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ANALOGUE -DIGITAL CONTROL  SYSTEM OF PREPOLYAMIDATION TANK  

 
Abstract:  control system of polymer pellets at outlet of prepolyamidation tank based on astatic 

polynomial controller were suggested. Parameters of controller were derived by using modal control method. 

Efficiency of proposed control algorithm were confirmed by simulation. 

Key words: polyamide-6, polynomial controller, digital controller. 

 

 

ʉʨʝʜʠ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʧʨʠ ʩʦʟʜʘʥʠʠ ʵʥʝʨʛʦ- ʠ ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʘ ʇɸ-6, ʚʳʜʝʣʷʝʪʩʷ ʟʘʜʘʯʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʪʘʜʠʷʤʠ. ɼʣʷ ʢʨʫʧʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʪʠʧʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʩʠʥʪʝʟʘ, ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʚʦ 

ʤʥʦʛʦʤ ʨʝʰʝʥʘ. ʅʘ ʪʘʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʝʛʣʘʤʝʥʪʥʳʝ ʟʥʘʯʝʥʠʷ ʨʝʛʫʣʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʘʢ ʧʨʘʚʠʣʦ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʠʧʦʚʳʭ ʩʠʩʪʝʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘ ʙʘʟʝ ʇʀ ʠ ʇʀɼ ʨʝʛʫʣʷʪʦʨʦʚ. ʅʘ ʚʥʦʚʴ ʚʚʦʜʠʤʳʭ ʤʘʣʦʪʦʥʥʘʞʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ, ʛʜʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʣʠʤʝʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʨʝʜʢʦ ʚ ʥʝʩʢʦʣʴʢʦ 

ʦʪʣʠʯʥʦʤ ʘʧʧʘʨʘʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʦʬʦʨʤʣʝʥʠʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘʤʠ, ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʥʝ ʨʝʰʝʥʳ.  

ɺ ʨʘʙʦʪʘʭ [1-2] ʧʨʝʜʣʦʞʝʥʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʝ ʘʧʧʘʨʘʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʦʬʦʨʤʣʝʥʠʝ ʧʦʣʫʯʝʥʠʷ ʇɸ-6, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʝ ʚʚʝʜʝʥʠʝ ʥʦʚʦʡ ʩʪʘʜʠʠ 

ʜʦʧʦʣʠʘʤʠʜʠʨʦʚʘʥʠʷ ʚ ʪʚʸʨʜʦʡ ʬʘʟʝ. ʕʪʦʪ ʩʣʦʞʥʳʡ ʛʝʪʝʨʦʬʘʟʥʳʡ ʧʨʦʮʝʩʩ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʪʨʫʙʯʘʪʳʭ ʨʝʘʢʪʦʨʘʭ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ 

                                                 
 É ɸʣʝʢʩʝʝʚ ɽ. ɸ., ʃʘʙʫʪʠʥ ɸ. ʅ., 2023 
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ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʚ ʨʫʙʘʰʢʫ ʧʦʜʘʝʪʩʷ ʜʠʥʠʣ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʦʩʪʦʷʥʠʝ ʧʨʦʮʝʩʩʘ, ʷʚʣʷʝʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʚʸʨʜʳʭ ʯʘʩʪʠʮ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʟʘʜʘʯʘ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʨʘʥʫʣ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʝʘʢʪʦʨʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ʅʘ ʙʘʟʝ ʠʩʭʦʜʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʜʦʧʦʣʠʘʤʠʜʠʨʦʚʘʥʠʷ [2] ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʣʠʥʝʘʨʠʟʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʚ ʬʦʨʤʝ ʧʝʨʝʜʘʪʦʯʥʳʭ ʬʫʥʢʮʠʡ. ʇʝʨʝʜʘʪʦʯʥʘʷ 

ʬʫʥʢʮʠʷ ʧʦ ʢʘʥʘʣʫ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ [3]: 
 

 
(1) 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʠʤʝʨʥʳʭ ʛʨʘʥʫʣ, 

ʧʦʢʠʜʘʶʱʠʭ ʘʧʧʘʨʘʪ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ʥʘ ʙʘʟʝ ʮʠʬʨʦʚʦʛʦ 

ʧʦʣʠʥʦʤʠʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

ʉʠʩʪʝʤʳ ʩ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ çʚʭʦʜʘ ï ʚʳʭʦʜʘè ʧʨʝʜʣʘʛʘʶʪ 

ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʝ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʦʪʥʦʰʝʥʠʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤ 

ʤʦʜʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ [4]. ʇʦʣʠʥʦʤʠʘʣʴʥʳʝ ʨʝʛʫʣʷʪʦʨʳ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʠʜʝʷʭ 

ʤʝʪʦʜʘ ʞʝʣʘʝʤʦʡ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ. ʇʨʠ ʵʪʦʤ ʥʫʣʠ ʠ 

ʧʦʣʶʩʳ ʩʠʩʪʝʤʳ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʟʘʜʘʥʥʳʭ ʪʦʯʢʘʭ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥ, ʦʜʥʘʢʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʨʷʜʘ 

ʦʙʲʝʢʪʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʬʠʟʠʯʝʩʢʠ ʥʝʨʝʘʣʠʟʫʝʤʦʡ ʠʣʠ ʥʝʛʨʫʙʦʡ ʩʠʩʪʝʤʝ. ɺ ʦʙʱʝʤ 

ʚʠʜʝ ʩʪʨʫʢʪʫʨʘ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʩ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʤʦʞʝʪ ʠʤʝʪʴ ʚʠʜ, 

ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʩ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ 

 
ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʧʦ ʢʘʥʘʣʫ ʫʧʨʘʚʣʝʥʠʷ ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

 
 

ʛʜʝ R(s) ʠ B(s) ï ʧʦʣʠʥʦʤʳ ʯʠʩʣʠʪʝʣʷ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʨʝʛʫʣʷʪʦʨʘ ʠ 

ʦʙʲʝʢʪʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; C(s) ʠ A(s) ï ʧʦʣʠʥʦʤʳ ʟʥʘʤʝʥʘʪʝʣʷ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ 

ʨʝʛʫʣʷʪʦʨʘ ʠ ʦʙʲʝʢʪʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠʨʘʚʥʠʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ ʢ ʵʪʘʣʦʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ, 

ʧʦʣʫʯʠʤ ʦʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʥʪʝʟʘ [5]: 
 

  (2) 
 

ʛʜʝ D(s) ï ʵʪʘʣʦʥʥʳʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʧʦʣʠʥʦʤ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʦʚ R(s) ʠ C(s) 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʠʩʪʝʤʫ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʧʦʣʫʯʘʝʤʫʶ ʧʫʪʸʤ 

ʧʨʠʨʘʚʥʠʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʩʪʝʧʝʥʷʭ s ʚ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʯʘʩʪʷʭ 

ʫʨʘʚʥʝʥʠʷ (2).  



ʈɸɿɼɽʃ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʥʘ ʙʘʟʝ ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚ 

ʧʨʷʤʦʡ ʮʝʧʠ ʦʪʩʫʪʩʪʚʫʝʪ ʠʥʪʝʛʨʘʪʦʨ, ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʳʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, 

ʩʪʝʧʝʥʴ ʢʦʣʝʙʘʪʝʣʴʥʦʩʪʠ ʠ ʜʠʥʘʤʠʯʝʩʢʫʶ ʦʰʠʙʢʫ. ʆʜʥʘʢʦ ʩʪʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʧʨʠ 

ʵʪʦʤ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʧʫʩʪʠʤʦ ʙʦʣʴʰʦʡ. ɼʣʷ ʝʸ ʣʠʢʚʠʜʘʮʠʠ ʚ ʩʪʨʫʢʪʫʨʫ ʨʝʛʫʣʷʪʦʨʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʠʪʩʷ ʠʥʪʝʛʨʘʪʦʨ [5]. ʄʠʥʠʤʘʣʴʥʳʡ ʧʦʨʷʜʦʢ ʨʝʛʫʣʷʪʦʨʘ ʧʨʠ ʝʛʦ 

ʘʥʘʣʦʛʦʚʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʩʪʝʧʝʥʷʭ ʧʦʣʠʥʦʤʦʚ 

 

 

 

 

 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʩʪʘʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʨʝʛʫʣʷʪʦʨʘ ʜʦʩʪʘʪʦʯʥʦ ʟʘʜʘʪʴ 

ʨʘʚʥʳʤ ʥʫʣʶ ʢʦʵʬʬʠʮʠʝʥʪ c0 ʧʦʣʠʥʦʤʘ C(s). ʊʦʛʜʘ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ 

ʧʦʣʠʥʦʤʠʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʤʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

 
(3) 

 

ɺ ʢʘʯʝʩʪʚʝ ʞʝʣʘʝʤʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ D(s) ʙʳʣ ʚʳʙʨʘʥ ʙʠʥʦʤ 

ʅʴʶʪʦʥʘ 6-ʛʦ ʧʦʨʷʜʢʘ 
 

 
 

ʛʜʝ ɋ ï ʥʘʩʪʨʦʝʯʥʳʡ ʧʘʨʘʤʝʪʨ (ʩʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʨʝʥʴ). 

ʇʨʠ ʚʳʙʨʘʥʥʦʤ ʚʨʝʤʝʥʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ Űʨ å 5 ʯ ʧʘʨʘʤʝʪʨ ɋ = 1.2 (ʯ-1). ʊʦʛʜʘ 

ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʘʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʠʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʨʠʤʝʪ ʚʠʜ:  

 

 
(4) 

 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ 

ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ (ʇʊʂ), ʚʢʣʶʯʘʶʱʝʤ ʚ ʩʝʙʷ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ 

ʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʣʝʨ ʆɺɽʅ ʇʃʂ 154 ʠ ʨʘʙʦʯʫʶ ʩʪʘʥʮʠʶ, ʩʦʝʜʠʥʸʥʥʳʝ ʧʦ ʩʝʪʠ 

Ethernet (ʨʠʩ. 2).  

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 



ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ɽʉʊɽʉʊɺʆɿʅɸʅʀʗ 
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ʂʦʥʪʨʦʣʣʝʨ ʆɺɽʅ ʇʃʂ154 ï ʪɻʦ ʤʦʥʦʙʣʦʯʥʳʡ ʢʦʥʪʨʦʣʣʝʨ ʩ ʜʠʩʢʨʝʪʥʳʤʠ ʠ 

ʘʥʘʣʦʛʦʚʳʤʠ ʚʭʦʜʘʤʠ ʠ ʚʳʭʦʜʘʤʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʘʣʳʭ ʩʠʩʪʝʤ. ɼʣʷ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ CoDeSys, ʧʦʜʜʝʨʞʠʚʘʶʱʘʷ ʚʩʝ 

ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʘ ʄʕʂ 61131-3. 

ɺ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʇʊʂ ʟʘʣʦʞʝʥ ʧʨʠʥʮʠʧ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʤʦʜʝʣʠʨʫʝʪʩʷ ʨʘʙʦʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʘ 

ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʧʝʨʘʪʦʨʦʤ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ 

ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ ʨʝʘʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ʎʠʬʨʦʚʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʝʛʫʣʷʪʦʨʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʧʦʣʥʝʥʘ ʤʝʪʦʜʦʤ ʮʠʬʨʦʚʦʛʦ 

ʧʝʨʝʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [6]. ʎʠʬʨʦʚʦʝ ʧʝʨʝʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ï ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʠ ʧʘʨʘʤʝʪʨʦʚ ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʦ ʝʛʦ ʘʥʘʣʦʛʦʚʦʤʫ ʧʨʦʪʦʪʠʧʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʧʨʝʨʳʚʥʦʡ ʠ ʜʠʩʢʨʝʪʥʦʡ 

ʩʠʩʪʝʤ. ʇʨʠ ʪʘʢʪʝ ʢʚʘʥʪʦʚʘʥʠʷ 0.1 ʯ ʜʠʩʢʨʝʪʥʘʷ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ 

ʧʦʣʠʥʦʤʠʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 
 

 
  

ɼʣʷ ʜʠʩʢʨʝʪʥʦʡ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʨʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʧʨʠ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʆɺɽʅ ʇʃʂ154. 

ʇʨʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʪʦʯʥʦʩʪʠ ʚ ʩʪʘʪʠʢʝ ʠ ʜʠʥʘʤʠʢʝ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤʳ ʤʝʪʦʜʦʤ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚʳʭʦʜʘ ʦʙʲʝʢʪʘ (ʘ) ʠ ʫʧʨʘʚʣʝʥʠʷ (ʙ) ʧʨʠ ʩʤʝʥʝ ʟʘʜʘʥʠʷ 

ʨʝʛʫʣʷʪʦʨʫ ʥʘ ʚʝʣʠʯʠʥʫ ȹtʟʘʜ = +2 ÁC ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 3. ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 3 

ʟʘʤʢʥʫʪʘʷ ʩʠʩʪʝʤʘ ʩ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʢʦʚʘʨʠʘʥʪʥʦʡ ʩ 

ʟʘʜʘʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʩʪʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʦʪʩʫʪʩʪʚʫʝʪ. ɺʨʝʤʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ Űʨ å 

4 ʯ, ʯʪʦ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. 
 

 
                                              ʘ                                                                   ʙ                                         

ʈʠʩ. 3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʥʘ ʢʦʚʘʨʠʘʥʪʥʦʩʪʴ 
 



ʈɸɿɼɽʃ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʈʠʩ. 4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʥʘ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ:  

1 ï ʦʙʲʝʢʪ ʙʝʟ ʨʝʛʫʣʷʪʦʨʘ; 2 ï ʟʘʤʢʥʫʪʘʷ ʩʠʩʪʝʤʘ 

 

ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚʳʭʦʜʘ ʦʙʲʝʢʪʘ (ʘ) ʠ ʫʧʨʘʚʣʝʥʠʷ (ʙ) ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ 

ʦʙʲʝʢʪ ʚʥʝʰʥʝʛʦ ʚʦʟʤʫʱʝʥʠʷ ï ʚʭʦʜʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ï ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩ. 4. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʙʳʣʘ ʨʘʩʰʠʨʝʥʘ 

ʫʨʘʚʥʝʥʠʷʤʠ, ʦʪʨʘʞʘʶʱʠʤʠ ʜʝʡʩʪʚʠʝ ʚʦʟʤʫʱʝʥʠʷ ʥʘ ʦʙʲʝʢʪ. ʋʚʝʣʠʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʫ ʨʝʘʢʪʦʨʘ ʥʘ ʥʦʚʳʡ ʩʪʘʮʠʦʥʘʨʥʳʡ 

ʨʝʞʠʤ, ʠʤʝʶʱʠʡ ʥʝʜʦʧʫʩʪʠʤʦ ʙʦʣʴʰʦʝ ʦʪʢʣʦʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʨʘʥʫʣ ʦʪ 

ʨʝʛʣʘʤʝʥʪʥʳʭ ʟʥʘʯʝʥʠʡ. ɿʘʤʢʥʫʪʘʷ ʩʠʩʪʝʤʘ ʩ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ (ʜʠʥʘʤʠʯʝʩʢʘʷ ʦʰʠʙʢʘ 1,1 ÁC), ʦʜʥʘʢʦ 

ʩʪʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʦʪʩʫʪʩʪʚʫʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ. 
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ɼ. ʆ. ɹʘʡʜʠʥʘ, ɸ. ʉ. ʃʝʙʝʜʝʚ  

ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʇ. ɻ. ɼʝʤʠʜʦʚʘ 

 
ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼʀʂʀ ʂʆʃʀʏɽʉʊɺɽʅʅʆɻʆ ɸʅɸʃʀɿɸ 

ʉʆɼɽʈɾɸʅʀʗ ʇɸʈɸɹɽʅʆɺ ɺ ʂʆʉʄɽʊʀʂɽ ʄɽʊʆɼʆʄ ʆʌ-ɺʕɾʍ 

 
ɸʥʥʦʪʘʮʠʷ: ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʠʣ-, ʵʪʠʣ- ʠ 

ʧʨʦʧʠʣ- ʧʘʨʘʙʝʥʦʚ ʚ ʢʦʩʤʝʪʠʢʝ ʤʝʪʦʜʦʤ ʆʌ-ɺʕɾʍ, ʨʘʟʨʘʙʦʪʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʨʠʤʝʥʷʣʩʷ ʛʨʘʜʠʝʥʪʥʳʡ ʨʝʞʠʤ 

ʵʣʶʠʨʦʚʘʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʦʧʪʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʘʥʘʣʠʟʘ ʠ ʫʚʝʣʠʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʦʚ 

ʘʥʘʣʠʪʦʚ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʘʣʠʜʘʮʠʠ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ ʤʝʪʦʜʦʚ 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦ ʩʪʦʨʦʥʳ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʬʠʨʳ 4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ, ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʞʠʜʢʦʩʪʥʘʷ 

ʭʨʦʤʘʪʦʛʨʘʬʠʷ, ʤʝʪʦʜʠʢʘ, ʢʦʩʤʝʪʠʢʘ, ʧʘʨʘʙʝʥʳ, ɺʕɾʍ. 

 

 
D. O. Baidina, A. S. Lebedev 

 

DEVELOPMENT OF A TECHNIQUES FOR QUANTITATIVE ANALYSIS  

OF PARABENS IN COSMETICS BY THE HPLC -UV 

 
Abstract: as a result of the work, method was proposed for the determination of methyl-, ethyl- and 

propyl- parabens in cosmetics by HPLC-UV. Optimal conditions have been developed for chromatographic 

determination. In the process work, a gradient elution mode to reduce the analysis time and increase the 

amplitude of the analyzed substance. Based on the obtained validation data, it can be argued that the methods 

meet the requirements of regulatory documents. 

Keyworld : 4-hydroxybenzoic acid esters, high performance liquid chromatography, technique, 

cosmetic, parabens, HPLC. 

 

 
ʕʬʠʨʳ 4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʦʩʤʝʪʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢʘʢ ʢʦʥʩʝʨʚʘʥʪʳ. ʀʭ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʧʨʦʜʫʢʮʠʠ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʥʦʡ ʬʘʟʳ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʩʩʣʦʝʥʠʷ ʧʘʨʬʶʤʝʨʥʦ-

ʢʦʩʤʝʪʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ. ʇʘʨʘʙʝʥʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʦʟʠʪʠʚʥʳʭ ʢʘʯʝʩʪʚ, ʪʘʢʠʤʠ 

ʢʘʢ ʚʳʩʦʢʘʷ ʭʠʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʛʠʜʨʦʣʠʟʫ, ʩʪʘʙʠʣʴʥʳʡ 

ʜʠʘʧʘʟʦʥ ʨʅ, ʘ ʪʘʢʞʝ ʥʠʟʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ [1]. ʇʘʨʘʙʝʥʳ ʧʨʦʩʪʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, 

ʵʬʬʝʢʪʠʚʥʳ ʠ ʜʝʰʝʚʳ, ʥʦ ʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʩʪʘʝʪʩʷ ʩʧʦʨʥʦʡ. ʇʨʦʪʠʚʦʨʝʯʠʚʦʝ ʠ 

ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʨʘʙʝʥʦʚ ʚ ʢʦʩʤʝʪʠʢʝ [2] ʜʝʣʘʝʪ ʵʪʫ ʛʨʫʧʧʫ ʩʦʝʜʠʥʝʥʠʡ 

ʦʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʳʤʠ ʩ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʧʘʨʘʙʝʥʦʚ [3-5], ʥʦ ʦʥʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʳ ʧʦʜ ʫʟʢʠʝ ʛʨʫʧʧʳ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. ɺ ʈʌ ʥʝʪ ʦʬʠʮʠʘʣʴʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʤʝʪʦʜʳ 

ʢʦʥʪʨʦʣʷ ʩʦʜʝʨʞʘʥʠʷ ʧʘʨʘʙʝʥʦʚ ʚ ʢʦʩʤʝʪʠʢʝ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʩʝʣʝʢʪʠʚʥʦʡ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

                                                 
 É ɹʘʡʜʠʥʘ ɼ. ʆ., ʃʝʙʝʜʝʚ ɸ. ʉ., 2023 
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ʵʬʠʨʦʚ 4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʘʢʪʫʘʣʴʥʘ ʠ ʵʪʦ ʩʪʘʣʦ ʮʝʣʴʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ.  

ɼʦʩʪʠʞʝʥʠʝ ʜʘʥʥʦʡ ʮʝʣʠ ʪʨʝʙʦʚʘʣʦ ʨʝʰʝʥʠʷ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ: 

- ʦʙʝʩʧʝʯʝʥʠʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ; 

- ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʦʜʛʦʪʦʚʢʠ ʜʣʷ ʦʯʠʩʪʢʠ ʧʨʦʙʳ ʦʪ ʧʨʠʤʝʩʝʡ; 

- ʧʦʜʙʦʨ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʧʘʨʘʙʝʥʦʚ ʠ 

ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɼʣʷ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʫʯʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʪʠʧʠʯʥʦʤ ʜʣʷ ʧʘʨʘʙʝʥʦʚ ʤʘʢʩʠʤʫʤʝ ʧʦʛʣʦʱʝʥʠʷ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʜʚʘ ʧʠʢʘ ʧʦʛʣʦʱʝʥʠʷ: 195 ʠ 254 ʥʤ (ʨʠʩ. 1). ɺ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʜʣʠʥʳ ʚʦʣʥʳ ʙʳʣ ʚʳʙʨʘʥ ʢʘʥʘʣ 254 ʥʤ, ʪʘʢ ʢʘʢ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʤʝʰʘʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʜʘʥʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ ʠʤʝʣʘ ʤʝʥʴʰʫʶ ʚʝʣʠʯʠʥʫ ʦʪʢʣʠʢʘ ʠ 

ʥʘʙʣʶʜʘʣʩʷ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʠʡ ʫʨʦʚʝʥʴ ʰʫʤʘ, ʯʝʤ ʧʨʠ 195 ʥʤ. 

 

 
ʈʠʩ. 1. ʊʠʧʠʯʥʳʡ ʋʌ-ʩʧʝʢʪʨ ʧʘʨʘʙʝʥʦʚ (ʤʝʪʠʣʧʘʨʘʙʝʥ) 

 
ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʙʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʮʝʜʫʨʘ ʨʘʟʙʘʚʣʝʥʠʷ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʤʘʪʨʠʯʥʳʭ ʚʣʠʷʥʠʡ, ʪ.ʢ. ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʘʨʘʙʝʥʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʜʦʚʦʣʴʥʦ 

ʚʳʩʦʢʘʷ (100-2000 ʤʛ/ʣ) [6]. ʆʩʥʦʚʥʳʤ ʤʝʰʘʶʱʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʷʚʣʷʣʠʩʴ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʢʦʩʤʝʪʠʢʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ (ʇɸɺ), ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʦʚʳʚʘʣʠ ʩʪʦʡʢʠʝ ʵʤʫʣʴʩʠʠ ʠ ʵʪʠʤ ʟʘʪʨʫʜʥʷʣʠ ʞʠʜʢʦʩʪʥʫʶ ʵʢʩʪʨʘʢʮʠʶ. 

ʋʜʘʣʝʥʠʝ ʇɸɺ ʠʟ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ: ʢʘʢ ʥʘ ʵʪʘʧʝ ʢʦʣʦʥʦʯʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʪʘʢ ʠ ʥʘ ʵʪʘʧʝ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʵʢʩʪʨʘʢʮʠʠ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʢʦʩʤʝʪʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʙʳʣ ʚʳʙʨʘʥ ʚʘʨʠʘʥʪ ʛʨʘʜʠʝʥʪʥʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʨʘʟʣʠʯʠʝʤ ʚ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʤʝʪʠʣʧʘʨʘʙʝʥʘ ʠ ʧʨʦʧʠʣʧʘʨʘʙʝʥʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʦʢʨʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ 

ʦʙʨʘʱʝʥʦ-ʬʘʟʦʚʦʤ ʠʩʧʦʣʥʝʥʠʠ (ʘʮʝʪʦʥʠʪʨʠʣ ï ʚʦʜʘ ʩʦʦʪʥʦʰʝʥʠʠ 25:75 ʧʦ ʦʙʲʝʤʫ) 

ʧʦʩʣʝ 50 ʤʠʥʫʪ ʵʣʶʠʨʦʚʘʥʠʷ ʥʝ ʫʜʘʚʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʩʠʛʥʘʣ ʧʨʦʧʠʣʧʘʨʘʙʝʥʘ. ʇʨʠ 

ʚʦʟʤʦʞʥʦʤ ʙʦʣʝʝ ʧʦʟʜʥʝʤ ʵʣʶʠʨʦʚʘʥʠʠ ʧʨʦʧʠʣʧʘʨʘʙʝʥʘ ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʩʷ ʙʳ ʠʟ-ʟʘ ʵʬʬʝʢʪʘ ʢʦʣʦʥʦʯʥʦʛʦ ʨʘʟʤʳʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʠʤʝʥʝʥʠʝ ʠʟʦʢʨʘʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʩʦʩʪʘʚʘ ʵʣʶʝʥʪʘ ʙʳʣʦ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. 

ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʣʦʥʢʠ ʩ ʦʙʨʘʱʝʥʦ-ʬʘʟʦʚʳʤ 

ʥʘʧʦʣʥʠʪʝʣʝʤ, ʪ.ʢ. ʩʦʨʙʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʘʨʘʙʝʥʦʚ ʥʘ ʥʝʧʦʣʷʨʥʳʭ ʥʦʩʠʪʝʣʷʭ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʧʦʣʷʨʥʦʤ ʩʦʨʙʝʥʪʝ 

ʥʘʙʣʶʜʘʣʩʷ ʦʙʨʘʪʥʳʡ ʵʬʬʝʢʪ. ʕʪʦʪ ʬʘʢʪ ʫʯʠʪʳʚʘʣʩʷ ʚ ʩʭʝʤʝ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ 

ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ.  



ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ɽʉʊɽʉʊɺʆɿʅɸʅʀʗ 
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ʇʘʨʘʙʝʥʳ ʠʤʝʶʪ ʚʳʩʦʢʠʡ pKa (>8,2) [7], ʧʦʵʪʦʤʫ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʨʝʛʫʣʠʨʦʚʘʪʴ pH ʵʣʶʝʥʪʘ. ʂʨʦʤʝ ʪʦʛʦ, 4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʘʷ ʠ 3,4-

ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʳ, ʧʨʦʜʫʢʪʳ ʢʦʥʚʝʨʩʠʠ ʧʘʨʘʙʝʥʦʚ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ 

ʦʙʨʘʟʮʝ [6], ʥʝ ʤʝʰʘʶʪ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʤʫ ʨʘʟʜʝʣʝʥʠʶ, ʧʦʩʢʦʣʴʢʫ ʦʙʣʘʜʘʶʪ 

ʛʦʨʘʟʜʦ ʤʝʥʴʰʠʤʠ ʧʦʛʣʦʱʘʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʝʤ ʘʥʘʣʠʪʳ. ʀʩʧʦʣʴʟʫʷ ʦʪʥʦʰʝʥʠʝ 

ʟʥʘʯʝʥʠʡ ʧʣʦʱʘʜʠ ʧʠʢʘ, ʠʟʤʝʨʝʥʥʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʜʚʫʭ ʜʣʠʥʘʭ ʚʦʣʥ (254 ʠ 230 

ʥʤ, n = 12) ʚ ʜʦʧʦʣʥʝʥʠʝ ʢʦ ʚʨʝʤʝʥʠ ʫʜʝʨʞʠʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʥʘʣʠʪʘ, ʨʝʟʫʣʴʪʘʪʳ ʩʦʩʪʘʚʠʣʠ ʜʣʷ 4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ 

2,87 Ñ 0,38, ʜʣʷ ʤʝʪʠʣʧʘʨʘʙʝʥʘ 4,62 Ñ 0,67, ʜʣʷ ʵʪʠʣʧʘʨʘʙʝʥʘ 4,42 Ñ 0,63 ʠ 5,05 Ñ 0,63, 

ʜʣʷ ʧʨʦʧʠʣʧʘʨʘʙʝʥʘ 5,09 Ñ 0,72. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʧʨʦʮʝʜʫʨʝ 

ʚʘʣʠʜʘʮʠʠ, ʜʘʥʥʳʝ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 
ʊʘʙʣʠʮʘ. ɼʘʥʥʳʝ ʚʘʣʠʜʘʮʠʠ 

 
ʇʨʠʤʝʨ ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʢʦʩʤʝʪʠʯʝʩʢʦʛʦ ʢʨʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2. 

 

 

 

 

 

 

 

 

 

 
 

ʈʠʩ. 2. ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʢʦʩʤʝʪʠʯʝʩʢʦʛʦ ʢʨʝʤʘ 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʷʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʨʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʵʬʠʨʦʚ 4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ, ʘ ʠʤʝʥʥʦ 

ʤʝʪʠʣ-, ʵʪʠʣ-, ʠ ʧʨʦʧʠʣ- ʧʘʨʘʙʝʥʳ ʚ ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ: ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʪʦʯʥʦʩʪʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. 



ʈɸɿɼɽʃ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʊʘʢʞʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʝʘʢʪʠʚʦʚ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ ʚʘʣʠʜʘʮʠʠ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʤʝʪʦʜʦʚ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʪʨʝʙʦʚʘʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʥʦʨʤʘʪʠʚʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. Uysal U.D. Determination of Parabens in Pharmaceutical and Cosmetic Products by 

Capillary Electrophoresis. // Analytical Chemistry 2008. V. 63. N. 10. P. 982ï986.  

2. Kejlova K., Rucki M., Jirova D. Health safety of parabens evaluated by selected in 

vitro. // Regulatory Toxicology and Pharmacology 2023. V. 138 

3. Darbre P.D., Harvey P.W. Paraben Esters: Review of Recent Studies of 

Endocrinetoxicity, Absorption, Esterase and Human Exposure, and Discussion of Potential 

Human Health Risks. // Appl. Toxicol. 2008. V. 28. P. 561-578.  

4. Malik A.K., Aulakh J.S., Kaur V. Capillary Electrophoretic Analysis of Classical 

Organic Pollutants. // Methods Mol. Biology 2016. V. 1483. P. 407ï435.  

5. Blanco E., Casais M.C., Mejuto M.C., Cela R. Combination of off-line solid-phase 

extraction and on-column sample stacking for sensitive determination of parabens and p-

hydroxybenzoic acid in waters by non-aqueous capillary electrophoresis. // Analytical 

Chemistry. Acta. 2009. V. 647. P. 104-111. 

6. ʃʝʙʝʜʝʚ ɸ.ʉ., ʆʨʣʦʚ ɺ.ʖ., ʇʝʪʨʦʚ ɸ.ʉ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʵʬʠʨʦʚ 4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (ʧʘʨʘʙʝʥʦʚ) ʚ ʧʨʦʜʫʢʪʘʭ ʧʠʪʘʥʠʷ, 

ʢʦʩʤʝʪʠʢʝ, ʞʠʜʢʠʭ ʠ ʪʘʙʣʝʪʠʨʦʚʘʥʥʳʭ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʘʭ ʤʝʪʦʜʦʤ ʆʌ-

ɺʕɾʍ ʩʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ. // ʀʟʚ. ʚʫʟʦʚ. ʍʠʤʠʷ ʠ 

ʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ. 2020. ʊ. 63(1). ʩ. 11ī17 

7. Ramirez N., Borrull F., Marce R.M. Simultaneous determination of parabens and 

synthetic musks in water by stir-bar sorptive extraction and thermal desorption gas 

chromatography-mass spectrometry. // Sep. Sci. 2012. V. 35. P. 580-588. 

 

 

 
ʋɼʂ 543.421/.424 

ɹʝʣʷʢʦʚʘ ɸ. ɸ., ʃʝʙʝʜʝʚ ɸ. ʉ. ʆʙʥʘʨʫʞʝʥʠʝ ʪʠʧʦʚ ʬʘʣʴʩʠʬʠʢʘʮʠʠ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʣʠʤʦʥʘ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ɸ. ɸ. ɹʝʣʷʢʦʚʘ, ɸ. ʉ. ʃʝʙʝʜʝʚ  

ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʇ. ɻ. ɼʝʤʠʜʦʚʘ 

 

ʆɹʅɸʈʋɾɽʅʀɽ ʊʀʇʆɺ ʌɸʃʔʉʀʌʀʂɸʎʀʀ ʕʌʀʈʅʆɻʆ ʄɸʉʃɸ 

ʃʀʄʆʅɸ ʄɽʊʆɼʆʄ ʀʂ-ʉʇɽʂʊʈʆʉʂʆʇʀʀ 

 
ɸʥʥʦʪʘʮʠʷ: ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʵʬʠʨʥʳʝ ʤʘʩʣʘ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʨʳʥʢʘ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʪʦʚʘʨʦʚ, ʥʘʭʦʜʷ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʘʨʬʶʤʝʨʥʦ-ʢʦʩʤʝʪʠʯʝʩʢʦʡ, 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʦʙʣʘʩʪʷʭ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʳʷʚʣʝʥʥʳʝ ʤʝʪʦʜʦʤ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʨʝʜʥʝʛʦ ʜʠʘʧʘʟʦʥʘ ʪʠʧʳ ʬʘʣʴʩʠʬʠʢʘʮʠʠ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʣʠʤʦʥʘ, ʢʘʢ ʦʜʥʦʛʦ ʠʟ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʬʘʣʴʩʠʬʠʮʠʨʫʝʤʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʬʠʨʥʦʝ ʤʘʩʣʦ ʣʠʤʦʥʘ, ʬʘʣʴʩʠʬʠʢʘʮʠʷ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ. 
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IDENTIFICATION OF THE TYPES OF FALSIFICATION  

OF LEMON ESSENTIAL OIL BY MIR SPECTROSCOPY  

 
Abstract: today essential oils are an integral part of the food market having found wide application 

in the perfumery, cosmetics, pharmaceutical and medical fields. This article presents the main identified 

types of falsification of lemon essential oil as one of the most susceptible to falsification of the product. 

Keywords: lemon essential oil, falsification, IR-spectroscopy. 

 

 
ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʙʣʝʤʘ ʧʦʠʩʢʘ 

ʥʘʪʫʨʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʵʬʠʨʥʳʭ ʤʘʩʝʣ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʘʤʳʤ ʬʘʣʴʩʠʬʠʮʠʨʫʝʤʳʤ ʚʠʜʦʤ 

ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʷʚʣʷʝʪʩʷ ʣʠʤʦʥʥʦʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʠʡ ʩʧʨʦʩ ʥʘ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʤ ʨʳʥʢʝ ʚ ʩʠʣʫ ʩʚʦʝʛʦ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɺʩʝ 

ʯʘʱʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʯʘʩʪʠʯʥʦʡ ʠʣʠ ʧʦʣʥʦʡ ʟʘʤʝʥʳ ʤʘʩʣʘ, 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʝʛʦ ʚ ʚʦʜʝ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʨʘʟʣʠʯʥʳʭ ʨʘʟʙʘʚʠʪʝʣʝʡ ʠ 

ʥʘʧʦʣʥʠʪʝʣʝʡ, ʯʪʦ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʪʘ [1].  

ʆʧʨʝʜʝʣʝʥʠʝ ʪʠʧʦʚ ʬʘʣʴʩʠʬʠʢʘʮʠʠ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʣʠʤʦʥʘ ʧʨʦʚʦʜʠʣʦʩʴ 

ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʩʨʝʜʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʦʚ. ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʩʨʝʜʥʝʡ 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ (MIR-ʩʧʝʢʪʨʦʩʢʦʧʠʷ) ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʥʝʩʢʦʣʴʢʦ ʧʨʝʠʤʫʱʝʩʪʚ 

ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ, ʪʘʢʠʭ ʢʘʢ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʠ 

ʜʦʩʪʦʚʝʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʘʥʘʣʠʟʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ 

ʜʘʥʥʳʡ ʤʝʪʦʜ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʦʚʘʨʦʚ [2]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʦʙʣʶʜʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʩʦʩʪʘʚʣʷʣ 4000-600 cʤ-1 ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʩʠʛʥʘʣʘ 1 ʩʤ-1. 

ʇʦʣʫʯʝʥʠʝ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʘʣʤʘʟʥʦʡ ʧʨʠʩʪʘʚʢʝ ʋʅʇɺʆ ʩ 

ʬʦʢʫʩʠʨʫʶʱʝʡ ʣʠʥʟʦʡ ʠʟ ZnSe. ʆʙʲʝʤ ʥʘʥʦʩʠʤʦʛʦ ʦʙʨʘʟʮʘ ï 20-100 ʤʢʣ. 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʚʥʫʪʨʝʥʥʝʛʦ ʘʣʛʦʨʠʪʤʘ Compare 

ʧʨʦʛʨʘʤʤʳ Spectrum, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʤʧʘʥʠʝʡ Perkin Elmer. 

ʕʬʠʨʥʦʝ ʤʘʩʣʦ ʣʠʤʦʥʘ ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʠʭ ʩʦʦʪʥʦʰʝʥʠʠ, ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʢʦʪʦʨʦʛʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʥʠʞʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʤʘʩʣʘ ʠʣʠ ʞʝ ʧʦʣʥʦʝ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ. ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ [3]. 
 

ʊʘʙʣʠʮʘ. ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʣʠʤʦʥʘ 
 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʘ ʉʦʜʝʨʞʘʥʠʝ, % 

ʣʠʤʦʥʝʥ 58,6 

ɔ-ʪʝʨʧʠʥʝʥ 14,8 

ɓ-ʧʠʥʝʥ 11,2 

ʮʠʪʨʘʣʴ 3,3 

ɓ-ʙʠʩʘʙʦʣʝʥ 2,2 

 



ʈɸɿɼɽʃ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʣʠʯʠʷ ʬʘʢʪʦʚ ʬʘʣʴʩʠʬʠʢʘʮʠʠ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʝʥʠʝ ʨʝʬʝʨʝʥʩʥʳʭ ʜʘʥʥʳʭ, ʥʘ 

ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʦʩʴ ʙʳ ʜʘʣʴʥʝʡʰʝʝ ʩʨʘʚʥʝʥʠʝ. ʊʘʢʠʤ ʵʪʘʣʦʥʦʤ ʚʳʩʪʫʧʠʣ 

ʦʙʨʘʟʝʮ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ, ʚʳʜʝʣʝʥʥʳʡ ʤʝʪʦʜʦʤ ʧʘʨʦʚʦʡ ʜʠʩʪʠʣʣʷʮʠʠ. ɽʛʦ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 1, ʩʦʦʪʥʦʩʠʣʠʩʴ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [4]. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʬʘʣʴʩʠʬʠʢʘʮʠʠ 

ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʣʠʤʦʥʘ: ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʚʦʜʦʡ, ʜʦʙʘʚʣʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ, 

ʥʘʣʠʯʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʧʨʠʩʫʪʩʪʚʠʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʦʩʪʘʚʝ, ʘ ʪʘʢʞʝ 

ʨʘʟʙʘʚʣʝʥʠʝ ʵʪʠʣʦʚʳʤ  ʩʧʠʨʪʦʤ.  

 

 
 
ʈʠʩ. 1. MIR-ʩʧʝʢʪʨ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʣʠʤʦʥʘ, ʚʳʜʝʣʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʧʘʨʦʚʦʡ ʜʠʩʪʠʣʣʷʮʠʠ 

 
ʇʝʨʚʳʤ ʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʪʠʧʦʤ ʬʘʣʴʩʠʬʠʢʘʮʠʠ ʦʢʘʟʘʣʦʩʴ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʚʦʜʦʡ. ʉʫʜʠʪʴ ʦʙ ʵʪʦʤ ʧʦʟʚʦʣʠʣʠ ʰʠʨʦʢʠʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚʦʜʳ (ʆ-ʅ st ï 3700-3100 ʩʤ-1, ʆ-ʅ ŭ ï 1635 ʩʤ-1) 

ʠ ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʜʨʫʛʠʭ ʚʳʨʘʞʝʥʥʳʭ ʧʦʣʦʩ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʦʤʧʦʥʝʥʪʘʤ 

ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʣʠʤʦʥʘ (ʨʠʩ. 2). 

 

 

ʈʠʩ. 2. ʉʨʘʚʥʝʥʠʝ MIR-ʩʧʝʢʪʨʦʚ ʵʪʘʣʦʥʘ ʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦʛʦ ʤʘʩʣʘ 
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ʊʘʢʞʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʜʨʫʛʦʡ ʪʠʧ ʬʘʣʴʩʠʬʠʮʠʨʦʚʘʥʠʷ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ï 

ʧʨʠʩʫʪʩʪʚʠʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʦʩʪʘʚʝ, ʚ ʯʘʩʪʥʦʩʪʠ D-ʣʠʤʦʥʝʥʘ. ʆʙ ʵʪʦʤ  

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʩʠʣʴʥʳʡ ʧʠʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʉ=ʉ (885 ʩʤ-1, 796 ʩʤ-1) 

ʠ ʦʪʩʫʪʩʪʚʠʝ ʮʠʪʨʘʣʷ ʚ ʦʙʨʘʟʮʝ (ʨʠʩ. 3). 

ɽʱʝ ʦʜʥʠʤ ʚʳʷʚʣʝʥʥʳʤ ʪʠʧʦʤ ʬʘʣʴʩʠʬʠʢʘʪʦʚ ʙʳʣʘ ʟʘʤʝʥʘ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ 

ʨʘʩʪʠʪʝʣʴʥʳʤ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʧʝʢʪʨ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 4., ʧʨʠʰʣʠ ʢ 

ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʦʙʘʚʢʦʡ ʚʳʩʪʫʧʘʣʦ ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ, 

ʯʪʦ ʚʠʜʥʦ ʧʦ ʭʘʨʘʢʪʝʨʥʳʤ ʧʦʣʦʩʘʤ ʢʦʣʝʙʘʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʩʢʝʣʝʪʘ ʥʝʥʘʩʳʱʝʥʥʳʭ 

ʢʠʩʣʦʪ, ʚʭʦʜʷʱʠʭ ʚ ʝʛʦ ʩʦʩʪʘʚ, ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ sp2 C-H (3009 ʩʤ-1) ʟʘʤʝʪʥʦ 

ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʨʝʬʝʨʝʥʩʘ, ʘ ʪʘʢʞʝ ʠʥʪʝʥʩʠʚʥʳʤ ʧʦʣʦʩʘʤ C=O st ʠ 

C-O st, ʦʪʥʦʩʷʱʠʤʩʷ ʢ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʠʨʦʚʢʝ ʛʣʠʮʝʨʠʜʦʚ (1744 ʩʤ-1, 1160 ʩʤ-1 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).  

 

  

 

ʈʠʩ. 3. ʉʨʘʚʥʝʥʠʝ MIR-ʩʧʝʢʪʨʦʚ ʵʪʘʣʦʥʘ ʠ ʬʘʣʴʩʠʬʠʢʘʪʘ (D-ʣʠʤʦʥʝʥ) 

 
 

 

ʈʠʩ. 4. ʉʨʘʚʥʝʥʠʝ MIR-ʩʧʝʢʪʨʦʚ ʵʪʘʣʦʥʘ ʠ ʬʘʣʴʩʠʬʠʢʘʪʘ (ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ) 
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ʉʣʝʜʫʶʱʠʤ ʚʳʷʚʣʝʥʥʳʤ ʪʠʧʦʤ ʬʘʣʴʩʠʬʠʢʘʮʠʠ ʦʢʘʟʘʣʦʩʴ ʧʨʠʩʫʪʩʪʚʠʝ ʚ 

ʤʘʩʣʝ ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʭ ʘʣʢʘʥʦʚ, ʯʪʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʘʟʝʣʠʥʦʚʦʤʫ ʤʘʩʣʫ, ʦ ʯʸʤ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʭʘʨʘʢʪʝʨʥʳʝ ʩʠʛʥʘʣʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
 

ʈʠʩ. 5. ʉʨʘʚʥʝʥʠʝ MIR-ʩʧʝʢʪʨʦʚ ʵʪʘʣʦʥʘ ʠ ʬʘʣʴʩʠʬʠʢʘʪʘ (ʘʣʢʘʥʳ) 

 

ʇʦʩʣʝʜʥʠʡ ʦʙʥʘʨʫʞʝʥʥʳʡ ʚʘʨʠʘʥʪ ʬʘʣʴʩʠʬʠʢʘʮʠʠ ʟʘʢʣʶʯʘʣʩʷ ʚ 

ʨʘʟʙʘʚʣʝʥʠʠ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ. ʕʪʦ ʜʘʣ ʧʦʥʷʪʴ ʭʘʨʘʢʪʝʨʥʳʡ ʧʠʢ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʆ-ʅ st ï 3700-3200 ʩʤ-1), ʘ ʪʘʢʞʝ ʚʘʣʝʥʪʥʦʝ ʢʦʣʝʙʘʥʠʝ 

ʩʚʷʟʠ ʉ-ʆ (1086-1046 ʩʤ-1) ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʦʩ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ 
ʩʦʩʪʘʚʘ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ (ʨʠʩ. 6).  

 
 

ʈʠʩ. 6. ʉʨʘʚʥʝʥʠʝ MIR-ʩʧʝʢʪʨʦʚ ʵʪʘʣʦʥʘ ʠ ʬʘʣʴʩʠʬʠʢʘʪʘ (ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ) 

 
ʂʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ: D-ʣʠʤʦʥʝʥ, ʛʘʤʤʘ-ʪʝʨʧʠʥʝʥ, ʘʣʴʬʘ-, ʙʝʪʘ-ʧʠʥʝʥʳ, ʮʠʪʨʘʣʴ. 

ʆʩʦʙʳʡ ʚʢʣʘʜ ʚʥʦʩʠʪ D-ʣʠʤʦʥʝʥ, ʦʥ ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʩʦʩʪʘʚʝ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤ ʧʠʢʦʤ. ʂ ʪʦʤʫ ʞʝ ʥʘʣʠʯʠʝ ʮʠʪʨʘʣʷ ʚ ʩʦʩʪʘʚʝ, ʢʦʪʦʨʳʡ ʜʘʝʪ 

ʥʝʙʦʣʴʰʫʶ, ʥʦ ʭʘʨʘʢʪʝʨʥʫʶ ʧʦʣʦʩʫ ʧʦʛʣʦʱʝʥʠʷ, ʛʦʚʦʨʠʪ ʦ ʭʦʨʦʰʝʤ ʢʘʯʝʩʪʚʝ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ [5].  

ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 48 ʦʙʨʘʟʮʦʚ, 28 ʠʟ ʢʦʪʦʨʳʭ 

ʦʢʘʟʘʣʠʩʴ ʬʘʣʴʩʠʬʠʮʠʨʦʚʘʥʥʳʤʠ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʬʘʣʴʩʠʬʠʢʘʮʠʠ ʵʬʠʨʥʦʛʦ 

ʤʘʩʣʘ ʣʠʤʦʥʘ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʠ, 

ʜʦʙʘʚʣʝʥʠʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ, ʥʘʣʠʯʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʪʦʣʴʢʦ ʦʜʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʦʩʪʘʚʝ, ʘ ʪʘʢʞʝ ʨʘʟʙʘʚʣʝʥʠʠ ʵʪʘʥʦʣʦʤ. 

ʇʝʨʩʧʝʢʪʠʚʘ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʰʠʨʝʥʠʠ ʥʘʙʦʨʘ 

ʧʦʜʣʠʥʥʳʭ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ) ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 

ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʣʠʤʦʥʘ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʭʝʤʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

(SIMCA). 
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ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʩʦʝʜʠʥʝʥʠʷ ʨʘʟʥʦʨʦʜʥʳʭ ʧʦ ʩʚʦʡʩʪʚʘʤ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʢʣʝʝʚʦʛʦ ʧʣʝʥʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʂʂʇʄ). ʎʝʣʴʶ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʥʦʨʦʜʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʂʂʇʄ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʢʣʝʝʚʦʡ ʧʣʝʥʦʯʥʳʡ ʤʘʪʝʨʠʘʣ; ʨʘʟʥʦʨʦʜʥʳʝ ʧʦ ʩʚʦʡʩʪʚʘʤ 

ʤʘʪʝʨʠʘʣʳ, ʢʣʝʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ. 
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L.I . Bondarenko, O.V. Meteleva, Sh. Sh. Imatshoeva 

 

USE OF POLYMER COMPOSITE FOR CONNECTION  

OF HETEROGENEOUS MATERIALS  

 
Abstract: the process of connecting materials heterogeneous properties using a composite adhesive 

film material (CAFM) is in the article. The aim of the work is to study the properties of adhesive compounds 

heterogeneous in technological properties of materials with the help of CAFM. 

Keywords: composite of the adhesive film material; properties of heterogeneous materials, adhesive 

bonding. 

 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘʱʠʪʥʳʭ ʠʟʜʝʣʠʡ 

ʨʘʙʦʪʥʠʢʦʚ ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʩʠʣʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʩʧʘʩʘʪʝʣʝʡ, 

ʧʦʞʘʨʥʳʭ ʠ ʜʨ. ʥʘʭʦʜʷʪ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʶʪʩʷ ʢʘʢ ʧʦ ʩʦʩʪʘʚʫ, ʩʪʨʫʢʪʫʨʝ, 

ʪʘʢ ʠ ʧʦ ʩʚʦʡʩʪʚʘʤ (ʵʣʘʩʪʠʯʥʳʝ ʠ ʥʝʵʣʘʩʪʠʯʥʳʝ ʧʣʝʥʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʢʘʥʠ ʩ 

ʧʣʝʥʦʯʥʳʤ ʧʦʢʨʳʪʠʝʤ, ʥʝʪʢʘʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʦʨʝʟʠʥʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʢʦʞʘ). 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʠ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʢʠʝ-

ʣʠʙʦ ʩʚʝʜʝʥʠʷ ʠʣʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʦʝʜʠʥʝʥʠʶ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡ ʦʙʷʟʘʪʝʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ 

ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʯʥʦʩʪʠ ʥʠʪʦʯʥʳʭ ʰʚʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʢʦʤʧʘʢʪʥʳʝ 

ʩʨʝʜʩʪʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ ʦʨʛʘʥʦʚ ʣʠʮʘ ʠ ʛʦʣʦʚʳ ʬʠʣʴʪʨʫʶʱʝʛʦ ʪʠʧʘ ï 

ʩʘʤʦʩʧʘʩʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʟʘʱʠʪʳ ʯʝʣʦʚʝʢʘ ʦʪ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ 

ʜʣʷ ʙʝʟʦʧʘʩʥʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʵʚʘʢʫʘʮʠʠ ʠʟ ʟʘʜʳʤʣʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ ʚʦ ʚʨʝʤʷ 

ʧʦʞʘʨʘ, ʟʦʥ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʘʢʪʦʚ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʘʚʘʨʠʡ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ 

ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʳʪʦʚʦʛʦ ʩʘʤʦʩʧʘʩʘʪʝʣʷ   ʩ 

ʧʦʤʦʱʴʶ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʢʣʝʝʚʦʛʦ ʧʣʝʥʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʂʂʇʄ).   

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʢʣʝʝʚʳʝ ʩʦʝʜʠʥʝʥʠ̫, ʧʦʣʫʯʝʥʥʝr ʩ ʧʦʤʦʱʴʁ ʂʂʇʄ, 

ʧʦ ʩʨʘʚʥʝʥʠ ʁ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʥʝʨʘʟʝ̡ʤʥʭr ʩʦʝʜʠʥʝʥʠʡ, ʠʤʝʁʪ ʨ̫ʜ ʧʨʝʠʤʫɦ ʝʩʪʚ: 

ʚʦʟʤʦʞʥʦʩʪʴ ɻʣʘʩʪʠʯʥʦʛʦ, ʧʨʦʯʥʦʛʦ, ʥʘʜʝʞʥʦʛʦ ʩʦʝʜʠʥʝʥʠ ̫ʨʘʟʣʠʯʥʭr ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ 

ʤʝʞʜʫ ʩʦʙʦʡ, ʪʘʢ ʠ ʚ ʨʘʟʣʠʯʥʭr ʩʦʯʝʪʘʥʠ̫ʭ. ʂʣʝʝʚʦʡ ʩʣʦʡ ʧʣʝʥʦʯʥʦʛʦ ʢʦʤʧʦʟʠʪʘ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʚʷʟʢʦʪʝʢʫʯʝʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʩʧʦʩʦʙʝʥ 

ʟʘʧʦʣʥʷʪʴ ʤʠʢʨʦʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩʢʣʝʠʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʜʦʩʪʠʞʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʛʝʨʤʝʪʠʟʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʟʘʱʠʪʥʦʛʦ 

ʠʟʜʝʣʠʷ, ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʤʘʪʝʨʠʘʣʦʚ: 

- ʧʣʘʱʝʚʘʷ ʪʢʘʥʴ ʩ ʧʣʝʥʦʯʥʳʤ ʧʦʢʨʳʪʠʝʤ ʄ1, ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʢʦʞʘ 

ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʥʘʷ (ʤʘʪʝʨʠʘʣ ʦʙʣʝʛʯʝʥʥʳʡ ʩ ʧʦʥʠʞʝʥʥʦʡ ʛʦʨʶʯʝʩʪʴʶ) ʄ2, 

ʧʨʦʨʝʟʠʥʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʄ3; 

- ʦʙʲʝʤʥʳʡ ʥʝʪʢʘʥʳʡ ʬʠʣʴʪʨʫʶʱʠʡ ʤʘʪʝʨʠʘʣ ʠʛʣʦʧʨʦʙʠʚʥʦʡ ʄ5, ʥʝʪʢʘʥʳʡ 

ʤʘʪʝʨʠʘʣ ʩʧʘʥʜʙʦʥʜ, ʦʙʨʘʙʦʪʘʥʥʳʡ ʘʥʪʠʧʠʨʝʥʦʤ ʄ6 ʠ ʙʝʟ ʦʙʨʘʙʦʪʢʠ ʄ7); 

- ʧʦʣʠʠʤʠʜʥʘʷ ʧʣʝʥʢʘ ʄ8, ʵʣʘʩʪʠʯʥʳʡ ʧʣʝʥʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʄ9. 

ʉ ʮʝʣʴʶ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʨʘʟʥʦʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʟʘʱʠʪʥʦʛʦ ʠʟʜʝʣʠʷ, ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʦʮʝʥʢʘ ʩʣʝʜʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ: 
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- ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʩʣʘʠʚʘʥʠʶ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʣʝʝʚʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ (ʉʨ);  

- ʘʜʛʝʟʠʦʥʥʘʷ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʜʚʠʛ. ʆʧʨʝʜʝʣʷʣʦʩʴ ʟʥʘʯʝʥʠʷ ʩʠʣʳ ʨʘʩʪʷʞʝʥʠʷ ʚ 

ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʰʚʘ ʠ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ; 

- ʵʣʘʩʪʠʯʥʦʩʪʴ, ʪʦ ʝʩʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʜʝʨʞʠʚʘʪʴ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʛʨʫʟʢʠ ʙʝʟ 

ʥʘʨʫʰʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  

 ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ 

ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʩʣʘʠʚʘʥʠʶ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʉʨ ʧʦʩʣʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ.   

 

 
 

ʈʠʩʫʥʦʢ. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʉʨ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

 
ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ, ʚ ʪʝʯʝʥʠʝ 14 ʜʥʝʡ ʢʣʝʡ ʟʘʪʝʢʘʝʪ ʚ ʤʠʢʨʦʚʧʘʜʠʥʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʚʳʰʘʷ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʉʨ, ʯʪʦ ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʪʥʳʤ ʧʝʨʝʪʝʢʘʥʠʝʤ ʢʣʝʷ ʥʘ ʧʦʜʣʦʞʢʫ, ʘ 

ʟʘʪʝʤ   ʧʦʢʘʟʘʪʝʣʴ ʉʨ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʟʘʠʤʦʦʙʨʘʪʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʮʝʣʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʉʨ ʚʦ ʚʨʝʤʝʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʨʝʜ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʠʟʜʝʣʠʷ ʤʠʥʠʤʘʣʴʥʳʡ ʩʨʦʢ ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ 

ʚʳʜʝʨʞʢʠ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʝʪ 14 ʜʥʝʡ ʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʭʨʘʥʝʥʠʷ 

ʩʘʤʦʩʧʘʩʘʪʝʣʷ, ʧʨʦʯʥʦʩʪʴ ʰʚʦʚ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ʂʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʘʠʙʦʣʝʝ ʧʨʦʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʨʘʟʫʶʪ ʧʣʝʥʦʯʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʄ6, ʄ7 ʠ ʤʘʪʝʨʠʘʣ ʩ ʧʣʝʥʦʯʥʳʤ ʧʦʢʨʳʪʠʝʤ ʄ1. 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʘʤʦʩʧʘʩʘʪʝʣʴ ʠʩʧʳʪʳʚʘʝʪ 

ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʛʨʫʟʢʠ, ʢʘʢ ʚ ʧʨʦʜʦʣʴʥʦʤ, ʪʘʢ ʠ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ, 

ʚʳʧʦʣʥʷʣʘʩʴ ʦʮʝʥʢʘ ʧʨʦʯʥʦʩʪʠ ʰʚʦʚ. ɺ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʰʦʚ, ʩʦʝʜʠʥʷʶʱʠʡ 

ʬʠʣʴʪʨ ʩ ʢʘʧʶʰʦʥʦʤ ʚʳʜʝʨʞʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ (28,1é81,67 ʅ/ʩʤ), ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʠ ʥʘʜʝʚʘʥʠʠ ʩʘʤʦʩʧʘʩʘʪʝʣʷ. ʇʨʦʯʥʦʩʪʴ ʰʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʤʘʪʝʨʠʘʣʳ ʩ ʧʣʝʥʦʯʥʳʤ ʧʦʢʨʳʪʠʝʤ, ʧʦ ʥʠʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʳʚ. ʅʝʪʢʘʥʳʝ ʤʘʪʝʨʠʘʣʳ 

(ʄ3, ʄ4) ʠ ʩʘʤʦʢʣʝʷʱʠʡʩʷ ʧʣʝʥʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʠʩʧʳʪʳʚʘʶʪ ʨʘʩʪʷʞʝʥʠʝ ʙʝʟ 

ʨʘʟʨʳʚʘ. ʇʨʠ ʵʪʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʠʪʦʯʥʦ-ʢʣʝʝʚʦʛʦ ʰʚʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʝʱʝ ʥʘ 23%. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʢʘʧʶʰʦʥ ʚʳʧʦʣʥʝʥ ʠʟ 

ʧʦʣʠʠʤʠʜʥʦʡ ʧʣʝʥʢʠ, ʪʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʢʣʝʝʚʦʡ ʩʧʦʩʦʙ ʩʦʝʜʠʥʝʥʠʷ ï 

ʧʝʨʬʦʨʘʮʠʷ ʠʛʣʦʡ ʧʨʠ ʩʪʘʯʠʚʘʥʠʠ ʩʥʠʞʘʝʪ ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʠ ʰʚʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʤʝʥʝʝ ʧʨʦʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ (2,35é3,67 ʅ/ʩʤ) ʚ 

ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʬʠʣʴʪʨʘ (ʠʛʣʦʧʨʦʙʠʚʥʦʡ ʥʝʪʢʘʥʳʡ 

ʤʘʪʝʨʠʘʣ) ʩ ʢʘʧʶʰʦʥʦʤ, ʛʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʩ ʧʣʝʥʦʯʥʳʤ ʧʦʢʨʳʪʠʝʤ. ɺʦ 
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ʚʩʝʭ ʵʪʠʭ ʩʣʫʯʘʷʭ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʳʚ ʥʝʪʢʘʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʪʦʤ, ʯʪʦ ʰʦʚ ʧʨʦʯʥʝʝ ʤʘʪʝʨʠʘʣʘ. ʉ ʫʯʝʪʦʤ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚ 

ʬʠʣʴʪʨʫʶʱʝʤ ʧʘʢʝʪʝ ʩʥʘʨʫʞʠ ʠ ʚʥʫʪʨʠ ʨʘʩʧʦʣʘʛʘʪʴ ʥʝʪʢʘʥʳʡ ʤʘʪʝʨʠʘʣ ʪʠʧʘ 

ʩʧʘʥʜʙʦʥʜ ʩ ʘʥʪʠʧʠʨʝʥʦʚʦʡ ʧʨʦʧʠʪʢʦʡ (ʄ4), ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʪʴ 

ʧʦʚʳʰʝʥʥʳʝ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʚʘ (ʚ 6,5 ʨʘʟ ʙʦʣʴʰʝ) ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʵʪʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʬʠʣʴʪʨʘʮʠʶ ʚʜʳʭʘʝʤʦʛʦ ʚʦʟʜʫʭʘ.  ʇʨʠ ʵʪʦʤ ʥʠʪʦʯʥʦ-ʢʣʝʝʚʦʡ 

ʰʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʬʠʣʴʪʨʘ ʩ ʢʘʧʶʰʦʥʦʤ, ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʥʘ 17é23%. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʦʯʥʳʝ ʙʦʢʦʚʳʝ ʰʚʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʘʪʝʨʠʘʣʳ ʩ 

ʧʣʝʥʦʯʥʳʤ ʧʦʢʨʳʪʠʝʤ (ʄ1, ʄ2), ʢʦʪʦʨʳʝ ʧʨʠ ʥʘʜʝʚʘʥʠʠ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʳʪʳʚʘʶʪ 

ʧʨʦʜʦʣʴʥʦʝ ʨʘʩʪʷʞʝʥʠʝ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʣʷ ʧʦʣʠʠʤʠʜʥʦʡ ʧʣʝʥʢʠ (ʄ7) ʵʪʠ ʟʥʘʯʝʥʠʷ ʚ 3é4 ʨʘʟʘ ʤʝʥʴʰʝ. 

ʇʨʦʯʥʦʩʪʴ ʙʦʢʦʚʦʛʦ ʰʚʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ ʥʠʞʝ 

(16,51é29,32 ʅ/ʩʤ), ʥʦ ʝʝ ʢʦʤʧʝʥʩʠʨʫʝʪ ʜʦʩʪʘʪʦʯʥʘʷ ʚʝʣʠʯʠʥʘ ʧʨʠʙʘʚʢʠ ʥʘ 

ʩʚʦʙʦʜʥʦʝ ʦʙʣʝʛʘʥʠʝ ʩʘʤʦʩʧʘʩʘʪʝʣʷ ʧʦ ʦʙʭʚʘʪʫ ʛʦʣʦʚʳ, ʠʩʢʣʶʯʘʶʱʘʷ ʚʝʨʦʷʪʥʳʝ 

ʨʘʟʨʳʚʥʳʝ ʥʘʛʨʫʟʢʠ. 

ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʘʤʦʩʧʘʩʘʪʝʣʷ ʧʦʧʝʨʝʯʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʚ ʦʩʥʦʚʥʦʤ 

ʠʩʧʳʪʳʚʘʝʪ ʩʦʝʜʠʥʝʥʠʝ ʠʣʣʶʤʠʥʘʪʦʨʘ (ʄ7) ʩ ʢʘʧʶʰʦʥʦʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (27,2é30,4 ʅ/ʩʤ) ʥʘʭʦʜʷʪʩʷ ʥʘ ʫʨʦʚʥʝ ʚʝʣʠʯʠʥ 

ʦʩʪʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʫʟʣʦʚ). 

ʂʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʰʚʳ, 

ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʠʣʠ ʵʣʘʩʪʠʯʥʳʝ ʧʣʝʥʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʄ9 ʠ ʄ10), ʥʝ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʨʘʟʨʫʰʝʥʠʶ ʧʨʠ ʟʘʜʘʥʥʳʭ ʥʘʛʨʫʟʢʘʭ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʩʦʢʘʷ 

ʵʣʘʩʪʠʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʠ ʰʚʘ ʚ ʮʝʣʦʤ, ʘ ʪʘʢʞʝ ʜʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʦʥʥʦʡ 

ʧʨʦʯʥʦʩʪʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʧʶʰʦʥʘ 

ʩʘʤʦʩʧʘʩʘʪʝʣʷ ʙʳʣʠ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʪʢʘʥʠ ʩ ʧʣʝʥʦʯʥʳʤ ʧʦʢʨʳʪʠʝʤ, ʫ ʢʦʪʦʨʳʭ 

ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʚʦʚ ʚʳʰʝ, ʯʝʤ ʫ ʧʦʣʠʠʤʠʜʥʦʡ ʧʣʝʥʢʠ. ɺʳʙʨʘʥʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʣʘʜʘʶʪ (39,5é45 ʅ/ʩʤ) ʚ ʩʨʝʜʥʝʤ ʦʜʠʥʘʢʦʚʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʨʦʚʥʶ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʘʣʦʛʘ (ʩʘʤʦʩʧʘʩʘʪʝʣʷ 

çʌʝʥʠʢʩè). 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʦʩʴ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʥʘʠʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦʡ ʬʦʨʤʳ ʧʨʠ ʩʢʣʘʜʳʚʘʥʠʠ ʩʘʤʦʩʧʘʩʘʪʝʣʷ ʠ ʚʳʙʦʨʘ 

ʤʘʪʝʨʠʘʣʘ ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʢʦʤʧʘʢʪʥʫʶ ʬʦʨʤʫ ʚ ʩʣʦʞʝʥʥʦʤ ʚʠʜʝ. ʀʩʧʳʪʘʥʠʶ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʠʩʩʣʝʜʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʩʪʘʥʜʘʨʪʥʦʛʦ ʬʦʨʤʘʪʘ ɸ4, ʥʘʠʙʦʣʝʝ 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʢ ʨʘʟʤʝʨʘʤ ʩʘʤʦʩʧʘʩʘʪʝʣʷ.  ɺ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʠʩʧʳʪʘʥʠʡ   ʧʨʦʮʝʩʩ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʫʪʝʤ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʦʦʯʝʨʝʜʥʦʛʦ ʩʢʣʘʜʳʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʧʦʧʦʣʘʤ 

ʚ ʧʦʧʝʨʝʯʥʦʤ ʠ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʦ ʤʦʤʝʥʪʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʩʣʦʞʝʥʠʷ, ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʠʟʜʝʣʠʝ ʩʢʣʘʜʳʚʘʣʠ ʧʨʦʜʦʣʴʥʦ ʚ 3 ʩʣʦʷ, ʘ ʟʘʪʝʤ 

ʩʢʨʫʯʠʚʘʣʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʙʦʣʝʝ ʪʦʥʢʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʪʦʣʱʠʥʦʡ ʜʦ 0,45 ʤʤ) ʢʦʤʧʘʢʪʥʘʷ 

ʬʦʨʤʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʝʨʚʦʤ ʩʧʦʩʦʙʝ ʩʢʣʘʜʳʚʘʥʠʷ, ʜʣʷ ʦʩʪʘʣʴʥʳʭ ï ʧʨʠ ʚʪʦʨʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʘ ʢʘʧʶʰʦʥʘ ʩʘʤʦʩʧʘʩʘʪʝʣʷ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʙʠʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʧʦʩʦʙ ʩʢʣʘʜʳʚʘʥʠʷ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʦʮʝʥʢʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʝʪʘʣʝʡ 

ʦʩʥʦʚʳ ʢʘʧʶʰʦʥʘ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦʩʪʠ ʠʤʝʶʪ ʢʣʝʝʚʳʝ ʰʚʳ 
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ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʣʝʥʦʯʥʳʤ ʧʦʢʨʳʪʠʝʤ ʠ ʧʣʝʥʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʩʦʝʜʠʥʝʥʠʷʤ ʠʟʜʝʣʠʡ ʜʣʷ ʩʘʤʦʩʧʘʩʘʪʝʣʝʡ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʜʣʠʪʝʣʴʥʦʛʦ 

ʭʨʘʥʝʥʠʷ ʟʘʱʠʪʥʦʛʦ ʠʟʜʝʣʠʷ - ʩʘʤʦʩʧʘʩʘʪʝʣʷ ʧʨʝʜʧʦʯʪʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʜʘʪʴ 

ʧʦʣʠʠʤʠʜʥʦʡ ʧʣʝʥʢʝ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʙʳʩʪʨʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʬʦʨʤʳ ʠʟʜʝʣʠʷ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʝʤʫ ʢʦʤʧʘʢʪʥʳʝ ʨʘʟʤʝʨʳ ʚ ʩʣʦʞʝʥʥʦʤ ʚʠʜʝ. 
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Abstract: to reduce the flammability of particle board, aluminum trihydrate was used as a gorenje 

moderator. The degree of damage to the samples by mass during gorenje in a "ceramic pipe" was 

investigated. 
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ʧʦʚʳʰʝʥʥʘʷ ʛʦʨʶʯʝʩʪʴ [1]. ɼʉʪʇ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʜʨʝʚʝʩʠʥʳ, 

ʠʤʝʶʪ ʩʚʦʡʩʪʚʦ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʠ ʛʦʨʝʥʠʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʠʩʪʦʯʥʠʢʘ ʦʛʥʷ [2]. 

ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʦʛʥʝʟʘʱʠʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ  

[3ï5].  

ɺʚʝʜʝʥʠʝ ʚ ʢʦʤʧʦʟʠʮʠʶ ʘʥʪʠʧʠʨʝʥʦʚ ï ʜʦʙʘʚʦʢ, ʟʘʤʝʜʣʷʶʱʠʭ ʛʦʨʝʥʠʝ, 

ʧʨʠʜʘʝʪ ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʝʤʫ ʤʘʪʝʨʠʘʣʫ ʧʦʥʠʞʝʥʥʫʶ ʛʦʨʶʯʝʩʪʴ.  ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʥʠʞʝʥʥʦʡ ʛʦʨʶʯʝʩʪʴʶ ʤʦʞʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʞʘʨʘ, 

ʪʘʢ ʢʘʢ ʚʦʟʜʝʡʩʪʚʠʝ ʥʠʟʢʦʢʘʣʦʨʠʡʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʛʥʷ ʥʘ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʥʝ 

ʧʨʠʚʝʜʝʪ ʢ ʠʭ ʚʦʟʛʦʨʘʥʠʶ, ʘ ʩʥʠʞʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʝʨʠ ʤʘʩʩʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʚʳʩʦʢʦʢʘʣʦʨʠʡʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʛʥʷ ʧʦʟʚʦʣʠʪ ʟʘʤʝʜʣʠʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʞʘʨʘ. 

ɻʘʣʦʛʝʥʦʩʦʜʝʨʞʘʱʠʝ ʘʥʪʠʧʠʨʝʥʳ ʠʤʝʶʪ ʩʚʦʡʩʪʚʦ ʠʥʛʠʙʠʨʦʚʘʪʴ ʘʢʪʠʚʥʳʝ 

ʨʘʜʠʢʘʣʳ -ʆʅ ʠ -ʅ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʚʳʚʦʜʠʪʴ ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʦʜʫʢʪʳ ʠʟ ʟʦʥʳ 

ʛʦʨʝʥʠʷ.  ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʪʘʢʠʭ ʘʥʪʠʧʠʨʝʥʦʚ, ʢʘʢ ʩʠʣʠʢʘʪʳ ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʳ, 

ʙʦʨʘʪʳ ʤʝʪʘʣʣʦʚ, ʬʦʩʬʘʪʳ, ʠʭ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʦʙʫʩʣʦʚʣʝʥ ʚʣʠʷʥʠʝʤ ʥʘ 

ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʱʠʪʥʳʭ ʩʣʦʝʚ. ʕʪʠ ʩʣʦʠ ʩʦʩʪʦʷʪ ʠʟ 

ʥʝʣʝʪʫʯʠʭ ʦʩʪʘʪʢʦʚ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ï ʦʢʠʩʣʦʚ ʤʝʪʘʣʣʦʚ), ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɸʥʪʠʧʠʨʝʥʳ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʧʣʦʪʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʟʘʱʠʪʥʳʝ ʩʣʦʠ, ʬʦʨʤʠʨʫʶʪ ʬʠʟʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʜʝʡʩʪʚʠʶ ʧʣʘʤʝʥʠ ʥʘ 

ʤʘʪʝʨʠʘʣ. ʕʪʦ ʟʘʪʨʫʜʥʷʝʪ ʜʠʬʬʫʟʠʶ ʛʦʨʶʯʠʭ ʛʘʟʦʚ ʚ ʧʣʘʤʷ [6]. ʉʦʝʜʠʥʝʥʠʷ ʬʦʩʬʦʨʘ, 

ʨʘʙʦʪʘʷ ʧʦ ʧʨʠʥʮʠʧʫ ʠʥʪʫʤʝʩʮʝʥʪʥʳʭ (ʚʩʧʫʯʠʚʘʶʱʠʭʩʷ) ʤʘʪʝʨʠʘʣʦʚ, ʬʦʨʤʠʨʫʶʪ 

ʢʦʢʩʦʦʙʨʘʟʥʫʶ ʧʝʥʫ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ ʠ ʧʣʘʤʝʥʝʤ. 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʨʦʥʪʘ ʚʛʣʫʙʴ ʦʙʨʘʟʮʘ ʠ 

ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʚʠʩʷʪ ʦʪ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ 

ʪʦʣʱʠʥʘ ʦʙʨʘʟʮʘ, ʝʛʦ ʦʨʠʝʥʪʘʮʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʛʥʝʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʪʝʨʤʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ. 

ʊʝʨʤʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ ï ʵʪʦ ʪʦʣʱʠʥʘ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ, ʧʨʦʛʨʝʪʦʛʦ ʧʝʨʝʜ 

ʬʨʦʥʪʦʤ ʧʣʘʤʝʥʠ ʚʳʰʝ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢ ʤʦʤʝʥʪʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ 

ʥʘ ʜʘʥʥʳʡ ʫʯʘʩʪʦʢ ʧʦʚʝʨʭʥʦʩʪʠ. ɽʩʣʠ ʨʝʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʧʨʝʚʳʰʘʝʪ ʪʝʨʤʠʯʝʩʢʫʶ 

ʪʦʣʱʠʥʫ ï ʤʘʪʝʨʠʘʣ ʥʘʟʳʚʘʶʪ ʪʝʨʤʠʯʝʩʢʠ ʪʦʣʩʪʳʤ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ï 

ʪʝʨʤʠʯʝʩʢʠ ʪʦʥʢʠʤ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʝʩʣʠ ʧʨʠ ʪʝʧʣʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʛʣʫʙʠʥʘ 

ʧʨʦʛʨʝʚʘ ʤʝʥʴʰʝ ʬʠʟʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ ʤʘʪʝʨʠʘʣʘ, ʦʥ ʷʚʣʷʝʪʩʷ ʪʝʨʤʠʯʝʩʢʠ ʪʦʣʩʪʳʤ.  

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʨʤʠʯʝʩʢʠ ʪʦʣʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʝʥʠʷ, ʨʘʚʥʘ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʜʦ ʦʛʥʝʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ), ʘ ʚ ʩʣʫʯʘʝ ʪʝʨʤʠʯʝʩʢʠ ʪʦʥʢʦʛʦ ī ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ. ʆʙʨʘʟʮʳ 

ʜʨʝʚʝʩʠʥʳ ʪʦʣʱʠʥʦʡ ʙʦʣʝʝ 15é20 ʤʤ ʦʪʥʦʩʷʪʩʷ ʢ ʪʝʨʤʠʯʝʩʢʠ ʪʦʣʩʪʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʩ 

ʪʦʣʱʠʥʦʡ 1é2 ʤʤ ï ʢ ʪʝʨʤʠʯʝʩʢʠ ʪʦʥʢʠʤ [7].  

ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʪʦʣʱʠʥʳ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʨʝʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ.  

ɽʱʝ ʙʦʣʝʝ ʫʩʣʦʞʥʷʝʪʩʷ ʟʘʜʘʯʘ ʘʥʘʣʠʟʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʛʦʨʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʜʨʝʚʝʩʠʥʳ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʚʪʦʨʦʚ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʩʝʤʴ ʛʨʫʧʧ ʦʙʨʘʟʮʦʚ ʜʨʝʚʝʩʥʦ-

ʩʪʨʫʞʝʯʥʳʭ ʧʣʠʪ ʪʦʣʱʠʥʦʡ 8 ʤʤ ʠ 16 ʤʤ ʬʝʥʦʣʦʬʦʨʤʘʣʴʜʝʛʠʜʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ 

(ʌʌʉ) ʠ ʢʘʨʙʘʤʠʜʦʬʦʨʤʘʣʴʜʝʛʠʜʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ (ʜʣʷ ʧʣʠʪ ʪʦʣʱʠʥʦʡ 16 ʤʤ). ɼʣʷ 

ʩʥʠʞʝʥʠʷ ʛʦʨʶʯʝʩʪʠ ʧʣʠʪ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʨʠʛʠʜʨʘʪ ʘʣʶʤʠʥʠʷ Al 2O3Ŀ3H2O. ʄʘʩʩʦʚʘʷ 

ʜʦʣʷ ʟʘʤʝʜʣʠʪʝʣʷ ʛʦʨʝʥʠʷ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 5 ʜʦ 10 %.  
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ʇʦʢʘʟʘʪʝʣʠ ʛʦʨʶʯʝʩʪʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 30244ï94 

çʄʘʪʝʨʠʘʣʳ ʩʪʨʦʠʪʝʣʴʥʳʝ. ʄʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʛʦʨʶʯʝʩʪʴè ʚ ʫʩʪʘʥʦʚʢʝ 

çʢʝʨʘʤʠʯʝʩʢʘʷ ʪʨʫʙʘè (çʢʝʨʘʤʠʯʝʩʢʠʡ ʢʦʨʦʙè) ʧʦ ɻʆʉʊ ʈ 53292ï2009 [8]. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʨʠ ʤʘʩʩʳ ʧʣʠʪ ʧʨʠ ʛʦʨʝʥʠʠ ʚ ʢʝʨʘʤʠʯʝʩʢʦʤ ʢʦʨʦʙʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 
ʊʘʙʣʠʮʘ. ʇʦʢʘʟʘʪʝʣʠ ʧʣʠʪ ʧʨʠ ʛʦʨʝʥʠʠ ʚ ʢʝʨʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ 

 

ʆʙʨʘʟʝʮ 

ʄʘʩʩʘ 

ʜʦ 

ʛʦʨʝʥʠʷ, 

ʛ 

ʄʘʩʩʘ 

ʧʦʩʣʝ 

ʛʦʨʝʥʠʷ, 

ʛ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʜʳʤʦʚʳʭ 

ʛʘʟʦʚ, Áʉ 

ɺʨʝʤʷ 

ʩʘʤʦʩʪʦʷʪ. 

ʛʦʨʝʥʠʷ, ʩ 

ɺʨʝʤʷ 

ʪʣʝʥʠʷ,  

ʩ 

ʇʦʪʝʨʷ 

ʤʘʩʩʳ, 

% 

ʂʦʥʪʨʦʣʴʥʳʝ,  

h = 16 ʤʤ 

ʌʌʉ ʙʝʟ ʜʦʙʘʚʦʢ 

1.1 

44,58 27,83 380 3ʤʠʥ 24ʩ 2 ʤʠʥ 37,57 

1.2 46,71 32,30 396 3ʤʠʥ 40ʩ 2 ʤʠʥ 30,85 

1.3 48,65 32,76 390 3ʤʠʥ 45ʩ 2 ʤʠʥ 10 ʩ 32,73 

ʉʨʝʜʥʝʝ 34,02 

ʂʦʥʪʨʦʣʴʥʳʝ,  

h = 16 ʤʤ  

ʂʌʉ ʙʝʟ ʜʦʙʘʚʦʢ 

2.1 

55,95 32,40 439 5ʤʠʥ 35ʩ 2ʤʠʥ 45ʩ 42,09 

2.2 52,17 34,08 355 5ʤʠʥ 30ʩ 3ʤʠʥ 30ʩ 34,68 

2.3 54,32 33,05 423 5ʤʠʥ 32ʩ 3ʤʠʥ 15ʩ 39,16 

ʉʨʝʜʥʝʝ 38,64 

ʂʦʥʪʨʦʣʴʥʳʝ,  

h = 8 ʤʤ 

ʌʌʉ ʙʝʟ ʜʦʙʘʚʦʢ 

3.1 

28,95 8,50 419 5ʤʠʥ 10ʩ 5 70,64 

3.2 28,35 8,04 404 5ʤʠʥ 05ʩ 15 71,64 

3.3 28,55 8,14 430 5ʤʠʥ 14ʩ 14 71,49 

ʉʨʝʜʥʝʝ 71,26 

h = 16 ʤʤ 

ʪʨʠʛʠʜʨʘʪ 

ʘʣʶʤʠʥʠʷ, 5 % 

4.1 

48,36 32,57 385 3ʤʠʥ 43ʩ 1ʤʠʥ 20ʩ 32,65 

4.2 46,71 32,30 396 3ʤʠʥ 40ʩ 2ʤʠʥ 20ʩ 30,85 

4.3 47,74 32,88 347 3ʤʠʥ 08ʩ 1ʤʠʥ 50ʩ 31,13 

ʉʨʝʜʥʝʝ 31,54 

h = 16 ʤʤ 

ʪʨʠʛʠʜʨʘʪ 

ʘʣʶʤʠʥʠʷ, 10 % 

5.1 

52,55 39,36 220 30 36 25,10 

5.2 55,18 40,02 233 28 45 27,47 

5.3 53,06 40,28 228 20 35 24,09 

ʉʨʝʜʥʝʝ 25,55 

h = 8 ʤʤ 

ʪʨʠʛʠʜʨʘʪ 

ʘʣʶʤʠʥʠʷ, 5 % 

6.1 

34,29 10,88 367 5ʤʠʥ 55ʩ - 68,27 
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ʆʙʨʘʟʝʮ 

ʄʘʩʩʘ 

ʜʦ 

ʛʦʨʝʥʠʷ, 

ʛ 

ʄʘʩʩʘ 

ʧʦʩʣʝ 

ʛʦʨʝʥʠʷ, 

ʛ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʜʳʤʦʚʳʭ 

ʛʘʟʦʚ, Áʉ 

ɺʨʝʤʷ 

ʩʘʤʦʩʪʦʷʪ. 

ʛʦʨʝʥʠʷ, ʩ 

ɺʨʝʤʷ 

ʪʣʝʥʠʷ,  

ʩ 

ʇʦʪʝʨʷ 

ʤʘʩʩʳ, 

% 

6.2 34,60 11,35 344 5ʤʠʥ 05ʩ - 67,20 

6.3 34,21 12,65 338 6ʤʠʥ 00ʩ - 63,02 

ʉʨʝʜʥʝʝ 66,16 

h = 8 ʤʤ 

ʪʨʠʛʠʜʨʘʪ 

ʘʣʶʤʠʥʠʷ, 10 % 

7.1 

33,15 15,62 335 4ʤʠʥ 05ʩ - 52,88 

7.2 34,47 26,53 282 2ʤʠʥ 03ʩ - 23,03 

7.3 34,20 17,11 296 2ʤʠʥ 50ʩ - 49,97 

ʉʨʝʜʥʝʝ 41,96 
 

* [9]: ɻ1 ï ʩʣʘʙʦʛʦʨʶʯʠʝ  ʠʤʝʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʥʝ ʙʦʣʝʝ 135 Üʉ, ʩʪʝʧʝʥʴ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦ 

ʜʣʠʥʝ ʠʩʧʳʪʳʚʘʝʤʦʛʦ ʦʙʨʘʟʮʘ ʥʝ ʙʦʣʝʝ 65 ʧʨʦʮʝʥʪʦʚ, ʩʪʝʧʝʥʴ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦ ʤʘʩʩʝ ʠʩʧʳʪʳʚʘʝʤʦʛʦ 

ʦʙʨʘʟʮʘ ʥʝ ʙʦʣʝʝ 20 ʧʨʦʮʝʥʪʦʚ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʛʦʨʝʥʠʷ 0 ʩʝʢʫʥʜ; 

ɻ2 ï ʫʤʝʨʝʥʥʦʛʦʨʶʯʠʝ ʠʤʝʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʥʝ ʙʦʣʝʝ 235 Üʉ, ʩʪʝʧʝʥʴ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦ 

ʜʣʠʥʝ ʠʩʧʳʪʳʚʘʝʤʦʛʦ ʦʙʨʘʟʮʘ ʥʝ ʙʦʣʝʝ 85 ʧʨʦʮʝʥʪʦʚ, ʩʪʝʧʝʥʴ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦ ʤʘʩʩʝ ʠʩʧʳʪʳʚʘʝʤʦʛʦ 

ʦʙʨʘʟʮʘ ʥʝ ʙʦʣʝʝ 50 ʧʨʦʮʝʥʪʦʚ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʛʦʨʝʥʠʷ ʥʝ ʙʦʣʝʝ 30 ʩʝʢʫʥʜ; 

ɻ3 ï ʥʦʨʤʘʣʴʥʦʛʦʨʶʯʠʝ  ʠʤʝʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʥʝ ʙʦʣʝʝ 450 Üʉ, ʩʪʝʧʝʥʴ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦ 

ʜʣʠʥʝ ʠʩʧʳʪʳʚʘʝʤʦʛʦ ʦʙʨʘʟʮʘ ʙʦʣʝʝ 85 ʧʨʦʮʝʥʪʦʚ, ʩʪʝʧʝʥʴ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦ ʤʘʩʩʝ ʠʩʧʳʪʳʚʘʝʤʦʛʦ 

ʦʙʨʘʟʮʘ ʥʝ ʙʦʣʝʝ 50 ʧʨʦʮʝʥʪʦʚ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʛʦʨʝʥʠʷ ʥʝ ʙʦʣʝʝ 300 ʩʝʢʫʥʜ; 

ɻ4 ï ʩʠʣʴʥʦʛʦʨʶʯʠʝ  ʠʤʝʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʙʦʣʝʝ 450 Üʉ, ʩʪʝʧʝʥʴ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦ ʜʣʠʥʝ 

ʠʩʧʳʪʳʚʘʝʤʦʛʦ ʦʙʨʘʟʮʘ ʙʦʣʝʝ 85 ʧʨʦʮʝʥʪʦʚ, ʩʪʝʧʝʥʴ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦ ʤʘʩʩʝ ʠʩʧʳʪʳʚʘʝʤʦʛʦ ʦʙʨʘʟʮʘ 

ʙʦʣʝʝ 50 ʧʨʦʮʝʥʪʦʚ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʛʦʨʝʥʠʷ ʙʦʣʝʝ 300 ʩʝʢʫʥʜ. 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʠʛʠʜʨʘʪʘ ʘʣʶʤʠʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʜʣʠʪʝʣʷ ʛʦʨʝʥʠʷ 

ʧʣʠʪʳ ʪʦʣʱʠʥʦʡ 16 ʤʤ ʠʤʝʶʪ ʩʪʝʧʝʥʴ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦ ʜʣʠʥʝ ʥʝ ʙʦʣʝʝ 60 %, ʩʨʝʜʥʝʝ 

ʧʦʚʨʝʞʜʝʥʠʝ ʧʦ ʤʘʩʩʝ 25,55 %. ʊʝʤʧʝʨʘʪʫʨʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 233 Üʉ. ʇʣʠʪʳ ʪʦʣʱʠʥʦʡ 8 ʤʤ ʠʤʝʶʪ ʩʪʝʧʝʥʴ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦ ʜʣʠʥʝ 100 

%, ʩʨʝʜʥʶʶ ʧʦʪʝʨʶ ʤʘʩʩʳ ʧʨʠ ʛʦʨʝʥʠʠ ʥʘ 16 % ʙʦʣʴʰʝ, ʯʝʤ ʧʣʠʪʳ ʪʦʣʱʠʥʦʡ 16 ʤʤ 

ʩ ʪʘʢʠʤ ʞʝ ʩʦʩʪʘʚʦʤ. ɼʣʷ ʧʣʠʪ ʪʦʣʱʠʥʦʡ 16 ʤʤ ʜʦʙʘʚʢʘ 10 % Al 2O3Ŀ3H2O 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʨʫʧʧʫ ʛʦʨʶʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ ɻ2, ʘ ʜʣʷ ɼʉʪʇ ʪʦʣʱʠʥʦʡ 8 ʤʤ ï ɻ3 [9]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʜʨʝʚʝʩʥʦ-ʩʪʨʫʞʝʯʥʳʭ ʧʣʠʪ, ʠʤʝʶʱʠʭ ʩʚʦʡʩʪʚʘ ʪʝʨʤʠʯʝʩʢʠ ʪʦʥʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʜʦʙʘʚʢʠ ʟʘʤʝʜʣʠʪʝʣʷ ʛʦʨʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʝʨʤʠʯʝʩʢʠ 

ʪʦʣʩʪʳʤʠ ʦʙʨʘʟʮʘʤʠ ʤʘʪʝʨʠʘʣʘ. 
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Abstract:  ʩalculation of molecules of nuclear-substituted sulfanilides at the level of theory DFT 

M06/6-311++G**(SMD) determined the stabilization energies of syn-conformers with respect to their anti-

isomers and the dependence of the latter on quantum-chemical DFT parameters (the effect of substituents, 

electrophilicity and rigidity) . 
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ɺʚʝʜʝʥʠʝ  

ʉʫʣʴʬʦʥʘʤʠʜʥʘʷ ʛʨʫʧʧʘ ʩʫʣʴʬʦʥʠʣʘʤʠʜʦʚ (RSO2NH2) ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʩʪʨʫʢʪʫʨʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʛʠʙʠʨʦʚʘʥʠʝ 

ʠʟʦʤʝʨʦʚ ʬʝʨʤʝʥʪʦʚ ʩʝʤʝʡʩʪʚʘ ʢʘʨʙʦʘʥʛʠʜʨʘʟ (hCA). ʈʘʟʣʠʯʥʳʝ ʠʟʦʤʝʨʳ (ʠʟʦʮʠʤʳ) 

ʵʪʠʭ ʬʝʨʤʝʥʪʦʚ ʢʘʪʘʣʠʟʠʨʫʶʪ ʧʨʦʮʝʩʩʳ ʠʥʪʝʨʢʦʥʚʝʨʩʠʠ ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʚ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʘʥʠʦʥ [14], ʠʥʘʯʝ ʛʦʚʦʨʷ,  ʦʙʨʘʪʠʤʫʶ ʨʝʘʢʮʠʶ ʛʠʜʨʘʪʘʮʠʠ ʜʠʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ (1), ʧʨʦʪʝʢʘʶʱʫʶ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʵʪʠʭ ʨʝʘʛʝʥʪʦʚ ʩ ʢʘʪʠʦʥʦʤ ʮʠʥʢʘ ʚ 

ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʬʝʨʤʝʥʪʘ:   

 

                                 ʉʆ2 + ʅ2ʆ ź ʅ2ʉʆ3 ź ʅ+ + ʅʉʆ3
-.                                     (1) 

 

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ, ʨʘʟʚʠʚʘʝʤʳʭ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ DFT, ʷʚʣʷʝʪʩʷ 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʧʨʦʚʝʨʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ï ʜʝʩʢʨʠʧʪʦʨʦʚ ï ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ,  

ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʢʮʠʡ ʠ ʩʪʨʫʢʪʫʨ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʠ ʧʝʨʝʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʡ [15]. 

ʄʦʣʝʢʫʣʷʨʥʳʝ ʜʝʩʢʨʠʧʪʦʨʳ ʷʚʣʷʶʪʩʷ ʯʠʩʣʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʣʝʢʫʣ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʧʨʦʷʚʣʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [18].  

ɼʝʩʢʨʠʧʪʦʨʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʷʝʤʳʝ  ʠ 

ʨʘʩʩʯʠʪʳʚʘʝʤʳʝ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. ɺ ʧʨʠʥʮʠʧʝ 

ʜʝʩʢʨʠʧʪʦʨʦʤ ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʘʷ ʚʝʣʠʯʠʥʘ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʠʩʭʦʜʷ ʠʟ 

ʩʪʨʫʢʪʫʨʳ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ, ʤʦʣʝʢʫʣʷʨʥʳʡ ʦʙʲⱪʤ, 

ʟʘʨʷʜʳ ʥʘ ʘʪʦʤʘʭ ʠ ʪ.ʜ. ɼʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʪʝʭʥʦʣʦʛʠʷʭ 

QSAR ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʜʝʩʢʨʠʧʪʦʨʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʩʪʝʨʠʯʝʩʢʠʭ ʠ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʥʥʳʭ ʵʬʬʝʢʪʦʚ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʠ ʣʠʧʦʬʠʣʴʥʦʩʪʠ [9].  

ɼʣʷ ʩʫʣʴʬʦʥʘʤʠʜʦʚ ʠ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ ï ʩʫʣʴʬʘʥʠʣʠʜʦʚ - ʠʤʝʶʪʩʷ 

ʥʘʜʝʞʥʳʝ ʜʘʥʥʳʝ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʘʨʙʦʘʥʛʠʜʨʘʟʦʡ ʧʨʠ ʝʝ 

ʠʥʛʠʙʠʨʦʚʘʥʠʠ [17], ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʧʦ ʢʠʩʣʦʪʥʦʩʪʠ ʠʭ ʧʦ ʩʫʣʴʬʘʤʠʜʥʦʡ ʛʨʫʧʧʝ [16]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ  ʦʙʦʠʭ ʛʨʫʧʧ ʩʦʝʜʠʥʝʥʠʡ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚ ʦʩʥʦʚʥʦʤ ʢʠʩʣʦʪʥʦʩʪʴʶ ʩʫʣʴʬʘʤʠʜʥʦʡ ʛʨʫʧʧʳ [11], ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʙʰʠʨʥʳʤ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ [1]. ʂʠʩʣʦʪʥʦʩʪʴ ʩʫʣʴʬʦʥʠʣʘʤʠʜʦʚ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ɸʕʇ) ʥʘ 

ʩʫʣʴʬʘʤʠʜʥʦʤ ʘʪʦʤʝ ʘʟʦʪʘ [2, 8].  

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 
ʎʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʩʪʨʫʢʪʫʨ ʨʷʜʘ 

ʟʘʤʝʱʝʥʥʳʭ ʩʫʣʴʬʘʥʠʣʠʜʦʚ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʤʦʣʝʢʫʣ, ʦʪʚʝʯʘʶʱʠʭ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʟʘ ʚʳʰʝʫʧʦʤʷʥʫʪʦʝ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ï ʤʦʣʝʢʫʣʷʨʥʳʡ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʥʘ 

ʘʪʦʤʝ ʩʫʣʴʬʘʤʠʜʥʦʛʦ ʘʟʦʪʘ (Vesp), ʵʥʝʨʛʠʠ ʛʨʘʥʠʯʥʳʭ ʦʨʙʠʪʘʣʝʡ, ʵʣʝʢʪʨʦʥʥʳʡ 

ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ (ɛ), ʞʝʩʪʢʦʩʪʴ (ɖ) ʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʴ (ɤ) [3], 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʠʭ ʢʠʩʣʦʪʥʦʩʪʴʶ [2] , ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʠʭ 

ʠʥʛʠʙʠʨʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ [8]. ʀʟʚʝʩʪʥʦ, ʯʪʦ cʫʣʴʬʦʥʠʣʘʤʠʜʳ ʨʝʘʛʠʨʫʶʪ ʩ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʫʟʣʦʤ ʢʘʨʙʦʘʥʛʠʜʨʘʟ (ʢʘʪʠʦʥʦʤ ʮʠʥʢʘ) ʚ ʘʥʠʦʥʥʦʡ ʬʦʨʤʝ [1, 7].  
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 ʈʘʩʯʝʪ ʩʪʨʫʢʪʫʨ ʟʘʤʝʱʝʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʫʣʴʬʘʥʠʣʠʜʦʚ NH2PhNHSO2PhX 

ʦʩʫʱʝʩʪʚʣʝʥ  ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ADF 2014.04 [4] ʥʘ ʫʨʦʚʥʝ ʪʝʦʨʠʠ DFT 

M06/6-311++G** [20] ʩ ʫʯʝʪʦʤ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʩʦʣʴʚʘʪʘʮʠʠ ʚ ʩʨʝʜʝ H2O (ʧʦ 

ʘʥʘʣʦʛʠʠ ʩ ʨʘʩʯʝʪʘʤʠ ʨʘʙʦʪʳ [6]) ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʘ SMD [12] (ʪʘʙʣ.) ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ 

ʧʦ ʪʠʧʫ ʩʠʤʤʝʪʨʠʠ. ʊʘʢʦʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʵʥʝʨʛʠʠ ʩʦʣʴʚʘʪʘʮʠʠ ʩ 

çʭʠʤʠʯʝʩʢʦʡè ʪʦʯʥʦʩʪʴʶ (0.6 ï 1.0 ʢʢʘʣ/ʤʦʣʴ) [13], ʯʪʦ ʚʘʞʥʦ ʧʨʠ ʫʯʝʪʝ ʚʣʠʷʥʠʷ 

ʩʨʝʜʳ. ʈʘʩʯʝʪ ʟʘʨʷʜʦʚ ʧʨʦʚʝʜʝʥ ʚ ʩʭʝʤʝ ʍʠʨʰʬʝʣʴʜʘ, ʟʘʨʷʜʳ ʚ ʢʦʪʦʨʦʡ ʭʦʨʦʰʦ 

ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʳ [10].  

