯʘʪʢʘ, ʛʦʣʦʚʯʘʪʢʘ, ʛʦʨʥʘʷ 

ʬʠʘʣʢʘ, ʣʶʪʠʢ ʠ ʜʨ., ʚʩʝ ʦʥʠ ʝʞʝʛʦʜʥʦ ʩʦʙʠʨʘʶʪʩʷ ʤʝʩʪʥʳʤ ʥʘʩʝʣʝʥʠʝʤ [1]. 

ʊʝʨʨʠʪʦʨʠʷ ʛʦʨʥʘʷ ʠʣʠ ʧʦʣʫʛʦʨʥʘʷ. ʎʝʥʪʨʘʣʴʥʳʝ ʧʦʣʫʛʦʨʥʳʝ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ 

ʫʯʘʩʪʢʠ ʦʢʨʫʞʝʥʳ ʛʦʨʘʤʠ ʠ ʧʨʦʩʪʠʨʘʶʪʩʷ ʥʘ ʚʳʩʦʪʝ 1000 ʤ ʠ ʚʳʰʝ. ɻʦʨʳ ʠʤʝʶʪ ʢʨʫʪʳʝ ʠ 

ʫʤʝʨʝʥʥʳʝ ʩʢʣʦʥʳ. 

ʂʣʠʤʘʪ ʨʘʟʥʦʦʙʨʘʟʝʥ. ʉʘʤʳʝ ʞʘʨʢʠʝ ʤʝʩʷʮʳ ʚ ʛʦʜʫ ʩʦ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 30,18 ÁC ʠ 

27,18 ÁC ð ʠʶʥʴ ʠ ʠʶʣʴ. ʉʘʤʘʷ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʘʷ ʚ ʠʶʥʝ ʠ ʠʶʣʝ, 

ʩʦʩʪʘʚʣʷʝʪ 32 ÁC ʛʨʘʜʫʩʘ. ʉʘʤʳʝ ʭʦʣʦʜʥʳʝ ʤʝʩʷʮʳ ʛʦʜʘ ð ʜʝʢʘʙʨʴ ʠ ʷʥʚʘʨʴ, ʪʝʤʧʝʨʘʪʫʨʘ ð 

6,34 ÁC ʠ 5,22 ÁC.  

ɺ ʦʢʪʷʙʨʝ ʠ ʥʦʷʙʨʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʦ. ɻʨʘʜ ʦʙʳʯʥʦ ʚʳʧʘʜʘʝʪ 

ʣʠʰʴ ʚ ʬʝʚʨʘʣʝ ʠ ʤʘʨʪʝ. ɺʣʘʞʥʦʩʪʴ ʦʩʪʘʝʪʩʷ ʚʳʩʦʢʦʡ ʚ ʩʝʟʦʥ ʜʦʞʜʝʡ ʠ ʟʠʤʦʡ, ʠ ʚ ʫʪʨʝʥʥʠʝ 

ʯʘʩʳ ʚʳʰʝ, ʯʝʤ ʚ ʚʝʯʝʨʥʝʝ ʚʨʝʤʷ. ʉʘʤʦʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ 

ʫʪʨʝʥʥʠʝ ʯʘʩʳ ʚ ʘʚʛʫʩʪʝ ð 83,4. ʉʘʤʘʷ ʥʠʟʢʘʷ ʚʣʘʞʥʦʩʪʴ ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʚ ʚʝʯʝʨʥʝʝ 

ʚʨʝʤʷ ʚ ʤʘʝ ʤʝʩʷʮʝ. 

ʃʝʩʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʚʩʝʛʜʘ ʠʟʫʯʘʣʠʩʴ, ʥʘʭʦʜʷʩʴ ʚ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ [2]. ɹʦʣʴʰʠʥʩʪʚʦ 

ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʬʣʦʨʳ ɸʟʝʨʙʘʡʜʞʘʥʘ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʟʘʧʦʚʝʜʥʠʢʦʚ ʠ ʥʘʮʠʦʥʘʣʴʥʳʭ 

ʧʘʨʢʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʬʣʦʨʘ ʪʝʨʨʠʪʦʨʠʠ ʥʝʦʜʥʦʢʨʘʪʥʦ ʠʟʫʯʘʣʘʩʴ, ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʪʦʣʴʢʦ 

ʣʝʩʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʥʝ ʠʟʫʯʘʣʠʩʴ [1]. ɺ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʥʦʩʪʷʭ ʚʩʪʨʝʯʘʶʪʩʷ ʣʝʩʥʳʝ 

ʥʘʩʘʞʜʝʥʠʷ. ʎʝʣʴʶ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʬʣʦʨʠʩʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʝʩʦʚ 

ɻʝʡʛʝʣʴʩʢʦʛʦ ʠ ɼʘʰʢʝʩʘʥʩʢʦʛʦ ʨʘʡʦʥʦʚ ʄʘʣʦʛʦ ʂʘʚʢʘʟʘ. 
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ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 2018ï2020 ʛʛ. ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʣʝʩʦʚ ɼʘʰʢʝʩʘʥʩʢʦʛʦ ʠ 

ɻʝʡʛʝʣʴʩʢʦʛʦ ʨʘʡʦʥʦʚ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ, ʚʭʦʜʷʱʠʭ ʚ ʄʘʣʳʡ ʂʘʚʢʘʟ, ʠʟʫʯʘʣʠʩʴ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ. ɹʳʣʠ ʦʪʤʝʯʝʥʳ ʠʭ ʤʝʩʪʥʳʝ ʥʘʠʤʝʥʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʯʘʩʪʠ. 

ʆʪʜʝʣʴʥʳʝ ʠʥʪʝʨʚʴʶʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʦʙʱʠʥʘʤʠ ʚ ʨʘʟʥʳʭ ʜʝʨʝʚʥʷʭ, ʯʪʦʙʳ 

ʦʪʤʝʪʠʪʴ ʣʦʢʘʣʴʥʳʝ ʥʘʠʤʝʥʦʚʘʥʠʷ ʨʘʩʪʝʥʠʡ. ʂʦʦʨʜʠʥʘʪʳ ʚʳʩʦʪʥʳʭ ʪʦʯʝʢ ʩʙʦʨʘ ʧʨʦʙ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ GPS. 

ʉʦʙʨʘʥʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʚʳʩʫʰʝʥʳ ʠ ʧʝʨʝʜʘʥʳ ʚ ʛʝʨʙʘʨʥʳʡ ʬʦʥʜ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʛ. ɻʥ̫ʜʞʘ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʩʪʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ çʌʣʦʨʘ ɸʟʝʨʙʘʡʜʞʘʥʘè ʠ ʧʦʩʣʝʜʥʠʝ ʥʦʚʝʡʰʠʝ ʥʦʤʝʥʢʣʘʪʫʨʳ [3ï7]. 

ʆʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʧʦ ʢʦʪʦʨʦʡ ʨʘʩʪʝʥʠʷ ʨʘʟʣʠʯʘʶʪ, ð ɻ ʪʦ ʠʭ ʞʠʟʥʝʥʥʳʝ 

ʬʦʨʤʳ. ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ʨʘʩʪʝʥʠʡ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʨʘʟʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤ. ɼʘʪʩʢʠʡ ʙʦʪʘʥʠʢ ʈʘʫʥʢʠʝʨ [8] ʩʦʟʜʘʣ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʞʠʟʥʝʥʥʳʭ ʬʦʨʤ 

ʨʘʩʪʝʥʠʡ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʧʨʠʥʮʠʧʘʭ ʘʜʘʧʪʘʮʠʠ ʥʘʟʝʤʥʳʭ ʦʨʛʘʥʦʚ ʢ ʟʠʤʦʚʢʝ, ʨʘʩʧʦʣʦʞʝʥʠʶ 

ʠ ʚʦʟʦʙʥʦʚʣʝʥʠʶ ʧʦʙʝʛʦʚ ʨʘʩʪʝʥʠʡ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʯʚʳ. ʇʦʙʝʛʠ ʬʘʥʝʨʦʬʠʪʦʚ ʚʩʝʛʜʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʦ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ ʚ 

ʣʶʙʦʝ ʚʨʝʤʷ ʛʦʜʘ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʛʦʜʳ. ʕʪʠ ʪʠʧʳ ʨʘʩʪʝʥʠʡ ʠʤʝʶʪ ʨʘʟʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʜʝʣʷʪʩʷ ʥʘ ʧʦʣʫʪʠʧʳ ʧʦ ʨʷʜʫ ʧʦʢʘʟʘʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʨʘʟʤʝʨ (ʤʝʛʘ-, ʤʝʟʦ-, 

ʤʠʢʨʦ- ʠ ʥʘʥʦʬʘʥʝʨʦʬʠʪʳ), ʪʠʧʳ ʧʦʯʝʢ (ʟʘʢʨʳʪʳʝ, ʛʦʣʳʝ) ʠ ʧʦ ʪʠʧʫ ʦʧʘʜʝʥʠʷ ʣʠʩʪʴʝʚ 

(ʚʝʯʥʦʟʝʣʝʥʳʝ, ʣʠʩʪʦʧʘʜʥʳʝ) ʠ ʪ. ʜ. 

I. ʌʘʥʝʨʦʬʠʪʳ ʜʝʣʷʪʩʷ ʥʘ ʤʝʛʘʬʘʥʝʨʦʬʠʪ,r ʤʝʟʦʬʘʥʝʨʦʬʠʪ,r ʤʠʢʨʦʬʘʥʝʨʦʬʠʪ rʠ 

ʥʘʥʦʬʘʥʝʨʦʬʠʪ.r  

II. ʂ ʛʘʤʝʪʦʬʠʪʘʤ ʦʪʥʦʩʷʪʩʷ ʧʦʣʫʢʫʩʪʘʨʥʠʢʠ, ʥʝʙʦʣʴʰʠʝ ʢʫʩʪʘʨʥʠʢʠ ʠ ʧʦʜʫʰʝʯʥʳʝ 

ʨʘʩʪʝʥʠʷ.  

III. ɻʝʤʠʢʨʠʧʪʦʬʠʪʳ: ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʝ ʯʘʩʪʠ ʚʝʛʝʪʘʪʠʚʥʳʭ ʦʨʛʘʥʦʚ, ʪʦ ʝʩʪʴ ʧʦʙʝʛʠ, 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʝ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʟʘʱʠʱʝʥʘ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ 

ʧʝʨʠʦʜʘ ʧʦʯʚʦʡ ʠ ʦʧʘʜʘʶʱʠʤʠ ʥʘ ʥʝʝ ʟʘʩʦʭʰʠʤʠ ʣʠʩʪʴʷʤʠ.  

IV. ɻʝʦʬʠʪʳ: ʤʥʦʛʦʣʝʪʥʠʝ ʨʘʩʪʝʥʠʷ, ʧʦʛʨʫʞʝʥʥʳʝ ʚ ʟʝʤʣʶ ʚ ʚʠʜʝ ʣʫʢʦʚʠʮ ʠʣʠ ʢʣʫʙʥʝʡ, 

ʠ ʵʪʠʤ ʟʘʱʠʱʝʥʥʳʝ ʦʪ ʟʘʤʝʨʟʘʥʠʷ ʠ ʚʳʩʳʭʘʥʠʷ.  

V. ʊʝʨʦʬʠʪʳ ʨʘʟʚʠʚʘʶʪʩʷ ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʜʘʶʪ ʩʝʤʝʥʘ, ʚ ʚʠʜʝ ʢʦʪʦʨʳʭ 

ʧʝʨʝʥʦʩʷʪ ʟʠʤʦʚʢʫ. ʂ ʵʪʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʟʠʤʫʶʱʠʝ ʦʜʥʦʜʦʣʴʥʳʝ ʨʘʩʪʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʥʘʯʠʥʘʶʪ ʨʘʟʚʠʚʘʪʴʩʷ ʦʩʝʥʴʶ, ʧʝʨʝʟʠʤʦʚʳʚʘʶʪ ʚ ʚʝʛʝʪʘʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʟʘʚʝʨʰʘʶʪ ʩʚʦʡ 

ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʧʦʩʝʚʦʤ ʩʝʤʷʥ ʚʝʩʥʦʡ ʠʣʠ ʣʝʪʦʤ ʩʣʝʜʫʶʱʝʛʦ ʛʦʜʘ.  

ɼʨʫʛʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʬʦʨʤʳ ʞʠʟʥʠ, ʢʦʪʦʨʳʝ ʥʝ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ 

ʨʝʧʨʦʜʫʢʪʠʚʥʳʤ ʦʨʛʘʥʘʤ, ʚʢʣʶʯʘʶʪ ʩʫʢʢʫʣʝʥʪʳ, ʛʘʣʦʬʠʪʳ, ʵʧʠʬʠʪʳ ʠ ʪ. ʜ.  

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʨʘʩʪʝʥʠʡ ʨʘʟʤʝʨ ʠʭ ʣʠʩʪʴʝʚ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʆʪʜʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʩʧʝʢʪʨʘ ʨʘʟʤʝʨʦʚ ʣʠʩʪʴʝʚ ʧʨʠʚʦʜʠʪ 

ʢ ʠʥʪʝʨʝʩʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. ʇʦ ʜʘʥʥʳʤ H. J. Oosting [9], ʨʘʟʤʝʨ ʣʠʩʪʘ ʦʧʨʝʜʝʣʷʝʪ ʬʠʟʠʦʣʦʛʠʶ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ. ʉʧʝʢʪʨʳ ʣʠʩʪʴʝʚ ʧʦʢʘʟʳʚʘʶʪ ʦʪʥʦʰʝʥʠʝ ʨʘʩʪʝʥʠʡ ʢ ʘʨʝʘʣʫ, ʚ 

ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʦʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ. ʄʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʘ ʠ ʪʝʢʩʪʫʨʳ ʣʠʩʪʴʝʚ, ʠ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʣʠʩʪʴʝʚ ʪʘʢʞʝ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʬʦʨʤʘ ʠ ʨʘʟʤʝʨ ʣʠʩʪʴʝʚ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʬʠʟʠʦʛʥʦʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  
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ʂʣʘʩʩʳ ʣʠʩʪʴʝʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʜʠʘʛʨʘʤʤʝ ʈʘʫʥʢʠʝʨʘ (4 ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ). ʅʠʞʥʠʡ 

ʧʨʝʜʝʣ ʢʣʘʩʩʘ ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 25 ʤʤ2, ʠ ʢʘʞʜʳʡ ʢʣʘʩʩ ʚ 9 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʝʜʳʜʫʱʠʡ 

ʢʣʘʩʩ. 

ʊʝʨʦʬʠʪʳ, ʥʝʤʥʦʛʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʯʠʩʣʝʥʥʦʩʪʠ  ʥʘ ʙʦʣʴʰʠʭ ʚʳʩʦʪʘʭ, ʛʝʦʬʠʪʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʫ ʞʝ ʪʝʥʜʝʥʮʠʶ. ɺ ɹʨʘʟʠʣʠʠ M. A. Batalha & F. R. Martins [10] ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʠʩʪʝʤʫ ʈʘʫʥʢʠʝʨʘ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʘʩʪʝʥʠʡ ʠ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʞʠʟʥʝʥʥʳʤʠ ʬʦʨʤʘʤʠ ʷʚʣʷʶʪʩʷ ʬʘʥʝʨʦʬʠʪʳ ʠ ʛʝʤʠʢʨʠʧʪʦʬʠʪʳ. 

ʈʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʠʟʠʦʛʥʦʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʦʪ ʣʫʛʦʚ 

ʜʦ ʣʝʩʦʚ. R. R. Chapman, G. E. Crow [11] ʦʧʨʝʜʝʣʠʣʠ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ʚʦ ʚʨʝʤʷ ʣʝʩʥʳʭ 

ʧʦʞʘʨʦʚ ʠ ʦʮʝʥʠʣʠ ʨʝʘʢʮʠʶ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʥʘ ʧʦʞʘʨ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ 

ʞʠʟʥʝʥʥʦʡ ʬʦʨʤʳ.  

ɻʘʤʝʦʬʠʪʳ ʙʦʣʴʰʝ ʚʩʝʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʦʛʥʶ. ʈʝʘʢʮʠʷ ʛʝʤʠʢʨʠʧʪʦʬʠʪʦʚ ʨʘʟʣʠʯʥʘ, 

ʪʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʝʦʬʠʪʳ ʣʫʯʰʝ ʚʩʝʛʦ ʧʝʨʝʥʦʩʷʪ ʦʞʦʛʠ. 

ʈʘʟʤʝʨʳ ʣʠʩʪʴʝʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʝ (ʊʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1. 
 

ʂʃɸʉʉʓ ʈɸɿʄɽʈʆɺ ʃʀʉʊʔɽɺ 
 

1 ʣʝʧʪʦʬʠʣʣr  L ʤʝʥʝʝ 25 ʤʤ2 

2 ʥʘʥʦʬʠʣʣr N ʤʝʞʜʫ 25Ĭ9 ʤʤ2 

3 ʤʠʢʨʦʬʠʣʣr  Mi ʤʝʞʜʫ 25Ĭ9Ĭ9 ʤʤ2 ʠ 25Ĭ9 ʤʤ2 

4 ʤʝʛʘʬʠʣʣr  M ʙʦʣʝʝ 25Ĭ9Ĭ9 ʤʤ2 

 

ʅʘʧʠʩʘʥʠʝ ʣʘʪʠʥʩʢʠʭ ʥʘʟʚʘʥʠʡ ʨʦʜʦʚ ʠ ʚʠʜʦʚ ʧʨʠʚʝʜʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ɻ ʣʝʢʪʨʦʥʥʦʡ 

ʙʘʟʦʡ ʜʘʥʥʳʭ GBIF Backbone Taxonomy [12]. 

 

ʈʝʟʫʣʴʪʘʪʳ 

ʌʣʦʨʠʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʨʘʩʪʝʥʠʷʭ 46 ʩʝʤʝʡʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʝʤʝʡʩʪʚʦ Rosaceae Juss., 1789 ð ʈʦʟʦʮʚʝʪʥʳʝ ʩ 37 ʚʠʜʘʤʠ ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ (Cotoneaster 

Medik., 3 ʚʠʜʘ: C. integerrimus Medik., C. multiflorus Bunge ʠ C. saxatilis Pojark.; Pyrus 

caucasica Fedorov = Pyrus communis subsp. caucasica (Fed.) Browicz, P. communis L.; Malus 

orientalis A. N. Uglitzk. = Malus sylvestris subsp. orientalis (A. Uglitzkich) Browicz, M. domestica 

Borkh. = M. pumila Mill.; Sorbus L., 3 ʚʠʜʘ: S. aucuparia L. (ʚʢʣʶʯʘʷ S. aucuparia subsp. 

aucuparia = S. boissieri Schneid.), S. subfusca (Ledeb.) Boiss., S. caucasica Zinserling = 

S. armeniaca Hedl.; Mespilus germanica L., Crataegus pentagyna Waldst. & Kit. ex Willd., 

C. eriantha Pojark. = C. meyeri Pojark., C. curvisepala Lindm. = C. rhipidophylla Gand.; Rubus L., 

6 ʚʠʜʦʚ: R. saxatilis L., R. buschii (Rozanova) Grossh., R. candicans Weihe = R. silesiacus Weihe, 

R. caucasicus Focke, R. hirtus Waldst. & Kit. ʠ R. caesius L.; Rosa L., 12 ʚʠʜʦʚ: R. canina L., 

R. corymbifera Borkh.,  R. villosa L. = R. pomifera J. Herrmann, R. prilipkoana Sosn., R. komarovii 

Sosn., R. floribunda Steven ex M. Bieb., R. pulverulenta M. Bieb. = R. azerbajdzhanica Novopokr. 

& Rzazade = R. nisami Sosn. = R. sachokiana Jarosch., R. marschalliana Sosn., R. zangezura 

P. Jarosch., R. cuspidata Bieb. = R. tomentosa Sm., R. iberica Steven, R. pimpinellifolia L. = 

R. spinosissima L.; Prunus spinosa L., P. divaricata Ledeb. = P. cerasifera Ehrh., P. domestica L., 

Amygdalus fenzliana (Fritsch) Lipsky = Prunus fenzliana Fritsch, Cerasus avium (L.) Moench = 

Prunus avium (L.) L.). 

 

ʅʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʩʝʤʝʡʩʪʚʦ ɿʣʘʢʦʚʳʭ ð Poaceae Barnhart = Gramineae Juss. ʩ 20 ʚʠʜʘʤʠ 
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(Bothriochloa ischaemum (L.) Keng = Andropogon ischaemum L., Phalaris arundinacea L. = 

Phalaroides arundinacea (L.) Rauschert = Digraphis arundinacea (L.) Trin., Anthoxanthum 

odoratum L., Stipa pulcherrima K. Koch, Achnatherum bromoides (L.) P. Beauv. = Lasiagrostis 

bromoides (L.) Nevski & Roshev., Milium effusum L., Phleum pratense L., Alopecurus glacialis 

K. Koch, Avena persica Steud. = A. sterilis subsp. ludoviciana (Durieu) M. Gillet & Magne, 

Eragrostis collina Trin. = E. arundinacea (L.) Roshev., Melica taurica K. Koch = M. ciliata L., 

Dactylis glomerata L., Poa bulbosa L., P. alpina L., Glyceria notata Chevall., Festuca chalcophaea 

V. I. Krecz. & Bobr., F. drymeja Mert. & Koch, Bromus japonicus Thunb. = Bromus japonicus 

subsp. japonicus Houtt., Elymus repens subsp. elongatiformis (Drobow) Melderis = Elytrigia 

elongatiformis (Drobow) Nevski = Agropyron elongatiforme Drobow, Hordeum murinum L.). 

ɼʘʣʝʝ Apiaceae ʩ 8 ʚʠʜʘʤʠ, Liliaceae ʠ Malvaceae, ʢʘʞʜʦʝ ʧʦ 7 ʚʠʜʦʚ, ʩ 4 ʚʠʜʘʤʠ ʚ ʢʘʞʜʦʤ ʠʟ 

ʩʝʤʝʡʩʪʚ Amaranthaceae, Asteraceae, Brassicaceae, Euphorbiaceae. ʇʦ 3 ʚʠʜʘ Acanthaceae, 

Anacardiaceae, Boraginaceae, Fabaceae, Lamiaceae, Cucurbitaceae, Moraceae, Solanaceae, 

Myrtaceae, Rhamnaceae ʠ Rutaceae. ʆʩʪʘʣʴʥʳʝ 26 ʩʝʤʝʡʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦ 1 ʚʠʜʫ ʚ ʢʘʞʜʦʤ, 

ʥʦ ʧʦ ʧʦʣʝʟʥʦʩʪʠ ʦʥʠ ʙʦʣʝʝ ʮʝʥʥʳ. 

 

ʆʩʥʦʚʥʳʝ ʨʘʩʪʝʥʠʷ ʣʝʩʦʚ: Betulaceae Gray ð ʩʝʤʝʡʩʪʚʦ ɹʝʨʝʟʦʚʳʝ (Carpinus betulus L. 

= C. caucasica Grossh. ð ʛʨʘʙ ʦʙʳʢʥʦʚʝʥʥʳʡ ʠ C. orientalis Mill. ð ʛʨʘʙ ʚʦʩʪʦʯʥʳʡ, Corylus 

avellana L. ð ʣʝʱʠʥʘ ʦʙʳʢʥʦʚʝʥʥʘʷ, Betula pendula Roth ð ʙʝʨʝʟʘ ʧʦʚʠʩʣʘʷ, B. litwinowii 

Doluch. = B. pubescens var. litwinowii (Doluch.) Ashburner & McAll. ð ʙʝʨʝʟʘ ʃʠʪʚʠʥʦʚʘ, Alnus 

incana (L.) Moench ð ʦʣʴʭʘ ʩʝʨʘʷ); Fagaceae Dumort. ð ʩʝʤʝʡʩʪʚʦ ɹʫʢʦʚʳʝ (Quercus 

macranthera Fisch. & Mey. ex Hohen. ð ʜʫʙ ʚʦʩʪʦʯʥʳʡ,  Q. iberica Steven = Q. petraea subsp. 

polycarpa (Schur) So· ð  ʜʫʙ ʛʨʫʟʠʥʩʢʠʡ, Fagus orientalis Lipsky ð ʙʫʢ ʚʦʩʪʦʯʥʳʡ); 

Ulmaceae  Mirb. ð ʩʝʤʝʡʩʪʚʦ ɺʷʟʦʚʳʝ (Ulmus minor Mill. = U. foliacea Gilib. ex C. K. Schneid. 

ð ʚ̫ ʟ ʤʘʣʳʡ, U. suberosa Moench = U. minor subsp. minor Mill. ð ʚ̫ ʟ ʧʨʦʙʢʦʚʳʡ, U. scabra 

Mill. = U. glabra Huds. = U. elliptica C. Koch ð ʚʷʟ ʰʝʨʰʘʚʳʡ, ʚʷʟ ʵʣʣʠʧʪʠʯʝʩʢʠʡ); 

Celtidaceae Engl. = Cannabaceae Martinov ð ʩʝʤʝʡʩʪʚʦ ʂʘʨʢʘʩʦʚʳʝ, ʂʦʥʦʧʣʝʚʳʝ (Celtis 

caucasica Willd. = C. australis subsp. caucasica (Willd.) C. C. Towns. ð ʢʘʨʢʘʩ ʢʘʚʢʘʟʩʢʠʡ ʠ 

C. glabrata Stev. ex Planch. = C. planchoniana K. I. Chr. ð ʢʘʨʢʘʩ ʛʣʘʜʢʠʡ); Moraceae Gaudich., 

ð ʩʝʤʝʡʩʪʚʦ ʊʫʪʦʚʳʝ (Morus nigra L. ð hʝʣʢʦʚʠʮʘ ʯʝʨʥʘʷ ʠ Ficus carica L. ð ʩʤʦʢʦʚʥʠʮʘ 

ʦʙʳʢʥʦʚʝʥʥʘʷ ʠʣʠ ʠʥʞʠʨ). 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʞʠʟʥʝʥʥʳʭ ʬʦʨʤ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ 

ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʥʦʬʘʥʝʨʦʬʠʪʳ, ʟʘ ʢʦʪʦʨʳʤʠ ʩʣʝʜʫʶʪ ʪʝʨʦʬʠʪʳ, ʛʝʤʠʢʨʠʧʪʦʬʠʪʳ ʠ 

ʤʝʛʘʬʘʥʝʨʦʬʠʪʳ. ʂʘʢ ʚʠʜʥʦ, ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʥʦʬʘʥʝʨʦʬʠʪʳ. ɿʘ ʥʠʤʠ ʩʣʝʜʫʶʪ 

ʤʝʛʘʬʘʥʝʨʦʬʠʪʳ ʠ ʛʝʤʠʢʨʠʧʪʦʬʠʪʳ. ʊʝʨʦʬʠʪʳ ʠ ʛʝʦʬʠʪʳ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ (ʊʘʙʣʠʮʘ 2). 
 

ʊʘʙʣʠʮʘ 2. 

ɾʀɿʅɽʅʅʓɽ ʌʆʈʄʓ ʈɸʉʊɽʅʀʁ ʀʉʉʃɽɼʋɽʄʆʁ ʊɽʈʈʀʊʆʈʀʀ 
 

 ̄ ɾʠʟʥʝʥʥʳʝ ʬʦʨʤʳ ʏʠʩʣʦ ʚʠʜʦʚ ʂʦʣʠʯʝʩʪʚʦ, ʚ % 

1 ʤʝʛʘʬʘʥʝʨʦʬʠʪʳ 34 29,6 

2 ʥʘʥʦʬʘʥʝʨʦʬʠʪʳ 18 12,5 

3 ʛʝʤʠʢʨʠʧʪʦʬʠʪʳ 25 22,5 

4 ʛʝʦʬʠʪʳ 12 8,5 

5 ʪʝʨʦʬʠʪʳ 36 30,8 
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Quercus macranthera Fisch. & Mey. ex Hohen., Pyrus caucasica Fedorov, Populus nigra L., 

Malus orientalis A. N. Uglitzk. ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʜʪʠʧʫ ʤʝʛʘʬʘʥʝʨʦʬʠʪʦʚ. 

Crataegus pentagyna Waldst. & Kit. ex Willd., C. eriantha Pojark., Sorbus boissieri Schneid., 

S. caucasica Zinserling ʠ ʜʨ. ʚʠʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʤʝʟʦʬʘʥʝʨʦʬʠʪʘʤ. Rhus coriaria L., Prunus 

divaricata Ledeb. ʦʪʥʦʩʷʪʩʷ ʢ ʤʠʢʨʦʬʘʥʝʨʦʬʠʪʘʤ, R. komarovii Sosn., R. floribunda Steven ex 

M. Bieb., R. pulverulenta M. Bieb., Cotoneaster multiflorus Bunge ʠ C. saxatilis Pojark., 

C. integerrimus Medik. ʠ ʜʨ. ʢ ʥʘʥʦʬʘʥʝʨʦʬʠʪʘʤ. Ornithogalum montanum Cirillo, Bellevalia 

macrobotrys Boiss., Gladiolus italicus Mill., Gagea chlorantha Schult. f., Allium waldsteinii 

G. Don = A. rotundum L. ʠ ʜʨ. ʦʪʥʦʩʷʪʩʷ ʢ ʛʝʦʬʠʪʘʤ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʦʙʣʘʜʘʶʪ 50 ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʩ ʤʝʛʘʬʠʣʣʴʥrʤ ʪʠʧʦʤ 

ʣʠʩʪʴʝʚ ʠ 48 ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʩ ʤʠʢʨʦʬʠʣʣɹ ʥʳʤʠ ʣʠʩʪʴʷʤʠ. ʅʘʥʦʬʘʥʝʨʦʬʠʪʳ ʩ 11 ʚʠʜʘʤʠ 

ʩʦʩʪʘʚʣʷʶʪ ʤʝʥʴʰʠʥʩʪʚʦ (ʈʠʩʫʥʦʢ). 

 

 
 

ʈʠʩʫʥʦʢ. ʏʠʩʣʝʥʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʧʦ ʩʠʩʪʝʤʝ ʣʠʩʪʴʝʚ. 

 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʘʩʪʝʥʠʷ ʚʳʧʦʣʥʷʶʪ ʤʥʦʞʝʩʪʚʦ ʚʘʞʥʳʭ ʬʫʥʢʮʠʡ ʚ ʙʠʦʩʬʝʨʝ. ɺʦ-ʧʝʨʚʳʭ, ʨʝʛʫʣʠʨʫʷ 

ʪʝʯʝʥʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ, ʦʥʠ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʣʦʢʘʣʴʥʳʡ ʠ ʛʣʦʙʘʣʴʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʙʘʣʘʥʩʳ. ɺʦ-ʚʪʦʨʳʭ, ʨʘʩʪʝʥʠʷ 

ʦʢʘʟʳʚʘʶʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʲʝʤ ʧʦʯʚʳ, ʝʝ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ. ɺ-ʪʨʝʪʴʠʭ, 

ʦʥʠ ʩʣʫʞʘʪ ʩʨʝʜʦʡ ʦʙʠʪʘʥʠʷ ʠ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʚ ʜʠʢʦʡ ʩʨʝʜʝ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ 

ʞʠʚʦʪʥʳʭ ʥʘ ʧʣʘʥʝʪʝ.  

ʅʘʩʝʣʝʥʠʝ ɻʝʡʛʝʣʴʩʢʦʛʦ ʠ ɼʘʰʢʝʩʘʥʩʢʦʛʦ ʨʘʡʦʥʦʚ ɸʟʝʨʙʘʡʜʞʘʥʘ, ʚʭʦʜʷʱʠʭ ʚ 

ʪʝʨʨʠʪʦʨʠʶ ʄʘʣʦʛʦ ʂʘʚʢʘʟʘ ʟʘʚʠʩʠʤʦ ʦʪ ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʟʜʝʩʴ ʨʘʩʪʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʢʘʯʝʩʪʚʝ ʧʠʱʠ, ʪʦʧʣʠʚʘ ʠ ʜʣʷ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ. 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 125 ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 46 ʩʝʤʝʡʩʪʚʘʤ ʜʣʷ ʜʘʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ. ʈʦʟʦʮʚʝʪʥʳʝ ʷʚʣʷʶʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʩʝʤʝʡʩʪʚʦʤ ʚ ʨʝʛʠʦʥʝ. 

90 ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʤʝʩʪʥʦʡ ʬʣʦʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ. 67 ʚʠʜʦʚ ð ʫʧʦʪʨʝʙʣʷʶʪʩʷ ʚ ʧʠʱʫ. 31 ʚʠʜ ð ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʦʨʤʘ 

ʞʠʚʦʪʥʳʤ, ʘ 33 ʚʠʜʘ ð ʥʘ ʪʦʧʣʠʚʦ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʝʙʝʣʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʩʪʝʥʠʡ 

ʠʩʧʦʣʴʟʫʶʪ ʚ ʧʠʱʫ, ʧʦʣʫʯʘʶʪ ʠʟ ʥʠʭ ʵʢʩʪʨʘʢʪʳ ʠʣʠ ʦʪʚʘʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʣʝʯʝʥʠʷ 

ʙʦʣʝʟʥʝʡ. 

 

ɺʳʚʦʜʳ 

ʇʨʠ ʘʥʘʣʠʟʝ ʞʠʟʥʝʥʥʳʭ ʬʦʨʤ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʩʧʝʢʪʨʘʭ ʜʦʤʠʥʠʨʦʚʘʣʠ 

ʤʝʛʘʬʘʥʝʨʦʬʠʪʳ ð 38 ʚʠʜʦʚ, 36 ʚʠʜʦʚ ð ʦʜʥʦʣʝʪʥʠʝ ʪʝʨʦʬʠʪ rʠ ʦʩʪʘʣʴʥʳʝ.  

48

50

11

35

0 10 20 30 40 50 60

Microphyll

 Megaphyll

Nanophyll

Leptophyll

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.com 

ʊ. 6. ˉ11. 2020 

https://doi.org/10.33619/2414-2948/60 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 76 

 

ʅʘʥʦʬʘʥʝʨʦʬʠʪʳ ʠ ʛʝʦʬʠʪʳ ʦʯʝʥʴ ʨʝʜʢʠ ð 18 ʠ 15 ʚʠʜʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʄʠʢʨʦʬʠʣʣr  ʠ ʤʝʛʘʬʠʣʣr  ʜʦʤʠʥʠʨʫʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʧʝʢʪʨʘʤ ʨʘʟʤʝʨʦʚ ʣʠʩʪʴʝʚ. 

ʃʝʧʪʦʬʠʣʣr  ʠ ʥʘʥʦʬʠʣʣr  ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ. 

ʉʦʩʪʦʷʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʨʝʛʠʦʥʘ ʚʳʟʳʚʘʝʪ ʙʝʩʧʦʢʦʡʩʪʚʦ ʠʟ-ʟʘ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ, 

ʚʳʨʫʙʢʠ ʣʝʩʦʚ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʮʝʥʥʳʝ ʨʘʩʪʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʫʛʨʦʟʦʡ. ɺ ʭʦʜʝ ʧʦʣʝʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʙʣʶʜʘʣʦʩʴ ʩʦʢʨʘʱʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʚʘʞʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʤʝʛʘʬʘʥʝʨʦʬʠʪʘʤ, ʯʪʦ ʚ ʦʩʥʦʚʥʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʬʫʥʜʫʢʘ ʠ ʛʨʝʮʢʦʛʦ ʦʨʝʭʘ 

Juglans L., ʧʦʵʪʦʤʫ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʛʨʘʥʠ ʠʩʯʝʟʥʦʚʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ 

ʨʘʙʦʪʘ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ɻ ʪʠʭ ʨʘʩʪʝʥʠʡ ʥʘʭʦʜʷʪʩʷ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ. ɼʣʷ ʧʨʦʩʚʝʱʝʥʠʷ 

ʥʘʩʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʚʩʝʤ ʮʝʥʥʳʤ ʠ 

ʦʭʨʘʥʷʝʤʳʤ ʚʠʜʘʤ.  
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TAXONOMIC SYNOPSIS OF SALSOLA GENUS (MIL PLAIN, AZERBAIJAN) 

 

ÉGurbanov E., ORCID: 0000-0003-4627-3760, Dr. habil., Baku State University, 

Baku, Azerbaijan, e.gurbanov0201@gmail.com 

ÉAsadova K., ORCID: 0000-0001-6531-3444, Baku State University, 

Baku, Azerbaijan, kamalaasadova@bsu.edu.az 

 

ʊɸʂʉʆʅʆʄʀʏɽʉʂʀʁ ʆɹɿʆʈ ʈʆɼɸ SALSOLA (ʄʀʃʔʉʂɸʗ ʈɸɺʅʀʅɸ, 

ɸɿɽʈɹɸʁɼɾɸʅ) 

 

Éɻʫʨʙʘʥʦʚ ʕ. ʄ., ORCID: 0000-0003-4627-3760, ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ɹʘʢʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ, e.gurbanov0201@gmail.com 

Éɸʩʘʜʦʚʘ ʂ., ORCID: 0000-0001-6531-3444, ɹʘʢʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʛ. ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ, kamalaasadova@bsu.edu.az 

 

Abstract. In article the results of analysis conducted on bioecological features of Salsola 

species which are distributed in desert phytocoenosis of Mil plain of Kur-Aras lowland were given.  

Materials for research were plant herbaria which collected from researched area, as well as 

herbarium funds of Baku State University and Institute of Botany Azerbaijan National Academy of 

Sciences. Morphological study of the flower parts of Salsola species was conducted with Carl Zeiss 

Stereo Discovery V4 stereomicroscope. It was determined that in researched area 10 species 

(Salsola australis R. Br., S. tragus L., S. paulsenii Litv., S. soda L., S. nitraria Pall., S. incanescens 

C. A. Mey., S. dendroides Pall., S. ericoides Bieb., S. nodulosa (Moq.) Iljin, S. foliosa (L.) Schrad.) 

of Salsola genus are distributed. Their morphology, ecology, systematical position, as well as 

economic significance were analyzed. It was also found that an anthropogenic impact in this area 

leads to desertification of landscapes. 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥ ʬʣʦʨʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʠʟʫʯʝʥʳ ʙʠʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʚʠʜʦʚ ʠʟ ʨʦʜʘ Salsola, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʧʫʩʪʳʥʥʳʭ ʬʠʪʦʮʝʥʦʟʘʭ ʄʠʣʴʩʢʦʡ ʨʘʚʥʠʥʳ 

ʂʫʨʘ-ɸʨʘʢʩʠʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ. ʄʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʣʫʞʠʣʠ ʨʘʩʪʠʪʝʣʴʥʳʝ 

ʛʝʨʙʘʨʠʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʦʙʨʘʥʳ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʛʝʨʙʘʨʥʳʝ ʬʦʥʜʳ ɹʘʢʠʥʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʘ ʪʘʢʞʝ ʀʥʩʪʠʪʫʪʘ ʙʦʪʘʥʠʢʠ ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥʘ. 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʯʘʩʪʝʡ ʮʚʝʪʢʘ Salsola ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʨʠ ʧʦʤʦʱʠ ʤʦʜʝʣʠ 

ʩʪʝʨʝʦʤʠʢʨʦʩʢʦʧʘ Carl Zeiss Stereo Discovery V4. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʥʘ ʠʟʫʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ 10 ʚʠʜʦʚ (Salsola australis R. Br., S. tragus L., S. paulsenii Litv., S. soda L., 

S. nitraria Pall., S. incanescens C. A. Mey., S. dendroides Pall., S. ericoides Bieb., S. nodulosa 

(Moq.) Iljin, S. foliosa (L.) Schrad.) ʨʦʜʘ ʩʦʣʷʥʢʘ (Salsola). ʅʘʤʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʤʦʨʬʦʣʦʛʠʷ, ʵʢʦʣʦʛʠʷ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʟʠʮʠʷ, ʘ ʪʘʢʞʝ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚʠʜʦʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʧʨʠʚʦʜʠʪ ʢ ʜʝʩʝʨʪʠʬʠʢʘʮʠʠ ʣʘʥʜʰʘʬʪʘ.  

 

Keywords: Mil plain, desertification, saltwort, phytocoenosis, desert. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʠʣʴʩʢʘʷ ʨʘʚʥʠʥʘ, ʜʝʩʝʨʪʠʬʠʢʘʮʠʷ, ʩʦʣʷʥʢʘ, ʬʠʪʦʮʝʥʦʟ, ʧʫʩʪʳʥʥʦʡ. 
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Introduction 

Kur-Aras lowland that covers 1/3 of Azerbaijan area consists of plains such as Shirvan, Mil, 

Garabakh, Mugan, and Salyan. Mil plain is situated between 40Á to 41ÁN and 46Á to 49ÁE. The Kur-

Aras lowland is the largest lowland in eastern Transcaucasia within Azerbaijan. The climate of Kur-

Aras lowland is subtropical, warm, continental. Summer is dry and hot. The average July 

temperature is +27 ÁC, sometimes reaching +40 ÁC. The winter is relatively warm and little snow. 

The average January temperature is +10 ÁC. In the mountainous part, summer and winter are cooler. 

At altitudes from 1000 to 2000 m above sea level, the average July temperature is +14ÁC; 

the average January temperature is ī6 ÁC.  

During the flora analysis of Mil plain, we defined that 926 plant species belonging to 

459 genera and 91 families were distributed in this area. Five families: Poaceae, Asteraceae, 

Fabaceae, Brassicaceae and Chenopodiaceae contribute 42.51% of the total plant taxa recorded in 

this study. Poaceae is represented by 59 genera (12.83%) of the total observed plant taxa. 

Asteraceae carries 54 genera (11.83%), Brassicaceae, Fabaceae and Chenopodiaceae represented by 

39, 22 and 21 genera (8.48%, 4.79%, 4.57%) respectively. 15 families are represented by 20 to five 

genera, contributing (35.12%) of total studied taxa, and 71 families are represented by less than 

5 genera, contributing (22.44%) of the total plant genera. 

It should be noted that the family Chenopodiaceae Vent. = Amaranthaceae Juss. occupies 

a significant place, which is distinguished by both in latitude of species and genus 

spectra. The species of Salsola genus are grouped as halophytes, which are also useful for 

rehabilitation and reclamation of degraded saline lands and saline soils, respectively. Salsola genus, 

a genus of annual semi-dwarf to dwarf shrubs and woody tree species, is widely distributed across 

the arid and semi-arid areas of the world. Several features like high fodder value, abundant seed 

production, tolerance to extreme climatic conditions like high temperature and prolonged drought 

conditions contributed significantly towards its success as a potential forage species in semi-arid to 

arid environments. Species of this genus are of significant importance. 

In Mil plain 10 species of the Salsola sensu lato genus are widespread. They are Salsola 

australis R. Br. = Kali tragus subsp. tragus Scop., S. tragus L. = Kali tragus subsp. tragus Scop., 

Salsola paulsenii Litv. = Kali paulsenii (Litv.) Akhani & Roalson, S. soda L., S. nitraria Pall. = 

Nitrosalsola nitraria (Pall.) Tzvelev, S. incanescens C. A. Mey. = Nitrosalsola incanescens 

(C. A. Mey.) Theodorova, S. dendroides Pall. = Nitrosalsola dendroides (Pall.) Theodorova, 

S. ericoides Bieb. = Nitrosalsola ericoides (M. Bieb.) Theodorova, S. nodulosa (Moq.) Iljin = 

Caroxylon nodulosum Moq., S. foliosa (L.) Schrad. From these species S. nitraria Pall. and 

S. nodulosa (Moq.) Iljin are Caucasian endemics [1]. 

For the rational use of desert pastures, it is necessary to have a complete understanding of 

the phytocoenosis of individual species [2]. Representatives of the Chenopodiaceae family make up 

the bulk of the plant mass that is involved in the addition of the vegetation cover of the study area 

[3ï5]. We were faced with the goal of studying and analyzing the systematic position, bioecological 

features, life forms, geographic types of range of the species of the Chenopodiaceae family in the 

flora of saltwort deserts of the Kur-Aras lowland. 

 

Materials and research methods 

We evaluated all currently recognized species of Salsola genus distributed in Mil steppe. Our 

study is based firstly on field observations from throughout the distributional range of the genus 

(Figure), with field trips to researched area in different times of year. Materials for research were 

plant herbaria which collected from researched area, as well as herbarium funds of Baku State 
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University and Institute of Botany of Azerbaijan NAS. Contemporary-morphological study of 

the flower parts of Salsola species was conducted with stereomicroscope ð Carl Zeiss Stereo 

Discovery V4. Distribution, habitat and phenology were based on literature revision, herbarium 

specimens, cultivated material and fieldwork observations. For species with published category of 

threat, original classification was evaluated taking into account new information on collections or 

habitat. Analysis was performed according to IUCN Red List guidelines [6]. 

On the basis of the analysis, the geobotanical features and the systematic position of 

the representatives of the saltwort desert were studied. The names of the plants are given according 

to the ñFlora of Azerbaijanò [7], taking into account additions and changes that are available in 

the latest report on vascular plants [8], as well as [9]. 

 

Results and its discussion 

In Azerbaijan, saltwort deserts as a type of vegetation have been studied by scientists since 

the 1930s, despite the history of research for many years, but the results of the analysis were not 

complete, local [10ï13]. Partial studies did not provide complete information and a complete 

picture of the saltwort vegetation of desert phytocoenosis. The results of geobotanical research 

complement and broaden the understanding of the current state of saltwort vegetation in 

the Republic of Azerbaijan. The obtained patterns of the population structure of saltwort 

phytocoenosis can serve as a basis for structural dynamics of desert phytocoenosis of Azerbaijan. 

In the present time, due to anthropogenic influences, the vegetation cover of the desert has 

deteriorated significantly. As a result of pasture digression, agriculture reduces the territory of 

natural pastures.  

The obtained data will allow settling the pasture turnover, establish the terms of use of 

saltwort pastures and their degree of bleeding, as well as clarify some theoretical issues related to 

biological ecosystems as a whole, as well as ways of rational use of saltwort deserts. 

Salsola tragus L. is an annual, erect, xerohalophytic herb. It is highly branched and rounded 

in form, growing from 30 cm to 1 m in height and from 30 cm to 1.5 m in diameter. The awl-

shaped, spiny-tipped leaves bear small, inconspicuous flowers in the leaf axils. The small, winged 

seed, retained in the leaf axils until after plant death, contains no endosperm tissue, but is instead 

comprised of a spirally-coiled, complete embryo already containing some chlorophyll. The root 

system consists of a taproot, reaching 1 m or more in depth, and extensive lateral roots. Under 

crowded conditions, roots are shallow. Salsola tragus L. was categorized as Vulnerable ð VU D2 

according to The Red Book of Azerbaijan Republic [13]. Changes at the level of Caspian Sea, 

improving infrastructure are considered as limiting factors. Salsola tragus L. thistle can provide 

forage for cattle, horses, and sheep. The nutritional value of this forage is considered fair when 

young and is higher once the plant has dried. It is a high source of vitamin A and phosphorous [14]. 

It is most palatable in spring when young or in winter when the dead spines are softened by 

moisture. In some locations, it is viewed as security for livestock when more palatable options are 

not available (Figure). 

Salsola soda L. is a halophyte, an annual plant. It is xerophyte. The geographical type ï 

MediterraneanïIranïTuran, type of range ð Ancient Mediterranean. Has bare, straight from the 

base of the stems, splayed ð branched, usually directed obliquely up, height (5) 40ï80 (100) cm. 

Stem leaves are fleshy, thick, semi-cylindrical, linear, 10ï25 mm long and 2ï3 mm wide, widened 

at the base, on the tip with bristles. The bracts leaves are reduced, triangular, much longer than the 

bracts (up to 3 times), almost horizontally deflected. Flowers solitary, in a spicate inflorescence. 

Perianth almost to the base 5 separate, cupped, lobes ovoid, jagged at the top, membranous, with 
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fruits greatly enlarged, on the back with a small tubercular-like protrusion or transverse crest like 

keel. Wrist buds in the form of transverse tubercles or triangular appendages. Fruits are large, 

swollen. Anthers with almost no appendages. Stigma is longer than a column. Seeds 3ï4 mm long, 

mostly horizontal or almost oblique. The plant grows from March to November. Flowering in July, 

fruiting in September. Saltwort fodder grows in lowlands, in salt marshes and saline places. One of 

the most common saltwort, especially in the eastern and south eastern part of the Kur-Aras lowland. 

Mostly forms significant thickets. In the fall and winter is considered good food for camels. Serves 

as a source for artisanal soda (Figure). 

Salsola ericoides Bieb. is one of the halophytes of typical plants of saltwort deserts of 

Azerbaijan. It is xerophyte. The geographical type ð East Transcaucasia, type of range ð desert. 

Spreading-branched shrub, up to 1 m. Stems in the lower part of the woody, covered with 

light grey bark. Young shoots are thickly pubescent, later becoming bare, grey-blue. In autumn, the 

whole plant is almost black. The leaves are numerous, alternate, sessile, fleshy, cylindrical, dull, 

naked. The wings of the fruit attached at the middle of the perianth segments or higher, semi-

circular, reddish-brown. Perianth with wings about 5ï7 mm in diameter. Anthers with point 

appendage. The stigmas are short, flat, equal to a very short column or one and a half times longer 

than it. Flowering in May, fruiting in the month of October. Heather bream is common from 

lowlands to the lower mountain belt. It grows on saline and saline-grey and brown soils. Forms 

clean and mixed desert groups on the winter pastures of Azerbaijan. In the fall and at the beginning 

of winter, they are satisfactorily eaten by cattle in winter pastures. It also serves as a source for 

artisanal soda (Figure). 

Salsola dendroides Pall. 50ï70 cm in height. Stem is ligneous, more branched. Length of 

leaves are 2ï5 mm. Vegetation is in AprilïMay, flowering and semination in OctoberïNovember. 

S. dendroides Pall. is the main fodder plant of pastures, is eaten as feed plant by livestock in winter 

season. Prilipko noted that leaves and young branches of Salsola is eaten by sheep in January after 

frost [12]. Salsola is the dominant species of ArtemisietoïSalsoletum formation at the winter 

pastures of region. As a subshrub plant S. dendroides Pall. is formed at greyïbrown soils and is 

considered indicator of ground water (Figure).  

Salsola nodulosa (Moq.) Iljin 30ï40 cm in height. Irregularly branched, stem is covered with 

light grey bark. Young branches are small and hairy. Leaves are arranged in alternate direction and 

are 5 mm in length. Reproduction is with seeds. Its vegetation begins in JuneïJuly, flowering in 

JulyïAugust and semination in OctoberïNovember. S. nodulosa (Moq.) Iljin is distributed at winter 

pastures and slopes, as well as saline grey-brown and saltish soils. It is halophyte undershrub. 

S. nodulosa (Moq.) Iljin is dominated at desert and semidesert phytocoenosis, as well as at 

ArtemisetumïSalsoletum formations. As with Artemisia fragrans Willd., S. nodulosa (Moq.) Iljin is 

considered as the main fodder plant of winter pastures at this formation. Eatable amount of every 

Salsola shrub contain about 50ï120 g. S. nodulosa (Moq.) Iljin is a Caucasian endemic [15].  

Salsola nitraria Pall. is an annual plant. 20ï60 cm in height, from the base widespread 

branched, below side is more or less hairy, above side is naked. Leaves arrange in alternate 

direction, till 10 mm in length, semi-swollen, blunt, almost threadlike. Bracteate leaves are narrow, 

acute, naked. Wings are semicircular, yellowish or pink, together with perianth 5ï7 mm in diameter. 

Anthers are long with dotty appendage. Stigma is shorter than style or almost in equal length with 

it. Salsola nitraria Pall. is a Caucasian endemic [13, 15].  

Salsola paulsenii Litv. is annual herb, 10ï80 (100) cm, glabrous or sparsely papillose-hispid. 

Stem profusely branched from the base, erect, rarely ascending or prostrate, branches straight or 

arcuate, often almost perpendicular to the stem. Leaves alternate, filiform or linear. Flowers solitary, 
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or rarely 2 or 3 in axils of bracts or reduced upper leaves. Perianth segments glabrous, with long-

acuminate spinose apex, at maturity forming a slender columnar beak above the wings, prominently 

winged. Fruiting perianth 7ï10 mm in diameter [16]. 

 

Conclusion 

For the first time critically have been reviewed and specified the species content of Salsola 

genus in Mil plain. It was determined that in researched area 10 species (Salsola australis R. Br., 

S. tragus L., S. paulsenii Litv., S. soda L., S. nitraria Pall., S. incanescens C. A. Mey., S. dendroides 

Pall., S. ericoides Bieb., S. nodulosa (Moq.) Iljin, S. foliosa (L.) Schrad.) of Salsola genus are 

distributed. 

These studies provide an opportunity to study for a full-fledged population structure of 

saltwort phytocoenosis. As a result of research and analysis, changes, degression, reduction of 

the range of species, pollution as a result of the human factor in the desert phytocoenosis of the 

Kur-Aras lowland, and in particular of the saltwort vegetation, were found. Strong anthropogenic 

influence in the area leads to desertification and degradation of landscapes. 

Along with the use of phytocoenosis, rational consumption of natural resources, it is 

necessary to ensure their gentle consumption, preserve the reserves of the arid zone and therefore 

prevent further desertification, and further expand the search methods to combat such a pressing 

problem as part of monitoring the conservation of desert vegetation of Azerbaijan. 

On the basis of the data collected and the analysis of the morphological and bioecological, 

plants of deserts phytocoenosis are vulnerable to extinction. Some species are threatened with 

extinction as a result of active human activities. 

 

 

 

 

Salsola tragus L.  Salsola soda L. 

   
Salsola ericoides Bieb. Salsola australis R. Br. Salsola dendroides Pall. 

 

Figure. Some species of Salsola genus distributed in Mil plain. 
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Species of the saltwort (Salsola) genus: Salsola soda L., Salsola ericoides Bieb. serves as 

fodder lands of winter pastures of the Kur-Aras lowland. It is recommended that a research 

approach be used, as well as analysis results that maximize the sustainability of the conservation, 

renewal of vegetation and flora in the region. The above data can also serve as a basis for further 

study of the structural dynamics of the desert phytocoenosis of Azerbaijan. The resulting numerous 

new identifications of Salsola collections in the Mil steppe and other herbaria would become 

a reliable reference for scientists and other professionals interested in these plant species. 
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ɸʥʥʦʪʘʮʠʷ. ʉʦʚʨʝʤʝʥʥʦʝ ʮʠʬʨʦʚʦʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ, ʙʠʦʬʠʟʠʢʘ ʠ ʙʠʦʣʦʛʠʷ ʩʦʟʜʘʶʪ 

ʥʦʚʳʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʩʪʠʤʫʣʠʨʫʶʪ ʨʘʟʚʠʪʠʝ ʥʦʚʦʛʦ ʙʠʦʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʫʨʘ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʪ ʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ (ʷʜʝʨʥʘʷ ʤʝʜʠʮʠʥʘ) ʜʦ ʛʝʥʦʤʥʦ-ʢʣʝʪʦʯʥʦʛʦ-

ʦʨʛʘʥʠʟʤʝʥʥʦʛʦ ʧʨʦʛʥʦʟʘ ʚ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ, ʥʝʡʨʦʵʥʜʦʢʨʠʥʦʣʦʛʠʠ, 

ʧʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʣʦʛʠʠ ʠ ʧʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʵʥʜʦʢʨʠʥʦʣʦʛʠʠ. ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ: ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ, ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ, ʛʠʙʨʠʜʥʳʝ, ʤʥʦʛʦʤʘʩʰʪʘʙʥʳʝ ʤʝʪʦʜʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʰʝʥʠʝ 

ʛʝʥʝʪʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʝʪʦʢ ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʠ ʠ ʚʠʨʫʩʥʦʡ 

ʧʦʧʫʣʷʮʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʙʣʝʤʝ ʧʘʥʜʝʤʠʠ COVID-19. ʀʩʧʦʣʴʟʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʟʘʢʦʥʝ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ ʚʟʘʠʤʦʟʘʚʠʩʷʱʠʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʋʨʘʚʥʝʥʠʷ ʦʪʨʘʞʘʶʪ ʚʨʝʤʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʢʣʝʪʦʢ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʠ ʚʠʨʫʩʥʦʡ ʧʦʧʫʣʷʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʅʘʡʜʝʥʳ ʨʝʰʝʥʠʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʨʝʰʝʥʠʡ. ʇʦʣʫʯʝʥʘ 
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ʦʮʝʥʢʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʘʥʜʝʤʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʢʣʝʪʦʢ ʧʝʯʝʥʠ ʯʝʣʦʚʝʢʘ ʠ 

ʚʠʨʫʩʘ ʛʨʠʧʧʘ. ʇʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʧʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʣʦʛʠʠ, 

ʢʘʢ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʥʘʫʢʠ, ʯʝʨʝʟ ʘʣʛʦʨʠʪʤʳ ʠ ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʮʠʬʨʦʚʦʛʦ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʧʩʠʭʦʥʝʡʨʦʢʦʤʤʫʥʠʢʘʮʠʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠʥʪʝʨʝʩʦʚ ʚ 

ʤʝʜʠʮʠʥʝ, ʵʢʦʥʦʤʠʢʝ, ʩʦʮʠʦʣʦʛʠʠ, ʢʫʣʴʪʫʨʦʣʦʛʠʠ. ʉʦʚʨʝʤʝʥʥʳʡ ʥʝʡʨʦʙʳʪ ʠ ʥʝʡʨʦʤʘʨʢʝʪʠʥʛ 

ʚʳʩʪʨʘʠʚʘʶʪ ʚʦʢʨʫʛ Homo sapiens ʚ ʨʘʤʢʘʭ çʨʘʟʫʤʥʦʡ ʩʨʝʜʳè ð çʟʜʦʨʦʚʦʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦè. 

 

Abstract. Modern digital healthcare, biophysics and biology create new problems that 

stimulate the development of a new biophysical circuit and mathematical models from nuclear 

fusion (nuclear medicine) to genomic cell-organizational prognosis in neurophysiology, 

neuroendocrinology, psychoneuroimmunology and psychoneuroimmunoendocrinology. In this case, 

the following are effectively used: deterministic, stochastic, hybrid, multiscale modeling methods, 

as well as analytical and computational methods. The solution of a genetical-mathematical problem 

of interaction of cages of human population and virus population in relation to COVID-19 

pandemic problem is submitted. A mathematical model based on the Hardy-Weinberg law is used, 

consisting of two interdependent differential equations. The equations reflect the temporal dynamics 

of the cells of human and viral populations during their interaction. Solutions of differential 

equations were found and the results of these solutions were analyzed. The pandemic duration is 

estimated using parameters of human liver cells and influenza virus. Perspective of further 

development of psychoneuroimmunology as interdisciplinary science, through algorithms and 

routing of digital health care, with expansion of psychoneurocommunications of professional 

interests in medicine, economics, sociology, cultural studies is shown. Modern neurobes and 

neuromarketing are built around Homo sapiens within a ñreasonable environmentò ð a healthy 

individual space. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʣʛʦʣʝʪʠʝ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʘʥʜʝʤʠʠ, ʧʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʣʦʛʠʷ, 

ʧʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʵʥʜʦʢʨʠʥʦʣʦʛʠʠ, ʚʠʨʫʩʳ, ʚʨʝʤʷ ʞʠʟʥʠ. 

 

Keywords: longevity, pandemic duration, psychoneuroimmunology, 

psychoneuroimmunoendocrinology, viruses, lifetime. 

 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʛʝʥʝʪʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʝʪʦʢ ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʠ ʠ ʚʠʨʫʩʥʦʡ ʧʦʧʫʣʷʮʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʧʨʦʙʣʝʤʝ ʧʘʥʜʝʤʠʠ COVID-19 ʠ ʥʦʚʳʭ ʘʩʧʝʢʪʦʚ ʧʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʣʦʛʠʠ, ʢʘʢ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʥʘʫʢʠ, ʯʝʨʝʟ ʘʣʛʦʨʠʪʤʳ ʠ ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʮʠʬʨʦʚʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, 

ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʧʩʠʭʦʥʝʡʨʦʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʙʠʦʢʦʤʤʫʥʠʢʘʮʠʡ ʚ ʤʝʜʠʮʠʥʝ, ʵʢʦʥʦʤʠʢʝ, 

ʩʦʮʠʦʣʦʛʠʠ, ʢʫʣʴʪʫʨʦʣʦʛʠʠ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʧʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʣʦʛʠʠ, ʢʘʢ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʥʘʫʢʠ, ʚʭʦʜʠʪ ʚ ʩʬʝʨʫ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠʥʪʝʨʝʩʦʚ: ʩʦʚʨʝʤʝʥʥʦʡ 

ʠʤʤʫʥʦʣʦʛʠʠ, ʥʝʚʨʦʣʦʛʠʠ, ʧʩʠʭʦʣʦʛʠʠ, ʧʩʠʭʦʘʥʘʣʠʟʘ ʠ ʧʩʠʭʦʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʩʠʭʦʪʝʨʘʧʠʠ, 

ʬʘʨʤʘʢʦʣʦʛʠʠ, ʧʩʠʭʠʘʪʨʠʠ, ʠʥʬʝʢʮʠʦʣʦʛʠʠ, ʵʥʜʦʢʨʠʥʦʣʦʛʠʠ, ʨʝʚʤʘʪʦʣʦʛʠʠ, ʛʝʨʠʘʪʨʠʠ, 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ, ʬʠʟʠʦʣʦʛʠʠ, ʙʠʦʬʠʟʠʢʠ, ̫ʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʚ ʤʠʨʝ ʧʘʥʜʝʤʠʠ COVID-19 ʧʦʩʪʘʚʠʣʦ ʨʷʜ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ. ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʚʘʢʮʠʥʳ ʧʨʦʪʠʚ ʢʦʨʦʥʘʚʠʨʫʩʘ. ʅʝ 

ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʷ, ʯʪʦ ʵʪʘ ʟʘʜʘʯʘ ʙʫʜʝʪ ʫʩʧʝʰʥʦ ʨʝʰʝʥʘ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ, ʪ. ʢ. ʥʘʜ 
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ʩʦʟʜʘʥʠʝʤ ʚʘʢʮʠʥʳ ʨʘʙʦʪʘʶʪ ʤʥʦʛʠʝ ʥʘʫʯʥʳʝ ʮʝʥʪʨʳ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ, ʚʳʜʝʣʷʶʪʩʷ 

ʜʦʩʪʘʪʦʯʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʆʜʥʘʢʦ, ʚʦʟʥʠʢʣʠ ʠ ʜʨʫʛʠʝ ʚʦʧʨʦʩʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʧʨʦʛʥʦʟ, ʢʘʢ 

ʜʦʣʛʦ ʤʦʞʝʪ ʜʣʠʪʴʩʷ ʧʘʥʜʝʤʠʷ, ʢʘʢʠʝ ʛʣʦʙʘʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʚʦʟʥʠʢʥʫʪ ʚʩʣʝʜʩʪʚʠʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ. ʅʝ ʧʨʝʪʝʥʜʫʷ ʥʘ ʠʩʯʝʨʧʳʚʘʶʱʠʝ ʦʪʚʝʪʳ ʥʘ ʜʘʥʥʳʝ ʚʦʧʨʦʩʳ, 

ʟʘʤʝʪʠʤ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʘʥʜʝʤʠʠ ʤʦʞʝʪ ʙʳʪʴ ʯʘʩʪʠʯʥʦ ʨʝʰʝʥʘ ʥʘ 

ʦʩʥʦʚʝ ʛʝʥʝʪʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʧʦʧʫʣʷʮʠʡ: 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʠ ʚʠʨʫʩʥʦʡ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʪʤʝʪʠʤ, ʯʪʦ ʚʠʨʫʩʥʘʷ ʧʦʧʫʣʷʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʥʝ ʩ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʧʦʧʫʣʷʮʠʝʡ, ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʦʯʝʥʴ ʩʣʦʞʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʘ ʩ ʧʦʧʫʣʷʮʠʝʡ ʦʪʜʝʣʴʥʳʭ 

ʢʣʝʪʦʢ ʦʨʛʘʥʠʟʤʘ. ʉʤʝʨʪʴ ʯʝʣʦʚʝʢʘ ʧʨʠ ʚʠʨʫʩʥʦʡ ʘʪʘʢʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʵʢʩʢʣʶʟʠʚʥʳʤ 

ʩʦʙʳʪʠʝʤ, ʭʦʪʷ ʠʤʝʥʥʦ ʧʦ ʩʤʝʨʪʥʦʩʪʠ ʦʮʝʥʠʚʘʶʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʥʘʧʨʠʤʝʨ, 

ʢʦʨʦʥʘʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ, ʫʩʧʝʰʥʦʩʪʴ ʙʦʨʴʙʳ ʩ ʥʝʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʨʫʩʘ ʠ ʢʣʝʪʢʠ ʦʨʛʘʥʠʟʤʘ, ʢʣʝʪʢʘ ʤʦʞʝʪ ʧʦʛʠʙʥʫʪʴ, ʯʪʦ 

ʦʙʳʯʥʦ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʛʠʙʝʣʠ ʦʨʛʘʥʠʟʤʘ ʚ ʮʝʣʦʤ. ɺ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʞʝʪ 

ʧʦʛʠʙʥʫʪʴ ʪʘʢʞʝ ʠ ʚʠʨʫʩ ʚʩʣʝʜʩʪʚʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ, 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʥʪʠʪʝʣ ʢ ʚʠʨʫʩʥʦʤʫ ʘʥʪʠʛʝʥʫ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʟʘʜʘʯʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʨʫʩʘ ʠ ʢʣʝʪʢʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʦʨʛʘʥʘ 

ʯʝʣʦʚʝʢʘ ʚʦʟʥʠʢʘʝʪ ʜʚʝ ʧʨʦʙʣʝʤʳ. ɺʦ-ʧʝʨʚʳʭ, ʥʫʞʥʦ ʛʝʥʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʚʦʟʜʝʡʩʪʚʠʝ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ (ʯʝʣʦʚʝʯʝʩʢʦʡ ʠʣʠ ʪʦʯʥʝʝ ʢʣʝʪʦʯʥʦʡ) ʥʘ ʚʪʦʨʫʶ ʧʦʧʫʣʷʮʠʶ 

(ʚʠʨʫʩʥʫʶ) ʠ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ ʥʘ ʧʝʨʚʫʶ. ɽʩʪʝʩʪʚʝʥʥʦ, ʵʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʛʫʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦ ʨʘʟʥʳʤ ʟʘʢʦʥʘʤ. ɺʦ-ʚʪʦʨʳʭ, ʥʫʞʥʦ ʫʯʝʩʪʴ ʨʘʟʣʠʯʥʳʡ ʤʘʩʰʪʘʙ ʚʨʝʤʝʥʠ 

ʜʣʷ ʦʙʝʠʭ ʧʦʧʫʣʷʮʠʡ, ʪ. ʢ. ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʞʠʟʥʠ ʢʣʝʪʦʢ ʯʝʣʦʚʝʯʝʩʢʠʭ ʦʩʦʙʝʡ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʚʠʨʫʩʦʚ. ʕʪʠ ʬʘʢʪʦʨʳ ʜʝʣʘʶʪ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʧʫʣʷʮʠʡ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ. 

 

ɿʘʢʦʥ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛʘ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʦʧʫʣʷʮʠʡ 

ɽʩʣʠ ʠʤʝʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʤʫʪʘʛʝʥʥʳʡ ʬʘʢʪʦʨ 1,2D , ʜʝʡʩʪʚʫʶʱʠʡ ʩʦ ʩʪʦʨʦʥʳ ʚʪʦʨʦʡ 

ʧʦʧʫʣʷʮʠʠ ʥʘ ʧʝʨʚʫʶ, ʪʦ ʟʘʢʦʥ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛʘ ʜʣʷ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ  ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ 

ʚʠʜʝ [1]: 
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(1) 

 

ʛʜʝ 1fq  ð ʯʘʩʪʦʪʘ ʨʝʮʝʩʩʠʚʥʦʛʦ ʞʝʥʩʢʦʛʦ ʘʣʣʝʣʷ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ, ʧʦʜʚʝʨʛʘʶʱʝʛʦʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʩʦ ʩʪʦʨʦʥʳ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ 

ʢʣʝʪʢʠ ʦʨʛʘʥʘ ʯʝʣʦʚʝʢʘ, ʥʘʧʨʠʤʝʨ, ʢʣʝʪʢʠ ʧʝʯʝʥʠ. ɹʝʟʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ 

1
1

T

t
n =

, ʛʜʝ 1T  ð 

ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʞʠʟʥʠ ʢʣʝʪʦʢ ʦʨʛʘʥʘ ʜʣʷ ʦʩʦʙʠ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ. ɼʣʷ ʢʣʝʪʦʢ ʧʝʯʝʥʠ ʧʦ 

ʨʘʟʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʩʫʪʦʢT 1401º  [2ï4]. 

ɿʘʢʦʥ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛʘ ʜʣʷ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ ʟʘʧʠʰʝʤ ʘʥʘʣʦʛʠʯʥʦ: 
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(2) 

 

ʇʨʠ ʟʘʧʠʩʠ ʫʨʘʚʥʝʥʠʷ (2), ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʚʦ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ ʦʪʩʫʪʩʪʚʫʝʪ 
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ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʤʫʞʩʢʠʝ ʠ ʞʝʥʩʢʠʝ ʦʩʦʙʠ, ʪʘʢ ʯʪʦ 2q  ð ʯʘʩʪʦʪʘ ʨʝʮʝʩʩʠʚʥʦʛʦ ʘʣʣʝʣʷ, ʢʦʪʦʨʳʡ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ, ʚ ʛʝʥʦʤʝ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ. ʅʘʧʨʠʤʝʨ, ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʭʘʨʘʢʪʝʨʥʘ 

ʜʣʷ ʙʘʢʪʝʨʠʘʣʴʥʦʡ, ʤʠʢʨʦʙʥʦʡ ʠʣʠ ʚʠʨʫʩʥʦʡ ʧʦʧʫʣʷʮʠʡ. ɹʝʟʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ 

2
2

T

t
n = , ʛʜʝ 

2T  

ð ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʞʠʟʥʠ ʦʩʦʙʠ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʚʠʨʫʩʘ ʛʨʠʧʧʘ 

ʩʫʪʦʢT 72º  [2ï4]. ʄʫʪʘʛʝʥʥʳʡ ʬʘʢʪʦʨ, ʜʝʡʩʪʚʫʶʱʠʡ ʩʦ ʩʪʦʨʦʥʳ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ ʥʘ ʚʪʦʨʫʶ, ʦʙʦʟʥʘʯʝʥ 2,1D . 

ɺʚʝʜʝʤ ʝʜʠʥʦʝ ʙʝʟʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ. ʀʟ ʫʩʣʦʚʠʷ 
2211 TnTn =  ʥʘʭʦʜʠʤ 
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g . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʨʘʚʥʝʥʠʝ (2) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ: 
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ʈʘʩʩʤʦʪʨʠʤ ʤʫʪʘʛʝʥʥʳʝ ʬʘʢʪʦʨʳ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʘʣʣʝʣʴ ʚ ʛʝʥʦʤʝ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ 

2q  ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʝʡ ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʛʝʥʦʤ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ ʩ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤʠ ʜʣʷ ʢʣʝʪʢʠ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʫʪʘʛʝʥʥʳʡ ʬʘʢʪʦʨ 
211,2 qD a= , ʛʜʝ 01<a  ð ʥʝʢʦʪʦʨʳʡ ʧʦʩʪʦʷʥʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ ʥʘ ʚʪʦʨʫʶ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʥʠʯʪʦʞʝʥʠʠ ʠʤʤʫʥʥʦʡ 

ʩʠʩʪʝʤʦʡ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ ʦʩʦʙʝʡ (ʚʠʨʫʩʦʚ) ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 
22,1 a=D , ʧʨʠʯʝʤ ʚʝʣʠʯʠʥʘ 02<a . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʷ (1) ʠ (3) ʧʨʠʦʙʨʝʪʘʶʪ ʚʠʜ: 
 

21
1

2

1
2

2ln q
dn

dq

dn

qd ff
a=+  

(4) 

 

2
2

2
2

2
2 2ln agg =+

dn

dq

dn

qd
 

(5) 

 

ɺ ʫʨʘʚʥʝʥʠʷʭ (4) ʠ (5) ʠʥʜʝʢʩ ʫ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʚʨʝʤʝʥʠ ʦʧʫʱʝʥ, ʪ. ʢ. ʦʩʫʱʝʩʪʚʣʝʥ 

ʧʝʨʝʭʦʜ ʢ ʝʜʠʥʦʤʫ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʨʝʤʝʥʠ 
1nn= . 

 

ʈʘʟʚʠʪʠʝ ʚʠʨʫʩʥʦʡ ʧʦʧʫʣʷʮʠʠ ʚʦ ʚʨʝʤʷ ʧʘʥʜʝʤʠʠ 

ʋʨʘʚʥʝʥʠʝ (5) ʜʣʷ ʚʪʦʨʦʡ (ʚʠʨʫʩʥʦʡ) ʧʦʧʫʣʷʮʠʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʝ ʠʤʤʫʥʥʦʡ 

ʩʠʩʪʝʤʳ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʦ ʙʝʟʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʘʚʥʝʥʠʷ (4). 

ʀʥʪʝʛʨʠʨʫʝʤ ʦʜʠʥ ʨʘʟ ʫʨʘʚʥʝʥʠʝ (5): 

 

122
22 2ln Cnq

dn

dq
+=+ agg  (6) 

 

ʛʜʝ 1C ð ʧʦʩʪʦʷʥʥʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ.  
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ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (6) ʧʨʝʜʩʪʘʚʠʤ ʬʫʥʢʮʠʶ 
2q  ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ ʬʫʥʢʮʠʡ 

uvq =2
. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (6) ʧʝʨʝʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 

 

12
22 2ln Cnuv

dn

dv
u

dn

du
v +=++ aggg  (7) 

 

ɻʨʫʧʧʠʨʫʷ ʩʣʘʛʘʝʤʳʝ, ʥʘʡʜʝʤ: 
 

12
22ln Cn

dn

dv
uu

dn

du
v +=+ö

÷

õ
æ
ç

å
+ aggg  

(8) 

 

ɺʳʨʘʞʝʥʠʝ ʚ ʩʢʦʙʢʘʭ ʧʨʠʤʝʤ ʨʘʚʥʳʤ ʥʫʣʶ 02ln =+ u
dn

du
g . ʀʥʪʝʛʨʠʨʫʷ ʵʪʦ ʨʘʚʝʥʩʪʚʦ, 

ʥʘʡʜʝʤ g

g

n

n
u 2ln

2ln
ln -=-= . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, g

n

u
-

=2 . ʇʦʩʪʦʷʥʥʫʶ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʧʨʠʥʠʤʘʝʤ ʨʘʚʥʦʡ ʥʫʣʶ, ʪ. ʢ. ʠʤʝʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʣ ʚ ʚʳʙʦʨʝ ʬʫʥʢʮʠʠ u. ʇʦʜʩʪʘʚʣʷʷ 

ʵʪʫ ʬʫʥʢʮʠʶ ʚ (8), ʧʦʣʫʯʠʤ: 
 

12
22 Cn

dn

dv
n

+=
-

ag g  
(9) 

 

ʈʝʰʘʝʤ ʫʨʘʚʥʝʥʠʝ (9) ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʫʥʢʮʠʠ n, ʩʥʘʯʘʣʘ ʥʘʭʦʜʠʤ: 
 

ggg
a gg n

d
Cn

dv

nn

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

+= 22 1
2

 
(10) 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ: 
 

2
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2
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2
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2
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÷
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÷
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÷
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÷
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g

g
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gg
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gg

a

gg

a
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(11) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʯʘʩʪʦʪʳ ʘʣʣʝʣʷ 2q , ʥʘʡʜʝʤ: 
 

g

gg

a
n

C
Cn

uvq
-

++ö
÷

õ
æ
ç

å
-== 2

2ln

1

2ln

1

2ln
2

12
2

 
(12) 

 

ʀʩʧʦʣʴʟʫʝʤ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: ʧʨʠ 0=n  ʯʘʩʪʦʪʘ ʘʣʣʝʣʷ 
202 qq = , ʧʨʠ 

2ln

1
=
g

n
 

ʯʘʩʪʦʪʘ ʘʣʣʝʣʷ 
zqq 22= . ɺʪʦʨʦʝ ʫʩʣʦʚʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦ ʚʨʝʤʝʥʠ 

2443.1 Tt= , ʪ. ʝ. ʚʪʦʨʦʝ 

ʫʩʣʦʚʠʝ ʧʨʠʥʠʤʘʝʪʩʷ ʜʣʷ ʚʨʝʤʝʥʠ, ʧʨʠʤʝʨʥʦ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ ʙʦʣʴʰʝ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 

ʦʩʦʙʠ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦ ʧʝʨʚʦʤʫ ʫʩʣʦʚʠʶ: 
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2
1

2
2

20
2ln

1

2ln
C

C
q ++-=

g

a  (13) 

 

ʧʦ ʚʪʦʨʦʤʫ ʫʩʣʦʚʠʶ: 
 

2ln

1

2
1

2 2
2ln

1 -
+= C

C
q z

g
 

(14) 

 

ʈʝʰʘʷ ʩʠʩʪʝʤʫ (13), (14), ʥʘʭʦʜʠʤ: 
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2
2

220

2
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zqq

C  

(15) 
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22ln
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21
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a

g

qq
C z  

(16) 

 

ʇʦʜʩʪʘʚʣʷʷ (15) ʠ (16) ʚ (12), ʧʦʣʫʯʠʤ: 
 

2ln

1

2ln

1

202
2

2

2
2

21

2221
2ln

2ln -

---

-

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

-+
ö
ö
ö

÷

õ

æ
æ
æ

ç

å

-ö
÷

õ
æ
ç

å
-

+=

gga

g

a

nn

z qq

n
q

 

(17) 

 

ʌʦʨʤʫʣʫ (17) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ʩʫʤʤʳ, ʦʪʨʘʞʘʶʱʝʡ ʨʘʟʤʥʦʞʝʥʠʝ ʚʦ ʚʪʦʨʦʡ 

(ʚʠʨʫʩʥʦʡ) ʧʦʧʫʣʷʮʠʠ ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʝʝ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ: 
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n

nn

z

n
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(18) 

 

ʆʪʤʝʪʠʤ, ʯʪʦ ʨʘʟʤʥʦʞʝʥʠʝ ʚʠʨʫʩʥʦʡ ʧʦʧʫʣʷʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʘ 

ʪʦʣʴʢʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʢʣʝʪʢʘʤʠ, ʥʘʧʨʠʤʝʨ, ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʠ. ʇʦʵʪʦʤʫ, ʚ 

ʧʝʨʚʦʤ ʩʣʘʛʘʝʤʦʤ (18) ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʘ 

1

2

T

T
=g , ʟʘʚʠʩʷʱʘʷ ʦʪ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 

ʢʣʝʪʦʢ ʧʝʨʚʦʡ (ʯʝʣʦʚʝʯʝʩʢʦʡ) ʧʦʧʫʣʷʮʠʠ. ɺʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ (18) ʦʪʨʘʞʘʝʪ ʜʝʡʩʪʚʠʝ 

ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ ʥʘ ʚʪʦʨʫʶ (ʚʠʨʫʩʥʫʶ) ʧʦʧʫʣʷʮʠʶ. 

ʅʘ ʈʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʘʣʣʝʣʷ 
2q  ʚʪʦʨʦʡ (ʚʠʨʫʩʥʦʡ) ʧʦʧʫʣʷʮʠʠ ʩʦ 

ʚʨʝʤʝʥʝʤ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ, ʢʨʠʚʘʷ 1 ʠ ʧʨʠ ʥʘʣʠʯʠʠ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʢʨʠʚʘʷ 2, ʩʦ ʩʪʦʨʦʥʳ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ.  
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ʈʠʩʫʥʦʢ 1. ʀʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʘʣʣʝʣʷ 

2q  ʩʦ ʚʨʝʤʝʥʝʤ ʜʣʷ ʚʪʦʨʦʡ (ʚʠʨʫʩʥʦʡ) ʧʦʧʫʣʷʮʠʠ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʚʦʡ (ʯʝʣʦʚʝʯʝʩʢʦʡ) ʧʦʧʫʣʷʮʠʠ, ʢʨʠʚʘʷ 1 ʠ ʧʨʠ 

ʥʘʣʠʯʠʠ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʨʠʚʘʷ 2. ʇʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ 3,00=q ; 65,02 =zq ; 05,0=g ; 01.02 -=a . 

 

ʀʟ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʠ ʥʘ ʚʠʨʫʩʥʫʶ ʧʦʧʫʣʷʮʠʶ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʳʡ ʨʦʩʪ ʯʘʩʪʦʪʳ 

ʘʣʣʝʣʷ 
2q  ʩʦ ʚʨʝʤʝʥʝʤ, ʧʨʠʙʣʠʞʝʥʠʝ ʯʘʩʪʦʪʳ ʘʣʣʝʣʷ 2q  ʢ ʨʘʚʥʦʚʝʩʥʦʤʫ ʟʥʘʯʝʥʠʶ. ʇʨʠ 

ʥʘʣʠʯʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʚʦʡ (ʯʝʣʦʚʝʯʝʩʢʦʡ) ʧʦʧʫʣʷʮʠʠ ʨʦʩʪ 
2q  

ʩʤʝʥʷʝʪʩʷ ʧʘʜʝʥʠʝʤ ʟʘ ʩʯʝʪ ʛʠʙʝʣʠ ʚʠʨʫʩʦʚ ʧʨʠ ʜʝʡʩʪʚʠʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʚʦʡ 

ʧʦʧʫʣʷʮʠʠ. 

 

ʈʘʟʚʠʪʠʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʠ ʚʦ ʚʨʝʤʷ ʧʘʥʜʝʤʠʠ 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʡ ʚʦʧʨʦʩ, ʵʪʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʣʝʪʦʢ ʦʨʛʘʥʦʚ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʧʦʧʫʣʷʮʠʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʭ ʩ ʚʠʨʫʩʘʤʠ. ʅʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ (4).  

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (4) ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʧʦʜʩʪʘʚʣʷʷ ʨʝʰʝʥʠʝ (18) ʚ 

ʫʨʘʚʥʝʥʠʝ (4). ʆʜʥʘʢʦ, ʪʘʢʦʡ ʧʫʪʴ ʟʘʪʨʫʜʥʝʥ ʧʦʷʚʣʝʥʠʝʤ ʩʣʦʞʥʦʡ ʬʫʥʢʮʠʠ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ 

ʫʨʘʚʥʝʥʠʷ (4). ʇʦʵʪʦʤʫ ʤʳ ʫʚʝʣʠʯʠʤ ʧʦʨʷʜʦʢ ʫʨʘʚʥʝʥʠʷ, ʧʦʜʩʪʘʚʠʚ ʬʫʥʢʮʠʶ 
2q  ʠʟ 

ʫʨʘʚʥʝʥʠʷ (4) ʚ ʫʨʘʚʥʝʥʠʝ (5). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʣʠʥʝʡʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ: 
 

( ) 212
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qd fff  
(19) 

 

ʀʥʪʝʛʨʠʨʫʷ ʫʨʘʚʥʝʥʠʝ (19) ʜʚʘʞʜʳ ʥʘʭʦʜʠʤ: 
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ʛʜʝ 3C  ʠ 4C  ð ʧʦʩʪʦʷʥʥʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (20) ʩʥʘʯʘʣʘ 

ʥʘʡʜʝʤ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. ɿʘʧʠʰʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ: 
 

( )
02ln

1
2ln
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kk  (21) 
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ʈʝʰʝʥʠʷ ʢʚʘʜʨʘʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (21) ʠʤʝʶʪ ʚʠʜ: 
 

2ln1 -=k , 
g

2ln
2 -=k . (22) 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʤʝʝʪ ʚʠʜ: 
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nnknk
f CCeCeCeCeCq
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- +=+=+= 22 65

2ln

6
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(23) 

 

ʛʜʝ 
5C  ʠ 6C  ð ʧʦʩʪʦʷʥʥʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

ʏʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (20) ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ ʧʦʣʠʥʦʤʘ: 
 

DBnAnq f ++= 2
1  (24) 

 

ʛʜʝ A, B ʠ D ï ʧʦʩʪʦʷʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ʇʦʜʩʪʘʚʣʷʷ (24) ʚ (20), ʥʘʡʜʝʤ: 
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g  (25) 

 

ʇʨʠʨʘʚʥʠʚʘʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʩʪʝʧʝʥʷʭ n, ʥʘʭʦʜʠʤ: 
 

2ln2 2
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g

aa
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,      ( )

2ln
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2ln 32132
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g
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. (26) 

 

ʇʦʩʪʦʷʥʥʫʶ D ʚ (24) ʥʘʭʦʜʠʪʴ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ 

(24) ʫʨʘʚʥʝʥʠʷ (20) ʠʤʝʝʪ ʚʠʜ: 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (20) ʟʘʧʠʰʝʪʩʷ ʢʘʢ ʩʫʤʤʘ (23) ʠ (27): 
 

( )
DnC

n
CCq

n

n
f +

ö
ö

÷

õ

æ
æ

ç

å
ö
÷

õ
æ
ç

å +
-+++=

-
-

2ln

1

22ln
22 3

2

2
21

651
g

g

aag  
(28) 

 

ʇʨʠʤʝʤ ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ: ʧʨʠ 0=n  ʚʝʣʠʯʠʥʘ 
01 ff qq = . 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ: 
 

DCCq f ++= 650  (29) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ: 
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(30) 

 

ʇʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ (30) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʫʤʤʫ ʜʚʫʭ ʧʨʦʮʝʩʩʦʚ: ʨʘʟʤʥʦʞʝʥʠʝ ʦʩʦʙʝʡ 

ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ ð ʧʝʨʚʳʝ ʪʨʠ ʩʣʘʛʘʝʤʳʭ ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʧʫʣʷʮʠʶ ð ʯʝʪʚʝʨʪʦʝ 

ʩʣʘʛʘʝʤʦʝ. 
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ʆʪʩʫʪʩʪʚʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʝʨʚʫʶ ʧʦʧʫʣʷʮʠʶ ʚʦʟʤʦʞʥʦ ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ. ɺʦ-ʧʝʨʚʳʭ, 

ʧʨʠ 01=a , ʪ. ʝ. ʚʪʦʨʘʷ ʧʦʧʫʣʷʮʠʷ ʥʝ ʜʝʡʩʪʚʫʝʪ ʥʘ ʧʝʨʚʫʶ, ʚʦ-ʚʪʦʨʳʭ, ʧʨʠ 012 ==aa  ð 

ʧʦʧʫʣʷʮʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʚ-ʪʨʝʪʴʠʭ, ʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ ʚʳʨʘʞʝʥʠʷ 

ʚ ʩʢʦʙʢʘʭ ʯʝʪʚʝʨʪʦʛʦ ʩʣʘʛʘʝʤʦʛʦ (30). 

ʇʦʩʣʝʜʥʠʡ ʩʣʫʯʘʡ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʝʥ. ʆʥ ʩʚʷʟʘʥ ʩ ʚʘʨʠʘʥʪʦʤ, ʢʦʛʜʘ ʥʘ ʧʝʨʚʫʶ 

ʧʦʧʫʣʷʮʠʶ, ʥʘʧʨʠʤʝʨ, ʯʝʣʦʚʝʯʝʩʢʫʶ, ʚʦʟʜʝʡʩʪʚʠʝ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ, ʥʘʧʨʠʤʝʨ, ʚʠʨʫʩʥʦʡ, 

ʙʳʣʦ, ʥʦ ʟʘʪʝʤ ʦʥʦ ʧʨʝʢʨʘʪʠʣʦʩʴ, ʪ. ʢ. ʯʝʣʦʚʝʯʝʩʢʘʷ ʧʦʧʫʣʷʮʠʷ ʚʳʨʘʙʦʪʘʣʘ ʠʤʤʫʥʠʪʝʪ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʚʠʨʫʩʥʦʡ ʧʦʧʫʣʷʮʠʠ. 

ʇʨʠʨʘʚʥʷʝʤ ʧʦʩʣʝʜʥʶʶ ʩʢʦʙʢʫ (30) ʢ ʥʫʣʶ: 
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ʋʨʘʚʥʝʥʠʝ (31) ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʙʝʟʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ ʚʳʨʘʙʦʪʢʠ ʠʤʤʫʥʠʪʝʪʘ ʫ ʧʝʨʚʦʡ 

ʧʦʧʫʣʷʮʠʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ: 
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ʈʘʟʤʝʨʥʦʝ ʚʨʝʤʷ ʨʘʚʥʦ: 
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(33) 

 

ʂ ʩʦʞʘʣʝʥʠʶ, ʬʦʨʤʫʣʘ (33) ʩʦʜʝʨʞʠʪ ʥʝʦʧʨʝʜʝʣʝʥʥʫʶ ʧʦʩʪʦʷʥʥʫʶ ʚʝʣʠʯʠʥʫ 
3C . 

ʇʦʩʪʦʷʥʥʘʷ 
3C  ʦʧʨʝʜʝʣʷʝʪʩʷ, ʩʦʛʣʘʩʥʦ (19), ʩʫʤʤʦʡ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʝʨʚʳʭ ʪʨʝʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʯʘʩʪʦʪʳ ʘʣʣʝʣʷ 
1fq . ʀʥʪʝʛʨʠʨʫʷ (19) ʦʜʠʥ ʨʘʟ, ʧʨʠ 0=n  

ʥʘʡʜʝʤ: 
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ɹʫʜʝʤ ʩʯʠʪʘʪʴ 

1

2

T

T
=g  ʦʯʝʥʴ ʤʘʣʝʥʴʢʦʡ ʚʝʣʠʯʠʥʦʡ. ʕʪʦ ʚʦʟʤʦʞʥʦ, ʪ. ʢ. ʩʨʝʜʥʝʝ ʚʨʝʤʷ 

ʞʠʟʥʠ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ ʦʙʳʯʥʦ ʤʥʦʛʦ ʙʦʣʴʰʝ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʚʠʨʫʩʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, 

ʩʦʛʣʘʩʥʦ (34), ʧʦʩʪʦʷʥʥʘʷ 03ºC . 

ʌʦʨʤʫʣʘ (30) ʧʨʠ 03ºC  ʠ 1<<g  ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ: 
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ʇʨʠ 03ºC  ʙʝʟʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ ʟʘʪʫʭʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ ʥʘ ʧʝʨʚʫʶ 

(32) ʨʘʚʥʦ 9,2
2ln

2
º=ʠʤʤn , ʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ (33) ʨʘʚʥʦ ʩʫʪʦʢTTtʠʤʤ 4009,2

2ln

2
11 ºº= . 

ʇʦʣʫʯʠʚʰʝʝʩʷ ʚʨʝʤʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ï ʧʦʯʪʠ 3 ʩʨʝʜʥʠʭ ʚʨʝʤʝʥʠ 

ʞʠʟʥʠ ʢʣʝʪʢʠ ʦʩʦʙʠ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ ʥʘ ʧʝʨʚʫʶ, ʧʦʩʣʝʜʥʝʝ 

ʩʣʘʛʘʝʤʦʝ ʚ (35) ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ. ʇʨʦʠʩʭʦʜʠʪ ʩʚʦʙʦʜʥʦʝ ʨʘʟʤʥʦʞʝʥʠʝ ʧʝʨʚʦʡ 
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ʧʦʧʫʣʷʮʠʠ. ʋʯʠʪʳʚʘʷ ʪʘʢʞʝ 1<<g , ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 
 

( ) 6501 12 CCqq n
ff --+= -  (36) 

 

ɿʘʢʦʥ ʩʚʦʙʦʜʥʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ ʧʦʧʫʣʷʮʠʠ ʠʤʝʝʪ ʚʠʜ [1]: 
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ʛʜʝ 0fq  ð ʥʘʯʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʝʮʝʩʩʠʚʥʦʛʦ ʘʣʣʝʣʷ ʫ ʞʝʥʱʠʥʳ, 0mq  

ð ʫ ʤʫʞʯʠʥʳ. 

ʉʨʘʚʥʠʚʘʷ (36) ʠ (37) ʥʘʭʦʜʠʤ 
3

00
5

mf qq
C

-
= . ʂʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʧʦʣʫʯʠʣʦʩʴ 

06=C , ʪ. ʢ. 1fq  ʧʨʠ ʩʚʦʙʦʜʥʦʤ ʨʘʟʤʥʦʞʝʥʠʠ ʦʩʦʙʝʡ ʥʝ ʜʦʣʞʥʦ ʟʘʚʠʩʝʪʴ ʦʪ ʚʝʣʠʯʠʥʳ g. 

ʇʦʵʪʦʤʫ ʬʦʨʤʫʣʫ (35) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ: 
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ʅʘ ʈʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʘʣʣʝʣʷ 1fq  ʧʝʨʚʦʡ (ʯʝʣʦʚʝʯʝʩʢʦʡ) 

ʧʦʧʫʣʷʮʠʠ ʩʦ ʚʨʝʤʝʥʝʤ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʨʠʚʘʷ 1, ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʢʨʠʚʘʷ 2, ʩʦ ʩʪʦʨʦʥʳ ʚʪʦʨʦʡ (ʚʠʨʫʩʥʦʡ) ʧʦʧʫʣʷʮʠʠ. 

 

ʈʠʩʫʥʦʢ 2. ʀʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʘʣʣʝʣʷ 1fq  ʩʦ ʚʨʝʤʝʥʝʤ ʫ ʧʝʨʚʦʡ (ʯʝʣʦʚʝʯʝʩʢʦʡ) ʧʦʧʫʣʷʮʠʠ 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚʪʦʨʦʡ (ʚʠʨʫʩʥʦʡ) ʧʦʧʫʣʷʮʠʠ, ʢʨʠʚʘʷ 1 ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʢʨʠʚʘʷ 2. ʇʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ 3,00=fq ; 1,00=mq ; 05,0=g ; 1.01 -=a ; 01.02 -=a . 

 

ʀʟ ʈʠʩʫʥʢʘ 2. ʚʠʜʥʦ, ʯʪʦ ʯʘʩʪʦʪʘ ʘʣʣʝʣʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚʠʨʫʩʥʦʡ 

ʧʦʧʫʣʷʮʠʠ ʧʦʩʪʝʧʝʥʥʦ ʧʘʜʘʝʪ, ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʨʘʚʥʦʚʝʩʥʦʤʫ ʟʥʘʯʝʥʠʶ 23,0
3

2 00
1 =

+
=

mf
f

qq
q . 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʠʨʫʩʥʦʡ ʧʦʧʫʣʷʮʠʠ ʯʘʩʪʦʪʘ ʘʣʣʝʣʷ, ʥʘ ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚʦʟʜʝʡʩʪʚʠʝ, ʢʨʠʚʘʷ 2, ʩʥʘʯʘʣʘ ʧʘʜʘʝʪ ʦʯʝʥʴ ʙʳʩʪʨʦ ʟʘ ʩʯʝʪ ʛʠʙʝʣʠ ʢʣʝʪʦʢ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 
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ʘʣʣʝʣʝʡ, ʥʦ ʟʘʪʝʤ, ʧʦ ʤʝʨʝ ʚʳʨʘʙʦʪʢʠ ʠʤʤʫʥʠʪʝʪʘ ʧʨʠ 9,2
2ln

2
º=ʠʤʤn  ʠ ʨʘʟʤʥʦʞʝʥʠʷ 

ʢʣʝʪʦʢ, ʯʘʩʪʦʪʘ ʚʦʟʨʘʩʪʘʝʪ, ʜʦʩʪʠʛʘʷ ʥʦʨʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʨʠʚʦʡ 1. 

ɼʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʢʨʠʚʦʡ 2, ʧʦʢʘʟʘʥʥʳʡ ʧʫʥʢʪʠʨʦʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʥʝ 

ʠʤʝʝʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʛʝʥʝʪʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʦʧʫʣʷʮʠʡ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʟʘʢʦʥʝ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛʘ, ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʥʝʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʧʫʣʷʮʠʡ. ɽʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ 

ʦʮʝʥʢʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʘʥʜʝʤʠʠ COVID-19.  

ʆʪʤʝʯʝʥʦ, ʯʪʦ ʚʠʨʫʩʥʘʷ ʧʦʧʫʣʷʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʥʝ ʩ ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʝʡ, ʢʘʢ 

ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʦʯʝʥʴ ʩʣʦʞʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʘ ʩ ʧʦʧʫʣʷʮʠʝʡ ʦʪʜʝʣʴʥʳʭ ʢʣʝʪʦʢ ʦʨʛʘʥʦʚ 

ʯʝʣʦʚʝʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʣʝʪʢʠ ʧʝʯʝʥʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʧʘʥʜʝʤʠʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 400 ʩʫʪʦʢ.  

ʉ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ ʨʘʟʚʠʪʠʷ ʧʦʧʫʣʷʮʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʣʝʪʢʠ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʧʦʧʫʣʷʮʠʠ ʩʥʘʯʘʣʘ ʠʥʪʝʥʩʠʚʥʦ ʛʠʙʥʫʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʠʨʫʩʦʚ, ʥʦ ʟʘʪʝʤ, ʧʨʠ ʚʳʨʘʙʦʪʢʝ 

ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ, ʟʘ ʩʯʝʪ ʨʘʟʤʥʦʞʝʥʠʷ ʢʣʝʪʦʢ, ʦʨʛʘʥ ʯʝʣʦʚʝʢʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ 

ʥʦʨʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ. ɻʠʙʝʣʴ ʦʩʦʙʠ (ʯʝʣʦʚʝʢʘ) ʧʨʠ ʚʠʨʫʩʥʦʡ ʘʪʘʢʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʵʢʩʢʣʶʟʠʚʥʳʤ ʩʦʙʳʪʠʝʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʧʦʣʥʳʤ ʧʦʨʘʞʝʥʠʝʤ ʫʞʝ ʟʘʨʘʥʝʝ ʦʩʣʘʙʣʝʥʥʦʛʦ ʧʦ 

ʩʦʧʫʪʩʪʚʫʶʱʠʤ ʧʨʠʯʠʥʘʤ ʦʨʛʘʥʘ. 

ʇʦʢʘʟʘʥʘ ʜʠʥʘʤʠʢʘ ʨʘʟʚʠʪʠʷ ʚʠʨʫʩʥʦʡ ʧʦʧʫʣʷʮʠʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʝʝ ʩ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʝʡ. ʈʘʩʩʯʠʪʘʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʠʙʝʣʠ ʚʠʨʫʩʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʛʨʠʧʧʘ, 

ʢʘʢ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ, ʧʨʠ ʜʝʡʩʪʚʠʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ. 

 

ʄʥʦʛʦʤʘʩʰʪʘʙʥʳʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʅʦʚʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʠʤʝʶʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʤʝʜʠʮʠʥʳ, ʙʠʦʬʠʟʠʢʠ ʠ ʙʠʦʣʦʛʠʠ, ʪʘʢʠʭ ʢʘʢ 

ʛʝʥʦʤʠʢʘ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʙʠʦʣʦʛʠʷ, ʢʣʝʪʦʯʥʘʷ ʙʠʦʣʦʛʠʷ, ʙʠʦʣʦʛʠʷ ʨʘʟʚʠʪʠʷ, ʥʝʡʨʦʙʠʦʣʦʛʠʷ, 

ʵʢʦʣʦʛʠʷ ʠ ʵʚʦʣʶʮʠʷ. ʉʦʚʨʝʤʝʥʥʦʝ ʮʠʬʨʦʚʦʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ, ʷʜʝʨʥʘʷ ʤʝʜʠʮʠʥʘ, 

ʙʠʦʬʠʟʠʢʘ, ʙʠʦʣʦʛʠʷ, ʤʝʜʠʮʠʥʩʢʘʷ ʠʤʤʫʥʦʣʦʛʠʷ ʩʦʟʜʘʶʪ ʥʦʚʳʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ 

ʩʪʠʤʫʣʠʨʫʶʪ ʨʘʟʚʠʪʠʝ ʥʦʚʦʛʦ ʙʠʦʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʫʨʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʛʝʥʦʤʥʦ-

ʢʣʝʪʦʯʥʦʛʦ - ʦʨʛʘʥʠʟʤʝʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ. ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ: 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ, ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ, ʛʠʙʨʠʜʥʳʝ, ʤʥʦʛʦʤʘʩʰʪʘʙʥʳʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʘ ʪʘʢʞʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ. 

ʂʣʶʯʦʤ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʝʪʦʜʘ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʪʘʢʦʛʦ 

ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʫʯʝʥʠʷ ʚ ʦʙʭʦʜ ʛʝʥʝʨʘʮʠʠ ʚʨʝʤʝʥʥʳʭ ʢʫʨʩʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʤʘʩʩʦʚʦʤʫ ʫʩʢʦʨʝʥʠʶ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʈʠʩʫʥʦʢ 3). ʀʩʧʦʣʴʟʫʝʪʩʷ ʥʝʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʜʘʥʥʳʭ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʤʦʜʝʣʴʶ ʥʘ ʦʩʥʦʚʝ ʤʝʭʘʥʠʟʤʘ, ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. 

ɼʘʥʥʳʝ, ʛʝʥʝʨʠʨʫʝʤʳʝ ʤʝʭʘʥʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ, ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤʠ, 

ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʦʝ ʦʙʫʯʝʥʠʝ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʤʠ, ʯʪʦʙʳ ʛʝʥʝʨʘʮʠʷ ʜʘʥʥʳʭ ʙʳʣʘ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʦʩʫʱʝʩʪʚʠʤʘ [5]. 

ʇʦʢʘʟʘʥʘ ʛʠʧʦʪʝʪʠʯʝʩʢʘʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʩʝʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʝʭʘʥʠʩʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ. ʄʝʭʘʥʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʦʙʫʯʘʶʱʝʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ 

ʤʝʭʘʥʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʫʯʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʥʘ ʧʦʨʷʜʢʠ ʙʳʩʪʨʝʝ, 

ʧʦʟʚʦʣʷʷ ʠʩʩʣʝʜʦʚʘʪʴ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʠʩʪʝʤʳ (ʈʠʩʫʥʦʢ 3). 
 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.com 

ʊ. 6. ˉ11. 2020 

https://doi.org/10.33619/2414-2948/60 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 96 

 

 
ʈʠʩʫʥʦʢ 3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʩʣʦʞʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʤʝʭʘʥʠʟʤʘʭ ʤʥʦʛʦʤʘʩʰʪʘʙʥʳʭ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [5]. 
 

ʇʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʣʦʛʠʷ ʠ ʧʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʵʥʜʦʢʨʠʥʦʣʦʛʠʷ 

ʇʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʵʥʜʦʢʨʠʥʦʣʦʛʠʷ, ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʥʘʷ ʚ 1936 ʛʦʜʫ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʠʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʧʩʠʭʠʢʦʡ, ʥʝʨʚʥʳʤʠ ʠ ʵʥʜʦʢʨʠʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʠ 

ʠʤʤʫʥʥʳʤʠ ʨʝʘʢʮʠʷʤʠ. ʇʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʵʥʜʦʢʨʠʥʦʣʦʛʠ ð ɻ ʪʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʜʠʮʠʥʩʢʠʭ 

ʟʥʘʥʠʡ ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʣʣʝʨʛʠʯʝʩʢʠʭ, ʠʤʤʫʥʥʳʭ, ʘʫʪʦʠʤʤʫʥʥʳʭ, ʨʝʚʤʘʪʠʯʝʩʢʠʭ, 

ʥʝʦʧʣʘʩʪʠʯʝʩʢʠʭ, ʵʥʜʦʢʨʠʥʥʳʭ, ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʠ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʘʪʦʣʦʛʠʡ, ʘ 

ʪʘʢʞʝ ʜʨʫʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʕʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʠ ʦʩʥʦʚʥʳʝ ʩʪʨʝʩʩʳ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʩʪʠʤʫʣʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʧʫʪʠ ʠ ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʳ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʫʯʘʩʪʚʫʶʪ ʚ ʠʟʤʝʥʝʥʠʠ ʧʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʵʥʜʦʢʨʠʥʥʦʡ ʦʩʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʟʘʙʦʣʝʚʘʥʠʷ (ʈʠʩʫʥʦʢ 4) [6]. 
 

 
ʈʠʩʫʥʦʢ 4. ʆʩʴ ʩʪʨʝʩʩʘ ʠ ʧʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʵʥʜʦʢʨʠʥʦʣʦʛʠʷ [6]. 
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ʋ ʣʶʜʝʡ ʩ ʧʩʠʭʦʪʠʯʝʩʢʠʤʠ ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ, ʧʦʤʠʤʦ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ 

(ʎʅʉ), ʥʘʙʣʶʜʘʶʪʩʷ ʥʘʨʫʰʝʥʠʷ ʚ ʨʘʙʦʪʝ ʥʝʩʢʦʣʴʢʠʭ ʩʠʩʪʝʤ ʦʨʛʘʥʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʠʟʙʳʪʦʯʥʦʡ ʩʤʝʨʪʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʳ [7] ʠʟʤʝʥʝʥʠʷ ʚ ʥʝ-ʎʅʉ ʩʠʩʪʝʤʘʭ ʚ ʥʘʯʘʣʝ ʧʩʠʭʦʟʘ, 

ʢʘʢ ʠʟʤʝʥʝʥʠʷ ʚ ʥʝ-ʎʅʉ ʩʠʩʪʝʤʘʭ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʎʅʉ, ʠʣʠ ʢʘʢ ʦʥʠ ʩʚʷʟʘʥʳ 

ʩ ʩʠʤʧʪʦʤʘʤʠ. ʄʥʦʛʦʤʘʩʰʪʘʙʥʳʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʤʝʪʘ-ʦʙʟʦʨ, 

ʩʫʤʤʠʨʫʶʪ ʨʘʟʤʝʨʳ ʵʬʬʝʢʪʦʚ ʢʘʢ ʜʣʷ ʎʅʉ (ʬʦʢʫʩʠʨʫʷʩʴ ʥʘ ʩʪʨʫʢʪʫʨʥʳʭ, 

ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʥʝʡʨʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʤʦʟʛʘ), ʪʘʢ ʠ ʜʣʷ ʜʠʩʬʫʥʢʮʠʠ ʙʝʟ 

ʎʅʉ (ʬʦʢʫʩʠʨʫʷʩʴ ʥʘ ʠʤʤʫʥʥʦʡ, ʢʘʨʜʠʦʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʠ ʛʠʧʦʪʘʣʘʤʦ-ʛʠʧʦʬʠʟʘʨʥʦï

ʥʘʜʧʦʯʝʯʥʠʢʦʚʦʡ ʩʠʩʪʝʤʘʭ) ʧʨʠ ʧʝʨʚʦʤ ʵʧʠʟʦʜʝ ʧʩʠʭʦʟʘ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʘʘʥʘʣʠʟʳ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚ ʭʦʜʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ 

Pubmed, ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʦʮʝʥʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʧʠʩʢʘ AMSTAR (ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʦʮʝʥʢʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ 

ʦʙʟʦʨʦʚ). ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʧʩʠʭʦʟʝ ʩʫʱʝʩʪʚʫʶʪ ʫʩʪʦʡʯʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʩʠʩʪʝʤʘʭ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʎʅʉ, ʠ ʯʪʦ ʦʥʠ ʚ ʮʝʣʦʤ ʩʭʦʜʥʳ ʧʦ ʚʝʣʠʯʠʥʝ ʩ ʮʝʣʳʤ ʨʷʜʦʤ 

ʠʟʤʝʥʝʥʠʡ ʚ ʎʅʉ [7]. 

ʇʩʠʭʦʪʠʯʝʩʢʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ ʚʦ ʚʩʝʤ ʤʠʨʝ ʷʚʣʷʶʪʩʷ ʢʨʘʡʥʝ ʠʥʚʘʣʠʜʠʟʠʨʫʶʱʠʤʠ 

ʫʩʣʦʚʠʷʤʠ ʩ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʟʘʪʨʘʪʘʤʠ. ʕʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʣʶʜʠ ʩ ʧʩʠʭʦʪʠʯʝʩʢʠʤʠ ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ ʫʤʠʨʘʶʪ ʥʘ 15ï20 ʣʝʪ ʨʘʥʴʰʝ, ʯʝʤ ʥʘʩʝʣʝʥʠʝ ʚ 

ʮʝʣʦʤ, ʠ ʯʪʦ 60% ʠʣʠ ʙʦʣʝʝ ʵʪʦʡ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ ʩʤʝʨʪʥʦʩʪʠ ʩʚʷʟʘʥʦ ʩ ʥʝ-ʎʅʉ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʤʠ ʧʨʠʯʠʥʘʤʠ. ʇʣʦʭʦʝ ʬʠʟʠʯʝʩʢʦʝ ʟʜʦʨʦʚʴʝ 

ʪʨʘʜʠʮʠʦʥʥʦ ʚʦʟʣʘʛʘʝʪʩʷ ʥʘ ʚʪʦʨʠʯʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʙʦʣʝʟʥʠ, ʙʫʜʴ ʪʦ ʧʦʩʣʝʜʩʪʚʠʷ ʩʘʤʦʡ 

ʙʦʣʝʟʥʠ (ʥʘʧʨʠʤʝʨ, ʥʝʛʘʪʠʚʥʳʝ ʩʠʤʧʪʦʤʳ, ʚʝʜʫʱʠʝ ʢ ʤʘʣʦʧʦʜʚʠʞʥʦʤʫ ʦʙʨʘʟʫ ʞʠʟʥʠ ʠ 

ʧʣʦʭʦʤʫ ʧʠʪʘʥʠʶ), ʠʣʠ ʧʦʩʣʝʜʩʪʚʠʝ ʣʝʯʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʧʨʠʤʝʥʝʥʠʝ ʘʥʪʠʧʩʠʭʦʪʠʯʝʩʢʠʭ 

ʧʨʝʧʘʨʘʪʦʚ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ). ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫ ʧʘʮʠʝʥʪʦʚ ʩ 

ʧʝʨʚʳʤ ʵʧʠʟʦʜʦʤ ʟʘʙʦʣʝʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʜʠʩʬʫʥʢʮʠʶ ʢʘʨʜʠʦʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

ʠʤʤʫʥʥʦʡ, ʛʠʧʦʪʘʣʘʤʦ-ʛʠʧʦʬʠʟʘʨʥʦ-ʥʘʜʧʦʯʝʯʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ (ʈʠʩʫʥʦʢ 5) [7].  
 

 
 

ʈʠʩʫʥʦʢ 5. ʇʩʠʭʦʪʠʯʝʩʢʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʩʠʩʪʝʤ [7]. 

 

ɸʥʦʤʘʣʠʠ ʚ ʧʦʣʠʦʨʛʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʎʅʉ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʥʘʯʘʣʝ 

ʧʩʠʭʦʪʠʯʝʩʢʠʭ ʨʘʩʩʪʨʦʡʩʪʚ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʥʘʙʣʶʜʘʝʤʳʤʠ ʚ ʎʅʉ. ʍʦʪʷ 
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ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʥʝ-ʎʅʉ ʠ ʠʟʤʝʥʝʥʠʷʤʠ ʎʅʉ ʝʱʝ ʧʨʝʜʩʪʦʠʪ ʫʩʪʘʥʦʚʠʪʴ, 

ʵʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʧʩʠʭʦʟ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʩʠʩʪʝʤ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ 

ʟʘʙʦʣʝʚʘʥʠʷ, ʭʦʪʷ ʠ ʥʝʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʢʘʢ ʤʫʣʴʪʠʩʠʩʪʝʤʥʦʛʦ ʨʘʩʩʪʨʦʡʩʪʚʘ 

(ʈʠʩʫʥʦʢ 5) [7]. 

ʀʥʜʠʚʠʜʫʫʤ ʠʣʠ ʛʨʫʧʧʘ ʠʥʜʠʚʠʜʫʫʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʦʧʫʣʷʮʠʠ ʢʣʝʪʦʢ, ʤʦʛʫʪ ʙʳʪʴ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʙʝʣʢʦʚʳʭ ʠ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʘʥʥʳʝ, ʩʦʙʨʘʥʥʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʟʘʪʝʤ ʚʢʣʶʯʘʶʪʩʷ 

ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʠʭ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʠʥʬʦʨʤʠʨʦʚʘʪʴ ʜʠʟʘʡʥ ʙʠʦʧʨʦʮʝʩʩʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʤʦʛʫʪ 

ʧʦʜʪʚʝʨʜʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ (ʈʠʩʫʥʦʢ 6) [8].  

Individual based models (IBM) ʦʙʣʘʜʘʝʪ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʠʟʤʝʨʝʥʠʡ ʙʝʣʢʘ ʩ 

ʛʝʥʦʤʠʢʦʡ, ʪʨʘʥʩʢʨʠʧʪʦʤʠʢʦʡ ʠ ʤʝʪʘʙʦʣʦʤʠʢʦʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ 

ʩʠʩʪʝʤʳ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʘʭ ʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ, ʜʘʚʘʷ ʣʫʯʰʫʶ ʦʮʝʥʢʫ ʦʙʱʝʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ (ʈʠʩʫʥʦʢ 6) [9]. 
 

 
 

ʈʠʩʫʥʦʢ 6. ʄʝʪʦʜʳ ʦʜʥʦʢʣʝʪʦʯʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʧʦʜʭʦʜʳ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ [8]. 

 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ ʮʠʬʨʦʚʦʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ: ʧʘʮʠʝʥʪʦʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ 

ʧʘʨʘʜʠʛʤʘ ʧʝʨʝʭʦʜʘ ʥʘ ʥʦʚʳʡ ʵʪʘʧ ʢʦʤʧʣʘʝʥʩʘ çɺʨʘʯ-ʧʘʮʠʝʥʪè 

ʆʜʥʠʤ, ʠʟ ʧʨʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʛʝʨʠʘʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʜʦʩʪʫʧʥʦʩʪʠ ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʧʦʩʨʝʜʩʪʚʦʤ ʚʥʝʜʨʝʥʠʷ ʤʥʦʛʦʚʝʢʪʦʨʥʳʭ ʥʝʡʨʦʪʝʭʥʦʣʦʛʠʡ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʧʨʠʥʮʠʧʦʚ ʮʠʬʨʦʚʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʢʦʪʦʨʘʷ ʩʪʘʚʠʪ ʟʘʜʘʯʫ 

ʚʥʝʜʨʝʥʠʷ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʡ ʠ ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʧʘʮʠʝʥʪʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʧʘʨʘʜʠʛʤʳ ð ʢʘʢ ʩʪʨʘʪʝʛʠʠ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ ʚ ʨʝʛʠʦʥʝ [10]. 

ɺʥʝʜʨʝʥʠʝ ʛʝʨʠʘʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʦʩʪʫʧʥʦʩʪʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʚʥʝʜʨʝʥʠʷ ʤʥʦʛʦʚʝʢʪʦʨʥʳʭ ʥʝʡʨʦʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ 
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ʧʨʠʥʮʠʧʦʚ ʮʠʬʨʦʚʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ [10]: 

ïʩʠʥʭʨʦʥʠʟʘʮʠʶ ʨʘʙʦʪʳ ʨʝʛʠʦʥʘʣʴʥʳʭ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʢʦʥʩʫʣʴʪʘʮʠʡ (ʊʄʂ) ʠ 

ʬʝʜʝʨʘʣʴʥʳʭ ʊʄʂ ʧʦ ʧʨʦʬʠʣʶ çʛʝʨʠʘʪʨʠʷè; 

ïʚʥʝʜʨʝʥʠʝ ʫʤʥʳʭ ʤʠʢʨʦʨʦʙʦʪʦʚ; 

ïʠʩʧʦʣʴʟʦʚʘʥʠʝ  ʤʠʥʠʘʪʶʨʥʳʭ ʜʝʚʘʡʩʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʢʨʦʚʠ (ʚ ʪ. ʯ. ʥʘ ʩʘʭʘʨ) ʠ ʕʂɻ ʥʘ 

ʜʦʤʫ; 

ïʦʮʝʥʢʫ ɻʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʙʠʣʴʥʳʭ ʛʘʜʞʝʪʦʚ ʟʜʦʨʦʚʴʷ; 

ïʪʠʨʘʞʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʛʥʠʪʠʚʥʳʭ ʪʝʩʪ-ʪʨʝʥʠʥʛʦʚ ʚ ʘʤʙʫʣʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʩ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. 

ɺʥʝʜʨʝʥʠʝ çɻʝʨʠʘʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʦʩʪʫʧʥʦʩʪʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʚʥʝʜʨʝʥʠʷ ʤʥʦʛʦʚʝʢʪʦʨʥʳʭ ʥʝʡʨʦʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ 

ʧʨʠʥʮʠʧʦʚ ʮʠʬʨʦʚʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷè ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʮʝʣʳʡ ʨʷʜ ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʠ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ [11]: 

 ïʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʜʦʩʪʫʧʥʦʩʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ, ʜʣʷ 

ʛʨʘʞʜʘʥ ʧʦʞʠʣʦʛʦ ʠ ʩʪʘʨʯʝʩʢʦʛʦ ʚʦʟʨʘʩʪʘ,  

ïʨʘʩʰʠʨʠʪʴ ʩʧʝʢʪʨ ʩʝʨʚʠʩʥʳʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ ʥʘʩʝʣʝʥʠʶ,  

ïʨʝʘʣʴʥʦ ʚʥʝʜʨʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʜʠʮʠʥʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ, 

 ïʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʦʢʘʟʘʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʥʘ ʚʩʝʭ ʝʝ ʵʪʘʧʘʭ ʟʘ ʩʯʝʪ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʳʩʪʨʦʛʦ ʠ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʚʦʚʣʝʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩ ʦʢʘʟʘʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ 

ʧʦʤʦʱʠ ʤʝʜʠʮʠʥʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ ʠ ʩʘʤʦʛʦ ʧʘʮʠʝʥʪʘ, 

ïʨʝʘʣʠʟʫʝʪʩʷ ʤʦʪʠʚʘʮʠʷ ʧʘʮʠʝʥʪʘ, ʢʘʢ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʚʨʘʯʝʙʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʪʘʢ ʠ 

ʥʘ ʚʝʜʝʥʠʝ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ, ʫʧʦʪʨʝʙʣʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ 

ʧʠʪʘʥʠʷ, ʜʦʟʠʨʦʚʘʥʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ.  

ʅʦʚʳʝ ʢʦʤʧʝʪʝʥʮʠʠ ʧʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʵʥʜʦʢʨʠʥʦʣʦʛʠʷ ʠ ʧʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʣʦʛʠʷ  

ʅʦʚʳʝ ʢʦʤʧʝʪʝʥʮʠʠ ʧʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʵʥʜʦʢʨʠʥʦʣʦʛʠʷ ʠ ʧʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʣʦʛʠʷ 

ʠʛʨʘʶʪ ʩʦʚʨʝʤʝʥʥʫʶ ʨʦʣʴ ʚ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʥʘʫʢʝ ʠ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ 

ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ [11]. ʅʘʣʠʯʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ 

ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ, ʧʦʟʚʦʣʷʶʪ ʛʣʫʙʞʝ 

ʠʩʩʣʝʜʦʚʘʪʴ ʧʝʨʝʢʨʝʩʪʥʳʝ ʥʝʡʨʦʩʝʪʝʚʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʤʠʢʨʦʙʠʦʪʦʡ ʠ ʠʤʤʫʥʥʳʤʠ 

ʨʝʘʢʮʠʷʤʠ ʯʝʣʦʚʝʢʘ [11].  

ʀʤʤʫʥʥʳʡ ʛʦʤʝʦʩʪʘʟ ð ɻ ʪʦ ʙʘʣʘʥʩ ʤʝʞʜʫ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʣʝʨʘʥʪʥʦʩʪʴʶ ʠ 

ʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʠʤʤʫʥʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ð ̫ ʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚ ʠʩʭʦʜʝ 

ʟʜʦʨʦʚʴʷ ʠʣʠ ʙʦʣʝʟʥʠ. ɿʜʦʨʦʚʘʷ ʤʠʢʨʦʙʠʦʪʘ ð ɻ ʪʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʠʢʨʦʙʦʚ ʦʪʜʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʠ ʩʠʩʪʝʤ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʝ 

ʙʠʦʭʠʤʠʯʝʩʢʦʝ, ʤʝʪʘʙʦʣʠʯʝʩʢʦʝ ʠ ʠʤʤʫʥʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʤʘʢʨʦʦʨʛʘʥʠʟʤʘ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʩʦʭʨʘʥʝʥʠʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ. 

ʄʠʢʨʦʙʠʦʪʘ ʢʠʰʝʯʥʠʢʘ ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʫ ʠ ʢʘʯʝʩʪʚʦ ʠʤʤʫʥʥʦʡ 

ʩʠʩʪʝʤʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʤʤʫʥʥʘʷ ʩʠʩʪʝʤʘ ʦʧʨʝʜʝʣʷʝʪ ʩʦʩʪʘʚ ʠ ʣʦʢʘʣʠʟʘʮʠʶ ʤʠʢʨʦʙʠʦʪʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʜʦʨʦʚʘʷ ʤʠʢʨʦʙʠʦʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʦʜʫʣʠʨʫʝʪ ʢʠʰʝʯʥʳʡ ʠ 

ʩʠʩʪʝʤʥʳʡ ʠʤʤʫʥʥʳʡ ʛʦʤʝʦʩʪʘʟ. 

ʊʠʨʘʞʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʧʠʪʘʥʠʷ: ʩʪʨʘʪʝʛʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʤʫʥʠʪʝʪʘ ʠ 

ʟʜʦʨʦʚʦʡ ʤʠʢʨʦʙʠʦʪʳ ï ʦʪ ʟʜʦʨʦʚʴʷ ʤʘʪʝʨʠ ʠ ʨʝʙʝʥʢʘ ʜʦ ʘʢʪʠʚʥʦʛʦ ʜʦʣʛʦʣʝʪʠʷ 80+, 90 ʣʝʪ ʠ 

ʩʪʘʨʰʝ. 

ɸʚʪʦʨʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ [12], ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.com 

ʊ. 6. ˉ11. 2020 

https://doi.org/10.33619/2414-2948/60 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 100 

 

ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʜʣʷ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʤʠʢʨʦʙʠʦʪʦʡ ʠ ʠʤʤʫʥʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ʯʝʣʦʚʝʢʘ.  

ʊʠʨʘʞʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʧʠʪʘʥʠʷ: ʩʪʨʘʪʝʛʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʤʫʥʠʪʝʪʘ ʠ 

ʟʜʦʨʦʚʦʡ ʤʠʢʨʦʙʠʦʪʳ ð ʦʪ ʟʜʦʨʦʚʴʷ ʤʘʪʝʨʠ ʠ ʨʝʙʝʥʢʘ ʜʦ ʘʢʪʠʚʥʦʛʦ ʜʦʣʛʦʣʝʪʠʷ 80+, 90 ʣʝʪ ʠ 

ʩʪʘʨʰʝ, ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʮʝʣʳʡ ʨʷʜ ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ [12]: 

ïʩʦʟʜʘʥʠʝ ʥʦʚʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʡ, ʤʠʢʨʦʙʠʦʪʠʯʝʩʢʦʡ ʠ ʜʠʝʪʠʯʝʩʢʦʡ  

ʟʘʱʠʪʳ Homo sapiens ʠ ʤʦʟʛʘ H. sapiens, ʩ ʧʦʤʦʱʴʶ ʩʦʟʜʘʥʠʷ (ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ)  

ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʟʜʦʨʦʚʦʡ ʙʠʦʤʠʢʨʦʙʠʦʪʳ, 

ïʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʜʣʷ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʟʜʦʨʦʚʦʡ ʤʠʢʨʦʙʠʦʪʦʡ ʠ ʠʤʤʫʥʥʳʤʠ ʨʝʘʢʮʠʷʤʠ 

ʯʝʣʦʚʝʢʘ. 

ɺʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʧʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʵʥʜʦʢʨʠʥʦʣʦʛʠʷ ʠ 

ʧʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʣʦʛʠʷ, ʧʦʟʚʦʣʠʣʘ: 

ïʩʦʟʜʘʥʠʶ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ð ʥʦʚʘʷ ʫʧʨʘʚʣʷʝʤʘʷ 

ʟʜʦʨʦʚʘʷ ʙʠʦʤʠʢʨʦʙʠʦʪʘ ʠ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ 

ʧʠʪʘʥʠʝ çʤʦʟʛʘ ʠ ʤʠʢʨʦʙʠʦʪʳè ð ʢʘʢ ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʤʝʜʠʮʠʥʩʢʘʷ ʧʨʦʛʨʘʤʤʘ ʧʘʮʠʝʥʪʘ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʧʠʪʘʪʝʣʴʥʦʡ ʵʧʠʛʝʥʝʪʠʢʠ ʠ 

ʬʘʨʤʵʧʠʛʝʥʝʪʠʢʠ, ʘ ʛʣʘʚʥʦʝ  ʧʨʦʚʝʜʝʥʠʶ ʧʨʦʬʠʣʘʢʪʠʢʠ ʧʦʣʠʧʨʘʛʤʘʟʠʠ,  

ïʘʢʪʫʘʣʠʟʘʮʠʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʢʣʘʩʪʝʨʘ: ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ, ʟʜʦʨʦʚʘʷ 

ʙʠʦʤʠʢʨʦʙʠʦʪʘ, ʟʜʦʨʦʚʳʡ ʦʙʨʘʟ ʞʠʟʥʠ ʠ ʫʧʨʘʚʣʷʝʤʦʝ ʟʘʱʠʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʥʘʛʨʫʟʢʘ/ʧʝʨʝʛʨʫʟʢʘ 

ð ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʨʘʙʦʪʫ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʝʝ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʠʤʤʫʥʥʦʛʦ 

ʦʪʚʝʪʘ ʥʘ ʧʘʥʜʝʤʠʯʝʩʢʠʝ ʘʪʘʢʠ, 

ïʪʠʨʘʞʠʨʦʚʘʥʠʶ ʦʩʥʦʚʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʝʪʦʜʠʢ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʡ 

ʟʘʱʠʪʳ ʟʜʦʨʦʚʦʛʦ ʩʪʘʨʝʥʠʷ ʠ ʜʦʣʛʦʣʝʪʠʷ ʯʝʣʦʚʝʢʘ ʨʘʟʫʤʥʦʛʦ, 

ïʘʢʪʫʘʣʠʟʘʮʠʠ ʥʦʚʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʨʦʣʠ ʠʤʤʫʥʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʠʢʨʦ- ʠ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, ʟʜʦʨʦʚʦʡ ʤʠʢʨʦʙʠʦʪʳ, ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ 

ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʥʘ ʠʥʬʝʢʮʠʦʥʥʳʝ çʚʳʟʦʚʳè, 

ïʪʠʨʘʞʠʨʦʚʘʥʠʶ ʘʚʪʦʨʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ [12], ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʧʨʘʚʣʷʪʴ ʦʩʪʨʳʤ ʠ 

ʭʨʦʥʠʯʝʩʢʠʤ ʩʪʨʝʩʩʦʤ, ʩʥʠʞʘʶʪ ʘʣʣʦʩʪʘʪʠʯʝʩʢʫʶ ʧʝʨʝʛʨʫʟʢʫ, ʧʦʚʳʰʘʶʪ 

ʥʝʡʨʦʧʣʘʩʪʠʯʥʦʩʪʴ ʤʦʟʛʘ, ʚʢʣʶʯʘʶʪ ʛʠʙʨʠʜʥʳʝ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ 

ʤʝʪʦʜʠʢʠ ʥʝʡʨʦʨʝʘʙʠʣʠʪʘʮʠʠ ʠ ʧʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʨʝʘʙʠʣʠʪʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʝ ʠ ʚʦʟʨʘʩʪ ð ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʭʨʦʥʠʯʝʩʢʠʝ 

ʟʘʙʦʣʝʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʤʝʩʪʦ ʪʘʢʠʝ ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʢʘʢ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʛʝʥʦʤʘ ʠ ʵʧʠʛʝʥʦʤʘ, ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʭʨʦʥʠʯʝʩʢʦʝ ʚʦʩʧʘʣʝʥʠʝ, 

ʫʢʦʨʦʯʝʥʠʝ ʪʝʣʦʤʝʨ, ʫʪʨʘʪʘ ʧʨʦʪʝʦʩʪʘʟʠʩʘ, ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ ʜʠʩʬʫʥʢʮʠʠ, ʢʣʝʪʦʯʥʦʝ 

ʩʪʘʨʝʥʠʝ, ʠʩʪʦʱʝʥʠʝ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʠ ʥʘʨʫʰʝʥʠʝ ʤʝʞʢʣʝʪʦʯʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʥʠʮʠʠʨʫʶʪʩʷ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʧʠʪʘʥʠʝʤ ʠ ʜʠʩʙʘʣʘʥʩʦʤ 

ʩʠʤʙʠʦʪʠʯʝʩʢʦʡ ʢʠʰʝʯʥʦʡ ʤʠʢʨʦʙʠʦʪʳ. 

ʉʫʤʤʘʨʥʳʡ ʛʝʥʦʤ ʥʦʨʤʘʣʴʥʦʡ ʤʠʢʨʦʙʠʦʪʳ ʩʦʜʝʨʞʠʪ ʚ 100 ʨʘʟ ʙʦʣʴʰʝ ʛʝʥʦʚ, ʯʝʤ 

ʛʝʥʦʤ ʯʝʣʦʚʝʢʘ. ɺ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʥʦʨʤʘʣʴʥʦʡ ʤʠʢʨʦʬʣʦʨʝ 

ʯʝʣʦʚʝʢʘ, ʵʚʦʣʶʮʠʦʥʥʦ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʤʝʞʢʣʝʪʦʯʥʳʝ ʩʝʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʠʩʪʝʤʫ 

ʪʨʦʬʠʯʝʩʢʠʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʚʥʫʪʨʠ ʢʠʰʝʯʥʦʛʦ ʤʠʢʨʦʙʠʦʮʝʥʦʟʘ. ʋʯʠʪʳʚʘʷ, 

ʯʪʦ 90% ʵʥʝʨʛʠʠ ʜʣʷ ʢʣʝʪʦʢ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʠʰʝʯʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.com 

ʊ. 6. ˉ11. 2020 

https://doi.org/10.33619/2414-2948/60 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 101 

 

ʠ ʠʤʝʥʥʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʷʚʣʷʶʪʩʷ  ʢʣʶʯʝʚʳʤ ʟʚʝʥʦʤ, ʩʪʘʨʪʝʨʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʘ ʟʘʪʝʤ 

ʵʚʦʣʶʮʠʠ ʠ ʵʧʠʛʝʥʝʪʠʢʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʞʠʟʥʠ, ʚʢʣʶʯʘʷ ʯʝʣʦʚʝʢʘ, ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ ð 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʧʨʘʚʣʝʥʠʝ ʙʠʦʵʥʝʨʛʠʝʡ. 

ʄʦʣʝʢʫʣʷʨʥʳʤʠ, ʢʣʝʪʦʯʥʳʤʠ ʠ ʩʨʝʜʦʚʳʤʠ ʦʩʥʦʚʘʤʠ ʟʜʦʨʦʚʴʷ ʠ ʜʦʣʛʦʣʝʪʠʷ ʷʚʣʷʶʪʩʷ 

ʤʝʪʘʛʝʥʦʤ ʠ ʵʧʠʛʝʥʦʤ ʯʝʣʦʚʝʢʘ, ʘ ʧʦʣʥʦʮʝʥʥʦʩʪʴ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ H. sapiens ð ̫ ʚʣʷʶʪʩʷ ʤʥʦʛʦʤʘʩʰʪʘʙʥʳʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ʀʤʤʫʥʥʘʷ ʩʠʩʪʝʤʘ ʯʝʣʦʚʝʢʘ ʠ ʤʠʢʨʦʙʠʦʪʘ ʩʦʚʤʝʩʪʥʦ ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ, ʠ ʠʭ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ ʩʠʩʪʝʤʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʞʠʟʥʠ. ʕʪʘ ʪʝʩʥʘʷ 

ʘʩʩʦʮʠʘʮʠʷ ʠ ʦʙʱʠʡ ʩʦʩʪʘʚ, ʠ ʙʦʛʘʪʩʪʚʦ ʤʠʢʨʦʙʠʦʪʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʤʦʜʫʣʷʮʠʠ 

ʠʤʤʫʥʠʪʝʪʘ ʭʦʟʷʠʥʘ ʠ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ ʧʨʠ ʚʘʢʮʠʥʘʮʠʠ. 

 

ɺʳʚʦʜʳ 

ïʅʦʚʳʝ ʢʦʤʧʝʪʝʥʮʠʠ ʧʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʵʥʜʦʢʨʠʥʦʣʦʛʠʠ ʠ ʧʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʣʦʛʠʷ 

ʠʛʨʘʶʪ ʩʦʚʨʝʤʝʥʥʫʶ ʨʦʣʴ ʚ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʥʘʫʢʝ ʠ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ 

ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ. 

ïɺʥʝʜʨʝʥʠʷ ʤʥʦʛʦʚʝʢʪʦʨʥʳʭ ʥʝʡʨʦʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʧʨʠʥʮʠʧʦʚ 

ʮʠʬʨʦʚʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʥʝʡʨʦʙʳʪʘ ʠ 

ʥʝʡʨʦʤʘʨʢʝʪʠʥʛʘ. 

ïʉʦʚʨʝʤʝʥʥʳʡ ʥʝʡʨʦʙʳʪ ʠ ʥʝʡʨʦʤʘʨʢʝʪʠʥʛ ʚʳʩʪʨʘʠʚʘʶʪ ʚʦʢʨʫʛ H. sapiens ʚ ʨʘʤʢʘʭ 

çʨʘʟʫʤʥʦʡ ʩʨʝʜʳè ð çʟʜʦʨʦʚʦʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦè. 

ïʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʮʠʬʨʦʚʳʤ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝʤ, ʷʚʣʷʝʪʩʷ 

ʧʘʮʠʝʥʪʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʘʨʘʜʠʛʤʦʡ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. 

ïʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʥʦʚʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʤʥʦʛʦʚʝʢʪʦʨʥʳʭ ʥʝʡʨʦʪʝʭʥʦʣʦʛʠʡ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʧʨʠʥʮʠʧʦʚ ʮʠʬʨʦʚʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ð ɻ ʪʦ ʧʝʨʝʭʦʜ ʥʘ 

ʥʦʚʳʡ ʵʪʘʧ ʢʦʤʧʣʘʝʥʩʘ çɺʨʘʯïʧʘʮʠʝʥʪè. 

ïɸʣʛʦʨʠʪʤʳ ʠ ʤʘʨʰʨʫʪʠʟʘʮʠʷ ʮʠʬʨʦʚʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʩ ʨʘʩʰʠʨʝʥʠʝʤ 

ʧʩʠʭʦʥʝʡʨʦʢʦʤʤʫʥʠʢʘʮʠʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠʥʪʝʨʝʩʦʚ ʚ ʤʝʜʠʮʠʥʝ, ʵʢʦʥʦʤʠʢʝ, ʩʦʮʠʦʣʦʛʠʠ, 

ʢʫʣʴʪʫʨʦʣʦʛʠʠ, ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʧʦʩʪʘʚʣʝʥʥʳʭ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ 

ʥʘʮʠʦʥʘʣʴʥʦʤ ʧʨʦʝʢʪʝ çɼʝʤʦʛʨʘʬʠʷè. 

ïɺʥʝʜʨʝʥʠʝ çɻʝʨʠʘʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʦʩʪʫʧʥʦʩʪʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʚʥʝʜʨʝʥʠʷ ʤʥʦʛʦʚʝʢʪʦʨʥʳʭ ʥʝʡʨʦʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ 

ʧʨʠʥʮʠʧʦʚ ʮʠʬʨʦʚʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷè ð ʩʪʨʘʪʝʛʠʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ 

ʚ ʨʝʛʠʦʥʝ. 

ïʅʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʮʠʬʨʦʚʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʘʢʪʫʘʣʠʟʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʧʨʦʛʥʦʟʦʚ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʳ. 
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ɸʥʥʦʪʘʮʠʷ. ʀʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʦʣʦʪʦʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʦʩʦʙʝʥʥʦ ʥʘ 

ʨʘʟʚʝʜʳʚʘʝʤʳʭ ʥʦʚʳʭ ʫʯʘʩʪʢʘʭ. ɹʝʟ ʜʦʩʪʦʚʝʨʥʦʛʦ ʟʥʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ 

ʤʝʭʘʥʠʟʤʦʚ ʨʫʜʦʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʨʫʜʥʳʭ ʟʘʣʝʞʝʡ, ʥʝʚʦʟʤʦʞʥʳ 

ʜʦʩʪʦʚʝʨʥʳʝ ʥʘʫʯʥʳʝ ʧʨʦʛʥʦʟʳ ʨʫʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʪʝʨʨʠʪʦʨʠʡ, ʵʬʬʝʢʪʠʚʥʦʝ ʥʘʨʘʱʠʚʘʥʠʝ 

ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʩʪʘʙʠʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ 

ʦʪʨʘʩʣʠ. ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ 

ʠʤʝʥʥʦ ʵʪʠʭ ʢʣʶʯʝʚʳʭ ʚʦʧʨʦʩʦʚ ʧʨʦʙʣʝʤʳ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʵʪʦʤ ʠ ʩʦʩʪʦʠʪ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʨʦʣʠ ʜʘʝʢ ʗʭʪʦʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʢʘʢ ʚʘʞʥʝʡʰʠʭ 

ʩʪʨʫʢʪʫʨʥʦ-ʚʝʱʝʩʪʚʝʥʥʳʭ ʠ ʨʫʜʦʥʝʩʫʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʜʫʱʠʭ ʪʠʧʦʚ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʨʫʜʥʦʛʦ ʧʦʣʷ 

ʷʚʣʷʝʪʩʷ ʪʝʩʥʘʷ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʦʨʫʜʝʥʝʥʠʷ ʧʦʨʦʜʘʤʠ ʜʘʡʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʆʨʫʜʝʥʝʥʠʝ ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ ʜʚʫʭ ʷʨʫʩʘʭ ʠ ʠʤʝʝʪ ʙʠʤʝʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ (ʟʦʣʦʪʦ, ʚʦʣʴʬʨʘʤ). ɺ 

ʚʝʨʭʥʝʤ ʷʨʫʩʝ ʦʨʫʜʝʥʝʥʠʝ ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ ʨʘʤʳ ʗʭʪʦʥʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ 

(ʚ ʦʩʥʦʚʥʦʤ ʛʨʘʥʘʪ-ʧʠʨʦʢʩʝʥʦʚʦʛʦ ʩʦʩʪʘʚʘ). ɺ ʥʠʞʥʝʤ ʷʨʫʩʝ ʦʨʫʜʝʥʝʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʪʝʢʪʦʥʠʯʝʩʢʠ-ʦʩʣʘʙʣʝʥʥʦʡ ʟʦʥʦʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʚʤʝʱʘʶʱʝʡ 

ʩʫʙʧʘʨʘʣʣʝʣʴʥʳʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʟʦʥʳ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Au ʠ W ʠ 

ʯʘʩʪʴ ʜʘʝʢ ʗʭʪʦʥʩʢʦʛʦ ʘʨʝʘʣʘ. ɺʳʷʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ, ʚʦʟʨʘʩʪʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ ʦʨʫʜʝʥʝʥʠʷ ʩ ʤʘʛʤʘʪʠʟʤʦʤ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ 

ʤʝʪʘʣʣʦʛʝʥʠʠ. 
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Abstract. The study of mineralogical and geochemical properties of gold deposits is an urgent 

task for the geological industry, especially in the new areas under study. Without reliable 

information about the geological factors that lead to the formation of ore deposits and the 

mechanisms of deposit accumulation, it is impossible to ensure reliable scientific forecasting of the 

mineral potential of the regions, the effective creation of mineral resources of enterprises and 

mining, the stable operation of the mining industry. Our study of gold deposits was aimed at 

understanding these important issues of the ore formation problem. This is the urgency of the case.  

The role of the dictators of the Yakhton ore deposit as important structural material and mineral 

components of the leading types of ore-magmatic systems is being assessed. A peculiar feature of 

the geological structure of the ore area is the close paragenetic relationship of mineralization by 

rocks of the dike kids complex. Mineralization is localized in two stages and has bimetallic 

properties (gold, tungsten). The mineralization in the upper layer is localized in the corpus 

carbonate rocks of Yakhton (mainly garnet-pyroxene content). In the lower stage, mineralization is 

governed by a northeastern tectonic attenuation zone, which includes area concentrations of Au and 

W and areal mineralized zones that are part of the dike of the Yakhton region. Determining the 

spatial, age, and genetic relationships of mineralization with magmatism is a major problem of 

metallogeny. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʤʘʪʠʟʤ, ʜʘʡʢʘ, ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʛʨʘʥʠʪʦʠʜʥʳʡ 

ʠʥʪʨʫʟʠʚ, ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ, ʦʨʫʜʝʥʝʥʠʝ. 

 

Keywords: magmatism, dike, ore-magmatic systems, granitoid intrusion, enclosing rocks, 

mineralization. 

 

ɼʘʡʢʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʷʚʣʷʶʱʠʝʩʷ ʦʜʥʠʤ ʠʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʠ ʨʫʜʥʦʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʨʝʰʝʥʠʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʛʝʦʣʦʛʠʠ, ʛʝʦʜʠʥʘʤʠʢʠ, ʧʝʪʨʦʣʦʛʠʠ ʠ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ. ɺ 

ʧʦʜʦʙʥʳʭ ʨʫʜʥʦʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʘʡʢʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʘʞʥʝʡʰʠʤ 

ʩʪʨʫʢʪʫʨʥʦ-ʚʝʱʝʩʪʚʝʥʥʳʤ, ʥʦ ʠ ʨʫʜʦʥʝʩʫʱʠʤ ʢʦʤʧʦʥʝʥʪʦʤ.  

ʇʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦ ʤʥʦʛʠʭ ʧʫʙʣʠʢʘʮʠʷʭ ʦʪʨʘʞʘʝʪʩʷ ʦʩʦʙʘʷ ʨʦʣʴ ʜʘʝʢ. ɼʘʡʢʘʤ 

ʧʨʠʥʘʜʣʝʞʠʪ ʦʧʨʝʜʝʣʷʶʱʘʷ ʨʦʣʴ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʚʦʟʨʘʩʪʥʦʛʦ ʨʘʩʯʣʝʥʝʥʠʷ ʠ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʥʦʪʠʧʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʠ ʬʦʨʤʘʮʠʦʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʮʝʥʢʝ ʠʭ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʨʫʜʦʥʦʩʥʦʩʪʠ. ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʢʘʩʘʶʪʩʷ ʜʘʝʢ ð 

ʧʨʦʠʟʚʦʜʥʳʭ ʦʩʥʦʚʥʳʭ ʠ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʩʨʝʜʥʠʭ ʠ ʢʠʩʣʳʭ ʤʘʛʤ, ʚʟʘʠʤʦʩʚʷʟʠ ʜʘʡʢʦʚʳʭ 

ʧʦʨʦʜ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ [1ï4]. 

ʀʟʫʯʝʥʠʝ ʜʘʡʢʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʠʭ ʩ ʦʨʫʜʝʥʝʥʠʝʤ ʟʘʥʠʤʘʝʪ 

ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʢʦʤʧʣʝʢʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʫʜʥʳʭ ʧʦʣʝʡ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʦʥʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʮʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʠ ʚʳʷʩʥʝʥʠʠ ʤʝʩʪʘ ʦʨʫʜʝʥʝʥʠʷ ʚ ʦʙʱʝʡ ʵʚʦʣʶʮʠʠ ʨʫʜʦʥʦʩʥʳʭ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ. ɸʥʘʣʠʟ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʜʘʝʢ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ ʨʫʜʘʤʠ ʥʝʦʙʭʦʜʠʤ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʝʩʣʠ ʥʝ ʟʘʨʦʞʜʝʥʠʷ, ʪʦ, ʚʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ ʨʘʟʚʠʪʠʷ ʪʝʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʘʨʢʠʨʫʶʪʩʷ ʜʘʡʢʘʤʠ ʠ ʨʫʜʘʤʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʫʜʥʳʭ ʧʦʣʝʡ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʰʠʨʦʢʦʝ 

ʨʘʟʚʠʪʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʜʘʝʢ ʥʘ ʗʭʪʦʥʩʢʦʛʦ ʜʘʡʢʦʚʦʛʦ ʨʦʷ, ʠʛʨʘʶʱʠʭ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʩʪʨʦʝʥʠʠ ʧʦʩʣʝʜʥʝʛʦ, ʦʧʨʝʜʝʣʷʝʪ ʧʦʩʪʘʥʦʚʢʫ ʚʦʧʨʦʩʘ [5]. 
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ɻʣʘʚʥʝʡʰʠʝ ʪʠʧʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʘʡʢʦʚʳʭ ʪʝʣ 

ʗʭʪʦʥʩʢʠʡ ʜʘʡʢʦʚʳʡ ʘʨʝʘʣ (ʨʦʡ) ʨʘʩʧʦʣʦʞʝʥ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʝʚʝʨʥʦʛʦ ʩʝʛʤʝʥʪʘ 

ʏʘʢʳʣʢʘʣʷʥʩʢʦʛʦ ʤʝʛʘʙʣʦʢʘ ɿʘʨʘʬʰʘʥʦ-ɸʣʘʡʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʡ ʟʦʥʳ. ɸʨʝʘʣ 

ʠʤʝʝʪ ʬʦʨʤʫ ʙʣʠʟʢʫʶ ʢ ʵʣʣʠʧʩʦʚʠʜʥʦʡ, ʩ ʜʣʠʥʦʡ ʦʩʴʶ ʜʣʠʥʦʡ ʧʦʨʷʜʢʘ 4,0 ʢʤ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʜʦʣʴ ʦʩʥʦʚʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ. 

ʂʦʨʦʪʢʘʷ ʦʩʴ ʜʣʠʥʦʡ ʦʢʦʣʦ 3,0 ʢʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ 

ʩʦʚʧʘʜʘʝʪ ʩ ʤʦʣʦʜʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʘʥʪʠʪʷʥʴʰʘʥʴʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʏʘʢʳʣʢʘʣʷʥʩʢʦʛʦ ʤʝʛʘʙʣʦʢʘ 

ʦʪʥʦʩʷʪʩʷ ʢ ʜʚʫʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʤ ʩʪʘʜʠʷʤ.  

ʅʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʚ ʧʦʟʜʥʝʤ ʢʘʨʙʦʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚʥʝʜʨʝʥʠʝ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ 

ʫʟʣʦʚʦʡ ʧʦʟʠʮʠʠ ʛʨʘʥʠʪʦʠʜʦʚ ʛʠʧʘʙʠʩʩʘʣʴʥʦʡ ʬʘʮʠʠ ʛʣʫʙʠʥʥʦʩʪʠ, ʦʪʥʦʩʠʤʳʭ ʢ ʭ̫ʪʦʥʩʢʦʤʫ 

ʜʠʦʨʠʪ-ʛʨʘʥʦʜʠʦʨʠʪʦʚʦʤʫ ʢʦʤʧʣʝʢʩʫ, ʧʦʨʦʜʳ ʢʦʪʦʨʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʧʨʝʜʝʣʘʭ 

ʏʘʢʳʣʢʘʣʷʥʩʢʠʭ ʛʦʨ ʚ ʚʠʜʝ ʥʝʙʦʣʴʰʠʭ ʧʦ ʨʘʟʤʝʨʘʤ ʠʥʪʨʫʟʠʚʥʳʭ ʪʝʣ. ʂʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ 

ʨʫʜʦʧʨʦʜʫʢʪʠʚʥʳʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʢʘʨʥʦʚʦ-ʰʝʝʣʠʪʦʚʦʛʦ ʦʨʫʜʝʥʝʥʠʷ [6].  

ʇʦʟʜʥʷʷ ʩʪʘʜʠʷ ʤʘʛʤʘʪʠʟʤʘ ʏʘʢʳʣʢʘʣʷʥʩʢʦʛʦ ʤʝʛʘʙʣʦʢʘ ð ʜʘʡʢʦʚʘʷ, ʦʙʲʝʜʠʥʷʶʱʘʷ 

ʣʘʤʧʨʦʬʠʨʳ ʘʣʤʘʣʳʩʘʡʩʢʦʛʦ ʛʘʙʙʨʦ-ʤʦʥʮʦʥʠʪ-ʩʠʝʥʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʈ-ʊ) ʠ ʱʝʣʦʯʥʳʝ 

ʙʘʟʘʣʴʪʦʠʜʳ ʶʞʥʦ-ʪʷʥʴʰʘʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʊ2ï3) [7]. 

ɸʨʝʘʣ ʩʣʦʞʝʥ ʜʘʡʢʘʤʠ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʩʝʨʠʡ: ʛʨʘʥʠʪʦʠʜʥʦʡ (ʘʧʣʠʪʦʚʠʜʥʳʝ ʛʨʘʥʠʪ-

ʧʦʨʬʠʨʳ, ʣʝʡʢʦʛʨʘʥʠʪʳ, ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʛʨʘʥʠʪʳ, ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʳ), ʣʘʤʧʨʦʬʠʨʦʚʦʡ 

(ʢʝʨʩʘʥʪʠʪʳ, ʩʧʝʩʩʘʨʪʠʪʳ, ʚʦʛʝʟʠʪʳ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʜʠʦʨʠʪʦʚʳʤʠ ʧʦʨʬʠʨʠʪʘʤʠ), ɦ ʝʣʦʯʥʳʭ 

ʙʘʟʘʣʴʪʦʠʜʦʚ (ʢʘʤʧʪʦʥʠʪʳ, ʤʦʥʯʠʢʠʪʳ).  

ɼʘʡʢʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ, ʨʝʞʝ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ, ʥʘʧʨʘʚʣʝʥʠʡ 

(ʈʠʩʫʥʦʢ 1). ʄʦʱʥʦʩʪʴ ʜʘʝʢ ʚʘʨʴʠʨʫʝʪ ʦʪ 0,4 ʤ ʜʦ 30 ʤ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʦʪ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ ʜʦ 1,3 ʢʤ (ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ 100ï300 ʤ). ɼʘʡʢʠ ʧʨʦʨʳʚʘʶʪ 

ʗʭʪʦʥʩʢʠʡ ʛʨʘʥʠʪʦʠʜʥʳʡ ʠʥʪʨʫʟʠʚ ʠ ʚʤʝʱʘʶʱʠʝ ʝʛʦ ʥʠʞʥʝ-ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʝ 

(ʚʫʣʢʘʥʦʛʝʥʥʦ)-ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʪʦʣʱʠ. ɺ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʜʘʡʢʦʚʦʛʦ ʘʨʝʘʣʘ 

ʚʳʷʚʣʝʥʦ ʪʨʫʙʢʦʦʙʨʘʟʥʦʝ ʪʝʣʦ ʩʧʝʩʩʘʨʪʠʪʦʚ ʵʣʣʠʧʩʦʚʠʜʥʦʡ ʬʦʨʤʳ ʩ ʜʣʠʥʥʦʡ ʦʩʴʶ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʚ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʈʘʟʤʝʨʳ ʪʨʫʙʢʦʦʙʨʘʟʥʦʛʦ ʪʝʣʘ 80 Ĭ 

35ï40 ʤ [5]. 

ʃʝʡʢʦʛʨʘʥʠʪʳ ʠ ʘʧʣʠʪʳ ʨʘʟʚʠʪʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʵʥʜʦʢʦʥʪʘʢʪʦʚʳʭ ʯʘʩʪʷʭ 

ʠʥʪʨʫʟʠʚʘ ʚ ʚʠʜʝ ʜʘʝʢ ʠ ʞʠʣ ʤʦʱʥʦʩʪʴʶ 0,1ï0,3 ʤ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʜʦ 30ï50 ʤ ʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʉɺ ʧʨʦʩʪʠʨʘʥʠʷ.  

ɻʨʘʥʠʪʦʠʜʥʳʝ ʜʘʡʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʚʝʪʣʦ-ʨʦʟʦʚʳʝ ʠ ʩʚʝʪʣʦ-ʩʝʨʳʝ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʧʦʨʦʜʳ. ʉʨʝʜʠ ʥʠʭ ʧʨʝʦʙʣʘʜʘʶʪ ʘʧʣʠʪʦʚʠʜʥʳʝ ʛʨʘʥʠʪ-ʧʦʨʬʠʨʳ, ʩʦʩʪʦʷʱʠʝ 

ʠʟ ʧʣʘʛʠʦʢʣʘʟ ð 25ï35%, ʢʚʘʨʮ ð 25ï30%, ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ð 25ï35%, ʤʘʛʥʝʪʠʪ ð 

1ï2%, ʩʦʩʩʶʨʠʪ (ʧʦ ʧʣʘʛʠʦʢʣʘʟʫ) ð 3ï7%.  

ʉʪʨʫʢʪʫʨʘ ð ʨʝʟʢʦ ʥʝʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʘʷ ʛʨʘʥʦʙʣʘʩʪʦʚʘʷ (ʧʦʨʬʠʨʦʚʘʷ), ʪʝʢʪʫʨʘ 

ʤʘʩʩʠʚʥʘʷ. ʇʦʨʦʜʘ ʩʦʩʪʘʚʣʝʥʘ ʟʝʨʥʘʤʠ ʧʣʘʛʠʦʢʣʘʟʘ (ʜʦ 1 ʤʤ ʚ ʜʣʠʥʫ). ʇʦʣʠʩʠʥʪʝʪʠʯʝʩʢʦʝ 

ʜʚʦʡʥʠʢʦʚʘʥʠʝ ʚ ʥʠʭ ʥʝʩʢʦʣʴʢʦ ʟʘʚʫʘʣʠʨʦʚʘʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʨʦʷʚʣʝʥʥʦʡ ʩʦʩʩʶʨʠʪʠʟʘʮʠʝʡ. 

ʄʥʦʛʠʝ ʟʝʨʥʘ ʝʛʦ ʷʚʥʦ ʟʦʥʘʣʴʥʳʝ. 

ɿʝʨʥʘ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʜʚʫʭ ʚʠʜʘʭ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʝ ʝʛʦ 

ʧʦʨʬʠʨʦʚʳʝ ʚʳʜʝʣʝʥʠʷ ʨʝʜʢʠ ʠ ʠʤʝʶʪ ʧʦʧʝʨʝʯʥʠʢʠ ʜʦ 0,5 ʤʤ. ɹʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ 

ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ʚ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʩʦʯʝʪʘʶʱʠʡʩʷ ʚ ʦʩʥʦʚʥʦʡ 

ʤʠʢʨʦʟʝʨʥʠʩʪʦʡ ʤʘʩʩʝ ʩ ʢʚʘʨʮʝʤ, ʚ ʢʦʪʦʨʦʡ ʩʧʦʨʘʜʠʯʝʩʢʠ ʨʘʩʩʝʷʥʳ ʦʜʠʥʦʯʥʳʝ ʟʝʨʥʘ 

ʤʘʛʥʝʪʠʪʘ ʥʝ ʢʨʫʧʥʝʝ 0,15 ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ. 
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʩʪʨʦʝʥʠʷ ʎʝʥʪʨʘʣʴʥʦ-ʏʘʢʳʣʢʘʣʷʥʩʢʦʛʦ ʜʘʡʢʦʚʦʛʦ ʘʨʝʘʣʘ. 
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ʃʝʡʢʦʛʨʘʥʠʪʳ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʠʤʝʶʪ ʛʠʧʠʜʠʦʤʦʨʬʥʫʶ ʠ ʘʧʣʠʪʦʚʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʩʦʩʪʦʷʪ ʠʟ ʧʣʘʛʠʦʢʣʘʟʘ ʜʚʫʭ ʛʝʥʝʨʘʮʠʡ, ʘʤʬʠʙʦʣʘ, ʙʠʦʪʠʪʘ, ʱʝʣʦʯʥʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʠ 

ʢʚʘʨʮʘ. ʈʘʟʤʝʨ ʟʝʨʝʥ ʤʠʥʝʨʘʣʦʚ 0,08ï0,8 ʤʤ  (ʯʘʱʝ 0,3ï0,5 ʤʤ). ʇʣʘʛʠʦʢʣʘʟ I ʛʝʥʝʨʘʮʠʠ (ʜʦ 

0,5ï1,0 ʤʤ) ʥʝʯʝʪʢʦ ʟʦʥʘʣʴʥʳʡ, ʩ ʦʩʥʦʚʥʦʩʪʴʶ ʮʝʥʪʨʘʣʴʥʳʭ ʟʦʥ 18ï24% ɸn. ʇʣʘʛʠʦʢʣʘʟ II 

ʛʝʥʝʨʘʮʠʠ ʙʦʣʝʝ ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ (0,1ï0,7 ʤʤ), ʥʝʟʦʥʘʣʴʥʳʡ, ʦʪʥʦʩʠʪʩʷ ʢ ʢʠʩʣʦʤʫ ʦʣʠʛʦʢʣʘʟʫ 

ð 10ï16% ɸn. ɹʠʦʪʠʪ ʠ ʘʤʬʠʙʦʣ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʳ. ɸʢʮʝʩʩʦʨʥʳʝ 

ʤʠʥʝʨʘʣʳ  ʩʦʜʝʨʞʘʪʩʷ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʬʝʥʦʤ, ʘʧʘʪʠʪʦʤ, 

ʮʠʨʢʦʥʦʤ, ʝʜʠʥʠʯʥʳʤʠ ʟʝʨʥʘʤʠ ʧʠʨʠʪʘ, ʰʝʝʣʠʪʘ ʠ ʘʨʩʝʥʦʧʠʨʠʪʘ. ʆʥʠ ʚʢʣʶʯʝʥʳ ʚ 

ʪʝʤʥʦʮʚʝʪʥʳʝ ʤʠʥʝʨʘʣʳ, ʨʝʞʝ ʚ ʧʣʘʛʠʦʢʣʘʟ ʠ ʢʘʣʠʰʧʘʪ, ʢʦʪʦʨʳʡ ʚ ʵʪʠʭ ʧʦʨʦʜʘʭ ʯʘʱʝ 

ʩʣʘʙʦʨʝʰʝʪʯʘʪʳʡ, ʦʙʨʘʟʫʝʪ ʢʩʝʥʦʤʦʨʬʥʳʝ ʟʝʨʥʘ, ʩʦʜʝʨʞʠʪ ʠʛʦʣʴʯʘʪʳʡ ʧʝʨʪʠʪ-ʨʘʩʧʘʜʘ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ. ʂʚʘʨʮ ʧʨʝʜʩʪʘʚʣʝʥ ʦʢʨʫʛʣʝʥʥʳʤʠ ʠʜʠʦʤʦʨʬʥʳʤʠ ʟʝʨʥʘʤʠ, ʥʝʨʝʜʢʦ 

ʚʢʣʶʯʝʥʥʳʤʠ ʚ ʢʘʣʠʰʧʘʪ. 

ɻʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʳ ʠʤʝʶʪ ʨʝʟʢʦʧʦʨʬʠʨʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʢʨʫʧʥʳʤʠ (0,2ï2,0 ʩʤ) 

ʧʦʨʬʠʨʦʚʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ ʢʘʣʠʰʧʘʪʘ, ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʢʚʘʨʮʘ. ʊʝʤʥʦʮʚʝʪʥʳʝ ʤʠʥʝʨʘʣʳ 

(ʘʤʬʠʙʦʣ ʠ ʙʠʦʪʠʪ) ʚ ʧʦʨʬʠʨʦʚʳʭ ʚʳʜʝʣʝʥʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʦʣʝʝ ʤʝʣʢʠʤʠ ʟʝʨʥʘʤʠ (1ï3 

ʤʤ). ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʧʦʨʦʜʳ ʩʦʩʪʦʠʪ ʠʟ ʪʝʭ ʞʝ ʤʠʥʝʨʘʣʦʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʤʝʣʢʦ- ʠ 

ʩʨʝʜʥʝ-ʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʳʡ ʘʛʨʝʛʘʪ. ɹʣʠʞʝ ʢ ʵʥʜʦʢʦʥʪʘʢʪʫ ʜʘʝʢ ʨʘʟʤʝʨ ʟʝʨʝʥ ʤʠʥʝʨʘʣʦʚ 

ʨʝʟʢʦ ʧʘʜʘʝʪ ʜʦ ʤʠʢʨʦʟʝʨʥʠʩʪʳʭ ʠ ʧʝʨʝʭʦʜʠʪ ʚ ʟʦʥʫ ʟʘʢʘʣʢʠ ʩʦ ʩʪʝʢʣʦʚʘʪʦʡ ʦʩʥʦʚʥʦʡ ʤʘʩʩʦʡ. 

ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʧʘʪʠʪʦʤ, ʮʠʨʢʦʥʦʤ, ʩʬʝʥʦʤ, ʝʜʠʥʠʯʥʳʤʠ ʟʝʨʥʘʤʠ 

ʩʫʣʴʬʠʜʦʚ (ʧʠʨʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ), ʰʝʝʣʠʪʦʤ. 

ʂʝʨʩʘʥʪʠʪʳ ʠ ʩʧʝʩʩʘʨʪʠʪʳ ʗʭʪʦʥʩʢʦʛʦ ʜʘʡʢʦʚʦʛʦ ʨʦʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʦʪʣʠʯʘʶʪʩʷ 

ʪʦʣʴʢʦ ʭʘʨʘʢʪʝʨʦʤ ʪʝʤʥʦʮʚʝʪʥʦʛʦ ʤʠʥʝʨʘʣʘ. ɺ ʢʝʨʩʘʥʪʠʪʘʭ ʦʥ ʧʨʝʜʩʪʘʚʣʝʥ ʬʣʦʛʦʧʠʪ-

ʘʥʥʠʪʦʚʳʤ ʙʠʦʪʠʪʦʤ, ʘ ʚ ʩʧʝʩʩʘʨʪʠʪʘʭ ð ʦʙʳʢʥʦʚʝʥʥʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ. ʕʪʠ ʧʦʨʦʜʳ 

ʠʤʝʶʪ ʤʝʣʢʦ-ʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ. ʂʨʫʧʥʦʩʪʴ ʟʝʨʝʥ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ 

ʤʠʥʝʨʘʣʦʚ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʠ ʜʘʝʢ. ɺ ʙʦʣʝʝ ʤʦʱʥʳʭ ʜʘʡʢʘʭ ʨʘʟʤʝʨ ʟʝʨʝʥ 

ʜʦʩʪʠʛʘʝʪ 2,0 ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ. ʂʦʥʪʘʢʪʳ ʜʘʝʢ ʩ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʨʝʟʢʠʝ ʯʝʨʝʟ ʟʦʥʢʫ 

ʟʘʢʘʣʢʠ.  

ʉʧʝʩʩʘʨʪʠʪʳ ʚ ʧʨʝʜʝʣʘʭ ʘʨʝʘʣʘ ʦʙʨʘʟʫʶʪ ʜʚʘ ʪʠʧʘ ʪʝʣ: ʩʦʙʩʪʚʝʥʥʦ ʜʘʡʢʠ ʠ 

ʪʨʫʙʢʦʦʙʨʘʟʥʦʝ ʪʝʣʦ ʫ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʛʨʘʥʠʮʳ ʘʨʝʘʣʘ (ʈʠʩʫʥʦʢ 1). 

ʉʧʝʩʩʘʨʪʠʪʳ ʠʟ ʜʘʝʢ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʝʨʳʝ ʠ ʪʝʤʥʦ-ʩʝʨʳʝ ʧʦʨʦʜʳ ʠ ʠʤʝʶʪ ʯʝʪʢʦ 

ʦʙʦʟʥʘʯʝʥʥʫʶ ʧʦʨʬʠʨʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʤʠʢʨʦʟʝʨʥʠʩʪʦʡ ʦʩʥʦʚʥʦʡ ʤʘʩʩʦʡ, ʩʣʦʞʝʥʥʦʡ ʙʫʨʦʡ 

ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ, ʧʣʘʛʠʦʢʣʘʟʦʤ, ʙʠʦʪʠʪʦʤ, ʤʘʛʥʝʪʠʪʦʤ ʠ ʭʣʦʨʠʪʦʤ. 20-30% ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ 

ʩʣʦʞʝʥʦ ʙʫʨʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ (ʟʝʨʥʘ ʨʘʟʤʝʨʦʤ ʜʦ 0,2 ʤʤ ʚ ʜʣʠʥʫ) ʠ ʜʦ 5% ʙʠʦʪʠʪʦʤ 

(ʤʝʣʢʠʝ ʯʝʰʫʡʢʠ ʜʣʠʥʦʡ ʜʦ 0,1 ʤʤ). ɺ ʤʘʩʩʝ ʧʦʨʦʜʘ ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʘ (ʜʦ 10%). ʇʦ ʨʦʛʦʚʦʡ 

ʦʙʤʘʥʢʝ ʠ ʙʠʦʪʠʪʫ ʨʘʟʚʠʪ ʵʧʠʜʦʪ (1% ʦʪ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ). ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʩʦʩʪʘʚʣʷʝʪ 80ï

90% ʦʙʲʝʤʘ ʧʦʨʦʜʳ. ʇʦʨʬʠʨʦʚʳʝ ʚʳʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʣʘʛʠʦʢʣʘʟʦʤ (ʪʘʙʣʠʪʯʘʪʦ-

ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʦʤ ʜʦ 2,0Ĭ0,7 ʤʤ), ʪʦʥʢʦ ʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ ʦʙʦʩʦʙʣʝʥʠʷʤʠ 

ʙʫʨʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʜʣʠʥʦʡ ʜʦ 1,5 ʤʤ, ʨʝʜʢʠʤʠ ʥʝʧʨʘʚʠʣʴʥʦ ʪʘʙʣʠʪʯʘʪʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ 

ʙʠʦʪʠʪʘ ʩ ʧʦʧʝʨʝʯʥʠʢʘʤʠ ʜʦ 0,4 ʤʤ. ɺ ʥʝʢʦʪʦʨʳʭ ʟʝʨʥʘʭ ʧʣʘʛʠʦʢʣʘʟʘ ʧʨʦʷʚʣʝʥʦ 

ʧʦʣʠʟʦʥʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʩʣʘʙʳʡ ʢʘʪʘʢʣʘʟ. ʈʦʛʦʚʘʷ ʦʙʤʘʥʢʘ ʚ ʧʦʨʬʠʨʦʙʣʘʩʪʘʭ ʯʘʩʪʠʯʥʦ ʩ 

ʚʥʫʪʨʝʥʥʠʤ ʧʦʣʠʩʠʥʪʝʪʠʯʝʩʢʠʤ ʜʚʦʡʥʠʢʦʚʘʥʠʝʤ. ʀʥʦʛʜʘ ʦʥʘ ʥʘʮʝʣʦ ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʘ. 

ɹʠʦʪʠʪ ʚ ʧʦʨʬʠʨʦʚʳʭ ʚʳʜʝʣʝʥʠʷʭ ʯʘʩʪʠʯʥʦ (ʜʦ 30ï40%) ʟʘʤʝʱʝʥ ʭʣʦʨʠʪʦʤ ʠ ʵʧʠʜʦʪʦʤ. ɺ 

ʦʪʜʝʣʴʥʳʭ ʜʘʡʢʘʭ ʩʧʝʩʩʘʨʪʠʪʳ ʩʦʜʝʨʞʘʪ ʨʝʜʢʠʝ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʙʦʚʣʠʥʛʠʪʘ ʠ ʭʣʦʨʠʪʘ ʧʦ 

ʦʣʠʚʠʥʫ. 

ʉʧʝʩʩʘʨʪʠʪʳ ʠʟ ʪʨʫʙʢʦʦʙʨʘʟʥʦʛʦ ʪʝʣʘ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʩ ʠʥʪʝʨʩʝʨʪʘʣʴʥʦʡ, 

ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʦʡ, ʪʠʧʠʯʥʦʡ ʜʣʷ ʣʘʤʧʨʦʬʠʨʦʚ ʩʪʨʫʢʪʫʨʦʡ. ʊʝʢʩʪʫʨʘ ʤʘʩʩʠʚʥʘʷ ʩ 
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ʭʘʦʪʠʯʝʩʢʦʡ ʦʨʠʝʥʪʠʨʦʚʢʦʡ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ (ʠʛʦʣʴʯʘʪʳʭ) ʢʨʠʩʪʘʣʣʦʚ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ. 

ʉʦʩʪʘʚ: ʧʣʘʛʠʦʢʣʘʟ 50ï60%, ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ ʙʫʨʘʷ 35ï45%, ʩʝʨʠʮʠʪ ʧʦ ʧʣʘʛʠʦʢʣʘʟʫ 3ï5%, 

ʪʨʝʤʦʣʠʪ ʧʦ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʝ 1ï2%, ʘʧʘʪʠʪ 0,5ï1%. ʇʦʨʦʜʘ ʩʦʩʪʦʠʪ ʠʟ ʞʝʩʪʢʦ ʩʦʩʪʘʚʣʝʥʥʦʛʦ 

ʢʘʨʢʘʩʘ ʨʝʟʢʦ ʫʜʣʠʥʝʥʥʳʭ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʙʫʨʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ, ʩʣʘʙʦ 

ʟʘʤʝʱʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʜʠʥʦʯʥʳʤʠ ʠʛʣʦʚʠʜʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʪʨʝʤʦʣʠʪʘ, 

ʧʨʦʥʠʟʳʚʘʶʱʠʤʠ ʪʘʢʞʝ ʠ ʚʳʜʝʣʝʥʠʷ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ. ʇʣʝʦʭʨʦʠʟʤ 

ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʚ ʢʨʘʩʥʦ-ʙʫʨʳʭ ʪʦʥʘʭ ʥʝ ʠʥʪʝʥʩʠʚʥʳʡ. ʆʢʨʘʩʢʘ ʤʠʥʝʨʘʣʘ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʚ 

ʝʛʦ ʠʥʪʝʨʬʝʨʝʥʮʠʠ. ʇʣʘʛʠʦʢʣʘʟ ʠʥʪʝʨʩʪʠʮʠʦʥʥʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ ʟʘʧʦʣʥʷʝʪ ʧʨʦʤʝʞʫʪʢʠ 

ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʘʤʠ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʠʭ ʟʝʨʝʥ ʥʘ 15ï25% ʟʘʤʝʱʝʥ 

ʤʠʢʨʦʯʝʰʫʡʯʘʪʳʤ ʩʝʨʠʮʠʪʦʤ. ɺ ʥʝʢʦʪʦʨʳʭ ʟʝʨʥʘʭ ʧʣʘʛʠʦʢʣʘʟʘ ʚʠʜʥʳ ʤʠʢʨʦʠʛʦʣʴʯʘʪʳʝ 

ʢʨʠʩʪʘʣʣʳ ʘʧʘʪʠʪʘ. ɺ ʝʜʠʥʠʯʥʳʭ ʧʦʨʬʠʨʦʚʳʭ ʚʳʜʝʣʝʥʠʷʭ ʟʝʨʥʘ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʩ 

ʧʦʧʝʨʝʯʥʠʢʦʤ ʜʦ 0,3 ʤʤ. 

ɺ ʧʝʨʠʬʝʨʠʡʥʦʡ ʯʘʩʪʠ ʪʨʫʙʢʦʦʙʨʘʟʥʦʛʦ ʪʝʣʘ ʟʘʣʝʛʘʝʪ ʧʦʣʦʩʘ ʵʨʫʧʪʠʚʥʳʭ ʙʨʝʢʯʠʡ 

ʰʠʨʠʥʦʡ 1,0ï3,5 ʤ. ʎʝʤʝʥʪ ʙʨʝʢʯʠʠ ʠ ʝʝ ʦʙʣʦʤʢʠ ʠʤʝʶʪ ʪʦʞʜʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʧʦʨʦʜʦʡ ʩʧʝʩʩʘʨʪʠʪʦ-ʚʦʛʝʟʠʪʦʚʦʛʦ ʨʷʜʘ. ʂʝʨʩʘʥʪʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʣʦʪʥʳʤʠ ʧʦʨʦʜʘʤʠ ʪʝʤʥʦ-ʩʝʨʦʛʦ (ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʜʦ ʯʝʨʥʦʛʦ ʮʚʝʪʘ), ʧʦʨʬʠʨʦʚʦʡ 

ʩʪʨʫʢʪʫʨʳ. ɺʢʨʘʧʣʝʥʥʠʢʠ ʩʣʦʞʝʥʳ ʭʦʨʦʰʦ ʦʛʨʘʥʝʥʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʙʠʦʪʠʪʘ, ʧʣʘʛʠʦʢʣʘʟʘ, 

ʜʠʦʧʩʠʜʘ, ʘʚʛʠʪʘ, ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ. ʉʦʩʪʘʚ ʧʣʘʛʠʦʢʣʘʟʘ ʚ ʦʩʥʦʚʥʦʤ ʘʥʜʝʟʠʥʦʚʳʡ. 

ʊʘʙʣʠʪʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʝʛʦ ʦʙʨʘʟʫʶʪ ʛʣʦʤʝʨʦʧʦʨʬʠʨʦʚʳʝ ʩʢʦʧʣʝʥʠʷ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ 

ʧʦʨʦʜʳ ʤʠʢʨʦʟʝʨʥʠʩʪʘʷ, ʧʨʠʟʤʘʪʠʯʝʩʢʠʟʝʨʥʠʩʪʘʷ, ʠʥʪʝʨʩʝʨʪʘʣʴʥʘʷ. ʄʠʢʨʦʚʢʨʘʧʣʝʥʥʠʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʠʦʪʠʪʦʤ ʠ ʧʣʘʛʠʦʢʣʘʟʦʤ. ʊʠʪʘʥʦʤʘʛʥʝʪʠʪ ʨʘʩʩʝʷʥ ʚ ʚʠʜʝ 

ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʧʦ ʚʩʝʡ ʤʘʩʩʝ ʧʦʨʦʜʳ. 

ʂʝʨʩʘʥʪʠʪʳ ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʫʶ ʩʦ ʩʧʝʩʩʘʨʪʠʪʘʤʠ ʩʪʨʫʢʪʫʨʫ, ʠʭ ʛʣʘʚʥʳʤ 

ʪʝʤʥʦʮʚʝʪʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʙʠʦʪʠʪ. ʉʦʦʪʥʦʰʝʥʠʝ ʦʪʜʝʣʴʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʙʣʶʜʘʝʤʳʤ ʚ ʩʧʝʩʩʘʨʪʠʪʘʭ, ʭʦʪʷ ʦʪʤʝʯʘʶʪʩʷ 

ʜʘʡʢʠ ʥʝʩʢʦʣʴʢʦ ʦʙʦʛʘʱʝʥʥʳʝ ʧʠʨʦʢʩʝʥʦʤ, ʢʚʘʨʮʝʤ ʠ ʚ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ ʦʣʠʚʠʥʦʤ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʦʪʣʠʯʠʝʤ ʢʝʨʩʘʥʪʠʪʦʚ ʦʪ ʩʧʝʩʩʘʨʪʠʪʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʧʘʣʝʦʪʠʧʥʳʡ ʦʙʣʠʢ, 

ʚʳʨʘʞʝʥʥʳʡ ʚ ʧʦʯʪʠ ʧʦʣʥʦʡ ʦʧʘʮʠʪʠʟʘʮʠʠ ʙʠʦʪʠʪʘ, ʭʣʦʨʠʪʠʟʘʮʠʠ ʘʤʬʠʙʦʣʘ ʠ 

ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʧʣʘʛʠʦʢʣʘʟʘ. 

ɺʦʛʝʟʠʪʳ ʠ ʚʦʛʝʟʠʪʦ-ʩʧʝʩʩʘʨʪʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʷʩʥʦ ʚʳʨʘʞʝʥʥʦʡ ʣʘʤʧʨʦʬʠʨʦʚʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʬʝʥʦʢʨʠʩʪʘʤʠ ʙʫʨʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʩʠʥʪʘʛʤʘʪʠʪʘ (ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ 

ʙʘʟʘʣʴʪʠʯʝʩʢʘʷ). ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʩʣʦʞʝʥʘ ʦʨʪʦʢʣʘʟʦʤ ʠ ʘʣʴʙʠʪʦʤ (ʚ ʚʦʛʝʟʠʪʦ-ʩʧʝʩʩʘʨʪʠʪʘʭ 

ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʝ ʧʣʘʛʠʦʢʣʘʟʘ), ʧʦʤʠʤʦ ʵʪʦʛʦ ʚ ʥʠʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʝʜʢʠʝ 

ʢʩʝʥʦʤʦʨʬʥʳʝ ʟʝʨʥʘ ʢʚʘʨʮʘ. 

ɺʦʛʝʟʠʪ ʧʠʨʦʢʩʝʥ-ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʡ ʤʝʣʢʦ- ʠ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʡ ʩ ʧʝʨʝʤʝʥʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ (25ï70%) ʠ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ (25ï35%). ɺ ʩʦʩʪʘʚʝ 

ʧʦʨʦʜʳ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʠʨʦʢʩʝʥ (ʜʦ 5%), ʙʠʦʪʠʪ ʧʦ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʝ (ʜʦ 5%), ʭʣʦʨʠʪ 

ʧʦ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʝ (ʜʦ 15%), ʮʦʠʟʠʪ (0,5ï1%), ʢʚʘʨʮ (1ï2%). 

ʉʪʨʫʢʪʫʨʘ ʧʦʨʦʜʳ ʛʠʧʠʜʠʦʤʦʨʬʥʘʷ ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ (ʧʨʠʟʤʘʪʠʯʝʩʢʠ ʪʘʙʣʠʪʯʘʪʘʷ) ʩ 

ʨʝʜʢʠʤʠ ʧʦʨʬʠʨʦʚʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ ʧʠʨʦʢʩʝʥʘ. ʊʝʢʩʪʫʨʘ ʤʘʩʩʠʚʥʘʷ ʩʦ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʳʤ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʤʠʢʨʦʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʟʝʨʝʥ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ. ʇʦʨʦʜʘ 

ʦʪʣʠʯʘʝʪʩʷ ʤʝʣʢʦʡ ʟʝʨʥʠʩʪʦʩʪʴʶ, ʨʝʟʢʠʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʩʣʘʙʦ ʧʝʣʠʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʘʣʠʝʚʦʛʦ 

ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʥʘʣʠʯʠʝʤ ʭʦʨʦʰʦ ʦʙʨʘʟʦʚʘʥʥʳʭ ʟʝʨʝʥ ʙʝʩʮʚʝʪʥʦʛʦ ʧʠʨʦʢʩʝʥʘ ʩ 

ʧʦʧʝʨʝʯʥʠʢʘʤʠ ʜʦ 1 ʤʤ. ɹʦʣʴʰʠʥʩʪʚʦ ʤʠʢʨʦʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʚʳʜʝʣʝʥʠʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ 

ʠʥʪʝʥʩʠʚʥʦ (ʠʥʦʛʜʘ ʥʘʮʝʣʦ) ʟʘʤʝʱʝʥʳ ʭʣʦʨʠʪʦʤ ʩ ʥʝʙʦʣʴʰʠʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʙʠʦʪʠʪʘ. 

ʅʝʢʦʪʦʨʳʝ ʧʦʨʬʠʨʦʚʠʜʥʳʝ ʚʳʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʢʦʧʣʝʥʠʷ 
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ʤʠʢʨʦʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʧʠʨʦʢʩʝʥʘ ʩ ʢʘʣʠʝʚʳʤ ʧʦʣʝʚʳʤ ʰʧʘʪʦʤ (ʦʚʘʣʴʥʦʝ ʟʝʨʥʦ ʩʧʨʘʚʘ 

ʈʠʩʫʥʦʢ 2ʘ). ʀʟʨʝʜʢʘ ʚ ʧʦʨʦʜʝ ʚʠʜʥʳ ʪʘʙʣʠʪʯʘʪʳʝ ʚʳʜʝʣʝʥʠʷ ʙʫʨʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʜʣʠʥʦʡ 

ʜʦ 1 ʤʤ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʟʘʤʝʱʝʥʳ ʤʠʢʨʦʟʝʨʥʠʩʪʳʤ ʮʦʠʟʠʪʦʤ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʜʘʡʢʘʭ ʚʦʛʝʟʠʪʳ ʩʣʦʞʝʥʳ ʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ ʠ ʪʘʙʣʠʪʯʘʪʳʤʠ ʟʝʨʥʘʤʠ 

ʠʥʪʝʥʩʠʚʥʦ ʘʢʪʠʥʦʣʠʪʠʟʠʨʦʚʘʥʥʦʡ ʠ ʩʣʘʙʦ ʙʠʦʪʠʪʠʟʠʨʦʚʘʥʥʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʜʣʠʥʦʡ ʜʦ 

1,5 ʤʤ ʠ ʠʥʪʝʥʩʠʚʥʦ ʩʦʩʩʶʨʠʪʠʟʠʨʦʚʘʥʥʳʤ ʧʣʘʛʠʦʢʣʘʟʦʤ ʩ ʨʝʜʢʠʤʠ ʥʝʧʨʘʚʠʣʴʥʳʤʠ 

ʟʝʨʥʘʤʠ ʮʦʠʟʠʪʘ ʚ ʥʝʤ. ɺ ʠʥʪʝʨʩʪʠʮʠʷʭ ʤʝʞʜʫ ʵʪʠʤʠ ʟʝʨʥʘʤʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ 

ʚʳʜʝʣʝʥʠʷ ʧʝʣʠʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʨʝʜʢʠʝ ʟʝʨʥʘ ʢʘʣʴʮʠʪʘ, ʢʚʘʨʮʘ ʠ 

ʩʢʦʧʣʝʥʠʷ ʤʠʢʨʦʯʝʰʫʡʯʘʪʦʛʦ ʙʣʝʜʥʦ-ʟʝʣʝʥʦʛʦ ʭʣʦʨʠʪʘ. ɹʠʦʪʠʪ ʚ ʩʦʩʪʘʚʝ ʢʨʫʧʥʳʭ ʟʝʨʝʥ 

ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʦʙʨʘʟʫʝʪ ʪʦʥʢʦ ʧʣʘʩʪʠʥʯʘʪʳʝ ʚʳʜʝʣʝʥʠʷ ʚʜʦʣʴ ʩʧʘʡʥʦʩʪʠ ʝʝ ʟʝʨʝʥ. 

ɼʠʦʨʠʪʦʚʳʝ ʧʦʨʬʠʨʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʨʬʠʨʦʚʫʶ ʧʦʨʦʜʫ ʩ ʦʩʥʦʚʥʦʡ ʤʘʩʩʦʡ 

ʜʦʣʝʨʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʩʣʦʞʝʥʘ ʤʝʣʢʠʤʠ ʟʝʨʥʘʤʠ ʧʣʘʛʠʦʢʣʘʟʘ, ʙʫʨʦʡ 

ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʠ ʯʝʰʫʡʢʘʤʠ ʭʣʦʨʠʪʘ. ʇʨʝʦʙʣʘʜʘʶʱʠʡ ʨʘʟʤʝʨ ʦʪʜʝʣʴʥʳʭ ʟʝʨʝʥ ʦʩʥʦʚʥʦʡ 

ʤʘʩʩʳ ʜʦ 0,1 ʤʤ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʩʦʩʪʘʚʣʷʝʪ 40ï50% ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʦʨʦʜʳ. ʇʦʨʬʠʨʦʚʳʝ 

ʚʳʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʫʨʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ ʩ ʟʝʨʥʘʤʠ ʨʘʟʤʝʨʦʤ ʜʦ 0,2ï0,3 ʤʤ, 

ʢʨʫʧʥʳʤʠ ʣʝʡʩʪʘʤʠ ʘʥʜʝʟʠʥʘ ʠ ʧʣʘʩʪʠʥʢʘʤʠ ʙʠʦʪʠʪʘ. 

ʄʦʥʯʠʢʠʪʳ ʠ ʢʘʤʧʪʦʥʠʪʳ ʩʣʘʛʘʶʪ ʥʘʠʙʦʣʝʝ ʧʦʟʜʥʠʝ ʜʘʡʢʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʦʚʳʰʝʥʥʦʡ ʤʝʣʘʥʦʢʨʘʪʦʚʦʩʪʴʶ ʠ ʢʘʡʥʦʪʠʧʥʦʩʪʴʶ ʠʭ ʦʙʣʠʢʘ. 

ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʦʣʠʚʠʥ-ʧʠʨʦʢʩʝʥʦʚʳʭ ʧʦʨʬʠʨʦʚʠʜʥʳʭ ʤʦʥʯʠʢʠʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 55ï60% 

ʦʙʲʝʤʘ ʧʦʨʦʜʳ ʠ ʠʤʝʝʪ ʤʘʛʥʝʪʠʪ-ʢʘʣʠʰʧʘʪ-ʘʣʴʙʠʪ-ʧʠʨʦʢʩʝʥʦʚʳʡ ʩʦʩʪʘʚ. ʄʘʛʥʝʪʠʪʘ ʚ 

ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʜʦ 10%. ɺ ʧʦʨʬʠʨʦʚʳʭ ʚʳʜʝʣʝʥʠʷʭ ʤʦʥʯʠʢʠʪʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʣʠʚʠʥ (15ï

20%), ʯʘʩʪʦ ʟʘʤʝʱʝʥʥʳʡ ʪʘʣʴʢʦʤ ʠ ʭʣʦʨʠʪ-ʩʝʨʧʝʥʪʠʥʦʤ ʠ ʧʠʨʦʢʩʝʥ (15ï20%), ʨʝʜʢʦ 

ʩʠʥʪʘʛʤʘʪʠʪ ʠ ʦʢʨʫʛʣʳʝ ʟʝʨʥʘ ʘʥʘʣʴʮʠʤʘ. 

ʕʪʫ ʧʦʨʦʜʫ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪ ʦʪ ʢʘʤʧʪʦʥʠʪʦʚ ʦʙʠʣʠʝ ʧʦʨʬʠʨʦʚʳʭ ʚʳʜʝʣʝʥʠʡ 

ʤʦʥʦʢʣʠʥʥʦʛʦ ʧʠʨʦʢʩʝʥʘ (ʘʚʛʠʪʘ), (ʈʠʩʫʥʦʢ 2ʛ) ʯʘʱʝ ʚ ʚʠʜʝ ʦʢʨʫʛʣʦ-ʠʟʤʦʪʨʠʯʥʳʭ ʟʝʨʝʥ ʜʦ 

0,3 ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ, ʨʝʞʝ ʚ ʚʠʜʝ ʧʨʠʟʠʘʪʠʯʝʩʢʠʭ ʪʘʙʣʠʮ ʜʣʠʥʦʡ ʜʦ 0,5 ʤʤ. ʇʨʘʢʪʠʯʝʩʢʠ ʩ 

ʪʘʢʦʡ ʞʝ ʯʘʩʪʦʪʦʡ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦʨʬʠʨʦʚʳʝ ʚʳʜʝʣʝʥʠʷ ʦʣʠʚʠʥʘ, ʥʘʮʝʣʦ ʟʘʤʝʱʝʥʥʳʝ 

ʪʘʣʴʢʦʤ (ʈʠʩʫʥʦʢ 2ʚ), ʠʥʦʛʜʘ ʦʜʠʥʦʯʥʳʝ, ʠʥʦʛʜʘ ʩʦʙʨʘʥʥʳʝ ʚ ʛʣʦʤʝʨʦʧʦʨʬʠʨʦʚʳʝ ʩʛʫʩʪʢʠ. 

ʆʩʥʦʚʥʘʷ ʤʠʢʨʦʟʝʨʥʠʩʪʘʷ ʤʘʩʩʘ, ʩʦʩʪʦʠʪ ʠʟ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳʭ ʢʦʣʠʯʝʩʪʚ ʤʠʢʨʦʧʨʠʟʤ 

ʧʠʨʦʢʩʝʥʘ, ʘʣʴʙʠʪʘ ʠ ʢʦʤʢʦʚʘʪʳʭ ʤʠʢʨʦʟʝʨʝʥ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʠ ʤʘʛʥʝʪʠʪʘ. ʃʝʡʩʪʳ 

ʧʣʘʛʠʦʢʣʘʟʘ ʥʝ ʜʣʠʥʥʝʝ 0,25 ʤʤ. 

ʂʘʤʧʪʦʥʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʛʠʧʠʜʠʦʤʦʨʬʥʦ-ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʩ ʠʥʪʝʨʩʝʨʪʘʣʴʥʦʡ ʦʩʥʦʚʥʦʡ ʤʘʩʩʦʡ. ʉʦʩʪʘʚ ʧʦʨʦʜʳ: ʩʣʘʙʦ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʳʡ 

ʧʣʘʛʠʦʢʣʘʟ (40ï45%), ʩʣʘʙʦ ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʥʘʷ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ ʙʫʨʘʷ (25ï30%), ʢʘʣʠʝʚʳʡ 

ʧʦʣʝʚʦʡ ʰʧʘʪ (10ï15%), ʧʠʨʦʢʩʝʥ (3ï5%), ʭʣʦʨʠʪ (5ï7%), ʩʝʨʠʮʠʪ (5ï7%). ɺ ʧʦʨʦʜʝ ʚʝʩʴʤʘ 

ʨʘʚʥʦʤʝʨʥʦ ʩʦʨʘʩʧʨʝʜʝʣʝʥʳ ʣʝʡʩʪʦ-ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʟʝʨʥʘ ʧʣʘʛʠʦʢʣʘʟʘ ʜʣʠʥʦʡ ʜʦ 0,5 ʤʤ ʠ 

ʙʫʨʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ. ʅʘ ʬʦʥʝ ʠʭ ʤʘʩʩʳ ʩ ʭʘʦʪʠʯʝʩʢʦʡ ʦʨʠʝʥʪʠʨʦʚʢʦʡ ʣʝʡʩʪ-ʧʨʠʟʤ 

ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʶʪʩʷ ʦʢʨʫʛʣʦ-ʠʟʦʤʝʪʨʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʠʨʦʢʩʝʥʘ ʥʝ ʢʨʫʧʥʝʝ 0,2 ʤʤ ʚ 

ʧʦʧʝʨʝʯʥʠʢʘʭ (ʈʠʩʫʥʦʢ 2ʜ). 

ʇʣʘʛʠʦʢʣʘʟ ʥʝʨʘʚʥʦʤʝʨʥʦ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥ, ʘ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ ʪʘʢʞʝ ʥʝʨʘʚʥʦʤʝʨʥʦ 

(ʠʟʨʝʜʢʘ) ʟʘʤʝʱʝʥʘ ʭʣʦʨʠʪʦʤ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʤʝʣʢʦʟʝʨʥʠʩʪʫʶ ʤʘʩʩʫ ʤʝʞʜʫ ʣʝʡʩʪʦ-

ʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ ʟʝʨʥʘʤʠ ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʩʦʩʪʘʚʣʷʶʪ ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ 

ʰʧʘʪ ʩ ʭʣʦʨʠʪʦʤ. ʇʦʣʝʚʳʝ ʰʧʘʪʳ (ʠ ʧʣʘʛʠʦʢʣʘʟ, ʠ ʢʘʣʠʝʚʳʡ) ʠʥʪʝʥʩʠʚʥʦ ʧʝʣʠʪʠʟʠʨʦʚʘʥʳ, ʚ 

ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ ʚʳʛʣʷʜʷʪ ʙʫʨʳʤʠ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʘʨʝʘʣʘ ʥʘ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʥʘʞʘʶʪʩʷ ʧʦʨʦʜʳ ʷʭʪʦʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʪʘʥʦʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʣʦ ʚ 

ʛʠʧʘʙʠʩʩʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʩʣʘʛʘʶʱʠʝ ʦʜʥʦʠʤʝʥʥʳʡ ʠʥʪʨʫʟʠʚ, ʩ ʧʣʦʱʘʜʴʶ ʚʳʭʦʜʘ ʦʢʦʣʦ 0,8 
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ʢʤ2. ɼʣʷ ʢʦʤʧʣʝʢʩʘ ʭʘʨʘʢʪʝʨʥʘ ʛʦʤʦʜʨʦʤʥʘʷ ʵʚʦʣʶʮʠʷ ʩʦʩʪʘʚʘ ʤʘʛʤʘʪʠʪʦʚ ʦʪ ʛʘʙʙʨʦ ʠ 

ʜʠʦʨʠʪʦʚ ʜʦ ʣʝʡʢʦʛʨʘʥʠʪʦʚ ʠ ʘʣʷʩʢʠʪʦʚ, ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʜʘʝʢ ʚ ʢʦʥʮʝ ʩʪʘʥʦʚʣʝʥʠʷ ʚʩʝʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʆʩʥʦʚʥʦʡ ʦʙʲʝʤ ʷʭʪʦʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘʥʠʤʘʶʪ ʙʠʦʪʠʪ-ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʝ 

ʛʨʘʥʦʜʠʦʨʠʪʳ, ʬʘʮʠʘʣʴʥʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʘʜʘʤʝʣʣʠʪʳ ʠ 

ʧʦʨʬʠʨʦʚʠʜʥʳʝ ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ. 
 

a 

  
ʙ 

  
ʚ 

  
ʛ 

  

ʜ 

  
 

ʈʠʩʫʥʦʢ 2. ʇʦʨʦʜʳ ʬʦʨʤʘʮʠʠ ʱʝʣʦʯʥʳʭ ʙʘʟʘʣʴʪʦʠʜʦʚïʣʘʤʧʨʦʬʠʨʦʚ: ʘ ð ʚʦʛʝʟʠʪ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʧʠʨʦʢʩʝʥ-ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʡ ʠʥʪʝʥʩʠʚʥʦ ʧʝʣʠʪʠʟʠʨʦʚʘʥʥʳʡ ʠ ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʥʳʡ ʩ 

ʨʝʜʢʠʤʠ ʧʦʨʬʠʨʦʚʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ ʧʠʨʦʢʩʝʥʘ. ʅʠʢʦʣʠ II  ʠ +; ʙ ð ʚʦʛʝʟʠʪ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʡ 

ʘʢʪʠʥʦʣʠʪʠʟʠʨʦʚʘʥʥʳʡ ʠʥʪʝʥʩʠʚʥʦ ʩʦʩʩʶʨʠʪʠʟʠʨʦʚʘʥʥʳʡ ʠ ʩʣʘʙʦ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʡ ʩ 

ʛʠʧʠʜʠʦʤʦʨʬʥʦʡ ʧʨʠʟʤʘʪʠʯʝʩʢʠ ʪʘʙʣʠʪʯʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʅʠʢʦʣʠ II  ʠ +; ʚ, ʛ ð ʤʦʥʯʠʢʠʪ ʦʣʠʚʠʥ-

ʧʠʨʦʢʩʝʥʦʚʳʡ ʩ ʩʝʨʠʘʣʴʥʦ ʧʦʨʬʠʨʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʛʣʦʤʝʨʧʦʨʬʠʨʦʚʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ ʮʚʝʪʥʳʭ 

ʤʠʥʝʨʘʣʦʚ. ʅʠʢʦʣʠ II  ʠ +; ʜ ð ʢʘʤʧʪʦʥʠʪ ʤʠʢʨʦʟʝʨʥʠʩʪʳʡ ʩ ʛʠʧʠʜʠʦʤʦʨʬʥʦ-ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. ʅʠʢʦʣʠ II  ʠ +. 
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ɺʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʱʝʡ ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʴʶ ʟʘ 

ʩʯʝʪ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʠʷ, ʟʘʢʦʥʦʤʝʨʥʦ ʚʦʟʨʘʩʪʘʶʱʝʡ ʦʪ ʤʝʣʘʥʦʢʨʘʪʦʚʳʭ ʬʘʟ ʢ 

ʣʝʡʢʦʢʨʘʪʦʚʳʤ. 

ɻʨʘʥʠʪʦʠʜʳ ʗʭʪʦʥʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ ʦʪʥʦʩʷʪʩʷ ʢ ʫʤʝʨʝʥʥʦ ʱʝʣʦʯʥʦʤʫ ʨʷʜʫ, ʥʘʪʨʠʝʚʦ-

ʢʘʣʠʝʚʦʡ ʩʝʨʠʠ, ʚ ʦʩʥʦʚʥʦʤ, ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʳʝ, ʩ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʬʝʤʠʯʥʦʩʪʠ, ʩʨʝʜʥʝʡ 

ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʞʝʣʝʟʠʩʪʦʩʪʠ. ɼʣʷ ʧʦʨʦʜ ʷʭʪʦʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʭʘʨʘʢʪʝʨʥʘ ʦʯʝʥʴ ʥʠʟʢʘʷ 

ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʥʦʩʪʠ ʞʝʣʝʟʘ (ʊʘʙʣʠʮʘ). 

ɸʢʮʝʩʩʦʨʥʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ð ʮʠʨʢʦʥ-ʩʬʝʥ-ʘʧʘʪʠʪ-ʰʝʝʣʠʪʦʚʘʷ. ʂʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ 

ʨʫʜʦʧʨʦʜʫʢʪʠʚʥʳʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʢʘʨʥʦʚʦ-ʰʝʝʣʠʪʦʚʦʛʦ ʦʨʫʜʝʥʝʥʠʷ. 
 

ʊʘʙʣʠʮʘ. 

ʍʀʄʀʏɽʉʂʀʁ ʉʆʉʊɸɺ (ʚʝʩ, %)  

ʄɸɻʄɸʊʀʏɽʉʂʀʍ ʇʆʈʆɼ ʗʍʊʆʅʉʂʆɻʆ ʀʅʊʈʋɿʀɺɸ 
 

ʂʦʤʧʦʥʝʥʪ. 

ʢʦʵʬʬʠʮʠʝʥʪ 

1  

(38) 

2 

(13) 

3 

(4) 

4 

(11) 

5 

(3) 

6 

(1) 

7 

(2) 

8 

(2) 

9 

(1) 

SiO2 62,1 66,3 66,8 61,7 57,5 57,75 71,67 57,5 49,13 

TiO2 0,56 0,41 0,31 0,5 0,6 0,31 0,14 0,6 1,02 

Al 2O3 17,0 16,3 16,0 15,3 15,7 15,8 14,67 15,0 18,31 

Fe2O3 0,55 0,6 0,3 0,7 1,43 0,6 0,2 0,81 2,1 

FeO 3,8 2,7 1,7 2,3 5,1 2,37 0,85 5,2 5,4 

MnO 0,8 0,05 0,05 0,17 0,12 0,05 0,04 0,13 0,09 

MgO 1,8 1,2 1,2 2,0 4,2 1,3 0,4 4,4 6,96 

CaO 5,2 3,6 3,7 6,2 6,7 2,24 2,19 6,1 10,1 

Na2O 3,43 3,21 3,5 3,2 3,13 3,2 3,84 2,55 2,8 

K2O 3,7 4,0 4,7 5,3 3,5 4,47 5,08 5,2 1,19 

ʇʝʪʨʦʭʠʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

al1 2,76 3,62 5,0 3,06 1,46 3,7 10,12 1,44 1,27 

f 7,51 4,96 3,56 5,67 11,45 4,63 1,63 11,14 15,57 

ʂʬ 70,7 73,3 62,5 60,0 60,86 69,56 72,41 57,73 51,87 

Na2O+ K2O 7,13 7,21 8,2 8,5 6,63 7,67 8,92 7,75 3,99 

Na2O / K2O 0,93 0,80 0,74 0,6 0,89 0,72 0,76 0,49 2,35 

Fe2O3 / FeO 0,14 0,22 0,18 0,3 0,28 0,25 0,23 0,16 0,39 

t 7,46 8,27 8,7 8,82 5,24 6,69 8,59 5,38 6,55 

ʂʘ 0,42 0,44 0,51 0,56 0,42 0,48 0,61 0,52 0,22 

ʇʨʠʤʝʯʘʥʠʝ: 1 ð ʛʨʘʥʦʜʠʦʨʠʪʳ; 2 ð ʘʜʘʤʝʣʣʠʪ; 3 ð ʣʝʡʢʦʛʨʘʥʠʪ; 4 ð ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʳ; 5 ð 

ʜʠʦʨʠʪ; 6 ð ʛʨʘʥʠʪʳ (ʠʟ ʢʩʝʥʦʣʠʪʦʚ); 7 ð ʛʨʘʥʠʪʳ ʜʘʡʢʦʚʳʝ; 8 ð ʤʦʥʮʦʜʠʦʨʠʪʳ; 9 ð ʛʘʙʙʨʦ; ʚ 

ʩʢʦʙʢʘʭ ʢʦʣʠʯʝʩʪʚʦ ʘʥʘʣʠʟʦʚ. 
 

ʂ ʦʧʠʩʘʥʥʦʤʫ ʜʘʡʢʦʚʦʤʫ ʘʨʝʘʣʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʧʨʠʫʨʦʯʝʥʳ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʟʦʥʳ 

ʗʭʪʦʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʦʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʫʟʣʦʤ, ʚʳʨʘʞʝʥʥʳʤ 

ʧʝʨʝʩʝʯʝʥʠʝʤ ʨʘʟʣʦʤʦʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ, ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ. ʆʨʫʜʝʥʝʥʠʝ ʗʭʪʦʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ ʜʚʫʭ ʷʨʫʩʘʭ ʠ ʠʤʝʝʪ 

ʙʠʤʝʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ (ʟʦʣʦʪʦ, ʚʦʣʴʬʨʘʤ). ɺ ʚʝʨʭʥʝʤ ʷʨʫʩʝ ʦʨʫʜʝʥʝʥʠʝ ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ 

ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ ʨʘʤʳ ʗʭʪʦʥʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʝʣʘʤʠ ʤʝʞʧʣʘʩʪʦʚʦʛʦ, 

ʰʪʦʢʚʝʨʢʦʚʦʛʦ ʠ ʢʦʥʪʘʢʪʦʚʦʛʦ ʤʦʨʬʦʪʠʧʦʚ. ʈʫʜʦʥʦʩʥʳʝ ʩʢʘʨʥʳ ʚ ʦʩʥʦʚʥʦʤ ʛʨʘʥʘʪ-

ʧʠʨʦʢʩʝʥʦʚʦʛʦ ʩʦʩʪʘʚʘ. 

ʇʦ ʩʦʩʪʘʚʫ ʩʢʘʨʥʳ ʧʠʨʦʢʩʝʥʦʚʳʝ, ʛʨʘʥʘʪ-ʧʠʨʦʢʩʝʥʦʚʳʝ ʠ ʛʨʘʥʘʪʦʚʳʝ ʩ ʘʤʬʠʙʦʣʦʤ ʠ 

ʵʧʠʜʦʪʦʤ. ʅʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʰʝʝʣʠʪʘ ʙʳʣʠ ʩʦʟʜʘʥʳ ʚ 
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ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʝʜʝʥʙʝʨʛʠʪʦʚʳʭ ʩʢʘʨʥʦʚ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʭ, ʚ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʝʡ ʛʨʘʥʘʪʦʚ. ʐʝʝʣʠʪ ʩʠʥʛʝʥʝʪʠʯʝʥ ʠ ʙʣʠʟʦʢ ʧʦ 

ʚʨʝʤʝʥʠ ʢ ʦʩʘʞʜʝʥʠʶ ʩʢʘʨʥʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʜʠʥʘʢʦʚʘʷ 

ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʩʪʴ ʰʝʝʣʠʪʘ, ʧʠʨʦʢʩʝʥʦʚ ʠ ʛʨʘʥʘʪʦʚ, ʠ ʦʜʥʦʚʨʝʤʝʥʥʘʷ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʰʝʝʣʠʪ-ʛʨʘʥʘʪ-ʛʝʜʝʥʙʝʨʛʠʪʦʚʳʭ ʘʛʨʝʛʘʪʦʚ ʥʘ ʫʯʘʩʪʢʘʭ ʧʦʩʪʩʢʘʨʥʦʚʳʭ 

ʠʟʤʝʥʝʥʠʡ. ʍʘʨʘʢʪʝʨʥʦ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʧʦʜʚʦʜʷʱʠʭ ʪʨʝʱʠʥ ʩ ʞʠʣʴʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʢ 

ʟʝʨʥʘʤ ʰʝʝʣʠʪʘ, ʯʪʦ ʫʢʘʟʳʚʘʣʦ ʙʳ ʥʘ ʝʛʦ ʥʘʣʦʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʪʘʢʞʝ ʧʘʜʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ 

ʰʝʝʣʠʪʘ ʥʘ ʫʯʘʩʪʢʘʭ ʧʦʚʳʰʝʥʥʦʡ ʩʫʣʴʬʠʜʠʟʘʮʠʠ ʩʢʘʨʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʨʘʥʥʝʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʪʘʜʠʠ ʢʠʩʣʦʪʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʰʝʝʣʠʪ ʥʘʨʷʜʫ ʩ 

ʧʠʨʦʢʩʝʥʘʤʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ ʤʠʥʝʨʘʣʦʤ.  

ʆʩʥʦʚʥʦʡ ʦʙʲʝʤ (ʙʦʣʝʝ 90%) ʩʢʘʨʥʦʚʦ-ʰʝʝʣʠʪʦʚʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʶʪ 

ʛʨʘʥʦʜʠʦʨʠʪʳ. ʉ ʨʘʥʥʠʤʠ ʬʘʟʘʤʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ. ʃʝʡʢʦʛʨʘʥʠʪʳ, 

ʘʧʣʠʪʦʚʠʜʥʳʝ ʛʨʘʥʠʪ-ʧʦʨʬʠʨʳ ʠ ʜʘʡʢʠ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʢʘʨʥʦʚʦ-

ʰʝʝʣʠʪʦʚʦʤʫ ʦʨʫʜʝʥʝʥʠʶ ʷʚʣʷʶʪʩʷ ʧʦʩʪʨʫʜʥʳʤʠ. 

ʅʘʣʠʯʠʝ ʚʢʣʶʯʝʥʠʡ ʩʫʣʴʬʠʜʦʚ, ʙʦʣʴʰʘʷ ʠʟʤʝʥʝʥʥʦʩʪʴ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ 

ʚ ʢʝʨʩʘʥʪʠʪʘʭ, ʥʘʨʷʜʫ ʩ ʙʦʣʝʝ ʨʘʥʥʠʤ ʠʭ ʚʥʝʜʨʝʥʠʝʤ, ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʧʦʣʘʛʘʪʴ, ʯʪʦ 

ʢʝʨʩʘʥʪʠʪʦʚʳʝ ʜʘʡʢʠ ʷʚʣʷʶʪʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʰʝʝʣʠʪʦʥʦʩʥʳʤ ʩʢʘʨʥʘʤ ʚʥʫʪʨʠʨʫʜʥʳʤʠ.  

ʉʧʝʩʩʘʨʪʠʪʦʚʳʝ ʠ ʚʦʛʝʟʠʪʦʚʳʝ ʜʘʡʢʠ ʚ ʠʟʫʯʝʥʥʳʭ ʰʣʠʬʘʭ ʠ ʧʨʦʪʦʣʦʯʢʘʭ ʥʝ ʩʦʜʝʨʞʘʪ 

ʩʫʣʴʬʠʜʦʚ, ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ çʩʚʝʞʠʤʠè ʠ ʥʘ ʫʯʘʩʪʢʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʠʤʠ 

ʰʝʝʣʠʪʦʥʦʩʥʳʭ ʩʢʘʨʥʦʚ ʥʝ ʩʦʜʝʨʞʘʪ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʝ ʤʠʥʝʨʘʣʳ ʠ 

ʧʦʵʪʦʤʫ ʠʭ, ʩ ʙʦʣʴʰʝʡ ʜʦʣʝʡ ʫʚʝʨʝʥʥʦʩʪʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʧʦʩʣʝʩʢʘʨʥʦʚʳʤ. ʆʪʥʦʰʝʥʠʝ 

ʜʠʦʨʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ ʢ ʩʢʘʨʥʦʚʦ-ʰʝʝʣʠʪʦʚʦʤʫ ʦʨʫʜʝʥʝʥʠʶ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ 

ʚʳʷʩʥʝʥʦ. 

ɺʦ ʤʥʦʛʠʭ ʤʝʩʪʘʭ ʏʘʢʳʣʢʘʣʷʥʩʢʦʛʦ ʤʝʛʘʙʣʦʢʘ ʚʳʷʚʣʝʥʳ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ 

ʢʝʨʩʘʥʪʠʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Au (ʜʦ 4,5 ʛ/ʪ) ʠ W (1,7%). ʕʪʦʪ ʬʘʢʪ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʥʘʣʠʯʠʝ ʙʦʣʝʝ ʧʦʟʜʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʨʫʜʦʥʦʩʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʢʦʪʦʨʳʤ 

ʤʦʛ ʙʳʪʴ ʤʘʛʤʘʪʦʛʝʥʥʳʡ ʦʯʘʛ, ʧʨʦʠʟʚʦʜʥʳʤʠ ʢʦʪʦʨʦʛʦ ʷʚʠʣʠʩʴ ʣʘʤʧʨʦʬʠʨʳ ʦʩʥʦʚʥʦʛʦ 

ʩʦʩʪʘʚʘ, ʛʝʦʭʠʤʠʯʝʩʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʥʘ ʟʦʣʦʪʦʝ ʠ ʨʝʜʢʦʤʝʪʘʣʴʥʦʝ ʦʨʫʜʝʥʝʥʠʝ. 

ɺ ʥʠʞʥʝʤ ʷʨʫʩʝ ʗʭʪʦʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʦʨʫʜʝʥʝʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʪʝʢʪʦʥʠʯʝʩʢʠ-

ʦʩʣʘʙʣʝʥʥʦʡ ʟʦʥʦʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʚʤʝʱʘʶʱʝʡ ʩʫʙʧʘʨʘʣʣʝʣʴʥʥʳʝ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʟʦʥʳ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Au ʠ W ʠ ʯʘʩʪʴ ʜʘʝʢ 

ʗʭʪʦʥʩʢʦʛʦ ʘʨʝʘʣʘ. 

ɺʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʠ ʜʣʷ ʟʦʣʦʪʦʛʦ, ʠ ʜʣʷ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʛʨʘʥʦʜʠʦʨʠʪʳ ʛʣʘʚʥʦʡ ʬʘʟʳ ʷʭʪʦʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʠʭ ʬʘʮʠʘʣʴʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ð 

ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ ʠ ʘʜʘʤʝʣʣʠʪʳ. ɺ ʨʫʜʦʥʦʩʥʳʭ ʟʦʥʘʭ ʧʦ ʠʥʪʨʫʟʠʚʥʳʤ ʧʦʨʦʜʘʤ 

ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʣʠʢʦʤʧʦʥʝʥʪʥʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ ʩ ʘʣʴʙʠʪ-ʢʚʘʨʮʝʚʦʡ ʦʩʥʦʚʦʡ, ʢ ʢʦʪʦʨʦʡ ʚ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʟʦʥʳ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʜʠʦʧʩʠʜ, ʢʘʣʴʮʠʪ, ʭʣʦʨʠʪ ʠ ʦʨʪʦʢʣʘʟ. 

ʄʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʟʦʥʳ ʩ ʟʦʣʦʪʳʤ ʠ ʚʦʣʴʬʨʘʤʦʚʳʤ ʦʨʫʜʝʥʝʥʠʝʤ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʦʙʱʝʥʳ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʘʩʩʦʮʠʘʮʠʷʤʠ 

ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʧʘʨʘʛʝʥʝʟʠʩʘʤʠ. ɼʣʷ ʨʘʥʥʝʛʦ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʥʘ 

ʰʝʝʣʠʪ-ʤʦʣʠʙʜʝʥʠʪ-ʭʘʣʴʢʦʧʠʨʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ WïMoïCu 

ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʧʘʨʘʛʝʥʝʟʠʩ. ɹʦʣʝʝ ʧʦʟʜʥʝʝ ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ 

ʩʪʘʜʠʡ: ʟʦʣʦʪʦ-ʧʠʨʠʪ-ʘʨʩʝʥʦʧʠʨʠʪʦʚʫʶ (ʩ AuïAs ʧʘʨʘʛʝʥʝʟʠʩʦʤ); ʟʦʣʦʪʦ-ʪʝʣʣʫʨʠʜʥʫʶ ʩ 

ʤʠʥʝʨʘʣʘʤʠ ʚʠʩʤʫʪʘ ʠ ʠʟʦʤʦʨʬʥʦʡ ʧʨʠʤʝʩʴʶ ʩʝʣʝʥʘ (ʩ AuïTeïBi, Se ʧʘʨʘʛʝʥʝʟʠʩʦʤ) ʠ 

ʟʦʣʦʪʦ-ʙʣʝʢʣʦʨʫʜʥʫʶ (ʩ AuïAgïSbïAs ʧʘʨʘʛʝʥʝʟʠʩʦʤ). ʉʦʚʤʝʱʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʚ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥʘʭ ʮʝʣʦʛʦ ʩʧʝʢʪʨʘ 
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ʨʫʜʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (Au, W, Bi, Te, As, Ag, Se, Sb, Cu). 

ʄʘʛʤʘʪʦʛʝʥʥʘʷ ʧʨʠʨʦʜʘ ʨʫʜʦʛʝʥʥʳʭ ɻ ʣʝʤʝʥʪʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʟʦʣʦʪʘ ʠ ʚʦʣʴʬʨʘʤʘ), ʚ 

ʩʚʷʟʠ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʦʨʦʜ ʬʦʨʤʘʮʠʠ ʱʝʣʦʯʥʳʭ ʙʘʟʘʣʴʪʦʠʜʦʚ ʠ ʣʘʤʧʨʦʬʠʨʦʚ ʦʪʤʝʯʝʥʘ 

ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ ʥʘ ʨʘʟʥʳʭ ʧʣʦʱʘʜʷʭ. ʅʘʠʙʦʣʝʝ ʷʨʢʦ ʵʪʦ ʧʨʦʷʚʣʝʥʦ ʚ ɹʫʢʘʥʪʘʫʩʢʦʤ 

ʨʝʛʠʦʥʝ, ʛʜʝ ʚ ʜʠʘʪʨʝʤʝ ʂʘʨʘʰʦʭʦ ʦʪʤʝʯʘʝʪʩʷ ʥʘʣʠʯʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʛʝʥʝʨʘʮʠʠ 

ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ, ʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʣʘʤʧʨʦʠʪʦʚʦʡ ʤʘʛʤʦʡ [8]. ʃʘʤʧʨʦʠʪʦʧʦʜʦʙʥʘʷ ʧʦʨʦʜʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʱʝʣʦʯʥʳʤʠ ʛʘʙʙʨʦʠʜʘʤʠ (ʰʦʥʢʠʪʘʤʠ), ʢʦʪʦʨʳʝ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 

ʦʪʥʦʩʷʪʩʷ ʢ ʦʩʥʦʚʥʳʤ (SiO2 = 47ï53%), ʤʘʛʥʝʟʠʘʣʴʥʳʤ (MgO = 5ï10%), ʩʫʙʱʝʣʦʯʥʳʤ ʠ 

ʱʝʣʦʯʥʳʤ (Na2O+K2O = 4ï8%) ʧʦʨʦʜʘʤ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ K2O ʥʘʜ Na2O, ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ 

ʛʣʠʥʦʟʝʤʠʩʪʦʩʪʠ ʠ ʦʪ ʩʨʝʜʥʝʛʦ ʪʠʧʘ ʣʘʤʧʨʦʬʠʨʦʚ ʦʪʣʠʯʘʶʪʩʷ ʥʠʟʢʦʡ ʢʘʣʠʝʚʦʩʪʴʶ [9ï10]. 

ɿʦʣʦʪʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʥʘʠʙʦʣʝʝ ʩʚʝʞʝʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʤʠʢʨʦʟʝʨʥʠʩʪʳʭ ʧʦʨʬʠʨʦʚʳʭ 

ʣʘʤʧʨʦʠʪʦʚ, ʥʝ ʟʘʪʨʦʥʫʪʳʭ ʧʨʦʮʝʩʩʘʤʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ. ʕʪʦ ʟʦʣʦʪʦ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʠ ʧʣʘʩʪʠʥʢʠ ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʨʘʟʤʝʨʦʤ ʜʦ 1 ʤʤ 

(ʧʨʦʙʥʦʩʪʴ 782ï911), ʩʦʜʝʨʞʠʪ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ Cu (6,18ï14,36%) ʠ Ni (0,29ï1,36%) 

ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʩʝʡ As ʠ Sb. ɿʦʣʦʪʦ ʚ ʛʨʘʥʠʪʦʠʜʥʳʭ ʜʘʡʢʘʭ, ʥʘʦʙʦʨʦʪ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Cu ʠ Ni ʠ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ As ʠ Sb.  

ɺ ɻʠʩʩʘʨʩʢʦʤ ʨʝʛʠʦʥʝ ʥʘ ʫʯʘʩʪʢʝ ʂʰʪʫʪ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʷʞʝʣʳʭ ʬʨʘʢʮʠʡ 

ʧʨʦʙ-ʧʨʦʪʦʣʦʯʝʢ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʙʨʝʢʯʠʨʦʚʘʥʥʳʭ ʠ ʩʦʜʝʨʞʘʱʠʭ ʢʩʝʥʦʣʠʪʳ ʧʦʨʦʜ (ʧʠʨʦʢʩʝʥ-

ʧʦʨʬʠʨʦʚʳʭ ʪʨʘʭʠʙʘʟʘʣʴʪʘʭ) ʦʪʤʝʯʘʝʪʩʷ ʥʝʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʤʘʩʩʠʚʥʳʭ ʨʘʟʥʦʩʪʝʡ ʨʫʜʥʘʷ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ: ʯʘʩʪʳʝ ʟʥʘʢʠ ʟʦʣʦʪʘ, ʛʘʣʝʥʠʪ, ʬʣʶʦʨʠʪ, ʛʨʘʬʠʪ [10ï11].  

ʅʘ ʫʯʘʩʪʢʝ ʂʳʟʳʣʘʣʤʘ ʚ ʛʦʨʘʭ ʂʫʛʠʪʘʥʛ ʚ ʘʚʛʠʪʦʚʳʭ ʤʠʢʨʦʜʠʘʙʘʟʘʭ ʠ 

ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʠʨʠʜʦʪʠʪʘʭ (ʠʟ ʢʩʝʥʦʣʠʪʦʚ ʚ ʪʨʫʙʢʝ ʚʟʨʳʚʘ) ʫʩʪʘʥʦʚʣʝʥʳ ʯʘʩʪʳʝ 

ʟʥʘʢʠ ʰʝʝʣʠʪʘ, ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʪʦʨʳʤ ʦʪʤʝʯʘʶʪʩʷ ʢʦʨʫʥʜ, ʬʣʶʦʨʠʪ, ʢʠʥʦʚʘʨʴ, ʛʘʣʝʥʠʪ ʠ 

ʭʘʣʴʢʦʧʠʨʠʪ. 

ɺ ʏʘʪʢʘʣʴʩʢʦʤ ʭʨʝʙʪʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʚ ʰʣʠʭʘʭ ʧʨʦʙ ʠʟ ʤʦʥʯʠʢʠʪʦʚ 

ʦʧʨʝʜʝʣʝʥʳ ʝʜʠʥʠʯʥʳʝ ʟʥʘʢʠ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ, ʢʠʥʦʚʘʨʠ, ʢʦʨʫʥʜʘ ʠ ʤʫʘʩʩʘʥʠʪʘ. 

ʀʩʪʦʯʥʠʢ ʤʘʛʤʳ ʤʦʥʯʠʢʠʪʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʛʣʫʙʠʥʥʳʤ, ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ 

[12ï13]. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʟʦʣʦʪʦʛʦ ʠ ʚʦʣʴʬʨʘʤʦʚʦʛʦ 

ʦʨʫʜʝʥʝʥʠʷ ʗʭʪʦʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʜʘʡʢʦʚʦʛʦ ʚʥʫʪʨʠʧʣʠʪʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ: ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʢʚʦʟʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʧʦʨʦʜ ʚ ʨʷʜʫ 

ʜʘʡʢʦʚʳʝ ʛʨʘʥʠʪʦʠʜʳïʣʘʤʧʨʦʬʠʨʳïɦ ʝʣʦʯʥʳʝ ʙʘʟʘʣʴʪʦʠʜʳ ʥʘ ʵʣʝʤʝʥʪʳ, ʚʭʦʜʷʱʠʝ ʚ  

ʪʠʧʦʤʦʨʬʥʳʡ ʢʦʤʧʣʝʢʩ ʟʦʣʦʪʦʛʦ ʠ ʨʝʜʢʦʤʝʪʘʣʴʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ (Bi, Te, W, Au, As, Ag,  

ʯʘʩʪʠʯʥʦ Se ʠ Sb) ʛʝʥʝʪʠʯʝʩʢʫʶ (ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʫʶ) ʩʚʷʟʴ ʦʨʫʜʝʥʝʥʠʷ ʩ ʤʘʛʤʘʪʠʟʤʦʤ 

ʚʥʫʪʨʠʧʣʠʪʥʦʛʦ ʵʪʘʧʘ. 

ʇʦʣʠʩʪʘʜʠʡʥʳʡ ʭʘʨʘʢʪʝʨ ʨʫʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʫʩʣʦʚʣʝʥ ʧʨʠʚʥʦʩʦʤ ʚ ʦʢʦʣʦʨʫʜʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ W, Au ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʟʘʚʝʨʰʘʶʱʝʡ ʬʘʟʝ ʛʨʘʥʠʪʦʠʜʥʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ, ʟʘʪʝʤ ʥʘ ʩʪʘʜʠʠ ʦʙʨʘʟʦʚʘʥʠʷ   ʣʘʤʧʨʦʬʠʨʦʚ ʠ ʜʘʝʢ ʱʝʣʦʯʥʳʭ ʙʘʟʘʣʴʪʦʠʜʦʚ, ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʣʠ ʩʘʤʳʝ ʧʦʟʜʥʠʝ, ʚʝʨʦʷʪʥʦ ʥʘʠʙʦʣʝʝ 

ʛʣʫʙʠʥʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. 
 

ɺʳʚʦʜʳ 

ʆʧʠʩʘʥʥʘʷ ʦʯʘʛʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʛʣʫʙʦʢʦʛʦ ʟʘʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʨʝʘʣ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʦʚʤʝʱʝʥʠʷ ʢʦʣʣʠʟʠʦʥʥʳʭ ʛʨʘʥʠʪʦʠʜʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʚʥʫʪʨʠʧʣʠʪʥʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ (ʣʘʤʧʨʦʬʠʨʦʚ ʠ ʱʝʣʦʯʥʳʭ ʙʘʟʘʣʴʪʦʠʜʦʚ). 

ʗʭʪʦʥʩʢʠʡ ʛʨʘʥʠʪʦʠʜʥʳʡ ʠʥʪʨʫʟʠʚ + ʜʘʡʢʦʚʳʡ ʨʦʡ + ʗʭʪʦʥʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ, 
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ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʥʘ ʟʦʣʦʪʦʝ ʠ ʨʝʜʢʦʤʝʪʘʣʴʥʦʝ ʦʨʫʜʝʥʝʥʠʝ, ʚʝʨʦʷʪʥʦ, ʦʙʨʘʟʫʶʪ ʝʜʠʥʫʶ 

ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʪʨʝʙʫʶʱʫʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ 

ʚʳʷʚʣʝʥʠʝ ʚʨʝʤʝʥʥʳʭ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʤʘʛʤʘʪʠʟʤʘ ʠ ʦʨʫʜʝʥʝʥʠʷ, ʚ 

ʧʨʠʚʷʟʢʝ ʢ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʷ. 
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NATURAL WATER ENVIRONMENTAL MONITORING 

OF THE SURGUT DISTRICT (WESTERN SIBERIA, RUSSIA) 

 

ÉShumaeva R., Bashkir State University, Birsk, Russia, regina.shumaeva.95@mail.ru 

 

ɸʥʥʦʪʘʮʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ̫ ʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʚʩʝʛʦ ʯʝʣʦʚʝʯʝʩʪʚʘ. ɿʘʛʨʷʟʥʝʥʠʶ ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ. 

ʆʜʠʥ ʠʟ ʥʠʭ ð ʥʝʬʪʝʛʘʟʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ɺ ʦʟʝʨʘʭ ɺʝʨʰʠʥʥʦʝ, ʇʠʣʴʪʘʥʣʦʨ, ɺʘʪʴʣʦʨ, 

ʏʠʢʭʳʡʣʦʨ, ʂʘʯʥʳʣʦʨ ʉʫʨʛʫʪʩʢʦʛʦ ʨʘʡʦʥʘ (ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢʠʡ ʘʚʪʦʥʦʤʥʳʡ ʦʢʨʫʛ) ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ 103 ʧʨʦʙʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. ʆʪʙʦʨ ʧʨʦʙ ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʘʧʨʝʣʷ ʧʦ ʦʢʪʷʙʨʴ 2018ï

2020 ʛʛ. ɺ 63,11% ʧʨʦʙ ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʥʝʬʪʴʶ. ɺ 

ʟʘʢʣʶʯʝʥʠʠ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢʦʛʦ 

ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘ ʭʘʨʘʢʪʝʨʥʘ ʥʠʟʢʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʠ 

ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ. 

 

Abstract. The problem of ecology is one of the global problems of all mankind. Many factors 

contribute to environmental pollution. One of them is the oil and gas industry. In lakes Vershinnoe, 

Piltanlor, Vatôlor, Chikkhyilor, Kachnylor (Surgut District, Khanty-Mansiysk Autonomous Okrug), 

103 surface water samples were taken. Sampling was carried out from April to October 2018ï2020. 

A high degree of oil pollution was recorded in 63.11% of the samples. The conclusion is made. That 

the surface waters of the Khanty-Mansiysk Autonomous Okrug are characterized by low 

mineralization, high iron content and a high degree of pollution with oil products. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ, ʥʝʬʪʷʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ, ʵʢʦʣʦʛʠʯʝʩʢʠʡ 

ʤʦʥʠʪʦʨʠʥʛ.  

 

Keywords: surface water, oil pollution, environmental monitoring. 

 

ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢʠʡ ʘʚʪʦʥʦʤʥʳʡ ʦʢʨʫʛ (ʍʄɸʆ ï ʖʛʨʘ) ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʘʚʝ ʊʶʤʝʥʩʢʦʡ 

ʦʙʣʘʩʪʠ ʠ ʩʨʝʜʠ ʩʫʙʲʝʢʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ ʜʦʙʳʯʝ ʥʝʬʪʠ ʟʘʥʠʤʘʝʪ ʧʝʨʚʦʝ ʤʝʩʪʦ 

(58%), ʧʦ ʚʳʨʘʙʦʪʢʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ð ʚʪʦʨʦʝ ʤʝʩʪʦ ʠ ʧʦ ʜʦʙʳʯʝ ʛʘʟʘ ð ʪʨʝʪʴʝ.  

ʉʫʨʛʫʪʩʢʠʡ ʨʘʡʦʥ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʙʦʣʴʰʠʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʍʄɸʆ, ʝʛʦ ʧʣʦʱʘʜʴ 

ʩʦʩʪʘʚʣʷʝʪ 105 ʪʳʩ ʢʤ2, ʘ ʪʘʢʞʝ ʠ ʩʘʤʳʤ ʢʨʫʧʥʳʤ ʧʨʦʤʳʰʣʝʥʥʳʤ ʨʝʛʠʦʥʦʤ ʦʢʨʫʛʘ ʧʦ 

ʜʦʙʳʯʝ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ (60% ʜʦʙʳʯʠ ʥʝʬʪʠ) [1]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [2], ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʤʝʩʪʦʤ 

ʧʨʦʞʠʚʘʥʠʷ ʙʦʣʴʰʝʡ ʯʘʩʪʠ (62%) ʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʉʫʨʛʫʪʩʢʦʛʦ ʨʘʡʦʥʘ ʷʚʣʷʶʪʩʷ ʣʝʩʥʳʝ 

ʨʦʜʦʚʳʝ ʫʛʦʜʴʷ ʠ ʤʝʩʪʘ ʧʨʦʤʳʩʣʘ. ʅʘʩʝʣʝʥʠʝ, ʧʨʦʞʠʚʘʶʱʝʝ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, 

ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ ʧʠʪʴʝʚʳʭ ʥʫʞʜ ʚʦʜʫ ʦʟʝʨ, ʨʝʢ ʠ ʪ. ʧ. 
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ʕʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [2], ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʠʪʴʝʚʦʡ ʚʦʜʝ ʨʷʜ ʦʧʨʝʜʝʣʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʨʘʟʚʠʪʠʶ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ. ʄʦʥʠʪʦʨʠʥʛ ʧʨʠʨʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ ʚʳʩʪʫʧʘʶʪ 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʧʦʧʘʜʘʶʱʠʝ ʚ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʘʚʘʨʠʡ ʥʘ 

ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʳʭ ʦʙʲʝʢʪʘʭ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʘʨʫʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʦʚʝʜʝʥʠʝ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ 

ʉʫʨʛʫʪʩʢʦʛʦ ʨʘʡʦʥʘ ʍʄɸʆ-ʖʛʨʳ.  

 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 103 ʧʨʦʙʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ 

ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʘʨʛʦʥʦʚʦʡ ʧʣʘʟʤʦʡ (ɸʕʉ-ʀʉʇ) [3].  

ʆʪʙʦʨ ʧʨʦʙ ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʘʧʨʝʣʷ ʧʦ ʦʢʪʷʙʨʴ 2018ï2020 ʛʛ., ʥʘ ʦʩʥʦʚʘʥʠʠ ɻʆʉʊ 31861-

2012. ɺʦʜʘ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʪʙʦʨʫ ʧʨʦʙ. ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʲʝʢʪʳ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.   

 

ʄʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʟʝʨʘ: ɺʝʨʰʠʥʥʦʝ, ɺʘʪʴʣʦʨ, ʏʠʢʭʳʡʣʦʨ, 

ʇʠʣʴʪʘʥʣʦʨ, ʂʘʯʥʳʣʦʨ. ʆʙʲʝʢʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʢʘʨʪʝ. 

 

 
 

 

ʈʠʩʫʥʦʢ 1. ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʦʟ. ɺʝʨʰʠʥʥʦʝ, ʇʠʣʴʪʘʥʣʦʨ, ɺʘʪʴʣʦʨ, ʏʠʢʭʳʡʣʦʨ, 

ʂʘʯʥʳʣʦʨ (https://www.google.com/maps/@55,103,3z). 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʣʷ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʦʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʭʘʨʘʢʪʝʨʥʦ ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʠʨʦʜʥʳʭ ʚʦʜ. 

ʅʝʙʣʘʛʦʧʨʠʷʪʥʳʡ ʩʦʩʪʘʚ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʟʘʙʦʣʝʚʘʥʠʡ ʫ ʯʝʣʦʚʝʢʘ [4].  

ɾʝʣʝʟʦ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʠʩʣʦʨʦʜʦʤ ʦʢʠʩʣʷʝʪʩʷ ʜʦ 

ʞʝʣʝʟʘ ʩʦ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ +3, ʯʪʦ ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʫʩʚʦʷʝʤʦʡ ʬʦʨʤʦʡ ʜʣʷ ʦʨʛʘʥʠʟʤʘ 

ʯʝʣʦʚʝʢʘ, ʠ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʦʢʘʟʳʚʘʝʪ ʪʦʢʩʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ [5].  

ɺ ʊʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʩʨʝʜʥʝʥʥʳʝ ʜʘʥʥʳʝ ʘʥʘʣʠʟʦʚ. 

 

ʊʘʙʣʠʮʘ.  

ʍʀʄʀʏɽʉʂʀʁ ʉʆʉʊɸɺ ʇʆɺɽʈʍʅʆʉʊʅʓʍ ɺʆɼ ʉʋʈɻʋʊʉʂʆɻʆ ʈɸʁʆʅɸ ʍʄɸʆ-

ʖɻʈʓ 
ʇʦʢʘʟʘʪʝʣʴ ʋʩʨʝʜʥʝʥʥʳʡ 

ʨʝʟʫʣʴʪʘʪ 

Min Ÿ Max ʇɼʂ (ʜʣʷ ʚʦʜ ʨʳʙʦ-

ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ) 

Fe, ʤʛ/ʣ 0,39 0,02 ź 9,9 0,1 

Mn, ʤʛ/ʣ 0,07 0,02 ź 2,2 0,01 

Ca, ʤʛ/ʣ 8,01 6,01ź 22,04 180 

Mg, ʤʛ/ʣ 3,60 1,22ź 15,81 40 

ʅʝʬʪʝʧʨʦʜʫʢʪʳ, ʤʛ/ʣ 0,13 0,05 ź 1,3 0,05 

Hg, ʤʢʛ/ʣ 0,06 0,01 ź 0,62 0,01 

Pb, ʤʢʛ/ʣ 1,0 1,0 ź 640,0 60,0 

Cd, ʤʢʛ/ʣ 0,1 0,1 ź 5,5 5,0 

 

ʉʨʝʜʥʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʉʫʨʛʫʪʩʢʦʛʦ 

ʨʘʡʦʥʘ ʍʄɸʆ-ʖʛʨ rʦʪʦʙʨʘʞʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 2. 

 

 

 
 

ʈʠʩʫʥʦʢ 2. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʉʫʨʛʫʪʩʢʦʛʦ ʨʘʡʦʥʘ ʍʄɸʆ-ʖʛʨʳ. 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʦʙ ʞʝʣʝʟʦʤ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʩʣʝʜʫʶʱʝʝ: 

1. ʉʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʦʛʦ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʚ 32 ʧʨʦʙʘʭ, ʠʟ 103 ð 

31,07%. 

2. ʋʤʝʨʝʥʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʚ ʧʨʦʙʘʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʛ. ʉʫʨʛʫʪ 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ 11 ʧʨʦʙʘʭ ð 11%. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʠʪʴʝʚʘʷ ʚʦʜʘ ʨʝʛʠʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʪʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʚʦʜʳ 

(2 ʤʤʦʣʴ/ʣ). ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʉʫʨʛʫʪʩʢʦʛʦ ʨʘʡʦʥʘ 

ʦʢʘʟʘʣʦʩʴ ʚʦ ʤʥʦʛʦ ʨʘʟ ʥʠʞʝ ʇɼʂ. 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʨʛʘʥʮʘ ʚ ʧʨʦʙʘʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʧʨʝʚʳʰʘʝʪ 

ʇɼʂ ʚ 7 ʨʘʟ. ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ. 

ʉʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ ʚ ʧʨʦʙʘʭ ʚʦʜ ʥʠʞʝ ʫʨʦʚʥʷ ʇɼʂ. ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ 4 ʧʨʦʙʘʭ (3,88%). 

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ 

ʦʙʩʣʝʜʫʝʤʦʛʦ ʨʘʡʦʥʘ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ. ʉʨʝʜʥʠʝ ʚʝʣʠʯʠʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʬʪʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʨʝʚʳʰʘʣʠ ʇɼʂ ʧʦʯʪʠ ʚ ʪʨʠ ʨʘʟʘ. ʀʟ 103 ʧʨʦʙ ð ʚ 65 (63,11%) ʙʳʣʘ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʥʝʬʪʴʶ. 

ʍʄɸʆ ð ʦʩʥʦʚʥʦʡ ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʠʡ ʨʝʛʠʦʥ ʈʦʩʩʠʠ. ʅʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ. ʄʠʨʦʚʦʡ ʦʧʳʪ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 2% ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʜʦʙʳʪʦʡ ʥʝʬʪʠ ʧʦʧʘʜʘʝʪ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʚʝʜʝʪ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʧʨʠʨʦʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʧʦʯʚʳ [6]. 

 

ɺʳʚʦʜʳ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ 

ʦʢʨʫʛʘ ʭʘʨʘʢʪʝʨʥʘ ʥʠʟʢʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʠ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ. ʕʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʢʦʪʦʨʘʷ 

ʦʙʫʩʣʦʚʣʝʥʘ ʚʣʠʷʥʠʝʤ ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ.  
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ANTHROPOGENIC LOADS IN THE MOUNTAIN SHIRVAN ECONOMICAL AND 

GEOGRAPHICAL REGION OF AZERBAIJAN, THEIR EVALUATION AND MODELING  

 

ÉAliyeva G., Baku State University, Baku, Azerbaijan, gulnar.ali.orujova@rambler.ru 

ÉAfandiyeva A., Ph.D., Baku State University, Baku, Azerbaijan, gulnar.ali.orujova@rambler.ru 

 

ɸʅʊʈʆʇʆɻɽʅʅʓɽ ʅɸɻʈʋɿʂʀ ɺ ɻʆʈʅʆ-ʐʀʈɺɸʅʉʂʆʄ ʕʂʆʅʆʄʀʂʆ-
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ʀʍ ʆʎɽʅʂɸ ʀ ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

 

Éɸʣʠʝʚʘ ɻ. ʉ., ɹʘʢʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ, gulnar.ali.orujova@rambler.ru 
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ʛ. ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ, gulnar.ali.orujova@rambler.ru 

 

Abstract. The study assessed the impact of the environmental situation on development of 

demographic process, and analyzed the dependence of birthrate, death rate, rate of natural 

population growth and infant mortality on the ecological situation for Mountain Shirvan economic 

and geographical region of Azerbaijan by using economic-mathematical modeling methods.  

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʮʝʥʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʨʘʟʚʠʪʠʝ 

ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʨʦʞʜʝʥʠʡ, ʩʤʝʨʪʝʡ, 

ʪʝʤʧʦʚ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʠʨʦʩʪʘ ʥʘʩʝʣʝʥʠʷ ʠ ʤʣʘʜʝʥʯʝʩʢʦʡ ʩʤʝʨʪʥʦʩʪʠ ʦʪ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʪʫʘʮʠʠ ʜʣʷ ɻʦʨʥʦ-ʐʠʨʚʘʥʩʢʦʛʦ ʵʢʦʥʦʤʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʡʦʥʘ ɸʟʝʨʙʘʡʜʞʘʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

Keywords: atmospheric pollution, industry, pollution, anthropogenic loads, ecosystems, 

birthrate, death rate, natural population growth, infant mortality, modeling. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ, ʠʥʜʫʩʪʨʠʷ, ʟʘʛʨʷʟʥʝʥʠʝ, ʵʢʦʩʠʩʪʝʤ,r 

ʨʦʞʜʘʝʤʦʩʪʴ, ʩʤʝʨʪʥʦʩʪʴ, ʝʩʪʝʩʪʚʝʥʥʳʡ ʧʨʠʨʦʩʪ ʥʘʩʝʣʝʥʠʷ, ʤʣʘʜʝʥʯʝʩʢʘʷ ʩʤʝʨʪʥʦʩʪʴ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 

Mountainous Shirvan economic-geographical region is located in the eastern part of the 

southern slope in the Greater Caucasus, covering Aghsu, Ismayilli, Shamakhi, Gobustan regions. 

Although the economic region is an ancient settlement, it is relatively underdeveloped in terms of 

industry. With regard to being a relatively large area, it is very convenient to place economic and 

social facilities in the area more and without interfering with each other, to develop and use the 

lands on a larger scale. Its border with the industrially and agriculturally developed regions of the 

republic makes its economic geographical position even more favorable. This is more evident in 

economic relations. The main advantage of the Mountainous Shirvan economic region is its 

proximity to the main socio-political center of the republic, the Absheron economic region, 

especially Baku and Sumgayit. The industry of the economic region is based on the food and light 

industry processing local agricultural products. The light industry of the economic region is mainly 

represented by winemaking, fruit growing, sewing, and carpet weaving. The main activity in the 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.com 

ʊ. 6. ˉ11. 2020 

https://doi.org/10.33619/2414-2948/60 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 123 

 

food industry is winemaking, which processes local grape products. In addition, the economy of the 

region includes forest and wood processing, production of construction materials (wood processing 

plant in Ismayilli, brick factory, and stone quarries in Shamakhi and Gobustan), repair of 

agricultural machinery. The land of Shirvan has historically been a center of crafts and weaving. 

Lahij settlement is well-known for its copperware, while Basgal village is notable for its kelagayi. 

In Shamakhi, there are workshops for silk kelagayi. For most villages, carpet weaving is a 

traditional craft. 

However, the Mountainous Shirvan economic-geographical region is one of the regions most 

exposed to anthropogenic loading in the country. The anthropogenic load is the degree of the direct 

and indirect impact of a human being and his economy on nature and its individual components. In 

the economic-geographical region, all forms of anthropogenic overload are found, except for heavy 

industries. In the Mountainous Shirvan economic-geographical region, industries polluting the 

environment with toxic substances are underdeveloped. The reason is that there is no local raw 

material base for the creation of heavy industries, and it is not economically viable to work on the 

basis of imported raw materials. However, environmental pollution, especially atmospheric 

pollution, is observed in the region. The reason for air pollution is that the economic region has an 

extensive transport network. The strategically important BakuïShamakhiïAghsuïKurdamir 

highway passes through the region. A railway line has been laid between Padar Station and Chol 

Goylar village. Roads are also one of the factors affecting ecosystems. Ecosystems along highways 

are exposed to greater environmental impact. Toxic gases from automobile engines enter the 

atmosphere, poison the air, and have a negative impact on human health. 

Atmospheric, water, and other pollution in the Mountainous Shirvan economic region also 

plays a role in the natural growth of the population in the region (Table). Therefore, the number of 

births, deaths, natural population growth, and infant mortality in the economic region was studied, 

and the elimination of the results was tested on several models. Using economic-mathematical 

modeling methods, the dependence of births, deaths, natural population growth, and infant mortality 

on the ecological situation for the economic regions of the Republic of Azerbaijan was analyzed [1]. 

 

Table. 

INFORMATION ON THE WATERS OF MOUNTAIN SHIRVAN [2] 
 

Mountainous Shirvan 2014 2015 2016 2017 2018 2019 

Population (end of year, thousand people)   304.0 308.2 311.9 315.3 318.6 317.4 

Natural population growth (per thousand people)   14.7 14.0 12.1 10.8 10.3 10.1 

Births    21.2 20.0 18.5 16.8 16.3 15.9 

Deaths   6.5 6.0 6.4 6.0 6.0 6.0 

Including children died before reaching the age of 1   6.9 10.1 12.8 12.7 16.2 16.1 

Emission of pollutants from stationary sources into the 

atmosphere (thousand tons)   

0.03 0.06 0.2 0.1 0.1 0.1 

Water taken from natural sources (million cubic meters) 80.6 90.0 70.0 75.8 77.9 78.8 

Water used for domestic purposes (million cubic meters) 1.6 2.1 2.4 2.5 3.4 3.2 

 

Models based on official statistics of the State Statistics Committee (SSC) were found on a 

personal computer using the ñEViewsò application program using the smallest squares method and 

evaluated by correlation-regression analysis [3].  

Specifically, the model we analyzed is as follows. 
 

ERER EccB 21)log( +=  (1) 
 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.com 

ʊ. 6. ˉ11. 2020 

https://doi.org/10.33619/2414-2948/60 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 124 

 

ERER Ecc 21)Dlog( +=  (2) 
 

ERER EccNG 21)log( +=  (3) 

ERER EccIM 21)log( +=  (4) 
 

ERB  ð births, 
ERD ð deaths, ERNG  ð natural growth, 

ERIM ð total infant mortality, 
ERE ð 

volume of pollutants from stationary sources in the economic zone, 
1c , 

2c  ð parameters are 

estimated on the basis of statistics covering 2014ï2019 [2]. 

Here 
1c is the coefficient of semi-elasticity. The following expression is used to interpret 

2c  

coefficient economically.  

xcyy 20loglog +=  

xc
e

y

y
2

0

=  

if 02<c , thenxex +º1  will be written. Thus, when the factor influencing x is changed by 

1 unit, the result indicator ð y shows a change of 
2c  100% relative to the base level ð 0y . 