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʜʝʩʢʨʠʧʪʦʨʳ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ (ʵʣʝʢʪʨʦʥʥʳʡ 

ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ɛ, ʞʝʩʪʢʦʩʪʴ ɖ, ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʴ ɤ) ʨʘʩʩʯʠʪʘʥʳ ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʷʤ (2 - 4) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ DFT [3]. ɺʩʝ ʵʪʠ 

ʚʝʣʠʯʠʥʳ ʧʨʠʚʝʜʝʥʳ ʚ eV. ʕʥʝʨʛʠʠ HOMO, LUMO (2 ï 4) - ʚ ʝʜʠʥʠʮʘʭ Hartree.  

 

ɛ = 0.5*27.2116Ŀ[E(LUMO) + E(HOMO)]              (2) 

 

ɖ = 0.5*27.2116Ŀ [E(LUMO) ï E(HOMO)               (3) 

 

ɤ = 0.5Ŀɛ2/ɖ                            (4) 

 

ɿʘʤʝʱʝʥʥʳʝ ʩʫʣʴʬʘʥʠʣʠʜʳ NH2PhNHSO2PhX ʠʤʝʶʪ ʜʚʝ ʚʝʩʴʤʘ ʙʣʠʟʢʠʝ ʧʦ 

ʵʥʝʨʛʠʠ ʢʦʥʬʦʨʤʘʮʠʠ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʙʣʠʟʢʘ ʧʦ ʩʪʨʦʝʥʠʶ ʧʦʯʪʠ ʢ ʧʣʦʩʢʦʡ (ʘʥʪʠ-

ʢʦʥʬʦʨʤʝʨ), ʘ ʜʨʫʛʘʷ ï ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʘʷ - ʢʘʢ ʙʳ ʩʚʝʨʥʫʪʘ (ʩʠʥ-

ʢʦʥʬʦʨʤʝʨ) ʚʩʣʝʜʩʪʚʠʝ ˊ- -́ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʙʣʠʞʝʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ [19].  

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʠʥ-ʢʦʥʬʦʨʤʝʨʳ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʳ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤ 

ʵʬʬʝʢʪʦʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʟʘ ʩʯʝʪ ʫʩʠʣʝʥʠʷ ˊ- -́ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʢʦʣʴʮʘʤʠ, ʢʘʢ ʵʪʦ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ ʥʘ ʧʨʠʤʝʨʝ ʜʘʥʥʳʭ ʜʣʷ HPhNHSO2PhY (ʪʘʙʣ., ʨʠʩ.  

1, ʩʦʦʪʥʦʰʝʥʠʝ 5). ʇʨʠʤʝʨʳ ʩʪʨʫʢʪʫʨ ʩʠʥ- ʠ ʘʥʪʠ-ʢʦʥʬʦʨʤʝʨʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2, 3. 

 

ʊʘʙʣʠʮʘ. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ HPhNHSO2PhY ʚ ʩʨʝʜʝ H2O 

ʉʠʥ-ʢʦʥʬʦʨʤʝʨʳ. Etot(ʘʥʪʠ-) ï ʜʣʷ ʘʥʪʠ-ʢʦʥʬʦʨʤʝʨʦʚ 

 
 

Y -ɛ ɖ ɤ ů(ʧ-)  - Etot **)  - Etot(ʘʥʪʠ-) ȹE *)  

H 4.2358 2.9144 3.0781 0.0 1066.780738 1066.775530 3.27 

4-OMe 4.0630 2.9707 2.7784 -0.268 1181.249238 1181.241976 4.56 

4-Me 4.1955 2.9535 2.9798 -0.117 1106.053549 1106.046972 4.13 

4-F 4.2336 2.9489 3.0389 0.062 1166.029855 1166.024511 3.35 

4-Cl 4.3250 2.8365 3.2973 0.227 1526.383377 1526.378235 3.23 

4-Cl 4.3258 2.8374 3.2976 0.227 1526.383377 1526.378235 3.23 

4-Br 4.3574 2.8243 3.3614 0.232 3640.211470 3640.206048 3.20 

3-Br 4.3521 2.8228 3.3549 0.391 3640.210339 3640.205792 2.85 

3-NO3 5.1404 2.0998 6.2920 0.778 1271.248947 1271.246085 1.80 
ʇʨʠʤʝʯʘʥʠʝ. *) ʢʢʘʣ/ʤʦʣʴ. **) ʆʙʱʠʝ ʵʥʝʨʛʠʠ Etot, Etot(ʘʥʪʠ-) ï Hartree, ɛ, ɖ, ɤ ï eV. 

 

 

ɼʘʥʥʳʝ ʨʘʩʯʝʪʘ ʫʢʘʟʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦ ʛʝʦʤʝʪʨʠʠ, ʵʥʝʨʛʝʪʠʢʝ ʠ ʜʨʫʛʠʤ 

ʚʝʣʠʯʠʥʘʤ ʜʦʩʪʘʪʦʯʥʦ  ʙʣʠʟʢʠ ʢ ʣʠʪʝʨʘʪʫʨʥʳʤ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ [5]. 
 



ʈɸɿɼɽʃ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʈʠʩ. 1. ʉʪʘʙʠʣʠʟʘʮʠʷ (2) ʩʠʥ-ʢʦʥʬʦʨʤʝʨʦʚ ʩʫʣʴʬʘʥʠʣʠʜʦʚ  

ʢʘʢ ʬʫʥʢʮʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʵʬʬʝʢʪʘ ʟʘʤʝʩʪʠʪʝʣʝʡ 

 

 

ȹE = (3.689 Ñ 0.103) ï (2.456 Ñ 0.288)Ŀů(ʧʘʨʘ-Y), R = -0.967, SD = 0.247, N = 7, P = 0.00036    (5) 

 

 

ʕʥʝʨʛʠʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ (6) ʵʣʝʢʪʨʦʥʦʝʤʢʦʩʪʠ 

(ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʠ) ʤʦʣʝʢʫʣ ʩʫʣʴʬʘʥʠʣʠʜʦʚ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʠʟʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ 

ʧʘʨʘʤʝʪʨʘ ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʠ, ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ (7) ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ 

ʤʦʣʝʢʫʣ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʦ ʞʝʩʪʢʦʩʪʠ ʢʘʢ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʥʝʨʛʠʠ 

ʩʠʩʪʝʤʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʟʘʨʷʜʘ. ɸʥʘʣʦʛʠʯʥʘʷ ʘʥʪʠʙʘʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʠ 

ʜʣʷ ʵʥʝʨʛʠʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʘʢ ʬʫʥʢʮʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, (8) 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ ʩ ʦʙʨʘʪʥʳʤ ʟʥʘʢʦʤ 

 

ȹE = (10.925 Ñ 1.605) ï (2.365 Ñ 0.509)*ɤ, R = -0.885, SD = 0.286, N =8, P = 0.0035    (6) 

 

ȹE = (-16.693 Ñ 6.318) + (6.983 Ñ 2.187)*ɖ, R = 0.793, SD = 0.373, N =8, P = 0.00188   (7) 

 

ȹE = (25.403 Ñ 4.013) ï (5.146 Ñ 0.94)*ɛ,  R = -0.913, SD = 0.250, N = 8, P = 0.0016     (8) 

 

     
 
ʈʠʩ. 2. Cʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʤʦʣʝʢʫʣʳ ʩʠʥ-4-ʭʣʦʨ-4 -̀ʬʪʦʨʙʝʥʟʦʣʩʫʣʴʬʘʥʠʣʠʜʘ 

(ChemCraft v. 1.6, build 315 [7]). 

 



ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ɽʉʊɽʉʊɺʆɿʅɸʅʀʗ 
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ʈʠʩ. 3. ɸʥʪʠ-ʢʦʥʬʦʨʤʝʨ 4`-ʬʪʦʨʙʝʥʟʦʣʩʫʣʴʬʘʥʠʣʠʜʘ 

 

 
ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʤʘʪʝʨʠʘʣʘ 

ʇʦʣʫʯʝʥʥʳʝ  ʧʨʠ ʨʘʩʯʝʪʝ ʜʘʥʥʳʝ ʚʧʦʩʣʝʜʩʪʚʠʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʫʣʴʬʘʥʠʣʠʜʦʚ ʠ Ŭ-ʢʘʨʙʦʘʥʛʠʜʨʘʟ 

hCA ʧʨʠ ʠʭ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ  [14, 15].  
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ɸʅʊʀʂʆʈʈʆɿʀʆʅʅʓɽ ʂɽʈɸʄʀʏɽʉʂʀɽ ʇʆʂʈʓʊʀʗ  

ʅɸ ʆʉʅʆɺɽ ʅɸʅʆʉʊʈʋʂʊʋʈʀʈʆɺɸʅʅʆɻʆ ɼʀʆʂʉʀɼɸ ʊʀʊɸʅɸ 

 
ɸʥʥʦʪʘʮʠʷ: ʠʟʫʯʝʥʘ ʧʨʦʙʣʝʤʘ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʦʚ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦ 

ʧʨʠʤʝʥʝʥʠʶ ʢʝʨʘʤʠʯʝʩʢʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʜʣʷ  ʟʘʱʠʪʳ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʝʪʘʣʣʦʚ ʦʪ 

ʢʦʨʨʦʟʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʟʘʱʠʪʥʳʭ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ 

ʪʠʪʘʥʘ (TiO2), ʦʙʣʘʜʘʶʱʠʭ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʨʨʦʟʠʷ ʤʝʪʘʣʣʦʚ, ʢʝʨʘʤʠʯʝʩʢʠʝ ʥʘʥʦʤʧʦʟʠʪʥʳʝ ʧʦʢʨʳʪʠʷ, 

ʥʘʥʦʯʘʩʪʠʮʳ TiO2. 
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Abstract: in this work the problem of corrosion of metals was studied, the analysis of literature on 

the application of ceramic nanocomposite coatings to protect structural metals from corrosion was carried 
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out. The prospects of application of protective films based on titanium dioxide (TiO2) nanoparticles with 

anti-corrosion properties were considered. 

Key words: metal corrosion, ceramic nanocomposite coatings, TiO2 nanoparticles. 

 

 

ʂʦʨʨʦʟʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʙʣʘʩʪʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʘʷ ʧʨʠʚʣʝʢʘʝʪ 

ʚʥʠʤʘʥʠʝ ʫʯʝʥʳʭ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ. ʆʥʘ ʧʨʠʟʥʘʥʘ ʧʨʦʙʣʝʤʦʡ, ʚʳʟʳʚʘʶʱʝʡ 

ʜʝʛʨʘʜʘʮʠʶ, ʨʘʟʨʫʰʝʥʠʝ ʠ ʩʝʨʴʝʟʥʳʝ ʘʚʘʨʠʠ ʠ ʦʧʘʩʥʦʩʪʠ ʥʘ ʤʥʦʛʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʦʙʲʝʢʪʘʭ ʠ ʙʳʪʦʚʳʭ ʩʠʩʪʝʤʘʭ [1]. ʂʦʨʨʦʟʠʷ - ʨʘʟʨʫʰʝʥʠʝ ʤʝʪʘʣʣʦʚ ʚʩʣʝʜʩʪʚʠʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʠʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʭ ʩ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʨʝʜʦʡ [2]. 

ʋʱʝʨʙ ʦʪ ʢʦʨʨʦʟʠʠ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʟʘʪʨʘʪʳ 

ʥʘ ʨʝʤʦʥʪ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʧʦʪʝʨʠ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʚʨʝʞʜʝʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʦʣʝʟʥʦʛʦ ʠʣʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʩʨʦʢʘ 

ʩʣʫʞʙʳ. ʂʨʦʤʝ ʪʦʛʦ, ʫʱʝʨʙ ʦʪ ʢʦʨʨʦʟʠʠ ʠʤʝʝʪ ʠ ʩʦʮʠʘʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʪʘʢʠʝ, ʢʘʢ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ (ʧʨʠʯʠʥʘ ʧʦʞʘʨʦʚ, ʚʟʨʳʚʦʚ, ʚʳʙʨʦʩʦʚ ʪʦʢʩʠʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ), ʘ ʪʘʢʞʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ - ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʠʩʪʦʱʝʥʠʝ ʨʝʩʫʨʩʦʚ ʠ ʪ.ʜ. [1]. ʇʦʵʪʦʤʫ ʦʯʝʥʴ 

ʚʘʞʥʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʫʱʝʨʙʳ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚʩʣʝʜʩʪʚʠʝ ʢʦʨʨʦʟʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ.  

ʂʦʨʨʦʟʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʦʪʚʨʘʱʝʥʘ ʥʝʩʢʦʣʴʢʠʤʠ ʧʫʪʷʤʠ: ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʘ, 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʘʪʦʜʥʘʷ ʟʘʱʠʪʘ ʠ ʤʦʜʠʬʠʢʘʮʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ [3]. 

ʕʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʩʥʠʞʝʥʠʷ ʢʦʨʨʦʟʠʠ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʧʦʢʨʳʪʠʡ, ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ. ʊʘʢʠʝ 

ʧʦʢʨʳʪʠʷ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʠʤʠ ʵʣʝʢʪʨʦ- ʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʥʠ 

ʫʩʪʦʡʯʠʚʳ ʢ ʦʢʠʩʣʝʥʠʶ, ʢʦʨʨʦʟʠʠ, ʵʨʦʟʠʠ ʠ ʠʟʥʦʩʫ. ʊʘʢʞʝ ʢʝʨʘʤʠʯʝʩʢʠʝ 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʝ ʧʦʢʨʳʪʠʷ ʷʚʣʷʶʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤʠ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ʚ ʙʠʦʤʝʜʠʮʠʥʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʤʧʣʘʥʪʘʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʚʳʰʝʥʠʝ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʣʝʪʦʢ [4]. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ 

ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʦʢʩʠʜʳ, ʥʠʪʨʠʜʳ ʠ ʢʘʨʙʠʜʳ ʤʝʪʘʣʣʦʚ. 

ʂʝʨʘʤʠʯʝʩʢʠʝ ʦʢʩʠʜʥʳʝ ʧʦʢʨʳʪʠʷ ʦʙʣʘʜʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʝʨʝʜ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 

ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ, ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʣʫʯʰʫʶ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʫʶ ʟʘʱʠʪʫ ʜʘʞʝ ʧʨʠ 

ʤʝʥʴʰʝʡ ʪʦʣʱʠʥʝ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʧʨʠʤʝʥʝʥʠʶ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ, 

ʩʧʦʩʦʙʥʳʭ ʵʬʬʝʢʪʠʚʥʦ ʟʘʱʠʱʘʪʴ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʝʪʘʣʣʳ ʦʪ ʢʦʨʨʦʟʠʠ.  

ɼʠʦʢʩʠʜ ʪʠʪʘʥʘ TiO2 ï ʵʪʦ ʢʝʨʘʤʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʩ ʫʥʠʢʘʣʴʥʳʤʠ 

ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚʢʣʶʯʘʷ ʩʘʤʦʦʯʠʩʪʢʫ, ʟʘʱʠʪʫ ʦʪ 

ʫʣʴʪʨʘʬʠʦʣʝʪʘ (ʋʌ), ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʣʦʤʣʝʥʠʷ, ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ, ʚʳʩʦʢʫʶ ʘʙʨʘʟʠʚʥʫʶ ʠ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ [1]. ʀʩʩʣʝʜʦʚʘʪʝʣʷʤʠ 

ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʧʦʣʫʯʝʥʠʶ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ, 

ʦʙʣʘʜʘʶʱʠʭ ʧʨʦʪʠʚʦʢʦʨʨʦʟʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʦʢʨʳʪʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ 

ʥʘʧʳʣʝʥʠʝʤ [5], ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ [6], ʨʝʘʢʪʠʚʥʳʤ 

ʠʤʧʫʣʴʩʥʳʤ ʣʘʟʝʨʥʳʤ ʦʩʘʞʜʝʥʠʝʤ [7], ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦ-ʣʫʯʝʚʦʡ 

ʵʧʠʪʘʢʩʠʠ [8] ʠ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ [4, 9-12].  

ɿʦʣɹ-ʛʝʣʴ ʤʝʪʦʜ ʠʤʝʝʪ ʷʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʙʣʘʛʦʜʘʨʷ 

ʦʪʣʠʯʥʦʤʫ ʢʦʥʪʨʦʣʶ ʩʦʩʪʘʚʘ, ʦʜʥʦʨʦʜʥʦʩʪʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʟʘ ʩʯʝʪ 

ʩʤʝʰʠʚʘʥʠʷ ʞʠʜʢʠʭ ʤʘʣʦʪʦʢʩʠʯʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 



ʈɸɿɼɽʃ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɹʦʣʝʝ ʪʦʛʦ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʩʘʞʜʝʥʥʦʡ ʧʣʝʥʢʠ, ʪ.ʝ. ʨʘʟʤʝʨ ʧʦʨ, 

ʦʙʲʝʤ ʧʦʨ ʠ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʟʦʣʴ-ʛʝʣʴ ʧʨʦʮʝʩʩʝ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʘ ʧʫʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʩʘ [9]. ɿʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ 

TiO2 ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʦʣʫʯʘʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ ʪʝʪʨʘ-ʥ-ʙʫʪʠʣ 

ʦʨʪʦʪʠʪʘʥʘʪ (C40H90O13Ti4), ʚ ʢʘʯʝʩʪʚʝ ʭʝʣʘʪʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ï ʵʪʠʣʘʮʝʪʦʘʮʝʪʘʪ 

(C6H10O3), ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʘʛʝʥʪʦʚ ï ʘʙʩʦʣʶʪʥʳʡ ʵʪʘʥʦʣ 

(ʉ2H6O) [9-12]. ɿʦʣʴ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʧʦʣʫʯʘʶʪ, ʩʤʝʰʠʚʘʷ ʨʝʘʛʝʥʪʳ ʚ ʘʙʩʦʣʶʪʥʦʤ 

ʵʪʘʥʦʣʝ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʷʪ ʨʝʘʢʮʠʶ ʛʠʜʨʦʣʠʟʘ ʧʫʪʝʤ 

ʢʘʧʝʣʴʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʢ ʧʨʠʛʦʪʦʚʣʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ.  

ʇʦʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʥʘ ʥʝʝ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʧʦʢʨʳʪʠʷ, ʘ ʝʝ ʩʣʦʞʥʦʩʪʴ ʠ ʩʪʘʜʠʡʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ 

ʧʦʢʨʳʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʜʝʣʘʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʘʜʛʝʟʠʠ 

ʤʝʞʜʫ ʧʦʢʨʳʪʠʝʤ ʠ ʧʦʜʣʦʞʢʦʡ. ʇʦʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʦʙʷʟʘʪʝʣʴʥʦ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʯʠʩʪʢʫ, ʦʯʠʩʪʢʫ ʦʪ ʞʠʨʦʚʳʭ  ʟʘʛʨʷʟʥʝʥʠʡ, ʦʢʩʠʜʥʳʭ 

ʧʣʝʥʦʢ, ʛʨʷʟʠ, ʨʞʘʚʯʠʥʳ  ʠ ʪ.ʜ. [13]. ʊʘʢ, ʚ ʨʘʙʦʪʘʭ [10, 12] ʧʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ 

ʧʦʢʨʳʪʠʷ TiO2 ʧʦʜʛʦʪʦʚʢʘ ʧʦʜʣʦʞʢʠ ʠʟ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ 

ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ:  ʩʥʘʯʘʣʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦʣʠʨʦʚʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʫʩʧʝʥʟʠʠ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʜʘʣʝʝ ʦʙʨʘʟʮʳ ʦʯʠʱʘʣʠʩʴ ʘʮʝʪʦʥʦʤ, ʘ ʟʘʪʝʤ 

ʫʣʴʪʨʘʟʚʫʢʦʤ ʚ ʵʪʘʥʦʣʝ. ɺ ʨʘʙʦʪʝ [4] ʦʙʨʘʟʮʳ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʪʠʧʘ 316L ʙʳʣʠ 

ʤʝʭʘʥʠʯʝʩʢʠ ʦʪʧʦʣʠʨʦʚʘʥʳ ʙʫʤʘʛʦʡ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʟʘʪʝʤ ʪʱʘʪʝʣʴʥʦ ʧʨʦʤʳʪʳ 

ʧʨʦʪʦʯʥʦʡ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʦʙʝʟʞʠʨʝʥʳ ʫʣʴʪʨʘʟʚʫʢʦʤ ʩ ʘʮʝʪʦʥʦʤ ʠ 

ʚʳʩʫʰʝʥʳ. ʀʥʦʛʜʘ ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʘʜʛʝʟʠʠ 

ʧʦʢʨʳʪʠʷ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʤ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [11] ʧʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ 

TiO2 ʧʦʢʨʳʪʠʷ ʥʘ ʠʟʜʝʣʠʷ ʠʟ ʘʣʶʤʠʥʠʷ ʧʨʦʚʦʜʠʣʠ ʦʪʞʠʛ (3 ʯ ʧʨʠ 500 ÁC) ʩ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʣʷ ʩʥʷʪʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ; ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʧʦʣʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʤʘʛʦʡ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠ ʘʣʤʘʟʥʳʤʠ ʧʘʩʪʘʤʠ; 

ʧʨʦʤʳʚʢʫ ʚ ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʝ; ʪʨʘʚʣʝʥʠʝ ʚ 1ʄ NaOH (1 ʤʠʥ ʧʨʠ 60 ÁC); 

ʥʝʡʪʨʘʣʠʟʘʮʠʶ ʠʟʙʳʪʢʘ ʱʝʣʦʯʠ ʚ 1ʄ HNO3 (1 ʤʠʥ); ʧʨʦʤʳʚʢʫ ʚ ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ 

ʚʦʜʝ; ʩʫʰʢʫ ʚ ʧʦʪʦʢʝ ʘʟʦʪʘ.  

ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʥʘʥʝʩʝʥʠʷ ʩʣʦʷ TiO2 ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ: 

ʦʢʫʥʘʥʠʝ, ʩʧʠʥ-ʧʦʢʨʳʪʠʝ, ʥʘʥʝʩʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʢʠʩʪʠ ʠʣʠ ʚʘʣʠʢʘ, ʨʘʩʧʳʣʝʥʠʝ ʠ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʤ ʩʧʦʩʦʙʦʤ 

ʷʚʣʷʝʪʩʷ ʦʢʫʥʘʥʠʝ ʠʟʜʝʣʠʷ ʚ ʢʦʣʣʦʠʜ, ʩʦʜʝʨʞʘʱʠʡ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʡ ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ 

[4, 9-12, 14, 15]. ʆʙʳʯʥʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʜʣʦʞʢʠ ʦʢʫʥʘʶʪ ʚ ʧʦʣʫʯʝʥʥʳʡ ʟʦʣʴ/ʛʝʣʴ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ  ʩʢʦʨʦʩʪʴʶ ʧʦʛʨʫʞʝʥʠʷ, ʟʘʪʝʤ ʠʟʚʣʝʢʘʶʪ ʩ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʴʶ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦʩʣʝ ʯʝʛʦ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʶʪ ʩʫʰʢʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʦʡ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 150 ʉ̄. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʦʢʨʳʪʠʷ ʜʘʥʥʫʶ 

ʧʨʦʮʝʜʫʨʫ ʧʦʚʪʦʨʷʶʪ. ʌʠʥʘʣʴʥʦʡ ʩʪʘʜʠʝʡ ʷʚʣʷʝʪʩʷ ʦʪʞʠʛ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʦʛʦ 

ʩʦʩʪʘʚʣʷʝʪ ʦʙʳʯʥʦ 450-550 ̄ ʉ. ʅʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʶʪ ʦʜʥʦʨʦʜʥʳʝ, ʨʘʚʥʦʤʝʨʥʳʝ, ʙʝʟ 

ʪʨʝʱʠʥ ʠ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʝ ʧʦʢʨʳʪʠʷ ʪʦʣʱʠʥʦʡ ʧʦʨʷʜʢʘ 450-700 ʥʤ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ: ʨʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʂʦʨʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʥʘ ʤʝʪʘʣʣʝ ʧʦʜ ʟʘʱʠʪʥʳʤ ʧʦʢʨʳʪʠʝʤ ʠʣʠ ʚ ʝʛʦ ʧʦʨʘʭ, ʠʩʩʣʝʜʫʶʪ ʩ 
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ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʊʘʢʞʝ ʧʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ 

ʘʜʛʝʟʠʠ ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʝʪʘʣʣʘ ʩ ʧʦʢʨʳʪʠʝʤ.  ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʠʤʝʶʪ 

ʚʳʩʦʢʫʶ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʢʘʥʜʠʜʘʪʦʚ 

ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [9] ʩ ʧʦʤʦʱʴʶ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʘʷ ʩʪʘʣʴ ʩ 

ʧʦʢʨʳʪʠʝʤ ʠʟ ʥʘʥʦʯʘʩʪʠʮ TiO2 ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʢʦʨʨʦʟʠʠ, ʧʨʠ 

ʵʪʦʤ ʧʣʦʪʥʦʩʪʴ ʘʥʦʜʥʦʛʦ ʪʦʢʘ (jcorr) ʩʥʠʟʠʣʘʩʴ ʩ 18,621 ʜʦ 0,174 ʤʢɸĿʩʤ-2, ʘ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (Rp) ʚʦʟʨʦʩʣʦ ʜʦ 3,39Ŀ105 ɋĿcm2. ɺ ʨʘʙʦʪʝ [10] ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʠʟ ʥʘʥʦʯʘʩʪʠʮ TiO2 ʥʘ ʥʝʨʞʘʚʝʶʱʫʶ ʩʪʘʣʴ 

316L ʧʦʪʝʥʮʠʘʣ ʢʦʨʨʦʟʠʠ ʩʜʚʠʛʘʝʪʩʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ, ʧʣʦʪʥʦʩʪʴ ʘʥʦʜʥʦʛʦ 

ʪʦʢʘ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 3 ʧʦʨʷʜʢʘ (jcorr= 1,05Ŀ10-4 ʤʢɸĿʩʤ-2), ʘ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 100 ʨʘʟ (Rp = 7,31Ŀ107 ɋĿcm2) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʣʴʶ ʙʝʟ 

ʧʦʢʨʳʪʠʷ. ɺ ʨʘʙʦʪʝ [12] ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʩ 

ʧʦʢʨʳʪʠʝʤ ʠʟ ʥʘʥʦʯʘʩʪʠʮ TiO2 ʩʦʩʪʘʚʠʣʦ 3,19Ŀ107 ɋĿcm2. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ TiO2 ʧʦʢʨʳʪʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʟʦʣʴ-ʛʝʣʴ ʧʨʦʮʝʩʩʘ, ʷʚʣʷʝʪʩʷ  ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʦʡ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʢʘʢ ʪʘʢʠʝ 

ʧʦʢʨʳʪʠʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʢ ʦʢʠʩʣʝʥʠʶ, ʢʦʨʨʦʟʠʠ, ʵʨʦʟʠʠ, ʠʟʥʦʩʫ ʠ ʦʙʣʘʜʘʶʪ 

ʧʦʚʳʰʝʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʘ ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧʥʦʡ ʠ 

ʵʢʦʣʦʛʠʯʥʦʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʱʘʪʝʣʴʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ 

ʧʦʢʨʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʠ ʧʦʢʨʳʪʠʷ, ʘ 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʥʘʙʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ 
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THERMAL RESISTANCES OF ST EEL AND ENAMELLED CAPACITIVE 

REACTORS WITH A SMOOTH JACKET  

 
Abstract: the analysis of thermal resistances of heat transfer of standard capacitive reactors with a 

smooth jacket with volumes from 0,4 to 25 m3 is presented in order to simulate the cooling process.  

Keywords: cooling, heat transfer, thermal resistances, reactor, jacket.      

 

 

ɽʤʢʦʩʪʥʳʝ ʩʪʘʣʴʥʳʝ ʠ ʵʤʘʣʠʨʦʚʘʥʥʳʝ ʨʝʘʢʪʦʨʳ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ 

ʤʥʦʛʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʅʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ 

ʦʭʣʘʞʜʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʩʨʝʜʘʭ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʢʘʢ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʫʯʘʝʤʦʛʦ 

ʧʨʦʜʫʢʪʘ, ʪʘʢ ʠ ʧʨʦʤʳʰʣʝʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʊʝʧʣʦʚʦʡ ʨʘʩʯʝʪ ʪʘʢʠʭ ʝʤʢʦʩʪʥʳʭ ʘʧʧʘʨʘʪʦʚ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʩ 

ʛʣʘʜʢʠʤʠ ʨʫʙʘʰʢʘʤʠ ʠ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʤʝʰʘʣʢʘʤʠ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʩʦʚʤʝʩʪʥʦʝ 

ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

- ʦʧʠʩʘʥʠʝ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʦʪ ʧʝʨʝʤʝʰʠʚʘʝʤʦʡ ʩʨʝʜʳ ʢ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ 

ʘʧʧʘʨʘʪʘ; 

- ʨʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ ʩ 

ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 3 ʨʦʜʘ, ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʚʦ ʚʨʝʤʝʥʠ; 

- ʦʧʠʩʘʥʠʝ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʦʪ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ ʨʝʘʢʪʦʨ ʢ 

ʪʝʧʣʦʥʦʩʠʪʝʣʶ, ʜʚʠʞʫʱʝʤʫʩʷ ʚ ʨʫʙʘʰʢʝ ʘʧʧʘʨʘʪʘ. 

ʇʨʠʯʝʤ ʨʝʰʝʥʠʷ 1 ʠ 3 ʟʘʜʘʯ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ ʧʦʪʦʢʘ ʚ 

ʵʪʠʭ ʵʣʝʤʝʥʪʘʭ ʘʧʧʘʨʘʪʘ [1].  

ʇʝʨʝʥʦʩ ʪʝʧʣʦʪʳ ʢ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʘʧʧʘʨʘʪʘ ʦʧʠʩʳʚʘʝʪʩʷ 

ʦʙʳʢʥʦʚʝʥʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ: 
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ʛʜʝ  lÓʭÓ0 ï ʢʦʦʨʜʠʥʘʪʥʘʷ ʦʩʴ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʦ ʦʩʠ ʘʧʧʘʨʘʪʘ, ʤ; l, R0, R1 ï 

ʚʳʩʦʪʘ, ʚʥʫʪʨʝʥʥʠʡ ʠ ʥʘʨʫʞʥʳʡ ʨʘʜʠʫʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ, ʤ; R0ÓrÓ R1ï 

ʢʦʦʨʜʠʥʘʪʥʘʷ ʦʩʴ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʧʦ ʨʘʜʠʫʩʫ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ   ʦʙʝʯʘʡʢʠ ʩ ʥʘʯʘʣʦʤ 

ʢʦʦʨʜʠʥʘʪ ʚ ʮʝʥʪʨʝ ʝʝ ʥʠʞʥʝʛʦ ʩʝʯʝʥʠʷ; t0 ʠ  tʚʭ - ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ ʚ 

ʨʝʘʢʪʦʨʝ ʠ ʧʦʩʪʦʷʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʣʘʞʜʘʶʱʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʭʦʜʝ ʚ 

ʨʫʙʘʰʢʫ, 0ʉ; t(x,r,Ű) - ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʢʠ ʨʝʘʢʪʦʨʘ; tʪ(ʭ,Ű) ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʭʣʘʞʜʘʶʱʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʨʫʙʘʰʢʝ ʘʧʧʘʨʘʪʘ; ɚ ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʩʪʝʥʢʠ ʨʝʘʢʪʦʨʘ, ɺʪ/(ʤʂ); Ŭ2 ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʘʧʧʘʨʘʪʘ ʢ ʦʭʣʘʞʜʘʶʱʝʤʫ ʪʝʧʣʦʥʦʩʠʪʝʣʶ, 

(ɺʪ/ʤ2 ʂ).  ʇʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʠʞʥʝʝ ʪʦʨʮʝʚʦʝ ʩʝʯʝʥʠʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʝʯʘʡʢʠ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʨʘʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʭʣʘʜʘʛʝʥʪʘ ʥʘ 

ʚʭʦʜʝ ʚ ʨʫʙʘʰʢʫ ʦʭʣʘʞʜʝʥʠʷ, ʘ ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʚʝʨʭʥʝʡ ʪʦʨʮʝʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʩ ʢʨʳʰʢʦʡ ʘʧʧʘʨʘʪʘ ʨʘʚʝʥ ʥʫʣʶ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʝʝ 

ʪʝʧʣʦʠʟʦʣʷʮʠʝʡ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʚʠʜʥʦ, ʯʪʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (2) 

ʜʦʧʦʣʥʝʥʦ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ (3); ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʦ ʚʳʩʦʪʝ (4-5) ʠ ʧʦ 

ʨʘʜʠʫʩʫ (6-7) ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ. 

ʈʝʰʝʥʠʝ ʪʨʝʪʴʝʡ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʦʡ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʨʫʙʘʰʢʝ ʨʝʘʢʪʦʨʘ, ʧʦʣʫʯʝʥʦ ʚ ʨʘʙʦʪʝ [2]: 
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ʛʜʝ; ʊʪ(ʭ,Ű)= (tʪ(ʭ,Ű)- tʚʭ) ï ʧʨʝʦʙʨʘʟʦʚʘʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ; f1(Ű) ʠ 

f2(Ű) ï ʬʫʥʢʮʠʠ ʩʚʝʨʪʢʠ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ;  
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ʊ(ʭ,R1,ɗ)= (t(ʭ,R1,ɗ)- tʚʭ) ï ʧʨʝʦʙʨʘʟʦʚʘʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʡ ʩʪʝʥʢʠ 

ʘʧʧʘʨʘʪʘ; ʊʪ(ʭ,0)= tʪ(ʭ,0)-tʚʭ=0 ï ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ʇʝʨʝʭʦʜʷ ʢ ʠʩʪʠʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ tʪ=f(ʭ,Ű), ʝʛʦ 

ʜʠʥʘʤʠʢʫ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ 

ʩʦʚʤʝʩʪʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (1-8). ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤ ʚ ʵʪʦʤ ʨʘʩʯʝʪʝ ʷʚʣʷʝʪʩʷ 

ʨʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (2), ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʝʥʥʝʡ t(ʭ,R0,Ű)=t(R0,Ű) (ʜʣʷ ʨʝʞʠʤʘ ʠʜʝʘʣʴʥʦʛʦ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ) ʠ ʥʘʨʫʞʥʦʡ t(ʭ,R1,Ű) ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ ʘʧʧʘʨʘʪʘ. ʇʦ ʨʘʟʥʦʩʪʠ ʵʪʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʪʝʨʤʠʯʝʩʢʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʩʪʝʥʢʠ ŭ/ɚ. ɺ ʩʣʫʯʘʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʧʘʜʘ ʚ ʩʪʝʥʢʝ ʘʧʧʘʨʘʪʘ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʧʨʠ 

ʥʠʟʢʦʤ ʝʝ ʪʝʨʤʠʯʝʩʢʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʧʨʦʩʪʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʥʝʛʦ 

ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

1. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʦʪʜʘʯʠ Ŭ ʠ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʂ ʩʪʘʥʜʘʨʪʥʳʭ ʩʪʘʣʴʥʳʭ, ʠ ʵʤʘʣʠʨʦʚʘʥʥʳʭ ʝʤʢʦʩʪʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ 

ʣʦʧʘʩʪʥʦʡ ʤʝʰʘʣʢʦʡ ʦʙʲʝʤʦʤ Vʘʧ ʦʪ 0,4 ʜʦ 25 ʤ3, ɺʪ/(ʤ2ʂ) 
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ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ Ŭ1 ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ ʢʨʠʪʝʨʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ 

ʜʣʷ ʣʦʧʘʩʪʥʳʭ ʤʝʰʘʣʦʢ [3] 
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ɺ ʢʘʯʝʩʪʚʝ ʞʠʜʢʦʩʪʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʚʦʜʘ ʧʨʠ 60 0ʉ; Nuʤ, Reʤ, Pr ï ʢʨʠʪʝʨʠʠ 

ʅʫʩʩʝʣʴʪʘ, ʈʝʡʥʦʣʴʜʩʘ ʠ ʇʨʘʥʜʪʣʷ, ʚʳʯʠʩʣʝʥʥʳʝ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ; ʨʝʞʠʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʥʘʯʘʣʫ ʘʚʪʦʤʦʜʝʣʴʥʦʡ ʦʙʣʘʩʪʠ Reʤ = 105; D ʠ dʤ ï 

ʜʠʘʤʝʪʨ ʘʧʧʘʨʘʪʘ ʠ ʤʝʰʘʣʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤ; ʅ - ʥʦʤʠʥʘʣʴʥʘʷ ʚʳʩʦʪʘ ʞʠʜʢʦʩʪʠ ʚ 

ʘʧʧʘʨʘʪʝ, ʤ.  

ʆʧʳʪʥʳʝ ʜʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ [3], ʨʝʢʦʤʝʥʜʫʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʛʣʘʜʢʠʭ ʨʫʙʘʰʢʘʭ Ŭ2 ʢʨʠʪʝʨʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ 

ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ 
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ʛʜʝ  ʉ ʠ f ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ [3]; Gr 

ʠ Pr ï ʢʨʠʪʝʨʠʠ ɻʨʘʩʛʦʬʘ ʠ ʇʨʘʥʜʪʣʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ɚʞ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ɺʪ/(ʤʂ); ʅʨ ï ʚʳʩʦʪʘ ʨʫʙʘʰʢʠ, ʤ.  

ʇʨʠʯʝʤ, ʩʦʛʣʘʩʥʦ ʦʧʳʪʥʳʤ ʜʘʥʥʳʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ [3], ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʦʪʜʘʯʠ Ŭ2 ʥʝ ʧʨʝʚʳʰʘʶʪ (300-400) ɺʪ/(ʤ2ʂ) ʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʜʘʞʝ 

ʧʨʠ ʜʝʩʷʪʠʢʨʘʪʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʭʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʚ ʨʘʙʦʪʝ ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʜʣʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʜʚʠʞʫʱʝʛʦʩʷ ʚ ʨʫʙʘʰʢʝ, 

ʧʨʠʥʠʤʘʣʠ ʝʛʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ŭ2 = 350 ɺʪ/(ʤ2ʂ). 



ʈɸɿɼɽʃ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʊʘʙʣʠʮʘ 1. ɼʦʣʷ ʪʝʨʤʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʪʝʧʣʦʦʪʜʘʯʠ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʩʪʝʥʢʠ ʘʧʧʘʨʘʪʘ ʚ ʦʙʱʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʜʣʷ ʩʪʘʣʴʥʳʭ ʝʤʢʦʩʪʥʳʭ ʨʝʘʢʪʦʨʦʚ ʩ 

ʤʝʰʘʣʢʘʤʠ ʠ ʛʣʘʜʢʠʤʠ ʨʫʙʘʰʢʘʤʠ 
 

Vʘʧ,ʤ
3 Ɇ=1/Ŭ1+ ŭ/ɚ+1/Ŭ2, 

(ʤ2ʂ)/ɺʪ 100
/1

1Ö
a
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,% 100
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,% 100

/1
2 Ö
a

ä
,% 

0,4 4,68Ŀ10-3 9,7 29,3 61 

0,63 4,87Ŀ10-3 10,8 30,5 58,7 

1 4,17Ŀ10-3 15 16,5 68,6 

1,25 4,94Ŀ10-3 13,3 28,9 57,8 

1,6 4,37Ŀ10-3 16,3 18,3 65,4 

2 5,21Ŀ10-3 14,4 30,7 54,9 

2,5 4,45Ŀ10-3 17,9 18 64,2 

4 4,69Ŀ10-3 19,6 19,5 60,9 

6,3 4,84Ŀ10-3 22,1 18,9 59 

10 5,47Ŀ10-3 21,7 26,1 52,2 

16 5,62Ŀ10-3 23,8 25,4 50,8 

20 5,7Ŀ10-3 24,8 25,1 50,1 

25 5,95Ŀ10-3 25 26,9 48 

 

ʊʘʙʣʠʮʘ 2.  ɼʦʣʷ ʪʝʨʤʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʪʝʧʣʦʦʪʜʘʯʠ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʩʪʝʥʢʠ ʘʧʧʘʨʘʪʘ ʚ ʦʙʱʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʜʣʷ ʩʪʘʥʜʘʨʪʥʳʭ ʵʤʘʣʠʨʦʚʘʥʥʳʭ 

ʨʝʘʢʪʦʨʦʚ ʩ ʤʝʰʘʣʢʘʤʠ ʠ ʛʣʘʜʢʠʤʠ ʨʫʙʘʰʢʘʤʠ 
 

Vʘʧ,ʤ
3 Ɇ=1/Ŭ1+ ŭ/ɚ+1/Ŭ2, 

(ʤ2ʂ)/ɺʪ 100
/1

1Ö
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/1
2 Ö
a

ä
,% 

0,4 4,75Ŀ10-3 9,5 30,4 60,1 

0,63 4,87Ŀ10-3 10,7 30,6 58,6 

1 4,68Ŀ10-3 13,3 25,7 61 

1,25 4,99Ŀ10-3 13,1 29,6 57,3 

1,6 4,77Ŀ10-3 14,9 25,2 59,9 

2 5,14Ŀ10-3 14,6 29,8 55,6 

2,5 4,86Ŀ10-3 16,4 24,8 58,8 

4 5,06Ŀ10-3 18,2 25,4 56,4 

6,3 5,21Ŀ10-3 20,6 24,6 54,8 

10 5,52Ŀ10-3 21,5 26,7 51,8 

16 5,67Ŀ10-3 23,6 26 50,4 

20 5,75Ŀ10-3 24,6 25,7 49,7 

25 5,88Ŀ10-3 25,4 26 48,5 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʪʝʨʤʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 1/ʂ, 1/Ŭ1, 1/Ŭ2, ŭ/ɚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1-2, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

- ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʦʪʜʘʯʠ ʜʣʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʜʚʠʞʫʱʝʛʦʩʷ ʚ 

ʨʫʙʘʰʢʝ ʘʧʧʘʨʘʪʘ 1/Ŭ2 ʩʦʩʪʘʚʣʷʝʪ (50-60) %  ʦʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʠ 1/ʂ; 

- ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʝʥʢʠ ŭ/ɚ ʩʪʘʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩʦʩʪʘʚʣʷʝʪ (18-

30)% ʦʪ ʦʙʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 1/ʂ, ʜʣʷ ʵʤʘʣʠʨʦʚʘʥʥʳʭ - (25-30)%; 
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- ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʩʨʝʜʳ 1/Ŭ1 

ʩʦʩʪʘʚʣʷʝʪ (10-25)% ʦʪ ʦʙʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ 

ʘʧʧʘʨʘʪʘ;   

- ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʘʧʧʘʨʘʪʘʭ ʩ ʤʝʰʘʣʢʘʤʠ 

ʠ ʛʣʘʜʢʠʤʠ ʨʫʙʘʰʢʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ ʨʝʘʢʪʦʨʘ ʧʫʪʝʤ ʚʢʣʶʯʝʥʠʝ ʚ ʦʙʱʝʝ 

ʨʝʰʝʥʠʝ ʦʧʠʩʘʥʠʷ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ  (2-7). 
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ʀ ʉɺʆʁʉʊɺɸ ʕʇʆʂʉʀɼʅʆʁ ʂʆʄʇʆɿʀʎʀʀ 

 
ɸʥʥʦʪʘʮʠʷ: ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʮʠʩ-ʙʫʪʘʜʠʝʥʦʚʦʛʦ ʢʘʫʯʫʢʘ ʉʂɼʅ-ʅ ʥʘ ʩʚʦʡʩʪʚʘ 

ʵʧʦʢʩʠʘʤʠʥʥʦʡ ʢʦʤʧʦʟʠʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ ʢʘʫʯʫʢʦʤ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʢʦʤʧʦʟʠʮʠʡ. ʇʨʦʯʥʦʩʪʴ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʚʦʟʨʘʩʪʘʶʪ 

ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʵʧʦʢʩʠʜʥʫʶ ʢʦʤʧʦʟʠʮʠʶ 5-10 ʤ.ʯ. ʢʘʫʯʫʢʘ. ʋʣʫʯʰʝʥʠʝ ʩʚʦʡʩʪʚ ʩʚʷʟʘʥʦ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʘʟʳ ʢʘʫʯʫʢʘ ʚ ʦʪʚʝʨʞʜʝʥʥʦʡ ʢʦʤʧʦʟʠʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʧʦʢʩʠʜʥʘʷ ʩʤʦʣʘ, ʙʫʪʘʜʠʝʥʦʚʳʡ ʢʘʫʯʫʢ, ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ, ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʤʦʨʬʦʣʦʛʠʷ. 
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M. V. Kovalev, M. A. Frolova, Yu. V. Olikhova, I. Yu. Gorbunova, M. S. Burmitsky 

 

INFLUENCE OF BUTADIENE RUBBER ON THE MORPHOLOGY  

AND PROPERTIES OF EPOXY COMPOSITION  

 
Abstract: the effect of cis-butadiene rubber SKDN-N on the properties of the epoxyamine 

composition was studied. It has been established that modification with rubber leads to an increase in impact 

strength of the compositions. With the introduction of 5-10 mass parts of the rubber into epoxy composition, 

tensile strength and tensile elongation were increased. The improvement in properties is associated with the 

distribution of the rubber phase in the cured composition.  

Keywords: epoxy resin, butadiene rubber, impact strength, mechanical properties, morphology. 

 

 
ʕʧʦʢʩʠʜʥʳʝ ʦʣʠʛʦʤʝʨʳ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ: ʢʣʝʝʚ, ʛʝʨʤʝʪʠʢʦʚ, ʧʦʢʨʳʪʠʡ, 

ʩʚʷʟʫʶʱʠʭ ʜʣʷ ʘʨʤʠʨʦʚʘʥʥʳʭ ʧʣʘʩʪʠʢʦʚ (ʩʪʝʢʣʦ-, ʫʛʣʝʧʣʘʩʪʠʢʦʚ). ɺ ʦʪʚʝʨʞʜʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʭʦʨʦʰʝʡ ʘʜʛʝʟʠʝʡ ʢ ʨʘʟʣʠʯʥʳʤ 

ʩʫʙʩʪʨʘʪʘʤ, ʥʠʟʢʦʡ ʫʩʘʜʢʦʡ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʵʧʦʢʩʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ 

ʭʨʫʧʢʦʩʪʴ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ. ʕʪʫ ʧʨʦʙʣʝʤʫ ʨʝʰʘʶʪ ʟʘ ʩʯʝʪ 

ʚʚʝʜʝʥʠʷ ʚ ʩʦʩʪʘʚ ʵʧʦʢʩʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ: 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ, ʦʣʠʛʦʵʬʠʨʵʧʦʢʩʠʜʦʚ, ʦʣʠʛʦʤʝʨʥʳʭ ʩʠʣʩʝʩʢʚʠʦʢʩʘʥʦʚ, 

ʘʤʬʠʬʠʣʴʥʳʭ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ, ʪʝʨʤʦʧʣʘʩʪʦʚ ʠ ʜʨʫʛʠʭ [1-5]. ʄʦʜʠʬʠʢʘʮʠʷ 

ʢʘʫʯʫʢʘʤʠ ï ʠʟʚʝʩʪʥʳʡ ʩʧʦʩʦʙ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʵʧʦʢʩʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [6-7]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʮʠʩ-ʙʫʪʘʜʠʝʥʦʚʦʛʦ 

ʢʘʫʯʫʢʘ ʉʂɼʅ-ʅ (ʪʘʙʣ.) ʥʘ ʩʚʦʡʩʪʚʘ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʕɼ-20 (ʩʦʜʝʨʞʘʥʠʝ 

ʵʧʦʢʩʠʜʥʳʭ ʛʨʫʧʧ ï 21%, ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ï 18 ʇʘĿʩ), ʦʪʚʝʨʞʜʘʝʤʦʡ ʧʨʠ 

ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʪʚʝʨʜʠʪʝʣʝʤ ʕʊɸʃ-45, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʤʝʩʴ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ (ʚʷʟʢʘʷ ʦʜʥʦʨʦʜʥʘʷ ʞʠʜʢʦʩʪʴ ʪʝʤʥʦ-

ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ). ʉʦʩʪʘʚ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʢʦʤʧʦʟʠʮʠʠ: 100 ʤ.ʯ. ʕɼ-20 + 50 

ʤ.ʯ. ʕʊɸʃ-45. ʂʘʫʯʫʢ ʚʚʦʜʠʣʠ ʚ ʕɼ-20 ʚ ʢʦʣʠʯʝʩʪʚʝ 5, 10 ʠ 15 ʤ.ʯ. ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʧʦʩʣʝ ʯʝʛʦ ʜʦʙʘʚʣʷʣʠ 

ʦʪʚʝʨʜʠʪʝʣʴ. ʀʩʧʳʪʘʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ʧʨʦʚʦʜʠʣʠ ʯʝʨʝʟ 14 ʩʫʪʦʢ. 

 
ʊʘʙʣʠʮʘ. ʉʚʦʡʩʪʚʘ ʢʘʫʯʫʢʘ ʉʂɼʅ-ʅ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 
ʅʦʨʤʘ ʧʦʢʘʟʘʪʝʣʷ ʜʣʷ ʤʘʨʢʠ 

ʢʘʫʯʫʢʘ ʉʂɼʅ-ʅ 

ʋʩʣʦʚʥʘʷ ʚʷʟʢʦʩʪʴ, ʩ 150-215 

ʇʦʪʝʨʷ ʤʘʩʩʳ ʧʨʠ ʩʫʰʢʝ, %, ʥʝ ʙʦʣʝʝ 0,2 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʟʦʣʳ, %, ʥʝ ʙʦʣʝʝ 0,1 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʘʥʪʠʦʢʩʠʜʘʥʪʘ ɸʆ-300, % 0,5-0,9 

 

ʋʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʧʦ ʀʟʦʜʫ, ʘ ʪʘʢʞʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʧʨʦʯʥʦʩʪʥʳʝ ʠ 

ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ. ʄʦʨʬʦʣʦʛʠʶ 

ʦʪʚʝʨʞʜʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟʫʯʘʣʠ ʧʦ ʠʟʦʙʨʘʞʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ 

ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ JEOL 1610LV ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʜʣʷ 

ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ SSD X-Max Inca Energy (ʎʂʇ ʈʍʊʋ ʠʤ. ɼ.ʀ. 

ʄʝʥʜʝʣʝʝʚʘ). 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʦʟʠʮʠʡ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ 

ʚʚʝʜʝʥʠʠ 5-10 ʤ.ʯ. ʢʘʫʯʫʢʘ (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʘʫʯʫʢʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ (1)  

ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ (2) ʵʧʦʢʩʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

 

 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʉʂɼʅ-ʅ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ 

ʦʪʚʝʨʞʜʝʥʥʳʭ ʵʧʦʢʩʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʚʦʟʨʘʩʪʘʝʪ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2, ʧʦʚʳʰʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʢʘʫʯʫʢʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʦʩʪʫ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ. ʇʦʣʘʛʘʶʪ, ʯʪʦ ʧʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʯʘʩʪʠʮʳ ʢʘʫʯʫʢʘ 

ʩʧʦʩʦʙʥʳ ʚʳʜʝʣʷʪʴʩʷ ʚ ʦʪʜʝʣʴʥʫʶ ʬʘʟʫ ʚ ʧʨʦʮʝʩʩʝ ʦʪʚʝʨʞʜʝʥʠʷ ʵʧʦʢʩʠʜʥʦʡ 

ʢʦʤʧʦʟʠʮʠʠ ʠ ʩʦʟʜʘʚʘʪʴ, ʪʝʤ ʩʘʤʳʤ ʧʨʝʧʷʪʩʪʚʠʷ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥ, ʘ 

ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʪʴ ʧʫʪʴ ʧʨʦʨʘʩʪʘʥʠʷ ʪʨʝʱʠʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʝ ʜʚʠʞʝʥʠʷ ʧʦ 

ʤʝʞʬʘʟʥʳʤ ʛʨʘʥʠʮʘʤ [8, 9]. 

 

 
ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʢʘʫʯʫʢʘ ʉʂɼʅ-ʅ ʥʘ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʵʧʦʢʩʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

 

 

ɻʝʪʝʨʦʛʝʥʥʦʩʪʴ ʩʠʩʪʝʤʳ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʨʠʩ. 3). 
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ʈʠʩ. 3. ʉʢʦʣ ʦʙʨʘʟʮʘ ʦʪʚʝʨʞʜʝʥʥʦʡ ʵʧʦʢʩʠʜʥʦʡ ʢʦʤʧʦʟʠʮʠʠ,  

ʩʦʜʝʨʞʘʱʝʡ 5 ʤ.ʯ. ʉʂɼʅ-ʅ 

 

ɺʠʜʥʦ, ʯʪʦ ʩʠʩʪʝʤʘ ʥʝʦʜʥʦʨʦʜʥʘ. ɺʢʣʶʯʝʥʠʷ ʢʘʫʯʫʢʘ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʡ 

ʭʘʨʘʢʪʝʨ: ʩʬʝʨʠʯʝʩʢʠʝ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʦʪ 5 ʜʦ 20 ʤʢʤ ʠ ʫʟʢʠʝ ʧʨʦʪʷʞʝʥʥʳʝ 

ʦʙʣʘʩʪʠ ʰʠʨʠʥʦʡ 3-10 ʤʢʤ. ʈʘʟʚʠʪʘʷ ʤʝʞʬʘʟʥʘʷ ʛʨʘʥʠʮʘ (ʙʦʣʝʝ ʩʚʝʪʣʳʝ ʦʙʣʘʩʪʠ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ) ʠʤʝʝʪ ʪʦʣʱʠʥʫ 1-2 ʤʢʤ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʫʣʫʯʰʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʣʝʜʫʝʪ ʩʚʷʟʳʚʘʪʴ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʦʨʬʦʣʦʛʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. 
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ʉʇʆʉʆɹʓ ʇʆɺʓʐɽʅʀʗ ʉʊʆʁʂʆʉʊʀ ʈɽɾʋʑɽɻʆ ʀʅʉʊʈʋʄɽʅʊɸ 

 
ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʧʦʚʳʰʝʥʠʷ ʨʝʩʫʨʩʘ ʥʦʞʝʡ  ʨʘʩʢʨʦʡʥʳʭ ʤʘʰʠʥ 

ʰʚʝʡʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʡ ʥʘʧʣʘʚʢʦʡ ʪʚʝʨʜʳʤʠ ʩʧʣʘʚʘʤʠ ʠ 

ʦʙʨʘʙʦʪʢʦʡ ʠʭ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʥʦʞʝʡ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʚʝʜʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʨʷʜʘ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫʧʨʦʯʥʝʥʥʳʭ ʥʦʞʝʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʪʘʣʴ, ʠʟʥʦʩ, ʩʘʙʝʣʴʥʳʝ ʥʦʞʠ, ʫʧʨʦʯʥʝʥʠʝ,  ʤʘʛʥʠʪʥʘʷ ʦʙʨʘʙʦʪʢʘ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

 

 

T. A. Komarova, D. A. Davydov, A. V. Mayorova, S. P. Drobot, A. A. Gvozdev 
 

WAYS TO INCREASE THE DURABILITY OF THE CUTTING TOOL  

 
Abstract: the article deals with the issue of increasing the life of knives of sewing machines sewing 

equipment by high-frequency electric spark surfacing with hard alloys and processing them in a magnetic 
field. To assess the effectiveness of technological impacts during the processing of knives to preserve their 
working condition, a comprehensive assessment of a number of physical properties of hardened knives was 
carried out. 

Keywords: detail, wear, saber knives, hardening, magnetic processing, efficiency. 

 

 

ʇʨʠʜʘʥʠʝ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʷʤ ʜʝʪʘʣʝʡ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ 
ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʳʝ ʤʝʪʦʜʳ 
ʥʘʥʝʩʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʫʧʨʦʯʥʷʶʱʠʭ ʧʦʢʨʳʪʠʡ ʩ 
ʧʨʠʜʘʥʠʝʤ ʧʦʩʣʝʜʥʠʤ ʦʩʦʙʳʭ ʟʘʜʘʥʥʳʭ ʩʚʦʡʩʪʚ. 

ɼʝʪʘʣʷʤʠ, ʧʦʜʚʝʨʛʘʶʱʠʝʩʷ ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʟʥʦʩʫ, ʷʚʣʷʶʪʩʷ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ 
ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ, ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʰʠʥ, ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 
ʰʚʝʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʅʘʧʨʘʚʣʝʥʠʝʤ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ ʰʚʝʡʥʦʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚʘ. 

                                                 

É ʂʦʤʘʨʦʚʘ ʊ. ɸ., ɼʘʚʳʜʦʚ ɼ. ɸ., ʄʘʡʦʨʦʚʘ ɸ. ɺ., ɼʨʦʙʦʪ ʉ. ʇ., ɻʚʦʟʜʝʚ ɸ. ɸ., 2023 
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ɼʣ̫ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʟʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʥʝʩʝʥʠʝ 
ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʦʩʪʘʚʦʚ ʥʘ ʢʨʦʤʢʠ ʥʦʞʝʡ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʨʘʙʦʪʢʠ 
ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ.  

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʠʟʥʘʰʠʚʘʝʤʳʭ ʜʝʪʘʣʝʡ ʨʘʩʢʨʦʡʥʦʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʘʙʝʣʴʥʳʡ ʥʦʞ, ʪ.ʢ. ʦʥ ʨʘʙʦʪʘʝʪ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʠʭ ʥʘʛʨʫʟʦʢ 
ʠ ʚʳʩʦʢʦʛʦ ʠʟʥʦʩʘ. ɽʛʦ ʮʝʥʘ ʥʝʚʝʣʠʢʘ, ʥʦ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʟʘʪʦʯʢʫ ʠ ʩʤʝʥʫ 
ʥʦʞʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʟʘʢʨʦʡʱʠʢʘ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ 
ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʩʘʙʝʣʴʥʳʝ ʥʦʞʠ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʧʦʚʳʰʝʥʥʦʡ ʪʚʝʨʜʦʩʪʴʶ ʠ 
ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ. 

ʂ ʬʠʟʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 
ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ: ʦʙʨʘʙʦʪʢʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, 
ʣʘʟʝʨʥʦʝ ʫʧʨʦʯʥʝʥʠʝ, ʫʧʨʦʯʥʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʛʣʫʙʦʢʠʤ ʦʭʣʘʞʜʝʥʠʝʤ, 
ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʦʪʜʝʣʦʯʥʦ-ʫʧʨʦʯʥʷʶʱʘʷ ʚʠʙʨʘʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ, 
ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʝ ʧʦʣʠʨʦʚʘʥʠʝ, ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʠ 
ʪʝʨʤʦʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ, ʫʧʨʦʯʥʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʮʝʥʪʨʦʙʝʞʥʦ-
ʧʣʘʥʝʪʘʨʥʳʭ ʤʘʰʠʥʘʭ, ʘʣʤʘʟʥʘʷ ʦʙʨʘʙʦʪʢʘ [1]. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʦʙʨʘʙʦʪʢʘ ʥʦʞʝʡ, ʫʧʨʦʯʥʝʥʥʳʭ 
ʥʘʧʣʘʚʢʦʡ ʪʚʝʨʜʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʝ ʠʭ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

ɼʣʷ ʥʘʥʝʩʝʥʠʷ ʫʧʨʦʯʥʷʶʱʠʭ ʧʦʢʨʳʪʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʡ 
ʦʙʨʘʙʦʪʢʠ (ʕʀʆ) [2]. 

ʇʨʠ ʕʀʆ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 
ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ ʢʦʨʦʪʢʠʤʠ (ʜʦ 1000 ʤʢʩ) ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʨʘʟʨʷʜʘʤʠ ʩ ʵʥʝʨʛʠʝʡ 
ʜʦ ʜʝʩʷʪʠ ɼʞʦʫʣʝʡ ʠ ʯʘʩʪʦʪʦʡ 100é3000 ɻʮ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ 
ʧʨʦʜʫʢʪʦʚ ʵʨʦʟʠʠ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʜʝʪʘʣʠ, ʦʥʘ ʧʨʠʦʙʨʝʪʘʝʪ 
ʩʧʝʮʠʬʠʯʥʳʡ ʨʝʣʴʝʬ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʩʦʩʪʘʚʘ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʦʙʨʘʟʫʝʪʩʷ 
ʩʣʦʡ, ʢʦʪʦʨʦʤʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʠʩʢʨʦʚʦʛʦ ʨʘʟʨʷʜʘ, ʩʦʩʪʘʚʘ ʵʣʝʢʪʨʦʜʘ  
ʧʨʠʜʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʚʳʰʝʥʥʳʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ, 
ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ. 

ɼʣʷ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʩʘʙʝʣʴʥʳʭ ʥʦʞʝʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʫʩʪʘʥʦʚʢʘ ʄɼ-70 (ʊʋ 
25-06.1604-79) (ʣʘʙʦʨʘʪʦʨʠʷ ʀɺɻʇʋ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠʟʜʝʣʠʡ 
(ʜʝʪʘʣʝʡ, ʦʙʨʘʟʮʦʚ) ʠʟ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʝʞʜʫ ʧʦʣʶʩʥʳʤʠ 
ʥʘʢʦʥʝʯʥʠʢʘʤʠ ʠ ʚ ʮʝʥʪʨʝ ʩʦʣʝʥʦʠʜʘ ï ʥʝ ʤʝʥʝʝ 16000 ɸ/ʤ, ʧʠʪʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ï ʦʪ 
ʩʝʪʠ 220 ɺ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ - ʥʝ ʙʦʣʝʝ 200 ɺʪ.  

ʂʦʣʠʯʝʩʪʚʦ ʥʘʤʘʛʥʠʯʠʚʘʶʱʠʭ ʠʤʧʫʣʴʩʦʚ ʯʝʨʝʟ ʢʦʥʪʘʢʪʥʳʝ ʵʣʝʢʪʨʦʜʳ ʠʣʠ 
ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʜʝʪʘʣʠ ʚʥʫʪʨʠ ʩʦʣʝʥʦʠʜʘ ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʩʳ ʜʝʪʘʣʠ. 

ʈʘʙʦʪʘ ʩ ʫʩʪʘʥʦʚʢʦʡ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: ʧʦʜʛʦʪʦʚʢʘ ʜʝʪʘʣʠ ʢ 
ʥʘʤʘʛʥʠʯʠʚʘʥʠʶ (ʦʯʠʩʪʢʘ ʦʪ ʟʘʛʨʷʟʥʝʥʠʡ), ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ. 

ʆʙʨʘʟʮʳ ʥʦʞʝʡ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʥʘ ʥʘʣʠʯʠʝ 
ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ, ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ 
ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʨʝʩʫʨʩ ʥʦʞʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʤʝʪʦʜʠʢʦʡ [3]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʩʘʙʝʣʴʥʳʝ ʥʦʞʠ, 
ʫʧʨʦʯʥʝʥʥʳʝ ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʦʙʣʘʜʘʶʪ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤʠ 
ʥʦʞʘʤʠ, ʫʚʝʣʠʯʝʥʥʦʡ ʚ 3,7 ʨʘʟʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʠ ʚ 4,2 ʨʘʟʘ ʨʝʩʫʨʩʦʤ. 

ʆʙʲʷʩʥʝʥʠʝ ʵʬʬʝʢʪʘ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, 
ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʚ ʠʤʧʫʣʴʩʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 
ʠʟʤʝʥʷʶʪʩʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʀʥʩʪʨʫʤʝʥʪ 
ʚʨʘʱʘʶʪ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʧʨʠ ʵʪʦʤ ʦʥ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʶ ʩ ʯʘʩʪʦʪʦʡ, 
ʨʘʚʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ. ʇʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 



ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ɽʉʊɽʉʊɺʆɿʅɸʅʀʗ 

 

 44 

ʧʦʚʝʨʭʥʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʨʦʙʣʝʥʠʶ ʟʝʨʝʥ, ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʦʣʴʬʨʘʤʘ, 
ʤʦʣʠʙʜʝʥʘ, ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ.  

 ɺ ʫʩʣʦʚʠʷʭ ʰʚʝʡʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʀʇ çɼʘʥʝʣʠʷ ɽ.ʖ.è ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ 
ʫʧʨʦʯʥʝʥʥʳʭ ʥʦʞʝʡ. ɺ ʭʦʜʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʫʧʨʦʯʥʝʥʥʳʭ ʥʦʞʝʡ ʥʘ 
ʨʘʩʢʨʦʡʥʦʡ ʤʘʰʠʥʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʳʪʥʳʝ ʠʟʜʝʣʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳ, ʦʙʣʘʜʘʶʪ 
ʧʦʚʳʰʝʥʥʳʤ ʨʝʩʫʨʩʦʤ, ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʟʘʪʦʯʢʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʩʥʠʞʘʶʪʩʷ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʥʘʣʘʜʢʫ ʨʘʩʢʨʦʡʥʦʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʤʝʥʴʰʘʶʪʩʷ ʬʠʥʘʥʩʦʚʳʝ ʠʟʜʝʨʞʢʠ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ 
ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ. ʇʦʣʫʯʝʥ ʘʢʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ 
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SYNTHESIS AND ANTI -ENTEROVIRAL ACTIVITY  

OF HETARYL -SUBSTITUTED N -SULFONAMIDO BENZOIC ACIDS  
  

Abstract: the synthesis of heteryl-substituted n-sulfonamido benzoic acids was carried out, during 

the experiment it was found that the compounds of the indoline series exhibit the greatest antiviral activity. 

Keywords: enteroviruses, aminobenzoic acid, heterocycles, anti-enteroviral activity, indoline. 

 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʪʘʢ ʢʘʢ ʨʠʥʦ- ʠ ʵʥʪʝʨʦʚʠʨʫʩʳ ʷʚʣʷʶʪʩʷ ʩʝʨʴʝʟʥʳʤʠ 

ʧʘʪʦʛʝʥʘʤʠ ʯʝʣʦʚʝʢʘ, ʩʧʦʩʦʙʥʳʤʠ ʚʳʟʳʚʘʪʴ ʵʧʠʜʝʤʠʠ. ʇʨʦʪʠʚ ʵʪʠʭ ʚʠʨʫʩʦʚ ʧʦʢʘ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ ʧʨʝʧʘʨʘʪʦʚ ʵʪʠʦʪʨʦʧʥʦʛʦ ʜʝʡʩʪʚʠʷ. ɺ ʩʪʘʪʴʝ [1] ʦʧʠʩʘʥʦ ʧʨʦʠʟʚʦʜʥʦʝ N-

ʩʫʣʴʬʘʤʠʜʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ 1, ʩʦʜʝʨʞʘʱʝʝ ʬʪʘʣʠʤʠʜʥʳʡ ʬʨʘʛʤʝʥʪ, ʢʦʪʦʨʦʝ 

ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʫʶ ʧʨʦʪʠʚʦʵʥʪʝʨʦʚʠʨʫʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʇʦ ʥʘʰʝʡ ʛʠʧʦʪʝʟʝ ʚʚʝʜʝʥʠʝ 

ʘʟʦʪʠʩʪʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʚ ʤʦʣʝʢʫʣʫ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʟʘʤʝʥ 

ʬʪʘʣʠʤʠʜʥʦʛʦ ʮʠʢʣʘ ʧʦʚʳʰʘʝʪ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʩʨʝʜʩʪʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ɺ ʵʪʦʡ ʩʚʷʟʠ, 

ʠʩʧʦʣʴʟʫʷ Scaffold-hopping ï ʧʦʜʭʦʜ, ʥʘʤʠ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʜʠʟʘʡʥ ʠ ʩʠʥʪʝʟ ʩʝʨʠʠ 

ʘʥʘʣʦʛʦʚ 1, ʩʦʜʝʨʞʘʱʠʭ ʥʦʚʳʡ ʬʘʨʤʘʢʦʬʦʨʥʳʡ ʬʨʘʛʤʝʥʪ - N-

ʩʫʣʴʬʦʥʘʤʠʜʦʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʫʶ ʧʝʨʠʬʝʨʠʶ ʨʷʜʘ N-

ʘʮʠʣʠʥʜʦʣʘ, ʠʥʜʦʣʠʥʘ, 1,4-ʦʢʩʘʟʠʥʘ.  

ʎʝʣʝʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʫʣʴʬʦʭʣʦʨʠʜʦʚ ʩ ʘʤʠʥʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ ʩ ʘʮʝʪʦʥʠʪʨʠʣʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʧʠʨʠʜʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʩʦʝʜʠʥʝʥʠʡ 

(ʨʠʩ. 1) ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʥʘ ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʰʪʘʤʤʘ 

ʵʥʪʝʨʦʚʠʨʫʩʘ ʂʦʢʩʘʢʠ ʪʠʧʘ B3 Nancy. 

 

 
 ʈʠʩ. 1. ʊʝʩʪʠʨʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠ ̫
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ʀʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʝʨʠʡ ʥʘʠʙʦʣʴʰʫʶ ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣʠ 

ʩʦʝʜʠʥʝʥʠʷ ʠʥʜʦʣʠʥʦʚʦʛʦ ʨʷʜʘ (3b), ʩʠʥʪʝʟ ʢʦʪʦʨʳʭ ʧʨʦʭʦʜʠʣ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ 

(ʨʠʩ. 2). 

 

 
 

ʈʠʩ. 2. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ ʠʥʜʦʣʠʥʦʚʦʛʦ ʨʷʜʘ 

 

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ: 

ʀʩʭʦʜʥʳʡ ʠʥʜʦʣʠʥ ʨʘʩʪʚʦʨʷʣʠ ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʠ ʜʦʙʘʚʣʷʣʠ ʪʨʠʵʪʘʥʦʣʘʤʠʥ, 

ʧʝʨʝʤʝʰʠʚʘʣʠ 10 ʤʠʥʫʪ, ʦʭʣʘʞʜʘʣʠ ʜʦ 0-5 Áʉ. ʂ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʝ ʧʨʠʢʘʧʳʚʘʣʠ 

ʨʘʩʪʚʦʨ ʭʣʦʨʘʥʛʠʜʨʠʜʘ ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ, ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʣʦʡ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, ʫʧʘʨʠʚʘʣʠ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʣʦʡ ʧʦʜ ʚʘʢʫʫʤʦʤ. 

ʉʫʣʴʬʦʭʣʦʨʠʨʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ N-ʘʮʠʣʠʥʜʦʣʠʥʦʚ ʧʨʦʚʦʜʠʣʠ ʚ 10-ʪʠ ʤʦʣʴʥʦʤ 

ʠʟʙʳʪʢʝ ʭʣʦʨʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʠ 80 Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʚʳʜʝʨʞʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʩ ʪʠʦʥʠʣʭʣʦʨʠʜʦʤ. ʇʦʩʣʝ ʨʘʟʣʦʞʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ 

ʤʘʩʩʳ ʚʦʜʦʡ, ʧʨʦʚʦʜʠʣʠ ʵʢʩʪʨʘʢʮʠʶ ʭʣʦʨʦʬʦʨʤʦʤ, ʢʦʪʦʨʳʡ ʩʫʰʠʣʠ ʥʘʜ ʙʝʟʚʦʜʥʳʤ 

ʩʫʣʴʬʘʪʦʤ ʥʘʪʨʠʷ ʠ ʫʧʘʨʠʚʘʣʠ. ɼʣʷ ʩʠʥʪʝʟʘ ʮʝʣʝʚʳʭ ʩʫʣʴʬʦʥʘʤʠʜʦʚ ʦʩʘʜʦʢ 

ʩʫʣʴʬʦʭʣʦʨʠʜʘ ʨʘʩʪʚʦʨʷʣʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, ʜʦʙʘʚʣʷʣʠ ʧʠʨʠʜʠʥ ʠ ʧ-ʘʤʠʥʦʙʝʥʟʦʡʥʫʶ 

ʢʠʩʣʦʪʫ, ʧʝʨʝʤʝʰʠʚʘʣʠ 8 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40-60 Áʉ, ʦʭʣʘʞʜʘʣʠ, ʬʠʣʴʪʨʦʚʘʣʠ, 

ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʠ ʩʧʠʨʪʦʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʩʦʝʜʠʥʝʥʠʷ ʠʥʜʦʣʠʥʦʚʦʛʦ ʨʷʜʘ ʧʦʢʘʟʘʣʠ ʥʝ ʪʦʣʴʢʦ 

ʩʨʘʚʥʠʤʫʶ ʩ ʩʦʝʜʠʥʝʥʠʝʤïʧʨʦʪʦʪʠʧʦʤ ʘʢʪʠʚʥʦʩʪʴ, ʥʦ ʠ ʧʨʝʚʦʩʭʦʜʥʳʡ ʠʥʜʝʢʩ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ 

ʢʘʯʝʩʪʚʝ ʥʦʚʳʭ ʧʨʦʪʠʚʦʵʥʪʝʨʦʚʠʨʫʩʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʢʘʥʜʠʜʘʪʦʚ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ 

(ɻʨʘʥʪ ˉ 22-23-20158). 
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ʉʦʛʣʘʩʥʦ [1], ʪʫʰʝʥʠʝ ʣʝʩʥʳʭ ʥʠʟʦʚʳʭ ʧʦʞʘʨʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʥʠʷ ʛʨʫʥʪʦʚ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ ʵʪʠʤ ʷʚʣʝʥʠʝʤ. ʇʦʵʪʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʧʨʦʩʦʚ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʤʝʪʘʥʠʷ 

ʛʨʫʥʪʦʚ ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤʠ.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʤʘʰʠʥ ʜʣʷ ʤʝʪʘʥʠʷ ʛʨʫʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʤʘʰʠʥʳ, ʝʛʦ ʛʨʫʥʪʦʤʝʪʘʪʝʣʷ, 

ʩʦʚʝʨʰʝʥʩʪʚʦʤ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ [2].  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʠʥʝʤʘʪʠʢʠ, ʚʩʝ ʛʨʫʥʪʦʤʝʪʘʪʝʣʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʪʠʧʘ: 

1. ɻʨʫʥʪʦʤʝʪʘʪʝʣʠ, ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʢʦʪʦʨʳʭ ʩʦʚʝʨʰʘʶʪ ʨʘʚʥʦʤʝʨʥʦʝ 

ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ; 

2. ɻʨʫʥʪʦʤʝʪʘʪʝʣʠ, ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʢʦʪʦʨʳʭ ʩʦʚʝʨʰʘʶʪ ʥʝʨʘʚʥʦʤʝʨʥʦʝ 

ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. 

ʂ ʧʝʨʚʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ ʘʙʩʦʣʶʪʥʦʝ ʙʦʣʴʰʠʥʩʪʚʦ ʛʨʫʥʪʦʤʝʪʘʪʝʣʝʡ, ʥʘʯʠʥʘʷ 

ʩ ʩʘʤʳʭ ʧʝʨʚʳʭ (ʨʠʩ. 1), ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʥʝʜʨʘʭ ʧʘʪʝʥʪʥʳʭ ʚʝʜʦʤʩʪʚ [3]. 

ʂʘʢ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʠʭ ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʩʦʚʝʨʰʘʝʪ ʨʘʚʥʦʤʝʨʥʦʝ ʚʨʘʱʘʪʝʣʴʥʦʝ 

ʜʚʠʞʝʥʠʝ, ʛʨʫʥʪʦʟʘʭʚʘʪʳ ʝʛʦ ʚ ʚʠʜʝ ʣʦʧʘʩʪʝʡ ʟʘʭʚʘʪʳʚʘʶʪ ʛʨʫʥʪ, ʛʨʫʥʪ, ʚʨʘʱʘʷʩʴ 

ʚʤʝʩʪʝ ʩ ʣʦʧʘʩʪʷʤʠ, ʜʚʠʞʝʪʩʷ ʚʜʦʣʴ ʣʦʧʘʩʪʝʡ, ʧʨʠʦʙʨʝʪʘʷ ʣʠʥʝʡʥʫʶ ʩʢʦʨʦʩʪʴ, 

ʜʦʩʪʠʛʘʝʪ ʧʝʨʠʬʝʨʠʠ ʣʦʧʘʪʢʠ, ʠ ʜʘʣʝʝ ʜʚʠʞʝʪʩʷ ʧʦ ʠʥʝʨʮʠʠ ʟʘ ʩʯʸʪ ʧʦʣʫʯʝʥʥʦʡ 

                                                 
 É ʂʨʘʩʥʦʚ ɸ. ɸ., ʉʝʤʝʥʦʚʘ ʂ. ɺ., ʇʘʰʢʦʚʘ ʊ.ɺ., ʇʝʪʨʦʚ ɸ. ʅ., ʂʘʨʘʚʘʝʚ ɺ. ʀ., 2023 
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ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ. ʇʦ ʩʫʪʠ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʘʢʦʛʦ 

ʛʨʫʥʪʦʤʝʪʘʪʝʣʷ ʪʦʪ ʞʝ ʩʘʤʳʡ, ʯʪʦ ʠ ʚ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʘʭ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ɺʪʦʨʦʡ ʪʠʧ ʛʨʫʥʪʦʤʝʪʘʪʝʣʷ [4] ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 2. ʇʨʠʚʦʜ ʨʦʪʦʨʘ 

ʛʨʫʥʪʦʤʝʪʘʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭʢʨʠʚʦʰʠʧʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʚʭʦʜʥʦʝ 

ʟʚʝʥʦ ʢʦʪʦʨʦʛʦ ʩʦʚʝʨʰʘʝʪ ʨʘʚʥʦʤʝʨʥʦʝ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, ʘ ʚʳʭʦʜʥʦʝ ʟʚʝʥʦ 

ʩʦʚʝʨʰʘʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʩ ʧʦʤʦʱʴʶ ʮʝʧʥʦʡ 

ʧʝʨʝʜʘʯʠ ʧʝʨʝʜʘʸʪʩʷ ʥʘ  ʨʦʪʦʨ ʛʨʫʥʪʦʤʝʪʘʪʝʣʷ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ɺ ʵʪʦʤ ʪʠʧʝ ʛʨʫʥʪʦʤʝʪʘʪʝʣʷ, ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʩ ʛʨʫʥʪʦʟʘʭʚʘʪʘʤʠ ʚ ʚʠʜʝ ʢʦʚʰʝʡ 

ʚʨʘʱʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʝʛʦ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʧʨʠ ʟʘʭʚʘʪʝ ʛʨʫʥʪʘ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʧʨʠ ʤʝʪʘʥʠʠ ʛʨʫʥʪʘ. ʇʨʠ 

ʈʠʩ. 1. ɻʨʫʥʪʦʤʝʪʘʪʝʣʴʥʘʷ ʤʘʰʠʥʘ. ʉʐɸ, 1903 ʛ. 

ʈʠʩ. 2. ʈʦʪʦʨʥʳʡ ʤʝʪʘʪʝʣʴ ʛʨʫʥʪʘ, ʉʉʉʈ 1973 ʛ. 
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ʵʪʦʤ, çʤʝʭʘʥʠʢʘ ʤʝʪʘʥʠʷè ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʝʭʘʥʠʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʛʨʫʥʪʘ ʪʝʤ, ʯʪʦ ʛʨʫʥʪ çʩʭʦʜʠʪè ʩ ʛʨʫʥʪʦʟʘʭʚʘʪʦʚ ʥʝ ʟʘ ʩʯʸʪ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ, ʘ 

ʚʩʣʝʜʩʪʚʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʛʨʫʥʪʦʟʘʭʚʘʪʘ - ʛʨʫʥʪʦʟʘʭʚʘʪ, ʧʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, ʩʦʦʙʱʠʚ ʛʨʫʥʪʫ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ 

ʩʢʦʨʦʩʪʴ, ʫʤʝʥʴʰʘʝʪ ʩʚʦʶ ʩʢʦʨʦʩʪʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʨʫʥʪ ʦʪʨʳʚʘʝʪʩʷ ʟʘ ʩʯʸʪ ʷʚʣʝʥʠʷ 

ʠʥʝʨʮʠʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʦʟʘʭʚʘʪʦʚ ʠ ʜʚʠʞʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ.  

ɽʩʣʠ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʯʘʩʪʠʮʘ ʛʨʫʥʪʘ ʠ ʛʨʫʥʪʦʟʘʭʚʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʪʚʸʨʜʳʝ ʪʝʣʘ, ʥʝ ʫʯʠʪʳʚʘʪʴ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʯʘʩʪʠʯʝʢ ʛʨʫʥʪʘ ʩʦ 

ʩʪʦʨʦʥʳ ʚʦʟʜʫʭʘ, ʪʦ ʛʨʘʬʠʢʠ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʪʦʯʝʢ ʛʨʫʥʪʦʟʘʭʚʘʪʦʚ ʠ ʯʘʩʪʠʯʝʢ 

ʛʨʫʥʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʚʝʜʫʱʝʛʦ ʟʚʝʥʘ, ʘʥʘʣʦʛʦʚ ʩʢʦʨʦʩʪʠ, ʙʫʜʫʪ 

ʠʤʝʪʴ ʚʠʜ (ʨʠʩ. 3). 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

ɸʥʘʣʠʟ ʛʨʘʬʠʢʦʚ ʥʘ ʨʠʩ. 3 ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʢʦʥʝʯʥʘʷ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʛʨʫʥʪʘ ʚ ʛʨʫʥʪʦʤʝʪʘʪʝʣʷʭ ʦʙʦʠʭ ʪʠʧʦʚ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʪʦʯʝʢ ʛʨʫʥʪʦʟʘʭʚʘʪʦʚ. ʆʜʥʘʢʦ, ʫʩʣʦʚʠʷ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ ʛʨʫʥʪʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ. ɽʩʣʠ ʜʣʷ ʧʝʨʚʦʛʦ ʪʠʧʘ ʛʨʫʥʪʦʤʝʪʘʪʝʣʝʡ ʫʩʢʦʨʝʥʠʝ ʛʨʫʥʪʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʫʧʝʥʯʘʪʦʡ ʬʫʥʢʮʠʝʡ ʩʦ ʚʩʝʤʠ ʚʳʪʝʢʘʶʱʠʤʠ 

ʧʦʩʣʝʜʩʪʚʠʷʤʠ, ʪʦ ʜʣʷ ʚʪʦʨʦʛʦ ʪʠʧʘ ʫʩʢʦʨʝʥʠʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ 

ʤʝʭʘʥʠʟʤʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʦʙʨʘʥʘ ʠʩʭʦʜʷ ʠʟ ʩʘʤʳʭ ʨʘʟʥʳʭ ʢʨʠʪʝʨʠʝʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʝʱʸ ʦʜʥʦʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʛʨʫʥʪʦʤʝʪʘʪʝʣʝʡ ʚʪʦʨʦʛʦ ʪʠʧʘ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʛʨʫʥʪʦʤʝʪʘʪʝʣʴ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʀɻʇʉɸ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ ʘʚʪʦʨʘʤʠ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʫʣʠʩ, ʢ ʢʦʪʦʨʳʤ 

ʧʨʠʢʨʝʧʣʝʥʳ ʞʸʩʪʢʦ ʛʨʫʥʪʦʤʝʪʘʪʝʣʠ, ʠ ʢʦʪʦʨʳʝ ʚʨʘʱʘʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛ ʜʨʫʛʘ ʥʘ ʦʜʥʦʡ ʦʩʠ, ʠ ʢʦʪʦʨʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʩʚʷʟʘʥʳ ʩ ʦʜʥʠʤ ʢʨʠʚʦʰʠʧʦʤ, ʚʘʣ 

ʢʦʪʦʨʦʛʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʩʦʝʜʠʥʸʥ ʩ ʜʚʠʛʘʪʝʣʝʤ. ʋʩʪʨʦʡʩʪʚʦ ʧʨʦʭʦʜʠʪ ʧʨʦʮʝʜʫʨʫ 

ʧʘʪʝʥʪʦʚʘʥʠʷ.  

ʇʨʦʩʪʝʡʰʠʤ ʢʨʠʪʝʨʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʦʮʝʥʠʪʴ ʩʚʦʡʩʪʚʘ ʤʝʭʘʥʠʟʤʘ 

ʛʨʫʥʪʦʤʝʪʘʪʝʣʷ ʚʪʦʨʦʛʦ ʪʠʧʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʫʣʴʩʘʮʠʠ ʘʥʘʣʦʛʘ 

ʩʢʦʨʦʩʪʠ, ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ:  

 

min

maxK
J

J
=                                                              (1) 

ʘ) ʙ) 

ʈʠʩ. 3. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʘʥʘʣʦʛʘ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʛʨʫʥʪʘ  

ʠ ʪʦʯʝʢ ʛʨʫʥʪʦʟʘʭʚʘʪʦʚ: ʘ) ʛʨʫʥʪʦʤʝʪʘʪʝʣʴ ʧʝʨʚʦʛʦ ʪʠʧʘ;  

ʙ) ʛʨʫʥʪʦʤʝʪʘʪʝʣʴ ʚʪʦʨʦʛʦ ʪʠʧʘ 
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ʛʜʝ maxJ  - ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʘʥʘʣʦʛʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ; minJ - 

ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʘʥʘʣʦʛʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. 

ʕʪʦ ʦʪʥʦʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʝ ʪʦʣʴʢʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʭʘʥʠʟʤʦʚ 

ʧʨʠʚʦʜʘ, ʥʦ ʠ ʝʛʦ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʛʨʫʟʢʦʡ ʥʘ ʝʛʦ ʟʚʝʥʴʷ. 

ʇʦʵʪʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪ ʧʫʣʴʩʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʠʤ ʠʟ ʢʨʠʪʝʨʠʝʤ ʧʨʠ  

ʢʠʥʝʤʘʪʠʯʝʩʢʦʤ ʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʤʝʭʘʥʠʟʤʦʚ ʛʨʫʥʪʦʤʝʪʘʪʝʣʝʡ ʚʪʦʨʦʛʦ ʪʠʧʘ. 

ɺʳʚʦʜʳ: ʧʨʝʜʣʦʞʝʥʳ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʞʘʨʥʳʭ ʛʨʫʥʪʦʤʝʪʘʪʝʣʝʡ ʧʦ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʤʫ ʧʨʠʟʥʘʢʫ ʠ ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʭʘʥʠʟʤʘ. 
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ʌɻɹʋ ɺʅʀʀ ɻʆʏʉ (ʌʎ) ʄʏʉ ʈʦʩʩʠʠ  

 

ʅʆɺʓɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʇʆɼʍʆɼʓ  

ʂ ʇʈʆʀɿɺʆɼʉʊɺʋ ʊɽʍʅʀʏɽʉʂʀʍ ʄɸʉɽʃ ʀ ʊʆʇʃʀɺ  

ɼʃʗ ʅʋɾɼ ʄʏʉ ʈʆʉʉʀʀ ʅɸ ʆʉʅʆɺɽ ʇʈʆʎɽʉʉʆɺ ɻʀɼʈʀʈʆɺɸʅʀʗ 
 
ɸʥʥʦʪʘʮʠʷ: ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʤʘʩʝʣ ʠ ʪʦʧʣʠʚ ʚ ʠʥʪʝʨʝʩʘʭ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 

ʄʏʉ ʈʦʩʩʠʠ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʳʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʢʣʦʚʦʣʦʢʥʠʩʪʳʭ ʪʢʘʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʉɺʊʂ) 

ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʚʠʜʝ ʧʦʨʦʰʢʦʚ ʠʣʠ ʛʨʘʥʫʣ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ 

ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠ ʫʚʝʣʠʯʝʥʠʝ ʨʝʩʫʨʩʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, 

ʘ ʪʘʢʞʝ ʩʠʩʪʝʤ ʘʚʪʦʥʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʫʯʠʪʳʚʘʷ ʠʭ ʦʛʨʦʤʥʳʡ ʧʘʨʢ ʚ ʤʘʩʰʪʘʙʘʭ ʤʠʥʠʩʪʝʨʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʠʯʝʩʢʠʝ ʤʘʩʣʘ ʠ ʪʦʧʣʠʚʘ, ʧʨʦʮʝʩʩʳ ʞʠʜʢʦʬʘʟʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ, 

ʩʪʝʢʣʦʚʦʣʦʢʥʠʩʪʳʝ ʪʢʘʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ (ʉɺʊʂ), ʨʝʘʢʪʦʨʳ, ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, 

ʪʨʘʥʩʧʦʨʪ ʄʏʉ ʈʦʩʩʠʠ. 
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M. V. Kuznetsov, A. A. Pashkova 

 

NEW TECHNOLOGICAL APPROACHES TO THE PRODUCTION  

OF TECHNIC AL OILS AND FUELS FOR THE NEEDS OF THE EMERCOM  

OF RUSSIA BASED ON HYDROGENATION PROCESSES 

 
Abstract: new highly efficient domestic catalysts for hydrogenation of technical oils and fuels in the 

interests of providing various vehicles of the EMERCOM of Russia are proposed. The economic and 

environmental efficiency of the proposed technological process improvements using fiberglass woven 

catalysts (FGWC) have been confirmed in the laboratory studies, and significantly exceeds the efficiency of 

industrial catalysts in the form of powders or granules. The proposed technological approaches can provide a 

significant economic effect and increase the resources of vehicles, as well as autonomous energy systems, 

given their huge fleet on the scale of the ministry. 

Keywords: technical oils and fuels, liquid-phase hydrogenation processes, fiberglass woven 

catalysts (FGWC), reactors, economic and environmental effect, transport of the EMERCOM of Russia. 

 

 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʤʘʩʝʣ ʠ ʪʦʧʣʠʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ (ʙʝʥʟʠʥʦʚʳʭ, ʜʠʟʝʣʴʥʳʭ ʠ ʜʨ.) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʦʙʣʘʩʪʠ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ. ɻʣʘʚʥʦʡ ʩʪʘʜʠʝʡ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʝ ʧʦʣʫʯʝʥʠʷ 

ʤʘʩʝʣ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʠʭ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ, ʷʚʣʷʝʪʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ. 

ɿʘʧʘʜʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪ ʵʪʦʪ ʧʨʦʮʝʩʩ ʠ ʧʦʩʪʘʚʣʷʝʪ ʥʘ ʨʳʥʦʢ 

ʪʦʣʴʢʦ çʦʙʣʘʛʦʨʦʞʝʥʥʳʝè ʤʘʩʣʘ. ɺ ʈʦʩʩʠʡʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʩʚʦʝʥʘ, ʠ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ, ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʧʨʦʜʘʞʫ 

ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʤʘʩʣʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʤ ʢʘʯʝʩʪʚʦʤ. ʋʯʠʪʳʚʘʷ 

ʦʛʨʦʤʥʳʡ ʧʘʨʢ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʩʠʩʪʝʤ ʘʚʪʦʥʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʥʘʭʦʜʷʱʠʭʩʷ 

ʥʘ ʦʩʥʘʱʝʥʠʠ ʄʏʉ ʈʦʩʩʠʠ (ʪʦʣʴʢʦ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʢʦʣʦ 20 

ʪʩr.; ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʣʝʛʢʦʚʳʭ, ʛʨʫʟʦʚʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʩʨʝʜʩʪʚ 

ʩʧʝʮʠʘʣʴʥʦʡ ʠ ʩʧʘʩʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ; ʦʢʦʣʦ 80 ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʥʝ ʩʯʠʪʘʷ 

ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʪ.ʜ.), ʚ ʤʘʩʰʪʘʙʘʭ ʤʠʥʠʩʪʝʨʩʪʚʘ ʧʨʠʤʝʥʝʥʠʝ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʧʨʦʠʟʚʦʜʩʪʚʘʤ ʪʝʭʥʠʯʝʩʢʠʭ ʤʘʩʝʣ ʠ ʪʦʧʣʠʚ 

ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʦʛʨʦʤʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʤʘʩʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʩʠʩʪʝʤʳ, 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʝ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʜʚʠʛʘʪʝʣʷʭ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʠ ʩʦʜʝʨʞʘʱʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ (ʜʦ 30-40%) ʨʘʟʚʝʪʚʣʸʥʥʳʝ ʦʣʠʛʦʤʝʨʳ ʩ ʯʠʩʣʦʤ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ 

ʮʝʧʠ ʦʪ 20 ʜʦ 70. ʀʩʭʦʜʥʳʤ ʤʦʥʦʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʜʝʮʝʥ 1,2. ʀʟ ʥʝʛʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʪʠʧʘ ʎʠʛʣʝʨʘ-ʅʘʪʪʘ ʧʨʦʠʟʚʦʜʷʪʩʷ ʤʘʩʣʘ ʨʘʟʣʠʯʥʳʭ ʧʦ ʜʣʠʥʝ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʮʝʧʦʯʢʠ ʤʘʨʦʢ (ʇɸʆʄ - 2,4,6,10, ʦʪ ʉ20 ʜʦ ʉ70). ɺʩʝ ʦʣʠʛʦʤʝʨʳ 

ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʧʨʦʭʦʜʷʪ ʩʪʘʜʠʶ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʪʱʝʧʣʝʥʠʷ Cl, ʦʩʪʘʶʱʝʛʦʩʷ ʚ 

ʤʦʣʝʢʫʣʝ, ʠ ʧʦʩʪʫʧʘʶʪ ʥʘ ʛʠʜʨʠʨʦʚʘʥʠʝ ʦʜʥʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ, ʦʩʪʘʚʰʝʡʩʷ ʧʦʩʣʝ 

ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ. ɻʠʜʨʠʨʦʚʘʥʠʝ, ʢʘʢ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʪʘʢ ʠ ʚ ʧʨʘʢʪʠʢʝ 

ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʥʘʥʝʩʸʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʘʭ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ Ni. ʅʠʢʝʣʝʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ï 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʦʜʥʦʢʨʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ~50% Ni ʥʘ ʢʠʟʝʣʴʛʫʨʝ ʩ 

ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 5-7 ʤʠʢʨʦʥ. ʈʦʩʩʠʷ ʥʝ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʘʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɻʠʜʨʠʨʦʚʘʥʠʝ ʨʝʘʣʠʟʫʶʪ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʤ 

ʚʘʨʠʘʥʪʝ ʧʨʠ ʜʘʚʣʝʥʠʠ ʚʦʜʦʨʦʜʘ ʜʦ 25 ʘʪʤ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 2600ʉ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʩʪʘʜʠʝʡ ʛʦʨʷʯʝʡ ʬʠʣʴʪʨʘʮʠʠ (ʜʦ 2000ʉ) ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʦʪ ʧʦʨʦʰʢʦʚʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʘʙʨʘʟʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʯʘʩʪʠʮ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘʢʣʘʜʳʚʘʶʪ 



ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ɽʉʊɽʉʊɺʆɿʅɸʅʀʗ 

 

 52 

ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʩʪʝʧʝʥʴ ʦʩʚʦʙʦʞʜʝʥʠʷ ʤʘʩʣʘ ʦʪ ʪʚʝʨʜʦʡ ʬʘʟʳ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʉʪʘʜʠʷ ʬʠʣʴʪʨʘʮʠʠ ʨʝʟʢʦ ʫʭʫʜʰʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ. 