Thus, in accordance with the results for the implementation of models in ñEViewsò 

application software package on the personal computer, based on official statistics of the State 

Statistics Committee, dependent on births, deaths, natural population growth and infant mortality on 

ecological situation, more precisely emissions of pollutants into the atmosphere (thousand tons) in 

the Mountainous Shirvan economic region in 2014ï2019, regression equations were obtained as 

follows pursuant to the outcomes for the implementation of the model on a PC [3]. 
 

310,0,159,0

)870,0()013,29(.

004,0084,3)log(

2 ==

-

-=

DWR

statt

EB DSDS

 
(5) 

 

The econometric model shows that the birth rate per 1 000 people decreases by 0.4% as a 

result of the release of 1 000 tons of air pollutants into the Mountainous Shirvan economic region 

(5). 
 

800,0,322,0

)379,1()222,56(.
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2 ==

-

+=

DWR
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(6) 

 

The econometric model shows that the death rate per 1 000 people increases by 0.2% as a 

result of the emission of 1 000 tons of air pollutants into the Mountainous Shirvan economic region 

(6). 
 

244,0,102,0

)677,0()974,17(.

005,0666,2)log(

2 ==

-

-=

DWR
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ENG DSDS

 

(7) 

 

The econometric model shows that the natural population growth rate per 1 000 people 

decreases by 0.5% as a result of the emission of 1 000 tons of air pollutants into the Mountainous 

Shirvan economic region (7). 
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(8) 

 

 

The econometric model shows that as a result of the release of 1 000 tons of air pollutants into 

the Mountainous Shirvan economic region, the infant mortality rate per 1 000 people increases by 

0.4%. As it is seen in the statistical analysis, the results obtained in the econometric models (5ï8) 

are not statistically significant [4ï5]. 

In general, the study and statistical models show that the impact of air pollution on births, 

deaths, natural population growth and infant mortality in the Mountainous Shirvan economic region 

is very low. Other factors will be studied in future studies.  
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʩʙʨʘʩʳʚʘʝʤʳʭ ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʥʘ 

ʵʢʦʣʦʛʠʶ ʨʝʢʠ ʂʘʬʠʨʥʠʛʘʥ. ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʥʳʥʝʰʥʝʤ ʩʦʩʪʦʷʥʠʝ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ 

ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ ʠ ʜʘʥʘ ʦʮʝʥʢʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʵʪʠʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ʉʜʝʣʘʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʧʦʜʩʯʝʪʳ ʨʘʩʭʦʜʦʚ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʥʦʚʦʛʦ ʢʘʥʘʣʠʟʘʮʠʦʥʥʦʛʦ ʦʯʠʩʪʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ 

ʘʢʪʫʘʣʴʥʦʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʙʣʝʤʝ ʦʯʠʩʪʢʠ ʣʠʚʥʝʚʦʡ ʢʘʥʘʣʠʟʘʮʠʠ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʠʚʥʝʚʘʷ ʢʘʥʘʣʠʟʘʮʠʷ ʪʘʢʞʝ ʢʘʢ ʠ ʩʪʦʯʥʳʝ ʚʦʜʳ, ʥʝʛʘʪʠʚʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʶʪ 

ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʇʨʝʞʜʝ ʯʝʤ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʩʪʦʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʠʭ ʦʩʦʙʳʤ ʦʙʨʘʟʦʤ 

ʧʝʨʝʨʘʙʦʪʘʪʴ, ʧʦʜʚʝʨʛʥʫʚ ʦʯʠʩʪʢʝ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʠ ʛʣʫʙʠʥʳ. 

 

Abstract. The influence of the discharged treated wastewater on the ecology of the Kafirnigan 

River is considered. The data on the current state of sewage treatment facilities in the city of 

Dushanbe are given and an assessment of the environmental efficiency of these treatment facilities 

is given. Preliminary calculations of costs for the construction of a new sewage treatment plant in 

Dushanbe have been made. The article is devoted to the current problem of cleaning storm sewers. 

It should be noted that storm water drainage, like wastewater, has a negative impact on the 

environment. Before the wastewater is disposed of, it is necessary to treat it in a special way, 

subjecting it to treatment of varying degrees and depths. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʥʘʣʠʟʘʮʠʦʥʥʦʝ ʦʯʠʩʪʥʦʝ ʩʦʦʨʫʞʝʥʠʝ, ʵʢʦʣʦʛʠʷ ʨʝʢʠ, ʘʵʨʦʪʝʥʢ, 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʫʜʳ, ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ, ʣʠʚʥʝʚʘʷ ʢʘʥʘʣʠʟʘʮʠʷ, ʚʦʜʦʚʳʧʫʩʢʠ, ʦʩʚʝʪʣʝʥʠʝ, 

ʧʨʦʮʝʩʩ ʩʘʤʦʦʯʠʱʝʥʠʷ ʚʦʜʳ. 

 

Keywords: sewage treatment plant, river ecology, aeration tank, biological ponds, sewage 

treatment, storm collector, water outlet, lightening, water self-purification process. 
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ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʩʙʨʘʩʳʚʘʝʤʳʭ ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ 

ʚʦʜ ʥʘ ʵʢʦʣʦʛʠʶ ʨʝʢʠ ʂʘʬʠʨʥʠʛʘʥ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ, ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʧʨʝʜʳʜʫʱʝʡ 

ʩʪʘʪʴʝ, ʧʦʩʣʝ 90-ʭ ʛʛ. ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʢʘʥʘʣʠʟʘʮʠʦʥʥʦʝ ʦʯʠʩʪʥʦʝ ʩʦʦʨʫʞʝʥʠʝ (ʂʆʉ) 

ʛ. ɼʫʰʘʥʙʝ ʨʝʟʢʦ ʫʭʫʜʰʠʣʦʩʴ [1].  

ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʂʆʉ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʦʨʫʞʝʥʠʡ ʚ ʦʩʥʦʚʥʦʤ ʨʘʙʦʪʘʶʪ, 

ʢʘʢ ʦʪʩʪʦʡʥʠʢʠ ʠ ʦʥʠ ʩʠʣʴʥʦ ʟʘʠʣʝʥʳ. ʅʝ ɻ ʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʝʪ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ ʠ 

ʧʦʵʪʦʤʫ ʥʠʟʢʠʡ ʵʬʬʝʢʪ ʦʯʠʩʪʢʠ. ʋʞʝ ʯʝʪʚʝʨʪʴ ʚʝʢʘ ʢʘʢ ʥʝ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʢʘʧʠʪʘʣʴʥʳʝ 

ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ, ʠʟʥʦʩ ʩʘʤʠʭ ʩʦʦʨʫʞʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 70% ʜʦ 100% ʠ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʥʝ 

ʧʦʜʣʝʞʠʪ ʨʝʤʦʥʪʫ, ʪʨʝʙʫʝʪ ʧʦʣʥʦʡ ʟʘʤʝʥʳ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʂʆʉ ʚ ʦʩʥʦʚʥʦʤ ʧʦʩʪʫʧʘʶʪ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʝ ʩʪʦʯʥʳʝ 

ʚʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʘʤʤʦʥʠʡʥʳʡ ʘʟʦʪ ʠ ʩʫʣʴʬʘʪʳ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠʭ ʩʦʜʝʨʞʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʪʨʝʙʫʝʪʩʷ ʥʘʣʘʞʠʚʘʪʴ ʨʘʙʦʪʫ ʩʦʦʨʫʞʝʥʠʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ, ʦʜʥʘʢʦ ʠʟ-ʟʘ 

ʦʪʩʫʪʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʢʦʤʧʨʝʩʩʦʨʦʚ, ʟʘʜʚʠʞʝʢ, ʪʨʫʙ ʠ ʪ. ʜ. ʚʳʰʝʜʰʝʛʦ ʠʟ 

ʩʪʨʦʷ, ʠʟʥʦʩʘ ʠ ʧʦʣʦʤʢʠ) ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʩʦʦʨʫʞʝʥʠʷ [2].  

ɼʦʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʫʜʘʭ, ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʝʥʳ 

ʦʩʘʜʢʦʤ. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʫʜʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚʜʦʣʴ ʨʝʢʠ ɼʫʰʘʥʙʠʥʢʠ ʠ ʨʘʟʜʝʣʷʝʪ ʠʭ 

ʧʨʦʝʟʞʘʷ ʯʘʩʪʴ ʜʦʨʦʛʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʜʝʪ ʧʦʜʤʳʚ ʜʦʨʦʛʠ ʢ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʨʫʜʘʤ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʣʠʷʥʠʶ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʨʝʢʦʡ. 

ʉʫʱʝʩʪʚʫʶʱʠʡ ʚʦʢʨʫʛ ʂʆʉ ʜʨʝʥʘʞʥʳʡ ʢʘʥʘʣ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʦʛʦ ʧʦ ʰʠʨʠʥʝ ð 12 ʤ, 

ʛʣʫʙʠʥʘ ð 5 ʤ, ʰʠʨʠʥʘ ʜʥʘ ð 8 ʤ ʠ ʜʣʠʥʘ ð 5,6 ʢʤ ʩʣʫʞʠʪ ʜʣʷ ʦʪʚʦʜʘ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ 

ʟʘʱʠʪʳ ʩʦʦʨʫʞʝʥʠʡ ʦʪ ʩʝʣʝʚʳʭ ʧʦʪʦʢʦʚ. ɺ ʩʦʙʳʪʠʷʭ 90-ʭ ʛʦʜʦʚ ʢʘʥʘʣ ʙʳʣ ʟʘʚʘʣʝʥ ʛʦʨʦʜʩʢʠʤ 

ʙʳʪʦʚʳʤ ʤʫʩʦʨʦʤ, ʠ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʥʦʩʪʴʶ ʥʝ ʬʫʥʢʮʠʦʥʠʨʫʶʪ. 

ʇʦ ʚʳʰʝʫʧʦʤʷʥʫʪʳʤ ʧʨʠʯʠʥʘʤ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʝ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ 

ʚʳʧʦʣʥʷʪʴ ʵʬʬʝʢʪʠʚʥʦ ʦʯʠʩʪʢʘ ʩʪʦʢʦʚ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʠ ʟʘʤʝʥʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ.  

ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ɻʋʇ çɼʫʰʘʥʙʝʚʦʜʦʢʘʥʘʣè ʩʚʦʠʤʠ ʩʠʣʘʤʠ ʠ ʩʨʝʜʩʪʚʘʤʠ ʥʝ ʚ 

ʩʦʩʪʦʷʥʠʠ ʚʦʩʩʪʘʥʦʚʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʦʦʨʫʞʝʥʠʡ ʂʆʉ. 

ʆʜʥʘʢʦ ʩʦʛʣʘʩʥʦ ʥʦʚʦʤʫ ɻʝʥʝʨʘʣʴʥʦʤʫ ʧʣʘʥʫ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ ʥʦʚʦʝ ʢʘʥʘʣʠʟʘʮʠʦʥʥʦʝ 

ʦʯʠʩʪʥʦʝ ʩʦʦʨʫʞʝʥʠʝ ʜʦʣʞʥʳ ʧʦʩʪʨʦʠʪʴ ʟʘ ʧʨʝʜʝʣʘʤʠ ʪʝʨʨʠʪʦʨʠʡ, ʚ 11 ʢʤ ʦʪ ʛʨʘʥʠʮʳ ʛʦʨʦʜʘ 

(ʧ. ʉʘʨʠʢʠʰʪʠ, ʨ. ʈʫʜʘʢʠ). 

ʋʯʠʪʳʚʘʷ ʵʪʦ, ʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʣʷ ʚʣʦʞʝʥʠʷ ʠʥʚʝʩʪʠʮʠʠ ʚ 

ʩʫʱʝʩʪʚʫʶʱʠʡ ʂʆʉ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʩʤʝʪʘ ʨʘʩʭʦʜʦʚ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʦʛʦ ʢʘʥʘʣʠʟʘʮʠʦʥʥʦʛʦ 

ʦʯʠʩʪʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ ʧʨʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʦ 500 ʪʳʩ ʤ3/ʩʫʪ. 

ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 150 ʤʣʥ ʜʦʣʣʘʨʦʚ ʉʐɸ.  

ɸ ʪʝʨʨʠʪʦʨʠʠ ʜʝʡʩʪʚʫʶʱʝʛʦ ʂʆʉ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 100 ʛʘ ʟʝʤʣʠ, ʧʦʩʣʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʯʚʳ, ʤʫʥʠʮʠʧʘʣʠʪʝʪ ʛʦʨʦʜʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ 

ʟʝʤʝʣʴʥʳʡ ʨʝʩʫʨʩ ʚ ʨʘʟʣʠʯʥʳʭ ʮʝʣʷʭ.  

ʆʮʝʥʢʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ (ʥʘ ʧʨʠʤʝʨʝ 

ʦʯʠʩʪʥʦʡ ʩʪʘʥʮʠʠ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʦʯʥʳʝ ʚʦʜʳ ʥʝʛʘʪʠʚʥʳʤ 

ʦʙʨʘʟʦʤ ʚʣʠʷʶʪ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʇʨʝʞʜʝ ʯʝʤ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʩʪʦʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʠʭ 

ʦʩʦʙʳʤ ʦʙʨʘʟʦʤ ʧʝʨʝʨʘʙʦʪʘʪʴ, ʧʦʜʚʝʨʛʥʫʚ ʦʯʠʩʪʢʝ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʠ ʛʣʫʙʠʥʳ. 

ʋʪʠʣʠʟʘʮʠʷ ʩʪʦʯʥʳʭ ʚʦʜ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʣʠʩʴ ʣʠʰʴ ʯʘʩʪʠʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʦʯʠʩʪʥʳʤʠ 

ʩʦʦʨʫʞʝʥʠʷʤʠ, ʥʘʥʦʩʠʪ ʥʝʧʦʧʨʘʚʠʤʳʡ ʚʨʝʜ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ɺʧʨʦʯʝʤ, ʜʘʞʝ ʛʣʫʙʦʢʘʷ 

ʦʯʠʩʪʢʘ ʩʪʦʢʦʚ ʥʝ ʷʚʣʷʝʪʩʷ ʛʘʨʘʥʪʠʝʡ ʩʦʙʣʶʜʝʥʠʷ ʚʳʩʦʢʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ. ɺʝʜʴ 

ʫʪʝʯʢʘ ʩʪʦʢʦʚ ʠʣʠ ʥʘʚʦʜʥʝʥʠʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʧʘʜʘʥʠʶ ʦʯʠʱʝʥʥʳʭ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ 
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ʚʦʜ ʚ ʨʝʢʠ ʠ ʜʨʫʛʠʝ ʚʦʜʦʝʤʳ. ɼʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʭʝʤ ʦʯʠʩʪʢʠ ʩʪʦʯʥʦʡ ʚʦʜʳ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʣʘʙʦʨʘʪʦʨʠʠ ʦʯʠʩʪʥʦʡ ʩʪʘʥʮʠʠ ʠ ʧʦʢʘʟʘʪʝʣʠ ʨʝʢʠ ʂʘʬʠʨʥʠʛʘʥ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ 

ʘʥʘʣʠʟʦʚ ʜʦ ʦʯʠʩʪʢʠ ʠ ʧʦʩʣʝ ʦʯʠʩʪʢʠ, ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʧʦ ʠʥʛʨʝʜʠʝʥʪʘʤ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʈʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1. ʀʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʜ ʨʝʢʠ ʂʘʬʠʨʥʠʛʘʥ ʜʦ ʠ ʧʦʩʣʝ ʦʯʠʩʪʢʠ ʚʦʜ. 

 

ɼʘʥʥʳʝ ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊʘ, ʢʨʦʤʝ ʮʚʝʪʥʦʩʪʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʝʱʝʥʠʷ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʙʳʣ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥ ʚʝʩʴ ʧʨʦʮʝʩʩ 

ʦʯʠʩʪʢʠ ʧʦʩʪʫʧʘʶʱʠʭ ʩʪʦʢʦʚ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʦʤ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʤ 

ʤʝʪʦʜʝ. ʄʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ ʥʝ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ. ɼʦʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʫʜʘʭ [3]. 

ʇʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʩʪʦʢʠ ʧʦʩʪʫʧʘʶʪ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʫʜʳ, ʛʜʝ ʤʝʭʘʥʠʯʝʩʢʠ 

ʦʯʠʱʝʥʥʘʷ ʚʦʜʘ ʧʨʦʭʦʜʠʪ ʦʩʚʝʪʣʝʥʠʝ ʠ ʥʘʩʳʱʘʝʪʩʷ ʢʠʩʣʦʨʦʜʦʤ. ʇʨʫʜʳ ʪʘʢʞʝ ʦʪʥʦʩʷʪʩʷ ʢ 

ʩʠʩʪʝʤʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ, ʚ ʢʦʪʦʨʦʡ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʙʠʦʮʝʥʦʟʘ ʠ ʘʢʪʠʚʥʦʛʦ ʠʣʘ 

ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ. ɺ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʨʘʟʚʠʚʘʶʪʩʷ ʘʵʨʦʙʥʳʝ 

ʢʫʣʴʪʫʨʳ, ʧʨʠʜʦʥʥʳʝ ð ʬʘʢʫʣʴʪʘʪʠʚʥʳʝ ʘʵʨʦʙʳ ʠ ʘʥʘʵʨʦʙʳ, ʩʧʦʩʦʙʥʳʝ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʨʦʮʝʩʩʳ ʤʝʪʘʥʦʚʦʛʦ ʙʨʦʞʝʥʠʷ ʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʫʣʴʬʘʪʦʚ. ʅʘʩʳʱʝʥʠʝ ʚʦʜʳ ʢʠʩʣʦʨʦʜʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʩʠʥʪʝʟʘ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʛʦ ʚʦʜʦʨʦʩʣʷʤʠ, ʠʟ ʢʦʪʦʨʳʭ 

ʦʩʦʙʝʥʥʦ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ Chlorella, Scenedesmus, ʚʩʪʨʝʯʘʶʪʩʷ ʵʚʛʣʝʥʦʚʳʝ, 

ʚʦʣʴʚʦʢʩʦʚʳʝ ʠ ʪ. ʜ. ɺ ʧʨʫʜʘʭ ʪʘʢʞʝ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʬʘʫʥʘ: 

ʧʨʦʩʪʝʡʰʠʝ, ʯʝʨʚʠ, ʢʦʣʦʚʨʘʪʢʠ, ʥʘʩʝʢʦʤʳʝ ʠ ʜʨ. [3]. 

ʕʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʨʠ ʦʯʠʩʪʢʝ ʚʦʜʳ, ʷʚʣʷʝʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ. ʅʦ ʨʦʣʴ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʟʘʤʝʥʷʶʪ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʫʜʳ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦʜʥʳʡ 

ʛʠʘʮʠʥʪ (ʵʡʭʦʨʥʠʷ ʦʪʣʠʯʥʘʷ ð Eichhornia crassipes), ʨʦʛʦʟ ʫʟʢʦʣʠʩʪʥʳʡ ʠ ʰʠʨʦʢʦʣʠʩʪʥʳʡ. 
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ɺʦʜʷʥʦʡ ʛʠʘʮʠʥʪ ʩʧʦʩʦʙʝʥ ʧʦʛʣʦʱʘʪʴ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʚ ʩʝʙʝ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ Cu2+ 

(ʤʝʜʴ), Zn2+ (ʮʠʥʢ), Pb2+ (ʩʚʠʥʝʮ), Cd+ (ʢʘʜʤʠʡ) ʚ ʪʳʩʷʯʠ ʨʘʟ. ʉʝʤʝʥʘʤʠ ʥʝ ʨʘʟʤʥʦʞʘʝʪʩʷ, 

ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʘʟʦʪʘ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʧʦʧʫʣʷʮʠʶ ʢʘʤʳʰʘ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʫʜʘʭ ʠ ʚʳʩʘʜʠʪʴ ʪʘʢʠʝ ʚʦʜʥʳʝ ʨʘʩʪʝʥʠʷ, ʢʘʢ ʨʦʛʦʟ ʫʟʢʦʣʠʩʪʥʳʡ ʠ ʰʠʨʦʢʦʣʠʩʪʥʳʡ, 

ʪʨʦʩʪʥʠʢ ʦʟʝʨʥʳʡ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ɹʇʂ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ ʫ ʢʘʤʳʰʘ, ʥʝʤʥʦʛʦ 

ʥʠʞʝ ʫ ʪʨʦʩʪʥʠʢʘ ʠ ʨʦʛʦʟʘ. ʋʜʝʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʢʘʤʳʰʦʤ ʜʦʩʪʠʛʘʝʪ 

(ʛʨʘʤʤ ʥʘ 1 ʛ ʩʫʭʦʡ ʤʘʩʩʳ): ʢʘʣʴʮʠʷ ð 3,95, ʢʘʣʠʷ ð 10,3, ʥʘʪʨʠʷ ð 6,3, ʢʨʝʤʥʠʷ ð 12,6, 

ʮʠʥʢʘ ð 50, ʤʘʨʛʘʥʮʘ ð 1200, ʙʦʨʘ ð 14,6 [2]. 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʨʘʙʦʪʳ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʨʘʙʦʪʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʫʜʦʚ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ, ʠ ʧʦʢʘʟʘʪʝʣʠ 

ʦʯʠʱʝʥʥʳʭ ʩʪʦʢʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʭʥʠʯʝʩʢʠʤ ʥʦʨʤʘʤ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʧʦʣʴʟʫʷ ʦʙʨʘʟʮʳ ʩʪʦʢʦʚ, ʚʟʷʪʳʭ ʥʘ ʚʭʦʜʝ ʚ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ 

ʠ ʚʳʭʦʜʝ ʠʟ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʫʜʦʚ, ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʘʪ-ʠʦʥʦʚ, ʭʣʦʨʠʜ-

ʠʦʥʦʚ, ʟʘʧʘʭ, ʧʨʦʟʨʘʯʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ, ʮʚʝʪ, ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʦʛʦ ʤʝʪʘʣʣʘ ʞʝʣʝʟʘ. 

ʀʩʧʦʣʴʟʫʷ ʨʝʟʫʣʴʪʘʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ 

ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʘʙʦʨʘʪʦʨʠʠ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ, ʧʦ ʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʷʶʪ ʯʠʩʪʦʪʫ ʩʪʦʯʥʳʭ ʚʦʜ, ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ. 

ʕʪʦ ʜʦʢʘʟʳʚʘʝʪ ʪʦ, ʯʪʦ ʩʪʦʯʥʳʝ ʚʦʜʳ ʩ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʥʝ ʤʦʛʫʪ ʦʢʘʟʘʪʴ ʨʝʟʢʦʛʦ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʨʝʢʠ ʂʘʬʠʨʥʠʛʘʥ.  

ɺ ʮʝʣʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ. ʊʘʢ 

ʢʘʢ ʩʪʦʯʥʘʷ ʚʦʜʘ, ʢʦʪʦʨʘʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʫʜʦʚ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʢʘʟʳʚʘʝʪ ʝʱʝ ʤʝʥʴʰʝʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʩʠʩʪʝʤʫ ʨʝʢʠ ʂʘʬʠʨʥʠʛʘʥ. ɼʦʢʘʟʘʥʦ, ʯʪʦ 

ʤʥʦʛʠʝ ʨʘʩʪʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʭ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʛʣʦʱʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʙʠʦʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ (ʘʟʦʪ, ʬʦʩʬʦʨ, ʢʘʣʠʡ ʠ 

ʪ. ʜ.) [4]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʦʨʥʝʚʦʡ ʟʦʥʝ ʨʘʩʪʝʥʠʡ ʩʦʟʜʘʝʪʩʷ ʩʢʦʧʣʝʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʦʢʠʩʣʷʶʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʠ ʜʝʣʘʶʪ ʠʭ 

ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʨʘʩʪʝʥʠʡ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʶʪ ʵʬʬʝʢʪ ʦʯʠʩʪʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʦʯʠʩʪʢʠ 

ʩʪʦʯʥʳʭ ʚʦʜ ʧʦ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʫʜʘʭ ʧʦʢʘʟʘʥʳ 

ʥʘ ʈʠʩʫʥʢʝ 2. 

ʕʬʬʝʢʪ ʦʯʠʩʪʢʠ ʧʦʩʣʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʫʜʳ ʟʘʤʝʪʥʦ ʧʦʚʳʰʘʝʪʩʷ. ɼʘʣʝʝ ʦʯʠʱʝʥʥʘʷ 

ʩʪʦʯʥʘʷ ʚʦʜʘ ʩʙʨʘʩʳʚʘʝʪʩʷ ʚ ʨʝʢʝ ʂʘʬʠʨʥʠʛʘʥ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʩʘʤʦʦʯʠʱʝʥʠʝ ʚʦʜʳ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʦʪʚʦʜ ʜʦʞʜʝʚʳʭ ʠ ʪʘʣʳʭ ʚʦʜ ʩ ʪʝʨʨʠʪʦʨʠʡ ʛʦʨʦʜʩʢʦʡ ʘʛʣʦʤʝʨʘʮʠʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ, ʣʠʚʥʝʚʘʷ ʚʦʜʘ ʦʪʚʦʜʠʪʩʷ ʣʦʪʢʦʚʳʤʠ 

ʩʝʪʷʤʠ, ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʯʘʩʪʴ ʟʘʛʨʷʟʥʝʥʥʦʡ ʚʦʜʳ ʧʦʧʘʜʘʝʪ, ʚ ʪʦʤ, ʯʠʩʣʝ ʠ ʚ 

ʛʦʨʦʜʩʢʫʶ ʢʘʥʘʣʠʟʘʮʠʦʥʥʫʶ ʩʝʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʦʯʠʩʪʥʳʤ 

ʩʦʦʨʫʞʝʥʠʷʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʭ ʬʫʥʢʮʠʡ ð ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ.  
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ʈʠʩʫʥʦʢ 2. ʇʦʢʘʟʘʪʝʣʠ ʚʦʜ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʫʜʘʭ. 

 

ɺ ʮʝʣʦʤ ʧʨʦʙʣʝʤʘ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʣʠʚʥʝʚʦʡ ʢʘʥʘʣʠʟʘʮʠʠ ʦʩʪʘʝʪʩʷ ʥʝ ʜʦ ʢʦʥʮʘ 

ʨʝʰʝʥʳʤ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚʦʜʦʚʳʧʫʩʢʠ ʥʝ ʦʩʥʘʱʝʥʳ ʥʝʦʙʭʦʜʠʤʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠʟʤʝʨʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʩʙʨʦʩʘ ʩʪʦʯʥʳʭ ʚʦʜ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʟʨʘʙʦʪʢʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ 

ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʠ ʟʥʘʯʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʠʭ ʨʝʘʣʠʟʘʮʠʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʩʬʝʨʳ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʠʥʛʨʝʜʠʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʚ ʢʠʰʝʯʥʦʨʘʩʪʚʦʨʠʤʦʡ, ʜʠʩʧʝʨʛʠʨʫʝʤʦʡ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʭ ʬʦʨʤʘʭ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʦʣʷ, ʬʦʨʤʳ ʠ ʚʠʜʳ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʘʪʠʚʥʦʛʦ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʠ ʩʘʭʘʨʦʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ.  

 

Abstract. This article proposes a comparative analysis of the composition of auxiliary 

ingredients used in the Russian Federation and the European pharmaceutical industry in tablets in 

enteric, dispersible, modified release forms is produced. The share, forms and types of native and 

modified starch and sugar-containing substances used are considered. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʠʥʛʨʝʜʠʝʥʪʳ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, 

ʥʘʪʠʚʥʳʡ ʢʨʘʭʤʘʣ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʨʘʭʤʘʣ, ʢʠʰʝʯʥʦʨʘʩʪʚʦʨʠʤʘʷ ʦʙʦʣʦʯʢʘ, 

ʜʠʩʧʝʨʛʠʨʫʝʤʘʷ ʦʙʦʣʦʯʢʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ. 

 

Keywords: auxiliary ingredients, pharmaceutical industry, native starch, modified starch, 

enteric coating, dispersible coating, modified release. 
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʦ ʩʦʩʪʘʚʝ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʧʨʝʧʘʨʘʪʘ ʜʣʷ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ, 

ʦʙʝʩʧʝʯʝʥʠʷ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ, ʙʣʘʛʦʜʘʨʷ 

ʥʘʣʠʯʠʶ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʝʟʠʩʪʝʥʪʥʦʛʦ ʢ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ ʩʦʩʪʘʚʘ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʥʝʛʘʪʠʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʥʘ ʩʪʝʥʢʠ 

ʞʝʣʫʜʢʘ (ʠ ʨʘʟʨʫʰʝʥʠʷ ʩʫʙʩʪʨʘʪʘ ʚ ʞʝʣʫʜʢʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ) ð 

ʥʘʧʨʠʤʝʨ, çɸʩʧʠʨʠʥ ʂʘʨʜʠʦè, çɼʠʢʣʦʬʝʥʘʢè ʩ ʢʠʰʝʯʥʦʨʘʩʪʚʦʨʠʤʦʡ ʦʙʦʣʦʯʢʦʡ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ, 

ʥʘʧʨʠʤʝʨ ð ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʳʤ, ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ (ʦʪ çʉʦʨʙʠʬʝʨʘ ɼʫʨʫʣʝʩè (ʧʨʝʧʘʨʘʪʘ 

ʞʝʣʝʟʘ), ʜʦ çɸʨʠʬʦʥʘ (ʀʥʜʘʧʘʤʠʜʘ) ʈʝʪʘʨʜè (ʤʦʯʝʛʦʥʥʦʝ ʩʨʝʜʩʪʚʦ), çʄʦʥʦʯʠʥʢʚʝ ʈʝʪʘʨʜè 

(ʧʨʝʧʘʨʘʪ ʠʟʦʩʦʨʙʠʜʘ ʜʠʥʠʪʨʘʪʘ), çʅʫʨʦʬʝʥʘ ʣʦʥʛè (ʥʝʩʪʝʨʦʠʜʥʦʝ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ 

ʩʨʝʜʩʪʚʦ). ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʝ ʬʦʨʤʳ ʧʨʠʥʷʣʠ 

ʚʠʜ ʜʠʩʧʝʨʛʠʨʫʝʤʳʭ (ʥʘʧʨʠʤʝʨ, ʘʥʪʠʙʠʦʪʠʢʠ ð çʌʣʝʤʦʢʣʘʚ ʩʦʣʶʪʘʙè, çɺʠʣʴʧʨʘʬʝʥ 

ʩʦʣʶʪʘʙè, çʉʫʧʨʘʢʩ ʩʦʣʶʪʘʙè, çɸʤʦʢʩʠʢʣʘʚ ʢʚʠʢʪʘʙè ʠ ʜʨ.) ð ʪʦ ʝʩʪʴ 

ʙʳʩʪʨʦʪʨʘʥʩʬʦʨʤʠʨʫʝʤʳʭ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʨʘʩʪʚʦʨ ʧʨʠ ʨʘʟʚʝʜʝʥʠʠ H2O. ʂʘʞʜʳʡ ʨʘʟ 

ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦ ʢʦʤʧʦʟʠʮʠʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʩʝ ʚʳʰʝʫʢʘʟʘʥʥʳʝ 

ʬʫʥʢʮʠʠ, ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ ï ʢʨʘʭʤʘʣ ʠ ʩʘʭʘʨʦʩʦʜʝʨʞʘʱʠʝ ʚʝʱʝʩʪʚʘ [1]. ʂʘʢ ʦʧʨʝʜʝʣʷʶʪ 

ʬʘʨʤʧʨʦʠʟʚʦʜʠʪʝʣʠ, ʠʤʝʥʥʦ ʩʦʯʝʪʘʥʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʘʭʘʨʦʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ ʠ  ʢʨʘʭʤʘʣʘ) ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʘʚʪʦʨʩʢʦʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ 

ʧʨʘʚʘ ʠ ʩʣʦʞʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʜʞʝʥʝʨʠʢʦʚ (ʘʥʘʣʦʛʦʚ ʦʨʠʛʠʥʘʣʴʥʦʛʦ 

ʧʨʝʧʘʨʘʪʘ). 

 

ʄʘʪʝʨʠʘʣ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʦʣʥʳʝ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʦʧʠʩʘʥʠʷ ʨʘʟʨʝʰʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ (ʬʦʨʤʳ: ʪʘʙʣʝʪʢʠ ʢʠʰʝʯʥʦʨʘʩʪʚʦʨʠʤʳʝ, ʪʘʙʣʝʪʢʠ 

ʜʠʩʧʝʨʛʠʨʫʝʤʳʝ, ʪʘʙʣʝʪʢʠ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ) ʨʝʮʝʧʪʫʨʥʦʛʦ ʠ 

ʙʝʟʨʝʮʝʧʪʫʨʥʦʛʦ ʦʪʧʫʩʢʘ, ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʇʨʠ ʥʘʣʠʯʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳʝ 

ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʤ ʬʦʨʤʳ ʚ ʢʘʧʩʫʣʘʭ (ʢʠʰʝʯʥʦʨʘʩʪʚʦʨʠʤʳʭ ʠ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ) ʩ ʮʝʣʴʶ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʤʧʦʟʠʮʠʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʘʜʨʝʩʥʦʩʪʴ ʜʦʩʪʘʚʢʠ ʦʩʥʦʚʥʦʛʦ ʜʝʡʩʪʚʫʶʱʝʛʦ ʩʫʙʩʪʨʘʪʘ, ʧʨʦʣʦʥʛʘʮʠʶ ʝʛʦ 

ʜʝʡʩʪʚʠʷ ʠʣʠ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʦʨʛʘʥʘʤ ʠ ʪʢʘʥʷʤ, ʚʳʷʚʣʝʥʠʝ ʧʨʝʜʧʦʯʪʝʥʠʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʨʘʭʤʘʣʘ ʠ ʩʘʭʘʨʦʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ ʚ ʜʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʷʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʚʨʝʤʝʥʥʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʪʘʙʣʝʪʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ (ʜʠʩʧʝʨʛʠʨʫʝʤʘʷ, 

ʢʠʰʝʯʥʦʨʘʩʪʚʦʨʠʤʘʷ, ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ). 

 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʧʨʦʮʝʩʩʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʣʫʯʘʡʥʘʷ ʚʳʙʦʨʢʘ (ʛʨʫʧʧʘ ʧʨʝʧʘʨʘʪʦʚ 

ʨʘʟʣʠʯʥʳʭ ʬʘʨʤʛʨʫʧʧ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʘʙʣʝʪʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ ï ʜʠʩʧʝʨʛʠʨʫʝʤʦʡ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ, ʢʠʰʝʯʥʦʨʘʩʪʚʦʨʠʤʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʘʧʪʝʯʥʦʤ 

ʘʩʩʦʨʪʠʤʝʥʪʝ (ʧʦʣʠʢʣʠʥʠʯʝʩʢʠʡ ʩʝʛʤʝʥʪ) ʥʘ ʤʦʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʷ), ʤʝʪʦʜʳ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʩʪʘʪʠʩʪʠʢʠ,  ʩʨʘʚʥʠʪʝʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ. ʇʨʦʠʟʚʝʜʝʥ ʣʘʙʦʨʘʪʦʨʥʳʡ ʭʠʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʠ ʧʨʠ ʥʘʣʠʯʠʠ ð ʢʨʘʭʤʘʣʘ ʠ ʩʘʭʘʨʦʩʦʜʝʨʞʘʱʠʭ 

ʚʝʱʝʩʪʚ ʚ ʧʨʝʧʘʨʘʪʘʭ çʂʘʨʜʠʘʩʢ 50 ʤʛè, çʂʘʨʜʠʘʩʢ 100 ʤʛè, çʊʨʦʤʙʦ ɸʩʩ 100 ʤʛè, 
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çɸʮʝʢʘʨʜʦʣ 50 ʤʛè, çɸʮʝʢʘʨʜʦʣ 100 ʤʛè, çɸʮʝʢʘʨʜʦʣ 300 ʤʛè, çʇʠʤʘʬʫʮʠʥè, çɹʨʠʪʦʤʘʨ 5è, 

çʆʤʝʧʨʘʟʦʣè (çʉʠʥʪʝʟè), çʆʤʝʟ 10 ʤʛè (Dr. ReddyS) ʩʦʛʣʘʩʥʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʬʘʨʤʘʢʦʧʝʝ 

(ʦʧʨʝʜʝʣʝʥʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ) [2]. 

ʇʨʠʚʝʜʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʩʦʛʣʘʩʥʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʬʘʨʤʘʢʦʧʝʝ XIII (ʨʘʟʜʝʣ ʆʌʉ.1.4.1.0015.15 ʊʘʙʣʝʪʢʠ) [3]: 

ʊʘʙʣʝʪʢʠ ʢʠʰʝʯʥʦʨʘʩʪʚʦʨʠʤʳʝ ð ʪʘʙʣʝʪʢʠ, ʫʩʪʦʡʯʠʚʳʝ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʞʝʣʫʜʦʯʥʦʛʦ 

ʩʦʢʘ ʠ ʚʳʩʚʦʙʦʞʜʘʶʱʠʝ ʜʝʡʩʪʚʫʶʱʝʝ ʚʝʱʝʩʪʚʦ (ʚʝʱʝʩʪʚʘ) ʚ ʢʠʰʝʯʥʦʤ ʩʦʢʝ. ʇʦʣʫʯʘʶʪ 

ʧʫʪʝʤ ʧʦʢʨʳʪʠʷ ʪʘʙʣʝʪʦʢ ʢʠʰʝʯʥʦʨʘʩʪʚʦʨʠʤʦʡ ʦʙʦʣʦʯʢʦʡ (ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʙʣʝʪʢʠ ʥʘʟʳʚʘʶʪ 

çʧʦʢʨʳʪʳʤʠ ʢʠʰʝʯʥʦʨʘʩʪʚʦʨʠʤʦʡ ʦʙʦʣʦʯʢʦʡè) ʠʣʠ ʧʨʝʩʩʦʚʘʥʠʝʤ ʛʨʘʥʫʣ ʠʣʠ ʯʘʩʪʠʮ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʢʨʳʪʳʭ ʫʩʪʦʡʯʠʚʦʡ ʢ ʞʝʣʫʜʦʯʥʦʤʫ ʩʦʢʫ ʦʙʦʣʦʯʢʦʡ. 

ʊʘʙʣʝʪʢʠ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ð ʪʘʙʣʝʪʢʠ, ʧʦʢʨʳʪʳʝ ʦʙʦʣʦʯʢʦʡ ʠ 

ʙʝʟ ʦʙʦʣʦʯʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʩʧʝʮʠʘʣʴʥʳʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʠ/ʠʣʠ ʧʦʣʫʯʝʥʥʳʝ ʧʦ 

ʦʩʦʙʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʠ/ʠʣʠ ʚʨʝʤʷ ʠ/ʠʣʠ ʤʝʩʪʦ 

ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ (ʥʝʩʪʘʥʜʘʨʪʥʦʝ) 

ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʜʣʝʥʥʳʤ ʥʝʧʨʝʨʳʚʥʳʤ, ʧʨʝʨʳʚʠʩʪʳʤ (ʧʫʣʴʩʠʨʫʶʱʠʤ), 

ʦʪʩʨʦʯʝʥʥʳʤ ʠ ʫʩʢʦʨʝʥʥʳʤ. ʊʘʙʣʝʪʢʠ ʩ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ï ʪʘʙʣʝʪʢʠ, 

ʧʦʢʨʳʪʳʝ ʦʙʦʣʦʯʢʦʡ ʠʣʠ ʙʝʟ ʦʙʦʣʦʯʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʩʧʝʮʠʘʣʴʥʳʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ 

ʠʣʠ ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʦʩʦʙʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʘʤʝʜʣʝʥʥʦʝ 

ʥʝʧʨʝʨʳʚʥʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʜʝʡʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ. ʇʨʦʣʦʥʛʘʮʠʷ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ: ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ ʪʘʙʣʝʪʦʢ; ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʪʘʙʣʝʪʦʢ; ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʪʘʙʣʝʪʦʢ ʩ ʥʝʨʘʩʪʚʦʨʠʤʳʤ ʢʘʨʢʘʩʦʤ; ʠʥʳʭ 

ʩʧʦʩʦʙʦʚ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʜʝʡʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘ ʠʥʝʨʪʥʦʤ ʥʦʩʠʪʝʣʝ. 

ʊʘʙʣʝʪʢʠ ʜʠʩʧʝʨʛʠʨʫʝʤʳʝ ð ʪʘʙʣʝʪʢʠ ʙʝʟ ʦʙʦʣʦʯʢʠ ʠʣʠ ʧʦʢʨʳʪʳʝ ʧʣʝʥʦʯʥʦʡ 

ʦʙʦʣʦʯʢʦʡ, ʜʠʩʧʝʨʛʠʨʫʝʤʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʧʝʨʝʜ ʧʨʠʤʝʥʝʥʠʝʤ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʩʧʝʥʟʠʠ. 

ʇʨʠʚʝʜʝʤ ʨʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʢʠʰʝʯʥʦʨʘʩʪʚʦʨʠʤʳʭ, ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʠ ʜʠʩʧʝʨʛʠʨʫʝʤʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚʘʭ ʚ ʪʘʙʣʝʪʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ. ɺʩʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʃʉ, ʧʨʠʚʦʜʷʪʩʷ ʥʘ ʈʠʩʫʥʢʘʭ 1ï2 ʠ ʚ ʊʘʙʣʠʮʝ, ʙʝʟ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʦʙʦʣʦʯʢʠ ʠ ʪʝʣʘ ʪʘʙʣʝʪʢʠ (ʢʘʧʩʫʣʳ). 

ʌʠʨʤʳ AstraZeneca ʠ Berlin-Chemie/Menarini ʥʝ ʨʘʩʢʨʳʚʘʶʪ ʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʦʛʨʘʥʠʯʠʚʘʷʩʴ ç+è ʠʣʠ çïè:  

ïʉʦʨʙʠʬʝʨ ɼʫʨʫʣʝʩ/FeSO4 + ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ) 

ʩʦʜʝʨʞʠʪ ʩʪʝʘʨʘʪ Mg, ʧʦʚʠʜʦʥ ʂ-25, ʧʦʨʦʰʦʢ ʧʦʣʠʵʪʠʣʝʥʘ, ʢʘʨʙʦʤʝʨ 934 ʈ, ʛʠʧʨʦʤʝʣʦʟʫ, 

ʤʘʢʨʦʨʛʦʣ, TiO2, Fe2O3 (ʞʝʣʪʳʡ/ʢʨʘʩʥʳʡ/ʯʝʨʥʳʡ), ʪʚʝʨʜʳʡ ʧʘʨʘʬʠʥ. 

ïʇʨʦʬʣʦʢʩʠʥ/ʪʘʤʩʫʣʦʟʠʥ  0,4 ʤʛ (ʚ ʢʘʧʩʫʣʘʭ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ): 

ʮʝʣʣʶʣʦʟʘ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ, ʩʦʧʦʣʠʤʝʨ ʤʝʪʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʵʪʘʢʨʠʣʘʪʘ, 

ʪʨʠʵʪʠʣʮʠʪʨʘʪ, ʪʘʣʴʢ, TiO2, Fe2O3 (ʞʝʣʪʳʡ/ʢʨʘʩʥʳʡ/ʯʝʨʥʳʡ), ʪʘʣʴʢ. 

 

ɺ ɹʨʠʪʦʤʘʨʝ (ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ) ʪʘʢ ʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʛʫʘʨʦʚʘʷ ʢʘʤʝʜʴ, 

ʘ ʚ ʌʦʢʫʩʠʥʝ (ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ) ð ʢʨʘʩʠʪʝʣʴ çʘʟʦʨʫʙʠʥè, ʢʨʘʩʠʪʝʣʴ çʩʠʥʠʡè 

ʧʘʥʪʦʪʝʥʦʚʳʡ, ʞʝʣʘʪʠʥ. 

ɺʝʟʘʤʠʥ ʥʘʨʘʚʥʝ ʩ ʆʤʥʠʢʦʤ ʠ ʅʠʬʝʢʘʨʜʦʤ ʦʙʣʘʜʘʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ, ʥʦ ɸʨʠʬʦʥ ʷʚʣʷʝʪʩʷ ʧʨʝʧʘʨʘʪʦʤ ʢʦʥʪʨʦʣʠʨʫʶʱʝʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 1. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʚ ʪʘʙʣʝʪʢʘʭ ʜʠʩʧʝʨʛʠʨʫʝʤʳʭ çɺʠʣʴʧʨʘʬʝʥ ʉʦʣʶʪʘʙè (ʘ, 

ʙ), çʌʣʝʤʦʢʣʘʚ ʉʦʣʶʪʘʙè (ʚ), çɸʤʦʢʩʠʢʣʘʚ ʂʚʠʢʪʘʙè (ʛ), çʉʫʧʨʘʢʩ ʉʦʣʶʪʘʙè (ʜ) (ʘʥʪʠʙʠʦʪʠʢʠ). 
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ʊʘʙʣʠʮʘ. 

ɺʉʇʆʄʆɻɸʊɽʃʔʅʓɽ ɺɽʑɽʉʊɺɸ ɺ ʂʀʐɽʏʅʆʈɸʉʊɺʆʈʀʄʓʍ ʊɸɹʃɽʊʂɸʍ 
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ʂʨʘʭʤʘʣ 

ʢʫʢʫʨʫʟʥʳʡ 

ī ī 7,8 15,6 + + + 10 30 ī ī + 8,3 + ī 

ʂʨʘʭʤʘʣ 

ʢʫʢʫʨʫʟʥʳʡ 

ʨʘʩʪʚʦʨʠʤʳʡ 

ī ī ī ī ī ī ī ī ī ī ī ī 0,5 ī ī 

ʂʨʘʭʤʘʣ 

ʢʘʨʪʦʬʝʣʴʥʳʡ 

10,0 10,0 ī ī ī ī ī ī ī 79,2 ī ī ī ī ī 

CO2CH2-ʢʨ. Na ī  ī ī ī ī ī ī ī ī ī ī ī + ī 

ʂʘʨʠʦʥ 83 ī ī ī ī ī ī ī ī ī ī ī ī ī ī 24,94 

ʉ ʅ COOH ī ī 1 2 + ī ī ī ī ī ī ī ī ī ī 

ʄʘʥʥʠʪʦʣ ī ī ī ī ī ī ī ī ī ī 59 ī ī ī ī 

ʇʦʚʠʜʦʥʂ30\ʂ90 ī ī 3 6 ī ī + ī ī 5,0 6,7 + ī ī ī 

ʂʨʦʩʧʦʚʠʜʦʥ ī ī ī ī ī ī ī ī ī ī 4,5 ī ī ī ī 

ʂʦ-ʧʦʚʠʜʦʥ ī ī 0,4 0,8 ī ī ī ī ī ī ī ī ī ī ī 

ʉʘʭʘʨʦʟʘ ī ī ī ī ī ī ī ī ī 122 ī ī 23,38 ī ī 

ɻʣʠʮʝʨʦʣ ī ī ī ī ī ī ī ī ī ī ī ī 0,2 ī 35,63 

ʇʦʣʦʢʩʘʤʝʨ ī ī ī ī ī ī ī ī ī ī 1,25 ī ī ī ī 

ʃʘʢʪʦʟʘ 65 65 13,7 27,4 + + + ī ī 66 ī + 34,5 + ī 

ʉʘʭʘʨ. ʩʬʝʨʳ ī ī ī ī ī ī ī ī ī ī ī + ī ī ī 

ʉʘʭʘʨ. ʧʫʜʨʘ ī ī ī ī ī ī ī ī ī ī ī + ī ī ī 

ʇʦʣʠʩʦʨʙʘʪ ī ī ī ī ī ī ī 0,186 0,514 ī ī ī ī ī ī 

ɻʠʧʨʦʤʝʣʣʦʟʘ 

+ ʬʪʘʣʘʪ 

ī ī 0,8 1,6 ī ī ī ī ī ī 2 + ī ī ī 

ʄʝʛʣʫʤʠʥ ī ī ī ī ī ī ī ī ī ī 0,75 ī ī ī ī 

SiO2 3,0 3,0 ī ī ī ī ī ī ī ī ī + ī + ī 

ʎʝʣʣʶʣʦʟʘ 

ʤʠʢʨʦʢʨʠʩʪ 

28,5 28,5 24,5 49 ī ī + 10 30 ī ī + ī ī ī 

ɻʠʜʨʦʢʩʠʧʨʦ-

ʧʠʣʮʝʣʣʶʣʦʟʘ 

ī ī ī ī ī ī ī ī ī ī ī + ī ī ī 

Mg(C18H35O2)2 ī ī ī ī ī ī + ī ī 2,5 1 + 3,92 + ī 

MgO ī ī ī ī ī ī ī ī ī ī ī + ī ī ī 

ʊʘʣʴʢ 3,80 3,80 1,1 2,2 ī ī + 8,1 22,3 21,7 ī + 16,16 + ī 

ʄʝʪʠʣʧʘʨʘʛʠʜʨ-

ʦʢʩʠʙʝʥʟʦʘʪ 

ī ī ī ī ī ī + ī ī 0,07 ī ī ī ī ī 
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ʂʨʦʩʧʦʚʠʜʦʥ ī ī ī ī ī ī ī ī ī ī + ī ī ī ī 

CaCO3 ī ī ī ī ī ī + ī ī 30 ī ī ī ī ī 

NaHCO3 ī ī ī ī ī ī ī ī ī ī ī ī ī + ī 

NaC12H25SO4 ī ī ī ī ī ī ī 0,057 0,157 ī ī ī ī + ī 

ʉʠʤʝʪʠʢʦʥʘ 

ʵʤʫʣʴʩʠʷ 

ī ī ī ī ī ī ī ī ī ī ī ī ī + ī 

ʂʘʦʣʠʥ ī ī ī ī ī ī + ī ī 14,2 ī ī ī ī ī 

ɸʢʘʮʠʠ ʢʘʤʝʜʴ ī ī ī ī ī ī + ī ī 7,3 ī ī 1,94 ī ī 

ʎʝʣʣʘʮʝʬʘʪ ī ī ī ī + + ī ī ī 18 ī ī ī ī ī 

ʊʨʠʘʮʝʪʠʥ 1,02 1,02 ī  ī ī ī ī ī 2,7 ī ī ī ī ī 

ʊʨʠʵʪʠʣʮʠʪʨʘʪ ī ī 0,9 1,8 ī ī ī 0,8 2,24 ī 1,8 + ī + 4,61 

TiO2 ī ī 0,4 0,8 + + + ī ī 3 + + 0,40 + 1,1 

ɻʣʠʮʝʨʠʥʘ 

ʤʦʥʦʩʪʝʘʨʘʪ 

ī ī ī ī ī ī ī ī ī ī ī + ī ī ī 

ʇʦʣʠʩʦʨʙʠʪ ī ī ī ī ī ī ī ī ī ī ī + ī ī ī 

ɾʝʣʘʪʠʥ ī ī ī ī ī ī ī ī ī 3,3 + ī ī ī 117,86 

ʄʝʪʘʢʨʠʣ. ʢ-ʪʘ 

+ (ʵʪʘʢʨʠʣʘʪ) 

10,2 10,2 6,2 12,4 ī + ī 7,857 21,71 ī 18 + 3,20 + 28,83 

ʄʘʩʣʦ ʢʣʝʱʝʚʠʥʳ  ī ī ī ī ī ī ī ī ī ī ī ī 0,98 ī ī 

ʄʘʩʣʦ ʢʘʩʪʦʨʦʚʦʝ  ī ī ī ī + + + ī ī ī ī ī ī ī ī 

ʄʘʢʨʦʛʦʣ ī ī 0,2 0,4 ī ī ī ī ī ī ī + 0,05 ī 1,44 

ɻʣʠʮʝʨʠʣ 

ʤʦʥʦʩʪʝʘʨʘʪ 

ī ī ī ī ī ī ī ī ī ī ī ī ī ī 0,86 

E127 Fe2O3 ʞ/ʢʨ ī ī ī ī ī ī ī ī ī ī ī + 0,07 ī 0,28 

E110 ī ī ī ī ī ī ī ī ī ī ī ī ī + ī 

ɺ
ʦ
ʩ
ʢ

 

ʇʯʝʣʠʥʳʡ ʙʝʣ ī ī ī ī ī ī ī ī ī 0,13 ī ī 0,002 ī ī 

ʂʘʨʥʘʫʙʩʢʠʡ ī ī ī ī ī ī ī ī ī ī ī ī 0,003 ī ī 

ʐʝʣʣʘʢ ī ī ī ī ī ī ī ī ī ī + ī 0,006 ī + 

HCl ī ī ī ī ī ī ī ī ī ī ī ī ī ī 0,94 
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ʈʠʩʫʥʦʢ 2. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʚ ʪʘʙʣʝʪʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ çʉʦʨʙʠʬʝʨ ɼʫʨʫʣʝʩè,  çɸʨʠʬʦʥ ʈʝʪʘʨʜè, çɺʝʟʦʤʥʠè, çʇʨʦʬʣʦʩʠʥè, çʆʤʥʠʢè, 

çʌʦʢʫʩʠʥè, çɹʨʠʪʦʤʘʨ 5è, çʅʠʬʝʢʘʨʜ ʍʃè (ʨʘʟʣʠʯʥʳʝ ʬʘʨʤʛʨʫʧʧʳ). 
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ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ 

ʇʨʦʠʟʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʘʧʪʝʯʥʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ ʢʠʰʝʯʥʦʨʘʩʪʚʦʨʠʤʳʭ, ʜʠʩʧʝʨʛʠʨʫʝʤʳʭ 

ʠ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʧʦʢʘʟʘʣ: 

1. ʢʨʘʭʤʘʣ ʚʩʝʛʜʘ ʩʦʜʝʨʞʠʪʩʷ ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚ 

ʢʠʰʝʯʥʦʨʘʩʪʚʦʨʠʤʳʭ ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʭ ʬʦʨʤʘʭ; ʵʧʠʟʦʜʠʯʝʩʢʠ (ʚ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʦʡ 

ʚʳʙʦʨʢʝ ï ʪʦʣʴʢʦ ʝʜʠʥʦʞʜʳ ð ʚ ʤʦʯʝʛʦʥʥʦʤ ʧʨʝʧʘʨʘʪʝ ɹʨʠʪʦʤʘʨ) ð ʚ ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʭ 

ʬʦʨʤʘʭ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ; ʚ ʜʠʩʧʝʨʛʠʨʫʝʤʳʭ ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʭ ʬʦʨʤʘʭ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʳʝ ʚʠʜʳ ʮʝʣʣʶʣʦʟʳ, ʘ ʢʨʘʭʤʘʣ ʦʪʩʫʪʩʪʚʫʝʪ; ʚ 

ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʢʠʰʝʯʥʦʨʘʩʪʚʦʨʠʤʳʭ ʬʦʨʤʘʭ ʢʨʘʭʤʘʣ ʦʪʩʫʪʩʪʚʫʝʪ (ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ð ʥʘʧʨʠʤʝʨ çʉʠʥʪʝʟè, ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʥʝ ʪʦʣʴʢʦ ʢʨʘʭʤʘʣ, ʥʦ ʠ ʢʨʘʭʤʘʣʴʥʫʶ ʧʘʪʦʢʫ (ʧʨʝʧʘʨʘʪ çʆʤʝʧʨʘʟʦʣè 

ʚ ʢʘʧʩʫʣʘʭ, 20 ʤʛ);  

2. ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʢʨʘʭʤʘʣ ï ʥʘʪʠʚʥʳʡ 

ʢʫʢʫʨʫʟʥʳʡ ʠʣʠ ʢʘʨʪʦʬʝʣʴʥʳʡ (ʯʘʩʪʦ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʥʝ ʫʢʘʟʘʥ) ʠʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʧʨʝʞʝʣʘʪʠʥʠʟʠʨʦʚʘʥʥʳʡ (ʥʘʙʫʭʘʶʱʠʡ) ʢʫʢʫʨʫʟʥʳʡ; 

3. ʩʘʭʘʨʦʩʦʜʝʨʞʘʱʠʝ ʚʝʱʝʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʫʢʘʟʘʥʥʳʭ 

ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʭ ʬʦʨʤ; 

4. ʨʘʩʪʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʨʘʭʤʘʣʘ ʚʘʨʴʠʨʫʝʪʩʷ  ʜʣʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʬʦʨʤʳ ʃʉ (ʢʠʰʝʯʥʦʨʘʩʪʚʦʨʠʤʘʷ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ), ʠ ʜʘʞʝ ʜʣʷ ʃʉ ʩ 

ʠʜʝʥʪʠʯʥʳʤ ʜʝʡʩʪʚʫʶʱʠʤ ʚʝʱʝʩʪʚʦʤ ʫ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʠʜʝʘʣʴʥʳʡ ʩʦʩʪʘʚ ʜʣʷ ʢʦʤʧʦʟʠʮʠʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ (ʧʨʠ ʢʠʰʝʯʥʦʨʘʩʪʚʦʨʠʤʦʡ ʠʣʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ) ʥʝ ʨʘʟʨʘʙʦʪʘʥ ʠ ʪʨʝʙʫʝʪ 

ʫʪʦʯʥʝʥʠʷ, ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; ʵʪʘ ʩʬʝʨʘ ʬʘʨʤʧʨʦʠʟʚʦʜʩʪʚʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʘ ɻʆʉʊʘʤʠ ʠ ʪʝʭ. ʫʩʣʦʚʠʷʤʠ [4]; 

5. ʚ ʢʠʰʝʯʥʦʨʘʩʪʚʦʨʠʤʳʭ ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʭ ʬʦʨʤʘʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʫʢʫʨʫʟʥʳʡ ʢʨʘʭʤʘʣ (ʨʝʞʝ ð ʢʘʨʪʦʬʝʣʴʥʳʡ), ʚ ʧʨʝʞʝʣʘʪʠʥʠʟʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ; 

6. ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʭʤʘʣʘ ʚʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʚ ʃʉ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ð ʜʦ 30%, ʚ ʃʉ ʢʠʰʝʯʥʦʨʘʩʪʚʦʨʠʤʦʡ ʪʘʙʣʝʪʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ð ʜʦ 20%, 

ʧʨʠ ʵʪʦʤ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʬʦʨʤʝ ʩ ʦʜʥʦʤ ʠ ʪʝʤ ʞʝ ʜʝʡʩʪʚʫʶʱʠʤ ʚʝʱʝʩʪʚʦʤ 

(ʥʘʧʨʠʤʝʨ, ʘʮʝʪʠʣʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ) ʜʦʣʷ ʢʨʘʭʤʘʣʘ ʚʘʨʴʠʨʫʝʪ ʦʪ 13% ʜʦ 20% (ʪʘʙʣʝʪʢʠ 

ʢʠʰʝʯʥʦʨʘʩʪʚʦʨʠʤʳʝ); 

7. ʠʟ ʩʘʭʘʨʦʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ ʚ ʢʠʰʝʯʥʦʨʘʩʪʚʦʨʠʤʦʡ ʪʘʙʣʝʪʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ: ʣʘʢʪʦʟʘ, ʩʘʭʘʨʦʟʘ, ʩʘʭʘʨʥʳʝ ʩʬʝʨʳ, ʩʘʭʘʨʥʘʷ ʧʫʜʨʘ, 

8. ʠʟ ʩʘʭʘʨʦʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ ʚ ʪʘʙʣʝʪʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʥʘʨʷʜʫ ʩ ʩʘʭʘʨʦʟʘʤʝʥʠʪʝʣʷʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʘʢʪʦʟʘ, 

9. ʚ ʪʘʙʣʝʪʠʨʦʚʘʥʥʦʡ ʜʠʩʧʝʨʛʠʨʫʝʤʦʡ ʬʦʨʤʝ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ 

ʩʘʭʘʨʦʟʘʤʝʥʠʪʝʣʷʤ; 

10. ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʤʠʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʦʟʠʮʠʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʢʠʰʝʯʥʦʨʘʩʪʚʦʨʠʤʳʭ ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʭ ʬʦʨʤʘʭ ʷʚʣʷʶʪʩʷ: ʜʠʩʧʝʨʩʠʷ 30% 

(ʤʝʪʘʢʨʠʣʦʚʘʷ ʢʠʩʣʦʪʘ ʠ ʩʦʧʦʣʠʤʝʨ ʤʝʪʘʢʨʠʣʘʪ/ʵʪʘʢʨʠʣʘʪ), ʪʘʣʴʢ, ʪʨʠʵʪʠʣʮʠʪʨʘʪ, ʪʠʪʘʥʘ 

ʜʠʦʢʩʠʜ, ʤʘʢʨʦʛʦʣ, ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʮʝʣʣʶʣʦʟʘ, ʧʦʚʠʜʦʥ ʠ ʝʛʦ ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʤʘʛʥʠʷ 

ʩʪʝʘʨʘʪ;  

11. ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʤʠʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʦʟʠʮʠʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʜʠʩʧʝʨʛʠʨʫʝʤʳʭ ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʭ ʬʦʨʤʘʭ ʷʚʣʷʶʪʩʷ: ʮʝʣʣʶʣʦʟʘ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ, ʢʨʝʤʥʠʷ ʜʠʦʢʩʠʜ, ʘʩʧʘʨʪʘʤ, ʘʨʦʤʘʪʠʟʘʪʦʨʳ, ʤʘʛʥʠʷ ʩʪʝʘʨʘʪ; 

12. ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʤʠʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʦʟʠʮʠʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 
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ʚʝʱʝʩʪʚ ʚ ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʭ ʬʦʨʤʘʭ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʤʘʛʥʠʷ 

ʩʪʝʘʨʘʪ, ʢʨʝʤʥʠʷ ʜʠʦʢʩʠʜ, ʪʘʣʴʢ, ʪʠʪʘʥʘ ʜʠʦʢʩʠʜ, ʞʝʣʝʟʘ ʦʢʩʠʜ ʚ ʢʘʯʝʩʪʚʝ ʢʨʘʩʠʪʝʣʷ, 

ʤʘʢʨʦʛʦʣ, ʧʦʚʠʜʦʥ, ʥʘʪʨʠʷ ʣʘʫʨʠʣʩʫʣʴʬʘʪ, ʪʨʠʵʪʠʣʮʠʪʨʘʪ. 

 

ʈʝʢʦʤʝʥʜʘʮʠʠ: ʧʨʦʠʟʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʮʠʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʭ ʬʦʨʤʘʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ (ʢʠʰʝʯʥʦʨʘʩʪʚʦʨʠʤʦʡ, 

ʜʠʩʧʝʨʛʠʨʫʝʤʦʡ, ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ) ʧʦʢʘʟʘʣ, ʯʪʦ ʠʤʝʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʪʫʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʢʨʘʭʤʘʣʘ, ʘ ʪʘʢʞʝ ʩʘʭʘʨʦʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ ʚ ʜʘʥʥʳʭ ʬʦʨʤʘʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʢʨʘʭʤʘʣʘ (ʥʘʧʨʠʤʝʨ, ʧʨʝʞʝʣʘʪʠʥʠʟʠʨʦʚʘʥʥʦʛʦ) ʤʦʞʝʪ ʩʜʝʣʘʪʴ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʩʦʩʪʘʚ ʧʨʝʧʘʨʘʪʘ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʤ ʠ ʙʝʟʚʨʝʜʥʳʤ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʠ ʵʪʦʤ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʨʫʙʝʞʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʨʘʭʤʘʣ ʚ 

ʜʘʥʥʳʭ ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʭ ʬʦʨʤʘʭ (ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦ ʚʩʝʡ 

ʢʦʤʧʦʟʠʮʠʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ), ʧʨʠʯʝʤ ʥʝ ʪʦʣʴʢʦ ʢʫʢʫʨʫʟʥʳʡ, ʥʦ ʠ ʢʘʨʪʦʬʝʣʴʥʳʡ 

(Astellas, ʅʠʜʝʨʣʘʥʜʳ; Takeda, Ferrer, ʀʩʧʘʥʠʷ; Gerot Lannach, ʌʘʨʤʘ ɻʤʙʍ, ɸʚʩʪʨʠʷ ʠ ʜʨ.). 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʬʘʨʤʧʨʦʠʟʚʦʜʠʪʝʣʠ 

(çʉʠʥʪʝʟè, çɸʣʩʠè, çʇʨʦʤʝʜè ʠ ʜʨ.) ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ ʢʨʘʭʤʘʣʦʧʨʦʜʫʢʪʳ: ʢʨʘʭʤʘʣ 

ʠ ʢʨʘʭʤʘʣʴʥʫʶ ʧʘʪʦʢʫ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʢʘʢ ʚ ʪʘʙʣʝʪʠʨʦʚʘʥʥʦʡ, ʪʘʢ ʠ ʚ 

ʢʘʧʩʫʣʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ. ʅʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʦʧʨʦʩ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʨʘʭʤʘʣʦʧʨʦʜʫʢʪʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʚ ʢʘʧʩʫʣʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ [5], 

ʯʪʦ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʜʝʣʘʝʪʩʷ ʨʝʜʢʦ. 
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EFFECT TERMS AND QUANTITY WATERINGôS ON THE QUALITY 

OF TABLE VARIETY GRAPE TAIFI PINK 

 

ÉRasulov A., Ph.D., Institute of Soil Science and Agrochemistry of Azerbaijan NAS, 

Baku, Azerbaijan 

 

ɸʥʥʦʪʘʮʠʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʠʚʦʚ ʦʪ 4-ʭ ʜʦ 5-ʪʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʨʝʜʥʠʡ 

ʚʝʩ ʛʨʦʟʜʠ, ʫʨʦʞʘʡ ʩ ʦʜʥʦʛʦ ʛʝʢʪʘʨʘ, ʩʘʭʘʨʠʩʪʦʩʪʴ ʩʦʢʘ, ʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦʣʷ ʦʪ ʫʨʦʞʘʷ 

ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠ ̫ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʘ 7% ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦʪʝʨʠ 

ʧʨʠ ʭʨʘʥʝʥʠʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʥʘ 1,1%. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ 4-ʭ ʢʨʘʪʥʳʡ 

ʧʦʣʠʚ ʩʯʠʪʘʝʪʩʷ ʥʘʠʣʫʯʰʠʤ ʚʘʨʠʘʥʪʦʤ ʜʣʷ ʚʠʥʦʛʨʘʜʥʠʢʦʚ ʩʪʦʣʦʚʦʛʦ ʩʦʨʪʘ ʊʘʡʬʠ ʨʦʟʦʚʳʡ. 

ʇʦʣʠʚ ʚʠʥʦʛʨʘʜʥʠʢʦʚ ʚ ʨʘʟʣʠʯʥʦʡ ʬʘʟʝ ʚʝʛʝʪʘʮʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʣʫʯʰʠʤ ʚʘʨʠʘʥʪʦʤ 

ʷʚʣʷʝʪʩʷ ʧʦʣʠʚ ʚ ʬʘʟʘʭ ʧʝʨʝʜ ʨʘʩʧʫʩʢʘʥʠʝʤ ʧʦʯʝʢ, ʧʝʨʝʜ ʮʚʝʪʝʥʠʝʤ, ʚ ʧʝʨʠʦʜ ʨʦʩʪʘ ʷʛʦʜ ʠ ʟʘ 

15ï20 ʜʥʝʡ ʜʦ ʩʙʦʨʘ ʚʠʥʦʛʨʘʜʘ. ʅʘʠʙʦʣʴʰʠʡ ʫʨʦʞʘʡ ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚʠʥʦʛʨʘʜʘ ʧʦʣʫʯʘʝʪʩʷ ʚ ʚʘʨʠʘʥʪʝ ʧʦʣʠʚʘ ʚʠʥʦʛʨʘʜʥʠʢʘ ʚ 4-ʦʡ ʬʘʟʝ 

ʚʝʛʝʪʘʮʠʠ. 

 

Abstract. With an increase in the quantity of irrigations from 4 to 5, the average weight of the 

bunch, the yield per hectare, the sugar content of the juice increases, but the percentage of the 

harvest suitable for storage and transportation decreases by 7% and at the same time the losses 

during storage increase by 1.1% and for transportation 1.1%. From the data obtained it can be seen 

that 4-fold watering is considered the best option for vineyards of the table variety Taifi Pink. 

Watering the vineyards in different phases of the growing season has shown that the best option is 

to water in the phases before bud break, before flowering, during the period of berry growth and 

15ï20 days before grape harvest. The largest yield is suitable for storage and transportation, it is 

obtained in the variant of watering the vineyard, in the 4th phase of the growing season and, in 

comparison with either variant, is 4 and 5% more. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʯʠʩʣʦ ʧʦʣʠʚʦʚ, ʩʨʦʢʠ ʧʦʣʠʚʦʚ, ʩʪʦʣʦʚʦʡ ʚʠʥʦʛʨʘʜ, ʭʨʘʥʝʥʠʝ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ. 

 

Keywords: quantity of irrigations, irrigation period, table grapes, storage, transportation. 

 

ɺʚʝʜʝʥʠʝ 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɸʟʝʨʙʘʡʜʞʘʥʘ ʚʠʥʦʛʨʘʜ ʚʳʨʘʱʠʚʘʣʠ ʝʱʝ ʚ ʢʦʥʮʝ 3-ʛʦ ʪʳʩʷʯʝʣʝʪʠʷ ʜʦ 

ʥʘʰʝʡ ʵʨʳ. ʅʦ ʜʦ ʢʦʥʮʘ XVIII ʚʝʢʘ ʠʟ-ʟʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʦʡʥ ʠ ʦʢʢʫʧʘʮʠʡ ʚʠʥʦʛʨʘʜʘʨʩʪʚʦ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʠʭʦʜʠʣʦ ʚ ʧʦʣʥʳʡ ʫʧʘʜʦʢ. ʇʦʩʣʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ɸʟʝʨʙʘʡʜʞʘʥʘ ʢ ʈʦʩʩʠʠ ʚ 

ʥʘʯʘʣʝ XIX ʚʝʢʘ ʩʣʦʞʠʣʠʩʴ ʧʝʨʚʳʝ ʟʦʥʳ ʚʠʥʦʛʨʘʜʘʨʩʪʚʘ ʠ ʚʠʥʦʜʝʣʠʷ. ʇʦʤʝʱʠʯʴʠ 
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ʚʠʥʦʜʝʣʴʥʠ, ʪʘʢʠʝ ʢʘʢ çʌʦʨʝʨ ʠ ʩʳʥʦʚʴʷè. 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʚʝʪʩʢʦʡ ʚʣʘʩʪʠ ʚʠʥʦʛʨʘʜʘʨʩʪʚʦ ʈʝʩʧʫʙʣʠʢʠ ʙʫʨʥʦ ʨʘʟʚʠʚʘʣʦʩʴ, ʚ 

1984 ʛ. ʙʳʣ ʩʦʙʨʘʥ ʨʝʢʦʨʜʥʳʡ ʚ ʠʩʪʦʨʠʠ ʚʠʥʦʛʨʘʜʘʨʩʪʚʘ ɸʟʝʨʙʘʡʜʞʘʥʘ ʫʨʦʞʘʡ ð 2 ʤʣʥ 500 

ʪʳʩ ʪ. ʅʦ ʫʞʝ ʚ 1985 ʛ. ʥʘʯʘʣʘʩʴ ʘʥʪʠʘʣʢʦʛʦʣʴʥʘʷ ʢʦʤʧʘʥʠʷ ʠ ʦʪʨʘʩʣʴ ʧʦʪʝʨʧʝʣʘ 

ʩʦʢʨʫʰʘʶʱʠʡ ʫʜʘʨ ð ʙʳʣʠ ʧʫʱʝʥʳ ʧʦʜ ʨʘʩʢʦʨʯʝʚʢʫ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʠʥʥʳʝ ʩʦʨʪʘ ʠ 

ʫʥʠʢʘʣʴʥʳʝ ʧʣʘʥʪʘʮʠʠ ʩʪʦʣʦʚʳʭ ʩʦʨʪʦʚ. 

ɺʩʝʤʠʨʥʘʷ ʆʨʛʘʥʠʟʘʮʠʷ ʚʠʥʦʛʨʘʜʘʨʩʪʚʘ ʠ ʚʠʥʦʜʝʣʠʷ ʚ 1955 ʛ. ʥʘ ʩʝʩʩʠʠ ʧʨʠʥʷʣʘ 

ʧʦʩʪʘʥʦʚʣʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚʠʥʦʛʨʘʜ ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʚʝʞʝʤ ʚʠʜʝ, ʵʪʦ ʫʨʦʞʘʡ 

ʩʧʝʮʠʘʣʴʥʳʭ ʩʦʨʪʦʚ. 

ɺʳʨʘʱʠʚʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʚʠʥʦʛʨʘʜʘ ʜʣʷ ʭʨʘʥʝʥʠʷ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʠʝʤʦʚ ʘʛʨʦʪʝʭʥʠʢʠ. ʆʜʥʠʤ ʠʟ ʵʪʠʭ ʚʘʞʥʳʭ ʧʨʠʝʤʦʚ ʷʚʣʷʝʪʩʷ ʯʠʩʣʦ ʠ ʩʨʦʢʠ 

ʧʦʣʠʚʦʚ ʚʠʥʦʛʨʘʜʥʠʢʦʚ, ʦʪ ʢʦʪʦʨʳʭ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʢʘʯʝʩʪʚʦ ʩʪʦʣʦʚʦʛʦ ʚʠʥʦʛʨʘʜʘ ʜʣʷ 

ʭʨʘʥʝʥʠʷ. 

ʆʨʦʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʫʨʦʞʘʷ ʚʠʥʦʛʨʘʜʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʠʥʦʛʨʘʜ ð ʨʘʩʪʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʦʝ, ʥʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʫʨʦʞʘʷ, ʧʨʠʤʝʥʷʶʪ ʥʝʩʢʦʣʴʢʦ 

ʧʦʣʠʚʦʚ ʚ ʨʘʟʥʦʡ ʬʘʟʝ ʚʝʛʝʪʘʮʠʠ ʚʠʥʦʛʨʘʜʥʦʛʦ ʢʫʩʪʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʯʝʩʪʚʝʥʥʳʡ ʚʠʥʦʛʨʘʜ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʩʪʦʣʦʚʦʛʦ ʩʦʨʪʘ çʊʘʡʬʠ ʨʦʟʦʚʳʡè ʧʦʣʫʯʝʥ ʧʨʠ ʫʩʣʦʚʠʠ ʯʝʪʳʨʝʭʢʨʘʪʥʦʛʦ ʧʦʣʠʚʘ, ʚ 

ʧʝʨʠʦʜ ʨʘʩʧʫʩʢʘʥʠ ̫ʧʦʯʝʢ ʧʝʨʝʜ ʮʚʝʪʝʥʠʝʤ, ʚ ʧʝʨʠʦʜ ʨʦʩʪʘ ʷʛʦʜ ʠ ʚ ʥʘʯʘʣʝ ʟʨʝʣʦʩʪʠ ʷʛʦʜ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʧʦʣʠʚʦʚ ð ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʟʤʝʨ ʷʛʦʜ, ʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʪʦʣʱʠʥʘ 

ʢʦʞʠʮʳ ʠ ʫʭʫʜʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʜʣ ̫ʭʨʘʥʝʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 4-ʭ ʢʨʘʪʥʳʤ ʧʦʣʠʚʦʤ. 

ɸ. ʄ. ʅʝʛʨʫʣʴ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʧʨʠ ʥʝʧʦʣʠʚʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʝʜʦʚʠʢʠ ʧʦʣʫʯʘʶʪ ʜʦ 250 ʮ, ʘ 

ʥʘ ʧʦʣʠʚʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦ 800 ʮ ʫʨʦʞʘʷ ʚʠʥʦʛʨʘʜʘ [1]. 

ɿ. ɺ. ʂʦʨʦʙʢʠʥʘ ʠ ɸ. ʀ. ʂʦʯʫʨʦʚʘ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʨʦʩʪʘ ʠ ʩʦʟʨʝʚʘʥʠʷ ʚʠʥʦʛʨʘʜʘ, ʪʨʝʙʫʝʪʩʷ 600ï800 ʤʤ ʛʦʜʦʚʳʭ ʦʩʘʜʢʦʚ [2]. ʆʜʥʘʢʦ ʠ ʧʨʠ 

ʪʘʢʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʩʘʜʢʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʞʘʷ ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʳ ʠ 

ʚʝʛʝʪʘʪʠʚʥʳʝ ʧʦʣʠʚʳ. 

ɸʚʪʦʨ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʮʝʣʴ ʧʦʣʠʚʘ ʚ ʦʩʥʦʚʥʦʤ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝʤ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ. ʀ 

ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʟʢʦʤʫ ʧʦʚʳʰʝʥʠʶ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʣʠʩʪʦʚʦʛʦ ʘʧʧʘʨʘʪʘ,  

ʦʙʠʣʴʥʦʡ ʟʘʢʣʘʜʢʝ ʟʠʤʫʶʱʠʭ ʛʣʘʟʢʦʚ, ʫʣʫʯʰʝʥʠʶ ʨʦʩʪʘ ʷʛʦʜ ʠ ʨʘʟʚʠʪʠʶ ʛʨʦʟʜʝʡ ʚʠʥʦʛʨʘʜʘ, 

ʠ ʥʦʨʤʘʣʴʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʩʘʭʘʨʘ ʚ ʩʦʢʝ ʠ ʥʘʣʠʚʘ ʷʛʦʜ, ʧʦʚʳʰʘʝʪ ʚʳʭʦʜ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʩʪʦʣʦʚʦʛʦ ʚʠʥʦʛʨʘʜʘ ʥʘ 65ï70%. ʀʤ ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ 

ʚʠʥʦʛʨʘʜʥʠʢʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚʠʥʦʛʨʘʜʥʦʛʦ ʢʫʩʪʘ ʚ ʚʦʜʝ, ʚ ʨʘʟʣʠʯʥʳʭ 

ʬʘʟʘʭ ʨʘʟʚʠʪʠʷ. ʅʝʧʨʘʚʠʣʴʥʳʡ ʧʦʣʠʚ ʩʥʠʞʘʝʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʚʠʥʦʛʨʘʜʥʦʛʦ ʢʫʩʪʘ. ɺʳʩʦʢʘʷ 

ʚʣʘʞʥʦʩʪʴ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʩʳʧʘʥʠʶ ʮʚʝʪʦʚ ʠ ʟʘʚʷʟʝʡ ʚʠʥʦʛʨʘʜʘ. ʅʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ 

ʩʨʦʢʠ ʠ ʯʠʩʣʦ ʧʦʣʠʚʦʚ. ʉʣʝʜʫʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʧʦʣʠʚ ʚʠʥʦʛʨʘʜʥʠʢʦʚ ʩʪʦʣʦʚʳʭ ʩʦʨʪʦʚ ʟʘ 20ï25 

ʜʥʝʡ ʜʦ ʩʙʦʨʘ ʫʨʦʞʘʷ. ʀʥʘʯʝ ʫʭʫʜʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʚʠʥʦʛʨʘʜʘ ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. 

ɸ. ʄ. ʅʝʛʨʫʣʴ [1] ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʫʨʦʞʘʷ ʠ ʩʦʨʪʘ 

ʚʠʥʦʛʨʘʜʘ, ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʚ ʫʩʣʦʚʠʷʭ ɸʟʝʨʙʘʡʜʞʘʥʘ 1200 ʤ3 ʧʦʣʠʚʘ ʥʘ ʦʜʠʥ ʛʝʢʪʘʨ. 

ɸʚʪʦʨ ʪʘʢ ʞʝ ʫʢʘʟʳʚʘʝʪ ʦʧʪʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʧʦʣʠʚʦʚ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ: ʜʣʷ ʂʨʳʤʘ ð 3; 

ɸʟʝʨʙʘʡʜʞʘʥʘ ð 5ï6; ʋʟʙʝʢʠʩʪʘʥʘ ð 4ï5 [1]. 

ʇ. ɹ. ɿʘʤʘʥʦʚ [3] ʦʪʤʝʯʘʝʪ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ, ʩʨʦʢʠ ʠ ʚʝʣʠʯʠʥʘ ʧʦʣʠʚʥʦʡ ʥʦʨʤʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʷʤʠ ʛʦʜʘ, ʚʣʘʞʥʦʩʪʴʶ ʧʦʯʚʳ, ʛʣʫʙʠʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʩʩʳ 

ʧʠʪʘʶʱʠʭ ʢʦʨʥʝʡ, ʚʦʟʨʘʩʪʦʤ, ʩʦʩʪʦʷʥʠʝʤ ʥʘʩʘʞʜʝʥʠʝ ʠ ʬʘʟʳ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ. ʇʦ ʤʥʝʥʠʶ 
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ʘʚʪʦʨʘ ʧʨʠ ʟʘʩʫʰʣʠʚʦʡ ʚʝʩʥʝ ʧʝʨʚʳʡ ʧʦʣʠʚ ʧʨʦʚʦʜʠʪʴ ʚ ʥʘʯʘʣʝ ʨʘʩʧʫʩʢʘʥʠʷ ʧʦʯʝʢ, ʟʘʪʝʤ 

ʧʦʩʣʝ ʮʚʝʪʝʥʠʷ ʠ ʚ ʧʝʨʠʦʜ ʨʦʩʪʘ ʥʘʣʠʚʘ ʷʛʦʜ. ɿʘʢʘʥʯʠʚʘʪʴ ʧʦʟʜʥʝʝ, ʯʝʤ ʟʘ 15ï20 ʜʥʝʡ ʜʦ 

ʩʙʦʨʘ ʚʠʥʦʛʨʘʜʘ. ʇʨʠ ʙʦʣʝʝ ʧʦʟʜʥʝʤ ʧʦʣʠʚʝ ʩʥʠʞʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʚʠʥʦʛʨʘʜʘ ʠ ʟʠʤʦʩʪʦʡʢʦʩʪʴ 

ʨʘʩʪʝʥʠʡ. ɸʚʪʦʨ ʨʝʢʦʤʝʥʜʫʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʥʳʭ ʫʩʣʦʚʠʡ, ʥʘ ʦʜʠʥ ʛʝʢʪʘʨ ʧʨʠʤʝʥʷʪʴ 

600ï1300 ʤ3 ʚʦʜʳ ʧʨʠ ʦʨʦʰʝʥʠʠ. 

ʇʦ ʤʥʝʥʠʶ ʇ. ɹ. ɿʘʤʘʥʦʚʘ [3], ʧʦʪʨʝʙʥʦʩʪʴ ʚʠʥʦʛʨʘʜʘ ʚ ʚʦʜʝ ʥʘʠʙʦʣʝʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʝʩʥʦʡ, ʚ ʧʝʨʠʦʜ ʜʨʫʞʥʦʛʦ ʨʦʩʪʘ ʧʦʙʝʛʦʚ, ʣʠʩʪʴʝʚ ʠ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ. ɺʦ ʚʨʝʤʷ ʮʚʝʪʝʥʠʷ 

ʧʦʪʨʝʙʥʦʩʪʴ ʫʤʝʱʘʝʪʩʷ, ʘ ʩ ʥʘʩʪʫʧʣʝʥʠʝʤ ʨʦʩʪʘ ʟʘʚʷʟʝʡ ʚʥʦʚʴ ʚʦʟʨʘʩʪʘʝʪ. ʅʘʠʙʦʣʴʰʘʷ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚʦ ʚʣʘʛʝ ʥʘʩʪʫʧʘʝʪ ʢ ʥʘʯʘʣʫ ʩʦʟʨʝʚʘʥʠʷ. ɺ ʧʝʨʠʦʜ ʟʨʝʣʦʩʪʠ  ʷʛʦʜʳ ʠ ʚʳʟʨʝʚʘʥʠʷ 

ʧʦʙʝʛʦʚ ʚʦ ʚʣʘʛʝ ʦʧʷʪʴ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʢ ʢʦʥʮʫ ʚʝʛʝʪʘʮʠʠ ʚʠʥʦʛʨʘʜʥʳʭ ʢʫʩʪʦʚ, ʪ. ʝ. ʚ ʧʝʨʠʦʜ 

ʣʠʩʪʦʧʘʜʘ ʩʚʦʜʠʪʩʷ ʢ ʤʠʥʠʤʫʤʫ. 

ɸʚʪʦʨʳ ʧʨʠʚʦʜʷʪ ʧʨʠʤʝʨʳ ʦ ʪʦʤ, ʜʣʷ ʦʩʣʘʙʣʝʥʠʷ ʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ ʦʨʦʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʢʦʤʧʣʝʢʩʳ ʨʘʟʣʠʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ, ʥʦ ʧʦ ʨʘʟʥʳʤ ʧʨʠʯʠʥʘʤ ʥʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʠʣʠ ʧʨʦʚʦʜʷʪʩʷ ʚ 

ʥʝʜʦʩʪʘʪʦʯʥʳʭ ʦʙʲʝʤʘʭ. ʂʦʤʧʣʝʢʩʳ ʵʪʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʜʦʣʞʥʳ ʙʳʪʴ ʩʪʨʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʳ ʩ ʫʯʝʪʦʤ ʢʦʥʢʨʝʪʥʳʭ ʧʦʯʚʝʥʥʦ-ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʠ ʦʙʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʜʨʝʥʘʞʘ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʫʩʪʨʦʡʩʪʚʦ 

ʩʦʚʨʝʤʝʥʥʳʭ ʜʨʝʥʘʞʥʳʭ ʩʠʩʪʝʤ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʥʦʚʦʛʦ ʦʨʦʰʝʥʠʷ ð ʦʜʥʘ ʠʟ ʚʘʞʥʳʭ ʤʝʨ ʧʦ 

ʦʩʣʘʙʣʝʥʠʶ ʝʛʦ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. 

ʇ. ɹ. ɿʘʤʘʥʦʚ [3] ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʦʥʳ ʚʠʥʦʛʨʘʜʘʨʩʪʚʘ ʠ ʫʩʣʦʚʠʡ ʛʦʜʘ 

ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʠ, ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ 2ï3 ʧʦʣʠʚʘ ʧʦ ʥʦʨʤʝ 500ï800 ʤ3/ʛʘ. ʇʦ ʠʭ ʤʥʝʥʠʶ 

ʧʦʣʠʚ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʜʦ ʠʣʠ ʧʦʩʣʝ ʮʚʝʪʝʥʠʷ ʠ ʟʘ 12-15 ʜʥʝʡ ʜʦ ʥʘʯʘʣʘ ʩʙʦʨʘ ʚʠʥʦʛʨʘʜʘ. 

ɼ. ʉ. ʉʫʣʝʡʤʘʥʦʚ ʠ ʈ. ɸ. ʄʘʤʝʜʦʚ [4] ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ɸʟʝʨʙʘʡʜʞʘʥʘ 

ʧʦʣʠʚʥʘʷ ʥʦʨʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 700ï1200 ʤ3 ʥʘ ʦʜʠʥ ʛʘ. 

ɸʚʪʦʨʳ ʪʘʢ ʞʝ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʝʨʚʳʡ ʧʦʣʠʚ ʜʦʣʞʝʥ ʧʨʦʚʦʜʠʪʴʩʷ ʜʦ ʨʘʩʧʫʩʢʘʥʠʷ ʧʦʯʝʢ, 

ʚʪʦʨʦʡ ʧʝʨʝʜ ʮʚʝʪʝʥʠʝʤ, ʪʨʝʪʴʷ ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʷʛʦʜ, ʯʝʪʚʝʨʪʳʡ ʠ ʧʷʪʳʡ ʧʝʨʝʜ ʬʘʟʦʡ 

ʨʦʩʪʘ ʷʛʦʜ, ʰʝʩʪʦʡ ʚ ʧʝʨʠʦʜ ʩʙʦʨʘ ʚʠʥʦʛʨʘʜʘ. 

ʌ. ʅ. ʐʘʨʠʬʦʚ [5], ʩʯʠʪʘʝʪ, ʯʪʦ ʨʘʥʥʝʝ ʧʨʝʢʨʘʱʝʥʠʝ ʧʦʣʠʚʘ ʩʥʠʞʘʝʪ ʫʨʦʞʘʡ ʥʘ 15ï20 

ʮ, ʘ ʧʦʟʜʥʝʝ ʧʨʝʢʨʘʱʝʥʠʝ ʧʨʠʚʦʜʷʪ ʢ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʠʥʦʛʨʘʜʘ. 

 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʤʝʪʦʜʠʢʘ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʬʝʨʤʝʨʩʢʦʝ ʭʦʟʷʡʩʪʚʦ çɻʘʜʞʠ ɸʣʝʜʜʠʥ ʠ ʬʝʨʤʝʨ 

ʆʆʆè ʚ ʢʦʪʦʨʦʤ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 100 ʛʘ ʧʣʦʜʦʥʦʩʷʱʝʛʦ ʚʠʥʦʛʨʘʜʥʠʢʘ, ʥʘʭʦʜʠʚʰʝʛʦʩʷ ʚ ʄʠʣʴ-

ʄʫʛʘʥʩʢʦʡ ʟʦʥʝ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ ʋʢʨʘʠʥʩʢʦʡ ʘʢʘʜʝʤʠʠ ʘʛʨʘʨʥʳʭ ʥʘʫʢ 

ʀʥʩʪʠʪʫʪʘ ʚʠʥʦʛʨʘʜʘ ʠ ʚʠʥʘ çʄʘʛʘʨʘʯè, ʤʝʪʦʜʠʯʝʩʢʠʤ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʧʦ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʚʠʥʦʛʨʘʜʘʨʩʪʚʝ ʋʢʨʘʠʥʳ. 

 

ɸʥʘʣʠʟ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʬʝʨʤʝʨʩʢʦʤ ʭʦʟʷʡʩʪʚʝ çɻʘʜʞʠ ɸʣʝʜʜʠʥ ʬʝʨʤʝʨ ʆʆʆè, 

ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠ ʩʨʦʢʦʚ ʧʦʣʠʚʦʚ ʥʘ ʩʦʭʨʘʥʥʦʩʪʴ, ʠ ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʦʩʪʴ ʫʨʦʞʘʷ 

ʩʪʦʣʦʚʦʛʦ ʩʦʨʪʘ ʊʘʡʬʠ ʨʦʟʦʚʳʡ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʊʘʙʣʠʮʳ 1, ʩʨʝʜʥʠʡ ʚʝʩ ʛʨʦʟʜʠ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʧʦʣʠʚʦʚ. ʊʘʢ, 

ʢʘʢ ʩʨʝʜʥʠʡ ʚʝʩ ʛʨʦʟʜʠ ʧʨʠ 3-ʭ ʧʦʣʠʚʘʭ ð 320 ʛ, ʘ ʚ ʧʪ̫ʠʢʨʘʪʥʦʤ ʧʦʣʠʚʝ ʚʝʩ ʫʚʝʣʠʯʠʣʩ ̫ʥʘ 

100 ʛ. ʏʠʩʣʦ ʧʦʣʠʚʦʚ ʧʦʚʣʠʷʣʦ ʪʘʢʞʝ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʩʘʭʘʨʘ ʚ ʩʦʢʝ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʦ 

ʧʦʣʠʚʦʚ ʦʪ 3 ʜʦ 5, ʩʘʭʘʨʠʩʪʦʩʪʴ ʩʦʢʘ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 1,7%. 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.com 

ʊ. 6. ˉ11. 2020 

https://doi.org/10.33619/2414-2948/60 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 145 

 

 

ʊʘʙʣʠʮʘ 1.  

ɺʃʀʗʅʀɽ ʏʀʉʃɸ ʇʆʃʀɺʆɺ ʅɸ ʂɸʏɽʉʊɺʆ ʉʊʆʃʆɺʆɻʆ ɺʀʅʆɻʈɸɼɸ 
 

ɺ
ʘ
ʨ
ʠ
ʘ
ʥ
ʪ

 

ʦ
ʧ
ʳ
ʪ
ʘ

 

ʏ
ʠ
ʩ
ʣ
ʦ

 

ʧ
ʦ
ʣ
ʠ
ʚ
ʦ
ʚ

 

ɺ
ʝ
ʩ
 
ʛ
ʨ
ʦ
ʟ
ʜ

ʠ
, 
ʛ 

 

ʋ
ʨ
ʦ
ʞ
ʘ
ʡ

, 
ʪ
/ʛ
ʘ 

ʉ
ʘ
ʭ
ʘ
ʨ
ʠ
ʩ
ʪ
ʦ
ʩ
ʪ
ʴ

 

ʩʦ
ʢ
ʘ

, 
%

 

ʂ
ʠ
ʩ
ʣ
ʦ
ʪ
ʥ
ʦ
ʩ
ʪ
ʴ

 

ʩ
ʦ
ʢ
ʘ
,

 %
 

ʋ
ʨ
ʦ
ʞ
ʘ
ʡ

, 
ʧ
ʨ
ʠ
ʛ
ʦ
ʜ
ʥ
ʳ
ʡ
 

ʜ
ʣ
ʷ

 ʭ
ʨ
ʘ
ʥ
ʝ
ʥ
ʠ

ʷ
 
ʠ

 

ʪ
ʨ
ʘ
ʥ
ʩ
ʧ
ʦ
ʨ
ʪ
ʠ
ʨ
ʦ
ʚ
ʢ
ʠ
,

 %
 

ʉʨʦʢ ʭʨʘʥʝʥʠʷ 

ʫʨʦʞʘʷ ʚ 

ʭʦʣʦʜʠʣʴʥʠʢʘʭ 

ʇʦʪʝʨʠ 

ʧʨʠ 

ʪʨʘʥʩʧʦʨ-

ʪʠʨʦʚʢʝ, 

% 
ʩʨʦʢ 

ʭʨʘʥʝʥʠʷ, 

ʜʥʠ 

ʧʦʪʝʨʠ, 

% 

I 3 320 9,5 18,5 6,0 70 180 14,0 2,0 

II  4 380 12,0 19,1 5,8 82 160 16,2 2,3 

III  5 420 14,6 20,2 4,7 75 140 17,0 3,4 

 

ʂʘʯʝʩʪʚʦ ʫʨʦʞʘʷ ʩʪʦʣʦʚʳʭ ʩʦʨʪʦʚ ʚ ʦʩʥʦʚʥʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʠʛʦʜʥʦʩʪʴʶ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʦʩʪʠ. ʀ ʵʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʯʠʩʣʦʤ ʧʦʣʠʚʦʚ. 

ʅʘʠʙʦʣʴʰʠʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʫʨʦʞʘʡ ʩʦʙʨʘʥ ʧʨʠ ʯʝʪʳʨʝʭʢʨʘʪʥʦʤ ʧʦʣʠʚʝ, ʚ ʢʦʪʦʨʦʤ 

ʧʨʠʛʦʜʥʦʩʪʴ ʫʨʦʞʘʷ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʩʦʩʪʘʚʠʣʘ 82%. ɼʘʣʴʥʝʡʰʝʝ 

ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʧʦʣʠʚʦʚ ʦʪ 4 ʜʦ 5 ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʫʨʦʞʘʷ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʘ 7% (ʊʘʙʣʠʮʘ 2). 
 

ʊʘʙʣʠʮʘ 2. 

ʇʆʃʀɺ ɺ ʈɸɿʅʓʍ ʌɸɿɸʍ ɺɽɻɽʊɸʎʀʀ ʉʊʆʃʆɺʆɻʆ ʉʆʈʊɸ çʊɸʁʌʀ ʈʆɿʆɺʓʁè 
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ʜ

ʠ
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ʞ
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, 
ʪ
/
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ʭ
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ʩ
ʪ
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ʢ
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ʂ
ʠ
ʩ
ʣ
ʦ
ʪ
ʥ
ʦ
ʩ
ʪ
ʴ
 
ʩ
ʦ
ʢ
ʘ
,
 
%

 

ʋ
ʨ
ʦ
ʞ
ʘ
ʡ

, 
ʧ
ʨ
ʠ
ʛ
ʦ
ʜ
ʥ

ʳ
ʡ 

ʜ
ʣ
ʷ

 ʭ
ʨ
ʘ
ʥ
ʝ
ʥ
ʠ

 ̫ʠ
 

ʪ
ʨ
ʘ
ʥ
ʩ
ʧ
ʦ
ʨ
ʪ
ʠ
ʨ
ʦ
ʚ
ʢ
ʠ

, 
%

 ʉʨʦʢ 

ʭʨʘʥʝʥʠʷ 

ʫʨʦʞʘʷ ʚ 

ʭʦʣʦʜʠʣʴʥʠʢʘʭ 

ʇ
ʦ
ʪ
ʝ
ʨ
ʠ
 
ʧ
ʨ
ʠ
 
ʪ
ʨ
ʘ
ʥ
ʩ
ʧ
ʦ
ʨ
ʪ
ʠ

-

ʨ
ʦ
ʚ
ʢ
ʝ

, 
%

 

ʜ
ʥ
ʠ

 

ʧ
ʦ
ʪ
ʝ
ʨ
ʠ

, 
%

 

I 1. ɺ ʧʝʨʠʦʜ ʨʘʩʧʫʩʢʘʥ. ʧʦʯʝʢ 

2. ʇʝʨʝʜ ʮʚʝʪʝʥʠʝʤ 

3. ɺ ʧʝʨʠʦʜ ʨʘʟʤʷʛʯʝʥʠʷ ʷʛʦʜ 

280 9,7 15,4 6,7 75 140 20,0 2,3 

II  1. ɺ ʧʝʨʠʦʜ ʨʘʩʧʫʩʢʘʥ. ʧʦʯʝʢ 

2. ʇʝʨʝʜ ʮʚʝʪʝʥʠʝʤ 

3. ɺ ʧʝʨʠʦʜ ʨʦʩʪʘ ʷʛʦʜ 

4. ɺ ʥʘʯʘʣʝ ʟʨʝʣʦʩʪʠ 

310 11 18,5 5,5 80 180 16,4 2,0 

III  1. ɺ ʧʝʨʠʦʜ ʨʘʩʧʫʩʢʘʥ. ʧʦʯʝʢ 

2. ʇʝʨʝʜ ʮʚʝʪʝʥʠʝʤ 

3. ʇʦʩʣʝ ʮʚʝʪʝʥʠʷ 

4. ʚ ʥʘʯʘʣʝ ʟʨʝʣʦʩʪʠ 

5. 15ï20 ʜʥʝʡ ʜʦ ʧʦʣʥʦʡ 

ʟʨʝʣʦʩʪʠ 

350 16,4 20,9 4,6 76 170 22,0 4,1 

 

ʋʩʪʘʥʦʚʣʝʥʦ ʪʘʢ ʞʝ, ʚʣʠʷʥʠʝ ʯʠʩʣʘ ʧʦʣʠʚʦʚ ʥʘ ʩʨʦʢʠ ʭʨʘʥʝʥʠʷ ʚ ʭʦʣʦʜʠʣʴʥʠʢʘʭ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʧʦʣʠʚʦʚ ʦʪ 3 ʜʦ 5 ð ʩʨʦʢ ʩʦʭʨʘʥʥʦʩʪʠ ʫʨʦʞʘʷ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ 

ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 40 ʜʥʝʡ ʠ ʧʦʪʝʨʠ ʚʝʩʘ ʫʨʦʞʘʷ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘ 3%. 
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ɺʣʠʷʥʠʝ ʯʠʩʣʦ ʧʦʣʠʚʦʚ ʪʘʢ ʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʫʨʦʞʘʷ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʧʦʣʠʚʦʚ ʦʪ 3 ʜʦ 5 ð ʧʦʨʯʘ ʫʨʦʞʘʷ ʩʦʩʪʘʚʠʣʘ ʥʘ 1,4% ʙʦʣʴʰʝ. 

ʀʟʫʯʝʥʘ ɻʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʣʠʚʦʚ ʚ ʨʘʟʥʦʡ ʬʘʟʝ ʚʝʛʝʪʘʮʠʠ. ʀʟ ʜʘʥʥʳʭ ʊʘʙʣʠʮʳ 2 

ʩʣʝʜʫʝʪ ʯʪʦ, ʦʨʦʰʝʥʠʝ ʚʠʥʦʛʨʘʜʥʠʢʦʚ ʧʨʠ ʨʘʩʧʫʩʢʘʥʠʠ ʧʦʯʝʢ, ʧʝʨʝʜ ʮʚʝʪʝʥʠʝʤ, ʚ ʧʝʨʠʦʜ 

ʨʦʩʪʘ ʷʛʦʜ ʠ ʚ ʥʘʯʘʣʝ ʩʦʟʨʝʚʘʥʠʷ ʷʛʦʜ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʫʨʦʞʘʡ ʩ ʦʜʥʦʛʦ ʛʘ, ʩʘʭʘʨʠʩʪʦʩʪʴ ʩʦʢʘ, 

ʩʨʝʜʥʠʡ ʚʝʩ ʛʨʦʟʜʠ ʧʨʠ 5 ʬʘʟʘʭ ʚʝʛʝʪʘʮʠʠ, ʥʦ ʧʦ ʩʨʘʚʥʝʥʠʝʤ ʩ ʧʦʣʠʚʦʤ ʚ 4 ʬʘʟʘʭ ʚʝʛʝʪʘʮʠʠ, 

ʧʨʠʛʦʜʥʦʩʪʴ ʫʨʦʞʘʷ ʥʘ ʭʨʘʥʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 4%, ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʩʦʭʨʘʥʥʦʩʪʠ ʚ 

ʭʦʣʦʜʠʣʴʥʠʢʝ ʫʤʝʥʴʰʘʪʁʩʷ ʥʘ 10 ʜʥʝʡ, ʧʦʪʝʨʠ ð ʥʘ 5,6%, ʧʦʨʯʘ ʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ð ʥʘ 

2,1%. 

ʅʘʠʙʦʣʴʰʠʡ ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʫʨʦʞʘʷ ʫʩʪʘʥʦʚʣʝʥ ʚʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ, ʯʪʦ ʥʘ 40 ʜʥʝʡ 

ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʝʪʴʠʤ ʚʘʨʠʘʥʪʦʤ ʠ ʥʘ 10 ʜʥʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤ. 

 

ɺr ʚʦʜʳ 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʪʁ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥ ʧʨʠ ʦʨʦʰʝʥʠʠ ʚʠʥʦʛʨʘʜʥʠʢʦʚ ʚ 4 ʬʘʟʝ ʚʝʛʝʪʘʮʠʠ. ʊʘʢ ʞʝ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʠʥʦʛʨʘʜ ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʥʝʣʴʟʷ ʩʦʙʠʨʘʪʴ 

ʥʝʜʦʟʨʝʣʳʤ ʠʣʠ ʧʝʨʝʟʨʝʣʳʤ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʅʝʛʨʫʣʴ ɸ. ʄ. ɺʠʥʦʛʨʘʜʘʨʩʪʚʦ ʠ ʚʠʥʦʜʝʣʠʝ. ʄ.: ʂʦʣʦʩ, 1968. 512 ʩ.  

2. ʂʦʨʦʙʢʠʥʘ ɿ. ɺ. ʇʝʨʝʚʦʟʢʘ ʠ ʭʨʘʥʝʥʠʝ ʚʠʥʦʛʨʘʜʘ. ʄ.: ʕʢʦʥʦʤʠʢʘ, 1977. 79 ʩ. 

3. ɿʘʤʘʥʦʚ ʇ. ɹ., ɺʝʢʠʣʦʚʘ ʕ. ʄ., ʇʘʰʘʝʚ ʈ. ɸ. ʇʣʦʜʦʨʦʜʠʝ ʧʦʯʚ ɸʟʝʨʙʘʡʜʞʘʥʘ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʩʪʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ // ɸʛʨʦʭʠʤʠʷ. 2017. ˉ5. ʉ. 24-30. 

4. ʉʫʣʝʡʤʘʥʦʚ ɼ. ʉ. ɺʠʥʦʛʨʘʜʘʨʩʪʚʦ. ɹʘʢʫ: ʄʘʘʨʠʬ, 1982. 384 ʩ.  

5. ʐʘʨʠʬʦʚ ʌ. ɻ. ɺʠʥʦʛʨʘʜʘʨʩʪʚʦ. ɹʘʢʫ: ʄʘʘʨʠʬ, 1988. 295 ʩ. 
 

References: 

1. Negrul, A. M. (1968). Vinogradarstvo i vinodelie. Moscow. (in Russian). 

2. Korobkina, Z. V. (1977). Perevozka i khranenie vinograda. Moscow. (in Russian). 

3. Zamanov, P. B., Vekilova, E. M., & Pashaev, R. A. (2017). Plodorodie pochv 

Azerbaidzhana i ispol'zovanie mestnykh organicheskikh otkhodov. Agrokhimiya, (5), 24-30. (in 

Russian). 

4. Suleimanov, D. S. (1982). Vinogradarstvo. Baku. (in Russian). 

5. Sharifov, F. G. (1988). Vinogradarstvo. Baku. (in Russian). 
 

ʈʘʙʦʪʘ ʧʦʩʪʫʧʠʣʘ 

ʚ ʨʝʜʘʢʮʠʶ 05.10.2020 ʛ. 

 ʇʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ 

11.10.2020 ʛ. 

________________________________________________________________________________________________________________________ 

 

ʉʩʳʣʢʘ ʜʣ ̫ʮʠʪʠʨʦʚʘʥʠʷ: 

ʈʘʩʫʣʦʚ ɸ. ʊ. ɺʣʠʷʥʠʝ ʩʨʦʢʦʚ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʠʚʦʚ ʥʘ ʢʘʯʝʩʪʚʦ ʩʪʦʣʦʚʦʛʦ ʩʦʨʪʘ 

ʚʠʥʦʛʨʘʜʘ ʊʘʡʬʠ ʨʦʟʦʚʡr // ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. 2020. ʊ. 6. ˉ11. ʉ. 142-146. 

https://doi.org/10.33619/2414-2948/60/15 
 

Cite as (APA): 

Rasulov, A. (2020). Effect Terms and Quantity Wateringôs on the Quality of Table Variety 

Grape Taifi Pink. Bulletin of Science and Practice, 6(11), 142-146. (in Russian). 

https://doi.org/10.33619/2414-2948/60/15 
  

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.com 

ʊ. 6. ˉ11. 2020 

https://doi.org/10.33619/2414-2948/60 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 147 

 

ʋɼʂ 619. 578. 89; 619: 616. 995.1 

AGRIS L73 

https://doi.org/10.33619/2414-2948/60/16 

 

ɻɽʃʔʄʀʅʊʆɿʓ ʀʅɼɽɽʂ ʀ ʀʍ ʉɽɿʆʅʅɸʗ ɼʀʅɸʄʀʂɸ 

 

Éʅʘʩʠʙʦʚʘ ɻ. ʈ., ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʚʝʪʝʨʠʥʘʨʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ, 

ʛ. ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ, gunel.nasibova14@mail.ru 

 

TURKEYS HELMINTHIASIS AND THEIR SEASONAL DYNAMICS 

 

ÉNasibova G., Azerbaijan Veterinary Scientific Research Institute,  

Baku, Azerbaijan, gunel.nasibova14@mail.ru 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʳ ʢʦʧʨʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʠ ʘʫʪʦʧʩʠ ̫ʠʥʜʝʝʢ, ʟʘʨʘʞʝʥʥʳʭ 

ʛʝʣʴʤʠʥʪʘʤʠ Ascaridia dissimilis, Heterakis gallinarum ʠ Raillietina tetragona, ʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʡ ʚ ʣʝʪʥʠʝ ʧʝʨʠʦʜʳ ʛʦʜʘ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʫ ʧʪʠʮ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʥʘ 

ʧʨʝʜʛʦʨʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʧʘʨʘʟʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʵʢʩʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ (ʕʀ) ʘʩʢʘʨʠʜʘʤʠ ʫ ʠʥʜʝʝʢ ʩʦʩʪʘʚʠʣʘ 19,2%, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ 

(ʀʀ) ð 3ï21, ʛʝʪʝʨʘʢʠʩʘʤʠ (ʕʀ) ð 26,6%, ʀʀ ð 4ï23, ʨʘʡʣʠʝʪʠʥʘʤʠ ʕʀ ð 22,4%, ʀʀ ð 

3ï12. 

 

Abstract. Evolving to reach the invasive stage of helminth eggs, being found themselves in 

the environment, the availability of suitable temperature and humidity is very important. On 

the basis of scatological studies and autopsies, along with the infection of turkeys with helminths 

Ascaridia dissimilis, Heterakis gallinarum and Raillietina tetragona, as well as a higher intensity of 

invasions in the summer seasons, were found in birds kept in the foothill areas of the region. So, on 

the basis of the parasitological studies, carried out the extensiveness of large roundworms (ascarids) 

in turkeys was determined in the following specimens of helminths 19.2%, intensity (II) 3ï21, 

heterakis EI 26.6%, II 4ï23, raillietina EI 22.4%, II 3ï12.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʣʴʤʠʥʪ,r ʠʥʜʝʡʢʘ, ʟʘʨʘʞʝʥʠʝ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʠʥʚʘʟʠʠ. 

 

Keywords: helminths, turkey, infestation, prevalence of infestation. 

 

ɺʚʝʜʝʥʠʝ 

ʇʪʠʮʝʚʦʜʩʪʚʦ ð ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʙʳʩʪʨʦʨʘʟʚʠʚʘʶʱʠʭʩʷ ʦʪʨʘʩʣʝʡ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ, 

ʦʙʣʘʜʘʶʱʘ ̫ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. ʂʫʨʠʥʦʝ ʤʷʩʦ ʠ ʷʡʮʘ, ʙʫʜʫʯʠ ʜʠʝʪʠʯʝʩʢʠʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ, ʷʚʣʷʶʪʩʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʦʯʝʥʴ ʣʶʙʠʤʳʤʠ ʠ 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʥʘʩʝʣʝʥʠʝʤ.  

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʨʦʚʦʜʠʤʳʭ ʘʛʨʘʨʥʳʭ ʨʝʬʦʨʤ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ, 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʠ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʥʘʩʝʣʝʥʠʷ ʚ 

ʧʨʦʜʫʢʪʘʭ ʧʠʪʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʘʛʨʘʨʥʳʭ ʨʝʬʦʨʤ, ʚ ʈʝʩʧʫʙʣʠʢʝ ʩʦʟʜʘʥʳ 

ʧʪʠʮʝʚʦʜʯʝʩʢʠʝ ʭʦʟʷʡʩʪʚʘ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʦʩʥʦʚʝ, ʦʪʚʝʯʘʶʱʠʝ ʩʦʚʨʝʤʝʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʦ ʨʘʟʚʝʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʦʚ ʜʦʤʘʰʥʝʡ ʧʪʠʮʳ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʭʦʟʷʡʩʪʚʘʭ ʥʘʩʝʣʝʥʠʷ ʠ ʥʘʯʘʪʦ ʨʘʟʚʝʜʝʥʠʝ ʥʦʚʳʭ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʦʨʦʜ. ʅʦ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʧʨʠʯʠʥ, ʩʦʟʜʘʶʱʠʭ ʧʨʝʧʷʪʩʪʚʠʷ ʨʘʟʚʠʪʠʶ 

ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚ. ʆʩʥʦʚʥʳʤʠ ʠʟ ʵʪʠʭ ʷʚʣʷʶʪʩʷ ʧʘʨʘʟʠʪʳ ʜʦʤʘʰʥʝʡ ʧʪʠʮʳ ʠ 
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ʚʳʟʳʚʘʝʤʳʝ ʠʤʠ ʧʘʨʘʟʠʪʘʨʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ. ʕʪʠ ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʬʦʨʤʝ 

ʠʟʫʯʘʣʠʩʴ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ, ʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʧʘʨʘʟʠʪʳ ʩʥʠʞʘʶʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʪʠʮ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, 

ʚʳʟʳʚʘʶʪ ʤʘʩʩʦʚʳʝ ʧʘʜʝʞʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʤʝʨ ʙʦʨʴʙʳ [1ï3].  

ʀ ʩ ʵʪʦʡ ʮʝʣʴʶ, ʤʳ ʧʦʩʯʠʪʘʣʠ ʚʘʞʥʳʤ ʧʨʦʚʝʜʝʥʠʝ ʧʘʨʘʟʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʨʝʤʝʥʘʤʠ ʛʦʜʘ ʩ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʟʘʨʘʞʝʥʥʦʩʪʠ ʧʘʨʘʟʠʪʘʤʠ ʧʪʠʮ, 

ʚʳʨʘʱʠʚʘʝʤʳʭ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʠʥʜʝʝʢ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʨʝʤʝʥʘʤʠ ʛʦʜʘ, ʚ ʥʠʟʠʥʥʳʭ, ʧʨʝʜʛʦʨʥʳʭ ʠ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ 

ʂʝʜʘʙʝʢʩʢʦʛʦ ʨʘʡʦʥʘ ʙʳʣʠ ʦʩʫʱʝʩʪʚʣʝʥʳ ʨʷʜ ʛʝʣʴʤʠʥʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʩʪʝʥʩʠʚʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʨʘʞʝʥʠʷ ʠʥʜʝʝʢ ʧʘʨʘʟʠʪʘʤʠ ʠ ʠʭ 

ʚʦʟʙʫʜʠʪʝʣʷʤʠ.  

ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʷʭ ʠʟ ʥʠʟʤʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ (ʩʝʣʦ ɿʷʭʤʘʪ), ʚʝʩʥʦʡ 

69 ʢʘʣ, 52 ʧʪʠʮʳ, ʣʝʪʦʤ 68 ʢʘʣ, 47 ʧʪʠʮʳ, ʦʩʝʥʴʶ 76 ʢʘʣ, 61 ʧʪʠʮʳ, ʟʠʤʦʡ 57 ʢʘʣ, 69 ʧʪʠʮ, ʠʟ 

ʧʨʝʜʛʦʨʥʳʭ ʪʝʨʨʠʪʦʨʠʠ (ʩʝʣʦ ʈ. ɸʣʠʝʚ), ʚʝʩʥʦʡ 78 ʢʘʣ, 49 ʧʪʠʮ, ʣʝʪʦʤ 67 ʢʘʣ, 57 ʧʪʠʮ, 

ʦʩʝʥʴʶ 82 ʢʘʣ, 70 ʧʪʠʮ, ʟʠʤʦʡ 49 ʢʘʣ, 65 ʧʪʠʮ, ʠʟ ʛʦʨʥʳʭ ʪʝʨʨʠʪʦʨʠʠ  (ʩʝʣʦ ɼʘʷʛʘʨʘʙʫʣʘʛ) 

ʚʝʩʥʦʡ 67 ʢʘʣ, 69 ʧʪʠʮ, ʣʝʪʦʤ 65 ʢʘʣ, 56 ʧʪʠʮ, ʦʩʝʥʴʶ 77 ʢʘʣ, 73 ʧʪʠʮʳ, ʟʠʤʦʡ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʢʦʧʨʦʣʦʛʠʯʝʩʢʠʝ ʦʙʩʣʝʜʦʚʘʥʠʷ  ʠ ʥʝʧʦʣʥʳʝ ʘʫʪʦʧʩʠʠ ʥʘʜ 80 ʢʘʣʦʤ ʠ 78 ʠʥʜʝʝʢ. 

ʕʢʩʪʝʥʩʠʚʥʦʩʪʴ ʟʘʨʘʞʝʥʠʷ ʫ ʠʥʜʝʝʢ ʧʘʨʘʟʠʪʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʌʫʣʣʙʦʨʥʘ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʤʳʚʘʥʠʷ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʡ ð ʤʝʪʦʜʦʤ ʥʝʧʦʣʥʦʡ 

ʘʫʪʦʧʩʠʠ ʉʢʨʷʙʠʥʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʤ ʢʘʙʠʥʝʪʝ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʦʜ 

ʚʝʜʦʤʩʪʚʦʤ ʨʘʡʦʥʥʦʛʦ ʚʝʪʝʨʠʥʘʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚ ʦʪʜʝʣʝʥʠʠ ʧʘʨʘʟʠʪʦʣʦʛʠʠ 

ʚʝʪʝʨʠʥʘʨʥʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ. 

 

ʆʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ɺ ʥʠʟʠʥʥʳʭ, ʧʨʝʜʛʦʨʥʳʭ ʠ ʛʦʨʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʂʝʜʘʙʝʢʩʢʦʛʦ ʨʘʡʦʥʘ, ʦʙʣʘʜʘʶʱʝʛʦ 

ʧʦʷʩʘʤʠ ʩ ʭʦʣʦʜʥʳʤ ʢʣʠʤʘʪʦʤ, ʩ ʧʦʤʦʱʴʶ ʧʨʦʚʝʜʝʥʥʳʭ ʢʦʧʨʦʣʦʛʠʯʝʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʠ ʠ 

ʘʫʪʦʧʩʠʠ ʚʳʷʚʣʝʥʳ ʟʘʨʘʞʝʥʠʷ ʛʝʣʴʤʠʥʪʘʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥ ʛʦʜʘ, ʚ ʤʦʥʦ ʠ 

ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʬʦʨʤʘʭ ʫ ʠʥʜʝʝʢ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ 

ʭʦʟʷʡʩʪʚʘʭ. ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ, ʯʪʦ ʧʪʠʮʳ ʟʘʨʘʞʝʥʳ 

ʛʝʣʴʤʠʥʪʘʤʠ Ascaridia dissimilis, Heterakis gallinarum ʠ Raillietina tetragona ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʨʝʤʝʥ. ʛʦʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʊʘʙʣʠʮʳ, ʥʘ ʥʠʟʤʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ, ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ  ʧʨʦʙ ʢʘʣʘ, 

ʚʟʷʪʳʭ ʫ ʠʥʜʝʝʢ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʭʦʟʷʡʩʪʚʘʭ, ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʟʘʨʘʞʝʥʠʷ 

ʚʝʩʥʦʡ 13 (18,8%) ʛʦʣʦʚ ʧʪʠʮ ʘʩʢʘʨʠʜʘʤʠ, 12 (17,4%) ʛʝʪʝʨʘʢʠʩʘʤʠ, 11 (15,9%) 

ʨʘʡʣʠʝʪʠʥʘʤʠ, ʣʝʪʦʤ 16 (23,5%) ʘʩʢʘʨʠʜʘʤʠ, 15 (22,1%) ʛʝʪʝʨʘʢʠʩʘʤʠ, 12 (19,1%) 

ʨʘʡʣʠʝʪʠʥʘʤʠ, ʦʩʝʥʴʶ 15 (18,4%) ʘʩʢʘʨʠʜʘʤʠ, 13 (17,1%) ʛʝʪʝʨʘʢʠʩʘʤʠ, 10 (13,1%) 

ʨʘʡʣʠʝʪʠʥʘʤʠ, ʟʠʤʦʡ 9 (15,8%) ʘʩʢʘʨʠʜʘʤʠ, 8 (14,0%) ʛʝʪʝʨʘʢʠʩʘʤʠ, 7 (12,3%) 

ʨʘʡʣʠʝʪʠʥʘʤʠ. 

ʇʨʠ ʧʘʨʘʟʠʪʦʣʦʛʠʯʝʩʢʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ ʢʘʣʘ, ʚʟʷʪʳʭ ʚʝʩʥʦʡ ʫ ʧʪʠʮ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʥʘ 

ʧʨʝʜʛʦʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʟʘʨʘʞʝʥʠʝ 15 (19,2%) ʛʦʣʦʚ ʧʪʠʮ 

ʘʩʢʘʨʠʜʘʤʠ, 14 (17,9%) ʛʝʪʝʨʘʢʠʩʘʤʠ, 13 (16,7%) ʨʘʡʣʠʝʪʠʥʘʤʠ; ʣʝʪʦʤ: 19 (28,3%) 

ʘʩʢʘʨʠʜʘʤʠ, 18 (26,6%) ʛʝʪʝʨʘʢʠʩʘʤʠ, 15 (20,0%) ʨʘʡʣʠʝʪʠʥʘʤʠ; ʦʩʝʥʴʶ: 14 (17,1%) 

ʘʩʢʘʨʠʜʘʤʠ, 13 (15,9%) ʛʝʪʝʨʘʢʠʩʘʤʠ, 12 (16,4%) ʨʘʡʣʠʝʪʠʥʘʤʠ, ʘ ʟʠʤʦʡ: 8 (16,3%) 
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ʘʩʢʘʨʠʜʘʤʠ, 7 (14,2%) ʛʝʪʝʨʘʢʠʩʘʤʠ, 5 (10,2%) ʨʘʡʣʠʝʪʠʥʘʤʠ.  

 

ʊʘʙʣʠʮʘ 1. 

ʉɽɿʆʅʅɸʗ ɼʀʅɸʄʀʂɸ (ʂʆʇʈʆʃʆɻʀʏɽʉʂʆɽ ʆɹʉʃɽɼʆɺɸʅʀɽ) ɿɸʈɸɾɽʅʀʗ 

ɻɽʃʔʄʀʅʊɸʄʀ ʀʅɼɽɽʂ ʅɸ ʀʅɼʀɺʀɼʋɸʃʔʅʓʍ ʇʊʀʎɽɺʆɼʏɽʉʂʀʍ ʍʆɿʗʁʉʊɺɸʍ 
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ɿʘʨʘʞʝʥʠʝ 

A. dissimilis H. gallinarum R. tetragona 

ʂʦʣʠʯʝʩʪʚʦ 

ʟʘʨʘʞʝʥʥʳʭ 

ʧʪʠʮ (ʛʦʣʦʚ) 
ʚ % 

ʂʦʣʠʯʝʩʪʚʦ 

ʟʘʨʘʞʝʥʥʳʭ 

ʧʪʠʮ (ʛʦʣʦʚ) 
ʚ %  

ʂʦʣʠʯʝʩʪʚʦ 

ʟʘʨʘʞʝʥʥʳʭ 

ʧʪʠʮ 

(ʛʦʣʦʚ) 

ʚ % 

ʥʠʟʤʝʥʥʳʡ (ʩ. ɿʷʭʤʘʪ) 

ɺʝʩʥʘ 69 13 18,8 12 17,4 11 15,9 

ʃʝʪʦ 68 16 23,5 15 22,1 12 19,1 

ʆʩʝʥʴ 76 15 18,4 13 17,1 10 13,1 

ɿʠʤʘ 57 9 15,8 8 14,0 7 12,3 

ʧʨʝʜʛʦʨʥʳʡ (ʩ. ʈ. ɸʣʠʝʚ) 

ɺʝʩʥʘ 78 15 19,2 14 17,9 13 16,7 

ʃʝʪʦ 67 19 28,3 18 26,6 15 22,4 

ʆʩʝʥʴ 82 14 17,1 13 15,9 12 16,4 

ɿʠʤʘ 49 8 16,3 7 14,2 5 10,2 

ʛʦʨʥʳʡ (ʩ. ɼʘʷʛʘʨʘʙʫʣʘʛ) 

ɺʝʩʥʘ 67 11 16,4 10 14,9 9 13,4 

ʃʝʪʦ 65 13 20,0 14 21,5 13 20,0 

ʆʩʝʥʴ 77 11 14,2 10 12,9 9 11,7 

ɿʠʤʘ 80 9 11,2 9 11,2 8 10,0 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʙʨʘʟʮʦʚ ʢʘʣʘ, ʚʟʷʪʳʭ ʚʝʩʥʦʡ ʫ ʠʥʜʝʝʢ ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʣʦʜʥʳʤ ʢʣʠʤʘʪʦʤ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʟʘʨʘʞʝʥʠʝ 11 (16,4%) ʛʦʣʦʚ ʧʪʠʮ 

ʘʩʢʘʨʠʜʘʤʠ, 10 (14,9%) ʛʝʪʝʨʘʢʠʩʘʤʠ, 9 (13,4%) ʨʘʡʣʠʝʪʠʥʘʤʠ, ʣʝʪʦʤ 13 (20,0%) ʘʩʢʘʨʠʜʘʤʠ, 

14 (21,5%) ʛʝʪʝʨʘʢʠʩʘʤʠ, 13 (20,0%) ʨʘʡʣʠʝʪʠʥʘʤʠ, ʦʩʝʥʴʶ 11 (14,2%) ʘʩʢʘʨʠʜʘʤʠ, 

10 (12,9%) ʛʝʪʝʨʘʢʠʩʘʤʠ, 9 (11,7%) ʨʘʡʣʠʝʪʠʥʘʤʠ, ʟʠʤʦʡ 9 (11,2%) ʘʩʢʘʨʠʜʘʤʠ, 9 (11,2%) 

ʛʝʪʝʨʘʢʠʩʘʤʠ ʠ 8 (10,0%) ʨʘʡʣʠʝʪʠʥʘʤʠ. 

ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʦʙʩʣʝʜʦʚʘʥʠʠ, ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʪʘʢʦʤʫ 

ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʟʘʨʘʞʝʥʠʷ ʚ ʤʦʥʦ ʠ ʩʤʝʰʘʥʥʳʭ ʬʦʨʤʘʭ ʠʥʜʝʝʢ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ 

ʧʘʨʘʟʠʪʦʚ ʚʩʝ ʝʱʝ ʠʤʝʶʪ ʤʝʩʪʦ.  

ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʫʨʳ, ʠʥʜʝʡʢʠ, ʛʫʩʠ 

ʠ ʫʪʢʠ ʙʦʣʴʰʝ ʚʩʝʛʦ ʟʘʨʘʞʘʶʪʩʷ ʩʤʝʰʘʥʥʳʤʠ ʠʥʚʘʟʠʷʤʠ, ʪʦ ʝʩʪʴ ʟʘʨʘʞʘʶʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ 

ʧʘʨʘʟʠʪʘʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ [4ï7]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʨʝʤʝʥʘʤʠ ʛʦʜʘ, ʧʦ ʢʦʧʨʦʣʦʛʠʯʝʩʢʠʤ ʦʙʩʣʝʜʦʚʘʥʠʷʤ, ʧʨʦʚʝʜʝʥʥʳʤ 

ʥʘʜ ʠʥʜʝʡʢʘʤʠ, ʧʪʠʮʳ, ʚʳʨʘʱʝʥʥʳʝ ʥʘ ʧʨʝʜʛʦʨʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʨʘʡʦʥʘ, ʣʝʪʦʤ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦ ʟʘʨʘʞʘʣʠʩʴ ʛʝʣʴʤʠʥʪʘʤʠ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʨʘʞʝʥʠʷ ʧʦ ʚʨʝʤʝʥʘʤ ʛʦʜʘ ʠʥʜʝʝʢ ʛʝʣʴʤʠʥʪʘʤʠ 

Ascaridia dissimilis, Heterakis gallinarum, Raillietina tetragona ʚ ʥʠʟʠʥʥʳʭ, ʧʨʝʜʛʦʨʥʳʭ ʠ 

ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʧʦʷʩʘʤʠ ʥʘ ʧʪʠʮʘʭ ʧʨʦʚʦʜʠʣʠʩʴ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʥʝʧʦʣʥʦʤ ʚʩʢʨʳʪʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠ ̫ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 2. 
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ʊʘʙʣʠʮʘ 2. 

ʀʅʊɽʅʉʀɺʅʆʉʊʔ ʀʅɺɸɿʀʁ ʋ ʀʅʌʀʎʀʈʆɺɸʅʅʓʍ ʀʅɼɽɽʂ ʇʆ ɺʈɽʄɽʅɸʄ ɻʆɼɸ 

 (ʦʙʩʣʝʜʦʚʘʥʠʝ ʧʨʠ ʚʩʢʨʳʪʠʠ)   
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ɺ %  ʀʀ 

ʂ
ʦ
ʣ
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ʯ
ʝ
ʩ
ʪ
ʚ
ʦ
 

ʟ
ʘ
ʨ
ʘ
ʞ
ʝ
ʥ
ʥ
ʳ
ʭ
 
ʧ
ʪ
ʠ
ʮ

 

ɺ % ʀʀ 

ʥʠʟʤʝʥʥʳʡ (ʩ. ɿʷʭʤʘʪ) 

ɺʝʩʥʘ 52 9 17,3 2ï9 8 15,4 2ï11 7 13,5 2ï6 

ʃʝʪʦ 47 11 23,4 2ï14 10 21,3 3ï17 9 19,1 3ï9 

ʆʩʝʥʴ 61 10 16,3 2ï8 9 14,7 2ï10 8 13,1 3ï5 

ɿʠʤʘ 69 11 15,9 1ï6 10 14,5 2ï9 8 11,6 1ï3 

ʧʨʝʜʛʦʨʥʳʡ (ʩ. ʈ. ɸʣʠʝʚ) 

ɺʝʩʥʘ 49 9 18,3 2ï15 8 16,3 2ï17 8 16,3 2-8 

ʃʝʪʦ 57 16 28,1 3ï21 15 26,3 4ï23 13 22,8 3ï12 

ʆʩʝʥʴ 70 12 17,1 2ï13 11 15,7 3ï15 10 14,3 2ï7 

ɿʠʤʘ 65 10 15,3 2ï9 9 13,8 2ï10 6 9,2 2ï6 

ʛʦʨʥʳʡ (ʩ. ɼʘʷʛʘʨʘʙʫʣʘʛ) 

ɺʝʩʥʘ 69 11 15,9 1ï8 10 14,5 1ï8 9 13,0 1ï5 

ʃʝʪʦ 56 12 21,4 2ï11 11 19,6 2ï12 10 17,9 2ï6 

ʆʩʝʥʴ 73 13 14,2 2ï7 8 11,0 2ï7 8 11,0 1ï4 

ɿʠʤʘ 78 9 11,5 1ï6 8 10,3 1ï5 7 8,9 1ï2 

 

ʅʘ ʦʩʥʦʚʝ ʦʙʩʣʝʜʦʚʘʥʠʠ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʜ ʠʥʜʝʡʢʘʤʠ ʧʨʠ ʚʩʢʨʳʪʠʠ ʥʘ ʥʠʟʤʝʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʨʝʤʝʥʘʤʠ ʛʦʜʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ (ʀʀ) ʫ 

9 (17,3%) ʧʪʠʮ, ʟʘʨʘʞʝʥʥʳʭ ʘʩʢʘʨʠʜʘʤʠ ʚʝʩʥʦʡ, ʩʦʩʪʘʚʠʣʘ 2ï9, ʛʝʪʝʨʘʢʠʩʘʤʠ 8 (15,4%), ʀʀ 

ð 2ï11, ʨʘʡʣʠʝʪʠʥʘʤʠ 7 (13,5%), ʀʀ 2ï6, ʣʝʪʦʤ ʘʩʢʘʨʠʜʘʤʠ 11 (23,4%), ʀʀ 2ï14, 

ʛʝʪʝʨʘʢʠʩʘʤʠ 10 (21,3%), ʀʀ 3ï17, ʨʘʡʣʠʝʪʠʥʘʤʠ 9 (19,1%), ʀʀ 3ï9, ʦʩʝʥʴʶ ʘʩʢʘʨʠʜʘʤʠ 

10 (16,3%), ʀʀ 2ï8, ʛʝʪʝʨʘʢʠʩʘʤʠ 9 (14,7%), ʀʀ 2ï10, ʨʘʡʣʠʝʪʠʥʘʤʠ 8 (13,1%), ʀʀ 3ï5, 

ʟʠʤʦʡ ʘʩʢʘʨʠʜʘʤʠ 11 (15,9%), ʀʀ 1ï6, ʛʝʪʝʨʘʢʠʩʘʤʠ 10 (14,5%), ʀʀ 2ï9, ʨʘʡʣʠʝʪʠʥʘʤʠ ʫ 

8 (11,6%) ʛʦʣʦʚ ʙʦʣʴʥʳʭ ʧʪʠʮ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 1ï3 ʵʢʟʝʤʧʣʷʨʘ ʛʝʣʴʤʠʥʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʧʨʝʜʛʦʨʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʧʦʢʘʟʘʣʠ ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʥʚʘʟʠʠ ʫ ʠʥʜʝʝʢ ʚʝʩʥʦʡ ʜʦʩʪʠʛʣʦ, ʫ ʧʪʠʮ ʟʘʨʘʞʝʥʥʳʭ ʘʩʢʘʨʠʜʘʤʠ 9 (18,3%), ʀʀ 2ï15, 

ʛʝʪʝʨʘʢʠʩʘʤʠ 8 (16,3%), ʀʀ 2ï17, ʨʘʡʣʠʝʪʠʥʘʤʠ 8 (16,3%), ʀʀ 2ï8, ʣʝʪʦʤ ʘʩʢʘʨʠʜʘʤʠ 

16 (28,1%), ʀʀ 3ï21, ʛʝʪʝʨʘʢʠʩʘʤʠ 15 (26,3%), ʀʀ 4ï23, ʨʘʡʣʠʝʪʠʥʘʤʠ 13 (22,8%), ʀʀ 3ï12, 

ʦʩʝʥʴʶ ʘʩʢʘʨʠʜʘʤʠ 12 (17,1%), ʀʀ 2ï13, ʛʝʪʝʨʘʢʠʩʘʤʠ 11(15,7%), ʀʀ 3ï15, ʨʘʡʣʠʝʪʠʥʘʤʠ 

10 (14,3%), ʀʀ 2ï7 ʠ ʟʠʤʦʡ ʘʩʢʘʨʠʜʘʤʠ 10 (15,3%), ʀʀ 2ï9, ʛʝʪʝʨʘʢʠʩʘʤʠ 9 (13,8%), ʀʀ 2ï

10, ʫ 6 (9,2%) ʟʘʙʦʣʝʚʰʠʭ ʨʘʡʣʠʝʪʠʥʘʤʠ, ʀʀ ʩʦʩʪʘʚʠʣʘ 2ï6 ʵʢʟʝʤʧʣʷʨʘ ʛʝʣʴʤʠʥʪʦʚ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠʥʜʝʝʢ ʧʨʠ ʚʩʢʨʳʪʠʠ ʧʦ ʚʨʝʤʝʥʘʤ ʛʦʜʘ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʚ 

ʛʦʨʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʨʘʡʦʥʘ ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ. ɺʝʩʥʦʡ ʫ 11 (15,9%) ʛʦʣʦʚ ʧʪʠʮ, 
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ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʘʩʢʘʨʠʜʘʤʠ, ʀʀ 1ï8, ʛʝʪʝʨʘʢʠʩʘʤʠ 10 (14,5%), ʀʀ 1ï8, ʨʘʡʣʠʝʪʠʥʘʤʠ 

9 (13,0%), ʀʀ 1ï5, ʣʝʪʦʤ ʘʩʢʘʨʠʜʘʤʠ 12  (21,4%), ʀʀ 2ï11, ʛʝʪʝʨʘʢʠʩʘʤʠ 11 (19,6%), ʀʀ 2ï

12, ʨʘʡʣʠʝʪʠʥʘʤʠ 10 (17,9%), ʀʀ 2ï6, ʦʩʝʥʴʶ ʘʩʢʘʨʠʜʘʤʠ 13 (14,2%), ʀʀ 2ï7, ʛʝʪʝʨʘʢʠʩʘʤʠ 

8 (11,0%), ʀʀ 2ï7, ʨʘʡʣʠʝʪʠʥʘʤʠ 8 (11,0%), ʀʀ 1ï4, ʟʠʤʦʡ ʘʩʢʘʨʠʜʘʤʠ 9 (11,5%), ʀʀ 1ï6, 

ʛʝʪʝʨʘʢʠʩʘʤʠ 8 (10,3%), ʀʀ 1ï5 ʘ ʫ 7 (8,9%) ʧʪʠʮ, ʟʘʙʦʣʝʚʰʠʤʠ ʨʘʡʣʠʝʪʠʥʘʤʠ ʀʀ ʩʦʩʪʘʚʠʣʘ 

1ï2 ʵʢʟʝʤʧʣʷʨʘ ʛʝʣʴʤʠʥʪʦʚ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʛʝʣʴʤʠʥʪʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʫ ʠʥʜʝʝʢ ʚʦ ʚʨʝʤʷ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʨʠ 

ʚʩʢʨʳʪʠʠ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʥʠʟʠʥʥʳʭ, ʧʨʝʜʛʦʨʥʳʭ ʠ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ, ʙʳʣʘ ʥʘʤʥʦʛʦ ʚʳʰʝ ʚ 

ʧʨʝʜʛʦʨʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. 

ɺ ʦʙʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʧʦ ʪʨʝʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʟʦʥʘʤ, ʙʝʨʝʪʩʷ ʟʘ ʦʩʥʦʚʫ ʪʦ, ʯʪʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʧʨʝʜʛʦʨʴʷʭ, ʛʜʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʡ ʚʳʰʝ, ʧʦʜʭʦʜʷʪ 

ʜʣʷ ʨʘʟʚʠʪʠʷ ʷʠʮ ʛʝʣʴʤʠʥʪʦʚ ʚ ʧʦʯʚʝ. ʕʪʦ, ʪʘʢʞʝ ʦʪʤʝʯʘʶʪ ʤʥʦʛʠʝ ʧʘʨʘʟʠʪʦʣʦʛʠ ʚ ʩʚʦʠʭ 

ʨʘʙʦʪʘʭ [8ï11]. 

ʇʦ ʜʘʥʥʳʤ ʧʨʦʚʝʜʝʥʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠ ̫ʧʪʠʮ ʧʨʠ ʚʩʢʨʳʪʠʷʭ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʨʘʡʦʥʘ, ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʥʚʘʟʠʡ ʣʝʪʦʤ 

ʚʦ ʚʩʝʭ ʪʨʝʭ ʨʘʡʦʥʘʭ, ʘ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ð ʥʠʟʢʘ.̫ 

 

ɺʳʚʦʜ r

1. ʅʘ ʦʩʥʦʚʝ ʢʦʧʨʦʣʦʛʠʯʝʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʠ ʠ ʚʩʢʨʳʪʠʷʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʠʥʜʝʡʢʘʭ ʚ 

ʥʠʟʠʥʥʳʭ, ʧʨʝʜʛʦʨʥʳʭ ʠ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ, ʵʢʩʪʝʥʩʠʚʥʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʥʳʭ 

ʠʥʚʘʟʠʡ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʘ ʧʨʝʜʛʦʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʦʙʣʘʜʘʶʱʝʡ ʧʦʜʭʦʜʷʱʝʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʚʣʘʞʥʦʩʪʴʶ ʜʣʷ ʨʘʟʚʠʪʠʷ ʷʠʮ ʛʝʣʴʤʠʥʪʦʚ. 

2. ɺ ʛʝʣʴʤʠʥʪʦʣʦʛʠʯʝʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʚʨʝʤʝʥʘʤ ʛʦʜʘ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʜ 

ʠʥʜʝʡʢʘʤʠ ʚ ʥʠʟʠʥʥʳʭ, ʛʦʨʥʳʭ ʠ ʧʨʝʜʛʦʨʥʳʭ ʨʘʡʦʥʘʭ, ʚʳʷʚʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʘʨʘʟʠʪʦʚ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. 
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EFFECT OF INORGANIC FERTILIZERS ON WINTER RYE CROP YIELD IN THE 

WESTERN PART OF AZERBAIJAN 

 

ÉAdigozalov P., Azerbaijan State Agricultural University, 

Ganja, Azerbaijan 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʦʟʠʤʦʡ ʨʞʠ ʥʘ ʟʘʧʘʜʝ ɸʟʝʨʙʘʡʜʞʘʥʘ. ɼʘʥʥʳʡ 

ʨʝʛʠʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʦ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʘʛʨʘʨʥʳʤ ʩʝʢʪʦʨʦʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʨʦʞʘʷ 

ʟʝʨʥʘ ʦʟʠʤʦʡ ʨʞʠ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ, ʥʘ ʦʨʦʰʘʝʤʳʭ ʩʝʨʦ-ʢʦʨʠʯʥʝʚʳʭ ʧʦʯʚʘʭ 

ɻʷʥʜʞʘ-ʂʘʟʘʭʩʢʦʡ ʟʦʥʳ ʬʝʨʤʝʨʩʢʠʤ ʭʦʟʷʡʩʪʚʘʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʝʞʝʛʦʜʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʥʦʨʤʝ N90P60K60. 

 

Abstract. The consequences of the research on definition of inorganic fertilization impact on 

winter rye crop yield in the western zone of Azerbaijan are presented in the article. The region is 

one of the significant territories in the Republic from the paint of a steadily developing agricultural 

sector. It is revealed on the basis of the investigation that for getting high and qualitative winter rye 

grain yield and restore of soil fertility on irrigated grey-brown soils of the Ganja-Gazakh zone it is 

recommended that farms use inorganic fertilizers annually at the N90P60K60.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʟʠʤʘʷ ʨʦʞ,ɹ ʫʨʦʞʘʡʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʫʜʦʙʨʝʥʠʷ, ʘʟʦʪ, 

ʬʦʩʬʦʨ, ʢʘʣʠʡ.  

 

Keywords: winter rye, crop yield, quality, inorganic fertilizer, nitrogen, phosphorus, 

potassium. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʫʨʦʞʘʡʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʘ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʟʝʤʣʝʜʝʣʠʷ ʟʘ ʩʯʝʪ h ʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʠ ʜʨʫʛʠʭ ʩʨʝʜʩʪʚ 

ʭʠʤʠʟʘʮʠʠ [1]. ɺʦʧʨʦʩʳ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʜʦʙʨʝʥʠʡ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʧʦʣʝʚʳʭ ʢʫʣʴʪʫʨ, ʩʦʭʨʘʥʝʥʠʷ ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ 

ʘʢʪʫʘʣʴʥʳ ʠ ʩʦʚʨʝʤʝʥʥʳ [2].  

ʄʠʨʦʚʦʝ ʟʝʤʣʝʜʝʣʠʝ ʫʞʝ ʧʨʠʟʥʘʣʦ, ʯʪʦ ʙʝʟ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʝʚʦʟʤʦʞʥʦ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʝ ʚʝʜʝʥʠʝ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʧʦʪʨʝʙʣʝʥʠʝ ʠʭ ʚ ʤʠʨʝ ʚʦʟʨʘʩʪʘʝʪ [3]. 

ʆʩʥʦʚʥʦʝ ʪʨʘʜʠʮʠʦʥʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʦʟʠʤʦʡ ʨʞʠ ð ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʝ. ʈʞʘʥʘʷ ʤʫʢʘ 

ʦʙʣʘʜʘʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʦʣʝʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʝʝ ʩʦʩʪʘʚ ʚʭʦʜʠʪ ʥʝʦʙʭʦʜʠʤʘʷ ʥʘʰʝʤʫ 

ʦʨʛʘʥʠʟʤʫ ʘʤʠʥʦʢʠʩʣʦʪʘ ð ʣʠʟʠʥ, ʢʣʝʪʯʘʪʢʘ, ʤʘʨʛʘʥʝʮ, ʮʠʥʢ. ʉʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʥʝʡ ʥʘ 
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30% ʚʳʰʝ, ʯʝʤ ʚ ʧʰʝʥʠʯʥʦʡ, ʘ ʪʘʢʞʝ ʚ 1,5ï2,0 ʨʘʟʘ ʙʦʣʴʰʝ ʤʘʛʥʠʷ ʠ ʢʘʣʠʷ. ʆʥʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʚʳʧʝʯʢʝ ʤʥʦʛʠʭ ʩʦʨʪʦʚ ʭʣʝʙʘ ʠ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ. ɺ ʈʦʩʩʠʠ ʜʦʣʷ 

ʨʞʘʥʦʛʦ ʭʣʝʙʘ ʪʨʘʜʠʮʠʦʥʥʦ ʩʦʩʪʘʚʣʷʣʘ ʙʦʣʝʝ 60% ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ [4].  

ɼʣʷ ʦʟʠʤʦʡ ʨʞʠ ʭʘʨʘʢʪʝʨʥʦ ʤʥʦʛʦʮʝʣʝʚʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ: ʟʝʨʥʦ, ʟʝʣʝʥʳʡ ʢʦʨʤ, 

ʩʠʜʝʨʘʪʳ, ʢʫʣʠʩʳ. ʀʟ ʨʞʘʥʦʡ ʤʫʢʠ ʧʨʦʠʟʚʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʩʦʨʪʘ ʚʳʧʝʯʢʠ (ʨʞʘʥʳʝ ʭʣʦʧʴʷ, 

ʨʞʘʥʳʝ ʣʝʧʝʰʢʠ, ʜʝʣʠʢʘʪʝʩʥʳʝ ʩʦʨʪʘ ʭʣʝʙʘ). ʂʨʘʭʤʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʟʝʨʥʘ ʨʞʠ, 

ʩʦʧʦʩʪʘʚʠʤ ʩ ʢʘʨʪʦʬʝʣʴʥʳʤ. ʈʦʞʴ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʰʝʥʠʮʳ, ʷʯʤʝʥʷ ʠ ʙʦʣʴʰʠʥʩʪʚʘ ʜʨʫʛʠʭ 

ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘʣʠʯʠʝʤ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦ- ʠ ʩʦʣʝʨʘʩʪʚʦʨʠʤʳʭ 

ʙʝʣʢʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʟʘʤʝʥʠʤʦʡ, ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʭ ʠ 

ʜʝʬʠʮʠʪʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ð ʣʠʟʠʥʘ [5].  

ɹʝʣʦʢ ʦʟʠʤʦʡ ʨʞʠ ʧʦ ʘʤʠʥʦʢʠʩʣʦʪʥʦʤʫ ʩʦʩʪʘʚʫ ʙʦʣʝʝ ʩʙʘʣʘʥʩʠʨʦʚʘʥ, ʯʝʤ ʫ ʧʰʝʥʠʮʳ ʠ 

ʜʨʫʛʠʭ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. ʆʥ ʙʦʛʘʯʝ ʣʠʟʠʥʦʤ ʥʘ 39%, ʘʨʛʠʥʠʥʦʤ ʥʘ 44%, ʚʘʣʠʥʦʤ ʥʘ 11%, 

ʪʨʝʦʥʠʥʦʤ ʥʘ 17%, ʫʩʪʫʧʘʷ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʛʠʩʪʠʜʠʥʘ, ʪʠʨʦʟʠʥʘ, ʪʨʠʧʪʦʬʘʥʘ. ʉʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʣʠʟʠʥʘ ʚ ʙʝʣʢʝ ʨʞʠ ʩʦʩʪʘʚʣʷʝʪ 3,5%, ʯʪʦ ʚʳʰʝ, ʯʝʤ ʫ ʜʨʫʛʠʭ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ 

(ʢʨʦʤʝ ʦʚʩʘ). ɿʘ ʩʯʝʪ ʨʞʠ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʣʠʟʠʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ ʥʘ 58%, ʟʘ ʩʯʝʪ ʧʰʝʥʠʮʳ ð 

ʪʦʣʴʢʦ ʥʘ 37% [6].  

ʅʝʩʤʦʪʨʷ ʥʘ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʦʟʠʤʦʡ ʨʞʠ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʪʝʭʥʠʯʝʩʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʦʠʟʦʰʣʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʧʣʦʱʘʜʠ ʝʝ ʧʦʩʝʚʘ ʠ ʚʘʣʦʚʳʭ ʩʙʦʨʦʚ ʟʝʨʥʘ [7].  

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʈʦʩʩʠʠ ʧʨʦʠʟʦʰʣʦ ʙʦʣʝʝ ʯʝʤ ʪʨʝʭʢʨʘʪʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʧʦʩʝʚʦʚ 

ʨʞʠ. ɺʘʣʦʚʳʝ ʩʙʦʨʳ ʟʝʨʥʘ ʷʚʣʷʶʪʩʷ ʥʝʩʪʘʙʠʣʴʥʳʤʠ, ʚʢʣʘʜ ʦʟʠʤʦʡ ʨʞʠ ʚ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʦʯʝʥʴ ʥʠʟʢʠʡ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʧʦʯʚʝʥʥʳʝ 

ʨʝʩʫʨʩʳ, ʈʦʩʩʠʷ ʜʦʣʞʥʘ ʚʦʟʜʝʣʳʚʘʪʴ ʨʦʞʴ ʥʘ ʧʣʦʱʘʜʠ 5ï6 ʤʣʥ ʛʘ ʠ ʧʨʦʠʟʚʦʜʠʪʴ 14ï15 ʤʣʥ ʪ 

ʟʝʨʥʘ ʨʞʠ ʚ ʛʦʜ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʘʣʦʚʦʡ ʩʙʦʨ ʟʝʨʥʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʦʩʪʠʛʘʝʪ 3,5ï4,0 

ʤʣʥ ʪʦʥʥ [8ï9].  

ʋʨʦʞʘʡʥʦʩʪʴ ʦʟʠʤʦʡ ʨʞʠ ʧʦʢʘ ʦʩʪʘʝʪʩʷ ʥʝʚʳʩʦʢʦʡ ʠ ʦʪʩʪʘʝʪ ʦʪ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʨʪʦʚ. ʄʦʱʥʳʡ ʬʘʢʪʦʨ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʦʟʠʤʦʡ ʨʞʠ ð ʫʜʦʙʨʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʦʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʦʪ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ 

ʨʘʥʝʝ ʥʦʨʤ ʚʥʝʩʝʥʠʷ ʪʫʢʦʚ, ʥʝ ʚʩʝʛʜʘ ʧʦʢʨʳʚʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʠʭ ʧʨʠʦʙʨʝʪʝʥʠʝ ʠ ʚʥʝʩʝʥʠʝ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠ ʩʥʠʟʠʣʦʩʴ ʧʨʠʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʫʜʦʙʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ. ʇʦʵʪʦʤʫ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʜʦʟʳ ʫʜʦʙʨʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʩ 

ʧʝʩʪʠʮʠʜʘʤʠ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʰʘʝʪ ʚʦʧʨʦʩʳ ʵʢʦʣʦʛʠʠ, ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʠ 

ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ [10].  

ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʙʦʨʳ ʟʝʨʥʘ ʦʟʠʤʦʡ ʨʞʠ (30ï31 ʮ/ʛʘ) ʥʘ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ 

ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʭ ʧʦʯʚʘʭ ʉʤʦʣʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʚʥʝʩʝʥʠʠ N45ï90 ʥʘ ʬʦʥʝ 20 ʪ/ʛʘ 

ʥʘʚʦʟʘ ʚ ʦʧʪʠʤʘʣʴʥʳʝ ʧʦ ʫʚʣʘʞʥʝʥʠʶ ʛʦʜʳ, ʘ ʚ ʟʘʩʫʰʣʠʚʳʝ ʛʦʜʳ ʪʘʢʘʷ ʫʨʦʞʘʡʥʦʩʪʴ 

ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʚʥʝʩʝʥʠʝʤ N150ï180 ʥʘ ʬʦʥʝ 60ï80 ʪ/ʛʘ ʥʘʚʦʟʘ [11].  

 

ʆʙʲʝʢʪ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ 2018ï2020 ʛʛ. ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʝ ɻʷʥʜʞʠʥʩʢʦʛʦ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʄʠʥʠʩʪʝʨʩʪʚʝ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ɸʟʝʨʙʘʡʜʞʘʥʘ. ʇʦʯʚʳ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ʢʘʨʙʦʥʘʪʥʳʝ, ʩʝʨʦ-ʢʦʨʠʯʥʝʚʳʝ 

(ʢʘʰʪʘʥʦʚʳʝ), ʦʨʦʰʘʝʤʳʝ, ʣʝʛʢʦ ʩʫʛʣʠʥʠʩʪʳʝ. ʉʦʜʝʨʞʘʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩʚʝʨʭʫ ʚʥʠʟ ʚ ʤʝʪʨʦʚʦʤ ʛʦʨʠʟʦʥʪʝ. ʉʦʛʣʘʩʥʦ ʧʨʠʥʷʪʦʡ ʛʨʘʜʘʮʠʠ ʚ ʨʝʩʧʫʙʣʠʢʝ 

ʘʛʨʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʠ ʧʦʯʚʳ ʤʘʣʦ ʦʙʝʩʧʝʯʝʥʳ ʧʠʪʘʪʝʣʴʥʳʤʠ 

http://www.bulletennauki.com/
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ʵʣʝʤʝʥʪʘʤʠ ʠ ʥʫʞʜʘʶʪʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ (https//www.stat.gov.az). 

ʉʦʜʝʨʞʘʥʠʝ ʚʘʣʦʚʦʛʦ ʛʫʤʫʩʘ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʊʶʨʠʥʫ ʚ ʩʣʦʝ 0ï30 ʠ 60ï100 ʩʤ 2,15ï0,85%, 

ʚʘʣʦʚʦʛʦ ʘʟʦʪʘ  ʠ ʬʦʩʬʦʨʘ ʧʦ ʂ. ɽ. ɻʠʥʟʙʫʨʛʫ ʠ ʢʘʣʠʷ ʧʦ ʉʤʠʪʫ, ʧʦʛʣʦʱʝʥʥʦʛʦ ʘʤʤʠʘʢʘ ʧʦ 

ʂʦʥʝʚʫ, ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ ʧʦ ɻʨʘʥʜʚʘʣʴ-ʃʷʞʫ, ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ ʧʦ ʄʘʯʠʛʠʥʫ, ʦʙʤʝʥʥʦʛʦ 

ʢʘʣʠʷ ʧʦ ʇʨʦʪʘʩʦʚʫ, ʨʅ ʚʦʜʥʦʡ ʩʫʩʧʝʥʟʠʠ ð  ʧʦʪʝʥʮʠʦʤʝʪʨʦʤ.  

ɸʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʚ ʛʦʜʳ ʧʨʦʚʦʜʠʤʳʭ ʦʧʳʪʦʚ ʩʦʩʪʘʚʣʷʣʠ ʜʦ 156,3ï217,2 ʤʤ, 

ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ð 15,2ï15,7 Áʉ. 

ɸʛʨʦʪʝʭʥʠʢʘ ʚʳʨʘʱʠʚʘʥʠʷ ʦʟʠʤʦʡ ʨʞʠ ʩʦʨʪʘ çʄʠʨʙʘʰʠʨ-46è ʪʨʘʜʠʮʠʦʥʥʘʷ ʜʣʷ ʟʦʥʳ. 

ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʜʝʣʷʥʢʠ 56,0 ʤ2, ʫʯʝʪʥʘʷ 50,4 ʤ2, ʧʦʚʪʦʨʥʦʩʪʴ 4-ʭ-ʢʨʘʪʥʘʷ, ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʜʝʣʷʥʦʢ ð ʨʝʥʜʦʤʠʟʠʨʦʚʘʥʥʦʝ.  

ɽʞʝʛʦʜʥʦ  ʬʦʩʬʦʨ ʠ ʢʘʣʠʡ ʚʥʦʩʠʣʠ ʦʩʝʥʴʶ ʧʦʜ ʚʩʧʘʰʢʫ, ʘʟʦʪʥʳʝ ʫʜʦʙʨʝʥʠʷ ʧʨʠʤʝʥʷʣʠ 

ʚʝʩʥʦʡ 2 ʨʘʟʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʢʦʨʤʢʠ.  

ʆʧʳʪ ʟʘʢʣʘʜʳʚʘʣʩʷ ʧʦ ʤʝʪʦʜʠʯʝʩʢʠʤ ʫʢʘʟʘʥʠʷʤ (1975) ʦʙʳʯʥʳʤ ʨʷʜʦʚʳʤ ʩʧʦʩʦʙʦʤ 

ʧʦʩʝʚʘ ʧʨʠ ʥʦʨʤʝ 220 ʢʛ/ʛʘ (4,5 ʤʣʥ ʰʪ. ʚʩʭʦʞʠʭ ʩʝʤʷʥ).  

ɺ ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ: ʘʟʦʪʥʦ-ʘʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ, 

ʬʦʩʬʦʨʥʦ-ʧʨʦʩʪʦʡ ʩʫʧʝʨʬʦʩʬʘʪ, ʢʘʣʠʡʥʦ-ʭʣʦʨʠʩʪʳʡ ʢʘʣʠʡ.   

 

ɸʥʘʣʠʟ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʨʦʰʘʝʤʳʭ ʩʝʨʦ-ʢʦʨʠʯʥʝʚʳʭ ʧʦʯʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʦʜʝʨʞʘʥʠʝ ʚʘʣʦʚʦʛʦ ʛʫʤʫʩʘ ʚ ʩʣʦʝ 0ï30 ʠ 60ï100 ʩʤ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 2,15ï0,85%, ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʜʦ ʤʝʪʨʦʚʦʛʦ ʩʣʦʷ, ʚʘʣʦʚʦʛʦ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʘʚʣʷʝʪ 0,15ï0,06%; 0,13ï0,07% ʠ 2,39ï1,51%, ʧʦʛʣʦʱʝʥʥʦʛʦ ʘʤʤʠʘʢʘ 

18,0ï6,5 ʤʛ/ʢʛ, ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ 9,7ï2,6 ʤʛ/ʢʛ, ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ 15,8ï4,5 ʤʛ/ʢʛ, ʦʙʤʝʥʥʦʛʦ 

ʢʘʣʠʷ 263,5ï105,3 ʤʛ/ʢʛ, ʨʝʘʢʮʠʷ ʩʨʝʜʳ, ʨʅ ʚʦʜʥʦʡ ʩʫʩʧʝʥʟʠʠ ʱʝʣʦʯʥʘʷ 7,8ï8,4. 

ɺ 2018 ʛ. ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʧʦʩʝʚʦʚ ʦʟʠʤʦʡ ʠ ʷʨʦʚʦʡ ʨʞʠ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ ʩʦʩʪʘʚʠʣʘ 

237 ʛʘ, ʦʙʱʝʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʝʨʥʘ 705 ʪ, ʩʨʝʜʥʷʷ ʫʨʦʞʘʡʥʦʩʪʴ ð 29,8 ʮ/ʛʘ [11].  

ʇʨʠʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʪʝʭʥʦʣʦʛʠʠ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʦʟʠʤʦʡ ʨʞʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʟʝʨʥʘ. 

ʇʨʘʚʠʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʟ ʚʥʝʩʝʥʠʷ ð ʛʣʘʚʥʦʝ ʫʩʣʦʚʠʝ ʠʭ ʫʩʧʝʰʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

ɺʧʝʨʚʳʝ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʚʦʟʨʘʩʪʘʶʱʠʭ ʜʦʟ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʦʟʠʤʦʡ ʨʞʠ ʚ ɻʷʥʜʞʘ-ɻʘʟʘʭʩʢʦʡ ʟʦʥʝ ɸʟʝʨʙʘʡʜʞʘʥʘ.  

ɺ ʩʨʝʜʥʝʤ ʟʘ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʙʦʨ ʟʝʨʥʘ ʚ ʚʘʨʠʘʥʪʝ ʢʦʥʪʨʦʣʴ ʙʝʟ ʫʜʦʙʨʝʥʠʡ 

ʩʦʩʪʘʚʠʣ 24,3  ʮ/ʛʘ (ʊʘʙʣʠʮʘ).  

 

ʊʘʙʣʠʮʘ. 

ɺʃʀʗʅʀɽ ʄʀʅɽʈɸʃʔʅʓʍ ʋɼʆɹʈɽʅʀʁ ʅɸ ʋʈʆɾɸʁʅʆʉʊʔ ʆɿʀʄʆʁ ʈɾʀ (2018ï2020 ʛʛ.) 

 

ɺʘʨʠʘʥʪʳ ʦʧʳʪʘ ʋʨʦʞʘʡʥʦʩʪʴ, ʮ/ʛʘ ʇʨʠʙʘʚʢʘ 

ʮ/ʛʘ % 

ɹʝʟ ʫʜʦʙʨʝʥʠʡ (ʢʦʥʪʨʦʣʴ) 24,3 ð ð 

N30P30K0 28,4 4,1 17,0 

N60P60K30 33,1 8,8 36,2 

N90P90K60 40,0 15,7 64,6 

N120P120K90 36,8 12,5 51,4 

 

ʇʨʠʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʣʠ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʦʟʠʤʦʡ ʨʞʠ. 

http://www.bulletennauki.com/
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ʇʨʠʙʘʚʢʘ ʦʪ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʦʩʪʠʛʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʫʜʦʙʨʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ð 4,1ï15,7 

ʮ/ʛʘ. ɺ ʚʘʨʠʘʥʪʝ N30P30K0 ʧʨʠʙʘʚʢʘ ʩʦʩʪʘʚʠʣʘ 4,1 ʮ/ʛʘ (17,0%).  

ɺ ʩʣʫʯʘʝ ʚʥʝʩʝʥʠʷ N60P60K30 ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ ʜʦʩʪʠʛʣʘ 33,1 ʮ/ʛʘ, ʧʨʠʙʘʚʢʘ ð 8,8 ʮ/ʛʘ, 

ʠʣʠ 36,2%, ʚ ʚʘʨʠʘʥʪʝ N90P90K60 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 40,0 ʮ/ʛʘ, ʧʨʠʙʘʚʢʘ 15,7 ʮ/ʛʘ, ʠʣʠ 64,6%.  

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʜʦʟ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ (N120P120K90) ʩʙʦʨ ʟʝʨʥʘ 

ʫʚʝʣʠʯʠʚʘʣʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 36,8 ʮ/ʛʘ, ʧʨʠʙʘʚʢʘ ʩʦʩʪʘʚʠʣʘ 12,5 ʮ/ʛʘ (51,4%).  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣʘ ʠʭ ʜʦʩʪʦʚʝʨʥʦʩʪʴ: ʈ=2,15ï

2,64%; ɽ=0,71ï0,87 ʮ/ʛʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʝʩʴʤʘ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʦʜ ʦʟʠʤʫʶ ʨʦʞ.ɹ  

 

ɺr ʚʦʜ 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʥʦʨʤʝ N90P60K60 ʦʢʘʟʘʣʦ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʦʟʠʤʦʡ ʨʞʠ (40 ʮ/ʛʘ) ʚ ʜʘʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʛʜʝ ʧʨʠʙʘʚʢʘ ʫʨʦʞʘʷ ʦʢʘʟʘʣʦʩʴ ʥʘʠʚʳʩʰʝʡ 15,7 ʮ/ʛʘ ʠʣʠ 64,6%, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʝ 

ʧʦʚʣʠʷʣʦ ʥʘ ʧʦʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʫʣʴʪʫʨʳ ʫʛʥʝʪʝʥʠʶ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ. 
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ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʨʦʣʠ ʧʨʦʚʝʜʝʥʥʳʭ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʠ 

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʙʦʪ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, 

ʚʦʟʜʝʣʳʚʘʝʤʳʭ  ʥʘ ʦʨʦʰʘʝʤʳʭ ʟʝʤʣʷʭ ʍʠʟʳʥʩʢʦʛʦ, ʉʠʘʟʘʥʴʩʢʦʛʦ ʠ ʐʘʙʨʘʥʩʢʦʛʦ ʨʘʡʦʥʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʧʨʦʝʢʪʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʉʘʤʫʨ-ɸʧʰʝʨʦʥʩʢʦʛʦ ʢʘʥʘʣʘ. ɺ 

ʨʝʛʠʦʥʝ ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʟʝʤʝʣʴ, ʟʘʥʷʪʳʭ ʧʦʜ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʢʫʣʴʪʫʨ rʩʦʩʪʘʚʣʷʝʪ 

57501,0 ʛʘ. ʀʟ ʥʠʭ 29700,8 ʛʘ ʠʣʠ 51,7% ʷʚʣʷʶʪʩʷ ʥʝʟʘʩʦʣʝʥʥʳʤʠ, ʘ 27800,2 ʛʘ ð ʟʘʩʦʣʝʥʳ ʚ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ, ʘ ʪʘʢʞʝ 32651,8 ʛʘ ʠʣʠ 56,8% ʷʚʣʷʶʪʩʷ ʩʦʣʦʥʮʝʚʘʪʳʤʠ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʩʪʝʧʝʥʠ. ʉʨʝʜʠ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʚʳʜʝʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ 

ʟʝʨʥʦʚʳʭ ʠ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʦʨʦʰʝʥʠʷ ʚ ʨʝʛʠʦʥʝ 

ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʳ ʢʦʤʧʣʝʢʩʥʳʝ ʨʘʙʦʪʳ ʧʦ ʥʘʣʘʞʠʚʘʥʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʠ ʜʘʣʴʥʝʡʰʝʤʫ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʥʦʚʳʭ ʦʨʦʩʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ. 

 

Abstract. Article is devoted to the study of the role of land reclamation and water 

management works to increase the productivity of agricultural crops cultivated on the irrigated 

lands of the Khizi, Siazan, and Shabran districts located in the area of the Samur-Absheron canal 

reconstruction project. In the region, the total area of land under agricultural crops is 57501.0 

hectares. Of these, 29,700.8 ha, or 51.7% are non-saline, and 27,800.2 ha are saline to varying 

degrees, and 32651.8 ha or 56.8% is salines to one degree or another. Among the cultivated 

agricultural crops, there is a significant proportion of grain and forage crops. In the conclusion of 

the study of the irrigation system in the region, it is concluded that comprehensive work is needed 

to establish the existing and further construction of irrigation canals. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʨʦʰʝʥʠʝ, ʦʨʦʩʠʪʝʣʴʥʳʝ ʢʘʥʘʣʳ, ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʚʦʜ, ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜ, ʟʘʩʦʣʝʥʥʦʩʪ ɹʧʦʯʚ, ʧʦʩʝʚʥʳʝ ʧʣʦʱʘʜʠ, ʫʨʦʞʘʡʥʦʩʪʴ. 

 

Keywords: irrigation, irrigation canals, reservoir, water chemistry, water salinity, soil salinity, 

sown areas, crop yield. 

 

ʉʣʦʚʘ ɻʝʡʜʘʨʘ ɸʣʠʝʚʘ: çʄʝʣʠʦʨʘʪʠʚʥʳʝ ʠ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ ð ʥʘʰʝ 

ʜʦʩʪʦʷʥʠʝ ʠ ʤʳ ʜʦʣʞʥʳ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʜʦʩʪʦʷʥʠʷè ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ. ʉ  1993 ʛ. ʥʘʯʘʣʩʷ ʥʦʚʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʤʝʣʠʦʨʘʮʠʠ ʠ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. 
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ɹʳʣʘ ʩʦʟʜʘʥʘ çʂʦʥʮʝʧʮʠʷ ʨʘʟʚʠʪʠʷ ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʤʝʣʠʦʨʘʮʠʠ ʠ ʚʦʜʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʥʘ 2003ï2010 ʛʦʜʳè. ʕʪʘ ʂʦʥʮʝʧʮʠʷ ʚʦʧʣʦʱʘʝʪʩʷ ʚ ʞʠʟʥʴ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ. 

25 ʘʚʛʫʩʪʘ 2008 ʛ. ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʙʳʣʘ ʫʪʚʝʨʞʜʝʥʘ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʠ ʧʦʜʛʦʪʦʚʣʝʥ ʧʣʘʥ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʮʝʣʴʶ ʥʘʜʝʞʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ. ɺ ʧʣʘʥʝ ʤʝʨʦʧʨʠʷʪʠʡ ʨʘʟʚʠʪʠʷ  

ʤʝʣʠʦʨʘʮʠʠ ʠ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʙʳʣʠ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʫʧʨʘʚʣʝʥʠʷ 

ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʫʣʫʯʰʝʥʠʝ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʠ 

ʫʩʠʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʠ ʠʨʨʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, 

ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʨʦʩʠʪʝʣʴʥʳʭ ʠ ʢʦʣʣʝʢʪʦʨʥʦ-ʜʨʝʥʘʞʥʳʭ ʩʝʪʝʡ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʩʠʩʪʝʤ ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʷ ʟʠʤʥʠʭ ʧʘʩʪʙʠʱ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱ ʠ ʦʨʦʩʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʦʨʦʰʘʝʤʳʭ  ʧʣʦʱʘʜʝʡ ʠ ʫʣʫʯʰʝʥʠʷ  

ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʷ ʟʝʤʝʣʴ, ʨʘʩʰʠʨʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʚʦʜʦʩʙʝʨʝʛʘʶʱʝʡ  ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʦʨʦʰʝʥʠʷ ʠ ʜʨʫʛʠʝ ʚʦʧʨʦʩʳ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʧʦʜʛʦʪʦʚʣʝʥʘ çʉʪʨʘʪʝʛʠʯʝʩʢʘʷ ʜʦʨʦʞʥʘʷ ʢʘʨʪʘ 

ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʠ ʦʙʨʘʙʦʪʢʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚè. ɺ ʥʝʡ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʨʝʘʣʠʟʘʮʠʷ 9 ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ  

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥʳ, ʜʦʩʪʠʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʘʛʨʘʨʥʦʛʦ 

ʩʝʢʪʦʨʘ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʦʙʨʘʙʦʪʢʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʥʘ ʧʝʨʠʦʜ ʩ 2016-ʛʦ ʧʦ 2020 ʛʦʜʳ, ʘ ʪʘʢʞʝ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ. ʉʪʨʘʪʝʛʠʯʝʩʢʘʷ ʜʦʨʦʞʥʘʷ ʢʘʨʪʘ ʧʦ 

ʫʚʝʣʠʯʝʥʠʶ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʥʘʨʷʜʫ ʩ ʨʘʮʠʦʥʘʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʟʝʤʝʣʴʥʳʭ ʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʨʝʜʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʮʝʣʝʚʳʭ ʠʥʜʠʢʘʪʦʨʦʚ  

ʧʨʠʚʣʝʯʝʥʠʷ ʚ ʙʣʠʞʘʡ ʠhʝ ʛʦʜʳ ʥʦʚʳʭ ʟʝʤʝʣʴʥʳʭ ʧʣʦʱʘʜʝʡ ʢ  ʩʝʚʦʦʙʦʨʦʪʫ. 

ɼʦʩʪʘʪʦʯʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘ ʢʨʘʪʢʦʝ ʚʨʝʤʷ ʧʦʩʪʨʦʝʥ ʠ ʩʜʘʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʦʜʠʥ ʠʟ 

ʢʨʫʧʥʝʡʰʠʭ ʠ ʫʥʠʢʘʣʴʥʳʭ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ð ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʊʘʭʪʘʢʦʨʧʫ ʩ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʝʡ ʤʦʱʥʦʩʪʴʶ 25 ʄɺʪ. 

ʇʝʨʝʭʦʜ ʨʝʩʧʫʙʣʠʢʠ ʥʘ ʨʳʥʦʯʥʫʶ ʵʢʦʥʦʤʠʢʫ, ʧʨʦʚʝʜʝʥʥʳʝ ʘʛʨʘʨʥʳʝ ʠ ʟʝʤʝʣʴʥʳʝ 

ʨʝʬʦʨʤʳ ʪʨʝʙʫʶʪ ʧʨʦʚʝʜʝʥʠʷ ʨʝʬʦʨʤ ʠ ʚ ʦʙʣʘʩʪʠ ʤʝʣʠʦʨʘʮʠʠ ʠ ʠʨʨʠʛʘʮʠʠ. ʕʪʠ ʨʝʬʦʨʤʳ 

ʦʭʚʘʪʳʚʘʶʪ ʩʣʝʜʫʶʱʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ: ʦʧʨʝʜʝʣʝʥʠʝ ʥʦʚʳʭ ʟʝʤʝʣʴʥʳʭ ʧʣʦʱʘʜʝʡ 

ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʧʦʩʝʚʦʚ, ʦʙʝʩʧʝʯʝʥʠʝ ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʦʡ ʵʪʠʭ ʧʣʦʱʘʜʝʡ, ʫʛʣʫʙʣʝʥʠʝ 

ʧʨʦʚʦʜʠʤʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʝʬʦʨʤ, ʫʣʫʯʰʝʥʠʝ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʨʦʜʦʥʘʩʝʣʝʥʠʷ  

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʫʚʝʣʠʯʠʚʘʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʚ ʦʩʥʦʚʥʦʤ ʟʝʨʥʦʚʳʭ, ʥʘ ʦʩʥʦʚʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ.  

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠ ̫̫ ʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʭʨʘʥʘ ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʘ ʍʠʟʳʥʩʢʦʛʦ, 

ʉʠʘʟʘʥʴʩʢʦʛʦ ʠ ʐʘʙʨʘʥʩʢʦʛʦ ʨʘʡʦʥʦʚ; ʧʨʠʚʣʝʯʝʥʠʝ ʥʦʚʳʭ ʟʝʤʝʣʴʥʳʭ ʧʣʦʱʘʜʝʡ ʚ 

ʩʝʚʦʦʙʦʨʦʪ, ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʨʦʩʠʪʝʣʴʥʳʭ ʚʦʜ 

ʚ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʨʝʛʠʦʥʘ, ʚ ʤʝʩʪʘʭ ʩ 

ʧʨʦʚʦʜʠʤʳʤ ʠʨʨʠʛʘʮʠʦʥʥʦ ð ʤʝʣʠʦʨʘʪʠʚʥʳʤ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ. 

 

ʆʙʩʫʞʜʝʥʠʝ ʠ ʘʥʘʣʠʟ 

ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʦʨʦʰʝʥʠʷ ʩ ʮʝʣʴʶ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʚʦʜʳ ʠʟ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʨʝʛʠʦʥʘ, 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʳ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʣʫʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 
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ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠʤʝʝʪ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ. ʂʘʢ ʚ ʨʝʩʧʫʙʣʠʢʝ, ʪʘʢ ʠ ʚ ʨʝʛʠʦʥʝ ʜʝʬʠʮʠʪ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʪʝʥʜʝʥʮʠʷ 

ʢ ʟʘʩʦʣʝʥʠʶ ʠ ʦʩʦʣʦʥʮʝʚʘʥʠʶ  ʦʩʥʦʚʥʳʭ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ ʟʝʤʣʝʜʝʣʠʷ ʨʝʛʠʦʥʘ ʪʨʝʙʫʝʪ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʤʝʣʠʦʨʘʮʠʠ ʠ ʠʨʨʠʛʘʮʠʠ ʧʦ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʠ  ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ 

ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʨʦʩʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ 

ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦ-ʘʛʨʦʤʝʣʠʦʨʘʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʮʝʣʴʶ ʦʟʜʦʨʦʚʣʝʥʠʷ 

ʟʘʩʦʣʝʥʥʳʭ ʠ ʩʦʣʦʥʮʝʚʘʪʳʭ ʟʝʤʝʣʴ, ʦʪʚʝʜʝʥʠʷ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʩ 

ʪʝʨʨʠʪʦʨʠʠ, ʪʨʝʙʫʝʪ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʦʧʨʠʚʣʝʯʝʥʥʳʭ   ʟʝʤʝʣʴ ʚ 

ʩʝʚʦʦʙʦʨʦʪ [1ï2]. 

ʆʙʦʙʱʘʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʥʘ ʚʳʙʨʘʥʥʳʭ 

ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʫʯʘʩʪʢʘʭ ʨʝʛʠʦʥʘ, ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʣʥʦʮʝʥʥʳʭ 

ʩʚʝʜʝʥʠʡ ʦ ʢʘʯʝʩʪʚʝʥʥʳʭ (ʧʣʦʜʦʨʦʜʠʷ) ʧʦʢʘʟʘʪʝʣʷʭ ʫʨʦʞʘʡʥʦʩʪʠ, ʦ ʩʦʚʨʝʤʝʥʥʦʤ 

ʘʛʨʦʤʝʣʠʦʨʘʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʟʝʤʝʣʴ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ  ʚʥʦʚʴ ʧʨʠʚʣʝʯʝʥʥʳʭ ʢ ʦʨʦʰʝʥʠʶ ʩ 

ʮʝʣʴʶ ʦʩʚʦʝʥʠʷ ʧʦʜ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʢʫʣʴʪʫʨʳ ʠ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʚʦʟʤʦʞʥʦ 

ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʦʪʚʝʯʘʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. ɼʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴ ʚ ʨʝʛʠʦʥʝ ʦʩʦʙʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʶʪ ʩʣʝʜʫʶʱʘʷ ʬʘʢʪʦʨʳ: ʫʯʝʪ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ, ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ, ʧʦʯʚʝʥʥʳʡ 

ʧʦʢʨʦʚ, ʧʨʦʮʝʩʩʳ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ, ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʷ ʦʨʦʰʝʥʠʷ, ʟʘʩʦʣʝʥʠʷ ʠ ʦʩʦʣʦʥʮʝʚʘʥʠʷ, ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʠ̫ ʠ 

ʵʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʠʩʭʦʜʥʘʷ ʩʪʝʧʝʥʴ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʧʦʯʚ ʧʠʪʘʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, 

ʪʠʧʳ ʠ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʣʣʝʢʪʦʨʥʦ-ʜʨʝʥʘʞʥʳʭ ʩʝʪʝʡ, ʘʛʨʦʪʝʭʥʠʢʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʨʘʚʠʣ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʜʨʫʛʠʝ ʚʦʧʨʦʩʳ. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʥʳʭ ʅʇʆ ʛʠʜʨʦʪʝʭʥʠʢʠ ʠ ʤʝʣʠʦʨʘʮʠʠ ɸʟʝʨʙʘʡʜʞʘʥʘ 

(ʅʇʆ ɸʟɻʠʄ) ʚ ʨʘʟʣʠʯʥʳʭ ʟʦʥʘʭ ʦʨʦʰʘʝʤʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʨʝʩʧʫʙʣʠʢʠ, ʫʯʠʪʳʚʘʷ ʤʝʩʪʥʳʝ 

ʫʩʣʦʚʠʷ, ʦʧʨʝʜʝʣʝʥʳ ʧʫʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʟʜʦʨʦʚʣʝʥʠʷ ʟʘʩʦʣʝʥʥʳʭ, 

ʦʩʦʣʦʥʮʦʚʘʥʥʳʭ, ʪʨʫʜʥʦʤʝʣʠʦʨʠʨʫʝʤʳʭ ʩʣʘʙʦʧʨʦʥʠʮʘʝʤʳʭ ʟʝʤʝʣʴ ʩ ʪʷʞʝʣʳʤ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʠʭ ʦʩʚʦʝʥʠʷ ʧʫʪʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʦʚʴ 

ʧʨʠʚʣʝʯʝʥʥʳʭ ʧʦʜ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʢʫʣʴʪʫʨʳ ʢ ʩʝʚʦʦʙʦʨʦʪʫ ʟʝʤʝʣʴ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ  ʥʘ 

ʦʩʥʦʚʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʠʝʤ ʚʦʜʦ-, ʩʦʣʝ- ʠ ʪʝʧʣʦʚʳʭ ʨʝʞʠʤʦʚ ʧʦʯʚ [3]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʨʦʜʦʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ ʥʝʦʙʭʦʜʠʤʳʤʠ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʛʦʩʫʜʘʨʩʪʚʦ ʦʢʘʟʳʚʘʝʪ ʪʝʭʥʠʯʝʩʢʫʶ ʠ ʬʠʥʘʥʩʦʚʫʶ 

ʧʦʜʜʝʨʞʢʫ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʠ ʧʨʝʜʧʨʠʷʪʠʷʤ ʧʦ ʦʙʨʘʙʦʪʢʝ 

ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ, ʯʪʦ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, 

ʚ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪ ʚʣʠʷʥʠʷ  

ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʦʩʚʦʝʥʠʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʫʚʝʣʠʯʝʥʠʷ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ, ʧʦʚʝʰʝʥʠʝ ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʚ ʘʛʨʘʨʥʦʤ ʩʝʢʪʦʨʝ, 

ʩʦʟʜʘʥʠʝ  ʘʛʨʦʧʘʨʢʦʚ ʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ  ʙʘʟʳ ʥʘ ʚʳʛʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʚʣʦʞʝʥʠʷ ʠʥʚʝʩʪʠʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʘʟʚʠʪʠʝ ʤʝʣʠʦʨʘʮʠʠ ʠ ʦʨʦʰʘʝʤʦʛʦ ʟʝʤʣʝʜʝʣʠʷ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ɸʟʝʨʙʘʡʜʞʘʥ ʦʪʥʦʩʠʪʩʷ ʧʦ ʟʘʥʠʤʘʝʤʦʡ ʧʣʦʱʘʜʠ, ð ʢ ʤʘʣʳʤ ʩʪʨʘʥʘʤ. 

ʇʦʵʪʦʤʫ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʞʜʦʛʦ ʢʚʘʜʨʘʪʥʦʛʦ ʩʘʥʪʠʤʝʪʨʘ ʟʝʤʣʠ ʠ ʝʝ ʦʭʨʘʥʘ 

ʦʯʝʥʴ ʚʘʞʥʳ ʜʣʷ ʥʘʩʪʦʷʱʝʡ ʠ  ʙʫʜʫʱʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥʳ. ɺ ʨʝʩʧʫʙʣʠʢʝ ʜʦʣʷ ʟʝʤʣʠ ʥʘ 

ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ ʠʟ ʦʙʱʝʛʦ ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʘ ʚ 1960 ʛ. ʩʦʩʪʘʚʣʷʣʘ 2,26 ʛʘ ʠ ʫʤʝʥʴʰʠʣʘʩʴ ʚ 

2016 ʛ. ʜʦ 0,2 ʛʘ. ʇʦ ʧʦʢʘʟʘʪʝʣʷʤ ʵʪʠʭ ʞʝ ʣʝʪ ʟʝʤʣʠ ʧʨʠʛʦʜʥʳʝ ʢ ʩʝʣʴʩʢʦʤʫ ʭʦʟʷʡʩʪʚʫ 

ʫʤʝʥʴʰʠʣʠʩʴ ʦʪ 1,09 ʛʘ  ʜʦ 0,53 ʛʘ, ʘ ʧʣʦʱʘʜʠ ʧʦʜ ʧʘʰʥʠ ð ʦʪ 0,38 ʛʘ ʜʦ 0,19 ʛʘ [4]. 
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ʋʤʝʥʴʰʝʥʠʝ ʜʦʣʠ ʦʙʱʝʛʦ ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʘ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ ʩʚʷʟʘʥʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʨʦʩʪʦʤ ʥʘʩʝʣʝʥʠʷ. ɸ ʚʦʪ ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ ʟʝʤʝʣʴ ʧʨʠʛʦʜʥʳʭ ʢ ʩʝʣʴʩʢʦʤʫ 

ʭʦʟʷʡʩʪʚʫ ʠ ʟʝʤʝʣʴ ʧʦʜ ʧʘʰʥʷʤʠ ʩʚʷʟʘʥʦ ʩ ʩʦʩʪʦʷʥʠʝʤ ʟʝʤʝʣʴ, ʧʦʜʚʝʨʞʝʥʥʦʩʪʠ ʠʭ 

ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʧʨʦʮʝʩʩʘʤ ʠ ʵʨʦʟʠʠ, ʟʘʛʨʷʟʥʝʥʠ.ʁ  

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʝʣʠʦʨʘʮʠʠ ʟʝʤʝʣʴ ʨʝʛʠʦʥʘ ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ 

ʥʠʞʝʩʣʝʜʫʶʱʝʛʦ: ʦʙʝʩʧʝʯʝʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʚ ʥʫʞʥʦʝ ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤʦʡ 

ʥʦʨʤʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʳ, ʨʝʢʫʣʴʪʠʚʘʮʠʷ ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʣʦʱʘʜʝʡ, ʦʩʫʱʝʩʪʚʣʝʥʠʝ 

ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʯʚʦʛʨʫʥʪʦʚ ʩ ʪʷʞʝʣʳʤ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʘʤ, ʦʟʜʦʨʦʚʣʝʥʠʝ ʟʘʩʦʣʝʥʥʳʭ ʠ ʩʦʣʦʥʮʝʚʘʪʳʭ ʧʦʯʚ, ʢʦʪʦʨʦʝ 

ʧʦʣʫʯʠʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʨʝʛʠʦʥʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʢʦʣʣʝʢʪʦʨʥʦ-ʜʨʝʥʘʞʥʦʡ ʩʝʪʠ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʫʨʦʚʥʷ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʠʞʝ ʢʨʠʪʠʯʝʩʢʦʡ ʛʣʫʙʠʥʳ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʣʦʱʘʜʝʡ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʍʠʟrʥʩʢʦʤ, ʉʠʘʟʘʥʩɹʢʦʤ ʠ 

ʐʘʙʨʘʥʩʢʦʤ ʨʘʡʦʥʘʭ ʨʝʛʠʦʥʘ [5]. 

ʊʘʢ ʢʘʢ ʨʘʡʦʥʳ ʨʝʛʠʦʥʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʫʭʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʝ, ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʛʦ 

ʠ ʜʠʥʘʤʠʯʥʦʛʦ ʫʨʦʞʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʙʝʟ ʤʝʣʠʦʨʘʮʠʠ ʠ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʝʩʴ ʥʝʚʦʟʤʦʞʥʦ. ɺ ʵʪʦʤ ʨʝʛʠʦʥʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʠʤʝʣʦ ʤʝʩʪʦ ʙʦʣʴʰʝ ʚʣʠʷʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʧʨʦʠʟʚʦʜʠʚʰʝʛʦ 

ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʥʘʢʦʧʣʝʥʠʷ ʦʩʘʜʢʦʚ ʟʘʧʦʟʜʘʣʦʛʦ ʘʣʴʧʠʡʩʢʦʛʦ ʧʝʨʠʦʜʘ (ʥʠʞʥʷʷ ʠ 

ʩʨʝʜʥʷʷ ʶʨʘ). ɺ ʧʨʦʮʝʩʩʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʷ ʚ ʨʘʟʣʠʯʥʳʝ ʚʨʝʤʝʥʘ 

ʧʦʜʚʝʨʛʘʣʘʩʴ ʨʘʟʣʠʯʥʳʤ ʚʣʠʷʥʠ̫ ʤ, ʧʦʵʪʦʤʫ ʩʨʝʜʠ ʦʩʘʜʢʦʚ ʢʨʦʤʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʤʦʨʩʢʠʝ ʠ ʣʘʛʫʥʥʳʝ ʦʩʘʜʢʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʟʘʩʦʣʝʥʠʶ ʧʦʯʚʦ-ʛʨʫʥʪʦʚ 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʥʘʜ ʥʠʤʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʟʘʩʦʣʝʥʠʝ ʠ ʦʩʦʣʦʥʮʝʚʘʥʠʝ ʧʦʯʚʦʛʨʫʥʪʦʚ ʙʦʣʴʰʦʝ 

ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʣʠ ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʩ ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ ʚʳʰʝ  

ʢʨʠʪʠʯʝʩʢʦʡ ʛʣʫʙʠʥʳ. ɹʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʮʝʣʦʤ ʩʦʩʪʦʠʪ ʠʟ ʦʩʘʜʢʦʚ 

ʧʘʣʝʦʛʝʥʦ-ʥʝʦʛʝʥʦʚʦʛʦ ʠ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʧʝʨʠʦʜʘ. ɸ ʯʘʩʪʴ ʨʝʛʠʦʥʘ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ 

ʧʨʠʤʦʨʩʢʦʡ ʨʘʚʥʠʥʝ, ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʠʪ ʠʟ ʤʦʨʩʢʠʭ ʦʩʘʜʢʦʚ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʧʝʨʠʦʜʘ. 

ʈʝʣʴʝʬ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʷʚʣʷʝʪʩʷ ʥʘʢʣʦʥʥʦʡ ʨʘʚʥʠʥʦʡ ʚʙʣʠʟʠ ʂʘʩʧʠʡʩʢʦʛʦ 

ʤʦʨʷ ʠ ʠʤʝʝʪ ʦʙʱʫʶ ʥʘʢʣʦʥʥʦʩʪʴ ʦʪ ʩʝʚʝʨʘ ʢ ʶʛʫ. ʇʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʵʪʘ 

ʪʝʨʨʠʪʦʨʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʩʨʝʜʥʠʤ ʠ ʪʷʞʝʣʳʤ ʩʫʛʣʠʥʢʘʤ. ʅʘ ʪʘʢʠʭ ʟʝʤʣʷʭ ʥʝʚʦʟʤʦʞʥʦ 

ʫʩʧʝʰʥʦʝ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʦʨʦʩʠʪʝʣʴʥʳʭ ʠ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʙʝʟ ʫʣʫʯʰʝʥʠʷ ʠʭ 

ʚʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʅʘʯʠʥʘʷ ʦʪ 0,8ï1,5 ʤ ʜʦʣ 5ï20 ʤ ʛʣʫʙʠʥʳ ð ʨʘʩʧʦʣʦʞʝʥ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʡ ʩʣʦʡ ʪʷʞʝʣʦʡ ʛʣʠʥʳ. ɺʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ 

ʧʦʯʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʥʘʜ ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʠ ʯʘʩʪʠʯʥʦ ʘʣʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʦʙʲʝʤʥʳʡ ʚʝʩ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ð 

1,4ï1,7 ʛ/ʩʤ3, ʫʜʝʣʴʥʳʡ ʚʝʩ ð 2,5ï2,8 ʛ/ʩʤ, ʧʦʨʦʟʥʦʩʪʴ ð 47,2ï48,3%, ʚʣʘʛʦʝʤʢʦʩʪʴ ð 26,6ï

31,3 ʤ3/ʛʘ. 

ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʝʛʠʦʥʘ ʩʣʦʞʥʳʝ, ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ  ʩʪʨʦʝʥʠʝ ʪʷʞʝʣʦʝ. 

ɺʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʝʨʭʥʝʛʦ ʛʨʫʥʪʦʚʦʛʦ ʩʣʦʷ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʦʯʝʥʴ ʥʠʟʢʘʷ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʬʠʣʴʪʨʘʮʠʠ ʧʦʯʚʦʛʨʫʥʪʦʚ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʩʦʩʪʘʚʣʷʝʪ 0,1ï0,01 ʤ/ʩʫʪ. ʅʘ ʦʩʥʦʚʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʚʝʜʝʥʠʡ ʠ ʧʨʦʚʝʜʝʥʥʳʭ ʧʦʣʝʚʳʭ 

ʧʦʯʚʝʥʥʦ-ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʡ 

ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1,0ï18,0 ʤ, ʘ ʩʪʝʧʝʥʴ ʠʭ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ð 0,8ï95,2 ʛ/ʣ.  

ʇʦ ʠʤʝʶʱʠʤʩʷ ʬʦʥʜʦʚʳʤ, ʘʨʭʠʚʥʳʤ ʠ ʩʤʝʪʥʳʤ ʩʚʝʜʝʥʠʷʤ ʠ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʨʘʚʥʠʥʥʦʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʶʪ ʩʪʦʢʘ ʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʟʘ ʩʯʝʪ ʛʦʨʥʳʭ ʨʝʢ, ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʠʟ 
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ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʨʦʩʠʪʝʣʴʥʳʭ ʠ ʜʨʫʛʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʢʘʥʘʣʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʜʦʣʛʠʝ ʛʦʜʳ ʥʝ 

ʧʨʦʚʦʜʠʣʠʩʴ ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ. ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʴ ʚʦʜ 

ʟʜʝʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ, ʧʦʜʲʝʤ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʩʝʥʥʝ-ʟʠʤʥʝʤ ʧʝʨʠʦʜʝ, 

ʢʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʤʘʢʩʠʤʘʣʴʥʦʝ, ʘ ʠʩʧʘʨʝʥʠʝ ʩʥʠʞʘʝʪʩʷ ʜʦ ʤʠʥʠʤʫʤʘ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚ ʧʝʨʠʦʜ ʩ ʷʥʚʘʨʷ ʧʦ 

ʬʝʚʨʘʣʴ ʤʝʩʷʮʳ. ɸ ʩ ʥʘʯʘʣʦʤ ʚʝʩʝʥʥʝʛʦ ʧʝʨʠʦʜʘ ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʦʜʥʠʤʘʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ ʥʘʯʘʣʦʤ ʚʝʩʝʥʥʠʭ ʧʦʣʠʚʦʚ ʠ ʦʨʦʰʝʥʠʷ. ɺ 

ʣʝʪʥʠʝ ʤʝʩʷʮʘ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʘʜʘʶʱʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝʤ  

ʧʦʪʝʨʴ ʥʘ ʠʩʧʘʨʝʥʠʝ ʠ ʪʨʘʥʩʧʠʨʘʮʠʶ ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʩʥʠʞʘʝʪʩʷ, ʘ ʩ ʧʨʠʭʦʜʦʤ ʦʩʝʥʠ 

ʥʘʯʠʥʘʝʪ ʚʥʦʚʴ ʧʦʜʥʠʤʘʪʴʩʷ.  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʩʪʝʧʝʥʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʪʠʧ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʍʠʟʳʥʩʢʦʛʦ ʠ ʉʠʘʟʘʥʴʩʢʦʛʦ ʨʘʡʦʥʦʚ, ʚ ʦʩʥʦʚʥʦʤ ð  

ʩʫʣʴʬʘʪʥʦïʭʣʦʨʠʜʥʦïʥʘʪʨʠʝʚʳʡ [6]. 

ʀʟ ʦʙʱʝʛʦ ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʘ (166789 ʛʘ) ʍʠʟʳʥʩʢʦʛʦ ʨʘʡʦʥʘ ð 31252 ʛʘ ʠʣʠ 18,7% ʥʝ 

ʧʦʜʚʝʨʞʝʥʳ ʵʨʦʟʠʠ, ʘ 135537 ʛʘ ʠʣʠ 81,3% ð ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʞʝʥʳ ʵʨʦʟʠʠ. ʀʟ 

ʵʪʦʡ ʧʣʦʱʘʜʠ 27687 ʛʘ ʠʣʠ 20,1% ð ʩʣʘʙʦ, 38135 ʛʘ ʠʣʠ 27,7% ð ʩʨʝʜʥʝ ʠ 69715 ʛʘ ʠʣʠ 

51,4% ð ʩʠʣʴʥʦ ʵʨʦʜʠʨʦʚʘʥʥʳʝ ʟʝʤʣʠ. 

ʀʟ ʦʙʱʝʛʦ ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʘ (70341 ʛʘ) ʉʠʘʟʘʥʴʩʢʦʛʦ ʨʘʡʦʥʘ 14728 ʛʘ ʠʣʠ 20,9% ð ʥʝ 

ʧʦʜʚʝʨʞʝʥʳ ʵʨʦʟʠʠ, ʘ 55613 ʛʘ ʠʣʠ 79,1% ð ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʵʨʦʜʠʨʦʚʘʥʥʳʝ. ʀʟ ʵʪʦʡ 

ʧʣʦʱʘʜʠ 17218 ʛʘ ʠʣʠ 31,0% ð ̫ʚʣʷʶʪʩʷ ʩʣʘʙʦ, 13180 ʛʘ ʠʣʠ 23,7% ð ʩʨʝʜʥʝ ʠ 25215 ʛʘ ʠʣʠ 

45,3% ð ʩʠʣʴʥʦ ʵʨʦʜʠʨʦʚʘʥʥʳʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʝʛʠʦʥʘ ʩʫʱʝʩʪʚʫʝʪ 432,5 ʛʘ 

ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʥʳʭ ʟʝʤʝʣʴ ʠ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʠʟ ʥʠʭ 187,0 ʛʘ ʠʣʠ 43,3% ð ʟʝʤʣʠ ʟʘʛʨʷʟʥʝʥʳ 

ʥʝʬʪʴʶ ʥʘ ʛʣʫʙʠʥʫ 10 ʩʤ, 81,0 ʛʘ ʠʣʠ 18,7% ð ʜʦ ʛʣʫʙʠʥʳ 25 ʩʤ ʠ 164,5 ʛʘ ʠʣʠ 38,0% ð ʥʘ 

ʛʣʫʙʠʥʫ ʙʦʣʝʝ 25 ʩʤ. 

ʀʟ ʦʙʱʝʛʦ ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʘ (108821 ʛʘ) ʐʘʙʨʘʥʩʢʦʛʦ ʨʘʡʦʥʘ 54301 ʛʘ ʠʣʠ 49,9% ð 

ʥʝʵʨʦʜʠʨʦʚʘʥʥʳʝ, ʘ 54520 ʛʘ ʠʣʠ 50,1% ð ̫ ʚʣʷʶʪʩʷ  ʵʨʦʜʠʨʦʚʘʥʥʳʝ  ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʩʪʝʧʝʥʠ. ʀʟ ʵʪʦʡ ʧʣʦʱʘʜʠ 14475 ʛʘ ʠʣʠ 26,5% ð ̫ ʚʣʷʶʪʩʷ ʩʣʘʙʦ, 18345 ʛʘ ʠʣʠ 33,6% ð 

ʩʨʝʜʥʝ ʠ 21700 ʛʘ ʠʣʠ 39,9% ð ʩʠʣʴʥʦ ʵʨʦʜʠʨʦʚʘʥʥʳʤʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʘʥʘʣʠʟʘ ʬʦʥʜʦʚʦ-

ʧʨʦʝʢʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʚʦʜ, ʦʧʨʝʜʝʣʝʥʳ 

ʚʠʜʳ ʦʨʦʰʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ, ʚʨʝʤʷ ʠ ʥʦʨʤʳ ʧʦʣʠʚʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ, ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʍʠʟʳʥʩʢʦʛʦ, ʉʠʘʟʘʥʴʩʢʦʛʦ ʠ  ʐʘʙʨʘʥʩʢʦʛʦ ʨʘʡʦʥʦʚ. 

ʆʪʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ʨʝʞʠʤʳ ʦʨʦʰʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʨʝʛʠʦʥʘ ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʇʦʵʪʦʤʫ ʵʪʠ 

ʨʝʞʠʤʳ ʦʧʨʝʜʝʣʝʥʳ  ʠ ʜʣʷ ʩʣʫʯʘʷ ʩ ʟʘʣʝʛʘʥʠʝʤ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʙʦʣʝʝ 3 ʤ ʠ ʜʣʷ 

ʩʣʫʯʘʝʚ ʩ ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ ʤʝʥʝʝ 3 ʤ (ʊʘʙʣʠʮʘ 1 ʠ 2). 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʦʨʦʩʠʪʝʣʴʥʳʝ ʥʦʨʤʳ ʦʧʨʝʜʝʣʝʥʳ ʜʣʷ ʚʝʨʭʥʝʛʦ ʦʜʥʦʤʝʪʨʦʚʦʛʦ ʩʣʦʷ. 

ʇʨʠ ʧʦʪʨʝʙʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʦʩʠʪʝʣʴʥʦʡ ʥʦʨʤʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥ ʨʝʢʦʤʝʥʜʫʝʤʫʶ 

ʦʨʦʩʠʪʝʣʴʥʫʶ ʥʦʨʤʫ (M) ʥʝʦʙʭʦʜʠʤʦ ʫʤʥʦʞʘʪʴ ʥʘ ʧʦʪʨʝʙʥʫʶ ʨʘʩʯʝʪʥʫʶ ʛʣʫʙʠʥʫ (H). 
 

mh= H Ĭ M, 
 

ʛʜʝ ʄ ð ʦʨʦʩʠʪʝʣʴʥʘʷ ʥʦʨʤʘ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʜʣʷ ʩʣʦʷ ʛʣʫʙʠʥʦʡ 1ʤ, ʤ3/ʛʘ; H ð

ʧʨʠʥʠʤʘʝʤʘʷ ʛʣʫʙʠʥʘ ʧʦʯʚʝʥʥʦʛʦ ʩʣʦʷ ʚ ʤ, ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʘʟʘʤ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ; mh 

ð ʦʨʦʩʠʪʝʣʴʥʘʷ ʥʦʨʤʘ, ʤ3/ʛʘ. 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.com 

ʊ. 6. ˉ11. 2020 

https://doi.org/10.33619/2414-2948/60 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 164 

 

 

ʊʘʙʣʠʮʘ 1. 

ʆʊʂʆʈʈɽʂʊʀʈʆɺɸʅʅʓɽ ʆʈʆʉʀʊɽʃʔʅʓɽ ʅʆʈʄʓ  

ʇʆ ʈɸɿʃʀʏʅʓʄ ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʓʄ ʂʋʃʔʊʋʈɸʄ  

ɼʃʗ ʉʃʋʏɸʗ ɿɸʃɽɻɸʅʀʗ ʋʈʆɺʅʗ ɻʈʋʅʊʆɺʓʍ ɺʆɼ ʙʦʣʝʝ 3 ʤ, ʤ3/ʛʘ 

 

ʅʘʟʚʘʥʠʷ 

ʨʘʡʦʥʦʚ 

ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ 

ʢʫʣʴʪʫʨʳ 

ɺʠʜʳ 

ʦʨʦʰʝʥʠʷ 

ʂʦʣʠʯʝʩʪ-

ʚʦ ʧʦʣʠʚʦʚ 

ɺʨʝʤʷ 

ʧʦʣʠʚʦʚ 

ɸʨʘʪ 

ʚʝʛʝʪʘʮʠʦʥʥʘʷ 

ʦʨʦʩʠʪʝʣʴʥʘʷ 

ʥʦʨʤʘ 

ʍʠʟ r

ʉʠʘʟʘʥʴ 

ʐʘʙʨʘʥ 

ʦʩʝʥʥʠʝ ʟʝʨʥʦʚʳʝ  ʚʝʛʝʪʘʮʠʷ 2 1.Vï10.VI 1450 

ʢʫʢʫʨʫʟʘ (ʥʘ ʟʝʨʥʦ) ʚʝʛʝʪʘʮʠʷ 3 20.Vï10.VII 2600 

ʩʚʝʢʣʘ (ʜʣʷ ʢʦʨʤʘ) ʚʝʛʝʪʘʮʠʷ 4 20.Vï10.IX 3600 

ʣʶʮʝʨʥʘ 1-ʛʦ ʛʦʜʘ ʚʝʛʝʪʘʮʠʷ 3 10.VIï20.VIII 2400 

ʣʶʮʝʨʥʘ 2-ʛʦ ʛʦʜʘ ʚʝʛʝʪʘʮʠʷ 4 15.Vï31.VIII 4700 

ʣʶʮʝʨʥʘ ʧʦʜ ʧʦʢʨʦʚʦʤ ʚʝʛʝʪʘʮʠʷ 3 1.VIIIï15.IX 2700 

ʦʚʦʱʠ (ʧʦʤʠʜʦʨʳ) ʘʨʘʪ 

ʚʝʛʝʪʘʮʠʷ 

1 

4 

10.IVï30.IV 

5.Vï5.VII 

800 

3450 

ʚʠʥʦʛʨʘʜ  ʘʨʘʪ 

ʚʝʛʝʪʘʮʠʷ 

1 

3 

10.Xï31.X 

20.Vï31.VII 

1000 

3300 

 

ʊʘʙʣʠʮʘ 2. 

ʆʊʂʆʈʈɽʂʊʀʈʆɺɸʅʅʓɽ ʆʈʆʉʀʊɽʃʔʅʓɽ ʅʆʈʄʓ 

ʇʆ ʈɸɿʃʀʏʅʓʄ ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʓʄ ʂʋʃʔʊʋʈɸʄ 

ɼʃʗ ʉʃʋʏɸʗ ɿɸʃɽɻɸʅʀʗ ʋʈʆɺʅʗ ɻʈʋʅʊʆɺʓʍ ɺʆɼ ʤʝʥʝʝ 3 ʤ, ʤ3/ʛʘ 

 

ʅʘʟʚʘʥʠʷ 

ʨʘʡʦʥʦʚ 

ʨʝʛʠʦʥʘ 

ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ 

ʢʫʣʴʪʫʨʳ 

ɺʠʜʳ 

ʦʨʦʰʝʥʠʷ 

ʂʦʣʠʯʝʩʪʚʦ 

ʧʦʣʠʚʦʚ 

ɺʨʝʤʷ 

ʧʦʣʠʚʦʚ 

ɸʨʘʪ 

ʚʝʛʝʪʘʮʠʦʥʥʘʷ 

ʦʨʦʩʠʪʝʣʴʥʘʷ 

ʥʦʨʤʘ 

ʍʠʟ r

ʉʠʘʟʘʥʴ 

ʐʘʙʨʘʥ 

ʟʝʨʥʦʚʳʝ ʘʨʘʪ 

ʚʝʛʝʪʘʮʠʷ 

1 

2 

15.IXï10.X 

20.IVï15.VI 

1000 

1500 

ʣʶʮʝʨʥʘ 1-ʛʦ ʛʦʜʘ ʚʝʛʝʪʘʮʠʷ 2 15.Vï10.IX 2200 

ʣʶʮʝʨʥʘ 2-ʛʦ ʛʦʜʘ ʚʝʛʝʪʘʮʠʷ 4 5.Vï5.IX 4000 

ʙʘʭʯʝʚʦ-ʦʚʦʱʥʳʝ ʘʨʘʪ 

ʚʝʛʝʪʘʮʠʷ 

1 

4 

10.IIIï31.III 

5.Vï25.VIII 

800 

4200 

ʢʫʢʫʨʫʟʘ ʚʝʛʝʪʘʮʠʷ 4 5.IVï30.VIII 2800 

ʚʠʥʦʛʨʘʜ ʘʨʘʪ 

ʚʝʛʝʪʘʮʠʷ 

1 

4 

10.Xï31.X 

15.Vï5.IX 

900 

3200 

 

ɺ ʨʝʛʠʦʥʝ ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʧʦʜ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 

57501,0 ʛʘ. ʀʟ ʵʪʦʡ ʧʣʦʱʘʜʠ ð 29700,8 ʛʘ ʠʣʠ 51,7% ʷʚʣʷʶʪʩʷ ʥʝʟʘʩʦʣʝʥʥʳʤʠ, ʘ 27800,2 ʛʘ 

ð ʟʘʩʦʣʝʥʳ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ, ʘ ʪʘʢʞʝ 32651,8 ʛʘ ʠʣʠ 56,8% ð ̫ ʚʣʷʶʪʩʷ ʩʦʣʦʥʮʝʚʘʪʳʤʠ 

ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ.  

ɺ ʨʝʛʠʦʥʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ 

ʚʦʟʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ  

ʥʘʭʦʜʷʪʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦʣʛʦʝ ʚʨʝʤʷ ʙʝʟ ʨʝʤʦʥʪʘ ʠ ʧʫʪʝʤ ʧʨʠʚʣʝʯʝʥʠʷ ʥʦʚʳʭ ʦʨʦʰʘʝʤʳʭ 

ʧʣʦʱʘʜʝʡ ʢ ʩʝʚʦʦʙʦʨʦʪʫ. ʉ ʫʚʣʝʯʝʥʠʝʤ ʨʦʩʪʘ ʥʘʩʝʣʝʥʠʷ ʨʝʛʠʦʥʘ, ʨʘʩʰʠʨʝʥʠʝʤ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʦʨʦʜʦʚ, ʧʦʩʝʣʢʦʚ ʠ ʩʝʣ, ʘ ʪʘʢʞʝ ʩ ʨʘʟʚʠʪʠʝʤ ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʯʘʩʪʴ ʧʣʦʱʘʜʝʡ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʩʝʚʦʦʙʦʨʦʪʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦʜʚʝʨʞʝʥʳ ʵʨʦʟʠʠ, ʟʘʩʦʣʝʥʠʶ, 
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ʩʦʣʦʥʮʝʚʘʥʠʶ, ʟʘʙʦʣʘʯʠʚʘʥʠʶ, ʟʘʛʨʷʟʥʝʥʠʶ ʥʝʬʪʴʶ ʠ ʜʨʫʛʠʤʠ ʚʳʙʨʦʩʘʤʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʠ ʧʣʦʱʘʜʠ ʚ ʦʩʥʦʚʥʦʤ ʥʘʭʦʜʷʪʩʷ ʚ ʯʘʩʪʥʦʤ ʠ ʜʨʫʛʦʤ ʚʣʘʜʝʥʠʷʭ ʠ 

ʵʪʠ ʚʣʘʜʝʣʴʮʳ ʥʝ ʩʧʦʩʦʙʥʳ ʨʝʰʘʪʴ ʢʦʨʝʥʥʳʝ ʧʨʦʙʣʝʤʳ, ʪʘʢ ʢʘʢ ʠʭ ʬʠʥʘʥʩʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʛʨʘʥʠʯʝʥʳ. ʂʘʢ ʚʠʜʥʦ, ʯʘʩʪʴ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʫʛʨʦʟʦʡ ʚʳʭʦʜʘ ʠʟ ʩʝʚʦʦʙʦʨʦʪʘ ʠʟ-ʟʘ ʜʝʛʨʘʜʘʮʠʠ ʠʭ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʷʜʘ 

ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ɻ ʪʠʭ ʦʧʘʩʥʦʩʪʝʡ ʚʦʟʤʦʞʥʦ ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝʤ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʦʯʚʦʛʨʫʥʪʘʭ, ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ ʧʨʠʚʣʝʯʝʥʠʝʤ ʢ ʩʝʚʦʦʙʦʨʦʪʫ ʥʦʚʳʭ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴʥʳʭ ʧʣʦʱʘʜʝʡ.  

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ɻ ʪʘʧʝ ʚ ʩʚʷʟʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ɿʝʤʥʦʤ ʰʘʨʝ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ, ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠʨʦʜʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʠ ʵʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʢʘʟʳʚʘʝʪ  ʚʣʠʷʥʠʷ ʥʘ ʞʠʚʦʡ ʤʠʨ, ʘ ʪʘʢʞʝ ʥʘ ʧʦʯʚʝʥʥʳʡ 

ʧʦʢʨʦʚ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜr ʫʯʘʩʪʠʣʠʩʴ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʚʣʠʷʥʠʷ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʩʪʨʘʥʘʭ ʤʠʨʘ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʠʥʪʝʥʩʠʚʥʦ 

ʟʘʥʠʤʘʶʱʠʭʩʷ ʟʝʤʣʝʜʝʣʠʝʤ. ʈʘʥʴʰʝ ʵʪʠ ʬʘʢʪʦʨʳ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʨʦʜʦʥʘʩʝʣʝʥʠʷ ʥʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ 

ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ, ʠ ʥʠ ʧʨʠ ʨʝʰʝʥʠʠ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ ʩʚʷʟʘʥʥʳʭ ʩ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʠ 

ʟʝʤʣʝʚʣʘʜʝʣʴʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ ʚ ʘʛʨʘʨʥʦʤ ʩʝʢʪʦʨʝ, ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʚʦʟʥʠʢʘʶʱʠʝ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ.  

ʇʨʦʚʦʜʠʤʳʝ ʚ ʨʝʩʧʫʙʣʠʢʝ ʤʝʣʠʦʨʘʪʠʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʦʨʦʰʘʝʤʳʭ 

ʟʝʤʝʣʴʥʳʭ ʧʣʦʱʘʜʝʡ, ʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʠʚʣʝʯʝʥʠʷ ʥʦʚʳʭ ʦʨʦʰʘʝʤʳʭ ʧʣʦʱʘʜʝʡ ʢ 

ʩʝʚʦʦʙʦʨʦʪʫ, ʜʦʣʞʥʳ ʩʣʫʞʠʪʴ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ, ʧʨʦʚʦʜʠʤʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ, ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʠ ʤʝʣʠʦʨʘʪʠʚʥʦ- 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʚ ʨʝʛʠʦʥʝ, ʥʘʨʷʜʫ ʩ ʦʭʨʘʥʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʝʦʙʭʦʜʠʤʦ ʠ 

ʩʦʭʨʘʥʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʦʪʤʝʯʝʥʦ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʢʫʣʴʪʫʨ ʥʘ ʚʥʦʚʴ ʧʨʠʚʣʝʯʝʥʥʳʭ ʢ ʩʝʚʦʦʙʦʨʦʪʫ 

ʟʝʤʣʷʭ, ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʛʦʝ ʩʦʙʣʶʜʝʥʠʝ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. ɺ 

ʥʦʚʦʧʨʠʚʣʝʯʝʥʥʳʭ ʢ ʩʝʚʦʦʙʦʨʦʪʫ ʟʝʤʣʷʭ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʝʥʠʝ ʯʝʨʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʧʦʩʝʚʦʚ, ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʪʝʢʫʱʠʭ ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʘʙʦʪ, ʩʦʟʜʘʥʠʝ ʛʣʫʙʦʢʦʛʦ ʧʘʭʦʪʥʦʛʦ ʩʣʦʷ, 

ʩʦʙʣʶʜʝʥʠʝ ʧʨʘʚʠʣ ʠ ʪʨʝʙʦʚʘʥʠʡ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʦʨʦʰʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ, ʜʦʩʪʠʞʝʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʢʦʣʣʝʢʪʦʨʥʦ-ʜʨʝʥʘʞʥʦʡ ʩʝʪʠ, ʦʪʚʝʯʘʶʱʠʤ 

ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʇʦʩʣʝ ʤʥʦʛʦʣʝʪʥʝʡ ʣʶʮʝʨʥʳ ʧʨʠ ʯʝʨʝʜʦʚʘʥʠʠ ʧʦʩʝʚʥʦʡ ʩʠʩʪʝʤʳ 

ʟʘ ʩʯʝʪ ʤʦʱʥʦʡ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ, ʥʘʨʷʜʫ ʩ ʧʦʚʳʰʝʥʠʝʤ ʛʫʤʫʩʘ ʚ ʧʘʭʦʪʥʦʤ ʩʣʦʝ, 

ʫʣʫʯʰʘʶʪʩʷ ʚʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʢʪʠʚʥʦʛʦ  ʩʣʦʷ ʧʦʯʚʳ ʠ ʪʝʤ ʩʘʤʳʤ ʩʦʟʜʘʶʪʩʷ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ  ʫʩʣʦʚʠʷ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʫʣʫʯʰʝʥʠʷ ʠ ʦʭʨʘʥʳ ʧʦʯʚ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʚʦʜʥʦʡ ʵʨʦʟʠʠ ʧʦʯʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʠ ʦʭʨʘʥʳ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ ʥʘ ʩʢʣʦʥʥʳʭ 

ʤʝʩʪʥʦʩʪʷʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʚʩʧʘʰʢʠ ʠ ʢʫʣʴʪʠʚʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʩʢʣʦʥʫ ʠʣʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʷʤ ʤʝʩʪʥʦʩʪʠ [7ï8]. 

ɼʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʉʘʤʫʨ-ɸʧʰʝʨʦʥʩʢʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚ ʍʠʟʳʥʩʢʦʤ ʨʘʡʦʥʝ 

ʧʣʦʱʘʜʴ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʩʦʩʪʘʚʣʷʣʘ ʚʩʝʛʦ 2970,0 ʛʘ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʩʠʩʪʝʤʳ ʚ ʩʝʚʦʦʙʦʨʦʪ ʧʦ ʨʘʡʦʥʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʝʜʝʥʳ ʥʦʚʳʝ ʦʨʦʰʘʝʤʳʝ ʧʣʦʱʘʜʠ ʚ 

ʢʦʣʠʯʝʩʪʚʝ 9609,0 ʛʘ. ʀʟ ʥʠʭ 5926,7 ʛʘ ʠʣʠ 61,7% ð ʥʘʭʦʜʷʪʩʷ ʚ ʤʫʥʠʮʠʧʘʣʴʥʦʤ, 782,7 ʛʘ 

ʠʣʠ 8,1% ð ʯʘʩʪʥʦʤ ʠ 2899,5 ʛʘ ʠʣʠ 30,2% ð ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʚʣʘʜʝʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʍʠʟʳʥʩʢʦʛʦ ʨʘʡʦʥʘ 12579,0 ʛʘ ʦʨʦʰʘʝʤʳʭ ʧʣʦʱʘʜʝʡ ʟʝʤʣʠ 

ʤʦʛʫʪ ʙʳʪʴ ʦʩʚʦʝʥʳ ʧʦʜ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʢʫʣʴʪʫʨʳ ʠ ʦʥʠ ʧʦʣʥʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʳ  
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ʦʨʦʩʠʪʝʣʴʥʦʡ  ʚʦʜʦʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 3097,0 ʛʘ ʦʨʦʰʘʝʤʦʡ ʧʣʦʱʘʜʠ ʨʘʡʦʥʘ ʦʨʦʰʘʝʪʩʷ 

ʚʦʜʦʡ ʠʟ ʉʘʤʫʨ-ɸʧʰʝʨʦʥʩʢʦʛʦ ʢʘʥʘʣʘ (ʉɸʂ), ʘ 9482,0 ʛʘ ð ʠʟ ʢʘʥʘʣʘ ʊʘʭʪʘʢʦʨʧʫï

ɼʞʝʡʨʘʥʙʘʪʘʥ. 

ɼʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʉɸʂ ʚ ʉʠʘʟʘʥʴʩʢʦʤ ʨʘʡʦʥʝ ʦʨʦʰʘʝʤʘʷ 

ʧʣʦʱʘʜʴ ʩʦʩʪʘʚʣʷʣʘ 5165,0 ʛʘ. ʇʦʩʣʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʚʚʝʜʝʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʜʣʷ ʦʩʚʦʝʥʠʷ 

ʧʦʜ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʢʫʣʴʪʫʨʳ ʥʦʚʳʝ ʦʨʦʰʘʝʤʳʝ ʟʝʤʣʠ ʧʣʦʱʘʜʴʶ 6972,0 ʛʘ. ʇʦ 

ʉʠʘʟʘʥʩɹʢʦʤʫ ʨʘʡʦʥʫ ʦʙʱʘʷ ʦʨʦʰʘʝʤʘʷ ʧʣʦʱʘʜʴ ʩʦʩʪʘʚʣʷʝʪ 12137,0 ʛʘ, ʠʟ ʥʠʭ 6102,0 ʛʘ ʠʣʠ  

50,3% ð ʦʨʦʰʘʝʪʩʷ ʠʟ ʉɸʂ ʠ 6035,0 ʛʘ ʠʣʠ 49,7% ð ʠʟ ʢʘʥʘʣʘ ʊʘʭʪʘʢʦʨʧʫ-ɼʞʝʡʨʘʥʙʘʪʘʥ. 

ɼʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤʳ ʉɸʂ ʚ ʐʘʙʨʘʥʩʢʦʤ ʨʘʡʦʥʝ ʧʣʦʱʘʜʴ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ 

ʩʦʩʪʘʚʣʷʣʘ 17863,0 ʛʘ, ʘ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ ʥʦʚʳʭ 

ʧʨʠʚʣʝʯʝʥʥʳʭ ʢ ʩʝʚʦʦʙʦʨʦʪʫ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʧʣʦʱʘʜʴʶ ð  19422,0 ʛʘ ʦʙʱʘʷ ʦʨʦʰʘʝʤʘʷ 

ʧʣʦʱʘʜʴ ʫʚʝʣʠʯʠʣʘʩʴ ʠ ʩʦʩʪʘʚʣʷʝʪ 32785,0 ʛʘ. ʀʟ ʥʠʭ 14340,0 ʛʘ ʠʣʠ 43,7% ð ʦʨʦʰʘʝʪʩʷ  ʠʟ 

ʉɸʂ ʠ 18445,0 ʛʘ ʠʣʠ 56,3% ð ʠʟ ʢʘʥʘʣʘ çʍʘʥʘʨʭè. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʠʥʘʤʠʯʥʳʤ ʨʘʟʚʠʪʠʝʤ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ 

ʨʝʛʠʦʥʝ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʢʫʣʴʪʫʨ ʢʨʦʤʝ ʦʨʦʰʝʥʠʷ  ʟʝʤʝʣʴ 

ʥʝʦʙʭʦʜʠʤʦ ʠ ʫʣʫʯʰʝʥʠʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʥʦʨʤ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ. 

ɸʥʘʣʠʟ ʧʨʠʨʦʜʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ  ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʥʘ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʩʪʨʫʢʪʫʨʘ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʙʦʣʝʝ 

ʨʝʥʪʘʙʝʣʴʥʘ. ʇʨʦʚʝʜʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʥʘ ʦʩʥʦʚʝ ʩʚʝʜʝʥʠʡ ʨʘʡʦʥʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʫʧʨʘʚʣʝʥʠʡ ʦʧʨʝʜʝʣʝʥʳ ʧʦʩʝʚʥʳʝ ʧʣʦʱʘʜʠ ʠ 

ʫʨʦʞʘʡʥʦʩʪʴ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʉʚʝʜʝʥʠʷ ʦ ʧʣʦʱʘʜʠ ʧʦʩʝʚʦʚ ʠ 

ʫʨʦʞʘʡʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʧʦ ʨʝʛʠʦʥʫ ʚ ʪʝʯʝʥʠʝ ʰʝʩʪʠ ʣʝʪ 

ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 3. 

ɸʥʘʣʠʟ ʩʚʝʜʝʥʠʡ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʟ ʛʦʜʘ ʚ 

ʛʦʜ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦʩʝʚʥʳʝ ʧʣʦʱʘʜʠ ð ʚ ʧʦʢʘʟʘʪʝʣʷʭ ʫʨʦʞʘʡʥʦʩʪʠ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʢʫʣʴʪʫʨ 

ʦʩʦʙʦʡ ʨʘʟʥʠʮʳ ʥʝ ʯʫʚʩʪʚʫʝʪʩʷ. ʉʨʝʜʠ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ 

ʚʳʜʝʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʟʝʨʥʦʚʳʭ ʠ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ, ʠ ʵʪʦ, ʥʘʨʷʜʫ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠ ʩʦʟʜʘʝʪ ʙʘʟʫ ʜʣʷ ʨʘʟʚʠʪʠʷ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ.  

ɸ ʧʨʠʦʨʠʪʝʪʳ ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʚʠʩʷʪ ʦʪ ʫʨʦʚʥʷ 

ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨʦʩʠʪʝʣʴʥʦʛʦ ʠ 

ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʭ, ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʠ ʜʨ. ʬʘʢʪʦʨʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ  ʚʨʝʤʷ ʚ ʧʨʘʢʪʠʢʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʠʯʝʩʢʠʝ 

ʧʦʜʭʦʜʳ ʩʚʷʟʘʥʥʳʝ ʩ ʦʮʝʥʢʦʡ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʦʨʦʩʠʪʝʣʴʥʳʭ ʠ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʠ 

ʩʧʦʩʦʙʳ ʫʩʪʨʘʥʝʥʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʦʙʣʝʤ ʥʝ ʚʩʝʛʜʘ ʦʪʨʘʞʘʝʪ ʨʝʘʣʴʥʫʶ ʩʠʪʫʘʮʠʶ ʠ 

ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʵʪʠʭ ʤʝʪʦʜʦʚ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʠʭ.  
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ʊʘʙʣʠʮʘ 3. 

ʉɺɽɼɽʅʀʗ ʆ ʇʆʉɽɺʅʓʍ ʇʃʆʑɸɼʗʍ ʀ ʋʈʆɾɸʁʅʆʉʊʀ 

 ɺʆɿɼɽʃʓɺɸɽʄʓʍ ʂʋʃʔʊʋʈ ʇʆ ʈɽɻʀʆʅʋ 
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ʍʠʟʳʥʩʢʠʡ ʨʘʡʦʥ 

ʆʟʠʤʘʷ 

ʧʰʝʥʠʮʘ 

647,0 15,9 760,0 16,0 688,0 16,0 1399,0 19,5 1390,0 20,0 2388 19,6 

ʆʟʠʤʳʡ 

ʷʯʤʝʥʴ 

1070,0 15,0 1202,0 14,4 1230, 14,5 1206,0 15,0 1301,0 16,5 1049 17,2 

ɺʝʩʝʥʥʷʷ 

ʧʰʝʥʠʮʘ  

648,0 15,2 760,0 16,0 688,0 16,0 631,0 20,3 842,0 18,3 1100 19,3 

ɺʝʩʝʥʥʠʡ 

ʷʯʤʝʥʴ  

1072,0 15,0 798,0 14,4 1072,0 14,4 835,0 19,8 899,0 19,9 900 19,1 

ʂʘʨʪʦʬʝʣʴ  51,0 66,0 24,0 77,0 6,0 133,3 128,0 100,0 30,0 102,5 270 98,6 

ʆʚʦʱʠ  146,0 63,5 102,0 73,0 101,0 13,2 89,0 142,0 39,0 144,5 108 136,4 

ɹʘʭʯʝʚʳʝ  88,0 66,4 85,0 71,0 97,0 72,0 79,0 140,0 17,0 87,5 113 84,9 

ʉʦʝʚʳʝ  8,0 15,4 11,0 16,2 14,0 17,1 16,0 16,4 18,0 17,8 2,0 18,2 

ɺʩʝʛʦ  3980 ð 4012 ð 4191 ð 4683 ð 4694 ð 5834 ð 

ʉʠʘʟʘʥʴʩʢʠʡ ʨʘʡʦʥ 

ʆʟʠʤʘʷ 

ʧʰʝʥʠʮʘ 

1650 17,1 1637 19,8 1528 19,4 1971,0 24,6 3360,0 23,2 3349 22,7 

ʆʟʠʤʳʡ 

ʷʯʤʝʥʴ 

1285 16,3 1220 17,0 2087 18,5 2161,0 22,7 2796,0 21,8 2625 21,2 

ɺʝʩʝʥʥʷʷ 

ʧʰʝʥʠʮʘ  

ð ð ð ð 21 19,2 856,0 24,6 1500,0 23,0 1439 22,5 

ɺʝʩʝʥʥʠʡ 

ʷʯʤʝʥʴ  

11 27,5 161 17,1 4 15,8 1110,0 22,7 1338,0 21,0 891 20,8 

ʂʘʨʪʦʬʝʣʴ  11 16,0 32 18,3 17 20,0 118,0 18,0 61,0 22,5 128 21,6 

ʆʚʦʱʠ  23 63,2 23 65,3 22 69,1 28,0 98,0 39,0 106,0 28 103,2 

ɹʘʭʯʝʚʳʝ  99,0 79,5 73 101,0 83 91,6 183,0 31,0 117 32,2 85 73,5 

ʉʦʝʚʳʝ 61 58,6 61 64,1 84 48,2 97,0 125,0 80,0 98,5 54 94,8 

ʂʦʨʤʦʚʳʝ 

ʣʶʮʝʨʥʘ 

15 15,3 15 16,7 221 21,6 148,0 ð 377,0 ð 452 21,6 

ʉʦʝʚʳʝ  ð ð ð ð ð ð 25,0 24,6 32,0 31,8 16 30,9 

ɺʩʝʛʦ  ð 3155,0 ð 3222,0 ð 4067,0 ð 6705,0 ð 8700,0   

ʐʘʙʨʘʥʩʢʠʡ ʨʘʡʦʥ 

ʆʟʠʤʘʷ 

ʧʰʝʥʠʮʘ 

7904,0 20,0 7705,0 22,2 9147,0 18,3 4245,0 22,3 5245,0 23,1 5260 23,4 

ʆʟʠʤʳʡ 

ʷʯʤʝʥʴ 

5229,0 21.4 4869,0 21,7 5291,0 15,0 2820,0 20,5 3276,0 21,2 3480 21,3 

ɺʝʩʝʥʥʷʷ 

ʧʰʝʥʠʮʘ  

43,0 23,5 40,0 25,4 32,0 17,8 3031,0 22,3 3248,0 23,1 3300 23,4 

ɺʝʩʝʥʥʠʡ 

ʷʯʤʝʥʴ  

100,0 8,0 65,0 8,6 80,0 8,8 1685,0 20,5 1468,0 21,2 1620 21,2 
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ʂʘʨʪʦʬʝʣʴ  145,0 42,4 122,0 44,0 119,0 40,9 48,0 20,0 27,0 25,0 1152 32,2 

ʆʚʦʱʠ  729,0 101,5 650,0 100,0 697,0 105,0 137,0 41,0 139,0 41,5 165 40.8 

ɹʘʭʯʝʚʳʝ  15,0 102,6 12,0 98,5 18,0 96,6 549,0 102,0 537,0 105,0 632 103 

ʉʦʝʚʳʝ 4,0 55,0 4,0 50,0 5,0 55,0 16,0 43,0 15,0 58,4 45 61,4 

ʂʦʨʤʦʚʳʝ 

ʣʶʮʝʨʥʘ 

607,0 45,7 554,0 31,6 434,0 68,7 1580,6 48,3 1297,0 49,0 696 50,2 

ʉʦʝʚʳʝ  45,0 13,5 52,0 17,0 61,0 14,5 69,0 15,0 686,4 18,5 278 19,6 

ʌʨʫʢʪʳ ʠ 

ʷʛʦʜʳ  

545 361 1009 37,0 1,521 32,1 2114,0 39,0 2770,0 40,5 3248 41,8 

ɺʠʥʦʛʨʘʜ  125,0 58,0 218 57,0 324 62,0 374,0 62,0 385,0 64,0 385 67,3 

ɺʩʝʛʦ 17021,0 ð 15768,0 ð 18278,0 ð 16668,0 ð 19093,0 ð 20261 ð 
 

ʆʧʨʝʜʝʣʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʘʛʨʦʤʝʣʠʦʨʘʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, 

ʪʨʝʙʫʶʱʘʷ ʦʩʦʙʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 

ʍʠʟʳʥʩʢʦʛʦ, ʉʠʘʟʘʥʴʩʢʦʛʦ ʠ ʐʘʙʨʘʥʩʢʦʛʦ ʨʘʡʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʧʨʦʝʢʪʘ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤʳ ʦʨʦʰʝʥʠʷ ʉʘʤʫʨ-ɸʧʰʝʨʦʥʩʢʦʛʦ ʢʘʥʘʣʘ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʥʘ ʦʨʦʰʘʝʤʳʭ ʟʝʤʣʷʭ ʩ ʪʷʞʝʣʳʤ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʚ ʵʪʠʭ ʨʘʡʦʥʘʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʛʨʝʩʩʠʚʥʦʡ 

ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ. ɼʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʦʜʥʳʭ ʧʦʪʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʝʩʩʠʚʥʳʭ 

ʩʧʦʩʦʙʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʦʨʦʰʝʥʠʷ. 
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ENVIRONMENTAL PROBLEMS OF THE AGRICULTURAL SECTOR IN AZERBAIJAN 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʭʠʤʠʟʘʮʠʠ ʧʦʯʚ ʧʨʠ ʙʦʨʴʙʝ ʩ ʚʨʝʜʠʪʝʣʷʤʠ 

ʨʘʩʪʝʥʠʡ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʠ ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʙʦʨ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʦʩʦʙʳʝ ʙʦʨʦʟʜʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʥʦʤʫ ʜʝʡʩʪʚʠʶ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʝʧʘʨʘʪʦʚ. ɺr ʷʚʣʝʥʳ ʧʨʠʯʠʥʳ, ʩʦʟʜʘʶʱʠʝ ʧʨʦʙʣʝʤʫ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʩʨʝʜʩʪʚ ʭʠʤʠʯʝʩʢʦʡ 

ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ. 

 

Abstract. The article deals with the issues of soil chemicalization in the fight against plant 

pests. The results of the analysis of the application of existing technologies are analyzed. 

A developed and patented method is proposed, which provides for the collection of pollutants into 

special furrows that promote the targeted action of chemicals. the reasons were identified that create 

a problem in the introduction of chemical plant protection products. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʛʨʦʪʝʭʥʠʢʘ, ʧʦʯʚʘ, ʟʘʱʠʪʘ ʨʘʩʪʝʥʠʡ. 

 

Keywords: agricultural technology, soil, plant protection. 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʚʳʜʝʣʝʥʠʝ ʜʦʭʦʜʦʚ ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ ʨʘʟʚʠʪʠʝ ʥʝ ʥʝʬʪʷʥʦʛʦ 

ʩʝʢʪʦʨʘ ʠ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ ʩʚʷʟʘʥʥʳʭ ʩ ʦʭʨʘʥʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʧʦʟʚʦʣʠʣʦ ʨʘʩʰʠʨʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʚ ʞʠʟʥʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʝʢʪʳ, ʚʢʣʶʯʠʪʴ ʠʭ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʝ 

ʧʨʦʛʨʘʤʤʳ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʥʝʩʤʦʪʨʷ ʥʘ ʤʠʨʦʚʫʶ ʬʠʥʘʥʩʦʚʫʶ ʠʥʬʣʷʮʠʶ, ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ 

ʧʨʦʜʦʣʞʘʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʠʩʧʦʣʥʝʥʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ ʠ ʧʨʦʚʝʜʝʥʳ 

ʨʘʮʠʦʥʘʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʚ ʦʙʣʘʩʪʠ ʨʝʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ [1]. 

ɸʛʨʘʨʥʳʡ ʩʝʢʪʦʨ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʵʢʦʥʦʤʠʢʠ ɸʟʝʨʙʘʡʜʞʘʥʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʟʘʥʷʪʦʩʪʴʶ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʩʝʣʴʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚ ʘʛʨʘʨʥʦʤ ʩʝʢʪʦʨʝ ʠ ʩʘʤʦʡ ʦʪʨʘʩʣʠ 

ʷʚʣʷʶʱʝʡʩʷ ʩʳʨʴʝʚʦʡ ʙʘʟʦʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʠʱʝʚʦʡ, ʣʝʛʢʦʡ ʠ ʜʨ. ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. ɺ ʩʚʷʟʠ ʩ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ɸʟʝʨʙʘʡʜʞʘʥʘ 

ʩ ʫʯʝʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʜʦʩʪʦʡʥʦʩʪʠ ʷʩʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ʇʨʠ ʵʪʦʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʘʛʨʘʨʥʦʤ ʩʝʢʪʦʨʝ ʠʤʝʶʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʙʣʝʤ ʦʞʠʜʘʶʱʠʭ ʙʝʟʦʪʣʦʞʥʦʛʦ ʩʚʦʝʛʦ ʨʝʰʝʥʠʷ. ʊʘʢ, ʟʘʛʨʷʟʥʝʥʠʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʦʯʚ ʠ ʚʦʜʦʝʤʦʚ ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʙʦʨʴʙʝ ʩ 

ʚʨʝʜʠʪʝʣʷʤʠ, ʥʝʢʦʪʦʨʳʤʠ ʙʦʣʝʟʥʷʤʠ ʠ ʩʦʨʥʷʢʘʤʠ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ 

ʤʝʭʘʥʠʟʘʮʠʠ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ [2]. 
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ʇʨʠʜʝʨʞʠʚʘʷʩʴ ʘʢʪʫʘʣʴʥʦʩʪʠ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ 

ʈʝʩʧʫʙʣʠʢʠ ʦʪ 28 ʩʝʥʪʷʙʨʷ 2006 ʛ. ʧʦ ʫʣʫʯʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʟʘ 2006ï2010 ʛʛ. 

ʠ ʜʘʣʝʝ ʙʳʣ ʫʪʚʝʨʞʜʝʥ ʧʣʘʥ ʤʝʨʦʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʠ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦ 

ʧʨʝʪʚʦʨʷʝʪʩʷ ʚ ʞʠʟʥʴ ʚ ʘʛʨʘʨʥʦʤ ʩʝʢʪʦʨʝ. 

ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʪʘʢʞʝ ʦʪʨʘʞʝʥʘ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ 

ʈʝʩʧʫʙʣʠʢʠ ʧʦ ʫʩʪʦʡʯʠʚʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʥʘʩʝʣʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʤʠ ʪʦʚʘʨʘʤʠ  ʚ 2008ï

2015 ʛʛ.: ç éʚ ʩʚʷʟʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʩʪʘʨʝʚʰʝʡ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʝʞʝʛʦʜʥʦʡ ʫʪʝʨʠ 

ʫʨʦʞʘʷ ʚ ʩʨʝʜʥʝʤ 3040 ʤʣʥ ʤʘʥʘʪ, ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʦʪʚʝʯʘʶʱʠʭ 

ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʰʠʨʦʢʫʶ ʩʝʪʴ ʩʝʨʚʠʩʘ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚ ʙʦʨʴʙʝ ʩ ʚʨʝʜʠʪʝʣʷʤʠ, ʙʦʣʝʟʥʷʤʠ, ʩʦʨʥʷʢʘʤʠ ʠ ʜʨ.è. 

ʋʩʪʨʘʥʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʧʨʠ ʤʝʭʘʥʠʟʘʮʠʠ ʭʠʤʠʯʝʩʢʦʡ ʙʦʨʴʙʳ ʩ 

ʚʨʝʜʠʪʝʣʷʤʠ, ʩʦʨʥʷʢʘʤʠ ʠ ʙʦʣʝʟʥʷʤʠ, ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʦʧʨʦʩʳ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʡ, ʙʦʣʝʝ 20 ʧʘʪʝʥʪʦʚ ʠ ʘʚʪʦʨʩʢʠʭ ʩʚʠʜʝʪʝʣʴʩʪʚ ʫʪʚʝʨʞʜʝʥʥʳʭ 

ɺʩʝʩʦʶʟʥʳʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʅʀʀ ʧʘʪʝʥʪʘ ʠ ʢɻʩʧʝʨʪʠʟʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʝʥʳ 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʫʩʧʝʰʥʦ ʧʨʦʜʦʣʞʘʶʱʠʝʩʷ ʧʦ ʩʝʡ ʜʝʥʴ. ʉ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʚʨʝʤʝʥʠ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʚʣʠʷʥʠʷ, ʘ ʪʘʢʞʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʘʨʝʥʜʦʜʘʪʝʣʷ, ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʧʨʠʯʠʥʳ ʩʦʟʜʘʶʱʠʝ ʧʨʦʙʣʝʤʫ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʩʨʝʜʩʪʚ 

ʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ. 

ʊʘʢʦʚʳʤ ʷʚʣʷʶʪʩʷ:  

1. ʇʨʦʙʣʝʤʳ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʬʝʨʤʝʨʘʤʠ ʚ ʩʨʝʜʥʝʤ ʥʘ ʧʣʦʱʘʜʠ 1,6 ʛʘ 

ʥʝʩʢʦʣʴʢʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʠ 

ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ;  

2. ʆʪʩʫʪʩʪʚʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʦʙʣʘʜʘʶʱʠʭ ʙʦʣʴʰʠʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʠ ʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ, ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʬʝʨʤʝʨʦʚ ʜʣʷ 

ʧʨʠʦʙʨʝʪʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʞʠʚʦʡ 

ʩʠʣʳ;  

3. ʇʨʦʙʣʝʤʳ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʩʪʚ (ʦʧʨʳʩʢʠʚʘʪʝʣʴ, 

ʧʫʣʴʚʝʨʠʟʘʪʦʨ, ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ) ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʧʝʩʪʠʮʠʜʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʭ ʚ ʟʘʱʠʪʝ 

ʨʘʩʪʝʥʠʡ ʠ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ;  

4. ʇʨʦʙʣʝʤʳ ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʳ ʦʛʨʘʥʠʯʝʥʥʦʡ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʬʝʨʤʝʨʦʚ ʠ 

ʜʨ.  

ʇʦ ʤʥʝʥʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʢʦʥʦʤʠʠ ʨʘʩʭʦʜʦʚ ʥʦʨʤ, ʫʩʪʨʘʥʝʥʠʝ 

ʚʦʟʥʠʢʘʶʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʷʚʣʝʥʠʡ ʚʣʠʷʶʱʠʭ ʥʘ 

ʩʥʠʞʝʥʠʝ  ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʫʣʴʪʫʨ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʩʨʝʜʩʪʚ ʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ 

ʨʘʩʪʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʠʯʴ ʠʭ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ  [3ï5].  

ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʢʦʪʦʨʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʨʝʜʩʪʚ 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʪʘʜʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ, ʪʦ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʯʪʦ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʝʱʝ ʞʜʝʪ ʩʚʦʝʛʦ ʨʝʰʝʥʠʷ. 

ʉʯʠʪʘʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʘ ʣʦʢʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʨʝʜʩʪʚ 

ʤʝʭʘʥʠʟʘʮʠʠ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ. ʆʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʠʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʣʦʢʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʨʝʜʩʪʚʘ, ʷʚʣʷʶʱʠʝʩʷ ʦʩʦʙʦ ʟʥʘʯʠʤʳʤ ʠ ʚ ʨʝʰʝʥʠʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʩʪʘ ʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝʤ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʘʛʨʦʪʝʭʥʠʢʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʚʝʨʭʥʦʩʪʠ [6ï

8]. 

ʆʩʥʦʚʥʳʝ ʧʣʦʱʘʜʠ ʧʣʦʜʦʨʦʜʥʳʭ ʟʝʤʝʣʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ 
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ʦʙʦʨʦʪʝ ʢʘʢ ʚ ʦʨʦʰʘʝʤʦʤ, ʪʘʢ ʠ ʚ ʙʦʛʘʨʥʦʤ ʟʝʤʣʝʜʝʣʠʠ, ʚ ʨʝʩʧʫʙʣʠʢʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʧʨʝʜʛʦʨʥʦʡ ʯʘʩʪʠ ɹʦʣʴʰʦʛʦ ʠ ʄʘʣʦʛʦ ʂʘʚʢʘʟʘ ʠ ʊʘʣʳʰʩʢʠʭ ʛʦʨ ʠ ʥʘ ʨʘʚʥʠʥʘʭ ʂʫʨʘ-

ɸʨʘʢʩʠʥʩʢʦʡ, ʃʝʥʢʦʨʘʥʩʢʦʡ ʠ ʉʘʤʫʨ-ɼʝʚʠʯʠʥʩʢʦʡ  ʥʠʟʤʝʥʥʦʩʪʷʭ, ʚ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ɼʘʥʥʳʝ ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠʝʤʣʝʤʳ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚ. ʇʨʠʤʝʥʝʥʠʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚ, ʷʚʣʷʶʱʝʡʩʷ ʦʙʲʝʢʪʦʤ ʠʥʞʝʥʝʨʠʠ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʧʦʯʚ, ʛʨʫʥʪʦʚʳʭ ʚʦʜ, 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʵʢʦʥʦʤʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʘʤ. 

ʇʨʠ ʧʦʩʝʚʝ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚʥʦʩʷʱʠʝ ʧʝʩʪʠʮʠʜʳ ʧʦʨʮʠʷʤʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʷʯʝʡʢʠ ʧʦʩʝʚʘ ʩʝʤʷʥ ʠ ʫʩʪʘʥʦʚʢʠ ʩʧʦʩʦʙʥʳʝ ʦʧʨʳʩʢʠʚʘʪʴ ʧʦʣʝ ʮʝʣʠʢʦʤ. 

ʇʨʠ ʦʧʨʳʩʢʠʚʘʥʠʠ ʚʦʟʥʠʢʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʣʴʝʬʦʤ ʤʝʩʪʥʦʩʪʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʧʨʳʩʢʠʚʘʥʠʶ ʠ ʜʨʫʛʠʝ ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʨʷʜʦʤ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʧʨʦʚʦʜʠʪʩʷ 

ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʩ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʝʱʝʩʪʚʘʤʠ, ʜʣʷ ʯʝʛʦ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʠʥʥʦʚʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ. ʊʘʢ, ʧʨʠ ʧʦʤʦʱʠ ʙʘʨʘʙʘʥʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ 

ʧʨʦʠʩʭʦʜʠʪ ʫʧʣʦʪʥʝʥʠʝ ʩʝʤʷʥ ʢ ʧʦʨʦʣʦʥʫ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʝʤʢʦʩʪʠ ʩ ʥʘʣʠʯʠʝʤ ʬʫʥʛʠʩʠʜʘ, 

ʯʪʦ ʟʘʱʠʱʘʝʪ ʩʝʤʝʥʘ ʦʪ ʚʥʝʰʥʝʛʦ ʧʦʚʨʝʞʜʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʨʦʣʦʥʘ ʚ ʘʛʨʝʛʘʪʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʠʟʙʳʪʦʯʥʦʛʦ ʨʘʩʭʦʜʘ ʬʫʥʛʠʩʠʜʘ.   

ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ (ʧʝʩʪʠʮʠʜʦʚ), ʷʚʣʷʝʪʩʷ 

ʪʘʢʞʝ ʦʭʨʘʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʦʯʚ, ʚʦʜʦʝʤʦʚ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ 

ʨʘʟʨʘʙʦʪʘʥ ʠ ʟʘʧʘʪʝʥʪʦʚʘʥ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʙʦʨ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʩʦʟʜʘʥʥʳʝ 

ʦʩʦʙʳʝ ʙʦʨʦʟʜʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʶ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʩʪʘ ʨʘʩʪʝʥʠʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʢʘʟʘʣʘʩʴ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦʡ ʢʘʢ ʚ 

ʵʢʦʥʦʤʠʯʝʩʢʦʤ, ʪʘʢ ʠ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʥʳʝ ʇʨʝʟʠʜʝʥʪʦʤ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ 

ʈʝʩʧʫʙʣʠʢʠ ʩʦʚʝʱʘʥʠʡ ʧʦʩʚʷʱʝʥʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʙʣʝʤʘʤ ʩʪʨʘʥʳ, ʷʚʣʷʝʪʩʷ ʥʘʛʣʷʜʥʳʤ 

ʧʨʠʤʝʨʦʤ ʚʢʣʶʯʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʢ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʆʥ ʦʪʤʝʪʠʣ, ʯʪʦ 

ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʵʢʦʥʦʤʠʢʠ ʨʝʩʧʫʙʣʠʢʠ ʚ ʮʝʣʦʤ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʬʠʥʘʥʩʦʚʦ ʧʦʪʦʢʘ ʩʪʨʘʥʳ 

ʙʫʜʫʪ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʟʜʦʨʦʚʣʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʩʪʨʘʥʝ, ʜʣʷ ʯʝʛʦ ʚʥʝʜʨʷʶʪʩʷ 

ʚ ʞʠʟʥʴ ʤʥʦʛʦʩʪʦʨʦʥʥʠʝ ʩʝʨʴʝʟʥʳʝ ʧʨʦʛʨʘʤʤʳ.  