ʈʝʞʠʤ ʢʘʪʘʣʠʟʘʪʦʨʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʟʘʛʨʫʟʢʠ ʩ ʦʜʥʠʤ ʮʠʢʣʦʤ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʣʦʞʥʦʩʪʠ ʩ ʧʝʨʝʛʨʫʟʢʦʡ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʭʨʘʥʝʥʠʝʤ ʦʪʨʘʙʦʪʘʥʥʦʡ 

ʢʘʪʘʣʠʟʘʪʦʨʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʤʘʩʩʳ. ʈʝʛʝʥʝʨʘʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʥʝʚʦʟʤʦʞʥʘ, ʘ ʠʟʚʣʝʯʝʥʠʝ ʥʠʢʝʣʷ ʠʟ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʝʨʝʥʪʘʙʝʣʴʥʦ. ʉ 

ʮʝʣʴʶ ʧʨʝʦʜʦʣʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʧʨʦʮʝʩʩʳ ʠ ʧʨʦʜʫʢʪʳ ʛʠʜʨʠʨʦʚʘʥʠʷ ʤʘʩʝʣ ʠ ʪʦʧʣʠʚ, ʘ ʪʘʢʞʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʠ ʛʣʫʙʠʥʳ ʧʝʨʝʨʘʙʦʪʢʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʪʝʢʣʦʚʦʣʦʢʥʠʩʪʳʝ 

ʪʢʘʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ (ʉɺʊʂ) ʩʠʩʪʝʤʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʠ ʤʝʪʘʣʣʘʤʠ-

ʥʘʧʦʣʥʠʪʝʣʷʤʠ. ʉʦʟʜʘʥʥʘʷ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʪʝʭʥʦʣʦʛʠʷ ʠ ʘʧʧʘʨʘʪʫʨʥʳʝ 

(ʨʝʘʢʪʦʨʥʳʝ) ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩ ʫʩʧʝʭʦʤ ʧʝʨʝʥʝʩʝʥʳ ʚ ʩʤʝʞʥʳʝ 

ʦʙʣʘʩʪʠ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʦʮʝʩʩʘʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʞʠʜʢʦʬʘʟʥʦʤ ʛʠʜʨʠʨʦʚʘʥʠʠ ʠʩʭʦʜʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʦʩʚʦʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʜʚʠʞʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʳʭ 

ʨʘʟʨʘʙʦʪʦʢ ʷʚʣʷʶʪʩʷ: ʦʩʚʦʙʦʞʜʝʥʠʝ ʦʪ ʥʝʧʨʝʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʪʦʨʥʳʭ 

(ʙʝʥʟʠʥʦʚʳʭ) ʪʦʧʣʠʚ ʠ ʨʝʛʝʥʝʨʘʮʠʷ ʦʪʨʘʙʦʪʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʤʘʩʝʣ ʠ ʪʦʧʣʠʚ. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʧʨʦʰʣʠ ʤʥʦʛʦʢʨʘʪʥʫʶ ʘʧʨʦʙʘʮʠʶ ʚ 

ʨʘʤʢʘʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʜʣʷ ʧʝʨʝʚʦʜʘ ʠʭ ʚ ʨʝʘʣʴʥʳʝ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʛʠʜʨʠʨʦʚʘʥʠʷ 

ʨʘʩʰʠʨʷʶʪ ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ ʧʨʦʠʟʚʦʜʩʪʚ ʤʦʪʦʨʥʦʛʦ ʠ ʘʚʠʘʮʠʦʥʥʦʛʦ ʪʦʧʣʠʚʘ, 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʧʨʦʱʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʮʝʣʝʚʳʭ 

ʪʦʧʣʠʚ ʠ ʤʘʩʝʣ. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʜʦ 10 %, ʯʪʦ ʚ 

ʤʘʩʰʪʘʙʘʭ ʄʏʉ ʈʦʩʩʠʠ ʧʨʠʚʝʜʝʪ ʢ ʦʛʨʦʤʥʦʡ ʵʢʦʥʦʤʠʠ ʨʝʩʫʨʩʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʠ ʩʠʩʪʝʤ ʘʚʪʦʥʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ.  
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ɽ. ɼ. ʂʫʟʴʤʝʥʢʦ  
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʉɺʆʁʉʊɺ ɼɺʆʁʅʆʁ ʀ ʊʈʆʁʅʆʁ ʂɽʈɸʄʀʂʀ  

ʅɸ ʆʉʅʆɺɽ ʂɸʈɹʆʅʀʊʈʀɼɸ ʎʀʈʂʆʅʀʗ, ʇʆʃʋʏɽʅʅʆʁ ʄɽʊʆɼʆʄ 

ɻʆʈʗʏɽɻʆ ʇʈɽʉʉʆɺɸʅʀʗ 

 
ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʢʘʨʙʦʥʠʪʨʠʜʥʦʡ ʮʠʨʢʦʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ, ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ, ʧʦʨʠʩʪʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʢʝʨʘʤʠʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʝʨʘʤʠʢʘ, ʛʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʝ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

 

 

                                                 
 É ʂʫʟʴʤʝʥʢʦ ɽ. ɼ., 2023 
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INVESTIGATION OF THE PROPE RTIES OF DOUBLE AND THREEFOLD 

CERAMICS BASED ON ZIRCONIUM CARBONITRIDE OBTAINED  

BY HOT PRESSING  

 
Abstract: the article presents the results of a study of the physical and mechanical properties of 

carbonitride zirconium ceramics of various compositions obtained by hot pressing. The values of hardness, 

modulus of elasticity, porosity of the studied ceramics are established. 

Keywords: ceramics, hot pressing, physical and mechanical properties. 

 

 
ʂʝʨʘʤʠʢʠ, ʧʨʦʠʟʚʦʜʠʤʳʝ ʠʟ ʰʠʭʪʳ ʢʘʨʙʠʜʘ ʠ ʥʠʪʨʠʜʘ ʮʠʨʢʦʥʠʷ ʠʟʚʝʩʪʥʳ 

ʩʚʦʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 80-ʭ ʛʦʜʦʚ 20-ʛʦ ʚʝʢʘ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʦʡʥʳʝ ʢʝʨʘʤʠʢʠ ʩ 

ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʪʚʝʨʜʦʩʪʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ [1-3]. 

ɼʘʥʥʳʝ ʜʚʦʡʥʳʝ ʢʝʨʘʤʠʢʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ  ʠ 

ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʷʪʴ ʠʩʭʦʜʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʧʨʠʤʝʥʝʥʠʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʧʣʦʩʪʦʡʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʚ ʥʘʩʪʦʷʱʝʝ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʦʙʘʚʦʢ ʚ ʰʠʭʪʳ ʠʩʩʣʝʜʫʝʤʳʭ ʢʝʨʘʤʠʢ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʜʘʥʥʳʭ ʢʝʨʘʤʠʢ [4]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʙʳʣʘ 

ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ʨʘʙʦʪʳ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʚʣʠʷʥʠʷ ʚʚʦʜʘ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʛʦ ʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʚ ʜʚʦʡʥʫʶ ʢʝʨʘʤʠʢʫ ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʤʘʩʩʦʚʳʭ 

ʜʦʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʨʷʜ ʟʘʜʘʯ, ʘ 

ʠʤʝʥʥʦ: ʚʳʧʦʣʥʠʪʴ ʧʦʜʛʦʪʦʚʢʫ ʩʤʝʩʝʡ ʰʠʭʪ ʜʚʦʡʥʦʡ ʠ ʪʨʦʡʥʦʡ ʢʝʨʘʤʠʢʠ ʚ ʟʘʜʘʥʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ, ʧʨʦʠʟʚʝʩʪʠ ʩʧʝʢʘʥʠʝ ʢʝʨʘʤʠʢ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, 

ʦʧʨʝʜʝʣʠʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʢʝʨʘʤʠʢ. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʜʚʝ ʩʤʝʩʠ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ZrC ʠ ZrN, ʩʤʝʩʴ ʜʚʦʡʥʦʡ ʢʝʨʘʤʠʢʠ 50% ʤʘʩʩ. ZrC ï 50% ʤʘʩʩ. ZrN ʠ ʩʤʝʩʴ ʪʨʦʡʥʦʡ 

ʢʝʨʘʤʠʢʠ 33% ʤʘʩʩ. ZrC ï 33% ʤʘʩʩ. ZrN ï 33% ʤʘʩʩ. ZrO2. ʉʤʝʰʠʚʘʥʠʝ ʰʠʭʪ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʤʦʢʨʳʤ ʩʧʦʩʦʙʦʤ ʚ ʙʝʥʟʠʥʝ. ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʰʠʭʪʳ ʩʧʝʢʘʣʠʩʴ 

ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 2000 ϴ ʧʨʠ ʜʘʚʣʝʥʠʠ 30 ʄʇʘ, ʩ 

ʚʳʜʝʨʞʢʦʡ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ. ʉʧʝʯʝʥʥʳʝ ʦʙʨʘʟʮʳ 

ʦʪʰʣʠʬʦʚʳʚʘʣʠʩʴ ʘʣʤʘʟʥʳʤʠ ʧʘʩʪʘʤʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʨʘʟʤʝʨʘʤʠ ʘʙʨʘʟʠʚʥʳʭ 

ʯʘʩʪʠʮ: 60/40, 10/7, 7/5, 5/3, 3/2, 1/0. ʇʦʩʣʝ ʰʣʠʬʦʚʘʥʠʷ ʠʟʤʝʨʷʣʠʩʴ ʪʚʝʨʜʦʩʪʠ 

ʢʝʨʘʤʠʢʠ ʥʘ ʧʨʠʙʦʨʝ Durascan. ʊʚʝʨʜʦʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ɺʠʢʢʝʨʩʫ, ʪʘʙʣʠʮʘ 1. 

 
ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʪʚʝʨʜʦʩʪʝʡ ʧʦ ɺʠʢʢʝʨʩʫ ʠʩʩʣʝʜʫʝʤʳʭ ʢʝʨʘʤʠʢ 

 

ʉʦʩʪʘʚ 

 

ʊʚʝʨʜʦʩʪʴ ʧʦ ɺʠʢʢʝʨʩʫ, HV 

ZrC 1803 

50% ʤʘʩʩ. ZrC ï 50% ʤʘʩʩ. ZrN 1712 

ZrN 1774 

33% ʤʘʩʩ. ZrC ï 33% ʤʘʩʩ. ZrN ï 33 ʤʘʩʩ. 

ZrO2 

2221 

 
ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʚʠʣʘ ʘʜʜʠʪʠʚʥʦʩʪʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʦʨʠʩʪʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʢʝʨʘʤʠʢ, ʪʘʙʣʠʮʘ 2. 
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ʊʘʙʣʠʮʘ 2. ʇʦʨʠʩʪʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʢʝʨʘʤʠʢ 
 

ʉʦʩʪʘʚ 

 

ʇʦʨʠʩʪʦʩʪʴ, % 

ZrC 3,69 

50% ʤʘʩʩ. ZrC ï 50% ʤʘʩʩ. ZrN 5,91 

ZrN 1,78 

33% ʤʘʩʩ. ZrC ï 33% ʤʘʩʩ. ZrN ï 33 ʤʘʩʩ. 

ZrO2 

1,33 

 
ɿʥʘʯʠʪʝʣʴʥʦʝ ʦʪʣʠʯʠʝ ʧʦʨʠʩʪʦʩʪʠ ʫ ʜʚʦʡʥʦʡ ʠ ʪʨʦʡʥʦʡ ʢʝʨʘʤʠʢʠ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ. ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʝʥʳ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʤ ʠ 

ʢʦʥʪʨʘʩʪʥʦʤ, ʨʠʩ. 1, 2. 

 

 
 

ʈʠʩ. 1. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 50% ʤʘʩʩ. ZrC ï 50% ʤʘʩʩ. ZrN  

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 1000ʭ 

 

 
 

ʈʠʩ. 2. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 33% ʤʘʩʩ. ZrC ï 33% ʤʘʩʩ.  

ZrN ï 33 ʤʘʩʩ. ZrO2 ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 1000ʭ 

 

ʅʘ ʧʨʠʙʦʨʝ NanoIndenter G200 ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʪʘʙʣʠʮʘ 3. 

 



ʈɸɿɼɽʃ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʊʘʙʣʠʮʘ 3. ʄʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʢʝʨʘʤʠʢ 

 
ʉʦʩʪʘʚ 

 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ɻʇʘ 

ZrC 409 

50% ʤʘʩʩ. ZrC ï 50% ʤʘʩʩ. ZrN 515 

ZrN 452 

33% ʤʘʩʩ. ZrC ï 33% ʤʘʩʩ. ZrN ï 33 ʤʘʩʩ. 

ZrO2 

763 

 
ʉʥʠʞʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ʪʚʝʨʜʦʩʪʠ ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʪʨʦʡʥʦʡ ʢʝʨʘʤʠʢʝ ʠʟ-ʟʘ ʚʚʦʜʘ ʚ ʩʦʩʪʘʚ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʛʦ ʜʠʦʢʩʠʜʘ 

ʮʠʨʢʦʥʠʷ. ʇʨʠ ʵʪʦʤ ʠʩʩʣʝʜʫʝʤʳʡ ʩʦʩʪʘʚ ʜʚʦʡʥʦʡ ʢʝʨʘʤʠʢʠ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ 

ʙʣʠʟʢʠʤʠ ʢ ʢʝʨʘʤʠʢʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʧʦʨʠʩʪʦʩʪʠ ʦʙʨʘʟʮʘ. ɼʘʣʴʥʝʡʰʘʷ ʧʝʨʩʧʝʢʪʠʚʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʘʥʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʠ ʠʟʫʯʝʥʠʝʤ ʢʝʨʘʤʠʢ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʠ 

ʥʠʪʨʠʜʘ ʮʠʨʢʦʥʠʷ ʜʨʫʛʠʭ ʩʦʩʪʘʚʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʧʝʢʘʥʠʷ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʌʦʥʜʘ ʩʦʜʝʡʩʪʚʠʷ ʠʥʥʦʚʘʮʠʷʤ. 
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FLAMMABILITY OF FINISHING TEXTILE MATERIALS  

FROM HOOKAH COALS  

 
Abstract: the article describes the results of a study of the flammability of hookah coals in contact 

with synthetic finishing textile materials of various densities.  

Keywords: smoldering hookah coals, finishing textile materials, fire-technical expertise. 

 

 

ʆʯʝʥʴ ʯʘʩʪʦ ʧʦʞʘʨʳ ʚ ʧʦʤʝʱʝʥʠʷʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʥʘʯʠʥʘʶʪʩʷ ʩ 

ʚʦʟʛʦʨʘʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʪʝʢʩʪʠʣʷ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʞʠʣʳʭ, 

ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʷʭ, ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʠ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚʘʭ 

ʟʘʱʠʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʝʢʩʪʠʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʠʟʜʝʣʠʷ ʠʟ ʥʠʭ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʚʦʩʧʣʘʤʝʥʝʥʠʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʘʤʝʥʠ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʄʥʦʛʠʝ ʠʭ ʥʠʭ ʚʦʩʧʣʘʤʝʥʷʶʪʩʷ ʜʘʞʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʤʘʣʦʢʘʣʦʨʠʡʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʞʠʛʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʪʣʝʶʱʝʝ ʪʘʙʘʯʥʦʝ ʠʟʜʝʣʠʝ ʠʣʠ 

ʨʘʩʢʘʣʝʥʥʳʡ ʫʛʦʣʴ ʦʪ ʢʘʣʴʷʥʘ, ʯʪʦ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ 

ʧʣʘʤʝʥʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʢ ʚʦʟʛʦʨʘʥʠʶ ʙʣʠʟʣʝʞʘʱʠʭ ʠʣʠ ʩʪʦʷʱʠʭ 

ʧʨʝʜʤʝʪʦʚ, ʤʘʪʝʨʠʘʣʦʚ, ʚʝʱʝʩʪʚ ʠ ʠʟʜʝʣʠʡ. 

ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʦʤ ʧʦ ʚʦʧʨʦʩʘʤ ʚʦʟʤʦʞʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʝʢʩʪʠʣʴʥʳʭ, ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʦʙʲʝʢʪʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʉʅʠʇ 21-07-97* 

çʇʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡè [1]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ 

ʜʦʢʫʤʝʥʪʦʤ ʦʪʜʝʣʦʯʥʳʝ ʠ ʦʙʣʠʮʦʚʦʯʥʳʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʚ ʩʦʩʪʘʚ 

ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʪʝʢʩʪʠʣʴ, ʜʦʣʞʥʳ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ: ʛʨʫʧʧʘ ʛʦʨʶʯʝʩʪʠ, ʛʨʫʧʧʘ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ, 

ʛʨʫʧʧʘ ʜʳʤʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʪʦʢʩʠʯʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ. 

ʋʯʠʪʳʚʘʷ ʚʩʝ ʠʤʝʶʱʝʝʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʧʦʞʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ, ʢʘʢ ʪʦʪ ʠʣʠ 

ʠʥʦʡ ʚʠʜ ʪʢʘʥʠ ʙʫʜʝʪ ʚʝʩʪʠ ʩʝʙʷ ʚ ʫʩʣʦʚʠʷʭ ʙʣʠʟʢʠʭ ʢ ʫʩʣʦʚʠʷʤ ʧʦʞʘʨʘ. ʕʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʢʘʢ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʯʘʛʘ ʧʦʞʘʨʘ, ʪʘʢ ʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ 

ʧʨʠʯʠʥʳ. 

ʇʦʞʘʨ ʚ ʧʦʤʝʱʝʥʠʷʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʷʭ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʣʦʤʦʱʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʟʘʞʠʛʘʥʠʷ ï ʨʘʩʢʘʣʝʥʥʦʛʦ ʫʛʣʷ ʜʣʷ ʢʘʣʴʷʥʘ. 
ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʧʨʠ ʢʫʨʝʥʠʠ 
ʢʘʣʴʷʥʘ ʚ ʜʦʤʝ ʠʣʠ ʚ ʢʘʣʴʷʥʥʳʭ ʢʦʤʥʘʪʘʭ ʷʚʣʷʝʪʩʷ ʠʟʦʙʠʣʠʝ ʚ ʠʥʪʝʨʴʝʨʝ ʪʝʢʩʪʠʣʷ, 
ʧʦʜʫʰʝʢ, ʢʦʚʨʦʚʳʭ ʧʦʢʨʳʪʠʡ ʠ ʜʨʫʛʠʭ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʝʛʦ 
ʢʫʨʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʪʚʝʨʜʦʪʦʧʣʠʚʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ï ʢʘʣʴʷʥʥʳʝ ʫʛʣʠ, 
ʩʧʦʩʦʙʥʳʝ ʪʣʝʪʴ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʚʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʧʦʞʘʨʘ ʙʫʜʝʪ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʣʝʶʱʝʛʦ ʢʘʣʴʷʥʥʦʛʦ ʫʛʣʷ ʩ ʛʦʨʶʯʠʤʠ 
ʤʘʪʝʨʠʘʣʘʤʠ [2].  



ʈɸɿɼɽʃ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʊʘʢ, ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ 9 ʘʚʛʫʩʪʘ 2021 ʛʦʜʘ ʧʨʦʠʟʦʰʝʣ ʧʦʞʘʨ ʥʘ ʙʘʣʢʦʥʝ 
ʞʠʣʦʛʦ ʜʦʤʘ. ɺ ʜʚʫʭʢʦʤʥʘʪʥʦʡ ʦʪʜʝʣʴʥʦʡ ʢʚʘʨʪʠʨʝ ʟʘʜʳʤʠʣʩʷ ʙʘʣʢʦʥ ʥʘ ʧʣʦʱʘʜʠ ʚ 
ʜʚʘ ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʘ. ʉ ʦʛʥʝʤ ʩʧʨʘʚʠʣʠʩʴ ʙʳʩʪʨʦ. ɺʝʨʩʠʝʡ ʦ ʧʨʠʯʠʥʝ ʧʦʞʘʨʘ 
ʷʚʣʷʝʪʩʷ ʚʦʟʛʦʨʘʥʠʝ ʧʨʝʜʤʝʪʦʚ ʦʪ ʢʘʣʴʷʥʥʳʭ ʫʛʣʝʡ. 

ʇʦʵʪʦʤʫ, ʮʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʟʘʞʠʛʘʪʝʣʴʥʦʡ 
ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʣʴʷʥʥʳʭ ʫʛʣʝʡ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʦʪʜʝʣʦʯʥʳʤʠ ʪʝʢʩʪʠʣʴʥʳʤʠ 
ʤʘʪʝʨʠʘʣʘʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʧʣʦʪʥʦʩʪʠ.   

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʠ ʢʘʣʴʷʥʥʳʝ ʫʛʣʠ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʦʙʠʚʦʯʥʳʝ 
ʤʝʙʝʣʴʥʳʝ ʪʢʘʥʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʫʛʣʝʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʘ ʚʠʜʘ: 

1. ɹʳʩʪʨʦʨʘʟʛʦʨʘʶʱʠʡʩʷ ʫʛʦʣʴ ʤʘʨʢʠ çCarbopolè ï ʵʪʦ ʧʨʝʩʩʦʚʘʥʥʳʡ ʫʛʦʣʴ, ʚ 

ʢʦʪʦʨʳʡ ʜʦʙʘʚʣʷʶʪ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʣʝʛʢʦ ʚʦʩʧʣʘʤʝʥʷʶʱʠʝʩʷ ʦʪ ʦʪʢʨʳʪʦʛʦ 

ʦʛʥʷ, ʘ ʧʨʠ ʨʘʟʞʠʛʘʥʠʠ ʚʳʜʝʣʷʶʱʠʝ ʝʜʢʠʡ ʜʳʤ ʦʪ ʩʝʣʠʪʨʳ, ʢʦʤʧʦʥʝʥʪʘ ʫʛʣʷ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʙʳʩʪʨʦ ʨʘʟʛʦʨʘʪʴʩʷ. ʋʛʦʣʴ ʚʳʧʫʩʢʘʝʪʩʷ ʚ ʚʠʜʝ ʢʨʫʛʣʳʭ 

ʪʘʙʣʝʪʦʢ, ʜʠʘʤʝʪʨʦʤ 32 ʤʤ ʠ 40 ʤʤ ʠ ʚʳʩʦʪʦʡ ʦʢʦʣʦ15 ʤʤ. 

2. ʋʛʦʣʴ ʜʨʝʚʝʩʥʳʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʥʘʪʫʨʘʣʴʥʦʛʦ ʜʝʨʝʚʘ (ʠʟ ʚʝʪʚʝʡ 

ʣʠʤʦʥʥʦʛʦ, ʦʣʠʚʢʦʚʦʛʦ ʠ ʜʨʫʛʠʭ ʜʝʨʝʚʴʝʚ, ʠʟ ʚʠʥʦʛʨʘʜʥʦʡ ʣʦʟʳ) ʤʘʨʢʠ çCocosè  ʵʪʦ 

ʢʫʩʢʦʚʦʡ ʫʛʦʣʴ, ʯʘʱʝ ʚʩʝʛʦ ʚ ʚʠʜʝ ʙʨʫʩʢʦʚ ʨʘʟʥʦʡ ʬʦʨʤʳ. ʋʛʦʣʴ ʨʘʟʞʠʛʘʝʪʩʷ ʠ ʪʣʝʝʪ 

ʜʦʣʴʰʝ, ʦʥ ʥʝ ʚʳʜʝʣʷʝʪ ʟʘʧʘʭʘ ʛʦʨʝʥʠʷ ʠ ʜʳʤʘ ʧʨʠ ʨʦʟʞʠʛʝ. 

ɺ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʪʨʝʭ ʚʠʜʦʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʦʪʜʝʣʦʯʥʦʡ ʪʢʘʥʠ (ʧʨʦʠʟʚʦʜʩʪʚʦ ʂʠʪʘʡ), ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʦʪʜʝʣʢʠ ʤʝʙʝʣʠ (ʜʠʚʘʥʳ, ʢʨʝʩʣʘ, ʩʠʜʝʥʴʷ ʩʪʫʣʴʝʚ, ʠʟʛʦʣʦʚʴʷ ʢʨʦʚʘʪʝʡ ʠ ʪ.ʧ.), ʩʣʦʞʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ (ʪʘʙʣ. 1). 
 

ʊʘʙʣʠʮʘ 1. ɺʠʜʳ ʪʢʘʥʠ ʠ ʝʝ ʧʘʨʘʤʝʪʨʳ 
 

 ̄ ɺʠʜ ʪʢʘʥʠ ʉʦʩʪʘʚ ʇʣʦʪʥʦʩʪʴ, ʛ/ʤ2 

1. ʊʢʘʥʴ çSienaè 
ɺʝʨʭ ï ʧʦʣʠʵʩʪʝʨ 100% 

ʆʩʥʦʚʘ ïʧʦʣʠʵʩʪʝʨ 100% 
320 

2. ʊʢʘʥʴ çVersalè 
ɺʝʨʭ ï ʧʦʣʠʵʩʪʝʨ 100% 

ʆʩʥʦʚʘ ïʧʦʣʠʵʩʪʝʨ 100% 
430 

3. ʊʢʘʥʴ çVicontè 
ɺʝʨʭ ï ʧʦʣʠʵʩʪʝʨ 100% 

ʆʩʥʦʚʘ ïʧʦʣʠʵʩʪʝʨ 100% 
500 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʷʣʠ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʚʨʝʤʷ 

ʧʨʦʛʦʨʘʥʠʷ ʪʢʘʥʠ, ʜʣʠʥʘ ʚʳʛʦʨʝʚʰʝʛʦ ʫʯʘʩʪʢʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʝ ʪʣʝʥʠʷ. 

ʊʝʤʧʝʨʘʪʫʨʫ ʫʛʣʝʡ ʠ ʪʢʘʥʠ ʦʧʨʝʜʝʣʷʣʠ ʧʠʨʦʤʝʪʨʦʤ çTesto 845è. 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʣʝʜʫʶʱʝʤ. ʅʘ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʧʦʜʜʦʥ ʫʢʣʘʜʳʚʘʣʠ ʦʙʨʘʟʮʳ ʪʢʘʥʠ, ʧʦʩʣʝ ʯʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʢʘʥʠ 

ʧʦʤʝʱʘʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʞʞʝʥʥʳʡ ʢʘʣʴʷʥʥʳʡ ʫʛʦʣʴ. ʇʨʠ ʧʦʤʦʱʠ ʩʝʢʫʥʜʦʤʝʨʘ 

ʬʠʢʩʠʨʦʚʘʣʠ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʨʠ ʧʦʤʦʱʠ ʧʠʨʦʤʝʪʨʘ 

ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʣʝʶʱʝʛʦ ʫʛʣʷ ʠ ʛʦʨʶʯʝʛʦ ʤʘʪʝʨʠʘʣʘ (ʊʪʣ.).  

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘʤʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ 

ʪʣʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʫʛʣʝʡ ʙʝʟ ʢʘʣʴʷʥʘ (ʨʝʞʠʤ ʩʪʘʪʠʢʠ).  
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ʊʘʙʣʠʮʘ 2. ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʫʛʣʝʡ ʜʣʷ ʢʘʣʴʷʥʘ 
 

 ̄
ʆʙʨʘʟʮʳ ʫʛʣʷ 

 
ɼʠʘʤʝʪʨ, ʤʤ ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ᴈ 

1.  ʆʙʨʘʟʝʮ ʫʛʣʷ çCarbopolè 35  388 

2. ʆʙʨʘʟʝʮ ʫʛʣʷ çCocosè 22 322 

 
ɺ ʪʘʙʣʠʮʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ. 

 

ʊʘʙʣʠʮʘ 3. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ 

 
 

 ̄ ɺʠʜ ʪʢʘʥʠ 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ 

ʆʙʨʘʟʝʮ ʫʛʣʷ çCarbopolè ʆʙʨʘʟʝʮ ʫʛʣʷ çCocosè 

1.  

ʊʢʘʥʴ 

çSienaè, 

ʧʣʦʪʥʦʩʪʴ 

320 ʛ/ʤ2 

ɺʨʝʤʷ ʧʨʦʛʦʨʘʥʠʷ ʪʢʘʥʠ ï 8 ʩ 

ʊʪʣ = 360 ʦʉ 

ʊʢʘʥʴ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪ ʛʦʨʝʥʠʝ 

 

 

ɺʨʝʤʷ ʧʨʦʛʦʨʘʥʠʷ ʪʢʘʥʠ ï 40 ʩ 

ʊʪʣ = 300 ʦʉ 

ʊʢʘʥʴ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪ ʛʦʨʝʥʠʝ 

 

 
2.  

ʊʢʘʥʴ 

çVersalè 

ʧʣʦʪʥʦʩʪʴ 

430 ʛ/ʤ2 

ɺʨʝʤʷ ʧʨʦʛʦʨʘʥʠʷ ʪʢʘʥʠ ï 16 ʩ 

ʊʪʣ = 380 ʦʉ 

ʊʢʘʥʴ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪ ʛʦʨʝʥʠʝ 

 

 

ɺʨʝʤʷ ʧʨʦʛʦʨʘʥʠʷ ʪʢʘʥʠ ï 48 ʩ 

ʊʪʣ = 310 ʦʉ 

ʊʢʘʥʴ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪ ʛʦʨʝʥʠʝ 

 

 
 

3. 

ʊʢʘʥʴ 

çVicontè 

ʧʣʦʪʥʦʩʪʴ 

500 ʛ/ʤ2 

ɺʨʝʤʷ ʧʨʦʛʦʨʘʥʠʷ ʪʢʘʥʠ ï 20 ʩ. 

ʊʪʣ = 388 ʦʉ 

ʊʢʘʥʴ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪ ʛʦʨʝʥʠʝ 

 

 

ɺʨʝʤʷ ʧʨʦʛʦʨʘʥʠʷ ʪʢʘʥʠ ï 48 ʩ. 

ʊʪʣ = 322 ʦʉ 

ʊʢʘʥʴ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪ ʛʦʨʝʥʠʝ 
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ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʟʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʦʪʜʝʣʦʯʥʳʭ 

ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʪʣʝʶʱʠʤʠ ʢʘʣʴʷʥʥʳʤʠ ʫʛʣʷʤʠ ʤʘʨʦʢ 

çCarbopolè ʠ çCocosè ʠʩʧʳʪʳʚʘʶʪ ʪʝʧʣʦʚʳʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʦʚʨʝʞʜʝʥʠʷ (ʧʣʘʚʷʪʩʷ), 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʊʢʘʥʠ ʚ 

ʤʝʩʪʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʪʣʝʶʱʠʤ ʢʘʣʴʷʥʥʳʤ ʫʛʣʝʤ ʨʘʩʧʣʘʚʠʣʠʩʴ ʠ 

ʟʘʪʚʝʨʜʝʣʠ, ʵʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʣʠʵʩʪʝʨʥʳʭ ʚʦʣʦʢʦʥ. 

ʂʨʦʤʝ ʪʦʛʦ, ʯʝʤ ʙʦʣʴʰʝ ʧʣʦʪʥʦʩʪʴ ʪʢʘʥʠ, ʪʝʤ ʜʦʣʴʰʝ ʦʥʘ ʥʝ ʩʦʧʨʦʪʠʚʣʷʝʪʩʷ 

ʧʨʦʛʦʨʘʥʠʶ, ʘʢʢʫʤʫʣʠʨʫʷ ʧʨʠ ʵʪʦʤ ʪʝʧʣʦ ʦʪ ʫʛʣʝʡ ʚ ʤʝʩʪʝ ʠʭ ʢʦʥʪʘʢʪʘ, ʠ ʪʝʤ ʩʘʤʳʤ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʣʝʥʠʷ.  

ʆʙʨʘʟʝʮ ʢʘʣʴʷʥʥʦʛʦ ʫʛʣʷ ʤʘʨʢʠ çCarbopolè ʠʟʥʘʯʘʣʴʥʦ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʪʣʝʥʠʷ, ʧʦʵʪʦʤʫ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʧʨʦʞʠʛʘʝʪ ʦʪʜʝʣʦʯʥʳʝ ʪʢʘʥʠ, ʯʝʤ 

ʦʙʨʘʟʝʮ ʢʘʣʴʷʥʥʦʛʦ ʫʛʣʷ ʤʘʨʢʠ çCocosè. ʋʛʦʣʴ ʤʘʨʢʠ çCocosè ʚ ʥʘʰʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʥʝ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʧʨʦʞʦʛ ʠʩʩʣʝʜʫʝʤʳʝ ʪʢʘʥʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʟʘʞʠʛʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʣʴʷʥʥʳʭ ʫʛʣʝʡ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʦʪʜʝʣʦʯʥʳʤʠ ʪʝʢʩʪʠʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʚʦʡʩʪʚʘʤʠ ʧʦʩʣʝʜʥʠʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʧʣʦʪʥʦʩʪʴʶ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ʉʅʠʇ 21-07-97* çʇʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡè. 
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ʀʚʘʥʦʚʩʢʘʷ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ  

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʊɽʇɽʅʀ ʈɸɿʈʋʐɽʅʀʗ ʇɽʉʂʆʎɽʄɽʅʊʅʓʍ 

ʀɿɼɽʃʀʁ 

 
ɸʥʥʦʪʘʮʠʷ: ʦʩʫʱʝʩʪʚʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʝʧʝʥʠ ʨʘʟʨʫʰʝʥʠʷ ʧʝʩʢʦʮʝʤʝʥʪʥʳʭ ʠʟʜʝʣʠʡ, 

ʧʦʜʚʝʨʛʰʠʭʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (ʦʪ 300 Áʉ ʜʦ 900 Áʉ), ʠʩʧʦʣʴʟʫʷ ʥʝʨʘʟʨʫʰʘʶʱʠʡ 

ʤʝʪʦʜ (ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ). ʊʘʢ ʢʘʢ ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʦʙʨʘʟʫʶʪʩʷ 

ʤʠʢʨʦ- ʠ ʤʘʢʨʦʪʨʝʱʠʥʳ, ʠʟʤʝʥʷʝʪʩʷ ʮʚʝʪ ʠ ʠʜʝʪ ʨʘʟʨʳʭʣʝʥʠʝ ʤʘʩʩʳ ʧʝʩʢʦʮʝʤʝʥʪʥʳʭ ʠʟʜʝʣʠʡ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ, ʯʪʦ ʪʝʤ ʙʦʣʴʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ ʤʘʪʝʨʠʘʣʘ, 

ʪʝʤ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʩʢʦʮʝʤʝʥʪʥʳʝ ʙʣʦʢʠ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ, ʧʦʞʘʨʥʦ-

ʪʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʝʨʪʠʟʘ, ʦʯʘʛ ʧʦʞʘʨʘ.  
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INVESTIGATION OF THE DEGREE OF DESTRUCTION OF SAND -CEMENT 

PRODUCTS 

 
Abstract: the degree of destruction of sand-cement products exposed to high-temperature exposure 

(from 300 Á C to 900 Á C) was studied using a non-destructive method (ultrasonic sounding). Since micro- 

and macro-cracks are formed during high-temperature exposure, the color changes and the mass of sand-

cement products is loosened. According to the results of the study, it was revealed that the higher the heating 

temperature of the material, the lower the speed of passage of the ultrasonic wave.  

Keywords: sand-cement blocks, ultrasonic sounding, fire-technical expertise, fire source. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʩʝ ʯʘʱʝ ʜʣʷ ʚʦʟʚʝʜʝʥʠʷ ʥʝʩʫʱʠʭ ʠ ʥʝʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʟʜʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʧʝʩʢʦʮʝʤʝʥʪʥʳʝ ʙʣʦʢʠ. ʇʝʩʢʦʮʝʤʝʥʪʥʳʝ ʙʣʦʢʠ ï ʵʪʦ ʚʠʜ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʤʝʪʦʜʦʤ ʚʠʙʨʦʧʨʝʩʩʦʚʘʥʠʷ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʧʝʩʢʘ ʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ, ʜʘʥʥʳʝ ʙʣʦʢʠ ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ 

ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʤ ʠʟ ʧʝʩʢʘ ʠ ʮʝʤʝʥʪʘ (ʚ ʧʨʦʧʦʨʮʠʷʭ 3-8:1) ʚ ʢʦʪʦʨʦʤ ʥʝʪ ʛʨʘʚʠʷ ʩʦ 

ʱʝʙʥʝʤ. ʉʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʫʩʣʦʚʠʷʭ ʧʦʞʘʨʘ ʚʝʜʫʪ ʩʝʙʷ ʧʦ-ʨʘʟʥʦʤʫ, ʚʩʝ 

ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ, ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʘʚʘ, ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʜ 

ʧʦʚʝʜʝʥʠʝʤ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʦʞʘʨʘ ʧʦʥʠʤʘʝʪʩʷ ʢʦʤʧʣʝʢʩ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʠ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʜ ʚʣʠʷʥʠʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʛʨʝʚʘ.  ʏʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʧʨʠʯʠʥʫ ʧʦʞʘʨʘ, ʥʫʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʦʯʘʛ ʧʦʞʘʨʘ ʠʣʠ ʟʦʥʳ 

ʥʘʠʙʦʣʴʰʠʭ ʪʝʨʤʠʯʝʩʢʠʭ ʧʦʨʘʞʝʥʠʡ, ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʦʞʘʨʘ. 

ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ, ʢʘʢ ʚʝʜʝʪ ʩʝʙʷ ʪʦʪ ʠʣʠ ʠʥʦʡ ʤʘʪʝʨʠʘʣ ʚ ʫʩʣʦʚʠʷʭ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜʳ ï ʢʘʢ ʨʘʟʨʫʰʘʶʱʠʝ, ʪʘʢ 

ʠ ʥʝʨʘʟʨʫʰʘʶʱʠʝ. ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʝʧʝʥʠ 

ʨʘʟʨʫʰʝʥʠʷ ʧʝʩʢʦʮʝʤʝʥʪʥʳʭ ʠʟʜʝʣʠʡ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ, ʠʩʧʦʣʴʟʫʷ ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʤʝʪʦʜ (ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ).  ʇʨʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʦʙʨʘʟʫʶʪʩʷ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʪʨʝʱʠʥʳ, ʠʟʤʝʥʷʝʪʩʷ 

ʮʚʝʪ ʠ ʠʜʝʪ ʨʘʟʨʳʭʣʝʥʠʝ ʤʘʩʩʳ ʧʝʩʢʦʮʝʤʝʥʪʥʳʭ ʠʟʜʝʣʠʡ. 

ʈʘʟʨʳʭʣʝʥʠʝ ʤʘʩʩʳ ʧʝʩʢʦʮʝʤʝʥʪʥʳʭ ʠʟʜʝʣʠʡ, ʧʦʷʚʣʝʥʠʝ ʚ ʥʠʭ ʤʠʢʨʦ- ʠ 

ʤʘʢʨʦʪʨʝʱʠʥ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʝʛʦ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ, ʠʟʫʯʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʧʝʩʢʦʮʝʤʝʥʪʥʳʝ ʠʟʜʝʣʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ ï ʵʪʦ ʘʢʫʩʪʠʯʝʩʢʠʝ 

ʚʦʣʥʳ, ʢʦʪʦʨʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʨʝʜ, ʚ ʩʣʦʝ ʩ ʭʘʨʘʢʪʝʨʥʦʡ 

ʪʦʣʱʠʥʦʡ ʦʪ 1,5 ʜʦ 2 ʜʣʠʥʳ ʚʦʣʥʳ. ʇʨʠ ʵʪʦʤ ʢʦʣʝʙʘʥʠʷ ʯʘʩʪʠʮ ʩʨʝʜʳ ʚʦʣʥʳ 

ʦʙʲʝʜʠʥʷʶʪ ʚ ʩʝʙʝ ʧʨʦʜʦʣʴʥʳʝ ʠ ʧʦʧʝʨʝʯʥʳʝ ʢʦʣʝʙʘʥʠʷ. ʉʨʘʚʥʠʚʘʷ ʩʢʦʨʦʩʪʴ 

ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ, ʧʦʧʝʨʝʯʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʚ ʩʨʝʜʘʭ, ʜʣʷ 

ʧʦʩʣʝʜʥʝʡ ʦʥʘ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʘ. ʇʨʦʚʦʜʠʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʣʫʙʠʥʳ ʧʦʚʨʝʞʜʝʥʠʷ 

ʧʝʩʢʦʮʝʤʝʥʪʥʳʭ ʠʟʜʝʣʠʡ ʥʘ ʧʦʞʘʨʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʘ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʘʢ 

ʪʝʤʧʝʨʘʪʫʨʦʡ, ʪʘʢ ʠ ʚʨʝʤʝʥʝʤ ʥʘʛʨʝʚʘ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʛʨʝʚʘ 700-800 ᴈ ʠ ʚʨʝʤʝʥʠ 
ʥʘʛʨʝʚʘ 1 ʯʘʩ ʨʘʟʨʫʰʝʥʠʷ ʙʝʪʦʥʘ ʙʫʜʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʩʣʦʝ ʦʪ 25 ʜʦ 50 ʩʤ. ʋʯʠʪʳʚʘʷ, 

ʯʪʦ ʛʣʫʙʠʥʘ ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ ʯʘʩʪʦʪʦʡ 90 ʢɻʮ ʚ 

ʙʝʪʦʥʝ ʩʦʩʪʘʚʣʷʝʪ 25-30 ʤʤ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʚʦʣʥʘ ʙʫʜʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʥʘʠʙʦʣʝʝ ʨʘʟʨʫʰʝʥʥʦʤ ʩʣʦʝ. ɽʝ ʩʢʦʨʦʩʪʴ ʙʫʜʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩʥʠʞʘʪʴʩʷ ʧʦ ʤʝʨʝ ʨʘʟʨʫʰʝʥʠʷ ʧʝʩʢʦʮʝʤʝʥʪʥʳʭ ʠʟʜʝʣʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʠ ʟʘʜʘʯʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʦʩʚʦʝʥʠʝ ʤʝʪʦʜʘ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ï ʤʝʪʦʜʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ 



ʈɸɿɼɽʃ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʫʣʪɹʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʤʘʪʝʨʠʘʣʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʝʧʝʥʠ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʞʘʨʘ ʥʘ ʠʟʜʝʣʠʷ ʠʟ ʧʝʩʢʘ ʠ ʮʝʤʝʥʪʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʙʦʪʝ: ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʜʝʬʝʢʪʦʩʢʦʧ çʋʣʴʪʨʘʪʝʨʤè, ʤʫʬʝʣʴʥʘʷ ʧʝʯʴ, 4 ʦʙʨʘʟʮʘ ʥʘ ʦʩʥʦʚʝ ʙʝʪʦʥʘ ʠ ʧʝʩʢʘ 

(ʧʝʩʢʦʮʝʤʝʥʪʥʳʝ ʙʣʦʢʠ). 

ʉʢʦʨʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʘ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʘʢ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʥʘʛʨʝʚʘ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ, ʩʢʦʨʦʩʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʠʪʴ ʟʦʥʳ 

ʪʝʨʤʠʯʝʩʢʠʭ ʧʦʨʘʞʝʥʠʡ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ʥʘ 

ʩʦʩʝʜʥʠʭ ʫʯʘʩʪʢʘʭ ʩʪʝʥʳ. 

ɺ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʜʝʬʝʢʪʦʩʢʦʧʘ ʟʘʣʦʞʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʠʟʜʝʣʠʷʭ. ʇʨʠʥʷʪʳʡ ʩʠʛʥʘʣ 

ʫʩʠʣʠʚʘʝʪʩʷ, ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʮʠʬʨʦʚʫʶ ʬʦʨʤʫ ʠ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ 

ʠʥʜʠʢʘʪʦʨʝ ʚ ʚʠʜʝ ʘʤʧʣʠʪʫʜʥʦʡ ʨʘʟʚʝʨʪʢʠ. ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʝʬʝʢʪʦʩʢʦʧ 

çʋʣʴʪʨʘʪʝʨʤè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʟʤʝʨʠʪʝʣʴ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ ʯʝʨʝʟ ʠʩʩʣʝʜʫʝʤʳʡ ʫʯʘʩʪʦʢ ʤʘʪʝʨʠʘʣʘ ʦʙʲʝʢʪʘ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʩʥʦʚʘʥ 

ʥʘ ʠʟʤʝʨʝʥʠʠ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʤʦʤʝʥʪʦʤ ʠʟʣʫʯʝʥʠʷ ʋɿ-ʠʧʤʫʣʴʩʘ ʚ 

ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ ʠ ʤʦʤʝʥʪʦʤ ʧʨʠʝʤʘ ʋɿ-ʠʤʧʫʣʴʩʘ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʛʦʪʦʚʠʣʠ ʨʷʜ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ ʮʝʤʝʥʪʘ ʠ 

ʧʝʩʢʘ. ɼʦ ʧʨʦʚʝʜʝʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʛʨʝʚʘ ʚʩʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʧʦʜʚʝʨʞʝʥʳ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʟʦʥʜʠʨʦʚʘʥʠʶ ʠʩʧʦʣʴʟʫʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʝʬʝʢʪʦʩʢʦʧ 

çʋʣʴʪʨʘʪʝʨʤè. ɼʘʣʝʝ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʥʘʛʨʝʚʫ ʚ 

ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʘʯʠʥʘʷ ʦʪ 300 Áʉ, ʩ ʰʘʛʦʤ 200 Áʉ.  
 

 

ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʧʝʩʢʦʮʝʤʝʥʪʥʳʭ ʠʟʜʝʣʠʡ ʧʦʩʣʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 
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ʉʢʦʨʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʯʝʨʝʟ 

ʧʝʩʯʘʥʦʮʝʤʝʥʪʥʳʝ ʦʙʨʘʟʮʳ ʠʟʤʝʨʷʣʘʩʴ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʜʝʬʝʢʪʦʩʢʦʧʦʤ. ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʦʣʥʦʩʪʴʶ ʦʩʪʳʚʰʠʭ ʦʙʨʘʟʮʘʭ ʩʧʫʩʪʷ ʩʫʪʢʠ ʧʦʩʣʝ ʧʨʦʛʨʝʚʘ. ʇʦ 

ʢʘʞʜʦʤʫ ʦʙʨʘʟʮʫ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦ 10 ʠʟʤʝʨʝʥʠʡ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʠʟʤʝʨʷʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʣʝʞʘʪ ʚ ʜʦʚʝʨʠʪʝʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ. 

ɼʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ (ʧʨʠ ʘ =0,05 ʠ ʢʦʣʠʯʝʩʪʚʝ ʠʟʤʝʨʝʥʠʡ n = 10), ʥʝ ʧʨʝʚʳʰʘʝʪ 

5 % ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʤʝʥʝʝ 5 % 

ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦ ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠʟʤʝʨʷʝʤʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʟʘʥʝʩʣʠ ʚ 

ʪʘʙʣʠʮʫ 1. 

 
ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ 

 

ʆʙʨʘʟʝʮ 
V, ʤ/ʩ 

ʎʚʝʪ ʦʙʨʘʟʮʘ 
0 300ʦʉ 500 ʦʉ 700 ʦʉ 900 ʦʉ 

1 600 402 - - - ʨʦʟʦʚʳʡ 

2 600 - 350 - - ʩʝʨʦ - ʨʦʟʦʚʳʡ 

3 600 - - 300 - 

ʬʠʦʣʝʪʦʚʳʡ, 

ʦʨʘʥʞʝʚʳʡ ʧʦ 

ʢʨʘʷʤ 

4 600 - - - 280 ʭʨʫʧʢʠʡ ʙʝʣʳʡ 

 

 

  
 

ʈʠʩ. 2. ɺʥʝʰʥʠʡ ʚʠʜ ʨʘʟʨʫʰʝʥʠʡ ʧʝʩʢʦʮʝʤʝʥʪʥʳʭ ʠʟʜʝʣʠʡ  

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 900 ʦʉ 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ (ʤʝʪʦʜʘ ʋɿ-

ʜʝʬʝʢʪʦʩʢʦʧʠʠ) ʦʧʨʝʜʝʣʠʣʠ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʋɿ-ʚʦʣʥʳ ʚ ʤʘʪʝʨʠʘʣʝ ʥʘ 

ʦʩʥʦʚʝ ʙʝʪʦʥʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʝʧʝʥʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʛʣʷʜʷ ʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʋɿ-ʚʦʣʥʳ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʮʝʤʝʥʪʘ, ʚʳʷʚʠʣʠ, ʯʪʦ ʪʝʤ ʙʦʣʴʰʝ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʛʨʝʚʘ ʤʘʪʝʨʠʘʣʘ, ʪʝʤ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ.  
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ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʋɿ-ʢʦʣʝʙʘʥʠʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʮʝʤʝʥʪʘ 

 

ɺʩʝ ʩʢʘʟʘʥʥʦʝ ʚʳʰʝ, ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʝʩʪʝ 

ʧʦʞʘʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʋɿ-ʚʦʣʥʳ ʥʘ ʦʪʜʝʣʴʥʳʭ 

ʫʯʘʩʪʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʧʝʩʢʦʮʝʤʝʥʪʥʳʭ ʙʣʦʢʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʟʦʥ 

ʨʘʟʣʠʯʥʳʭ ʪʝʨʤʠʯʝʩʢʠʭ ʧʦʨʘʞʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʦʙʲʝʢʪʠʚʥʳʝ ʜʘʥʥʳʝ ʧʨʠ 

ʧʦʠʩʢʝ ʦʯʘʛʘ ʧʦʞʘʨʘ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʢʦʥʪʘʢʪʝ ʥʘʛʨʝʪʦʛʦ 

ʧʝʩʢʦʮʝʤʝʥʪʥʦʛʦ ʙʣʦʢʘ ʩ ʚʦʜʦʡ ʧʨʠ ʪʫʰʝʥʠʠ ʧʦʞʘʨʘ ʧʨʦʠʩʭʦʜʷʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʨʘʟʨʫʰʝʥʠʷ ʝʛʦ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪʴ ʢ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ 

ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʋɿ-ʚʦʣʥ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʦʞʘʨʘ ʪʘʢʦʡ ʢʦʥʪʘʢʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʘʩʳʱʝʥʠʝ 

ʧʝʩʢʦʮʝʤʝʥʪʥʳʭ ʙʣʦʢʦʚ ʚʣʘʛʦʡ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʚʳʰʝʥʠʶ 

ʩʢʦʨʦʩʪʠ ʋɿ-ʚʦʣʥ, ʯʪʦ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʂɸʇʉʋʃʀʈʆɺɸʅʀɽ ʇɽʈʂɸʈɹʆʅɸʊɸ ʅɸʊʈʀʗ  

ɺ ɺʆɼʆʈɸʉʊɺʆʈʀʄʓɽ ʆɹʆʃʆʏʂʀ 

 
ɸʥʥʦʪʘʮʠʷ: ʢʘʧʩʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʠʮ ʧʝʨʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ ʧʨʦʚʝʜʝʥʦ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ 

ʟʘʤʝʜʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. ʇʨʦʮʝʩʩ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʠʟ ʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ 
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ʧʦʢʨʳʪʠʷ, ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʧʩʫʣʠʨʦʚʘʥʠʝ, ʧʝʨʢʘʨʙʦʥʘʪ ʥʘʪʨʠʷ, ʧʩʝʚʜʦʦʞʠʞʝʥʥʳʡ ʩʣʦʡ, ʩʠʣʠʢʘʪ 

ʥʘʪʨʠʷ, ʢʠʥʝʪʠʢʘ ʨʘʩʪʚʦʨʝʥʠʷ. 

 

 

A. A. Lipin, A. G. Lipin, A. A. Tikhomirova 

 

COATING OF SODIUM PE RCARBONATE PARTICLES   

USING WATER SOLUBLE MATERI AL  
 

Abstract: coating of sodium percarbonate particles was carried out to achieve delayed release in 

aqueous medium. Coating of sodium percarbonate with sodium silicate shell was carried out in a fluidized 

bed apparatus. It was shown that by changing the relative mass of the coating, it is possible to regulate the 

release rate of the active component.   
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ʇʝʨʢʘʨʙʦʥʘʪ ʥʘʪʨʠʷ (ʇʂʅ) ʩ ʬʦʨʤʫʣʦʡ NaCO3Ŀ1,5 H2O2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʢʠʩʣʠʪʝʣʴ ʧʝʨʝʢʠʩʥʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʡ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʠʚʣʝʢ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʥʠʤʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʦʪʙʝʣʠʚʘʪʝʣʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʶʱʠʭ 

ʩʨʝʜʩʪʚ, ʥʘʧʨʠʤʝʨ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʘ ʩʪʠʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ, ʢʦʩʤʝʪʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʠ ʟʫʙʥʦʡ ʧʘʩʪʳ [1]. ʆʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʭʦʨʦʰʝʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʚʦʜʝ ʠ ʙʳʩʪʨʳʤ ʚʳʜʝʣʝʥʠʝʤ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ 

ʘʢʪʠʚʥʦʛʦ ʦʪʙʝʣʠʚʘʶʱʝʛʦ ʠʥʛʨʝʜʠʝʥʪʘ. ʆʜʥʘʢʦ ʇʂʅ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʤ ʦʢʠʩʣʠʪʝʣʝʤ 

ʠ ʥʝʩʦʚʤʝʩʪʠʤ ʩ ʥʝʢʦʪʦʨʳʤʠ ʜʨʫʛʠʤʠ ʠʥʛʨʝʜʠʝʥʪʘʤʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʥʘʧʨʠʤʝʨ, 

ʬʝʨʤʝʥʪʘʤʠ ʠ ʦʪʜʫʰʢʘʤʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩ ʬʝʨʤʝʥʪʘʤʠ, ʥʘʧʨʠʤʝʨ, ʚ ʩʪʠʨʘʣʴʥʦʤ 

ʧʦʨʦʰʢʝ, ʬʝʨʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʜʝʟʘʢʪʠʚʠʨʦʚʘʥʳ ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʟʘʠʤʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʦʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʩʥʠʞʝʥʘ. ɿʘʜʝʨʞʢʘ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʧʝʨʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ ʧʦʟʚʦʣʠʣʘ ʙʳ ʬʝʨʤʝʥʪʘʤ 

ʨʘʙʦʪʘʪʴ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʝʨʝʜ ʠʭ ʜʝʟʘʢʪʠʚʘʮʠʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ. 
ʉ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʘʢʪʠʚʥʳʭ 

ʠʥʛʨʝʜʠʝʥʪʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʢʘʧʩʫʣʠʨʦʚʘʥʠʷ. ɿʘʢʣʶʯʘʷ ʘʢʪʠʚʥʳʡ 
ʠʥʛʨʝʜʠʝʥʪ ʚ ʦʙʦʣʦʯʢʫ, ʝʛʦ ʤʦʞʥʦ ʟʘʱʠʪʠʪʴ ʦʪ ʚʦʟʜʝʡʩʪʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 
ʇʫʪʝʤ ʚʳʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʦʙʦʣʦʯʢʠ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 
ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʞʝʣʘʝʤʳʝ ʧʨʦʬʠʣʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ.  
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ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʝʨʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ ʧʨʠ ʭʨʘʥʝʥʠʠ ʚʦ ʚʣʘʞʥʦʡ 
ʘʪʤʦʩʬʝʨʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ, ʢʩʘʥʪʘʥʦʚʫʶ ʢʘʤʝʜʴ, ʧʦʣʠʚʠʥʠʣʘʮʝʪʘʪ, ʩʫʣʴʬʘʪ ʥʘʪʨʠʷ, ʩʫʣʴʬʘʪ 
ʤʘʛʥʠʷ [2]. ʆʜʥʘʢʦ ʦʥʠ ʥʝ ʦʙʝʩʧʝʯʠʣʠ ʟʘʤʝʜʣʝʥʥʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʦʪʙʝʣʠʚʘʪʝʣʷ ʥʘ 
ʦʩʥʦʚʝ ʧʝʨʝʢʠʩʠ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʤʝʥʷʣʠ ʩʠʣʠʢʘʪ ʥʘʪʨʠʷ. ʉʠʣʠʢʘʪ ʥʘʪʨʠʷ 
ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʤʦʶʱʝʛʦ ʩʨʝʜʩʪʚʘ, ʠ ʦʥ ʤʦʞʝʪ ʩʤʷʛʯʘʪʴ ʚʦʜʫ, 
ʦʙʨʘʟʫʷ ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʣʝʛʢʦ ʩʤʳʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʚʩʝ ʩʠʣʠʢʘʪʳ ʦʙʣʘʜʘʶʪ 
ʧʨʝʚʦʩʭʦʜʥʳʤ ʙʫʬʝʨʥʳʤ ʜʝʡʩʪʚʠʝʤ ʧʨʦʪʠʚ ʢʠʩʣʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʎʝʣʴ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʧʦʥʷʪʴ, ʢʘʢ ʦʙʦʣʦʯʢʠ ʩ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʦʡ ʤʦʛʫʪ 
ʚʣʠʷʪʴ ʥʘ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʇʂʅ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʯʪʦʙʳ ʜʦʙʠʪʴʩʷ ʝʛʦ ʟʘʤʝʜʣʝʥʥʦʛʦ 
ʚʳʜʝʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʩʪʠʨʢʠ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 
ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʝʨʢʘʨʙʦʥʘʪ ʥʘʪʨʠʷ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 500-900 

ʤʢʤ. ʈʘʩʪʚʦʨ ʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ ʛʦʪʦʚʠʣʠ ʧʫʪʝʤ ʨʘʟʙʘʚʣʝʥʠʷ 50 ʤʘʩ.% ʨʘʩʪʚʦʨʘ ʪʘʢʠʤ 
ʞʝ ʦʙʲʝʤʦʤ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʳ.  

ʇʨʦʮʝʩʩ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ  ʘʧʧʘʨʘʪʝ ʩ 
ʧʩʝʚʜʦʦʞʠʞʝʥʥʳʤ ʩʣʦʝʤ ʩ ʥʠʞʥʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʨʘʩʧʳʣʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ [3]. 
ʈʘʩʪʚʦʨ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʧʦʜʘʚʘʣʠ ʚ ʞʠʜʢʦʩʪʥʦʡ ʢʘʥʘʣ ʬʦʨʩʫʥʢʠ ʩ ʧʦʤʦʱʴʶ 
ʧʝʨʠʩʪʘʣʴʪʠʯʝʩʢʦʛʦ ʥʘʩʦʩʘ. ɺ ʘʧʧʘʨʘʪ ʟʘʛʨʫʞʘʣʦʩʴ 50 ʛ ʧʝʨʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ. ʈʘʩʪʚʦʨ 
ʜʠʩʧʝʨʛʠʨʦʚʘʣʩʷ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʬʦʨʩʫʥʢʦʡ ʥʘ ʤʝʣʢʠʝ ʢʘʧʣʠ. ʂʘʧʣʠ ʩʪʘʣʢʠʚʘʷʩʴ ʩ 
ʯʘʩʪʠʮʘʤʠ ʨʘʩʪʝʢʘʶʪʩʷ, ʦʙʨʘʟʫʷ ʞʠʜʢʦʩʪʥʫʶ ʧʣʝʥʢʫ. ʈʘʩʪʚʦʨʠʪʝʣʴ ʠʩʧʘʨʷʝʪʩʷ, 
ʦʩʪʘʝʪʩʷ ʟʘʪʚʝʨʜʝʚʰʠʡ ʩʣʦʡ ʧʦʢʨʳʚʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʢʨʫʞʘʶʱʠʡ ʯʘʩʪʠʮʳ.   

 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 
ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ ʧʝʨʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʢʨʳʪʠʷ 5, 8, 10, 13 % ʦʪ ʤʘʩʩʳ ʠʩʭʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʅʘ ʨʠʩ. 1. 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʯʘʩʪʠʮ, ʨʘʩʪʚʦʨʷʶʱʠʭʩʷ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʚ 
ʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʅʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʥʝʧʦʢʨʳʪʘʷ ʯʘʩʪʠʮʘ ʇʂʅ ʥʝʤʝʜʣʝʥʥʦ 
ʨʘʩʪʚʦʨʠʣʘʩʴ ʚ ʚʦʜʝ ʠ ʚʳʩʚʦʙʦʜʠʣʘ ʧʫʟʳʨʴʢʠ ʢʠʩʣʦʨʦʜʘ, ʦʢʨʫʞʘʶʱʠʝ ʯʘʩʪʠʮʫ. ʋ 
ʯʘʩʪʠʮ ʇʂʅ ʩ ʜʦʣʝʡ ʧʦʢʨʳʪʠʷ 5 %, ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʦʡ ʤʠʥʫʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʥʝ 
ʥʘʙʣʶʜʘʣʦʩʴ ʧʫʟʳʨʴʢʦʚ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʘʤʝʜʣʝʥʥʫʶ ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ 
ʩʝʨʜʮʝʚʠʥʳ ʇʂʅ, ʟʘʱʠʱʝʥʥʦʡ ʦʙʦʣʦʯʢʦʡ ʠʟ ʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ. ʆʜʥʘʢʦ ʧʦʩʣʝ ʧʝʨʚʦʡ 
ʤʠʥʫʪʳ ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʯʘʩʪʠʮʳ ʇʂʅ, ʧʦʢʨʳʪʦʡ ʩʠʣʠʢʘʪʦʤ 
ʥʘʪʨʠʷ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʧʫʟʳʨʴʢʦʚ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘʧʨʦʪʠʚ, ʫ 
ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʩ ʜʦʣʝʡ ʧʦʢʨʳʪʠʷ 10%, ʨʘʩʪʚʦʨʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 
ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 5 ʤʠʥʫʪ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ, 
ʥʘʙʣʶʜʘʣʦʩʴ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʤʝʣʢʠʭ ʧʫʟʳʨʴʢʦʚ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ 
ʚʦʜʳ ʯʝʨʝʟ ʦʙʦʣʦʯʢʫ ʠ ʨʘʩʪʚʦʨʝʥʠʝ ʷʜʨʘ ʯʘʩʪʠʮ ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʇʂʅ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 
ʤʝʞʜʫ ʦʙʦʣʦʯʢʦʡ ʠ ʷʜʨʦʤ. ʊʘʢʘʷ ʟʘʜʝʨʞʢʘ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 
ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʬʝʨʤʝʥʪʘʤ, ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ ʤʦʶʱʝʤ ʩʨʝʜʩʪʚʝ, ʧʦʣʥʦʩʪʴʶ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʜʦ ʪʦʛʦ, ʢʘʢ ʦʥʠ ʚʩʪʫʧʷʪ ʚ ʢʦʥʪʘʢʪ ʩ ʇʂʅ ʚ ʧʨʦʮʝʩʩʝ ʩʪʠʨʢʠ. 
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1 ʤʠʥ 

 
5 ʤʠʥ 

 
10 ʤʠʥ 

  ʘ)          ʙ)     ʚ) 

ʈʠʩ. 1. ʌʦʪʦʛʨʘʬʠʠ ʨʘʩʪʚʦʨʷʶʱʠʭʩʷ ʯʘʩʪʠʮ: ʘ) ʥʝʧʦʢʨʳʪʦʛʦ ʇʂʅ,  

ʙ) ʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ ʇʂʅ ʩ ʜʦʣʝʡ ʧʦʢʨʳʪʠʷ 5 %, ʚ) ʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ ʇʂʅ  

ʩ ʜʦʣʝʡ ʧʦʢʨʳʪʠʷ 10 % ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

 
 
ɼʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʚʳʜʝʣʝʥʠʝʤ ʧʝʨʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ ʠʟ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ 

ʯʘʩʪʠʮ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʢʦʥʜʫʢʪʦʤʝʪʨʠʠ. ʂʠʥʝʪʠʢʘ 
ʨʘʩʪʚʦʨʝʥʠʷ ʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ ʧʝʨʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʧʦ ʩʣʝʜʫʶʱʝʡ 
ʤʝʪʦʜʠʢʝ. ʅʘʚʝʩʢʫ ʤʘʩʩʦʡ 0,5 ʛ ʨʘʩʪʚʦʨʷʣʠ ʚ 49,5 ʛ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. 
ʈʘʩʪʚʦʨʝʥʠʝ ʚʝʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʂʘʞʜʫʶ ʤʠʥʫʪʫ ʠʟʤʝʨʷʣʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 
ʨʘʩʪʚʦʨʘ ʩ ʧʦʤʦʱʴʶ ʢʦʥʜʫʢʪʦʤʝʪʨʘ ɸʥʠʦʥ 4100 ʠ ʧʦ ʢʘʣʠʙʨʦʚʦʯʥʦʤʫ ʛʨʘʬʠʢʫ 
ʦʧʨʝʜʝʣʷʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʘ. ɿʘʪʝʤ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʪʝʧʝʥʴ ʚʳʜʝʣʝʥʠʷ 
ʧʝʨʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ ʧʦ ʬʦʨʤʫʣʝ: 

 
R=C/Cmax, 
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ʛʜʝ ʉ, Cmax ï ʪʝʢʫʱʘʷ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʦʜ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʦʥʠʤʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ ʧʨʠ ʧʦʣʥʦʤ 
ʚʳʜʝʣʝʥʠʠ ʮʝʣʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠʟ ʛʨʘʥʫʣʳ. 

 ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʝʧʝʥʠ 

ʚʳʜʝʣʝʥʠʷ ʧʝʨʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ ʠʟ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʛʨʘʥʫʣ ʦʪ ʚʨʝʤʝʥʠ ʚ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʨʘʟʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʘʩʩʝ ʦʙʦʣʦʯʢʠ. 

 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʚʳʜʝʣʝʥʠʷ ʧʝʨʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ ʦʪ ʚʨʝʤʝʥʠ  

ʧʨʠ ʨʘʟʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʘʩʩʝ ʦʙʦʣʦʯʢʠ, %: 1 ï 0; 2 ï 5; 3 ï 8; 4 ï 10; 5 ï 13 

 

ʀʟ ʢʨʠʚʳʭ ʨʠʩ. 2 ʩʣʝʜʫʝʪ, ʯʪʦ, ʠʟʤʝʥʷʷ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʤʘʩʩʫ ʧʦʢʨʳʪʠʷ ʠʟ 

ʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ, ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʘʢʪʠʚʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. ɿʘʜʝʨʞʢʘ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʇʂʅ ʧʦʟʚʦʣʠʪ ʬʝʨʤʝʥʪʘʤ ʨʘʙʦʪʘʪʴ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʝʨʝʜ ʠʭ ʜʝʟʘʢʪʠʚʘʮʠʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʝʨʝʢʠʩʠ 

ʚʦʜʦʨʦʜʘ. 
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ʏɽʈɽɿ ʀɿʄɽʈɽʅʀɽ ɻʃʋɹʀʅʓ ʆɹʋɻʃʀɺɸʅʀʗ 
 

ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʦʪʤʝʯʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʦʚʝʜʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʞʘʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʝʝ ʦʙʫʛʣʝʥʥʳʭ ʦʩʪʘʪʢʦʚ. ʇʨʠʚʦʜʠʪʩʷ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʛʣʫʙʠʥʳ ʦʙʫʛʣʠʚʘʥʠʷ 

ʥʘ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʠ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʛʦ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʤʘʭʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʫʛʣʠʚʘʥʠʝ ʜʨʝʚʝʩʠʥʳ, ʛʣʫʙʠʥʘ ʦʙʫʛʣʠʚʘʥʠʷ, ʛʣʫʙʠʥʘ ʧʝʨʝʫʛʣʠʚʘʥʠʷ, 

ʩʪʝʧʝʥʴ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʨʘʞʝʥʠʷ, ʦʯʘʛ ʧʦʞʘʨʘ. 
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ASSESSMENT OF THE DEGREE OF THERMAL DEGRADATION  

OF WOODEN STRUCTURES BY MEASURING THE DEPTH OF CHARRING  

 
Abstract:  the article highlights the theoretical aspects of the behavior of wood in fire conditions with 

the formation of its charred remains. A method is given for measuring the depth of charring on wooden 

structures using multiple measurements and calculating the arithmetic mean, as well as taking into account 

the resulting misses. 

Keywords: charring of wood, depth of charring, depth of charring, degree of thermal damage, fire 

source. 

 

 

ɺ ʵʢʩʧʝʨʪʥʦʡ ʧʦʞʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʘʞʥʝʡʰʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʦʨʝʥʠʷ. ɼʣʷ 

ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʦʯʘʛ ʧʦʞʘʨʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʪʝʧʝʥʠ 

ʪʝʨʤʠʯʝʩʢʠʭ ʧʦʨʘʞʝʥʠʡ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʦʪʦʨʘʷ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʘʢʪʫʘʣʴʥʳʤ 

ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʷʚʣʷʝʪʩʷ 

ʜʨʝʚʝʩʠʥʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʫ ʜʨʝʚʝʩʠʥʳ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʯʝʥʴ 

ʟʥʘʯʠʤʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʝʝ ʚʳʩʦʢʘʷ ʧʦʞʘʨʥʘʷ ʦʧʘʩʥʦʩʪʴ. ʇʨʠ ʧʦʞʘʨʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʪʝʨʤʦʨʘʟʣʦʞʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʨʘʟʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ 

ʜʨʝʚʝʩʠʥʳ, ʪʘʢʞʝ ʧʨʠ ʛʦʨʝʥʠʠ ʦʥʘ ʦʙʫʛʣʠʚʘʝʪʩʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʩʧʣʘʤʝʥʝʥʠʷ 

ʜʨʝʚʝʩʠʥʳ ʦʪ ʦʪʢʨʳʪʦʛʦ ʦʛʥʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 230Áʉ. ɽʝ ʫʩʪʦʡʯʠʚʦʝ ʛʦʨʝʥʠʝ 

ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 260Áʉ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʪʢʨʳʪʦʛʦ ʧʣʘʤʝʥʠ 

ʚʦʩʧʣʘʤʝʥʝʥʠʝ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʧʨʠ ʙʳʩʪʨʦʤ (ʚ ʪʝʯʝʥʠʝ 1-2 ʤʠʥ) ʥʘʛʨʝʚʘʥʠʠ 

ʜʨʝʚʝʩʠʥʳ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʩʚʳʰʝ 330Áʉ. ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʪʝʧʣʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʩʥʠʞʘʝʪʩʷ ʜʦ 170Áʉ [1].  

ʆʙʫʛʣʝʥʥʳʝ ʦʩʪʘʪʢʠ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʧʨʝʜʤʝʪʦʚ ï ʚʘʞʥʝʡʰʠʡ 

ʠʩʪʦʯʥʠʢ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʜʦʟʥʘʚʘʪʝʣʷ ʠ (ʠʣʠ) ʩʧʝʮʠʘʣʠʩʪʘ ʧʨʠ ʧʦʠʩʢʘʭ ʦʯʘʛʘ 

ʧʦʞʘʨʘ. 

                                                 
  É ʄʘʢʩʠʤʦʚʘ ʄ.ɸ., ʇʘʚʣʦʚ ɸ.ʉ., ʂʘʣʘʰʥʠʢʦʚ ɼ.ɺ., ɽʤʝʣʠʥ ɺ.ʖ., 2023 
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ʆʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʪʝʨʤʠʯʝʩʢʠʭ ʧʦʨʘʞʝʥʠʡ ʜʨʝʚʝʩʠʥʳ ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ 

ʠʟʤʝʨʝʥʠʝʤ ʛʣʫʙʠʥʳ ʦʙʫʛʣʠʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

ʘ) ʦʮʝʥʠʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʨʘʞʝʥʠʷ ʧʦ ʜʣʠʥʝ ʠ ʚʳʩʦʪʝ 

ʢʦʥʩʪʨʫʢʮʠʠ;  

ʙ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʣʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ [2].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʣʫʙʠʥʘ ʦʙʫʛʣʠʚʘʥʠʷ ʜʨʝʚʝʩʠʥʳ ï ʦʜʠʥ ʠʟ ʢʨʠʪʝʨʠʝʚ ʩʪʝʧʝʥʠ ʝʝ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʨʘʞʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʟʦʥʘʭ ʧʦʞʘʨʘ. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʦʮʝʥʠʚʘʝʪʩʷ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʪʝʨʤʠʯʝʩʢʠʭ ʧʦʨʘʞʝʥʠʡ ʜʨʝʚʝʩʠʥʳ ʚ ʧʨʦʪʦʢʦʣʝ ʦʩʤʦʪʨʘ ʤʝʩʪʘ 

ʧʦʞʘʨʘ ʥʝʜʦʧʫʩʪʠʤʦ ʣʠʰʴ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʥʘʣʠʯʠʝ ʦʙʫʛʣʠʚʘʥʠʷ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʟʦʥʘʭ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ ʦʙʷʟʘʪʝʣʴʥʦ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʟʘʤʝʨʘʤʠ ʛʣʫʙʠʥʳ 

ʦʙʫʛʣʠʚʘʥʠʷ. 

ʉʦʛʣʘʩʥʦ [3] ʠʟʤʝʨʠʪʴ ʛʣʫʙʠʥʫ ʦʙʫʛʣʠʚʘʥʠʷ ʤʦʞʥʦ ʤʝʪʦʜʦʤ ʧʝʥʝʪʨʘʮʠʠ 

(ʧʨʦʪʳʢʘʥʠʷ) ʩ ʧʦʤʦʱʴʶ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ ʩ ʚʳʜʚʠʞʥʳʤ ʛʣʫʙʠʥʦʤʝʨʦʤ. ʇʨʦʪʳʢʘʪʴ 

ʫʛʦʣʴ ʩʣʝʜʫʝʪ ʦʩʪʦʨʦʞʥʦ, ʥʝ ʜʝʣʘʷ ʩʣʠʰʢʦʤ ʙʦʣʴʰʠʭ ʫʩʠʣʠʡ, ʯʪʦʙʳ ʥʝ ʚʦʡʪʠ ʚ 

ʥʝʚʳʛʦʨʝʚʰʠʝ ʩʣʦʠ ʜʨʝʚʝʩʠʥʳ, ʘ ʪʘʢʞʝ ʜʣʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʣʝʜʫʝʪ 

ʧʨʦʜʝʣʘʪʴ ʵʪʦ ʜʝʡʩʪʚʠʝ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. 

ɻʣʫʙʠʥʘ ʦʙʫʛʣʠʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʤʠʤʦ ʩʦʙʩʪʚʝʥʥʦ ʪʦʣʱʠʥʳ ʩʣʦʷ ʫʛʣʷ 

(hʫ), ʠʟʤʝʨʷʝʤʦʡ ʤʝʪʦʜʦʤ ʧʝʥʝʪʨʘʮʠʠ, ʚʝʣʠʯʠʥʫ ʧʦʪʝʨʠ ʩʝʯʝʥʠʷ ʜʝʨʝʚʷʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ (hʧ). 

 

  

 

ɻʣʫʙʠʥʘ ʦʙʫʛʣʠʚʘʥʠʷ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʝʧʝʥʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʨʘʞʝʥʠʷ. ʊʘʢ ʢʘʢ ʯʝʨʝʟ 

ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦ ʩʧʝʮʠʘʣʴʥʳʤ ʬʦʨʤʫʣʘʤ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʪʦʯʢʘʭ ʦʪʙʦʨʘ ʠʟʤʝʨʝʥʠʡ. ɿʘʪʝʤ ʧʦʩʪʨʦʠʪʴ 

ʢʘʨʪʫ ʪʝʨʤʠʯʝʩʢʠʭ ʧʦʨʘʞʝʥʠʡ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʚʩʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʡ ʚ ʤʘʩʩʝ ʚʩʝʭ ʪʦʯʝʢ, ʛʜʝ ʧʨʦʠʟʚʦʜʠʣʩʷ ʦʪʙʦʨ ʧʨʦʙ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʧʨʠ 

ʘʥʘʣʠʟʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʤʝʪʥʦ-ʚʝʱʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʧʦ ʢʘʨʪʝ ʪʝʨʤʠʯʝʩʢʠʭ 

ʧʦʨʘʞʝʥʠʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʦʨʝʥʠʷ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʘʚʠʣʴʥʦʝ ʠʟʤʝʨʝʥʠʝ ʛʣʫʙʠʥʳ ʦʙʫʛʣʠʚʘʥʠʷ ʥʘ ʢʦʥʩʪʨʫʢʮʠʷʭ  

ʵʪʦ ʰʘʛ ʢ ʪʦʯʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʦʯʘʛʘ ʧʦʞʘʨʘ.  

ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʟʤʝʨʝʥʠʝ ʛʣʫʙʠʥʳ ʦʙʫʛʣʠʚʘʥʠʷ ʧʨʦʚʦʜʠʪʩʷ 

ʩʧʝʮʠʘʣʴʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ï ʰʪʘʥʛʝʥʮʠʨʢʫʣʷʤʠ ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʫʙʠʥʳ ʦʙʫʛʣʠʚʘʥʠʷ çɿʦʥʜ-01-ʕʇè, ʚ ʢʦʤʧʣʝʢʪʥʦʩʪʴ 

ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʚʭʦʜʠʪ ʛʣʫʙʠʥʦʤʝʨ. ɼʘʥʥʳʝ ʧʨʠʙʦʨʳ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʣʘʩʩʦʤ 

ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʦʡ ʦʢʘʟʳʚʘʝʪ 

ʚʣʠʷʥʠʝ ʥʘ ʠʪʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʛʣʫʙʠʥʳ ʦʙʫʛʣʠʚʘʥʠʷ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʪʦʯʢʝ ʦʪʙʦʨʘ ʧʨʦʙ, ʪ.ʝ. ʪʝʤ ʩʘʤʳʤ ʥʘ 

ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʘ ʦʯʘʛʘ ʧʦʞʘʨʘ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʛʣʫʙʠʥʳ ʦʙʫʛʣʠʚʘʥʠʷ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʝʝ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʉʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠʟ ʨʷʜʘ ʠʟʤʝʨʝʥʠʡ 

ʚʩʝʛʜʘ ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʧʦʛʨʝʰʥʦʩʪʴ, ʯʝʤ ʧʦʛʨʝʰʥʦʩʪʴ ʢʘʞʜʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ. ʕʪʦ, ʦʪʨʘʞʘʝʪ ʠ ʬʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ, 

ʦʧʨʝʜʝʣʷʶʱʘʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʟʘʢʦʥ ʪʝʦʨʠʠ ʧʦʛʨʝʰʥʦʩʪʝʡ. ʀʟ ʥʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ 
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ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ (ʧʨʠ ʠʩʢʣʶʯʝʥʥʦʡ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ) ʚ 2 ʨʘʟʘ, ʪʦ ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ ʥʫʞʥʦ ʫʚʝʣʠʯʠʪʴ ʚ 4 ʨʘʟʘ; ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ 

ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʚ 3 ʨʘʟʘ, ʪʦ ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ ʫʚʝʣʠʯʠʚʘʶʪ ʚ 9 ʨʘʟ ʠ ʪ.ʜ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʛʣʫʙʠʥʳ 

ʦʙʫʛʣʠʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʠʪʴ ʧʨʦʤʘʭʠ, ʷʚʣʷʶʱʠʝʩʷ ʩʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 

ʨʝʟʫʣʴʪʘʪʘ ʦʪʜʝʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ, ʚʭʦʜʷʱʝʛʦ ʚ ʨʷʜ ʥʘʙʣʶʜʝʥʠʡ, ʢʦʪʦʨʳʝ ʜʣʷ 

ʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʩʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʦʛʦ ʨʷʜʘ. 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʠʪʝʨʠʡ ʐʦʚʝʥʵ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʙʥʘʨʫʞʠʪʴ ʥʘʣʠʯʠʝ ʧʨʦʤʘʭʦʚ ʚ ʨʷʜʫ ʠʟʤʝʨʝʥʠʡ ʛʣʫʙʠʥʳ ʦʙʫʛʣʠʚʘʥʠʷ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʨʠʪʝʨʠʷ ʐʦʚʝʥʵ ʧʨʦʤʘʭʦʤ ʩʯʠʪʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪ ʍi, ʝʩʣʠ ʨʘʟʥʦʩʪʴ 

iX X-  ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʷ S, ʦʧʨʝʜʝʣʷʝʤʳʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʠʟʤʝʨʝʥʠʡ. 
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ɼʘʣʝʝ ʘʚʪʦʨʘʤʠ ʧʨʠʚʦʜʠʪʩʷ ʧʨʠʤʝʨ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʠʟʤʝʨʝʥʠʶ ʪʦʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʛʣʫʙʠʥʳ ʦʙʫʛʣʠʚʘʥʠʷ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʘʢʝʪʝ ʜʠʚʘʥʘ ʩʦ ʩʣʝʜʘʤʠ ʛʦʨʝʥʠʷ. ʇʨʠ ʧʦʤʦʱʠ 

ʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ (ʛʣʫʙʠʥʦʤʝʨʘ) ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ ʤʝʪʦʜʦʤ ʧʝʥʝʪʨʘʮʠʠ ʦʧʨʝʜʝʣʠʣʠ 10 

ʟʥʘʯʝʥʠʡ ʛʣʫʙʠʥʳ ʧʝʨʝʫʛʣʠʚʘʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʠʟʤʝʨʝʥʠʷ. ɼʘʣʝʝ ʠʟʤʝʨʠʣʠ ʪʦʣʱʠʥʫ 

ʚʳʛʦʨʝʚʰʝʛʦ ʫʯʘʩʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʢʘʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦ ʩʫʤʤʝ ʩʣʘʛʘʝʤʳʭ ʧʦʣʫʯʠʣʠ 

ʟʥʘʯʝʥʠʝ ʛʣʫʙʠʥʳ ʦʙʫʛʣʠʚʘʥʠʷ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʷ (ʧʨʦʤʘʭʘ) ʩ 

ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʐʦʚʝʥʵ ʨʘʩʩʯʠʪʘʣʠ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʛʣʫʙʠʥʳ 

ʦʙʫʛʣʠʚʘʥʠʷ ʠ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠ 

ʠʟʤʝʨʝʥʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 
ʊʘʙʣʠʮʘ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ  

 
 

ʇʘʨʘʤʝʪʨ 

ʠʟʤʝʨʝʥʠʷ 

ʇʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʠʟʤʝʨʝʥʠʷ 

1 2 3 4 5 6 7 8 9 10 

ʛʣʫʙʠʥʘ 

ʧʝʨʝʫʛʣʠʚʘʥʠʷ, 

ʤʤ 

5,2 4,1 7,0 4,2 4 4,12 4,90 4,10 4,84 4,90 

ʛʣʫʙʠʥʘ 

ʚʳʛʦʨʝʚʰʝʛʦ 

ʩʣʦʷ, ʤʤ 

2,16 

ʛʣʫʙʠʥʘ 

ʦʙʫʛʣʠʚʘʥʠʷ, ʤʤ 
7,36 6,26 9,16 6,36 6,16 6,28 7,06 6,26 7,00 7,06 

   1,6S  ʧʨʠ  n=3; 

   1,7S  ʧʨʠ  n=6; 

   1,9S  ʧʨʠ  n=8; 

   2,0S  ʧʨʠ  n=10 

iX X-
  
>
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ʇʘʨʘʤʝʪʨ 

ʠʟʤʝʨʝʥʠʷ 

ʇʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʠʟʤʝʨʝʥʠʷ 

1 2 3 4 5 6 7 8 9 10 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʛʣʫʙʠʥʳ 

ʦʙʫʛʣʠʚʘʥʠʷ, ʤʤ  

6,90 

ʩʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ 
0,9 

iX X-  0,46 0,64 2,26 0,54 0,74 0,62 0,16 0,64 0,10 0,16 

ʠʪʦʛʦʚʦʝ ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʛʣʫʙʠʥʳ 

ʦʙʫʛʣʠʚʘʥʠʷ, ʤʤ
 

6,54 

ʠʟʤʝʥʝʥʠʝ 

ʠʪʦʛʦʚʦʡ ʛʣʫʙʠʥʳ 

ʦʙʫʛʣʠʚʘʥʠʷ 

 6 % 

 
ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʦʤʘʭ ï ʵʪʦ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʥʘʠʙʦʣʝʝ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ 

ʦʩʪʘʣʴʥʳʭ. ʇʦʵʪʦʤʫ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʧʨʠ ʨʘʩʯʝʪʝ ʩʨʝʜʥʝʛʦ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʛʣʫʙʠʥʳ ʦʙʫʛʣʠʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʠʪʴ ʧʨʦʤʘʭ, 

ʧʦʣʫʯʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʷ ʐʦʚʝʥʵ. ʊʘʢ ʢʘʢ ʚ ʭʦʜʝ ʠʟʤʝʨʝʥʠʡ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ 10 ʟʥʘʯʝʥʠʡ, ʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʪʢʣʦʥʷʶʱʝʛʦʩʷ ʟʥʘʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʦʪʤʝʯʝʥʳ ʚ ʪʘʙʣʠʮʝ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 

ʨʘʟʥʦʩʪʴ ʪʨʝʪʴʝʛʦ ʠʟʤʝʨʝʥʠʷ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʷ ʧʨʦʠʟʚʝʜʝʥʠʷ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ 

ʦʪʢʣʦʥʝʥʠʝʤ, ʧʦʵʪʦʤʫ ʜʘʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʢʘʢ ʧʨʦʤʘʭ, ʠ ʠʩʢʣʶʯʠʪʴ ʝʛʦ 

ʠʟ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʛʣʫʙʠʥʳ ʦʙʫʛʣʠʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʝ ʙʳʣʦ 

ʚʳʷʩʥʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʬʠʢʩʘʮʠʠ ʩʪʝʧʝʥʠ ʪʝʨʤʠʯʝʩʢʠʭ ʧʦʨʘʞʝʥʠʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʤʝʩʪʝ 

ʧʦʞʘʨʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʦʥ ʪʝʨʤʠʯʝʩʢʠʭ ʧʦʨʘʞʝʥʠʡ, 

ʢʦʪʦʨʘʷ ʥʘʛʣʷʜʥʦ ʦʪʦʙʨʘʞʘʝʪ ʤʝʩʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʦʨʝʥʠʷ. 

ʇʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʐʦʚʝʥʵ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʟʥʘʯʝʥʠʝ ʠʩʪʠʥʥʦʡ ʛʣʫʙʠʥʳ ʦʙʫʛʣʠʚʘʥʠʷ ʥʘ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, 

ʪʘʢ ʢʘʢ ʧʨʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʩʢʣʶʯʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʪʢʣʦʥʷʶʱʝʝʩʷ ʟʥʘʯʝʥʠʝ ʠʟ 

ʠʤʝʶʱʠʭʩʷ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʫʯʘʩʪʢʝ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ 

ʦʙʲʝʢʪʠʚʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʦʯʘʛʘ ʧʦʞʘʨʘ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʦʜʥʦʡ ʠʟ ʟʘʜʘʯ 

ʧʦʞʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ. 
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ʇʆʃʀʄɽʈʅʓɽ ʂʆʄʇʆɿʀʊʓ ʉ ʇʆʅʀɾɽʅʅʆʁ ʇʆɾɸʈʅʆʁ 

ʆʇɸʉʅʆʉʊʔʖ ɼʃʗ ʇʈʆʀɿɺʆɼʉʊɺɸ ʉʊʈʆʀʊɽʃʔʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

 
ɸʥʥʦʪʘʮʠʷ: ʨʘʟʨʘʙʦʪʘʥʳ ʪʨʫʜʥʦʚʦʩʧʣʘʤʝʥʷʝʤʳʝ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʥʘ ʦʩʥʦʚʝ ʥʝʥʘʩʳʱʝʥʥʦʡ ʧʦʣʠʵʬʠʨʥʦʡ ʩʤʦʣʳ. ʄʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʧʦʥʠʞʝʥʥʦʡ ʧʦʞʘʨʥʦʡ 

ʦʧʘʩʥʦʩʪʴʶ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʥʪʠʧʠʨʝʥʦʚ ʩʦʚʤʝʩʪʥʦ ʩ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʦʜʠʬʠʢʘʪʦʨʦʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʦʣʠʤʝʨʥʳʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 
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POLYMER COM POSITES WITH  REDUCED FIRE HAZARD  

FOR THE PRODUCTION OF BUILDING MATERIALS  

 
Abstract:  flame-retardant polymer composite materials based on unsaturated polyester resin have 

been developed. The materials have a reduced fire hazard and can be used in the construction industry. It has 

been established that the use of fire retardants together with the developed modifier makes it possible to 

obtain polymer composite materials with a high level of physical and mechanical properties. 

Keywords: polymer composite materials, reduced fire hazard, flame retardants, flame retardant 

polymer composites. 

 

 

 

ʉʦʟʜʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʥʠʞʝʥʥʦʡ ʛʦʨʶʯʝʩʪʴʶ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʧʦʟʚʦʣʷʶʱʝʡ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʪʠʧʠʨʝʥʦʚ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʠʤʝʨʦʚ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ 

ʘʥʪʠʧʠʨʝʥʦʚ ʧʨʠʚʦʜʠʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢ ʩʥʠʞʝʥʠʶ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʢʦʤʧʦʟʠʪʦʚ. ʇʦʵʪʦʤʫ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤʧʦʟʠʪʦʚ ʩ ʧʦʥʠʞʝʥʥʦʡ 

ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺʚʝʜʝʥʠʝ ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʜʠʩʧʝʨʩʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. 

                                                 
 É ʄʘʣʘʭʦʚʩʢʠʡ ʉ.ʉ., ʂʦʩʪʨʦʤʠʥʘ ʅ.ɺ., ʆʣʠʭʦʚʘ ʖ.ɺ., ɻʦʨʙʫʥʦʚʘ ʀ.ʖ., 2023 
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ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʜʠʩʧʝʨʩʥʳʝ ʥʘʧʦʣʥʠʪʝʣʠ, ʢʦʪʦʨʳʝ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʤʘʪʝʨʠʘʣʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʟʦʪʨʦʧʠʝʡ 

ʩʚʦʡʩʪʚ, ʦʧʪʠʤʫʤ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʪʝʧʝʥʠ ʥʘʧʦʣʥʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʘʜʩʦʨʙʮʠʶ ʚʩʝʛʦ ʦʙʲʝʤʘ ʩʚʷʟʫʶʱʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴʶ ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʷ. ɼʠʩʧʝʨʩʥʳʡ 

ʥʘʧʦʣʥʠʪʝʣʴ ʫʤʝʥʴʰʘʝʪ ʫʩʘʜʢʫ ʧʨʠ ʧʨʝʩʩʦʚʘʥʠʠ, ʧʦʚʳʰʘʝʪ ʞʝʩʪʢʦʩʪʴ ʠ ʪʚʝʨʜʦʩʪʴ 

ʠʟʜʝʣʠʡ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʌɻɹʆʋ ɺʆ çʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘè 

ʨʘʟʨʘʙʦʪʘʥʳ ʘʥʪʠʧʠʨʝʥʳ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʬʦʩʬʘʟʝʥʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʥʠʟʠʪʴ ʧʦʞʘʨʥʫʶ ʦʧʘʩʥʦʩʪʴ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ [1-3]. 

ʕʬʬʝʢʪʠʚʥʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʩʦʟʜʘʥʠʷ ʪʨʫʜʥʦʚʦʩʧʣʘʤʝʥʷʝʤʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʥʘ ʯʘʩʪʠ ʜʠʩʧʝʨʩʥʦʛʦ ʥʘ ʥʘʥʦʨʘʟʤʝʨʥʳʡ 

ʥʘʧʦʣʥʠʪʝʣʴ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʪʦʨʦʤ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʦʟʚʦʣʷʝʪ 

ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʘʥʪʠʧʠʨʝʥʘ ʚ ʩʠʩʪʝʤʝ [4-10].  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʦʙʣʠʮʦʚʦʯʥʳʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʘʥʝʣʝʡ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʝʜʫʩʢʦʨʝʥʥʫʶ 

ʦʨʪʦʬʪʘʣʝʚʫʶ ʥʝʥʘʩʳʱʝʥʥʫʶ ʧʦʣʠʵʬʠʨʥʫʶ ʩʤʦʣʫ (ʩ ʚʚʝʜʝʥʥʳʤ ʫʩʢʦʨʠʪʝʣʝʤ), ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ï ʧʝʨʦʢʩʠʜ ʤʝʪʠʣʵʪʠʣʢʝʪʦʥʘ. ɼʣʷ ʩʦʟʜʘʥʠʷ 

ʚʳʩʦʢʦʥʘʧʦʣʥʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʤʝʥʷʣʠ ʢʚʘʨʮʝʚʳʡ ʥʘʧʦʣʥʠʪʝʣʴ ʨʘʟʣʠʯʥʦʡ 

ʜʠʩʧʝʨʩʥʦʩʪʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʫʜʥʦʚʦʩʧʣʘʤʝʥʷʝʤʳʭ ʩʦʩʪʘʚʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʵʬʠʨʥʳʭ ʩʤʦʣ ʚʤʝʩʪʝ ʩ ʦʜʥʦʡ ʠʟ ʬʨʘʢʮʠʡ ʢʚʘʨʮʘ (ʟʘʤʝʥʷʷ ʝʝ ʯʘʩʪʴ) ʚʚʦʜʠʣʠ 

ʪʚʝʨʜʳʝ ʩʳʧʫʯʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʘʥʪʠʧʠʨʝʥʳ, ʘ ʯʘʩʪʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʦʣʠʵʬʠʨʥʦʡ 

ʩʤʦʣʳ ʟʘʤʝʥʷʣʠ ʤʦʜʠʬʠʢʘʪʦʨʦʤ ï ʵʧʦʢʩʠʚʠʥʠʣʵʬʠʨʥʦʡ ʩʤʦʣʦʡ ʥʘ ʦʩʥʦʚʝ ʥʦʚʦʣʘʢʘ.  

ʉʦʩʪʘʚʳ ʛʦʪʦʚʠʣʠ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. ɺ ʩʤʝʩʠʪʝʣʴ ʩ ʣʦʧʘʩʪʥʦʡ 

ʤʝʰʘʣʢʦʡ ʟʘʛʨʫʞʘʣʠ ʧʦʣʠʵʬʠʨʥʫʶ ʩʤʦʣʫ, ʟʘʪʝʤ ʚʚʦʜʠʣʠ ʤʦʜʠʬʠʢʘʪʦʨ 

(ʵʧʦʢʩʠʚʠʥʠʣʵʬʠʨʥʫʶ ʩʤʦʣʫ ʥʘ ʦʩʥʦʚʝ ʥʦʚʦʣʘʢʘ), ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 4ï5 ʤʠʥʫʪ ʠ 

ʜʦʙʘʚʣʷʣʠ ʧʝʨʝʢʠʩʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ, ʧʝʨʝʤʝʰʠʚʘʣʠ (4ï5 ʤʠʥʫʪ). ɺ ʦʪʜʝʣʴʥʦʤ ʩʤʝʩʠʪʝʣʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʤʝʰʠʚʘʣʠ ʩʨʝʜʥʠʝ ʬʨʘʢʮʠʠ ʠ ʢʨʫʧʥʫʶ ʬʨʘʢʮʠʶ ʢʚʘʨʮʝʚʦʛʦ 

ʥʘʧʦʣʥʠʪʝʣʷ. ɺ ʩʚʷʟʫʶʱʝʝ ʧʦʨʮʠʷʤʠ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʣʷʣʠ 

ʘʥʪʠʧʠʨʝʥʳ ʠ ʢʚʘʨʮʝʚʳʡ ʥʘʧʦʣʥʠʪʝʣʴ ï ʩʥʘʯʘʣʘ ʤʝʣʢʫʶ ʬʨʘʢʮʠʶ, ʟʘʪʝʤ ʩʤʝʩʴ ʩʨʝʜʥʠʭ 

ʠ ʢʨʫʧʥʦʡ ʬʨʘʢʮʠʡ ʥʘʧʦʣʥʠʪʝʣʷ. ɺʨʝʤʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʠʩʪʝʤʳ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʜʥʦʨʦʜʥʦʡ ʤʘʩʩʳ ð 12ï15 ʤʠʥʫʪ. ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʝʪʦʜʦʤ ʧʨʝʩʩʦʚʘʥʠʷ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʣʠʮʦʚʦʯʥʳʝ ʧʘʥʝʣʠ. ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʠ 

ʫʩʪʘʥʦʚʢʘ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ʧʦ ɻʆʉʊ 30402-96). 

 

  

ʘ ʙ 
ʈʠʩʫʥʦʢ. ʆʙʨʘʟʮʳ (ʘ) ʠ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʧʦ ɻʆʉʊ 30402-96 (ʙ) 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʛʨʫʧʧʳ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ɺ1 (ʪʨʫʜʥʦʚʦʩʧʣʘʤʝʥʷʝʤʳʡ), 
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ʦʙʨʘʟʮʳ ʜʦʣʞʥʳ ʚʳʜʝʨʞʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʬʘʢʝʣʘ 15 ʤʠʥ, ʚʦʟʜʝʡʩʪʚʠʝ ʦʪʢʨʳʪʦʛʦ 

ʧʣʘʤʝʥʠ ʩ ʠʥʪʝʨʚʘʣʦʤ 10 ʩ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 700 ʦʉ. ʀʩʧʳʪʘʥʠʝ 

ʧʨʝʢʨʘʱʘʣʠ, ʝʩʣʠ ʦʙʨʘʟʝʮ ʚʦʩʧʣʘʤʝʥʠʣʩʷ ʠ ʥʝ ʧʦʛʘʩ ʜʦ ʩʣʝʜʫʶʱʝʛʦ çʢʠʚʢʘè 

ʬʘʢʝʣʘ. ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʝ. 
 

ʊʘʙʣʠʮʘ. ɺʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴ ʚʳʩʦʢʦʥʘʧʦʣʥʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 
 

ˉ 

ʩʦʩʪʘʚʘ 

 

ʉʦʩʪʘʚ 

 

ʉʦʜʝʨʞʘʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʤʘʩʩ. ʯ. 

 

ɺʨʝʤʷ 

ʥʘʯʘʣʦ 

ʛʦʨʝʥʠʷ, 

ʤʠʥ 

 

 

ʇʨʠʤʝʯʘʥʠʝ 

 

1 ʧʦʣʠʵʬʠʨʥʘʷ ʩʤʦʣʘ 8,9  

ɻʦʨʠʪ ʥʘ 

ʧʝʨʚʳʭ 

ʩʝʢʫʥʜʘʭ 

 

ʦʢʩʠʜ ʢʨʝʤʥʠʷ (SiO2) 89,8 

ʧʝʨʝʢʠʩʴ  1,3 (ʦʪ ʤʘʩʩʳ 

ʧʦʣʠʵʬʠʨʥʦʡ ʩʤʦʣʳ) 

2 ʧʦʣʠʵʬʠʨʥʘʷ ʩʤʦʣʘ 8,9  

 

12  

ʊʨʫʜʥʦʩʪʠ ʧʨʠ  

ʧʨʝʩʩʦʚʘʥʠʠ ï 

ʥʠʟʢʘʷ 

ʚʷʟʢʦʩʪʴ. 