ʇʨʠʥʷʪʠʝ ʧʨʦʛʨʘʤʤ ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʩʥʦʚʫ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ɸʟʝʨʙʘʡʜʞʘʥʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʢʘʟʳ ʠ ʨʘʩʧʦʨʷʞʝʥʠʷ, ʧʦʩʣʫʞʘʪ ʩʢʦʨʝʡʰʝʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ, ʫʩʪʨʘʥʝʥʠʶ ʥʝʛʘʪʠʚʥʳʭ ʷʚʣʝʥʠʡ, ʥʘʢʦʧʠʚʰʠʭʩʷ ʜʝʩʷʪʠʣʝʪʠʷʤʠ ʠ 

ʩʦʟʜʘʩʪ ʟʜʦʨʦʚʫʶ ʩʨʝʜʫ ʜʣʷ ʧʨʦʞʠʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʶʞʥʦʛʦ ʩʢʣʦʥʘ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ. ʇʨʠʚʦʜʷʪʩʷ ʧʝʨʚʳʝ 

ʩʚʝʜʝʥʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʧʨʠʨʦʜʥʳʭ ʙʠʦʪʦʧʦʚ. 

ʀʟʤʝʥʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʘʣʣʶʚʠʘʣʴʥʳʤʠ (ʨʝʯʥʳʤʠ) ʥʘʥʦʩʘʤʠ ʨʝʢʠ ʐʠʥʯʘʡ, ʩʨʘʚʥʠʚʘʝʪʩʷ 

ʧʨʠʨʫʩʣʦʚʘʷ ʠ ʥʘʜʧʦʡʤʝʥʥʘ ̫ʪʝʨʨʘʩʘ. ʇʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʧʦʯʚ ʧʦʜ ʣʫʛʦʚʦ-ʪʨʘʚʷʥʠʩʪʦʡ 

(ʟʣʘʢʦʚʦʡ) ʠ ʥʠʟʢʦʨʦʩʣʦʡ ʢʫʩʪʘʨʥʠʢʦʚʦʡ (ʰʠʧʦʚʥʠʢ, ʝʞʝʚʠʢʘ, ʪʘʤʘʨʠʢʩ) ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ɺʳʷʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʠ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʦʪʜʝʣʴʥʳʭ 

ʛʨʫʧʧ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʙʠʦʪʦʧʘʭ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʥʘʥʦʩʘʭ ʐʠʥʯʘʷ ʚ 0ï30 ʩʤ ʩʣʦʝ ʧʦʯʚʳ ʩʦʜʝʨʞʠʪʩʷ 3119,23 ʪʳʩ/ʛ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʘ ʚ ʧʦʯʚʝʥʥʳʭ ʧʨʦʙʘʭ, ʚʟʷʪʳʭ ʩ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ ʚ ʘʥʘʣʦʛʠʯʥʦʤ 0ï

30 ʩʤ ʩʣʦʝ ð 4406,53 ʪʳʩ/ʛ. 

 

Abstract. This article discusses the results of studies on the microbiology of alluvial soils on 

the southern slope of the Greater Caucasus. The first information on the number of microorganisms 

in alluvial soils of natural biotopes is presented. The changes are associated with alluvial (river) 

sediments of the Shinchay River; the riverbed and above-floodplain terrace are compared. 

The analysis of soils of meadow-herbaceous (gramineous) and undersized shrubs (wild rose, 

blackberry, tamarix) vegetation is presented. Differences were revealed in quantitative indicators 

and the percentage ratio of individual groups of microbiota biotopes. In conclusion, it is concluded 

that the alluvial deposits of Shinchai in the 0ï30 cm soil layer contain 3119.23 thousand/g 

microorganisms, and in soil samples taken from the above-floodplain terrace in a similar 0ï30 cm 

layer ð 4406.53 thousand/g. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚ,r ʙʠʦʪʦʧ.r 

 

Keywords: microorganisms, alluvial soils, biotopes. 

 

ɺʚʝʜʝʥʠʝ 

ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ ʢʘʢ ʯʘʩʪʴ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ ʙʠʦʛʝʦʮʝʥʦʟʘ ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʘʨʝʘʣʳ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʇʦʵʪʦʤʫ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʠʭ ʛʨʫʧʧʦʚʦʡ 

ʩʦʩʪʘʚ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʧʦʯʚ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ.  

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʦʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ 
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ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʟʣʠʯʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʯʚʳ. ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ ʩʧʦʩʦʙʥʳ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ (ʬʝʨʤʝʥʪʳ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʚʠʪʘʤʠʥʳ, ʨʦʩʪʦʚʳʝ 

ʚʝʱʝʩʪʚʘ), ʢʦʪʦʨʳʝ ʚ ʮʝʣʦʤ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʯʚ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʫʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʪʠʧʳ 

ʧʦʯʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳ ʩʚʦʠ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ.  

ɺ ʪʘʢʠʭ ʧʦʯʚʘʭ ʨʘʟʚʠʚʘʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʦʙʣʘʜʘʶʱʠʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʘʜʘʧʪʠʚʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ [1ï3]. 

ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ 

ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʯʚ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʨʦʚʦʜʠʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʟʘ 

ʩʦʩʪʦʷʥʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪ. ʝ. ʢʦʤʧʣʝʢʩʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ 

ʠʟʫʯʘʝʤʳʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʦʢʫʣʴʪʫʨʝʥʥʳʭ ʮʝʥʦʟʦʚ  [4ï6]. 

ɸʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ɸʟʝʨʙʘʡʜʞʘʥʘ ʚ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʚʭʦʜʷʪ ʚ ʛʨʫʧʧʫ 

ʧʦʡʤʝʥʥʳʭ ʧʦʯʚ ʠ ʥʠʟʠʥʥʳʭ ʣʝʩʦʚ. ʕʪʠ ʧʦʯʚʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ɸʣʘʟʘʥʴ-

ɸʚʪʦʨʘʥʩʢʦʡ ʜʦʣʠʥʝ, ʍʘʯʤʘʟ-ʍʫʜʘʪʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ, ʥʘ ʤʦʣʦʜʳʭ ʪʝʨʨʘʩʘʭ ʠ ʢʦʥʫʩʘʭ ʚʳʥʦʩʘ 

ʛʦʨʥʳʭ ʨʝʢ ɹʦʣʴʰʦʛʦ ʠ ʄʘʣʦʛʦ ʂʘʚʢʘʟʘ, ʛʜʝ  ʠʤʝʶʪʩʷ ʫʩʣʦʚʠʷ ʧʦʜʧʠʪʳʚʘʥʠʷ ʛʨʫʥʪʦʚʳʤʠ 

ʚʦʜʘʤʠ ʠ ʚʣʠʷʥʠʷ ʧʘʚʦʜʢʦʚʦʛʦ ʨʝʞʠʤʘ.  

ɸʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ʨʘʟʚʠʚʘʶʪʩʷ ʧʦʜ ʝʩʪʝʩʪʚʝʥʥʦʡ ʣʫʛʦʚʦ-ʪʨʘʚʷʥʠʩʪʦʡ ʠ 

ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ. ʈʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ ʥʘʢʘʧʣʠʚʘʶʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʜʝʨʥʦʚʦʛʦ ʩʣʦʷ. 

ɼʝʨʥʠʥʘ ʩʣʫʞʠʪ ʭʦʨʦʰʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʠ ʠʭ ʧʦʜʪʠʧʦʚ 

(ʘʣʣʶʚʠʘʣʴʥʦ-ʣʫʛʦʚʳʝ ʧʨʠʤʠʪʠʚʥʳʝ; ʘʣʣʶʚʠʘʣʴʥʦ-ʣʫʛʦʚʳʝ ʩʣʠʪʳʝ, ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ, 

ʘʣʣʶʚʠʘʣʴʥʦ-ʣʫʛʦʚʳʝ) ʚʩʝʩʪʦʨʦʥʥʝ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ [2, 7]. 

ʂʨʦʤʝ ʦʩʥʦʚʥʳʭ ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʢʘʟʳʚʘʝʪʩʷ 

ʪʘʢʞʝ ʠ ʥʘ ʥʝʢʦʪʦʨʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʧʨʠ ʫʤʝʨʝʥʥʦ-ʧʦʚʳʰʝʥʥʦʤ 

ʫʚʣʘʞʥʝʥʠʠ 15ï35% ʠ ʪʝʤʧʝʨʘʪʫʨʝ 18ï27 Áʉ. ɾʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ [8]. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ. ʆʩʥʦʚʥʦʡ ʥʘʰʝʡ ʮʝʣʴʶ ʙʳʣʦ ʧʨʦʜʦʣʞʝʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ. 
 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚʘʭ ʶʞʥʦʛʦ ʩʢʣʦʥʘ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ 

ʥʘ ʧʨʠʤʝʨʝ ʐʝʢʠʥʩʢʦʛʦ ʨʘʡʦʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʠʟʫʯʘʝʤʳʭ ʮʝʥʦʟʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʙʠʦʪʦʧʳ ï ʧʦʡʤʘ ʛʦʨʥʦʡ ʨʝʢʠ ʐʠʥ ʯʘʷ ʩ ʧʨʠʚʥʝʩʝʥʥʳʤʠ ʘʣʣʶʚʠʘʣʴʥʳʤʠ 

ʥʘʥʦʩʘʤʠ ʠʣʦʚʘʪʦ-ʛʣʠʥʠʩʪʳʤ ʠ ʩʫʛʣʠʥʠʩʪʦ-ʩʫʧʝʩʯʘʥʳʤ ʩʦʩʪʘʚʘʤ, ʘ ʪʘʢʞʝ ʥʘʜʧʦʡʤʝʥʥʘʷ 

ʪʝʨʨʘʩʘ ʧʦʜ ʣʫʛʦʚʦ-ʪʨʘʚʷʥʠʩʪʦʡ (ʟʣʘʢʦʚʦʡ) ʠ ʥʠʟʢʦʨʦʩʣʦʡ ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. 

ʇʦʯʚʝʥʥʳʝ ʧʨʦʙʳ ʩ ʦʙʝʠʭ ʙʠʦʪʦʧʦʚ ʦʪʙʠʨʘʣʠʩʴ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʚʩʝʭ  ʘʩʝʧʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʚ ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʠ ʩʪʝʨʠʣʠʟʦʚʘʥʥʳʝ ʩʪʝʢʣʷʥʥʳʝ ʙʶʢʩʳ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʠ 

ʛʨʫʧʧʦʚʦʡ ʩʦʩʪʘʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʠʢʝ ɼ. ɻ. ɿʚʷʛʠʥʮʝʚʘ [9]. 
 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʯʚʝʥʥʳʝ ʧʨʦʙʳ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ 

ʥʠʭ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. 
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ɺ ʧʨʦʙʘʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʥʘʥʦʩʦʚ, ʚʟʷʪʳʭ ʩ 0-10 ʩʤ 10-20 ʩʤ ʠ 20-30 ʩʤ ʩʣʦʝʚ, ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠʟʤʝʥʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ð 3504, 3155,34, 2698,36 ʪʳʩ/ʛ 

ʧʦʯʚʳ. 

ʂʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚʝʨʭʥʠʭ ʩʣʦʝʚ (0ï10 ʩʤ ʠ 10ï20 ʩʤ) ð ʚ 1,29ï1,17 ʨʘʟʘ 

ʧʨʝʚʦʩʭʦʜʷʪ ʜʘʥʥʳʝ ʥʠʞʥʝʛʦ 20ï30 ʩʤ ʩʣʦʷ. ɺ ʩʨʝʜʥʝʤ, ʚ 0ï30 ʩʤ ʩʣʦʝ ʧʦʯʚʳ, ʯʠʩʣʝʥʥʦʩʪʴ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩʦʩʪʘʚʣʷʝʪ 3119,23 ʪʳʩ/ʛ ʧʦʯʚʳ. 

ʇʦʯʚʝʥʥʳʝ ʧʨʦʙʳ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʧʨʦʙʘʤʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʘʩʳʱʝʥʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ. ʊʘʢ, ʚ 0ï10 ʩʤ ʩʣʦʝ ʧʦʯʚʳ ʢʦʣʠʯʝʩʪʚʦ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 5133,21 ʪʳʩ/ʛ ʧʦʯʚʳ, ʚ ʩʨʝʜʥʠʭ ʠ ʥʠʞʥʠʭ 

ʛʦʨʠʟʦʥʪʘʭ (10ï20 ʩʤ ʠ 20ï30 ʩʤ) ʯʠʩʣʝʥʥʦʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠʟʤʝʥʷʝʪʩʷ ʙʦʣʝʝ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʦ ʦʪ 4106,57 ʪʳʩ/ʛ ʧʦʯʚʳ ʜʦ 3979,82 ʪʳʩ/ʛ ʧʦʯʚʳ. 

ɺ 0ï30 ʩʤ ʩʣʦʝ ʧʦʯʚʳ ʩʨʝʜʥʷʷ ʯʠʩʣʝʥʥʦʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩʦʩʪʘʚʣʷʝʪ 4406,53 ʪʳʩ/ʛ 

ʧʦʯʚʳ, ʯʪʦ ʚ 1,41 ʨʘʟʘ ʙʦʣʴʰʝ ʩʨʝʜʥʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʥʘʥʦʩʦʚ 

(ʊʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1. 

ʀɿʄɽʅɽʅʀɽ ʆɹʑɽʁ ʏʀʉʃɽʅʅʆʉʊʀ (ʪʳʩ/ʛ. ʧʦʯʚʳ) ʄʀʂʈʆʆʈɻɸʅʀɿʄʆɺ  

ʇʆ ʆʊɼɽʃʔʅʓʄ ɹʀʆʊʆʇɸʄ ɸʃʃʖɺʀɸʃʔʅʆʁ ʇʆʏɺʓ 

 

ɹʠʦʪʦʧʳ ɻʣʫʙʠʥʘ, ʚ ʩʤ  

0ï10 10ï20 20ï30 

ɸʣʣʶʚʠʘʣʴʥʳʝ (ʨʝʯʥʳʝ) ʥʘʥʦʩʳ ʐʠʥʯʘʷ 3504 3155,34 2698,36 

ʇʦʯʚʝʥʥʳʝ ʧʨʦʙʳ ʥʘ ʪʝʨʨʘʩʝ  5133,21 4106,57 3979,82 

 

ʆʧʨʝʜʝʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʦʪʤʝʯʘʶʪʩʷ ʠ ʚ ʛʨʫʧʧʦʚʦʤ ʩʦʩʪʘʚʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɺ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʥʘʥʦʩʘʭ ð 63,8% ʩʦʩʪʘʚʣʷʶʪ ʙʘʢʪʝʨʠʠ, 34,65 ð ʘʢʪʠʥʦʤʠʮʝʪʳ ʠ 1,6% ð 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʛʨʠʙʳ. 

ɺ ʧʦʯʚʝʥʥʳʭ ʧʨʦʙʘʭ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ, ʪ. ʝ. 72,6% ʩʦʩʪʘʚʣʷʶʪ 

ʙʘʢʪʝʨʠʠ, ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʧʨʝʜʳʜʫʱʝʡ ʧʦʯʚʝ ʜʦʣʷ ʘʢʪʠʥʦʤʠʮʝʪ ð 26,8% ʠ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʛʨʠʙʦʚ (ʊʘʙʣʠʮʘ 2). 

 

ʊʘʙʣʠʮʘ 2. 

ɻʈʋʇʇʆɺʆʁ ʉʆʉʊɸɺ ʄʀʂʈʆʆʈɻɸʅʀɿʄʆɺ ɸʃʃʖɺʀɸʃʔʅʓʍ ʇʆʏɺ 
 

ɹʠʦʪʦʧʳ  ɹʘʢʪʝʨʠʠ % ɸʢʪʠʥʦʤʠʮʝʪʳ % ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ 

ʛʨʠʙʳ % 

ɸʣʣʶʚʠʘʣʴʥʳʝ (ʨʝʯʥʳʝ) ʥʘʥʦʩʳ ʐʠʥʯʘʷ 63,8 34,6 1,6 

ʇʦʯʚʝʥʥʳʝ ʧʨʦʙʳ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ  72,6 26,8 0,6 

 

ɺʦ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʘʨʠʘʥʪʘʭ ʧʦʯʚʝʥʥʳʝ ʛʨʠʙʳ ʚʟʷʪʳʝ ʩ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ ʚ 

ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʧʦʡʤʝʥʥʦ-ʣʫʛʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʝʡ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʦʡ. 

 

 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʘʥʘʣʠʟʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʥʘʥʦʩʘʭ 

ʐʠʥʯʘʷ ʚ 0ï30 ʩʤ ʩʣʦʝ ʩʦʜʝʨʞʠʪʩʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ð 3119,23 ʪʳʩ/ʛ ʧʦʯʚʳ. ɺ ʧʦʯʚʝʥʥʳʭ 

ʧʨʦʙʘʭ, ʚʟʷʪʳʭ ʩ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ ʩ ʣʫʛʦʚʦ-ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʚ 
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ʘʥʘʣʦʛʠʯʥʦʤ 0ï30 ʩʤ ʩʣʦʝ, ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ð 4406,53 

ʪʳʩ/ʛ ʧʦʯʚʳ. ɺ ʦʙʝʠʭ ʧʦʯʚʝʥʥʳʭ ʧʨʦʙʘʭ ʧʨʝʦʙʣʘʜʘʶʪ ʙʘʢʪʝʨʠʠ ð 72,6ï63,8%, ʘʢʪʠʥʦʤʠʮʝʪʳ 

ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʛʨʠʙʳ ʩʦʩʪʘʚʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 34,6ï26,8% ʠ 1,6ï0,6%. 
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(ʚ ʫʩʣʦʚʠʷʭ ɸʧʰʝʨʦʥʘ) 

 

Éʀʙʨʘʛʠʤʦʚʘ ʍ. ʈ., ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʠʜʨʦʪʝʭʥʠʢʠ ʠ ʤʝʣʠʦʨʘʮʠʠ, 

ʛ. ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ 

 

IRRIGATION EFFECT ON EVAPOTRANSPIRATION  

(in Absheron) 

 

ÉIbragimova Kh., Azerbaijan Hydrotechnics and amelioration SIU, Baku, Azerbaijan 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʜʠʩʧʝʨʩʥʦʛʦ 

ʦʨʦʰʝʥʠʷ. ʕʪʦʪ ʤʝʪʦʜ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʫʚʝʣʠʯʝʥʠʶ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚ, ʫʩʪʘʥʦʚʣʝʥʠʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʦʨʦʰʝʥʠʷ, ʫʤʝʥʴʰʝʥʠʶ 

ʧʦʪʨʝʙʥʦʩʪʠ ʢ ʚʦʜʥʳʤ ʨʝʩʫʨʩʘʤ, ʧʨʝʜʦʪʚʨʘʱʝʥʠ ʁʜʝʧʨʝʩʩʠʠ ʬʦʪʦʩʠʥʪʝʟʘ ʘʛʨʦʬʠʪʦʮʝʥʦʟʘ 

ʣʶʮʝʨʥʳ ʚ ʫʩʣʦʚʠʷʭ ɸʧʰʝʨʦʥʘ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʜʠʩʧʝʨʩʥʦʛʦ ʦʨʦʰʝʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 28 ÁC. ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʫʩʣʦʚʠʠ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʠʩʧʝʨʩʥʦʛʦ ʦʨʦʰʝʥʠʷ ʩ ʜʦʞʜʝʚʘʥʠʝʤ, ʦʩʦʙʝʥʥʦ ʚ 

ʟʘʩʫʰʣʠʚʳʝ ʛʦʜʘ. 

 

Abstract. In the presented article, the results of the use of dispersed irrigation are considered. 

This method helps to reduce the ambient temperature, increase soil moisture, establish an optimal 

irrigation regime, reduce the need for water resources, prevent depression of photosynthesis of 

alfalfa agrophytocenosis under Absheron conditions. It is recommended to carry out dispersed 

irrigation on the soil surface at temperatures above 28 ÁC. The best results were obtained under 

the condition of the combined application of dispersed irrigation with sprinkling, especially in dry 

years. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʞʜʝʚʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʜʠʩʧʝʨʩʥʦʝ ʦʨʦʰʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ, 

ʚʣʘʞʥʦʩʪʴ, ʣʶʮʝʨʥʘ. 

 

Keywords: sprinkler, dispersed irrigation, temperature, humidity, alfalfa. 

 

ɺʚʝʜʝʥʠʝ 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʤʝʣʠʦʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʚʣʘʞʥʦʩʪʥʳʡ ʨʝʞʠʤ ʧʦʯʚ ʦʙʝʩʧʝʯʝʥʠʝ ʥʦʨʤʘʣʴʥʦʝ 

ʨʘʟʚʠʪʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʤʝʣʠʦʨʘʮʠʠ. ʆʥʘ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚʣʘʞʥʦʩʪʥʦʛʦ 

ʨʝʞʠʤʘ ʪʝʨʨʠʪʦʨʠʠ, ʨʘʟʨʘʙʦʪʢʫ ʩʠʩʪʝʤ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʢʫʣʴʪʫʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ 

ʚ ʙʦʨʴʙʝ ʩ ʵʨʦʟʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ʉʫʭʦʩʪʝʧʥʳʝ, ʧʦʣʫʧʫʩʪʳʥʥʳʝ, ʧʫʩʪʳʥʥʳʝ, ʚ ʮʝʣʦʤ ʘʨʠʜʥʳʝ ʟʦʥʳ ʉʅɻ ʩʪʨʘʜʘʶʪ 

ʜʝʬʠʮʠʪʦʤ ʫʚʣʘʞʥʝʥʠʷ. ʇʣʦʱʘʜʠ ʧʣʦʱʘʜʝʡ ʚʦʟʤʦʞʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʦʙʦʨʦʪʝ ʩʦʩʪʘʚʣʷʶʪ 65%, ʘ ʧʘʰʥʠ 64%. ɼʦ 33 ʤʣʥ ʛʘ ʤʝʣʠʦʨʠʨʦʚʘʥʳ, 
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ʠʟ ʢʦʪʦʨʳʭ 19 ʤʣʥ ʛʘ ʩʦʩʪʘʚʣʷʶʪ ʦʨʦʰʘʝʤʳʝ, 14 ʤʣʥ ʛʘ ʦʩʫʰʝʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, 4 ð

ʩʦʩʪʘʚʣʷʶʪ ʤʘʣʫʶ ʯʘʩʪ ɹ(11%) ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʧʣʦʱʘʜʝʡ. ɹʦʣʝʝ 34% 

ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʤʝʣʠʦʨʠʨʦʚʘʥʥʳʝ ʟʝʤʣʠ. 

ʇʦʣʠʚʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʜʠʩʧʝʨʩʥʳʤ ʤʝʪʦʜʦʤ ʚʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥʳ ʚ 1934 ʛ. 

ʀ. ʀ. ɿʘʠʢʠʥʤr, ʠʥʞʝʥʝʨʦʤ ɺʩʝʩʦʶʟʥʦʛʦ ʅʀʀ ʛʠʜʨʦʪʝʭʥʠʢʠ ʠ ʤʝʣʠʦʨʘʮʠʠ, ʘ ʥʘʫʯʥʘʷ ʠ 

ʘʛʨʦʥʦʤʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ 1970 ʛ. ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʬʝʩʩʦʨʦʤ 

ɸ. ɼ. ɸʣʝʢʩʘʥʜʨʦʚʳʤ ʊʉʍɸ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʪʝʭʥʦʣʦʛʠʷ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ  ʫʚʣʘʞʥʝʥʠʷ ʧʦʩʝʚʦʚ ʜʠʩʧʝʨʩʥʳʤ ʤʝʪʦʜʦʤ. 

ɼʠʩʧʝʨʩʥʳʡ ʤʝʪʦʜ ʧʦʣʠʚʘ ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʜʦʞʜʝʚʘʥʠʝ, 

ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʡ ʠʨʨʠʛʘʮʠʠ, ʙʳʣ ʫʪʚʝʨʞʜʝʥ ʚ 1975 ʛ. ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

(ʛ. ʄʦʩʢʚʘ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʣʠʚʘ ʫʜʝʣʷʶʪ ʙʦʣʴʰʦʝ 

ʚʥʠʤʘʥʠʝ ʚ ʈʌ, ʉʐɸ, ʌʨʘʥʮʠʠ, ɻʝʨʤʘʥʠʠ ʠ ʜʨ. ʩʪʨʘʥʘʭ. ʄʝʪʦʜ ʦʧʪʠʤʠʟʠʨʫʝʪ ʚʣʘʞʥʦʩʪʴ ʚ 

ʧʦʜʧʦʯʚʝʥʥʦʡ ʪʝʧʣʦʚʦʡ ʩʨʝʜʝ, ʵʢʦʥʦʤʠʪ ʦʨʦʩʠʪʝʣʴʥʫʶ ʚʦʜʫ, ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʵʨʦʟʠʶ ʠ 

ʬʠʣʴʪʨʘʮʠʶ ʚʦʜʳ ʚ ʥʠʞʥʠʝ ʩʣʦʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ, ʫʣʫʯʰʘʝʪ ʬʠʟʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ 

ʨʘʩʪʝʥʠʷ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʣʦʜʦʨʦʜʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʯʚ. ɼʘʥʥʳʤ ʤʝʪʦʜʦʤ 

ʧʦʣʴʟʫʶʪʩʷ ʚ ʞʘʨʢʠʝ ʧʝʨʠʦʜʳ ʛʦʜʘ ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʜʝʧʨʝʩʩʠʠ 

ʨʘʩʪʝʥʠʷ, ʫʤʝʥʴʰʝʥʠʶ ʚʦʜʳ ʠʟʨʘʩʭʦʜʦʚʘʥʥʫʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘ ʪʨʘʥʩʧʠʨʘʮʠʶ, ʧʠʪʘʥʠʶ 

ʨʘʩʪʝʥʠʷ ʚʥʝ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʠ ʚ ʙʦʨʴʙʝ ʩ ʚʨʝʜʠʪʝʣʷʤʠ [1ï2].  

 

ʆʙʲʝʢʪ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ 2013ï2015 ʛʛ. ʥʘ ʙʘʟʝ ɸʧʰʝʨʦʥʩʢʦʛʦ ʅʀʉ ʤʝʭʘʥʠʟʘʮʠʠ 

ʦʨʦʰʝʥʠʷ ʅʇʆ ʛʠʜʨʦʪʝʭʥʠʢʠ ʠ ʤʝʣʠʦʨʘʮʠʠ ʥʘ ʣʶʮʝʨʥʦʚʦʤ ʧʦʣʝ, ʧʣʦʱʘʜʴʶ ʚ 0,16 ʛʘ. 

ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 3-ʭ ʚʘʨʠʘʥʪʘʭ: ʚʘʨʠʘʥʪ I ð ʦʨʦʰʝʥʠʝ ʜʦʞʜʝʚʘʥʠʝʤ (ʢʦʥʪʨʦʣʴ); 

ʚʘʨʠʘʥʪ II ð ʩʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʦʞʜʝʚʘʥʠʷ ʠ ʜʠʩʧʝʨʩʥʦʛʦ ʦʨʦʰʝʥʠʷ; ʚʘʨʠʘʥʪ III ð 

ʦʨʦʰʝʥʠʝ ʜʠʩʧʝʨʩʥʳʤ ʤʝʪʦʜʦʤ (ʈʠʩʫʥʦʢ).  

ɼʦʞʜʝʚʘʣʴʥʦʝ ʦʨʦʰʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ ʜʦʞʜʝʚʘʣʴʥʦʡ 

ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ çɺʦʣʞʘʥʢʘè ʦʭʚʘʪʳʚʘʶʱʝʡ ʰʠʨʠʥʫ ʚ 1 ʤ, ʘ ʜʠʩʧʝʨʩʥʦʝ ʦʨʦʰʝʥʠʝ 

ʧʫʪʝʤ ʫʢʨʝʧʣʝʥʠʷ ʥʘ ʦʪʤʝʯʝʥʥʫʶ ʚʳʰʝ ʫʩʪʨʦʡʩʪʚʦ ʪʨʘʥʩʧʠʨʠʨʫʶʱʝʛʦ ʘʧʧʘʨʘʪʘ. 

 

ɸʥʘʣʠʟ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ɸʢʘʜ. ɺ. ʈ. ɺʠʣʴʷʤʩ ʚʳʷʚʠʣ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʠ 

ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ. ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʣʠʯʠʝ 4-ʭ ʬʘʢʪʦʨʦʚ ð ʚʦʜʳ, ʪʝʧʣʘ, ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʚʦʟʜʫʭʘ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʜʥʦʛʦ ʠʟ ʬʘʢʪʦʨʦʚ ʨʘʩʪʝʥʠʝ ʧʨʝʢʨʘʱʘʝʪ ʩʚʦʝ ʥʦʨʤʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ, 

ʫʛʥʝʪʘʝʪʩʷ ʠ ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ. ʅʝʦʙʭʦʜʠʤʦʡ ʠ ʥʘʠʚʘʞʥʝʡʰʝʡ ʩʨʝʜʠ 

ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʚʦʜʘ ʠ ʧʠʪʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ 

ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʧʦʯʚʳ ʩʦʟʜʘʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʩʪʝʥʠʡ ʪʝʧʣʦʤ, 

ʧʠʪʘʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʚʦʟʜʫʭʦʤ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʤʝʯʝʥʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʝʥʠʝ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʧʦʯʚ. 

ʎʝʣʴʶ ʥʘʰʠʭ ʠʩʢʘʥʠʡ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʫʚʝʣʠʯʝʥʠʝ 

ʚʣʘʞʥʦʩʪʠ ʧʦʯʚ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦ ʨʝʞʠʤʘ ʦʨʦʰʝʥʠʷ, ʫʤʝʥʴʰʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʢ 

ʚʦʜʥʳʤ ʨʝʩʫʨʩʘʤ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʜʝʧʨʝʩʩʠʠ ʬʦʪʦʩʠʥʪʝʟʘ ʢʫʣʴʪʫʨʳ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ 

ʜʠʩʧʝʨʩʥʦʛʦ ʦʨʦʰʝʥʠʷ ʥʘ ʘʛʨʦʬʠʪʦʮʝʥʦʟʝ ʣʶʮʝʨʥʘ ʚ ʫʩʣʦʚʠʷʭ ɸʧʰʝʨʦʥʘ. 

ɺ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʦʧʳʪʘ ʧʦʣʠʚʳ ʧʨʦʚʦʜʠʣʠʩʴ ʯʝʨʝʟ ʢʘʞʜʳʝ 10 ʜʥʝʡ ʥʘ ʨʘʩʯʝʪʥʦʤ 

ʤʝʪʨʦʚʦʤ ʩʣʦʝ, ʘ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʨʠ ʥʘʠʤʝʥʴʰʝʡ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚ 75%. ɺʦ 

ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ ʜʠʩʧʝʨʩʥʦʝ ʦʨʦʰʝʥʠʝ ʚ ʥʘʯʘʣʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʣʶʮʝʨʥʳ ʧʨʠ 
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ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 28 Áʉ ʠ ʧʨʦʚʦʜʠʣʘʩʴ ʝʞʝʜʥʝʚʥʦ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʟʜʫʭʘ. ʅʘʨʷʜʫ ʩ 

ʵʪʠʤ ʢʘʢ ʠ ʚ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʦʧʳʪʘ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʦʧʨʝʜʝʣʷʣʘʩʴ ʯʝʨʝʟ ʢʘʞʜʳʝ 10 ʜʥʝʡ ʚ 

ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ. ʇʨʠ ʩʥʠʞʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚ ʜʦ 75% ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʜʠʩʧʝʨʩʥʦʛʦ ʦʨʦʰʝʥʠʷ ʧʨʠʤʝʥʷʣʘʩʴ ʜʦʞʜʝʚʘʣʴʥʦʝ ʦʨʦʰʝʥʠʝ. ʅʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ ʧʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʜʦʞʜʝʚʘʣʴʥʦʛʦ ʧʦʣʠʚʘ ʚʥʦʚʴ ʧʨʦʚʦʜʠʣʘʩʴ ʜʠʩʧʝʨʩʥʦʝ ʦʨʦʰʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʧʨʠʤʝʥʷʣʘʩʴ ʜʦ ʢʦʥʮʘ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. 

 

 

I ʚʘʨʠʘʥʪ ð ʦʨʦʰʝʥʠʝ 

ʜʦʞʜʝʚʘʥʠʝʤ  

 

  
 

1, 2, 3 ʧʦʚʪʦʨʥʳʝ ʫʯʘʩʪʢʠ  

ʚʘʨʠʘʥʪʘ I  

II  ʚʘʨʠʘʥʪ ð ʩʦʚʤʝʩʪʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʜʦʞʜʝʚʘʥʠʷ ʠ 

ʜʠʩʧʝʨʩʥʦʛʦ ʦʨʦʰʝʥʠʷ 

 

  
 

4, 5, 6 ʧʦʚʪʦʨʥʳʝ ʫʯʘʩʪʢʠ  

ʚʘʨʠʘʥʪʘ II  

III  ʚʘʨʠʘʥʪ ð ʦʨʦʰʝʥʠʝ 

ʜʠʩʧʝʨʩʥʳʤ ʤʝʪʦʜʦʤ  

 

  
 

7, 8, 9 ð ʧʦʚʪʦʨʥʳʝ ʫʯʘʩʪʢʠ  

ʚʘʨʠʘʥʪʘ III   
 

ʈʠʩʫʥʦʢ. ʉʭʝʤʘ ʦʧʳʪʦʚ. 

 

ʅʘ ʪʨʝʪʴʝʤ ʚʘʨʠʘʥʪʝ ʦʧʳʪʘ ʦʨʦʰʝʥʠʝ ʧʨʦʚʦʜʠʣʘʩʴ ʪʦʣʴʢʦ ʜʠʩʧʝʨʩʥʳʤ ʤʝʪʦʜʦʤ ʧʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʜʦ 28 Áʉ. ʆʧʨʝʜʝʣʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʪʘʢʞʝ 

ʧʨʦʚʦʜʠʣʘʩʴ ʢʘʞʜʦʡ ʜʝʢʘʜʝ ʤʝʩʷʮʘ. ʆʨʦʩʠʪʝʣʴʥʘʷ ʥʦʨʤʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʚ ʨʘʩʯʝʪʥʦʤ ʩʣʦʝ 

ʧʦʯʚʳ ʥʘ ʦʩʥʦʚʝ ʬʘʢʪʠʯʝʩʢʦʡ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚ ʧʦ ʥʠʞʝʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ [3ï5]: 
 

m=hŬ(ɓīɓf)Ĭ 100 ʤ
3/ʛʘ (1) 

 

ʛʜʝ,  m ð ʥʝʦʙʭʦʜʠʤʘʷ ʥʦʨʤʘ ʧʦʣʠʚʘ, ʤ3/ʛʘ; h ð ʛʣʫʙʠʥʘ ʨʘʩʯʝʪʥʦʛʦ ʩʣʦʷ,  ʤ; a ð 

ʦʙʲʝʤʥʘʷ ʤʘʩʩʘ ʨʘʩʯʝʪʥʦʛʦ ʩʣʦʷ ʧʦʯʚʳ, ʪ/ʤ3; b  ð ʅɺ ʚ ʨʘʩʯʝʪʥʦʤ ʩʣʦʝ, ʦʪ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʛʦ 

ʚʝʩʘ, %; bf  ð ʬʘʢʪʠʯʝʩʢʘʷ ʚʣʘʞʥʦʩʪʴ ʨʘʩʯʝʪʥʦʛʦ ʩʣʦʷ ʦʪ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʛʦ ʚʝʩʘ ʧʦʯʚ, %, 

ʆʧʨʝʜʝʣʝʥʥʘʷ ʥʦʨʤʘ ʧʦʣʠʚʘ ʧʫʪʝʤ ʨʘʩʯʝʪʦʚ, ʷʚʣʷʝʪʩʷ ʥʝʪʪʦ ʦʨʦʩʠʪʝʣʴʥʦʡ ʥʦʨʤʦʡ, 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʦʯʚʳ. ʌʘʟʳ ʨʘʟʚʠʪʠʷ ʣʶʮʝʨʥʳ, ʝʛʦ ʨʦʩʪ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʧʨʦʚʝʜʝʥʠʝʤ ʬʝʥʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʘ ʠʪʦʛʦʚʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʚ ʢʦʥʮʝ ʩʫʤʤʠʨʫʷ 

ʨʝʟʫʣʴʪʘʪʳ ʚʩʝʭ ʫʢʦʩʦʚ. ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʣʶʮʝʨʥʳ ʦʧʨʝʜʝʣʷʣʘʩʴ ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʚ 

ʦʪʜʝʣʴʥʦʩʪʠ, ʚ ʥʘʯʘʣʝ, ʩʝʨʝʜʠʥʝ ʠ ʚ ʢʦʥʮʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. ɺ ʩʚʷʟʠ ʩ ʧʨʦʚʝʜʝʥʠʝʤ 

ʦʧʳʪʦʚ ʚ 3-ʭ ʧʦʚʪʦʨʥʦʩʪʠ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ ʚ ʩʨʝʜʥʝʤ ʧʦ ʧʨʦʚʦʨʥʦʩʪʷʤ, 
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ʚʳʜʝʣʷʷ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʥʘ ʦʩʥʦʚʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʫʨʦʞʘʷ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʦʪʦʨʦʛʦ ʧʨʦʚʝʨʷʣʘʩʴ ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʜʠʩʧʝʨʩʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʉʫʤʤʘʨʥʦʝ ʠʩʧʘʨʝʥʠʝ ʦʧʨʝʜʝʣʷʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚ ʧʦ ʚʩʝʤ ʚʘʨʠʘʥʪʘʤ 

ʦʧʳʪʘ ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʠ ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ. ʊʘʢʞʝ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʩʫʤʤʘʨʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʚ ʜʥʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʨʝʜʥʝʩʫʪʦʯʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʤʝʩʷʮʘʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʟʘ 3 ʛʦʜʘ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʩʫʤʤʘʨʥʦʛʦ ʠʩʧʘʨʝʥʠʷ 

ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʣʶʮʝʨʥʳ ʧʦ ʚʘʨʠʘʥʪʘʤ. 

ʊʘʙʣʠʮʘ. 

ʉʈɽɼʅɽʉʋʊʆʏʅʆɽ ʉʋʄʄɸʈʅʆɽ ʀʉʇɸʈɽʅʀɽ ʇʆ ɺɸʈʀɸʅʊɸʄ ʃʖʎɽʈʅʓ 
 

ɺʘʨʠʘʥ-

ʪ  r

ɻʦʜ ʠ ʤʝʩʷʮʳ ʉʨ. ʩʫʪ. ʩʫʤʤ. 

ʠʩʧʘʨʝʥʠʝ ʧʦ 

ʧʝʨʠʦʜʘʤ, 

ʤ3/ʛʘ 

ʉʨʦʢʠ 

ʧʨʦʜʦʣʞʝʥʥʦʩʪʠ 

ʉʫʤʤ. ʠʩʧ. ʧʦ 

ʧʝʨʠʦʜʘʤ, 

ʤ3/ʛʘ  

ʉʨ. ʩʫʪ. 

ʩʫʤʤʘ ʠʩʧ. ʧʦ 

ʤʝʩʷʮʘʤ, ʤ3/ʛʘ  

ɻ
ʦ
ʜ 

ʄʝʩʷʮʳ 

ɺ
ʘ
ʨ
ʠ
ʘ
ʥ
ʪ
 
I
 

ï
 ʦ
ʨ
ʦ
ʰ
ʝ
ʥ
ʠ
ʝ
 
ʜ
ʦ
ʞ
ʜ
ʝ
ʚ
ʘ
ʥ
ʠ
ʝ
ʤ
 
,
 
ʢ
ʦ
ʥ
ʪ
ʨ
ʦ
ʣ
ʴ
 

 

2
0
1
3
 
ʛ
.

 

ʄʘʨʪ 20,0 16 320  

26,0 11 292,6  

ʉʫʤʤʘ 30 612,6 22,7 

ɸʧʨʝʣʴ 26,65 8 213,2  

26,65 17 453,05  

30,0 5 150  

ʉʫʤʤʘ  30 816,25 282 

ʄʘʡ 30 7 210  

34,9 24 837,6  

ʉʫʤʤʘ  31 1047,6 33,8 

ʀʶʥʴ 40,82 13 734,76  

47,15 12 565,8  

ʉʫʤʤʘ  30 1300,16 41,9 

ʀʶʣʴ 47,15 6 282,9  

58,86 15 882,9  

47,37 19 743,7  

ʉʫʤʤʘ  31 1909,5 61,6 

ɸʚʛʫʩʪ 47,37 6 284,22  

43,4 17 737,8  

22,5 3 740  

ʉʫʤʤʘ  31 1762 56,8 

ʇʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ  183 E=74448,1 40,7 
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ʄʘʨʪ 20,0 16 320  

26,0 11 292,6  

ʉʫʤʤʘ  27 612,6 22,7 

ɸʧʨʝʣʴ 26,6 8 212,2  

24,9 16 398,4  

8,27 6 49,44  

ʉʫʤʤʘ  30 660,64 22,0 

ʄʘʡ 8,27 9 74,43  

9,35 11 102,85  

5,2 11 57,2  

ʉʫʤʤʘ  31 834,48 7,6 

ʀʶʥʴ 1,6 10 160  
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ɺʘʨʠʘʥ-

ʪ  r

ɻʦʜ ʠ ʤʝʩʷʮʳ ʉʨ. ʩʫʪ. ʩʫʤʤ. 

ʠʩʧʘʨʝʥʠʝ ʧʦ 

ʧʝʨʠʦʜʘʤ, 

ʤ3/ʛʘ 

ʉʨʦʢʠ 

ʧʨʦʜʦʣʞʝʥʥʦʩʪʠ 

ʉʫʤʤ. ʠʩʧ. ʧʦ 

ʧʝʨʠʦʜʘʤ, 

ʤ3/ʛʘ  

ʉʨ. ʩʫʪ. 

ʩʫʤʤʘ ʠʩʧ. ʧʦ 

ʤʝʩʷʮʘʤ, ʤ3/ʛʘ  

ɻ
ʦ
ʜ 

ʄʝʩʷʮʳ 

10,92 13 141,96  

11,04 7 77,28  

ʉʫʤʤʘ  30 379,24 12,6 

ʀʶʣʴ 11,04 8 88,32  

25,58 14 358,12  

46,73 9 420,57  

ʉʫʤʤʘ  31 867,01 28,0 

ɸʚʛʫʩʪ 46,73 12 560,76  

 26,67 19 506,73  

 ʉʫʤʤʘ  31 1067,49 34,14 

ʇʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ   181 3821,45 21,16 
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ʛ
.

 

ʄʘʨʪ 20,0 16 320  

28,6 11 314,6  

ʉʫʤʤʘ  27 634,6 23,5 

ɸʧʨʝʣʴ 28,6 8 228,8  

23,6 11 377,6  

9,55 6 57,3  

ʉʫʤʤʘ  30 663,7 22,10 

ʄʘʡ 9,55 9 85,95  

9,8 12 117,6  

5,72 10 57,2  

ʉʫʤʤʘ  31 260,75 8,4 

ʀʶʥʴ 1,45 10 145  

9,47 15 142,05  

12,63 5 63,15  

ʉʫʤʤʘ  30 350,2 11,7 

ʀʶʣʴ 12,63 9 113,67  

8,11 12 97,32  

6,0 10 60  

ʉʫʤʤʘ  31 271 8,7 

ɸʚʛʫʩʪ 6,0 10 60  

7,0 10 70  

4,65 11 50,93  

ʉʫʤʤʘ  31 180,93 5,8 

ʇʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ   180 2452,2 13,4 
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ʛ
.

 

ʄʘʨʪ 19,93 16 318,88 15,93 

ɸʧʨʝʣʴ 18,9 12 226,8  

71,2 7 498,4  

40,0 11 440  

ʉʫʤʤʘ  30 1165,2 38,84 

ʄʘʡ 40,0 7 280  

56,93 16 910,9  

40,39 8 325,12  

ʉʫʤʤʘ  31 1514,02 48,8 
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ɺʘʨʠʘʥ-

ʪ  r

ɻʦʜ ʠ ʤʝʩʷʮʳ ʉʨ. ʩʫʪ. ʩʫʤʤ. 

ʠʩʧʘʨʝʥʠʝ ʧʦ 

ʧʝʨʠʦʜʘʤ, 

ʤ3/ʛʘ 

ʉʨʦʢʠ 

ʧʨʦʜʦʣʞʝʥʥʦʩʪʠ 

ʉʫʤʤ. ʠʩʧ. ʧʦ 

ʧʝʨʠʦʜʘʤ, 

ʤ3/ʛʘ  

ʉʨ. ʩʫʪ. 

ʩʫʤʤʘ ʠʩʧ. ʧʦ 

ʤʝʩʷʮʘʤ, ʤ3/ʛʘ  

ɻ
ʦ
ʜ 

ʄʝʩʷʮʳ 

ʀʶʥʴ 40,39 10 400,39  

55,0 14 770  

36,16 6 216,96  

ʉʫʤʤʘ  30 1387,35 46,3 

ʀʶʣʴ 36,16 9 325,44  

50,0 15 750  

55,9 7 391,3  

ʉʫʤʤʘ  31 1466,74 47,3 

ɸʚʛʫʩʪ 55,9 13 726,7  

45,9 15 688,5  

48,0 3 144  

ʉʫʤʤʘ  31 1359,2 50,3 

ʇʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ   177 7411,4 41,9 
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2
0
1
4
 
ʛ
.

 

ʄʘʨʪ 19,93 16 318,88 19,93 

ɸʧʨʝʣʴ 10,18 12 122,16  

24,78 18 446,2  

ʉʫʤʤʘ  30 568,4 18,9 

ʄʘʡ 7,0 10 70  

4,21 15 63,15  

3,19 6 19,14  

ʉʫʤʤʘ  31 152,29 4,9 

ʀʶʥʴ 3,15 10 319  

12,0 10 120  

9,9 10 99  

ʉʫʤʤʘ  30 538 17,9 

ʀʶʣʴ 11,92 12 143,04  

39,2 19 744,80  

ʉʫʤʤʘ  31 887,84 28,6 

ɸʚʛʫʩʪ 39,5 12 474  

30,3 19 576  

ʉʫʤʤʘ  31 1050 33,9 

ʇʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ  169 3515,41 20,8 
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ʄʘʨʪ 19,93 16 318,88 19,93 

ɸʧʨʝʣʴ 10,18 12 122,16  

61,3 7 427,21  

12,95 11 142,45  

ʉʫʤʤʘ  30 691,82 23,1 

ʄʘʡ 7,08 10 70,8  

4,88 15 73,2  

3,19 6 19,14  

ʉʫʤʤʘ  31 163,14 5,3 

ʀʶʥʴ 3,19 10 319  

12,0 10 120  

9,9 10 99  
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ɺʘʨʠʘʥ-

ʪ  r

ɻʦʜ ʠ ʤʝʩʷʮʳ ʉʨ. ʩʫʪ. ʩʫʤʤ. 

ʠʩʧʘʨʝʥʠʝ ʧʦ 

ʧʝʨʠʦʜʘʤ, 

ʤ3/ʛʘ 

ʉʨʦʢʠ 

ʧʨʦʜʦʣʞʝʥʥʦʩʪʠ 

ʉʫʤʤ. ʠʩʧ. ʧʦ 

ʧʝʨʠʦʜʘʤ, 

ʤ3/ʛʘ  

ʉʨ. ʩʫʪ. 

ʩʫʤʤʘ ʠʩʧ. ʧʦ 

ʤʝʩʷʮʘʤ, ʤ3/ʛʘ  

ɻ
ʦ
ʜ 

ʄʝʩʷʮʳ 

ʉʫʤʤʘ  30 250,9 8,4 

ʀʶʣʴ 12 12 144  

15,58 8 124,64  

12,10 11 133,1  

ʉʫʤʤʘ  31 401,74 13,0 

ɸʚʛʫʩʪ 6,6 10 66  

4,8 10 48  

2,8 11 28  

ʉʫʤʤʘ  31 142 4,6 

ʇʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ  169 1968,6 18,4 
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ʛ
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ʄʘʨʪ 20,55 14 287,7 20,55 

ɸʧʨʝʣʴ 20,55 7 143,85  

17,69 16 283,04  

37,90 7 265,3  

ʉʫʤʤʘ  30 692,19 23,1 

ʄʘʡ 37,90 18 682,2  

57,33 13 745,29  

ʉʫʤʤʘ  31 1427,49 46,0 

ʀʶʥʴ 48,96 16 783,36  

66,13 14 925,82  

ʉʫʤʤʘ  30 1709,18 57,0 

ʀʶʣʴ 47,6 15 714  

24,90 16 398,4  

ʉʫʤʤʘ  31 1112,4 35,9 

ɸʚʛʫʩʪ 24,90 14 348,6  

42,0 17 714  

ʉʫʤʤʘ  31 1062,6 34,3 

ʇʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ 6291,56 
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ʄʘʨʪ 20,55 14 287,7 20,55 

ɸʧʨʝʣʴ 

 

20,55 7 143,85  

18,69 16 283,04  

25,2 7 176,4  

ʉʫʤʤʘ  30 603,3 20,1 

ʄʘʡ 

 

5,88 10 588  

26,44 10 264,4  

6,48 11 76,78  

ʉʫʤʤʘ  31 929,18 30 

ʀʶʥʴ 5,76 10 57,6  

9,92 10 99,2  

9,92 10 99,2  

ʉʫʤʤʘ  30 256 8,5 

ʀʶʣʴ 9,92 10 99,2  

20,2 10 202  

14,4 10 144  
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ɺʘʨʠʘʥ-

ʪ  r

ɻʦʜ ʠ ʤʝʩʷʮʳ ʉʨ. ʩʫʪ. ʩʫʤʤ. 

ʠʩʧʘʨʝʥʠʝ ʧʦ 

ʧʝʨʠʦʜʘʤ, 

ʤ3/ʛʘ 

ʉʨʦʢʠ 

ʧʨʦʜʦʣʞʝʥʥʦʩʪʠ 

ʉʫʤʤ. ʠʩʧ. ʧʦ 

ʧʝʨʠʦʜʘʤ, 

ʤ3/ʛʘ  

ʉʨ. ʩʫʪ. 

ʩʫʤʤʘ ʠʩʧ. ʧʦ 

ʤʝʩʷʮʘʤ, ʤ3/ʛʘ  

ɻ
ʦ
ʜ 

ʄʝʩʷʮʳ 

ʉʫʤʤʘ 30 445,2 14,8 

ɸʚʛʫʩʪ 17,9 10 179  

19,2 10 192  

26,6 11 292,6  

ʉʫʤʤʘ  31 663,6 21,4 

ʇʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ 3185,0 
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ʄʘʨʪ 20,55 14 287,7 20,55 

ɸʧʨʝʣʴ 20,55 7 143,85  

17,69 16 283,04  

25,2 7 176,4  

ʉʫʤʤʘ 30 603,3 20,1 

ʄʘʡ 5,88 10 58.8  

2,64 10 26,4  

9,27 11 101,97  

ʉʫʤʤʘ  31 187,17 6,0 

ʀʶʥʴ 6,08 10 60,8  

9,92 10 99,2  

16,0 10 160  

ʉʫʤʤʘ  30 320 10,7 

ʀʶʣʴ 9,92 10 99,2  

8,68 10 86,8  

9,02 11 99,22  

ʉʫʤʤʘ  31 285,22 9,2 

ɸʚʛʫʩʪ 1,90 10 190  

4,48 10 44,8  

4,4 11 48,4  

ʉʫʤʤʘ  31 112,7 3,6 

ʇʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ 1795,6 
 

ɺ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʩʫʤʤʘʨʥʦʛʦ ʠʩʧʘʨʝʥʠʷ 

ʢʘʢ ʧʦ ʛʦʜʘʤ, ʪʘʢ ʠ ʧʦ ʤʝʩʷʮʘʤ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʨʘʟʣʠʯʥʳ.  

ʊʘʢ, ʚ I ʚʘʨʠʘʥʪʝ ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʫʤʤʘʨʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʩʦʩʪʘʚʠʣʠ:  

ʚ ʤʘʨʪʝ ð 20,4, ʘʧʨʝʣʝ ð 25,7, ʤʘʝ ð 29,5, ʠʶʥʝ ð 37, ʠʶʣʝ ð 46,7, ʘʚʛʫʩʪʝ ð 52,0 

ʤ3/ʛʘ; ʚʦ II ʚʘʨʠʘʥʪʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʤʝʩʷʮʘʤ: ʚ ʤʘʨʪʝ ð 22,8, ʘʧʨʝʣʝ ð 26,4, ʤʘʝ ð 30,2, 

ʠʶʥʝ ð 37,6, ʠʶʣʝ ð 46,4, ʘʚʛʫʩʪʝ ð 47,5 ʤ3/ʛʘ; ʠ ʚ III ʚʘʨʠʘʥʪʝ: ʚ ʤʘʨʪʝ ð 22,5, ʘʧʨʝʣʝ ð 

27,0, ʤʘʝ ð 30,4, ʠʶʥʝ ð 37,1, ʠʶʣʝ ð 46,1, ʘʚʛʫʩʪʝ ð 46,4 ʤ3/ʛʘ; 

ɿʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʩʫʤʤʘʨʥʦʝ ʠʩʧʘʨʝʥʠʝ ʚ 2013 ʛ. ʚ I ʚʘʨʠʘʥʪʝ ʩʦʩʪʘʚʠʣʦ ð 

74448,1, ʚʦ II ʚʘʨʠʘʥʪʝ ð 3821,45, ʚ III ʚʘʨʠʘʥʪʝ ð 2452,2 ʤ3/ʛʘ.  

ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʚʘʨʠʘʥʪʘʤ ʦʧʳʪʘ: 7411,4; 3515,41 ʠ 1968,6 

ʤ3/ʛʘ ʠ ʚ 2015 ʛ.: 6291,56; 3185,0 ʠ 1795,6 ʤ3/ʛʘ. 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʩʫʤʤʘʨʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚ ʚʧʝʨʚʳʝ ʚ ʫʩʣʦʚʠʷʭ 

ɸʧʰʝʨʦʥʘ ʜʣʷ ʘʛʨʦʬʠʪʦʮʝʥʦʟʘ ʣʶʮʝʨʥʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʜʠʩʧʝʨʩʥʦʛʦ 

ʦʨʦʰʝʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʦ ʝʛʦ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʦʨʦʰʝʥʠʷ. 
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ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʜʠʩʧʝʨʩʥʦʛʦ ʦʨʦʰʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 28 ÁC, ʘ ʜʦʞʜʝʚʘʥʠʝ ʧʨʠ ʅɺ ʚ ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʥʠʞʝ 75%.  

ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ ʦʧʳʪʘ, ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʜʠʩʧʝʨʩʥʦʛʦ ʦʨʦʰʝʥʠʷ ʩ ʜʦʞʜʝʚʘʥʠʝʤ, ʚ ʦʩʦʙʝʥʥʦ ʚ ʟʘʩʫʰʣʠʚʳʝ ʛʦʜʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 
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FERTILIZERS EFFECT ON THE CHEMICAL COMPOSITION 

OF VEGETABLE BEANS 

 

ÉMammadova Sh., Institute of Soil Science and Agrochemistry of Azerbaijan NAS, 

Baku, Azerbaijan, shabnamaydin83@gmail.com 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʤʝʥʝʥʠ ʁ

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʝʤʝʥʘʭ, ʚ ʩʪʚʦʣʝ, ʢʦʨʥʝ ʠ ʣʠʩʪʴʷʭ 

ʟʝʣʝʥʦʡ ʬʘʩʦʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʳ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ. ʀʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʣʠʯʠʷ 

ʘʟʦʪʘ ʚ ʬʘʟʝ ʚʝʪʚʣʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 1,05ï1,61%, ʬʦʩʬʦʨʘ 0,79ï1,25% ʠ ʢʘʣʠʷ1,30ï1,92%; ʚ ʬʘʟʝ 

ʮʚʝʪʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,84ï1,28%; 0,44ï0,87% ʠ 0,95ï1,35%; ʚ ʧʝʨʠʦʜ ʦʙʨʘʟʦʚʘʥʠʷ 

ʬʘʩʦʣʠ: ʘʟʦʪʘ 2,26ï2,93%; ʬʦʩʬʦʨʘ 0,85ï1,54% ʠ ʢʘʣʠ ̫1,17ï1,65%; ʚ ʬʘʟʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʝʤʷʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 3,51ï4,03%, 0,74ï1,01% ʠ 0,86ï1,07%. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ, ʦʪ ʬʘʟ 

ʨʘʟʚʠʪʠʷ  ʨʘʩʪʝʥʠʷ ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʠ ʜʨ. ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ.  

 

Abstract. The article presents the results of studies on the change in the intensity of 

accumulation of nutrients in seeds, in the trunk, root and leaves of green beans, depending on 

the phase of plant development. The change of indicators of nitrogen availability in the branching 

phase was 1,05ï1,61%, phosphorus 0,79ï1,25, and potassium 1,30ï1,92%; in the flowering phase 

respectively 0,84ï1,28%; 0,44ï0,87%, and 0,95ï1,35%; during the period of beans formation: 

nitrogen 2,26ï2,93%, phosphorus 0,85ï1,54%; potassium 1,17ï1,65%; in the phase of seed 

formation, respectively 3,51ï4,03%; 0,74ï1,01%; and 0,86ï1,07%. It was revealed that 

the effectiveness of the use of organic and mineral fertilizers directly depends on the degree of soil 

fertility, on the phases of plant development during the growing season and other environmental 

factors. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʜʦʙʨʝʥʠʷ, ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʘʟʦʪ, ʬʦʩʬʦʨ, ʢʘʣʠʡ, ʫʨʦʞʘʡʥʦʩʪʴ, 

ʙʦʙʦʚʳʝ ʦʚʦʱʠ. 

 

Keywords: fertilizers, nutrients, nitrogen, phosphorus, potassium, crop yield, vegetable 

legumes. 

 

ɺʚʝʜʝʥʠʝ 

ʅʘʨʷʜʫ ʩ ʧʠʪʘʥʠʝʤ ʨʘʩʪʝʥʠʡ ʧʠʪʘʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʠʭ ʢʦʨʥʠ ʦʢʘʟʳʚʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʯʚʫ. ʂʦʨʥʠ ʨʘʩʪʝʥʠʡ ʚʳʜʝʣʷʶʪ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʩʘʭʘʨ, 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʚʠʪʘʤʠʥʳ, ʬʝʨʤʝʥʪʳ ʠ ʜʨ. ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, 

ʷʚʣʷʶʱʠʝʩʷ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ ʜʣʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʇʦʩʣʝʜʥʠʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʤʦʙʠʣʠʟʘʮʠʶ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʫʩʢʦʨʷʶʪ ʠʭ ʜʦʩʪʫʧ ʢ ʨʘʩʪʝʥʠʷʤ.  
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ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʚʦʧʨʦʩʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʷʚʣʷʝʪʩʷ ʟʘʤʝʥʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ 

ʩ ʠʭ ʣʝʛʢʦ ʜʦʩʪʫʧʥʳʤʠ ʬʦʨʤʘʤʠ ʠ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʠʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʫʨʦʞʘʝʚ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʫʨʦʞʘʷ ʠ ʝʛʦ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʟʘʚʠʩʷʪ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʘʤʦʛʦ 

ʨʘʩʪʝʥʠʷ [1ï2].  

ʂʘʞʜʳʡ ʠʟ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʛʨʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʬʠʟʠʦʣʦʛʠʯʝʩʢʫʶ ʨʦʣʴ, ʠ ʧʨʠ 

ʥʝʜʦʩʪʘʪʢʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʠʟ ʥʠʭ ʨʘʩʪʝʥʠʷ ʧʨʝʢʨʘʱʘʶʪ ʨʦʩʪ, ʟʘʙʦʣʝʚʘʶʪ, ʘ ʧʨʠ ʨʝʟʢʦʤ 

ʛʦʣʦʜʘʥʠʠ ʤʦʛʫʪ ʜʘʞʝ ʧʦʛʠʙʥʫʪʴ. ʇʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʨʘʩʪʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʯʚʝʥʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʪʨʝʙʥʦʩʪʴ ʠʭ ʚ ʢʘʞʜʦʤ ʧʠʪʘʪʝʣʴʥʦʤ ʵʣʝʤʝʥʪʝ ʥʝʦʜʠʥʘʢʦʚʘ.. 

ʆʯʝʥɹ ʯʘʩʪʦ ʨʘʟʤʝʨʳ ʫʨʦʞʘʝʚ ʦʛʨʘʥʠʯʠʚʘʶʪ ʥʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʘ ʥʝʜʦʩʪʘʪʦʢ 

ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ, ʫʨʦʞʘʠ ʯʘʩʪʦ ʦʩʪʘʶʪʩʷ ʥʝʚʳʩʦʢʠʤʠ, ʪʘʢ ʢʘʢ ʜʝʡʩʪʚʫʝʪ ʟʘʢʦʥ ʤʠʥʠʤʫʤʘ 

(ʦʛʨʘʥʠʯʠʚʘʝʪ ʨʘʟʤʝʨʳ ʫʨʦʞʘʝʚ ʬʘʢʪʦʨ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʤʠʥʠʤʫʤʝ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʧʦʯʚʝʥʥʦʝ ʧʣʦʜʦʨʦʜʠʝ ʠʣʠ ʦʪʜʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʧʠʪʘʥʠʷ) [3]. ʇʦʯʪʠ ʧʦʚʩʝʤʝʩʪʥʦ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʞʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʪʨʝʙʫʶʪʩʷ 

ʘʟʦʪ, ʬʦʩʬʦʨ ʠ ʢʘʣʠʡ [4].  

ɸʟʦʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʣʢʘ ʠ ʫʯʘʩʪʚʫʝʪ ʚʦ ʚʩʝʭ ʬʘʟʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʨʘʩʪʝʥʠʡ [5]. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ ʘʟʦʪʦʤ ʷʚʣʷʝʪʩʷ ʥʠʪʨʘʪʥʘʷ 

ʢʠʩʣʦʪʘ ʠ ʘʤʤʠʘʯʥʳʝ ʩʦʣʠ [6]. ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʠ ʫʨʦʞʘʡʥʦʩʪʴ ʨʘʩʪʝʥʠʡ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʘʟʦʪʠʩʪʳʭ ʫʜʦʙʨʝʥʠʡ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝʤ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʘʤʤʠʘʯʥʦ-ʥʠʪʨʘʪʥʦʛʦ ʨʝʞʠʤʘ [7].  

ʇʨʠ ʥʝʜʦʩʪʘʪʢʝ ʬʦʩʬʦʨʘ ʥʘʨʫʰʘʝʪʩʷ ʦʙʤʝʥ ʵʥʝʨʛʠʠ ʠ ʚʝʱʝʩʪʚ ʚ ʨʘʩʪʝʥʠʷʭ, ʢʘʣʠʡ 

ʫʯʘʩʪʚʫʝʪ ʚ ʩʠʥʪʝʟʝ ʫʛʣʝʚʦʜʦʚ ʫ ʨʘʩʪʝʥʠʡ. ʋʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʘʭ ʩʠʥʪʝʟʘ ʠ ʦʪʪʦʢʘ ʫʛʣʝʚʦʜʦʚ 

ʚ ʨʘʩʪʝʥʠʷʭ, ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʠ ʪʢʘʥʝʡ, ʚʣʠʷʝʪ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʩʪʝʥʠʡ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʫʩʣʦʚʠʷʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʧʦʨʘʞʘʝʤʦʩʪʴ 

ʢʫʣʴʪʫʨ ʙʦʣʝʟʥʷʤʠ [8].  

ɺ ʩʢʣʘʜʳʚʘʶʱʝʡʩʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʩʠʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʩʦʟʜʘʥʠʶ ʩʦʨʪʦʚ ʦʚʦʱʥʳʭ ʙʦʙʦʚʳʭ ʢʫʣʴʪʫʨ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩ ʢʦʤʧʣʝʢʩʦʤ ʭʦʟʷʡʩʪʚʝʥʥʦ 

ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʩ ʚʳʩʦʢʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ [9].  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʊ. ɹ. ʄʘʨʘʢʝʝʚʦʡ [10] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʝʤʝʥʘ ʦʚʦʱʥʦʡ ʬʘʩʦʣʠ 

ʠʤʝʝʪ ʥʝ ʩʪʘʙʠʣʴʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ, ʚʠʜʘ ʠ 

ʫʩʣʦʚʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ.  

ʉ ʦʙʝʩʧʝʯʝʥʠʝʤ ʥʦʨʤʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ, ʫʩʣʦʚʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʝʤʦʤ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʥʘʣʠʯʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʚ ʧʦʯʚʝ, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʥʦʨʤʳ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʫʣʴʪʫʨʳ [11].  

 

ʆʙ̡ ʝʢʪ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʧʳʪʥʳʡ ʫʯʘʩʪʦʢ ʜʣʷ ʧʦʩʝʚʘ ʬʘʩʦʣʠ ʚʩʧʘʭʠʚʘʣʠ ʦʩʝʥʴʶ ʠ ʚʥʝʩʣʠ ʥʘʚʦʟ ʠ ʤʠʥʝʨʘʣʴʥʳʝ 

ʫʜʦʙʨʝʥʠʷ ʧʦʜ ʦʩʥʦʚʥʫʶ ʚʩʧʘʰʢʫ (ʧʦʣʦʚʠʥʫ ʥʦʨʤʳ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ), ʦʩʪʘʚʰʫʶʩʷ 

ʯʘʩʪʴ ʫʜʦʙʨʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʚʠʜʝ ʧʦʜʢʦʨʤʢʠ. ʈʘʥʥʝʡ ʚʝʩʥʦʡ ʧʨʦʚʝʣʠ ʙʦʨʦʥʦʚʘʥʠʝ ʠ 

ʙʦʨʦʟʜʦʚʘʥʠʝ. ʅʦʨʤʘ ʚʳʩʝʚʘ ʩʝʤʷʥ ʬʘʩʦʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʚʩʭʦʞʝʩʪʠ ʩʦʩʪʘʚʠʣʘ 60ï80 

ʢʛ/ʛʘ ʥʘ ʛʝʢʪʘʨ (ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 350ï400 ʪʳʩ ʩʝʤʷʥ). 

ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʚ 4ʭ-ʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ [11]. ʇʣʦʱʘʜʴ ʦʜʥʦʡ 

ʜʝʣʷʥʢʠ ʩʦʩʪʘʚʣʷʣʘ 5Ĭ6=30 ʤ2.  

ʉʭʝʤʘ ʦʧʳʪʘ: I ʚʘʨʠʘʥʪ ð ʢʦʥʪʨʦʣʴ (ʙʝʟ ʫʜʦʙʨʝʥʠʡ), II ʚʘʨʠʘʥʪ ð ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʫʜʦʙʨʝʥʠʷ (10 ʪ/ʛʘ), III ʚʘʨʠʘʥʪ N30P30K30, IV ʚʘʨʠʘʥʪ ð N60P60K30, V ʚʘʨʠʘʥʪ ð N90P60K60.  

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.com 

ʊ. 6. ˉ11. 2020 

https://doi.org/10.33619/2414-2948/60 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 190 

 

ʇʨʠ ʟʘʢʣʘʜʢʝ ʦʧʳʪʘ ʢʘʢ ʘʟʦʪʥʦʛʦ ʫʜʦʙʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ NH4NO3 (ʜ. ʚ. 34%), 

ʬʦʩʬʦʨʥʦʛʦ ð CaH2PO4 (ʜ. ʚ. 20%), ʢʘʣʠʡʥʦʛʦ ð K2SO4 (ʜ. ʚ. 45%). ɸʛʨʦʪʝʭʥʠʢʘ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʦʚʦʱʥʦʡ ʬʘʩʦʣʠ ð ʦʙʱʝʧʨʠʥʷʪʘʷ ʟʦʥʘʣʴʥʘʷ ʜʣʷ ʩʝʨʦ-ʙʫʨʳʭ ʧʦʯʚ 

ɸʧʰʝʨʦʥʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. ʋʯʝʪ ʫʨʦʞʘʷ ʩʧʣʦʰʥʦʡ ʧʦʜʝʣʷʥʦʯʥʳʡ. ʉʨʦʢʠ ʫʙʦʨʢʠ ʫʨʦʞʘʷ ð 

3 ʜʝʢʘʜʘ ʠʶʣʷ. 

ɸʥʘʣʠʟ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʆʟʦʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ ʫʩʢʦʨʝʥʥʦʛʦ ʩʞʠʛʘʥʠʷ ʧʦ ɻʠʥʟʙʫʨʛ, ʘʟʦʪ ʦʧʨʝʜʝʣʷʣʠ 

ʤʠʢʨʦʤʝʪʦʜʦʤ ʧʦ ʂʴʝʣʴʜʘʣʶ (ɻʆʉʊ 13496.4-93), ʬʦʩʬʦʨ ð ʥʘ ʬʦʪʦʵʣʝʢʪʨʦʢʦʣʦʨʠʤʝʪʨʝ 

(ɻʆʉʊ 26657-97), ʢʘʣʠʡ ð ʥʘ ʧʣʘʤʝʥʥʦʤ ʬʦʪʦʤʝʪʨʝ ʧʦ ɻʆʉʊ 30504-97. 

ɼʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʛʨʘʤʤ ʦʧʠʩʘʪʝʣʴʥʦʡ 

ʩʪʘʪʠʩʪʠʢʠ Microsoft Excel. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʘ ʤʝʪʦʜʦʤ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ [12]. 

 

ɸʥʘʣʠʟ ʠ ʦʙʩʫʞʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʟʘʚʠʩʠʪ ʫʨʦʚʥʷ ʧʣʦʜʦʨʦʜʠʷ 

ʧʦʯʚ, ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʦ ʚʨʝʤʷ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʩʘʤʦʛʦ ʨʘʩʪʝʥʠʷ ʠ ʜʨ. ʬʘʢʪʦʨʦʚ. ʅʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʙʦʙʦʚʳʭ ʢʫʣʴʪʫʨ ʚʣʠʷʶʪ ʥʘʣʠʯʠʝ 

ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝ, ʩʠʤʙʠʦʪʠʯʝʩʢʘʷ ʘʟʦʪʦʬʠʢʩʘʮʠʷ ʨʘʩʪʝʥʠʷ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ, ʥʦʨʤʳ ʚʥʦʩʠʤʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʜʨ. ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʙʦʙʦʚʳʭ ʨʘʩʪʝʥʠʷʭ ʠ ʦʩʦʙʝʥʥʦ ʚ ʦʚʦʱʥʦʡ ʬʘʩʦʣʠ, ʢʘʢ ʥʝ ʩʢʦʨʙʥʦ ʧʦ ʩʝʡ ʜʝʥʴ ʦʩʪʘʝʪʩʷ ʚ 

ʪʝʥʠ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʤʳ ʩʦʯʣʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʟʫʯʠʪʴ ʜʠʥʘʤʠʢʫ ʥʘʢʦʧʣʝʥʠʷ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʥʘʜʟʝʤʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʦʨʛʘʥʘʭ ʬʘʩʦʣʠ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ 

2018ï2020 ʛʛ. ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʪʦʨʳʭ ʫʢʘʟʘʥʳ ʚ ʊʘʙʣʠʮʝ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʪʘʙʣʠʮʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟ ʨʘʟʚʠʪʠʷ ʚ ʩʝʤʝʥʘʭ, ʩʪʝʙʣʝ, ʣʝʧʝʩʪʢʘʭ ʠ ʢʦʨʥʷʭ ʬʘʩʦʣʠ ʥʘʢʦʧʣʝʥʠʝ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ. ɼʠʥʘʤʠʢʘ ʥʘʢʦʧʣʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ 

ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʘʭ ʦʚʦʱʥʦʡ ʬʘʩʦʣʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚ ʬʘʟʘʭ ʚʝʪʚʣʝʥʠʷ, ʮʚʝʪʝʥʠʷ, ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʬʘʩʦʣʠ ʠ ʧʦʣʥʦʡ ʩʧʝʣʦʩʪʠ.  

ɸʥʘʣʠʟʠʨʫʷ ʚʣʠʷʥʠʝ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʦʚʦʱʥʦʡ ʬʘʩʦʣʠ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʥʘʢʦʧʣʝʥʠʝ ʘʟʦʪʘ ʚ 

ʟʝʣʝʥʦʡ ʬʘʩʦʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʚʘʨʠʘʥʪʝ N60P60K30. ʅʘ ʢʦʥʪʨʦʣʝ ʠ ʚ ʚʘʨʠʘʥʪʘʭ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʫʜʦʙʨʝʥʠʡ ʥʘʣʠʯʠʝ ʘʟʦʪʘ ʚʘʨʴʠʨʦʚʘʣʘ ʚ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ 2018ï2020 ʛʛ. ʚ 

ʧʨʝʜʝʣʘʭ 13,9ï18,5%. 

ɺ ʥʘʯʘʣʴʥʳʝ ʬʘʟʳ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʦʙʱʝʝ ʧʦʪʨʝʙʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝʚʝʣʠʢʦ ʠ ʩʦʩʪʘʚʣʷʝʪ 5ï

10% ʦʪ ʦʙʱʝʛʦ ʠʭ ʚʳʥʦʩʘ. ɺ ʧʝʨʠʦʜ ʥʘʨʘʩʪʘʥʠʷ ʚʝʛʝʪʘʪʠʚʥʳʭ ʦʨʛʘʥʦʚ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʪʨʝʙʣʷʝʤʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ ʚ ʧʝʨʠʦʜ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚʳʭ ʦʨʛʘʥʦʚ [13].  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʠʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʚʘʨʠʘʥʪʘʭ ʠʟʤʝʥʷʣʘʩʴ. ʊʘʢ, ʚ 2018-2020 ʛʛ. ʚ ʬʘʟʝ ʚʝʪʚʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʠ ʘʟʦʪʘ 

ʩʦʩʪʘʚʣʷʣʠ 1,05ï1,61%, ʬʦʩʬʦʨʘ ð 0,79ï1,25% ʘ ʢʘʣʠʷ ð 1,30ï1,92%; ʚ ʬʘʟʝ ʮʚʝʪʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,84ï1,28%; 0,44ï0,87% ʠ 0,95ï1,35%; ʚ ʬʘʟʝ ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʩʦʣʠ 2,26ï

2,93%; 0,85ï1,54% ʠ 1,17ï1,65%, ʘ ʚ ʬʘʟʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʝʤʷʥ 3,51ï4,03%; 0,74ï1,01% ʠ 0,86ï

1,07%. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʠʙʦʣʴʰʝʝ ʥʘʣʠʯʠʝ ʘʟʦʪʘ ʚ ʬʘʩʦʣʠ ʚ ʥʘʯʘʣʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʚ 

ʧʝʨʠʦʜ ʮʚʝʪʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʠʭ ʫʤʝʥʴʰʝʥʠʝ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠʭ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʬʘʟʫ ʧʦʣʥʦʡ ʩʧʝʣʦʩʪʠ. ʅʘ ʢʦʥʪʨʦʣʝ ʙʝʟ ʫʜʦʙʨʝʥʠʡ ʚ ʩʨʝʜʥʝʤ ʟʘ 3 ʛʦʜʘ 
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ʧʦʢʘʟʘʪʝʣʠ ʘʟʦʪʘ  ʩʦʩʪʘʚʠʣʠ 2,26% , ʘ ʚ ʚʘʨʠʘʥʪʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʚʦʟʘ 2,59%,ʚ ʚʘʨʠʘʥʪʘʭ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʜʦʟ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠʭ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 2,80ï2,93%. ɺ 

ʩʝʤʝʥʘʭ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʘʚʠʣʠ 3,51%, 37,3% ʠ 3,89ï4,03%. ʅʘʣʠʯʠʝ ʘʟʦʪʘ 

ʚ ʩʝʤʝʥʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʝʣʝʥʦʡ ʬʘʩʦʣʠ ʦʢʘʟʘʣʘʩʴ ʚʳʰʝ ʥʘ 1,12%. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʦʣʝʚʳʭ ʦʧʳʪʘʭ ʥʘ ʩʝʨʳʭ 

ʣʝʩʥʳʭ ʧʦʯʚʘʭ, ʜʘʶʪ ʦʩʥʦʚʘʥʠʷ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʦʧʨʝʜʝʣʷʶʱʝʡ ʨʦʣʠ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʫʨʦʞʘʝʚ ʙʦʣʴʰʠʥʩʪʚʘ ʢʫʣʴʪʫʨ ʩʝʚʦʦʙʦʨʦʪʘ. ʦʪ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʘʟʦʪʦʤ ʟʘʚʠʩʠʪ 

ʪʘʢʞʝ ʧʦʪʨʝʙʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʚ ʬʦʩʬʦʨʝ ʠ ʢʘʣʠʠ [14]. ʉʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʨʘʩʪʝʥʠʷʭ 

ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʨʘʩʪʝʥʠʡ, ʠʭ ʚʦʟʨʘʩʪʘ, ʧʦʯʚʝʥʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʳʨʘʱʠʚʘʥʠʷ ʢʫʣʴʪʫʨʳ, ʧʨʠʝʤʦʚ ʘʛʨʦʪʝʭʥʠʢʠ ʠ ʪ. ʜ. ʅʘʠʙʦʣʴʰʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʦʪʤʝʯʘʝʪʩʷ ʚ ʚʝʛʝʪʘʪʠʚʥʳʭ ʦʨʛʘʥʘʭ ʤʦʣʦʜʳʭ ʨʘʩʪʝʥʠʡ. ʇʦ ʤʝʨʝ ʠʭ 

ʩʪʘʨʝʥʠʷ ʘʟʦʪʠʩʪʳʝ ʚʝʱʝʩʪʚʘ ʧʝʨʝʜʚʠʛʘʶʪʩʷ ʚʦ ʚʥʦʚʴ ʧʦʷʚʠʚʰʠʝʩʷ ʣʠʩʪʴʷ ʠ ʧʦʙʝʛʠ [4].  

ɸʚʪʦʨ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʥʘʣʠʯʠʝ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʦʢʘʟʘʣʘʩʴ 

ʚʳʩʦʢʦʡ ʚ ʣʠʩʪʴʷʭ ʚʠʥʦʛʨʘʜʥʠʢʘ, ʘ ʢʘʣʠʷ ʚ ʟʝʣʝʥʳʭ ʦʪʚʝʪʚʣʝʥʠʷʭ [15]. 

ʅʘʣʠʯʠʝ ʬʦʩʬʦʨʘ ʚ ʨʘʩʪʝʥʠʷʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʟʦʪʦʤ ʩʫʱʝʩʪʚʝʥʥʘ ʥʠʟʢʘ ʠ ʚ ʩʨʝʜʥʝʤ 

ʠʭ ʩʦʦʪʥʦʰʝʥʠʷ 1:3. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʦʙʝʩʧʝʯʝʥʠʝ ʬʦʩʬʦʨʦʤ ʨʘʩʪʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʟʦʪʦʤ ʤʝʥʝʝ ʪʨʝʙʦʚʘʪʝʣʴʥʦ [16]. 

ʇʨʠʤʝʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʦʜ ʦʚʦʱʥʫʶ ʬʘʩʦʣʴ ʪʘʢʞʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʣʦ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ, ʨʘʟʥʠʮʘ ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʦʱʫʪʠʤʘ ʠ 

ʧʦ ʬʘʟʘʤ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ. ʊʘʢ, ʥʘ ʢʦʥʪʨʦʣʝ ʜʘʥʥʳʝ ʬʦʩʬʦʨʘ ʩʦʩʪʘʚʠʣʠ ʚ ʩʨʝʜʥʝʤ 

ʩʦʩʪʘʚʠʣʠ 0,85%, ʘ ʚ ʚʘʨʠʘʥʪʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʜʦʙʨʝʥʠʡ ʦʥʘ ʜʠʥʘʤʠʯʥʘ. ɺ ʬʘʟʝ ʚʝʪʚʣʝʥʠʷ 

ʠʭ ʚʝʣʠʯʠʥʘ ʧʦ ʚʘʨʠʘʥʪʘʤ ʩʦʩʪʘʚʠʣʘ 0,79ï1,25%, ʚ ʬʘʟʝ ʮʚʝʪʝʥʠʷ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ 0,44ï

0,87%, ʚ ʬʘʟʝ ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʩʦʣʠ ʚʥʦʚʴ ʫʚʝʣʠʯʠʚʘʷʩʴ 0,85ï1,54% ʠ ʚ ʬʘʟʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʝʤʷʥ ʧʦʥʠʞʘʷʩʴ ʩʦʩʪʘʚʣʷʝʪ  0,74ï1,01%. 

ɼʣʷ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ, ʢʘʢ ʠ ʜʣʷ ʜʨʫʛʠʭ, ʭʘʨʘʢʪʝʨʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʧʠʪʘʥʠʷ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ, ʢʦʪʦʨʦʝ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʢ ʧʝʨʠʦʜʫ 

ʩʦʟʨʝʚʘʥʠʷ. ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʜʝʨʞʘʥʠʝ N, ʈ2ʆ5, K2ʆ ʦʢʘʟʳʚʘʶʪ ʫʜʦʙʨʝʥʠʷ [13]. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʘʚʠʣʴʥʫʶ ʩʠʩʪʝʤʫ ʫʜʦʙʨʝʥʠʡ, ʥʫʞʥʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ 

ʥʝ ʪʦʣʴʢʦ ʜʦʟʳ ʠ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʥʦ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴ 

ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʣʷ ʦʚʩʘ ʭʘʨʘʢʪʝʨʝʥ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʧʦʛʣʦʱʝʥʠʷ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʬʘʟʳ ʚʳʭʦʜʘ ʚ ʪʨʫʙʢʫ ʠ ʢʦʣʦʰʝʥʠʷ [17]  

ʉʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʥʘʣʠʯʠʶ ʬʦʩʬʦʨʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʤʝʥʴʰʠʝ ʠʭ 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʢʦʥʪʨʦʣʴ ʙʝʟ ʫʜʦʙʨʝʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʦʢʘʟʘʣʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʢʦʧʣʝʥʠʷ 

ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʝʥʠʠ.  

ɺʳʥʦʩ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʧʦʯʚ ʠʟʤʝʥʷʝʪʩʷ ʢʘʢ ʦʪ ʫʨʦʞʘʡʥʦʩʪʠ ʨʘʩʪʝʥʠʷ, ʪʘʢ ʠ 

ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʫʨʦʞʘʷ [18]. 

ʆʜʥʠʤ ʠʟ ʵʣʝʤʝʥʪʦʚ ʥʘʢʦʧʣʝʥʥʳʭ ʚ ʦʨʛʘʥʘʭ ʬʘʩʦʣʠ ʠ ʠʭ ʫʨʦʞʘʝʚ ʷʚʣʷʝʪʩʷ ʢʘʣʠʡ. ɺ 

ʬʘʟʝ ʚʝʪʚʣʝʥʠʷ ʠʭ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʠʣʘ 1,3ï1,92%, ʚ ʬʘʟʝ ʮʚʝʪʝʥʠʷ ð 0,95ï1,35%, 

ʦʙʨʘʟʦʚʘʥʠʠ ʬʘʩʦʣʠ ð 1,17ï1,65% ʠ ʩʝʤʷʥ ð 0,86ï1,07%. ʉʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʜʠʥʘʤʠʢʠ ʥʘʢʦʧʣʝʥʠ ̫ʢʘʣʠʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʠʭ ʥʘʠʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʬʘʟʫ 

ʚʝʪʚʣʝʥʠʷ. ʅʝʢʦʪʦʨʦʝ ʧʦʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʬʘʟʝ ʮʚʝʪʝʥʠʷ, ʥʝʢʦʪʦʨʦʝ 

ʧʦʚʳʰʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʬʘʟʝ ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʩʦʣʠ ʠ ʚʥʦʚʴ ʧʦʥʠʞʝʥʠʝ  ʚ ʬʘʟʝ ʧʦʣʥʦʡ 

ʩʧʝʣʦʩʪʠ. 

ɺʳʥʦʩ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʫʨʦʞʘʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʟʘʚʠʩʠʪ ʦʪ 
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ʚʠʜʘ ʠ ʦʙʲʝʤʘ ʚʥʦʩʠʤʳʭ ʫʜʦʙʨʝʥʠʡ, ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʧʦʯʚ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʜʨ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʨʘʩʪʝʥʠʡ ʢ ʧʠʪʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʝ ʪʦʣʴ ʚ 

ʧʦʣʫʯʝʥʠʠ ʚʳʩʦʢʦʛʦ ʫʨʦʞʘʷ, ʥʦ ʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʝʙʣʷ, ʣʝʧʝʩʪʢʦʚ, ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʠ ʜʨ. 

ʈʘʮʠʦʥʘʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʩ ʧʠʪʘʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ [18].   

ʋ ʙʦʣʴʰʠʥʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ ʚ ʧʦʙʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ 

ʚʳʰʝ, ʯʝʤ ʚ ʪʦʚʘʨʥʦʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʪʝʧʝʥʴ ʚʦʟʚʨʘʪʘ ʢʘʣʠʷ ʚ ʧʦʯʚʫ ʩ ʥʝʪʦʚʘʨʥʦʡ ʤʘʩʩʦʡ 

ʫʨʦʞʘʷ (ʥʘʧʨʠʤʝʨ, ʩ ʩʦʣʦʤʦʡ ʠ ʩʪʝʙʣʷʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʘʢ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʫʜʦʙʨʝʥʠʝʤ, 

ʠʣʠ ʦʧʦʩʨʝʜʦʚʘʥʦ ʯʝʨʝʟ ʥʘʚʦʟ) ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ, ʯʝʤ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ, ʘ 

ʦʪʯʫʞʜʝʥʠʝ ʙʝʟʚʦʟʚʨʘʪʥʦ ʩ ʧʦʣʷ ʩ ʫʨʦʞʘʝʤ ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘʦʙʦʨʦʪ ð ʥʠʞʝ [19].  

ʄʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʢʘʣʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʬʘʟʝ ʚʝʪʚʣʝʥʠʷ, ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʬʘʟʝ ʮʚʝʪʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʚ ʬʘʟʝ ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʩʦʣʠ.  

 
ʊʘʙʣʠʮʘ 1.  

ɺʃʀʗʅʀɽ ʋɼʆɹʈɽʅʀʁ ʅɸ ɼʀʅɸʄʀʂʋ ʅɸʂʆʇʃɽʅʀʗ ʇʀʊɸʊɽʃʔʅʓʍ ʕʃɽʄɽʅʊʆɺ  

ɺ ʌɸʉʆʃʀ, % (ʩʨʝʜ. ʟʘ 2018ï2020 ʛʛ.) 

 

ɺʘʨʠʘʥʪʳ ʌʘʟʳ 

ɺʝʪʚʣʝʥʠʝ  ʎʚʝʪʝʥʠʝ ʆʙʨʘʟʦʚʘʥʠʝ 

ʬʘʩʦʣʠ 

ʆʙʨʘʟʦʚʘʥʠʝ ʩʝʤʷʥ 

N P2O5 K2O N P2O5 K2O N P2O5 K2O N P2O5 K2O 

ʂʦʥʪʨʦʣʴ 1,05 0,79 1,30 0,84 0,44 0,95 2,26 0,85 1,17 3,51 0,74 0,86 

10 ʪ. ʥʘʚʦʟ  1,35 1,00 1,70 0,95 0,57 1,07 2,59 1,30 1,44 3,73 0,85 0,96 

N30P30K30 1,43 1,08 1,82 1,15 0,78 1,25 2,80 1,46 1,56 3,89 0,97 1,01 

N60P60K30 1,61 1,25 1,92 1,28 0,87 1,35 2,93 1,54 1,65 4,03 1,01 1,07 

N90P60K60 1,58 1,20 1,86 1,22 0,81 1,34 2,89 1,46 1,65 3,92 0,93 0,94 

 

ʅʘʣʠʯʠʝ ʥʘʢʦʧʣʝʥʠʷ ʢʘʣʠʷ ʚ ʨʘʩʪʝʥʠʠ ʧʦ ʚʘʨʠʘʥʪʘʤ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ. ɽʩʣʠ ʥʘ 

ʢʦʥʪʨʦʣʝ ʩʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʣʠʷ ʟʘ 3-ʭ ʣʝʪ ʩʦʩʪʘʚʣʷʶʪ 0,86%, ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʜʦʟʝ N60P60K30 ʠʭ ʧʦʢʘʟʘʪʝʣʠ ʩʦʩʪʘʚʠʣʠ 1,07%. ɺ ʮʝʣʦʤ ʧʨʠʨʦʩʪ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʶ ʩʦʩʪʘʚʠʣ 24,4%.  

ɺ ʬʘʟʝ ʚʝʪʚʣʝʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʠ ʬʘʩʦʣʠ ʥʘʢʦʧʣʝʥʠʝ ʘʟʦʪʘ ʠ ʢʘʣʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʬʦʩʬʦʨʦʤ ʦʢʘʟʘʣʠʩʴ ʚʳʰʝ. ɺ ʬʘʟʝ ʮʚʝʪʝʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʢʘʣʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʩʬʦʨʦʤ 

ʦʢʘʟʘʣʦʩʴ ʚ 1,5ï2,0 ʨʘʟʘ ʚʳʰʝ.  

ʅʘʢʦʧʣʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʨʘʩʪʝʥʠʷʭ ʟʘʚʠʩʠʪ ʦʪ ʬʘʟ ʨʘʟʚʠʪʠʷ, 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʧʦʯʚ ʧʠʪʘʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʧʦʯʚʝʥʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʜʨ. ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ [20]. 

ʈʝʟʫʣʴʪʘʪʳ 3-ʭ ʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʬʘʟʝ ʧʦʣʥʦʡ ʩʧʝʣʦʩʪʠ ʬʘʩʦʣʠ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʷ ʥʘʣʠʯʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʨʛʘʥʘʭ ʨʘʩʪʝʥʠʷ. ʊʘʢ, ʥʘʣʠʯʠʝ ʘʟʦʪʘ 

ʚ ʬʠʪʦʤʘʩʩʝ (ʥʘʜʟʝʤʥʦʡ ʠ ʧʦʜʟʝʤʥʦʡ) ʩʦʩʪʘʚʠʣʘ 0,8ï1,1%, ʢʘʣʠʷ ð 0,32ï0,40% ʠ ʬʦʩʬʦʨʘ ð 

0,16ï0,32%. 

ʂʦʣʠʯʝʩʪʚʦ ʘʟʦʪʘ ʚ ʬʘʩʦʣʠ ʠ ʩʝʤʝʥʘʭ ʦʢʘʟʘʣʘʩʴ ʚʳʰʝ ʧʦʢʘʟʘʪʝʣʝʡ ʬʦʩʬʦʨʘ ð 2,26ï

4,03% ʠ ʢʘʣʠʷ ð 0,86ï1,65%, ʚ 2,5ï3,0 ʨʘʟʘ, ʩʦʩʪʘʚʣʷʷ 0,74ï1,54%.  

ɸʥʘʣʠʟʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʥʝʩʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʦʜ ʦʚʦʱʥʫʶ 

ʬʘʩʦʣʴ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʠ ʢʦʣʠʯʝʩʪʚʦ ʥʘʢʦʧʣʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʝʥʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʚ ʬʘʟʝ ʚʝʪʚʣʝʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʘʩʦʣʠ, 

ʙʦʣʴʰʘʷ ʜʦʣʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʘʟʦʪ ʠ ʢʘʣʠʡ.  
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ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟ ʨʘʟʚʠʪʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʥʘʢʦʧʣʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʟʘʬʠʢʩʠʨʦʚʘʥʦ  ʥʘʠʙʦʣʴʰʝʝ ʥʘʢʦʧʣʝʥʠʝ ʚ ʬʘʩʦʣʠ ʠ 

ʩʝʤʝʥʘʭ ʘʟʦʪʘ ʠ ʢʘʣʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʩʬʦʨʦʤ. ɿʘʚʝʩʴ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ʬʘʩʦʣʠ 

ʥʘʢʦʧʣʝʥʠʝ ʘʟʦʪʘ ʠ ʢʘʣʠʷ ʜʦʤʠʥʠʨʫʶʪ, ʘ ʚ ʢʦʥʮʝ ʚʝʛʝʪʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ 

ʧʦʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʘʣʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ 25ï30% 

ʥʘʢʦʧʣʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠʭʦʜʷʪʩʷ ʜʦ ʬʘʟʳ ʩʦʟʨʝʚʘʥʠʷ ʬʘʩʦʣʠ, ʘ 70ï75% ð ʧʦʩʣʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʩʦʣʠ ʠ ʩʝʤʷʥ.   

ʂ ʬʘʟʝ ʮʚʝʪʝʥʠʝ ʨʘʩʪʝʥʠʷ ʛʦʨʦʭʘ ʠʩʧʦʣʴʟʫʶʪ 38ï50% N, 32ï75% P2O5, 58ï70% K2O ʦʪ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʘ ʚʝʛʝʪʘʮʠʶ [21].  

ɺʳʷʚʣʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʫʨʦʞʘʡʥʦʩʪʴʶ ʦʚʦʱʥʦʡ ʬʘʩʦʣʠ ʠ ʩʝʤʷʥ ʩ ʥʘʢʦʧʣʝʥʥʳʤʠ ʚ ʥʠʭ 

ʙʠʦʛʝʥʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʇʨʦʚʝʜʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ 

ʚʳʩʦʢʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʧʠʪʘʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʫʨʦʞʘʡʥʦʩʪʴʶ 

ʬʘʩʦʣʠ ʠ ʩʝʤʷʥ: ʋʩʪʘʥʦʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʫʨʦʞʘʡʥʦʩʪʴʶ ʬʘʩʦʣʠ ʠ ʩʝʤʷʥ ʦʚʦʱʥʦʡ 

ʬʘʩʦʣʠ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʥʘʢʦʧʣʝʥʥʳʭ ʚ ʥʠʭ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʪʨʝʭʣʝʪʥʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʫʨʦʞʘʡʥʦʩʪʴʶ ʬʘʩʦʣʠ ʠ ʧʠʪʘʪʝʣʴʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʚ ʬʘʩʦʣʠ ʙʳʣʘ ʚʳʩʦʢʦʡ: ʘʟʦʪ ð r=0,967, ʬʦʩʬʦʨ ð r=0,942 ʠ ʢʘʣʠʡ ð r=0,949. 

ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʝʤʝʥʘʤʠ ʠ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ð r=0,943, 

r=0,888 ʠ r=0,727.  

ʄʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʘʟʳ ʨʦʩʪʘ ʚ ʚʝʛʝʪʘʪʠʚʥʳʭ ʯʘʩʪʷʭ ʨʘʩʪʝʥʠʡ 

ʠ ʚ ʫʨʦʞʘʝ ʫʩʪʘʥʦʚʣʝʥʘ ʢʦʨʨʝʣʷʪʠʚʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʠ ʢʘʯʝʩʪʚʦ ʫʨʦʞʘʷ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚʝʛʝʪʘʪʠʚʥʳʭ ʦʨʛʘʥʦʚ. ʆʩʦʙʝʥʥʦ 

ʚʳʩʦʢʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ ʚ ʣʠʩʪʴʷʭ ʚ ʢʦʥʮʝ ʮʚʝʪʝʥʠʷ ʠ 

ʫʨʦʞʘʝʤ ʨʘʩʪʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʧʦʯʚʘʭ,  ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʙʝʩʧʝʯʝʥʥʳʭ ʘʟʦʪʦʤ. ʊʘʢ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʧʰʝʥʠʮʳ ʠ ʷʯʤʝʥʷ ʩʦʩʪʘʚʣʷʣ 0,80ï0,94, ʢʫʢʫʨʫʟʳ ð 0,81ï0,86, 

ʛʦʨʦʭʘ ð 0,87, ʢʘʨʪʦʬʝʣʷ ð 0,79 ʠ ʪ. ʜ. [4]. 

ɺʳʥʦʩ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʨʘʩʪʝʥʠʷʤʠ ʠʟ ʧʦʯʚʳ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʨʦʞʘʷ. 

ʆʜʥʘʢʦ ʧʨʷʤʦʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ ʫʨʦʞʘʷ ʠ ʨʘʟʤʝʨʦʤ ʚʳʥʦʩʘ ʦʩʥʦʚʥʳʭ 

ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʯʘʩʪʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʇʨʠ ʙʦʣʴʰʝʤ ʫʨʦʚʥʝ ʫʨʦʞʘʡʥʦʩʪʠ ʟʘʪʨʘʪʳ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʝʜʠʥʠʮʳ ʧʨʦʜʫʢʮʠʠ ʦʙʳʯʥʦ ʩʥʠʞʘʶʪʩʷ [8].  

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʜʣʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʪʝʩʥʦʡ 

ʩʚʷʟʠ ʤʝʞʜʫ ʚʥʝʩʝʥʥʳʤʠ ʥʦʨʤʘʤʠ ʫʜʦʙʨʝʥʠʡ ʩ ʫʨʦʞʘʡʥʦʩʪʴʶ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ [22]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʧʠʨʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʳ 3-ʭ ʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʝʜʫʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʥʘʢʦʧʣʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʝʥʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʬʘʟʘʤ ʨʘʟʚʠʪʠʷ 

ʨʘʩʪʝʥʠʷ ʠ ʠʤʝʝʪʩʷ ʪʝʩʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʫʨʦʞʘʡʥʦʩʪʴʶ ʬʘʩʦʣʠ ʠ ʩʝʤʷʥ ʩ 

ʥʘʣʠʯʠʝʤ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ.  

 

ɺr ʚʦʜʳ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʬʘʟʝ ʚʝʪʚʣʝʥʠʷ ʩʦʩʪʘʚʠʣʦ 1,05ï1,61%, ʬʦʩʬʦʨʘ ð 

0,79ï1,25% ʠ ʢʘʣʠʷ ð 1,30ï1,92%, ʚ ʬʘʟʝ ʮʚʝʪʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,84ï1,28%; 0,44ï0,87% ʠ 

0,95ï1,35%, ʚ ʧʝʨʠʦʜ ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʩʦʣʠ: ʘʟʦʪ ð 2,26ï2,93%; ʬʦʩʬʦʨ ð 0,85ï1,54% ʠ 

ʢʘʣʠʡ ð 1,17ï1,65%, ʚ ʬʘʟʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʝʤʷʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 3,51ï4,03%; 0,74ï1,01% ʠ 

0,86ï1,07%. 

ɺr ʷʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ  ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ ʚ ʬʘʩʦʣʠ ʠ ʩʝʤʝʥʘʭ. 

ɺʳʷʚʣʝʥʦ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʠʪʘʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ 

ʫʨʦʞʘʡʥʦʩʪʠ ʦʚʦʱʥʦʡ ʬʘʩʦʣʠ: ʘʟʦʪ ð r=0,967, ʬʦʩʬʦʨ ð r=0,942 ʠ ʢʘʣʠʡ ð r=0,949; ʤʝʞʜʫ 
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ʫʨʦʞʘʡʥʦʩʪʴʶ ʩʝʤʷʥ: ʘʟʦʪ ð r=0,943, ʬʦʩʬʦʨ ð r=0,888 ʠ ʢʘʣʠʡ ð r=0,727. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʥʘ 

ʟʘʨʘʞʝʥʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʟʘʨʘʞʝʥʥʦʩʪʠ 

ʧʘʨʘʟʠʪʘʨʥʳʤʠ ʙʦʣʝʟʥʷʤʠ ʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʨʝʢʦʤʝʥʜʫʝʤ ʦʧʨʳʩʢʠʚʘʥʠʝ ʧʦʩʝʚʦʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʩ ʧʨʝʧʘʨʘʪʘʤʠ CuproTGK ɻʂ-Cu, ɻʂ-

Zn, ɼɸɻ-1, ɼɸɻ-2. ʆʜʥʘʢʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʝʧʘʨʘʪʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʬʫʥʛʠʩʪʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʇʨʝʧʘʨʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ 

ʮʝʣʷʭ ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʟʘʨʘʞʝʥʥʦʩʪʠ ʦʟʠʤʦʡ ʨʞʠ ʛʨʠʙʥʳʤʠ ʧʘʨʘʟʠʪʘʤʠ. 
 

Abstract. The paper presents data from studies of the influence of growth regulators on the 

infection of winter wheat plants. To reduce the level of infection with parasitic diseases and the 

negative impact of environmental factors, we recommend spraying winter wheat crops with 

CuproTGK GK-Cu, GK-Zn, DAG-1, DAG-2 preparations. However, the positive effect of the 

investigated drugs is limited by fungistatic activity. The preparations can be used for prophylactic 

purposes to reduce the level of infection of winter rye with fungal parasites. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʨʦʩʪʘ, ʦʟʠʤʘʷ ʧʰʝʥʠʮʘ, ʛʨʠʙʥʳʝ ʙʦʣʝʟʥʠ. 
 

Keywords: growth control, winter wheat, fungal diseases. 
 

ʇʰʝʥʠʮʘ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʝʨʥʦʚʳʭ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʫ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʠʤʝʝʪʩʷ ʨʷʜ ʬʠʪʦʧʘʪʦʛʝʥʦʚ, 

ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʳʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʦʨʪʦʚ ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʠʧʘ. ʅʘʠʙʦʣʝʝ ʚʨʝʜʦʥʦʩʥʳʤʠ, ʷʚʣʷʶʪʩʷ ʞʝʣʪʘʷ ʠ ʙʫʨʘʷ 

ʨʞʘʚʯʠʥʳ ʠ ʤʫʯʥʠʩʪʘʷ ʨʦʩʘ ð ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʦʙʣʠʛʘʪʥʳʝ ʧʘʨʘʟʠʪʳ. ʋʱʝʨʙ ʦʪ 

ʨʞʘʚʯʠʥʳ ʠ ʤʫʯʥʠʩʪʦʡ ʨʦʩʳ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 15ï25%. ʅʘ ʬʦʥʝ ʠʥʪʝʥʩʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʠʭ ʚʨʝʜʦʥʦʩʥʦʩʪʴ ʫʩʠʣʠʚʘʝʪʩʷ ʠ, ʧʦʪʝʨʠ ʫʨʦʞʘʷ ʤʦʛʫʪ 

ʚʦʟʨʘʩʪʠ ʝʱʝ ʥʘ 5ï10% [1]. 
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ɹʫʨʘʷ ʨʞʘʚʯʠʥʘ ʫʤʝʥʴʰʘʝʪ ʚʳʥʦʩʣʠʚʦʩʪʴ ʨʘʩʪʝʥʠʡ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʩʪʨʝʩʩʦʚʳʤ 

ʬʘʢʪʦʨʘʤ, ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʦʪʤʠʨʘʥʠʶ ʣʠʩʪʴʝʚ ʠ ʧʨʝʢʨʘʱʝʥʠʶ ʬʦʪʦʩʠʥʪʝʟʘ, 

ʩʥʠʞʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʣʦʜʳʭ ʧʦʩʝʚʦʚ ʠ ʧʦʪʝʨʝ ʫʨʦʞʘʷ [2]. ʄʫʯʥʠʩʪʘʷ ʨʦʩʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʧʦʚʩʝʤʝʩʪʥʦ. ʃʠʩʪʴʷ ʙʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʧʦʢʨʳʚʘʶʪʩʷ ʙʝʣʳʤ ʤʫʯʥʠʩʪʳʤ 

ʥʘʣʝʪʦʤ ʢʦʥʠʜʠʘʣʴʥʦʛʦ ʩʧʦʨʦʥʦʰʝʥʠʷ ʛʨʠʙʘ, ʞʝʣʪʝʶʪ ʠ, ʧʨʠ ʩʠʣʴʥʦʤ ʧʦʨʘʞʝʥʠʠ, ʦʪʤʠʨʘʶʪ. 

ʅʘ ʤʫʯʥʠʩʪʦʤ ʥʘʣʝʪʝ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʯʝʨʥʳʝ ʪʦʯʝʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ð ʢʣʝʡʩʪʦʪʝʮʠʠ 

ʧʘʪʦʛʝʥʘ (ʩʫʤʯʘʪʘʷ ʩʪʘʜʠʷ) [3]. 

ʈʞʘʚʯʠʥʥʳʝ ʛʨʠʙʳ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʜʠʢʦʨʘʩʪʫʱʠʭ 

ʟʣʘʢʦʚʳʭ ʪʨʘʚʘʭ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʨʝʟʝʨʚʘʪʦʨʘʤʠ ʧʘʪʦʛʝʥʦʚ ʜʣʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ [4]. 

ʇʨʦʪʠʚ ʨʞʘʚʯʠʥʳ ʠ ʤʫʯʥʠʩʪʦʡ ʨʦʩʳ ʧʨʠʤʝʥʷʶʪ ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ. ʆʜʥʘʢʦ, 

ʦʙʣʘʜʘʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʬʫʥʛʠʮʠʜʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʥʠ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʢʫʣʴʪʫʨʥʳʭ ʨʘʩʪʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ. 

ʍʠʤʠʯʝʩʢʘʷ ʟʘʱʠʪʘ ʨʘʩʪʝʥʠʡ ð ʠʩʪʦʯʥʠʢ ʩʝʨʴʝʟʥʝʡʰʝʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʘʛʨʦʵʢʦʩʠʩʪʝʤʳ, ʚʦʜʳ 

ʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʅʘʠʙʦʣʝʝ ʧʦʩʪʦʷʥʥʳʡ, ʜʣʠʪʝʣʴʥʳʡ ʠ ʙʝʟʦʧʘʩʥʳʡ ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ 

ʜʘʶʪ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ. ʆʥʠ ʦʧʪʠʤʠʟʠʨʫʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʨʘʩʪʝʥʠʡ ʠ, ʪʝʤ ʩʘʤʳʤ, ʠʥʜʫʮʠʨʫʶʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʭ ʢ ʧʘʪʦʛʝʥʘʤ ʠ ʜʨʫʛʠʤ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʘʤ ʩʨʝʜʳ [5ï6]. 

ʇʦ ʤʥʝʥʠʶ ɸ. ʆ. ʄʘʨʯʝʥʢʦ [7], ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʫʧʨʘʚʣʷʶʱʠʤ ʨʝʘʣʠʟʘʮʠʝʡ 

ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʨʛʘʥʠʟʤʘ, ʷʚʣʷʶʪʩʷ ʬʠʪʦ ʛʦʨʤʦʥʳ. ɺ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʥʠ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʵʢʩʧʨʝʩʩʠʶ çʥʫʞʥʳʭè ʛʝʥʦʚ ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʨʝʘʣʠʟʘʮʠʶ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʩʪʝʥʠʷ. ʆʯʝʚʠʜʥʦ, ʩʦ ʚʨʝʤʝʥʝʤ 

ʩʧʠʩʦʢ ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʬʠʪʦʛʦʨʤʦʥʦʚ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ʕʪʦ ʨʘʩʰʠʨʠʪ ʥʘʰʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʦ ʪʦʤ, ʢʘʢ ʛʦʨʤʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʫʝʪ ʦʥʪʦʛʝʥʝʟ ʨʘʩʪʝʥʠʡ ʠ ʢʘʢ ʦʥʘ ʫʯʘʩʪʚʫʝʪ ʚ ʦʪʚʝʪʝ 

ʨʘʩʪʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʝ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʂʘʢ ʚʳʷʩʥʠʣʦʩʴ, ʦʯʝʥʴ ʤʥʦʛʠʝ ʧʘʨʘʟʠʪʳ ʨʘʩʪʝʥʠʡ ʢʘʢ ʛʨʠʙʥʦʛʦ, ʪʘʢ ʠ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʬʠʪʦʛʦʨʤʦʥʳ, ʢʦʪʦʨʳʝ ʦʥʠ ʘʢʪʠʚʥʦ ʩʠʥʪʝʟʠʨʫʶʪ ʜʣʷ 

çʭʠʤʠʯʝʩʢʦʡ ʘʪʘʢʠè ʥʘ ʨʘʩʪʝʥʠʝ-ʭʦʟʷʠʥʘ [8ï10]. ʇʘʪʦʛʝʥʳ, ʚ ʭʦʜʝ ʩʣʦʞʥʦʡ ʵʚʦʣʶʮʠʠ, 

ʚʳʨʘʙʦʪʘʣʠ ʢʦʤʧʣʝʢʩ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟ ʨʘʩʪʠʪʝʣʴʥʳʭ ʪʢʘʥʝʡ ʥʝʦʙʭʦʜʠʤʳʝ 

ʚʝʱʝʩʪʚʘ. ʆʜʥʘʢʦ ʚʥʝʜʨʝʥʠʝ ʠʥʬʝʢʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘʨʫʰʘʝʪ ʮʝʣʦʩʪʥʦʩʪʴ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʦʨʛʘʥʠʟʤʘ. ʆʙʣʠʛʘʪʥʳʡ ʧʘʨʘʟʠʪʠʟʤ ʚ ʩʚʦʝʤ ʧʨʦʷʚʣʝʥʠʠ ʯʝʤ-ʪʦ ʩʭʦʞ ʩ ʘʙʠʦʪʠʯʝʩʢʠʤ 

ʩʪʨʝʩʩʦʤ, ʢʦʪʦʨʳʡ ʥʝ ʫʙʠʚʘʝʪ ʨʘʩʪʝʥʠʝ, ʥʦ ʟʘʩʪʘʚʣʷʝʪ ʤʦʙʠʣʠʟʦʚʘʪʴ ʚʩʝ ʩʠʩʪʝʤʳ ʢ 

ʧʦʚʳʰʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʨʝʧʘʨʘʮʠʠ. ʖ. ʊ. ɼʴʷʢʦʚ [11] ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʢʪʠʚʠʟʘʮʠʶ ʩʠʥʪʝʟʘ 

ʩʪʨʝʩʩʦʚʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʥʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʚʥʝʜʨʝʥʠʷ ʧʘʪʦʛʝʥʘ. ʈʘʩʪʝʥʠʝ ʧʨʦʪʠʚʦʩʪʦʠʪ 

ʚʥʝʜʨʝʥʠʶ ʧʘʪʦʛʝʥʘ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʨʫʣʝʥʪʥʦʩʪʠ, ʥʦ ʢʦʛʜʘ ʦʥʦ ʚʦʩʧʨʠʠʤʯʠʚʦ ʢ 

ʧʘʪʦʛʝʥʫ, ʦʪʚʝʪʥʳʝ ʨʝʘʢʮʠʠ ʥʘ ʟʘʨʘʞʝʥʠʝ ʧʨʦʪʝʢʘʶʪ ʚʷʣʦ ʠ ʧʘʨʘʟʠʪ ʫʩʧʝʚʘʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʠʥʬʝʢʮʠʦʥʥʳʝ ʛʠʬʳ ʠ ʜʘʪʴ ʧʦʪʦʤʩʪʚʦ. 

ɺʥʝʜʨʝʥʠʝ ʧʘʪʦʛʝʥʘ ʚʳʟʳʚʘʝʪ ʫ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʩʪʝʥʠʷ ʢʘʩʢʘʜ ʟʘʱʠʪʥʳʭ ʨʝʘʢʮʠʡ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʣʦʢʘʣʠʟʘʮʠʠ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʦʯʘʛʘ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ 

ʦʨʛʘʥʠʟʤʝ ʩʠʩʪʝʤʥʦʡ ʧʨʠʦʙʨʝʪʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɽʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʷʟʳʚʘʶʪ ʩ 

ʧʨʦʜʫʢʮʠʝʡ ʩʠʛʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʚ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʪʢʘʥʷʭ ʠ ʠʭ ʪʨʘʥʩʣʦʢʘʮʠʝʡ ʢ 

ʥʝʠʥʬʠʮʠʨʦʚʘʥʥʳʤ ʯʘʩʪʷʤ ʨʘʩʪʝʥʠʷ, ʛʜʝ ʦʥʠ ʠʥʜʫʮʠʨʫʶʪ ʟʘʱʠʪʥʳʝ ʨʝʘʢʮʠʠ, ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʪʦʨʠʯʥʳʤ ʠʥʬʝʢʮʠʷʤ [12]. 

ʆʜʥʠʤ ʠʟ ʠʥʜʫʢʪʦʨʦʚ ʩʠʛʥʘʣʘ ʦ ʚʥʝʜʨʝʥʠʠ ʧʘʪʦʛʝʥʘ ʷʚʣʷʝʪʩʷ ʘʨʘʭʠʜʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, 

ʚʭʦʜʷʱʘʷ ʚ ʩʦʩʪʘʚ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ ʛʠʬ ʬʠʪʦʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʦʚ [13]. 

ʀʟʚʝʩʪʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʪʦʨʠʯʥʳʝ ʤʝʪʘʙʦʣʠʪʳ, ʟʘʱʠʱʘʶʱʠʝ ʚʳʩʰʠʝ ʨʘʩʪʝʥʠʷ ʦʪ 
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ʚʨʝʜʥʳʭ ʜʣʷ ʥʠʭ ʦʨʛʘʥʠʟʤʦʚ. ʆʜʥʠ ʠʟ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʟʜʦʨʦʚʳʭ ʪʢʘʥʷʭ, 

ʜʨʫʛʠʝ ʧʦʷʚʣʷʶʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʠʥʬʝʢʮʠʶ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʟʘʱʠʪʥʳʭ ʚʝʱʝʩʪʚ ʦʪʥʦʩʠʪʩʷ ʢ 

ʬʝʥʦʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ [14]. ʆʢʩʠʢʦʨʠʯʥʳʝ ʢʠʩʣʦʪʳ: n-ʦʢʩʠʢʦʨʠʯʥʘʷ (n-ʢʫʤʘʨʦʚʘʷ), 

ʢʦʬʝʡʥʘʷ, ʬʝʨʫʣʦʚʘʷ ʠ ʩʠʥʘʧʦʚʘʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʨʘʩʪʝʥʠʷʭ, ʢʘʢ ʚ ʩʚʦʙʦʜʥʦʤ, ʪʘʢ ʠ ʚ 

ʩʚʷʟʘʥʥʦʤ ʚʠʜʝ. ʆʥʠ ʚʣʠʷʶʪ ʥʘ ʧʨʦʮʝʩʩʳ ʨʦʩʪʘ, ʘ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ð ʦʢʩʠʢʦʨʠʯʥʳʝ ʩʧʠʨʪʳ 

ð ʠʩʭʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʙʠʦʩʠʥʪʝʟʝ ʣʠʛʥʠʥʘ [15]. ʃʠʛʥʠʬʠʢʘʮʠʷ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ 

ʩʦʟʜʘʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʝʛʨʘʜʫ ʢ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʠʥʬʝʢʮʠʠ. 

ʂʨʝʤʥʠʡ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʍ. ʂʫʥʦ ʩ 

ʩʦʘʚʪʦʨʘʤʠ [16] ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ ʥʘʢʦʧʣʝʥʠʝ ʢʨʝʤʥʠʷ ʠ 

ʢʘʣʴʮʠʷ ʚ ʧʘʧʠʣʣʘʭ ʚ ʩʘʡʪʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʧʠʜʝʨʤʠʩʘ ʷʯʤʝʥʷ ʠ ʚʦʟʙʫʜʠʪʝʣʷ ʤʫʯʥʠʩʪʦʡ 

ʨʦʩʳ. ɺʥʝʜʨʷʷʩʴ ʚ ʪʢʘʥʠ ʨʘʩʪʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʩʠʩʪʝʤʦʡ ʧʦʛʣʦʱʝʥʠʷ ʠ ʤʝʪʘʙʦʣʠʟʘʮʠʠ 

ʢʨʝʤʥʠʷ, ʨʞʘʚʯʠʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʝʪ ʝʛʦ ʧʦʛʣʦʱʝʥʠʝ ʠʟ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʇʨʠ ʵʪʦʤ 

ʢʨʝʤʥʠʡ ʚʳʷʚʣʷʝʪʩʷ ʚ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʛʨʠʙʦʤ ʢʣʝʪʢʘʭ ʤʝʟʦʬʠʣʣʘ, ʘ ʪʘʢʞʝ ʚ ʧʦʛʨʘʥʠʯʥʦʡ 

ʟʦʥʝ ʤʝʞʜʫ ʛʘʫʩʪʦʨʠʝʤ ʛʨʠʙʘ ʠ ʮʠʪʦʧʣʘʟʤʦʡ ʭʦʟʷʠʥʘ [17]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʵʢʟʦʛʝʥʥʦʡ ʨʝʛʫʣʷʮʠʠ ʨʦʩʪʘ ʷʚʣʷʝʪʩʷ çʦʪʚʣʝʯʝʥʠʝè 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʠʟʤʘ ʦʪ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʘʪʦʛʝʥʘ, ʧʦʚʳʰʝʥʠʝ ʦʙʱʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʩʪʝʥʠʷ ʢ ʘʙʠʦʪʠʯʝʩʢʠʤ ʩʪʨʝʩʩʘʤ, ʤʦʙʠʣʠʟʘʮʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ 

ʵʣʠʩʠʪʦʨʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʠʣʠ ʦʩʣʘʙʣʝʥʠʶ ʠʥʬʝʢʮʠʠ, ʘ ʚʥʝʩʝʥʠʝ 

ʣʝʛʢʦʜʦʩʪʫʧʥʦʛʦ ʢʨʝʤʥʠʷ ʧʦʟʚʦʣʠʪ ʨʘʩʪʝʥʠʶ ʙʳʩʪʨʝʝ ʩʦʟʜʘʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʝʛʨʘʜʫ ʥʘ 

ʧʫʪʠ ʢ ʠʥʬʝʢʮʠʠ. 
 

ʄʝʪʦʜʠʢʘ ʠ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʝʣʢʦʜʝʣʷʥʦʯʥʳʡ ʦʧʳʪ ʟʘʢʣʘʜʳʚʘʣʩʷ ʥʘ ʩʣʘʙʦʟʘʩʦʣʝʥʥʦʤ ʧʦʯʚʝ ʚ 2004ï2014 ʛʛ. 

ʤʝʪʦʜʦʤ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʳʭ ʧʦʚʪʦʨʝʥʠʡ, ʚ ʯʝʪʳʨʝʭʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. ʆʙʱʘʷ ʧʣʦʱʘʜʴ 

ʜʝʣʷʥʢʠ ʩʦʩʪʘʚʠʣʘ 7,2 ʤ2 (3,6 Ĭ 2 ʤ), ʫʯʝʪʥʘʷ ʧʣʦʱʘʜʴ ð ʜʝʣʷʥʢʠ 1 ʤ2. ʇʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ 

ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ ʦʧʳʪʝ ʚ 2004ï2006 ʛʛ. ʙʳʣ ʭʣʦʧʯʘʪʥʠʢ ʚʪʦʨʦʛʦ ʛʦʜʘ ʧʦʣʴʟʦʚʘʥʠʷ, ʚ 2007ï

2009 ʛʛ. ð ʣʶʮʝʨʥʘ ʩʝʜʴʤʦʛʦ ʛʦʜʘ ʧʦʣʴʟʦʚʘʥʠʷ, ʚ 2010ï2014 ʛʛ. ð ʭʣʦʧʯʘʪʥʠʢ. 

ʇʦʩʣʝ ʨʘʟʜʝʣʢʠ ʦʧʳʪʥʦʡ ʫʯʘʩʪʢʠ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ʠ ʣʫʱʝʥʠʷ ʩʪʝʨʥʠ ʧʨʦʠʟʚʝʜʝʥʘ 

ʚʩʧʘʰʢʘ ʧʣʫʛʦʤ ʩ ʧʨʝʜʧʣʫʞʥʠʢʘʤʠ. ɺ ʦʧʳʪʝ ʬʦʥʦʚʘʷ ʜʦʟʘ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʳʣʘ 

ʫʚʝʣʠʯʝʥʘ ʜʦ N100P60K60, ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʚʥʝʩʝʥʠʝʤ ʚ ʚʝʩʝʥʥʶʶ ʧʦʜʢʦʨʤʢʫ ʩʤʝʩʠ ʘʟʦʬʦʩʢʠ 

(N13P19K19) ʠ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ (N34). 

ʇʦʩʝʚ ʧʨʦʚʦʜʠʣʠ ʚ 2004ï2006 ʛʛ. 25 ʩʝʥʪʷʙʨʷ, ʚ 2007ï2009 ʛʛ. ð 30 ʩʝʥʪʷʙʨʷ, 2010ï

2015 ʛʛ. ð 4 ʦʢʪʷʙʨʷ. ʅʦʨʤʘ ʚʳʩʝʚʘ 4 ʤʣʥ ʰʪʫʢ ʥʘ ʛʝʢʪʘʨ. ʉʦʨʪ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ɼʫʩʪʣʠʢ. 