ɺʩʧʦʣʦʭʠ ʥʘ 4 

ʤʠʥ 

ʦʢʩʠʜ ʢʨʝʤʥʠʷ (SiO2) 80,9 

ʇʝʨʝʢʠʩʴ 1,3 (ʦʪ ʤʘʩʩʳ 

ʧʦʣʠʵʬʠʨʥʦʡ ʩʤʦʣʳ) 

ɸʥʪʠʧʠʨʝʥ + 

ʦʨʛʘʥʦʙʝʥʪʦʥʠʪ 

8,9 

3 ʧʦʣʠʵʬʠʨʥʘʷ ʩʤʦʣʘ + 

ʤʦʜʠʬʠʢʘʪʦʨ 

8,9  

15 

ʅʝ ʛʦʨʠʪ, ʥʝʪ 

ʚʩʧʦʣʦʭʦʚ 

ʦʢʩʠʜ ʢʨʝʤʥʠʷ (SiO2) 80,9 

ʇʝʨʝʢʠʩʴ 1,3 (ʦʪ ʤʘʩʩʳ 

ʧʦʣʠʵʬʠʨʥʦʡ ʩʤʦʣʳ) 

ɸʥʪʠʧʠʨʝʥ + 

ʦʨʛʘʥʦʙʝʥʪʦʥʠʪ 

8,9 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʭʦʜʥʳʡ ʩʦʩʪʘʚ (ʩʦʩʪʘʚ 1) ʷʚʣʷʝʪʩʷ ʣʝʛʦʢʦʛʦʨʶʯʠʤ 

ʤʘʪʝʨʠʘʣʦʤ, ʝʛʦ ʚʦʩʧʣʘʤʝʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ 2ï3 ʩ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʝʣʘ ʩ 

ʙʳʩʪʨʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʣʘʤʝʥʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʘʥʪʠʧʠʨʝʥʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʦʩʧʣʘʤʝʥʝʥʠʶ (15 ʤʠʥʫʪ ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʘʤʝʥʠ). 
ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʠʜʥʦ, ʯʪʦ ʘʥʪʠʧʠʨʝʥʦʤ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʰʘʶʱʠʤ ʚʨʝʤʷ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ʢʦʤʧʦʟʠʮʠʡ, ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʦʙʝʥʪʦʥʠʪ, 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʜʫʢʪ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʥʪʦʥʠʪʘ ʩ ʯʝʪʚʝʨʪʠʯʥʦʡ 
ʘʤʤʦʥʠʝʚʦʡ ʩʦʣʴʶ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʦʨʛʘʥʦʙʝʥʪʦʥʠʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ. ʕʪʠ ʝʛʦ ʩʚʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʪ 
ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʦʚʳʰʘʪʴ ʠʭ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ, 
ʦʛʥʝʩʪʦʡʢʦʩʪʴ, ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʅʘʠʙʦʣʝʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ ʠʩʧʳʪʘʥʠʡ ʩʦʩʪʘʚ ʩʚʷʟʫʶʱʝʛʦ ʩ ʜʦʙʘʚʢʦʡ 
ʤʦʜʠʬʠʢʘʪʦʨʘ (ʵʧʦʢʩʠʚʠʥʠʣʵʬʠʨʥʦʡ ʩʤʦʣʦʡ ʥʘ ʦʩʥʦʚʝ ʥʦʚʦʣʘʢʘ). ʉʦʦʪʥʦʰʝʥʠʝ 
ʩʚʷʟʫʶʱʝʛʦ ʠ ʪʚʝʨʜʘʷ ʬʨʘʢʮʠʠ ʩʦʩʪʘʚʘ ʦʩʪʘʸʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. ɺ ʬʦʨʤʫʣʝ ʩʦʩʪʘʚʘ 
ʟʘʤʝʥʷʝʪʩʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʘʷ ʧʦʨʦʰʢʦʦʙʨʘʟʥʘʷ ʬʨʘʢʮʠʷ ʢʚʘʨʮʝʚʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʥʘ 
ʘʥʪʠʧʠʨʝʥʳ. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʩʪʘʶʪʩʷ ʥʘ 
ʫʨʦʚʥʝ ʩʦʩʪʘʚʘ 1. 
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HEAT TRANSFER MODELLING IN FLOW HEATERS FOR FLUIDS AND GASES  

 
Abstract: article is devoted to problems of heat elementôs permissible temperature providing in flow 

heaters. Mathematical and heat models of heater and program were created for automation fluidôs 

thermophysical properties selection, heat exchange surfaceôs temperature and heat flux densities calculations. 

Keywords: convective heat flux, calculating automation, heat regime, heater, heat exchanger. 

 

 

ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʧʘʨʘʬʠʥʦʚ, 

ʛʠʜʨʘʪʦʚ ʠ ʟʘʢʫʧʦʨʦʢ ʚ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʠʩʪʝʤʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʠ ʜʨʫʛʠʭ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʤʝʪʦʜʳ [1, 3, 4]. ʅʘʨʷʜʫ ʩ ʚʥʝʩʝʥʠʝʤ ʠʥʛʠʙʠʪʦʨʦʚ, ʦʩʫʰʝʥʠʝʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʦʪʦʯʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ ʧʦʢʘʟʘʣʦ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ɺʚʠʜʫ ʤʥʦʛʦʦʙʨʘʟʠʷ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʭ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ, ʰʠʨʦʢʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʨʘʙʦʯʠʭ ʜʘʚʣʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨ, ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʠʭ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʤʥʦʞʝʩʪʚʘ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʪʦʯʥʳʭ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʬʘʢʪʦʨʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ, 

ʨʝʘʣʠʟʫʶʱʠʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʥʘʧʨʠʤʝʨ, ʉomsol, Ansys ʠ ʪ.ʧ. ɺʳʧʦʣʥʝʥʠʝ 

ʨʝʰʝʥʠʷ ʩ ʠʭ ʧʦʤʦʱʴʶ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʜʝʪʘʣʠʟʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʧʨʦʝʢʪʠʨʦʚʦʯʥʳʡ ʪʝʧʣʦʚʦʡ ʨʘʩʯʝʪ ʧʦʜʦʛʨʝʚʘʪʝʣʷ ʧʨʦʚʦʜʠʪʩʷ 

ʚ ʩʦʧʨʷʞʝʥʠʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʨʝʭʤʝʨʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʧʨʦʯʥʦʩʪʥʳʤ ʨʘʩʯʝʪʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʦʨʨʝʢʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʡ ʪʨʝʙʫʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩ ʚʳʩʦʢʦʡ 

ʢʚʘʣʠʬʠʢʘʮʠʝʡ ʠ ʩʧʝʮʠʘʣʴʥʳʤʠ ʟʥʘʥʠʷʤʠ, ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʥʳʝ 

ʩʨʝʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʢʠ ʨʘʩʯʝʪʘ ʧʦ ʢʘʞʜʦʡ ʤʦʜʝʣʠ 

ʧʦʜʦʛʨʝʚʘʪʝʣʷ. 

                                                 
 É ʄʠʥʢʠʥ ɼ. ɸ., ɺʣʘʩʦʚ ʉ. ɸ., 2023 
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ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʧʨʠʥʷʪʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ 

ʨʝʰʝʥʠʡ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʞʜʦʡ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʜʝʣʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦ 

ʥʝʦʙʭʦʜʠʤʦʡ ʤʦʱʥʦʩʪʠ ʥʘʛʨʝʚʘʪʝʣʝʡ, ʠʭ ʢʦʣʠʯʝʩʪʚʝ, ʦʮʝʥʢʝ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʦʙʭʦʜʠʤʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʩʯʝʪʘ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʦʛʨʝʚʘʪʝʣʷ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʟʘʜʘʯʠ:  

- ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʧʣʦʚʫʶ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʠ ʧʨʦʪʦʯʥʦʛʦ ʧʦʜʦʛʨʝʚʘʪʝʣʷ; 

- ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʚʳʙʦʨʘ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʜʦʛʨʝʚʘʝʤʳʭ 

ʩʨʝʜ; 

- ʧʨʦʚʝʩʪʠ ʪʝʧʣʦʚʦʡ ʨʘʩʯʝʪ ʧʨʦʪʦʯʥʦʛʦ ʧʦʜʦʛʨʝʚʘʪʝʣʷ. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʠ ʧʨʦʛʨʘʤʤʘ 

ʆʩʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ ʜʣʷ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ ʷʚʣʷʝʪʩʷ ʩʦʩʫʜ, 

ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʷʪʩʷ ʥʘʛʨʝʚʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1. 

ʇʦʜʦʛʨʝʚʘʝʤʘʷ ʩʨʝʜʘ ʧʦʜʘʝʪʩʷ ʠ ʦʪʚʦʜʠʪʩʷ ʯʝʨʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʪʨʫʙʢʠ. 

 
ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʦʪʦʯʥʦʛʦ ʧʦʜʦʛʨʝʚʘʪʝʣʷ 

 
ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʤʦʱʥʦʩʪʴ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ ʜʣʷ ʥʘʛʨʝʚʘ ʞʠʜʢʦʩʪʠ ʜʦ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʣʠʯʝʩʪʚʦ 

ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʝʤʧʝʨʘʪʫʨʫ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ, ʫʜʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ. ʇʨʠʥʠʤʘʷ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʪʝʧʣʦʦʙʤʝʥ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʜʦʛʨʝʚʘʪʝʣʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʦʪʩʫʪʩʪʚʫʝʪ, ʠ ʚʩʷ ʚʳʜʝʣʠʚʰʘʷʩʷ ʥʘ 

ʥʘʛʨʝʚʘʪʝʣʷʭ ʪʝʧʣʦʪʘ ʧʝʨʝʜʘʝʪʩʷ ʧʨʦʪʦʯʥʦʡ ʩʨʝʜʝ, ʥʝʦʙʭʦʜʠʤʘʷ ʤʦʱʥʦʩʪʴ P 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʥʦʰʝʥʠʷ [5]: 

 

    )( ʚʭʚʳʭ ttcGP -= ,      (1) 

 

ʩ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʦʜʦʛʨʝʚʘʝʤʦʡ ʩʨʝʜʳ, ɼʞ/ʢʛʂ; G ï ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ 

ʧʦʜʦʛʨʝʚʘʝʤʦʡ ʩʨʝʜʳ, ʢʛ/ʩ; tʚʭ, tʚʳʭ ï ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʦʛʨʝʚʘʝʤʦʡ ʩʨʝʜʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʧʦʜʦʛʨʝʚʘʪʝʣʷ, Áʉ. 

ʅʘ ʦʩʥʦʚʝ ʥʘʡʜʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ P, ʚʦʟʤʦʞʥʦ ʥʘʡʪʠ ʫʜʝʣʴʥʫʶ 

ʤʦʱʥʦʩʪʴ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ q: 

 

     
nA

P
q= ,      (2) 
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ʛʜʝ n ï ʯʠʩʣʦ ʥʘʛʨʝʚʘʪʝʣʝʡ, ɸ=d́l ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʛʦ 

ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʠʘʤʝʪʨʦʤ d ʠ ʜʣʠʥʦʡ l.  

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘʪʝʣʷ ʙʫʜʝʪ ʠʤʝʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʚʙʣʠʟʠ ʚʳʭʦʜʥʦʛʦ ʧʘʪʨʫʙʢʘ, ʠ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʠʟ ʫʨʘʚʥʝʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ ʅʴʶʪʦʥʘ-ʈʠʭʤʘʥʘ. 

 

    
nA

P
tt ʚʳʭ

a
+=        (3) 

 

ʛʜʝ Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ, ɺʪ/(ʤ2ĿK). 

ʂʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʨʦʪʦʯʥʦʡ ʩʨʝʜʳ, ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 

ʧʣʦʪʥʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʲʝʤʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʪʝʧʣʦʝʤʢʦʩʪʴ [2], ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʨʘʟʤʝʨʳ ʦʙʪʝʢʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʨʦʪʦʯʥʦʡ ʩʨʝʜʳ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʠʩʭʦʜʷ ʠʟ ʠʟʚʝʩʪʥʦʛʦ 

ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ G ʧʨʦʢʘʯʠʚʘʝʤʦʡ ʩʨʝʜʳ ʠ ʧʣʦʱʘʜʠ S, ʥʝ ʟʘʥʷʪʦʡ ʥʘʛʨʝʚʘʪʝʣʴʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʚʥʫʪʨʠ ʩʦʩʫʜʘ. 

 

    
S

G

r
u=        (4) 

 

ʆʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʨʘʩʯʝʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʦʪʜʘʯʠ Ŭ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʨʘʩʯʝʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ, 

ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ [5]. ɺ ʭʦʜʝ ʚʳʯʠʩʣʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ ʧʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʧʦʜʦʛʨʝʚʘʝʤʦʡ ʩʨʝʜʳ ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʘʚʣʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨʳ; ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ʞʠʜʢʦʩʪʠ, ʨʘʩʯʝʪ ʚʝʜʝʪʩʷ ʜʣʷ ʧʨʦʜʦʣʴʥʦʛʦ ʠʣʠ ʧʦʧʝʨʝʯʥʦʛʦ ʦʙʪʝʢʘʥʠʷ 

ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʭʦʞʜʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʜʦʛʨʝʚʘʪʝʣʷ, 

ʪʨʝʙʫʝʪ ʤʥʦʛʦʢʨʘʪʥʳʭ ʧʦʜʦʙʥʳʭ ʦʧʝʨʘʮʠʡ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʝʪʦʜʠʢʝ. ʏʪʦʙʳ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʘʩʯʝʪʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʘʣʛʦʨʠʪʤ, 

ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 2. ɺ ʝʸ ʩʦʩʪʘʚ ʚʭʦʜʷ ʙʣʦʢʠ: 

1 ï ʚʚʦʜ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ: ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʦʛʨʝʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ ʥʘ 

ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ; ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ; ʨʘʩʭʦʜ; ʨʘʟʤʝʨʳ ʧʦʜʦʛʨʝʚʘʪʝʣʷ, ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ ʠ ʜʠʘʤʝʪʨ ʩʦʩʫʜʘ.  

2 ï ʨʘʩʯʝʪ: ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʩʨʝʜʳ, ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ, 

ʤʦʱʥʦʩʪʠ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ, ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ;  

3 ï ʫʩʣʦʚʥʳʡ ʧʝʨʝʭʦʜ: ʚʳʙʦʨ ʪʠʧʘ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʦʛʨʝʚʘʪʝʣʷ çʙʝʟ 

ʧʝʨʝʛʦʨʦʜʦʢè, çʩ ʧʝʨʝʛʦʨʦʜʢʘʤʠè;  

4, 8 ï ʨʘʩʯʝʪ ʯʠʩʝʣ ʧʦʜʦʙʠʷ ʧʦ ʢʨʠʪʝʨʠʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ ʜʣʷ ʧʨʦʜʦʣʴʥʦʛʦ 

ʠʣʠ ʧʦʧʝʨʝʯʥʦʛʦ ʦʙʪʝʢʘʥʠʷ ʧʦʜʦʛʨʝʚʘʪʝʣʷ;  

5, 9 ï ʫʩʣʦʚʥʳʡ ʧʝʨʝʭʦʜ: ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʩʨʝʜʳ (ʣʘʤʠʥʘʨʥʳʡ ʠʣʠ 

ʪʫʨʙʫʣʝʥʪʥʳʡ); 

6, 7, 10, 11 ï ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ; 

12 ï ʨʘʩʯʝʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ;  

13 ï ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ: ʧʦʣʥʘʷ ʠ ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ; 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ 

ʠ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʩʣʦʚʠʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ. 
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ʈʠʩ. 2. ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʳ 

 
ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʦ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ 

ʧʦʜʦʛʨʝʚʘʪʝʣʷ. ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʚʳʙʦʨ ʧʦʜʦʛʨʝʚʘʝʤʦʡ ʩʨʝʜʳ ʠ ʚ 

ʪʘʢʦʤ ʩʣʫʯʘʝ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʚʚʦʜ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʨʘʩʯʝʪʘ, ʢʨʦʤʝ ʪʦʛʦ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʚʝʜʝʥʳ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ. ʈʘʩʯʝʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʦʛʨʝʚʘʪʝʣʷ ʧʨʦʠʩʭʦʜʠʪ ʢʘʞʜʳʡ ʨʘʟ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʚ ʣʶʙʦʝ ʠʟ ʧʦʣʝʡ ʩ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʝʥʠʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʫʞʝ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʧʨʦʪʦʯʥʳʭ 

ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ ʜʣʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʚʦʟʜʫʭʘ, ʥʝʬʪʠ. ʈʘʩʭʦʞʜʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʶʪ 

15%. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ 

ʚʥʫʪʨʠ ʧʦʜʦʛʨʝʚʘʪʝʣʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʧʦʧʝʨʝʯʥʳʤ, ʠ 

ʧʨʦʜʦʣʴʥʳʤ ʦʙʪʝʢʘʥʠʝʤ ʥʘʛʨʝʚʘʪʝʣʝʡ. 

 

ɺʳʚʦʜʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ ʜʣʷ 

ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʨʦʛʨʘʤʤʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʧʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʡ, 

ʧʦʟʚʦʣʷʶʪ ʦʧʝʨʘʪʠʚʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʚʦʜʘ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʷʜʘ ʧʦʜʦʛʨʝʚʘʝʤʳʭ ʩʨʝʜ. 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʢʘʟʘʣʦ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ ʩʭʦʜʠʤʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʨʦʛʨʘʤʤʫ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 
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ʈʠʩ. 3. ʆʢʥʦ ʨʘʩʯʝʪʥʦʡ ʧʨʦʛʨʘʤʤʳ 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚ ʯʘʩʪʠ ʨʘʩʰʠʨʝʥʠʷ ʧʝʨʝʯʥʷ ʧʦʜʦʛʨʝʚʘʝʤʳʭ ʩʨʝʜ, 

ʫʚʝʣʠʯʝʥʠʷ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ, ʩʧʦʩʦʙʦʚ ʠʭ ʨʘʟʤʝʱʝʥʠʷ. 
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ɺʚʝʜʝʥʠʝ 

ʉʣʠʚʦʯʥʦʝ ʤʘʩʣʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʠʪ ʠʟ ʤʦʣʦʯʥʦʛʦ ʞʠʨʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʜʨʫʛʠʤʠ ʞʠʚʦʪʥʳʤʠ ʞʠʨʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʫʩʚʦʷʝʤʦʩʪʴʶ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ [1]. 

ɺʩʣʝʜʩʪʚʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʘʣʴʩʠʬʠʢʘʮʠʠ ʩʣʠʚʦʯʥʦʛʦ ʤʘʩʣʘ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ 

ʚ ʝʛʦ ʩʦʩʪʘʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ (ʧʘʣʴʤʦʚʦʛʦ, ʧʘʣʴʤʦʷʜʨʦʚʦʛʦ ʠ ʜʨ.) ʘʢʪʫʘʣʴʥʘ ʩʪʘʣʘ 

ʨʘʟʨʘʙʦʪʢʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ, ʥʘʜʝʞʥʳʭ ʠ ʥʝʜʦʨʦʛʠʭ ʤʝʪʦʜʠʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʩʣʠʚʦʯʥʦʛʦ ʤʘʩʣʘ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʘʥʘʣʠʟʫ ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʚ 

ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ (ɹʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ). 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʨʘʟʮʦʚ 

ʩʣʠʚʦʯʥʦʛʦ ʤʘʩʣʘ ʤʝʪʦʜʦʤ ɹʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʭʝʤʦʤʝʪʨʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ɹʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʦʚʝʜʝʥʘ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʘ ʧʦ ɻʆʉʊ 32261-2013, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʚʳʜʝʣʝʥʠʠ ʞʠʨʦʚʦʡ 

ʬʘʟʳ ʩʣʠʚʦʯʥʦʛʦ ʤʘʩʣʘ: ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʨʘʩʪʘʧʣʠʚʘʣʠ, ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ 

ʙʫʤʘʞʥʳʡ ʩʢʣʘʜʯʘʪʳʡ ʬʠʣʴʪʨ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60ʦʉ [3]. ʇʦʩʣʝ 

ʚʳʜʝʣʝʥʠʷ ʞʠʨʦʚʦʡ ʬʘʟʳ ʝʸ ʜʦʟʠʨʦʚʘʣʠ ʧʦ ʤʘʩʩʝ ʠ ʦʭʣʘʞʜʘʣʠ ʜʦ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 3ʦʉ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ. 
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ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʩʣʠʚʦʯʥʦʛʦ ʤʘʩʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ 

ʙʘʟʘ ʜʘʥʥʳʭ ɹʀʂ-ʩʧʝʢʪʨʦʚ (ʢʘʣʠʙʨʦʚʦʯʥʳʡ ʠ ʪʝʩʪʦʚʳʡ ʥʘʙʦʨʳ). ʂʘʣʠʙʨʦʚʦʯʥʳʡ 

ʥʘʙʦʨ ʩʦʩʪʦʠʪ ʠʟ 54 ʦʙʨʘʟʮʦʚ ʩʣʠʚʦʯʥʦʛʦ ʤʘʩʣʘ ʠ 3 ʦʙʨʘʟʮʦʚ ʩ ʯʘʩʪʠʯʥʦʡ ʠʣʠ ʧʦʣʥʦʡ 

ʟʘʤʝʥʦʡ ʤʦʣʦʯʥʦʛʦ ʞʠʨʘ ʨʘʩʪʠʪʝʣʴʥʳʤ ʩʳʨʴʝʤ, ʪʝʩʪʦʚʳʡ ʥʘʙʦʨ ʩʦʩʪʦʠʪ ʠʟ 7 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʩʣʠʚʦʯʥʦʛʦ ʤʘʩʣʘ ʠ ʩʧʨʝʜʦʚ ʨʘʩʪʠʪʝʣʴʥʦ-ʞʠʨʦʚʳʭ. 

ʇʦʣʫʯʝʥʠʝ ɹʀʂ-ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʨʠʩʪʘʚʢʝ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ NIRA ʚ 

ʟʘʩʪʳʚʰʝʤ ʩʦʩʪʦʷʥʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʪ 9000 ʜʦ 4000 ʩʤ-1, ʰʘʛ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ï 2 ʩʤ-1. 

ʉ ʧʦʤʦʱʴʶ ʥʘʜʩʪʨʦʡʢʠ ʜʣʷ Excel Chemometrics Add-In v 2.1 ʧʨʦʚʝʜʝʥ ʧʦʜʙʦʨ 

ʦʧʪʠʤʘʣʴʥʦʡ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʝʨʝʜ ʜʘʣʴʥʝʡʰʠʤ ʘʥʘʣʠʟʦʤ ʤʝʪʦʜʦʤ SIMCA. 

ʇʨʦʚʝʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ, ʢʘʯʝʩʪʚʘ ʠ ʪʦʯʥʦʩʪʠ ʭʝʤʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʩʫʱʝʩʪʚʣʝʥʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʣʥʦʡ ʧʝʨʝʢʨʝʩʪʥʦʡ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʠ ʠ ʪʝʩʪ-ʚʘʣʠʜʘʮʠʠ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ.  

ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ AssureID 4.3.8.210 ʧʨʦʚʦʜʠʣʦʩʴ ʧʦʩʪʨʦʝʥʠʝ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʠ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ. ɼʣʷ ʭʝʤʦʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʬʦʨʤʘʣʴʥʦʛʦ ʥʝʟʘʚʠʩʠʤʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʥʘʣʦʛʠʡ 

ʢʣʘʩʩʦʚ (SIMCA). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʩʧʝʢʪʨʘʭ ɹʀʂ-ʜʠʘʧʘʟʦʥʘ (ʦʪ 12500 ʜʦ 4000 ʩʤ-1) ʦʙʣʘʩʪʴ ʦʪ 6250 ʜʦ 4000 ʩʤ-1 

ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʘ, ʧʦʩʢʦʣʴʢʫ ʟʜʝʩʴ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʫʶ 

ʘʤʧʣʠʪʫʜʫ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʪʠʧʠʯʥʳʡ ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ ʞʠʨʦʚʦʡ ʬʘʟʳ 

ʩʣʠʚʦʯʥʦʛʦ ʤʘʩʣʘ çʆʙʝʨʝʞʴʝè ʚ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ.  

 

 
 

ʈʠʩ. 1. ɹʀʂ-ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ ʩʣʠʚʦʯʥʦʛʦ ʤʘʩʣʘ çʆʙʝʨʝʞʴʝè 

 

ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʩʣʠʚʦʯʥʳʤ ʤʘʩʣʦʤ ʠ ʧʨʦʜʫʢʪʘʤʠ ʩ ʟʘʤʝʥʠʪʝʣʷʤʠ ʤʦʣʦʯʥʦʛʦ 

ʞʠʨʘ ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʥʠʮʝʡ ʚ ʜʣʠʥʝ ʮʝʧʝʡ, ʩʪʝʧʝʥʠ ʥʝʥʘʩʳʱʝʥʥʦʩʪʠ ʠ ʥʘʣʠʯʠʠ 

ʪʨʘʥʩ-ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʯʘʩʪʠʯʥʦ ʛʠʜʨʦʛʝʥʠʟʠʨʦʚʘʥʥʳʭ ʤʘʩʣʘʭ [4]. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʨʘʚʥʝʥʠʷ ɹʀʂ-ʩʧʝʢʪʨʦʚ ʩʧʨʝʜʘ ʨʘʩʪʠʪʝʣʴʥʦ-ʞʠʨʦʚʦʛʦ çʂʨʝʩʪʴʷʥʩʢʦʝè ʠ 

ʩʣʠʚʦʯʥʦʛʦ ʤʘʩʣʘ çʆʙʝʨʝʞʴʝè (ʨʠʩ. 2) ʢʦʨʨʝʣʷʮʠʷ ʜʘʥʥʳʭ (R) ʩʦʩʪʘʚʠʣʘ ï 0,96, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʣʠʟʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʨʝʜʘ ʢ ʩʣʠʚʦʯʥʦʤʫ ʤʘʩʣʫ. ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʨʠʩ. 2 ʧʦʣʦʩʳ ʧʨʠ 5780 ʩʤ-1 ʠ 4670 ʩʤ-1, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʠʛʥʘʣʘʤ ʦʪ 

ʢʦʣʝʙʘʥʠʡ ʉ-ʅ ʠ ʉ=ʉ, ʜʣʷ ʩʧʨʝʜʘ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʥʩʠʚʥʳʝ, ʯʪʦ, ʜʦʣʞʥʦ ʙʳʪʴ, 

ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʯʝʤ ʚ ʩʣʠʚʦʯʥʦʤ 

ʤʘʩʣʝ.  



ʈɸɿɼɽʃ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʈʠʩ. 2. ʉʨʘʚʥʝʥʠʝ ɹʀʂ-ʩʧʝʢʪʨʦʚ ʩʣʠʚʦʯʥʦʛʦ ʤʘʩʣʘ çʆʙʝʨʝʞʴʝè  

ʠ ʩʧʨʝʜʘ ʨʘʩʪʠʪʝʣʴʥʦ-ʞʠʨʦʚʦʛʦ çʂʨʝʩʪʴʷʥʩʢʦʝè 

 
ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʦ 54 ʦʙʨʘʟʮʘ 

ʩʣʠʚʦʯʥʦʛʦ ʤʘʩʣʘ ʠ 3 ʦʙʨʘʟʮʘ ʩ ʯʘʩʪʠʯʥʦʡ ʠʣʠ ʧʦʣʥʦʡ ʟʘʤʝʥʦʡ ʤʦʣʦʯʥʦʛʦ ʞʠʨʘ 

ʨʘʩʪʠʪʝʣʴʥʳʤ ʩʳʨʴʝʤ (ʜʘʣʝʝ çʚʳʙʨʦʩʳè), ʟʘʚʝʜʦʤʦ ʚʥʝʩʝʥʥʳʝ ʚ ʙʫʜʫʱʫʶ ʤʦʜʝʣʴ ʩ 

ʮʝʣʴʶ ʧʦʠʩʢʘ ʥʘʠʣʫʯʰʝʛʦ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʧʨʦʚʝʨʢʠ ʤʦʜʝʣʠ ʥʘ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ. 

ʇʝʨʝʜ ʧʦʩʪʨʦʝʥʠʝʤ ʤʦʜʝʣʠ ʧʨʦʚʦʜʠʣʦʩʴ ʘʚʪʦʰʢʘʣʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ, 

ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʫʨʘʚʥʠʚʘʥʠʷ ʚʢʣʘʜʘ ʧʝʨʝʤʝʥʥʳʭ ʚ ʭʝʤʦʤʝʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ. 

ɸʥʘʣʠʟʠʨʫʝʤʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʚ ʦʙʣʘʩʪʠ ʥʘʠʙʦʣʴʰʝʡ ʚʘʨʠʘʮʠʠ 

(5910 ʩʤ-1) ʧʨʦʚʝʨʝʥʳ ʥʘ ʥʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʥʥʳʭ ʚ 

ʦʙʣʘʩʪʠ 5910 ʩʤ-1 ʥʦʨʤʘʣʴʥʦ (p-value=0,72 > 0,05). 

ʅʘ ʦʩʥʦʚʝ ʘʚʪʦʰʢʘʣʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʩʪʨʦʠʣʘʩʴ ʤʦʜʝʣʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ. ʆʙʨʘʙʦʪʢʘ ʘʚʪʦʰʢʘʣʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦʟʚʦʣʷʝʪ ʬʠʢʩʠʨʦʚʘʪʴ ʜʚʝ ʩʦʩʝʜʥʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, 

ʨʘʟʜʝʣʝʥʥʳʝ ʤʝʥʴʰʠʤ ʠʥʪʝʨʚʘʣʦʤ ʜʣʠʥ ʚʦʣʥ, ʪ.ʝ. ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʩʢʨʳʪʳʝ ʵʢʩʪʨʝʤʫʤʳ ʚ ʩʧʝʢʪʨʝ. ʊʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ 

ʘʥʘʣʠʟʘ ʩʣʠʚʦʯʥʦʛʦ ʤʘʩʣʘ ʥʘʠʙʦʣʝʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʤʦʜʝʣʴʶ ʷʚʣʷʝʪʩʷ 

ʧʦʩʪʦʙʨʘʙʦʪʢʘ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚʦ ʚʟʷʪʠʠ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ. 

 ʅʘ ʛʨʘʬʠʢʝ çʉʯʝʪʦʚè ʩʦ ʚʟʷʪʠʝʤ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ (ʨʠʩ. 3) ʩʫʤʤʘʨʥʳʡ 

ʧʨʦʮʝʥʪ ʦʙʲʷʩʥʝʥʥʦʡ ʜʠʩʧʝʨʩʠʠ ʩʦʩʪʘʚʣʷʝʪ 58% (PC1+PC2). ʄʘʨʢʝʨʘʤʠ ʥʘ ʨʠʩʫʥʢʝ 

ʦʪʤʝʯʝʥʳ ʦʙʨʘʟʮʳ ʩʧʨʝʜʦʚ ʨʘʩʪʠʪʝʣʴʥʦ-ʞʠʨʦʚʳʭ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʜʘʣʝʢʦ ʦʪ ʦʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʪʨʝʥʠʨʦʚʦʯʥʦʡ ʚʳʙʦʨʢʠ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʦʥʠ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʨʫʛʠʭ ʦʙʨʘʟʮʦʚ ʪʨʝʥʠʨʦʚʦʯʥʦʡ 

ʤʦʜʝʣʠ.  

ʊʘʢʞʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʙʥʘʨʫʞʝʥʠʝ çʚʳʙʨʦʩʦʚè ʚ ʢʘʣʠʙʨʦʚʦʯʥʦʤ ʥʘʙʦʨʝ 

ʦʙʨʘʟʮʦʚ ʧʦ ʩʦʯʝʪʘʥʠʶ F-ʩʪʘʪʠʩʪʠʢʠ ʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʩʪʘʪʠʩʪʠʢʠ 

T2 ʍʦʪʪʝʣʠʥʛʘ. ʅʘ ʛʨʘʬʠʢʝ çʆʮʝʥʢʠ ʚʳʙʨʦʩʦʚè (ʍʦʪʝʣʣʠʥʛʘ) ʩʦ ʚʟʷʪʠʝʤ ʚʪʦʨʦʡ 

ʧʨʦʠʟʚʦʜʥʦʡ (ʨʠʩ. 4) ʤʦʜʝʣʴ ʦʜʥʦʟʥʘʯʥʦ ʨʘʩʧʦʟʥʘʣʘ çʚʳʙʨʦʩʳè (ʩʧʝʢʪʨʳ, ʢʦʪʦʨʳʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʪʠʤ ʜʚʫʤ ʢʨʠʪʝʨʠʷʤ). 
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ʈʠʩ. 3. ɻʨʘʬʠʢ çʉʯʝʪʦʚè (Scores) ʩʦ ʚʟʷʪʠʝʤ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ. 

çɺʳʙʨʦʩʳè (5, 13, 23) ʧʨʦʤʘʨʢʠʨʦʚʘʥ r

 

 
 

ʈʠʩ. 4. ɻʨʘʬʠʢ çʆʮʝʥʢʠ ʚʳʙʨʦʩʦʚè (ʍʦʪʝʣʣʠʥʛʘ) ʩʦ ʚʟʷʪʠʝʤ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ. 

çɺʳʙʨʦʩʳè (5, 13, 23) ʧʨʦʤʘʨʢʠʨʦʚʘʥʳ 

 
ɼʣʷ ʦʮʝʥʢʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʝʝ ʧʦʚʝʜʝʥʠʷ ʥʘ ʥʝʟʘʚʠʩʠʤʳʭ ʜʘʥʥʳʭ 

ʧʨʠʤʝʥʝʥʘ ʧʝʨʝʢʨʝʩʪʥʘʷ ʧʨʦʚʝʨʢʘ (ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʷ), ʩʫʪʴ ʢʦʪʦʨʦʡ ï ʧʦʵʣʝʤʝʥʪʥʦʝ 

ʠʩʢʣʶʯʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʦʙʨʘʟʮʦʚ ʪʨʝʥʠʨʦʚʦʯʥʦʡ ʚʳʙʦʨʢʠ, ʠ ʧʨʦʚʝʨʢʘ ʤʦʜʝʣʠ ʥʘ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʠʣʠ ʩʚʦʡʩʪʚʦ ʠʩʢʣʶʯʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʀʩʩʣʝʜʫʝʤʘʷ ʤʦʜʝʣʴ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʙʦʣʴʰʠʥʩʪʚʦ ʦʙʨʘʟʮʦʚ ʧʨʠ ʠʭ 

ʠʩʢʣʶʯʝʥʠʠ, ʚ ʦʪʥʦʰʝʥʠʠ çʥʝʪʠʧʠʯʥʳʭè ʦʙʨʘʟʮʦʚ ʤʦʜʝʣʴ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʠʭ ʛʦʨʘʟʜʦ 

ʭʫʞʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ. 

ɼʣʷ ʭʝʤʦʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ SIMCA. ɺ 

ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʘʣʠʜʘʮʠʠ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʤʦʜʝʣʠ ʧʦ ɹʀʂ-

ʩʧʝʢʪʨʘʤ ʪʝʩʪʦʚʦʛʦ ʥʘʙʦʨʘ. 
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ʊʘʙʣʠʮʘ . ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ SIMCA  
 

 

 ̄ ʅʘʟʚʘʥʠʝ ʊʠʧ ʦʙʨʘʟʮʘ 
ʈʝʟʫʣʴʪʘʪ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʆʙʱʝʝ 

ʩʦʦʪʥʦʰʝʥʠʝ 

ʨʘʩʩʪʦʷʥʠʡ 

ʇʨʝʜʝʣ 

ʩʦʦʪʥʦʰʝʥʠʷ 

ʨʘʩʩʪʦʷʥʠʡ 

1 çEKONIVAè 
ʄʘʩʣʦ 

ʩʣʠʚʦʯʥʦʝ 
ʇʨʦʰʝʣ 0,9484 1,0000 

2 
çʄʦʣʦʯʥʘʷ 

ʬʘʤʠʣʠʷè 

ʄʘʩʣʦ 

ʩʣʠʚʦʯʥʦʝ 
ʇʨʦʰʝʣ 0,9463 1,0000 

3 
çʈʘʜʦʩʪʴ 

ʚʢʫʩʘè 

ʄʘʩʣʦ 

ʩʣʠʚʦʯʥʦʝ 
ʇʨʦʰʝʣ 0,7727 1,0000 

4 çʍʫʪʦʨʦʢè 
ʄʘʩʣʦ 

ʩʣʠʚʦʯʥʦʝ 
ʇʨʦʰʝʣ 0,9471 1,0000 

5 çRamaè 

ʉʧʨʝʜ 

ʨʘʩʪʠʪʝʣʴʥʦ-

ʞʠʨʦʚʦʡ 

ʅʝ ʧʨʦʰʝʣ 1,1120 1,0000 

6 
çʉʣʠʚʦʯʥʠʢ

è 

ʉʧʨʝʜ 

ʨʘʩʪʠʪʝʣʴʥʦ-

ʞʠʨʦʚʦʡ 

ʅʝ ʧʨʦʰʝʣ 5,6922 1,0000 

7 
çʀʣʴʠʥʩʢʦʝ

è 

ʉʧʨʝʜ 

ʨʘʩʪʠʪʝʣʴʥʦ-

ʞʠʨʦʚʦʡ 

ʅʝ ʧʨʦʰʝʣ 1,2924 1,0000 

 
ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʱʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʧʨʝʜʝʣʘ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ, ʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʩʧʝʢʪʨʘ 
ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʚʥʫʪʨʠ ʩʬʝʨʳ, ʪ.ʝ. ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ 
ʦʙʨʘʟʝʮ ʪʨʝʥʠʨʦʚʦʯʥʦʡ ʚʳʙʦʨʢʠ ʷʚʣʷʝʪʩʷ ʩʣʠʚʦʯʥʳʤ ʤʘʩʣʦʤ. ɺʳʷʚʣʝʥʦ, ʯʪʦ 
4 ʦʙʨʘʟʮʘ ʥʝ ʩʦʜʝʨʞʘʪ ʚ ʩʦʩʪʘʚʝ ʟʘʤʝʥʠʪʝʣʝʡ ʤʦʣʦʯʥʳʭ ʞʠʨʦʚ (ʩʣʠʚʦʯʥʦʝ ʤʘʩʣʦ); ʚ 
3 ʦʙʨʘʟʮʘʭ ʦʙʥʘʨʫʞʝʥʳ ʟʘʤʝʥʠʪʝʣʠ ʤʦʣʦʯʥʦʛʦ ʞʠʨʘ (ʩʦʛʣʘʩʥʦ ʤʘʨʢʠʨʦʚʢʝ ʦʙʨʘʟʮʳ 
ʦʪʥʦʩʷʪʩʷ ʢ ʩʧʨʝʜʘʤ ʨʘʩʪʠʪʝʣʴʥʦ-ʞʠʨʦʚʳʤ). 

ɺʳʚʦʜʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʜʝʰʝʚʠʟʥʦʡ, 

ʧʨʦʩʪʦʪʦʡ ʠ ʙʳʩʪʨʦʪʦʡ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ. ʇʦʩʪʨʦʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ 
ʧʦʢʘʟʘʣʘ ʘʜʝʢʚʘʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʣʠʚʦʯʥʳʭ ʤʘʩʝʣ, 
ʘ ʪʘʢʞʝ ʤʘʩʣʦʞʠʨʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ 
ʧʨʠʤʝʥʝʥʠʷ ʭʝʤʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʣʠʚʦʯʥʦʛʦ 
ʤʘʩʣʘ. 
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ʌʪʦʨʩʦʜʝʨʞʘʱʠʝ ʛʘʟʳ (CF4, CHF3, CCl2F2, SF6) ʷʚʣʷʶʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ 
ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʡ ʩʨʝʜʦʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʨʝʘʢʪʠʚʥʦ-
ʠʦʥʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʢʨʝʤʥʠʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʛʨʘʣʴʥʳʭ 
ʤʠʢʨʦʩʭʝʤ. ʆʩʥʦʚʥʦʡ ʠʥʪʝʨʝʩ ʟʜʝʩʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʘʪʦʤʳ ʬʪʦʨʘ (F) ʠ 
ʬʪʦʨʩʦʜʝʨʞʘʱʠʝ ʨʘʜʠʢʘʣʳ (CFx), ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʜʠʩʩʦʮʠʘʮʠʠ ʤʦʣʝʢʫʣ 
ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʠʭ ʛʘʟʦʚ, ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʮʝʣʝʚʦʡ ʭʘʨʘʢʪʝʨ ʦʙʨʘʙʦʪʢʠ 
ʧʦʚʝʨʭʥʦʩʪʠ. ʆʜʥʘʢʦ ʩ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ 
ʪʘʢʞʝ ʩʪʘʣʦ ʧʦʥʷʪʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʥʘʨʥʳʭ (ʜʚʦʡʥʳʭ) ʠʣʠ ʜʘʞʝ ʙʦʣʝʝ 
ʩʣʦʞʥʳʭ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʙʦʪʢʦʡ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʛʘʟʝ. ʊʘʢ ʥʘʧʨʠʤʝʨ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 
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ʚʪʦʨʦʛʦ ʛʘʟʘ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ: ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʣʘʟʤʳ (ʣʠʢʚʠʜʘʮʠʷ ʷʚʣʝʥʠʷ 
ʩʪʨʘʪʠʬʠʢʘʮʠʠ ï ʧʣʘʟʤʘ ʛʦʨʠʪ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʨʘʟʨʷʜʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ), 
ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʝʡ ʪʨʘʚʣʝʥʠʷ (ʨʘʟʙʘʚʣʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʛʘʟʘ ~ 20% 
ʚʪʦʨʦʛʦ ʛʘʟʘ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʘʨʘʤʝʪʨʘ ʩʢʦʨʦʩʪʠ ʪʨʘʚʣʝʥʠʷ ʧʨʠ 
ʵʢʦʥʦʤʠʠ ʦʩʥʦʚʥʦʛʦ ʛʘʟʘ), ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʘʥʠʟʦʪʨʦʧʠʠ ʧʨʦʮʝʩʩʘ (ʙʦʣʝʝ 
ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʨʦʬʠʣʴ ʪʨʘʚʣʝʥʠʷ) ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʦʧʦʣʦʛʠʠ ʤʠʢʨʦʩʭʝʤ [1, 2], 
ʟʘʱʠʪʳ ʦʪʢʘʯʥʳʭ ʩʨʝʜʩʪʚ ʠ ʧʦʚʳʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ ʧʨʦʠʟʚʦʜʩʪʚʘ 
(ʨʘʟʙʘʚʣʝʥʠʠ ʦʩʥʦʚʥʦʛʦ ʛʘʟʘ ʧʨʠʚʦʜʠʪ ʫ ʫʤʝʥʴʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʘʩʥʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʪʭʦʜʷʱʠʭ ʛʘʟʘʭ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ). ʂʨʦʤʝ ʵʪʦʛʦ ʚʚʝʜʝʥʠʝ 
ʚ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʠʡ ʛʘʟ: 1) ʢʠʩʣʦʨʦʜʘ (O2) ʧʦʟʚʦʣʷʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʯʠʱʘʪʴ 
ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ 
ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʣʝʪʫʯʠʭ ʦʢʩʠʜʦʚ; 2) ʚʦʜʦʨʦʜʘ (H2) ʜʦʧʦʣʥʠʪʝʣʴʥʦ 
çʧʦʜʧʦʣʠʨʦʚʳʚʘʝʪè ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʅʘʨʷʜʫ ʩ ʟʘʜʘʚʘʝʤʳʤʠ 
ʧʘʨʘʤʝʪʨʘʤʠ ʨʘʟʨʷʜʘ, ʥʘʯʘʣʴʥʳʡ ʩʦʩʪʘʚ ʩʤʝʩʠ (ʜʦʣʷ ʛʘʟʦʚʦʡ ʜʦʙʘʚʢʠ) ʪʘʢʞʝ 
ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ [3]. ʎʝʣʴʶ 
ʨʘʙʦʪʳ ʷʚʣʷʣʩʷ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʜʦʙʘʚʦʢ ʤʦʣʝʢʫʣʷʨʥʳʭ ʛʘʟʦʚ (N2, O2, H2) ʥʘ 
ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʣʘʟʤʳ ʪʝʪʨʘʬʪʦʨʤʝʪʘʥʘ ʚ ʫʩʣʦʚʠʷʭ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ 
ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʜʦʙʘʚʢʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʛʘʟʦʚ ʥʘ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ ʪʝʪʨʘʬʪʦʨʤʝʪʘʥʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʠʧʠʯʥʘʷ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ 
ʧʨʦʪʦʯʥʦʛʦ ʪʠʧʘ [4]. CF4, N2, O2 ʥʘʙʠʨʘʣʠʩʴ ʚ ʭʣʦʨʚʠʥʠʣʦʚʳʝ ʝʤʢʦʩʪʠ, ʦʪʢʘʯʝʥʥʳʡ ʜʦ 
ʜʘʚʣʝʥʠʷ ~ 1 ʇʘ, ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʙʘʣʣʦʥʘ ʩ ʤʘʨʢʦʡ "ʯʠʩʪʳʡ". ɻʘʟʦʦʙʨʘʟʥʳʡ 
ʚʦʜʦʨʦʜʘ ʧʦʣʫʯʘʣʩʷ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ ʚʦʜʳ ʥʘ ʘʧʧʘʨʘʪʝ ʂʫʣʦʥ-6. ɺ ʢʘʯʝʩʪʚʝ 
ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ ʚʳʩʪʫʧʘʣʠ: ʜʘʚʣʝʥʠʝ, ʩʦʩʪʘʚ ʩʤʝʩʠ ʠ ʪʦʢ ʨʘʟʨʷʜʘ. 
ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 2-ʟʦʥʜʦʚʳʡ 
ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʡ ʤʝʪʦʜ [4]. ʇʨʠ ʨʘʩʯʝʪʝ ʧʨʠʚʝʜʝʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ  ʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʨʘʜʠʫʩʫ 
ʪʨʫʙʢʠ ʧʦʜʯʠʥʷʝʪʩʷ ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ ʧʝʨʚʦʛʦ ʨʦʜʘ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ [4], ʘ ʚʝʣʠʯʠʥʘ 
ʪʝʤʧʝʨʘʪʫʨʳ ʫʩʨʝʜʥʷʣʘʩʴ ʥʘ ʧʦʣʫʨʘʜʠʫʩ ʨʝʘʢʪʦʨʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ, ʥʝʦʙʭʦʜʠʤʘʷ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ , ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ 
ʨʝʘʢʪʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʨʫʞʥʦʡ 
ʩʪʝʥʢʠ. ʀʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʡ ʩʪʝʥʢʠ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʭʨʦʤʝʣʴ-
ʢʦʧʝʣʝʚʦʡ ʪʝʨʤʦʧʘʨʳ.  

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ N2, 
O2, H2 ʚ ʩʤʝʩʷʭ ʩ CF4, ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʩʠʣʳ ʪʦʢʘ, ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 
ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ʪʘʙ.), ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 
ʣʠʥʝʡʥʳʤ ʩʧʘʜʦʤ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ (ʨʠʩ. 1), ʚʢʣʘʜʳʚʘʝʤʦʡ ʚ ʧʣʘʟʤʫ ʩʤʝʩʝʡ 
CF4/N2, CF4/O2 ʠ CF4/H2. 

 
ʊʘʙʣʠʮʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ  

ʦʪ ʜʦʣʠ N2, O2, H2 ʚ ʩʤʝʩʷʭ CF4/X (X = N2, O2, H2) 
 

 

 ɽ, ɺ/ʩʤ (CF4/N2) ɽ, ɺ/ʩʤ (CF4/O2) ɽ, ɺ/ʩʤ (CF4/H2) 

ɼʦʣʷ N2, O2, H2 ʚ 
ʩʤʝʩʠ 

15 ʤɸ 25 ʤɸ 15 ʤɸ 25 ʤɸ 15 ʤɸ 25 ʤɸ 

0 32.36 33.12 31.95 34.29 31.75 31.95 

20 34.81 35.51 31.43 32.68 24.88 23.01 

50 29.14 30.21 30.13 30.26 20.73 19.09 

80 27.32 25.71 25.93 27.97 16.23 14.35 

100 19.32 19.38 22.12 23.12 13.77 12.57 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, 
ʚʢʣʘʜʳʚʘʝʤʦʡ ʚ ʧʣʘʟʤʫ, ʦʪ ʜʦʣʠ N2, O2, H2  

ʚ ʩʤʝʩʷʭ CF4/X (X = N2, O2, H2)  
(ʪʦʢ ʨʘʟʨʷʜʘ 15 ʠ 25 ʤɸ) 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʪʘʢʞʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ, 

ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʤʝʩʝʡ CF4/N2 ʠ CF4/H2, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʦʣʠ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʩʤʝʩʷʭ ʠ ʣʠʰʴ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʘʟʦʪʘ ʙʦʣʝʝ 80 %, ʘ ʚʦʜʦʨʦʜʘ 

50 % ʥʘʯʠʥʘʝʪ ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʪʴʩʷ ʜʦ ʟʥʘʯʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʣʘʟʤʝ ʘʟʦʪʘ ʠ 

ʚʦʜʦʨʦʜʘ. ɺ ʩʣʫʯʘʝ CF4/O2 ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ ʢʠʩʣʦʨʦʜʘ ʚ ʩʤʝʩʠ. ɺʦʟʤʦʞʥʳʤ ʦʙʲʷʩʥʝʥʠʝʤ ʧʦʚʝʜʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʠʟʤʝʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʛʘʟʘ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʤʝʩʷʭ. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥ r ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʚʝʜʸʥʥʦʡ ʥʘʧʨʷʞʸʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʪ ʜʦʣʠ N2, O2, H2 ʚ ʩʤʝʩʷʭ ʩ CF4 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʦʢʘʭ ʨʘʟʨʷʜʘ. 

ʇʨʠʚʝʜʝʥʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʚ ʢʘʞʜʦʡ ʠʩʩʣʝʜʫʝʤʦʡ 

ʩʤʝʩʠ, ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʪʦʢʘ ʨʘʟʨʷʜʘ ʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ N2, O2, H2 ʧʣʘʚʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ ʟʥʘʯʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʠʩʪʦʤʫ ʪʝʪʨʘʬʪʦʨʤʝʪʘʥʫ ʜʦ ʟʥʘʯʝʥʠʡ 

ʯʠʩʪʳʭ N2, O2, H2. ʍʘʨʘʢʪʝʨ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ E/N 

ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʜʣʷ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ ʠ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩʚʷʟʘʥ ʩʦ ʩʥʠʞʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʠʙʝʣʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʨʦʮʝʩʩʝ ʜʠʩʩʦʮʠʘʪʠʚʥʦʛʦ 

ʧʨʠʣʠʧʘʥʠʷ ʢ ʤʦʣʝʢʫʣʘʤ ʪʝʪʨʘʬʪʦʨʤʝʪʘʥʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ N2, O2, H2. ɺ ʫʩʣʦʚʠʷʭ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʨʘʟʨʷʜʘ ʨʘʟʙʘʚʣʝʥʠʝ ʪʝʪʨʘʬʪʦʨʤʝʪʘʥʘ N2, O2, H2 ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ, ʨʦʩʪʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʧʘʜʝʥʠʶ ʚʝʣʠʯʠʥʳ E/N ʚ ʧʣʘʟʤʝ. 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʦʪ 

ʜʦʣʠ N2, O2, H2 ʚ ʩʤʝʩʷʭ CF4/X (X = N2, O2, 

H2) (ʪʦʢ ʨʘʟʨʷʜʘ 15 ʠ 25 ʤɸ) 

 

 

ʇʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʙʠʥʘʨʥʳʭ ʩʤʝʩʝʡ CF4/X (X = N2, O2, H2) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʨʷʜʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʩʣʦʚʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ, ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʤʝʩʝʡ CF4/N2 ʠ CF4/H2, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʩʤʝʩʷʭ ʠ ʣʠʰʴ ʧʨʠ ʚʳʩʦʢʠʭ 

ʩʪʝʧʝʥʷʭ ʨʘʟʙʘʚʣʝʥʠʷ CF4 (N2 > 80 %, H2 > 50 %) ʥʘʯʠʥʘʝʪ ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʪʴʩʷ ʜʦ 

ʟʥʘʯʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʣʘʟʤʝ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ. ɺ ʩʣʫʯʘʝ CF4/O2 ʧʨʦʠʩʭʦʜʠʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ ʢʠʩʣʦʨʦʜʘ ʚ ʩʤʝʩʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʝʜʝʥʠʝ ʧʨʠʚʝʜʝʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʪʠʧʠʯʥʦ ʜʣʷ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ.  
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ɼʦʣʷ ʛʘʟʦʚʦʡ ʜʦʙʘʚʢʠ  H2 ʚ ʩʤʝʩʠ CF4/H2 

 15 ʤɸ

 25 ʤɸ

 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʠ ʧʨʠʚʝʜʝʥʥʦʡ 

ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʪ 

ʜʦʣʠ N2, O2, H2 ʚ ʩʤʝʩʷʭ CF4/X  

(X = N2, O2, H2) (ʪʦʢ ʨʘʟʨʷʜʘ 15 ʠ 25 ʤɸ) 

 

ɺʢʣʘʜ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʢʫʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʟʚʠʪʠʝ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʥʘʫʢʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ: ʘ) ʨʘʟʚʠʪʠʠ ʪʝʦʨʠʠ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʝʡ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʚʥʝʰʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʣʘʟʤʳ, ʝʝ ʚʥʫʪʨʝʥʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʩʦʩʪʘʚʦʤ, ʢʠʥʝʪʠʢʦʡ ʠ ʤʝʭʘʥʠʟʤʘʤʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʣʘʟʤʝʥʥʦʛʦ ʪʨʘʚʣʝʥʠʷ; ʠ ʙ) ʥʘʢʦʧʣʝʥʠʠ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ 

ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʞʠʤʘʤ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʠ ʨʝʘʢʪʠʚʥʦ-

ʠʦʥʥʦʛʦ ʪʨʘʚʣʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʌɻɹʆʋ ɺʆ çʀɻʍʊʋè.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 22-29-

00216, https://rscf.ru/project/22-29-00216/. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ɻʘʣʧʝʨʠʥ ɺ.ɸ. ʇʨʦʮʝʩʩʳ ʧʣʘʟʤʝʥʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʚ ʤʠʢʨʦ- ʠ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʭ / ɺ. ɸ. ɻʘʣʧʝʨʠʥ, ɽ. ɺ. ɼʘʥʠʣʢʠʥ, ɸ. ʀ. ʄʦʯʘʣʦʚ. ï ʄ. : ɹʀʅʆʄ, 

2018. 283 ʩ. 

2. ɼʘʥʠʣʠʥ ɹ.ʉ. ʇʨʠʤʝʥʝʥʠʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʳ ʜʣʷ ʪʨʘʚʣʝʥʠʷ ʠ 

ʦʯʠʩʪʢʠ ʤʘʪʝʨʠʘʣʦʚ / ɹ.ʉ. ɼʘʥʠʣʠʥ, ɺ.ʖ. ʂʠʨʝʝʚ. ï ʄ. : ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1987. 264 ʩ. 

https://rscf.ru/project/22-29-00216/


ʈɸɿɼɽʃ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 

 

 91 

3. ɽʬʨʝʤʦʚ ɸ.ʄ. ɺʘʢʫʫʤʥʦ-ʧʣʘʟʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʪʝʭʥʦʣʦʛʠʠ / 

ɸ. ʄ. ɽʬʨʝʤʦʚ, ɺ. ʀ. ʉʚʝʪʮʦʚ, ɺ. ɺ. ʈʳʙʢʠʥ. ï  ʀʚʘʥʦʚʦ : ʀʚʘʥ. ɻʦʩ. ʍʠʤ.-ʊʝʭʥʦʣ. 

ʋʥ-ʪ., 2006. ï 260 ʩ. 

4. ʄʫʨʠʥ ɼ.ɹ., ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʩʧʝʢʪʨʳ ʠʟʣʫʯʝʥʠʷ ʧʣʘʟʤʳ 

ʪʨʠʭʣʦʨʠʜʘ ʙʦʨʘ / ɼ.ɹ. ʄʫʨʠʥ, ɸ.ɺ. ɼʫʥʘʝʚ // ʄʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ. ï 2018. ï ʊ. 47. ï 

ˉ. 2. ï ʉ. 106-114. 

 

 

 
ʋɼʂ 543.421/.424 

ʆʩʠʧʦʚʘ ʃ. ʉ., ʃʝʙʝʜʝʚ ɸ. ʉ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʦʙʥʘʨʫʞʝʥʠʷ ʩʫʙʩʪʘʥʜʘʨʪʥʦʛʦ ʩʘʭʘʨʘ-ʧʝʩʢʘ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʣʠʞʥʝʛʦ ʜʠʘʧʘʟʦʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʭʝʤʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʃ. ʉ. ʆʩʠʧʦʚʘ, ɸ. ʉ. ʃʝʙʝʜʝʚ  

ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʇ.ɻ. ɼʝʤʠʜʦʚʘ 

 

ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼʀʂʀ ʆɹʅɸʈʋɾɽʅʀʗ ʉʋɹʉʊɸʅɼɸʈʊʅʆɻʆ 

ʉɸʍɸʈɸ-ʇɽʉʂɸ ʄɽʊʆɼʆʄ ʀʂ-ʉʇɽʂʊʈʆʉʂʆʇʀʀ ɹʃʀɾʅɽɻʆ 

ɼʀɸʇɸɿʆʅɸ ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʍɽʄʆʄɽʊʈʀʏɽʉʂʆɻʆ ɸʅɸʃʀɿɸ 

 
ɸʥʥʦʪʘʮʠʷ: ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʙʥʘʨʫʞʝʥʠʷ ʬʘʣʴʩʠʬʠʢʘʮʠʠ 

ʩʘʭʘʨʘ-ʧʝʩʢʘ ʤʝʪʦʜʦʤ ɹʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʧʨʦʮʝʩʩʝ 

ʨʘʙʦʪʳ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʬʦʨʤʘʣʴʥʦ ʥʝʟʘʚʠʩʠʤʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʥʘʣʦʛʠʠ ʢʣʘʩʩʦʚ (SIMCA). 

ʊʘʢʞʝ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʩʣʦʚʠʷ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʭʝʤʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʪʝʩʪ-ʚʘʣʠʜʘʮʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɹʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʩʘʭʘʨ-ʧʝʩʦʢ, ʬʘʣʴʩʠʬʠʢʘʮʠʷ, ʭʝʤʦʤʝʪʨʠʢʘ, ʤʝʪʦʜʠʢʘ. 

 

 

L. S. Osipova, A. S. Lebedev 

 

DEVELOPMENT OF A TECHNIQUE FOR DETECTING SUBSTANDARD 

GRANULATED SUGAR BY NEAR -RANGE IR SPECTROSCOPY USING 

CHEMOMETRIC ANALYSIS  

 
Abstract:  in the course of the work, a technique was developed for detecting the falsification of 

granulated sugar by NIR spectroscopy using discriminant analysis. In the process of work, the method of 

formally independent modeling of analogies of classes (SIMCA) was used. The appropriate sample 

preparation conditions were also selected for the implementation of the chemometric analysis method. 

According to the test validation data, the discriminative model effectively classified samples based on their 

spectral data. 

Keywords: NIR spectroscopy, refined sugar, falsification, chemometrics, methodology. 

 

 

ʋ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ 

ʧʦʣʴʟʫʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʩʧʨʦʩʦʤ, ʚʢʣʶʯʘʷ ʠ ʩʘʭʘʨ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ. ʅʘ ʨʳʥʢʝ 

ʨʘʟʣʠʯʘʶʪ ʵʢʩʪʨʘ ʙʝʣʳʡ ʩʘʭʘʨ (ʢʘʪʝʛʦʨʠʷ ʵʢʩʪʨʘ), ʙʝʣʳʡ ʩʘʭʘʨ (ʢʘʪʝʛʦʨʠʠ ʊʉ1, ʊʉ2), 

ʬʘʙʨʠʯʥʳʡ ʙʝʣʳʡ ʩʘʭʘʨ (ʢʘʪʝʛʦʨʠʷ ʊʉɿ). ɺ ʙʝʣʦʤ ʩʘʭʘʨʝ ʢʘʪʝʛʦʨʠʠ ʵʢʩʪʨʘ 

ʩʦʜʝʨʞʠʪʩʷ ʥʝ ʤʝʥʝʝ 99,80% ʩʘʭʘʨʦʟʳ; ʚ ʊʉ1 ʠ ʊʉ2 - ʥʝ ʤʝʥʝʝ 99,70%, ʚ ʊʉ3 - ʥʝ 

ʤʝʥʝʝ 99,5%. ʂʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʛʦ ʩʘʭʘʨʘ ʧʨʠʥʷʪʦ ʦʧʨʝʜʝʣʷʪʴ ʧʦ 

ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ [1]. 

                                                 
 É ʆʩʠʧʦʚʘ ʃ. ʉ., ʃʝʙʝʜʝʚ ɸ. ʉ., 2023 
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ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʬʦʨʤ ʬʘʣʴʩʠʬʠʢʘʮʠʠ ʩʘʭʘʨʥʦʛʦ ʧʝʩʢʘ 

ʷʚʣʷʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝ ʚʣʘʛʠ, ʚʩʣʝʜʩʪʚʠʝ ʢʦʪʦʨʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʘʩʩʘ ʥʝʪʪʦ ʛʦʪʦʚʦʛʦ 

ʧʨʦʜʫʢʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʠʟ-ʟʘ ʚʣʘʛʠ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠʟ-ʟʘ 

ʥʝʩʦʙʣʶʜʝʥʠʷ ʥʦʨʤ ʭʨʘʥʝʥʠʷ ʩʘʭʘʨʘ [2]. 

ɺ ʪʘʙʣʠʮʝ 1 ʫʢʘʟʘʥʘ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʚʣʘʛʠ ʚ ʩʘʭʘʨʝ, ʧʨʝʚʳʰʝʥʠʝ ʢʦʪʦʨʦʡ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʫʙʩʪʘʥʜʘʨʪʥʳʡ ʧʨʦʜʫʢʪ.  

 

ʊʘʙʣʠʮʘ 1. ʉʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʩʘʭʘʨʝ-ʧʝʩʢʝ 
 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ɿʥʘʯʝʥʠʝ ʧʦ ʢʘʪʝʛʦʨʠʷʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʙʝʣʦʛʦ ʩʘʭʘʨʘ, ʩʘʭʘʨʥʦʡ ʧʫʜʨʳ ʙʝʟ 

ʘʥʪʠʩʣʝʞʠʚʘʶʱʠʭ ʘʛʝʥʪʦʚ, ʢʫʩʢʦʚʦʛʦ 

ʙʝʣʦʛʦ ʩʘʭʘʨʘ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʚʣʘʛʠ,%, ʥʝ ʙʦʣʝʝ: ʕʢʩʪʨʘ ʊʉ1 ʊʉ2 ʊʉ3 

-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʩʘʭʘʨ 0,10 0,10 0,12 0,15 

-ʉʘʭʘʨʥʘʷ ʧʫʜʨʘ ʙʝʟ ʘʥʪʠʩʣʝʞʠʚʘʶʱʠʭ  

ʘʛʝʥʪʦʚ 
0,20 0,20 0,20 - 

-ʢʫʩʢʦʚʦʡ ʩʘʭʘʨ 0,25 0,25 0,25 0,25 

 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ 

ʭʝʤʦʤʝʪʨʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʩʫʙʩʪʘʥʜʘʨʪʥʦʛʦ ʩʘʭʘʨʘ-ʧʝʩʢʘ ʚʳʩʪʫʧʘʣʘ ɹʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ.  

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʚ ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ (NIR) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʦʣʴʟʫʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʚ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʟ-ʟʘ ʝʛʦ ʥʠʟʢʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʠ ʧʦʩʢʦʣʴʢʫ ʦʥ ʥʝ 

ʪʨʝʙʫʝʪ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦ ʥʝʨʘʟʨʫʰʘʶʱʠʡ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ, 

ʙʳʩʪʨʳʡ ʤʝʪʦʜ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʝʞʠʤʝ at-line [3]. 

ʀʜʝʷ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ, ʥʝ ʨʘʟʜʝʣʷʷ ʢʦʤʧʦʥʝʥʪʳ, ʦʧʨʝʜʝʣʠʪʴ 

ʩʦʩʪʘʚ ʦʙʨʘʟʮʘ ʧʦ ʝʛʦ ʩʧʝʢʪʨʫ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʪ 780 ʜʦ 2500 ʥʤ (ʦʪ 12500 ʜʦ 

4000 ʩʤ-1). ʄʝʪʦʜ NIR-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʙʳʣ ʦʬʠʮʠʘʣʴʥʦ 

ʧʨʠʥʷʪ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʙʲʝʢʪʦʚ [4-5]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʚʳʷʚʣʝʥʠʷ 

ʩʫʙʩʪʘʥʜʘʨʪʥʦʛʦ ʙʝʣʦʛʦ ʩʘʭʘʨʘ ʤʝʪʦʜʦʤ ɹʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʩʫʙʩʪʘʥʜʘʨʪʥʦʛʦ ʙʝʣʦʛʦ ʩʘʭʘʨʘ ʪʨʝʙʦʚʘʣʦʩʴ ʧʦʜʦʙʨʘʪʴ 

ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ɹʀʂ-ʘʥʘʣʠʟʘ ʠ ʭʝʤʦʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ɹʀʂ-ʩʧʝʢʪʨʳ ʨʘʟʣʠʯʥʳʭ ʥʘʚʝʩʦʢ ʩʘʭʘʨʘ-ʧʝʩʢʘ, ʩʦʩʪʘʚʣʷʶʱʠʝ 

0,10 ʛ; 0,25 ʛ; 0,50 ʛ; 1,00 ʛ; 2,00 ʛ; 5,00 ʛ (ʨʠʩ.1). ʐʘʛ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣ 2 ʩʤ-1. 

ʈʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʜʣʷ ʨʘʙʦʪʳ ʚ ɹʀʂ-ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʠʣ ʦʪ 11000 ʜʦ 4000 ʩʤ-1, ʪʘʢ ʢʘʢ 

ʥʘ ʚʦʣʥʦʚʳʭ ʯʠʩʣʘʭ ʩʚʳʰʝ 11000 ʩʤ-1 ʥʝ ʙʳʣʦ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ. 

ʇʨʠ ʧʨʦʛʨʘʤʥʦʤ ʧʦʧʘʨʥʦʤ ʩʨʘʚʥʝʥʠʠ ɹʀʂ-ʩʧʝʢʪʨʦʚ ʦʙʨʘʟʮʘ ʩʘʭʘʨʘ (ʩʘʭʘʨ 

çʏʫʪʦʯʢʘè ʢʘʪʝʛʦʨʠʠ ʊʉ2) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʥʘʚʝʩʦʢ, ʫʩʪʘʥʦʚʠʣʠ: 

ʇʨʠ ʥʘʚʝʩʢʘʭ ʦʙʨʘʟʮʘ ʤʝʥʝʝ 0,5 ʛ, ʚʦʟʥʠʢʘʣʠ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, 

ʩʥʠʞʘʣʘʩʴ ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʦʚ.  

ʇʨʠ ʥʘʚʝʩʢʘʭ ʦʙʨʘʟʮʘ 2 ʛ ʠ ʙʦʣʝʝ, ʭʘʨʘʢʪʝʨ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʝ ʤʝʥʷʣʩʷ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʥʘʚʝʩʢʦʡ 1ʛ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʥʘʚʝʩʢʘ ʦʙʨʘʟʮʘ, ʩʦʩʪʘʚʣʷʶʱʘʷ 

1 ʛ. 



ʈɸɿɼɽʃ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 

 

 93 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʩʷ ʚ ʘʥʘʣʠʟʝ ʪʠʧʠʯʥʦʛʦ ɹʀʂ-ʩʧʝʢʪʨʘ ʙʝʣʦʛʦ 

ʩʘʭʘʨʘ (ʨʠʩ. 2). 

 

 
 

ʈʠʩ. 1. ɹʀʂ-ʩʧʝʢʪʨʳ ʩʘʭʘʨʘ-ʧʝʩʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʣʠʯʥʳʤ ʥʘʚʝʩʢʘʤ.  

1-0,25 ʛ; 2 ï 0,10 ʛ; 3 ï 0,50 ʛ; 4 ï 1,00 ʛ; 5 ï 2,00 ʛ; 6 ï 5,00 ʛ 

 

 

 
 

ʈʠʩ. 2. ʊʠʧʠʯʥʳʡ ɹʀʂ-ʩʧʝʢʪʨ ʩʘʭʘʨʘ-ʧʝʩʢʘ 

 

 
ʅʘ ʩʧʝʢʪʨʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʣʘʩʪʠ: 

ʉʅ-ʛʨʫʧʧʘ 

- ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʦʪʘ 4160-4200 ʩʤ-1 

- ʧʝʨʚʳʡ ʦʙʝʨʪʦʥ ï 6500-6400 ʩʤ-1 

- ʚʪʦʨʦʡ ʦʙʝʨʪʦʥ ï 7100-7500 ʩʤ-1.  

ROH-ʛʨʫʧʧʘ  
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- ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʦʪʘ ï 4800 ʩʤ-1 

- ʧʝʨʚʳʡ ʦʙʝʨʪʦʥ ï 6800-7000 ʩʤ-1   

- ʪʨʝʪʠʡ ʦʙʝʨʪʦʥ 10400 ʩʤ-1 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʭʝʤʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ 51 ʦʙʨʘʟʮʘ ʙʝʣʦʛʦ ʩʘʭʘʨʘ ʨʘʟʥʳʭ ʢʘʪʝʛʦʨʠʡ ʠ 6 

ʩʫʙʩʪʘʥʜʘʨʪʥʳʭ (ʫʚʣʘʞʥʝʥʥʳʭ) ʦʙʨʘʟʮʦʚ ʙʝʣʦʛʦ ʩʘʭʘʨʘ. ʉʥʘʯʘʣʘ ɹʀʂ-ʩʧʝʢʪʨʳ 

ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʤʝʪʦʜʦʤ ʘʚʪʦʰʢʘʣʠʨʦʚʘʥʠʷ (ʮʝʥʪʨʠʨʦʚʘʥʠʝ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʥʦʨʤʠʨʦʚʘʥʠʝʤ). ɼʘʣʝʝ ʥʘ ʦʩʥʦʚʝ ʘʚʪʦʰʢʘʣʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ 

ʩʪʨʦʠʣʘʩʴ ʤʦʜʝʣʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ. ɺ ʥʝʝ ʩʧʝʮʠʘʣʴʥʦ ʙʳʣʦ 

ʚʥʝʩʝʥʦ 6 ʩʫʙʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ ʩʘʭʘʨʘ-ʧʝʩʢʘ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʪʝʭʥʠʢʠ 

ʫʚʣʘʞʥʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ʚʣʘʞʥʦʛʦ ʚʦʟʜʫʭʘ. ʕʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʨʘʙʦʪʳ ʭʝʤʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʦʜʦʙʨʘʥʥʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʅʘ ʛʨʘʬʠʢʝ ʩʯʝʪʦʚ ʩʘʭʘʨʘ-ʧʝʩʢʘ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʫʚʣʘʞʥʝʥʥʦʛʦ ʩʘʭʘʨʘ-ʧʝʩʢʘ (ʚʳʙʨʦʩʳ ʧʦʜ ʥʦʤʝʨʘʤʠ 50, 51, 53, 

55, 56, 57) ʤʦʜʝʣʴ ʥʝ ʦʪʥʝʩʣʘ ʢ ʦʙʨʘʟʮʘʤ ʪʨʝʥʠʨʦʚʦʯʥʦʡ ʚʳʙʦʨʢʠ, ʪʦ ʝʩʪʴ ʵʪʠ ʦʙʨʘʟʮʳ 

ʥʝ ʷʚʣʷʶʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʩʘʭʘʨʘ-ʧʝʩʢʘ (ʨʠʩ. 3). ʉʦʛʣʘʩʥʦ ʘʥʘʣʠʟʫ 

ʛʨʘʬʠʢʘ ʥʘʛʨʫʟʦʢ (ʨʠʩ.4), ʚ ʧʝʨʚʫʶ ʛʣʘʚʥʫʶ ʢʦʤʧʦʥʝʥʪʫ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚʥʦʩʷʪ 

ʩʠʛʥʘʣʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʦʣʥʦʚʳʤ ʯʠʩʣʘʤ 6984 ʩʤ-1, 4982 ʩʤ-1, 4892 ʩʤ-1 ʠ 4456 ʩʤ-1. 

 

 
 

ʈʠʩ. 3. ɻʨʘʬʠʢ ʩʯʝʪʦʚ ʩʘʭʘʨʘ  

ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʈʠʩ. 4. ɻʨʘʬʠʢ ʥʘʛʨʫʟʦʢ  

ʜʣʷ ʧʝʨʚʦʡ ʛʣʘʚʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 

 
ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʩʷ ʚ ʚʘʣʠʜʘʮʠʠ ʨʘʙʦʯʝʡ ʭʝʤʦʤʝʪʨʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʝʣʠ ʧʨʦʚʦʜʠʣʠ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʶ 

ʤʝʪʦʜʦʤ ʠʩʢʣʶʯʝʥʠʷ ʧʦ ʦʜʥʦʤʫ (LOO) (ʨʠʩ. 5). ɼʣʷ ʦʮʝʥʢʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʭʝʤʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʪʝʩʪ-

ʚʘʣʠʜʘʮʠʷ (ʨʠʩ. 6). 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚʘʣʠʜʘʮʠʠ ʫʩʪʘʥʦʚʠʣʠ: 

ʍʝʤʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʬʬʝʢʪʠʚʥʘ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʩʫʙʩʪʘʥʜʘʨʪʥʳʭ ʠ 

ʬʘʣʴʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʘʭʘʨʘ-ʧʝʩʢʘ. 

ʇʨʝʜʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʜʣʷ ʧʨʠʟʥʘʥʠʷ ʦʙʨʘʟʮʘ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʢʣʘʩʩʫ çʢʘʯʝʩʪʚʝʥʥʳʡ ʩʘʭʘʨ-ʧʝʩʦʢè ʩʦʩʪʘʚʣʷʝʪ 0,6%. 

ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʭʝʤʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʝʘʣʴʥʳʭ 

(ʢʦʤʤʝʨʯʝʩʢʠʭ) ʦʙʨʘʟʮʦʚ ʩʘʭʘʨʘ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʦʛʦ ʥʘʤʠ ʩʫʙʩʪʘʥʜʘʨʪʥʦʛʦ 
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ʩʘʭʘʨʘ-ʧʝʩʢʘ (ʩʘʭʘʨ çʂʨʘʩʥʘʷ ʮʝʥʘè, ʚʣʘʛʘ ʩʦʩʪʘʚʠʣʘ 10,3 %) ʠ ʦʙʨʘʟʮʦʚ ʫʛʣʝʚʦʜʦʚ, 

ʦʪʣʠʯʥʳʭ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʪʨʦʝʥʠʶ ʦʪ ʩʘʭʘʨʦʟʳ (ʪʘʙʣ. 2). 

 

 
ʈʠʩ. 5. ɻʨʘʬʠʢ ʩʯʝʪʦʚ ʤʦʜʝʣʠ 

ʩʘʭʘʨʘ ʩ ʜʘʥʥʳʤʠ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʠ. 

ʉʠʥʠʝ ʪʦʯʢʠ ï ʦʙʨʘʟʮʳ ʩʘʭʘʨʘ, 

ʢʨʘʩʥʳʝ ʪʦʯʢʠ ï  

ʜʘʥʥʳʝ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʠ 

ʈʠʩ. 6. ɻʨʘʬʠʢ çʉʯʝʪʦʚè,  

ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʩʪ-ʚʘʣʠʜʘʮʠʠ. 

ʂʨʘʩʥʳʝ ʪʦʯʢʠ ï ʚʘʣʠʜʘʮʠʦʥʥʳʡ ʥʘʙʦʨ,  

ʩʠʥʠʝ ʪʦʯʢʠ ï ʪʨʝʥʠʨʦʚʦʯʥʘʷ ʚʳʙʦʨʢʘ 

 
ʊʘʙʣʠʮʘ 2. ʀʩʧʳʪʘʥʠʝ ʤʦʜʝʣʠ ʥʘ ʨʝʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ 

 

ʆʙʨʘʟʝʮ ʄʦʜʝʣʴ ʂʣʘʩʩʠʬʠʮʠʨʦʚʘʥʦ ʈʝʟʫʣʴʪʘʪ 

ʉʘʭʘʨ ʇʠʪʝʨʩʢʠʡ ʊʉ2  sugar  sugar  Passed  

ʉʘʭʘʨ ʉʝʣʷʥʦʯʢʘ ʊʉ2 sugar sugar Passed  

ʉʘʭʘʨ ʄʝʛʘʤʘʨʪ ʊʉ2 sugar sugar Passed  

ʉʘʭʘʨ ʈʫʩʩʢʠʡ ʊʉ2 sugar sugar Passed  

ʃʘʢʪʦʟʘ ʨʝʘʢʪʠʚ  sugar other  Failed 

ʄʘʣʴʪʦʟʘ ʨʝʘʢʪʠʚ  sugar other  Failed 

ʉʘʭʘʨ ʂʨʘʩʥʘʷ ʮʝʥʘ 

ʫʚʣʘʞʥʝʥʥʳʡ  

sugar other Failed 

 
ʇʦʣʫʯʝʥʥʘʷ ʭʝʤʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʝ ʦʪʥʦʩʠʪ ʢ ʢʣʘʩʩʫ ʙʝʣʦʛʦ ʩʘʭʘʨʘ 

ʩʣʝʜʫʶʱʠʝ ʦʙʨʘʟʮʳ: ʣʘʢʪʦʟʫ, ʤʘʣʴʪʦʟʫ, ʫʚʣʘʞʥʝʥʥʳʡ ʩʘʭʘʨ. ʆʙʨʘʟʮʳ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʩʘʭʘʨʘ ʤʦʜʝʣʴ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʢʘʢ ʩʘʭʘʨ-ʧʝʩʦʢ (ʢʣʘʩʩ sugar). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʫʩʣʦʚʠʷ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ, ʧʨʦʚʝʜʝʥʠʷ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ, ʭʝʤʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʤʝʪʦʜʠʢʠ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ 

ʬʘʣʴʩʠʬʠʢʘʮʠʠ ʩʘʭʘʨʘ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʢʘʟʘʥʳ 

ʜʠʘʧʘʟʦʥʳ ʩʠʛʥʘʣʦʚ, ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢ ʥʘ ʨʝʘʣʴʥʳʭ 

ʦʙʨʘʟʮʘʭ ʩʘʭʘʨʘ. ɺʦ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʩʣʫʯʘʷʭ ʤʦʜʝʣʴ ʢʦʨʨʝʢʪʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʘ 

ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ (ʪʘʙʣʠʮʘ 2) ʦʙʨʘʟʮʳ. ɺ ʙʫʜʫʱʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʭʝʤʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ɻʆʉʊ 33222-2015. ʉʘʭʘʨ ʙʝʣʳʡ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ: 

ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʘʥʜʘʨʪ: ʜʘʪʘ ʚʚʝʜʝʥʠʷ 01.07.2016/ ʌʝʜʝʨʘʣʴʥʦʝ ʘʛʝʥʪʩʪʚʦ ʧʦ 
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ɺʚʝʜʝʥʠʝ 

ʇʣʘʟʤʦʭʠʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠʣʠ 

ʧʨʠʜʘʚʘʪʴ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʚʝʩʪʥʳʤ ʤʘʪʝʨʠʘʣʘʤ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʦʟʤʦʞʥʦ ʧʨʠʜʘʥʠʝ ʤʘʪʝʨʠʘʣʘʤ ʦʛʥʝʫʧʦʨʥʳʭ ʩʚʦʡʩʪʚ 

                                                 
 É ʆʱʝʥʢʦ ʀ. ʀ., ʉʤʠʨʥʦʚ ʉ. ɸ., 2023 
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ʠʣʠ ʢʘʢ ʤʠʥʠʤʫʤ ʩʥʠʞʝʥʠʝ ʠʭ ʛʦʨʶʯʝʩʪʠ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʥʘ 

ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʠʣʠ ʟʘ ʩʯʝʪ ʧʦʣʥʦʡ ʧʨʦʧʠʪʢʠ ʩʧʝʮʠʘʣʴʥʳʤʠ ʞʠʜʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ [1]. 

ʇʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʧʣʘʟʤʝ, ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʢʘʥʘʣʴʥʳʤʠ ʠ 

ʤʥʦʛʦʩʪʘʜʠʡʥʳʤʠ, ʘ ʚʥʫʪʨʝʥʥʠʝ ʧʘʨʘʤʝʪʨʳ ʧʣʘʟʤʳ ʩʘʤʠ ʟʘʚʠʩʷʪ ʦʪ ʩʢʦʨʦʩʪʝʡ 

ʧʨʦʪʝʢʘʶʱʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʦʵʪʦʤʫ ʘʥʘʣʠʟ ʪʘʢʦʡ ʩʣʦʞʥʦʡ 

ʩʠʩʪʝʤʳ ʪʨʝʙʫʝʪ ʢʨʦʤʝ ʰʠʨʦʢʦʛʦ ʥʘʙʦʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ [2] ʪʘʢʞʝ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʯʠʩʣʝʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ 

ʧʦʜʚʦʜʥʦʤ ʨʘʟʨʷʜʝ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʛʦʨʷʱʝʛʦ ʤʝʞʜʫ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. 

 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʨʘʩʯʝʪʘ 

ʀʟʫʯʘʝʤʳʡ ʨʘʟʨʷʜ ʯʘʩʪʦʪʦʡ ʪʦʢʘ 50 ɻʮ ʚʦʟʙʫʞʜʘʣʩʷ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ 

ʤʝʞʜʫ ʜʚʫʤʷ ʵʣʝʢʪʨʦʜʘʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʠʟ ʤʦʣʠʙʜʝʥʘ, ʤʝʜʠ ʠ ʩʪʘʣʠ (ʉʪ3ʩʧ). ɹʦʣʴʰʘʷ 

ʯʘʩʪʴ ʵʣʝʢʪʨʦʜʦʚ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʚ ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʞʫʭʘʭ, ʘ ʩʘʤʠ ʢʦʞʫʭʠ ʨʘʩʧʦʣʘʛʘʣʠʩʴ 

ʧʦʜ ʫʛʣʦʤ ʜʨʫʛ ʢ ʜʨʫʛʫ (å 45ę) ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʳʩʦʪʳ. ɼʠʘʤʝʪʨʳ 

ʵʣʝʢʪʨʦʜʦʚ ʥʝ ʧʨʝʚʳʰʘʣʠ 1 ʤʤ. ʄʝʞʵʣʝʢʪʨʦʜʥʦʝ ʨʘʩʩʪʦʷʥʠʝ (L) ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʚ 

ʠʥʪʝʨʚʘʣʝ ʦʪ 0,5 ʜʦ 3 ʤʤ. ʆʙʲʝʤ ʢʶʚʝʪʳ ʩʦʩʪʘʚʣʷʣ 50 ʤʣ. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʚʢʣʶʯʘʣʘ ʚ 

ʩʝʙʷ ʧʦʚʳʰʘʶʱʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ 10 ʢɺ), 

ʣʘʙʦʨʘʪʦʨʥʳʡ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨ ʠ ʙʘʣʣʘʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (12 ʢʆʤ). 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʠ ʫʪʦʯʥʝʥʠʷ ʩʦʩʪʘʚʘ 

ʛʘʟʦʚʦʡ ʬʘʟʳ ʧʣʘʟʤʦʨʘʩʪʚʦʨʥʦʡ ʩʠʩʪʝʤʳ, ʚʳʧʦʣʥʝʥʦ ʢʠʥʝʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʣʘʟʤʳ, ʢʦʪʦʨʦʝ ʦʩʥʦʚʘʥʦ ʥʘ ʩʦʚʤʝʩʪʥʦʤ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ 

ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ, ʫʨʘʚʥʝʥʠʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʢʠʥʝʪʠʢʠ ʜʣʷ ʦʩʥʦʚʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣ ʢʠʩʣʦʨʦʜʘ, ʚʦʜʳ, ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʫʨʘʚʥʝʥʠʡ ʭʠʤʠʯʝʩʢʦʡ 

ʢʠʥʝʪʠʢʠ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʘʩʪʠʝʤ ʫʢʘʟʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʋʨʘʚʥʝʥʠʝ 

ɹʦʣʴʮʤʘʥʘ ʨʝʰʘʣʦʩʴ ʚ ʜʚʫʯʣʝʥʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʩʬʝʨʠʯʝʩʢʠʤ 

ʛʘʨʤʦʥʠʢʘʤ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ. 

ɺ ʦʩʥʦʚʫ ʘʥʘʣʠʟʘ ʧʦʣʦʞʝʥʳ ʩʭʝʤʳ ʧʨʦʮʝʩʩʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [3]. 

ʇʨʠ ʨʘʩʯʝʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʟʨʷʜʘ. 

ʀʩʧʦʣʴʟʫʝʤʘʷ ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʜʦʨʘʙʦʪʘʥʥʫʶ ʚʝʨʩʠʶ ʧʨʦʛʨʘʤʤʳ [4], 

ʩʦʟʜʘʥʥʦʡ ɺ. ɺ. ʈʳʙʢʠʥʳʤ, ɸ. ɹ. ɹʝʩʩʘʨʘʙʦʤ ʠ ʉ. ɸ. ʉʤʠʨʥʦʚʳʤ [5]. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 
ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʵʣʝʢʪʨʦʜʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʤʦʣʠʙʜʝʥʘ ʩʦʩʪʘʚ ʛʘʟʦʚʦʡ ʬʘʟʳ ʚ ʧʫʟʳʨʢʝ 

ʠʜʝʥʪʠʯʝʥ, ʠ ʩʦʩʪʘʚʣʷʝʪ 40 % ʢʠʩʣʦʨʦʜʘ, 57 % ʚʦʜʦʨʦʜʘ, 3 % ʧʘʨʦʚ ʚʦʜʳ. ɼʣʷ ʩʠʩʪʝʤ 

ʩ ʤʦʣʠʙʜʝʥʦʚʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʩʦʩʪʘʚ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ: 50 % ʢʠʩʣʦʨʦʜʘ, 42 % 

ʚʦʜʦʨʦʜʘ ʠ 8 % ʧʘʨʦʚ ʚʦʜʳ. ʇʨʠ ʜʘʥʥʦʤ ʩʦʩʪʘʚʝ ʛʘʟʦʚʦʡ ʬʘʟʳ ʫʜʘʝʪʩʷ ʜʦʙʠʪʴʩʷ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʩʦʛʣʘʩʠʷ ʤʝʞʜʫ ʨʘʩʯʝʪʥʳʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʠʟʣʫʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʟʨʷʜʘ (ʨʠʩ. 1ʘ). ʅʘ ʨʠʩ. 2 

ʧʨʠʚʝʜʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ. ɺʝʣʠʯʠʥʳ 

ʩʢʦʨʦʩʪʝʡ ʜʨʝʡʬʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʟʘʚʠʩʷʪ ʦʪ ʤʘʪʝʨʠʘʣʘ 

ʵʣʝʢʪʨʦʜʦʚ (ʨʠʩ. 1ʙ). ɸʥʘʣʦʛʠʯʥʦ ʌʈʕʕ ʠʟʤʝʥʷʶʪʩʷ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʡ 

(ʨʠʩ. 3). 
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ʈʠʩ. 1. ʈʘʩʯʝʪʥʘʷ (ʣʠʥʠʠ) ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ (ʪʦʯʢʠ) ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ (a) ʣʠʥʠʡ 

ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ (1), ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ (3) ʠ ʧʦʣʦʩ ʛʠʜʨʦʢʩʠʣ ʨʘʜʠʢʘʣʘ (2)  

ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʝʡ ʜʨʝʡʬʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (ʙ) ʵʣʝʢʪʨʦʥʦʚ  

ʜʣʷ ʦʩʥʦʚʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʵʣʝʢʪʨʦʜʦʚ 
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ʈʠʩ. 2. ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ ʚ ʨʘʟʨʷʜʝ ʩ ʵʣʝʢʪʨʦʜʘʤʠ: 

Cu-Cu (1), Cu-Fe (2), Fe-Fe (3) ʠ Mo-Mo (4)  
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ʈʠʩ. 3. ɺʣʠʷʥʠʝ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʜʦʚ ʥʘ ʵʬʬʝʢʪʠʚʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʢʦʨʦʩʪʝʡ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ O2 + e ­O2(D
1) + e (1) ʠ O2 + e ­2O(3P) + e (2) 



ʈɸɿɼɽʃ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʈʠʩ. 4. ʂʦʥʮʝʥʪʨʘʮʠʠ H2O (1), H2 (2), O2 (3), OH (4), H(1S) (5), H2O2 (6), O3 (7),  

ʚ ʧʣʘʟʤʝ ʧʨʠ L = 0,3 ʤʤ 

 

ɹʣʘʛʦʜʘʨʷ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʨʝʜʳ ʛʝʥʝʨʘʮʠʠ, ʦʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʣʘʟʤʳ 

ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʧʘʨʳ ʚʦʜʳ, ʤʦʣʝʢʫʣʳ ʠ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ, ʚʦʜʦʨʦʜʘ ʠ ʛʠʜʨʦʢʩʠʣ 

ʨʘʜʠʢʘʣʳ. ʊʘʢʞʝ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʪʦʤʳ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʜʦʚ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʨʘʩʩʯʠʪʘʪʴ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʙʦʣʴʰʠʥʩʪʚʘ ʯʘʩʪʠʮ, ʧʨʠʤʝʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4. 

ʇʦʤʠʤʦ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʠ ʥʘʛʨʝʚʘ ʞʠʜʢʦʡ ʬʘʟʳ, ʨʘʟʨʷʜ ʪʘʢʞʝ ʩʣʫʞʠʪ 

ʩʠʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʋʌ-ʠʟʣʫʯʝʥʠʷ, ʜʘʥʥʳʝ ʧʦ ʥʝʤʫ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 

ʊʘʙʣʠʮʘ. ʋʌ-ʠʟʣʫʯʝʥʠʝ ʦʪ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʩʤ-2Ŀʩ-1 

ʀʩʪʦʯʥʠʢ 

ʄʘʪʝʨʠʘʣ ʵʣʝʢʪʨʦʜʦʚ 

Cu-Cu Cu-Fe Fe-Fe Mo-Mo 

O 5,29Ŀ1011 8,88Ŀ1011 1,46Ŀ1010 1,85Ŀ1012 

OH 1,70Ŀ1014 1,26Ŀ1016 3,17Ŀ1015 1,08Ŀ1016 

 

ɺ ʨʘʟʨʷʜʥʦʤ ʢʘʥʘʣʝ ʦʙʨʘʟʦʚʘʥʠʝ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ O(3P), ʩʫʜʷ ʧʦ ʚʩʝʤʫ, 

ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ 3 ʦʩʥʦʚʥʳʭ ʢʘʥʘʣʘ. ɼʠʩʩʦʮʠʘʮʠʷ ʧʨʷʤʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ 

ʤʦʣʝʢʫʣʳ ʢʠʩʣʦʨʦʜʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭ ʛʠʜʨʦʢʩʠʣ ʨʘʜʠʢʘʣʦʚ ʠ ʨʝʘʢʮʠʠ ʘʪʦʤʦʚ 

ʢʠʩʣʦʨʦʜʘ O(1S) ʩ ʚʦʜʦʡ. ɻʠʙʝʣʴ O(3P) ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩ 

ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠʣʠ ʛʠʜʨʦʢʩʠʣ ʨʘʜʠʢʘʣʘʤʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʪʝʨʠʘʣʘʤʠ ʵʣʝʢʪʨʦʜʦʚ. ʆʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʘ ʠ 

ʛʠʜʨʦʢʩʠʣ ʨʘʜʠʢʘʣʘ ʩʚʷʟʘʥʥʦ ʚ ʦʩʥʦʚʥʦʤ ʩ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʩʩʦʮʠʘʮʠʝʡ ʚʦʜʳ. 

ʂʨʦʤʝ ʪʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ OH ʩʚʷʟʘʥʥʦ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʦʣʝʢʫʣ ʚʦʜʳ ʩ 

ʘʪʦʤʘʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ. ɻʠʜʨʦʢʩʠʣ ʨʘʜʠʢʘʣʳ ʚ ʨʝʘʢʮʠʷʭ ʩ HO2, H2O2 ʠʣʠ OH 

ʧʝʨʝʭʦʜʷʪ ʚ H2O. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ 

ʛʘʟʦʚʦʤ ʧʫʟʳʨʢʝ ʧʦʜʚʦʜʥʦʛʦ ʨʘʟʨʷʜʘ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʫʩʪʘʥʦʚʠʣʠ ʧʨʠʤʝʨʥʳʡ 

ʩʦʩʪʘʚ ʛʘʟʦʚʦʡ ʬʘʟʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʥʦʚʥʳʭ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʧʣʘʟʤʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʀɻʍʊʋ (ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ, 

ʩʦʛʣʘʰʝʥʠʝ ˉ 075-15-2021-671). 
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ɸʥʥʦʪʘʮʠʷ: ʧʨʦʚʝʜʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʤʝʟʦʛʝʥʥʦʛʦ ʢʦʤʣʝʢʩʘ 

ʜʠʩʧʨʦʟʠʷ ʚ ʭʣʦʨʦʬʦʨʤʝ ʠ ʤʫʣʴʪʠʩʣʦʝʚʳʭ ʧʣʝʥʦʢ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ, ʩʦʙʨʘʥʥʳʭ ʠʟ ʤʦʥʦʩʣʦʝʚ 

ʢʦʤʧʣʝʢʩʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ ʦʪʩʫʪʩʪʚʫʝʪ ʘʛʨʝʛʘʮʠʷ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʘ. ɺ ʤʦʥʦʩʣʦʷʭ 

ʥʘʙʣʶʜʘʝʪʩʷ  çʩʰʠʚʘʥʠʝè ʤʦʣʝʢʫʣ ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. 

ʇʝʨʝʭʦʜ ʦʪ ʤʝʥʝʝ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʣʦʝʚ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʫʧʦʨʷʜʦʯʝʥʥʳʤ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ ʦʪ 600 ʜʦ 1200 ʥʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ çʚʳʪʷʛʠʚʘʥʠʝʤè ʛʠʙʢʠʭ ʢʦʣʴʮʝʚʳʭ 

ʮʝʧʦʯʝʢ ʣʠʛʘʥʜʦʚ ʠ ʧʨʦʪʠʚʦʠʦʥʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʟʦʛʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʜʠʩʧʨʦʟʠʷ, ʧʣʝʥʢʠ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ, 

ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ. 

 

                                                 
 É ʇʘʰʢʦʚʘ ʊ. ɺ., ɸʣʝʢʩʘʥʜʨʦʚ ɸ. ʀ., 2023 
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SPECTRAL STUDIES OF LANGMUIR -BLODGETT  FILMS  BASED  

ON A MESOGENIC DYSPROSIUM COMPLEX   

WITH  DODECYL  SULFATE COUNTERIONS    

  
Abstract: spectral studies of a solution of the mesogenic dysprosium complex in chloroform and 

multilayer Langmuir-Blodgett films assembled from monolayers of the complex were carried out. It is 

established that there is no aggregation of complex molecules in the solution. In monolayers, there is a 

"crosslinking" of molecules due to the formation of intermolecular hydrogen bonds. The transition from less 

ordered layers to more highly ordered ones leads to a change in absorption in the wavelength range from 600 

to 1200 nm, which is associated with the "stretching" of flexible ring chains of ligands and counterions. 

Keywords: mesogenic dysprosium complex, Langmuir-Blodgett films, electronic absorption spectra. 

 

 

ɺʚʝʜʝʥʠʝ 

ɾʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʠʥʠʜʦʚ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʢʣʘʩʩʫ 

ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʨʝʢʦʨʜʥʦ ʙʦʣʴʰʠʤʠ ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʚʝʩʴʤʘ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʚʦʟʤʦʞʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ, ʥʘʧʨʠʤʝʨ,  ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ, [3,5]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʭʥʦʣʦʛʠʷ ʃʝʥʛʤʶʨʘ-

ɹʣʦʜʞʝʪʪ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ: ʦʥʘ 

ʧʦʟʚʦʣʷʝʪ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʧʦʣʫʯʘʪʴ ʤʦʥʦ- ʠ ʤʫʣʴʪʠʩʣʦʠ ʠ 

ʧʨʦʠʟʚʦʜʠʪʴ ʩʙʦʨʢʫ ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʪʚʝʨʜʳʝ ʧʦʜʣʦʞʢʠ ʥʘ ʦʩʥʦʚʝ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʦʥʦʩʣʦʸʚ, ʠ ʧʨʠ ʵʪʦʤ ʦʥʘ 

ʥʝ ʪʨʝʙʫʝʪ ʚʘʢʫʫʤʘ, ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʡ, [1,3,4]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʣʝʥʦʢ ʥʝʦʙʭʦʜʠʤʳ ʩʚʝʜʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʧʣʝʥʦʢ. ʉʪʨʫʢʪʫʨʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʧʣʝʥʦʢ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ ʤʝʟʦʛʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʠʥʠʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʘ ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ [2]. ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ çʧʦʯʫʚʩʪʚʦʚʘʪʴè ʩʦʩʪʦʷʥʠʝ 

ʦʪʜʝʣʴʥʦʡ ʤʦʣʝʢʫʣʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʚʳʷʩʥʠʪʴ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʧʣʝʥʢʠ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʚʝʩʪʠ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʣʝʥʦʢ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠʟ ʤʦʥʦʩʣʦʝʚ 

ʤʝʟʦʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʠʩʧʨʦʟʠʷ ʩ ʜʦʜʝʮʠʣʩʫʣʴʬʘʪʥʳʤʠ ʧʨʦʪʠʚʦʠʦʥʘʤʠ. 

 

ʄʝʪʦʜʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ɺ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʧʣʝʥʦʢ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ ʥʘ ʩʪʝʢʣʷʥʥʳʭ ʧʦʜʣʦʞʢʘʭ ʠʟ 

ʤʦʥʦʩʣʦʝʚ ʢʦʤʧʣʝʢʩʘ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʝʪ ʚʠʜ Dy (LH)3][X]2, ʛʜʝ 

 
ʈʘʩʪʚʦʨʳ ʢʦʤʧʣʝʢʩʘ ʜʠʩʧʨʦʟʠʷ ʛʦʪʦʚʠʣʠ ʚ ʭʣʦʨʦʬʦʨʤʝ .ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʣʸʥʦʢ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʨʠʝʥʪʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ 

ʢʦʪʦʨʦʡ ʩʦʙʠʨʘʝʪʩʷ ʧʣʝʥʢʘ. ʇʨʠʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʨʠʝʥʪʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ 
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ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. 

ʄʦʥʦʩʣʦʠ ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʣʝʥʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʫʩʪʘʥʦʚʢʝ ʃʝʥʛʤʶʨʘ-

ɹʣʦʜʞʝʪʪ, ʩʦʟʜʘʥʥʦʡ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʢʘʬʝʜʨʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʀʚʘʥʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ, [1,2,4]. ʇʝʨʝʥʦʩ ʧʣʘʚʘʶʱʠʭ ʤʦʥʦʩʣʦʝʚ ʚ ʨʘʟʣʠʯʥʳʭ ʬʘʟʦʚʳʭ 

ʩʦʩʪʦʷʥʠʷʭ ʥʘ ʪʚʝʨʜʫʶ ʧʦʜʣʦʞʢʫ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʤʝʪʦʜʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʣʠʬʪʘ 

(ʤʝʪʦʜʦʤ ʐʝʬʝʨʘ). ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʧʣʝʥʦʢ ʥʘ ʠʭ ʦʩʥʦʚʝ  ʧʦʣʫʯʝʥʳ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʉʌ-56.  

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʜʠʩʧʨʦʟʠʷ ʚ 

ʭʣʦʨʦʬʦʨʤʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,7474. ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1.  

ɸʥʘʣʠʟʠʨʫʷ ʭʠʤʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʣʠʛʘʥʜʳ ʠ 

ʧʨʦʪʠʚʦʠʦʥʳ ʷʚʣʷʶʪʩʷ ʭʨʦʤʦʬʦʨʘʤʠ, ʪ.ʢ. ʩʦʜʝʨʞʘʪ (ʣʠʛʘʥʜʳ) ʙʝʥʟʦʣʴʥʦʝ ʢʦʣʴʮʦ ʠ 

ʘʫʢʩʦʭʨʦʤʥʳʝ ʛʨʫʧʧʳ: ʘʟʦʤʝʪʠʥʦʚʫʶ, ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʠ ʤʝʪʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʳ. 

ʉʧʝʢʪʨʳ ʤʦʣʝʢʫʣ, ʩʦʜʝʨʞʘʱʠʝ ʙʝʥʟʦʣʴʥʳʝ ʢʦʣʴʮʘ, ʦʙʣʘʜʘʶʪ ʠʥʪʝʥʩʠʚʥʳʤʠ 

ʣʠʥʠʷʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ p­p* ʧʝʨʝʭʦʜʘʤ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ. 

ʇʨʠʩʫʪʩʪʚʠʝ ʘʦʢʩʦʭʨʦʤʥʳʭ ʛʨʫʧʧ ʧʨʠʚʦʜʷʪ ʢ ʙʘʪʦʭʨʦʤʥʦʤʫ ʩʜʚʠʛʫ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʜʣʠʥʥʳʭ ʚʦʣʥ. 

ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʚʦʟʥʠʢʘʶʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʦʨʦʜʥʳʝ 

ʩʚʷʟʠ ʚʙʣʠʟʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʷʜʨʘ ʢʦʤʧʣʝʢʩʘ ʤʝʞʜʫ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ ʠ ʘʪʦʤʦʤ ʘʟʦʪʘ 

ʘʟʦʤʝʪʠʥʦʚʦʡ ʛʨʫʧʧʳ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʢʨʘʩʥʦʤʫ ʩʜʚʠʛʫ ʧʦʣʦʩ ʧʝʨʝʭʦʜʦʚ p­p*. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ ʩʚʷʟʝʡ ʤʦʣʝʢʫʣʫ ʤʝʟʦʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʠʩʧʨʦʟʠʷ 

ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʢʘʢ ʩʦʧʨʷʞʝʥʥʳʡ ʭʣʦʨʦʬʦʨʤ.  ʈʘʩʪʚʦʨʳ ʢʦʤʧʣʝʢʩʘ ʚ ʭʣʦʨʦʬʦʨʤʝ 

ʧʦʢʘʟʳʚʘʶʪ ʩʣʘʙʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (ʨʠʩ.1). ʍʘʨʘʢʪʝʨ ʩʧʝʢʪʨʘ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʛʣʦʱʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ 

ʜʠʘʧʘʟʦʥʘ. ʆʜʥʘʢʦ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʣʘʙʳʡ ʤʘʢʩʠʤʫʤ ʚ 

ʦʙʣʘʩʪʠ 615 ʥʤ ʠ ʪʨʠ ʤʘʢʩʠʤʫʤʘ ʚ ʙʣʠʞʥʝʡ ʀʂ ʦʙʣʘʩʪʠ. ʇʨʠʩʫʪʩʪʚʠʝ ʵʪʠʭ 

ʤʘʢʩʠʤʫʤʦʚ ʩʚʷʟʘʥʦ ʩ ʧʦʛʣʦʱʝʥʠʝʤ ʤʦʣʝʢʫʣʳ ʢʦʤʧʣʝʢʩʘ, ʢʘʢ ʩʦʧʨʷʞʝʥʥʦʛʦ 

ʭʨʦʤʦʬʦʨʘ. ɺʩʝ ʵʪʠ ʤʘʢʩʠʤʫʤʳ ʷʚʣʷʶʪʩʷ ʛʣʘʜʢʠʤʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʦʪʩʫʪʩʪʚʠʠ ʘʛʨʝʛʘʮʠʠ ʤʦʣʝʢʫʣ ʚ ʨʘʩʪʚʦʨʝ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʢʨʠʚʦʡ ʧʦʛʣʦʱʝʥʠʷ ʥʘ 

ʜʣʠʥʝ ʚʦʣʥʳ 455 ʥʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʝʨʝʛʠʙ. 

 
ʈʠʩ. 1. ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʘ ʤʝʟʦʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʠʩʧʨʦʟʠʷ (Dy) ʚ ʭʣʦʨʦʬʦʨʤʝ  

ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,747 
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ʉ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʤʦʥʦʩʣʦʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʩʙʦʨʢʠ 

ʤʫʣʴʪʠʩʣʦʝʚʳʭ ʧʣʝʥʦʢ, ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʦʥʦʩʣʦʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪ ʧʣʦʱʘʜʠ ʥʘ ʤʦʣʝʢʫʣʫ (-́ɸ ʠʟʦʪʝʨʤʳ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪ ʧʣʦʱʘʜʠ ʥʘ ʤʦʣʝʢʫʣʫ,  

ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʦʥʦʩʣʦʷ ʤʝʟʦʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʠʩʧʨʦʟʠʷ 

 

ʀʟʦʪʝʨʤʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʫʣʝʚʳʤ ʥʘʯʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ, ʠʤʝʝʪ ʧʣʘʪʦ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʝʨʝʭʦʜʫ ʤʝʞʜʫ ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ ʬʘʟʦʚʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʤʦʥʦʩʣʦʷ (ʦʙʣʘʩʪʴ ʜʘʚʣʝʥʠʡ 15 mʅ/ʤ ï 20 mʅ/ʤ). 

ʄʫʣʴʪʠʩʣʦʝʚʳʝ ʧʣʝʥʢʠ ʢʦʤʧʣʝʢʩʘ Dy ʩʦʜʝʨʞʘʪ 15 ʤʦʥʦʩʣʦʝʚ. ʆʥʠ ʥʘʥʦʩʠʣʠʩʴ 

ʥʘ ʧʦʜʣʦʞʢʠ  ʧʨʠ ʜʘʚʣʝʥʠʷʭ 15 mʅ/ʤ, 18 mʅ/ʤ ʠ 23 mʅ/ʤ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʣʫʯʝʥʳ ʠʟ ʤʦʥʦʩʣʦʝʚ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ. ʉʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʦʢ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3. 

ʇʦʣʫʯʝʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʦʢ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʣʝʥʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʪʚʦʨʦʤ ʧʦʛʣʦʱʝʥʠʝʤ ʚ ʚʠʜʠʤʦʡ 

ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. ʇʦ ʭʘʨʘʢʪʝʨʫ ʢʨʠʚʳʭ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʤʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʫʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ. ʇʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʨʠʚʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʘʢʩʠʤʫʤʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʦʛʣʦʱʝʥʠʝʤ 

ʤʦʣʝʢʫʣʳ ʤʝʟʦʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʠʩʧʨʦʟʠʷ, ʘ ʠʤʝʥʥʦ ʤʘʢʩʠʤʫʤʳ ʧʨʠ ʜʣʠʥʘʭ ʚʦʣʥ 

ʙʦʣʴʰʝ 600 ʥʤ  ʠ ʚ ʀʂ-ʦʙʣʘʩʪʠ  (710; 815; 920 ʥʤ ) ʂʨʦʤʝ ʵʪʦʛʦ, ʧʦʷʚʣʷʝʪʩʷ 

ʤʘʢʩʠʤʫʤ ʚ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ 430-460 ʥʤ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʚ ʚʠʜʝ ʧʝʨʝʛʠʙʘ ʚ 

ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʘ, ʘ ʪʘʢʞʝ ʤʘʢʩʠʤʫʤ 530-560 ʥʤ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʫʩʠʣʝʥʠʝ 

ʵʪʠʭ ʤʘʢʩʠʤʫʤʦʚ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʤʝʟʦʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʠʩʧʨʦʟʠʷ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ) ʧʨʠ ʠʭ ʩʣʦʝʚʦʡ ʫʧʘʢʦʚʢʝ. 

ɺ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʢʠ ʧʦʩʪʨʦʝʥʥʦʡ ʠʟ ʤʦʥʦʩʣʦʝʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʤʝʥʝʝ 

ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʜʘʚʣʝʥʠʝ ʥʘʥʝʩʝʥʠʷ 15 mʅ/ʤ) ʤʘʢʩʠʤʫʤʳ ʚ ʢʨʘʩʥʦʡ ʠ 

ʙʣʠʞʥʝʡ ʀʂ ʦʙʣʘʩʪʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʝʢʪʨʘʤʠ ʜʨʫʛʠʭ ʧʣʝʥʦʢ, ʘ 

ʤʘʢʩʠʤʫʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʣʠʥʝ ʚʦʣʥʳ ʢʨʘʩʥʦʛʦ ʩʚʝʪʘ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʰʠʨʝʥ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩ ʀʂ ʦʙʣʘʩʪʴʶ. ʇʨʠ ʚʦʟʨʘʩʪʘʥʠʠ 

ʜʘʚʣʝʥʠʷ ʚ ʤʦʥʦʩʣʦʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʠʭ ʤʘʢʩʠʤʫʤʦʚ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ 

ʫʤʝʥʴʰʘʝʪʩʷ (ʩʤ. ʨʠʩ. 3, ʙ, ʚ), ʠ ʦʥʠ ʦʙʦʩʪʨʷʶʪʩʷ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʚ 

ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʣʠʷʝʪ  ʢʦʥʬʦʨʤʘʮʠʷ ʤʦʣʝʢʫʣʳ ʢʦʤʧʣʝʢʩʘ ʚ ʮʝʣʦʤ, ʚʢʣʶʯʘʷ ʛʠʙʢʠʝ 

ʭʚʦʩʪʳ ʣʠʛʘʥʜʦʚ ʠ ʧʨʦʪʠʚʦʠʦʥʦʚ. ʋʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʤʦʥʦʩʣʦʝ ʟʘʩʪʘʚʣʷʝʪ ʭʚʦʩʪʳ 

ʚʳʪʷʛʠʚʘʪʴʩʷ, ʯʪʦ ʥʘʭʦʜʠʪ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʩʧʝʢʪʨʝ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ, 

ʦʙʦʩʪʨʷʝʪʩʷ ʤʘʢʩʠʤʫʤ). 
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ʈʠʩ. 3. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʃ-ɹ ʧʣʝʥʦʢ ʤʝʟʦʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʠʩʧʨʦʟʠʷ  

ʩ ʜʦʜʝʮʠʣʦʢʩʠʩʫʣʴʬʘʪʥʳʤʠ ʧʨʦʪʠʚʦʠʦʥʘʤʠ, ʩʦʙʨʘʥʥʳʭ ʧʨʠ ʜʘʚʣʝʥʠʠ ʚ ʤʦʥʦʩʣʦʝ:  

ʘ - 15 mʅ/ʤ, ʙ - 18 mʅ/ʤ ʠ ʚ - 23 mʅ/ʤ 

 
ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ: 

- ʨʘʩʪʚʦʨʳ ʤʝʟʦʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʠʩʧʨʦʟʠʷ ʚ ʭʣʦʨʦʬʦʨʤʝ ʧʨʦʟʨʘʯʥʳ ʚ 

ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʥʦ ʩʦʜʝʨʞʘʪ ʩʣʘʙʳʝ ʤʘʢʩʠʤʫʤʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʣʠʥʘʤ 

ʚʦʣʥ 615-950 ʥʤ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʧʦʛʣʦʱʝʥʠʝ ʤʦʣʝʢʫʣʦʡ ʢʦʤʧʣʝʢʩʘ; 

- ʧʦʩʢʦʣʴʢʫ ʤʘʢʩʠʤʫʤʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʧʝʢʪʨʝ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʛʣʘʜʢʠʝ, 

ʘʛʨʝʛʘʮʠʷ ʤʦʣʝʢʫʣ ʚ ʨʘʩʪʚʦʨʝ ʦʪʩʫʪʩʪʚʫʝʪ; 

- ʚ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʦʢ ʢʦʤʧʣʝʢʩʦʚ ʧʦʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʤʘʢʩʠʤʫʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ çʟʘʰʠʚʘʥʠʝʤè ʤʦʣʝʢʫʣ ʚ ʩʣʦʷʭ ʧʨʠ ʧʦʤʦʱʠ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ; 

- ʧʝʨʝʭʦʜ ʦʪ ʤʝʥʝʝ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʣʦʝʚ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʫʧʦʨʷʜʦʯʝʥʥʳʤ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ ʦʪ 600 ʜʦ 1200 ʥʤ: 

ʫʤʝʥʴʰʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʦʙʦʩʪʨʷʶʪʩʷ ʤʘʢʩʠʤʫʤʳ (670 ʥʤ,680 ʥʤ), ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

çʚʳʪʷʛʠʚʘʥʠʝʤè ʛʠʙʢʠʭ ʢʦʣʴʮʝʚʳʭ ʮʝʧʦʯʝʢ ʣʠʛʘʥʜʦʚ ʠ ʧʨʦʪʠʚʦʠʦʥʦʚ. 
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INFLUENCE OF MONOLAYER FORMATION CONDITI ONS BASED  

ON MESOGENIC TERBIUM COMPLEX WITH DODECYL SULFATE  

AND COUNTERIONS ON THE DEGREE OF PERFECTION  

OF LANGMUIR -BLODGETT FILMS  

 
Annotation: spectral studies of multilayer Langmuir-Blodgett films assembled from monolayers of 

the mesogenic terbium complex have been carried out. The monolayer was obtained on an aqueous subphase 

in the presence of a magnetic field and without it. It is established that the Langmuir-Blodgett film 

assembled from monolayers formed in the presence of a magnetic field turns out to be more perfect than the 

film assembled from monolayers in the absence of a field (the degree of orientation of the film is doubled).  

Keywords: mesogenic terbium complex, Langmuir-Blodgett films, magnetic field, electronic 

absorption spectra. 
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ɺʚʝʜʝʥʠʝ 

ɾʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʠʥʠʜʦʚ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʢʣʘʩʩʫ 

ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʨʝʢʦʨʜʥʦ ʙʦʣʴʰʠʤʠ ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʚʝʩʴʤʘ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʚʦʟʤʦʞʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ, [6,8]. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʨʝʩʥʳ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʧʣʝʥʢʠ. ʋʥʠʢʘʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ 

ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʢ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʫʣʴʪʠʩʣʦʝʚʳʭ ʧʣʝʥʦʢ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʙʨʘʪʴ ʧʣʝʥʢʠ ʫʞʝ ʠʟ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʦʥʦʩʣʦʝʚ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʠʥʪʝʨʝʩʥʳʤ ʚʳʷʩʥʠʪʴ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʤʦʥʦʩʣʦʠ, ʥʘ ʩʪʝʧʝʥʴ ʩʦʚʝʨʰʝʥʩʪʚʘ ʤʫʣʴʪʠʩʣʦʝʚʳʭ ʧʣʝʥʦʢ.  

 

ʄʝʪʦʜʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ɺ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʧʣʝʥʦʢ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ ʥʘ ʩʪʝʢʣʷʥʥʳʭ ʧʦʜʣʦʞʢʘʭ ʠʟ 

ʤʦʥʦʩʣʦʝʚ ʢʦʤʧʣʝʢʩʘ ʪʝʨʙʠʷ ʩ ʜʦʜʝʮʠʣʩʫʣʴʬʘʪʥʳʤʠ ʧʨʦʪʠʚʦʠʦʥʘʤʠ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʙʝʟ ʥʝʛʦ. ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʝʪ ʚʠʜ [Tb (LH)3][X]3, ʛʜʝ 

 

 
 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʣʸʥʦʢ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʢʘʢ ʚʣʠʷʥʠʝ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʤʦʥʦʩʣʦʠ (ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʥʦʩʣʦʝʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ), ʪʘʢ ʠ ʦʨʠʝʥʪʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ ʩʦʙʠʨʘʝʪʩʷ ʧʣʝʥʢʘ. 

ʇʨʠʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʨʠʝʥʪʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʦʤ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ. 

ʄʦʥʦʩʣʦʠ ʢʦʤʧʣʝʢʩʘ ʠ ʧʣʝʥʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʫʩʪʘʥʦʚʢʝ ʃʝʥʛʤʶʨʘ-

ɹʣʦʜʞʝʪʪ, ʩʦʟʜʘʥʥʦʡ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʢʘʬʝʜʨʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʀʚʘʥʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ, [1,2,3]. ʋʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʘʚʘʶʱʠʭ 

ʤʦʥʦʩʣʦʝʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʠʥʜʫʢʮʠʝʡ 0,05 ʊʣ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚʜʦʣʴ 

ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʣʠʥʝ ʚʘʥʥʳ. ʇʝʨʝʥʦʩ ʧʣʘʚʘʶʱʠʭ ʤʦʥʦʩʣʦʝʚ 

ʚ ʨʘʟʣʠʯʥʳʭ ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ ʥʘ ʪʚʝʨʜʫʶ ʧʦʜʣʦʞʢʫ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʤʝʪʦʜʦʤ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʣʠʬʪʘ (ʤʝʪʦʜʦʤ ʐʝʬʝʨʘ). ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʣʝʥʦʢ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʳ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʉʌ-

56. ʆʮʝʥʢʘ ʩʪʝʧʝʥʠ ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣ ʚ ʧʣʝʥʢʘʭ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, 

ʠʟʣʦʞʝʥʥʦʡ ʚ [5]. 

 



ʈɸɿɼɽʃ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʣʝʥʢʠ ʢʦʤʧʣʝʢʩʘ ʪʝʨʙʠʷ ʩʦʙʠʨʘʣʠ ʠʟ ʤʦʥʦʩʣʦʝʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʙʝʟ ʥʝʛʦ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪ ʧʣʦʱʘʜʠ ʥʘ ʤʦʣʝʢʫʣʫ (-́ɸ ʠʟʦʪʝʨʤʳ) 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.ʊʘʢ ʞʝ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʠʟʦʪʝʨʤ ʢʦʤʧʣʝʢʩʘ ʜʠʩʧʨʦʟʠʷ (ʩʤ. [7]) 

ʠʟʦʪʝʨʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʫʣʝʚʳʤ ʥʘʯʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ, ʠʤʝʶʪ ʧʣʘʪʦ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʝʨʝʭʦʜʫ ʤʝʞʜʫ ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ ʬʘʟʦʚʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʤʦʥʦʩʣʦʷ, ʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʦʥʦʩʣʦʷ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  

 

 

 

 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʦʪ ʧʣʦʱʘʜʠ ʥʘ ʤʦʣʝʢʫʣʫ, 

ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʤʦʥʦʩʣʦʷ ʤʝʟʦʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʪʝʨʙʠʷ (b - ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, a - ʙeʟ ʧoʣʷ) 

 

 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʤʝʥʴʰʠʭ ʜʘʚʣʝʥʠʷʭ ʠ ʤʝʥʴʰʠʭ ʧʣʦʱʘʜʷʭ ʥʘ 

ʤʦʣʝʢʫʣʫ, ʪʦ ʝʩʪʴ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʨʦʠʩʭʦʜʠʪ ʫʧʣʦʪʥʝʥʠʝ ʤʦʥʦʩʣʦʷ ʠʟ-ʟʘ 

ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣ (ʩʤ. [1]). ʄʫʣʴʪʠʩʣʦʝʚʳʝ ʧʣʝʥʢʠ ʢʦʤʧʣʝʢʩʘ Tb ʩʦʜʝʨʞʘʪ 17 

ʤʦʥʦʩʣʦʝʚ. ʆʥʠ ʥʘʥʦʩʠʣʠʩʴ ʥʘ ʧʦʜʣʦʞʢʠ ʧʨʠ ʜʘʚʣʝʥʠʷʭ 7 mʅ/ʤ ʠ 17 mʅ/ʤ, ʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʳ ʠʟ ʤʦʥʦʩʣʦʝʚ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ. 

ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʦʢ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʢʨʠʚʳʝ ʧʣʝʥʦʢ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ ʤʝʟʦʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʪʝʨʙʠʷ ʩʭʦʜʥʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʜʠʩʧʨʦʟʠʷ (ʩʤ. 

[7]), ʧʦʩʢʦʣʴʢʫ ʤʦʣʝʢʫʣʳ ʢʦʤʧʣʝʢʩʦʚ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʭʠʤʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ 

ʧʨʦʪʠʚʦʠʦʥʦʚ ʠ ʣʠʛʘʥʜʦʚ, ʘ ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʯʠʩʣʦʤ ʣʠʛʘʥʜʦʚ (Dy-2, Tb-3). ɺʦ- 

ʧʝʨʚʳʭ, ʚ ʩʧʝʢʪʨʘʭ ʧʣʝʥʦʢ ʦʙʦʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʫʶ ʯʘʩʪʴ ʩʧʝʢʪʨʘ, ʘ ʚ ʚʠʜʠʤʦʡ ʠ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʷʭ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʙʦʣʝʝ ʩʣʘʙʳʝ ʤʘʢʩʠʤʫʤʳ, ʩʜʚʠʥʫʪʳʝ ʚ ʩʣʫʯʘʝ ʩʧʝʢʪʨʦʚ ʧʣʝʥʦʢ 

ʢʦʤʧʣʝʢʩʘ ʪʝʨʙʠʷ ʚ ʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ (580-620ʥʤ), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʣʠʛʘʥʜʦʚ ʚ ʤʦʣʝʢʫʣʝ. ɺ ʩʧʝʢʪʨʝ ʧʣʝʥʢʠ, ʩʦʙʨʘʥʥʦʡ ʠʟ 

ʙʦʣʝʝ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʦʥʦʩʣʦʝʚ, ʧʨʦʠʩʭʦʜʠʪ ʦʩʣʘʙʣʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʦʙʣʘʩʪʠ ʜʣʠʥ 

ʚʦʣʥ 900 ʥʤ, ʨʠʩ. 2. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʢʦʥʬʦʨʤʘʮʠʠ ʣʠʛʘʥʜʦʚ ʚ 

ʤʦʥʦʩʣʦʝ, ʘ ʠʤʝʥʥʦ, ʚʳʪʷʛʠʚʘʥʠʝ ʤʝʪʠʣʝʥʦʚʳʭ ʭʚʦʩʪʦʚ. 

ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʦʢ ʤʝʟʦʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʪʝʨʙʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠʟ ʤʦʥʦʩʣʦʝʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʙʝʟ ʥʝʛʦ, 

ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʤʘʢʩʠʤʫʤ (700-730ʥʤ) ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʦʩʪʨʷʝʪʩʷ ʜʣʷ ʧʣʝʥʢʠ, 

ʩʦʙʨʘʥʥʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʫʧʦʨʷʜʦʯʝʥʠʝʤ 

ʮʝʥʪʨʘʣʴʥʳʭ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʯʘʩʪʝʡ ʤʝʟʦʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
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ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʃ-ɹ ʧʣʝʥʦʢ ʤʝʟʦʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʝʨʙʠʷ  

ʩ ʜʦʜʝʮʠʣʦʢʩʠʣʩʫʣʴʬʘʪʥʳʤʠ ʧʨʦʪʠʚʦʠʦʥʘʤʠ, ʩʦʙʨʘʥʥʳʭ: ʘ- ʠʟ ʤʦʥʦʩʣʦʝʚ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʜʘʚʣʝʥʠʠ  7 mʅ/ʤ, ʙ ï ʠʟ ʤʦʥʦʩʣʦʝʚ ʚ ʦʪʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ  

ʧʨʠ ʜʘʚʣʝʥʠʠ 17 mʅ/ʤ, ʚ ï ʠʟ ʤʦʥʦʩʣʦʝʚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʨʠ ʜʘʚʣʝʥʠʠ 14 mʅ/ʤ. 

 

ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʘ ʚ ʧʣʝʥʢʘʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ. ɸʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʧʣʝʥʢʠ, ʩʦʙʨʘʥʥʳʝ ʠʟ ʙʦʣʝʝ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʦʥʦʩʣʦʝʚ (ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʚ ʤʦʥʦʩʣʦʝ 17 ʠ 14 mʅ/ʤ). ɺ ʦʪʩʫʪʩʪʚʠʠ 

ʧʦʣʷ ʦʨʠʝʥʪʘʮʠʷ ʤʦʣʝʢʫʣ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʪʦʣʴʢʦ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʜʣʦʞʢʠ, ʚʦ ʚʪʦʨʦʤ 

ʩʣʫʯʘʝ ʥʘ ʧʦʜʣʦʞʢʫ ʥʘʥʦʩʠʣʠʩʴ ʩʣʦʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ʆʮʝʥʢʘ 

ʩʪʝʧʝʥʠ ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʤʘʢʩʠʤʫʤʘʤ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʩ 

ʜʣʠʥʘʤʠ ʚʦʣʥ 420, 740 ʥʤ. ɼʠʭʨʦʠʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʤʘʢʩʠʤʫʤʦʚ, 

ʠʟʤʝʨʝʥʥʳʭ ʚ ʠʟʣʫʯʝʥʠʠ, ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʟʘʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ, ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʩʪʝʧʝʥʠ ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ.  
 

ʊʘʙʣʠʮʘ. ʉʪʝʧʝʥʴ ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣ ʚ ʧʣʝʥʢʘʭ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ ʪʝʨʙʠʷ 
 

ʆʨʠʝʥʪʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʴʶ ʆʨʠʝʥʪʘʮʠʷ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʚ 

ʤʦʥʦʩʣʦʝ 

    ɚ, ʥʤ R S     ɚ, ʥʤ R S 

450 1,94 0,43 420 2,80 0,79 

730 0,76 0,32 730 0,49 0,66 

ɿʜʝʩʴ 
^

=
I

I
R II - ʜʠʭʨʦʠʯʥʦʝ ʦʪʥʦʰʝʥʠʝ, S ï ʩʪʝʧʝʥʴ ʦʨʠʝʥʪʘʮʠʠ. 
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ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʪʝʧʝʥʴ ʦʨʠʝʥʪʘʮʠʠ ʚ ʧʣʝʥʢʘʭ ʧʨʠ ʦʨʠʝʥʪʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʧʦʜʣʦʞʢʠ ʦʢʘʟʘʣʘʩʴ ʥʝʙʦʣʴʰʦʡ, ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʘʷ ʚʷʟʢʦʩʪʴ ʤʦʥʦʩʣʦʝʚ ʚ 

ʵʪʦʡ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʥʦʩʣʦʝʚ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʜʚʦʝ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʝʧʝʥʴ ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ: 

- ʩʦʩʪʦʷʥʠʝ ʤʦʥʦʩʣʦʝʚ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʙʠʨʘʶʪ ʧʣʝʥʢʫ, ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ 

ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ: ʠʟʤʝʥʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʘʢʩʠʤʫʤʦʚ, ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ; 

- ʚ ʩʧʝʢʪʨʘʭ  ʧʣʝʥʦʢ ʢʦʤʧʣʝʢʩʘ ʪʝʨʙʠʷ, ʩʦʙʨʘʥʥʳʭ ʠʟ ʤʦʥʦʩʣʦʝʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʦʩʪʨʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ (700 ʥʤ ʠ ʙʦʣʝʝ); 

- ʧʣʝʥʢʘ ʃʝʥʛʤʶʨʘ - ɹʣʦʜʞʝʪʪ, ʩʦʙʨʘʥʥʘʷ ʠʟ ʤʦʥʦʩʣʦʝʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʣʝʥʢʦʡ, ʩʦʙʨʘʥʥʦʡ ʠʟ ʤʦʥʦʩʣʦʝʚ ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʦʣʷ (ʩʪʝʧʝʥʴ ʦʨʠʝʥʪʘʮʠʠ ʧʣʝʥʢʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ).  
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JUSTIFICATION OF MEASURES FOR THE PROTECTION  

OF RESIDENTIAL BUILDINGS FROM THE IM PACT  

OF THE RADIANT HEAT FLOW FROM THE FOREST FIRE FRONT  

 
Abstract: calculation of the heat flux affecting the structures of residential buildings from the edge 

of a forest fire, taking into account the processes of thermal conductivity of structures to consider the 

fulfillment of the condition, the time of arrival of fire departments, in accordance with the requirements of 

the technical regulation. 

Keywords: crown wild fire, fire edge, pyrological characteristic, meteorological characteristic, 

mathematical modeling, propagation velocity. 

 

 

ɺʚʝʜʝʥʠʝ 

ʈʘʩʯʝʪ ʙʝʟʦʧʘʩʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʢʨʦʤʢʠ ʣʝʩʥʦʛʦ ʤʘʩʩʠʚʘ ʜʦ ʞʠʣʳʭ ʜʦʤʦʚ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʨʠʪʝʨʠʷ ʚʦʩʧʣʘʤʝʥʝʥʠʷ  ʢʨʠʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ 

ʬʨʦʥʪʘ ʣʝʩʥʦʛʦ ʧʦʞʘʨʘ ʥʝ ʫʯʠʪʳʚʘʝʪ ʜʠʥʘʤʠʢʫ ʧʨʦʛʨʝʚʘ ʢʦʥʩʪʨʫʢʮʠʡ ʜʦʤʘ. ʇʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʲʝʜʠʥʝʥʠʝ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ ʬʨʦʥʪʘ ʣʝʩʥʦʛʦ 

ʧʦʞʘʨʘ ʩ ʨʘʩʯʝʪʦʤ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ. 

 

ʄʝʪʦʜʳ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʦʤʘ, ʦʩʦʙʝʥʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʢʣʶʯʘʶʪ ʚ 

ʩʝʙʷ ʛʦʨʶʯʠʝ ʢʦʥʩʪʨʫʢʮʠʠ (ʜʝʨʝʚʷʥʥʳʝ ʜʦʤʘ, ʙʘʥʠ, ʩʪʨʦʧʠʣʘ, ʬʘʩʘʜʳ ʠ ʪ.ʜ.). ʇʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʘ ʵʬʬʝʢʪʠʚʥʘʷ ʟʘʱʠʪʘ ʦʪ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʘʜʘʶʱʝʛʦ ʦʪ ʬʨʦʥʪʘ ʣʝʩʥʦʛʦ 

ʧʦʞʘʨʘ.  

ɼʣʷ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʘʜʘʶʱʝʛʦ ʥʘ ʛʦʨʶʯʠʝ 

ʤʘʪʝʨʠʘʣʳ ʜʦʤʘ, ʥʝʦʙʭʦʜʠʤʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʟʥʘʪʴ ʧʘʨʘʤʝʪʨʳ ʥʘ ʢʨʦʤʢʝ ʣʝʩʥʦʛʦ 

ʧʦʞʘʨʘ ʠ ʩʢʦʨʦʩʪʴ ʝʝ ʜʚʠʞʝʥʠʷ. ɺ ʨʘʙʦʪʝ [4] ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʩʢʦʨʦʩʪʠ ʢʨʦʤʢʠ 

                                                 
 É ʇʫʟʘʯ ʉ. ɺ., ʄʘʣʘʤʫʪ ʆ. ʖ., 2023 
  



ʈɸɿɼɽʃ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʣʝʩʥʦʛʦ ʧʦʞʘʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʫʯʝʩʪʴ ʧʠʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʝʩʥʳʭ 

ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʢʦʥʢʨʝʪʥʦʡ ʤʝʩʪʥʦʩʪʠ.   

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 
ʆʩʥʦʚʦʡ ʜʣʷ ʨʘʩʯʝʪʘ ʥʘʛʨʝʚʘ ʜʝʨʝʚʷʥʥʳʭ ʠʣʠ ʜʨʫʛʠʭ ʛʦʨʶʯʠʭ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʞʠʣʦʛʦ ʜʦʤʘ ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ [5]: 
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ʛʜʝ q ï ʧʣʦʪʥʦʩʪʴ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʦʧʘʜʘʶʱʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʜʝʨʝʚʷʥʥʳʭ ʠʣʠ ʜʨʫʛʠʭ ʛʦʨʶʯʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʞʠʣʦʛʦ ʜʦʤʘ, ɺʪ/ʤ2, Tʠ ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʣʫʯʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʬʨʦʥʪʘ ʣʝʩʥʦʛʦ ʧʦʞʘʨʘ, ʂ, Tʢ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʦʙʣʫʯʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʂ, Ůʧʨ ï ʧʨʠʚʝʜʝʥʥʘʷ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʩʠʩʪʝʤʳ 

çʬʨʦʥʪ ʧʣʘʤʝʥʠ-ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠè; ʩʦ=5,67 ɺʪ/(ʤ2Öʂ4)ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʟʣʫʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ; ɣ ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʣʫʯʝʥʥʦʩʪʠ ʤʝʞʜʫ 

ʠʟʣʫʯʘʶʱʝʡ ʠ ʦʙʣʫʯʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʚ ʢʦʪʦʨʦʡ ʚ ʥʝʷʚʥʦʡ ʬʦʨʤʝ ʚʭʦʜʠʪ 

ʨʘʩʩʪʦʷʥʠʝ ʧʦ ʥʦʨʤʘʣʠ  ʤʝʞʜʫ ʠʟʣʫʯʘʶʱʝʡ ʠ ʦʙʣʫʯʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʞʠʣʦʡ ʜʝʨʝʚʷʥʥʳʡ ʜʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10 ʤ ʦʪ 

ʢʨʦʤʢʠ ʣʝʩʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʩʦʩʝʥ (ʩʦʩʥʷʢʠ ʣʠʰʘʡʥʠʢʦʚʳʝ) ʩʨʝʜʥʝʡ ʚʳʩʦʪʦʡ H=15 ʤ. 

ʊʦʣʱʠʥʘ ʜʝʨʝʚʷʥʥʦʡ ʩʪʝʥʳ ʜʦʤʘ ʨʘʚʥʘ 0,2 ʤ. 

ʇʨʠʥʠʤʘʝʤ ʯʘʩʪʦʪʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʝʨʭʦʚʳʭ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʨʘʚʥʦʡ Pʧ=5 

1/ʛʦʜ (ʥʘ ʧʨʠʤʝʨʝ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 2020 ʛ. [6]). 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʟʘʱʠʪʝ ʜʦʤʘ ʦʪ ʪʝʧʣʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʣʝʩʥʦʛʦ ʧʦʞʘʨʘ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʣʫʯʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʦʙʦʛʨʝʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʳ ʦʪ 

ʚʨʝʤʝʥʠ ʩ ʥʘʯʘʣʘ ʚʝʨʭʦʚʦʛʦ ʧʦʞʘʨʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2.  

 

 

 

 

 

 

 
 

 

 

 

 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʭʘʨʘʢʪʝʨʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʚʨʝʤʝʥʠ: ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʣʫʯʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʳ: 1 - ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʢʨʦʤʢʠ wʬ = 0,04 ʤ/ʩ; 2 - wʬ = 0,22 ʤ/ʩ;  

3 - wʬ = 1,11 ʤ/ʩ; ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʦʙʦʛʨʝʚʘʝʤʦʡ (ʚʥʫʪʨʝʥʥʝʡ) ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʳ:  

4 - wʬ = 0,04·1,11 ʤ/ʩ; 5 - Tʩ = 406 ̄ʉ 
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ʅʘʛʨʝʚ ʢʦʥʩʪʨʫʢʮʠʡ ʜʦʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚʥʫʪʨʠ ʢʦʥʩʪʨʫʢʮʠʠ.  ɺʦʩʧʣʘʤʝʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʨʝʚʷʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ. ʌʦʨʤʘ 

ʧʦʞʘʨʘ ð ʧʨʷʤʦʫʛʦʣʴʥʘʷ, ʦʛʥʝʪʫʰʘʱʝʝ ʩʨʝʜʩʪʚʦ ð ʚʦʜʘ, ʧʝʥʥʳʡ ʨʘʩʪʚʦʨ.  

 ɺʨʝʤʷ ʩʚʦʙʦʜʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʘ 

 

 ,      (2) 

 
ʛʜʝ: Űʜʩ ï ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʦʪ ʥʘʯʘʣʘ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʜʦʤʘ ʜʦ ʩʦʦʙʱʝʥʠʷ ʦ 

ʥʸʤ; 

Űʩʙ ï ʚʨʝʤʷ ʩʙʦʨʘ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʙʦʝʚʳʭ ʨʘʩʯʝʪʦʚ ʧʦ ʪʨʝʚʦʛʝ; 

Űʩʣ ï ʚʨʝʤʷ ʩʣʝʜʦʚʘʥʠʷ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʥʘ ʧʦʞʘʨ, ʤʠʥ (ʚʨʝʤʷ ʧʨʠʙʳʪʠʷ ʧʝʨʚʦʛʦ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʢ ʤʝʩʪʫ ʚʳʟʦʚʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʩʝʣʝʥʠʷʭ ʠ ʛʦʨʦʜʩʢʠʭ ʦʢʨʫʛʘʭ ʥʝ 

ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 10 ʤʠʥʫʪ, ʘ ʚ ʩʝʣʴʩʢʠʭ ʧʦʩʝʣʝʥʠʷʭ - 20 ʤʠʥʫʪ, ʫʩʣʦʚʠʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʛʣʘʤʝʥʪʦʤ ʦ ʪʨʝʙʦʚʘʥʠʷʭ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ); 

Űʙʨ ï ʚʨʝʤʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʧʦ ʚʚʝʜʝʥʠʶ ʧʝʨʚʳʭ ʩʨʝʜʩʪʚ ʪʫʰʝʥʠʷ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 1 ʚʨʝʤʷ ʜʦ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʜʦʤʘ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 5 

ʤʠʥʫʪ. ɺʦʟʜʝʡʩʪʚʠʷ ʣʝʩʥʦʛʦ ʧʦʞʘʨʘ, ʧʘʜʘʶʱʝʛʦ ʥʘ ʜʝʨʝʚʷʥʥʳʝ ʵʣʝʤʝʥʪʳ 

ʢʦʥʩʪʨʫʢʮʠʠ ʞʠʣʦʛʦ ʜʦʤʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚʙʣʠʟʠ ʢʨʦʤʢʠ ʣʝʩʥʦʛʦ ʤʘʩʩʠʚʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
ʈʠʩ. 2. ɺʦʟʜʝʡʩʪʚʠʝ ʣʝʩʥʦʛʦ ʧʦʞʘʨʘ ʥʘ ʟʜʘʥʠʝ ʥʘ ʤʦʤʝʥʪ ʧʨʠʙʳʪʠʷ ʧʦʜʨʘʟʜʝʣʝʥʠʡ 

 

ɼʣʠʥʘ ʧʫʪʠ, ʧʨʦʡʜʝʥʥʘʷ ʦʛʥʝʤ ʥʘ ʤʦʤʝʥʪ ʧʦʜʘʯʠ ʧʝʨʚʳʭ ʩʨʝʜʩʪʚ ʪʫʰʝʥʠʷ 

 

,     (3) 

 
ʛʜʝ: Vʣ - ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʦʨʝʥʠʷ (ʧʦ ʝʝ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʟʥʘʯʝʥʠʶ), ʤ/ʤʠʥ; 
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Űʩʚ - ʚʨʝʤʷ ʩʚʦʙʦʜʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʘ, ʤʠʥ. 

ʇʣʦʱʘʜʴ ʧʦʞʘʨʘ 

,         (4) 
ʛʜʝ: a - ʰʠʨʠʥʘ ʬʨʦʥʪʘ ʧʦʞʘʨʘ (ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ), ʤ; 

b - ʧʫʪʴ (ʫʯʘʩʪʦʢ) ʧʨʦʡʜʝʥʥʳʡ ʦʛʥʝʤ (ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ), ʤ; 

 
ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʜʘʯʠ ʚʦʜʳ ʧʨʠ ʪʫʰʝʥʠʠ ʧʦʞʘʨʘ ʥʘ ʞʠʣʳʝ ʜʦʤʘ ʠ ʧʦʜʩʦʙʥʳʝ 

ʧʦʩʪʨʦʡʢʠ ʧʨʠʥʠʤʘʝʤ 0,15 ʣ/(ʤ2Ŀʩ)  

Q = 126 *0,15 = 18,9 ʣ/(ʤ2Ŀʩ) ,                            (5) 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠʥʠʤʘʝʤ ʧʨʠʙʳʪʠʝ 2-ʭ ʮʠʩʪʝʨʥ ʧʦ 8ʪ., ʚʚʦʜʠʤ ʜʦ 6 ʩʪʚʦʣʦʚ 

ʈʉ-50 ʩ ʨʘʩʭʦʜʦʤ 3,5 ʣ/ʩ. ʆʙʱʝʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʝʤʢʦʩʪʝʡ ʩʦʩʪʘʚʠʪ ʤʝʥʝʝ 10 ʤʠʥʫʪ. 

ʋʯʠʪʳʚʘʝʤ, ʯʪʦ ʨʘʟʤʝʩʪʠʪʴ ʪʝʭʥʠʢʫ ʫʜʘʣʦʩʴ ʨʷʜʦʤ ʩ ʦʙʲʝʢʪʦʤ ʧʦʜʚʝʨʞʝʥʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ ʧʦʞʘʨʘ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʪʘʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʥʝ ʭʚʘʪʠʪ ʜʣʷ ʪʫʰʝʥʠʷ 

ʧʨʠʨʦʜʥʦʛʦ ʧʦʞʘʨʘ ʠ ʜʣʷ ʟʘʱʠʪʳ ʟʜʘʥʠʡ. ʏʘʱʝ ʚʩʝʛʦ ʨʷʜʦʤ ʩ ʦʙʲʝʢʪʘʤʠ ʦʪʩʫʪʩʪʚʫʶʪ 

ʚʦʜʦʠʩʪʦʯʥʠʢʠ ʠʟ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʟʘʙʠʨʘʪʴ ʚʦʜʫ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʪʫʰʝʥʠʷ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʙʣʶʜʝʥʠʷ ʥʦʨʤʘʪʠʚʥʦʛʦ 

ʚʨʝʤʝʥʠ ʧʨʠʙʳʪʠʷ ʧʦʞʘʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ, ʚ ʜʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ, ʧʘʩʩʠʚʥʳʭ 

ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʠʤʝʨ ʩʦʟʜʘʥʠʝ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʛʦ ʨʘʟʨʳʚʘ 

ʤʝʞʜʫ ʢʨʦʤʢʦʡ ʣʝʩʘ ʠ ʜʦʤʘʤʠ ʩ ʦʙʦʩʥʦʚʘʥʠʝʤ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ ʧʦʞʘʨʥʦʛʦ ʨʠʩʢʘ [7]. 
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ʇʨʦʮʝʩʩʳ ʞʠʜʢʦʩʪʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ, ʩʥʷʪʠʷ ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ, ʥʦ ʠ ʜʣʷ ʨʷʜʘ 

ʩʧʝʮʠʘʣʴʥʳʭ ʮʝʣʝʡ ï ʧʦʣʫʯʝʥʠʷ ʨʝʣʴʝʬʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʢʣʝʡʤʝʥʠʷ ʜʝʪʘʣʝʡ, ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ. ʈʘʟʚʠʪʠʝ ʪʝʭʥʠʢʠ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʜʝʪʘʣʝʡ ʤʘʣʦʡ ʪʦʣʱʠʥʳ ʠ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʚʳʷʚʠʣʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʬʦʪʦʣʠʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʧʨʦʬʠʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʘ ʭʠʤʠʯʝʩʢʦʛʦ 

ʪʨʘʚʣʝʥʠʷ. ʊʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʠʣʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʘʟʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʬʨʝʟʝʨʦʚʘʥʠʷ. 

ʍʠʤʠʯʝʩʢʦʝ ʬʨʝʟʝʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʸʤ ʨʘʩʪʚʦʨʝʥʠʷ ʥʝʟʘʱʠʱʝʥʥʳʭ 

ʫʯʘʩʪʢʦʚ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʠʟʜʝʣʠʷ ʚ ʞʠʜʢʦʩʪʥʳʭ ʪʨʘʚʠʪʝʣʷʭ. ɻʣʫʙʠʥʥʦʤʫ ʭʠʤʠʯʝʩʢʦʤʫ 

ʪʨʘʚʣʝʥʠʶ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʤʥʦʛʠʝ ʤʝʪʘʣʣʳ ʠ ʩʧʣʘʚʳ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʘʣʶʤʠʥʠʡ, ʤʘʛʥʠʡ, ʤʝʜʴ, ʢʦʨʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʠʝ ʩʪʘʣʠ, ʪʠʪʘʥ, ʤʦʣʠʙʜʝʥ, ʮʠʨʢʦʥʠʡ [1]. 

ʉʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʧʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʨʠʨʦʜʦʡ ʤʝʪʘʣʣʘ, ʪʘʢ ʠ ʩʦʩʪʘʚʦʤ 

ʪʨʘʚʠʪʝʣʷ, ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʩʧʦʩʦʙʦʤ ʧʦʜʘʯʠ ʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʫʜʘʣʝʥʠʝ 

ʧʨʦʜʫʢʪʦʚ ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʉʢʦʨʦʩʪʴ ʠ ʭʘʨʘʢʪʝʨ ʪʨʘʚʣʝʥʠʷ 

ʦʧʨʝʜʝʣʷʶʪ ʚʝʣʠʯʠʥʫ ʙʦʢʦʚʦʛʦ ʩʪʨʘʚʣʠʚʘʥʠʷ, ʢʣʠʥ, ʪʦʯʥʦʩʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ, ʨʦʚʥʦʩʪʴ ʢʨʘʷ ʪʨʘʚʣʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʫʩʣʦʚʠʡ 

ʦʧʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʪʨʘʚʣʝʥʠʷ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ. ɺʳʙʦʨ 

ʪʨʘʚʠʪʝʣʷ ʠ ʫʩʣʦʚʠʡ ʬʨʝʟʝʨʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥ ʤʥʦʛʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʢʘʢ ʩ 

ʦʩʥʦʚʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ, ʪʘʢ ʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦ ʛʝʦʤʝʪʨʠʠ ʜʝʪʘʣʝʡ. ɺ ʩʚʷʟʠ ʩ 

                                                 
 É ʈʦʟʦʚ ɸ. ɻ., ʍʦʣʦʜʢʦʚʘ ʅ. ɺ., ʍʦʣʦʜʢʦʚ ʀ. ɺ., 2023 
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ʵʪʠʤ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʪʨʘʚʣʝʥʠʷ ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʨʝʰʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʚʳʙʦʨʝ 

ʪʨʘʚʠʪʝʣʷ.  

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʪʚʝʨʩʪʠʡ ʠ ʱʝʣʝʡ ʩ ʞʝʩʪʢʠʤʠ ʜʦʧʫʩʢʘʤʠ ʧʦ ʰʠʨʠʥʝ, 

ʥʘʧʨʠʤʝʨ, ʚ ʪʝʭʥʠʢʝ ʩʚʝʨʭʚʳʩʦʢʠʭ ʯʘʩʪʦʪ, ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʬʨʝʟʝʨʦʚʘʥʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʩʷ ʧʨʦʮʝʩʩ ʩʢʚʦʟʥʦʛʦ 

ʬʨʝʟʝʨʦʚʘʥʠʷ ʧʣʘʩʪʠʥ ʪʦʣʱʠʥʦʡ 0.2 ʤʤ ʠʟ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ 

ʤʘʨʢʠ 0.8ʖ ɻʆʉʊ 503-81. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ [2], ʚ ʢʘʯʝʩʪʚʝ ʪʨʘʚʠʪʝʣʝʡ 

ʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʦʩʪʘʚʳ: FeCl3 + H2O2 + H2O, HCl + H2O2 

+ H2O, HNO3+H2O2+H2O, HCl+HNO3+H3PO4+H2O, C2H2O4+H2O2+H2O. ɺ ʢʘʯʝʩʪʚʝ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʙʳʣ ʚʳʙʨʘʥ ʨʘʩʪʚʦʨ ʩʦʩʪʘʚʘ HCl + H2O2 + H2O.  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʪʨʘʚʠʪʝʣʝʤ, ʩʦʜʝʨʞʘʱʠʤ HCl ʠ H2O2, 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʝʜʫʶʱʠʤʠ ʨʝʘʢʮʠʷʤʠ, ʧʨʦʪʝʢʘʶʱʠʤʠ ʚ ʨʘʩʪʚʦʨʝ: 

 

1) Fe + H2O + 2HCl Ÿ FeCl2 + 2H2O 

a) Fe0 Ÿ Fe2+ + e; 

b) H2O2 + 2e + 2H+ Ÿ 2H2O. 

2) FeCl2 +2HCl + H2O2 Ÿ 2FeCl3 + 2H2O 

a) 2Fe2+ ï 2e Ÿ 2Fe3+; 

b) 2O- + 2e Ÿ 2O2-. 

3) FeCl3 + H2O2 Ÿ 2FeCl2 + O2
0 + 2HCl 

a) 2O- - 2e Ÿ 2O0 

b) 2Fe3+ +2e Ÿ 2Fe2+ 

4) 2FeCl3 + Fe0 Ÿ 3FeCl2 

a) Fe0 ï 2e Ÿ Fe2+ 

b) 2Fe3+ + 2e Ÿ 2Fe2+ 

 

ʈʝʘʢʮʠʠ (1) ʠ (2) ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʮʝʣʝʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʦʪʚʝʯʘʶʱʠʤʠ ʟʘ 

ʪʨʘʚʣʝʥʠʝ. ʈʦʣʴ ʨʝʘʢʮʠʠ (3) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʘʩʪʚʦʨʘ ʠ ʧʦʜʜʝʨʞʠʚʘʥʠʠ 

ʙʘʣʘʥʩʘ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʪʨʘʚʣʝʥʠʠ ʩʪʘʣʴʥʳʭ ʟʘʛʦʪʦʚʦʢ. ʈʝʘʢʮʠʷ (4) 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʡ ʧʨʠ ʧʝʨʝʥʘʩʳʱʝʥʠʠ ʨʘʩʪʚʦʨʘ ʞʝʣʝʟʦʤ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʝʜʥʝʥʠʶ ʨʘʩʪʚʦʨʘ ʤʦʣʝʢʫʣʘʤʠ HCl. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʭʠʤʠʯʝʩʢʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ ʥʘ ʠʩʭʦʜʥʳʭ ʧʣʘʩʪʠʥʘʭ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʤʘʩʢʘ ʤʝʪʦʜʦʤ ʬʦʪʦʣʠʪʦʛʨʘʬʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʛʘʪʠʚʥʦʛʦ ʬʦʪʦʨʝʟʠʩʪʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʨʘʟʜʝʣʝʥʦ ʥʘ ʜʚʘ ʵʪʘʧʘ: 

1. ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʪʨʘʚʠʪʝʣʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʧʦʣʫʯʠʪʴ 
ʢʘʯʝʩʪʚʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʪʨʘʚʣʝʥʠʷ ʙʝʟ ʧʦʪʝʨʠ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ; 

2. ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚʳʙʨʘʥʥʳʭ ʩʦʩʪʘʚʦʚ ʥʘ ʫʩʪʘʥʦʚʢʝ 
ʩʪʨʫʡʥʦʛʦ ʪʨʘʚʣʝʥʠʷ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚ ʢʝʨʘʤʠʯʝʩʢʦʤ ʩʪʘʢʘʥʝ. ʊʨʘʚʣʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʧʦʛʨʫʞʝʥʠʷ. 

ʉʢʦʨʦʩʪʴ ʪʨʘʚʣʝʥʠʷ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʠʟʤʝʥʝʥʠʶ ʚʝʩʘ ʧʦʜʣʦʞʢʠ ʧʨʠ ʪʨʘʚʣʝʥʠʠ ʟʘ 

ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ (ʥʦʨʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ). ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʫʯʝʪʦʤ ʧʦʩʪʦʷʥʩʪʚʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʪʨʘʚʠʪʝʣʷ, ʘ 

ʠʤʝʥʥʦ, HCl ï ʭ%; H2O2 ï y%; H2O ï (90 ï ʭ)%; HCl ï y%; H2O2 ï ʭ%; H2O ï (90 ï ʭ)%, 

ʛʜʝ ʭ = 10, 20, é, 80 % y = 10, 20, é, 80 %. ɺʨʝʤʷ ʪʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʣʦ 1 ʤʠʥʫʪʫ, 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʳʪʦʚ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʪʨʘʚʠʪʝʣʷ. 
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ʆʪʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʪʨʘʚʠʪʝʣʝʡ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ: 

- ʧʦʩʪʦʷʥʩʪʚʦ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʚʣʝʥʠʷ; 

- ʦʪʩʫʪʩʪʚʠʝ ʦʙʠʣʴʥʦʛʦ ʛʘʟʦʚʳʜʝʣʝʥʠʷ; 

- ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʝʥʘʩʳʱʝʥʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʞʝʣʝʟʘ. 

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʮʝʩʩ ʪʨʘʚʣʝʥʠʷ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʥʝʝ 10 % ʧʨʦʪʝʢʘʝʪ ʩ ʦʯʝʥʴ ʥʠʟʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ, 

ʧʦʵʪʦʤʫ ʜʘʥʥʳʝ ʩʦʩʪʘʚʳ ʠʩʢʣʶʯʠʣʠ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʨʘʚʷʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʩ ʧʦʩʪʦʷʥʩʪʚʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

HCl ʧʦʢʘʟʘʣʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʙʦʣʝʝ 10 % 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʪʨʘʚʣʝʥʠʷ (ʪʘʙʣʠʮʘ 1). ɺ ʪʦʞʝ ʚʨʝʤʷ, ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʦʪ 10 ʜʦ 40 % ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʥʘʙʣʶʜʘʣʩʷ ʨʝʟʢʠʡ ʥʘʯʘʣʴʥʳʡ ʨʦʩʪ ʩʢʦʨʦʩʪʠ 

ʪʨʘʚʣʝʥʠʷ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ. 

ɼʘʣʝʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ ʪʨʘʚʠʪʝʣʷ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʣʦʞʝʥʠʝ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ (ʩʪʘʜʠʠ 3ï4), ʧʨʠ ʵʪʦʤ ʨʘʩʪʚʦʨ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʩʪʘʙʠʣʴʥʳʤ ʠ ʩʢʦʨʦʩʪʴ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʥʘʯʠʥʘʝʪ ʫʤʝʥʴʰʘʪʴʩʷ. ʄʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʧʨʦʪʝʢʘʥʠʝ ʩʪʘʜʠʡ 3ï4 ʚʦʟʤʦʞʥʦ ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʧʦʩʪʦʷʥʩʪʚʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʨʘʩʪʚʦʨʘ, ʯʪʦ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ. 

 

ʊʘʙʣʠʮʘ 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 
 

ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ H2ʆ2 ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ HCl 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

HCl, % 

ʉʢʦʨʦʩʪʴ 

ʪʨʘʚʣʝʥʠʷ, 

ʛ/ʤʠʥ 

ȹT ʂʦʥʮʝʥʪʨʘʮʠʷ 

H2O2, % 

ʉʢʦʨʦʩʪʴ 

ʪʨʘʚʣʝʥʠʷ, 

ʛ/ʤʠʥ 

ȹT 

10 0,003-0,004 - 10 0,003-0,02 1-3 

20 0,009-0,041 - 20 0,01-0,09 3-11 

30 0,063-0,075 1 30 0,06-0,17 1-10 

40 0,132-0,198 2-5 40 0,13-0,18 2-8 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ, ʢʘʢ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ, ʪʘʢ 

ʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ (ʙʦʣʝʝ 50 %) ʥʘʙʣʶʜʘʣʦʩʴ ʙʫʨʥʦʝ ʛʘʟʦʚʳʜʝʣʝʥʠʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʧʣʦʭʠʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʪʘʢ ʢʘʢ ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʪʨʘʚʣʝʥʠʷ ʠ ʚʳʪʘʣʢʠʚʘʥʠʶ 

ʦʙʨʘʟʮʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʘʜʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʪʨʘʚʣʝʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ HCl ʙʦʣʝʝ 50 % ʧʨʠ ʪʨʘʚʣʝʥʠʠ ʥʘʙʣʶʜʘʣʦʩʴ 

ʠʟʙʳʪʦʯʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʚ ʨʘʩʪʚʦʨʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʞʝʣʝʟʘ (ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ 

ʠʟʤʝʥʝʥʠʝʤ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ ʩ ʞʝʣʪʦʛʦ ʥʘ ʦʨʘʥʞʝʚʳʡ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʨʘʙʦʪʳ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʩʦʩʪʘʚʳ ʪʨʘʚʠʪʝʣʝʡ (ʪʘʙʣʠʮʘ 2). ɺʪʦʨʦʡ 

ʵʪʘʧ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʘ ʫʩʪʘʥʦʚʢʝ ʩʪʨʫʡʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʕʍ-2531, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʜʚʫʭʩʪʦʨʦʥʥʝʛʦ ʩʪʨʫʡʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʧʣʦʩʢʠʭ ʟʘʛʦʪʦʚʦʢ ʯʝʨʝʟ 

ʬʦʪʦʨʝʟʠʩʪʠʚʥʫʶ ʤʘʩʢʫ.  

ʇʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʪʨʘʚʣʝʥʠʷ ʥʘ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʦʟʚʦʣʠʣʦ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʟʙʝʞʘʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʝʛʦ ʩʦʩʪʘʚʘ. 
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ʊʘʙʣʠʮʘ 2. ʆʧʪʠʤʘʣʴʥʳʝ ʩʦʩʪʘʚʳ ʪʨʘʚʠʪʝʣʝʡ ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ 

ʩʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥ 
 

 ̄ ʉʦʩʪʘʚ ʨʘʩʪʚʦʨʘ ʉʢʦʨʦʩʪʴ ʪʨʘʚʣʝʥʠʷ, ʛ/ʤʠʥ 

1 HCl ï 20%; H2O2 ï 20%; H2O ï 60% 0,009 

2 HCl ï 20%; H2O2 ï 30%; H2O ï 50% 0,018 

3 HCl ï 20%; H2O2 ï 40%; H2O ï 40%   0,016 

4 HCl ï 20%; H2O2 ï 50%; H2O ï 30%   0,024 

5 HCl ï 30%; H2O2 ï 20%; H2O ï 50% 0,010 

6 HCl ï 30%; H2O2 ï 30%; H2O ï 40%   0,063 

7 HCl ï 30%; H2O2 ï 40%; H2O ï 30% 0,071 

8 HCl ï 30%; H2O2 ï 50%; H2O ï 20% 0,075 

9 HCl ï 40%; H2O2 ï 20%; H2O ï 40%   0,014 

 

ʂʘʞʜʳʡ ʨʘʩʪʚʦʨ ʠʩʧʳʪʳʚʘʣʩʷ ʥʘ ʯʝʪʳʨʝʭ ʢʦʤʧʣʝʢʪʘʭ ʧʦ ʧʷʪʴ ʦʙʨʘʟʮʦʚ ʩ ʨʘʟʥʦʡ 

ʪʦʧʦʣʦʛʠʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ ʰʘʙʣʦʥʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʙʳʣʦ ʚʟʷʪʦ ʚʨʝʤʷ ʪʨʘʚʣʝʥʠʷ 20 ʦʙʨʘʟʮʦʚ. ʂʘʞʜʫʶ ʧʣʘʩʪʠʥʫ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʤʠʢʨʦʩʢʦʧʝ MarVison MM 420.3 (ʨʠʩ. 1). 
 

       
ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ MarVison MM 420.3  

ʠ ʨʝʟʫʣʴʪʘʪ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʩʪʘʣʴʥʦʡ ʧʣʘʩʪʠʥʳ 
 

ʆʩʥʦʚʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʘʚʣʝʥʠʷ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʘʙʣʦʥʘ ʠ ʩʦʩʪʘʚʘ 

ʪʨʘʚʠʪʝʣʷ ʦʢʘʟʘʣʠʩʴ ʥʝʜʦʪʨʘʚ ʱʝʣʝʡ ʠ ʦʪʚʝʨʩʪʠʡ, ʘ ʪʘʢʞʝ ʧʦʜʪʨʘʚ ʧʦʜ ʤʘʩʢʫ (ʨʠʩ. 1). 

 

      
ʘ)  ʙ) 

ʈʠʩ. 2. ʆʩʥʦʚʥʳʝ ʜʝʬʝʢʪʳ ʧʨʠ ʪʨʘʚʣʝʥʠʠ ʩʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥ:  

ʘ) ʥʝʜʦʪʨʘʚ, ʙ) ʧʦʜʪʨʘʚ ʧʦʜ ʤʘʩʢʫ 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʧʦ 

ʩʪʘʙʠʣʴʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʠ ʢʘʯʝʩʪʚʫ ʪʨʘʚʣʝʥʠʷ ʦʢʘʟʘʣʩʷ ʨʘʩʪʚʦʨ ˉ 7 ʩʦʩʪʘʚʘ 

HCl (30 %), H2O2 (40 %), H2O (30 %) (ʪʘʙʣʠʮʘ 2).  

ʈʘʩʪʚʦʨʳ ˉ 1, 2, 3, 4 ʧʨʦʷʚʠʣʠ ʩʝʙʷ ʩʪʘʙʠʣʴʥʦ, ʥʦ ʫʩʪʫʧʘʣʠ ʧʦ ʩʢʦʨʦʩʪʠ 

ʪʨʘʚʣʝʥʠʷ, ʠ ʤʝʩʪʘʤʠ (ʝʜʠʥʠʯʥʳʝ ʩʣʫʯʘʠ) ʥʘʙʣʶʜʘʣʩʷ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʧʝʨʝʪʨʘʚ.  

ʋ ʨʘʩʪʚʦʨʦʚ ˉ 5, 9 ʩʦ ʚʨʝʤʝʥʝʤ ʧʨʦʠʩʭʦʜʠʪ ʫʭʫʜʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʪʨʘʚʣʝʥʠʷ. ʈʘʩʪʚʦʨ ˉ 6, ʠʤʝʷ ʥʝʧʣʦʭʦʝ ʚʨʝʤʷ 

ʪʨʘʚʣʝʥʠʷ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʧʦʜʪʨʘʚʘ ʧʦʜ ʬʦʪʦʨʝʟʠʩʪʠʚʥʫʶ 

ʤʘʩʢʫ. ɺ ʩʣʫʯʘʝ ʨʘʩʪʚʦʨʘ ˉ 8 ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʵʬʬʝʢʪ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ: ʧʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʪʨʘʚʣʝʥʠʷ ʧʦʣʦʚʠʥʳ ʧʣʘʩʪʠʥ (11 ʰʪʫʢ ʠʟ 20) ʨʘʩʪʚʦʨ ʤʛʥʦʚʝʥʥʦ ʚʩʢʠʧʘʣ 

ʠ ʚʳʭʦʜʠʣ ʠʟ ʩʪʨʦʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʮʝʩʩ ʭʠʤʠʯʝʩʢʦʛʦ 

ʬʨʝʟʝʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʜʝʪʘʣʠ ʩʦ ʱʝʣʷʤʠ ʠ 

ʦʪʚʝʨʩʪʠʷʤʠ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʩ ʤʘʣʳʤʠ ʨʘʟʤʝʨʘʤʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʪʨʘʚʣʝʥʠʷ ʧʣʘʩʪʠʥ ʠʟ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʠʤʝʥʷʪʴ ʨʘʩʪʚʦʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʝ ʙʦʣʝʝ 40 % HCl.  

ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʥʘ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʥʝʢʘʯʝʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ 

ʨʘʩʪʚʦʨʦʚ ʩʚʷʟʘʥʘ ʩ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʨʦʮʝʩʩʝ 

ʪʨʘʚʣʝʥʠʷ. 
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ION EXCHANGE WATER PURIFICATION IN A DEVICE LOADED WITH 

CELLULOSE CONTAINING SORBEN  

 
Abstract: this article presents methodology and results of calculation of the ion exchange water 

purification process in an apparatus with stationary cellulose containing sorbent. As a result of the 

calculations the overall dimensions of the apparatus and the parameters of the water purification process 

from heavy metal ions are determined. 

Keywords: ion exchange apparatus, cellulose containing sorbent, calculation. 

 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʯʠʩʪʢʠ ʚʦʜʳ ʚ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ 

ʥʘʜʝʞʥʳʝ ʠ ʧʨʦʩʪʳʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʦʥʦʦʙʤʝʥʥʳʝ ʘʧʧʘʨʘʪʳ. ʂ ʪʘʢʠʤ ʘʧʧʘʨʘʪʘʤ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠʦʥʠʪʦʚʳʝ ʬʠʣʴʪʨʳ, ʚ ʢʦʪʦʨʳʭ ʦʯʠʩʪʢʘ ʚʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʝʝ 

ʧʨʦʧʫʩʢʘʷ ʯʝʨʝʟ ʧʣʦʪʥʳʡ ʥʝʧʦʜʚʠʞʥʳʡ ʩʣʦʡ ʠʦʥʠʪʘ. ʇʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʠʦʥʠʪʘ 

ʮʝʣʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʬʠʣʴʪʨ ʦʪʢʣʶʯʘʶʪ ʥʘ ʨʝʛʝʥʝʨʘʮʠʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ 

ʦʙʤʝʥʥʘʷ ʝʤʢʦʩʪʴ ʠʦʥʠʪʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʠ ʘʧʧʘʨʘʪ ʩʥʦʚʘ ʙʫʜʝʪ ʛʦʪʦʚ ʢ ʨʘʙʦʪʝ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʠʦʥʠʪʦʚʳʭ ʬʠʣʴʪʨʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʥʠʭ ʥʝʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʦʥʦʦʙʤʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʥʘʧʨʠʤʝʨ, ʥʘ ʦʩʥʦʚʝ ʮʝʣʣʶʣʦʟʳ (ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʜʨʝʚʝʩʥʳʝ ʦʧʠʣʢʠ, ʭʣʦʧʢʦʚʫʶ ʮʝʣʣʶʣʦʟʫ ʠ ʜʨ.), ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʳʭ ʤʝʥʴʰʝ, ʯʝʤ 

ʧʣʦʪʥʦʩʪʴ ʦʯʠʱʘʝʤʦʡ ʚʦʜʳ.  

ɼʣʷ ʧʨʦʮʝʩʩʦʚ ʠʦʥʦʦʙʤʝʥʥʦʡ ʦʯʠʩʪʢʠ ʚʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʠʭ ʠʦʥʦʦʙʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ 

ʠʦʥʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1. ʀʦʥʦʦʙʤʝʥʥʳʡ ʘʧʧʘʨʘʪ: 

ʘ ï ʚ ʥʝʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ, ʙ ï ʥʘ ʩʪʘʜʠʠ ʦʯʠʩʪʢʠ ʚʦʜʳ; 

1, 2 ï ʦʙʝʯʘʡʢʠ; 3, 4 ï ʜʨʝʥʘʞʥʦïʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ; 5, 6 ï ʰʪʫʮʝʨʘ;  

7 ï ʩʣʦʡ ʩʦʨʙʝʥʪʘ; 8 ï ʩʣʦʡ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 
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ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʚ ʠʦʥʦʦʙʤʝʥʥʳʡ ʬʠʣʴʪʨ ʧʦʤʝʱʘʶʪ ʠʦʥʠʪ ʠ ʠʥʝʨʪʥʳʡ 

ʤʘʪʝʨʠʘʣ. ɺ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʦʥʠʪ ʠʟ ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʝʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʣʦʪʥʦʩʪʴ ʦʯʠʱʘʝʤʦʡ ʚʦʜʳ. ʀʥʝʨʪʥʳʡ 

ʤʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʘʩʪʠʮʳ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʳʭ ʥʘ 15-

20 % ʙʦʣʴʰʝ, ʯʝʤ ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ. ʀʦʥʠʪ ʚʩʧʣʳʚʘʝʪ ʚʚʝʨʭ ʘʧʧʘʨʘʪʘ, ʦʙʨʘʟʫʷ 

ʥʝʧʦʜʚʠʞʥʳʡ ʧʣʦʪʥʳʡ ʩʣʦʡ 7, ʘ ʯʘʩʪʠʮʳ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʧʫʩʢʘʝʪʩʷ ʧʦʜ 

ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʩʦʤ ʚʥʠʟ ʘʧʧʘʨʘʪʘ, ʦʙʨʘʟʫʷ ʥʝʧʦʜʚʠʞʥʳʡ ʩʣʦʡ 8. ʄʝʞʜʫ 

ʥʝʧʦʜʚʠʞʥʳʤʠ ʩʣʦʷʤʠ ʠʦʥʠʪʘ 7 ʠ ʯʘʩʪʠʮʘʤʠ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 8 ʦʙʨʘʟʫʝʪʩʷ 

ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 9. 

ʇʦʣʥʳʡ ʮʠʢʣ ʨʘʙʦʪʳ ʠʦʥʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʩʪʘʜʠʡ: 1) ʦʯʠʩʪʢʘ ʚʦʜʳ, 2) ʨʝʛʝʥʝʨʘʮʠʷ ʠʦʥʠʪʘ, 3) ʦʪʤʳʚʢʘ ʠʦʥʠʪʘ, 4) ʚʟʨʳʭʣʝʥʠʝ 

ʠʦʥʠʪʘ. 

ʅʘ ʩʪʘʜʠʠ ʦʯʠʩʪʢʠ ʚʦʜʳ ʠʩʭʦʜʥʘʷ ʚʦʜʘ ʧʦʜʘʝʪʩʷ ʯʝʨʝʟ ʰʪʫʮʝʨʘ 5, ʧʨʦʭʦʜʠʪ 

ʯʝʨʝʟ ʥʠʞʥʝʝ ʜʨʝʥʘʞʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 4 ʠ ʩʣʦʠ ʯʘʩʪʠʮ ʠʥʝʨʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ 8. ɼʚʠʞʫʱʘʷʩʷ ʠʩʭʦʜʥʘʷ ʚʦʜʘ ʚʳʜʘʚʣʠʚʘʝʪ ʯʘʩʪʠʮʳ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʦʙʝʯʘʡʢʦʡ 1 ʠ ʦʙʝʯʘʡʢʦʡ 2 ʚ ʦʙʝʯʘʡʢʫ 1, ʧʦʜʥʠʤʘʝʪ ʯʘʩʪʠʮʳ 

ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʚʝʨʭ ʘʧʧʘʨʘʪʘ ʠ ʧʨʠʞʠʤʘʝʪ ʠʭ ʢ ʥʝʧʦʜʚʠʞʥʦʤʫ ʩʣʦʶ ʠʦʥʠʪʘ 7. 

ʇʨʠ ʵʪʦʤ ʤʝʞʜʫ ʦʙʝʯʘʡʢʦʡ 1 ʠ ʦʙʝʯʘʡʢʦʡ 2 ʦʙʨʘʟʫʝʪʩʷ ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

ɿʘʪʝʤ ʠʩʭʦʜʥʘʷ ʚʦʜʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʝʧʦʜʚʠʞʥʳʡ ʩʣʦʡ ʠʦʥʠʪʘ 7, ʛʜʝ ʦʯʠʱʘʝʪʩʷ ʦʪ 

ʠʦʥʦʚ ʮʝʣʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʆʯʠʱʝʥʥʘʷ ʚʦʜʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʚʝʨʭʥʝʝ ʜʨʝʥʘʞʥʦ-

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 3 ʠ ʚʳʚʦʜʠʪʩʷ ʠʟ ʘʧʧʘʨʘʪʘ ʯʝʨʝʟ ʰʪʫʮʝʨ 6. ʇʦʩʣʝ 

ʥʘʩʳʱʝʥʠʷ ʠʦʥʠʪʘ ʮʝʣʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʨʝʢʨʘʱʘʶʪ ʧʦʜʘʯʫ ʠʩʭʦʜʥʦʡ ʚʦʜʳ ʚ 

ʘʧʧʘʨʘʪ ʠ ʧʨʦʚʦʜʷʪ ʩʪʘʜʠʶ ʨʝʛʝʥʝʨʘʮʠʠ ʠʦʥʠʪʘ ʨʝʛʝʥʝʨʘʮʠʦʥʥʳʤ ʨʘʩʪʚʦʨʦʤ, 

ʢʦʪʦʨʳʡ ʧʦʜʘʝʪʩʷ ʯʝʨʝʟ ʰʪʫʮʝʨ 5. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʘ ʥʘ ʩʪʘʜʠʠ ʨʝʛʝʥʝʨʘʮʠʠ 

ʘʥʘʣʦʛʠʯʝʥ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʘ ʥʘ ʩʪʘʜʠʠ ʦʯʠʩʪʢʠ ʚʦʜʳ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʩʪʘʜʠʠ ʨʝʛʝʥʝʨʘʮʠʠ ʠʦʥʠʪʘ ʧʨʝʢʨʘʱʘʶʪ ʧʦʜʘʯʫ ʨʝʛʝʥʝʨʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʘʧʧʘʨʘʪ 

ʠ ʧʨʦʚʦʜʷʪ ʩʪʘʜʠʶ ʦʪʤʳʚʢʠ ʠʦʥʠʪʘ ʦʪ ʦʩʪʘʪʢʦʚ ʨʝʛʝʥʝʨʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʧʨʦʤʳʚʦʯʥʦʡ ʚʦʜʦʡ, ʢʦʪʦʨʘʷ ʧʦʜʘʝʪʩʷ ʯʝʨʝʟ ʰʪʫʮʝʨ 5. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʘ ʥʘ 

ʩʪʘʜʠʠ ʦʪʤʳʚʢʠ ʠʦʥʠʪʘ ʘʥʘʣʦʛʠʯʝʥ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʘ ʥʘ ʩʪʘʜʠʠ ʦʯʠʩʪʢʠ 

ʚʦʜʳ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʦʪʤʳʚʢʠ ʠʦʥʠʪʘ ʧʨʦʚʦʜʷʪ ʩʪʘʜʠʶ ʚʟʨʳʭʣʝʥʠ ̫ʠʦʥʠʪʘ. ɼʣʷ 

ʵʪʦʛʦ ʧʨʝʢʨʘʱʘʶʪ ʧʦʜʘʯʫ ʧʨʦʤʳʚʦʯʥʦʡ ʚʦʜʳ ʚ ʘʧʧʘʨʘʪ, ʯʘʩʪʠʮʳ ʠʥʝʨʪʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʦʧʫʩʢʘʶʪʩʷ ʧʦʜ ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʩʦʤ ʚʥʠʟ ʦʙʝʯʘʡʢʝ 1, ʯʘʩʪʠʯʥʦ ʧʝʨʝʭʦʜʷʪ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʦʙʝʯʘʡʢʦʡ 1 ʠ ʦʙʝʯʘʡʢʦʡ 2, ʟʘʧʦʣʥʷʷ ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

ʇʨʠ ʵʪʦʤ ʤʝʞʜʫ ʥʝʧʦʜʚʠʞʥʳʤʠ ʧʣʦʪʥʳʤʠ ʩʣʦʷʤʠ ʠʦʥʠʪʘ 7 ʠ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 8 

ʦʙʨʘʟʫʝʪʩʷ ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 9. ɼʣʷ ʩʪʘʜʠʠ ʚʟʨʳʭʣʝʥʠʷ ʦʯʠʱʝʥʥʘʷ ʚʦʜʘ 

ʧʦʩʪʫʧʘʝʪ ʚ ʠʦʥʦʦʙʤʝʥʥʳʡ ʘʧʧʘʨʘʪ ʯʝʨʝʟ ʰʪʫʮʝʨ 6, ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʚʝʨʭʥʝʝ 

ʜʨʝʥʘʞʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 3, ʧʦʜʜʝʨʞʠʚʘʷ ʥʘ ʥʝʤ ʠʦʥʠʪ ʚ ʢʠʧʷʱʝʤ 

ʩʦʩʪʦʷʥʠʠ. ʇʨʠ ʵʪʦʤ ʠʦʥʠʪ ʦʪʤʳʚʘʝʪʩʷ ʦʪ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ. ɿʘʪʝʤ ʚʦʜʘ ʧʨʦʭʦʜʠʪ 

ʩʢʚʦʟʴ ʩʣʦʡ ʯʘʩʪʠʮ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 8, ʥʠʞʥʝʝ ʜʨʝʥʘʞʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ 4 ʠ ʚʳʚʦʜʠʪʩʷ ʠʟ ʘʧʧʘʨʘʪʘ ʯʝʨʝʟ ʰʪʫʮʝʨ 5. ɿʘʪʝʤ ʮʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ. 

ʈʘʩʯʝʪ ʘʧʧʘʨʘʪʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ 

ʨʘʩʪʚʦʨʘ Q = 0,001 ʤ3/ʩ; ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ ʤʝʜʠ ʥʘ ʚʭʦʜʝ ʚ ʘʧʧʘʨʘʪ  

ʉʚʭ = 0,005 ʢʛ-ʵʢʚ/ʤ3; ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ɟʨ = 1000 ʢʛ/ʤ3; ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ 

ʨʘʩʪʚʦʨʘ ɛʨ = 0,001 ʇʘĿʩ; ʚʳʩʦʪʘ ʥʝʧʦʜʚʠʞʥʦʛʦ ʩʣʦʷ ʢʘʪʠʦʥʠʪʘ ʅ1 = 0,5 ʤ; ʜʠʘʤʝʪʨ 

ʧʝʨʚʦʡ ʦʙʝʯʘʡʢʠ D1 = 0,5 ʤ; ʜʠʘʤʝʪʨ ʚʪʦʨʦʡ ʦʙʝʯʘʡʢʠ D2 = 0,67 ʤ; ʚʳʩʦʪʘ ʩʚʦʙʦʜʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʅ2 = 0,3 ʤ. 
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ɼʣʷ ʦʯʠʩʪʢʠ ʚʦʜʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʪʠʦʥʠʪ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʣʴʯʝʥʥʳʭ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʜʨʝʚʝʩʥʳʭ ʦʧʠʣʦʢ ʠ ʭʠʦʟʘʥʘ [1]. ʂʘʪʠʦʥʠʪ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ 

ʩʚʦʡʩʪʚʘ: ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ ʥʘʙʫʭʰʝʛʦ ʢʘʪʠʦʥʠʪʘ dʢ = 5Ŀ10-4 ʤ; ʧʣʦʪʥʦʩʪʴ 

ʯʘʩʪʠʮ ʥʘʙʫʭʰʝʛʦ ʢʘʪʠʦʥʠʪʘ ɟʢ = 570 ʢʛ/ʤ3; ʧʦʣʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʦʙʤʝʥʥʘʷ ʝʤʢʦʩʪʴ 

ʢʘʪʠʦʥʠʪʘ ɽ0 = 0,137 ʢʛ-ʵʢʚ/ʤ3 (0,12 ʤʦʣʴ/ʢʛ). 

ʏʘʩʪʠʮʳ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʣʫʯʝʥʳ ʩʫʩʧʝʥʟʠʦʥʥʦʡ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʝʡ 

ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʤʝʪʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 6 % ʜʠʚʠʥʠʣʙʝʥʟʦʣʘ. ʊʘʢʦʡ ʩʠʥʪʝʟ, 

ʥʘʧʨʠʤʝʨ, ʧʨʦʚʦʜʷʪ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʘʪʠʦʥʠʪʘ ʂɹ-4 ʧʝʨʝʜ ʚʚʝʜʝʥʠʝʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ [2]; ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ ʥʘʙʫʭʰʠʭ ʟʝʨʝʥ ɟʥʘʩ ʨʘʚʥʘ 550ï

720 ʢʛ/ʤ3 [3]; ʧʨʠʤʝʤ ɟʥʘʩ = 625 ʢʛ/ʤ3; ʧʦʨʦʟʥʦʩʪʴ ʩʣʦʷ ʢʘʪʠʦʥʠʪʘ Ů = 0,4; ʩʨʝʜʥʠʡ 

ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ dʠ.ʤ = 5Ŀ10-4 ʤ. 

ʈʘʩʯʝʪ ʘʧʧʘʨʘʪʘ ʥʘ ʩʪʘʜʠʠ ʩʦʨʙʮʠʠ ʧʨʦʚʦʜʷʪ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʝʨʚʦʡ ʦʙʝʯʘʡʢʠ: 
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ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʨʘʩʪʚʦʨʘ ʚʥʫʪʨʠ ʘʧʧʘʨʘʪʘ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ 

[4], ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤʠ ʩʢʦʨʦʩʪʴ ʚʦʜʳ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʪʦʯʥʦʤ ʥʘʪʨʠʡ-

ʢʘʪʠʦʥʠʨʦʚʘʥʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2,8Ŀ10-3 ʜʦ 6,9Ŀ10-3 ʤ/ʩ (10-25 ʤ/ʯ), ʘ ʧʨʠ 

ʧʨʦʪʠʚʦʪʦʯʥʦʤ ʥʘʪʨʠʡ-ʢʘʪʠʦʥʠʨʦʚʘʥʠʠ ʦʪ 9,7Ŀ10-3 ʜʦ 0,011 ʤ/ʩ (35-40 ʤ/ʯ). 

ʆʙʲʝʤ ʢʘʪʠʦʥʠʪʘ ʚ ʘʧʧʘʨʘʪʝ: 
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ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʚʦʜʳ ʨʘʩʩʯʠʪʳʚʘʝʤ ʧʦ ʬʦʨʤʫʣʝ [4]: 
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ʅʘʭʦʜʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʉʜ ʧʦ ʛʨʘʬʠʢʫ [5], ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʥʘ 

ʨʠʩ. 2. 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʰʘʨʘ ʉʜ ʦʪ  ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ Re 

 

ɼʣʷ Re = 2,5 ʥʘʭʦʜʠʤ ʉʜ = 13. 

ʇʣʦʪʥʦʩʪʴ ʥʘʙʫʭʰʠʭ ʟʝʨʝʥ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ: 
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ʉʢʦʨʦʩʪʴ ʚʠʪʘʥʠʷ ʯʘʩʪʠʮʳ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘʭʦʜʠʤ ʧʦ ʬʦʨʤʫʣʝ [5]: 
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ʆʙʲʝʤ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʧʝʨʚʦʡ ʦʙʝʯʘʡʢʝ: 
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ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʨʘʩʪʚʦʨʘ ʤʝʞʜʫ ʦʙʝʯʘʡʢʘʤʠ 1 ʠ 2: 
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ʀʟ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʘʧʧʘʨʘʪʘ ʧʦʟʚʦʣʷʝʪ ʦʯʠʱʘʪʴ ʚʦʜʫ ʦʪ ʠʦʥʦʚ ʤʝʜʠ ʥʘ ʢʘʪʠʦʥʠʪʘʭ ʩ 

ʧʣʦʪʥʦʩʪʴʶ ʤʝʥʴʰʝʡ, ʯʝʤ ʧʣʦʪʥʦʩʪʴ ʦʯʠʱʘʝʤʦʡ ʚʦʜʳ. ʉ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʧʨʦʚʝʜʝʥʠʶ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʚʦʜʳ ʚ ʫʩʣʦʚʠʷʭ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʦʣʠʤʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘʭʦʜʷʪ ʚʩʸ ʙʦʣʴʰʝʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ɼʦʣʛʠʝ ʛʦʜʳ ʙʦʣʝʝ ʰʠʨʦʢʦʝ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩʜʝʨʞʠʚʘʣʦʩʴ ʨʷʜʦʤ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʇʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʸʤ ʠʤʝʶʪ ʛʠʜʨʦʬʦʙʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʩʣʘʙʳʝ ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʣʦʭʫʶ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ ʠ ʨʷʜ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ 

ʥʝ ʧʦʟʚʦʣʷʶʪ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴ ʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʯʠʭ ʫʩʣʦʚʠʷʭ. ʅʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʦʤ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʳ [1]. ɼʘʥʥʳʡ 

ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʘʤʠ ʭʠʤʠʯʝʩʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʠʩʣʦʪʳ, ʛʠʜʨʦʢʩʠʜʳ, ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʝ 

ʤʝʪʘʣʣʳ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷ. ʀʩʧʦʣʴʟʫʷ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʤʦʞʥʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʦʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʮʝʣʝʡ, 

ʥʘʧʨʠʤʝʨ, ʧʦʚʳʩʠʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʜʣʷ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠʣʠ ʧʨʠʜʘʪʴ ʧʦʣʠʤʝʨʫ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʙʠʦʤʝʜʠʮʠʥʝ, ʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ ʠ ʩʤʘʯʠʚʘʝʤʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [2]. 

ɻʣʘʚʥʳʤ ʠ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʶ ʧʦʜʚʝʨʛʘʝʪʩʷ ʣʠʰʴ ʪʦʥʢʠʡ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʪʦʣʱʠʥʦʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʤʝʪʨʦʚ. ʆʙʲʝʤʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʦʣʠʤʝʨʦʚ ʧʨʠ ʵʪʦʤ ʥʝ ʠʟʤʝʥʷʶʪʩʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʷʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ, 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʣʘ [3]. 

ʋʣʫʯʰʝʥʠʝ ʘʜʛʝʟʠʠ, ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ʩʢʦʨʦʩʪʝʡ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʫʰʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʘ ʠ ʩʢʦʨʦʩʪʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, 

ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʛʫ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʭʠʤʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ [4]. 

ɻʠʜʨʦʬʠʣʴʥʳʝ ʛʨʫʧʧʳ (ʥʘʧʨʠʤʝʨ, ʧʦʣʷʨʥʳʝ ʛʨʫʧʧʳ: ʘʤʠʥʦʛʨʫʧʧʘ (NH2), 

ʢʘʨʙʦʢʩʠʣʴʥʘʷ (COOH), ʢʘʨʙʦʥʠʣʴʥʘʷ (CO) ʠ ʩʫʣʴʬʛʠʜʨʠʣʴʥʘʷ (SH)) ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ ʧʦʣʷʨʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʣʠ ʚʦʜʳ. 

ʉʦʩʪʘʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʘʟʤʳ, ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʘʤʦʛʦ ʧʦʣʠʤʝʨʘ, ʪʘʢ ʠ 

ʚʠʜʘ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ. 
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ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʠʤʝʨʦʚ ʠʥʝʨʪʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʠʦʣʦʛʠʯʝʩʢʠʤ 

ʦʙʲʝʢʪʘʤ. ɼʣʷ ʧʨʠʜʘʥʠʷ ʝʡ, ʥʘʧʨʠʤʝʨ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʥʝʦʙʭʦʜʠʤʦ 

ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʠʚʠʚʢʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʧʘʨʘʪʦʚ ʢ ʤʘʢʨʦʮʝʧʷʤ ʧʦʣʠʤʝʨʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʭʣʦʨʠʜ ʧʦʣʠʜʠʘʣʣʠʣʜʠʤʝʪʠʣʘʤʤʦʥʠʷ 

(pDDA) (ʨʠʩ.1, ʙ), ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʧʦʣʠʤʝʨʠʟʘʮʘʮʠʠ ʧʦʣʠʦʣʝʬʠʥʘ 

ʠ ʤʦʥʦʤʝʨʘ ʜʠʘʣʣʠʣʜʠʤʝʪʠʣʘʤʤʦʥʠʡ ʭʣʦʨʠʜʘ (mDDA) (ʨʠʩ.1, ʘ). 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʧʣʝʥʢʠ ʧʦʣʠʵʪʠʣʝʥʘ, ʦʙʣʘʜʘʶʱʝʡ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʫʪʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʚ 

ʧʣʘʟʤʝ ʠ ʩʦʧʦʣʠʤʝʨʠʟʘʮʘʮʠʠ ʧʦʣʠʤʝʨʘ ʠ mDDA. 

 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʣʝʥʢʘ ʧʦʣʠʵʪʠʣʝʥʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʪʦʣʱʠʥʦʡ 150 

ʤʢʤ. ʆʙʨʘʟʝʮ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʨʘʩʧʦʣʘʛʘʣʩʷ ʚ ʚʠʜʝ ʢʦʣʴʮʘ ʧʦ 

ʦʙʨʘʟʫʶʱʝʡ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʘʢʪʦʨʘ ʚ ʦʙʣʘʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʩʪʦʣʙʘ 

ʨʘʟʨʷʜʘ. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʝʜʝʥʘ ʚ ʨʘʙʦʪʝ [5]. ʊʣʝʶʱʠʡ 

ʨʘʟʨʷʜ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (i = 20ï110 ʤɸ) ʚʦʟʙʫʞʜʘʣʠ ʚ ʧʦʪʦʢʝ ʘʨʛʦʥʘ, ʢʠʩʣʦʨʦʜʘ ʧʨʠ 

ʜʘʚʣʝʥʠʠ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ 50ï300 ʇʘ. ʃʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʛʘʟʘ ʯʝʨʝʟ 

ʩʪʝʢʣʷʥʥʳʡ ʨʝʘʢʪʦʨ ʜʠʘʤʝʪʨʦʤ 3 ʩʤ ʩʦʩʪʘʚʣʷʣʘ 30 ʩʤ/ʩ. ɺʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʚ ʧʣʘʟʤʝ 

ʩʦʩʪʘʚʣʷʣʦ 300 ʩ. ʉʨʘʟʫ ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʨʝʘʢʪʦʨʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʚ ʧʣʘʟʤʝ 

ʧʣʝʥʢʫ ʦʧʫʩʢʘʣʠ ʚ 15 % ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʜʠʘʣʣʠʣʜʠʤʝʪʠʣʘʤʤʦʥʠʷ ʠ 

ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʦʥʦʤʝʨʘ ʠ 

ʇʕ. ɼʘʣʝʝ ʧʦʣʠʤʝʨʥʳʝ ʧʣʝʥʢʠ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ ʚ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʩ ʮʝʣʴʶ ʫʜʘʣʝʥʠʷ ʥʝ ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ 

ʤʦʥʦʤʝʨʘ. ʊʦʧʦʛʨʘʬʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʬʠʨʤʳ NT-MDT ʪʠʧʘ 

ñSolver P47 Proò. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘʨʫʰʝʥʥʦʛʦ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ (ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʬʠʨʤʳ çNicoletè ʤʘʨʢʠ çAvatar-360è). ʕʣʝʤʝʥʪʦʤ ʅʇɺʆ ʩʣʫʞʠʣ 

ʢʨʠʩʪʘʣʣ ʩʝʣʝʥʠʜʘ ʮʠʥʢʘ, ʫʛʦʣ ʧʘʜʝʥʠʷ ʣʫʯʘ 42,̄ ʩ ʦʜʥʦʢʨʘʪʥʳʤ ʦʪʨʘʞʝʥʠʝʤ, 

ʧʨʠʤʝʥʷʣʠ ʨʝʞʠʤ ʥʘʢʦʧʣʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 32 ʩʢʘʥʠʨʦʚʘʥʠʡ, ʨʘʟʨʝʰʝʥʠʝ 

ʩʦʩʪʘʚʣʷʣʦ 2 ʩʤ-1. ʂʨʘʝʚʳʝ ʫʛʣʳ ʩʤʘʯʠʚʘʥʠʷ mDDA ʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʦʡ ʚʦʜʦʡ 

ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ImageJ ʧʦ ʮʠʬʨʦʚʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ ʢʘʧʣʠ, 

ʨʝʛʠʩʪʨʠʨʫʝʤʦʤʫ HD-ʢʘʤʝʨʦʡ. 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʇʦʚʝʨʭʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʥʝʦʙʨʘʙʦʪʘʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʩʤʘʯʠʚʘʝʪʩʷ ʚʦʜʦʡ ʠ ʨʘʩʪʚʦʨʦʤ mDDA (ʨʠʩ. 2ʘ). ʕʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʛʨʫʟʠʪʴ ʧʣʝʥʢʫ 

ʇʕ ʚ ʨʘʩʪʚʦʨ ʤʦʥʦʤʝʨʘ ʠ ʧʨʦʚʝʩʪʠ ʧʨʠʚʠʚʢʫ. ʇʦʵʪʦʤʫ ʧʝʨʚʳʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʙʳʣʦ 

ʧʨʠʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʛʠʜʨʦʬʠʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʚ ʧʣʘʟʤʝ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʧʣʘʟʤʳ ʘʨʛʦʥʘ ʠ ʢʠʩʣʦʨʦʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʤʘʯʠʚʘʝʤʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ (ʨʠʩ. 2ʙ). ʂʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʤʝʨʘ 

ʩʦʩʪʘʚʣʷʝʪ 86Ñ1Ü ʠ 89Ñ1Ü ʜʣʷ ʤʦʥʦʤʝʨʘ ʠ ʚʦʜʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʧʦʣʠʤʝʨʘ ʚ ʧʣʘʟʤʝ ʘʨʛʦʥʘ ʫʩʨʝʜʥʝʥʥʦʝ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʟʥʘʯʝʥʠʝ ʢʨʘʝʚʦʛʦ 

ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣʦ 29Ñ2Ü ʠ 37Ñ2Ü ʜʣʷ ʤʦʥʦʤʝʨʘ ʠ ʚʦʜʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩ. 2. ʂʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʚʦʜʦʡ (ʘ, ʚ), ʨʘʩʪʚʦʨʦʤ mDDA (ʙ, ʛ)  

ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʤʝʨʘ (ʘ, ʙ) ʠ ʧʣʝʥʢʠ, ʦʙʨʘʙʦʪʘʥʥʦʡ ʚ ʧʣʘʟʤʝ ʘʨʛʦʥʘ (ʚ, ʛ)  

ʧʨʠ ʜʘʚʣʝʥʠʠ 100 ʇʘ ʠ ʪʦʢʝ ʨʘʟʨʷʜʘ 50 ʤɸ 

 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʇʕ ʧʦʟʚʦʣʠʣʦ ʧʦʛʨʫʟʠʪʴ 

ʦʙʨʘʙʦʪʘʥʥʫʶ ʧʣʝʥʢʫ ʚ ʨʘʩʪʚʦʨ ʤʦʥʦʤʝʨʘ ʠ ʧʨʦʚʝʩʪʠ ʥʝʦʙʭʦʜʠʤʫʶ ʚʳʜʝʨʞʢʫ 

ʧʦʣʠʤʝʨʘ ʜʣʷ ʝʛʦ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ mDDA. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʀʂ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʅʇɺʆ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʜʥʦʢʨʘʪʥʘʷ ʧʨʦʤʳʚʢʘ ʚ ʚʦʜʝ ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʫʜʘʣʝʥʠʶ ʤʦʥʦʤʝʨʘ (ʨʠʩ. 1): ʥʘ ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʘʷ 

ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 3200ï3600 ʩʤ-1 (ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʠ C 

ï N), ʧʦʣʦʩʘ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʦʛʣʦʱʝʥʠʷ ʥʘ 1640 ʩʤ-1 (ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʠ 

ʉ=ʉ), ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʥʘ 966 ʩʤ-1 ʠ 881 ʩʤ-1 (ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʉ ï ʅ ʚ 

ʜʚʦʡʥʳʭ ʩʚʷʟʷʭ). 

ɸʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚ ʧʣʘʟʤʝ ʘʨʛʦʥʘ ʠ ʢʠʩʣʦʨʦʜʘ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʣʠʤʝʨʘ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ ʠ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ. ʅʘ ʨʠʩ.1. ʧʨʠʚʝʜʝʥʳ ʀʂ ʩʧʝʢʪʨʳ 

ʠʩʭʦʜʥʳʭ ʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʚ ʧʣʘʟʤʝ ʘʨʛʦʥʘ ʧʣʝʥʦʢ ʇʕ. ʅʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 3200-3500 ʩʤ-1 ï ʦʙʣʘʩʪʴ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʠ ʆïʅ, ʚ 

ʜʠʘʧʘʟʦʥʝ 1600-1800 ʩʤ-1 ï ʦʙʣʘʩʪʴ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʠ ʉ=ʆ ʚ ʨʘʟʣʠʯʥʦʤ 

ʦʢʨʫʞʝʥʠʠ (ʨʠʩ.1). ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʣʠʤʝʨʦʚ ʚ ʧʣʘʟʤʝ ʢʠʩʣʦʨʦʜʘ ʧʦʛʣʦʱʝʥʠʝ ʚ 

ʦʪʤʝʯʝʥʥʳʭ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʚ ʧʣʘʟʤʝ ʘʨʛʦʥʘ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚ ʧʣʘʟʤʝ ʘʨʛʦʥʘ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʨʠʤʝʩʝʡ ʚ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʤ 

ʛʘʟʝ, ʘ ʪʘʢʞʝ ʩ ʠʭ ʜʝʩʦʨʙʮʠʝʡ ʩʦ ʩʪʝʥʦʢ ʨʝʘʢʪʦʨʘ ʠ ʵʣʝʢʪʨʦʜʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʨʷʜʘ. 

ɺʦʟʤʦʞʥʦ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʦʣʛʦʞʠʚʫʱʠʭ ʨʘʜʠʢʘʣʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ 

ʧʦʣʠʤʝʨʝ ʚ ʧʣʘʟʤʝ ʘʨʛʦʥʘ, ʩ ʢʠʩʣʦʨʦʜʦʤ ʠ ʧʘʨʘʤʠ ʚʦʜʳ ʚʦʟʜʫʭʘ ï ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʧʦʩʪ-ʵʬʬʝʢʪʳ.  

ʂʨʦʤʝ ʦʪʤʝʯʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʚ ʀʂ ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 967 ʩʤ-1, 910 ʩʤ-1, 890 ʩʤ-1 (ʨʠʩ.1). ʕʪʠ ʯʘʩʪʦʪʳ 

ʦʪʚʝʯʘʶʪ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʛʨʫʧʧʳ ʉ-ʅ ʚ ʜʚʦʡʥʳʭ ʩʚʷʟʷʭ ʨʘʟʣʠʯʥʦʛʦ 

ʪʠʧʘ. ɹʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʧʦʣʠʤʝʨʦʚ ʚ ʘʨʛʦʥʝ. 

 



ʈɸɿɼɽʃ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʈʠʩ. 3. ʀʂ ʩʧʝʢʪʨ ʠʩʭʦʜʥʦʡ ʧʣʝʥʢʠ ʇʕ (ʘ); (ʙ) ʦʙʨʘʟʝʮ, ʦʙʨʘʙʦʪʘʥʥʳʡ ʚ ʧʣʘʟʤʝ ʘʨʛʦʥʘ  

ʧʨʠ ʜʘʚʣʝʥʠʝ 100 ʇʘ ʠ ʪʦʢʝ ʨʘʟʨʷʜʘ 80 ʤɸ; (ʚ) ʦʙʨʘʟʝʮ, ʦʙʨʘʙʦʪʘʥʥʳʡ ʚ ʧʣʘʟʤʝ ʘʨʛʦʥʘ, 

ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʚ ʨʘʩʪʚʦʨʝ mDDA ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʠ ʚʳʜʝʨʞʢʠ  

ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ (1 ʯʘʩ) 

 
ʇʣʘʟʤʦʦʢʠʩʣʠʪʝʣʴʥʘʷ ʜʝʩʪʨʫʢʮʠʷ ʧʦʣʠʤʝʨʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʪʦʧʦʣʦʛʠʠ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʨʘʚʣʝʥʠʝ ʚ ʧʣʘʟʤʝ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʦʙʨʘʟʮʘ (ʨʠʩ. 4). ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʝʣʴʝʬʘ ʦʪʤʝʯʘʝʪʩʷ ʫ 

ʦʙʨʘʟʮʘ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʚ ʧʣʘʟʤʝ ʢʠʩʣʦʨʦʜʘ (ʨʠʩ. 4 ʚ), ʤʠʥʠʤʘʣʴʥʘʷ ʫ ʠʩʭʦʜʥʦʛʦ 

ʦʙʨʘʟʮʘ (ʨʠʩ. 4 ʘ). 

 

ʘ) 

 
 

 

ʙ) ʚ) 

ʈʠʩ. 4. ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ ʧʦʣʠʵʪʠʣʝʥʘ:  

ʠʩʭʦʜʥʳʡ ʦʙʨʘʟʝʮ (ʘ); ʦʙʨʘʙʦʪʘʥʥʳʡ ʚ ʧʣʘʟʤʝ ʘʨʛʦʥʘ (ʙ);  

ʦʙʨʘʙʦʪʘʥʥʳʡ ʚ ʧʣʘʟʤʝ ʢʠʩʣʦʨʦʜʘ (ʚ). ʊʦʢ ʨʘʟʨʷʜʘ 80 ʤɸ, ʜʘʚʣʝʥʠʝ ʛʘʟʘ 100 ʇʘ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʠʩʣʝʥʠʝ ʧʦʣʠʤʝʨʘ ʠ ʨʦʩʪ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʚ ʧʣʘʟʤʝ ʧʨʠʚʝʣʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʩʤʘʯʠʚʘʝʤʦʩʪʠ 

ʦʙʨʘʟʮʘ, ʯʪʦ ʩʜʝʣʘʣʦ ʚʦʟʤʦʞʥʳʤ ʧʨʦʚʝʜʝʥʠʝ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʇʕ ʠ mDDA. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʀɻʍʊʋ (ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ, 

ʩʦʛʣʘʰʝʥʠʝ ˉ 075-15-2021-671). 
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ʂ. ɺ. ʉʝʤʝʥʦʚʘ1, ɸ. ʀ. ʊʠʭʦʥʦʚ2, ʄ. ʉ. ʌʘʜʝʝʚʘ2, ɼ. ʄ. ʊʠʭʦʤʠʨʦʚ2, ɺ. ɽ. ʈʦʟʠʥ2  
1ʀʚʘʥʦʚʩʢʘʷ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ 
2ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ.ʀ. ʃʝʥʠʥʘ 

 

ʇʈʀʄɽʅɽʅʀɽ ʇʈʀʅʎʀʇʆɺ ʊɽʆʈʀʀ ʇʆɼʆɹʀʗ  

ʇʈʀ ʄʆɼɽʃʀʈʆɺɸʅʀʀ ʇʈʆʎɽʉʉʆɺ  

ɺ ʉʃʆɾʅʓʍ ʊɽʍʅʀʏɽʉʂʀʍ ʉʀʉʊɽʄɸʍ ʅɸ ʆʉʅʆɺɽ ʊɽʆʈʀʀ ʎɽʇɽʁ 

 
ɸʥʥʦʪʘʮʠʷ: ʨʘʩʩʤʦʪʨʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ, ʧʦʟʚʦʣʷʶʱʘʷ ʠʤʠʪʠʨʦʚʘʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʚʦ ʚʨʝʤʝʥʠ ʩ ʫʯʝʪʦʤ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʟʘʠʤʦʚʣʠʷʶʱʠʭ ʷʚʣʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ ʦʧʳʪʘ ʚ ʢʦʥʢʨʝʪʥʳʭ ʦʙʣʘʩʪʷʭ ʟʥʘʥʠʡ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠʥʮʠʧʦʚ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ.    

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʦʨʠʷ ʧʦʜʦʙʠʷ, ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʮʝʧʥʳʝ ʤʦʜʝʣʠ, MatLab 

Simulink SimPowerSystems.  
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APPLICATION OF THE PRINCIPLES OF THE THEORY OF SIMILARITY  

IN MODELING PROCESSES IN COMPLEX TECHNICAL SYSTEMS BASED  

ON THE THEORY OF CIRCUITS  

 
Abstract: the technology of modeling physical processes in technical systems is considered, which 
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ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʙʝʟʘʚʘʨʠʡʥʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʧʨʦʪʝʢʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʚ ʧʨʦʠʟʚʦʣʴʥʳʭ ʨʝʞʠʤʘʭ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ, ʢʘʢ ʧʦʚʝʜʝʪ 

ʩʝʙʷ ʫʩʪʨʦʡʩʪʚʦ ʚ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʩʧʦʩʦʙʥʳʭ ʧʨʠʚʝʩʪʠ ʢ ʘʚʘʨʠʷʤ ʠ ʧʦʞʘʨʘʤ. 

ɼʣʷ ʵʪʦʛʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ, ʧʦʜ ʢʦʪʦʨʳʤʠ 

ʩʦʛʣʘʩʥʦ ɻʆʉʊ ʈ 57188-2016 [1] ʧʦʥʠʤʘʶʪʩʷ çʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ, 

ʷʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʦʮʝʩʩ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶè. ʊʘʢʞʝ ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʩʦʛʣʘʩʥʦ ɻʆʉʊ ʈ 57412-2017 [2], çʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʦʪʨʘʞʘʝʪ 

ʵʣʝʤʝʥʪʘʨʥʳʝ ʷʚʣʝʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʨʦʮʝʩʩ, ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʠʭ ʣʦʛʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʚʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦ ʠʩʭʦʜʥʳʤ 

ʜʘʥʥʳʤ ʧʦʣʫʯʠʪʴ ʩʚʝʜʝʥʠʷ ʦ ʩʦʩʪʦʷʥʠʷʭ ʧʨʦʮʝʩʩʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, 

ʜʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷè.    

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ ʪʝʭʥʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʜʝʣʠ ʬʠʟʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʮʝʧʝʡ, 
ʧʦʣʫʯʠʚʰʠʝ ʥʘʟʚʘʥʠʝ çʮʝʧʥʳʭ ʤʦʜʝʣʝʡè. ɼʘʥʥʳʝ ʤʦʜʝʣʠ ʩʪʨʦʷʪʩʷ ʥʘ ʦʩʥʦʚʝ ʥʘ 
ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, 
ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʪʝʢʘʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʨʠʨʦʜʳ. 
ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʮʝʧʝʡ ʧʦʟʚʦʣʷʶʪ ʩʪʨʦʠʪʴ ʩʣʦʞʥʳʝ ʤʦʜʝʣʠ 
ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʮʝʧʝʡ, ʧʦ ʪʦʯʥʦʩʪʠ ʥʝ ʫʩʪʫʧʘʶʱʠʝ ʧʦʣʝʚʳʤ ʤʦʜʝʣʷʤ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ 
ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʝʢʦʪʦʨʳʭ ʩʠʤʤʝʪʨʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ 
ʢʣʘʩʩʦʚ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ. ʇʨʠ ʵʪʦʤ ʪʘʢʠʝ ʤʦʜʝʣʠ ʦʢʘʟʳʚʘʶʪʩʷ ʙʦʣʝʝ 
ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʤʠ, ʯʝʤ ʧʦʣʝʚʳʝ ʤʦʜʝʣʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʫ ʞʝ ʪʦʯʥʦʩʪʴ.  

ʂ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʧʘʢʝʪʘʤ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʮʝʧʥʳʭ ʤʦʜʝʣʝʡ ʦʪʥʦʩʠʪʩʷ ʧʘʢʝʪ MatLab Simulink, ʚ 
ʢʦʪʦʨʳʡ ʚʥʝʜʨʝʥ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʙʠʙʣʠʦʪʝʢ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʝʰʘʪʴ ʧʨʠʢʣʘʜʥʳʝ 
ʟʘʜʘʯʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʟ ʣʶʙʦʡ ʦʙʣʘʩʪʠ ʠʥʞʝʥʝʨʥʦʡ ʥʘʫʢʠ.  

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ, 
ʪʨʝʙʫʶʱʘʷ ʫʯʠʪʳʚʘʪʴ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʤʥʦʞʝʩʪʚʘ ʧʨʦʮʝʩʩʦʚ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ. ʇʨʠ 
ʵʪʦʤ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʣʠʩʴ ʙʳ ʵʢʩʧʝʨʪʘʤʠ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ 
ʪʝʭʥʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʩʧʦʩʦʙʥʳʭ ʛʨʘʤʦʪʥʦ ʦʧʠʩʘʪʴ ʩʧʝʮʠʬʠʢʫ ʚʩʝʭ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ. 
ɿʜʝʩʴ ʥʘ ʧʦʤʦʱʴ ʧʨʠʭʦʜʠʪ ʪʝʦʨʠʷ ʧʦʜʦʙʠʷ, ʧʨʝʜʣʘʛʘʶʱʘʷ ʝʜʠʥʳʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ 
ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ.  
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 
ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʜʥʠʤʠ ʠ ʪʝʤʠ ʞʝ ʧʦ ʬʦʨʤʝ ʫʨʘʚʥʝʥʠʷʤʠ ʦʧʠʩʳʚʘʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʷʚʣʝʥʠʷ, ʯʪʦ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʷʚʣʝʥʠʷ, ʥʘʟʚʘʥʥʦʛʦ 
ʠʟʦʤʦʨʬʠʟʤʦʤ [3, 4]. ɺ ʯʘʩʪʥʦʩʪʠ, ʣʶʙʦʡ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʨʠʨʦʜʳ 
ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʠʩʪʝʤʦʡ ʦʙʳʢʥʦʚʝʥʥʳʭ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʣʠʥʝʡʥʳʭ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʠʜʘ 

 
n n 1 2

n n 1 2 1 0n n 1 2

d x(t) d x(t) d x(t) dx(t)
a a ... a a a x(t) f (t)

dt dt dt dt

-

- -
+ + + + + =,    (1) 

 
ʛʜʝ x(t) ʠ y(t) ï ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ; a0, é, an ï ʢʦʵʬʬʠʮʠʝʥʪʳ. 
ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʦʪʨʘʙʦʪʘʥʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʪʝʦʨʠʠ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʩʷ ʧʨʠʣʦʞʝʥʠʝ ʝʝ ʢ ʘʥʘʣʠʟʫ 
ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ, ʚ ʢʦʪʦʨʳʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ (1) ʧʨʠʦʙʨʝʪʘʶʪ 
ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʡ ʩʤʳʩʣ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʵʪʠ 
ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʞʥʦ ʩʚʝʩʪʠ ʩ ʢʦʤʙʠʥʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʚʩʝʛʦ ʧʷʪʠ ʪʠʧʦʚ: 
ʩʦʧʨʦʪʠʚʣʝʥʠʝ R, ʠʥʜʫʢʪʠʚʥʦʩʪʴ L, ʝʤʢʦʩʪʴ C, ʠʩʪʦʯʥʠʢ ʕɼʉ E ʠ ʠʩʪʦʯʥʠʢ ʪʦʢʘ I. 
ʇʨʠ ʵʪʦʤ ʩʣʦʞʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʚʠʜʘ (1) ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʦʞʝʥʘ ʥʘ ʩʠʩʪʝʤʫ 
ʫʨʘʚʥʝʥʠʡ ʥʝ ʙʦʣʝʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʯʪʦ ʠʤʝʝʪ ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ, ʪʘʢ ʠ 
ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ [5]. ʂʘʞʜʦʤʫ ʪʘʢʦʤʫ çʵʣʝʤʝʥʪʘʨʥʦʤʫ ʫʨʘʚʥʝʥʠʶè ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ 
ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʘʚʣʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ çʵʣʝʤʝʥʪʘʨʥʘʷ ʮʝʧʴè (ʚʝʪʚʴ) ʠʟ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ R, L, C, E, I. ʄʦʜʝʣʴ 
ʩʣʦʞʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʦʞʥʦʡ ʨʘʟʚʝʪʚʣʝʥʥʦʡ 
ʮʝʧʴʶ, ʧʦʩʪʨʦʝʥʥʦʡ ʠʟ ʪʘʢʠʭ ʚʝʪʚʝʡ. 

ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ, ʥʦ ʠ ʣʶʙʦʡ ʬʠʟʠʯʝʩʢʠʡ 
ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʮʝʧʥʦʡ ʤʦʜʝʣʴʶ, ʧʦʩʪʨʦʝʥʥʦʡ ʠʟ 
ʧʷʪʠ ʪʠʧʦʚ ʵʣʝʤʝʥʪʦʚ, ʘʥʘʣʦʛʠʯʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʘʤ R, L, C, E, I [4, 5]. 
ʇʨʘʚʜʘ, ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʙʫʜʫʪ ʠʤʝʪʴ ʩʚʦʶ 
ʬʠʟʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʪʝʧʣʦʚʳʭ ʮʝʧʝʡ ʵʪʦ ʙʫʜʫʪ ʪʝʧʣʦʚʦʝ 
ʩʦʧʨʦʪʠʚʣʝʥʠʝ Rʪ, ʪʝʧʣʦʝʤʢʦʩʪʴ ʉʪ, ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ȹT (ʘʥʘʣʦʛ ʕɼʉ), ʠʩʪʦʯʥʠʢ 
ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ Q. ʇʨʠʨʦʜʘ ʪʝʧʣʦʚʦʛʦ ʘʥʘʣʦʛʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ Lʪ ʥʝ ʩʦʚʩʝʤ ʧʦʥʷʪʥʘ, 
ʪʘʢ ʢʘʢ ʘʚʪʦʨʳ ʥʝ ʷʚʣʷʶʪʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚ ʦʙʣʘʩʪʠ ʪʝʧʣʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʛʜʝ 
ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʝʜʤʝʪʘ 
ʦʙʳʯʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʦʥ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʤʝʥʝʥʠʷ ʥʝ ʥʘʭʦʜʠʪ.    

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʮʝʧʥʦʡ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʤʢʘʭ 
ʧʘʢʝʪʘ MatLab Simulink ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʠʙʣʠʦʪʝʢʘ SimScape, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘʙʦʨʦʤ 
ʙʠʙʣʠʦʪʝʢ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʘʜʘʧʪʠʨʦʚʘʥʘ ʢ ʩʚʦʝʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ: 
ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʮʝʧʠ, ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ, ʛʘʟʦ- ʠ ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʠ ʪ.ʧ. ʆʜʥʘʢʦ, ʢʘʢ 
ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ, ʩʧʝʮʠʘʣʠʩʪʘʤ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ ʫʜʦʙʥʝʝ ʧʦʣʴʟʦʚʘʪʴʩʷ 
ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʭʝʤʘʤʠ ʟʘʤʝʱʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʨʠʨʦʜʳ, ʠʩʧʦʣʴʟʫʷ 
ʜʣʷ ʠʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʠʙʣʠʦʪʝʢʫ MatLab Simulink SimPowerSystems. 
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ʈʠʩ. 1. ʄʦʜʝʣʴ ʪʝʧʣʦʚʦʡ ʮʝʧʠ ʚ MatLab Simulink SimScape Termal 

 
ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʟʜʝʩʴ ʧʨʠʚʦʜʠʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʪʝʧʣʳʭ ʧʦʣʦʚ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʞʠʣʦʛʦ ʜʦʤʘ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ 
ʮʝʧʥʘʷ ʤʦʜʝʣʴ ʪʝʧʣʦʚʦʛʦ ʧʦʣʘ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʩʨʝʜʩʪʚʘʤʠ ʙʠʙʣʠʦʪʝʢʠ MatLab 
Simulink SimScape Termal. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ 
ʤʦʜʝʣʠ ʪʝʧʣʦʛʦ ʧʦʣʷ, ʦʧʠʩʳʚʘʝʤʘʷ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

1) ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 
 

b
R

S
=
l

,       (2) 

 
ʛʜʝ b ï ʪʦʣʱʠʥʘ ʩʣʦʷ; ɚ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ; S ï ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʧʨʦʭʦʜʠʪ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ; 
2) ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʦʪʜʘʯʠ 

 

1
R

S
=
a

,       (3) 

 
ʛʜʝ Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ S; 
3) ʪʝʧʣʦʝʤʢʦʩʪʴ, ʤʦʜʝʣʠʨʫʝʤʘʷ ʵʣʝʢʪʨʦʝʤʢʦʩʪʴʶ ʩ ʧʘʨʘʤʝʪʨʦʤ 

 

ʉ ʩm= ,       (4) 
 

ʛʜʝ c ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ; m ï ʤʘʩʩʘ ʩʣʦʷ. 
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ʈʠʩ. 2. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʪʝʧʣʦʚʦʡ ʮʝʧʠ ʚ MatLab Simulink SimPowerSystems  

 
ʈʝʟʫʣʴʪʘʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʢʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʟʥʳʭ ʩʣʦʷʭ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʦʣʘ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ. 3. 

   

 
ʘ)        ʙ) 

 
ʈʠʩ. 3. ʇʨʝʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ: ʘ) 1 ï ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʦʣʷʮʠʠ ʪʝʧʣʦʵʣʝʤʝʥʪʘ,  

2 ï ʚ ʩʝʨʝʜʠʥʝ ʧʦʜʩʳʧʢʠ (ʥʠʟ), 3 ï ʤʝʞʜʫ ʪʝʧʣʦʠʟʦʣʷʮʠʝʡ ʠ ʙʝʪʦʥʦʤ,  

4 ï ʚ ʩʝʨʝʜʠʥʝ ʙʝʪʦʥʥʦʛʦ ʧʦʣʘ, 5 ï ʤʝʞʜʫ ʙʝʪʦʥʦʤ ʠ ʟʝʤʣʝʡ; ʙ) 1 ï ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʦʣʷʮʠʠ 

ʪʝʧʣʦʵʣʝʤʝʥʪʘ, 2 ï ʚ ʩʝʨʝʜʠʥʝ ʧʦʜʩʳʧʢʠ (ʚʝʨʭ), 3 ï ʤʝʞʜʫ ʜʝʢʦʨʘʪʠʚʥʦʡ ʧʦʜʣʦʞʢʦʡ  

ʠ ʧʦʜʩʳʧʢʦʡ, 4 ï ʤʝʞʜʫ ʧʦʜʣʦʞʢʦʡ ʠ ʣʘʤʠʥʘʪʦʤ, 5 ï ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʘʤʠʥʘʪʘ 



ʈɸɿɼɽʃ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 

 

 133 

ɺʳʚʦʜʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʧʠʩʘʥʥʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʚʳʝ ʮʝʧʠ, ʥʦ ʠ ʧʨʦʠʟʚʦʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʩʣʦʞʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʠʥʞʝʥʝʨʘʤʠ, ʥʝ ʷʚʣʷʶʱʠʤʠʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ 

ʨʘʟʥʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ. ʅʝ ʩʤʦʪʨʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʚ ʜʘʥʥʦʡ ʢʦʥʢʨʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʠʥʞʝʥʝʨ ʤʦʞʝʪ ʧʦʩʪʨʦʠʪʴ ʠ ʨʘʩʩʯʠʪʘʪʴ 

ʠʤʠʪʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʠʜʷʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʧʦʩʪʨʦʝʥʠʷ ʩʣʦʞʥʳʭ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʮʝʧʥʳʭ ʤʦʜʝʣʝʡ, ʥʝ ʫʩʪʫʧʘʶʱʠʭ ʧʦ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ 

ʧʦʣʝʚʳʤ ʤʦʜʝʣʷʤ. 

ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʨʝʛʠʦʥʘʣʴʥʳʡ 

ʢʦʥʢʫʨʩ ʀʚʘʥʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʨʦʝʢʪ ˉ 20-48-370001 ʦʪ 19.01.2021. 
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ʆʏʀʉʊʂɸ ɺʆɼʓ ʆʊ ʀʆʅʆɺ ʊʗɾɽʃʓʍ ʄɽʊɸʃʃʆɺ ɺ ɸʇʇɸʈɸʊɽ  

ʉ ʄɽʍɸʅʀʏɽʉʂʀ ʉɾɸʊʓʄ ʉʃʆɽʄ ʀʆʅʀʊɸ 

 
ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʘʧʧʘʨʘʪʘ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʩʞʘʪʳʤ ʩʣʦʝʤ ʠʦʥʠʪʘ. ɼʦʩʪʦʠʥʩʪʚʦʤ ʜʘʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʟʘʛʨʫʟʢʠ ʠʦʥʠʪ, ʠʤʝʶʱʠʡ ʤʝʥʴʰʫʶ ʧʣʦʪʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʦʪʥʦʩʪʴʶ ʦʯʠʱʘʝʤʦʡ 

ʚʦʜʳ. ʄʝʭʘʥʠʯʝʩʢʦʝ ʩʞʘʪʠʝ ʩʣʦʷ ʠʦʥʠʪʘ ʩ ʧʦʤʦʱʴʶ ʯʘʩʪʠʮ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʝʧʷʪʩʪʚʫʝʪ ʝʛʦ 

ʚʥʫʪʨʠʩʣʦʡʥʦʤʫ ʧʝʨʝʤʝʰʠʚʘʥʠʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʦʥʦʦʙʤʝʥʥʳʡ ʘʧʧʘʨʘʪ, ʤʝʭʘʥʠʯʝʩʢʠ ʩʞʘʪʳʡ ʩʣʦʡ ʩʦʨʙʝʥʪʘ. 
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WATER PURIFICATION FROM HEAVY METAL IONS IN A DEVICE  

WITH A  MECHANICA LLY COMPRESSED LAYER OF IONITE  

 
Abstract: the article describes the principle of operation of the device with a mechanical compressed 

ionite layer. The advantage of this device is the possibility of using an ionite with a density less than the 

density of the treated water as a load. Mechanical compression of the ionite layer with the help of inert 

material particles prevents intralayer mixing of the ionite. 

Keywords: ion exchange  materials, heavy metals, device. 

 

 
ʆʙʝʩʧʝʯʝʥʠʝ ʥʘʩʝʣʝʥʠʷ ʠ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ 

ʩʣʫʞʙʳ ʄʏʉ ʚʦʜʦʡ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʦʙʲʝʤʝ ʠ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ 

ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ. ʆʩʥʦʚʥʳʝ ʫʩʠʣʠʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʧʘʩʘʪʝʣʴʥʳʭ ʩʣʫʞʙ ʦʙʳʯʥʦ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʩʠʩʪʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ [1, 2]. ɻʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ 

ʥʘʩʝʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʚʦʟʦʤ ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ɼʣʷ ʧʦʜʚʦʟʘ ʚʦʜʳ ʪʘʢʞʝ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʞʘʨʥʳʝ ʮʠʩʪʝʨʥʳ, ʧʦʣʠʚʦʯʥʳʝ ʤʘʰʠʥʳ, ʤʦʣʦʢʦʚʦʟʳ ʠ 

ʪ.ʧ. [3]. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʟʦʧʘʩʥʦʡ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʠʟ ʨʘʟʣʠʯʥʳʭ ʚʦʜʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʤʦʙʠʣʴʥʳʝ ʩʠʩʪʝʤʳ ʚʦʜʦʦʯʠʩʪʢʠ. ʆʧʠʩʘʥʠʝ 

ʧʨʠʥʮʠʧʘ ʠʭ ʨʘʙʦʪʳ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʨʘʙʦʪʘʭ [4, 5]. ɼʣʷ 

ʛʣʫʙʦʢʦʡ ʦʯʠʩʪʢʠ ʚʦʜʳ ʦʪ ʠʦʥʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 

ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ [6]. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʸʞʥʦʩʪʠ ʠʦʥʦʦʙʤʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʝʛʦ ʧʦʩʪʦʷʥʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʠʦʥʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʤʝʭʘʥʠʯʝʩʢʠ 

ʟʘʞʘʪʳʤ ʥʝʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ ʠʦʥʠʪʘ (ʨʠʩ. 1.). 
 

                                                 
 É ʉʝʤʝʥʦʚ ɸ. ʖ., ʅʘʪʘʨʝʝʚ ʉ. ɺ., ʉʳʨʙʫ ʉ. ɸ., 2023 
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ʈʠʩ. 1. ʀʦʥʦʦʙʤʝʥʥʳʡ ʘʧʧʘʨʘʪ: 

ʘ ï ʚ ʥʝʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ, ʙ ï ʥʘ ʩʪʘʜʠʠ ʦʯʠʩʪʢʠ ʚʦʜʳ; 

1 ï ʢʦʨʧʫʩ; 2 ï ʨʝʰʝʪʢʘ; 3, 4 ï ʜʨʝʥʘʞʥʦïʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ;  

5 ï ʵʣʘʩʪʠʯʥʘʷ ʧʣʝʥʢʘ; 6 ï ʢʘʨʤʘʥ; 7 ï 10 - ʰʪʫʮʝʨʘ; 11 ï ʩʣʦʡ ʩʦʨʙʝʥʪʘ;  

12, 14 ï ʩʚʦʙʦʜʥʳʡ ʦʙʲʝʤ; 13 - ʩʣʦʡ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

 

ʀʦʥʦʦʙʤʝʥʥʳʡ ʘʧʧʘʨʘʪ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʚ 

ʠʦʥʦʦʙʤʝʥʥʳʡ ʬʠʣʴʪʨ ʧʦʤʝʱʘʶʪ ʠʦʥʠʪ ʠ ʠʥʝʨʪʥʳʡ ʤʘʪʝʨʠʘʣ. ʇʦʩʢʦʣʴʢʫ ʠʦʥʠʪ 

ʣʝʛʯʝ ʚʦʜʳ, ʪʦ ʦʥ ʚʩʧʣʳʚʘʝʪ ʚʚʝʨʭ, ʘ ʠʥʝʨʪʥʳʡ ʤʘʪʝʨʠʘʣ ʦʧʫʩʢʘʝʪʩʷ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ 

ʘʧʧʘʨʘʪʘ. ɺ ʰʪʫʮʝʨ 10, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʜʥʠʱʝ ʘʧʧʘʨʘʪʘ, ʧʦʜʘʶʪ ʚʦʟʜʫʭ, ʢʦʪʦʨʳʡ 

ʥʘʜʫʚʘʝʪ ʚʦʟʜʫʰʥʫʶ ʧʦʜʫʰʢʫ 5, ʦʙʨʘʟʦʚʘʥʥʫʶ ʩʪʝʥʢʦʡ ʜʥʠʱʘ ʠ ʵʣʘʩʪʠʯʥʦʡ ʧʣʝʥʢʦʡ 

5. ʏʘʩʪʠʮʳ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʚʦʙʦʜʥʦ ʧʨʦʭʦʜʷʪ ʚʚʝʨʭ ʯʝʨʝʟ ʨʝʰʝʪʢʫ 4. ʈʝʰʝʪʢʘ 2 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʯʨʝʟʤʝʨʥʦʤʫ ʨʘʟʜʫʚʘʥʠʶ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʠ 14 ʠ ʩʧʦʩʦʙʩʪʚʫʶ 

ʨʘʚʥʦʤʝʨʥʦʤʫ ʜʘʚʣʝʥʠʶ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʠ 14 ʥʘ ʩʣʦʡ ʯʘʩʪʠʮ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

13. ʉʣʦʡ ʯʘʩʪʠʮ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 13 ʧʨʠʞʠʤʘʝʪ ʩʣʦʡ ʯʘʩʪʠʮ ʠʦʥʠʪʘ 11 ʢ 

ʚʝʨʭʥʝʤʫ ʜʨʝʥʘʞʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ 3. ʀʩʭʦʜʥʘʷ ʚʦʜʘ ʧʦʜʘʝʪʩʷ ʯʝʨʝʟ 

ʰʪʫʮʝʨʘ 7 ʠ 8, ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʠʞʥʝʝ ʜʨʝʥʘʞʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 4, 

ʩʣʦʠ ʯʘʩʪʠʮ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 14 ʠ ʠʦʥʠʪʘ 13 (ʨʠʩ. 1ʙ), ʛʜʝ ʦʯʠʱʘʝʪʩʷ ʦʪ ʠʦʥʦʚ 

ʮʝʣʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ɿʘʪʝʤ ʚʦʜʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʚʝʨʭʥʝʝ ʜʨʝʥʘʞʥʦ-

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 3 ʠ ʚʳʚʦʜʠʪʩʷ ʠʟ ʘʧʧʘʨʘʪʘ ʯʝʨʝʟ ʰʪʫʮʝʨ 9. ʇʦʩʣʝ 

ʥʘʩʳʱʝʥʠʷ ʠʦʥʠʪʘ ʮʝʣʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʨʦʚʦʜʷʪ ʨʝʛʝʥʝʨʘʮʠʶ ʠʦʥʠʪʘ. 

ʈʝʛʝʥʝʨʘʮʠʦʥʥʳʡ ʨʘʩʪʚʦʨ ʧʦʜʘʝʪʩʷ ʚ ʘʧʧʘʨʘʪ ʯʝʨʝʟ ʰʪʫʮʝʨ 9, ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʚʝʨʭʥʝʝ 

ʜʨʝʥʘʞʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 3, ʩʣʦʠ ʯʘʩʪʠʮ ʠʦʥʠʪʘ 11 ʠ ʠʥʝʨʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ 13 (ʨʠʩ. 1ʘ), ʥʠʞʥʝʝ ʜʨʝʥʘʞʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 4 ʠ ʫʜʘʣʷʝʪʩʷ 

ʠʟ ʘʧʧʘʨʘʪʘ ʯʝʨʝʟ ʰʪʫʮʝʨʘ 7 ʠ 8. ʇʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʙʤʝʥʥʦʡ ʝʤʢʦʩʪʠ ʠʦʥʠʪʘ 

ʧʨʦʚʦʜʷʪ ʝʛʦ ʦʪʤʳʚʢʫ ʦʪ ʦʩʪʘʪʢʦʚ ʨʝʛʝʥʝʨʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʇʨʦʤʳʚʦʯʥʘʷ ʚʦʜʘ 

ʧʦʜʘʝʪʩʷ ʚ ʘʧʧʘʨʘʪ ʯʝʨʝʟ ʰʪʫʮʝʨ 9, ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʚʝʨʭʥʝʝ ʜʨʝʥʘʞʥʦ-

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 3, ʩʣʦʠ ʯʘʩʪʠʮ ʠʦʥʠʪʘ 11 ʠ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 13, 

ʥʠʞʥʝʝ ʜʨʝʥʘʞʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 4 ʠ ʫʜʘʣʷʝʪʩʷ ʠʟ ʘʧʧʘʨʘʪʘ ʯʝʨʝʟ 

ʰʪʫʮʝʨ 7 ʠ 8. ɿʘʪʝʤ ʧʨʦʚʦʜʷʪ ʩʪʘʜʠʶ ʚʟʨʳʭʣʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʠʟ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʠ 

14 ʯʝʨʝʟ ʰʪʫʮʝʨ 10 ʫʜʘʣʷʶʪ ʚʦʟʜʫʭ, ʚʦʟʜʫʰʥʘʷ ʧʦʜʫʰʢʘ 14 ʩʜʫʚʘʝʪʩʷ ʠ ʩʣʦʡ ʯʘʩʪʠʮ 

ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 13 ʦʧʫʩʢʘʝʪʩʷ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ ʘʧʧʘʨʘʪʘ ʧʦʜ ʩʦʙʩʪʚʝʥʥʳʤ 

ʚʝʩʦʤ, ʧʨʠʞʠʤʘʷ ʵʣʘʩʪʠʯʥʫʶ ʧʣʝʥʢʫ 5 ʢ ʜʥʠʱʫ ʘʧʧʘʨʘʪʘ. ɺʦʜʘ ʜʣʷ ʚʟʨʳʭʣʝʥʠʷ 



ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ɽʉʊɽʉʊɺʆɿʅɸʅʀʗ 
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ʠʦʥʠʪʘ ʧʦʜʘʝʪʩʷ ʚ ʘʧʧʘʨʘʪ ʯʝʨʝʟ ʰʪʫʮʝʨ 9, ʧʦʜʜʝʨʞʠʚʘʷ ʥʘʭʦʜʷʱʠʡʩʷ ʧʦʜ ʚʝʨʭʥʠʤ 

ʜʨʝʥʘʞʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ 3 ʩʣʦʡ ʠʦʥʠʪʘ 11 ʚ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. ɿʘʪʝʤ ʚʦʜʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʣʦʡ ʯʘʩʪʠʮ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 13 (ʨʠʩ. 1ʘ), 

ʥʠʞʥʝʝ ʜʨʝʥʘʞʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 4 ʠ ʫʜʘʣʷʝʪʩʷ ʠʟ ʘʧʧʘʨʘʪʘ ʯʝʨʝʟ 

ʰʪʫʮʝʨʘ 7 ʠ 8. ʇʦʩʣʝ ʩʪʘʜʠʠ ʚʟʨʳʭʣʝʥʠʷ ʮʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʘʧʧʘʨʘʪ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩʳ ʠʦʥʦʦʙʤʝʥʥʦʡ ʦʯʠʩʪʢʠ 

ʚʦʜʳ, ʧʨʦʪʠʚʦʪʦʯʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʠ ʦʪʤʳʚʢʠ ʠʦʥʠʪʘ ʚ ʧʣʦʪʥʦʤ ʩʣʦʝ ʯʘʩʪʠʮ ʠʦʥʠʪʘ ʩ 

ʧʣʦʪʥʦʩʪʴʶ, ʤʝʥʴʰʝʡ, ʯʝʤ ʧʣʦʪʥʦʩʪʴ ʦʯʠʱʘʝʤʦʡ ʚʦʜʳ, ʟʘ ʩʯʝʪ ʫʜʝʨʞʘʥʠʷ ʩʣʦʷ 

ʯʘʩʪʠʮ ʠʦʥʠʪʘ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʩʦʩʪʦʷʥʠʠ ʤʝʞʜʫ ʚʝʨʭʥʠʤ ʜʨʝʥʘʞʥʦ-

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʠ ʩʣʦʝʤ ʯʘʩʪʠʮ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʞʘʪʦʛʦ ʢ 

ʩʣʦʶ ʠʦʥʠʪʘ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʦʡ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩ ʚʟʨʳʭʣʝʥʠʷ ʠʦʥʠʪʘ ʟʘ 

ʩʯʝʪ ʝʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʤ ʩʣʦʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʤʝʞʜʫ ʚʝʨʭʥʠʤ 

ʜʨʝʥʘʞʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʠ ʩʣʦʝʤ ʯʘʩʪʠʮ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʢʦʪʦʨʳʡ ʦʧʫʩʪʠʣʩʷ ʧʦʜ ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʩʦʤ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ ʘʧʧʘʨʘʪʘ ʚʩʣʝʜʩʪʚʠʝ 

ʩʜʫʚʘʥʠʷ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʠ. 

ʀʦʥʦʦʙʤʝʥʥʳʡ ʘʧʧʘʨʘʪ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʜʳ ʦʪ ʠʦʥʦʚ ʤʝʜʠ ʥʘ 

ʢʘʪʠʦʥʠʪʝ, ʧʦʣʫʯʝʥʥʦʤ ʠʟ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʣʴʥʷʥʦʛʦ ʚʦʣʦʢʥʘ ʠ ʭʠʪʦʟʘʥʘ. 

ʇʨʠʥʠʤʘʝʤ: ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʧʧʘʨʘʪʘ ʧʦ ʨʘʩʪʚʦʨʫ Q = 0,001 ʤ3/ʩ; ʠʩʭʦʜʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ ʤʝʜʠ ʉʚʭ = 0,005 ʢʛ-ʵʢʚ/ʤ3; ʧʦʣʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʦʙʤʝʥʥʘʷ ʝʤʢʦʩʪʴ ʢʘʪʠʦʥʠʪʘ ɽ0 = 0,154 ʢʛ-ʵʢʚ/ʤ3; ʧʦʨʦʟʥʦʩʪʴ ʧʣʦʪʥʦʛʦ ʩʣʦʷ 

ʢʘʪʠʦʥʠʪʘ Ůʧ.ʩ = 0,4; ʧʦʨʦʟʥʦʩʪʴ ʢʠʧʷʱʝʛʦ ʩʣʦʷ ʢʘʪʠʦʥʠʪʘ Ůʢ.ʩ = 0,6; ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮ 

ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ɟʠ.ʤ = 1100 ʢʛ/ʤ3. 

ʈʘʩʯʝʪ ʧʨʦʚʦʜʷʪ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʘʧʧʘʨʘʪʘ: 

 

ʚʭv

Q
S= , ʤ2.     (1) 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ [8] ʧʨʠʥʠʤʘʝʤ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʨʘʩʪʚʦʨʘ 

vʚʭ, ʨʘʚʥʫʶ 5,6Ā10-3 ʤ/ʩ. ʇʦʣʫʯʘʝʤ S = 0,2 ʤ2.  

ɼʠʘʤʝʪʨ ʘʧʧʘʨʘʪʘ 

 

p
=

S
D

4
= 0,5 ʤ.     (2) 

 

ɺʳʩʦʪʘ ʩʣʦʷ ʢʘʪʠʦʥʠʪʘ ʚ ʘʧʧʘʨʘʪʝ 

 

ʅ2 = D, ʤ.      (3) 

 

ʆʙʲʝʤ ʢʘʪʠʦʥʠʪʘ ʚ ʘʧʧʘʨʘʪʝ 

 

Vʢ = Sʅ2 = 0,1 ʤ3.     (4) 

 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʚʦʜʳ ʨʘʩʩʯʠʪʳʚʘʝʤ ʧʦ ʬʦʨʤʫʣʝ [4]: 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʳ ʢʠʧʷʱʝʛʦ ʩʣʦʷ ʢʘʪʠʦʥʠʪʘ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʦʡ 

 

ʅ2(1 ï Ůʧ.ʩ) = ʅʢ.ʩ(1 ï Ůʢ.ʩ).   (6) 

 

ʆʪʢʫʜʘ ʅʢ.ʩ = 0,75 ʤ. 

ɺʳʩʦʪʘ ʩʚʦʙʦʜʥʦʛʦ ʦʙʲʝʤʘ 

 

ʅ3 = ʅʢ.ʩ ï ʅ2 = 0,25 ʤ.    (7) 

 

ɺʳʩʦʪʘ ʘʧʧʘʨʘʪʘ 

 

ʅ1 = 1,1Ā(ʅ2 + 2ʅ3) = 1,1 ʤ.    (8) 

 

ʆʙʲʝʤ ʯʘʩʪʠʮ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

 

Vʠ.ʤ = 2ʅ3S =0,1 ʤ3.    (9) 

 

ɼʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ 
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819110010
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S

gV
P ʠ.ʤʠ.ʤ ʇʘ.  (10) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʘʧʧʘʨʘʪʘ ʠ ʚʨʝʤʷ ʝʛʦ ʨʘʙʦʪʳ ʥʘ ʩʪʘʜʠʠ ʦʯʠʩʪʢʠ ʚʦʜʳ ʦʪ ʠʦʥʦʚ 

ʤʝʜʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʙʫʜʫʪ 

ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʠʦʥʥʦʦʙʤʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʢʦʪʦʨʘʷ ʧʣʘʥʠʨʫʝʪʩʷ ʢ 

ʠʟʛʦʪʦʚʣʝʥʠʶ. ɼʘʣʝʝ ʙʫʜʫʪ ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʘʢʪʠʯʝʩʢʦʤʫ 

ʧʨʠʤʝʥʝʥʠʶ ʘʧʧʘʨʘʪʘ ʧʨʠ ʨʘʙʦʪʝ ʚ ʫʩʣʦʚʠʷʭ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ. 
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ɺʚʝʜʝʥʠʝ  

ʈʘʟʨʷʜʳ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʪʝʭ ʝʸ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʛʘʟʦʚʦʝ ʠ 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʝ ʪʨʘʚʣʝʥʠʝ  ʦʧʨʝʜʝʣʷʝʪ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ. 

ʊʘʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʢ ʥʘʫʢʦʝʤʢʠʤ ʠ ʧʨʝʮʠʟʠʦʥʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ. ʊʘʢ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʨʘʟʨʷʜʳ (ʅʏʈ) ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ 

ʨʝʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ: ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʨʝʜʳ ʚ ʣʘʟʝʨʘʭ, ʧʨʠ ʪʨʘʚʣʝʥʠʠ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʞʝ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʤʘʪʝʨʠʘʣʦʚ. ʉ ʜʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠʤʝʥʝʥʠʝ ʧʣʘʟʤʳ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʝʣʷʭ ʷʚʣʷʝʪʩʷ 

ʩʨʝʜʩʪʚʦʤ ʛʝʥʝʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʝʘʢʪʦʨʘʭ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʧʣʘʟʤʘ ʥʘ ʦʩʥʦʚʝ ʛʘʣʦʛʝʥʦʚ ʠʣʠ ʢʠʩʣʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʨʝʜʦʡ 

ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʪʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ [1]. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʛʘʟʳ ʩʘʤʠ ʧʦ ʩʝʙʝ ʷʚʣʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ, ʘ ʚ ʧʣʘʟʤʝ ʦʜʥʠ 

ʧʨʠʦʙʨʝʪʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘ ʩʯʝʪ ʠʭ ʜʠʩʩʦʮʠʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʪʦʤʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʝʱʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [2]. 

ʅʝʤʘʣʦʚʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʛʘʟʦʚʳʭ ʨʘʟʨʷʜʦʚ ʷʚʣʷʝʪʩʷ ʛʝʥʝʨʘʮʠʷ ʚ ʥʠʭ ʯʘʩʪʠʮ ʚ 

ʠʦʥʠʟʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɸ ʠʦʥʘʤʠ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ. ɼʘʥʥʳʡ ʬʘʢʪ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʦʥʥʳʝ ʧʦʪʦʢʠ ʜʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢ, ʠʩʧʦʣʴʟʫʷ ʚ ʩʦʩʪʘʚʝ ʫʩʪʘʥʦʚʦʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠʥʞʝʢʮʠʠ, 

ʬʦʢʫʩʠʨʦʚʢʠ ʠ ʫʩʢʦʨʝʥʠʷ  ʠʦʥʦʚ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʩʠʩʪʝʤʳ ʣʦʢʘʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʫʯʘʩʪʢʦʚ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʩʠʩʪʝʤ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʯʴ ʧʦʡʜʝʪ ʦ ʜʨʫʛʦʤ 

ʚʘʞʥʦʤ ʘʩʧʝʢʪʝ ʅʏʈ, ʩʚʷʟʘʥʥʳʤ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʛʝʥʝʨʘʮʠʝʡ ʚ ʥʝʤ ʘʪʦʤʘʨʥʳʭ 

ʯʘʩʪʠʮ, ʚ ʯʘʩʪʥʦʩʪʠ ʘʪʦʤʦʚ ʭʣʦʨʘ ʥʘ ʦʩʥʦʚʝ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ Cl2.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʅʏʈ ʚ ʭʣʦʨʝ, ʪʘʢ ʢʘʢ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ 

ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʩʨʝʜʘ ʜʣʷ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, 

ʘ ʩ ʜʨʫʛʦʡ ï ʚ ʧʣʘʟʤʝ ʭʣʦʨʘ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʥʝʟʘʚʠʩʠʤʦ ʠʟʫʯʘʪʴ ʧʨʦʮʝʩʩʳ 

ʛʝʪʝʨʦʛʝʥʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʘʪʦʤʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ 

ʨʘʙʦʪʝ [3] ʤʳ ʫʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʈʀʄ ʜʣʷ ʠʟʫʯʝʥʠʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʠ ʵʪʦʤ ʥʘ 

ʬʨʦʥʪʘʭ ʧʝʨʝʢʣʶʯʝʥʠʷ ʪʦʢʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʨʝʟʢʠʝ ʚʳʙʨʦʩʳ ʩʠʛʥʘʣʘ, 

ʯʪʦ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʤʠ ʷʚʣʝʥʠʷʤʠ. ɺʦ-

ʧʝʨʚʳʭ, ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʤʦʞʝʪ ʩʢʣʘʜʳʚʘʪʴʩʷ ʧʦʪʦʤʫ, ʯʪʦ ʵʣʝʢʪʨʦʥʳ ʚ ʅʏʈ 

ʛʝʥʝʨʠʨʫʶʪʩʷ ʥʘ ʬʨʦʥʪʘʭ ʪʦʢʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʚʳʙʨʦʩʘʤʠ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʝʩʣʠ ʟʘ ʚʨʝʤʷ ʧʘʫʟʳ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ ʪʦʢʘ ʧʣʘʟʤʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʨʘʩʧʘʜʘʝʪʩʷ ʠ ʜʣʷ ʟʘʞʠʛʘʥʠʷ ʨʘʟʨʷʜʘ (ʧʨʦʙʦʷ ʨʘʟʨʷʜʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ) 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʢʣʘʜʳʚʘʪʴ ʥʘʧʨʷʞʝʥʠʝ, ʧʨʝʚʳʰʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʛʦʨʝʥʠʷ ʨʘʟʨʷʜʘ [4]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʥʥʳʭ ʨʝʢʪʦʨʘʭ (ʨʘʟʤʝʨ 

ʢʦʪʦʨʳʭ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʳʰʘʣ ʨʘʟʤʝʨʳ ʩʘʤʠʭ ʵʣʝʢʪʨʦʜʦʚ) ʥʘʯʘʣʴʥʳʡ ʠʤʧʫʣʴʩ 

ʥʘʧʨʷʞʝʥʠʷ ʦʢʘʟʳʚʘʣʩʷ ʚʳʰʝ ʥʘʧʨʷʞʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʛʦʨʝʥʠʷ 

ʨʘʟʨʷʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʬʨʦʥʪʘʭ ʪʦʢʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ 

ʚʳʙʨʦʩʳ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʪʦʤʘʨʥʦʛʦ ʭʣʦʨʘ, ʪʘʢ ʢʘʢ ʦʩʥʦʚʥʳʤʠ ʢʘʥʘʣʦʤ ʜʠʩʩʦʮʠʘʮʠʠ 

ʤʦʣʝʢʫʣ ʭʣʦʨʘ ʚ ʨʘʟʨʷʜʝ ʷʚʣʷʝʪʩʷ ʜʠʩʩʦʮʠʘʮʠʷ Cl2 ʧʨʠ ʵʣʝʢʪʨʦʥʥʦʤ ʫʜʘʨʝ. ɺʦ-

ʚʪʦʨʳʭ, ʚ ʧʣʘʟʤʝ ʧʦʤʠʤʦ ʦʩʥʦʚʥʳʭ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʜʦʣʞʥʳ ʬʠʢʩʠʨʦʚʘʪʴʩʷ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʬʣʫʢʪʫʘʮʠʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʫ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʪʦʤʦʚ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʘʪʦʤʦʚ ʭʣʦʨʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ, 

ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 
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ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʘʤʠ ʙʣʦʢʘ ʧʠʪʘʥʠʷ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ 

ʨʘʟʨʷʜʘ ʷʚʣʷʣʦʩʴ ʪʦ, ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʣ ʧʦʣʫʯʘʪʴ ʩʪʘʙʠʣʴʥʳʡ ʩʠʛʥʘʣ ʥʘ ʨʘʟʨʷʜʥʦʡ 

ʪʨʫʙʢʝ ʩ ʧʦʜʘʚʣʝʥʥʳʤʠ ʧʫʣʴʩʘʮʠʷʤʠ ʚʧʣʦʪʴ ʜʦ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʩʝʢʫʥʜ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩʭʝʤʳ ʤʦʜʫʣʷʮʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʘʤʧʫ 

ɻʄʀ-10. ɺ ʢʘʯʝʩʪʚʝ ʟʘʜʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʩʭʝʤʳ ʧʨʠʤʝʥʷʣʩʷ ʛʝʥʝʨʘʪʦʨ ʠʤʧʫʣʴʩʦʚ 

ʪʦʯʥʦʡ ʘʤʧʣʠʪʫʜʳ ɻ5-75, ʧʦʟʚʦʣʷʶʱʠʡ ʠʟʤʝʥʷʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʘʫʟʳ tp ʤʝʞʜʫ 

ʠʤʧʫʣʴʩʘʤʠ ʛʦʨʝʥʠʷ ʨʘʟʨʷʜʘ ʦʪ 0.1 ʜʦ 100 ʤʩ ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʥʝ ʭʫʞʝ 1 ʤʩ.  

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ:  

1 ï ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʡ ʨʝʘʢʪʦʨ; 2 ï ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ (ʢʨʝʤʥʠʡ); 3¡ ï ʵʣʝʢʪʨʦʜ (ʂʘʪʦʜ); 

3± ï ʵʣʝʢʪʨʦʜ (ɸʥʦʜ); 4 ï ʚʨʘʱʘʪʝʣʴʥʦ-ʤʘʩʣʷʥʳʡ ʥʘʩʦʩ ɺʅ-461; 5 ï ʚʘʢʫʫʤʤʝʪʨ ɺʊ-2;  

6 ï ʪʝʨʤʦʧʘʨʥʳʡ ʜʘʪʯʠʢ ʇʄʊ-2; 7 ï ʘʤʧʫʣʘ ʩ ʩʦʣʴʶ CuCl2; 8 ï ʧʝʯʴ;  

9 ï ʪʝʨʤʦʧʘʨʘ ʭʨʦʤʝʣʴ/ʘʣʶʤʝʣʴ; 10 ï ʤʠʣʣʠʚʦʣʴʪʤʝʪʨ ʐ4501;  

11 ï ʝʤʢʦʩʪʴ ʜʣʷ ʭʨʘʥʝʥʠʷ ʭʣʦʨʘ; 12 ï ʢʘʧʠʣʣʷʨʥʳʡ ʤʘʩʣʷʥʳʡ ʨʝʦʤʝʪʨ;  

13 ï U-ʦʙʨʘʟʥʳʡ ʤʘʩʣʷʥʳʡ ʤʘʥʦʤʝʪʨ; 14 ï ʣʘʤʧʘ ɼɼʉ-30 

 
ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʬʨʦʥʪʘʭ ʪʦʢʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʚ ʅʏʈ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʈʀʄ ʩʦʚʤʝʩʪʥʦ ʩ ʵʤʠʩʩʠʦʥʥʦʡ ʠ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ ʨʘʟʨʷʜʝ 

ʧʦʣʫʯʘʣʠʩʴ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʦʙʦʙʱʝʥʠʷ ʜʘʥʥʳʭ ʧʦ ʦʩʪʘʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ 

ʭʣʦʨʘ ʚ ʨʘʟʨʷʜʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʣʠʪʝʣʴʥʦʩʪʷʭ ʧʘʫʟʳ. ʇʨʠ ʵʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ ʭʣʦʨʘ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ 

ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦ ʠʟʫʯʝʥʠʶ ʘʪʦʤʘʨʥʦʛʦ ʭʣʦʨʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 452.6 ʥʤ 

(ʧʝʨʝʭʦʜ 
0

2/3

25 pp  Ÿ 2/3

24 ps ). ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʭʣʦʨʘ 

ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʧʠʪʘʥʠʠ ʨʘʟʨʷʜʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʧʦ ʧʦʛʣʦʱʝʥʠʶ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʭʣʦʨʦʤ ʚʥʝʰʥʝʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʣʘʤʧʳ ɼɼʉ-30 ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʜʣʠʥʳ ʚʦʣʥʳ 330 ʥʤ 

(ʘʙʩʦʨʙʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ). ɼʣʷ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʠʢʠ ʥʘʤ 

ʧʨʠʭʦʜʠʣʦʩʴ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʜʣʠʥʫ ʚʦʣʥʳ, ʥʘ ʢʦʪʦʨʦʡ ʤʳ ʬʠʢʩʠʨʦʚʘʣʠ ʧʦʛʣʦʱʝʥʠʝ 
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ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʭʣʦʨʘ ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʘʟʨʷʜʘ. ɺʩʝ 

ʢɻʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʦʙʱʝʤ ʜʘʚʣʝʥʠʠ ʭʣʦʨʘ ʚ ʩʠʩʪʝʤʝ 100 ʇʘ. ʊʦʢ ʨʘʟʨʷʜʘ 

ʠ ʨʘʩʭʦʜ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ ʧʦʜʜʝʨʞʠʚʘʣʠʩʴ ʥʘ ʫʨʦʚʥʝ 11 ʤɸ ʠ 1.3 ʩʤ3/ʩ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʝʨʠʦʜ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʠ ʚʨʝʤʷ ʛʦʨʝʥʠʷ ʨʘʟʨʷʜʘ ʧʦʜʙʠʨʘʣʠʩʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʧʦʤʝʭ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʛʘʨʤʦʥʠʢ ʢʨʘʪʥʳʭ ʯʘʩʪʦʪʝ 50 ɻʮ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʥʝ ʫʯʠʪʳʚʘʣʠ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʫʶ ʧʨʠʯʠʥʫ ʚʦʟʤʦʞʥʦʛʦ 

ʧʦ̫ʚʣʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ 

(ʤʦʣʝʢʫʣ) ʭʣʦʨʘ. ʄʘʣʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʠʤʝʥʥʦ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʠʯʠʥʳ, ʩʚʷʟʘʥʥʦʡ 

ʩ ʚʦʟʤʦʞʥʳʤ ʚʣʠʷʥʠʝʤ ʠʥʜʫʢʪʠʚʥʳʭ ʠ (ʠʣʠ) ʝʤʢʦʩʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʮʝʧʠ ʦʧʨʝʜʝʣʷʣʠ ʪʝ ʬʘʢʪʦʨʳ, ʯʪʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʠʪʘʥʠʷ 

ʨʘʟʨʷʜʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ ʩʧʝʮʠʘʣʴʥʦ ʫʜʘʣʷʣʠʩʴ ʠʟ ʩʭʝʤʳ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝ ʫʟʣʳ, ʠʤʝʶʱʠʝ ʨʝʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ. ʊʘʢ ʬʘʢʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʣʦʢʘ ʧʠʪʘʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ (ʚʤʝʩʪʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʳ ʜʚʫʭʧʦʣʫʧʝʨʠʦʜʥʦʛʦ 

ʚʳʧʨʷʤʠʪʝʣʷ ʩ ʧʘʩʩʠʚʥʳʤʠ ʩʛʣʘʞʠʚʘʶʱʠʤʠ ʬʠʣʴʪʨʘʤʠ) ʠ ʠʩʪʦʯʥʠʢʦʚ ʦʧʦʨʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ (ʚʤʝʩʪʦ ʧʦʣʦʩʦʚʳʭ ʬʠʣʴʪʨʦʚ) ʚ ʮʝʧʷʭ ʣʘʤʧʳ ɻʄʀ-10, ʧʦʟʚʦʣʠʣ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚʩʷ ʨʝʘʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʥʘʰʝʡ ʫʩʪʘʥʦʚʢʠ ʙʫʜʝʪ 

ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ  ʩʘʤʦʤ ʨʝʘʢʪʦʨʝ. ʊʦ ʝʩʪʴ, ʝʤʢʦʩʪʥʳʝ ʠ ʠʥʜʫʢʮʠʦʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʥʘ ʧʝʨʠʦʜʠʯʝʩʢʠ ʥʘʙʣʶʜʘʝʤʳʭ ʫʯʘʩʪʢʘʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

(ʨʠʩ. 2) ʩʚʷʟʘʥʳ ʩ ʭʘʨʘʢʪʝʨʦʤ ʛʝʥʝʨʘʮʠʠ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʚ ʅʏʈ. 

 

 
ʈʠʩ. 2. ʀʣʣʶʩʪʨʘʮʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ï ʝʤʢʦʩʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ (1)  

ʠ ʚʳʢʣʶʯʝʥʠʠ ʨʘʟʨʷʜʘ ï ʠʥʜʫʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ (2) 

 
ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʣʴʟʷ ʠʩʢʣʶʯʘʪʴ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʥʘ ʟʘʚʠʩʠʤʦʩʪʷʭ, 

ʧʦʜʦʙʥʳʭ ʨʠʩ. 2 ʭʘʨʘʢʪʝʨʥʳʭ ʚʳʙʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʧʣʘʟʤʝ ʭʣʦʨʘ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʦʥʦʚ). ʊʘʢ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʨʘʟʥʠʮʝ ʧʦʜʚʠʞʥʦʩʪʝʡ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʣʘʟʤʳ (ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ) ʨʘʟʨʷʜʥʳʡ 

ʧʨʦʤʝʞʫʪʦʢ ʜʦʣʞʝʥ ʩʘʤ ʧʨʦʷʚʣʷʪʴ ʩʚʦʡʩʪʚʘ ʨʝʘʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʇʨʠ ʵʪʦʤ 

ʚʨʝʤʝʥʥʘʷ ʦʩʮʠʣʣʦʛʨʘʤʤʘ (ʨʠʩ. 2), ʪʘʢʞʝ ʜʦʣʞʥʘ ʠʤʝʪʴ ʜʚʝ ʬʘʟʳ: ʝʤʢʦʩʪʥʫʶ (1) ʠ 

ʠʥʜʫʢʪʠʚʥʫʶ (2), ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʦʤ ʜʚʠʞʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ 
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ʧʣʘʟʤʝ. ʆʜʥʦʟʥʘʯʥʦ ʫʪʚʝʨʞʜʘʪʴ ʚ ʧʦʣʴʟʫ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʦʷʚʣʝʥʠʷ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝʣʴʟʷ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʚʠʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʦʙʲʷʩʥʷʝʪʩʷ ʦʙʦʠʤʠ ʚʳʰʝʫʢʘʟʘʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. 

ɺ ʨʘʟʨʷʜʝ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʧʦʩʣʝ ʝʛʦ ʟʘʞʠʛʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʥʝʢʦʪʦʨʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʙʘʣʘʥʩʦʤ ʩʢʦʨʦʩʪʝʡ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʛʠʙʝʣʠ (ʨʝʢʦʤʙʠʥʘʮʠʠ). ɺ 

ʠʤʧʫʣʴʩʥʦʤ ʨʘʟʨʷʜʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʙʘʣʘʥʩ ʯʘʩʪʠʮ ʢʘʢ 

ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʠʤʧʫʣʴʩʘ, ʪʘʢ ʠ ʧʘʫʟʳ ʤʝʞʜʫ ʥʠʤʠ, ʧʨʠʯʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʠ ʯʘʩʪʦʪʳ ʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʇʦʜʦʙʥʳʝ ʷʚʣʝʥʠʷ ʥʝ 

ʦʜʥʦʢʨʘʪʥʦ ʦʧʠʩʳʚʘʣʠʩʴ ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ. ɽʩʣʠ ʵʪʦ ʪʘʢ, ʪʦ ʜʘʥʥʳʝ 

ʷʚʣʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʦʤ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʭʦʜʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ ʩ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ 

ʮʝʣʝʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʨʘʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʦʜʠʬʠʢʘʮʠʷ ʩʚʦʡʩʪʚ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ. ʇʦʩʣʝʜʥʝʝ ʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʦ ʚ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʦʙʣʘʩʪʷʭ, ʢʘʢ ʚ ʪʦʯʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʪʘʢ ʠ ʚ ʩʬʝʨʘʭ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʣʘʟʤʝʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʪʢʘʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʠʭ 

ʛʠʜʨʦʬʠʣʴʥʳʝ ʠ ʛʠʜʨʦʬʦʙʥʳʝ ʩʚʦʡʩʪʚʘ.  

ɺʳʚʦʜʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʬʨʦʥʪʘʭ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʚ 

ʢʦʨʦʪʢʠʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʚʢʣʶʯʝʥʠʷ/ʚʳʢʣʶʯʝʥʠʷ ʨʘʟʨʷʜʘ. ʇʦʩʣʝʜʥʝʝ 

ʦʧʨʝʜʝʣʷʝʪ ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʘʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʟʨʷʜʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ, ʢʦʪʦʨʳʡ 

ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʝʡʩʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʪʦʤʘʨʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʨʘʟʨʷʜʝ. ʂʦʩʚʝʥʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʩʢʘʟʘʥʥʦʛʦ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʠʥʜʫʢʪʠʚʥʦʡ ʠ ʝʤʢʦʩʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʟʘʚʠʩʠʤʦʩʪʷʭ ʨʝʢʦʤʙʠʥʘʮʠʠ ʘʪʦʤʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʣʝʢʫʣ ʭʣʦʨʘ ʚ 

ʨʘʟʨʷʜʝ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʭʦʪʴ ʠ ʥʦʩʷʪ ʦʮʝʥʦʯʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʥʦ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʧʦʣʝʟʥʳʤʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ 

ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʧʨʝʮʠʟʠʦʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɼʘʣʴʥʝʡʰʠʡ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʘ ʧʦʚʝʜʝʥʠʷ ʚʩʝʭ 

ʯʘʩʪʠʮ ʚ ʅʏʈ ʧʦʟʚʦʣʠʪ ʣʠʙʦ ʧʦʜʪʚʝʨʜʠʪʴ ʠ ʫʪʦʯʥʠʪʴ ʜʝʪʘʣʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʛʠʧʦʪʝʟʳ.  
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STUDY OF DECORATIVE FABRICS FOR THE ABILITY TO FIRE  

WHEN EXPOSED TO LOW -POWER IGNITION SOURCES 

 
Annotation: ʦne of the causes of fires in residential premises is the careless handling of fire when 

smoking. A smoldering cigarette left in bed or on upholstered furniture can cause them to begin to smolder, 

followed by a fiery combustion. This article presents experimental data on the assessment of the 

flammability of modern textile materials for decorative purposes when exposed to smoldering tobacco 

products. 
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ʇʨʠ ʦʩʤʦʪʨʝ ʤʝʩʪʘ ʧʦʞʘʨʘ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʬʠʢʩʘʮʠʠ ʭʘʨʘʢʪʝʨʘ ʠ 

ʛʣʫʙʠʥʳ ʚʳʛʦʨʘʥʠʷ ʤʘʩʩʠʚʦʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ ʠʟ ʚʦʣʦʢʦʥ ʠ ʪʢʘʥʝʡ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʨʘʟʚʠʪʠʷ 

ʛʦʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʯʘʛʘ ʧʦʞʘʨʘ. 

ʄʘʪʨʘʮʘʤ, ʧʦʩʪʝʣʴʥʳʤ ʧʨʠʥʘʜʣʝʞʥʦʩʪʷʤ ʠ ʤʷʛʢʠʤ ʵʣʝʤʝʥʪʘʤ ʤʝʙʝʣʠ 

ʩʚʦʡʩʪʚʝʥʥʦ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʦʙʛʦʨʘʥʠʝ, ʚʳʛʦʨʘʥʠʝ ʥʘ ʛʣʫʙʠʥʫ, ʧʦʣʥʦʝ ʚʳʛʦʨʘʥʠʝ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʠʟʜʝʣʠʷ ʚ ʮʝʣʦʤ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʪʣʝʶʱʝʛʦ ʪʘʙʘʯʥʦʛʦ ʠʟʜʝʣʠʷ 

(ʊʊʀ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʜʠʚʘʥʘ, ʚʘʪʥʦʝ ʦʜʝʷʣʦ ʠ ʜʨʫʛʠʝ ʠʟʜʝʣʠʷ, ʤʘʪʝʨʠʘʣʳ ʢʦʪʦʨʳʭ 

ʩʢʣʦʥʥʳ ʢ ʩʘʤʦʧʦʜʜʝʨʞʠʚʘʶʱʝʤʫʩʷ ʪʣʝʶʱʝʤʫ ʛʦʨʝʥʠʶ, ʚʦʟʥʠʢʘʝʪ ʪʣʝʥʠʝ 

ʤʘʪʝʨʠʘʣʘ, ʧʨʦʜʦʣʞʘʶʱʝʝʩʷ ʯʘʩʘʤʠ ʠ ʣʠʰʴ ʟʘʪʝʤ ʧʝʨʝʭʦʜʷʱʝʝ (ʠʣʠ ʥʝ ʧʝʨʝʭʦʜʷʱʝʝ) 

ʚ ʧʣʘʤʝʥʥʦʝ ʛʦʨʝʥʠʝ.  

                                                 
 É ʉʦʩʠʥʘ ʄ. ɽ., ʉʪʦʨʦʥʢʠʥʘ ʆ. ɽ., ʄʦʯʘʣʦʚʘ ʊ. ɸ., 2023 
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ʊʣʝʶʱʠʝ ʩʠʛʘʨʝʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʤʘʣʦʤʦʱʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʟʘʞʠʛʘʥʠʷ, ʧʦʞʘʨʥʘʷ 

ʦʧʘʩʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʚʨʝʤʝʥʝʤ ʪʣʝʥʠʷ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʪʣʝʥʠʷ ʊʊʀ ʠ ʠʭ ʪʣʝʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʪʘʙʘʢʘ ʠ ʙʫʤʘʛʠ, ʠʟ ʢʦʪʦʨʳʭ ʦʥʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ, ʘ ʪʘʢʞʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʠʬʬʫʟʠʠ 

ʦʢʠʩʣʠʪʝʣʷ ʢ ʟʦʥʝ ʪʣʝʥʠʷ [1].  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʙʨʘʟʮʳ ʪʝʢʩʪʠʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʧʨʦʠʟʚʦʜʩʪʚʘ ʂʅʈ) ʩʦʩʪʦʷʱʠʝ ʠʟ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ, ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʷʛʢʠʭ ʵʣʝʤʝʥʪʦʚ ʤʝʙʝʣʠ. 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴ ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ ʈ 53294-

2009, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʤ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ʦʪ ʤʘʣʦʢʘʣʦʨʠʡʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʟʘʞʠʛʘʥʠʷ ʠʟʜʝʣʠʡ (ʧʦʩʪʝʣʴʥʳʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʝʡ, ʵʣʝʤʝʥʪʦʚ ʤʷʛʢʦʡ 

ʤʝʙʝʣʠ, ʰʪʦʨ ʠ ʟʘʥʘʚʝʩʝʡ) ʧʨʦʚʦʜʠʣʠ ʚ ʜʚʘ ʵʪʘʧʘ [2]. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʷ (ʪʷʛʘ ʧʨʠ ʵʪʦʤ ʦʪʩʫʪʩʪʚʦʚʘʣʘ) ʩ 

ʊʊʀ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʨʘʟʦʚʘʣʠʩʴ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʝ 

ʣʦʢʘʣʴʥʳʝ ʟʦʥʳ ʚʳʛʦʨʘʥʠʷ, ʩ ʭʦʨʦʰʦ ʦʯʝʨʯʝʥʥʦʡ ʛʨʘʥʠʮʝʡ ʤʝʞʜʫ ʦʙʛʦʨʝʚʰʝʡ ʠ 

ʥʝʦʙʛʦʨʝʚʰʝʡ ʯʘʩʪʷʤʠ ʤʘʢʝʪʘ ʠ ʜʦʩʪʘʪʦʯʥʦ ʛʣʫʙʦʢʠʤ ʦʙʫʛʣʠʚʘʥʠʝʤ ʚ ʧʨʝʜʝʣʘʭ ʵʪʠʭ 

ʟʦʥ (ʨʠʩ. 1-3). ɺʨʝʤʷ ʪʣʝʥʠʷ ʩʠʛʘʨʝʪʳ ʚʦ ʚʩʝʭ ʪʨʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚ ʩʨʝʜʥʝʤ 

ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 500 ʩʝʢ. 

ɼʣʷ ʦʙʨʘʟʮʘ ʪʢʘʥʠ çʕʥʠʛʤʘè (100 % ʧʦʣʠʵʩʪʝʨ) ʪʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʦʣʥʦʩʪʴʶ 

ʧʨʝʢʨʘʱʘʣʦʩʴ ʢ ʤʦʤʝʥʪʫ ʦʢʦʥʯʘʥʠʷ ʪʣʝʥʠʷ ʊʊʀ. ʇʦʩʣʝ ʫʜʘʣʝʥʠʷ ʩʛʦʨʝʚʰʝʛʦ 

ʪʘʙʘʯʥʦʛʦ ʠʟʜʝʣʠʷ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʪʢʘʥʴ ʨʘʩʧʣʘʚʠʣʘʩʴ ʠ ʟʘʪʚʝʨʜʝʣʘ (ʨʠʩ. 1), ʵʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʣʠʵʩʪʝʨʦʚʳʭ ʚʦʣʦʢʦʥ. ʇʨʦʛʘʨ ʪʢʘʥʠ ʚ ʜʣʠʥʫ ʩʦʩʪʘʚʠʣ 52 ʤʤ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʝ ʊʊʀ ʜʦ ʬʠʣʴʪʨʘ.  

ɼʣʷ ʪʢʘʥʠ çʌʣʦʢ-ʩʦʬʪè (65 % ʧʦʣʠʵʩʪʝʨʘ, 35 % ʭʣʦʧʢʘ) ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʧʦʣʥʦʝ ʧʨʝʢʨʘʱʝʥʠʝ ʪʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʢ ʦʢʦʥʯʘʥʠʶ ʪʣʝʥʠʷ ʪʘʙʘʯʥʦʛʦ ʠʟʜʝʣʠʷ 

(ʨʠʩ. 2). ʇʨʠ ʦʩʤʦʪʨʝ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʊʊʀ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʪʢʘʥʴ ʧʦʜ ʥʠʤ 

ʨʘʩʧʣʘʚʠʣʘʩʴ, ʨʘʩʧʣʘʚ ʟʘʪʚʝʨʜʝʣ ʠ ʩʪʘʣ ʩʪʝʢʣʦʚʠʜʥʳʤ, ʵʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʪʢʘʥʝʡ, 

ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʵʩʪʝʨ ʚ ʩʦʩʪʘʚʝ. ʇʨʦʛʘʨ ʚ ʜʣʠʥʫ ʩʦʩʪʘʚʠʣ 50 ʤʤ. 
 

  

 

ʈʠʩ. 1. ʆʙʨʘʟʝʮ ʪʢʘʥʠ çʕʥʠʛʤʘè  

ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʊʊʀ 

 

ʈʠʩ. 2. ʆʙʨʘʟʝʮ ʪʢʘʥʠ çʌʣʦʢ-ʩʦʬʪè  

ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʊʊʀ 
 

 

ʊʢʘʥʴ çʌʦʨʝʩʪè (65% ʧʦʣʠʵʩʪʝʨʘ, 18% ʘʢʨʠʣʘ, 17% ʥʝʡʣʦʥʘ) ʚ ʠʩʧʳʪʘʥʠʠ ʩ 

ʊʊʀ ʪʘʢʞʝ ʥʝ ʧʦʜʜʝʨʞʠʚʘʣʘ ʪʣʝʥʠʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʪʘʙʘʯʥʦʛʦ ʠʟʜʝʣʠʷ (ʨʠʩ. 3). ʇʨʠ 

ʦʩʤʦʪʨʝ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʊʊʀ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʪʢʘʥʴ ʩʪʘʣʘ ʨʳʭʣʦʡ ʠ ʦʙʫʛʣʠʣʘʩʴ, 

ʵʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʚ ʩʦʩʪʘʚʝ ʘʢʨʠʣ. ʇʨʦʛʘʨ ʚ ʜʣʠʥʫ 

ʩʦʩʪʘʚʠʣ 55 ʤʤ.  
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ʈʠʩ. 3. ʆʙʨʘʟʝʮ ʪʢʘʥʠ çʌʦʨʝʩʪè ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʊʊʀ 

 

ʆʙʠʚʢʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ (çʩʧʠʥʢʠè) ʠʤʧʨʦʚʠʟʠʨʦʚʘʥʥʦʛʦ ʜʠʚʘʥʘ ʜʣʷ ʚʩʝʭ ʪʨʝʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʪʘʢ ʞʝ ʨʘʩʧʣʘʚʠʣʘʩʴ ʠ ʟʘʪʚʝʨʜʝʣʘ, ʥʘ ʪʢʘʥʷʭ ʚʠʜʥʳ ʩʣʝʜʳ 

ʟʘʢʦʧʯʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʚʚʝʨʭ. ʇʦʨʦʣʦʥʦʚʘʷ ʧʦʜʣʦʞʢʘ ʧʨʦʛʦʨʝʣʘ ʥʘ ʪʘʢʫʶ ʞʝ 

ʜʣʠʥʫ ʠ ʰʠʨʠʥʫ, ʛʣʫʙʠʥʘ ʧʨʦʛʘʨʘ ʩʦʩʪʘʚʠʣʘ 2 ʤʤ (ʨʠʩ. 1-3) [3].  

ʇʨʠʪʦʢ ʚʦʟʜʫʭʘ ʚ ʟʦʥʫ ʪʣʝʥʠʷ ʊʊʀ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʣʝʥʠʷ ʚ ʤʝʩʪʝ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʩ ʛʦʨʶʯʠʤ ʤʘʪʝʨʠʘʣʦʤ. ʇʨʠ ʵʪʦʤ ʧʨʠʪʦʢ 

ʚʦʟʜʫʭʘ ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʪʣʝʥʠʷ, ʘ ʥʝ ʠʟʙʳʪʦʯʥʳʤ, ʧʨʠʚʦʜʷʱʠʤ ʢ 

ʧʦʪʝʨʝ ʪʝʧʣʘ ʠ ʦʭʣʘʞʜʝʥʠʶ ʟʦʥʳ.  
ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʳʪʘʥʠʷ ʥʘ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴ ʦʙʠʚʦʯʥʳʭ 

ʪʢʘʥʝʡ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʪʷʛʠ ʚʝʥʪʠʣʷʪʦʨʦʤ (ʩʤ. ʪʘʙʣʠʮʫ). 
ʊʊʀ ʨʘʩʧʦʣʘʛʘʣʠ ʪʣʝʶʱʠʤ ʢʦʥʮʦʤ ʥʘʚʩʪʨʝʯʫ ʧʦʪʦʢʫ ʚʦʟʜʫʭʘ. ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 
ʚʦʟʜʫʭʘ ʟʘʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʘʥʝʤʦʤʝʪʨʘ ʧʦʨʪʘʪʠʚʥʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ɸʇɸ-1/3, 
ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ, ʩʬʝʨʘʭ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʠ ʦʭʨʘʥʳ ʪʨʫʜʘ. 

 

ʊʘʙʣʠʮʘ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 
 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʢʘʥʠ ɺʨʝʤʷ ʪʣʝʥʠʷ ʊʊʀ, ʩʝʢ ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʚʦʟʜʫʭʘ, ʤ/ʩ 

1 ʌʣʦʢ-ʩʦʬʪ 201 

2,12 2 ʕʥʠʛʤʘ 265 

3 ʌʦʨʝʩʪ 188 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʪʢʘʥʝʡ 

çʕʥʠʛʤʘè, çʌʣʦʢ-ʩʦʬʪè ʠ çʌʦʨʝʩʪè ʥʝ ʧʦʜʜʝʨʞʠʚʘʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʪʣʝʥʠʷ ʠ ʥʝ 

ʨʘʩʧʨʦʩʪʨʘʥʷʣʠ ʛʦʨʝʥʠʝ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʦʪʥʦʩʷʪʩʷ ʢ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʤ 

ʤʘʪʝʨʠʘʣʘʤ (ʥʝ ʩʧʦʩʦʙʥʳʤ ʧʣʘʚʠʪʴʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ), ʟʥʘʯʠʪ ʦʥʠ ʥʝ ʟʘʛʦʨʷʪʩʷ ʦʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʊʊʀ. 

ɼʣʷ ʪʣʝʥʠʷ ʣʶʙʳʭ ʤʘʪʝʨʠʘʣʦʚ ʭʘʨʘʢʪʝʨʥʳ ʣʦʢʘʣʴʥʳʝ ʟʦʥʳ ʛʣʫʙʦʢʠʭ 

ʪʝʨʤʠʯʝʩʢʠʭ ʧʦʨʘʞʝʥʠʡ, ʚʧʣʦʪʴ ʜʦ ʩʢʚʦʟʥʳʭ ʧʨʦʛʘʨʦʚ, ʘ ʚʳʷʚʣʝʥʠʝ ʠ ʬʠʢʩʘʮʠʷ ʪʘʢʠʭ 

ʟʦʥ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʘʨʘʢʪʝʨʝ ʧʨʦʪʝʢʘʚʰʝʛʦ ʚ 

ʠʩʩʣʝʜʫʝʤʦʡ ʟʦʥʝ ʧʨʦʮʝʩʩʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʪʘʤʠ (ʩʧʝʮʠʘʣʠʩʪʘʤʠ) ʩʫʜʝʙʥʦʡ 

ʧʦʞʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ. 
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SOOT AS AN OBJECT OF SPECTRAL STUDIES WHEN ESTABLISHING  

THE CIRCUMSTANCES OF FIRE ON VEHICLES  
 

ɸbstract: transport acts as a rather specific and complex object of study in terms of studying and 

determining the cause of a fire. Investigators are faced with the need to investigate fires on vehicles more and 

more often. The article presents the results of a study on the detection of traces of gasoline in soot (soot) 

deposits on the preserved structural elements of a car using the fluorescence spectroscopy method. 

Keywords: soot, fluorescence spectroscopy, motor vehicles, fire-technical expertise, gasoline. 
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ʞʠʜʢʦʩʪʷʤʠ (ʜʘʣʝʝ ɻɾ, ʃɺɾ). ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʫʜʝʙʥʦʡ ʧʦʞʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʵʢʩʧʝʨʪʠʟʳ ʚʘʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʷʚʣʷʝʪʩʷ ʣʠ ʃɺɾ (ɻɾ), ʥʘʡʜʝʥʥʘʷ ʥʘ ʢʦʨʧʫʩʝ 

ʘʚʪʦʤʦʙʠʣʝ, ʚ ʩʘʣʦʥʝ, ʥʘ ʦʜʝʞʜʝ ʧʦʜʦʟʨʝʚʘʝʤʦʛʦ ʠʣʠ ʚ ʧʦʯʚʝ ʨʷʜʦʤ ʩ ʦʙʲʝʢʪʦʤ, 

ʯʘʩʪʴʶ ʩʘʤʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠʣʠ ʦʥʘ ʟʘʥʝʩʝʥʘ ʠʟʚʥʝ. ʅʦ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʢʠʤ-ʣʠʙʦ ʦʙʨʘʟʦʤ ʧʦʚʨʝʞʜʝʥʳ ʠʣʠ ʫʜʘʣʝʥʳ ʩ ʤʝʩʪʘ ʧʦʞʘʨʘ, 

ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʚʳʷʚʣʝʥʠʝ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʩʣʝʜʦʚ ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʭʩʷ ʠ 

ʛʦʨʶʯʠʭ ʞʠʜʢʦʩʪʝʡ ʚ ʦʪʣʦʞʝʥʠʷʭ ʢʦʧʦʪʠ ʥʘ ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʵʣʝʤʝʥʪʘʭ ʘʚʪʦʤʦʙʠʣʷ [1, 2].  

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʚʳʷʚʣʝʥʠʠ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʩʣʝʜʦʚ ɸʀ-95-ʂ5 ʚ 

ʦʪʣʦʞʝʥʠʷʭ ʢʦʧʦʪʠ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʢʦʥʩʪʨʫʢʮʠʷʭ ʢʫʟʦʚʘ ʘʚʪʦʤʦʙʠʣʷ ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʯʠʥʳ ʧʦʞʘʨʘ ʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʝ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʣʴʥʦ 

ʚʳʛʦʨʝʚʰʠʭ ʦʩʪʘʪʢʦʚ ʛʦʨʶʯʠʭ ʠ ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʬʣʫʦʨʝʩʮʠʨʦʚʘʪʴ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ ʣʫʯʝʡ ʤʦʥʦʮʠʢʣʠʯʝʩʢʠʭ ʠ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʥʝʬʪʝʧʨʦʜʫʢʪʘʭ ʠ ʩʤʝʩʝʚʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʥʝ ʥʝʬʪʷʥʦʡ ʧʨʠʨʦʜʳ [3, 4]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʙ ʢʦʧʦʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: ʙʝʥʟʠʥ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʩ 

ʫʣʫʯʰʝʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ çG-Drive 95è 

(ɸʀ-95-ʂ5) ʧʦ ʉʊʆ 42045241-001-2010; ʚʦʨʩʠʩʪʳʡ ʢʦʚʨʦʣʠʥ ʠʟ ʧʦʣʠʘʤʠʜʥʦʛʦ 

ʚʦʣʦʢʥʘ; ʤʘʪʝʨʠʘʣ ʩʠʜʝʥʴʷ ʘʚʪʦʤʦʙʠʣʷ çʂʘʨʧʝʪè; ʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ çʀʟʦʣʦʥè. 

ʂʘʞʜʳʡ ʦʙʨʘʟʝʮ, ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʠ ʩ ʥʘʥʝʩʝʥʥʳʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʙʝʥʟʠʥʦʤ, 

ʩʞʠʛʘʣʩʷ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʣʘʙʦʨʘʪʦʨʥʳʡ ʰʪʘʪʠʚ ʩ 

ʟʘʢʨʝʧʣʝʥʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʦʡ, ʧʦʜ ʢʦʪʦʨʦʡ ʨʘʟʤʝʱʘʣʩʷ ʦʙʞʠʛʘʝʤʳʡ 

ʦʙʨʘʟʝʮ. ʉʬʦʨʤʠʨʦʚʘʚʰʠʡʩʷ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʞʠʛʘ 

ʤʘʪʝʨʠʘʣʘ ʩʣʦʡ ʢʦʧʦʪʠ ʦʪʙʠʨʘʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʧʘʪʝʣʷ. ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ 

ʢʦʧʦʪʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʵʢʩʪʨʘʢʮʠʠ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʩ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ 

ʦʩʪʘʪʢʦʚ ʙʝʥʟʠʥʘ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʛʝʢʩʘʥ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ (1 ʥ-ʛʝʢʩʘʥ ʆʉʏ), 

ʦʥ ʥʝ ʬʣʫʦʨʝʩʮʠʨʫʝʪ ʠ ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʝʪʦʜʦʤ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʘ çʌʣʶʦʨʘʪ-

02-ʇʘʥʦʨʘʤʘè (ʃʶʤʝʢʩ, ʈʦʩʩʠʷ) [2].  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʵʢʩʪʨʘʢʪʦʚ 

ʢʦʧʦʪʠ ʦʪ ʚʳʛʦʨʝʚʰʠʭ ʚʦʨʩʦʚʦʛʦ ʢʦʚʨʠʢʘ; ʤʘʪʝʨʠʘʣʘ ʩʠʜʝʥʴʷ ʘʚʪʦʤʦʙʠʣʷ; 

ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʞʞʝʥʥʳʭ ʩʦʚʤʝʩʪʥʦ ʩ 

ʙʝʥʟʠʥʦʤ ɸʀ-95-ʂ5. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ çPANORAMA PROè.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ 

ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʢʩʪʨʘʢʪʦʚ ʢʦʧʦʪʠ ʚʳʛʦʨʝʚʰʠʭ ʦʪʜʝʣʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʘʚʪʦʤʦʙʠʣʷ ʧʦʚʳʰʝʥʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʵʢʩʪʨʘʢʪʦʚ ʢʦʧʦʪʠ ʧʨʠ ʩʥʷʪʠʠ ʩʧʝʢʪʨʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʨʝʢʦʤʝʥʜʫʝʤʳʤʠ [1, 4]. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʩʧʝʢʪʨʘʭ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʛʘʰʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʧʦʵʪʦʤʫ 

ʧʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʷʚʣʷʶʪʩʷ 

ʜʦʩʪʦʚʝʨʥʳʤʠ.  

ʉʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1 

ï 3. ʕʢʩʪʨʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʪʢʘʥʠ ʩʠʜʝʥʴʷ ʠʤʝʶʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʝ 

ʤʘʢʩʠʤʫʤʳ ʦʜʠʥʘʢʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠ 350, 370 ʠ 400 ʥʤ (ʨʠʩʫʥʦʢ 1, ʦʙʨʘʟʝʮ 1). 

ɺ ʩʧʝʢʪʨʘʭ ʵʢʩʪʨʘʢʪʦʚ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʪʢʘʥʠ ʩʠʜʝʥʴʷ ʩ ʩʦʞʞʝʥʥʳʤ ɸʀ-95-ʂ5 
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ʜʦʤʠʥʠʨʫʶʪ ʤʘʢʩʠʤʫʤʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʥʝʬʪʝʧʨʦʜʫʢʪʘ (ʨʠʩʫʥʦʢ 1, ʦʙʨʘʟʝʮ 2), ʘ 

ʠʤʝʥʥʦ, ʠʤʝʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʡ ʤʘʢʩʠʤʫʤ ʧʨʠ 370-380 ʥʤ ʠ ʜʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʘʢʩʠʤʫʤʘ ʧʨʠ 405 ʠ 435 ʥʤ. ʄʘʢʩʠʤʫʤ ʧʨʠ 435 ʥʤ ʚ ʦʙʨʘʟʮʘʭ ʩ ʙʝʥʟʠʥʘʤʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ, ʯʝʤ ʚ ʠʩʭʦʜʥʳʭ ʪʦʧʣʠʚʘʭ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʥʘʢʦʧʣʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʦʢʠʩʣʝʥʠʷ ʪʦʧʣʠʚ.  

 
ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ:1 - ʤʘʪʝʨʠʘʣ ʘʚʪʦʩʠʜʝʥʴʷ;  

2 - ʙʝʥʟʠʥ ʤʘʨʢʠ ɸʀ-95-ʂ5, ʩʦʞʞʝʥʥʳʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʚʪʦʩʠʜʝʥʴʷ 

 

ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʵʢʩʪʨʘʢʪʦʚ ʜʨʫʛʠʭ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʤʝʶʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʩʧʝʢʪʨʳ ʠʤʝʶʪ ʚʠʜ ʩʭʦʞʠʡ 

ʩʦ ʩʧʝʢʪʨʘʤʠ ɸʀ-95-ʂ5 (ʨʠʩʫʥʢʠ 2, 3). 

 
ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ:1 ï ʢʦʚʨʦʣʠʥ; 2 - ʙʝʥʟʠʥ ʤʘʨʢʠ ɸʀ-95-ʂ5,  

ʩʦʞʞʝʥʥʳʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʚʨʦʣʠʥʘ 

 

ʉʧʝʢʪʨʳ ʵʢʩʪʨʘʢʪʦʚ ʠʩʭʦʜʥʦʛʦ ʢʦʚʨʦʣʠʥʘ ʠ ʦʙʨʘʟʮʦʚ, ʩ ʚʳʞʞʝʥʥʳʤ ʙʝʥʟʠʥʦʤ 

ʧʦʚʪʦʨʷʶʪ ʪʠʧ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʙʝʥʟʠʥʘ ʤʘʨʢʠ ɸʀ-95-ʂ5 (ʨʠʩʫʥʦʢ 2, ʦʙʨʘʟʝʮ 1). 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʘʢʩʠʤʫʤʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʠ 405 ʠ 435 ʥʤ ʚʳʨʘʞʝʥʳ ʚ ʵʪʠʭ 

ʩʧʝʢʪʨʘʭ ʙʦʣʝʝ ʷʨʯʝ, ʯʝʤ ʚ ʦʙʨʘʟʮʘʭ ʯʠʩʪʦʛʦ ʢʦʚʨʦʣʠʥʘ. ʅʦ ʚʩʝ ʞʝ ʵʪʠ ʩʧʝʢʪʨʳ 

ʧʦʜʦʙʥʳ ʩʧʝʢʪʨʘʤ ʠʩʭʦʜʥʦʛʦ ʢʦʚʨʦʣʠʥʘ, ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʠʘʛʥʦʩʪʠʢʘ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʙʝʥʟʠʥʘ ʥʘ ʢʦʚʨʦʣʠʥʝ ʧʦ ʜʘʥʥʳʤ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʟʘʪʨʫʜʥʝʥʘ (ʨʠʩʫʥʦʢ 2, ʦʙʨʘʟʝʮ 2). 
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ʈʠʩ. 3. ʉʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ:1 ï ʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ çʀʟʦʣʦʥè;  

2 - ʙʝʥʟʠʥ ʤʘʨʢʠ ɸʀ-95-ʂ5, ʩʦʞʞʝʥʥʳʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ çʀʟʦʣʦʥè 

 
ʉʧʝʢʪʨ ʵʢʩʪʨʘʢʪʘ ʦʙʨʘʟʮʘ ʇɺʍ (ʤʘʪʝʨʠʘʣ çʀʟʦʣʦʥè) ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʝʥ 

ʩʧʝʢʪʨʫ ʤʦʪʦʨʥʦʛʦ ʙʝʥʟʠʥʘ ʩ ʦʩʥʦʚʥʳʤ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 380 ʥʤ ʠ ʜʚʫʤʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 405 ʠ 415 ʥʤ (ʨʠʩʫʥʦʢ 3, ʦʙʨʘʟʝʮ 1). 

ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʵʢʩʪʨʘʢʪʦʚ ʦʙʨʘʟʦʚ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʥʘʥʝʩʝʥʥʳʤʠ ʥʘ ʥʠʭ ʛʦʨʶʯʠʤʠ ʞʠʜʢʦʩʪʷʤʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʝ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ 

ʬʠʢʩʠʨʫʝʪʩʷ ʥʘʣʠʯʠʝ ɸʀ-95-ʂ5. ʅʘ ʦʙʨʘʟʮʘʭ ʇɺʍ (ʤʘʪʝʨʠʘʣ çʀʟʦʣʦʥè) ʩʧʝʢʪʨʳ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʙʝʥʟʠʥʘ ʧʦʯʪʠ ʥʝ ʧʨʦʷʚʣʷʶʪʩʷ (ʨʠʩʫʥʦʢ 3, ʦʙʨʘʟʝʮ 2). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʦʙʥʘʨʫʞʝʥʳ 

ʧʨʦʜʫʢʪʳ, ʩʚʦʡʩʪʚʝʥʥʳʝ ʜʣʷ ʙʝʥʟʠʥʘ ɸʀ-95-ʂ5. ʂ ʩʦʞʘʣʝʥʠʶ, ʯʘʩʪʴ ʩʧʝʢʪʨʦʚ (ʧʨʠ 

ʩʞʠʛʘʥʠʠ ʢʦʚʨʦʣʠʥʘ ʠ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ) ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʦʙʣʘʩʪʠ 

ʤʘʢʩʠʤʫʤʦʚ ʠ ʨʘʟʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʯʘʩʪʠʯʥʦ ʚʳʛʦʨʝʚʰʝʛʦ ʙʝʥʟʠʥʘ. ʀ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ 

ʃɺɾ (ɻɾ) ʧʦʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʥʘʣʠʟʦʚ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʦʚ 

ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠʣʠ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

ʀ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘ ʧʦʞʘʨʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʨʦʠʩʭʦʜʷʪ 

ʧʨʦʮʝʩʩʳ ʛʦʨʝʥʠʷ ʚʩʝʡ ʛʦʨʶʯʝʡ ʥʘʛʨʫʟʢʠ ʘʚʪʦʤʦʙʠʣʷ ʠ ʦʪʙʠʨʘʝʤʳʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʙʨʘʟʮʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʛʨʷʟʥʝʥʳ ʜʨʫʛʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʛʦʨʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʵʢʩʪʨʘʢʪʦʚ ʢʦʧʦʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʦʟʛʦʨʘʥʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʥʘ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʘʚʪʦʤʦʙʠʣʷ. 
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ɸʥʥʦʪʘʮʠʷ: ʜʣ̫ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʙʝʪʦʥʘ ʚ ʝʛʦ ʩʦʩʪʘʚ ʚʚʦʜʷʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ 

ʜʦʙʘʚʢʠ, ʧʨʠʜʘʶʱʠʝ ʤʘʪʝʨʠʘʣʫ ʛʠʜʨʦʬʦʙʥʳʝ ʩʚʦʡʩʪʚʘ. ɺ ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ 

ʚʳʙʨʘʥ ʩʪʝʘʨʘʪ ʢʘʣʴʮʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,5 % ʦʪ ʤʘʩʩʳ ʮʝʤʝʥʪʘ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʮʝʤʝʥʪʥʳʡ 

ʢʘʤʝʥʴ ʙʝʪʦʥʘ ʛʨʠʙʢʦʚʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʨʦʠʩʭʦʜʠʪ ʫʩʢʦʨʝʥʠʝ ʚʳʚʦʜʘ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʴʮʠʷ ʠʟ 
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THE INTENSITY OF MASS TRANSFER PROCESSES DURING CORROSION  

OF HYDROPHOBIZED CONCRETE UNDER THE INFLUENCE  

OF FUNGAL MICROORGANISMS  
 
Abstract: to reduce the corrosion rate of concrete, special additives are introduced into its 

composition, giving the material hydrophobic properties. Calcium stearate in an amount of 0,5 % of the 

cement weight was selected as a hydrophobic additive. Under the influence of fungal microorganisms on 

concrete cement stone, the removal of calcium hydroxide from the structure accelerates. Volumetric 

hydrophobization of cement stone slows down the processes of corrosive mass transfer and can be used to 

combat microbiological corrosion. 