ʆʙʨʘʙʦʪʢʫ ʨʘʩʪʝʥʠʡ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʧʨʝʧʘʨʘʪʘʤʠ ʧʨʦʚʦʜʠʣʠ ʚ ʬʘʟʫ ʢʦʥʮʘ ʢʫʱʝʥʠʷ ð 

ʥʘʯʘʣʘ ʚʳʭʦʜʘ ʚ ʪʨʫʙʢʫ, ʨʘʥʮʝʚʳʤ ʦʧʨʳʩʢʠʚʘʪʝʣʝʤ ʚ ʚʝʯʝʨʥʝʝ ʚʨʝʤʷ, ʜʦʟʘʤʠ ʧʨʝʧʘʨʘʪʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʥʘ ʦʩʥʦʚʝ ʛʣʠʮʠʨʨʠʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ CuproTGK, ɼɸɻ-1, 

ɼɸɻ-2, ɻʂ-Cu, ɻʂ-Zn ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1Ĭ10ī6 ʤʦʣʴ/ʣ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʠʣʠʢʘʪʘ 

ʥʘʪʨʠʷ ð 5% (ʧʦʜʙʠʨʘʣʘʩʴ ʚ ʭʦʜʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ). ʂʦʥʪʨʦʣʴʥʳʝ ʜʝʣʷʥʢʠ 

ʦʧʨʳʩʢʠʚʘʣʠʩʴ ʚʦʜʦʡ. 

ɼʠʘʛʥʦʩʪʠʢʫ ʟʘʨʘʞʝʥʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʚ ʬʘʟʫ ʤʦʣʦʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʝʨʥʘ. ʉ 

ʢʘʞʜʦʡ ʧʦʚʪʦʨʥʦʩʪʠ ʠʟʫʯʘʝʤʦʛʦ ʚʘʨʠʘʥʪʘ ʙʨʘʣʠ ʧʦ 100 ʨʘʩʪʝʥʠʡ, ʠʩʩʣʝʜʦʚʘʣʠ ʪʨʠ ʚʝʨʭʥʠʭ 

ʣʠʩʪʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʨʘʞʝʥʥʦʩʪʠ ʨʞʘʚʯʠʥʦʡ ʩʯʠʪʘʣʠ ʯʠʩʣʦ ʧʫʩʪʫʣ ʥʘ ʚʳʩʝʯʢʝ, ʧʝʨʝʩʯʝʪ 

ʚʝʣʠ ʥʘ 1 ʩʤ2 ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʘ. ɼʠʘʛʥʦʩʪʠʢʫ ʟʘʨʘʞʝʥʥʦʩʪʠ ʤʫʯʥʠʩʪʦʡ ʨʦʩʦʡ ð ʧʦ 

ʧʨʦʮʝʥʪʥʦʡ ʰʢʘʣʝ [18]. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʜʝʣʷʥʢʘʭ ʜʦ ʦʙʨʘʙʦʪʢʠ ʧʨʝʧʘʨʘʪʘʤʠ, 

ʥʝ ʚʳʷʚʠʣʠ ʦʯʘʛʦʚ ʨʞʘʚʯʠʥʳ ʠ ʤʫʯʥʠʩʪʦʡ ʨʦʩʳ. ʅʘ ʧʝʨʝʟʠʤʦʚʘʚʰʠʭ ʣʠʩʪʴʷʭ ʠʤʝʣʠʩʴ 

ʥʝʢʨʦʪʠʯʝʩʢʠʝ ʧʷʪʥʘ ʠ ʧʦʙʫʨʝʥʠʷ ʵʧʠʜʝʨʤʠʩʘ. ʂʦʥʮʳ ʣʠʩʪʴʝʚ ʙʳʣʠ ʩʫʭʠʤʠ, ʩ ʚʠʜʠʤʳʤʠ 
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ʩʣʝʜʘʤʠ ʩʥʝʞʥʦʡ ʧʣʝʩʝʥʠ. ʅʘ ʚʥʦʚʴ ʦʪʨʦʩʰʠʭ ʣʠʩʪʴʷʭ ʠʤʝʣʠʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ 

ʧʦʚʨʝʞʜʝʥʠʷ ʣʠʩʪʦʚʳʤʠ ʙʣʦʰʢʘʤʠ ʠ ʪʨʠʧʩʘʤʠ. ʇʫʩʪʫʣʳ ʙʫʨʦʡ ʨʞʘʚʯʠʥʳ ʠ ʥʘʣʝʪ ʤʫʯʥʠʩʪʦʡ 

ʨʦʩʳ ʜʠʘʛʥʦʩʪʠʨʦʚʘʣʠʩʴ ʚ ʬʘʟʫ ʥʘʯʘʣʘ ʚʳʭʦʜʘ ʚ ʪʨʫʙʢʫ ʥʘ ʚʩʝʭ ʜʝʣʷʥʢʘʭ, ʥʦ ʩʪʝʧʝʥʴ 

ʧʦʨʘʞʝʥʠʷ ʦʩʪʘʚʘʣʘʩʴ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ.  
 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʍ. ʄʘʩʩʝʣ [19] ʠ ʖ. ɹ. ʂʦʥʦʚʘʣʦʚ ʩ ʩʦʘʚʪʦʨʘʤʠ [20] ʧʨʝʜʣʘʛʘʶʪ ʚʝʩʪʠ ʩʝʣʝʢʮʠʶ ʥʝ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʟʘʨʘʞʝʥʠʶ ʧʘʪʦʛʝʥʦʤ, ʘ ʥʘ ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʢ ʙʦʣʝʟʥʠ, ʪ. ʝ. ʩʧʦʩʦʙʥʦʩʪʴ ʚ 

ʵʧʠʬʠʪʦʪʠʡʥʳʝ ʛʦʜʳ ʩʦʭʨʘʥʷʪʴ ʫʨʦʞʘʡ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. 

ɼʘʥʥʘʷ ʩʪʨʘʪʝʛʠʷ ʘʥʘʣʦʛʠʯʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʨʦʛʦʚ ʚʨʝʜʦʥʦʩʥʦʩʪʠ, 

ʚʟʘʤʝʥ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʠʩʢʦʨʝʥʷʶʱʠʤ ʦʙʨʘʙʦʪʢʘʤ. ʈʝʛʫʣʷʪʦʨʳ ʨʦʩʪʘ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ, ʦʙʣʘʜʘʶʪ ʥʝ ʬʫʥʛʠʮʠʜʥʦʡ, ʘ ʬʫʥʛʠʩʪʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʆʥʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʧʘʪʦʛʝʥʫ, ʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʥʠʞʝʥʠʶ ʚʨʝʜʦʥʦʩʥʦʩʪʠ ʙʦʣʝʟʥʠ ʜʦ ʙʝʟʦʧʘʩʥʦʛʦ 

ʫʨʦʚʥʷ. 

ʆʙʨʘʙʦʪʢʘ ʧʨʝʧʘʨʘʪʘʤʠ ʚʝʣʘʩʴ ʜʦ ʚʳʜʚʠʞʝʥʠʷ ʪʨʝʪʴʝʛʦ ʣʠʩʪʘ ʦʪ ʢʦʣʦʩʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʨʝʯʴ ʠʜʝʪ ʦ ʩʨʘʚʥʝʥʠʠ ʩʠʩʪʝʤʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʨʝʧʘʨʘʪʦʚ. ɿʘʨʘʞʝʥʥʦʩʪʴ ʣʠʩʪʴʝʚ 

ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʣʘʩʴ. 

ʅʠʞʥʠʝ ʣʠʩʪʴʷ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʠʩʧʳʪʳʚʘʣʠ ʠʥʬʝʢʮʠʦʥʥʫʶ ʥʘʛʨʫʟʢʫ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʨʝʤʝʥʠ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠʭ ʟʘʨʘʞʝʥʥʦʩʪʴ ʙʳʣʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʝʝ ʚʳʩʦʢʦʡ. 

ʆʜʥʘʢʦ ʥʘʤʠ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʯʠʩʣʦ ʧʫʩʪʫʣ ʨʞʘʚʯʠʥʳ ʥʘ ʚʪʦʨʦʤ ʣʠʩʪʝ ʦʪ ʢʦʣʦʩʘ ʥʘ 

ʢʦʥʪʨʦʣʴʥʳʭ ʚʘʨʠʘʥʪʘʭ ʧʦ ʚʩʝʤ ʛʦʜʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʥʠʞʝ, ʯʝʤ ʥʘ ʬʣʘʛʦʚʦʤ. ʕʪʦʪ ʬʘʢʪ 

ʥʝ ʩʚʷʟʘʥ ʩ ʚʳʧʘʜʝʥʠʝʤ ʦʩʘʜʢʦʚ (ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʣʠʩʴ) ʠʣʠ ʩʧʦʨʫʣʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʘʪʦʛʝʥʦʚ (ʚʦ ʚʨʝʤʷ ʧʦʷʚʣʝʥʠʷ 

ʬʣʘʛʦʚʦʛʦ ʣʠʩʪʘ, ʚʪʦʨʦʡ ʦʪ ʢʦʣʦʩʘ ʫʞʝ ʠʩʧʳʪʳʚʘʣ ʠʥʬʝʢʮʠʦʥʥʫʶ ʥʘʛʨʫʟʢʫ). ɺʝʨʦʷʪʥʳʤ 

ʦʙʲʷʩʥʝʥʠʝʤ ʤʦʞʝʪ ʙʳʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʨʠʦʙʨʝʪʝʥʥʦʡ ʩʠʩʪʝʤʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫ ʨʘʩʪʝʥʠʡ 

ʢ ʤʦʤʝʥʪʫ ʧʦʷʚʣʝʥʠʷ ʚʪʦʨʦʛʦ ʣʠʩʪʘ ʠ ʩʥʠʞʝʥʠʝʤ ʚʦʟʨʘʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʧʦʷʚʣʝʥʠʶ 

ʬʣʘʛʦʚʦʛʦ ʣʠʩʪʘ [21]. ʇʨʠʯʠʥʦʡ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʝʢʮʠʦʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʷʨʫʩʦʚ 

ʣʠʩʪʴʝʚ ʠ, ʩʚʷʟʘʥʥʦʝ ʩ ʵʪʠʤ, ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʦʩʘʞʜʝʥʠʝ ʩʧʦʨʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʦʵʪʦʤʫ 

ʧʨʘʚʠʣʴʥʝʝ ʩʨʘʚʥʠʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʟʘʨʘʞʝʥʥʦʩʪʠ ʢ ʢʦʥʪʨʦʣʶ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʷʨʫʩʘ 

ʣʠʩʪʴʝʚ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ 2004 ʛ. ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ 

ʩʥʠʞʝʥʠʠ ʟʘʨʘʞʝʥʥʦʩʪʠ ʤʫʯʥʠʩʪʦʡ ʨʦʩʦʡ ʩʳʛʨʘʣʦ ʦʧʨʳʩʢʠʚʘʥʠʝ ʧʦʩʝʚʦʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ 

CuproTGK (ʤʝʜʥʳʡ ʢʦʤʧʦʥʝʥʪ ʛʣʠʮʠʨʨʠʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʪʝʭʥʠʯʝʩʢʦʡ ʛʣʠʮʠʨʨʠʟʠʥʦʚʦʡ 

ʢʠʩʣʦʪʦʡ) ʠ ʩʠʣʠʢʘʪʦʤ ʥʘʪʨʠʷ. ʊʘʢ ʟʘʨʘʞʝʥʥʦʩʪʴ ʪʨʝʪʴʝʛʦ ʣʠʩʪʘ ʦʪ ʢʦʣʦʩʘ ʩʥʠʟʠʣʘʩʴ ʥʘ 17 ʠ 

16%, 2-ʛʦ ð ʥʘ 7% ʠ 13%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʨʘʙʦʪʢʘ ʨʘʩʪʝʥʠʡ ʧʨʝʧʘʨʘʪʦʤ ɼɸɻ-1 

ʫʤʝʥʴʰʠʣʘ ʩʪʝʧʝʥʴ ʧʦʨʘʞʝʥʠʷ ʪʨʝʪʴʝʛʦ ʣʠʩʪʘ ʦʪ ʚʝʨʰʠʥʳ ʥʘ 12%. 

ʀʟʫʯʘʝʤʳʝ ʧʨʝʧʘʨʘʪʳ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʣʠʷʣʠ ʥʘ ʟʘʨʘʞʝʥʥʦʩʪʴ ʙʫʨʦʡ ʨʞʘʚʯʠʥʦʡ. 

ʉʨʘʚʥʠʚʘʷ ʠʟʤʝʥʝʥʠʝ ʟʘʨʘʞʝʥʥʦʩʪʠ ʣʠʩʪʴʝʚ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ ʢ ʢʦʥʪʨʦʣʶ, ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ 

ʩʢʦʨʦʩʪʠ ʥʘʩʪʫʧʣʝʥʠʷ ʦʪʚʝʪʘ ʥʘ ʧʨʝʧʘʨʘʪ ʠ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʩʪʠ ʝʛʦ ʜʝʡʩʪʚʠʷ. ʊʘʢ ɼɸɻ-1 

ʚʦʟʜʝʡʩʪʚʦʚʘʣ ʥʘ ʟʘʨʘʞʝʥʥʦʩʪʴ ʪʨʝʪʴʝʛʦ ʣʠʩʪʘ ʦʪ ʢʦʣʦʩʘ, ʧʦʷʚʠʚʰʝʛʦʩʷ ʨʘʥʴʰʝ ʢ ʤʦʤʝʥʪʫ 

ʦʙʨʘʙʦʪʢʠ, ʩʥʠʞʘʷ ʯʠʩʣʦ ʧʫʩʪʫʣ ʨʞʘʚʯʠʥʳ ʥʘ 59%. CuproTGK ʪʘʢʞʝ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʣʠʩʪʴʷʭ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʘ. ʏʠʩʣʦ ʧʫʩʪʫʣ ʥʘ ʪʨʝʪʴʝʤ ʣʠʩʪʝ ʩʚʝʨʭʫ 

ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 86%. ʉʥʠʞʝʥʠʝ ʟʘʨʘʞʝʥʥʦʩʪʠ ʬʣʘʛʦʚʦʛʦ ʠ ʧʦʜʬʣʘʛʦʚʦʛʦ ʣʠʩʪʴʝʚ ʙʳʣʦ 

ʩʫʱʝʩʪʚʝʥʥʳʤ, ʥʦ ʟʘʤʝʪʥʦ ʤʝʥʴʰʠʤ ð 25 ʠ 23%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʠʣʠʢʘʪ ʥʘʪʨʠʷ ʩʪʘʙʠʣʴʥʦ 

ʩʥʠʞʘʣ ʟʘʨʘʞʝʥʥʦʩʪʴ ʣʠʩʪʴʝʚ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ. ʏʠʩʣʦ ʧʫʩʪʫʣ ʥʘ ʪʨʝʪʴʝʤ ʣʠʩʪʝ ʩʥʠʟʠʣʦʩʴ ʥʘ 

54%, ʚʪʦʨʦʤ ð ʥʘ 38%, ʬʣʘʛʦʚʦʤ ð ʥʘ 44%. ɺʝʩʴʤʘ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʜʦʩʪʫʧʥʦʩʪʴ ʬʦʨʤʳ 

ʚʥʝʩʝʥʠʷ ʧʦʟʚʦʣʠʣʘ ʧʦʛʣʦʱʘʪʴ ʢʨʝʤʥʠʡ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʠʣʠ ʨʝʫʪʠʣʠʟʠʨʦʚʘʪʴ 
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ʥʘʢʦʧʣʝʥʥʳʡ ʚ ʨʘʩʪʝʥʠʠ. 

ʅʘ ʜʝʣʷʥʢʘʭ, ʛʜʝ ʧʨʠʤʝʥʷʣʠ ɼɸɻ-2 ʩʥʠʞʝʥʠʝ ʯʠʩʣʘ ʧʫʩʪʫʣ ʨʞʘʚʯʠʥʳ ʙʳʣʦ ʪʝʤ 

ʩʠʣʴʥʝʝ, ʯʝʤ ʣʠʩʪ ʙʳʣ ʩʪʘʨʰʝ ʦʪ ʩʨʦʢʘ ʦʙʨʘʙʦʪʢʠ: ʥʘ ʪʨʝʪʴʝʤ ʣʠʩʪʝ ʩʚʝʨʭʫ ʥʘ 24, ʥʘ ʚʪʦʨʦʤ 

ð ʥʘ 31%, ʥʘ ʬʣʘʛʦʚʦʤ ð ʥʘ 38%. ɻʂ-Cu ʩʫʱʝʩʪʚʝʥʥʝʝ ʫʤʝʥʴʰʘʣ ʟʘʨʘʞʝʥʥʦʩʪʴ ʣʠʩʪʴʝʚ, 

ʧʦʷʚʠʚʰʠʭʩʷ ʙʣʠʞʝ ʢ ʤʦʤʝʥʪʫ ʦʙʨʘʙʦʪʢʠ: ʪʨʝʪʴʝʛʦ ʣʠʩʪʘ ʦʪ ʢʦʣʦʩʘ ʥʘ 43%, ʚʪʦʨʦʛʦ ï ʥʘ 

38%, ʪʦʛʜʘ ʢʘʢ ʬʣʘʛʦʚʦʛʦ ʣʠʩʪʘ ð ʚʩʝʛʦ ʣʠʰʴ ʥʘ 25%. 

ʇʨʝʧʘʨʘʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʚʣʠʷʣʠ ʥʘ ʰʠʨʠʥʫ ʣʠʩʪʦʚʦʡ ʧʣʘʩʪʠʥʢʠ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ 

ʫʚʝʣʠʯʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʫ ʬʣʘʛʦʚʦʛʦ ʣʠʩʪʘ ʥʘ 15% ʧʨʠ ʚʥʝʩʝʥʠʠ ɻʂ-Zn ʠ ʩʠʣʠʢʘʪʘ 

ʥʘʪʨʠʷ, ʘ ʪʘʢʞʝ ʚʪʦʨʦʛʦ ʣʠʩʪʘ ʦʪ ʢʦʣʦʩʘ ʥʘ 23% ʧʨʠ ʦʧʨʳʩʢʠʚʘʥʠʠ ʵʧʠʥʦʤ-ʵʢʩʪʨʘ. 

CuproTGK ʥʝ ʚʣʠʷʣ ʥʘ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʫʩʪʫʣ ʨʞʘʚʯʠʥʳ, ʥʦ ʘʢʪʠʚʥʦ ʩʥʠʞʘʣ 

ʟʘʨʘʞʝʥʥʦʩʪʴ ʤʫʯʥʠʩʪʦʡ ʨʦʩʦʡ. ɼɸɻ-1 ʩʥʠʞʘʣ ʩʪʝʧʝʥʴ ʧʦʨʘʞʝʥʠʷ ʨʞʘʚʯʠʥʦʡ ʪʨʝʪʴʝʛʦ ʣʠʩʪʘ 

ʦʪ ʢʦʣʦʩʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʣ ʟʘʨʘʞʝʥʥʦʩʪʴ ʤʫʯʥʠʩʪʦʡ ʨʦʩʦʡ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʦʩʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʩʣʝʜʝʡʩʪʚʠʝ ʧʨʝʧʘʨʘʪʘ. ʉʭʦʞʠʤ ʙʳʣʦ ʜʝʡʩʪʚʠʝ ʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ ʠ ɼɸɻ-2. 

ʉʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʚ ʟʘʨʘʞʝʥʥʦʩʪʴ ʧʦʜʬʣʘʛʦʚʦʛʦ ʣʠʩʪʘ ʤʫʯʥʠʩʪʦʡ ʨʦʩʦʡ, ɻʂ-Cu 

ʧʦʚʳʩʠʣ ʠʥʬʠʮʠʨʦʚʘʥʥʦʩʪʴ ʨʞʘʚʯʠʥʦʡ. ɻʂ-Zn ʜʦʩʪʦʚʝʨʥʦ ʩʥʠʞʘʣ ʟʘʨʘʞʝʥʥʦʩʪʴ ʤʫʯʥʠʩʪʦʡ 

ʨʦʩʦʡ, ʥʦ ʫʚʝʣʠʯʠʚʘʣ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʨʘʞʝʥʠʷ ʨʞʘʚʯʠʥʦʡ.  

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠʤʤʫʥʦʢʦʨʨʝʢʪʦʨʦʤ ʦʢʘʟʘʣʩʷ ʧʨʝʧʘʨʘʪ CuproTGK. 

ʆʧʨʳʩʢʠʚʘʥʠʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʩʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ ʧʦʨʘʞʝʥʠʷ ʤʫʯʥʠʩʪʦʡ ʨʦʩʦʡ ʬʣʘʛʦʚʦʛʦ 

ʣʠʩʪʘ ʥʘ 10, ʚʪʦʨʦʛʦ ʣʠʩʪʘ ʦʪ ʢʦʣʦʩʘ ð ʥʘ 28%, ʪʨʝʪʴʝʛʦ ð ʥʘ 26%. ʏʠʩʣʦ ʧʫʩʪʫʣ ʨʞʘʚʯʠʥʳ 

ʥʘ ʪʨʝʪʴʝʤ ʣʠʩʪʝ ʩʚʝʨʭʫ ʩʥʠʟʠʣʦʩʴ ʥʘ 88%. 

ɺ 2007ï2009 ʛʛ. ʜʝʡʩʪʚʠʝ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʥʘ ʧʘʪʦʛʝʥʝʟ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʣʦʩʴ ʦʪ 

ʧʨʝʜʳʜʫʱʠʭ ʣʝʪ, ʥʦ ʠʤʝʣʠ ʤʝʩʪʦ ʠ ʧʨʦʷʚʠʚʰʠʝʩʷ ʨʘʥʝʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ɺ ʵʪʠʭ ʛʦʜʘʭ ʟʘ 

ʧʝʨʠʦʜ ʘʢʪʠʚʥʦʡ ʚʝʛʝʪʘʮʠʠ ʦʩʘʜʢʦʚ ʙʳʣʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ 

ʩʥʠʞʝʥʠʝ ʰʠʨʠʥʳ ʣʠʩʪʦʚʦʡ ʧʣʘʩʪʠʥʢʠ ʚʩʝʭ ʷʨʫʩʦʚ. ʋʤʝʥʴʰʠʣʦʩʴ ʠ ʯʠʩʣʦ ʧʫʩʪʫʣ ʨʞʘʚʯʠʥʳ 

ʥʘ ʪʨʝʪʴʝʤ ʣʠʩʪʝ ʦʪ ʢʦʣʦʩʘ, ʘ ʟʘʨʘʞʝʥʥʦʩʪʴ ʤʫʯʥʠʩʪʦʡ ʨʦʩʦʡ ʚʦʟʨʦʩʣʘ. ɼʘʥʥʳʡ ʬʘʢʪ ʩʚʷʟʘʥ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʥʘʣʠʯʠʷ ʢʘʧʝʣʴʥʦʞʠʜʢʦʡ ʚʣʘʛʠ ʜʣʷ ʧʨʦʨʘʩʪʘʥʠʷ ʫʨʝʜʦʩʧʦʨ ð ʜʦʞʜʷ ʠʣʠ 

ʨʦʩʳ. ʂʦʥʠʜʠʠ ʤʫʯʥʠʩʪʦʡ ʨʦʩʳ ʤʦʛʫʪ ʧʨʦʨʘʩʪʘʪʴ ʚ ʦʪʩʫʪʩʪʚʠʠ ʞʠʜʢʦʡ ʚʣʘʛʠ. ʀʤʝʶʪʩʷ 

ʩʚʝʜʝʥʠʷ, ʯʪʦ ʚʩʧʳʰʢʠ ʤʫʯʥʠʩʪʦʡ ʨʦʩʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʟʘʩʫʰʣʠʚʳʤ ʧʝʨʠʦʜʘʤ, ʢʦʛʜʘ ʨʘʩʪʝʥʠʷ 

ʚ ʦʩʣʘʙʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ [22]. 

ʆʧʨʳʩʢʠʚʘʥʠʝ ʨʘʩʪʝʥʠʡ ʚ ʵʪʦʤ ʛʦʜʫ ʧʨʝʧʘʨʘʪʦʤ ɼɸɻ-1 ʠ ɻʂ-Cu ʫʤʝʥʴʰʘʣʦ ʰʠʨʠʥʫ 

ʣʠʩʪʦʚʦʡ ʧʣʘʩʪʠʥʢʠ ʚʩʝʭ ʷʨʫʩʦʚ, ʘ ʧʨʝʧʘʨʘʪʘʤʠ CuproTGK ʠ ɼɸɻ-2 ð ʪʨʝʪʴʝʛʦ ʣʠʩʪʘ ʦʪ 

ʢʦʣʦʩʘ. ʉʠʣʠʢʘʪ ʥʘʪʨʠʷ, ʥʘʧʨʦʪʠʚ, ʫʚʝʣʠʯʠʚʘʣ ʰʠʨʠʥʫ ʪʨʝʪʴʝʛʦ ʣʠʩʪʘ ʩʚʝʨʭʫ ʥʘ 20, ɻʂ-Zn 

ʧʦʜʬʣʘʛʦʚʦʛʦ ï ʥʘ 28%. 

ʇʨʝʧʘʨʘʪʳ: CuproTGK, ʩʠʣʠʢʘʪ ʥʘʪʨʠʷ, ɻʂ-Cu, ɼɸɻ-1 ʩʠʣʴʥʝʝ ʩʥʠʞʘʣʠ ʫʨʦʚʝʥʴ 

ʟʘʨʘʞʝʥʥʦʩʪʠ ʤʫʯʥʠʩʪʦʡ ʨʦʩʦʡ ʪʝʭ ʣʠʩʪʴʝʚ, ʢʦʪʦʨʳʝ ʧʦʷʚʠʣʠʩʴ ʙʣʠʞʝ ʢ ʤʦʤʝʥʪʫ ʦʙʨʘʙʦʪʢʠ.  

ɼɸɻ-2 ʫʩʠʣʠʣ ʟʘʨʘʞʝʥʥʦʩʪʴ ʬʣʘʛʦʚʦʛʦ ʣʠʩʪʘ ʤʫʯʥʠʩʪʦʡ ʨʦʩʦʡ. ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʚ 

ʟʘʩʫʰʣʠʚʳʭ ʫʩʣʦʚʠʷʭ ʫ ʨʘʩʪʝʥʠʡ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʫʜʣʠʥʠʣʩʷ ʧʝʨʠʦʜ ʨʝʧʘʨʘʮʠʠ, ʯʪʦ 

ʧʨʠʚʝʣʦ ʢ ʠʭ ʦʩʣʘʙʣʝʥʠʶ ʧʘʪʦʛʝʥʝʟʘ. ʅʘ ʚʘʨʠʘʥʪʘʭ ʧʨʠʤʝʥʝʥʠʷ ɻʂ-Zn ʩʪʝʧʝʥʴ ʧʦʨʘʞʝʥʠʷ 

ʨʘʩʪʝʥʠʡ ʤʫʯʥʠʩʪʦʡ ʨʦʩʦʡ ʙʳʣʘ ʥʘ ʫʨʦʚʥʝ ʢʦʥʪʨʦʣʷ. 

ʆʧʨʳʩʢʠʚʘʥʠʝ ʨʘʩʪʝʥʠʡ ʩʠʣʠʢʘʪʦʤ ʥʘʪʨʠʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʤʝʥʴʰʝʥʠʶ ʯʠʩʣʘ ʧʫʩʪʫʣ 

ʨʞʘʚʯʠʥʳ ʥʘ ʪʨʝʪʴʝʤ ʣʠʩʪʝ ʦʪ ʢʦʣʦʩʘ ð ʥʘ 55%, ʚʪʦʨʦʤ ð ʥʘ 72%, ʬʣʘʛʦʚʦʤ ð ʥʘ 82%. ʅʘ 

ʚʘʨʠʘʥʪʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɻʂ-Zn ʯʠʩʣʦ ʧʫʩʪʫʣ ʨʞʘʚʯʠʥʳ ʥʘ ʬʣʘʛʦʚʦʤ ʣʠʩʪʝ ʩʥʠʟʠʣʦʩʴ ʥʘ 

58%, ʚʪʦʨʦʤ ʦʪ ʢʦʣʦʩʘ ð ʥʘ 61%. ɻʂ-Cu ʩʪʘʙʠʣʴʥʦ ʩʥʠʞʘʣ ʯʠʩʣʦ ʧʫʩʪʫʣ ʨʞʘʚʯʠʥʳ ʥʘ ʚʩʝʭ 

ʷʨʫʩʘʭ ʥʘ 26ï28%. 

ʅʝʦʜʥʦʟʥʘʯʥʳʤ ʙʳʣʦ ʜʝʡʩʪʚʠʝ ʧʨʝʧʘʨʘʪʦʚ CuproTGK ʠ ɼɸɻ-1. ʅʘ ʪʨʝʪʴʝʤ ʣʠʩʪʝ ʦʪ 

ʢʦʣʦʩʘ ʧʨʦʠʩʭʦʜʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʯʠʩʣʘ ʧʫʩʪʫʣ ʥʘ 42% ʠ 45% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ 
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ʧʦʜʬʣʘʛʦʚʦʤ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʨʝʟʢʦ ʧʘʜʘʣʘ, ʢʦʣʠʯʝʩʪʚʦ ʧʫʩʪʫʣ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʥʘ 44% ʠ 

61%. ʅʘ ʬʣʘʛʦʚʦʤ ʣʠʩʪʝ ʚʥʦʚʴ ʧʨʦʠʩʭʦʜʠʣʦ ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʧʫʩʪʫʣ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ ʥʘ 39% ʠ 33%. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʨʘʟʫ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʝʥʠʡ 

ʧʨʝʧʘʨʘʪʳ ʤʦʙʠʣʠʟʦʚʘʣʠ ʟʘʱʠʪʥʫʶ ʩʠʩʪʝʤʫ ʩ ʟʘʪʨʘʪʘʤʠ ʥʘʢʦʧʣʝʥʥʦʡ ʵʥʝʨʛʠʠ. ɿʘʪʝʤ 

ʥʘʩʪʫʧʠʣʘ ʬʘʟʘ ʨʝʤʠʩʩʠʠ, ʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʥʝ ʧʦʟʚʦʣʠʣʠ ʨʘʩʪʝʥʠʷʤ ʙʳʩʪʨʦ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʟʘʧʘʩ ʩʠʣ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ð ʩʥʠʞʝʥʠʝ ʠʤʤʫʥʠʪʝʪʘ. 

ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ ɻʂ-Cu ʩʠʣʴʥʝʝ ʩʥʠʞʘʣ ʟʘʨʘʞʝʥʥʦʩʪʴ ʣʠʩʪʴʝʚ ʚʝʨʭʥʠʭ ʷʨʫʩʦʚ, 

ʧʦʷʚʠʚʰʠʭʩʷ ʧʦʟʞʝ ʦʪ ʩʨʦʢʘ ʦʙʨʘʙʦʪʢʠ. ɹʦʣʝʝ ʟʥʘʯʠʤʳʤ ʝʛʦ ʜʝʡʩʪʚʠʝ ʙʳʣʦ ʥʘ ʬʣʘʛʦʚʳʡ 

ʣʠʩʪ. ʏʠʩʣʦ ʧʫʩʪʫʣ ʨʞʘʚʯʠʥʳ ʥʘ ʩʘʤʦʤ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 

36%. 

ʆʙʦʙʱʘʷ ʜʝʩʷʪʠʣʝʪʥʠʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʣʴʥʝʝ ʩʥʠʞʘʣʠ ʟʘʨʘʞʝʥʥʦʩʪʴ 

ʨʘʩʪʝʥʠʡ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʙʫʨʦʡ ʨʞʘʚʯʠʥʦʡ ʠ ʤʫʯʥʠʩʪʦʡ ʨʦʩʦʡ ʩʠʣʠʢʘʪ ʥʘʪʨʠʷ ʠ CuproTGK. 

ʅʝʩʦʤʥʝʥʥʦʝ ʫʯʘʩʪʠʝ ʢʨʝʤʥʠʷ ʚ ʧʘʪʦʛʝʥʝʟʝ ʧʘʨʘʟʠʪʘʨʥʳʭ ʙʦʣʝʟʥʝʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʥʦʛʠʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʂʨʝʤʥʠʡ ʧʨʦʧʠʪʳʚʘʝʪ ʠ ʫʧʨʦʯʥʷʝʪ ʪʢʘʥʠ ʨʘʩʪʝʥʠʡ, ʩʥʠʞʘʝʪ ʧʦʪʝʨʶ ʚʦʜʳ ʠ 

ʟʘʤʝʜʣʷʝʪ ʨʘʟʚʠʪʠʝ ʛʨʠʙʢʦʚʳʭ ʠʥʬʝʢʮʠʡ. ʉʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʨʘʩʪʚʦʨʠʤʦʛʦ ʢʨʝʤʥʠʷ, 

ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʫʩʠʣʝʥʠʝʤ ʧʦʪʨʝʙʣʝʥʠʷ ʬʦʩʬʦʨʘ ʠ ʤʦʣʠʙʜʝʥʘ, ʘ ʪʘʢʞʝ ʧʝʨʝʥʦʩʦʤ 

ʤʘʨʛʘʥʮʘ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʪʢʘʥʷʭ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʨʝʤʥʠʡ ʫʩʠʣʠʚʘʝʪ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ 

ʠ ʩʠʥʪʝʟ ʩʘʭʘʨʦʚ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʩʪʫʧʣʝʥʠʝ ʵʥʝʨʛʠʠ ʜʣʷ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʧʦʚʳʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ [23ï24]. ɺ ʨʷʜʝ ʨʘʙʦʪ, ʘʚʪʦʨʘʤʠ ʫʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʬʠʪʦʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʙʨʘʩʩʠʥʦʩʪʝʨʦʠʜʦʚ ʧʨʦʪʠʚ ʧʘʨʘʟʠʪʘʨʥʳʭ ʙʦʣʝʟʥʝʡ [25ï27]. 

ɻʂ-Cu ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣ ʯʠʩʣʦ ʧʫʩʪʫʣ ʨʞʘʚʯʠʥʳ ʥʘ ʬʣʘʛʦʚʦʤ ʠ ʪʨʝʪʴʝʤ ʦʪ ʢʦʣʦʩʘ 

ʣʠʩʪʴʷʭ ʠ ʧʨʦʮʝʥʪ ʧʦʨʘʞʝʥʠʷ ʤʫʯʥʠʩʪʦʡ ʨʦʩʦʡ ʚʪʦʨʦʤ ʠ ʪʨʝʪʴʝʤ ʣʠʩʪʴʷʭ ʦʪ ʚʝʨʭʫʰʢʠ.  
 

ɿʘʢʣʁʯʝʥʠʝ  

ʀʟʫʯʝʥʠʝ ʜʝʡʩʪʚʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʜʥʦʟʥʘʯʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʤʥʦʛʦ ʧʨʦʪʠʚʦʨʝʯʠʡ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʨʘʟʥʳʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʧʦʯʚʝʥʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʨʝʛʠʦʥʘ, ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚ ʛʦʜʳ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɹʣʘʛʦʜʘʨʷ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, ʵʢʟʦʛʝʥʥʳʝ ʬʠʪʦʛʦʨʤʦʥʳ ʤʦʛʫʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ 

ʪʝʯʝʥʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʫʩʠʣʠʚʘʪʴ ʠʣʠ ʫʤʝʥʴʰʘʪʴ ʨʦʩʪ ʨʘʩʪʝʥʠʷ, ʠʟʤʝʥʷʪʴ ʝʛʦ 

ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʢ ʬʠʪʦʧʘʪʦʛʝʥʫ.  

ɼʣʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʟʘʨʘʞʝʥʥʦʩʪʠ ʧʘʨʘʟʠʪʘʨʥʳʤʠ ʙʦʣʝʟʥʷʤʠ ʠ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʨʝʢʦʤʝʥʜʫʝʤ ʦʧʨʳʩʢʠʚʘʥʠʝ ʧʦʩʝʚʦʚ ʦʟʠʤʦʡ 

ʧʰʝʥʠʮʳ ʩ ʧʨʝʧʘʨʘʪʘʤʠ CuproTGK ɻʂ-Cu, ɻʂ-Zn, ɼɸɻ-1, ɼɸɻ-2. ʆʜʥʘʢʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʝʧʘʨʘʪʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʬʫʥʛʠʩʪʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʇʨʝʧʘʨʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʮʝʣʷʭ ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ 

ʟʘʨʘʞʝʥʥʦʩʪʠ ʦʟʠʤʦʡ ʨʞʠ ʛʨʠʙʥʳʤʠ ʧʘʨʘʟʠʪʘʤʠ. 

ʀʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦʟʠʪʠʚʥʘʷ ʨʦʣʴ ʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ ʛʦʚʦʨʠʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʰʠʨʦʢʦʛʦ 

ʠʟʫʯʝʥʠʷ ʢʨʝʤʥʠʝʚʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʚʥʝʜʨʝʥʠʷ ʠʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. 

ʅʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ɻʂ-Cu ʠ ɻʂ-Zn ʥʘ ʟʘʨʘʞʝʥʥʦʩʪʴ ʨʞʠ ʪʘʢʞʝ 

ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʵʪʠʭ ʧʨʝʧʘʨʘʪʦʚ ʚ ʜʘʥʥʦʤ ʘʩʧʝʢʪʝ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥ rʨʝʟʫʣʴʪʘʪʳ ʚʣʠʷʥʠ ̫ʛʣʠʮʠʨʨʠʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʝ 

ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʜʦʣʝʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (0,1ï1,5%) NaCl ʠ ʚ ʧʦʩʪʩʪʨʝʩʩʦʚʳʡ 

ʧʝʨʠʦʜ ʥʘ ʙʘʣʘʥʩ ʬʠʪʦʛʦʨʤʦʥʦʚ ʠ ʨʦʩʪ ʢʦʨʥʝʡ ʧʨʦʨʦʩʪʢʦʚ ʧʰʝʥʠʮʳ. ɺʳʷʚʣʝʥʦ, ʯʪʦ 

ʦʙʨʘʙʦʪʢʘ ʩʝʤʥ̫ ʧʰʝʥʠʮʳ ʛʣʠʮʠʨʨʠʟʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʧʨʝʜʦʪʚʨʘʱʘʣʘ ʚʳʟʚʘʥʥʦʝ ʟʘʩʦʣʝʥʠʝʤ 

ʪʦʨʤʦʞʝʥʠʝ ʤʠʪʦʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʝʪʦʢ ʘʧʠʢʘʣʴʥʦʡ ʤʝʨʠʩʪʝʤʳ ʢʦʨʥʝʡ ʠ ʚ 

ʧʦʩʪʩʪʨʝʩʩʦʚʳʡ ʧʝʨʠʦʜ ʫʩʢʦʨʷʣʘ ʨʝʧʘʨʘʮʠʶ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʢʦʨʥʝʡ. ʇʨʦʷʚʣʝʥʠʝ 

ʟʘʱʠʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʛʣʠʮʠʨʨʠʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ ʨʦʩʪ ʢʣʝʪʦʢ ʢʦʨʥʝʡ ʧʰʝʥʠʮʳ ʦʙʫʩʣʦʚʣʝʥʦ 

ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʛʦʨʤʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʨʦʩʪʢʦʚ. ɿʘʩʦʣʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʚʣʠʷʣʦ ʥʘ ʙʘʣʘʥʩ ʬʠʪʦʛʦʨʤʦʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʘʪʠʤʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʘʙʩʮʠʟʦʚʦʡ ʢʠʩʣʦʪ rʠ 

ʫʤʝʥʴʰʝʥʠʝʤ ʫʨʦʚʥʷ ʠʥʜʦʣʠʣʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʪʦʢʠʥʠʥʦʚ ʚ ʧʨʦʨʦʩʪʢʘʭ ʧʰʝʥʠʮʳ. 

ʆʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʧʰʝʥʠʮʳ ʛʣʠʮʠʨʨʠʟʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʤʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ 

ʧʦʜʜʝʨʞʘʥʠʶ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʩʪʘʪʫʩʘ ʢʦʨʥʝʡ ʚ ʫʩʣʦʚʠʷʭ ʟʘʩʦʣʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʢʦʥʪʨʦʣʴʥʳʭ 

ʨʘʩʪʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʘʞʥʫʶ ʨʦʣʴ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ 

ʛʣʠʮʠʨʨʠʟʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʧʝʨʝʩʪʨʦʝʢ ʛʦʨʤʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚ ʨʝʛʫʣʷʮʠʠ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ 

ʧʰʝʥʠʮʳ ʚ ʩʪʨʝʩʩʦʚʳʭ ʫʩʣʦʚʠʷʭ.  

 

Abstract. The article presents the results of the influence of glycyrrhizic acid and its 

derivatives in various percentages (0.1ï1.5%) NaCl and in the post-stress period on the balance of 

phytohormones and the growth of roots of wheat seedlings. It was found that the treatment of wheat 

seeds with glycyrrhizic acid prevented salinization-induced inhibition of the mitotic activity of 

the cells of the root apical meristem and, in the post-stress period, accelerated the repair of root 

growth processes. The manifestation of the protective effect of glycyrrhizic acid on the growth of 

wheat root cells is due to its effect on the activity of the hormonal system of seedlings. Salinity 

negatively affected the balance of phytohormones associated with reversible accumulation of ABA 

and a decrease in the level of IAA and cytokinins in wheat seedlings. Treatment of wheat seeds with 

glycyrrhizic acid and its derivatives contributed to the maintenance of the hormonal status of roots 

under salinity conditions at the level of control plants. The results obtained indicate an important 
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role of glycyrrhizic acid induced rearrangements of the hormonal system in the regulation of wheat 

plant growth under stress conditions. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʰʝʥʠʮʘ, ʟʘʩʦʣʝʥʥʦʩʪʴ, ʛʣʠʮʠʨʨʠʟʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʤʠʪʦʪʠʯʝʩʢʠʡ 

ʠʥʜʝʢʩ, ʠʥʜʦʣʠʣʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ, ʮʠʪʦʢʠʥʠʥʳ, ʘʙʩʮʠʟʦʚʘʷ ʢʠʩʣʦʪʘ. 
 

Keywords: wheat, salinity, glycyrrhizic acid, mitotic index, IAA , cytokinins, ABA. 
 

ɺʚʝʜʝʥʠʝ 

ʇʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʩʪʝʥʠʡ ʥʘ ʵʪʘʧʘʭ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʢ ʚʥʝʰʥʠʤ ʩʪʨʝʩʩʦʚʳʤ 

ʬʘʢʪʦʨʘʤ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ. ɸʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʚ 

ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʯʠʪʘʝʪʩʷ ʠʟʫʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʬʠʪʦʛʦʨʤʦʥʦʚ ʠ ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʘʥʘʣʦʛʦʚ, ʠʛʨʘʶʱʠʭ ʛʣʘʚʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʨʘʩʪʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʩʫʱʥʦʩʪʴ ʧʨʦʚʦʜʠʤʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʠʤ 

ʨʘʟʚʠʪʠʝʤ ʨʘʩʪʝʥʠʡ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʥʦʚʳʭ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʦʙʣʘʜʘʶʱʠʭ ʙʠʦʩʪʠʤʫʣʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʳʰʝʥʠʝʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʝʥʠʡ. ʇʦʟʥʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʘʩʪʝʥʠʡ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʩʧʨʘʚʝʜʣʠʚʦ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ 

ʧʝʨʚʦʦʯʝʨʝʜʥʳʭ ʧʨʦʙʣʝʤ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʵʪʠʤ ʧʨʦʮʝʩʩʦʤ ʚ ʧʨʘʢʪʠʢʝ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʣʠ ʠʩʧʳʪʫʝʤʳʭ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ (ʩʪʠʤʫʣʷʪʦʨʳ, ʛʝʨʙʠʮʠʜʳ, ʨʝʪʘʨʜʘʥʪʳ 

ʠ ʜʨʫʛʠʝ). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʝʧʘʨʘʪʳ ʩʪʝʨʦʠʜʥʦʡ 

ʧʨʠʨʦʜʳ, ʩʧʦʩʦʙʥʳʝ ʨʝʛʫʣʠʨʦʚʘʪʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ [1ï

4]. ʅʘ ʦʩʥʦʚʝ ʨʷʜʘ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ ʧʨʝʧʘʨʘʪʦʚ ʩʪʝʨʦʠʜʥʳʭ 

ʛʣʠʢʦʟʠʜʦʚ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ, ʚʦʜʥʳʡ ʦʙʤʝʥ, ʧʨʦʮʝʩʩʳ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʜʳʭʘʥʠʷ, 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʘʪʦʛʝʥʥʳʤ ʠ ʚʥʝʰʥʠʤ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʬʘʢʪʦʨʘʤ ʠ ʥʘ 

ʜʨʫʛʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ [5ï13]. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚr ʷʚʣʝʥʦ, ʯʪʦ ʦʯʝʥʴ ʤʘʣʳʝ ʜʦʟʳ ʵʪʠʭ ʚʝʱʝʩʪʚ ʩʪʠʤʫʣʠʨʫʶʪ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ, 

ʧʦʚʳʰʘʶʪ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʩʪʨʝʩʩʦʚʳʤ ʬʘʢʪʦʨʘʤ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ 

ʫʨʦʞʘʡʥʦʩʪʠ ʨʘʩʪʝʥʠʡ. ʆʜʥʘʢʦ, ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʧʰʝʥʠʮʝ ʦʩʫʱʝʩʪʚʣʝʥʳ ʢʨʘʡʥʝ ʤʘʣʦ. 

ʂ ʪʦʤʫ ʞʝ, ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʫʯʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʦʚʳʰʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʩʪʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʧʰʝʥʠʮʳ, ʢ ʙʠʦʪʠʯʝʩʢʠʤ ʠ ʘʙʠʦʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ, ʚ ʫʩʣʦʚʠʷʭ ʋʟʙʝʢʠʩʪʘʥʘ ʧʨʦʚʝʜʝʥʳ ʚ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ.  

ɺ ʧʨʝʜʳʜʫʱʝʡ ʥʘʤʠ ʨʘʙʦʪʝ [14] ʚʳʷʚʣʝʥ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʡ ʩʪʠʤʫʣʠʨʫʶʱʠʡ ʨʦʩʪ 

ʵʬʬʝʢʪ ɻʂ ʥʘ ʨʘʩʪʝʥʠʷ ʧʰʝʥʠʮʳ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʙʳʩʪʨʳʤʠ ʩʜʚʠʛʘʤʠ ʚ 

ʛʦʨʤʦʥʘʣʴʥʦʤ ʙʘʣʘʥʩʝ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʦʙʨʘʪʠʤʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʀʋʂ ʠ ʮʠʪʦʢʠʥʠʥʦʚ. ʎʝʣʴ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʮʝʥʢʝ ʩʧʦʩʦʙʥʦʩʪʠ ɻʂ ʦʢʘʟʳʚʘʪʴ ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʥʘ 

ʧʨʦʨʦʩʪʢʠ ʧʰʝʥʠʮʳ ʚ ʫʩʣʦʚʠʷʭ ʥʘʪʨʠʡ-ʭʣʦʨʠʜʥʦʛʦ ʟʘʩʦʣʝʥʠʷ ʠ ʚʳʷʚʣʝʥʠʠ ʟʥʘʯʝʥʠʷ 

ʵʥʜʦʛʝʥʥʳʭ ʬʠʪʦʛʦʨʤʦʥʦʚ ʚ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʜʝʡʩʪʚʠʷ.  
 

ʄʝʪʦʜʠʢʠ ʠ ʦʙʲʝʢʪʳ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʨʪʘ ʦʟʠʤʦʡ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ ð 

Triticum aestivum: ʉʘʥʟʘʨ 8, ʏʠʣʣʘʢʠ, ɪʥʙʦʰ, ɼʫʩʪʣʠʢ, ɹʘʷʫʪ-1, ʉʘʡʭʫʥ. ʉʝʤʝʥʘ ʧʰʝʥʠʮʳ 

ʧʦʩʣʝ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʨʘʩʪʚʦʨʦʤ KMnO4 
 
ʧʦʜʚʝʨʛʣʠ ʦʙʨʘʙʦʪʢʠ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʥʪʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ (10ī1ï10ī7) ɻʂ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʤʠ (ɻʂ-Na, ɻʂ-Li, ɻʂ-NH4, ɻʂ-Cu), ʘ 
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ʢʦʥʪʨʦʣʴʥʫʶ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ ʚʦʜʦʡ ʠ ʧʨʦʨʘʱʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʩʫʪʦʢ ʚ ʢʶʚʝʪʘʭ ʥʘ 

ʩʤʦʯʝʥʥʦʡ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʦʡ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʝ ʧʨʠ 21ï23 Áʉ, 16-ʯʘʩʦʚʦʤ ʩʚʝʪʦʚʦʤ 

ʜʥʝ ʠ ʦʩʚʝʱʝʥʥʦʩʪʠ 15 ʢʣʢ. 3-ʩʫʪʦʯʥʳʝ ʧʨʦʨʦʩʪʢʠ ʧʦʤʝʱʘʣʠ ʢʦʨʥʷʤʠ ʚ ʨʘʩʪʚʦʨ 2% ʩʘʭʘʨʦʟʳ 

ʥʘ 2 ʯ ʜʣʷ ʩʥʷʪʠʷ ʨʘʥʝʚʦʛʦ ʵʬʬʝʢʪʘ [15]. ʆʙʨʘʙʦʪʘʥʥʳʝ ʠ ʥʝʦʙʨʘʙʦʪʘʥʥʳʝ ʧʨʦʨʦʩʪʢʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʩʤʝʩʠ 2% ʩʘʭʘʨʦʟʳ ʠ 1,5% NaCl ʚ ʪʝʯʝʥʠʝ 7 ʯ, ʧʦʩʣʝ ʯʝʛʦ ʚʦʟʚʨʘʱʘʣʠ ʠʭ ʥʘ 

ʨʘʩʪʚʦʨ 2% ʩʘʭʘʨʦʟʳ. ʂʦʥʪʨʦʣʝʤ ʚʦ ʚʩʝʭ ʦʧʳʪʘʭ ʩʣʫʞʠʣʠ ʨʘʩʪʝʥʠʷ, ʠʥʢʫʙʠʨʦʚʘʥʥʳʝ ʥʘ 

ʨʘʩʪʚʦʨʝ 2% ʩʘʭʘʨʦʟʳ. ʄʠʪʦʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ (ʄʀ) ʘʧʠʢʘʣʴʥʦʡ ʤʝʨʠʩʪʝʤʳ ʢʦʨʥʝʡ 

ʦʮʝʥʠʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʱʝʧʨʠʥʷʪʳʭ ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ [16]. ɼʣʷ ʵʪʦʛʦ 

ʢʦʥʯʠʢʠ ʢʦʨʥʝʡ ʬʠʢʩʠʨʦʚʘʣʠ ʚ ʩʤʝʩʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ ʵʪʘʥʦʣʘ (1:3) ʚ ʪʝʯʝʥʠʝ 4 ʯ, 

ʦʪʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʧʨʦʚʦʜʠʣʠ ʤʘʮʝʨʘʮʠʶ ʚ ʩʤʝʩʠ 5%-ʥʦʡ ʧʝʢʪʠʥʘʟʳ ʠ 

5%-ʥʦʡ ʮʝʣʣʶʣʘʟʳ (1:1) ʧʨʠ 37 Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ. ɺʨʝʤʝʥʥʳʝ ʜʘʚʣʝʥʳʝ ʧʨʝʧʘʨʘʪʳ 

ʦʢʨʘʰʠʚʘʣʠ ʘʮʝʪʦʢʘʨʤʠʥʦʤ. ɺ ʢʘʞʜʦʤ ʚʘʨʠʘʥʪʝ ʦʧʳʪʘ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʦ 2000 ʢʣʝʪʦʢ 

ʤʝʨʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʪʢʘʥʠ ʢʦʨʥʝʡ ʧʰʝʥʠʮʳ ʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʄʀ ʢʦʨʥʝʡ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʦʮʝʥʪʘ ʜʝʣʷʱʠʭʩʷ ʢʣʝʪʦʢ ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ. ʂʘʞʜʳʡ ʦʧʳʪ 

ʧʨʦʚʦʜʠʣʠ ʚ ʪʨʝʭ ʧʦʚʪʦʨʥʦʩʪʷʭ, ʚʢʣʶʯʘʶʱʠʭ ʥʝ ʤʝʥʝʝ 40 ʧʨʦʨʦʩʪʢʦʚ.  

ʂʦʥʮʝʥʪʨʘʮʠʶ ʩʚʦʙʦʜʥʳʭ ʬʦʨʤ ʮʠʪʦʢʠʥʠʥʦʚ, ʠʥʜʦʣʠʣʫʢʩʫʩʥʦʡ (ʀʋʂ) ʠ ʘʙʩʮʠʟʦʚʦʡ 

(ɸɹʂ) ʢʠʩʣʦʪ ʚ ʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʡ ʥʘʚʝʩʢʝ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʠʤʤʫʥʦʘʥʘʣʠʟʘ [17]. 

ʅʘʚʝʩʢʫ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʦʩʪʦʷʱʫʶ ʠʟ 10 ʢʦʨʥʝʡ, ʨʘʩʪʠʨʘʣʠ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ ʠ 

ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʬʠʪʦʛʦʨʤʦʥʳ 80%-ʳʤ ʵʪʘʥʦʣʦʤ ʚ ʪʝʯʝʥʠʝ 16 ʯ ʧʨʠ 4 Áʉ. ʇʦʩʣʝ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʧʨʠ 18000 g ʩʫʧʝʨʥʘʪʘʥʪ ʫʧʘʨʠʚʘʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ ʜʦ ʚʦʜʥʦʛʦ ʦʩʪʘʪʢʘ, ʚ 

ʘʣʠʢʚʦʪʝ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʣʠ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʳʭ ʬʦʨʤ ʮʠʪʦʢʠʥʠʥʦʚ, 

ʠʤʤʫʥʦʨʝʘʢʪʠʚʥʳʭ ʢ ʢʨʦʣʠʯʴʝʡ ʩʳʚʦʨʦʪʢʝ, ʧʦʣʫʯʝʥʥʦʡ ʢ ʟʝʘʪʠʥʨʠʙʦʟʠʜʫ. ʀʟ ʦʩʪʘʚʰʝʛʦʩʷ 

ʚʦʜʥʦʛʦ ʦʩʪʘʪʢʘ ʀʋʂ ʠ ɸɹʂ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʩʝʨʥʳʤ ʵʬʠʨʦʤ, ʤʝʪʠʣʠʨʦʚʘʣʠ ʠʭ ʜʠʘʟʦʤʝʪʘʥʦʤ 

ʠ ʧʦʩʣʝ ʫʧʘʨʠʚʘʥʠʷ ʩʫʭʦʡ ʦʩʪʘʪʦʢ ʨʘʩʪʚʦʨʷʣʠ ʚ 80%-ʥʦʤ ʵʪʘʥʦʣʝ, ʚ ʘʣʠʢʚʦʪʝ ʢʦʪʦʨʦʛʦ 

ʦʧʨʝʜʝʣʷʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʪʠʭ ʛʦʨʤʦʥʦʚ. 
 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɿʘʩʦʣʝʥʠʝ ð ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʪʨʝʩʩ ʬʘʢʪʦʨʦʚ, ʣʠʤʠʪʠʨʫʶʱʠʡ  ʨʦʩʪ  ʠ  

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ [3, 8]. ɿʘʩʦʣʝʥʠʝ ʚʳʟʳʚʘʝʪ ʚ ʨʘʩʪʝʥʠʷʭ ʥʝ ʪʦʣʴʢʦ ʦʙʝʟʚʦʞʠʚʘʥʠʝ, ʥʦ ʠ 

ʦʢʘʟʳʚʘʝʪ ʥʘ ʥʠʭ ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ [16], ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʜʦʣʞʥʦ ʧʨʦʷʚʠʪʴʩʷ ʚ 

ʪʦʨʤʦʞʝʥʠʠ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʚ ʪʝʯʝʥʠʝ 7 ʯ 

ʚʦʟʜʝʡʩʪʚʠʝ 1,5% NaCl ʩʫʱʝʩʪʚʝʥʥʦ ʪʦʨʤʦʟʠʣʦ ʤʠʪʦʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʘʧʠʢʘʣʴʥʦʡ 

ʤʝʨʠʩʪʝʤʳ ʢʦʨʥʝʡ ʧʰʝʥʠʮʳ, ʙʦʣʝʝ ʪʦʛʦ, ʜʘʞʝ ʩʧʫʩʪʷ ʜʚʦʝ ʩʫʪʦʢ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʩʪʨʝʩʩʦʨʘ ʠʟ 

ʩʨʝʜʳ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʦʩʪʘʚʘʣʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʤ ʫʨʦʚʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. 

ʇʨʝʜʦʙʨʘʙʦʪʢʘ ʧʨʦʨʦʩʪʢʦʚ ʧʰʝʥʠʮʳ ʌɻɸ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ 

ʩʪʨʝʩʩʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʜʝʣʝʥʠʷ ʢʣʝʪʦʢ ʢʦʥʯʠʢʦʚ ʢʦʨʥʝʡ ʠ ʫʚʝʣʠʯʝʥʠʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʄʀ ʢʦʨʥʝʡ ʯʝʨʝʟ ʩʫʪʢʠ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʠʟ ʩʨʝʜʳ, 

ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʨʦʩʪʘ ʢʦʨʥʝʡ ʚ ʵʪʦʤ 

ʚʘʨʠʘʥʪʝ ʦʧʳʪʘ ʜʦ ʩʪʨʝʩʩʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʆʙʨʘʙʦʪʢʘ ʧʨʦʨʦʩʪʢʦʚ ʧʰʝʥʠʮʳ ʌɻɸ ʚ 

ʧʦʩʪʩʪʨʝʩʩʦʚʳʡ ʧʝʨʠʦʜ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʧʦʜʜʝʨʞʘʥʠʶ ʄʀ ʢʣʝʪʦʢ ʥʘ ʫʨʦʚʥʝ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʟʘʩʦʣʝʥʠʷ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʝʣʝʥʠʷ ʢʣʝʪʦʢ ʢʦʨʥʝʡ ʚ 

ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʦʧʳʪʘ ʙʳʣʘ ʟʘʤʝʪʥʦ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʦʙʨʘʙʦʪʘʥʥʳʤʠ ʣʝʢʪʠʥʦʤ 

ʨʘʩʪʝʥʠʷʤʠ, ʧʦʜʚʝʨʛʥʫʪʳʤʠ ʟʘʩʦʣʝʥʠʶ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʠʪʦʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʢʣʝʪʦʢ ʘʧʠʢʘʣʴʥʦʡ ʤʝʨʠʩʪʝʤʳ ʢʦʨʥʝʡ ʦʙʨʘʙʦʪʘʥʥʳʭ ʌɻɸ ʧʨʦʨʦʩʪʢʦʚ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʤ ʫʨʦʚʥʝ ʜʘʞʝ ʩʧʫʩʪʷ ʜʚʦʝ ʩʫʪʦʢ ʧʦʩʣʝ ʝʛʦ ʫʜʘʣʝʥʠʷ ʠʟ ʩʨʝʜʳ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʝ ʨʦʩʪʦʩʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʌɻɸ ʥʘ ʨʘʩʪʝʥʠʷ ʧʰʝʥʠʮʳ.  
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʘʥʪʠʩʪʨʝʩʩʦʚʳʡ ʵʬʬʝʢʪ ʌɻɸ ʥʘ ʨʦʩʪ ʢʣʝʪʦʢ 

ʢʦʨʥʝʡ ʧʨʦʨʦʩʪʢʦʚ ʧʰʝʥʠʮʳ. ʕʬʬʝʢʪʠʚʥʘʷ ʨʝʛʫʣʷʮʠʷ ʨʦʩʪʘ ʢʦʨʥʝʡ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʚ ʚʳʞʠʚʘʥʠʠ ʠ ʚ ʧʨʦʮʝʩʩʘʭ ʜʘʣʴʥʝʡʰʝʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʨʦʞʘʷ ʫ ʮʝʣʦʛʦ ʨʘʩʪʝʥʠʷ. ʅʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ 

ʘʥʘʣʠʟʝ ʤʠʪʦʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʥʯʠʢʦʚ ʢʦʨʥʝʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʦʙʨʘʙʦʪʘʥʥʳʭ ɸɿʇ 

ʨʘʩʪʝʥʠʷʭ ʧʰʝʥʠʮʳ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʚʦʟʜʝʡʩʪʚʠʶ ʟʘʩʦʣʝʥʠʷ [16]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʌɻɸ ʥʘ ʨʦʩʪ ʢʣʝʪʦʢ ʪʘʢʞʝ ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ ʘʢʪʠʚʥʳʤ 

ʚʣʠʷʥʠʝʤ ʥʘ ʛʦʨʤʦʥʘʣʴʥʳʡ ʩʪʘʪʫʩ ʧʨʦʨʦʩʪʢʦʚ ʧʰʝʥʠʮʳ.  

ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʩʨʝʜʝ ʠʥʢʫʙʠʨʦʚʘʥʠʷ ʧʨʦʨʦʩʪʢʦʚ ʧʰʝʥʠʮʳ 1,5% NaCl ʚʳʟʚʘʣʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ɸɹʂ (ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ 3 ʯ) ʠ ʟʘʤʝʪʥʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʀʋʂ 

ʠ ʮʠʪʦʢʠʥʠʥʦʚ ʚ ʢʦʨʥʷʭ. ʊʘʢʠʝ ʧʝʨʝʩʪʨʦʡʢʠ ʚ ʩʦʩʪʦʷʥʠʠ ʛʦʨʤʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʢ ʭʘʨʘʢʪʝʨʥʳʤ ʦʪʚʝʪʘʤ ʨʘʩʪʝʥʠʡ ʥʘ ʩʪʨʝʩʩʦʚʳʝ ʬʘʢʪʦʨʳ, ʚʳʟʳʚʘʶʱʠʝ 

ʦʙʝʟʚʦʞʠʚʘʥʠʝ [17]. ʀʥʜʫʮʠʨʦʚʘʥʥʳʝ ʟʘʩʦʣʝʥʠʝʤ ʩʜʚʠʛʠ ʚ ʙʘʣʘʥʩʝ ʬʠʪʦʛʦʨʤʦʥʦʚ 

ʦʪʨʘʟʠʣʠʩʴ ʚ ʫʤʝʥʴʰʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʀʋʂ/ɸɹʂ ʠ ʮʠʪʦʢʠʥʠʥʳ/ɸɹʂ ʚ ʢʦʨʥʷʭ 

ʧʨʦʨʦʩʪʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ, ʦʩʦʙʝʥʥʦ ʚ ʧʝʨʚʳʝ ʯʘʩʳ ʩʪʨʝʩʩʘ. ʂ 6 ʯ ʚʦʟʜʝʡʩʪʚʠʷ 

ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʧʨʠʙʣʠʞʘʣʠʩʴ ʢ ʥʦʨʤʝ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚʩʣʝʜʩʪʚʠʝ 

ʫʤʝʥʴʰʝʥʠʷ ʢ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʩʦʜʝʨʞʘʥʠʷ ɸɹʂ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʩʠʣʝʥʠʝ ʙʠʦʩʠʥʪʝʟʘ ʠ 

ʥʘʢʦʧʣʝʥʠʷ ɸɹʂ ʚ ʦʪʚʝʪ ʥʘ ʜʝʬʠʮʠʪ ʚʣʘʛʠ, ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʨʘʩʪʝʥʠʷʭ ʚ ʫʩʣʦʚʠʷʭ ʟʘʩʫʭʠ, 

ʟʘʩʦʣʝʥʠʷ, ʥʘʨʫʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, ʯʘʩʪʦ ʥʦʩʠʪ ʪʨʘʥʟʠʪʦʨʥʳʡ ʭʘʨʘʢʪʝʨ [18]. 

ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʮʠʪʦʢʠʥʠʥʦʚ ʠ ʀʋʂ ʚ ʢʦʨʥʷʭ ʧʨʦʨʦʩʪʢʦʚ ʚ ʭʦʜʝ ʚʦʟʜʝʡʩʪʚʠʷ 

1,5% NaCl ʦʩʪʘʚʘʣʦʩʴ ʥʘ ʙʦʣʝʝ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʩʪʨʝʩʩʦʚʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʨʘʩʪʝʥʠʷ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʧʨʦʷʚʣʷʣʘʩʴ ʚ ʫʩʪʦʡʯʠʚʦʤ 

ʪʦʨʤʦʞʝʥʠʠ ʤʠʪʦʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʝʪʦʢ ʘʧʠʢʘʣʴʥʦʡ ʤʝʨʠʩʪʝʤʳ ʢʦʨʥʝʡ ʧʰʝʥʠʮʳ.  

ʇʨʝʜʦʙʨʘʙʦʪʢʘ ʧʨʦʨʦʩʪʢʦʚ ʧʰʝʥʠʮʳ ʌɻɸ ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʘʣʘ ʚʳʟʳʚʘʝʤʦʝ 

ʟʘʩʦʣʝʥʠʝʤ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʠʪʦʢʠʥʠʥʦʚ ʚ ʢʦʨʥʷʭ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʣʘ 

ʘʤʧʣʠʪʫʜʫ ʧʘʜʝʥʠʷ ʫʨʦʚʥʷ ʀʋʂ ʠ ʥʘʢʦʧʣʝʥʠʷ ɸɹʂ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʨʝʜʦʙʨʘʙʦʪʘʥʥʳʝ 

ʌɻɸ ʧʨʦʨʦʩʪʢʠ ʧʰʝʥʠʮʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʟʘʩʦʣʝʥʠʷ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤʠ ʜʘʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʮʠʪʦʢʠʥʠʥʳ/ɸɹʂ ʠ ʩʦʧʦʩʪʘʚʠʤʳʤʠ ʩ ʢʦʥʪʨʦʣʝʤ ʚ ʩʣʫʯʘʝ ʪʘʢʦʚʳʭ ʀʋʂ/ɸɹʂ. ʇʦʩʢʦʣʴʢʫ 

ʵʢʟʦʛʝʥʥʳʝ ʠ ʵʥʜʦʛʝʥʥʳʝ ʮʠʪʦʢʠʥʠʥʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʫʩʢʦʨʝʥʠʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʬʘʟ ʤʠʪʦʟʘ ʠ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʧʦʜʝʣʠʚʰʠʭʩʷ ʢʣʝʪʦʢ [2, 19], ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, 

ʯʪʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʮʠʪʦʢʠʥʠʥʦʚ ʚ ʢʦʨʥʷʭ ʧʨʝʜʦʙʨʘʙʦʪʘʥʥʳʭ ʌɻɸ ʠ ʧʦʜʚʝʨʛʥʫʪʳʭ 

ʟʘʩʦʣʝʥʠʶ ʨʘʩʪʝʥʠʡ ʚʥʦʩʠʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʩʪʨʝʩʩʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʩʥʠʞʝʥʠʷ 

ʄʀ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʦʩʦʙʥʦʩʪʴ ʌɻɸ ʘʢʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʩʦʩʪʦʷʥʠʝ ʛʦʨʤʦʥʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʨʘʩʪʝʥʠʡ ʧʰʝʥʠʮʳ ʚ ʭʦʜʝ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʧʨʦʷʚʣʷʣʘʩʴ ʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʨʝʟʢʠʭ 

ʩʪʨʝʩʩʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʩʜʚʠʛʦʚ ʚ ʩʦʜʝʨʞʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʬʠʪʦʛʦʨʤʦʥʦʚ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʦʪʨʘʟʠʣʦʩʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʄʀ ʢʦʨʥʝʡ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ ʫʨʦʚʥʝ.  

ɺ ʩʣʝʜʫʶʱʝʡ ʩʝʨʠʠ ʦʧʳʪʦʚ ʦʮʝʥʠʚʘʣʠ ʚʣʠʷʥʠʝ ʌɻɸ ʥʘ ʛʦʨʤʦʥʘʣʴʥʳʡ ʩʪʘʪʫʩ ʢʦʨʥʝʡ 

ʧʨʦʨʦʩʪʢʦʚ ʧʰʝʥʠʮʳ ʩʨʘʟʫ ʧʦʩʣʝ 7-ʯʘʩʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 1,5% NaCl. ʋʜʘʣʝʥʠʝ ʩʪʨʝʩʩʦʨʘ ʠʟ 

ʩʨʝʜʳ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʚʦʟʚʨʘʱʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʮʠʪʦʢʠʥʠʥʦʚ, ʀʋʂ ʠ ɸɹʂ ʚ 

ʢʦʨʥʷʭ ʢ ʥʦʨʤʝ. ʏʝʨʝʟ 6 ʯ ʢʦʵʬʬʠʮʠʝʥʪʳ ʮʠʪʦʢʠʥʠʥʳ/ɸɹʂ ʠ ʀʋʂ/ɸɹʂ ʭʦʪʷ ʠ ʥʝ ʜʦʩʪʠʛʘʣʠ 

ʢʦʥʪʨʦʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʥʦ ʙʳʣʠ ʙʣʠʟʢʠ ʢ ʥʠʤ. ʆʙʨʘʙʦʪʢʘ ʨʘʩʪʝʥʠʡ ʌɻɸ ʚ ʧʦʩʪʩʪʨʝʩʩʦʚʳʡ 

ʧʝʨʠʦʜ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʷʣʘ (ʯʝʨʝʟ 2 ʯ) ʥʦʨʤʘʣʠʟʘʮʠʶ ʫʨʦʚʥʷ ʚʩʝʭ ʪʨʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʛʨʫʧʧ ʛʦʨʤʦʥʦʚ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʯʘʩʳ ʌɻɸ ʚʳʟʳʚʘʣ ʥʝʫʢʣʦʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʮʠʪʦʢʠʥʠʥʦʚ ʠ 

ʘʫʢʩʠʥʘ ʚ ʢʦʨʥʷʭ ʠ ʢ 6 ʯʘʩʘʤ ʦʧʳʪʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʥʦʰʝʥʠʡ ʮʠʪʦʢʠʥʠʥʦʚ ʢ ɸɹʂ ʠ ʀʋʂ ʢ 
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ɸɹʂ ʟʘʤʝʪʥʦ ʧʨʝʚʳʰʘʣʠ ʪʘʢʠʝ ʞʝ ʧʦʢʘʟʘʪʝʣʠ ʫ ʢʦʥʪʨʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʘʥʘʣʦʛʠʯʥʦ ʜʝʡʩʪʚʠʶ ɸɿʇ ʥʘ ʨʘʩʪʝʥʠʷ ʧʰʝʥʠʮʳ [15], ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʌɻɸ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʤʝʥʴʰʝʥʠʶ ʫʨʦʚʥʷ ʩʪʨʝʩʩʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ɸɹʂ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʩʥʠʞʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʫʢʩʠʥʘ ʠ ʦʩʦʙʝʥʥʦ ʮʠʪʦʢʠʥʠʥʦʚ ʚ ʢʦʨʥʷʭ ʧʨʦʨʦʩʪʢʦʚ ʧʰʝʥʠʮʳ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʝ ʌɻɸ ʚ ʧʦʩʪʩʪʨʝʩʩʦʚʳʡ ʧʝʨʠʦʜ ʚʳʟʳʚʘʝʪ ʫʩʢʦʨʝʥʠʝ ʫʚʝʣʠʯʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʀʋʂ ʠ ʮʠʪʦʢʠʥʠʥʦʚ ʥʘ ʬʦʥʝ ʧʦʜʜʝʨʞʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸɹʂ ʥʘ ʫʨʦʚʥʝ 

ʢʦʥʪʨʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ.  

ɺr ʚʦʜʳ 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʌɻɸ ʧʨʝʜʦʪʚʨʘʱʘʪʴ 

ʚʳʟʳʚʘʝʤʦʝ ʟʘʩʦʣʝʥʠʝʤ ʪʦʨʤʦʞʝʥʠʝ ʤʠʪʦʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʝʪʦʢ ʢʦʥʯʠʢʦʚ ʢʦʨʥʝʡ ʠ 

ʫʩʢʦʨʷʪʴ ʨʝʧʘʨʘʮʠʶ ʨʦʩʪʘ ʢʣʝʪʦʢ ʜʝʣʝʥʠʝʤ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʩʪʨʝʩʩʦʨʘ ʠʟ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʘʨʛʫʤʝʥʪʦʤ ʚ ʧʦʣʴʟʫ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʚʦʚʣʝʯʝʥʠʠ ʵʪʦʛʦ ʣʝʢʪʠʥʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʩʪʝʥʠʡ ʧʰʝʥʠʮʳ ʢ ʟʘʩʦʣʝʥʠʶ ʩʨʝʜʳ. ɺ ʦʩʥʦʚʝ ʨʝʘʣʠʟʘʮʠʠ ʟʘʱʠʪʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʌɻɸ, ʚʝʨʦʷʪʥʦ, ʣʝʞʘʪ ʚʳʟʚʘʥʥʳʝ ʠʤ ʧʝʨʝʩʪʨʦʡʢʠ ʚ ʩʦʩʪʦʷʥʠʠ ʛʦʨʤʦʥʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʨʘʩʪʝʥʠʡ ʧʰʝʥʠʮʳ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ 2017ï2019 ʛʛ. ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʟʘʨʘʞʝʥʥʦʩʪʠ ʤʝʣʢʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ 

ʘʥʦʧʣʦʮʝʬʘʣʠʜʘʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʭʦʟʷʡʩʪʚʘʭ ʅʘʭʠʯʝʚʘʥʠ. ɺʩʝʛʦ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 1625 ʛʦʣʦʚ 

ʦʚʝʮ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ. ʇʫʪʝʤ ʛʝʣʴʤʠʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʚʩʢʨʳʪʠʷ ʠʩʩʣʝʜʦʚʘʥʦ 

584 ʢʠʰʝʯʥʠʢʘ ʤʝʣʢʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʥʦʧʣʦʮʝʬʘʣʠʜʦʟʳ ʤʝʣʢʦʛʦ 

ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ ʘʥʦʧʣʦʮʝʬʘʣʠʜ ʤʝʣʢʦʛʦ 

ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʅʘʭʠʯʝʚʘʥʠ ʚʢʣʶʯʘʝʪ 5 ʚʠʜʦʚ: Moniezia expansa, M. benedeni, Avitellina 

centripunctata, Thysaniezia giardi ʠ Stilesia globipunctata. ʕʢʩʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʛʝʣʴʤʠʥʪʦʦʚʦʩʢʦʧʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣʘ 36,6%, ʘ 

ʛʝʣʴʤʠʥʪʦʣʦʛʠʯʝʩʢʠʭ ʚʩʢʨʳʪʠʡ ð 26,4%. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ ʤʝʣʢʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ 

ʘʥʦʧʣʦʮʝʬʘʣʠʜʘʤʠ ʚ ʩʨʝʜʥʝʤ 3,4 ʵʢʟ. /ʛʦʣ. 

 

Abstract. In 2017ï2019 studying of contamination of small cattle with anoplocephalid 

tapeworms in various farm of Nakhchivan AR is carried out. A total of 1625 sheep and lambs of 

different ages were used in this study. 584 intestines of sheep were observed. It is ascertained, that 

in the conditions of the Nakhchivan Anoplocephalidae of small cattle are widespread. Disease of 

small cattle is observed in all districts. The species composition of anoplocephalid tapeworms of 

small cattle in the territory includes 5 species. During inspections of the intestinal tracts were found 

5 species of anoplocephalid tapeworms: Moniezia expansa, M. benedeni, Avitellina centripunctata, 

Thysaniezia giardi and Stilesia globipunctata. Extensiveness of invasion by results of 

helminthoovoscopic examination is 36.6% and by results of helminthological dissections is 26.4%. 

Intensity of invasion of small cattle with anoplocephalid tapeworms is on the average 3.4 sp./h. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʅʘʭʠʯʝʚʘʥʴ, ʘʥʦʧʣʦʮʝʬʘʣʠʜʦʟʳ, ʤʦʥʠʝʟʠʦʟ, ʛʝʣʴʤʠʥʪʦʣʦʛʠʯʝʩʢʠʝ 

ʚʩʢʨʳʪʠʷ, ʠʥʚʘʟʠʷ, ʤʝʣʢʠʡ ʨʦʛʘʪʳʡ ʩʢʦʪ. 

 

Keywords: Nakhchivan, anoplocephalidoses, monieziasis, helminthological dissections, 

invasion, small cattle. 

 

ɺʚʝʜʝʥʠʝ  

ʀʥʚʘʟʠʦʥʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʥʦʩʷʪ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʫ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ. ʉʨʝʜʠ ʥʠʭ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ 

ʛʝʣʴʤʠʥʪʦʟʳ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʘʥʦʧʣʦʮʝʬʘʣʠʜʦʟʳ. ɿʘʨʘʞʝʥʥʳʝ ʘʥʦʧʣʦʮʝʬʘʣʠʜʘʤʠ 
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ʞʠʚʦʪʥʳʝ ʧʣʦʭʦ ʦʪʢʘʨʤʣʠʚʘʶʪʩʷ, ʤʦʣʦʜʥʷʢ ʦʪʩʪʘʝʪ ʚ ʨʦʩʪʝ, ʯʘʱʝ ʧʦʛʠʙʘʝʪ ʦʪ  ʟʘʢʫʧʦʨʢʠ 

ʢʠʰʝʯʥʠʢʘ [1]. 

ʕʧʠʟʦʦʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʠ ʛʝʣʴʤʠʥʪʦʟʘʭ ð ɻʪʦ ʥʝʧʨʝʨʳʚʥʘʷ ʮʝʧʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʧʝʨʝʭʦʜʘ ʚʦʟʙʫʜʠʪʝʣʷ ʦʪ ʙʦʣʴʥʦʛʦ ʞʠʚʦʪʥʦʛʦ (ʠʩʪʦʯʥʠʢ ʚʦʟʙʫʜʠʪʝʣʷ) ʢ ʟʜʦʨʦʚʦʤʫ 

(ʚʦʩʧʨʠʠʤʯʠʚʦʝ ʞʠʚʦʪʥʦʝ), ʢʦʪʦʨʳʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʠ 

ʫʛʘʩʘʥʠʝʤ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʫ ʧʦʩʣʝʜʥʠʭ ʚ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ 

ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ [2]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʵʧʠʟʦʦʪʦʣʦʛʠʠ ʘʥʦʧʣʦʮʝʬʘʣʷʪʦʟʦʚ ʤʝʣʢʦʛʦ  

ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʚ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʈ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʵʧʠʟʦʦʪʦʣʦʛʠʠ ʘʥʦʧʣʦʮʝʬʘʣʠʜʦʟʦʚ ʦʚʝʮ ʧʨʦʚʦʜʠʣʠ ʚ 

2017ï2019 ʛʛ. ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘʭ (ʉʘʜʘʨʘʢʩʢʠʡ, ʐʘʨʫʨʩʢʠʡ, ɹʘʙʝʢʩʢʠʡ, ɼʞʫʣʴʬʠʥʩʢʠʡ, 

ʐʘʭʙʫʟʩʢʠʡ ʠ ʆʨʜʫʙʘʜʩʢʠʡ) ʘʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ. ʇʨʦʙʳ ʬʝʢʘʣʠʡ ʙʨʘʣʠ ʝʞʝʤʝʩʷʯʥʦ ʦʪ 

ʪʨʝʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʦʚʝʮ: ʷʛʥʷʪʘ ʜʦ ʛʦʜʘ, ʤʦʣʦʜʥʷʢ ʚ ʚʦʟʨʘʩʪʝ 1-2 ʛʦʜʘ ʠ ʚʟʨʦʩʣʳʝ ʦʚʮʳ. 

ʇʨʦʙʳ ʠʩʩʣʝʜʦʚʘʣʠ ʬʣʦʪʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʌʶʣʣʝʙʦʨʥʘ,  ʥʘ ʥʘʣʠʯʠʝ ʷʠʮ ʘʥʦʧʣʦʮʝʬʘʣʠʜ. 

ɺʩʝʛʦ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 1625 ʧʨʦʙ ʬʝʢʘʣʠʡ ʦʚʝʮ. 

ʄʝʪʦʜʦʤ ʥʝʧʦʣʥʳʭ ʛʝʣʴʤʠʥʪʦʣʦʛʠʯʝʩʢʠʭ ʚʩʢʨʳʪʠʡ ʧʦ ʂ. ʀ. ʉʢʨʷʙʠʥʫ ʠʩʩʣʝʜʦʚʘʣʠ 

ʪʦʥʢʠʡ ʢʠʰʝʯʥʠʢ 584 ʛʦʣʦʚ ʦʚʝʮ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʦʚ. ʇʦʩʣʝ ʫʙʦʷ ʦʪ ʢʘʞʜʦʛʦ ʞʠʚʦʪʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʣʠ ʧʫʪʝʤ ʚʳʞʠʤʘʥʠʷ ʠ ʩʤʳʚʘ ʩʦʜʝʨʞʠʤʦʝ ʢʠʰʝʯʥʠʢʘ. ʉʦʙʨʘʥʦ ʚʩʝʛʦ 844 ʵʢʟ. 

ʮʝʩʪʦʜ. ʉʦʙʨʘʥʥʳʭ ʧʨʠ ʚʩʢʨʳʪʠʠ ʢʠʰʝʯʥʠʢʘ ʮʝʩʪʦʜ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ, ʧʦʜʩʯʠʪʳʚʘʣʠ ʠ 

ʦʧʨʝʜʝʣʷʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ. ʂʘʤʝʨʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʜʠʣʠ ʧʦ 

ʦʙʱʝʧʨʠʥʷʪʦʡ  ʚ ʛʝʣʴʤʠʥʪʦʣʦʛʠʠ ʤʝʪʦʜʠʢʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʠʭ ʜʦ ʚʠʜʘ [3ï4]. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʦ ʜʘʥʥʳʤ ʢʦʧʨʦʦʚʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʥʦʧʣʦʮʝʬʘʣʠʜʦʟʳ 

ʫ ʷʛʥʷʪ ʚ ʚʦʟʨʘʩʪʝ ʜʦ ʛʦʜʘ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦ ʚʩʝʭ ʭʦʟʷʡʩʪʚʘʭ. ɺʩʝʛʦ 

ʙʳʣʘ ʦʙʩʣʝʜʦʚʘʥʘ 1625 ʛʦʣʦʚʘ ʤʝʣʢʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ (ʊʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1. 

ɿɸʈɸɾɽʅʅʆʉʊʔ ʄɽʃʂʆɻʆ ʈʆɻɸʊʆɻʆ ʉʂʆʊɸ ɸʅʆʇʃʆʎɽʌɸʃʀɼɸʄʀ 

(ʧʦ ʜʘʥʥʳʤ ʢʦʧʨʦʦʚʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ) 

 

ɺʦʟʨʘʩʪ 

ʞʠʚʦʪʥʳʭ 

ʂʦʣʠʯʝʩʪʚʦ ʦʙʩʣʝʜʦʚʘʥʥʳʭ 

ʞʠʚʦʪʥʳʭ 

ʀʟ ʥʠʭ ʟʘʨʘʞʝʥʦ 

ʘʥʦʧʣʦʮʝʬʘʣʠʜʘʤʠ 

ʕʀ, % 

ʗʛʥʷʪʘ ʜʦ ʛʦʜʘ  528 292 55,3 

ʄʦʣʦʜʥʷʢ ʦʪ 1 ʜʦ 2 ʣʝʪ 611 198 32,4 

ɺʟʨʦʩʣʳʝ ʦʚʮʳ 486 106 21,8 

ɺʩʝʛʦ 1625 596 36,6 

 

ʉʨʝʜʥʷʷ  ʟʘʨʘʞʝʥʥʦʩʪʴ ʠʥʚʘʟʠʠ ʧʨʠ ʘʥʦʧʣʦʮʝʬʘʣʠʜʦʟʝ ʩʦʩʪʘʚʠʣʘ 36,6%, ʥʘʠʙʦʣʴʰʠʡ 

ʧʦʢʘʟʘʪʝʣʴ ʟʘʨʘʞʝʥʥʦʩʪʠ ʚʳʷʚʣʝʥ ʫ ʷʛʥʷʪ ʜʦ ʛʦʜʘ (55,3%). ʕʢʩʪʝʥʩʠʚʥʦʩʪʠ ʠʥʚʘʟʠʠ ʫ 

ʤʦʣʦʜʥʷʢʘ ʦʪ 1 ʜʦ 2 ʣʝʪ ʩʦʩʪʘʚʠʣʘ 32,4%. ʀʥʚʘʟʠʨʦʚʘʥʥʦʩʪʴ ʚʟʨʦʩʣʳʭ ʦʚʝʮ 

ʘʥʦʧʣʦʮʝʬʘʣʠʜʘʤʠ ʧʦ ʜʘʥʥʳʤ ʢʦʧʨʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʘʚʠʣʘ 21,8%.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʛʝʣʴʤʠʥʪʦʣʦʛʠʯʝʩʢʠʭ ʚʩʢʨʳʪʠʡ  ʪʦʥʢʦʛʦ ʢʠʰʝʯʥʠʢʘ 584 ʛʦʣʦʚ ʤʝʣʢʦʛʦ 

ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ 154 ʛʦʣʦʚ ʙʳʣʠ ʠʥʚʘʟʠʨʦʚʘʥʳ ʘʥʦʧʣʦʮʝʬʘʣʠʜʘʤʠ 

(ʊʘʙʣʠʮʘ 2). 
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ʊʘʙʣʠʮʘ 2. 

ɿɸʈɸɾɽʅʅʆʉʊʔ ʄɽʃʂʆɻʆ ʈʆɻɸʊʆɻʆ ʉʂʆʊɸ ɸʅʆʇʃʆʎɽʌɸʃʀɼɸʄʀ 

(ʧʦ ʜʘʥʥʳʤ ʛʝʣʴʤʠʥʪʦʣʦʛʠʯʝʩʢʠʭ ʚʩʢʨʳʪʠʡ) 
 

ɺʦʟʨʘʩʪ 

ʞʠʚʦʪʥʳʭ 

ʂʦʣʠʯʝʩʪʚʦ 

ʦʙʩʣʝʜʦʚʘʥʥʳʭ 

ʞʠʚʦʪʥʳʭ 

ʀʟ ʥʠʭ ʟʘʨʘʞʝʥʦ, 

ʛʦʣʦʚ 

ʕʀ, % ʀʀ ʵʢʟ. ʚ ʩʨʝʜʥʝʤ 

ʥʘ 1 ʟʘʨʘʞʝʥʥʦʝ 

ʞʠʚʦʪʥʦʝ 

ʗʛʥʷʪʘ ʜʦ ʛʦʜʘ  168 72 42,8 4,5 

ʄʦʣʦʜʥʷʢ ʦʪ 1 ʜʦ 2 ʣʝʪ 204 54 26,5 3,1 

ɺʟʨʦʩʣʳʝ ʦʚʮʳ 212 28 13,2 2,6 

ɺʩʝʛʦ 584 154 26,4 3,4 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʘʥʦʧʣʦʮʝʬʘʣʠʜʦʟʦʚ ʤʝʣʢʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʚ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʈ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ ʤʝʣʢʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʚ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʈ ʧʘʨʘʟʠʪʠʨʫʝʪ 5 ʚʠʜʦʚ 

ʘʥʦʧʣʦʮʝʬʘʣʠʜ ʠʟ ʩʝʤʝʡʩʪʚʘ Anoplocephalidae: Moniezia expansa, M. benedeni, Avitellina 

centripunctata, Thysaniezia giardi ʠ Stilesia globipunctata. (ʊʘʙʣʠʮʘ 3). 
 

ʊʘʙʣʠʮʘ 3. 

ɺʀɼʆɺʆʁ ʉʆʉʊɸɺ ɸʅʆʇʃʆʎɽʌɸʃʀɼ ʄɽʃʂʆɻʆ ʈʆɻɸʊʆɻʆ ʉʂʆʊɸ  

ɺ ʅɸʍʀʏɽɺɸʅʉʂʆʁ ɸʈ 
 

ɺʠʜ ʛʝʣʴʤʠʥʪʘ  ʕʀ, %  ʀʥʪʝʥʩʠʚʥʦʩʪʴ, ʵʢʟ./ʛʦʣ 

ʄʠʥʠʤʫʤ  ʄʘʢʩʠʤʫʤ  

Moniezia expansa   25,6 1 6 

M. benedeni   8,2 1 3 

Avitellina centripunctata 21,5 1 5 

Thysaniezia giardi 14,8 1 3 

Stilesia globipunctata 4,2 1 2 

 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ Moniezia expansa ʠ Avitellina centripunctata, ʦʙʥʘʨʫʞʝʥʥʳʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫ 25,6% ʠ 21,5% ʦʙʩʣʝʜʦʚʘʥʥʦʛʦ ʧʦʛʦʣʦʚʴʷ ʤʝʣʢʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʘʥʦʧʣʦʮʝʬʘʣʠʜʦʟʦʚ ʤʝʣʢʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʪʝʨʨʠʪʦʨʠʠ ʘʚʪʦʥʦʤʥʦʡ ʨʝʩʧʫʙʣʠʢʠ ʩʨʝʜʠ ʷʛʥʷʪ ʪʝʢʫʱʝʛʦ ʛʦʜʘ 

ʨʦʞʜʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʥʘʯʠʥʘʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʚ ʢʦʥʮʝ ʠʶʥʷ. ʋ ʷʛʥʷʪ, ʢʦʪʦʨʳʝ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩ ʘʧʨʝʣʷ, ʧʝʨʚʳʝ ʩʣʫʯʘʠ ʢʣʠʥʢʠ ʘʥʦʧʣʦʮʝʬʘʣʠʜʘʤ ʩ ʦʙʥʘʨʫʞʝʥʠʝʤ ʥʘʣʠʯʠ ̫

ʯʣʝʥʠʢʦʚ ʮʝʩʪʦʜ ʚ ʬʝʢʘʣʠʷʭ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚ ʢʦʥʮʝ ʠʶʥʷ. ɺ ʥʘʯʘʣʝ ʠʶʣʷ ʧʨʦʮʝʥʪ 

ʠʥʚʘʟʠʨʦʚʘʥʥʦʩʪʠ  ʘʥʦʧʣʦʮʝʬʘʣʠʜʦʟʦʤ ʜʦʩʪʠʛʣʘ 58,3%, ʘ ʚ ʘʚʛʫʩʪʝ  ʦʪʤʝʯʘʣʦʩʴ  ʩʥʠʞʝʥʠʝ 

ʠʥʚʘʟʠʠ ʜʦ 34,9%. ʆʩʝʥʴʶ, ʚ ʩʝʥʪʷʙʨʷ ʠ ʚ ʩʨʝʜʠʥʝ ʦʢʪʷʙʨʷ ʵʢʩʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ ʜʦʩʪʠʛʣʘ   

ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʜʦ 40,1%.  

ʋ ʤʦʣʦʜʥʷʢʘ ʦʪ ʛʦʜʘ ʜʦ 2 ʣʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʜʲʝʤ  ʵʢʩʪʝʥʩʠʚʥʦʩʪʠ ʠʥʚʘʟʠʠ (41,9%) 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʘ ʠʶʥʷ ʜʦ ʢʦʥʮʘ ʠʶʣʷ. ɺ ʘʚʛʫʩʪʝ ʫʨʦʚʝʥʴ ʟʘʨʘʞʝʥʥʦʩʪʠ 

ʤʦʣʦʜʥʷʢʘ ʩʥʠʞʘʝʪʩʷ ʜʦ 29,8%, ʥʦ ʢ ʩʝʥʪʷʙʨʶ-ʦʢʪʷʙʨʶ ʵʢʩʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ ʚʥʦʚʴ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 36,5%. ʂ ʥʘʯʘʣʫ ʟʠʤʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ, ʢʦʛʜʘ ʫʧʠʪʘʥʥʦʩʪʴ ʤʦʣʦʜʥʷʢʘ 

ʫʣʫʯʰʘʝʪʩʷ, ʩʪʝʧʝʥʴ ʠʥʚʘʟʠʠ ʩʥʠʞʘʝʪʩʷ. 

ʉʨʝʜʠ  ʚʟʨʦʩʣʳʭ ʦʚʝʮ ʢʣʠʥʠʯʝʩʢʠ  ʟʘʙʦʣʝʚʘʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʢʦʥʮʝ ʠʶʥʷ. 

ɺʳʩʦʢʘʷ ʟʘʨʘʞʝʥʥʦʩʪʴ ʚʟʨʦʩʣʳʭ ʦʚʝʮ ʘʥʦʧʣʦʮʝʬʘʣʠʜʘʤʠ ʦʪʤʝʯʘʝʪʩʷ ʚ ʢʦʥʮʝ ʠʶʣʷ (39,8%), ʢ 

ʘʚʛʫʩʪʫ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʫʨʦʚʥʷ ʠʥʚʘʟʠʠ ʜʦ 25,6%, ʘ ʚ ʢʦʥʮʝ ʩʝʥʪʷʙʨʷ 

ʵʢʩʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ ʚʥʦʚʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 32,4%. ʂ ʥʦʷʙʨʶ ʠʥʚʘʟʠʨʦʚʘʥʥʦʩʪʴ 

ʞʠʚʦʪʥʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ. 
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ɺ ʫʩʣʦʚʠʷʭ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʈ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʜʲʝʤ  ʠʥʚʘʟʠʠ ʚʩʝʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʢʦʥʮʝ ʚʝʩʥʳ, ʥʘʯʘʣʦ ʣʝʪʦ. ɺʳʧʘʩʘʚʰʠʡʩʷ ʤʝʣʢʠʡ ʨʦʛʘʪʳʡ ʩʢʦʪ 

ʠʥʚʘʟʠʨʦʚʘʥ ʘʥʦʧʣʦʮʝʬʘʣʠʜʘʤʠ ʧʦʯʪʠ ʚʦ ʚʩʝʡ ʩʝʟʦʥʳ ʛʦʜʳ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʚʳʰʝʥʠʝʤ 

ʟʘʨʘʞʝʥʥʦʩʪʠ ʣʝʪʥʝ-ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʠ ʩʥʠʞʘʝʪʩʷ ʚ ʟʠʤʥʝ-ʚʝʩʝʥʥʠʝ ʤʝʩʷʮʳ. ɻʣʘʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʟʘʨʘʞʝʥʠʷ ʦʚʝʮ ʷʚʣʷʶʪʩʷ ʧʘʩʪʙʠʱʘ, ʢʦʪʦʨʳʝ ʟʘʛʨʷʟʥʝʥʳ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʭʦʟʷʠʥʦʤ ʘʥʦʧʣʦʮʝʬʘʣʠʜ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʠ ʪʷʞʝʣʳʭ ʩʦʤʘʪʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʚʦʟʤʦʞʥʳ ʦʪʢʣʦʥʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠ ̫ ʚ ʢʨʦʚʠ ʪʠʨʝʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ ʚ ʦʪʩʫʪʩʪʚʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʝ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʜʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʪʝʨʤʠʥʳ: ʩʠʥʜʨʦʤ ʥʝʪʠʨʝʦʠʜʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʵʫʪʠʨʝʦʠʜʥʳʡ ʧʘʪʦʣʦʛʠʯʝʩʢʠʡ 

ʩʠʥʜʨʦʤ, ʩʠʥʜʨʦʤ ʵʫʪʠʨʝʦʠʜʥʦʡ ʩʣʘʙʦʩʪʠ, ʩʠʥʜʨʦʤ ʧʩʝʚʜʦʜʠʩʬʫʥʢʮʠʠ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ, 

ʩʠʥʜʨʦʤ ʵʫʪʠʨʝʦʠʜʥʦʛʦ ʙʦʣʴʥʦʛʦ, ʩʠʥʜʨʦʤ ʵʫʪʠʨʝʦʠʜʥʦʡ ʧʘʪʦʣʦʛʠʠ. ɸʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ 

ʥʘʟʳʚʘʪʴ ʝʛʦ ʩʠʥʜʨʦʤ ʘʜʘʧʪʘʮʠʦʥʥʦʛʦ ʪʠʨʝʦʠʜʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ (ʉɸʊɼ) ʠ ʚʳʜʝʣʷʶʪ ʪʨʠ ʝʛʦ 

ʪʠʧʘ: 1 ʪʠʧ (ʉɸʊɼ-1) ð ʠʤʤʦʙʠʣʠʟʘʮʠʦʥʥʳʡ (ʥʠʟʢʠʝ ʫʨʦʚʥʠ ʚ ʢʨʦʚʠ ʦʙʱʠʭ ʠʣʠ ʩʚʦʙʦʜʥʳʭ 

ʬʨʘʢʮʠʡ ʊ3 ʠ ʊ4), 2 ʪʠʧ (ʉɸʊɼ-2) ð ʧʝʨʝʭʦʜʥʳʡ ʠʣʠ ʧʨʦʤʝʞʫʪʦʯʥʳʡ (ʥʠʟʢʠʡ ʠʣʠ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʚ ʢʨʦʚʠ ʪʠʨʝʦʪʨʦʧʥʦʛʦ ʛʦʨʤʦʥʘ), 3 ʪʠʧ (ʉɸʊɼ-3) ð ʤʦʙʠʣʠʟʘʮʠʦʥʥʳʡ (ʚʳʩʦʢʠʝ 

ʫʨʦʚʥʠ ʚ ʢʨʦʚʠ ʦʙʱʠʭ ʠʣʠ ʩʚʦʙʦʜʥʳʭ ʊ3 ʠ ʊ4). ɺ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʘ ʯʘʩʪʦʪʘ ʉɸʊɼ ʠ ʝʛʦ 

ʪʠʧʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʷʞʝʣʳʭ ʩʦʤʘʪʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ. ʆʙʩʣʝʜʦʚʘʥʦ 1098 ʙʦʣʴʥʳʭ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʤ ʣʝʯʝʥʠʠ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʣʝʯʝʙʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ. 

ʇʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʉɸʊɼ ʫ ʩʦʤʘʪʠʯʝʩʢʠʭ ʙʦʣʴʥʳʭ (35,6%). ʉʘʤʳʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʠʣʩʷ ʉɸʊɼ-1, ʢʦʪʦʨʳʡ ʚʩʪʨʝʯʘʣʩʷ ʫ 22,1% ʙʦʣʴʥʳʭ. ɽʛʦ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʯʘʩʪʦʪʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʫ ʙʦʣʴʥʳʭ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ 1 ʪʠʧʘ (58,6%). ʇʨʦʤʝʞʫʪʦʯʥʳʤ ʧʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʷʚʠʣʩʷ ʉɸʊɼ-2 ð 8,5%, ʯʘʱʝ ʚʩʝʛʦ ʦʥ ʠʤʝʣ ʤʝʩʪʦ ʧʨʠ ʦʩʪʨʦʤ ʠʥʬʘʨʢʪʝ 

ʤʠʦʢʘʨʜʘ (26,7%). ʉɸʊɼ-3 ʟʘʬʠʢʩʠʨʦʚʘʥ ʪʦʣʴʢʦ ʫ 5% ʙʦʣʴʥʳʭ. ʕʪʦʪ ʪʠʧ ʜʦʤʠʥʠʨʦʚʘʣ ʫ 

ʙʦʣʴʥʳʭ ʘʢʪʠʚʥʳʤ ʪʫʙʝʨʢʫʣʝʟʦʤ ʣʝʛʢʠʭ (61,8%) ʠ ʚʩʪʨʝʯʘʣʩʷ ʫ ʢʘʞʜʦʛʦ 10 ʧʘʮʠʝʥʪʘ (10,3%) 

ʩ ʤʦʟʛʦʚʳʤ ʠʥʩʫʣʴʪʦʤ. ɼʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʰʠʨʦʢʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʉɸʊɼ ʫ 

ʩʦʤʘʪʠʯʝʩʢʠʭ ʙʦʣʴʥʳʭ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʵʪʦʛʦ ʩʠʥʜʨʦʤʘ ʠ ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʪʠʧʦʚ ʷʚʣʷʝʪʩʷ 

ʦʪʨʘʞʝʥʠʝʤ ʪʷʞʝʩʪʠ ʠ ʬʘʟʳ ʦʩʥʦʚʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. 
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Abstract. In severe somatic diseases, deviations in the content of thyroid hormones in 

the blood are possible in the absence of organic changes in the thyroid gland. Various terms are used 

in the literature to denote this condition: syndrome of non-thyroid diseases, euthyroid pathological 

syndrome, syndrome of euthyroid weakness, syndrome of pseudodysfunction of the thyroid gland, 

syndrome of euthyroid patient, euthyroid sick syndrome. The authors propose to call it the 

syndrome of adaptive thyroid imbalance (SATI) and I distinguish three types of it: Type 1 (SATI-1) 

ð immobilization (low blood levels of total or free fractions T3 and T4), Type 2 (SATI-2) ð 

transitional or intermediate (low or high blood levels of thyroid stimulating hormone), Type 3 

(SATI-3) ð mobilization (high blood levels of total or free T3 and T4). The work determined the 

frequency of SATI and its types in various severe somatic diseases. 1098 patients undergoing 

inpatient treatment in specialized medical institutions were examined. A high prevalence of SATI 

was shown in somatic patients (35.6%). The most common was SATI-1, which was found in 22.1% 

of patients. Its maximum frequency was recorded in patients with type 1 diabetes mellitus (58.6%). 

SATI-2 was intermediate in prevalence ð 8.5%, most often it occurred in acute myocardial 

infarction (26.7%). SATI-3 was recorded only in 5% of patients. This type dominated in patients 

with active pulmonary tuberculosis (61.8%) and occurred in every 10 patients (10.3%) with cerebral 

stroke. It is concluded that SATI is widespread in somatic patients. The formation of this syndrome 

and its individual types is a reflection of the severity and phase of the underlying disease. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɦ ʠʪʦʚʠʜʥʘʷ ʞʝʣʝʟʘ, ʪʠʨʝʦʠʜʥʳʝ ʛʦʨʤʦʥʳ, ʩʠʥʜʨʦʤ ʵʫʪʠʨʝʦʠʜʥʦʡ 

ʧʘʪʦʣʦʛʠʠ, ʩʠʥʜʨʦʤ ʥʠʟʢʦʛʦ ʊ3, ʘʜʘʧʪʘʮʠʷ. 

 

Keywords: thyroid gland, thyroid hormones, euthyroid sick syndrome, low T3 syndrome, 

adaptation. 

 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʪʷʞʝʣʳʭ ʩʦʤʘʪʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʷʭ ʠ ʫʨʛʝʥʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʥʘʙʣʶʜʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ 

ʪʠʨʝʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ ʚ ʢʨʦʚʠ ʚ ʦʪʩʫʪʩʪʚʠʠ ʩʢʦʣʴ-ʣʠʙʦ ʟʥʘʯʠʤʳʭ ʧʦʨʘʞʝʥʠʡ ʩʘʤʦʡ 

ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ (ʑɾ). ɺ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʜʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʧʦʣʴʟʫʪʁʩʷ 

ʨʘʟʣʠʯʥʳʝ ʪʝʨʤʠʥʳ: ʩʠʥʜʨʦʤ ʥʝʪʠʨʝʦʠʜʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʵʫʪʠʨʝʦʠʜʥʳʡ ʧʘʪʦʣʦʛʠʯʝʩʢʠʡ 

ʩʠʥʜʨʦʤ, ʩʠʥʜʨʦʤ ʵʫʪʠʨʝʦʠʜʥʦʡ ʩʣʘʙʦʩʪʠ, ʩʠʥʜʨʦʤ ʧʩʝʚʜʦʜʠʩʬʫʥʢʮʠʠ ʑɾ, ʩʠʥʜʨʦʤ 

ʵʫʪʠʨʝʦʠʜʥʦʛʦ ʙʦʣʴʥʦʛʦ, ʩʠʥʜʨʦʤ ʵʫʪʠʨʝʦʠʜʥʦʡ ʧʘʪʦʣʦʛʠʠ. ʅʘ ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʘʭ ʠʟʫʯʝʥʠʷ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʥʘʤ ʢʘʟʘʣʦʩʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʦʪʨʘʞʘʝʪ ʩʫʪʴ ʠʤʝʶʱʠʭʩʷ ʦʪʢʣʦʥʝʥʠʡ 

ʪʠʨʝʠʦʜʥʦʛʦ ʩʪʘʪʫʩʘ ʧʨʠ ʩʦʤʘʪʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʪʘʢʠʝ ʥʘʟʚʘʥʠʷ ʢʘʢ ʩʠʥʜʨʦʤ 

ʧʩʝʚʜʦʜʠʩʬʫʥʢʮʠʠ ʑɾ [1] ʠ ʩʠʥʜʨʦʤ ʵʫʪʠʨʝʦʠʜʥʦʡ ʧʘʪʦʣʦʛʠʠ (ʉʕʇ) [2]. ʆʜʥʘʢʦ ʧʦ ʤʝʨʝ 

ʥʘʢʦʧʣʝʥʠʷ ʥʦʚʳʭ ʜʘʥʥʳʭ, ʥʘʰʝʜʰʠʭ ʦʪʨʘʞʝʥʠʝ ʚ ʢʨʫʧʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʙʟʦʨʘʭ 

ʧʦʩʣʝʜʥʠʭ ʣʝʪ [3], ʘ ʪʘʢʞʝ ʢʨʠʪʠʯʝʩʢʦʝ ʦʩʤʳʩʣʝʥʠʝ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ [2], ʟʘʩʪʘʚʠʣʦ 

ʥʘʩ ʧʝʨʝʩʤʦʪʨʝʪʴ ʧʨʝʞʥʠʝ ʥʘʟʚʘʥʠʷ ʵʪʦʛʦ ʩʠʥʜʨʦʤʘ ʠ ʧʨʝʜʣʦʞʠʪʴ ʥʦʚʦʝ: ʩʠʥʜʨʦʤ 

ʘʜʘʧʪʘʮʠʦʥʥʦʛʦ ʪʠʨʝʦʠʜʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ (ʉɸʊɼ). ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʚʦʠʭ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʫʙʝʜʠʣ, ʯʪʦ ʣʶʙʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʛʠʧʦʪʘʣʘʤʫʩïʛʠʧʦʬʠʟïʑɾïʪʢʘʥʠïʤʠʰʝʥʠ 

ʚ ʦʪʚʝʪ ʥʘ ʨʘʟʣʠʯʥʳʝ ʚʦʟʤʫʱʘʶʱʠʝ ʬʘʢʪʦʨʳ (ʢʘʢ ʙʣʠʟʢʠʝ ʢ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ð 

ʙʝʨʝʤʝʥʥʦʩʪʴ, ʩʧʦʨʪʠʚʥʳʝ ʪʨʝʥʠʨʦʚʢʠ, ʪʘʢ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ) ʫʙʝʞʜʘʝʪ, ʯʪʦ ʦʙʱʠʡ ʚʝʢʪʦʨ 

ʠʟʤʝʥʝʥʠʡ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʠʤʝʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʫʶ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ, ʪʦ ʝʩʪʴ ʪʠʨʝʦʠʜʥʳʡ ʜʠʩʙʘʣʘʥʩ ʧʨʠ ʩʦʤʘʪʠʯʝʩʢʦʡ ʧʘʪʦʣʦʛʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʣʫʯʰʝʡ ʘʜʘʧʪʘʮʠʠ ʦʨʛʘʥʠʟʤʘ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ. ʇʨʠ ʵʪʦʤ ʚ ʦʜʥʠʭ ʩʣʫʯʘʷʭ 

ʠʟʤʝʥʝʥʠʷ ʚ ʪʠʨʝʦʠʜʥʦʤ ʩʪʘʪʫʩʝ ʤʦʛʫʪ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʦʚ 
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ʪʠʨʝʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ (ʩʥʠʞʝʥʠʝ ʚ ʢʨʦʚʠ ʦʙʱʠʭ ʠ/ʠʣʠ ʩʚʦʙʦʜʥʳʭ ʬʨʘʢʮʠʡ ʊ3 ʠ ʊ4), ʚ 

ʜʨʫʛʠʭ, ʥʘʦʙʦʨʦʪ, ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʜʝʡʩʪʚʠʷ (ʧʦʚʳʰʝʥʠʝ ʚ ʢʨʦʚʠ ʦʙʱʠʭ ʠ/ʠʣʠ 

ʩʚʦʙʦʜʥʳʭ ʬʨʘʢʮʠʡ ʊ3 ʠ ʊ4). ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʤʳ ʛʦʚʦʨʠʤ ʦʙ ʠʤʤʦʤʠʣʠʟʘʮʠʦʥʥʦʤ 

(ʪʦʨʤʦʟʷʱʝʤ), ʘ ʚʦ ʚʪʦʨʦʤ ð ʦʙ ʤʦʙʠʣʠʟʘʮʠʦʥʥʦʤ (ʘʢʪʠʚʠʨʫʶʱʝʤ) ʜʠʩʙʘʣʘʥʩʝ ʪʠʨʝʦʠʜʥʳʭ 

ʛʦʨʤʦʥʦʚ. ɽʩʪʴ ʩʤʳʩʣ ʚʳʜʝʣʷʪʴ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʠ ʧʝʨʝʭʦʜʥʳʡ (ʧʨʦʤʝʞʫʪʦʯʥʳʡ) ʪʠʧ 

ʜʠʩʙʘʣʘʥʩʘ, ʢʦʛʜʘ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʛʦʨʤʦʥʦʚ ʤʠʥʠʤʘʣʴʥʳ, ʘ ʠʤʝʶʪ 

ʤʝʩʪʦ çʚʦʟʤʫʱʝʥʠʷè ʥʘ ʫʨʦʚʥʝ ʮʝʥʪʨʘʣʴʥʳʭ ʟʚʝʥʴʝʚ ʪʠʨʝʦʠʜʥʦʡ ʦʩʠ (ʩʥʠʞʝʥʠʝ ʠʣʠ 

ʧʦʚʳʰʝʥʠʝ ʚ ʢʨʦʚʠ ʪʠʨʝʦʪʨʦʧʥʦʛʦ ʛʦʨʤʦʥʘ ð ʊʊɻ). ʕʪʠ ʩʦʦʙʨʘʞʝʥʠʷ ʥʘʰʣʠ ʦʪʨʘʞʝʥʠʝ ʚ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʥʘʤʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʉɸʊɼ (ʊʘʙʣʠʮʘ 1).  

 
ʊʘʙʣʠʮʘ 1. 

ʂʃɸʉʉʀʌʀʂɸʎʀʗ ʆʉʅʆɺʅʓʍ ʊʀʇʆɺ ʉʀʅɼʈʆʄɸ  

ɸɼɸʇʊɸʎʀʆʅʅʆɻʆ ʊʀʈɽʀʆɼʅʆɻʆ ɼʀʉɹɸʃɸʅʉɸ (ʉɸʊɼ) 

 

ʊʠʧ ɺʘʨʠʘʥʪʳ (ʧʨʝʜʰʝʩʪʚʫʶʱʝʝ ʥʘʟʚʘʥʠʝ ʧʦ [2]) 

ʊʠʧ 1 (ʉɸʊɼ-1) ð  

ʀʤʤʦʙʠʣʠʟʘʮʠʦʥʥʳʡ 

(ʪʦʨʤʦʟʷʱʠʡ) 

ʉʥʠʞʝʥʠʝ ʚ ʢʨʦʚʠ ʦʙʱʝʛʦ ʠ ʩʚʦʙʦʜʥʦʛʦ ʊ3 

 (ʩʠʥʜʨʦʤ çʥʠʟʢʦʛʦ ʊ3è ð ʉʕʇ ʪʠʧʘ 1) 

ʉʥʠʞʝʥʠʝ ʚ ʢʨʦʚʠ ʦʙʱʠʭ ʠ/ʠʣʠ ʩʚʦʙʦʜʥʳʭ ʬʨʘʢʮʠʡ ʊ3 ʠ ʊ4 

(ʉʕʇ ʪʠʧʘ 2) 

ʊʠʧ 2 (ʉɸʊɼ-2) ð ʧʝʨʝʭʦʜʥʳʡ 

(ʧʨʦʤʝʞʫʪʦʯʥʳʡ) 

ʉʥʠʞʝʥʠʝ ʚ ʢʨʦʚʠ ʊʊɻ (ʉʕʇ ʪʠʧʘ 4, ʧʦʜʪʠʧ 4ʘ) 

ʇʦʚʳʰʝʥʠʝ ʚ ʢʨʦʚʠ ʊʊɻ (ʉʕʇ ʪʠʧʘ 4, ʧʦʜʪʠʧ 4ʙ) 

ʊʠʧ 3 (ʉɸʊɼ-3) ð 

ʤʦʙʠʣʠʟʘʮʠʦʥʥʳʡ 

(ʘʢʪʠʚʠʟʠʨʫʶʱʠʡ) 

ʇʦʚʳʰʝʥʠʝ ʚ ʢʨʦʚʠ ʦʙʱʠʭ ʠ/ʠʣʠ ʩʚʦʙʦʜʥʳʭ ʬʨʘʢʮʠʡ ʊ3 ʠ ʊ4 

(ʉʕʇ ʪʠʧʘ 3) 

 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʝʨʝʜ ʨʘʥʝʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ [1ï2] ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʠ ʚʤʝʩʪʝ ʩ ʪʝʤ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʪʠʧʘ 

ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʨʝʘʢʮʠʡ ʪʠʨʝʦʠʜʥʦʡ ʦʩʠ: ʉɸʊɼ-1 ʠ ʉɸʊɼ-3. ʕʪʠ ʪʠʧʳ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʘʢʮʠʷʤ, ʦʧʠʩʳʚʘʝʤʳʤ ʚ ʨʘʤʢʘʭ ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʘʣʣʦʩʪʘʟʘ ʑɾ [3]. 

ʇʨʠ ʥʘʰʝʡ ʪʨʘʢʪʦʚʢʝ ʉɸʊɼ-1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʣʣʦʩʪʘʟʫ ʑɾ 1 ʪʠʧʘ, ʉɸʊɼ-3 ð ʘʣʣʦʩʪʘʟʫ ʑɾ 

2 ʪʠʧʘ. ɺʘʞʥʦ, ʯʪʦ ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʚ ʧʨʝʜʝʣʘʭ ʉɸʊɼ-1 ʦʙʲʝʜʠʥʷʶʪʩʷ ʨʘʥʝʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ 1 ʠ 2 ʪʠʧʳ ʧʩʝʚʜʦʜʠʩʬʫʥʢʮʠʠ ʑɾ [1] ʠ  1 ʠ 2 ʪʠʧʳ ʉʕʇ 

[2]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʧʨʝʜʝʣʝʥʦ ʤʝʩʪʦ ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʦʪʢʣʦʥʝʥʠʷʤ 

ʫʨʦʚʥʝʡ ʊʊɻ, ʢʦʪʦʨʳʝ ʦʪʥʝʩʝʥʳ ʥʘʤʠ ʢ ʧʝʨʝʭʦʜʥʦʤʫ (ʧʨʦʤʝʞʫʪʦʯʥʦʤʫ) ʪʠʧʫ ʉɸʊɼ (ʉɸʊɼ 2 

ʪʠʧʘ).  

ʇʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ ʠʟʫʯʠʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ 

ʪʠʨʝʦʠʜʥʦʛʦ ʧʨʠ ʩʦʤʘʪʠʯʝʩʢʦʡ ʧʘʪʦʣʦʛʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ, 

ʯʪʦ ʠ ʦʧʨʝʜʝʣʠʣʦ ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʦʮʝʥʠʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪ ɹʉɸʊɼ ʠ ʝʛʦ ʪʠʧʦʚ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʩʦʤʘʪʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ. 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʣʝʛʣʠ ʦʙʦʙʱʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʢʣʠʥʠʯʝʩʢʠʭ ʙʘʟʘʭ ʢʘʬʝʜʨ ʬʘʢʫʣʴʪʝʪʩʢʦʡ ʠ ʛʦʩʧʠʪʘʣʴʥʦʡ ʪʝʨʘʧʠʠ ʌɻɹʆʋ 

ɺʆ çʏʫʚʘʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʀ. ʅ. ʋʣʴʷʥʦʚʘè, ʘʢʫʰʝʨʩʪʚʘ-

ʛʠʥʝʢʦʣʦʛʠʠ, ʪʝʨʘʧʠʠ ʠ ʩʝʤʝʡʥʦʡ ʤʝʜʠʮʠʥʳ ɻɸʋ ɼʇʆ çʀʥʩʪʠʪʫʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʚʨʘʯʝʡè ʄʠʥʟʜʨʘʚʘ ʏʫʚʘʰʠʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʘʚʪʦʨʦʚ. ɺ 

ʢʦʦʧʝʨʘʪʠʚʥʦʤ, ʦʪʢʨʳʪʦʤ, ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʤ, ʥʝ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʦʤ, ʦʜʥʦʤʦʤʝʥʪʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʩʫʱʝʩʪʚʣʝʥʦ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʪʠʨʝʦʠʜʥʳʤ ʩʪʘʪʫʩʦʤ 1098 ʙʦʣʴʥʳʭ ʩ 
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ʨʘʟʣʠʯʥʳʤʠ ʩʦʤʘʪʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʣʝʯʝʥʠʷ. ɹʦʣʴʥʳʝ ʦʪʙʠʨʘʣʠʩʴ 

ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʠʟ ʯʠʩʣʘ ʧʘʮʠʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʩʪʘʮʠʦʥʘʨʦʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʣʝʯʝʙʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʛ. ʏʝʙʦʢʩʘʨʳ. ʆʙʩʣʝʜʦʚʘʥʦ 58 ʙʦʣʴʥʳʭ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ (ʉɼ) 1 

ʪʠʧʘ [4], 60 ð ʉɼ 2 ʪʠʧʘ [5], 60 ð ʥʘʩʣʝʜʩʪʚʝʥʥʳʤ ʵʨʠʪʨʦʮʠʪʦʟʦʤ [6], 60 ð ̫ ʟʚʝʥʥʦʡ 

ʙʦʣʝʟʥʴʶ 12-ʧʝʨʩʪʥʦʡ ʢʠʰʢʠ (ʗɹɼʂ) [7], 56 ð ʦʩʪʝʦʘʨʪʨʦʟʦʤ [8], 95 ð ʨʝʚʤʘʪʦʠʜʥʳʤ 

ʘʨʪʨʠʪʦʤ (ʈɸ) [9], 76 ð ʪʫʙʝʨʢʫʣʝʟʦʤ ʣʝʛʢʠʭ [10], 88 ð ʛʥʦʡʥʦ-ʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʯʝʣʶʩʪʥʦ-ʣʠʮʝʚʦʡ ʦʙʣʘʩʪʠ (ɻɺɿ ʏʃʆ) [11], 90 ï ʚʥʝʙʦʣʴʥʠʯʥʦʡ ʧʥʝʚʤʦʥʠʝʡ 

[12], 64 ð ʭʨʦʥʠʯʝʩʢʦʡ ʦʙʩʪʨʫʢʪʠʚʥʦʡ ʙʦʣʝʟʥʴʶ ʣʝʛʢʠʭ (ʍʆɹʃ) [13], 72 ð ʭʨʦʥʠʯʝʩʢʦʡ 

ʙʦʣʝʟʥʴʶ ʧʦʯʝʢ (ʍɹʇ) 5 ʩʪʘʜʠʠ [14], 60 ð ʦʩʪʨʳʤ ʠʥʬʘʨʢʪʦʤ ʤʠʦʢʘʨʜʘ (ʆʀʄ) [15], 90 ð 

ʧʦʩʪʠʥʬʘʨʢʪʥʳʤ ʢʘʨʜʠʦʩʢʣʝʨʦʟʦʤ (ʇʀʂ) [16], 68 ð ʦʩʪʨʳʤ ʥʘʨʫʰʝʥʠʝʤ ʤʦʟʛʦʚʦʛʦ 

ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ (ʆʅʄʂ) [17] ʠ 101 ʧʘʮʠʝʥʪʢʘ ʩ ʧʨʝʵʢʣʘʤʧʩʠʝʡ [18].  

ʂʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʠʟ 45 ʯʝʣ., ʦʪʦʙʨʘʥʥʳʭ ʧʦʩʣʝ ʜʝʪʘʣʴʥʦʛʦ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʚʳʙʦʨʢʠ ʠʟ 205 ʧʨʘʢʪʠʯʝʩʢʠ ʟʜʦʨʦʚʳʭ ʞʠʪʝʣʝʡ ʏʫʚʘʰʠʠ. ʋ 

ʣʠʮ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʩʦʤʘʪʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ 

ʛʠʧʦ- ʠ ʛʠʧʝʨʪʠʨʝʦʟʘ, ʘ ʧʫʪʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʋɿʀ) ð ʩʪʨʫʢʪʫʨʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʑɾ.  

ʂʨʦʤʝ ʪʦʛʦ, ʪʠʨʝʦʠʜʥʳʡ ʩʪʘʪʫʩ ʠʟʫʯʝʥ ʫ 106 ʩʧʦʨʪʩʤʝʥʦʚ-ʤʫʞʯʠʥ ʠ 30 ʟʜʦʨʦʚʳʭ 

ʤʫʞʯʠʥ, ʥʠʢʦʛʜʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʥʝ ʟʘʥʠʤʘʚʰʠʭʩʷ ʩʦʨʪʦʤ [19]. 

ʋ ʚʩʝʭ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʥʘʨʷʜʫ ʩ ʋɿʀ ʑɾ ʠʩʩʣʝʜʦʚʘʣʠ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʨʦʚʠ ʊʊɻ, ʦʙʱʠʭ ʠ ʩʚʦʙʦʜʥʳʭ ʬʨʘʢʮʠʡ ʊ3 ʠ ʊ4, 

ʘʥʪʠʪʝʣ ʢ ʪʠʨʝʦʧʝʨʦʢʩʠʜʘʟʝ. ʇʨʠʯʝʤ ʫ ʚʩʝʭ ʙʦʣʴʥʳʭ ʫʨʦʚʝʥʴ ʪʠʨʝʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ 

ʦʧʨʝʜʝʣʷʣʠ ʚ ʜʠʥʘʤʠʢʝ 2ï3 ʨʘʟʘ, ʘ ʫ ʦʪʜʝʣʴʥʳʭ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʩ ʦʪʢʣʦʥʝʥʠʷʤʠ ʚ ʪʠʨʝʦʠʜʥʦʤ 

ʩʪʘʪʫʩʝ ʧʨʠ ʩʦʤʥʝʥʠʠ ʚ ʜʠʘʛʥʦʟʝ ð ʠ ʯʝʨʝʟ 2ï4 ʥʝʜʝʣʠ.  

ʅʠ ʦʜʠʥ ʠʟ ʯʠʩʣʘ ʚʢʣʶʯʝʥʥʳʭ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʘʮʠʝʥʪʦʚ ʥʝ ʧʨʠʥʠʤʘʣ ʚ ʧʝʨʠʦʜ 

ʥʘʙʣʶʜʝʥʠʷ ʧʨʝʧʘʨʘʪʳ, ʩʧʦʩʦʙʥʳʝ ʧʦʚʣʠʷʪʴ ʥʘ ʪʠʨʝʦʠʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ (ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʳ, ɓ-

ʙʣʦʢʘʪʦʨʳ, ʘʤʠʦʜʘʨʦʥ ʠ ʜʨ.). 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʉɸʊɼ ʠ ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʪʠʧʦʚ ʚʳʨʘʞʘʣʠ ʚ ʚʠʜʝ P Ñ mp%, ʛʜʝ ʈ 

ʯʘʩʪʦʪʘ ʧʨʠʟʥʘʢʘ, mp ð ʚʝʣʠʯʠʥʘ ʝʝ ʦʰʠʙʢʠ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʥʘʙʣʶʜʝʥʠʷ ʠʟʤʝʥʝʥʠʝ ʪʠʨʝʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ 

ʠ/ʠʣʠ ʪʠʨʝʦʠʜʥʳʭ ʠʥʜʝʢʩʦʚ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʜʨʫʛʠʭ ʢʣʠʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʦʧʨʝʜʝʣʷʣʠ ʠʭ ʠʥʪʝʛʨʘʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʠʥʘʤʠʢʠ (ʀʇɼ) ʧʦ ʬʦʨʤʫʣʝ, ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʥʘʤʠ [20]. ɼʘʣʝʝ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʨʘʥʛʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʧʦ ʉʧʠʨʤʝʥʫ ʚʳʯʠʩʣʷʣʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ (Rs) ʤʝʞʜʫ ʀʇɼ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʠʟʥʘʢʦʚ. Rs ʧʨʠʥʠʤʘʣʠ 

ʜʦʩʪʦʚʝʨʥʳʤ ʧʨʠ ʝʛʦ ʨÒ0,05 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʛʨʫʧʧʝ ʢʦʥʪʨʦʣʷ ʥʠ ʚ ʦʜʥʦʤ ʠʟ ʩʣʫʯʘʝʚ ʧʦʢʘʟʘʪʝʣʠ ʪʠʨʝʦʠʜʥʦʛʦ ʩʪʘʪʫʩʘ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʉɸʊɼ. 

ʋ ʣʠʮ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʩʧʦʨʪʦʤ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʭʘʨʘʢʪʝʨʘ ʬʠʟʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ 

ʙʘʟʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʪʠʨʝʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ ʦʢʘʟʘʣʩʷ ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʥʝ ʩʧʦʨʪʩʤʝʥʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫ ʩʧʦʨʪʩʤʝʥʦʚ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʚʳʭʦʜʠʣʠ ʟʘ ʧʨʝʜʝʣʳ ʥʦʨʤʳ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʠʤʝʶʱʠʝʩʷ 

ʠʟʤʝʥʝʥʠʷ ʚ ʠʭ ʪʠʨʝʦʠʜʥʦʤ ʩʪʘʪʫʩʝ ʥʦʩʠʣʠ ʚ ʮʝʣʦʤ ʤʦʙʠʣʠʟʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʦ ʝʩʪʴ 

ʙʳʣʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʉɸʊɼ 3 ʪʠʧʘ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʠ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʫ ʩʧʦʨʪʩʤʝʥʦʚ ʩʚʷʟʠ ʪʠʨʝʦʠʜʥʦʛʦ ʩʪʘʪʫʩʘ ʩ ʫʨʦʚʥʝʤ ʩʧʦʨʪʠʚʥʦʛʦ ʤʘʩʪʝʨʩʪʚʘ 

ʠ ʬʘʟʦʡ ʪʨʝʥʠʨʦʚʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺʥʫʪʨʠʩʠʩʪʝʤʥʳʝ ʪʠʨʝʦʠʜʥʳʝ ʦʪʥʦʰʝʥʠʷ ʙʳʣʠ ʙʦʣʝʝ 
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ʦʧʪʠʤʘʣʴʥʳ ʫ ʢʘʥʜʠʜʘʪʦʚ ʤʘʩʪʝʨʘ ʩʧʦʨʪʘ ʠ ʤʘʩʪʝʨʦʚ ʩʧʦʨʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʦʨʪʩʤʝʥʘʤʠ-

ʨʘʟʨʷʜʥʠʢʘʤʠ, ʫ ʣʠʮ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʝʨʠʦʜʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʤ ʠ 

ʧʝʨʝʭʦʜʥʳʤ ʧʝʨʠʦʜʘʤʠ ʪʨʝʥʠʨʦʚʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ [19]. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʉɸʊɼ ʠ ʝʛʦ ʪʠʧʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʢʣʠʥʠʯʝʩʢʠʭ ʛʨʫʧʧʘʭ ʦʪʨʘʞʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʉɸʊɼ ð ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʧʨʠ 

ʪʷʞʝʣʦʡ ʩʦʤʘʪʠʯʝʩʢʦʡ ʧʘʪʦʣʦʛʠʠ ʷʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʚʦʡʩʪʚʝʥʥʦ ʙʦʣʝʝ ʯʝʤ ʪʨʝʪʠ ʧʘʮʠʝʥʪʦʚ 

(35,6%) ʠ ʚʘʨʴʠʨʫʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʪʦʣʦʛʠʠ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 10% ʧʨʠ ʗɹɼʂ ʜʦ 65,5% ʧʨʠ 

ʉɼ 1 ʪʠʧʘ. 

 

ʊʘʙʣʠʮʘ 2. 

ʏɸʉʊʆʊɸ ʉɸʊɼ ʀ ɽɻʆ ʊʀʇʆɺ ʇʈʀ ʈɸɿʃʀʏʅʆʁ ʉʆʄɸʊʀʏɽʉʂʆʁ ʇɸʊʆʃʆɻʀʀ, % 

 

ʇʘʪʦʣʦʛʠʷ (n) ʉɸʊɼ-1 ʉɸʊɼ-2 ʉɸʊɼ-3 ʉɸʊɼ  

ʚ ʮʝʣʦʤ 

ʉɼ 1ʪʠʧʘ (58) 58,6Ñ6,5% 

(34) 

6,9Ñ3,3% 

(4) 

ð 65,5Ñ6,2% 

(38) 

ʉɼ 2 ʪʠʧʘ (60) 38,3Ñ6,3% 

(23) 

15,0Ñ4,6% 

(9) 

ð 53,3Ñ6,4% 

(32) 

ʅʘʩʣʝʜʩʪʚʝʥʥʳʡ 

ʵʨʠʪʨʦʮʠʪʦʟ (60) 

35,0Ñ4,7% 

(21) 

15,0Ñ4,6% 

(9) 

ð 50,0Ñ6,4% 

(30) 

ʗɹɼʂ (60) 10,0Ñ3,9% 

(6) 

_ ð 10,0Ñ3,9% 

(6) 

ʆʩʪʝʦʘʨʪʨʦʟ (56) 16,1Ñ4,9% 

(9) 

25,0Ñ5,8% 

(14) 

ð 41,1Ñ6,6% 

(23) 

ʈɸ (95) 5,3Ñ2,3% 

(5) 

10,5Ñ3,2% 

(10) 

ð 15,8Ñ3,7% 

(15) 

ʊʫʙʝʨʢʫʣʝʟ  

ʣʝʛʢʠʭ (76) 

ð 6,6Ñ2,8% 

(5) 

61,8Ñ5,6% 

(47) 

68,4Ñ5,3% 

(52) 

ɻɺɿ ʏʃʆ (88) 19,3Ñ4,2% 

(17) 

2,3Ñ1,6 

(2) 

ð 21,6Ñ4,4% 

(19) 

ʇʥʝʚʤʦʥʠʷ (90) 11,1Ñ3,3% 

(10) 

4,4Ñ2,2% 

(4) 

ð 15,6Ñ3,8% 

(14) 

ʍʆɹʃ (64) 28,1Ñ5,6% 

(18) 

_ 1,6Ñ1,6% 

(1) 

29,7Ñ5,7% 

(19) 

ʍɹʇ 5 ʩʪʘʜʠʠ (72) 38,9Ñ5,8% 

(28) 

13,9Ñ4,1% 

(10) 

ð 52,8Ñ5,9% 

(38) 

ʆʀʄ (60) 10,0Ñ3,9% 

(6) 

26,7Ñ5,7% 

(16) 

ð 36,7Ñ6,2% 

(22) 

ʇʀʂ (90) 20,0Ñ4,2% 

(18) 

5,6Ñ2,4% 

(5) 

_ 25,6Ñ4,2 

(23) 

ʆʅʄʂ (68) 29,4Ñ5,5 

(20)  

7,4Ñ3,2% 

(5) 

10,3Ñ3,7% 

(7) 

47,1Ñ6,1% 

(32) 

ʇʨʝʵʢʣʘʤʧʩʠʷ 

(101)  

27,7Ñ4,5% 

(28) 

_ ð 27,7Ñ4,5% 

(28) 

ɺ ʮʝʣʦʤ (1098) 22,1Ñ1,3% 

(243) 

8,5Ñ0,8% 

(93) 

5,0Ñ0,7% 

(55) 

35,6Ñ1,5%  

(391) 

 

ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ, ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦ ʦʪʜʝʣʴʥʳʭ ʪʠʧʦʚ ʉɸʊɼ ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʤʝʨʝ 

ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʧʘʪʦʣʦʛʠ.  

ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʠʣʩʷ ʉɸʊɼ-1, ʢʦʪʦʨʳʡ ʚʩʪʨʝʯʘʣʩʷ ʫ 22,1% ʙʦʣʴʥʳʭ. ɽʛʦ 
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ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʫ ʙʦʣʴʥʳʭ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ 1 ʪʠʧʘ (58,6%). 

ʇʨʦʤʝʞʫʪʦʯʥʳʤ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʷʚʠʣʩʷ ʉɸʊɼ-2 ð 8,5%, ʯʘʱʝ ʚʩʝʛʦ ʦʥ ʠʤʝʣ ʤʝʩʪʦ 

ʧʨʠ ʦʩʪʨʦʤ ʠʥʬʘʨʢʪʝ ʤʠʦʢʘʨʜʘ (26,7%). ʉɸʊɼ-3 ʟʘʬʠʢʩʠʨʦʚʘʥ ʪʦʣʴʢʦ ʫ 5% ʙʦʣʴʥʳʭ. ʕʪʦʪ 

ʪʠʧ ʜʦʤʠʥʠʨʦʚʘʣ ʫ ʙʦʣʴʥʳʭ ʘʢʪʠʚʥʳʤ ʪʫʙʝʨʢʫʣʝʟʦʤ ʣʝʛʢʠʭ (61,8%) ʠ ʚʩʪʨʝʯʘʣʩʷ ʫ ʢʘʞʜʦʛʦ 

10 ʧʘʮʠʝʥʪʘ (10,3%) ʩ ʤʦʟʛʦʚʳʤ ʠʥʩʫʣʴʪʦʤ. 

ɺʦ ʚʩʝʭ ʛʨʫʧʧʘʭ ʙʦʣʴʥʳʭ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʪʷʞʝʩʪʴʶ ʢʣʠʥʠʯʝʩʢʠʭ 

ʧʨʦʷʚʣʝʥʠʡ ʠ ʨʘʟʚʠʪʠʝʤ ʉɸʊɼ. ʇʨʠ ʵʪʦʤ ʨʝʛʨʝʩʩ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʢʘʞʜʳʡ ʨʘʟ 

ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʥʦʨʤʘʣʠʟʘʮʠʝʡ ʪʠʨʝʦʠʜʥʦʛʦ ʩʪʘʪʫʩʘ. ʕʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʥʘʭʦʜʠʣʘ ʩʚʦʝ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʠ ʧʨʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʤ ʘʥʘʣʠʟʝ ʩʚʷʟʠ ʀʇɼ ʪʠʨʝʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ ʩ 

ʢʣʠʥʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʪʨʘʞʘʶʱʠʤʠ ʪʷʞʝʩʪʴ ʟʘʙʦʣʝʚʘʥʠʷ. 

ʂ ʧʨʠʤʝʨʫ, ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʇʀʂ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʜʦʩʪʦʚʝʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʢʦʨʨʝʣʷʮʠʠ ʩʚʷʟʠ ʀʇɼ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʢʣʘʩʩʘ ʭʨʦʥʠʯʝʩʢʦʡ ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʩ 

ʀʇɼ ʚ ʢʨʦʚʠ ʊ3 (Rs=ī0,83, ʨ᾽0,001), ʊʊɻ (Rs=ī0,5, ʨ᾽0,05) ʠ ʠʥʜʝʢʩʦʤ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ 

ʢʦʥʚʝʨʩʠʠ ʊ4/ʊ3 (Rs=+0,63, ʨ᾽0,001). ʀʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʨʘʩʪʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʜʚʠʛʦʚ ʚ ʪʠʨʝʦʠʜʥʦʡ ʩʠʩʪʝʤʝ ʫ ʣʠʮ, ʧʝʨʝʥʝʩʰʠʭ ʠʥʬʘʨʢʪ ʤʠʦʢʘʨʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʘʨʘʣʣʝʣʴʥʦ 

ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʶ ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ. ʀ, ʥʘʦʙʦʨʦʪ, ʧʦ ʤʝʨʝ ʫʣʫʯʰʝʥʠʷ ʩʝʨʜʝʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʫ ʵʪʠʭ ʙʦʣʴʥʳʭ ʦʙʨʘʪʥʦʤʫ ʨʘʟʚʠʪʠʶ ʧʦʜʚʝʨʛʘʶʪʩʷ ʠʤʝʚʰʠʝʩʷ ʜʦ ʵʪʦʛʦ 

ʪʠʨʝʦʠʜʥʳʝ ʥʘʨʫʰʝʥʠʷ [16].  

ʇʦʜʦʙʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʙʳʣʘ ʩʚʦʡʩʪʚʝʥʥʘ ʠ ʚʩʝʤ ʜʨʫʛʠʤ ʠʟʫʯʘʝʤʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ. 
 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʦʝ ʥʘʟʚʘʥʠʝ ð ʩʠʥʜʨʦʤ ʘʜʘʧʪʘʮʠʦʥʥʦʛʦ ʪʠʨʝʦʠʜʥʦʛʦ 

ʜʠʩʙʘʣʘʥʩʘ (ʉɸʊɼ) ð ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʜʚʠʛʦʚ ʚ ʪʠʨʝʦʠʜʥʦʤ ʩʪʘʪʫʩʝ ʧʨʠ 

ʪʷʞʝʣʦʡ ʩʦʤʘʪʠʯʝʩʢʦʡ ʧʘʪʦʣʦʛʠʠ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʪʨʘʞʘʝʪ ʩʫʪʴ ʦʧʠʩʳʚʘʝʤʳʭ ʷʚʣʝʥʠʡ.  

ʀʟʤʝʥʝʥʠ ̫ʚ ʪʠʨʝʦʠʜʥʦʡ ʦʩʠ ʚ ʨʘʤʢʘʭ ʉɸʊɼ ʤʦʛʫʪ ʥʦʩʠʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʨʛʘʥʠʟʤʘ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʢʫʱʝʡ 

ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʝʡ. 

ʉɸʊɼ ʚʩʪʨʝʯʘʝʪʩʷ ʫ ʙʦʣʝʝ ʯʝʤ ʪʨʝʪʠ ʙʦʣʴʥʳʭ (35,6%): ʌʦʨʤʠʨʦʚʘʥʠʝ ʵʪʦʛʦ ʩʠʥʜʨʦʤʘ ʠ 

ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʪʠʧʦʚ ʷʚʣʷʝʪʩʷ ʦʪʨʘʞʝʥʠʝʤ ʩʧʝʮʠʬʠʢʠ, ʪʷʞʝʩʪʠ ʠ ʬʘʟʳ ʦʩʥʦʚʥʦʛʦ 

ʟʘʙʦʣʝʚʘʥʠʷ.  

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ: ʘʚʪʦʨʳ ʧʨʠʟʥʘʪʝʣʴʥʳ ʚʩʝʤ ʫʧʦʤʷʥʫʪʳʤ ʚ ʩʧʠʩʢʝ ʣʠʪʝʨʘʪʫʨʳ 

ʜʠʩʩʝʨʪʘʥʪʘʤ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʚʥʝʩ ʦʧʨʝʜʝʣʝʥʥʫʶ ʣʝʧʪʫ ʚ ʜʘʥʥʫʶ ʨʘʙʦʪʫ ʩʚʦʠʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ: ʨʘʙʦʪʘ ʥʦʩʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʥʠʮʠʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʩʪʦʨʦʥʥʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʥʝ ʠʤʝʣʘ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ ʀʃ-1ɓ ʠ ʀʃ-10 ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ 

ʫ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʥʝʚʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʫʩʣʦʚʠʷʭ 

ʥʠʟʢʦʛʦʨʴʷ ʠ ʚ ʧʝʨʠʦʜ ʜʝʘʜʘʧʪʘʮʠʠ ʢ ʚʳʩʦʢʦʛʦʨʴʶ. ɾʠʚʦʪʥʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 3 ʩʝʨʠʠ: I-ʷ 

ʩʝʨʠʷ ð ʢʦʥʪʨʦʣʴʥʘʷ (ʧʦʩʪʦʷʥʥʦ ʦʙʠʪʘʶʱʠʝ ʚ ʫʩʣʦʚʠʷʭ ʛ. ɹʠʰʢʝʢ); II-  ̫ʩʝʨʠʷ ð ʦʧʳʪʥʘʷ, 

ʧʦʩʣʝ 3-ʭ ʜʥʝʚʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʳʩʦʢʦʛʦʨʥʦʡ ʙʘʟʝ ʂɻʄɸ ʠʤ. ʀ. ʂ. 

ɸʭʫʥʙʘʝʚʘ ʚ ʩʦʩʪʘʚʝ ʎʅʀʃ (ʧʝʨʝʤʝʱʝʥʥʳʝ ʚ ʫʩʣʦʚʠʷ ʛ. ɹʠʰʢʝʢ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʥʘʙʣʶʜʝʥʠʝʤ ʟʘ ʪʝʯʝʥʠʝʤ ʨʘʥʝʚʦʛʦ ʧʨʦʮʝʩʩʘ); III-  ̫ʩʝʨʠʷ ð ʦʧʳʪʥʘʷ, 

ʧʦʩʣʝ 30-ʪʠ ʜʥʝʚʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʳʩʦʢʦʛʦʨʥʦʡ ʙʘʟʳ ʂɻʄɸ ʠʤ. ʀ. ʂ. 

ɸʭʫʥʙʘʝʚʘ ʚ ʩʦʩʪʘʚʝ ʎʅʀʃ (ʧʝʨʝʤʝʱʝʥʥʳʝ ʚ ʫʩʣʦʚʠʷ ʛ. ɹʠʰʢʝʢ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʥʘʙʣʶʜʝʥʠʝʤ ʟʘ ʪʝʯʝʥʠʝʤ ʨʘʥʝʚʦʛʦ ʧʨʦʮʝʩʩʘ). ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʘʩʝʧʪʠʯʝʩʢʦʤ ʚʦʩʧʘʣʝʥʠʠ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ 

ʜʠʥʘʤʠʢʘ ʚʳʨʘʙʦʪʢʠ ʦʜʥʠʭ ʠʟ ʢʣʶʯʝʚʳʭ ʠʥʪʝʨʣʝʡʢʠʥʦʚ, ʩ ʀʃ-1ɓ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʯʝʨʝʟ 12 ʯʘʩʦʚ ʦʪ ʥʘʯʘʣʘ ʘʩʝʧʪʠʯʝʩʢʦʛʦ ʚʦʩʧʘʣʝʥʠʷ. ɺʳʷʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʩʦʜʝʨʞʘʥʠʠ ʮʠʪʦʢʠʥʦʚ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʘʩʝʧʪʠʯʝʩʢʦʤ ʚʦʩʧʘʣʝʥʠʠ ʦʙʫʩʣʦʚʠʣʠ 

ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʩʤʝʥʫ ʠ ʘʜʝʢʚʘʪʥʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʣʝʪʦʯʥʳʭ ʨʝʘʢʮʠʡ. ʇʨʠ ʛʥʦʡʥʦʤ 

ʚʦʩʧʘʣʝʥʠʠ ʜʠʥʘʤʠʢʘ ʩʝʢʨʝʮʠʠ ʮʠʪʦʢʠʥʦʚ ʙʳʣʘ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʡ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʟʘʪʷʛʠʚʘʥʠʶ ʚʦ ʚʨʝʤʝʥʠ ʚʩʝʭ ʢʣʝʪʦʯʥʳʭ ʬʘʟ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʧʝʨʠʦʜ 

ʜʝʘʜʘʧʪʘʮʠʠ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦʨʴʷ ʦʪʤʝʯʘʝʪʩʷ ʥʠʟʢʘʷ 

ʩʝʢʨʝʮʠʷ ʀʃ-1 ʠ ʀʃ-10, ʩʚʷʟʘʥʥʘ ̫ʠʩʪʦʱʝʥʠʝʤ ʟʘʱʠʪʥʦ-ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 
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Abstract. The article presents the dynamics of the content of IL-1ɓ and IL-10 in blood plasma 

in experimental animals when modeling a wounded process in low mountains and during the period 

of de-adaptation to high mountains while modeling a wounded process in conditions of low 

mountains and during a period of de-adaptation to high mountains. Animals were divided into 

3 series: Series I ð control series, permanently living in the conditions of Bishkek; II series ð an 

experimental series, after a 3-day stay at the experimental high-mountain base of the KSMA named 

after I.K. Akhunbaev as part of the Central Scientific Research Laboratory, moved to the conditions 

of Bishkek with subsequent modeling and monitoring of the course of the wound process; III series 

- an experimental series, after a 30-day stay at the experimental high-mountain base of the KSMA 

named after I.K. Akhunbaev as part of the Central Scientific Research Laboratory, moved to the 

conditions of Bishkek, followed by modeling and monitoring the course of the wound process. 

Analysis of the data obtained shows that during aseptic inflammation, the opposite dynamics of 

the production of one of the key interleukins, with IL-1ɓ, with a maximum concentration 12 hours 

after the onset of aseptic inflammation, was observed. The revealed changes in the content of 

cytokines during experimental aseptic inflammation determined the timely change and adequate 

duration of cellular reactions. In purulent inflammation, the dynamics of cytokine secretion was 

unidirectional, which led to a delay in all cellular phases of the inflammatory process. During 

the period of deadaptation after a long stay in high mountains, there is a low secretion of IL-1 and 

10, associated with the depletion of protective and adaptive mechanisms. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʩʦʢʦʛʦʨʴʝ, ʜʝʘʜʘʧʪʘʮʠʷ, ʨʘʥʝʚʦʡ ʧʨʦʮʝʩʩ. 

 

Keywords: highlands, deadaptation, wound process. 

 

ɺʚʝʜʝʥʠʝ 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʦʙʨʘʟʠʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ, ʛʥʦʡʥʦ-

ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʤʷʛʢʠʭ ʪʢʘʥʝʡ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʨʫʨʛʠʠ [1ï2]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʘʤʙʫʣʘʪʦʨʥʦʛʦ ʟʚʝʥʘ, 

ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʣʝʯʝʥʠʝ ʨʘʥ ʧʦʜ ʧʦʚʷʟʢʦʡ [3ï4]. ʅʘ ʬʦʥʝ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ 

ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʧʘʨʘʪʦʚ ʩʠʩʪʝʤʥʦʡ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʝʨʘʧʠʠ, çʟʦʣʦʪʳʤ 

ʩʪʘʥʜʘʨʪʦʤè ʣʝʯʝʥʠʷ ʛʥʦʡʥʳʭ ʨʘʥ ʤʷʛʢʠʭ ʪʢʘʥʝʡ ʩʪʘʣʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʤʘʟʠ ʥʘ 

ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʝʚʦʡ ʦʩʥʦʚʝ [5]. ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʵʪʠʭ ʤʘʟʝʡ ʷʚʣʷʶʪʩʷ: ʚʳʩʦʢʘʷ 

ʦʩʤʦʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʠʟʙʠʨʘʪʝʣʴʥʘʷ ʘʥʪʠʤʠʢʨʦʙʥʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʢʘʢ 

ʘʵʨʦʙʥʳʭ, ʪʘʢ ʠ ʘʥʘʵʨʦʙʥʳʭ ʚʦʟʙʫʜʠʪʝʣʝʡ ʭʠʨʫʨʛʠʯʝʩʢʦʡ ʠʥʬʝʢʮʠʠ, ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʢʣʝʪʦʯʥʳʝ ʠ ʛʫʤʦʨʘʣʴʥʳʝ ʬʘʢʪʦʨʳ [6].  

ʀʤʝʝʪʩʷ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦ ʚʣʠʷʥʠʠ ʫʩʣʦʚʠʡ ʚʳʩʦʢʦʛʦʨʴʷ ʥʘ ʦʨʛʘʥʠʟʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ [7ï11]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ 

ʜʝʘʜʘʧʪʘʮʠʠ ʥʝ ʩʪʦʣʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳ ʢʘʢ ʚʦʧʨʦʩʳ ʘʜʘʧʪʘʮʠʠ, ʥʦ ʦʥʠ ʝʩʪʴ, ʠ ʢʘʩʘʶʪʩʷ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʧʦʩʣʝ ʧʨʝʙʳʚʘʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦʨʴʷ ʠ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ [10ï12]. ʅʘʫʯʥʳʭ ʞʝ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʪʝʯʝʥʠʷ ʠ 

ʟʘʞʠʚʣʝʥʠʷ ʨʘʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʩʣʝ ʩʧʫʩʢʘ ʩ ʛʦʨ ʚ ʜʦʣʠʥʫ ʚ ʜʦʩʪʫʧʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʘʤ ʥʝ 

ʚʩʪʨʝʪʠʣʦʩʴ, ʵʪʦ ʠ ʧʦʩʣʫʞʠʣʦ ʧʨʝʜʧʦʩʳʣʢʦʡ ʢ ʧʦʩʪʘʥʦʚʢʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʧʨʦʩʣʝʜʠʪʴ ʜʠʥʘʤʠʢʫ ʩʦʜʝʨʞʘʥʠʷ ʠʣ-1ɓ ʠ ʠʣ-10 ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʥʝʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʛʦʨʴʷ 

ʠ ʚ ʧʝʨʠʦʜ ʜʝʘʜʘʧʪʘʮʠʠ ʢ ʚʳʩʦʢʦʛʦʨʴʶ. 
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ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉ ʮʝʣʴʶ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʣʘʥʫ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʙʘʟʝ ʇʨʦʙʣʝʤʥʦʡ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʢʣʠʥʠʯʝʩʢʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʭʠʨʫʨʛʠʠ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʂʳʨʛʳʟʩʢʦʡ 

ʈʝʩʧʫʙʣʠʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʳʩʦʢʦʛʦʨʥʦʡ ʙʘʟʳ ʂɻʄɸ ʠʤ. ʀ. ʂ. ɸʭʫʥʙʘʝʚʘ ʚ ʩʦʩʪʘʚʝ 

ʎʝʥʪʨʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʥʘ ʧʝʨʝʚʘʣʝ ʊʫʷ-ɸʰʫʫ.  

ʄʘʪʝʨʠʘʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʩʣʫʞʠʣʠ 150 ʙʝʩʧʦʨʦʜʥʳʭ 

ʧʦʣʦʚʦʟʨʝʣʳʭ ʨʘʟʥʦʧʦʣʳʭ ʢʨʦʣʠʢʦʚ ʚʝʩʦʤ 3,5ï4,0 ʢʛ. ɺʩʝ ʞʠʚʦʪʥʳʝ ʧʨʦʰʣʠ ʦʙʷʟʘʪʝʣʴʥʫʶ 

ʚʘʢʮʠʥʘʮʠʶ, ʜʝʛʝʣʴʤʠʥʪʠʟʘʮʠʶ ʠ ʚʳʜʝʨʞʠʚʘʥʠʷ ʚ ʢʘʨʘʥʪʠʥʝ ʩʨʦʢʦʤ 21 ʜʝʥʴ.  

ɼʠʟʘʡʥ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʥʳʝ ʧʨʘʚʠʣʘ ʩʦʜʝʨʞʘʥʠʷ ʠ ʫʭʦʜʘ ʙʳʣʠ ʩʦʛʣʘʩʦʚʘʥʥʳ ʩ 

ʂʦʤʠʪʝʪʦʤ ʧʦ ɹʠʦʵʪʠʢʝ ʂɻʄɸ ʠʤ. ʀ. ʂ. ɸʭʫʥʙʘʝʚʘ. ʃʘʙʦʨʘʪʦʨʥʳʝ ʞʠʚʦʪʥʳʝ ʩʦʜʝʨʞʘʣʠʩʴ ʚ 

ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʚʠʚʘʨʠʷ, ʦʜʠʥʘʢʦʚʦʤ ʫʭʦʜʝ ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʙʘʟʠʩʥʳʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ: çʉʘʥʠʪʘʨʥʳʝ ʧʨʘʚʠʣʘ ʧʦ ʫʩʪʨʦʡʩʪʚʫ, ʦʙʦʨʫʜʦʚʘʥʠʶ ʠ ʩʦʜʝʨʞʘʥʠʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʢʣʠʥʠʢ (ʚʠʚʘʨʠʝʚ)è ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʘʤʠ ɻʆʉʊ 

çʉʦʜʝʨʞʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʚ ʧʠʪʦʤʥʠʢʘʭ ʅʀʀè 1978 ʛ. ʂʦʨʤʣʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ ʥʦʨʤʘʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʨʠʢʘʟʦʤ ʄʠʥʟʜʨʘʚʘ ʉʉʉʈ ˉ1179 ʦʪ 10.10.1983 

ʛ. çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʥʦʨʤʘʪʠʚʦʚ ʟʘʪʨʘʪ ʢʦʨʤʦʚ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ ʚ ʫʯʨʝʞʜʝʥʠʷʭ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷè, ʩʦ ʩʚʦʙʦʜʥʳʤ ʜʦʩʪʫʧʦʤ ʢ ʚʦʜʝ. 

ʆʧʳʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʘʢʪʠʢʠ (GLP) (ʧʨʠʢʘʟ 

ˉ708 ʦʪ 23 ʘʚʛʫʩʪʘ 2010 ʛ. çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʧʨʘʚʠʣ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʘʢʪʠʢʠè); ʧʨʘʚʠʣʘʤʠ 

ʛʫʤʘʥʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʩ ʞʠʚʦʪʥʳʤʠ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ çʇʨʘʚʠʣʘʤʠ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭè, ʫʪʚʝʨʞʜʝʥʥʳʭ ʇʨʠʢʘʟʦʤ ʄɿ ʉʉʉʈ ˉ742 

ʦʪ 13.11.84 ʛ. çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʧʨʘʚʠʣ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭè; ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʦʞʝʥʠʡ ʠʟʣʦʞʝʥʥʳʭ ʚ ʍʝʣʴʩʠʥʩʢʦʡ 

ʜʝʢʣʘʨʘʮʠʠ ɺʩʝʤʠʨʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʥʦʨʤ ʘʩʝʧʪʠʢʠ ʠ ʘʥʪʠʩʝʧʪʠʢʠ 1964 ʛ., 

ʜʦʧʦʣʥʝʥʥʦʡ ʚ 1975, 1983, 1989 ʛʛ. ʠ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ɽʚʨʦʧʝʡʩʢʦʡ ʢʦʥʚʝʥʮʠʠ ʦ ʟʘʱʠʪʝ 

ʧʦʟʚʦʥʦʯʥʳʭ ʞʠʚʦʪʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʣʠ ʠʥʳʭ ʥʘʫʯʥʳʭ ʮʝʣʝʡ 

(ʉʪʨʘʩʙʫʨʛ, 18 ʤʘʨʪʘ 1986 ʛ.). 

ɺʩʝ ʦʧʝʨʘʪʠʚʥʳʝ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʜ ʦʙʱʠʤ ʥʘʨʢʦʟʦʤ ʩ ʩʦʙʣʶʜʝʥʠʝʤ 

ʧʨʘʚʠʣ ʘʩʝʧʪʠʢʠ ʠ ʘʥʪʠʩʝʧʪʠʢʠ. ʉ ʮʝʣʴʶ ʚʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ ʚ 

ʤʝʜʠʢʘʤʝʥʪʦʟʥʳʡ ʩʦʥ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʂʝʪʘʤʠʥ ʚ/ʚ, ʠʟ ʨʘʩʯʝʪʘ 7 ʤʛ/ʢʛ ʚʝʩʘ.  

ʋ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʨʘʥʝʚʦʡ ʧʨʦʮʝʩʩ ʚʳʟʳʚʘʣʩʷ ʧʦ ʤʝʪʦʜʠʢʝ ʦʧʠʩʘʥʥʳʤ 

ʥʠʞʝ. 

ɾʠʚʦʪʥʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 3 ʩʝʨʠʠ:  

I ʩʝʨʠʷ ð ʢʦʥʪʨʦʣʴʥʘʷ ʩʝʨʠʷ, ʢʨʦʣʠʢʠ (50 ʦʩʦʙʝʡ), ʧʦʩʪʦʷʥʥʦ ʦʙʠʪʘʶʱʠʝ ʚ ʫʩʣʦʚʠʷʭ 

ʛ. ɹʠʰʢʝʢ; 

II ʩʝʨʠʷ ð ʦʧʳʪʥʘʷ ʩʝʨʠʷ, ʢʨʦʣʠʢʠ (50 ʦʩʦʙʝʡ), ʧʦʩʣʝ 3-ʭ ʜʥʝʚʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʳʩʦʢʦʛʦʨʥʦʡ ʙʘʟʳ ʂɻʄɸ ʠʤ. ʀ. ʂ. ɸʭʫʥʙʘʝʚʘ ʚ ʩʦʩʪʘʚʝ ʎʅʀʃ, 

ʧʝʨʝʤʝʱʝʥʥʳʝ ʚ ʫʩʣʦʚʠʷ ʛ. ɹʠʰʢʝʢ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʥʘʙʣʶʜʝʥʠʝʤ ʟʘ 

ʪʝʯʝʥʠʝʤ ʨʘʥʝʚʦʛʦ ʧʨʦʮʝʩʩʘ; 

III ʩʝʨʠʷ ð ʦʧʳʪʥʘʷ ʩʝʨʠʷ, ʢʨʦʣʠʢʠ (50 ʦʩʦʙʝʡ), ʧʦʩʣʝ 30-ʪʠ ʜʥʝʚʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʳʩʦʢʦʛʦʨʥʦʡ ʙʘʟʳ ʂɻʄɸ ʠʤ. ʀ. ʂ. ɸʭʫʥʙʘʝʚʘ ʚ ʩʦʩʪʘʚʝ ʎʅʀʃ, 

ʧʝʨʝʤʝʱʝʥʥʳʝ ʚ ʫʩʣʦʚʠʷ ʛ. ɹʠʰʢʝʢ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʥʘʙʣʶʜʝʥʠʝʤ ʟʘ 

ʪʝʯʝʥʠʝʤ ʨʘʥʝʚʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɺ ʢʘʞʜʦʡ ʩʝʨʠʠ ʞʠʚʦʪʥʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 2 ʛʨʫʧʧʳ.  
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1 ʛʨʫʧʧʘ ð ʞʠʚʦʪʥʳʝ, ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʴʶ ʘʩʝʧʪʠʯʝʩʢʦʛʦ ʚʦʩʧʘʣʝʥʠʷ 

(25 ʦʩʦʙʝʡ); 

2 ʛʨʫʧʧʘ ð ʞʠʚʦʪʥʳʝ, ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʴʶ ʤʠʢʨʦʙʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ 

(25 ʦʩʦʙʝʡ). 

 

ʄʝʪʦʜʠʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʥʳ 

ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ ʞʠʚʦʪʥʳʭ ʚ ʤʝʜʠʢʘʤʝʥʪʦʟʥʳʡ ʩʦʥ, ʞʠʚʦʪʥʳʭ ʬʠʢʩʠʨʦʚʘʣʠ ʚ 

ʧʦʣʦʞʝʥʠʠ ʥʘ ʞʠʚʦʪʝ.  

ɸʩʝʧʪʠʯʝʩʢʦʝ ʚʦʩʧʘʣʝʥʠʝ ʤʦʜʝʣʠʨʦʚʘʣʠ ʧʫʪʝʤ ʧʦʜʢʦʞʥʦʛʦ ʚʚʝʜʝʥʠʷ ʚ ʤʝʞʣʦʧʘʪʦʯʥʫʶ 

ʦʙʣʘʩʪʴ 0,3 ʤʣ ʩʢʠʧʠʜʘʨʘ ʥʘ ʚʘʟʝʣʠʥʦʚʦʤ ʤʘʩʣʝ. ʇʝʨʝʜ ʵʪʠʤ ʫ ʞʠʚʦʪʥʳʭ ʚ ʤʝʞʣʦʧʘʪʦʯʥʦʡ 

ʦʙʣʘʩʪʠ ʚʳʩʪʨʠʛʘʣʠ ʰʝʨʩʪʴ ʠ ʧʦʜʢʦʞʥʦ ʚʚʦʜʠʣʠ 0,5 ʤʣ ʚʦʟʜʫʭʘ. ʇʦʜʢʦʞʥʦʝ ʚʚʝʜʝʥʠʝ 

ʩʢʠʧʠʜʘʨʘ ʧʨʠʚʦʜʠʣʦ ʢ ʨʘʟʚʠʪʠʶ ʘʩʝʧʪʠʯʝʩʢʦʛʦ ʚʦʩʧʘʣʝʥʠʷ. ʊʘʢ, ʯʝʨʝʟ 1 ʩʫʪ ʦʪ ʥʘʯʘʣʘ 

ʚʚʝʜʝʥʠʷ ʩʢʠʧʠʜʘʨʘ ʫ ʢʨʳʩ ʢʣʠʥʠʯʝʩʢʠ ʨʘʟʚʠʚʘʣʘʩʴ ʢʘʨʪʠʥʘ ʦʩʪʨʦʛʦ ʚʦʩʧʘʣʝʥʠʷ ʩ ʷʚʣʝʥʠʷʤʠ 

ʛʠʧʝʨʝʤʠʠ. ʆʯʘʛ ʚʦʩʧʘʣʝʥʠʷ ʚʠʟʫʘʣʴʥʦ ʙʝʟ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɺ ʦʙʣʘʩʪʠ ʚʚʝʜʝʥʠʷ ʩʢʠʧʠʜʘʨʘ 

ʦʪʤʝʯʘʣʩʷ ʚʳʨʘʞʝʥʥʳʡ ʦʪʝʢ ʪʢʘʥʠ, ʧʨʠ ʧʘʣʴʧʘʮʠʠ ʨʝʟʢʦ ʙʦʣʝʟʥʝʥʥʳʡ. ʇʨʠ ʚʩʢʨʳʪʠʠ 

ʦʙʥʘʨʫʞʠʚʘʣʩʷ ʦʞʦʛ ʤʷʛʢʠʭ ʪʢʘʥʝʡ ʩ ʵʣʝʤʝʥʪʘʤʠ ʥʝʢʨʦʟʘ, ʦʯʘʛ ʦʛʨʘʥʠʯʝʥ, ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ 

ʩʦʩʫʜʠʩʪʳʡ ʨʠʩʫʥʦʢ. 

ʆʩʪʨʦʝ ʛʥʦʡʥʦʝ ʚʦʩʧʘʣʝʥʠʝ ʤʦʜʝʣʠʨʦʚʘʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ: ʧʦʩʣʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʧʦ ʪʨʘʬʘʨʝʪʫ ʜʠʘʤʝʪʨʦʤ 50 ʤʤ, 

ʚʳʧʦʣʥʝʥʥʦʤʫ ʠʟ ʣʠʩʪʘ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʣʝʥʢʠ, ʥʘ ʦʙʣʘʩʪʴ ʧʣʘʥʠʨʫʝʤʦʛʦ ʨʘʟʨʝʟʘ 1% 

ʩʧʠʨʪʦʚʳʤ ʨʘʩʪʚʦʨʦʤ ʙʨʠʣʣʠʘʥʪʦʚʦʛʦ ʟʝʣʝʥʦʛʦ ʥʘʥʦʩʠʣʠʩʴ ʢʦʥʪʫʨʳ ʩʪʘʥʜʘʨʪʥʦʡ ʦʙʰʠʨʥʦʡ 

ʨʘʥʳ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ ʚ ʤʝʞʣʦʧʘʪʦʯʥʦʡ ʦʙʣʘʩʪʠ. ʇʦ ʥʘʤʝʯʝʥʥʦʤʫ ʢʦʥʪʫʨʫ ʨʘʩʩʝʢʘʣʘʩʴ ʢʦʞʘ, 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʬʘʩʮʠʷ. ʅʘ ʜʥʝ ʨʘʥʳ ʥʘʜʩʝʢʘʣʠ ʤʳʰʮʳ ʩʢʘʣʴʧʝʣʝʤ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʢʦʞʥʳʡ 

ʣʦʩʢʫʪ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʟʤʝʨʘ ʧʝʨʝʚʦʨʘʯʠʚʘʣʠ ʰʝʨʩʪʴʶ ʚʥʠʟ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʥʝʚʦʛʦ ʜʝʬʝʢʪʘ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʜʰʠʚʘʥʠʝʤ ʢ ʩʚʦʙʦʜʥʦʤʫ ʢʦʞʥʦʤʫ ʢʨʘʶ ʠ ʧʦʜʣʝʞʘʱʠʤ ʪʢʘʥʷʤ ʧʦ ʚʩʝʤʫ 

ʧʝʨʠʤʝʪʨʫ ʥʝʧʨʝʨʳʚʥʳʤ ʰʚʦʤ ʢʘʧʨʦʥʦʚʦʡ ʥʠʪʴʶ ˉ4. ʏʝʨʝʟ 48 ʯʘʩʦʚ ʫʜʘʣʷʣʠ ʣʦʩʢʫʪ, ʧʦʩʣʝ 

ʫʜʘʣʝʥʠʷ ʣʦʩʢʫʪʘ ʥʘʙʣʶʜʘʣʘʩʴ ʠʥʬʠʮʠʨʦʚʘʥʥʘʷ ʨʘʥʘ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ 

ʚʦʩʧʘʣʝʥʠʷ. 

ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 3-ʡ, 7-ʡ, 15-ʡ, 20-ʡ ʠ 30-ʡ ʜʝʥʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʋ 

ʞʠʚʦʪʥʳʭ ʚʩʝʭ ʩʝʨʠʡ ʦʧʨʝʜʝʣʷʣʠ ʫʨʦʚʝʥʴ ʢʣʶʯʝʚʳʭ ʮʠʪʦʢʠʥʦʚ: ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʀʃ-1ɺ, 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʀʃ-10 ʯʝʨʝʟ 12 ʯ, 1, 2, 3, 5 ʩʫʪ ʦʪ ʥʘʯʘʣʘ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʋ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ ʚ ʧʦʣʦʞʝʥʥʳʝ ʩʨʦʢʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʟʘʙʦʨ ʢʨʦʚʠ ʚ ʧʨʦʙʠʨʢʠ ʩ 

ʘʢʪʠʚʘʪʦʨʦʤ ʩʚʝʨʪʳʚʘʥʠʷ ʢʨʦʚʠ. ʇʨʦʙʠʨʢʠ ʩ ʢʨʦʚʴʶ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠʩʴ ʧʨʠ 3000 ʦʙʦʨʦʪʦʚ 

ʚ ʪʝʯʝʥʠʝ 10ï15 ʤʠʥ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʩʣʦʷ ʧʣʘʟʤʳ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʮʠʪʦʢʠʥʦʚ ʚ ʧʣʘʟʤʝ 

ʢʨʦʚʠ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʮʠʪʦʢʠʥʦʚ ʫ ʢʨʳʩ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝʩʪ-ʥʘʙʦʨʳ ʘʚʩʪʨʠʡʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ Rat IL-1ɺ ELISA BMS630 ʠ Rat IL-10 ELISA BMS629 (Bender MedSystcms, 

Vienna, Austria).  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʠʪʦʢʠʥʦʚ ʧʨʠʤʝʥʷʣʠʩʴ ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ (ʧʦʣʠʢʣʦʥʘʣʴʥʳʤʠ ð ʜʣʷ ʀʃ-1ɓ, ʤʦʥʦʢʣʦʥʘʣʴʥʳʤʠ ð ʜʣʷ 

ʀʃ-10). ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʣʘʥʰʝʪʳ ʧʨʦʤʳʚʘʣʠʩʴ ʩʧʝʮʠʘʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ. ɺ 

ʣʫʥʢʠ ʜʦʙʘʚʣʷʣʠʩʴ ʦʙʨʘʟʮʳ ʠ ʩʪʘʥʜʘʨʪʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ ʧʦ ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ 

ʩʭʝʤʝ, ʜʘʣʝʝ ʚ ʪʝʯʝʥʠʝ 2 ʯ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʠʥʢʫʙʘʮʠʷ ʩʦʜʝʨʞʠʤʦʛʦ ʣʫʥʦʢ ʩ ʙʠʦʪʠʥ-

ʢʦʥʲʶʛʘʪʦʤ. ʇʦʩʣʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʤʳʚʘʥʠʷ ʧʣʘʥʰʝʪʦʚ ʦʪ ʙʠʦʪʠʥ-ʢʦʥʲʶʛʘʪʘ ʚ ʥʠʭ 

ʜʦʙʘʚʣʷʣʩʷ ʩʪʨʝʧʪʦʚʠʜʠʥ-HRP ʩ ʜʘʣʴʥʝʡʰʝʡ ʠʥʢʫʙʘʮʠʝʡ ʚ ʪʝʯʝʥʠʝ 1 ʯ, ʧʦʩʣʝ ʯʝʛʦ ʣʫʥʦʯʥʳʝ 

ʧʣʘʥʰʝʪʳ ʪʘʢʞʝ ʧʨʦʤʳʚʘʣʠʩʴ. ɿʘʪʝʤ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 10-ʤʠʥʫʪʥʘʷ ʠʥʢʫʙʘʮʠʷ ʩʦʜʝʨʞʠʤʦʛʦ 
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ʣʫʥʦʢ ʩ ʨʘʩʪʚʦʨʦʤ ʩʫʙʩʪʨʘʪʘ (ʪʝʪʨʘʤʝʪʠʣʙʝʠʟʠʜʠʥʘ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʣʦ 

ʦʢʨʘʰʠʚʘʥʠʝ, 45 ʩʪʝʧʝʥʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʘ ʦʙ ʫʨʦʚʥʝ ʠʩʩʣʝʜʫʝʤʳʭ 

ʮʠʪʦʢʠʥʦʚ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʥʪʝʨʣʝʡʢʠʥʦʚ ʠʟʤʝʨʷʣʘʩʴ ʚ ʧʛ/ʤʣ, ʚʢʣʶʯʘʷ ʚ ʩʝʙʷ 

ʦʮʝʥʢʫ ʠ ʢʦʥʪʨʦʣʴ ʟʘ ʪʝʯʝʥʠʝʤ ʨʘʥʝʚʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʝʩʪʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ, ʧʦʢʘʟʘʪʝʣʠ ʣʝʡʢʦʮʠʪʘʨʥʦʡ ʬʦʨʤʫʣʳ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ, 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʦʧʨʝʜʝʣʝʥʠʝ ʮʠʪʦʢʠʥʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ ʚ ʜʠʥʘʤʠʢʝ 

ʨʘʥʝʚʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʘʢʝʪ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ IBM SPSS 23.0. ʇʨʦʚʝʨʢʫ ʥʦʨʤʘʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʷ ʂʦʣʤʦʛʦʨʦʚʘ - ʉʤʠʨʥʦʚʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʨʘʟʣʠʯʠʡ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ 

ʧʨʠʟʥʘʢʫ ð ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ANOVA, ʢʨʠʪʝʨʠʡ ʂʨʘʩʢʘʣʷ-

ʋʦʣʣʝʩʘ), ʚ ʢʘʯʝʩʪʚʝ ʘʧʦʩʪʝʨʠʦʨʥʦʛʦ ʢʨʠʪʝʨʠʷ ʚʳʙʨʘʥ ʢʨʠʪʝʨʠʡ ʊʴʶʢʠ. ɺʳʙʦʨʦʯʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʨʦʚʦʜʠʤʳʝ ʜʘʣʝʝ ʦʙʦʟʥʘʯʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʄ ð ʩʨʝʜʥʝʝ, s (ŭ) ð 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ (ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ), n ð ʦʙʲʝʤ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʛʨʫʧʧʳ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʤ ʢʨʠʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʩʯʠʪʘʣʩʷ ʨ᾽0,05. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʏʝʨʝʟ 12 ʯʘʩʦʚ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʚ ʤʝʞʣʦʧʘʪʦʯʥʫʶ ʦʙʣʘʩʪʴ 0,3 ʤʣ ʩʢʠʧʠʜʘʨʘ, ʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʢʦʥʪʨʦʣʴʥʦʡ ʩʝʨʠʠ (ɸɺ-ʅ), ʩʦʜʝʨʞʘʥʠʝ ʀʃ-1ɓ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ 

ʞʠʚʦʪʥʳʭ ʩʦʩʪʘʚʣʷʣʦ 1,7Ñ0,4 ʧʛ/ʤʣ. ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʣʦ ʟʘʢʦʥʦʤʝʨʥʦʝ ʧʘʜʝʥʠʝ ʫʨʦʚʥʷ ʀʃ-1ɓ, 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʯʝʨʝʟ 1 ʩʫʪ ʩʦʩʪʘʚʣʷʣʦ 1,2Ñ0,2 ʧʛ/ʤʣ, ʯʝʨʝʟ 3 ʩʫʪ ð 08Ñ0,2 ʧʛ/ʤʣ. 

ʅʘʯʠʥʘʷ ʩ 4 ʩʫʪ ʀʃ-1ɓ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʥʝ ʦʧʨʝʜʝʣʷʣʩʷ. 

ʉʦʜʝʨʞʘʥʠʝ ʀʃ-10 ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʫ ʞʠʚʦʪʥʳʭ ʵʪʦʡ ʩʝʨʠʠ (ɸɺ-ʅ) ʯʝʨʝʟ 1 ʩʫʪʢʠ 

ʩʥʠʞʘʣʦʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʥʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʦ 10,3Ñ0,6 ʧʛ/ʤʣ, ʟʘʪʝʤ ʫʨʦʚʝʥʴ ʀʃ-10 

ʤʝʜʣʝʥʥʦ ʧʦʚʳʰʘʣʩʷ, ʥʘ 3 ʩʫʪʢʠ ð 13,1Ñ1,4 ʧʛ/ʤʣ. 

 
ʈʠʩʫʥʦʢ 1. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʥʪʝʨʣʝʡʢʠʥʘ-10 ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʢʨʦʣʠʢʦʚ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʘʩʝʧʪʠʯʝʩʢʠʤ ʚʦʩʧʘʣʝʥʠʝʤ. 

 

ʅʘ 7 ʩʫʪʢʠ ð 15,2Ñ1,7 ʧʛ/ʤʣ; 15 ʩʫʪʢʠ ð 15,6Ñ1,6 ʧʛ/ʤʣ; 20 ʩʫʪʢʠ ð 15,8Ñ3,2 ʧʛ/ʤʣ; 30 

ʩʫʪʢʠ ð 16,6Ñ3,1 ʧʛ/ʤʣ (ʈʠʩʫʥʦʢ 1). 

ʏʝʨʝʟ 12 ʯ ʦʪ ʥʘʯʘʣʘ ʚʦʩʧʘʣʝʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʚʚʝʜʝʥʠʝʤ ʩʢʠʧʠʜʘʨʘ, ʚ ʛʨʫʧʧʝ ʞʠʚʦʪʥʳʭ, 

ʧʦʩʣʝ 3-ʜʥʝʚʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦʨʴʷ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʀʃ-1ɓ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ 

ʞʠʚʦʪʥʳʭ ʩʦʩʪʘʚʣʷʣʘ 5,9Ñ0,2 ʧʛ/ʤʣ, ʤʘʢʩʠʤʫʤ ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʥʘ ʩʨʦʢ 1 ʩʫʪ ð 10,1Ñ0,3 

ʧʛ/ʤʣ, ʟʘʪʝʤ ʫʨʦʚʝʥʴ ʀʃ-1ɓ ʩʥʠʞʘʣʩʷ, ʥʦ ʦʩʪʘʚʘʣʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ: ʥʘ 3 ʩʫʪ ð 5,7Ñ0,2 

ʧʛ/ʤʣ, 7 ʩʫʪʢʠ ï 3,2Ñ1,5 ʧʛ/ʤʣ (ʨ<0,05) (ʪʘʙʣ.1). 
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ʊʘʙʣʠʮʘ 1  

ʉʈɸɺʅʀʊɽʃʔʅɸʗ ʆʎɽʅʂɸ ʇʆʂɸɿɸʊɽʃʗ ʀʃ-1ɓ  

ɺ ɻʈʋʇʇɸʍ ɸʉɽʇʊʀʏɽʉʂʆɻʆ ɺʆʉʇɸʃɽʅʀʗ (%) 
 

ɼʥʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʦʩʧʘʣʝʥʠʷ 

ɸɺ-ʅ ɸɺ-ɼ3 ɸɺ-ɼ30 

12 ʯʘʩʦʚ 1,7 Ñ0,4 5,9Ñ0,2* 1,5Ñ0,3* 

1 ʩʫʪʢʠ 1,2 Ñ0,3 10,1Ñ0,3* 1,4Ñ0,1* 

3 ʩʫʪʢʠ 0,8 Ñ 0,1 5,7Ñ0,2* 0,9Ñ0,4* 

ʇʨʠʤʝʯʘʥʠʝ: * ð ʨ<0,05. 
 

ʇʦʜʲʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʀʃ-10 ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʫ ʵʪʠʭ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ, 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʯʝʨʝʟ 1 ʩʫʪʢʠ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʙʦʣʴʰʦʝ ʧʘʜʝʥʠʝ ʫʨʦʚʥʷ ʀʃ-10 ʜʦ 22,1Ñ2,1 

ʧʛ/ʤʣ. ʅʘ ʩʨʦʢʠ 3 ʠ 7 ʩʫʪʢʠ ʠʤʝʣʦʩʴ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʀʃ-10, 3 ʩʫʪʢʠ ð 20,3Ñ3,6 ʧʛ/ʤʣ, 

7 ʩʫʪʢʠ ð 19,6Ñ2,7 ʧʛ/ʤʣ, 15 ʩʫʪʢʠ ð 18,1Ñ1,3 ʧʛ/ʤʣ, 20 ʩʫʪʢʠ ð 17,9Ñ2,7 ʧʛ/ʤʣ ʠ ʥʘ 30-ʝ 

ʩʫʪʢʠ ð 17,6 Ñ1,2 ʧʛ/ʤʣ. 

ʋ ʞʠʚʦʪʥʳʭ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦʨʴʷ, ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ 

ʧʦʜʲʝʤ ʀʃ-1ɓ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʞʠʚʦʪʥʳʭ ʧʦʩʣʝ ʥʘʯʘʣʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʩʝʧʪʠʯʝʩʢʦʛʦ 

ʚʦʩʧʘʣʝʥʠʷ ʯʝʨʝʟ 12 ʯʘʩʦʚ ʨʘʚʥʦʝ 1,5Ñ0,3 ʧʛ/ʤʣ, ʚ ʩʨʦʢʝ 1 ʩʫʪʢʠ ð 1,4Ñ0,1 ʧʛ/ʤʣ, ʟʘʪʝʤ 

ʫʨʦʚʝʥʴ ʀʃ-1ɓ ʩʥʠʞʘʣʩʷ, ʥʘ 3 ʩʫʪʢʠ ʨʘʚʝʥ ʙʳʣ ð 0,9Ñ0,4 ʧʛ/ʤʣ. 

ʋʨʦʚʝʥʴ ʀʃ-10, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʈʠʩʫʥʢʝ 1, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʥʝ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʥʘ 3 ʠ 7 ʩʫʪʢʠ, ʨʘʚʥʳʝ ð 12,1Ñ1,2 ʧʛ/ʤʣ ʠ 14,4Ñ2,1 ʧʛ/ʤʣ, ʥʘ 15 ʩʫʪʢʠ ʨʘʚʝʥ ʙʳʣ 

ð 14,7Ñ1,1 ʧʛ/ʤʣ, 20 ʩʫʪʢʠ ð 15,0Ñ2,2 ʧʛ/ʤʣ ʠ ʥʘ 30-ʝ ʩʫʪʢʠ ð 15,2Ñ1,2 ʧʛ/ʤʣ (ʨ<0,05). 

ʋ ʞʠʚʦʪʥʳʭ, ʢʦʪʦʨʳʤ ʤʦʜʝʣʠʨʦʚʘʣʠ ʦʩʪʨʦʝ ʛʥʦʡʥʦʝ ʚʦʩʧʘʣʝʥʠʝ ʤʷʛʢʠʭ ʪʢʘʥʝʡ, ʚ 

ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʘ ɹʠʰʢʝʢ, ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʧʦʜʲʝʤ ʫʨʦʚʥʷ ʀʃ-1ɓ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʯʝʨʝʟ 12 

ʯʘʩʦʚ ʦʪ ʥʘʯʘʣʘ ʚʦʩʧʘʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʦʜʦʣʞʘʣʩʷ ʠ ʜʦʩʪʠʛʘʣ ʤʘʢʩʠʤʫʤʘ ʥʘ ʩʨʦʢʝ 3 ʩʫʪʦʢ (12 

ʯʘʩʦʚ ð 5,6Ñ0,9 ʧʛ/ʤʣ; 1 ʩʫʪʢʠ ð 11,9Ñ1,9 ʧʛ/ʤʣ; 3 ʩʫʪʢʠ ð 28,9Ñ1,7 ʧʛ/ʤʣ). ɿʘʪʝʤ ʫʨʦʚʝʥʴ 

ʀʃ-1ɓ ʨʘʚʥʦʤʝʨʥʦ ʩʥʠʞʘʣʩʷ ʢ 7 ʩʫʪʢʘʤ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʦʩʧʘʣʝʥʠʷ ð 11,3Ñ0,3 ʧʛ/ʤʣ; 15 ʩʫʪʢʠ 

ð 0,7Ñ0,1 ʧʛ/ʤʣ) (ʊʘʙʣʠʮʘ 2).  

ʊʘʙʣʠʮʘ 2. 

ʉʈɸɺʅʀʊɽʃʔʅɸʗ ʆʎɽʅʂɸ ʇʆʂɸɿɸʊɽʃʗ ʀʃ-1ɓ  

ɺ ɻʈʋʇʇɸʍ ɻʅʆʁʅʆɻʆ ɺʆʉʇɸʃɽʅʀʗ (%) 
 

ɼʥʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʦʩʧʘʣʝʥʠʷ 

ɻɺ-ʅ ɻɺ-ɼ3 ɻɺ-ɼ30 

12 ʯʘʩʦʚ 5,6Ñ0,9 7,6Ñ0,7* 4,3Ñ0,3* 

1 ʩʫʪʢʠ 11,9 Ñ1,9 14,1Ñ2,1* 9,9Ñ0,1* 

3 ʩʫʪʢʠ 28,9Ñ1,7 31,1Ñ2,5* 11,3Ñ0,4* 

7 ʩʫʪʢʠ 11,3Ñ0,3 12,1Ñ0,7* 9,6Ñ0,2* 

15 ʩʫʪʢʠ 0,7Ñ0,1 1,2Ñ0,3* 0,6Ñ0,1* 

ʇʨʠʤʝʯʘʥʠʝ: * ð ʨ<0,05  
 

ʏʝʨʝʟ 12 ʯ ʧʦʩʣʝ ʥʘʯʘʣʘ ʛʥʦʡʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʀʃ-10 ʧʘʜʘʣʘ, ʜʦ 5,1Ñ1,0 

ʧʛ/ʤʣ. ɿʘʪʝʤ ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʨʦʩʪ ʫʨʦʚʥʷ ʀʃ-10 ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ: 1 ʩʫʪʢʠ ð 17,2Ñ3,9 ʧʛ/ʤʣ, 3 

ʩʫʪʢʠ ð 36,1Ñ2,1 ʧʛ/ʤʣ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʣʦ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʀʃ-10, ʢʦʪʦʨʘʷ 

ʩʦʩʪʘʚʣʷʣʘ ʥʘ 7 ʩʫʪʢʠ 22,2Ñ3,1 ʧʛ/ʤʣ, ʥʘ 15 ʩʫʪʢʠ ð 18,1Ñ1,7 ʧʛ/ʤʣ, ʥʘ 20 ʩʫʪʢʠ ð 17,2Ñ2,1 

ʧʛ/ʤʣ, ʥʘ 30 ʩʫʪʢʠ ð 17,0Ñ1,8 ʧʛ/ʤʣ (ʈʠʩʫʥʦʢ 2). 

ʏʝʨʝʟ 12 ʯ ʦʪ ʥʘʯʘʣʘ ʛʥʦʡʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ, ʚ ʛʨʫʧʧʝ ʞʠʚʦʪʥʳʭ, ʧʦʩʣʝ 3-ʜʥʝʚʥʦʛʦ 

ʧʨʝʙʳʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦʨʴʷ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʀʃ-1ɓ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʞʠʚʦʪʥʳʭ 

ʩʦʩʪʘʚʣʷʣʘ 7,6Ñ0,7 ʧʛ/ʤʣ, ʤʘʢʩʠʤʫʤ ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʥʘ ʩʨʦʢ 3 ʩʫʪ, ʥʘ 1 ʩʫʪ ʨʘʚʝʥ ʙʳʣ ð 

14,1Ñ2,1 ʧʛ/ʤʣ, ʥʘ 3 ʩʫʪ ð 31,1Ñ2,5 ʧʛ/ʤʣ, ʟʘʪʝʤ ʫʨʦʚʝʥʴ ʀʃ-1ɓ ʩʥʠʞʘʣʩʷ, ʥʦ ʦʩʪʘʚʘʣʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ:7 ʩʫʪ ð 12,1Ñ0,7 ʧʛ/ʤʣ (ʨ<0,05) (ʊʘʙʣʠʮʘ 2). 
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ʈʠʩʫʥʦʢ 2. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʥʪʝʨʣʝʡʢʠʥʘ 10 ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʢʨʦʣʠʢʦʚ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʦʩʪʨʳʤ ʛʥʦʡʥʳʤ ʚʦʩʧʘʣʝʥʠʝʤ ʤʷʛʢʠʭ ʪʢʘʥʝʡ. 

 

ʇʦʜʲʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʀʃ-10 ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʫ ʵʪʠʭ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ, 

ʥʘ 12 ʯ ʨʘʚʥʦʝ 25,3Ñ0,9 ʧʛ/ʤʣ. ʏʝʨʝʟ 1 ʩʫʪ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʙʦʣʴʰʦʝ ʧʘʜʝʥʠʝ ʫʨʦʚʥʷ ʀʃ-10 ʜʦ 

29,3Ñ2,7 ʧʛ/ʤʣ. ʅʘ ʩʨʦʢʠ 3 ʠ 7 ʩʫʪʢʠ ʠʤʝʣʦʩʴ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʀʃ-10, ʪʘʢ ʥʘ 3 ʩʫʪʢʠ 

ð 43,6Ñ1,7 ʧʛ/ʤʣ, 7 ʩʫʪʢʠ ð 27,1Ñ2,9 ʧʛ/ʤʣ, 15 ʩʫʪʢʠ ð 20,1Ñ2,1 ʧʛ/ʤʣ, 20 ʩʫʪʢʠ ð 19,9Ñ1,9 

ʧʛ/ʤʣ ʠ ʥʘ 30-ʝ ʩʫʪʢʠ ð 19,6Ñ1,6 ʧʛ/ʤʣ. 

ʋ ʞʠʚʦʪʥʳʭ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦʨʴʷ, ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ 

ʧʦʜʲʝʤ ʀʃ-1ɓ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʞʠʚʦʪʥʳʭ ʧʦʩʣʝ ʥʘʯʘʣʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʪʨʦʛʦ ʛʥʦʡʥʦʛʦ 

ʚʦʩʧʘʣʝʥʠʷ ʤʷʛʢʠʭ ʪʢʘʥʝʡ ʯʝʨʝʟ 12 ʯ ʨʘʚʥʦʝ 4,3Ñ0,3 ʧʛ/ʤʣ, ʚ ʩʨʦʢʝ 1 ʩʫʪʢʠ ð 9,9Ñ0,1 ʧʛ/ʤʣ, 

ʟʘʪʝʤ ʫʨʦʚʝʥʴ ʀʃ-1ɓ ʧʦʚʳʰʘʣʩʷ ʠ ʥʘ 3 ʩʫʪʢʠ ʨʘʚʝʥ ʙʳʣ ð 11,3Ñ0,4 ʧʛ/ʤʣ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ 

ʜʥʠ ʦʪʤʝʯʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ð ʨʘʚʥʦʝ 9,6Ñ0,2 ʠ 0,6Ñ0,1 ʧʛ/ʤʣ. ʥʘ 7 ʠ 15 ʜʥʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʋʨʦʚʝʥʴ ʀʃ-10 ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʥʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʘ 3 ʠ 7 ʩʫʪʢʠ, ʨʘʚʥʳʝ 

25,7Ñ1,2 ʧʛ/ʤʣ ʠ 19,4Ñ1,7 ʧʛ/ʤʣ, ʥʘ 15 ʩʫʪʢʠ ʨʘʚʝʥ ʙʳʣ 17,3Ñ1,7 ʧʛ/ʤʣ, 20 ʩʫʪʢʠ ð 17,2Ñ1,2 

ʧʛ/ʤʣ ʠ ʥʘ 30-ʝ ʩʫʪʢʠ ð 17,0Ñ0,3 ʧʛ/ʤʣ (ʨ<0,05). 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʘʩʝʧʪʠʯʝʩʢʦʤ ʚʦʩʧʘʣʝʥʠʠ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʜʠʥʘʤʠʢʘ 

ʚʳʨʘʙʦʪʢʠ ʦʜʥʠʭ ʠʟ ʢʣʶʯʝʚʳʭ ʠʥʪʝʨʣʝʡʢʠʥʦʚ, ʩ ʀʃ-1ɓ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʯʝʨʝʟ 

12 ʯʘʩʦʚ ʦʪ ʥʘʯʘʣʘ ʘʩʝʧʪʠʯʝʩʢʦʛʦ ʚʦʩʧʘʣʝʥʠʷ. ɺʳʷʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ 

ʮʠʪʦʢʠʥʦʚ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʘʩʝʧʪʠʯʝʩʢʦʤ ʚʦʩʧʘʣʝʥʠʠ ʦʙʫʩʣʦʚʠʣʠ ʩʚʦʝʚʨʝʤʝʥʥʫʶ 

ʩʤʝʥʫ ʠ ʘʜʝʢʚʘʪʥʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʣʝʪʦʯʥʳʭ ʨʝʘʢʮʠʡ. ʇʨʠ ʛʥʦʡʥʦʤ ʚʦʩʧʘʣʝʥʠʠ 

ʜʠʥʘʤʠʢʘ ʩʝʢʨʝʮʠʠ ʮʠʪʦʢʠʥʦʚ ʙʳʣʘ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʡ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʟʘʪʷʛʠʚʘʥʠʶ ʚʦ 

ʚʨʝʤʝʥʠ ʚʩʝʭ ʢʣʝʪʦʯʥʳʭ ʬʘʟ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ɺ ʧʝʨʠʦʜ ʜʝʘʜʘʧʪʘʮʠʠ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦʨʴʷ, 

ʦʪʤʝʯʘʝʪʩʷ ʥʠʟʢʘʷ ʩʝʢʨʝʮʠʷ ʀʃ-1 ʠ 10, ʩʚʷʟʘʥʥʦʝ ʩ ʧʦʩʣʝ ʠʩʪʦʱʝʥʠʝʤ ʟʘʱʠʪʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʣʝʡʢʦʮʠʪʘʨʥʳʡ ʧʨʦʬʠʣʴ ʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʞʠʚʦʪʥʳʭ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʥʝʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʛʦʨʴʷ ʠ ʚ ʧʝʨʠʦʜ 

ʜʝʘʜʘʧʪʘʮʠʠ ʢ ʚʳʩʦʢʦʛʦʨʴʶ. ɾʠʚʦʪʥʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 3 ʩʝʨʠʠ: I ʩʝʨʠʷ ð ʢʦʥʪʨʦʣʴʥʘʷ, 

ʧʦʩʪʦʷʥʥʦ ʦʙʠʪʘʶʱʠʝ ʚ ʫʩʣʦʚʠʷʭ ʛ. ɹʠʰʢʝʢ; II ʩʝʨʠʷ ð ʦʧʳʪʥʘʷ, ʧʦʩʣʝ 3-ʭ ʜʥʝʚʥʦʛʦ 

ʧʨʝʙʳʚʘʥʠʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʳʩʦʢʦʛʦʨʥʦʡ ʙʘʟʳ ʂɻʄɸ ʠʤ. ʀ. ʂ. ɸʭʫʥʙʘʝʚʘ ʚ ʩʦʩʪʘʚʝ 

ʎʅʀʃ, ʧʝʨʝʤʝʱʝʥʥʳʝ ʚ ʫʩʣʦʚʠʷ ʛ. ɹʠʰʢʝʢ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʥʘʙʣʶʜʝʥʠʝʤ 

ʟʘ ʪʝʯʝʥʠʝʤ ʨʘʥʝʚʦʛʦ ʧʨʦʮʝʩʩʘ; III ʩʝʨʠʷ ð ʦʧʳʪʥʘʷ, ʧʦʩʣʝ 30-ʪʠ ʜʥʝʚʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʳʩʦʢʦʛʦʨʥʦʡ ʙʘʟʳ ʂɻʄɸ ʠʤ. ʀ. ʂ. ɸʭʫʥʙʘʝʚʘ ʚ ʩʦʩʪʘʚʝ ʎʅʀʃ, 

ʧʝʨʝʤʝʱʝʥʥʳʝ ʚ ʫʩʣʦʚʠʷ ʛ. ɹʠʰʢʝʢ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʥʘʙʣʶʜʝʥʠʝʤ ʟʘ 

ʪʝʯʝʥʠʝʤ ʨʘʥʝʚʦʛʦ ʧʨʦʮʝʩʩʘ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʣʝʡʢʦʛʨʘʤʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʛʨʫʧʧʝ 

ʛʥʦʡʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ ʚ ʧʝʨʠʦʜ ʜʝʘʜʘʧʪʘʮʠʠ ʢ ʚʳʩʦʢʦʛʦʨʴʶ ʧʦʩʣʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ 

ʧʨʝʙʳʚʘʥʠʷ ʚ ʛʦʨʘʭ ʥʘ 3-ʝ ʩʫʪʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʤʝʯʘʝʪʩʷ ʣʝʡʢʦʮʠʪʦʟ, ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠ ʥʘ 30-ʡ ʜʝʥʴ ʥʝ ʜʦʩʪʠʛʘʣ ʥʦʨʤʳ. 

 

Abstract. The article presents the leukocyte profile in experimental animals during 

the modeling of the wounded process in the conditions of low mountains and during the period of 

maladjustment to the high mountains. The animals were divided into 3 series: Series I ð control 

series, permanently living in the conditions of Bishkek; Series II ð an experimental series, after 

a 3-day stay at the experimental high-mountain base of the KSMA named after I. K. Akhunbaev as 

part of the Central Scientific Research Laboratory, moved to the conditions of Bishkek with 

subsequent modeling and monitoring of the course of the wound process; III series ð 
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an experimental series, after a 30-day stay at the experimental high-mountain base of the KSMA 

named after I. K. Akhunbaev as part of the Central Scientific Research Laboratory, moved to 

the conditions of Bishkek, followed by modeling and monitoring the course of the wound process. 

The analysis of the obtained leukograms shows that in the group of purulent inflammation during 

the period of maladjustment to the highlands after a short stay in the mountains, on the 3rd day of 

the study, leukocytosis is noted, during the study, a decrease in this indicator was noted and on 

the 30th day did not reach the norm. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʩʦʢʦʛʦʨʴʝ, ʜʝʘʜʘʧʪʘʮʠʷ, ʨʘʥʝʚʦʡ ʧʨʦʮʝʩʩ. 

 

Keywords: highlands, deadaptation, wound process. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʦʙʣʝʤʘ ʣʝʯʝʥʠʷ ʛʥʦʡʥʳʭ ʨʘʥ ʩʦʭʨʘʥʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ 

ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʦʙʣʘʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʢʣʠʥʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ ʜʦʩʪʠʛʥʫʪʳ, 

ʙʝʟʫʩʣʦʚʥʦ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʧʝʭʠ [1ï2]. ʇʦʚʝʨʭʥʦʩʪʴ ʨʘʥʳ ʥʝ ʷʚʣʷʝʪʩʷ ʩʪʝʨʠʣʴʥʦʡ ʠ 

ʢʦʣʦʥʠʟʠʨʦʚʘʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʘʪʦʛʝʥʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ [3]. ʉʨʝʜʠ ʚʩʝʭ 

ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʙʦʣʴʥʳʭ ʨʘʥʝʚʘʷ ʠʥʬʝʢʮʠʷ ʚʩʪʨʝʯʘʝʪʩʷ ʫ 35ï45% ʙʦʣʴʥʳʭ [4ï5].  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʣʶʙʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ 

(ʫʨʙʘʥʠʟʘʮʠʷ, ʝʩʪʝʩʪʚʝʥʥʳʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʢʘʪʘʩʪʨʦʬʳ) ʠʤʝʶʪ ʚʣʠʷʥʠʝ ʥʘ ʪʝʯʝʥʠʝ ʨʘʥʝʚʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʪʘʢ ʢʘʢ ʚʣʠʷʶʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʥʝʚʦʡ ʤʠʢʨʦʬʣʦʨʳ ʠ 

ʠʤʤʫʥʥʦʡ ʟʘʱʠʪʳ ʯʝʣʦʚʝʢʘ [6ï8]. ʋʩʣʦʚʠʷ ʚʳʩʦʢʦʛʦʨʴʷ ʠ ʜʨʫʛʠʝ ʧʨʠʨʦʜʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʝ 

ʷʚʣʷʶʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ. 

ʇʨʦʙʣʝʤʳ ʤʝʭʘʥʠʟʤʦʚ ʘʜʘʧʪʘʮʠʠ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʢ ʬʘʢʪʦʨʘʤ 

ʚʳʩʦʢʦʛʦʨʴʷ, ʦʩʦʙʝʥʥʦ ʚ ʂʠʨʛʠʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ, ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ [9ï10].  

ɸʢʪʫʘʣʴʥʦ ʷʚʣʷʝʪʩʷ ʮʠʪʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʜʠʥʘʤʠʢʠ ʨʝʧʘʨʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʥ ʚ ʭʦʜʝ ʣʝʯʝʥʠʷ ʚ ʧʝʨʠʦʜ ʜʝʘʜʘʧʪʘʮʠʠ ʢ ʚʳʩʦʢʦʛʦʨʴʶ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʥʘ ʦʩʥʦʚʘʥʠʠ ʮʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ 

ʤʘʟʠ çʃʝʚʦʤʝʢʦʣʴè ʥʘ ʪʝʯʝʥʠʝ ʨʘʥʝʚʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʧʝʨʠʦʜ ʜʝʘʜʘʧʪʘʮʠʠ ʢ ʚʳʩʦʢʦʛʦʨʴʶ. 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉ ʮʝʣʴʶ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʣʘʥʫ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʙʘʟʝ ʇʨʦʙʣʝʤʥʦʡ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʢʣʠʥʠʯʝʩʢʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʭʠʨʫʨʛʠʠ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʂʳʨʛʳʟʩʢʦʡ 

ʈʝʩʧʫʙʣʠʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʳʩʦʢʦʛʦʨʥʦʡ ʙʘʟʳ ʂɻʄɸ ʠʤ. ʀ. ʂ. ɸʭʫʥʙʘʝʚʘ ʚ ʩʦʩʪʘʚʝ 

ʎʝʥʪʨʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʥʘ ʧʝʨʝʚʘʣʝ ʊʫʷ-ɸʰʫʫ.  

ʄʘʪʝʨʠʘʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʩʣʫʞʠʣʠ 150 ʙʝʩʧʦʨʦʜʥʳʭ 

ʧʦʣʦʚʦʟʨʝʣʳʭ ʨʘʟʥʦʧʦʣʳʭ ʢʨʦʣʠʢʦʚ ʚʝʩʦʤ 3,5ï4,0 ʢʛ. ɺʩʝ ʞʠʚʦʪʥʳʝ ʧʨʦʰʣʠ ʦʙʷʟʘʪʝʣʴʥʫʶ 

ʚʘʢʮʠʥʘʮʠʶ, ʜʝʛʝʣʴʤʠʥʪʠʟʘʮʠʶ ʠ ʚʳʜʝʨʞʠʚʘʥʠʷ ʚ ʢʘʨʘʥʪʠʥʝ ʩʨʦʢʦʤ 21 ʜʝʥʴ.  

ɼʠʟʘʡʥ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʥʳʝ ʧʨʘʚʠʣʘ ʩʦʜʝʨʞʘʥʠʷ ʠ ʫʭʦʜʘ ʙʳʣʠ ʩʦʛʣʘʩʦʚʘʥʥʳ ʩ 

ʂʦʤʠʪʝʪʦʤ ʧʦ ɹʠʦʵʪʠʢʝ ʂɻʄɸ ʠʤ. ʀ. ʂ. ɸʭʫʥʙʘʝʚʘ. ʃʘʙʦʨʘʪʦʨʥʳʝ ʞʠʚʦʪʥʳʝ ʩʦʜʝʨʞʘʣʠʩʴ ʚ 

ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʚʠʚʘʨʠʷ, ʦʜʠʥʘʢʦʚʦʤ ʫʭʦʜʝ ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʙʘʟʠʩʥʳʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ: çʉʘʥʠʪʘʨʥʳʝ ʧʨʘʚʠʣʘ ʧʦ ʫʩʪʨʦʡʩʪʚʫ, ʦʙʦʨʫʜʦʚʘʥʠʶ ʠ ʩʦʜʝʨʞʘʥʠʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʢʣʠʥʠʢ (ʚʠʚʘʨʠʝʚ)è ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʘʤʠ ɻʆʉʊ 

çʉʦʜʝʨʞʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʚ ʧʠʪʦʤʥʠʢʘʭ ʅʀʀè 1978 ʛ. ʂʦʨʤʣʝʥʠʝ 
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ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ ʥʦʨʤʘʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʨʠʢʘʟʦʤ ʄʠʥʟʜʨʘʚʘ ʉʉʉʈ ˉ1179 ʦʪ 

10.10.1983 ʛ. çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʥʦʨʤʘʪʠʚʦʚ ʟʘʪʨʘʪ ʢʦʨʤʦʚ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ ʚ 

ʫʯʨʝʞʜʝʥʠʷʭ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷè, ʩʦ ʩʚʦʙʦʜʥʳʤ ʜʦʩʪʫʧʦʤ ʢ ʚʦʜʝ. 

ʆʧʳʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʘʢʪʠʢʠ (GLP) (ʧʨʠʢʘʟ 

ˉ708 ʦʪ 23 ʘʚʛʫʩʪʘ 2010 ʛ. çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʧʨʘʚʠʣ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʘʢʪʠʢʠè); ʧʨʘʚʠʣʘʤʠ 

ʛʫʤʘʥʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʩ ʞʠʚʦʪʥʳʤʠ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ çʇʨʘʚʠʣʘʤʠ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭè, ʫʪʚʝʨʞʜʝʥʥʳʭ ʇʨʠʢʘʟʦʤ ʄɿ ʉʉʉʈ ˉ742 

ʦʪ 13.11.84 ʛ. çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʧʨʘʚʠʣ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭè; ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʦʞʝʥʠʡ ʠʟʣʦʞʝʥʥʳʭ ʚ ʍʝʣʴʩʠʥʩʢʦʡ 

ʜʝʢʣʘʨʘʮʠʠ ɺʩʝʤʠʨʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʥʦʨʤ ʘʩʝʧʪʠʢʠ ʠ ʘʥʪʠʩʝʧʪʠʢʠ 1964 ʛ., 

ʜʦʧʦʣʥʝʥʥʦʡ ʚ 1975, 1983, 1989 ʛʛ. ʠ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ɽʚʨʦʧʝʡʩʢʦʡ ʢʦʥʚʝʥʮʠʠ ʦ ʟʘʱʠʪʝ 

ʧʦʟʚʦʥʦʯʥʳʭ ʞʠʚʦʪʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʣʠ ʠʥʳʭ ʥʘʫʯʥʳʭ ʮʝʣʝʡ 

(ʉʪʨʘʩʙʫʨʛ, 18 ʤʘʨʪʘ 1986 ʛ.). 

ɺʩʝ ʦʧʝʨʘʪʠʚʥʳʝ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʜ ʦʙʱʠʤ ʥʘʨʢʦʟʦʤ ʩ ʩʦʙʣʶʜʝʥʠʝʤ 

ʧʨʘʚʠʣ ʘʩʝʧʪʠʢʠ ʠ ʘʥʪʠʩʝʧʪʠʢʠ. ʉ ʮʝʣʴʶ ʚʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ ʚ 

ʤʝʜʠʢʘʤʝʥʪʦʟʥʳʡ ʩʦʥ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʂʝʪʘʤʠʥ ʚ/ʚ, ʠʟ ʨʘʩʯʝʪʘ 7 ʤʛ/ʢʛ ʚʝʩʘ.  

ʋ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʨʘʥʝʚʦʡ ʧʨʦʮʝʩʩ ʚʳʟʳʚʘʣʩʷ ʧʦ ʤʝʪʦʜʠʢʝ ʦʧʠʩʘʥʥʳʤ 

ʥʠʞʝ. 

ɾʠʚʦʪʥʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 3 ʩʝʨʠʠ:  

I ʩʝʨʠʷ ð ʢʦʥʪʨʦʣʴʥʘʷ ʩʝʨʠʷ, ʢʨʦʣʠʢʠ (50 ʦʩʦʙʝʡ), ʧʦʩʪʦʷʥʥʦ ʦʙʠʪʘʶʱʠʝ ʚ ʫʩʣʦʚʠʷʭ ʛ. 

ɹʠʰʢʝʢ; 

II ʩʝʨʠʷ ð ʦʧʳʪʥʘʷ ʩʝʨʠʷ, ʢʨʦʣʠʢʠ (50 ʦʩʦʙʝʡ), ʧʦʩʣʝ 3-ʭ ʜʥʝʚʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʳʩʦʢʦʛʦʨʥʦʡ ʙʘʟʳ ʂɻʄɸ ʠʤ. ʀ. ʂ. ɸʭʫʥʙʘʝʚʘ ʚ ʩʦʩʪʘʚʝ ʎʅʀʃ, 

ʧʝʨʝʤʝʱʝʥʥʳʝ ʚ ʫʩʣʦʚʠʷ ʛ. ɹʠʰʢʝʢ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʥʘʙʣʶʜʝʥʠʝʤ ʟʘ 

ʪʝʯʝʥʠʝʤ ʨʘʥʝʚʦʛʦ ʧʨʦʮʝʩʩʘ; 

III ʩʝʨʠʷ ð ʦʧʳʪʥʘʷ ʩʝʨʠʷ, ʢʨʦʣʠʢʠ (50 ʦʩʦʙʝʡ), ʧʦʩʣʝ 30-ʪʠ ʜʥʝʚʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʳʩʦʢʦʛʦʨʥʦʡ ʙʘʟʳ ʂɻʄɸ ʠʤ. ʀ. ʂ. ɸʭʫʥʙʘʝʚʘ ʚ ʩʦʩʪʘʚʝ ʎʅʀʃ, 

ʧʝʨʝʤʝʱʝʥʥʳʝ ʚ ʫʩʣʦʚʠʷ ʛ. ɹʠʰʢʝʢ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʥʘʙʣʶʜʝʥʠʝʤ ʟʘ 

ʪʝʯʝʥʠʝʤ ʨʘʥʝʚʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɺ ʢʘʞʜʦʡ ʩʝʨʠʠ ʞʠʚʦʪʥʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 2 ʛʨʫʧʧʳ.  

1 ʛʨʫʧʧʘ ð ʞʠʚʦʪʥʳʝ, ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʴʶ ʘʩʝʧʪʠʯʝʩʢʦʛʦ ʚʦʩʧʘʣʝʥʠʷ 

(25 ʦʩʦʙʝʡ); 

2 ʛʨʫʧʧʘ ð ʞʠʚʦʪʥʳʝ, ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʴʶ ʤʠʢʨʦʙʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ 

(25 ʦʩʦʙʝʡ). 

 

ʄʝʪʦʜʠʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʥʳ 

ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ ʞʠʚʦʪʥʳʭ ʚ ʤʝʜʠʢʘʤʝʥʪʦʟʥʳʡ ʩʦʥ, ʞʠʚʦʪʥʳʭ ʬʠʢʩʠʨʦʚʘʣʠ ʚ 

ʧʦʣʦʞʝʥʠʠ ʥʘ ʞʠʚʦʪʝ.  

ɸʩʝʧʪʠʯʝʩʢʦʝ ʚʦʩʧʘʣʝʥʠʝ ʤʦʜʝʣʠʨʦʚʘʣʠ ʧʫʪʝʤ ʧʦʜʢʦʞʥʦʛʦ ʚʚʝʜʝʥʠʷ ʚ ʤʝʞʣʦʧʘʪʦʯʥʫʶ 

ʦʙʣʘʩʪʴ 0,3 ʤʣ ʩʢʠʧʠʜʘʨʘ ʥʘ ʚʘʟʝʣʠʥʦʚʦʤ ʤʘʩʣʝ. ʇʝʨʝʜ ʵʪʠʤ ʫ ʞʠʚʦʪʥʳʭ ʚ ʤʝʞʣʦʧʘʪʦʯʥʦʡ 

ʦʙʣʘʩʪʠ ʚʳʩʪʨʠʛʘʣʠ ʰʝʨʩʪʴ ʠ ʧʦʜʢʦʞʥʦ ʚʚʦʜʠʣʠ 0,5 ʤʣ ʚʦʟʜʫʭʘ [2]. ʇʦʜʢʦʞʥʦʝ ʚʚʝʜʝʥʠʝ 

ʩʢʠʧʠʜʘʨʘ ʧʨʠʚʦʜʠʣʦ ʢ ʨʘʟʚʠʪʠʶ ʘʩʝʧʪʠʯʝʩʢʦʛʦ ʚʦʩʧʘʣʝʥʠʷ. ʊʘʢ, ʯʝʨʝʟ 1 ʩʫʪʢʠ ʦʪ ʥʘʯʘʣʘ 

ʚʚʝʜʝʥʠʷ ʩʢʠʧʠʜʘʨʘ ʫ ʢʨʳʩ ʢʣʠʥʠʯʝʩʢʠ ʨʘʟʚʠʚʘʣʘʩʴ ʢʘʨʪʠʥʘ ʦʩʪʨʦʛʦ ʚʦʩʧʘʣʝʥʠʷ ʩ ʷʚʣʝʥʠʷʤʠ 

ʛʠʧʝʨʝʤʠʠ. ʆʯʘʛ ʚʦʩʧʘʣʝʥʠʷ ʚʠʟʫʘʣʴʥʦ ʙʝʟ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɺ ʦʙʣʘʩʪʠ ʚʚʝʜʝʥʠʷ ʩʢʠʧʠʜʘʨʘ 

ʦʪʤʝʯʘʣʩʷ ʚʳʨʘʞʝʥʥʳʡ ʦʪʝʢ ʪʢʘʥʠ, ʧʨʠ ʧʘʣʴʧʘʮʠʠ ʨʝʟʢʦ ʙʦʣʝʟʥʝʥʥʳʡ. ʇʨʠ ʚʩʢʨʳʪʠʠ 

ʦʙʥʘʨʫʞʠʚʘʣʩʷ ʦʞʦʛ ʤʷʛʢʠʭ ʪʢʘʥʝʡ ʩ ʵʣʝʤʝʥʪʘʤʠ ʥʝʢʨʦʟʘ, ʦʯʘʛ ʦʛʨʘʥʠʯʝʥ, ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ 
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ʩʦʩʫʜʠʩʪʳʡ ʨʠʩʫʥʦʢ. 

ʆʩʪʨʦʝ ʛʥʦʡʥʦʝ ʚʦʩʧʘʣʝʥʠʝ ʤʦʜʝʣʠʨʦʚʘʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ: ʧʦʩʣʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʧʦ ʪʨʘʬʘʨʝʪʫ ʜʠʘʤʝʪʨʦʤ 50 ʤʤ, 

ʚʳʧʦʣʥʝʥʥʦʤʫ ʠʟ ʣʠʩʪʘ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʣʝʥʢʠ, ʥʘ ʦʙʣʘʩʪʴ ʧʣʘʥʠʨʫʝʤʦʛʦ ʨʘʟʨʝʟʘ 1% 

ʩʧʠʨʪʦʚʳʤ ʨʘʩʪʚʦʨʦʤ ʙʨʠʣʣʠʘʥʪʦʚʦʛʦ ʟʝʣʝʥʦʛʦ ʥʘʥʦʩʠʣʠʩʴ ʢʦʥʪʫʨʳ ʩʪʘʥʜʘʨʪʥʦʡ ʦʙʰʠʨʥʦʡ 

ʨʘʥʳ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ ʚ ʤʝʞʣʦʧʘʪʦʯʥʦʡ ʦʙʣʘʩʪʠ. ʇʦ ʥʘʤʝʯʝʥʥʦʤʫ ʢʦʥʪʫʨʫ ʨʘʩʩʝʢʘʣʘʩʴ ʢʦʞʘ, 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʬʘʩʮʠʷ. ʅʘ ʜʥʝ ʨʘʥʳ ʥʘʜʩʝʢʘʣʠ ʤʳʰʮʳ ʩʢʘʣʴʧʝʣʝʤ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʢʦʞʥʳʡ 

ʣʦʩʢʫʪ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʟʤʝʨʘ ʧʝʨʝʚʦʨʘʯʠʚʘʣʠ ʰʝʨʩʪʴʶ ʚʥʠʟ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʥʝʚʦʛʦ ʜʝʬʝʢʪʘ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʜʰʠʚʘʥʠʝʤ ʢ ʩʚʦʙʦʜʥʦʤʫ ʢʦʞʥʦʤʫ ʢʨʘʶ ʠ ʧʦʜʣʝʞʘʱʠʤ ʪʢʘʥʷʤ ʧʦ ʚʩʝʤʫ 

ʧʝʨʠʤʝʪʨʫ ʥʝʧʨʝʨʳʚʥʳʤ ʰʚʦʤ ʢʘʧʨʦʥʦʚʦʡ ʥʠʪʴʶ ˉ4. ʏʝʨʝʟ 48 ʯ ʫʜʘʣʷʣʠ ʣʦʩʢʫʪ, ʧʦʩʣʝ 

ʫʜʘʣʝʥʠʷ ʣʦʩʢʫʪʘ ʥʘʙʣʶʜʘʣʘʩʴ ʠʥʬʠʮʠʨʦʚʘʥʥʘʷ ʨʘʥʘ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ 

ʚʦʩʧʘʣʝʥʠʷ [1]. 

ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 3, 7, 15, 20 ʠ 30 ʜʝʥʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʚ ʩʝʙʷ 

ʦʮʝʥʢʫ ʠ ʢʦʥʪʨʦʣʴ ʟʘ ʪʝʯʝʥʠʝʤ ʨʘʥʝʚʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʝʩʪʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ, ʧʦʢʘʟʘʪʝʣʠ ʣʝʡʢʦʮʠʪʘʨʥʦʡ ʬʦʨʤʫʣʳ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ, 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʦʧʨʝʜʝʣʝʥʠʝ ʮʠʪʦʢʠʥʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ ʚ ʜʠʥʘʤʠʢʝ 

ʨʘʥʝʚʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʢʣʠʥʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ, ʚ ʫʢʘʟʘʥʥʳʝ ʩʨʦʢʠ ʫ ʞʠʚʦʪʥʳʭ ʠʟʫʯʘʣʠʩʴ ʜʠʥʘʤʠʢʘ 

ʧʦʢʘʟʘʪʝʣʝʡ ʣʝʡʢʦʮʠʪʘʨʥʦʡ ʬʦʨʤʫʣʳ. ɿʘʙʦʨ ʢʨʦʚʠ ʧʨʦʚʦʜʠʣʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 3,0 ʤʣ, ʧʦʩʣʝ ʯʝʛʦ 

ʚʚʦʜʠʣʠ ʚ ʚʘʢʫʪʝʡʥʝʨ ʜʣʷ ʟʘʙʦʨʘ ʢʨʦʚʠ. ʆʙʱʠʡ ʢʣʠʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʨʦʚʠ ʩ ʧʦʜʩʯʝʪʦʤ 

ʣʝʡʢʦʮʠʪʘʨʥʦʡ ʬʦʨʤʫʣʳ ʧʨʦʠʟʚʝʜʝʥʦ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʅʍʎ ʄɿ ʂʈ  

ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʘʢʝʪ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ IBM SPSS 23.0. ʇʨʦʚʝʨʢʫ ʥʦʨʤʘʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʷ ʂʦʣʤʦʛʦʨʦʚʘ - ʉʤʠʨʥʦʚʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʨʘʟʣʠʯʠʡ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ 

ʧʨʠʟʥʘʢʫ ï ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ANOVA, ʢʨʠʪʝʨʠʡ ʂʨʘʩʢʘʣʷ-

ʋʦʣʣʝʩʘ), ʚ ʢʘʯʝʩʪʚʝ ʘʧʦʩʪʝʨʠʦʨʥʦʛʦ ʢʨʠʪʝʨʠʷ ʚʳʙʨʘʥ ʢʨʠʪʝʨʠʡ ʊʴʶʢʠ. ɺʳʙʦʨʦʯʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʨʦʚʦʜʠʤʳʝ ʜʘʣʝʝ ʦʙʦʟʥʘʯʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʄ ð ʩʨʝʜʥʝʝ, s (ŭ) ð 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ (ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ), n ð ʦʙʲʝʤ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʛʨʫʧʧʳ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʤ ʢʨʠʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʩʯʠʪʘʣʩʷ ʨ᾽0,05. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʊʘʢ, ʚ ʧʝʨʚʳʝ ʩʫʪʢʠ ʧʦʩʣʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʩʝʧʪʠʯʝʩʢʦʛʦ ʚʦʩʧʘʣʝʥʠʷ ʚ ʢʨʦʚʠ ʫ 

ʞʠʚʦʪʥʳʭ ʫʩʪʘʥʦʚʣʝʥʦ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʢʣʝʪʦʢ ʣʝʡʢʦʮʠʪʘʨʥʦʛʦ ʧʫʣʘ.  

ɺ ʦʯʘʛʝ ʚʦʩʧʘʣʝʥʠʷ ʦʪʤʝʯʘʣʘʩʴ ʢʘʨʪʠʥʘ ʩʠʣʴʥʝʡʰʝʛʦ ʦʞʦʛʘ ʤʷʛʢʠʭ ʪʢʘʥʝʡ ʠ ʧʦʷʚʣʝʥʠʝ 

ʦʯʘʛʦʚ ʥʝʢʨʦʟʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʚʚʝʜʝʥʠʝ ʩʢʠʧʠʜʘʨʘ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʞʠʚʦʪʥʳʭ ʷʚʠʣʦʩʴ 

ʩʠʣʴʥʳʤ ʩʪʨʝʩʩʦʛʝʥʥʳʤ ʬʘʢʪʦʨʦʤ, ʜʣʷ ʤʦʙʠʣʠʟʘʮʠʠ ʢʦʪʦʨʦʛʦ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʚʨʝʤʷ.  

ʉʝʜʴʤʳʝ ʩʫʪʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʣʝʡʢʦʮʠʪʦʚ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʣʠʤʬʦʮʠʪʦʚ ʠ ʥʝʡʪʨʦʬʠʣʦʚ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʩʠʣʝʥʠʶ ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ. 

ʇʦʩʣʝʜʥʠʡ, ʯʝʪʳʨʥʘʜʮʘʪʳʡ, ʩʨʦʢ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʤʝʯʝʥ çʫʛʘʩʘʥʠʝʤè ʣʝʡʢʦʮʠʪʘʨʥʦʡ ʨʝʘʢʮʠʠ 

ʢʨʦʚʠ, ʯʪʦ ʤʦʛʣʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʣʠʰʴ ʦ ʪʦʤ, ʯʪʦ ʚʦʩʧʘʣʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʦʩʣʝʜʥʝʡ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʪʘʜʠʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʦʪ ʛʥʦʡʥʦʡ ʠʥʬʠʣʴʪʨʘʮʠʠ ʪʢʘʥʝʡ ʥʝ ʦʩʪʘʚʘʣʦʩʴ ʠ 

ʩʣʝʜʘ, ʧʦʚʨʝʞʜʝʥʥʘʷ ʪʢʘʥʴ ʦʢʘʟʘʣʘʩʴ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥʥʦʡ ʛʨʘʥʫʣʷʮʠʦʥʥʦʡ ʪʢʘʥʴʶ. 

ʆʢʨʫʞʘʶʱʘʷ ʪʢʘʥʴ ʦʢʘʟʘʣʘʩʴ ʙʝʟ ʚʠʜʠʤʳʭ ʧʦʚʨʝʞʜʝʥʠʡ. 
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ɺ ʛʨʫʧʧʘʭ ʘʩʝʧʪʠʯʝʩʢʦʛʦ ʚʦʩʧʘʣʝʥʠʷ ʣʝʡʢʦʮʠʪʦʟ ʧʦ ʚʩʝʤ ʜʥʷʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ 

ʜʦʩʪʦʚʝʨʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʛʨʫʧʧʝ ʛʥʦʡʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ (ɻɺ-ʅ). ʊʘʢ ʥʘ 3-ʡ ʜʝʥʴ ʦʥ ʩʦʩʪʘʚʠʣ 

10,8Ñ0,1 Ĭ 109/ʣ (ʨ᾽0,05). ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʜʥʠ ʦʪʤʝʯʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ: ʥʘ 

7-ʦʡ ʜʝʥʴ 11,3Ñ0,2 ʭ 109/ʣ, ʥʘ 15- ʡr ʜʝʥʴ 10,6Ñ0,2 Ĭ 109/ʣ (ʨ᾽0,05), ʥʘ 20-ʳʡ ʜʝʥʴ 9,7Ñ0,1 Ĭ 

109/ʣ (ʨ᾽0,05) ʠ ʢ ʢʦʥʮʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʥ ʨʘʚʝʥ 9,2Ñ0,1 Ĭ 109/ʣ (ʈʠʩʫʥʦʢ 1.). 

 

 
 

ʈʠʩʫʥʦʢ 1. ʂʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʮʠʪʦʚ ʚ ʛʨʫʧʧʘʭ ʩʝʨʠʠ ʛ. ɹʠʰʢʝʢ. 

 

ʂʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʮʠʪʦʚ ʚ ʛʨʫʧʧʝ ʛʥʦʡʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ (ɻɺ-ʅ) ʚ ʧʝʨʚʳʝ ʜʥʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʰʝ ʠ ʜʦʩʪʦʚʝʨʥʦ ʦʪʣʠʯʘʣʦʩʴ ʦʪ ʛʨʫʧʧ ʘʩʝʧʪʠʯʝʩʢʦʛʦ ʚʦʩʧʘʣʝʥʠʷ. 

ʊʘʢ, ʥʘ 3-ʡ ʜʝʥʴ ʣʝʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʴ ʙʳʣ ʨʘʚʝʥ 14,6Ñ0,2 Ĭ 109/ʣ (ʨ᾽0,005), ʥʘ 7-ʡ ʜʝʥʴ ð 

13,7Ñ0,3 Ĭ 109/ʣ (ʨ᾽0,005). ʆʜʥʘʢʦ, ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʜʥʠ ʢʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʮʠʪʦʚ ʩʥʠʟʠʣʦʩʴ, ʠ 

ʜʦʩʪʦʚʝʨʥʦ ʙʳʣʦ ʚʳʰʝ, ʯʝʤ ʚ ʛʨʫʧʧʝ ʘʩʝʧʪʠʯʝʩʢʦʛʦ ʚʦʩʧʘʣʝʥʠʷ (ɸɺ-ʅ). ʊʘʢ, ʥʘ 15-ʡ ʜʝʥʴ ð 

11,5Ñ0,1 Ĭ 109/ʣ (ʨ᾽0,05), ʥʘ 20-ʡ ʜʝʥʴ ð 10,8Ñ0,1 Ĭ 109/ʣ (ʨ᾽0,05) ʠ ʥʘ 30-ʡ ʜʝʥʴ ʣʝʯʝʥʠʷ 

10,2Ñ0,3 Ĭ 109 /ʣ (ʨ᾽0,05). 

ʀʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʩʣʝʜʫʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ, ʠʥʠʮʠʠʨʦʚʘʥʥʦʝ ʩʢʠʧʠʜʘʨʦʤ, 

ʘʩʝʧʪʠʯʝʩʢʦʝ ʚʦʩʧʘʣʝʥʠʝ ʙʝʟ ʣʝʯʝʥʠʷ ʧʝʨʝʭʦʜʠʪ ʚ ʩʪʘʜʠʶ ʨʘʟʛʘʨʘ ʥʘ 7 ʩʫʪʢʠ, ʪʦʛʜʘ ʢʘʢ ʢ 

ʜʚʫʭʥʝʜʝʣʴʥʦʤʫ ʩʨʦʢʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʣʘʛʦʜʘʨʷ ʩʦʙʩʪʚʝʥʥʳʤ ʟʘʱʠʪʥʳʤ ʤʝʭʘʥʠʟʤʘʤ 

ʦʨʛʘʥʠʟʤʘ ʢʨʳʩ ʟʘʚʝʨʰʘʝʪʩʷ ʨʘʟʨʘʩʪʘʥʠʝʤ ʛʨʘʥʫʣʷʮʠʦʥʥʦʡ ʪʢʘʥʠ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʦʣʥʦʛʦ ʟʘʞʠʚʣʝʥʠʷ ʨʘʥʳ ʙʝʟ ʚʠʜʠʤʳʭ ʧʨʠʟʥʘʢʦʚ ʚʦʩʧʘʣʝʥʠʷ ʢ ʵʪʦʤʫ ʩʨʦʢʫ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ. 

ɺ ʧʝʨʠʦʜ ʜʝʘʜʘʧʪʘʮʠʠ ʥʘʤʠ ʪʘʢʞʝ ʙʳʣʘ ʧʨʦʩʣʝʞʝʥʘ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʣʝʡʢʦʮʠʪʦʚ ʠ 

ʣʝʡʢʦʮʠʪʘʨʥʦʡ ʨʝʘʢʮʠʠ ʢʨʦʚʠ. ʊʘʢ, ʥʘ 3 ʠ 7 ʜʥʠ ʥʘʙʣʶʜʝʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʮʠʪʦʚ ʫ 

ʟʜʦʨʦʚʳʭ ʢʨʦʣʠʢʦʚ ʧʦʩʣʝ 3-ʭ ʜʥʝʚʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʥʘ ʚʳʩʦʪʝ 3200 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ 

ʩʦʩʪʘʚʠʣʦ 11,4Ñ0,09 ʠ 11,3Ñ0,1 Ĭ 109/ʣ. ʉʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʣʝʡʢʦʮʠʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʘʥʘʣʠʟʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 15 ʠ 20- ʝr ʩʫʪʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠ ʩʦʩʪʘʚʣʷʣʦ 10,8Ñ0,1 ʠ 10,7Ñ0,1 Ĭ 

109/ʣ. 

ɺ ʥʘʯʘʣʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘ 3-ʝ ʩʫʪʢʠ ʥʘʙʣʶʜʝʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʮʠʪʦʚ ʚ ʛʨʫʧʧʝ 

ʘʩʝʧʪʠʯʝʩʢʦʛʦ ʚʦʩʧʘʣʝʥʠʷ ʚ ʧʝʨʠʦʜ ʜʝʘʜʘʧʪʘʮʠʠ ʢ ʚʳʩʦʢʦʛʦʨʴʶ ʧʦʩʣʝ 3-ʭ ʜʥʝʚʥʦʛʦ 

ʧʨʝʙʳʚʘʥʠʷ ʚ ʛʦʨʘʭ (ɸɺ-ɼ3) ʙʳʣʦ ʨʘʚʥʦ 10,2Ñ0,2 Ĭ 109/ʣ (ʨ᾽0,05). 

ʅʘ 7-ʡ ʜʝʥʴ ʢʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʮʠʪʦʚ ʚ ʜʘʥʥʦʡ ʛʨʫʧʧʝ ʨʘʚʥʦ 11,4Ñ0,1 Ĭ 109/ʣ, ʥʘ 15-ʝ 

ʩʫʪʢʠ ʦʪ ʤʦʤʝʥʪʘ ʥʘʯʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ð 10,6Ñ0,2 Ĭ 109/ʣ, ʥʘ 20-ʝ ʩʫʪʢʠ ʩʥʠʟʠʣʦʩʴ ʜʦ 

9,8Ñ0,2 Ĭ 109/ʣ, ʠ ʥʘ 30-ʝ ʩʫʪʢʠ ʨʘʚʝʥ 9,2 11,5Ñ0,1 Ĭ 109/ʣ (ʨ᾽0,05), ʧʨʠ ʵʪʦʤ ʜʘʥʥʳʝ ʙʳʣʠ 

ʜʦʩʪʦʚʝʨʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʦʩʪʘʣʴʥʳʭ ʛʨʫʧʧʘʭ (ʨ᾽0,05). 
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ʈʠʩʫʥʦʢ 2. ʂʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʮʠʪʦʚ ʚ ʛʨʫʧʧʘʭ ʩʝʨʠʠ ʜʝʘʜʘʧʪʘʮʠʠ ð 3 ʜʥʷ. 

 

ʊʘʢ ʞʝ ʢʘʢ ʠ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʩʝʨʠʠ, ʚʦ ʚʩʝʭ ʛʨʫʧʧʘʭ ʜʘʥʥʦʡ ʩʝʨʠʠ (ʧʝʨʠʦʜ ʜʝʘʜʘʧʪʘʮʠʠ 

ʧʦʩʣʝ 3-ʭ ʜʥʝʚʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʚ ʛʦʨʘʭ) ʚ ʧʝʨʚʳʝ ʜʥʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʪʤʝʯʘʝʪʩʷ ʩʜʚʠʛ 

ʣʝʡʢʦʬʦʨʤʫʣʳ ʚʣʝʚʦ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʣʝʡʢʦʛʨʘʤʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʛʨʫʧʧʝ ʛʥʦʡʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ ʚ 

ʧʝʨʠʦʜ ʜʝʘʜʘʧʪʘʮʠʠ ʢ ʚʳʩʦʢʦʛʦʨʴʶ ʧʦʩʣʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʚ ʛʦʨʘʭ ʥʘ 3-ʝ ʩʫʪʢʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʤʝʯʘʝʪʩʷ ʣʝʡʢʦʮʠʪʦʟ, ʛʜʝ ʩʦʩʪʘʚʠʣ 15,5Ñ0,2 Ĭ 109/ʣ (ʈʠʩʫʥʦʢ 2). ɺ ʭʦʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠ ʥʘ 7-ʡ ʜʝʥʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʘʚʝʥ ð 

14,4Ñ0,2 Ĭ 109/ʣ (ʨ᾽0,05), 15-ʡ ʜʝʥʴ ð 11,6Ñ0,1 Ĭ 109/ʣ (ʨ᾽0,05), 20-ʡ ʜʝʥʴ ð 10,9Ñ0,2 Ĭ 109/ʣ 
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ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʝ ʠʟʫʯʝʥʠʷ ɓ-ʪʘʣʘʩʩʝʤʠʠ, ʷʚʣʷʶʱʝʡʩʷ ʦʜʥʦʡ ʠʟ 

ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ. 

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ɓ-ʪʘʣʘʩʩʝʤʠʠ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ ʩʦʚʤʝʩʪʥʦ ʩ 

ʘʥʦʤʘʣʴʥʳʤʠ ʬʦʨʤʘʤʠ ʛʝʤʦʛʣʦʙʠʥʘ. ʇʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʤʝʨʳ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʦʙʱʝʨʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ ʨʝʛʠʩʪʨʘ ʧʦ ɓ-ʪʘʣʘʩʩʝʤʠʠ. 

 

Abstract. This article is devoted to the study of ɓ-thalassemia, which is one of the most 

widespread hereditary diseases among the population of the Azerbaijan Republic. The possibilities 

of ɓ-thalassemia manifestation together with abnormal forms of hemoglobin in the Azerbaijan 

population are traced. Basic prevention methods and the importance of establishing a State register 

of ɓ-thalassemia cases are reviewed. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɓ-ʪʘʣʘʩʩʝʤʠʷ,  ʧʨʦʬʠʣʘʢʪʠʢʘ, ɸʟʝʨʙʘʡʜʞʘʥ. 

 

Keywords: ɓ-thalassemia, prevention, Azerbaijan. 

 

ʊʘʣʘʩʩʝʤʠʠ ð ʛʨʫʧʧʘ ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʢʨʦʚʝʪʚʦʨʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʨʫʰʝʥʠʝʤ ʩʠʥʪʝʟʘ ʛʝʤʦʛʣʦʙʠʥʘ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʳʤ ʩʠʤʧʪʦʤʦʤ 

ʪʘʣʘʩʩʝʤʠʠ ʷʚʣʷʝʪʩʷ ʘʥʝʤʠʷ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʦʨʤʘʣʴʥʳʡ ʯʝʣʦʚʝʯʝʩʢʠʡ ʛʝʤʦʛʣʦʙʠʥ HbA 

ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʙʝʣʢʦʚʳʭ ʮʝʧʝʡ ʜʚʫʭ ʨʘʟʥʳʭ ʚʠʜʦʚ: ʜʚʝ Ŭ-ʮʝʧʠ ʠ ʜʚʝ ɓ-ʮʝʧʠ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʝʩʣʠ ʥʘʨʫʰʝʥ ʩʠʥʪʝʟ Ŭ-ʮʝʧʝʡ (ʧʨʠ ʵʪʦʤ ʚ ʢʨʦʚʠ ʧʦʷʚʣʷʝʪʩʷ ʘʥʦʤʘʣʴʥʳʡ 

ʛʝʤʦʛʣʦʙʠʥ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʯʝʪʳʨʝʭ ɓ-ʮʝʧʝʡ), ʪʦ ʛʦʚʦʨʷʪ ʦʙ ʘʣʴʬʘ-ʪʘʣʘʩʩʝʤʠʠ. ɽʩʣʠ ʞʝ 

ʥʘʨʫʰʝʥ ʩʠʥʪʝʟ ɓ-ʮʝʧʝʡ, ʪʦ ʨʝʯʴ ʠʜʝʪ ʦ ʙʝʪʘ-ʪʘʣʘʩʩʝʤʠʠ; ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ ʜʨʫʛʠʝ 

ʚʘʨʠʘʥʪʳ ʛʝʤʦʛʣʦʙʠʥʘ, ʢʦʪʦʨʳʝ ʥʝ ʩʦʜʝʨʞʘʪ ɓ-ʮʝʧʝʡ. ʏʘʱʝ ʚʩʪʨʝʯʘʝʪʩʷ ʠʤʝʥʥʦ ʙʝʪʘ-

ʪʘʣʘʩʩʝʤʠʷ [1]. ʇʨʠ ʙʝʪʘ-ʪʘʣʘʩʩʝʤʠʠ ʢʣʠʥʠʯʝʩʢʠʝ ʬʝʥʦʪʠʧʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 3 ʛʨʫʧʧʳ ʚ 
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ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʥʘʨʫʰʝʥʠʷ ʩʠʥʪʝʟʘ ʙʝʪʘ-ʛʣʦʙʠʥʘ: ʤʘʣʘʷ, ʧʨʦʤʝʞʫʪʦʯʥʘʷ, 

ʦʩʥʦʚʥʳʝ. 

ʄʘʣʘʷ ʙʝʪʘ-ʪʘʣʘʩʩʝʤʠʷ ʚʦʟʥʠʢʘʝʪ ʫ ʦʙʳʯʥʦ ʙʝʩʩʠʤʧʪʦʤʥʳʭ ʛʝʪʝʨʦʟʠʛʦʪ (ʙʝʪʘ/ʙʝʪʘ + 

ʙʝʪʘ/ʙʝʪʘ 0) ʩ ʥʘʣʠʯʠʝʤ ʤʠʢʨʦʮʠʪʘʨʥʦʡ ʘʥʝʤʠʠ ʦʪ ʣʝʛʢʦʡ ʜʦ ʫʤʝʨʝʥʥʦʡ ʩʪʝʧʝʥʠ. ʕʪʦʪ 

ʬʝʥʦʪʠʧ ʤʦʞʝʪ ʪʘʢʞʝ ʚʦʟʥʠʢʥʫʪʴ ʚ ʣʝʛʢʠʭ ʩʣʫʯʘʷʭ ʙʝʪʘ +/ʙʝʪʘ +. 

ʇʨʦʤʝʞʫʪʦʯʥʘʷ ʙʝʪʘ-ʪʘʣʘʩʩʝʤʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚʘʨʠʘʙʝʣʴʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʢʘʨʪʠʥʦʡ, 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʤʝʞʜʫ ʙʦʣʴʰʦʡ ʠ ʤʘʣʦʡ ʪʘʣʘʩʩʝʤʠʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ 

ʥʘʩʣʝʜʦʚʘʥʠʝʤ 2 ʘʣʣʝʣʝʡ ʙʝʪʘ-ʪʘʣʘʩʩʝʤʠʠ (ʙʝʪʘ+/ʙʝʪʘ 0 ʠʣʠ, ʚ ʪʷʞʝʣʳʭ ʩʣʫʯʘʷʭ, 

ʙʝʪʘ+/ʙʝʪʘ+). 

ɹʦʣʴʰʘʷ ʙʝʪʘ-ʪʘʣʘʩʩʝʤʠʷ (ʠʣʠ ʘʥʝʤʠʷ ʂʫʣʠ) ʚʦʟʥʠʢʘʝʪ ʫ ʛʦʤʦʟʠʛʦʪ (ʙʝʪʘ 0/ʙʝʪʘ 0) ʠʣʠ 

ʩʣʦʞʥʳʭ ʛʝʪʝʨʦʟʠʛʦʪ (ʙʝʪʘ 0/ʙʝʪʘ+) ʠ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʪʷʞʝʣʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʙʝʪʘ-

ʛʣʦʙʠʥʘ. ʋ ʵʪʠʭ ʧʘʮʠʝʥʪʦʚ ʨʘʟʚʠʚʘʝʪʩʷ ʪʷʞʝʣʘʷ ʘʥʝʤʠʷ ʠ ʛʠʧʝʨʘʢʪʠʚʥʦʩʪʴ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ. 

ɹʦʣʴʰʘʷ ʙʝʪʘ-ʪʘʣʘʩʩʝʤʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 1 ʜʦ 2 ʣʝʪ ʩ ʩʠʤʧʪʦʤʘʤʠ ʪʷʞʝʣʦʡ ʘʥʝʤʠʠ 

ʠ ʪʨʘʥʩʬʫʟʠʦʥʥʦʡ ʠ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʧʝʨʝʛʨʫʟʢʠ ʞʝʣʝʟʘ. ʋ ʧʘʮʠʝʥʪʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʞʝʣʪʫʭʘ, 

ʷʟʚʳ ʥʠʞʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ ʠ ʭʦʣʝʣʠʪʠʘʟ (ʢʘʢ ʧʨʠ ʩʝʨʧʦʚʠʜʥʦʢʣʝʪʦʯʥʦʡ ʘʥʝʤʠʠ). ʍʘʨʘʢʪʝʨʥʘ 

ʩʧʣʝʥʦʤʝʛʘʣʠʷ, ʯʘʩʪʦ ʤʘʩʩʠʚʥʘʷ. ʄʦʞʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʩʝʢʚʝʩʪʨʘʮʠʷ ʵʨʠʪʨʦʮʠʪʦʚ ʚ ʩʝʣʝʟʝʥʢʝ, 

ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʩʠʣʝʥʥʦʡ ʜʝʩʪʨʫʢʮʠʝʡ ʥʦʨʤʘʣʴʥʳʭ ʜʦʥʦʨʩʢʠʭ ʵʨʠʪʨʦʮʠʪʦʚ [2].  

ɻʠʧʝʨʧʣʘʟʠʷ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʚʳʟʳʚʘʝʪ ʫʪʦʣʱʝʥʠʝ ʢʦʩʪʝʡ ʯʝʨʝʧʘ ʠ ʤʘʣʷʨʥʳʭ ʚʳʩʪʫʧʦʚ. 

ʇʦʨʘʞʝʥʠʝ ʜʣʠʥʥʳʭ ʪʨʫʙʯʘʪʳʭ ʢʦʩʪʝʡ ʧʨʝʜʨʘʩʧʦʣʘʛʘʝʪ ʢ ʧʘʪʦʣʦʛʠʯʝʩʢʠʤ ʧʝʨʝʣʦʤʘʤ ʠ 

ʥʘʨʫʰʝʥʠʶ ʨʦʩʪʘ, ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʟʘʜʝʨʞʢʫ ʧʦʣʦʚʦʛʦ ʩʦʟʨʝʚʘʥʠʷ. 

ʇʨʠ ʧʝʨʝʛʨʫʟʢʝ ʞʝʣʝʟʦʤ, ʦʪʣʦʞʝʥʠʝ ʞʝʣʝʟʘ ʚ ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ, ʛʝʤʦʩʠʜʝʨʦʟʫ ʧʝʯʝʥʠ ʠ ʥʘʨʫʰʝʥʠʶ ʝʝ ʬʫʥʢʮʠʠ ʠ ʮʠʨʨʦʟʫ 

ʧʝʯʝʥʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʝʣʘʪʦʨʦʚ ʞʝʣʝʟʘ. 

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʙʦʣʝʟʥʠ, ʥʦ ʠʭ ʢʣʠʥʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʥʝʚʝʣʠʢʘ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʙʦʣʝʟʥʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʝʱʝ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʜʪʠʧʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʠ ʚʠʜʘ ʛʝʥʝʪʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ.  

ʊʘʣʘʩʩʝʤʠʠ ð ʥʘʩʣʝʜʩʪʚʝʥʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ. ʊʷʞʝʣʳʝ ʬʦʨʤʳ ʪʘʣʘʩʩʝʤʠʠ ʥʘʩʣʝʜʫʶʪʩʷ 

ʧʦ ʘʫʪʦʩʦʤʥʦ-ʨʝʮʝʩʩʠʚʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʪʦ ʝʩʪʴ ʙʦʣʴʥʳʝ ʜʝʪʠ ʤʦʛʫʪ ʨʦʜʠʪʴʩʷ ʚ ʪʝʭ ʩʝʤʴʷʭ, 

ʛʜʝ ʠ ʦʪʝʮ, ʠ ʤʘʪʴ ʷʚʣʷʶʪʩʷ ʥʦʩʠʪʝʣʷʤʠ ʜʝʬʝʢʪʥʦʛʦ ʛʝʥʘ ð ʦʜʥʘʢʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʘʥʦʤʘʣʠʠ ʢʨʦʚʠ ʫ ʨʦʜʠʪʝʣʝʡ ʚʳʨʘʞʝʥʳ ʩʣʘʙʦ, ʪʘʢ ʢʘʢ ʫ ʥʠʭ ʝʩʪʴ ʠ çʟʜʦʨʦʚʳʝè ʢʦʧʠʠ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʛʝʥʘ. ʊʘʢ, ʫ ʜʚʫʭ ʨʦʜʠʪʝʣʝʡ ʩ ʤʘʣʦʡ ʬʦʨʤʦʡ ʙʝʪʘ-ʪʘʣʘʩʩʝʤʠʠ ʤʦʞʝʪ ʨʦʜʠʪʴʩʷ 

ʨʝʙʝʥʦʢ ʩ ʙʦʣʴʰʦʡ ʪʘʣʘʩʩʝʤʠʝʡ [3]. 

ɹʦʣʝʟʥʴ ʚʩʪʨʝʯʘʝʪʩʷ ʢʘʢ ʫ ʤʘʣʴʯʠʢʦʚ, ʪʘʢ ʠ ʫ ʜʝʚʦʯʝʢ. ʏʘʩʪʦʪʘ ʝʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1 ʥʘ 

100 ʪʳʩʷʯ ʚ ʩʨʝʜʥʝʤ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʥʦ ʟʘʚʠʩʠʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪ ʨʝʛʠʦʥʘ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʙʦʣʴʥʳʭ ʪʘʣʘʩʩʝʤʠʝʡ ï ʞʠʪʝʣʠ ʶʞʥʳʭ ʩʪʨʘʥ (ʉʨʝʜʠʟʝʤʥʦʤʦʨʴʝ, ʩʪʨʘʥʳ ʎʝʥʪʨʘʣʴʥʦʡ ʠ 

ʖʞʥʦʡ ɸʟʠʠ). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʦʩʠʪʝʣʴʩʪʚʦ çʜʝʬʝʢʪʥʦʛʦè ʛʝʥʘ ʚʝʜʝʪ ʢ ʣʫʯʰʝʡ 

ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʟʘʙʦʣʝʚʘʥʠʶ ʤʘʣʷʨʠʝʡ. ʇʦʵʪʦʤʫ ʚ ʨʝʛʠʦʥʘʭ ʩ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ 

ʤʘʣʷʨʠʠ ʯʠʩʣʦ ʥʦʩʠʪʝʣʝʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʠʩʣʦ ʙʦʣʴʥʳʭ ʪʘʣʘʩʩʝʤʠʝʡ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʦ. ɺ ʈʦʩʩʠʠ ʙʦʣʴʥʳʭ ʙʦʣʴʰʦʡ ʙʝʪʘ-ʪʘʣʘʩʩʝʤʠʝʡ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦ, ʧʨʠ ʵʪʦʤ 

ʤʥʦʛʠʝ ʠʟ ʥʠʭ ï ʧʦʪʦʤʢʠ ʞʠʪʝʣʝʡ ʇʦʚʦʣʞʴʷ, ʂʘʚʢʘʟʘ ʠʣʠ ʉʨʝʜʥʝʡ ɸʟʠʠ. 