Keywords: biocorrosion of concrete, hydrophobized concrete, hydrophobizing additive, durability of 

concrete, biodestruction, corrosion rate. 
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ʈɸɿɼɽʃ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʉʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ ʢʘʨʙʦʥʘʪʥʦʛʦ ʪʠʧʘ ʫʷʟʚʠʤʳ 

ʜʣʷ ʘʵʨʦʙʥʳʭ ʢʠʩʣʦʪʦʦʙʨʘʟʫʶʱʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ [1, 2]. ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʜʣʷ 

ʙʦʨʴʙʳ ʩ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʝʡ ʤʘʪʝʨʠʘʣʦʚ ʚʢʣʶʯʘʶʪ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ [3, 4], ʢʦʪʦʨʳʝ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ, ʯʝʤ ʟʘʱʠʱʘʝʤʳʡ ʤʘʪʝʨʠʘʣ, ʪʘʢ 

ʠ ʚʚʝʜʝʥʠʝ ʚ ʤʘʪʝʨʠʘʣ ʙʠʦʮʠʜʦʚ [5, 6], ʢʦʪʦʨʳʝ ʧʦʜʘʚʣʷʶʪ ʨʘʟʚʠʪʠʝ ʢʦʨʨʦʟʠʦʥʥʦ-

ʘʢʪʠʚʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʠʣʠ ʜʦʙʘʚʦʢ, ʟʘʤʝʜʣʷʶʱʠʭ ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ [7]. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʙʝʪʦʥʘʭ ʩʦ 

ʩʧʝʮʠʘʣʴʥʳʤʠ ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʠʤʠ ʜʦʙʘʚʢʘʤʠ ʪʨʝʙʫʝʪ ʠʟʫʯʝʥʠʷ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʨʦʢ 

ʩʣʫʞʙʳ ʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʙʨʘʟʮʘʭ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʤʘʨʢʠ ʎɽʄ I 42,5 ʅ ʩ ɺ/ʎ = 0,3. ɼʣʷ 

ʛʠʜʨʦʬʦʙʠʟʘʮʠʠ ʚ ʮʝʤʝʥʪʥʫʶ ʩʤʝʩʴ ʜʦʙʘʚʣʷʣʠ ʩʪʝʘʨʘʪ ʢʘʣʴʮʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,5 %, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʨʢʠ ʧʦ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʠ W6. ʀʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʦʙʨʘʟʮʳ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʠʤʝʣʠ ʬʦʨʤʫ ʢʫʙʦʚ 3ʭ3ʭ3 ʩʤ. ʀʩʩʣʝʜʫʝʤʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʘʚʣʷʣʘʩʴ 

ʠʟ ʧʣʦʪʥʦ ʧʦʜʦʛʥʘʥʥʳʭ ʜʨʫʛ ʢ ʜʨʫʛʫ ʧʣʘʩʪʠʥ ʨʘʟʤʝʨʦʤ 1ʭ3ʭ3 ʩʤ. ʀʩʧʳʪʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʩʣʝ ʥʘʙʦʨʘ ʦʙʨʘʟʮʘʤʠ ʧʨʦʯʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ 28 ʩʫʪʦʢ ʥʘ ʚʦʟʜʫʭʝ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʴʶ 65-70 % ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20Ñ2 Áʉ. ɹʦʢʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ ʧʦʢʨʳʚʘʣʠʩʴ ʙʠʪʫʤʥʦʡ ʤʘʩʪʠʢʦʡ, ʥʝʟʘʱʠʱʝʥʥʦʡ ʦʩʪʘʚʘʣʘʩʴ ʪʦʣʴʢʦ ʦʜʥʘ 

ʛʨʘʥʴ, ʢʦʪʦʨʘʷ ʧʦʜʚʝʨʛʘʣʘʩʴ ʢʦʨʨʦʟʠʦʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʟʘʨʘʞʘʣʠ ʩʫʩʧʝʥʟʠʷʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

Aspergillus niger van Tieghem ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʨʠʙʢʦʚʦʡ ʢʦʨʨʦʟʠʠ. ʆʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠʩʴ 

ʚ ʩʦʩʫʜʳ ʦʙʲʝʤʦʤ 1000 ʩʤ3 ʩ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʢʘʣʴʮʠʷ ʚ ʮʝʤʝʥʪʥʦʤ ʢʘʤʥʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʜʝʨʠʚʘʪʦʛʨʘʤʤʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ 

ʘʥʘʣʠʟʝ ʠʟʤʝʣʴʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʜʝʨʠʚʘʪʦʛʨʘʬʝ Q 1500-D.  

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʯʠʩʣʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʧʨʦʬʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʡ çʩʚʦʙʦʜʥʦʛʦè 

ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʴʮʠʷ ʧʦ ʪʦʣʱʠʥʝ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʚʦʜʥʦʡ ʩʨʝʜʳ (ʨʠʩ. 1) ʠ ʛʨʠʙʢʦʚʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʨʠʩ. 2). 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʤʘʩʩʳ ʚ ʮʝʤʝʥʪʥʦʤ ʙʝʪʦʥʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚʳʰʝ (ʨʠʩ. 1-ʘ ʠ ʨʠʩ. 2-ʘ), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʙʫʜʫʪ ʩʠʣʴʥʝʝ. ʇʦ ʧʨʦʬʠʣʷʤ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʛʠʜʨʦʬʦʙʠʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʚʠʜʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʠ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʧʦ ʚʩʝʡ ʪʦʣʱʠʥʝ ʦʙʨʘʟʮʘ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʩʪʨʫʢʪʫʨʝ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʬʠʣʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʛʨʘʜʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ: ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʧʝʨʝʥʦʩʠʤʦʛʦ 

Ca(OH)2, ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʩʩʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʤʘʩʩʦʦʪʜʘʯʠ. 
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ʘ) ʙ) 
ʈʠʩ. 1. ʇʨʦʬʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʉʘ(ʆʅ)2 ʧʦ ʪʦʣʱʠʥʝ  

ʥʝʟʘʨʘʞʝʥʥʦʛʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʦʙʨʘʟʮʘ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʙʝʟ ʜʦʙʘʚʢʠ (ʘ)  

ʠ ʩ ʜʦʙʘʚʢʦʡ ʩʪʝʘʨʘʪʘ ʢʘʣʴʮʠʷ (ʙ) ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ:  

1 ï 0 ʩʫʪ.; 2 ï 14 ʩʫʪ.; 3 ï 28 ʩʫʪ.; 4 ï 42 ʩʫʪ.; 5 ï 56 ʩʫʪ.; 6 ï 70 ʩʫʪ. 

 

  
ʘ) ʙ) 

ʈʠʩ. 2. ʇʨʦʬʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʉʘ(ʆʅ)2 ʧʦ ʪʦʣʱʠʥʝ ʟʘʨʘʞʝʥʥʦʛʦ ʛʨʠʙʢʦʚʳʤʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ Aspergillus niger van Tieghem ʦʙʨʘʟʮʘ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʙʝʟ ʜʦʙʘʚʢʠ (ʘ)  

ʠ ʩ ʜʦʙʘʚʢʦʡ ʩʪʝʘʨʘʪʘ ʢʘʣʴʮʠʷ (ʙ) ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ:  

1 ï 0 ʩʫʪ.; 2 ï 14 ʩʫʪ.; 3 ï 28 ʩʫʪ.; 4 ï 42 ʩʫʪ.; 5 ï 56 ʩʫʪ.; 6 ï 70 ʩʫʪ. 

 

ʈʘʩʯʝʪ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʤʘʩʩʳ ʧʝʨʝʥʦʩʠʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ q ʠʟ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʥʷ ʚ ʞʠʜʢʫʶ ʩʨʝʜʫ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

 

 
(1) 

 

ʛʜʝ: ȹCʞ ï ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ, ʧʝʨʝʰʝʜʰʝʛʦ ʚ ʞʠʜʢʫʶ ʩʨʝʜʫ ʠʟ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ, 

ʢʛ; S ï ʧʣʦʱʘʜʴ ʢʦʨʨʦʜʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʪʦʥʘ, ʤ2; Ű ï ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ, ʩ. 
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ʂʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʧʨʦʚʦʜʥʦʩʪʠ k ʨʘʩʩʯʠʪʳʚʘʝʪ ʧʦ ʬʦʨʤʫʣʝ: 

 

 

(2) 

 

ʛʜʝ: q ï ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʤʘʩʩʳ ʚʩʣʝʜʩʪʚʠʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʢʛ/(ʤ2Ŀʩ); ɟ0 ï 

ʧʣʦʪʥʦʩʪʴ ʪʚʝʨʜʦʡ ʬʘʟʳ, ʢʛ/ʤ3;  ï ʛʨʘʜʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʝʨʝʥʦʩʠʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʧʦ ʪʦʣʱʠʥʝ ʦʙʨʘʟʮʘ, ʢʛ/ʤ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʦʪʜʘʯʠ ɓ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

 
(3) 

 

ʛʜʝ: q ï ʜʠʬʬʫʟʠʦʥʥʳʡ ʧʦʪʦʢ, ʢʛ/(ʤ2Ŀʩ); ȹC ï ʨʘʟʥʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʢʛ/ʤ3. 

ʇʨʠ ʢʦʨʨʦʟʠʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʙʝʪʦʥʘ ʚ ʚʦʜʝ ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʧʨʦʚʦʜʥʦʩʪʠ 

ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ, ʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ï ʧʦ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ (ʨʠʩ. 3). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʳʨʘʙʘʪʳʚʘʝʤʳʝ ʛʨʠʙʢʘʤʠ Aspergillus 

niger van Tieghem ʧʨʦʜʫʢʪʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʚʳʟʳʚʘʶʪ ʜʝʩʪʨʫʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʮʝʤʝʥʪʥʦʤ ʢʘʤʥʝ ʙʝʪʦʥʘ, ʫʩʠʣʠʚʘʷ ʚʳʤʳʚʘʥʠʝ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʴʮʠʷ ʠʟ ʩʪʨʫʢʪʫʨʳ. 

 

 
ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ ʢʦʨʨʦʟʠʠ ʦʙʨʘʟʮʦʚ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʙʝʟ ʜʦʙʘʚʦʢ ʚ ʚʦʜʝ: 1) ʥʝ ʟʘʨʘʞʝʥʥʦʛʦ; 2) ʟʘʨʘʞʝʥʥʦʛʦ ʛʨʠʙʢʘʤʠ 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʦʪʜʘʯʠ ʧʨʠ ʢʦʨʨʦʟʠʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʚ ʫʩʣʦʚʠʷʭ 

ʚʦʟʜʝʡʩʪʚʠʷ ʛʨʠʙʢʦʚʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʪʘʢʞʝ ʤʝʥʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʝʝ (ʨʠʩ. 4). 

 

 
ʈʠʩ. 4. ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʦʪʜʘʯʠ ʧʨʠ ʢʦʨʨʦʟʠʠ ʦʙʨʘʟʮʦʚ  

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʙʝʟ ʜʦʙʘʚʦʢ ʚ ʚʦʜʝ: 1) ʥʝ ʟʘʨʘʞʝʥʥʦʛʦ; 2) ʟʘʨʘʞʝʥʥʦʛʦ ʛʨʠʙʢʘʤʠ 



ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ɽʉʊɽʉʊɺʆɿʅɸʅʀʗ 

 

 154 

ʂʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʤʘʩʩʦʦʪʜʘʯʠ 

ʜʣʷ ʛʠʜʨʦʬʦʙʠʟʠʨʦʚʘʥʥʳʭ ʙʝʪʦʥʦʚ (ʨʠʩ. 5 ʠ ʨʠʩ. 6) ʠʤʝʶʪ ʙʦʣʝʝ ʧʦʣʦʛʠʡ ʚʠʜ, ʘ ʩʘʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʤʝʶʪ ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ 

ʩʥʠʞʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʪʝʢʘʶʱʠʭ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʲʝʤʥʦʡ ʛʠʜʨʦʬʦʙʠʟʘʮʠʠ. 

 

 
ʈʠʩ. 5. ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʧʨʦʚʦʜʥʦʩʪʠ  

ʧʨʠ ʢʦʨʨʦʟʠʠ ʛʠʜʨʦʬʦʙʠʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ:  

1) ʥʝ ʟʘʨʘʞʝʥʥʦʛʦ; 2) ʟʘʨʘʞʝʥʥʦʛʦ ʛʨʠʙʢʘʤʠ 

 

 
ʈʠʩ. 6. ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʦʪʜʘʯʠ ʧʨʠ ʢʦʨʨʦʟʠʠ ʛʠʜʨʦʬʦʙʠʟʠʨʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ: 1) ʥʝ ʟʘʨʘʞʝʥʥʦʛʦ; 2) ʟʘʨʘʞʝʥʥʦʛʦ ʛʨʠʙʢʘʤʠ 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʚ ʮʝʤʝʥʪʥʫʶ ʩʤʝʩʴ ʥʘ 

ʩʪʘʜʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʝʪʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʩʨʦʢʘ ʩʣʫʞʙʳ 

ʠʟʜʝʣʠʷ. 
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ʈɽɼʂʆɿɽʄɽʃʔʅʓʍ ʕʃɽʄɽʅʊʆɺ ʀɿ ɺʆɼʅʓʍ ʅʀʊʈɸʊʅʓʍ ʈɸʉʊɺʆʈʆɺ 

ʉ ɼʆɹɸɺʃɽʅʀɽʄ ʆʈɻɸʅʀʏɽʉʂʆɻʆ ʂʆʄʇʆʅɽʅʊɸ 

 
ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʦʢʩʠʜʥʳʭ 

ʧʦʨʦʰʢʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʢʣʘʩʩʫ ʥʘʥʦʨʘʟʤʝʨʥʳʭ. ɼʘʥʦ 

ʦʙʦʩʥʦʚʘʥʠʝ ʜʦʙʘʚʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʚʝʜʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʟʤʘ, ʥʘʥʦʧʦʨʦʰʦʢ, ʦʢʩʠʜ, ʩʠʥʪʝʟ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ ʥʠʪʨʘʪʦʚ. 
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PLASMACHEMAL SYNTHESIS OF NANOPOWDERS  

OF RARE-EARTH ELEMENT OXIDES FROM NITRIC ACID SOLUTIONS  

WITH ORGANIC COMPONENT  

 
Abstract: article represents plasmachemical synthesis of rare-earth element oxides, which are 

classified as nanosized. Addition of organic component is explained and optimal modes for carrying out the 

process are described.  

Keywords: plasma, nanopowder, oxide, synthesis, rare-earth element, water nitric solution. 
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ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ ʷʚʣʷʶʪʩʷ 

ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʧʦʨʦʰʢʦʚ. ʆʢʩʠʜʥʳʝ ʧʦʨʦʰʢʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʠʪʪʨʠʡ, ʮʠʨʢʦʥʠʡ, ʣʘʥʪʘʥ ʠ ʩʘʤʘʨʠʡ, ʪʘʢ ʞʝ ʠʤʝʶʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʥʘʫʢʠ. ʅʘʧʨʠʤʝʨ, ʥʘʥʦʧʦʨʦʰʢʠ Y2O3 ʠ ZrO2 ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʝʨʘʤʠʢʠ ʜʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʨʤʦʩʪʦʡʢʠʭ ʵʤʘʣʝʡ ʠ ʮʚʝʪʥʳʭ 

ʧʠʛʤʝʥʪʦʚ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠ ʘʜʘʧʪʠʨʫʝʤʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʷʚʣʷʶʪʩʷ ʣʘʟʝʨʥʘʷ ʘʙʣʷʮʠʷ, ʭʠʤʠʯʝʩʢʠʝ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʠ ʟʦʣʴ-ʛʝʣʴ 

ʤʝʪʦʜʳ. ʆʩʥʦʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʵʪʠʭ ʤʝʪʦʜʠʢ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʤʥʦʛʦʩʪʘʜʠʡʥʳ 

ʠ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʦʝʤʢʠ, ʯʘʩʪʦ ʠʤʝʶʪ ʥʠʟʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʪʨʝʙʫʶʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʘʛʝʥʪʦʚ, ʘ ʬʘʟʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʫʯʘʝʤʳʭ 

ʧʦʨʦʰʢʦʚ ʥʝʦʜʥʦʨʦʜʥʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʠʪʨʘʪʦʚ (ɺʈʅ) ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ. ʀʩʧʦʣʴʟʫʷ ʧʣʘʟʤʝʥʥʳʡ 

ʤʝʪʦʜ, ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʧʦʨʦʰʢʠ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʬʘʟ ʟʘ ʦʜʠʥ ʵʪʘʧ ʠ ʩ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚʣʠʷʪʴ ʥʘ ʨʘʟʤʝʨ ʠ ʤʦʨʬʦʣʦʛʠʶ ʯʘʩʪʠʮ, ʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʯʝʥʴ ʢʦʤʧʘʢʪʥʦ (ʨʠʩ. 1). ʆʜʥʘʢʦ ʠʟ-ʟʘ ʵʥʝʨʛʦʟʘʪʨʘʪ 

(ʜʦ 4,0 ʢɺʪ-ʯ/ʢʛ) [1] ʧʣʘʟʤʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʪʦʣʴʢʦ ɺʅʈ ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ, ʘ 

ʚʚʝʜʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʦʩʪʘʚ ɺʅʈ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ 

ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʦʚ (ɺʆʅʈ) ʥʘ ʦʩʥʦʚʝ ʘʮʝʪʦʥʘ ʠ ʠʪʪʨʠʷ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʥʠʟʰʝʡ ʪʝʧʣʦʪʚʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʘʩʩʦʚʳʭ 

ʜʦʣʝʡ ʘʮʝʪʦʥʘ ʚ ɺʆʅʈ: ʫʯʠʪʳʚʘʷ, ʯʪʦ ʩʦʩʪʘʚʳ ʚʳʰʝ 8,4 ʄɼʞ/ʢʛ [2] ʩʯʠʪʘʶʪʩʷ 

ʞʠʜʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʤʠʩʷ ʩʦʩʪʘʚʘʤʠ, ʦʧʪʠʤʘʣʴʥʳʤ ʩʯʠʪʘʣʩʷ ʩʣʝʜʫʶʱʠʡ ʩʦʩʪʘʚ 

ɺʆʅʈ: 31 % ʤʘʩʩ. C3H6O: 35 % ʤʘʩʩ. H2O : 34 % ʤʘʩʩ. Y(NO3)3. 

ʊʘʢʞʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʚʦʟʜʫʰʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʛʦʨʝʥʠʷ ɺʆʅʈ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʦʣʥʦʝ ʩʛʦʨʘʥʠʝ 

ʨʘʩʪʚʦʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʦʩʪʘʚʘʭ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʛʦʨʝʥʠʷ ʚʳʰʝ 

1200 ÁC [1]. ʕʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʞʥʘ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ ʠ ʧʦʚʳʰʝʥʠʷ ʯʠʩʪʦʪʳ ʧʦʨʦʰʢʘ. ʆʧʪʠʤʘʣʴʥʳʤ ʦʢʘʟʘʣʦʩʴ 

ʩʦʦʪʥʦʰʝʥʠʝ 69 % ʤʘʩʩ. ʚʦʟʜʫʭʘ : 31 % ʤʘʩʩ. ɺʆʅʈ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʬʘʢʝʣʴʥʦʡ 

ʧʣʘʟʤʝʥʥʦʡ ʛʦʨʝʣʢʠ; ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʨʦʰʦʢ, ʧʦʣʫʯʝʥʥʳʡ 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʤ ʩʠʥʪʝʟʦʤ ʠʟ ɺʆʅʈ, ʧʦ ʤʥʦʛʠʤ ʧʘʨʘʤʝʪʨʘʤ (ʨʘʟʤʝʨ ʆʂʈ, ʫʜʝʣʴʥʘʷ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ) ʩʦʧʦʩʪʘʚʠʤ ʩ ʧʦʨʦʰʢʦʤ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤ ʠʟ ɺʅʈ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʚʢʣʶʯʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʘʩʪʚʦʨ ɺʅʈ ʧʦʚʳʰʘʝʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦʨʦʰʢʘ ʚ 2,5ï4 ʨʘʟʘ ʠ ʩʥʠʞʘʝʪ ʵʥʝʨʛʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ 1 ʢʛ ʧʦʨʦʰʢʘ, ʚ 5ï8 ʨʘʟ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʧʣʘʟʤʝʥʥʦʛʦ ʤʦʜʫʣʷ ʥʘ ʙʘʟʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʬʘʢʝʣʴʥʦʛʦ (ɺʏʌ) 

ʧʣʘʟʤʦʪʨʦʥʘ: 1 ï ʜʠʩʧʝʨʛʘʪʦʨ; 2 ï ɺʏʌ-ʨʘʟʨʷʜ; 3 ï ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥ;  

4 ï ʤʝʜʥʳʡ ʵʣʝʢʪʨʦʜ; 5 ï ʢʦʨʧʫʩ; 6 ï ʢʦʘʢʩʠʘʣʴʥʳʡ ʚʳʚʦʜ; 7 ï ʠʤʧʝʣʣʝʨ ʨʝʘʢʪʦʨʘ;  

8 ï ʫʟʝʣ ʤʦʢʨʦʡ ʦʯʠʩʪʢʠ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ; 9 ï ʚʳʪʷʞʥʦʡ ʚʝʥʪʠʣʷʪʦʨ;  

10 ï ʚʦʟʜʫʭʦʚʦʜ; 11 ï ʛʘʟʦʘʥʘʣʠʟʘʪʦʨ; 12 ï ʧʨʦʙʦʦʪʙʦʨʥʠʢ;  

13 ï ʟʘʱʠʪʥʳʡ ʢʦʞʫʭ ʧʠʨʦʤʝʪʨʘ; 14 ï ʧʠʨʦʤʝʪʨ; ɺʏɻ ï ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʛʝʥʝʨʘʪʦʨ 

 

ʋʯʠʪʳʚʘʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʦʢʩʠʜʘ ʠʪʪʨʠʷ ʠʟ 

ɺʆʅʈ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʧʦʨʦʰʢʦʚ ʦʢʩʠʜʦʚ 

ʜʨʫʛʠʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ʅʦʚʦʩʝʣʦʚ ʀ.ʖ., ʇʦʜʛʦʨʥʘʷ (ʐʘʭʤʘʪʦʚʘ) ʆ.ɼ., ʐʣʦʪʛʘʫʵʨ ɽ.ʕ., ʂʘʨʝʥʛʠʥ 
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INVESTIGATION OF THE PR OCESS OF GORENJE HYDROCARBONS  

FOR VOLUMETRIC FIRE EXTINGUISHING  

 
Abstract:  the article analyzes fires occurring in closed volumes . Considers the physico-chemical 

characteristics of extinguishing compounds used to extinguish fires in closed volumes, identifies their 

advantages and disadvantages from the point of view of the theory of branched-chain flame processes. 

Keywords: branched-chain processes, flame, volumetric fire extinguishing. 

 

 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʙʲʝʤʥʦʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʠʤʝʶʱʠʤʠʩʷ ʩʨʝʜʩʪʚʘʤʠ ʧʦʞʘʨ ʪʫʰʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 

57 % [1, 2]. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥ ʵʪʦʛʦ ʧʨʦʚʝʜʝʤ ʩʨʘʚʥʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʥʦʚʥʳʭ ʦʛʥʝʪʫʰʘʱʠʭ ʩʦʩʪʘʚʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʜʣʷ ʦʙʲʝʤʥʦʛʦ 

ʧʦʞʘʨʦʪʫʰʝʥʠʷ (ʪʘʙʣ.). 

ɸʥʘʣʠʟ ʪʘʙʣʠʮʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʤʝʥʴʰʝʝ ʚʨʝʤʷ ʪʫʰʝʥʠʷ ʠʤʝʶʪ ʩʦʩʪʘʚʳ 

ʦʛʥʝʪʫʰʘʱʝʝ ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʦ ʥʘ ʦʭʣʘʞʜʝʥʠʠ ʠ ʠʥʛʠʙʠʨʦʚʘʥʠʠ. ʆʜʥʘʢʦ, 

ʨʘʩʭʦʜʳ ʚʝʱʝʩʪʚ, ʧʦʜʚʠʚʘʝʤʳʭ ʥʘ ʪʫʰʝʥʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʭʘʥʠʟʤʘ 

ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʦʙʣʘʜʘʶʪ ʦʛʥʝʪʫʰʘʱʠʝ ʩʦʩʪʘʚʳ, ʤʝʭʘʥʠʟʤ ʪʫʰʝʥʠʷ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥ ʭʠʤʠʯʝʩʢʦʤ 

ʪʦʨʤʦʞʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʛʦʨʝʥʠʷ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʦʩʥʦʚʫ ʛʦʨʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 

ʧʨʦʮʝʩʩʳ, ʠʤʝʶʱʠʝ ʭʠʤʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ, ʧʦʵʪʦʤʫ ʥʘʠʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ 

ʧʦʜʘʚʣʝʥʠʷ ʛʦʨʝʥʠʷ ʠʤʝʶʪ ʠʥʛʠʙʠʨʫʶʱʠʝ ʩʦʩʪʘʚʳ. ʇʨʠ ʧʦʞʘʨʘʭ ʚ ʟʘʤʢʥʫʪʳʭ 

ʦʙʲʝʤʘʭ ʛʘʟʦʢʦʤʧʨʝʩʩʦʨʥʳʭ ʩʪʘʥʮʠʡ ʧʨʦʠʩʭʦʜʠʪ ʛʦʨʝʥʠʝ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ, ʧʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʦʮʝʩʩʳ ʠʥʛʠʙʠʨʦʚʘʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʚ 

ʩʚʝʪʝ ʪʝʦʨʠʠ ʨʘʟʚʝʪʚʣʝʥʥʦ-ʮʝʧʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
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ʊʘʙʣʠʮʘ. ʉʨʘʚʥʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʛʥʝʪʫʰʘʱʠʭ ʩʦʩʪʘʚʦʚ  

ˉ 

ʧ/ʧ 

ʅʘʟʚʘʥʠʝ 

ʦʛʥʝʪʫʰʘʱʝʛʦ 

ʚʝʱʝʩʪʚʘ 

ʍʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ 

ʆʛʥʝʪʫʰʘʱʠʡ 

ʤʝʭʘʥʠʟʤ 

ʅʦʨʤʘʪʠʚʥʦʝ ʚʨʝʤʷ 

ʪʫʰʝʥʠʷ / 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʧʳʪʘʥʠʷ ʤʠʥ 

1 
ɺʦʜʦ-ʧʝʥʥʳʝ 

ʩʦʩʪʘʚʳ 

H2O, 

ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʴ 

ʠ ʇɸɺ 

ʠʟʦʣʷʮʠʷ, 

ʦʭʣʘʞʜʝʥʠʝ, 

ʨʘʟʙʘʚʣʝʥʠʝ 

15 

2 
ɻʘʟʦʚʦʝ 

ʧʦʞʘʨʦʪʫʰʝʥʠʝ 

CO2, N2, Ar, HFC ʠ 

ʜʨ. 

ʨʘʟʙʘʚʣʝʥʠʝ, 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ 
12 

3 
ʊʦʥʢʦʨʘʩʧʳʣʝʥʥʘʷ 

ʚʦʜʘ 
H2O  

ʦʭʣʘʞʜʝʥʠʝ, 

ʨʘʟʙʘʚʣʝʥʠʝ 
15 

4 

ʊʦʥʢʦʨʘʩʧʳʣʝʥʥʘʷ 

ʚʦʜʘ ʩ 

ʠʥʛʠʙʠʪʦʨʘʤʠ 

H2O, 

ʠʥʛʠʙʠʨʫʶʱʠʝ 

ʜʦʙʘʚʢʠ  

ʦʭʣʘʞʜʝʥʠʝ, 

ʨʘʟʙʘʚʣʝʥʠʝ, 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ 

10 

5 

ʊʝʤʧʝʨʘʪʫʨʥʦ-

ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ 

ʚʦʜʘ 

H2O 

ʦʭʣʘʞʜʝʥʠʝ, 

ʨʘʟʙʘʚʣʝʥʠʝ, 

ʠʟʦʣʷʮʠʷ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ 

12 

6 ʇʘʨʦʪʫʰʝʥʠʝ H2O 

ʨʘʟʙʘʚʣʝʥʠʝ, 

ʠʟʦʣʷʮʠʷ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ 

15 

 

ʋʩʪʘʥʦʚʠʤ ʚʣʠʷʥʠʝ ʨʘʟʚʝʪʚʣʝʥʥʦ-ʮʝʧʥʳʭ ʧʨʦʮʝʩʩʦʚ ʛʦʨʝʥʠʷ ʥʘ ʦʙʲʝʤʥʦʝ 

ʧʦʞʘʨʦʪʫʰʝʥʠʝ ʛʘʟʦʢʦʤʧʨʝʩʩʦʨʥʳʭ ʩʪʘʥʮʠʡ. ʇʨʦʮʝʩʩʳ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʛʦʨʝʥʠʷ 

ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʠ ʨʘʟʚʝʪʚʣʝʥʥʦ-ʮʝʧʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʛʦʨʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʘʤʦʨʘʟʦʛʨʝʚ ʥʝ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ, ʘ ʟʥʘʯʠʪ ʠ ʤʝʭʘʥʠʟʤ 

ʪʫʰʝʥʠʷ ʦʭʣʘʞʜʝʥʠʝʤ ʥʝ ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ [3-6]. ʉʭʝʤʘʪʠʯʥʦ ʨʘʟʚʝʪʚʣʸʥʥʦ-

ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ ʛʦʨʝʥʠʷ ʚʝʱʝʩʪʚ ʚ ʟʘʤʢʥʫʪʦʤ ʦʙʲʝʤʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ 

ʧʨʦʪʝʢʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʡ: 

 

  (1) 

   

  (2) 

 

  (3) 

 

  (4) 

 

  (5) 

 

ʛʜʝ ɸ ʠ ɺ ï ʛʦʨʶʯʘʷ ʥʘʛʨʫʟʢʘ ʠ ʦʢʠʩʣʠʪʝʣʴ; x, y, z ï ʤʦʥʦʨʘʜʠʢʘʣʳ ʠ 

ʙʠʨʘʜʠʢʘʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʟʘʤʢʥʫʪʦʤ ʦʙʲʝʤʝ ʧʨʠ ʛʦʨʝʥʠʠ ʩʥʘʯʘʣʘ 

(1) ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʘʪʦʤʦʚ ʠ ʨʘʜʠʢʘʣʦʚ, ʥʦʩʠʪʝʣʝʡ ʮʝʧʝʡ (ʜʘʣʝʝ ï ʅʎ) 

ʜʘʣʝʝ ʦʥʠ ʚʩʪʫʧʘʶʪ ʚ ʙʳʩʪʨʳʝ ʨʝʘʢʮʠʠ (2-5), ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʣʘʚʠʥʦʦʙʨʘʟʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʷ ʛʦʨʝʥʠʷ. ʂʨʦʤʝ ʧʨʦʮʝʩʩʦʚ ʛʝʥʝʨʘʮʠʠ 

ʥʦʩʠʪʝʣʝʡ ʮʝʧʝʡ ʧʨʦʠʩʭʦʜʷʪ ʠ ʧʨʦʮʝʩʩʳ ʠʭ ʛʠʙʝʣʠ, ʦʜʥʘʢʦ ʠʭ ʤʦʣʷʨʥʘʷ ʩʢʦʨʦʩʪʴ 

ʤʥʦʛʦ ʨʘʟ ʤʝʥʴʰʝ, ʧʦʵʪʦʤʫ ʜʣʷ ʪʦʨʤʦʞʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʚʦʜʷʪʩʷ ʭʠʤʠʯʝʩʢʠ 
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ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ï ʠʥʛʠʙʠʪʦʨʳ. ʄʝʭʘʥʠʟʤ ʠʭ ʜʝʡʩʪʚʠʷ ʦʩʥʦʚʘʥ ʥʘ ʟʘʭʚʘʪʝ ʅʎ ʠ 

ʩʥʠʞʝʥʠʠ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ ʢʨʠʪʠʯʝʩʢʦʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴ ʦʙʨʝʟʘʥʠʷ ʅʎ 

ʙʫʜʝʪ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʠʭ ʟʘʭʚʘʪʘ, ʨʝʘʢʮʠʦʥʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʠʥʛʠʙʠʪʦʨʦʚ 

ʨʘʟʣʠʯʥʳ, ʦʜʥʘʢʦ ʫʩʣʦʚʥʘʷ ʩʢʦʨʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʚ ʟʘʤʢʥʫʪʦʤ 

ʦʙʲʝʤʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʫʨʘʚʥʝʥʠʝʤ 6: 

 
 

 
 

(6) 

 
 

 

ʛʜʝ  ï ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʦʥʦʨʘʜʠʢʘʣʦʚ, ʙʠʨʘʜʠʢʘʣʘ ʠ 

ʠʥʛʠʙʠʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ;ï ʩʢʦʨʦʩʪʴ ʨʘʟʚʝʪʚʣʝʥʠʷ ʅʎ, ʤʦʣʴ/ʩ;  ï ʩʢʦʨʦʩʪʴ 

ʩʚʷʟʳʚʘʥʠʷ ʯʘʩʪʠʮ ʠʥʛʠʙʠʪʦʨʘ ʠ ʅʎ, ʤʦʣʴ/ʩ; ʩʢʦʨʦʩʪʴ ʦʙʨʳʚʘ ʮʝʧʝʡ ʅʎ, ʤʦʣʴ/ʩ; h ï

 ʚʳʩʦʪʘ ʧʣʘʤʝʥʥʦʛʦ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʛʦʨʝʥʠʝ, ʤ; ʂ1 ï ʙʝʟʨʘʟʤʝʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʯʠʪʳʚʘʶʱʠʡ ʩʢʦʨʦʩʪʴ ʛʠʙʝʣʠ ʅʎ ʚ ʜʘʥʥʦʡ ʩʨʝʜʝ ʧʦʤʝʱʝʥʠʷ; ʂ2 ï 

ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʪʝʧʝʥʴ ʥʝʛʝʨʤʝʪʠʯʥʦʩʪʠ ʧʦʤʝʱʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʜʘʥʥʦʡ ʬʦʨʤʫʣʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʩʣʦʚʥʘʷ ʩʢʦʨʦʩʪʴ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʝ ʧʦʤʝʱʝʥʠʷ ʠ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʅʎ ʠ ʯʘʩʪʠʮ ʠʥʛʠʙʠʪʦʨʘ, ʵʪʦ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʠʥʛʠʙʠʪʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʘʚʣʷʪʴ ʘʢʪʠʚʥʳʝ ʯʘʩʪʠʮʳ ʚ ʟʦʥʫ ʧʣʘʤʝʥʥʦʛʦ ʛʦʨʝʥʠʷ, 

ʧʨʝʦʜʦʣʝʚ ʪʫʨʙʫʣʝʥʪʥʳʝ ʧʦʪʦʢʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʧʝʡ ʛʦʨʝʥʠʷ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʤʝʭʘʥʠʟʤʳ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʛʦʨʝʥʠʷ ʚ ʟʘʤʢʥʫʪʳʭ ʦʙʲʝʤʘʭ ʛʘʟʦʢʦʤʧʨʝʩʩʦʨʥʳʭ ʩʪʘʥʮʠʡ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʦʞʘʨʦʪʫʰʝʥʠʷ, ʙʦʣʝʝ ʪʦʛʦ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʫʣʳ 6 ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʛʦʨʝʥʠʷ ʚ ʜʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʙʫʜʝʪ ʩʨʝʜʘ, ʩʦʯʝʪʘʶʱʘʷ ʚ ʩʝʙʝ ʚʳʩʦʢʫʶ ʪʝʧʣʦʝʤʢʦʩʪʴ, ʜʠʩʧʝʨʩʥʦʩʪʴ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʘʚʣʷʪʴ ʠʥʛʠʙʠʨʫʶʱʠʝ ʜʦʙʘʚʢʠ ʚ ʟʦʥʫ ʧʣʘʤʝʥʥʦʛʦ ʛʦʨʝʥʠʷ. ʊʘʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʣʘʜʘʝʪ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʚʦʜʘ [5], ʦʜʥʘʢʦ ʝʝ 

ʠʥʛʠʙʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʦʛʨʘʥʠʯʝʥʳ ʧʨʠʩʫʪʩʪʚʠʝʤ ʧʘʨʦʚʦʡ ʬʘʟʳ, ʧʦʵʪʦʤʫ 

ʘʢʪʫʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʳʰʘʶʱʠʝ ʝʝ ʠʥʛʠʙʠʨʫʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʠ. 
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ɸʥʥʦʪʘʮʠʷ: ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʩʚʦʡʩʪʚ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʝʜʣʦʞʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʚ ʧʣʝʥʢʘʭ ʧʦʣʠʤʝʨʥʳʭ ʵʣʝʢʪʨʝʪʦʚ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ d33. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʴʝʟʦʵʬʬʝʢʪ, ʵʣʝʢʪʨʝʪʳ, ʧʦʣʠʤʝʨʥʳʝ ʧʣʝʥʢʠ, ʘʪʦʤʥʦ-ʩʠʣʦʚʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ. 
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METHODOLOGICAL ASPECTS OF POLYMER FILMS PIEZOELECTRIC 

PARAMETERS MEASUREMENTS  

 
Abstract:  the theoretical foundations of the quantitative description of the properties of piezoelectric 

materials are considered. The main methodological recommendations for the experimental determination of 

piezoelectric modules in polymer electret films are proposed. The possibility of using atomic force 

microscopy to measure the piezoelectric coefficient d33 is shown. 

Keywords: piezoelectric effect, electretes, polymer films, atomic force microscopy. 

 

 

ʇʴʝʟʦʵʬʬʝʢʪ ʚ ʧʦʣʠʤʝʨʥʳʭ ʜʠʵʣʝʢʪʨʠʢʘʭ ʥʘʙʣʶʜʘʝʪʩʷ, ʝʩʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʝʨʝʚʝʩʪʠ ʠʭ ʚ ʧʦʣʷʨʠʟʦʚʘʥʥʦʝ (ʵʣʝʢʪʨʝʪʥʦʝ) ʩʦʩʪʦʷʥʠʝ. ʅʘʠʣʫʯʰʠʤʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʣʘʜʘʶʪ 

ʧʦʣʠʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜ (ʇɺɼʌ) ʠ ʩʦʧʦʣʠʤʝʨʳ ʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜʘ. ʇɺɼʌ ï ʯʘʩʪʠʯʥʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʦʣʠʤʝʨ ʩʦ ʩʪʝʧʝʥʴʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʦʢʦʣʦ 50 %. ʇʨʠʤʝʥʝʥʠʝ 

ʇɺɼʌ ʚ ʢʘʯʝʩʪʚʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʝʛʦ ʥʠʟʢʦʡ 
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ʧʣʦʪʥʦʩʪʠ, ʛʠʙʢʦʩʪʠ, ʧʨʦʩʪʦʪʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚ ʚʠʜʝ ʧʣʝʥʦʢ ʣʶʙʳʭ ʨʘʟʤʝʨʦʚ ʠ 

ʚʳʩʦʢʦʡ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ.  

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ ʤʝʭʘʥʠʟʤʘ ʧʴʝʟʦʵʬʬʝʢʪʘ ʚ ʇɺɼʌ [1]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʯʠʪʘʝʪ, ʯʪʦ ʇɺɼʌ ï ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢ ʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʝʛʦ ʦʙʫʩʣʦʚʣʝʥʳ ʩʧʦʥʪʘʥʥʦʡ ʧʦʣʷʨʠʟʦʚʘʥʥʦʩʪʴʶ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ, ʢʦʪʦʨʳʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʣʷʨʠʟʫʶʱʝʛʦ ʧʦʣʷ 

ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʷ ʦʩʪʘʪʦʯʥʫʶ 

ʧʦʣʷʨʠʟʦʚʘʥʥʦʩʪʴ ʧʦʩʣʝ ʝʛʦ ʩʥʷʪʠʷ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʤʥʝʥʠʝ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ 

ʧʴʝʟʦʵʬʬʝʢʪ ʚ ʇɺɼʌ ʦʙʫʩʣʦʚʣʝʥ ʟʘʭʚʘʯʝʥʥʳʤʠ ʟʘʨʷʜʘʤʠ. ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʢʣʦʥʷʶʪʩʷ ʢ ʤʥʝʥʠʶ [2], ʯʪʦ ʧʴʝʟʦʵʬʬʝʢʪ ʚ ʇɺɼʌ ʠ ʩʦʧʦʣʠʤʝʨʘʭ 

ʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜʘ ʦʙʫʩʣʦʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ ʩʧʦʥʪʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʚ ʢʨʠʩʪʘʣʣʠʪʘʭ 

ɓ-ʬʦʨʤʳ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ Ŭ-ʬʦʨʤʳ ʧʨʠ ʦʨʠʝʥʪʘʮʠʦʥʥʦʤ 

ʚʳʪʷʛʠʚʘʥʠʠ ʦʙʨʘʟʮʘ ʠʣʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʤʦʞʥʦ ʪʝʥʟʦʨʘʤʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ. ʇʨʷʤʦʡ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʜʫʣʴ d 

ʩʚʷʟʘʥ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ (ʠʣʠ ʠʟʤʝʥʝʥʠʝʤ) ʧʦʣʷʨʠʟʦʚʘʥʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʢʘ ʈ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ Z. ʇʦʩʢʦʣʴʢʫ ʈ ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨʦʤ, a Z ï 

ʪʝʥʟʦʨʦʤ ʚʪʦʨʦʛʦ ʨʘʥʛʘ, ʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʵʪʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʚ ʦʙʱʝʤ ʚʠʜʝ ʜʘʝʪʩʷ 

ʪʝʥʟʦʨʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

 

Pi = dijkZjk  (1) 

 

ʛʜʝ dijk ï ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʜʫʣʴ (ʪʝʥʟʦʨ ʪʨʝʪʴʝʛʦ ʨʘʥʛʘ). 

ʊʘʢ ʢʘʢ Zjk = Zkj, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʤʦʞʥʦ ʫʧʨʦʱʝʥʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 
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ʛʜʝ d14 = 2d123 = 2d132; d15 = 2d131 = 2d113; d16 = 2d112 = 2d121  ʠ ʪ.ʜ. 

ʇʦʣʷʨʠʟʦʚʘʥʥʳʡ ʧʦʣʠʤʝʨʥʳʡ ʜʠʵʣʝʢʪʨʠʢ ʦʙʣʘʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʟʘʨʷʜʦʚ ʠʣʠ ʦʨʠʝʥʪʘʮʠʝʡ ʜʠʧʦʣʝʡ. ʉ ʫʯʝʪʦʤ ʵʪʦʡ 

ʩʠʤʤʝʪʨʠʠ ʯʘʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʨʠʮʳ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʝʥʟʦʨʘ ʧʨʝʚʨʘʱʘʝʪʩʷ 

ʚ ʥʫʣʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʦʜʥʦʦʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʣʝʥʢʠ ʠʟ ʇɺɼʌ 

ʤʘʪʨʠʮʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʝʥʟʦʨʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʛʜʝ i ï ʠʥʜʝʢʩ ʢʦʤʧʦʥʝʥʪʳ ʈ; j ï ʠʥʜʝʢʩ ʢʦʤʧʦʥʝʥʪʳ Z.   

ɼʣʷ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ 

ʪʝʥʟʦʨʦʚ (ʧʴʝʟʦʤʦʜʫʣʝʡ) d31, d32, d33 ʠ ʠʭ ʣʠʥʝʡʥʘʷ ʢʦʤʙʠʥʘʮʠʷ, ʢʦʪʦʨʘʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʧʨʠ ʚʩʝʩʪʦʨʦʥʥʝʤ ʩʞʘʪʠʠ. 



ʈɸɿɼɽʃ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʀʥʜʝʢʩʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʳʙʨʘʥʥʳʤ ʦʩʷʤ ʦʪʩʯʝʪʘ: ʦʩʠ 1 ʠ 2 ʣʝʞʘʪ ʚ ʧʣʦʩʢʦʩʪʠ 

ʧʣʝʥʢʠ, ʘ ʦʩʴ 3 ʥʘʧʨʘʚʣʝʥʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʠ ʧʘʨʘʣʣʝʣʴʥʘ ʧʦʣʷʨʠʟʦʚʘʥʥʦʩʪʠ 

ʧʣʝʥʢʠ (ʧʦʣʷʨʠʟʫʶʱʝʤʫ ʧʦʣʶ). 

ʀʟʤʝʨʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ d31 ʠ d32 ʩʪʘʪʠʯʝʩʢʠʤ ʠ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʧʨʦʚʦʜʷʪ, ʠʩʧʦʣʴʟʫʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʷʤʦʡ ʧʴʝʟʦʵʬʬʝʢʪ, ʪ. ʝ. ʠʟʤʝʨʷʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʟʘʨʷʜ, ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʨʝʞʠʤʝ ʦʜʥʦʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ. ʀʟʤʝʨʝʥʠʷ ʧʨʠ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʨʘʩʪʷʛʠʚʘʶʱʝʡ ʥʘʛʨʫʟʢʝ ʙʦʣʝʝ ʥʘʜʝʞʥʳ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʠʩʢʣʶʯʘʶʪʩʷ ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʣʟʫʯʝʩʪʴʶ ʠ ʨʝʣʘʢʩʘʮʠʝʡ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʴʝʟʦʤʦʜʫʣʝʡ ʥʘ ʦʙʨʘʟʮʳ ʧʣʝʥʢʠ ʚ ʚʠʜʝ ʧʦʣʦʩʢʠ 

ʰʠʨʠʥʦʡ ʦʢʦʣʦ 1 ʩʤ ʠ ʜʣʠʥʦʡ ʧʨʠʤʝʨʥʦ 10 ʩʤ ʥʘʥʦʩʷʪ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʵʣʝʢʪʨʦʜʳ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʠ ʟʘʪʝʤ ʠʭ ʨʘʩʪʷʛʠʚʘʶʪ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʩʠʣʠʝʤ Fj 

(j = 1, 2) ʪʘʢ, ʯʪʦʙʳ ʤʝʞʜʫ ʤʝʭʘʥʠʯʝʩʢʠʤ ʥʘʧʨʷʞʝʥʠʝʤ Z ʠ ʧʣʦʪʥʦʩʪʴʶ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʙʳʣʘ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ. ɼʣʷ ʧʣʝʥʦʢ ʠʟ ʇɺɼʌ ʵʪʦ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ Zʤʘʢʩ Ò 30 ʄʇʘ.  

 

d3j = ȹq/ȹFj  (2) 

 

ʛʜʝ ȹq ï ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʠʣʠʷ ȹF. 

ʉ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʝʪʘʣʣʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʦʣʠʤʝʨʥʦʡ ʧʣʝʥʢʠ, ʧʦʵʪʦʤʫ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʧʴʝʟʦʤʦʜʫʣʝʡ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘʥʝʩʝʥʥʦʛʦ 

ʩʣʦʷ ʤʝʪʘʣʣʠʟʘʮʠʠ ʥʘ ʠʟʤʝʨʷʝʤʦʝ ʟʥʘʯʝʥʠʝ: 

 

dʠʩʪ = dʠʟʤYʤ /Y0  (3) 

 

ʛʜʝ dʠʩʪ ï ʠʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ; dʠʟʤ ï ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ; Yʤ, Y0 ï ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʦʡ ʠ ʥʝʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʦʡ 

ʧʣʝʥʦʢ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʩʢʦʣʴʢʫ ʧʣʝʥʢʘ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʢʪʨʦʜʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʣʦʩʢʠʡ ʢʦʥʜʝʥʩʘʪʦʨ, ʪʦ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʟʘʨʷʜʘ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʝʛʦ ʦʙʢʣʘʜʢʘʭ, ʠʩʧʦʣʴʟʫʷ ʜʣʷ 

ʨʘʩʯʝʪʦʚ ʩʦʦʪʥʦʰʝʥʠʝ: 

 

ȹq = (ʉʭ + ʉ0)ȹU, (4) 

 

ʛʜʝ ʉʭ ï ʝʤʢʦʩʪʴ ʠʟʤʝʨʷʝʤʦʛʦ ʦʙʨʘʟʮʘ; ʉ0 ï ʝʤʢʦʩʪʴ, ʧʨʠʩʦʝʜʠʥʷʝʤʘʷ 

ʧʘʨʘʣʣʝʣʴʥʦ ʦʙʨʘʟʮʫ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ; ȹU ï ʠʟʤʝʥʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʙʨʘʟʮʝ. 

ʀʟʤʝʨʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʪʨʫʜʥʦʩʪʝʡ, ʧʦʩʢʦʣʴʢʫ ʨʝʯʴ ʠʜʝʪ ʥʝ ʦ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ, ʬʦʨʤʠʨʫʝʤʦʡ 

ʧʨʦʪʝʢʘʶʱʠʤ ʪʦʢʦʤ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʣʴʪʤʝʪʨʳ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʧʨʠʥʮʠʧʫ ʵʣʝʢʪʨʦʤʝʪʨʦʚ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ d31 ʠ d32 ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 0,5-5 ʢɻʮ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ [3]. ʕʪʦ ʯʠʩʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʚʝʨʭʥʠʡ ʵʣʝʢʪʨʦʜ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʚʠʜʝ ʜʚʫʭ ʨʘʚʥʳʭ 

ʩʝʢʮʠʡ, ʘ ʥʠʞʥʠʡ ʵʣʝʢʪʨʦʜ ʚ ʚʠʜʝ ʩʧʣʦʰʥʦʡ ʧʣʝʥʢʠ. ʇʦʩʣʝ ʧʦʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ U1 ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʤʝʞʜʫ ʧʝʨʚʦʡ ʩʝʢʮʠʝʡ ʚʝʨʭʥʝʛʦ ʵʣʝʢʪʨʦʜʘ ʠ ʥʠʞʥʠʤ 



ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ɽʉʊɽʉʊɺʆɿʅɸʅʀʗ 
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ʵʣʝʢʪʨʦʜʦʤ ʚ ʦʙʨʘʟʮʝ ʚʦʟʥʠʢʘʝʪ ʤʝʭʘʥʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʘʷ ʚʦʟʙʫʞʜʘʝʪ 

ʦʪʚʝʪʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʤʝʞʜʫ ʚʪʦʨʦʡ ʩʝʢʮʠʝʡ ʚʝʨʭʥʝʛʦ ʵʣʝʢʪʨʦʜʘ ʠ ʥʠʞʥʠʤ 

ʵʣʝʢʪʨʦʜʦʤ. ʇʦ ʦʪʥʦʰʝʥʠʶ U2/U1 ʨʘʩʩʯʠʪʳʚʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʚʷʟʠ ʂ (ʫʯʠʪʳʚʘʷ, ʯʪʦ U1 > U2) ʠ ʜʘʣʝʝ ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʴʝʟʦʤʦʜʫʣʷ: 

 

K31 = (2U2/U1)1/2, d31 = K31(ŮŮ0/Y)1/2  (5) 

 

ʛʜʝ Ů ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʣʠʤʝʨʥʦʡ ʧʣʝʥʢʠ, Y ï 

ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʦʣʠʤʝʨʥʦʡ ʧʣʝʥʢʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ d33 ʧʫʪʝʤ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʘ ʧʣʝʥʢʠ ʩʦʧʨʷʞʝʥʦ 

ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ, ʪʘʢ ʢʘʢ ʩʜʘʚʣʠʚʘʥʠʝ ʧʣʝʥʢʠ ʤʝʞʜʫ 

ʧʣʘʩʪʠʥʘʤʠ ʤʝʰʘʝʪ ʝʝ ʧʦʧʝʨʝʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩʣʝʜʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʨʘʪʥʳʡ ʧʴʝʟʦʵʬʬʝʢʪ ï ʠʟʤʝʨʷʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʧʣʝʥʢʠ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʝʝ ʪʦʣʱʠʥʳ, ʧʨʠʢʣʘʜʳʚʘʷ ʢ ʵʣʝʢʪʨʦʜʘʤ ʧʣʝʥʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ɽ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʝ [4], ʘʚʪʦʨʳ ʢʦʪʦʨʦʡ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʘʟʝʨʥʳʡ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨ. 

 

d33 = ȹŭ/ȹE  (6) 

 

ʛʜʝ ȹŭ ï ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʪʦʣʱʠʥʳ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ȹE.  

ʈʘʟʚʠʪʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʠʪʴ ʜʣʷ 

ʜʘʥʥʦʡ ʮʝʣʠ ʤʝʪʦʜ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ [5]. ʆʙʱʘʷ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʡ 

ʤʝʪʦʜʦʤ ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʴʝʟʦʦʪʢʣʠʢʘ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʙʘʟʝ ʘʪʦʤʥʦ-

ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Solver 47Pro ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1. ʆʙʱʘʷ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʡ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʴʝʟʦʦʪʢʣʠʢʘ 

 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʦʥʜ ʩ ʧʨʦʚʦʜʷʱʠʤ ʧʦʢʨʳʪʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʣʦʢʘʣʴʥʦ ʩʦʟʜʘʚʘʪʴ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʪʦʣʱʠʥʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʣʝʥʢʠ ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ ʜʦʣʝʡ ʥʘʥʦʤʝʪʨʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʜʘʥʥʳʭ ʮʝʣʝʡ ʠʩʪʦʯʥʠʢʘ 



ʈɸɿɼɽʃ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 
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ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʧʝʨʝʤʝʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ 

ʩʠʛʥʘʣʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ. ɸʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʤʝʱʝʥʠʡ ʟʦʥʜʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʛʦ ʠʟ ʩʠʥʭʨʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʠ ʟʘʪʝʤ 

ʚʳʚʦʜʷʪʩʷ ʢʘʢ ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʴʝʟʦʦʪʢʣʠʢʘ. ʆʜʥʠʤ ʠʟ ʜʦʩʪʦʠʥʩʪʚ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʤʦʞʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʘ ʧʨʠʤʝʨʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʝʨʘʤʠʢʠ PLZT. ʅʘ ʠʟʦʙʨʘʞʝʥʠʠ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʚʠʜʥʳ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʮʘʨʘʧʠʥʳ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʭʦʜʝ ʰʣʠʬʦʚʘʥʠʷ (ʨʠʩ 2, a), ʘ ʥʘ 

ʘʤʧʣʠʪʫʜʥʦʤ ʠ ʬʘʟʦʚʦʤ ʠʟʦʙʨʘʞʝʥʠʷʭ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʴʝʟʦʦʪʢʣʠʢʘ ʭʦʨʦʰʦ 

ʨʘʟʣʠʯʠʤʘ ʜʦʤʝʥʥʘʷ ʤʦʨʬʦʣʦʛʠʷ ʤʘʪʝʨʠʘʣʘ (ʨʠʩ. 2, ʙ). ʉʚʝʪʣʳʝ ʠ ʪʝʤʥʳʝ ʦʙʣʘʩʪʠ ʩ 

ʚʦʣʥʠʩʪʳʤʠ ʛʨʘʥʠʮʘʤʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʦʤʝʥʘʤ, ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʧʦʣʷʨʠʟʘʮʠʠ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʟʥʘʢʠ. 

ʆʩʥʦʚʥʦʡ ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʢʘʥʪʠʣʝʚʝʨʘ. ɼʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʥʪʠʣʝʚʝʨʳ ʩ ʤʘʢʩʠʤʘʣʴʥʦ 

ʢʦʨʦʪʢʦʡ ʙʘʣʢʦʡ ʠ ʟʥʘʯʝʥʠʝʤ ʩʠʣʦʚʦʡ ʧʦʩʪʦʷʥʥʦʡ ʧʦʨʷʜʢʘ 40 ʅ/ʤ, ʚ ʪʦʞʝ ʚʨʝʤʷ ʧʨʠ 

ʨʘʙʦʪʝ ʩ ʧʦʣʠʤʝʨʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʨʝʞʜʝʥʠʶ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʩʣʫʞʠʪʴ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʧʦʣʫʯʝʥʠʷ ʟʘʥʠʞʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʘ d33.  

 

          
ʘ) ʙ) 

ʈʠʩ. 2. ʈʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʚʠʜʝ ʩʠʛʥʘʣʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʴʝʟʦʦʪʢʣʠʢʘ  

ʦʪ ʦʙʨʘʟʮʘ ʢʝʨʘʤʠʢʠ PLZT, ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʨʝʥʠʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʬʘʢʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʫʧʨʫʛʠʭ 

ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʧʨʦʚʦʜʷʱʠʭ ʵʣʝʢʪʨʦʜʦʚ. ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʟʫʯʝʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 
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solution leading to the destruction of a branched lignin polymer molecule into smaller fragments. The results 

of the effect of various whitening methods on the change in the content of waxy and pectin substances in the 
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ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʥʝʧʨʝʨʳʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʜʛʦʪʦʚʢʠ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʭʘʨʘʢʪʝʨʥʦ ʩʦʚʤʝʱʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʤʥʦʛʦʩʪʘʜʠʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʝʜʠʥʳʡ 

ʮʠʢʣ. ɹʝʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʦʧʝʨʘʮʠʶ ʧʦʜʛʦʪʦʚʢʠ 

ʪʝʢʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʩʠʩʪʝʤʝ ʚʦʣʦʢʥʠʩʪʳʡ ʤʘʪʝʨʠʘʣ ï ʙʝʣʷʱʠʡ ʨʘʩʪʚʦʨ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʣʠʤʝʨ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʦʢʩʠʜʥʦʛʦ 

ʙʝʣʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʧʨʦʪʝʢʘʥʠʝʤ ʮʝʣʦʛʦ ʨʷʜʘ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʪʘʢʠʭ 

ʢʘʢ ʢʘʚʠʪʘʮʠʷ, ʨʝʘʢʮʠʷʤʠ ʦʢʠʩʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʧʨʦʮʝʩʩʦʚ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ ʚʝʱʝʩʪʚ [1]. ʇʨʠ ʙʝʣʝʥʠʠ 

ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʠʭ ʪʢʘʥʝʡ ʧʦ ʦʜʥʦʩʪʘʜʠʡʥʦʤʫ ʩʧʦʩʦʙʫ ʦʩʦʙʫʶ ʪʨʫʜʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʫʜʘʣʝʥʠʝ ʦʩʪʘʪʢʦʚ ʭʣʦʧʢʦʚʳʭ ʢʦʨʦʙʦʯʝʢ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʥʦʩʠʪʝʣʷʤʠ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʭ ʣʠʛʥʠʥʩʦʜʝʨʞʘʱʠʭ ʧʨʠʤʝʩʝʡ. ʅʘʣʠʯʠʝ ʚ ʭʣʦʧʢʦʚʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʭʣʦʧʢʦʧʦʣʠʵʬʠʨʥʦʡ ʪʢʘʥʠ ʚʦʩʢʦʦʙʨʘʟʥʳʭ ʠ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʛʠʜʨʦʬʦʙʥʳʝ ʩʚʦʡʩʪʚʘ ʭʣʦʧʢʦʚʦʛʦ ʚʦʣʦʢʥʘ, ʠ ʫʜʘʣʝʥʠʝ ʠʭ ʚ ʧʨʦʮʝʩʩʝ 

ʧʝʨʦʢʩʠʜʥʦʛʦ ʙʝʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʠʜʘʪʴ ʚʦʣʦʢʥʫ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʛʣʦʱʘʪʴ ʠ 

ʫʜʝʨʞʠʚʘʪʴ ʚʦʜʫ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʯʘʩʪʴ ʚʦʩʢʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ ï ʵʪʦ ʞʠʨʥʳʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʫʜʘʣʷʶʪʩʷ ʜʘʞʝ ʚ ʧʨʦʮʝʩʩʝ 

ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ ʙʝʣʝʥʠʷ, ʜʨʫʛʘʷ ʯʘʩʪʴ ï ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʧʠʨʪʳ ʠ 

ʫʛʣʝʚʦʜʦʨʦʜʳ, ʪʨʫʜʥʦ ʫʜʘʣʷʝʤʳʝ ʠʟ ʚʦʣʦʢʥʘ ʜʘʞʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʵʤʫʣʴʛʘʪʦʨʦʚ ʚ ʩʦʩʪʘʚʝ ʙʝʣʷʱʝʛʦ ʨʘʩʪʚʦʨʘ. ʂʦʣʠʯʝʩʪʚʦ ʚʦʩʢʘ ʚ 

ʚʦʣʦʢʥʝ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,65 ʜʦ 1 

%. ɺ ʧʨʠʨʦʜʥʦʤ ʭʣʦʧʢʦʚʦʤ ʚʦʣʦʢʥʝ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʚʦʩʢʦʦʙʨʘʟʥʳʡ ʩʣʦʡ ʠʤʝʝʪ 

ʛʨʫʙʫʶ ʩʢʣʘʜʯʘʪʦʩʪʴ, ʥʝʧʨʘʚʠʣʴʥʫʶ ʛʣʦʙʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʨʘʟʨʳʚʘʤʠ ʠ 

ʪʨʝʱʠʥʘʤʠ, ʚ ʩʣʫʯʘʝ ʥʝʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʚʦʩʢʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ, ʦʩʪʘʚʰʘʷʩʷ 

ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʦʩʢʦʚ ʨʘʩʪʝʢʘʝʪʩʷ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ ʚ ʬʦʨʤʝ 

ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʡ ʧʣʝʥʢʠ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʚʦʜʳ ʠ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʚ ʚʦʣʦʢʥʦ.  

ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʤʠʨʝ ʧʝʢʪʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ ʷʚʣʷʶʪʩʷ 

ʩʚʦʝʦʙʨʘʟʥʦʡ ʛʨʫʧʧʦʡ ʫʛʣʝʚʦʜʦʚ, ʚʝʩʴʤʘ ʩʣʦʞʥʦʡ ʧʦ ʩʦʩʪʘʚʫ. ɻʣʘʚʥʦʡ ʠ ʭʘʨʘʢʪʝʨʥʦʡ 

ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʠʭ ʩʣʫʞʠʪ ʢʘʣʴʮʠʡ-ʤʘʛʥʠʝʚʘʷ ʩʦʣʴ ʧʝʢʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʇʝʢʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʦʚʫʶ ʢʠʩʣʦʪʫ, ʫ ʢʦʪʦʨʦʡ 

ʯʘʩʪʴ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʘ ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ. ʇʝʢʪʠʥʦʚʳʝ 

ʚʝɦʝʩʪʚʘ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʞʝʣʘʪʠʥʠʟʠʨʦʚʘʪʴʩʷ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʯʪʦ 

ʫʩʠʣʠʚʘʝʪ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʥʦʡ ʩʦʨʙʮʠʠ ʧʨʦʜʫʢʪʦʚ ʜʝʩʪʨʫʢʮʠʠ ʧʨʠʤʝʩʝʡ ʮʝʣʣʶʣʦʟʳ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʩʘʤʦʛʦ ʧʝʢʪʠʥʘ, ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. [2]. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ ʥʘ ʩʪʝʧʝʥʴ ʨʘʟʨʫʰʝʥʠʷ 

ʠ ʫʜʘʣʝʥʠʷ ʚʦʩʢʦʦʙʨʘʟʥʳʭ, ʧʝʢʪʠʥʦʚʳʭ ʠ ʣʠʛʥʠʥʩʦʜʝʨʞʘʱʠʭ ʧʨʠʤʝʩʝʡ ʠʟ 

ʭʣʦʧʢʦʚʦʛʦ ʚʦʣʦʢʥʘ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʦʢʩʠʜʥʦʛʦ ʙʝʣʝʥʠʷ.  

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ɹʝʣʝʥʠʝ ʭʣʦʧʢʦʧʦʣʠʵʬʠʨʥʦʡ ʪʢʘʥʠ ʘʨʪ. 4ʉ5-ʂɺ ʦʩʫʱʝʩʪʚʣʷʣʠ ʞʠʜʢʦʩʪʥʳʤ 

ʩʧʦʩʦʙʦʤ ʥʘ ʫʩʪʘʥʦʚʢʝ ʋɿɺ-28/200 ʄʇ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ 3 ʢɺʪ/ʩʤ2 ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ, ʧʨʦʤʳʚʘʣʠ ʤʘʪʝʨʠʘʣ ʛʦʨʷʯʝʡ ʠ ʭʦʣʦʜʥʦʡ 

ʚʦʜʦʡ, ʩʫʰʠʣʠ. ʂʘʧʠʣʣʷʨʥʦʩʪʴ ʪʢʘʥʠ ʦʧʨʝʜʝʣʷʶʪ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 3816-81 [3]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʭʣʦʧʢʦʚʫʶ ʰʝʣʫʭʫ, ʢʦʪʦʨʫʶ 

ʧʦʤʝʱʘʣʠ ʚ ʧʝʨʦʢʩʠʜʥʳʝ ʨʘʩʪʚʦʨʳ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʨʦʚʦʜʠʣʠ ʙʝʣʝʥʠʝ ʚ 

ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ʧʨʠ 80ʉ̄ ʠ ʧʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʟʜʝʡʩʪʚʠʠ ʩ 
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ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 3 ʢɺʪ/ʩʤ2 ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʪʝʧʝʥʠ ʠ ʛʣʫʙʠʥʳ 

ʨʘʟʨʫʰʝʥʠʷ ʣʠʛʥʠʥʘ ʚ ʭʣʦʧʢʦʚʦʡ ʰʝʣʫʭʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʋʌ ï ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

[4].  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʦʩʢʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ ʚ ʭʣʦʧʢʦʚʦʤ ʚʦʣʦʢʥʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʫʶ ʤʝʪʦʜʠʢʫ. 

ʂʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʳʡ ʚ ʵʢʩʠʢʘʪʦʨʝ ʦʙʨʘʟʝʮ ʭʣʦʧʢʦʚʦʛʦ ʚʦʣʦʢʥʘ ʤʘʩʩʦʡ 5 ʛ, 

ʚʟʚʝʰʝʥʥʳʡ ʚ ʙʶʢʩʝ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,0001 ʛ, ʧʦʤʝʱʘʣʠ ʚ ʛʠʣʴʟʫ ʠʟ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ 

ʙʫʤʘʛʠ, ʢʦʪʦʨʫʶ ʚʩʪʘʚʣʷʣʠ ʚ ʵʢʩʠʢʘʪʦʨ ï ʘʧʧʘʨʘʪ ʉʦʢʩʣʝʪʘ ʪʘʢ, ʯʪʦʙʳ ʚʝʨʭʥʠʡ ʢʦʥʝʮ 

ʠʩʧʳʪʫʝʤʦʡ ʧʨʦʙʳ ʙʳʣ ʥʝ ʚʳʰʝ ʚʝʨʭʥʝʛʦ ʦʪʚʝʨʩʪʠʷ ʩʠʬʦʥʘ. 

ɺ ʢʦʣʙʫ ʘʧʧʘʨʘʪʘ ʥʘʣʠʚʘʣʠ ʵʪʠʣʦʚʳʡ ʵʬʠʨ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʧʨʝʚʳʰʘʶʱʝʤ ʚ 1,5 ï 

2 ʨʘʟʘ ʦʙʲʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʝʨʝʣʠʚʘʥʠʷ ʯʝʨʝʟ ʩʠʬʦʥ. 

ʕʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʣʠ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʚʦʜʷʥʦʡ ʙʘʥʝ ʩ ʪʘʢʠʤ ʨʘʩʯʝʪʦʤ, ʯʪʦ ʙʳ 

ʧʨʦʠʩʭʦʜʠʣʦ ʜʝʩʷʪʴ ʧʝʨʝʣʠʚʘʥʠʡ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʟ ʵʢʩʪʨʘʢʪʦʨʘ ʚ ʢʦʣʙʫ, ʥʦ ʥʝ ʤʝʥʝʝ 2 

ʯʘʩʦʚ. 

ʇʦ ʦʢʦʥʯʘʥʠʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʦʙʝʟʞʠʨʝʥʥʳʡ ʦʙʨʘʟʝʮ ʚʳʩʫʰʠʚʘʣʠ ʚ 

ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 105ʉ̄ ʜʦ ʧʦʩʪʦʷʥʥʦ-ʩʫʭʦʡ ʤʘʩʩʳ, ʟʘʪʝʤ 

ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʵʢʩʠʢʘʪʦʨʝ ʚ ʪʝʯʝʥʠʠ 45-60 ʤʠʥʫʪ ʠ ʚʟʚʝʰʠʚʘʣʠ ʚ ʙʶʢʩʝ. 

ʄʘʩʩʦʚʫʶ ʜʦʣʶ ʞʠʨʦʚʳʭ ʚʝʱʝʩʪʚ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ [5]: 
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ʛʜʝ m1 ʠ m2 ï ʧʦʩʪʦʷʥʥʦ-ʩʫʭʘʷ ʤʘʩʩʘ ʠʩʭʦʜʥʦʛʦ ʠ ʦʙʝʟʞʠʨʝʥʥʦʛʦ ʦʙʨʘʟʮʘ, ʛ. 

ʆʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʚ ʭʣʦʧʢʦʚʦʤ ʚʦʣʦʢʥʝ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʢʘʣʴʮʠʡ-ʧʝʢʪʘʪʥʳʤ ʤʝʪʦʜʦʤ. ʅʘʚʝʩʢʫ ʪʢʘʥʠ 1 ʛ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʠʟʤʝʣʴʯʝʥʥʫʶ, ʧʦʤʝʱʘʣʠ ʚ ʢʦʣʙʫ, ʟʘʣʠʚʘʣʠ 100 ʤʣ (1% ʨʘʩʪʚʦʨ) ʣʠʤʦʥʥʦʢʠʩʣʦʛʦ 

ʘʤʤʦʥʠʷ (ʪʨʝʭʟʘʤʝʱʝʥʥʦʛʦ) ʠ ʢʠʧʷʪʠʣʠ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ. 

ʇʦʣʫʯʝʥʥʳʡ ʵʢʩʪʨʘʢʪ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʚ ʢʦʣʙʫ ʥʘ 250 ʤʣ, ʦʩʪʘʪʦʢ ʩʥʦʚʘ ʟʘʣʠʚʘʣʠ 

100 ʤʣ ʨʘʩʪʚʦʨʘ ʣʠʤʦʥʥʦʢʠʩʣʦʛʦ ʘʤʤʦʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʶ ʧʦʚʪʦʨʷʣʠ. ʕʢʩʪʨʘʢʪ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʚ ʪʫʞʝ ʢʦʣʙʫ, ʦʩʪʘʪʦʢ ʥʘ ʬʠʣʴʪʨʝ ʧʨʦʤʳʚʘʣʠ ʛʦʨʷʯʝʡ ʚʦʜʦʡ. ʀʟ 

ʤʝʨʥʦʡ ʢʦʣʙʳ ʦʪʙʠʨʘʣʠ 100 ʤʣ ʵʢʩʪʨʘʢʪʘ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ, ʧʝʨʝʥʦʩʠʣʠ ʚ ʩʪʘʢʘʥ 

ʥʘ 300 ʤʣ ʠ ʧʨʠʙʘʚʣʷʣʠ 10 ʤʣ 1ʅ NaOH ʜʣʷ ʦʤʳʣʝʥʠʷ ʵʬʠʨʦʚ. ʈʘʩʪʚʦʨ ʦʩʪʘʚʣʷʣʠ ʥʘ 

ʥʦʯʴ ʚ ʪʝʤʥʦʤ ʤʝʩʪʝ, ʧʦʩʣʝ ʯʝʛʦ ʢ ʥʝʤʫ ʜʦʙʘʚʣʷʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʦ 50 ʤʣ 1ʅ CH3COOH ʠ CaCl2 (11,1 ʛ/ʣ) ʠ ʦʧʷʪʴ ʦʩʪʘʚʣʷʣʠ ʥʘ ʥʦʯʴ. 

ɿʘʪʝʤ ʥʘʛʨʝʚʘʣʠ ʜʦ ʢʠʧʷʯʝʥʠʷ, ʠ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ 

ʬʠʣʴʪʨ ˉ2. ʆʩʘʜʦʢ ʧʨʦʤʳʚʘʣʠ ʩʥʘʯʘʣʘ ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʣʠʤʦʥʥʦʢʠʩʣʦʛʦ ʢʘʣʴʮʠʷ (ʧʨʦʙʘ ʥʘ ʢʘʣʴʮʠʡ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʦʡ), ʟʘʪʝʤ ʛʦʨʷʯʝʡ 

ʚʦʜʦʡ ʜʦ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʨʦʙʳ ʥʘ ʠʦʥʳ ʭʣʦʨʘ (ʧʨʦʙʘ ʩ ʥʠʪʨʘʪʦʤ ʩʝʨʝʙʨʘ). ʆʩʘʜʦʢ ʥʘ 

ʬʠʣʴʪʨʝ ʚʳʩʫʰʠʚʘʣʠ ʜʦ ʧʦʩʪʦʷʥʥʦ ʤʘʩʩʳ ʧʨʠ 105ʉ̄. ʉʦʜʝʨʞʘʥʠʝ ʧʝʢʪʠʥʦʚʳʭ 

ʚʝʱʝʩʪʚ (%) ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

 

ʉʂʘʇɺ ʵ /)1009235,05,2( ÖÖÖ= , 

 

ʛʜʝ ʘ ï ʤʘʩʩʘ ʢʘʣʴʮʠʡ-ʧʝʢʪʘʪʘ, ʛ; ʉ ï ʥʘʚʝʩʢʘ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʛʦ ʚʦʣʦʢʥʠʩʪʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʛ; ʂ ɻï ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʪʨʘʢʮʠʠ. [6] 
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ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʋʌ-ʩʧʝʢʪʨʳ ʜʠʦʢʩʘʥʦʚʳʭ ʵʢʩʪʨʘʢʪʦʚ ʣʠʛʥʠʥʘ 

ʭʣʦʧʢʦʚʦʡ ʰʝʣʫʭʠ, ʦʪʙʝʣʝʥʥʦʡ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʧʝʢʪʨʘʣʴʥʘʷ ʢʨʠʚʘʷ ʣʠʛʥʠʥʘ 

ʠʩʭʦʜʥʦʡ ʭʣʦʧʢʦʚʦʡ ʰʝʣʫʭʠ (ʢʨʠʚʘʷ 1) ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʳʡ ʤʘʢʩʠʤʫʤ ʚ ʦʙʣʘʩʪʠ 280 

ʥʤ ʠ ʧʣʘʪʦ ʚ ʦʙʣʘʩʪʠ 320-340 ʥʤ. ʇʦʩʣʝ ʧʝʨʦʢʩʠʜʥʦʛʦ ʙʝʣʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ (ʢʨʠʚʘʷ 2) ʥʘ ʩʧʝʢʪʨʝ ʣʠʛʥʠʥʘ ʭʣʦʧʢʦʚʦʡ ʰʝʣʫʭʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʥʦʛʦ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦ ʚʩʝʡ ʜʣʠʥʝ 

ʩʧʝʢʪʨʘ, ʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʧʣʘʪʦ ʧʨʠ 320-340 ʥʤ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʟʘʝʪ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʢʠʩʣʝʥʠʠ ʢʘʨʙʦʥʠʣʴʥʳʭ ʠ ʬʝʥʦʣʴʥʳʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ 

ʣʠʛʥʠʥʘ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ. ʇʨʠ ʙʝʣʝʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ (ʢʨʠʚʘʷ 3) ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʦʛʣʦʱʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʥʦ ʠ ʥʝʙʦʣʴʰʦʡ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʘ ʥʘ ʩʧʝʢʪʨʝ 

ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʤʦʣʝʢʫʣʷʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʣʠʛʥʠʥʝ 

ʭʣʦʧʢʦʚʦʡ ʰʝʣʫʭʠ, ʦʪʙʝʣʝʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʨʘʟʨʫʰʝʥʠʝʤ ʥʝ ʪʦʣʴʢʦ ʭʨʦʤʦʬʦʨʥʦʡ ʩʠʩʪʝʤʳ, ʥʦ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. 

 
ʈʠʩ. ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ ʩʧʝʢʪʨʳ ʜʠʦʢʩʘʥʦʚʳʭ ʵʢʩʪʨʘʢʪʦʚ ʣʠʛʥʠʥʘ ʭʣʦʧʢʦʚʦʡ ʰʝʣʫʭʠ, 

ʦʪʙʝʣʝʥʥʦʡ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ: 1. ʀʩʭʦʜʥʘʷ ʭʣʦʧʢʦʚʘʷ ʰʝʣʫʭʘ; 

2. ʍʣʦʧʢʦʚʘʷ ʰʝʣʫʭʘ, ʦʪʙʝʣʝʥʥʘʷ ʚ ʨʘʩʪʚʦʨʝ, ʛ/ʣ: ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ï 10, ʝʜʢʠʡ ʥʘʪʨ ï 2,5, 

ʩʠʣʠʢʘʪ ʥʘʪʨʠʷ ï 10, ʩʤʘʯʠʚʘʪʝʣʴ ʕʄ ï 1, ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʝ ʧʨʠ ʊ=85-90Áʉ;  

3. ʍʣʦʧʢʦʚʘʷ ʰʝʣʫʭʘ, ʦʪʙʝʣʝʥʥʘʷ ʨʘʩʪʚʦʨʦʤ, ʛ/ʣ: ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ï 9,  

ʩʪʘʙʠʣʠʟʘʪʦʨ ɸʉ ï 6 ʧʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 
 

ʉʦʚʤʝʩʪʥʦʝ ʜʝʡʩʪʚʠʝ ʫʣʴʪʨʘʟʚʫʢʘ ʠ ʧʝʨʦʢʩʠʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠʚʦʜʠʪ ʢ 

ʜʝʩʪʨʫʢʮʠʠ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʦʣʝʢʫʣʳ ʣʠʛʥʠʥʘ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ 

ʬʨʘʛʤʝʥʪʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʧʦʩʣʝʜʫʶʱʝʤʫ ʣʝʛʢʦʤʫ ʫʜʘʣʝʥʠʶ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʪʝʯʝʥʠʷʤʠ. 

ʉ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʭʣʦʧʢʦʧʦʣʠʵʬʠʨʥʫʶ ʪʢʘʥʴ ʩʦʧʦʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ 

ʙʝʣʝʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦʩʢʦʦʙʨʘʟʥʳʭ ʠ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʚ ʭʣʦʧʢʦʚʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʢʘʥʠ. ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ʜʘʥʥʳʭ ʥʘʛʣʷʜʥʦ ʚʠʜʥʦ, ʯʪʦ 

ʧʦʩʣʝ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ ʙʝʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʘ ʩʦʜʝʨʞʘʥʠʝ 

ʚʦʩʢʦʦʙʨʘʟʥʳʭ ʠ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʦʚʥʶ ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ 

ʚʝʱʝʩʪʚ ʚ ʭʣʦʧʢʦʚʦʤ ʚʦʣʦʢʥʝ ʧʦʩʣʝ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʩʧʦʩʦʙʘ ʙʝʣʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ 

ʫʣʴʪʨʘʟʚʫʢʘ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʢʘʧʠʣʣʷʨʥʦʩʪʴ ʭʣʦʧʢʦʧʦʣʠʵʬʠʨʥʦʡ 
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ʊʘʙʣʠʮʘ. ɺʣʠʷʥʠʝ ʩʧʦʩʦʙʘ ʙʝʣʝʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʦʧʫʪʩʪʚʫʶʱʠʭ 

ʧʨʠʤʝʩʝʡ ʭʣʦʧʢʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʭʣʦʧʢʦʧʦʣʠʵʬʠʨʥʦʡ ʪʢʘʥʠ 
 

ʉʧʦʩʦʙ 

ʙʝʣʝʥʠʷ 

ɺʨʝʤʷ 

ʙʝʣʝʥʠʷ, 

ʤʠʥ 

ʉʦʜʝʨʞʘʥʠʝ 

ʚʦʩʢʦʦʙʨʘʟʥʳʭ 

ʚʝʱʝʩʪʚ, 

% 

ʉʦʜʝʨʞʘʥʠʝ 

ʧʝʢʪʠʥʦʚʳʭ 

ʚʝʱʝʩʪʚ, 

% 

ʂʘʧʠʣʣʷʨʥʦʩʪʴ, ʤʤ 

ʉʫʨʦʚʘʷ ʪʢʘʥʴ - 0,73 0,98 0,3 

ɼʚʫʭʩʪʘʜʠʡʥʳʡ 60/60 0,32 0,031 120 

ʆʜʥʦʩʪʘʜʠʡʥʳʡ 60 0,59 0,061 91 

ʆʜʥʦʩʪʘʜʠʡʥʳʡ ʩ 

ʫʣʴʪʨʘʟʚʫʢʦʤ 
20 0,37 0,035 118 

 

ɺʳʚʦʜʳ 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʨʦʣʴ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ ʚ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʫʜʘʣʝʥʠʷ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʧʨʠʨʦʜʥʳʭ ʧʨʠʤʝʩʝʡ 

ʭʣʦʧʢʦʚʦʛʦ ʚʦʣʦʢʥʘ ʧʨʠ ʧʝʨʦʢʩʠʜʥʦʤ ʙʝʣʝʥʠʠ. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʠ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤʠ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ 

ʩʦʜʝʨʞʘʥʠʝ ʧʝʢʪʠʥʦʚʳʭ ʠ ʚʦʩʢʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ ʚ ʭʣʦʧʢʦʚʦʤ ʚʦʣʦʢʥʝ ʩʥʠʞʘʝʪʩʷ ʚ 

2 ʨʘʟʘ. 

ʉʦʚʤʝʩʪʥʦʝ ʜʝʡʩʪʚʠʝ ʫʣʴʪʨʘʟʚʫʢʘ ʠ ʧʝʨʦʢʩʠʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠʚʦʜʠʪ ʢ 

ʜʝʩʪʨʫʢʮʠʠ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʦʣʝʢʫʣʳ ʣʠʛʥʠʥʘ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ 

ʬʨʘʛʤʝʥʪʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʧʦʩʣʝʜʫʶʱʝʤʫ ʣʝʛʢʦʤʫ ʫʜʘʣʝʥʠʶ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʪʝʯʝʥʠʷʤʠ. 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʧʝʨʦʢʩʠʜʥʦʛʦ ʙʝʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʭʣʦʧʢʦʧʦʣʠʵʬʠʨʥʦʡ ʪʢʘʥʠ ʧʨʠ 

ʩʦʢʨʘʱʝʥʠʠ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʚ 3 ʨʘʟʘ. 
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ʐʠʢʦʚʘ ʊ. ɻ., ɻʦʣʫʙʝʚʘ ɸ. ʖ. ɺʣʠʷʥʠʝ ʦʙʨʘʙʦʪʢʠ ʚ ʧʣʘʟʤʝ ʥʘ ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʘʨʘʤʠʜʥʦʛʦ ʚʦʣʦʢʥʘ 

ʊ. ɻ. ʐʠʢʦʚʘ, ɸ. ʖ. ɻʦʣʫʙʝʚʘ  

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɺʃʀʗʅʀɽ ʆɹʈɸɹʆʊʂʀ ɺ ʇʃɸɿʄɽ  

ʅɸ ɸɼɻɽɿʀʆʅʅʓɽ ʉɺʆʁʉʊɺɸ ɸʈɸʄʀɼʅʆɻʆ ɺʆʃʆʂʅɸ 

 
ɸʥʥʦʪʘʮʠʷ: ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʦʙʨʘʙʦʪʢʠ ʚ ʧʣʘʟʤʝ ʢʠʩʣʦʨʦʜʘ ʠ 

ʘʨʛʦʥʘ ʥʘ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʘʨʘʤʠʜʥʳʭ ʚʦʣʦʢʦʥ ʠ ʧʨʦʯʥʦʩʪʴ ʤʠʢʨʦʧʣʘʩʪʠʢʘ, ʤʦʜʝʣʠʨʫʶʱʝʛʦ 

ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ ʩ ʵʧʦʢʩʠʜʥʳʤ ʩʚʷʟʫʶʱʠʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʧʣʘʟʤʳ ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʚʦʣʦʢʦʥ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ. ɼʦʩʪʠʛʘʝʤʳʡ ʵʬʬʝʢʪ ʚʳʰʝ ʚ ʧʣʘʟʤʝ ʢʠʩʣʦʨʦʜʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʨʘʟʨʷʜʘ ʚʦʟʜʝʡʩʪʚʠʝ ʧʣʘʟʤʳ ʘʨʛʦʥʘ ʥʝ ʫʭʫʜʰʘʝʪ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʚʦʣʦʢʦʥ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʚ ʧʣʘʟʤʝ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʜʘʚʣʝʥʠʷʭ ʛʘʟʘ ʠ ʪʦʢʝ ʨʘʟʨʷʜʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʫʰʝʥʠʶ ʚʦʣʦʢʥʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʙʦʪʢʠ ʚʦʣʦʢʦʥ ʚ ʧʣʘʟʤʝ ʧʨʦʯʥʦʩʪʴ ʤʠʢʨʦʧʣʘʩʪʠʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ ~ 30 %. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʨʘʤʠʜʥʦʝ ʚʦʣʦʢʥʦ, ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʣʘʟʤʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ 

ʚʦʣʦʢʦʥ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʩʤʘʯʠʚʘʝʤʦʩʪʴ, ʢʘʧʠʣʣʷʨʥʳʡ ʧʦʜʲʝʤ. 
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INFLUENCE OF PLASMA TREATMENT ON ADHESION PROPERTIES  

OF ARAMID FIBER  
 
Abstract:  the results of a study of the effect of treatment in oxygen and argon plasma on the 

wettability of aramid fibers and the strength of microplastics simulating a composite material with an epoxy 

binder are presented. It has been shown that exposure to plasma increases the wettability of fibers with epoxy 

resin. The achieved effect is higher in oxygen plasma. It has been established that for the selected discharge 

parameters, the effect of argon plasma does not degrade the mechanical strength of the fibers. Modification 

in oxygen plasma at elevated gas pressures and discharge current can lead to fiber destruction. It is shown 

that, as a result of plasma treatment of fibers, the strength of microplastics increases by ~30 % on average. 

Keywords: aramid fiber, composite materials, plasma, fiber modification, roughness, wettability, 

capillary lift. 

 

 

ɺʚʝʜʝʥʠʝ 

ɸʨʘʤʠʜʥʳʝ ʚʦʣʦʢʥʘ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʦʣʦʢʦʥ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʯʥʦʩʪʠ, ʥʦ ʠ ʦʯʝʥʴ ʚʳʩʦʢʦʡ 

ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʜʝʡʩʪʚʠʶ ʦʪʢʨʳʪʦʛʦ ʧʣʘʤʝʥʠ, 

ʦʪʩʫʪʩʪʚʠʝʤ ʟʘʤʝʪʥʦʡ ʫʩʘʜʢʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 350ï450 Áʉ, ʯʪʦ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ ʧʨʠ 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʟ ʪʘʢʠʭ 

ʚʦʣʦʢʦʥ ʩʧʝʮʠʘʣʴʥʫʶ ʪʝʨʤʦʟʘʱʠʪʥʫʶ ʠ ʪʨʫʜʥʦʛʦʨʶʯʫʶ ʦʜʝʞʜʫ ʜʣʷ ʧʦʞʘʨʥʳʭ ʠ 

ʩʧʘʩʘʪʝʣʝʡ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʘʨʘʤʠʜʥʳʝ ʥʠʪʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʘʨʤʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʚʦʣʦʢʥʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ [4]. 

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʦʠʟʚʦʜʷʪ ʧʨʦʧʠʪʢʫ ʚʦʣʦʢʦʥ ʣʠʙʦ ʦʛʥʝʟʘʱʠʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, 

ʣʠʙʦ ʧʦʣʠʤʝʨʥʳʤ ʩʚʷʟʫʶʱʠʤ. ʆʧʨʝʜʝʣʝʥʥʘʷ ʛʠʜʨʦʬʦʙʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʘʨʘʤʠʜʥʳʭ 

ʚʦʣʦʢʦʥ ʟʘʪʨʫʜʥʷʝʪ ʵʪʦʪ ʧʨʦʮʝʩʩ [1]. ʋʩʢʦʨʠʪʴ ʝʛʦ ʤʦʞʥʦ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ 

ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʥʠʪʝʡ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʦʙʨʘʙʦʪʢʠ 

                                                 
 É ʐʠʢʦʚʘ ʊ. ɻ., ɻʦʣʫʙʝʚʘ ɸ. ʖ., 2023 
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ʘʨʘʤʠʜʥʦʛʦ ʚʦʣʦʢʥʘ ʤʘʨʢʠ ʈʫʩʘʨ ʚ ʧʣʘʟʤʝ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠ ʘʨʛʦʥʘ 

ʥʘ ʝʛʦ ʩʤʘʯʠʚʘʥʠʝ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ ʠ ʥʘ ʧʨʦʯʥʦʩʪʴ ʤʦʜʝʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ.  

 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɸʨʘʤʠʜʥʦʝ ʚʦʣʦʢʥʦ, ʤʘʨʢʠ çʈʫʩʘʨ-ʉè (ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʆʆʆ ʅʇʇ çʊʝʨʤʦʪʝʢʩè, 

ʛ. ʄʳʪʠʱʠ, ʈʦʩʩʠʷ) ʦʙʨʘʙʘʪʳʚʘʣʠ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʩʪʦʣʙʝ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ʢʠʩʣʦʨʦʜʝ ʠ ʘʨʛʦʥʝ ʧʨʠ ʜʘʚʣʝʥʠʠ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ 30 ʠ 

150 ʇʘ, ʪʦʢʝ ʨʘʟʨʷʜʘ 20 ʠ 50 ʤɸ, ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʛʘʟʘ 30 ʩʤ/ʩ. ʈʘʟʨʷʜ 

ʚʦʟʙʫʞʜʘʣʠ ʚ ʩʪʝʢʣʷʥʥʦʤ ʨʝʘʢʪʦʨʝ ʜʠʘʤʝʪʨʦʤ 3 ʩʤ (ʨʠʩ. 1). ʆʙʨʘʟʮʳ ʥʠʪʠ ʩʫʤʤʘʨʥʦʡ 

ʜʣʠʥʦʡ 5,5 ʤ ʥʘʤʘʪʳʚʘʣʠ ʥʘ ʩʪʝʢʣʷʥʥʳʡ ʜʝʨʞʘʪʝʣʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʨʠ 

ʧʦʤʝʱʝʥʠʠ ʝʛʦ ʚ ʨʘʟʨʷʜʥʫʶ ʪʨʫʙʢʫ ʚʦʣʦʢʥʘ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʫ ʩʪʝʥʢʠ ʨʝʘʢʪʦʨʘ. 

1 2

3

4

5 6

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

1 - ʬʦʨʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ; 2 - ʢʘʧʠʣʣʷʨʥʳʡ ʨʘʩʭʦʜʦʤʝʨ; 3 - U-ʦʙʨʘʟʥʳʡ ʤʘʥʦʤʝʪʨ;  

4 - ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ ʇʄʊ-2; 5 - ʩʪʝʢʣʷʥʥʳʡ ʨʝʘʢʪʦʨ; 6 - ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʦʙʨʘʟʝʮ 

 
ʂʨʘʝʚʳʝ ʫʛʣʳ ʩʤʘʯʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ ʕɼ-20 

ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʬʦʪʦʛʨʘʬʠʷʤ ʢʘʧʝʣʴ, ʢʦʪʦʨʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠ ʚ ʧʨʦʛʨʘʤʤʝ ImageJ. 

ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʚʳʩʦʪʳ ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʦʜʲʝʤʘ ʠʩʭʦʜʥʘʷ ʵʧʦʢʩʠʜʥʘʷ ʩʤʦʣʘ  

ʕɼ-20 ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʷʟʢʦʩʪʠ ʨʘʟʙʘʚʣʷʣʘʩʴ ʘʮʝʪʦʥʦʤ ʚ ʦʙʲʝʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. 

ɺʳʩʦʪʫ ʧʦʜʲʸʤʘ ʞʠʜʢʦʩʪʠ ʬʠʢʩʠʨʦʚʘʣʠ ʧʦ ʠʩʪʝʯʝʥʠʠ 15 ʤʠʥʫʪ ʧʨʝʙʳʚʘʥʠʷ ʚʦʣʦʢʥʘ 

ʚ ʨʘʙʦʯʝʤ ʨʘʩʪʚʦʨʝ. 

ʄʦʜʝʣʴʥʳʡ ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʘʨʘʤʠʜʥʳʭ ʚʦʣʦʢʦʥ 

(ʤʠʢʨʦʧʣʘʩʪʠʢ) ʛʦʪʦʚʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʩʴ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʕɼ-20, ʘʮʝʪʦʥʘ ʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʂ ʥʘʚʝʩʢʝ 

ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʕɼ-20 ʚ 30 ʛʨʘʤʤ, ʜʦʙʘʚʣʷʣʠ 50 ʤʠʣʣʠʣʠʪʨʦʚ ʩʤʝʩʠ ʘʮʝʪʦʥʘ ʩ 

ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʠ 5 ʛʨʘʤʤ ʦʪʚʝʨʜʠʪʝʣʷ. ɸʨʘʤʠʜʥʳʝ ʚʦʣʦʢʥʘ ʜʣʠʥʦʡ 60 ʩʤ 

ʧʦʛʨʫʞʘʣʠ ʚ ʧʨʠʛʦʪʦʚʣʝʥʥʫʶ ʩʤʝʩʴ, ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʥʝʡ 15 ʤʠʥʫʪ, ʧʦʩʣʝ ʯʝʛʦ, 

ʚʦʣʦʢʥʘ ʦʪʞʠʤʘʣʠ ʠ ʥʘʤʘʪʳʚʘʣʠ ʥʘ ʜʝʨʝʚʷʥʥʫʶ ʨʘʤʢʫ ʪʘʢ, ʯʪʦʙʳ ʦʥʠ ʥʝ ʧʨʦʚʠʩʘʣʠ. 

ʈʘʤʢʫ ʩ ʚʦʣʦʢʥʘʤʠ, ʧʨʦʧʠʪʘʥʥʳʤʠ ʩʤʦʣʦʡ, ʧʦʤʝʱʘʣʠ ʚ ʩʫʰʠʣʴʥʳʡ ʰʢʘʬ ʠ 

ʧʦʜʥʠʤʘʣʠ ʚ ʥʸʤ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 160Áʉ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ, ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʵʪʦʡ 
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ʪʝʤʧʝʨʘʪʫʨʝ 2 ʯʘʩʘ, ʧʦʩʣʝ ʯʝʛʦ ʩʥʠʞʘʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 60Áʉ. ʇʦʩʣʝ ʵʪʦʛʦ, ʯʝʨʝʟ 

ʩʫʪʢʠ ʤʠʢʨʦʧʣʘʩʪʠʢ ʩʨʝʟʘʣʠ ʩ ʨʘʤʢʠ ʠ ʧʨʦʚʦʜʠʣʠ ʝʛʦ ʠʩʧʳʪʘʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʴ. 

ʄʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʘʨʘʤʠʜʥʳʭ ʚʦʣʦʢʦʥ ʠʟʤʝʨʷʣʠ ʧʦ ɻʆʉʊ 6611.2 ï 73, ʘ 

ʤʠʢʨʦʧʣʘʩʪʠʢʘ ʥʘ ʠʭ ʦʩʥʦʚʝ - ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 25.601-80. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʨʳʚʥʫʶ ʤʘʰʠʥʫ ʀʈ5040-5. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʟʘʞʠʤʘʤʠ ʨʘʟʨʳʚʥʦʡ 

ʤʘʰʠʥʳ ʩʦʩʪʘʚʣʷʣʦ 5 ʩʘʥʪʠʤʝʪʨʦʚ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʟʘʞʠʤʦʚ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʳ ï 

60 ʤʤ/ʤʠʥ. 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

 

ʉʤʘʯʠʚʘʥʠʝ ʚʦʣʦʢʦʥ 

ʇʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʢʘʧʣʠ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʥʘ ʚʦʣʦʢʥʦ ʢʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ 

ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ: ʨʘʩʪʝʢʘʥʠʝʤ ʢʘʧʣʠ 

ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʠ 

ʚʧʠʪʳʚʘʥʠʝʤ ʢʘʧʣʠ ʚ ʧʫʯʦʢ ʚʦʣʦʢʦʥ (ʨʠʩ. 2). 
 

ʀʩʭʦʜʥʳʡ ʦʙʨʘʟʝʮ ʆʙʨʘʟʝʮ, ʦʙʨʘʙʦʪʘʥʥʳʡ ʚ 

ʧʣʘʟʤʝ ʢʠʩʣʦʨʦʜʘ 

ʆʙʨʘʟʝʮ, ʦʙʨʘʙʦʪʘʥʥʳʡ ʚ 

ʧʣʘʟʤʝ ʘʨʛʦʥʘ 

   
ʘ) 

   
ʙ) 

 

ʈʠʩ. 2. ʌʦʪʦ ʢʘʧʝʣʴ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʥʘ ʚʦʣʦʢʥʝ ʧʨʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʙʦʪʢʠ 

ʘ) - ʯʝʨʝʟ 10 ʩ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʢʘʧʣʠ; ʙ) - ʯʝʨʝʟ 600 ʩ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʢʘʧʣʠ. 

ʋʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ ʚ ʧʣʘʟʤʝ: ʜʘʚʣʝʥʠʝ ʛʘʟʘ - 150ʇʘ, ʪʦʢ ʨʘʟʨʷʜʘ - 50 ʤɸ,  

ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ï 60 ʩ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʠʟʤʝʥʝʥʠʷ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʧʦʩʣʝ 

ʥʘʥʝʩʝʥʠʷ ʢʘʧʣʠ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʥʘ ʚʦʣʦʢʥʦ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3.  

ɺ ʧʝʨʚʫʶ ʤʠʥʫʪʫ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʢʘʧʣʠ ʠʟʤʝʥʝʥʠʝ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ 

ʩʦ ʚʨʝʤʝʥʝʤ ʤʦʞʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ, ʫʛʣʦʚʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʪʦʨʦʡ ʜʘʩʪ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʚʧʠʪʳʚʘʥʠʷ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ 

(dɗ/dt). ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʈʠʩ. 3. ʂʠʥʝʪʠʢʘ ʨʘʩʪʝʢʘʥʠʷ ʢʘʧʣʠ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʕɼ-20  

ʧʦ ʘʨʘʤʠʜʥʦʤʫ ʚʦʣʦʢʥʫ 1 ï ʠʩʭʦʜʥʳʡ ʦʙʨʘʟʝʮ; 2 ï ʦʙʨʘʟʝʮ, ʦʙʨʘʙʦʪʘʥʥʳʡ ʚ ʧʣʘʟʤʝ ʘʨʛʦʥʘ;  

3 ï ʦʙʨʘʟʝʮ, ʦʙʨʘʙʦʪʘʥʥʳʡ ʚ ʧʣʘʟʤʝ ʢʠʩʣʦʨʦʜʘ. ɺʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʚʦʣʦʢʥʘ ʚ ʧʣʘʟʤʝ ï 60 ʩ,  

ʜʘʚʣʝʥʠʝ ʛʘʟʘ ï 150 ʇʘ, ʪʦʢ ʨʘʟʨʷʜʘ- 50 ʤɸ 

 
ʊʘʙʣʠʮʘ 1. ʅʘʯʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʢʨʘʝʚʳʭ ʫʛʣʦʚ ʩʤʘʯʠʚʘʥʠʷ ʧʨʠ 

ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʙʦʪʢʠ ʚʦʣʦʢʦʥ 
 

ʋʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ ʚʦʣʦʢʦʥ 
, ʛʨʘʜʫʩ/ʩ 

ɼʘʚʣʝʥʠʝ ʛʘʟʘ, ʇʘ ʊʦʢ ʨʘʟʨʷʜʘ, ʤɸ 
ɺʨʝʤʷ 

ʦʙʨʘʙʦʪʢʠ, c 
ʆ2 Ar 

ʅʝʦʙʨʘʙʦʪʘʥʥʳʡ 0,147 

30 20 60 0,357 0,353 

30 50 60 0,420 0,320 

150 20 60 0,383 0,280 

150 50 60 0,481 0,327 

30 20 300 0,333 0,283 

30 50 300 0,373 0,257 

150 20 300 0,463 0,310 

150 50 300 0,380 0,260 

 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʚʦʣʦʢʦʥ ʚ ʧʣʘʟʤʝ, ʩʢʦʨʦʩʪʴ ʚʧʠʪʳʚʘʥʠʷ ʩʤʦʣʳ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʪʨʠ ʨʘʟʘ. ɼʦʩʪʠʛʘʝʤʳʡ ʵʬʬʝʢʪ ʚ ʧʣʘʟʤʝ ʢʠʩʣʦʨʦʜʘ 

ʚʳʰʝ. ʉʤʘʯʠʚʘʝʤʦʩʪʴ ʚʦʣʦʢʥʘ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʠ ʪʦʢʘ ʨʘʟʨʷʜʘ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʚ ʧʣʘʟʤʝ ʘʨʛʦʥʘ ʠ ʠʟʤʝʥʷʝʪʩʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʨʘʟʨʷʜʘ ʚ ʢʠʩʣʦʨʦʜʝ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʥʘʙʣʶʜʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚ ʧʣʘʟʤʝ. ɺ ʨʘʙʦʪʝ [2] 

ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʧʦʣʦʛʠʠ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʘʨʘʤʠʜʥʦʛʦ 

ʚʦʣʦʢʥʘ çʈʫʩʘʨè, ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʚ ʘʥʘʣʦʛʠʯʥʦʤ ʨʝʘʢʪʦʨʝ ʧʨʠ ʪʝʭ ʞʝ ʧʘʨʘʤʝʪʨʘʭ 

ʨʘʟʨʷʜʘ, ʯʪʦ ʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚ ʧʣʘʟʤʝ 

ʢʠʩʣʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʦʯʠʩʪʢʘ (ʫʜʘʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ) ʠ ʪʨʘʚʣʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʨʦʩʪʫ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʣʘʟʤʳ ʘʨʛʦʥʘ 

ʪʘʢʞʝ ʫʜʘʣʷʶʪʩʷ ʟʘʛʨʷʟʥʝʥʠʷ, ʥʦ ʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. 

ʆʪʤʝʯʝʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʧʣʘʟʤʳ ʢʠʩʣʦʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. ɺ ʨʘʙʦʪʝ [3] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʘʨʘʤʠʜʥʦʡ ʧʣʝʥʢʠ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʠʟ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ çʈʫʩʘʨè, ʚ 

ʧʣʘʟʤʝ ʢʠʩʣʦʨʦʜʘ ʠ ʘʨʛʦʥʘ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʩʣʦʝ ʧʦʣʠʤʝʨʘ 



ʈɸɿɼɽʃ 1. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɺʆʇʈʆʉʓ ʌʀɿʀʂʀ ʀ ʍʀʄʀʀ 

 

 175 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ. ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚ ʧʣʘʟʤʝ ʢʠʩʣʦʨʦʜʘ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʚʦʣʦʢʦʥ, ʦʩʫʱʝʩʪʚʣʷʝʤʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʚ ʪʦʤ ʞʝ ʨʝʘʢʪʦʨʝ ʧʨʠ ʪʝʭ ʞʝ ʧʘʨʘʤʝʪʨʘʭ ʨʘʟʨʷʜʘ, ʧʨʠʚʝʜʝʪ ʢ ʘʥʘʣʦʛʠʯʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ. ʃʫʯʰʫʶ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʵʧʦʢʩʠʜʥʦʡ 

ʩʤʦʣʦʡ, ʥʘʙʣʶʜʘʝʤʫʶ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʘʟʤʳ ʢʠʩʣʦʨʦʜʘ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʦʣʷʨʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ 

ʥʠʪʝʡ ʠ ʙʦʣʴʰʝʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʙʦʪʢʦʡ ʚ 

ʘʨʛʦʥʝ. ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʙʣʶʜʘʝʤʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʨʷʜʘ ʚ ʢʠʩʣʦʨʦʜʝ 

ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʦʢʘ ʨʘʟʨʷʜʘ ʠ ʜʘʚʣʝʥʠʷ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ 

ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʧʦʪʦʢʘ ʦʢʠʩʣʠʪʝʣʷ ʥʘ ʦʙʨʘʟʝʮ, ʯʪʦ ʚ ʠʪʦʛʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʩʢʦʨʦʩʪʷʤ ʪʨʘʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ, ʢ ʫʚʝʣʠʯʝʥʠʶ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʥʘ ʠ ʨʦʩʪʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ.  

ʀʟʤʝʨʝʥʠʝ ʚʳʩʦʪʳ ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʦʜʲʝʤʘ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʧʦ ʚʦʣʦʢʥʫ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʫ ʦʙʨʘʟʮʦʚ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʚ ʧʣʘʟʤʝ ʘʨʛʦʥʘ ʠ 

ʢʠʩʣʦʨʦʜʘ ʙʣʠʟʢʠ: ʫʚʝʣʠʯʝʥʠʝ ʚʳʩʦʪʳ ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʦʜʲʝʤʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʠʩʭʦʜʥʦʤʫ ʦʙʨʘʟʮʫ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 60%. ʗʚʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʟʨʷʜʘ ʚ ʦʙʦʠʭ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʠʭ ʛʘʟʘʭ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʥʦ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ 

ʦʙʨʘʙʦʪʢʠ ʧʨʠʚʦʜʠʪ ʢ ʣʫʯʰʝʤʫ ʨʝʟʫʣʴʪʘʪʫ, ʠ ʚ ʪʦʤ, ʠ ʜʨʫʛʦʤ ʩʣʫʯʘʝ (ʨʠʩ. 4). 
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ʈʠʩ. 4. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʩʦʪʘ ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʦʜʲʸʤʘ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ  

ʧʦ ʘʨʘʤʠʜʥʦʤʫ ʚʦʣʦʢʥʫ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚ ʧʣʘʟʤʝ ʢʠʩʣʦʨʦʜʘ (ʘ) ʠ ʘʨʛʦʥʘ (ʙ) 

ɺʨʝʤʷ ʦʙʨʘʙʦʪʢʠ 1 ʤʠʥʫʪʘ (1) ʠ 5 ʤʠʥʫʪ (2). hi ï ʚʳʩʦʪʘ ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʦʜʲʝʤʘ  

ʫ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʚʦʣʦʢʥʘ, h0 - ʚʳʩʦʪʘ ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʦʜʲʝʤʘ ʫ ʠʩʭʦʜʥʦʛʦ ʚʦʣʦʢʥʘ 

 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʘʨʘʤʠʜʥʳʭ ʚʦʣʦʢʦʥ ʠ ʤʠʢʨʦʧʣʘʩʪʠʢʘ 

ʆʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʣʘʟʤʝ 

ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʙʝʟ ʫʭʫʜʰʝʥʠʷ ʦʙʲʝʤʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ. 

ʀʟʤʝʨʝʥʠʝ ʨʘʟʨʳʚʥʦʛʦ ʫʩʠʣʠʷ ʘʨʘʤʠʜʥʳʭ ʚʦʣʦʢʦʥ ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʧʦʢʘʟʘʣʦ: ʚʦʟʜʝʡʩʪʚʠʝ ʧʣʘʟʤʳ ʘʨʛʦʥʘ ʥʝ ʫʭʫʜʰʘʝʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
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ʚʦʣʦʢʥʘ, ʚ ʧʣʘʟʤʝ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʧʨʦʯʥʦʩʪʠ. ʇʨʠ ʜʘʚʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ 150 ʇʘ, ʪʦʢʝ ʨʘʟʨʷʜʘ 50 ʤɸ ʠ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ 

5 ʤʠʥ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʛʦʨʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʚʦʣʦʢʦʥ, ʘ ʦʩʪʘʚʰʠʝʩʷ ʚ ʧʫʯʢʝ ʬʘʢʪʠʯʝʩʢʠ 

ʪʝʨʷʶʪ ʧʨʦʯʥʦʩʪʴ (ʪʘʙʣ. 2). 

ʅʘʛʨʝʚ ʚʦʣʦʢʥʘ ʚ ʧʣʘʟʤʝ ʦʙʫʩʣʦʚʣʝʥ ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ: ʚʦ-ʧʝʨʚʳʭ, ʧʦʪʦʢ 

ʪʝʧʣʘ ʠʟ ʧʣʘʟʤʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ, ʚʦ-ʚʪʦʨʳʭ, ʛʝʪʝʨʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʜʝʟʘʢʪʠʚʘʮʠʝʡ ʠʣʠ ʨʝʢʦʤʙʠʥʘʮʠʝʡ ʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʪʝʡ ʠ ʪʝʧʣʦʚʳʤ ʵʬʬʝʢʪʦʤ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʧʣʘʟʤʳ ʩ ʦʙʨʘʟʮʦʤ. ʇʨʠ 

ʦʙʨʘʙʦʪʢʝ ʚʦʣʦʢʦʥ ʚ ʧʣʘʟʤʝ ʢʠʩʣʦʨʦʜʘ ʢ ʵʪʠʤ ʧʨʦʮʝʩʩʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʝʢʦʤʙʠʥʘʮʠʶ 

ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʜʝʟʘʢʪʠʚʘʮʠʷ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʤʦʣʝʢʫʣ ʢʠʩʣʦʨʦʜʘ ʠ ʪʝʧʣʦʚʦʡ 

ʵʬʬʝʢʪ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʦʙʨʘʟʮʘ. ʋʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʠ ʪʦʢʘ 

ʨʘʟʨʷʜʘ ʧʨʠʚʦʜʠʪ ʢʘʢ ʢ ʨʦʩʪʫ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʩʪʦʣʙʝ ʨʘʟʨʷʜʘ, ʪʘʢ ʠ ʢ 

ʨʦʩʪʫ ʧʦʪʦʢʦʚ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʥʘ ʦʙʨʘʟʝʮ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʤʦʱʥʦʩʪʴ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ 

ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʟʘʪʨʫʜʥʝʥʥʦʤ ʪʝʧʣʦʦʙʤʝʥʝ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʪʝʧʣʦʚʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ, ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ 

ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʘʟʨʫʰʝʥʠʝʤ ʥʠʪʝʡ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʦʣʦʢʥʘ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʚ ʧʣʘʟʤʝ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 

150 ʇʘ ʠ ʪʦʢʝ ʨʘʟʨʷʜʘ 50 ʤɸ. 
 

ʊʘʙʣʠʮʘ 2. ʄʝʭʘʥʠʯʝʩʢʠʝ ʧʨʦʯʥʦʩʪʴ ʘʨʘʤʠʜʥʳʭ ʚʦʣʦʢʦʥ 
 

ʋʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ 

ʚʦʣʦʢʦʥ ʚ ʧʣʘʟʤʝ 

ʈʘʟʨʳʚʥʦʝ 

ʫʩʠʣʠʝ, ʅ 

ʈ, ʇʘ I, ʤɸ t, ʩ ʆ2 Ar 

ʀʩʭʦʜʥʳʡ ʦʙʨʘʟʝʮ 113 

30 50 60 117 111 

30 20 60 112 105 

150 50 60 80 119 

150 20 60 127 145 

30 50 300 77 114 

30 20 300 116 97 

150 50 300 2 109 

150 20 300 110 111 

 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʤʠʢʨʦʧʣʘʩʪʠʢʘ ʠ ʠʟʤʝʨʝʥʠʝ ʝʛʦ ʧʨʦʯʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʩ ʮʝʣʴʶ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʚʦʣʦʢʥʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʩ ʵʧʦʢʩʠʜʥʳʤ ʩʚʷʟʫʶʱʠʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.  
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ʊʘʙʣʠʮʘ 3. ʇʨʦʯʥʦʩʪʴ ʤʠʢʨʦʧʣʘʩʪʠʢʘ ʥʘ ʦʩʥʦʚʝ ʘʨʘʤʠʜʥʦʛʦ ʚʦʣʦʢʥʘ 
 

ʋʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ ʚʦʣʦʢʦʥ ʚ ʧʣʘʟʤʝ 
ʈʘʟʨʳʚʥʦʝ ʫʩʠʣʠʝ, ʅ 

ʈ, ʇʘ I, ʤɸ t, ʩ ʛʘʟ 

ʀʩʭʦʜʥʳʡ ʦʙʨʘʟʝʮ 128Ñ12 

30 20 300 Ar 150Ñ14 

30 50 300 Ar 159Ñ18 

150 20 300 Ar 166Ñ15 

150 50 300 Ar 157Ñ19 

30 20 300 O2 138Ñ12 

30 50 300 O2 158Ñ15 

150 20 300 O2 162Ñ19 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʚʦʣʦʢʦʥ ʚ ʧʣʘʟʤʝ ʧʨʦʯʥʦʩʪʴ ʤʠʢʨʦʧʣʘʩʪʠʢʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ ~ 30%. ɺ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʵʬʬʝʢʪʳ, 

ʧʦʣʫʯʘʝʤʳʝ ʚ ʧʣʘʟʤʝ ʢʠʩʣʦʨʦʜʘ ʠ ʘʨʛʦʥʘ ʙʣʠʟʢʠ. ɼʣʷ ʧʣʘʟʤʳ ʢʠʩʣʦʨʦʜʘ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʨʘʟʨʷʜʘ ʧʨʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ 

ʚʦʣʦʢʥʘ ʠ ʧʨʦʯʥʦʩʪʴʶ ʤʠʢʨʦʧʣʘʩʪʠʢʘ: ʫʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʠ ʪʦʢʘ ʨʘʟʨʷʜʘ 

ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʨʘʟʨʳʚʥʦʛʦ ʫʩʠʣʠʷ. ɼʣʷ ʧʣʘʟʤʳ ʘʨʛʦʥʘ ʧʦʜʦʙʥʦʡ ʩʚʷʟʠ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʦʣʷʨʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʥʘʙʣʶʜʘʝʤʳʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʘʨʘʤʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʣʘʟʤʝ 

ʢʠʩʣʦʨʦʜʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʘʟʤʦʡ ʘʨʛʦʥʘ, ʧʨʦʯʥʦʩʪʴ ʤʠʢʨʦʧʣʘʩʪʠʢʘ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʵʪʠʭ ʚʦʣʦʢʦʥ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʙʣʠʟʢʠ. ʊʦ ʝʩʪʴ, ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʘʜʛʝʟʠʠ ʢ ʵʧʦʢʩʠʜʥʦʤʫ ʩʚʷʟʫʶʱʝʤʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʨʘʙʦʪʢʫ ʚʦʣʦʢʥʘ ʢʘʢ ʚ 

ʧʣʘʟʤʝ ʢʠʩʣʦʨʦʜʘ, ʪʘʢ ʠ ʘʨʛʦʥʘ. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʫʯʰʝʛʦ ʵʬʬʝʢʪʘ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ 

ʧʨʦʚʦʜʠʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʜʣʷ ʪʝʨʤʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʦʣʦʢʥʘ ʧʦʪʦʢʘʭ ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʥʘ ʦʙʨʘʟʝʮ. ʕʪʦ ʧʨʠʚʝʜʝʪ ʢ 

ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʤʠʢʨʦʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʶ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʦʙʝʩʧʝʯʠʪ ʣʫʯʰʝʝ ʩʤʘʯʠʚʘʥʠʝ ʚʦʣʦʢʥʘ ʩʚʷʟʫʶʱʠʤ, ʘ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʠ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʘʜʛʝʟʠʶ ʤʝʞʜʫ ʥʠʤʠ. 

ʊʘʢ ʢʘʢ ʧʨʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʚ ʧʣʘʟʤʝ ʘʨʛʦʥʘ ʥʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʦʤ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʩʘ, ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ 

ʧʨʦʚʦʜʠʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʚʦʣʦʢʥʘ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʜʘʚʣʝʥʠʷʭ ʛʘʟʘ ʠ ʪʦʢʘʭ ʨʘʟʨʷʜʘ. 

ʕʪʦ ʦʙʝʩʧʝʯʠʪ ʙʦʣʝʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʘ, ʙʝʟ ʫʭʫʜʰʝʥʠʷ 

ʮʝʣʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ɺ ʇʃɸɿʄɽ ɸʊʄʆʉʌɽʈʅʆɻʆ ʀ ʇʆʅʀɾɽʅʅʆɻʆ ɼɸɺʃɽʅʀʗ 
 
ɸʥʥʦʪʘʮʠʷ: ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʤʠʢʨʦʨʝʣʴʝʬʘ ʠ 

ʩʤʘʯʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ ʧʦʣʠʧʨʦʧʠʣʝʥʘ (ʇʇ) ʠ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʘ (ʇʕʊʌ), 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʚ ʧʣʘʟʤʝ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʧʦʩʣʝʩʚʝʯʝʥʠʠ ʨʘʟʨʷʜʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 

ʚʦʟʜʫʭʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʝʝ 

ʩʤʘʯʠʚʘʝʤʦʩʪʴ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʠ ʚʠʜ 

ʤʠʢʨʦʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʵʪʠʭ ʜʚʫʭ ʚʠʜʘʭ ʦʙʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳ. 
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MODIFICATION OF PP AND PET FILMS IN ATMOSPHERIC  

AND REDUCED PRESSURE PLASMA 
 
Abstract:  the results of a study of the chemical composition, topology and wetting of the surface of 

polypropylene (PP) and polyethylene terephthalate (PET) films treated in low-pressure plasma and afterglow 

of an atmospheric pressure discharge in air are presented. It has been shown that in both cases, new oxygen-

containing functional groups are formed on the polymer surface, and the surface roughness and its 

wettability increase. It is noted that the quantitative ratio of various functional groups and the type of surface 

topology in these two types of treatment are different. 

Keywords: plasma, polymer modification, poly-ethylene terephthalate (PET), polypropylene (PP), 

FTIR-spectroscopy, AFM, roughness, wettability 

 

ɺʚʝʜʝʥʠʝ 

ʇʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʠ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʘ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. ʂʨʦʤʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʫʧʘʢʦʚʦʯʥʦʛʦ ʠ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʝʣʝʢʪʠʚʥʳʭ ʤʝʤʙʨʘʥ, ʠʦʥʦʦʙʤʝʥʥʳʭ ʚʦʣʦʢʦʥ, ʧʦʣʠʤʝʨʦʚ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʣʠʵʬʠʨʥʳʝ ʚʦʣʦʢʥʘ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʢʘʥʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʪʝʧʣʦʦʪʨʘʞʘʪʝʣʴʥʳʤʠ, 
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ʦʛʥʝʟʘʱʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʢ ʪʘʢʠʤ 

ʤʘʪʝʨʠʘʣʘʤ ʤʦʞʝʪ ʧʨʝʜʲʷʚʣʷʪʴʩʷ ʨʷʜ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. ʅʘʧʨʠʤʝʨ, 

ʭʠʨʫʨʛʠʯʝʩʢʠʝ ʰʦʚʥʳʝ ʥʠʪʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʭ ʚʦʣʦʢʦʥ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ 

ʘʥʪʠʤʠʢʨʦʙʥʳʤʠ, ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʤʠ, ʘʥʝʩʪʝʪʠʯʝʩʢʠʤʠ, ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤʠ ʠ ʜʨʫʛʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʧʦʣʠʵʬʠʨʥʳʝ ʚʦʣʦʢʥʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʜʦʣʞʥʳ ʠʤʝʪʴ 

ʭʦʨʦʰʫʶ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʠ ʘʜʛʝʟʠʶ ʢ ʦʨʛʘʥʠʯʝʩʢʦʤʫ ʩʚʷʟʫʶʱʝʤʫ, ʘ ʚʦʣʦʢʥʘ ʜʣʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʪʝʢʩʪʠʣʷ ï ʭʦʨʦʰʫʶ ʘʜʛʝʟʠʶ ʢ ʥʘʥʦʩʠʤʳʤ ʧʦʢʨʳʪʠʷʤ ʠ ʩʤʘʯʠʚʘʝʤʦʩʪʴ 

ʦʛʥʝʟʘʱʠʪʥʦʡ ʧʨʦʧʠʪʢʦʡ. ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʚʝʩʥʘʷ ʧʣʘʟʤʘ.  

ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʧʦʣʠʤʝʨʦʚ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʷʜʦʚ 

ʢʘʢ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʪʘʢ ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ. ɺ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʪʴʩʷ ʩʢʦʨʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʚ ʠʪʦʛʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢʘʢ ʢ ʨʘʟʥʦʤʫ ʥʘʙʦʨʫ, ʪʘʢ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʧʣʘʟʤʳ, ʨʝʘʛʠʨʫʶʱʠʭ ʩ 

ʦʙʨʘʟʮʦʤ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʵʪʦ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʩʢʦʨʦʩʪʴ ʠ ʨʝʟʫʣʴʪʘʪ ʮʝʣʝʚʦʛʦ 

ʧʨʦʮʝʩʩʘ ʧʨʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʧʦʣʠʤʝʨʦʚ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ 

ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʘʟʤʳ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʚ 

ʧʦʩʣʝʩʚʝʯʝʥʠʠ ʨʘʟʨʷʜʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʚʦʟʜʫʭʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʣʝʥʦʢ ʧʦʣʠʧʨʦʧʠʣʝʥʘ (ʇʇ) ʠ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʘ (ʇʕʊʌ). 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʧʣʝʥʢʠ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʪʦʣʱʠʥʦʡ 30 ʤʢʤ ʠ 

ʧʣʝʥʢʠ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʘ ʪʦʣʱʠʥʦʡ 60 ʤʢʤ. ʇʦʣʠʤʝʨʳ ʦʙʨʘʙʘʪʳʚʘʣʠ ʚ 

ʧʦʩʣʝʩʚʝʯʝʥʠʠ ʨʘʟʨʷʜʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʩʪʦʣʙʝ ʪʣʝʶʱʝʛʦ 

ʨʘʟʨʷʜʘ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʚʦʟʜʫʭʝ. 

ʄʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʦʚ ʠ ʩʭʝʤʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [4]. ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʧʦʣʠʤʝʨʦʚ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʦʢʝ ʨʘʟʨʷʜʘ 15 ʤɸ. ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʛʘʟʘ ʩʦʩʪʘʚʣʷʣʘ 86 ʤ/ʩ. ɺʨʝʤʷ 

ʦʙʨʘʙʦʪʢʠ ʧʦʣʠʤʝʨʘ - 30 ʩ. ʆʙʨʘʙʦʪʢʫ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ 

ʜʘʚʣʝʥʠʠ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ 100 ʇʘ ʠ ʪʦʢʝ 80 ʤɸ. ɺʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ï 60 

ʩʝʢʫʥʜ. ɺʨʝʤʝʥʘ ʦʙʨʘʙʦʪʢʠ ʧʦʣʠʤʝʨʦʚ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʙʝʩʧʝʯʠʚʘʣʠ ʜʦʩʪʠʞʝʥʠʝ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʥʘʯʝʥʠʡ ʢʨʘʝʚʳʭ ʫʛʣʦʚ ʩʤʘʯʠʚʘʥʠʷ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʊʝʤʧʝʨʘʪʫʨʫ ʦʙʨʘʟʮʦʚ ʠʟʤʝʨʷʣʠ ʦʩʪʝʢʣʦʚʘʥʥʦʡ ʤʝʜʴ-ʢʦʥʩʪʘʥʪʘʥʦʚʦʡ 

ʪʝʨʤʦʧʘʨʦʡ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʧʣʝʥʦʢ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʌʫʨʴʝïʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʅʇɺʆ. 

ʀʩʧʦʣʴʟʦʚʘʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʬʠʨʤʳ ñNicoletò ʪʠʧʘ ñAvatar-360ò. ʕʣʝʤʝʥʪʦʤ 

ʅʇɺʆ ʩʣʫʞʠʣ ʢʨʠʩʪʘʣʣ ʩʝʣʝʥʠʜʘ ʮʠʥʢʘ, ʫʛʦʣ ʧʘʜʝʥʠʷ ʣʫʯʘ 42Á, ʩ ʦʜʥʦʢʨʘʪʥʳʤ 

ʦʪʨʘʞʝʥʠʝʤ, ʧʨʠʤʝʥʷʣʠ ʨʝʞʠʤ ʥʘʢʦʧʣʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 32 ʩʢʘʥʠʨʦʚʘʥʠʡ, 

ʨʘʟʨʝʰʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 2 ʩʤ-1. 

ʊʦʧʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ ï ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʥʘ ʧʨʠʙʦʨʝ ʉɿʄ SOLVER P47-PRO ʚ ʧʦʣʫʢʦʥʪʘʢʪʥʦʤ ʨʝʞʠʤʝ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ Nova (ʬʠʨʤʳ NT-

MDT). 

ʂʨʘʝʚʳʝ ʫʛʣʳ ʩʤʘʯʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ 

ʛʣʠʮʠʨʠʥʦʤ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʬʦʪʦʛʨʘʬʠʷʤ ʢʘʧʝʣʴ, ʢʦʪʦʨʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠ ʚ ʧʨʦʛʨʘʤʤʝ 

ImageJ. 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʆʜʥʠʤʠ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʘʟʤʳ ʥʘ ʧʦʣʠʤʝʨʳ ʷʚʣʷʶʪʩʷ ʠʟʤʝʥʝʥʠʷ 

ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʠ ʪʦʧʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʙʨʘʟʮʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʣʝʥʦʢ ʇʇ ʠ ʇʕʊʌ ʤʝʪʦʜʦʤ ʀʂ ʅʇɺʆ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʚ ʧʣʘʟʤʝ ʧʨʠʚʦʜʠʪ ʢ 

ʦʢʠʩʣʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ: ʚ ʩʣʫʯʘʝ ʇʇ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʛʣʦʱʝʥʠʝ ʚ ʦʙʣʘʩʪʠ 

ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʝʡ ʉ=ʆ (1580 ï 1800 ʩʤ-1) (ʨʠʩ. 1ʘ), ʫ ʇʕʊʌ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʘ ʠ ʫʰʠʨʝʥʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩʚʷʟʝʡ ʉ=ʆ ʚ ʵʬʠʨʥʦʡ ʛʨʫʧʧʝ 

(1590 ï 1780 ʩʤ-1) (ʨʠʩ. 1ʙ). ɺ ʦʙʣʘʩʪʠ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʝʡ ʆ ï ʅ (3000 ï 3400 

ʩʤ-1) ʠʟʤʝʥʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʭʦʜʥʦʤʫ ʦʙʨʘʟʮʫ ʦʪʤʝʯʘʶʪʩʷ ʣʠʰʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʇʇ ʚ ʧʦʩʣʝʩʚʝʯʝʥʠʠ ʨʘʟʨʷʜʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ: ʧʦʛʣʦʱʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɺ 

ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʀʂ ʩʧʝʢʪʨ ʧʦʣʠʤʝʨʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ.  
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ʈʠʩ. 1. ʀʂ ʩʧʝʢʪʨ ʧʣʝʥʦʢ ʇʇ (ʘ) ʇʕʊʌ (ʙ) 

1 ï ʠʩʭʦʜʥʳʡ ʦʙʨʘʟʝʮ, 2 ï ʦʙʨʘʟʝʮ, ʦʙʨʘʙʦʪʘʥʥʳʡ ʚ ʧʣʘʟʤʝ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ,  

3 ï ʦʙʨʘʟʝʮ, ʦʙʨʘʙʦʪʘʥʥʳʡ ʚ ʧʦʩʣʝʩʚʝʯʝʥʠʠ ʨʘʟʨʷʜʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ 

 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʦʧʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ ʥʘ ʨʷʜʝ 

ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ ʠʟ ʫʢʘʟʘʥʥʳʭ ʜʠʘʧʘʟʦʥʦʚ, ʦʪʥʝʩʝʥʥʳʝ ʢ ʟʥʘʯʝʥʠʷʤ ʜʣʷ ʧʦʣʦʩ 2838 

ʩʤ-1 (ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʠ ʉ-ʅ ʚ ʉʅ2-ʛʨʫʧʧʘʭ ʇʇ) ʠ 871 ʩʤ-1 (ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʠ ʉ-ʅ ʚ ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ ʇʕʊʌ) ʠ ʧʨʠʚʝʜʝʥʥʳʝ ʢ ʠʩʭʦʜʥʦʤʫ 

ʦʙʨʘʟʮʫ (ʧʨʠʚʝʜʝʥʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʣʦʩ ʚ ʩʧʝʢʪʨʘʭ ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʧʨʠʥʷʪʳ ʟʘ ʝʜʠʥʠʮʫ). 

ʆʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʦʙʫʩʣʦʚʣʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʧʣʘʟʤʳ ʩ ʧʦʣʠʤʝʨʘʤʠ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʪʦʢʦʚ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʚ ʨʘʟʨʷʜʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʠ 

ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʤʝʩʠ ʘʨʛʦʥ-ʢʠʩʣʦʨʦʜ ʧʨʠʚʝʜʝʥ ʚ ʨʘʙʦʪʝ [1]. ɸʚʪʦʨʳ 

ʦʪʤʝʯʘʶʪ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʘʢʪʠʚʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʧʣʘʟʤʳ, ʧʨʠʚʦʜʷʱʠʤʠ ʢ ʦʢʠʩʣʝʥʠʶ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʦʚ, ʤʦʛʫʪ ʙʳʪʴ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ, ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʵʣʝʢʪʨʦʥʥʦ - 

ʚʦʟʙʫʞʜʝʥʥʳʝ ʠ ʢʦʣʝʙʘʪʝʣʴʥʦ ʚʦʟʙʫʞʜʝʥʥʳʝ ʤʦʣʝʢʫʣʳ ʢʠʩʣʦʨʦʜʘ. ɺ ʨʘʙʦʪʝ [1] 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʪʦʢʠ ʵʪʠʭ ʯʘʩʪʠʮ ʚ ʧʣʘʟʤʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʧʦʨʷʜʢʦʚ ʚʝʣʠʯʠʥʳ ʚʳʰʝ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʣʠʤʝʨʦʚ ʚ ʧʦʩʣʝʩʚʝʯʝʥʠʠ ʨʘʟʨʷʜʘ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʢ ʵʪʠʤ ʯʘʩʪʠʮʘʤ ʜʦʙʘʚʣʷʶʪʩʷ ʛʠʜʨʦʢʩʠʣ-ʨʘʜʠʢʘʣʳ, 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʜʠʩʩʦʮʠʘʮʠʠ ʧʘʨʦʚ ʚʦʜʳ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ.  
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ʊʘʙʣʠʮʘ 1. ʉʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ ʇʇ ʠ ʇʕʊʌ 
 

ʋʩʣʦʚʠʷ 

ʦʙʨʘʙʦʪʢʠ 

ʧʦʣʠʤʝʨʦʚ 

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʧʣʦʪʥʦʩʪʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʢ ʠʩʭʦʜʥʦʤʫ ʦʙʨʘʟʮʫ 

ʇʇ ʇʕʊʌ 

D3200/D2838 D1737/D2838 D1710/D2838 D1637/D2838 D3200/D871 D1713/D871 D1683/D871 

ʇʦʩʣʝʩʚʝʯʝʥʠʝ 

ʨʘʟʨʷʜʘ 

ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ 

1,43 1,80 1,80 2,94 0,92 1,02 1,39 

ʇʣʘʟʤʘ 

ʧʦʥʠʞʝʥʥʦʛʦ 

ʜʘʚʣʝʥʠʷ 

0,99 1,85 2,06 1,28 0,92 1,07 1,33 

 

ɺʦʟʜʫʭ ʠ ʩʤʝʩʴ ʘʨʛʦʥ-ʢʠʩʣʦʨʦʜ ʷʚʣʷʶʪʩʷ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ 

ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʠʤʠ ʛʘʟʘʤʠ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʙʦʨ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ, 

ʨʝʘʛʠʨʫʶʱʠʭ ʩ ʦʙʨʘʟʮʘʤʠ, ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʪʦʢʦʚ ʵʪʠʭ ʯʘʩʪʠʮ ʜʣʷ ʨʘʟʨʷʜʦʚ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʠ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʜʣʷ ʵʪʠʭ ʛʘʟʦʚ ʢʘʯʝʩʪʚʝʥʥʦ ʙʫʜʫʪ ʩʦʚʧʘʜʘʪʴ. 

ʊʦ ʝʩʪʴ ʧʦʪʦʢ ʘʢʪʠʚʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʨʘʟʨʷʜʝ ʚʦʟʜʫʭʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ 

ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ. ɺ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʵʪʦʛʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʜʘʥʥʳʝ ʠʟ ʨʘʙʦʪ [2, 3], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʆ(3ʈ) ʚ ʧʣʘʟʤʝ ʚʦʟʜʫʭʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 100 ʇʘ ʠ ʪʦʢʝ 

ʨʘʟʨʷʜʘ 80 ʤɸ ʩʦʩʪʘʚʣʷʝʪ 1,1Ŀ1015 ʩʤ-3 [3], ʘ ʚ ʧʦʩʣʝʩʚʝʯʝʥʠʠ ʨʘʟʨʷʜʘ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚ ʚʦʟʜʫʭʝ ʜʣʷ ʪʦʢʘ ʨʘʟʨʷʜʘ 15 ʤɸ ï 2,5Ŀ1016 ʩʤ-3 [2]. ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʪʦʢʠ 

ʘʢʪʠʚʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʘ ʫʯʘʩʪʠʝ ʚ ʨʝʘʢʮʠʠ ʩ 

ʧʦʣʠʤʝʨʦʤ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʛʠʜʨʦʢʩʠʣ-ʨʘʜʠʢʘʣʘ ʦʙʲʷʩʥʷʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʩʣʦʝ ʚ ʩʣʫʯʘʝ ʦʙʨʘʙʦʪʢʠ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ.  
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ʜʣʠʥʘ ʫʯʘʩʪʢʘ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʤʢʤ
 

ʈʠʩ. 2. ʇʨʦʬʠʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʇʇ 

1 ï ʠʩʭʦʜʥʳʡ ʦʙʨʘʟʝʮ; 2 - ʦʙʨʘʟʝʮ, ʦʙʨʘʙʦʪʘʥʥʳʡ ʚ ʧʦʩʣʝʩʚʝʯʝʥʠʠ ʨʘʟʨʷʜʘ  

ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ; 3 - ʦʙʨʘʟʝʮ, ʦʙʨʘʙʦʪʘʥʥʳʡ ʚ ʧʣʘʟʤʝ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ 
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ʈʠʩ. 3. ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ ʇʇ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ: 2D - ʠʟʦʙʨʘʞʝʥʠʝ, ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʬʘʟʦʚʦʤ ʢʦʥʪʨʘʩʪʝ,  

3D ï ʠʟʦʙʨʘʞʝʥʠʝ ʘ) ï ʠʩʭʦʜʥʳʡ ʦʙʨʘʟʝʮ; ʙ) ï ʦʙʨʘʟʝʮ, ʦʙʨʘʙʦʪʘʥʥʳʡ ʚ ʧʣʘʟʤʝ ʧʦʥʠʞʝʥʥʦʛʦ 

ʜʘʚʣʝʥʠʷ; ʚ) ï ʦʙʨʘʟʝʮ, ʦʙʨʘʙʦʪʘʥʥʳʡ ʚ ʧʦʩʣʝʩʚʝʯʝʥʠʠ ʨʘʟʨʷʜʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ 

 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʣʝʥʦʢ ʧʦʣʠʤʝʨʦʚ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʤʝʥʷʝʪ ʤʠʢʨʦʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ. ʋ 

ʇʇ (ʨʠʩ. 2): ʥʘ ʫʯʘʩʪʢʝ ʩʢʘʥʠʨʦʚʘʥʠʷ 5 ʤʢʤ ʩʨʝʜʥʷʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 5,3 

ʥʤ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʜʦ 12,4 ʥʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʨʷʜʘ ʧʦʥʠʞʝʥʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʠ ʜʦ 8,7 ʥʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʨʷʜʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. ɺ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʪʨʘʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʘʢʪʠʚʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʧʣʘʟʤʳ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʫʜʘʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʟʝʨʥʠʩʪʘʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʠʤʝʨʘ (ʨʠʩ. 3).  
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ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʘʟʤʦʡ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʥʘ ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʠ ʧʣʝʥʢʠ 

ʇʇ, ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʛʣʘʞʠʚʘʥʠʝ 

ʤʠʢʨʦʚʳʩʪʫʧʦʚ, ʥʝʢʦʪʦʨʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚʳʩʦʪʳ ʠ ʫʚʝʣʠʯʝʥʠʝ ʰʠʨʠʥʳ ʥʝʨʦʚʥʦʩʪʝʡ. 

ʊʨʝʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʬʘʟʦʚʦʤ ʢʦʥʪʨʘʩʪʝ ʧʦʟʚʦʣʷʶʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʧʦʩʣʝʩʚʝʯʝʥʠʠ ʨʘʟʨʷʜʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʥʝ 

ʪʦʣʴʢʦ ʪʨʘʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ, ʥʦ ʠ ʣʦʢʘʣʴʥʦʝ ʧʦʜʧʣʘʚʣʝʥʠʝ ʠʣʠ ʨʘʟʤʷʛʯʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʙʨʘʟʮʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʤʫ ʨʘʩʪʝʢʘʥʠʶ ʧʦʣʠʤʝʨʘ 

ʚʩʣʝʜʩʪʚʠʝ ʤʝʥʴʰʝʡ ʚʷʟʢʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʨʦʚʥʦʩʪʝʡ ʙʦʣʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʠ, ʚ 

ʮʝʣʦʤ, ʢ ʥʝʢʦʪʦʨʦʤʫ ʩʛʣʘʞʠʚʘʥʠʶ ʤʠʢʨʦʨʝʣʴʝʬʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʘʟʤʦʡ 

ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʋ ʇʕʊʌ, ʢʘʢ ʙʦʣʝʝ ʪʝʨʤʦʩʪʦʡʢʦʛʦ ʧʦʣʠʤʝʨʘ ʧʦʜʦʙʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚʳʨʘʞʝʥʳ ʩʣʘʙʝʝ.  

ʅʘʛʨʝʚ ʧʦʣʠʤʝʨʦʚ ʧʨʠ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʦʙʫʩʣʦʚʣʝʥ 

ʪʝʧʣʦʧʝʨʝʥʦʩʦʤ ʠʟ ʦʙʲʝʤʘ ʥʘʛʨʝʚʘʝʤʦʛʦ ʛʘʟʘ, ʪʝʧʣʦʪʦʡ ʛʝʪʝʨʦʛʝʥʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ 

ʘʪʦʤʦʚ ʠ ʨʘʜʠʢʘʣʦʚ, ʜʝʟʘʢʪʠʚʘʮʠʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʪʝʧʣʦʚʳʤʠ 

ʵʬʬʝʢʪʘʤʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʄʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʪʦʢʠ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʧʣʘʟʤʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʣʠʤʝʨʦʚ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʧʨʠʚʝʜʫʪ ʠ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʮʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʣʠʤʝʨʦʚ, ʠʟʤʝʨʝʥʥʘʷ ʧʨʠ ʠʭ ʦʙʨʘʙʦʪʢʝ ʩ ʧʦʤʦʱʴʶ ʤʝʜʴ-

ʢʦʥʩʪʘʥʪʘʥʦʚʦʡ ʪʝʨʤʦʧʘʨʳ, ʩʦʩʪʘʚʠʣʘ 75ï80Áʉ ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʦʙʨʘʟʮʦʚ ʚ ʧʣʘʟʤʝ 

ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʠ 45ï50Áʉ ð ʚ ʧʦʩʣʝʩʚʝʯʝʥʠʠ ʨʘʟʨʷʜʘ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ. ʕʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨ ʨʘʟʤʷʛʯʝʥʠʷ ʠ ʧʣʘʚʣʝʥʠʷ 

ʇʇ ʠ ʇʕʊʌ: ʫ ʇʇ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʤʷʛʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 95ï100Áʉ, ʧʣʘʚʣʝʥʠʷ ï ~ 

170Áʉ; ʫ ʇʕʊʌ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʤʷʛʯʝʥʠʷ ð 160ï190Áʉ; ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ï ~ 

260Áʉ [5]. ʅʘʙʣʶʜʘʝʤʦʝ ʧʣʘʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʇʇ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʣʦʢʘʣʴʥʳʤ, ʪʦʯʝʯʥʳʤ ʨʘʟʦʛʨʝʚʦʤ ʦʪʜʝʣʴʥʳʭ ʤʠʢʨʦʫʯʘʩʪʢʦʚ ʧʦʣʠʤʝʨʘ ʚʩʣʝʜʩʪʚʠʝ 

ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʧʨʠʯʠʥ ʜʦ ʪʝʤʧʝʨʘʪʫʨ, ʙʣʠʟʢʠʭ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ, ʘ 

ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʦʧʘʨʦʡ ʜʘʝʪ ʥʝʢʦʝ ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʨʝʘʣʴʥʦʝ ʚ ʦʪʜʝʣʴʥʳʭ ʪʦʯʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʣʠʤʝʨʘ, ʨʦʩʪ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʧʦʣʠʤʝʨʦʚ ʢʘʢ ʚ ʧʣʘʟʤʝ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʪʘʢ ʠ ʚ 

ʧʦʩʣʝʩʚʝʯʝʥʠʠ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ 

ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ (ʨʠʩ. 4). ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʢʨʘʝʚʳʭ ʫʛʣʦʚ ʩʤʘʯʠʚʘʥʠʷ ʠ ʨʦʩʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʦʙʨʘʟʮʦʚ 

(ʪʘʙʣ. 2).  

ɼʣʷ ʦʙʦʠʭ ʧʦʣʠʤʝʨʦʚ ʜʦʩʪʠʛʘʝʤʳʝ ʟʥʘʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʧʨʠ 

ʨʘʟʥʳʭ ʩʧʦʩʦʙʘʭ ʦʙʨʘʙʦʪʢʠ ʙʣʠʟʢʠ. ɹʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʦʩʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʵʥʝʨʛʠʠ ʜʘʝʪ ʝʝ ʧʦʣʷʨʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ 

ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʣʠʤʝʨʦʚ ʧʦʩʣʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʠ 

ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʨʘʟʣʠʯʥʦ. ɺʦʟʤʦʞʥʦ, ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʚʳʰʝ ʜʦʣʷ ʪʝʭ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʙʦʣʴʰʠʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʩʠʣʴʥʦʤʫ ʧʦʣʷʨʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʧʦʪʦʢʠ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʧʣʘʟʤʳ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʤʦʛʫʪ ʧʨʦʚʝʩʪʠ ʚ ʮʝʣʦʤ 

ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʦʚ. 
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ʘ) 
 

ʙ) 

 

ʚ) 

 

ʛ) 

 

ʜ) 

 

ʝ) 

 

ʈʠʩ. 4. ʌʦʪʦ ʢʘʧʝʣʴ ʚʦʜʳ ʥʘ ʧʣʝʥʢʘʭ ʇʇ (ʘ, ʚ, ʜ) ʠ ʇʕʊʌ (ʙ, ʛ, ʝ). 

ʘ), ʙ) ï ʠʩʭʦʜʥʳʝ ʦʙʨʘʟʮʳ; ʚ), ʛ) ï ʦʙʨʘʟʮʳ, ʦʙʨʘʙʦʪʘʥʥʳʝ ʚ ʧʣʘʟʤʝ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ; 

ʜ), ʝ) - ʦʙʨʘʟʮʳ, ʦʙʨʘʙʦʪʘʥʥʳʡ ʚ ʧʦʩʣʝʩʚʝʯʝʥʠʠ ʨʘʟʨʷʜʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ 

 

ʊʘʙʣʠʮʘ 2. ʋʛʣʳ ʩʤʘʯʠʚʘʥʠʷ ʠ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʧʣʝʥʦʢ ʧʦʣʠʤʝʨʦʚ 
 

ʋʩʣʦʚʠʷ 

ʦʙʨʘʙʦʪʢʠ 

ʧʦʣʠʤʝʨʘ 

ʂʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ 
ůd, ʤɼʞ/ʤ2 ůp, ʤɼʞ/ʤ2 ů, ʤɼʞ/ʤ2 

ɺʦʜʘ ɻʣʠʮʝʨʠʥ 

ʇʇ ʇʕʊʌ ʇʇ ʇʕʊʌ ʇʇ ʇʕʊʌ ʇʇ ʇʕʊʌ ʇʇ ʇʕʊʌ 

ʀʩʭʦʜʥʳʡ 96Ñ3 69Ñ4 88Ñ4 62Ñ2 12,3 18,8 7,4 18,6 19,7 37,4 

ʇʦʩʣʝʩʚʝʯʝʥʠʝ 

ʨʘʟʨʷʜʘ 

ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ 

46Ñ2 24Ñ1 48Ñ2 41Ñ7 15,7 10,8 35,9 54,8 51,6 65,6 

ʇʣʘʟʤʘ 

ʧʦʥʠʞʝʥʥʦʛʦ 

ʜʘʚʣʝʥʠʷ 

54Ñ3 24Ñ3 44Ñ3 23Ñ3 26,9 22,7 24,3 44,6 51,2 67,3 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʇʇ ʠ ʇʕʊʌ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʷʜʦʚ ʚ 

ʚʦʟʜʫʭʝ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʦʚ ʥʦʚʳʭ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ, ʨʦʩʪʫ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʶ ʝʝ ʩʤʘʯʠʚʘʝʤʦʩʪʠ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʠ ʚʠʜ ʤʠʢʨʦʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʵʪʠʭ ʜʚʫʭ 

ʚʠʜʘʭ ʦʙʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʀɻʍʊʋ (ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ, 

ʩʦʛʣʘʰʝʥʠʝ ˉ 075-15-2021-671). 
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Abstract:  the results of mathematical modeling and experimental studies of the process of mass 

transfer of the target component through silicate shells of encapsulated fertilizer obtained in a pan granulator 

and a fluidized bed apparatus are presented. 
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ʄʝʪʦʜʳ ʠʥʢʘʧʩʫʣʷʮʠʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʭʠʤʠʯʝʩʢʦʡ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʬʘʨʤʘʮʝʚʪʠʢʝ. 

ʀʥʢʘʧʩʫʣʷʮʠʷ (ʦʪ ʣʘʪ. capsula ð ʢʦʨʦʙʦʯʢʘ) ï ʧʦʤʝʱʝʥʠʝ ʤʝʣʴʯʘʡʰʠʭ ʯʘʩʪʠʮ 

ʧʣʦʪʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʛʨʘʥʫʣ, ʨʘʟʣʠʯʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚ ʧʨʦʯʥʫʶ ʦʙʦʣʦʯʢʫ ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, 

ʨʘʩʪʚʦʨʷʝʤʦʩʪʴ ʠ ʜʨʫʛʠʝ) [1].  

ʂʘʨʙʘʤʠʜ (ʤʦʯʝʚʠʥʘ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ, 

ʧʦʣʫʯʘʝʤʳʡ ʩʠʥʪʝʟʦʤ ʠʟ ʘʤʤʠʘʢʘ ʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʭʨʘʥʝʥʠʷ ʩʣʝʞʠʚʘʝʤʦʩʪʴ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ 

ʫʜʦʙʨʝʥʠʷ ʤʘʣʘ, ʩʦʭʨʘʥʷʝʪʩʷ ʥʦʨʤʘʣʴʥʘʷ ʨʘʩʩʝʠʚʘʝʤʦʩʪʴ. ɺ ʧʦʯʚʝ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʫʨʦʙʘʢʪʝʨʠʡ, ʚʳʜʝʣʷʶʱʠʭ ʬʝʨʤʝʥʪ ʫʨʝʘʟʫ, ʤʦʯʝʚʠʥʘ ʟʘ 2ï3 ʜʥʷ ʘʤʤʦʥʠʬʠʮʠʨʫʝʪʩʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʦʥʘʪʘ ʘʤʤʦʥʠʷ ʠ ʚʦʟʤʦʞʥʳ ʧʦʪʝʨʠ ʘʟʦʪʘ ʚʩʣʝʜʩʪʚʠʝ ʫʣʝʪʫʯʠʚʘʥʠʷ 

ʘʤʤʠʘʢʘ, ʣʝʛʢʦ ʨʘʟʣʘʛʘʶʱʝʛʦʩʷ ʚ ʚʦʟʜʫʭʝ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʤʝʜʣʝʥʥʦʜʝʡʩʪʚʫʶʱʠʭ ʘʟʦʪʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʦʯʝʚʠʥʳ, ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʡ ʩʠʣʠʢʘʪʦʤ ʢʘʣʴʮʠʷ ʩ ʚʚʝʜʝʥʠʝʤ 

ʚ ʧʣʝʥʦʯʥʦʝ ʧʦʢʨʳʪʠʝ ʠʥʛʠʙʠʪʦʨʘ ʫʨʝʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʛʫʤʘʪʘ ʢʘʣʠʷ/ʥʘʪʨʠʷ ʩ 

ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ). 

ʂʘʧʩʫʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʪʘʨʝʣʴʯʘʪʦʤ ʛʨʘʥʫʣʷʪʦʨʝ [2]. ʆʪʚʝʨʞʜʝʥʠʝ 

ʧʣʝʥʢʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʠʩʧʘʨʝʥʠʷ ʚʣʘʛʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʩ 

ʧʦʤʦʱʴʶ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʂʘʧʩʫʣʘ ʠʟ ʩʠʣʠʢʘʪʘ ʢʘʣʴʮʠʷ ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʫʪʝʤ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʳʣʠʚʘʥʠʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ ʠ ʭʣʦʨʠʜʘ 

ʢʘʣʴʮʠʷ. ʊʘʢʞʝ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʛʨʘʥʫʣ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ 

ʘʧʧʘʨʘʪʝ ʢʠʧʷʱʝʛʦ ʩʣʦʷ [3].  

ɼʦʙʘʚʣʝʥʠʝ ʚ ʩʠʣʠʢʘʪʥʫʶ ʧʣʝʥʢʫ ʛʫʤʘʪʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʫʨʝʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʯʚʳ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʢʠʥʝʪʠʢʠ 

ʨʘʩʪʚʦʨʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʧʩʫʣʠʨʦʚʘʥʠʝ ʚ ʩʠʣʠʢʘʪʥʳʝ ʦʙʦʣʦʯʢʠ ʩ 

ʠʥʛʠʙʠʪʦʨʘʤʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʤʦʯʝʚʠʥʳ. ʇʨʠʤʝʥʝʥʠʝ 

ʢʘʧʩʫʣʠʨʦʚʘʥʥʦʡ ʤʦʯʝʚʠʥʳ ʩ ʠʥʛʠʙʠʪʦʨʘʤʠ ʫʨʝʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ ʚ ʢʦʨʥʝʧʣʦʜʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʢʘʧʩʫʣʠʨʦʚʘʥʥʦʡ 

ʤʦʯʝʚʠʥʦʡ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʫʛʣʝʚʦʜʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʧʩʫʣʠʨʦʚʘʥʠʝ ʤʦʯʝʚʠʥʳ, ʦʩʦʙʝʥʥʦ ʩ ʚʚʝʜʝʥʠʝʤ ʚ ʢʦʤʧʦʟʠʮʠʶ 

ʠʥʛʠʙʠʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʩʪʝʥʠʷ ʘʟʦʪʦʤ ʚ ʪʝʯʝʥʠʝ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʨʝʞʠʤʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʩʪʦʡʯʠʚʦʝ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʘ 

ʢʘʧʩʫʣʠʨʦʚʘʥʠʷ ʙʝʟ ʘʛʣʦʤʝʨʘʮʠʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʯʘʩʪʠʮ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʨʘʩʪʚʦʨʝʥʠʷ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʘʚʝʩʢʘ ʛʨʘʥʫʣ ʧʦʤʝʱʘʣʘʩʴ ʚ 

ʢʶʚʝʪʫ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʛʨʫʞʘʣʘʩʴ ʚ ʩʪʝʢʣʷʥʥʫʶ ʷʯʝʡʢʫ, ʟʘʧʦʣʥʝʥʥʫʶ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʯʝʨʝʟ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ɿʘʤʝʜʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʢʨʠʚʳʝ 

ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʚ ʨʘʩʪʚʦʨʝ ʦʪ ʚʨʝʤʝʥʠ ʨʘʩʪʚʦʨʝʥʠʷ 

ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʛʨʘʥʫʣ ʢʘʨʙʘʤʠʜʘ (ʨʠʩ. 1ï2), ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʩʦʩʪʘʚʘʭ, ʤʘʩʩʘʭ ʥʘʥʝʩʝʥʥʳʭ ʦʙʦʣʦʯʝʢ ʠ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʘʧʧʘʨʘʪʦʚ. ɺʥʘʯʘʣʝ 

ʧʨʦʮʝʩʩʘ ʚʳʤʳʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʥʘʙʫʭʘʥʠʝ ʩʠʣʠʢʘʪʥʦʡ ʧʣʝʥʢʠ ʟʘ ʩʯʝʪ ʧʨʦʧʠʪʢʠ ʝʝ 

ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʪʚʝʨʜʦʡ ʬʘʟʳ, ʢʦʪʦʨʘʷ 

ʜʠʬʬʫʥʜʠʨʫʝʪ ʯʝʨʝʟ ʧʣʝʥʢʫ. ɿʘʪʝʤ ʠʜʝʪ ʨʘʩʪʚʦʨʝʥʠʝ ʩʠʣʠʢʘʪʥʦʡ ʦʙʦʣʦʯʢʠ ʠ ʪʚʝʨʜʦʡ 
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ʬʘʟʳ, ʥʘʙʣʶʜʘʝʪʩʷ ʜʠʬʬʫʟʠʷ ʢʦʤʧʦʥʝʥʪʘ ʢ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ. ʂʦʛʜʘ 

ʩʠʣʠʢʘʪʥʘʷ ʧʣʝʥʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʪʚʦʨʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʥʝʪ, ʪʚʝʨʜʘʷ ʬʘʟʘ 

ʨʘʩʪʚʦʨʷʝʪʩʷ ʫʞʝ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʢʦʥʪʘʢʪʝ ʩ ʨʘʩʪʚʦʨʠʪʝʣʝʤ.  

ʂʘʧʩʫʣʠʨʦʚʘʥʥʳʝ ʛʨʘʥʫʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʪʘʨʝʣʴʯʘʪʦʤ ʛʨʘʥʫʣʷʪʦʨʝ ʧʦʟʚʦʣʠʣʠ 

ʩʥʠʟʠʪʴ ʩʢʦʨʦʩʪʴ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʚʝʱʝʩʪʚʘ ʚ 7ï9 ʨʘʟ, ʚ ʘʧʧʘʨʘʪʝ ʢʠʧʷʱʝʛʦ ʩʣʦʷ ʚ 15ï

17 ʨʘʟ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʩʦʩʪʘʚʘʭ ʦʙʦʣʦʯʝʢ. 

ʈʘʟʨʘʙʦʪʘʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʩʪʚʦʨʝʥʠʷ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ 

ʛʨʘʥʫʣ ʢʘʨʙʘʤʠʜʘ, ʪʦ ʝʩʪʴ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ (ʢʘʨʙʘʤʠʜʘ) ʯʝʨʝʟ ʩʠʣʠʢʘʪʥʳʝ 

ʦʙʦʣʦʯʢʠ ʩ ʭʣʦʨʠʩʪʳʤ ʢʘʣʴʮʠʝʤ ʠ ʛʫʤʘʪʦʤ [4]. 

 
 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʚ ʨʘʩʪʚʦʨʝ ʦʪ ʚʨʝʤʝʥʠ ʨʘʩʪʚʦʨʝʥʠʷ 

ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʛʨʘʥʫʣ ʢʘʨʙʘʤʠʜʘ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʪʘʨʝʣʴʯʘʪʦʤ ʘʧʧʘʨʘʪʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʤʘʩʩʘʭ ʦʙʦʣʦʯʢʠ: 

1 ï ʯʠʩʪʳʡ ʢʘʨʙʘʤʠʜ; 2 ï 6% ʩʠʣʠʢʘʪ ʥʘʪʨʠʷ, 1% ʛʫʤʘʪ; 3 ï 6% ʩʠʣʠʢʘʪ ʥʘʪʨʠʷ,  

1% ʭʣʦʨʠʜ ʢʘʣʴʮʠʷ, 1% ʛʫʤʘʪ; 4 ï 11% ʩʠʣʠʢʘʪ ʥʘʪʨʠʷ, 6% ʭʣʦʨʠʜ ʢʘʣʴʮʠʷ;  

5 ï 10% ʩʠʣʠʢʘʪ ʥʘʪʨʠʷ, 14% ʭʣʦʨʠʜ ʢʘʣʴʮʠʷ 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʚ ʨʘʩʪʚʦʨʝ  

ʦʪ ʚʨʝʤʝʥʠ ʨʘʩʪʚʦʨʝʥʠʷ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʛʨʘʥʫʣ ʢʘʨʙʘʤʠʜʘ,  

ʧʦʣʫʯʝʥʥʳʭ ʚ ʘʧʧʘʨʘʪʝ ʢʠʧʷʱʝʛʦ ʩʣʦʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʤʘʩʩʘʭ ʦʙʦʣʦʯʢʠ: 

1 ï ʯʠʩʪʳʡ ʢʘʨʙʘʤʠʜ; 2 ï 7,5% ʩʠʣʠʢʘʪ ʥʘʪʨʠʷ, 7,5% ʭʣʦʨʠʜ ʢʘʣʴʮʠʷ; 

3 ï 5% ʩʠʣʠʢʘʪ ʥʘʪʨʠʷ, 2% ʭʣʦʨʠʜ ʢʘʣʴʮʠʷ 
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ʄʘʩʩʘ ʚʝʱʝʩʪʚʘ ʧʦʩʣʝ ʥʘʙʫʭʘʥʠʷ ʦʙʦʣʦʯʢʠ 
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3

4

3
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ʤ -+= ,                                         (1) 

 

ʛʜʝ ʪr - ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮʳ ʢʘʨʙʘʤʠʜʘ, ʢʛ/ʤ3; R ï ʠʩʭʦʜʥʳʡ ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ 

ʢʘʨʙʘʤʠʜʘ, ʤ; ʥr  - ʧʣʦʪʥʦʩʪʴ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʢʛ/ʤ3. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ ʚ ʨʘʩʪʚʦʨʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

                                       
W3

))(rR(4
ʩ ʥʪ

33 r-r-p
= ,                                              (2) 

 

ʛʜʝ W ï ʦʙʲʝʤ ʞʠʜʢʦʩʪʠ, ʤ3.  

ʊʝʢʫʱʠʡ ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʪʚʦʨʝʥʠʷ: 
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ʛʜʝ sc  - ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ, ʢʛ/ʤ3; ɓ - ʢʦʵʬʬʠʮʠʝʥʪ 

ʤʘʩʩʦʦʪʜʘʯʠ, ʤ/ʩ; D1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʚʝʱʝʩʪʚʘ ʚ ʨʘʩʪʚʦʨʝ ʚʥʫʪʨʠ ʢʘʧʩʫʣʳ, 

ʤ2/ʩ; D2 ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʚʝʱʝʩʪʚʘ ʯʝʨʝʟ ʦʙʦʣʦʯʢʫ, ʤ2/ʩ. 

ʇʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ r=0 ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʚʝʱʝʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ: 
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ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ ʚʥʫʪʨʠ ʢʘʧʩʫʣʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ: 
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ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ ʚ ʨʘʩʪʚʦʨʝ: 
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ʛʜʝ mʤʥ - ʠʩʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʩʩʳ ʯʘʩʪʠʮʳ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʣʠʢʘʪʥʳʭ 

ʦʙʦʣʦʯʝʢ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʠʥʛʠʙʠʪʦʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ 

ʢʘʨʙʘʤʠʜʘ ʚ ʪʘʨʝʣʴʯʘʪʦʤ ʛʨʘʥʫʣʷʪʦʨʝ ʠ ʘʧʧʘʨʘʪʝ ʢʠʧʷʱʝʛʦ ʩʣʦʷ.  
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PROBLEMS DURING OPERATION OF PRODUCTS FROM WOOD TREATED 

WITH FRAME RETARDANTS  

 
Abstract: the problems that arise during the treatment of wood products impregnated with aqueous 

solutions of flame retardants ï inorganic salts are considered. 

Keywords: wood, flame retardants, solutions of inorganic salts, wood treatment, problems. 

 

 

ʆʛʥʝʟʘʱʠʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʦʡ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʧʠʣʦʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʝʨʝʚʷʥʥʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ, ʩʦʩʪʘʚʣʷʶʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʜʝʨʝʚʷʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ. ʆʛʥʝʟʘʱʠʪʘ ʠʟʜʝʣʠʡ ʠʟ ʜʨʝʚʝʩʠʥʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʦʛʥʝʟʘʱʠʪʥʳʝ ʣʘʢʠ, ʢʨʘʩʢʠ, ʧʘʩʪʳ, 

ʦʙʤʘʟʢʠ (ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ) ʠ ʧʨʦʧʠʪʦʯʥʳʝ ʨʘʩʪʚʦʨʳ (ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʠ ʛʣʫʙʦʢʦʡ ʦʙʨʘʙʦʪʢʠ) [1, 2]. ʍʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʩʦʩʪʘʚʝ 

ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʨʝʜʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʛʨʝʚʘ (ʚʩʧʫʯʠʚʘʶʱʠʝʩʷ 

                                                 
 É ʖʩʫʙʦʚ ɸ. ʖ., ʉʥʝʛʠʨʝʚ ɼ. ɻ., ɻʝʩʩʝ ɾ.ʌ., ɻʨʠʰʠʥʘ ɽ.ʇ., ʃʝʙʝʜʝʚʘ ʅ. ʐ., 2023 
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ʧʦʢʨʳʪʠʷ) ʠ ʠʟʤʝʥʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʟʘʱʠʱʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʢʦʢʩʦʚʦʛʦ ʦʩʪʘʪʢʘ, ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʛʦʨʶʯʠʭ ʛʘʟʦʚ, ʘ ʪʘʢʞʝ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʛʦʨʝʥʠʷ ʚ ʛʘʟʦʚʦʡ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ (ʘʥʪʠʧʠʨʝʥʳ) [3]. 

ɺ ʨʘʙʦʪʝ [4] ʦʪʤʝʯʝʥʦ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚʦ 

ʚʩʧʫʯʠʚʘʶʱʠʭʩʷ ʘʥʪʠʧʠʨʝʥʘʭ, ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ ʛʨʫʧʧʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʧʦʩʦʙʘ ʠʭ ʜʝʡʩʪʚʠʷ: ʦʙʨʘʟʫʶʱʠʝ ʦʙʫʛʣʠʚʘʥʠʝ (ʦʙʳʯʥʦ ʛʠʜʨʘʪʳ ʫʛʣʝʨʦʜʘ, ʥʘʧʨʠʤʝʨ, 

ʩʘʭʘʨʦʟʘ, ʢʨʘʭʤʘʣ, ʤʥʦʛʦʘʪʦʤʥʳʝ ʩʧʠʨʪʳ); ʫʩʠʣʠʚʘʶʱʠʝ ʚʩʧʫʯʠʚʘʥʠʝ (ʥʘʧʨʠʤʝʨ, 

ʜʠʮʠʘʥʜʠʘʤʠʜ, ʤʝʣʘʤʠʥ, ʛʫʘʥʠʜʠʥ ʠ ʤʦʯʝʚʠʥʘ); ʫʩʠʣʠʚʘʶʱʠʝ ʜʝʛʠʜʨʘʪʘʮʠʶ ʠ 

ʵʪʝʨʠʬʠʢʘʮʠʶ (ʵʪʦ ʦʙʳʯʥʦ ʪʝ ʞʝ, ʯʪʦ ʠ ʚʝʱʝʩʪʚʘ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʠʨʦʣʠʟ, ʪ. ʝ. 

ʬʦʩʬʘʪʳ ʠ ʩʦʝʜʠʥʝʥʠʷ ʙʦʨʘ). ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʠʭ ʩʚʦʡʩʪʚʫ ʚʩʧʫʯʠʚʘʥʠʷ ʪʨʝʙʫʝʪʩʷ, 

ʯʪʦʙʳ ʵʪʠ ʚʝʱʝʩʪʚʘ ʦʙʨʘʟʦʚʳʚʘʣʠ ʥʝʛʦʨʶʯʠʝ ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ (ʥʘʧʨʠʤʝʨ, CO2, 

H2O ʠ NH3).  

 ɺ ʢʘʯʝʩʪʚʝ ʘʜʜʠʪʠʚʥʳʭ (ʬʠʟʠʯʝʩʢʠ ʩʤʝʰʘʥʥʳʭ) ʘʥʪʠʧʠʨʝʥʦʚ ʠʩʧʦʣʴʟʫʶʪ 

ʧʨʦʩʪʳʝ ʩʦʣʠ (ʤʦʥʦ- ʠ ʜʠʘʤʤʦʥʠʡʬʦʩʬʘʪ, ʘʤʤʦʥʠʡ ʧʦʣʠʬʦʩʬʘʪ, ʬʪʦʨʙʦʨʘʪ ʠ ʭʣʦʨʠʜ 

ʘʤʤʦʥʠʷ, ʭʣʦʨʠʜ ʮʠʥʢʘ), ʛʠʜʨʦʢʩʠʜʳ ʘʣʶʤʠʥʠʷ ʠ ʤʘʛʥʠʷ, ʦʢʩʠʜ ʩʫʨʴʤʳ, ʩʦʝʜʠʥʝʥʠʷ 

ʙʦʨʘ (ʙʦʨʥʫʶ ʢʠʩʣʦʪʫ, ʪʝʪʨʘʙʦʨʘʪ ʥʘʪʨʠʷ, ʙʦʨʘʪ ʮʠʥʢʘ, ʙʦʨʘʪ ʘʤʤʦʥʠʷ, ʵʪʠʣ- ʠ 

ʤʝʪʠʣʙʦʨʘʪʳ), ʘʤʠʥʦʩʤʦʣʳ ʠ ʜʨ. ʊʘʢʞʝ ʧʨʠʤʝʥʷʶʪ ʨʝʘʢʪʠʚʥʳʝ (ʭʠʤʠʯʝʩʢʠ 

ʩʚʷʟʘʥʥʳʝ) ʘʥʪʠʧʠʨʝʥʳ  ʧʨʦʠʟʚʦʜʥʳʝ ʤʥʦʛʦʘʪʦʤʥʳʭ ʩʧʠʨʪʦʚ, ʪʘʢʠʝ, ʢʘʢ ʛʘʣʦʛʝʥ-

ʬʦʩʬʦʨʥʳʝ ʧʦʣʠʦʣʳ, ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʩʬʝʥʦʣʳ ʠ ʭʣʦʨʠʨʦʚʘʥʥʳʝ 

ʥʝʦʧʝʥʪʠʣʛʣʠʢʦʣʠ, ʨʘʟʣʠʯʥʳʝ ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʝ ʤʝʪʘʥʳ ʠ ʵʪʘʥʳ ʠ ʜʨ. [5].  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʦʩʦʙʝʥʥʦ 

ʭʣʦʨʩʦʜʝʨʞʘʱʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʧʘʩʥʦʩʪʴ 

ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʜʨʝʚʝʩʠʥʳ, ʪʘʢ ʠ ʧʨʠ ʝʝ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʫʪʠʣʠʟʘʮʠʠ. ʇʦʵʪʦʤʫ ʚʦʟʨʘʩʪʘʝʪ ʠʥʪʝʨʝʩ ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʧʠʨʝʥʦʚ 

ʥʝʜʦʨʦʛʠʭ, ʜʦʩʪʫʧʥʳʭ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʚ ʧʨʠʤʝʥʝʥʠʠ 

ʥʝʪʦʢʩʠʯʥʳʭ/ʤʘʣʦʪʦʢʩʠʯʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʩʤʝʩʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʬʦʩʬʘʪʦʚ (ʠ ʅ3ʈʆ4), ʙʦʨʘʪʦʚ (ʠ ʅ3ɺʆ3), ʩʠʣʠʢʘʪʦʚ, ʩʫʣʴʬʘʪʦʚ, ʭʣʦʨʠʜʦʚ ʠ ʜʨ. [6-11]. 

ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʢʠʩʣʦʪʥʳʝ ʘʥʪʠʧʠʨʝʥʳ ʢʘʪʘʣʠʟʠʨʫʶʪ ʜʝʛʠʜʨʘʪʘʮʠʶ ʠ 

ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʶ ʮʝʣʣʶʣʦʟʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʫʢʦʢʩʘ ʠ 

ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʭʩʷ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ [12].  

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʘʥʘʣʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʘʥʪʠʧʠʨʝʥʦʚ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʧʨʦʙʣʝʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠʤʝʥʷʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʮʝʣʣʶʣʦʟʦʡ ʠ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʧʨʦʙʣʝʤ 

ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ.  

(1) ʋʭʫʜʰʝʥʠʝ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʠʟʜʝʣʠʡ. ʇʨʠʤʝʥʷʝʤʳʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, ʠ ʚ ʚʠʜʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʤʦʛʫʪ 

ʤʠʛʨʠʨʦʚʘʪʴ ʚ ʜʨʝʚʝʩʠʥʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʢʦʣʝʙʘʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺʦʟʤʦʞʥʦ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʜʨʝʚʝʩʠʥʳ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʦʣʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ, ʯʪʦ ʚʳʟʳʚʘʝʪ 

ʨʘʟʣʠʯʥʳʝ ʧʨʦʙʣʝʤʳ  ʦʪ ʩʥʠʞʝʥʠʷ ʵʩʪʝʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʜʦ ʪʝʭʥʠʯʝʩʢʠʭ 

ʪʨʫʜʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʨʘʩʦʢ ʠ ʢʣʝʝʚ [13, 14]. 

(2) ɺʳʩʦʢʘʷ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ ʦʙʨʘʙʦʪʘʥʥʳʭ ʠʟʜʝʣʠʡ ʠʟ ʜʝʨʝʚʘ. ʇʨʠʤʝʥʷʝʤʳʝ 
ʦʛʥʝʟʘʱʠʪʥʳʝ ʩʦʣʠ ʛʠʛʨʦʩʢʦʧʠʯʥʳ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʜʜʝʨʞʘʥʠʶ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʠ 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʠʟʜʝʣʠʡ, ʧʨʠʯʝʤ ʪɻʦʪ ʵʬʬʝʢʪ ʫʩʠʣʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʨʘʟʚʠʪʠʶ ʛʨʠʙʢʦʚʦʛʦ ʧʦʨʘʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ N-ʈ-

ʩʦʜʝʨʞʘʱʠʭ ʩʦʣʝʡ, ʷʚʣʷʶʱʠʭʩʷ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʦʡ ʜʣʷ ʨʘʟʚʠʪʠʷ 
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ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ ʛʨʠʙʢʦʚ [13, 15]. ɼʨʝʚʝʩʠʥʘ, ʦʙʨʘʙʦʪʘʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ, ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʥʘʨʫʞʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ, ʝʩʣʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʘʜʝʢʚʘʪʥʦ ʟʘʱʠʱʝʥʘ ʚʦʜʦʦʪʪʘʣʢʠʚʘʶʱʠʤ 

ʧʦʢʨʳʪʠʝʤ [16]. 

(3) ʂʦʨʨʦʟʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʨʝʧʣʝʥʠʡ ʚ ʪʝʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʜʝʨʝʚʷʥʥʦʛʦ 
ʠʟʜʝʣʠʷ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʠʩʣʦʪ, ʢʠʩʣʦʪʥʳʭ, ʱʝʣʦʯʥʳʭ ʠʣʠ 

ʭʣʦʨʠʜʩʦʜʝʨʞʘʱʠʭ ʩʦʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʨʦʜʫʢʪʳ ʢʦʨʨʦʟʠʠ ʤʦʛʫʪ ʧʦʨʪʠʪʴ ʜʨʝʚʝʩʠʥʫ, ʪʘʢ ʢʘʢ ʨʷʜʦʤ ʩ 

ʢʦʨʨʦʜʠʨʫʶʱʠʤ ʤʝʪʘʣʣʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʢʠʩʣʝʥʠʝ, ʣʠʙʦ ʧʦʜʱʝʣʘʯʠʚʘʥʠʝ 

ʜʨʝʚʝʩʠʥʳ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʝʝ ʜʝʛʨʘʜʘʮʠʶ [13, 16]. 

(4) ɺʳʱʝʣʘʯʠʚʘʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʜʨʝʚʝʩʠʥʳ (ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ, N-ʈ-ʩʦʜʝʨʞʘʱʠʭ ʩʦʣʝʡ), ʧʨʠʚʦʜʷʱʝʝ ʢ ʩʥʠʞʝʥʠʶ ʦʛʥʝʩʪʦʡʢʦʩʪʠ 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [9, 14]. ʅʝʧʨʝʨʳʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʜʨʝʚʝʩʠʥʫ, 

ʦʙʨʘʙʦʪʘʥʥʫʶ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤʠ ʩʦʣʷʤʠ, ʚ ʫʩʣʦʚʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 

ʚʳʰʝ 80 % ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʭʠʤʠʢʘʪʦʚ ʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʟʤʝʨʦʚ ʜʨʝʚʝʩʠʥʳ ʠ ʣʘʢʦʢʨʘʩʦʯʥʦʝ ʧʦʢʨʳʪʠʝ [16]. 

(5) ʉʥʠʞʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠʟʜʝʣʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʦʛʥʝʩʪʦʡʢʠʭ 
ʦʙʨʘʙʦʪʦʢ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪ ʧʨʦʯʥʦʩʪʴ ʠ ʞʝʩʪʢʦʩʪʴ ʦʙʨʘʙʦʪʘʥʥʦʡ ʜʨʝʚʝʩʠʥʳ [12, 

13]. ʄʦʜʫʣʴ ʨʘʟʨʳʚʘ (MOR) ʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ (MOE) ʦʙʳʯʥʦ ʥʠʞʝ ʜʣʷ ʜʨʝʚʝʩʠʥʳ, 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʘʥʪʠʧʠʨʝʥʦʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʫʰʢʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 65ÁC. 

ʆʜʥʘʢʦ ʜʝʛʨʘʜʘʮʠʷ ʠ ʩʚʷʟʘʥʥʘʷ ʩ ʵʪʠʤ ʧʦʪʝʨʷ ʧʨʦʯʥʦʩʪʠ ʧʨʦʠʩʭʦʜʷʪ, ʥʦ ʤʝʜʣʝʥʥʝʝ, ʠ 

ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʤʠʤʦ ʧʦʪʝʨʠ ʧʨʦʯʥʦʩʪʠ ʠʟ-ʟʘ ʢʘʤʝʨʥʦʡ 

ʩʫʰʢʠ, ʧʨʦʛʨʝʩʩʠʨʫʶʱʘʷ ʧʦʪʝʨʷ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʝʨʝʚʷʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʘ ʢʠʩʣʦʪʥʳʤ ʨʘʟʣʦʞʝʥʠʝʤ ʜʨʝʚʝʩʠʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʠʤʝʥʷʝʤʳʭ 

ʭʠʤʠʢʘʪʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ [16]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʙʦʪʢʘ ʜʨʝʚʝʩʠʥʳ ʘʥʪʠʧʠʨʝʥʘʤʠ  ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʩʦʣʷʤʠ, ʠʤʝʷ ʪʘʢʠʝ ʜʦʩʪʦʠʥʩʪʚʘ, ʢʘʢ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ 

ʩʪʦʠʤʦʩʪʴ, ʫʤʝʨʝʥʥʘʷ ʪʦʢʩʠʯʥʦʩʪʴ, ʧʨʦʩʪʦʪʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʙʦʯʠʭ 

ʨʘʩʪʚʦʨʦʚ, ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʨʷʜʘ ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʠʟʜʝʣʠʡ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʉʦʚʨʝʤʝʥʥʦʝ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ 

ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ɺʳʩʦʢʦʪʦʢʩʠʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʪʠʚʳ, ʵʤʫʣʴʩʠʠ, ʞʠʨʳ, 

ʩʤʘʟʦʯʥʳʝ ʚʝʱʝʩʪʚʘ, ʤʘʩʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ ʜʣʷ ʧʨʠʨʦʜʥʳʭ 

ʵʢʦʩʠʩʪʝʤ ʧʨʠ ʠʭ ʧʦʧʘʜʘʥʠʠ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ (ʆʉ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʳʤʠ 

ʦʩʪʘʶʪʩʷ ʚʦʧʨʦʩʳ ʫʪʠʣʠʟʘʮʠʠ ʪʘʢʠʭ ʦʪʭʦʜʦʚ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ 

ʧʨʠʝʤʣʝʤʳʤʠ ʤʝʪʦʜʘʤʠ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʧʦʷʚʠʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʣʘʟʤʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ [1-3]. ʆʜʥʘʢʦ ʚ ʤʠʨʝ 

ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʘʣʴʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʧʣʘʟʤʝʥʥʳʭ 
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ʫʩʪʘʥʦʚʦʢ [4], ʪʘʢ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʝ ʧʦʚʩʝʤʝʩʪʥʦʝ ʚʥʝʜʨʝʥʠʝ ʧʣʘʟʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʪʨʝʙʫʝʪ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʩ ʫʯʝʪʦʤ ʢʨʠʪʝʨʠʝʚ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʘʯʝʩʪʚʘ 

ʜʦʩʪʠʛʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ 

ʫʪʠʣʠʟʘʮʠʠ.  

ʇʣʘʟʤʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʦʪʭʦʜʦʚ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʯʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʧʣʘʟʤʝʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʧʨʠʤʝʥʷʶʪ ʛʝʥʝʨʘʪʦʨ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʦʪʥʦʡ ʧʣʘʟʤʳ ï 

ʧʣʘʟʤʦʪʨʦʥ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ (ʜʦ 20 ʪʳʩ. ʂ) ʧʨʦʠʩʭʦʜʠʪ ʛʣʫʙʦʢʘʷ 

ʜʝʩʪʨʫʢʮʠʷ ʚʝʱʝʩʪʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʦʪʭʦʜʦʚ, ʢʦʪʦʨʘʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʵʬʬʝʢʪʠʚʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʦʪʭʦʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʣʘʟʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʫʥʠʯʪʦʞʝʥʠʷ ʦʪʭʦʜʦʚ 

ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʠ ʧʦʟʚʦʣʷʶʪ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʦʪʭʦʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ.  

ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʥʘ ʧʨʠʤʝʨʝ ʫʩʪʘʥʦʚʢʠ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʧʨʦʝʢʪʥʳʤ ʠʥʩʪʠʪʫʪʦʤ 

çʇʨʦʤʛʨʘʞʜʘʥʧʨʦʝʢʪè ʠ ʆɸʆ çɼɸɸɿè (ʛ. ʋʣʴʷʥʦʚʩʢ) (ʪʘʙʣ.). ɼʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 50 ʢʛ/ʯ ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩ 2004 ʛʦʜʘ ʠ 

ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ 

(ʪʨʠʭʣʦʨʵʪʠʣʝʥʘ). 

 
ʊʘʙʣʠʮʘ. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ  

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

 
ˉ 

ʵʪʘʧʘ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʮʝʩʩʦʚ ʇʨʠʤʝʯʘʥʠʝ 

1. ɺ ʦʪʜʝʣʝʥʠʠ ʧʨʠʝʤʘ ʩʳʨʴʷ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʤʝʰʠʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʞʠʜʢʠʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʚ ʨʝʟʝʨʚʫʘʨʝ ʧʝʨʝʜ 

ʧʦʜʘʯʝʡ ʩʤʝʩʠ ʜʣʷ ʩʞʠʛʘʥʠʷ ʦʪʭʦʜʦʚ. 

ʍʠʤʠʯʝʩʢʠʝ ʦʪʭʦʜʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʪʭʦʜʳ ʤʘʩʝʣ, 

ʵʤʫʣʴʩʠʡ,  ʩʤʘʟʦʯʥʳʭ 

ʚʝʱʝʩʪʚ, ʞʠʨʦʚ. 

2. ɺ ʦʪʜʝʣʝʥʠʠ ʩʞʠʛʘʥʠʷ ʦʪʭʦʜʦʚ ʚ ʧʝʯʠ ʞʠʜʢʠʝ 

ʦʪʭʦʜʳ ʨʘʩʧʳʣʷʶʪʩʷ ʬʦʨʩʫʥʢʦʡ ʩ ʧʦʤʦʱʴʶ 

ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʠʟ 

ʚʦʟʜʫʭʦʩʙʦʨʥʠʢʘ ʠ ʩʛʦʨʘʶʪ ʚ ʧʦʪʦʢʝ ʚʦʟʜʫʰʥʦʡ 

ʧʣʘʟʤʳ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʧʣʘʟʤʦʪʨʦʥʝ. 

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʛʦʨʝʥʠʷ ʚ 

ʧʝʯʴ ʩʞʠʛʘʥʠʷ ʠ ʧʝʯʴ 

ʜʦʞʠʛʘʥʠʷ ʧʦʜʘʸʪʩʷ 

ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʦʜʥʠʤ ʠ 

ʪʝʤ ʞʝ ʢʦʤʧʨʝʩʩʦʨʦʤ.  

 3. ɼʦʞʠʛʘʥʠʝ ʛʦʨʶʯʠʭ ʛʘʟʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʩʞʠʛʘʥʠʠ ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʝʯʘʭ 

ʜʦʞʠʛʘʥʠʷ ʚ ʧʦʪʦʢʝ ʧʣʘʟʤʳ ʧʣʘʟʤʘʪʨʦʥʘ. ɺ 

ʧʨʦʮʝʩʩʝ ʜʦʞʠʛʘʥʠʷ ʛʘʟʦʚ (ʊ=900-1000ęʉ) 

ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʜʫʢʪʳ ʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʧʨʠ 

ʠʟʙʳʪʢʝ ʢʠʩʣʦʨʦʜʘ. 

4. ɺ ʦʪʜʝʣʝʥʠʠ ʦʭʣʘʞʜʝʥʠʷ ʛʘʟʦʦʙʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ 

ʛʦʨʝʥʠʷ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʘʭ ʜʦʞʠʛʘʥʠʷ, 

ʦʭʣʘʞʜʘʶʪʩʷ ʚ ʩʤʝʩʠʪʝʣʝ (ʧʫʪʸʤ ʚʧʨʳʩʢʘ ʯʝʨʝʟ 

ʬʦʨʩʫʥʢʫ) ʦʙʦʨʦʪʥʦʡ ʚʦʜʦʡ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʦʚ 

ʛʦʨʝʥʠʷ ʩʥʠʞʘʝʪʩʷ ʜʦ 90 ęʉ. 

5. ɺ ʦʪʜʝʣʝʥʠʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʛʘʟʳ ʩ ʥʘʣʠʯʠʝʤ 

ʧʘʨʦʚ ʭʣʦʨʦʚʦʜʦʨʦʜʘ ʠʟ ʩʤʝʩʠʪʝʣʷ ʧʦʩʪʫʧʘʶʪ ʚ 

ʘʙʩʦʨʙʮʠʦʥʥʫʶ ʢʦʣʦʥʥʫ, ʟʘʧʦʣʥʝʥʥʫʶ ʢʦʣʴʮʘʤʠ 

ʈʘʰʠʛʘ, ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ ʧʘʨʦʚ ʭʣʦʨʦʚʦʜʦʨʦʜʘ 

ʧʦʪʦʢʦʤ ʧʨʷʤʦʡ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ. 

ʈʘʩʪʚʦʨ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ (1-

2 %) ʩʦʙʠʨʘʝʪʩʷ ʚ 

ʛʠʜʨʦʟʘʪʚʦʨ ʢʦʣʦʥʥʳ ʠ 

ʥʝʡʪʨʘʣʠʟʫʝʪʩʷ ʨʘʩʪʚʦʨʦʤ 

ʝʜʢʦʛʦ ʥʘʪʨʠʷ (5%).  

ʇʨʦʜʫʢʪ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 



ʈɸɿɼɽʃ 2. ɹʀʆʃʆɻʀʗ, ʕʂʆʃʆɻʀʗ ʀ ʏɽʃʆɺɽʂ 
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ˉ 

ʵʪʘʧʘ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʮʝʩʩʦʚ ʇʨʠʤʝʯʘʥʠʝ 

(ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ) 

ʧʦʩʪʫʧʘʝʪ ʥʘ ʦʯʠʩʪʥʳʝ 

ʩʦʦʨʫʞʝʥʠʷ ʟʘʚʦʜʘ ɼɸɸɿ. 

6. ɺ ʦʪʜʝʣʝʥʠʠ ʛʣʫʙʦʢʦʡ ʦʯʠʩʪʢʠ ʛʘʟʦʚ 

ʛʘʟʦʦʙʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ 

ʮʝʥʪʨʦʙʝʞʥʦ-ʙʘʨʙʦʪʘʞʥʳʡ ʘʧʧʘʨʘʪ ʜʣʷ 

ʜʦʦʯʠʩʪʢʠ ʦʪ ʧʘʨʦʚ ʭʣʦʨʦʚʦʜʦʨʦʜʘ ʟʘ ʩʯʸʪ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʨʘʩʪʚʦʨʦʤ ʝʜʢʦʛʦ ʥʘʪʨʠʷ, 

ʧʦʩʪʦʷʥʥʦ ʧʦʜʘʚʘʝʤʦʛʦ ʮʠʨʢʫʣʷʮʠʦʥʥʳʤʠ 

ʥʘʩʦʩʘʤʠ ʚ ʚʠʭʨʝʚʫʶ ʢʘʤʝʨʫ.  

ʆʯʠʱʝʥʥʳʡ ʛʘʟ, ʩʦʜʝʨʞʘʱʠʡ 

ʧʨʦʜʫʢʪʳ ʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ, ʚʳʚʦʜʷʪ ʚ 

ʆʉ ʯʝʨʝʟ ʪʨʫʙʫ ʨʘʩʩʝʠʚʘʥʠʷ. 

 

ʆʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʪʝʭʥʦʣʦʛʠʡ ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʝ ʞʠʜʢʠʝ ʦʪʭʦʜʳ. 

ɼʨʫʛʠʤ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʠʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʨʝʜʝ ʩ ʧʦʜʘʯʝʡ ʚʦʟʜʫʭʘ, ʢʠʩʣʦʨʦʜʘ ʠ ʜʨʫʛʠʭ 

ʛʘʟʦʚ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʩ ʮʝʣʴʶ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʥʢʨʝʪʥʦʝ ʫʪʠʣʠʟʠʨʫʝʤʦʝ ʚʝʱʝʩʪʚʦ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʫʧʝʨʵʢʦʪʦʢʩʠʢʘʥʪʦʚ). ɼʦʞʠʛʘʥʠʝ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʣʘʟʤʦʪʝʨʤʠʯʝʩʢʦʤ 

ʨʝʘʢʪʦʨʝ. ʅʘ ʚʳʭʦʜʝ ʦʙʨʘʟʫʶʪʩʷ ʛʘʟʳ, ʥʝ ʪʨʝʙʫʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ, ʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦ ʦʙʲʝʤʫ ʰʣʘʢʦʚʳʡ ʦʩʪʘʪʦʢ (ʟʦʣʘ). ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʫʩʪʘʥʦʚʢʠ ʚ 

ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʤʠʥʠʤʫʤ ʧʝʨʩʦʥʘʣʘ. ʆʜʥʘʢʦ ʠʤʝʶʪʩʷ ʨʷʜ ʦʱʫʪʠʤʳʭ 

ʥʝʜʦʩʪʘʪʢʦʚ: ʟʥʘʯʠʪʝʣʴʥʦʝ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʣʘʟʤʝʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʠ ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ, ʦʪʚʦʜʠʤʳʝ ʧʦʜ ʩʦʦʨʫʞʝʥʠʷ ʧʣʘʟʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʯʨʝʟʚʳʯʘʡʥʘʷ ʩʠʪʫʘʮʠʷ, ʙʠʦʣʦʛʦïʩʦʮʠʘʣʴʥʘʷ ʯʨʝʟʚʳʯʘʡʥʘʷ ʩʠʪʫʘʮʠʷ, 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʪʨʘʜʘʚʰʠʭ, ʩʠʣʳ ʠ ʩʨʝʜʩʪʚʘ, ʵʧʠʜʝʤʠʷ, ʵʧʠʟʦʦʪʠʷ, ʵʧʠʬʠʪʦʪʠʷ. 

 

A. M. Arslanov, V. N. Kopchenov, V. S. Goncharenko, A. G. Firsov,  

E. S. Preobrazhenskaya 

 

SITUATION WITH EMERGENCIES OF A BIOLOGICAL AND SOCIAL NATURE 

ON THE TERRITORY OF THE RUSSIAN FEDERATION  
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ʏʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ (ʜʘʣʝʝ ï ʏʉ) ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʝʛʦʜʥʷ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʝʭʥʦʛʝʥʥʳʝ ʠ ʧʨʠʨʦʜʥʳʝ ʏʉ [1]. ɺ ʧʨʠʨʦʜʥʳʝ ʏʉ ʩʦʩʪʘʚʥʦʡ 

ʯʘʩʪʴʶ ʚʭʦʜʷʪ ʙʠʦʣʦʛʦ-ʩʦʮʠʘʣʴʥʳʝ ʏʉ. ʉʫʤʤʘʨʥʘʷ ʜʦʣʷ  ʙʠʦʣʦʛʦ-ʩʦʮʠʘʣʴʥʳʭ ʏʉ ʟʘ 

ʧʦʩʣʝʜʥʠʝ ʧʷʪʴ ʣʝʪ (2018-2022 ʛʛ.) ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 15 % ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʏʉ. ʇʦʜ ʙʠʦʣʦʛʦ-ʩʦʮʠʘʣʴʥʦʡ ʏʉ ʧʦʥʠʤʘʝʪʩʷ ʦʙʩʪʘʥʦʚʢʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʘʩʥʳʭ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʫ ʣʶʜʝʡ, 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʘʥʥʳʝ ʏʉ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʥʘʨʫʰʝʥʠʝʤ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ, ʛʠʙʝʣʴʶ ʩʢʦʪʘ ʠ ʨʘʩʪʝʥʠʡ. ʉʦʛʣʘʩʥʦ 

ʜʦʢʫʤʝʥʪʦʚ [1ï2] ʦʪʥʝʩʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʦʙʳʪʠʷ ʢ ʏʉ ʩʚʷʟʘʥʥʦʛʦ ʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʦʧʘʩʥʦʩʪʴʶ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ 

ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ ʠ ʈʦʩʩʝʣʴʭʦʟʥʘʜʟʦʨʘ ʚ ʧʨʝʜʝʣʘʭ ʠʭ ʢʦʤʧʝʪʝʥʮʠʠ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʙʠʦʣʦʛʦïʩʦʮʠʘʣʴʥʳʭ ʏʉ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʱʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʏʉ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʟʘ ʧʝʨʠʦʜ ʩ 2018 ʧʦ 2022 ʛʛ. 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʏʉ ʧʦʜʛʦʪʦʚʣʝʥʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʢʘʟʦʤ ʄʏʉ ʈʦʩʩʠʠ [3]. ɸʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 1 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ 2018 ʛ. ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʙʠʦʣʦʛʦï

ʩʦʮʠʘʣʴʥʳʭ ʏʉ (32 ʝʜ.) ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʏʉ ʟʘ ʛʦʜ (266 ʝʜ.) ʩʦʩʪʘʚʣʷʣʦ 12,0 %. ɺ 

2019 ʛ. ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 5,6 %, ʚ 2020 ʛ. ï 18,1 %, ʚ 2021 ʛ. ï 22,3 %, ʚ 

2022 ʛ. ï 9,4 %. 
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