ʉʝʤʴʷʤ, ʛʜʝ ʫʞʝ ʙʳʣʠ ʩʣʫʯʘʠ ʨʦʞʜʝʥʠʷ ʜʝʪʝʡ ʩ ʪʷʞʝʣʳʤʠ ʬʦʨʤʘʤʠ ʪʘʣʘʩʩʝʤʠʠ, 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢʦʥʩʫʣʴʪʘʮʠʷ ʛʝʥʝʪʠʢʘ. ʊʘʢ ʢʘʢ ʥʦʩʠʪʝʣʴʩʪʚʦ çʜʝʬʝʢʪʥʦʛʦè ʛʝʥʘ ʧʨʠ ʙʝʪʘ-

ʪʘʣʘʩʩʝʤʠʠ ʣʝʛʢʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʩʪʳʭ ʠ ʥʝʜʦʨʦʛʠʭ ʘʥʘʣʠʟʦʚ ʢʨʦʚʠ, ʚ 

ʩʪʨʘʥʘʭ ʩ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʪʘʣʘʩʩʝʤʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʧʨʦʛʨʘʤʤʳ ʧʨʦʬʠʣʘʢʪʠʢʠ 

ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. 

ʇʨʠ ʪʘʣʘʩʩʝʤʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʦʙʳʯʥʳʝ ʜʣʷ ʘʥʝʤʠʠ ʩʠʤʧʪʦʤʳ: ʙʣʝʜʥʦʩʪʴ, ʦʜʳʰʢʘ, 
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ʧʣʦʭʘʷ ʧʝʨʝʥʦʩʠʤʦʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʩʥʠʞʝʥʥʳʡ ʘʧʧʝʪʠʪ. ʇʨʠ ʙʦʣʴʰʦʡ ʬʦʨʤʝ ʙʝʪʘ-

ʪʘʣʘʩʩʝʤʠʠ ʘʥʝʤʠʷ ʦʙʳʯʥʦ ʥʘʯʠʥʘʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʚʦʟʨʘʩʪʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ. 

ʋ ʜʝʪʝʡ ʥʝʨʝʜʢʦ ʚʩʪʨʝʯʘʝʪʩʷ ʟʘʜʝʨʞʢʘ ʨʦʩʪʘ [4]. ʄʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʙʦʣʠ ʚ ʞʠʚʦʪʝ ʠʟ-ʟʘ 

ʫʚʝʣʠʯʝʥʠʷ ʩʝʣʝʟʝʥʢʠ ʠ ʢʘʤʥʝʡ ʚ ʞʝʣʯʥʦʤ ʧʫʟʳʨʝ. ʅʝʨʝʜʢʦ ʥʘʙʣʶʜʘʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʧʝʯʝʥʠ, ʞʝʣʪʫʰʥʦʩʪʴ ʢʦʞʠ ʠ ʩʣʠʟʠʩʪʳʭ ʦʙʦʣʦʯʝʢ, ʜʝʬʦʨʤʘʮʠʠ ʢʦʩʪʝʡ (ʠʟ-ʟʘ ʥʘʨʫʰʝʥʠʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ), ʘʥʦʤʘʣʠʠ ʧʨʠʢʫʩʘ, ʩʝʨʜʝʯʥʘʷ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʠ/ʠʣʠ 

ʘʨʠʪʤʠʠ ʠ ʜʨ. 

ʇʨʠ ʪʘʣʘʩʩʝʤʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʣʠʥʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʢʨʦʚʠ. 

ʈʝʟʢʦ ʩʥʠʞʝʥʳ ʢʦʣʠʯʝʩʪʚʦ ʵʨʠʪʨʦʮʠʪʦʚ, ʫʨʦʚʝʥʴ ʛʝʤʦʛʣʦʙʠʥʘ (ʧʨʠ ʪʷʞʝʣʳʭ ʬʦʨʤʘʭ ð 

ʠʥʦʛʜʘ ʜʦ 20ï30 ʛ/ʣ) ʠ ʮʚʝʪʦʚʦʡ ʧʦʢʘʟʘʪʝʣʴ. ʕʨʠʪʨʦʮʠʪʳ ʢʨʦʚʠ ʫʤʝʥʴʰʝʥʥʦʛʦ ʨʘʟʤʝʨʘ, 

ʟʘʯʘʩʪʫʶ ʥʝʦʙʳʯʥʦʛʦ ʚʠʜʘ ð ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʤʠʰʝʥʝʚʠʜʥʳʝè. ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʣʝʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʦʚʠ ʠ, ʚʦʟʤʦʞʥʦ, ʘʥʘʣʠʟ 

ʦʙʨʘʟʮʘ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ. 

ɸʥʘʣʠʟ ʛʝʤʦʛʣʦʙʠʥʘ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʬʦʨʝʟʘ, ʘ ʪʘʢʞʝ ʙʠʦʭʠʤʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʬʝʪʘʣʴʥʦʛʦ ʛʝʤʦʛʣʦʙʠʥʘ ʧʦʟʚʦʣʷʶʪ ʧʦʜʪʚʝʨʜʠʪʴ ʜʠʘʛʥʦʟ. ʇʨʠ ʪʘʣʘʩʩʝʤʠʷʭ ʩʥʠʞʝʥʦ 

ʢʦʣʠʯʝʩʪʚʦ çʥʦʨʤʘʣʴʥʦʛʦè ʛʝʤʦʛʣʦʙʠʥʘ, ʥʦ ʧʦʚʳʰʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʘʥʦʤʘʣʴʥʦʛʦ. 

ʇʦʣʝʟʝʥ ʩʙʦʨ ʩʝʤʝʡʥʦʛʦ ʘʥʘʤʥʝʟʘ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ ʧʨʠʨʦʜʳ ʘʥʝʤʠʠ. 

ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʜʝʬʝʢʪʘ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʪʝʯʝʥʠʝ 

ʛʝʤʦʛʣʦʙʠʥʦʧʘʪʠʡ, ʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʯʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʚ ʦʨʛʘʥʠʟʤʝ ʞʝʣʝʟʘ, ʢʦʪʦʨʦʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʝʛʦ ʫʩʚʦʝʥʠʝʤ ʢʣʝʪʢʘʤʠ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ, ʘ ʪʘʢʞʝ ʫʩʠʣʝʥʥʳʤ 

ʚʩʘʩʳʚʘʥʠʝʤ ʚ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ [5].  

ʇʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʠʟʙʳʪʢʘ ʞʝʣʝʟʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʧʝʨʝʣʠʚʘʥʠʷʭ 

ʵʨʠʪʨʦʮʠʪʥʦʡ ʤʘʩʩʳ. ʈʘʟʚʠʚʘʝʪʩʷ ʛʝʤʦʩʠʜʝʨʦʟ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ. ɺ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʩʪʨʘʜʘʶʪ ʩʝʨʜʮʝ, ʧʝʯʝʥʴ, ʢʦʞʘ, ʘ ʪʘʢʞʝ ʞʝʣʝʟʳ ʚʥʫʪʨʝʥʥʝʡ ʩʝʢʨʝʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʦʜʞʝʣʫʜʦʯʥʘʷ ʞʝʣʝʟʘ [6].  

ɼʣʷ ʚʩʝʭ ʬʦʨʤ ʪʘʣʘʩʩʝʤʠʠ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʚ ʢʨʦʚʠ çʤʠʰʝʥʝʚʠʜʥʳʭè ʵʨʠʪʨʦʮʠʪʦʚ, 

ʚ ʢʦʪʦʨʳʭ ʛʝʤʦʛʣʦʙʠʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʮʝʥʪʨʝ ʢʣʝʪʢʠ ʚ ʚʠʜʝ ʤʠʰʝʥʠ. ɺʩʣʝʜʩʪʚʠʝ ʭʨʦʥʠʯʝʩʢʦʡ 

ʘʥʝʤʠʠ ʢʦʩʪʥʳʡ ʤʦʟʛ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʛʠʧʝʨʨʝʛʝʥʝʨʘʮʠʠ, ʯʪʦ ʧʦʩʪʝʧʝʥʥʦ ʧʨʠʚʦʜʠʪ ʢ 

ʪʠʧʠʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʣʦʩʢʠʭ ʢʦʩʪʝʡ. ɼʣʠʪʝʣʴʥʦʝ ʢʠʩʣʦʨʦʜʥʦʝ ʛʦʣʦʜʘʥʠʝ ʚʝʜʝʪ ʢ 

ʦʪʩʪʘʚʘʥʠʶ ʨʝʙʝʥʢʘ ʚ ʬʠʟʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ. ɺ ʧʦʜʨʦʩʪʢʦʚʳʡ ʧʝʨʠʦʜ ʟʘʤʝʜʣʷʝʪʩʷ ʠ ʧʦʣʦʚʦʝ 

ʨʘʟʚʠʪʠʝ. ʅʝʨʚʥʦ-ʧʩʠʭʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʧʨʠ ʵʪʦʤ ʥʝ ʩʪʨʘʜʘʝʪ. ɼʠʘʛʥʦʩʪʠʢʘ 

ʛʝʤʦʛʣʦʙʠʥʦʧʘʪʠʡ ʙʳʩʪʨʦ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ. ɺ 70-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʥʘʯʘʣ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʵʣʝʢʪʨʦʬʦʨʝʟ ʛʝʤʦʛʣʦʙʠʥʘ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʩʠʥʪʝʟʠʨʫʝʤʫʶ 

ʮʝʧʴ Hb (Ŭ, ɓ, ɔ, ŭ, ʠʣʠ ʠʭ ʩʦʯʝʪʘʥʠʝ) ʠ ʢʦʣʠʯʝʩʪʚʦ ʥʦʨʤʘʣʴʥʦʛʦ ʚʟʨʦʩʣʦʛʦ Hbɸ.  

ɺ 80-ʭ ʛʦʜʘʭ ʥʘʯʘʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ɼʅʂ. ʉ 90-ʭ ʛʦʜʦʚ ʩʪʘʣʘ ʦʪʤʝʯʘʪʴʩʷ ʪʝʥʜʝʥʮʠʷ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʈʅʂ ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʩʥʦʚ 

ʛʝʤʦʛʣʦʙʠʥʦʧʘʪʠʡ. ɼʠʘʛʥʦʩʪʠʢʘ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʫʪʘʮʠʠ, ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘ ʩʠʥʪʝʟ ʜʝʬʝʢʪʥʦʡ ʛʣʦʙʠʥʦʚʦʡ ʮʝʧʠ, ʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ɼʅʂ ʠʣʠ 

ʈʅʂ ʨʦʜʠʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ ʥʘʩʣʝʜʦʚʘʥʠʷ (ʛʦʤʦʟʠʛʦʪʥʦʝ, ʛʝʪʝʨʦʟʠʛʦʪʥʦʝ, 

ʜʚʦʡʥʦʝ ʛʝʪʝʨʦʟʠʛʦʪʥʦʝ (ʧʦ ʦʜʥʦʡ ʘʣʣʝʣʠ) ʠ ʢʦʤʧʘʫʥʜ-ʛʝʪʝʨʦʟʠʛʦʪʥʦʝ (ʧʦ ʨʘʟʥʳʤ ʘʣʣʝʣʷʤ). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ 200 ɓ-ʪʘʣʘʩʩʝʤʠʯʝʩʢʠʭ ʠ ʙʦʣʝʝ 50 Ŭ-ʪʘʣʘʩʩʝʤʠʯʝʩʢʠʭ 

ʤʫʪʘʮʠʡ.  

ɼʠʘʛʥʦʩʪʠʢʘ Ŭ-ʪʘʣʘʩʩʝʤʠʠ ʪʨʝʙʫʝʪ ʤʦʣʝʢʫʣʷʨʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʩʢʦʣʴʢʫ ʵʣʝʢʪʨʦʬʦʨʝʟ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʦʢʘʟʘʪʝʣʴʥʳʤ. ʇʦʜʦʟʨʝʥʠʝ ʥʘ Ŭ-ʪʘʣʘʩʩʝʤʠʶ 
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ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʧʨʠʟʥʘʢʘʭ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʦʪʩʫʪʩʪʚʠʠ ʠʟʤʝʥʝʥʠʡ 

ʥʘ ʵʣʝʢʪʨʦʬʦʨʝʟʝ ʛʝʤʦʛʣʦʙʠʥʦʚ [7]. 

ʅʝʦʙʭʦʜʠʤʳʝ ʤʝʨʳ ʠ ʘʥʘʣʠʟʳ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʘʙʦʣʝʚʘʥʠʷ: 

ïʆʙʱʠʡ ʘʥʘʣʠʟ ʢʨʦʚʠ ʩ ʧʦʜʩʯʝʪʦʤ ʯʠʩʣʘ ʪʨʦʤʙʦʮʠʪʦʚ, ʣʝʡʢʦʮʠʪʘʨʥʦʡ ʬʦʨʤʫʣʳ, 

ʨʝʪʠʢʫʣʦʮʠʪʦʚ ʠ ʥʦʨʤʦʙʣʘʩʪʦʚ (ʤʦʣʦʜʳʝ ʷʜʨʦʩʦʜʝʨʞʘʱʠʝ ʢʣʝʪʢʠ ʢʨʘʩʥʦʡ ʢʨʦʚʠ, ʚ ʥʦʨʤʝ 

ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʚʨʘʯʫ ʦʮʝʥʠʪʴ ʥʘʩʢʦʣʴʢʦ ʘʜʝʢʚʘʪʥʦ 

ʦʨʛʘʥʠʟʦʚʘʥʦ ʣʝʯʝʥʠʝ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʬʦʨʤʳ ʪʘʣʘʩʩʝʤʠʠ.  

ïɹʠʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʨʦʚʠ ʩ ʦʮʝʥʢʦʡ ʬʫʥʢʮʠʠ ʧʝʯʝʥʠ ʠ ʧʦʯʝʢ, ʟʘʧʘʩʦʚ ʞʝʣʝʟʘ ʚ 

ʦʨʛʘʥʠʟʤʝ (ʬʝʨʨʠʪʠʥ ʩʳʚʦʨʦʪʢʠ) ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʚʦʜʠʤʦʡ ʚʘʤ (ʚʘʰʝʤʫ 

ʨʝʙʝʥʢʫ) ʪʝʨʘʧʠʠ.  

ïʋɿʀ ʦʨʛʘʥʦʚ ʙʨʶʰʥʦʡ ʧʦʣʦʩʪʠ ʠ ʟʘʙʨʶʰʠʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

15 ʦʮʝʥʢʠ ʨʘʟʤʝʨʦʚ ʧʝʯʝʥʠ, ʩʝʣʝʟʝʥʢʠ ʠ ʧʦʯʝʢ, ʨʘʥʝʝ ʚʳʷʚʣʝʥʠʝ ʢʘʤʥʝʡ ʚ ʞʝʣʯʥʦʤ ʧʫʟʳʨʝ ʠ 

ʧʩʝʚʜʦʦʧʫʭʦʣʝʚʳʭ ʤʘʩʩ ʚʥʝʢʦʩʪʥʦʤʦʟʛʦʚʦʛʦ ʢʨʦʚʝʪʚʦʨʝʥʠʷ.  

ïʀʩʩʣʝʜʦʚʘʥʠʝ ʬʫʥʢʮʠʠ ʩʝʨʜʮʘ (ʕʍʆ-ʂɻ ʠ ʕʂɻ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʫʪʦʯʥʦʝ 

ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʝ ʕʂɻ) ʜʣʷ ʚʩʝʭ ʧʘʮʠʝʥʪʦʚ ʩ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ ʬʦʨʤʘʤʠ ʪʘʣʘʩʩʝʤʠʠ ʩ 

ʤʦʤʝʥʪʘ ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ ʠ ʜʘʣʝʝ ʝʞʝʛʦʜʥʦ.  

ïʀʩʩʣʝʜʦʚʘʥʠʝ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʜʣʷ ʚʩʝʭ ʪʨʘʥʩʬʫʟʠʦʥʥʦ ʟʘʚʠʩʠʤʳʭ ʧʘʮʠʝʥʪʦʚ 

ʩʪʘʨʰʝ 8 ʣʝʪ.  

ïʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʧʝʯʝʥʠ, ʤʠʦʢʘʨʜʝ ʠ ʛʠʧʦʬʠʟʝ ʜʦ ʥʘʯʘʣʘ 

ʭʝʣʘʪʦʨʥʦʡ ʪʝʨʘʧʠʠ ʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʦʩʚʦʙʦʞʜʝʥʠʷ ʦʨʛʘʥʦʚ ʦʪ ʠʟʙʳʪʢʘ ʞʝʣʝʟʘ.  

ïʉʢʨʠʥʠʥʛ ʥʘ ʠʥʬʝʢʮʠʠ, ʧʝʨʝʜʘʶʱʠʝʩʷ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʦʥʦʨʩʢʦʡ ʢʨʦʚʠ (ɺʀʏ, 

ʛʝʧʘʪʠʪʳ ɺ ʠ ʉ) ʩʣʫʯʘʝ ʨʝʛʫʣʷʨʥʳʭ ʪʨʘʥʩʬʫʟʠʡ ð ʝʞʝʤʝʩʷʯʥʦ, ʧʨʠ ʨʝʜʢʠʭ ʪʨʘʥʩʬʫʟʠʷʭ ï 

ʝʞʝʛʦʜʥʦ [8].  

ïʆʮʝʥʢʘ ʦʩʪʨʦʪʳ ʟʨʝʥʠʷ ʠ ʩʣʫʭʘ ʜʦ ʥʘʯʘʣʘ ʭʝʣʘʪʦʨʥʦʡ ʪʝʨʘʧʠʠ ʠ ʜʘʣʝʝ ʝʞʝʛʦʜʥʦ. 

ʆʮʝʥʢʘ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢʦʩʪʝʡ ʩʢʝʣʝʪʘ ʝʞʝʛʦʜʥʦ ʥʘʯʠʥʘʷ ʩ ʧʦʜʨʦʩʪʢʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. 

 

ɺ ɸʟʝʨʙʘʡʜʞʘʥʝ ð ʙʦʣʝʝ 1 ʤʣʥ ʥʦʩʠʪʝʣʝʡ ʪʘʣʘʩʩʝʤʠʠ. ʅʦʩʠʪʝʣʠ ʥʝ ʙʦʣʴʥʳ, ʦʥʠ ʤʘʣʦ 

ʯʝʤ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʪʨʘʥʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʙʦʣʝʝ 

3000 ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʢʨʦʚʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʘʣʘʩʩʝʤʠʷ. ʇʦʜʛʦʪʦʚʣʝʥ ʋʢʘʟ çʆ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʤʦʱʠ ʣʠʮʘʤ ʩ ʥʘʩʣʝʜʩʪʚʝʥʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʢʨʦʚʠ ʛʝʤʦʬʠʣʠʝʡ ʠ 

ʪʘʣʘʩʩʝʤʠʝʡè ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʦʪ 18 ʠʶʣʷ 

2005 ʛ. ̄264 çʆ ʧʨʠʤʝʥʝʥʠʠ ɿʘʢʦʥʘ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠè.  

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 01.01.2020 ʛ. ʢʦʣʠʯʝʩʪʚʦ ʧʘʮʠʝʥʪʦʚ ʩ ʛʝʤʦʛʣʦʙʠʥʦʧʘʪʠʝʡ (ɓ-

ʪʘʣʘʩʩʝʤʠʷ, Ŭ-ʪʘʣʘʩʩʝʤʠʷ, ʜʨʝʧʘʥʦʪʘʣʘʩʩʝʤʠʷ, ʩʝʨʧʦʚʠʜʥʦʢʣʝʪʦʯʥʘʷ ʘʥʝʤʠʷ ʠ ʜʨʫʛʠʝ 

ʛʝʤʦʛʣʦʙʠʥʦʧʘʪʠʠ) ʥʘ ʫʯʝʪʝ ʚ ʦʪʜʝʣʝʥʠʠ ʪʘʣʘʩʩʝʤʠʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʛʝʤʘʪʦʣʦʛʠʠ ʠ 

ʪʨʘʥʩʬʫʟʠʦʣʦʛʠʠ ʩʦʩʪʘʚʣʷʝʪ 3414 ʯʝʣʦʚʝʢ. ʆʢʦʣʦ 35% ʵʪʠʭ ʙʦʣʴʥʳʭ (1080 ʯʝʣ.) ð ʠʟ ʛ. ɹʘʢʫ 

(ɸʧʰʝʨʦʥ, ɻʦʙʫʩʪʘʥ, ʐʘʤʘʭʘ). ʇʦ ʜʨʫʛʠʤ ʛʦʨʦʜʘʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʣʝʜʫʶʱʝʝ: ʉʫʤʛʘʠʪ ð 97, 

ʅʘʭʠʯʝʚʘʥʴ ð 27, ɻʷʥʜʞʘ ð 162, ʐʝʢʠ ð 634, ʄʠʥʛʝʯʘʫʨ ð 593, ɻʫʙʘ ð 107, ʐʠʨʚʘʥ ð 

347, ʃʝʥʢʦʨʘʥʴ ð 198, ɹʘʨʜʘ ð 169 ʯʝʣʦʚʝʢ.  
 

ʉʊɸʊʀʉʊʀʂɸ ɹʆʃʔʅʓʍ ɓ ʊɸʃɸʉʉɽʄʀɽʁ 
 

ɹʦʣʴʰʘʷ ʬʦʨʤʘ ɓ ʪʘʣʘʩʩʝʤʠʠ 1289 ʧʦʣʫʯʘʪʝʣʠ ʢʨʦʚʠ: 1008 

ʇʨʦʤʝʞʫʪʦʯʥʘʷ ʬʦʨʤʘ ɓ ʪʘʣʘʩʩʝʤʠʠ 597 ʧʦʣʫʯʘʪʝʣʠ ʢʨʦʚʠ: 142 

ʄʘʣʘʷ ʬʦʨʤʘ ɓ ʪʘʣʘʩʩʝʤʠʠ 721 ʧʦʣʫʯʘʪʝʣʠ ʢʨʦʚʠ: 0 
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ʋʯʠʪʳʚʘʷ ʚʳʩʦʢʫʶ ʯʘʩʪʦʪʫ ʠʥʙʨʠʜʠʥʛʘ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʡʦʥʘʭ ɸʟʝʨʙʘʡʜʞʘʥʘ, 

ʧʨʦʠʩʭʦʜʠʪ ʛʦʤʦʟʠʛʦʪʠʟʘʮʠʷ ʢʘʞʜʦʛʦ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʛʝʥʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠʭ ʥʦʚʳʭ ʩʦʯʝʪʘʥʠʡ. ɺʩʝ ʵʪʦ ʟʘʪʨʫʜʥʷʝʪ ʥʝ ʪʦʣʴʢʦ ʜʠʘʛʥʦʩʪʠʢʫ, ʥʦ ʠ ʣʝʯʝʥʠʝ 

ʛʦʤʦʟʠʛʦʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʪʘʣʘʩʩʝʤʠʠ. ʆʜʥʘʢʦ ʚʳʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʧʫʣʷʮʠʦʥʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʩʝʣʝʥʠʷ, ʩʦʩʪʘʚʣʝʥʠʝ ʛʝʥʦʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʳ ʤʫʪʘʮʠʡ, 

ʩʦʩʪʘʚʣʝʥʠʝ ʨʝʛʠʩʪʨʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʳ ʧʦʚʳʩʷʪ ʢʘʯʝʩʪʚʦ ʜʦʙʨʘʯʥʦʛʦ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʤʝʜʠʢʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʷ.  

ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʥʝʜʨʝʥʠʶ ʧʨʘʢʪʠʢʠ 

ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ, ʧʨʠ ʪʘʣʘʩʩʝʤʠʠ, ʢʦʪʦʨʘʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ ʥʝ ʧʨʦʚʦʜʠʪʩʷ. ʇʨʦʩʚʝʪʠʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ, ʚʥʝʜʨʝʥʠʝ ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜʦʚ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ ʜʣʷ ʩʢʨʠʥʠʥʛʘ ʪʘʣʘʩʩʝʤʠʡ ʚʦ ʚʨʝʤʷ 

ʙʝʨʝʤʝʥʥʦʩʪʠ, ʧʨʝʥʘʪʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʣʦʜʘ, ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ, ʧʨʠʤʝʥʝʥʥʳʝ ʚ ʨʘʙʦʪʝ 

ʤʝʜʠʢʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʪ ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʥʮʝʧʮʠʶ ʠʭ ʧʨʦʬʠʣʘʢʪʠʢʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʨʠʤʝʥʝʥʠʷ ʧʘʣʝʦʣʠʪʠʯʝʩʢʦʡ ʜʠʝʪʳ ʠ 

ʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʫʶ ʠ ʵʥʜʦʢʨʠʥʥʫʶ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ. ɺʳʜʝʣʷʶʪʩʷ ʠ 

ʦʧʠʩʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʦʛʦ ʚʠʜʘ ʜʠʝʪʳ, ʝʝ ʠʩʪʦʨʠʷ. ʎʝʣʴʶ ʩʪʘʪʴʠ 

ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ, ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʧʘʣʝʦʣʠʪʠʯʝʩʢʦʡ ʜʠʝʪʝ ʟʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ. ɸʚʪʦʨ 

ʦʙʦʩʥʦʚʳʚʘʝʪ ʤʳʩʣʴ ʦ ʥʘʣʠʯʠʠ ʢʘʢ ʙʣʘʛʦʧʨʠʷʪʥʳʭ, ʪʘʢ ʠ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʵʬʬʝʢʪʘʭ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʧʘʣʝʦʣʠʪʠʯʝʩʢʫ  ʁʜʠʝʪʫ. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʦʩʪʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʠʟʫʯʝʥʥʦʡ ʠ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʠʭ ʠʟʳʩʢʘʥʠʡ ʫʯʝʥʳʭ. 

 

Abstract. The article considers the problem of medicinal use of Paleolithic diet and its impact 

on both cardiovascular and endocrine systems of a human being. The author touches upon the major 

characteristics of the diet, its history. The aims of the article are to study, investigate and summarize 

the results of the clinical experimental work dedicated to the use of Paleolithic diet over the past 

decade. The author mentions favorable and unfavorable effects caused by Paleolithic diet. The issue 

under discussion is yet insufficiently studied and needs further research. 
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ɺʚʝʜʝʥʠʝ 

ʉʝʛʦʜʥʷ ʚ ʤʠʨʝ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʜʠʝʪ. ʀʭ ʩʧʠʩʦʢ 

ʧʦʠʩʪʠʥʝ ʙʝʩʢʦʥʝʯʝʥ: ʜʣʷ ʧʦʭʫʜʘʥʠʷ, ʥʠʟʢʦʫʛʣʝʚʦʜʥʳʝ ʜʠʝʪʳ, ʢʝʪʦʜʠʝʪʘ, ʜʠʝʪʘ çʉʚʝʪʦʬʦʨè, 

çʂʨʝʤʣʝʚʩʢʘʷ ʜʠʝʪʘè, ʩʳʨʦʝʜʝʥʠʝ, ʨʘʟʜʝʣʴʥʦʝ ʧʠʪʘʥʠʝ, ʠʥʪʝʨʚʘʣʴʥʦʝ ʛʦʣʦʜʘʥʠʝ, 

ʵʩʢʠʤʦʩʩʢʘʷ ʢʫʭʥʷ, çʕʢʩʪʨʠʤ-ʜʠʝʪʘè, çʂʘʨʥʠʚʦʨ-ʜʠʝʪʘè ʠ ʪ. ʜ. ɽʩʪʴ ʜʠʝʪʳ çʤʦʜʥʳʝè ʠ 

çʚʳʰʝʜʰʠʝ ʠʟ ʤʦʜʳè, ʥʦ ʦʞʠʜʘʶʱʠʝ ʩʚʦʝʛʦ ʯʘʩʘ, ʯʪʦʙʳ ʚʥʦʚʴ ʚʦʨʚʘʪʴʩʷ ʚ ʥʘʰʫ ʞʠʟʥʴ, 

ʚʟʙʫʜʦʨʘʞʠʚ ʫʤʳ ʠ ʥʘʧʦʣʥʠʚ ʥʘʨʦʜʥʳʝ ʯʘʷʥʠʷ ʩʚʦʠʤʠ çʥʝʙʳʚʘʣʳʤʠè ʨʝʟʫʣʴʪʘʪʘʤʠ ʠ 

ʜʦʩʪʠʞʝʥʠʷʤʠ. 
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ʀʩʪʦʨʠʷ ʧʘʣʝʦʣʠʪʠʯʝʩʢʦʡ ʜʠʝʪʳ 

ʅʘʯʥʝʤ ʠʟʜʘʣʝʢʘ, ʩ ʢʘʤʝʥʥʦʛʦ ʚʝʢʘ, ʢʦʛʜʘ ʣʶʜʠ ʞʠʣʠ ʚ ʧʝʱʝʨʘʭ, ʦʭʦʪʠʣʠʩʴ ʥʘ 

ʤʘʤʦʥʪʦʚ ʠ ʟʘʥʠʤʘʣʠʩʴ ʩʦʙʠʨʘʪʝʣʴʩʪʚʦʤ, ʥʝ ʚʝʜʘʷ ʦ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ. 

ʈʘʮʠʦʥ ʦʭʦʪʥʠʢʦʚ-ʩʦʙʠʨʘʪʝʣʝʡ ʵʧʦʭʠ ʧʘʣʝʦʣʠʪʘ ʩʦʩʪʘʚʣʷʣʠ ʤʷʩʦ, ʨʳʙʘ, ʷʡʮʘ, ʦʨʝʭʠ, ʷʛʦʜʳ, 

ʬʨʫʢʪʳ ʠ ʦʚʦʱʠ, ʪ. ʝ. ʚʩʝ ʪʦ, ʯʪʦ ʤʦʞʥʦ ʙʳʣʦ çʚʟʷʪʴè ʠʟ ʧʨʠʨʦʜʳ. ʉʪʦʨʦʥʥʠʢʠ ʪʘʢʦʛʦ ʧʣʘʥʘ 

ʧʠʪʘʥʠʷ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʫ ʥʘʰʠʭ ʜʘʣʝʢʠʭ ʧʨʝʜʢʦʚ ʥʝ ʙʳʣʦ ʥʠ ʦʞʠʨʝʥʠʷ, ʥʠ ʢʘʨʠʝʩʘ, ʥʠ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʇʘʪʦʣʦʛʠʠ ʷʢʦʙʳ ʧʦʷʚʠʣʠʩʴ ʩ ʨʘʟʚʠʪʠʝʤ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʦʛʜʘ ʚ ʧʠʪʘʥʠʝ ʯʝʣʦʚʝʢʘ ʚʦʰʣʠ ʤʦʣʦʯʥʳʝ ʧʨʦʜʫʢʪʳ, 

ʟʝʨʥʦʙʦʙʦʚʳʝ, ʤʘʩʣʘ, ʞʠʚʦʪʥʳʝ ʞʠʨʳ, ʨʘʬʠʥʠʨʦʚʘʥʥʳʝ ʩʘʭʘʨʘ, ʧʦʚʘʨʝʥʥʘʷ ʩʦʣʴ ʠ ʢʨʘʭʤʘʣ, 

ʢʘʨʪʦʬʝʣʴ, ʯʘʡ, ʢʦʬʝ, ʛʘʟʠʨʦʚʘʥʥʳʝ ʥʘʧʠʪʢʠ ʩ ʧʦʜʩʣʘʩʪʠʪʝʣʷʤʠ, ʘʣʢʦʛʦʣʴ, ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʠ 

ʛʝʥʝʪʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʨʦʜʫʢʪʳ, ʘ ʪʘʢʞʝ ʧʨʦʯʝʝ ʦʙʨʘʙʦʪʘʥʥʦʝ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʩʧʦʩʦʙʦʤ ʧʨʦʜʦʚʦʣʴʩʪʚʠʝ. 

ʇʘʣʝʦʣʠʪʠʯʝʩʢʘ ̫ʜʠʝʪʘ (ʇɼ) ʙʳʣʘ ʚʧʝʨʚʳʝ ʫʧʦʤʷʥʫʪʘ ʚ 1975 ʛ. ʚ ʢʥʠʛʝ ʘʤʝʨʠʢʘʥʩʢʦʛʦ 

ʛʘʩʪʨʦʵʥʪʝʨʦʣʦʛʘ ɺʘʣʴʪʝʨʘ ʃ. ʌʝʛʪʣʠʥʘ (Walter L. Voegtlin) çɼʠʝʪʘ ʢʘʤʝʥʥʦʛʦ ʚʝʢʘ: 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʫʛʣʫʙʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʵʢʦʣʦʛʠʠ ʯʝʣʦʚʝʢʘ ʠ ʜʠʝʪʳ ʯʝʣʦʚʝʢʘè (The Stone 

Age Diet: Based on In-Depth Studies of Human Ecology and the Diet of Man). ʇʦʯʪʠ ʩʦʨʦʢ ʣʝʪ 

ʩʧʫʩʪʷ ʠʜʝʷ ʧʦʣʫʯʠʣʘ ʨʘʟʚʠʪʠʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʃʦʨʝʥʘ ʂʦʨʜʝʡʥʘ (Loren Cordain), 

ʧʨʦʬʝʩʩʦʨʘ ʠʟ ʋʥʠʚʝʨʩʠʪʝʪʘ ʂʦʣʦʨʘʜʦ (ʉʐɸ), ʩʧʝʮʠʘʣʠʩʪʘ ʚ ʦʙʣʘʩʪʠ ʧʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘ ʠ 

ʬʠʟʠʦʣʦʛʠʠ ʩʧʦʨʪʘ. ʂʦʨʜʝʡʥ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ Homo sapiens ʛʝʥʝʪʠʯʝʩʢʠ ʤʘʣʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

H. habilis, ʧʦʵʪʦʤʫ ʦʥ ʤʦʞʝʪ ʧʠʪʘʪʴʩʷ ʢʘʢ ʝʛʦ ʧʨʘʨʦʜʠʪʝʣʴ. ʀʩʩʣʝʜʦʚʘʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʜʘʥʥʳʡ ʨʝʞʠʤ ʧʠʪʘʥʠʷ, ʢʘʢ çʧʨʦʩʪʦʡ, ʧʦʥʷʪʥʳʡ, ʧʨʠʚʳʯʥʳʡ ʠ ʟʜʦʨʦʚʳʡè. ʆʥ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʚʝʩ ʠ ʩʦʭʨʘʥʠʪʴ ʟʜʦʨʦʚʴʝ ʜʦ ʛʣʫʙʦʢʦʡ ʩʪʘʨʦʩʪʠ. ʋʯʝʥʳʡ ʧʨʠʟʥʘʝʪ, ʯʪʦ, ʝʩʣʠ ʙʳ ʪʘʢʘʷ 

ʜʠʝʪʘ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʵʪʦ ʧʦʩʪʘʚʠʣʦ ʙʳ ʧʦʜ ʫʛʨʦʟʫ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʦʪ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʜʣʷ ʩʚʦʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. 

ʆʜʥʘʢʦ ʦʥ ʛʦʚʦʨʠʪ, ʯʪʦ ʪʘʤ, ʛʜʝ ʟʣʘʢʠ ʥʝ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ, ʢʘʢ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʟʘʧʘʜʥʳʭ ʩʪʨʘʥ, ʩʦʙʣʶʜʝʥʠʝ ʙʝʟʟʝʨʥʦʚʦʡ ʜʠʝʪʳ ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʧʨʘʢʪʠʯʥʳʤ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʩʦʢʨʘʱʝʥʠʷ ʜʦʣʛʦʩʨʦʯʥʳʭ ʟʘʪʨʘʪ ʥʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ.   

 

ɺʣʠʷʥʠʝ ʇɼ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʟʫʯʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʨʠʤʝʥʝʥʠʷ ʇɼ ʚ ʢʣʠʥʠʯʝʩʢʦʡ 

ʧʨʘʢʪʠʢʝ ʟʘʩʪʘʚʠʣʘ ʥʘʩ ʦʙʨʘʪʠʪʴʩʷ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ.  

Metzgar et al. ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʇɼ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʝ ʥʘʩʳʱʝʥʥʦʩʪʠ ʤʠʢʨʦ- ʠ 

ʤʘʢʨʦʵʣʝʤʝʥʪʘʤʠ. ʋʯʝʥʳʝ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʜʠʝʪʘ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʢʦʤʝʥʜʫʝʤʦʡ 

ʩʫʪʦʯʥʦʡ ʜʦʟʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʭ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, 

ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʘʣʴʮʠʷ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʟʜʦʨʦʚʴʝ ʢʦʩʪʥʦʡ ʩʠʩʪʝʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʇɼ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʣʶʜʝʡ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ 

ʜʦʭʦʜʦʚ [1].  

Barone et al. ʠʩʩʣʝʜʦʚʘʣʠ ʬʘʢʪʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʇɼ ʥʘ ʤʠʢʨʦʙʠʦʤ ʢʠʰʝʯʥʠʢʘ ʠ ʝʛʦ 

ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʫʯʘʩʪʚʦʚʘʣʠ 15 ʟʜʦʨʦʚʳʭ ʜʦʙʨʦʚʦʣʴʮʝʚ 

ʠʟ ʀʪʘʣʠʠ (12 ʤʫʞʯʠʥ ʠ 3 ʞʝʥʱʠʥʳ), ʧʨʠʜʝʨʞʠʚʘʚʰʠʭʩʷ ʧʘʣʝʦʣʠʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʧʠʪʘʥʠʷ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝ ʤʝʥʝʝ ʦʜʥʦʛʦ ʢʘʣʝʥʜʘʨʥʦʛʦ ʛʦʜʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʢʝʪʥʳʭ ʜʘʥʥʳʭ ʦ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʩʪʘʪʫʩʝ ʦʜʥʘ ʪʨʝʪʴ ʠʩʧʳʪʫʝʤʳʭ ʧʨʦʞʠʚʘʣʘ ʚ 

ʚʳʩʦʢʦʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʨʘʡʦʥʘʭ, ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ð ʚ ʧʦʣʫʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʨʘʡʦʥʘʭ 

(8/15) ʠ ʪʦʣʴʢʦ ʦʜʠʥ ʯʝʣʦʚʝʢ ð ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ. 12 ʯʝʣʦʚʝʢ ʩʦʦʙʱʠʣʠ, ʯʪʦ ʚʦ ʚʨʝʤʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʘʥʠʤʘʣʠʩʴ ʬʠʟʠʯʝʩʢʠʤʠ ʫʧʨʘʞʥʝʥʠʷʤʠ ʩ ʫʤʝʨʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚ 

ʩʨʝʜʥʝʤ 1 ʯʘʩ ʚ ʜʝʥʴ ʚ ʪʝʯʝʥʠʝ ʢʘʢ ʤʠʥʠʤʫʤ 3-ʭ ʜʥʝʡ ʚ ʥʝʜʝʣʶ. ʋʯʝʥʳʝ ʩʨʘʚʥʠʚʘʣʠ 
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ʤʠʢʨʦʙʠʦʤ ʠʭ ʢʠʰʝʯʥʠʢʘ ʩ ʤʠʢʨʦʙʠʦʪʦʡ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ, ʚʢʣʶʯʘʶʱʝʡ 143 ʛʦʨʦʜʩʢʠʭ 

ʞʠʪʝʣʝʡ ʩʪʨʘʥʳ, ʢʦʪʦʨʳʝ ʩʣʝʜʦʚʘʣʠ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʡ ʜʠʝʪʝ (ʉʈɼ), ʘ ʪʘʢʞʝ ʤʠʢʨʦʬʣʦʨʦʡ 

ʦʭʦʪʥʠʢʦʚ-ʩʦʙʠʨʘʪʝʣʝʡ ʠʟ ʊʘʥʟʘʥʠʠ, ʇʝʨʫ ʠ ʂʘʥʘʜʳ. ʉʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʫʯʘʩʪʥʠʢʦʚ ʩʦʩʪʘʚʣʷʣ 

39,2 ʛʦʜʘ (ʜʠʘʧʘʟʦʥ 26ï57), ʘ ʩʨʝʜʥʠʡ ʠʥʜʝʢʩ ʤʘʩʩʳ ʪʝʣʘ (ʀʄʊ) 22,1 ʢʛ/ʤ2 (ʜʠʘʧʘʟʦʥ 19,4ï

25,7). ɼʦʙʨʦʚʦʣʴʮʳ ʫʧʦʪʨʝʙʣʷʣʠ ʥʝʦʙʨʘʙʦʪʘʥʥʳʝ ʧʨʦʜʫʢʪʳ, ʚʢʣʶʯʘʷ ʦʚʦʱʠ, ʬʨʫʢʪʳ, ʦʨʝʭʠ 

ʠ ʩʝʤʝʥʘ, ʷʡʮʘ, ʨʳʙʫ ʠ ʥʝʞʠʨʥʳʝ ʩʦʨʪʘ ʤʷʩʘ, ʠʩʢʣʶʯʘʷ ʟʝʨʥʦ, ʤʦʣʦʯʥʳʝ ʧʨʦʜʫʢʪʳ, ʩʦʣʴ ʠ 

ʨʘʬʠʥʠʨʦʚʘʥʥʳʡ ʩʘʭʘʨ. ʉʨʝʜʥʝʜʥʝʚʥʦʡ ʢʘʣʦʨʘʞ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʛʦʨʪʝ ʩʦʩʪʘʚʣʷʣ 1843,45 

ʢʢʘʣ (ʜʠʘʧʘʟʦʥ ʦʪ 1563 ʜʦ 2186 ʢʢʘʣ). ʉʦʦʪʥʦʰʝʥʠʝ ʤʘʢʨʦʥʫʪʨʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʷʣʦʩʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʞʠʨ ð 51,02%, ʙʝʣʦʢ ð 30,14%, ʫʛʣʝʚʦʜʳ ð 18,84%. ʏʪʦ ʢʘʩʘʝʪʩʷ 

ʣʠʧʠʜʦʚ, ʪʦ 51,65% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʘʣʦʨʠʡ ʩʦʩʪʘʚʣʷʣʠ ʤʦʥʦʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ 

ʢʠʩʣʦʪʳ (ʄʅɾʂ), 30,93% ð ʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ (ʅɾʂ) ʠ 17,42% ð 

ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ (ʇʅɾʂ). ʉʨʝʜʥʝʝ ʜʥʝʚʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʢʣʝʪʯʘʪʢʠ 

ʩʦʩʪʘʚʣʷʣʦ 14,64 ʛ/1000 ʢʢʘʣ. ʉʦʛʣʘʩʥʦ ʚʳʚʦʜʘʤ ʫʯʝʥʳʭ, ʩʪʨʫʢʪʫʨʘ ʤʠʢʨʦʙʠʦʤʘ ʢʦʛʦʨʪʳ, 

ʧʨʠʜʝʨʞʠʚʘʚʰʝʡʩʷ ʇɼ, ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʤʠʢʨʦʬʣʦʨʳ ʠʪʘʣʴʷʥʮʝʚ-ʛʦʨʦʞʘʥ. ɺ ʦʩʥʦʚʥʦʤ ʦʥʘ 

ʚʢʣʶʯʘʣʘ ʙʦʣʴʰʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʩʘʭʘʨʦʣʠʪʠʯʝʩʢʠʭ ʙʘʢʪʝʨʠʡ (Sutterella, 

Odoribacter), ʘ ʪʘʢʞʝ ʣʠʧʦʬʠʣʦʚ ʠ ʞʝʣʯʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʪʘʢʠʭ ʢʘʢ ʘʥʘʵʨʦʙʥʘʷ, 

ʢʘʪʘʣʘʟʦ-ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʧʘʣʦʯʢʘ Bilophila. ʋʯʝʥʳʝ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʚ ʩʚʝʪʝ ʠʟʚʝʩʪʥʦʡ ʩʚʷʟʠ 

ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʧʫʣʝ ʞʝʣʯʥʳʭ ʢʠʩʣʦʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʧʦʚʳʰʝʥʥʳʤ ʧʨʦʜʫʮʠʨʦʚʘʥʠʝʤ 

ʚʪʦʨʠʯʥʳʭ ʞʝʣʯʥʳʭ ʢʠʩʣʦʪ, ʠ ʧʦʚʳʰʝʥʥʳʤ ʨʠʩʢʦʤ ʥʝʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ 

ʢʠʰʝʯʥʠʢʘ ʠ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ, ʧʦʚʳʰʝʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʵʪʠʭ ʙʘʢʪʝʨʠʡ ʤʦʞʝʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʠʩʢ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʠ ʪʨʝʙʫʝʪ ʚʥʠʤʘʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. ɺʳʩʦʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʄʅɾʂ, ʦʙʥʘʨʫʞʝʥʥʦʝ ʚ 

ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʛʦʨʪʝ ʇɼ, ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʵʪʠ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʤʦʛʫʪ ʠʛʨʘʪʴ ʨʦʣʴ ʚ 

ʧʦʜʜʝʨʞʘʥʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʠʢʨʦʙʠʦʪʳ, ʯʪʦ ʟʘʩʣʫʞʠʚʘʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʚ 

ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʦʛʦʨʪʘʭ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʩʢʣʶʯʠʪʴ ʫʯʘʩʪʠʝ 

ʜʨʫʛʠʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠʣʠ ʬʘʢʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʘʟʦʤ ʞʠʟʥʠ, ʢʦʪʦʨʳʝ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ. ʊʘʢʞʝ ʥʝʪ ʜʘʥʥʳʭ ʦ ʪʦʤ, ʢʘʢ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ 

ʤʠʢʨʦʙʠʦʪʘ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʛʦʨʪʝ ʇɼ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʨʠ ʦʙʨʘʟʝ ʞʠʟʥʠ, ʩʪʦʣʴ 

ʦʪʣʠʯʥʦʤ ʦʪ ʧʦʚʝʜʝʥʠʷ ʥʘʰʠʭ ʧʨʝʜʢʦʚ [2]. 

Whalen et al. ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʇɼ, ʩʨʘʚʥʠʚ ʝʝ ʩʦ ʉʈɼ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩ ʫʯʘʩʪʠʝʤ 

ʙʦʣʝʝ 2000 ʯʝʣʦʚʝʢ ʜʦʙʨʦʚʦʣʴʮʳ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʫʧʦʪʨʝʙʣʷʣʠ ʩʧʠʩʦʢ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʜʭʦʜʠʣʠ ʙʳ ʜʣʷ ʣʶʙʦʛʦ ʨʝʞʠʤʘ ʧʠʪʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʩʭʦʞʠʤʠ ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ, ʭʦʪʷ 

ʫ ʢʦʛʦʨʪʳ ʇɼ ʩʥʠʟʠʣʘʩʴ ʦʙʱʘʷ ʩʤʝʨʪʥʦʩʪʴ, ʫʤʝʥʴʰʠʣʩʷ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʘ ʪʘʢʞʝ 

ʩʥʠʟʠʣʘʩʴ ʩʤʝʨʪʥʦʩʪʴ ʦʪ ʨʘʢʘ, ʦʩʦʙʝʥʥʦ ʨʘʢʘ ʪʦʣʩʪʦʡ ʢʠʰʢʠ [3].  

Pastore et al. ʧʨʦʚʝʨʷʣʠ ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ ʙʝʟʟʝʨʥʦʚʘʷ ʇɼ ʧʨʠʚʝʜʝʪ ʢ ʧʦʪʝʨʝ ʚʝʩʘ ʠ 

ʫʣʫʯʰʠʪ ʧʦʢʘʟʘʪʝʣʠ ʦʙʱʝʛʦ ʭʦʣʝʩʪʝʨʠʥʘ, ʃʇɺʇ, ʃʇʅʇ ʠ ʪʨʠʛʣʠʮʝʨʠʜʳ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʫ 

ʚʟʨʦʩʣʳʭ ʥʝʜʠʘʙʝʪʠʢʦʚ ʩ ʛʠʧʝʨʣʠʧʠʜʝʤʠʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʝʪʦʡ ʥʘ ʦʩʥʦʚʝ ʟʝʨʥʦʚʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʡ ɸʤʝʨʠʢʘʥʩʢʦʡ ʢʘʨʜʠʦʣʦʛʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʮʠʝʡ (ɸʅɸ). ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʯʘʩʪʚʦʚʘʣʠ 20 ʨʝʩʧʦʥʜʝʥʪʦʚ (10 ʤʫʞʯʠʥ ʠ 10 ʞʝʥʱʠʥ) ʚ ʚʦʟʨʘʩʪʝ ʦʪ 40 ʜʦ 

62 ʣʝʪ ʩ ʜʠʘʛʥʦʟʦʤ çʛʠʧʝʨʭʦʣʝʩʪʝʨʠʥʝʤʠʷè. ɼʦʙʨʦʚʦʣʴʮʳ ʥʝ ʧʨʠʥʠʤʘʣʠ ʥʠʢʘʢʠʭ 

ʧʨʝʧʘʨʘʪʦʚ, ʩʥʠʞʘʶʱʠʭ ʫʨʦʚʝʥʴ ʭʦʣʝʩʪʝʨʠʥʘ, ʠ ʧʨʠʜʝʨʞʠʚʘʣʠʩʴ ʪʨʘʜʠʮʠʦʥʥʦʡ ʜʠʝʪʳ ʧʨʠ 

ʉʉɿ ʚ ʪʝʯʝʥʠʝ 4 ʤʝʩʷʮʝʚ, ʘ ʟʘʪʝʤ ð ʇɼ ʚ ʪʝʯʝʥʠʝ 4 ʤʝʩʷʮʝʚ. ɹʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʟʘ 4 

ʤʝʩʷʮʘ ʇɼ ʫ ʜʦʙʨʦʚʦʣʴʮʝʚ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʩʷ (ʨ<0,001) ʩʨʝʜʥʠʡ ʦʙʱʠʡ ʭʦʣʝʩʪʝʨʠʥ, 

ʃʇʅʇ, ʊɻ ʠ ʧʦʚʳʩʠʣʩʷ ʃʇɺʇ (ʨ<0,001), ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʟʤʝʥʝʥʠʡ ʤʘʩʩʳ ʪʝʣʘ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʢʘʢ ʩ ʠʩʭʦʜʥʳʤ ʫʨʦʚʥʝʤ, ʪʘʢ ʠ ʜʠʝʪʦʡ ʧʨʠ ʉʉɿ [4].  
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ɺ ʜʚʫʭʣʝʪʥʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ Blomquist et al. ʫʯʘʩʪʚʦʚʘʣʠ 58 ʞʝʥʱʠʥ ʩ ʠʟʙʳʪʦʯʥʦʡ 

ʤʘʩʩʦʡ ʪʝʣʘ (ʀʄʊ 32,5Ñ5,5) ʚ ʧʦʩʪʤʝʥʦʧʘʫʟʝ. ʋʯʝʥʳʝ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʇɼ ʫʤʝʥʴʰʘʣʘ 

ʬʘʢʪʦʨʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʣʠʧʦʛʝʥʝʟʫ, ʫʣʫʯʰʘʣʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʥʩʫʣʠʥʫ ʠ ʫʤʝʥʴʰʘʣʘ 

ʫʨʦʚʝʥʴ ʪʨʠʛʣʠʮʝʨʠʜʦʚ ʢʨʦʚʠ [5].  

Genoni et al. (2016) ʧʨʝʜʩʪʘʚʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʯʝʪʳʨʝʭʥʝʜʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ 

ʫʯʘʩʪʠʝʤ 39 ʟʜʦʨʦʚʳʭ ʞʝʥʱʠʥ ʠʟ ɸʚʩʪʨʘʣʠʠ. ʋʯʘʩʪʥʠʮʳ ʚ ʚʦʟʨʘʩʪʝ 47Ñ13 ʣʝʪ, ʀʄʊ 27Ñ4 

ʢʛ/ʤ2 ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʇɼ (n=22) ʠ ʧʨʠʜʝʨʞʠʚʘʚʰʠʭʩʷ ʥʘʮʠʦʥʘʣʴʥʳʭ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʈʫʢʦʚʦʜʩʪʚʘ ʧʦ ʟʜʦʨʦʚʦʤʫ ʧʠʪʘʥʠʶ ɸʚʩʪʨʘʣʠʠ (AGHE) (n=17) ʚ ʨʘʤʢʘʭ ʙʦʣʝʝ 

ʢʨʫʧʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʦʛʦ ʠʟʫʯʝʥʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʜʠʝʪ ʥʘ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʝ ʠ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ɻʨʫʧʧʘ AGHE ʩʦʦʙʱʠʣʘ ʦ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʝʞʝʜʥʝʚʥʦʤ 

ʧʦʪʨʝʙʣʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʨʮʠʡ ʝʜʳ (1,0 + 0,6 ʧʨʦʪʠʚ 0,57+0,6 ʧʦʨʮʠʡ ʚ ʜʝʥʴ, p=0,03). 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʫʧʧʦʡ AGHE, ʛʨʫʧʧʘ ʇɼ ʩʦʦʙʱʠʣʘ ʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ 

ʩʣʫʯʘʝʚ ʜʠʘʨʝʠ (23% ʧʨʦʪʠʚ 0%, p=0,046) ʠ ʨʘʩʭʦʜʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʢʫʧʢʦʡ ʧʨʦʜʫʢʪʦʚ (69% 

ʧʨʦʪʠʚ 6%, p<0,01), ʘ ʪʘʢʞʝ ʣʠʯʥʦʡ ʫʙʝʞʜʝʥʥʦʩʪʠ ʚ ʪʦʤ, ʯʪʦ ʇɼ, ʢʦʪʦʨʦʡ ʦʥʠ ʩʣʝʜʦʚʘʣʠ, ʥʝ 

ʷʚʣʷʝʪʩʷ ʟʜʦʨʦʚʦʡ (43% ʧʨʦʪʠʚ 0%, ʨ<0,01). ɺ ʛʨʫʧʧʝ ʇɼ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʫʧʧʦʡ AGHE 

ʥʘʙʣʶʜʘʣʠʩʴ ʪʝʥʜʝʥʮʠʠ ʢ ʧʦʚʳʰʝʥʥʦʡ ʫʪʦʤʣʷʝʤʦʩʪʠ (ʨ=0,09), ʛʦʣʦʚʦʢʨʫʞʝʥʠʶ (p=0,09), 

ʪʛ̫ʠ ʢ ʝʜʝ (p=0,09) ʠ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʙʣʝʤ ʩʦ ʩʥʦʤ (p=0,09) [6].  

ʈʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝʥ ʚʣʠʷʥʠʶ ʇɼ ʥʘ ʬʘʢʪʦʨʳ ʨʠʩʢʘ ʉʉɿ, ʉɼ2 ʠ ʵʥʜʦʢʨʠʥʥʳʝ 

ʥʘʨʫʰʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʇɼ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʜʠʝʪʳ ʧʨʠ ʉɼ, ʩʪʦʠʪ ʨʘʩʩʤʦʪʨʝʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʨʠʩʢʠ ʵʪʦʡ ʜʠʝʪʳ ʜʣʷ ʧʘʮʠʝʥʪʦʚ ʩ ʉɼ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʞʝʥʳ 

ʧʦʚʳʰʝʥʥʦʤʫ ʨʠʩʢʫ ʉʉɿ [7ï9].   

Genoni et al. (2020) ʦʧʨʝʜʝʣʷʣʠ ʩʚʷʟʴ ʤʝʞʜʫ ʧʦʪʨʝʙʣʝʥʠʝʤ ʧʠʱʠ, ʤʘʨʢʝʨʘʤʠ ʟʜʦʨʦʚʴʷ 

ʪʦʣʩʪʦʡ ʢʠʰʢʠ, ʤʠʢʨʦʙʠʦʪʦʡ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʤʝʪʘʙʦʣʠʪʘ ʢʠʰʝʯʥʦʛʦ 

ʤʠʢʨʦʙʠʦʤʘ ʪʨʠʤʝʪʠʣʘʤʠʥ-N-ʦʢʩʠʜʘ (ʊʄɸʆ), ʷʚʣʷʶʱʝʛʦʩʷ ʬʘʢʪʦʨʦʤ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʉʉɿ. 

ɺ ʧʦʧʝʨʝʯʥʦʤ (ʙʦʣʝʝ 1 ʛʦʜʘ) ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʯʘʩʪʚʦʚʘʣ 91 ʜʦʙʨʦʚʦʣʝʮ (44 ʯʝʣʦʚʝʢʘ 

ʩʦʩʪʘʚʣʷʣʠ ʛʨʫʧʧʫ ʇɼ, 47 ʯʝʣʦʚʝʢ ʚʭʦʜʠʣʠ ʚ ʢʦʥʪʨʦʣʴʥʫʶ ʛʨʫʧʧʫ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ 

ʧʠʪʘʥʠʷ). ʋʯʝʥʳʝ ʨʘʟʜʝʣʠʣʠ ʛʨʫʧʧʫ ʇɼ ʥʘ ʜʚʝ ʧʦʜʛʨʫʧʧʳ (ʧʦ 22 ʫʯʘʩʪʥʠʢʘ): ʩʪʨʦʛʦ 

ʧʘʣʝʦʣʠʪʠʯʝʩʢʘʷ (ʉʇ) ʠ ʧʩʝʚʜʦʧʘʣʝʦʣʠʪʠʯʝʩʢʘʷ (ʇʇ). ʇʦʪʨʝʙʣʝʥʠʝ ʨʝʟʠʩʪʝʥʪʥʦʛʦ ʢ 

ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʤ ʬʝʨʤʝʥʪʘʤ ʢʨʘʭʤʘʣʘ ʚ ʦʙʝʠʭ ʧʦʜʛʨʫʧʧʘʭ ʙʳʣʦ ʩʥʠʞʝʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ (2,62, 1,26 ʧʨʦʪʠʚ 4,48 ʛ/ʜʝʥʴ (ʨ< 0,05). ʇʝʨʝʩʪʘʥʦʚʦʯʥʳʡ ʤʥʦʛʦʤʝʨʥʳʡ 

ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (PERMANOVA) ʧʦʢʘʟʘʣ ʨʘʟʣʠʯʠʷ ʚ ʩʦʩʪʘʚʝ ʤʠʢʨʦʙʠʦʪʳ (ʨ<0,05) ʩ 

ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʯʠʩʣʝʥʥʦʩʪʴʶ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Hungatella ʚ ʦʙʝʠʭ ʧʘʣʝʦʣʠʪʠʯʝʩʢʠʭ ʛʨʫʧʧʘʭ 

(ʨ<0,001). ʄʝʪʘʙʦʣʠʪ ʊʄɸʆ ʙʳʣ ʚʳʰʝ ʚ ʉʇ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇʇ ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ 

(ʨ<0,01) ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥ ʩ ʧʦʪʨʝʙʣʝʥʠʝʤ ʧʨʦʜʫʢʮʠʠ ʠʟ ʮʝʣʴʥʦʟʝʨʥʦʚʦʡ 

ʤʫʢʠ (r=ī0,34, ʨ<0,01). ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʝ ʩʦʙʣʶʜʝʥʠʝ ʇɼ 

ʤʦʞʝʪ ʙʳʪʴ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʜʣʷ ʟʜʦʨʦʚʴʷ ʢʠʰʝʯʥʠʢʘ ʠʟ-ʟʘ ʙʦʣʝʝ ʥʠʟʢʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʣʝʟʥʳʭ ʙʘʢʪʝʨʠʡ ʠ ʧʦʚʳʰʝʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʠʩʣʝʥʥʦʩʪʠ Hungatella, 

ʧʨʦʠʟʚʦʜʷʱʠʭ ʊʄɸʆ, ʯʪʦ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴ ʨʠʩʢʠ 

ʘʪʝʨʦʩʢʣʝʨʦʟʘ, ʉʉɿ ʠ ʟʘʙʦʣʝʚʘʥʠʡ ʢʠʰʝʯʥʠʢʘ [10].  

Otten et al. ʚ ʪʝʯʝʥʠʝ 12 ʥʝʜʝʣʴ ʥʘʙʣʶʜʘʣʠ 32 ʧʘʮʠʝʥʪʦʚ ʩ ʉɼ2 (ʚʦʟʨʘʩʪ 59Ñ8 ʣʝʪ), 

ʩʣʝʜʦʚʘʚʰʠʭ ʇɼ [11]. ɺ ʨʘʤʢʘʭ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʦʙʨʦʚʦʣʴʮʳ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʛʨʫʧʧʳ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʩʣʝʜʦʚʘʣʘ ʩʪʘʥʜʘʨʪʥʳʤ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʧʦ ʫʧʨʘʞʥʝʥʠʷʤ, ʚʪʦʨʘʷ ʫʯʘʩʪʚʦʚʘʣʘ ʚ 60-ʤʠʥʫʪʥʳʭ ʪʨʝʥʠʨʦʚʢʘʭ, 

ʚʢʣʶʯʘʶʱʠʭ ʬʠʟʠʯʝʩʢʠʝ ʫʧʨʘʞʥʝʥʠʡ ʧʦʜ ʥʘʙʣʶʜʝʥʠʝʤ (ʘʵʨʦʙʥʳʝ ʫʧʨʘʞʥʝʥʠʷ ʠ 

ʪʨʝʥʠʨʦʚʢʠ ʩ ʦʪʷʛʦʱʝʥʠʷʤʠ) ʪʨʠ ʨʘʟʘ ʚ ʥʝʜʝʣʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʞʠʨʦʚʘʷ ʤʘʩʩʘ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 

5,7 ʢʛ (IQR: ī6,6, ī4,1; p<0,001) ʚ ʛʨʫʧʧʝ ˉ1 ʠ ʥʘ 6,7 ʢʛ (ī8,2, ī5,3; p<0,001) ʚ ʛʨʫʧʧʝ ˉ2. 
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ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʥʩʫʣʠʥʫ (HOMA-IR) ʫʣʫʯʰʠʣʘʩʴ ʥʘ 45% ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ (p<0,001). 

HbA1c ʩʥʠʟʠʣʩʷ ʥʘ 0,9% (ī1,2, ī0,6; p<0,001) ʚ ʛʨʫʧʧʝ ˉ1 ʠ ʥʘ 1,1% (ī1,7, ī0,7; p<0,01) ʚ 

ʛʨʫʧʧʝ ˉ2. ʋʨʦʚʝʥʴ ʣʝʧʪʠʥʘ ʩʥʠʟʠʣʩʷ ʥʘ 62% (p<0,001) ʚ ʛʨʫʧʧʝ ˉ1 ʠ ʥʘ 42% (p<0,001) ʚ 

ʛʨʫʧʧʝ ˉ2. ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 0,2 ʣ/ʤʠʥ (0,0, 0,3) ʚ 

ʛʨʫʧʧʝ ˉ2 ʠ ʦʩʪʘʣʦʩʴ ʥʝʠʟʤʝʥʥʳʤ ʚ ʛʨʫʧʧʝ ˉ1 (p<0,01). ʋʯʘʩʪʥʠʢʠ ʤʫʞʩʢʦʛʦ ʧʦʣʘ ʩʥʠʟʠʣʠ 

ʪʦʱʫʶ ʤʘʩʩʫ ʥʘ 2,6 ʢʛ (ī3,6, ī1,3) ʚ ʛʨʫʧʧʝ ˉ1 ʠ ʥʘ 1,2 ʢʛ (ī1,3, 1,0) ʚ ʛʨʫʧʧʝ ˉ2. ʋʯʝʥʳʝ 

ʩʜʝʣʘʣʠ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʇɼ ʩʥʠʞʘʝʪ ʞʠʨʦʚʫʶ ʤʘʩʩʫ, ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ, ʣʝʧʪʠʥ ʫ 

ʤʫʞʯʠʥ ʩ ʉɼ2. ʂʨʦʤʝ ʪʦʛʦ, ʩʥʠʞʘʝʪʩʷ ʨʠʩʢ ʉʉɿ [7].  

Jamka et al. ʩʨʘʚʥʠʣʠ ʚʣʠʷʥʠʝ ʇɼ ʠ ʧʨʦʯʠʭ ʜʠʝʪ ʥʘ ʛʦʤʝʦʩʪʘʟ ʛʣʶʢʦʟʳ ʠ ʠʥʩʫʣʠʥʘ ʫ 

ʧʘʮʠʝʥʪʦʚ ʩ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ ʩʠʥʜʨʦʤʦʤ (ʄʉ). ɺ ʤʝʪʘʘʥʘʣʠʟ ʚʦʰʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʦʚʦʜʠʤʳʝ ʥʘ ʜʦʙʨʦʚʦʣʴʮʘʭ ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʤʝʪʘʙʦʣʠʟʤʘ ʛʣʶʢʦʟʳ (ʉɼ ð ʢʨʠʪʝʨʠʠ 

ʜʠʘʛʥʦʟʘ: ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʣʶʢʦʟʳ ʚ ʧʣʘʟʤʝ ʥʘʪʦʱʘʢ Ó126 ʤʛ/ʜʣ (7,0 ʤʤʦʣʴ/ʣ) ʠʣʠ ʫʨʦʚʝʥʴ 

ʛʣʶʢʦʟʳ ʯʝʨʝʟ 2 ʯʘʩʘ ʧʦʩʣʝ ʆɻɻʊ Ó200 ʤʛ/ʜʣ (11,1 ʤʤʦʣʴ/ʣ) ʠʣʠ HbA1c Ó6,5% (ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʦʜʥʦʟʥʘʯʥʦʡ ʛʠʧʝʨʛʣʠʢʝʤʠʠ) ʠʣʠ ʩʣʫʯʘʡʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʶʢʦʟʳ ʚ ʧʣʘʟʤʝ 

Ó200 ʤʛ/ʜʣ (11,1 ʤʤʦʣʴ/ʣ); ʩʦʩʪʦʷʥʠʝ ʧʨʝʜʜʠʘʙʝʪʘ (ʥʘʨʫʰʝʥʠʝ ʛʣʶʢʦʟʳ ʥʘʪʦʱʘʢ 

(ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʣʶʢʦʟʳ ʚ ʧʣʘʟʤʝ ʥʘʪʦʱʘʢ ʦʪ 100 ʤʛ/ʜʣ (5,6 ʤʤʦʣʴ/ʣ) ʜʦ 125 ʤʛ/ʜʣ 

(6,9 ʤʤʦʣʴ/ʣ) ʠʣʠ ʅʊɻ (ʫʨʦʚʝʥʴ ʛʣʶʢʦʟʳ ʚ ʧʣʘʟʤʝ ʧʨʠ ʆɻɻʊ ʩʧʫʩʪʷ 2 ʯʘʩʘ ʦʪ 140 ʤʛ/ʜʣ 

(7,8 ʤʤʦʣʴ/ʣ) ʜʦ 199 ʤʛ/ʜʣ (11,0 ʤʤʦʣʴ/ʣ) ʠʣʠ HbA1c ʦʪ 5,7% ʜʦ 6,4%), ʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ 

ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʦʚʘʣʠ ʜʦʙʨʦʚʦʣʴʮʳ, ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʦ ʥʝ ʤʝʥʝʝ ʜʚʫʭ 

ʧʨʠʟʥʘʢʦʚ ʄʉ (ʦʢʨʫʞʥʦʩʪʴ ʪʘʣʠʠ Ó102 ʩʤ ʜʣʷ ʤʫʞʯʠʥ ʠ Ó88 ʩʤ ʜʣʷ ʞʝʥʱʠʥ, ʫʨʦʚʝʥʴ 

ʪʨʠʛʣʠʮʝʨʠʜʦʚ Ó150 ʤʛ/ʜʣ (1,7 ʤʤʦʣʴ/ʣ), ʫʨʦʚʝʥʴ ʃʇɺʇ <40 ʤʛ/ʜʣ (1,0 ʤʤʦʣʴ/ʣ) ʜʣʷ ʤʫʞʯʠʥ 

ʠ <50 ʤʛ/ʜʣ (1,3 ʤʤʦʣʴ/ʣ) ʜʣʷ ʞʝʥʱʠʥ, ʘʨʪʝʨʠʘʣʴʥʘʷ ʛʠʧʝʨʪʝʥʟʠʷ ʠʣʠ ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 

Ó130/85 ʤʤ ʨʪ. ʩʪ., ʠʣʠ ʫʨʦʚʝʥʴ ʛʣʶʢʦʟʳ ʚ ʧʣʘʟʤʝ ʥʘʪʦʱʘʢ Ó100 ʤʛ/ʜʣ (5,6 ʤʤʦʣʴ/ʣ), ʙʝʟ 

ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʚʦʟʨʘʩʪʫ, ʧʦʣʫ, ʨʘʩʝ/ʵʪʥʠʯʝʩʢʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʫʯʘʩʪʥʠʢʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʤʝʩʪʫ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʣʠ ʨʘʟʤʝʨʫ ʚʳʙʦʨʢʠ. ɺʣʠʷʥʠʝ ʇɼ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʠʥʩʫʣʠʥʘ ʦʮʝʥʠʚʘʣʦʩʴ ʚ ʪʨʝʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʵʪʦʪ ʤʝʪʘʘʥʘʣʠʟ. ʀʩʭʦʜʥʦ ʚ 

ʛʨʫʧʧʝ ʇɼ, ʩʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʥʩʫʣʠʥʘ ʥʘʪʦʱʘʢ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 82,64 Ñ 38,19 ʧʤʦʣʴ/ʣ 

ʜʦ 118,00 Ñ 53,00 ʧʤʦʣʴ/ʣ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʠʥʩʫʣʠʥʘ ʥʘʪʦʱʘʢ 

ʩʥʠʟʠʣʩʷ ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ; ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʫʨʦʚʥʷʤʠ ʠʥʩʫʣʠʥʘ ʜʦ ʠ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʪʦʣʴʢʦ ʚ ʜʚʫʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ 

ʛʨʫʧʧʝ ʇɼ. ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʤʝʪʘʘʥʘʣʠʟʘ ʥʝ ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ 

ʚʣʠʷʥʠʝʤ ʇɼ ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʜʠʝʪʳ ʥʘ ʫʨʦʚʝʥʴ ʠʥʩʫʣʠʥʘ. ɺʣʠʷʥʠʝ ʧʘʣʝʦʣʠʪʠʯʝʩʢʦʡ ʜʠʝʪʳ ʥʘ 

ʠʥʜʝʢʩ HOMA-IR ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚ ʪʨʝʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʚʦʰʝʜʰʠʭ ʚ ʤʝʪʘʘʥʘʣʠʟ. 

ʀʩʭʦʜʥʦ ʚ ʜʚʫʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ HOMA-IR ʙʳʣʠ ʨʘʚʥʳ ʠʣʠ 

ʧʨʝʚʳʰʘʣʠ 1,8, ʯʪʦ ʫʢʘʟʳʚʘʣʦ ʥʘ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ. ɿʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ HOMA-IR 

ʩʥʠʞʘʣʦʩʴ ʚ ʛʨʫʧʧʝ ʇɼ; ʦʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʟʥʘʯʠʤʳʤʠ ʪʦʣʴʢʦ ʚ ʜʚʫʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ 

ʛʨʫʧʧʝ ʇɼ ʠ ʚ ʦʜʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ 

ʤʝʪʘʘʥʘʣʠʟʘ ʥʝ ʧʦʢʘʟʘʣʠ ʢʘʢʠʭ-ʣʠʙʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʚʣʠʷʥʠʝʤ ʇɼ ʠ 

ʢʦʥʪʨʦʣʴʥʳʭ ʜʠʝʪ ʥʘ ʠʥʜʝʢʩ HOMA-IR. ɺʣʠʷʥʠʝ ʇɼ ʥʘ ʫʨʦʚʝʥʴ HbA1c ʦʮʝʥʠʚʘʣʦʩʴ ʚ ʪʨʝʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʀʩʭʦʜʥʦ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ HbA1c ʚ ʛʨʫʧʧʝ ʇɼ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʦʪ 4,76Ñ0,26% 

ʜʦ 7,30Ñ2,10%. ɿʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʡ HbA1c ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʧʦ ʟʘʚʝʨʰʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʜʚʫʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʘʢ ʚ ʛʨʫʧʧʝ ʇɼ, ʪʘʢ ʠ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ. ʆʜʥʘʢʦ 

ʤʝʪʘʘʥʘʣʠʟ ʥʝ ʧʦʜʪʚʝʨʜʠʣ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʚʣʠʷʥʠʝʤ ʧʘʣʝʦʣʠʪʠʯʝʩʢʦʡ ʜʠʝʪʳ ʠ 

ʜʨʫʛʠʭ ʪʠʧʦʚ ʜʠʝʪ ʥʘ ʟʥʘʯʝʥʠʷ HbA1c. ɺʣʠʷʥʠʝ ʧʘʣʝʦʣʠʪʠʯʝʩʢʦʡ ʜʠʝʪʳ ʥʘ ʫʨʦʚʝʥʴ ʛʣʶʢʦʟʳ 

AUC (0ï120) ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚ ʪʨʝʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʀʩʭʦʜʥʦ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ 

ʛʣʶʢʦʟʳ AUC (0ï120) ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʨʫʧʧʘʭ ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʪ 263Ñ208 ʤʤʦʣʴ/ʣ Ĭ ʤʠʥ 
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ʜʦ 1498Ñ227 ʤʤʦʣʴ/ʣ Ĭ ʤʠʥ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʨʦʚʝʥʴ ʛʣʶʢʦʟʳ AUC 0ï120 

ʩʥʠʟʠʣʩʷ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʟʥʘʯʠʤʳʤʠ ʪʦʣʴʢʦ ʚ ʛʨʫʧʧʝ ʇɼ ʚ 

ʜʚʫʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʆʜʥʘʢʦ ʤʝʪʘʘʥʘʣʠʟ ʥʝ ʧʦʢʘʟʘʣ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʚʣʠʷʥʠʝʤ 

ʇɼ ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʜʠʝʪʳ ʥʘ ʫʨʦʚʝʥʴ ʛʣʶʢʦʟʳ AUC (0ï120). ɺ ʪʨʝʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʇɼ ʥʘ ʫʨʦʚʝʥʴ ʠʥʩʫʣʠʥʘ AUC (0ï120). ʀʩʭʦʜʥʳʝ ʩʨʝʜʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʩʫʣʠʥʘ AUC (0ï120) ʚ ʛʨʫʧʧʝ ʇɼ ʥʘʭʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 35,000Ñ13,000 

ʧʤʦʣʴ/ʣ Ĭ ʤʠʥ ʜʦ 80,500Ñ41,100 ʧʤʦʣʴ/ʣ Ĭ ʤʠʥ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʛʨʫʧʧʝ ʇɼ 

ʫʨʦʚʝʥʴ ʠʥʩʫʣʠʥʘ AUC (0ï120) ʩʥʠʟʠʣʩʷ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ 

ʟʥʘʯʠʤʳʤʠ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʘʢ ʚ ʛʨʫʧʧʝ ʇɼ, ʪʘʢ ʠ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʝʪʘʘʥʘʣʠʟ ʥʝ ʧʦʢʘʟʘʣ ʨʘʟʣʠʯʠʡ ʚʦ ʚʣʠʷʥʠʠ ʜʠʝʪ ʥʘ ʫʨʦʚʥʠ ʠʥʩʫʣʠʥʘ AUC 

(0ï120). ʋʯʝʥʳʝ ʩʜʝʣʘʣʠ ʚʳʚʦʜ, ʯʪʦ ʇɼ ʥʝ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʜʨʫʛʠʭ ʪʠʧʦʚ ʜʠʝʪ, ʚ ʪʦʤ, ʯʪʦ 

ʢʘʩʘʣʦʩʴ ʚʣʠʷʥʠʷ ʇɼ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʛʣʶʢʦʟʳ ʠ ʠʥʩʫʣʠʥʘ ʥʘʪʦʱʘʢ, ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ ʠ 

ʠʥʩʫʣʠʥʘ, ʟʥʘʯʝʥʠʷ HbA1c ʠ ʠʥʜʝʢʩ HOMA-IR [12]. ʇʦʜʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʘʣʠʩʴ ʚ 

ʤʝʪʘʘʥʘʣʠʟʝ Manheimer et al. [13], ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʇɼ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ 

ʫʣʫʯʰʘʣʘ ʫʨʦʚʝʥʴ ʛʣʶʢʦʟʳ ʥʘʪʦʱʘʢ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʆʙʦʙʱʘʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʝʣʴʟʷ ʩʜʝʣʘʪʴ ʦʜʥʦʟʥʘʯʥʳʡ 

ʚʳʚʦʜ ʦ ʙʣʘʛʦʧʨʠʷʪʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʇɼ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʇɼ 

ʩʚʷʟʘʥʘ ʩ ʫʣʫʯʰʝʥʠʝʤ ʣʠʧʠʜʥʦʛʦ ʧʨʦʬʠʣʷ ʠ ʩʥʠʞʝʥʠʝʤ ɸɼ. ʊʘʢʞʝ ʵʪʦʪ ʚʠʜ ʜʠʝʪʳ, 

ʚʝʨʦʷʪʥʦ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʦʪʝʨʶ ʚʝʩʘ, ʦʙʣʘʜʘʝʪ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʜʝʡʩʪʚʠʝʤ 

ʠ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ. ɹʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʇɼ ʤʦʞʝʪ 

ʦʢʘʟʳʚʘʪʴ ʙʣʘʛʦʪʚʦʨʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʝʪʘʙʦʣʠʟʤ ʫʛʣʝʚʦʜʦʚ ʠ ʛʦʤʝʦʩʪʘʟ ʠʥʩʫʣʠʥʘ, ʯʪʦ ʜʝʣʘʝʪ 

ʝʝ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʧʘʮʠʝʥʪʦʚ ʩ ʉɼ. ʆʜʥʘʢʦ ʠʪʦʛʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʮʝʥʠʚʘʶʱʠʭ ʚʣʠʷʥʠʝ 

ʜʠʝʪʳ ʥʘ ʫʨʦʚʥʠ ʛʣʶʢʦʟʳ ʠ ʠʥʩʫʣʠʥʘ, ʥʝʦʜʥʦʟʥʘʯʥʳ: ʩʦʦʙʱʘʝʪʩʷ ʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ 

ʨʝʟʫʣʴʪʘʪʘʭ. ʅʘʧʨʠʤʝʨ, ʫʯʝʥʳʝ ʦʙʥʘʨʫʞʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʧʦʪʨʝʙʣʝʥʠʝʤ 

ʥʘʩʳʱʝʥʥʳʭ ʞʠʨʦʚ, ʤʘʩʩʦʡ ʪʝʣʘ ʠ ʀʄʊ, ʢʦʪʦʨʳʝ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʫʚʝʣʠʯʠʚʘʶʪ ʨʠʩʢʠ ʉʉɿ ʠ 

ʉɼ. ʅʝʜʦʩʪʘʪʦʢ ʢʘʣʴʮʠʷ, ʧʦʣʫʯʘʝʤʳʡ ʠʟ ʨʘʮʠʦʥʘ ʧʠʪʘʥʠʷ ʧʨʠ ʇɼ, ʤʦʞʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʚʣʠʷʪʴ ʥʘ ʩʦʩʪʦʷʥʠʝ ʢʦʩʪʥʦʡ ʩʠʩʪʝʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʨʘʟʣʠʯʠʷ ʚ ʩʦʩʪʘʚʝ ʤʠʢʨʦʙʠʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʞʠʨʦʚ ʠ ʥʠʟʢʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʫʛʣʝʚʦʜʦʚ, ʥʝ ʙʳʪʴ ʤʦʛʫʪ ʧʦʣʝʟʥʳʤʠ ʜʣʷ 

ʟʜʦʨʦʚʴʷ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. ʅʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʥʘʫʢʝ, ʯʪʦʙʳ ʧʦʥʷʪʴ ʚʣʠʷʥʠʝ ʢʣʝʪʯʘʪʢʠ ʦʚʦʱʝʡ, ʧʨʦʜʫʢʪʦʚ ʠʟ 

ʮʝʣʴʥʦʟʝʨʥʦʚʦʡ ʤʫʢʠ, ʞʠʨʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʥʘ 

ʚʩʘʩʳʚʘʥʠʝ ʢʦʨʦʪʢʦʮʝʧʦʯʝʯʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠʟ ʪʦʣʩʪʦʡ ʢʠʰʢʠ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʫʶ 

ʵʢʩʢʨʝʮʠʶ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ  ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʘʩʥʦʛʦ ʤʝʪʘʙʦʣʠʪʘ ʊʄɸʆ ʚ ʧʣʘʟʤʝ 

ʢʨʦʚʠ ʧʨʠ ʇɼ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʉʉɿ ʚ ʙʫʜʫʱʝʤ. 
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ɸʥʥʦʪʘʮʠʷ. ʄʥʦʛʠʝ ʛʦʜʳ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ 

ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʢʨʘʝ ʧʨʠ ʧʦʜʜʝʨʞʢʝ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʢʦʨʧʦʨʘʮʠʠ ʂɻɹʋ çʅʀʀ ʨʝʛʠʦʥʘʣʴʥʳʭ ʤʝʜʠʢʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤè ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʧʨʦʚʦʜʠʪ ʤʝʜʠʮʠʥʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʞʠʪʝʣʝʡ ʪʝʨʨʠʪʦʨʠʡ, 

ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʨʘʡʦʥʘʤ ʧʘʜʝʥʠʷ ʦʪʜʝʣʷʶʱʠʭʩʷ ʯʘʩʪʝʡ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʙʦʣʝʟʥʝʡ 

ʩʨʝʜʠ ʞʝʥʱʠʥ ʬʝʨʪʠʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ ɹʘʨʘʥʦʚʩʢʦʛʦ ʩʝʣʴʩʦʚʝʪʘ ɿʤʝʠʥʦʛʦʨʩʢʦʛʦ ʨʘʡʦʥʘ ʟʘ 

2002, 2007, 2013 ʠ 2018 ʛʦʜʳ. ɺʳʷʚʣʝʥʘ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʘʷ ʧʘʪʦʣʦʛʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʜʠʥʘʤʠʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʙʦʣʝʟʥʝʡ. 

 

Abstract. For many years a part of the Altai Territory has been subjected to the negative 

factors of rocket and space activities. With support of State Space Corporation, Regional State 

Budget Institution óScientific Institute of Medical-Ecological Problemsô provides regular medical 

check-ups for the population of the territories bordering the drop zones for separating parts of 

launch vehicles. The given work presents the results of a comparative analysis of the prevalence of 

diseases in women of reproductive age in Baranovsky village council of Zmeinogorsky Area in 

2002, 2007, 2013, and 2018. The most significant pathology and the peculiarities of the dynamics 

of prevalence of diseases have been revealed. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʙʦʣʝʟʥʝʡ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 

 

Keywords: rocket and space activities, public health, prevalence of diseases, dynamic 

analysis. 
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ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʚʳʜʝʣʝʥʳ ʯʝʪʳʨʝ ʨʘʡʦʥʘ ʧʘʜʝʥʠʷ ʚʪʦʨʳʭ ʩʪʫʧʝʥʝʡ 

ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ, ʟʘʧʫʩʢʘʝʤʳʭ ʩ ʢʦʩʤʦʜʨʦʤʘ ɹʘʡʢʦʥʫʨ, ʟʦʥʳ ʖ-30 (ˉˉ306, 307, 309, 310). 

ʆʙʱʘʷ ʨʘʩʯʝʪʥʘʷ ʧʣʦʱʘʜʴ ʪʝʨʨʠʪʦʨʠʠ ʢʨʘʷ, ʦʪʚʝʜʝʥʥʦʡ ʧʦʜ ʨʘʡʦʥʳ ʧʘʜʝʥʠʷ ʦʪʜʝʣʷʶʱʠʭʩʷ 

ʯʘʩʪʝʡ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ (ʆʏʈʅ), ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ ʧʦʣʫʪʦʨʘ ʪʳʩʷʯ ʢʚ. ʢʤ. ʈʘʡʦʥʳ ʧʘʜʝʥʠʷ 

ʆʏʈʅ ʠ ʪʝʨʨʠʪʦʨʠʠ, ʩʦʧʨʝʜʝʣʴʥʳʝ ʩ ʥʠʤʠ, ʙʦʣʝʝ ʰʝʩʪʠʜʝʩʷʪʠ ʣʝʪ ʠʩʧʳʪʳʚʘʶʪ 

ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʘʢʝʪʥʦʛʦ ʪʦʧʣʠʚʘ, ʠʭ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʠ ʬʨʘʛʤʝʥʪʘʤʠ ʆʏʈʅ, ʪ. ʝ. ʷʚʣʷʶʪʩʷ ʟʦʥʘʤʠ ʧʦʚʳʰʝʥʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʠʩʢʘ. ʕʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʨʷʜ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʜʣʷ ʧʨʦʞʠʚʘʶʱʝʛʦ ʪʘʤ ʥʘʩʝʣʝʥʠʷ ʠ 

ʫʭʫʜʰʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ [1ï9]. ʆʜʥʘʢʦ ʚʘʞʥʝʡʰʠʤ ʠʥʜʠʢʘʪʦʨʦʤ ʪʘʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʷʚʣʷʝʪʩʷ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ [10ï15].  

ɺ ʨʘʤʢʘʭ ʌʝʜʝʨʘʣʴʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ ʈʦʩʩʠʠ ʥʘ 2006ï2015 ʛʦʜʳ, ʥʘ 2016ï

2025 ʛʦʜʳ ʠ ʨʘʥʝʝ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʨʧʦʨʘʮʠʠ çʈʦʩʢʦʩʤʦʩè 

ʂɻɹʋ çʅʀʀ ʨʝʛʠʦʥʘʣʴʥʳʭ ʤʝʜʠʢʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤè ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʙʦʪʳ ʧʦ 

ʤʝʜʠʮʠʥʩʢʦʤʫ ʦʙʩʣʝʜʦʚʘʥʠʶ ʥʘʩʝʣʝʥʠʷ ɹʘʨʘʥʦʚʩʢʦʛʦ ʩʝʣʴʩʢʦʛʦ ʩʦʚʝʪʘ ɿʤʝʠʥʦʛʦʨʩʢʦʛʦ 

ʨʘʡʦʥʘ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ, ʫʛʣʫʙʣʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʦʩʤʦʪʨ ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʠʣʩʷ ʚ 2002, 

2007, 2013 ʠ 2018 ʛʦʜʘʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʝʩʪʝ ʝʛʦ ʧʨʦʞʠʚʘʥʠʷ. ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʙʦʣʝʟʥʝʡ ʩʨʝʜʠ ʞʝʥʱʠʥ ʬʝʨʪʠʣʴʥʦʛʦ 

ʚʦʟʨʘʩʪʘ (15ï49 ʣʝʪ) ɹʘʨʘʥʦʚʩʢʦʛʦ ʩʝʣʴʩʢʦʛʦ ʩʦʚʝʪʘ ɿʤʝʠʥʦʛʦʨʩʢʦʛʦ ʨʘʡʦʥʘ, ʢʘʢ 

ʧʨʦʞʠʚʘʶʱʠʭ ʚʙʣʠʟʠ ʨʘʡʦʥʦʚ ʧʘʜʝʥʠʷ ʦʪʜʝʣʷʶʱʠʭʩʷ ʯʘʩʪʝʡ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ, ʟʘ ʚʩʝ ʛʦʜʳ 

ʥʘʙʣʶʜʝʥʠʷ.  

ɺ 2002 ʛ. ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʙʳʣʦ ʦʩʤʦʪʨʝʥʦ 352 ʞʝʥʱʠʥʳ ʬʝʨʪʠʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʚ 

2007 ʛʦʜʘ ʙʳʣʦ ʦʙʩʣʝʜʦʚʘʥʦ 225 ʞʝʥʱʠʥ, ʚ 2013 ʛʦʜʫ ʦʩʤʦʪʨʝʣʠ 133 ʞʝʥʱʠʥʳ ʠ ʚ ʭʦʜʝ 

ʵʢʩʧʝʜʠʮʠʠ 2018 ʛʦʜʘ ʙʳʣʦ ʦʙʩʣʝʜʦʚʘʥʦ 93 ʞʝʥʱʠʥʳ ʬʝʨʪʠʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ. ʇʨʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʚʳʷʚʣʝʥʥʳʭ ʩʣʫʯʘʝʚ ʙʦʣʝʟʥʝʡ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʪʨʝʤ 

ʢʣʘʩʩʘʤ ʄʂɹ-10 ð çʆʪʜʝʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʝʨʠʥʘʪʘʣʴʥʦʤ ʧʝʨʠʦʜʝ. ʂʣʘʩʩ 

XVIè (ʈ00ïʈ96), çɺʥʝʰʥʠʝ ʧʨʠʯʠʥʳ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʠ ʩʤʝʨʪʥʦʩʪʠ. ʂʣʘʩʩ XXè (V01ïY98) ʠ 

çʌʘʢʪʦʨʳ,  ʚʣʠʷʶʱʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʠ ʦʙʨʘʱʝʥʠʷ ʚ ʫʯʨʝʞʜʝʥʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. 

ʂʣʘʩʩ XXIè (Z00ïZ99). ɹʳʣʠ ʨʘʩʩʯʠʪʘʥʳ: ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ (ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʚʳʷʚʣʝʥʥʳʭ ʙʦʣʝʟʥʝʡ ʥʘ 1000 ʦʩʤʦʪʨʝʥʥʳʭ ʞʝʥʱʠʥ ʬʝʨʪʠʣʴʥʦʛʦ 

ʚʦʟʨʘʩʪʘ ʚ ʮʝʣʦʤ ʠ ʧʦ ʦʪʜʝʣʴʥʳʤ ʢʣʘʩʩʘʤ ʠ ʥʦʟʦʣʦʛʠʷʤ ð ă), ʠʭ ʦʰʠʙʢʘ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ (Ñm). ɼʣʷ ʦʮʝʥʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʘʟʣʠʯʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʩʯʠʪʳʚʘʣʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪ ʉʪʴʶʜʝʥʪʘ (t).  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʩʪʘʣʦ ʧʦʣʫʯʝʥʠʝ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʟʜʦʨʦʚʴʷ ʞʠʪʝʣʝʡ 

ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ, ʧʨʦʞʠʚʘʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʨʘʡʦʥʘʤ ʧʘʜʝʥʠʷ ʆʏʈʅ, ʜʣʷ 

ʥʘʫʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʜʘʣʴʥʝʡʰʝʡ ʨʝʘʙʠʣʠʪʘʮʠʠ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʥʘʩʝʣʝʥʠʷ. 

ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʙʦʣʝʟʥʝʡ ʩʨʝʜʠ ʦʙʩʣʝʜʦʚʘʥʥʦʛʦ ʢʦʥʪʠʥʛʝʥʪʘ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʙʦʣʝʟʥʝʡ ʩʨʝʜʠ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚ 2002 ʛ. 

ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʡ ʠ ʩʦʩʪʘʚʠʣ 5133,5Ñ3,8 ʩʣʫʯʘʷ ʥʘ 1000 ʦʩʤʦʪʨʝʥʥʳʭ. ʏʘʱʝ ʚʩʝʛʦ ʥʘ ʜʘʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʩʨʝʜʠ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʞʝʥʱʠʥ ʚʩʪʨʝʯʘʝʪʩʷ ʧʘʪʦʣʦʛʠʷ ʠʟ ʢʣʘʩʩʘ çɹʦʣʝʟʥʠ 

ʵʥʜʦʢʨʠʥʥʦʡ ʩʠʩʪʝʤʳ, ʨʘʩʩʪʨʦʡʩʪʚʘ ʧʠʪʘʥʠʷ ʠ ʥʘʨʫʰʝʥʠʷ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ. ʂʣʘʩʩ IVè (E00ï

E90), ʫʨʦʚʝʥʴ ʧʦʢʘʟʘʪʝʣʷ ʩʦʩʪʘʚʠʣ 835,2Ñ19,8ă. ʀʟ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʯʘʩʪʦ ʚʳʷʚʣʷʣʠ ʙʦʣʝʟʥʠ 

ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ (ɽ00ïɽ07) ʩ ʧʦʢʘʟʘʪʝʣʝʤ 531,3Ñ26,6ă. ɺʪʦʨʦʡ ʧʦ ʟʥʘʯʠʤʦʩʪʠ 

ʧʘʪʦʣʦʛʠʝʡ ʚ ʜʘʥʥʦʤ ʢʣʘʩʩʝ ʷʚʣʷʝʪʩʷ ʦʞʠʨʝʥʠʝ (ɽ66). ɺ 2002 ʛ. ʫʨʦʚʝʥʴ ʧʦʢʘʟʘʪʝʣʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʜʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ ʩʦʩʪʘʚʠʣ 258,5Ñ23,3ă.  

ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʱʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚʥʝʩʣʠ ʪʘʢʞʝ ʪʘʢʠʝ ʢʣʘʩʩʳ 

ʙʦʣʝʟʥʝʡ, ʢʘʢ çɹʦʣʝʟʥʠ ʢʦʩʪʥʦ-ʤʳʰʝʯʥʦʡ ʩʠʩʪʝʤʳ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ. ʂʣʘʩʩ XIIIè 
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(M00ïM99) ʩ ʧʦʢʘʟʘʪʝʣʝʤ 832,4Ñ19,9ă, ʚ ʪʦʤ ʯʠʩʣʝ ʦʩʪʝʦʭʦʥʜʨʦʟ ʧʦʟʚʦʥʦʯʥʠʢʘ (ʄ42) ð 

508,5Ñ26,6ă; çɹʦʣʝʟʥʠ ʩʠʩʪʝʤʳ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ. ʂʣʘʩʩ IXè (I00-I99) ð 525,6Ñ26,6ă, ʚ ʪʦʤ 

ʯʠʩʣʝ ʙʦʣʝʟʥʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʧʦʚʳʰʝʥʥʳʤ ʢʨʦʚʷʥʳʤ ʜʘʚʣʝʥʠʝʤ (I10-I15), ʪ.ʝ. 

ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʛʠʧʝʨʪʦʥʠʯʝʩʢʦʡ ʙʦʣʝʟʥʠ ð 227,3Ñ22,3ă; çɹʦʣʝʟʥʠ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ. 

ʂʣʘʩʩ Xè (J00ïJ99) ð 502,8Ñ26,6ă, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠʦʙʨʝʪʝʥʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ ʥʦʩʦʚʦʡ 

ʧʝʨʝʛʦʨʦʜʢʠ (J34.2) ð 48,3Ñ11,4ă, ʭʨʦʥʠʯʝʩʢʠʝ ʙʦʣʝʟʥʠ ʤʠʥʜʘʣʠʥ ʠ ʘʜʝʥʦʠʜʦʚ (J35) ð 

142,0Ñ18,6ă; çɹʦʣʝʟʥʠ ʛʣʘʟʘ ʠ ʝʛʦ ʧʨʠʜʘʪʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʂʣʘʩʩ VIIè (H00ïH59) ʩ ʫʨʦʚʥʝʤ 

ʧʦʢʘʟʘʪʝʣʷ 488,6Ñ26,6ă, ʚ ʪʦʤ ʯʠʩʣʝ ʙʦʣʝʟʥʠ ʤʳʰʮ ʛʣʘʟʘ, ʥʘʨʫʰʝʥʠʷ ʩʦʜʨʫʞʝʩʪʚʝʥʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʛʣʘʟ, ʘʢʢʦʤʦʜʘʮʠʠ ʠ ʨʝʬʨʘʢʮʠʠ (ʅ49ïʅ52) ð 315,3Ñ24,8ă; çɹʦʣʝʟʥʠ ʤʦʯʝʧʦʣʦʚʦʡ 

ʩʠʩʪʝʤʳ. ʂʣʘʩʩ XIVè (N00ïN99) ð 394,9Ñ26,1ă, çʅʦʚʦʦʙʨʘʟʦʚʘʥʠʷ. ʂʣʘʩʩ IIè (ʉ00ïD48) ð 

329,5Ñ25,1ă, ʚ ʪʦʤ ʯʠʩʣʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ (ʉ00ïʉ97) ð 17,0Ñ6,9ă; 

çʇʩʠʭʠʯʝʩʢʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ ʠ ʨʘʩʩʪʨʦʡʩʪʚʘ ʧʦʚʝʜʝʥʠʷ. ʂʣʘʩʩ Vè (F00ïF99) ð 326,7Ñ25,0ă, 

çɹʦʣʝʟʥʠ ʦʨʛʘʥʦʚ ʧʠʱʝʚʘʨʝʥʠʷ. ʂʣʘʩʩ XIè (ʂ00ïʂ93) ð 286,9Ñ24,1ă; çʉʠʤʧʪʦʤʳ, 

ʧʨʠʟʥʘʢʠ ʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʳ, ʚʳʷʚʣʝʥʥʳʝ ʧʨʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʥʝ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʝ ʚ ʜʨʫʛʠʭ ʨʫʙʨʠʢʘʭ. ʂʣʘʩʩ XVIIIè (R00-R99) ð 

201,7Ñ21,4ă, çɹʦʣʝʟʥʠ ʫʭʘ ʠ ʩʦʩʮʝʚʠʜʥʦʛʦ ʦʪʨʦʩʪʢʘ. ʂʣʘʩʩ VIIIè (H60ïH95) ð 

127,8Ñ17,8ă, çɹʦʣʝʟʥʠ ʢʦʞʠ ʠ ʧʦʜʢʦʞʥʦʡ ʢʣʝʪʯʘʪʢʠ. ʂʣʘʩʩ XIIè (L00ïL99) ð 108,0Ñ16,5ă. 

ʇʘʪʦʣʦʛʠʷ ʠʟ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ ʚʳʷʚʣʷʣʘʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ. ʋʨʦʚʝʥʴ ʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʩʦʩʪʘʚʣʷʣ ʤʝʥʝʝ 100 ʥʘ 1000 ʦʙʩʣʝʜʦʚʘʥʥʳʭ. 

ɺ 2007 ʛʦʜʫ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʙʦʣʝʟʥʝʡ ʩʨʝʜʠ ʦʙʩʣʝʜʦʚʘʥʥʳʭ 

ʞʝʥʱʠʥ ʬʝʨʪʠʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ ʩʫʱʝʩʪʚʝʥʥʦ (P<0,001) ʧʦʥʠʟʠʣʩʷ ʠ ʩʦʩʪʘʚʠʣ 5000,0Ñ4,7 

ʩʣʫʯʘʷ ʥʘ 1000 ʦʩʤʦʪʨʝʥʥʳʭ (ʪʝʤʧ ʫʙʳʣʠ ī2,6%). ʕʪʦ ʧʨʦʠʟʦʰʣʦ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʝʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʨʷʜʘ ʢʣʘʩʩʦʚ ʙʦʣʝʟʥʝʡ ʠ ʦʪʜʝʣʴʥʳʭ ʥʦʟʦʣʦʛʠʡ. ʊʘʢ, ʟʥʘʯʠʤʦ ʩʥʠʟʠʣʩʷ 

ʧʦʢʘʟʘʪʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ çʅʦʚʦʦʙʨʘʟʦʚʘʥʠʡ. ʂʣʘʩʩ IIè (ʉ00ïD48) ð ʜʦ 146,7Ñ23,6ă 

(P<0,001, ʪʝʤʧ ʫʙʳʣʠ ī55,5%), çɹʦʣʝʟʥʝʡ ʦʨʛʘʥʦʚ ʧʠʱʝʚʘʨʝʥʠʷ. ʂʣʘʩʩ XIè (ʂ00ïʂ93) ð ʜʦ 

13,3Ñ7,6ă (P<0,001, ʪʝʤʧ ʫʙʳʣʠ ī95,4%), çɹʦʣʝʟʥʝʡ ʢʦʩʪʥʦ-ʤʳʰʝʯʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ. ʂʣʘʩʩ XIIIè (M00ïM99) ð ʜʦ 480,0Ñ33,3ă (P<0,001, ʪʝʤʧ ʫʙʳʣʠ ð

42,3%), ʚ ʪʦʤ ʯʠʩʣʝ ʦʩʪʝʦʭʦʥʜʨʦʟʘ ʧʦʟʚʦʥʦʯʥʠʢʘ (ʄ42) ð ʜʦ 240,0Ñ28,5ă (P<0,001, ʪʝʤʧ 

ʫʙʳʣʠ ī52,8%), çʉʠʤʧʪʦʤʦʚ, ʧʨʠʟʥʘʢʦʚ ʠ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʦʨʤʳ, ʚʳʷʚʣʝʥʥʳʭ ʧʨʠ 

ʢʣʠʥʠʯʝʩʢʠʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʥʝ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚ ʜʨʫʛʠʭ ʨʫʙʨʠʢʘʭ. 

ʂʣʘʩʩ XVIIIè (R00ïR99) ʜʦ 66,7Ñ16,6ă (P<0,001, ʪʝʤʧ ʫʙʳʣʠ ī66,9%). ʅʘʠʙʦʣʴʰʠʝ ʪʝʤʧʳ 

ʫʙʳʣʠ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪʤʝʯʝʥʳ ʫ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, ʙʦʣʝʟʥʝʡ ʦʨʛʘʥʦʚ ʧʠʱʝʚʘʨʝʥʠʷ.  

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʘ ʬʦʥʝ ʦʙʱʝʛʦ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ  ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʙʦʣʝʟʥʝʡ ʩʨʝʜʠ 

ʦʩʤʦʪʨʝʥʥʳʭ ʞʝʥʱʠʥ ʚ 2007 ʛ., ʧʦ ʨʷʜʫ ʢʣʘʩʩʦʚ ʧʘʪʦʣʦʛʠʠ ʠ ʦʪʜʝʣʴʥʳʭ ʥʦʟʦʣʦʛʠʡ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʧʦʢʘʟʘʪʝʣʝʡ. ʊʘʢ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʣʩʷ ʧʦʢʘʟʘʪʝʣʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ çɹʦʣʝʟʥʝʡ ʵʥʜʦʢʨʠʥʥʦʡ ʩʠʩʪʝʤʳ, ʨʘʩʩʪʨʦʡʩʪʚ ʧʠʪʘʥʠʷ ʠ ʥʘʨʫʰʝʥʠʡ 

ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ. ʂʣʘʩʩ IVè (E00ïE90) ð ʜʦ 911,1Ñ19,0ă (P<0,05, ʪʝʤʧ ʧʨʠʨʦʩʪʘ +9,1%), ʚ 

ʪʦʤ ʯʠʩʣʝ ʙʦʣʝʟʥʝʡ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ (ɽ00ïɽ07) ð ʜʦ 333,3Ñ31,4ă (P<0,01, ʪʝʤʧ 

ʧʨʠʨʦʩʪʘ +67,6%), çɹʦʣʝʟʥʝʡ ʛʣʘʟʘ ʠ ʝʛʦ ʧʨʠʜʘʪʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʂʣʘʩʩ VIIè (H00ïH59) ð ʜʦ 

755,6Ñ28,7ă (P<0,001, ʪʝʤʧ ʧʨʠʨʦʩʪʘ +54,6%), ʚ ʪʦʤ ʯʠʩʣʝ ʙʦʣʝʟʥʝʡ ʤʳʰʮ ʛʣʘʟʘ, ʥʘʨʫʰʝʥʠʡ 

ʩʦʜʨʫʞʝʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʛʣʘʟ, ʘʢʢʦʤʦʜʘʮʠʠ ʠ ʨʝʬʨʘʢʮʠʠ (ʅ49ïʅ52) ð ʜʦ 431,1Ñ33,0ă 

(P<0,05, ʪʝʤʧ ʧʨʠʨʦʩʪʘ +36,7%), çɹʦʣʝʟʥʝʡ ʫʭʘ ʠ ʩʦʩʮʝʚʠʜʥʦʛʦ ʦʪʨʦʩʪʢʘ. ʂʣʘʩʩ VIIIè (ʅ60ï

ʅ95) ð ʜʦ 280,0Ñ29,9ă (P<0,01, ʪʝʤʧ ʧʨʠʨʦʩʪʘ +119,1%), çɹʦʣʝʟʥʝʡ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ. 

ʂʣʘʩʩ Xè (J00ïJ99) ð ʜʦ 684,4Ñ31,0ă (P<0,001, ʪʝʤʧ ʧʨʠʨʦʩʪʘ +36,1%), ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ ʥʦʩʦʚʦʡ ʧʝʨʝʛʦʨʦʜʢʠ (J34.2) ð ʜʦ 93,3Ñ19,4ă (P<0,05, ʪʝʤʧ 

ʧʨʠʨʦʩʪʘ +93,2%), ʭʨʦʥʠʯʝʩʢʠʭ ʙʦʣʝʟʥʝʡ ʤʠʥʜʘʣʠʥ ʠ ʘʜʝʥʦʠʜʦʚ (J35) ð ʜʦ 328,9Ñ31,3ă 
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(P<0,001, ʪʝʤʧ ʧʨʠʨʦʩʪʘ +131,6%), çɹʦʣʝʟʥʝʡ ʤʦʯʝʧʦʣʦʚʦʡ ʩʠʩʪʝʤʳ. ʂʣʘʩʩ XIVè (N00ïN99) 

ð ʜʦ 528,9Ñ33,3ă (P<0,01, ʪʝʤʧ ʧʨʠʨʦʩʪʘ +33,9%). ʅʘʠʙʦʣʴʰʠʝ ʪʝʤʧʳ ʧʨʠʨʦʩʪʘ 

ʧʦʢʘʟʘʪʝʣʝʡ ʦʪʤʝʯʝʥʳ ʫ ʙʦʣʝʟʥʝʡ ʫʭʘ ʠ ʩʦʩʮʝʚʠʜʥʦʛʦ ʦʪʨʦʩʪʢʘ ʠ ʭʨʦʥʠʯʝʩʢʠʭ ʙʦʣʝʟʥʝʡ 

ʤʠʥʜʘʣʠʥ ʠ ʘʜʝʥʦʠʜʦʚ. ʇʦ ʦʩʪʘʣʴʥʳʤ ʢʣʘʩʩʘʤ ʧʘʪʦʣʦʛʠʠ ʫʨʦʚʥʠ ʧʦʢʘʟʘʪʝʣʝʡ ʚ 2007 ʛ. 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʠʣʠʩʴ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʠʥʪʝʥʩʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʠʪʦʛʘʤ ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʞʝʥʱʠʥ ʬʝʨʪʠʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ ʚ 2013 ʛ. ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ 

ʙʦʣʝʟʥʝʡ ʩʨʝʜʠ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʞʝʥʱʠʥ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ (P<0,05) ʧʦʥʠʟʠʣʩʷ ʠ ʩʦʩʪʘʚʠʣ 

4985,0Ñ6,0 ʩʣʫʯʘʷ ʥʘ 1000 ʦʩʤʦʪʨʝʥʥʳʭ (ʪʝʤʧ ʫʙʳʣʠ ï0,3%). ʕʪʦ ʧʨʦʠʟʦʰʣʦ ʟʘ ʩʯʝʪ 

ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʨʷʜʘ ʢʣʘʩʩʦʚ ʙʦʣʝʟʥʝʡ ʠ ʦʪʜʝʣʴʥʳʭ ʥʦʟʦʣʦʛʠʡ. ʊʘʢ, 

ʟʥʘʯʠʤʦ ʩʥʠʟʠʣʩʷ ʧʦʢʘʟʘʪʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ çɹʦʣʝʟʥʝʡ ʛʣʘʟʘ ʠ ʝʛʦ ʧʨʠʜʘʪʦʯʥʦʛʦ 

ʘʧʧʘʨʘʪʘ. ʂʣʘʩʩ VIIè (H00ïH59) ð ʜʦ 300,8Ñ39,8ă (P<0,001, ʪʝʤʧ ʫʙʳʣʠ ī60,2%), ʚ ʪʦʤ 

ʯʠʩʣʝ ʙʦʣʝʟʥʝʡ ʤʳʰʮ ʛʣʘʟʘ, ʥʘʨʫʰʝʥʠʡ ʩʦʜʨʫʞʝʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʛʣʘʟ, ʘʢʢʦʤʦʜʘʮʠʠ ʠ 

ʨʝʬʨʘʢʮʠʠ (ʅ49ïʅ52) ð ʜʦ 218,0Ñ35,8ă (P<0,001, ʪʝʤʧ ʫʙʳʣʠ ī49,4%), çɹʦʣʝʟʥʝʡ ʫʭʘ ʠ  

ʩʦʩʮʝʚʠʜʥʦʛʦ ʦʪʨʦʩʪʢʘ. ʂʣʘʩʩ VIII è (ʅ60ïʅ95) ð ʜʦ 30,1Ñ14,8ă (P<0,001, ʪʝʤʧ ʫʙʳʣʠ ð

89,3%), çɹʦʣʝʟʥʝʡ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ. ʂʣʘʩʩ Xè (J00ïJ99) ð ʜʦ 556,4Ñ43,1ă (P<0,05, ʪʝʤʧ 

ʫʙʳʣʠ ī18,7%), ʭʨʦʥʠʯʝʩʢʠʭ ʙʦʣʝʟʥʝʡ ʤʠʥʜʘʣʠʥ ʠ ʘʜʝʥʦʠʜʦʚ (J35) ð ʜʦ 120,3Ñ28,2ă 

(P<0,001, ʪʝʤʧ ʫʙʳʣʠ ī63,4%), çɹʝʨʝʤʝʥʥʦʩʪʠ, ʨʦʜʦʚ ʠ ʧʦʩʣʝʨʦʜʦʚʦʛʦ ʧʝʨʠʦʜʘ. ʂʣʘʩʩ XVè 

(O00ïO99) ð ʜʦ 120,3Ñ28,2ă (P<0,05, ʪʝʤʧ ʫʙʳʣʠ ī100%). ʅʘʠʙʦʣʴʰʠʝ ʪʝʤʧʳ ʫʙʳʣʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚʳʷʚʣʝʥʳ ʫ ʙʦʣʝʟʥʝʡ ʫʭʘ ʠ ʩʦʩʮʝʚʠʜʥʦʛʦ ʦʪʨʦʩʪʢʘ, ʭʨʦʥʠʯʝʩʢʠʭ ʙʦʣʝʟʥʝʡ 

ʤʠʥʜʘʣʠʥ ʠ ʘʜʝʥʦʠʜʦʚ, ʙʝʨʝʤʝʥʥʦʩʪʠ, ʨʦʜʦʚ ʠ ʧʦʩʣʝʨʦʜʦʚʦʛʦ ʧʝʨʠʦʜʘ.  

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʘ ʬʦʥʝ ʦʙʱʝʛʦ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ  ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʙʦʣʝʟʥʝʡ ʩʨʝʜʠ 

ʦʩʤʦʪʨʝʥʥʳʭ ʞʝʥʱʠʥ ʚ 2013 ʛ., ʧʦ ʨʷʜʫ ʢʣʘʩʩʦʚ ʧʘʪʦʣʦʛʠʠ ʠ ʦʪʜʝʣʴʥʳʭ ʥʦʟʦʣʦʛʠʡ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʧʦʢʘʟʘʪʝʣʝʡ. ʊʘʢ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʣʩʷ ʧʦʢʘʟʘʪʝʣʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ çʅʦʚʦʦʙʨʘʟʦʚʘʥʠʡ. ʂʣʘʩʩ IIè (ʉ00ïD48) ð ʜʦ 240,6Ñ37,1ă (P<0,05, 

ʪʝʤʧ ʧʨʠʨʦʩʪʘ +64,0%), çɹʦʣʝʟʥʝʡ ʵʥʜʦʢʨʠʥʥʦʡ ʩʠʩʪʝʤʳ, ʨʘʩʩʪʨʦʡʩʪʚ ʧʠʪʘʥʠʷ ʠ ʥʘʨʫʰʝʥʠʡ 

ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ. ʂʣʘʩʩ IVè (E00ïE90) ð ʜʦ 1000,0Ñ2,7ă (P<0,001, ʪʝʤʧ ʧʨʠʨʦʩʪʘ +9,8%), 

çɹʦʣʝʟʥʝʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ʂʣʘʩʩ VIè (G00ïG99) ð ʜʦ 300,8Ñ39,8ă (P<0,001, ʪʝʤʧ 

ʧʨʠʨʦʩʪʘ +577,5%), ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ ʥʦʩʦʚʦʡ ʧʝʨʝʛʦʨʦʜʢʠ (J34.2) ð ʜʦ 

210,5Ñ35,4ă (P<0,05, ʪʝʤʧ ʧʨʠʨʦʩʪʘ +125,6%), çɹʦʣʝʟʥʝʡ ʢʦʩʪʥʦ-ʤʳʰʝʯʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ. ʂʣʘʩʩ XIIIè (M00ïM99) ð ʜʦ 714,3Ñ39,2ă (P<0,001, ʪʝʤʧ ʧʨʠʨʦʩʪʘ 

+48,8%), ʚ ʪʦʤ ʯʠʩʣʝ ʦʩʪʝʦʭʦʥʜʨʦʟʘ ʧʦʟʚʦʥʦʯʥʠʢʘ (ʄ42) ð ʜʦ 406,0Ñ42,6ă (P<0,01, ʪʝʤʧ 

ʧʨʠʨʦʩʪʘ +69,2%), çɹʦʣʝʟʥʝʡ ʤʦʯʝʧʦʣʦʚʦʡ ʩʠʩʪʝʤʳ. ʂʣʘʩʩ XIVè (N00ïN99) ð ʜʦ 

646,6Ñ41,4ă (P<0,05, ʪʝʤʧ ʧʨʠʨʦʩʪʘ +22,3%). ʅʘʠʙʦʣʴʰʠʝ ʪʝʤʧʳ ʧʨʠʨʦʩʪʘ ʧʦʢʘʟʘʪʝʣʝʡ 

ʦʪʤʝʯʝʥʳ ʫ  ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʠ ʙʦʣʝʟʥʝʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʦʩʪʝʦʭʦʥʜʨʦʟʘ ʧʦʟʚʦʥʦʯʥʠʢʘ. ʇʦ 

ʦʩʪʘʣʴʥʳʤ ʢʣʘʩʩʘ ʧʘʪʦʣʦʛʠʠ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʫʨʦʚʥʝʡ ʧʦʢʘʟʘʪʝʣʝʡ ʚ 2013 ʛ. ʦʪʤʝʯʝʥʦ ʥʝ 

ʙʳʣʦ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʞʝʥʱʠʥ ʬʝʨʪʠʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ ʚ 

2018 ʛ. ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʙʦʣʝʟʥʝʡ ʩʨʝʜʠ ʦʙʩʣʝʜʦʚʘʥʥʳʭ 

ʞʝʥʱʠʥ ʩʫʱʝʩʪʚʝʥʥʦ (P<0,001) ʩʥʠʟʠʣʩʷ ʠ ʩʦʩʪʘʚʠʣ 4010,8Ñ6,6 ʩʣʫʯʘʷ ʥʘ 1000 ʦʩʤʦʪʨʝʥʥʳʭ 

(ʪʝʤʧ ʫʙʳʣʠ ī19,5%). ʕʪʦ ʨʝʟʫʣʴʪʘʪ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʨʷʜʘ ʢʣʘʩʩʦʚ 

ʙʦʣʝʟʥʝʡ ʠ ʦʪʜʝʣʴʥʳʭ ʥʦʟʦʣʦʛʠʡ. ʊʘʢ, ʟʥʘʯʠʤʦ ʩʥʠʟʠʣʩʷ ʧʦʢʘʟʘʪʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ 

çɹʦʣʝʟʥʝʡ ʵʥʜʦʢʨʠʥʥʦʡ ʩʠʩʪʝʤʳ, ʨʘʩʩʪʨʦʡʩʪʚ ʧʠʪʘʥʠʷ ʠ ʥʘʨʫʰʝʥʠʡ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ. ʂʣʘʩʩ 

IVè (E00ïE90) ð ʜʦ 612,9Ñ50,5ă (P<0,001, ʪʝʤʧ ʫʙʳʣʠ ī38,7%), ʚ ʪʦʤ ʯʠʩʣʝ ʙʦʣʝʟʥʝʡ 

ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ (ɽ00ïɽ07) ð ʜʦ 258,1Ñ45,4ă (P<0,001, ʪʝʤʧ ʫʙʳʣʠ ī61,4%); 

çʇʩʠʭʠʯʝʩʢʠʭ ʨʘʩʩʪʨʦʡʩʪʚ ʠ ʨʘʩʩʪʨʦʡʩʪʚ ʧʦʚʝʜʝʥʠʷ. ʂʣʘʩʩ Vè (F00ïF99) ð ʜʦ 0,0Ñ0,0ă 
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(P<0,001, ʪʝʤʧ ʫʙʳʣʠ ī100%), çɹʦʣʝʟʥʝʡ ʩʠʩʪʝʤʳ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ. ʂʣʘʩʩ IXè (I00ïI99) ð 

ʜʦ 204,3Ñ41,8ă (P<0,001, ʪʝʤʧ ʫʙʳʣʠ ī64,2%), çɹʦʣʝʟʥʝʡ ʢʦʩʪʥʦ-ʤʳʰʝʯʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ. ʂʣʘʩʩ XIII è (M00ïM99) ð ʜʦ 408,6Ñ51,0ă (P<0,001, ʪʝʤʧ ʫʙʳʣʠ ð

42,8%), çʉʠʤʧʪʦʤʦʚ, ʧʨʠʟʥʘʢʦʚ ʠ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʦʨʤʳ, ʚʳʷʚʣʝʥʥʳʭ ʧʨʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʥʝ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚ ʜʨʫʛʠʭ ʨʫʙʨʠʢʘʭ. ʂʣʘʩʩ XVIII è 

(R00-R99) ð ʜʦ 0,0Ñ0,0ă (P<0,05, ʪʝʤʧ ʫʙʳʣʠ ī100%). ʅʘʠʙʦʣʴʰʠʝ ʪʝʤʧʳ ʫʙʳʣʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚʳʷʚʣʝʥʳ ʫ ʧʩʠʭʠʯʝʩʢʠʭ ʨʘʩʩʪʨʦʡʩʪʚ ʠ ʨʘʩʩʪʨʦʡʩʪʚ ʧʦʚʝʜʝʥʠʷ.  

ʅʘ ʬʦʥʝ ʦʙʱʝʛʦ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ  ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʙʦʣʝʟʥʝʡ ʩʨʝʜʠ ʦʩʤʦʪʨʝʥʥʳʭ 

ʞʝʥʱʠʥ ʚ 2018 ʛ., ʧʦ ʨʷʜʫ ʢʣʘʩʩʦʚ ʧʘʪʦʣʦʛʠʠ ʠ ʦʪʜʝʣʴʥʳʭ ʥʦʟʦʣʦʛʠʡ ʙʳʣʦ ʦʪʤʝʯʝʥʦ 

ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʧʦʢʘʟʘʪʝʣʝʡ. ʊʘʢ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʣʩʷ ʧʦʢʘʟʘʪʝʣʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ çɹʦʣʝʟʥʝʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ʂʣʘʩʩ VIè (G00ïG99) ð ʜʦ 602,2Ñ50,8ă 

(P<0,001, ʪʝʤʧ ʧʨʠʨʦʩʪʘ +100,2%) ʠ çɹʦʣʝʟʥʝʡ ʛʣʘʟʘ ʠ ʝʛʦ ʧʨʠʜʘʪʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʂʣʘʩʩ VIIè 

(H00ïH59) ð ʜʦ 731,2Ñ46,0ă (P<0,001, ʪʝʤʧ ʧʨʠʨʦʩʪʘ +143,1%). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʳʩʦʢʠʝ 

ʪʝʤʧʳ ʧʨʠʨʦʩʪʘ ʧʦʢʘʟʘʪʝʣʝʡ. ʇʦ ʦʩʪʘʣʴʥʳʤ ʢʣʘʩʩʘ ʧʘʪʦʣʦʛʠʠ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʫʨʦʚʥʝʡ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚ 2018 ʛ. ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʙʦʣʝʟʥʝʡ ʩʨʝʜʠ 

ʞʝʥʱʠʥ ʬʝʨʪʠʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʙʦʣʝʟʥʝʡ ʚ 

ʜʠʥʘʤʠʢʝ ʩʥʠʞʘʝʪʩʷ. ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʦʙʱʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʮʝʣʦʛʦ ʨʷʜʘ ʢʣʘʩʩʦʚ ʙʦʣʝʟʥʝʡ ʠ ʦʪʜʝʣʴʥʳʭ ʥʦʟʦʣʦʛʠʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʘ ʵʪʦʤ 

ʬʦʥʝ ʧʦ ʠʪʦʛʘʤ ʢʘʞʜʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʞʝʥʱʠʥ ʦʪʤʝʯʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʨʷʜʫ ʢʣʘʩʩʦʚ, ʘ ʧʦ ʯʘʩʪʠ ʧʘʪʦʣʦʛʠʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʝ ʦʪʤʝʯʘʝʪʩʷ.   

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʩʨʝʜʠ ʦʙʩʣʝʜʦʚʘʥʥʳʭ 

ʞʝʥʱʠʥ ʙʦʣʝʟʥʝʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (ʚ 2013 ʠ 2018 ʛʦʜʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ) ʠ ʙʦʣʝʟʥʝʡ 

ʤʦʯʝʧʦʣʦʚʦʡ ʩʠʩʪʝʤʳ (ʚ 2007 ʠ 2013 ʛʦʜʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ, ʘ ʚ 2018 ʛʦʜʫ ð ʙʝʟ 

ʠʟʤʝʥʝʥʠʡ).  

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʥʘʫʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʜʘʣʴʥʝʡʰʝʡ 

ʨʝʘʙʠʣʠʪʘʮʠʠ ʥʘʩʝʣʝʥʠʷ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ, ʧʨʦʞʠʚʘʶʱʝʛʦ ʚʙʣʠʟʠ ʨʘʡʦʥʦʚ ʧʘʜʝʥʠʷ 

ʦʪʜʝʣʷʶʱʠʭʩʷ ʯʘʩʪʝʡ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ. 
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